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Switch mode Regulator Control Circuit ............................................ 4-69 
Overvoltage Sensing Circuit ...... ; .......................................... ;.,8-123 
Dual Timing Circuit ............................................... ; ............ 8-134 
Dual Low Power Operationai Amplifier ................. .' ........................ 3-122 
Quad FET Input Operational Amplifier ...................................•....... 3-128 
Programmable Quad Operational Amplifier ....................................... 3-134 
Dual High Frequency Operational Amplifier ...................................... 3-138 
Dual High Frequency Operational Amplifier ...................................... 3-138 
Quad MC1741 Operational Amplifier: .......................................... '.3-140 
Quad MC1741 Operational Amplifier ....................... ; .................... 3-140 
Dual Sense Amplifier ............................................................ 5-252 
Dual Sense Amplifier. :! .................... .' .................................... 5-252 

• 
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MASTER INDEX 
Device 
Number 
MC5528 
MC5529 
MC5534 
MC5535 
MC5538 
MC5539 
MC6875 
MC6880A 
MC6881 
MC6885 
MC6886 
MC6887 
MC6888 
MC6889 
MC7524 
MC7525 
MC7528 
MC7529 
MC7534 
MC7535 
MC7538 
MC7539 
MC7705C 
MC7706C 
MC77Q8C 
MC7712C 
MC7715C 
MC7718C 
MC772QC 
MC7724C 
MC7805C 
MC7806C 
MC7808C 
MC7812C 
MC7815C 
MC7818C 
MC7824C 
MC78L02AC 
MC78L05AC 
MC78L05C 
MC78L08AC 
MC78L08C 
MC78L12AC 
MC78L12C 
MC78L15AC 
MC78L15C 
MC78L18AC 
MC78L18C 
MC78L24AC 
MC78L24C 
MC78M05C 
MC78M06C 
MC78M08C 
MC78M12C 
MC78M1-5C 
MC78M18C 
. MC78M20C 
MC78M24C 
MC7902C 
MC7905C 
MC7905.2C 
MC7906C 
MC7908G 

Function Page 
Dual High-Speeq Sense Amplifier with Preamplifier Test Points ................... 5-255 
Dual High-Speed Sense Amplifier with Pr~alTlplifier Test Points ..... , .... ' ........ ,5-255 
Dual Sense Amplifier with Inverted Outputs ..................................... 9-258 
Dual Sense Amplifier with Inverted Output~ ..................................... 5-258 
Sense Amplifier with Preamplifier Test Points ...................... , ............. 5-260 
Sense Amplifier with Preamplifier Test Points .. " ................................ 5-260 
(See XC6875) M6800 Clock Generator/Driver .................................... 5-237 
Quad Three-State Bus Transceiver .............................................. 5-238 
Triple Bidirectional Bus Switch .................................................. 5-243 
Hex Three-State Buffer/Inverter ......................................... ; ...... 5-245 
Hex Three-State Buffer/Inverter ................................................ 6-245 
Hex Three-State Buffer/Inverter ................................................ 5-245 
Hex Three-State Buffer/Inverter ................................................ 5-245 
Non-inverting Bus Transceiver .............................•.................... 5-250 
Dual Sense Amplifier ......................................... " ................. 5-252 
Dual Sense Amplifier ........................................................... 5-252 
Dual High-Speed Sense Amplifier with Preamplifier Test Points ................... 5-256 
Dual High-Speed Sense Amplifier with Preamplifier Test Points ................... 5-255 
Dual Sense Amplifier with Inverted Outputs .............. ~ ...................... 5-258 
Dual Sense Amplifier with Inverted Outputs ..................................... 5-258 
Sense Amplifier with Preamplifier Test Points .................................... 5-260 
Sense Amplifier with Preamplifier Test Points ...................... , ............. 5-260 
Positive Voltage Regulator (750mA) ...... : .................. , .................... 4-76 
Positive Voltagf3 Regulator (750mA) .............................................. 4-76 
Positive Voltage Regulator (750mA) .............................................. 4-76 
Positive Voltage Regulator (750mA) ....... , ...................................... 4-76 
Positive Voltage Regulator (750mA) .............................................. 4-76 
Positive Voltage Regulc:Jtor (750mA) ., ......... , ................... , ......... '" .. 4-76 
Positive Voltage Regulator (750mA) .............................................. 4-76 
Positive Voltage Regulator (750mA) .......................... , ................... 4-76 
Positive Voltage Regulator (1.5A) ................................................. 4-84 
Positive Voltage Regulator (1.5A) ................................................. 4-84 
Positive Voltage Regulator (1.5A) ................................................. 4-84 
Positive Voltage Regulator (1.5A) ................................ " ............... 4-84 
Positive Voltage Regulator (1.5A) .......... , ........................... ; .......... 4-84 
Positive Voltage Regulator (1.5A) ................................................. 4-84 
Positive Voltage Regulator (1.5A) .......................... ~~ ....................... 4-84 
Positive Voltage Regulator (100mA) .............................................. 4-92 
Positive Voltage Regulator (1 QOmA) .............................................. 4-92 
Positive Voltage Regulator (1 OOmA) .............................................. 4-92 
Positive Voltage Regulator (1 OOmA) .............................................. 4-92 

. Positive Voltage Regulator (1 OOmA) .............................................. 4-92 
Positive Voltage Regulator (1 OOmA) .............................................. 4-92 
Positive Voltage Regulator (1 OOmA) .............................................. 4-92 
Positive Voltage Regulator (l00mA) ....... ' ....................................... 4-92 
Positive Voltage Regulator (100mA) .............................................. 4-92 
Positive Voltage Regulator (100mA) .............................................. 4-92 
Positive Voltage Regulator (1 OOmA) ............................... , ........... / .. 4-92 
Positivf3 Voltage Regulator (100mA) .............................................. 4-92 
Positive Voltage Regulator (1 OOmA) ......... ~ .................................... 4-92 
Positive Voltage Regulator (500mA) .............................................. 4-99 
Positive Voltage Regulator (500mA) ............................................ " .. 4-99 
.Positivf3 VQltage Regulator (500mA) ................ , ............................. 4-99 
Positive Voltage Regulator (500mA) ............................................ '.' 4-99 
Positive Voltage Regulator (500mA) .............................................. 4-99 
Positive Voltage Regulator (500mA) .....•........................................ 4-99 
Positive Voltage Regulator (500mA) ............................... , .............. 4-99 
Positive Voltage Regulator (500mA) .............................................. 4-99 
Negative Voltage Regulator (1.5A) ............................................... 4-107 
Negative Voltage Regulator (1.5A) .................. ; ..... : ...................... 4-107 
NegativeVoltage Regulator (1.5A) ..........•......................... , .......... 4-107 
Negative Voltage Regulator (1.5A) ............................................... 4-107 
Negative Voltage Regulator (1.5A) ............................................... 4-107 
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MASTER INDEX 
Device 
Number 
MC7912C 
MC7915C 
MC7918C 
MC7924C 
MC79L03AC 
MC79L03C 
MC79L05~C 
MC79L05C 
MC79L12AC 
MC79L12C 
MC79l15AC 
MC79L15C 
MC79L18AC 
MC79L18C 
MC79L24AC 
MC79L24C 
MC8T13 
MC8T14 
MC8T23 
MC8T24 
MC8T26A 
MC8T28 
MC8T95 
MC8T9E> 
MC8T97 
MC8T98 
MC55107 
MC55108 
MC55325 
MC75107 
MC751.08 
MC75110 
MC75140 
MC75325 
MC75358 
MC75365 
MC75368 
MC75450 
MC75451 
MC75452 
MC75453 
MC75454 
MC75461 
MC75462 
MC75463 
MC75464 
MC75491 
MC75492 
MCC1486 
MCC1487 
MLM101A 
MLM104 
MLM105 
MLM107 
MLM108 
MLM108A 
MLM109 
MLM110 
MLMi 11 
MLM124 
MLM139 
MLM139A 
MLM158 

Function Page 
Negative Voltage Regulator (l.5A) ............................................... 4-107 
Negative Voltage Regulator (1.5A) ............................................... 4-107 
Negative Voltage Regulator (1.5A) ............................................... 4-107 
Negative Voltage Regu lator (1 .5A) ............................................... 4-107 
Negative Voltage Regulator (1 OOmA) ..............•............................. 4-116 
Negative Voltage Regulator (1 OOmA) ............................................ 4-116 
Negative Voltage Regulator (100mA) ............................................ 4-116 
Negative Voltage Regulator (1 OOmA) ............................................ 4-116 
Neg~tive Voltage Regulator (100mA) ................................. , ........... 4-116 
Negative Voltage Regulator (100mA) ............................................ 4-116 -
Negative Voltage Regulator (1 OOmA) ............................................ 4-116 
Negative Voltage~egulator (1 OOmA) ............................................ 4-116 
Negative Voltage Regulator (100mA) ................... ;; ........................ 4-116 
Negative Voltage Regulator (100mA) ............................................ 4-116 
Negative Voltage Regulator (1 OOmA) ............................................ 4-116 
Negative Voltage Regu!ator (1 OOmA) ............................................ 4-116 
Dual Line Driver ... .' ................•.......................................... 5-262 
Triple Line Re'ceiver ................... ' ......................................... 5-265 
Dual Line Driver ............................................................... 5-262 
Triple Line R~ceiver ............................................................ 5-265 
Quad Bus Transceiver /MPU Bus Extender ....................................... 5-238 
Non-Inverting Bus Transceiver .................................................. 5-250 
Hex Three-State Buffer/Inverter ................................................ 5-245 
Hex Ttlref:!-State Buffer/Inverter ................................................ 5-245 
Hex Three-State Buffer/Inverter ................................................ 5~245 
Hex Three-State Buffer/Inverter ................................................ 5-245 
Dual Line Receiver .............................................. ' ............... 5-269 
Dual Line Receiver ............................................................. 5-269 
Dual Me.mory Driver ......................•................................•.... 5-285 
Dual Line Receiver ............................... '.' ............................. 5-269 
Dual Line Receiver .............. , .............................................. 5-269 
Dual Line Driver ............................................................... 5-274 
Dual Line Receiver: ............................................................. 5-281 
Dual Memory Driver ............................................ ' ................ 5 .. 285 
Dual MECL-to-MOS Driver ...................................................... 5-299 
Quad MOS Clock· Driver ................................ ' ................... ',' ... 5-291 
Dual MECL-to-MOS Driver ...................................................... 5-299 
Dual Peripheral Driver, Positive AND ... , ........................................ 5-306 

. Dual Peripheral Driver, Positive AND ............................................ 5-311 
Dual Peripheral Driver, Positive NAND ...... '" .................................. 5-311 
Dual Peripheral Driver, Positive OR .............................................. 5-311 
Dual Peripheral Driver,Positive NOR .......................... , ................. 5-311 
High Voltage Peripheral Driver .................................... " ............ 5-315 
High Voltage Peripheral Driver .................................................. 5-315 
High Voltage Peripheral Driver .................................................. 5-315 
High Voltage Peripheral Driver .................................................. 5-315 
au~d Ligh~-Emitting Diode (LED) Driver .......................................... 5-320 
Hex Light-Emitting Diode (LEO) Driver ........................................... 5-320 
QIJad LED Digit Driver ................ ' .............. '.' .......................... 5-326 
Quad LEO Digit Driver .......................................................... 5-:326 
Gener~1 Purpose Adjustable Operational Amplifier ......................... '.' ..... 3-146 
Adjustable Negative Voltage Regulator ....................................••..... 4-122 
Adju~table Positive Voltage Regulator ........................................... 4-124 
General Purpose Operational Amplifier .......................................... 3-150 
Precrsion Operational Amplifier .......................................•......... 3-154 
Preoision Operational Amplifier ................................................. 3-154 

, Positive Voltage Regulator ...................................................... 4-126 
Unity Gain Operational Amplifier ........ ; .................... : .................. 3-159 
Voltage Comparator ......... ' .................................................... 6-31 
Quad Operational Amplifier •...............•.................................... 3-161 
Quad Comparator (Single Supply) ................................................ 6-35 
Quad Comparator (Single Supply) ...........................•.................... 6-39 
Dual Operational Amplifier ..................................................... 3-167 
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Device 
Number 

MLM201A 
MLM204 
M'LM205 
MLM207 
MLM208 
MLM208A, 
MLM209. 
MLM210 
MLM211 
MLM224 
MLM239 

, MLM239A 
MLM258 
MLM301A 
MLM304 
MLM305 
MLM307 
MLM308 
MLM308A 
MLM309 
MLM310 
MLM311 
MLM324 
MLM339 
MLM339A 
MLM358 
MLM565C 
MLM2901 
MLM2902 
MMH0026 
MMH0026C 
NE592 
SE592 
TDAl190Z 
XC26S10 
XC26S11 
XC3315 
XC3316 
XC3317 
XC3411 
XC3448 
XC~480 
XC3487 
XC6875 

Function Page 
General Purpose Operational Amplifier .......................................... 3~ 146 
Adjustable Negative Voltage Regulator ................................ } ........... 4~122 
Adjustable Positive Voltage Regulator ...................... \ ..................... 4~ 124 

, General Purpos~ Operational Amplifier .......................................... 3~150 
Precision Operatipnal Amplifier ............................... , ......... ~ ....... 3~ 154 . 
Precision Operational Amplifier ................................................. 3~ 154 
Positive Voltage Regu lator ...................................................... 4~ 126 
Unity Gain Operational Amplifier ................................ , ................ 3~159 
Voltage Comparator ............................. ; ... : ........................... 6-31 
Quad Operational Amplifier ..................................................... 3-161 
Quad Comparator (Single Supply) ................................................ 6-35 
Quad Comparator (Slngle Supply) ............. ' ................................... 6-39 
Dual Operational,Amplifier ..... ~ ............................................... 3~ 167 
Genera'- Purpose Operational Amplifier .......................................... 3-146 
Adjustable Negative Voltage Regulator .......... ; ..... ; .......................... 4-122 
Adjustable Positive Voltage Regulator ........................................... 4~124 
General Purpose Operational Amplifier .......................................... 3-150 
Precision Operational Amplifier ................................................. 3-191 
Precision Operational Amplifier ................................................. 3~ 154 
Positive Voltage Regu lator ...................................................... 4-126 
Unity Gain Operational Amplifier ............................ ~ ..................• 3-159 

, Voltage Comparator ............................................................. 6-31 
Quad Operational Amplifier ..................................................... 3~ 161 
Quad Comparator (Single Supp.M ........................... ,' .................... 6-35 
Quad Comparator (S~ngle Supply) ................. ; ..........................•... 6-39 
Dual Operationa I Amplifier ..................................................... 3-167 
Phase-Locked Loop .... " ........................................... , . , .......... 8-141 
Quad Comparator . { .. ' ........ ' .................................................... 6-43 
Quad Operational Amplifier ...................... '" ............................ 3-173 
Dual MOS Clock Driver ......................................................... 5-328 
Dual MOS Clock Driver ......................................................... 5-328 
Video Amplifier ..................... ' ........................................... 8-145 
Video Amplifier ................................................... ' ............. 8-145 
TV Sound System .,' ......................... , ................................... 7-186 
Quad Open~Collector Bus Transceiver ............................................ 5-97 
Quad Open~Collector Bus Transceiver ............................................ 5~97 
Frequency~to~Voltage Converter ........... , ....... " ................... ; ........ 7-143 
Dual Frequency~to~Voltage Converter ....... ~ .................................... 7-149 
Dual Frequency-to-Voltage Converter .............. " ............................ 7-149 
Dual Voltage Comparator .................. ~ ..................................... 6-21 
Quad Three-State Bus Transceiver .............................................. 5-155 
Memory Controller Circuit ...... , ............................................... 5-218 
Quad RS422 Line Driver with Three-State Outputs ............................... 5-222 
M68DO Clock Generator/Driver ................................................. 5-237 
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MOTOROLA - LINEAR INTEGRATED CIRCUITS CROSS. REFERENCE 
... provides a complete interchangeability list linking over 6000 
devices offered by most major Linear Integrated Circuits manufacturers 
to the nearest equivalent Motorola device. The Motorola "Direct 
Replacement" column lists devices with identical pin connections 
and package and the same or better electrical characteristics and 

Motorola Motorola 
Direct Functional 

temperature range. The Motorola "Functional Replacement" column 
provides a device which performs the same function but with possible 
differences in pac~age configurations, pin. connections, temperature 
range or electrical specifications. 

Motorola Motorola Motorola Motorola 
Direct Functional Direct .Functional 

Part No. Replacement Equivalent Part No. Replacement Equivalent Part No. Replacement Equivalent 

709BE MC1709G 8216 MC8T26L 55325FM MC55325F 

709BH MC1709F 8226 MC8T28L 75107ADC MC75107L 

709CE MC1709CG 9614DC MC75110L '75107BDC MC75107L 

709CH MC1709CF 9614DM MC75110L 75107APC MC75107P 
709CJ MC1709CP2 9614FM MC75110L 75107BPC MC75107P 

7l0BE MCI710G 9615DC MC75108L 75108ADC MC75108L 

710BH MCl7l0F 9615DM MC55108L 75108BDC MC75108L 

710CE MC17lOCG 961SfM MC55108L 75108APC MC75108P 

7llBE MCI7llG 9616CDC MC1488L' 75108BPC MC75108P 

7llBH MCl7l1F 9616EDC MC1488L 75110DC MC75110L 

7llBN MC17l1L 9616DM MC1488L 75110PC MC75IlOP 

7llCE MCI7llCG 9617DC MC1489AL 7512lDC MC8Tl3L 

7llCJ MC1711CP 9620DC MC75110L 75121PC MC8T13P 

723BE MC1723G 9620DM MC75110L 75122DC MC8Tl4L 

723CE MCl723CG 962lDC MC75108L 75122PC MC8Tl4P 

723CJ MCl723CL 962lDM MC55108L 75123DC MC8T23L 

741BE MC1741G 9622DC MC75140Pl 75123PC MC8T23P 

741BH MC1741F 9622DM MC75140Pl 75124DC MC8T24L 

741BN MC1741L 9624DC MMH0026CL 75124PC MC8T24P 

741CE MC1741CG "9624DM MMH0026CL 75207DC MC75107L 

7478E MC1747G 9625DC MMH0026CL 75207PC MC75107P 

747BN MC1747L 9625DM , MMH0026CL 75208DC MC75108L 

747CE MC1747CG 9627CDC MC1489AL 75208PC MC75108P 

748BE MC1748G 9627DM MC1489AL 75224DC MC7524L 

748CE MC1748CG 9636T MC3488P 75224PC MC.7524P 

809BE MCI776G 96371 MC3486P 75225DC MC7525L 

809CE MCI776CG 9638T I MC3487P 75225PC MC7525P 

823AE MCI723G 9640J MC3443P 75232DC MC7528L 

I 1458CE MC1458CG 9640D MC3443P 75232PC MC7528P 
, 3232 MC3232AL 9640DC MC3440P 75233DC MC7529L 

3245 MC3245L 9640NC MC3440P 75333PC MC7529P 

5524DM MC5524L 9665PC MC1411P 75234DC MC7534L 

5525DM MC5525L 9666PC MC1412P 75234PC MC7534P 

5528DM MC5528L 9667PC MC1413P 75235DC MC7535L 

5529DM MC5529L 9668PC MC1416P 75235PC MC7535P 

5534DM MC5534L 9665DC MC14llL 75238DC MC7538L 

5535DM MC5535L 9666DC MC1412L 75238PC MC7538P 

5538DM MC5538L 9667DC MC1413L 75239DC MC7539L 

5539DM MC5539L 9668DC MC1416L 75239PC MC7539P 

6605J MC3443P 55107ADM MC55107L 75325DC MC75325L 

6605L MC3443L 55108ADM MC5~108L 75325PC MC75325P' 

7524DC MC7524L 55107BDM MC55107L 75450ADC MC75450L 

7524PC MC7524P 55108BDM MC55108L 75450APC MC75450P 

7525DC MC7525L 55110DM MC75110L 75451APC MC7545lU 

7525PC MC7525P 5512lDM MC8Tl3L 75451ATC MC75451P 

7528DC MC7528L 55122DM MC8Tl4L 75452ARC MC75452U 

7528PC MC7528P 55207DM MC55107L 75452ATC MC75452P 

7529DC MC7529L 5520BDM MC5.5108L 75453ARC MC75453U 

7529PC MC7529P 55224DM MC5524L 75453ATC MC75454P 

7534DC MC7534L 55225DM MC5525L 75454ARC MC75454U 

7534PC MC7534P 55232DM MC5528L 75454ATC MC75454P 

7535DC MC7535L 55233DM MC5529L 75450BDC MC75450L 

7535PC MC7535P 55234DM , MC5534L 75450BPC MC75450P 

7538DC MC7538L 55235DM MC5535L 75451BRC MC75451U 

7538PC MC7538P 55238DM MC5538L 75451inc SN75451BP 

7~9DC MC7539L 55239DM MC5539L 75452BRC MC75452U 

75 9PC MC7539P 55325DM MC55325L 75452BTC SN75452BP 

" 
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• LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 

Motorola Motorola Motorola Motorola Motorola Motorola 
Direct Functional Direct Functional Direct Functional 

Part No. Replacement Equivalent Part No. Replacement Equivalent Part No. Replacement Equivalent 

75453BRC MC75453U AMLMIIOF MLMllOG CA20lT MLM201AG 
75453BTC SN75453BP AMLMIIOH MLMllOG CA207T MLM207G 
75454BRC MC75454U AMLMlllO MlMllll CA208AT MLM208AG 
75454BTC SN75454BP AMLMl1lF MlMlllF CA208S MLM208U 
75460DC MC75450L AMLM111H MlMlllG CA208T MLM208G 
75460PC MC75450P AMLM201 MlM201AG CA239AE MLM239AP 
75461RC MC75461U AMLM20IA MlM201AG CA239AG MLM239AL 
75461TC MC75461P AMLM20IAD MLM20IAPl CA239E MLM239P 
75462RC MC75462U AMLM20IAF MLM201AG CA239G MLM239L 
75462TC MC75462P AMLM2010 MLM201APl CA301AT MLM301AG 
15463RC MC75463U AMLM201F MLM201AG CA307T MLM307G 
75463TC MC75463P AMLM205 MLM205G CA308AS MlM308APl 
75464RC MC75464U AMLM205F MLM205G CA308AT MLM308AG 
75464TC MC75464P AMLM205H MLM205G CA308S MLM308G 
754QIDC MC75491P AMLM207 MLM207G CA339AE MLM339AP 
75491PC MC75491P AMLM207D MLM207G CA339AG MLM339AL 
75491ADC MC75491P AMLM207F MLM207G CA339E " MLM339P 
75491APC MC75491P AMLM210 MLM210G CA339G MLM339L 
75492DC MC75492P AMlM210D MLM210G CA723CE MCl723CP 
75492PC MC75492P AMLM210F MLM210G CA741CS MC1741CPl 
75492ADC MC75492P AMLM2I0H MLM210G CA741CT MC1741CG 
75492APC MC75492P AMLM211D MLM211L CA741S MC1741U 
AD301AL MLM301AG AMLM211H MLM211G CA74lT MC1741G 
AD505J MC1776CG AMLM301 MlM301AG CA747CE MC1747CL 
AD505K MC1776CG AMLM301A MLM301AG CA747CF MC1747CL 
AD505S MCl776G AMLM301AD MLM301AU CA747CT MC1747CG 
AD509J MLM301AG AMLM3010 MlM301AU CA747E MC1747L 
AD509K MLM301AG AMLM305 MLM305G CA747F MC1747L 
AD509S MLMIOIAG AMLM305A MLM305G CA747T MC1747G 
AD518J MLM301AG AMLM305F MLM305G CA748CS MC1748CPl 
AD518K MLM301AG AMLM305H MLM305G CA7~8CT MC1748CG 
AD518S MLMlOIAG AMLM310 MLM310G CA748S MC1748U 
AD530 MC1595L AMLM310D MLM310G CA748T MC1748G 
AD531 MC1595L AMLM310F MLM310G CA758E MC1310P 
AD532J MC1595G AMLM310H MLM310G CA810Q MC1384PQ 
AD559JD MC1408L8 AMLM311D MLM311L CA810QM MC1384PQM 
AD559K MC1408L8 AMLM311H MLM311G CA1310E MC1310P 
AD559KD MC1408L8 AMU3F7733312 MC1733L CA1352E MC1352P 
AD559S MC1508L8 AMU3F7733393 MC1733CL CA1391E MC1391P 
AD559SD MC1508L8 AMU3F7748312 MC1748G CA1394E MC1394P 
AD580J MC1403U AMU317741312 MC1741F CA1398E MC1398P 
AD580K MC1403Pl AMU317741393 MC1741CL CA1458S MC1458CPl 
AD580M MC1403APl AMU5B7733312 MC1733G CA1458T MC1458G 
AD580S MC1503U AMU5B7733393 MC1733CG CA1558S MC15~8U 
AD580T MC1503AU AMU5B7741312 MC1741G CA1558T MC1558G 
AD741CJ MC1741CG AMU5B7741393 MC1741CG CA2111AE MC135lP 
AD741J MC1741G AMU5B7747312 MC1747G CA2111AQ MC1357PQ 
AD741K MC1741G AMU5B7747393 MC1747CG CA3000 MC1550G 
AD741L MC1741G . AMU5B7748312 MC1748G CA3001 MCl550G 
AD741S MCl74lSG AMU5B7748393 MCl748CG CA3002 MCl55QG 
AD7520D MC34l0L AMU5R7723312 MCl723G CA3004 MCl550G 
AD7520F I MC34l0L AMU5R7723393 MC1723CG CA3005 MC1550G 
AD7520N MC3410L AMU6A77233l2 MCl723L CA3006 MC1550G 
AM26Sl0PC MC26Sl0P AMU6A7723393 MCl723CL CA300] MC1550G 
AM26Sl0DC MC26Sl0L AMU6A77333l2 MC1733L CA3008 MC1709F 
AM26S11PC MC26S11 P AMU6A7733393 MC1733CL CA3008A MC1709F 
AM26S11DC MC26SllL AMU6A77413l2 MC174lL CA30l0 MCl709G 
AM725A3lT MC1556G AMU6A7741393 MC174lCL CA30l0A MCl709G 
AMl66039F MLM30lAG AMU6A7748312 MC1748G CA3011 MC1590G 
AMl66039T MLM30lAG AMU6A 77 48393 MCl748CPI CA3012 MC1590G 
AMLMlOl MLMlOIAG AMU6W7747312 MCl747L CA3013 MC1357P 
AMLMIOIA MLMIOIAG AMU6Wi747393 MCl747CL CA3014 MC1357P 
AMLMIOIAD MLMIOIAG BD5030 MCCl486 CA3015 MCl709G 
AMLMIOIAF MLMIOIAG BD5031 MCCl487 CA3015A MC1709G 
AMLMIOID MLMIOIAG CAlOIAT MlMIOIAG CA3016 MCl709F 
AMLMI0lF MLMIOIAG CAIOn MLMlOIAG CA3016A MCl709F 
AMLMl05 MLMI05G CAlO7T MLM107G CA3020 MC1554G 
AMLMl05f MLMJ05G CAlO8AS MLMI08AU CA3020A MC1454G 
AMLMI05H MlM105G CAI08AT MLMl08AG CA3021 MCl590G 
AMLMI07 MLM107G CA108S MLMI08U CA3022 MC1590G 
AMLM107D MLM107G CAlO8T MLMI08G CA3023 MC1590G 
AMLMIOlF MLMJ07G CAl39AG MLMl39AL CA3026 CA3054 
AMLMllO MLMllOG CAl39G MLMl39L CA3028A MC1550G 
AMLMllOD MLMllOG CA201AT MLM20lAG CA3028AF MCl550G 

M MOTOROLA SenJiconduc'for Produc'fs Inc. 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE II 
Motorola Motorola Motorola MQtorola Motorola Motorola 

Direct Functional Direct Functional Direct Functional 
Part No. Replacement Equivalent ' Part No. Replacement Equivalent Part No. Replacement Equivalent 

CA3028AS MC1550G CA3136A MC3346P OS3632N MCI472PI 
CA3028B MC1550G CA3137E MC1323P OS3633H MC1473U 
CA3028BF MC1550G CA3146 MC3346P OS3633) MC1473U 
CA3028BS MCl550G CA340lE MC340lP OS3633N MCl473P1 
CA3029 MC1709P2 CA6078AS MCl776G OS3634H MC1474U 
CA3029A MC1709P2 CA6078AT MCl776G OS3634) MC1474U 
CA3030 MC1709P2 CA6741S MCI776G OS3634N MC1474P1 
CA3030A MC1709P2 CA6741T MCl776G OS3644) MC3460L 
CA3031 MC1712G CA3302E MC3302P OS3644N MC3460P 
CA3032 MC1712CG CMp·01C) MC1556G OS3650) MC3450L 
CA3033 MC1533L CMP·OICP MCl556P OS3650N MC3450P 
CA3033A MC1533L 0555C) MC1555G OS3651J MC3430L 
CA3035 MC1352P 03232 MC3232AP OS3651N MC3430P 
CA3035Vl MC1352P 03245 MC3245P OS3652) MC3452l 
CA3037 MC1709l 08216 MC8T26L OS3652N MC3452P 
CA3037A MC1709L 08226 MC8T28L OS3653) MC3432l 
CA3038 MCl709l OAC-Ol MC1506L OS3653N MC3432P 
CA3038A MC1709L OAC-08 MC1408l8 OS3674) MC3460l 
CA3040 MC1510G OM7820AO MC75140P1 OS3674N MC3460P 
CA3041 MC1351P OM7820) MC75140P1 OS55107) MC55107L 
CA3042 MCl357P OM7822) MC1489AL OS55107W MC55107l 
CA3043 MC1357P OM7837) MC3437l OS55108) MC55108L 
CA3044 MC1364P OM7838) MC3438L OS55108W MC55108L 
CA3044Vl MC1364P OM7887J MC3490P OS55110) MC75110l 
CA3045 MC3346P OM7887N MC3490P OS55121J MC8Tl3L 
CA3045F MC3346P OM7889) MC3491P OS55121W MC8Tl3l 
CA3046 MC3346P OM7889N MC3491P OS55122) MC8Tl4L 
CA3047 MC1433L OM7897J MC3494P OS55122W MC8Tl4L 
CA3047A MC1433L OM7897N MC3494P OS5524A) MC5524AL 
CA3048 MC3301P OM8820AN MC75140Pl OS5524) MC5524l 
CA3052 MC3301P OM8820) MC75140Pl OS5525J MC5525L 
CA3053 MC1550G OM8820N MC75140Pl OS5528AJ MC5528AL 
CA3053F MC1550G OM8822) MC1489Al -oS5528J MC5528L 
CA3053S MCl550G OM8822N MC1489AP OS5529) MC5529L 
CA3054 CA3054 OM8837N MC3437P OS55325) MC55325L 
CA3056 MC1741CG OM8838N MC3438P OS55325W MC55325F 
CA3056A MC1741G OM8861N MC75491P OS5534A) MC5534AL 
CA3058 CA3059 OM8863N MC75492P OS5534) MC5534L 
CA3059 CA3059 OM8887) MC3490P OS5535) MC5535l 
CA3064 MC1364P OM8889) MC3491P OS5538AJ MC5538AL 
CA3064E MC1364P OM8897) , MC3494P OS5538) MC5538L 
CA3065 MCl358P OM75491N MC75491P OS5539) MC5539l 
CA3066 MC1399P OM75492N MC75492P OS75107) MC75107L 
CA3067 MC1323P OSOO26CG MMHOO26CG OS751OlN MC75ID7? 
CA3068 MC1352P OS0026CH MMH0026CG OS75108) MC75108L 
CA3070 MC1399P OS0026C) MMHOO26CL OS75108N MC75108P 
CA307l MC1399P OS0026CN MMH0026CPl OS75109N MC75109P 
CA3072 MC1323P OSOO26G MMH0026G OS75110) MC75110L 
CA3075 MC1375P OS0026H MMH0026G OS75110N MC75110P 
CA3076 MC1590G OS0026) MMH0026L OS75121J MC8Tl3L 
CA3078AS MCl776G OS0056CG MMHOO26CG OS75121N MC8Tl3P 
CA3078AT MCl776G OSOO56CH MMH0026CG OS75122) MC8Tl4L 
CA3078S MCl776CG OS0056CJ MMHOO26CL OS75122N MC8T14P 
CA3078T MCl776CG OS0056CN MMH0026CP1 OS75123) MC8T23l 
CA3079 CA3059 OS0056G MMH0026G OS75123N MC8T23P 
CA3085 MCl723G OS0056H MMH0026G OS75124J MC8T24L 
CA3085A MCl723G OS0056) MMH0026L OS75124N MC8T24P 
CA3085AF MCl723L OS1488) MC1488L OS75207) MC75107L 
CA3085AS MCl723G OS1489A) MC1489AL OS75207N MC75107P 
CA3085B MCl723G OS1489) MC1489l OS75208) MC75lO8L 
CA3085BF MCl723L OS3486N MC3486P OS75208N MC75108P 
CA3085BS MCl723G OS3687N MC3487P OS7520A) MC7520AL 
CA3085F MCl723L OS3611H MC1471U ' OS7520AN MC7520AP 
CA3085S MCl723G OS3611N MC1471Pl OS7524AJ MC7524Al 
CA3086 MC3386P OS3612H MCI472U OS7524AN MC7524AP 
CA3086F MC3346P OS3612N MC1472N OS7524J MC7524l 
CA3090AQ MC1310P OS3613H MC1473U OS7524N MC7524P 
CA3091D MC1594l OS3613N MC1473P1 OS7525) MC7525L 
CA3120E MC1344P OS3614H MC1474U OS7525N MC752!!P 
CA3125E MC1323P OS3614N MC1474P1 OS7528A) MC7528AL 
CA3132EM MC1384PQ OS3631~ MC147lU OS7528AN MC7528AP 
CA3134E TDAl190Z OS3631N MC1471P1 OS7528) MC7528L 
'CA313,4EM TDA1190Z OS3632H MC1472U OS7528N MC7528P 
CA3134QM TDA1190Z OS3632) MC1472U OS7529J MC7529L 

. ® MOTOROLA Sewllconductor Products Inc • 
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II ~L~IN_EA_R_I_NT_E_GR_A_TE_D_C_IR_C_UI_TS_C_R_O_SS_R_E_FE_R_EN_C_E __________________________ ~I, 
Motorola Motorola Motorola Motorola Motorola Motorola 

Direct Functional Direct Functional Direct Functional 
Part No. Replacement Equivalent ' Part No. Replacement Equivalent Part No. Replacement Equivalent 

OS7529N MC7529P ICL741CLNPA MC1741CPl LF256P LFl56J-8 
OS75325J MC75325L ICL741CLNTY MC1741CPl LF257H LFl57H 
OS75325N MC75325P ICL741LNOP MC1741L LF257JG LFl57 J.8 
OS7534AJ MC7534AL ICL741LNFB MC1741L LF257L LFl57H 
OS7534AN MC7534AP ICL741LNTY MC1741L LF257P LFl57J·8 
OS7534J MC7534L ICL8001CTZ MLMlllL LF352D LF355U 
OS7534N MC7534P ICL8001MTZ MLMlllL LF355AH LF355AH 
OS7535J MC7535L ICL8007CTA MC1709CG LF355AJG LF355AJ-8 
OS7535N MC7535P ICL8007MTA MC1709CG LF355AL LF355AH 
OS75365J MC75365L ICL8008CPA MLM301APL LF355AP LF355AN 
OS75365N MC75365P ICL8008CTY MLM301APl LF355H LF355H 
OS7538AJ MC7538AL ICL8013A MC1594G LF355JG LF355J-8 
OS7538AN MC7538AP ICL8013B MC1594G LF355L LF355H 
OS7538J MC7538L ICL8013C iviC1594G LF355N LF355N 

, OS7538N MC7538P ICL8017CTW MlM301APl lF355P lF355N 
OS7539J MC7539L ICL8017MTW MLM301APl LF356AH LF356AH 
OS7539N MC7539P ICL8021C MCl776G LF356AL LF356AH 
OS75450J MC75450L ICL8021M MCl776G LF356AJG LF356AJ-8 
OS75450N MC75450P ·ICL8022C MCl776G LF356AP LF356AN / 
OS75451H Mc1545lU ICL8022M MCl776G LF356H LF356H 
OS75451N SN75451BP ICL8043COE MCl776G LF356JG LF356J·8 
OS75452H MC75452U ICL8043CPE MCl776G LF356l LF356H 
OS75452N SN75452Bp· ICL8043MDE MC1176G LF356N LF356N 
OS75453H MC75453U ICL8048CDE MCl776G LF356P LF356N 
OS75453N SN75453BP ICL80480PE MCl776G LF357AH LF357AH 
OS75454H MC75454U IH5101IIE MC1545G LF357H LF357H 
OS75454N SN75454BP IH5101MIE MC1545G LF357JG LF357 J-8 
OS75461H MC7546lU ITT64 1 MC1385P , LF357L LF357H 
OS7546lN MC75461P ITT652 MC1411P LF357N LF357N 
OS75462H MC75462U 1TT654 MC1412P LF357P LF357N 
OS75462N MC75462P 1TT656 MC1413P LHOOOIACH MCl776CG 
OS75463H MC75463U ITTl330 MC1330P LHOOOIAH MCl776G 
OS75463N MC75463P I TTl 352 MCl352P LHOOOIACO MCI776CG 
OS75464H MC75464U 1TT3064 MCl364P LHOOOIAO MCI776G 
OS75464N MC75464P 1TT3065 MCl358P LHOOOIACF MCI776CG 
OS7549lJ MC75491P 1TT3066 MCl399P LHOOOIAF MCI776G 
OS75491N MC7549lP 1TT3701 TDAl190Z LHOO02CH MC1538R 
OS75492J MC75492P 1TT3707 MC1399P LHOO02H MCl538R 
OS75492N MC75492P 1TT3710 MCl39lP LHOO04CH MCl436G 
OS7837J MC3437L 1TT3714 MCl394P LHOO04H MCl536G 
OS7837W MC3437L Ll44AP MLM324P LH0042CH MCI776G 
OS7838J MC3438L L201 MCI411P LHlOIF MC174lF 
OS7838W MC3438L L202 MCl412P Ll-lIOIH MC1741G 
OS7887J MC3490P L203 MCl413P LH201F MC1741F 
OS7889J MC349lP LOllOCJ MCl4435VP LH20lH MCl741G 
OS7897J MC3494P LOlllCJ MCl405L LH740ACH LF355H 
OS8833J MC8T28L L01l4CR MCl4435VR LH740AH LFl55H 
OS8833N MC8T28P LFl520 LF155U LH21OlAO MC1537L 
OS8834J MC8T26L LFl55AH LFl55AH LH2101AF MC1537l 
OS8834N MC8T26P LFl55AJG LF155AJ·8 LH2201AO MCl537L 
OS8835J MC8T26L LF155AL LF155AH LH2201AF MC1537L 
OS8835N MC8T26P LF155H LF155H LH2301AO MCl437L 
OS8837J MC3437L LFl55JG LFl55J-8 LH2301AF MC1437L 
OS8837N MC3437P LF155L LF155H LMlOOF MLM105G 
OS8838J MC3438L LF156AH LF156AH ' LMlOOH MLMI05G 
OS8838N MC3438P LFI56AJG LF156AJ-8 LMIOIAO MLMlOIAG 
OS8839J MC8T28L LFl56AL LF156AH LMIOIAF MLMIOIAG 
OS8839N MC8T28P LFl56H LF156H LMIOIAH MLMIOIAG 
OS8887J MC3490P LF156JG LFl56J-8 LMlOIAJ MLMlOIAU 
OS8887N MC3490P LF156L LFl56H LMlOIAJ-14 MLMlOIAU 
OS8889J MC3491P LF157AH LFl57AH LMlOIAJG MLMIOIAU 
DS8889N MC3491P LFl57AJG LF157AJ-8 LMIOIAL MLMlOIAG 
OS8897J MC3494P LF157AL LFl57AH LMIOlD MLMIOIAU 
DS8897N MC3494P LFI57H' LF157H LMIOIF MLMlOIAG 
ICSSQOOC MLMIllL LF157JG LF157J-8 LMlOIH MLMlOIAG 
ICS800lC MLMlllL LFI57L LFl57H LMIOlJ·14 MLMlOIAU 
IC.S8741C MC1741CG LF2520 LFl55U LM102H MLMllOG 
ICH8500ATV MC1776CG LF255H LFI55H LM104F MLMI04G 
ICH8500TV MC1776CG LF255JG LF155J-8 LMI04H MLMI04G 
ICLlOIALNOP MLMlOIAG LF255L LF155H LM104J MLMI04G 
ICLlO lALNFB MLMlOIAG LF255P LF155J-8 LMI04L MLMI04G 
ICLlO lALNTY MLMlOIAG LF256H LF156H LMI05F MLMI05G 
ICL301ALNPA MLM301AG LF256JG LF156J·8 LMI05H MLMI05G 
ICL30.1ALNTY MLM301AG LF256L LF156H LMI05JG MLMI05G 

MOTOROLA Semiconductor Products Inc'. 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE II 
Motorola Motorola Motorola Motorola Motorola Motorola 

Direct Functional Direct Functional Direct Functional 
Part No. Replacement Equivalent Part No. Replacement Equivalent Part No. Replacement Equivalent 

LM105L MLMI05G LMl43H MCl536G LM220K·12 MC7912CK 
LMI06H MCl710G LMl45K MC7905CK LM220K·15 MC7915CK 
LMI07D MLMI07U LMl48D MC474lL LM220K·18 MC7918CK 
LMI07F MLMI07G LMl48F MC474lL LM220K·24 MC7924CK 
LM107H MLMI07G LMl49D MC474lL LM222H MCl555G 
LMI07J MLMI07U LMl49F MC474lL LM223K LMl23K 
LM107J·14 MLMI07U lM158AH MlMl58G LM224AD MLM224L 
LMI07JG MLM107U lMl58H MLMl58G LM224AF MLM224L 
LMI07l MLMI07G LMl58JG MLMl58U LM224AJ MLM224L 
LMI08AD MLMI08AL LMl58L MLMl58G LM224D MLM224L 
LMI08AF MLM108AF LMl63J MC3450L LM224F MLM224L 
LM108AH MLM108AG LMl7lH MCl590G LM224J MLM224L 
LMI08AJ MLMI08AU LM200F MLM205G LM225H MCl568G 
LMI08D MLMI08L LM200H MLM205G LM226H MC1568G 
LM108F MLM108F LM20lAD MLM20lAU LM228H MCl568G 
LM108H MLMI08G LM20lAF MLM20lAG LM239AD MLM239AL 
lM109H MLMI09G lM201AH MlM201AG LM239AJ MLM239AL 
LMI09K MLM109K LM20lAJ MLM20lAU LM239D MLM239L 
LMI09LA MLMI09K LM201AJG MLM201AU LM239J MLM239L 
LMllOD MLMllOG LM201AL MLM201AG LM240LAH·5.0 MC78L05ACG 
LMllOF MLMllOG LM201AN MLM20lAPI LM240LAH·6.0 MC78L06ACG 

. LMllOH MLMllOG LM20lAP MLM20lAPI LM240LAH·8.0 MC78L08ACG 
LMlllD MLMlllL LM201AJ.14 MLM20lAU LM240LAH·12 MC78L12ACG 
LMlllF MLMlllF LM20lD MLM20lAU LM240LAH·15 MC78L15ACG 
LMlllH .MLMllIG LM20lF MLM20lAG LM240LAH·18 MC78Ll8ACG 
LMll2D MCl556L LM20lH MLM20lAG LM240LAH·24 MC78L24ACG 
lM1l2F MC1556L lM20lJ MlM201AU lM240lAZ·5.0 MC78L05ACP 
LM112H MC1556G lM20lJ·14 MLM20lAU LM240LAZ·6.0 MC78L06ACP 
LM117H LM117H LM202H MLM210G lM240LAZ ·8.0 MC78L08ACP 
LM117K LM117K LM204H MLM204G lM240LAZ·12 MC78Ll2ACP 
LMl18D MC174lSL LM204F MLM204G LM240LAZ·15 MC78Ll5ACP 
LM1l8F MCl74lSL LM205F MLM205G LM240LAZ·18 MC78Ll8ACP 
LM1l8H MC1741SG LM205H MLM205G LM240LAZ·24 MC78L24ACP 
LM120H·5.0 MC7905CK LM206H MC1710CG LM243H MCI536G 
LMI20H·5.2 MC7905.2CK LM207D MLM207U LM245K MC7905CK 
LMI20H·6.0 MC7906CK LM207F MLM207G LM248D MC474lL 
LMI20H·8.0 MC7908CK lM207H MlM207G lM248J MC474lL 
LM120H·12 MC7912CK LM207J MLM207U LM249D MC474lL 
LM120H·15 MC7915CK LM207J·14 MLM207U LM249J MC474lL 
LM120H·18 MC7918CK lM208AD MlM208AL LM258AH MLM258G 
LM120H·24 MC7924CK LM208AF MLM208AF LM258H MLM258G 
LMI20K,5.0 MC7905CK LM208AH MLM208AG LM271H MC1590G 
LMI20K·5.2 MC7905.2CK -LM208AJ MLM208AU LM300F MLM305G 
LMI20K·6.0 MC7906CK LM208D I MLM208U LM300H MLM305G 
LMI20K·8.0 MC7908CK LM208F MLM208F LM301AD MLM301AU 
LM120K·12 MC7912CK LM208H MLM208G LM30lAF MLM301AG 
lM120K·15 MC7915CK lM209K MLM209K lM301AH MlM301AG 
LM120K·18 MC7918CK LM209H MLM209G LM301AJ MLM301AU 
LM120K·24 MC7924CK LM210D MLM210G LM301AJG MLM301AU 
LM122F MCl555G LM210F MLM210G LM301AL MLM30lAG 
lM122H MC1555G LM210H MLM210G LM301AN MLM30lAPl 
LMl23K LMl23K lM211D MLM211L LM30lAP MLM301API 
LM124AD MLM124L LM21lF MLM21lF lM302H MLM310G 
LM124AF MLM124l LM211H MLM211G lM304F MLM304G 
LM124AJ MLM124L LM212D MCl556L LM304H MLM304G 
LM124D MLMl24L LM212F MC1556L lM304J MLM304G 
LM124F MlM124l lM212H MCl'456G lM304L MlM304G 
LM124J MLMl24l LM217H LM117H LM304N MLM304G 
LM125H MC1568G lM217K ,lM117K LM305AH MLM305G 
LM126H MC1568G lM218D MCl741SL LM305AJG MlM305G 
lM128H MC1568G lM218F MC,174ISL lM305AL MlM305G 
LM139AD MLM139Al LM218H . MC174lSG LM305AP MLM305G 
LM139AJ MLMl39AL lM220H·5.0 MC7905CK lM305F MlM305G 
LM139D MlM139L lM220H·5.2 MC7905.2CK lM305H MlM305G 
LM139J MLM139L LM220H·6.0 MC7906CK LM305JG MLM305G 
LM140LAH·5.0 MC78L05ACG LM220H·8.0 MC7908CK lM305L MLM305G 
lM 140bAH·6.0 MC78L06ACG lM220H·12 MC7912CK LM305P MLM305G 
LM140LAH·8.0 MC78L08ACG LM220H·15 MC7915CK LM306H MC1710CG 
LM140LAH·12 MC78L12ACG LM220H·18 MC7918CK LM307D MLM307U 
LM140LAH·15 MC78Ll5ACG LM220H·24 MC7924CK LM307F MLM307G 
LM140lAH·18 / MC78L18ACG LM220K·5.0 MC7905CK LM307H MLM307G 
lM140LAH·24 MC78L24ACG LM220K·5.2 MC7905.2CK LM30.7J MtM307U 
lM143D MC1536G LM220K·6.0. MC7906CK LM307JG MLM307U 
LMl43F MC1536G LM220K·8.0 MC7908CK LM307J.14 MLM307U 
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II LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 

Motorola . Motorola Motorola Motorola Motorola Motorola 
Direct Functional Direct Functional Direct Functional 

Part No. Replacement Equivalent Part No. Replacement Equivalent Part No. Replacement Equivalent 

LM3071 MLM307G LM324N MLM324P MC3403P LM358L MLM358G 
LM307N MLM307Pl LM325AN MC1468L LM358N MLM358Pl 
LM307P MLM307Pl LM325H MC1468G LM358P MLM358Pl 
LM308AD MLM308AL LM325N MC1468L LM363AJ MC3450L 
LM308AF MLM308AL LM326H MC1468G LM363AN MC3450P 
LM308AH MLM308AG LM326N MC1468L LM363J MC3450L 
LM308AH·! MlM308AG lM328AN MC1468l LM363N MC3450P 

. LM308AH·Z MLM308AG lM328H MC1468G LM371H MC1590G 
LM308AJ MLM308AU LM328N MC1468l lM376JG MLM305G 
lM308D MLM308l lM339AD MlM339Al lM376l MLM305G 
LM308H MLM308G lM339AN MLM339AP lM376N MLM305G 
LM308N MLM308Pl lM339N MlM339P lM376P MLM305G 
lM309H MlM309G LM340K·5.0 MC7805CK LM380N MC1384PQ 
LM309K MlM309K lM340K·6.0 MC7806CK LM381N MC1303P 
lM309KC MlM309K lM340K·8:0 MC7808CK lM382N MC1303P 
LM309lA MLM309K LM340K·12 MC7812CK lM384N MC1384PQ 
lM3lOD MLM310G LM340K·15 MC7815CK LM386N MC1306P 
lM310F MLM310G LM340K·18 MC7818CK LM388N MC1384PQ 
lM3lOH MLM310G lM340K·24 MC7824CK LM390N MC1384PQ 
LM31OJ,8 MLM310Pl LM340KC·5.0 MC7805CK lM555CH MC1455G 
LM3lON MLM310Pl LM340KC·6.0 MC7806CK lM555CN MC1455Pl 
LM311D MLM311L LM340KC·8.0 MC7808CK LM555H MC1555G 
LM311F MLM311F LM340KC·12 MC7812CK LM556CD MC3456~ 
lM~llH MlM311G LM340KC·15 MC7815CK LM556CJ MC3456L 
LM311N MLM311Pl LM340KC·18. MC7818CK LM556CN MC3456P 
LM311N·14 MlM311L LM340KC·24 MC7824CK lM556D MC3556L 
LM312D MC1456l LM340LAH·5.0 MC78L05ACG LM556J MC3556L 
LM312f MC1456L lM340LAH·6.0 MC78L06ACG lM565CH MLM565CP 
lM312H MC1456G LM340LAH·8.0 MC78l08ACG LM565CN MLM565CP 
LM317H LM317H LM340LAH·12 MC78Ll2ACG LM565H MLM565CP 
LM317K LM317K LM340LAH·15 MC78L15ACG LM703LN MC1350P 
lM317P lM317T lM340lAH·18 MC78Ll8ACG lM709AH MC1709AG 
LM3l7T LM3l7T LM340lAH·24 MC78L24ACG LM709AJ MC1709AL 
LM318D MC1741SCL LM340LAZ ·5.0 MC78L05ACP lM709CH MC1709CG 
LM318F MC1741SCL LM340LAZ ·6.0 MC78L06ACP LM709CJ MC1709CL 
LM318H MC1741SCG LM340LAZ ·8.0 MC78L08ACP lM709CN MC1709CP2 
lM318N MC1741SCPl LM340LAZ·12 MC78L12ACP LM709CN·8 MC1709CPl 
lM320H·5.0 MC7905CK lM340LAZ ·15 MC78115ACP lM709H MC1709G 
lM320H·5.2 MC79052CK LM340LAZ·18 MC78L18ACP LM709J MC1709l 
lM320H·6.0 MC7906CK lM340lAZ·24 MC78L24~CP LM710CH MC1710CG 
LM320H·8.0 MC7908CK lM340T·5.0 MC7805CT LM710CN MC1710CP 
LM320H·12 MC7912CK lM340T·6.0 MC7806CT LM710H MCl710G 
LM320H·15 MC7915CK lM340T·8.0 MC7808CT LM7l1CH MCl711CG 
LM320H·18 MC7918CK lM340T·12 MC7812CT LM711CN MCl711CP 
lM320H·24 MC7924CK lM340T·15 MC7815CT LM711H MCl711G 
lM320K·5.0 MC7905CK LM340T·18 MC7818CT LM723CD MCl723CL 
LM320K·6.0 MC7906CK LM340T·24 MC7824CT LM723CH MCl723CG 
LM320K·8.0 MC7908CK LM341P·5.0 MC78M05CT LM723CJ MC1723CL 
lM320K·12 MC7912CK lM341P·6.0 MC78M06CT lM723CN MC1723CP 
LM320K·i5 MC7915CK LM341P·8.0 MC78M08CT LM723D MC1723L 
lM320K·18 MC7918CK lM341p·12 MC78M12CT LM723H MC1723G 
lM320K·24 . MC7924CK lM341p·15 MC78M15CT lM723J MC1723L 
LM320MP·5.0 MC7905CT lM341p·18 MC78M18CT LM733CD MC1733CL 
lM320Mp·5.2 MC79P5.2CT lM341P·24 MC78M24CT lM733CH MC1733CG 
LM320MP·6.0 MC7906CT LM342p·5.0 MC78M05CT . lM733CJ Mci733Cl 
LM320MP·8.0 MC7908CT LM342p·6.0 MC78M06CT LM733CN MC1733CP 
LM320Mp·12 MC7912CT LM342p·8.0 MC78M08CT LM733D MC1733L 
LM320Mp·15 MC7915CT LM342p·12 MC78M12CT LM733H MC1733G 
LM320Mp·18 MC7918CT LM342p·15 MC78M15CT LM733J MC1733L 
LM320Mp·24 MC7924CT LM342p·18 MC78M18CT LM741AD MC1741L 
LM320T·5.0 MC7905CT LM342p·24 MC78M24CT LM741AF MC1741F 
LM320T·5.2 MC7905.2CT LM343D MC1436G . LM741AH MC1741G 
LM320T·6.0 MC7906CT LM343H MC1436G lM741AJ·14 I MC1741L 
LM320T·8.0 MC7908CT LM345K MC7905CK lM741CD MC1741Cl 
lM320T-l2 MC7912CT LM348D MC4741L LM741CF MC1741CF 
lM320T·15 MC7915CT lM348J MC4741Cl LM741CH MC1741CG 
lM320T-l8 MC7918CT LM348N MC4741CP lM741CJ MC1741CU 
lM320T·24 MC7924CT lM349D MC4741CL lM741CJ·14 MC1741CL 
LM322H MC1455G LM349J MC4741CL LM741CN MC1741CPl 
lM322N MC1455Pl LM349N MC4741CL lM741CN·14 MC1741CP2 
lM323K lM323K LM358AH MLM358G LM741D MC1741L 
lM324AJ MLM324L lM358AN MLM358Pl LM741ED MC1741CL 
LM324AN MLM324P LM358H MLM358G LM741EH MC1741CG 

. LM324J MlM324L MC3403L LM358JG MlM358U LM741EJ MC1741CU 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE II 
Motorola Motorola Motorola Motorola Motorola Motorola 

Direct Functional Direct Functional Direct Functional 
Part No. Replacement Equivalent Part No. Replacement Equivalent Part No. Replacement Equivalent 

LM74IEJ.l4 MCI741CL LM3071N MCI399P LM75324N MC75325P 
LM74IEN MCI74ICPI LM3075N MCI375P LM75125J MC75325P 
LM74IF MCI74IF LM3086N MC3386P LM75325N MC75325L 
LM741H MCI74IG LM3I26 MCI399P LM75450N MC75450P 
lM74IJ·14 MCI74Il lM3I46 MC3346P lM7545IN MC7545IP 
lM746N MCI323P lM3I46A MC3346P lM15452N MC75452P 
lM747CD MCI747CL lM330IN MC330IP LM75453N MC75453P 
lM747CF MCI747CF lM3302J MC3302L LM75454N MC75454P 
lM747CH MCI747CG lM3302N MC3302P lM7Sl05ACH MC7Sl05ACG 
lM747CJ MCI747CL LM340IN MC340IP LM78l05ACZ MC78L05ACP 
LM747CN MCI747CP2 lM3900N MC340IP LM78L05CH MC78L05CG 
LM747D MC1747L LM3905N MCI455PI LM78L05CZ MC78L05CP 
lM747F MCI747F LM4250CH MC1776CG LM78L08ACH MC78LOSACG 
LM747H MCI747G LM4250CN MC1776CP1 LM78L08ACZ MC78L08ACP 
LM747J MCI747L LM4250H MCI776G LM78L08CH MC78L08CG 
LM74sCH MC1748CG LM5524J MC5524L lM78L08CZ MC78L08CP 
LM748CJ MCI748CU LM5525J MC5525L lM78L12ACH MC78L12ACG 
LM748CN MCI748CPI lM5528J MC5528l lM7SL12ACZ MC78L12ACP 
LM748H MCI748G lM5529J MC5529l lM78112CH MC7SL12CG 
LM74SJ MCI748U LM5534J MC5534L lM7SL12CZ MC7SL12CP 
lMI303N MCI303P lM5535J MC5535l lM78U5ACH MC7SL15ACG 
lMI30lN MCI307P lM5538J MC553Sl lM78LI5ACZ MC78L15ACP 
LMI3I0N MCI310P LM5539J MC5539l lM7SL15CH MC7SL15CG 
lMI35IN MCI35IP lM7524J MC7524l lM7SL15CZ MC78115CP 
lMI39IN MC139IP lM7524N MC7524P lM7SL1SACH MC7SL18ACG 
lMI394N MC1394P lM7525J MC7525L lM7S11SACZ MC78118ACP 
lMI4I4J MCI414l LM7525N MC7525P lM78L1SCH MC7811SCG 
lMI4I4N MCI4I4P lM7528J MC752Sl lM7SL18CZ MC7811SCP 
lM145&H MCI45SG lM7528N MC752SP lM78l24ACH MC78l24ACG 
lMI458J MCI45SU lM7529J MC7529l lM78l24ACZ MC7Sl24ACP 
lMI45SN MCI458PI lM7529N MC7529P lM78l24CH MC7Sl24CG 
lM145SN·14 MCI458P2 lM7534J MC7534l LM7Sl24CZ MC78l24CP 
lMI488J MCI4S8l lM7534N MC7534P MC1310A MC1310P 
lMI489AJ MCI4S9Al lM7535J MC7535l MCI40S8 MCI408PS 
lM1489J MC1489l LM7535N MC7535P MCI408F MC1408lS 
LMI496H MCI496G LM7538J MC7538l MCI45SJG MCI458U 
LM1496J MCI496L LM7538N MC753SP MCI45SL MCI458G 
LMI496N MCI496P LM7539J MC7539L MCI45SP MCI458Pl 
LMI5i4J MC15I4L LM7539N MC7539P MCI55SJG MCI558U 
LMI558H MC1558G LM7805KC MC7805CK MCI55SL MCI558G 
LMI55SJ MCI558U LM7806KC MC7806CK MHOO26H MMHOO26CG 
LMI596H MCI596G LM7808KC MC7808CK MHOO26CH MMHOO26CG 
LMI596J MCI596L LM78I2KC MC7812CK MHOO26CN MMHOO26CPI 
lMlS00AN MCI310P LM78I5KC MC78I5CK MHOO26G MMHOO26CG· 
LMI800N MC13lOP LM78I8KC MC7818CK MHOO26CG MMHOO26CG 
LMI805 MCI385P lM7824KC MC7824CK MHOO26F MMHOO26CL 
lMI808N TDA1190Z lM55107AJ ' MC55107L MHOO26CF MMHOO26CI 
LMI828N MCI323P LM55108AJ MC55I0SL MIC709-I MCI709G 
Uv;184IN MCI356P LM55I09J . MC75110L MIQ09-5 MCI709CG 
LMI845N MCI344P LM55110J MC75I10L MIC710-1B MCI710F 
LMI848N MCI323P LM55I21J MC8T13l MIC71O-IC MCI710G 
LMI850N MC3426L LM55122J MC8T14L MIC710-5B MCI710CF 
LMI900D MC330IL LM55I23J MC8T23L MIC710-5C MCI710CG 
lM2111N MCI357P lM55I24J MCST24l MIC711-1B MCI7l1F 
lM2113N MCI357P LM55325N MC55325L MIC711-IC MCI711G 
LM2900J MC330IL lM75I07AJ MC75107l MIC711-5B MCI711CF 
LM2900N MC330IP lM75I07AN MC75107P MIC7l1-5C MCI711CG 
LM2901N MLM290IP lM75108AJ MC7510SL MIC712-IB MC1712F 
lM2902J ,MlM2902L lM75I08AN MC75I0SP MIC712-IC MCI712G 
LM2902N MLM2902P lM75110J MC75IlOl MIC712-ID MC1712l 
lM2904N MlM358Pl lM75110N MC751l0P MIC712-5B MCI7I2CF 
LM2905N MCI455PI lM75I21J MC8T13L MIC7I2-5C MC1712CG 
LM2907N MC33I5P lM7512IN MC8T13P MIC7I2-5D MCI7I2Cl 
lM29IlN MC33I5P lM75122J MC8T14l MIC723-I MCI723G 
lM3011H MCI550G lM75I22N MC8T14P MIC723-5 MC1723CG 
lM3026 CA3054 LM75123J MC8T23l MIC74I-IC MC1741G 
lM3045 MC3346P LM75I23N MC8T23P MIC74I-1D MCI74IL 
LM3046N MC3346P lM75I24J MC8T24l MIC741-5.C MCI741CG 
LM3054 CA3054 LM75124N MC8T24P MIC741-5D MCI741Cl 
LM3064N MC1364P lM75207L MC75107l MllOIAF MLMI0IAG 
LM3065N MCI358P lM7520lN MC75107P MllOIAM MLMI0IAG 
lM3066N MCI399P lM75208J MC75I08L MllOIAT MLMlOIAG 
LM3067N MCI323P lM7520SN MC75I08P MllOIF MLMI0IAG 
LM3070N MCI399P lM75324J , MC75325l MllOIM MlMlOIAG 
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II LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 

Motorola Motorola Motorola Motorola Motorola Motorola 
Direct , Functiohal Direct Functional Direct Functional 

Part No. Replacement Equivalent Part No. Replacement Equivalent Part N~. Replacement Equivalent 

MLlOlT MLMIOIAG ML74lCP MCl74lCP2 N7525B MC7525P 
MLlO7F MLMI,07G ML74lCS MCl74lCPI N8T13B MC8T13P 
MLlO7M MLMI07G ML74lCT MCl74lCG N8T13P MC8T13L 
MLlOlT MlM107G ML74lF MCl74lF N8Tl4B MC8Tl4P 
MLlO8AF MCl556G ML74lM MCl74lL N8Tl4E MC8Tl4L 
MLlO8AM MLM108AL ML74lT MCl74lG N8Tl5A MCl488L 
MLlO8AT MLMlOBAG ML747CP MCl747CL I N8Tl5F MCl488L 
MLlO8M MLMIOBL ML747CT MCl747CG NBTl6A MCl4B9L 
MLlO8T MLMlOBG ML747F MCl747F NBT23B MC8T23P 
MLlllF MLMlllF ML747M MCl747L NBT23E MCBT23L 
MLlIIM MLMlllL ML747T MCl747G N8T24B MCBT24P 
MLlllS MLMIIlL ML74BCP MLM30lAPI N8T24E MC8T24L 
MLlllT MLMlllG ML748CS MLM30lAPl N8T26AB MCBT26AP 
MLll8F MCl74lSG ML74BCT MCl74BCG N8T26AE MCBT26AL 
MLll8M MCl74lSG 'ML748F MCl74BG N8T26B MCBT26P 
MLlIBT MCl74lSG ML74BM MCl74BG NBT2BB MC8T2BP 
ML20lAF MLM20IAG ML748T MCl74BG NBT37A MC3437P 
ML20lAM MLM20IAG MLl436T MCl436G N8T3BA MC343BP 
ML20lAT ' MLM201AG MLl437P MCl437P NBT95B MCBT95P 
ML20lF MLM20lAG MLl45BP MCl45BP2 NBT95F MCBT95L 
ML20lM MLM20IAG MLl45BS MCl45BPI NBT96B MCBT96P 
ML20lT MLM201AG MLl45BT MCl45BG N8T96F MC8T96L 
ML207F MLM207G MLl48BM MCl4BBL NBT97B MC8T97P 
ML207M MLM207G MLl4B9AM MCl4B9AL NBT97F MCBT97L 
ML20lT MLM207G MLl4B9M MCl4B9L NBT9BB MCBT9BP 
ML208AF MCl556G MLl536T MCl536G NBT9BF MC8T9BL 
ML208AM MLM20BAL MLl537M MCl537L NE50lA MCl733CL 
ML208AT MLM20BAG MLl55BM MCl55BL NE50lK MCl733CG 
ML208M MLM208L MLl55BT MCl55BG NE515A MCl420G 
ML208T MLM20BG ML3046P MC3346P NE515G MCl520F 
ML21lF MLM21lF ML4250T . MCI776G NE515K MCl420G 
ML21lM MLM211L IML4250CS MC1776CG NE516A MCl420G 
ML21lS MLM211PI ML4250CT MCl776CG NE516G MC1520F 
ML21lT MLM2l1G ML425lT MC1776G NE516K MC1420G 
ML21BF MC174lSG ML4251CS MCI776CG NE52BB MC1444L 
ML2lBM MCl741SG ML4251CT MCI776CG NE52BE MC1444L 
ML21BT MCl74lSG ML6503M MC1537L NE53lG MCl439G 
ML30IAP MLM301APl ML7503M MC1437L NE53lT MC1439G 
ML301AS MLM30lAPl N5065A MC135BP NE53lV MC1439P 
ML301AT MLM301AG N5070B MCl399P NE533G MC1776C,G 
ML301P MLM301APl' N5071A MCl399P NE533T MC1776CG 
ML301S MLM301APl N5072A MCl323P NE533V MCl776CG 
ML30lT MLM30lAG N5556T MCl456G NE537G MCl456G 
ML307P MLM307G N5556V MCl456PI ' NE537T MCl456G 
ML307S MLM307PI N555BF MC145BL NE540L MC1554G 
ML307T MLM307G N555BT MCl45BG NE550A MCl723CP 
ML308AM MLM30BAL N555BV MCl45BPI NE550L MC1723CG 
ML308AT MLM30BAG N5595A MCl495L NE555JG MC1455U 
ML308M MLM308L N5595F MC1495L NE555L MCl455G 
ML308T MLM30BG N5596A MCl496L NE555P MCl455PI 
ML31lM MLM31lL N5596K MCl496G NE555T MCl455G 
ML311P , MLM31lL N5709A MCl709CP2 NE555V MC1455PI 
ML311S MLM311PI N5709G MCl709CF NE556A MC3456P 
ML311T MLM311G N5709T MCl709CG NE5561 MC3456L 
ML318M MCl74lSCPI N5709V MCl709CPI NE565A MLM565CP _. 
ML318T MCl74lSCG N5710A MCl710CP NE565K MLM565CP 
ML709AF MCl709AF N5710T MC1710CG NE592A NE592L 
ML709AM MC1709A~ N5711A MCl711CP NE592K NE592G 
ML709AT MCl709AG N5711K MCI711CG OP-OIC MCl536 
ML709CP MC1709CP2 N5723A MCI723CP OP-OIG MCl536 -
ML709CT MCl709CG N5723T MC1723CG OP·OIH MCl536 
ML709F MC1709F N5733K MC.1733CG op·ou MCl536G 
ML709M MC1709L N5741A • MCl74lCP2 OP·OIL MCl536G 
ML709T ,MC1709G N574lT MCl74lCG Op·OIP MCl536P 
ML723CF MC1723CL N574lV MCl74lCPI op·os MC1776 
ML723CM MC1723CL N5747A MC1747CL OP·OBA MC1776 
ML723CP MCI723CL N5747F MCl747CL I OP·OBB MC1776 
ML723CT MC1723CG N574BA MCl747CG OP·OBC MC1776 
ML723F MCi723L N574BT MCl74BCG OP-OBE MC1776 
ML723M MCI723l N7520B MC7520P PA239A MCl303P 
ML723T MC1723G N7521B MC752lP RC702T MCl712CG 
ML741AF ,MC1556G N7522B MC7522P RC709D MCl709CL 
ML74IAM MCl556G N7523B MC7523P RC709DN MCl709CPI 
ML741AT MC1556G N7524B MC7524P RC709DP 'MC1709CP2 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE II 
Motorola Motorola Motorola Motorola Motorola Motorola 

Direct functional Direct functional Direct functional 
Part No. Replacement Equh,alent Part No. Replacement Equivalent ' Part No. Replacement Equivalent 

RC709Q MC1709CF RM709D MC1709L SGIOlT MLMIOIAG 
RC709T MC1709CG RM709Q MC1709F SGI02J MLMllOG 
RC710DC MCl7l0CL RM709T MC1709G SGl02T MLMllOG 
RC710DP MCl710CP RM7l0D MCl710L SGl04T MLMl04G 
RC710Q MC17lOCF RM710Q MC17l0F SGl05N 'MLMl05G ' 
RC710T MC17lOCG RM710T MCl710G SGl05T MLMl05G 
RC7UDC MCl711CL RM711DC MCl7llL SGl07J MLMl07G 
RC711DP MCl711CP RM711Q MCl711F SGl07T MLMI07G 
RC711Q MCl711CF RM71lT MC171lG SGI08AJ MLMI08AL 
RC71lT MCl711CG RM723D MC1723L SGl08AT MLMl08AG 
RC723D MC1723CL RM723T MCl723G SGl08J MLMl08L 
RC723T MC1723CG RM733D MC1733L SGl08T MLMI08G 
RC733D MC1733CL RM733T MC1733G SGI09K MLM109K 
RC733T MC1733CG RM74lD MC1741L SGI09T MLMI09G 
RC74lD MC1741CL- RM74lDP MC1741P SGllOD MLMllOG 

, RC74lDN MC174lCPl RM741Q MC174lF SGllOT MLMllOG 
RC74lDP MC174lCP2 RM741T MC174lG SG111D MLM111L 
RC741Q MC1741CF RM747D MC1747L SG111M MLM111Pl 
RC74lT MC174lCG RM747T MC1747G I SGlllT MLMlllG 
RC747D MC1747CL RM748T MC1748G, SG1l8J MC1741SL 
RC747T MC1747CG RM1514DC MCl~14L SGl18T MC1741SG 
RC748T MC1748CG RM1537D MC1537L SG120K-05 MC7905CK 
RC1414DC MC1414L RM4136D MC3503L SG120K-5.2 MC7905.2CK 
RC1414DP MC1414P • RM4136J MC3503L SG120K-12 MC79l2CK 
RC1437D MC143TL RM4i95T MC1568G SG120K·15 MC7915CG 
RC1437DP MC1437P RM4195TK MC1568R SG120T-05 MC7905CT 
RC1458DN MC1458Pl RM4558D MC4558U SGl20T-5.2 MC7905.2CK 
RC1458T MC1458G RM4558JG MC4558U SG120T-12 MC79l2CT 
RC1488DC MC1488L RM4558L MC4558G SG120T-15 MC7915CT 
RC1489ADC MC1489AL RM4558T MC4558G SG124J MLM124L 
RC1489DC MC1489L RM55107AD MC55107L SGl40K·05 MC7805CK 
RC1556T MC1456CG RM55325DD MC55325L SG140K·06 MC7806CK 
RC1558T MC1558G RV330lDB MC3301P SG140K·08 MC7808CK 
RC3302DB MC3302P S5556T MC1556G SGl40K·12 MC7812CK 
RC413lDP MC1471SCPl S5558E MC1558L SG140K·15 MC7815CK 
RC413lT MC1741SG S5558T " MC1558G SG140K-18 MC7818CK 
RC4136D MC3403L S5596F MC1596L SG140K-~4 MC7824CK 
RC4136DP MC3403P S5596K MC1596G SG200T MC1723G 
RC4136J MC3403L S5709G MC1709F SG201AD MLM201AG 
RC4136N MC3403P S5709T MC1709G SG201AM MLM201APl 
RC4195T MC1468G S5710T MCl7l0G SG201AN MLM201APl 
RC4195TK MC1468R S5711K MCl711G SG201AT MLM201AG 
RC4444R MC34l6L S5723T MCl723G SG20lJ MLM201AG 
RC4558DN MC4558CPl S5733K MC1733G SG201M MLM20lAPI 
RC4558JG MC4558CU S5741T MC174lG SG20lN MLM201APl 
RC4558L MC4558CG S8T13E MC8T13L SG20lT MLM201AG 
RC4558P MC4558CPl S8T14E MC8T14L SG202J MLM2l0G 
RC4558T MC45589G SE501K MC1733G SG202M MLM210G 
RC4739D MC1303P SE5l5G MC1520F SG202N MLM2l0G 
RC4739DB MC1303P SE5l5K MC1520G SG202T MLM2l0G 
RC4739DP MC1303P SE516A MC1520G SG204T MLM204G 
RC7522M MC7522L SE5l6G MC1520F SG205N MLM205G 
RC7523M MC7523L SE516K MC1520G SG205T MLM205G 
RC7524M MC7524L SE528E MC1544L ' SG207J MLM207G 
RC7525M, MC7525L SE528R MC1544L SG207M MLM207G 
RC8T13DD MC8T13L SE531G MC1539G SG207N MLM207G 
RC8T13MP MC8T13P SE53lT MC1539G SG207T MLM207G 
RC8T14DD MC8T14L SE533G .J MC1776G SG208AJ MLM20B'AL 
RC8T14MP MC8T14P SE533T MC1776G SG208AM MLM208AU 
RC8T23DD MC8T23L SE537G ' MC1556G SG208AT MLM208AG 
RC8T23MP MC8T23P SE537T MC1556G SG208J MLM208L 
RC8T24DD MC8T24L SE550L MCl723G SG208M MLM208U 
RC8T24MP MC8T24P SE555JG MC1555U SG208T MLM208G 
RC75107AD MC75107L SE555L MC1555G SG209K MLM209K 
RC75107ADP MC75107P SE555T ,MC1555G SG209T MLM209G 
RC75108AD MC75l08L SE556A MC3556L SG2l0D MLM210G 
RC751Q8ADP MC75l08P SE565A MLM565CP SG210M MLM210G 
RC75109D MC75110L SE565K MLM565CP SG2l0N MLM210G 
RC75109DP MC75110P SE592A SE592L SG2l0T MLM210G 
RC75110D MC75110L SE592K SE592G SG211D MLM211L 
RC75110DP MC75110P SGIOOT MCl723G SG211M MLM211Pl 
RC75~5DD MC75325L SG101AD MLMlOlAG SG211T MLM211G 
RM70 Q MC1712F SG101AT MLMIOIAG SG218J MC1741SL 
RM702T MCl721G SGIOlJ MLMIOIAG SG2l8M MC1741SL 
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Motorola Motorola Motorola Motorola Motorola Motorola 
Dirac't Functional Direct Functional Direct Functional 

Part No. Replacement Equivalent Part No. Replacement Equivalent Part No. Re~lacement Equivalent 

SG218T MC1741SG SG711CT MC11l1CG SG150lT MC1568G 
SG2241. MLM224L SG7110 MC17llL SG15020 MC1568L 
SG224N MLM224P SG7llF MC11l1F SG1502N MC15'68L 
SG300N MC1723CP SG1l1N MCl711P SG1524J MC3520L 
SG300T MC1723CG SG7llT MC1711G SG1536T MC1536G 
SG301AO MLM301AG SG723CD MC1723CL SG1556T MC1556G 
SG301AM MLM30IAPl SG723CN MC1723CP SG1558T MC1558G 
SG301AN MLM30IAPl SG723CT MC1723CG SG15950 MC1595L 
SG301AT MLM30IAG SG7230 MC1723L SG15960 MC1596L 
SG302J MLM310Pl SG723T MC1723G SG1596T MC1596G 
SG302M MLM3I0Pl SG733CO MC1733CL SG1660D MLM301AG 
SG302N MLM3I0Pl SG733CN MC1733CP SG1660J MLM308L 
SG302T MLM3I0G SG733CT MC1733CG SG1660M MLM308Pl 
SG304T MLM304G SG7330 MC1733L SG1660T MLM308G 
SG305AT MLM305G SG733N MC1733L .5G17600 MLM307G 
SG305N MLM305G SG733T MC1733G SG1760F MLM307G 
SG305T MLM305G SG741CO MC1741CL SG1760J MLM308L 
SG307J MLM307Pl SG741CF MC1741CF SG1760M MLM308Pl 
SG307M MLM307Pl SG741CM MC1741CPl SG1760T MLM308G 
SG307N MLM307Pl SG741CN MC1741CP2 SG21l8AJ MLM208AL 
SG307T MLM307G SG741CT MC1741CG SG2118AM MlM208AU 
SG308AJ MLM308AL SG741D MC1741L SG21l8AT MLM208AG 
SG308AM MLM308APl SG741F MC1741F SG2118J MLM208L 
SG308AT MLM308AG SG74lT MC1741G SG21l8M MLM208U 
SG308J MLM308L SG14'lSCM MC1741SCPl SG21l8T MLM208G 
SG308M MLM308Pl SG741SCT MC1741SCG SG2250T MC1776G 
SG308T MLM308G SG741ST MC1741SG SG2401N MC1433G 
SG309K MLM309K SG747CJ MC1747Ct SG2402N MC1494L 
SG309T MLM309G SG747CN MC1747CP2 SG2402T MC1494L 
SG3100 MLM310Pl SG747CT MC1747CG SG2501AO MC1468L 
SG3lOM MLM310Pl SG747J MC1747L SG2501AT MC1468G 
SG3lON MLM3I0Pl SG747T MC1747G SG25010 MC1468L 
SG3lOT MLM310G SG748CO MC1748CPl SG250lN MC1468L 
SG3110 MLM311L SG]48CM MC1748CPl SG250lT MC1468G 
SG311M MLM311Pl SG148CN MC1748CPl SG25020 MC1468L 
SG3l1T MLM311G SG748CT MC1748CG SG2502N MC1468L 
SG318J MC1741SCL SG7480 MC1748G SG2502T MC1468G 
SG318M MC1741CPl SG748T MC1748G SG2524J MC3520L 
SG318T MC1741CG SG777CJ MLM308AL SG3118AJ MLM308AL 
SG320K-05 MC7905CK SG777CM MLM308APl SG31l8AM MLM308APl 
SG320K-5.2 MC7905.2CK SG777CN MLM308APl SG3l18AT MLM308AG 
SG320K-12 MC7912CK SG777CT MLM308AG SG3118J MLM308L 
SG320K·15 MC7915CK SG777J MLM108AL SG3118M MLM308Pl 
SG32OT-05 MC7905CT SG777T MLM108AG SG3118T MLM308G 
SG320T-5.2 MC7905_2CT SG1118AJ MLM108AL SG3250T MC1776G 
SG320T-12 MC7912CT SG1118AT MLMI08AG SG3401N MC1433G 
SG320T-15 MC7915CT SGl118J MLM108L SG340lT MC1433G 
SG324J MLM324L SGll18T MLM108G SG3402N MC1494L 
SG324N MLM324P SG1217 MC174lG SG3402T MC1494L 
SG340K-05 MC7805CK SG1217J MC1741SL SG3501AD MC1468L 
SG340K-06 MC7806CK SG1217T- MC1741SG SG3501AT MC1468G 
SG340K-08 MC7808CK SG1250T MC1776G SG350lD MC1468L 
SG340K-12 MC7812CK SG1401N MC1533G SG3501N MC1468L 
SG340K-15 MC7815CK SG140lT MC1533G SG350lT MC1468G 
SG340K-18 MC7818CK SG1402N , MC1594L SG35020 MC1468L 
SG340K-24 MC7824CK SG1402T MC1594L SG3502G MC1468G 
SG555CM MC1455Pl SG1436CT MC1436CG SG3502N MC1468L 
SG555CT MC1455G SG1436M MC1436U SG3524J MC3420L 
SG555T MC1555G SG1436T MC1436G SG4250CM MC1776CPl 
SG556CJ MC3456L SG1456CT MC1456CG SG4250CT MC1776CG 
SG556CN MC3456P SG1456T MC1456G SG4250T MCl776G 
SG556J MC3556L SG1458M MC1458Pl SG4501D MC1468L 
SG556N MC3556L SG1458T MC1458G SG4501N MC1468L 
SG7lOCO MCl710CL SG1468J MC1468L SG450lT MC1468G 
SG7lOCF MCl710CF SG1468N MC1468L SG7524J MC7524l 
SG7lOCN MC1710CP SG1468T MC1468G SG7524N MC7524P 
SG7lOCJ MC17lOCG SG14950 MC1495L SG7525J MC7525L 
SG7100 MC17l0L SG1495N MC1495L SG7525N MC7525P 
SG7lOF MC17l0F SG14960 MC1496L SG7528J MC7528L 
SG7lON MCl710P SG1496N MC1496L SG7528N MC7528P 
SG710T MC1710G SG1496T MC1496G SG7529J MC7529L 
SG1l1CO MCl711CL SG1501AO MC1568L SG7529N MC7529P 
SG1l1CF MC1711CF SG1501AT MC1568G SG7805CK MC7805CK 
SG1l1CN MCl711CP SG1501D MC1568L SG7805K MC7805CK 
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Motorola Motorola Motorola Motorola Motorola Motorola 
Direct Functional Direct Functional Direct Functional 
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SG7806CK MC7806CK SN52709L MC1709G SN727l0J MCl7l0CL 
SG7806K MC7806CK SN52710FA MC1710F SN72710L MC17l0CG 
SG7808CK MC7808CK SN52710J MCl7l0L SN72710N MC17lOCP 
SG7808K MC7808CK SN52710L MCl7l0G SN72711J MC171lCL 
SG7812CK MC7812CK SN52711FA MCl711F SN72711L MCl711CG 
SG7812K MC7812CK SN52711J MC1711L SN72711N MCl711CP 
SG7815CK MC7815CK SN52711L MCl711G SN72720J MCl7l0CL 
SG7815K MC7815CK SN52723FA MCl723F SN72720l MC1710CG 
SG7818CK MC7818CK SN52723J MCl723L SN72720N MC1710CP 
SG7818K MC7818CK SN52723L MCl723G SN72723J MCl723CL 
SG7824CK MC7824CK SN52733J MC1733L SN72723L MCl723CG 
SG7824K M,CZ824CK SN52733L MC1733G SN72733J MC1733CL 
SHq013HC MMHOO26CG SN52741FA MC1741F SN72733L MC1733CG 
SH0913HM MMHOO26G SN52741J MC1741L SN72741FA MC1741CF 
SH2001FC MC75462P SN52741L MC174iG SN72741J MC1741CL 
SH2001FM MC75462P SN52747FA MC1747F SN72741L MC1741CG 
SH2001HC MC75462P SN52747J MC1747L SN72741N MC1741CP2 
SH2001HM MC75462P SN52747L MC1747G SN72741P MC1741CPl 
SH2002FC MC75462P SN52748L MC1748G SN72747FA MC1747CF 
SH2002FM MC75462P SN52770L MC1556G SN72747J MC1747CL 
SH2002HC MC75462P SN52771L MC1556G SN72747L MC1747CG 
SH2002HM MC75462P SN52810FA MCl7l0F SN72747N MC1747CP2 
SH2002HC MC75462P SN52810J MCl7l0L SN72748L MC1748CG 
SH2200FC MC75462P SN52810L MCl7l0G SN72748P MC1748CPl 
SH2200FM MC75462P SN52811FA MC1711F SN72770L MC1456G 
SH2200HC MC75462P SN5281lJ MC1711L SN 72771 L MC1456G 
SH2200HM MC75462P SN528llL MC1711G . SN72810FA MC17lOCF 
SH2200PC MC75462P SN55107AJ MC55107L SN72810J MCl7l0CL 
SH8090FM MC1508L8 SN55107BJ MC55107L SN72810l MCl7l0CG 
SN5510FA MC1510F SN55108AJ MC55108l SN72810N MC1710CP 
SN5510l MC1510G SN55108BJ MC55108L SN72811FA MCl711CF 
SN5522J MC5522L SN55109J MC751l0L SN7281lJ MC17l1Cl 
SN5523J MC5523l SN551l0J MC75110l SN72811l MCl7l1CG 
SN5524J MC5524l SN55232J MC5534l SN72811N MCl711CP 
SN5525J MC5525l SN55233J MC5535l SN72905 MC7905CP 
SN5528J MC5528L SN55234J MC5524l SN72906 MC7906CP 
SN5529J MC5529L SN55235J MC5525L SN72908 MC7908CP 
SN7510FA MC1410F SN55238J MC5538L SN72912 MC7912CP 
SN7524J MC7524L SN55239J MC5539L SN72915 MC7915CP 
SN7524N MC7524P SN55244J MC1544l SN72l022P MlM358Pl 
SN7525J MC7525l SN55325J MC55325l SN72l044JA MlM324P 
SN7525N MC7525P SN72301Al MLM301AG SN72l044N MLM324P 
SN7528J MC7528L SN72301AP, MLM301APl SN75107AJ MC75107l 
SN7528N MC7528P SN72304l MlM304G SN75107AN MC75107P 
'SN7529J MC7529L SN72305Al MlM305G SN75107BJ MC75107l 
SN7529N MC7529P SN72305l MlM305G SN75107BN MC75107P 
SN52101AL MLMI01AG SN72306J MCl7l0CL SN75108AJ MC75108L 
SN52104l MlMI04G SN72306L MC1710CG SN75108AN MC75108P 
SN52105l MLM105G SN72306N MC1710CP SN75108BJ MC75108L 

. SN52106FA MC17l0F SN72307L MlM307G SN75108BN MC75108P 
SN52106J MC1710L SN72308Al MlM308AG SN75110J MC75110l 
SN52106l MCl7l0G SN72308l MLM308G SN751l0N MC751l0P 
SN52107l MLM107G SN72309l MLM309G SN75121J MC8Tl3l 
SN52108Al MLMI08AG SN72310l MLM310G SN75121N MC8Tl3P 
SN52108l MlM108G SN723llL MlM311G SN75122J MC8Tl4l 
SN52109l MlMI09G SN72311P MLM311P SN75122N MC8Tl4P 
SN52110l MlMllOG SN72376L MlM305G SN75123J MC8T23l 

, SN52510FA MCl7l0F SN72440J MC3370P SN75123N MC8T23P 
SN52510J MC1710L SN72440N MC3370P SN75124J MC8T24L 
SN52510l MCl7l0G' SN72510J MCl7l0Cl SN75124N MC8T24P 
SN52514J MC1514l SN72510l MCl7l0CG SN75138N MC3443P 
SN52555l MC1555G SN72510N MC1710CP SN75138J, MC3443P 
SN52558l MC1558G SN72514J MC1414L SN75140P MC75140Pl 
SN52702AFA MC1712F SN72514N MC1414P SN75l50J MC1488l 
SN52702AJ MC1712L SN72555L MC1455G SN75150N MC1488L 
SN52702AL MC1712G SN72555P MC1455Pl SN75154J MC1489l 
SN52702FA MC1712F ~ SN72558L MC1458G SN75154N MC1489L 
SN52702J MC17l2L SN72558P MC1458Pl SN751~8J MC1488L 
SN52702L MC1712G SN72702J MC17l2CL SN75 B8N MC1488l 
SN52709AFA MC1709AF SN72702l MCi7l2CG SN75189AJ MC1489AL 
SN52709AJ MC1709AL SN72709J MC1709CL SN75189J MC1489L 
SN52709AL MC1709AG SN72709L MC1709CG SN75189AN MC1489AL 
SN52709FA M.C1709F SN72709N MC1709CP2 SN75189N MC1489l 
SN52709J MC1709L SN72709P MC1709CPl SN75207J MC75107L 
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Motorola Motorola Motorola Motorola Motorola Motorola 
Direct Functional Direct Functional Direct Functional 

Part No. Replacement Equivalent Part No. Replacement Equivalent Part No. Replacement Equivalent ' 

SN75207N MC75107P SN76530P MC1330P TL022ML MLM158G 
SN75208J MC75108L SN76564N MC1364P TL044CJ MLM324L 
SN75208N MC75108P SN76565N MC1364P TL044CN MLM324P 
SN75232J MC7534L SN76591P MC1391P TL044MJ' MLM124L 
SN75232N MC7534P SN76594P MC1394P Tl497CJ MC3420L 
SN75233J MC7535L SN76600P MC1350P TL497CN MC3420P 
SN75233N MC7535P' SN76642N MC1357P TL497MJ MC3520L 
SN75234J MC7534L SN76644N MC1352P UDN5711M MCI471Pl 
SN75134N MC7534P SN76650N MC1352P UDN5712M MCI472Pl 
SN75235J MC7535L SN76651N MC1351P UDN5713M MC1473Pl 
SN75235N MC7535P SN76653N MC1352P UDN5714M MC1474Pl 
SN75238J MC7538L SN76660N MC1357P UDN·7183A MC3491P 
SN75238N MC7538P SN76665N MC1364P UDN·7184A MC3491P 
SN75239J MC7539L SN76666N MC1358P UDN·7186A MC3491P 
SN75239N MC7539P SN76669N MC1356P UDN·6144A MC3490P 
SN75261N MC3461L SN76675N MC1375P UDN·GI64A MC3490P 
SN75322N MC3460P SN76678P MC1355P UDN·6184A MC3490P 
SN75362P MMH0026CP SSS101AL MLMI01AG UHO·490 MC3494P 
SN75365J MC75365L SSS101AJ MlMI0IAG UHp·490 MC3494P 
SN75365N MC75365P SSS101AP MlMI0IAPI UHD·491 MC3494P 
SN75368J MC75368L SSS107J MLMI07G UHp·491 MC3494P 
SN75368N MC75368P SSS107P MLMI07G UHp·495 MC3490P 
SN75369P MMH0026CP SSS201AJ MLM201AG ULN2001A ULN2001A 
SN75450AJ MC75450L SSS201AL MLM201AG ULN2002A ULN2002A 
SN75450AN MC75450P SSS201AP MLM201API ULN2003A ULN2003A 
SN75450BN , MC75450P2 SSS207J MLM207G ULN2004A ULN2004A 
SN75450N MC75450P2 SSS207P MLM207G ULN2111A MC1357P 
SN75451AP MC75451P SSS301AJ MLM301AG ULN2111N MC1357PQ 
SN75451P MC75451P SSS301AL MLM301AG ULN2113A MC1357P 
SN75452P MC75452P SSS301AP MLM301API ULN2113N MC1357P 
SN75453P MC75453P SSS741BJ MC1741G ULN2114A MC1323P 
SN75454P MC75454P SSS741BL MC1741F UlN2114K MC1323P 
SN75460AJ MC75460L SSS741BP MC1741P2 ULN2114N MC1323P 
SN75460AN MC75460P SSS741CJ MC1741CG ULN2120A MC1310P 
SN75461 MC75461 SSS741CL MC1741CF ULN2121A MC1310P 
SN75461AP MC75461P SSS741CP MC1741CP2 ULN2122A MC1310P 
SN75462 MC75462 SSS741GJ MC1741SG ULN2124A MC1399P 
SN75462AP MC75462P SSS741GP MC1741SG ULN2125A MC1344P 
SN75463 MC75463 SSS74lJ MC1741G ULN2126A MC1303P 
SN75463AP MC75463P SSS741l MC1741F ULN2127A MC1399P 

, SN75464 MC75464 SSS741P MC1741P2 ULN2128A MC1310P 
SN7546.4AP MC75464P SSS747B2 MC1747F ULN2129A MC1375P 
SN75461N MC75491P SSS747BP MC1747L ULN2136A MC1356P 
SN75466J MC14l1L SSS747CK MC1747CG ULN2139D MC1439G 
SN75466N MC1411P SSS747CM MC1747CF UlN2139G MC1439G 
SN75467J MC1412L SSS747CP MC1747CL ULN2139H MC1439P2 
SN75467N MC1412P SSS747GK MC1747G ULN2139M MC1439Pl 
SN75468J MC1413L SSS747GM MC1747F ULN2151D MC1741CG 
SN75468N MC1413P SSS747GP , MC1747l ULN2151G MC1741CF 
SN75475P MCI472Pl SSS747L MC1747F ULN2151H MC1741CP2 
SN75475JG MC1472U SSS747P MC1747L ULN2151M MC1741CPl 
SN75491N MC75491P \ SSSI408A·6Z MC1408L6 ULN21560 MC1456G 
SN75492N MC75492P SSSI408A·7Z MC1408L7 ULN2156G MC1456G 
SN76000P MC1306P SSSI408A·8Z MC1408L8 ULN2156H MC1456G 
SN76005NO MC1384PQ SSSI508A·8Z MC1508L8 UlN2156M MC1456G 
SN76011NO MC1384PQ SSS1458J MC1458G ULN2157A MC1458P2 
SN76021NO MC1384PQ SSS1558J MC1558G ULN2157H MC1458P2 
SN76024NO MC1384PQ TAA630 MC1327P ULN2157K MC1458G 
SN76104N MC1310P T8/l120S MC1358P ULN2165A MC1358P 
SN76105N MC1310P TBA440, MC1352P ULN2165N MC1358PQ 
SN76111N MC1310P TBA520 MC1327P ULN2209A MC1356P 
SN76113N MC1310P TBA800 MC1384PQ UlN2210A MC1310P 
SN76115N MC1310P TBA810AS MC1384PQM ULN2224A MC1324P 
SN76116N MC1310P TBA810S MC1384PQ ULN2228A MC1323P 
SN76117N MC1310P TBA920 MC1391P UlN2244A MC1310P 
SN76130N MC1303P TBA920S MC1391P ULN2262A ~ MC1399P 
SN76131N MC1303P TBA940 MC1344P ULN2264A MC1364P 
SN76149N MC1303P TBA950 MC1344P ULN2267A MC1323p 
SN76242N MC1399P TBA990 MC1327P ULN2280A MC1384PQ 
SN76243N MC1399P TBA1190Z TBA1190Z ULN2285P MC1384PQ, 
SN76246N, MC1323P TL022CJG MLM358U ULN2298A MC1398P 

MC174iCG SN76298N MC1398P TL022CL MLM358G ULN27410 
SN76514l MC1496G TL022CP MLM358Pl ULN2747A MC1747CL 
SN76514N MC1496P TL022MJG MLM158U ULS21390 MC1539G 
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ULS2139G MC1539G uA556DM MC3556L uA733HC MC1733CG 
ULS2139H MC1539L uA556PC MC3456P uA733HM MC1733G 
ULS2139M MC1439Pl uA702DC MCl712CL uA733MJ MC1733L 
ULS215lD MC1741G uA702DM MCl712L uA733ML MC1733G 
ULS2151G. MC1741F uA702FM MC1712F uA734DC MLM311L 
ULS2151H MC1741L uA702HC MC1712CG uA734DM MLMlllL 
ULS2151M MC1741CPl uA702HM MCl712G uA734HC MLM311G 
ULS2156D MC1556G uA702MJ MCl712L uA734HM MLMIllG 
ULS2156G MC1556G uA702ML MC1712G uA739DC MC1303P 
ULS2156H MC1556G uA706APC MC1384PQ uA739PC MC1303P 
ULS2156M MC1556G uA709ADM MC1709AL uA740HC LF355H 
ULS2157A MC1558L uA709AFM MC1709AF uA740HM LFl55H 
ULS2157H MC1558L uA709AHM MC1709AG uA741ADM MC1741L 
ULS2157K MC1558G uA709AMJ MC1709AL uA741AFM MC1741F 
uA0802DC·l MC1408L8 uA709AMJG MC1709AU 'uA741AHM MC1741G 
uA0802DC·2 MC1408L7 uA709AML MC1709AG uA741CJ MCl74lCL 
uA0802DC·3 MC1408L6 uA709CJ MC1709CL uA741CJG MCl741CU 
uA0802DM·l MC1508L8 uA709CJG MC1709CU uA741CL MCl74lCG 
uA0802PC·l MC1408P8 uA709CL MC1709CG uA741CN MC1741CP2 
uA0802PC·2 MC1408P7 uA709CN MC1709CP2 uA741CP MC1741CPl 
uA0802PC·3 MC1408P6 uA709CP MC1709CPl uA74lDC MCl74lCL 
uAlOIAD MLMIOIAU uA709DC MC1709CL uA74lDM MCl74lL 
uAIOIAF MLMlOIAPl uAl09DM • MC1709L uA74I'EDC MCH41L 
uAlOIAH MLMIOIAG uA709FM MC1709F uA741EHC MC1741G 
uAIOID MLMIOIAU uA709HC MC1709CG uA741FC MCl741CF 
uAIOIF MLMlOIAPl uA709HM MCl709G uA741FM MC1741F 
uAIOIH MLMlOIAG uA709MJ MC1709L uA741HC . MC1741CG 
uA102M MLMllOG uA709MJG . MC1709U uA741HM MC1741G 
uAI04HM MLM104G uA709ML MC1709G uA741MJ MC1741L 
uA105HM MLM105G uA709TC MC1709CPl uA741MJG MC1741U 
uAI07H MLM107G uA709PC MC1709CP2 uA741ML MCl741G 
uA108AD MLMI08AL uA710CH MCl7l0CF uA741RC MC1741CU 
uA108AF MLMI08AF uA710DC MCl710CL uA741RM MC174lU 
uA108AH MLM108AG uA710DM MCl7l0L uA74lPC MC1741CP2 
uA108D MLMI08L uA710FM MC1710F uA74lTC MC1741CPl 
uA108F MLMI08F uA710HC MCl7l0CG , uA742DC CA3059 
uAI08H MLM108G uA710HM MCl7l0G uA746DC MC1323P 
uA109KM MLMI09K uA710PC MCl7l0CP uA746HC' MC1323P 
uAllOM MLM110G uA711DC MCl711CL uA747ADM MC1747L 
uA201AD MLM201AU uA711DM MCl7llL uA747AHM MC1747G 
uA201AF MLM201APl uA711FM MCl711F uA747CJ MC1741CL 
uA201AH MlM201AG uA71lHC MCl711CG uA747CL MCl747CG 
uA20lD MLM201AU uA711HM MCl711G uA747CN MC1747CP2 
uA201F MLM201APl uA7llPC MCl711CP uA747DC MCl747CL 
uA201H MLM201AG uA715DC MC1741SCL uA747DM MG1747L 
uA207H MLM207G uA715DM MC1741SL uA747EDC MC1747CCBM 
uA208AD MLM208AL uA715HC MC1741SCG uA747EHC MC1747CICM 
uA208AF MLM208AF uA715HM MC1741SG uA747HC MC1747CG 
uA208AH MLM208AG uA723CJ MCl723CL uA747HM MC1747G 
uA208D MLM208L uA723Cl MC1723CG uA747MJ MC1747L 
uA208F MLM208F uA723CN MCl723CP uA747ML MC1747G 
uA208H MLM208G uA723DC MCl723CL uA747PC MC1747CP2 
uA209KM MLM209K uA723DM MCl723L uA748AFM MC1748F 
uA301AD MLM301AU uA723HC MC1723CG uA748AHM MC1748G 
uA301AH MLM301AG uA723HM MCl723G uA748CJ MC1748CL 
uA301AT MLM301APl uA723MJ MC1723L uA748CJG MC1748CU' 
uA302C MLM310G uA723ML MCl723G uA748CL MC1748CG 
uA304HC MLM304G uA723PC MCl723CP uA748CN MC1748CP2 
uA305AHC MLM305G uA725AHM MLMI08AG uA748CP MC1748CPl 
uA305HC MLM305G uA725EHC MLM308AG uA748DC MC1748CL 
uA307H MLM307G uA725HC MLM308AG uA748DM MC1748L 
uA307T MLM307Pl uA725HM· MLMI08AG uA748FM MC1748F 
uA308AD MLM308AL uA727HC MC1420G uA748HC MC1748CG 
uA308AH MLM308AG uA727HM MC1520G uA748HM MC1748G 
uA308D MLM308L uA730HC MC1420G uA748MJ MC1748L 
uA308H MLM308G uA730HM MC1520G uA748MJG MC1748U 
uA309KC MLM309K uA732DC MC1310P uA748Ml MC1748G 
uA310CH MLM310G uA732PC MC1310P uA748TC MC1748CPl 
uA311T MLM311Pl uA733CJ MC1733CL uA749DC MC1435L 
uA376TC MLM305G uA733CL MC1733CG uA749DHC MC1435G 
uA555HC MC1455G uA733CN MC1733CP uA749DM MC1535L 
uA555HM MC1555G uA733DC MC1733CL uA749HC MC1435G 

'uA555TC MC1455Pl uA733DM MC1733L uA749PC MC1303P 
uA556DC MC3456L uA733FM MC1733F uA753TC MC1356P 

MOT< . ® OROLA Senllconductor Products Inc. 
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• LINEAR INTEGRATED CiRCUITS CROSS REFERENCE 

Motorola Motorola Motorola Motorola Motorola Motorola 
Direct Functional Direct Functional Direct Functional 

Part No. Replacement Equivalent Part No. Replacement Equivalent Part No. Replacement Equivalent 

uA754HC MC1355P uA3075PC MC1375P uA7SL12WC MC7S112CP 
uA754TC MC1355P uA3086DM MC33S6P IiA7S115ACJG MC7S115ACG 
uA757DC MCi350P uA3301P MC3301P uA7S115AClP MC7S115ACP 
uA757DM MC1350P uA3302P MC3302P uA7S115AHC MC7S115ACG . 
uA758DC MC1310P uA3303P MC3303P uA7SU5AWC MC7S115ACP 
uA758PC Mci310P uA3401P MC3401P uA7S115CJG MC78115CG 
uA767DC MC1310P uA3403D MC3403l uA78115ClP MC78115CP 
uA767PC MC1310P uA3403P MC3403P uA78115HC MC7S115CG 
uA772 MC1741S uA4136DC MC4741Cl uA78115WC MC78115CP 
uA775DC MlM339l uA4136DM MC4741l uA78l26AWC MC7802ACP 
uA775DM MlM139l uA4136PC MC4741CP uA78MGHC lM317H 
uA775PC MlM339P uA4558HC MC4558CG uA78MGT2C LM3l7T 
uA776DC MC1776CG uA455SHM MC4558G uA78MGUiC \ LM3l7T 
uA776DM MC1776G uA4558TC MC4558CPl uA78M05CKC MC78M05Ct 
uA776HC MC1716CG uA7805CKC MC7805CT uA78M05HC MC78M05CG 
uA776HM MC1776G uA7805KC MC7805CK uA78M05HM MC78M05CG 
uA776TC MC1776CPl uA7805KM MC7805CK uA78M05UC MC78M05CT 
uA777CJ MlM308AU uA7805UC MC7805CT uA78M06CKC MC78M06CT 
uA777CJG MLM30SAU uA7S06CKC MC7S06CT uA7SM06HC MC7SM06CG 
uA777CL MLM,308AG uA7806KC MC7806CK \ uA78M06HM MC78M06CG 
uA777CN MlM30SAPI uA7S06KM MC7S06CK uA7SM06UC MC7SM06CT 
uA777CP MlM30SAPI uA7S06UC MC7S06CT uA78M08CKC MC78M08CT 
uA777DC MLM308AU uA7808CKC MC7808CT uA7SM08HC MC78MOSCG 
uA777HC MLM308AG uA780SKC MC7808CK uA7SM08HM MC78M08CG 
uA777MJ MlMI08AU uA7808KM MC7808CK uA7SM08UC MC78M08CT 
uA777MJG MLM108AU uA780SUC MC7808CT uA7SM12CKC MC78M12CT 
uA777ML MLMI0SAG uA7S12CKC MC7812CT uA7SM12HC MC78M12CG 
uA777TC MlM30SAPl uA7812KC MC7812CK uA7SM12HM MC78M12CG 
uA780DC MC1399P uA7812KM MC7812CK uA78M12UC MC78M12CT 
uA780PC MC1399P uA7S12UC MC7812CT uA7SM15CKC MC78M15CT 
uA78IDC MC1399P uA7815CKC MC7815CT uA7SM15HC MC78M15CG 
uA781PC MC1399P uA7815KC MC7815CK uA7SM15HM MC78M15CG 
uA786DC MC1327P . uA7815KM MC7815CK uA7SM15UG MC7SM15CT 
uA787PC MC1399P uA7815UC MC7815Cf uA78M18HC MC78M18CG 
uA791KC MC1438R uA7818CKC MC7818CT uA78M18HM MC78M18CG 
uA791KM MC1538R uA781SKC MC7818CK uA78M18UG MC78MlSCT 
uA791P5 MC1438R uA781SKM MC7818CK uA7SM20CKC MC78M20CT 
uA796HC MC1496G uA7818UC MPS15CT uA78M20HC MC78M20CG 
uA796HM MC1596G uA7824CKC MC7824CT uA78M20HM MC78M20CG 
uA796DC MC1496l uA7824KC MC7824CK uA78M20UG MC78M20CT 
uA796DM MC1596l uA7824KM MC7824CK uA78M24CKC MC7SM24CT 
uA198HC MC345SG uA7S24UC MC7824CT uA78M24HC MC78M24CG 
uA798HM MC3558G uA78GHM lMll7K uA78M24HM MC78M24CG 
uA798RC MC3458U uA78GKC lMll7K uA78M24UC MC78M24CT 
uA798RM ' MC3558U uA78GKM lMll7K uA7902KC MC7902K 
uA798TC MC3458Pl uA78GUIC lM3l7T uA7902KM MC7902K 
uA799HC MC1741G uA78H05KC MC7805CK uA]'902UC MC7902CT 
uA799HM MC1741G uA78L02ACJG MC78L02ACG uA7905KC MC7905CK 
uA1312PC MC1312P uA78L02AClP MC78l02ACP uA7905KM MC7905CK 
uAl-314PC MC1314P uA78l02CJG MC78l02CG uA7905UC MC7905CT 
uA1315PC MC1315P uA78l02CLP MC78l02CP uA7906KC MC7906CK 
uA1391PC MC1391P uA78l05ACJG MC78L05ACG uA7906KM MC7906CK 
uA1394PC MC1394P uA78l05AClP MC78l05ACP uA7906UC MC7906CT 
uA1458CHC MC1458CG uA78l05AHC MC78l05ACG uA7908kc MC7908CK 
uA1458CP MC1458CPl uA78l05AWC MC78l05ACP uA7908KM MC7908CK 
uA1458CRC MC1458CU uA78l05CJG ,', MC78l05CG uA7908UC MC7908CT . 
uA1458CTC MC1458CPl uA78L05ClP MC78L05CP uA7912KC MC7912CK 
uA1458E MC1458G uA78L05HC MC78l05CG uA7912KM MC7912CK 
uA1458HC MC1558G uA78L05WC MC78l05CP uA7912UC MC7912CT 
uA1458P MC1458Pl uA78l06ACJG MC78l06ACG uA7915KC MC7915CK 
uA1458RC MC1458U uA78l06AClP MC78l06ACP , uA7915KM MC7915CK 
uA1458TC - MC1458Pl uA78l06CJG MC78L06CG uA7915UC MC7915CT 
uA1558E MC1558G uA78l06ClP MC78L06CP uA7918CKC MC7918CT 
uA155SHM MC1558G uA78l08ACJG MC78l08ACG uA7918KC MC7918CK 
uA2136PC MC1356P uA78l08AClP MC7.8l08ACP uA7918KM' MC7918CK 
uA2240DC MC1455U tJA78lQ8CJG, MC78l08CG uA7918UC MC7918CT 
uA2240DM MC1555G iiA78l08CLP MC78L08CP uA7924CKC MC7924CT 
uA2240PC MC1455Pl uA78112ACJG MC78112ACG uA7924KC MC7924CK 
uA3026HM CA3054 uA78112AClP MC78112ACP uA7924KM MC7924CK 
uA3045 MC3346P uA78112AHC MC78112ACG uA7924UC MC7924CT 
uA3046DC MC3346P uA78112AWC MC78L12ACP uA79l05AHC MC79l05ACG 
uA3054PC CA3054P uA78112CJG MC78112CG uA79l05AWC MC79l05ACP 
uA3064PC MC1364P uA78112CLP MC78L12CP uA79L05HC MC79L05CG 
uA3065PC MC1358P uA78Ll2HC. MC78112CG uA79l05WC MC79L05CP 

M MOTOROLA Semiconductor Products Inc. 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE II 
Motorola Motorola Motorola Motorola Motorola Motorola 

Direct Functional Direct Functional 
Part No. 

Direct Functional 
Part No; Replacernent Equivalent Part No. Replacernent Equivalent Replacement Equivalent 

uA79L12AHC MC79Ll2ACG IlA79M08CKC MC7908CT uA8Tl3DC MC8Tl3L 
uA79L12AWC MC79112ACP uA79M08HM MC7908CK uASTl3PC MC8Tl3P 
uA79L12HC MC79Ll2CG uA79M08UC MC7908CT uA8Tl4DC MC8Tl4L 
uA79L12WC MC79L12CP uA79M12AHM MC7912CK uASTl4PC MCBTl4P 
uA79115AHC MC79Ll5ACG uA79M12AUC MC7912CT uA8T23DC MC8T23L 
uA79Ll5AWC MC79Ll5ACP uA79M12CKC MC7912CT uAST23PC MC8T23P 
uA79115HC MC79Ll5CG uA79M12HM MC7912CK uAsl24DC MCBT24L 
uA79115WC MC79Ll5CP uA79M12UC MC7912CT uAST24PC MC8T24P 
uA79M05AHM MC7905CK uA79M15AHM MC7915CK uAFl55AHM lF155AH 
uA79M05AUC MC7905CT uA79M15AUC MC7~15CT uAFl55HM lFl55H 
uA79M05CKC MC7905CT uA79M15CKC MC7915CT uAFl56AHM lF156AH 
uA79M05HM MC7905CK uA79M15HM MC7915CK uAFl56HM lF156H 
uA79M05UC MC7905CT uA7.9M15UC MC7915CJ uAFl57AHM lF157AH 
uA79M06AHM MC7906CK uA79MlSAHM MC7918CK uAFl57HM lF157H 
uA79M06AUC MC7906CT uA79MlSAUC MC7918CT uAF355AHC lF355AH 
uA79M06CKC MC7906CT uA79MlSHM MC7918CK uAF355HC ,lF355H 
uA79M06HM MC7906CK uA79M18UC MC7918CT uAF356AHC lF356AH 
uA79M06UC MC7906CT uA79M24AHM MC7924CK uAF356HC lF356H 
uA79M08AHM MC790SCK uA79M24AUC MC7924CT uAF357AHC lF357AH 
uA79M08AUC MC790SCT uA79M24HM MC7924CK uAF357HC lF357H 

uA-79M24UC MC7924CT 

-

/ 

M MOTOROLA Bernie o ndue orPr 'f o due'f.'ne. 
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II 

THE MOTOROLA 
MIL-M-38510 PROGRAM 

Motorola, a pioneer in the manufacture of high-reliability integrated 
circuits*, now offers you a two-way program for MIL-M-38510 products. 

1. A growing line of JAN-QUALIFIED integrated circuits. 

2. An extensive program to supply MIL-M-38510 PROCESSED -de
vices that approaches the Qualified Reliability goals without the 
delay time and high cost of the actual qualification program. 

Motoroia stocks many circuits which me~t JAN-QUALIFIED specifi- . 
cations, and is actively persuing an expansion ofthis qualification listing 
with product in alilC categories - encompassing Bipolar Digital, Linear 
and MOS technologies. 

Motorola 38510 PROCESSED products complement JAN
QUALIFIED products by ITl?king available hi-rei versions of nearly all 
Motorola full-temperature range circuits, while adding the advantage of 
hi-rei standardization. 

THE MOTOROLA MIL-M-38510 PROGRAM 
OFFERS YOU THESE BENEFITS: 

1. Standardization of environmental and electrical test procedures. 

2. Less specification writing required. 

3. Less time required. in negotiating specifications. 

4. Fast delivery. 

5. Lower costs. 

'Motorola, in early 1971 , was the first company to be qualified as a M IL-M-3851 0 approved facility by 
the Defense Electronics Supply Center of DOD. 
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IVIIL-M-38510 JAN-QUALIFIED PRODUCT 

Class A 
SCREENING ,-EVELS 

Class 8 Class C 
I 

JAN-QUALIFIED DEVICE MARKINGS 
APF?LlES TO ALL TYPES OF INTEGRATED CIRCUITS 

JM38510/XXXXXAYY JM38510/XXXXXBYY JM38510/XXXXXCYY 

FEATURES: 
1. Manufactured in a government-approved 

facility. 

2. G.S.1. (Government Source Inspection) 
provided upon request. 

Example of MIL-M-38510 
JAN~Qualified markings 

ORDER: JM38510/10101BGB 

MARKING: JM38510/10101BGB 

HOW TO ORDER MIL-M-38510 JAN-QUALIFIED PRODUCT 
BaSic Numbering Parameters - Example: JM38510/XXXXXYYY 

J M3851 0 

~ ~ I 
INDICATES A MILITARY DETAIL 
QUALIFIED DESIGNATOR SPECIFICATION 

DEVICE NUMBER 

CASE OUTLlN~ TABLE 
A - V4" X W' flat pack, 14-pin 
C - W' X 3/4" dLial-in-line, 14-pin 
E - W' x 3,4" dual-in-!ine, 16-pin 
F - W' X 3/e" flat pack, 16-pin 
G - 8-lead can 
H - W' X W' flat pack, 10-lead 
1- 10-leadcan . 
J -.112" x 1 W' dual-in-line, 24-pin 
K - 3/e" x 112" flat pack, 24-pin 
X - 3-lead can 
Y - 2-lead power can 

/XXX 
I 

DEVICE TYPE 
WITHIN DETAIL 

• SPECIFICATION 

2-3 . 

XX y y y 
=r- r T ~ 
CLASS A, B, OR C CASE LEAD 

(SEE DEVICE OUTLINE FINISH 
CLASS TABLE) (SEE CASE (SEE LEAD 

OUTLINE TABLE) FINISH TABLE) 

LEAD FINISH TABLE 
A - Kovar or Alloy 42, 

with hot solder dip 

B - Kovar or Alloy 42, 
with acid tin plate· 

C - Kovar or Alloy 42, 
with gold plate 

X- Any of the above, for 
ordering purposes only. 

• 



I 
II 

MIL-M-38510 PROCESSED' ·PRODUCT 
SCREENING LEVELS 

Class A Class B Class 0 Class C 
PROCESSED DEVICE MARKINGS 

APPLIES TO ALL TYPES OF INTEGRATED CIRCUITS 

MC38510/XXXXAYYM MC38510/XXXXBYYM MC38510/XXXXOYYM MC38510/XXXXCYYM 

MC38510/XXXXAYYS MC38510/XXXXBYYS MC38510/XXXXDYYS MC38510/XXXXCYYS 

FEATURES: ' 
1. Lower cost than JAN-QUALIFIED. 

2. Devices manufactured using design and 
processing guidelines contained in 
MIL-M-38510. 

3. Product supplied with Motorola standard data 
sheet electricals ("S" suffix) or MIL-M-38510 
electricals ("M" suffix). 

4. G.S.I. (Government Source Inspection) 
provided upon request. 

,Example of MIL-M-38510 
Processed markings 

DEVICE: MC1741BGBS 

ORDER: MC1741BGBS 

MARKING: MC38510/1741BGBS 

HOW TO·ORDER MIL-M-38510 PROCESSED PRODUCT 
Basic Numbering Parameters - Example: MCXXXXYYYS or M 

MCXXXX Y 
I T 
I I 

MOTOROLA 
DEVICE TYPE 

CLASS A, B, C, OR D CASE OUTLINE 
(SEE DEVICE (SEE CASE 

CLASS TABLE) OUTLINE TABLE) 

CASE OUTL.INE TABLE 
A - %" X W' flat pack, 14-pin 
C - W' X 3/4" dual-in-line, 14-pin 
E - W' X 3/4 " dual-in-line, 16-pin 
F - W' X 3/8" flat pack, 16-pin 
G - 8-lead can 
H - W'X W' flat pack, 10-lead 
1- 10-lead can, pin 10 at tab 
J -W' x 1 %" dual-in-line, 24-pin 
K - 3/8" X W' flat pack, 24-pin 
X - 3-lead can 
Y - 2-lead power can 

*3 -8-lead dual-in-line 
*8 -10-lead can, pin 1 at tab 
*9 -1 O-Iead tall can 
*R -9-lead power can 

* Linear processed devices only, 

Y Y S or M 
T r ~ 

2-4 

LEAD FINISH S 0:, MOTOROLA DATA SHEET ELECTRICALS 
(SEE LEAD M = JAN SLASH SHEET ELECTRICALS 

FINISH TABLE) 

LEAD FINISH TABLE 
A - Kovar or Alloy 42, with hpt 

solder dip 

B - Kovar or Alloy 42, with 
acid tinplate 

C - Kovar or Alloy 42, with 
gold plate 

X - Any oUhe above; for 
ordering purposes only. 



SCREENING PROCEDURES 
FOR MIL-M-38S10 JAN-QUALIFIED AND MIL-M-38S10 PROCESSED PRODUCT 

(TO MIL-STD-883 REQUIREMENTS) 

In recognition of the fact that the level of screening 
has a direct impact on the cost of the product, as well as 
its quality and reliability, four standard levels of screen
ing are provided to coincide with four device classes, or 
levels of quality assurance. 

Flexibility is provided in the choice of test conditions 
and stress levels, to provide screens tailored to a partic-

ular product or application. Selection of a level better 
than that required for the specific product and applica
tion will result in unnecessary expense. A level less 
than that required may result in a risk that reliability 
requirements will not be met. For general hi-rei applica
tions, the Class B or 0 screening levels should be con
sidered. 

DEVICE CLASS TABLE 
CLASS A CLASS B 

, CLASS 01 CLASS C 
SCREEN METHOD ROMT METHOD RQMT METHOD RQMT METHOD RQMT 

Internal Visual (Precap) 2010 Condition 100% 2010 Condition 100% 2010 Condition 100% 2010 Condition 100% 
A and 38510 Band 38510 Band 38510 Band 38510 

Stabilization Bake 1008,24 hrs 100% 1008,24 hrs 100% 1008,24 hrs 100% 1008,24 hrs 100% 
min. test min. test min. test min. test 
Condition C Condition C Condition C !condition C 

Temperature Cycling 1010 Condition C 100% 1010 Condition C 100% 1010 Condition C 100% 1010 Condition C 100% 

Constant Acceleration 2001 Condition E 100% 2001 Condition E 100% 2001 Condition E 100% 2001 Condition E 100% 
(min.) Yl plane (min.) Y1. plane (min.) Yl plane (min.) Y1 plane 

Seal (a) Fine 1014 100% 1014 100% 1014 100% 
(b) Gross 

Serialization 100% - - -
Interim Electrical Per applicabie 100% Per applicable 3 Per applicable 3 -
Parameters device device device 

specification' specification' specification' 

Burn-in Test 1015 100% 1015 100% 1015 100% -
240 hrs@ 160 hrs @ 160 hrs@ 
125°C min. 125°C min. 125°C min. 

Interim Electrical Per applicable 100% - - -
Parameters device 

specification' 

Reverse Bias Burn-in 1015 Condition A 100% - - -
or C 72 hrs 
at 150°C min. 

Interim Electrical Per applicable 100% Per applicable. 100% Per applicable 100% -
Parameters device device device 

speCification' speCification' specification' 

Seal (a) Fine 1014 100% - - -
(b) Gross 

Final Electrical Tests Per applicable Per applicable Per applicable Per applicable 
(a) Static tests device device device device 

(1) 25°C (subgroup 1, specification' 100% speci~cation' 100% speCification' 100% specification' 100% 
table 1, 5005) 

(2) Max. and min. rated 100% 100% Sample, Sample 
Operating temp. at at 
(subgroups 2 and 3. Group A Group A 
table 1, 5005) 

(b) Dynamic tests andlor 100% 100% Sample Sample 
switching tests @ 25°C at at 
(subgroup 4 and 9, Group A Group A 
table 1, 5005) 

(c) Functional test@ 25°C 100% /100% 100% 100% 
(subgroup 7, table 1, 
5005) 

RadIographic 2012 100% - - -
Qualification or Quality 5005 Sample 5005 Sample 5005 Sample 5005 Sample 
Conformance Inspection Class A per Class B per Class B per Class per 

38510' 38510' 38510' 38510' 

External Visual 2009 100% 2009 100% 2009 100% 2009 100% 

, For MIL-M-38510 PROCESSED product only. , 

, MIL-M-38510 QUALIFIED product is tested per applicable 38510 detail specification. MIL-M-38510 PROCESSED product is tested per applicable 38510 detail 
specification ("M" suffix), or per the Motorola standard data sheet electrical specification ("S" suffix). 

'3 When specified in the applicable device specification 100% of the devices shall be tested . 
• For MIL·M·38510 PROCESSED product, Group A Is performed per 5005 and Groups B, C, and D are available upon request. 
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II 

LINEAR INTEGRATED CIRCUIT 

CHIPS 

Most of the linear integrated circuit devices in this Data Book are available in chip form. Many 
are offered in two options - conventional (face up bonding) and flip-chip versions. Motorola offers 
many standard linear chips from warehou$e stock either directly from the factory or through fra'1~ 
chised distributor$. In addition, custom linear Ie chips may be designed and to meet a specific need. 

Specific information on chip processing, testing, and handling can be Qbtained in the Chips Data 
Bo~k (V,olume 8 ()f the Motorola Semiconductor Data Library). 

LINEA~ CHIP FORMATS 

Conventional Chips encompass by far the greatest number 
of available linear IC chips. These silicon chips use gold back
siqe metalization' for easy eutectic bonding to the metalized 
area of hybrid assemblies. The interconnecting metalization 
and bonding pad areas are formed from evaporated aluminum. 
Either gold or aluminum wire may be employed for connection 
between on-chip bonding pads and the external circuit. 

Flip-chips can be mounted to a hybrid substrate in a single 
operation. 

Connection to the substrate bonding pads is made by means 
of raised "solder bumps" that protrude above the chip surfC;lce 
at the integrated-circuit bonding pads. The devi~es are mounted 
to the substrate metalization areas circuit side down by means 

, of conventional reflow solder techniques. 
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OPERATIONAL AMPLIFIERS 

Temperature Range 
o to 70°C -55 to 125°C Other Page 

LF355,A LF155,A Monolithic JFET Operational Amplifier ......••... 3·7 
LF356,A LF156,A Monolithic JFET Operational Amplifier ........... 3·7 

• 
LF357,A LF157,A Monolithic JF ET Operational Amplifier ........... 3-7 
MC1420 MC1520 Differential Output Operational Amplifier .... ; . '.' .. 3·12 
MC1430 MC1530 General Purpose Operational Amplifier · .. '.' ...... 3·16 
MC1431 MC1531 Darlington Input Operational Amplifier ...••...... 3·16 
MC1433 MC1533 General Purpose Operational Amplifier · .......... 3·20 
MC1435· MC1535 Dual Operational Amplifier . . .............•.. 3·25 
MC1436,C MC1536 High Voltage Operational Amplifier ............. 3·30 
MC1437 MC1537 Dual MC1709 Operational Amplifier ..........•.. 3·34 
MC1439 MC1539 High Slew Rate Operational Amplifier •. . . . . . . . . . . 3·38 
MC1456,C MC1556 High Performance Operational Amplifier .......... 3·46 
MC1458,C MC1q58 Dual MC1741 Operational Amplifier ....•........ 3·52 
MC1458N MC1558N Low Noise Dual Operational Amplifier ............ 3·52 
MC1458S MC1.558S High Slew Rate Dual Operational Amplifier .•....... 3·57 
MC1709C MC1709,A General Purpose Operational Amplifier · .......... 3·63 
MC1712C MC1712 Wideband DC Amplifier ...........•........ 3·67 
MC1741C MC1741 General Purpose Operational Amplifier · .......... 3·72 
MC1741NC MC1741N Low Noise Operational Amplifier ..........•.•.. 3·72 
MC1741SC MC1741S High Slew Rate Operational Amplifier ............ 3·77 
MC1747C MC1747 Dual MC1741 Operational Amplifier .....•....... 3-83 
MC1748C MC1748 General Purpose OperatJpnal Amplifier · .......... 3·87 
MC1776C MC1776 Programmable Operational Amplifier .....•....•.. 3"·91 

MC3301 Quad Operational Amplifier •. ' ................ 3·100 
MC3401 Quad Operational Amplifier. • . . . . . . . . . ....... 3·108 
IViC3403 MC3503 MC3303 Quad Differential Input Operational Amplifier .•..... 3·116 
MC3458 MC3558 MC3358 Dual Operational Amplifier . . . . . . . . ............ 3·122 
MC3471 MC3571 Quad FET Input Operational Amplifier ........... 3·128 
MC3476 Programmable Operational Amplifier; . . .•......... 3·130 
MC4202C 0;- Programmable Quad Operational Amplifier •.•...... 3"134 
MC4558C MC4558 Dual High Frequency Operational Amplifier ........ 3·138 
MC4741C . MC4741 Quad MC1741 Operational Amplifier ............. 3·140 
MLM301A MLM101A MLM201A General Purpose Operational Amplifier · .......... 3·146 
MLM307 MLM107 MLM207 General Purpose Operational Amplifier ...•....... 3·150 
MLM308,A MLM108,A MLM208,A Precision Operational Amplifier. . . ....•.....•... 3·154 
MLM310 MLM110 MLM210 Unity Gain Operational Amplifier .............. 3·159 
MLM324 MLM124 MLM224 Quad Operational Amplifier .................. 3·161 
MLM358 MLM158 MLM258 Dual Operational Amplifier ...........••..•.. 3·167 

MLM2902 Quad Operational Amplifier ...........••.••.. 3·173 
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Single Operational Amplifiers 

NONCOMPENSATED 

Devices listed in ascending order of price 

Military Temperature Range (-55°C to +125°C) 

.5 5 15 200 25K 1 . 3 ~3 . ±18 General Purpose MC1709 601,606, 
632,693 • .5 5 15 200 50K 1 .5 ±3 ±22 General Purpose MC1748 601,693 

.075 2 10 10 50K 1 .5 ±3 ±22 General Purpose MLM101A 601,693 
.5 3 15 60 50K 2 4.2 ±4 ±18 High Slew Rate MC1539 601,632 
5 2 15 500 2.5K 7 1.5 +12 +12 Wideband DC MC1712 601,606, 

-6 -6 Amplifier 632 
1 5 15 150 40K .8 2.0 ±4 ±20 General Purpose MC1533 6028,606, 

632 

2 10 15 100 lK 10 5.0 ±4 ±8 Differential Output MC1520 602A,606 
.6 3 5 100 25K 1 .5 ±3 ±18 High Performance MC1709A 601,606, 

MC1709 632 
.002 2 3 .2 50K 1 .3 ±3 ±20 Precision MLM108 601,606,693 
10 5 15 2000 4.5K 3 1.0 ±4 ±9 General Purpose MC1530 6028,606, 

632 
15 10 15 25 2.5K 2 1.0 ±4 ±9 General Purpose MC1531 6028,606, 

(Darlington Input) 632 
.OO~ .5 1 .2 80K 1 .3 ±3 ±20 Precision MLM108A 601,606, 

693 

Industrial Temperature Range (O°C to +70°C) 

.25 7.5 10 50 25K 1 .5 ±3 ±18 General Purpose LM301A 601,626 
693 

.5 6 15 200 20K 1 .5 ±3 ±18 General Purpose MC1748C 601,.626 
693 

1.5 7.5 15 500 15K 1 .3 ±3 ±18 General Purpose MC1709C 601,606, 
626,632, 

. 646,693 
7 7.5 15 1 25K 1 .3 - ±3 ±18 Precision LM308 601,606, 

626,693 
7.5 5 15 2000 2K 7 1.5 +12 +12 Wideband DC MC1712C 601,606, 

-6 -6 Amplifier 632 
4 15 15 200 750 10 5.0 ±4 ±8 Dif.ferential Output MC1420 602A. 606 

1 7.5 15 100 15K 2 4.2 ±6 ±18 High Slew Rate MC1439 601,626, 
632,646 

2 7.5 15 50 30K .8 2.0 ±4 ±18 General Purpose MC1433 6028,606, 
632,646 

7 .5 5 1 80K 1 .3 ±3 ±18 Precision LM308A 601,606, 
626,693 

15 10 15 4000 3K 3 1.0 ±4 ±8 General Purpose MC1430 6028,606, 
632,646 

.3 15 15 100 1.5K 2 1.0 ±4 ±8 General Purpose MC1431 6028,606, 
(Darlington Input) 632,646 
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Single Operational Amplifiers 

INTERNALLY COMPENSATED 

• 
Description 

Military Temperature Range ( 55°e to +125°C) 

.5 5 15 200 50K 1 . 5 ±3 . ±22 General Purpose MC1741 601.606. 
632. 693 

.20 3000 90 90 ±4 ±8 Differential Wide- MC1733 603, 632 

.5 5 15 20b 50K 1 .5 
band Video Amp 

±3 ±22 Low Noise MC1741N 601 •. 606 
632.693 

.5 5 15 200 50K 1 10 ±3 ±22 High Slew Rate MC1741S 601.632. 
693 

.075 2 10 10 50K 1 .5 ±3 ±22 General Purpose MLM107 601.693 

.003 4 12 Unity 20 30 ±3 ±18 Unity Gain MLMll0 601 

.015 4 10 2 lOOK 1 2.5 ±3 ±22 High Performance MC1556 601.632 
.0075 5 15 3 200K 1 .2 ±1.5 ±18 uPower Program- MCl776 601.632 

mabie 
.02 5 10 3 lOOK 1 2.0 ±15 ±40 High Voltage MC1536 601 

100pA 5 5 20pA '50K 1 5 ±5 ±22 FET Input LF155 601* 
100p,A 5 5 20pA 50K 2 15 ±5 ±22 FET Input LF156 601' 

100pA 5 5 20pA 50K 3 75 ±5 ±22 Wideband FET Input LF157 601' 
50pA 2 3 10pA 50K 1 5 ±5 ±22 FET Input LF155A 601' 
50pA 2 '3 10pA 50K 2 15 ±5 ±22 FET Input LF156A 601' 
50pA 2 3 10pA 50K 3 75 ±5 ±22 Wideband FET Input LF157A 601* 

'This Circuit to be Introduced 

Industrial Temperature Range (OOe to +700 C) 

.5 6 15 200 20K 1.0 .5 ±3 ±18 General Purpose MC1741C 601.632. 
626.646. 

693 
.25 7.5 10 50 25K 1.0 .5 ±3 ±18 General Purpose MLM307 601.626. 

693 
30 5000 80 90 ±4 ±8 Differential Wide- MC1733C 601.632. 

ba·nd Video Amp 646 
.05 6 15 25 50K 1.0 .2 ±1.5 ±18 Low Cost uPower. MC3476 601.626 

Programmable 

.5 6 15 200 20K 1.0 .5 ±3 ±18 Low Noise MC1741NC 601.632. 
626.646. 

693 
.5 6 15 200 20K 1.0 10 ±3 ±18 High Slew Rate MC1741SC 601.632. 

626.646 • 
. 693 

.007 7.5 12 Unity 20.0 30 ±3 ±18 Unity Gain MLM310 601 

.003 6 15 3 lOOK 1.0 .2 ±1.5 ±18 uPower. Program- MCl776C 601 
mabie 

.03 10 12 10 70K 1.0 2.5 ±3 ±18 High Performance MC1456 601.632 

.04 10 12 10 70K 1.0 2.0 ±15 ±34 High Voltage MC1436 601 
200pA .10 5 50pA 50K 1.0 5 ±5 ±18 FET Input LF355 601' 
200pA 10 5 50pA 50K 2.0 15 ±5 ±18 FET Input LF356 601' 

200pA 10 5 50pA 50K 3.0 75 ±5 ±18 Wideband FET LF357 601' 
Input 

50pA 2 1 10pA 50K 1.0 ? ±5 ±18 FET Input LF355A 601' 
50pA 2 1 lOpA SOK 2.0 15 ±5 ±18 FET Input LF356A 601' 
50pA 2 1 10pA 50K 3.0 75 ±5 ±18 Wideband FET Input LF357A 601' 

'Thls CIrcUIt to be Introduced 
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Dual Operational Amplifiers 

INTERNALLY COMPENSATED 

Military Temperature' Range (-55"C to +125°C) 

.5 ~ 10 200 50K 1.1 .8 ±3 

.5 5 10 200 50K 1 ,5 ±3 

.5 5 10 200 50K 1.1 .8 ±3 

.5 5 10 200 50K 4 1.5 ±3 

.15 5 10 30 50K 1 .6 ±1.5 
+3 

.5 5 10 200 50K 1 10 ±3 

.5 5 10 50 50K 1 .6- ±1.5 
+3 

Industrial Temperature Range (O°C to +70 0 C) 

.5 6 10 200 20K 1.1 .8 ±3 

.5 6 10 200 25K 1 .5 ±3 

.25 6 7 50 25K 1 ,6 ±1.5 
+3.0 

.5 6 10 200 20K 3 1.5 ±3 

.5 10 7 50 20K 1 .6 ±1.5 
+3.0 

.5 6 10 200 20K 1 10 ±3 

.5 6 10 200 20K 1.1 .8 ±3 

NONCOMPENSATED 

3-5 

±22 

±22 
±22 

±22 

±18 
+36 

±22 

±18 
+36 

±18 

±18 

±18 
+36 

±18 

±18 
+36 

±18 

±18 

Description 

Dual MC1741 

Dual MC1741 
Dual Low Noise 

High Frequency 
Dual 

Single Supply 
Dual 

(Low Power 
Consumption) 

High Slew Rate 
Dual 

Single Supply 
Dual 

Dual MC1741 

Dual MC1741 

Single Supply Dual 
(Low 

Power Consumption) 
Dual.High 
Frequency 

Single Supbly Dual 
(Low 

Crossover Distortion) 
High Slew"Rate 

Dual 
Dual Low Noise 

Single Supply 
Dual 

Dual MC1709 
Dual General 

Purpose 

MC1558 601, 632 
693 

MC1747 601,632 • MC1558N 601,632, 
693 

MC4558 601,632 
693 

MLM158 601,632, 
693 

MC1558S 601,632, 
693 

MC3558 601,632, 
693 

MC145B 601,626, 
632,646, 693 

MC1747C 603,632, 
646 

MLM358 601,626, 
693 

MC4558C 601,626 
693 

MC3458 601,626 
693 

MC1458S 601,626, 
632,646, 693 

MC1458N 601,626, 
632, 646, 693 



Quad Operational Amplifiers 

INTERNALLY COMPENSATED 

Description 

• 
Military Temperature Range (-55°C to +125°C) 

.5 5 15 200 ' 50K 1 .5 ±3 ±22 Quad MC1741 MC4741 632,646 
.15 5 7 30 50K 1 .6 ±1.5 ±16 Quad MLM124 632, 646 

+3.0 +32 (Lower Power 
Consumption) 

.5 5 7 50 50K 1 .6 ±1.5 ±18 Quad General MC3503 632, 646 
+3.0 +36 Purpose 

Low Power 
200pA 5 10 20pA 50K 10 20 ±3.0 ±18 Quad Active MC3571 632, 646' 

Filter 
FET Input, High 
/ Frequency 

Industrial Temperature Range (OOC to 10°C) 

.3 1K 5 .6 ±1.5 ±18 Low Cost Quad MC3401 632,646 
+3.0 +36 

.25 6 7 50 25K 1 .6 ±1.5 ±16 Quad MLM324 632,646 
+3.0 '+32 (Low Power 

Consumption) 
.5 10 7 50 20K 1 .6 ±1.5 ±18 Quad MC3403 632,646 

+3.0 +36 (No Crossover 
Distortion) 

.5 6 15 200 20K 1 .5 ±3 ±18 Quad MC1741 MC4741C 632,646 

.1 5 10 10 10K 5 1.5 ±1.5 ±18 Quad Programmable MC4202C 632,646' 
Low Power 

200pA 6 10 20pA 25K 10 20 ±3.0 ±18 Quad Active Filter MC3471 632,646' 
FET 

Input, High 
Frequency 

ThiS Circuit to be Introduced 

Automotive Temperature Range (-40°C to +85°C) 

.3 lK 4 .6 ±2 ±15 Quad Mirror MC3301 646 
+4 +28 Gain 

.5 10 50 1 .6 ±1.5 ±13 Quad Diff. MLM2902 646 
+3 +,26 (Low Power) 

.5 8 10 75 20K 1 .6 ±1.5 ±18 Quad Diff. MC3303 646 
+3 +36 General Purpose 

PACKAGE STY.LES 

~2 ,.' -$00:0 ~:.+" ~':o:o 
o 1 •• 1 0 1 

2 2 2 
b 

1 

CASE 601 602A 6028 603 606 626 

MATERIAL Metal Metal Metal Metal Ceramic Plastic 

SUFFIX after type number G G G G F P,P1,N 

14 

c::::J 
14 

CJ d 
1 1 4 

CASE 632 646 693 

MATERIAL Ceramic Plastic Ceramic 

SUFFIX after type number L· P U 
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MONOLITHIC JFET INPUT 
OPERATIONAL AMPLIFIERS 

These internally compensated operational amplifiers incorporate 
highly matched JFET transistors on the same chip with standard 
bipolar transistors. The JFET transistors enhance the input charac.· 
teristics of these operational amplifiers by more than an order of 
magnitude over conventional amplifiers. 

This series of op amps combines the low current characteristics 
typical of FET amplifiers with the low initial offset voltage and 
offset voltage stability of bipolar amplifiers. Also nulling the offset 
voltage does not degrade the drift or common mode rejection. 

• Low Input Bias Current - 30 pA 

• Low Input Offset Current - 3.0 pA 

• Low Input Offset Voltage - 1.0 mV 

• Temperature Compensation of Input Offset Voltage -
3.0p.V/oC 

• Low Input Noise Current - 0.01 pA/$z 

• High Input Impedance - 1012[2 

• High Common·'Mode Rejection Ratio - 100 d'B 

• High DC Voltage Gain - 106 dB 

Fast Settling Time to 0.01 % 
Fast Slew Rate 
Wide Gain Bandwidth 
Low Input Noise Voltage 

LF155A 
4.0p.s 

5.0 V/p.s 
2.5 MHz 

20 nV/$z 

LF156A LF157A 
1.5 p.s 1.5 p.s 

12 \:flp.s 50 V/p.s 
5.0 MHz 20 MHz 

12 nV/$z 12 nV/YHZ 

This is advance information and specifications are subject to change without notice. 
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LF155-LF156-LF157* 
LF155 A· 156 A -157 A 
LF355~LF356-LF357 
LF355 A -356 A -357 A 

MONOLITHIC 
JFET 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

H SUFFIX 
,METAL PACKAGE 

CASE 601 

~I NC 

~ Offset Null , 

/j~/,/W'I ~ , Invt In
p
, ut 2 3 

111ft Noninvt Input 
, VEE 

• Output 

(top view) 

N SUFFIX 

• 

PLAS, TIC PAC, KAGE 
CASE 626 

r· .' 
J-8SUFFIX 

CERAMIC PACKAGE 

CASE 693 

OffsetNull 1~8 NC 
Invt Input 2 -' 7 VCC 

Noninvt Input 3 + 6 Output, 

VeE 4 ' 5 Offset Null 

APPLICATIONS 

The LF series is suggested for all general pur· 
pose FET input amplifier requirements where 
precision and frequency response flexibility are 
of prime importance. 

Specific'applications include: 

• Sample and Hold Circuits 
• High Impedance Buffer 
• Fast DIA and AID COllverters 
• Precision High Speed 
• Integrators 

*NOTE: The LF 157 series is designed for wider 
bandwidth applications. The series is decom· 
pe,nsated (AV min = 5). 

• 



• 

LF155/A, LF156/A; LF157/A, LF355/A, LF356/A, LF357/A 

TY.PICAL CIRCUIT CONNECTIONS 

FIGURE 1 - DRIVING CAPACITIVE LOADS 

• L.F155/6 R = 5.0 k 
L.F157 R=1.25k 

+2.0 V r 
-2.0 v.-I 

5.0 k 

Due to a unique· output stage design these amplifiers have the 
ability to drive large capacitive loads and still maintain stability. 
CL.(max) a. 0.01 J,LF. 
Overshoot';;; 20% 
Settling time (ts) a. 5.0 J,LS 

FIGURE 3 - INPUT OFFSET VOLTAGE ADJUSTMENT 

VCC 

VEE 

• V lOis adjusted with a 25 k potentiometer 
• The potentiometer wiper is connected to V cc 
• For potentiometers with temperature coefficient of 100 

ppm/oC or less the additional drift with adjust is"" 0.5 J,LV/ 
°C/mV of adjustment .. 

• Typical overall drift: 5.0 J,LV;OC ±(0.5 J.LV;OC/mV 
of adjustment.) 

MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage VCC 
VEE 

Differential Input Voltage VID 

Input Voltage Range (11 VIDR 
Output Short-Circuit Duration ISC 
Operating Ambient Temperature Range TA 
Operating Junction Temperature TJ 

Storage Temperature Range Tstg 

LF155A, 
156A,157A 

+22 
-22 

±40 

±20 

~55 to +125 

150 

FIGURE 2 - LARGE POWER B~NDWIDTH AMPLIFIER 

10 k 

V out 

1 .0 V C"'\ C"I. 
-1.0 V ' '\::07 ' 

10V n I\. 
-lOY \J 

For distortion < 1 % and a 20 Vp·p VOut 
swing, power bandwidth Is: 500 kHz. 

FIGURE 4 - SETTLING TIME TEST CIRCUIT 

2.0 k, 0.1% 

10V r +15 V 

0.-1 2 k, 0.1% 
°400,0.1% 

5.0 k, 0.1% 
°1.0 k, 0.1% 

V out 

sum~~:.-__ 5~k'AO~.~1% __ ~ ____ ~ 

Oscilloscope 

LF355A, 
356A, 357A 

+22 
-22 

±40 

±20 

o to +70 

100 

1-
2
-

N
-

4
- 4:'"'-:6-o +15 V 

• Settling time is tested with the L F 155/6 
connected as unity gain inverter and LF 157 
connected for Av=-5 

• FET used to isolate the probe capacitance 

• Output = 10 V step 
°Av = -5 for LF 157 

LF155, LF355, 
LF156, LF157 LF356, LF357 

+22 +18 
-22 -18 

±40 ±30 

±20 ±16 

~ Continuous 

-55 to +125 o to +70 

150 100 

Unit 

V 

V 

V 

~ °c 
°c 

-65 to +150 °c 

Note 1. Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage. 

® MOTOROLA Semiconductor Products Inc. 
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LF155/A, LF156/A, LF157/A, LF355/A, LF356/A, LF357/A 

DC ELECTRICAL. CHARACTERISTICS (VCC '" 15 to 20 V, VEE'" -15 to -20 V, TA '" Tlow to Thigh 

Inote 21 unless otherwise noted.) 

LF155/sn LF355/Sn* 
Characteristic Symbol Min Typ Max Min Typ Max Unit 

Input Offset Voltage VIO mV 

(RS'" 50 .n, VCM '" 0) - - 7.0 - - 13 
(TA;" 25°C) - 3.0 5.0 - :to 10 

Average TemPerature Coefficient of Input Offset Voltage ilVIOtilT p.vfJc 
(Rs = 50.n) - 5.0 - - 5.0 -

Change in Average TC with V 10 Adjust ilTC/ilVIO p.V/oC 
(RS '" 50 .n) (3) - 0.5 - - 0.5 - permV 

Input Offset CUrrent 110 
(T J = 25°C) (2) - 3.0 20 - 3.0 50 pA 

(TJ" Thigh, VCM = 0) - - 20 - - 2.0 nA 

Input Bias Current liB 
(T J = 25°C) (2) - 30 100 - 30 200 pA 

(T J" Thigh, VCM = 0) .. - - 50 - - 8.0 nA 

Input Resistance 'i .n 
(TJ= 25°C) - 1012 - - 1012 -

Large Signal Voltage Gain AVOL V/mV 
(VCC = ±15 V) 25 - - 15 - -
(VO '" ±10V, RL= 2.0 k, TA = 25°C) 50 200 - 25 200 -

OU!put Voltage Swing Vo V 
(Vec = ±15 V, RL = 10 kn) ±12 t13 - ±12 ±l3 -

Input Common·Mode Voltage Range VICR +15.1 - +15.1 - V 
(VCC = ±15 VI, 

±11 
-12.0 ±10 

-12.0 

Common·Mode Rjection Ratio CMRR 85 100 - 80 100 - dB 

Supply Voltage Rejection Ratio PSRA 85 100 - 80 100 - dB 

Supply Current 10 mA 
LF155/355 - 2.0 4.0 - 2.0 4.0 
LF1561157 - 5.0 7.0 - - -
LF356/3~7 - - - - 5.0 10 

*VCC'" ±15 V 

AC ELECTRICAL CHARACTERISTICS, (Vcc = ±15 V, TA = 250 C,unless otherwise noted.) 

lF155/355 
Characteristic Symbol Min 

Slew Rate SR -
(Av = 1) LF155,6 
(Av= 5) LF157 

Gain-Bandwidth Product BWp -

Settling Time to 0.01% (4) ts -
Equivalent Input Noise Voltage en 

(RS'" 100.n, f = 100 Hz) -
(RS = 100.n, f =1000 Hz) -

Equivalent Input Noise Current in 
(f'" 100 Hz) -
(f = 1000 Hz) -

Input Capacitance Ci -
*These minimum limits apply for the LF156 and LF157 only. 

NOtE: 

Typ 

5.0 

2.5 

4.0 

25 

20 

0.01 
0.01 

3.0 

(1) Unless otherwise specified, the absolute maximu';' negative 
input voltage is equal to the negative power supply. 

(2) T,ow = -55°C for LF1551155A/1561156A1157/157A 
OOC for LF355/355A/356/356A/357/357 A 

Thigh = +1250 C for LF155/155AI156/156AI157/157A 
= +70oC for LF355/355A1356/356A1357/357A 

(3) The temperature coefficient. of the adjusted input offset 
voltage changes only a small amount (0.5 /lV jOe typically) 
for each mV of adjustment from its original unadjusted 

Ma)l: 

-

-
-
-
-

-
-
-

LF15S/356 LF157/357 
Min Typ Max Min Typ Max Uriit 

7.5* 12 - 30· 50 - V/JJ.S 

- 5.0 - - 20 - MHz 

- 1.5 - - 20 - JJ.S 

nW/Hz 
- 15 - - 15 -
- 12 - - 12 -

pA/$z 
- 0.01 - - 0.01 -
- 0.Q1 - - 0.Q1 -
- 3.0 - - 3.0 - pF 

value. Common-mode rejectron and open loop valtage gain 
are also unaffected by offset adjustment. 

(4) Settling time is defined here, for a unity gain inverter 
connection using 2.0 k resistors for the LF155/6. It is the 
time required. for the error voltage (the voltage at the 
inverting input pin on the amplifierl to settle to within 
0.01% of its final value from the time a 10 V step input is 
applied to the inverter. For the LF157, Av = -5.0, the 
feedback resistor from output to input is 2.0 k and the 
output step is 10 V (see settling time test circuit!. 

® MOTOROLA Sernlconducf:or Producf:. Inc. 
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lF155/A, lF156/A, lF157/A, lF355/A, tF356/A, lF351/A 

DC ELECTRICAL CHARACTERISTICS (VCC = 15 to 20 v, VEE = -15 to -20 v, T A = TloW to Thigh 
(note 2) unless otherwise noted.) , 

L F 155A/6A/7 A LF355A/6A/7A 
Characteristic Symbol Min Typ Max Min Typ Max Unit 

Input Offset Voltage 'VIO mV 
(RS = 50 n, VCM = 0) - - 2.5 - - 2.3 

• 
(TA = 250 C) - 1.0 2.0 - 1.0 2.0 

Average Temperature Coefficient of Input Offset Voltage LWIO/lIT ~V/oC 
(RS = 50 n) . - 3.'0 5.0 - 3.0 5.0 

Change in Average TC with V 10 Adjust lITC/lIVIO ~V/oC 
IRS = 50 n) (3) - 0.5 - - 0.5 - permV 

Input Offset Current 110 
(T J = 25°C) (2) - 3.0. 10 - 3.0 10 pA 
(TJ';;; Thigh, VCM '" 0) - - 10 - - 1.0 nA 

Input Bias Current liB 
, 

IT J = 25°C) (2) - 30 50 - 30 50 pA 
(T J';;; Thigh, VCM " 0) - - 25 - - 5.0 nA 

I nput Resistance fj n 
(TJ= 25°C) - '0'2 - - 10'2 -

Large Signal Voltage Gain AVOL V/mV 
(VCC = ±15 V) 25 - - 25 - -
(Vo = ±10 V, RL = 2.0 k, T A = 25°C) 50 200 - 50 200 -

Output Voltage Swing Vo V 
{VCC'" ±15 V, RL" 10 knJ ±12 ±13 - ±12 ±13 -

Input Common·Mode Voltage Range VICR ± 11 
+15.1 - +15.1 - V 

(VCC '" ±15 V) -12.0 ± 11 -12.0 

Common-Mode Rejection Ratio CMRR 85 100 - 85 100 - dB 

Supply Voltage Rejection Ratio PSRR 85 100 - 85 100 - dB 

Supply Current 10 mA 
LF 155A/355A - 2.0 4.0 - 2.0 4.0 
LF 156A/7 A/356A/7 A - 5.0 7.0 - 5.0 7.0 

AC'ELECTRICAL CHARACTERISTICS (VCC = ±t5 V, T A = 25°C, unless otherwise noted.) 

LF155A/355A L F 156A/356A LF157A/357A 
Characteristic Symbol Min Typ Max Min Typ Max Min Typ Max Unit 

Slew Rate SR 3.0 5.0 - 10 12 - 40 50 - V/~s 
IAv = 1) LF155A/6A 
IAv=5) LF157A 

Gain-Bandwidth Product BWp - 2.5 - 4.0 4.5 - 15 20 - MHz 

Settling Time to 0.01% (4) ts - 4.0 - - 1.5 - - 1.5 - j.Ls 

Equivalent Input Noise Voltage en nV/.JHZ 
(RS = 100 n) 

If = 100 Hz) - 25 - - 15 - - 15 -
(f = 1000 Hz) - 20 - - 12 - - 12 -

Equivalent Input Noise Current in pA/VHZ 
If = 100 Hz) - om - - 0.01 - - om -
If = 1000 Hz) - 0;01 - - om - - om -

Input Capacitance Ci - 3.0 - - 3.0 - - 3.0 - pF 

For Notes " 2, 3,4, see previous page. 

'----..,..--- ® MOTOROLA Semiconductor Product. Inc. 
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LF155/A, LF156/A, LF157/A, LF355/A, LF356/A, LF357/A 

H 
2 

Inv. Input 

Balance 

1~5 

··c = 2.0 pF on LF157" 

Device Temperature Range 

LF155H. LF155AH -55 to +1250 C 
LF155J-8. LF155AJ-8 -55 to +1250 C 

LF355H. LF355AH o to +700 C 
LF355N. LF355AN o to +700 C 

LF355J-8. LF355AJ-8 Oto +700 C 
LF156H. LF156AH -55 to +1250 C 

LF 156J-8. LF 156AJ-8 -55 to +125OC 
LF356H. LF356AH o to +700 C 

CIRCUIT SCHEMATIC 

J3 

07 

ORDERING ,NFORMATION 

Package Device 

Metal Can LF356N. LF356AN 
Ceramic DIP LF356J-B. LF356AJ-8 

Metal Can LF157H. LF157AH 
Plastic DIP LF157J-8. LF157AJ-8 

Ceramic DIP LF357H. LF357AH 
Metal Can LF357N. LF357AN 

Ceramic DIP LF357J-B. LF357AJ-8 
Metal Can 

CL 

Vee 
7 

25 
+----~-'VR"'1---1~ O~t 

Temperature Range 

o to +700 C 
o to +700 C 

-55 to +1250 C 
-55 to +1250 C 

o to +700 C 
o to +700 C 
o to +"700 C 

011 

R8 
50 

Package 

Plastic DIP 
Ceramic DIP 

Metal Can 
Ceramic DIP 

Metal Can 
Plastic DIP 

Ceramic DIP 

'---.------ ® MOTOROLA SelniconductorProducts Inc. 
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ORDERING INFORMATION 

Device 

MC1420G 
MC1520F 
MC1520G 

Temperature Range 

O°C to +70°C 
~55°C to +125°C 
-55°C to + 125°C 

PackBg~ 

Metal Can 
Ceramic Flat 

Metal Can 

DIFFERENTIAL OUTPUT OPERATIONAL AMPLIFIER 

A wide-band, general-purpose operational amplifier which features 
both differential Inputs and outputs. Open loop gain is approximately 
3000 V/V but may be adjusted with external feedback components. 
This device is particularly useful in applications which require 
differential outputs. 

• Differential Input and Differential Output 

• Wide Closed-Loop Bandwidth; 10 MHz 

• Differential Gain; 70 dB 

• High Input Impedance; 2.0 Megohms: 

• Low Output Impedance; 50 ohms 

MAXIMUM RATINGS ITA 0 + 25DC unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltage VCC +S.O Vdc 
VEE -S.O 

Differential Input Signal Vin ±.S.O Vdc 

load Current ILl,IL2 15 mA 

Power Dissipation (Package limitation) Po 
Metal Package 680 mW 

Derate a~e T A ~ +2SoC 4.6 mW/DC 

Flat Package 500 mW 
Derate aboVe T A ~ +2SoC 3.3 mW/oC 

Operating Temperature Range MC1520 TA -55 to t125 DC 

MC1420 o to r 75 

Storage Temperature R~nge Tstg -65 to t150 DC 

FIGURE 1 - CIRCUIT SCHEMATIC 

COMPENSATION Vce 
Cl e3 C4 e1 
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MC1420 
MC1520 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

I 10 

InputT ~9 VCC 
Input 2 3 8 C3 

~ C4 
4 ,7 

C2 Output 2 
5 -6 

VEe ' Output 1 

F SUFFIX 
CERAMIC PACKAGE 

CASE 606 
-(TO-91) 

i 
Input 2 

Cl cml~ 9 Input 1 
C2 2 8 VCC 

Vee 3 7 C3 

Output 1 4 5 6 C4 
Output 2 

GSUFFIX 
METAL PACKAGE 

CASE 603 



MC1420, MC1520 

SINGLE-ENDED ELECTRICAL CHARACTERISTICS 
(Vee = +60 Vdc VEE - 60 Vdc T A - .250 C unless otherwise noted I - - -

MC1520 MC1420 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Open LOOR Voltage Gain Avol 1000 1500 - 750 1500 - V/V 
(Tlow (2) ~ TASThigh ~) 60 64 - - 64 - dB 

Output Impedance zos ohms 
(f = 20 Hz) - 50 100 - 50 - • Input Impedance 2is megohms 
(f = 20 Hz) 0.5 2.0 - - 2.0 -

Output Voltage SwinQ Vo ±3_5 ±4.0 - ±3.0 ±4.0 - Vpeak 
(R L '= 7.0 kn[Figure8j) 

Input Common-Mode Voltage Swing VICR ±2.0 ±3.0 - - ±3.0 - Vpeak 

Common-Mode Aeje~tion Ratio CMRR 75 90 - 60 90 - dB 
Input Bias Current liB /lA 

([liB = 11; 12] • TA = +250 C) - 0.8 2.0 - 2.0 4.0 

Input Offset Current /110/ nA 

010=11- 12) - 30 100 - 30 200 
{l10 = (1 -12, TA = Tlow) - - 200 - - -

(110 = 11 ':'12, TA = Thigh) - - 200 - - -

Input Offset Voltage IVlol mV 
(TA = +250 C) - 5.0 10 - 5.0 15 

Step Response 

{ G.;.' 1.0,10% 0,."'00' tTHL - 80 - - 80 - ns 
Rl=10kn tPLH,tpHL - 70 - - 70 - ns 
R2=10kn dVoutJdt <D - 5.0 - - 5.0 - V//ls 
R3=5.0kn 
Cs = 39pF j Gain = 10, 10% Overshoot tTHL - 80 - - 80 - ns 
Rl=10kn tPLH,tpHL - 70 - - 70 - ns 

(H2= 100kn dVout/dt <D - 15 - - 15 - V//ls 
R3=10kn 
Cs = 10pF 

{ G,," 100, No 0,."'001 tTHL - 80 - - 80 - ns 
A1=1.0kn tpLH,tpHL - 70 - - 70 - ns 
A2 = 100 kn dVoutldt <D - 30 - - 30 - V//ls 
R3= 1.0kn 
Cs = 1.0 pF 

{ 01"'" Loop, No 0.",'00' tTHL - 180 - - 180 - ns 
R, =.50n tpLH,tpHL - 70 - - 70 - ns 
A2 = 00 dVout/dt CD - 35 - - 35 - V//ls 
R3 = 50 n 
Cs = 0 

Bandwidth: - MH.z 
(Open Loop[Figure 4!) - 2.0 - - 2.0 .-

(Closed Loop[Unity Gain!) - 10 - - 10 -
(Figure 5) 

Input Noise Voltage (Open Loop) Vn'(in) /lV(rms) 
(5.0 Hz - 5.0 MHz) - 11 15 - 11 -

Average Temperature Coefficient of ~VIO/~T /.IV/oC 

I nput Offset Voltage 
(RS '" 50 n, T A = Tlow to ThiClh) - 2.0 - - 2.0 -

DC Power Dissipation Po mW 
(VO = 0) - 120 240 - 120 240 

Power Supply Sensitivity ·S± /lV/V 
(Vn = 0) - ) 250 450 - 250 -

CD dVout/dt = Slew Rate ® Tlow = OOC for MC1420, Thigh = +750 C for MC1420 
-55°C for MC1520 +1250 C for MC1520 

3-13 
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MC1420,' MC1520 

DIFFERENTIAL ELECTRICAL CHARACTERISTICS 
(Vce = +6 0 Vdc VEE = -60 Vdc T A = +250 C unless otherwise noted) 

MC1520 MC1420 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Gain Avol 2000 3000 - 1500 3000 - V/V 
(Open Loop) 66 70 " - 64 70 - dB 

Input Impedance zid megohms 
(f= 20 Hz) 0.5 2.0 - - 2.0 -

Output Impedance zod ohms 
(1= 20 Hz) -, 100 200 - 100 -

Common-Mode VO(CM) Vdc 
Output Voltage -0.5 0 +0.5 - 0 -

Output Voltage Swing Vo Vpeak 
(RL'= 7.0knJ :H.O ±8.0 - ±6.0 ±B.O -

TYPICAL CHARACTERISTICS 
(VCC = +6.0 Vdc, VEE = -6,0 Vdc, T A = +250 C unless otherwise noted.) 

+8.0 

+6.0 
~ 
i5 +4.0 
~ 
w 
CI +2.0 

~ 
o 
> 
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~ -2.0 
:> 
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"- -6.0 
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0.1 

70 

60 

50 

'" "0 

2: 40 
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10 
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FIGURE 2 - LARGE SIGNAL SWING 
versus FREQUENCY 
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FIGURE 3 - OPEN LOOP VOLTAGE GAIN 
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FIGURE 
NO. 

+60 

<0 
~ +40 
2: 
:;;: 
<.!l 

~ +20 
« 
S 
o 
> 
j 

-20 
1.0 

TEST CIRCUIT 

Al 
INVERTING _--Wv--+---<>-

NON·INVEATING ---~-<H 

CURVE 
NO. 

TEST CONDITIONS NOISE 
MODE VOLTAGE OUTPUT 

GAIN RllHl R21Q) R3 Ill) CS(pF, mV(rnu) 

INVERTiNG 100 1.0k 100 k 1.0k 1.0 2.0 
INVERTING 10 10k 100 k 10k 10 0.55 
INVERTING 1.0 10k 10k 5.0 k 39 0.17 
NON· INVERTING 1.0 10 k 10k 39 0.17 

NON·1NVERTING Avol 50 1.0 1.0 
NON·INVERTING Avol 50 10 2.0 I 

NON·INVERTING Avol 50 39 5.2 

NON.'INVERTiNG 100 100 10k 100 1.0 2.0 
NON· INVERTING 10 1,0k 9.1 k 910 10 '0.55 
NON· INVERTING 1.0 10k 10k 39 0.17 

FIGURE 4 - CLOSED LOOP VOLTAGE GAIN 
versus FREQUENCY 

II I 
CURVE 1 r--.. 

"'to-
2 r--.. 

f'..to-

I If' "'to-

10 100 1000 10,000 100,000 

t, FREQUENCY (kHz) 



MC1420, MC1520 

TYPICAL OUTPUT CHARACTERISTICS 
(Vee = +6.0 Vdc, VEE = -6.0 Vdc, T A = +250 C unless otherwise noted.) 

:z 
o 

~ 

FIGURE 5 - POWER DISSIPATION 
versus POWER SUPPLY VOLT AG E 
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ORDERING INFORMATION 

Temperature Range Package 

MC1430F, 1431 F 
MC1430G,1431G 
MC1430P, 1431 P 
MC1530F,1531F 
MC1530G, 1531 G 

O°C to +70"C 
OOC to +70°C 
O°C to + 70"0 

-55°C to +125°C 
-55°C to + 125°C 

Ceramic Flat 
Metal Can 
Plastic DIP 

CSramic Flat 
Metal Can 

OPERATIONAL AMPLIfiER 
... designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components . 

The MC1531 (MC1431) is provided with Darlington inputs to in
crease input impedance; otherwise the MC1531 (MC1431) circuit is 
identical with the MC1530 (MC14301 circuit. 

• High Open Loop Voltage Gain - 4500 min (MC15301 
- 2500 min (MC1531) 

• High Input Impedance - 10 Kilohms min (MC1530) 
- 1.0 Megohm min (MC1531) 

• Low Output Impedance - 50 Ohms max 

• High Slew Rate -6.0 V Ip.s typ @ Avs = 10 

• High Open Loop Bandwidth - 2.0 MHz typ (MC1530) 
0.4 MHz typ (MC1531) 

MAXIMUM RATINGS (T A = 25°C unless otherwsie noted) 

Rating Sv~bol Value 

Power Supply Voltage MC1530, MC1531 VCC,VEE +9.0, -9.0 
MC1430, MC1431 VCC,VEE +8.0, ':'8.0 

Differential Input Voltage Range VIDR + 5.0 

Load Current IL 10 

Power Dissipation (Package Limitation) Po 
Metal Package 680 

Derate above T A = +250 C 4.6 
Flat Package 500 

Derate above T A '" +250 C 3.3 
Dual In·Line Plastic Package 

MC1430, MC1431 400 
Derate above +250 C 3:3 

Operating Ambient Temperature Range TA 
MC1530, MC1B31 -55 to +125 
MC1430, MC1431 o to +75 

Storage Temperature Range T 51g 
Metal and Ceramic Package -65 to +175 
Plastic Package MC1430, MC1431 -55 to +150 

. CIRCUIT SCHEMATICS 

Unit 

Vdc 

Volts 

mA 

rriW 
mW/oC 

mW 
mW/oC 

.mW 
mW/oC 

0<:: 

°c 

FIGURE 1 - MC1530/MC1430 
(STANbARD INPUT) 

FIGURE 2 -MC153l1MC1431 
(DARLINGTON INPUT) 

Output 

3-16 

MC1430, MC1431 
MC1530, MC1531 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PIN CONNECTIONS 

FSUFFIX 
CERAMIC PACKAGE 

CASE 606 TO·91 
Non Inv Input 1fJ]10}L C 

Inv. Input 2 _. 9 ag. omp. 

Gnd 3 8 } 
VEE 4 7 Laad Comp 

Output 5 6 V CC 

G SUFFIX 
METAL PACKAGE 

CASE 603 B 

Output 

PSUF!=IX 
PLASTIC PACKAGE 

CASE 646 
(MC1430P/MC1431P only) 

8 } Lead 

• 



MC1430, MC1431, MC1530, MC1531 

ELECTRICAL CHARACTERISTICS (VCC = +6.0 Vdc, VeE = -6.0 Vdc, TA = +250 C unless otherwise noted) 

Characteristic 

Input Bias Current 

Input Offset Current 

Input Offset Voltage 

Single·Ended Input Impedance (Open·Loop, f = 30 Hz) 

Common·Mode Input Voltage Swing 

Equivalent Input Noise Voltage 
(Open-,Loop, Rs '= 50 ohms, BW = 5.0 MHz) 

Common-Mode Rejection Ratio (f = 100 Hz) 

Open-Loop Voltage Gain, 
TA = t250C 

TA= Tlow to Thigh 

Bandwidth (Open-Loop, -3.0 dB, no roll·offcapacitance) 

Output Impedance (f = 100 Hzl 

Output Voltage Swing (RL = 1.0 k ohms) 

Power Supply Sensitivity (Rs';;;; 10k n) 

Power Supply Current 

DC Quiescent Power Consumption (VO = O) 

Symbol Min 

lis 10 

.±. 2.0 

CMRR 70 

Avol 

4500 

BW 1.0 

Vo ±4.5 

PSRR 

MC1530 

Typ 

3.0 

0.2 

1.0 

20 

± 2.7 

10 

75 

5000 

2.0 

25 

± 5.2 

100 

9.2 

110 

Max 

10 

2.0 

5.0 
6.0 
6.0 

12,500 

50 

12.5 

150 

Min 

5.0 

± 2.0 

65 

3000 

1.0 

±4.0 

MC1430 

Typ 

5.0 

0.4 

2.0 

15 

± 2.5 

10 

75 

5000 

2.0 

25 

±5.0 

100 

9.2 

110 

ElECTR ICAl CHARACTERISTICS "Ncc = +6.0 Vdc, VEE = -6.0 Vdc, T A = +250 C unless otherwise noted) 

Characteristic 

Input Bias Current 

I nput Offset Current 

Input Offset Voltage 

Single·Ended Input Impedance (Open-Loop, f= 30 Hz) 

Common-Mode Input Voltage Swing 

Equivalent' Input Noise Voltage 
(Open-Loop, Rs =" 50 ohms, BW = 5.0 MHz) 

Common-l\t1ode Rejection Ratio (f = 100 Hz) 

Open-LOop Voltage Gain 
TA = +250 C 

TA = Tlow to Thigh 

Bandwidth (Open' Loop, -3.0 dB, no 'roll-offcapacitance) 

Output Impedance (f = 30 Hz) 

Output Voltage Swing (R L = 1.0 k ohms) 

Power Supply Sensitivity (RS';;;; 10 k n) 

Power Supply Current 

DC Quiescent Power Consumption (VO = 0) 

MC1531 MC1431 

Symbol Min Typ Max Min Typ 

0.025 0.150 0.1 

0.003 0.025 0.01 

lis 1000 

± 2.0 

CMRR 65 

AVOI 

BW 

20 

. Vo 

PSRR 

Pc 

2500 

±4.5 

3.0 

2000 

±2.4 

20 

65 

3500 

0.4 

25 

± 5.2 

100 

9.2 

110 

10 
18 

16.5 

7000 

50 

12.5 

150 

300 

±2.0 

60 

1500 

±4.0 

5.0 

600 

±2.2 

20 

75 

3500 

0.4 

25 

±5.0 

100 

9.2 

110 

STEP RESPONSE, TYPICAL CHARACTERISTICS 
IVec = +6.0 Vdc, Vee = -6.0 Vdc, Va = 400 mVdc. T A = +250 C) 

Step Response 

{

Gain = 100,0% overshoot, 
R, = 1.0 k ohm, R2 = 100 k ohms, 
R3 = 1.0 k ohm, C, = 750 pF 

{

Gain = 10.10% overshoot, 
R, ~ 10 k ohms. R2 = lOOk ohms. 
R3 = 10 k ohms. C, = 6800 pF 

{

Gain = 1.0. 5.0% overshoot. 
R, = 10 k ohms. R2 = 10 k ohms. 
R3 = 5.0 k ohms. C, = 33.000 pF 

MC1530 
Symbol MC1430 

tTHL 0.13 
tpHL 0.11 

SR 33' 

tTHL 0.34 
tPHL 0.25 

SR 6.0 

tTHL 0.28 
tpHL 0.16 

SR 1.7 

Max 

15 

4.0 

10 
11 
12 

50 

12.5 

150 

Max 

0.3 

0.1 

15 

50 

12.5 

150 

MC1531 
MC1431 

0.36 
0.21 
16 

0.30 
0.28 
5.5 

0.37 
0.17 
1.4 

Unit 

{JAdc 

mVde 

k!1 

;N(rmsl 

dB 

VIV 

MHz 

ohms 

Vpk 

mAde 

mW 

Unit 

,uAdc 

{JAde 

mVdc 

kn 

dB 

VIV 

MHz 

ohms 

mAde 

mW 

@ MOTOROLA SenJiconductor Products 'nco _____ -'-----.J 
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MC1430, MC1431, MC1530, MC1531 
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FIGURE 3 - TEST CIRCUIT 

R2 

TYPICAL OUTPUT CHARACTERISTICS 
(Vcc = +6.0 Vdc, VEe = -6.0 Vdc, T A = +250 C) 

FIG. CURVE 
NO. NO. 

5 1,2 
3 
4 

6 1 
2 
3 
4 
5 

7 1 
2 
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8 1 
2 
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Cl 4 

9 1 
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FIGURE 4 - LARGE SIGNAL SWING 
versus FREQUENCY 
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FIGURE 6 - MC1531/MC1431 VOLTAGE 
GAIN versus FREQUENCY 
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DEVICE TEST CONDITIONS 

NO. Rl (knl R2(kUI R3(UI Cl (pFI 

MC1S30/MC1430, MC1S31/MC1431 1.0 100 1.0k 750 
MC1530/MC1430, MC1531/MC1431 10 100 10 k' 6800 
MC1S30/MC1430, MC1531/MC1431 10 10 S.Ok 33,000 

MC1530/MC1430 1.0 100 1.0 ~ 750 
MC1530/MC1430 10 100 10 k 6800 
MC1530/MC 1430 1.0 10 1.0 k 6800 
MC1530/MC 1430 10 10 5.0k 33,000 
MC1530/MC1430 1.0 1.0 500 33,000 

MC1531/MC1431 1.0 100 1.0 k 750 
MC1531/MC1431 10 100 10k 6800 
MC1531/MC1431 10 10 5.0k 33,000 

MC1530/MC1430 0 ~ 0 0 
MC1530/MC1430 0 ~ 0 750 
MC1530/MC1430 0 ~ 0 6800 

MC1530/MC1430 0 ~ 0 33,000 

MC1531/MC1431 0 ~ 0 0 
MC1531/MC1431 0 ~ 0 750 
MC1531/MC1431 0 ~ 0 6800 
MC1531/MC1431 0 ~ 0 33,000 

FIGURE 5 - MC1530/MC1430 VOLTAGE 
GAIN versus FREQUENCY 
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MC1430, MC1431, MC1530,MC1531 

FIGURE 8 - MC1531/MC1431 OPEN LOOP VOLTAGE GAIN 
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FIGURE 9 - VOLTAGE GAIN versus POWER SUPPLY VOLTAGE 
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ORDERING INFORMATION 

Device 
MC1433F 
MC1433G 
MC1433L 
MC1433P 
MC1533F 
MC1533G 
MC1533L 

Temperature Range 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

-55°C to +125°C 
-55°C to +125°C 
-':'55°C to +125°C 

Package 

Ceramic Flat 
Metal Can 

Ceramic DIP 
Plastic DIP 

Ceramic Flat 
Metal Can 

Ceramic DIP 

OPERATIONAL AMPLIFIER 

· .. designed for use as a summing amplifier, integrator, or 
amplifier with operating characteristics as a function of 
the external feedback components. 

• High-Perfor,mance Open Loop Gain Characteristics 
Avol = 60,000 typical 

• Low Temperature Drift - ±5 J.N laC 

• Large Output Voltage Swing -
± 13 V typical @±15 V Supply 

• Low Output Impedance - Zo = 100 ohms typical 

3-20 

OUTPUT 

MC1433 , 
MC1S33 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

F SUFFIX 
CERAMIC PACKAGE 

~ C~~',;'" 

Input 11!j10 Input 
Output Lag 2 '+ - 9, } Input 

VEE 3 8 Lag 
Output 4 ,7 VCC 

VCC5 6 VCC 

G SUFFIX 
METAL PACKAGE 

Input CASE 603B 
lag 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 . 
TO-116 

Inputl2 
lag 

Output 
Lag 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 
(MC1433P Only) 

- VCC 

VCC 

VCC 

Output 

N.C. 



MC1433, MC1553 

ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, VEE -15 Vdc, T A = +250 C unless otherwise noted) 

MC1533 MC1433 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Open Loop Voltage Gain AVOL -
(T A = +25OCb:> <D) 40,000 60,000 -:- 30,000 60,000 -
(T A = Tlow 1 to Thigh 35,000 50,000 - 20,000 50,000 -

Outpuf Impedance Zo n 
(f = 20 Hz) - 100 150 - 100 150 • I nput Impedance zi kn 
(f = 20 Hz) 500 1000 - 300 600 -

Output Voltage Range V o Vpeak 
(RL = 10 kn) ±12 ±13 - ±12 ±13 -
(R L = 2 kn) ±11 ±12 - ±10 ±12 -

Input Common Mode Voltage Range VICR +9.0 +10 - +8.0 +9.0 - Vpeak 
-8.0 ,-9.0 - -8.0 -9.0 -

Common Mode Rejection Ratio CMRR 90 100 - 80 100 - dB 

Input Bias Current liB /1A 
(TA = +250 C) - 0.5 1.0 - 0.5 2.0 
(TA = Tlow) - - 3.0 - - 4.0 

Input Offset Current 110 /1A 
(T A = +250 C) - 0.03 0.15 - 0.1 0.50 
(T A = Tlow) - - 0.5 - - 0.75 
(TA = Thigh) - - I 0.2 - - 0.75 

Input Offset Voltage CV VIO mV 
(T A = +250 C) - 1.0 5.0 - 1.0 7.5 

(T A = Tlow, Thigh) - - 6.0 - - 10 

Step Response (C2 = .10 pF) 

~ Gain = 100.10% overshoot, ~ tTLH - 0.25 - - 0.25 - /1S 
Rl = 10kn, R2= 1.0Mn, tpd - 0.1 - - 0.1 - /1S 
R3 = 100 n, Cl =0.01 J.l.F SR - 6.2 - - 6.2 - Vips 

1 Gai n = 10, no oversh oot, I tTLH - 0.3 - - 0.3 - J.l.S 

Rl = 10 kn, R2 = 100 kn, tpd - 0.1 - - 0.1 - /1S 
R3 = lOn, Cl = 0.1 pF SR - 2.9 - - 2.9 - V/ps 

~ Gain = 1, 5% overshoot, 

t 
tTLH - 0.2 - - 0.2 - J.l.S 

Rl = 10kn, R2= 10kn, tpd .- 0.1 - - 0.1 - ps 

R3= 10n,Cl = 1.0pF SR - 2.0 - - 2.0 - V//1S 

Average Temperature Coefficient 
of I nput Offset Voltage I:>VIO/AT J.l.V/oC 

(T A = Tlow to +250 C) - 8.0 - - 10 -
(T A = +250 C to Thigh) - 5.0 - - 8.0 -

Average Temperature Coefficient 
of Input Offset Current boliO/boT nA/oC 

(T A = Tlow to Thigh) - 0.1 - - 0.1 -
(T A = +250 C to Thigh) - 0.05 - - 0.05 -

/ 

DC Power Consumption Pc mW 
(Power Supply = ± 15 V, Vo = 0) - 125 170 - 125 240 

Positive Supply Sensitivity PSRR+ J.l.V/V 
(VEE constant) - 50 150 - 50 200 

Negative Supply Sensitivity PSSR- pV/V 
(VCC constant) - 50 150 - 50 200 

<D Thigh = +75 0 C for MC1433, Tlow ~ 0 for MC1433 
+125 0 C for MC1533 -55°C for MC1533 

~ Input offset voltage (VIO) may be adjusted to zero. 

@ MOTOROLA Se,"iconductor Products Inc. 
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MC1433, MC1553 

MAXIMUM RATINGS (T A = +25 0 C unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltage MC1533,MC1433 VCC +20,+18 Vdc 
MC1533,MC1433 VEE -20,-18 Vdc 

Differential Input Voltage Range VIDR ±10 Volts 

Common Mode Input Voltage Range VICR :r.VCC Volts 

Load Current IL 10 mA 

• Output Short Circuit Duration ts 0.1 s 

Power Dissipation (Package Limitation) Po 
Metal Package 680 mW 

Derate above T A = +250 C 4.6 mW/oC 
Flat Package 500 mW 

Derate above TA = +250 C 3.3 mW/oC 
Dual In-Line Ceramic Package 625 mW 

Derate above T A = +250 C 5.0 mW/oC 
Dual I n- Line Plastic Package 400 mW 

Derate above T A = +250 C 3.3 mW/oC 

Operating Ambient Temperature Range TA °c 
MC1533 -55 to ~125 
MC1433 o to +75 

Storage Temperature Range Tstg -65 to +150 °c 

TYPICAL CHARACTERISTICS 

FIGURE 2 ...... TEST CIRCUIT 

VCC= +15 Vdc, VEE = -15 Vdc, TA = +250 C 

Vee 

Test Conditions 
Fig. Curve 

R1 (H) R2 (n) R3 (n) C1 (!1F) C2 (pF) No. No. 

3 1 10 k 10 k 10 1.0 10 
2 10 k 100 k 10 0.1 10 
3 10 k 1.0M 100 0.01 10 
3 1.0 k 1.0M 390 0.002 10 

4 1 10 k 10 k 10 1.0 10 
2 10 k lOOk 10 0.1 10 
3 10 k 1.0M 100 0.01 10 
4 1.0 k 1.0M 390 0.002 10 

5 1 0 00 10 1.0 10 
2 0 00 10 0.1 10 
3 0 00 100 0.01 10 
4 0 00 390 0.002 10 
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MC1433, MC1553 

8. 

TYPICAL CHARACTERISTICS (continued) 
(Vc:C = +15 Vdc. VEE -15 Vdc. T A = +250 C unless otherwise noted) 

FIGURE 3 - LARGE-SIGNAL RANGE versus FREQUENCY FIGURE 4 - VOLTAGE GAIN versus FREQUENCY 
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...... ........... 
........... ........... I"'--. - -I-. 

10k lOOk 1.0M 
f. FREQUENCY 1Hz) 

FIGURE 5 - OFFSET ADJUST CIRCUIT 

Vee 

!g 

+65 
+60 

+50 

~ +40 
~ 
~ +30 

~ 
> +20 
.i. 

+10 

o 
-5.0 

10 100 

I II 
4 1 I 

I 
I ~ 

2 

,I 
I 

JURVE 1 

II I 
1.0 k 10k 100 k 1.0 M 
f. FREQUENCY 1Hz) 

FIGURE 6 - OPEN LOOP VOLTAGE GAIN versus FREQUENCY 
(HIGH GAIN CONFIGURATION) 
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MC1433, MC1553 
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FIGURE 7 - POWER CONSUMPTION 
versus POWER SUPPLY VOL TAGE 
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I- AT REDUCED TEMPERATURE 
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VCC AND VEE. POWER SUPPLY VOLTAGES (VOLTS) 

TYPICAL CHARACTERISTICS (continued) 
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FIGURE 8 - VOL TAGE GAIN 
versus POWE·R SUPPLY VOLTAGE 
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Vcc AND VEE. POWER SUPPLY VOLTAGES (VOLTS) 

FIG\.IRE 9 - COMMON MODE RANGE 

versus POWER SUPPL Y VOLTAGE 

20 

/ 
VICR+ V/ 
/~ V 

L ~AR. 
/V/ 
./ V 

5.0 10 15 

VCCANO VEE. POWER SUPPLY VOLTAGES (VOLTS) 

FIGURE 10 - INPUT NOISE VOLTAGE 

versus SOURCE RESISTANCE 

1 2 ·3 INPUT NOISE ~ 

20 

BANDWIDTH 50 Hz 500 Hz 50 kHz ~OUTPUT NOISE rI 
C, O.l/tF O.OI.nF 100 pF -~ 

R, Ion Ion rwn- II 
c, 

R, J 
Rs I 

Eo,l"" OVde 
Rs ~V 1/ 

-= }1~ 10 pF 

II I I III III I I I I L1llll..-j. I- ~~ ..... 

100' 1.0 k 10k lOOk 

RS. SOURCE RESISTANCE (OHMS) 
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ORDERING INFORMATION 

Device 

MC1435F 
MC1435G 
MC1435L 
MC1435P 
MC1535F 
MC1535G 
MC1535L 

Temperature Range 

O°C to +70°C 
O°C to +7ooC 
O°C to +70°C 
O°C to +70°C 

-55°C to +125°C 
-55°C to + 125°0 
-55°C to + 125°C 

Package 

,Ceramic Flat 
Metal Can 

Ceramic DIP 
Plastic DIP 

Ceramic Flat 
Metal Can 

Ceramic DIP 

DUAL OPERATIONAL AMPLIFIERS 

... designed for use as summing amplifiers, integrators, or 
amplifiers with operating characteristics !is a function of 
the external feedback ,components. Ideal for chopper sta
bilized applications where extremely high gain is required 
with excellent stability. 

Typical Amplifier Features: 

• High Open Loop Gain Characteristics - Avol = 7,000 

• Low Temperature Drift - ±10 IlV rC 
• LoW Input Offset Voltage - 1.OmV 

• Low Input Noi~ Voltage - 0.5p.V 

INPUT 1 

CIRCUIT SCHEMATIC 

INPUT LAG 1 OUTPUT LAG 1 

- ,<>---+----. 
INPUT 2 + 

INPUT LAG 2 OUTPUT LAG 2 

Vee 

400 

OUTPUT 1 

OUTPUT 2 

400 

3-25 

MC1435 
MC1535 

DUAL 
OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATE D CIRCUIT 

CASE 607 

GSUFFIX 
METAL PACKAGE 

.-L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

Input 
Lag A 4 

Non.lnv. 
'''put 5· 

PSUFFIX 
.pLASTIC 
PACKAGE 
CASE 646 

9 N~:~:';. 
Inli. 

'nput 

• 



• 

MC1435, MC1535 

HIGH zi. DIFFERENTIAL TO.SINGLE-ENDED AMPLIFIER LARGE OUTPUT SWING CONFIGURATION (FLOATING LOAD) 

+ 

VI 

Zi = 70 n min 
(differential) 

10 k 

0.1 ~F , 
I 

':- I 

Vee 
6 Vde 

10k 

0.1 ~F ~ r:: 

r-- --I 
I~ I 
I I 
I 
~/ 

I 
I 

I I 
I 

~ 
I 

I I 
1 I r+- - I 
L~~C~5~ 

?,1 ~F ;; i' 

4.7 

0.1 ~F 
.1L 10 k 
1\ 6Vde 

VI 

1 10 k 

Vo ="2 VI 

VEE 
-6 Vde 

4.7 

-= 

MAXIMUM RATI NGS (T A = +250 C unless otherwise noted.) 

Rating 

Power Supply Voltage 

Input Differential Voltage Range 

Common-Mode Input Voltage Range 

Load Current 

Output Short-Circuit Duration 

POVler Dissipation (Package Limitation) 
Flat Ceramic Package 

Derate above T A ~ +2SoC 
Metal Package 

Derate above T A ~ +250 C 
Ceramic Dual In-Line Package 

Derate above T A ~ +2SoC 

Operating Ambient Temperature Range 

Storage Temperature' Range 

Vee 

10 k 

lk 

'~ Vo = 20 VI 

-6 Yde Vo = ±10 
Vpk(max) 

01~FI 

47 
lk 

9 k 

Svmbol MC1535 MC1435 Unit 

VCC +10 +9.0 Vdc 
VEE -10 -9.0 

VIDR' ±S.O ±S.O Volts 

VICR +S.O; -4.0 +5.0 -4.0 ' Volts 

It 20 20 mA 

IS Continuous 

Po 
SOO mW 
3.3 mW/oC 
680 mW 
4 .. 6 mW/oC 

,625 mW 
5.0 mW/oC 

'TA -S5 to +125 I o to +75 °c 
T stg -65 to +1.50 -65to.+150 °c 
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MC1435, MC1535 

ELECTRICAL CHARACTERISTICS (Each Amplifier) (VCC = +6.0 Vdc, VEE = -6.0 Vdc, TA = +250 C unless otherwise noted,) 

Characteristics 

Input Bias Current 
11 + 12 T A = +250 C 

III,! = -2-'TA = Tlow to Thigh <D 
Input Offset Current 

TA = +250 C 
T A = +250 C to Thigh 
T A = Tlow to +250 C 

I nput Offset Voltage 
TA= +250 C 
T A = Tlow to Thigh 

Differential Input Impedance (Open-Loop, f - 20 Hz) 
Parallel Input Resistance 
Parallel Input Capacitance 

Common-Mode Input Impedance (f = 20 Hz) 

Common-Mode Input Voltage Swing 
See Figure 7> 

Equivalent Input Noise Voltage 
(t-v = 100, Rs = 10 k ohms, f = 1.0 kHz, BW = 1.0 Hz) 

Common-Mode Rejection Ratio (f - 100 Hz) 

Open Loop Voltage Gain 
(TA = Tlow to Thigh) 

Power Bandwidth (See Figure 2, Curve 3A.) 
(AV = 1, RL = 2.0 kohms, THD~ 5%, Vo =20Vp-p) 

Unity Gain Crossover Frequency (open-loop) 

Phase Margin (open-loop, unity galn) 

Gain Margin 

Step Response 1 Gain = 100,30% overshoot, 
Rl = 4.7 kn, R2 = 470 kn. 
R3 = 150 n, Cl = 1,000 pF 

~ Gain = 10, 10% overshoot, 
R 1 = 47 kn, R2 = 470 kn, 
R3 = 47 n, Cl = 0.01 ~F 

. ~ Gain = 1,5% overshoot, 
Rl = 47 kn, R2 =; 47 kn, 
R3 = 4.7 n, Cl= 0.1 ~F 

Output Impedance (f = 20 Hz) 

Short-Circuit Output Current 

Output Voltage Swing (AL - 10 k ohms) 

Power Supply Sensitivity 
VEE = constant, As ~ 10 k ohms 
VCC = constant, As ~ 10 k ohms 

Power Supply Current (Total) 

DC Quiescent Power Consumption (Total) 
(VO =0) 

MATCHING CHARACTERISTICS 

Open Loop Voltage Gain 
Input Bias Current 

Input Offset Current 
Average Temperature Coefficient 

Input Offset Voltage 
Average Temperature Coefficient 

Channel Separation (See Fig. 10) 
(f = 10 kHz) 

G)TIOW: OOC for MC1435 
-55°C for MC1535 

Thigh: +750 C for MC1435 
+1250 C for MC1535 

Symbol 

liB 

110 

VIO 

q 
Ci 

zi 

VICR 

en 

CMRR 

Avol 

BWp 

fc 

I/lm 

AM 

tpHL 
tp 
SR 

tPHL 
tp 
SR 

tPHL 
tp 

SR 

Zo 

lOS 

Vo 

PSS+ 
PSS-

ICC 
lEE 

Pc 

Avoll Avol2 

IIB1-I IB2 

1101-1102 

TCII01-TCII02 

V101-V102 

II CVI01-TCVI02 

eol 
-
e0 2 

MC1535 

Min Typ 

- 1.2 
- -

- 50 
- -
- -

- 1.0 
- -

10 45 
- 6.0 

- 250 

+3.0 +3.9 
-2.0 -2.7 

- 45 

-70 -90 

4,000 7,000 

- 40 

- 2.0 

-.:. 
75 

- 18 

- 0.3 
- 0.1 
- 0.167 
- 1.9 
- 0.3 

- 0.111 

- 27 
- 0.25 
- 0.013 

- 1.7 

- ±17 

±2.5 ±2.8 

- 50 
- 100 

- 8.3 
- 8.3 

- 100 

- ±1.0 

- ±0.15 

- ±0.02 

- ±0.1 

- ±0.1 

- ±0.5· 

- -60 

MC1435 

Max Min Ty,p Max Unit 

3.0 - 1.2 5.0 ~Adc 
6.0 - - 10 

nAdc 
300 - 50 500 
300 - - 1500 
900 - - 1500 

mVdc 
3.0 - 1.0 5.0 
5.0 - - 7.5 

- 10 45 - k ohms 
- - - - pF 

- - 250 - Megohms 

- +3.0 +3.9 - Vpk 
- -2.0 -2.7 -. 

- - 45 - nV/(Hz)% 

- -70 -90 - dB 

10,000 3,500 7,000 - V/V 

- - 40 - kHz 

- - 2.0 - MHz 

- - 75 - degrees 

- - 18 - dB 

- - 0.3 - ~s 

- - 0.1 - ~s 

- - 0.167 - V/~s 

- - 1.9 - ~s 

- - 0.3 - ~s 

- - 0.111 - V/~s 

- - 27 - ~s 

- - 0.25 - ~s 

- - 0.013 - V/p.s 

- - 1.7 - k ohms 

- - ±17 - mAde 

- ±2.3 ±2.7 - Vpk 

p.V/v 
- - 50 -
- - 100 -

12.5 - 8.3 15 mAde 
12.5 - 8.3 15 

150 - 100 180 mW 

- - ±1.0 - dB 

- - ±0.15 - ~A 

- - ±0.02 - p.A 

- - ±0.1 - nA/oC 

- - ±0.1 - mV 

- - ±0.5 - p.V/oC 

dB 
- - -60 -
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MC1435, MC1535 

Rl 
ein 

FIGURE 1 - TEST CI RCUIT 

R2 

~~ 

TYPICAL OUTPUT CHARACTERISTICS 
(Vcc = +6.0 Vdc, VEE"' -6.0 Vdc, TA = +250 C.) 

FIGURE CURVE VOLTAGE RI(!!) R2(l!) NO. NO. GAIN 

3 
{ or 

, 47k 47k 
3A 1 47k 47k 

4.7k ' 470 k 
lor :~~ - eO 4.7k 470 k r-<>-\f1fUTPUT >---1 lor :~ 

47k 470 k 

'< LAG I 47k 470k 

lor 
1 '47k 47k 

INPUT ' I 1 47k 47k 

',. 'tJ I" 'l;" 'l lor Avol 100 1< 5.0 pF 
Avol 100 R3 ~ __ J 

lor Avol 100 
100 I Avol 100 

~ -~ or Avol 100 

TEST CONDITIONS OUTPUT 

C,(pF) R3(!!) C2(pF) 
NOISE 

mV(RMS) 

100,000 4.7 0 0.12 
0 50,000 0.4~ 

1,000 150 0 1.7 
0 00 510 2.1 

10,000 47 0 1.0 
O. '/ 00 5,000 2.1 

100,000 4.7 0 0.12 
0 50,000 0.46 

1,000 150 0 8.1 
0 00 510 8.1 

10,000 47 - 0 5.5 
0 00 5,000 5.5 

100,000 4.7 0 4.4 
0 50,000 4.4 

·Ceramic packages only. 
VCC 
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FIGURE 2 - LARGE SIGNAL SWING 
versus FREQUENCY 
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FIGURE 4 - OPEN LOOP VOLTAGE GAIN 
versus FREQUENCY 
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FIGURE 3 - VOLTAGE GAIN versus FREQUENCY 
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~ 
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FIGURE 5 - INPUT OFFSET VOLTAGE 
versus TEMPERATURE 
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I
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~ /V 
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~ ./"" 
O~ ).0"'" V Slope can be either polarity 

ffi -0.4 ./ 
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I-

i'r 
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@ MOTOROLA Sen,;conductor Products Inc. _______ ....1 

3-28 



MC1435, MC1535 

TYPICAL CHARACTERISTICS (continued) 
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FIGURE 6 - VOLTAGE GAIN versus 
POWEf! SUPPLY VOLTAGE 
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FIGURE 7 - COMMON MOOE SWING 
versus POWER SUPPL Y VOLTAGE 
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FIGURE 8 - POWER CONSUMPTION versus 
POWER SUPPLY VOLTAGE 
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FIGURE 9 - OU'I"PUT WIOEBAND NOISE VOLTAGE 
versus SOURCE RESISTANCE 
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ORDERING INFORMATION 

Device 
MC1436G 
MC1436U 
MC1436CG 
MC1436CU 
MC1536G 

. MC1536U 

Temperature Range 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

-55°C to +125°C 
-55°C to +125°C 

Package 

Metal Can 
Ceramic DIP 

Metal Can 
Ceramic' DIP 

Metal Can 
Ceramic DIP 

HIGH VOLTAGE, INTERNALLY COMPENSATED 
OPERATIONAL AMPLIFIER 

. designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 

• Maximum Supply Voltage - ±40 Vdc (MC1536) 
• Output Voltage Swing -

±30 Vpk(min) (VCC = +36 V, VEE = '-36 V) (MC1536) 
±22 Vpk(min) (VCC = +28 V. VEE = -28 V) 

• Input Bias Current - 20 nA max (MC1536) 
• Input Offset Current - 3.0 nA max (MC1536) 
• Fast Slew Rate - 2.0 V/J.1S typ 
• Internally Compensated 
• Offset Voltage Null Capability 
• I nput Over· Voltage Protection 
• AVOL - 500,000 typ 
• Characteristics Independent of Power Supply Voltages

(± 5.0 Vdc to ± 36 Vdc) 

FIGURE 1 - DIFFERENTIAL AMPLIFIER WITH ±20 V 
COMMON-MODE INPUT VOLTAGE RANGE 

R4 
4.7k 

R2 
100 k 

+2~V 

va = 10 (VB-VA) 

-28V 

FIGURE 2 - TYPICAL NON-INVERTING X10 
VOLTAGE AMPLIFIER 

Vi = 4.4 Vp.p 

Vo = 44 Vp.p 

9 k 

lk 

3-30 

MC1436 
MCI436C 
MelS36 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

Offset Null 1 

Non-Inv. 
Input 

VEE 4 

METAL PACKAGE 

CASE 601 

L-__ ..J 

FIGURE 3 - LOW-DRIFT SAMPLE AND HOLD 

SAMPLE' 
COMMANO -28 V 

+28 V 

>--0-...... -'0 

·Drift due to bias current 
is typic~lly 8 mVls 



MC1436, MC1436C, IVIC1536 

'MAXIMUM RATINGS ITA; +250 C unless otherwise noted) 

Rating Symbol MC1536 J MC1436 1 MCl436C Unit 

Power Supply VOlt~ge 

Inpyt Differential Voltage Range 

Input Common·Mode Voltage Range 

+40 

-40 

OutPUt Short Circuit Duration (VCC = VEE = 28 Vdc, V o = 01 ts 5.0 

Power Dissipation (Package Limitationl 

Derate above T A = +250 C 

Operating Ambient Temperature Range 

Storage Temperature Range 

Po 680 

4.6 

-55to +125 I 0 to +70 

-65 to +150 

ELECTRICAL CHARACTERISTICS (Vee; +28 Vdc, VEE; - 28 Vdc, T A; +250 e unless otherwise noted) 

Input Bias Current 

TA = +250 C 

Characteristics 

TA = Tlow to ThiQh (See Note 11 

Input Offset Current 
TA = +250 C 

TA = +250 C to Thigh 

T A = Tlow to +250 C 

Input Offset Voltage 

TA = +250 C 

T A = Tlow to ThiQh 

Differential Input ImRedance (Open-Loop, f ,;; 5.0'Hzl 

Parallel I nput Resistance 

Parallel I nput Capacitance 

Common-Mode Input Impedance (f ';;5.0 Hzl 

Input Common-Mode Voltage Range 

Equivalent Input Noise Voltage 

IAV ~ 100, Rs 0 10 k ohms. f = 1.0 kHz, BW ~ 1.0 Hzl 

Common-Mode Rejection Ratio (del 

Large Signal de Open Loop Voltage Gain 

Symbol Min 

rp 

Cp 

CMRR 

AVOL 

±24 

80 

MC1536 MC1436 

Typ Max Min Ty!> 

8.0 20 

35 

1.0 3.0 

4.5 

7.0 

2.0 5.0 

10 

2.0 

250 

±25 

50 

110 

7.0 

15 

5.0 

5.0 

10 

2.0 

250 

±22 ±25 

50 

70 110 

Max 

40 

55 

10 

14 

14 

10 

14 

{

TA = +250 C 
(Va = ± ;0 V. RL = 100 k ohms) TA = Tlow to Thigh 

100,000 500,000 

50,000 

70,000 500,000 

50,000 

(Va = ±10V. RL = 10 k ohms. TA = +250 C) 

Power Bandwidth (Voltage Follower) 

(AV. = I, RL = 5.0 k ohms, THO';; 5%, Va = 40 Vp-pl 

Unity Gain Crossover Frequency (open-Ioopl 

Phase Margin (open-loop, unity gain) 

Gain Margin 

Slew Rate IUnity Gain} 

Output Impedance (f';; 5.0 Hzl 

Short·Circuit Output Current 

Output Voltage Range (RL = 5.0 k ohms) 

Vec = +28 Vdc. VEE = -28 Vdc 

VCC= +36 Vdc, VEE = -36 Vdc 

Power Supply Sensitivity (del 

VEE •. constant. Rs -: 10 k ohms 

VCC = constant. Rs -: 10 k ohms 

Power Supply Current (See Note 21 

DC Quif:scent Power Consumption 

IVo = 0) 

Note 1 Tlow: OOC for MC1436.C 
-55°C for MC 1536 

Thigh' +70oC for MC1436.C 
+125aC for MC1536 

200.000 200,000 

BWp 

23 23 

1.0 1.0 

<t>m 50 50 

18 18 

SR 2.0 2.0 

1.0 1.0 

lOS ±17 ±17 

±22 

±30 

±23 

±32 

±20 ±'22 

PSS+ 

PSS-

15 

15 

2.2 

2.2 

100 

100 

4.0 

4.0 

124 224 

Note 2: Vce = VEE = 5.0 Vdc to 36 Vdc for MC1536 
Vce = VEE = 5.0 Vdc to 30 Vdc for MC1436 
VCC = VEE = 5.0 Vdc to 28 Vdc for MC1436C. 

35 200 

35 200 

2.6 5.0 

2.6 5.0 

146 280 

+30 

-30 

MC1436C 

Vdc 

Volts 

Volts 

mW 

mWPC 

Min Typ Max 

25 

10 

5.0 

10 

2.0 

250 

±18 ±.20 

50 

50 90 

50,000 500,000 

200,000 

23 

1.0 

50 

18 

2.0 

1.0 

±19 

.±20 ±22 

50 

50 

2.6 

2.6 

90 

25 

12 

5.0 

5,0 

146 280 

Unit 

nAdc 

nAdc 

mVdc 

Meg ohms 

pF 

Megohms 

nVf(HzlY. 

dB 

VIV 

kHz 

MHz 

d.egrees 

dB 

V/I-ls 

k ohms 

mAde 

I-lVIV 

mAde 

mW 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating tvpical semiconductor applications; consequently. 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

is believed to b" entirely reliable. However, no responsibility is 
assumed for inaccuracies. FU'rthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights at. Motorola I nc, or others. 

MOTOROLA Se ... iconductor Products Inc_ @ _____ ...,...----1 
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MC1436, MC1436C, MC1536 

FIGURE 4 - POWER BANDWIDTH 
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MC1436, MC1436C, MC1536 

10k 

FIGURE 9 - INVERTING FEEDBACK MODEL 

FIGURE 11 -:- AUDIO AMPLIFIER 

lOOk 

Vee: +30 Vde 

1k 
CURRENT DRAIN. 
ID '" 100 mAde @ 

Rl: 51 n 

D1. D2. D3: lN4001 
---- COMMON 

HEAT SINK 

Va : 48 Vp_p 
Po : 72 W (,ms) @ Rl = 4 11 
Po : 36 W(rms) @ Rl = 8 n 

FIGURE 10 - NON.INVERTING FEEDBACK MODEL 

FIGURE 12 - VOLTAGE CONTROLLED CURRENT 
SOURCE or TRANSCONDUCTANCE AMPLIFIER 

WITH.O TO 40 V COMPLIANCE 

Rl 
100 k 

R2 
lOOk 

+50V 

R3 

RTe 
510 

~ ________ ~10~0_k~ 10 I 
Vi: RTc = 2 mAN 

I
O'l~F 

4,7 

R4 
lOOk t ZO: R1RTe (R3 + R4) 

RllRTe + R3) -R2 R4 

VEE: -30 Vdc 

FIGURE 13 -'REPRESENTATIVE CIRCUIT SCHEMATIC FIGURE 14 - EaUIVALENT CIRCUIT 

....... -----<t-<> OUTPUT Vi 
6 

22 

NON 
INVERTING 

5 

L~..J 
t OFFSET ___ .J ADJUST 

® MOTOROLA Senliconductor Products Inc. 
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ORDERING INFORMATION 

Device 

MC1437L 
MC1437P 
MC1537L 

Temperature Range 

O°C to +70°C 
O°C to +70°C 

-55°C to + 125°C 

HIGHLY MATCHED 

Package 

Ceramic DIP 
Plastic DIP 

Ceramic DIP 

DUAL OPERATIONAL AMPLIFIERS 

_ .. designed for use as summing amplifiers, integrators, or amplifiers 
with operating characteristics as a function of the external feedback 
components. Ideal for chopper stabilized applications where ex
tre~ely high gain is required with excellent stability. 

Typical Amplifier Features: 

• High-Performance Open Loop Gain Characteristics -
AVOL '" 45,000 typical 

• Low Temperature Drift - ±311V JOC 

• Large Output Voltage Swing -
± 14 V typical @±15V Supply 

MAXIMUM RATINGS (TA = +250 C) 

Rating Symbol Value Unit 

Power Supply Voltage VCC +18 Vdc 

VEE -18 Vdc 

Differential Input Voltage Range VIDR ±5.0 Volts 

Common-Mode Input Voltage Range VICR ±Vcc Volts 

Output Short Circuit Duration ts 5.0 s 

Power Dissipation (Package Limitation) Po 
Ceramic Package 750 mW 

Derate above T A = +250 C 6.0 mW/oC 
Plastic Package MC1437P 625 mW 

Derate above T A = +250 C 5.0 mW/oC 

Operating Ambient Temperature Range TA 
"- °c 

MC1537 -55 to +125 
MC1437 o to +70 

Storage Temperature_Range Tstg -65 to +150 °c 

FIGURE 1 - CIRCUIT SCHEMATIC 

Output 1 

12 
.,+--+---0 13 

Output 1 
Lag 

Output 2 
1 Lag 

.----+-__ +--+----0 
Output 2 

3-34 

MC1437 
MC1537 

DUAL MC1709 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

Non.'lnv. 
Input 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 
(MC1437P only) 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

Output 
Lag B 

Output B 

Input Lag B 

Input Lag B 

Non Inv. 
Input 



MC1437, MC1537 

ELECTRICAL CHARACTERISTICS - Each Amplifier (VCC = +15 Vdc, VEE = -15 Vdc, T A = +250 C unless otherwise noted.! 

Characteristic Symbol Min 

Open Loop Voltage Gain AVOL 
(RL = 5.0 kn, Vo = ± 10 V, 25,000 

TA = Tlow<Dto Thigh (2») 
Output Impedance zo -

(f=20Hz) 

Input Impedance zi 150 
(f=20Hz) 

Output Voltage Range VOR 
(RL = 10 kSl) ±12 
(RL = 2.0 kn) ±10 

Input Common-Mode Voltage Range VICR ±8.0 

Common·Mode Rejection Ratio CMRR 70 

Input Bias Current liB 

~ 11 + 12) 
(T A =,+250C) -

IB=-2-
(T A = Tlow CD ) -

Input Offset Current 110 
(110 = 11 - 12) -
(110 = 11- 12, TA·=Tlow<D) -
(110 = 11 -12, TA = Thigh (2») -

I nput Offset Voltage VIO 
(T A = +250 C) -

(T A = Tlow (D to Thigh (2») -
Step Response 

I Gain = 100,5% overshoot, l tTLH -
Rl = 1 kll, R2 = 100 kSl, tPLH-tpHL -

IR3 = 1.5 kll,Cl = 100PF,C2=3.0PFj 
SR -

I Gain = 10, 10% overshoot, l tTLH -
Rl = 1 kll, R2 = 10 kH .. tPLH-tPHL -

I R3 = 1.5 kll, Cl = 500pF, C2 = 20pF I SR -

I Gain = 1, 5% overshoot, l tTLH -

Rl = 10kll, R2= 10kll, tPLH-tPHL -
I R3 = 1.5 kH, Cl = 5000 pF, C2 = 200 PFj SFj -

Average Temperature Coefficient of "VIO/"T 
I nput Offset Voltage 

(RS = 5051, T A = Tlow CD to Thigh 0) -
(RS ~ 10 kll, T A = Tlow (Dto Thigh 0) -

Average Temperature Coefficient of AIIO/AT 
I nput Offset Voltage 

(T A = Tlow (Dto +250 C) -
(T A = +250 C to Thigh 0 -

DC Power Consumption (Total) Pc -
(Power Supply =.± 15 V, Vo = 0) 

Positive Supply Sensitivity PSS+ -
( VEE constimt) i 

Negative Supply Sensitivity PSS- -
(V CC constant) 

<D Tlow = OOC for MC1437 
= -55°C for MC1537 

(3)Thi9h = +70"C for MC1437 
= + 125°C for MC1537 

MATCHING CHARACTERISTICS 

Open Loop Voltage Gain AVOL 1-A VOL2 -

Input Bias Current IIB1-I IB2 -

Input Offset Current 1101-1102 -

Average Temperature Coefficient "'1101 "'1102 
lLiTI-I~1 -

Input Offset Voltage V101-V 102 -

Average Temperature Coefficient "'VIOl "'V102 -1~1-1~1 

Channel Separation eol 
(f = 10 kHz) e02 -

MC1537 

Typ 

45,000 

3Q 

400 

±14 

±13 

±10 

100 

0.2 

0.5 

0.05 

-

-

1.0 

-

0.8 

0.38 

12 

0.6 

0.34 

1.7 

2.2 

1.3 

0.25 

1.5 

3.0 

0.7 

0.7 

160 

10 

10 

±1.0 

±0.15 

±0.02 

±0:2 

±0.2 

±0.5 

90 

3-35 

MC1437 

Max Min Typ Max Unit 

-
70,000 15,000 45,000 -

- - 30 - 12 

- 50 150 - kU 

Vpeak 
- ±12 ±14 -
.- - - -
- ±8.0 ±10 - Vpeak 

- 65 100 - dB 

/-lA 

0.5 - 0.4 1.5 

1.5 - - 2.0 

/-lA 
0.2 - 0.05 0.5 

0.5 - - 0.75 

0.2 - - 0.75 

mV 
5.0 - 1.0 7.5 

6.0 - - 10 

- - 0.8 - /-lS 

- - 0.38 - /-lS 

- - 12 - V//-lS 

- - 0.6 - /-lS 

- - 0.34 - /-lS 

- - 1.7 - V//-lS 

- - 2.2 - ,",s 

- - 1.3 - /-ls 

- - . 0.25 - V//-lS 

/-lV/oC 

1.5 - -- -
- - 3.0 -

nA/oe 

- - 0.7 -
- - 0.7 -

225 - 160 225 mW 

150 - 10 200 /-lV/V 

150 - 10 200 /-lV/V 

- - ±1.0 - dB 

- - ±0.15 - /-lA 

- - ±0.02 - /-lA 

- - ±0.2 - nAloC 

- - ±0.2 - mV 

- ±0.5 /-lV/oC - -

- - 90 - dB 

II 
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MC1437, MC1537 
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TYPICAL OUTPUT CHARACTERISTICS 

FIGURE 3 - TEST CIRCUIT 

VCC = +15 Vdc, VEE = 15 Vdc, ~ A = 25°C 

R2 TEST CONOITIONS OUTPUT 

C1 R3 

FIGURE 4 - LARGE SIGNAL SWING 
versus FREQUENCY 
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FIGURE 6 - OPEN LOOP VOLTAGE GAIN 
versus FREQUENCY 
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VOLTAGE NOISE 
GAIN R,(!l) R2(!) R3(!) C,(pF) C2(pF) (mVltms) 

10 

1 10 k 10 k 1.5k 5.0 k 200 0.10 
10 10 k 100 k 1.5 k 500 20 0.14 

100 10 k LaM 1.5k 100 3.0 0.7 
1000 1.0 k LaM a 10 3.0 5.2 

-1 10 k 10 k 1.5k 5.0 k 200 0.10 
10 10k 100 k 1.5k 500 20 0.14 
100 10 k' 1.0 M 1.5 k 100 3.0 0.7 

1000 1.0 k 1.0M a 10 '3,0 5.2 

AVOL a ex> 1.5 k 5,0 k 200 5.5 
AVOL 0 ex> 1.5k 500 20 10.5 
AVOL 0 ex> 1.5 k 100 3.0 21.0 
AVOL 0 ex> a 10 3,0 39.0 
AVOL 0 ex> ex> 0 3,0 - -

FIGURE 5 - VOL T AGE GAIN versus FREQUENCY 
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FIGURE 7 - TOTAL POWER 'CONSUMPTION 
versus POWER SUPPLY VOLTAGE 
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MC1437, MC1537 

TYPICAL CHARACTERISTICS (continued) 
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FIGURE 8 - VOLTAGE GAIN versus 
POWER SUPPLY VOLTAGE 
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RS ~~ , ~\I"·--""-'--#2 ~ oout2 

-= + . VO(dc) = 0 V 

Induced output signal (p.V of induced output signal in 

amplifier #2 per' volt of output signal at amplifier #1 ). 
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II 

ORDERING INFORMATION 

Device 

MC1439G 
MC1439L 
MC1439P1,P2 
MC1539G 
MC1539L 

Temperature Range 

O°C to +70°C 
O°C to +700C 
O°C to +70°C 

- 55°C to + 125°C 
-55~C to + 125°C 

Package 

Metal Can 
Ceramic DIP 
Plastic DIP 
Metal Can 

Ceramic DIP 

UNCOMPENSATED OPERATIONAL AMPLIFIER 

... designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. For detailed information see Motorola .Application 
Note AN·439. 

• Low Input Offset Voltage - 3.0 mV max 

• Low I nput Offset Current - 60 nA max 

• Large Power·Bandwidth - 20 Vp.p Ou,tput Swing at 20 kHz min 

• Output Short·Circuit Protection 

• Input Over· Voltage Protection 

• Class AB Output for Excellent Linearity 

• High Slew Rate - 34 Vll1s typ 

FIGURE 1 - HIGH SLEW·RATE INVERTER 

100 k 

100 k 

>--0-+-4190 

SR ~ 351VJJ.s 

+15 V -15 V 

VCC VEE 

FIGURE 2 - OUTPUT NULLING CIRCUIT 

FIGURE 3 - OUTPUT LIMITING CIRCUIT 
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MC1439 
MC1539 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601 

Compensation 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
(TO·116) 

(VEE thru Substrate 
on P2) 

P2 SUFFIX 
PLASTIC PACKAGE 

CASE 646 

(MC1439 only) 

P1SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MC1439 only) 



MC1439,MC1539 
ELECTRICAL CHARACTERISTICS (VCC = +15 Vdc, VEE = -15 Vdc, TA = +250 C unless otherwise noted.} 

Characteristic Symbol Min 

Input Bias Current liB 

ITA = +250 C} -

IT A = T low <D } -

I nput Offset Current 1'/01 
(TA = T,ow) -
ITA = +250 C) -

(TA = Thigh(D) -

Input Offset Voltage IV,ol 
(T A = +25°C) -
(T A = T,ow, Thigh) -

Average Temperature Coefficient of Input ITCV,oi 
Offset Voltage (T A = T,ow to Thigh) 

(RS = 50 n) -
IRS~10kn) -

Input Impedance zin 150 
(f = 20 Hz) 

Input Common-Mode Voltage Range V,CR ±11 

Equivalent Input Noise Voltage en -

(RS = 10kn, Noise Bandwidth = 1.0 Hz, 
f =1.0 kHz) 

Common-Mode Rejection Ratio CMRR 80 
(f = 1.0 kHz) 

Open-loop Voltage Gain (Va = ± 10 V, R l = Avol 
10kn, R5 = 00) IT A = +250 C to Thigh) 50,000 

(TA = T,ow) 25,000 

Power Bandwidth (Av = 1, THO ~ 5%, PBW 
Vo = 20 Vp-p) 

(Rl = 2.0 knl --

(R l = 1.0 kn, R 5 = 10k) 20 

Step Response r""· 1000."00''''/''0'. } 
tTHL -

Rl = 1.0kn, R2= 1.0Mn, R3= 1.0kH, tpd --

R4 = 30 kn, R5 = 10 kn, Cl = 1000 pF SR -f""· 1000. 15% 0''''''001. } 
tTHL --

R1 = 1.0kn, R2= 1.0Mn, R3= 1.0kn, tpd --

, R4=O,R5=lOk.l1,Cl=10pF SR --r""' 100. "00' ..... 00.. } 

tTHL --

R1 = 1.0kH, R2= 100kn, R3= 1.0kn, tpd --

R4 = 10 kH, R5 = 10 kn, Cl = 2200 pF SR --

{ G,'" • 10.15% 0' .... 00.. } tTHL --

R1 = 1.0kH, R2=10kn, R3= 1.0kn, tpd -

R4 = 1.0 kn, R5 '" 10 kn, Cl = 2200pF SR --
"-

{ Go," • 1. 15% ~"'hoo.. } tTHL -

Rl =10kn,R2=10kn,R3=5.0kn, tpd -

R4=390n,R5=10kn,Cl=2200pF SR --

Output Impedance zo -

If = 20 Hz) 

Output Voltage Swing Va 
(RL = 2.0 kn, f = 1.0 kHz) -
(RL = 1.0 kn, f = 1.0 kHz) ±10 

Positive Supply Rejection Ratio PSRR+ -
(VEE constant, R5 = 00) 

Negative Supply Rejection Ratio PSRR- --
(V CC constant, R 5 = 00) , 

Pow~r Supply Current 
(Va = 0) ICC --

lEE --

eDT,ow = QO'C for MC1439 

-- 55°C for MC1539 

Thigh = +700 C for MC1439 
+1250 C for MC1539 

MC1539 MC1439 

Typ Max Min Typ 

0.20 0.50 - 0.20 

0.23 0.70 - 0.23 

- 75 - -
20 60 - 20 

- 75 - -

1.0 3.0 - 2.0 

- 4.0 - -

3.0 - - 3.0 

5.0 - - 5.0 

300 -- 100 300 

±12 -- ±11 ±12 

30 -- - 30 

110 -- 80 110 

120,000 - 15,000 100,000 

100,000 -- 15,000 100,000 

-- . 10 50 

50 -- -- --

130 -- -- 130 

190 -- -- 190 

6.0 -- -- 6.0 

80 . -- 80 

100 -- -- 100 

14 -- -- 14 

60 -- - 60 

100 -- -- 100 

34 -- -- 34 

120 -- -- 120 

80 -- -- 80 

6.25 -- -- 6.25 

160 -- -- 160 

80 -. -- 80 

4.2 -- -- 4.2 

4.0 _. -- 4.0 

- -- ±10 ±13 

±13 -- - --

50 150 -- 50 

50 150 -- 50 

3.0 5.0 - 3.0 
~ 

3.0 5.0 - 3.0 

3-39 

Max Unit 

IlA 

1.0 

1.5 

nA 
150 

100 

150 

mV 
7.5 

--

,NloC 

-- • --

-- kH 

-- Vpk 

-- nV/(Hz)Y, 

-- dB 

-- -
--

kHz 

--

--

-- ns 

-- ns 

-- V/p.s 

- ns 

- ns 

- V/p.s 

-- ns 

-- ns 

- V/j.l.s 

- ns 
_. ns 

V/p.s 

-- ns 

-- ns 

- V/j.l.s 

- kn 

Vpk 
-
-

200 !-'VIV 

200 p.VIV 

6.7 mAdc 

6.7 
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MC1439, MC1539 

MAXIMUM RATINGS (TA '" +250 C unless otherwise noted) 

Rating Symbol 

Power Supply Voltage VCC 
Vee 

Differential Input Voltage Range VIDR 

Common-Mode Input Voltage Range VICR 

Load Current IL 

Output Short-Circuit Duration ,ts 

Power Dissipation (Package Limitation) Po 
I Metal Package 

Derate above T A '" +250 C 
Ceramic Dual In-Line Package 

Derate above T A '" +250 C 
Plastic Dual In-Line Packages MC1439 

Derate above T A ';' +250 C 

Operating Temperature Range MC1539 TA 
MC1439 

Storage Temperature Range Tstg 
Metal'and Ceramic Packages 
Plastic Packages 

FIGURE 4 - EQUIVALENT CIRCUIT SCHEMATIC 

Vee 

I~PUl LAG 

INVERTING INPUT 
40 

lk 

Value Unit 

+18 Vdc 
+18 

±(VCC + IVeel) Ydc 

+VCC.-IVEEI Vdc 

15 mA 

Continuous 

680 mW 
4.6 mW/oC 

750 mW 
6.0 mW/oC 

625 mW 
5'.0 mW/oC 

-55 to +125 °c 
o to +70 

°c 
/ 

-65 to +150 
-55 to +125 

FIGURE 5 - EQUIVALENT CIRCUIT 

Vee 

o-_-FINV.:.;ERTING 

INPUT 
LAG 

.... - __ ~+--<l OUTPUT 

lk 

OUTPUT LAG 

fiGURE 
NO. 

7,10,12 

TYPICAL OUTPUT CHARACTERISTICS 
(Vee'" +15 Vdc, VEE ~ -15 Vdc T A'" +250C 

CURVE VOLTAGE 
HST CONOITIONS IFIGURE 61 

NO. GAIN 

.1 Avol o 
2 '1 10k 10k 5.0 \<;. 390 , 1.0k 10k 1'.0 k 1.0 k . 100 1.0k lOOk 1.0k 10k 10k 

5 1000 1.0k 1.0M 1.0k 30k 10 k 

6 1000 1.011. 1.0M 1.0k 0 

j '390 
1.0k 
10k 
30k 

0 T i j i 

40 

FIGURE 6 - TEST CIRCUIT 

Vee 

2200 
2200 
2200 
1000 

10 

0 
,2200 
2200 
2200 
1000 

10 

VEE 

, 3-40 

OUTPUT 
LAG 

Rt 



MC1439, MC1539 

TYPICAL CHARACTERISTICS (continued) 

(VCC = +15 Vdc, VEE = -15 Vdc, TA = +250 C, unless otherwise noted.) 

FIGURE 7 - LARGE-SIGNAL SWING versus FREQUENCY 
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FIGURE 9 - OUTPUT VOLTAGE 

SWING versus LOAD RESISTANCE 
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FIGURE 11-0UTPUT VOLTAGE SWING 
(to clipping) versus SUPPL Y. 
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FIGURE 8 - OPEN-LOOPVOLTAGE GAIN versus FREQUENCY 
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FIGURE 10 - OPEN-LOOP PHASE·SHIFT versus FREQUENCY 
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FIGURE 12 - CLOSED·LOOP GAIN versus F~EQUENCY 
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II 

MC1439, MC1539 

TYPICAL CHARACTERISTICS (continued) 

(VCC = +15 Vdc, VEE = -15 Vdc, TA = +250 C,unless otherwise noted.) 

FIGURE 13-ACL ·=1 RESPONSE versus TEMPERATURE 
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FIGURE 15 - ACL = 100 RESPONSE versus TEMPERATURE 
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FIGURE 17 - SPECTRAL NOISE DENSITY 
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FIGURE 14-ACL = 10 RESPONSE versus TEMPERATURE 
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FIGURE 16 - ACL = 1000 RESPONSE versusTEMPERATURE 
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FIGURE 18 - OUTPUT NOISE versus SOURCE RESISTANCE 
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MC1439, MC1539 

TYPICAL CHARACTERISTICS (continued) 

(VCC = +15 Vdc. VEE = -15 Vdc. T A = +250 C. unless otherwise noted.) 

FIGURE 19 - POWER DISSIPATION versus TEMPERATURE 
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FIGURE 21 - POWER BANDWIDTH 
(LARGE·SIGNAL SWING versus FREQUENCY) 
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FIGURE 23 - COMMON-MODE REJECTION RATIO 
versus FREQUENCY 
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versus TEMPERATURE 
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MC1439, MC1539 

FIGURE 25 - VOLTAGE-FOLLOWER PULSE RESPONSE 
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FIGURE 26-VOLTAGE FOLLOWER 
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TYPICAL APPLICATIONS 

FIGURE 27 - DIFFERENTIAL AMPLIFIER 
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FIGURE 29 - +15 VOLT REGULATOR 
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FIGURE 28 -SUMMING AMPLIFIER 
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RB = Parallel Combination of Rt. R2. R3. RF. 

eo = - r !!leI + ~ e2 + !!l e3] l RI R2 R3 

'Properly Compensated ' 

+20V~-----------1~--------__ --------~~--------~ ~---...... ------.. VO+ 
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51 

For detailed information see Motorola 
Application Note AN·480. 

L..-______ ~ __________________________ .. +Sense 
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Return •• ...----'-----------------------------------~----------------------__e. Vo Return 
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MC1439, MC1539 

TYPICAL APPLICATIONS (continued) 

FIGURE 30 - LOAD RE"GULATION FOR 
CIRCUIT OF FIGURE 29 
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FIGURE 31 - REGULATOR OUTPUT VOLTAGE 
(under pulsed load conditionl 

Horizontal" Scale: 200 IlSIDiv 
Vertical Scale: 1 mV/Div 
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II 

ORDERING INFORMATION 

Device 

MC1456G,CG 
MC1456CL,L,CU,U 
MC1456CP1,P1 
MC1556G 
MC1556L 
MC1556U 

Temperature Range 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 

Package 

Metal Can 
Ceramic DIP 
Plastic DIP 
Metal Can 

Ceramic DIP 
Ceramic DIP 

INTERNALLY COMPENSATED, HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 

· .. designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the extern,al feedback 
components. Fordetailed information, see Application Note AN-522. 

• Lo~ I nput' Bias Current - 15 nA max 

• Low Input Offset Current - 2.0nA max 

• Low Input Offset Voltage - 4.0 mV max 

• Fast Slew Rate - 2.5 V/p.s typ 

• Large Power Bandwidth - 40 kHz typ 

• Low Power Consumption - 45 mW max 

• Offset Voltage Null Capability 

• Output Short-Circuit Protection 

• Input Over-Voltage Protection 

TYPICAL INPUT BIAS CURRENT AND INPUT 
OFFSET CURRENT versus TEMPERATURE for MC1556 
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........... 
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TA, AMBIENTTEMPERATURE (OC) 
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MC1456 
MC1456C 
MC1556 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G PACKAGE 
CASE 601 

P1 SUFFIX' 
PLASTIC PACKAGE 

CASE 626 

N.C. 

VEE 

U SUFFIX 
CERAMIC PACKAGE 

CA""'~ 

Offset Null 88 N C 

lPACKAGE Inv Input 2 _ 7 VCC 

CASE 632 Non-Inv, 3 - 6 OutPut 
TO-116 Input 

_ V,,, 5 o~:~' 

N.C 

Offset Null 3 N.C. 

VCC 

Non-I nv. Input 5 Output 

VOL TAGE-FOlLOWER PULSE RESPONSE 

2pslOIVISION 



MC1456, MC1456C, MC1556 

MAXIMUM RATINGS ITA: +250 C unless otherwise noted) MC1456 
Rating Symbol MC1556 MC1456C Unit 

Power Supplv Voltage VCC +22 +18 Vdc 
VEE -22 -18 

Differential I nput Voltage Range VIDR ±VCC Volts 

Common-Mode Voltage Range V,CR ±.VCC Volts 

Load Current 'L 20 rnA 

Output Short Circuit Duration ts Continuous 

Power Dissipation (Package Limitation) Po 680 mW • Derate above T A = +250 C 4.6 mW/oC 

Operating Temperature Range TA -55 to +125 o to +70 °c 

Storage Temperature Range Tstg -65 to +150 -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = +15 Vdc, VEe = - 15 Vdc, TA = +250 C unless otherwise noted). 

MC1556 MC1456 MC1456C 

Characteristic Fig_ Symbol Min Typ Max Min Typ Max Min Typ Max Unit 

Input Bias Current "S nAdc 

TA=+250C 8.0 15 15 30 15 90 

T A = T,ow to Thigh (See Note 1) 30 40 

Input Offset Current ',0 nAdc 

TA = +250 C 1.0 2.0 5.0 to 5.0 30 

T A = +250 C to Thigh 3.0 14 

TA = T,ow to +250 C 5.0 t4 

Input Offset Voltage V,O mVdc 

TA =+250 C 2.0 4.0 5.0 10 5.0 12 

T A = T,ow to Thigh 6.0 14 

Differential Input Impedance (Open-Loop, f = 20 Hz) 

Parallel Input Resistance rp' 5.0 3.0 3.0 Megohms 

Parallel Input Capacitance cp 6.0 6.0 6.0 pF 

Common-Mode Input Impedance (f = 20 Hz) zi 250 250 250 Megohms 

Common-Mode Input Voltage Range V,CR ±12 ±13 +11 ±12 ±10.5 ±12 Vpk 

Equivalent Input Noise Voltage en .nV/(Hz)Yo 
(AV= tOO, Rs= 10k ohms, f= 1.0kHz, BW= 1.0Hz) 45 45 45 

Common-Mode Rejection Ratio (f = 100 Hz) CMRR 80 110 70 110 110 dS 

Open-Loop Voltage Gain, (VO = ± 10 V, R L = 2.0. k ohms) 4,5,6 AVOL VN 

TA = + 25°C 100,000 200,000 - 70,000 100.00( - 25,000 IOO,OOC 

T A = T,ow to Thigh 40,000 40,000 

Power Sandwidth SINp 40 40 40 kHz 

(AV = 1, RL = 2.0 k ohms, THDS5%, Vo = 20 Vp-p) 

Unity Gain Crossover Frequency (open-loop) BW 1.0 1.0 1.0 MHz 

Phase Margin (open-loop, unity gain) 5,7 70 70 70 degrees 

Gain Margin 5,7 18 18 18 dB 

Slew Rate (Unity Gain) SR 2.5 2.5 2.5 V//ls 

Output Impedance If = 20 Hz' Zo 1.0 2.0 1.0 2.5 '1.0 kOhms 

Short-Circuit Output Current lOS -17, +9.C - -17, +9.( - -17, +9.0 mAdc 

Output Voltage SWing (R L = 2.0 k ohms) 10 VOR ±t2 ±13 +tl ±t2 itO ±12 Vpk 

Power Supply Rejection Ratio /lVN 

VCC = constant, RS';; 10 k ohms PSRR+ 50 100 75 200 75 
VEE '= constant, RS';; 10 k ohms PSRR- 50 100 75 200 75 

Power Supply Current ICC t.O 1.5 1.3 3.0 1.3 4.0 mAde 

'Ee 1.0 1.5 1.3 3.0 1.3 4.0 

DC Quiaoc"nt Power Dissipation 11 Po 30 45 40 90 40 120 mW 

NO=O) 

Note 1: T,ow: 00 for MC1456 and MC1456C 
-55°C for MC1556 

Thigh: +700 C for MC1456 and MC1456C 
+1250 C for MC1556 
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TYPICAL CHARACTERISTICS 
(Vee = +15 Vdc, VEE = -15 Vdc, TA = +250 e unless otherwise noted). 

FIGURE 1 ~ INPUT COMMON·MODE SWING versus 
POWER SUPPLY VOLTAGE 

/ 

./V 

./ 
V 

./ 
V 

./ 
V 

V 

±3.0 ±6.0 ±9.0 ±12 ±15 ±18 ±21 ±24 

-

VCC. VEE. POWER SUPPLY VOLTAGE (Vdc) 

FIGURE 3 -COMMON·MODE REJECTION 
RATIO versus FREQUENCY 

t---.." 
"-

'" 1"-
"\ 

1"-. 
'\ 

" "\ 

300 

~ 100 

~ 
w 50 (I) 

0 
z 30 
I-

~ 
< > 
:; 

10 ::3 
i 

5.0 

3.0 

500 k 

~ 
;;- 400k 
« 
(!) 

UJ 
(!) 

~ 300~ 
o 

'> 

~ 200k 

~ 
o 
~ lOOk 
o 
> < 
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FIGURE 4 - OPEN·LOOP VOLTAGE GAIN 
versus TEMPERATURE 
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TA. AMBIENT TEMPERATURE (OC) 

~IGURE 6 - OPEN·LOOPVOLTAGE GAIN 
versus SUPPLY VOL TAGES 
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TYPICAL CHARACTERISTICS (continued) 
I 

FIGURE 7 - OPEN-LOOP PHASE SHIFT FIGURE 8 - OUTPUT SHORT-CIRCUIT CURRENT 

versus TEMPERATURE 
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MC1456, MC1456C, MC1556 

TYPICAL APPLICATIONS 
Where values are not given for external components they must be selected by the 

designer to fit the requirements of the system. 

FIGURE 12 - INVERTING FEEDBACK MODEL FIGURE 13 - NON·INVERTING FEEDBACK MODEL 

Vi 

1 + Z2fZ1 
Zo = Zo Ao (w) 

zo-o 

FIGURE 14 - LOW-DRIFT SAMPLE AND HOLD 

SAMPLE 
COMMAND -15 V 

+15 V 

>---0-'-'_ Vo 

'Orift due to bias current 
is typically 8 mVfs 

FIGURE.15 - HIGH IMPEDANCE BRIDGE AMPLIFIER 

10 k 100 k 

10 k 

100 k 
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MC1456, MC1456C, MC1556 

TYPICAL APPLICATIONS (continued) 

FIGURE 16 - LOGARITHMIC AMPLIFIER FIGURE 11- VOLTAGE OFFSET NULL CIRCUIT 

100 k 

>--<C>---+-_ Vo 

" I Vo = Klln (K2Vi) 

OFFSET 
ADJUST 

MC1456, C 
MC1556 

See Application Note AN-261 A for further detail. 

Vi 

Zi '" 250 Mil 

FIGURE 18 - .HIGH INPUT IMPEDANCE. HIGH OUTPUT 
CURRENT VOLTAGE FOLLOWER 

~ 
O.l/.1 F ~ 470pF 

~~~------------~~------~-'VEE 

OUTLINE DIMENSIONS 
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Va 

Za = 100~1l 
10 = 100 rnA (max) 
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ORDERING INFQRMATION 

Device 

MC1458G,CG,NG 
MC1558G,NG 
MC1458CL,CU,L, 

NL,NU,U 
MC1558L,NL,NU,U 
MC1458CP1,CP2, 

NP1 ,NP2,P1 ,P2 

Temperature Range 

aOc to +70°C 
- 55°C to + 125°C 

aoc to +70°C 

-55°C to +125°C 
aoc to +70°C 

DUAL MC.1741 

Package 

Metal Can 
Metal Can 

Ceramic DIP 

Ceramic DIP 
Plastic DIP 

INTERNALLY COMPENSATED, HIGH PER FORMANCE 
MONOLITHIC OPERATIONAL AMPLIFIERS 

___ designed for uSe as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 

• No Frequency Compensai:ion Required 

• Short-Circuit Protection 

• Wide Common-Mode and Differential Voltage Ranges 

• Low-Power Consumption 

• No Latch Up 

• Low Noise Selections Offered - N Suffix 

MAXIMUM RATINGS (T A ~ +250 C unless otherwise noted) 

Rating Symbol 'MC1458 MC1558 Unit 

Power Supply Voltage VCC +18 +22 Vdc 

VEE -18 -22 Vdc 

Input Differential Volta'ge VID ±30 Volts 

Input Common Mode Voltage (Note 1) VICM _t15 Volts 

Output, Short Circuit Duration (Note 2) ts Continuous 

Operating Ambient Temperature Range TA o to +701-55to+125 vc 
Storage Temperature Range T stg °c 
Metal,Flat and Ceramic Packages -65 to +150 

Plastic Packages -55 to +125 

Junction Temperature TJ °c 
Metal and Ceramic Package 175 

Plastic Package 150 

Note 1, For supply voltages less than ± 15 V, the absolute maximum input voltage is equal 
to the supply voltage, 

Note 2. Supply voltage equal to or less than 15 V, 

EQUIVALENT CIHCUIT SCHEMATIC 

r-~ ________ ~ __ ~ __________ ~ ____ ~ ____ ~-oVCC 

25 

OUTPUT 

50 

OFFSET 
NULL 0---1---+---...... 
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MC1458 MC1458N 
MC1458C 

MC1558, MC1558N 
(DUAL MC1741) 

DUAL 
OPERATIONAL AMPLIFIER' 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601 

VCC 

Pl SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MC1458,MC'1458C,MC1458N) 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

l SUFFIX 
CERAMIC PACKAGE 

P2 SUFFIX 
PLASTIC PACKAGE 

CASE 646 

CASE 632 

(MC1458,MC1458C,MC1458N) 

Offset { 3 
Adjust 

A 



MC1458, MC1458N, MC1458C, MC1558, MC1558N 

ELECTRICAL CHARACTERISTICS - Note 1 (VCC ~ 15 V VEE ~ 15 V TA ~ 25°C unless otherwise noted) 

MC1558 MC1458 MC1458C 

Characteristic Symbol Min Typ Max Min Typ Max Min Typ Max Unit 

Input Offset Voltage VIO - 1.0 5.0 - 2.0 6.0 - 2.0 10 mV 

(RS<10k) 

Input Offset Current 110 - 20 200 - 20 200 - 20 300 nA 

Input Bias Current liB - 80 500 - 80 500 - 80 700 nA 

Inpu't Resistance q 0.3 2.0 - 0.3 2.0 - - 2.0 - Mn 

Input Capacitance Ci - 1.4 - - 1.4 - - 1.4 - pF 

Offset Voltage Adjustment Range VIOR - ±15 - - ±15 - '-- +15 - mV 

Com~on Mode I nput Voltage Range VICR ±12 ±13 - +12 +13 - ±11 +13 - V 

Large Signal Voltage Gain Av V/mV • (VO ~ ±10 V, RL ~ 2.0 k) 50 200 - 20 200 - - - -
(VO ~ ±10 V, RL ~ 10 k) - - - - - - 20 200 -

Output Resistance ro - 75 - - 75 - - 75 - n 

Common Mode Rejection Ratio CMRR 70 90 - 70 90 - 60 90. - dB 

(RS < 10 k) 

Supply Voltage Rejection Ratio PSRR - 30 150 - 30 150 - 30 - IlV/V 

J (RS<10k) 

Output Voltage Swing Vo V 

(RL>10k) ±12 ±14 - ±12 ±14 - ±11 ±14 -
(RL>2k) ±10 ±13 - ±10 ±13 - ±9.0 ±13 -

Output Short-Circuit Current los - 20 - - 20 - - 20 - mA 

Supply Currents (Both Amplifiers) ID - 2.3 5.0 - 2.3 5;6 - 2.3 8.0 mA 

Power Consumption Pc - 70 150 - 70 170 - 70 240 mW 

Transient Response (Unity Gain) 

(VI ~ 20mV, RL >2kn, CL < 100 pF) Rise Time tTLH - 0.3 - - 0.3 - - 0.3 - IlS 

(VI ~ 20mV,HL > 2 kn, CL < 100 pF) 'Overshoot os - 15 - - 15 - - 15 - % 

(VI ~ 10 V, RL > 2 kn, CL < 100 pF) Slew Rate SR - 0.5 - - 0.5 - - 0.5 - Vllls 

ELECTRICAL CHARACTERISTICS (Vrr ~ 15 V, VEE =15 V, T A ~ *Thigh to Tlow unless otherwise noted) 

MC1558 MC1458 MC1458C 

Characteristic Symbol Min Typ Max Min Typ Max Min Typ Max Unit 

Input Offset Voltage VIO 1.0 '6.0 7.5 12 mV 

(Rs <10 kn) 

Input Offset Current 110 nA 

(TA = 125°C)' 7.0 200, 

(TA ~ -55~C) 85 500 

(T A = OoC to +700 C) 300 400 

Input Bias Current liB nA 

(TA ~ 125°C) 30 500 
(TA ~ -55°C) 300 1500 

(TA = OOC,to +700 C) 800 1000 

Common Mode Input Voltaqe Ranqe VICR +12 +13 V 

Common Mode Rejection Ratio CMRR 70 90 dB 

(RS<10k) 

Supply Voltage Rejection Ratio PSRR 30 150 pV/V 

(RS < 10 k) 

Output Voltage Swing Vo V 

(RL>10k) ±12 ±14 ±12 ±14 

(RL>2k) ±10 ±13 ±10 ±13 ±9.0 ±13 

Large Signal Voltage Gain Av V/mV' 

(VO~±10V,RL~2k) 25 15 

(VO~±10V,RL~ 10k) 15 

Supply Currents (Both Ampli.fiers) ID mA 

(TA ~ 125°C) 4.5 

(TA = -55°C) 6.0 

Power Consumption (TA ~ 125°C) Pc 135 mW 

(TA = -55°C) 180 

*Thigh = 125°C for MC1558 and 70°C for MC1458, MC1458C 
Tlow ,= -55°C for MC1558 and OoC for MC1458, MC1458C Note 1. Input pins of an unused amplifier must be grounded. 

® MOTOROLA Senoiconduc'or Produc<s Inc, -----~-...... 
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MC1458, MC1458N, MC1458C, MC1558, MC1558N 

NOISE CHARACTERISTICS (Applies for MC1558N and MC1458N only VCC = 15 V VEE = 15 V -fA = 250 C) -

Characteristic Symbol 

Burst Noise (Popcorn Noise) En 
(BW = 1.0 Hz to 1.0 kHz, t = lOs, 
. RS = 100 k51) (I nput Referenced) 

FIGURE 1 - BURST NOISE versus SOURCE RESISTANCE 
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FIGURE 3 - OUTPUT NOISE versus SOURCE RESISTANCE 
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FIGURE 4 - SPECTRAL NOISE DENSITY 
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FIGURE 5 - BURST NOISE TEST CIRCUIT (N Suffixed Devices Only) 

1 k 

100 k 

100 k 

100 k Operational Amplifier 
Under Test 

For· applications where low noise performance is essential, selected 
devices denoted by an N suffix are offered. These units have been 
100% tested for burst noise pulses on a special noise test system. 
Unlike conventional peak reading or RMS meters, this system was 
especially designed to provide the quick response time essential to 
burst (popcorn) noise testing. 

Positive 
Threshold 

Negative 
. Threshold 

Voltage 

To Pass/Fail 
Indicator 

The test, time employed ,is 10 seconds and the 20 /.IV peak 
limit refers to the operational amplifier input thus eliminating 
errors in the ciosed'ioop gain factor of the operational amplifier 
under test. 

L---'-_____ @ MOTOROLA SelTJiconductor Products Inc. _______ --J 
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MC1458, MC1458N, MC1458C, MC1558, MC1558N 

TYPICAL CHARACTERISTICS 
(Vee ';'+15 Vdc, VEE = -15 Vdc, TA = +250 C unless otherwise noted). 
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M'C1458, MC1458N, MC1458C,MC1558, MC1558N' 

. . 

FIGURE 12 -NON-INVERTING PULSE'RESPONSE 

I 
./ ~UTPUT 

I 
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10l's/OlV 

FIGURE 13 -:- TRANSIENT RESPONSE TEST CIRCUIT 

FIGURE 14'- OPEN LOOP VOLTAGE GAIN 
versus SUPPLY. VOLTAGE 
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ORDEI:UNG INFORMATION 

Device 

MC1458SG 
MC1458SL 
MC1458SP1 
MC1458SP2 
MC1458SU 
MC1558SG 
MC1558SL 
MC1558SU 

Temperature Range 

O°C to +70°C 
O°Cto +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

"":55°C to + 125°C 
-55°C to + 125°C 
-55°C to +125°C 

Package 

Metal Can 
Ceramic DIP 
Plastic DIP 
Plastic DIP 

Ceramic DIP 
Metal Can 

Ceramic DIP 
Ceramic DIP 

DUAL HIGH SLEW"RATE INTERNALLY
COMPENSATED, OPERATIONAL AMPLIFIERS 

The MC1558S is functionally equivalent, pin compatible, and 
possesses the same ease ~f use as, the popular MC1558 circuit, yet 
offers 20 times higher slew rate and power bandwidth. This device is 
ideally suited for D/A converters due to its fast settling time and 
high slew rate. 

• High Slew Rate - 10V/J.ls Guaranteed Minimum (for inverting 
unity gain only) 

• No Frequency Compensation Required 
• Short-Circuit Protection 
• Offset Voltage Null Capability 
• Wide Common-Mode and Differential Voltage Ranges 
• Low Power Consumption 
• No Latch-Up 

TYPICAL APPLICATION OF OUTPUT CURRENT TO 
VOLTAGE TRANSFORMATION FOR A O-TO-A CONVERTER 

Vref ~ 2.0 Vdc 

VCC~5.0V R1~R2~1.0kn 

RO ~5.0 kn 

13 

14~ R1 
MSB A1 5 

A2 6 15 
A3 7 

A4 8 R2 

A5 9 

A610 

A711 

LSB A812 

3 

Settling time to within 1/2 LSB (±19.5 mV) is approxi
mately 4.0 p,s from the time that all bits are switched. 

'The l'alue of C may be selected to minimize overshoot 

and ringing (C "" 68 pF). 

Theoretical V 0 

Vref 
Vo = R1 (RO) 

Vref 

VCC ~ 15 V 

C' 

Adjust Vref, R1 or RO so that Vo with all digital inputs at high level 
is equal to 9.961 volts. 

2 V [1 1 1 1 1, 1 1 1] [255} VO=- (5k) -+-+-+-+-+-+-+- =lQV -=9.961V 
1 k 2 4 8 16 32 64 128 256 256 
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MC1458S 
MC1558S 

DUAL 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601 

VCC 

-~ . 
Output A ' " Output B 

Invertin,g. " " Inverti"ng 
InputA 2 """. '1-" 6 Input'S 

Non-I nverting , 5 Non-I nverting 
Input A • InputB' 

P2SUFFIX 
PLASTIC PACKAGE 

CASE 646 

(MC1458S only) 

NC -

Ouptut A " 

Offset " 
Adjust A 

Inverting 
Input A • 

No'n-Inverting 
Input A 

VEE 

VEE 

LSUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

NC 

Ouptut B 

} 
Offset 
Adjust B 

Inverting 
Input B 
Non-I nverting 
Input B 

P1SUFFIX • 
PLASTIC PACKAGE 

CASE 626 

(MC1458S0nly) • 

U SUFFIX 
CERAMIC PACKAGE 

Output A 1 

Inverting 
Input A 

Non-Inverting 3 
Input A 

VEE 4 

CASE,693 

7 Output B 

6 Inverting 
Input B 

5 Non-Inverting 
Input B 

• 
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MC1458S, MC1558S 

MC1558S LARGE-SIGNAL TRANSIENT RESPONSE 
(Inverting Mode) 

STANDARD MC1558 versus MC1558S RESPONSE COMPARISON 
(Inverting Mode) 

Inverting 
Input 

1.0pS/Djv. 

% REPRESENTATIVE CIRCUIT SCHEMATIC 

vee 

t----+--oO Output 

Nonilwerting 
Input 

Offset Null 

MAXIMUM RATI NGS (T A = +250 C unless otherwise noted.) 

Rating 

Power Supply Volt;:lge 

Input Differential Voltage Range CD 
Input Common-Mode Voltage Range (a:> 
Output Short Circuit Duration 

Operating Ambient Temperature Range 

Storage Temperature Range 

Junction Temperature Ceramic and Metal Package 
Plastic Package 

Symbol 

VCC 
VEE 

VIDR 

VICR 

ts 

TA 

T5tg 

TJ 

50 k 

MC1558S MC1458S 

~ +22 +18 
-22 -18 

±30 

±15 

Continuous 

-55 to +125 o to +70 

-65 to +150 -65 to +150 

175 175 
150 150 

Note 1. For supply voltages less than ±15 Vdc, the absolute maximum input voltage is equal to the supply voltage. 
Note 2~ Supply voltage equal to or less than 15 Vdc. . 

(f!jMOTOROLA Se';"'conductor produ~t. Inc. 
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Unit 

Vdc 

Volts 

Volts 

°c 
°c 
°c 
°c 



MC 1458S, MC1558S 

ELECTRICAL CHARI\CTERISTICS (Vcc = +15 Vdc VEE = -15 Vdc TA = +250 C unless otherwise noted) 

MC1558S MC1458S 

Characteristic Symbol Min Typ Max Min Typ Max Unit 
Power Bandwidth (See Figure 3) BWp kHz 

Av' = 1, R L = 2.0 kn, THO = 5%; Va = 20 V(p-p) 150 200 - 150 200 -

Large-Signal Transient Response 
Slew Rate (Figures lOand 11) SR 
V(-) to V(+) 10 20 - 10 20 - V//-Is 
V(+) to V(-) 10 12 - 10 12 -

Settling Time (Figures 10 and 11) tsetlg - 3.0 - - 3.0 - /-IS 
(to within 0'.1%) 

Small-Signal Transient Response 

(Gain = 1, Ein = 20 mV, see F iguras 7 and 8) 
Rise Time tTLH - 0.25 - - 0.25 - /-IS 
Fall Time tTHL - 0.25 - - 0.25 - /-IS 
Propagation Delay Time tpLH,tPHL - 0.25 - - 0.25 - /-IS 
Overshoot OS - 20 . - - 20 - % 

Short·Circuit Output Currents lOS ±10 - ±35 ±10 - ±35 mA 

Open-Loop Voltage Gain (R L - 2.0kn) (See Figure 4) Avol -
Va = ±10 v 50;000 200,000 - 20,000 100,000 -

Output Impedance (f - 20 Hz) Zo - 75 - - 75 - n 

Input Impedance (f = 20 Hz) zi 0.3 1.0 - 0.3 1.0 - Mn 

Output Voltage Swing Va Vpk 
RL=lOkn ±12 ±14 - ±12 ±14 -
RL = 2.'0 kn ±10 ±13 - ±10 ±13 -

Input Common-Mode Voltage Swing V,CR ±12 ±13 - ±12 ±13 - Vpk 
Common-Mode Rejection Ratio (f = 20 Hz) CMRR 70 90 - 70 90 - dB 

Input Bias Current (See Figure 2) liB nA 
- 200 500 - 200 500 

Input Offset Current JiIOI nA 
- 30 200 - 30 200 

Input Offset Voltage (RS - ~ 10 kn) IV,ol mV 
- 1.0 5.0 - 2.0 6.0 

DC Power Consumption (See Figure 9) Pc mW 
(Powe~ Supply = ±lS V, Va';' 0) - 70 150 - 70 170 

Positive Voltage Supply Sensitivity PSS+ /lV/V 
(VEE constant) - 2.0 150 - 2.0 150 

Negat.ive Voltage Supply Sensitivity PSS- /-IV IV 
(Vce constant) - 10 150 - 10 150 

•• Plastic package offered in limited temperature range device only. 

ELECTRICAL CHARACTERISTICS (VCC = 15 Vdc, VEE = -15 Vdc, TA = -55 to +125°C for MC1558S and T A = 0 to 70°C for 
MC1458S, unless otherwise noted.) 

MC1558S MC1458S 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Open Loop Voltage Gain AVOL 25,000 15,000 V/V 
VO=±lOV 

Output Voltage Swing Va Vpk 
RL = 10 kn ±12 ±12 
RL=2kn ±10 ±10 

Input Common-Mode Voltage Range V,CR ±12 Vok 
Commo.l-Mode Rejection Ratio (f = 20 Hz) CMRR 70 dB 

I nput Bias Current liB nA 
TA = 1250 e 200 500 
TA = -55°C 500 1500 
TA = 0 to 70°C 800 

Input Offset Current ',0 nA 
TA = 125°C 30 200 
TA = -550 e 500 
TA = 0 to 70°C 300 

Input Offset Voltage Via 6.0 7.5 mV 
RS'; 10 kn 

DC Power Consumption Pc 200 mW 
Va = 0 V 

Positive Power Suoply Sensitivity PSS+ 150 /lV/V 
VEE~-15V 

Negative Power Supply Sensitivity PSS- 150 /-IVIV 
Vec = 15 V 

® MOTOROI.A fiJelniconducf:or Producf:& ,Inc. ______ ----1 
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. , 
Me 14588, ~ Me 15588 

Inputs 

TYPICAL CHARACTERISTICS 
(VCC = +15 Vdc, VEE = -15 Vdc, T A = +250 C unless otherwise noted.) 

FIGURE 1 - OFFSET ADJUST CIRCUIT FIGURE 2 - INPU.T BIAS CURRENT versus TEMPERATURE 

or 
Yo MC1458S 

~--o--e Output 

• Not available with G and 
PI Suffix Packages. 

~ 
400 

to- 35 

i 30 
u' 

~ 25 
iii 
~ 20 

~ 
~ 15 

ffi 10 
> « 
~ 5 
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0 

0 

0 

'''' . 
""~ 

-75 -50 -25 

~~ 
......... 
~ 

'" .............. 

o +25 +50 +75 +100 '125 

T. TEMPERATURE (OC) 

FIGURE 3 - POWER BANDWIDTH - NONDISTORTED 
OUTPUT VOLTAGE versus FREQUENCY FIGURE 4 - OPEN·LOOP FREQUENCY RESPONSE 

+2 

~ 
~ +1 
co 
::t: 
to- +1 
~ 
V 
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~ 
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(!l 

~ 
> -5. 

~ 
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0 
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~ 3. 0 

"> 
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LU 
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o 
> 
LU 
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1. 

5 

0 

5 

~ 
~ 

0 

O. 5 

0 
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\ 
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1.1 

j 
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> 
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-20 
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FIGURE 5 - OUTPUT NOISE versus 
SOURCE RESISTANCE 

A~ = ltiO~ 
" 1\.1.1 
1/ 

....1;7 

V 
I--i--

j..---
Ar ~ 1

1
00 t=: 

~~v=l 
1.0 k 10k 

RS. SOURCE RESISTANCE (OHMS) 

t, FREQUENCY (Hz) 

lOOk 

® M~T(:)ROLAse,";conductorprOduct. Inc. __ ~ ___ ---J 

3-60 



MC1458S, MC1558S 

TYPICAL CHARACTERISTICS 
(Vee = +15 Vdc, VEE = -15 Vdc, TA = +250 e unless otherwise noted.) 

FIGURE 6 - SMALL·SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 

20 mV r----------..., 
FIGURE 7 - SMALL·SIGNAL TRANSIENT RESPONSE 

Vee 0.1 p.F 
Input 50% 50% 

~ 

! 
:2 
C 

Ii: 
~ 
:2 
g 
a: 

~ 
C 

Rise Time 

FIGURE 8 - POWEReONSUMPTION versus POWER 
SUPPLY VOLTAGES 

100 

70 -......-1" 

50 
40 

30 

...... 
V VO=O -

/' 
V 

20 

10 / 
V 

-

Output 

Input 

I~ 
, J 

1 0.1 p.F 

~ VEE 
-15 y 

FIGURE 9 - LARGE·SIGNAL TRANSIENT WAVEFORMS 

Slew Rate 
V(+) to V(-) 

(Measurement 
Period) 

0... 7.0 / 
~ 

5.0 
4.0 
3.0 

2.0 

/ 
/ 

6.0 10 14 18 22 
Settling 

Time 
Vee and VEE. POWER SUPPLY VOLTAGE (VOLTS) 

FIGURE 10 - SLEW RATE AND SETTLING TIME TEST CIRCUIT* 

+10~n 

=-;ovL 
Input 

10 k" 

False 
Summing 

Node 

10k" 

Vee = 15 V 

1N916 
or Equivalent 

Output 

"Match to within 0.01%. 

Inputs of Amplifier Not Under 
Test Should Be Grounded. 

® MOTOROLA Semiconductor Product. Inc. --------' 
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MC14588, MC 15588 

SETTLING TIME 
In order to properly utilize the high slew rate and fast 

settling time of an operational amplifier, a number of 
system considerations must be observed. Capacitance at 
the summing node and at the amplifier output must be 
minimal and circuit board layout should be consistent 
with common high-frequency considerations. Both power 
supply connections should be adequately bypassed as 
close as possible to the device pins. In bypassing, both 
low and high-frequency components should be con
sidered to avoid the possibility of excessive ringing. In 
order to achieve optimum damping, the selection of a 
capacitor in parallel with the feedback resistor may be 
necessary. A value too small could result in excessive 
ringing while a value too large will degrade slew rate and 
settling ti me. 

SETTLING TIME MEASUREMENT 
I n order to accurately measure the settling time of an 

operational amplifier, it is suggested that the "false" 
summing junction approach be taken as shown in 
Figure 11. This is necessary since it is difficult to de
termine when the waveform at the output of the op
erational amplifier settles to within 0.1 % of it's final 
value. Because the output and input voltages are ef
fectively subtracted from each other at the amplifier 
inverting input, this seems like an ideal node for the 
measurement. However. the probe capacitance at this 
critical node can greatly affect the accuracy of the 
actual measurement. 

> o 
:;-
E 

c 
C 
N 

> 
12 
> 
E 

FIGURE 11 - WAVEFORM AT 
FALSE SUMMING NOOE 

( 

III-I 
II 

I 

• 
-.~.- I 

1.0ps/OIV 

• 

FIGURE 12 - EXPANDED WAVEFORM AT 
FALSE SUMMING NODE 

II 

.II I -• -
=if r.<II 

-4-+_.' 

'-'~ I -' I I 

0.1";, 
ERROR 
BAND 

The solution to these problems is the creation of a 
second or "false" summing node, The addition of two 
diodes at this node clamps the error voltage to limit the 
voltage excursion to the oscilloscope. Because of the 
voltage divider effect, only one-half of the actual error 
appears at this node. For extremely critical measure
ments, the capacitance of the diodes and the oscilloscope, 
and the settling time of the oscilloscope must be con
sidered. The expression 

tsetlg = J x2 +_y2 + z2 

can be used to determine the actual amplifier settling 
time, where 
tsetlg = observed settling time 

x = amplifier settling time (to be determined) 

y = false summing junction settling time 

z = oscilloscope settling time 

It should be remembered that to settle within ±O.l % 
requires 7RC time constants. 

The ±0.1% factor was chosen for the MC1558S 
settling time as it is compatible with the ±1/2 LSB 
accuracy of the MC1508L-8 digital-to-analog converter. 
This D-to-A converter features ±O.19% maximum error. 

TYPICAL APPLICATION 

FIGURE 13 - 12.5-WATTWIDEBAND POWER AMPLIFIER 

MCL1304 
or Equivalent 

(Current 
Limiting 
Diode) 

24 k 

10 k 

10 k' 

+15 V 

300 pF 

0.33 

-15V 

'Uti ., 
• I Delivers 12.5 watt into 4.0 ohms with less than 1% THO to 100 kHz. 

Pins not shown are not connected. 

I I ·.Bias curr.ent adjustment to eliminate Crossover Distortion. 
- -Epoxy to power transistor heat sink or case for maximum Thermal Feedback. 

Circuit diagrams utilizing Motorola products ar'e included as a means 
of illustrating typical semiconductor applications; consequently. 
complete information sufficient for construction purposes is not 
necessarily given. The information has been car-efully checked and 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such·information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola I nco or others. 

@ MOTOROLA Sel'l'1iconducf:or Producf:& Inc. ______ .....J 
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ORDERING INFORMATION 

Device 

MC1709CF· 
MC1709CG 
MC1709CL,CU 
MC1709CP1,CP2 
MC1709F,AF 
MC1709G,AG 
MC,1709L,AL,U 

Temperature Range 

O°C to +70°C 
O°C to +70°C 
O°C to +70OC 
O°C to +70°C 

-55°C to +125°C 
-55°C to +125°C 
-55°C to + 125°C 

OPERATIONAL AMPLIFIER 

Package 

Ceramic Flat 
Metal Can 

Ceramic DIP 
Plastic DIP 

Ceramic Flat 
Metal Can 

Ceramic DIP 

· .. designed for use asa summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feed
bac\< components. 

• High·Performance·Open Loop Gain Characteristics 
Avo!'= 45,000 typical 

• Low Temperature Drift ~ ±3.0 JiV JOC typical (MC1709) 

• Large Output Voltage Swing - ±14 V typical @ ±15 V Supply 

• Low Output Impedance - Zo = 150 ohms typical 

MAXIMUM RATINGS ITA ; +250 C unless otherwise noted.) 

Rating Svmbol Value Unit 

Power Supply Voltage VCC +18 Vdc 

VEE -18 

Input Differential Voltage Range VIDR ±5.0 Volts 

Input Common-Mode Range VICR ±10 Volts 

Output Load Current 'L 10 rnA 

Output Short-Circuit Duration ts 5.0 s 

Power Dissipation (Package Limitation) Po 
Metal Can 680 mW 

Derate above T A; +250 C 4.6 mW/oC 

Flat Package 500 mW 
Derate above T A ; +250 C 3.3 mW/oC 

Plastic Dual In-Line Packages (MC1709C only) 625 mW 
Derate above T A ; +250 C 5.0 mW/oC 

Ceramic Dual In-Line Package 750 mW/oC 
Derate above TA ; +250 C 6.0 mW/oC 

Operating Ambient MC1709A, MC1709 TA -55 to +125 °c 
Temperature'Range MC1709C o to +70 

Storage Temperature Range T stg °c 
Metal and Ceramic Packages -65 to +150 
Plastic Packages -55 to +125 

FIGURE 1.- EQUIVALENT CIRCUIT SCHEMATIC 

VCC INPUT COMPENSATION 

~ 10k 10k J ~ 20 k 

~ 

25 k 25 k 

tlk 
INPUT 

COMPENSATION 

~g". 
OUTPUT 

NON·INVERTING ~ W. INPUT 
OUTPUT 

INVERTING -
3k * 3k ~ COMPENSATION INPUT 

3.6 k ~ 
~ 

( 18 k 75 

2.4 k 
VEE 
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MC1709 
MC1709A 
MC1709C 

OPERATIONAL AMPLIFIER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PIN CONNECTIONS 

Input Freq. Compo 

G SUFFIX 
METAL PACKAGE 

CASE 601 

F SUFFIX 
CERAMIC PACKAGE 

CASE 606'{)4 

TO-91 

N.C. 1~10N'C' 
In Freq. Compo 2 9 In Freq. Compo 

Inv. Input 3 . - a .. VCC 
Non·lnv. In 4 + 7 Output 

VEE 5 6 Out Freq. 
Compo 

P1SUFFIX ~ 
PLASTIC PACKAGE 

CASE 626 I 

(MC1709Conly) ~ 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

Input Freq. Input Freq. 

Compo 

Inv. Input 

Non-Inv. Input 3 

Input Freq. 3 
Compo 

Non·lnv. Input 5 

5 Output Freq. 
Compo 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632·02 
TO·116 

Output 

9 Output Freq. 
Compo 

a N.C. 

~-P2SUFFIX 
PLASTIC PACKAGE 

CASE 646 
(MC1709C only) 

• 



MC1709, MC1709A, MC 1709C 

ELECTRICAL CHARACTERISTICS (unless otherwise noted, 9.0 V :S;;;VCC :S;;;15 V, -9.0 V;;>VEE ;;>-15 V, TA = 25°C) 

MC1709A MC1709 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Input Offset Voltage VIO - 0.6 2.0 - 1.0 5.0 mV 
(RS or;;; 10 k!1) 

Input Offset Current ,110 - 10 50 - 50 200 nA 

Input Bias Current liB - 100 200 - 200 500 nA 

Inp'ut Resistance Yj 350 700 - 150 400 - k!1 

• Output Resistance ro - 150 - - 150 - !1 

Power Supply Currents Icc,lee - 2.5 3.6 - - -' mA 

(VCC'" 15 V, Vee"'; -15 V) 

Power Consumption Pc - 75 10B - BO 165 mW 
(VCC = 15 V, VEe'" -15 V) 

Transient Response 
(VCC = 15 V, Vee = -15 VI See Figure B 

Risetime tTLH - - 1.5 - 0.3 1.0 IlS 

Overshoot OS - - 30 - 10 30 % 

ElI~CTRICAL CHARACTERISTICS (unless otherwise noted, 9.0 V ~VCC ~ 15 V, -9.0 V ;;>Vee ;;>-15 V, TA = -55°C to +1250CI 

MC1709A MC1709 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Input Offset Voltage VIO - - 3.0 - - 6.0 mV 
(RS';;; 10 k!11 

Average Temperature Coefficient of I nput Offset Voltage LNI0/6T IlV/JJC 
(RS = 50!1, TA = 25°C to 125°C) '- 1.B 10 - - -
(RS = 50 !1, T A = -55°C to 250Cl - 1.B 10 - - -
(RS = 50!1, TA = -55°C to 1250 Cl - - - - 3.0 -
(RS = 10 k!1, TA = 25°C to 1250 Cl - 2.0 15 - - -
(RS = 10 k!1, T A = -55°C to 250Cl - 4.B 25 - - -
(RS = 10 k!1, T A = -55°C to 1250Cl - - - - 6.0 -

Input Offset Current 110 nA 
(TA = -55°C I - 40 250 - 100 500 
(TA = 1250Cl - 3.5 50 - 20 200 

Average Temperature Coefficient of Input Offset Current 6110/6T, nA/oC 
(T A = -55°C to 25°C) - 0.45 2.8 - - -

-(T A = 25°C to 1250Cl - 0.08 0.5 - - -
Input Bias Current liB - 300 600 - 500 1500 nA 

(TA = -55°C) 

Input Resistance Yj B5 170 - 40 100 - k!1 
(TA = -55°C) 

Input Common·Mode Voltage Range VICR ±B.O ±10 - ±8.0 ±.10 - V 

(VCC = 15 V, Vee = -15 V) 
Common Mode Rejection Ratio CMRR . BO 110 - 70 90 - dB 

(RS :S;;;10 knl 

Supply Voltage Rejection Rati.o 
(VCC = 15 V, Vee = -15 V, RS ~ 10 k!1) 

PSRR - 40 100 - 25 150 IlV/V 

Large Signal Voltage Gain AV 25 45 70 25 45 70 V/mV 
(VCC = 15 V, Vee = -15 Y, RL ;;>2.0 kn, 
VO=±15V) -

Output Voltage Range VOR V 
(VCC = 15 V, Vee = -15 V) j 

(Rl,;;>l0 knl ±'12 ±.14 - ±.12 ±14 -
(RL~2.0 knl ±10 ' ±.13 - ±10 ±.13 -

Power Supply Currents Icc/lee mA 
(VCC = 15 V, Vee = -15 V) 

(TA = -55°C) - 2.7 4.5 - - -
(TA = 1?50C) - 2.1 3.0 - - -

Power Consumption Pc mW 
(VCC = 15, Vee = -15 V) 

(TA = -55°C) - 81 135 - - -
(TA = 125°C) - 63 90 - - -
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MC1709, MC1709A, MC1709C 

ELECTRICAL CHARACTERISTICS (unless otherwise noted, VCC = 15 V, Vee = -15 V, TA = 250CI 

MC1709C 

Characteristic Symbol Min Typ Max Unit 

Input Offset Voltage VIO - 2.0 7.5 mV 

(RS 0;;; 10 kil, 9.0 V 0;;; 15 V, -9.0 V;;. VeE;;' -15 VI 

Input Offset Current 110 - 100 500 nA 

I nput Bias Current liB - 300 1500 nA 

I nput Resistance fj 50 250 - kil 

Output Resistance ro - 150 - il 

Power Consumption Pc - SO 200 mW 

Large Signal Voltage Gain AV 15 45 - V/mV 
. (R L;;' 2.0 kn, Vo = ± 10 VI 

Output Voltage Range VOR V • (RL ;;;'10 kill ±12 ±14 -
(RL ;;;'2.0 knl ±10 ±13 -

Input Common-Mode Voltage Range VICR ±S.O ±10 - V 

ComrTl0n Mode Rejection Ratio CMRR 65 90 - dB 
(RS";;10knl 

Supply Voltage Rejection Ratio PSRR - 25 200 p,V/V 
(RS";;lO kill 

Transient Response 
~e Figure 8 
RiseTime TTLH - 0.3 - JolS 

Overshoot OS - 10 - % 

ELECTRICAL CHARACTERISTICS (unless otherwise specified, VC~ = 15 V, VEE = -15 V, TA = OoC to 70°C I 

MC,1709C 

Parameter Symbol Min Typ Max Unit 

Input Offset Voltage VIO - - 10 mV 
(RS':;; 10 kil, 9.0 V.:;; VCC':;; 15 V, -9.0 V;;. VEE,;;' 15 VI 

Input Offset Current 110 - - 750 nA 

Input Bias Current liB - - 2.0 p,A 

Large Signal Voltage Gain AV 12 - - V/mV 

(RL;;' 2.0 kil, Vo = ±10 VI 

Input Resistance ri 35 - - kil 

TYPICAL CHARACTERISTICS 
FIGURE 2 - TEST CIRCUIT 

(VCC = +15 Vdc, VEE = -15 Vdc,TA = +250CI 

R2 
Fig. Test Conditions 
No. Curve No. 

Rl(~) R2(~) ~(~) C1(pF) C2(pF) 
3 1 10 k 10 k 1.5 k 5.0 k 200 

2 10 k 100 k 1.5 k 500 20 
3 10 k 1.0M 1.5 k 100 3.0 
4 1.0k 1.0M 0 10 3.0 

4 1 1.0k 1.0M 0 10 3.0 
2 10 k 1.0M 1.5 k 100 3.0 
3 10 k 100 k 1.5 k 500 20 
4 10 k 10 k 1.5 k 5.0 k 200 

5 1 0 co 1.5 k 5.0 k 200 
2 0 co 1.5 k 500 20 
3 0 co 1.5 k 100 3.0 
4 0 co 0 10 3.0 

3-65 



MC1709, MC1709A, MC1709C 

FIGURE 3 - LARGE SIGNAL SWING versus FREQUENCY 
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ORDERING INFORMATION 

Device 

MC1712F 
MC1712G 
MC1712L 
MC1712CF 
MC1712CG 
MC1712CL 
MC1712CP 

Temperature Range 

-55°C to + 125°C 
-55°C to +125°C 
-55°C to + 125°C 

O°C to +70°C 
O"C to +70°C 
O°C to +70°C 
O°C to +70°C 

Package 

Ceramic Flat 
Metal Can 

Ceramic DIP 
Ceramic Flat 

Metal Can 
Ceramic DIP 
Plastic DIP 

WIDEBAND DC AMPLIFIER 

. designed for use as an operational amplifier utilizing operating 
characteristics as a function of the external feedback components. 

• Open Loop Gain AVOL = 3600. typical 

.• Low Temperature Drift - ±2.5 IN JOC 

• Output Voltage Swing :.... 
±5.3 V typical @ +12 V and -6 V Supplies 

• Low Output Impedance - Zo = 200 ohms typical 

MAXIMUM RATINGS IT A = +250 C unless otherwise noted) 

Rating Symbol Value 

Power Supply Voltage 1VCCI + IVEEI 21 
ITotal bet_n VCC and VEE terminals) 

Input Differential Voltage Range V, ±5.0 

Input Common Mode Range VICR +1.5 
-6.0 

Peak Load Current IL 50 

Power Dissipation (Package Limitation) Po 
Metal Package 680 

Derate abo\ie T A= +250 C 4.6 

Flat Ceramic Package 500 

Derate above T A = +250 C 3.3 
Dual In-Line Ceramic Package 625 

Derate above T A = +250 C 5.0 \ 

Operating Ambient MC1712 TA -55 to +125 
Temperature Range MC1712C o to +75 

Storage Temperature Range Tstg -65 to +150 

CIRCUIT SCHEMATIC 
r--~~=::;-;8~.0~k --r-,-,-oVCC 

Unit 

Vdc 

Volts 

Volts 

mA 

mW 
mW/oC 

mW 
mW/oC 

mW 
mW/oC 

°c 

°c 

LEAO} EXTERNAL 
+---+--o ~~~~~~~ION 

LAG 

480 
~----------+------4-------oVEE 
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MC1712 
MC1712C 

WIDEBAND DC AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

F SUFFIX 
CERAMIC PACKAGE 

CASE 606 
TO-91 

GSUFFIX 
METAL PACKAGE 

CASE 601 

N.C.l~10VCC 
Gnd 2 9 N.C. 

Iny. Input 3 - 8 Output 
Non-Iny. Input 4 + 7 Lag Camp. 

VEE 5 . 6 Lead Camp. 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

Non-Iny. 
Input 5 

LSUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

9 Lead 
Camp. 

• 



MC1712, MC1712C 

MC1712 ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwis'! specified) 

/ 
VCC = 12 V, VEe = -6.0 V VCC = 6.0 V, Vee = -3.0 V 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Input Offset Voltage VIO - 0.5 2.0 - 0.7 3.0 mV 
(RS" 2 kn) 

Input Offset Current 110 - 180 500 - 120 500 nA 

Input Bias Current liB - 2.0 5.0 - 1.2 3.5 p.A· 

Input Resistance fj 16 40 - 22 67 - kn 

Input Voltage Range VI -4.0 - +0.5 -1.5 - +0.5 V 

• Common Mode Rejection Ratio CMRR 80 100 - 80 100 - dB 
(RS .. 2 kn, f .;; 1 kHz) 

Large Signal Voltage Gain AVOL 
(RL;;' 100 kn, Vout = ±5.0 V) 2000 3600 6000 - - -
(RL;;' 100 kn, Vout = ±2.5 V) - - - 600 900 1500 

Output Resistance / ro -. 200 500 - 300 700 n 

Supply Current 10 - 5.0 6.7 - 2.1 3.3 mA 
(Vout = 0) 

Power Consumption Pc - 90 120 - 19 30 mW 
(Vout = 0) 

Transient Response (Unity·Gain) 
(Cl = 0.01 p.F, Rl = 20 n, RL .;; 100 kn, 
Yin = 10 mV, CL .;; 100 pF) 

Rise Time tTLH - 25 120 - - - ns 
Overshoot OS - 10 50 - - - % 

Transient Response (xl00 Gain) 
(C3 = 50 pF, RL;;;' l00kn, Yin = 1 mY) 

Rise Time tTLH - 10 30 - - - ns 
Overshoot OS - 20 40 - - - % 

The following specifications apply for -55°C .. T A" +1250 C: 

Input Offset Voltage VIO - - 3.0 - - 4.0 mV 
(RS" 2 kn) 

Average Temperatura Coefficient 
of Input Offset Voltage /WIO/t.T 
(RS = 50 n, T A = 25°C to 125°C) - 2.5 10 - 3.5 15 p.V/oC 
(RS = 50 n, TA =·250 C to -55°C) - 2.0 10 - 3.0 15 p.V/oC 

Input Offset Current 110 
(T A = +1250 C) - 80 500 - 50 500 nA 
ITA = -55°C) - 400 1500 - 280 1500 nA 

Average Temperature Coefficient 
of Input OffsefCurrent t.IIO/t.T 

nAioC IT A = 25°C to +1250 C) - 1.0 5.0 - 0.7 4.0 
(T A = 25°C to -55°C) - 3.0 16 - 20 13 nAJOC 

Input Bias Current liB 
(TA = -550 C) - 4.3 10 - 2.6 7.5 p.A 

Input Resistance fj 6.0 - - 8.0 - - kn 

Common Mode Rejection Ratio CMRR' 70 95 - 70 95 - dB 
(RS" 2 kn, f';; 1 kHz) 

Supply Voltage Rejection Ratio 
(VCC = 12 V, Vee = -6.0 V to VCC~= 6.0 V, 
Vee = -3.0 V, RS" 2 kn) PSRR - 75 200 - 75 200 p.V/V 

Large Signal Voltage Gain AVOL 
(RL;;' 100 kn, Vout = ±5.0 V) 2000 - 7000 - -, -
(RL;;;' 100 kn, Vout = ±2.5 V) - - - 500 - 1750 

Output Voltage Swing Vo 
(RL;;' 100 kn) ±5.0 ±5.3 - ±2.5 ±2.7 - V 
(RL;;'10 kn) ±3.5 ±4.0 - ±1.5 ±2.0 - V 

Supply Current 
(TA = +1250 C, Vout = 01 10 - 4.4 6.7 - 1.7 3.3 mA 
IT A = ,..550 C, Vout = 0) - 5.0 7.5 - 2.1 3.9 mA 

Power Consumption Pc 
(T A = +1250 C, Vout = 0) - 80 120 - 15 30 mW 
(T A = -550 C, Vout = 01 - 90 135 - 19 35 mW 

'-------- MOTOROLA SenJiconductor Products Inc. ® ---------' 
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MC1712, MC1712~ 

MC1712C ELECTRICAL CHARACTERISTICS ITA = 250 C unless otherwise specified) 

VCC = 12 V. VEE = -6.0 V VCC = 6.0 V. VEe - -3.0 V 

Characteristic Symbol Min Typ Max Min Typ Max Unit 
~ 

Input Offset Voltage VIO - 1.5 5.0 - 1.7 6.0 mV 
(RS" 2 kil) 

Input Offset Current 110 - 0.5 2.0 - 0.3 2.0 IJA 

Input Bias Current liB - 2.5 7.5 - 1.5 6.0 IJA 

Input Resistance q 10 32 - 16 55 - kil 

Input Voltage Range VI -4.0 - +0.5 -1.5 - +0.5 V 

Common Mode Rejection Ratio CMRR 70 92 - 70 92 - dB 
(RS" 2 kil. f .. 1 kHz) • Large Signal Voltage Gain AVOL 

, 

(RL;;;' 100 kil. Vout = ±5.0 V) 2000 3400 6000 - - -
(RL;;;' 100 kil. Vout = ±2.5 V) - - - 500 800 1500 

Output Resistance ro - 200 600 - 300 800 il 

Supply Current ID - 5.0 6.7 - 2.1 3.3 mA 
(Vout = 0) 

Power Consumption Pc - 90 120 - 19. 30 mW 
(Vout = 0) 

Transient Response (Unity-Gain) 
(Cl = 0.01 IJF. RI = 20 n. RL .. 100 kn, 
Vi'; = 10 mV. CL" 100 pF) 

Rise Time tTLH - 25 120 - - - ns 
Overshoot OS - 10 50 - - - % 

Transient Response (xl00 Gain) 
(C3 = 50 pF, RL;;;' 100 kil. Vin = 1 mV) 

R4se Time tTLH - 10 30 - - - ns 
Overshoot OS - 20 40 - - - % 

The following specifications apply for OOC .. T A .. + 70°C: 

Input Offset Voltage VIO - - 6.5 - - 7.5 mV 
(RS" 2 kil) 

Average Temperature Coefficient 
of Input Offset Voltage LlVIO/LlT 
(RS = 50 n. TA = +700 C to OOCI - 5.0 20 - 7.5 25 IJV/oC 

Input Offset Current 110 - - 2.5 - , - 2.5 IJA 

Average Temperature Coefficient 
of Input Offset Current LlIIO/LlT 
(T A = 250 C to +700 C) - 4.0 10 - 3.0 8.0 nA/oC 
IT A = 25°C to OoC) - 6.0 20 - 5.5 18 nAJOC 

Input Bias Cu'rrent liB 
(TA = OoC) - 4.0 12 - 2.7 8 IJA 

Input Resistance ri 6.0 18 - 9'.0 27 - - kil 

Common Mode Rejection Ratio CMRR 6.5 86 - 65 86 - dB 
(RS" 2 kil. f .. 1 kHz) 

Supply Voltage Rejection Ratio 
(Vee = 12 V, VEE = -6.0 V to Vee = 6.0 V. 
Vee '= -3.0 V. RS" 2 kn) PSRR - 90 300 - 90 300 IJV/V 

Large Signal Voltage Gain AVOL 
(RL;;;' 100 kil, Vout = ±5.0 VI 1600 - 7000 - - -
(RL;;;' 100 kil. Vout = ±2.5 V) - - - 400 - 1750 

Output Voltage Swing Vo 
(AL;;;' 100 kil) ±5.0 ±5.3 - ±2.5 ±2.7 - V 
(RL;;;' 10 kn) ±3.5 ±4.0 - ±1.6 ±2.0 - V 

Supply Current 
(Vout = 0) ID - 5.0 7.0 - 2.1 3.9 mA 

Power Consumption 
(Vout = 0) Pc - 90 125 - 19 35 mW 

@ .MOTOROLA Se,.,iconductor Product. Inc. _______ -' 
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MC1712, MC1712C 

TYPICAL OUTPUT CHARACTERISTICS 
(Vee "12 Vdc, VEE = -6.0 Vdc, TA = +250 el 

FIGURE 1 - OPEN LOOP GAIN versus 
POWER SUPPLY VARIATIONS 
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MC1712, MC1712C 

TYPICAL CHARACTERISTICS(continued) 
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See last page of data sheet for ordering information. 

INTERNALLY COMPENSATED, HIGH PERFORMANCE' 
OPERATIONAL AMPLIFIERS 

. .. designed for use as a summing amplifier. integrator, or amplifier with 
operating characteristics as a function of the external feedback 
components. 

• No Frequency Compensation Required 

• Short-Circuit Protection 
• Offset Voltage Null Capability 
• Wide Common-Mode and Differential Voltage Ranges 
• Low-Power Consumption 

.' No Latch Up 
• Low Noise Selections Offered - N Suffix 

MAXIMUM. RATINGS (TA = +250 C unless otherwise noted)' 

Rating Symbol MC1741C MC1741 

POllller Supply Voltage VCC +18 +22 
VEE -18 -22 

Input Differential Voltage VID ±30 

Input Common Mode Voltage (Note 1) VICM ±15 

Output Short Circuit Duration (Note 2) ts Continuous 

Operating Ambient Temperature Range TA o to +70 -55to+125 

Storage Temperature Range Tstg 
Metal, Flat and Ceramic Packages -65 to +150 

Plastic Packages -55 to +125 

Junction Temperature Range TJ 
Metal and Ceramic Packages 175 
Plastic Packages 150 

Unit 

Vdc 
Vdc 

Volts 

Volts 

°c 
°c 

°c 

Note 1, For supply voltages less than ± 15 V, the absolute maximum input voltage is equal 
to the supply voltage. 

Note 2. Supply volt'lge equal to or less than 15 V. 

EQUIVALENT CIRCUIT SCHEMATIC 

r-4r~ ______ 4r __ -4~ ________ ~ __________ ~~VCC 

25 

50 

OFFSET 
NUll o---t--+--~ 
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MC1741, MC1141~ 
MC1741N, MC1741NC 

OPERATIONAL AMPLIFIER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601 

NC 

OffsetNU€)I. • • VCC 

Invt Input, , Output 

Noninvt Input' +: • Offset Null 

VEE 
(Top View) 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MC1741C,MC1741 NC) 

USUFFIX ~ 
CERAMIC PACKAGE 

CASE 693 

Offset NUII~' NC 
Invt Input' , VCC 

Nonlnvt Input' + • Output 

VEE' , Offset Null 

(Top View) 

LSUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

P2SUFFIX • 
PLASTIC PACKAGE . '. - , 

CASE 646 
(MC1741 C,MC1741 NC) 

F SUFFIX 
CERAMIC PACKAGE 

CASE 606-04 
TO-91 

NC'~.NC Offset Null 2 • NC 

Inputs:' ~'~~~ut 
VeE' • Offset Null 

. (Top View) 



MC1741, MC1741C, MC1741N, MC1741NC 

ELECTRICAL CHARACTERISTICS (Vec = 15 V, VEE = 15 V, T A = 25°C unless otherwise noted). 

Characteristic Symbol 

Input Offset Voltage V,O 
(RS:E;;10k) 

I nput Offset Current 110 
Input Bias Current liB 
Input Resistance ri 

In'put Capacitance Ci 
Offset Voltage Adjustment Range V,OR 
Common Mode Input Voltage Range V,CR 
Large Signal Voltage Gain Av 

(VO = ±10 V, RL ~2.0 k) 

Output Resistance ro 
Common Mode Rejection Ratio CMRR 

(RS:E;;10k) 

Supply Voltage Rejef:;tion Ratio PSRR 
(RS:E;;10 k) 

Output Voltage Swing Vo 
(RL~10k) 
(RL ~2 k) 

Output Short-Circuit Current los 
Supply Current 10 

Power Consumption Pc 

Transient Response (Unity Gain - NOQ-Inverting) 
(V, = 20 mV, RL;' 2 k, CL';;; 100 pF) Rise Time lTLH 
(V,,= 20 mV, RL' 2 k, CL" 100 pF) Overshoot os 
(V, = 10 V, RL' 2 k, CL .;;; 100 pF) Slew Rate SR 

ELECTRICAL CHARACTERISTICS (V - 15 V V - 15 V T CC- EE -

Characteristic 

Input Offset VOlt~ge 
~(RS:E;;10krb 

Input Offset Current 
(TA = 125°C) 
(TA =-550 C) 
(T A = OOC to + 70°C) 

Input Bias Current 
(TA = 125°C) 
(TA = -55°C) 
(T A =OoC to + 70°C) 

Common Mode Input Voltage Range 

Common Mode Rejection Ratio 
(RS:E;;10k) 

Supply Voltage Rejection Ratio 
(RS :E;;10 k) 

Output Voltage Swing 
(RL~10k) 
(RL~2 k) 

Large Signal Voltage Gain 
(RL ~2 k, Vout = ±10 V) 

Supply Currents 
(TA" 125°C) 
(TA" -56°C) 

Power Consumption (TA .. +1250 C) 
(T A .. -55C1C) . 

*ThlghOO 125°C for MC1741 and 70°C for MC1741C 
T,ow· -55°C for MC1741 and OOC for MC1741C 

\ Symbol 

V,O 

',0 

liB 

-

V,CR 

CMRR 

PSRR 

Vo 

Av 

10. 

Pc 

Min 

-

-

-
0.3 

-
-

±12 

50 

-
70 

-

±12 
±10 

-
-
-

-
-
-

A= *T 

Min 

-

-
-
-

-
-
-

±12 

70 

-

±12 
±10 

25 

-
-
-
-

MC1741 MC1741C 

Typ Max Min Typ 

1.0 5.0 - 2.0 

20 200 - 20 

80 500 - 80 

2.0 - 0.3 2.0 

1.4 - - 1.4 

±15 - - ±15 

±13 - ±12 ±13 

200 - 20 200 

75 - - 75 

90 - 70 90 

30 150 - 30 

±14 - ±12 ±14 
±13 - ±10 ±13 

20 - - 20 
1.7 2.8 - 1.7 

50 85 - 50 

0.3 - - 0.3 
15 - - 15 
0.5 - - 0.5 

high to T low u nless otherwise noted) 

MC1741 MC1741C 

Typ Max Min Typ 

1.0 6.0 - -

7.0 2~ - -
85 500 - -
- - - -

30 500 - -
300 150q - -
- - - -

±13 - - -
90 - - -

30 150 - -

±14 - - -
±13 - ±10 ±13 

- - 15 -

1.5 2.5 ..;. -
2.0 3.3 - -
45 75 - -
60 100 - -

Max Unit 

6.0 mV 

200 nA 

500 nA 

- Mil 

- pF 

- f!1V 

- V 

- V/mV 

- il 

- dB 

150 IlVN 

V 
-
-

- rnA 

2.8 mA 

85 mW 

- Jls 
- % 

- V/Jls 

Max Unit 

7.5 mV 

nA 
-
-

300 

nA 
-
-

800 

- V 

- dB 

- IlVN 

V 
-
-
- V/mV 

rnA 

-
-
- mW 

-

'-------- MOTOROLA S.,.,;conduc~or. Produaf:. Inc. ® ------.... 
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MC1741, MC1741C, MC1741N, MC1741NC 

NOISE CHARACTERISTICS (A r f MC1741N d MC1741NC I V pp ,es or an on y. 'CC= ,'EE=-15V,TA=+25 C 15V V o ) 

Characteristic Symbol 

Burst Noise (Popcorn Noise) En 
(BW = 1.0 Hz to 1.0 kHz, t = 10 s. RS = 100 k) 
(Input Referenced) 

FIGURE 1 - BURST NOISE versus SOURCE RESISTANCE 
100 0 

I i Hz 0 I I kH. 

0 
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n. 
10 flO 1.0 k I k I k 1.0M 

RS. SOURCE RESISTANCE (OHMS) 

FIGURE 3- OUTPUT NOISE versus SOURCE RESISTANCE 
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FIGURE 2 ....:.RMS NOISE versus SOURCE RESISTANCE 
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FIGURE 4 - SPECTRAL NOISE DENSITY 
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FIGURE 5 - BURST NOISE TEST CIRCUIT (N Suffixed Devices Only) 

100 k 

100 k 

1 k 

100 k 

Positive 
Threshold 

Low Pass 
Filter 

To Pass/Fail 
Indicator 

Operational Amphfier 
Under Test 

1.0 Hz to 1 kHz 

For applications where low noise performance is essential. selected 
devices denoted by an N suffix are offered. These units have been 
100% tested for burst noise pulses on a special. noise test system. 
Unlike conventional peak reading or RMS meters. this system was' 
especially designed to provide the quick response time essential to 
burst (popcorn) noise testing. 

Negative 
Threshold 

Voltage 

The test time employed is 10 seconds and the 20 /.IV peak 
limit refers to the operational amplifier input thus eliminating 
errors! in the closed-loop gain factor of the operational amplifier 
under test. . 
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~C1741, MC1741C, MC1741N, MC1741NC 

TYPICAL CHARACTERISTICS 
(VC~'= +15 Vdc. VEE = -15 Vdc. T A = +250 C unless otherwise noted). 
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FIGURE 6 -POWER BANDWIDTH 

(LARGE SIGNAL SWING versus FREQUENCYI 
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FIGURE 8 - POSITIVE OUTPUT VOLTAGE SWING 
versus-LOAD RESISTANCE 
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FIGURE 10 - OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE (Single Supply Operation) 
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FIGURE 7 - OPEN LOOP FREQUENCY RESPONSE 

~'" 
~ 
~ 
~ 
~ 

" 10 100 1.0 k 10 k lOOk 1.0M 10M 

f. FREQUENCY (Hz) 

FIGURE 9 - NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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FIGURE 11 - SINGLE SUPPLY INVERTING AMPLIFIER 
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MC1741, MC1741C, MC1741N, MC1741NC 

FIGURE 12 - NON-INVERTING PULSE RESPONSE 

J 

I ~UTPUT 

I \ 

\ 

10/ls101V 

FIGtlRE 13 - TRANSIENT RESPONSE TEST CIRCUIT 

ToScope ~ 

(Inp tUtl 

- ..... '-0--.---.-_ .... ~ To Scope 

FIGURE 14 - OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 

1o5,---,---,---,----r--.--r--r--.,.---,-----, 

~ 95~-r---r--~-r-~~~~-t -~----~-~~ 
z /'" 

~ 90~--~~~~~~~~~--~--~-~--+--+-_1 
C) 

~ : ,~' (Output) 

~ · A'r C, ~ 85r---~~/~--~--~--~--~--~--+---+-~ 
'0 /' 

ORDERING INFORMATION 

Device 

MC174tCF,NCF 
MC1741CG 
MC1741CL 
MC1741CP1 
MC1741CP2, 

NCP1, NCP2 
MC1741CU,NCU 
MC1741F,NF 
MC1741G,NG 
MC1741L,NL 
MC1741U,NU 
MC1741NCG 
MC1741NCL 

Alternate 

LM741CD,~741HC 
LM741 CD, ILA741 DC 
LM741 CN, p.A741TC 

I 
Circuit diagrams utilizing Motorola produ~ts are included as a means 
of illustrating ,typical s,emiconductor applications; conseqUentlY,' 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

> 
~ 80~--~--~-~,--~-~-~-~--+---+-~ 

75r---"11----f--t-~--~-~--~-_+--_+-~ 

7~~-2~,O---4~.O--6.~O--8~.O--I~D--l~2--1~4-~1~6-~18-~2D 
VCC,IVEEI,SUPPLY VOLTAGES (VOLTS) 

Temperature 
Range 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

O°C to +70°C 
-'55°C to + 125°C 
-,55°C to +125°C 
-55°C to +125°C 
-55°C to + 125°C 

O°C to +700C 
O°C to +70°C 

Package 

Ceramic Flat 
Metal Can 

Ceramic DIP 
Plastic DIP 
Plastic DIP 

Ceramic DIP 
Ceramic Flat 

Metal Can 
Ceramic DIP 
Ceramic DIP 

Metal Can 
Ceramic DIP 

is believed to be entirely reliable. However, no responsibility is I 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described'any 
license under the patent rights of Motorola Inc. or others. , 
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ORDERING INFORMATION 

Device 
MC1741SG 
MC1741SU 
MC1741SCG 
MC1741SCP1 
MC1741SCU 

Temperature Range 

-55°C to +125°C 
-55°C to + 125°C 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Package 

Metal Can 
Ceramic DIP 

Metal Can 
Plastic DIP 

Ceramic DIP 

HIGH SLEW·RATE INTERNALLY·COMPENSATED 
OPERATIONAL AMPLIFIER 

The MC1741S/MC1741SC is functiorially equivalent, pin com
patible, and possesses the same ease of use as the popular MC1741 
circuit, yet offers 20 times higher slew rate and power bandwidth. 
This device is ideally suited for D-to-A converters due to its fast 
settling time and high·slew rate. 

• High Slew Rate - 10 VIJls Guaranteed Minimum (for unity gain only) 

• No Frequency Compensation Required 

• Short-Circuit Protection 

• Offset Voltage Null Cap.ability 

• Wide Common-Mode and Differential Voltage Ranges 

• Low Power Consumption 

• No Latch-Up 

TYPICAL APPLICATION OF OUTPUT CURRENT TO 
VOLTAGE TRANSFORMATION FOR A O-TO-A CONVERTER 

MSS 

A3 

A6 

A7 

LSS AS 

Vee =5.0V 

13 

V ref = 2.0 Vdc 
R1=R2=01.0kll 
RO = 5.0 kH 

Theoretical Va 

MC1741S 
MC1741SC 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P1 SUFFIX 

G SUFFIX 
METAL PACKAGE 

CASE 601-02 

O:~~~T~O eO 7 Vee 

INVT INPUT 6 OUTPUT 

NONINVT

2 

3 4050FFSfT 

INPUT Vee NULL 

(Top View) 

PLASTIC PACKAGE 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 CASE 626 

OFFSET NULlM8 NC 

INVT INPUT 2 7 Vee 

NONINVT INPUT 3 OUTPUT 

Vee 4 5 OFFSET NULL 

(Top View) 

c· 
Vref [AI A2 A3 A4 A5 A6 A7 A8] 

Vo = At (Rol 2" +4" +8 +16 +32 +64 \20 +256 

Pins not shown are not co nnected. Adjust Vref. R 1 Of Ro so that Vo with all digital inputs at high level 
is equal to 9.961 volts. 

Settling time to within 112 LSB (±19.5 mY) is approxi
mately 4.0 liS from the time ,that all bits are sWitched. 
*The value of C may be selected to minimize overshoot 
and ringing IC "" 150 pF). 

'I. V (1 1 1 1 1 1 1 1] [255J VO=-(5k) -+-+-+-+-+-+-+-=10V - =9.961V 
1 k 2 4 8 16 32 64 128 256 256 

MC1741S LARGE-SIGNAL TRANSIENT RESPONSE 

> 
<5 
3> 
"" .n 

STANDARD MC1741 versus MC1741S RESPONSE COMPARISON 
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MC1741Si MC1741SC 

CIRCUIT SCHEMATIC 

MAXIMUM RATINGS (T A = -+250 C unless otherwise noted) 

Value 
Rating Symbol MC1741SC I MC1741S 

Power Supply Voltage VCC +18 

I 
+22 

VEE -18 -22 

Differential I nput Signal Voltage VID ±30 

Common-Mode Input Voltage Swing (See Note 1) VieR ±15 

Output Short-Circuit Duration (See Note 2) ts Continuous 

Power Dissipation (Package Limitation) Po 
Metal Package 680 

Derate above T A = +250 C 4_6 

Plastic Dual In-Line Package 625 
Derate above T A = +250 C 5_0 

Operating Ambient Tamperature Range TA o to +75 I -55 to +125 

Storage Temperature Range T stg 
Metal Package -65 to +150 
Plastic Package -55 to +125 

Note 1_ For supply voltages less than ±15 Vdc, the absolute maximum input voltage is equal to the supply voltage_ 
Note 2_ Supply voltage equal to or less than 15 Vdc_ 

Unit 

Vdc 

Volts 

Volts 

mW 
mW/oC 

mW 
mW/oC 

°c 
°c 

FIGURE 2 - INPUT BIAS CURRENT versus TEMPERATURE 

FIGURE 1 - OFFSET ADJUST CIRCUIT 

INPUTS 

OFFSET NULL 
TERMINALS 

Vee 

OUTPUT 

VEE 

_ 40 0 

1 

i: 0 

0 

~ 25 
a; 

~ 20 

!: 
w 15 
<.::l 

0 

0 

0 

~ 100 
> 
« 50 
~ 

"'r--... 
...................... 

............... r-..., 
.......... 

" ~ 
............... 

-25 +25 +50 +75 +100 +125 

T, TEMPERATURE (OC) 
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MC1741S, MC1741SC 

ELECTRICAL CHARACTERISTICS (Vec = +15 Vdc VEE = -15 Vdc TA = +250 e unless otherwise noted) 

Characteristic Symbol Min 

Power Bandwidth (See Figure 3) BWp 
A" = 1, RL = 2.0 kn, THO = 5%, VO= 20 V(p-pl 150 

Large-Signal Transient Response 
Slew Rate (Figures to and 11) SR 
V(-) to VI+) 10 
V(+) to V(-) 10 

Settling Time IFigures to and 111 tsetlg -
(to within 0.1%) 

Small-Signal Transient Response 
IGain = 1, Ein = 20 mV, see Figures 7 and 8) 
Rise Time tTLH -
Fall Time tTHL -
Propagation Delay Time tPLH,tPHL -
Overshoot OS -

Short-Circuit Output Currents lOS ±10 

Open-Loop Voltage Gain (R L ' 2.0 kU) (See Figure 4) Avol 
Vo • ±10 V, TA ~ +250 C 50,000 

VO' ±10V, TA = Tlow· to Thigh· 25,000 

Output Impedance (f ~ 20 Hz) Zo -
Input Impedance If ~ 20 Hz) z"j 0.3 

Output Voltage Swing Vo 
RL = 10 kn, T A = Tlow to Thigh (MC1741 S only) ±12 
RL = 2.0 kU, TA = +25uC ±10 

R L • 2.0 kn, T A = Tlow to Thi\lh ±10 

Input Common-Mode Voltage Range VICR ±12 

T A = Tlow to Thigh (MC1741 SI 

Common-Mode Rejection Ratio If - 20 Hz) CMRR 70 

TA = Tlow to Thigh IMC174tSI 

I nput Bias Current (See Figure 2) liB 
T A = +250 C and Thigh -
TA = Tlow -

Input Offset Current 11101 
TA = +250 C and Thigh -
TA = Tlow -

I nput Offset Voltage (RS = ..;;; 10 kn) IVlol 
TA = +250 C -

TA = Tlo~ to Thigh -

DC Power Consumption (See Figure 9) Pe 
(Pomr Supply = ±15 V, Vo = 0) -
T A = Tlow to Thigh 

Positive Voltage Supply Sensitivity PSS+ 
(VEE constant) -

TA = Tlow to Thigh on MC1741S 

Negative Voltage Supply Sensitivity PSS-
(VCC constant) -

·Tlow = 0 for MC1741 SC 
= -55 °c for MC1741S 

Thigh = +700 C for MC1741SC 
= +12SoC for MC1741S 

MCt74tS MC1741SC 

Typ Max Min Typ 

200 - 150 200 

20 - 10 20 
12 - 10 12 

3.0 - - 3.0 

0.25 - - 0.25 
0.25 - - 0.25 
0.25 - - 0.25 
20 - - 20 

- ±35 ±10 -

200,000 - 20,000 100,000 
- - 15,000 -
75 - - 75 

1.0 - 0.3 1.0 

±14 - ±12 ±14 
±13 - ±10 ±13 
- - ±lO -

±13 - ±12 ±13 

90 - 70 90 

200 500 - 200 
500 1500 - \ -

30 200 - 30 
- 500 - -

1.~ 5.0 - 2.0 

- 6.0 - -

50 85 - 50 

2.0 tOO - 2.0 

10 150 - 10 

Max Unit 

kHz 
-

- V//ls 
-
- /lS 

- /lS 
- /lS 
- /lS 
- % 

±35 rnA 

-
-
-
- 52 

- MH 

Vpk 
-
-
-
- Vpk 

- dB 

nA 
500 
800 

nA 
200 
300 

mV 
6.0 
7.5 

mW 
85 

/lV/V 
150 

/lV/V 
150 
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MC1741S, MC1741SC 

TYPICAL CHARACTERISTICS 
(Vee = +15 Vdc, VEE = -15 Vdc, TA = +2Soe unless otherwise noted.l 

FIGURE 3 - POWER BANDWIDTH - NONDISTORTED 
OUTPUT VOLTAGE versus FREQUENCY FIGURE 4 - OPEN· LOOP FREQUENCY RESPONSE 

~ 
+20 

~ +15 
c 
:I: 
I- +10 
il'i 
v 
II: +5.0 
~ 

'\ 
1'\ 

/ 

j 

+120 

+100 

~ +80 
z 

~ +60 
w 
<.!I 
ct 
~ +40 

'" > 
ci +20 
.J 

-~ 

~ 

'" I'" 
'" ~ 

100 1.0 k 10 k 100 k 1.0M 
-20 

1.0 10 100 1.0 k 10 k 100 k 1.0M 10M 

f, FREQUENCY (Hz) 

FIGURE 5 - NOISE versus FREQUENCY 
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FIGURE 7 - SMALL·SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 

50" .. 

RISE TIME 
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FIGURE 6 - OUTPUT NOISE versus 
SOURCE RESISTANCE 

Av= 10011 
\1 

r--11 
V 
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RS, SOURCE RESISTANCE (OHMS) 

FIGURE 8 - SMALL-8IGNAL TRANSIENT 
RESPONSE TEST CIRCUIT 

Pins not shown are not connected 

INPUT 

lOOk 
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MC1741S, MC1741SC 

TYPICAL CHARACTERISTICS 
(Vee = +15 Vdc. VEE = -15 Vdc. TA = +250 C unless otherwise noted,! 

FIGURE 9 ~ POWER CONSUMPTION v~rsus POWER 
SUPPL y VOLTAGES 
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FIGURE 10 - LARGE-SIGNAL TRANSIENT WAVEFORMS 
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FIGURE 11 - SETTLING TIME AND SLEW RATE TEST CIRCUIT 
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OR EOUIV . PI!1snot shown are nOt connecled. 

25 

SETTLING TIME 
In order to properly utilize the high slew rate and fast 

settling time of an operational amplifier, a number of 
system considerations must be observed. Capacitance at 
the summing node and at the amplifier output must be 
minimal and circuit board layout should be consistent 
with common high-frequency considerations. Both power 
supply connections should be adequately bypassed as 
close as possible to the device pins. In bypassing, both 
low and high-frequency components should be con
sidered to avoid the possibility of excessive ringing_ In 
order to achieve optimum damping, the selecti'on of a 
capacitor in parallel with the feedback resistor may be 
necessary. A value too small could result in excessive 
ringing while a value too large will degrade slew rate and 
settling time. 

SETTLING TIME MEASUREMENT 
In order to accurately measure the settling time of an 

operational amplifier, it is suggested that the "false" 
summing junction approach be taken as shown in 
Figure 11. This is necessary since it is difficult to de
termine when the waveform at the output of the op
erational amplifier settles to within 0.1 % of it's final 
value. Because the output and input. voltages are ef
fectively subtracted from each other at the amplifier 
inverting input, this seems like an ideal node for the 
measurement. However, the probe capacitance at this 
critical node- can greatly affect the accuracy of the 
actual measurement. . . 

The solution to these problems is the creation of a 
second or "false" summing node_ The addition of two 
diodes at this node clamps the error voltage to limit the 
voltage excursion to the oscilloscope. Because of the 
voltage divider effect, only one-half of 'the actual error 
appears at this node. ,For extremely critical measure: 
ments, the capacitance of the diodes and the oscilloscope, 
and the seWing tIme of the oscilloscope must be con
sidered. The expression 

tsetlg =.j x2 + y2 + z2 

can be used to determine the actual amplifier settling 
time, where 
tsetlg = observed settling time 

x = amplifier settling time (to be determined) 
y = false summing junction settling time 

z = oscilloscope settling time 
It should be remembered that to settle within ±O.l % 
requires 7RC time constants. 

The ±0.1 % factor was chosen for the MC1741S 
settling time as it is compatible with the ±1/2 LSB 
accuracy of the MC1508L8 digital-to-analog converter. 
This D-to-A converter features ±O.19% maximum error. 

@ MOTOROLA S"lniconductor Products Inc. _______ ~ 
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MC1741S, MC1741SC 

FIGURE 12 - WAVEFORM AT FALSE SUMMING NODE 
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FIGURE 13 - EXPANDED WAVEFORM AT 
FALSE SUMMING NODE 
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TYPICAL APPLICATION 

FIGURE 14 - 12.S-WATT WIDEBANO POWER AMPLIFIER 

Delivers 12.5 Watts into 4.0 ohms with less than 1% THO to 100kHz, 
Pinsnot shown are not connected. 

"Sias cuneRt atlju~me~t to elimmate CfOSSO\ler Oistortian. 

+15V 

HEpoxy 10 power transistor heal sink or case for maICimum Thermal Feedback. 
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ORDERING INFORMATION 

~vice 

MC1747F 
MC1747G 
MC1747L 
MC1747CF 
MC1747CG 
MC1747CL 
MC1747CP2 

Temperature Range 

-55°C to + 125°C 
-55°C to +125°C 
-55°C to + 125°C 

O°C to +75°C 
O°C to +75°C 
O°C to +75°C 
O°C to +75°C 

DUAL MC1741 

Package 

Ceramic Flat 
Metal Can 

Ceramic DIP 
Ceramic Flat 

Metal Can 
Ceramic DIP 
Plastic DIP 

INTERNALLY COMPENSATED, HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 

· .. designed for use as summing amplifiers, integrators, or amplifiers 
with oPElrating characteristics as a function of the external feedback 
components. The MC1747L and MC1747CL are functionally, elec
trically, and pin-for-pin equivalent to the JJ.A747 and JJ.A747C respec
tively. 

• No Frequency Compensation Required 

• Short-Circuit Protection 

• Wide Common-Mode and Differential Voltage Ranges 

• Low-Power Consumption 

• No Latch Up 

• Offset Voltage Null Capability 

FIGURE 1 - HIGH-IMPEDANCE, HIGH-GAIN' 
INVERTING AMPLIFIER 

Vee Vee 

FIGURE 2 - CIRCUIT SCHEMATIC 

Vee 

25 

50 

Circuit diagrams utilizing Motorola products are included as a means of illustrating typical 
semiconductor applications; consequently, complete information sufficient for construction 
purposes is not necessarily given. The information has been carefully checked and Is believed 
to be entirely reliable. However, no responsibility is assumed for Inaccuracies. Furthermore, 
such information does not convey to the purchaser of the semlconductor'devlces described 
any license under the pate~t right of Motorola I nco or others. 

MC1747 
MC1747C' 

(DUAL MC1741) 

DUAL 
OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

~ 
FSUF~ 

CERAMIC PACKAGE 
CASE 607 

Inv. Input 1 ~14 Offset Adj A 
Ng~f~~{ ~~~ ~ - . g ~~t~~ A 

Offset A~n ~ + ~~ i~~~put B 
Non I::'V~ l~~~~ ~ - ~ ~nfe: Adj B 

~ 

~ 
Output A 1 

G SUFFIX 
METAL PACKAGE 

CASE 603 

N.C. 

7 Inv. Input 

--P2 SUFFIX L SUFFIX' 
PLASTIC PACKAGE 

CASE 646 

Non Inv 
Input 

Offset 
AdjA 

Offset 
Adj. B 

Non Inv 
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MC1747, MC1747C 

MAXIMUM RATINGS -(TA = +250 e unless otherwise noted.) 

'Rating Symbol MC1747 I MC1747C Unit 

Power Supply Voltages Vec +22 I 
+18 Vdc 

VEE. -22 -18 

Differential Input Signal Voltage <D VID ±30 Volts 

Common-Mode Input Swing Voltage ~ VICR I ± 15 Volts 

Output Short-Circuit Duration tos Continuous 

Voltage (Measurement between Offset Null and VEE) ± 0_5 Volts 

Operating Ambient Temperature Range TA -55 to +125 I o to +75 °c 

• \ 

Storage Temperature Range Tstg -65 to +150 I -65 to +150 °e 

Junction Temperature TJ °e 
Ceramic and Metal Package 175 
Plastic Package 150 

ELECTRICAL CHARACTERISTICS (Vc~ = +15 Vdc, VEE = -15 Vdc, TA = +250C unless otherwise noted.) 

MC1747 MC1747C 
Characteristics Symbol Min Typ Max Min Typ Max Unit 

Input 8ias Current liB nAdc 
TA = +250 C 80 500 80 500 
TA = Thigh ~ 30 500 30 800 
TA=Tlow ~ 300 1500 30 800 

Input Offset Current 110 nAdc 
TA = +250 C 20 200 20 200 
TA = Thigh 7.0 200 7.0 300 
TA=Tlow 85 500 7.0 300 

Input Offset Voltage (RS"'; 10 k.n) 'VIO mVdc 
TA = +250 C 1.0 5.0 1.0 6.0 
TA = Tlow to Thigh 1.0 6.0 1.0 7.5 

Offset Voltage Adjustment Range ± 15 ± 15 mV 

Differential Input Impedimce (Open·loop, f = 20 Hz) 
Parallel I nput Resistance ri 0.3 2.0 0.3 2.0 M.n 
Parallel I nput Capacitance Ci 1.4 1.4 pF 

Common-Mode Input Voltage Swing VICR Volts 
Tlow"'; T A';;;; Thigh ± 12 ± 13 ± 12 1: 13 

Common-II/Iode Rejection Ratio (RS - 10 k.n) CMRR dB 
Tlow"'; T A"'; Thigh 70 90 70 90 

Open-Loop Voltage Gain Avol Volts 
TA = +250 C } , ~O,OOO 200,000 25,000 200,000 
T -T' T' (VO=±10V.RL=2.0k.n) ~5,OOO 15,000 A - low to hIgh 

Transient Response (Unity Gain) 
(Vin = 20 mV, RL = 2.0 k.n, CL .,.; 100 pF) 
Rise Time tPLH 0.3 0.3 fJS 

Overshoot Percentage 5.0 5.0 % 

Slew Rate (Unity Gain) SR 0.5 0.5 VlfJs 

Output Impedance zo 75 75 ohms 

Short-Circuit Output Current lOS 25 25 mAdc 

Channel Separation 120 120 dB 

Output Voltage Swing (Tlow';;;; TA"'; Thigh) VOR Vpk 
RL = 10k.n ± 12 1: 14 ± 12 ± 14 
RL=2.0k.n ± 10 + 13 +10 + 13 

Power Supply Sensitivity (Tlow to Thigh) fJV/v 
VEE = Constant,RS"';1O k.n PSS+ 30 150 30 150 
VCC = Constant, RS"'; 10 k.n ' PsS"- 30 150 30 150 

Power Supply Current (each amplifier) ICC,IEE mAdc 
TA = +250 C 1.7 2.8 1.7 2.8 
TA=Tlow 2.0 3.3 2.0 3.3 
TA = Thigh 1.5 2.5 2.0 3.3 

DC Power Consumption (each amplifier) Pc mW 
TA = +250 C 50 85 50 85 
TA =Tlow 60 100 60 100 
TA = Thigh 45 75 60 100 

<D For supply voltages of less than 1: 15 V, the maximum differential'input voltage is equal to 1: (VCC + /VEEI). 
(2) For supply voltages of less than ± 15 V. the maximum input voltage is equal to the supply voltage (+V CC, -/VEE/I,: 
~ Tlow: OOe for MC1747CL 

-550 Cfor MC1717L 
Thigh: +750 C for MC1747CL 

+1250 C for MC1747L 

@ MOTOROLA Setniconductor Products Inc. 
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. MC1747, MC1747C 
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FIGURE 3 - TYPICAL FREQUENCY·SHIFT KEVER TONE 
GENERATOR TEST CIRCUIT 
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FIGURE 4 - TYPICAL FREQUENCY-SHIFT KEYER TONE GENERATOR 

lk 
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TYPICAL CHARACTERISTICS 

(VCC = +15 Vdc, VEE = -15 Vdc, TA =+250 C unless otherwise noted.) 

FIGURE 5 - OPEN·LOOP VOLTAGE GAIN 
versus POWER·SUPPLY VOL TAGE FIGURE 6 - OPEN·LOOP FREQUENCY RESPONSE 
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MC1747, MC1747C 

TYPICAL CHARACTERISTICS (continued) 

(VCC = +15 Vdc, VEE = -15 Vdc, TA = +25o~ unless otherwise noted.) 

FIGURE9 - OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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FIGURE 10 - OUTPUT NOISE versus SOURCE RESISTANCE 
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THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

TJ(max) -TA 
PD(T A) = ROJA(Typ) 

Where: PD(T A) = Power Dissipation allowable at a given 

operating ambient temperature. This must be greater than 

the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

T J(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 

L ® MOTOROLA Seft"ticonducf:or Producf:s Inc • .-J 
3-86 



ORDERING INFORMATION 

Device 

MC1748G 
MC1748U 
MC1748CG 
MC1748CP1 
MC1748CU 

Temperature Range 

-55°C to +125°C 
-55°C to + 125°C 

O°C to +70°C 
O°C to +70°C 

-O°C to + 70°C 

Package 

Metal Can 
Ceramic DIP 

Metal Can 
Plastic DIP 

Ceramic DIP 

HI-GH PER FORMANCE 
OPERATIONAL AMPLIFIER 

· .. designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components, 

• Noncompensated MC1741 

• Single 30 pF Capacitor Compensation Required For Un ity Gain 

• Short-Circuit Protection 

• Offset Voltage Null Capability 

• Wide Common·Mode and Differential Voltage Ranges 

• Low·Power Consumption 

• No Latch Up 

FIGURE 1 - CIRCUIT SCHEMATIC 

25 

OUTPUT 

50 

VEE 
L-~----~---4----~~~-+----~----------~-o4 

FIGURE 2 - OFFSET ADJUST AND 
F,REQUENCY COMPENSATION 

TYPICAL COMPENSATION CIRCUITS 

FIGURE 3 - SINGLE·POLE COMPENSATION 

R2 

,,>--<>--+-.vo 

Cl;;'~ 
Rl + R2 

Cs: 30 pF 
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MC1748 
MC1748C 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MC1748C only) 

Balance , 

Input.l 2 

U SUFFIX 
CERAMIC PACkAGE 

CASE 693 

• Compensation 

G SUFFIX 
METAL PACKAGE 

CASE 601 

Compensation 

VEE 

FIGURE 4 - FEEDFORVVARD COMPENSATION 

Rl 
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R3 

150 pF 

C2 

1 
C2: 21ffoR2 
fo: 3_0 MHz 
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MC1748, MC1748C 

MAXIMUM RATINGS (TA = +250 C unless otherwise noted) 

Reting Symbol MC1748 MC1748C 

Power Supply Voltage VCC +22 +18 

Vee -22 -18 

Differential Input Signal Vin ±30 

Common-Mode I nput Swing. CD VICR ±15 

Output Short Circuit Duration ts Continuous 

Power Dissipation (Package Limitationl Po 680 
Derate above T A = +250 C 4.6 

Operating Temperature Range- TA -55 to +125 o to +70 

Storage Temperature Range Tstg -65 to +150 -65 to +150 

ELECTRICAL CHARACTERISTICS (VCC = +15 Vdc, Vee = -15 Vdc, T A = +250 C unless otherwise noted.1 

MC1748 

Characteristics Syml;Jol. Min Typ 

Input Bias Current liB 
TA = +250 'C - 0.08 

TA = Tlow to Thigh@ - 0,3 

Input Offset Current 11101 

T A = +250 C - 0,02 

T A = Tlow to Thigh - 0.08 

Input Offset Voltage .(RS ~ 10 k 01 IVIOI 

TA = +250 C - 1,0 

TA = Tlow to Thigh - -
Differential Input Impedance (Open-Loop, f = 20 Hzl 

Parallel Input Resistance Rp 0,3 2,0 

Parallel Input Capacitance Cp - 1.4 

Common-Mode Input Impedance (f- 20 Hzl zin - 200 

Common-Mode Input Voltage Swing VICR ±12 ±13 

Common-Mode Rejection Ratio (f = 100 Hz) CMRR 70 90 

Open-Loop Voltage Gain, (Va =± 10 V, RL = 2,0 k ohmsl Avol. 

TA = +250 C 50,000 200,OO( 

TA = Tlow to Thigh 25,000 -

Step Response (Vin= 20 mV, Cc = 30pF, RL = 2 kH, CL = 100pFI 

Rise Time tr - 0.3 

Overshoot Percentage .' - 5,0 

Slew Rate dVoutldt - 0.8 

Output Impedance (f = 20 Hzl Zo - 75 

Short·Circuit Output Current Isc - 25 

Output Voltage Swing (RL = 10 k ohmsl Vo ±12 ±14 

RL =2 kohms (T A = Tlovv to thigh) ±10 ±13 

Power Supply Sensitivity 

Vee = constant, Rs .;; 10 k ohms S+ - 30 

VCC = constant, Rs';; 10 k ohms S- - 30 

Power Supply Current 10+ - 1.67 

10'- - 1.67 

DC Quiescent Power Dissipation Po 

(Va = 0) - 50 

CD For supply voltages less than ± 15 V, the Maximum Input Voltage is equal to the Supply Voltage. 

@TIOW: OOC for MC1748C 
-55°C for MC1748 

Thigh: +700 for MC1748C 
+1250 C for MC1748 

MC1748C 

Max Min Typ 

0,5 - 0,08 

1,5 - -

0.2 - 0,02 

0,5 - -

5.0 - 1,0 

6.0 - -

- 0.3 2,0 

- - 1.4 

- - 200 

- ±12 ±13 

- 70 90 

- 20,000 200,OO(] 

- 15,000 -

- - 0.3 
- - 5,0 

- - 0,8 

- - 75 

- - 25 -

- ±12 ±14 

- ±10 ±13 

150 - 30 

150. - 30 

2.83 - 1.67 

2.83 - 1.67 

85 - 50 

® MOTOROLA Semiconductor Produc't. Inc. 
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Unit 

Vdc 

Volts 

Volts 

mW 
mW/oC 

°c 
°c 

Max Unit 

/lAde 

0,5 

0,8 

/lAde 

0,2 

0,3 

mVdc 

6,0 

7.5 

- Megohm 

- pF 

Megohms 

- Vpk 

- dB 

VIV 

-

-

- /lS 
- % 

- V/""s 

- ohms 

- mAde 

- Vpk 

-

/lVIV 

150 

150 

2,83 mAde 

2.83 

mW 

85 



MC1748, MC1748C 

TYPICAL CHARACTERISTICS 

(VCC = +15 V, VEE = -15 V, T A = +250 C unless otherwise noted.) 

20 

en 
~-
o 16 
<! 
w 
.." 
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MC1748, MC1748C 

TYPICAL CHARACTERISTICS (continued) 

(VCC ,;, +15 V. VEE = -15 v. T A = +2sOC unless otherwise noted.) 

FIGURE 11 - VOL TAGE FOLLOWER PULSE RESPONSE FIGURE 12 - OPEN-LOOP FREQUENCY RESPONSE 
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ORDERING INFORMATION 

Device 

MC1776G 
MC1776CG 
MC1776CP1 

Temperature Range 

-55°C to +125°C 
O°C to +70°C 
O°C to +70°C 

Package 

Metal Can 
Metal Can 
Plastic DIP 

Mel776 
MC1776C 

Speci:fications and Applications In:for:rnation 

MICROPOWER 
PROGRAMMABLE OPERATIONAL AMPLIFIER 

This extremely versatile operational amplifier features low-power 
consumption, high input impedance and low input noise levels_ In 
addition, the quiescent currents within the device may be pro
grammed by the choice of an external resistor value or current source 
applied to the lset input_ This allows the amplifier's characteristics 
to be optimized for input current, power consumption and input 
Voltage, and current noise despite wide variations in operating power 
supply voltages_ 

• ±1.2 V to ±18 V Operation 
• Wide Programming Range 

• Offset Null Capability 
• No Frequency Compensation Required 
• Low Input Bias Currents 
• Short-Circuit Protection 

RESISTIVE PROGRAMMING (See Figurel.) 
~------------------------~ ~--~--------------------~ 

Rset to GROUND 

Rsel 
vee - 0.6 

lsel=-
RSOI 

Typical Rset Values 

vee,VEE; I set = 1.5/lA Iset = 15/lA 

±6.0V 3.6 M.I1 360 k.l1 
±10V 
±12V 

±15V 

6.2 M.I1 
7.5 M.I1 
10M.I1 

620k.l1 
750 k.l1 
1.0M.I1 

Rset to NEGATIVE SUPPLY 
(Recommended for supply voltage 

less than ±6.0 V) 

Vee -0.6 -VEE 
IsoI=---

Rsol 

Typical Rset Values 

vee,VEE Iset = 1.5 /lA Iset = 15/lA 

±1.5V 1.6M.I1 160k.l1 

±3.0V 3.6 M.I1 360 k.l1 

±6.0V 7.5 M.I1 750 k.l1 

±15 V 20 M.I1 2.0 M.I1 

ACTIVE PROGRAMMING 

FET CURRENT SOURCE BIPOLAR CURRENT SOURCE 

VB 

3-91 

PROGRAMMABLE 
OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

~ Offset Null 1 

~~~I~I~ Inverting Input 

Non-Inverting Input 3 

G SUFFIX 
METAL PACKAGE 

CASE 601-03 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 

Offset Null 1 

Inverting Input 2 

Non-Inverting Input 3 

I set 

PIN CONNECTIONS 

2 
INVERTING 

INPUT 

3 
NONINVERTI1';G 

INPUT 

OUTPUT 

NANOWATT AMPLIFIER APPLICATION 

1M 

91 k 
22M 

-= Po = 600 nW 
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MC1776, MC1776C 

MAXIMUM RATINGS ( o d) T A = +25 C unless ot erwise note . 

Rating Symbol Value 

Power Supply Voltages VCC.VEE ±18 

Differential Input Voltage VID ±30 

Common-Mode Input Voltage VICM 
VCC and IVEEI < 15 V VCe.VEE 
VCC and IVEEI;;;;' 15 V ±15 

Offset Null to VEE Voltage Voff-VEE ±O.5 

Programming Current Iset 500 
Programming Voltage Vset . (VCC- 2.0 V) 

(Voltage from Iset terminal to ground) to 
VCC 

Output Short-Circuit Duration * ts Indefinite 

Operating Temperature Range TA 
MC1776 -55 to +125 
MCl776C o to +70· 

Storage Temperature Range Tstg -65 to +150 

Power Dissipation (Package Limitation) Po 680 
Derate above T A = +250C 4.6 

"May be to ground or either Supply Voltage. Rating applies up to a case temperature of +1250 C or ambient temperature 
of+750Cand Iset ';;;;30/J.A. 

SCHEMATIC DIAGRAM 

Iset 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

/J.A 

Vdc 

s 

°c 

°c 
mW 

mW/Co 

7 
r---------------~--------~~--+_--~----._------~----------_.--------~VCC 

50 

INPUTS 

100 OUTPUT 
6 

50 
OFFSET NULL 

10k 10k 

VEE 
~--------_+----~--------~~--__ ~----~~------~----------_+~------~4 

3-92 



MC1776, MC1776C 

ELECTRICAL CHARACTERISTICS (VCC = +1.5 V, VEE = -15 V,l set = 1.5"A, TA = +250 C unless otherwise noted.l 

CharacteriStic Symbol Min 

Input Offset Voltage (RS < 10 kill IVlol 
TA = +250 C -

Tlow" ~T A <Thigh * -

Input Offset Current 11101 
TA = +250 C -

TA = Thigh -
TA = Tlow -

Input Bias Current liB 
TA = +250 C -

TA = Thigh -
TA=Tlow -

Input Resistance Rin -

Input Capacitance Cin -
Offset Voltage Adjustment Range VIOR -
Large Signal Voltage Gain Avol 
RL~75 kil, Vo = ±10V, TA = +250 C 200 k 

RL~75 kil, Vo = ±10 V, Tlow~TA <Thigh 100k 

Output Resistance RO -
OutpU! Short-Circuit Current !IOsc -

Supply Current ICC,IEE 
TA =+250 C -

Tlow<TA <Thigh -

PowerOissipation Po 
TA = +250 C -
Tlow<TA ~Thigh -

Transient Response (Unity Gainl 
Vin = 20 mV, RL ~5.0 kil, CL = 100 pF 

Rise Time trLH -
Overshoot OS -

Slew Rate (RL ~5.0 kill SR -
Output Voltage Swing Vo 

RL ~ 75 kil, T A = +250 C ±12 

RL~75 kil, Tlow<TA<Thigh ±10 

Input Voltage Range VIO 
Tlow<TA ~Thigh ±10 

Common-Mode Rejection Ratio CMRR 

RS<10kil, Tlow<TA<Thigh 70 

Supply Voltage Rejection Ratio PSRR 

RS<10kil. Tlow<TA<Thigh -

"Tlow = -55°C for MC1776 
OoC for MC1776C 

Thigh = +1250 C for MC1776 
+70oC for MC1776C 
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MC1776 

Typ 

2.0 
-

0.7 
-
-

2.0 
-
-

50 

2.0 

9.0 

400k 
-

5.0 

3.0 

20 
-

-
-

1.6 
0 

0.1 

±14 
-

-

90 

25 

MC1776C 

Max Min Typ Max 

5.0 - 2.0 6.0 
6.0 - - 7.5 

3.0 - 0.7 6.0 
5.0 - - 6.0 
10 - - 10 

7.5 - 2.0 10 
7.5 - - 10 
20 - - 20 

- - 50 -
- - 2.0 -

- - 9.0 -

- 50 k 400 k -
- 50 k - -
- - 5.0 -
- - 3.0 -

25 - 20 30 
30 - - 35 

0.75 - - 0.9 
0.9 - - 1.05 

- - 1.6 -
- - 0 -

- - 0.1 -

- ±12 ±14 -
I - ±10 - -

- ±10 - -

- 70 90 -

150 - 25 200 

Unit 

mV 

nA • nA 

Mil 

pF 

mV 

V/V 

kil 

mA 

jJ.A 

mW 

jJ.s 
% 

V!jJ.s 

V 

V 

dB 

jJ.V/V 



MC1776, MC1776C 

ELECTRICAL CHARACTERISTICS (VCC = +15 V vee'" -15 V, Iset = 15 #A T A = +250 C unless otherwise noted.) 

Characteristic Symbol Min 

Input Offset Voltage (RS ~ 10 kil) IV,ol 
TA = :l'250 C -
T,ow' ~T A ~Thigh' -

Input Offset Current /1,01 
TA = +250 C -
TA = Thigh -
TA =T,ow -

Input Sias Current "S 
TA = +250 C -
TA=Thigh -
TA =T,ow -

Input Resistance Rin -
Input Capacitance Cin -
Offset Voltage Adjustment Range V,OR -
Large Signal Voltage Gain Avol 

RL ;;;'5.0 kil, Va = ±10 V, TA = +250 C 100 k 

RL ;;;'75 kil, VO= ±10 V T,ow ~TA ~Thigh 75 k 

Output Resistance RO -

Output Short-Circuit Current lOse -

Supply Current Icc,lee 
TA = +2SoC -
T'ow~TA ~Thigh -

Power Dissipation Po 
TA = +250 C -

T,ow ~T A ~Thigh -
Transient Response (Unity Gain) 

Vin = 20 mV, RL ;;;'5.0 kil, CL = 100 pF 
Rise Time 
Overshoot 

Slew Rate (R L;;;' 5.0 kil) 

Output Voltage Swing 
RL ;;;'5.0 kil, T A = +250 C , 
RL;;;'75kil, Tlow~TA~Thigh 

Input Voltage Range 

T'oW~TA ~Thigh 
Common-Mode Rejection Ratio 

RS ~ 10 kil, T'ow~TA ~Thigh 
Supply Voltage Rejection Ratio 

RS ~10 kil, T'ow~TA ~Thigh 

*T,ow = -55°C for MC1776 
OoC for MC1776C 

tTLH -
as -

SR -

Va 
±10 
±10 

VID 
±10 

CMRR 
70 

PSRR 
-

Thigh = +1250 C for MC1776 
+700 C for MC1776C 

3-94 

MC1716 MCl716C 

Typ Max Min Typ Max 

2.0 5.0 - 2.0 6.0 
- 6.0 - - 7.5 

2.0 15 - 2.0 25 
- 15 - - .25 
- 40 - - 40 

15 50 - 15 50 
- 50 - - 50 
- 120 - - 100 

5.0 - - 5.0 -
2.0 - - 2.0 -
18 - - 18 -

400 k - SO k 400 k -
- - 50 k - -

1.0 - - 1.0' -
12 - - 12 -

160 180 - 160 190 
- 200 - - 200 

- 5.4 - - 5.7 
- 6.0 - - 6.0 

0.35 - - 0.35 -
10 - - 10 -
0.8 - - 0.8 -

±13 - ±10 ±13 -
- - ±10 - -

- - ±10 - -

90 - 70 90 -

25 150 - 25 200 

Unit 

mV 

nA 

nA 

Mn. 

pF 

mV 

V!V 

kil 

mA 

#A 

mW 

#s 
% 

V/lJ.s 

V 

V 

dB 

IJ.V!V 



MC1776, MC1776C 

ELECTRICAL CHARACTERISTICS (VCC = +3.0 Vdc, VEE = -3.0 Vdc, Iset = 1.5 J.lA, TA = +250 C unless otherwise noted.) 

Characteristic Symbol Min 

Input Offset Voltage (RS";;; 10 kn) IVlol 
TA = +250 C -
Tlow*";;;T A ";;;Thigh * -

Input Offset Current iliol 
TA = +250 C -
TA=Thigh -

'TA = Tlow -
Input Bias Current liB 

TA = +250 C -
TA=Thigh -
TA = Tlow -

Input Resistance Rin -
Input Capacitance Cin -
Offset Voltage Adjustment Range VIOR -
Large Signal Voltage Gain' Avol 

RL ;;;'75 kn, Vo = ±1.0 V, TA = +250 C . 50 k 

RL;;;' 75 kn, Vo = ±1.0 V, Tlow";;;T A ";;;Thigh 25 k 

Output Resistance RO -

Output Short-Circuit Current lOse -
Supply Current ICC,IEE 

TA = +250 C -
Tlow";;;T A ";;;Thi~h -

Power Dissipation PD 
TA = +250 C -
Tlow";;;TA ";;;Thigh -

Transient Response (Unity Gain) 
Vin = 20 mV, RL ;;;'5.0 kn, CL = 100 pF 

Rise Time 
Overshoot 

Slew Rate (RL#5.0 kn) 

Output Voltage Swing 
RL;;;'75 kn, Tlow";;;TA ";;;Thigh 

Input Voltaae Range 

TI()w";;;TA ";;;Thigh 

Common-Mode Rejection Ratio 

RS";;;10kn, Tlow";;;TA";;;Thigh 

Supply Voltage Rejection Ratio 

RS";;;10kn, Tlow";;;TA";;;Thigh 

*Tlow = -55°C for MC1776 
OoC for MC1776C 

VOLTAGE OFFSET 
NULL CIRCUIT 

Pins not shown are not connected. 

fTLH -
OS -
SR -

Vo 
±2.0 

VID 
±1.0 

CMRR 
70 

PSRR 

-

Thigh = +1250 C for MC1776 
+70oC for MC1776C 

3-95 

MC1776 

Typ 

2.0 
-

0.7 
-
-

2.0 
-
-
50 

2.0 

9.0 

200 k 
-

5.0 

3.0 

13 
-

78 
-

3.0 
0 

0.03 

±2.4 

-

86 

25 

MC1776C 

Max Min Typ 

5.0 
6.0 

3.0 

~.O 
10 

7.5 
7.5 
20, 

-

-
-

-
-

-
-

20 
25 

120 
150 

-
-

-

-

-

-

150 

- 2.0 
- -

- 0.7 
- -
- -

- 2.0 
- -
- -
- 50 

- 2.0 

- 9.0 

25 k iOOk 
25 k -

- 5.0 

- 3.0 

- 13 
- -

- 78 
- -

- 3.0 
- 0 

- 0.03 

±2.0 ±2.4 

, ±1.0 -

70 86 

- 25 

TRANSI ENT -RESPONSE 
TEST CIRCUIT 

Max Unit 

mV 
6.0 
7.5 

nA 
6.0 
6.0 
10 

nA 
10 
10 
20 

- Mn 

- pF 

- ·mV 

V!V 
-
-

- kn 

- rnA 

J.lA 
20 
25 

J.lW 
120 
150 

- J.lS 
- % 

- V/J.lS 

V 
-

V 
-

dB 
-

J.lV!V 
200 

• 
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Me 1776, MC1776C 

ELECTRICAL CHARACTERISTICS ° (Vec '" +3.0 V, VEE = -3.0 V, Iset '" 15/AA, T A'" +25 e unless qtherwiSe noted.) 

Characteristic Syml)ol Min 

Input Offset VOltage (RS:E>; 10 kn) IVlol 
TA = + 250 e -
Tlow* :E>;TA :E>;Thigh* -

Input Offset Current 11101 
TA = +250 e -
TA = Thigh -
TA = Tlow -

Input Bias Current liB 
TA = +250 e -
TA=Thigh -
TA =Tlow -

Input'Resistance Rin -
Input Capacitance Cin -
Offset Voltage Adjustment Range VIOR' -
Large Signal Voltage Gain Avol 

RL ~5.0 kn, Vo;' ±1.0 V. TA = +250 e 50 k 
RL~5:0kn, VO= 1.0V. Tlow:E>;TA:E>;Thigh 25 k 

Output Resistance RO -
Output Short-Circuit Current lOse -
SupplV Current ICC, lEe 

TA = +250 c -
Tlow:E>;TA :E>;Thigh -

Power Dissipation Po 
TA = +250 C -
Tlow :E>;TA :E>;Thigh -

Transient Response (Unity Gain) 
Vin'" 20 mV, RL ;;,05.0 kn, CL = 100 pF 

Rise Time trLH -
Overshoot OS -

Slew Rate (RL ~5.0 kn) SR -
Output Voltage Swing Vo 
RL~5.0kn, Tlow~TA:E>;Thigl:t ±1.9 

Input Volt!lge Range VIO 
Tlow·:E>;T A :E>;Thigh ±1.0 

Common-Mode Rejection Ratio CMRR 

RS :E>;10 kn, Tlow:E>;TA~Thigh 70 

SupplV Voltage Rejection Ratio PSRR 

RS:E>;10 kSl.Tlow:E>;TA :;;;;Thigh -

*TIOw = -550 e for MC1776 
OOC for MC 1776C 

Thigh = +1250 C for MC1776 
+ 70°C for MC 1776C 

3-96 

MC1776 

Typ 

2.0 
-

2.0 

-
-
15 

-
-
5·9 
2.0 

16 

200k 
-
1.0 

5.0 

130 

-
780 
-

0.6, 
5.0 

0;35 

±2.1 

-

86 

25 

MC1776C 

Max Min Typ Max 

5.0 - 2.0 6.0 
6.0 - - 7.5 

15 - 2.0 25 
15 - - 25 
40 - - .40 

50 - 15 50 
50 - - 50 
120 - - 100 

- - 5.0 -
- - 2.0 -
- - 18 -
- 25 k 200k -
- 25k - -
- - 1.0 -
- - 5.0 -

160 - 130 170 
180 - - 180 

960 - 780 1020 

1080 - - 1080 

- - 0.6 -
- - 5.0 -
- - 0.35 -

- ±2.0 ±2.1 -

- ±1.0 - -

- 70 86 -

150 - 25 200 

, , 

Unit 

mV 

nA 

nA 

Mn 

pF 

mV 

VIV 

kn 

mA 

/AA 

/AW 

/AS 
% 

V//As 

V 

V 

dB 

/AVIV 



MC1776,MC1776C 

TYPICAL CHARACTERISTICS 
IT A = +25,oC unless otherwise noted.} 

FIGURE 1 - SET CURRENT versus SET RESISTOR 

100M 
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" VEE--15V 
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:x: 
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o VEE = -3V l""Io. " 

VEe=-15V 
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~ 1.0M 
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.J lOOk 

10 k 
0.1 
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VEE = -3 V 
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FIGURE 3 - OPEN-LOOP GAIN versus SET CURRENT 
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lset• SET CURRENT (j.tA) 

FIGURe 5 - INPUT BIAS CURRENT 
versus AMBIENT TEMPERATURE 
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FIGURE 2 - POSITIVE STANDBY SUPPLY 
CURRENT versus SET CURRENT 
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FIGURE 4 - INPUT BIAS CURRENT versus SET CURRENT 
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FIGURE 6 - GAIN'BANDWIDTH PRODUCT (GBW) 
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MC1776, MC1776C 

TY.PICAl CHARACTERISTICS (continued) 

(T A = +250 C unless otherwise noted.) 

30 

FIGURE 7 - OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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, FIGURE 9 - OUTPUT SWING 
versus SUPPLY VOLTAGE 
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FIGURE 11 - INPUT NOISE VOL TAGE 
versus SET CURRENT 
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FIGURE 8 - SUPPL Y CURRENT 
versus AMBIENT TEMPERATURE 
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FIGURE 10 - SLEW RATE 
versus SET CURRENT 
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MC1776, MC1776C 

APPLICATIONS INFORMATION 

Vin 

FIGURE 13 - WEIN BRIDGE OSCILLATOR 

10 k 

22 k 

fo=-1-
211 RC 

(for fa = 1.0 kHz) 

R = 16 kl! 
C = 0.01 /IF 

FIGURE 14 - MULTIPLE FEEDBACK BANDPASS FI L TER 

~
R.l CC. 

R2 

for a given: 
fa = center frequency 
A (fa) = Gain at center frequency 
U = quality facto! 

Choose a value fa! C. then 

RS=-Q
nloC 

Rl=~-
2A (fa) 

R2= !U....!li 
4U2 Rl-R5 

Vce 

>--<)-.......... Vo 

VEE 

To obtain less than 10% error from the operational amplifier: 

GO fa ";;0.1 
GBW 

where fa and GBW are expressed in Hz. GBW is available from 
Figure 6 as a function of Set Current, Iset. 

FIGURE 15 - MULTIPLE FEEDBACK BANDPASS FILTER 

(1,O.kH;d 

C 

,,'"'4. R.I ..... ·.·.C .. 'p OUTPUT 

3-9.9 

for a 1.0 kHz filter 
with U = 10 
and A (fo) =1 

Rl = 160k 
Ri = 820 
RS=3IiOk 
C = O.O.1/lF 

FIGURE 16.:... GATED AMPLIFIER 

>--(:>-...... _ OUTPUT 

INPUT ... ----:1~-o ......... _; 

VCC 
.-----N\I\r--.. 15 V: 

FIGURE 17 - HIGH INPUT IMPEDANCE AMPLIFIER 
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ORDERING INFORMATION 

Device 

MC3301L 
MC3301P 

Temperature Range 

-40°C to +85°C 
~40°C to +85°C 

Package 

Ceramic DIP 
Plastic DIP 

QUAD SINGLE-SUPPLY 
OPERATIONAL AMPLIFIER 

FOR AUTOMOTivE APPLICATIONS 

These internally compensated operational amplifiers are designed 
specifically for single positive power supply· applications found in 
automotive and consumer electronics. Each MC3301 contains four 
independent amplifiers - making it ideal for automotive safety, pol
lution, and comfort controls. Some typical applications are tacho
meter, voltage regulator, logic circuits, power control ·and other 
similar usages. 

• Wide Operating Temperature Range - -40 to +850 C 

• Single-Supply Operation - +4.0 to +28 Vdc 

• Internally Compensated 

• Wide Unity Gain Bandwidth - 4.0 MHz typical 

• Low Input Bias Current - 50 nA typical 

• High Open-Loop Gain - 2000 V/V typical 

Me330! 
QUAD 

OPERATIONAL AMPLIFIER 

SI LICON MONOLITHIC 
INTEGRATED CIRCUIT 

.-L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 632 CASE 646 

FIGURE 1 - EaUIVALENT CIRCUIT 

6~8~ AMPL #2 5 AMPL. #3 9 

1 + 13 + 

3~- 11$--a 

. 

AMPL #1 4 AMPL #4 10 

2 + . 12 + 

Vee - PIN 14 GAOUND - PIN 7 

FIGURE.2 - SMALL-SIGNAL TRANSIENT RESPONSI;: 

+15 v 

t15 V Vee 
510 k 

FIGURE 3 - INVERTING AMPLIFIER 
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~ 

FIGURE 4 -'- NONINVERTING AMPLIFIER· 

+15 V 

AI 
510 k 

+ 5.0 !'F. 0 +~v 
10 k 



MC3301 

MAXIMUM RATINGS (T A = +250 C unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltage VCC +28 Vdc 

NO'1'rverting Input Current Ir 5.0 mA 

Sink Current Isink 50 mA 

Source Current Isource 50 mA 

Power Dissipation (Package Limitation) Po 625 mW 

Derate above T A = +250 C 5.0 mW/oC 

Operating Temperature Range TA -40 to +85 °c 

Storage Temperature Range Tstg -65 to +150 uc 

ELECTRICAL CHARACTERISTICS [Vcc = +15 Vdc, RL = 5.0 kfl, T A = +250 C (each amplifier) unless otherwise noted] 

Characteristic 

Open-Loop Voltage Gain 
TA = +25OC 
-40°C ~ T A ~ +850 C 

Quiescent Power Supply Current (Total for four amplifiers) 
Noninverting inputs open 
Noninverting inputs grounded 

I nput Bias Current, R L = 00 

TA = +2SoC 
-40°C ~ T A ~ +850 C 

Current Mirrot Gain (I r - 200 }.LAde) 

Current Mirror Gain Drift 

-40°C ~ T A ~ +850 C 

Output Current 
Source Capability (VOH = 0.4 Vdc) 

(VOH = 9.0 Vdc) 
Sink Capability (VOL. = 0.4 Vdc) 

Output Voltage 
High Voltage 
Low Voltage (Inverting Input Driven) 

(Noninverting Input Driven) 

Input Resistance (I nverting input only) 

Slew Rate (CL = 100 pF, RL = 5.0 k) 

Unity Gain Bandwidth 

Phase Margin 

Power SllPply Rejection (f = 100 Hz) 

Channel Separation (f = 1.0 kHz) 

NOTES: 

1. The quiescent current drain will increase approximately 0.3 
mA for e<!ch inverting or noninverting input that is grounded. 

2. Input bias current can be defined only for the inverting input. 
Th\! noninverting input is not a true "differential input" - as 
with a conventional IC operational amplifier. As such this 

Fig.No. Note Symbol Min Typ Max Unit 

3-101 

5 Avol V/V 
1000 2000 -

- 1600 -

6 1 mAdc 

100 - 6.9 10 

lOG - 7.8 14 

7 2 liB nAdc 

- 50 300 
- 100 -

7 3 AI 0.80 0.98 1.16 A/A 

% 

- ±2.5 -

8 mAdc 

Isource 3.0 10 -

- 7.0 -

Isink 0.5 0.87 -

6 Vdc 

VOH 13.5 14.2 -

VOL(inv) - 0.03 0.1 

VOUnon) - 0.6 -

Rin 0.1 1.0 - Megfl 

SR - 0.6 - V/}.LS 

4 BW - 4.0 - MHz 

4 <pm - 70 - Degrees 

PSSR - 55 - dB 

eo 1/eo2 - 65 - dB 

input does not have a requirement for input bias current. 
3. Current mirror gain is defined as the current demanded at the 

inverting input divided QY the current into the. non inverting 
input. 

4. Bandwidth and phase margin are defined with respect to the 
VOltage gain from the inverting input to the output_ 

• 
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, iVlC3301 

TYPICAL CHARACTER ISTICS 
(Vec = +15 Vdc, RL = 5Jlkn, T A = +250 C 

[each ampiifier) unless otherwise noted.) 

FIGURE 5 """7 OPEN·LOOP VOLTAGE GAIN 

Vcc 
+15 Vdc 

r---..:.---+---'------+-_..ein 

>--O...;,.---4~.eout 

eout 
Avol=

ein 

FIGURE 7 -:- INPUT BIAS CURRENT AND 
CURRENT MIRROR GAIN 

" Vee 
+15Vdc 

iIB~Sl;A S2 = A 
AI; 81,= B 82 = B 

10 k 
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FIGURE 6 - QUIESCENT POWER SUPPLY CURRENT 

100 k 

A 
1,0V 10k B 81 

100 IlA 

100 k 

A 

All four amplifiers operate in the same 
configuration simultaneously. 

100; 81 =, A 82 = OPEN 
lOG; 81 = A 82 = CL08ED 

VOHH; 81 = C 82 = CL08ED 
VOLH; 81 = B 82 = CL08ED 
VOL(+); 81 = A S2 = eL08ED 

FIGURE 8 - OUTPUT CURRENT 

Vee 
+15 Vdc 

Vo = 0.4 Vdc 
or9.0Vdc 

Isink; 81 = A 
Isource; 81 = B 
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TYPICAL CHARACTERISTICS 
(VCC = +15 Vdc, RL = 5.0 I<n, TA = +250 C 

[each amplifier) unless otherwise noted.} 

FIGURE 9 - OPEN-LOOP VOLTAGE GAIN versus FREpUENCY 
FIGURE 10 - OPEN-LOOP VOLTAGE GAIN 

versus SUPPLY VOLTAGE 
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FIGURE 11 - OUTPUT RESISTANCE versus FREQUENCY FIGURE 12 - SUPPL Y CURRENT versus SUPPL Y VOLTAGE 
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MC3301 

OPERATION AND APPLICATIONS 

Basic Amplifier 

The basic amplifier is the common emitter stage shown in Figures 
15 and 16. The active load 11 i~ buffered from the input transistor 
by a PNP transistor, Q4, and from the output by an NPN transistor, 
Q2. Q2 is biased class A by the current source 12' The magnitude 
of 12 (specified Isink) is a limiting factor in capacitively cOlJpled 

linear operation at the output. The sink current of the pevice can 
be forced to exceed the specified level by keeping the output dc 
voltage above ~ 1.0 volt resulting in an increase in the distortion 
appearing at the output. Closed loop stability is maintained by an 
on-the-chip 3-pFcapacitor shown in Figure 18 on .the following 
page. No external compensation is req!Jireq. 

FIGURE 15 

BLOCK DIAQRAIII! 

Multiple em iller 181 Iransistol oneenlillerconneclelilueachmpui 

A non inverting input is obtained py adding a current mirror as 
shown in Figure 17. Essentially all current which enters the non
i~verting input, Ir, flows through the diode CR 1. The voltage 
drop across CR1 corresponds to this input current magnitude and 
this same voltage is applied to a matched device, Q3. Thus Q3 is 
biased to conduct an emitter current equal to I r. ·Since the alpha 

FIGURE 16··- A BASIC GAIN STAGE 

Biasing Circuitry 

The circuitry common to all four amplifiers is shown in Figure 19, 
see next page. The purpose of this circuitry is to provide biasing 
voltage for the PNP and NPN current sources used in the amplifiers. 

The voltage drops across diodes CR2, CR3 and CR4 are used as 
references. The voltage across resistor.R 1 is the sum of the drops 
across CR4 and CR3 minus the VsE of Q8. The PNP current 
sources (Q5, etc.) are set to the magnitude VBE/R1 by transistor 

3-104 

10 

current gain of Q3 ~ 1, its collector current is approximately equal 
to Ir also. In operation this current flows through an external 
feedback resistor which generates the output voltage sigoal. For 
inverting applications, the non inverting input is often used to set 
the dc quiescent level at the output. Techniques for doing this are 
discussed in the "Normal Design Procedure" section. 

FIGURE 17 - OBTAINING A NONINVERTING INPUT 

H 

INPUTS 
(+10--..... ---1 -If CRI 

OUTPUT 

Q6. Transistor Q7 reduces base current loading. The voltage 
across resistor R2 is' the sum of the voltage drops across CR2, CR3 
~nd CR4, minus tI:"e VBE drops of transistor Q9 and diode CR5. 
The current thus set is established by' CR5 in all the NPN current 
sources (Q10, etc.). This technique results in current source magni
tudes which are relatively independent of the supply voltage. Q11 
(Figure 1 q) prqvides circuit protection from signals that are negative 
with respect to ground. 



MC3301 

OPERATION AND APPLlCAT!ONS. (continued) 

FIGURE 18 - A BASIC OPERATIONAL AMP"'FI~R 

H 

INPUTS 

(+) 

CRl 

'----+--0 OUTPUT 

CR2 

CA3 

CR4 

FIGURE 19 - BIASING CIRCI,JITRY 

NORMAL DESIGN PROCEDURE 

1. Output O-Point Biasing 

A. A number of techniques may be devised to bias the quiescent 
Output voltage to an acceptable level. However, in terms of 
loop gain considerations it is usually desirable to use tl]e 
noninverting input to effect the biasing as shown in Figures 
·3 and 4 (see the first page of this specification). The high 
impedance of the collector of the non inverting "cUrrent 
mirror" transistor helps to aChieVe the maximum loOp gain 
for any particular configuration. It is desirable that the non
inverting input current be in the 10 IJ.A to 200 IJ.A range. 

B. Vce Reference Voltage (see Figures 3 and 4) 

The non inverting input is normally returned to the Vec 
voltage (which should be well filtered) through a resistor, 
Rr, allowing the input current, Ir, to I:le within the range of 
10).LA to 200 IJ.A. Choosing tl]e feedback resistor, Rf, to be 
equal to y. Rr will now bias the amplifier output dc level to 

. V 
approximately ~c. This allows the maximum dynamic 

range of the output voltage. 

FIGURE 20 - INVERTING AMPLIFIER WITH 
ARBITRARY REFERENCE 

Rf 

C' 

c. Reference Voltage other than Vce (see Figure 20) 

The biasing resistor Rr maY be returned to a voltage (Vr) 
other than VCC. By setting Rf = Rr, (still keeping Ir be
tween 10 IJ.A and 200 IJ.A) the output dc level livill be equal 
to v. r . The expressiOf1 for determining VOdc is: 

where I/> is the VRF drop of the input transistors (approxi
mately 0.6 Vdc @ +25°(: arid assumed equal). AI is the 
current mirror gain. 

2. Gain Determination 

O.l/L F 

A. Inverting Amplifier 

Tl1e amplifier is normally used in the inverting mode. The 
input may be capacitively coupled to avoid upsetting the 
dc bias and the output is normally capacitively coupled to 
eliminate the dc voltage across the load. Note that when 
the output is capacitivelycoupled to th.e load, the value of 

FIGURE 21 - INVERTING AMPLIFIER WITH 
Ay = 100 AND Vr = Vec 

510 k 

5.1k Ri 
Vin e----7 Vin~ 0.1 j,lF 

Vo TV' 1 M ~lOk ' 
Rr 

+15V 
":" 

Vr 'Select for low 
Av = 100 fL = 300 Hz, fH = 50 kHz 

frequenc.y response. 
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NORMAL DESIGN PROCEDURE(continuedl. 

Isink becomes a limitation with respect to the load driving 
capabilities of the device. The limitation is less severe if the 
device is direc} coupled. In this configuration, the ac gain 
is determined by the ratio of Rf to Ri, in the same manner 
as for a conventional operational amplifier; 

A =-~ 
v Ri 

The lower corner frequency is determined by the coupling 
capacitors to the input and load resistors. The upper corner 
frequency will usually be determined by the amplifier in-. 
ternal compensation. The amplifier unity gain bandwidth 
is typically 4.0 MHz and with the gain roll-off at 20 dB per 
decade, bandwidth will typically be 400 kHz with 20 dB of 
closed loop gain or 40 k Hz with 40 dB of closed loop gain. 
The exception to this occurs at low gains where the input 
resistor selected is large. The pole formed by the amplifier 
input capacitance, stray capacitance and the input resistor 
may occur before the closed loop gain .intercepts the open 
loop response curve. The inverting input capacity is typi
cally 3.0 pF. 

B. Noninverting Amplifier 

The MC3301 may be used in .the non inverting mode (see 
Figure 4, first page). The amplifier gain in this configur.ation 
is subject to the current mirror gain. I n addition, the resis
tance of the input diode must be included in the value of 

. . ., . . 26' 
the Input reslstor_ This resistance IS approximately T;" ohms, 

where Ir is input current in milliamperes. The non inverting 
ac' gain expression is giv_en by: 

The bandwidth of the non inverting configuration for a given 
Rf value is essentially independent of the gain chosen. For 
Rf =' 51 0 k.l1 the bandwidth will be in excess of 200 kHz 
for non inverting gains of 1,10, or 100. Thisis a result of 
the loop gain remaining constant for these gains since the 
input resistor is effectively isolated from the feedback loop. 

TYPICAL APPLICATIONS 

FIGURE 22 - TACHOMETER CIRCUIT 

MAGNETIC PICKUP 
HYSTERISIS AMPLIFIER 

MS06100 
or equiv 

MAGNETIC 
PICKUP 

100 k 

Hysterisis Voltage for Switching 

VH =i.~ (VCC - 1.6) 

VCC=+12V 

130 

6.1 V 

FIGURE 23 - VOL TAGE REGULATOR 

Zl ' 
R2 

For positive TC' zeners R2 and R 1 can be 
selected to give 0 TC output. 

+VCC 

MONOSTABLE MULTIVIBRATOR 

100 k 

4.7 k 

C1 
0.01 J.lF 

10 k 

Timing Interval: I'" 0.7 R1 C1 

PULSE AVERAGING 

'" Vp-p '" (VO'0.6) . AI . t 
RyC1 

FIGURE 24 - LOGIC "OR" GATE 

150 k 
+VCC = +15 Vdc_---'\IVV---u--"'1 

75 k 

75 k 

75 k 
f=A+B+C 
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TYPICA L APPLICATIONS (continued) 

FIGURE 25 - LOGIC "NAND" GATE (Large fan-In) 

+Vcc = +15 Vdc 

FIGURE 27 - R-S FLIP-FLOP 

VCC VCC 

FIGURE 29 - POSITIVE-EDGE DIFFEREN,TIATOR 

Output Rise Time'" 0.22 ms 
Input Change Time Constant'" 1.0 ms 0.00111F 

laO k 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is. not 
necessarily given. The information has been carefully checked and 

FIGURE 26 - lOGIC "NOR" GATE 

150 k f=A+8+C+D 

75 k 
+Vcc = +15 Vdc . 

FIGURE 28 - ASTABLE MUL TIVIBRATOR 

Vec =+.15 V 

100 k 

51 k >--O----4~_o Vo 

51 k 

FIGURE 30.,.... NEGATIVE-EDGE DlfFERENTIATOR 

lOa k 

>--o--41~_ Vo 

150 k 

VO(dc) '" 7.0 Vdc 
Output Rise Time'" 0.22 ms 

Vce = +15 Vdc Input Change Time Constant'" 1.0 ms 

is believed to be entirely reliable. However, no responsibility· is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola I nco or others. 
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ORDERING INFORMATION 

Device 

MC3401L 
MC3401P 

Temperature Range 

O°C to +70°C 
O°C to +70°C 

Package 

Ceramic DIP 
Plastic DIP 

Specifications and Applications 
In:forD1.ation 

QUAD SINGLE-SUPPLY OPERATIONAL AMPLIFIER 

These internally compensated operational amplifiers are de
signed specifically for single positive power supply applications 
found in industrial control systems and automotive electronics. 
Each MC3401 device contains four independent amplifiers -
making it ideal for applications such as active filters, multi-channel 
amplifiers, tachometer, oscillator and other similar usages. 

• Single·Supply Operation - +5.0 Vdc to +18 Vdc 

• Internally Compensated 

• Wide Unity Gain Bandwidth - 5.0 MHz typical 

• Low Input Bias Current - ~O nA typical 

• High Open-Loop Gain - 1000 V!V minimum 

. MC3401 

QUAD 

OPERATIONAL AMPLI FIER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

•• L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

FIGURE 1 - EQUIVALENT CIRCUIT 

6~8~ AMPlll2 5 AMPll3 9 
1 + 13 + 

3~- 11~ AMP" I . 4 AMPl"· 1 0 
2 + 12 + 

vee - pin 14 Ground - pin 7 

FIGURE 2 - SMALt.·SIGNAL TRANSIENT RESPONSE 

510 k 

~:>-+-~Vo 

5.1 k 

FIGURE 3 - INVERTING AMPLIFIER 

Rf 
FIGURE 4 - NONINVERTING AMPLIFIER 

510 k 

+15 V 

Rf 
AV =-Ai 

for ~ <Rj we 
1.0lolF 

+~vo 

f Ok 

AV = 10 BW = 150 kHz 

Rj 
O.IIolF 510 k 

Vin ~I--JY\I\"""">-()--I 

1M 
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Rf 
510 k AV = __ R...,:f_ ~I 

26 
Rj+--
. ·lr(mA) 

BW= 250 kHz 

:.o7L.F Vo 

·llOk 
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MAXIMUM RATINGS (T A = +250 C unless otherwise noted) 

Rating Symbol Value 

Power Supply Voltage VCC +18 

Non-inverting Input Current lin 5.0 

Power Dissipation Po 625 
Derate above T A = +250 C 5.0 

Operating Temperature Range TA Oto+70 

Storage TemPerature Range T5tg -65 to +150 

ELECTRICAL CHARACTERISTICS [Vcc = +15 Vdc RL = 5 0 kn. TA = +250 C (each amplifier) unless otherwise noted] 

Characteristic Fig. No. Note Symbol 

Open-Loop Voltage Gain 5,9,10 1 Avol 
TA = +250C 
OoC .;;; T A .;;; + 70°C 

Quiescent Power Supply Current (Total for four amplifiers) 6,12 2 
Noninverting inputs open 100 
Noninverting inputs grounded lOG 

Input Bias Current, RL = 00 5 3 liB 
Til. = +250C 
OOC';;; TA';;; +700 C 

Output Cu~rent 5 4 
Source Capability 13 I source 
Sink Capability 14 Isink 

Output Voltage 
High Voltage 7 5 VOH 
Low Voltage 7 5 VOL 
Un distorted Output Swing (O°C < T A < +700 C) 8 6 VO(p·p) 

Input Resistance 5 Rin 

Slew Rate (CL = 100 pF, RL = 5.0 k) SR 

Unity Gain Bandwidth 

PhasE; Margin 

power Supply Rejection (f = 100 Hz) 

Channel Separation (f = 1.0 kHz) 

BW 

cfJm 

7 PSSR 

eo l/e02 

NOTES 

1. Open loop voltage gain is defined as the voltage gain from the 
inverting input to the output. 

2. The quiescent current will increase approximately 0.3 mA for 
each non inverting input which is grounded. Leaving the non
inverting input open causes the apparent input bias current to 
increase slightly (100 nA) at high temperatures. 

3. Input bias current can be defined only for the inverting input. 
The non inverting input is not a true "differential input" - as 
with a conventional IC operational amplifier. As .such this in· 
put does not have a requirement for input bias current. 

4. Sink current is specified for linear operation. When the device 
is used as a gate or a comparator (non·linear operation), the 
sink capability of the device is approximately 5.0 milliamperes. 

5. When used as a noninverting amplifier, the minimum output 
voltage is the VBE of the inverting input transistor. 

6. 'Peak-to-peak restrictions are due to the variations of the qui
escent dc output voltage in the standard configuration (Figure 
8). . . 

7. Power supply rejection is. specified at closed loop unity gain, 
and therefore indicates the supply rejection of both the /?iasing 
circuitry and the feedback IImplifier. 
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Min Typ Max 

1000 2000 -
800 - -

- 6.9 10 
- 7.8 14 

- 50 300 
- - 500 

5.0 10 -
0.5 1.0 -

13.5 14.2 -
- 0.03 0.1 
10 13.5 -

0.1 ~.O -
- 0.6 -

- 5.0 -
- 70 -

- 55 -

- 65 -

Unit 

Vdc 

mA 

mW 
mW/oC 

°c 

°c 

• Unit 

V/V 

mAdc 

nAdc 

mAdc 

Vdc 

V(p.p) 

MEGn. 

V/p.s 

MHz 

Degrees 

dB 

dB 
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SIMPLIFIED TEST,CIRCUITS 
(Vee = +15 Vdc. RL = 5.0 k!1. T A = +250 e 

[each amplifier) unless otherwise noted)' 

FIGURE 5 :""iOPEN-LOOP GAIN AND INPUT RESISTANCE 
(INPUT BIAS CURRENT. OUTPUT CURRENT) 

Yin ... ----(:>--1 

~~------~~--~.Vo 

IWin eNo 
Rin = bl18 Avol = - bVin 

Amplifier must be biased (by Vin) in the 
linear operating region. 

FIGUR.E 7 -; OUTPUT VOLTAGE SWING 

10 k 
+1.0 Vdc .. -J<W_ .... , 

Val measured with "-" input biased up as shown. 
VOH measured with" -" input grounded. 

3-110 

FIGURE 6 - QUIESCENT POWER SUPPLY CURRENT 

>--.... - ... Vo 

100 is total supply current with "+" input open. 
lOG is total supply currelifwith "+" input grounded. 

FIGURE 8 - PEAK-TO-PEAK OUTPUT VOLTAGE 

Rf 
510 k 

><O--"-_VO 

for Rr "" 2Rf 
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TYPlCAl CHARACTERISTICS 
(Vcc = +15 Vdc, RL = 5.0 kfL T A = +250 C 

[each amplifier] unless otherwise noted.) 

FIGURE 9 - OPEN-lOOP VOL TAGE GAIN versus FREQUENCY 
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FIGURE 11 - OUTPUT RESISTANCE versus FREQUENCY 
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FIGURE 13 - LINEAR SOURCE CURRENT versus 
SUPPLY VOL TAGE 

.--
~ 

~ -

o 2.0 4.0 6.0 8.0 10 12 14 16 18 20 

VCC. SUPPLY VOLTAGE (V~c) 

2500 

> 
~ 2000 
z 
<C 
t!J 

~ 1500 
~ 
o 
> 
~ 1000 

~ 
o 500 
o 
~ 

o 
o 
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OPERATION AND APPLICATIONS 

Basic Amplifier 

The ba~ic amplifier is the common emitter stage shown in Figur~s 
1S and 16. The active load 1,1 is buffered from the input transistor 
by a PNP transistor, 04, and'from the output by an N PN transistor, 
02. Q2 is biased class A by the current sour!=e 1'2. The magnitude 
of 1;2 (specified Isink) is a limiting factor in capacitively coupled 

linear operation at the output. The sink current of the device can 
be forced to exceed the specified level with an increllSe il'l the 
distortion appearing at the output. Closed loop stability is main
tained by an on-the-chip 3-pF capacitor shown in Figure 18. No 
external compensation is reql.lired. 

FIGURE 15 

10 

I CIRCUIT SCHEMATIC 

41 ?::pRL~~i~~:i 11 
VCC~4r-------'----4r--T+~--------~--~~~------~--~~~~~--------~--~~~~--------~~ 

BIASING CIRCUITRY 

14 I 
I 
I 
I 

10k 
I 
I 
1 

I 
I 
I ~-------+--r: 

CRf~ __ --r 

I 

eR3 
I 

CR4 L _______ _ 

1 

A nbninverting input is obtained by adding a current mirror as 
shown in Figure 17. Essentially a" current which enters the non
inverting input, I in2, flgws thr()ugh the diode CR 1. The voltage 
drop across CR 1 correspondll to this input current magnitude and 
this same voltage is applied to a matched device, 03. Thus' 03 is 
biased· to conduct an emitter current equal to I i.,2. Since' the 

FIGURE 16 - A BASIC GAIN STAQE 

Biasing Circuitry 

The circuitry com mOl) to all four amplifiers is shown in Figure 19. 
The purpose of this circuitry is to provide biasing voltage for the 
PrilP and NPN'current sources used in the amplifiers. 

The voltage drops across diodes CR2, CR3 and CR4 are used as 
references. The voltage across resistor R 1 is the sum of the drops 
acrOss CA4 anp CR~ minus the VBE of 08. The PNP current 
sources (05, IItc:;.) are s~t tothe'm~gnitude VBE/R1 by transistor 

3-112 

13 12 

alpha current gain of'03 ~ 1, its co "ector current ~ lin2 also. 
In operation this current flows through an external feedback resis
tor which generates the output voltage signal. For inverting appli
cations, the non inverting input is often used to set the dc quiescent 
level at the output. Techniques for doing this are discussed in the 
"Normal Design Procedute" section.' ' 

FIGURE 17 - OBTAINING A NON!NVERTING INPUT 

H 

INPUTS 
(+) 0--_---1 -IIn2 

CRI 

OUTPUT 

06. Transistor 07 reduces base current loading. The voltage 
across resistor A2 is the sum of the vOlt8!1!i! drops across CR2, CR3 
and CA4, minus the VBE c;:trops of transistor 09 and diode CAS. 
The current thus set is established by CRS in all tl1e NPN'current 
S9urces (010, etc.). This technique results in current sourc!l ma!:!ni: 
tudes which are relatively indepen5,fent of the supply voltage. 
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OPERATION AND APPLICATIONS (continued) 

FIGURE 18 - A BASIC OPERATIONAL AMPLIFIER 

H 

INPUTS 

(+) 

CRI 

"'----.--0 OUTPUT 

CR2 

CR3 

CR4 

FIGURE 1~ - BIASING CIRCUITRY 

NO~MAL DESIGN PROCEDURE 

1. Output Q·Point Biasing 

A. A number of techniques may be devised to bias the quiescent 
output voltage to an acceptable leyel. However, in terms of 
loop gain considerations it is usually desirable to use tlJ,e 
noninverting input to effect the biasing as shown in Figures 
3 and 4. The l1igh impedance of the collector Of the non· 
inverting "current mirror" transistOr helps to achieve the 
maximum loop gain for any particular' configuration~ I t is 
desirable that the noninverting input current be in the 5 IJ.A 
to 100 pA range. 

B. Vee Reference Voltage (see Figures 3 and 4) 
The noninverting input is normally returned lO the Vee 
voltage (vilhich should be well filtered) through a resistor, 
Rr, ,!!lowing the inp4t current, Ir, to be within the range of • 
5IJ.A t010Q·IJ.A. Choosing fhefeedbackresistor,Rf, to be 
equal to Yo Rr will now bias the ~mplifier output dc level to 

approximately Vee. This allows for maximum dynamic 
2 

range of the output vol~age. 

e. Reference Voltage other than Vee (See Figure 201. 

The biasing resi~tor ~r may be returned to a voltage (Vr) 

FIGURE 20 - INVERTING AMPLIFIER WITH 
ARBITRARY REFERENCE' 

Rf 

other than Vec. By setting Rf = Rr, (still keeping Ir betwQen 
5 IJ,A and 100 IJ.A) the output de level will be equal to Vr• 
Neglecting error terms, the expression for determining VOde 
is: 

where. rp is the VBe drop of the input transistors (ilPproxi· 
m,ataly 0.7 Vdc@+2Soe). , 

The error terms not appearing in the above eq\lation can 
cause the dc operating point to vary up to 20% from the 
e.xpected value. Error terms are minimized by setting the 
input current within the range of 5IJ.A to 100 pA. 

2. Gain Determination 

A. Inverting Amplifier 

O.Ij.lF 5.H 

The amplifier is normally used in the inverting mode. The 
input may becapacitively coupled to avoid upsetting the 
dc b.ias al1d th!! output is normally capacitiVely coupled to 
eliminate the d<; voltage across the load. Note that when 
the output is eapacitively' cQupled to 'the load, the value of 

FIGURE 21 - INVERTING AMPLIFIER WITH 
Ay = 300 AND Vr = Vce . 

510 k 

Vin ~1-.JV'I/Ir~H:>--t 
C· Ri 

Vin ~I--'II\IV-""-C~'" 0.1 pF 

>-~-4--------"VO 

'Select for low 
frequency response. 

Av = 100 

3·113 

1M 

+15V 

TVO 
Il " 300 Hz, IH = 50 kHz 

• 



• 

MC3401 

NORMAL DESIGN PROCEDURE (continued) 

Isink becomes a limitation with respect to the load driving 
capabilities of the device. The limitation is less severe if the 
device is direct coupled. In this configuration, the ac gain 
is determined by the 'ratio of Rf to Ri, in the same manner 
as for a conventioflal operational ampl ifier: 

The lower corner frequency is determined by the coupling 
capacitors to the input and load resistors. The upper corner 
frequency will usually be determined by the amplifier in
ternal compensation.. The amplifier unity gain bandwidth 
is typically 5.0 MHz and with the gain roll-off at 20 dB per 
decade, bandwidth will typically be 500 kHz with 20 dB of 
closed 10,9P gain or 50 kHz with 40 dB of closed loop gain. 
The exception to this occurs at low gains where the input 
resistor selected is large. The pole formed by the amplifier 
input capacitance,stray capacitance and the input resistor 
may occur before the closed loop gain intercepts the open 
loop response" curve. The inverting input capacity is typi
cally 3.0 pF. 

13. Noninverting Amplifier 

Although recommended as an inverting amplifier, the Me 
3401 may be used in the non inverting mode (see Figure 4). 
The amplifier gain in this configuration is subject to the 
same error terms that affect the output Q point biasing so 
the gain may deviate as much as ±.20% from that expected. 
I n addition, the resistance of the input .diode must be in
cluded in the value of the input resistor: This resistance is 

26 
approximately - ohms, where Ir is input current in milli

Ir 
amperes. The noninverting gain expression is given by: 

A = Rf 
v 26 

±.20%. 

Ri + Ir (mA) 

The bandwidth of the noninverting configuration for a given 
Rf value is essentially independent of the gain·chosen. For. 
Rf = 510 kn the bandwidth will be in excess of 200 kHz 
for noninver,ting gains of 1, 10, or 100. This is a result of 
the -loop gain remaining constant for these gains since the. 
input resistor is effectively isolated from the feedback loop. 

TYPICAL APPLICATIONS 

FIGURE 22 - AMPLIFIER AND 'DRIVER FOR A 50-0I-1M LINE 

510 k 

51 k 
Vin ....-.j1--'V'II'v~ ...... o----4 

O.I/.1 F 

Av = 10 
Vo 0 6 ~(p.p) 

R1 

TBP = Center Frequency Gain 
TN = Passband Notch Gain 

1 
wO = RC 
Rl; QR 

R1 
R2;-

TBP 
R3; TN R2 

20/.lF 

1.2 M 
'TVO 
r 

+15 V 

FIGURE 23 - BASIC BANDPASS AND NOTCH FILTER 

Rl 
..... ---'V'II'v-..... - .. BP 

Ir R x 2 

Rl 

R2 
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MC3401 

0.00511F 

300 \<. 

300k 

1"" 300 k 

Vin Bandpass Output- pin 4 
Notch Output_ pin 10 

TYPICAL APPLICATIONS (continuedl 

FIGURE 24 - BANDPASS AND NOTCH FILTER 

52 k 

52k 100.k 

300k VCC 300k' 

" 
10 

iOOk 

VCC 

>--0--... - ___ NOTCH 

300 k 

12 

FIGURE 25 - VOLTAGE REGULATOR 

100 k 

Vee (Pin 14) = +12 Volts 
Ground - pin 7 
Center Frequency 500 Hz 
Q;5 

Bandpass Gain = 1 

4.3 V 
Vz lN3824 

or equiv 

10 R 

1 M 

510 k 

MAGNETIC 
PICKUP 

510 k 

VCC 

VCC=+15V 

1 M 

51nk 

510 k 

FIGURE 26 - ZERO CROSSING DETECTOR 

>---<>--..... OUTPUT 

3-115 

Vo = Vz + 0.6 Vdc 
NOTE 1: R is used to bias the zener. 
NOTE 2: If the Zener Te is positive, and equal in 

magnitude to the negative TC of the input 
to the operational amplifier ('" 2.0 mV/oCl. 
the output is zero- TC. A 7.0-Volt Zener 
wilt.give approximately zero-re. 

INPUT Dr\./""\. 0 V 
~V 

OUTPUTLJU1j 

OV 

• 
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ORDERING INFORMATION 

Device 
MC3303L 
MC3303P 
MC3403L 
MC3403P 
MC3503L 

Temqerature Range 
-40°C to +85°C 
-40°C to +85°C 
O~G t~{+ 70°C 
0°0 to-+70°C 

-55°C to + 125°C 

Package 
Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DiP 

Ceramic DIP 

~pec::·if'ic::·at i()n~ and .t'\.pplic::·ations 
Inf'o .. IlHl.t ion 

QUAD LOW POWER OPERATIONAL AMPLIFIERS 

The MC3503 is a low-cost, quad operational amplifier with true 
differential inputs. The device has electrical characteristics similar to 
the popular MC1741. However, the MC3503 has several distinct 
advantages over standard operational amplifier types in single supply 
applications. T!1e quad amplifier can operate at supply voltages as 
low as 3.0 Volts or as high as 36 Volts with quiescent currents 
about one third of those associated with the MC1741 (on a per 
amplifier basis). The common mode input range includes the negative 
supply, thereby eliminating the necessity for external biasing com
ponents in many applications. The 'output voltage range also includes 
the negative pOwer supply voltage. 

• Short Circuit Protected Outputs 
• Class AB Output Stage for Minimal Crossover Distortion 
• True Differential I nput Stage 
• Single. Supply Operation: 3.0 to 36 Volts 
• Split Supply Operation: ± 1.5 to ± 18 Volts 
• Low Input Bias Currents: 500 nA Max 
• Four Amplifiers Per Package 
~ Internally Compensated 
• Similar Performance to Popular MC1741 

SPLIT SUPPLI ES SINGLE SUPPL V 
3.0 V to 30 V II 

;'--,+--..., 

Cl
CC : 1V'. ,.v 

4 .,::.. 1.5 V to 1!! v 

VI;!E 

MAXIMUM RATINGS 
,. tlating Symbol Value Unit 

Power Supply Voltages Vdc 
Single Supply VCC 36 
Split Supp'lies VCC +18 

VEE -18 

Input Differential Voltage Range (1) VII)R ±30 Vdc 

Input Common Mode Voltage Range (1) (2) VICR ±15 Vdc 

Storage Temperature Range Tstg °c 
Ceramic Package -65 to +150 
Plastic Package -55 to +125 

Operating Ambient Temperature Range TA uC 

MC3503 -55 to +125 
MC3403 o to +70 
MC330J -40 to +85 

Junc;tion 'temperature TJ °c 
Ceramic Pack~ge 175 
Plastic Package 150 

(11 Split PoWer Supplies. 
(21 For Supply Volta9!!s less than ±15 V, the absolute maximum input voltage is equal to the 

supply voltage. 

3·116 

MC3403P,L 
MC35.03~ 
MC3303P,~ 

QUAQ DIFFERENTIAL 

INPUT 

OPE~ATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 
(MC3403 and MC3303 only) 

PIN CONNECTIONS 

Out 
4 

Inputs 
4 

VEE/Gnd 

Inputs 
3 

Out 
3 



MC3403, MC3503, MC3303 

ELECTRICAL CHARACTERISTICS IVce • +15 V. Vee· -15 V for MC3503. MC34Ci3. VCC· +14 V. Vee· Gnd for MCC3303. 
T A • 25°C unless otherwise noted.1 

MC3503 MC3403 MC330a 
Charaet,;,.;.ti. Svmbol Min TVp Max Min TVp Max Min TVp Max Unit 

Input Offset Voltage VIO 2.0 5.0 2.0 10 2.0 8.0 mV 
TA· Thigh to Tlow III 6.0 12 10 

Input Offset current 110 .30 50 30 50 30 75 nA 
T A • Thigh to Tlow 200 200 250 

large Signal Open·loop Voltage Gain AVOl V/mV 

• VO· ,10 V, RL' 2.0 k!!; 50 200 20 200 20 200 
T A • Thigh to Tlow 25 300 15 15 

Input Bias Current liB -200 -500 -200 -500 -200 -500 nA 
TA· Thigh to Tlow -300 -1500 -800 -1000 

Output Impedance Zo 75 75 75 !1 
f·20Hz 

Input Impedance zi 0.3 1.0 0.3 1.0 0.3 1.0 M!1 
f = 20tolz 

O"tput Voltage Range VOR V 
RL·l0k!! .12 113.5 .12 113.5 +12 +12.5 
Rv= 2.0 k!! .10 .13 .10 .13 +10 +12 
RL· 2.0 k!1, T A· Thigh to Tlow .10 .10 +10 

Input Common·Mode Voltage Range VICR +13 V -Vee +13.5V-V eE +13V-VeE +13.5V-VEE +13V-VEE 13.5V-VEE V. 
Common-Mode Rejection Ratio· CMRR 70 90 70 90 70 90 dB 

RS .. 10kSl 

Power SupplV Current IVo • 01 ICC,IEE 2.8 4.0 2,8 7.0 2.8 7.0 mA 
RL = ~ 

Individual Output Short·Circuit Current 121 lOS. .10 130 145 .10 120 145 110 ,30 145 mA 

Positive Power Supply Rejection Ratio PSRA+ 30 150 30 150 30 150 I'VIV 

Negative Power SuJjply Rejection Aatio PSRA- 30 150 30 150 I'VIV 

Average Temperature Coefficient of Input '\IIO/~T 50 50 50 pA/oC 
Offset Curren • 

. TA = Thigh to Tltw 
Average Temperature Coefficient of Input ~VIO/·\T 10 10 10 jJV/oC 

Oifset Vol tag. 

T A ·.ThighIO Tlow 
Power Bandwidth BWp 9,0 9.0 9.0 kHz 

A':J. 1. RL = 2.0kll. Vo • 2OVlp·pl, 
THD·5% 

Small,Signal Bandwidth BW 1.0 1.0 1.0 MHz 
AV· 1.RL =10kSl,Vo ·50mV 

Slew Rate SR 0.6 0.6 0.6 V/jJs 
AV· I, Vi· -10V to +10V 

Rise Tinie tTLH 0.35 0.35 0.35 JJS 

AV·l,RL =10k!!, Vo • 50mV 

Fall Time tTHL 0.35 0.35 . 0.35 jJ' 
AV· I, RL = 10 kS!, Vo • 50 mV 

Overshoot OS 20 20 20 % 
AV·1,RL· 10k!!, Vo ·50mV 

Phase Margin <pm 60 60 60 Degree. 
·AV.·l, RL • 2.0 k!1, CL = 200pF 

Crossover Distortion 1.0 1.0 1.0 % 
IVin = 30mVp·p, Vout • 2.0Vp-p, 
f· 10 kHz I 

111 Thigh· 125°C for MC3503, 70°C for MC3403, 85°C for MC3303 
Tlow '" -55°C for MC3503. OoC for MC3403, -400 C for MC3303 

ELECTRICAL CHARACTERISTICS IVCC· 50 V. VEe = Gnd, TA· 25°C unless otherwise noted) 

MC3503 MC3403 MC3303 

Characteristic Svmbol Min TVp Max Min Tvp Max Min Typ Max Unit 

Input Offset Voltage VIO 2.0 5.0 2.0 10 10 mV 

Input Olfset Current- 110 30 50 30 50, 75 nA 

Input Bias Current liB -200 -500 -200 -500 -500 nA 

Large·Signal Open.Loap Voltage Gain AVOL 20 200 20 200 20 200 VlmV 
AL =2.0kSl 

Power SupplV Rejection Ratio PSAA 150 150 150 jJVIV 

Output Voltage Range (3) VOA Vp'P 
AL = 10kSl, VCC·5.0V 3.3 3.5 3.3 3.5 3.3 3.5 
AL = 10kSl, 5.0V" VCC .. 30 V Vec-l.7 VCC-l.5 VCC-l.7 VCC-l.S VCe-l .7 Vec-l.S 

Power Supplv Current ICC 2.5 4.0 2.5 7 .. 0 2.5 7.0 mA 

Chinnel Separation -120 -120 -120 dB 
I = 1.0 kHz to 20 kHz (Input Aeferenced) 

(2) l\Iot to exceed maxImum package power diSSIpation. 
131 Output will swi~ io grourid 

@ MOTOROLA Semiconduct.or Product.s Inc. 
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MC3403, MC3503, MC3303 

CIRCUIT SCHEMATIC Bias Circuitry 
Common to Four 

Amplifiers 

INVERTER PULSE RESPONSE 

20/Js/div. 

CIRCUIT DESGRIPTION 

The MC3503/3403/3303 is made using four internally 
compensated, two-stage operational amplifiers. The first 
stage of each consists of differential input devices 024 and 
022 with input buffer transistors· 025 and 021 and 
the differential to single ended converter 03 and 04. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans
conductance reduction functions. By reducing the trans
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area_ The transcon-· 
ductance reduction is accomplished by splitting the col
lectors of 024 and 022. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 

VEE (Gnd) 

without saturating either the input devices or the dif
ferential to single-ended converter. The second stll4le con
sists of a standard current source load amplifier stage. 

The output stage is unique because it allows the output 
to swing to ground in single supply operation and yet does 
not exhibit any crossover distortion in split supply oper
ation. This is possible because class AB operation is utilized. 

Each amplifier is biased from an internal-voltage regu
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 

THERMAL INFORMATION 
The maximum power consumption an integrated circuit 

can tolerate. at a given 'Operating ambient temperature, c,!n 
be found from the equation: 

T J(max) - TA 
PO(T A) = R~JA(TyP) 

Where: PD(T A) = Power Dissipation allowable at a given 

operating ambient temperature_ This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

T J(max) = Maximum Operating Junction Temperature 
as listed in the Max,imum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to' 
o Ambient . 

@ MOTOROLA Se,.,iconductor Products Inc. _______ ...J 
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MC3403, MC3503, MC3303 

TYPICAL PERFORMANCE CURVES 
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FIGURE 1 - SINE WAVE RESPONSE 
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• Note Class A B output stage 
produces distortion less Sinewave 
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FIGURE 3 - POWER BANDWIDTH 
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FIGURE 5 - INPUT BIAS CURRENT versus TEMPERATURE 
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FIGURE 2 - OPEN LOOP FREQUENCY RESPONSE 
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FIGURE 4 - OUTPUT SWING versus SUPPL Y VOLTAGE 
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FIGURE 6 -INPUT BIAS CURRENT versus SUPPLY VOLTAGE 
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MC34()3, MC3503,· MC3303 

APPLICATIONS INFORMATION 

FIGURE 7 - VOLTAGE REFERENCE 

Vcc 

10 k 

R2 

10 k 

R1 

R1 
VO=RT+Fi2 

1 
Vd c2" V CC 

FIGURE 8 - WEIN BRIDGE OSCILLATOR 

10k 
V ref ........ .J\OVY .... ....;.,o-t 

R 

50k 

For fo=1kHz 

R = 16 kf! 

C= 0,01 /.IF 

FIGURE 9 - HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER FIGURE 10 - COMPARATOR WITH HVSTERESIS 

e1 

e2 

eo = C (1 + a + b) (82 - e1) 

R 

V,ef 
R1 

R2 

R2 Hysteresis 

VOHLffi-.' I . 

Vo : 

I 
I 
I 

VOL VinL : VinH 

Vref 

R1 
VinL = R1 t R2 (VOL - Vref) + Vref 

VinH= R1 :'R2 (VOH - Vref) + Vref 

H = R,R+'R2 (VOH - VOL) 

FIGURE 11 - BI·QUAD FILTER 

Bandpass 
Output 

R 

100 k 

100 k 

R3 

R1 =OR 

R1 
R2=

Tap 

R3 = TN Ri 

C1 = 10C 

fo= 1 kHz 

0= 10 

1 
Vref = 2" VCC 

D--o ..... ---If-----eNotchOutput R = 160kf! 

Vref INhere TBP = Center Frequency Gain 

@'MOTOROLA 
TN = Passband Notch Gain 

C;. 0,001 /.IF 

R1= 1,6 Mh 
R2 = 1,6Mf! 

R3=1,6Mf! 

SenJicondcictor Products Inc. ________ ....... 
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MC3403, MC3503, MC3303 

1 
Vref = 2 VCC 

" , 

FIGURE 12 - FUNCTION GENERATOR 

Triangle Wave 
Output 

R2 

300k 

V ref "'--0--4 

C 

Rf 

f= Rl +RC if R3=R2 Rl 
4CRfRl R2+Rl 

FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER 

4,1 Cc 

1"' 

Vec 

1 
Vref = '2 VCC 

Given fo = Center Frequency 

A(fo ) = Gain at Center Frequency 

Choose Value f o • C 
Then: 

o 
R3=--

11 fo C 
R3 

Rl = 2 A(fo) 

Rl R5 
R2-402R1_R5 

For less than 10% error from operational amplifier 

0 0 f O <O.l 
BW 

Where fo and BW are expressed In Hz. 

If source impedance varies. filter may be preceeded with 
voltage follower buffer to stabilize f,ilter parameters, 

Square Wave 
Output 

Circuit diagrams utilizing Motorola products are included as a means 
of illust~atjng typical semiconductor applications; consequently, 
compl~t~ Inf<:lrmation sufficient for construction purposes is not 
nece~sarilv given. The information has been carefully checked and 

is believed to be entirely reliable. However, no responsibility is 
assumed for -inaccuracies. , Furthermore. such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc, or others. 

® MOTOROLA Semiconductor Products Inc. 
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II 

ORDERING INFORMATION 

Device 

MC3358P1 
MC3458G 
MC3458P1 
MC3458U 
MC3558G 
MC3558U 

Temperature Range 

-40°C to +85°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

-55°C to +1?5°C 
...:..55°C to + 125°C 

Package 

Plastic DIP 
Metal Can 
Plastic DIP 

Ceramic DIP 
Metal Can 

Ceramic DIP 

Specificatione an~ Applications 
InforIllation 

DUAL LOW POWER OPERATIONAL AMPLIFIERS 

Utilizing the circuit designs perfected for recently introduced 
Quad Operational Amplifiers, these dual operational amplifiers 
feature 1) low power drain, 2) a common mode input voltage range 
extending to groundlVEE, 3) Single Supply or Split Supply operation 
and 4) pin outs compatible with the popular MC1558 dual operational 
amplifier. The MC3558 Series is equivalent to one-half of a MC3503. 

These amplifiers have several distinct advantages over standard 
operational amplifier types in single supply applications. They can 
operate at supply voltages as low as 3.0 Volts or as high as 36 Volts 
with quiescent currents about one-fifth of those associated with the 
MC1741 (on a per amplifier basis). The common mode input range 
includes the negative supply, thereby eliminating the necessity for 
external biasing com'ponents in many applications. The ,output voltage 
range also includes the negative power supply voltage. 

• Short Circuit Protected Outputs 
• True Differential Input Stage 
• Single Supply Operation: 3,0 t036 Volts 

• Low Input Bia~ Currents 
• I nternally Compensated 
• Common Mode Range Extends to Negative Supply 
• Class AB Output Stage for Minimum Crossover Distortion 

• Single and Split Supply Operations Availabl,e 

• Similar Performance to the Popular MC 1558 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Supply Voltages Vdc 
Single Supply VCC 36 
Split Supplies VCC +18 

VEE -18 

Input Differential Voltage VIDR ±30 Vdc 
Range (1) 

Input Common Mode Voltage VICR ±15 Vdc 
Range (2) 

Input Forward Current IIF 50 mA 
(VI < -0.3 V) 

Junction Temperature TJ °c 
Ceramic and Metal Packages 175 
Plastic Package 150 

Storage Temperature Range T stg °c 
Ceramic and Metal Packages -65 to +150 
Plastic Package -55 to +125 

Operating Ambient Temper- TA °c 
ature Range 
MC3558 -55 to,+125 
MC3458 o to +70 
MC3358 -40 to +85 

(1)Split PowerSupplies, 
(2) For Supply Voltages less than ± 15 V, the absolute maximum input voltage is equal to 

the supply voltage. 

3-122 

MC3458 
MC3558 
MC3358 

DUAL DIFFERENTIAL 
INPUT 

'OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601 

VCC 

VEE/Gnd 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MC3458, MC3358 only) 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 



MC3458, MC3558, MC3358 

(For MC3558, MC3458, VCC = +15 y, VEE = -15 V, TA = 250C unless otherwise noted.) (For MC3358, VCC = +14 V, VEE = Gnd, 
ELECTRICAL CHARACTERISTICS T A = 2SoC, unless otherwise noted.) 

MC3558 MC3458 MC3358 

ChI'lctoristic Symbol Min Typ MIX Min Typ MIX Min Typ MIX Unit 

Input Offset Voltage VIO 2.0 5.0 2.0 10 2.0 8.0 m'll 

T A = Thigh to Tlow III 6.0 12 10 

Input Offset Current 110 30 50 30 50 30 75 nA 

T A • Thigh to Tlow. 200 200 250 

Large Signal Open·Loop Voltage Gain AVOL V/mV 
Vo = .,0V, RL' 2.0 k!l. 50 200 20 200 20 200 
T A = Thigh to Tlow 25 300 15 15 

Input Sias Current liB -200 -500 -200 -500 -200 -500 nA 

T A = Thigh to Tlow -300 -1500 -800 -1000 

Output Impedance Zo P.i 75 75 !l 

• 1= 20 Hz 

I nput Impedance zi 0.3 1.0 . 0.3 1.0 0.3 1.0 M!l 
1= 20 Hz 

Output Voltage Range VOR V 
RL = 10k!l ,12 , 13.5 "2 , 13.5 12 12.5 
RL=2.0kn "0 ,,3 "0 ,13 10 12 
RL = 2.0 kn. TA = Thigh to Tlow "0 "0 10 

Input Common·Mode Voltage Range VICR +13 V -VEE +13.5 V -VEE +13 V-VEE +13.5V -VEE +12 V -VEE +12.5V-VEE V 

Common-Mode Rejection Ratio CMRR 70 90 70 90 70 90 dB 
RS .. ,0kn 

Power Supply Current IVa = 0) ICC.lEE 1.6 2.2 1.6 3.7 1.6 3.7 mA 
AL =-

Individual Output Shori·Circuit Current (2) lOS, ±10 ,30 ,45 ,,0 ,20 ,45 ,10 ,30 ,45 mA 

Positive Power Supply Rejection Ratio PSAA+ 30 150 30 150 30 150 /iVN 

Negative PO\'Ver Supply Rejection Ratio PSAA- 30 150 ·30 150 /iVN 

Average Temperature Coefficie,nt of Input ,'IIOI,\T 50 50 50 pA/GC 
Offset Current 
T A = Thigh to Tlow 

Average Temperature Coefficient of Input 6VI01:·T 10 10 10 /iV/oC 
Offset Voltage 

T A = Thigh to Tlow 
Power .Bandwidth BWp 9.0 9.0 9.0 kHz 

AV= I,AL =2.0kn, Va· 20Vlp·pl, 
THO = 5% 

Small·Signal Bandwidth BW 1.0 1.0 1.0 MHz 
AV = I, AL = 10kn, Vo= 50mV 

Slew Aate SR 0.6 0.6 0.6 V//is 
AV = 1, Vi = -10 V to + 1 Q V 

-Aise Time tTLH 0.35 0.35 0.35 
AV= I,RL' 10k!l, Vo ' 50mV 

Fall Time tTHL 0.35 0.35 0.35 
AV' I.RL' 10 kll, Vo= 50mV 

Overshoot .OS 20 20. 20 % 
AV = I:RL = 10 kn, Vo = 50mV 

Phase Margin- </>m 60 60 60 Degrees 
AV' I,RL = 2.0 k!l. CL = 200pF 

Crossover Distortion 1.0 1.0 t.O % 
IVin' 30mVp-p. Vout = 2.0 Vp·p, 
1= 10 kHzl 

III Thigh: 1250 C lor MC3558, 700 C lor MC3458, 85°C lor MC3358. 
Tlow = -550 C lor MC3558. OOC lor MC3458, -40oC lor MC3358. 

ELECTRICAL CHARACTERISTICS IVCC = 50 V, VEE = Gnd. TA = 25°C unless otherwise noted I 

MC3558 MC3458 MC3358 

Ch..,.cteriltic Symbol Min Typ Max Min Typ Max Min Typ Max Unit 

Input Off.et Voltage VIO 2.0 5.0 2.0 10 2.0 10 mV 

Input Offset Current 110 30 50 30 50 75 nA 

Input Bias Current I'B -200 -500 -200 -500 -500 nA 

Large-Signal Open· Loop Voltage Gain AVOL 20 200 20 200 20 200 V/mV 
RL = 2.0k!l 

Power Supply Rejection Ratio PSRR 150 150 150 /iVN 

Output Voltage Range 131 VOB Vp-p 
RL' 10 k!l, VCC • 5,0 V 3.3 3.5 3.3 3.5 3.3 3.5 
RL = 10 k!l, 5.0 V .. VCC" 30 V VCC-l.7V VCC -1.7 V Vce -1.7 V 

Power Supply Current ICC 2.5 4.0 2.5 7.0 2,5 4.0 mA 

Channel Separation -120 -120 -120 dB 
I • 1.0 kHz to 20 kHz (Input Relerencedl . 

(2) Not to exceed max'm~m package power dlSSlpatoon. 
(3) Output will swing to ground 

® MOTOROLA Semiconductor Prod.ucts Inc. _____ ~--J 
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MC3458, MC3558, M'C3358 
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lnp~ts 

REPRESENTATIVE CIRCUIT SCHEMATIC 

Output 
(Yo Shown) 

Q20 ...... '----., 

Bias Circuitry 
Common to Both 

Amplifiers 

Q30 

R5 
2,4 k 

VCC 

L-.--<I>--~--~+---+-----<~~-+---+----__4-_+__e----_+_--_+__+__OVE E (Gnd) 

CIRCUIT DESCRIPTION 

INVERTER PULSE RESPONSE The MC3558 Series is made using two internally 
compensated, two-stage operatibnal amplifiers, The first 
stage of each consists of differential input devices 024 and 
022 with input buffer transistors 025 and Q21 and 
the differential to single ended converter 03 and 04. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans
conductance reduction functions. By reducing the trans
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area_ The transcon
ductance reduction is accomplished by splitting the col
lectors of 024 and 022. Another feature of this input 
sta'ge is that the input. common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif
ferential to single-ended converter. The second stage con
sists of a standard current source load amplifier stage. 

/ \ 
V \ 

/ 
/ 

20/ols/div. 

\ J 
\ / 

The output stage is unique Qecause it allows the output 
to swing to ground in single supply operation and yet does 
not exhibit any crossover distortion in split supply oper
ation_ This is possible because class AB operation is utilized. 

Each amplifier is biased from an internal-voltage regu
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection_ 

® MOTOROLA Serniconduc'f:or Produc'f:. Inc. ______ -..J 
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MC3458, MC3558, MC3358 

TYPICAL PERFORMANCE CURVES 
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FIGURE 1 - SIIIIE WAVE RESPONSE 
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FIGURE 3 - POWER BANDWIDTH 
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MC3458, MC3558, MC3358 

APPLICATIONS INFORMATION 

FIGURE 7 - VOLTAGE REFERENCE 

Vec 

10 k 

R2 

10 k 

R1 

R1 ' 
Vo.= R1 + R2 

1 
Vo =2" V CC 

FIGURE 8 - WEIN BRIDGE OSCILLATOR 

10 k 
V ref ......... .JV\IIi---C>-i 

1 
Vraf ="2 VCC 

R 

50 k 

1 
f O,=21tRC 

For fo = , kHz 

R = 16 kH 

C = 0,01 IlF 

FIGURE 9 - HIGH IMPEDANCE DIFFERENTIAL AMPlIFI,ER FIGURE 10 - COMPARATOR WITH HYSTERESIS 

Vin Cl R2 
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C 

1 
-R 
C 

R 

eo = C (1 + a + b) (e2 - e1) 

R 

Vref 

R2 

R 

R1 

R2 Hysteresis 

R' 
Vo : 

Vin .... ----0-, 

VOHLffi-1 
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I 

VOL VinL : VinH 

VinL = R 1
R

+' R2 (VOL - Vref) + Vref 

VinH = R 1 :'R2 (VOH - Vref) + Vref 

H = R1
R
+'R2(VOH - VOL) 

Vref 

FIGURE 11 - BI-QUAD FILTER 

Sal)dpass 
Output 

Vref 

R 

100 k 

100 k 

R3 

R1 = OR 

R1 
R2=

TSp 

R3 = TN R2 

Cl = 10C 

fo= 1 kHz 

0= 10' 

TSp = 1 

TN = 1 

1 
Vref = 2VCC 

~-o""'---i~NotchOutPut R ~ 'SOkU 

Where TSp = Center Frequency Gain 

TN = Passband Notch Gain 

\ 

C = 0.001 /IF 

R1 = 1.6MU 

R2= 1.SMU 

R3= 1.SMU 

® MOTOROLA Serniconduc'for Produo'fs 11'10. --------' 
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MC3458, MC3558, MC3358 

Vref = i Vcc 

APPLICATIONS INFORMATION (continued) 

FIGURE 12 - FUNCTION GENERATOR 

Triangle Wave 
Output 

R2 

300 k 

V ref ,---o-~ 

Af 

f=~ if A3=A2 A1_ 
4CRfRl A2+R1 

FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER 

4 
t 

VCC 

'>-<~--f~VO 
Co 

Co = 10 C 

1 
V"ref = 2" VCC 

Given fo = Center Frequency 

A(fo ) = Gain at Center Frequency 

Choose Value fo' C 
Then: 

° R3=--
1T fo C 

R3 
R1 =---

2 A(fo) 
Al R3 

R~ = 402 R1 _ R3 

For less than 10% error from operati"onal amplifier 

°0 f O <0.1 
BW 

Where fo and BW are e)(pressed in Hz. 

If source impedance varies, filter may be preceeded with 
voltage follower buffer to stabilize filter parameter's. 

Square Wave 
Output 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not. 
nec;essarily given. The information has been carefully checked and 

is "believed to be entirely reliable. However, no responsibility is" 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the Semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 

® MOTOROLA Sernlconduc'tor Produc't. Inc. 
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Advance InfqrDl.ation 

QUAD WIDEBANQ OPERATION~L AMPLIFIERS 

The MC3471/MC3571 is one of the first quad rET-input opera

tional amplifiers offered to the industry. Its FET input gives the 
amplifier a very high input imP,8dance and extremely low input 
characteristics. The MC3471 also features a unity gain stable 10 MHz 
bandwidth. 

This large bandwidth makes this device excellent for active filter 
applications where high freq4ency perforrt'anc~ i~ required. It is also 
very useful as a general purpose high performance operational 
amplifier because of its attractive input characteristics. 

• Four Amplifiers on a Single Monolithic Chip 

• FET Input 

• Bandwidth = 10 MHz (Unity Gain Stable) 

• High Input Impedance 

• Low Input Offset Currents (20 pAl 

• No External Compensation Required 

• High Slew Rate (20 Vips) 

MAXIMU~ RATINGS 

Rating Symbol Value Unit 

Power Supply Volta!J!! VCC +18 Volts 

VEE -18 

Input Differential Voltage VID ±30 Volts 

Input Common Mode Voltage VIC ±10 Volts 

Output Short-Circuit Duration ts Continuous s 
Power Di$SipatiOri PQ mW 

Plastic packa'll: 625 
Ceramic package 150 

Operating Temperature Range T.A, ()C 
MC3471 o to +70 
MC3571 -55 to +125 

Storage Temperature Range. Tstg -65 to +150 °c 
Operating Junction Temperature Range T/ 150 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Res,stance. Junction to Ambient flOJi>. °CfW 
Plastic (Case 646) 100 
Ceramic (Case 632) 100 

This is advance information and specifications are subject.to change without notice. 

3-12~ 

MC3471 
MC3571 

QUAD FET-INPUT 
OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

LSUFFIX 
CERAMIC PACKAGE 

CASE 632 ' 
TO-116 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

PIN CONNECTIONS 

ORDI;RINC? INFORMATION 

Temperatur!' 
Device Range 

MC3471L o tQ +700 C 
MC3471P o to +700 C 
MC357tL '-55 to +1250 C 

Package 

Ceramic DIP 
Plastic DIP 

Ceramic DIP 



MC3471, MC3571 

ELECTRICAL CHARACTERISTICS (VCC = +15 V, VEE = -15 V, TA = 250 C unless otherwise noted.) 

MC3471 MC3571 
Characteristic Symbol Min Typ Max Min Typ Max Unit 

Imput Offset Voltage VIO mV 
(RS = 10 kill - - 6.0 - - 5.0 
(RS = 10 kil, Tlow to Thigh) - - 7.5 - - 6.0 

Input Offset Current 
, 

110 - - 20 - - 20 pA 

Input Bias Current liB - 20 200 - 20 200 pA • Large-Signal Open Loop Voltage Gain AVOL V/V 
(RL = 2.0 kil) 25 k - - 50 k - -
(RL = 2.0 kn, T,ow to Thigh) 15 k - - 25 k - ,-

Power Supply Current ICC mA 
ITA = 250 C) - - 10 - - 8.0 
(T A = Tlow to Thigh) - - 12 - - 8.5 
ITA = 250 C) lEE - - 10 - - 8.0 
(T A = Tlow to Thigh) - - 12 - - 8.5 

Common-Mode Rejectioh Ratio CMRR 80 - - 80 - - dB 
(Tlow to Thigh) 

Power S"!pp/y Rejection Ratio PSRR 70 - - 70 - - dB 
(Tlow to Thigh) 

Output Voltage .VO V 
IRL = 20 ~n, Tlow to Thigh) ±10 ±12 - ±10 ±12 -
IRL = 10 kn, T,ow to Thigh) ±12 ±13 - ±12 ±13 ~ 

Input Common-Mode Voltage Range VICR ±10 - - ±10 - - V 

Input Differential Voltage Range VIDR ±30 - - ±30 - - V 

Output Short-Circuit Current 
. (Shorted to Supplies) 

lOS - ~5 - - 25 - mA 

Small-Signal Bandwidth BIN 8.0 10 - 8.0 10 - MHz 

Power Bandwidth BWp 200 - - 200 - - kHz 

(Vout '" ±10 VI 

Unity Gain Crossover Frequency fc 8.0 10 - 8.0 10 - MHz 

Power Consumption Pc mW 
(T A = 250 CI - - 300 - - 240 
IT A = Tlow to Thigh) - - 360 - - 255 

Chann~1 Separation - 80 - - 80 - - dB 

Slew Rate SR 20 - ~ 20 - - V//J.s 
.. 

® MOTOROLA S~fTllconduc'fO~ Produc'fs Inc. 
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ORDERING INFORMATION 

Device 
MC3476G 
MC3476P1 

Temperature Range 

DOC to -+ 7DoC 
DOC to +7DoC 

Package 

Metai Can 
Plastic DIP 

PROGRAMMABLE OPERATIONAL AMPLIFIER 

This extremely versatile operational amplifier features low power 
consumption, and high input impedance. In addition, the quiescent 
currents within the device may be programmed by the choice of an 
external resi~tor value or curre,nt source applied to the Iset input. 
This allows the amplifier's characteristics to be optimized for input 
current, power consumption and· input voltage despite wide varia-
tions in operating power supply voltages. . 

• ±6.0 V to ±15 V Operation 
• Wide Programming Range 

• Offset Null Capability 
• No Frequency Compensation Required 
• Low Input Bias Currents 
• Short-Circuit Protection 

RESISTIVE PROGRAMMING (See Figure 1.) 
r-----~--------------------~ r-------------------------~~ 

Rset to GROUND 

Rset 
vee - 0.6 

lset=-
Rset 

Typical Rset Values 

Vee. VEE Iset = 10 jlA Iset = 15 jlA 

±6.0 V 
±9.0V 
±12 V 
±15 V 

560·kU 
820 kU 
1.0MU 
1.5MU 

360 kU 
560 kU 
750 kU 
1.0MU 

Rset to NEGATIVE SUPP.L Y 

Rset 

vee -0.6 -VEE 
Iset = ---.--

Rset 

Typical Rset Values 

Vee. VEE lset = 10jlA Iset = 15 J,lA 

±'6.0V 1.0 MU 820 kU 
±'9.0V 1:8MU 1.2MU· 
±.12 V 2.2 MU 1.5MU 
±15 V 2.7 MU 2.0MU 

ACTIVE PROGRAMMING 

FET CURRENT SOURCE BIPO.LAR CURRENT SOURCE 

VB 

3-130 

MC3476 

PROGRAMMABLE 
OPERATIONAL AMPLIFIER 

81 LICON MONOLITHIC 
INTEGRATED CIRCUIT 

~ Offset Null 1 

~~~i~~~~ Inverting Input 

Non-Inverting Input 3 

G SUFfiX 
METAL PACKAGE· 

CASE 601-03 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 

Inverting Input 

Non-Inverting Input 

I set 

VOL TAGE OFFSET 
NUL.L CIRCUIT 

TRANS I ENT -R ESPONSE 
TEST CIRCUIT 

VEE 



MC3476 

MAXIMUM RATlNGS(T A = +250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltages VCC,VEE ±..18 Vdc 

Input Differential Voltage Range VIDR ±30 Vdc 

Input Common-Mode Voltage Range VICR Vee, VEE Vdc 

Offset Null to VEE Voltage Voff-VEE ±.O.5 Vdc 

Programming Current 'set 200 tJA 

Programming Voltage Vset (Vec·D.6 V) Vdc • (Voltage from 'set terminal to ground) to 

Vec 

Output Short·Circuit Duration * ts Indefinite s 

Operating Ambient Temperature Range TA Oto+70 °c 

Storage Temperature Range Tstg -65 to+150 °c 

P-ower Dissipation (Package limitation) Po 
Metal Package @ T A = +250 C 680 mW 

Derate above 25°C 4.6 mW;oC 

Plastic Package @ T A = +250 e 625 mW 

Derate above 250 e 5.0 mW/oC 

*Short-Circuit to ground with 'set';;; 15 Ji.A. Rating applies up to ambient temperature of +70oC. 

EQUIVALENT SCHEMATIC DIAGRAM 

I set 

7 
r-------------~~--------._--4_--~~~~------._--------~~~----~VCC 

50 

INPUTS 

100 OUTPUT 

50 
OFFSET NULL 

10k 10k 

VEE 

~--------~----4----------4------~-----4--------~----------~-------o4 
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MC3476 

ELECTRICAL CtiARACTERISTICS (VCC = +15 V VEE = -15 V Iset = 15 ~A TA = +250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max 
Input Offset Voltage (RS .;; 10 kn) VIO 

TA = +250 C - 2.0 6.0 
OoC .;; T A .;; 70°C - - 7.5 

Input Offset Current 110 
TA = +250 C - 2.0 25 
TA = 70°C - - 25 
TA = OoC - - 40 

Input Bias Current liB 
TA =+250 C - 15 50 
TA = 70°C - - 50 
TA = OoC - - 100 

Input Resistance fj - 5.0 -
Input Capacitance Ci - 2.0 -
Offset Voltage Adjustment Range VIOR - 18 -
Large Signal Voltage Gain AVOL 

RL ;;;. 10 kS1, Vo = ±.10 V, T A = +250 C 50 k 400 k -
RL;;;' 10 kS1, Vo = + 10 V, OoC.;; TA';; 70°C 25 k - -

Output Resistance .' 
ro ~ 1.0 -

Output Short-Circuit Current lOS - 12 -
Supply Current ICC, lEE 

TA =+250 C - 160 200 
OoC .;; T A .;; 70°C - - 225 

Power Consumption Pc 
TA = +250 C - 4.8 6.0 
OoC .;; T A .;; 70°C - - 6.75 

Transient Response (Unity G!jin) 
Vin = 20 mV, RL ;;;. 10 kS1, CL = 100 pF 

Rise Time tTLH - 0.35 -
Overshoot OS - 10 -

Slew Rate (RL ;;;. 10 kn) SR - 0.8 -
Output Voltage Range VOR 

Rl;;;' 10 kS1, fA = +250 C ±12 ±13 -
Rl ;;;> 10kS1, OoC';; TA';; 70°C ±12 - -

Input Common-Mode Voltage Range 
OoC';; TA';; 70°C 

. VICR ±10 - -

Common-Mode Rejection Riltio CMRR 70 90 -
RS';; 10 kS1, OoC .;; T A .;; 70°C 

Supply Voltage Rejection Ratio PSRR - 25 200 
RS';; 10 kS1,.OoC.;; TA ~ 700 e 

TYPICAL CHARACTERISTICS 
(T A = +2SoC unless otherwise noted.) 

FIGURE 1 - SET CURRENT versus SET RESISTOR 
FIGURE 2 - POSITIVE STANDBY SUPPI-Y 

. CURRENT y~rsus SET CURRENT 
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en 
~ 10M 
S 
a: 
o 
In 
~ 1.0M 
a: 

~ 
Ji 100 k 

10 k 
0.1 

I'l!!oo. VCC=+15V 

"- " 
VEE=-15V 
Rset to VEE 

,. ........ 

1.0 10 

lset, SET CURRENT (J.LA) 

Vec = +15 V 
VEE=-15V 

~~sen~?~?, 

100 

3-132 

~ 
I-
2: 

~ 100 

E 

~ 10 
;; 
o 
2: 

~ w 1.0 
> 
i== 
C;; 

~ 

+6V.;;Vce ';;+15 V 
-6V>VEE>-15V 

0.1 
0.01 0.1 1.0 10 

Iset,SET CURRENT (IlA) 

Unit 

mV 

nA 

nA 

MS1 

pF 

mV 

V/V 

kS1 

mA 

~A 

mW 

~s 

% 

V/~s 

V 

V 

dB 

~V/V 

100 



MC3476 

TYPICAL CHARACTERISTICS (continued) 

(T A = +250 C unless otherwise noted'! 

FIGURE 3 - OPEN-LOOP GAIN versus SET CURRENT 
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FIGURE 5 - SLEW RATE 
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FIGURE 4 - INPUT EiIAS CURRENT versus SET CURRENT 
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II 
Advance InforIllation 

PROGRAMMABLE QUAD OPERATIONAL AMPLIFIER 

The MC4202G is an array of four independent operational ampli
fiers on a single silicon chip. The operating current of the array is 
externally controlled by a single resistor or current source, allowing 
the user to trade-off power dissipation for bandwidth. 

• Wide Input Voltage and Common Mode Range 

• Externally Programmable 

• Internal Frequency Compensation 

• No Latch-Up 

• Matched Parameters 

• Short-Circuit Protection 

SCI-IEMATIC DIAGRAM (Each Amplified 

+ Input~~~~--~~-----, 

- Input 0---------; 

~ommMBia~N~~~k------i 
I To Op I Amps 1 
I I 
I I 
I I 

BiasI I 
I I 
I I 
I I 
I I 

: {ISet(1) : 
I NOTE ' VEE I 
I . VEE - VBE .1 
I 1. ISet = where diode I 
I RSet I 
1 voltage"'" O.65V. I L ________________ ~ 

This is advance information and specifications are subject to change without notice. 
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MC4202C 

PROGRAMMABLE QUAD 
OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN CONNECTIONS 

Inputs I 1 

A( 

Bias 8 

ORDERING INFORMATION 

Temperature 
Oevice Range Package 

MC4202CL o to +70o C Ceramic DIP 

MC4202CP o to +70o C Plastic DIP 



MC4202C 

MAXIMUM RATINGS 
Rating Symbol Unit 

Supply Voltage VCC +18 ,V 

VEE -18 

Dif{erential I nput Voltage Range "lOR ±30 V 

Common-Mode Range VICM VEE to VCC V 

Short-Circuit Duration TS Indefinite -

Operating Ambient Temperature Range TA o to +70 °c 

Operating Junction Temperature Range TJ °c 
Ceramic Package 175 
Plastic Package 150 

Storage Temperature Range T stg -65 to +150 °c 

Notes: 

1. Ceramic dual-in-line package rating applies for case temperatures to + 1250 C; derate 
linearly at 10.mW/oC for ambient temperatures above +950 C. Plastic dual-in-line 
package 'rating applies for case temperatures to 700 C; derate linearly at 6_7 mW/oC 
for ambient temperatures above +550 C. 

2. Short-circuit may be ta~en to either supply line or ground on only one amplifier 
. at a time. 

ELECTRICAL CHARACTERISTlCS* - High Power Mode (Vcc = 15 V, VEE = -15 V, ISet = 75 J1.A and 
T A = +250 C unless otherwise noted.) 

Characteristic Symbol Min Typ 

Short-Circu it Current lOS - 20 

Supply Current(1) IS 1.6 2.5 

Input Offset Voltage VIO - 1.0 

(RS~10kn) 

Input Bias Current liB - 200 

,I nput Offset Cu rrent 110 - 5.0 

Input Resistance q 20 200 

Input Common Mode Voltage Range VICR 12 13 

Common Mode Rejection Ratio CMRR 70 86 

Voltage Supply Rejection Ratio PSRR - 50 

Large-Signal Voltage Gain AVOL 
(RL = 3.0 kn, LlV o =±10V) 74 86 

Output Voltage Swing Vout 10 11 

(RL = 3.0 kn) 

Gain Bandwidth Product f1 - 2.5 

Phase Margin c/lm - 45 

RiseTime tr - 140 

(AVo = ±20 mV) 

Overshoot to - 20 

(AVo = ±20 mV) 

Channel Separation -
(RL =2.0 kn, f = 1.0 Hz) - 100 

(RL = 2.0 kn, f = 10 kHz) - 120 

Slew Rate SR ~ 1.5 

Equivalent Input Voltage Noise en 
(Bandwidth = 100 Hz to 10 KHz) - 25 

@ MOTOROLA Serniconducf:or Producf:s Inc. 
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Max Unit 

- mA 

4.0 mA 

5.0 mV 

500 nA 

50 nA 

- kn 

- ±V 

- dB 

150 }.LV/V 

dB 
-

- ±V 

- MHz 

- Degrees 

- ns 

- % 

dB 
-

-

- V/}.LS 

nV.JHz 
-



• 

Mc4202C 

ELECTRICAL CHARACTERISTICS* - Micropower Mode (Vcc = +1.5 V. VeE = :"1.5 V. ISet = 1.0 JJ.A unless otherwise noted.) 

Characteristic - Symbol Min Typ Max Unit 

Supply Current( 1) IS 20 30 40 JJ.A 

Input Bias C\lrrent liS - 10 100 nA 

Input Offset Current 110 - 1.0 10 nA 

Input Offset Voltage VIO - 2.0 5.0 mV 
(RS ±,;;;; 10 kQ) 

I nput Resistance fj O.~ 2.0 - Mn 

Input Common Mode Voltage Range VICR 0.3 0.5 - ±V 

Common Mode Rejection Ratio CMRR 60 80 - dB 

Voltage Supply Rejection Ratio PSRR - 50 200 JJ.V!V 

Large Signal Voltage Gain AVOL 66 80 - dB 
(RL ~ 100 kn) 

GlIin B,mdwidth Product f1 - 50 - kHz 

Phase Margin <pm - 45 - Degrees 

Slew Rate SR - 20 - V/ms 

Rise Time tr - 7.0 - JJ.s 
(AVO = ±20 mV) 

Overshoot to - 0 - % 
(AVO = ±20 mY) 

Channel Separation. Any Amplifier Pair - dB 

(RL = 20kn. f = 1.0 Hz. AVO = ±0.5 V) - 120 -
(RL = 10 kn. f = 1.0 kHz. AVO =±0.5V) - 120 -

Equivalent Input Voltage Noise en nV$z 
(Bandwidth = 100 Hz to 10 KHz) - 200 -

ELECTRICAL CHARACTERISTICS - Parameter Matching (tSet =75 JJ.A, tests apply for parameter matching between any 
operational amplifier pair) 

Characteristic Symbol 

Input Offset Voltage VIO 
(RS';; 10 kn) 

Input Bias Current liB 

l!1put Offset Current lio 
Gain Bandwidth Product f1 

Slew Rate SR 

Note: 

*AII tests refer to a single operational amplifier unless otherwise specifiEjd. 

1. Tests apply to four op-amps and bias network. 

Min 

-

-
-

-
-

TYPICAL CHARACTERISTIC CURVES 

Typ Max 

1.0 -

10 -
2.0 -
100 -
0.2 -

'FIGURE 1 - TOTAL SUpply CURRENT 
versus SET CU~RENT 

FIGURE 2 - OUTPUT VOL TAG.E SWING 
versus LOAD RESISTANCE 

~ Vj;c = VEe: 115VI 
r- TA =250 C 

(Unit, 

±mV 

±nA 

±nA 

±kHz 

±V/JJ.s 

101 H+=t+I++t:\t=t+=J::I~mt:~=tHmtH+=~~ 
1.0 10 100 lk 10k 

ISet• SET CURRENT (pA) 

0'\~O~~~~~1~O~~~~~~lk~J-~-U~10~kJ-~~U~~100K 

RL. LOAD RESISTANCE (OHMS) 

® MOTOROLA Serniconducf:or Producf:s'lnc. 
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MC4202C 

100 k 

k 

0 

0 

FIGURE 3 - INPUT BIAS,CURRENT 
versus SET CURRENT 

f:: TA - 25°C 

Vec = 1,5 V, VEE = -1.5 ~ 

.x1 J.Io-"" 

VCC=+15V, VEE =-15V 

1/ 

10 
co 

FIGURE 4 - TYPICAL FREOUENCY RESPONSES 
FOR VARIOUS SET'CURRENTS ISET 

o ' 
! I VIC~I = \V~E~ ~ 15 J 
I I TA = 25 0e 

0 
Rhll 

...... ....... r--~ i'o ISet = 200!lA 

0 ~ r'\ i', t\ III 
ISet =.1.0 pA " 

,,~ It[ I 

) ~~ 
ISet = 50 pA r-

I\.. 0 ,,' ~ ISet = 10!lA~ 

0 \ \ ~\ 
I" 1\ 1\ 

1.0 
1.0 10 100 lk 10 k 10 

\ 1\ 1\\ 
100 lk 10 k 100 kIM 10 M 100M 

ISet' SET CURRENT (IlA) 

1 k 

FIGURE 5 - GAIN·BANDWIDTH PRODUCT, AVOL 
versus SET CURRENT 

F Vec = IVEEI = 15 V 
1= TA = 25°C 

;; 100 
.§ 
~ 
z 
:;;: 
~ 10 

8 
~ 1.0 

t= 
~ 

1 0, 
1,0 

~ OPEN LOOP 
=GAINAVOL 

1/ r-

GAl N·BAN OWl OTH 
PRO.OUCT 

10 100 1 k 

ISet, SET CURRENT (IlA) 

APPlicAtiONS INFORMATION 

f, FREQUENCY (Hz) 

1 00 

1 

1 

01 
10k 

The following approximate relations are useful for design: 

Gain·Bandwidth Product ~ 50 ((Setl 
Power Supply Current' ~ 30 IISet) 
Slew Rate ~ 20 IISetl 

Where: ISet is in /lA, ISet = VEE - VBE 

(kH2:) 

(/lA) 

(V/ms) 

RSet 

VBE= Diode Voltage ~O,65 Volts 

(f!j' ·MOTOROLA Selniconduc'for Producf:s Inc. 
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• 
Advance InforIllation 

DUAL WIDEBAND OPERATIONAL AMPLIFIER 

The MC4558 and MC4558C combine all the outstanding features 
of the MC1458, and in addition, possesses several times the unity 
gain bandwidth of the industry standard. 

• 2.5 MHz Unity Gain Bandwidth Guaranteed 

• Internally Compensated 

• Short Circuit Protection 

• Gain and Phase Match Between Amplifiers 

• Low Power Consumption 

MAXIMUM RATINGS IT A = +250 C unless otherwise noted) 

Rating Symbol MC4558C MC4558 Unit 

Power Supply Voltage Vce +18 +22 Vdc 

VEE -18 -22 Vdc 

Input Differential Voltage VIO t30 Volts 

Input Common Mode Voltage (Note 1) VICM .t15 Volts 

Output Short Circuit Duration (Note 2) ts Continuous 

Operating Ambient Temperature Range TA o to + 701-55 to + 125 °c 

Storage Temperature Range T stg °c 
Metal, Flat and Ceramic Packages -65 to +150 

Plastic Packages -55toQ25 

Junction Temperature TJ °c 
Metal-and Ceramic Package 175 

Plastic Package 150 

Note 1. For supply voltages less than ±. 15 V. the absolute maximum input voltage is equal 
to the supply voltage. 

Note 2. Supply voltage equal to or less than 15 V. 

EQUIVALENT CIRCUIT SCHEMATIC 

R3 
r---~--~--~----------~~--------------~Vcc 

R6 

~--+--o Output 

R7 

This is advance information and specifications are subject tOo change without notice. 
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MC4558 
MC4558C 

DUAL 
OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

U SUFFIX 

G SUFFIX 
METAL PACKAGE 

CASE 601 

VCC 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 

Ct::RAMIC PACKAGE 
CASE 693 

ORDERING INFORMATION 

TemperatUre 
pevice Range Package 

MC455SG -55 to + 125°C Metal Can 

MC455SU -55 to +125 0 C Ceramic DIP 

MC4558CG o to +700 C Metal Can 

MC4558CP1 o to +700 C Plastic DIP 

MC4558CU o to +700 C Ceramic DIP 



MC4558, MC4558C' 

FREQUENCY CHARACTERISTICS (Vcc ~ 15 V, VEE ~ -15 V, TA = 25°C) 

, MC4558 MC4558C 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Unity Gain Bandwidth BW 2.5 2.8 - 2.0 2.B - MHz 
(AV'= 1) 

,i;LECTRICAL CHARACTERISTICS (VCC = 15 V, VEE = -15 V, T A = 25°C unless otherwise noted.) 

Input Offset Voltage V,O - 1.0 5.0 - 2.0 6.0 mV 
(RS';;; 10 kU) 

Input Offset Current ',0 - 20 200 - 20 200 nA 

Input Bias Current liB - 80 500 - 80 500 nA 

Input Resistance ri 0.3 2.0 - 0.3 2.0 - MD 

Input Capacitance Ci - 1.4 - - 1.4 - pF 

Common Mode Input Voltage'Range VieR ±12 ± 13 - ±12 ± 13 - V 

Large Signal Voltage Gain Av 
(VO = ±10 V, RL = 2.0 kD) 50 200 - 20 ,200 - V/mV 

Output Resistance ro - 75 - - 75 - D 

Common Mode Rejection Ratio CMRR 70 90 - 70 90 - dB 
(RS';;; 10 kD) 

Supply Voltage Rejection Ratio PSRR - 30 150 - 30 150 /1V/V 
(RS ,;;;10 kD) 

Output Voltage Swing Vo 
(RL ~ 10 knl ±12 ±14 I- ±12 ±14 - V 

(RL ~ 2 kH) ± 10 ±13 - ±10 :!:13 -

Output Short-Circuit Current los - 20 - - 20 - mA 

Supply Currents (Both Amplifiers) 10 - 2.3 5.0 - 2.3 5.6 mA 

Power Consumption Pc - 70 150 - 70 170 mW 

transient Response (Unity Gain) 
(V, = 20mV, RL;;' 2kD. CL';;; 100 pF) Rise Time tTLH - 0.3 - - 0.3 - /1S 
(V, = 20mV, RL;;' 2 kD, CL';;; 100 pF) Overshoot os - 15 - - 15 - % 
(V, = 10 V, RL ;;, '2 kD.CL';;; 100 pF) Slew Rate SR - 1.5 - - 1.0 - V!/1S 

ELECTRICAL CHARACTERISTICS (VCC = 15 V, VEE ~ -15 V, TA = 'Thigh to T,ow unless otherwise noted!' 

Input Offset Volt<l'ge V,O - 1.0 6.0 - - 7.5 mV 
(RS';;; 10 kU) 

Input Offset Current ',0 
(TA = 125°C) - 7.0 200 - - - nA 
(TA ~ -55°C) - 85 500 - - -
(T A = OoC to + 70°C) - - - - - 300 

Input Bias Current liB 
(TA = 125°C)' - 30 500 - - - nA 
(TA = -55°C) - 300 1500 - - -
(T A = OoC to +700 C) - - - - - 800 

Common Mode Input Voltage Range V,CR ±12 .±13 - - - - V 

Common Mode Rejection Ratio CMRR 70 90 - - - - dB 
(RS';;; 10 kD) 

Supply Voltilge Rejection Ratio PSRR - 30 150 - - - /J.V/V 
(RS ,;;; 10 kD) 

Output Voltage Swing Vo 
(RL;;'10kD) ±12 ±14 - ±12 ±14 - V 
(RL;;,2kD) ±10 ±13 - ±10 ±13 -

Large Signal Voltage Gain Av 
(VO = ±10 V, RL = 2 kD) 25 - - 15 - - V/mV 

Supply Currents (Both Amplifiers) 'D 
(TA = 125°C) - - 4.5 - - - rnA 
(TA = -55°C) - - 6.0 - - -

Power Consumption Pc - - 135 - - - inW 

(TA = 1250 CI - - 180 - - -
(TA = -550 CI 

"Thigh = 125°C for MC4558 and 70°C for MC4558C 
T,ow = ~550C forMC4558 and OoC for MC4558C 

M MOTOROLA Setniconduc'tor Produc1:s Inc. 
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ORDERING INFORMATION 

Device 

MC4741'L 
MC4741CL 
MC4741CP 

Temperature Range 

-55°C to +125°C 
O°C to +70°C 
O°C to +70°C 

Package 

Ceramic diP 
Ceramic DIP 
Plastic DIP 

Specifications and Applications 
InforIllation 

QUAD MC1741 OPERATIONAL AMPLIFIERS 

The MC4741 series is a true quad MC1741 Integrated on a singi~ 
monol ithic chip are four independent, low-power operational 
amplifiers which have been designed to provide operating char
acteristics identical to those of the industry standard MC1741 i a,nd 
can be applied with no change in circuit performance. 

The MC4741 can be used in appl ications where ampl ifier matching 
or high packing density is important. Other applications include 
high impedance buffer ampl ifiers and active filter amplifiers. 

• Each Amplifier is Functionally Equivalent to the MC1741 

• Class AB Output Stage Eliminates Crossover Distortion 

• True Differential Inputs 

• Internally Frequency Compensated 

• Short Circuit Protection 

• Low Power Supply Current (0.6 mA/Amplifier) 

EaUIVALENT CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown) 

25 

vee 

OUTPUT 

50 

OffSET 
NULL 

VEE 

3·140 

MC4741 
MC4741C 

,QUAD MC1741 
DIFFERENTIAL INPUT 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

14 

LSUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO·11S 

[:::::1 
1 (top view) 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

PIN CONNECTIONS 

Out Out 
1 4 

Inputs Inputs 
1 4 

VEE/Gnd 

Inputs Inputs 
2 3 

Out Out 
2 3 



MC4741, MC4741C 

MAXIMUM RATINGS(T A = +250 C unless otherwise noted). 

Rating Symbol MC4741 MC4741C Unit 
Power Supply Voltage VCC +22 +18 Vdc 

VEE -22 -18 Vdc 

Input Differential Voltage VID ±44 ±36 Volts 

Input Common Mode Voltage VICM - ±22 ±18 Volts 

Output Short Circuit Duration ts ContinUous 

Operating Ambient Temperature Range TA -55 to +125 o to +70 °c • Storage Temperature Range T5tg °c 
Ceramic Package -65 to +150 
Plastic Package -55 to +125 

Junction Temperature TJ °c 
Ceramic Package 175 
Plastic Package 150 

TYPICAL APPLICATION 

HIGH IMPEDANCE INSTRUMENTATION BUFFER/FIL TER 

R2 

R3 

® MOTOROLA Semiconductor Product. Inc. 

")1 A 1 



• 

MC4741, MC4741C 

ELECTRICAL CHARACTERISTICS (VCC = +15 V, VEE = -15 V, TA '" 250 C unless otherwise notedl. 

Characteristic 

Input Offset Voltage 
(RS';;;;10kl 

Input Offset Current 

Input Bias Current 

Inp'ut Resistance 

Input Capacitance 

Offset Voltage Adjustment Range 

Common Mode Input Voltage Range 

large Signal Voltage Gain 
(VO = ±10 V, Rl ~2.0 k) 

Output Resistance 

Common Mode Rejection Ratio 
(RS';;;; 10 k) 

Supply Voltage Rejection Ratio 
(RS';;;;10 k) 

Output Voltage Swing 
(Rl~10 k) 
(Rl~2 k) 

Output Short·Circuit Current 

Supply Current - (All Amplifiers) 

Power Consumption (All Amplifiers) 

Trans,ient Response (Unity Gain - Non-Inverting) 
(VI: 20 mV, Rl;;' 2 k, ClE;; 100 pF) Rise Time 
(VI = 20 mV, Rl;;' 2 k, Cl..:100 pF) Overshoot 

(VI = 10 V, Rl;;'2k,Cl":100pF) Slew.Rate 

ELECTRICAL CHARACTERISTICS (V CC= +15V V 

Characteristic 

Input Offset Voltage 
(Rs';;;; 10 kill 

Input Offset Current 
(TA = 1250 CI 
(TA = -55°C) 
(T A = OoC to + 70°C) 

Input Bias Current 
(TA = 125°C) 
(TA = -550 CI 
(T A '" OoC to + 700 C) 

Common Mode Input Voltage Range 

Common Mode Rejection Ratio 
(RS';;;;10 k) 

Supply Voltage Rejection 'Ratio 
(RSEO;10 k) 

Output Voltage Swing 
(Rl~10kl 
(Rl~2 k) 

large Signal Voltage Gain 
(Rl ~2 k, Vout = ±10 VI 

Supply Currents • (All Amplifiers) 
(TA = 125°C) 
IT A =·-550 C) 

Power Consumption (T A =+12SoC) 
(All Amolifiers) (TA = -55°C) 

·Thigh'" 125°C for MC4741 and 70°C for Mq4741C 
Tlovv = -55°C for MQ4741 and OoC for MC4741C 

Symbol Min 

VIO -

110 -
liB -

q 0.3 

Ci -
VIOR -
VICR ±.12 

Av 50 

ro -
CMRR 70 

PSRR -

Vo 
±.12 
±.10 

los -
ID -

Pc -

tTlH -
os -
SR -

EE =-15V T A= 

Symbol Min 

VIO -

110 
-
-
-

liB 
-
-
-

VICR ±'12 

CMRR. 70 

PSRR -

Vo 
±.12 
±.10 

Av 25 

ID 
-
-

Pc -
-

MC4741 MC4741C 

Typ Max Min Typ 

1.0 5.0 - 2.0 

20 200 - 20 

BO 500 - 80 

2.0 - 0.3 2.0 

1.4 - - 1.4 

±.15 - - ±.15 

±.13 - ±.12 ±.13 

200 -, 20 200 

75 - - 75 

90 - 70 90 

30 150 - 30 

±.14 - ±.12 ±'14 
±.13 - ±.10 ±.13 

20 - - 20 

2.4 4.0 - 3.5 
72 120 - 105 

0.3 - - 0.3 
15 - - 15 

0.5 - - 0.5 

*T hiah to T d) low un ess ot erwise note . 

MC4741 MC4741C 

Typ Max Min Typ 

1.0 6.0 - -

7.0 200 - -
85 500 - -
- - - -

30 500 - -
300 1500 - -
- - - -

±.13 - - -

90 - - -

30 150 - -

±.14 - - -
±.13 - ±.10 ±.13 

- - 15 -

2.4 3.4 - -
3.6 5.0 - -
72 102 - -
108 150 - -

® MOTOROLA Semiconductor Produc:te, Inc. 
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Max Unit 

6.0 mV 

200 nA 

500 nA 

- MU 

- pF 

- mV 

- V 

- V/mV 

- n 
- dB 

150 p.vtv 

V 
-
-
- mA 

7.0 mA 

210 mW 

- J1s 
- % 
- V/J1s 

Max Unit 

7.5 mV 

nA 
-
-

300 

nA 
-
-

800 

- V 

- dB 

- p.vtv 

V 
-
-
- V/mV 

mA 
-
-
- mW 
-



MC4741, MC4741C 
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TYPICAL CHARACTERISTICS 
(Vee; +15 Vdc, VEE; -15 Vdc, T A = +250 e unless otherwise noted). 

FIGURE 1 - POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREQUENCY) FIGURE 2 - OPEN LOOP FREQUENCY RESPONSE 
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FIGURE 3 - POSITIVE OUTPUT VOL T~GE SWING 
versus LOAD RESISTANCE 
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FIGURE 4 - NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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FIGURE 5 - OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE (Single Supply Operation) 
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MC4741, ivlC4741C 

FIGURE 6 ":"BI~QUAD FILTER 

R 

Vin Cl R2 

~1~..--J\oIII'v---+-o--l 

R = 160 kH 

C ~ O.001/lF 

R1=1.6M!2 

R2~1.6Mn 

R3~ 1.6MH 

Vref 

R2 

1 
Vref = '2 VCC 

Rl 

FIGURE 7 - NON-INVERTING PULSE RESPONSE 
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100 k 
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R3 

fo=lkHz 

Q = 10 

TBP = 1 

TN = 1 
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Where T BP = Center Frequency Gain 

TN = Passband Notch Gain 

FIGURE 8 - OPEN LOOP VOLTAGE GAIN 
versus SUPPL Y VOLTAGE 
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FIGURE 9 -TRANSIENT RESPONS~ TEST CIRCUIT 
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MC4741, MC4741C 

FIGURE 10 - AasOLUTE VALUE DVM FRONT END 

0.5!lF 

900 k 

100 k 
+'Y 

10M 
MC4741 Quad Op·Amp 

500 k 
Bridge Null Adjust 

-v 

THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be fouflld from the equation: 

TJ(rhax) - T A 
PD(T A) = ROJA(Typ) 

Where: PD(T A) = Power Dissipation allo~able ata given 

operating ambient temperature. This must be greater than 

the sum of the products o.f the supply voltages and supply 
currents at the worst case operating condition. 

T J(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 

® MOTOROLA SeWliconduc1:or Products Inc. 
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ORDERING INFORMATION 

Device 
MLM101AG 
MtM101AU 
MLM201AG 
MLM201AP1 
MLM201AU 
MLM301AG 
MLM301AP1 
MLM301AU 

Alternate 
LM101AH 

LM301AH 
LM301AN 

Temperature 
Range 

-55°C to + 125°C 
:-55°Cto +125°C 
-25°C to +85°C 
-25°C to +85~C 
-25°C to +85°C 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

OPERATIONAL AMPLIFIER 

Package 
Metal Can 

Ceramic DIP 
Metal Can 
Plastic DIP 

Ceramic DIP 
Metal Can 

, Plastic DIP 
Ceramic DIP 

A general purpose operational amplifier that allows the ~ser to 
choose the compensation capacitor best 'suited to his needs. With 
proper compensation summing amplifier slew rates to 10 V /IJ.S can 
be obtained. 

• Low I nput Offset Current ~ 20 nA maximum Over Temperature 
Range 

• External Frequency Compensation for Flexibility 

• Class AB Output Provides Excellent Linearity 

• Output Short-Circu it Protection 

• Guaranteed Drift Characteristics 

FIGURE 1 - STANDARD COMPENSATING 
AND OFFSET BALANCING CIRCUIT 

INVERTING 
- INPUT 

NON-INVERTiNG 
INPUT 

VEE 

OUTPUT 

10 Mil 30 pF 5.1 Mil 

..... --.J\I\I\,.--VEE 
20 k 

MLM101A 
MLM201A 
-MLM301A 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P1 SUFFIX U SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 

CASE 626 CASE.693 

(MLM'O>A '"' MLM30>A1 • 

• rw~ 
Bah,mce 1 

Inputs 1 2 

8 Compensation 

G SUFFIX 
METAL PACKAGE' 

CASE 601 

Compensation 

FIGURE 2 - DOUBLE-ENDED LIMIT 
DETECTOR 

FIGURE 3 - REPRESENTATIVE CIRCUIT'SCHEMATIC 

VUT _--0---; 

>--o--_VO 

>--o-_VO 

Vo = 4.8 V for 
VLT'; VI ';VUT 
Vo = -0,4 V 
VI < VLT or VI > VUT 

PINS NOT SHOWN ARE NOT CONNECTEO 

BALANCE COMPENSATION 
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MLM101A, MLM201A, MLM301A 

MAXIMUM RATINGS 
VALUE 

Rating Symbol MLM101A 1 MLM201A ,1 MLM301A Unit 

Power Supply Voltage VCC,VEE ±22 I ±22 I ±18 Vdc 

Input Differential Voltage V,O .. ±30 • Volts 

Input Common-Mode Range (Note 1) V'CR .. ±15 .. Volts 

Output Short-Circuit Duration ts .. Continuous .. 
Power Dissipation (Package Limitation) Po 

Metal Can .. 500 .. mW 
Derate above T A = +75°C .. 6,8 .. mW/oC 

Plastic Dual In-Line Package (MLM201AI - 625 625 mW 

Derate above T A = +250 C 301A) - 5.0 5.0 mW/oC 

Ceramic Package • 750 .. mW 

Derate above 25°C • 6.6 . mW/oC 

Operating Ambient Temperature Range TA -55 to +125 I -25 to +85 I o to +70 vc 

, Storage Temperature Range Tstg .. -65 to +150 .. °c 

Note 1. For supply voltages less than ± 15 V, the absolute max imum input voltage, is equal to the supply voltage. \ 

ELECTRICAL CHARACTERISTICS (TA = +250 C unless otherwise noted.) Unless otherwise specified, these specifications apply for 
supply voltages from ±.5.0 V to ±.20 V for the MLM101A and MLM201A, and from ±.5.0 V to 
+15 V for the MLM301A. -

MLM101A 
MLM201A MLM301A 

Characteristics Symbol Min Typ Max Min Typ Max Unit 

Input Offset Voltage (RS~50 kH) V,O - 0.7 2.0 - 2.0 7,5 mV 

Input Offset Current ',0 - 1.5 10 - 3.0 50 nA 

Input Bias Current liB - 30 75 - 70 250 nA 

Input Resistance ri 1.5 4.0 - 0.5 2.0 - Megohms 

Supply Current 'CC,IEE mA 
VCCIVEE = ±20 V - 1.8 3.0 - - -
VCCIVEE = ± 15 V - - - - 1,8 3.0 

Large Signal Voltage Gain AV V/mV 
VCCIVEE ±15V,VO=±.10V,RL>2.0kH) 50 160 - 25 160 -

The following specifications apply over the operating temperature range. 

Input Offset Voltage (RS'~ 50 kn) Via - - 3.0 - - 10 mV 

Input Offset Current ',0 - - 20 - - 70 nA 

Average Temperature Coefficient of Do Via/DoT 
I nput Offset Voltage !JoV/oC 
T A(min) <; TA <;TA(max) - 3,0 15 - 6.0 30 

Average Temperature Coefficient of Do i,O/Do T nArC 
Input Offset Current 
+250 C <; T A <;T A (max) - 0.01 0,1 - 0.01 0.3 

T Almin)~ T A~ 25°C - 0.02 0.2 - 0.02 0,6 

Input Bias Current 'I.B - - 100 - - 300 nA 

Large Signal Voltage Gain AV V/mV 
VCCIVEE = ±. 15 V, Vo = ± 10 V, RL > 2.0 k!l 25 - - 15 - -

Input Voltage Range V, V 
VCCIVEE = ±20V ±15 - - '- - -
VCCIVEE = ± 15 V - - - ±12 - -

Common-Mode Rejection Ratio CMRR dB 
RS~'50kn 

" 

80 96 - 70 90 -
Supply Voltage Rejection Ratio PSSR dB 

RS<;50 k!l 80 96 - 70 96 -
Output Voltage Swing Va V 

VCCIVEE = ±15 V, RL = 10 k'n ±12 ±14 - ±12 +14 -
RL = 2.0kn ±1O ±13 - ±10 ±13 -

Supply Currents (T A = T A(max), 'CC,IEE 1.2 2.5 mA 

VCCIVEE = do V) 

@ MOTOROLA Se,..;conduc.or Produc.s Inc. ---------' 
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II 

MLM101A, MLM201A, MLM301A 

TYPICAL CHARACTERISTICS 

(Vee = +15 V" VEE = -15 V. T A = +250 e unless otherwise nQted.) 

FIGURE 4 - MINIMUM INPUT VOLTAGE RANGE 
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FIGURE 5 - MINIMUM OUTPUT VOLTAGE SWING 
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MLM101A, MLM201A, MLM301A 

TYPICAL CHARACTERISTICS (continued) 

(Vee'" +15 V, VEE = -15 V, T A = +2sDe unless otherwise noted.) 

FIGURE 10 - VOLTAGE FOLLOWER PULSE RESPONSE 
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FIGURE 12 - LARGE·SIGNAL FREQUENCY RESPONSE 
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TYPICAL COMPENSATION CIRCUITS 

FIGURE 14 - SINGLE·POLE COMPENSATION FIGURE 1& - FEEDFORWARD COMPENSATION 
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ORDERING INFORMATION. 

Device 
MLM107G· 
MLM107U 
MLM207G 
MLM207U 
MLM307G 
MLM307P1 
MLM30ZU 

Alternate 

LM307N 

Temperature 
Range 

-55°C to + 1250C 
-55°C to +125°C 
- 25°C to +85°C 
-25°C to +85°C 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Package 
Metal Can 

Ceramic DIP 
Metal Can 

Ceramic DIP 
Metal Can. 
Plastic DIP 

Ceramic DIP 

INTERNALLY COMPENSATED 
MONOLITHIC OPERATIONAL AMPLIFIER 

A general purpose operational amplifier series well suited for 
applications requiring lower input currents than are available wit!'! 
the popular MC1741. These improved inPut characteristics permit 
greater accuracy in sample and hold circuits and long interval 
integrators. 

• Internally Compensated 
• Low Offset Voltage: 2.0 mV max (MLM107) 

• Low Input Offset Current: 10 n~ max (MLM107) 

• Low Input Bias Current: 75 nA max (MLM107) 

TYPICAL APPLICATION-
HIGH IMPEDANCE BRIDGE AMPLIFIER 

Vo = -10 Vin 

CIRCUIT SCHEMATIC 

OUTPUT 

3-150 

MLMI07 
.MLM207 
MLM307 

OPERATIONAL AMPLIFIER 
INTEGRATED CIRCUIT 

EPITAXIAL PASSIVATED 

G SUFFIX 
METAL PACKAGE 

CASE 601-02 

O:~~~Tw.l0 80 7 Vee 

I NVT INPUT , 6 OUTPUT 

NONINVT

2 

3 4050FFSET 
INPUT VeE NULL 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MC1741SC Only) 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693· 

OFFSET NULLi}8 NC 
INVT INPUT 2 7 Vee 

NONINVT INPUT OUTPUT 

VEE 4 5 OFFSET NULL 

(Top View) 

EQUIVALENT CIRCUIT 



MLM107,MLM207,MLM307 

MAXIMUM RATINGS (T A = +250 C unless otherwise noted.) 

Rating Symbol MLM107 MLM207 MLM307 Unit 

Power Supply Voltages VCC +22 +22 +18 Vdc 

VFF -22 -22 -18 

Differential Input Sional Voftage VID +30 ±30 +30 Volts 

Common-Mode Input Swing (Note 1) VICR ±15 ±15 ±15 Volts 

Output Short-Circuit Duration tos Indefinite 

Power Dissipation (Package Limitation) (Note 2) PD 500 500 500 mW 

Operating Temperature Range TA " -55 to +125 -25 to +85 o to +70 °c 
Storage Temperature Range T stg -65 to +150 -65 to +150 -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (T A=+ un ess ot erwlse note d , see N 3) ote 

Characteristics 

Input Offset Voltage 

RS~10k.!1, TA =+250 C 
RS ~10 k.!1, T A = Tlow to Thigh 
RS~ 50 k.!1, T A = +250 C 

RS~ 50 k.!1, T A = Tlow to Thigh 

I nput Offset Current 

TA = +250 C 

T A = Tlow to Thigh 

Input Bias Current 
T A = +250 C 

T A = Tlow to Thiah 

Inout Resistance 

Supply Current 
Vs = ±20 V, T A = +250 C 

Vs = ±20 V, T A = Thi~h 
Vs = ± 15 V, T A = +25 C 

Large-Signal Voltage Gain 
VS= ±15 V, Vo = ±10 V, RL >2.0 k.!1, TA = +250 C 
Vc:. = +15 V, Vn = +1(9 V; RI ;;;'2.0 k.!1, TA = Tlow 

AverageTemperature Coefficient of Input Offset Voltage 

Tlow~TA $ Thigh 

Average Temperature Coefficient of I nput Offset Current 

+250 C$ T A 5 Thigh 
Tlow<TA $ +250 C 

Output Voltage Swing (TA = Tlow to Thigh) 

Vs =±15 V, RL = 10k.!1 
R L = 2.0 k.!1 

Input Voltage Range (TA = Tlow to Thigh) 
Vs = ±20 V 
VS=±15V 

CommOn-Mode Rejection Ratio (T A = Tlow to Thigh) 
RS ~50 k.!1 

Supply-Voltage Rejection Ratio (T A= Tlow to Thigh) 
RS~50 k.!1 

Note 1. For supply voltages less than ±15 V, the absolute maxi
mum input voltage is equal to the supply voltage. 

Note 2. For operating at elevated temperatures, the device must 
be derated based on a maximum junction temperat;'re of 
+1500 C for the MLM107, and 100°C for the MLM207 
and MLM307. The TO-99 package is derated based on 
a thermal resistance of +1500 C/W, junction to ambient, 
or +45 0 C/W, junction to case. '. 

MLM107 
MLM307 MLM207 

Symbol Min Typ Max Min TYP Max Unit 

IVlol mV 

- 0.7 2.0 - - -

- - 3.0 - - - -
- - - - 2.0 7.5 
- - - - 10 

iliol nA 

- 1.5 10 - 3.0 50 
- - 20 - - 70 

liB nA 
- 30 75 - 70 250 
- - 100 - - 300 

Rin . 1.5 4.0 - 0.5 2.0 - Megohms 

ID mA 
- 1.8 3.0 - - -
- 1.2 2.5 - - -

- - - - 1.8 3.0 

Av V/mV 
50 160 - 25 160 -

25 - - 15 - -

ITCVIOI IN/oC 
- 3.0 15 - 6.0 30 

ITCllol 
nA/oC 

- 0.01 0.1 - 0.01 0.3 
- 0.02 0.2 - 0.02 0.6 

Vo V 

±12 ±14 - ±12 +14 -

+10 +13 - ±10 +13 -

Vin R V 
±15 - - - - -

- - - +12 - -

CMRR dB. 
80 96 - 70 90 

VSRR dB 

80 96 - 70 96 -

Note. 3. Unless otherwise noted, these specifications apply for: 

Tlow Thigh 
±.5.0 V~ Vs ~±20 V, -55°C ~TA ~ +125 0 C, MLM107 

±5.0 V $ Vs $±.20 V, -25°C $T A ~ +85 0 C, MLM207 

±5.0V~VS~±15V, OOC5TA ~ +70o C,MLM307 
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MLM107, MLM20,?, MLM307 

TYPICAL CHARACTERISTIC.S 
(Vee = +15 V, Vee = -15 V, T A = +25oe unless otherwise noted.) 

FIGURE 1 - MINIMUM INPUT VOL TAGE RANGE 
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FIGURE 2 - MINIMUM OUTPUT VOLTAGE SWING 
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FIGURE 4 - TYPICAL SUPPLY CURRENTS 
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MLM107,MLM207,MLM307 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 7 - VOLTAGE FOLLOWER PULSE R!=SPONSE 

I---- r- -
\ In~ut I I 
\ I /Output 

\ V 
'\. 

f--- -- '\J. 

H 
10, 20 30 40 ~O 60 70 80 90 

t, TIME (lIS) 

® MOTOROLA Semiconducf:or Producf:s Inc. 

3-153 

• 



PRECISION OPERATIONAL AMPLIFIERS 
The MLM108/MLM208iMLM308 Series operational amplifiers 

provide high input impedance, low input offsets and temperature 
drifts, and low noise. These characteristics are made possible by use 
of a special Super Beta processing technology. This series of ampli
fiers is particularly useful for applications where high-accuracy and 
low-drift performance are essential. In addition high-speed perfor
mance may be improved by employing feed-forward compensation 
techniques to maximumize slew rate without compromising other 
performance criteria. 

The MLM108A/MLM208A/ML.M308A Series offers extremely 
low input offset voltage and drift specifications allowing usage in 
even the most critical applications without external offset nulling. 

• Operation From a Wide Range of Power Supply Voltages 

• Low. Input Bias and Offset Currents 

• Low Input Offset Voltage and Guaranteed Offset Voltage Drift 
Performance 

• ,High Input Impedance 

• Laser Trimmed and Ion Implanted 

FREQUENCY COMPENSATION 

. STANDARD COMPENSATION 

INVERTING 

NON 
INVEATINd 

INPUT 

C.;;'30 (_1 ) 
1 + R2 

Rl 

STANDARD FEEDFORWARD 
COMPENSAT ION 

5 pF 

INPUT _1V'r...----I!---, 

OUTPUT 

MODIFIED COMPENSATION 

NON· 
INVERTING """'VV--<>-1 

INF>UT 

FEEDFORWARD COMPENSATION FOR 
DECOUPLING LOAD CAPACITANCE 

RS>lOk lOOk 
INPUT .,.-'VVv.,..p---'Vw-----, 

500 
><~'VVI<"""OUTPUT 

CL 

1:10PF I::~.~1J.LF -= COMPEN A-=-:-

'C2 > 5 ~~05 pF 

DEVICE SELECTION TABLE 

OPERATING TEMPERATURE RANGE 

-55 to +1250 C -25 to +850 C o to +70oC 

STANDARD MLM10a MLM20a MLM30a 
OFFSET VOLTAGE Pkg. Suffix Pkg. Suffix Pkg. Suffix 

SPECIFICATION F, G or L F, G or L F,G,LorP1 

TIGHTENED MLM10aA MLM20aA MLM30aA 
OFFSET VOLTAGE Pkg. Suffix Pkg. Suffix Pkg. Suffix 

SPECIFICATION . F,G or L F, G or L F, G or L 
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MlMl08,MLM108A 
MLM208, MLM208A 
MLM308, MLM308A 

LASER TRIMMED 

SUPER GAIN 
OPERATIONAL'AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

F SUFFIX 
CERAMIC PACKAGE 

CASE 606-04 
TO-91 

NC1i;110 

',GUARD 2 ,9 3 _ 8 

INPUTS 4 + 7 

'GUARD 5'. 6 

(Top Viewl 

G SUFFIX 
METAL PACKAGE 

CASE 601 

i 
COMPEN 

B 

VEE 

(Top View) 

COMPEN A 

COMPEN B 

VCC 

OUTPUT 

VEE 

LSUFFIX _ 
CERAMIC PACKAGE , _ - - ~, 

CASE 632-02 -, . ,'. 1 
TO-116 

C~~~:N:~ :g:: ~~MPEN,B 
INPUTS 4 - 11 VCC 

5 + 10 OUTPUT 

'GUARD 6 9 NC 

VEE 7, 8 NC 

(Top Viewl 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MLM30a Only) 

C,:~:: : El: ::~PEN 
3 + 6 OUTPUT 

VEE 4 5 NC 

{Top View) ~ 
U SUFFIX 

CERAMIC PACKAGE 
CASE 693 

*Unused pin (no internal connection) to 
allow for input anti-leakage guard ring on 
printed circuit board layout. 



MLM108, A; MLM208, A; MLM308, A 

MAXIMUM RATINGS (TA = +250 C unless otherwise noted) 

VALUE 

Rating Symbol MlM108. MlM108A I MlM208. MlM208A I MlM308. MLM308A Unit 

Power Supply Voltage VCC.YEE ±20 I ±20 1 ±18 Vdc 

Input Voltage (See Note 1) V, • +15 ~ Volts 

Input Differential Current (See Note 2) ',0 ... +10 ., mA 

Output Short-Circuit Duration ts • Indefinite • 
Operating Ambient Temperature Range TA -55 to +125 I -25 to +85 I Oto +70 °c 

Storage Temperature Range T stg .. ..a5 to +150 Ia °c 

Junction Temperature TJ °c 
Metal.Ceramic Package • +175 .. 
Plastic Package .. +150 .. 

Note 1. For supply voltages less than ±15 V. the maximum i.nput voltage is equal to the supply voltage. 
Note 2. The inputs are shunted with back-to-back diodes for over-voltage protection. Therefore, excessive current will flow if a differential input 

voltage in excess of 1.0 V is applied between the inputs unless some limiting resistance is used. 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of +5.0 V ~VCC ~+20 V 
and -5 OV;;'VeE ;;'-20 V TA = +250 C) 

MlM108A MlM108 
MlM208A MlM208 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Input Offset Voltage V,O - 0.3 0.5 - 0.7 2.0 mV 

,I nput Offset Current ',0 - 0.05 0.2 - ,0.005 0.2 nA 

Input Bias Current liB - 0.8 2.0 - 0.8 2.0 .nA 

Input Resistance q 30 70 - 30 70 - Megohms 

Power Supply Currents 'cc,leE - ±0.3 ±0.6 - ±0.3 ±0.6 mA 
VCC = +20 V, VEe = -20V 

Large Signal Voltage Gain AVOL 80 300 - 50 300 - V/mV 
VCC= IVeel=+15 V, VO=±10V,RL;;'10kn 

. . 
The follOWing specifications apply over the operating temperature range . 

Input Offset Voltage V,O - - 1.0 - - 3.0 mV 

Input Offset Current ',0 - - 0.4 - - 0.4 nA 

Average Temperature Coefficient of .:\V, O/.:\T .-
Input Offset Voltage /lV/oC 
TA(min) ~TA ~TA(max) - 1.0 5.0 - 3.0 15 

Average Temperature Coefficient of ':\IIO/':\T - 0.5 2.5 - 0.5 2.5 pA/oC 
Input Offset Current 

InRut Bias Current liB - - 3.0 - - 3.0 nA 

Large Signal Voltage Gain AVOL 40 - - 25 - - V/mV 
VCC = IVeel =+15 V, Vo =±10 V, RL = 10kn 

Input Voltage Range V,R ±13.5 - - ±13.5 - - V 
VCC =' IVeEI = +15 V 

Common-Mode Rejection Ratio CMRR 96 110 - 85 100 - dB 

Power Supply Voltage Rejection Ratio PSSR 96 100 - 80 96 - dB 

Output Voltage Range VOR ±13 ±14 - ±13 ±14 - V 
VCC = IVeEI =+15 V, RL = 10kn 

Supply Current (TA = TA [max]) Icc,lee - ±0.15 ±D.4 - ±D.15 ±OA mA 

® MOTOROLA Serniconducl:or Producl:. Inc. ______ --1 
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MLM108; A; MLM208, A; MLM308, A 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of +5.0 V E:;;Vcl: E:;;+15 V 
and -50 V;;;;'VEE ;;;;'-15 V TA = +250 C) 

MLM30BA MLM308 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Input Offset Voltage V,O - 0.2 O.~ - 0.2 0.3 mV 

Input Offset Current '10 - 0.2 1.0 - 0.2 1.0 nA 

Input Bias Current liB - 1.5 7.0 - 1.5 7.0 nA 

Input Resistance rj 10 40 - 10 40 - Megohms 

Power Supply Currents ICC,IEE - ±0.3 ±D.8 - ±D.3 ±D.8 mA 
VCC = +15 V. VEE = -15 V 

Large Signal Voltage Gain AVOL 80 300 - 25 300 - V/mV 
VCC=+15V, VEE =-15 V, Vo ;"±10V, 

~' 

RL;;;;'10kn 

The foltowing specifications apply over the operating temperature range. 

Input Offset Voltage V,O - - 0.73 - - 10 mV / 

Input Offset Current 110 - - 1.5 - - 1.5 nA 

Average Temperature Coefficient of ~VIO/~T 
Input Offset Voltage /lV/oC 
TA(min) "';;-TA E:;;TA(max) - 1.0 5.0 - 6.0 30 

AV'lrage Temperature Coefficient of ~I'O/~T - 2.0 10 - 2.0 10 pA/oC 
Input Offset Current 

Input Bias Current liB - - 10 - - 10 nA 

Large Signal Voltage Gain AVOL 60 - - 15 - - V/mV 
VCC = +15 V, VEE = -15 V, Vo = ±10 V, 

RL;;;;'10kfl 

Input Voltage Range V,R ±13.5 - - ±13.5 - - V 
VCC = +15 V, VEE = -15 V 

Common-Mode Rejection Ratio CMRR 96 110 - 80 100 - dB 
RS E:;;50 kfl 

Supply Voltage Rejection Ratio PSSR 96 110 - 80 96 - dB 
RS E:;;50kfl 

Output Voltage Range VOR ±13 ±14 - ±13 ±14 - V 
VCC = +15 V, VEE = -15 V, RL = 10 kfl 

REPRESENTATIVE CIRCUIT SCHEMATIC 

COMPENSATION A COMPENSATION B 

~---------'------~--,-~------~~----+------,-------------------,--------oVCC 

J--4I~JV\I\r-....o 0 UTP UT 

6.4k 500 1 k 

® MOTOROLA Senticonducf:or F'roducf:s Inc. ___ ---'_--'---.J 
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MLM108,A; MLM208, A; MLM308, A 

TYPICAL CHARACTERISTICS 

FIGURE 1 - INPUT BIAS AND INPUT OFFSET CURRENTS 
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MLM108, A; MLM208, A; MLM308, A 

SUGGESTED DESIGN APPLICATIONS 

FIGURE 7 - FAST (1) SUMMING AMPLIFIER WITH LOW 
INPUT CURRENT 

INPUT 

(1) Power Bandwidth:· 
250 kHz 

Small Signl} Bandwidth: 
3.5 MHz 

Slew Rate: 10 V/p.s 

(2)C5 = 6 X 10-
8 

R1 

INPUT GUARDING 

C5(2) 

R4 

(3) In addition to increasing speed, 
the MLM101A raises high and 
low frrequency gain, increases 
output drive capability and elim
inates thermal feedback. 

Special care must be taken in the assembly of printed circuit 
boards to take full advantage of the low input currents of the 
MLM108,A amplifier series. Boards must be thoroughly cleaned 
with TCE or alcohol and blown dry with compressed air. After 
cleaning, the boards should be coated with epoxy or silicone 
rubber to prevent contamination. 

Even with properly cleaned and coated boards, leakage currents 
may cause trouble at +1250 C, .particularly since the input pins are 
adjacent to pins that are at supply potentials. This leakage can be 
significantly reduced by using guarding to lower the voltage dif
ference between the inputs and adjacent metal runs. Input guarding 
of the 8-lead TO-99 type package is accomplished by using a 1()' 
lead pin circle, with the leads of the device formed so that the 
holes adjacent to the inputs are !lmpty when it is inserted in the 
boards. The guard, which is a conductive ring surrounding the in
puts, is connected toa low-impedance point that is at approxi
mately the same voltage as the inputs. Leakage currents from high
voltage pins are then absorbed by the guard. 

The pin configuration of the dual in-line package is designed 
to facilitate guarding, since the pins adjacent to the inputs are not 
used (this is different from the standard MC1741 and MLM101A 
pin configuration). 

FIGURE 8 - SAMPLE AND HOLD 

VCC 

(l)Teflon, Polyethylene or Polycarbonate 
Dielectric Capacitor 

OUTPUT 

FIGURE 9 - SUGGESTED PRINTED CIRCUIT BOARD 
LAVOUTfor INPUT GUARDING USING METAL 

PACKAGED DEVICE 

COMPENSATION B 

OUTPUT 

VCC I 
, 8 / COMPENSATION A 

~67 1 

(BOTTO,M VIEW) 

FIGURE 10 - CONNECTION OF INPUT G'UARDS 

INVERTING AMPLIF IER FOLLOWER NON-INVERTING AMPLIFIER 

Rl R2 R2 
I NP UT "''V'v~'----'V'v''v------, 

OUTPUT 

Cl INPUT Cl 

(1) Used to compensate for large source resistances. 
R1R2 

Note: R1 + R2 must be an impedance. 

® MOTOROLA Sel'niconductor Products Inc. 
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ORDERING INFORMATION 

Device 

MLM110G 
MLM110U 
MLM210G 
MLM210U 
MLM310G 
MLM310P1 
MLM310U 

Temperature Range 

-55°C to +125°C 
-55°C to + 125°C 
-25°C to +85°C 
-25°C to +85°C 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Package 

Metal Can 
Ceramic DIP 

Metal Can 
Ceramic DIP 

Metal Can 
Plastic DIP 

Ceramic DIP 

OPERATIONAL AMPLIFIER 
VOLTAGE FOLLOWER 

THE MLM110, MLM210, and MLM310 are functionally, 
electrically, and pin-for-pin equivalent to the LM 110, LM210, 
and LM310 respectively_ 

• Input Bias Current: 10 nA maximum over Temperature Range 

• Small-Signal Bandwidth: 20 MHz typical 

• Slew Rate: 30 VOlts/J.Ls typical 

• Supply Voltage Range: ± 5_0 V to ± 18 V 

CIRCUIT SCHEMATIC 
BALANCE 

r-~----'----+------------------------~~~~Vcc 

L-~----~------------~----------------~ __ -------oVEE 
4 

TYPICAL APPLICATIONS 

MLM110 
MLM210 
MLM310 

OPERATIONAL AMPLIFIER 
VOLTAGE FOLLOWER 

INTEGRATED CIRCUIT 

GSUFFIX 
METAL PACKAGE Balance 

CASE 601 

• 

P1SUFFIX 
PLASTIC PACKAGE 

,I CASE 626 

USUFFIX • 
CERAMIC PACKAGE 

CASE 693 

FIGURE 1 - OFFSET BALANCING CIRCUIT FIGURE 2'- DIFFERENTIAL INPUT INSTRUMENTATION 
AMPLIFIER 

INPUT 

OUTPUT 

Circuit diagrams utHizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarilv given. The information has been carefully checked and 

>-<>---~. OUTPUT 
Pins1.5and8noconnection 

R4 _ RS 
R"2-ifj 

AV~ ~ 

is believed to be entirely reliable_ However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola I nco or others. 
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MLM110, IVILM210, MLM310 

MAXIMUM RATINGS (T A= +250 C unless otherwise noted.) 

Rating 

Power Supply Voltage 

I nput Voltage (Note 1) 

Output Short Circuit Duration (Note 2) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature 
(sqldering, t '" 10 s) . 

Junction Temperature 
Ceramic. Metal PljlCkage 
Plastic Package 

ELECTRICAL CHARACTERISTICS (See Note 4) 

Characteristic 

Input Off54;lt Voltage 
TA = +250C 
T A = Tlow* to Thigh ** 

Input Bias Current 
TA = +250 C 
T A = Tlow to Thigh 

I nput Resistance 

Input Capacitance 

Large-Signal Voltage Gain 
(VS = ± 15 V, Vo = +10 V) 
T A = +250 C, RL = 8.0 k ohms 
TA "'Ylow to Thigh, AL = 10 k ohms 

Output Resistance 
TA = +250C 

Small-Signal Bandwidth 

Slew Aate 

Supply Current 
TA = +250C 
TA = Thigh 

Offset Voltage Temperature Drift 
-55°C';;;;; T A';;;;; +850 C 
T = +1250C 
0t-C~TA~+700C 

Output Voltage Swing 
Vs = ± 15·V, AL = 10 k ohms 

Supply Voltage Rejection Aatio 
± 5/0 V';;;;;VS';;;;;± 18 V 

*Tlow = -550 C for MLM110 
= -25°C for MLM210 

oOe for MLM310 

Symbol 

VIO 

liB 

fj 

Ci 

AVS 

ro 

BW 

SA 

10 

t:.VIOIt:.T 

Vo 

PSAR 

Note 1. For supply voltages less than ± 15 volts, the absolute 
~aximum input voltage is equal to the supply voltage. 

Note 2. A continuous short-pircuit duratjon·capability is spepified 
for MLM110 and MLM210 a$ follows: case tampera
tures up to +1250 c and ambient tempera1;ures UP to 
+7fPC; for the MLM310 up to +700 Ccasetemperature and· 
+550 C ambient temperature apply. A rlilsistor (greatlilr than 
2.0 k ilohms) musH~e ·insened in series with the input when 
the amplifier is. driven from a low impl!Clance source. thus 
preventing damage whel1 the output is .shorted. 

Symbol MLM110 MLM210 MLM310 Unit 

VCC(max) +18 +18 +18 Vdc 
Vee(max) -18 -18 -18 

VIC ± 15 ± 15 ± 15 Volts 

Tsc Indefinite 

TA -55 to +125 -25 to +85 o to +70 °c 
Tstg -65 to +150 -65 to +150 -65 to +150 °c 
TS 300 300 300 °c 

TJ °c 
175 
150 

MLM110 
MLM210 MLM310 

Min Typ Max Min Typ Max Unit 

mV 
- 1.5 4.0 - 2.5 7.5 
- - 6.0 - - 10 

nA 
- 1.0 3.0 - 2.0 7.0 
- - 10 - - 10 

1010 1012 - 1010 10Ll - ohms 

- 1.5 - - 1.5 - pF 

VIV 

0.999 0.9999 - 0.999 0.9999 -
0.999 - - 0.999 - -

ohms 
- 0.75 2.5 - 0.75 2.5 

- 20 - - 20 - MHz 

- 30 - - 30 - V//ls 

mA 
- 3.9 5.5 - 3.9 5.5 
- 2.0 4.0 - - -

/lV/oC 
- 6.0 - - - -
- 12 - - - -
- - - - 10 -

Volts 
±10 - - ±10 - -

70 80 - 70 

·*Thigh = +1250e for MLM110 
= +850C for MLM210 
= +700C for MLM310 

dB 
80 -

Note 3. The maximum junction temperature of the MLM110 is 
+1500 C, for the MLM210 - +1000 C, and for the 
MLM310 - +8SoC. For operaTing at' elevatlld tempera
tures. the package must be derated based. on a thermal 
resistance of 150C>C/W - junction to ambient, or 450 C -
junction to case. 

Note 4. All listed specifications IIPply for ±. 5.0 V';;;;; VS';;;;; ±.18 V 
al1d T A = +250 C unless otherwise noted. 

Note 5. Increased output swing under load can be obtained by 
connecting an external resistor between the boqster and 
Vee terminals (pi,:,s 4 and 5), 

@ I/IIOTOR(>l.A Sel'niconductor Products Inc. 
\ 
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ORDERING INFORMATION 

Device 

MLM124L 
MLM224L 
MLM224P 
MLM324L 
MLM324P 

Alternate 

LM124D 

LM324D 
LM324N 

Temperature 
Range 

-55°C to +125°C 
-25°C to +85°C 
- 25°C to +85°C 

O°C to +70°C 
OOC to +70°C 

Package 

Ceramic DIP 
Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

Spec·ific·ations and Applic~ations 
Inforluation 

QUAD LOW POWER OPERATIONAL AMPLIFIERS 

The M LM 124 Series are low-cost, quad operational amplifiers with 
true differential inputs. These have several distinct advantages over 
standard operational amplifier types in single supply applications. 
The quad amplifier can operate at supply voltages as low as 3.0 Volts 
or as high as 30 Volts with quiescent currents about one fifth of 
those associated with the MC1741 (on a per amplifier basis). The 
common mode input range includes the negative supply, thereby 

"eliminating the necessity for external biasing components ,in many 
applications. The output voltage range also includes the negative 
power supply voltage. ' 

• Short -Circuit Protected Outputs 
• True Differential Input Stage 
• Single Supply Operation: 3.0 to 30 Volts 
• Low Input Bias Currents: 250 nA Max 
• Four Amplifiers Per Package 
• Internally Compensated 
• Common Mode Range Extends to Negative Supply 

MAXIMUM RATINGS 
Rating Symbol Value ,Unit 

Power Supply Voltages Vdc 
Single Supply VCC 32 
Split Supplies VCC +16 

VEE -16 

Input Differential Voltage Range (1) VIDR ±32 Vdc 

Input Common Mode Voltage Range (2) VICR -0.3 to 32 Vdc 

Input Forward Current IIF 50 mA 
(VI < -0.3 V) 

Package Power Dissipation Po 
Plastic Dual-In-'Line Package 625 - mW 

Derate above T A = 250 C 5.0 mW/oC 

Ceramic Dual-In-line Package 750 mW 
Derate above T A = 250 C 6.0 mWtoC 

Storage Temperature Range Tstg uc 
Ceramic Package -65 to +150 
Plastic Package -55 to +125 

Opereting Ambient Temperature Range TA _ °c 
MLM124 -55 to +125 
MLM224 -25 to +85 
MLM324 o to +70 

(1) Split Power Supplies. 
(2) For Supply Volt/lfjes less than 32 V, the absolute maximum input voltage is equal to 

the supply voltage. 
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MLM124 
MLM224 
MLM324 

QUAD DIFFERENTIAL 

INPUT 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

r:::::] 
1 (top view) 

\ P SUFFIX • PLASTIC PACKAGE 
CASE 646 

(MLM224 and 
MLM324 only) 

Out 
'1 

Inputs 
1 

Inputs 
2 

Out 
2 

PIN CONNECTIONS 

Out 
4 

Inputs 
4 

Inputs 
3 

Out 
3 
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MLM124, MLM224, MLM324 

ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, VEE = Gnd, T A = 25°C unless.otherwise noted.) 

MLM124 M LM224,M LM324 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Input Offset Voltage VIO - 2.0 5.0 - 2.0 7.0 mV 

TA = Thigh to Tlow (1) - - 7.0 - - 9.0 

Input Offset Current 110 - 3.0 30 - 5.0 50 nA 

T A = Thigh to Tlow - - 100 - - 150 

Large Signal Open-Loop Voltage Gain AVOL V/mV 

Vo = ±10V, RL = 2.0 kf2, VCC = 15 V, 50 100 - 25 100 -

• 
T A = Thigh to Tlow 25 - - 15 - -

Input Bias Current liB - -45 -150 - -45 -250 nA 

T A. = Thigh ~o Tlow - - -300 - - -500 

Common-Mode Rejection Ratio CMRR 70 85 - 65 70 - dB 

RS"; 10 kf2 

Power Supply Current (Vo - 0) ICC - 0.8 2.0 - 0.8 2.0 mA 

RL = "", TA = Thigh to Tlow 

Power Supply Rejection Ratio PSRR 65 100 - 65 70 - dB 

Average Temperature Coefficient of I nput Offset Current 6110/6T - 10 - - 10 - pA/oC 

T A = Thigh to Tlow 

Average Temperature Coefficient of I nput Offset Voltage 6V10/6 T - 7.0 - - 7.0 - p.V/vC 

T A = Thigh to Tlow 

Input Common-Mode Voltage Range VieR V 

Vce = 30V 0 - 28.5 0 - 28.5 

Vce = 30 V, TA = Thigh to Tlow 0 - 28 0 - 28 

Amplifier-to-Amplifier Coupling - - -120 - - -120 - dB 
1.0 kHz"; f..; 20 kHz, I nput Referenced 

Differential Input Voltage Range VIDR - - Vce - - VCC V 

Output Voltage Range VOR 0 3.5 - 0 3.5 - V 
RL = 2 kf2 

Output Voltage - High Limit VOH V 
VCC = 30 V, RL = 2 kf2, TA = Thigh toTlow 26 - - 26 - -
Vec = 30 V, RL = 10 kf2, TA = Thigh toTlow 27 28 - 27 28 -

Output Voltage - Low Limit VOL - 5.0 20 - 5.0 20 mV 
Vec = 5.0 V, RL = 10 kf2, TA =Thigh toTlow 

Output Source Current 10+ mA 
VID = +1.0 V, VCC = 15 V 20 40 - 20 40 -
VID = +1.0 V, Vce = 15 V, TA =Thigh toTlow 10 20 - 10 20 -

Output Sink Current 10- mA 
VID=-1.0V, Vee= 15V 10 20 - 10 20 

- -
VID = -1.0 V, Vee = 15 V, TA =Thigh to Tlow 5.0 8.0 - 5.0 8.0 -
VID = -1.0 V, Vo = 200 mV 0.012 0.05 - 0.012 0.05 -

(1) Thigh = 125°C for MLM124, 70°C for MLM324, 85°C for MLM224. 
Tlow = -55°C for MLM124, oOe for MLM324, -25°C for MLM224. 

SINGLE SUPPLY SPLIT SUPPLIES 

3.0V~II~ I "9 vee Vee 

'>-f-o 11:5 V to 16 V 1'>-- f-o 
:II 

h " J2>-- f-o 2>- f-o 
::II 

~ J3>-- f-o 3>- f-o 
;:1.1 T1.SVto16V 

~ J4>--~ ;;. 4>-~ 
"* VEE vEE~ 

MOTOROLA Semiconductor Products Inc. 
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MLM124, MLM224, MLM324 

REPRESENTATIVE CIRCUIT SCHEMATIC 
Bias Circuitry 

Common to Four 
Amplifiers 

(1/4Shown) 
r-----------~----------~~--._------~~----4_~----~--_o VCC 

.2 
o 
> 

Q 16 ""------, 

LARGE SIGNAL VOLTAGE 
FOLLOWER RESPONSE 

5.0/ls/0iv. 

CIRCUIT DESCRIPTION 

The M LM 124 Series is made using four internally com
pensated, two:stage operational amplifiers. The first stage 
of each COflsists of differential input devices 020 and 

R5 
2.4 k 

018 with input buffer transistors 021 and 017 and 
the differential to single ended converter 03 and 04. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans
conductance reduction functions. By reducing the trans
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon
ductance reduction is accomplished by splitting the col
lectors of 020 and 018. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif
ferential to single-ended converter. The second stage con
sists of a standard current source load amplifier stage. 

Each amplifier is biased from an internal-voltage regu
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 

@ MOTOROLA Selniconductor Products Inc. ---------' 
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MLM124, MlM224, MLM324 

TYPICAL PERFORMANCE CURVES 
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FIGURE 1 - INPUT VOLTAGE RANGE 
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FIGURE 3 - LARGE-SIGNAL FREQUENCY RESPONSE 
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MLM124, MLM224, MLM324 

APPLICATIONS INFORMATION 

FIGURE 7 - VOLTAGE REFERENCE 
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1 
Vref = 2 Vcc 

FIGURE 12 - FUNCTION GENERATOR 

Triangle Wave 
Output 
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FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER 
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Co = 10 C 

1 

4 c 
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Given fo = Center Frequency 

A(fo ) = Gain at Center Frequency 

Choose Value f o • C 
Then: 

o 
R3=--

1r fo C 

R3 
R1=---

2 A(fo) 
R1 RS 

R2 =.402 R1 _ RS 

For less than 10% error from op amp 

0 0 f O <0.1 
BW 

Where fo and BW are expressed in Hz. 

If source impedance varies, filter may be preceeded with 
voltage follower buffer to stabilize filter parameters. 

Square Wave 
Output 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete Information sufficient for construction pu rposes is not 
necessarily given. The information has been carefully checked and 

is be"'ieved to be entirely reliable. However, no responsibility is 
assumed for inaccuracies". Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of MOtorola Inc. or others. 
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ORDERING INFORMATION 

Device. 

MLM158G 
MLM158U 
MLM258G 
MLM258P1 
MLM258U 
MLM358G 
MLM358P1 
MLM358U 

Alternate 

LM158H 

LM358H 
LM358N 

Temperature 
Range 

-55°C to + 125°C 
-55°C to +125°C 
- 25°C to +85°C 
- 25°C to +85°C 
-25°C to +85°C 

O°C to +70°C 
O°C to+70°C 
O°C to +70°C 

Package 

Metal Can 
Ceramic DIP 

Metal Can 
Plastic DIP 

Ceramic DIP 
Metal Can 
Plastic DIP 

Ceramic DIP 

Specifications and, Applications 
InforIllation 

DUAL LOW POWER OPERATIONAL AMPLIFIERS 

Utilizing the circuit designs perfected for recently introduced 
Quad Operational Amplifiers, these dual operational amplifiers 
feature 1) low power drain, 2) a common mode input voltage range 
extending to ground/VEE, 3) Single Supply or Split Supply operation 
and 4) pin outs compatible livith the popular MC1558 dual operational 
amplifier. The'MLM158Series is equivaient to one-half of a MLM124. 

Th~se amplifiers have several distinct advantages over standard 
operational amplifier types in single supply applications. They can 
operate at supply voltages as low as 3.0 Volts or as high as 36 Volts 
with quiescent currents 'about one-fifth of those associated with the 
MC1741 (on a per amplifier basis). The common mode input range 
includes the negative supply, thereby eliminating the necessity for 
external biasing components in many applications. The output voltage 
range also includes the negative power supply voltage. 

• Short Circuit Protected Outputs 
• True Differential Input Stage 
• Single Supply Operation: 3.0 to 32 Volts 
• Low Input Bias Currents 
• I nternally Compensated 
• Common Mode Range Extends to Negative Supply 
• Single and Split Supply Operations Available 
• Similar Performance to the Popular MC1558 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Supply Voltages I Vdc 
Single Supply VCC 32 
Split Supplies VCC +16 

VEE -16 

Input Differential Voltage VIDR ±32 Vdc 
Range (1) 

I nput Common Mode Voltage VICR -0.3 to 32 Vdc 
Range (2) 

Input Forward' Current IIF 50 mA 
(VI < -0.3 V) 

Junction Temperature TJ °c 
Ceramic and Metal Packages 175 
Plastic Package 150 

Storage Temperature Range Tstg °c 
Ceramic and Metal Packages -65 to +150 
Plastic Package -55 to +125 

Operating Ambient Temper- TA 0C' 

ature Range 
MLM158 -55 to +125 
MLM258 -25 to +85 
MLM358 o to +70 

(1) Split Power Supplies. 
(2) For Supply' Voltages less than 32 V, the absolute maximum input voltage is equal to 

the supply voltage. 
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ILMlS8 
ILM2S8 
ILM3S8 

DUAL DIFFERENTIAL 
INPUT 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601 

Vec 

VEE/Gnd 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MLM258,MLM358 only) 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 
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M LM 158, M LM258, M LM358 

ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, VEE = Gnd, TA = 250 C unless otherwise noted.) 

Characteristic 

Input Offset Voltage' 
T A = Thigh to Tlow (1) 

Input Offset Current 

TA = Thigh to Tlow 

Large Signal Open· Loop Voltage Gain 
VO=±10V,RL=2.0kn,VCC=1SV, 

TA = Thigh to Tlow 

Input Bias Current 

T A = Thigh to Tlow 

Common·Mode Rei.ection Ratio 
RS"; 10kn 

Power Supply Current (Vo - 0) 

RL = 00, TA = Thigh to Tlow 

Power Supply Rejection Ratio 

Average Temperature Coefficient of I nput Offset Current 

T A = Thigh to Tlow 

Average Temperature Coefficient of Input Offset Voltage 

T A = Thigh to Tlow 

Input Common-Mode Voltage Range 
VCC = 30V 
VCC = 30 V, T A = Thigh to Tlow 

Amplifier·to-Amplifier Coupling 
1.0 kHz';; .f.;; 20 kHz; I nput Referenced 

Differential Input Voltage Range 

Output Voltage Range 
RL = 2 kH 

Output Voltage - High Limit 

VCC = 30 V, RL = 2 kn, TA = Thigh toTlow 
Vec = 30 V, Rl = 10 kn, TA = Thigh toTlow 

Output Voltage - low limit 
Vec = S.O V, RL = 10 kn, T A = ThightoTloW 

Output Source Current 
VID = +1.0 V, Vec = 15 V 
VIO = +1.0 V, VCC = 15 V, TA =Thigh toTlow 

Symbol 

VIO 

110 

AVOL 

CMRR 

ICC 

PSRR 

VICR 

VIOR 

VOR 

Output Sink Current 10-

Min 

50 
25 

70 

65 

o 
0, 

o 

26 
27 

20 
10 

VIO=-1.0V,VCC=15V 10 
VID = -1.0 V, VCC = 15 V, TA =Thigh to Tlow 5.0 
VID = -1.0V, Vo = 200mV 0.012 

(1) Thigh = 1250 C for MLM158, 700 C for MLM358. 850 C for MLM258. 
Tlow = -550 C for MLM158. OOC forMLM358. -250 C for MLM258. 

SINGLE SUPPLY 

3.0 V to Vee (Max) ,[_ 

MLM1li8 MLM258,MLMB 
Typ 

2.0 

3.0 

100 

-45 

HS 

0.5 

100 

10 

7.0 

-120 

.' 

3.S 

28 

5.0 

40 
20 

20 
8.0 

0.05 

Max 

5.0 
7.0 

30 
100 

-150 
-300 

1.2 

28.5 
28 

Vce 

20 

Min 

25 
15 

65 

65 

o 
o 

o 

26 
27 

20 
10 

10 
5.0 

0.012 

Typ 

2.0 

5.0 

100 

-45 

70 

0.5 

70 

10 

7.0 

-120 

3.5 

28 

5.0 

40 
20 

20 
8.0 

0.05 

SPLIT SUPPLI ES 

Max 

6.0 
7.S 

50 
150 

-250 
-500, 

1.2 

28.5 
28 

Vee 

20 

Unit 

mV 

nA 

V/mV 

nA 

dB 

rnA 

dB 

V 

dB 

V 

V 

V 

mV 

mAo 

rnA 

. ~11r-::::-9 vee Vee r------, 

~ 1.5 V to Vee (Max) 

O-+_-{:lI1:'---i~~ h o--t--]-t.1rt>- f-o 
o-+--c;r>--~ 

'=' Vee/Gnd Vee 

T 1.5 V to Vee (Ma~) 

'---_ ..... 
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MLM1S8, MLM2"S8, MLM3S8 

,; 
a 
3; 

REPRESENTATIVE CIRCUIT SCHEMATIC Bias Circuitry 
Common to Both 

Amplifiers 
Output 

(Yo Shown) 
r---~------~----------~~--'-------~~----~~----~--~VCC 

Q 16 ~------, 

LARGE SIGNAL VOLTAGE 
FOLLOWER RESPONSE 

I I 
VCC = 15 Vdc 

RL = 2 kn -
TJ,..= 25°C 

\ / 
........ 

\ 1/ 
~ 

5.0~s/Div. 

CIRCUIT DESCRIPTION 

The MLM158 Series is made using two internally com
pensated, two-stage operational amplifiers. The first stage 
of each consists of differential input devices 020 and 
018 with input buffer transistors Q21 and 017 and 
the differenti'al to single ended converter 03 and 04. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans
conductance reduction functions. By reducing the trans
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip ~rea. The transcon
ductance reduction is accomplished by splitting the col
lectors of 020 and 018. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif
ferential to single-ended converter. The second stage con
sists of a standard current source load amplifier stage. 

Each amplifier is biased from an internal-voltage regu
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply_rejection. " 
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MLM158, MLM258, MLM358 

TYPICAL PERFORMANCE CURVES 

±20 

±18 

Ui ±1~ 
I-
~ ±14 
~ 
~ ±12 
~ 
!:; ±10 
o 
~ ±8.0 

~ ±6.0 

:f. ±4.0 

±2.0 

o / 
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MLM158, MLM258, MLM358 

APPLICATIONS INFORMATION 

FIGURE 7 - VOLTAGE REFERENCE 
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FIGURE 8 - WEIN BRIDGE OSCILLATOR 
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FIGURE 9 - HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER FIGURE 10 - COMPARATOR WITH HYSTERESIS 
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VOL VinL: VinH 
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FIGURE 11- BI-QUAD FILTER 
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R3= TN R2 
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_0 = 10 
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Vref = 2 Vec 

'">(,....----tt----e Notch Output R = 160 kU 

Where TBP = Center Frequency Gain 

TN = Passband Notch Gain 

C= O.OOlIlF 

Rl~1.6MU 

R2= 1.6MU 

R3= 1.6MU 
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MLM158, MLM258, MLM358 

1 , 
Vref = '2 VCC 

Vref 

APPLICATIONS INFORMATION (continued) 

FIGURE 12 - FUNCTION GENERATOR 

Triangle Wave 
Output 

C 

Rf 

f=R1+RC if R3=R2R1 
4 CRfR1 R2 + R1 

R2 

300 k 

FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER, 

VCC 

4,~' Cc 

,1"' 
>-C:>-4>---iE---- V 0 

Co 

Co = 10 C 

1 
Vref = '2 VCC 

Given fo = Center Frequency 

A(fo ) = Gain at Center Frequency 

Choose Value fo' C 
Then: 

Q 
R3=--

rr fo C 

R3 
R1 =---

2 A(to ) 
R1 R3 

R2=402 R1_R3 

For less than 10% erro'r from operational' amplifier 

0 0 f O<0.1 
BW 

Where f 0 and BW are expressed in ,Hz. 

If source impedance varies, filter may be preceeded with 
vOltage follower buffer to stabilize filter parameters. 

THERMAL INFORMATION 

Square Wave 
Output 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
'Je found from the equation: 

the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

TJ(max) -TA 
PD(T Al = ROJA(Typ) 

Where: PD(T A) = Power Dissipation allowable at a given 

operating ambient tempecf'ature. This must be greater than 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating tYpical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

'TJ(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature , 

ROJA(Typl = Typical Thermal Resistance Junction to 
Ambient 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described 'any 
license under the patent rights of Motorola Inc. or others. 
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. ORDERING INFORMATION 

Device Alternate 

MLM2902P LM2902N 

Temperature 
Range 'Package 

Plastic DIP 

Specifi<:~ations and Applications 
InforIllation 

QUAD LOW POWER OPERATIONAL AMPLIFIER 

The MLM2902 is a low-cost, quad operational amplifier with 
true differential inputs. This has several distinct advantages over 
standard operational amplifier types in single supply applications. 
The quad amplifier can operate at supply voltages as low as 3.0 Volts 
or as high as 26 Volts with quiescent currents about one fifth of 
those associated with the MC1741 (on a per amplifier basis). The 
common mode input range includes the negative supply, thereby 
eliminating the necessity for external biasing components in many 
applications. The output voltage range also includes the negative 
power supply voltage. 

• Short .Circuit Protected Outputs 
• True Differential I nput Stage' 
• Single Supply Operation: 3.0 to 26 Volts 
• Low Input Bias Currents: 500 nA Max 
• Four Amplifiers Per Package 
• Interna"y Compensated 
• Common Mode Range Extends to Negative Supply 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Power Supply Voltages Vdc 

Single Supply Vce 32 

Split Supplies Vce +13 

VEE -13 

Input Differential Voltage Range (1) V,DR ±26 Vdc' 

Input Common Mode Voltage Range (2) VICR -0.3 to 26 Vdc 

Input Forward Current IIF 50 mA 

(VI < -0.3 V) 

Storage Temperature Range T stg -65 to +150 uc 

luperating Ambient Temperature Range TA -40 to +85 ue 

(H Split Power Supplies. 
(2) For Supply Voltages less than 32 V, the absOlute maximum input voltage is e'Qual to 

the supply voltage. 
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MLM2902 

QUAD DIFFERENTIAL 

INPUT 

OPERATIONAL AMPLIFIER 

Out 
1 

Inputs 
1 

Vee 

Inputs 
2 

Out 
2 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

f:::::::1 
1 (top view) 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

PIN CONNECTIONS 

Out 
4 

Inputs 
4 

Gnd/VEE 

Inputs 
3 

Out 
3 
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MLM2902 

ELECTRICAL CHARACTERISTICS (VCC = 5.0 V, VEE = Gnd T A = 250 C unless otherwise noted.) 

Characteristic 

Input Offset Voltage 

Input Offset Current 

Large Signal Open-Loop Voltage Gain 
Vo = ±10V, RL = 2.0 kn 

Input Bias current 

Common-Mode Rejection Ratio 

Power Supply Curr.ent (Vo = 0) 
RL=oo 

Power Supply Rejection Ratio 

Input Common-Mode Voltage Range 

Amplifier-to-Amplifier Coupling 
1.0 kHz"; f ..; 20 kHz, Input Referenced 

OutPlIt Voltage Range 
RL=2kn 

Output Source Current 
VfD = +1.0 V, VCC = 15 V 

Output Sink Current 
VIO = -1.0 V 

(1) Thigh = +850 C 
Tlow = -40oC 

SINGLE SUPPL V 

Symbol 

VIO 

110 

AVOL 

liB 
CMRR 

ICC 

PSRR 

VICR 

-

VOR 

10+ 

10-

Min Typ 

- 2.0 

- 5.0 

- 100 

-45 

- 85 

- 0.8 

- 100 

a -
- -120 

0 3.5 

20 40 

8.0 20 

SPLIT SUPPLIES 
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Max Unit 

10 mV 

50 nA 

- V/mV 

-500 nA 

- dB 

2.0 rnA 

- dB 

3.5 V 

- dB 

- V 

- rnA 

rnA 



MLM2902 

-

TYPICAL PERFORMANCE CURVES 
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FIGURE 1 - INPUT VOLTAGE RANGE 
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MLM2902 

APPLICATIONS INFORMATION 

FIGURE 7 - VOLTAGE REFERENCE 

Vcc 

10k 

1'12 

10 k 

Fl1 

V I'll o KR1+'R2 

Vo ."!"vce , 2 

FIGURE 8 - WEIN BRIDGE OSCILLATOR 

10k 

V ref ..... """"""' ..... -O-i 

Vraf =~ Vec 

1'1 

50 k 

For fo=1kHz 

1'1= 16 k!l 
e = 0,01 ",F 

FIGURE 9 - HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER FIGURE 10- COMPARATOR WITH HYSTERESIS 

a1 

a2 

ao = C (1 + a + b) (a2 - a1) 

1'1 

Vraf 
I'll 

1'12 

1'12 HVstaresis 

I'll 
Vo . : 

Vin .... --_0--1 
VOHLffi-H 

I 
I 
I 

VOL. VinL. : VinH 

VinL. = 1'111'1+11'12 (VOL. - Vraf) + Vref 

VinH= I'll :11'12 (VOH - Vraf) + Vref 

H = 1'111'1+'1'12 (VOH - VOL.) 

Vraf 

FIGURE 11 - BI·QUAD FILTER 

Bandpass 
Output 

1'1 

100 k 

100k 

1'13 

f ,. _~1._ 
o 2 rr AC 

I'll ~ 01'1 

A2=~ 
TBP 

1'13 = T N A~ 

C1 = 10C 

fo = 1 kHt 

0= 10 

TBP= 1 

TN= 1 

1 
Vref = 2' Vee 

'>--o .... ---f~Notch Output 1'1= 160 k!l 

Where T BP = Can tar Fraquancv Gain 

TN = Passband Notch Gain 

C = 0,OO111F 

I'll = 1,6 Mn 

1'12 = 1,6 Mn 
Fl3'· 1,6Mn 
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1 
V ref,=:2 VCC 

FIGURE 12 - fUNCTION GENERATOR 

Triangle Wave 
Output 

R2 

300 k 

Vref'--~-I 

Rf 

f=R1+RC if R3=R2R~,. 
4CRfR1 R2+Rl 

FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER 

VCC 

Co = 10 C 

1 

4 
l' Vraf =:2 VCC 

Given fo = Center Frequency 

A(fo ) = Gain at Center Frequency 

Choose Value f 0' C 
Then: 

o 
R3=--

71'.fo C 

R3 
R1=---

2 A(fo ) 

R1 RS 
R2-402R1_AS 

For Illss than 10% error from op amp 

0 0 f O <0.1 
BW 

Where fo and aWare expressed in Hz. 

If source impedance varies, filter mllY be preceded with 
voltage follower buffer to stabilize filter parameters. 

Square Wave 
Output 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applicatiQns; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

is believed to be entirely reliable, However, no responsibility is 
assumed for .inaccuracies, Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc, or others. 

® MOTOROLA Semiconductor Products Inc. 
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MLM2902 

,; 
o 
:> 

REPRESENTATIVE CIRCUIT SCHEMATIC 
Bias Circuitry 

Common to Four 
Amplifiers 

I .I. 
Vec = 15 Vdc 

RL = 2 kU -
TA = 25°C 

\ i 
\ II 

1\ 
5.0/-Ls!D,v. 

CIRCUIT DESCRIPTION 

:-

~ 

VCC 

VEE (Gnd) 

018 with input buffer transistors 021 and 017 and 
the differential to single ended converter 03 and 04. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans· 
conductance reduction functions. By reducing the trans· 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon· 
ductance reduction is accomplished by splitting the col· 
lectors of 020 and 018. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif
ferential to single-ended converter. The second stage con
sists of a standard current source load amplifier stage. 

The MLM2902 is made using four internally com
pensated, tiNo-stage operational amplifiers. The first stage 

Each amplifier is biased from an internal-voltage regu
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. of each consists of differential input devices 020 and 

THERMAL INFORMATION 
The maximum power consumption an integrated circuit 

can tolerate at a given operating ambient temperature, can 
be found from the equation: 

TJ(max) -TA 
PD(T A) ROJA(Typ) 

Where: PD(T A) = Power Dissipation allowable at a given 

operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

T J(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) ",- Typical Thermal Resistance Junction to 
Ambient 

@ MOTOROLA Se ... ;cond .. c~o,. P,.oduc~$ Inc. -----_--' 
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VOLTAGE REGULATORS 

Temperature Range 
o to 70°C -55 to 125°C Other Page 

LM317 LM117 Three-Terminal Adjustable Positive Regulator ... 4-6 

LM323 LM123 Positive Voltage Regulator .....• ~ . ...... 4-7 

MC1403,A MC1503,A Precision Low-Voltage Reference .... 4-9 
\ 

MC1460,61 MC1560,61 Positive Voltage Regulator ............ 4-11 

MC1463 MC1563 Adjustable Negative Regulator. . . . . . , . • . . 4-12 

MC1466 MC1566 Precision, Floating Regulator ....•• 4-28 

• 
MC1468 MC1568 Dual ± 15-Volt Tracking Regulator .. 4·38 

MC1469 MC1569 Adjustable Positive Regulator . . . • • . . . 4-44 

MC1723C MC1723 Adjustable Positive or Negative Regulator .. 4-63 

MC3420 MC3520 Switchmode Regulator Control Circuit. 4-69 

MC3422 Current Limiter .............. 4·74 

MC7700C Series of Positive Regulators (750 rnA). 4·76 

MC7800C Series of Positive Regulators (1.5 A) .. 4-84 

MC78LOOC,AC Series of Positive Regulators (100 rnA). 4-92 

MC78MOOC Series of Positive Regulators (500 rnA). ...... 4-99 

MC7900C Series of Negative Regulators (1.5 A) .. 4-107 

MC79LOOC,AC Series of Negative Regulators (100 rnA) .. 4-116 

MLM304 MLM104 MLM204 Adjustable Negative Regulator .... 4-122 

MLM305 MLM105 MLM205 Adjustable Positive Regulator •.... 4-124 

MLM309 MLM109 MLM209 Positive Voltage Regulator ............. 4-126 
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Fixed Output Voltage Regulators 

Low cost, monolithic circuits for positive and/or negative regulation at currents from 100mA to 
3 A. These dedicated circuits require no external add-on component, although an input capacitor 
should be used if regulator is located an appreciable distance from the power supply filter, and an 
Ol)tput capacitor could improve transient response. They are ideal for on-card regulation of sub
systems, affording possible economic advantages and performance improvement in applications where 
total system regulation is not required. 

Most devices' are available in metal and. plastic packages. All employ internal current limiting, 
thermal shutdown and safe-area compensation - making them essentially blow-out proof. All are 
designed to operate over a cPC to 15cPC junction temperature range, except *TJ = ~5~C to + 15cPC. 

FIXED VOLTAGE, 3-TERMINAL REGULATORS FOR POSITIVE OR NEGATIVE POLARITY POWER SUPPLIES • 

vout Tol.t 
Volts Volts 

2 ± 0.1 
3 ± 0.15 
3 ± 0.3 
/) + ./) 

±0.25 

± 0.4 

± 0.25 
± 0.3 
± 0.2 

6.2 + 0.26 
6 ± 0.3 

8 ± 0.8 

± 0.4 

12 ± 1.2 
± 0.6 

16 ± 1.5 
± 0.75 

lS' ± 1.8 
± 0.9 

:.!O +1.0 

24 ± 2.4 
± 1.2 

·T J = -55 to +1590 C 
• "To be introduced 

10 
mA 
Max 

1500 
100 
100 
luu 

500 
750 

1500 

3000 

1500 
600 
750 
1500 
100 

600 
750 
1500 
100 

600 
750 

1500 
100 

600 
750 

1500 
100 

600 
750 
1500 
DOD 
750 
100 

500 
750 

1500 

Device Type 
Positive Output 

-

-
M 78L 5C 

MC75L05AC 
MC78M05C 

MC770.5C 
MC7805C 

LM109 
LM209 
LM309 

·"LM123* 
·"LM323 

-
MC78M06C 
MC7706C 
MC7806C 

MC78L08C 
MC78L08AC 
MC7SMOSC 

MC770SC 
MC7808C 
MC78L12C 

MC78L12AC 
MC7SM12C 
MC7712C 
MC7812C 

MC78L15C 
MC78L15AC 
MC78M15C 
MC7715C 
MC7816C 

MC78L1SC 
MC78L18AC 
MC78M18C 
MC7718C 
MC7818C 

MC7720C 
MC78L24C 

MC78L24AC 
MC78M24C 
MC7724C. 
MC7824C 

tOutput Voltage Tolerance for Worst Case 

Device Type 
Negative Output 

MC7902C 
MC79 L03AC 
MC79 L03C 
I\IIC7~L05C 

MC79L05AC 

-
-

MC7905C 
-
-
-
-

MC7906.2C 
-
-

MC7906C 

-
-
-
-

MC7908C 
MC79L12C 

MC79L12AC, 

-
-

MC7912C 
' MC79L16C 

MC79L16A 

-
-

MC7916C 
MC79L18C 

MC79L18AC 
-
-

MC7918C 

-
MC79L24C 

MC79L24AC 

-
-

MC7924C 

4-3 

Vin Regline ReSload INOIAT 
MinIMax mV mV mVt'C Case 

5.5/35 40 120 1.0 11 3',3 
4.7/30 60 72 0.6 
4.7/30 80 72 0.6 29.79 
6.7/30 200 60 0.1 29.79 

150 
7/35 100 100 1.0 79.313 

79,313 
11 313 
11.79 

50 11 

7.5/20 26 

7.2/35 105 105 1.0 11.313 
8/35 100 120 1.0 79 313 

120 _79,.313_ 
11 313 

9.7/30 200 80 0.16 29.79 
175 

10/36 100 160 1.0 79 313 
160 79 313 

11 313 
13.7/35 250 100 0.24 29.79 

14/35 100 240 1.0 79313 
240 79 313 

11 313 
16.7/36 300 160 0.3 29,79 

17/36 100 300 1.0 79 313 
300 79 313 

11 313 
19.7/35 325 170 0.36 29,79 

20/35 100 360 1.0 79 313 
360 79,313 

11,313 
22/40 10 400 1.0 79,313 

400 
26.7/40 350 ,200 0.48 29,79 

300 29.79 
26/40 100 480 1.2 79 313 

480 1.0 79 313 
11,313 

• 
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Variable Output Voltage Regulators 

The regulators in the following tables can be tailored.for any specific output voltage within the 
indicated ranges through the use of external resistors. The indicated output current is available 
directly from the device. Increased output current can usually be obtained through the use ofexternal 
current - boosting circuits. All have internal provisions for current limiting, or are internally pro
tected against excessive thermal or SOA overloads. 

POSITIVE OUTPUT REGULATORS 

S vin-
U v out PD Regulation 
F Differ- Watts % Vout@ 

10 F V out Vin entia I Max TA = 250 C TC V out TJ = 
mA Device I Volts Volts Volts 

~~~ TC- TfP Typ °c 
Max Type X Min Max Min Max Max 25°C Line Load %/oC Max 

20 MLM305 G 4.5 40 8.5 50 3.0 0.4 1.3 0.06 0.1 0.007 
I 1

8
:0 , MLM205 

"30 
0.68 --M-MLM105 2.7 f--15O" 

150 , MC1723 ~ 2.0 37 9.5 40 3.0 0.65 0.1 0.3 0.003 150 

-lliL 0.8 2.1 J.:.L 0.003 

,..--L- 0.2 0.002 

~ 1.0 - 0.1 0.003 175 
L - 0.2 OQ02 

250 MC1469 G 2.5 32 9 35 3.0 0.68 1.8 ~ 0.13 0.002 150 
MC1569 37 85 40 2.7 0.015 

600 MC1469 R 2.5 32 9.0 35 3.0 3.0 14.0 ~ 0.05 0.002 150 
MC1569 37 8.5 40 2.7 0.015 

1500 LM317· T 1.2 37 5,.0 40 3.0 Internally 0.07 1.5, 0.5 125 
LM317· K Limited 

~ LM,.,7· 0.05 1.0 

·To be mtroduced 

NEGATIVE OUTPUT REGULATORS 

20 ,LM304 G 0.035 30 8.0 ~ 2.0 0.4 1.3 0.1 0.05 0.007 ~ 
LM204 0.015 40 50 0;68 ~ ~ 
LM104 2.7 150 

250 MC1463 G 3.8 32 9.0 35 3.0 0.68 1.8 0.03 0.05 0.002 150 
MC1563 3.6 33 8.5 40 2.7 0.015 0.13 

600 MC1463 R 3.1:1 <14 !:I. <15 <J. 2.4 !:I.U 

I 0.015 
0.u5 0.uu2 175 

MC1463 3.6 37 8.5 40 2.7 

Switching Regulator 

Case 

601 

-Toic 
632 

603 

614 

~ 
11 

603 

603 

1114 

Used as the control circuit in PWM, push-pull, bridge and series type switch mode supplies. The 
device includes the reference, oscillator, pulse-width modulator, phase splitter and output sections. 
Frequency and duty cycle are independently adjustable. 

10 VCC fa 
±mA Volts kHz Device TA-
Max Min Max Min Max Number SUFFIX °c Case 

40 10 30 2.0 100 MC3420 P o to +70 648 
L 620 

MC3520 L -55 to +125 620 
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Special Regulators 

FLOATING VOLTAGE AND CURRENT REGULATORS. Designed for laboratory type power 
supplies, these unique regulators can deliver hundreds of volts - limited only by the breakdown 
voltage of associated, external, series-pass transistors. 

s 
U 
F 

Vout 10 F Vaux Po llVreflVref LlIL/IL TCVout 
Volts rnA Device I Volts Watts % % %loC 

Min I Max Max Type X Min I Max Max Line I Load Max Typ 

0 I MC1466 L 21 I 30 0.75 0.015 I 0.015 0.2 0.01 
MC1566 L 20 I 35 0.004 I 0.004 0.1 0.006 

• Dependent on characteristics of external serles·pass elements. 

Min 

DUAL ±15 V TRACKING REGULATORS. Dual polarity regulator designed to provide balanced 
positive and negative output voltages. Internally, the device is set for.± 15 V, but an external adjust
ment can change both outputs simultaneously, from B.O V to 20 V. 

s 
U TC 
F %JOc 

vout 10 vin F Po (Tlowto 
Volts rnA Volts Device I Watts Regline Regload Thigh TA 

Max Max Min Max Type X Max rnV rnV Typ °c 

Case 

632 

Case 

14.8 15;2 ±100 17 30 MC1468 G 0.8 10 10 3.0 o to +75 r--§.QL 
L 1.0 ~ R 2.4 614 

MC1568 G 0.8 -55 to +125 ~ L 1.0 ~ R 2.4 1 614 

LOW TEMPERATURE DRIFT, LOW VOLTAGE REFERENCE 

s 
U Regload 
F Regline . Regline (1.0 rnA < 

Vout 10 LlVoutlLlT F (7.0 V <;; (4.5 V <;; 10<11rnAI 
Volts rnA pprn/oC Device I VI<;;30VI Vin<;;7.0V rnA TA 
Typ Max Typ Type X Max Max Max °c Case 

2.5 ± 25 mV 10 10 MC1403 PI 6.0 3.0 10 o to +70 626 
MC1403A U 693 
MC1503 U -55 to +125 693 

MC1503A 693 

4-5 
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Advance lriforrnation 

" 3-TERMINAL 
ADJUSTABLE OUTPUT VOLTAGE REGULATOR 

The LfVll17 and LM317 are adjustable 3-terminal positive 
voltage regulators capable of supplying in excess of 1.5 A over an 
output voltage range of 1.2 V to,37 V. These voltage regulators are 
exceptionally easy to use and require only two external resistors to 
set the output voltage. Further, they employ internal current 
limiting, therm'al shutdown and safe area compensation, making 
them essentially blow-out proof. 

The LMl17/LM317 serve a wide variety of applications 
including local, on card regulation. This device also makes an 
especially simple adjustable switching regulator, a programmable 
output regulator, or by connecting a fixed resistor between the 
adjustment and output, the LM 117/317 can be used as a precision 
current regulator. 

• 
• 

Output Current in Excess of 1.5 Ampere 
Output Adjustable Down to 1.2 V 

• Internal Thermal Overload Protection 

• 
• 
• 

Internal Short-Circuit Current Limiting 
Output Transistor Safe-area Compensation 

Standard TO-220 3-lead Transistor Package 

STANDARD APPLICATION 

, v
out 

LM317 

Adjust 
+ + 

• = Cin is required if regulator is located an appreciable distance from power 

supply filter. 
•• = Co is not needed for stability. however it does improve transient 

response. 

This is advance information and specifications'are subject to change without notice. 
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LM117 
LM317 

3-TERMINAL ADJUSTABLE 
VOLTAGE REGULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

K SUFFIX 
METAL PACKAGE 

CASE 11 
(TO-3 Type) 

(bottom view) 

Pins 1 and 2 electrically isolat'ld from case. 
Case 1$ third electrical connection. 

TSUFFIX 
PLASTIC PACKAGE 

TO-220 
CASE 313 

Pin 1 Adjust 
Pin 2 V out 
Pin 3 V ln 

1 
2 

3 

(Bottom View) 

Pin 1 V in 
Pin 2 Adjust 
Pin 3 V out 

H SUFFIX 
METAL PACKAGE 

CASE 79 
(TO-39) 

(Case Is output) 

ORDERING INFORMATION 
D'ivice Temperature Range Package 

LM117H -55°C to +1250 C Metal Can 

LM117K -5SoC to +1250 C Metal Power 

LM317H OoC to +70o C Metal Can 

LM317K OOC to +70o C Metal Power 

LM317T OOe to +700 C Plastic Power 



Product Previe'W' 

3 AMPERE· 5 VOLT POSITIVE VOLTAGE REGULATOR 

The LM123/LM323 is a three-terminal positive regulator with 
a fixed 5 Volt output and a load driving capability of 3 Amperes. 

These regulators are supplied in a hermetic TO-3 package 
which possesses high reliability and low thermal resistance. This 
package can provide up to 30 Watts power dissipation. 

The LM123/LM323 employ internal current limiting, thermal 
shutdown and safe area compensation which make them essentially 
blow-out proof. 

The LM 123 ha~ a guaranteed operation over the junction 
temperature range ':"'"55 0 G to +1500c while the LM323 is specified 
from OOC to +125OC junction temperature. 

• Delivers Up to 3 Amperes Output Current 

• No External Component Required 

• 
• 

Internal Thermal Overload Protection 

Internal Short-Ci~cuit Current Limiting 

• 30 Watts Power Dissipation 

MAXIMUM RATINGS 
Rating Svmbol Value Unit 

Input Voltage Vin 20 Vdc 

Power Dissipation Po Internally 
Limited 

Thermal ReSistance, Junction to Air f)JA 35 OCIW 
Storage Temperature Range Tstg -65 to +150 °c 

-Operating Junction Temperllture Range ,T
J "C 

LM123 -55 to +150 
LM323 Oto +125 

.. " ThiS I, advancetnformatlon ,nd specifications lire subject to chllng_ Without notice. 
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LM123 
LM323 

3 AMPERE· 5 VOLT 
VOLTAGE REGULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

K SUfFI~ 
METAL PACKAGE 

CASE 11 

(TO-3 TYPE) (bottom view) 

Pins 1 and 2 electrically Isolated from case. 

C ••• Is third electrical connection. 

STANDARD APPLICATION 

A common ground is required between 
the input and the output voltages. The input 
voltage must remain typically 2.0 V above the 
output voltage even during the low point on the 
input ripple volta9ll. 

" .. Cin (solid tanta(um) is required if 
regulator is l<;Ieated an appreciable distance 
from power supply filter. 

** .. Co is not needed for stability; however, it 
does Improve transient response. If 
needed, its value should be greater than 
0.1 J-lF. 

ORDERING INFORMATION 

TEMPERATURE RANGE 
_550C to + 1250C 

oDe to "',oOe 
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LM123, LM323 

ELECTRICAL CHARACTERISTICS (TJ = T,ow to Thigh [see Note 11 unless otherwise specified.) 

Characteristic Symbol 

Output Voltage Vo 
(Vin = 7.5 V, 'out = 0, TJ = 250 C) 

Output Voltage Vo 

(7.5 V 0;;;;; Vin 0;;;;; 15 V, 00;;;;; lout 0;;;;; 3.0A, p o;;;;;30W) 

Line Regulation (3) Regin 

(7.5 V 0;;;;; Vin ~ 15 V, TJ = 250 C) 

Load Regulaton (3) Reg load 

IV in = 7.5 V, 00;;;;; 'out 0;;;;; 3.0 A, T J = 250 C) 

Quiescent Current Ie 

(7.5 V 0;;;;; Vin 0;;;;; 15 V, 00;;;;; 'out 0;;;;; 3.0 A) 

Output Noise Voltage VN 

(10 Hz 0;;;;; f 0;;;;; 100 kHz, T J = 250 C) 

Short Circuit Current Limit ISC 
(V in = 15 V, TJ = 250 C) 

(Vin = 7.5 V, TJ = 250 C) 

Long Term Stability S 

Thermal Resistance Junction to Case (2) ROJC 

Note 1. T low = -550 C for LM123 
= OOC for LM323 

Thigh = +1500 C for LM123 
= +1250C for LM323 

Although. power dissipation is internally limited, specifi
cations apply only for pO;;;;; 30 W. 

LM123 LM323 
Min Typ Max ·Min Typ Max Unit 

4.7 5.0 5.3 4.8 5.0 5.2 V 

4.6 - 5.4 4.75 - 5.25 V 

- 5.0 25 - 5.0 25 mV 

- 25 100 - 25 100 mV 

- 12 20 - 12 20 rnA 

- 40 - - 40 - /.J.Vrms 

rnA 

- 3.0 4.5 - 3.0 4.5 

- 4.0 5.0 - 4.0 5.0 

- - 35 - - 35 mV 

- 2.0 - - 2.0 - °C/W 

Note 2. Without a hea~ sink, the thermal resistance of the TO-3 
package is aboJt 350 C/W. With a heat sink, the effective 
thermal resistance can· only approach the specified values 
of 2.00 C/W, depending on the efficiency of the heat sink. 

Note 3. Load and line regulation are specified at constant junction 
temperature. Pulse testing is required with a pulse width 0;;;;; 
1.0 ms and a duty cycle 0;;;;; 5%. 

THERMAL INFORMATION 

The maximum power consumption an integrated circuit can 
tolerate at a given operating ambient temperature, can be found 
from the equation: 

TJ(maxl-TA 
PO{TA) R (T) ~VIIS-VOIO 

(}JA yp 

Where: PD(T Al = Power Dissipation allowable at a given oper
ating ambient temperature. 

4-8 

T J{max) = Maximum Op.erating Junction Temperature as listed in 
the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient Temperature 

ROJA (Typ) = Typical Thermal Resistance Junction to Ambient 

'S = Total Supply Current 



Product Previe,", 

LOW-VOLTAGE REFERENCE 

A precision band·gap voltage reference designed for critical 
instrumentation and D/A converter applications. This unit is de· 
signed to work with Motorola MC1506, MC1508, and MC3510 D/A 
converters as well as numerous A/D systems. Low temperature drift 
is a prime design consideration. 

• Nominal Output Voltage = 2.5 V ± 25 mV 

• Input Voltage Range = 4.5 V to 35 V 

• Quiescent Current = 1.2 rnA typ 

• Output Current = 10 mA 

• Temperature Coefficient = 10 ppm/oC typ 

• Temperature Sensing Diode Available 

• Guaranteed Temperature Drift Specification 

• Equivalent to AD580 

MAXIMUM RATINGS (T A = 25°C unless otherwise noted,} 

Rating Symbol Value Unit 

Input Voltage VI 40 V 

Storage Temperature T stg ~5 to 150 °c 

Junction Temperature TJ 
Ceramic Package +175 °c 
Plastic Package +150 °c 

Operating Ambient Temperature Range TA 
MC1503,A -55 to +125 °c 
MC1403. A o to +70 °c 

This is advance information and specifications are subject to change without notice. 
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MC1403,A 
MClS01,A 

PRECISION LOW-VOLTAGE 
REFERENCE 

LASER TRIMMED 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MC1403 only) 

USUFFIX • CERAMIC PACKAGE . 
CASE 693 

ORDERIN~ INFORMATION 

Temperature 
Device Range Package 

MC1503U -55 to + 125°C Ceramic DIP 

MC1503AU -55, to+1250c Ceramic DIP 

MC1403U o to +70u C Plastic DIP 

MC1403AU o to +70oC Plastic DIP 

MC1403Pl o to + 70°C Plastic DIP 

MC1403APl o to+70u C Plastic DIP 

• 
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MC1403, A, MC1503, A 

ELECTRICAL CHARACTERISTICS (V," 15 V, TA" 250 C.unless otherwise noted~) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage Vo 2.475 2.50 2.525 V 
110= OmA) 

Temperature Coefficient of Output Voltage !:::.VO/!:::.T ppm/oC 
MC1503 , - - 55 
MC1503A - - 25 
MC1403 - 10 40 
MC1403A - 10 25 

Output Voltage Change !:::.VO mV 
(over specified temperature range) 
MC1503 - - 25 
MC1503A - - 11 
MC1403 - - 7.0 
MC1403A - - 4.4 

Line Regulation Regin mV 
(15V",V,,,,4OV) - 1.2 4.5 
(4.5 V '" V, '" 15 V) - 0.6 3.0 

Load Regulation Reg'oad ,- - 10 mV 
(1.0mA < 10 < 11 mAl 

Quiescent Current 
" 

- 1.2 1.5 mA 
110" OmA) 

® . MOTOROLASerniconduc'tor Prod~c'fs Inc. 

4-10 



MC1460, MC1461 
MC1S60, MelS61 

POSITtVE VOLTAGE REGULATORS 

These devices are not recommended for new design, but Motorola. will 
continue to supply these devices for existing applications. 

For a complete data sheet, mail your request to Motorola Semiconductor 
Products, Inc., P.O. Box 20912, Phoenix, Arizona 85036. 

4·11 
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MCI463 
MCIS63 

Specifications and Applications InforInation 

NEGATIVE VOLTAGE REGULATOR 
The MC1563/MC1463 is a "three terminal" negative regulator designed to deliver con· 
tinuous load current up to 500 mAdc and provide a maximum negative input voltage of 
-40 Vdc. Output current capability can be increased to greater than 10 Adc through use 
of one or more external transistors. 
Specifications and performance of the MC1563/MC1463 Negative Voltage Regulator are 
nearly identical to the MC1569/MC1469 Positive Voltage Regulator. For systems reo 
quiring both a positive and negative power supply, these devices are excellent for use as 
complementary regulators and offer the advantage of operating with a common input 
ground. 
The MC1563R/MCl463R case can be mounted directly to a grounded heat sink- which 
eliminates the need for an insulator. 

• Case is at Ground Potential (R.package) 

• Electronic "Shutdown" and Short·Circuit Protection 

• Low Output Impedance - 20 Milliohms typical 

• High Power Capability - 9.0 Watts 
• Excellent Temperature Stability - AVO/AT = to.002%loC typical 

• High Ripple Rejection - 0.002% typical 

• 500 mA Current Capability 

NEGATIVE·POWER·SUPPLY 
VOLTAGE REGULATOR 

81 LICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 603 

R SUFFIX 
METAL PACKAGE 

CASE 614. 

FIGURE 1 - TYPICAL CIRCUIT CONNECTION 
• (I-3.5! ~ Vo ~!-37! Vdc, 1 ~ Ilo ~500 mAl 

FIGURE 2 - TYPICAL NPN CURRENT BOOST CONNECTION 
(VO = 5.2 Vdc,IL = 10 Adc (max]) 

Vin _Rst 

MCI563R 
MCI463R 

CASE 

Select RA to Give Oesired VO: RA ~ 12'VO;·7)k!l 

GNO 

6.8~ Rs 

Vref 

Vo 

FIGURE 3 - i15 V, ±.400 mA COMPLEMENTARY TRACKING 
VOLTAGE REGULATOR 

lN4001 or Equiv 

Co 
O.OOI~F 

0.02l! 

r---~---~--'-+-O~~5VdC 

4·12 

GND 

CASE 
6.8 ~ R8 , 

IV 
Co 10AmaK 

RA 100 
~F 

Rt 

MCI563R 
MCI46JR 

Vo 

IO :::5.0milliohms Vo" ·S.2Vdc 

ORDERING INFORMATION 

DEVICE TEMPERATURE RANGE PACKAGE 

MC1463G Metal Can 

MC1463R Metal Power 

MC1563G Metal Can 

MC1563R Metal Power 



MC1463, MC1563 

MAXIMUM RATINGS (TC = +250 C unless otherwise noted.) 

Rating 

Input Voltage 
MC1463 
MC1563 

Load Current - Peak 

Current, Pin 2 

Power Dissipation and Thermal Characteristics 
TA = 25°C 

Derate above T A = 25°C 
Thermal Resistance, Junction to Air 

TC = 25°C 
Derate above T C = 25°C 
Thermal Resistance, Junction to Case 

Operating and Storage Junction Temperature 
Range 

OPERATING TEMPERATURE RANGE 

Operating Ambient Temperature Range 
MC1463 
MC1563 

Symbol 

VI 

IL 

12 

Po 
1/A8JA 
A8JA 
Po 

1/R8JC 
R8JC 

TJ, Tstg 

Value Unit 

Vdc 
-35 
-40 

G Package R Package 

250 600 mA 

. 10 10 mA 

0.68 2.4 Watts 
5.44 16 mW/oC 
184 62 °C/W 
1.8 9.0 Watts 
14.4 61 mW/oC 
69.4 17 °C/W 

-65 to +150 °C 

ELECTRICAL CHARACTERISTICS (lL = 100 mAde, TC = +250 C, Vin.= 15 V, Va = 10 V unless otherwise noted.) 

Characteristic . Fig. Note Symbol 

Input Voltage 4 1,6 VI 

(T A = Tlow (Jl to Thigh ~ IL = 1.0 mAl 

Output Voltage Range IlL = 1.0 rnA) 4 - Vo 

Reference Voltage (Pin 1 to Ground) 4 - Vref 

Minimum Input"Output Voltage Differential 4 2 IVin-vol 
(Rse = 0) 

Bias Current (Standby Current) 4 liB 
ilL = 1.0mAdc, liB = II -IL) 

Output Noise 4 - vN 
(Cn ,. 0.1 #IF, f = 10 Hz to 5 .. 0 MHz) 

Temperature Coefficient of Output Voltage 4 3 dVO/dT 

Operating Load Current Range 4 - ILA 
(Ase = 0.3 ohm) R Package 
(Rsc = 2.0 ohms) G Package 

Input Regulation (V in = 1.0 V rms, f = 1.0 kHz) 4 4 Aegline 

Load Regulation 6 5 Regload 
(TJ = Constant [1.0 mAE;;;IL E;;;20 mAll 
(TC" +250 C [1.0 mA E;;;I L E;;;so mAl) R Package 

G Package 

Output Impedance (f = 1.0 kHz) 7 - Zo 

Shutdown Current 8 - Isd 
(VI = -'35 Vdc) 

<!) Tlow = OOC for MC1463 

= -55°C for MC1563 

(2) Thigh = +70o C for MC1463 

= +1250 C for MC1563 

4-13 

Min 

-8.5 

-3.6 

-3.4 

-

-

-

-

1.0 
1.0 

-

-
-
-

-
-

MC1563 MC1463 

Typ Max Min Typ Max Unit 

- -40 -9.0 - -35 Vdc 

- -37 -3.8 - -32 Vdc 

-3.5 -3.6 -3.2 ~3.5 -3.8 Vdc 

1.5 2.7 - 1.5 3.0 Vdc 

7.0 11 - 7.0 14 mAde 

120 - - 120 - #lV(rms) 

±o.002 - - ±O.002 - %loC 

mAde 
- 500 1.0 - 500 

- 200 1.0 - 200 

0.002 0.Q15 - 0.003 0.030 %/VO 

0.4 1.6 - 0.7 2.4 mV 
.0.005 0.05 - 0.005 0.05 % 

0.01 0.13 - 0.01 0.13 

20 - - 35 - milliohms 

7.0 15 - 14 50 ~Adc 

Heat sink required for Thigh testing of "G" package. 

• 
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MC1463, MC1563 

Note 1. "Minimum Input Voltage" is the minimum "lotal instanta· 
neous input voltage" required to properly bias the internal 
zener reference diode. 

Note 2. This parameter states that the MC1563/MC1463 will regu' 
late properly with the input·output voltage differential 
IVI - VOl as low as 2.7 Vdc and 3.0 Vdc respectively. 
Typical units will regulate properly with IVI - VOl as low 
as 1.5 Vdcas shown in the typical column. 

Note 3. "Temperature Coefficient of Output Voltage" is defined 
as: 

± (VO max - Vo min) (100) 
AVO/tJ.T ~ ---------

[::, T A (VO @TA = +2SoC) 

where 6. T A ~ +1800 C for the MC1563 
+750 C for the MC1463 

The output·voltage adjusting resistors (RA and RB) must 
have matched temperature, characteristics in order 'to main· 
tain a'constant ratio independent of temperature, 

Note 4. Input regulation is the percentage change in output voltage 
per' volt change in the input voltage and is expressed as 

Note 5. 

Note 6. 

Vo 
Input I'tegulation = --- 100 (%IVO)' 

Vo (VI) 

where Vo is the change in the output voltage Vo for the 
input change Vin. 

The following example illustrates how to compute maxi· ) 
mum output voltage change for the conditions given: 

Regin = 0.015%1V 0 
VO:o 10Vdc 
vin = 1.0 V(rms) 

V _ (Regline) (VI) (VO) 
0- 100 

(0.0151( 1.01( 1 0) 

100 
= 0.0015 V(rms) 

Temperature drift effect must be taken into account 
separately for conditions of high junction temperature 
changes due to the thermal feedback that exists on the 
monolithic chip. 

v011 L = 1.0 mAI~ vOh = 50 mAl 
Load Regulation = x 100 

VOI IL = 1.0 mAl 

Not to exceed maximum package power dissipation. 

TEST CIRCUITS 
(lL'" 100 mAde. TC == +250 C unless otherwise noted.) 

FIGURE 4 - GENERAL TEST CIRCUIT FIGURE 5 - LOAD TRANSIENT RESPONSE 

Ce 
0.001 ~F-

0.001 pF 

4 . 

MC1563 
MC1463 

6.8 k 

Vref + 

RA • 

~--=----:-J"'-O----+--"""'VO 
Seleel RA 10 give desired 110: RA ~ \2 IVOI-1) Hl 

0.001 ~F 

VI' -1511de 1.0 

MC1563 
MC1463 

CASEIlO 6.8 k 

10~F 200 200TO 
PULSE 
GENERATOR 

VO' ·10Vde 

FIGUI'tE 6 - LOAD REGULATION FIGURE 7 - OUTPUT IMPEDANCE 

MC1S63 
MC1463 

CASE/l0 6.8 k 

13k 

0,001 ~F 

0,1 ~F 

MC1S63 
MC1463 

CASEIlO 6.8 k 

+ lO~F 

13k. 

10 

110 ··10Vdc 

Vo J 1=5mA(rm,s) 
~~~~~r-t-______ ~~O-~~~--~~.--~ '0 

VI··ISVde 1.0 to'~A VO'·IOI/de 

FIGURE 8 - SHUTDOWN CURRENT 

r-------~----~~--~----~----~~~.GND 

6.8 k 

36k Il" IVinlk!l for ! 1 mAde / 
10~F 

0.001 ~F ..... 'O----............. ----~VO ""---_ ... 
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MC1463, MC1563 

GENERAL DESIGN INFORMATION 

1. Output Voltage, Vo 
a) Output Voltage is set by resistors RA and RB (see Figure 91-

Set RB = 6.8 k ohms and determine RA from the graph of 
Figure 11 or from the equation: 

RA ~ (2IVol-7) kn 

b) Output voltage can be varied by making RA adjustable as 
shown in Figures 9 and 10: 

c) Output voltage, VO, is determined by the ratio of RA and R B 
therefore optimu m temperature performance can be ach ieved 
if RA and RB have the same temperature coefficient. 

d) Vo = Vref (1 +, RA); therefore the tolerance on FiB . 
output voltage is determined by the tolerance of Vref and 
RA and Re, 

2. Short-Circuit Current, ISC 
Short-Circuit Current, ISC is determined by Rsc' Rsc may 
be chosen with the aid of Figure 11 when using the typical 
circuit connection of Figure 9. 

3. Compensation, Cc 
A 0.001 ~F capacitor (Cc, see Figure 9). will provide 
adequate compensation in most applications, with or without 
current boost. Smaller values of Cc will reduce stability and 
larger values of Cc will degrade pulse response and output 
impedance versus frequency. The physical location of Cc 
should be close to the MC1563/MC1463 with short lead 
lengths. 

4. Noise Filter Capacitor, Cn 
A 0.1 IlF capacitor, Cn• from Pin 3 to ground will typically 
reduce the output noise voltage to 120 IlV(rms). The value 
of Cn can be increased or decreased, depending on the noise 
voltage requirements of a particular application. A minimum 
value of 0.001 IlF is recommended. 

5. Output Capacitor, Co 
The value of Co should be at least 10 ~F in order to provide 
good stability. 

6. Shutdown Control 
One method of turning "OFF" the regulator is to draw 1 mA 
from Pin 2 (See Figure 81. This control can be used to 
eliminate power consumption by circuit loads which can be 
put in "standby" mode. Examples include, an ac or dc 
"squelch" control for communications circuits, and a dissi
pation control to protect the regulator under sustained out
put short-circuiting. As the magnitude of the input-threshold 
voltage at Pin 2 depends directly upon the junction temper
ature of the integrated circuit chip, a fixed dc voltage at Pin 2 
will cause' automatic shutdOwn for high junction temper
atures. This will protect the chip, independent of the heat 
sinking used, the ambient temperature, or-the input or out
put voltage levels. Standard Logic levels of MRTL, MDTL * 
or MTTL * can also be used to turn the regulator "ON" or 
"OFF", 

7. Remote Sensing 
The connection to Pin 8 can be made with a separate lead 
direct to the load. Thus. "remote sensing" can be achieved 
and the effect of undesired impedances (including that of 
the milliammeter used to measure ILIon 20 canbe greatly 
reduced. 

FIGURE 9 - TYPICAL CI RCUIT CONNECTION 

r-__ ----------.---.-~~----~~--_.----~GND 

Cn 
O.l"F S.8k RS 

MC1563 
MC1463 

CASE/l0 
Vref 

Co 
10 

- "F 

Cc 
0.001 "F 

Rsc. 
VI--~-Y~~~1L ________ rso-~~--~~RA~~VD 

Select RA to Give Desired Va: RA'" (21 Va 1-71 kll Va", -3.5 (1 + As 1 

60 

50 

"" 
40 

UJ 
u 
z 

30 <t: 
!;; 

~ 20 
<t cc: 

10 

500 

1 
~ 400 

:;) 

~ 300 
<t: 
g 
I-

~ 200 

c:; 

~ 
o 100 
~ 

o 
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FIGURE 10 - RA versus Vo 

I I V (RA "'(2 Va -7) k.Q) 
I--- (RB = 6.8 kn) 

/V 
/V 

[7 
/ 

/ 
V, 

./ 
V 

-5.0 -10 -15 -20 -25 -30 -35 

VO. OUTPUT VOLTAGE (VOLTS) 

. FIGURE 11 - Isc versus Rsc 

\ I 
TJ = +250 C 

\ 
\ 
'" "- "'-r---i--

o 10 20 30 40 50 

Rsc. EXTERNAL CURR'ENHIMITING RESISTOR (OHMS) 

I 
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MC1463, MC1563 
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TYPICAL CHARACTERISTICS 
Unless otherwise noted: Cn = O.lIlF,Cc = O.OOlIlF,Co = 10llF, TC = +250 C, 

VI(nom) = -15 Vdc; VO(nom) = -10 Vdc, IL.= 100 mAde. 

FIGURE 12 - TEMPERATURE DEPENDENCE 
OF SHORT-CIRCUIT LOAD CURRENT 

2000 

FIGURE 13 - FREQUENCV DEPENDENCE 

OF OUTPUT IMPEDANCE 
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FIGURE 14 - DEPENDENCE OF OUTPUT 
IMPEDANCE ON OUTPUT VOLTAGE FIGURE 15 - OUTPUT IMPEDANCE versus Rsc: 
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FIGURE 16 - CURRENT LIMITING CHARACTERISTICS 
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MC1463, MC1563 

TYPICAL CHARACTERISTICS (continued) 

FIGURE 17 - BIAS CURRENT versus INPUT VOLTAGE 
FIGURE 18 - EFFECTS OF LOAD CURRENT 

ON INPUT-DUTPUT VOLTAGE DIFFERENTIAL 
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FIGURE 19 - EFFECT OF INPUT-DUTPUT VOLTAGE 
DIFFERENTIAL ON INPUT REGULATION 
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FIGURE 20 - INPUT TRANSIENT RESPONSE 
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FIGURE 21 - LOAD TRANSIENT RESPONSE 
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MC1463, MC1563 

OPERATION AND APPLlCA~nONS 

This section describes the operation and design of the MCI563 (MCI463) negative voltage regulator and also 
provides information on useful applications. 

SUBJECT SEQUENCE INDEX 

Theory of Operation 
NPN Current Boosting 
PNP Current Boosting 

Specification Pg. No. 
7 

Positive anu Negative Power Supplies 
Shutdown Techniques 
Voltage Boosting 

THEORY OF OPERATION 

9 
10 
II 
11 
12 

The usual series voltage regulator shown in Figure 23, 
consists of a reference voltage, an error amplifier, and a 
series control element. The error amplifier compares the 
output voltage with the reference voltage and adjusts the 
output accordingly until the error is essentially zero. For 
applications requiring output voltages larger than the refer
ence, there are two options. The first is to use a resistive 

, divider across the output and compare only a fraction of 
the output voltage to the reference. This approach suffers 
from reduced feedback to the error amplifier due to the 
attenuation of the resistive divider. This degrades load 
regulation especially at high voltage levels. ' 

The alternative is to eliminate the resistive divider and 
to shift th~ refer~nce voltage instead. To accomplish this, 
another amplifier is employed to amplify (or level shift) 
the reference voltage using an operational atnplifier as 
shown in Figure 24. The gain-determining resistors may 
be external, enabling a wide range of outp~t voltages. This 

. Series Control Element 

Vo = Vref 

FIGURE 23 - Series Voltage Regulator 
Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typi'cal semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and is 

Remote Sensing 

Specification Pg. No. 

12 
An Adjustable Zero-Temperature-Coeffident 

Voltage Source 
13 

Thermal Shutdown 
Thermal Considerations 
PC Board Layout and Information 

13 
13 
15 

is exactly the same approach used in the first option. That 
is, the output is being resistively divided to match the 
reference voltage. There is however, one big difference in 
that the output of this "regulator" is driving the input of 
another regulator (the error amplifier). The output of the 
reference amplifier has a relatively low impedance as com
pared to the input impedance of the error amplifier. 
Changes in the load of the output of the error amplifier 

'are buffered to the extent that they have virtually no effect 
on the reference amplifier. If the feedback resistors are 
external (as they are on the MC1563) a wide range of 
reference voltages can be established. 

The error amplifier can now be operated at unity gain 
to provide excellent' regulation. In fact, this "regulator
within-a-regulator"~oncept permits the 100id regulation to 
be specified in terms of output impedance rather than as 
some percentage change of the output voltage. This ap
proach was used in the design of the MC1563 negative 
voltage regulator . 

FIGURE 24 - The "Regulator-Within-A-Regulator" Approach 

believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola I nco or others. 

(MC1563 - Pg. 7) 
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FIGURE 25 
{Recommended External Circuitry is Depicted With Dotted Lines.1 

7 Vdc 

MC1563 (MC1463) Operation 

Vref 
and 

'ref 

Bias 

Figure 25 shows the MC1563 (MCl463) Negative Reg
-ulator block diagram, simplified schematic, and complete 
schematic .. The four basic sections of the regulator are: 
Control, Bias, DC Level Shift, and Output (unity gain) 
Regulator. Each section is deJailed in the following para
graphs. 

Control 

The control section involves two basic functions, start
up and shutdown. A start-up function is required since 
the biasing i~ essentially independent of the unregulated 

>--o-~~ __ ---c V 0 

:~AL 
" 

Casell0 

-r-~ 

co.l: 
10 !lF~;' 

~ rL 

Output 
f+--+------o8 

Sense 

input voltage. It makes use of two zener diodes having 
the same breakdown voltage. ~ first or auxiliary zener is 
driven directly from the input voltage line through a 
resistor (60 krl) and permits the regulator to initially 
achieve the desired bias conditions. This' permits the 
second, or reference zener to be driven from a current 
Source. When the reference zener enters breakdown, the 
auxiliary zener is isolated from the rest of the regulator 
circuitry by a diode disconnect technique. This is necessary 
to keep the added noise and ripple of the auxiliary zener 
from degrading the performance of the ;egulator. 

(MC1563 - Pg. 8) 
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The shutdown control, in effect, consists of a PNP tran
sistor across the reference zener diode. When this transistor 
is turned "ON", via Pin 2, the reference voltage is reduced to 
essentially zero volts and the regulator is forced to shut
down. DUring shutdown the current drain of the com
plete IC regulator drops to Vin/60 kr2 or 500 /1A for a 
-30 V input. 

Bias 

A zener diode is the main reference element and forms 
the heart of the bias circuitry. Its positive temperature 
coefficient is balanced by the negative temperature co
efficients of forward biased diodes in a .ratio determined 
by the resistors in the diode string. The result is a refer
ence voltage of approximately -3.5 Vdc with a typical 
temperature coefficient of 0.002%/oC. In addition, this 
circuit also provides a reference current which is used to 
bias all current sources in the remaining regulator circuitry. 

DC Level Shift 

The reference voltage is used as the input to a Darlington 
differential amplifier. The gain of this amplifier is quite 
high and it therefore may be considered to function as a ' 
conventional operational amplifier. Consequently, negative 
feedback can be employed using two external resistors (RA 
and RB) to set the closed-loop gain 'and to boost tlie refer
ence voltage to the desired output voltage. A capacitor, 
Cn , is introduced externally into the level shift network 
(via Pin 3) to stabilize the amplifier and to filter the zener 
noise. The recommended value for this capacitor is 0.1 /1F 
and should have a voltage rating in excess of the desired 
output voltage. Smaller capacitors (0.001 /1F ~inimum) 
may be used but will cause a slight increase in output 
noise. Largervalues of Cn will reduce the noise as well as 
delay the start-up of the regulator. 

Output Regulator 

The output of the shift amplifier is fed internally to the 
noninverting input of the output error amplifier. The 

2N3771 
or Equill 

p.F 

GND 

Vo 

FIGURE 26 - Typical NPN Current Boost Connection 

inverting input to this amplifier is the Output Sense con
nection (pin 8) of the regulator. A Darlington connected 
NPN power transistor is used to handle the load current. 
The short-circuit current limiting resistor, Rsc ' is con
nected in the emitter of this transistor to sample the full 
load current. This connection enables a fotir-diode string 
to limit the drive. current to the power transistors in a 
conventional manner. 
Stability and Compensation 

As has been seen, the MClS63 employs two amplifiers, 
each using negative feedback. This implies the possibility 
of frequency instability due to excessive phase shift at high 
frequencies. Since the error amplifier is normally used at 
unity gain (the worst case for stability) a high impedance 
node is brought out for compensation. For normal oper
ation, a capacitor is connected between this point (pin 7) 
and Pin S. The recommended value of 0.001 /1F will insure 
stability and still provide acceptable transient response 
(see Figure 21). It is also necessary to use an output ca
pacitor, Co, (typically 10 /1F) directly from the output (Pin 
6) to ground. When an external transistor is used to boost 
the current, Co = 100 /1F is recommended (see Figure 26). 

NPN CURRENT BOOSTING 

For applications requiring more than 500 rnA of load 
current, or for minimizing voltage variation's due to tem
perature changes in the .IC regulator arising froin changes 
of the internal power dissipation, the NPN current-boost 
circuits of Figure 2 or 26, are recommended. The circuit 
shown in Figure 26 can supply up to approximately 4.0 
amperes (subject to safe area limitations). At higher cur
rents the VSE of the pass transistor may itself exceed the 
threshold of the current limit even for Rsc = O. Figure 2 
illustrates the use of an additional external diode from Pin 
4 for higher current operation or for pass transistors ex
hibiting higher VSE's. It will probably be necessary to 
determine Rsc experimentally for each case where a pass 
transistor is used because VSE varies from device to device. 

The circuit of Figure 26 when set up for a -10 V output 

to e 
CD 
Cl 
E 
~ 

5.0 

4.5 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

o 

\ 
\ 
\ 

\ 

" ~ ~, 
-I'----.. 

o 0.2 0,4 0,6 0.8 1.0 1,,2 1.4 1.6 1.8 2.0 

Rsc. Current Limiting Resistor (Ohms) 

FIGURE 27 - Isc versus Rsc (reference Figure 26) 
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Vll 
-9.0 Vdc 

0.001 

~F 
1.11 

Rscl 

0.1 ~F 

3 CASE 
6.8 k 

MJ450 
or Equiv 

GND 

FIGURE 28 - PNP Curren1 
Boost Connection 

VI2 
-6.8 Vdc 

r------'-......... Va ~-5.2 

(RA = 13 H2) supply and operating with a - 15 V input, 
with a Rsc of 0.1 n, will yield a change in output voltage 
of only 26 mV over a load current range of from I mA 
to 3.5 A. This corresponds to a de output impedance 
of only 7.s milliohms or a percentage load regulation of 
0.26% for a fu1l3.5-ampere load current change. Figure 27 
indicates how the short circuit current varies with the value 
of Rsc for this circuit. 

PNP CURRENT BOOSTING 

A PNP power transistor can also be used to boost the 
load current capabilities. To improve the efficiency of the 
PNP boost configuration, particularly for small output 
voltages, the circuit of Figure 28, is recommended. An 
auxiliary -9 volt supply is used to power the IC regulator 
and the heavy load current is obtained from a second supply 
of lower voltage. For the lO-ampere regulator of Figure 

Vdc 

28 this represents a savings of 22 watts when compared 
with operating the regulator from the single -9 V supply. 
It can supply current to 10 amperes while requiring an 
input voltage to the collector of the pass transistor of -6.8 
volts minimum. The pass transistor is limited to 10 amperes 
by the added short-circuit current network in its emitter 
(Rsc2) and the IC regulator is limited to 500 mA in the 
conventional manner (Rscl). The MJ450 exhibits a min
imum hFE of 20 at 10 amperes, thus requiring only 500 
rnA from the MC1563R. Regulation of this circuit is com
parable to that of the NPN boost configuration. 

For higher output voltages the additional unregulated 
power supply is not required. The collector of the PNP 
boost transistor can tie directly to Pin· 5 and the internal 
current limit circuit will provide short-circuit protection 
using Rsc (see Figure II). Transistor Q2and Rsc2 will 
not be required and Pin 2 should be returned to ground. 

Rsc = 1.5 

(la +"",400 rnA max) 

Va = +15 Vdc 

FIGURE 29 -'A ±.1S Vdc Complementary Tracking Regulator With Auxiliary +5.0 V Supply 

(MC1563 - Pg. 10) 
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~ Vcc y +5 Vdc 

0--

0-- MOTLt Output 1 k 470 2 
~ 

MC1563 

0-- MTTL 
,.... 

MC1463 
--:-

FIGURE 30 - Saturated Logic 0-- '0 1N4001 ~, 

Level Shutdown Circuit J-
or Equiv ~ , 

~ 
R(20 k) ( 4 

tGate must be capable of'O > 1 mA 
! 1mA 

(For MOTL MC930/830 add VI 
10 kn from+VCC to outp'ut.) (-20 Vdc) R (in km~ IVII 

POSITIVE AND NEGATIVE POWER SUPPLIES 

If the MC 1563 is driven from a floating source it is 
possible to use it as a positive regulator by grounding the 
negative output terminal. The MCI563 may also be used 
with the MC 1569 to provide completely independent 
positive and negative power regulators with comparable 
performance. When used in this manner a silicon diode 
such as the IN4001 must be connected as a clamp on the 
output with the c&thode to ground and the anode to the 
negative output voltage. This is to prevent the positive 
voltage in trye system from forcing the output to a positive 
value and preventing the MC 1563 from starting up. 

Some applications may require complementary tracking 
in which both supplies arrive at the voltage level simulta
neously, and variations in the magnitudes of the two volt
ages track. Figures 3 and 29 illustrate this approach. In 
this application, the Me 1563 is used as the reference regu
lator,establishing the negative output voltage. The MCI569 
positive regulator is used in a tracking mode by grounding 
one side of the differential amplifier (Pin 6 .of the MC 1569) 
and using the other side (Pin 5 of the MC 1569) to sense 
the voltage de~eloped at the junctiQn of the two 3 k-ohm 
resistors. This differential amplifier controls the MC 1569 
series pass transistor such that the voltage at Pin 5 will be 
zero. When the voltage at pin 5 equals zero, + IVol must 
equal ~ IVol. 

For the configuration shown in Figure 29, the level 
shift amplifier in the MCI569 is employed to generate an 
auxiliary +5-volt supply ,which is boosted toa 2-ampere 
capability by 01 and 02. (The +5-volt supply, as shown, 

is not short-circuit protected.) The -IS-volt supply varies 
less than 0.1 mV over a zero to -'300 mAdc current range 
and the +IS-volt supply tracks this variation. The +15-volt 
supply varies 20 m V over the zero to + 300-mAdc load 
current range. The +5-volt supply varies less than 5 mV 
for ,0";;; IL ,,;;; 200 mA with the other two voltages remain
ingunchanged. See MCI561data sheet or MCl569 data 
sheet for information concerning latch-up when using plus 
and minus regulations. 

SHUTDOWN TECHNIQUES 

Pin 2 of the MC 1563 is provided for the express pur
pose of shutting the regulator "OFF". Referring to the 
schematic, it can be seen that pin 2 goes to the base of a 
PNP transistor; which, if turned "ON", will deny current 
to all the biasing current sources. This action causes the 
output to go to essentially zero volts and the only current 
drawn by the IC regulator will be the small start current 
through the 60 k-ohm start resistor (Vin/60 kQ). This 
feature provides additional versatility in the applications 
of the MCIS63. Various sub-systems may be placed in a 
"standby" mode to conserve power until actually needed. 
Or the power may be turned "OFF" in response to other 
occurrences such as over-heating, over-voltage,. shorted 
output. etc. 

As an illustration of the first case, consider a system 
consisting of both positive-supply logic (MTTL) and 
negative-supply logic-(MECL). The MECL logic may be 
used in a high-speed arithmetic processor whose services 
are not continuously required. Substantial power may 

Case/l0 

MECL 
Gate 

Output 

2N706 
or Equiv 

MC1563 
MC1463 FIGURE 31 - MECL Logic 

Level Shutdown Circuit 

VEE -5.2 Vdc 

(MC1563 - Pg. 11) 
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GND 
0.1 

68 k j.l.F 
2 3 Casell0 6.8 k 

25 k 
4 

MC1563 

0.001 MC1463 
2k 

/ofF 8 2k 20 k 
VI = -35 V 

4 5 6 

-100V--~------------------------------~~~~Ar--~--------~~--~ r----+ .......... -90 V 

FIGURE 32 - Voltage BooS1ing Circuit 

thus be conserved if the MECL circuitry remains un
powered except when needed. The negative regulator can 
be shutdown using any of the standard logic swings. For 
saturated logic control, Figure 30 shows a circuit that allows 
the normal positive output swing to cause the regulator 
to shutdown when the logic output is in the low voltage 
state. The negative output levels ofa MECL gate can also 
be used for shutdown control as shown in Figure 31. 

VOLTAGE BOOSTING 

Some applications may require a high output voltage 
which may exceed the voltage rating of the MC1563. This. 
must be solved by assuring that the IC regulator is operated 
within its limits. Three points in the regulator need to 
be Considered: 

1. The input voltage (pin 4), 

2. the output voltage (Pin 6) and, 

3. the output sense lead (pin 8). 

1 -

0.1 ~'" 
j.l.F ;;. 

2 3 

4 

A reduced input voltage can be provided by using a separate 
supply. The output voltage may be zener-level shifted, an<i 
the sense line can tie to a portion of the output voltage 
through a resistive divider. The voltage boost circuit of 
Figure 32 uses this approach to provide a -90 volt supply. 
This circuit will exhibit regulation of 0.001 %over a 100 mA 
load current range: 

REMOTE SENSING 

The MCl563 offers a remote sensing capability. This 
is important when the load is remote from the regulator, 
as the resistances of the interconnecting lines (VEE and 
GND) are added directly to the output i,mpedance of the 
regula tor. By remote sensing, this resistance is included 
inside the control loop of the regulator and is essentially 
eliminated. Figure 33 shows how remote sensing is accom
plished using both a separate sense line from Pin 8 and a 
separate ground line from the regulator to the remote load. 

, 

.. GN o 

6.8 k 
Case/lO, 

+ 
1 ,..,10/.lF RI-

RA -
MC1563 9 
MC1463 

0.001 j.l.F± 
7 

8 
VI -

~ ~ .. 
R 5 6 

FIGURE 33 - Remote Sensing Circuit 
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+ 0.1 
/J.F ~ 

2 > 3 

4 
V, = -10 Vde MC1S63G 

70-
MC1463G 

50-

' 10 

~" 
1 

" 
9 

f-o 8 

f-06 

RB = 6.8 k 

RA = 1 k 

--IZ = 1 mA (max) 

RA 
Vz = -3.5 (1 + -) 

RB 

GND 

-VZ=~4Vde 

FIGURE 34 '- An Adjustable "Zero-TC" Voltage Source 

AN ADJUSTABLE ZERO-TEMPERATURE.
COEFFICIENT (O-TC) VOLTAGE REFERENCE 
SOURCE 

The MC1563, when used in conjunction with low-TC 
resistors, makes an excellent reference-voltage generator. 
If the -3.5 volt reference voltage of the IC regulator is a 
satisfactory value, then Pins 1 and 9 can be tied together 
and no resistors are needed. This will provide a vol tage 
reference having a typical temperature coefficient of 
0.002%/OC. By adding two resistors, RA and RB, any 
voltage between -3.5 Vdc and -37 Vdc can be obtained 
with the same low TC (see Figure 34) 

THERMAL SHUTDOWN 

By setting a fixed voltage at Pin 2, the MCI563 chip 
can be protected against excessive junction temperatures 
caused by power dissipation in the IC regulator. This is 
based on the negative temperature coefficient of the 
base-emitter jUriction of the shutdown transistor (-1.9 x 

+ 

1O-3V/°C). By setting -0.61 Vdc externally, at Pin 2, the 
regulator will shutdown when the chip temperature reaches 
approximately 1400 C. Figure 35 shows a circuit that uses 
a zero-TC zener diode and a resistive divider to obtain 
this voltage. 

In the case where an external pass transistor is employed; 
its temperature, rather than that of the IC regulator, re
quires control. A technique similar to the one just dis
cussed can be used by directly monitoring the case tem
perature of the pass transistor as is indicated in Figure 36. 
The case of the normally "OFF" thermal monitoring 
transistor, Q2, should be in thermal contact with, but 
electrically isolated from, the case of the boost tran
sistor, Ql. 

THERMAL CONSIDERATIONS 

Monolithic voltage regulators are subjected to internal 
heating similar to a power transistor. Since the degree of 
internal heating is a function of the specific application, 

GND 

270 0.1 /J.F ,,~ 

-0.61 Vde 6.8 k 
lN382~ ":l~ 

T2 
3 Case/l0 

or EqUlv 
+ 

2k ~:::;:10/J.F RL 1 

4 
RA 

I 
MC1563 9 

5.6 k MC1463 . 

7 
8 

5 mA 1 0.001/J.F 

Vde .. 
R 5 6 

V, - 33 
se 

FIGURE 35 - Junction Temperature Limiting Shutdown Circuit 
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the designer must use caution not to exceed the specified 
maximum junction temperature (+ 17soC). Exceed,ing this 
limit will reduce reliability at an exponential rate. Good 
heatsinking not only reduces the junction temperature for 
a given power dissipation; it also tends to improve the dc 
stability of the output voltage by reducing the junction 
temperature change resulting from a change in the power 
dissipation of the Ie regulator. By using the derating factors 
or thermal resistance values given in the Maximum Ratings 
Ta.ble of this data sheet, junction temperature can be com
puted for any given application in the same mallner as for 
a power transistor*. A short-circuit on the output terminal 
can produce a "worst-case" thermal condition especially 
if the maximum input voltage is applied simultaneously 
with the maximum value of short-circuit load current 
(500 rnA). Care should be taken not to exceed the max
imum junction temperature rating during this fault condi
tion and, in addition, the dc safe operating area limit (see 
Figure 22). 

Thermal charaGteristics for a voltage regulator are useful 
in predicting performance since dc load and line regulation 
are affected by changes in junction temperature. These 
temperature changes can result from either a change in 
the ambient temperature, T A, or a change in the power 
dissipated in the IC regulator. The effects of ambient 

*For more detailed information of methods used to com
pute junction temperature, see Motorola Application 
Note AN-226, Measurement of Thermal Prope'rties of 
Semiconductors. 

temperature change on the dc output voltage can be esti
mated from the "Temperature Coefficient of. Output 
Voltage" characteristic parameter shown as ±0.002%/oC, 
typical. Power dissipation is typically changed in the IC 
regulator by varying the dc load current. To estimate the 
dc change in output voltage due to a change in the. dc load 
current, three effects must be considered: 

I. junction temperature change due to the change in 
the power dissipation 

2. output voltage decrease due to the finite output 
impedance of the control amplifier 

3. thermal gradient on the ICchip. 

A temperature differential does exist across a power IC 
chip and can cause a dc shift in the output voltage. A 
"gradient coefficient," GCVO, can be used to describe this 

effect and is typically +0.03%/watt for the MCI s63R. For 4 
an example of the relative magnitudes of these effects, 
consider the following conditions: 

Given: MCl563R 

with VI = ~10 Vdc 

VO=-SVdc 

and IL = 100 mA, to 200 mA 

(AIL = 100 mA) 

assume T A = +25 0 C 

TO-66 Type Case with heatsink 

r-~~--------------------------------------~--~~------~~--~~---1---4GND 

lN4001 
or Equiv 

10 k 

220 

390 

0.001 J.lF 

2N3771 
or Equiv 

10k 

4 

7 

5 

2 3 

0.1 

jLF 

MC1563 
MC1463 

Case/l0 

9 ' 

8 

6 

6.8 k 

+ 

- 100 
J.lF 

VI~--~--~~~+-~ ~~----------------------------------~----~--~~-eVO 
L _____ J--Common Heat Sink 

FIGURE 36 - Thermal Shutdown When Using External Pass Transistors 

(MC1563 - Pg. 14) 
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assume Rocs = O.20 C/W 

and RoSA = 20 C/W 

It is desired to find the t:::,. V 0 which results from this t:::,.IL. 
Each of the three previously stated "effects on Va can now 
be separately considered. 

I. AVO due to t:::,. TJ 

t:::,. Va = (Va) (t:::,.PD)(AVo/AT) (RoJc+Rocs+ReSA) 
OR 

t:::,. Va = (5 V)(5VxO.1 A)(±0.002%/oC)(l9.20 C/W) 

t:::,.Vo~± 1.0mW 

2. f::. Va due to Zo 

/t:::,.Vo/= (-Zo)(IL) 

It:::,. Vol = -(2 x 10-2)(10- 1) = -2 mV 

3. t:::,. Va due to gradient coefficient, AVO/AG 

Ib. Vol = (AVO/AGXVO)(APD) 

Ib. vol = (+3 x 1O-4/W)(5 volts)(5 x 1O- IW) 

Ib. vol = +0.8 mV 

Therefore the total b. Va is given by 

OR 
Ib. Va total\ = ± 1.0-2.0+0.8 mV 

-2.2 mV ~Ivo total\ ~ -0.2 mV 

Other operating conditions may be substituted and com
puted in a similar manner to evaluate the relative effects 
of the parameters. 

Typical Printed Circuit Board Layout 

(MC1563 - Pg. 15) 
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FIGURE 37 - l,ocation of Components 

Note 1: 

When Radj is used it is necessary to remove the copper 
which shorts out Radj' 

Note 2: 
Extra holes are available in the circuit board to permit 
two resistors to be paralleled to obtain the' desired 
value of Rsc. ' 

Note 3: 

If Pin 2 is used to shut down the regulator, remove the 
copper which!shorts Pin 2 to ground. 

Note 4; 

Remote sensing can be achieved by removing the copper 
which shorts Pin 8 to Pin 6 and connecting Pin 8 dirjlctly 
to the "minus" load terminal. The circuit board ground 
should be connected to the unregulated power supply 
ground at the "plus" load terminal. 

Typical Circuit Connection for Output Voltages Between -3.5 and -37 Volts 

~-e----~--------------~---1~----'---~~----------~----'----1--r-e GND 

4 

CASe: 
6.S k RS, 

r-------L.------Ll-~:>----~ V ref 

Q1 
MC1563R 
MC1463R 

9 

8 
6 

RA + Co 

- 10/-IF 

Radj 
Rt\. + Radj 

VO~-3.5(1 + ----) 
RS 

VI Va 

Select RA + Radj to Give Desired VO: RA + Radj ~(21 Va 1-7) kH with Rs = 6.8 kl2 

PARTS LIST 

Component Value Description 

RA Select } 1/4 or 1/2 watt carbon RS 6.8 k 

Radj Select I RC Model X-201, Mallory Model MTC-1 
or equivalent 

Rsc Select 1/2 watt carbon 
R'L Select FOr minimum current of f mAdc 
Co 10llF Sprague 1500 Series, Dickson D10C series 

or equivalent 
Cn 0.11lF } Ceramic Disc - Centralab DDA 104, or equivakmt 
Cc 0.0011lF Spr!lgue TG-P10, or equivalent 

J1 Jumper 

Q1 MC1563R or MC1463R 

*HS Heatsink Thermalloy #6168S or equivalent 

·Socket (Not Shown) Robinson Nugent #0001306 or equivalent 
Electronic Molding Corp. #6341-210-1, 

6348-188-1, 6349-188-1 or equivalent 

PC Board Circuit DOT, Inc. #PC1113 or equivalent 
1155 W. 23rd St. 
'Tempe, Arizona 85281 

·Optional 

(MC1563 -'Pg. 16) 
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Specifications ap.d Applications· Information 

MONOLITHIC VOLTAGE AND 
CURRENT REGULATOR 

This unique "floating" regulator can deliver hundreds of volts -
limited only by the breakdown voltage of the external series pass tran
sistor. Output voltage and output current are adjustable. The MC1466/ 
MC1566 integrated circuit voltage and current regulator is designed to 
give "laboratory" power-supply performance. 

• Voltage/Current Regulation with Automatic Crossover 

• Excellent Line Voltage Regulation, 0.01% +1.0 mV 

• Excellent Load Voltage Regulation, 0.01% +1.0 mV 

• Excellent Current Regulation, 0.1% + 1.0 mA 

• Short-Circuit Protection 

• Output Voltage Adjustable to Zero Volts 

• I nternal Reference Voltage 

• Adjustable Internal Current Source 

TYPICAL APPLICATIONS 

PRECISION WIDE-RANGE 
VOLTAGE and 

CURRENT REGULATOR 

EPITAXIAL PASSIVATED 
INTEGRATED CIRCUIT 

CERAMIC PACKAGE ._ _ - -. 
CASE 632 

TO-116 

ORDERING INFORMATION 

Device Temperature fJange Package 

MC1466L OOC to +70° C Ceramic DIP 

MC1566L -55°C to + 125°C Ceramic DIP 

FIGURE 1 - 0-TO-15 VDC, 10-AMPERES REGULATOR FIGURE 2 - O-T0-40 VDC, O.5-AMPERE REGULATOR 

FIGURE 3 - O-TO-250 VDC, O.l-AMPERE REGULATOR FIGURE 4 - REMOTE PROGRAMMING 

lN4005 OR eoulv 

+Vin 

02 

CR5 RS 

INPUTVp 

1 
Vo 

l 1 
Pins 1,2.3. and 4 110 connection. 
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MAXIMUM RATINGS (T A = +250 unless otherwise noted) 

Rating Symbol Value Unit 

Auxiliary Voltage Vaux Vdc 
MC1466 30 
MC1566 35 

Power Dissipation (Package Limitation) Po 750 mW 
Derate above T A ,;, +500 C l!OJA 6.0 mW!oC 

Operating Temperature Range TA "C 
MC1466 o to +70 
MC1566 -55 to +125 

Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS' (T A = +250 C, Vaux = '+25 Vdc unless othe~ise noted) 

Characteristic Definition Characteristic Symbol Min Typ Max Units 

Auxiliary Voltage (See Notes 1 & 21 Vaux Vdc 
(Voltage from pin 14 to pin 7) MC146Q 21 - 30 

MC1566 20 - 35 

I .. , 
2N2222 +V in Auxiliary Current laux mAdc 

• OR EQUIV 
MC1466 - 9.0 12 

:ffi MC1566 - 7.0 8.5 

~' lOpF 
2N3055 Internal Reference Voltage VIR Vdc 

MCI46S' 6 240,F OR EQUIV 
(Voltage from pin 12 to pin 71 MC1466 17.3 18.2 19.7 

TI3 
MC1.6S 

11 
MC1566 17.5 18.2 19 

10 Reference Current (See Note 3) I ref mAdc ---J:r 
9,'29 .. 912~1.0k MC1466 O.S leO 1.2 r MC1566 0.9 1.0 1.1 

.". ~ I .. , 
Rl o a,5Sk "% 

Co :::k fl v' Input Current~Pin S IS /.lAdc 
1.0"FJ .".50 \~ MC1466 - 6.0 12 

MC1566 - 3.0 6.0 

I 

Power Dissipation Po mW 
MC1466 - - 360 
MC1566 - - 300 

Input Offset Voltage, Voltage Control Viov mVdc 
Amplifier (See Note 4) MC1466 0 15 40 

MC1566 3.0 15 25 

.~~~2~~tIV +vin Load Voltage Regulation AViov 

It (See Note 5) MC1466 - 1.0 3.0 mV 

":p,K' MC1566 - 0.7 1.0 
2N3055 

MC1466* ~40PFSI OREQUIV MC1466 AVrefIVref - 0.015 0.03 % 
Vi' 13 

MC15SS 11 MC1566 - 0.004 0.Q1 

10 R4 

P 
Line Voltage Regulation AViov -~ 

2?RI,.S!12~ 
5.0k 

(See Note 6) MC1466 - 1.0 3.0 mV 

8~ MC1566 - 0.7 1.0 
8,5Sk.l% 18k 1.0k 

'I rtf Viov 
Co,:: l:t MC1466 AVrefIVref - 0.015 0.03 % 

R2 ',0"iJ: 
.0 v-,,-! MC1566 - 0.004 0.Q1 

9.5HI% 
'::' Temperature Coefficient of Output Voltage TCvo %!"C 

(TA = 0 to +750 C) MC1466 - 0.01 -
(TA = -55 to +250 C) MC1566 - 0.006 -
(TA = +25 to +1250 Cl MC1566 - 0.004' -

2N2222 +Vin 

:lli 
5 OR EOUIV Input Offset VOltage, Current Control Vioi mVdc 

j-l' 
Amplifier (See Note 4) MC1466 0 15 40 

10,F 
2N3055 (Voltage from pin 10 to pin 11) MC1566 3.0 15 25 

MC'1486' 6 240.F OR EOUIV 

'L MCIS66 

11 t 
- ~:~.; 

Rs Load Current Regulation ~IL!IL 'w., 't '9."' 2" ~ 
1.25 (See Note 7) MC1466 - - 0.2 % 

~1"1 8,S5kol" 18k 1 MC1566 - - 0.1 
R2 Co:;;\::RL 

.".9ml% 4;;~ 1.0"i ~}i v~-! MC1466 ~Iref - - 1.0 mAde 
MC1566 - - 1.0 

"1"10$ 1 ana .. na connaclIor. 
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NOTE 1: 
The instantaneous input voltage, Vaux, must not exceed 
the maximum' value of 30 volts for the MC1466 or 35 
volts fqr the MC 1566. The instantaneous value of Vaux 
must be greater than 20 volts for the MC1566 or 21 
'volts for the MC1466 for proper internal regulation. 

NOTE 2: ' 
Theauxiliary supply voltage Vaux• must "float" and be 
electrically isolated from the unregulated high voltage 
supply, Vin. 

NOTE 3: 
Reference current may be set to any value of current 
less than 1.2 mAdc by applying the relationship: 

Iref (mA) = 8.55 • 
R1 (kn) 

NOTE 4: 
A built·in offset voltjlge (15 mVdc nominal) is provided 
so that the power supply output voltage or current may 
be adjusted to zero. 

NOTE 5: 
Load Voltage Regulation is a function of two additive 
components, ~Viov and ~Vref, where ~Viov is .the 
change in input offset voltage (measured between 'pins 8 
and 9) and ~ Vref is the change in voltage across R2 
(measured between pin 8 and ground). Each component 
may be measured separately' or the sum may be 
measured across the load. The measurement procedure 
for the test circuit shown is: 
a. With 51 open (14 = 0) measure the value of Viov (1) 

and Vref (1) 
b. Close 51, adjust R4 so that 14 = 500 !J.A and note 

Viov (2) and Vref (2)· 
Then ~Viov = Yiov (1) - Viov (2) 

% Reference Regulation = 

[Vref (11 - Vref (2)J _ AVref 
Vref(l) (100%)- Vref (100%) 

14 
+Vaux O-----l 

13 

FIGURE 5 

BLOCK DIAGRAM 

Load Voltage Regulation = 

~Vref (100%) + ~Viov • 
Vref 

NOTE 6: 
Line Voltage Regulation is a function of the same two 
additive components as Load Voltage Regulation, ~Viov 
and ~ Vref (see note 5). The measurement procedure is: 
a. Set the auxiliary voltage, V aux , to 22 volts for 

the MC1566 or the MC1466. Read,the value of 
Viov (1) and Vref (1)' 

b. Change the Vaux to 28 vOIi:s for the MC1566 or 
the MC1466 and note the value of Viov (2) and 
V ref(2)' Then compute Line Voltage Regulation: 

~Viov = ~Viov (1) - Viov (2) 
% Reference Regulation" 

[Vref (1) -v ref (2)J (100%) = ~Vref (100"10) 
Vref (1) Vref I 

Line Voltage Regulation '" 

~Vref 
-- (100%) + ~Viov· 
Vref 

NOTE 7: 
Load Current Regulation is measured by the following 
procedure: 
a. With 52 open, adjust R3 for an initial load current, 

I L( 1), such that Vo is 8.0 Vdc. 
b. With 52 closed, adjust RT for Vo = 1.0. Vdc and read 

IL(2). Then Load Current Regulation = 

[IL(2) - IL(1)J (100%) + I 
IL(l) ref 

where Irefis 1.0 mAde;:, Load Current Regulation is 
specified in this manner because Iref passes through 
the load in a direction opposite that of load current 
and does not pass through the current sense reo 
sistor, Rs. . 

OUTPUT 

INTERNAL 
COMPENSATION 

-Vaux ·6----'---=::::::;,.::::::E====f=~===~~::;:;:;;::~::J::::=r~----~:J 
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VO~TAGE 
REGULATOR 

REFERENCE 
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FIGURE 6 - TYPICAL CIRCUIT CONNeCTION 

CR6 

MC1466 240pF 
MC1566 11 H>--------__ ------~--__4 

10 

CR5 

r C4 

-= O.l"F 

NORMAL DESIGN PROCEDURE AND DESIGN CONSIDERATIONS 

1. Constant Voltage: 
For Constant voltage operation, output voltage Vo is given by: 

Vo = (Iref) (R2) 
where R2 is the resistance from pin 8 to ground and Iref is the 
output current of pin 3. 
The recommended value of Iref·is 1.0 mAdc. Resistor Rl sets 
the value of Iref: 

Iref = 8.5 
Rl 

where Rl is the resistance between pins 2 and 12. 

2. Constant Current: 
For constant current operation: 
(a) Select Rs for'a 250 mV drop at the maximum desired regu

lated output current, I max' 
(b) Adjust potentiometer R3 to set constant current output at 

desired value between zero and I max' 

3. If Vin is greater than 20 Vdc, CR2, CR3, and CR4 are necessary 
to protect the MC1466/MC1566during short-circuit or transient 
conditions. 

4. In applications where very low output noise is desired, R2 may 
be bypassed with Cl (0.1 ",F. to 2.0 ",FL When R2 is bypassed, 
CAl IS necessary for protection during short-circuit conditions. 

5. CR5 is recommended to protect the MC1466/MC1566 from 
simultaneo\ls pass transistor failure and output short-circuit. 

6. The R C network (10 pF, 240 pF, 1.2 k ohms) is used for 
compensation. The values shown are valid for all applications. 
However, the 10 pF capacitor may be omitted if fT of 01 and 
02 is greater than 0.5 MHz. . 

7. For remote sense applications, the positive voltage sense t~rmi
nal (pin 9) is connected to the positive load terminal through a 
separate sense lead; and the negative sense terminal (the grO\lnd 
side of R2) is connected to the negative load terminal through 
a separate sense lead. 

8. Co may be selected by using the relationship: 

Co = (l~O ",F) IL(max), where ILlmax) is the maximum load 
current In amperes. 

9. C2 is necessary for the internal compensation of the MC14661 
MC1566, 

10. For optimum regulation, current out of pin 5, 15, should not 
exceed 0_5 mA(:Ic. Therefore select 01 and 02 such that: 

Imax 
ifii2 ~0.5 mAdc 

where: lmax = maximum short-circuit load current (mAde) 

pl = minimum beta of 01 
p2 = minimum beta of 02 

Although Pin 5 will source up to 1.5 mAdc, 15> 0.5 mAdc 
will result in a degradation in regulation. . 

11. CR6 is recommended when Vp» 150 Vdc and should be rated 
such that Peak Inverse Voltage/VO' 

12. In applications where A2 might be rapidly reduced in value, it 
is recommended that CA3 be replaced by 02 and A4. 

rf-i
8 CR2 9 

Q2 

Cl 
O.I.F I R2 RO 

"!;:'";:" ':" 

This design consideration prevents R2 from beinQ destroyed 
by excessive disc;harge current from Co. Components O:;z and 
R4 should be selected .uch that: 

R4= R2 and 
10 

~VCEO of 02 ;;. Vo 
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OPERATION AND APPLICATIONS 

This section describes the operation and design of the MC 1 566/MC 1466 voltage and current regulator and also provides 
information on useful applications. 

SUBJECT SEQUENCE 

Theory of Operation 
Applications 
Transient Failures 
Voltage/Current-Mode Indicator 

THEORY OF OPERATION 

The 'schematic of Figure 5 can be simplified by break
ing it down into basic functions, beginning with a simplified 
version of the voltage reference, Figure 7. Zener diodes 
CR I and CR5 with their associated forward biased diodes 
CR2 through CR4 and CR6 through CR8 form the stable 
reference needed to balance the differential amplifier. At 
balance (VBI = VB2), the output voltage, (V12 -.: V7), 
is at a value that is twice the drop across either of the two 
diode strings: VI2 - V7 = 2 (VCRI + VCR2 +VCR3 + 
VCR4). Other voltages, temperature compensated or other
wise, are also derived from these diodes strings for use in 
other parts of the circuit. 

The voltage controlled current source (Figure 8) is a 
PNP-NPN composite which,9ue to the high NPN beta, 

FIGURE 7 - REFERENCE VOLTAGE REGULATOR 

14 

l
V1UX 

VSl 

'

Equivalent 
Diode 
VZ~9V 

12 

Equl •• "'" T Diode Vz ~9 V 

Regulated 
Voltage 

18 V 

18. 1 
7 
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yields a good working PNP from a lateral device working 
at a collector current of only a few microamperes. Its base 
voltage (VB2) is derived from a temperature compensated 
portion of the diode string and consequently the overall 
current is dependent on the value of emitter resistor RI. 
Temperature compensation of the base emitter junction 
of Q3 is not important because approximately 9 volts 
exists between VB2 and V12, making the AVBE'S very 
small in percentage. Circuit reference voltage is derived 
from the product of IR and RR; if IR is set at 1 mA 
(Rl = 8.5 kQ), then RR (in kQ) = Vo. Other values of 
current may be used as long as the following restraints are 
kept in mind: 1) package dissipation will be increased by 
about 11 mW /mA and 2) bias current for the voltage control 
amplifier is 3 fJA, temperature dependent, and is extracted 
from the reference current. The reference current should / 

F,IGURE 8 - VOLTAGE CONTROLLED CURRENT SOURCE 

R1 

T 
VZ~9V 

~'>-+--~ 

2 

03 

I Vz - Vee 8.5,5 + IR - --R-l- ~R1 
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be at least two orders of magnitude above the largest ex
pected bias current". 

Loop amplification in the constant voltage mode is 
supplied by the voltage controlled amplifier (Figure 9), a 
standard high-gain differential amplifier. The inputs are 
diode-protected against differential overvoltages and an 
emitter degenerating resistor, ROS, has been added to one 
of the transistors. For an emitter current in both QS and 
Q6 of 1/2 milliampere there will exist a preset offset volt
age in this differential amplifier of 15 mV to insure that 
the output voltage will be zero when the reference voltage 
is zero. Without ROS, the output voltage could be a few 
millivolts above zero due to the inherent offset. Since the 
load resistor is so large in this stage compared with the 
load (Q9) it will be more instructive to look at the gain on 
a transconductance basis rather than voltage gain. Trans
conductance of the differential stage is defined for small 
signals as: 

where 

0.026 
re~-- and 

IE 

RE:::; added emitter degenerating resistance. 

For IE:::; 0.5 rnA, 

1 1 
gm= ---:::; - = 7.5 rnA/volt. 

104 + 30 134 

FIGURE 9 - VOLTAGE CONTROL AMPLIFIER 

12 

Preregulated 
18 V 

500 

8 

19.6k 

Reference Voltage 

VR 

6 

500 

+7.25 V 9 
+ Output Sense 

(1) 

(2) 
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FIGURE 10 - CURRENT CONTROL CIRCUIT 

12 6. 5 
o-~------.------------

V2 

Vo 

This level is further boosted by the output stage such that 
in the constant voltage mode overall transconductance is 
about 300 rnA/volt. 

A second differential stage nearly identical to the first 
stage, serves as the current control amplifier (Figure 10). 
The gain of this stage insures a rapid crossover from the 
constant voltage to constant current modes and provides 
a convenient point to control the maximum deliverable 
load current. In use, a reference voltage derived from the 
pre regulator and a voltage divider is applied to pin 10 
while the output current is sampled across RS by pin 11. 
When IL RS is 15 mV below the reference value, voltage 
VI begins to rapidly rise, eventually gaining complete 
control of Q9 and limiting output current to a value of 
V2/RS· If V2 is derived from a variable source, short 
circuit current may be controlled over the complete out
put current capability of the regulator. Sfnce the constant
voltage to constant-current change-over requires only a few 
millivolts the voltage regulation maintains its quality to 
the current limit and accordingly shows a very sharp 
"knee" (l % + 1 rnA, Figure 11). Note that the regulator 
can switch back into the constant voltage mode if the 
output voltage reaches a value greater than YR. Operation 
through zero milliamperes is guaranteed by the inclusion 
of another emitter offsetting resistor. 

FIGURE 11 - VI CURVE FOR 0-T0-40V, 
O.5·AMPERE REGULATOR 

en 
40 t-
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0 
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w 
C) 
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Trans-istor 09 and five· diodes comprise the essential 
parts of the output stage (Figure 12). The diodes perform 
an "OR" function which allows only one mode of operation 
at a time - constant current or constant voltage. However, 
an additional 5tage (09) must be included to invert the 

logic and make it compatible with the driving requirements 
of series pass transistors as well as provide additional gain. 
A 1.5 rnA collector current source sets the maximum de
liverable output current and boosts the output impedance 
to that of the current source. 

Note that the negative (substrate) side of the MC 1566/ 
MCI466 is 7.25 volts lower than the output voltage, and 
the reference regulator guarantees that the positive side is 
II volts above the output. Thus the IC remains at a voltage 
(relative to ground) solely dependent on the output, "float
ing" above and below Yo. V CE across Q9 is only two or 
three VSE'S depending on the number of transistors used 
in the series pass configuration. 

Performance characteristics of the regulator may be 
approximately calculated for a given circuit (Figure 2). 
Assuming that the two added transistors (012 and Q13) . 
have minimum beta's of 20, then the overall regulator 
transconductance will be: 

gmT = (400) 300 rnA/volt = 120 A/volt. (3) 

For a change in current of 500 mA the output voltage 
will drop only: 

0.5 
6. V =-- = 4.2 mY. 

120 

FIGURE 12 - MC1566 OUTPUT STAGE 

(4) 

18V -------------.~ ~ 
.. _______ Preregulated 

From Current 
Control Amplifier 

From Voltage 
Control Amplifier 

The analysis thus far does not consider changes in VR 
due to output current changes. If IL increases by SOO rnA 
the collector current of Q9 decreases by 1.25 rnA, causing 
the collector current of QS to increase by 30 JlA. Accord
ingly, IR will be decreased "by R:::0.30 JlA which will drop 
the output by 0.03%. This figure may be improved con
siderably by either using high beta devices as the pass 
transistors, or by increasing IR. Note again, however, that 
the maximum power rating of the package must be kept 
in mind. For example if IR = 4 rnA, power dissipation is 

PD=20V(8mA)+(l1 Vx3mA)= 193mW. (5) 

This indicates that the circuit may be safely operated up 
to 1180 C using 20 volts at the auxiIiarysupply voltage. 
If, however, the auxiliary supply voltage is 35 volts, 

Po = 3S V (8 rnA) + 26 V (3 rnA) = 358 mW; (6) 

which dictates that the maximum operating temperature 
must be less than 91 0 C to keep package dissipation within 
specified limits. 

Line voltage regulation is also a function of the voltage 
change between pins 8 and 9, and the change of V ref. In 
this case, however, these voltages change due to changes in 
the internal regulator'S voltages, which in turn are caused 
by changes in Vaux. Note that line voltage regulation is 
not a function of Yin. Note also that the instantaneous 
value of Vaux must always be between 20 and 3S volts. 

Figure 6 shows six external diodes (CRI to CR6) added 
for protective purposes. CRI should be used if the output 
voltage is less than 20 volts and CR2, CR3 are absent. For 
Vo higher than 20 volts, CR 1 should be discarded in favor 
of CR2 and CR3. ' Diode CR4 prevents IC failure if the 
series pass transistors develop colJector-base shorts while 
the main power transistor suffers a simultaneous open emit
ter. If the possibility of ' such a transistor failure mode 
seems remote, CR4 may be deleted. To prevent instant
aneous differential and common-mode breakdown of the 
current sense amplifier, CR5 must be placed across the 
curren~ limit resistor Rs. 

Load transients occasionally produce a damaging reversal 
of current flow from output to input Vo > I SO volts (which 
will destroy the IC). Diode CR6' prevents such reversal 
and renders the circuit immune from destruction for such 
conditions, e.g., adding a large output capacitor after the 
supply is turned "on". Diodes CR1, CR2, CR3, and CRS 
may be general purpose silicon units such as 1 N400 1 or 
equivalent whereas CR4 and CR6 should have a peak inverse 
voltage rating equal to Yin or greate,. 

APPUCA TIONS 

Figure 2 shows a typical 0-to-40 volts, O.S-ampere reg: 
ulator with better n~an 0.01% performance, The RC net
work between pins 5 and 6 and the capacitor between pins 
13 and 14 provide frequency compensation for the MCIS66/ 
MCl466. The external pass transistors are used to boost 
load current, since the output current of the regulator is 
less than 2 rnA. , 
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Figure I is a 0-to-15 volts, 10-ampere regulator with the 
pass transistor. configuration necessary to boost the load 
current to 10 amperes. Note that Co has been increased to 
1000 J.l.F following the 'general rule: 

Co = 100 J.l.F/A fL· 

The prime advantage of the MC1566/MC1466 is its use 
as a high voltage regulator, as shown in Figure 3. This 
0-to-250 volts O.l-ampere regulator is typical of high volt
age applications, limited only by the breakdown and safe 
areas of the output pass transistors. 

The primary limiting factor in high voltage series regula
tors is the pass transistor. Figure 13 shows a safe area curve 
for the MJ413. Looking at Figure 3, we see that if the 
output is shorted, the transistor will have a collector cur
rent of 100 mA, with a VCE approximately equal to 260 
volts. Thus this point falls on the dc line of the safe area 
curve, insuring that the transistor will not enter secondary 
breakdown. 

In this respect (Safe Operating Area) the foldback circuit 
of Figure 14 is superior for handling high voltages and yet 
is sho~t-circuit protected. This is due to the fact that load 
current is diminished as output voltage drops (VCE increases 
as Vo drops) as seen in Figure IS. By careful design the 
load current at a short, fSC can be made low enough such 
that the combined VCE (Vin) and ISC still falls within the 
dc safe operating area of the transistor. For the illustrated 
design (Figure 14), an input voltage of 210 volts is compa-

tible with a short-circuit current of 100 rnA. Yet current 
foldback allows us to design for a maximum regulated load 
current of 500 rnA. The pertinent design equations are: 

Let R2 (H2) = Vo 

0' = ~.25 [ .!!L - I] 
Vo ISC 

RI (kQ) = -~ Vo 
1-0' 

R - 0.25 
SC - (i - 0') ISC 

FIGURE 13 - SAFE AREA CURVE FOR THE MJ413 
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FIGURE 14 - A 200 V,O.S-AMPERE REGULATOR WITH CURRENT FOLDBACK 
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The terms ISC and Ik correspond to the short-circuit 
current and maximum available load current as shown in 
Figure 15. 
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FIGURE 15 - TYPICAL FOLDBACK PERFORMANCE 
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Figure 16 shows a remote sense application which should 
be used when high current or long wire lengths are used. 
This type of wiring 'is recommended for any application 
where the best possible regulation is desired. Since the 
sense lines draw only a small current, large voltage drops. 
00 not destroy 'the excellent regulation of the MC I 566/ 
MC1466. 

TRANSIENT FAILURES 
In industrial areas where electrical machinery is used 

the normal ac line often contains bursts of voltage running 

from hundreds to thousands of volts in magnitude and only 
microseconds in duration. Under some conditions this en
ergy is dissipated across the internal zener connected be· 

tween pins 9 and 7. This transient condition may produce 
a total failure of the regulator device without any apparent 
explanation. This type of failure is identified by absence 
of the 7 -volt zener (CRI) between pin 9 and pin 7. To pre
vent this failure mode the use of a shielded power 
transformer is recommended, as shown in Figure 6. In 
addition, it is recommended that C I, C3 and C4 be 
included to aid in transient repression. These capacitors 
should have good high frequency characteristics. 

If the possibility of transients on the output exists, the 
addition of a resistor and zener diode between pins 9 and 
7 as shown on Figure 17 should be added . 

VOLTAGE/CURRENT - MODE INDICATOR 
There may be times when it is desirable to know when 

the MCI566/MC1466 is in the constant current mode or 
constant voltage mode. A mode .indicator can be easily 
added to provide this feature. Figure 18 shows how a PNP 
transistor has replaced a protection doide between pins S 
and 9 of Figure 2. When the MC1566/MC1466 goes from 
constant voltage mode to constant current mode, Vo will 
drop below Vs and the PNP transistor will turn on. The 
l-mA . current supplied by pin 8 will now be shunted to 
base of 02 thereby turning on the indicator device I I. 

FIGURE 16 - REMOTE SENSE 
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FIGURE 11 - A O·TO·250 VOL T, O.1·AMPERE REGULATOR 
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FIGURE 18 - O-TO--40 Vdc, O.S-AMPERE REGULATOR WITH MODE INDICATOR 
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DUAL±1&VOLTREGULATOR 

The MC 156B/MC 146B is a dual polarity track ing regu lator designed 
to provide balanced positive and negative output voltages at currents 
to 100 mAo Internally, the device is set for ± 15·volt outputs but an 
external adjustment can be used to change both outputs simul· 
taneously from B.O to 20 volts. I nput voltages up to ± 30 volts can 
be used and there is provision for adjustable current limiting. The 
device is available in three package types to accomodate various 
power requirements. 

• Internally set to± 15 V Tracking Outputs 

• Output Currents to 100 mA 

• Outputs Balanced to within 1% (MC156B) 

• Line and Load Regulation of 0.06% 

• 1% Maximum Output Variation due to Temperature Changes 

• Standby Current Drain of 3.0 mA 

• I Externally Adjustable Current Limit 

• Remote Sensing Provisions 

• Case is at Ground Potential (R suffix package) 

CIRCUIT SCHEMATIC 

Vee 

4171 
3(5) 

r--------------<> vo+ 
r-----------+--oSENSE 1'1 

r---+-++--"\. 2(4) 

COMPEN 1+) 
~~---r--+----,. 

(2)8ALANCE 
}----+:--<> ADJUST 1(3) 

VOLTAGE 
GNO 10111 A~JUST COMPENI I 

91141 8(12) 

(Lpackayeonly) 

1(11) 

,-JI.fV'v-'---o SENSE I ) 

61101 
+---~-OVO· 

Pin numbers adjacent to terminals are tor fhe G 
and R suffix paCkages only_ Pin numbers in pa 
reilihesesare for the l suffix packayeonly 

Pin 10 is ground 101 the G suffiX package only 
FortheRpackage,lhecaseisground. 
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DUAL ±15-VOLT 
TRACKING REGULATOR 
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ORDERING INFORMATION 

DEVICE TEMPERATURE RANGE 

MC1468G OOC to +70° C 

MC1468L OOC to +700 C 

MC1468R 0° C to +700 C 

MC1568G -550 C to +125° C 

MC1568L -550 C to +125° C 
MC1568R -550 C to +125° C 

PACKAGE 

Metal Can 

Ceramic DIP 

Metal Power 

Metal Can 

Ceramic DIP 

Metal Power 
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MAXIMUM RATINGS (TC = +250 C unless otherwise noted.) 

Rating 

Input Voltage 

Peak Load Current 

Power Dissipation and Thermal Characteristics 

TA=+2SoC 
Derate above T A = +250 C 
Thermal Resistance, Junction to Air 

TC= +250 C 
Derate above T C = +250 C 

. Thermal Resistance, Junction to Case 

Storage Junction Temperature Range 

Minimum Short-Circuit Resistance 

OPERATING TEMPERATURE RANGE 

Ambient Temperature 
MC1468 
MC1568 

Symbol 

VCc,lVeE I 

IpK 

Po 
1/0JA 

°JA 
Po 

1/0JC 

°JC 

TJ,Tstg 

RSc(min) 

Value Unit 

Vdc 
30 

100 mA 

G Package R Package L Package 

0.8 2.4 1.0 Watts 
6.6 28.5 10 mW/oC 

150 35 100 °C/W 
2.1 9.0 2.5 Watts 
14 61 20 mW/oC 

70 17 50 °C/W 

-65 to +175 °c 

4.0 Ohms 

ELECTRICAL CHARACTERISTICS (VCC = +20 V, Vee = -20 V, C1 = C2 = 1500 pF, C3= C4 = 1.0 IlF, RSC+;'" RSC- = 4.0.n. 
IL + = 'L- = 0 TC = +250 C unless otherwise noted) (See Figure 1 ) 

Characteristic Symbol* Min 

Output Voltage Vo ±14.8 

Input Voltage Vin -
Input-Output Voltage Differential IVin-VOI 2.0. 

Output Voltage Salance VSal -
Line Regulation Voltage Regin 

(Vin = 18 V to 30 V) -
(Tlow<Dto Thigh~ -

Load Regulation Voltage RegL 
ilL = 0 to 50 rnA. TJ = constantl -
(T A = Tlow to Thigh) -

Output Voltage Range VOR 
L Package (See Figure 4.) ±8.0 
Rand G Packages (See Figures 2 and 13.) ±14.5 

Ripple Rejection (f = 120 Hz) 

Output Voltage "temperature Stability 
(Tlow to Thigh) 

Short-Circuit Current Limit 
(Rse = 10 ohms) 

Output Noise Voltage 
(SW = 100 Hz - 10 kHz) . 

Positive Standby Current 
(Vin = +30 V) 

Negative Standby Current 
(Vin =-30 V) 

Long-Term Stability 

<D Tlow = OoC for MC1468 
= -55°C for MC1568 

RR -
l1"svol 

-
ISC 

-
VN 

-
IS + 

-
IS -

-

aVO/At -

® Thigh = +700 C for MC1468 
= +1250 C for MC1568 
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MC1568 MC1468 

Typ Max Min Typ 

±15 ±15.2 ±14.5 ±15 

- ±30 - -

- - 2.0 -
±50 ±150 - ±50 

- 10 - -

- 20 - -

- 10 - -

- 30 ~ -

- ±20 ±8.0 -
- ±20 ±14.5 -

75 - - 75 

0.3 1.0 - 0.3 

60 - - 60 

100 - - 100 

2.4 4.0 - 2.4 

1.0 3.0 - 1.0 

0.2 - - 0.2 

Max Unit 

±15.5 Vdc 

±30 Vdc 

- Vdc 

±300 mV 

mV 
10 
20 

mV 
10 
30 

Vdc 
±20 
±20 

- dS 

% 

1.0 

rnA 
-

IlV(RMS) 
-

mA 
4.0 

mA 
3.0 

- . %fk Hr 

• 
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MC1468, MC1568 

TYPICAL APPLICATIONS 

FIGURE 1- BASIC 50-mA REGULATOR 

3(5) 2 (4) 
C3 
1.0 JAF 

INPUT (+J 4 (7) 
SENSE (+) 

1 (3) C2 .... --_-<:~ VCC COM PE N (+) t--<:>-i 1----.. 
+20 V I 1500 pF 1'Cill MC1568 10(1) 

r---j -:;:- teein 

MC1468 GNOr-o---'""'---+-~~--eGND 

-20 V 

INPUTH 5 fB) VEE 

6 (10) 

Cl and C2 should be located as close 
10 the device as possible. A 0.1 JJF ceramic 
capacitor (Cin) may be required on the input 
lines if the device is located an appreciable 
distance from the rectifier filter capacitors. 

8 (12) Cl 
COMPEN (-)~o--t!----' 

SENSE H 1500 pF 

7(11) 

C4 
1.0 JAF 

C3 and C4 may be increasell to improve load 
transient response and to reduce the output 
noise voltage. At low temperature operation, it 
Olav be necessarv to bvpass C4 with a 0.1 jAF 
ceramic diS(. capacitor. 

FIGURE 3 - ±1.5·AMPERE REGULATOR 
(Short·Circuit Protected, with Proper Heatsinking) 

(Metal·Packaged Devices Only, R Suffix) 

INPUT (+) 
(+20 V to +30 V) 

0.6 V 
ISG =RsC" 

M.·2955 
OR EOUIV RSC+ +VO 

},--..... -JVI/\r ..... -~------<i~- +15 Vdc 

VCC Vo+ 

MC156BR 
MC1468R 

VEE VO-

0.33!! 
2.0W 

SENSE (+) 
COMPEN (+) 

GND 

COMPEN ( ) 

SENSE ( ) 

)C--_'VVv---_---~-_-.. -15 Vdc 

2N3055 
OR EOUIV 

0.33!! 
2.0W 

-Vo 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating tvpical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

FIGURE 2 - VOLTAGE ADJUST AND 
BALANCE ADJUST CIRCUIT 

(14.5 V..;;; Vout ";;; 20 V) 

RSC' .vO 

3(5) 

INPUT (+J 

1500 pF 

MC1568 10(1) 

MC1468 
GNO 

8 (/2) 
VEE COMPEN (-) 

5 (8) 1500 pF 
vo' SENSE H Baladi 

(2) lOOk 
6(10) 

-VO 

Balallce adjust available in MC 1568L, MC 1468L ceramic 
dual in-line package only_ 

FIGURE 4 - OUTPUT VOLTAGE ADJUSTMENT 
FOR 8.0 V..;;; I±vo I..;;; 14.5 V 

(Ceramic·Packaged Devices Only, l Suffix.) 

RSC+ 

<r-------.--.... - .. +VO 

INPUT (+) 
Rl 
lk 

COMPEN (+) R2 

MC1568L 
.--...... --o--iGNO MC1468L Baladil-<:>------I--.. 

COMPEN (-J 

""----0-1 VEE 
INPUT H VO' SENSE H 

10 11 
RSC-

R3 
15 k 

R4 
15 k. 

~~_-----------_--e-VO 

The presence of the Baladj. ~in 2, on devices 
housed in the dual in·line package (L suffix) allows 
the user to adjust the output voltages down to 
t8.0 V. The required value of resistor R2 can • 
calculated from 

R2: Rl Rint (0+ V,) 

Riot (VO' <' - V,) -0 Rl 
Where: R int : An Internal Resistor: R 1 : 1 kll 

Q: 0.68 V 
V,: 6.6V 

Some common design values are Ilsted below: 

+Vo,V) R2 
14 1.2 k 
l2 1.8k 
10 3.5 k 

.8.0 

TC Vo (%/oC) 
0.003 
0.022 
0.025 
0.028 

Is+(mA) 
10 
7.2 
5.0 
2.S 

is believed to be entirely reliable. However, no responsibility' is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license. under the patent rights of Motorola Inc. or others . 
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7.0 
0 

200 

TYPICAL CHARACTERISTICS 
(Vee ~ +20 V, VEE ~ -20 V, Va ; ± 15 V, T A ~ +250 C unless otherwise noted.l 

FIGURE 5 - LOAD REGULATION 

UJ 
(.!) 

<t 

~ 
> 

~(i) 
"-I-
1-....> 
::>0 
0> 

~~ 
~i= 
:d5 
::>0: 
::Ew 
ztt: 

Rse = 4.0 OHMS :!ECi 
TJ=TA 

0 
> 

:> 

20 40 60 

IL LOAD CURRENT (rnA) 

FIGURE 7 - MAXIMUM CURRENT CAPABILITY 

"I'\. \ ~, \ 
1 1 ~ 

FIGURE 6 - REGULATOR DROPOUT VOLTAGE 
4.0 

3.0 

I .! 
r-_ RSC = 4.0 OHMS 

[NO" 100 mV -, , 
POSITIVE REG~LATOR, --~ --

2.0 ~ ~ 
,....---

~ --....... 
f--

,....--
~ ...--~ _f....-

~ ~ "NEGATIVE REGULATOR 
1.0 

o 
o 20 40 60 80 100 

Il, lOAD CURRENT (mA) 

FIGURE 8 - MAXIMUM CURRENT CAPABILITY 

200 \ \ \ ~ 
' ..... 

160 "" " \ \ ,.....-. Vin . Vo = 3.0 V 
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E 160 \ i\~LPACKAGE~ 

\ \ ,_ ..... 
120 

BO 

40 

-55 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

o 
o 

Vee = IVEE 1 -
G PACKAGE<: ~ \ i 

___ 1_ NO ~EATSINK I 

"" :\ 
\ , 

- -- INFINITE HEATSINK ~'\.-~ 
L PACKAGE .... --,\ ~ 
R PACKAGE-~ .:\ \' 

:-(MCI46B)~ ~\, 
MCI56S) '-

--25 +25 +50 +75 +100 +125 

TA, AMBIENT TEMPERATURE (OC) 

FIGURE 9- ISC versus RSC 

\ 
\ 
\ 

\. T J ~ 25° C 

'\. 

'" "' ""'" 1"---_ 

4.0 S.O 12 16 20 24 28 32 

RSC, SHORT·CIRCUIT RESISTOR (OHMS) 
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120 ~ G PACKAGE / 1" ........ 
..... 

BO 

_ Vee =11 VEE I "" '" r-...'" ........ R PACKAGE--
--- NO HEATSINK "'"'- ............ --- - - - INFINITE HEATSINK - ---r--

40 

o 
o 

---
2.0 4.0 6.0 B.O 10 12 14 

I Vin V.o I, INPUT-OUTPUT VOLTAGE OIFFERENTIAl (V) 

FIGURE 10 - CURRENT-LIMITING CHARACTERISTICS 

100 

SO 

60 -----~100HMS --r--r--

40 - - - RSC = 20 OHMS 

16 

20 
r---r---r--

o 
-75 -50 -25 +25 +50 +75 +100 +125 

TJ, JUNCTION TEMPERATURE (DC) 

I 
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MC1468, MC1568 

TYPICAL CHARACTERISTICS (continued) 
(Vee = +20 V, VEE = -20 V, Vo = ± 15 V, T A = +250 e unlessotherwise noted,) 

FIGURE 11 - STANDBY CURRENT DRAIN 

s.o ...---.....-1---,-....--..---...---....--,..--,..---, 
~VCC=IVEEI +-~-4----4----4----~~--~--~ 

4.01-~--I----+_~_+--+---_+--+_-~-__t 

1----4---+---'-+...,., POSITIVE STANDBY CURRENT +--
~'.;f -55°C 

t=j;;~t~~~=t=:t==f=:t+250C -
I + 125°C 

L_i~~~§~~~~§~~~$~~-550C I +250C -

!-NEGATIVE //./ +125
0
C 

o STANDBY CURRENT~ 

0.0 

16 18 20 22 24 26 28 30 32 

6 

±Vin, INPUT VOLTAGE (±V) 

FIGURE 13 - TEMPERATURE COEFFICIENT OF 
OUTPUT VOLTAGE 

I I I 
0.0 

Vee = VEE = 30 V 
5t--RSC = 4.0 OHMS 

0.0 4 
I 

3 
l--

~ 2. 0.0 

~ 
2 ~ 

I--~ -1 
I-----I--a 

t;: 
~ 0.0 

-' 
~ 0.0 
f5 
:x: 
I-

~~ . % CHANGE IN Vo 
I--- THERMAL SHIFT - CHANGE IN JUNCTION TEMPERATURE -

I I I I I 1 I I I 
1§ 16 17 18 19 20 

±VO, OUTPUT VOLTAGE (±V) 

FIGURE 15 - LINE TRANSIENT RESPONSE 

I I I 
(,vCC = +20 V to +23 V 

~OSITIVIE REG~LATO~ 

-'- 6Vin ~ +20 to +23 V 

I 

I RSC = 110 OHM1S 

NEGATIVE REGULATOR-I .1 I /' 6VEE = -20 V to -23V 

/ 

TIME, 50 IIS/0IV 

~ 
.§. 

~ 
cr 
;;:) 
C,.) 

~ 
~ 

.:E 

~ 
~ 
i= 
<:( 

~ 
t= 
<:( 

UJ 
-' 
"-
"-
cr 
I-

~ 
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FIGURE 12 - STANDBY CURRENT DRAIN 

10 

9.0 

8.0 

7.0 -~ 6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

o 
15 

V 10-
~ 

16 

POSITIVE STANDBY CURREN,J:..-

.-1----!--

" ~EGAT:VE STANDBY CURRENT 

I 

17 18 19 

±VO, OUTPUT VOLTAGE (±V) 

FIGURE 14 - LOAD TRANSIENT RESPONSE 

1\ I l I I 
POSITIVE REGULATOR 

- II 
'r-

61L = a - 10 mA 
RSC = 10 OHMS 

1\ 
NEGATIVE REGULATOR 

-

TIME, 20llslDIV 

FIGURE 16 - RIPPLE REJECTION 

-10 
NEGATIVE 

20 

-20 

-30 
I REGU~OR 

t- RSC = 10 OHMS 
IL = 10mA 

-40 

-50 

-60 

-70 

-80 

-90 ..--
-100 

100 

/ 
/ 

POtTIVE V REGULATOR 

/ --- 7 

./ 
~ 

~ 

1.0 k 10 k lOOk 1.0M 

f, INPUT FREQUENCY (Hz) 



MC1468, MC1568 

TYPiCAL CHARACTERISTICS (continued) 
(Vee = +20 V, VEE = -20 V, Vo = ±15 V, T A = +250 e unless otherwise noted.) 

10 

-
-
-

~ 

0.01 
100 

FIGURE 17 - OUTPUT IMPEDANCE 

RSC - 4.0 OHMS ....... 
Il = 10 rnA // 

I 

NEGATIVE REGULATOR ,-
. 11111 ~~I Pl~imlE R1E?U\A~?rll i.--

111111 I II 1111 I 111111 
1.0 k 10 k lOOk 1.0M 

t, TEST FREQUENCY (Hz) 
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MC1469 
MC1569 

Specifications and Applications InforIllation 

MONOLITHIC VOLTAGE REGULATOR 

The MC1569/MCl469 is a positive voltage regulator designed to 
deliver continuous load current up to 500 mAdc. Output voltage is 
adjustable from 2.5 Vdc to 37 Vdc. The MC1569 is specified for 
use within the. military temperature range (-55 to +1250 C) and the 

, MC1469 within the 0 to +700 C temperature range. 
,For systems requiring a positive regulated voltage, the MC1569 

can be used with performance nearly identical to the MC 1563 negative 
voltage regulator. Systems requiring both a positive and negative 
regu lated voltage can use the MC 1569 and MC 1563 as com plementary 
regulators with, a common input ground. 

• Electronic "Shut-Down" Control 

• Excellent Load Regulation (Low Output Impedance - 20 rnilli-
ohms typ) 

• High Power Capability: up to 17.5 Watts' 

• Excellent Temperature Stability: ±0.002 %fC typ 

• High Ripple Rejection: 0.002 %/V ty.p 

FIGURE 1-±.15 V, ±.400 mA COMPLEMENTARY TRACKING 
VOLTAGE REGULATOR 

Vin _----~-r----t--::.--_---::t:::__~1.~2 ;-_,.---=5:::00::;m=A::::m!::.ax Vo 
+20 Vdc +15Vdc 

3k 

3k 

ro~~------+~-~-~Vo 
-15Vdc 

500 mA max Vin 
·20Vdc -~Nv-+----;,o--L_~~~~ 

POSITIVE VOLTAGE REGULATOR 
INTEGRATED 'CIRCUIT 

SILICON NONOLITHIC 
EPITAXIAL PASSIVATED 

CASE 603 
METAL PACKAGE 

G SUFFIX 

CASE 614 
METAL PACKAGE 

RSUFFIX 

ORDERING INFORMATION 

(Bottom View) 

$ 0,' - +':.-0 
0.0 

. 9 

DEVICE TEMPERATURE RANGE PACKAGE 

MC1469G 00 C to +70OC Metal Can 

MCl469R OOC to +700 C , Metal Power 

MC1569G -550 C to +125° C Metal Can 

MC1569R -550 C to +125° C Metal Power 

FIGURE 2 - TYPICAL CIRCUIT CONNECTION 
13.5 ~VO ~37 Vdc, 1 ~l ~500 mAl 

FIGURE 3 - TYPICAL NPN CURRENT BOOST CONNECTION 
(VO = 5.0 Vdc, Il = 10 Adc (max) 

Select RI to Give Desired Vo RI '" (2 Vo - 7) W 

2N70S 
OR EQUIV 

+VO 

Co + 

"'T S.8 k D.OO'~FI 1k 
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MC1469, MC1569 

MAXIMUM RATINGS (TC = +250 C unless otherwise rioted) 

Rating 

Input Voltage" 
MC1469 
MC1569 

Peak Load Current 

Current, Pin 2 
Current, Pin 9 

POlMlr Dissipation and Thermal Characteristics 

'TA = +250 C 
Derate above T A = +250 C 
Thermal Resistance, Junction to Air 

TC = +250 C 
Derate above T C = +250 C 
Thermal Resistance, Junction to Case 

Operating and Storage Junction 'Temperature 

OPERATING TEMPERATURE RANGE 

Ambient Temperature' 

ELECTRICAL CHARACTERISTICS 

MC1469 
MC1569 

Symbol 

Vin 

'pK 

Ipin 2 
Ipin9 

PD 
1/8JA 
8JA 
PD 

1/8JC 
8JC 

TJ, T stg 

Value 

35 
40 

G Package R Package 

250 600 

10 10 
5.0 5.0 

" 

0.68 3.0 
5.44 24 
184 41.6 
1.8 14 

14.4 140 
69.4 7.15 

-65 to +150 

Unit 

Vdc 

mA 

mA 

Watts 
mW/oC 

°C/W 
Watts 

mW/oC 

°C/W 

°c 

(TC = +250 C unless otherwise noted) (Load Current = 100 mA for "R" Package device, I h . " t d) 
= 10 mA for "G" Package device, un ess ot erwise no e 

Characteristic Fig. Note Symbol 

Input Voltage 4 1 Vin 
(TA =' Tlow (f) to Thigh (2)) 

Output Voltage Range 4,5 Vo 

~eference Voltage (Pin 8to Ground, Vin = 15 V 4 Vref 

- Minimum I nput-Output Voltage Differential 4 2 Vin- Vo 
(Rsc = 0) 

Bias Current (V in = 15 V) 4 liB 
ilL = 1.0 mAdc, R2 = 6.8 k ohms, liB = 'in -IL)-

Output Noise 
, 

4 vN 
(eN = 0.1 p,F, f:= 10 Hz to 5.0 MHz) 

Temperature Coefficient of Output Voltage 4 3 TCVO 

Operating Load Current"Range 
(Rsc:OS:;; 0.3 ohms) R Package 4 'L 
(Rsc:OS:;; 2.0 ohms) G Package 

Input Regulation 6 4 Regin 

Load Regulation 7 5 Reg'oad 
(TJ = Constant [1.0 mA::O;:::IL~20 mAl) 
(TC = +250 C [1.0 mA~IL::O;:::50 mAl) R Package 

G Package 

Output Impedance 8 6 Zo 
ICc = 0.001 p,F, Rsc = 1.0 ohm, f = 1.0 kHz, 
Vin = +14 Vdt, Vo = +10 Vdc) 

Shutdown Current 9 'sd 
(Vin = +35 Vdc) 

<D Tlow = OOC for MC1469, 

= -55°C for MC1569 

@ Thigh = +70° Cfor MC1469 

= +1250 C for MC1569 

4-45 

Min 

8.5 

2.5 

3.4 

-

-

-

-

1.0 
1.0 

-

-
-
-

-

-

MC1569 MC1469 

-Typ Max Min Typ Max 

- 40 9.0 - 3~ 

- 37 2.5 - 32 

3.5 3.6 3.2 3.5 3.8 

2.1 2.7 - 2.1 3.0 

4.0 9.0 - 5.0 12 

0.150 - - 0.150 -

±0.002 - - ±0.002 -

- 500 1.0 - 500 
- 200 1.0 - 200 

0.002 0.015 - 0.003 0.030 

0.4 1.6 - 0.7 2.4' 
0_005 0.05 - 0.005 0.05 
0.01 0.13 - 0.01 0.13 

20 - - 35 -

70 150 - 140 500 

• 
Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mV(rms) 

%/oC 

mA-dc 

%/VO 

mV 
% 

milliohms 

/LAde 
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IVIC1469, MC1569 

Note 1. "Minimum Input Voltage" is the minimum '~toi:a,' instan
taneous input voltage" required to properly bias the in· 
ternal zener reference di9de. For output voltages greater 
than approximately 5.5 Vdc the minimum "total instan
taneous input voltage" must increase to tMextent that 
it will always exceed the output voltage by at least the 
"input-output voltage differential". 

Note 2. This parameter states that the MC1569/MC1469 will 
regulate properly with the input-output v61tage differ-

ential(Vin - VOl as low as 2.7 Vdc lind 3.0 Vdc 
respectively. Typical units will regulate properly with 
(V in - VOl as low· as 2.1 Vdc as shown in the typical 
column. (See Figure 21.) 

Note 3. "Temperature Coefficient of Output Voltage" is defined 
as: 

± IVO max - Vo min) (100) 
MC1569, TCVO = (180oC) (VO @ 250C) - %/oC 

± (Vo max - Vo min) (100) 
MC1469, TCVO = ° . ° - %/oC 

(75 C) (VO@25 C) 

The output-voltage adjusting resistors (R 1 and R2) must 
have matched temperature characteristics in order to 
maintain a constant ratio independent of temperature. 

Note 4. I nput regulation is the percentage change in output 

voltage per volt change in the input voltage and is 
expressed as 

Vo 
Input Regulation = Vo (vinl 100 (%/VOI. 

where Vo is the change in the output voltage Vo for 
the input change vin. 

The following example illustrates how to compute 
maximum output voltage change for the conditions 
given: 

Re9in = 0.015 %/VO 
Vo = 10Vdc 
vin = 1.0 V (rms) 
Vo = (Regin) (vin) (VO) 

100 
= (0.015) (1.0) (10) 

100 
= 0.0015 V(rms) 

Note 5. Load regulation is specified for small (.;;;;; +170 C) changes 
in junction temperature. Temperature drift effect must 
be taken into account separately for conditions of high 
junction temperature changes due to the thermal feed
back that exists on the monolithic chip. 

. (VOI'L = 1.0 mA]-[VoIIL = 50 mA) 
Load Regulation = Vo I'l = 1.0 rnA X 100 

TEST CIRCUITS 

FIGURE 4 - CONNECTION FOR Vo ;;;'3.5 Vdc 

(Rsc= 2.7 ohms unklss otherwise notlldl 
, 1 

Rl 

Vref 

Select Rl to give desired VO: Rl ""12Vo·i)k!! 

FIGURE 6 -INPUT REGULATION 

Vo = 10Vdc 

11.0"F 

FIGURE 8 - OUTPUT IMPEDANCE 

R2 

RI ~
::::Sl 

iOPF-::-Rl 10 

50mV(rms) 
t= 10kHz -:::-
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FIGURE 5 - CONNECTION FOR 2.5 Vdc ;;;'VO ';;;;;3.5 Vdc 

RI 
13k 

1.0mA 

! 
·RJ 

R2 

(Rst "'2.7oltm$unlessolherwisenotedl 

'l 

1--<>--------' CO, 1 Rl 

"'1 
Select R21Qgivedesired Vo: R2 '" (2 VOl k H Select Rl: Rl .. t1.0kn- A2l k n 

RZ 

FIGURE 7 - LOAD REGULATION 

'l 
J-.:..<r--:=--------' Co ,1 Rl 

"'I 
FIGURE 9 -SHUTDOWN CURRENT 

Vo 

""I 

'01 

L 
Rl 



MC1469, MC1569 

GENERAL DESIGN INFORMAtiON 

1. Output Voltage, Vo 
al For Vo > 3.5 Vdc - Output voltage is set by resistors R 1 

and R2 (see Figure 4). Set R2 = 6.8 k ohms and determine 
R 1 from the graph of Figure 10 or from the equation: 

Rl ~(2 Vo -7) kn 

b) For 2.5 ~ Vo ~ 3.5 Vdc - Output voltage is set by resis
tors Rl and R2 (see Figure 5). Resistors Rl and R2 can be 
determined from the grapn of Figure 11 or from the 
equations: 

R2 ~2 (VO) kn 
R 1 ~ (7 k.Q-.:R2) kn 

c) Output voltage, VO, is determined by the ratio of Rl and 
R2, therefore optimum temperature performance can be 
achieved if Rl and R2 have the same temperature 
coefficient. 

d) Output voltage can be varied by making R 1 adjustable as 
shown in Figure 43. 

e) If Vo = 3,5 Vdc (to supply MRtt:for example), tie pins 6, 
8 and 9 together. R1 and R2 are not needed in this case. 

2. Short Circuit Current, Isc 
Short Circuit Current, Isc, is determined by Rsc. Rsc may 
be chosen with the aid of Figure 12 or the expression: 

R _0.6 ohm 
sc""r;; 

where Isc is measured in amperes. This expression is also 
valid when current is boosted as shown in Figure 2. 

3. Compensation, Cc 
A 0.001 pFcapacitor, Cc, from pin 4 to ground will provide 
adequate compensation in most applications, with or with' 
out current boost. Smaller values of Cc will reduce stability 
and 'larger values of Cc will degrade pulse response and out
put impedance versus frequency. The physical location of 
Cc should be close to the MC1569/MC1469 with short lead 
lengths: 

4. Noise Filter Capacitor, CN 
A d.l }.LF capacitor, CN, from pin 7 to ground will typically 
reduce the output noise voltage to 150}.LV (rms). The value 
of CN can be increased or, decreased, depending on the 
noise voltage requirements of a particular application. A 
minimum value of 0.001 }.LF is recommended. 

5. Output CaPacitor, Co 
The value of to should, be at least 1.0 }.LF in order to 
provide good stability. The maximum value recommended 
is a function of current limit resistor Rsc: 

Co max ~ 250 }.LF 

Rsc 

whe~e Rscis measured in ohms. Values of Co greater than 
this will degrade. the pulse response characteristics and 
increase the settling time. 

6. Shut-Down Control 
One method of turning "OFF" the regulator is to apply a 
dc voltage at pin 2. This cOntrol can be used to eliminate 
power consumption by circuit loads which can be put in 
"standby" mode. Examples include, an ac oi-dc "squelch" 
control for communications circuits, and a dissipation con
trol to protect the regulator under sustained output short
circuiting. As the magnitude of the input-threshold voltage 
at Pin 2 depencis ,directly upon the junction teniperature of 
the integrated circuit chip, a fixed dc voltage at Pin 2 will 
cause automatic shut-down for high junction temperatures. 
This will protect the chip, independent of the heat sinking 
used, the ambient temperature, or the input or output 
voltage levels. Standard Logic levels of MRTL, MDTL * or 
MTTL * can also be used to turn the regulator "ON" or 
"OFF". 

7. Remote Sensina 
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The connection to pin 5 can be made with a separate lead 
direct to the load. Thus, "remote sensing" can be achieved 
and the effect of undesired impedances (including that of 
the miiiiammeter used to measure I L) on Zo can be greatly 
reduced. 

FIGURE 10 - R1 versus Vo 
(Vo ~3.5 Vdc, See Figure 4) 
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FIGURE 11 - R1 and R2 versus Vo 
(2.5 ~VO ~3.5 Vdc, See Figure 5) 
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FIGURE 12 - Isc versusRsc 

I 

30 

1/ 

" 

/ 1,0 

6.0 

" 5,0 
3,5 

35 

~ 
w 
u 
z 
« 
t; 

~ 
~. 

1 100 

~ 
a 500 
Q 
<C 
g 
!:: a 300 
a: 
G 

~ 
Q 

ili 100 
j 

I' TJ =+250c 
\ 

\ 
\ 
~ 
~ t--- -

1.0 2.0 3.0 4.0 5.0 6.0 1.0 8.0 

Rsc, EXTERNAL CURRENT·LlMITING RESISTOR (OHMS) 

• 



• 

MC1469, MC1569 

TYPICAL CHARACTERISTICS 
Unless otherwise noted: CN = 0.1 ~F, Cc = 0.001 ~F, Co = '1.0 ~F, TC = +25°C, 

Vin nom = +9.0 Vdc; Vo nom = +5.0 Vdc, 

IL>2oo mA for R package only. 

FIGURE 13 - DEPENDENCE OF OUTPUT 
IMPEDANCE ON OUTPUT VOLTAGE 
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FIGURE 15 - FREQUENCY DEPENDENCE 
OF INPUT REGULATION, Co = 10~F 
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FIGURE 17 - CURRENT-LIMITING CHARACTERISTICS 
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FIGURE 14 - OUTPUT IMPEDANCE versus Rsc 

40~---.---.----r---.----.----.----r--~ 

30~--~--~----+----+----+---~----+----I 

10~--~---4----+----+----+---~----~---I 

O~ __ -L ____ ~ __ -L ____ ~ __ ~ ____ ~ __ ~ __ ~ 

o 

0.00 5 

2.0 4.0 6.0 8.0 10 12 14 

Rse. EXTERNAL CURRENT LIMITING RESISTOR (OHMS) 

FIGURE 16 - FREQUENCY DEPENDENCE 
OF INPUT REGULATION, Co = 2.0 ~F 
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FIGURE 18 - BIAS CURRENT versus INPUT VOLTAGE 
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TYPICAL CHARACTERISTICS (continued) 

Unless otherwise noted: CN = 0.1 J.lF, Cc = 0.001 J.lF, Co ~ 1.0 J.lF, TC = +25°C, 

Vin nom =; +9.0 Vdc, Vo nom = +5.0 Vdc, 

I L >200 rnA for R package only. 

FIGURE 19 - EFFECT OF LOAD CURRENT ON 
INPUT-OUTPUT VOLTAGE DIFFERENTIAL 
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FIGURE 21 - INPUT TRANSIENT RESPONSE 
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FIGURE 20 - EFFECTOF INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL ON INPUT REGULATION 
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FIGURE 22 - TEMPERATURE DEPENDENCE OF 
SHORT-CIRCUIT LOAD CURRENT 
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OPERATIONS AND APPLICATIONS 

This section describes the operation and design of the MCl569 positive voltage regulator and also provides information on 
useful applications. 

SUBJECT SEQUENCE 

Theory of Operation 
NPN Current Boosting 
PNP Current Boosting 
Switching Regulator 

Shutdown Techniques 
Voltage Boosting 
Remote Sensing 

Thermal Shutdown 
Thermal Considerations 
Latch-Up 

Positive and Negative Power Supplies 
An Adjustable-Zero-Temperature

Coefficient Voltage Source 

THEORY OF OPERATION 
The usual series voltage regulator shown in Figure 25, 

consists of a reference voltage, an error amplifier, and a 
series .control element. The error amplifier compares the 
output voltage with the reference voltage and adjusts the 
output accordingly until the error is essentially zero. For 
applications requiring output voltages larger than the refer" 
ence, there are two options. The first is to use a resistive 
divider across the output and compare only a fraction of 
the output voltage to the reference. This approach suffers 
from reduced feedback to the error amplifier due to the 
attenuation of the resistive divider. This degrades load 
regulation especially at high voltage levels. 

The alternative is to eliminate the resistive divider and 
to shift the reference voltage instead. To accomplish this, 
another amplifier is employed to amplify (or level shift) 
the reference voltage using an operational amplifier as 
shown in Figure 26. The gain-determining, resistors may 
be. external, enabling a wide range of output voltages. This 

is exactly the same approach used in the first option. That 
is, the output is being resistively divided to match the 
reference voltage. There is however, one big difference in 
that the output of this "regulator" is driving the input of 
another regulator (the error amplifier). The output of the 
reference amplifier has a relatively low irripedance as com
pared to the input impedance of the error amplifier. 
Changes in the load of the output of the error amplifier 
are buffered to the extent that they have virtually no effect 
on the ref~rence amplifier. I f the feedback resistors are 
external (as they are on the MC 1569) a wide range of 
reference voltages can be established. 

The error amplifier can now be operated at unity gain 
to provide excellent regulation. In fact, this "regulator
within-a-regulator" concept permits the load regulation to 
be specified in terms of output impedance rather than as 
some percentage change of the output voltage. This ap
proach was used in the design of the MC 1569 positive
voltage regulator. 

FIGURE 25 - SERIES VOLTAGE REGULATOR FIGURE 26 - THE "REGULATOR-WITHIN,A-REGULATOR" APPROACH 

SERIES CONTROL ELEMENT 

Va 

Va = Vref 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; 'consequently, 
complete information sufficient for construction purposes Is not 
necessarily given. The information has been carefully checked and 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 
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FIGURE 27 
(Recommended External Circuitry is Depicted With Dotted Lines.) 

MCI 569 Operation 
Figure 27 shows the MC1569 Regulator block diagram, 

simplified schematic, and complete schematic. The four 
basic sections of the regulator are: Control, Bias, DC 
Level Shift, and Output (unity gain) Regulator. Each sec
tion is detailed in the folloWing paragraphs. 

Control 
/ The control section involves two basic functions; start

up and shutdown. A start-up function is required since 
the biasing is essentially independent of the unregulated 
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input voltage. It makes use of two zener diodes having 
the same breakdown voltage. A first or auxiliary zener is 
driven directly from the input voltage line through a re
sistor (60 kn) and permits the regulator to initially 
achieve the desired bias conditions. This permits the 
second, or reference zener to be driven from a current 
source. When the reference zener' enters breakdown, the 
auxiliary zener is isolated from the rest of the regulator 
circuitry by a diode disconnect technique .. This is neces
sary to keep the added noise and ripple of the auxiliary 
zener from degrading the performance of the regulator. 
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The shutdown control consists of an NPN transistor 
across the reference zener. diode. When this transistor is 
turned "ON", via pin 2, the reference voltage is reduced to 
essentially zero volts and the regulator is forced to shut
down. During shutdown the current drain of the com
plete IC regulator dtops to Vinf60 kn or 500 /lA for a 
30 V input. 

I 

Bias 

A zener diode is the main reference element and forms 
the heart of the bias circuitry. Its positive temperature 
coefficient is balanced by the negative temperature co
efficients of forward biased diodes in a ratio determined 
by the resistors in the diode string. The resuit is a refer
ence voltage 'Of approximately 3.5 Vdc with a typical 
temperature coefficient of 0.002 %tC. In addition, this 
circuit also provides a reference current which is used to 
bias all current sources in the remaining regulator circuitry. 

DC Level Shift 

The reference voltage is used as the input to a Darlington 
differential amplifier. The gain of this amplifier is quite 
high and it therefore may be considered to function as a' 
conventional operational amplifier. Consequently, negative 
feedback can be employed using two ,external resistors (R 1 
and R2) to set the closed-loop gain and to boost the refer
ence voltage to the desired output voltage. A capacitor, 
CN, is introduced externally into the level shift network 
(via pin 7) to stabilize the amplifier and to filter the zener 
noise. The recommended value for this capacitor is 0.1 /IF 
and should have a voltage rating in excess of the desired 
output voltage. Smaller capacitors (0.001 /IF minimum) 
may be used but will cause a slight increase in outlJut 
noise. Larger values of CN will reduce the noise as well as 
delay the start-up of the regulator. 

FIGURE 28A - LOAD TRANSIENT RESPONSE 
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Output Regulator 

The output of the level shift amplifier (pin 9) is fed to 
the noninverting input (pin 6) of the output error ampli
fier. The inverting input to this amplifier is the Output 
Sense connection (pjn 5) of the regulator. A Darlington 
connected NPN power transistor is used to handle the load 
current. The short-circuit current limiting resistor, Rsc, is 
connected in the emitter of this transistor to sample the 
full load current. By placing an external low-level NPN 
transistor across Rsc as shown in Figure 27, output 
current can be limited to a predetermined value: 

0.6 'R 0.6 
ILmax ~- or sc = --

Rsc IL max 

where IL max is the maximum load current (amperes) and 
Rsc is the value of the current limiting resistor (ohms). 

Stability and Compensation 

As has been seen, the MCI 569 employs two amplifiers, . 
each using negative feedback. This implies the possibility 
of instability, due to excessive phase shift at high frequen-

. cies. Since the error amplifier is normally used a t unity 
gain (the worst case for stability) a high impedance node 
is brought out for compensation. For normal operation, a 
capacitor is connected between this point (pin 4) and 
ground. The recommended value 0[0.001 /IF will insure 
stability and still provide acceptable transient response 
(see Figure 28, A and B). It is also necessary to use· an 
output capacitor, Co (typically 1.0 /IF) from the output, 
VO, to ground. When an ·external transistor is used to 
boost the current, Co = 1.0 /IF is also recommended (see 
'Figure 2). 

FIGURE 288 - LOAD TRANSIENT RESPONSE 

1001ls!DIV 
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TYPICAL NPN CURRENT BOOST CONNECTIONS 

FIGURE 29A - 5 VOLT 5-AMPERE REGULATOR 
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FIGURE 29B - 5-VOLT 5-AMPERE REGULATOR 
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FIGURE 30 - PNP CURRENT 
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For applications requiring more than 500 rnA ,of load 
current, or for minimizing voltage variations due to tem
perature changes in the IC regulator arising from changes 
of the internal power dissipation, the NPN current-boost 
circuits of Figure 3 or 29 are recommended_ The tran
sistor shown in Figure 29A, the 2N3055 can supply 
currents to 5.0 amperes (subject, of course, to the safe 
area limitations). To improve the efficiency of the NPN 

boost configuratjon, particularly for small output. 
voltages, the circuit of Figure 29 is recommended. An 
auxiliary 9.5-volt supply is used to power the ICregulator 
ana the heavy load current is obtained from a second 
supply of lower voltage. For the 5.0 ampere regulator of 
Figure 29 this represents a savings of 17.5 watts when 
compared with operating the regulator from the single 9.5 
V supply. It can supply current to 5.0 amperes while 
requiring an input voltage to the collector of the pass 
transistor of 6.0 volts minimum. The 'pass transistor is 
limited to 5.0 amperes by the added short-circuit current 
network in its emitter (Rsd, (Figure 29B). 

PNP CURRENT BOOSTING 

A typical PNP current boost circuit is shown in Figure 
30. Voltages from 2.5 Vdc to 37 Vdc and currents of 
many amperes can be obtained with this circuit. 

Since the PNP transistor must not be turned on by the 
MC1569 bias current (lIB) the resistor Rin must meet the 
following condition 

where VBE is the base-to-emitter voltage required to turn 
on the PNP pass transistor, (typically 0.6 Vdc for silicon 
and 0.2 Vdc for germanium). 

For germanium pass transistors, a silicon diode may be 
placed in series with the emitter to provide an additional 
voltage drop. This allows a larger value of Rin than would 
be possible if the diode were omitted. The diode will, 
however, be required to carry the maximum load current. 

SELF-OSCILLATING SWITCHING 
REGULATOR 

In all of the current boosting circuits shown thus far it 
has been assumed that the input-output voltage differen
tial can be minimized to obtain maximum efficiency in 
both the external pass element as well as the MC1569. 
This may not be possible in applications where· only a 
single supply voltage is available and high current levels 
preclude zener diode pre-regulating approaches. In such 
applications a switching-mode voltage regulator is highly 
desirable since the pass device is either·ON or OFF. The 
theoretical efficiency of an ideal switching regulator is 
100%. Realizable efficiencies of 90% are within the realm 
of possibility thus obviating the need for large power dis
sipating components. The output voltage will contain a 
ripple component; however, this can be made quite small 
if the switching frequency is made relatively high so filter
ing techniques are effective. Figure 31 shows a functional 
diagram for a self-oscillating voltage regulator. The 
comparator-driver will sense the voltage across the induc
tor, this voltage being related to the load current, IL, by 
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For a first approximation this cim be assumed to be a 
linear relationship. 

Initially, Vo will be low and 01 will be ON. The volt
age at the non-inverting input will approach {31 Vin, when: 

When this output voltage is reached the comparator will 
switch, turning 01 OFF. The diode, CR1, will now become 
forward biased and will supply a path for the inductor cur
rent. This current and the sense voltage will start to de-

. crease until the output voltage reaches 

where the comparator will again switch turning 01 ON, 
and the cycle repeats. Thus the output voltage is approxi
mately V ref plus a ripple component. 

The frequency of oscillation can be shown to be 

where 

Vo (V in - VO) 
f= L Vc I(max)- 10) 

I (max) = The maximum value of inductor current 

10 = The minimum inductor current. 

(I) 

Normally this frequency will be in the range of approxi
mately 2 kHz to 6 kHz. In this range, inductor values can 
be small and are compatible with the switching times of 
the pass transistor and diode. The switching time of the 
comparator is quite fast since positive feedback aids both 
turn-on and turn-off times. The limiting factors are the 
diode and pass transistor rise and· fall times which should 
be quite fast or efficiency will suffer. 

Figure 32 shows a self oscillating switching regulator 
which in many respects is similar to the PNP current boost 
previously discussed. The 6.8 kQ resistor inconjunction 
with Rl sets the reference voltage, Vref. 01 and CRl are 
selected for fast switching times as well as. the necessary 
power dissipation ratings. Since a linear inductor is as
sumed, the inductor cannot be allowed to saturate at 
maximum load currents and should be chosen accordingly. 
If core saturation does occur, peak transistor and diode 
currents~ will be large and power dissipation will increase. 

56 
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FIGURE 31 - BASIC SELF-OSCILLATING 
SWITCHING REGULATOR 
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As a design center is required for a practical circuit, 
assume the following-requirements: 

Yin = +28 Volts 

Vo =+10 Volts 

b.Vo=50mV 

f~5 kHz 

I(max)= 1.125 A 

10= 1 A 

(2) 

Using Equation (1), the inductor value can be found: 

L- (28-10) 10 ( 1 ) 

2(1.125-1)28 5 x 103 

""l7mH. 

- For the test circuit, a value of 6 mH was selected. Using 
for a first approximation 

C - (Vin - VO)(VO) 
0- 8L f2 Yin (b.V) 

(28,- 10)10 

~95fJ.F. 

As shown, a value of 100 fJ.F was selected. Since little cur
rent is required at pin 6, Ra can be large. ,Assume Ra = 
47 kn and then use Equation (2) to determine Rb: 

.:...3 28 
50 x 10 = 47 kn Rb 

Since the internal impedance pres~nted by pin 9 is on 
the order of 60n, a value of Rb = IOn is adequate. 

Diodes CR2, CR3, and Rc may be added to prevent 
saturation of the error amplifier to increase switching 

speed. When the output stage of the error amplifier 
approaches saturation, CR2 becomes forward biased and 
clamps the error amplifier. Resistor Rc should be selected 
to supply a total of 1 mAdc to CR2 and CR3. 

To show correlation between the predicted and tested 
specifications the following data was obtained: 

Yin = +28 (±l %) Volts 

Vo = +10 Volts 

b.Vo= 60 mV 

f= 7 kHz 

which checks quite well with the predicted values. Rb 
can be adjusted to minimize the ripple component as well 
as to trim the operating frequency. Also this frequency 
will change with varying loads as is normal with this type 
of circuit. Pin 2 can still be used for shut-down if so 
desired. Rsc shoulci be set such that the ratio of load cur
rent to base drive cu~rent is 10:1 in this case I 1 ~ 100 rnA 
and Rsc = 6.5n. ' 

POSITIVE AND NEGATIVE POWER 
SUPPLIES 

If the MC 1569 is driven from a floating source it is 
possible to use it as a negative regulator by grounding the 
positive output terminal. The MC1569 may also be used 
with the MC 1563 to provide completely indepepdent posi
tive a,nd negative voltage regulators with comparable 
performance. 

Some appiications may require complementary tracking 
in which both supplies arrive at the voltage level simul~ 
taneously, and variations in the magnitudes 'of the two 
voltages track. Fig~res 1 a~d 33 iliustrate this approach. 
In this application, the MC1563 is used as the reference 
regulator, establishing the negative output voltage. The 
MC1569 positive regUIatoris used in a tracking mode by 
grounding one side of the differential amplifier (pin 6 of 
the MC 1569) and using the 'other side (pin 5 of the 
MC1569) to sense the voltage developed at the junction of 
the two 3-k ohm resistors. This differential amplifier 
controls the MC1569 series PllSS transistor such that the 
voltage at pin 5 will be 'zero. When the voltage at pin 5 
equals zero, +VO must equall~Vol. 

For the configuration shown in Figure 33, the level 
shift amplifier in the MC1569 is employed to generate an 
auxiliary +5-volt supply which is boosted to a 2-ampere 
capability by 91 and Q2. (The +5-volt supply, as shown, 

• 
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is not short-circuit protected.) The -IS-volt supply 
varies less than 0.1 mV over a zero to -300 mAdc current 
range and the + IS.volt supply tracks tlUs variation. The 
+lS-volt supply varies 20 mVover the zero to +300 mAdc 
load current· range. The +S-volt supply varies less than 
S m V -for 0 ,.;;; I L ,.;;; 200 rnA with the other two voltages re
maining unchanged. See page 19 for additional information. 

SHUTDOWN TECHNIQUES 

Pin 2 of the MCIS69 is provided for the express pur
pose of shutting the regulator "OFF". Referring to the 
schematic, it can be seen that pin 2 goes to the base of an 
NPN transistor;' which, . if turned "ON", will turn the 
zener "OFF" and deny current to all the biasing current 
sources. This action causes the output to go to essentially 

zero volts and the only current drawn by the IC regulator 
will be the small start current through the 60-k-ohm start 
resistor (Vin/60 kQ). This feature provides additional 
versatility in the applications of the MClS69.' Various sub
systems may be placed in a "standby" mode to conserve 
power until actually needed. Or the power may be turned 
"OFF" in response to other occurrences such as over
heating, over-voltage, shorted outPl1t, etc. 

To activate shutdown, one simply applies a potential 
greater than two diode drops with a current capability of 
1 rnA. Note that if a hard supply (i.e., +3 V) is applied 
directly to pin 2, the shutdown circuitry will be destroyed 
since there is no inherent current limiting. Maximum 
rating for the drive current into pin 2 is 10 rnA, while 
I rnA is adequate for shutdown. 

FIGURE 33 - A ±15 Vdc COMPLEMENTARY TRACKING REGULATOR WITH AUXILIARY +5.0 V SUPPLY 

.3 
+20 Vdc .... ---.------~I__--o__I 

2N3055 
OR EQUIV 

02 
Vo = +5 V .... -+--4<-:--

12 k 

6.8 k 

RS = 1.B 

RB = 6.8 k 

Cc = 0.001 IIF 

-20 Vdc _-tI__J\I\('y--..... --------o--I 

MC1569R 
. MC1469R 

POSITIVE REGULATOR 

CASE 

O.lI1F 

CASE 

MC1563R 
MC1463R 

NEGATIVE REGULATOR 
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Rsc = 1.5 
(10+",,400 rnA MAX) 

~:>---"""---'VV'Ir--__ ~I__---4t-__e Vo = + 15 Vdc 

2N706 
(2N5223) 
OR EQUIV 

O.OOlI1F 

MZ4625 
OR EOUIV 

5.1 V 

620 

3k 

3k 

+Vo = I-Vo I '" 
RA(kn) +7 

2 

H:>--..... -----.-.-~ ..... __eVO = -15 Vdc 

(10-",,400 rnA-MAX) 
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FIGURE 34 - ELE.CTRONIC SHUT-DOWN USING A MDTL GAtE 

(DUAL MOll GATE) 

The MC1469 is "Shut-Down" when any 
of the Logic Inputsare at the "0" Level. 

+VO 

5.0 V 

+ 
LOI'F :J;; 

FIGURE 35 - AUTOMATIC LATCH INTO SHUT-DOWN III.'HEN 
OUTPUT IS SHORT-CIRCUITED WITH MANUAL RE-8TART 

+Vin (+15 V) 
11k 

(Normally "ON") -= 

Rsc +Vo 
r-::~I/VI,-.....,"" (+10 V) 

5.1 k 

~--... + Co I LOI'F 

'C1 is used to allow automatic 
"START·UP" when Vin is 
first applied. 

FIGURE 36 - VOLTAGE BOOSTING CIRCUIT 

Vin(1) = 
110 Vdc 

O.1I'F 

':' 

Va = 100 Vdc 

68 k 

100l'F 
150 V 

25 k 

20k 
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Figure 34 shows how the regulator can be controlled 
by a logic gate. Here, it is assumed that the regulator 
operates in its-normal mode - as a positive regulator 
referenced to ground - and that the logic gate is of the 
saturating type, operating from a positive supply to 
ground. The high logic level should be greater than about 
1.5 V and should source no more than lOrnA into pin 2. 

The gate shown is of the MDTL type. MRTL and 
MTTL can also be used as long as the drive current is 
within safe limits (this is important when using MTTL, 
where the output stage uses an activepulJ-up). 

In some cases a regulator can be designed which can 
handle the power dissipation resulting from normal opera- • 
tion but cannot safely dissipate the power. resulting from a • 
sustained short-circuit. The circuit of Figure.35 solves 
this problem by shutting down the regulator when the 
output is short-circuited. 

VOLTAGE BOOSTING 

The MC1569 has a maximum output voltage capability 
of 37 volts which covers the .bulk of the user requirements. 
However, it is possible to obtain higher output voltages. 
One such voltage boosting circuit is shown in Figure 36. 

Since high voltage NPN silicon devices are readily 
available, the only problem is the voltage limitations of the 
MC1569. This can be overcome by using voltage shift 
techniques to limit the voltage to 35 volts across the 
MC 1569 while referencing to a higher output voltage. 

The zener diode in the base lead of the NPN device is 
used to shift the output voltage of tl}e MC1569 by ap
proximately 75 volts to the desired high voltage level, in 
this case 100 volts. Another voltage shift is accomplished 
by the resistor divider on the output to accommodate the 
required 25 volt reference to the MC1569. The 2 k!"2 
resistor is used to bias the zener diode so the current 
through the 4.7 k!"2 resistor can be controlled by the 
MC1569. The 1N4001 diode protects the MC1569 from 
supplying load current under short circuit conditions and 
Q2 serves to limit base current to Ql. For Rsc as shown, 
the short circuit current will be apprOximately 100 rnA. 

In order to use a single supply voltage, Vin(2) can be 
derived from Vin(1) with a zener dio~e, shunt pre
regulator. 

I t can be seen that loop gain has been reduced by the 
resistor divider and hence the closed loop b~ndwidth will 
be less. This of course will result in a more stable system, 
but regulator performance is. degraded to some degree. 

REMOTE SENSING 

The MC1569 offers a remote sensing capability. This 
is important when the load is remote from the regulator, 
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as the resistance of the interconnecting lines (VO and 
GND) are added directly to the output impedance orthe 
regulator. By remote sensing, this resistance is included 
inside the control loop of the regulator and is essentially 
eliminated. Figure 37 shows how remote sensing is accom
plished using both a separate sense line from pin 8 and a 
separate ground line from the regulator to the remote 
load. 

AN ADJUSTABLE ZERO·TEMPERATURE· 
COEFFICIENT (O·TC) VOLTAGE 
REFERENCE SOURCE. 

The MC1569, when used in conjunction with low TC 
resistors, makes an excellent reference-voltage genera
tor. If the 3.5 volt reference voltage of the IC regulator is 
a satisfactory value, then pins 8 and 9 can be tied together 
and no resistors are needed. This will provide a voltage 

FIGURE 37 - REMOTE SENSING CIRCUIT 

reference having a typical· temperature coefficient of 
O.002%/oC. By adding two resistors, RI and R2, any 
voltage between 3.5 Vdc and 37 Vdc can be obtained 
with the same low TC (see Figure 38). 

THERMAL SHUTDOWN 

By setting a fixed voltage at pin 2, the MC 1569 chip 
can be protected against excessive junction temperatures 
caused by power dissipation in the IC regulator. This is 
based on the negative temperature coefficient of the base
emitter junction of the shutdown transistor and the diode 
in series with pin 2 (-3.4 x IO-3V/°C). By setting 1.0 
Vdc externally at pin 2, the regulator will shutdown when 
the chip temperature reaches approximately + 1400 C. Fig
ure 39 shows a circuit that uses a zero-TC zener diode and 
a resistive divider to obtain this voltage. 

FIGURE 38 - AN ADJUSTABLE "ZERO-TC" VOLTAGE SOURCE 

+Vin __ --~::>_-l 

(+10 Vdc) 

O.lI'F I 

MC1469G 

10 

IL' 4mA Max 

~>-_-__ +Vz 

R 1 (+4.0 Vdc) 

1.0 k 

6.8k 
R2 

FIGURE 39 - JUNCTION TEMPERATURE LIMITING SHUTDOWN CIRCUIT 

FIGURE 39A - USING A ZERO TC REFERENCE FIGURE 39B - USING A T A REFERENCE 

+Vin (15 V) 

+5.1 V 

lN3826 
OR EQUIV 

1.5 k Rl 

2.0 k R2 

+1.0 V 
510 

Vpin 2 (for shutdown) "" 1.38 - 3.4 X 10-3 {TJ - 250 C) 

+Vin (15 V) 
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2.0:A 6.8 k 

+1.0 V 

560 

820 

Rsc +VO. 
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+Vin 

FIGURE 40 - THERMAL SHUTDOWN WHEN USING 
EXTERNAL PASS TRANSISTORS 

10 k 

~~ ______________________ ~~~~~~+VO 
(+20 V) 

In the case where an external pass transistor is em
ployed, its temperature, rather than that of the IC regu
lator, requires control. A technique similar to the one just 
discussed can be used by directly monitoring the case 
temperature of the pass transistor as is indicated in Fig
ure 40. The case of the normally "OFF" thermal moni
toring transistor, Q2, should be in thermal contact with, 
but electrically isolated from, the case of the boost tran-
sistor, Ql. . . 

THERMAL CONSIDERATIONS 
Monolithic voltage regu!ators are subjected to internal 

heating similar to a power transistor. Since the degree of 
internal heating is a function of the specific application, 
the designer must use caution not to exceed the specified 
maximum junction temperature (+150°C): Exceeding 
this limit will reduce reliability at an exponential rate. 
Good heatsinking not only reduces the junction tempera
ture for a given power dissipation; it also tends to improve 
the dc stability of the output voltage by reducing the 
junction temperature change resulting from a change in the 
power dissipation of the lC regulator. By using the de
rating factors or thermal resistance values given in the 
Maximum Ratings Table of this data sheet, junction tem
perature can be computed· for any given application in 
the sam~ manner as for a power transistor*. A short
circuit on the output terminal can produce a "worst-case" 
thermal condition especially if the maximum input voltage 
is applied simultaneously with the maximum value of 
short-circuit load current. Care should be taken not to 

*For more qetailed information of methods used to com
pute junction temperature, see Motorola Application 
Note AN-226, Measurement of Thermal Properties of 
Semiconductors. 

FIGURE 41 - DC SAFE OPERATING 
AREA 

0.7 ....---...---r--.--r--r-.----.-----,r---.,---,--r-----, 

0.6 I-----l--+--+-++-+--i--t--t--,.\+-+---l 
0.51---+---t-+-+++-+----1r---t-~-t____l 

0.4 1-------THERMAl LIMITATION (Tc = 25°C) ~i----
---- SECONDARY BREAKDOWN LIMITATION 

jjJ 1---, ..... -[ BONDING WIRE LIMITATION f--
~ 0.3 

~ TJ',;;: 150°C I''''~ 1\ 
5? 0.21---+-_t-~++-+'~ ."t--+---t---+-+-\:\-----i 

" 

Vin - Vo (VOLTS) 

exceed the maximum Junction temperature rating during 
this fault condition and, in addition, the de safe operating 
arealimit (see Figure 41). 

Thermal characteristics for a voltage regulator are use
ful in predicting performance since dc load and line 
regulation are affected by changes in junction temperature. 
These temperature changes can result from either a change 
in the ambient temperature, TA, or a change in the power 
dissipated in the IC regulator. The effects of ambient tem
perature change on the dc output voltage can be esti
mated from the "Temperature Coefficient of Output 
Voltage" characteristic parameter shown as ±0.OO2%/oC, 
typical. Power dissipation is typically changed in the IC 
regulator by varying the dc load current. To estimate the 
dc change in output voltage due to a change in the dc load 
current, three effects must be considered: 

1. junction temperature change due to the change in 
the power dissipation 

2. output voltage decrease due to the finite output 
impedance of the control amplifier 

3. thermal gradient on the IC chip. 

A temperature . differential does exist across a power IC 
chip and can cause a dc shift in the outpu t voltage. A 
"gradient' coefficient," GCVO, can be used to describe this 
effect and is typically -0.06%/watt for the MCI569,. For 
an example of the relative magnitudes of these effects, 
consider the following conditions: . 

Given MC1569 

with Yin = 10 Vdc 

yO::;: 5 Vdc 
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and IL = 100 mA to 200 rnA 

(AIL = 100 mA) 

TO-66 Case with heatsink 

assume 0CS = 0.20 C/W 

0JC = 7.lSoC/W (from maximum ratings 
table) 

It is desired to find the b.VO whiCh results from this b.IL. 
Each of the three previously stated effects on Vo can now 
be separately considered. 

1. b. Vo due to b.TJ 

b.Vo = (VO)(b.PD)(TCVO)(OJC+ (JCS + gSA) 
OR 

2. b.VO due to Zo 

Ib.VOI = (-zo)(IL) 

Ib.VOI = -(2 x/lO -2)(10- 1) = -2 mV 

3. b.VO due to gradient coeffi,cient, GCVO 

-ILWOI = (GCVO)(VO)(b.PD) 

I~VOI= (-6 x 10-4/W)(S volts)(S x lO-IW) 

Ib.VOI = -1.6 mV 

Therefore the total b. Vo is given by 

Ib.Vo totall = ±O.S - 2.0 -1.6 mV 

OR 

-4.1 mV ~ IVo total I ~ - 3.1 mV 

b.Vo = (SV)(S V x 0.IA)(±0.002%tC)(9.3SoC/W) Other operating conditions may be substituted and com
imted in a similar manner to evaluate the relative effects 

bNO ~ ±O.S mV ' of the parameters. 

TYPICAL PRINTED CIRCUIT BOARD LAYOUT 

2" 
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01 

02 

HS 

PIN2 Vin 

'Cj not shown 

FIGURE 42 - LOCATION OF COMPONENTS 

FIGURE 43 - CIRCUIT SCHEMATIC FOR PRINTED CIRCUIT BOARD (Pg. 17) 
3.5 V~VO~37 V, 1 mA~ IL ~500 mA 

+Vin ---.... ------0---1 
I 
I 

O.01IlF ~ *C,' , I 
I 
I 

~ 

R1 

*Ci - May be require~ if long input leads are used. 

Q1 
MC1569R 
MC1469R 

CASE 

Select R1 to give desired VO: R1 '" (2 Vo -7) kn 
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PARTS LIST 

Component Value Description 

R1 Select 1/4 or 1/2 watt carbon 
R2 6.8~ 

*RA Sele~t IRC Model X·201 Mallory Model MTC-1 
or equivalent 

Rsc Select ~. 1/2 watt carbon 

*RL Select For minimum current of 1 mAde 

Co 1.0fJ.F Sprague 1500 Series, Qickson 0 10C series 
or equivalent . 

CN 0.1 ~F I Ceramic Disc - Central.ab OOA 104, 
CC O.O{>1fJ.F Sprague TG-P10, or equivalent 
*Ci 0.01 fJ.F 

01 MC1569R or MC1469R 
02 21\1522~, 2N7Q6, or equivalent 

!'HS - Heatsink TherlTlalloy #61688 

*Socket (Not Shown) Robinson Nugent #0001306 
Electronic Molding Con>. #6341-210-1, 

6348-188-1,63497188:1 

PC Board - Circuit Dot, Inc. #PP 113 

*Optional 
1155 W. 23rd ~t., Tllmpe, Ariz. 85281 

'. 

LATCH·UP 
Latch-up of these and other regulators can occur if: 

1. There are plus and minus voltages available 
2. A load exists between VO+ and VO- (This "common load" may be something inconspicuous 

- e.g. an operationill amplifier. Nearly everyone who uses + ;;Ind - voltages will have a 
common load from VCC to Vee.) 

3. Vin + and Vin - are not applied at the same time. 

The above conditions result in one of the two outputs becoming reverse-biased which prevents the 
regulator from turning ON . Latch-up can be prevented by the circuit configurations shQwn in 
Figures 44 and 45. 

FIGURE -44 
Rsc Vo+ 

Rl 

Vo 

Note: This configuration increases minimum 
input-output differential voltage by:::: O.7V. 

FIGURE - 45 
Rsc Vo+ 

4-62 



MONOLITHIC VOLTAGE REGULATOR 

The MCl723 is a positive or negative voltage regulator designed 
to deliver load current to 150 mAdc. Output current capability can 
be increased to several amperes through use of one or more external 
pass transistors. MCl723 is specified for operation over the military 
temperature range (-550 C to + 125°C) and the MC 1723C over the 
commercial temperature range (0 to +700 C) 

• Output Voltage Adjustable from 2 Vde to 37 Vde 

• Output Curren~ to 150 mAde Without External Pass Transistors 

• 0.01% L.ine and 0.03% Load Regulation 

• Adjustable Short-Circuit Protection 

FIGURE 1 - CIRCUIT SCHEMATIC 

Vee Ve 
(1218 71111 

r-~----~--~~--~----~----~-----1 

1614 VIOl (513 
NON·INVERTING 

INPUT 

6.2 V 

IOI2)CURRENT J----o
UMIT 

L-____ ---,-o CURRENT 

'13ISENSE 

INVERTING 
INPUT 

PIN NUMBERS AOJACENT TO TERMINALS ARE FOR THE METAL PACKAGE 
PIN NUMBERS IN PARENTHESIS ARE FOR DUAlIN·lINE PACKAGES. 

MC1723 
MC1723C 

VOLTAGE REGULATOR 

SILICON 
MONOLITHIC 

INTEGRATED CIRCUIT 

_.' .•....• ('.P·-:~:;f~;:::1 
PLASTIC PACKAGE 

CASE 646 

(bottom view) ~o. 0 . 

G SUFFIX °0 1 

METAL PACKAGE 2 

CASE 603C 
(TO-l00 Type) 

ORDERING INFQRMATION 

Device Alternate 

MC1723CG LM123CH.I'A723HC 

MC1723CL LM723CD.I'A723DC 

14 

CJ 
LSUFFIX 

CERAMIC PACKAGE 
CASE 632 
(TO-116) 

TemPerature 
Range Package 

Metal Can 

Ceramic DIP 

MC172:!CP L!V'723CN,I'A723PC oOC to +700C Plast;c DIP 

MC1123G -55°C to +1250 C Metal Can 

MC1723L -55°C to +1250 C Ceramic DIP 

FIGURE 2 - TYPICAL CIRCUIT CONNECTION FIGURE 3 - TYPICAL NPN CURRENT BOOST CONNECTION 

(7< VO<37) 
S(10} RSC (12) 8 

Vin .......... -<I-~ 

R3 Rl 

100pF 

R2 Icr~ 

- (Rl' R2) 
VO"'7 112 ISC: Vsense : ~ atT;: .:oc 

RSC RSC 

For best results 10 k < R2 < 100 k 
For minimum drift R3 = Rl11R2 
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Rse =0.33 .---------.."..=-:-tI:.:lr-_""' ...... _ VO=+15 We 
It =-2 AdcmaK 

Vin = 20 Vdc -t--t--o--i 

12k 

10k 
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MAXIMUM RATINGS (T A .. +250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Pulse Voltage from VCC to Vee (50 ms) Vin(p) 50 Vpeak 

Continuous Voltage from VCC to VEE Vin 40 Vdc 

Input-Output voftage Differ.ential Vin - Vo 40 Vdc 

Maximum Output Current IL 150 mAdc 

Current from V ref Iref 15 mAde 

Current from Vz Iz 25 mA 

Voltage Between Non-Inverting Input and VEE Vie 8.0 Vdc 

Differential Input Voltage Vid ±5.0 Vdc 

Power Dissipation and Thermal Characteristics 
Plastic Package 

TA = +250 C Po 1.25 W 
Derate above T A = +250 C l/(JJA 10 mW/oC 
Thermal Resistance, Junction to Air (JJA 100 °C/W 

Metal Package 
TA = +250 C Po 1.0 Watt 

Derate above T A = +250 C l/(JJA 6.6 mW/oC 
Thermal Resistance, Junction to Air (JJA 150 °C/W 

TC = +250 C Po 2.1 Watts 
Derate above T A = +250 C l/(JJA 14 mW/oC 
Thermal Resistance, Junction to Case (JJC 35 °C/W 

Dual In·Line Ceramic Package Po 1.5 Watt 
Derate above T A = +250 C l/(JJA 10 mW/oC 
Thermal Resistance, Junction to Air (JJA 100 °C/W 

Qperating and Storage Junction Temperature Range TJ, Tstg °c 
Metal Package -65 to +150 
Dual In·Line Ceramic and Ceramic Flat Packages -65 to +175 

Qperating Ambient Temperature Range TA °c 
MC1723C o to +70 
MC1723 -55 to +125 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted: T A = +250 C, Vin 12 Vdc, Vo = 5.0 Vdc, I L = 1.0 mAde, RSC = 0, 
C1 = 100 pF, Cref = 0 and divider impedance as seen by the error amp~fier ~ 10 kn connected as shown in Figure 1) 

Characteristic 

I nput Voltage Range 

Output Voltage Range 

I nput-Output Voltage Differential 

Reference Voltage 

Standby Current Drain (I L= 0, Yin = 30 V) 

Output Noise Voltage (f = 100 Hz to 10kHz) 
, Cref=O 

Cref = 5.0 /LF 

Average Temperat(f) Coefficient of Output 
Voltage (Tlow 1 <T A <Thigh @) 

Line Regulation 

(T = +250 C) t2 V <Vin<15 V 
A 12 V<Vin<40 V 

(Tlow <D<TA <Thigh (V) , 
12V<Vin<15V 

Load Regulation (1.0mA<l L <50 mAl 

TA = (f)50C 
Tlow 1 <T A <Thigh @ 

Ripple Rejection (f - 50 Hzto 10 kHz) 
Cref = 0 
Cref = 5.0 /LF 

Short Circuit Current Limit IRSC = 10 n, 
Vo =0) 

Long Term Stability 

(!)TIOW = OOC for MC1723C 
= -55°C for MC1723 

MC1723 

Symbol Min Typ Max 

Vin 9.5 - 40 

Vo 2.0 - 37 

Yin-YO 3.0 -, 38 

Vref 6.95 7.15 7.35 

liB - 2.3 3.5 

VN 
- 20 -
- 2.5 -

TCVO - 0.002 0.015 

Regin 
- 0.01 0.1 

- 0,02 0.2 

- - 0.3 

Regload 
- 0.03 0.15 
- - 0.6 

RejR 
- 74 -
- 86 -

ISC - 65 -

C:.VO/C:.t - 0.1 -

@ThiQh= +700 C for MC1723C 
= +12SoC for MC1723 

4·64 

MC1723C 

Min Typ Max Unit 

9.5 - 40 Vdc 

2.0 - 37 Vdc 

3.0 - 38 Vdc 

6.80 7.15 7.50 ,Vdc 

- 2.3 4.0 mAdc 

/LV(RMS) 
- 20 -
- 2.5 -
- 0.003 0.015 %jOC 

%VO 
- 0.01 0.1 
- 0.1 '0.5 

- - 0.3 

%VO 
- 0.03 0.2 
- - 0.6 

dB 
- 74 -
- 86 -
- 65 - mAdc 

- 0.1 - %/1000 Hr 
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TYPICAL CHARACTERISTICS 

(Vin = 12 Vde, Va = 5.0Vde, IL = 1.0 mAde, RSC = 0, TA = +250 C unless.otherwise noted.) 

FIGURE 4 - MAXIMUM LOAD CURRENT AS A FUNCTION 
OF INPUT·OUTPUT VOLTAGE DIFFERENTIAL 
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FIGURE 6 - LOAD REGULATION CHARACTERISTICS 
WITH CURRENT LIMITING 
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FIGURE 8 - CURRENT LIMITING CHARACTERISTICS 
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FIGURE 5 - LOAD REGULATION CHARACTERISTICS 
WITHOUT CURRENT LIMITING 
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MC1723, MC1723C 

TYPICAL CHARACTERISTICS (continued) 
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FI(;URE 10 - LINE REGULATION AS A FUNCTION 
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MC1723, MC1723C 

TYPICAL APPLICATIONS 

Pin numbers adjacent to terminals are for the metal I package; 
pin numbers in parenthesis are for the dual in-line packages. 

FIGURE 16 - TYPICAL CONNECTION FOR 2 < Vo < 7 FIGURE 17 - MCl723,C FOLOBACK CONNECTION 

(12) 8 ~~6~(_10~)~~R~SC~-. __ VO 
+Vin .... -->-~ 

(6) 4 
MC1723 

(MC1723C) 1(3) 

2(4) 

9(13) 

IIOOOPF 

For best results 10 k < Rl + R2 < 100 k. 
For minimum drift R3 = Rli1R2. 

R3 

FIGURE 18 - +5 V, 1·AMPERE SWITCHING REGULATOR 
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FIGURE 20 - +15 V. '·AMPERE REGULATOR 
WITH REMOTE SENSE 
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FIGURE 19 - +5 V,l·AMPERE HIGH 
E HICI ENCY REGULATOR 
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MC1723, MC1723C 

TYPICAL APPLICATIONS (contin~ed) 

FIGURE 22 - +12 V, 1-AMPERE REGULATOR 

USING PNP CURRENT BOOST 

2N3791 
or Equiv 

.... --------__ """""'NV-.-_VO =+12 V 
0.33 

100 
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THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

TJ(max) -TA 
PDn A) = ROJA(Typ) ~ VIiS - Vo 10 

Where: PD(T A) = Power Dissipation allowable at a given 

operating ambient temperature_ 

TJ(max) = Maximum Operating JunctionTemperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature ' -

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient -

IS = Total Supply Current 



Advance InforIllation 

SWITCHMODE REGULATOR CONTROL CIRCUIT 

The MC3520/3420 is an inverter control unit which provides all the 
control circuitry for PWM push-pull, bridge and series type switch
mode power supplies. 

These devices are designed to supply the pulse width modulated 
drive to the base of two external power transistors. Other applica
tions where these devices can be used are in transformerless voltage 
doublers, transformer coupled dc to dc converters and other power 
control functions. 

The MC3520 is specified over the military operating range of _55°C 
to +125°C. The MC3420 is specified from O°C to +70°C. 

• Includes 100 kHz Symmetrical Oscillator 

• On Chip Pulse Width Modulator, Voltage Reference, 

Dead Time Comparator, and Phase Splitter 

• Output Frequency Adjustable (2 kHz to 100 kHz) 

• Inhibit and Symmetry Correction Inputs Available 

• Controlled Start-Up 

• Frequency and Dead Time are Independently Adjustable 
(0% to 100%) 

• Can be Slaved to Other MC3420's 

• Open Collector Outputs 

• Output Capability 50 mA (Max.) 

• On Chip Protection Against Double Pulsing of Same Output 
During Load Transient Condition 

FIGURE 1-TYPICAL APPLICATION 

il~r~~h-: 
I Current i 
: Delav r-
I Circuit I I ______ J 

15 

9~ 

i f<~' ;1= ~2-0-k-
I I .... 1 I 
: 1- _____ I 

+10 to 30 V 

11 

}

to 
Base 
Drive 
Circuit 

to Isense 
VR 
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MC3420 
MC3520 

SWITCHMODE REGULATOR 
CONTROL CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

Dead Time 
Adjust 

, PIN CONNECTIONS Output 2 
Inhibit/ 

Symmetry 
Correction 
Input 

Inhibit 

Osc. 
OutPut 

OutPut 2 

Ground 

Output 1 

VCC 

ORDERING INFORMATION 

DEVICE TEMPERATURE PACKAGE 
RANGE 

MC3420P o to +70
o

C Plastic DIP 

MC3420L o to +70vC Ceramic DIP 

MC3520L -55 to +125°C Ceramic DIP 
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MC3420, MC3520 

ELECTRICAL CHARACTERISTICS (Vcc = 15 V, TA = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Supply Voltage VCC 10 - 30 V 

Supply Current ICC - - 16 rnA 

Output Frequency Range fo 2.0 - 100 kHz 
Frequency Stability -- - 4.0 - % 

(T A = Thigh to Tlow, 10<VCC<30 V) 

Voltage Reference Vref - 7.9 - V 

Temperature Coefficient of Voltage Reference TCVref - 0.006 0.02 %fC 
(lref = 400/-lA) 

Output Voltage 
VOL (lOL = +40mA) - - 0.5 V 

(lOL = +25 mAl - - 0.3 

Output Blocking Voltage - - - 40 V 

Oscillator Output Voltage Vosc - - 0.5 V 
(I0L = +5 mAl 

Temperature Coefficient of Dead Time TCDT - 0.15 - %fC 

Inhibit IlL -- - - -0.2 mA 
(VIL = O.7.V) 

Inhibit IIH -- - - 40 /.LA 
(VIH = 2.4V) 

Minimum Dead Time - 0 - - J.l 

° Tlow =-55 C for MC3520 
0° C for MC3420 

° Thigh = +125 C for MC3520 
+70o C for MC3420 

FIGURE 2-EQUIVALENT CIRCUIT 

Dead 
Time 

Adjust 

Ramp 
Out 

8 

9 2 3 
Vref Rext Cext F/F 

Out 

GENERAL INFORMATION 

Vcontrol 

Dead 

Ground 

The internal block diagram of the MC3420 is shown in 
Figure 2, and consists of the following sections: 

Voltage Reference 

A stable reference voltage is generated by the MC3420 
primarily for internal use. However, it is also available 
externally at. Pin 9 (V ref) for use in setting the dead 
time (Pin 7) and for use as a reference for the external 
control loop error amplifiers. 

PWM 
Out 

4 

Oscillator 

Inhibit 

Ramp Generator 

Vec 

16 Symmetry 
Correction 
Input/Output 2 Inhibit 

The ramp generator section produces a symmetrical 
triangular waveform ramping between 2.0 y and 6.0 V, 
with frequency determined by an external resistor (Rext) 
and capacitor (Cext) tied from Pins 1 and 2, respectively, 
to ground. 

PWM Comparator 

The output of the ramp generator at pin 8 is normally 
connected to Pin 5, RAMP IN. The PWM (pulse width 
modulation) comparator compares the voltage at Pin 6 

'--______ @ MO'TOROLA Se ... iconductor Product.s Inc. 
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MC3420, MC3520 

(V controil to the ranip. generator output. The level of 
V control determines the outputs' pulse width or duty 
cycle. The duty cycle of each output can vary, exclu
sive of dead time, from 50% (when V control is at 
approximately 2.0 V) to 0% (Vcontrol approximately 
6.0 V). 

Dead -rime Comparator 

An additional comparator has been included in MC3420 
to allciw independent adjustment of system dead time or 
maximum duty cycle. By dividing down Vref at Pin 9 
with a resistive divider or potentiometer, and applying 
this voltage to Pin 7, a stable dead time is obtained for 
prevention of inverter switching transistor cross conduc
tion at high duty cycles due to storage time delays. 

Phase Splitter 

A phase splitter is included to obtain two 1800 out of 
phase outputs for use in multiple transistor inverter 
systems. It consists of a toggle flip-flop whose clock 
signal is derived by "ANDing" the output of the PWM 
comparator and a signal from the ramp generator section. 
Thi~ '~AND" gate ensures that the outputs truly alternate 
under control loop transient conditions. Better under
standing of this feature and MC3420 operation may be 
gained by studying the circuit waveforms, shown in 
Figure 3. 

FIGURE 3 - INTERNAL WAVEFORMS 

Voltage at 
V Controll'-_____ ~ 

~~!:~i;: .-J 
Adjust 

• High Level Corresponds to 
Output Transistor 
Saturation 

Prevention of "Double· 
Pulsed" Outputs During 
Transient Conditions 
By Use· of AND Gate 
At F/F Clock Input 
(Transient Output Load) 

Ramp In. Ramp Out Tied Together (Pins 8 8. 5) 
PWM Out, Output 2 Inhibit Tied Together (Pins4 & 16) 

Max. Duty Cycle 
(Limited Bv 
Dead Time Setting) 
(Low Input 
Voltage and/or 
Heavy Output Load) 

® MOTOROLA Se,..i.conductor Products Inc. _______ .....J 

4-71 

• 



• 

MC3420, MC3520 

Outputs 

The outputs of the MC3420 are open collector transistors 
capable of sinking up to 50 mA and blocking up to 40 
V. They may be wire·ORed for operation in single transis
tor inverter systems. 

Symmetry Correction Input 

In some PWM inverter/converterconfigurations it may 
be desirable that one output's duty cycle be controlled 
independently of the other's for implementation of a 
system symmetry correcting control loop. I n these cases, 
independent control of output 2 (Pin 13) pulse width 
may be obtained by using the symmetry correction 
input (Pin 16). ' 
Normally, Pin 16 is connected to Pin 4 (PWM OUT) and 
output 2's duty cycle is controlled by the PWM com
parator, as is output 1's duty cycle, However, by not 

making this connection and driving Pin 16 externally, 
independent control of output 2's duty cycle from 0% 
to 50% (exclusive of dead time) can be obtained. Output 
2 will be on (saturated) during its allowable conduction 
period if Pin 16 is at or above 2.4 V and will turn off 
when Pin 16 is at 0.7 V or less (TTL compatible). 

Inhibit 

An inhibit function is also in<;luded in the MC3420, 
When Pin 15 is held at 0.7 V or less, both outputs of the 
MC3420 are forced off (non-conducting). In addition, 
this inhibit function disables an open-collector output, 
OSCILLATOR OUTPUT (Pin 14). This output normally 
switches at the same frequency as Output 1 with a con
stant 50% duty cycle, and- can be used to implement 
various system features such as inrush current limiting 
('see Applications I nformation section). 

APPLICATIONS INFORMATION 

The Voltage Reference 

The temperature coefficient of Vref has been optimized 
for a 400 jJ.A (===20 krl) load. Different loadings of Pin 9 
will result in decreased temperature stability, If increased 
current capability is required, an op amp buffer may be 
used, as shown in Figure 4, to prevent a decrease in V ref's 
temperature stability. 

( 
) 

! 
I 

V ret 

Output Frequency 

FIGURE 4 

The values of Rext and Cext for a given output frequency, 
fo, can be found from: 

FIGURE 5 

10 k 20 k 100 k 
fa' OUTPUT FREQUENCY (Hz) 

fo ===R °C·55 ; 5.0 krl ~ Rext ~ 20 kQ 
ext ext 

or from the graph shown in Figure 5. 

Note that fo refers to the frequency of Output 1 (pin 
11) or Output 2 (Pin 13). The frequency of the ramp 
generator output waveform at Pin 8 will be twice fo. 

Dead Time 

Figure 6 illustrates how to set or adjust the MC3420 
outputs' dead time or maximum duty cycle; For mini
mum dead time drift with temperature or supply voltage, 
VO.T. should be derived from Vref as shown. 

/" 

) 

Vret 

Dead Time 
Adjust 

I 

FIGURE 6 

- Dead Time"" .!..(·JD.T.-2) 
~ ~ 4 

7 • R· where fo is the output 
:;, • 20 kS1 frequency 

/VO.T.-='=' 

·Total circuit resistance from Pin 9 to ground should be 
""20 kS1 for minimum drift 

Connections to the V control Pin 

In many systems, it is necessary to make multiple con
nections to the V control Pin in order to implement 
features in addition to voltage regulation such as current 
limiting, soft start, etc. These can be made by the use of 
a simple "diode-or" connection, as shown in Figure 7. 
This allows whichever control element is seeking the 
lowest PWM duty cycle to dominate. Note that a re
sistor, R1, whose value is ~ 50 krl is placed from·the 
Vcontrol Pin to grol.Jnd. This is necessary to provide a dc 
path for the PWM cqmparator input bias current under 
all conditions. 

Soft Start 

In most PWM switching supplies, a soft start feature is 
desired to prevent output voltage overshoots and magne-

@ MOTOROLA ,Selniconductor Products Inc. -----'-----" 
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MC3420, MC3520 

FIGURE 7 

IN414S's 

r--.,. ... -~ to soft start circuit 

+---o---:4~-I---j."-. to voltage control 
circuit 

R1 

Rl';;50k.!1 

tizing current imbalances in the power transformer 
primary. This feature forces the duty cycle of the 
switching elements to gradually increase from zero to 
their normal operating point during initial system power· 
up or after an inhibit. This feature can be easily imple· 
mented with the MC3420. One method is shown in 
Figure 8. 

FIGURE 8 

VCC 

15 
To Voltage 

& 
- - -} Current 

Control 
..,--- Loops 

04 01 _ 04: IN4148 

After an inhibit command or'during power·up, the volt· 
age on R 1 and Pin 6 exponentially decays from V CC 
toward ground with a time constant of R 1C 1, allowing a 
gradual increase in duty cycle. Diodes D2 - D4 provide 
a diode-or function at the V control Pin, while 01 serves 
to reset the timing capacitor, C 1, when an inhibit com· 
mand is received thereby reinitializing the soft·start 
feature. D1 allows C1 to reset when power (VCC) is 
turned off. 

Inrush Current Limiting 

Since many PWM switching supplies are operated directly 
off the rectified 110 Vac line with capacitive input 
filters, some means of preventing rectifier failure due to 
inrush surge currents is usually necessary. One method 
which can be used is shown in Figure 9. 
In this circuit, a series resistor, RS, is used to provide 
inrush surge current limiting. After the filter capacitor, 
C 1, is charged, 01 receives a trigger signal from the con
trol circu itry through T 1 and shorts RS out of the cir· 
cuit, eliminating its otherwise larger power dissipation. 
The trigger signal for 01 may be derived from either the 
oscillator output (pin 14) or one of the MC3420's out
puts. If the oscillator output is used, it will be necessary 

110 
Vac 

Rectifiers 

FIGURE 9 

01 

+}to power ~witching 
sectIon 

~----~~~ 

Cl 

to PfQvide a time delay on the inhibit pin to keep it low 
until the input filter capacitor, C1, has had time to' 
charge, whereas the initial portion of the soft start 
timing cycle can be used for this delay if this signal is 
derived from one of the output pins. However, using the 
Oscillator Output Pin does offer the advantage that its 
waveform has a constant 50% duty cycle, independent 
of the outputs' duty cycle which can simplify the design 
of a drive circu it for T 1. . 

Slaving 

I n some applications, as when one PWM inverter/con· 
verter is used to feed another, it may be desired that 
their frequencies be synchronized. This can be done 
with multiple MC3420s as shown in Figure 10. By 
omitting their Rext and Cext, up to two MC3420s may 
be slaved to a master MC3420. 

FIGURE 10 - SLAVING THE MC3420 

8~----o~------~~--, 

R ext 

5 

F/F 3 
Out 

Cext 

I 
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Advance InforDl.ation 

SOLID STATE CURRENT LIMITER 

I ntended to protect sensitive circuitry from excessive current flow, 
'this current limiter appears as a low impedance path with approxi
mately 4.5 V drop until a current level of 225 mA is reached. At this 
point, the unit goes into a constant current mode preventing an in
crease in load current and protecting the load. 

The high power dissipation in this mode causes the MC342~ die 
temperature to increase rapidly and when a temperature of about 
125°C is reached, the device lowers the series current to about 15 
mA to avoid destruction. The MC3422 will automatically reset itself 
to the normal operating mode when the fault condition is removed. 

• Limiting Current - 225 mA Typ 

• Thermal Shutdown 

• Two Leads 

• High Breakdown Voltage - 60 V Min 

Output 

Input 
+ 

Output 

FIGURE 1 - TYPICAL OPERATING AREA 

Current 
Limiting 

'Ll, I-
Operating, 

Fjegion 
Z " V' *~ Thermal Shutdown w 
a: 
a: 

I ::> IS c::::::='"I 0 

10m -- 1 ---Vo Vm 

APPLIED VOLTAGE 

+50 V 

Input 

~>----
r---C~-

FIGURE 2 - CIRCUIT TO ELIMINATE 
CONTACT BURNING 

DUE TO CONTACT BUNCHING 

This is advance information and specifications are subject to change without notice. 
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MC3422 

CURRENT LIMITER WITH 
THERMAL SHUTDOWN 

SIUCON MONOLITHIC 
INTEGRATED CIRCUIT 

TSUFFIX 
PLASTIC PACKAGE 

CASE 313 

PIN 1. INPUT 
2. OUTPUT 
3, N.C, 

Heatsink surface connected to Pin 3. 

R SUFFIX 
METAL PACKAGE 
CASE 80 
TO-66 

Output ~ 

Bottomv:~~~:~ 
,~)2se OutPut 

PIN 1 INPUT (Base) 
2 OUTPUT (Emitter) Input 
CASE. OUTPUT (+) 

TYPICAL CIRCUIT 
CONNECTION 

ORDERING INFORMATION 

Temperature 
Device Range 

MC3422T o to +70o C 

MC3422R o to +70o C 

Package 

Plastic Power 

Metal Power 



MC3422 

MAXIMUM RATINGS (TA = 25°C) 
Rating Symbol Value Unit 

Input Voltage VI 60 V 

Load Current IL Internally Limited -
Operating Ambient Temperature Range TA o to +70 C 

Operating Junction Temperature TJ Internally Limited -
Storage Temperature Range Tstg °c 

Plastic Package -65 to +150 
Metal Package -65 to +150 

THERMAL CHARACTERISTICS 
Characteristic Symbol Typical Unit 

Thermal "Resistance. Junction to Case ROJC °CIW 
Metal Package 7.0 
Plastic Package 5.0 

Thermal Resistance. Junction to "Ambient ROJA °CIW 
Metal Package 50 
Plastic Package 75 • ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Limiting Current IL mA 
(Vf =4.8 VI 150 225 -
(Vf = 15V) - 225 300 

Forward Voltage Drop Vf V 
ilL = 1.5 mAl 3.8 4.3 -
ilL =0.5 mAl - 4.3 4.5 

Output Resistance (Non-Limiting Mode) ro - 1.0 2.0 Ohms 
II L = 60 mA to 10 mAl 

Shutdown Current Is - 15 20 mA 
(Vf = 60 V) (After Thermal Shutdown) 

Maximum Applied Voltage Vm - - 60 V 

Tel1lperature Coefficient of Forward Voltage t1Vf/ t1T - ±1.0 - mVtC 
IIL=10mA) 

Temperature Coefficient of Limiting Current t1IL/f,T - 0.8' - mA/oC 

FIGURE 3 - LIMIT REED CONTACT 
PEAK CURRENT FIGURE 4 - LIMIT LINE LOOP CURRENTS 

T 
+ -

"Ci 
. 

Input Output Reed 
Current I Contact 
Limiter I '~V 1 ____ 1 + Output 

-= ...L. ..1.... IIr Current -
CO"1' "1' CD -50 V 

~ ~ 
Limiter 

R 
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4-75 



• 

MC7700C SERIES THREE-TERMINAL 
POSITIVE,VOLTAGE REGULATORS 

The MC7700C Series positive voltage regulators are identical to 
the popular MC7800C Series devices, except that they are specified 
for only half the output current. Like the MC7800C devices, the 
MC7700C three-terminal regulators are intended for local, on-card 
voltage regulation. 

I nternal current limiting, thermal shutdown circu itry and safe
area compensation for the internal pass transistor combine to make 
these devices remarkably rugged under most operating conditions. 
Maximum output current, with adequate heatsinking is 750 mAo 

• No External Components Required 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Packaged in the Plastic Case 313 and Case 79 
(TO-220 and Hermetic TO-39) 

REPRESENTATIVE SCHEMATIC DIAPRAM 

r---~----------~----------'---~~-+-------'~Input 

100 k 500 

H--------+-+-----.... -.-----'~_<l Output 

500 

L---~___'~-+--~~--~----~--~~------~----~Gnd 
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MC7700C 
series 

THREE-TERMINAL 
POSITIVE FIXED 

VOLTAGE REGULATORS 

G SUFFIX 
METAL PACKAGE 

CASE 79 
TO-39 

TSUFFIX 
PLASTIC PACKAGE 

CASE 313 
(TO-220 Type) 

Pin 1. Input 
2. Output 
3. Ground 

Case connected 
to Pin 3. 

Pin 1. Input 
2. Ground 
3, 9utput 

STANDARD APPLICATION 

Input~Output 
~.i~~ ~FLJ--.-TCO" 

3 

A common ground is required between the 
input and the output voltages, The input volt
age must remain typically 2,0 V above the out
put voltage -even during the low point on the 
input ripple voltage, 

XX = these two digits of the type number indi
cate voltage. 

* = Cin is required if regulator is located an 
appreciable distance from power supply 
filter. 

** = Co improves stability and transient re
sponse. 

ORDERING INFORMATION 

DEVICE TEMPERATURE RANGE PACKAGE 

MC77XXCG T J = 0° C to +ls69c Metal Can 

MC77XXCT T J = 0° Cto +lS00C Plastic Power 

XX indicates nominal :v-oltage 

TYPE NO./VOLtAGE 

MC7705C 
MC7706C 
MC7708C 
MC7712C 
MC7715C 
MC7718C 
MC7720C 
MC7724C 

5.0 Volts 
6.0 Volts 
8.0 Volts 
12 Volts 
15 Volts 
18 Vdlts 
20 V.olts 
24 Volts 



MC7700C Series 

MC7700C Series MAXIMUM RATINGS (T A = +250 C unless otherwise noted.) 

Rating 'Symbol Value 

Input Voltage (5.0 V - 18 V) VI 35 
(20 V - 24 V) 40 

Power Dissipation (Package Limitation) 
Plastic Package 

TA'~ 25°C Po I nternally Limited 

Derate above T A = 25°C ()JA 70 

TC = 25°C' , Po Internally Limited 
Derate above T C = 110°C ()JC 5.0 

Meta'i Package 
TA = 25°C Po Internally Limited 

Derate above T A = 25°C °JA 185 

TC = 25°C Po I nternally Limited 

Derate above T C = 85°C ()JC 25 

Operating Junction Temperature Range TJ o to +125 

Operating Ambient Temperature Ran~e TA o to +85 

Storage Temperature Range \ Tstg 
Plastic Package -65 to +150 

Metal Package -65 to +150 

MC7705C ELECTRICAL CHARACTERISTICS (VI = 10 V, 10 = 250 mA, OOC < TJ < +1250 C uniess otherwise noted.) 

Characteristic 

Output VOlt~ge (TJ = +250 C) 

Line Regulation 
(T J = +250 C, 10 = 50 mAl 
7.0 Vdc ~ VI ~ 25 Vdc 

,8.0 Vdc ~ VI ~ 12 Vdc 

(T J = +250 C, 10 = 250 mA) 

7.0 Vdc ~ VI ~ 25 Vdc 
8.0 Vdc ~ VI": 12 Vdc 

Load Regulation 
TJ '" +250 C, 5.0 mA 0:;;;10 0:;;;750 mA 
125 rnA"';;; 100:;;;375 mA 

Output Voltage 

(7.0 Vdc..: VI": 20 Vdc, 5.0 mA ~ 10 ~ 500 mA, P ~ Pmax*) 

Input Bias Current (TJ = +250 C) 

Input Bias Current Change 
7.0 Vdc ~ VI ~ 25 Vdc 

5.0 mA 0:;;;10 "';;;750 mA 

Output Noise Voltage (T A = +250 C, 10Hz 0:;;; f ".;;; 1 00 kHz) 

Long-Term Stability 

Ripple Rejection (10 = 20 mA, f = 120 Hz) 

Input-Output Voltage Differential 
10 = 500 rnA, TJ '" +250 C 

Output Resistance (10 = 250 mAl 

Short-Circuit Current Limit (T J = +250 C) 

Average Temperature Coefficient of Output Voltage 
10'" 5_0 mA, rl'c O:;;;TA 0:;;;+1250 C 

*Pmax = 7.5 W for Case 313 
Pmax = 5.0 W for Case 79 

Symbol 

Vo 

Regline 

Regload 

Vo 

liB 

~IIB 

VN 

~ VO/~t 

RR 

VI-VO 

ro 

ISC 

~VO/~T 

4-77 

Min Typ Max 

4,8 5.0 5.2 

- 7.0 50 
- 2.0 25 

- 35 100 
- 8.0 50 

- ,11 100 
- 4.0 50 

4.75 ,- 5.25 

- 4.3' 8.0 

- - 1.3 
- - 0.5 

- 40 -

- - 20 

- 70 -
- 2.0 -

- 30 -

- 375 -
- -1.0 -

Unit 

Vdc 

°C/W 

°C/W 

°C/W 

°C/W 

°c 

°c • °c 

Unit 

"dc 

mV 

mV 

rnV 

Vdc 

mA 

mA 

J.l.V 

mV/1.0 k Hrs 

dB 

Vdc 

mn 

mA 

mV/oC 
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MC7700C Series 

MC7706C ELECTRICAL CI1ARACTERISTICS (V, = 11 V, 10 = 250 rnA, oOC < TJ < +1250 C unless otherwise noted.) 

Characteristic Symbol Min Typ Max 

Output Voltage (T J = +250C) Vo 5.75 6.0 6.25 

Line Regulation Regline 
(TJ = +250 C, 10 = 50 rnA) 
8.0 Vdc .;; VI';; 25 Vdc - 9.0 60 

9.0 Vdc .;; VI .;; 13 Vdc - 3.0 30 

(TJ = +250 C, 10 = 250 rnA) 
8.0 Vdc .;; VI';; 25 Vdc - 43 120 

9.0 Vdc .;; VI .;; 13 Vdc - 10 60 

Load Regulation Regload 
T J = +250 C, 5.0 rnA .;;;; 10 .;;;; 750 rnA - 13 120 

125 rnA ';;;;10 ';;;;375 rnA - 5.0 60 

Output Voltage \ Vo 5.7 - 6.3 
8.0 Vdc';; VI';; 21 Vdc, 5.0 rnA.;; 10';; 500 rnA, P,';; Pmax 

.• 
Input Bias Current (TJ = +250 C) liB - 4.3 8.0 

Input Bias Current Change AIIB 
8.0 Vdc .;; VI .;; 25 Vdc - - 1.3 
5.0 rnA .;; 10 .;; 750 rnA - - 0.5 

Output Noise Voltage (TA = +250 C,. 10 Hz';;;;f';;;; lQO kHz) YN - 45 -

Long-Term Stability AVO/At - - 24 

Ripple Rejection (\O = 20 rnA, f = 120 Hz) RR - 65 -
Input-Output Voltage Differenlial VI-VO - 2.0 -

10 = 500 rnA, T J = +250 C 

Output Resistance (\O = 250 rnA) ro - 35 -
Sh~rt-Circuit Current Limit (T J = +250 C) ISC - 275 -

Average Temperature Coefficient of Output Voltage AVO/AT - -1.0 -

10,= 5.0 rnA, rPC ';;;;TA ';;;;+1250 C 

MC7708C ELECTRICAL CHARACTERISTICS iVI = 14 V, 10 = 250 rnA, OoC < TJ < +1250 C unless otherwise noted.) 

Characteristic 

Output Voltage (T J = +250 C) 

Line Regulation 
(TJ = +250 C, 10 = 50 rnA) 
10.5 Vdc .;; VI';; 25 Vdc 
l1Vdc,;;VI';;17Vdc 

(TJ = +250 C, 10 = 250 rnA) 

10.5 Vdc .;; VI .;; 25 Vdc 
11 Vdc .;; VI .;; 17 Vdc 

Load Regulation 
T J = +250 C, 5.0 rnA .;;;; 10 .;;;; 750 rnA 
125mA ';;;;10·';;;;375 rnA 

Qutput Voltage 
10.5 Vdc';; VI .;; 23 Vdc, S.p m~ .;; 10';; SOO rnA, P.;; Pmax* 

InputBias Current (TJ =t25OC) 

Input Bias Current Change 
10.5 Vdc';; VI';; 25 Vdc 

5.0 rnA ';;;;10 ';;;;750 rnA 

, Output Noise Voltage (T A = +2SoC,10 Hz ';;;;f .;;;; 100 kHz) 

Long-Term Stability 

Ripple Rejection 110= 20 rnA, f = 120 Hz) 

I nput-Output Voltage Differential 
10 = 500 rnA, T J= +250 C 

Output Resistance 110 = 2S0 rnA) 

Short-Circuit Current Limit (T J = +250 C) 

Average Temperature Coefficient of Output Voltage 
10 = 5.0 rnA, rPC';;;;T A ';;;;+1250 C 

*Pmax = 7.S W for Case 313 
Pmax = 5.0 W for Case 79 

Symbol 

Vo 

Regline 

Regload 

Vo 

liB 

AIIB 

VN 

AVO/At 

RR ' 

VI-VO 

ro 

ISC 

AVO/AT 

4-78 

Min Typ Max 

7.7 a.O 8.3 

- 12 80 
- 5.0 40 

- 50 160 
- 22 80 

- 26 16P 
- 9.0 80 

7.6 - 8.4 

- 4.3 8.0 

- - 1.0 
- - 9·S 

- 52 -

- - 32 

- 62 -
- 2.0 -

- 40 -
- 225 -

- -1.0 -

Unit 

Vdc 

mV 

mV 

mV 

Vdc 

rnA 

rnA 

J.LV 

mV/1.0k Hrs 

dB 

Vdc 

m!1 

rnA 

mV/oC 

Unit 

Vdc 

mV 

mV 

mV 

Vdc 

rnA 

rnA 

J.LV 

mV/1.0k Hrs 

dB 

Vdc 

m!1 

rnA 

mV/oC 



MC7700C Series 

MC7712C ELECTRICAL CHARACTERISTICS (VI = 19 V, 10 = 250 mA, ooc < TJ < +1250C unless otherwise noted.) 

Characteristic Symbol Min Typ Max 

Output Voltage (T J = +250 C) Vo 11.5 12 12.5 

Line Regulation Regline 
(T J = +250C, 10 = 50 mAl 
14.5 Vdc .;; VI .;; 30 Vdc - 13 120 

16Vdc,;;VI.;;22Vdc - 6.0 60 

(T J = +250C, 10 = 250 rnA) 
14.5 Vdc .;; VI .;; 30 Vdc - 55 240 

16Vdc,;;VI.;;22Vdc - 24 120 

Load Regulation Regload 
T J = +250C, 5.0 mA ~ 10 ~ 750 mA -- 46 240 

125 mA ~IO ~375 mA - 17 120 

Output Voltage Vo 11.4 - 12.6 

14.5 Vdc';; VI';; 27 Vdc, 5.0 mA .;; 10';; 500 mA, P .;; Pmax ' 

Input Bias Current (TJ ~ +250C) liB - 4.4 8.0 

I nput Bias Current Change ~IIB 
14,5 Vdc .;; VI .;; 30 Vdc - - 1.0 

5.0 mA ~IO ~750 mA - - 0.5 

Output Noise Voltage (T A = +250 C, 10Hz ~f ~ 1 00 kHz) VN - 75 --

Long-Term Stability ~Vo/~t - - 48 

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 61 -

I nput-Output Voltage Oifferential VI-VO - 2.0 -

10 = 500 mA, T J = +250 C 
, 

Output Resistance (10 = 250 mAl ro - 75 -

Short-Circuit Current Limit (TJ = +250C) ISC - 175 -

Average Temperature Coefficient of Output Voltage ~VO/~T - ";1.0 -

10 = 5.0 mA, OOC ~T A ~ +1250 C 

MC7715.CELECTRICAL CHARACTERISTICS (VI = 23 V, 10 = 250 mA, OoC < TJ < +1250C unless otherwise noted.) 

Characteristic 

Output Voltage (T J = +250 C) 

Line Regulation " 
(T J = +250 C, 10 = 50 mAl 

17.5 Vdc .;; VI .;; 30 Vdc 
20 Vdc .;; V I .;; 26 Vdc 

(TJ = +250C,10 = 250 mAl 

17.5 Vdc';; VI';; 30 Vdc 
20 Vdc .;; VI .;; 26 Vdc 

Load Regulation 
TJ = +250 C, 5.0 mA ~IO ~750 mA 
125 mA.~lo ~375 rnA 

Output Voltage 

17.5 Vdc';; VI';; 30 Vdc, 5_0 rnA.;; 10';; 500 rnA, P.;; Pmax ' 

Input Bias Current (T J = +250C) 

Input Bias Current Change 
17.5 Vdc';; VI';;; 30 Vdc 
5.0 mA .;; 10';; 750 mA 

Output Noise Voltage (T A. = +250C, 10Hz ~ f ~ 100 kHz) 

Long-Term Stability 

Ripple Rejection (10 = 20 rnA, f = 120 Hz) 

Input-Output Voltage Differential 
10 = 500 rnA, TJ = +25{)C· 

Output Resistance (10 = 250 rnA) 

Short-Circuit Current Limit (T J = +250 C) 

Average Temperature Coefficient of Output Voltage 
10 = 5.0mA, fPc ~TA ~+1250C 

*Pmax = 7.5 W for Case 313 

Rmax = 5.0 W for Case 79 

Symbol 

Vo 

Regline 

Regload 

Vo 

liB 

~IIB 

VN 

~Vo/~t 

RR 

VI-VO 

ro 

ISC 

~VO/~T 

4-79 

Min Typ Max 

14.4 15 15.6 

- 14 150 
- 6.0 75 

- 57 300 
- 27 150 

- 68 300 

- 25 150 

14.25 - 15.75 

- 4.4 8.0 

- - 1.0 
- - 0.5 

- 90 -

- - 60 

- 60 -

- 2.0 -

- 95 -

- 115 -
- -1.0 -

Unit 

Vdc 

mV 

mV 

mV 

Vdc 

mA 

mA 

J1V 

mV/1.0k Hrs 

dB 
I 

Vdc 

mH 

mA 

mV/oC 

Unit 

Vdc 

mV 

mV 

mV 

Vdc 

mA 

mA 

J1V 

mV/1;Ok Hrs 

dB 

Vdc 

mn 

mA 

mV/oC 
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MC7700C Series 

MC7718C ELECTRICAL CHARACTERISTICS (VI = 27 V, 10 = 250 mA ooc < TJ < +1250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

Output Voltage IT J = +250 C) Vo 17.3 18 18.7 

Line Regulation Regline 
(TJ = +250 C, 10 = 50 mAl 
21 Vdc ~ VI ~ 33 Vdc - 25 180 

24 Vdc ~ VI ~ 30 Vdc - 10 ,90 

(T J = +250 C, 10 = 250 mAl 

21 Vdc ~ VI ~ 33 Vdc - 90 360 

24 Vdc ~ VI ~ 30 Vdc - 50 180 

Load Regulation Regload 
T J = +250 C, 5.0 mA :s;;;; 10 :s;;;; 500 mA - 110 360 

125 mA :S;;;;IO :S;;;;375 mA - 55 18,0 

Output Voltage Vo 17.1 - 18.9 

21 Vdc ~ VI ~ 33 Vdc, 5.0 mA ~ 10 ~ SOOmA, P ~ PmAx ' 

Input Bias Current (TJ = +250 C) liB - 4.5 8.0 

Input Bias Current Change ~IIB 
21 Vdc ~ VI ~ 33 Vdc - - 1.0 

5.0 mA :S;;;;IO :S;;;;500 mA - ,- 0.5 

<?utput Noise Voltage (T A = +2SoC, 10 Hz:S;;;;f:S;;;; 100 kHz) VN - 110 -
Long·Term Stability ~VO/~t - - 72 

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 59 -
I nput·Output Voltage Differential 

10 = 500 mA, T J = +250 C 
VI'YO - 2.0 -

Output Resistance (10 = 250 mAl ro - 110 -

Short·Circuit Current Limit (T J = +250C) ISC - 100 -
Average Temperature Coefficient of Output ,Voltage ~VO/~T - -1.0 -

10 = 5.0 mA, OOC :S;;;;TA :S;;;;+1250C 

MC7720CELECTRICAL CHARACTERISTICS (VI = 29 V 10 = 250 mA OoC < TJ < +1250 C unless otherwise noted) 

Character istic 

Output Voltage (TJ = +250C) 

Line'Regulation 
(TJ = +250 C, 10 = 50 mAl 
23 Vdc ~VI ~ 35 Vdc 
26 Vdc ~ V I ~ 32 Vdc 

ITJ ~ +250 C, 10 = 250 mAl 
23 Vdc .; V I ~ 35 Vdc 
26 Vdc ~ V, ~ 32 Vdc 

Load Regulation 
T J = +250C, 5.0 mA :s;;;; 10 :s;;;; 500 mA 
125mA :S;;;;IO :S;;;;375mA 

Output Voltage 
23 Vdc ~ V, ~ 35 Vdc, 5.0 mA ~ 10 ~ 500 mA, P ~ Pmax ' 

Input Bias Current IT J = +250 C) 

Input Bias Current Change 
23 Vdc ~ V I ~ 35 Vdc 
5.0 mA :S;;;;IO :S;;;;750 mA 

Output Noise Voltage (TA = +250 C, 10 Hz:S;;;;f:S;;;; 100 kHz) 

Long-Term Stability \ 

Ripple Rtljection (10 = 20 mA, f = 120 Hz) 

Input-Output Voltage Differential 

'0 =500 mA,TJ = +25OC 

Output Resistance (10 = 250 mAl 

Short-Circuit Current Limit (TJ = +250 C) 

Average Temperature Coefficient of Output Voltage 

. 10 = 5.0 mA, oDC:S;;;;T A :s;;;; +1250 C 

-Pmax - 7.5 W for Case 313 
Pmax = 5.0 W for Case 79 

Symbol 

Vo 

Regline 

Reg'oad 

Vo 

liB 

~"B 

VN 

~VO/~t 

RR 

V'-Va 

ro 

.ISC 

~VO/~T 

4·80 

Min Typ Max 

19.2 20 20.8 

- 27 200 

- 11 100 

- 100 400 
- 56 200 

- 123 400 
- 65 200 

19 - 21 

- 4.5' 8.0 

- - 1.0 
- - 0.5 

- 130 -
- - 80 

- 58 -

- 2.0 -

- 123 -
- 90 -

- -1.0 -

Unit 

Vdc 

mV 

mV 

mV 

Vdc 

mA 

mA 

IlV 

mV/1.0k Hrs 

dB 

Vdc 

mn 

mA 

mV/oC 

Unit 

Vdc 

mV 

mV 

mV 

Vdc 

mA 

mA 

IlV 

mV/1.0kHrs 

dB 

Vdc 

mn 

mA 

mV/oC 



MC7700C Series 

MC7724C ELECTRICAL CHARACTERISTICS (VI = 33,10 = 250 mA, OOC < TJ < +1250 C unless otherwise noted,) 

Characteristic 

Output Voltage (T J = +250 C) 

Line Regulation 

(TJ = +250 C, 10 = 50 mAl 
27 Vdc ,;;; VI .;; 38 Vdc 
30 Vdc ,;;; V I .;; 36 Vdc 

(T J = +250 C, 10 = 250 mAl 
27 Vdc .;; V I .;; 38 Vdc 
30 Vdc ,;;; V I .;; 36 Vdc 

Load Regulation 
TJ = +250 e, 5.0 mA < 10 <500 mA 
125 mA <10 <375 mA 

Output Voltage 
27 Vdc .;; VI';;; 38 Vdc, 5.0 mA .;; 10.,;·500 mA,P';;; Pmax ' 

Input Bias Current (TJ = +250 e) 
Input Bias Current Change 

27 Vdc < VI <38 Vdc 
5.0 mA <10 <500 mA 

Output Noise Voltage (T A = +250 C, 10 Hz <f < 100 kHz) 

Long·Term Stability 

Ripple Rejection (10 = 20 mA, f = 120 Hz) 

Input-Output Voltage Differential 
10 = 500 mA, TJ = +250 C 

Output Resistance (10 = 250 mAl 

Short·Circuit Current Limit (T J = +250 C) 

Average Temperature Coefficient of Output Voltage 

10 = 5.0 mA, OOe <TA <+1250 C 

'Pmax = 7.5 W for Case 313 

Pmax = 5.0 W for Case 79 

Symbol Min 

Vo 23 

Regline 
-

-

-

-
-

Regload 
-
-

Vo 22.8 

liB -

t.IIB 
-
-

VN -

t.Volt.t -

RR -

VI-VO -

ro -

ISC -

t.VOlt.T -

Typ Max Unit 

24 25 Vdc 

31 240 mV 
14 12() 

118 480 mV 

70 240 

mV 

150 480 
85· 240 

- 25.2 Vdc 

'4.6 8.0 mA 

mA 
- 1.0 
- 0.5 

170 - J.lV 

-- 96 mV/1.0k Hrs 

56 - dB 

2.0 - Vdc 

150 - mn 

150 - mA 

-1.0 - mV/uC 

THERMAL INFORMATION 

The maximum power consumption an integrated circuit can 
tolerate at a g'iven operating ambient temperature, can be found 
from the equation: 

TJ(max) - TA 

R (T ') ;"'VI IS - Vo 10 
(}JA yp 

Where: PD(T A) = Power Dissipation allowable at a given oper
ating ambient temperature. 

T J(max) = Maximum Operating Junction Temperature as listed in 
the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient Temperature 

ROJA (Typ) = Typical Thermal Resistance Junction to Ambient 

IS = Total Supply Current 

DEFINITIONS 

Line Regulation - The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the average 
chip temperature is not significantly affected. 

load Regulation - The change in output voltage for a change in 
load current at constant chip temperature. . . 

Maximum Power Dissipation - The maximum total device dissi
pation for which the regulator will operate within specifications. 

4·81 

Input Bias Current - That part of the input current that is not 
delivered to the load. 

Output Noise Voltage - The rms ac voltage at the output, with 
constant load and no input ripple, measured over a specified fre
quency range. 

long Term Stability - Output voltage stability under accelerated 
life test conditions with the maximum rated voltage listed in the 
devices' electrical characteristics and maximum power dissipation. 

• 
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MC7700C Series 

TYPICAL PERFORMANCE CURVES 
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FIGURE 1 - WORST CASE POWER DISSIPATION 
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FIGURE 3 - PEAK OUTPUT CURRENT AS A FUNCTION OF 
INPUT·OUTPUT DIFFERENTIAL VOLTAGE 
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MC7700C Series 

APPLICATIONS INFORMATION 

Design Considerations 
The MC7700C Series of fixed voltage regulators are designed 

with' Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, Internal 
Short-Circuit Protection that 'limits the maximum current the cir
cuit will pass, and Output Transistor Safe-Area Compensation that 
reduces the output short-circuit current as the voltage across the 
pass transistor is increased. 

In many low current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 

FIGURE 5 - CURRENT REGULATOR 

Input :-yo1,--M_C_7r-70_6_C_~ 
0.33 /-IF I-:-. f R • Constant 

- - Current to 
~ Grounded Load 

The MC7700C regulators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
MC7705C is chosen in this application. Resistor R determines 
the current as follows: 

IQ = 1.5 mA over line and load changes 

For example, a 500 mA current source would require R to be a 
10-ohm, 10-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 

FIGURE 7 - CURRENT BOOST REGULATOR 

MJ2955 or Equiv 

'"P"'~ Mem,e ~O"'P"' 
'.OPF~ I ~O.'PF 

xx = 2 dIgits of tYpe number indicating voltage. 

The MC7700C series Cliln be current boosted-with a PNP transis
tor. The MJ2955 provides current to 5.0 amperes. Resistor, R 
in conjunction with the VBE of the PNP determines when the 
pass transistor begins conctuctlng; this cirCUit is not Short-circuit 
proof. Input-output differential voltage minimum is increased by 
VBE of the pass transistor. 

to the 'power supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 
selected to prdvide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 /-IF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chbsen. The bypass capacitor should 
be mounted with the shorte~t possible leads directly across the 
regulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance drops 
since the regulator has no external sense lead. 

FIGURE 6 ADJUSTABLE OUTPUT REGULATOR)R 

Output 

VO. 7.0 V to 20 V 

VIN - Vo ;;;:'2.0 V 

10 k 

0.1 
/-IF 

The addition of .an operational, amplifier allows adjustment to 
higher or intermediate values while retaining regulation character
istics. The minimum voltage obtainable with ,this arrangement is 
2.0 volts greater than the regulator voltage. 

FIGURE 8 - SHORT -CIRCUIT PROTECTION 

MJ2955 

Input 
or Equiv 

R 

xx = 2 digits of tYpe number indicating voltage. 

The circuit of Figure, 7 can be modified to provide supply protec
tion against short circ~its by adding a short-circuit sense resistor, 
RSC/and an additional PNP transistor. The current sensing PNP 
must be able to handle the short-circuit current of the three
terminal regulator. Therefore. a twO-ampere plastic power tran
sistor is speciHed. 

4-83 
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MC7800C SERIES THREE-TERMINAL 
POSITIVE VOLTAGE REGULATORS 

The MC7800C Series of three-terminal positive voltage regula
tors are monolithic integrated circuits designed as fixed-voltage regu
lators for a wide variety of applications including local, on-card 
regulation_ Available in seven fixed output voltage options from 5_0-
to-24 volts, these regulators employ internal current limiting, thermal 
shutdown, and safe area compensation ...:. making them essentially 
blow-out proof. With adequate heatsinking they can deliver output 
currents in excess of 1.0 ampere. The last two digits of the part 
number indicate nominal output voltage . 

• Output Current in Excess of 1.0 Ampere 

• No External, Components Required 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Packaged in the Plastic Case 313 and Case 11 
(TO-220 and Hermetic TO-3) 

SCHEMATIC DIAGRAM 

r---~----------4r----------~--~~~------~-olnput 

100 k 500 

2.7 k 

500 

0.3 

:r.------+--4>------....... --<I~--+-_c Output 

0-25 k 

5k 

Case is ground 
for Case 11, pin 3 
for Case 199-04. 

L---~~~-+----4~--+-----~--~~------~----_oGnd 

MC7805C 5.0 Volts 
MC7806C 6.0 Volts 

TYPE NO./VOLTAGE 

MC7808C 8.0 Volts 
MC7812C 12 Volts 
MC7815C 15 Volts 

MC7818C 18 Volts 
MC7824C 24 Volts 
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MC7800C 
Series 

THREE-TERMINAL 
POSITIVE FIXED 

VOLTAGE REGULATORS 

KSUFFIX 
METAL PACKAGE 

CASE 11-01 
(TO-3 TYPE) 

Pins 1 and 2 electrically isolated from case. 
Case is third electrical connection. 

T SUFFIX 
PLASTIC PACKAGE 

CASE 313 
TO-220 Type 

Pin 1. Input 
2. Ground 
3. Output 

STANDARD APPLICATION 

InpUt~MC78XXC . Output 

Cin* •• 
Q~MF Co 

A common ground is required between the 
input and the output voltages. The input volt
age must remain typically 2.0 V above the out
put 'voltage even during the low point on the 
input ripple voltage. 

XX = these two digits of the type number indi
cate voltage. 

* = Cin is requ ired if regulator is located an 
appreciable distance from power supply 
filter. 

** '" Co is not needed for stability; however, 
it does improve transient response. 

XX indicates nominal voltage 

ORDERING INFORMATION 

DEVICE TEMPERATURE RANGE PACKAGE 

MC78XXCK T J = 00 C to +1500 C Metal Power 

MC78XXCT TJ =OOCto+1500 C Plastic Power 



MC7800C Series 

MC7800C Se' MAXIMUM RATINGS ( nes TA = + d) un ess ot erwlse note . 

Rating Symbol Value Unit 

Input Voltage (5.0 V -18 V) Vin 35 Vdc 
(24 V) 40, 

Power Dissipation and Thermal Characteristics 
Plastic. Package 
TA = +250C Po Internally Limited Watts 
Derate above T A = +250C 1/0JA 15.4 mW/oC 
Thermal Resistance, Junction to Air °JA 65 °C/W 

TC = +250C PD Internally Limited Watts 
Derate above TC = +950C (See Figure 1) 1/0JC 200 mW/oC' 
Thermal Resistance, Junction to Case °JC 5.0 °C/W 

Metal Package 
TA = +250C PD I nternally Limited Watts 
Derate above T A = +250C 1/0JA 22.5 mW/oC 
Thermal Resistance, Junction to Air °JA 45' °C/W 

TC = +250C Po Internally Limited Watts I 
Derate above TC = +650C (See Figure 2) 1/0JC 182 mW/oC 
Thermal Resistance, Junction to Case °JC 5.5 °C/W 

Storage Junc,tion Temperature Range Tstg -65 to +150 °c 

Operating Junction Temperature Range TJ a to +150 °c 

MC7805C ELECTRICAL CHARACTERISTICS (V, = 10 V 10'" 500 mA OOC <T J < +1250C unless otherwise noted) In 

Characteristic Symbol Min ~ Max Unit 

Output Voltage (T J = +250C) Vo 4.8 5.0 5.2 Vdc 

Input Regulation Regin mV 
(TJ = +250C, 10 = 100 mAl -
7,0 Vdc SVin ~25 Vdc - 7.0 50 
8:0 Vdc SVin S 12 Vdc - 2,0 25 

(TJ = +250C, 10 = 500 mAl 
7.0 Vdc~ Vin S 25 Vdc - 35 100 
8.0 Vdc <Vin S 12 Vdc - 8.0 50 

Load Regulation Regload - mV 
TJ = +250 C, 5.0 mAS 10 S 1.5 A - 11 100 
250 mA SIO S750 mA - 4.0 50 

Output Voltage Vo Vdc 
(7.0 Vdc SVin S20 Vdc, 5.0 mA < 10 < 1.0 A, P < 15W) 4.75 - 5.25 

Quiescent Current (T J = +250C) IB - 4.3 8.0 mA 

Qu iescent Cu rrent Change AlB mA 
7.0 Vdc $Vin $25 Vdc - - 1.3 
5.0mAS:10 <1.0 A - - 0.5 

Output Noise Voltage (T A = +250 C, 10 Hz <f S100 kHz) VN - 40 - ,..V 

Long-Term Stability AVO/At - - 20 t:nV/1.0k HRS 

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 70 - dB 

Input·Output Voltage Differential Vin-VO Vdc 
(10 = 1.0 A, TJ = +250C) - 2.0 -

Output Resistance (10 = 500 mAl RO - 30 - mn 

Short·Circuit Current Limit (T j = +250C) ISC - 750 - mA 

Average Temperature Coefficient of Output Voltage TCVO mV/oC 
10'" 5.0 mA, OoC <T A S:+1250C - -1.0 -
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MC7800C Series 

MC7806C ELECTRICAL CHARACTERISTICS (Vin = 11 V, 10 = 500 mA,OoC<TJ < +12SoC unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (TJ = +250C) Vo 5.75 6.0 6.25 Vdc 

Input Regulation Regin mV 
(TJ = +250C, 10 = 100 mAl 
8.0 Vdc S Vin S25 Vdc - 9.0 60 
9.0 Vdc SVin ~ 13 Vdc - 3.0 30 

(T J = +250C, 10 = 500 mAl 
8.0 Vdc :SVin S 25 Vdc - 43 120 
9.0 Vdc:5 Vin:5 13 Vdc - 10 60 

Load Regulation Regload mV 
T J = +250C, 5.0 mA ~ 10 ~ 1.5 A, - 13 120 
250 mA :S 10 5750 mA - 5.0 60 

Output Voltage Vo Vdc 
(8.0Vdc :5Vin:S 21 Vdc, 5.0 mA:510 c; 1.0 A, P:S 15 W) 5.7 - 6.3 

Quiescent Current (TJ = +250C) 18 - 4.3 8.0 niA 

Quiescent Current Change .::\18 mA 
8.0 Vdc:5 Vin 525 Vdc - - 1.3 
5.0 mASI0:51.0 A - - 0.5 

Output Noise Voltage (T A = +250C, 10 HZ5 f 'S100 kHz) VN - 45 - p.V 

Long-Term Stability .::\VO/.::\t - ,- 24 mVI1.0kHRS 

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 65 - d8 

Input-Output Voltage Differential Vin-VO Vdc 
(10 = 1.0 A, TJ = +250C) - 2.0 -

Output Resistance (10 = 500,mA) RO - 35 - mH 

Short-Circuit Current Limit (T J = +250C) ISC - 550 - mA 

Average Temperature Coefficient of Output Voltage TCVO mV/oC 
10 = 5.0 mA, oOC:5T A 5+1250C - -1.0 -

MC7808C ELECTRICAL CHARACTERISTICS (V in = 14 V, 10 = 500 mA, OoC <TJ <+1250C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (T J = +250C) Vo 7.7 8.0 8.3 Vdc 

Input Regulation Regin mV 
(T J = +250C, 10 = 100 mAl 

I 

10.5 Vdc :S Vin :5 25 Vdc - -' 12 80 
11 Vdc S; Vin S 17 Vdc - 5.0 40 

(T J = +250C, 10 = 500 mAl 
10.5 Vdc ~ Vin .s; 25 Vdc - 50 160 
11 Vdc SVin :517Vdc - 22 80 

Load Regulation Re9load mV 
TJ = +250C, 5.0mA:510 S1.5 A - 26 160 
250 mA 'S 10:5 750 mA - 9.0 80 

Output Voltage Vo Vdc 
(10.5 Vdc :SVin:S 23Vdc, 5.0 mA SIO S 1.0 A, P $15 W) 7_6 - 8.4 

Quiescent Current (TJ = +250C) 18 - 4.3 8.0 mA 

Quiescent Current Change .::\18 mA 
10.5 Vdc 5 Vin S 25 Vdc - - 1.0 
5.0 mA510~ 1.0 A - - 0.5 

Output Noise Voltage (TA = +250C, 10 Hz:Sf ~ 100 kHz) VN - 52 - p.V 

Long-Term Stability '::\VO/'::\t - - 32 mV/1.0kHRS 

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 62 - dB 
Input,Output Voltage Differential Vin-VO Vdc 

(10 = 1.0 A, TJ = +250C) - 2.0 -
Output Resistance (10 = 500 mAl RO - 40 - mil 

Short-Circuit Current Limit (T J = +250 C) ISC - 450 - mA 

Average Temperature Coefficie,nt of Output Voltage TCVO mV/oC 
10 = 5.0 mA, OoC ST AS +1250C - -1.0 -
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MC7800C Series 

MC7812C ELECTRICAL CHARACTE FtiSTICS (Vin = 19 V, 10 = 500 rnA, OoC <T J < +1250C, unies~ otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (TJ = +250C) Vo 11.5 12 12.5 Vdc 

Input Regulation Regin mV 
(TJ = +250C, 10 = 100 rnA) 
14.5 Vdc ~Vin ~ 30 Vdc - 13 120 
16 Vdc ~Vin ~22 Vdc - 6.0 60 

(T J = +250C, 10 = 500 rnA) 
14.5 Vdc ~Vin ~30 Vdc - 55 240 
16 Vdc ~Vin ~ 22 Vdc - 24 120 

Load Regulation Reg'oad mV 
TJ = +250C, 5.0 mA:S:: '0 ~ 1.5 A - 46 240 
250 mA ~ 10 :S::750 mA - 17 120 

Ou tpu t Vol tage Vo Vdc 
(14.5 Vdc :S::Vin :S::27 Vdc, 5.p mA ~ 10 :S::1.0 A, P :S::15 W) 11.4 .- 12.6 

Quiescent Current IT J = +250C) 'a - 4.4 8.0 mA 

Quiescent Current Change Ala mA 
14.5 Vdc ~Vin :s:: 30 Vdc - - 1.0 
5.0 rnA ~ '0 :s:: 1.0 A - - 0.5 

Output Noise Voltage IT A = +250 C, 10 Hz :S::f ~1()(j kHz) VN - 75 - iJ.V 

~Long-Term Stability AVO/At - - 48 mV/l.0kHRS 

Ripple Rejection (10'" 20 mA,f = 120 Hz) RR - 61 - dB • Input-Output Voltage Differential Vin-VO Vdc 
(10'" 1.0 A. TJ = +250 C) - 2.0 -

Output Resistance (10 = 500 mAl RO - 75 - mfl 

Short-Circuit Current Limit (TJ = +25°0) 'SC - 350 - rnA 

Average Temperature Coefficient of Output Voltage TCVO mV/oC 
(10 = 5.0 rnA, OoC :S::TA :S::+1250CI - -1.0 -

MC7815C ELECTRICAL CHARACTERIsTICS (Vin = 23 V, 10 = 500 rnA, OOC<TJ <+1250C, unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (T J = +250C) Vo 14.4 15 15.6. Vdc 

Input Regulation Regin mV 
(TJ = '+250C, 10.= 100 mAl 
17,5 Vdc :S::Vin:S:: 30 Vdc - 14 150 
20 Vdc :s7Vin S:26 Vdc - 6.0 75 

(TJ = +250C, 10 = 500 rnA) 
17.5 Vdc s-Vin S 30 Vdc - 57 300 
20 Vdc ~Vin ~ 26 Vdc - 27 150 

load Regulation Regload mV 
TJ = +250 C, 5.0 mA :S::IO :s::1.5 A - 68 300 
250 rnA ~IO :S::750 mA - 25 150 

Output Voltage Vo Vdc 
(17.5 Vdc :S::Vin :S::30 Vdc, 5.0 mA:S:: 10:S:: 1.0 A, P ~ 15 W) 14.25 - 15.75 

Quiescent Current (T J = +250 C) 'a - 4.4 8.0 rnA 

Quiescent Current Change AlB mA 
17.5 Vdc :S::Vin :S::30 Vdc - - 1.0 
5.0 rnA ~IO :s:: 1.0 A - - 0.5 

Output NOise Voltage (TA = +250C, 10 Hz:S::f:s:: 100 kHz) Vi\! - 90. - iJ. V 

Long-Term Stability AVO/At - - 60 mV/l.0kHRS 

Ripple Rejection (10 = 20 rnA, f = 120 Hz) RR - 60 - dB 

Input-Output Voltage Differential Vin-VO Vdc 
(10 = 1.0 A, TJ = +250 C) - 2.0 -

Output Resistance (10 = 500 rnA) RO - 95 - mn 

Short-Circuit Current Limit (T,J = +250 C) ISC - 230 - rnA 

Average Temperature Coefficient of Output Voltage TCVO mV/oC 

10 = 5.0 rnA, ooC:S::T A ~+1250C - -1.0 -
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MC7800C Series 

MC7818C ELECTRICAL CHARACTERISTICS (Vin = 27 V, 10 = 500 mA, OOC <TJ < +1250 C, unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (TJ = +250 C) Vo 17.3 18 18.7 Vdc 

Input Regulation Regin mV 
(TJ = +250 C, 10 = 100 mAl 
21 Vdc ~Vin ~33 Vdc - 25 180 
24 Vdc ~Vin ~30 Vdc - 10 90 

(T J = +250C, 10 =500 mAl 
21 Vdc ~Vin ~ 33 Vdc - 90 360 
24 Vdc ~Vin ~30 Vdc - 50 180 

Load Regulation Regload mV 
TJ '" +250C, 5.0mA ~ 10 ~ 1.0 A - 110 360 
250 mA~IO ~ 750 mA - 55 180 

Output Voltage Vo Vdc 
(21 Vdc ~Vin~ 33 Vdc, 5.0 mA~ 10 ~1.0 A, P ~15 W) 17.1 - 18.9 

Quiescent Current (T J = +250C) IB - 4.5 8.0 mA 

Quiescent Current Change ~IB mA 

• 
21 Vdc ~Vin ~ 33 Vdc - - 1.0 
5.0 mA ~IO ~1.0 A - - 0.5 

Output Noise Voltage (T A = +250 C, 10 Hz Sf ~100 kHz) VN - 110 - IlV 

Long'Term Stability ~VO/~t - - 72 mV/l.0kHRS 

Ripple Rejection (10 = 20 rnA, f = 120 Hz-) RR - 59 - dB 

I nput·Output Voltage Differential Yin-YO Vdc 
(10 = 1.0 A, TJ = +250 C) - 2.0 -

Output Resistance (10 = 500 mAl RO - 110 - mn 

Short-Circuit Current Limit (T J = +250C) ISC - 200 - mA 

Average Temperature Coefficient of Output Voltage TCVO mV/oC 
10 = 5.0 mA, OoC ~TA S+1250C - -1.0, -

MC7824C ELECTRICAL CHARACTERISTICS(Vin = 33 V, 10 = 500 mA, OOC<\TJ <+1250C, unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (T J = +250 C) Vo 23 24 25 Vdc 

Input Regulation Regin mV 
(TJ = +250 C, 10 = 100 mAl 
27 Vdc ~Vin ~ 38 Vdc - 31 240 
30 Vdc ~ Yin ~ 36 Vdc - 14 120 

(TJ = +250 C, 10 = 500 mAl 
27 Vdc ~Vin S38 Vdc - 118 480 
30 Vdc SVin S36 Vdc - 70 240 

Load Regulation Regload I 
mV 

TJ = +250C, 5.0 mA ~ 10 ~ 1.0 A - 150 480 
250 mA ~ 10 S750 mA - 85 240 

Output Voltage Vo Vdc 
(27 Vdc ~ Vin:S; 38 Vdc, 5.0 mA S 10 S 1.0 A, P.s 15 W) 22.8 - 25.2 

Quiescent Current (TJ = +250 C) IB -
, 

4.6 8.0 mA 

Quiescent Current Change ~IB mA 
27 Vdc ~Vin ~38 Vdc - - 1.0 
5.0 mA SIO.s 1.0 A - - 0.5 

Output Noise Voltage (T A = +250C, 10 Hz Sf S 100 kHz) VN - 170 - IlV 

Long·Term Stability ~VO/~t - - 96 mVI1.0kHRS 

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 56 - dB 

input-Output Voltage Differential Vin-VO - 2.0 - Vdc 

(10= 1.0A, TJ=+250C) 

Output Resistance (10 = 500 mAl RO - 150 - mn 

Short-Circuit Current Limit (T J = +250C) "- ISC - 1,50 - mA 

Average Temperature'Coefficient of Output Voltage TCVO mV/oC 
10 = 5.0 mA, OOC ST A S+1250C - -1.0 -
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MC7800C Series 

TYPICAL CHARACTERISTICS 
(T A = +250 C unlessotherwise noted.) 
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FIGURE 1 .,;. WORST CASE POWER DISSIPATION 
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FIGURE 5 - RIPPLE REJECTION AS A FUNCTION 
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FIGURE 2 - WORST CASE POWER DISSIPATION 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 7 - OUTPUT VOLTAGE AS A FUNCTION 
OF JUNCTION TEMPERATUR E 
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FIGURE 9 - OUTPUT IMPEDANCE AS A 
FUNCTION OF OUTPUT VOLTAGE 

10~--~--~--~--~--~--~--~--~--~~ 

4.0 8.0 12 16 20 24 

Va. OUTPUT VOLTAGE (VOLTS) 

~ 
.§. 
I-

~ 
cr: 
cr: 
;::; 
I-

~ 
:5 
d 

.:3 
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DEFINITIONS 

Line Regulation - The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the average 
chip temperature is not significantly affected. 

Load Regulation - The change in output voltage for a change in 
load current at constant chip temperature. 

Maximum Power Dissipation - The maximum total device dissi
pation for which the regulator will operate within specifications. 

Quiescent Current - That part of the input current that is not 
delivered to the load. . 

Output Noise Voltage - The rms ac voltage at the output, with 
constant load and no in'put ripple, measured over a specified fre- , 
quency range. 

Long Term Stability - Output voltage stability under accelerated 
life test conditions with the maximum rated voltage listed in the 
devices' electrical characteristics and maximum power dissipation. 

THERMAL INFORMATION 

The maximum power' consumption an integrated circuit can 
tolerate at a given operating ambient temperature, can be found 
from the equation: 

TJlmax) - TA 
PD(TA) =~JA(TYp) >v l 's - Vo 10 

Where: PDIl Al = Power Dissipation allowable at a given oper

ating ambient temperature. 
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T J(max) = Maximum Operating Junction Temperature as listed in 
the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient Temperature 

RO
JA 

!Typ) = Typical Thermal Resistance Junction to Ambient 

IS = Total Supply Current 



MC7800C Series 

APPLICATIONS INFORMATION 

Design Considerations 
The MC7800C Series of fixed voltage regulators are designed 

with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, Internal 
Short-Circuit Protection that limits the maximum current the cir
cuit will pass, and Output Transistor Safe-Area Compensation that 
reduces the output short-circuit current as the voltage across the 
pass transistor is increased .. 

In many low current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 

FIGURE 10 - CURRENT REGULATOR 

--10 

The MC7800C regulators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
MC7805C is chosen in this application. Resistor R determines 
the current as follows: 

5V 
10 = -R" + IQ 

IQ ~ 1.5 mA over line and load changes 

For example, a 1-ampere current source would require R to be a 
5-ohm, 10-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 

FIGURE 12 - CURRENT BOOST REGULATOR 

xx = 2 digits of type number indicating voltage. 

The MC7800c series can be current boosted with a PNP transis
tor. The MJ2955 provides current to 5.0 amperes. Resistor R 
in conjunction with the VSE. of the PNP determines when the 
pass transistor begins conducting; this circuit is not short-circuit 
proof. Input-output differential voltage minimum is increased by 
VSE of the pass transistor. ' 
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to the power supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 
selected to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 /IF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 
be mounted with the shortest possible leads directlyacross the 
regulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistancedrops 
since the regulator has no external sense lead. 

FIGURE 11 - ADJUSTABLE OUTPUT REGULATOR 

v O. 7 .. 0 V to 20 V 
VIN - Vo ;;;;'2_0 V 

10 k 

Output 

The addition of an operational amplifier allows adjustment to 
higher or intermediate values while retaining regulation character
istics. The minimum voltage obtainable with this arrangement is 
2.0 volts greater than the regulator voltage. 

FIGURE 13 - SHORT·CIRCUIT PROTECTION 

MJ2955 

Input 
or Equiv 

R 

xx = 2 digits of type number indicating voltage. 

The circuit of Figure 12 can be modified to provide supply protec
tion against short circuits by adding a short-circuit sense resistor. 
Rsc,and an additional PNP transistor. The current sensing PNP 
must be able to handle the short-circuit current of the three
terminal regulator. Therefore, a four-ampere plastic power tran
sistor is specified. 

• 
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THREE·TERMINAL POSITIVE 
VOLTAGE REGULATORS 

The MC78LOO Series of positive vol~age regulators are inexpensive, 
easy-to-use devices suitable for a multitude of applications that, re
quire a regulated supply of up to 100 mA_ Like their higher powered 
MC7800 and MC78MOO Series cousins, these regulators feature 
internal current limiting' and thermal shutdown making them re
markably rugged_ No external components are required with the 
MC78LOO devices in many applications_ 

These devices offer a substantial performance advantage over the 
traditional zener diode-resistor combination_ Output impedance is, 
greatly reduced and quiescent current is substantially reduced_ 

• Wide Range of Available, Fixed Output Voltages 

• Low Cost ' 
• I nternal Short-Circuit Current Limiting 
.' I nternal Thermal Overload Protection 
• No External Components Required 
• Complementary Negative Regulators Offered 

(MC79LOO Series) 

• Available in Either ±5% (AC) or ±10% (C) Selections 

REPRESENTATIVE CIRCUIT SCHEMATIC 

15 k 

01 

3.8 k 

1.2 k 

Zl 
02 

420 

Device No. Device No. Nominal 
,10% :±.5% Voltage 

- MC78L02AC 2.6 
MC78L05C MC78L05AC 5.0 
MC78L08C MC78L08AC 8,0 
MC78L,12C MC78L12AC 12 
MC78L 15C MC78L15AC 15 
MC78L 18C MC78L 18AC 18 
MC78L24C MC78L24AC 24 

Input 

Output 

Common 
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MC78LOOC,AC 
'Series 

THREE·TERMINAL 
POSITIVE FIXED 

VOLTAGE REGULATORS 

P SUFFIX 

,M, 
CASE 29 
TO-92 

Pin 1. Input 
2. Ground 
3, Output 

0
2 

Bottom. ° View 

I ° ,0 3 

m 

2 

G SUFFIX 
CASE 79 

TO-39 

Pin 1. Input 
2. Outpl.lt 
3. Ground 

STANDARD APPLICA'I"ION 

A common ground is required between the 
input and the output voltages. The input volt
age must remain typically 2.0 V above the out
put voltage even during the low point on the 
input ripple voltage. 

* = CI is required if regulator is located an 
appreciable distance from power supply 
filter. 

** ='Co is not needed for stability; however, 
it does improve transient response. 

ORDERING INFORMATION 

Device Temperature Range Package 

MC78LXXACP T J.': OoC to + 150°C Plastic Transistor 

MC78LXXCG T J = OOC to + 150°C Metal Can 

MC78LXXCP T J = OOc to +l50oC Plastic Transistor 

xx indicates nominal voltage 



MC78LOOC, AC Series 

MC78LOO Series MAXIMUM RATI NGS (T A = +1250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Input Voltage (2.6 V - 8.0 V) VI 30 Vdc 
(12V-1SV) 35 
(24 V) 40 

Storage Junction Temperature Range Tstg -65 to +150 °c 

Operating Junc~ion Temperature Range TJ o to +150 vc 

MC78LQ2AC ELECTRICAL CHARACTERISTICS (VI = 9.0 V, 10 = 40 mA, CI = 0.33 J.lF, Co = 0.1 J.lF, 
OoC .;; T J .;; +1250 C unless otherwise noted) 

MC7802AC 

Characteristic Symbol Min Typ 

Output Voltage (T J = +250 C) Vo 2.5 2.6 

Input Regulation Regline 
(TJ = +250 C) 
4.75 Vdc .;; VI .;; 20 Vdc - 40 
.5.0 Vdc';; VI';; 20 Vdc - 30 

Load Regulation Regload 
(T J = +250 C, 1.0 mA .;; 10';; 100 mAl - 10 
(TJ = +250 C, 1.0 mA.;; 10 ~ 40 mAl - 4.0 

Output Voltage Vo 
(4.75 Vdc';; VI';; 20 Vdc, 1.0 mA.;; 10';; 40 mAl 2.45 -
(4.75 Vdc';; VI .;; 20 Vdc, 1.0 mA.;; 10';; 70 mAl 2.45 -

Input !;3ias Current 18 
(TJ ~ +250 C) - 3.6 
(T J = +1250 C) - -

Input Bias Current Change AlB 
(5.0 Vdc .;; Vin .;; 20 Vdc) - -
(1.0 mA .;; 10';; 40 mAl - -

Output Noise Voltage VN - 30 
(TA = +250 C, 10 Hz .;; f.;; 100 kHz) 

.Ripple Rejection RR 43 51 
(f = 120 Hz, 6.0 V.';;Vin';; 16 V, TJ = 25°C) 

Input-Output Voltage Differential 
(TJ = 25°(:) 

VINO - 1.7 

Max 

2.7 

100 
75 

50 
25 

2.75 
2.75 

6.0 
5.5 

2.5 
0.1 

-

-

-

MC78L05C, MC78L05AC ELECTRICAL CHARACTERISTICS (VI = 10 V, 10 = 40 mA, CI = 0.33 J.lF, Co = 0.1 J.lF, 
OoC < T J < +1250 C unless otherwise noted.) 

MC78L05C MC78 L05AC 

Characteristic Symbol Min Typ Max M.in Typ Max 

Output Voltage (T J = +250 C) Vo 4.6 5.0 5.4 4.S 5.0 5.2 

Input Regulation Regline 
(TJ = +250 C, 10 = 40 mAl 
7.0 Vdc .;; VI';; 20 Vdc - 55 200 - 55 150 
8.0 Vdc ,;;VI .;; 20 Vdc - 45 150 - 45 100 

Load Regulation Regload 
(TJ = +250 C, 1.0 mA .;; '0';; 100 mAl - 11 60 - 11 60 
(TJ = +250 C, 1.0 mA.;; 10';; 40 mAl - 5.0 30 - 5.0 30 

Output Voltage Vo 
(7.0 Vdc .;; V, .;; 20 Vdc, 1.0 rnA.;; 10 .;; 40 mAl 4.5 - 5.5 4.75 - 5.25 
(VI = 10V, 1.0mA';; 10';; 70mA) 4.5 - 5.5 4.75 - 5.25 

Input Bias Current liB 
(TJ = +250 C) - 3.8 6.0 - 3.S 6.0 
(T J = +1250 C) - - 5.5 - - 5.5 

Input Bias Current Change 611B 
(S.O Vdc .;; VI "- 20 Vdc) - - 1.5 - - 1.5 
(1.0 mA.;; 10';; 40mA) - - 0.2 - - 0.1 

Output Noise Voltage (T A ~ +250 C, 10 Hz';; f.;; VN - 40 - - 40 -
100 kHz) 

Long-Term Stability 6VoI6t - 12 - - 12 -
Ripple Rejection (10 = 40 mA, f '" 120 Hz,. RR 40 49 - 41 49 -

S.O V.;; VI';; 18 V, TJ '" +25OC) 

Input-Output Voltage Differential VINO - 1.7 - - 1.7 -
(TJ = +250 C) 
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Unit 

Vdc 

mV 

mV 

Vdc 

mA • 
mA 

J.lV 

dB 

Vdc 

Unit 

Vdc 

mV 

mV 

Vdc 

mA 

mA 

IJ.V 

mV /1.0 k Hrs 

dB 

Vdc 
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MC78LOOC, AC Series 

MC78L08C, MC78L08ACELECTRICAL CHARACTERISTICS (Vi = 14 V, 10 = 40 rnA, C, = 0.33 /-IF,CO = 0.1 /-IF, 
oOC < T < +1250 C I h d ) .I un ess ot erwlse note . 

MC78L08C MC78 L08AC 

Characteristic S~mbol Min Typ Max Min Typ Max Unit 

Output Voltage (T J = +250C) Vo 7.36 8.0 8.64 7.7 8.0 8.3 Vdc 

Input Regulation Regline mV 
(TJ = +250C, 10 = 40 rnA) 
10.5 Vdc ,.;;; VI ,.;;; 23 Vdc - 20 200' - 20 175 
l1Vdc,,;;;V,";;;23Vdc - 12 150 - 12 125 

Load Regulation Regload mV 
(TJ = +250C, 1.0 rnA,.;;; 10";;; 100 rnA) - Hi 80 - 15 80 
(TJ = +250 C, 1.0 rnA,.;;; 10";;; 40 rnA) - 6.0 40 - 8.0 40 

Output Voltage Vo Vdc 
(10.5 Vdc";;; VI";;; 23 Vdc, 1.0 rnA";;; 10 ,.;;;40mA) 7.2 - 8.8 7.6 - 8.4 
(VI = 14 V, 1.0 rnA,.;;; '0";;; 70 rnA) 7.2 - 8.8 7.6 - B.4 

Input Bias Current lIS rnA 
(TJ = +250 C) - 3.0 6.0 - 3.0 6.0 
(TJ = +1250C) - - 5.5 - - 5.5 

Input Bias Current Change ~"B rnA 
(11 Vdc" V,,,;;; 23 Vdc) - - 1.5 - - 1.5 
(1.0 rnA,.;;; 10";;; 40 mAl - - 0.2 - - 0.1 

Output Noise Voltage (T A = +250C, 10 Hz,.;;; f,.;;; VN - 52 - - 60 - IN 
100 kHz) 

Long-Term Stability ~Vo/~t - 20 - - 20 - mV/l.0k Hrs. 

Ripple .Rejection (10 = 40 rnA, f = 120 Hz, RR 36 55 - 37 57 - dB 
12V,,;;;V, ";;;23V,TJ=+250C) 

Input-Output Voltage Differential V,NO - 1.7 - - 1.7 - Vdc 
(TJ = +250C) 

MC78L 12C, MC78L12AC ELECTRICAL CHARACTERISTICS (V, = 19 V, 10 = 40 rnA, CI = 0.33 /-IF, Co = O.l/-lF, OoC < TJ < 
+1250C unless otherwise noted) 

MC78L12C MC78L12AC 

Characteristic Symbol Min Typ Max Min Typ Max Uriit 

Output Voltage IT J = +250c) Va 11.1 12 12.9 11.5 12 12.5 Vdc 

Input Reglilatibn Regline mV 
(TJ = +250C, 10 = 40 rnA) 
14.5 Vdc";;; VI";;; 27 Vde - 120 250 - 120 250 
16 Vdc ,.;;; VI";;; 27 Vde - 100 200 - 100 200 

Load Regulation Regload mV 
(TJ '= +250C, 1.0 rnA,,;;; 10";;; 100 rnA) - 20 100 - ~O 100 
(T J = +250 C, 1.0 rnA ,.;;;10 ,.;;; 40 mAl - 10 50 - 10 50 

Output Voltage Vo Vde 
(14.5 Vdc ,.;;; V, ~ 27 Vdc,1.0 rnA,.;;; 10";;; 40 rnA) 10.8 - 13.2 11.4 - 12.6 
(VI = 19 '11,1.0 rnA,,;;; 10";;; 70mA) 10.8 - 13.2 11.4 - 12.6 

Input Bias Current liB mA 
(TJ = +250C) - 4.2 6.5 - 4.2 6.5 
(TJ = +1250 C) - - 6.0 - - 6.0 

Input Bias Current Change ~IIB rnA 
(16 Vde ,.;;; VI ,.;;; 27 vae) - - 1.5 - - 1.5 I 
(1.0 mA,.;;; 10";;; 40 rnA) - - 0.2 - - 0.1 

Output Noise Voitage (T A = +2SoC, 10 Hz";;; f,.;;; VN - 80 - - 80 - IJV 
100 kHz) 

Long-Term Stability ~Vo/~t - 24 - - 24 - mV /1.0 k Hrs. 

Ripple Rejection (10 = 40 mA, f = 120 Hz, 15 V,.;;; RR 36 42 - 37 42 - dB 
VI";;; 25 V, TJ = +2SoC) 

Input-Output Voltage Differential VINO - 1.7 - - 1.7 - Vdc 
(TJ = +250C) 
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MC78LOOC, AC Series' 

MC78L 15C, MC78L 15AC ELECTRICAL CHARACTERISTICS (V, = 23 V, 10 = 40 rnA, C, = 0.33 j.LF, Co = 0.1 j.LF, 
0 °c 5°C I h' d) <TJ<+12 un ess at erwise note . 

MC78L15C MC78L15AC 

Characteristic Symbol Min Typ Max Min Typ Max 

Output Voltage (T J = +250 C) Vo 13.8 15 16.2 14.4 15 15.6 

Input Regulation Reg,ine 
(TJ = +250 C, 10 = 40 rnA) 
17.5 Vdc.o;;; V,.o;;; 30 Vdc - 130 300 - 130 300 

20 Vdc .0;;; V, .0;;; 30 Vdc - 110 250 - 110 250 

Load Regula~ion Reg'oad 
(TJ = +250 C, 1.0 rnA"" 10.0;;; 100 rnA) - 25 150 - 25 150 

(TJ = +250 C, 1.0 mA.o;;; 10.0;;; 40 rnA) - 12 75 - 12 75 

Output Voltage YO' 
117.5 Vdc.o;;; V,.o;;; 30 Vdc, 1.0 rnA.o;;; 10 .o;;;40mA) 13.5 - 16.5 14.25 - 15.75 
(V, = 23 V, 1.0 mA.o;;; '0.0;;; 70 rnA) 13.5 - 16.5 14.25 - 15.75 

Input Bias Current liB 
(TJ = +250 C) - 4.4 6.5 - 4.4 6.5 
(TJ = +1250 C) - - 6.0 - - 6.0 

Input Bias Current Change 611B 
(20 Vdc .0;;; V, .0;;; 30 Vdc) - - 1.5 - - 1.5 
(1.0 mA.o;;; 10.0;;; 40 rnA) - - 0.2 - - 0.1 

Output Noise Voltage (T A = +250 C, 10Hz"" f .0;;; VN - 90 - - 90 -
100 kHz) 

Long-Term Stability 6VO!6t - 30 - - 30 -

Ripple Rejection (10 = 40 rnA, f = 120 Hz, 18.5 V"" RR 33 39 - 34 39 -
V, .0;;; 28.5 V, TJ= +250C) 

Input-Output Voltage Differential V,NO - 1.7 - - 1.7 -
(TJ = +250 C) 

MC78L18C, iIliC78L18AC ELECTRICAL CHARACTERISTICS (V, = 27 V, 10 = 40 rnA, C, = 0.33 .uF, Co = 0.1 .uF, 
OOC < T J < +1250C unless otherwise noted) 

MC78.L18C MC78L18AC 

Characteristic Symbol Min Typ Max Min Typ Max 

Output Voltage (TJ = +250 C) Vo 16.6 18 ' 19.4 17.3 18 18.7 

Input Regulation Reg,ine 
IT J = +250 C, 10 = 40 rnA) 
21.4 Vdc .0;;; V, .0;;; 33 Vdc - 32 325 
20.7 Vdc.o;;; V, .0;;; ~3 Vdc - 45 325 
22 Vdc .0;;; V, .0;;; 33 Vdc - 27 275 
21 Vdc.o;;; V, .0;;;33 Vdc - 35 275 

Load Regulation Regl~ad 
(T J = +250 C, 1.0 rnA"" '0 .0;;; 100 mAl - 30 170 - 30 170 
(TJ = +250 C, 1.0 mA.o;;; 10.0;;; 40 rnA) - 15 85 - 15 85 

Output Voltage Vo 
(21,4 Vdc .0;;; V, .0;;; 33 Vdc, 1.0 mA.o;;; 10.0;;; 40 rnA) 16.2 - n.8 
(20.7 Vdc .0;;; V, .0;;; 33 Vdc, 1.0 rnA .0;;; 10.0;;; 40 mAl 17.1 - 18.9 
(V, = 27 V, 1.0 rnA .0;;; 10.0;;; 70mA) 16.2 - 17.8 
(V, = 27 V, 1.0 rnA .0;;; '0.0;;; 70 rnA) 17.1 - 18.9 

Input Bias Current liB 
(TJ = +250 C) - 3.1 6.5 - 3.1 6.5 
(T J = +1250C) - - 6.0 - - 6.0 

Input Bias Current Change 61'B 
(22 Vdc .0;;; V, .0;;; 33 Vdc) - - 1.5 
(21 Vdc .0;;; V, = 33 Vdc) - - 1.5 
(1.0 rnA.o;;; 10.0;;; 40 rnA) - - 0.2 - - 0.1 

Output Noise Voltage (T A = +250C, 10Hz .0;;; f .0;;; VN - 150 - - 150 -
100 kHz) 

Long-Term Stability 6Vo/6t - 45 - - 45 -

Ripple Rejection (I0 = 40 rnA, f = 120 Hz, RR 32 46 - 33 48 -
23V.o;;;V,.o;;;33V,TJ=+250C) 

Input-Output Voltage Differential V,NO - 1.7 - - 1.7 -
(TJ = +250 C) 
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Unit 

Vdc 

mV 

mV 

Vdc 

rnA 

rnA 

j.LV 

mV !1.0 k Hrs. 

dB 

Vdc 

Unit 

Vdc 

mV 

mV 

Vdc 

mA 

rnA 

j.LV 

rnV 11.0 k Hrs. 

dB 

Vdc 
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MC78LOOC, AC Series 

MC78L24C, MC78L24AC ELECTRICAL CHARACTERISTICS (VI'" 33 V, 10 = 40 rnA, CI = 0.33 !JF,Co = 0.1 !JF, 
oOC < T J < +1250 C unless otherwise noted) 

MC78L24C MC78L24AC 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Output Voltage (TJ = +250 C) Vo 22.1 24 25.9 23 24 25 Vdc 

Input Regulation Regline mV 
(TJ = +250 C, 10 = 40mA) 
27.5 Vdc .;;; VI .;;; 38 Vdc - 35 350 - - -

28 Vdc .;;; VI .;;; 38 Vdc - 30 300 - 50 .300 
27 Vdc <; VI .;;; 38 Vdc - - - - 60 350 

Load Regulation Regload mV 
(T J = +250 C, 1.0 rnA.;;; 10';;; 100 rnA) - 40 200 - 40 200 
(TJ = +250 C, 1.0 rnA.;;; 10';;; 40 rnA) - 20 100 - 20 100 

Output Voltage Vo Vdc 
(28 Vdc .;;; VI .;;; 38 Vdc, 1.0 rnA.;;; 10';;; 40 rnA) 21.6 - 26.4 
(27 Vdc';;; VI';;; 38 Vdc, 1.0 rnA.;;; 10';;; 40 rnA) 22.8 - 25.2 
(28 Vdc';;; VI';;; 33 V,'1.0mA';;; 10';;; 70 rnA) 21.6 - 26.4 
(27 Vdc';;; VI';;; 33 V,1.0mA';;; 10';;; 70mA) 22.8 - 25.2 

Input Bias Current liB rnA 
(TJ = +250 C) - 3.1 6.5 - 3.1 6.5 
(T J = +1250 C) - - 6.0 - - 6.0 

Input Bias Current Change 611B rnA 
(28 Vdc';;; VI .;;; 38 Vdc) - - 1.5 - - 1.5 
(1.0 rnA .;;; 10.;;;40 rnA) - - 0.2 - - 0.1 

Output Noise Voltage (T A = +250 C, 10Hz .;;; VN - 200 - - 200 - p.V 
f.;;; 100 kHz) 

Long-Term Stability 6Vo/6t - 56 - - 56 - mV f1.0 k Hrs. 

Ripple Rejection (10 = 40 rnA, f = 120 H;;:, 29 V .;;; RR 30 43 -. 31 45 - dB 
VI';;; 35 V, TJ = +250 C) 

I nput-Output Voltage Differential VINO - 1.7 - - 1.7 - Vdc 
(TJ = +250 C) 

THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

TJ(max) -TA 
PD(TA) == R rr) ;;'>-VIIS-VO 10 

OJA yp 

Where: PD(T A) == Power Dissipation allowable at a given 

operating ambient temperature. 

4·96 

T J(max) == Maximum Operating Junction Temperature ' 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 

IS = Total Supply Current 

/ 



MC78LOOC, AC Series 

TYPICAL CHARACTER ISTICS 
(T A = +2SoC unless otherwise noted.! 
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FIGURE 1 - DROPOUT CHARACTERISTICS 
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MC78LOOC, AC Series 

APPLICATIONS INFORMATION 

Design Considerations 

The MC78LOOC Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, Internal 
Short-Circuit Protection that limits the maximum. current the cir-
cuit will pass. I 

In many low current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 

- to the power supply filter with long wire'lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 

FIGURE 7 - CURRENT REGULATOR 

Constant 
Current to 

Grounded Load 

The MC78LOOC regulators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
MC78L05C is chosen in this application. Resistor R determines 
the current as follows: 

II B ; 3.8 mA over line and load changes 

For example, a 100 mA current source would require R to be a 
50-ohm, 1/2-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 

selected to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 !/oF or larger 
tantalum, inylar, or other capacitor having low internal impedance 
at high frequencies should be chosen_ The bypass capacitor should 
be mounted with the shortest possible leads directly across the 
regulators input terminals. Normally good construction techniques 
should be used to minimize grou'nd loops and lead resistance 
drops since the regulator has no external sense lead. Bypassing the 
output is also recommended. 

FIGURE 8 - ±15 V TRACKING VOLTAGE REGULATOR 

+20 V +Va 

10 k 

10 k 

-20 V 

0.33 !/oF l 

FIGURE 9 - POSITIVE AND NEGATIVE REGULATOR 

+VI 
+Va 

0.1 !/oF 

- VI 

0.1 !/oF 0.33 !1F 
-Va 
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MC78MOOC SERIES THREE-TERMINAL 
POSITIVE VOLTAGE REGULATORS 

The MC78MOO Series positive voltage regulators are identical to 
the popular MC7800C Series devices, except that they are specified 
for only half the output current. Like the MC7800C devices, the 
MC78MOOC three-terminal regulators are intended for local, on-card 
voltage regu lation. 

Internal current limiting, thermal shutdown circuitry and safe
area compensation for the internal pass transistor combine to make 
these devices remark~bly rugged under most operating conditions. 
Maximum output current, with adequate heatsinking is 500 mA., 

• No External Components Required 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Packaged in the Plastic Case ~13 and Case 79 
(TO-220 and Hermetic TO-39) 

REPRESENTATIVE 
SCHEMATIC DIAGRAM 

,---~----------~----------,---~~-,-------,--olnput 

100 k 500 

J-.------+--e----..... _--..... -o Output 

2.7 k 

500 

Gnd 
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MC78MOOC 
series 

THREE-TERMINAL 
POSITIVE FIXED 

VOLTAGE REGULATORS 

Pin 1. Input 

2. Output 1ft 3. Ground 

,0' i ';.; 
Bottom 3. 

View 
G SUFFIX 

METAL PACKAGE 
CASE 79 

TO-39 
(Case connected 
to Pin 3) 

T SUFFIX 
PLASTIC PACKAGE 

CASE 313 
(TO-220 Type) 

STANDARD APPLICATION 

A common ground is required between the 
input and the output voltages. The input volt
age must remain typically 2.0 V above the out
put voltage even during the low point on the 
input ripple voltage . 

• '" Cin is required if regulator is located an 
appreciable· distance from power supply 
filter . 

•• = Co improves stability and transient re
sponse. 

ORDERING INFORMATION 

DEVICE I TEMPERATURE RANGE PACKAGE 

MC78MXXaG I T J = 0° C to + 150° C Metal Can 

MC78MXXCT I TJ =00Cto+1500C Plastic Power 

XX indicates nomina. voltage 

. TYPE NO./VOLTAGE 

MC7BM05C 5.0 Volts 
MC7BM06C 6.0 Volts 
MC7BMOBC B.O Volts 
MC7BM12C 12 Volts 
MC7BM15C 15Volts 
MC7BM1BC 18 Volts 
MC78M20C 20 Volts 
MC7BM24C 24 Volts 

• 



MC78MOOC Series 

MC78MOOC Series MAXIMUM RATINGS (T A = +250 C unless otherwise noted'! 

Rating Symbol Value Unit 

Input Voltage (5.0 V -18 V) VI 35 Vdc 
(20 V - 24 V) 40 

Power Dissipation (Package limitation) 
Plastic Package 

TA = 25°C PD I nternally Limited 
Derate above T A = 25°C ()JA 70 °C/W 

TC = 25°C PD Internally Limited 
. Derate above T C = 110°C ()JC 5.0 °C/W c 

Metal Package 
TA = 25°C PD I nternally Limited 

Derate above T A = 25°C ()JA 185 °C/W 

• 
TC = 25°C PD I nternallY Limited 

Derate above T C = 85°C ()JC 25 °C/W 

Operating Junction Temperature Range T.I o to +150 °c 

Operating Ambient Temperature Range TA o to +85 °c 

Storage Temperature Range Tstg 
Plastic Package -65 to +150, °c 
Metal Package -65 to +150 °c 

IV!C78M05C ELECTRICAL CHARACTERISTICS (VI = 10 V, 10 = 200 mA, OoC < TJ < +1250 C, PD';;; 5.0 W unless otherwise noted.) 

Character istic Symbol Min Typ Max Unit 

Output Voltage ITJ = +250 C) Vo 4.8 5.0 5.2 Vdc 

Line Regulation R'egline mV 

ITJ = +250 C) 
(7.0 Vdc';;; VI .;;; 25 Vdc) - 3.0 100 

18.0 Vdc';;; VI .;;; 25 Vdc) - 1.0 50 

Load Regulation Regload mV 

(TJ = +250 C, 5.0 mA';;; 10';;; 500 mAl - 20 100 

(TJ = +250 C, 5.0 mA .;;; 10';;; 200 mAl - 10 50 

Output Voltage Vo 4.75 - 5.25 Vdc 
(7.0 Vdc';;; VI .;;; 25 Vdc, 5.0 mA .;;; 10';;; 200 mAl 

I nput Bias Current IT J = +250 C) liB - 4.5 6.0 mA 

Quiescent Current Change AIIB mA 

18.0 Vdc';;; VI .;;; 25 Vdc) - - 0.8 

15;0 mA .;;; 10 .;;; 200 mAl - - 0.5 

Output Noise Voltage ITA = +250 C, 10 Hz.;;; f.;;; 100 kHz) eon -
; 

40 - /.IV 

Long-Term Stability AVO/At - - 20 mV/1.0kHrs 

Ripple Rejection 110 = 100 mA, f.,= 120 Hz, 8.0 V.;;; VI';;; 18 V) RR - 80 - dB 
(10 = 300 mA, f = 120 Hz, 8.0';;; VI';;; 18 V, TJ '" 25°C) - 80 -

I nput-Output Voltage Differential VI-VO - ,2.0 - Vdc 

(TA = +250 C) 

Short-Circuit Current limit ITJ = +250 C, VI = 35 VI lOS - 300 - mA 

Average Temperat(Jre Coefficient of OutPut Voltage AVO/AT - -1.0 - mV/oC 

(10 = 5.0 mAl 

Peak Output Current 10 - 700 - mA 

(TJ = 25°C) 

4·100 



MC78MOOC Series 

MC78M06C ELECTRiCAL CHARACTERISTICS (V, = 11 V, 10 = 200 mA oOC < T J < +1250 C, Po';; 5.0 W unless otherwise noted,) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (TJ = +250 C) Va 5.75 6.0 6.25 Vdc 

Line Regulation Regline mV 
(TJ = +250 C) 

(8.0 Vdc.;; V, .;; 25 Vdc) - 5.0 100 
(9.0 Vdc.;; V, .;; 25 Vdc) - 1.5 50 

Load Regulation Reg'oad mV 
(TJ = +250 C, 5.0 mA.;; '0 .;;500 mAl - 20 120 
(T J = +250 C, 5.0 mA .;; '0 .;; 200 mAl - 10 60 

Output Voltage Vb 5.7 - 6.3 Vdc 
(8.0 Vdc';; V, .;; 25 Vdc, 5.0 mA .;; '0 .;; 200 mAl 

I nput Bias Current (T J = +250 C) liB - 4.5 6.0 mA 

Quiescent Current Change A"B mA 
(9.0 Vdc .;; V, <;; 25 Vdc) - - 0.8 
(S.O mA .;; '0';; 200 rnA) - - 0.5 

Output Noise Voltage (TA = +250 C,10 Hz';; f.;; 100 kHz) eon - 45 - J.l.V 

Long-Term Stability AVO/l1t - - 24 mV/1.0 kHrs 

Ripple Rejection (10 = 100 rnA, f = 120 Hz, 9.0 V.;; V, .;; 19 V) RR - 80 - dB • (10 = 300 rnA, f = 120 Hz, 9.0 V .;; V I .;; 19 V, T J = 25°C) - 80 -

I nput-Output Voltage Differential V'-Va - 2.0 - Vdc 
(TA = +250 C) 

Short-Circuit Current Limit (T J = +250 C, V I = 35 V) 10'S - 270 - rnA 

Average Temperature Coefficient of Output Voltage t:"vO/I1T - -0.5 - mV/oC 
110 = 5.0mA) 

Peak Output Current (T J = 25°C) 10 - 700 - rnA 
(TJ = 25°C) 

" 
MC78M08C ELECTRICAL CHARACTERISTICS (V, = 14 V,IO = 200 rnA, OoC < TJ < +1250 C, PD';; 5.0W unlessotherwisenoted.l 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (TJ '= +250 c) Va 7.7 8.0 8.3 Vdc 

Line Regulation 
(TJ= +250 C) 

Reg'ine mV 

(10.5Vdc';; V,';;25Vdc) - 6.0 100 
(11 Vdc';; V, .;; 25 Vdc) - 2.0 50 

Load Regulation Reg'oad mV 
(TJ = +250 C, 5.0 rnA.;; '0';; 500 mAl - 25 160 
(TJ =+2SoC, 5.0 mA .;; '0 .;; 200 rnA) - 10 80 

Output Voltage Vo 7.6 - 8.4 Vdc 
(10.5 Vdc.;; V, .;; 25 Vdc, 5.0 rnA.;; '0';; 200 rnA) 

Input Bias Cu rrent (T J = +2SoC) liB - 4.6 6.0 mA 

Quiescent Current Change ,11',8 rnA 
(10.5 Vdc.;; V, .;; 25 Vdc) - - 0.8 
(5.0 rnA .;; '0';; 200 mAl - - 0.5 

Output Noise Voltage (T A = +2SoC, 10 Hz .;; f .;; 100 kHz) eon - 52 - J.l.V 

Long-Term Stability t:.vO/At - - , 32 mV/l.0 k Hrs 

Ripple Rejection (10 = 100 rnA, f = 120 Hz, 11.5 V.;; V, .;; 21.5 V) RR - 80 - dB 
00 = 300 rnA, f = 120 Hz, l1.S V.;; V,,;; 21.5 V, TJ = 250 C) - 80 -

Input-Output Voltage Differential V'-Va - 2.0 - Vdc 
(TA = +250 C) 

Short-Circuit Current Limit (TJ = +250 C, V, = 35 V) lOS - 2S0 - mA 

Average Temperature Coefficient of Output Voltage AVO/AT - -0.5 - mV/oC 
00 = 5.0mA) 

Peak Output Current 
(TJ = 25°C) 

10 - 700 - rnA 
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MC78MOOC Series 

MC78M12C ELECTRICAL CHARACTERISTICS (VI = 19 V 10 = 200 rnA, oOC <TJ <+1250 C Po';; 5.0 Wunlimotherwisenoted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage IT J =+250 C) Vo 11.5 12 12.5 Vdc 

Line Regulation Regline mV 
(TJ = +250 C) 
(14.5 Vdc';; VI .;; 30 Vdc) - 8.0 100 
(16 Vdc';; VI .;; 22 Vdc) - 2.0 50 

Load Regulation Regload mV 
(TJ = +250 C, 5.0mA';; 10';; 500mA) - 25 240 
!T J = +250 C, 5.0 mA .;; JO .;; 200 mAl - 10 120 

Output Voltage Vo 11.4 - 12.6 Vdc 
(14.5 Vdc';; VI .;; 27 Vdc, 5.0 mA .;; 10 .;; 200 rnA) 

Input Bias Current (TJ = +250 C) liB - 4.8 6.0 mA 

Quiescent Current Change ~IIB mA 
(14.5 Vdc';; VI .;; 30 Vdc) - - 0.8 

• 
(5.0 rnA.;; 10 .;; 200 mAl - - 0.5 

Output Noise Voltage (TA = +250 C, 10 Hz.;; f.;; 100 kHz) eon - 75 - /lV 

Long·Term Stability ~VO/~t - - 48 mV {1.0 k Hrs 

·Ripple Rejection 00'" 1 00 mA, f '" 120 Hz, 15 V.;; VI .;; 25 V) RR - 80 - dB 
00 = 300 mA, f = 1 20 Hz, 15 V .;; V I .;; 25·V, T J = 25°C) - 80 -

I nput·Output Voltage Differential 
(TA = +250 C) 

VI·VO - 2.0 - Vdc 

Short·Circuit Current Limit {TJ = +250 C, V 1= 35 VI ... lOS - 240 - mA 

Average Temperature Coefficient of Output Voltage ~VO{~T - -1.0 - mV/oC 
(10 = 5~0 rnA, OOC .;; T A .;; +1250 C) 

Peak Output Current 10 - 700 - mA 
(TJ = 25°C) 

MC78M15C ELECTRICAL CHARACTERISTICS (VI = 23 V, 10 = 200 mA, OoC < T J < +1250 C, PO';; 5.0 W unless otherwise noted.) 

Character istic Symbol Min Typ Max Unit 

Output Voltage (TJ = +250 C) Vo 14.4 15 15.6 Vdc 

Input Regulation Regline mV 
(TJ = +250 C) 
(17.5 Vdc';; VI .;; 30 Vdc) - 10 100 
(20 Vdc';; VI .;; 30 Vdc) - 3.0 50 

Load Regulation Regload mV 
(TJ = +250 C, 5.0 mA .;; 10';; 500 mAl - 25 150 
ITJ = +250 C, 5.0 mA.;; 10';; 200 mAl - 10 75 

Output Voltage Vo 14.25 - 15.75 Vdc 
17.5 Vdc';; VI .;; 30 Vdc, 5.0 mA.;; 10';; 200 mAl 

Input Bias Current (TJ = +250 C) liB - 4.8 6.0 mA 

Quiescent Current Change ~IIB 
(18.5 Vdc';; VI .;; 30 Vdc) - - 0.8 
(5.0 mA .;; 10 .;; 200 mAl - - 0.5 

0fltput Noise Voltage (T A = +250 C, 10 Hz .;; f .;;100 kHz) eon - 90 - /JoV 

Long·Term Stability ~VO/~t - - 60 mV/1.0 kHrs 

Ripple Rejection 00 = 100 mA, f = 120 Hz, 18.5 V.;; VI';; 28.5 V) RR - 70 - dB 
00 = 300mA, f = 120 Hz, 18.5 V.;; VI';; 28.5 V, TJ = 25°C) - 70 -

Input·Output Voltage Differentia! VI-VO - 2.0 - Vdc 
(TA = +250 C) 

Short-Circuit Current Limit (TJ = +250 C, VI = 35 V) lOS - 240 - mA 

Average Temperature Coefficient of Output Voltage ~VO{~T - -1.0 - mV{oC 
(10 = 5.0 mA, OoC';; TA .;; +1250 C) 

Peak Output Current 10 - 700 - mA 
(TJ = 25°C) 
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MC78M18C ELECTRICAL CHARACTERISTICS (VI = 27 V 10 = 200 rnA OOC< TJ < +1250 C PD';; 5.0W unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (TJ = +250 C) Vo 17.3 18 18.7 Vdc 

Line Regulation Regline mV 
(TJ = +250 C) 
(21 Vdc';; VI .-;; 33 Vd_c) - 10 100 
(24 Vdc';; VI .;; 33 Vdc) - 40 50 

Load Regulation Regload mV 
(TJ = +250 C, 5.0 rnA';; 10';; 500 rnA) - 30 360 
(TJ = +250 C, 5.0 rnA.;; 10';; 200 rnA) - 10 180 

Output Voltage Vo 17.1 - 18.9 Vdc 
(21 Vdc';; VI .;; 33 Vdc, 5.0 rnA.;; 10 .;; 200 rnA) 

Input Bias Current (T J = +250 C) liB - 4.8 6.S rnA 

Quiescent Current Change AIIB rnA 
(21 Vdc';; VI .;; 33 Vdc) - - 0.8 
(5.0 rnA .;; 10 .;; 200 rnA) - - O.S 

Output Noise Voltage (T A = +2SoC, 10 Hz';; f.;; 100 kHz) eon - 100 - /lV 

Long-Term Stability AVO/At - - 72 mV/1.0 kHrs 

Ripple Rejection ((0 = 100 rnA, f = 120 Hz, 22 V.;; VI';; 32 V) RR - 70 - dB • 0'0 = 300 rnA, f = 120 Hz, 22V.;; VI';; 32V, TJ = 25QC) - 70 -
Input-Output Volta!le Differential VI'VO - 2.0 - Vdc 

(TA = +250 C) 

Short-Circuit Current Limit ITJ = +250 C, VI = 35 V) 'OS - 240 - rnA 

Average Temperature Coefficient of Output Voltage AVO/AT - -1.0 - mV/oC 

(10 =: S.O rnA, OoC .;; T A .;; +1 ;!SoC) 

Peak Output Current 10 - 700 - rnA 
(TJ = 25°C) 

MC78M20C ELECTRICAL CHARACTERISTICS (VI = 29 V,IO = 200 rnA, OCiC < TJ < +1250 C, PD:O;;;;S.O W unless otherwise noted.! 

Characteristic Symbol Min Typ -Max Unit 

Output Voltage IT J = +250 C) Vo 19.2 20 20.8 Vdc 

Line Regulation Regline mV 
(TJ = +2SoC) 
(23 Vdc';; VI .;; 35 Vdc) - 10 100 
(24 Vdc';; VI .;; 35 Vdc) - 5.0 50 

Load Regulation Re9load mV 
(TJ = +250 C, S.O rnA.;; 10';; SOO rnA) - 30 400 
(T J = +2SoC, S.O rnA .;; 10 .;; 200 rnA) - 10 200 

Output Voltage Vo 19 - 21 Vdc 
(23 Vdc';; VI .;; 35 Vdc, !).O rnA .;; 10';; 200 rnA) 

Input Bias Currerit (Tj = +250 C) liB - 4.9 6.5 rnA 

Quiescent Current Change AIIB rnA 
(23 Vdc';; VI .;; 31' Vqc) - - - 0.8 
(5.0 rnA .;; 10 .;;200 rnA) - - 0.5 

Output Noise Voltage (T A = +2SoC, 10 Hz .;; f .;; 100 kHz) eon - 110 - /l\J 
Long-Term Stabiiity AVO/At - - 80 mV/l.0kHrs 

Ripple Rejection (10 = 100 rnA, f = 120 Hz.-24 V.;; VI .;; 34 V) RR - 70 - dB 
00= 300 rnA, f = 120 Hz~ 24 V.;; VI';; 34 V, TJ = 25°C) - 70 -

Input-Olltput Voltage Differential VI-VO - 2.0 - Vdc 
(TA = +250 C) 

Short-Circuit Current Limit ITJ = +25,°C, VI = 35 VI 'OS - 240 - rnA 

Average Temperature Coefficient of Output Voltage AVO/AT - -1.1 - mV/oC 
((0 = S.O rnA, OOC .;;T A';; +12SoCI 

Peak Output Current 10 - 700 - rnA 
ITJ = 2SoC) 
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MC78M24C ELECTRICAL CHARACTERISTICS (VI = 33 V, 10 = 200 mA, OOC < TJ < +1250 C, PO" 5.0 W unless otherwise noted.) 

Characteristic Symbol Min Typ Max, Unit 

Output Voltage (T J = +250 C) Vo 23 24 25 Vdc 

Line Regulation Regline mV 
(TJ = +250 C) 
(27 Vdc .. VI .. 38 Vdc) - 10 100 
(28 Vdc .. VI .. 38 Vdc) - 5.0 50 

Load Regulation Regload mV 
(TJ = +250 C, 5.0 mA .. 10" 500 mAl - 30 480 
(TJ = +250 C, 5.0 mA .. 10" 200 mAl - 10 240 

Output Voltage Vo 22.8 - 25.2 Vdc 
(27 Vdc" VI .. 38 Vdc, 5.0 mA .. 10" 200 mAl 

I nputBias Current (T J = +250 C) liB - 5.0 7.0 mA 

Quiescent Current Change ~IIB mA 
(27 Vdc .. VI .. 38 Vdc) - - 0.8 
(5.0 mA .. 10 .. 200 mAl - - 0.5 

Output Noise Voltage (T A = +250 C, 10 Hz .. f .. 100 kHz) eon - 170 , - /JoV 

Long·Term Stability ~VO/~t - - 96 mV /1.0 k Hrs 

Ripple Rejection (10.= 100 mA, f = 120 Hz, 28 V .. VI .. 38 V) RR - 70 - dB 
(10 = 300 mA, f = 120 Hz, 28 V .. VI" 38 V, TJ = 25°C) - 70 -

I nput·Output Voltage Differential VI'VO - 2.0 - Vdc 
(TA = +250 C) 

Short·Circuit Current Limit IT J = +250 C) , lOS - 240 - mA 

Average Temperature Coefficient of Output Voltage ~VO/~T - -1.2 - mV/oC 

(10 = 5.0 mA, OoC" TA .. +1250 C) 

Peak Output Current 10 - 700 - mA 
(TJ = 25°C) 

THERMAL INFORMATION 

The maximum power consumption an integrated circuit can 
tolerate ,at a given operating ambient temperature, can be found 
from the equation: 

TJ(max)-TA~V I -V I 
ROJA (Typ) ISO 0 

Where: PD(T A) = Power Dissipation allowable at a givenoper

ating ambient temperature. 

TJ(max) = Maximum Operating Junction Temperature as listed in 
the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient Temperature 

ROJA (Typ) = Typical Therma.l Resistance Junction to Ambient 

IS = Total Supply Current 

DEFINITIONS 

Line Regulation - The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the average 
chip temperature is not significantly affected. 

Load Regulation - The change in output voltage for a change in 
load current at constant chip temperature. 

Maximum Power Dissipation - The maximum total device dissi
pation for which the regulator will operate within specifications.' 

4-104 

Input Bias Current - That part of the input current that is not 
delivered to the load. 

Output Noise Voltage - The rms ac voltage at the output, with 
constant load and no input ripple, measured over a specified fre
quency range. 

Long Term Stability -Output voltage stability under accelerated 
life test conditions with the maximum rated voltage listed in the 
devices' electrical characteristics and 'maximum power dissipation. 



MC78MOOC Series 

TYPICAL PERFORMANCE CURVES 
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FIGURE 1 - WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE 

TO-220 (CASE 313) 
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FIGURE 3 - PEAK OUTPUT CURRENT AS A FUNCTION OF 
INPUT-OUTPUT DIFFERENTIAL VOLTAGE 
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FIGURE 2 - WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE 

TO-39 (CASE 79) 
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FIGURE4 - RIPPLE REJECTION AS A FUNCTION 
OF FREQUENCY 
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MC78MOOC Series 

APPLICATIONS INFORMATION 

Design Considerations 
The MC78MOOC Series of fixed voltage regulators are designed 

with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive pOwer overload condition, Internal 
Short-Circuit Protection that limits the maximum current the cir
cuit will pass, and Output Transistor Sefe-Area Compensation that 
reduces the output short-circuit current as the voltage across the 
pass transistor is increased_ 

In many low current applications,.compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 

FIGURE 5 - CURRENT REGULATOR 

Input 

R 
Constant 

Current to 
~ Grounded Load 

The MC7800C regulators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
MC7805C is chosen in this application. Resistor R determines 
the current as follows: 

IQ = 1.5 rnA over line and load changes 

For example, a 500 rnA current source would require R to be a 
10-ohm, 10-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 

FIGURE 7 - CURRENT BOOST REGULATOR 

MJ2955 or Equiv 

Input 

1-0 ....... _ .. Output 

xx = 2 digits of type number indicating voltage. 

The MC78MOOC series can be current boosted with a PNP trl!nsis
tor. The MJ2955 provides current to 5.0 amperes. Resistor R 
in coni unction with the VBE of the PNP determines when the 
pass transistor begins conCluctmg; this cirCUit is not short-circuit 
proof. Input-output differential voltage minimum is increased by 
VBE of the pass transistor. 

to the power supply filter with long wire lengths, or if the output 
load' capa<;itance is large; An input bypass' capacitor should be 
selected to provide good high-frequenc;:y characteristics to insure 
stable operation under all load conditions. A 0.3~ IlF or larger 
tantlllum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 
be mounted with the shortest possible leads directly across the reg
ulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance drops 
since the regulator has no external sense lead. 

FIGURE 6 - ADJUSTABLE OUTPUT REGULATOR 

VO.7.0Vt020V 

VIN - Vo ~2.0 V 

10 k 

Output 

0.1 
/IF 

The addition of an operation'al amplifier allows adiustment to 
higher or intermediate values while retaining regulation character
istics. The minimum voltage obtainable with this arrangement is 
2.0 volts greater than the regulator voltage. 

FIGURE 8 - SHORT-CIRCUIT PROTECTION 

MJ2955 

Input 
or Equiv 

R 

xx = 2 digits of type number indicating voltage. 

The circuit of Figure 7 can be modified to provide supply protec
tion against short circuits by adding a short-circuit sense resistor, 
Rscland an additional PNP transistor. The current senSing PNP 
must be able to handle the short-circuit current of the three
terminal regulator. Therefore, a two-ampere plastic power tran
sistor is specified. 
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MC7900C SERIES THREE-TERMINAL 
NEGATIVE VOLTAGE REGULATORS 

The MC7900C Series of fixed output negative voltage regulators 
are intended as complements to the popular MC7800C Series devices. 
These negative regulators are available in the same seven-voltage 
options as the MC7800C ·devices. In addition, two extra voltage 
options commonly employed in MECL systems are also available 
in the negative MC7900C Series_ 

Available in fixed output voltage options from -2.0 to -24 volts, 
these regulators employ current limiting, thermal shutdown, and 
safe-area compensation - making them remarkably rugged under 
most operating conditions. With adequate heat-sinking they can 
deliver output currents in excess of 1.0 ampere. 

• No External Components Required 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Output Trarisistor Safe-Area Compensation 

• Packaged in the Plastic Case 313 and Case 11 
(TO-220 and Hermetic TO-3) 

SCHEMATIC DIAGRAM 

Gnd 

0.3 

L-~-4 ____ ~~ __________ ~~~ __________ ~~ _____________ ~VI 

. DEVICE TYPE/NOMINAL OUTPUT VOLTAGE 
MC7902C - 2.0 Volts MC7906C - 6.0 Volts 
MC7905C - 5.0 Volts MC7908C - 8.0 Volts 
MC7905.2C - 5.2 Volts MC7912C - 12Volts 

MC7915C - 15 Volts 
MC7918C - 18 Volts 
MC7924C - 24 Volts 

MC7900C 
Series; 

THREE-TERMINAL 
NEGATIVE FIXED_ 

VOLTAGE REGULATORS 

K SUFFIX 
METAL PACKAGE 

CASE 11-01 
(TO-3 TYPE) 

T SUFFIX 
PLASTIC PACKAGE 

CASE 313 

Pin 1. Ground 
2. Input 
3. Output 

STANDARD APPLICATION 

A common ground is required between the 
input and the output voltages. The input volt
age must remain typically 2.0 V more negative 
even during the high point on the input ripple 
voltage. 

XX = these two digits of the type number indi
cate voltage. 

* = Cin is required if regulator i's located an 
appreciable distance from power supply 
filter. 

** = Co improves stability and transient re-
sponse. 

ORDERING INFORMATION 

DEVICE I TEMPERATURE. RANGE 1 PACKAGE 

MC79XXCK I. T J =00.Cto+1500 C .1 Metal Power 

MD79XXCT I T J = '00 c to +1500 C I Plastic Power 

XX indicates nominal voltage 

• 



MC7900C Series 

MC7900C Series MAXIMUM RATINGS (T A = +250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Input Voltage (2.0 V - 18 V) V, -35 Vdc 
(24 V) -40 

Power Dissipation 
Plastic Package 

T A = +250C PD Internally Limited Watts 

Derate above T A = +250C 1/ROJA 15.4 mW/oC 

TC = +250C PD I nternally Limited Watts 

Derate above TC = +950C (See Figure 1) 1/ROJC 200 mW/oC 

Metal Package 
TA = +250C PD Internally Limited Watts 

Derate above T A = +250C 1/ROJA 22.2 mW/oC 

• 
TC = +250C PD Internally Limited Watts 

Derate above T C = +650C 1/ROJC 182 mW/oC 

Storage Temperature Range TstQ -65 to +150 °c 
Junction Temperature Range TJ o to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic SYmbol Max Unit 

Thermal Resista'lce, Junction to Ambient - Plastic Package ROJA 65 °C/W 

- Metal Package 45 

Thermal Resistance, Junction to Case - Plastic Package ROJC 5.0 °C/W 
- Metal Package 5.5 

MC7902C ELECTRICAL CHARACTERISTICS ( V, = -10 V, 10 = 500 mA,OoC <T J < +1250 C unless otherwise noted.) 

Charact!!ristic Sy~bol Min Typ Max Unit 

Output Voltage (T J = +250 c) Va -1.92 -2.00 -2.08 Vdc 

Line Regulation Reg'ine mV 

(T J = +250 C, 10 ;. 100 mAl 
-7.0Vdc;;;;'V, ;;;;'-25 Vdc - 8.0 20 

-8.0Vdc;;;;'V, ;;;;'-12Vdc - 4.0 10 

(T J = +250 C, '0 = 500 mAl 
-7.0 Vdc;;;;' VI ;;;;'-25 Vdc - 18 40 

-8.0 Vdc;;;;' V, ;;;;'-12 Vdc - 8.0 20 

Load Regulation Reg'oad mV 

TJ = +250 C, 5.0 mA ~IO ~ 1.5 A - 70 120 

250 mA ~ 10 ~750 mA \ - 20 60 

Output Voltage Va -1.90 - -2.10 Vdc 

-7.0 Vdc;;;;' V, ;;;;'-20 Vdc, 5.0 mA ~ '0 ~ 1.0 A, P ~15 W 

Input Bias Current (T J = +250 C) liB - 4.3 8.0 rnA 

Input Bias Current Change 6 1
'B 

rnA 

-7.0 Vdc;;;;' VI ;;;;, -25 Vdc - - 1.3 

5.0mA ~IO ~1.5 A' - - 0.5 

OutP~t Noise Voltage (T A = +250 C; 10Hz ~ f ~ 100kHz) eon - 40 - /lV 

Long-Term Stability AVO/At - - 20 mV/1.0k Hrs 

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 65 - dB 

Input-Output Voltage Differelhtial lVI-Vol - 3.5 - Vdc 

'0 = 1.0 A, TJ = +250 C 

Average Temperature Coefficient of Output Voltage /O,VO//O,T - -1.0 - mV/oC 

10 = 5.0 mA, oDc ~TA ~+1250C 
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MC7900C Series 

MC7905C ELECTRICAL CHARACTERISTICS (V, = -10 V, 10 = 500 mA, oOC <T J < +1250C, unless otherwise noted.) 

Character istic Symbol Min Typ Max Unit 

Output Voltage (TJ = +250C) Vo -4.8 -5.0 -5.2 Vdc 

Line Regulation Regline mV 
(TJ = +250 C, 10 = 100 mAl 
-7.0 Vdc;;" V, ;;"-25 Vdc - 7.0 50 
-8.0 Vdc;;" V, ;;"-12 Vdc - 2.0 25 

(T J = +250 C, '0 = 500 mAl 
-7.0Vdc;;" V, ;;"-25Vdc - 35 100 
-8.0 Vdc;;" V, ;;"-12 Vdc _ - 8.0 50 

Load Regulation Reg'oad mV 
TJ = +250C, 5.0 mA ~IO ~ 1.5 A - 11 100 
250 mA ~IO ~750 mA - 4.0 50 

Output Voltage Vo -4.75 - -5.25 Vdc 
-7.0 Vdc;;;;'Y, ;;;;'-20 Vdc, 5.0 mA ~IO ~ 1.0 A, P ~ 15 W 

Input Bias Current (T J = +250C) lIB - 4.3 8.0 mA 

Input Bias Current Change 61'B mA • -7.0 Vdc;;" Vin ;;.. -25 Vdc - - 1.3 
5.0 mA ~IO ~ 1.5 A - - 0.5 

Output Noise Voltage (T A = +250C, 10 Hz ~f ~ 100 kHz) eon - 40 - Jl.V 

Long-Term Stability AVO/At - - 20 mV/l.0k Hrs 

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 70 - dB 

I nput-Output Voltage Differential lVI-VOl - 2.0 - Vdc 
'0 = 1.0 A, T J = +250C 

Average Temperature Coefficient of Output Voltage 
10 = 5_0 mA, oDc ~TA ~+1250C 

{'NO/boT - -1.0 - mV/oC 

MC7905.2C ELECTRICAL CHARACTERISTICS (V, = -10 V, '0 = 500 mA, oDc <T J < +1250C, unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (T J = +250C) Vo -5.0 -5.2 -5.4 Vdc 

Line Regulation Regline mV 
(T J = +2SoC, 10 = 100 mAl 
-7.2Vdc;;"V, ;;;;'-25Vdc - 8.0 51 
-8.0Vdc;;;;' V, ;;;;'-12Vdc - 2.2 27 

(TJ = +2SoC, '0 = 500 mAl 
-7.2 Vdc;;" V, ;;"-25 Vdc - 37 105 
-8.0 Vdc;;" V, ;;;;'-12 Vdc - 8.5 52 

Load Regulation. Reg'oad mV 
T J = +250C, 5.0 mA ~IO ~ 1.5 A - 12 105 
250mA ~IO ~750 mA - 4:5 52 

Output Voltage Vo -4.94 - -5.46 Vdc 
-7.2 Vdc;;;;' V, ;;;;'-20 Vdc, 5.0 mA ~IO ~ 1.0 A, P ~15 W 

Input Bias Current (TJ = +250C) lIB - 4.3 8.0 mA 

Input Bias Current Change 61'B mA 
~7.2 Vdc;;" VI ;;;;'-25 Vdc - - 1.3 
5.0 rnA ~IO ~ 1.5 A - - 0.5 

Output Noise Voltage (T A = + 25°C , 10 Hz ~f ~ 100 kHz) eon - 42 - Jl.V 

Long-Term Stability AVO/At - - 20 mV/l.0k Hrs 

Ripple Rejection (10 =-20 rnA, f = 120 Hz) RR - 68 - dB 

Input-Output Voltage Differential lV,-VOl - 2.0 - Vdc 
'0 = 1.0 A, T J = +250C 

Average Temperature Coefficient of Output Voltage boVOlboT - -1.0 - mV/oC 
10 = 5.0 rnA, oDe ~T A ~ +1250c 
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MC7900C Series 

MC7906C ELECTRICAL CHARACTERISTICS I VI = -11 V,IO = 500 rnA, OOc <TJ<+1250C unless otherwise noted.) 

Charact.-istic Symbol Min Typ Max Unit 

Output Voltage IT J = +250C) Vo -5.75 -6.0 -6.25 Vdc 

Line Regulation. Regline rilV 
(T J = +250C, 10 = 100mA) 
-8.0 Vdc ~ V I ~ -25 Vdc - 9.0 60 
-9.0Vdc~ VI ~-13Vdc - 3.0 30 

IT J = +250 C, 10 = 500 mAl 
-8.0 Vdc~ VI ~-25 Vdc - 43 120 
-9.0 Vdc~ VI ~-13 Vdc - 10 60 

Load Regulation Regload mV 
T J = +250 C, 5.0 mA ..;; 10";; 1.5A - 13 120 

250 mA ";;10";; 750 mA - 5.0 60 

• 
Output Voltage Vo -5.7 - -6.3 Vdc 

-8.0 Vdc~ VI~-21 Vdc, 5.0 mA ";;10 ..;; 1.0 A, P ";;15 W) 

Input Bias Current ·IT J = +250C) liB - 4.3 8.0 mA 

Input Bias Current Change 611B mA 
-8.0 Vdc ~ V I ~-25 Vdc - - 1.3 
5.0mA ";;10 ";;1.5 A - - 0.5 

Output Noise Voltage IT A = +250C, 10 Hz";;f ..;; 100 kHz) eon - 45 - JJ.V 

Long-Term Stability t:..VO/t:..t - - 24 mV/1.0k Hrs 

Ripple Rejection (10 = 20 rnA, f = 120 Hz) RR - 65 - dB 

I nput·Output Voltage Differential lVI-VOl - 2.0 ~ Vdc 
10 = 1.0 A, TJ ~ +250C 

Average Temperatbre Coefficient of Output Voltage 
10 = 5.0 mA, OOc ";;TA ";;+1250C 

6VO/6T - -1.0 - mV/oC 

MC7908C ELECTRICAL CHARACTERISTICS I VI = -14 V, 10 = 500 mA,OoC<TJ < +1250C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage IT J = +250 C) Vo -7.7 -8.0 -8.3 Vdc 

Line Regulation Regline mV 
(TJ =+250 C,10 = 100 rnA) 
-10.5Vdc~VI ~-25Vdc - 12 80 
-11 Vdc~ VI ~ -17 Vdc - 5.0 40 

IT J = +250C, 10 = 5OOmA) 
-10.5 Vdc~ VI ~-25 Vdc - 50 160 
-11 Vdc~VI ~-17 Vdc - 22 80 

Load Regulation Regload mV 
TJ = +250C, 5.0 mA ";;10";; 1.5 A - 26 160 
250 rnA";; 10 ";;750 mA - 9.0 80 

Output Voltage Vo -7.6 - -8.4 Vdc 
-10.5 Vdc~ VI ~-23 Vdc, 5.0mA ";;10";; 1.0 A, P";; 15 W 

Input Bias Current IT J = +250C) liB - 4.3 8.0 mA 

Input Bias Current Change 611B mA 
-10.5 Vdc ~ VI ~-25 Vdc - - 1.0 
5.0mA ";;10 ";;1.5 A - - 0.5 

Output Noise Voltage IT A = +250 C, 10 Hz";;f";; 100 kHz) eon - 52 - JJ.V 

Long·Term Stability t:..VO/t:..t - - 32 mV/1.0k Hrs 

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 62 - dB 

Input.Qutput Voltage Differential lVI-VOl - 2.0 - Vdc 
10= 1.0 A, TJ = +250C 

Average Temperature Coefficient of Output Voltage 
10 = 5.0mA, OOC";;TA ~+1250C 

6Vb/6T - -1.0 - mV/oC 
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MC7900C Series 

MC7912C ELECTRICAL CHARACTERISTICS (VI = -19 V, 10 = 509 mA, ooc <T J < +1250 C, unless otherwise noted.! 

Characteristic Symbol Min Typ Max Unit 

Output Voltage IT J = +25oC) Vo -11.5 ~12 -12.5 Vdc 

line Regulation Regline mV 

(TJ = +25oC, 10 = 100 mAl 
-14.5 Vdc ~ VI ~-30 Vdc - 13 120 
-16Vdc~VI ~-22Vdc - 6.0 60 

(TJ= +250 C, 10 = 500 mAl 
-14.5 Vdc ~ VI ~-30 Vdc - 55 240 

-16 Vdc ~ VI ~-22 Vdc - 24 .120 

Load Regulation Regload mV 

TJ = +250 C, 5.0 mA ~IO ~ 1.5 A - 46 240 

250 mA ~ 10 ~750 mA - 17 120 

Output Voltage Vo -11.4 - -12.6 Vdc 
-14.5 Vdc ~ VI ~-27 Vdc, 5.0 mA ~IO ~1.0A, P ~15 W 

Input Bias Current (T J - +250 C) liB - 4.4 8.0 mA 

Input Bias Current Change 611B mA • -14.5 Vdc ~ VI ~-30 Vdc - - 1.0 
5.0 mA ~IO ~1.5 A - - 0.5 

Output Noise Voltage (TA = +250C, 10 Hz ~f ~100 kHz) eon - 75 - J.l.V 

Long-Term Stability AVO/At - - 48 mV/1.0 k Hrs 

Ripple Rejection (to = 20 mA, f = 120 Hz) RR - 61 - dB 

Input-Output Voltage Differential lVI-VOl - 2.0 - Vdc 

10 = LOA, TJ = +250C 

Average Temperature Coefficientof Output Voltage 6VO/6T - -1.0 - mVfUC 
10 = 5.0 mA, OOc ~TA ~+1250C 

MC7915C ELECTRICAL CHARACTERISTICS (VI = -23 V,IO = 500 mA, OoC <T J < +1250 C, unless otherwise noted.! 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (T J = +250C) Vo -14.4 -15 -15.6 Vdc 

Line Regulation Regline mV 
. (TJ = +250C, 10 = 100 mAl 

-17.5 Vdc ~ VI ~-30 Vdc - 14 150 
-20 Vdc ~ VI ~-26 Vdc - 6.0 75 

(T J = +250C, 10 = 500 mAl 
-17.5 Vdc~ VI ~-30 Vdc - 57 300 
-20 Vdc~· VI ~-26 Vdc - 27 150 

Load Regulation Regload mV 
TJ = +250C, 5.0 mA ~IO ~'.5 A - 68 300 
250 mA ~ 10 ~750 mA - 25 150 

Output Voltage Vo -14.25 - . -15.75 Vdc 
-"17:5 Vdc~ VI ~-30 Vdc, 5.0 mA ~IO ~1.0A, P ~15 W 

Input Bias Current (T J - +25UC) liB - 4.4 8.0 mA 

Input Bias Current Change 611B mA 
-17.5 Vdc ~ VI ~-30 Vdc - - 1.0 
5.0 mA ~.IO ~ 1.5 A - - 0.5 

Output Noise Voltage (TA - +250 C, 10 Hz ~f ~100 kHz) eon - 90 -: J.l.V 

Long-Term Stability AVO/At - - 60 mV/1.0 k Hrs 

Ripple Rejection (to - 20 mA, f - 120 Hz) RR .- 60 - dB 

Input.()utput Voltage Differential IVI-V01 - 2.0 - Vdc 
10 = 1.0 A, T J = +250C 

Average Temperature Coefficient of Output Voltage 6VO/6T - -1.0 - mVI"C 
10 = 5.0 mA, OOc ~TA ~+1250C 
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MC7900C Series 

MC7918C ELECTRICAL CHARACTERISTICS (VI = -27 V. 10 = 500 mAo ooc <T J < +1250C. unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (T J = +250C) Vo -17.3 -18 -18.7 , Vdc 

Line Regulation Regline mV 

(T J = +250C. 10 = 100 rnA) 
-21 Vdc~ VI ~-33 Vdc - 25 180 
-24 Vdc~ VI ~-30 Vdc - 10 90 

(T J = +25oC. 10 = 500 mAl 
-21 Vdc~ VI ~-33 Vdc - 90 360 
-24 Vdc ~ VI ~-30 Vdc - 50 180 ' 

Load Regulation Regload mV 
TJ = +250C. 5.0 mA ~IO ~1.0A - 110 360 
250 mA ~ 10 ~750 mA - 55 180 

• 
Output Voltage Vo -17.1 - -18.9 Vdc 

-21 Vdc~VI ~-33Vdc.5.0mA~10~1.0A.P~15W 

Input Bias Current (T J = +250 C) liB - 4.5 8.0 mA 

Input Bias Current Change 611B mA 

-21 Vdc ~ VI ~-33 Vdc - - 1.0 

5.0mA ~IO ~1.0A - - 0.5 

Output Noise Voltage (T A = +250C. 10 Hz ~f ~ 100 kHz) eon - 110 - IJV 

Long·Term Stability b.VO/At - - 72 mV/1.0k Hrs 

Ripple Rejection (10'" 20 mAo f = 120 Hz) RR - 59 - dB 

I nput-Output Voltage Differential lVI-VOl - 2.0 - Vdc 
10 '" 1.0 A. T J '" +250C 

Average Temperature Coefficient of Output Voltage 6VO/6T - -1.0 - mV/oC 

10 = 5.0 mAo fPc ~TA ~+1250C 

MC7924C ELECTRICAL CHARACTERISTICS (V 'I "'-33 V I 500 mA fPc <T < +1250C • 0= J h ' un ess ot erwlse not ed) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (T J = +250C) Vo -23 -24 -25 Vdc 

Line Regulation Regline mV 
(T,) '" +25oC.IO '" 100 mAl 
-27 Vdc ~ VI ~-38 Vdc - 31 240 
-30 Vdc~ VI ~-36 Vdc - 14 120 

(T J = +250 C. 10 '" 500 mAl 
-27 Vdc ~ VI ~-38 Vdc - 118 480 
-30Vdc~ VI ~-36 Vdc - 70 240 

Load Regulation Regload mV 
TJ = +250 C. 5.0 rnA ~IO ~1.0A - 150 480 
250 rnA ~IO ~750 mA - 85 240 

Output Voltage Vo -22.8 - -25.2 Vdc 
-27 Vdc~ VI ~-38 Vdc. 5.0 rnA ~Io ';;;;;1.0 A. P ~15 W 

Input Bias Current (T J = +250 C) - liB - 4.6 8.0 mA 

Input Bias Current Change 611B mA 
-27 Vdc~ VI ~-38 Vdc - - 1.0 
5.0mA ~IO ~1.0A - - 0.5 

Output Noise Voltage (TA = +250C. 10 Hz';;;;;f ~ 100 kHz) eon - 170 - IJV 

Long·Term Stability AVO/At - - 96 mV/1.0k Hrs 

Ripple Rejection (10 = 20 rnA. f '" 120 Hz) RR - 56 - dB 

Input-OutPUt Voltage Differential lVI-VOl - 2.0 - Vdc 
. 10 = 1.0 A. T J .. +250 C 

Average Temperature Coefficient of Output Voltage AVO/AT - -1.0 - mV/oC 
10 = 5.0 mAo fPc <;TA ~+1250C 
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MC7900C Series 

. TYPICAL CHARACTERISTICS 
(T A = +250 C unless otherwise noted.) 

FIGURE 1 - WORST CASE POWER DISSIPATION AS A 
FUNCTION OF AMBIENT TEMPERATURE (TO·220) 
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FIGURE 2 - WORST CASE POWER DISSIPATION AS A 
FUNCTION OF AMBIENT TEMPERATURE (TO·3) 
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FIGURE 4 - RIPPLE REJECTION AS A FUNCTION 
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MC7900C Series 

TYPICAL CHARACTERISTICS (continued I 

FIGURE 7 - QUIESCENT CURRENT AS A FUNCTION 
OF TEMPERATURE 
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DEFINITIONS 

Line Regulation - The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the average 
chip temperature is not significantly affected'. 

, Load Regulation - The change in output voltage for a change in 
load current at constant chip temperature. 

Maximum Power Dissipation - The maximum total device dissi
pation for which the regulator will operate within specifications. 

Input Bias Current - That part of the input current that is not 
del ivered' to the load, 

Output Noise Voltage - The rms ae voltage at the output, with 
constant load and no input ripple, measured over a specified fre
quency range. 

Long Term Stability - Output voltage stability under accelerated 
life test conditions with the maximum rated voltage listed in the 
devices' electrical characteristics and maximum power dissipation, 

THERMAL INFORMATION 

The maximum power consumption an integrated circuit can 
tolerate at a given operating ambient temperature, can be fou~d 
from the equation: 

TJ(maxl - T A ' 
R (T) >VI IS - Vo 10 

(}JA YP 

4-114 

Where: POIT AI, = Power Dissipation allowable at a given oper

ating ambient temperature. 

T J(max) = Maximum, Operating Junction Temperature as listed in 
t~e Maximum Ratings Section 

T A = Maximum Desired Operating Ambient Temperature 

ReJA n:yp) ;, Typical Thermal Resistance Junction to Ambient 

IS = Total Supply Current 



MC7900C Series 

APPLICATIONS INFORMATION 

Design Considerations 

. The MC7900C Series of fixed voltage regulators are designed 
wIth Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, Internal 
Short·Circuit Protection that' limits the maximum current the cir· 
cuit will pass, and Output Transistor Safe·Area Compensation that 
reduces the output short·circuit current as the voltage across the 
pass transistor is increased. 

In·many low current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 

FIGURE 8 - CURRENT REGULATOR. 

10 = 200 mA 
Input 

""T+ 1 .0 JJF 

e-~---------------~+---------•• Gnd 

The MC7902, -2.0 V regulator can be used as a constant current 
source when connected as above. The output current is the sum of 
resistor R current and quiescent bias current as follows: 

2V 
10 =R+ IB 

The quiescent current for this regulator is typicalry 4.3 mAo 
The 2.0 volt regulator was chosen to minimize dissipation and to 
allow the output voltage to operate to· within 6.0 V below the 
input voltage. 

FIGURE 10 -OPERATIONAL AMPLIFIER SUPPLY 
(±15 V@ 1.0 A) 

+20 V +15 V 
Input Output 

0.33!J.F 1N4001 
or Equiv 

Gnd Gnd 

1.0/.iF 

-20 V -15 V 
Input Output 

The MC7815 and MC7915 positive and negative regulators may 
be connected as shown to obtain a dual power supply for oper· 
ational amplifiers. A clamp diode should be us~d at the output of 
the MC7815 to prevent potential latch·up problems. 

to the pOwer supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 
selected to provide good high·frequency characteristics to insure 
stable operation under all load conditions. A 0.33 JJF or larger 
tan.talum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 
be mounted with the shqrtest possible leads directly across the reg· 
ulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance 
drops since the regulator has no external sense lead. Bypassing the 
output is also recommended. 

-10 V 

FIGURE 9 - CURRENT BOOST REGULATOR 
(-5.0 V @ 4.0 A, with 5.0 A current limiting) 

0.56 
Input .......... ---"vfI/V--_ ........ 

-5.0 V 
)r------------._. 0 utput 

Gnd .... ------------*------~------~ __ Gnd 

*Mounted On common heat sink, Motorola MS-10 or equivalent. 

When a boost transistor is used, short·ci~cuit currents are equal 
to the sum of the series pass and regulator limits, which are 
measured at 3.2 A and 1.8 A respectively in this case. Series pass 
limiting is approximately equal to 0.6 V/RSC. Operation beyond 
this point to the peak current capability of the MC7905C is pos· 
sible if the regulator is mounted on a heat sink; otherwise thermal 
shutdown will occur when the additional load current is picked up 
by the regulator. 

FIGURE 11 - TYPICAL MECL SYSTEM POWER SUPPLY 
(-5.2 V@ 4.0 A and -2.0 V @ 2.0 A; for PC Board) 

-12 V 

Input 

Gnd 

-5.2 V 

x------JV\I'v----_--. 0 utput 

-2.0 V 
r-..JVV\r--_-+ __ Output 

e-------~-----~----~~-~~Gnd 

When current·boost power transistors are used, 47-ohm base·to· 
emitter resistors (R) must be used to bypass the quiescent current 
at no load. These resistors, in conjunction with the VBE of the 
NPN transistors, determine when the pass transistors begin con· 
ducting. The 1-ohm and 4-ohm dropping rjlsistors were chosen to 
reduce the power dissipated in the boost transistors but still leave 
at least 2.0 V across these devices for good regulation. 

® MOTOROLA Semiconductor Product. Inc. 
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THREE-TERMINAL NEGATIVE 
VOLTAGE REGULATORS 

The MC79LOO Series negative voltage regulators are inexpensive, 
easy-to-use devices suitable for numerous applications requiring up to 
100 mAo Like the higher powered MC7900 Series negative regulators, 
this series features thermal shutdown and current limiting, making 
them remarkably rugged. In most applicatiohs, no external com· 
ponents are required for operation. 

The MC79LOO devices are useful for on-card regulation or any 
other application where a regulated negative voltage at a modest 
current level is needed. These regulators offer substantial advantage 
over the common resistor/zener diode approach. 

• No External Components Required 
• Internal Short·Circuit Current Limiting 
• Internal Thermal Overload Protection 

• Low Cost 
• Complementary Positive Regulators Offered 

(MC78LOO Series) 

• Available in Either ±5% (AC) or ± 1 0% (e) Selections 

REPRESENTATIVE CIRCUIT SCHEMATIC 

R6 
R5 

R18 
Q4 

R7 

Q1 R4 

R2 

Z1 

R3 

Device No. Device No. Nominal 
±10% ±5% Voltage 

MC79L03C MC79L03AC -3.0 
MC79L05C MC79L05AC - 5.0 
MC79L12C MC79L12AC -12 
MC79L15C MC79L15AC -15 
MC79L18C MC79L18AC -18 
MC79L24C MC79L24AC -24 
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Input 

MC79LOOC,AC series 

THREE-TERMINAL 
NEGATIVE FIXED 

VOLTAGE REGULATORS 

P SUFFIX 
CASE 29 

TO·92 

Pin 1. Ground 
2. Input 
3. Output 

G SUFFIX 
CASE 79 

TO·39 

Pin 1. Ground 
2. Output 
3. Input 

" 
23 

Bottom View 

STANDARD APPLICATION 

A common ground is required between the 
input and the output voltages. The input volt· 
age must remain typically 2.0 V above the out
put voltage even during the low point on the 
input ripple voltage. 

CI Is required if regulator is located an 
appreciable distance from power supply 
filter. 

Co improves stability and transient 
response. 

ORDERING INFORMATION 

Device Temperature Range Package 

MC79LXXACG TJ = OOC to +1500 C Metal Can 

MC79LXXACP TJ = OOC to +1500 C Plastic 
Power 

MC79LXXCG TJ '" OOC to +1 50°C Metal Can 

MC79LXXCP TJ '" OOC to +1500 C ~Iastic 
P~r 

XX indicates nominal voltaae 



MC79LOOC, AC Series 

MC79LOOC Series MAXIMUM RATINGS (TA = +250 C unless otherwise noted I 

Rating Symbol Value Unit 

Input Voltage (-3,-5 VI VI -30 Vdc 
(-12,-15,-18 VI -35 
(-24 VI -40 

Storage Temperature Range Tstg -65 to +150 °c 
Junction Temperature Range TJ o to +150 uC 

MC79L03C, AC ELECTRICAL CHARACTERISTICS (VI = -10 V,IO =40mA, CI = 0.331lF, Co = 0.11lF, 

OOC < TJ < +1250 C unless otherwise noted.) 

MC79L03C MC79L03AC 

Characteristic Symbol Min Typ Max Min Typ 

Output Voltage (T J = +250 CI Vo ,..2.76 -3.00 -3.24 -2~S8 -3.0 

I nput Regulation Regline 
(TJ = +250 CI 
-7.0 Vdc ;;;. VI;;;' -20 Vdc - - 80 - -
-8.0 Vdc;;;' VI;;;' -20 Vdc - - 60 - -

Load Regulation Regload 
TJ = +250 C, 1.0mA": 10": 100 rnA - - 72· - -
1.0 rnA ..: 10 ..: 40 rnA - - 36 - -

Output Voltage Vo 
-7.() Vdc;;;' VI;;;' -20 Vdc, 1.0 rnA": 10": 40 rnA -2.7 - -3.3 -2.S5 -
VI = -10 Vdc, 1.0 rnA ":10": 70 rnA -2.7 - -3.3 -2.85 -

Input Bias Current liB 
(TJ = +2SoCI - - 6.0 - -
(TJ = +12SoCI - - 5.5 - -

Input Bias Current Change 611B 
-S.O Vdc;;;' VI;;;' -20 Vdc - - -1.5 - -
1.0 rnA ..: 10": 40 rnA - - -0.2 - -

Output Noise Voltage VN - 30 - - 30 
(T A = +250 C, 10 Hz ..: f ..: 100 kHzI 

Long-Term Stability 6VO/6t - 10 - - 10 

Ripple Rejection RR 44 51 - 45 51 
(-8.0;;;' VI ;;;. -18 Vdc, f = 120 Hz, TJ = 250 CI 

Input-Output Voltage Differential lVI-VOl - 1.7 - - 1.7 

10 = 40 mA, TJ = +250 c 
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• Max Unit 

-3.12 Vdc 

mV 

60 
40 

mV 
72 
36 

Vdc 
-3.15 
-3.15 

rnA 
6.0 
5 .. 5 

rnA 
-1.5 
-0.1 

- Jl.V 

- mV/1.0 k Hrs. 

- dB 

- Vdc 
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MC79LOOC, ACSeries 

MC79L05C, AC Series ELECTRICAL CHARACTERISTICS (VI = -10 V, 10 =40mA, CI =,0.33 ~F, Co = 0.1 fJ;F, 
OOC < T J < +1 2SoC unless otherwise noted.) 

MC79LOSC MC79L05AC 

Characteristic Symbol Min Typ Max Min Typ 

Output Voltage (T J = +2SoC) Vo -4.6 -.S.O -S.4 -4.8 -S.O 

Input Regulation Regline 
(TJ = +250 C) 
-7.0 Vdc;;. VI;;' -20Vdc - - 200 - -
-8.0 Vdc;;' VI;;' -20 Vdc - - lS0 - -

Load Regulation Regload 
TJ = +250 C, 1.0 mA.,;; 10";; 100 mA - - 60 - -
1.0 mA.,;; 10";; 40mA - - 30 - -

Output Voltage Vo 
-7.0 Vdc;;' VI ;;. -20 Vdc, 1.0mA";; 10";; 40mA -4.5 - -Q..5 -4.75 -
VI = -10 Vdc,1.0 mA.,;; 10";; 70 mA -4.5 - -S.5 -4.75 -

Input Bias Current liB 
(TJ = +250 C) - - 6.0 - -
(T J = +1250 C) - - 5.5 - -

Input Bias Current Change 611B 
-8.0 Vdc ;;. V, ;;. -20 Vdc - - 1.5 - -
1.0 mA .,;; 10 .,;; 40 iliA - - '0.2 - -

Output Noise Voltage VN ,- 40 - - 40 
ITA = +250 C, 10 Hz";; f.,;; 100 kHz) 

Long-Term Stability 6Vo/6t - 12 - - t2 

Ripple Rejection RR 40 49 - 41 49 
(-S.O;;' vi;;. 1S Vdc, f = 120 kHz, TJ = 25°C) 

I nput-Output Voltage Differential lVI-VOl - 1.7 - - 1.7 
, 10 = 40 mA, T J = +2SoC 

MC79L12C, AC ELECTRICAL CHARACTERISTICS (VI = -19 V, 10 = 40 mA, CI = 0.33 ~F, Co = 0.1 ~F, 

OOC < T J < +1250 C unless otherwise noted.) 

MC79L12C MC79t.12AC 

Characteristic Symbol Min Typ' Max Min Typ 

Output Voltage (T J = +250 C) Vo -11,1 -12 -12,9 -11,5 -12 

Input Regulation Regline 
(TJ = +250 C) 
-14.5Vdc;;' VI;;' -27 Vdc - - 250 - -
-16 Vdc ;;. VI;;' -27 Vdc - - 200 - -

Load Regulation Reglo~d 
T J = +250 C, '1.0 mA .,;; 10 .,;; 100 mA - - 100 - -
1.0 mA .,;;10";; 40 mA - - SO - -

Output Voltage Vo 

Max 

-5.2 

150 
100 

60 
30 

-5.25 
-5.25 

6.0 
5.5 

1.5 
0.1 

-

-
-

-

Max 

-12,S 

250 
200 

100 
SO 

-14.5 Vdc;;' VI;;' -27 Vdc, 1.0mA .,;;10";; 40mA -10.8 - -13.2 -11.4 - , -12.6 

VI = -19 Vdc, 1.0 mA.,;; 10";; 70mA -10,S - -13.2 -11.4 - -12.6 

Input B.ias Current liB 
(TJ = +2SoC) - - 6.5 - - 6.5 
(T J = +1250 C) - - 6.0 - - 6.0 

Input Bias Current Change 611B 
-16 Vdc;;' VI ;;. -27 Vdc - - 1.5 - - 1.5 
1.0 mA .;;; 10 .,;; 40 mA - - 0.2 - - 0.1 

Output Noise Voltage VN - SO - - 80 -
(TA = +250 C, 10 Hz.,;; f.,;; 100 kHz) 

Long-Term Stability 6Vo/6t - 24 - - 24 -
Ripple Rejection RR 36 42 - 37 42 -

(-1S";; VI .,;; -25 Vdc, f = 120Hz, T J = +250 C) 

Input-Output Voltage Differential lVI-VOl - 1.7 - - 1.7 -

10 = 40 rnA, TJ = +250 C 
.. 
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Unit 

Vdc 

mV 

mV 

Vdc 

mA 

mA 

~V 

mV 11.0 k Hrs. 

dB 

Vdc 

Unit 

Vdc 

mV 

mV 

Vdc 

mA 

mA 

p.V 

mV/1.0 k Hrs. 

dB 

Vdc 



MC79LOOC, AC Series 

MC79l15C, AC ELECTRICAL CHARACTERISTICS (VI = -23 V, 10 = 40 mA, CI = 0.33 !-IF, Co = 0.1 JJF, 

oOC < T J < +1250 C unless otherwise noted) 

MC79L15C MC79L15AC 

Characteristic Symbol Min Typ Max Min Typ 

Output Voltage (T J = +250 C) Vo -13.8 -15 ":16.2 -14.4 -15 

Input Regulation Regline 
(TJ = +250 C) 
-;17.5 Vdc;;' VI;;' -30 Vdc - - 300 - -
-20 Vdc ;;. VI;;;' -30 Vdc - - 250 - -

Load Regulation Regload 
T J '" +250 C, 1.0 mA ..: 10": 100 mA - - 150 - -
1.0 mA": 10": 40mA - - 75 - -

Output Voltage Vo 
-17.5 Vdc;;;' V .. ;;;. -30 Vdc, 1.0 mA": 10 ..:40mA -13.5 - -16.5 -14.25 -
VI = -23 Vdc, 1.0 mA": 10": 70mA -13.5 - -16.5 -14.25 -

Input Bias Current liB '" 
(TJ = +250 C) - - 6.5 - -
(TJ = +1250 C) - - 6.0 - -

Input Bias Current Change ililB 
-20 Vdc ;;. VI ;;. -30 Vdc - - 1.5 - -
1.0 mA ..: 10 ..: 40 mA .f - - 0.2 - -

Output Noise Voltage VN - 90 - - 90 
(TA = +250 C, lQ Hz..: f..: 100 kHz) 

Long-Term Stability ilVo/ilt - 30 - - 30 
Ripple Rejection RR 33 39 - 34 39 

1-18.5": VI;'; -28.5 Vdc, f = 120 Hz) 

I nput-Output Voltage Differential lVI-VOl - 1.7 - - 1.7 
10 = 40 mA, TJ = +250 C 

MC!9L l8C, AC ELECTR ICAl CHARACTER ISTICS (~I = -27 V, 10 = 40 mA, CI = 0.33 !-IF, Co = 0.1 pF, 

OOC < TJ < +1250 C unless otherwise noted.) 

Max 

-15.6 

300 
250 

150 
75 

-15.75 
-15.75 

6.5 
6.0 

1.5 
0.1 

-

-
-

-

MC79L18C MC79L18AC 
Characteristic Symbol Min Typ Max Min Typ Max 

Output Voltage (T J = +250 C) Vo -16.6 -18 -19.4 -17.3 -18 -18.7 
Input Regulation 

Regline 
(TJ = +250 C) 
-20.7 Vdc ;;. VI ;;. -33 Vdc - - - - - 325 
-21.4 Vdc ;;. VI;;' -33 Vdc - - 325 - - -
-22 Vdc ;;. VI ;;. -33 Vdc - 275 - - -
-21 Vdc ;;. VI ;;. -33 Vdc -- - - - - 275 

Load Regulation Regload 
T J = +250 C, 1.0 mA .;; 10 .;; 100 mA - - 170 - - 170 
,1.0 mA ..: 10 ..: 40 mA - - 85 - - 85 

Output Voltage Vo 
-20.7 Vdc;;;' VI;;' -33 Vdc, 1.0 mA": 10';; 40 rnA - - - -17.1 - -18.9 
-21.4 Vdc ;;. VI;;' -33 Vdc, 1.0 mA.;; 10": 40mA '-16.2 - -19.8 - - -
VI = -27 Vdc, 1.0 mA": 10": 70 mA -16.2 - -19.8 -17.1 - -18.9 

Input Bias Current liB 
(TJ '" +250 C) - - 6.5 -: . - 6.5 
(TJ '" +1250 C) - - 6.0 - - 6.0 

Input Bias Current Change 611B 
-21 Vdc ;;. VI;;' -33 Vdc - - - - - 1.5 
-27 Vdc ;;. VI ;;. -33 Vdc - - 1.5 - - -
1.0 rnA ..: 10 ..: 40 mA - - 0.2 - - 0.1 

Output Noise Voltage VN - 150 
(TA= +250 C, 10 Hz": f..: 100 kHz) 

- - 150 -

Long-Term Stability ilVo/ilt - 45 - - 45 -
Ripple Rejection RR 32 46 - 33 ~48 -

(-23..: VI": -33 Vdc;f = 120 Hz, TJ = +250 C) 

Input-Output Voltage Differential lVI-VOl - 1-.7 - - 1.7 -
'0 = 40 rnA, TJ = +250 C 

~ 
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Unit 

Vdc 

mV 

mV 

Vdc 

mA 

mA • !-IV 

rnV 11.0 k Hrs. 

dB 

Vdc 

Unit 

Vdc 

mV 

mV 

Vdc 

mA 

mA 

/-lV 

mV 11.0 k Hrs. 

dB 

Vdc 
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MC79LOOC, AC Series 

MC79L24C, AC ELECTRICAL CHARACTERISTICS (VI" -3·3 V, 10 "'40mA, CI" 0.33 /.IF, CO" 0.1 /.IF, 

OOC < T J < +1250C unless otherwise noted.') 

MC79L24C MC79L24AC 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Output Voltage (T J ,. +25OC) Vo -22.1 -24 -25.9 -23 -24 -25 Vdc 

Input Regulation Regline mV 
ITJ = +250 C) 
-27 Vdc ;;;. V I ;;;. -38 V - - - - - 350 
-27.5 Vdc ;;;. VI ;;;. -38 Vdc - - 350 - - -
-28 Vdc ;;;. VI;;;' -38 Vdc - - 300 - - 300 

Load Regulation Regload mV 
T J ,. +250 C,l.0 mA '" 10 '" 100 mA - - 200 - - 200 

1.0 mA '" 10 '" 40 mA - - . 100 - - 100 

Output Voltage Vo Vdc 
-27 Vdc;;;' VI;;' -38 V, 1.0mA '" 10'" 40mA - - - -22.8 - -25.2 

-28 Vdc;;;' VI;;;' -38 Vdc, 1.0mA ",10",40mA -21.4 - -26.4 - - -

VI" -33 Vdc, 1.0 mA "'10 '" 70mA -21.4 - -26.4 -22.8 - -25.2 

Input Bias Current liB mA 
(TJ = +250 C) - - 6.5 - - 6.5 
(TJ = +1250 C) - - 6.0 - - 6.0 

Input Bias Current Change LlIIB mA 
-28 Vdc ;;;. VI ;;;. -38 Vdc - - 1.5 - - 1.5 
1.0 mA '" 10'" 40mA - - 0.2 - - 0.1 

Output Noise Voltage VN - 200 - - 200 - /.IV 
IT A = +250 C, 10 Hz '" f '" 100 kHz) 

Long-Term Stability 6.VO/Llt - 56 - - 56 - mV 11.0 k Hrs. 

Ripple Rejection RR 30 43 - 31 47 - dB 
(-29", VI'" -35 Vdc, f = 120 Hz, TJ = 25°C) 

Input-Output Voltage Differential lVI-VOl - 1.7 - - 1.7 - Vdc 
10 = 40 mA, TJ = +250 C 

APPLICATIONS INFORMATION 

Design Considerations 
The MC79LOOC Series of fixed voltage regulators are deSigned 

with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, Internal 
Short-Circuit Protection that limits the maximum current the cir
cuit will pass. 

In many low current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 

. to the power supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 

CURRENT REGULATOR 

iO = 100 mA 
Input 

r O.33 /.1F 

Gnd •• ~~ ..... ~-----------..... Grid 

The MC79L03, -3.0 V regulator can be used as a constant current 
source when connected as above. The output current is the sum of 
resistor R current and quiescent bias current as fOllows: 

3V 
IO=R'"+le 

The quiescent current for this regulator is typically 3.8 mAo 
The -3.0 volt regulator was chosen to minimize dissipation and to 
allow the output voltage to operate to within 6.0 V below the 
input VOltage. 
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selected to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 /.IF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 
be mounted with the shortest possible leads directly across the 
regulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance drops 
since the regulator has no external sense lead. Bypassing the out
put is also recommended . 

POSITIVE AND NEGATIVE REGULATOR 

+Vo 

0.1/.1F 

0.1/lF 
-VO 

.......... >-----(J 



MC79 LOOC, AC Series 

TYPICAL CHARACTERISTICS 
IT A '" +250 C unless oth,:rwise noted.! 

8.0 

~ 
0 6.0 2! ... 
t:I 
< 
~ 
0 

4.0 > ... 
~ 
~ 
0 

ci 2.0 > 

o 

4.2 

4.0 

~ 3.8 ... 
~ 3.6 cc a 
~ 3.4 
iii .... 
~ 

3.2 .... 
!! 

~ 3.0 

o 

FIGURE 1 - DROPOUT CHARACTERISTICS 

I 
I-MC79L05C 

VO=-5.0V 
TJ =250C 

10 ~ ~.~ rnA ~ ~ 
) ~ 

IO=4~~ ~ 10 ,:j00 rnA 

I 
) 

o -.2.0 -4.0 -6.0 -8.0 

VI. INPUT VOLTAGE (VOLTS) 

FIGURE 3 - INPUT BIAS CURRENT versus 
AMBIENT TEMPERATURE 
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" " MC79L05C 
t- VI =-10V 

Va =-5.0 V 
10 =40rnA 

o 25 50 75 100 
T A. AMBIENT TEMPERATU RE (OC) 

I'. 

FIGURE 5 - MAXIMUM AVERAGE POWER DISSIPATION 
v.rsuIAMBIENTTEMPERATURE -TO-9ZTyp. Package 
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FIGURE 2 - DROPOUT VOLTAGE versus 
JUNCTION TEMPERATURE 

10 = 70 rnA -r-- r--- \ t--
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10=40mA / 

10 = 1.0 rnA 

Dropout of Regulation is 
f- defined as when 

.va = 2% of Va 
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TJ.JUNCTION TEMPERATURE (OC) 

FIGURE 4 - INPUT BIAS CURRENT versus 
INPUT VOLTAGE 
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FIGURE 6 - MAXIMUM AVERAGE eOWER DISSIPATION versus 
AMBIENT TEMPERATURE - TO·39 Type Package 
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MONOLITHIC NEGATIVE VOLTAGE REGULATOR 

TheMLM104G, MLM204G, and MLM304G are functionally, 
electrically, and pin-for-pin equivalent to the LM104, LM204 and 
LM304, respecitvely. 

•. Regulation No Load to Full Load - 1.0 mV 

• Line Regulation - 0.01 %/V 

• Ripple Rejection..:... 0.2 mV/V 

• Temperature Stability Over Temperature Range - 0.3% 

CIRCUIT SCHEMATIC 

FIGURE 1 - BASIC REGULATOR CIRCUIT 

TYPICAL APPLICATIONS 

FIGURE 2 - SEPARATE BIAS 
SUPPLY OPERATION 

~~-----'----'----'~GND r---------.---~------~_eGND 

4.71'Ft 

'----------..... ------.Vin 
tSolid Tantalum 
Trim Rl for exact 
scale factor. 

tSolid Tantalum 

MLMI04 
MLM204 
MLM304 

NEGATIVE VOLTAGE 
REGULATOR 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

METAL PACKAGE 
CASE 603 
(TO-l00) 

AOJA = l600 C/W 

NO 
CONNECTION 

ADJUSTMENQ' " • GROUND 

REFERENCE ' , ~~~~~;TEO 
REF~~~~~~ , , BOOSTER 

COMPENSATION' • • CURRENT LIMIT 
UNREGULATED 

INPUT 

TOP 
VIEW 

Pin 5 Electrically 
ConoectedtoCase 
Through Substrate 

ORDERING INFORMATION 
Device Alternate Temperature Range Package 

MLM104 - -SSoC to +12So C Metal Can 
MLM204 -250 C to +850 C Metal Can 

MLM304 LM304H OOC to +700 C Metal Can 

FIGURE 3 - HIGH CURRENT REGULATOR 

r-----~~--~--------~-eGND 

5 k 

RSC 
0.2 

Vo = -10 V 
10<2 A 

tSolidTantalum Vin<-12V 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

is believed to be enti .. "ly reliable., However, no responsibitity is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described aflY 
license under the patent rights of Motorola Inc. or others. 
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MLM104, MLM204, MLM304 

MAXIMUM RATINGS IT A= +250 C unless otherwise noted) 

Rating Symbol MLM104 MLM204 MLM304 Unit 

Input Vohage Yin 50 50 40 Vdc 

Input-Output Voltage Yin-Yo 50 50 40 Vdc 
Differential 

Power Dissipation (See Note 1) Po 680 680 680 mW 

Operatirlg Temperature Range TA -55 to t125 -25 to +85 o to +70 °c 
Storage Temperature Range Tstg -65 to +150 -65 to +150 -65to +150 °c 
Lead Temperature TS 300 300 300 °c 

(soldering, t = 10 sl 

ELECTRICAL CHARACTERISTICS (See Note 2) -
MLM104 

Characteristic Symbol MLM204 MLM304 
Unit Min Typ Max Min TVp Max 

Input Voltage Range Yin -8.0 - -50 -8.0 - -40 Volts 

Output Voltage Range Vo -0.Q15 - -40 -0.03~ - -30 Volts 

Output-Input Voltage Differential /Vin-Vol Volts 
10 = 20 mA 2.0 - 50 2.0 - 40 
10 = 5.0mA 0.5 - 50 0.5 - 40 

load Regulation Regload mV 
o ~Io ~20 mA, RSC = 15!l - 1.0 5.0 - 1.0 5.0 

Line Regulation Regin % 
Vo~-5.0 V, l'. Yin = 0.1 V - 0.056 0.1 - 0.056 0.1 

Ripple Rejection (See Figure 1) RejR mVIV 
(C, = 10~F,f= 120Hz) 
Viil< -15V - 0.2 0.5 - 0.2 0.5 
-7.0V~ Vin~ -1.5V - 0.5 1.0 - 0.5 1.0 

Output Voltage Scale Factor SF V/k n 
R 1 = 2.4 k n (See Figures 1,2 ~nd 3) 1.8 2.0 2.2 1;8 2.0 2.2 

Temperature Stability TCVo % 
Vo ~ -1.0 V r,.vo /l'.T - 0.3 1.0 - - -
Vo ~ -1.0 V, OOC ~ TA E;; +700C - - - - 0.3 1.0 

Output Noise Voltage ~See Figure 1) Vn 
(10 Hz ~ f~ 10 kHzl 
Vo < -5.0 V, C1 =.0 - 0.007 - - 0.007 - % 
C1 = 10~F - 15 - - 15 - ~V 

Standby Current Drain (lL = 5.0 mAl 18 mA 
Vo=O - 1.7 2.5 - 1.7 2.5 
Vo =-40V, - 3.6 5.0 - - -
Vo=-30V - - - - 3.6 5.0 

Long Term Stability S % 
Vo~ -1.0V - 0.1 1.0 - 0.1 1.0 

Note.1: 

The maximum junction temperature of the MLM104 is +1500 C, for the MLM204 - +l00oC, and for the M.LM304 - ,+850 C. For operating 
at elevated temperatures, the package must be derated based' on a thermal resistance of 1500 CIW - junction to ambient, or 450 C/W -
junction to case. 

Note 2: 
These specifications apply for junction temperatures of -550 C to +150oC for the MLM104; ..:...250 C to +l00oC for the MLM204; and 0 to 
+850 C for the MLM304. The specifications also apply for input and output voltages within the indicated ranges (unless otherwise specified). 
Load and line regulation specifications given are forc()nstant junction temperature. Temperatu're drift effects must be taken into account 
separately when the device is operating under conditions of high power dissipation. 
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Vin 

MONOLITHIC POSITIVE VOLTAGE REGULATOR 
The MLM105, MLM205, and MLM305 are functionally, electri· 

cally, and pin·for'pin equivalent to the LM105, LM205, and LM305 
respectively. 
• Output Voltage Adjustable from 4.5 V to 40 V 
• Output Currents in Excess of 10 A Possible by Addition of 

External Transistors 
• Load Regulation Better than 0.1%, Full Load with Current 

Limiting 
• DC Line Regulation, 0.03%/V 
• Ripple Rejection, 0.01 %N 

CIRCUIT SCHEMATIC 

FIGURE 1 - BASIC REGULATOR CIRCUIT 

UNREGULATED 
INPUT 

FEEDBACK 

5 

REFERENCE BYPASS 

GROUND 

TYPICAL 
APPLICATIONS 

MLMI05 
MLM205 
MLM305 

POSITIVE VOLTAGE REGULATOR 
SILICON MONOLITHIC 

INTEGRATED CIRCUIT 

BOOSTER OUTPUT 2 

fI 
REGULATED OUTPUT 

8 

GROUND 
Note: Pin 4 connected to case 

ITOPVIEWI 

ORDERING INFORMATION 
Device Alternate Temperature Range Package 

MLM105G ~550C to+1250C Metal Can 

MLM205G -25°C to +8SoC Metal Can 

MLM305G LM305H OOC to +70oC Metal Can 

FIGURE 3 - 1.0 A REGULATOR With PROTECTIVE DIODES 

FIGURE 2 - 10 A REGULATOR with FOLDBACK CURRENT LIMITING 
r-~t--""",,---~,,,,,,"I/V''''''''''--'''''--~''-'''-...... -4Vo=5.0V 

tSoUd lafttltum -= 
-Electrolytic 

5ODpF' 
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2.13k 
1% 

tPr~tects.instshOfledinputor 
inductivltoadsoRunn!gUlated 
supply. 

·ProtKtsagainst input voltage 

' ...... 1 
tProtKtsagainstoutplitvoltage ,_I 
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MLM105, MLM205, MLM305 

MAXIMUM RATINGS (T A '" +250 e unless otherwise noted) 

Rating 

Input Voltage 

Input-Output Voltage 
Differential 

Power-Dissipation (See Note 1) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature 
(soldering, t '" 10 s) 

ELECTRICAL CHARACTERISTICS (See Note 2) 

Characteristic 

Input Voltage Range 

Output Voltage Range 

Output-Input Voltage Differential 

Load Regulation (See Figure 1) 
(0 ~Io ~ 12 mAl 
Rse'" 18 n. TA = +2Soe 
RSC'" 10 n, TA = Thigh* 
Rse = 18 n, TA = Tlow** 

Line Regulation 
Vin-Vo E;;; 5.0 V 
VinN 0> 5.0 V 

Ripple Rejection (See Figure 1) 

Cref'" 10 "F, f '" 120 Hz 

Temperature Stability 

Tlow** ~ T A ~ Thigh" 

Feedback Sense Voltage 

Output Noise Voltage (See Figure 1) 
(10 Hz ~ f ~ 10 kHz) 
CRef= 0 
CRef> 0.1 "F 

Standby Current Drain 

Vin = 50V 
Vin = 40V 

Long Term Stability 

-Thigh'" +1250 C for MLM105 
+850 e for MLM205 
+70ctC for MLM305 

Note 1: 

Symbol MLM105 

Vin 50 

IVinNol 40 

Po 680 

TA -55 to +125 

Symbol Min 

8.5 

4.5 

3.0 

Regload 

Regin 

TCVo 

V ref 1.63 

s 

Tstg 

TS 

Typ 

0.02 
0.03 
0.03 

0.025 
0.015 

0.003 

0.3 

1.1 

0.005 
0.002 

0.8 

0.1 

**Tlow = -55°C for MLM105 
-25°C for MLM205 

oOe for MLM305 

-65 to +150 

300 

MaX 

50 

40 

30 

0.05 
0.1 
0.1 

0.06 
0.03 

0.01 

1.0 

1.81 

2.0 

1.0 

MLM205 MLM305 

50 40 

40 40 

680 680 

-25 to +85 o to +10 

65 to +150 65 to +150 

300 

Min 

8.5 

4.5 

3.0 

1.0 

1.63 

300 

MLM305 

0.02 
0.03 
0.03 

0.025 
0.015 

0.003 

0.3 

1.7 

0.005 
0.002 

0.8 

0.1 

Max 

40 

30 

30 

0.05 
0.1 
0.1 

0.06 
0.03 

0.01 

1.0 

1.81 

2.0 

1.0 

Unit 

Vdc 

Vdc 

mW 

°e 

°C 

°e 

Unit 

Volts 

Volts 

Volts 

~fV 

%/V 

Volts 

% 

mA 

The maximum junction temperature of the MLM105 is +1500e, for the MLM205 - + 100°C. and for the MLM30S - +8S0C. For operating 
at elevated temperatures, the package must be derated based on a thermal resistance of 1500 C/W - junction to ambient, or 450 C/w -
junction to case. 

Note 2: 
These specifications apply for junction temperatures of -5SoC to + 1S00e for the MLM 105, -25°C to +SSoC for the MLM205, and 0 to 
+700C for the MLM30S. SpeCifications also apply for input and output voltages within the indicated ranges and for a divider impedance 
sensed by the feedback terminal of 2.0 kilohm. (unless otherwise specified). Load and line regulation specifications Viven are for constant 

junction temperature; Temperature drift effects must be taken into account separately when the device is operating under conditions of 
high power dissipation. 

Circuit diagrams utilizing MotorOla products are included as a means 
of illustrating typical 58miconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

is believed to be entirely· reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights Of Motorola I nco or others. 

4-125 

• 



• 

MONOLITHIC POSITIVE THREE - TERMINAL 
F/XI:D VOLTAGE REGULATOR 

A versatile positive fixed +5.0-volt regulator designed for easy 
application as on on-card. local voltage regulator for digital logic 
systems. Current limiting and thermal shutdown are provided to 
make the units extremely rugged. 

In most applications only one external component, a capacitor. 
is required in conjunction with the M LM 1 09 Series devices. Even 
this component may be omitted if the power-supply filter is not lo
cated an appreciable distance from the regulator. 

• High Maximum Output Current - Over 1.0 Ampere in TO-3 type 
Package - Over 200 mA in TO-39 Package 

• Minimum External Components Required 

• Internal Short-Circuit Protection 

• I nternal Thermal Overload Protection 

• Excellent Line and Load Transient Rejection 

• Designed for Use with Popular MDTL and MTTL Logic 

MLMI09 
MLM209 
MLM309 

POSITIVE 

VOLTAGE REGULATOR 

KSUFFiX 

METAL PACKAGE 

CASE 11·01 

(TO-3Type) 

Output 
2 

1 0 0 3 
Input 0 

Ground 

(BOTTOM VIEW) 

GSUFFIX 

METAL PACKAGE 

CASE 79·02 

(TOi391 

ORDERING INFORMATION 

CIRCUIT SCHEMATIC 

,..---..... --___i~----+---___i~-..... _oINPUT 

0.3 

OUTPUT 

6.3V 

4-126 

DEVICE 

MLM109G 

MLM109K 

MLM209G 

MLM209K 

MLM309G 

MLM309K 

ALTERNATE TEMPERATURE RANGE 

- T = -550 C to +1500 C 
_. TJ = -550 C 10 +1500 C 

- T J = _650 C to +150"C 

TJ = _55u eta +150u C 

LM309H T J = 0" C to +126° C 
lM309K TJ = 0" C to +125"C 

TYPICAL APPLICATION 

FIXED 5.0 V REGULATOR 

PACKAGE 

Metal Can 

Metal Power 

Metal Can 

Metal Power 

Metal Can 

Metal Power 

Input ... -...--<>--4 5V 
t-o--.--. Output 

Ground 

'Required if regulator is located an appreciable 
. distance from power supply filter. 

Although . no output capacitor is needed for 
stability. it dqes improve transient response. 
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MlM109, MlM209, MlM309-

MAXIMUM RATINGS 

Rating Svmbol Value Unit 

Input Voltage Vin 35 Vdc 

Power Dissipation Po Internally limited 

Junction Temperature Range TJ oC 

MLM109 -55 to +150 
IVlLM209 -55 to +150 
MLM309 o to +125 

Storage Temperature Range Tstg -65 to +150 oC 

Lead Temperature TS 300 oC 

(soldering. t = 60 sl 

ELECTRICAL CHARACTERISTICS 

MLM109 I MLM209(!) MLM309@ 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Output Voltage (TJ = +250 C) Vo 4.7 5.05 5.3 4.8 5.05 5.2 Vde 

Input Regulation (TJ = +250 C) Regin - 4.0 50 - 4.0 50 rnV 

7.0";;Vin";;25V 

Load Regulation (T J = +250 C) Reg'oad rnV 

Case 11·01 (type TO·3) 5.0 rnA ~ '0";; 1.5A - 50 100 - 50 100 

Case 79·02 (TO·39) 5.0 rnA ..;; '0 ..;; 0.5A - 20 50 - 20 50 

Output Voltage Range Va 4.6 - 5.4 4.75 - 5,25 Vde 

7.0 V ~Vin <25 v 
~O rnA";; '0 < Imax' P <Pmax 

Ouiescent Current (7.0 V ~Vin ";;25 V) 'B - 5.2 10 - 5.2 10 mAde 

Qu iescent Current Change (7.0 V ..;; Vin';;;; 25 VI AlB - - 0.5 - - 0.5 

~.O rnA';;;; '0';;;; 'max - - 0.8 - - 0.8 

Output Noise Voltage (T A = +250 CI VN - 40 - - 40 - p.V 

10 Hz';;;;f';;;; 100 kHz 

Long Term Stability S - - 10 - - 20 mV 

Thermal Resistance, Junction to Case @ OJC °C/W' 

Case 11-01 (type TO-31 \ - 3.0 - - 3.0 -
Case 79-02 (TO-391 - 15 - - 15 --

NOTES: 

o Unless otherwise specified, these specifications apply for -55°C';;;; T J ~+ 150° (-25°C';;;; T J';;;; + 150°C for the M LM209). For 'Case 79·02 
(TO·39) Vin ~ 10 V,IO = 0.1 A, Imax = 0.2 A and Pmax = 2.0 W. For Case 11·01 (typeTO·31 Vin = 10 V, '0 ~ 0.5 A, Imax = 1.0 A and 
Pmax = 20 W. 

® Unless otherwise specified, these specifications apply for OOC ';;;;TJ';;;; +12SoC, Vin = 10V. For Case 79·02 (TG·39) '0 = O.lA, Imax = 0.2A 
and Pmax ~ 2.0 W. For Case 11·01 (type TO-3) 10 = 0.5 A. 'max = 1.0 A and Pmax = 20 W. 

Without a heat sink. the thermal resistance of the Case 79·02 (TO·39) package is about 1500 C/W, while that of the Case 11·01 (type TO·3) 
package is aoproximately 35 0 C/W. With a heat sink. the effective thermal resistance can only approach the values specified. deplj!nding on 
the efficiency of the heat sink. 

TYPICAL CHARACTERISTICS 
(Vin = 10 V, T A = +2SoC unless otherwise noted.) 

FIGURE 1 - MAXIMUM AVERAGE POWER DISSIPATION 
(MLM109K, MLM209i<1 

FIGURE 2 - MAXIMUM AVERAGE POWER DISSIPATION 
(MLM109G, MLM209GI 
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MLM109, MLM209, MLM309 

TYPICAL CHARACTERISTICS (continued) 
(Vin = 10 V, T A = +250 C unless otherwise noted.) 

~ 
z 
0 
i= 

FIGURE 3 - MAXIMUM AVERAGE POWER DISSIPATION 
(MLM309K) 
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FIGURE 5 - OUTPUT IMPEDANCE versus FREQUENCY 
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FIGURE 7 - PEAK OUTPUT CURRENT (G PACKAGE) 
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FIGURE 4 - MAXIMUM AVERAGE POWER DISSIPATION 
(MLM309G) 
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FIGURE 6 - PEAK OUTPUT CURRENT (K PACKAGE) 
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MLM109, MLM209, MLM309 

TYPICAL CHARACTERISTICS (continued) 
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FIGURE 9 - DROPOUT VOLTAGE 
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FIGURE 11 - OUTPUT VOLTAGE 
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FIGURE 13 - QUIESCENT CURRENT 
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FIGURE 12 - OUTPUT NOISE VOLTAGE 
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MLM109, MLM209, MLM309 

TYPICAL APPLICATIONS 

FIGURE 15 - ADJUSTABLE OUTPUT REGULATOR 

I NPUTe--",-<:)-J 

Cl 
0.22 pF 

H:>--.--.... OUTPUT 

Rl 
300 
1% 

FIGURE 17 - 5.0-VOL T, 3.0-AMPERE REGULATOR 
(with plastic boost transistor) 

2.1l 
8W 

1!1 
5 W MJE370 OR EaUIV 

MLM109K 

0.22pF 'J' 

5.0 V 
O· 3.0A 

~10f.LF 

FIGURE 19 - 5.0-VOL T, 10-AMPERE REGULATOR 

MJ2955 OR EaUIV 
10V 5.0 V 

0·10A 

10 
%W 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. Tile information has been carefully checked and 

30 V(max) 

10V(min) 

2N6049 
OR EnUIV 

, . 

FIGURE 16 - CURRENT REGULATOR 

L..-------4.---eOUTPUT 

'DETERMINES OUTPUT CURRENT. 

FIGURE 18 - 5.0 VOLT, 4.0-AMPERE TRANSISTOR 
(with plastic Darlington boost transistor) 

MJE1090 OR EaUIV r-------, 
10 V e-... o-ir-. I 

47 
%W 

I 

FIGURE 20 - 5.0-VOLT, 10-AMPERE REGULATOR 
(with Short-Circuit Current Limiting for 
Safe-Area Protection of pass transistors) 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
li,cense under the patent rights of fll\otorola Inc. or oth.ers. 
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INTERFACE CIRCUITS 

Temperature Range 
Oto70oC -55 to 125°C 

DS3645,75 

DS3647,77 ,147 ,177 

DS8641 

MC1405 

MC1406 

MC1408 

MC1505 

MC1506 

MC1508 

MC1440 

MC1444 

MC1472 

MC1488 

MC1489,A 

XC26S10,11 

MC3232A 

MC1411,12,13,16* 

MC1540 

MC1544 

MC3245 

MC3408 

MC3410,C MC3510 

MC3416 

MC3417,18 

MC3437 

MC3438 

MC3440,41 ,43 

MC3446 

XC3448 

MC3450,52 

MC3453 

MC3459 

MC3460,66 

MC3461 

MC3467 

MC3468 

XC3480 

MC3486 

XC3487 

MC3490,94 

MC3491,92 

XC6875 

Hex Three-State Latch/Driver ............ . 

Quad Three-State MOS Memory I/O Registers .. . 

Quad Unified Bus Transceiver ..... . 

Analog-to-Digital Converter Subsystem 

Six-Bit Multiplying D-to-A Converter .... . 

Eight-Bit Multiplying D-to-A Converter .. . 

Peripheral Driver Arrays ........ . 

Core Memory Sense Amplifiers •..•. 

AC-Coupled 4-Channel Sense Amplifier 

Dual Peripheral NAN D Driver .. . 

Quad MDTL Line Driver ........ . 

Quad MDTL Line Receiver ...... . 

Quad Open-Collector Bus Transceivers . 

Memory Address Multiplexer/Refresh 

Add!ess Counter . . . . . . . . . . . . . . 

Quad TTL-to-MOS Driver . . . . . . .. 

Eight-Bit Multiplying D-to-A Converter ... 

Ten-Bit D-to-A Converter ..... . 

Crosspoint Switch .•......... 

Continuously Variable Slope Delta 

Modulator/Demodulator .. 

Hex Unified Bus Receiver ... 

Quad Unified Bus Transceiver. 

Quad Interface Bus Transceivers . 

Quad I nterface Bus Transceiver . . 

Quad Three-State Bus Transceiver 

Quad Line Receiver ......• 

Quad Line Driver ....... . 

Quad NMOS Memory Driver .......•... 

Gate Controlled Four-Channel MOS Clock Driver 

Dual NMOS Memory Sense Amplifier. 

Triple Preamplifier ........... . 

Magnetic Read Amplifier. .... . 

Memory Controller Circuit .... . 

Quad RS-422/423 Line Receiver ....... . 

Quad RS-422 Line Driver .......... . 

Seven-Digit Gas Discharge Display Driver .. 

Eight-Segment Visual Display Driver .. 

M6800 Clock Generator/Driver ..... 

5-2 

Page 

5-19 

5-22 

5-25 

5-28 

5-42 

5-54 

5-68 

5-71 

5-74 

5-82 

5~85 

5-91 

5-97 

5-100 

5-104 

5-107 

5-113 

5-125 

5-134 

5-142 

5-145 

5-148 

5-.152 

5-155 

5-159 

5-166 

5-170 

5-174 

5-187 

5-193 

5-198 

5-218 

5-219 

5-222 

5-224 

5-230 

5-237 



INTERFACE CIRCUITS (continued) 

Temperature Range 
o to 700 e -55 to 1250 e 

MC6880A/MCST26A 

MC6881/MC3449 

MC6885-88/MCST95-98 

MC6889/MC8T28 

MC7524,25 

MC7528,29 

MC7534,35 

MC7538,39 

MCST13,23 

MC8T14,24 

MC75107,8 

MC75110 

MC75140 

MC75325 

MC75365 

MC75368,58 

MC75450 

MC75451-54 

MC75461-64 

. MC75491 ,92 

MCC1486,87 

MMH0026C 

*T A = 0 to 850 C 

MC5524,25 

MC5528,29 

MC5534,35 

MC5538,39 

MC55107,8 

MC55325 

MMH0026 

Page 

Quad Three-State Bus Transceiver . . . . . . . . . . . . . 5-238 

Triple Bidirectional Bus Switch .......... . 5-243 

Hex Three-State Buffer/lnverter .............. 5-245 

Non-Inverting Bus Transceiver. . . . . . . . . . . . . . . . 5-250 

Dual Sense Amplifier ..•...............•.. 5-252 

Dual Sense Amplifier with Preamplifier 
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5-3 

• 



• 

BUS INTERFACE 

Computer Bus 
Line drivers and receivers designed to operate com

patibly_ The MC8T13/MC8T14 combination is specified 

DUAL LINE DRIVERS 

MC8T13 - Open emitter driver; specified for general 
TTL systems_ 

MC8T23 - Open emitter driver; specified to meet IBM 
system requirements_ 

All four devices: 
TA = 0 to 75°C 

Packages: 

for general TTL system applications. The MC8T23/ 
MC8T24 combination is specifically oriented toward 
IBM 360/370 system requirements. 

TRIPLE LINE RECEIVERS 

MC8T14 - Hysteresis-equipped receiver; specified for 
general TTL systems. 

MC8T24 - Hysteresis-equipped receiver; specified to 
meet IBM system requirements. 

Ga~e 
Input A3 

Receiver 
Input A1 

Strobe 
Input 51 

L Suffix - Case 620 
P Suffix - Case 648 

Gate 
Input Al 

Gate 
Input B1 

VOH 
@IOH=-75mA lOS tpLH 

Device @ 10H" -59.3 n;'A* @VO=O @CL: 15 pF 
Number Volts Max mAMax· nsMax 

MC8T13 2.4 -30 20 
MC8T23 3.11' -30 20 

Minicomputer Bus Transceivers and receivers for 

bus organized minicomputers employing 120-ohm terminated lines. 

HEX RECEIVERS 

MC3437 - Hysteresis-equipped for improved noise 
immunity. OS8837 equivalent. 

All three devices: 
TA = 0 to 70°C 

Packages: 

MC3437 
MC3438 

Device 
Number 

MC8T14 
MC8T24 

Output 
F 1 

Gnd 

VH(RI 
Volts Min 

0.3 
0.2 

IIH(RI 
@ VIH(R) = 3.8 V tPLH(RI 

@VIH(R)·=3.11 V* @CL" 15 pF 
mAMax nsMax 

0.17 30 
0.17' 30 

QUAD TRANSCEIVERS 

MC3438 
OS8641 - Open collector driver outputs allow wire-

OR connection. MC3438 has hysteresis
equipped receiver for improved noise immunity 
(not available with OS8641). MC3438 is equivalent 
OS8838. 

Vcc 

8us 1 

Input 1 

8us 2 

OS6841 

L Suffix - Case 620 - J Suffix 
P Suffix - Case 648 - N Suffix 

Input 2 

IURI 
@VUR)=4_0V 

IJAMax 

50 

Hysteresis 
Volts Min 

0.5 

tpLH(R) 
@CL = 15 pF 

nsMax 

30 

Receiver 
Hysteresis 

Volts 
Min 

0.25' 

MC3438 onlv. 

5·4 

Disable B 7 Output 2 

VL.(BUS) IBUS tpLH(DI tPLH(RI 
@ISUS·: @VIH(BUSI" @CL= @CL= 
50mA 4.0V 15 pF 15pF 

Volts Max IJAMax nsMax nsMax 

0.7 100 25 30 



BUS INTERFACE (continued) 

Microcomputer. Bus 
General features include: . This family of devices is designed to extend the 

limited drive capabilities of today's standard 6800 and 
8080 type NMOS microprocessors. All devices are fabri
cated with Schottky TTL technology for high speed. 

• Single +5.0 V Power Supply Requirement 
• Three-State Logic Output 
• Low Input Loading - 200l1A Max. 

DATA BUS EXTENDERS 

Quad, Bidirectional, with 3-State Outputs 

MC6880A/MC8T26A# - Inverting MC6889/MC8T28# - Non-inverting 

Receiver Recerver 
Enable 1 Enable 1 

Input Input 

Receiver Driver #These devices may be Receiver 
2 15 

Driver 
Output 2 15 Enilble 

ordered by either of 
Output Enable 

1 Inpur 1 Input 

14 Receiver the paired numbers. 14 Recei.v., 
Output Output 

4 4 

Rl!lceiver Both types: Receiver 
5 OutPut 5 

TA ~ 0 to 75°C 
Output 

2 2 
Receiver Receiver 

11 Output Packages: 11 Output 
3 

L Suffix - Case 620 
3 

Driver Oriver 

P Suffix - Case 648 Input 7 

2 

Input Current 10HL tpLH,tPHL 
Output Disabled Propagation Delay Time - High to Low or 

Device I'H ',L Leakage Current - High Logic State Low to High 
Number IlAMax IlAMax IlAMax nsMax 

MC6880A/MC8T26A 25 -200 100 14 
MC68B9/MC8T28 25 -200 100 17 

ADDRESS AND CONTROL BUS EXTENDERS 

Hex, Unidirectional, With 3-State Output$ 

MC6885/MC8T95# - Non-inverting MC6887/MC8T97 # - Non-inverting 
MC6886/MC8T96# - Inverting MC6888/MC8T98# - Inverting 

Two-input Enable controls all six buffers. Two Enable inputs, one control/ing four buffers 
and the other controlling the remaining two 
buffers. 

Enable 1 1 Enable 4 1 Vee 

#These devices may be En8iiTe 2 
ordered by either of 

Input F the paired numbers. 

Output F 

Input E 
All four types: 

TA = 0 to 75°C 

OutP!Jt E Packages: 
L Suffix - Case 620 

Output C 7 Input 0 P Suffix - Case 648 Output C 7 

• Add inverter for MC6886/MC8T96. • Add inverter for MC6888/MC8T98 . 

VOL VOH 
@IOL=48mA @ 10H = -5.2 mA lOS tpLH tP(Enable) 

Volts Max Volts Min mATyp nsTyp nsTyp 

0.5 2.4 -80 6.0 11 

• 



• 

BUS INTERFACE (continued) 

Microcomputer Bus (continued) 

BIDIRECTIONAL BUS SWITCH M6800 CLOCK GENERATOR 

MC6881/MC3449# - For exchanging TTL level digital 
information between selected pairs of ports in a 
3-port network. 

MC6875 - Provides the non-overlapping two-phase 
clock signals for M6800 MPU systems. 

, 'En8bie 
A 

Al 

A3 

A2 

Control 
(Direction) 

Gnd 

VOL 
@IOL=8.0mA 

Volts Max 

0.6 

100 
@VO=2.7V 

J.lAMax 

26 

VCC 

Cl 

C3 

C2 

82 

83 

IlL 
@VIL=O.4V 

IJ.AMax 

-200 

Instrumentation Bus 

#This device may be 
ordered by either of 
the numbers. 

Both types: 
TA = 0 to 70°C 

Packages: 
L Suffix - Case 620 
P Suffix - Case 648 

X1 

X2 

Ext In 

4 x fo 

2 x fo 
Memory 

Aeady 
Bus</>2 

VCC 

MPU </>1 

Reset 

MPU </>2 

System Aeset 

OMA/Aef Grant 

OMA/Ref Aeq 

Ground Memory Clock 

VOLC = 0.3 V Max 

VOHC = VCC - 0.3 V Min 

fop = 2.0 MHz Typ 

MC6881/MC3449 TRUTH TABLE 

Enable Select Control Data Flow 

0 0 0 2 ... 3 

0 0 1 3_2 

IIH 0 1 0 1 ... 3 
@VIH-2.7V 

IJ.AMax 
0 1 1 3_1 

40 
1 X X High Impedance 

x . Don't Care 

HIGH-CURRENT PARTY-LINE BUS TRANSCEIVERS 

Devices for industrial control and data communication. 
MC26S10 - Inverting 
MC26S11 - Non-inverting 

Quad transceivers with open-collector drivers and 
PNP-buffered inputs for MOS compatibility. 

Receiver 
Output 

Driver 
Input A 

Driver 
Input B 

Receiver 
. Output B 

Gnd 

Driver 
Input 0 

10 Aeceiver 
Output 0 

> Inverter on MC26S11 only. 

Test 

VOL (0) 

10(0) 

101(0) 

IIH (0) 

IlL (0) 

tp (0) 

tp (A) 

5-6 

Both types: 
TA = 0 to 70°C 

Packages: 
L Suffix - Case 620 
P Suffix - Case 648 

Condition 

10L = 100 mA 

VOH = 4.5 V 

VCC = 0 V, 

VOH-" 4.5 V 

VIH=2.7V 

VIL = 0.4, V 

MC26S10 
MC26S11 

Both Types 

Limits 

0,8 Volts Max 

100J.lA Max 

100 IJ.A Max 

30 IJ.A Max 

-0.54 mA Max 

15 ns Max 

19 ns Max 

15 ns Max 



BUS INTERFACE (c~ntinued) 

Instrumentation Bus (continued) 

QUAD INTERFACE TRANSCEIVERS 

These devices are designed to meet the HP~IB bus 
specification of IEEE Standard 488-1975, for the inter
connection of Measurement Apparatus. 

MC3440P - Three drivers with 
common Enable input; one 
driver without Enable. 

MC3441 P - Four drivers with 
common Enable input. 

MC3443P - Four drivers with 
common Enable input; no 
termination resistors. 

Output and 
Termination

Gnd 

;~;;~~e~ (oJ 

Driver ,. 
Input A 

Driver en 
Input B 

Receiver 01 
Output B 

Vee 

M~446P - For low-power instruments, including MOS. 

Receiver 
Output A Vec 

Bus A Receiver 
Output D 

Driver 
Input A Bus 0 

Enable Oriver 
ABe Input D 

Driver 
Input B 

Enable D 

Driver 
Bus B InputC 

Receiver 
Bus C 

Output B 

Gnd Receiver 
Output C 

All types; 
TA"; Oto 70°C 

Paekage - Case 648 

Receiver Drive 
Input Output Voltage 

Device Hysteresis (jilIOL =48 mA; 
Number mVMin Volts Max 

MC3440P 400 0.4 
MC3441P 400 0.4 
MC3443P 400 0.4 
MC3446P 400 0.4 
MC3448P 400 0.4 

MC3448P - For common Send-Receive bus; 
bidirectional. 

Send/Rec. 
Input A 

VCC 

Data A 
Send/Rec. 
Input'O 

BusA Oata 0 

Pull-Up 
Enable . BusO 

Input A-B Pull-Up 

Bu. 8 .. Enable 
InputC-O 

Data B .. BusC 

Send/Rec. '" OateC 
Input B 

Send/Rec. 
Input C 

tpHL 
Bus (Driver or 

Divider Voltage Receiver) 
Volts nsMax 

2.6 to 3.75 30 
2.6 to 3.75 30 

- 25(0) 22(R) 
2.5 to 3.7 50 
2.5 to 3.7 35 

• 
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A-D/D-A CONVERSION 
Low-cost building blocks for construction of D-A/ 

A-D systems. Involves use of advanced technologies 
such as ion implantation, laser trimming and CMOS 

O-A Converters 

Range 
Control 

0--

S-Bit ~
10-Bit=f1 

6-Bit---j-j . 

A1 A2 A3A4 A5 A6 A7 ASA9A10 

Current Switches 

Ladder Terminators 
and 

Trimming Networks 

A·2R Ladder 

V ref( +) '---------,----------' 

VCC 

processing where necessary to achieve the required 
functional capability, operating accuracy and production 
repeatabi lity. 

Multiplying- D-A converters designed to supply an 
output current that is a linear product of an analog input 
reference voltage and a digital input word. Devices for 
6-,8- and 1 O-bit digital word inputs are available. 

PD 10 
@VEE= @VRef= 

Device Error -5V tSettling 2V 
Number % Max mWMax nsTyp mA Suffix Case 

6-Bit 

MC1506* 

MC1406 I ±0.78 120 150 1.9 to 2.1 L 632 

8-Bit 

MC1508LS* L 620 
MC140SLS 

+0.19 

MC140SL7 ±0.39 170 300 1.9 to 2.1 L, P 620,648 
MC1408L6 ±0.78 
MC3408 ±0.5 L 620 
10·Bit 

MC3510* L 690 
MC3410 

±0.05 
220 250 3.8 to 4.2 

MC3410C ±0.1 L, P 690,648 

*T A = -55 to 125°C. 

VEE Compen. Gnd 

Dotted terminals available 
on 6- and 8-bit units only. 

A-O Subsystems 

Devices without asterisk: T A = 0 to 70°C. 

2-Chip A-D Converter System Functional Diagram 

MC1505/1405 - A-D Converter 

MC1505L '""' TA = -55 to 125°C - Case 620 
MC1405L - T A = 0 to 70°C - Case 620 

Temperature 
Linearity Voltage Coefficient 

Error Reference of Reference 
%Max Volts %/oC 

±0.05 1.15 to 1.35 0.005 

These devices are relatively complex 
subsystems. The bipolar, dual-ramp A-D 
converter has up to 4-1 /2-digit conversion 
capability. The CMOS logic subsystem 
specifically adapts the A-D converter to a 
~-1/2-digit DVM function. 

MC14435 - Digital Logic 
(See Semiconductor Data Library Vol. 5 for data.) 

ICC 
@VCC=5.0V 

mAMax 

12 

MC14435EFL/EVL * - TA = -55 to 1250 C- Case 620 
MC1443.5FL/VL * - T A = -40 to 85°C - Case 620 
MC14435FP/VP* - TA = -40 to 85°C - Case 648 

10L 10L 10L 
Pc (quiescent) @VDD=5:0V @VDD=5_0V @VDD=5.0V 

@VDD=5.0V (Digit Selects) (BCD Outputs) 
mWMax mAMin mAMin 

1.75 1.6 1.6 

*MC14435EFL/FL/FP: VOD = 3.0 to 1S Vdc 
MC14435EVLIVLIVP: voo = 3.0 to 6.0 Vdc 

5-8 

(All Outputs) 
mAMin 

-0.2 



MEMORY INTERFACE 

NMOS Memories to MECL Systems 
The high-speed capabilities of some NMOS memories 

(example: 7001A types) make them desirable for use 
i,n conjunction with MECL logic for some applications. 
Yet, the positive input requirements of NMOS memories 
are incompatible with the negative voltage levels charac
teristic of the MECL family. Hence, level conversion is 
required-for both input and output matching of the 
NMOS memory. The interface devices below include 

. driver/translators to feed the memory inputs and a.sense 
amplifier to match the output. 

DRIVER/TRANSLATORS 

MECL 
Input 

MECL 
Dafa 
Input 

MECL 
Input 

MECL 
Output 

MECL-to·MOS driver/translators convert standard 
MECL 10,000 input signals to suitable levels for NMOS 

memory systems. The MC75358 and MC7~68 may also 
be use.d as positive logic NOR or non-inverting gates. 

MC75368} D I CI k' . . f .. MC75358 - ua oc Line Drlve~s ~ult~ble or dnvlng 
address, control, and timing Inputs. 

MC10177L - Triple Line Driver for driving address and 
control inputs. 

TA = 0 to 70°C 

Packages: 

T A = -30 to 85°C 

Package - Case 620 

L Suffix - Case 632 
P Suffix - Case 646 

Maximum Supply Voltage: 
MC75368 = 18 V 
MC75858 = 22 V 

Device VOH @ IOH VOL @IOI.. tDHL @ CL 
Number Volts Min rnA Volts Max rnA nsMax pF 

MC75368 VCC2- 0.3 0.1 0.3 

MC75358 VCC2- 0.3 0.1 0.3 

MC10177 4.0 15 0.5 

SENSE AMPLI FIER 

MC3461 L - Dual Sense Ampl\fier with MECL 10,000-
compatible control inputs and complementary, 
open-emitter outputs. Designed for 7001 and 2105 
type NMOS 1 K RAMs. 

ITH 
JJAMax 

±200 

tPD (Amplifier) 
nsMax 

10 

TA = 0 to 75°C 

Package -
Case 620 

5-9 

10 26 

10 24 

1.0 6.0 

Output 
Gnd. 

Output 
1A 

Output 
2A 

Outputs A 
Enable 

Input 
2A 

Input 
1A 

Latch 
Input 

VEE 
(-5.2 VI 

300 

390 

350 

Output 
28 

Output 
18 

Input 

18 
Input 

28 
Amp!. Input 

o Termination 
(RT) 

Vec 
(+7.5 V) 

• 
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MEMORY INTERFACE (continued) 

NMOS Memories to 
TTL Systems 

The highly capacitive loads represented by NMOS 
memories are, in themselves, incompatible with the drive 
capabilities of conventional TTL logic circuits. So, also, 
are some of the voltage levels.. The devices shown .are 
used to match TTL capabilities to various types of popu· 
lar NMOS memories. 

CLOCK AND CHIP ENABLE .L1NE DRIVERS 
(High Level) 

MC3460 1 . Quad Clock Drivers 
MC3466 1.. with Refresh Select 

MC75365 - Quad Clock Driver or 
High-Current NAND Gate 

MMH0026 } . 
MMH0026C - Dual Clock Driver 

MC3245 Logic 

vOO1 1 

Output A 

Channel 14~ 
Select A S8i8CtD 
Enable 1 13 Enable3 

Refresh 

Select 

11 Ciliinii8i 
'SeiiiCtB Select C 

Output B 7 

Gnd 

.·MC3245 - no connection; VD02 not required. 

Device 
Number 

MC3460 

MC3466 

MC3245 

MC75365 

MMH0026 
MMH0026C 

TA = 0 to 70°C 

Packages: 
L Suffix - Case 620 
P Suffix - Case 648 

VOH 
Volts Min 

V001 - 1.0 

V001 - 1.3 

VOO - 0.5 

VCC2 - 0.3 

Vc- 1•O 

IOH 
mA 
-2.0 

-40 

~1.0 

-0.1 

0.4V· 

VOL 
Volts Max 

0.55 

0.55 

0.45 

0.3 

TA= 0 to 70°C 

Packages: 

(Pin Connections for U or P1 Package) 

TA: 
MMH0026 - -55 to 125°C 
MMH0026C - 0 to 70°C 

Packages 

L Suffix - Case 620 
P Suffix -Case 648 

G Suffix - Case 601 
L Suffix - Case 632 
U Suffix - Case 693 

@ lOt 
mA 
40 

40 

5.0 

10 

2.4 v· 

tOHL 
nsMax 

23 

24 

32 

18 

12 

5-10 

@ CL 
pF 

480 

P1 Suffix - Case62Ei (For 
MMH0026Conly) 

Feature 

Specified for'usewith 4K NMOS dynamic 
memories. 

480 Specified for use with 1 K NMOS dynamic 
memories (e.g., 7001 A types). 

250 Does not require second high voltage 
supply. Low input loading. 

200 OerivesVCC1 pOwer from TTL 5-V 
supply, and VCC2 and VCC3 from VSS 
and V8B supplies from NMOS memories. 

1000 For very high capacitance loads. 



MEMORY INTERFACE (continued) 

NMOS Memories to TTL Systems (continued) 

DATA AND ADDRESS LINE DRIVERS 
(Low Level) 

MC3459 .- Quad Address Line Driver OS3645} OS3675 - Hex 3-State Latch/ 
Drivers. Output dump

ing resistor on 053675 

Input 
1A 

Input 
2A 

TA = Oto 70°C 

Packages: 

Vcc 

Input 
10 

Input 
20 

output 
0 

Input 
lC 

Input 
2C 

OutPut 
C 

Input 
Enable 

~utput 
A 

TA =0 to 75°C 

P;ickages: 

Vee 

Output 
Disable 

Data F 

Output 
F 

Data E 

Output 
E 

L Suffix - Case 632 
P Suffix - Case 646 

J Suffix - Case 620 
N Suffix - Case 648 

Device 
Number 

MC3459 

OS3645 
OS3675 

MC3232A 

VOH 
Volts Min 

2.4 

2.4 
2.5 

2.8 

@ IOH 
mA 

-2.0 

-1.0 
-1.0 

-1.0 

0.7 

0.6 
0.3 
0.4 

IOL 
mA 

80 

20 
20 

50 

Propagation 
Delay 

nsMax 

26 

25Typ 

25 

360 

500 

250 

MEMORY I/O REGISTERS 
(Hex) 

B Output 
053647 Inverting, 3-Stat~ 
083677 Non-inverting; 3-State 
0536147 Inverting, Open Collector 
0836177 Nan-inverting, Open Collector 

These registers, with two I/O ports per bit, can 
'handle bidirectional data, with the direction of 
data controlled by Input Enables. An Expansion 
input disables both A and B outputs to permit 
multiplexing of other registers. 

TA = 0 to 700 e 
Packages: 

J Suffix - Case 620 
N Suffix - Case 648 

5-11 

Input 
Enable A 

MC3232A - Address Multiplexer 
and Refresh Counter 

CO"iJrlt 1 24Vcc 
Refresh 23 Aow 
Enable Enable 

A1 J 22 A5 

A7 4 21 A11 

A2 5 20A4 

AS 6 19A10 

AO 7 18 AJ 

A6 S 17A9 

00 9 1603 

0210 1504 

0111 14 05 

Gnd12 13 NC 

TA =Oto 7SoC 

Packages 
L Suffix - Case 649 
P Suffix - Case 623 

Features 

High fan-out capability. 

Extremely low input currents for MOS 
input compatibility. 

Multiplexes the 12 address bits to the 6 
input address pins of 16-pin 4K RAMs. 

11 Output 
DI .. bleB 

• 
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MEMORY INTERFACE (ccmtinued) 

Magnetic Memories to TTL Systems 

T 
A 
P 
E 

SENSE AMPLIFIERS 

.•. for Magnetic Tape Memories 

TAPE AMPLIFIER SYSTEM A two-component preamplifier/amplifier combination 
that provides the interface between magnetic tape heads 
and digital logic. Suitable for both open reel and car
tridge tape systems_ Triple preamp has individually ad
justable gain controls. LSI Read Amplifier performs 
peak detection and. threshold detection functions, as 
required for NRZI/phase encoded recording formats. 

1/3 
MC3467 

Pre
Amplifier 

Electro·nic Gain 
Control 

Filters 

MC3468 
Read 

Amplifier 

NRZI/</> 
Code Select 

MC_3467 - Triple Preamplifier MC3468 - Read Amplifier 

EGC , 

,"0"' I ' 
Input! 4 

Input 17 

!output 

Channel Select 
(A or 8) 

Threshold Amplifier 
Input A 

Threshold Amplifier 
I nverting Input 

Threshold Amplifier 
Input B 

EGC 
! Output 

Both types: 

!output 

TA = 0 to 70°C 

Packages: 
L Suffix - Case 726 
P Suffix - Case 701 

•.• for Core Memories 

Inputs A { ~ 

Inputs B { 8 

Feature adjustable threshold, time -and amplitude 
signal discrimination, dual inputs with independent out
puts, and a range of oPtions. 

Representative Diagram 
(MC5528/291* 

TEST TEST 
POINT STROBE OUTPUT OUTPUT STROBE POINT 

Vee A A A B B B GND T A = -55 to 1250 C 

Ctl(t --.-- ---..-
OIFFERENTIAl REFERENCE 

-.:-.....- VeE 
DIFFERENTIAL 

INPUT A INPUT I NPUTB 

·Pin assignment slightly different for devices 
without test points. 

AND Output 

NAND Output 

VTH @ VAef = 
15 mV= 

VTH @ VRef = 
40mV 

Max liB = 
Max tPLH @ 

CL = 15 pF = 

Packages 

5·12 

{ MC5524 MC5525 
MC5528 MC6529 

{ MC5534 .MC5535 
MC5538 MC5539 
10 to 20 8 to 22 

mV mV: 

35 to 45 33 to 47 
mV mV 

100/-LA 100/-LA 

40 ns 40 ns 

L Suffix - Case 620 

VCC 

Threshold Detector 
Output TD 

Threshold 
Level Input 

ZCD Output 

Gnd 

1 Differentiation 

J Components 

Gain State 
Output 

T est 
TA = 0 to 700 C Points 

MC7524 MC7525 No 
MC7528 MC7529 Yes 
MC7534 MC7535 No 
MC7538 MC7539 Yes 

.11):019 8 to 22 
mV mV 

36 to 44 .. 33 to 47 
mV mV 

75/-LA 75/-LA 

40 ns 40 ns 

L Suffix - Case 620 
P Suffix - Case 648 



MEMORY INTERFACE (continued) 

Magnetic Memories to TTL Systems (continued) 

SENSE AMPLIFIERS (continued) 

... for Plated Wire and Thin-film Memories 
and other low-level sensing applications. 

MC1544 - TA = -55 to 125°C 
MC1444 - T A = 0 to 70°C 

Features 4-channel input with decoded channel 
selection and strobed output capability. 

Packages; 
MC1544 

L Suffix - Case 620 
F Suffix - Case 650 

MC1444 
L Suffix - Case 620 

VOH 
Device VTH @ IOH = -400 J.lA 

Number mV Volts Min 
MC1544 0.5 to 1.5 2.4 
MC1444 0.3 to 2.3 2.4 

VOL 
@IOL=10mA tpD 

Volts Max nsMax 
0.5 25 
0.5 25 

Inputs 
Channel C { 

1 

{ 

3 
Inputs 

Channel 0 

Strobe 
Inputs 

Channel { 7 
Select 
Inputs 

CORE DRIVER 

MC55325 ~ T A = - 55 to 125°C 
MC75325 - T A = 0 to 70°C 

Contains two source switches and two sink switches. 
Source and sink selection is determined by one of 
two logic inputs, and turn-on is determined by the 
appropriate strobe. 

Packages; 
L Suffix - Case 620 
F Suffix - Case 650 
P Suffix - Case 648 (MC75325 only) 

Vsat 
Device @ Isink or Isource = 600 mA 

Number Volts Max 

MC55325 0.70 
MC75325 0.75 

I off tPLH 
@VCC2=24V (Source) 

J.lAMax nsMax 

150 50 
200 50 
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Source 
Collectors 

w 

Strobes lS1 

S2 

Gnd 

tpLH 
(Sink) 
nsMax 

45 
45 

• 
VCC2 

Node 

Rint 
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COMPUTER AND TERMINAL INTERFACE 

Voltage Mode 

DRIVER 

LINE DRIVERS AND RECEIVERS 
for Modem/Terminal Applications 

RS-232C SPECIFICATION 

RECEIVERS 

MC1488 - Quad; output current limiting. 
MC1489 - Quad; 0.25 V input hysteresis. 
MC1489A - Quad; 1.1 V input hysteresis. 

All devices: 
TA = 0 to 70°C 

Package: 
L Suffix - Case 632 

tpHL 
VOH VOL tPHL Device Input VIHL InputVILH @RL =390 n 

@VeeNEE = ±9.0 V @ VCeNEE = ±9.0 V lOS @CL '" 15 pF Number Volts Volts nsMax 
Volts Min Volts Max mA nsMax MC1489 1.0 to 1.5 0.75 to 1.25 5Q 

6.0 -6.0 ±6.0 to 12 175 MC1489A 1.75 to 2.25 0.75 to 1.25 50 

RS-422/423 SPEC I FICA TlON . 

DRIVER RECEIVER 

MC3487 - Quad; three·state outputs. MC3486 - Quad; three-state outputs and input hysteresis. 

Input A - VCC 

InputlA I 
- vcc 

~ Input 0 

jlnpuu B 
Channel AI 
Outputs 

Output A w 

j Channel 0 
Outputs Both devices: output A(C . AlB Control . TA = 0 to 70°C Control 

Output B 

~ CIO COntrol 
Packages: Output C ~ 

Output 8/0 

Channel B I L Suffix - Case 620 Control 

Outputs P Suffix - Case 648 

InpuUC \ .. J Channel C 

Output [). 

Input B ~ 

Outputs 

jlnputs 0 

'" Input C 

VOH VOL VOO(Oifferential) 110 
@ 10H =50 mA @IOL=48mA @ RL = 100 n tpLH!tPHL VTH(OI @VID=±10V 

Volts Min Volts Max Volts Min nsTyp @ V ICM '" ± 7.0 V Vee =0 to 6.25 V tPHL!tPLH tP(Control) 

2.0 0.5 2.0 15 
Volts Max mAMax ns Typ nsTyp 

±0.2 ±3.25 20/25 25 
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COMPUTER AND TERMINAL INTERFACE (continued) 

Differential Current Mode 

DRIVERS 

MC75110 - Dual; industry standard. 

Inhibit 
Input 

Outputs Outputs 

IV lZ .vEE 0 2Z 2V 

lA 18 lC 2C 2A 26 Gnd 
Logic Inhibit Logic 
I nputs I nputs Inputs 

TA = 0 to 70°C 
(MC75xxx) 

-55 to 125°C 
(MC55xxx) 

Packages: 
L Suffix - Case 632 
P Suffix - Case 646 

(MC75xxx only) 

MC3453 - Quad; common inhibit input; current sink 
approximately 12 mA. 

y 

Output A 

Z 

Vee 

Input B 

y 

Output 6 

Z All three devices: 

RECEIVERS 

MC751 07 /MC551 07 - Dual; active pullup output. 
MC7510S/MC5510S - Dual; open collector output. 

Inputs Output Strobe 
Vcc Vee 2A 26 NC 2V 2G 

Inputs NC Output Strobe Strobe Gnd 

lA 16 IV lG S 

MC3450 - Quad; active pullup outputs; common three
state enable. 

MC3452 - Quad; open collector outputs. 

Inputs - 1 

A 

Inputs 

6 

Z 
Output e 

y Z 
Output 0 

y 

TA = 0 to 700 e 

Input 0 

Packages: 
L Suffix - Case 620 
P Suffix - Case 648 ' 

'nputVTH 
mVMax 

±25 
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Inputs 

o 

ALL RECEIVERS 

IIH IlL 
@V'O=0.5V @V'O=-2.0V 

IJ.AMax IJ.AMax 
75 -10 

tpLH 
nsMax 

25 

• 
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~ _______ P_E_R_IP_H_E_R_A_L_I_NT_E_R_F_A_C_E ________ ~I 
Dual Drive.rs 

... for relays, lamps, and other peripherals requiring more power than generally available from logic gates. 

Representative Diagrams 
MC754xx Series MC147x Series 

Vcc 2S 2A 2Y 

MC75450 - Similar to MC75451, but with uncommitted 
output transistors. 

1S God 

(MC75451 /MC75461) (MC1472) 

Logic gates vary to provide output shown' 

Logic Output ·BVCER 
(Including 70V 

Transistor Inversion) 30V 30 V 35V Hi·Z Input 
AND MC75451 SN.75451 S' MC75461. MC1471 " 
NAND MC75452 SN75452S' MC75462 MC1472 
DR MC75453 SN75453B' MC75463 MC1473# 
NOR MC75454 SN75454B' MC75464 MC1474# 

·Same as equivalent Me types, but with guaranteed switching limits. 

#To be introduced. 

Driver Arrays 
... Seven Darlington transistors with outpu~ clamp 

diodes. 

Device 
Number Application Input Element All Types: 

MC1411 

MC1412 

MC1413 
MC1416 

General Purpose 

14-25 V PMOS 

5 V CMOS or TTL 
B-18 V MOS 

Dual Receiver 

Basic 

Zener and Series 10.5· kH 
resistor 

Series 2.7 kn resistor 
Series 10.5 kH resistor 

MC75140Pl - D,ual single-ended receiver with common 
strobe .and reference inputs for maximizing noise 
fmmunity. Useful for bus-organized (party line) 
TTL systems. 

VMax = 50 V 
IMax = 500 mA 

TA = Oto 85°C 

Packages: 
L Suffix - Case 620 
P Suffix - Case 648 

TA = a to 70°C 

Package - Case 626 
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Sub 
Vce 2A 2S 2C 2E 

1C God 

All Devices 
TA = 0 to 70°C 

Packaging: 
MC75450 

L Suffix - Case 632 
P Suffix - Case 646 

MC75451-54/MC75461-64 
P Su.ffix - Case 626 
U Suffix - Case 693 

MC1471-74 
P1 Suffix - Case 626 
U Suffix - Case 693 

Vee Output. Ref Line 
2 Input Input 2 

Output Strobe Line Gnd 
Input Input 1 



NUMERIC DISPLAy INTERFACE 
... for mating multiplexed LED or gas discharge numeric displays to MOS or TTL logic systems .. 

LED Drivers for Common-Cathode Displays 

MC75491' -+ Quad segment driver MC75492 - Hex digit driver 

Input 4 

Emitter 4 Both Devices: 

Collector 4 
TA; a to 70°C 

'Packages: 

Collector 2 

Emitter 2 

Vss 
Collector 3 

L Suffix - Case 632 
P Suffix - Case 646 

" Device @V,=10V VOL 
Number mAMax Volts Max 

@ 

MC75491 3.3 1.2 
MC75492 3.3 1.2 

Gas Discharge Drivers 
MC3491 
MC3492 

Programming 
Current 

Input 1 

Input 2 

Eight segment cathode drivers with 
programmable current. 

Output 1 

Output 2 

Output 3 

Output 4 
All Devices: 

Output 5 TA; a to 70°C 

Output 6 

Output 7 

Input 7 

Substrate (Gnd) 

Package: P Suffix - Case 701 

·Current Output Voltage 
Output Breakdown Deviation Compliance Device 

Device ON Current Voltage (All 8 Outputs) Range Number 
Number mAMax Volts Min %Max Volts MC3490 
MC3491 1.85 80 10 5.0 to 50 MC3494 
MC3492 5.25 80 10 5.0 to 50 
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IOL 
mA 

250 
50 

VSS 
Volts Max 

10 
10 

MC3490 - High Level 
MC3494 - Low Level 

Seven digit anode drivers 

Output 
A 

Output 
2 '0 Input 

B A 

Output .. Input 
C B 

Output '3 Input 
0 C 

Output Input 
E 0 

Output 11 Input 
F E 

Output 
G 

VEE 9 Input 
G 

'Inverter on MC3494 only. 

Package: P Suffix - Case 648 

Breakdown Input Voltage Input Voltage 
Voltage (OFF-State) (ON-State) 

Volts Min Volts Volts 

48 -5.0 Min -2.0 Max 
48 -2.0 Max -5.0 Min 

Output 6 

Input 6 

Vss 
Input 5 

Input 
Current 
p.AMax 

450 
-350 

• 
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COMMUNICATION INTERFACE (Telephony) 

Crosspoint, Switch 
MC3416 ~ Low-cost solid-state crosspoint switch 

offers important advantages in modern telephone 
exchanges employing space-division switching. 
Features 4 x 4 two-wire monolithic structure for 
PABX applicatiofls. Select inputs are both CMOS 
and TTL compatible. 

roft 
@VAK=10V 

MnMin 

100 

TA = 0 to 70°C 

Packages: 
P Suffix - Case 649 
L Suffix - Case 623 

ron BVAK 
@,IAK=20mA BVKA 

Ohms Max Volts Min 

10 25 

VAK 
@IAK=20mA 

Volts Max 

1.1 

Voice Encoding/ Decoding 
Simplified voice encoding/decoding using continuous 

Variable Slope Del,ta Modulator (CVSD) technique. 

MC3417 - 3-bit algorithm; for military secure commu
nication applications. 

MC3418 - 4-bit algorithm; telephone quality. 

T A = 0 to 70oC* 

Packages: 
L Suffix - Case 620 
P Suffix - Case 648 

*Military temperature range devices (MC3517{18) to be 
offered in early 1977. 

Sample Rate Total Loop tpD. Clock Trigger 
Device Samples/s Offset Voltage to Output 

Number Typ mVMax ILsMax 
MC3417 16 k ±5.0 2.5 
MC3418 38 k ±2.0 2.5 

Block Diagrams 

Anod. 

Al 
Cathode 

V2 
Row Select 

Z 

C.thode 
Z2 

Column 
Select A 

Column 
Select 8 
Column 
Select C 

Column 

Select 0 

C.thode 
ZI 

Row Select 
V 

Cathode 
VI 

02 

Analog 
Input 

Analog 

Feedback 

Syllabic 

Input (+) 

Filter 
Input (-) 

Analog 
Output 

CVSD Encoder CVSD Decoder 

Audio 
Out 
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vce 

Digital 
Input 

eathod. 
X2 

Row Select 
X 

Cathode 
W2 

' Anode 

A2 
Anode 

81 
Anode 

B2 
Anode 

Cl 
Anode 

C2 
Anode 

01 

Cathode 
WI 

Aow Select 
W 

Cathode 
Xl 

COincidence 
Output 

Vccl2 
Output 

Digital 
OutPut 



Product Previe~ 

HEX LATCH/DRIVERS FOR MOS MEMORIES 

These/iatch/drivers are intended to drive capacitive loads up to 
500 pF associated with MOS memory systems. They feature PNP 
buffered inputs for low input loading, Schottky technology for high 
speed, and three-state configuration for bus type operation. 

Fall-through latches are utilized-which capture the data in parallel 
with the output, thereby eliminating the delay encountered" in other 
latch circuits. The devices may be used either for the address or 
input/out data lines in MOS memory systems. 

The DS3645 version provides an internal" 15 ohm series damping 
resistor on each output, while the DS3675 features a low impedance 
output for use with or without an external resistor. 

• Low Input Loading Ensured by PNP Buffered Inputs 

• Heavy Drivers for Highly Capacitive Loads 

• Three-State Outputs Permit Multiplying Outputs 

• Schottky Technology for High Speed 

MAXIMUM RATINGS (T A = +250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage VCC 7.0 Vdc 

Input Voltage, High logiC State VIH 7.0 Vdc 

Input Voltage, low"logic State Vil -1.5 Vdc 

Output Current, High logic State IOH -1.0 A 

Output Current, low logic State IOl 1.0 A 

Operating Ambient Temperature TA o to 70 °c 
Storage Temperature Tstg ~5 to 150 °c 
Junction Temperature TA °c 

Plastic Package 150 
Ceramic Package 175 

TRUTH TABLE 

'nput Output Data 
Enable Di .. ble 'nput Output Operation 

H l H L Data Feed Thru 

H L l. H Data Feed Thru 

L L X a Latched to "Data Present 
When enable Went Low 

X H X Z High Impedance Output 

Thil il edvence Information and speclflcetlons ere subject to chenge without notice. 
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OS3645 
OS3675 

HEX THREE-STATE 
LATCH/DR IVERS 

SCHOTTKY 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

N SUFFIX 

JSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PLASTIC PACKAGE 
CASE 648 

PIN CONNECTIONS 

Input 
VCC Enable 

Data A 
Output 
Disable 

Output 
Data F A 

Output 
F 

Data E 

Output 
E 

Output Data 0 C 

Output 
i5 

ORDERING INFORMATION 

Temperature 
Device Range Paekage 

OS3645N o to 70°C Plastic DIP 
DS3645J o to 70°C Ceramic DIP 
DS3675N o to 70°C Plastic DIP 
DS3675J o to 70°C Ceramic DIP 

• 
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OS3645, 083675 

ELECTRICAL CHARACTERISTICS (VCC = +5.0 Vdc, TA = 0 to +700 C, typical values 
measured at T A = 250 C unless otherwise noted.) 

Characteristic Symbol Min 

Input Voltage, Low logic State V,l -
Input Voltage, High logic State V,H 2.0 

Input Current, low logic State "H 
(V,l =' 0.5 V, VCC = 5.5 V) 

Enable Input -
Data Inputs -

Input Current, High logic State "H 
(V,H = 5.5 V, VCC = 5.5 V) 

Enable Input -
Data Inputs -

Input Clamp Voltage V'C 
(VCC = 4.5 V, I,C = -18 mAl -

Output Voltage, low logic State VOL 
(VCC = 4.5 V, 10l.= 0) -
(VCC = 4.5 V,lOl = 20 mAl DS3645 -

DS3675 -
Output Voltage, High logic State VOH 

(VCC = 4.5V, 10H = 0) 3.4 
(VCC = 4.5 V, IOH = 1.0 rnA) DS3645 2.4 

DS3675 2.5 

Output Driver Current, low logic State '00 
(VCC =4.5 V, Vo = 0 V) -
(Add 15 n series resistor on DS3675) 

Output Driver Current, High logic State 'DH 
(VCC = 4.5 V, Vo = 4.5 V) -
(Add 15 n series resistor on DS3675) 

Ma)(imum Power Supply Current 'CC(max) 
(Vec = 5.5 V) -

Minimum Power Supply Current 'CC(min) 
(VCC = 5.5 V) -

SWITCHING CHARACTERISTICS (Add 15 n series resistor on DS3675 version. 
VCC = 5.0 V, T A = 250 C, unless otherwise noted.) 

Characteristic Symbol 

Propagation Delay Time, Data Input to Output 
(Cl = 50 pF) tpHl 
(CI.. = 250 pF) 
(Cl = 500pF) 

(Cl = 50pF) tPlH 
(Cl = 250 pF) 
(Cl = 500 pF) 

Setup Tirpe on Data Inputs Before Input Enable Goes low tsetup 
Hold Time on Data Inputs After Input Enable Goes low thold 
Propagation Delay Time, Disable Input to Output 

High Impedance to logic low 
(Cl = 50 pF, Rl = 2 kn to VCC) tpZl 

High Impedance to logic High 
(Cl = 5OpF, Rl = 2 kn to Gnd) tpZH 

logic low to High Impedance 
(Cl = 50 pF, RL = 400 n to VCC) tplZ 

logic High to High Impedance 
(Cl = 50 pF, Rl =400 n to Gnd) tpHZ 

Typ Max 

- 0.8 

- -

-90 -250 
-180 -500 

0.1 40 
- 80 

- -1.2 

0.25 0.45 
0.6 1.1 
0.3 0.5 

4.25 -
3.5 -
3.5 -

170 -

170 -

60 -

40 -

Typ 

7.0 
15 
25 

7.0 
15 
25 

0 

10 

15 

15 

15 

15 

®MOTOROLA Semiconductor Products Inc. 
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Unit 

V 
V' 

JJ.A 

! 

JJ.A .-

V 

V 

V 

mA 

mA 

mA 

mA 

Unit 

ns 

ns 

ns 

ns 



OS3645,OS3675 

3.0 V 

Disable 
Input 

0.4 V 

Output 
(Low) 

Output 
(High) 

tpZL 

SWITCHING TIMES WAVEFORMS AND CIRCUITS 

FIGURE 1 - DATA INPUT·TO OUTPUT 

FIGURE 2 - HIGH IMPEDANCE TO OUTPUT LEVEL 

Pulse 

To Scope 
(Input) 

Disable 

FIGURE 3 - LOGIC LEVEL TO HIGH IMPEDANCE 

.3.0 V ---,,----,.-------""'" 
Disable 
Input 

0.4V----", 

Output 
(High) 

Output 
(Low) 

'P~--lJ. /'.5V 
-------"" 

To Scope 
(Input) 

Disable 

To Scope 
(Output) 

Output 

Data 

To Scope 
(Output) 

Output 

Data 

L...-_____ ~ ® MOTOROLA Senticonductor Product. Inc. 
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Vee 

1 High 

! fLOW 

:-= 
I High 

o----<>VIH 

0----<> VIL 
Low 

Vee 

1. High 

I fLOW 

:-= 
I High 

0----<> VIH 

0----<> V,L 
Low 

• 
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Product Previe'W' 

QUAD THREE·STATE MOS MEMORY 1/0 REGISTERS 

These 4·bit bidirectional I/O buffer registers are well suited for 
MOS memory systems. They all employ Schottky technology for 
high speed fall-through latches which capture data in parallel with 
the output, and PNP buffered inputs for low input loading and MOS 
campatatibility. 

The DS3647 and DS3677 feature three-state logic on the B nodes 
while the DS36147 and DS36177 use open-collector nodes. All 
types have three-state logic on the A nodes. Data flowing from node 
A to B is inverted on the DS3647 and DS36147 and not inverted on 
the remaining types. 

The architecture of these registers with two pins per bit allows 
them to handle both input and output data. Direction of flow is 
controlled by the Input Enables. The latch control causes the 
register to hold the data present at the time Latch is taken low and 
to display the· data at the outputs. Data can be latched into the 
register without regard to the conditiori of the Output Disable or 
Expansion Inputs. The Output Disables may be used to take either 
or both outputs to the high impedance state (B node on DS3647 and 
DS3617 version only). The Expansion Input disables both A and B 

outputs to permit multiplexing other registers. 

• Schottky Technology for High Speed - 15 ns (Typ) 

• Fall-Through Latches for Minimum Delay 

• PNP Buffered Input'for Low Input Loading 

• Choice of Inverting or Non-Inverting Version 

• Bidirectional Data Flow 

• Provisions for Easy Expansion 

• Choice of Either Three-State or Open-Collector Line Driver 
Type Output (B) 

Device 

OS3647 
053677 
0536147 
0536177 

EQUIVALENT LOGIC (~of Device Shown) 

Output 
Disable 

A Input Input 
Enable Enable 

A B 
Boutput 
Inverting - Three State 
Nonlnvertlng - Three State 
Inverting - Open Collec.tor 
Noninvertlng - Open Collector 

NOTE5: 
1) Inverting for 0536147 lind 053647 only 
2) Open Collector Output for 0536147 lind 

0536177 

This Is advanca Information end specifications are subject to change without notice. 
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OS3647,OS36147 
OS3677,OS36177 

QUAD THREE-8TATE 
MOS MEMORY I/O REGISTERS 

SCHOTTKY 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

_ 

JSUFFIX 
- CERAMIC PACKAGE 

CASE 620 

PLAS~~::~~AG' ...., 
CASE 648 rwnl~ ~ ij 

PIN CONNECTIONS 

ORDERING INFORMATION 
Temperature Range - (All Types) 0 to +70u C 

Device Package 

DS3647N. DS3677N Plastic DIP 
DS36147N.DS36177N Plastic DIP 
DS3647J, DS3677J Ceramic DIP 
DS36147J. DS36177J Ceramic DIP 



083647, 083677, 0836147, 0836177 

MAXIMUM RATINGS (TA = 250 e unless otherwise noted). 

Rating Symbol Value Unit 

Power Supply Voltage VCC 7.0 Vdc 
Input Voltage V, -1.5 to +7.0 Vdc 

Operating Ambient Temperature TA o to +70 °e 
Storage Temperature Tstg -50 to +150 °c 
Junction Temperature TJ Qe 

Ceramic Package 175 
Plastic Packa_~ 150 

ELECTRICAL CHARACTERISTICS (VCC =5.0 V. T A = 0 to +700 C. tYpical values at T A = 25°C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Input Voltage - Low Logic State V,L - - 0.8 V 

Input Voltage - High Logic State V,H 2.0 - - V 

Input Current - Low Logic State I,L p.A 
(Vec = 5.5 V; V,L = 0.5 V) 

-C8tCti. Disable Inputs - - -200 
Data Pins (A or B) - - -400 • Enable Inputs - - -1250 

Input Current - High Logic State IIH p.A 
(VCC = 5.5 V. V,H = 5.5 V) 

Laten, Disable Inputs - - 40 
Data Pins (A or B) - - 80 
Enable Inputs - - 200 

Input Clamp Voltage V'C - - -1.2 V 
(VCC:= 4.5 V, 'IC = -18 mAl 

Output Voltage - Low Logic State VOL V 
A Port 

(VCC =4.5 V,IOl" 20mA) - - 0.5 
B Port 

(VCC '" 4.5 V.IOL '" 100 mAl - - 0.7 

Output Voltage - High Logic State VOH V 
A Port 

(VCC '" 4.5 V. IOH '" -1.0 mAl 2.7 3.4 -
B Port 

(VCC '" 4.5 V, 'OH "-5.2 mAl 053647, 053677 only 2.4 3.3 -
Power Supply Current ICC - - 100 mA 

(Vce= 5.5 V) 

SWITCHING CHARACTERISTICS (VCC = 5.0 V, T A'" 250 C) 

Propagation 'Delay Time - A to B or B to A ns 
(Cl '" 50pF) tPLH - 7.0 -

tPHl - 7.0 -
Propagation Delay Time - Disable to A or B Output ns 

(CL = 50 pF, RL = 390 n. to VCC) 053647,053677 only tPLZ - 15 -
(CL = 50 pF, R L = 390 n. to Gnd) 053647, 053677 only tPHZ - 15 -
(CL = 50 pF, RL = 2.0 k to VCC) 053647, 053677 only tpZl - 15 -
(CL = 50 pF. Rl = 2.0 k to Gnd) 053647,053677 only tpZH - 15 -

Setup Time of Data Input Before latch Goes low !setup - 0 - ns 

Hold Time of Data Input After Latch Goes Low thold - 7.0 - ns 

® MOTOROLA Serniconduc'tor Produc'ts Inc. 
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083647, 083677, .0836147;0836177 

TRUTH TABLE 

Input Enables 
A 8 

H L 
L H 
H L 

L H 

H L 

L H 

X X 

Output Disables 
Latch A 

H L 
H L 
L L 

L L 

X L 

X H 

X X 

H = High Logic State 
L = Low Logic State 
X = Don't Care 

8 

L 
L 
L 

L 

H 

'L 

X 

Z = High Impedance "Third" State 

Expansion 

L 
L 
L 

L 

L 

L 

H 

A1-A4 81-84 Comments 

Z A Data Input A, Output B 
B z Data Input.B, Output A 

Hi-Z Q Data stored which is prasent when Latch 
went low --Q z Data stored which is present when Latch 
went low 

Z Z Both A and B Hi-Z 
Data 'Input on A, may be latched 

Z Z Both A and B Hi-Z 
Data Input on B, may be latched 

Z Z Both A and B Hi-Z 

NOTES: 

1) Hi-Z on DS3647 and OS3677 Three-State types only. 
2) Data may be Latched into the register independent of the 

Output Disables or Expansion. 

THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

TJ(max) - T A 
PD(T A) = ROJA(Typ) 

Where: PD(T A) = Power Dissipation allowable at a given 

operating ambient temperature. This must be greater than 

the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

T J(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature. 

ROJA(Typ) = Typical Thermal R'esistance Junction to 
Ambient 

® MOTOROLA Serniconduc'for Produc'fs Inc. 

5-24 



Advance InforInation 

QUAD UNIFIED TRANSCEIVER 

Consists of four pair of drivers and receivers with the output of 
each driver connected to the input of its mating receiver. These 
devices are intended for use in bus organized data transmission 
system employing terminated 120 D. lines. A disable function con
sisting of a two-input NO R gate is provided to control all four 
drivers. Up to 27 driver/receiver pairs can share a common line. 

• Receiver Input Threshold Is Not Affected by Temperature 

• Open Collector Driver Outputs Allow Wire-OR 

• TTL Compatible Receiver Outputs and Disable and Driver Inputs 

• Driver Propagation Delay = 15 ns 

• Receiver Propagation Delay = 20 ns 

• Guaranteed Minimum Bus Noise Immunity = 0.6 V 

• Low Bus Terminal Current (Supply On or Off) = 30 ps typ 

+5.0 V FIGURE 1 - TYPICAL APPLICATION +5.0 V 

"'.t __ , ~ __ ~ ___ 1~2~0~n __ D_a~ta~B_u_s __ ~~ __ ~~ __ ~ 
'90r 

To Computer or Peripherals 

TRUTH TABLES 

RECEIVER SECTioN 
DRIVER SECTION 

Bus Output 

VIH(R) > 1.7.V L 

V,L(R) < 1.3 V H 

Where: L = Low Logic State 
H = High Logic State 

Disable 1 

L 

L 

L 

L 
H 
H 
H 
H 

MAXIMUM RATI NGS (T A = 250 e unless otherwise noted.) 

Rating Symbol 

Supply Voltage- Vee 

Input and Output Voltage VO. V, 

Junction Temperature Plastic TJ 
Ceramic 

Operating Ambient Temperature Range TA 

Storage Temperature Range Tstg 

Disable 2 Input 

L L 

L H 

H L 
H H 

L L 
L H 

H L 

H H 

Value 

7.0 

5.5 

150 
175 

o to +70 

-65 to +150 

Bus 

H 

L 

H 

H 

H 
H 

H 

H 

Unit 

Vdc 

Vdc 

°e 

De 
De 

This is advance information and specifications are subject to change without noti"e. 
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QUAD UNIFIED BUS 
TRANSCEIVER 

SILICON MONOLITHIC 

INTEGRATED CIRCUIT 

J SUFFIX 
CERAMIC PACKAGE 

CASE 620 

N SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN CONNECTIONS 

ORDERING INFORMATION 

Temperature 
Device Range Package 

058641 N o to +70 0 ·C Plastic DIP 

·DS8641J o to +70 0 C Ceramic DIP 
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DS8641 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply for 0";;; T A";;; 700 C and 4.75";;; VCC";;; 5.25 V.) 

Characteristic Symbol Min Typ Max Unit 

Disable Input Voltage - High Logic State VIH(DA) 2.0 - - V 

Disable Input Voltage - Low Logic State VIL(DA) - - 0.8 V 

Driver I nput Voltage - High Logic State VIH(D) 2.0 - - V 

Driver Input Voltage - Low Logic State VIL(D) - - 0.8 V 

Receiver Input Threshold Voltage - High Logic State· VILH(R) 1.70 1.50 - V 

(VIL(D) ~ 0.8 V, IOL(R) ~ 16 mA, VOL(R)";;; 0.4 V) 

Receiver I nput Threshold Voltage - Low Logic State VIHL(R) - 1.50 1.30 V' 

(VIL(D) ~ 0.8 V, IOH(R) ~ -400 IJ.A, VOH(R);:;;' 2.4 V) 

Disable I nput Current - High Logic State IIH(DA) 
(VIH(D) ~ 2.4 V; VIH(DA) ~ 2.4 V) - - 40 IJ.A 

(VIH(D) ~ 5.5 V, VIH(DA) ~ 5.5 V) - . - 1.0 mA 

Driver I nput Current - High Logic State IIH(D) 
(VIH(DA) ~ 2.4 V; VIH(D) ~ 2.4 V) - - 40 J1.A 

(VIH(DA) ~ 5.5 V, VIH(D) ~ 5.5 V) - - 1.0 mA 

Disable I nput Current - Low Logic State IIUDA) - - -1.6 mA 

,(VIL(DA) ~ 0.4 V, VIL(D) ~ 0.4 V) 

Driver I nput Current - Low Logic State IIL(D) - - -1.6 mA 

• 
(VIL(D) ~ 0.4 V, VIL(DA) ~ 0.4 V) 

Bus Current 'BUS J1.A 

(VIL(DA) ~ 0.8 V, VIL(D) ~ 0.8, VIH(BUS) ~ 4.0 V) 
(Vce ~ 5.25 V) - 20 100 

(VCC ~ a V) / - 2.0 100 

Bus Voltage - Low Logic State VUBUS) - 0.4 0.7 V 

(VIL(DA) ~ 0.8 V, VIH(D) ~ 2.0 V, IBUS ~ 50 mAl 

Receiver Output Voltage - High Logic State VOH(R) 2.4 - - V 

(VIL(DA) ~ b.8 V, VIL(D) ~ 0 .. 8 V, VIUBUS) ~ 0.5 V, 
IOH(R) ~ -400J1.A) 

Receiver Output Voltage - Low Logic State YOUR) - 0.25 0.4 V 

(VIL(DA) ~ 0.8 V, VIUD) ~ 0.8 V, VIH(BUS) ~ 4.0 V, 
lOUR) ~ 16 mAl 

Receiver Output Short Circuit Current IOS(R) -18 - -55 mA 

(VIL(DA) ~ 0.8 V, VIL(D) ~ 0.8 V, VIL(BUS) 0.5 V, 

Vec ~ 5.25 V) \ 
Power Supply Current ICC - 50 70 mA 

(VIL(DA) ~ 0 V, VIH(D) ~ 2.0 V) 

Input Clamp Diode Voltage VI - -1.0 -1.5 V 

(II(DA) ~ II(D) ~ IBUS ~ -12 mAl 

SWITCHING CHARACTERISTICS (T A = 250 C, Vec = 5.0 V unless oth~rwise noted.! 

Characteristic Symbol Min Typ Max Unit 

Propagation Delay Time from Disable Input to tPLH(DA) - 19 30 ns 
High Logic Level Output 

Propagation Delay Time from Disable I nput to tpHL(DA) - 15 23 ns 
Low Logic Level Output 

Propagation Delay Time from Driver Input to tPLH(D) - 17 25 ns 
High Logic Level Output 

Progpgation Delay Time from Drive Input to tPHUD) - 9.0 15 ns 
Low Logic Level Output 

Propagation Delay Time from Bus I nput to tP~H(R) - 20 30 ns 
High Logic Level Output 

Propagation Delay Time from Bus Input to tpHUR) - 18 30 ns 
Low Logic Level Output 

® MOTOROLA Serniconduc'for Produc,'fs Inc. 
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Pulse 
Generator 

To Scope 
(Input) 

To Scope 
(Input) 

Driver 
Input 

Disable 
Inputs 

FIGURE 2 - DRIVER AND DISABLE TEST CIRCUIT AND WAVEFORMS 

91 
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To Scope 
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200 

Disable 
Input 
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FIGURE 3 - RECEIVER TEST CIRCUIT AND WAVEFORM 
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. ORDERING INFORMATION 

Device 
, i 

MC1405L 
MC1505L 

Temperature Range 
ODC to +700C 

-55DC to + 1250C 

Package 
Ceramic DIP 
Cerami,c DIP 

DUAL RAMP AID CONVERTER SUBSYSTEM 
The MC1505/MC1405 is intended to perform the dual ramp function for 

either a 3-1/2 or 4-1/2 digit DVM or use as a general-purpose analog-to-digital 
(A/D) converter. It can be combined with the McMOS MC14435 logic system 
to produce the complete 3-1/2 digit DVM function. 

The MC1505 uses the proven dual ramp A/D conversion technique. The 
subsystem consists of an on-chip voltage reference, a pair of voltage/current 
converters, an integrator, a comparator, a current switch and associated con
trol and calibration circuitry. Only one capacitor and two calibration 
potentiometers are required for normal operation. 

• Accuracies to 13 Bits 
• Low Power Consumption: 42 mW@ +5.0 V 
• Single Power Supply Operation - +5.0 V to +15 V 
• Low Power Supply and Temperature Sensitivity 
• Digital Inputs and Outputs Compatible with Both MTTL and 

McMOS 
• Accept~ Either Positive or Negative Input Voltages 

• Combines with MC14435 to Produce 3-1/2 Digit A/D Converter 

FIGURE 1 - COMPLETE AID CONVERTER SYSTEM 

MC1505 Analog 

Subsystem 

[ 

,
AmPI;';." ] 
Reference 

Switch 
Integrator 

Comparator 

Zero Adjust 

Vec 

Comparator -Ramp ContrOl [ 

con~:.~IC~09;C ] 
Counters 
Latches 

Multrplexer 

Displav Overrange 
Update 

} 
Dig;, 

Select 

} 
BCD 

Output 

1/2 Digit 

MC1405L 
MC1505L 

ANALOG-TO-DIG IT AL 
CONVERTER SUBSYSTEM 

16 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

~ : : : : : :: I (top view) 

CASE 620 

CERAMIC PACKAGE 

FIGURE 2 - PIN CONNECTIONS AND FUNCTIONAL DIAGRAM (as used in Figure 1) 

TYPICAL APPLICATIONS 

BCD AID Converter: 2-1/2 to 4-1/2'Digits (lSI orMSI logic) 
Panel Meters 
Digital Voltmeters 
Portable Instruments 
Industrial Measurement and Control 

Binary AID Converter: 8-to-13 Bits (LSI or MSI logic) 
Industrial Measurement and Control 

Other Uses: 
Data Acquisition Systems with Remote MC1505 
Voltage to Frequency Conversion 
Delta Modulation and Signal Generation 

High Noise Environments (Integrating Converter with MTTl, MHTl, and McMOS Compatibility) 
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MAXIMUM RATINGS 
Characteristic Symbol Value Unit 

Power Supply Voltage VCC +16.5 Vdc 

Digital Input Voltage V10 +16.5 Volts 

Reference Input Voltage VR 2.0 Volts 

Unknown Input Voltage Range Vl ±5.0 Volts 
V2 ±5.0 

Zero Calibration Control Pin Voltage V4 5.0 Volts 

Power Dissipation (Package Limitation) Ceramic Dual In-line Package Po 1000 mW 
Derate above T A =,+250 C 6.0 mW/oC 

Operating Ambient Temperature Range TA vc 
MC1505L -55 to +125 
MC1405L o to +70 

Storage Temperature Range Tstg -65 to +150 bC 

ELECTRICAL CHARACTERISTICS (VCC = +15 Vdc, VR = 1.000 Vdc, V1= 2.000 Vdc, V2 = 0.000 Vdc, Vl0 ~ 2.0 Vdc, 
T A = 250 C unless otherwise noted.) , 

Characteristic 

AID CONVERSION SYSTEM (11 

Linearity: Deviation from Straight Er 9, - ±om ±O.05 
Line through Zero and Full Scale (2) 11 

Mid-Scale Power Supply Sensitivity PSSF 3 - 0.002 ±O.02 
(PSS of IR-OX + 10), Vl = 1.0 V) 

Zero Calibration Power Supply Sensitivity PSSZ 9 - 0.001 -
(Vl = V2= 0 VI \ 

Input Common Mode Sensitivity ICMSlxl 3 - 0.0006 0.0012 
(VX =2.0 V, VCM = V2 is varied) 

Full Scale Temperature Drift ITCFI 9 - 0.001 -
Zero Calibration Temperature Drift ITCZI 9 - 0.0005 -

VOLTAGE REFERENCE 

Reference Voltage, Pin 11 VREF 3 1.15 1.25 1.35 

Reference Voltage Power Supply Sensitivity PSSVREF 3 - 0.003 ±O.Ol 

Reference Voltage Temperature Drift ITCVREFI 3 - 0.005 -

REFERENCE CURRENT CONVERTER 

Reference Current IR 3 - 250 -
Input Bias Current 114 3 - 10 40 

Input Range of VR V14 3 0.8 - 1.2 

Input ,Offset Voltage (Vl4-V15) IVRRI 3 - 1.0 2.5 

INPUT CURRENT CONVERTER 

Unknown Current IX 3 - 500 -
Input Resistance RI 3 - 4.0 -
Input Differential Range Vx 3,10 0 2.0 -
Input Common Mode Range CMR 3,10,12 -1.5 - +1.5 

Input Bias Currents 11 3,9 - 200 -
12 - -300 -

Input Offset Voltage (V13-V3) IVxxl 3 - 1.0 2.5 

RAMP OFFSET SOURCE 

Ramp Offset Current 4 25 

(1) System parameters measured using external voltage reference, independent of V11 = VR EF. 
Integrator Capacitor = 2.0 jj F 
Clock Frequency = 30 kHz 

VCC= 15 V 

(2) Does not include quanitizing error. See Figure 11 for calibration. 
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- ±O.Ol ±O.05 %F.S. 

- 0.002 ±O.02 %/% 

- 0.001 - %F.S.I% 

- 0.0006 0.0018 %/mV 

- 0.001 - %/oC 

- 0.0005 - %F.5.1°C 

1.1 1.25 1.4 Vdc 

- 0.003 ±O.02 %1% 

- 0.005 - %loC 

- 250 - jjA 

- 10 40 nA 

0.8 - ',.2 Vdc 

- 2.0 5.5 mV 

- 500 - jjA 

- 4.0 - kn 

0 2.0 - Volts 

-1.5 - +1.5 Volts 

- 200 - jjA 
- -300 -
- 2.0 5.5 mV 

25 
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MC1405, MC1505 

EI,ECTRICAI, CHARACTERISTICS (VCC = +15 Vdc, VR = 1.000 Vdc, V1 = 2.000 Vdc, V2 = 0.000 Vdc, V10;;;'2.0 Vdc, 
T A = 250 C unless otherwise noted.) 

Characteristic 

CURRENT SWITCH 

Di'gital Input Logic Levels, Pin 10 
High Level, Logic "1" VIH 
Low Level, Logic "0" VIL 

Digital Input Current 
High Level, Logic "1" IIH 
Low Level, Logic "0" IlL 

INTEGRATOR 

Input Bias Current 16 

Output Voltage Swing V7 
High 
Lovv 

COMPARATOR 

Output Logic Levels, Pin 9 

High Level, Logic "1" T =T to T . VOH 
Low Leve, Logic "0" A low hIgh VOL 

(Sink Current = 1.6 rnA) 

Input Threshold VTH(7) 

POWER SUPPL V 

Power Supply Current ICC 
(VCC =' +5.0 Vdc) 
(VCC = +15.0 Vdc) 

Power Supply Voltage Range VCC 
Power Dissipation Po 

(VCC = +5.0 Vdc) 
(VCC = +15.0 Vdc) 

Tlow = -55°C for MC1505L, OoC for MC1405L 
Thigh= +1250 C for MC1505L, +70oC for MC1405L 

3,18 2.0 
3,18 -

3 -
3 -

5 -

-
12.8 
-

3 13.5 
3 -

- 0.9 

3 -
3 -
- 4.75 

- -
- -

- - 2.0 - -
- 0.8 - - 0.8 

0 1.0 - 0 1.0 
-5.0 -SO - -5.0 -50 

10 30 - 10 50 

13.0 - 12.8 13.0 -
0.2 0.35 - 0.2 0.35 

14.0 - 13.5 14.0 -
0.35 0.5 - 0.35 0.5 

1.0 1.1 0.9 1.0 1.1 . 

8.4 12.0 - 8.4 12.0 
9.0 13.0 - 9.0 13.0 

- 16.5 4.75 - 16.5 

42 60 - 42 60 
135 195 - 135 195 

FIGURE 3 - STANDARD TEST CONFIGURATION 

Note: A test for functional 
parts may be performed 
using a pulse generator on 
Pin 10. 

F,IGURE 4 - 10 MEASUREMENT 

Vee 1.000V1.8V 

10 k 

Vee 

9 

1.000 V 

9 

100 pF 
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Vee 

R = Vee-VOL 
1.6 mA 

VOH 
VOL 

Note: All dc supplies 
bypassed with 0.1 IJ,F. 

FIGURE 5 - 16 MEASUREMENT 

Vee 1.000 V 2.0 V 

9 
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Vdc 
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IJ,A 
IJ.A 

nA 
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MC1405, MC1505 

GENERAL INFORMATION 

Dual Ramp Analog-to-Digital Conversion 

The dual ramp method of AID conversion is a proven 
system which is capable of very high accuracy. The con
version is an integrating process which offers high noise 
rejection and immunity to changes in the clock rate and 
integrator capacitor value. The particular method used in 
the MC1505 is a non iterating dual slope technique which 
produces an accurate result after one conversion period. 

Dual ramp conversion is accomplished with the system 
of Figure 2. The conversion begins at time t1, when current 
IX causes the integrator output, or ramp, to cross the 
comparator threshold, as shown in Figure 6. The clock is 
activated and the counters begin counting from zero. The 
system counts for a fixed period T, with a ramp slope 
which depends on the input voltage, i.e., a steep slope is 
caused by a high input voltage.' When the counters have 
reached full scale, the overflow count triggers a -;- 2 flip
flop which changes the ramp control polarity current. I R 

AID Subsystem Circuit Description 

The MC1505 incorporates special circuit features which 
allow all the analog functions of the dual ramp system to 
be performed on a single monolithic chip using standard 
bipolar processing. 

Voltage-to-current conversion for both the input and 
reference voltages allows the use of a high-speed current 
switch and single supply operation. The unbuffered dif
ferential inputs have sufficiently high input impedance for 
power supply monitoring applications, and provide flexi
bility for other input formats since they will accept either 
positive or negative voltages. 

The voltage reference, shown in Figure 7, is one of the 
six basic circuits in the subsystem. It provides a low im
pedance output which has excellent temperature stability, 
and high power supply rejection. Biasing for the other 
circuits in the MC1505 is derived from the voltage 
reference circuitry. 

FIGURE 6 - DUAL RAMP AID CONVERSION WAVEFORMS 

Integrator 

Comparator J 
Ramp L 

Control 

--~========~~--~~ 

now controls the integrator and the down ramp begins at 
t2. This ramp continues at a fixed slope fora time period 
which depends on the amplitude achieved by the up ramp. 
Thus T2 is determined by the input voltage. When the 
ramp crosses the comparator threshold at t3, the clock 
stops and the counter holds a digital value which is pro
portional to the unknown input voltage. 

After the down ramp crosses the comparator threshold, 
a timing sequence in the digital section strobes the latches 
to store the data, resets the, counters, and reverses the 
ramp at t4 to begin a new conversion. 

Since the voltage change across the capacitor is equal 
on the up and down ramps, an equal a'mount of charge is 
exchanged. The equations of Figure 6 show that the 
system output is the ratio of the unknown and reference 
currents, and long term changes in the clock rate and 
integrator capacitor do riot effect the reading. 
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AVon capacitor is equal in T1 and T2 
1 t2 .1 t3 -1 IX dt = - ( I R dt 
C t1 C}t2 

Where IX is opposite 'R polarity. 

IX T1 =IRT2 

Since IX and 'R are proprotionalto Vx and VR, 

Vx T1 = VR T2' 

I T2=T1~ I 
T2 corresponds to the number of counts in the 
output digital wo'rd. 

T1 and T2 are derived from the clock, so their 
ratio is independent of clock frequency. 

The same basic amplifier circuit is used in both the 
reference and input voltage-to-current converters. It is an 
extremely well balanced amplifier with low input offset 
voltage temperature drift. The reference converter uses a 
pair of PNP transistors to derive current I R, in conjunction 
with a reference resistor which has the same temperature 
coefficient as those used in the input converter. The value 
of the reference current is VR/R5. The collectors of 
transistors 01, 02 and 03 in Figure 7 all track with a two 
diode temperature coefficient, which assures constant 
current ratios. 

The reference resistor value can vary by 30% of 4.0 
kn due to process variations. Moreover, these variations 
will also affect the input brid~ resistors. Thus, the ratio 
of reference to unknown current has a close tolerance for 
a wide range ohesistor values. 

• 
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MC1405, MC1505 

The input voltage-to-current converter is a bridge or 
bilateral current source whose output current is VX/R1. If 
the bridge is perfectly balanced, its output impedance and 
common mode rejection are infinite. However, the design 
has the ability to tolerate bridge mismatches of approxi
mately 0.5%. In order to tolerate this mismatch, the 
output of the bridge current source is connected to the 
current switch which is a low temperature coefficient, low 
impedance source of 1.25 volts. This technique effectively 
eliminates output current changes due to finite output 
impedance which is caused by _ resistor mismatch. This 
input current converter makes possible the use of a single 
supply voltage and differential inputs which can be used at 
or below ground potential. 

An important feature of the MC1505 is the ramp offset 
current source which is added to the unknown current and 
does not allow ·the ramp to reach zero slope when the 
input voltage is zero. The ramp range is shown in Figure 8. 
The ramp offset current has a value of I RI 10, so that the 
minimum ramp slope is 5% of the full sca,le slope. This 
allows reliable conversion at low input voltages by assuring 
a nearly constant comparator propagation delay and a 
good ramp signal-to-noise ratio. It also prevents turn-off 

of the diode in the current switch at low levels, re
stricting -the voltage change at the output of the resistor 
bridge. Still another feature is that it provides a con
venient temperature compensated zero adjust which can 
correct errors in the resistor bridge and input buffer 
amplifiers when they are used. The ramp offset current is 
compensated by 100 extra counts in the digital logic 
during ramp down, so it does not a'ppear in the digital 
output (see Figure 8). . 

The current switch uses current steering for very high 
speed operation. A smooth transition occurs as one current 
is turned on while the other is turned off. This minimizes 
error during the ramp reversal at its peak, especially since 
theref.erence current source has a very high output im
pedance and does not change value when switched. The 
settling time of the input current converter is not a factor 
in system accuracy. At the ramp peak, I X is turned off, so 
the amplifier settles after the unknown current is de
coupled from. the integrator. When the ramp is below the 
comparator threshold, the unknown current is switched on 
and thus the current can settle before the ramp enters the 
active conversion range. The switch operates into a voltage 
of 1.95 volts and is translated by a follower so its input 

FIGURE 7 - AID CONVERTER ANALOG SUBSYSTEM 
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Input VR o--+----l 

Current 
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VR = V14 
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FIGURE 8 - MC1505 SYSTEM TIMING DIAGRAM 

(2.0,Volt Full Scale Input) 

Integrator 

10 corresponds to ramp 
slope when I X = O. 

~OooT;o~nts ~2 -i .I~~ T2(max) 
TO . 2000 Counts 

100 Counts I I 
t1 t2 t3 t4 

Comparator 

Ramp 
Control 

J 

t2 

L 

L 
t4 

12 = T1 [T ] -TO 

threshold is 1.25 volts. 
The integrator is a single stage, wide bandwidth ampli

fier. Its low propagation delay and low output impedance 
min imize ramp spikes due to output current reversal during 
ramp turn-around. The input bias current is typically one 
part in 50,000 of the full scale current, so that its temper
ature change contributes negligible error. Gain and input 
offset voltage are not critical since the integrator is driven 
from current sources. 

The comparator is designed for low hysteresis by 
maintaining a constant power dissipation regardless .of 
output state. This hysteresis is typically 0.1 mV and 
remains constant with temperature variations, so that no 
measurable system error is contributed. Temperature vari-
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ations in the value of the comparator threshold are not an 
error factor, since .. the only requirement is that the 
threshold remain constant during a given conversion cycle. 
Voltage gain of the comparator is 2,000,000when driving' 
CMOS, and 40,000 with one TTL load. The comparator 
output is slew rate controlled to provide output rise and 
fall times of approximately 80 ns. This minimizes noise 
generation which could affect system stability. 

The system is zero,ed and full scale calibrated by 
potentiometers which provide temperature compensation. 
All the other resistors are diffused in close proximity, 
yielding reference and unknown currents which have a 
closely tracking resistive temperature coefficient. 

• 
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MC1405, MC1505 

APPLICATIONS INFORMATION 

The input configurations for the MC 1505 are shown 
in Figure 10. Note that the differential input voltage must 
always remain the same polarity with Pin 1 positive with 
respect to Pin 2. Figures 10 and 12 will aid in the under· 
standing of the input circuitry. 

ihe input common mode rejection of the MC1505 is 
high enough to maintain rated accuracy with small changes 
in common mode voltage, such as would be seen with 
ground errors and noise. The system must be recalibrated, 
however, for larger changes in common mode input 
voltage. 

The MC1505 is arranged so that IX = IR when 
Vx = VR, or so that the ramp slopes are equal for input 
and reference voltages of 1 volt. As shown in Figure 8, a 
system· with a 2 volt full·scale input requires twice as 
many digital counts during T2 as for T1. A system with a 
1 volt full scale would require an equal number of counts 
in T1 and T2. Figure 9 illustrates a 3-1/2 digit system, 
but typical accuracies of the MC1505 allow its use in 4 
digit applications. It can also be used in systems which 
require 4-1/2 digit resolution. 

The ramp offset current and 100 count delay are shown 
in Figure 8. In certain applications, a different number of 
counts may be used. The system will not always operate 
properly, however, with a 10 count delay since the ramp 
offset current is used to zero the system and compensate 

for error in the input resistor bridge. This error, known as 
IXO, is current which flows to or from the input con· 
verter with zero volts applied to. the input. It is typically 
between ±5.0 pA, which is 1% of full scale in a 2 volt 
system. A 10 count delay would need a 0.5% ramp offset 
current, which would not always be able to cancel this 
error. Also, a 10 count delay does not provide enough 
signal-to-noise margin for consistently accurate low-level 
conversion. 

The integrating capacitor is chosen with the equations 
shown in Figure 9. The maximum ramp voltage should 
be used for best signal-to-hoise ratio , but temperature 
changes in I X, I R and the capacitor should be anticipated 
to prevent in1egrator saturation. Variations in clock fre
quency should ~Iso be considered. A non-polar capacitor 
with low dielectric absorption should be used for highest 
accuracy. 

The lower half of the diode current switch is split with 
separate diodes for IX and 10. In most applications Pins 
12 and 13 will be connected so that the two device 
emitters are effectively one, since the main purpose of 
these pins is for testing. Connecting these pins allows 
proper system zero adjustment and prevents turn-off of 
the switch diode with low unknown current levels. This 
yields better conversion accuracy. 

FIGURE 9a - ACCURACY TEST 
3-1/2 Digit Panel Meter 

1: 'l_l_~_F~~ ____ . __ ~ 

10 k 
Full Scale 

Cal ibration 

100 
Analog 
Input 

o to +2 V 

0.01 f..IF 

VOD 

Data 

-- 5 

Cl 

8 1 15 2 

Integrator Capacitor Zero Calibration 

c, = IX(max) !:.T~7 
Where Tl = duration of initial ramp DS3 LSD 

= (no. counts) (clock period) 

!:.V7 = ramp amplitude 
= V7(max) - VTH(7) 

See Electrical Characteristics Table 

V7 (max) is typically VCC -2.0 V 

VTH(7) is typically 1.0 V 

OSl MSD 

'Optional Clamp diode on Pin 13. 
may be needed for recovery from 
tlegative differential inp~ts. 
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NOTES: 

1. NOR Gates - MC140010r equiv. 
Inverters - MC14049 or equiv. 
NAND Gates - MC14011 or equiv. 

2_ The clock period should be greater than 
twice the worst case ripple delay through 
the counters to achieve full accuracy. 

FIGURE 9b - MeMOS DIGITAL SUBSYSTEM 
3-1/2 Digit BCD AID Converter 

2 Volt Full-Scale Input 
100 Count Delay 

VOO 

o 112 I 1 :j 0 1/2 
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Display 6 
Update 0------------+------, 
(DU) 

• Comparator 5 
(Comp) ('>-_--------1 

-, 

FIGURE ge - 'FUNCTIONAL DIAGRAM OF 
MC14435 MeMOS DIGITAL SUBSYSTEM 

r---------------~~ C 
","3 

R 

C 

","4 
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Positive Input: 

Vx = V1 - V2 

VCM = V2 

FIGURE 10 - ANALOG INPUT RANGE 

The input circuit for the MC1S0S has a unipolar differential 
input range of +2 volts and a bipolar common mode input range 
of ±1.S volts. 

Vx Range 0 to +2.0 V 

VCM Range ±1.S V 

O'O'2~~ ________________ ~ 3.SV ~ O.S V 
VX=2.0V 1.SV 2 

-1.5V l..-______ ---' 

VCM = 0 V 

Negative Input: 

Vx = V1 - V2 

VCM = V1 

Vx Range 0 to +2.0 V 

VCM Range ±1.S V 

o,o~~ ________________ ~ ~q -1.S V 
Vx = 2.0 V 2 

-O.S V 

-3.S V l..-______________ ....J 

Allowable Pin Voltages: 
Pin 1: -1.S V to +3.S V 

Pin 2: -3.S V to +1.S V 

FIGURE 11 - CALIBRATION SET-UP 

Standard 

DC 
0.001% 
Accurate 

Source Measurement 

1 
L-o- MC1S0S 

2 3·1/2 Digit 
"" Panel Meter 

~ 

Zero Calibration: 

Set-standard at O.OOOS V. 

VCM =±1.S V 

Adjust zero potentiometer for panel meter display transition 
between 0.000 and 0.001 V. Note: An analog input of 
-1 mV yields a reading of 0.099. 

Repeat zero and full scale calibration until meter is calibrated 
at both ends of the scale. ' 

Full Scale Calibration: 

Set stan dard at 1. 999S V. 
Adjust full scale potentiometer for panel meter display tran· 

sition between 1.999 and 1.000 V. (over.range) 

Linearity, Test: 

Adjust standard for the desired panel meter transition and 
record the value of the standard. 
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TYPICAL PERFORMANCE CURVES 
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~ 1.0 

FIGURE 12 - MAXIMUM COMMON-MODE INPUT 
VOLTAGE versus TEMPERATURE 

f--Vx : 2.0 Volts 

~ --
Note: VI limits the common mode 
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::IE 
Z 
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::IE capability of the input converter.-

z « 
1.0;-

I 
:e -1.0 
8 
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-55 25 75 125 
T, TEMPERATURE lOCI 

FIGURE 14 - UNKNOWN CURRENT versus ANALOG 
INPUT VOLTAGE 
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II: 
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VX, ANALOG INPUT VOLTAGE (VOLTS) 

FIGURE 16 - TYPICAL POWER SUPPLY CURRENT 
versus POWER SUPPL Y VOLTAGE 

10 
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_ Ramp Control High or low 

TA: 250 C 
4.0 

2.0 

a 
o 5.0 10 15 

VCC. POWER SUPPLY (Vdc) 

20 

FIGURE 13 - INPUT CURRENT versus INPUT VOLTAGE 

1.4 

~ 1.2 
.§ 1.0 
I-

ffi 0.8 
II: 0.6 II: a 0.4 
I- 0.2 ~ 
~ 

g -0.2 

~ -0.4 
« -0.6 

I 
-TA: 25°C I, I I, 
-11: Vl-1.25V 12: V2-1.25V 
- 4k' 4k 
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~ 
./ 

L 
./ 

..!'" 
V 

./ ~ -0.8 
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~ 
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I-

~ 
a 
w 
(.) 

~ 
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./ I limitation shown in Figures 10 and 12 
V' -1.2 

-1.4 
-5.0 -4.0 -3.0 -2.0 -1.0 1.0 2.0 3.0 4.0 

VI or V2, ANALOG INPUT VO LTAGE (VOLTS) 

FIGURE 15 - REFERENCE CURRENT versus REFERENCE 
INPUT VOLTAGE 

0.4 

0.3 

_ 250b 
TA: -550 C V ....... /, '" DoC 
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, /, 
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IE 
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FIGURE 17 - TYPICAL POWER SUPPLY CURRENT 
versus TEMPERATURE 
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600 

500 

« 400 
.3. 
5 300 

1= => 200 
o 

5 x lOO 
1--

~~ 0 
I-

~ 100 

B 200 

(I) 

!:; 
0 

~ 

~ 
0 

* ::t: 
I-
a:: 
0 
I-

~ 
ct 
~ 
8 

300 

400 
o 

2.0 

1.8 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

~ 0.2 
!; 

FIGURE 18 - CURRENT SWITCH TRANSFER 
CHARACTERISTIC 

" 

NOTE: CurrentSwitch 
Threshold Remains Constant 
With Temperature' , 

" 

1.0 2.0 3.0 4.0 

VIO, RAMP CONTROL INPUT (VOLTS) 

FIGURE 20 - COMPARATOR THRESHOLD 
versus TEMPERATURE 

r---:: r-- I----;. - r--r--

-55 +25° +75 +125 
T, TEMPERATURE (DC) 

- t----

- t----

5.0 

+175 

FIGURE .22 - CURRENT MEASUREMENT CIRCUITRY 

1 k 

Full Scale Current Readings 
0.1 .n 1. 1.999. mA 

2. 19.99 mA 
3. 199,9 mA 
4. 1.999 A 

If a voltage drop of 2.0 V full scale can be tolerated· the 
resistors may be increased bya factor of ten and a unity gain 
buffer may be employed. 
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FIGURE 19 -.INTEGRATOR OUTPUT SWING 
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FIGURE 21 -RAMP CURRENT RATIO 
venus POWER SUPPLY 
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FIGURE 23- DVM VOLTAGE RANGING 
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0'1 
~ o 

-
Ramp Control of 
MC1505 (Pin 10) 

-Comparator Input 
of MC1505 (Pin 9) 

~ 

N 
ui 

0.001 J.LF 0.001 J.LF 

II 
FIGURE 24 - MTTL DIGITAL SUBSYSTEM 

12 Bit Binary AID Converter ' 
(1.0 Volt Full Scale, 512 Count Delay) 

Clock Frequency 
3:'250 kHz 

LSB 
000 

A12 A11A10 A9 

Strobe 

:x>------. To R 

'------..... ~ To R 

AS A7 A6 A5 

Binary Outputs 

R 

MSB 

A4 A3 A2 A1 

Notes: 
1. NAND 'Gates = MC7400 or equiv. 

NOR Gates = MC7402 or equiv. 

Inverters = MC7404 or equiv. 

R 

2. The clock period should be greater 
than twice the worst case ripple delay 
through the counters to achieve full 
accuracy. 

3. The counter delay should be 
approximately 10% of T1, 
hence 512 counts. 

s 
.(') ... 
~. 

~ .. 
s 
(') ... 
en o en 



MC1405, MC1505 

FIGURE 25 - 12·BIT BINARY AID LOGIC SUBSYSTEM 
USING MeMOS 

Ramp r-----------------------__ --. 

AO' >--+-----l 

Outputs 

FIGURE 26 - CIRCUIT TO PREVENT POSSIBLE LATCHUP 
WITH APPLICATION OF NEGATIVE INPUT VOLTAGES 

The MC1405/1505 AID analog subsystem is intended 
for positive input voltages only (i.e .. pin 1 positive with reo 
spect to pin 2). However. should pin 2 become more than 
100 mV positive with respect to pin 1.the internal input 
amplifier may go into a latchup mode which will require 
that the system power be turned off and then reapplied to 
reset the system. To prevent this problem a PNP transistor 
can be used as shown in the accompanying figure. The 
base·emitter junction of the transistor clamps pin 13 at 
one diode drop above the reference voltage (pin 11) to 
prevent the latchup. The gain of the transistor insures that 
the reference need not sink more than 500 JiA of current. 

The 47 kQ resistor is required only if the AID system 
is to continue to convert under reverse polarity conditions 
such as for autopolarity schemes as shown in Engineering 
Bulletin EB·35. 

To Pin 11 
MC1405 

MC1405 
MC1505 

AO' 
.... +-+--~A2' 

6 

Comp 9 J . Connections 
to 

RC 10 MC14435 

Ref 11 

14 Full Scale 

'47 kn resistor required if conversions are to continue during 
input polarity reversal, otherwise tie pins 12 and 1·~ together. 
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ORDERING INFORMATION 

Device 

MC1406L 
MC1506L 

Temperature Range 

O°C to +70°C 
-55°C to + 125°C 

Package 

Ceramic DIP 
Ceramic DIP 

MC1406L 
MC1506L 

Specifications and Applications 
Infor .... ation SIX BIT, MULTIPLYING 

DIGITAL· TO·ANALOG 
CONVERTER 

SIX BIT, MULTIPLYING 
DIGITAL·TO·ANALOG CONVERTER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

... designed for use where the outputcurrent is a line~r product 
of a six-b.t digital word and an analog input voltage. 

• Digital Inputs are MDTL'and MTTL Compatible 

• Relative Accuracy - ±0.78% Error maximum 

• Low Power Dissipation - 85 mW typical @ ±5.0 V 

• Adjustable Output Current Scaling 

• Fast Settling Time -- 150 ns typical 

• Standard Supply Voltage: +5.0 V and -5.0 V to -15 V 

p 
"'0 "' •• ''''ftffm 

CERAMIC PACKAGE 
CASE 632 

TO-116 

FIGURE 1 - OUTPUT CURRENT SETTLING TIME 
(ALL BITS SWITCHED, Rl = 50 nI 

FIGURE 2 - D-to-A TRANSFER CHARACTERISTICS 

2.0 V 2.0 rnA 

OV 

, -+++ +++-= == IIH+ 1'l 

1 I I 

o rnA 1.0 rnA 

I 

II - ~. I T 

2.0 rnA 

100 ns/DIV. (000000) INPUTWORD ( 111111) 

TYPICAL APPLICATIONS 

• Tracking A-to-D Converters • Stepping Motor Drive 
• Successive Approximation A-to-D Converters • CRT Character Generation 
• Digital-to-Analog Meter Readout • Digital Addition and Subtraction 
• Sample and Hold • Analog-Digital Multiplication 
• Peak Detector • Digital-Digital Multiplication 
• Programmable Gain and Attenuation • Analog-Digital Division 
• Digital Varicap Tuning • Programmable Power Supplies 
• Video Systems • Speech Encoding 
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MAXIMUM RATINGS(TA = +250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage VCC +5.5 Vdc 

VEE -16.5 

Digital I nput Voltage V5 thru V10 +8.0, VEE Vdc 

Applied Output Voltage Vo ±5.0 Vdc 

Reference CurrenL 112 5.0 mA 

Reference Amplifier Inputs V12, V13 VCC, VEE Vdc 

Power Dissipation (Package limitation) Po 
Ceramic Package 1000 mW 

Derate above T A= +250 C 6.7 mW/oC 

Operating Temperature Range TA 
MC1506L -55 to +125 °c 
MC1406L o to +70 

Storage Temperature Range Tstg -65 to +150 -Uc 

ELECTRICAL CHARACTERISTICS (VCC = +5.0 Vdc, VEE 

T A = Thigh to Tlow, unless otherwise noted.1 

Vref 
-15, Vdc, R12 = 2.0 mA; all logic inputs in low logic state, 

Characteristic 

Relative Accuracy (Error relative to full scale' 101 

Settling Time (within 1/2 LSB [includes tdl T A = +250 C) 

Propagation Delay Time 
TA= +250 C 

Output Full Scale Current Drift 

Digital I nput Logic Levels 
High Level, Logic "1" 
Low Level, Logic "0" 

Digital I nput Current 
High Level, VIH = 5.0 V 
Low Level, VIL = 0.8 V 

Reference Input Bias Current (Pin 13) 

Output Current Range 
VEE = -5.0 V 
VEE = -6.0 to -15 V 

Output Current 
Vref = 2.000 V, R 12 = 1.000 kfl 

Output Current 
(all bits high) 

Output Voltage Compliance 
(Er "±0.78% at T A = +250 C) 

Reference Current Slew Rate 
(TA = +250 C) 

Output Current Power Supply sensitivity 

Power Supply Current 
A1 thru A6; VIL = 0.8 V 

A1 thru A6;VIH = 2.4 V 

Power Dissipation (all bits high) 
VEE = -5.0 Vdc 
VEE = -15 Vdc 

*Thigh= +700 C for MC1406L 
= +1250 C for MC 1506L 

Tlow = OoC for MC1406L 
=-550 C for MC1506L 
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Figure Symbol 

10 Er 

9 ts 

9 tpHL, 
tPLH 

ITClol 

3,14 

VIH 
VIL 

3,13 

'IIH 
IlL 

3 113 

3 lOR 

3 10 

3 10(min) 

3,4,5 VO+ 
VO-

B,15 SR Iref 

10 PSRR (-I 

3,11,12 

ICC 
lEe 

Po 

Min Typ Max Unit 

- - ±0.78 % 

- 150 300 ns 

- 10 50 ns 

- 80 - PPM/uC 

, Vdc 

2.4 - -
- - O.B 

rnA 
- 0 +0.01 
- -0.7 -1.5 

- -0.002 -0:01 mA 

mA 
0 2.0 2.1 
0 2.0 4.2 

mA 
1.9 1.97 2.1 

J.lA 
- 0 10 

- +0.25 +0.1 Vdc 
- -0..45 ..,0.3 

mA/J.ls 
- 2.0 -
- ,0.002 0.010 mAN 

mA 
- +7.2 +11 
- -9.0 -11 

mW 
- 85 120 
- 175 240 

• 
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MC1406L, MC1506L 

BLOCK DIAGRAM 

TheMC1506L consists of a reference current amplifier, 
and R-2R ladder, and six high-speed current switches. For 
many applications, only a reference resistor and a reference 
supply voltage need b~ added. MSB LSB 

A 1 A2 A3 A4 A5 A6 

(+) 

The switches are inverting in operation; therefore a low 
state at the input turns on t,he specified output current 
component. The switches use a current steering technique 
for high speed and a termination amplifier that consists of 
an active' load gain stage with unity gain feedback. The 
termination amplifier holds the parasitic capacitance of the 
ladder at a constant voltage during switching and provides 
a low impedance termination of equal voltage for all legs 
of the ladder. 

V ret 0---+-_----, 

The R-2R laqder divides the reference amplifier current 
into binarily-related components which are fed to the 
switches. Note that there is always a remainder cur~ent 
that is equal to the least significant bit. This current is 
shunted to ground, and the maximum curreht is 63/64 of 
the reference amplifier current, or 1.969 mA for a 2.0 mA 
reference current if the NPN current source pair is 
perfectly matched. 

H 
VretO--+--I 

COMPLETE CIRCUIT SCHEMATIC 
(Digital Inputs; pins 5,6,7,8,9,10) 

MSB 

5-44 
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TEST CIRCUITS AND TYPICAL CHARACTERISTICS 

FIGURE 3 - NOTATION DEFINITIONS TEST CIRCUIT 

VCC 

R12 
Al I----:.::'O--=----'l""'~ ....... -_ Vref 

A2 

DIGITAL A3 MC1506l 
INPUTS MC1406l 

A4 R122lE R13 

A5 

10 
A6 ~ 

+ t lin 

1----=:0----:----_::.-.. OUTPUT 

Vin 

--1-
VI and II apply to inputs Al tlEE 10= K{~ +~L~+~L~L~} = K{A} 2 4 8 16 32 64 

thru AS VEE 
where K, *W 
and AN = 0 if AN is at high level 

AN = 1 if AN is at low level 

FIGURE 5 - MAXIMUM OUTPUT VOLTAGE 
versus TEMPERATURE 
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FIGURE 7 - NEGATIVE Vref 

VCC 

11 R12", R13 

R12 
Al 12 4--

A2 13 

A3 14 R13 
MC1506l 

A4 MC1406l C See text far valuesaf C. 

A5 

10 .Rl 
A6 

4-- -U-10 
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A4 
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A6 
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FIGURE 4 - OUTPUT CURRENT versus OUTPUT VOLTAGE 

~ 
1 

Al = Low 
.O~ A2-A6 = High 

Vo RANGE FOR 
6·BIT ACCURACY 

@250C 'I 
.0 I~ 

J 

/ 
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J 
:::~ 

-2.0 -1.0 1.0 2.0 

VO, OUTPUT VOLTAGE PIN 4 (¥de) 

FIGURE 6 - POSITIVE Vref 
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. MC1406L,MC1506L 

TEST CIRCUITS and TYPICAL CHARACTERISTICS (continued) 

FIGURE 9 - TRANSIENT RESPONSE 

Vcc 
2.4V 

2.0Vdc 
eio 

12 lk 
0.4V-l--~-::::-::::-::::~--

13 

14 
MC1506L 

VEE 

lk 

NC 

0.1 ~F 

'0 

'0 
-100mV 

FIGURE 10 - RELATIVE ACCURACY TEST CIRCUIT 
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12·8it D·to·A Converter 
01010V 
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AS SOk 

S·BIT 
COUNTER 1------+.-+-4--1 
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ERROR 

FIGURE 11 -TYPICAL POWER SUPPLY CURRENT 
versus TEMPERATURE 

FIGURE 12 - TYPICAL POWER SUPPL Y CURRENT versus VEE 
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TYPICAL CHARACTER ISTICS (continued) 

FIGURE 13 - LOGIC INPUT CURRENT versus INPUT VOLTAGE 
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FIGURE 14 - MSB TRANSFER CHARACTERISTICS 
versus TEMPERATURE (MSB IS "WORST CASE") 
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FIGURE 15 - REFERENCE INPUT FREQUENCY RESPONSE 
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Curve B: 
Vref = 2.0 V(p·p) offset 1.0 V above G NO \ 

(~~~~o~igo~a~~~~~~;dth. \ 
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Vs = 120 mV(p-p) centered'at 0 V III \ 
0.1 0.2 1.0 2.0 

f, FREQUENCY (MHz) 

~ 

1\ 

i' 
5.0 10 
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GENERAL INFORMATION 

Output Current Range 

The output current maximum rating of 4.2 mA may be 
used only for negative supply voltages below -6.0 -volts, 
due to the increased voltage drop across the 4Q()-ohm 
resistors in the reference current amplifier . 

Output Voltage Compliance 

The MC1506L current switches have been designed for 
high-speed operation and as a result have a restricted out
put voltage range, as shown in Figures 4 and 5. When a 
current switch is turned "off", the follower emitter' is 
near ground and a positive voltage on the output terminal 
can turn "on" the output diode.and increase the output 
current level. When a current switch is turned "on", the 
negative output voltage range is restricted. The base of 
the termination circuit Darlington amplifier is one diode 
voltage below ground; thus a negative voltage below the 
specified safe level will drive the low current device of the 
Darlington into saturation, decreasing the output current 
level. 

For example, at +250 C the allowable voltage compliance 
on Pin 4 to maintain six-bit accuracy is +0.1 to -0.3 
Volts. With a full scale output current of 2.0 mA, the 
maximum resistor value that can be connected from Pin 4 
to ground is 150 ohms. 

Accuracy 
Absolute accuracy is the measure of each output current 

level with respect to its intended value, and is dependent 
upon relative accuracy and full scale current drift. Relative 
accuracy is the measure of each output current level as a 
fraction of the full s<;ale current. The relative accuracy of 
the MC'1506L is essentially constant with temperature .due 
to the excellent temperature tracking of the monolitl:1ic 
resistor ladder. The reference current may drift with 
temperature, causing a change. in the absolute accuracy 
of output current. 

The best temperature performance is achieved with a 
-6.0 V supply and a reference voltage of -3.0 volts. These 
conditions match the voltage across the NPN current soun;e 
pair in the reference amplifier at the lowest possible ~olt
age, matching and optimizing the output impedance of 
the pair. 

The MC1506L/MC1406L is guaranteed accurate to with
in±1/2 LSB at +250 C at a full scale output current of 
1.969 mAo This corresponds to a reference amplifier out
put current drive to the ladder of 2.0 mA, with the loss of 
one LSB = 31 IlA that is the ladder remainder shunted to 
ground. The input current to Pin 12 has a guaranteed 
current range value of between 1.9 to 2,1 mA, allowing 

• 
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GENERAL INFORMATION (continued) 

some mismatch in the NPN current source pair. The 
accuracy test circuit is shown in Figure 10. The 12-bit 
converter is calibrated for a full scale output current of 
1.969 mA. This is an optional step since the MC1506L 
accuracy is essential.ly the same between 1.5 to 2.5 mAo 
Then the MC1506L full scale current is trimmed to the 
same value with R 12 so that a zero value appears at the 
error amplifier output. The counter is activated and the 
error band may be displayed on an oscilloscope, detected 
by comparators, or stored ina peak detector. 

Two 6-bit D-to-A converters may not be used to con
struct a 12-bit accurate D-to-A converter. 12-bit accuracy 
implies a total error of ±1/2 of one part in 4096, or 
±.D.012%, which is more accurate than the ±O. 78% specifi
cation provided by the MC1506L. 

Multiplying Accuracy 

The MC1506L may be used in the mUltip!ying mode 
with six-bit accuracy when the reference current is varied 
over a range of 64: 1. The major source of error is the 
bias current of the termination amplifier. Under "worst 
case" conditions these six amplifiers can contribute a total 
of 6.0 IJ.A extra current at the output terminal. If the 
reference current in the multiplying mode ranges from 
60 J,LA to 4.0 mA, the 6.0 /-lA contributes an error of 
0.1 LSB. This is well within six-bit accuracy. 

A monotonic converter is one which supplies an increase 
in current for each increment in the binary word. Typi
cally, the MC1506L is monotonic for all values of reference 
current above 0.5 mAo The recommended range for 
operation with a dc reference current is 0.5 to 4.0 mAo 

Settling Tiine 

The "worst case" switching condition occurs when all 
bits are switched "on", which corresponds to a high-to-Iow 
transition for all bits. This time is typically 150 ns to 
within ±.1/2 LSB, while the turn "off" is typically under 
50 ns. 

The slowest single switch is the least significant bit, 
which turns "on" and settles in 50 ns and turns "off" in 
30 ns. I n applications where the D-to-A converter func
tions in a positive-going ramp mode, the "worst case" 
switching condition doe,s not occur, and a settling. time 
of less than 150 ns may be realized. 

Reference Amplifier Drive and Compensation 

The reference amplifier provides a voltage at Pin 12for 
converting the reference voltage to a current, and a turn-

around circuit or current mirror for feeding the ladder. 
The reference amplifier input current, 112, must always 
flow into Pin 12 regardless of the setup method or reference 
voltage polarity. . 

Connections for a positive reference voltage are shown 
in Figure 6. The reference voltage source supplies the full 
current 112. Compensation is accomplished by Miller feed
back from Pin 14 to Pin 13. This compensation method 
yields the best slew rate, typically better than 2.0 mA//-ls, 
and is independent of the value of R 12. R 13 must be used 
to establish the proper impedance for compensation at 
Pin 13. For bipolar reference signals, as in the multiplying 
mode, R 13 can be tied. to a negative voltage corresponding 
to the minimum input level. Another method is shown 
in Figure 22. 

It is possible to eliminate R 13 with only a small sacri
fice in accuracy and temperature drift. For instance when 
high-speed operation is not needed, a capacitor is connected 
from pin 14to VEE. The capacitor value must be increased 
when R 12 is made larger to maintain a proper phase 
margin. For R 12 values of 1.0, 2.5, and 5.0 kilohms, 
minimum capacitor values are 50, 125, and 250 pF. 

Connections for a negative reference voltage are shown 
in Figure 7. A high input impedance is the advantage of 
this method, but Miller feedback cannot be used because 
it feeds the input signal around the PNP directly into the 
high impedance node, causing slewing problems and high 
frequency peaking. Compensation involves a capacitor 
to VEE on Pin 14, using the values of the previous para
graph. The negative reference. voltage must be at least 
3.0 V above VEE. Bipolar input signals may be handled 
by connecting R 12 to a positive reference voltage equal to 
the peak positive input level at Pin 13. 

When a dc reference voltage is used, capacitive bypass 
to ground is recommended. The 5.0 V logic supply is not 
recommended as a reference voltage. If a well regulated 
5.0 V supply which drives logic is to be used as the refer
ence, R 12 should be decoupled by connecting it to +5.0 V 
through another resistor and bypassing the junction of 
the two resistors with 0.1 /-IF to ground. For reference 
voltages greater than 5.0 V, a clamp diode is recommended 
between Pin 12 and ground. 
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If Pin 12 is driven by a high impedance such as a 
transistor current source, none of the above compensation 
methods apply and the amplifier must be heavily compen
sated, thus decreasing the overall bandwidth. 
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APPLICATIONS INFORMATION 

FIGURE 16 - OUTPUT CURRENT VOLTAGE CONVERSION 

t---o-----'V'I/I.r-+-..... Vref 

Voltage outputs of a larger magnitude are obtainable 
with this circuit which uses an external operational ampli
fier as a current to voltage converter. This configuration 
automatically keeps the output of the MC1506L at ground 
potential and the operational amplifier can generate a 
positive voltage limited only by its positive supply voltage. 
Frequency response and settling time are primarily deter
mined by the characteristics of the operational amplifier. 
In addition, the operational amplifier must be compensated 
for unity gain, and in some cases overcompensation may 
be desirable. 

Note that this configuration results in a positive output 
voltage only, the magnitude of which is dependent on 
the digital input. 

The following circuit shows how the MLM301AG can 
be used in a feedforward mode resulting in a full scale 
settling time on the order of 2.0 J.ls. 

FIGURE 17 

65 pF 

5.1 k 

10 

(:~ ~~1~06L) .... ....--..... --....-0-1 
G>-<>------4>--_ Va 

RO 

Vref = 2.0 Vdc 
R12= R13~ l.OkU 
RO=5.0k n 

Theoretical Vo 
Vj - - - - - -

Vo = ~ (RO)(~ +~+ ~+~+~+~)= K R {A} 
R 12 2 4 8 16 32 64 0 

Adjust Rref so that Vo with all digital inputs at 
low level is equal to 9.844 volts. 

Vo = H (5 K) (t+*+i+~+ ~ + Ik) = 10 V (~) = 9.844 V 

An alternative method is to.use the MC1539G and input 
compensation_ Response of this circuit is also on the 
order· of 2_0 J.ls. See Motorola Application Note AN-459 
for more details on this concept. 

FIGURE 18 

(To pin 4 
of MC1506L) >--0--_+_-. Vo 

0.2J.LF 

-15 V 

The positive voltage range may be extended by cas
coding the output with a high beta common base tran
sistor, Q1, as shown. 

The output voltage range for this circuit is 0 volts to 
BVCBO of the transistor. Variations in beta must be 
considered for wide temperature range applications. An 
inverted output waveform may be obtained by using a 
load resistor from a positive reference voltage to the 
collector of the transistor. Also, high-speed operation is 
possible with a large output voltage swing. 
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APPLICATIONS INFORMATION (continued) 

Combined Output Amplifier and Voltage Reference 

For many of its applications the MC1506L requires a; 

reference voltage and an operational amplifier. Normally 

the operational amplifier is used as a current to voltage 

converter and its output need only go positive. With the 
popular MCl723G voltage regulator both of these functions 
are provided in a single package with the added bonus of 
up to 150 mA of output current, see Figure 19. Instead 
of powering the MCl723G from a single positive voltage 
supply, it uses a negative bias as well. Although the refer
ence voltage of the MCl723G is then developed with 
respect to that negative voltage it appears as a common
mode signal to the reference amplifier in the D-to-A con
verter. This allovvs use of its output amplifier as a 
classic current-to-voltage converter with the non-inverting 

input grounded. 
Since ±15 V and +5.0 V are normally available in a 

combination digital-to-analog, system, only the -5.0 V 
need be developed. A resistor divider is sufficiently accu
rate since the allowable range on pin 5 is from -2.0 to 
-S.O volts. The 5.0 kilohm pulldown resistor on the ampli
fier output is necessary for fast negative transitions . 

Full scale output. may be increased to as much as 32 volts 
by increasing RO and raising the +15 V supply voltage to 
35 V maximum. The resistor divider should be altered to 
comply with the maximum limit of 40 volts across the 
MCl723G. Co may be decreased to maintain the same 

ROCO product if maximum speed is desired. 

Programmable Power Supply 

The circuit of Figure 19 can be used as a digitally 
programmed power supply by the addition of thumbwheel 

switches and a BCD-to-binary converter. The output volt
age can be scaled in several ways, including 0 to +6.3 volts 
in O.l,vo,lt increments, ±0.05 volt; or 0 to 31.5 volts in 

O.5-volt increments, ±0.25 volt. 

FIGURE 19 - COMBINED OUTPUT AMPLIFIER and 
VOLTAGE REFERENCE CIRCUIT 

A2 S 

A3 
A A4 

RO ~ 5 k 

Co ~ 25 pF 

\

MSB Al 5 

A5 

LSB AS 
>--t-o---+-... VO 

I.Sk 

l.Sk 

VEE -15V 

RI3 
3.Sk 

VO~V", ~ {iI} 
Settlinglimefot 10 V step 21.0,us 

+15V 

VCC 

5k 
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Bipolar or Negative Output Voltage 

The circuit of 'Figure 20 is a variation from the'standard 
voltage outp~t circuit and will produce bipolar output 

signals. A 'positive current may be sourced into the sum
ming node to offset the output voltage in the negative 

direction. For e>,<ample, if approximately 1.0 mA is used 
a bipolar output signal results which 'may be described 

as a 6-bit ''1's'' complement offset binary. Vref may be 
used as this auxiliary reference. Note that RO has been 
doubled to 10 kilohms because of the anticipated 20 V 
(p-p) output range. 

FIGURE 20 - BIPOLAR OR NEGATIVE OUTPUT 
VOLTAGE CIRCUIT 

, Vref 

Vo ~ ~ IROI I~ + ¥ + ¥ + ~ + ~ + ~I - ~ IRol 

Polarity Switching Circuit, 6-Bit Magnitude Plus 
Sign D-to-A Converter 

Bipolar outputs may also be obtained by using a polarity 
switching circuit, The circuit of Figure 21, gives 6~bits 

magnitude plus a sign bit. I n this configuration the oper
ational amplifier is switched between a gain of + 1.0 and 
-1.0. Although another operational amplifier is required, 

no more space is taken when a dual operational amplifier 
such as the MC155SG is used. The transistor should be 
selected for a very low saturation voltage and resistance. 

FIGURE 21 - POLARITY SWITCHING CIRCUIT 
(G-Bit Magnitude Plus Sign D-to-A Converter) 

FROM Vo 
OUTPUT _-__4>--..JIIII'v---O--I 
ap·AMPL 

POLARITY 
CONTROL BIT 

5k 

5k 

Vo = Vai' - VaP 
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APPLICATIONS IN FORMATION (continued) 

Programmable Gain Amplifier or Digital Attenuator 

When used in the mUltiplying mode the MC1506l can 
be applied as a digital attenuator. See Figure 22. One ad· 
vantage of this technique is that if RS = 50 ohms, no 
compensation capacitor is needed and a wide large signal 
bandwidth is achieved. The small and large signal band· 
widths are now identical and are shown in Figure 15. 

FIGURE 22 - PROGRAMMABLE GAIN AMPLIFIER OR 
DIGITAL ATTENUATOR CIRCUIT 

Vref When Vs' 0,112' 2mA 

IVre! vsll-1 Va' - + - A RO 
R12 RS R12 

VS·..,.:;,R;..S ~..g.-r-'-_...J..._....J.-, 
RO 

Co 
f-4 OUTPUT 

Panel Meter Readout 
The MC1506l can be used to read out the status of 

BCD or binary registers or counters in a digital control 
system. The current output can be used to drive directly 
an analog panel meter. External meter shunts may be 
necessary if a meter of less than 2.0 mA full scale is used. 
Full scale calibration can be done by adjusting R 12 or Vref. 

FIGURE 23 - PANEL METER READOUT CIRCUIT 

The best frequency response is obtained by not allowing 

112 to reach zero. RS can be set for a ±1.0 mA variation 

in relation to 112. 112 can never be negative. 
The output current is always unipolar. The quiescent 

dc output current level changes with the digital word that 
makes ac coupling necessary. 

FIGURE 24 - DC COUPLED DIGITAL ATTENUATOR 
and DIGITAL SUBTRACTION 

Vee Vee 

10. 101 -102 • ~Wljii} - ~rle;~ {iii 
DigilalSubtraction 

tet ~D = Vrel2 
R121 R122 

va' ~rt;: Ro Hiil-jsll 
Programmable Amplifier: 

Connect digital inputssoA=B 

·v. o· Jii I 1"'-''.1 _ Vrei2
J 1 (R121 RI22 

Va 

This digital ·subtraction application is useful for indio 
cating when one digital word is approaching another in 
value. More information is available than with a digital 

comparator. 

Bipolar inputs can be accepted by using any of the 
previously described methods, or applied differentially to 

R 121 and R 122 or R 131 and R 132, Vo will be a bipolar 
signal defined by the above equation. Note that the circuit 
shown accepts bipolar differential signals but does not have 

a negative common-mode range. A very useful method is 

to connect R 121 and R 122 to a positive reference higher 
than the most 'positive input, and drive R131 and R132. 
This yields high input impedance, bipolar differential and 

common-mode range. The compensation depends on the 
input method used, as shown in previous sections. 
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APPLICATIONS INFORMATION (continued) 
FIGURE 25 - DIGITAL SUMMING and CHARACTER 

GENERATION 

Vrefl 

Vo 

Vo = (101 + 102) RO 

=[Vref1 {At + Vref2 {ii}l RO 
R121 f R122 

Vref2 

In a character generation system one MC1506L circuit uses a 
fixed reference voltage and its digital input defines the starting 
point for a stroke. The second converter circuit has a ramp input 
for the reference and its digital input defines the slope of the 
stroke. Note that this approach does not result in a 12-bit D,to-A 
converter (see Accuracy Section). 

FIGURE 27 - PROGRAMMABLE PULSE GENERATOR 

VC~ 

R13 R12 

Vrel 

+--'--__ ... VO JL 
R5 
50 

(0 to 1 Volt 
in 16mV steps) 

Fast rise and fall times require the use of high speed switching 
transistors for the differential pair, Q4 and Q5. Linear ramps 
and sine waves may be generated by the appropriate reference 
input. 

FIGURE 29 - ANALOG DIVISION BY DIGITAL WORD 

RO 
Vec _-wr--..... -~----<:>-.., 

NC 

10 R12 
vO={A} 

Vo 

This circuit yields the inverse of a digital word scaled by a 
constant. For minimum error over the range of operation, 10 can 
be set at 62 /J.A so that 112 will have a maximum value of 3.938 rnA 
for a digital bit input configuration of 111110. 

Compensation is necessary for loop stability and depends on 
the type of operational amplifier used. If a standard 1.0 MHz 
operational amplifier is employed, it should be overcompensated 
when possible. If this cannot be done, the reference amplifier 

•• can furnish the dominant pole with extra Miller feedback from 
pin 14 to 13. If the MC1723 or. another wideband amplifier is 
used, the reference amplifier should always be overcompensated. 

FIGURE 26 - PEAK DETECTING SAMPLE and HOLD 
(Features infinite hold time and optional digital output.) 

CLOCK 0 ETECT tHO LO 

12 

13 

14 

Positive peaks may be detected by inserting a hex inverter between 
the counter and MC1506L, reversing the comparator inputs, and 
connecting the output ampliJier for unipolar operation. 

FIGURE 28 - PROGRAMMABLE CONSTANT CURRENT SOURCE 

Vec 

Ql 

Current pulses, ramps, staircases, and sine waves may be generated 
by the appropriate digital and reference inputs. This circuit is 
especially useful in curve tracer applications. 

FIGURE 30 - ANALOG QUOTIENT OF TWO 
DIGITAL WORDS 

10- RO 

Vce 

MC1506L 
13 MC1406L .. F L

5
r-,.--,-,--,--,-J 

~ ":" ~\------
101 R121 B 

Vrel="1Af"O 
I02=~{{jj} 
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APPLICATIONS INFORMATION (continued) 

FIGURE 31 - ANALOG PRODUCT OFTWO DIGITAL WORDS 
(High-Speed Operation) 

Vref .... -JVII'v--o--I 

R13 

-....-
A 

NC 

Vo = 101 RO = ~: {II} RO 

102= JsI IVOI 
R122 

= J!L [R (Vrefl) {II}] 
R122 0 Ri2i 

since RO = R122 and K = Vref/R121 

K can bean analog variable 

Two Digit BCD Conversion 

MC1506L parts which meet the specification for 7-bit 
accuracy can be used for the most significant word when 
building a two digit BCD D-to-A or A-to-D converter. If 
both outputs feed the virtual ground of an operational 
amplifier, 10:1 current scaling can be achieved with a 
resistive current divider. If current output is desired. the 
units may be operated at full scale current levels of 4.0 mA 
and 0.4 mA with the outputs connected to sum the currents. 
The error of the D.to-A converter handling the least sig
nificant bits will be scaled down by a factor of ten. 

FIGURE 32 - DIGITAL QUOTIENT of TWO ANALOG VARIABLES 
or ~NALOG-TO-DIGITAL CONVERSION 

The circuit shown is a simple counter
ramp converter. An UP/DOWN counter 
and dual threshold comparator Can be 
used to provide faster operation and 
continuous conversion. 

11 

Vref .... ~R"'12\,---o-:l.:..j2 
13 

20 pF 
R13 

HEX 
INVERTER 

NC 

1 2.3 C = Vin/RO 
Vref/R12 
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ORDERING INFORMATION 

Device 

MC1408L6 
MC1408L7 
MC1408L8 
MC1408P6 
MC1408P7 
MC1408P8 
MC1508L8 

Temperature Range 

O°C to +75°C 
O°C to +75°C 
O°C .to + 75°C 
O°C to +75°C 
O°C to +75°C 
Ooc to + 75°C 

-55°C to +125°C 

Package 
Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Plastic DIP 
Plastic DIP 
Plastic DIP 

Ceramic DIP 

MC140S' 
MC150S 

Specifications and Applications 
InforIllation 

~ 
E 
I
Z 
W 
II: 
II: 
::::l 
o 1. 
I-
::::l 
a.. 
I-
::::l 
o 

EIGHT-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 

. designed for use where the output current is a linear product 
of an eight-bit digital word and an anal?g input voltage. 

• Eight-Bit Accuracy Available in Both Temperature Ranges 
Relative Accuracy: ±0.19% Error maximum 
(MC1408L8, MC1408P8, MC1508L8) 

• Seven and Six-Bit Accuracy Available wi~h MC1408 Designated 
by 7 or 6 Suffix after Package Suffix ' 

• Fast Settling l'ime - 300 ns typical 

• Noninverting Digital Inputs are MTTL and 
CMOS Compatible 

• Output Voltage SWing - +0.4 V to -5.0 V 

• High-Speed Multiplying Input 
Slew Rate 4.0 mAills 

• Standard Supply Voltages: +5.0 V and 
-5.0 V to -15 V 

FIGURE 1 - D-to-A TRANSFER CHARACTERISTICS 

EIGHT-BIT MULTIPLYING' 
DIGITAL· TO-ANALOG 

CONVERTER 

SI LICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMk PACKAGE 

CASE 620 ". PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

FIGURE 2 - BLOCK DIAGRAM 

(00000000) (11111111) NPN Current 
Source Pair INPUT DIGITAL WORD 

TYPICAL APPLICATIONS 

• Tracking A-to-D Converters • Audio Digiti~ing and Decoding 

• Successive Approximation A-to-D Converter.s • Programmable Power Supplies 

• 2 112 Digit Panel Meters and DVM's • Analog-Digital Multiplication 

• Waveform Synthesis • Digital-Digital Multiplication 

• Sample and Hold • Analog-Digital Division 

• Peak Detector • Digital Addition and Subtraction 

• Programmable Gain and Attenuation • Speech Compression and Expansion 

• CRT Character Generation • Stepping Motor Drive 
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MAXIMUM RATINGS (T A = +250 e unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage VCC +5.5 Vdc 

VEE -16.5 

Digital Input Voltage V5 thru V12 o to +5.5 Vdc 

Applied Output Voltage Vo +0.5,-5.2 Vdc 

Reference Current '14 5.0 rnA 

Reference Amplifier Inputs V14,V15 VCC,VEE Vdc 

Operating Temperature Range TA °c 
MC1508 -55 to +125 
MC140S Series o to +75 

Storage Temperature Range Tstg -65 to +150 uc 

Vref 
ELECTRICAL CHARACTERISTICS (Vec'" +5.0 Vdc, VEE = -15 Vdc, R14 = 2.0 mA, MC150SLS: TA = -55°C to +1250 C. 

MC1408L Series: T A = 0 to +750 C unless otherwise noted. All digital inputs at h'lgh logic level.) 

Characteristic Figure Symbol Min T'yp Max Unit 

Relative Accuracy (Error relative to full scale 10) 4 Er % 
MC150SLS, MC140SLS, MC140SPS - - ±0.19 
MC140SP7, MC140SL7, See Note 1 - - ±0.39 
MC140SP6, MC1408L6, See Note 1 - - ±0.7S 

Settling Time to within ±1/2 LSB [includes tPLH liT A=+250C)See Note 2 5 ts - 300 - ns 

Propagation Delay Time 5 tpLH,tPHL - 30 100 ns 
TA = +250 C 

Output Full Scale Current Drift TCIO - - 20 - PPM/oC 

Digital Input Logic Levels (MSB) 3 
High Level, Logic "1" V,H 2.0 - -
Low Level, Logic "0" V,L - - 0.8 

Digital Input Current (MSB) 3 
High Level, V,H = 5.0 V I'H - 0 0.04 
Low Level, V'L = 0.8 V I,L - -0.4 -O.S 

Reference Input Bias Current (Pin 15) 3 '15 - -1.0 -5.0 

Output Current Range 3 lOR 
VEE = -5.0 V 0 2.0 2.1 
VEE = -15 V. TA = 250 C 0 2.0 4.2 

Output Current 3 '0 
Vref = 2.000 V, R14 = 1000 n 1.9 1.99 2.1 

Output Current 3 'O(min) - 0 4.0 
(All bits low) , 

Output Voltage Compliance (Er:<:; 0.19% at T A - +25U C) 3 Vo 
Pin 1 grounded - - -0.55, +0.4 
Pin 1 open, VEe below -10 V - - -5.0, +0.4 

Reference Current Slew Rate 6 SR 'ref - 4.0 -

Output Current Power Supply Sensitivity PSRR(-) - 0.5 2.7 

Power Supply Current 3 ICC - +13.5 +22 
(All bits low) leE - -7.5 -13 

Power Supply Voltage Range 3 VCCR +4.5 +5.0 +5.5 
(TA'" +250 C) VEER -4.5 -15 -16.5 

Power Dissipation 3 PD 
All bits low 

VEE = -5.0 Vdc - 105 170 
VEE = -15 Vdc - 190 305 

All bits high 
VEE = -5.0 Vdc - 90 -
VEE = -15 Vdc - 160 -

Note 1. All current sWitches are tested to guarantee at least 50% of rated output current. 
Note 2. All bits switched. 

@ MOTOROLA Sern;conduc'or Produc<slnc. 
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A1 

A2 

A3 

Oigital A4 

Inputs A5 

A6 

A7 

AS 

Vee 

TEST CIRCUITS 

FIGURE 3 - NOTATION DEFINITIONS TEST CIRCUIT 

Typical Values: R14 = R15 = 1 k 
Vref = +2.0 V 

114 e = 15 pF 

14_ R14 
I-o--~'VVI.~"'-_V ref (+) 

V I and II apply to inputs A 1 
thru A8 

15 _115 

1~ 

The resistor tied to pin 15 is to temperature compensate the 
bias I::urrent and may not be necessary for all applications. 

AS A6 
10 = K { ~~ + ~ + ~ + A4 + - + - + 

Vo 
1---<:>---------<..._ .... Output 

2 4 8 16 

where K ~ V re~ -10 

e 

R14 

and AN = "1" if AN is at high level 

AN = "0" if AN is at low level 

FIGURE 4 - REl.ATIVE ACCURACY TEST CIRCUIT 

MSB 

A1 

A2 

A3 12·Bit 

A4 D-to-A r-o- 0 to +10 V Output 

A5 
Converter 
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TEST CIRCUITS (continued) 

FIGURE 6 - REFERENCE CURRENT SLEW 

RATE MEASUREMENT 
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FIGURE 7 - POSITIVE Vref 
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THERMAL INFORMATION 
The maximum power consumption an integrated circuit 

can tolerate at a given operating ambient temperature, can 
be found from the equation: 

TJ(max)-TA 
PD(T A) = ROJA(Typ) 

Where: PD(T A) = .P6wer Dissipation allowable at a given 

operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition . 

T J(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 

FIGURE 8 - NEGATIVE Vref 
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FIGURE 9 - MC1408, MC1508 SERI£S EQUIVALENT 
CIRCUIT SCHEMATIC 

DIGITAL INPUTS 
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CONTROL 

CIRCUI-T DESCRIPTION 

The MC1408 consists of a reference current amplifier, an 
R-2R ladder, and eight high-speed current switches. For many 
appl ications, only a reference resistor and reference voltage· need 
be added. 

The switches are noninverting in operation, therefore a high 
state on the input turns on the specified output current component. 
The switch uses current steering for high speed, and a termination 
amplifier consisting of an active load gain stage with unity gain 
feedback. The termination ampl ifier hoi ds the parasitic capacitance 
of the ladder at a constant voltage dUring switching, and provides 

a low impedance termination of equal voltage for all legs of 
the ladder. 

The R-2R ladder divides the reference am'plifier current into 
binarily-related components, which are fed to the switches. Note 
that there is always a remainder current which is equal to the 
least significant bit. This current is shunted to ground, and the 
maximum output current is 255/256 of the reference amplifier 
current, or 1.992 mA for a 2.0 mA reference amplifier current 
if the NPN current source pair is perfectly matched. 
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GENERAL INFORMATION 

Reference Amplifier Drive and Compensation 

The reference amplifier provides a voltage at pin 14 for con
verting the reference voltage to a current, and a turn-around circuit 
or current mirror for feeding the ladder. The reference amplifier 
input current, 114, must always flow into pin 14 regardless of the 
setup method or reference voltage polarity. 

Connections for a positive reference voltage are shown in Figure 
7. The reference voltage source supplies the full current 114. For 
bipolar reference signals, as in the multiplying mode, R15 can be 
tied to a negative voltage corresponding to the minimum input 
level. It is possible to eliminate R 15 with only a small sacrifice 
in accuracy and temperature drift. Another method for bipolar 
inputs is shown in Figure 25. 

The compensation capacitor value must be increased with in
creases in R14 to maintain proper phase margin; for R14 values 
of 1.0, 2.5 and 5.0 kilohms, minimum capacitor values are 15, 
37, and 75 pF. The capacitor should be tied to VEE as this in
creases negative supply rejection .. 

A negative reference voltage may be used if R 14 is grounded 
and the ,reference voltage is applied to R15 as shown in Figure S. 
A high input impedance is the main advantage of this method. 
Compensation involves a capacitor to VEE on pin 16, using the 
values of the previous paragraph. The negative'reference voltage 
must be at least 3.0-volts above the VeE supply. Bipolar input 
signals may. be handled by connecting R14 to a positive reference 
voltage equal to the peak positive input level at pin 15. 

When a de reference voltage is used, capacitive bypass to ground 
is recommended. The 5.0-V logic supply is not recommended as 
a reference voltage. If a well regulated 5.0-V supply which drives 
logic is to be used as the reference, R14 should be decoupled by 
connecting it to +5.0 V through another resistor and bypassing 
the junction of the two resistors with 0.1 J.lF to ground. For 
reference voltages greater than 5.0 V, a clamp diode is recommen
ded between pin 14 and ground. 

If pin 14 is driven by a high impedance such as a transistor 
current source, none of the above compensation methods apply 
and. the ampl'ifier must be heavily compensated, decreasing the 
overall bandwidth. 

Output Voltage Range 

The voltage on pin 4 is restricted to a range of -0.55 to +0.4 
volts at +250 C, due to the current switching methods employed 
in the MC140S. When a current switch is turned "off", the posi
tive voltage on the output terminal can turn "on" the output 
diode and)ncrease the output current level. When a current switch 
is turned "on", the negative output voltage range is restricted. 
The base of the termination circuit Darlington transistor is one 
diode voltage below ground when pin 1 is grounded, so a negative 
voltage below the specified safe level will drive the low current 
device of- the Darlington into saturation, decreasing the output 
current level. 

The negative output v'oltage compliance of the MC140S may 
be extended to -5.0 V volts by opening the circuit at pin 1. The 
negative supply voltage must be more- negative than -10 vOltJ: 
Using a full scale c.urrent of 1.992 mA and load resistor of 2.5 
kilohms between pin 4 and ground will yield a voltage output 
of 256 levels between 0 and -4.9S0 volts. Floating pin 1 does 
not affect the converter speed or power dissipation. However, the 
value of the load resistor determines the switching time due to 
increased voltage swing. Values of RL up to 500 ohms do not sig
nificantly affect performance, but a 2.5-kilohm load increases 
"worst case" settling time to 1.2 'J.lS (when all bits are switched on). 

Refer to the subsequent text section on Settling Time for more 
details on output loading. 

If a power supply value between -5.0 V and -10 V is desired, 
a voltage of between 0 and -5.0 V may be applied to pin 1. The 
value of this voltage will be the maximum. allowable negative out
put swing. 

Output Current Range 

The output current maximum rating of 4.2 mA may be used 
only for negative supply voltages typically more negative than 
~.O volts, due to the increased voltage drop across the 350-ohm 
resistors in the reference current amplifier. 

Accuracy 

Absolute accuracy is the measure of each output current level 
with respect to its intended value, and is dependent upon relative 
accuracy and full scale current drift; Relative accuracy is the 
measure of each output current level as a fraction of the full scale 
current. The relative accuracy of the MC1408 is essentially 
constant with temperature due to the excellent temperature track
ing of the monolithic resistor ladder. The reference current may 
drift with temperature, causing a change in the absolute accuracy 
of output current_ However, the MC1408 has a very low full 
scale current drift with temperature. 

The MC1408/MC1508 Series is guaranteed accurate to with
in ± 1/2 LSB at +250 C at a full scale output current of 1.992 mAo 
This corresponds to a reference amplifier output current drive to 
the ladder network of 2.0 mA, with the loss of one LSB = 8.0 IJA 
which is the ladder remainder shunted to ground. The input current 
to pin 14 has a guaran~eed value of between 1.9 and 2.1' mA, 
allowing some mismatch in the NPN current source pair. The 
accuracy test circuit is shown in Figure 4. The 12-bit converter 
is calibrated for a full scale output current of 1.992 mAo This is 
an optional step since the MC140B accuracy is essentially the 
same between 1.5 and 2.5 mA_ Then the MC1408 circuits' full 
scale current is trimmed to the same value with R 14 so that a zero 
value appears at the error amplifier output. The counter is activated 
and the error band, may be displayed on an oscill oscope, detected 
by comparators, or stored in a peak detector. 

Two 8-bit D-to-A converters may not be used to construct a 
16-bit accurate D-to-A converter. 16-bit accuracy implies a total 
error of ±1/2 of one part in 65, 536, or ±O.00076%, which is much 
more accurate than the ±.0.19% specification provided by the 
MC1408xB. 

Multiplying Accuracy 

The MC1408 may be used in the multiplying mode with 
eight-bit accuracy when the reference current is varied over a range 
of 256: 1. The major source of error is the bias current of the 
termination amplifier. Under "worst case" conditions, these eight 
amplifiers can contribute a total of 1.6 IJA extra current at the 
output terminal. If the reference current in the multiplying mode 
ranges from 16 IJA to 4.0 mA, the 1.6 J.lA contributes an error 
of 0.1 LSB. This is well within eight-bit accuracy ref~renced to 
4.0mA. 

A monotonic converter is one which supplies an increase in 
current for each increment- in the binary word. Typically, the 
MC140B is monotonic for all values of reference current above 
0.5 mAo The recommended range for operation with a de reference 
current is 0,5 to 4.0 mAo 
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GE;NERAlINFORMATION (Continued) 

Settling Time 

The "worst case" switching condition occurs when all bits are 
switched "on", which corresponds to a low-to-high transition for 
all bits. This time is typically 300 ns for settling to within ± 1/2 
LSB, for 8-bit accuracy, and 200 ns to 1/2 lSB for 7 and 6-bit 
accuracy. The turn off is typically under 100 ns. These times 
apply when RL ..;;SOO ohms and Co ";;2S pF. 

The slowest single switch is the least significant bit, which turns 
"on" and settles in 2S0 ns and turns "off" in 80 ns. In applica
tions where the D-to-A cbnverter functions in a positive-going 
ramp mode, the "worst case" switching condition does not occur, 
a'1d a settling time of less than 300 ns may be realized. Bit A7 
turns "on" in 200 ns and "off" in 80 ns, while bit A6 turns "on" 
in 150 ns and "off" in 80 ns. 

The test circuit of Figure S requires a smaller voltage swing for 
the current switches due to internal voltage clamping in the MC-
1408_ A 1_0-kilohm load resistor from pin 4 to ground gives 
a typical settling time of 400 ns. Thus, it is voltage swing and not 
the output RC time constant that determines settling time for 
most applications. 

Extra care must be taken in board layout since this is usually 
the dominant factor in satisfactory test results when measuring 
settling time. Short leads, 100 /LF supply bypassing for low fre
quencies, and minimum scope lead length are all mandatory. 

TYPICAL CHARACTERISTICS 
(VCC = +S.O V, VEE = -15 V, TA = +2SoC unless otherwise noted.) 

FIGURE; 11 - TRANSFER CHARACTERISTIC versus TEMPERATURE 
FIGURE 10 - lOGIC INPUT CURRENT versus INPUT VOL TAGE (AS thru AS thresholds lie within range for Al tl1ru A4) 
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FIGURE 12 - OUTPUT CURRENT versus OUTPUT VOL TAGE 
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TYPICAL CHARACTERISTICS (continued) 
(VCC; +5.0 V, VEE; -15 V, T A; +25()C unless otherwise noted.) 

FIGURE 15 - TYPICAL POWER SUPPL Y CURRENT 
FIGURE 14 - REFERENCe INPUT FREQUENCY RESPONSE versus TEMPERATURE (all bits low) 
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MC1408, MC1508 

APPLICATIONS INFORMATION (continued) 

Voltage outputs of a larger magnitude are obtainable with this 
circuit which uses an external operational amplifier as a current 
to voltage converter. This configuration automatically keeps the 
output of the MC1408 at ground potential and the operational 
amplifier can generate a positive voltage limited only by its positive 
supply voltage. Frequency response and settling time are primarily 
deterrriined by the characteristics of the operational amplifier. In 
addition, the operational amplifier must be compensated for unity 
gain, and in some cases overcompensation may be desirable. 

Note that this configuration results in a positive output voltage 
only, the magnitude of which is dependent on the digital input. 

The following circuit shows how the MLM301AG can be used 
in a feedforward mode resulting in a full scale settling time on 
the order of 2.0 jJS. 

FIGURE 18 

65 pF 

5.1 k 

An alternative method is to use the MC1539G and input com
pensation. Response of this' circuit is also on the order of 2.0jJs. 
See Motorola Application Note AN-459 for more details on this 
concept. 

FIGURE 19 

+15 V 35 pF 

5 k 

10 k 

(To pin 4 
of MC1508L8) >--0----... V 0 

0.21"F 

The positive voltage range may be extended by cascading the 
output with a high beta common base transistor, Q 1, as shown. 

FIGURE 20 - EXTENDING ROSITIVE 
VOLTAGE RANGE 

5 k 

(Resisto'r and 
diode optional, 
see text) 

Ge 

The output voltage range for this circuit is 0 volts to BVCBO 
of the transistor. If pin 1 is left open, the transistor base may be 
grounded, eliminating both the resistor and the diode. Variations 
in beta must be considered for wide temperature range applica· 
tions. An inverted output waveform may be obtained by using a 
load resistor from a positive reference voltage to the collector of 
the transistor. Also, high-speed operation is possible with a large 
output voltage swing, because pin 4 is held at a constant voltage. 
The resistor (Rl to VEE maintains the transistor emitter voltage 
when all bits are "off" and insures fast turn-on of the least 
significant bit .. 

Combined Output Amplifier and Voltage Reference 

For many of its applications the MC1408 requires a reference 
voltage and an operational amplifier. Normally the operational 
amplifier. is .used as a current to voltage converter and its output 
need only go positive. With the popular MC 1723G vol tage regula· 
tor both of these functions are provided in a single package with 
the added bonus of up to 150 mA of output current. See Figure 
21. The MC1723G uses both a positive and negative power supply. 
The reference voltage of the MC1723G is then developed with 
respect to the negative voltage and appears as a common-mode. 
signal to the reference amplifier in the D-to-A converter. This 
allows use of its output amplifier as a classic current-to-voltage 
converter with the non-inverting'input grounded. 

Since ± 15 V and +5.0 V are normally available in a combina
tion digital-to-analog system, only the -5.0 V need be developed. 
A resistor divider is sufficiently accurate since the allowable range 
on pin 5' is from -2.0 to -8.0 volts .. , The 5.0 kilohm pulldown 
resistor on the amplifier output is ~ecessary for fast negative 
transitions. 

·15 v Full scale output may be 'increased to as much as 32 volts by 
increasing RO and raising the +15 V supply voltage to 35 V maxi
mum. The resistor divider should be al~ered to comply with the 

. maximum limit of 40 volts across the MCl723G. Co may be 
decreased to maintain the same ROCO product if maximum speed 
is desired. 
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APPLICATIONS INFORMATION (continued) 

Programmable Power Supply 

The circuit of Figure 21 can be used as a digitally programmed 
power supply by the addition of thumbwheel switches and a BCO
to-binary converter. The output voltage can be scaled in several 
ways, including 0 to +25.5 volts in 0.1-volt increments, ±0.05 volt; 
or 0 to 5.1·volts in 20 mV increments, ± 10 mV. 

FIGURE 21 - COMBINED OU'tPUT AMPlIFIERand 
VOLTAGE REFERENCE CIRCUIT 
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Bipolar or Negative Output Voltage 

+15 V 

The circuit of Figure 22 is a variation from the standard volt
age output circuit and will produce bipolar output signals. A 
positive current may be sourced into the summing node to offset 
the output voltage in the negative direction. For example, if 
approximately 1.0 mA is used a bipolar output signal results which 
may be described asa 8-bit "1's" compllimentoffset binary. Vref 
may be used as this auxiliary reference. Note that RO has been 
doubled to 10 kilohms because of the anticipated 20 VIp-pI 
output range_ 

FIGURE 22 - BIPOLAR OR NEGATIVE OUTPUT 
VOLTAGE CIRCUIT 
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FIGURE 23 - BIPOLAR OR INVERTED NEGATIVE 
OUTPUT VOLTAGE CIRCUIT 
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For a±'5.0 volt ou.tput range: 

-Vref 

V ref = -5.00 volts 
R14~R15~2.5kn 

C ~.37 pF (mini 
RO = 5 kn 

Decrease RO to 2.5 k!l for a 0 to -5.0-volt output range. 
This application provides somewhat lower speed, as previouslv 
discussed in the Output Voltage Range section of the General 
Information, 
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APPLICATIONS INFORMATION (continued) 

Polarity Switching Circuit, 8-Bit Magnitude 
Plus Sign D-to-A Converter 

Bipolar outputs may also be obtained by using a polarity switch
ing circuit_ The circuit of Figure 24 gives a-bit magnitude plus 
a sign bit_ I n this configuration the operational amplifier is switched 
between a gain of +1.0 and -1.0. Although another operational 
amplifier is required, no more space is taken when a dual operational 
amplifier such as the MC1558G is used. The transistor should be 
selected for a very low saturation voltage and resistance. 

FIGURE 24 - POLARITY SWITCHING CIRCUIT 
{S-Bit Magnitude Plus Sign D-to-A Converter) 

From Va 
Output __ ~""""'-o!:...i 

Op·Ampl 

P 5k 

Polarity 
Control Bit 

Programmable Gain Amplifier or Digital Attenuator 

When used in the multiplying mode the MC1408 can be 
applied as a digital attenuator. See F igure25. One advantage of 
this technique is that if RS = 50 ohms, no compensation capacitor 
is needed. The small and large signal bandwidths are now identical 
and are shown in Figure 14. 

The best frequency response is obtained by not allowing 114 
to reach zero. However, the high impedance node, pin 16, is 
clamped to prevent saturation and insure fast recovery when the 
current through R 14g08s to zero. RS can be set for a '±1.0 mA 
variation in relation to 114. 114 can never be negative. 

The output current is always Unipolar. The quiescent dc output 
current level changes with the digital word which makes accoupling 
necessary. 

FIGURE 25 - PROGRAMMABLE GAIN AMPLIFIER OR 
DIGITAL ATTENUATOR CIRCUIT 
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Panel Meter Readout 

The MC1408 can be used to read out the status of BCD or 
binary registers or counters in a digital control system. The current 
output can be used to drive directly an analog panel meter. Ex· 
ternal meter shunts may be necessary if a meter of less than 2.0 
mA full scale is used. Full scale calibration can be done by adjust
ing R14 or Vref. 

FIGURE 26 - PANEL METER READOUT CIRCUIT 

Digital Word From Counter or Register 

V ref _-,\AN14'v-414~ 

A15 15 

MC1408 Series 
MC150B 

Observe internal meter 
resistance (for pin 4 
vol tage swing) 

FIGURE 27 - DC'COUPLED DIGITAL ATTENUATOR 
and DIGITAL SUBTRACTION 
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APPLICATIONS INFORMATION (continued) 

This digital subtraction applic"ation is useful for indicating when 
one digital word is approaching another in value. More information 
is available than with a digital comparator. 

Bipolar inputs can be accepted by using any of the previously 
described methods, or applied differentially to R 141 and R 142 
or R151 and R152. Vo will be a bipolar signal defined by the 
above equation. Note that the circuit shown accepts bipolar differ
ential signals but does not have a negative common-mode range. 
A very useful method is to connect R141 and R142 to a positive 
reference higher than the most positive input, and drive R151 and 
R152. This yields high input impedance, bipolar differential and 
common-mode range. 

FIGURE 30 - NEGATIVE PEAK DETECTING 
SAMPLE AND HOLD 

'Yo (load sensitive) 

FIGURE 28 - DIGITAL SUMMING and CHARACTER GENERATION (
255) 

VO(max) = - 256 

A 

Vref 1 

Vref 2 

In a character generation system one MC1408 circuit uses a 
fixed reference voltage and its digital input defines the starting 
point for a stroke. The second converter circuit has a ramp input 
for the reference and its digital input defines the slope of the 
stroke. Note that this approach does not result in a l6-bit D-to-A 
converter (see Accuracy Section). 

FIGURE 29,- POSITIVE PEAK DETECTING SAMPLE and HOLD 
(Features indefinite hold time and optional digital output.) 

Clock Detect/Hold Reset 

Ne 

VO(max) = 0 to -5.0 volts e 

FIGURE 31 - PROGRAMMABLE PULSE GENERATION 

VEE 
-15 V 

+5.0 Vdc 
Vee 

50 

+-___ .... V05L 
Ote" OVoit 
in 4.0 mV steps 

Fast rise and fall times require the use of high-speed switching 
transistors for the differential pair, 04 and 05. Linear ramps and 
sine waves may be generated by the appropriate reference input. 

FIGURE 32 - PROGRAMMABLE CONSTANT CURRENT SOURCE 

Vref 

-15 V +5.0 V 

+5.0 V (min) 

·The base of Q2 must be at least 
4 V below supply voltage!. 

Current pulses, ramps, staircases, and sine waves may be genera
ted by the appropriate digital and reference inputs. This circuit is 
especially useful in curve tracer applications. 
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MC1408, MC1508 

APPLICATIONS INFORMATION (continued) 

FIGURE 33 - ANALOG DIVISION BY DIGITAL WORD FIGURE 34 - ANALOG QUOTIENT OF TWO DIGITAL WORDS 

AI 

This circuit yields the inverse of a digital word scaled by a 
constant. For minimum error over the range of operation, 10 can 
be set at 16 p.A so that 114 will have a maximum value of 3.984 
mA for a digital bit input configuration of 00000001. 

Compensation is necessary for loop stability and depends on 
the type of operational amplifier used. If a standard 1.0 MHz 
operational amplifier is employed, it should be overcompensated 
when possible. If the MC1723 or another wideband amplifier is 
used, the reference amplifier should always be overcompensated. 

vce 
VEE 

FIGURE 35 - ANALOG PRODUCT OF TWO DIGITAL WORDS 
!High-Speed Operation) 

Vref 

R15 

r-~v-~------------+--eVo 

'----v-----" 
A 

Vref { } Vo = -10 1 RO = - A RO 
R141 

. . vref 
Slnee Ro = R142 and K = -

R141 

15 

110 2 =K {A} {s}1 Keanbeananalogvariable. 

102 

+ 
4 

101 R141 
v,ef = -l-A 1-· 

102 - RVlr:~ {e} 
if R141 '" R142 

Vee 
VEE 
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MC1408, MC1508 

APPLICATIONS INFORMATION (continued) 

FIGURE 36 - TWO-DIGIT BCD CONVERSION 

.vcc 

Two,8-bit, O-to-A converters can be used to build a two digit 
BCD O-to-A or A-to-O converter. If both outputs feed the virtual 
ground of an operational amplifier, 10:1 current scaling can be 
achieved with a resistive current divider. If current output is de
sired, the units may be operated at full scale current levels of 

Vo 

4.0 mA and 0.4 mA with the outputs connected to sum the currents. 
The error of the O-to-A converter handl ing the least significant 
bits will be scaled down by a factor of ten and thus an MC1408L6 
may be used for the least significant word. 

FIGURE 37 - DIGITAL QUOTIENT OF TWO ANALOG VARIABLES 
or ANALOG-TO-DIGITAL CONVERSION 

Clock Reset 

vref 

The circuit shown is a simple counter
ramp converter., An UP/DOWN counter 
and dual threshold comparator can be 
used to provide faster operation and con· 
ti nuous conversion. 

R14 

R15 

VEE 

RO 

vref 

14 

13 

4 

MC,1408 Series 

MC1508 

Circuit diagr,ams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; conseql!ently, 
complete information sufficient for' construction pu rposes is not 
necessarily given, The information has been carefully checked and 

12 

11 

10 

9 
8 
7 
6 

LSB MSB 
~ 

G 
C = Vin/RO 

Vref/R14 

is believed to be entirely reliable, However, no responsibility is 
assumed for inaccuracies, Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola I nco or others. 
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HIGH-VOLTAGE, HIGH·CURRENT 
DARLINGTON TRANSISTOR ARRAYS 

The seven NPN Darlington connected transistors in these arrays 
are well suited for driving lamps, relays Or 'printer hammers in a' 
variety of industrial and consumer applications. Their high break
down voltage and internal suppression tl iodes insure freedom from 
problems associated with inductive loads. Peak inrush currents to 
600 mA permit them to drive incandescent lamps. 

The MC 1411 device is a general-purpose array for use with DTL, 
TTL, PMOS.or CMOS Logic. The MC1412 contains a zener diode, 
and resistor in series with the input to limit input current for use 
with 14 to 25 Volt PMOS Logic. The MC1413 with a 2.7 kit series 
input resistor is well-suited for systems utilizing 5 Volt TTL or 
CMOS Logic. The MC1416 uses a series 10.5 kH resistor and is use
ful in 8-18 Volt MOS systems. 

MAXIMUM RATINGS (T A = 25°C and rating apply to anyone device in the 
package unless othetwise noted.) 

Rating Symbol Value 

Output Voltage Vo 50* 

Input Voltage (Except MC1411) VI ;30 

Collector Current - Continuous Ie 500 

Base Current - Continuous 'B 25 

Operating Amb.ient Temperature Range TA o to +85 

Storage Temperature Range T stg · -55 to +150 

Junction Temperature TJ 150 

Maximum Package Power Dissipation (See Thermal Information Section) 

*Higher voltage selection available. See your local representative . 

. 

DEVICE CROSS·REFERENCE LISTING 

9665 - SN75476 - ULN2001A -order MC1411P or PW 
966.6 - SN75477 - ULN2002A - order MC1412P or PW 
9667 - SN75478 - ULN2003A - order MC1413P or PW 
9668 - - ULN2004A - order MC1416P or PW 

5-68 

Unit 

V 

V 

rnA 

mA 

° C 

° C 

° C 

" 

MC1411 (ULI\J2001A) 

MC1412 (ULN2002A) 

MC1413 (ULN2003A) 

MC1416 (ULN2004A) 

PERIPHERAL 
DRIVER ARRAYS 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 

P OR PW SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN CONNECTIONS 



MC1411, MC1412, IviC1413, MC1416 

ELECTRICAL CHARACTERisTICS rr A = 25°C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Leakage Current ICEX iJ.A 
. *(VO = 50 V, T A = +70oC) All Types - - 100 

*(VO = 50 V, T A = +10oc, VI = 6.0 V) MC1412 - - 500 
*(VO = 50 V, T A = +700 C; VI = 1.0 V) MC1416 - - 500 

Collector-Emitter Saturation Voltage VCE(sat) V 
(IC = 350 rnA, 16 = 500 IlA) f - 1.1 1.6 
(lc = 200 rnA, 16 = 350 /.LA) - 0.95 1.3 
(lc = 100 rnA, 16 = 250 IlA) - 0.85 1.1 

Input Current -"On Condition Il(qn) rnA 
(VI=17V) MC1412 - 0.85 1.3 
(VI = 3.85 V) MC1413 - 0.93 1.35 
(VI = 5.0 V) MC1416 - 0.35 0.5 
(VI = 12V) MC1416 - 1.0 1.45 

Input Voltage - On Condition VI(on) V 
(VCE = 2.0 V, Ie = 300 rnA) MC1412 - - 13 
(VCE = 2.0 V, IC = 200 rnA) MC1413 - - 2.4 
(VCE = 2.0 V, IC = 250 rnA) MC1413 - - 2.7' 
(VCE = 2.0 V, IC = aoo rnA) MCi413 - - 3.0 
(VCE = 2.0 V, IC = 125 mAl MC1416 - - 5.0 
(VCE = 2.0 V, IC = 200 mAl MC1416 - - 6.0 
(VCE = 2.0 V, IC = 275 mAl MC1416 - - 7.0 
(VCE = 2.0 V, Ie = 350 mAl MC1416 - - 8.0 

Input Current - Off Condition Il(off) 50 100 - iJ. A 
(lC = 500 /lA, T A = +700 C) 

DC Current Gain hFE 1000 - - -
(VCE = 2.0 V, IC ~ 350 mAl MC1411 

Input Capacitan,!e CI / 
- ' 15 30 pF 

Turn-On Delay Time ton - 1.0 5_0 IlS 
(50% E I to 50% EO) 

Turn-Off Delay Time toft - 1.0 5.0 iJ.S 
(50% EI to 50% EO) 

Clamp Diode Leakage Current IR - - 50 iJ.A 
(VR = 50 V) 

Clamp Diode Forward Voltage VF - 1.5 2.0 V 
(IF = 350 rnA) 

*Higher voltage selections available, contact your local representative. 

TYPICAL PERFORMANCE'CURVES - T A= 25°C 

FIGURE 1 - OUTPUT CURRENT versus INPUT VOL TAGE FIGURE 2 - OUTPUT CURRENT versus INPUT CURRENT 

40 0 

0 

0 

0 

0 

I ' I I 
MCI4~1 I MC

I
1416 / --

1"- MC1413 ,~ 
/'" MC1412 / 

f----
V II '~ 

II 

I J 

I I 
IJJ J J 

" 1.0 2.0 3.0 4.0 5.0 S.O 9.0 10 
VI. INPUT VOLTAGE (VOLTS) 

11 12 

40 0 

I 
0 I AUIFOUR 

II TYPES 

II 
0 

J 

0 I 
I 

) 
50 100 150 200 250 300 

II, INPUT CURRENT (pA) 
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MC1411, MC1412, MC1413, MC1416 

TYPICAL CHARACTERISTIC CURVES - TA.= 25°C (continued) 

FIGURE 3 - TYPICAL OUTPUT CHARACTERISTICS 
800 

700 

« 600 
~ 

§ 500 

~ 400 
(.) . 
a: 

~ 300 

j 200 
8 
!:? 100 

a 
o 

PIN
1,3-

,11 
1 Output Conducting at a Time PIN10_ V.Jr 

~ ~~INI6 
W 

. A ~ 
L All Four Types 

~~ 
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

VCE(sat). SATURATION VOLTAGE (VOLTS) 

FIGURE 5 - INPUT CHARACTERISTICS - MC1413 

« 
~ 
I-
z 
w 
a: 
a: 
=> 
(.) 

I-

~ 
-

2.5 

2.0 

1.5 

1.0 

0.5 

o 
o 

~~~I;~~ MCMOS
1 

- ~ MAXIMUM V ./ 
@5.0V \ MC','3 / / 
TA = 25°C -

I "'\ \/ / 
/\ \/ ./ 

:~:~~E~MMCMOS /'" \ ~/ ~TYPICAl_ -
@5.0V / ~. MC1413 

TA = 25°C /./ \\ 
/ V \\ 
/ \\ , 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
VI. INPUT VOLTAGE (VOLTS) 

-

2.5 

2.0 

0.5 

o 
o 

FIGURE 4 - INPUT CHARACTERISTICS - MC1412 

./ 
/'" 

MAXIMUM '\. ........... V ... ~ 
).. V ./" "" 

./ 
V ~ 

V ... ~ 'r--TYPICAl 

i-"""' I 

12 14 16 18 20 22 24 
VI. INPUT VOLTAGE (VOLTS) 

FIGURE 6 - INPUT CHARA<,:TERISTICS - MC1416 
2.5 

• 2.0 

o 
o 

......... ~ 
MAXIMUM ~ ---->- ---~ ---~ --~ --- 'TYPICAL 

5.0 6.0 7.0 8.0 9.0 10 11 
VI. INPUT VOLTAGE (VOLTS) 

REPRESENTATIVE CIRC'UIT SCHEMATICS 

1/7 MC1411 

.--'--..... --1--0 Pin 9 

I 

* I 
I L----<~.JV\IVr--... - _.J 

L ____ ~---

/ 
1/7 MC1413 

.--___ -'------t-~ Pin 9 

I 
I 
I 
L---I4--------

1/7 MC1412 

.--...... --1--0 Pin 9 

117 MC1416 

:JO 
+--*--1--0 Pin 9 

I 

I * I I 
I __ ...I 

L----I4--------

26 

12 
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ORDERING INFORMATION 

Device 

MC1440G 
MC1440L 
MC1540G 
MC1540L 

Temperature Range 

O°C to +75°C 
O°C to +75°C 

-55°C to + 125°C 
-55°C to + 125°C 

SENSE AMPLIFIER 

Package 

Metal Can 
Ceramic DIP 

Metal Can 
Ceramic DIP 

· .. consisting of a wideband differential amplifier, a dc restoration 
circuit which also incorporates facilities to externally adjust the 
threshold, and an MDTL output gate which is strobed from saturated 
logic. It is designed to detect bipolar differential signals derived by a 
core memory with cycle times as low as 0.5 f.1s. 

• Differential Threshold Characteristics: 
Adjustable Threshold - 10-25 mV 
Nominal Threshold - 17 mV @ Vadj = 6.0 V 
Input Offset Voltage .~ 1.0 mV typical 
Threshold Drift - -10 f.1V JOC typical 

• Fast Response Ti,me - 20 ns typical 

• Short Recovery Time: 
50 ns max @ Vi ~ 1.8 V Common Mode 
50 ns max @ Vo = 400 mV Differential Mode 

MC1540/MC1440 BLOCK DIAGRAM 

Gnd Threshold Strobe 
Adjust Input 

REPRESENTATIVE CIRCUIT SCHEMATIC 

VEE' Adjust 
(Vadj) 

Strobe Input 

Output 

MC1440 
MC1540 

CORE MEMORY 
SENSE AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 -- . 

I 71-====~ Threshold Adjust 
'-' (Vadj) 

• 
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MC1440, MC1540 

MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltages VCC +10 Vdc 

VEE -10 

Differential Input Voltage Range VIDR ±5.0 Vdc 

Common-Mode Input Voltage Range VICR ±5.0 Vdc 

Output Load Current IL 25 mA 

Power Dissipation (Package Limitation) Po 
Metal Can 680 mW 

Derate above 25°C 4.6 mW/oC 

Flat Package 500 mW 

Derate above 25°C 3.3 mW/oC 

Plastic and Ceramic 0 I P 625 mW 
Derate above 25°C 5.0 ITlW/oC 

Operating Ambient Temperature Range TA 
, MC1540 Ot075 °c 
MC1440 -55 to 125 °c 

Storage Temperature Range Tstg -65 to 150 Uc 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, TA = 25°C, VCC = +6.0 Vdc ±1.0%, VEE = -6.0 Vdc ±1% and 
Cext = 001 JlF) 

Characteristic 

Input Threshold Voltage 
(Vadj = -6.0 V, T A = 25°C) 
(Vadj = -6.0 V, T A = Tlow *) 

(Vadj = -6.0 V, TA = Thigh*) 

Input Offset Voltage 

Input Bias Current 
(TA.= 25°C) 
(T A = Thigh to Tlow) 

Input Offset Current 

Output Voltage- High Logic State 

Output Voltage - Low Logic State 
(lOL = 6.0 mA, VIH(G) = 6.0 V) 
(t A = Thigh) 

Amplifier Voltage Gain 
(Vi = 15 mV peak) 

Svobe Input Current.- Low Logic State 
(VILIS) = 0 V) 

Strobe I nput Current High LogiC State 

(VIH(S) = 5.0 V) 
(VIH(S) = 6.0 V, T A = Thigh) 

Power Consumption 

*Tlow = -55°C for MC1540, OOC for MC1440 
Thigh = 125°C for MC1540, 75°C for MC1440 

Symbol Min 

Vth 
.14 
12 
12 

VIO 

liB 
-
-

110 -
VOH 5.9 

VOL 
-
-

Av -

IILlS) -

IIH(S) 
-
-

Pc -

MC1540 MC1440 

Typ Max Min Typ 

17 20 12 17 
17 24 10 17 
17 22 10 17 

, 1.0 5.0 1.U 

7.5 50 - 7.5 
- 100 - -

2.0 10 - 2.0 

- - 5.8 -

- 350 - -
- 400 - -

85 - - 85 

- 1.2 - -

- 2.0 .:.. -
- 25 - -

120 flID - 120 

SWITCHING CHARACTERISTICS(Unless otherwise noted, VCC = 6.0 V, VEE = .;6.0 V, TA = 25°C, Cext = 0.01 JlF.l 

MC1540 MC1440 

Characteristic Symbol Min Typ Max Min Typ 

Propagation Delay Time from Differential Input to tPLH(A) - 10 15 - 10 
Amplifier Output 

Propagation Delay Time from Differential Inpl-lt to tPHL(A) - 20 30 - 20 
Low Logic State Output 

Propagation Delay Time from Strobe Input to tPHLlS) - 10 15 - 10 

Low Logic State Output 

Differential Mode Recovery Time tR(DM) - 20 50 - 20 

Common-Mode Recovery Time tR(CMI - 20 50 - 20 

5-72 

Max 

24 
30 
30 

C.U 

75 
100 

15 

-

400 
450 

-

1.5 

5.0 
30 

250 

Max 

20 

50 

30 

90 

60 

Unit 

mV 

mV 

JlA 

JlA 

Vdc 

mV 

vtv 

mA 

JlA 

mW 

Unit 

ns 

ns 

ns 

ns 

ns 
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MC1440, MC1540 

FIGURE 1 - THRESHOLD VOLTAGE TEST CIRCUIT 
AND WAVEFORMS 

To Scope 
(Input) 

• Minimum differential 
voltage which causes 
output to swing from 

VOH to VOL level. 

0.011J.F 

VOH~ ,--
output_'--J 

VOL----

FIGURE 3 - TEST CIRCUIT AND WAVEFORMS FOR 
PROPAGATION DELAY TIMES FROM DIFFERENTIAL 

INPUTS TO AMPLlf'IE~ AND GATE OUTPUTS 

Pulse 

To Scope 
(Input) 

To Scope 
0.01 IJ.F (Amplifier 

Output) To Scope 

(Gate Output) 

Gate VOH----d 

Output 
VOL---------'~-----J 

FIGURE 5 - TEST CIRCUIT AND WAVEFORMS FOR 
DIFFERENTIAL MODE RECOVERY TIME 

To Scope 
(Input) 

0.011J.F 

FIGURE 2 - AMPLIFIER VOLTAGE GAIN TEST 
CIRCUIT AND WAVEFORMS 

To Scope 
(Input) 

0.011J.F 

output~ 

FIGURE 4 - TEST CIRCUIT AND WAVEFORMS FOR 
PROPAGATION DELAY TIME FROM STROBE INPUT 

TQOUTPUT 

To Scope 
-6.0 V (Input) 

tTLH';;; 10 ns tTHL';;; 10 ns 

2.0 V---+-~~~=~ 

Input 10% 
o V-....,.·'---200 ns-.J,---

~
tPHL(S) 

VOH 
Output 1.5 V 
VOL--.--

FIGURE 6 - TEST CIRCUIT AND WAVEFORMS FOR 
COMMON-MODE RECOVERY TIME 

To Scope 
(Input! 

-6.0 V 

~~:I"'""'--s..90% 
50% 
10% 

_ 200 ns tTHL .;;; 10 ns 

Output __ tR(CM)--I_r-

J~v 
NOTE: The output shown is representative of that obtained, 

however, the two pulse amplitudes may not be equal 

or even present. I nput Pulse width equals 200 ns, f = 1.0 MHz. 
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ORDERING INFORMATION 

Device 

MC1444F 
MC1444L 
MC1544F 
MC1544L 

Temperature Range 

aOc to +75°C 
aoc to +75°C 

-55°C to + 125°C 
-55°C to +125°C 

Package 

Ceramic Flat 
Ceramic DIP 
Ceramic Flat 
Ceramic DIP 

HIGH-SPEED, LOW THRESHOLD SENSE AMPLIFIERS 

The MCl544 and MC1444 are high-speed quad sense ampl ifiers 
for use with plated wire, thin film or other memory systems requiring 
very low threshold sensitivity and narrow pulse widths. Both devices 
feature internal capacitive coupling to reduce the effects of voltage 
offsets. 

• Threshold Level - 1.5 mV (Typ), 100 ns Rectangular Pulse 

• Decod~d Input Channel Selection 

• Output Strobe Capability 

• DC Level Restore Gate on Internal Capacitors Eliminates Repe· 
tition Rate Limitations 

13 
14 

FIGURE 1 - BLOCK DIAGRAM 

12 VCC 

9 OUTPUT 

4 o--+-+--+~ 

CHANNEL i1 X ,--1---1L--.1..-...I-......., 

SELECT "8 
INPUTS Y L...-'-::'=;;'='::':':"-'---I 6STROBE 

INPUT 

CAPACITOR1 
RESTORE 11 <>----4------' 
INPUT 

Channel Select 
Pin Pin Channel 

71X) SlY) Selected 

H H A 
L H B 
H L C 
L L 0 

L...---------------------*--------o5VEE 

TRUTH TABLES 

H = high level (steady state, VI ;;;'VI'H(min) or VIO >Vth 

L = low level (steady state). V I .eo;; VI L(max) or VIO <Vth 
X = irrelevant (any input, including transitions) 
I= transition from low level to high level 

"lI= low· level output pulse 

Inpu~ 

'Channel C 

MC1444 
MC1544 

AC-COUPLED 
FOUR-CHANNEL 

SENSE AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

{ 

1 

L Suffix 
CASE 620 

{ 

3 
Inputs 

Channel 0 

VEE 

Strobe 
Inputs 

Channel { 7 
Select 
Inpu~ 

F Suffix 
CASE 650 

Inpu~' { , 
,Channel C 

Inpu~ j 3 

Channel 0 1 
VEE' "Vce 

Strobe Input. " Capacitor 
Channel{. ' Restore Input ,. Ground 

~~~: [!.Z1:::=:::!:~::::'~eTI' Output 

InDuts 
Output 

Differential 
Capacitor Input Channel 

Strobe Restore ·Channel A Selects 

L x X x X H 
X H X X X H 
X X X L X H 
X X X X L H 
H L H HI -U-
H L H .r H -U-
.r L H H H -U-

·Channel A used as an example, othl!r channels 
function similarly. S .. channel select table. 



MC1444, MC1544 

MAXIMUM RATINGS (TA = +250 C unless otherwise noted) 

Rating Symbol 

Power Supply VOltages( 1) VCC 
VEE 

Input Common·Mode Voltage Range VICR 

Input Differential·Mode Voltage Range(2) VIDR 

Input Capacitor Restore, Channel Select, ar>d V"CR) 
Strobe Voltage V"CS) 

V"S) 
Power Dissipation (Package Limitation) Po 

Derate above T A = 250 C 

Operating Ambient Temperature Range MCl544 TA 
MCl444 

Storage Temperature Range Tstg 
Operating Junction Temperature TJ 

(1) All voltage values, except differential voltages, are With respect to the network ground termmal. 
(2) Differential input voltages are at A 1 with respect to A2, and similarly B 1 to B2, Cl to C2, and 01 to 02. 

~~t:C~EL X 7 

INPUT 

~~tE~~EL Y 8 . 

INPUT 

13 
Al 

FIGl,IRE 2 - EQl,IlVALENT CIRCUIT SCHEMATIC 

14 15 16 1 2 3 
A2 Bl B1 Cl C2 01 

Value l,Init 

+7.0 Vdc 
-8.0 

+5.0, Vdc 
-6.0 

+5.0, Vdc 
-6.0 

+5.5 Vdc 

1.0 Watt 
6.7 mW/oC 

-55 to +125 °c 
o to +75 

-65 to +150 °c 
+175 vc 

9 OUTPUT 

10 GROUND 

]-----<;>6 STROBE 

CAPACITOR 
RESTORE 11<>-------------------' 
INPUT 

RECOMMENDED OPERATING CONDITIONS 
Characteristic Symbol 

Power Supply Voltages VCC 
VEE 

Input Common· Mode Current IIC 

Input Differential Current 110 

Min Typ Max 

4.75 5.0 5.25 
-5.7 -6.0 -6.30 

- - 200 
- - -10 

- - I 200 
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INPUT 

Unit 

V 

IlA 

IlA 
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MC1444, MC1544 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for 4.75 V.,; VCC"; 5.25 V, -5.7 V .. VEE" -6.3 V, 
TA = 250 C) 

MC1544 MC1444 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Input Threshold Voltage (Figure 4) Vth 0.5 1.0 1.5 0.3 1.0 2.3 mV 

(VCC = 5.0 V, VEE = -6.0 V, TA = Thigh to Tlow) (1) 

Input Bias Current (Selected Channell liB - 20 50 - 20 50 IlA 

Input Offset Current (Sellicted Channel) 110 - 1.0 1Q - 1.0 10 p.A 

Channel Select I nput Current-High logic State, IIH(CS) - - 2.6 - - 2.6 mA 
(VIH(CS) = 3.5 V) 

Channel Select Input Current - low logic State, Ill(CS) - - 1.0 - - 1.0 mA 
(Vll(CS) = 0 V) 

Capacitor Restore Input Current - High logic State, IIH(CR) - - 10 - - 10 IlA 
(VIH(CR) = 3.5 V) 

Capacitor Restore Input Current-low logic State, Ill(CR) - - -3.5 - - -3.5 mA 
(VILlCR) = 0 V) 

Strobe I nput" Current-High logic State, IIH(S) - - 2()O - - 200 !J.A 
(VIH(S) = 3.5 V) 

Strobe I nput Current-low logic State I ILlS) - - 200 - - 200 IlA 
(VILIS) = 0 V) 

Channel Select Input Voltage-low logic State VILlCS) - I - 0.7 - - 0.7 V 

Channel Select Input Voltage-High logic State VIH(CS) 2.1 - - 2.1 - - V 

Capacitor Restore Inpllt Voltage-low logic State VILlCR) - - 0.8 - - 0.8 V 
Capacitor Restore Input Voltage-High logic State VIH(CR) 2.0 - - 2.0 - - V 

Strobe Input VoltaQe-low lOllie State VILIS) - - 0.8 - - 0.8 V 

Strobe Input Voltage-High logic State YIH(S) 2.0 - - 2.0 - - V 

Input Common-Moae Voltage Range VICR+ - 4.7 - - 4.7 - V 

V'CR- - -6.0 - - -6.0 -
Input Differential Voltage Range VIDR - ±.3.7 - - ±.3.7 - V 

O~tput Voltage-low !-ogie State VOL - - 0.5 - - 0.5 V 
(lOl = 10mAl - - 0.4 - - 0.4 

Output Voltage-High logic State VOH 2.4 - - 2.4 - - V 
(lOH = -400!J.Al 

Positive Power Supply Current ICC - - 30 - - 30 rnA 

Negative Power Supply Current lEE - - 30 - - 30 mA 

SWITCHING CHARACTERISTICS ( I un ess Qt erwlse note , A = , ICC = 50V V 'EE = -60V) 

MC1544 MC1444 

Characterist ic Symbol Min Typ Max Min Typ Max Unit 

Propagation qelay Time tPlH(D) - 40 - - 40 - ns 
Differential Inputs to High logic State Output 

Propagation Delay Ti me tpHl(D) 
Differential Input to low logic State Output 

- 1~ 25 - 18 25 ns 

Propagation Delay Time tPlH(S) - 30 - - 30 - ns 
Strobe Input to .High logic State Output 

Propagation Delay Time tPHl(S) - 18 25 - 18 25 ns 
Strobe Input to 'Low logic State Output 

lead Time from Channel Select Input to tl(CS) - 45 - - 45 - ns 
Application of Differential Input Voltage 

Lead Time from Application of a 50 mV Offset tLlCRO) - 15 - - 15 - ns 
Signal to Application of the Capacitor Restore Signal 

Lead Time frorrl'Application of Strobe Input to tl(S) - 10 - - 10 - os 
Application of Differential Input Signal 

Lead Time from Application of Capacitor Restore tl(CR) - 19 - - 10 - ns 
Signal to Application of Differential Input Signal 

Common-Mi>de Recovery Time ns 
(ein1 = +2.0 V) tCMR+ - 50 - - 50 -
(ei~1 = -2.0 V) tCMR- - 50 - - SO -

Differential-Mode Recovery Time ns 
(ein1 = +1.0 V) tDMR+ - 65 - - 65 -
(ein1 = -1.0 V) tDMR- - 65 - - 65 -

(1) Thigh = 1250 C for MC1544, 7SoC for MC1444. 
Tlow = -5SoC for MC1544, OOC for MCl44~. 
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MC1444, MC1544 

FIGURE 3 - THRESHOLD VOLTAGE rEST CIRCUIT 

CHANNEL SELECT 

VCC 

CT 
11 15Pf ,J 

560 

CAPACITOR RESTORE 

STROBE 

CT includes probe, wiring, and load cap~~itance, 

FIGURE 4 - SWITCHING CHARACTERISTICS TEST CIRCUIT 
VEE Vec 

CHANNEL SELECT CAPACITOR RESTORE 

FIGURE 5 - THRESHOLD VOLTAGE TEST 

lin, INPUT 
SIGNAL 

ein2 CHANNel 
SELECT X 

VtOh ---- n 
.-----t-"L-I,.,.OO~n-s ---

3V-~------

o -"~ ____ ....J"'---
I 3,V-~/r----.-in3 CHANNel 

SELECT y 0 \... ____ ...1 

'"4 CAPACITOR . I' 3V~ 
RESTORE 0 ___ _ 

einS STROBE 3:~ 
eoutMTTLl1i VO~~ 

GATE 1.5V-
OI!TPUT VOL --- - - - - - --

NOTE: ein2 and ein3 to be normal or invened (dotted line) 

as necessary to select desired channel, For 

STROBE 

Diodes are IN9lS or equivalent 
CT jncludes probe, wiring, and load capacitance 

eout 

eout 

50 

50 

FIGURe 7 - tPLH(S). tPt'ft(S) 

einl INPuT S mV - - - --r---\ 
SIGNAL 0 ---1 L-

ein2 CH'ANNEl 3 V - -, 

SELECT X 0 ---1 
ein3 CHANNel 3 V'O n_, 

SELECT y ---1 

L 
L 

ein4 CAPACITOR 3 V, I 
RESTORE 0 __ --'---1 

einS STROBE 

eout OUTPUT 

3V--~:,--~ 

~---L--
o I' I 

VOH~: 
l.sv-t --~ 

VOL - --- ---
tPHL(S) ---i--l I--+--tPLH(S) 

lin, - tins ITLH}. . NOTE: ein2 - ein5 ITLH} 
ITHL <;10 ns tTHL .;; 10 ns 
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MC1444, MC1544 

VOH 
VOL 
V'H(S) 

V,LIS) 

Vth 

V'CM+ 

V,CM-

V'H(CR) 

V,L(CR) 

V'H(CS) 

V'L(CS) 

VIO 

IOH 
IOL 

"H(S) 

"L(S) 

tcMR± 

tL(CRO) 

FIGURE 8 - tPLH(CS). tpHL(CS) 

ein'INPUT smv-~----, 

SIGNAL , 
o 

ein2 3V~-------
CHANNEL SO% - - ~ - , 
SELECT X ,0 I 

, I 

ein3 CHANNEL 3 V - - I , 
SHECTY 0-1 : I L 

'in 3V~' 4 CAPACITOR' , I , 
RESTORE I I 

0---- I 

3V~--'-' , ' 
eins STROBE " 

o , , 

V
OH--t-\16Vl / 

eoutOUTPUT ~ ____ -J-=-.lli-
VOL iPHL(CS)~ ~-tPLH(CS) 

NOTE: To test other channel select input. 
rever. ei~2 and ainJ' 

ain, - eins ~ ~~~ " 10 ns 

DEFI NITIONS 

Output Voltage - High Logic State 
Output Voltage - Low Logic State 
The minimum high-level voltage at the strobe input which 
will allow normal operation during the threshold test 
The maxi mum low-level voltage at the strobe input which 
will result in VOH at the output regardless of in
put signals 
The minimum input signal (ein1) required to drive the 
MTTL III gates to obtain the eo waveform shown in 
F~ure 5 • 

The maximum common-mode input voltage that will 
not saturate the amplifier 
The minimum common-mode input voltage that will not 
break down the amplifier 
The minimum high-level voltage at the capacitor restore 
input required to insure that the capacitors are clamped 
i.e •• the input threshold voltage is greater than 10 mV 
The maximum low-level voltage at the capacitor restore 
input which will allow normal operation during the 
thresho Id test 
The minimum high-level voltage at a channel select in
put required to insure that the total of the base currents 
of aU unselected inputs is less than 1.0 p.A 
The maximum low-level voltage at a channel select in
put required to insure that the total of the base currents 
of all unselected inputs is less than 1.0 p.A ' 
The maximum differential-mode input voltage that will 
not saturate the amplifier 
Output Source Current - High Logic State 
Output Sink Current - Low Logic State 
The current into the strobe input when the input is at a 
high-level of 3.5 volts 

The current into the strobe input when the input is at a 
low-level of 0 volts ' 

The minimum time between the 50% level of the trailing 
edgeofa + or - 2 volt common-mode signal (tTLH. tTHL 
:EO; 15 ns) and the 50% level of the leading edge of a 
5 mV input pulse when the capacitor restore and stroqe 
inputs are used ina normal manner as shown in Figure 22 
The minimum time between the 50% level of the leading 
edge of a 50 mV input offset signal and the 50% level of 
the leading· edge of the capacitor restore pulse as shown 
in Figure 9 

. tLlCR) 

tPLH(CS) 

tPHL(CS) 

tOMR± 

tpLH(O) 

tL(S) 

I'H(CS) 

I,H(CR) 

I'L(CS) 

',L(CR) 

" 

FIGURE 9- tL(CRO) 

"in, 5mV 
COMPOSITE ~noscal.e)"5ii%-. 
INPUT 50mV---- I 

SIGNAL 0 50% ; 

e' I I 
'"2 CHANNEL 3 V J- I I " 

SElECT X 0 I : L 
I I 

ein3 CHANNEL 3 Vo J II , ' 
SE",ECTY L 

e 3 V --I I- tL(CS,O) 
in4CAPACITOR ~ 50%-- I 

RESTORE 0------ : 

e' 3Von, ': ' '"S_STROBE -1 L 

VOH ' 

eoutOUTPUT VOL _____ ~S_V_-:J} ( 

, tPHL --I f--

NOTE: ain,-eind~~~"'0ns 

The minimum time between the 50",1, level of the leading 
edge of the capacitor restore signal and the 50% level of 
the leading. edge of a 5 mV input signal as shown in 
Figure 6 
The minimum time between the 50% level of the leading 
edge of the channel select and the 50% level of the 
leading edge of a 5 mV input signal as shown in Figure 6 
The delay time from the 50% level of the trailing edge of 
the channel select signal to the 1.5 volt level of the 
positive edge of the output when the input to the selected 
channel is held at the "1" level as shown in Figure 8 
The delay time from the 50"'{' level of the leading edge of 
the channel select signal to the 1.5 volt level of the 
negative edge of the output when the input to the select
ed channel is held at the "1" level as shown in Figure 8 

The minimym time between the 56% level of the trailing 
edge of a + or - 1 volt differential-mode signal ItTLH. 
tTH L :EO; 15 ns) and the 50% level of the leading edge of 
a 5 mV input pulse when the capacitor restore and strobe 
inputs are used in a normal manner as shown in Figure 23 
The delay time from the 50% level of the trailing edge 
of a 5 mV input signal to the 1.5 volt level of the posi
tive edge of the output as shown in Figure 6 
The delay time from the 50%. level of the leading edge 
of a 5 mV input signal to the 1,5 volt level of the nega
tive edge of the output as shown in Figure 6 
The minimum time between the 50% level of the leading 
edge of the strobe and the 50% level of the leading edge 
of the input signal as shown in Figure 6 
The delay timefrom the 50",1, level of the trailing edge 
of the strobe to the 1.5 volt level of the positive edge of 
the output when the input is held at the High Logic Level 
as shown in Figure 7 
The delay time from the 50% level of the leading edge 
of the strobe to the 1.5 volt ievel of the negative edge of 
the output when the input is held at the High Logic 
Level as shown in Figure 7 
Toe current into the channel select input when the input 
is at a high-level of 3.5 volts 
The current out of the ,capacitor .restore input when the 
input is at a low-level. of 0 volts 
The input current to a channel select input when that 
input is at a high-level of 3.5 volts 
The current into a channel select input when the input 
is at a low-level of 0 volts 

@ MOTC)ROLA Se,.,;conduc.or Produc.s Inc. 
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TYPICAL CHARACTE,RISTICS 
IT A = +2SoC unless otherwise noted) 

FIGURE 10 - THRESHOLD VOLTAGE versus TEMPERATURE 
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FIGURE 12 - THRESHOLD versus INPUT OFFSET VOLTAGE 
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FIGURE 14 - OUTPUT VOLTAGE 
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FIGURE 11 - THRESHOLD VOLTAGE versus POWER SUPPLIES 
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FIGURE 13 - THRESHOLD VOL TAGE versus PULSE WIDTH 
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FIGURE 15 - SENSE AMPLIFIER RESPONSE 
versus TEMPERATURE (See Figure 3 and 6) 
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MC1444, MC1544 

TYPICAL CHARACTERISTICS (continued) 

FIGURE 16 - INPUT IMPEDANCE versus FREQUENCY 
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FIGURE 18 - AMPLIFIER INPUT TO 
OUTPUT TRANSFER CHARACTERISTIC 
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FIGURE 20 - CHANNEL SELECT X to 
OUTPUT TRANSFER CHARACTERISTICS 
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FIGURE 17 - CAPACITOR RESTORE 
TIME versus INPUT OFFSET VOL TAGE 
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FIGURE 19 - STROBE TO 
OUTPUT TRANSFER CHARACTERISTICS 
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FIGURE 21 - CHANNEL SELECT Y to 
OUTPUT TRANSFER CHARACTERISTICS 
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MC1444, MC1544 

FIGURE 22 - COMMON-MODE CHARACTERISTICS 

Note: The 5mV Input Signal (Differential) is superimposed on the 
Common-Mode I nput and is shown separately for reference only. 

r---~ 

~ COMMON-MODE INPUT 2 V/DIV 

SIGNA INPUT 10 mV/DIV 

FIGURE 23 - DIF-FERENTIAL-MODE CHARACTERISTICS 

Note: The 5mV Input Signal is superimposed on the Differential 
I nput and is shown separately for reference only. 
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P~oduct Previevv 

DUAL PERIPHERAL-HIGH-VOL TAGE 
POSITIVE "NAND" DRIVER* 

The dual driver consists of a pair of PNP-buffered Schottky AND 
gates connected to the bases of a pair of high-voltage NPN transistors. 
They are similar to the MC75452 drivers but with the, added advan
tages of: 1) 70 Volt capability 2) output suppression diodes and 
3) PNP buffered inputs for MOS compatibility. These features make 

.the MC1472 ideal for mating MOS logic or microprocessors to 
lamps, relays, printer hammers and incandescent displays . 

• 300 mA Output Capability (each transistor) 

• 70 Vdc Breakdown Voltage 

• Internal Output Clamp Diode 

• Low Input Loading for MOS Compatibility (PNP buffered) 

CROSS REFERENCE 
UDN·5712 - SN75475 - MC1472 

IYIAXIMUM RATINGS (T A'" 250 C, Note 11. 

Rating Value 

Supply Voltage 7.0 

Input Voltage 5.5 

Output Voltage 80 

Clamp Voltage 80 

Output Current (COMinuous) 300 

Operating Junction Temperature 
Ceramic Package +175 
Plastic Package +150 

Storage Temperature Range -65 to +150 

Unit 

Volts 

Volts 

Volts 

Volts 

mA 

°c 

°c 

Note 1: "Maximum Ratings" are those values beyond which the safety of the device 
cannot be guaranteed. They are not meant to imply that the device should 
be operated at these limits. The "Table of Electrical Characteristics" pro
vides conditions for actual device operation. 

RECOMMENDED OPERATING CONDITIONS 

Rating Symbol Min Max Unit 

Supply Voltage VCC 4.5 5.5 Volts 

Operating Ambient Temperature TA, 0 70 °c 

Output Voltage Vo VCC 70 Volts 

Clamp Voltage Vc Vo 70 Volts 

This is advance information and specifications are subject-to change without notice. 
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MC1472 

j;>UAL PERIPHERAL 
POSrrlVE "NAND" DRIVER 

IVIONOLITHIC SILICON 
INTEGRATED CIRCUITS 

U ~UFFIX P1 SUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 693 CASE 626 

A B 

L I-

L H 

H L 

H H 

POSitive Logic: Y=AB' 

TRUTH TABLE 

Y 

H ("OFF" STATE) 

H ("OFF" STATE) 

H ("OFF" STATE) 

L ("ON" STATE) 

H = Logic One 
L = Logic Zero 

ORDERING INFORMATION 

Device Alternate Temperature , Package Range 
MC1472U - o to +700 .C Ceramic DIP 
MC1472P1 - o to +700 C Plastic DIP 



MC1472 

ELECTRICAL CHARACTERISTICS Unless otherwise noted minImax limits apply aeeross the OoC to 70°C temperature range with 
4.5 V ± VCC ± 5.5 V. All typical values are for T A= 25°C, VCC = 5 Volts. 

Characteristic Symbol Min Typ Max Unit 

Input Voltage - High Logic State V,H 2.0 - 5.5 Vdc 

Input Voltage - Low Logic State V,L 0 - 0.8 Vdc 

Input Current - Low Logic State 
, 

(V,L = O.4V) 
A Input "L - - -0.3 mA 
B Input -0.15 

Input Current - High Logic State 
(V,H = 2.4V) 

A input I'H - - 40 
B Input - - 20 

(V,H = 5.5V) lolA 
A Input - - 200 
B Input - - 100 

Input Clamp Voltage 
O,C =-12mA) V'C - - ~ -1.5 V. 

Output Leakage Current -,- High Logic State 
(VO = 70V, See test Figure) IOH - - 100 lolA 

Output Voltage - Low Logic State 
(JOL = 100 rnA) VOL - - 0.4 V 
(JOL =300 rnA) - - 0.7 

Output Clamp Diode Leakage Current 
(V C = 70V. See test Figure) IOC - - 100 lolA 

Output Clamp ForWard Voltage 
(JFC = 300 mA See test Figure) VFC - - 1.7 V 

Power Supply Current 
(All Inputs at V,H) ICC - - 15 mA 
(All Inputs at V,L) - - 70 

NOTE: All currents into device pins are sho)IVn as positive, out of device pins as negative. All voltages referenced to ground unless otherwise 
noted: 

SWITCHING CHARACTERISTICS VCC = S.OV, T A = 250 C 

Characteristic Symbol Min Typ Max Unit 

Propagation D'elay Time 
Output High to Low tpHL - - 1.0 lois 
Output Low to High tPLH - - 0.75 

Output Transition Time 
Output High to Low' tTHL - - 0.1 loiS 
Output Low to High tTLH - - 0.1 

® MOTOROLA Se,"lconductor Products Inc. 
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TEST CIRCUITS 

B ~ 
8 Vee 

VIH&VIL [ 
Per Truth Table 2 

VOH 3 6 3 

4 

Jpe 

EJ 8 
V'H [ 

8 Vee Vee 
2 

3 6 

4 5 

-=- -=- -=- -=-

SWITCHING TEST CIRCUIT AND WAVEFORM 

Pulse 

Generator 

To 

+5() V To Scope 

(Output) 

100 

I ncludes Probe 

and Stray I 
30pF 

3.0 V ,.-~-------..... 

,NPUT ~ \;v 
OV L 
VbH =J 

OUTPUT 

~HJ 
.50% 
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ORDERING INFORMATION' 

Device Temperature Range Package 

MC1488L O°C to + 75°C Ceramic DIP 

QUAD LINE DRIVER 

The MC1488 is a monolithic quad line driver designed to inter
face data terminal equipment with data communications equipment 
in conformance with the specifications of E IA Standard No. RS-232C. 

Features: 

• Current ,Limited Output 
±10 mA typ 

• Power-Off Source Impedance 
300,Ohms min 

• Simple Slew Rate Control with External Capacitor 

• Flexible Operating Supply Range 

• Compatible with All Motorola MDTl and MTTl logic Families 

LINE DRIVER 
MCI488 

J--" "'-... 
--i "l.. __ / 

TYPICAL APPLICATION 

INTERCONNECTING LINE RECEIVER 
CABLE MC1489 

~ INTERCONNECTING I 
MDTL LOGIC INPUT --~ CABLE ~MDTL LOGIC OUTPUT 

CIRCUIT SCHEMATIC 
(1/4 OF CIRCUIT SHOWN) 

'MC1488 

QUAD'MDTL LINE DRIVER 
RS-232C 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L Suffix 
CERAMIC PACKAGE 

CASE 632 
TO-116 

PIN CONNECTIONS 

VCCI4o-----------~~--------__ ----~------~--------__, 

PINS 4, 9,12 OR 2 
INPUT 

INPUT 
PINS 5,10,13 

GND7~ 

10k 

8.2k 

70 

3.6k 

7k 70 

VEE 1 o-__ ----------~------4_------------~--------~--~--~ 

5-85 
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OUTPUT 
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MC1488 

MAXIMUM RATI NGS (T A = +250 e unless otherwise noted.I 

Rating Symbol Value Unit 

Power Supply Voltage Vee +15 Vdc 
VEE -15 

I nput Voltage Range VIR -15';;;V,R.;;;7.0 Vdc 

Output Signal Voltage Vo ±15 Vdc 

Power Derating (Package Limitation, Ceramicand Plastic Dual-In-Line Package I PD 1000 mW 
Derate above T A = +250 e l/ROJA 6.7 mW/oe 

Operating Ambient Temperature Range TA o to +75 °e 

Storage Temperature Range Tstg -65 to +175 °e 

ELECTRICAL CHARACTERISTICS (Vee = +9.0 ± 1% Vdc, VEE = -9.0 ± 1% Vdc, TA = 0 to +750 e unless otherwise noted.l 

Characteristic Figure Symbol Min Typ Max Unit 

Input Current - Low Logic State (VIL = 01 1 IlL - 1.0 1.6 mA 

Input eurrent - High Logic State (VIH = 5.0 VI 1 'IH - - 10 IJA 
Output Voltage - High Logic State 2 VOH Vdc 

(V, L = 0.8 Vdc, R L = 3.0 k.n, Vee = +9.0 Vdc, VEE = -9.0 Vdcl +6.0 +7.0 ~ 

• 
(VIL = 0.8 Vdc, RL = 3.0 kn, VCC = +13.2 Vdc, VEE = -13.2 Vdcl +9.0 +10.5 -

I Output Voltage - Low Logic State 2 VOL Vdc 
NIH = 1.9 Vdc, RL = 3.0 kn, VCC = +9.0 Vdc, VEE = -9.0 Vdc) -6.0 -7.0 -

(VIH = 1.9 Vdc, RL = 3.0 kn, VCC = +13.2 Vdc,. VEE = -13.2 Vdc) -9.0 -10.5 -

Positive Output Short-Circu it Current (1) 3 10S+ +6.0 +10 +12 mA 

Negative Output Short-Circuit Current (1) 3 105- -6.0 ·-10 -12 mA 

Outp.ut Resistance (Vce = VEE = 0, I Vo 1= ±2.0 V) 4 ro 300 - - Ohms 

Positive Supply Current (R I = 00) 5 ICC mA 
(VIH = 1.9 Vdc, VCC = +9.0 Vdc) - +15 +20 
(VIl. = 0.8 Vdc, VCC = +9.0 Vdc) - +4.5 +6.0 
(VIH = 1.9 Vdc, VCC = +12 Vdc) - -+19 +25 
(VIL = 0.8 Vdc, VCC = +12 Vdc) - +5.5 -+7.0 
(VIH =1.9 Vdc, VCC = +15 Vdc) - - +34 
(VIL = 0.8Vdc, Vce = +15 Vdc) - - +12 

Negative Supply Current (R L = col 5 lEE 
(VIH = 1.9 Vdc, VeE = -9.0 Vdc) - -13 -17 mA 
(VI L = 0.8 Vdc, VEE = -9.0 Vdc) - - -15 IJA 

(VIH = 1.9 Vdc, VEE = -12Vdcl - -18 -23 mA 

(VIL = 0.8 Vdc, VEE = -12 Vdc) . - - -15 IJA 

(VIH = 1.9 Vdc, VEE = -15 Vdc) - - -34 mA 

(VIL = 0.8 Vdc, VEE = -15 Vdc) - - -2.5 , mA 

Power Consumption Pc mW 
(Vce = 9.0 Vdc,VEE = -9.0 Vdcl - - 333 
(Vee = 12 Vdc, VEE = -12 Vdc) - - 576 

SWITCHING CHARACTERISTICS (Vec = +90 + 1% Vdc VEE = -90 + 1% Vdc T A = +250 e.) - -
Propagation Delay Time (ZI = 3.0 k and 15 pF) 6 tpLH - 275 350 ns 

Fall Time (zi = 3.0 k and 15 pF) 6 tTHL - 45 75 ns 

Propagation Delay Time (ZI = 3.0 k and 15 pFI 6 tpHL - 110 175 ns 

Rise Time (ZI = 3.0 k and 15 DFI 6 tTl ~ - 55 100 ns 

(1 I Maximum Package Power Dissipation may be exceeded if all outputs are shorted simultaneously. 
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CHARACTERISTIC DEFINITIONS 

FIGURE 1 - INPUT CURRENT 
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FIGURE 3 - OUTPUT SHORT-CIRCUIT CURRENT 
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FIGURE 2 - OUTPUT VOLTAGE 
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TYPICAL CHARACTERISTICS 
(T A = +250 C unless otherwise noted.) 

FIGURE 7 - TRANSFER CHARACTERISTICS 
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APPLICATIONS INFORMATION 

T!le Electronic Industries Association (EIA) has released the 
RS232C specification detailing the requirements for the interface 
between data processing equipment and data communications 
equipment. This standard specifies not only the number and type 
of interface leads, but also the voltage levels to be used. The 
MC1488 quad driver and its companion circuit, the MC1489 
quad receiver, provide a complete interface system between DTL 
or TTL logic levels and the RS232C defined levels. The RS232C 
requirements as applied to drivers are discussed herein. 

The required driver voltages are defined as between 5 and 15-
volts in magnitude and are positive for a logic "0" and negative for 
a logic "1". These voltages are so defined when the drivers are 
terminated with a 3000 to 7000-ohm resistor. The MC1488 meets 
tnis voltage requirement by converting a DTL/TTL logic level into 
RS232C levels with one stage of inversion. 

The RS232C specification further requires that during transi
tions, the driver output slew rate must not exceed 30 volts per 
microsecond. The inherent slew rate of the MC1488 is much too 

~ 
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0 
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<I: 
cc 

~ 
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FIGURE 12 - SLEW RATE versus CAPACITANCE 

FOR ISC = 10 rnA 
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10 
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~r 

tmn 
100 1000 

C, CAPACITANCE (pF) 

10.000 

fast for this requirement. The current limited output of the device 
can be used to control this slew rate by connecting a capacitor to 
each driver output. The required capacitor can be easily determined 
by using the relationship C = lOS x ~ T I ~ V from which Figure 12 is 
derived. Accordingly, a 330-pF capacitor on each output will 
guarantee a worst case slew rate of 30 volts per microsecond. 

The interface driver is also required to withstand' an accidental 
short to any other conductor inan interconnecting cable. The worst 
possible signal on any conductor would be another driver using a 
plus or minus 15-volt, 500-mA source. The MC1488 is designed to 
indefinitely withstand such a short to all four outputs in a package 
as long as the power-supply voltages are greater than 9.0 volts (i.e., 
VCC;;;'9.O V; VEE<;-9.0 V). In some power-supply designs, a loss 
of system power causes a low impedance on the power-supply out
puts. When this occurs, a low impedance to ground would exist at 
the power inputs to the MC1488 effectively shorting the 300-ohm 
output resistors to ground. If all four outputs were then shorted 
to plus or minus 15 volts, the power dissipation in these resistors 

FIGURE 13 - POWER-SUPPLY PROTECTION 
TO MEET POWER-OFF FAULT CONDITIONS 

... ---*---.--------- -- - - - - - -~ ----
Vee 14 ~14 
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would be excessive. Therefore, if the system is designed to permit 
low impedances to ground at the power-supplies of the drivers, a 
diode should be placed in each power-supply lead to prevent over
heating in this fault condition. These two diodes, as shown in 
Figure 13, could be used to decouple all the driver packages in a 
system. (These same diodes will allow the MC1488 to withstand 
momentary shorts to the ±25-volt limits specified in the earlier 
Standard RS232B.) The addition of the diodes also permits the 
MC1488to withstand faults with power-supplies of less than the 
9.0 volts stated above. 

The maximum short-circuit current allowable under fault con
ditions is more than guaranteed by the previously mentioned 
10 mA output current limiting. 

Other Applications 

The MC1488 isan extremely versatile line driver with a myriad 
of possible applications. Several features of the drivers enhance 
this versatility: 

1. Output Current Limiting - this enables the circuit designer 
to define the output voltage levels independent of power-supplies 
and can be accomplished by diode clamping of the output pins. 
Figure 14 shows the MC1488 used as a DTL to MaS translator 
where the high-level voltage output is clamped one diode above 
ground. The resistor divider shown is used to reduce the output 
voltage below the 300 mV above ground MOS Input level limit. 

2. Power-Supply Range - as can be seen from the schematic 
drawing of the drivers, the positive and negative driving elements 
of the device are essentially independent and do not require match
ing power-supplies. In fact, the positive supply can vary from a 
minimum seven volts (required for dr.iving the negative pulldown 
section) to the maximum specified i 5 volts. The negative supply 
can vary from approximately -2.5 volts to the minimum specified 
-15 volts. The MC1488 will drive the output to within 2 volts of 
the positive or negative supplies as long as the current output limits 
are not exceeded. The combination of the current-limiting and 
supply-voltage features allow a wide combination of possible out
puts within the same quad package. Thus if only a portion of the 
four drivers are used for driving RS232C lines, the remainder could 
be used for DTL to MaS or even DTL to DTL'translation. Figure 15 
shows one such combination. 
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FIGURE 14 - MDTL/MTTL-TO-MOSTRANSLATOR 
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FIGURE 15 - LOGIC TRANSLATOR APPLICATIONS 
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ORDERING INFORMATION 

Device 

MC1489L 
MC1489AL 

Temperature Range 

ooc to +75°C 
O°C to +75°C 

Package 

Ceramic DIP 
Ceramic DIP 

QUAD LINE RECEIVERS 

The MC1489 monolithic quad line receivers are designed to inter
face data terminal equipment with data communications equipment 
in conformance with the specifications of EIA Standard No. RS-232C. 

• I nput Resistance - 3.0 kto 7.0 kilohms 

• Input Signal Range - ±30 Volts 

• I nput Threshold Hysteresis Built In 

• Response Control 
a) Logic Threshold Shifting 
b) Input Noise Filtering 

TYPICAL APPLICATION 

LINE DRIVER 

MC1488 

S--, 
-l ""1.. __ / 

I 

LINE RECEIVER 
MC1489 

I . INTERCONNECTING I 
MoTL lOGIC INPUT ~ CABLE -\-.-- MOTl lOGIC OUTPUT 

I I 

MC1489L 
MC1489AL 

QUAD MDTL 
LINE RECEIVERS 

RS-232C 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

Input A 1 

Response 
Control A 

Response 
Control B 

Ground 7 

12 Response 
Control 0 

9 Response 
Control C 

~ LSU'FlX ~~~I\l~ ij CERAMIC PACKAGE 

CASE 632 
TO-116 

CIRCUIT SCHEMATIC (1/40F CIRCUIT SHOWN) 

14 
VCC 

9k 5 k 1.6 k 

RF ,.. -RESPONSE CONTROL 2 3 OUTPUT 

3.55 k 
INPUT 1 

,.. 

\ 

~~ 10k 

I MC14 89A I 
n I -2k 

7 GROUND 
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MC1489L,MC1489AL 

MAXIMUM RATINGS (T A = +250 C unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltage VCC 10 Vdc 

Input Voltage Range VIR ±3O Vdc 

Output Load Current IL 20 mA 

I'ower Dissipation (Package Limitation, Ceramic and Plastic Dual In-Line 
Package) Po 1000 mW 

Derate above TA = +250 C lteJA 6.7 mW/oC 

Operating Ambient Temperature Range TA o to +75 vc 

Storage Temperature Range T stg -65 to +175 vc 

ELECTRICAL CHARACTERISTICS (Response control pin is open.! (VCC = +5.0 Vdc ±1%, TA = 0 to +750 C unless otherwise noted) 

• Characteristics Figure Symbol Min Typ Max Unit 

Positive I nput Current (VIH - +25 Vdc) 1 IIH 3.6 - 8.3 mA 
(VIH = +3.0 Vdc) 0.43 -

Negative Input Current (VIL = -25 Vdc) 1 IlL .,.3.6 - -8.3 mA 
(VIL = -3.0 Vdc) -0.43 - -

Input Turn·On Threshold Voltage 2 VIHL Vdc 
(T A = +250 C, VOL ~ 0.45 VI MC1489 1.0 - 1.5 

MC1489A 1.75 1.95 2.25 

Input Turn·Off Threshold Voltage 2 VILH Vdc 
(T A = +250 C, VOH ~ 2.5 V, I L = -0.5 mAl MC1489 0.75 - 1.25 

MC1489A 0.75 0.8 1.25 

Output Voltage High (VIH = 0.75 V, IL': -0.5 mAl 2 VOH 2.6 4.0 5.0 Vdc 
(Input Open Circuit, IL = -0.5 mAl 2.6 4.0 5.0 

Output Voltage Low (VIL - 3.0 V,IL - 10 mAl 2 VOL - 0.2 0.45 Vdc 

Output Short-Circllit Current 3 lOS - 3.0 - mA 

Power Supply Current (VIH= +5.0 Vdc) 4 ICC - 20 26 mA 

Power Consumption (VIH= +5.0 Vdc) 4 Pc - 100 130 mW 

SWITCHI NG CHARACTERISTICS (VCC = 5.0 Vdc ± 1%, T A = +250 C) 

Propagation Delay Time (RL = 3.9 k.!1) 5 tPLH - 25 85 ns 

Rise Time (RL = 3.9 k.!11 5 tTLH - 120 175 ns 

Propagation Delay Time (RL-390.!1) 5 tpHL - 25 50 ns 

Fall Time (RL - 390.!1) 5 tTHL - 10 20 ns 
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TEST CIRCUITS 

FIGURE 1 - INPUT CURRENT 
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FIGURE 3 - OUTPUT SHORT-CIRCUIT CURRENT 
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MC1489L, MC1489AL. 

TYPICAL CHARACTERISTICS 
(Vcc = 5.0 Vdc, T A = +250 C unless otherwise noted) 
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MC1489L, MC1489AL 

APPLICATIONS INFORMATION 

General Information 

The Electronic Industries Association (E IA) has released the RS-232C 
specification detailing the requirements for the interface between 
data processing equipment and data communications equipment. 
This standard specifies not only the number and type of interface 
leads, but alsd the voltage levels to be used. The MC1488 quad 
driver and its companion circuit, the MC1489 quad receive'r, 
provide a complete interface system between DTL or TTL logic 
levers and the RS-232C defined levels. The RS-232C requirements' 
as applied to receivers are discussed herein. 

The required input impedance is defined as between 3000 ohms 
and 7000 ohms for input voltages between 3.0 and 25 volts in 
magnitude; and any voltage on the receiver input in an open <;ircuit 
condition must be less than 2.0 volts in magnitude. The MC1489 
circuits meet these requirements with a maximum open circuit volt
age of one VBE (Ref. Sect. 2.4). 

The receiver shall detect a voltage between -3.0 and -25 volts 
as a logic "1" and inputs between +3.0 and +25 volts as a logic "0" 
(Ref. Sect. 2.31. On some interchange leads, an open circuit or 
power "OFF" condition (300 ohms or more to ground) shall be 
decoded as an "OFF" condition or logic "1" (Ref. Sect. 2.51. For 
this reason, the input hysteresis thresholds of the MC1489 circuits 
are all above ground. Thus an open or grounded input will cause 
the same output as a negative or logic "1" input. 

Device Characteristics . 
The MC1489 interface receivers have internal feedback from the 
second stage to the input stage providing input hysteresis for noise 

FIGURE 12 - TURN-ON THRESHOLO versus CAPACITANCE 
FROM RESPONSE CONTROL PIN TO GND 

!"N, INPUT PULSE WIDTH (ns) 

rejection. The MC 1489 input has typical turn-on voltage of 1.25 
volts and turn-off of 1.0 volt for a typical hysteresis of 250 mV. 
The MC1489A has typical turn-on of 1.95 volts and turn-off of 
0.8 volt for typically 1.15 volts of hysteresis. . 

Each receiver section has an external response control node in 
addition to the input and output pins, thereby allowing the design
er to vary the input threshold' voltage levels. A resistor can be 
connected between this node and an ex terrial power-supply.' F ig
ures 6, 8 and 9 illustrate the input threshold voltage shift possible 
through this technigue. 

This response node can also be used for the filtering of high
frequency, high-energy noise pulses. Figures 12 and 13 show 
typical noise-pulse rejection for external capacitors of various sizes. 

These two operations on the response node can be combined 
or used individually for many combinations of interfacing appli
cations. The MC1489 circuits are particularly useful for interfacing 
between MOS circuits and MOTLlMTTL logic systems. In this 
application, the input threshold voltages are adjusted (with the 
appropriate supply and resistor valuesl to fall in the center of the 
MOS voltage logic levels. (See Figure 14) 

The response node may also be used as the receiver input as 
long as the designer realizes that he may not drive this node with 
a low iinpedance source to a voltage greater than one diode above • 
ground or less than one diode below ground. This feature is 
demonstrated in Figure 15 where two receivers are slaved to the 
same line that must still meet the RS-232C impedance requirement. -
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FIGURE 13 - TURN-ON THRESHOLD versus CAPACITANCE 
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MC1489L, MC1489AL 

APPLICATIONS INFORMATION (continued) 

FIGURE 14 - TYPICAL TRANSLATOR APPLICATION -
MOS TO DTL OR TTL 
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FIGURE 15 - TYPICAL PARALLELING OF TWO MC1489,A RECEIVERS TO MEET RS-232C 
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Product Previe-vv 

QUAD OPEN-COLI-ECTOR BUS TRANSCEIVERS 

These quad transceivers are designed to mate Schottky TTL or 
NMOS logic to a low impedance bus. The Enable and Driver inputs 
are PNP buffered to ensure low input loading. The Driver'(Bus) out
put is open'collector and can sink up to 100 mA at 0.8 V, thus the 
bus can drive impedances as low as 100 n. The receiver output is 
active pull-up and can drive ten Schottky TTL loads. 

An active-low Enable controls all four drivers allowing the outputs 
of different device drivers to be connecte'd together for party-line 
operation. The line can be terminated at both ends and still give 
considerable noise margin at the receiver: Typical receiver threshold 
is 2.0 V. 

Advanced Schottky processing is utilized to assure fast propaga
tion delay times. Two ground pins are provided to improve ground 
current handling and allow close decoupling between VCC and 
ground at the package. Both, ground pins should be tied to the 
ground bus external to the package. 

• Driver Can Sink 100 mA at 0.8 V (Max) 

• PNP Inputs for Low-Logic Loading 

• Typical Driver Delay = 10 ns 

• Typical Receiver Delay = 10 ns 

• Schottky Processing for High Speed 

• Inverting Driver - XC26S10 
Non-Inverting - XC26S11 

TYPICAL APPLICATION 

Enable 0-----, 
5.0 V 

100 100 100 100 

Driver 
Inputs 

Receiver 
Outputs 

Driver 
Inputs 

Receiver 
Outputs 

XC25S10/ 
11 

XC25S10/ 
11 

Enable 0----,-...1 

,-----'----, 

100 100 100 100 

5.0 V 

XC26S10/ 
11 

XC25S10/ 
11 

Driver 
Inputs 

Receiver 
Outputs 

Driver 
Inputs 

Receiver 
'Outputs 

This is adva'nce information and specifications are subject to change without notice. 
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XC26S10 
XC26S11 

QUAD OPEN-COLLECTOR 
BUS TRANSCEIVERS 

SCHOTTKY 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN CONNECTIONS 

Gnd 1 

Receiver 
Output A 

Driver 
Input A 

Qriver 
Input B 

Receiver 
Output B 

'Inverter on XC26S11 only. 

TRUTH TABLE 

Driver Bus 

16 VCC 

Enable E 

Driver 
Input D 

Receiver 
Output D 

Receiver 
Enable Input 26S10 26S11 Output 

L 

L 

H 

L H 

H L 

X Y 

L. = Low Logic State 
H High Logic State 

Irrelevant 

L 

H 

Y 

x 
y Assumes condition controlled 

by other elements on the bus 

L 

H 

Y 

• 



XC26S10, XC26S11 

MAXIMUM RATINGS (T A = 250C unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to +7 .. 0 Vdc 

Input Voltage VI -0.5 to +5.5 Vdc 

Input Current II -3.0 to +5.0 mA 

Output Voltage - High I mpedance State Vo (Hi·z) -0.5 to VCC V 

Output ,Current-Bus 10(B) 200 mA 

Output Current-Receiver 10(R) 30 mA 

Operating Ambient Temperature TA o to +70 °c 
Storage Temperature Tst9 -65 to +150 °c 
Junction Temperature TJ uc 

Ceramic Package 175 
Plastic Package 150 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted VCC = 4.75 to 5.25 V and TA = 0 to +700C. 
Typical values measured at VCC = 5 0 V and T A = 250C ) 

Characteristic Symbol Min Typ Max Unit 

I nput Voltage - low logic State Vil - - 0.8 V 
(Driver and Enable Inputs) 

Input Voltage - High Logic State VIH 2.0 - - V 
(D river and Enable Inputs) 

• 
Input Clamp Voltage VIC - - -1.2 V -

(Driver and Enable Inputs) 

\ (lIC = -18 mAl 

Input Current - Low Logic State III mA 

(VIL = 0.4 V) 
(Enable Input) - - -0.36 
(Driver Inputs) - - -0.54 

Input Current - High logic State (VIH = 2.7 V) IIH J.lA 
(E nable Input) - - 20 
(Driver Inputs) - - 30 

Input Current - Maximum Voltage IIHl - - 100 J.lA 

(VIHl = 5.5 V) 
(Enable or Driver Inputs) 

Driver Output Voltage - Low logic State VOl(D) V 
HOl = 40mA) - 0.33 0.5 
(lOl = 70 mAl - 0.42 0.7 
(IOL = 100 rnA) - 0.51 0.8 

Driver (Bus) Leakage Current 10(D) J.lA 
(VOH =.4.5 V) - - 100 
(VOL = 0.8 V) - - -50 

Driver (Bus) Leakage Current 101(D) - - 100 J.lA 
(VCC = OV, VOH = 4.5 V) 

Receiver Input High Threshold VTH(R) 2.25 2.0 - V 
(VIHCE) = 2.4 VI 

Receiver Input low Threshold VTL(R) - 2.0 1.75 V 
(VIH{E) = 2.4 VI 

Receiver Output Voltage - Low logic State VOl(R) - - 0.5 V 
(lOL = 20mA) 

, 
Receiver Output Voltage - High Logic State VOH(R) 2.7 3.4 - V 

(lOH=-1.0rnA) 

Receiver Output Short·Circuit Current 10S(R) -18 - -60 mA 

Power Supply Current - Output low State ICC rnA 
(VILfE) = 0 V) XC26S10 - 45 70 

XC26S11 - - 80 

® MOTOROLA Sern;conduc'for Produc'fs Inc. 
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XC26S10, XC26S11 

SWITCHING CHARACTERISTICS (Vee = 50 V TA = 250 e unless otherwise noted) 

Characteristic 

Propagation Delay Time 
Driver Input to Output 

Propagation Delay Time 
~ I nput to Output 

Propagation Delay Time 
Bus to Receiver Output 

Rise and Fall Time of Driver Output 

3.0 V 

Driver 
Input 

Driver 
Output 

VOL----...;;.;~ 

XC26S10 

Symbol Min Typ Max Min 

tPLH(D) - - 15 -
tpHL(D) - - 15 -

tpLH(E) - - 18 -
tPHL(E) - - 18 -

tPLH(R) - - 15 -
tPHL(R) - - 15 -
tyLH(D) 4.0 - - 4.0 
tyHL(D) 2.0 - - 2.0 

SWITCHING WAVEFORMS AND CIRCUITS 

To 'Scope 
(Input) 

Driver 

XC26S11 

Typ 

-
-

-

-
-, 
-
-

Max Unit 

19 ns 
19 

20 ns 

20 

15 ns 
15 

- ns 
-

Vee 

50 To 'Scope 
(Output) 

50 pF 
(Includes 
probe 
and jig 
capacitance) 

L-~~-4------~--------~ 

3.0 V-----r-----_ 
EriiitiiB 
Input 

Driver 
Output 

OV 

VOH----+---I _---+-"""'\. 

VOL------

VOH------_------~ 

Driver 
Output 

(Input) VOL 

VOH------"""'\. 

Receiver 
Output 

To 
Scope 
(Input) 

Vee 
To 'Scope 
(Output) 

1N916 

® MOTOROLA Semiconductor Products Inc. 
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Vee 

50 

To 'Scope 
(Output) 

50 pF 
(Includes 
probe 
and jig 
capacitance) 

Vee 

280 

• 
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Advance Infor:rnatlon 

MEMORY ADDRESS MULTIPLEXER 

The Motorola MC3232A is an address multiplexer and refresh 
counter for 16 pin 4!< dynamic RAMs that require a 64 cycle re
fresh. It multiplexes twelve system address bits to the six input 
address pins of the memory device. The MC3232A also contains a 
6. bit refresh counter that is clocked externally to generate the 64 
sequential addresses required for refresh. The high performance of 
the MC3232A will ellpance the high speed of the fast N-channel 
RAMs such as the MCM6604. 

• Simplifies 16 Pin 4K Dynamic Memory Design 

• Reduces Package Count 

• 6 Bit Binary Counter for 64 Refresh Address 

• Multiplexing: Row Address/Column Address/Refresh Address 

• High Input Impedance for Minimum Loading of Bus: 
IF ='0.25 rnA Max 

• Schottky TTL for High Performance Address 
Input to Output Delay 

tpd = 20 ns @ CL = 250 pF 

• Second Source to Intel 3232 
(Detect Zero Function Not Included) 

LOGIC DIAGRAM 

A11o-----r=====;=============r=: 

A~o-----~2===~============r== 
I 

12 I 
I 

Total I 
Address I 

Lines I 
I 
I 
I 
I 

I 
I 
I 
I 
I Total 
I 
I 
I 

A6j-tJ==1s=====r==: 

Refresh 
Enable 

Row o-----~H 
Enable 

Counto-----------~ 

6 Total 

Output 5 
I 
I 
I 
I 
I 
I 6 

: To~al 
I 
I 
I 
I 
I 

This i~ advance information and specifications are subject to change without notice. 
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MC3232A 

MEMORY ADORESS 
MULTIPLEXER 
AND REFRESH 

ADDRESS COUNTER 

SCHOTTKY 
SILICON MONOLITHIC 

INTEGRATED CIRCUITS , , 

L SUFFIX 
CERAMIC PACKAGE 

CASE 623 

P SUFFIX 
PLASTIC PACKAGE 

CASE 64,9 

CoUiit 1 24VCC 
Refresh 23 Row 
Enable Enable 

A1 3 22 A5 
A7 4 21 A11 

A2 5 20A4 

AS 6 19A10 

AO 7 18A3 

A6 8 17A9 

00 9 1603 

0210 1504 

0111 1405 

Gnd12 13 NC 

Note: AO Through A5 Are Row Addre~ses 
A6 Through A 11 Are Column Addresses 

TRUTH TABLE AND DEFINITIONS 
Refresh 
'Enable 

H 

L 

Row 
Enable 

H 

Output 

Refresh Address 
(From Internal Counter) 
Row Ad~ress 
(AO tbrou hAS) 

L L Column Address 
(A6 through A 11 ) 

Count....; Advances Intern~1 Refresh Counter 

ORDERING INFORMATION 
Device I Temperature Range I Package 

MC3232AL I o to 75°C I Ceramic DIP 
M~3a32AP o to 75"'C Plastic DIP 



MC3232A 

MAXIMUM RATINGS (T A = 250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage VCC -0.5 to +7.p V 

Input Voltage VI -0.5 to +7.0 V 

Output Voltage Vo -0.5 to +7.0 V 

Output Current 10 100 mA 

Operating Ambient Temperature TA o to +75 °c 

Storage Temperature Tstg -65 to +150 °c 

Junction Temperature TJ °c 
Ceramic Package +175 
Plastic Pac kage +150 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, MiniMax values apply with 4.5 V.;; VCC';; 5.5 V, OOC .;; T A';; 75°C; 
typical values apply with VCC = 5.0 V, T A = 25°C.) 

Characteristic Symbol Min Typ Max Unit 

Input Current, Low Logic State IlL - -0.04 -0.25 mA 
eVIL = 0.45 V) 

Input Current, High Logic State IIH - - 10 J1.A 
(VIH = 5.5 V) 

Input Voltage, Low Logic State VIL - - 0.8 V 
Input Voltage, High Logic State VIH 2.0 - - V 

Output Voltage, Low Logic State VOL - 0.25 0.4 V 
(IOL = 5.0 mAl 

Output Voltage, High Logic State VOH 2.8 4.0 - V 
OOH = -1.0 mAl 

Input Clamp Voltage V'C - -0.8 -1.5 V 
OIC = -12 mAl 

Power Supply Current Ice - 100 150 mA 
(VCC = 5.5V) 

SWITCHING CHARACTERISTICS (Unless otherwise noted, Min/Max values aPPly with 4.5 V .;; VCC .;; 5.5 V, OOC .;; T A .;; 75°C; 
typical values apply with Vce = 5.0 V, T A = 25°C.) 

Characteristic Symbol Min Typ Max Unit 
Propagation Delay Times 

Address Input to Output tAO ns 
(Load = 1 TTL, CL = 250 pF) - 16 25 
(Load = 1 TTL, CL = 15 pF, VCC = 5.0 V, TA = 250 e) - 6.0 9.0 

Row Enable to Output too ns 
(LOC!d = 1 TTL, CL = 250 pF) 12 28 41 
(Load = 1 TTL, CL = 15 pF, VCC = 5.0V, TA = 25°C) 7.0 12 18 

Refresh Enable to Output tEO ns 
(Load = 1 TTL, CL = 250 pF) 12 30 45 
(Load = 1 TTL, CL = 15 pF, VCC = 5.0 V, TA = 25°C) 7.0 14 20 

Count to Output teo ns 
(Load = 1 TTL, CL = 250 pF) 20 55 80 
(Load = 1 TTL, CL = 15 pF, VCC = 5.0 V, TA = 25°C) 15 40 60 

® MOTOROLA Sern;conduc'for Produc'fs Inc. 
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MC3232A 

FIGURE 1 - AC WAVEFORMS with MCM6604 NORMAL CYCLE 

Row 
Enable 

Address VIH ---+---,. 
Input 

(AO-A 11) V I L ---+---' 

Outputs 
(00-05) 

Refresh 
Enable 

count 

Outputs 
(00-05) 

VOH------------------,. 

VOL------------------' 

Refresh Enable - Low Logic State 

FIGURE 2 - REFRESH CYCLE 

VIL 

VIH 

1.5V 

VIL 

VOH 2.4V 

0.8 V 
VOL 

2.4 V 

0.8 V 

Refresh 
Address 

® MOTOROLA Serniconducf:or Producf:s Inc. 
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MC3232A 

TYPICAL APPLICATION 
16K X 8·BIT MEMORY SYSTEM FOR M6800 MPU 

MPU I--
System MPU 

.......- Clock MC6800 

XC6875 r----

/M.C. 

Ref Ref Address Data 

Req Grant Bus Bus 
Control 

Bus 

~ ~ J 

M.C. 
I-- S1 Address Data -~ 

Multiplex Buffer 
and MC6880 

~ 
Refresh 

Delay Memory Control S2 Counter 

Circuit 

~ 
and Timing r-- MC3232A 

,XC3480 

~ E? Oscillator 

~ 11 RAS1 RAS2 RAS3 RAS4 CAS R/W 

I 
1 

I 

H=1 1 1 
/Memory 

40,. I 4K x 8 4K x 8 4K x 8 
Array MCM6604 

® MOTOROLA Serniconducf:or Producf:slnc. 
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ORDERING INFORMATION 

Device 

MC3245L 
MC3245P 

Temperature Range 

O°C to +75°C 
O°C to +75°C 

Package. 

Ceramic DIP 
Plastic DIP 

QUAD TTL TO MOS DRIVER 

This high-speed driver is intended as a clock (high-level) driver for 
22 pin and 18 pin dynamic NMOS RAMs. It is designed to operate 
on nqminal +5 V and +12 V power supplies. 

The channel control logic is organized so that all four drivers may 
be deactivated for STANDBY operation, or single driver may be 
activated for R EAD/WR ITE operation or all four drivers may be 
activated for REFRESH operation. 

• Control Logic Optimized for Use in MOS RAM Systems 

• Output Voltages Compatible with Many Popular MOS RAMs 

• TTL and DTL Compatible Inputs 
High-Speed Switching 

• Interchangeable with 3245. 

TYPICAL APPLICATION WITH 4K NMOS RAM IN TTL SYSTEM 

TYPICAL APPLICATION WITH '7001 RAM AND TTL SYSTEMS 

5-104 

Data 
Out 

MC3245 

GATE CONTROLLED 
FOUR CHANNEL 

MOS CLOCK DRIVERS 

SI LICON MONOLITH IC 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN CONNECTIONS 

Channel 

Select A 

Enablel 4~----~1<~---H 

Refresh 

Select 

Selects 

Output B 7 

Control 

TRUTH TABLE 

Inputs 

Address 

Channel Refresh Output 
Eriiibie 1 Emibfii 2 Enable 3 Select S'eieCt 

H :: High Logic State 

L .,. Low Logic State 
I == Irrelevant 

I 

H 
H 
H 



MC3245 

MAXIMUM RATINGS (TA = 250 C unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltages VCC -0.5 to +7.0 Vdc 

VOO -0.5 to +14 Vdc 

Output Voltage Vo .-1.0 to VOO +1.0 Vdc 

Input Voltage VI -1.0 to VOO Vdc 

Operating Ambient Temperature Range TA o to +75 °c 
Storage Temperature Range T stg -65 to +150 °c 
Junction Temperature TJ °c 

Ceramic Package -175 

Plastic Package 150 

RECOMMENDED OPERATING CONDITIONS 
Characteristic Symbol Min Typ Max Unit 

Power Supply Voltages VCC 4.75 5.0 5.25 Vdc-

VOO 11.4 12 12.6 Vdc 

Operating AmbientTemperature Range TA 0 - 75 °c • 
ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over rllcommended power supply and tempera-

ture con d' . T' I I T 250 C ) ItlOns. YPlca va ues measured at IA = 
Characteristic Symbol Min Typ Malt Unit 

Output Voltage - High Logic State VOH VOD-0.5 - - Vdc 
(VI L = 0.8 V, IOH = -1.0 rnA) 

Output Clamp Voltage - High Logic State 
~ 

VOHC - - VOO+1.0 Vdc 
UOH = 5.0 rnA, VIL = 0 V) 

Output Voltage - Low Logic State VOL - - 0.45 Vdc 
(VIH = 2.0 V, IOL = 5.0 rnA) 

Output Clamp Voltage - Low logic State VOLC -1.0 - - Vdc 
(VIH = 5.0 V, IOL -5.0 rnA) 

Input Voltage - High Logic State VIH 2.0 - - Vdc 

Input Voltage - Low Logic State VIL - - 0.8 Vdc 

Input Clamp Voltage VIC - - -1.0 VQc 
(IIC = -5.0 rnA) 

Input Current - High Logic State IIH JJ.A 
(VI = 5.0 V) 
Channel Select Inputs - - 10 
Refresh Select and Enable Inputs - - 40 

Input Current - Low Logic State IlL JJ.A 
(VIL = 0.45 V) 
Channel Select Inputs - - -0.25 
Refresh Select and Enable Inputs - - -1.0 

Power Supply Current - Output High Logic State ICCH - 23 30 rnA 
(VCC = 5.25 V, VIL = 0 V, IOH = 0 rnA, VOO= 12.6 V) IOOH - 19 26 

Power Supply Current - Output Low Logic State ICCL - 29 39 rnA 
(Vce = 5.25, VIH = 5.0 V, IOL = 0 rnA, VOO = 12.6 V) IDOL - 12 15' 

® MOTOROLA Se""iconducf:or Producf:s Inc. 
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MC3245 

SWITCHING CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and tempera-
ture conditions Typical values measured at +250 C I . 

Characteristic 

Delay Time 
Output High to Low Level (RS = 0 n) 
Output Low to High Level (RS = 0 n) 

Transition Time 
Output High ~o Low Level (RS = 20 nl 
Output Low to High Level (RS = 20 nl 

Propagation Delay Time 
Output High to Low Level (RS = 0 nl 
Output Low to High Level (RS = 0 nl 

(1) CL = 150 pF 
(21 CL =; 200 pF 
(31 CL = 250 pF 

(RS =20 nl 

Symbol Min (11 

tOHL 3.0 

tOLH 5.0 

tTHL 10 
tTLH 10 

tpHL -
tPLH1 -
tPLH2 -

CAPACITANCE* (Unless otherwise specified T A'" +250 C f = 1 0 MHz VI = 2 0 V and VCC = 0 V I 

Characteristic Symbol Min 
I nput Capacitance Cin(CSI -

Channel Select Inputs 

Input Capacitance Cin(EI -
Refresh or Enable Inputs 

·Periodically sampled, but not 100% tested. 

Input 

Output 

FIGURE 1 - SWITCHING TEST WAVEFORMS 

o V ___ +-1\.-, _____ ...;,.;.,--" 

VOH-----+--r--,r-----------~~I 

Input Pulse Characteristics 
PRR = 1 MHz 

PW = 500 ns 

tTLH = tTHL = 5.0 ns 

FIGURE 2 ....; SWITCHING TEST CIRCUIT 

To Scope 
(Input) 

To Scope 
(Output) 

Pulse Generator 

C L Includes Jig and 
Probe Capacitance 

Typ (21 

7.0 
11 

17 
11' 

18 
20 
27 

Typ 

5.0 

8.0 

® MOTOROLA Se"..iconducf:or Producf:s Inc. 
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Max (3) 

-
-

25 
25 

32 
32 
38 

Max 

8.0 

12 

Unit 

ns 

ns 

ns 

Unit 

pF 

pF 



ORDERING INFORMATION 

Device Temperature Range Package 

MC3408L O°C to +70°C Ceramic DIP 

LOW-COST EIGHT-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 

MC3408 

EIGHT·BIT MULTIPLYING 
DIGITAL-TO-ANALOG 

CONVERTER 
. designed for use where the output current is a linear product 

of an eight-bit digital word and an analog input voltage. SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

• Relative Accuracy: ±O.5% Error Maximum 
• low Price Allows Use of a D/A in Many New Applications 
• Monotonicity Guaranteed to 8 Bits 

• Fast Settling Time - 300 ns typical 

• Noninverting Digital Inputs are MTTl and 
CMOS Compatible 

.",Output Voltage Swing - +0.4 V to -5.0 V 

• High-Speed Multiplying Input 
Slew Rate 4.0 mA/J.l.s 

• Standard Supply Voltages: +5.0 V and 
-5.0 V to -15 V 

FIGURE 1 ...: D-to-A TRANSFER CHARACTERISTICS 

~ 
.E 0 
~ 
Z 
w 
a: 
a: 
::> 
o 1.0 
~ 
::> 
no 
~ 
::> 
o 
2 2 .0 

~ 

(00000000) 

.......... .,;. 

i 
~ 1---I-. -1-_-

1-.... r---.... 
~ !I 

"" R~ 
-...~ 
~ 

(11111111) 
INPUT DIGITAL WORD 

16 c:J (topv,ew) 

'-L SUFFIX 
CERAMI.C PACKAGE 

CASE 620 

FIGURE 2 - BLOCK DIAGRAM 

NPN Current 
Source Pair 

TYPICAL APPLICATIONS 

• Tracking A-to-D Converters • Audio Digitizing and Decoding 

• Successive Approximation A-to-D Converters • Programmable Power Supplies 

• 2 112 Digit Panel Meters and DVM's • Analog-Digital Multiplication 

• Waveform Synthesis • Digital-Digital Multiplication 

• Sample and Hold • Analog-Digital Division 

• Peak Detector • Digital Addition ,and Subtraction 

• Programmable Gain and Attenuation • Speech Compression and Expansion 

• CRT Character Generation • Stepping Motor Drive . 
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MC3408 

MAXIMUM RATINGS (T A = +250 C unless otherwise not~d.1 
Rating Symbol Value Unit 

Power Supply Voltage VCC +7.0 Vdc 

VEE -16.5 

Digital Input Voltage V5 thru V12 o to +15 Vdc 

Applied Output Voltage VO' +0.5,-5.2 Vdc 

Reference Current 114 5.0 mA 

Reference Amplifier Inputs V14,V15 VCC,VEE Vdc 

Operating Ambient Temperature Range TA o to+70 °c 

Storage Temperature Range Tstg -65 to +150 °c 

Junction Temperature TJ +175 °c 

Vref 
ELECTRICAL CHARACTERISTICS (Vec = +5;0 Vdc, VEE = -15 Vdc, Ri4 = 2.0 mA, TA = 0 to +700 C unless otherwise noted. 

\ All digItal inputs at h'lgh logic level I 

Characteristic Figure Symbol Min Typ Max 

Relative Accuracy (Error relative to full scale 101 Note 1 4 Er - - ±0.5 

Monotonicity 
Guaranteed to 8 bits 

See Multiplying Accura~y on Page 6 - -
Settling Time to within ±0.5% of Full Scale [includes tPLHl 5 ts -

IT A=+250 CISee Note 2 

Propagation Delay Time 5 tPLH,tPHL -
TA = +250 C 

Output Full Scale Current Drift TCIO '-

Digital Input Logic Levels (MSBI 3 
High Level, Logic" 1 " VIH 2.0 

Low Level, Logic "0" VIL -
Digital Input Current (MSBI 3 

High Level, VIH = 5.0 V IIH -
Low Level, VIL = O~S V IlL -

Reference Input Bias Current (Pin 151 3 115 -

Output Current Range 3 lOR 
VEE = -5.0 V 0 

VEE = ~15 V (TA = 250 CI 0 

Output Current 3 10 
Vref = 2.000 V, R14 = 1000 n 1.9 

Output Current 3 10(minl -
(All bits lowl 

Output Voltage Compliance (Er ~ 0.5% at T A = +250 CI 3 Vo 
Pin 1 grounded -
Pin 1 open, VEE below -10 V -

Reference Current Slew Rate 6 SR Iref -
Output Current Power Supply Sensitivity PSRR(-I -

Power Supply Current \ 3 ICC -
(All bits lowl lEE -

Power Supply Voltage Range 3 VCCR +4.5 

(TA'" +250 CI VEER -4.5 

Power Consumption 3 Pc 
All bits low 

VEE = -5.0 Vdc -
VEE = -15 Vdc -

All bits high 
VEE = .-5.0 Vdc -
VEE = -15Vdc -

Note 1. For deVices with greater accuracy, see MCl50S Senes data sheet. 
Note 2. All bits switched. 

300 -

30 100 

-30 -

- -
- O.S 

0 0.04 
-0.4 -O.S 

-1.0 -5.0 

2.0 2.1 
2.0 4.2 

1.99 2.1 

0 4.0 

- -0.5,+0.4 
- -5.0,+0.4 

4.0 -

0.5 4.0 

+13.5 +22 
-7.5 -13 

+5.0 +5.5 
-15 -16.5 

105 170 
190 305 

90 -
160 . -

Unit 

% 

-
ns 

ns 

PPM/uC 

Vdc 

mA 

~A 

mA 

mA 

~A 

Vdc 

mA/~s 

~AIV 

mA 

. Vdc 

mW 

@ MOTOROLA Sen>iconductor Products Inc. ______ ---1 
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MC3408 

Al 

A"J. 

A3 

Digital A4 

Inputs A5 

A6 

A7 

A8 

Vcc 

TEST CIRCUITS 

FIGURE 3 - NOTATION DEFINITIONS TEST CIRCUIT 

Typical Values: R14 = R15 = 1 k 

114 
14_ R14 

Vref=+2.0V 
C = 15 pF V I and II apply to inputs J>:.1 

thru AS 
~o-~vvo.-__ V ref (+). 

The resistor tied to pin 15 is to temperature compensate the 
bias.current and may not be necessary fOr all applications. 

A5 A6 
10 = K { ~ + ~ + ~ + A4 + -+-+ 

Vo 
~o----__ Output 

2 4 S 16 

where K == V ref 
R14 

and AN = "1" if AN isathigh level 

AN =·"0" if AN is .at low level 

FIGURE 4 - RELATIVE ACCURACY TEST CIRCUIT 

MSB 

Al 

A2 

A3 12·Bi, 

A4 D·to·A ~ 0 to +10 V Output 
Converter 

A5 
(±.O.O2% 

~ A6 error max) 

,.-0-- A7 5k 

~ A8 
A9 Al0All A12 

LSB ~ ? ? ~ 50 k 

V ref==2V 0.1 uF * ~ 100 
;.1- ~ 

950 

l:r 

R14 

MSB 14 

5 

6 

7 

8 4 

32 64 

Error (1 V = 1%) 

8~Bit Counter 9 MC34'08 f-o-

VEE 

10 

11 

12 -
LSB 

15 'f 11 lK 

":" ~ VEE 

FIGURE 5 - TRANSIENT RE.SPoNSE and SETTLING TIME 

+2.0 Vdc 

1.0 k 

:r0.1 "F 
1~ 

~>---"-_--+_ e For settling time 
o measurement. 

(All bits switched 
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FIGURE 6 - REFERENCE CURRENT SLEW 

RATE MEASUREMENT 
Vee 

~ . i. ~ -i\.~~% r-0 
dt RL dt -....l E--'--.--- 2.0 mA 

Slewing 
Time 

TEST CIRCUITS (continued) 

THERMAL INFORMATION 
The maximum power consumption an integrated circuit 

can tolerate at a given operating ambient temperature, can 
be found from the equation: 

TJ(max) -TA 
PD(T A) = ROJA(Typ) 

Where: PD(T A) = Power Dissipation allowable at a given 

operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

T J(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 

FIGURE 7 - POSITIVE V ref 
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FIGURE 8 - NEGATIVE Vref 
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FI<:;ORE 9 - MC3408 EQUIVALENT 
CIRCUIT SCHEMATIC 

DIGITAL INPUTS 

MSB 
5 A1 6 A2 9 A5 10 A6 

LSB 

1 k 

CURRENT 
SWITCHES 

800 800 800 800 800 800 800 800 R-2R 
LADDER 

400 400 400 400 400 400 

13 
VCCo-----~--------~----------~·--~--------------~_4~~----------------------~_+~ 

14 

REFERENCE 
CURRENT 

AMPLIFIER 

V ref( +) ~-==t==:::;----"t-"'1 

16 15 

12.5 k 

BJAS 
CIRCUIT 

COMPENSATION Vref(-) . VEE OUTPUT GND 
RANGE 

CONTROL 

CIRCUIT DESCRIPTION 

The MC3408 consists of a reference current amplifier, an 
R-2R ladder, and eight high-speed current switches. For many 
applications, only a reference resistor and reference voltage need 
be added. 

The switches are noninverting. in operation, therefore a high 
state on the input turns on the specified output current component. 
The switch uses current steerIng for high speed, and a termination 
amplifier consisting of an active load gain stage with unity gain 
feedback. The termination amplifier holds the parasitic capacitance 
of the ladder at a constant voltage during switching, and provides 

a low impedance termination of equal voltage for all legs of 
the ladder. 

The R-2R ladder divides the reference amplifier current into 
binarily-related components, which are fed to the switches. Note 
that there is always a remainder currerit which is equal to the 
least significant bit. This current is shunted to ground, and the 
maximum output current is 255/256 of the reference amplifier 
current, or 1.992 mA for a 2.0 mA reference amplifier current 
if the NPN current source pair is perfectly matched_ 
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GENERAL INFORMATION 

Reference Amplifier Drive and Compensation 

The reference amplifier provide5 a voltage at pin 14 for con
verting the reference voltage to a current, and a turn-around circuit 
or current mirror for feeding the ladder. The reference amplifier 
input current, 114, must always flow into pin 14 regardless of the 
setup method or reference voltage polarity. 

Connections for a positive reference voltage are shown in Figure 
7. The reference voltage source supplies the full current 114. For 
bipolar reference signals, as in the multiplying mode, 'R15 can be 
tied to a negative voltage corresponding to the minimum input 
level. It is possible to eliminate R15 with only a smal·l·sacrifice 
in accuracy and temperature drift. 

The compensation capacitor value must be increased with in
creases in R14 to maintain proper phase margin; for R14 values 
of 1.0, 2.5 and 5,0 kilohms, minimum capacitor values are 15, 
37, and 75 pF. The capacitor should be tied to VEE as this 
increases negative supply rejection. 

A negative reference voltage may be used if R 14 is grounded 
and the reference voltage is applied to.R15 as shown in Figure 8. 
A high input impedance is the main advantage of this method. 
Compensation involves a capacitor to VEE on pin 16, using the 
values of the previous paragraph. The negative reference voltage 
must be at least 3.0-volts above the VEE supply. Bipolar input 
signals may be handled by connecting R 14 to a positive reference 
voltage equal to the peak positive input level at pin 15. 

When-a dc reference voltage is used, capacitive bypass to ground 
is recommended. The 5.0-V logic supply is not recommended as 
a reference voltage. If a well regulated 5.0-V supply which drives 
logic is to be used as the reference, R14 should .be decoupled by 
connecting it to +5.0 V through another resistor and bypassing 
the junction of the two resistors with 0.1 jJf to ground. For 
reference voltages greater than 5.0 V, a clamp diode is recommen
ded between.pin 14·and ground. 

If pin 14 is driven by a high impedance' such as a transiator 
current source, none of the above compensation methods apply 
and the amplifier must be heavily compensated, decreasing the 
overall bandwidth. 

Output Voltage Range 

The voltage on pin 4 is restricted to a range .of -0.5 to +0.4 
volts at +250 C, due to the current switching methods employed 
in the MC3408. When a current switch is turned "off", the posi
tive voltage on the output terminal can turn "on" the output 
diode and increase the output current level. When a current switch 
is turned "on", the negative output voltage range is restricted. 
The base of the. termination circuit Darlington transistor is one 
diode voltage below ground when pin 1 is grounded, so a negative 
voltage below the specified safe level will drive' the low current 
device of the Darlington into saturation, decreasing the output 
current level. 

The negative output voltage compliance of the MC3408 may 
be, extended to -5.0 V voltsby opening the circuit at pin 1. The 
negative supply voltage· must be more negative than -lO volts. 
Using a full scale current of 1.9D2 mA and load resistor of 2.5 
kilohms between pin 4 and ground will yield a voltage output 
of 256 levels between 0 and -4.980 volts. Floating pin 1 does 
not affect the c.onverter speed or power dissipation. However, the 
value of the load resistor determines the switching time due to 
increased voltage' swing. Values of R L up to 500 ohms do not sig· 
nificantly affect performance, but a 2.5-kilohm load increases 
"worst case" settling time to 1.2 jJS (when all bits are switched on). 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating ,typical semiconductor applications; consequently. 
complete information sufficient for const(uction purposes is not 
necessarily given. The information has been carefully checked and 

Refer to the subsequent text section on Settling Time for more 
details on output loading. 

If a power supply value between -5.0 V and -10 V is desired, 
a voltage of . between 0 and -5.0 V may be applied to pin 1. The 
value of this voltage will be the l'T)aximum allowable negative out
put swing. 

Output Current Range 

The output current maximum rating of 4.2 mA may be used 
only for negative supply voltages typically more negative than 
-8.0 volts, due to the increased voltage drop across the 350-ohm 
resistors in the reference current amplifier. 

Accuracy 

Absolute accuracy is the measure of each output current level 
with respect tQ its intended value, and is dependent upon relative 
accuracy and full scale current drift. Relative accuracy is the 
meas~re of each output current level as a fraction of the full scale 
current. The relative accuracy of the. MC340B is essentially 
constant with temperature due to the excellent temperature track· 
ing of the monolithic resistor ladder. The reference current may 
drift with temperature, causing a change in the absolute accuracy 
of output current. However, the MC3408 has a very low full 
scale current drift with temperature. 

The MC3408 is guaranteed accurate to within ±0.5% at +250 C 
at a full scale output current of 1.992 mAo This correspon.ds to a ' 
reference amplifier output current drive 'to the ladder network of ' 
2.0 mA, with the loss of one LSB = B.O jJA which is the ladder 
remainder shunted to ground. The input current to pin 14 has a 
guaranteed value of between 1.9. and 2.1 mA, allowing some 
mismatch in the NPN current source pair. The accuracy test 
circuit is shown in Figure 4. The 12-bit converter is calibrated for 
a full scale output current of 1.992 'mA. This is an optional step 
since the MC3408 accuracy is essentially the same between 1.5 and 
2.5 mAo Then the MC3408 circuits' full scale current is trimmed 
to the same value with R 14 so that a zero value appears at the 
error amplifier output. The counter is activated and the error 
band may be displayed on an oscilloscope, detected by com
parators, or stored in a peak detector. 

Two 8-bit D-to-A converters may not be used to construct a 
16-bit accurilte D-to-A converter. 16-bit accuracy implies a total 
error of ±1/2 of one part in 65, 536, or ±0.OOO76%, which is much 
more accurate than the ±0.5% specification provided by the 
MC340B. 

Multiplying Accuracy 

The MC3408 may be used in the multiplying mode with 
good accuracy when the reference current is varied over a range 
of 256: 1. The major source of error is the bias 'current of the 

. termination amplifier. Under "worst case" conditions, these eight 
amplifiers can contribute a total of 1:6 jJA extra current at the 
output terminal. If the reference current in the multiplying mode 
ranges from 16 jJA to 2.0 mA, the 1.6 jJA contributes an error 
of 0.2LSB with respect to the 2.0 mAo 

A monotonic converter is one which s\lpplies an increase in 
current for each increment in the binary word. Typically, the 
MC3408 is monotonic for all values of reference current above 
0.5 mAo The recommended range for operation with a dc reference 
current is 0.5 to 2.0 mA. . 

is believed to ·be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semicond~ctor devices described any 
license under the patent rights of Motorola Inc. or others. 
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ORDERING INFORMATION 

Device 

MC3410L 
MC3410P 
MC3410CL 
MC3410CP 
MC3510L 

Temperature Range 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

-55°C to + 125°C 

Package 

Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

Ceramic DIP 

Specifications and Applications 
InforIllation 

TEN BIT D TO A CONVERTER 
The MC3410 series devices are low-cost, high-accuracy monolithic 

D/A converter subsystems. Like their MC1408 series predecessors, 
they provide the logic controlled current switches, the R-2R resistor 
ladder network and output termination networks. The output buffer 
amplifier and reference voltage have been omitted from the circuit 
to allow greatest system speed, flexibiliby and lowest cost. This device 
is useful in industrial control and microprocessor based systems. 
• Relative Accuracy - ±0.05% Error Maximum 

(MC3510and MC3410) 

• Fast Settling Time - 250 ns Typical 

• Noninverting Digital Inputs are MTTL and CMOS Compatible 
(from 5 to 15 V CMOS) 

• Output Voltage Swing - +0.2 V to -2.5 V 

• High Speed Multiplying Input Slew Rate - 20 mAills 

• Standard Supply Voltages - +5 V and - 15 V 

• All Categories Guaranteed Monotonic 

• Reference Amplifier Internally Compensated 

TYPICAL APPLICATIONS 

• Tracking A-to-D Converters • Programmable Gain and Attenuation 

• Successive Approximation A-to-D Converters' 

• 3-Digit Panel fv'!eters and DVM's 

• Waveform Synth~sis 
• Sample and Hold 

• Peak Detector 

• Programmable Power Supplies 

• Analog-Digital Multiplication 

• Digital-Digital Multiplication 

• Speech Compressiofl and Expansion 

:. Sample Data Systems 

FIGURE 1 - D-to-A TRANSFER CHARACTERISTICS 
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MC3410 
MC3510 MC3410C 

LASER TRIMMED 

TEN BIT, MULTIPLYING 
DIGITAL-TO-ANALOG 

CONVERTER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 

L SUFFIX 
CASE 690,07 

(CERAMIC PACKAGE) 

CASE 648-03 
(PLASTIC PACKAGE) 

(MC3410, MC3410C ONLY) 

PIN CONNECTIONS 

FIGURE 2 - TEN-BIT D/A CONVERTER 
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MC3410, MC3510, MC3410C 

MAXIMUM RATINGS (TAO: +25°C unless otherwise noted.) 

Rati'ng Symbol Value 

Power Supply Voltage VCC +7.0 

VEE -18 

Digital Input Voltage VI +15 

Applied Output Voltage Vo +0.7,-5.0 

Reference Current IREF(lS) 2.5 

Reference Amplifier Inputs VAEF Vee,VEE 
Reference Amplifier Differential Inputs VREF(D) 0.7 

Operating Temperature Range TA 

MC3510 -55 to +125 

MC3410,C o to +70 
Junction Temperature TJ 

Ceramic Package +175 
Plastic Package +150 

ELECTRICAL CHARACTERISTICS (VCC '" +5,0 Vdc, Vee'" -15 Vdc, ~'" 2.0 mA, MC3510 T A'" _55°C to +125°C. 

MC3410 Series: T A = 0 to +70°C unless otherwise noted, All digital inputs at high logic level.) 

Characteristic Symbol Min Typ Max 

Relative Accuracy (Error relative to full scale 10) T A" 250 C Er 
MC3510 _. - to.05 
MC3410 - - ±0.05 
MC3410C - - ±0,1 

Relative Accuracy Temperature Drift (Relative to Full Scale 10) TCEr - 2.5 -
Monotonicity (T Ii. " 25°C) - Monotonic to 10 Bits 

Settling Time to within! 1/2 LSB (T A = 25°C) (All Bits Low to High) ts - 250 -
Propagation Delay Time tPLH - 35 --' 

TA = +25°C tpHL - 20 -
Output Full Scale Current Drift TCIO - -20 --
Digital Input Logic Levels (All Bits) 

High Level, Logic "1" VIH 2.0 - -
Low Level, Logic "0" VIL - - 0.8 

Digital Input Current (All Bits) 
High Level, VIH = 5.5V IIH - - 0.04 
Low Level, VIL = 0.8V IlL - 0.05 0.4 

Reference Input Bias Current (Pin 15) IREF(15) - -1.0 -5.0 

Output Current Range lOR 0 4.0 5.0 

Output Current 10 
Vref = 2.0,00 V,R1~ = 1000 n 3.8 3.996 4.2 

Output Current MC3510; MC3410 10(min) -. 0 2.0 
(All bits low) MC3410C - 0 4.0 

Output Voltage Compliance (T A 25°C) Vo 
Er .;; 0.05% relative to FS - MC3510, MC3410 - - -2.5,+0.2 
Er .;;; 0.10% relative to FS --' MC3410C -2.5,+0.2 

Reference Amplifier Slew Rate SR Iref - 20 -

Reference Amplifier Settling Time STIREF - 2.0 -
(0 to 4.0 mA, ±0,1%) 

Output Current Power Supply Sensitivity MC3510, MC3410 PSRR(-) - 0.003 0.01 
MC3410C . - 0.003 0.02 

Output Capacitance (VO = 0) Co - 25 -

Digital Input Capacitance (All Bits, Inputs High) CI - 4.0 -
Power Supply Current ICC - +10 +18 

(All Bits low) lEE - -11.4 -20 

Power Supply Voltage Range VCCR +4.75 +5.0 +5.25 
(TA" +25°CI VEER -14.25 -15 -'15.75 

Power Consumption Pc 
All Bits low - 220 380 
All Bits high - 200 -

5·114 

Unit 

Vdc 

Vdc 

Vdc 

mA 

Vdc 

Vdc 

°c 

°c 

Unit 

% 

PPM/oC 

-
ns 

ns 

PPMtC 

Vdc 

mA 

)JA 

mA 

mA 

/J.A 

Vdc 

mA//-ls 

,",5 

%/% 

pF 

pF 

mA 

Vdc 

mW 



MC3410, MC3510, MC3410C 

TEST CIRCUITS 

FIGURE 3 - NOTATION DEFINITIONS TEST CIRCUITS 

VI and II apply to inputsAl 
.thru Al0 

The resistor tied to pin 15 is to temperature compensata the 
bias current and may not be necessary for all applications. 

Digital 
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A7 3 ..!2 Va 

where K;:" 2 :lr~f 

and AN = "1" if AN is at high level 
AN = "0" if AN is at low level 

Typical Values: 
R15=R16=lk 
Vref (+) = +2.0 V 
Vref (--) = Gnd 
10 = 4.0 mA 

AS 

A9 

FIGURE 4 - RELATIVE ACCURACY TEST CIRCUIT 
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FIGURE 5 - SETTLING TIME 
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14 
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TEST CIRCUITS (Continued) 

FIGURE 6 - PROPAGATION DELAY TIME 
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MC3410, MC3510, MC3410C 

THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

TJ(max) - TA 
PD(T A) = ROJA(Typ) 

Where' PD(T A) = Power Dissipation allowable at a given, 

operating ambient temperature, This must be greater than 

the sum of the products of the supply voltages and supply 
currents at the-worst,case operating condition, 

T J(max) = Maximum, Operating JunctionTemperature 
as listed in the Maximum RatIngs SectIon 

T A = Maximum'Desired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 

FIGURE 10 - MC3410 10-BIT D/A CONVERTER EQUIVALENT CIRCUIT 
12 13 

CIRCUIT DESCRIPTION 

The MC3410 consists of a reference current amplifier, a dif
fused R-2R ladder, a laser trimming network, and ten high-speed 
current switches. The trimming method employed makes it 
possible to improve the linearity attainable with modern dif
fusion technology by as much as a factor of ten so that a highly 
linear part results. The trim is performed by cutting aluminum 
links arranged to give incremental variations in voltage at the 
ladder termination amplifiers (See Figure 101. This yields a high
IV stable trim with no increase in fabrication complexity. 

The switches are non-inverting in operation, so that a high' 
state on an input turns on the specific compon'ent of oU,tput 
current. The switches use 'current steering for speed, and inter-

face the R-2R ladder through unity gain feedback termination 
amplifiers, which provide low impedance terminations of equal 
voltage for all legs of the ladder. 

The R-2R ladder divides the reference amplifier current into 
binarily-related components, whi,ch are fed to 'the current 
switches. The three least-significant bit switches derive their 
current through emitter scaling from the last leg of the ladder'. 
The remaining current, equal to one LSB, is shunted to VCC at 
the LSB. switch. Therefore, the maximum output current is 
1023/1024 of the reference amplifier current, or nominally 
3.996 mA for a 2.000 mA reference input current. 
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GENERAL INFORMATION 

Reference Amplifier 

The reference amplifier allows the user to provide a voltage 
and a resistor to Pin' 16 to convert the reference' voltage to a 
current. A current mirror doubles this reference current and 
feeds it to the R-2R ladder. Thus for a reference voltage of 
2.0 Volts and 1 kU re$istor tied to Pin 16, the full-scale current 
is approximately 4.0 mAo The reference input current, 116, 
must flow into. Pin 16 regardless of the setup method or 
reference voltage polarity. 

Co.nnections for a positive reference voltage are shown in 
Figure 8. The reference voltage source supplies the full current 
116. For bipolar refererence signals, as in the multiplying mode, 
R15 can be tied to a negative voltage corresponding to the 
minimum input level. It is possible to eliminate R15 with only a 
small sacrifice in accuracy and temperature drift. 

The reference amplifier is internally compensated with a 10 
pF feed-forward capacitor, which gives it its high slew rate and 
fast settling time. Proper phase margin is maintained with all 
possible values of R 16 and reference voltages which supply 2.0 
mA reference current into Pin 16. The reference current can 
also be supplied by a high impedance current source of 2.0 mAo 
As R16 increeses, the bandwidth of the amplifier decreases 
slightly and settling'time increases. For a current source with a 
dynamic output impedance of 1.0 MS!, the bandwidth of the 
reference amplifier is approximately half what it is in the case 
of R16 = 1.0 kU; and settling time is "" 10 IlS. The reference 
amplifier phase· margin decreases as the current source value 
decreases in the case of a current source reference, so that the 
minimum reference current supplied from a current source is 
0.5 mA for stability. 

A negative reference voltage may be used if R16 is grounded 
and the reference voltage is applied to R15 as shown in Figure 
9. A high input impedance is the main advantage of this method. 
The negative reference voltage must be at least 3 Volts above the 
VEE supply for proper operation. Bipolar input signals may be 
handled by connecting R 16. to a positive voltage equal to the 
peak positive input level at Pin 15. 

When a dc reference voltage is used, capacitive bypass to 
ground is recommended. The 5-V logic supply is not recom
mended as a reference voltage. If a well regulated 5.0-V supply, 
which drives logic, is to be used as the reference, R16 should be 
decoupled by connecting it to the +5.0 V logic supply through 
another resistor and bypassing the junction of the two resistors 
with a 0.1 J,LF capacitor to ground. 

Output Voltage Range 

The voltage on Pin 3 is restricted to a range of -2.5 V to 
+0.2 V due to the current switching methods employed in the 
MC3410. When a cllfrent switch is turned off, the positive volt
age at the output terminal can turn on the output diode and in
crease the output current. When a current switch is on, the nega
tive output voltage range is restricted to the point at which the 
low current device of the termination amplifier Darlington be
gins to saturate, resulting in a decrease in output current. 

The output voltage compliance is guaranteed at 25c C. Note 
from Figure 14 that the output compliance of the MC3410 is 
nearlv constant over temperature. 

Accuracy 

Absolute accuracy is a measure of each output current level 
with respect to its intended value. It is dependent upon relative 
accuracy and full scale current drift. Relative accuracy, or 
linearity, is the measure of each output current with respect to 
its intended fraction of the full scale current. The relative accu
racy of the MC3410 is fairly constant over temperature due to 
the excellent temperature tracking, of the diffused resistors'. The 
full scale current from the reference amplifier may drift with 
temperature causing a change in the absolute accuracy. However, 
the MC3410 has a low full scale current drift with temperature. 

The MC3510 and MC3410 are guaranteed accurate to within 
± 1/2 LSB at 250 C and at a full scale current of 3.996 mAo 
Input reference current to Pin 16 is guaranteed to be between 

1.9 and 2_1 mA to produce a full scale output current of 3.996 
mAo The relative accuracy test circuit is shown in Figure 4. The 
14 bit D/A converter is calibrated for a full scale output of 3.996 
mAo This is an optional step as the relative accuracy of the 
MC3410 is nearly constant between 3mAand 5 mAfull scale cur
rent. The MC3410 is calibrated at full scale with the 14-bit 
reference Df A by adjusting R 16 until the error voltage goes to 
zero. The counter is activated and the error band may be dis
played on an oscilloscope, detected by comparators, or stored on 
a peak detector. 

Monotonicity 

The MC3510, MC3410 and MC34,10C are all guaranteed to 
be monotonic at room temperature: This guarantees that for 
every increase in the input digital word, the output current 
either remains the same or increases, but never decreases. The 
MC3510 and MC3410 are typically monotonic over their 
respective temperature ranges. In the multiplying mode (when 
the reference current is varied), monotonicity is typically main
tained for all values of input reference current above 0.5 mAo 

Settling Time 

The worst case switching condition occurs when all bits are 
switched "on," which corresponds to a low-to-high transition for 
all bits. This time is typically 250 ns for the output to settle to 
within ± 1/2 LSB for 10-bit accuracy, and 200 ns for 8-bit 
accuracy. The turn-off time is typically 120 ns. These times 
apply when the output swing is limited to a small « 0.7 Volt) 
swing and the external output capacitance is under 25 pF. 

The major carry (MSB off-to-on, all others on-to-off) settles 
in approximately the same time as when all bits are switched 
off-to-on. 

The slowest switches are bit Al0 (LSB) and bit A9, which 
turn on and settle in typically 200 ns, and turn off in 100 ns. 

In the test circuit of Figure 5, the output voltage is internally 
clamped in the MC3410 at about 0.7 Volts above ground. The 
output is thus limitea to a 0.7 Volt swing. If a load resistor of 
625 Ohms is connected to ground, allowing the output to swing 
to -2.5 Volts, tJ:le settling time increases to 1.5 J,LS. 

Extra care must be taken in board layout as this is usually the 
dominant factor in satisfactory test results when measuring 
settling time. Short leads, 100J,LF supply bypassin,]. and mini
mum scope lead length are all. necessary. 

MC3510 TERMINOLOGY 

RELATIVE ACCURACY - Maximum output deviation from 
the straight line connecting zero and full scale, expressed 
as a percentage of full scale. 

RELATIVE ACCURACY DRIFT - The average change in 
linearity error that will occur with a change in ambient 
temperature, expressed in parts per million of full scale per. 
degree C. 

MONOTONICITY - For every increase in the input digital 
word, the output current either remains the same or increases. 

SETTLING TIME -- The elapsed time from the input transition 
until the output has settled within an error band about its 
final value. 

OUTPUT FULL SCALE CURRENT DRIFT - The average 
change in full scale current between 25° C and either tempera
ture extreme, expressed in parts per'million of full scale per 
degree C. 

REFERENCE AMPLIFIER SLEW RATE - The maximum rate 
of change of the full scale output current expressed in 
milliamperes per microsecond. 

OUTPUT VOLTAGE COMPLIANCE - The maximum voltage 
that can be applied to the output pin so that the specified 
change in output current is not exceeded. 

POWER SUPPLY SENSITIVITY - The change in full scale 
current caused by a change in VEE, expressed as a percent 
of full scale current per percent change in VEE. 
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MC3410, MC3510, MC3410C 

TYPICAL CHARACTERISTICS 

1 

i 
I-
::::> 
"-
~ 

-

.0 

. 0 

0 

I 
0 

-, , 
0 I 

-1. 0 

FIGURE 11 - LOGIC INPUT CURRENT 
versus INPUT VOLTAGE 

80 

\ 

60 " .......... ~1.A3 
40 

I--
-.......... 

t"'-. 
A4.t;Q- r-- 1\ 

20 'r\\ 
~ 
,~ 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
VI. LOGIC INPUT VOLTAGE (VOLTS) . 

FIGURE 13 - OUTPUT CURRENT versus 
OUTPUT VOLTAGE (Output Compliance) 

( A I·A 10 High (VIH" 2.0 V) 

I . 
/ 

/ 

I 
J 

( A I·A 10 Low (VIL "0.8 V) 

1-1 
-8.0 -7.0 -6.0 -5.0 -4.0 -3.0 -2.0 -1.0 1.0 2.0 

8.0 

6.0 

4.0 

a> 2. 0 

~ 0 
I-
i5 -2. 0 
w 
::: -4. 0 
I-

~-6. 0 

a: -8. 0 

VO. OUTPUT VOLTAGE (VOLTS) 

FIGURE 15 - REFERENCE AMPLIFIER 
FREQUENCY RESPONSE ' 

v '\ 
~V 1\ 

'-~ l-- 1\ 
"" '!-t-

, 
~ 

'" 1\ 
A Curve B Curve 1\ 1· 
Large Signal BW ~ Small·Signal BW 

ro ".lOOn R15= R16" 1.0k 
-1 

ro" 20n 
o Vref(+) = 2 Vp.p - Vref(+) = 50 mVp.p - Vrjf (-)"I OV I ~~ 

-1 2 Centered at + 1.0V Centered at + 200mv 
0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 

f. FREQUENCY (MHz) 

10 

2. 0 

1. 5 

o 
o 

(I) 

I
..J 
o 
::: 
w 
t:) 

« 

FIGURE 12 - TRANSFER CHARACTERISTIC 
versus TEMPERATURE 

vV' v P V I/o 
Al 
I 

I 1/ A3
1 
thru ~9 th~eShallds 

lie within the range 
for Aland A 10 

1 
vI---' I/~ ./ 

V 

I ,v 
T~1{5oe rr;A"2fC ,V ~J 

1 '/ r1 II T';;" _55°C! 
I I 

1.0 1.2 1.4 1.6 1.8 

1. 0 

0 

VI. LOGIC INPUT VOLTAGE (VOLTS) 

FIGURE 14 - MAXIMUM OUTPUT 
VOLTAGE versus TEMPERATURE 

d2 

I 
A\O 

(Ot°l'~) 

I 
2.0 

~ -1. 0 
o 
> 
I-

~ 
I-

i5 -2. 
o 
> 

-3. 

0 

0 
-75 -50 -25 25 50 75 100 125 

TEMPERATURE (oG) 

FIGURE 16 - TYPICAL POWER SUPPLY 
CURRENTS versus TEMPERATURE 

2 

+-. 
r--- f---t--lEE t--t--1 

-.... r-.. t-... 0 
~ 
let t--.... t--

f""'-
0 

, . 
0 
-75 -50 -25 25 50 75 100 125 

TEMPERATURE ('C) 

® MOTOROLA Semiconductor' Product. Inc:. 

5-119 

-

2.2 

• 



• 

MC3410, MC3510, MC3410C 

APPLICATIONS INFORMATION 

Voltage outputs are obtainable with this circuit ~hich uses an 
exte~nal operational amplifier as a curre'nt to voltage con
verter. This configuration automatically keeps the output of 
the MC3410 at ground potential and the operational amplifier 
can generate a positive voltage limited only by its positive 
supply voltage. Frequency response and settling time are 
primarily determined by the characteristics of the operational, 
amplifier. In addition, 'the operational amplifier must be 
compensated for unity gain, and in some cases overcompensa
tion may be desirable. 

Note that this configuration results in a positive output volt· 
age only, the magnitude of which is dependent on the digital 
input. 

The following circuit shows how the MLM301A can be' 
used in'a feed forward mode resu:ting 'in a full scale settling time 
on the 9rder of 2.0 IlS. 

(To Pin 3 
of MC34.10) 

FIGURE 17 

65 pF 

5.1 k 

+15 V 

;>----_Vo 

An alternative method is to use the MC1539 and input 
compensation. Response of this circUit, is also on the order of 
2.0 IlS. See Motorola Application Note AN-459 for more details 
on this concept. 

FIGURE 18 

+15 V 35 pF 

5k 

10k 

(To Pin:3 
~ 

of MC3410) 
240 

0.2 IlF 

-15 V 

The positive voltage range may be extended. by cascading 
the output with a high beta common base transistor, Q1, as 
shown. 

Digital 
Inputs 
CMOS 
or TTL 

FIGURE 19 - EXTENDING POSITIVE 
VOLTAGE RANGE 

VEE 
-15 V 

Select R for a 
R current of 1 IlA 

The output voltage range for this circuit is 0 volts to BVCBO 
of the transistor . Variations in beta must be, considered for wide 
temperature range applications. An inverted output waveform 
may be olDtained by using a load resistor from a positive refer
ence voltage to the collector of 'the transistor. Also, high-speed 
operation is possible with a large output voltage sllVing, because 
Pin 3 is held at a constant voltage. The resistor (R) to VEE main
tains the transistor emitter voltage when all bits are "off" and 
insures fast turn-on of the least significant bit. 

FIGURE 20 - OUTPUT CUR~ENT TO 
VOL TAGE CONVERSION 

10 Volts = 2 5k 
4mA . 

.-----oVref = 5 Volt,S 

2.5 k 

A1 

Full Scale 
Adjust 

150pF 

Compatible 

LSB 

for 10 volt fullscale calibration 

V =2(2.5 k) 5 V I [1023J 
o 2.5k ots 1024 Vo = 10 Volts (0.9990) 
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MC3410, MC3510, MC3410C 

APPLICATIONS INFORMATION (Continued) 

Bipolar or Negative Output Voltage 

The circuit in Figure 21.is a variation of the standard output 
voltage circuit in Figure 20 A negative or'offset biliary output 
may be obtained by sourcing current from the reference into 
the output thro,ugh R B. If R B allows 2 mA (R B,= 2.5 kn from 5 
Volts) then 1000000000 input will generate zero output 
voltage. ' 

4 

FIGURE 21 - OFFSET BINARY OR 
BIPOLAR DAC 

14 

Successive Approximation A to 0 

The fastest and most efficient means of A to D conversion 
using D' to A convertors is successive approximation (SA). 
Similar in appearance to staircase devices, the SA converter is 
capable of 100 times faster conversions for a lO-bit result. A 
complete 10-bit SA converter using MC3410 and MC14559/49 
successive approximation registers is shown in Figure 22. The 
complexity which results in higher conversion speeds is con
tained in the MC14559/49 registers., Quite simply, ~he register 
compares the DAC output resulting from activating each bit 
with the input voltage. This is done starting with most signifi
cant bit and after 10 comparisons generates the 110-bit binary 
output representing that input. The accuracy of the conversion 
is fixed by the accuracy of the MC3410 and is not dependent 
on tolerances .of the other components. An EOC outout is 
available and can be used to latch the parallel output or to 
synchronize the serial output which is also available. For more 
details on SA converters, see AN-716. 

For Offset Binary Output From +5 V to -5 V 

RO ~ 2.5 kn 
RS;" 2.5 ~n 

V _~Vrefr/A1 A2 A3 A4 A,5 A6 A7 A8+A9+A10) 2R 1 J 
0- R1 L\2 + 4"" + 8 + "i6 + 32 + 64 + 128 +256 5"f2 1'024-""'AS 

R"'~ 0- 4mA 

r FIGURE 22 - SUCCESSIVE APPROXIMATION CONVERTER 
USING MC3410 

~ EOC 

Binary Output 
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MC3410, MC3510, MC3410C 

APPLICATIONS INFORMATION (Continued) 
Staircase A to D 

If high conversion speed is not required. a staircase A to D 
convertor can be built for somewhat lower cost. A complete 
staircase AID convertor is shown in Figure 23. Here the com
plicated SA registers are replaced with simple binary counters. 
With an input voltage applied. the binary counter is reset by 
the convert command pulse and the begin accumulating counts. 
The DAC output steps upward until the comparator detects 
that the input is equal to· the DAC output. The counters are 
disabled and the conversion result is held at the output until 
the circuit is reset by the convert comn'\and Input. 

One advantage of staircase convertors is the ease with which 
BCD outputs may be obtained. Figure 24 shows a 3-digitpanel 
meter using the staircase technique and an MC14553 3-decade 
counter. The circuit function is similar to Figure 23 but 
Multiplexed BCD output is available from the MC14553 
counters. Parallel BCD may be obtained with equal ease using 
the MC14518 two decade CMOS counters. 

In both these staircase designs the system accuracy is deter
mined by the specified accuracy of the MC3410. 

FIGURE 23 - 1.O-BIT STAIRCASE A to D 
USING MC3410 

Convert Command 

t=-~-,,-___ ~7 6 5 34 1 3 214 

-15V 
Vee 

10 
9 
8 

6 

4 MS8 

LSB 

FIGURE 24 - 3-DIGIT DVM USING MC3410 
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MC3410, MC3510, MC3410C 

APPLICATIONS INFORMATION (Continued) 

FIGURE 25 - ALTERNATE APPROACH STAIRCASE A TO 0 

+5 V 

• 
4 14 
5 12 

6 13 
7 4 

8 MC14040 
9 
10 5 
11 6 
12 7 

13 9 11 
R 

-15 V MSB LSB 
Convert 

JL Command 
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MC3410, 'MC3510, MC3410C 

APPLICATIONS INFORMATION (Continued) 

BCD D to A <;:onverter 

BCD output A to 0 conversions are most easily accomplished 
by accumulating the digital results in two different counters, but 
thlit concept does not extend to BCD Dto A techniques. Using 
the circuit in Figure 26 a three-digit BCD number can be con
verted to a 10-bit accurate voltage. The MC14008's perform 
the combinational BCD-to-Binary conversion. The accuracy of 
this circuit is also solely dependent on the accuracy of the 
MC3410. 

FIGURE 26 - 3-DECADE BCD DAC 
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ORDERING INFORMATION 

Device 

MC3416L 
MC3416P 

Temperature Range 

ooc to + 70°C 
O°C to +70°C 

Package 

Ceramic DIP 
Plastic DIP 

Specifications and Applications 
InforIllation 

4 x 4 x2 CROSSPOINT SWITCH 

The MC3416 consists of a pair of 4 x 4 matrices of dielectrically 
isolated SCR's, triggered by a common selection matrix. The device is 
intended for switching analog signals in communication systems. The 
use o~ dielectric isolation processing provides excellent crosstalk 
isolation while maintaining minimal insertion loss. 

The selection array consists of PNP transistors with the input 
thresholds compatible with either MeMOS or MTTl ~ogic families. 

The MC3416 is a monolithic pin·for·pin replacement for the 
discontinued MCBH7601 hybrid device. 

• Low Series Resistance" - ron = 6.0 Ohms (Typ) @ IAK = 20 mA 

• High Series Resistance - roff = 100 Mn (Min) 

• Pin Compatible with MCBH7601 or RC4444 

• High Breakdown V~ltage - 30 V (Typ) 

• Selection Matrix Compatible with TTL or CMOS Logic Levels 

• Dielectric Isolation Insures Low Crosstalk and Low Insertion Loss 

FIGURE 1 - REPRESENTATIVE CELL SCHEMATIC 
(Repeated 16 Timesl 

Anode Al Anode A2 

(Bl,Cl .ol (B2,C2,02 
Row Select are Equivalent) are Equivalent) 

w~ (X, Y ,Z are ,Equ ivalent) . Q 1 

_ ca:~de' SCRl . SCR2 

(Xl, Yl"Zl are Equivalent) Cathode W2 
01 02 (X2~ Y2,Z2 are Equivalent) 

Column Select A 
(B,C,O are Equivalent) 

FIGURE 2 - MATRIX CONFIGURATION AND NOMENCLATURE 
(X In\iicates a Possible Connection I 
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2 ./ .• 1 

Rows 
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MC3416 

4 X 4 X 2 CROSSPOINT 
SWITCH 

DIELECTRICALLY ISOLATED 
MONOLITHIC 

INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 
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~~ 

Anode 
AI 

Cathode 
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Cathode 
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Column 
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PSUFFIX 
PLASTIC PACKAGE 
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PIN CONNECTIONS 
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MC3416 

MAXIMUM RATINGS (Unless otherwise noted T A'" 250 C) 

Rating Symbol Vallie Unit 

Anode-Cathode Current - Continuous IAK 150 mA 
(only one SCR at a time) 

Enable Current lEn 10 mA 
Operating Ambient Temperature Range TA Oto +70 °c 
Storage Temperature Range TstQ -65 to +150 °c 
Junction Temperature Range TJ 1500 C °c 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted. T A = 0 to 700 C) 

Characteristic Symbol Min Max 

Anode Cathode Breakdown Voltage BVAK 25 -
(lAK = 251'A) 

Cathode-Anode Breakdown Voltage BVKA 25 -
(lKA = 251'A) 

Base-Cathode Breakdown Voltage BVBK 25 -
(lBK = 251'A) 

Cathode-Base Breakdown Voltage BVKB 25 -
(lKB = 251'A) 

Base-Emitter Breakdown Voltage 
(lSE = 251'A) 

BVBE 25 -

Emitter-Cathode Breakdown. Voltage 
(lEK = 251'A) 

BVEK 25 -

OFF State Resistance roff 100 -
(VAK = 10V) 

Dynamic ON Resistance ron 
(Center Current = 10 mAl (See Figure B) 4.0 12 
(Center Current = 20 mAl 2.0 10 

Holding Current IH 0.7 3.0 
(See Figure 10) 

Enable Current lEn 4.0 -
(VBE = 1.5 V) (See Figure 71 

Anode-Cathode ON Voltage VAK 
(lAK = 10mA) - 1.0 
(lAK =20 mAl - 1.1 

Gate Sharing Current Ratio @ Cathodes GSh 0.8 1.25 
(Under Select Conditions with Anodes Open) (See Figure 3) 

Inhibit Voltage Vinh - 0.3 
(VB = 3.0 V) (See Figure 9) 

Inhibit Current linh - 0.1 
(VB = 3.0 VI (See Figure 9) 

OFF State Capacitance Coff - 2.0 
(V AK = 0 VI ( See Figure 61 

Turn-ON Time ton - 1.0 
(See Figure 41 

Minimum Voltage Ramp (Which Could Fire the SCA Under dv/dt 800 -
Transient Conditions) 

FIGURE 3 - TEST CIRCUIT 

r 
11 1:+ 

GSh = H-
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MC3416 

Inputs 

FIGURE 4 - TEST CIRCUIT FOR dv/dt AND ton 

Clock 0-.... -----.... -------... 
A ..... -------. 

Q 

QI-4+ .... ---f 

Each % MC7400 

FIGURE 5 - TEST WAVEFORMS FOR dv/dt AND ton 

6.251'5--1 -t- j-6.25 1'5 

A 

B 

VL and VJ +10 V 
+5 V 

Output 

+0.8 V ----+_--' 

<+8.5 V 

I 
I 

<+2.5V- -I 
. ton <; 1 p.s 

VC'and VE 

(at 50% Ampl itude Points) 

SCR Must 
Remain OFF 

L 

for dvldt < 800 V Ip.s 

FIGURE 6 - TEST CIRCUIT FOR OFF-STATE CAPACITANCE 

Bias High 

LlC Device 
Under 
Test 

All Device Pins Other Than Pins 
Under Test Are Connected to Test 
Equipment Ground Terminal 

"Three-Terminal, Guarded, Differential Capacitance Meter 

t---OVE Scope 
... ---+----+----0 Vc Scope 

FIGURE 7 - ENABLE CURRENT 
(Both SCR's Must Turn On) 

10V IE 10V 

R 

FIGUR E 8 - THE CROSSPOINT SCR 
I-V CHARACTERISTIC fiG • 0) 

I t 

J 
Breakdown 

!..-- ron = ~ Voltage 
X . y / 

------------------
-V 

FIGURE 9 - INHIBIT VOLTAGE AND INHIBIT 
CUR RENT (Both SCR.'s Must Remain OFF) 

@ MOTOROLA Selniconducf:or Producf:s Inc. _______ ..J 

5-127 

• 



• 

MC3416 

TYPICAL CHARACTERISTICS 
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FIGURE 10 - HOlOING CURRENT versus 
AMBIENT TEMPERATURE 
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FIGURE 12 - DIFFERENCE IN ANODE-CATHODE ON 
VOLTAGE (Between Associate Pairs of SCR'sl 

versus ANODE·CATHODE CURRENT 
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MC3416 

FIGURE 16 - FEEDTHROUGH versus SIGNAL FREQUENCY FIGURE 17 - CROSSTALK versus SIGNAL FREQUENCY 
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FIGURE 18 - TEST CIRCUIT FOR FEEDTHROUGH versus FREQUENCY 

600 

~ 
T A = 250 C, vi = 12 dBm, Crosspoints Off 
Feedthrough = 20 Lo910 (vo/vi) 

Wave 
Analizer 

FIGURE 19 - TEST CIRCUIT FOR CROSSTALK versus FREQUENCY 

600 

tJ 

Wave 
Analizer 

T A = 250 C, vi = 12 dBm, Crosspoints On 
Crosstalk = 20 Lo910 (vo2/vol) 
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MC3416 

TELEPHONE APPLICATION OF THE CROSSPOINT SWITCH 

The MC3416 crosspoint switch is designed to provide 
a low-loss analog switching element for telephony signals. 
It can be addressed and controlled from standard binary 
decoders and is CMOS compatible. With proper system 
organization the MC3416 can significantly reduce the size 
and cost of existing crosspoint matrices. 

SIGNAL PATH CONSIDERATIONS 
The MC3416 is a balanced 4 x 4 2-wire crosspoint array. 

It is ideal for balanced transmission systems, but may be 
applied effectively in a number of single ended applications. 
Multiple chips may be interconnected to form larger cross
point arrays. The major design constraint in using SCR 
crosspoints is that a forward dc current must be main-

tained through the SCR to retain an ac signal path. This 
requires that each subscriber-input to the array be capable 
of sourcing dc current as well as its ac signal. With each 
subscriber acting as a dc source, each trunk output then 
acts as a current sink. The instrument-to-trunk connection 
in Figure 21 shows this configuration. However, with each 
subscriber acting as a dc source, some method of inter
connecting them without a trunk must be provided. Such 
a local or intercom termination is shown in Figure 22. 
Here both subscribers source dc current and exchange ac 
signals. The central current sink accepts current from both 
subscribers while the high output impedance of the current 
sink does not disturb the system. 

These configurations are system compatible. The dc 

+15 

FIGURE 21 - INSTRUMENT-TO-TRUNK CONNECTION 
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current restriction is not a restriction in the design of 
an efficient crosspo.int array. Because of the current sink 
terminations, a signal path may use differing numbers of 
crosspoints in any connection or in two sides of the same 
connection further relaxing restrictions in array design. 

Figure 23 demonstrates circuit operation. 51, S2, and 
S3 are open. The Crosspoint SCR's are off as they have no 
gate drive or dc current path through 51. By closing 52 and 
53, gate drive is provided, but the 5CR's still remain off as 
there is no de current path to hold them on. Close 51 and 
the circuit'is enabled, but with 52 and 53 off there is still 
no signal path. Closing 52 and 53 with Sl closed - current 
is injected into both gates and they switch on. DC current 
through R L splits around the center-tapped winding and 
flows through each SCR, back through the lower winding 
and through 51 to ground. If 52 and 53 are opened, that 

, current path still remains and the 5CRs remain on. If an ac 
signal is injected at' either G 1 or G2, it will be transmitted 
to the other signal port with negligible loss in the SCA's. To 
disconnect the ac signal path the SCR's must be com
mutated off. By opening 51 th'e de current path is inter-

rupted and the SCR'sswitch off. The ac signal path is dis
connected. With 51 closed the circuit is enabled and may 
be addressed again from 52 and 53. This circuit demon
strates a balanced transmission configuration. The trans

. mission characteristics of the 5CR's simulate a relay con
tact in that the ac signal does not incur a contact voltage 
drop across the crosspoint. The memory characteristics of 
the crosspoint are demonstrated by the selective application 
of 51,52, and S3. 

The selection of R L is governed by the power supply 
voltage and the desired de current. If 10 mA is to flow 
through each SCR then R L must pass 20 mA. Thus, 
(VCC - V AK)/R L = 20 mAo The selection of Rp is governed 
by the characteristics for crosspoint turn on. Adequate 
enable current must be injected into the column select 
and Rp should drop at least 1.5 Volts. The PNP transistor 
has a typical gain of one. Thus, Rp should pass at least 
2 mA to provide 4 mA column select current. 

FIGURE 23- CROSSPOINT OPERATION 
DEMONSTRA;TlON CIRCUIT 

G2 

.c:J Vee 

Ap 

ADDRESSING CONSIDERATIONS 
The MC3416 crosspoint switch is addressed by selecting 

and turning on the PNP transistor that controls the SCR 
pair desired. The drive requirements of the MC3416 can be 
met with standard MeMOS outputs. A particular crosspoint 
is addressed by putting a logical "1" on the em itter and a 
logical "0" on the base of the appropriate transistor. A 
resistor in the base circuit of the transistor is required to 
limit the current and must also drop 1.5 Volts to assure 
forward bias of the two diodes in the collector circuits. 

S1 S2 S3 LINE CONDITION 

ON X OFF Enabled, Not Connected 

ON OFF X Ejnab/ed, Not Connected 

ON ON ON Addressed and Connected 

ON X X G1 Connected to G2 

OFF X X Disconnected. 

X = irrelevant 

The gate current required for SCR turn on is 1 mA typically. 
The MeMOS one-of-n decoders listed in Table I provide 
both active high and active low outputs and are well suited 
for standard addressing organizations. The major design 
constraint in organizing the addressing structure is that 
any signal path which is to be addressed must create a dc 
path from a source to a sink. If that path requires two 
crosspoints they must be addressed simultaneously. Of 
course, once the path is selected, the addressing hardware 
is free to initiate other signal paths. To meet the de path 
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APPLICATIONS INFORMATION (continued) 

requirement, crosspoint arrays should be designed in blocks DISCONNECT TECHNIQUES 
such that any given dc path requires only one crosspoint Since the crosspoint swi~ch maintains signal paths by 
per block. A signal path, however, may still use two cross· keeping dc currents through active SCA's, disconnects are 
points in the same block by sequentially addressing two easily accomplished by interrupting the dc current path. 
dc paths to the same terminator. For example, the left or This can be done anywhere in the circuit, but if the dis· 
right pairs of crosspoints in Figure 22 must be addressed connect is done at the terminator then all signal paths 
simultaneously but the left pair may be addressed in established to that terminator are broken simultaneously. 
sequence after addressing the right pair. This is not a In both Figures 21 and 22 this is done by turning off the 
difficult constraint to meet and it does not require unneces- current sink circuit with a MeMOS buffer gate. MC14049 
sary addressing hardware. or MC14050 buffers will drive the transistor switch. Once 

TABLE I 

Active High Outputs I 00.1 .iM"I " I of 4 MC14555 
4-bit latch/4 to 16 MC14514 
BCD to Decimal Decode MC14028 

Active Low Outputs 

MCl4.556 
MC14515 

a disconnect is completed, the terminator may be re-enabled 
and used for another call. Usage of the terminators may be 
easily monitored with optoelectronic couplers in the 
collectors of the current sinks without disturbing trans
mission characteristics. 

See Application Note AN-760 for additional applications suggestions. 

THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature can 
be found from the equation: ' 

TJ(max) -TA 
PD(T A) = ROJA(Typ) 

Where: PD(TA) = Power Dissipation allowable at a given 

operating ambient temperature, This must be greater than 

Circuit diagrams utilizing Motorola products are included. as a means 
of illustrating typical semiconductor applications; consequently. 
complete information S4fficient for construction purposes IS not 
necessarilv given. The information has been carefully checked and 

the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. ' 

T J(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 

is believed to be entirely reliable. However. no responsibility is 
assumed for Inaccuracies. Furthermore. such 'nformation does flot 
convey to, the purchaser of the semic'onductor devices described any 
license under the patent rights ot Motorola Inc. or others. 
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Advance InforInation 

CONTINUOUSLY VARIABLE SLOPE 
DELTA MODULATOR/DEMODULATOR 

• Encode and Decode Functions on the Same Chip with a Digital 
Input for Selection 

• Utilization of Compatible 12L - Linear Bipolar Technology 

• CMOS Compatible Digital Output 

VCC 
• Digital Input Threshold Selectable (-2- reference provided 

on chip) 

• MC3417 Has a 3 Bit Algorithm (General Communications) 

• MC3418 Has a 4 Bit Algorithm (Commercial Telephone) 

External Components Required: 

• Integrating Network - Typically 1 ms Time Constant 

• Syllabic Filter - Typically 5 ms Time Constant 

~ "Minimum Step Size Adjust" Resistor 

• Gain Control Resistor 

• Analog Input Capacitor and Resistor for Level Shifting if Input 
Signal Is Not Centered at VCC 

2 

CVSD BLOCK DIAGRAM INCLUDING EXTERNAL COMPONENTS 

To VCC/2 

Analog 
Input 
o-j:t---o-:-t---j '! 

Analog 0-------"-1 
Output .--l----+__, 

Integrating Network 

VCC 

Syllabic 
Rp Filter 

1------'--+--<>-1i--lRS Min Step 
Size 

II 
Untegrating 
Cuttent) 

This is advance information and specifications are subject to change without notice. 
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MC3418 

CONTINUOUSLY VARIABLE 
SLOPE DELTA 

MODULATOR/DEMO~ULATOR 

LASER·TRIMMED 
INTEGRATED CIRCUIT 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

Analog 
Input 

Analog 
Feedback 

Syllabic 
Filter 

Gain 
Control 

Ref 
Input (+) 

Filter 
Input (-) 

Analog 
Output 

VeE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN CONNECTIONS 

16 VCC 

16 
Encode/ 
i'5'iCOde 

14 Clock 

4 13 
Digital Data 
Input (-) 

Digital 
12 Threshold 

Coincidence 
6 11 Output 

10 VCC/2 
Output 

8 9 
Digital 
Output 

ORDERING INFORMATION 

Temperature Range 
(All Types) = Oto + 70°C 

Device Package 
MC3417L Ceramic DIP 
MC3418L Ceramic DIP 
MC3417P Plastic DIP 
MC3418P Plastic DIP 

Note: MC3617 to be offered later in 1977. 
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MAXIMUM RATINGS (All voltages referenced to VEE, TA = 25°C unless 
otherwise noted) 

Rating Symbol Value 

Power Supply Voltage VCC -0.4 to +18 

Differential Analog Input Voltage VID ±6.0 

Digital Threshold Voltage VTH -0.4 to VCC 

Logic Input Voltage VlLogic -0.4 to +18 
(Clock, Data, Encode/Decode) 

Coincidence Output Voltage VO(con) -0.4 to +18 

Syllabic Filter Input Voltage VI(Syl) -0.4 to VCC 

Gain Control Input Voltage VI(GCI -0.4 to VCC 

VCC 
Reference Input Voltage VI(Ref) ---1.Oto+18 

2 

VCC 
-'-2- Output Current 10 -25 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

mA 

TARGET ELECTRICAL CHARACTERISTICS (Vec = 12 V, VEE = Gnd, TA = 250 C unless otherwise noted.) 

MC3417 MC3418 

Characteristic Symbol Min Typ Max Min Typ 

Power Supply Voltage Range VCCR 4.75 12 16.5 4.75 12 

Power Supply Current ICC 
(Idle Channel) 

(VCC = 5.0 V) - 3.0 5.0 - 3.0 
(VCC = 15 V) - 4.0 10 - 4.0 

Clock Rate SR - 16 k 200 k - 38 k 

Integrating Current Range IIR 
(VCC ~ 6.0 V) 0.01 - 1.5 0.01 -
(VCC;;' 6.0 V) 0.01 - 3.0 0.Q1 -

Analog I nput Range VI 
(4.75 V ~ VCC';;; 15 V) 1.3 - VCC -1.3 i.3 -

Analog Output Range Vo 
(4.75 V ~ VCC';; 15 V) 1.3 - VCC -1.3 1.3 -

I ilput Bias Currents liB 
(Comparator in Active Region: 

Vpin 1 = Vpin 10) 
(A nalog Input) - 0.3 1.5 - 0.3 
(Analog Feedback) - 0.3 1.5 - 0:3 
(Syllabic Filter Input) - 0.05 0.2 - 0.05 
(Reference Input) - -0.05 -0.15 - -0.05 

Input Offset Current 110 
(Comparator in Active Region: - 0.1 0.4 - 0.1 

Vpin 1 = Vpin 1'0) 

(Analog Input/Analog Feedback) 

Input Offset Voltages VIO 
(Input Voltage Converter) -- 2.0 6.0 - 2.0 
(Integrator Amplifier) - 1.0 4.0 - 1.0 

Transductance gm 

(Input V!I Converter (0 to 3.0 mAl) 0.2 0.3 - 0.2 0.3 

(Integrator Amplifier (0 to !5.0 mAil 1.0 2.0 - 1.0 2.5 

Propagation Delay Times 
(Clock Trigger to Digital Output) tPLH - 1.5 2.5 - 1.5 

(Trigger Falling Edge, Vce to +0.4 V) tPHL - 1.0 2.5 - 1.0 
(Clock Trigger to Coincidence Output) tPLH - 2.0 4.0 -- 2.0 

(Trigger F'alling Edge, VCC to +0.4) tpHL - 2.0 4.0 - 2.0 
,(Clock Trigger to Ramp Reversal) tp - 1.0 - - 1.0 

(Trigger Falling Edge, VCC to 0.4 V; 

IRamp = 100p.A) 

Coincidence Output Voltage-
Low Logic State VOLlCon) - - 0.25 - -

(lOLlCon) ~ 3.0 mAl 

Applied Digital Threshold Voltage Range VIR(th) +1.2 - VCC-2.O +1.2 -

® MOTOROLA Semiconductor Products Inc. 
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Max Unit 

16.5 Vdc 

mA 

5.0 
10 

200 k' Samples/s 

mA • 1.5 
3.0 

Vdc 

VCC-1.3 

Vdc 

VCC-.1·3 

p.A 

1.5 
1.5 
0.2 

-0.15 

p.A 
0.3 

mV 
6.0 
4.0 

AN 
-
-

p.s 
2.5 
2.5 

4.0 
4.0 
-

0.25 Vdc 

VCC - 2.0 Vdc 
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ELECTRICAL CHARACTERISTICS (continued) 
MC3417 MC3418 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Digital Threshold Input Current IIL(th) p.A 

(1.2 V ,;;;; Vth ,;;;; VCC = 2.0 V) 
(VIL applied to pins 13, 14 and 15) - - 5.0 - - 5.0 
(VIH applied to pins 13, 14 and 15) - -10 -50 - -10 -50 

Maximum Integrator Output Current 10L(lnt) ±5.0 - - ±5.0 - - mA 

Vcc, 2 Gener.ator Maximum Output Current 10 -10 - - -10 - - mA 

Vcc 
- Generator Output Impedance Zo - 3.0 

2 (Q to +10 mAl 
5.0 - 3.0 5.0 n 

VCC 
- Generator Error 

2 
er - - ±2.0 - - ±2.0 % 

Logic I nput Voltage Vdc 
(Low Logic State) VIL Gnd - Vth - 0.4 Gnd - Vth - 0.4 
(High Logic State) VIH V t h+O.4 - +18 V th+O.4 - +18 

Total Loop Offset Voltage (Note 1 ) 'E.VO mV 
01= 33 /LA, VCC = 5.0 V) - ±3.0 ±7.0 - - -
(II = 12 p.A, VCC = 12 V) - - ±2.0 - ±1.0 ±2.0 

Digital Output Current mA 

(Low Logic State (VOL';;;; 0.4 V)) 10L 3.6 5.0 - 3.6 5.0 -

(High Logic State (VOH ~ VCC - 1.0 V)) 10H -0.35 -1.0 - -0.35 -1.0 -

Syliabic'Filt~r Applied Voltage VI(Syi) +3.0 - VCC +3.0 - VCC Vdc 

I ntegrator Output Current /LA 
(Gain Control Input Curre'nt = 12 /lA) 

(Low Logic State Output) 10LOnt) 8.0 10 11.5 8.0 10 11.5 
(H igh Logic State Output) 10HOnt) -11.5 -10 -8.0 -11.5 -10 -8.0 

(Gain Control I nput Current = 3.0 mAl mA 
(Low Logic State Output) 10L(lnt) 2.77 2.9 3.05 2.77 2.9 3.05 
(H igh Logic State Output) 10H(lnt) -3.05 -2.9 -2.77 -3.05 -2.9 -2.77 

Integrator Output Current Matching (Note 2) 110 - - ±2.0 - - ±2.0 % 

(lGain Control = 1.5 mAl 

I nput Current - Low Logic State IlL - - - - - - -
(VIL=OV) 

I nput Current - High Logic State lliH /lA 
(VIH = 18 V) 

(Digital Data Input) - - +5.0 - - +5.0 
(Clock Input) - - +5.0 - - +5.0 
(Encode/Decode Input) - - +5.0 - - +5.0 

I nput Current - Low Logic State IlL /lA 
(VIL=OV) I 

(Digital Data Input) - - -10 - - -10 
(Clock I nput) - - -360 - - -360 
(Encode/Decode Input) - - -36 - - -36 

(Clock Input, VIL = 0.4 V) - - -36 - - -36 

Note: 
1. Total Loop Offset is defined as the summation of the offsets of the integrator amplifier and the analog comparator plus the effect of 

the integrator amplifier's bias currents fldwing through 10 k input resistors and the effect of the mismatch in the positive andnegative 
integrator currents. This mismatch causes an additional dc voltage drop in the 10 k integrator resistor. Idle channel performance 
is guaranteed if this total loop offset is less t~an one-half of the change in integrator output voltage during one clock cycle (ramp 
step size). Laser tr,imming techniques are utilized to ensure good idle channel performance. 

2. The output current matching is observed with the .circuit of Figure 4 by connecting pins 9 and 13 together, tieing pin 15 to a logic 
low level, setting up 1.5 rnA into the gain control input and measuring the average voltage at pin 7 with respect to pin 10. 
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DEFINITIONS AND FUNCTION OF PINS 
Pin 1 - Analog Input 

This is the inverting comparator input where the 
voice signal is applied. It may be ac or dc coupled 
depending on the application. If the voice signal is to be 
level shifted to the internal reference voltage, then a bias 
resistor between pins 1 and 10 is used. The resistor is 
used to establish the reference as the new dc average of 
the ac coupled signal. 

Pin 2 - Analog Feedback , 
This is the non-inverting input to the analog signal 

comparator within the IC. In an encoder application it 
should be connected to the analog output of the encoder 
circuit. This may be pin 7 or a low pass filter output con
nected to pin 7. In a decode circuit pin 2 is not used and 
may be tied to VCC/2 on pin 10, ground or left open. 

The analog input comparator has bias currents of 1.5 
j.1A max, thus the driving impedances of pin 1 and 2 
should be nearly equal to avoid disturbing the idle 
channel ~haracteristics of the encoder. 

Pin 3 - Syllabic Filter 
This is the point at which the syllabic filter voltage is 

returned to the IC in or'der to control the integrator step 
size. It is an NPN input to an op amp. The syllabic filter 
consists of an RC product between pins 11 and 3. 
Typical values of 6 ms to 50 ms are used in voice codecs. 

Pin 4 - Gain Control Input 
The syllabic filter voltage appears across Cs of the 

syllabic filter and is the voltage between V CC and pin 3. 
The active voltage to current (V to I) operational 
amplifier in the MC3417/18 drives pin 4 to the same 
voltage. Thus the current injected in the integrator is the 
syllabic filter voltage divided by the Rx resistance. The 
Rx resistor is then varied to adjust the loop gain of the 
codec and is connected to pin 4. 

Pin 5 - Reference Input 
Th is pin is the noninverting. input of the integrator 

output. It is used to reference. the dc level of the output 
signal. In an encoder circuit it must reference the same 
voltage as pin 1 and is commonly tied to the peference of 
pin 10. In a decoder application, it may be connected to 
signal ground, the reference, or any dc level within the 
common-mode range of the integrating op amp. It is a 
PNP input with a bias current of -0.15 j.1A maximum. 

Pin 6 - Filter Input, 
This inverting op amp input is used to connect the 

integrator external components. Single integration 
systems. require a 0.1 j.1F and 10 kS1 resistor between 
pins 6 and 7. Multipole configurations will have different 
circuitry, but the resistanc~ between pins 6 and 7 should 
always be between 5 kS1 and 15 kS1 to maintain good 
idle channel characteristics .. 

Pin 7 - Analog Output 
This is the integrator op amp output. It is capable of 

VCC 
driving a 600-ohm load referenced to 2 to +6 dBm 

and can otherwise be treated as an op amp output. "Pins 
5, 6, and 7 provide full access to the integrator op amp 
for designing integration filter networks. 

Pin 8 - VEE 

The MC3417/18 are designed to work in either single 
or dual power supply applications. Pin 8 is always 
connected to the most negative supply, which will be 
ground in a single supply system. 

Pin 9 - Digital Output 
The digital output provides the results of the delta 

moduiator's conversion. It swings between V CC and 
VEE and is CMOS or TTL compatible~ Pin 9 is 

. inverting with respect to pin 1 and non-inverting with 
respect to pin 2. It is clocked on the falling edge of 
pin 14. 

Pin 10 - VCC/20utput 
An internal low impedance mid-supply reference is 

provided for use of the MC3417/18 in sfngle supply 
appl ications. The internal regulator is a current source 
and must be loaded with a resistor to insure its sinking 
capability. If a +6 dBmo signal is expected acr:oss a 600 
ohm input bias resistor, then pin 10 must sink 2.2 
V/600S1 = 3.66 mAo This is only possible if pin 10 
sources 3.66 mA into a resistor normally and will source 
only the difference under peak load. The reference load 
resistor is chosen accordingly. A 0.1/lF bypass capacitor 
from pin 10 to VEE is also recommended. The VCC/2 
reference is capable of sourcing 10 rnA alld can be used 
as a reference elsewhere in the system circuitry. 

Pin 11 - Coincidence Output 
The duty cycle of this pin is proport~onal to the 

voltage' across Cs. The coincidence output will be low 
whenever the content of the internal shift register is all 

, 1 's or all O's. I n the MC3417 the register is 3 bits long, 
while the MC3418 contains a 4 bit register. Pin 11 is an 
open collector of an NPN device and requires a pull-up 
resistor. It the syllabic filter is to have equal charge and 
discharg~ time constants, the value of Rp should be 
much less than Rs. In systems requiring different charge 
and discharge constants, the charging constant is RsCs 
while the decaying constant is (Rs+Rp)Cs. Thus longer 
decays are easily achieveable. The NPN device should 
not be required to sink more than 3 mA in any 
configuration. 
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DEFINITIONS AND FUNCTIONS OF PINS (CONT) 

Pin 12 - Digital Threshold 
Tbis input sets the switching threshold in pins 13, 14, 

and 15. It is intended to aid in .interfacing different 
log ic families without external parts. Often it is 
connected to the VCC12 reference for CMOS interface 
or can be biased two diode drops above VEE for TTL 
interface. 

Pin 13 - Digital Data Input 
In a decode application, the digital data stream is 

inputed through pin 13. In an encoder it may be unused 
or may be used to transmit signaling message under the 
control of pin 15. It is an inverting input with respect to 
pin 9. When pins 9 and 15 are connected, a toggle 

, flip-flop is formed and a forced idle channel pattern can 
be transmitted. If pin 9 is connected to pin 11, a non 
50% repetitive pattern can be transm itted and integrated 
at the receive end without diverging the integrator 
output to saturation. An MC3417 will produce a 001 
pattern and the MC3418 will produce a 0001 pattern. 

Pin 14 - Clock Input 
The clock input determines the data rate of the codec 

circuit. A 32k bit rate requires a 32 kHz clock. The 
switching th'reshold of the clock input is set by pin 12. 
The shift register circuit toggles on the falling edge of 
the clock input. 

Pin 15 - Encode /Decode 
This pin controls the connection of the analog input 

comparator and the digital input comparator to the 
internal shift register. If high, the result of the analog 
comparison will be clocked into the register on the 
falling edge at pin 14. If low, the digital input state will 
be entered. This allows use of the IC as an 
encoder·decoder or simplex codec without external 
parts. Furthermore, it allows non-voice patterns to be 
forced onto the' transmission line through pin 13 in an 
encoder. 

Pin 16 - Vee 
. The power supply range of the MC3417/18 is from 5 

to 15 volts between pin Vce and VEE. Guaranteed loop 
offset of the MC3417 is tested at 5 volts while the 
specification on the MC3418 is tested at 12 volts. 

FIGURE 1 - BLOCK DIAGRAM OF THE CVSD ENCODER 
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In 
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Digital 
In 

FIGURE 2 - eVDS WAVEFORMS 

FIGURE 3 - BLOCK DIAGRAM OF THE CVSD DECODER 
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FIGURE 4 - 16 kHz SIMPLEX VOICE CODEC 

(Using MC3417, Single Pole Companding and Single Integration) 
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CIRCUIT DESCRIPTION 
The continuously variable slope delta modulator 

(CVSD) is a simple alternative to more complex 
conventional conversion techniques in systems requiring 
digital communication of analog signals. The human 
voice is analog, but digital transmission of any signal 
over great distance is attractive. Signal/noise ratios do 
not vary with distance in digital transmission and 
multiplexing, switching and repeating hardware is more 
economical and easier to design. However, 
instrumentation A to 0 .converters do not meet the 
communications requirements. The CVSD A to 0 is well 
suited to the requirements of digital communications 
and is an economically efficient means of digitizing 
analog inputs for transmission. 

The Delta Modulator 
The innermost control loop of a CVSD converter is a 

simple del,ta modulator. A block diagram CVSD Encoder 
is shown in Figure 1. A delta mod ulator consists of, a 
comparator in the forward path and an integrator in the 
feedback path· of a simple control loop. The inputs to 
the comparator are the input 'analog' signal and the 
integrator output. The comparator output reflects the 
sign of the difference between the input voltage and the 
integrator output. That sign bit is the digital output and 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor' applications; consequently. 
complete rnformation sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

also controls the direction of ramp in the integrator. The 
comparator is normally clocked so as to produce a 
synchronous and band limited digital bit stream. 

If the clocked serial bit stream is transmitted, 
received, and delivered to a similar integrator at a remote 
point, the remote integrator output is a copy of the 
transmitting control loop integrator output. To the 
extent that the integrator at the transmitting locations 
tracks" the input signal, the remove receiver reproduces 
the input signal. Low pass filtering at the receiver output 
will eliminate most of the quantizing noise, if the ciock 
rate of the bit stream is an octave or more above the 
bandwidth of the input signal. Voice bandwidth is 4 kHz 
and ciock rates frOm 8 k and up are possible. Thus the 
delta modulator digitizes and transmits the analog input 
to a remote receiver. The serial, unframed nature of the 
data is ideal for communications networks. With no 
input 'at the transmitter, a continuous one zero 
alternation is transmitted. If the two inte.grators are 
made leaky, then during any loss of contact the receiver 
output decays to zero and receive restart begins without 
framing when the receiver reacquires. Similarly a delta 
modulator is tolerant of 'sporatic bit errors. Figure 2 
shows the delta modUlator waveforms while Figure 3 
shows the corresponding CVSD decoderbJock diagram. 

, is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the s~miconductQr devices described an~ 

"license under the patent rights of Motorola Inc. or others. 



MC3417, MC3418 

CIRCUIT ,DESCRIPTION (CONT) 
The Companding Algorithm 

'The fundamental advantages of the delta 11;'l0dulator 
are its simplicity and the serial format of its output. Its 
limitations are its ability to accurately convert the input 
within a limited digital bit rate. The analog input must 
be band limited and amplitude limited. The frequency 
limitations are governed by the nyquist rate while the 
amplitude capabilities are set by the gain of the 
integrator. 

The frequency limits are bounded on the upper end; 
that is for any input bandwidth there exists a clock 
freq uency. I~rger than that bandwidth which will 
transmit the signal with a specific noise level. However, 
the amplitude limits are bounded on both upper and 
lower ends. For a signal level, one specific gain will 
achieve an optimum noise level. Unfortunately, the basic 
delta modulator has a small dynamic range over which 
the noise level is constant. 

The continuously variable slope circuitry provides 
increased dynamic range by adjusting the gain of the 
integrator. For a given clock frequency and input 
bandwidth the additional circuitry increases the delta 
modulator's dynamic range. External to the basic delta 
modulator is an algorithm which monitors the past few 
outputs of the delta modulator in a simple shift register. 
The register is usually 3 or 4 bits long depending on the 
a pplication. The accepted CVSD algorithm simply 
monitors the contents of shift register and indicates if it 
contains all l's or D's. This condition is called 
coincidence. When ir occurs, it indicates that the gain of 
the integrator is too small. The coincidence output 
charges a single pole low pass filter. The voltage output 
of this syllabic filter controls the integrator gain through 
a pulse amplitude modulator whose other input is the 
sign bit or up/down control. 

The simplicity of the all ones, all zeros algorithm 
should not be taken lightly. Many other control 
algorithms using the shift register have been tried. The 
key to the accepted algorithm is that is provides a 
measure of the average power or level of the input signal. 
Other techniques provide more instantaneous 
information about the shape of the input curve. The 
purpose of the algorithm is to control the gain of the 
integrator and to increase the dynamic range. Thus a 
measure of the average input level is what is needed. 

The algorithm is repeated in the receiver and thus the 
level data is recovered in the receiver. Because the 
algorithm only operates on the. past serial data, . it' 

changes the nature of the bit stream without changing 
the channel bit rate. 

The effect of the algorithm is to compand the input 
signal, If a CVSD encoder is played into a basic delta 
modulator, the output of the delta modulator will 
reflect the shape of the input signal but all of the output 
will be at an equal level. 'Thus the algorithm at the 
output is needed to restore the level variations. The bit 
stream in the channel is as if it were from a standard 
delta modulator with a constant level input. 

The del ta modulator encoder with the CVSD 
algorithm provides an efficient method for digitizing a 
voice input in a manner which is especially convenient 
for digital communications requirements. 

CVSD DESIGN CONSIDERATIONS 

A simple CVSD encoder using the MC3417 or 
MC3418 is shown in. Figure 4. These ICs are general 
purpose CVSD building blocks which allow the system 
designer to tailor the encoders transmission 
characteristics to the application. Thus, the achievable 
transm ission capabilities are constrained by the 
fundamental limitations of delta modulation and the 
design of encoder parameters. The performance is not 
dictated by the internal configuration of the MC3417 
and MC3418. There are seven design considerations 
involved in. designing these basic CVSD building blocks 
into a specific codec application. 

These are listed below: 

1. Selection of clock rate 

2. Required number of shift register bits 

3. Selection of loop gain 

4. Selection of minimum step size 

5. Design of integration filter transfer function 

6. Design of syllabic filter transfer function 

7. Design of low pass filter at the receiver 

The circuit in Figure 4 is the most basic CVSD circuit 
possible. For many applications in secure radio or other 
intelligible voice channel requirements it is entirely 
sufficient. In this circuit, items 5 and 6 are reduced to 
their simplest form. The syllabic and integration filters 
are both single pole networks. The selection of items 1 
through 4 govern the codec performance. 

THERMAL INFORMATION 

The maximum power consumption an integrated 
circuit can tolerate at a given operating ambient 
temperature, can be found f.rom the equation: 

p . TJ(max) - TA 
D{T A) = ROJA {Typ} 

Where: PD{TAJ = Power. Dissipation allowable at a 
given operating ambient temperature. This must be 
greater than the sum of the products of the supply 

voltages and supply currents at the 1II(0rst-case oper
ating condition. 

T J{max) = Maximum Operating Junction 
Temperature as listed in the 
Maximum Ratings Section 

T A = Maximum' Desired Operating Ambient 
Temperature 

ROJA{Typ) = Typical Thermal Resistance 
Junction to Ambient 

® MOTOROLA ,Serniconduc'f~rproduc"s Inc. 
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ORDERING INFORMATION 

Device 

MC3437L 
MC3437P 

Temperature Range 

O°C to +70°C 
O°C to +70°C 

Package 
Ceramic DIP 
Plastic DIP 

HEX BUS RECEIVER WITH INPUT HYSTERESIS 

These high-speed bus receivers are useful in bus organized data 
transmission systems employing terminated 120 rllines. The receivers 
feature input hysteresis to obtain improved noise immunity. The: 
receivers low input current requirement allows up to 27 driver/ 
receiver pairs to share a common bus. A pair of Disable Inputs are 
provided. These Disable Inputs along with the receiver outputs are 
MTTL compatible. 

• Built in receiver hysteresis 

• Receiver input threshold is not affected by temperature 

• Propagation delay time - 20 ns (Typ) 

• Direct Replacement for DS8837 

FIGURE 1 - TYPICAL APPLICATION 

+5.0 V +5.0 V 

'" L---,.~120~ n Data -----,J'".~ ,d 
-~ ~ 

To Computer or Peripherals 

MAXIMUM RATI NGS (T A = 25°C unless otherwise noted.) 

Rating Symbol Value ~nit 

Supply Voltage VCC 7.0 Vdc 

Input Voltage VI 5.5 Vdc 

Power Dissipation Po 625 mW 
Derate above 25°C 3.85 mW/oC 

Operating Ambient Temperature Range TA Ot070 °c 

Storage Temperature Range Tstg -65 to +150 °c 
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MC3437 

HEX BUS 

RECEIVER 

SILICON MONOLITHIC 

INTEGRATED CIRCUIT 

16 

c::~::~] (top view) 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 -.. ,: ~'1Irrr[ t 
P SUFFIX 

PLASTIC PACKAGE 
CASE 648 

PIN CONNECTIONS 

Input 1 

Ground 
~~------------~~ 

TRUTH TABLE 

Input Disable Output 
I--':-O--t---L--t--

H
-'-'" 0 = < 1.05 V 

o H L 1= >2.5 V 
I----t-----+----I H = High Logic State 
I-__ -t-__ L_-t-_L-'--.., L = Low Logic State 

H L 



MC3437 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply for O~TA ~70oC and 475 V ~VCC ~5 25 V) 

Characteristic Symbol Min Typ Max Unit 

Receiver Input Threshold Voltage - High Logic State VILH(R) 1.80 2.25 2.50 V 
(VIL(DA) = 0.8 V, 10L = 16mA, VOL ~0.4 V) 

Receiver Input Threshold Voltage - Low Logic State VIHL(R) 1.05 1.30 1.55 V 
(VIL(DA) = 0.8 V, 10H = -400IJA,VOH ~2.4 V) 

Receiver Input Current IliA) IJA 
(VilA) = 4.0 V, VCC = 5.25 V) - 15 50 
(VI (R) = 4.0 V, VCC = 0 V) - 1.0 50 

Disable Input Voltage - High Logic State VIH(DA) 2.0 - - V 
(VilA) '" 0.5 V, VOL ~0.4 V, 10L = 16 rnA) 

Disable Input Voltage - Low Logic State VIL(DA) - - 0.8 V 
(VIIR) = 0.5 V, VOH ~2.4 V, 10k = -400IJA) 

Output Voltage - High Logic State VOH 2.4 - - V 
(VI (A) = 0.5 V, VIL(DA) = 0.8 V, 10H = -400IJA) 

Output Voltage - Low Logic State VOL - 0.25 0.4 V 
(VI(A)= 4.0 V, VIL(DA) = 0.8 V, 10L = 16 mAl 

Disable Input Current - High Logic State IIH(DA) 
(VIH(DA) = 2.4 V) - - 80 IJA 
(VIH(DA) = 5.5 V) - - 2.0 mA 

Disable Input Current - LovY Logic State IIL(DA) - - -3.2 mA 
(VI(RI = 4.0 V, VIL(DAI = 0.4 V) 

Output Short Circuit Current lOS -18 - -55 mA 
(VI(R) = 0.5 V, VIL(DA) = OV, VCC = 5.25 V) 

I 
Power Supply Current ICC - 45 65 mA 

(VI (AI = 0.5 V, VILlDA) = 0 VI 

Input Clamp Diode Voltage VI - -1.0 -1.5 V 
(lIIR) = -12 rnA, IIIDA) = -12 mA, 

SWITCHING CHARACTERISTICS (TA = 250 C. Vee = 5.0 V unless otherwise noted.) 
-

Characteristic Symbol Min Typ Max Unit 

Propagation Delay Time from Receiver Input to tpLH(R) - 20 30 ns 
High Logic State Output 

Propagation Delay Time from Receiver Input to tpHL(R) - 18 30 ns 
Low Logic State Output 

Propagation Delay Time from Disable Input to tpLH(DA) - 9.0 15 ns 
High Logic State Output 

Propagation Delay Time from Disable Input to tpHL(DAI - 4.0 12 ns 
Low Logic State Output 
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To Scope 
(Input) 

51 

Pulse 
Generator 

51 

R1 

. IIj 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 

+5.0 V 

390 
3.0 V ----.r------. 

2.3 V 

1N916 or 
Equiv 

To Scope 
(Disable) 

To Scope 
(Output) 

Input 

Disable 
(DA) 

Output 

1.3 V 

OV-

3.0V-----+----~~------,---__, 

o V -----+-----+--:-----..1 

1.5 V 

VOL----------·~---J 

FIGURE 3 - TYPICAL HYSTERESIS 

5.0 r------.----.,....---_,_----,.-----....,--~-...__--_,_--___, 

T A = 25°C --+----+-----+

~ 4.0 

~ ~---+----+---~----~--~----~---r~--

VCC=5.0V 

w 
~ 3.0 ~---+-----+ 

~ 
> 
~ 2.0 1-----+-----+ 
g 
~ 1.0 ~---'-+-----+ 

VI(R), INPUT VOLTAGE (VOLTS) 

REPRESENTATIVE' CI RCUIT SCHEMATIC 
(1/6 Shown) 

4.0 

~---'--'--4~-~~---:------~---'---~'----~--oVCC 

R3 R4 R10 R13 

Input o-+.....,t----+-I 

dutput 
01 

........ --4-.... -Q Disable 

L-~--~~--~--~~--e~ __ -------4--------____ 4-_0Ground 
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ORDERING' INFORMATION 

Device 

MC3438L 
MC3438P 

Temperature Range 

O°C to +70°C 
O°C to +70°C 

Package 

Ceramic DIP 
Plastic DIP 

QUAD BUS TRANSCEIVER 

Consists of four pair of drivers and receivers with the output of 
each driver connected to the input of its mating receiver. These 
devices are intended for use in bus organized data transmission 
system employi ng terminated 120 n Ii nes. The receivers feature 
hysteresis to improve noise immunity.' A disable function consisting 
of a two-input NOR gate is provided to control all four drivers. 

• Recei,ver input threshold is not affected by temperature 

• Receiver input hysteresis - 1.0 V (Typ) 

• Open collector driver outputs allow wire-OR 

• MTTL compatible receiver outputs and disable and driver inputs 

• Driver propagation delay -:- 20 ns 

• Receiver propagation delay - 20 ns 

• 0 irect replacement for OS8838 

FIGURE 1 - TYPICAL APPLICATION 

+5.0 V +5.0 V 

''0 L~120rL--------. n Data--plB"'r------.---r ~. 180· . 

.~' r:~ 

To Computer or Peripherals 

MAXIMUM RATI NGS IT A = 25°C unless otherwise noted.) 

Rating Symbol Value Unit 

Supply Voltage Vee 7.0 Vdc 

Input and Output Voltage VO.VI 5.5 Vdc 

power Dissipation Po 625 mW 
Derate above 25°C 3.85 mW/oe 

Operating Ambient Temperature Range TA o to +70 °c 

Storage Temperature Range Tstg -65 to +150 °e 
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MC3438 

QUAD BUS 
TRANSCEIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

16 f::::::] (top view) _ ...... . 

LSUFFIX. 
CERAMIC PACKAGE 

CASE 620 P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN CONNECTIONS 

Bus 3 

Bus 4 

Input 4 

Output 4 

Ground ~L~======~ 

TRUTH TABLES 

DRIVER SECTION 

Disable 1 Disable 2 Input 
L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 

RECEIVER SECTION 

Where: 
L = Low Logic Stete 
H • High Logic State 

Bus 
H 
L 
H 
H 
H 
H 

·H 
H 

VCC 

Bus 1 

Input 1 

Output 1 

Bus 2 

Input 2 

Output 2 
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MC3438 
ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for 0 ~T A ~ 700 C and 4. 75 ~ Vce ~ 5.25 V.) 

. Characteristic Symbol Min 

Disable Input Voltage - High Logic State VIH(DA) 2.0 

(VIH(D): 2.0 V, VIH(BUS): 4.0 V, IBUS < 100j.lA) 

Disable Input Voltage - Low Logic State VllIDA) -
(VIH(D): 2.0 V, VI L(BUS) ~0.7 V, IBUS: 50 rnA) 

Driver Input Voltage - High Logic State VIH(D) 2.0 

(VIL(DA): 0.8 V, IBUS: SOmA, VIL(BUS)~0.7 V) 

Driver Input Voltage _. Low Logic State VIL(D) -
(VI L(DA) : 0.8 V, VIH(BUS): 4.0 V, IBUS < 100 j.lA) 

Receiver Input Threshold Voltage - High Logic State VILH(R) 1.80 
(VIL(D): 0.8 V, IOL(R): 16 mA, VOL(R) ~0.4 V) 

Receiver Input Threshold Voltage - Low Logic State VIHL(R) 1.05 

(VIL(D): 0.8 V, IOH(R): -400j.lA, VOH(R) ~2.4 V) 

Disable Input Current - High Logic State IIHIDA) 
(VIH(D) ='2.4 V, VIH(DA) = 2.4 V) -
(VIH(D) = 5.5 V, VIH(DA) = 5.5 V) -

Driver Input Current - High Logic State IIH(D) 
(VIHIDAI = 2.4 V. VIH(DI = 2.4 VI -
(VIH(OA) = 5.5 V, VIH(D) = 5.5 V) -

Disable Input Current - Low Logic State IIUDA) -
(VIL(DA) ='0.4 V, VIL(D) = 0.4 V) 

Driver'lnput Current - Low Logic State IIL(D) -

(VIL(D) = 0.4 v. VIUDA) = 0.4 V) 

Bus Current IBUS 
(VIL(DA) = 0.8 v. VIUD) = 0.8. VIH(BUS) = 4.0 V) 
(Vce = 5.25 V) -
(Vce = 0 V) -

Bus Voltage - Low Logic State VUBUS) -
(VIL(DA) = 0.8 v. VIH(D) = 2.0 V. IBUS = 50 mAl 

Receiver Output Voltage - High Logic State VOH(R) 2.4 

(VIL(DA) = 0.8 V. VIUD) = 0.8 V. VIL(BUS) = 0.5 V, 
IOH(R) = -400j.lA) 

Receiver Output Voltage - Low Logic State YOUR) -
(VIL(DA) = 0.8 v. VIL(D) = 0.8 V, VIH(BUS)= 4.0 v. 
IOL(R) = 16 mAl 

Receiver Output ShortCircuit Current IOS(R) -18 

(VIL(DA) = 0.8 v. VIL(D) = 0.8 v. VIUBUS) = 0.5 V. 
Vce = 5.25 V) 

Power Supply Current ICC -
(VIL(DA) = 0 V. VIH(D) = 2.0 V) 

Input Clamp Diode Voltage VI -
UI(DA) = 11(0) = IBUS = -12mA) 

REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/4 Shown) 

Typ Max Unit 

- - V 

- 0.8 V 

- - V 

- 0.8 V 

2.25 2.50 V 

1.30 1.55 V 

- 40 j.lA 

- 1.0 mA 

- 40 j.lA 

- 1.0 mA 

- -1.6 mA 

- -1.6 mA 

j.lA 

20 100 
2.0 100 

0.4 0.7 V 

- - V 

0.25 0.4 V 

- -55 mA 

50 70 mA 

-1.0 -1.5 V 

r-------------------------~----------__oBus 

Driver 
Inputo---r--+----+-------r-~~ 

Disable 
Inputs 

GNDo-----------~----~~------------------_*--_*--~----~--~~--~~~--~~--~~~ 
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MC3438 

SWITCHING CHARACTERISTICS (T A = 250 e. Vee = 5.0 V unless otherwise noted.) 

Characteristic Symbol Min Typ 

Propagation Delay Time from Disable Input to tplH(DA) - 19 
High Logic Level Output 

Propagation Delay Time from Disable Input to tpHL(DA) - 15 
Low Logic Level Output 

Propagation Delay Time from Driver Input to tPLH(D) - 17 
High Logic Level Output 

Propagation Delay Time from Driver Input to tPHL(D) - 9.0 
Low Logic Level Output 

Propagation Delay Time from Bus Input to tPLH(R) - 20 
High Logic Level Output 

Propagation Delay Time from Bus Input to tPHL(R) - 18 
Low Logic Level Output 

FIGURE 2 - DRIVER AND DISABLE TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

To Scope 
(Input) 

+5.0 V 

Disable 

15 pF 

+5.0 V 

91 

To Scope 
(Output) 

200 

Disable 
Input 

(DA) 0 V 

VOH 
Output 

VOL __ ...I-JI 

Driver 
Input 

3V 

(D) OV 

Output 

Max 

27 

27 

25 

20 

30 

30 

VOL----~~f~---------+--JI 
tPHL(DI---l 

FIGURE 3 - RECi:IVER TEST CIRCUIT AND WAVEFORM 

To Scope 
(Input) 

To Scope 
(Output) +5.0. V 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

FIGURE 4 - TYPICAL RECEIVER HYSTERESIS 

Input 
(R) 

OV 

Disable 
Inputs 

Output 

vOL------+-~~--------------~1 

tPLH(R) 
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\ ORDERING INFORMATION 

Device 

'MC3440P 
MC3441P 
MC3443P 

Temperature Range 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Package 

Plastic DIP 
Plastic DIP 
Plastic DIP 

QUAD GENERAL PURPOSE INTERFACE BUS 
(G.P.LB.) TRANSCEIVERS 

The MC3440, MC3441, MC3443 are quad bus transceivers in
tended for usage, in instruments and programmable calculators 
equipped for interconnection into complete measurement systems. 
These transceivers allow the bidirectional flow of digital data and 
commands between the various instruments. Each of the transceiver 
versions provides four open-collector drivers and four receivers 
featuring input hysteresis; 

The MC3440 version consists of three drivers controlled by a 
common Enable input and a single driver without an Enabl,e input. 
Termination resistors are provided in the device. 

The MC3441 differs in that all four drivers are controlled by the 
Common Enable Input. Again. the termination resistors are provided. 

The MC3443 is identical to the MC3441 except that the termi
, nation resistors have been omitted. As such it is pin compatible, and 
functionally equivalent to the SN75138., It does offer the advantage 
of receiver input hysteresis. 

r 

I 

• Receiver Input Hysteresis Provides Excellent Noise Rejection. 

• Open-Collector Driver Outputs Permit Wire-OR Connection. 

• Tailored to Meet the Proposed Standards Set by the IEEE and,lEC 
Committees on Instrument Interface (488-1975). 

• Termination Resistors Provided (except MC3443 version). 

• Provides Electrical Compatibility with Hewlett Packard Interface 
Bus (HP-1B). 

TYPICAL APPLICATION - G.P.I.B. 
MEASUREMENT SYSTEM 

--- -
Instrument 

A 
(with GPIB) 

I I 

Programmable' 1 
I I Calculator 

(with GPIB) 

Instrument 
B I I 

(with GPIB) 

----

\ 16 Lines Total 
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MC3440 
MC34,41, 
MC3443 

QUAD INTERFACE 
BUS TRANSCEIVERS 
SI LICON MONOLITHIC 
INTEGRATED CIRCUITS 

Output and 
Termination .. 

Gnd 

Receiver 
OUtput A W 

Driver ~ 
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Driver (II 

Input B 
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Output B 

Output and 
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Receiver 
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MC3440, MC3441, MC3443 

MAXIMUM RA TI NGS IT A 250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage VCC 7.0 Vdc 

Input Voltage VI 5.5 Vdc 

Driver Output Current 10(01 150 rnA 

Power Dissipation (Package Limitation) PD 830 mW 
Derate above 25°C 6.7 mW/oC 

Operating Ambient Temperature Range TA o to +70 °c 
Storage Temperature Range T stg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75 V';; VCC';; 5.25 V and 0';; TA';; 700 C, typical values are at 
TA~, 25°C; VCC ~ 5.0 V) . 

Character istic Symbol Min Typ Max Unit 

DRIVER PORTION 

Input Voltage - High Logic State VIH(D) 2.0 - - V 

Input· Voltage - Low Logic State VILlO) - - 0.8 V 

I Input Current High Logic State IIH(O) - 40 IJ,A 
(VIH = 2.4 VI 

Input Curre"t - Low Logic State IILlD) - - -1.6 mA 
(VIL = 0.4 V, VCC = 5.0 V, TA = 25°C) 

Input Clamp Voltage VIC(D) - - -1.5 V 
(tIC = -12mA) 

Output Voltage - High Logic State (1) , VOH(D) 2.6 - - V 
(VIH(S) ~ 2.4 V or VIL(D) ~ 0.8 V) 

'Output Voltage - Low Logic State VaLID) V 
(VIH(S) ~ 2.0 V, VillE) ~ 0.8 V, 10LlD) ~ 48 mAl - - 0.4 
(VIH(O) ~ 2.0 V, ViLlE) ~ 0.8 V, 10LlD): 100 mAl - - 0.80 

Output Leakage Current - MC3443 Only 10H(D) - - 250 IJ,A 
(VIH(E) = 2.0 V or VILlD) = 0.8 V) 

RECEIVER PORTION • Input Hysteresis - 400 550 - mV 

Input Threshold Voltage - Low to High Output Logic State VILH(R) 0.6 - 1.1 V 

(VCC: 5.0 V, TA = 250 C) 

Input Threshold Voltage - High to Low Output Logic State VIHLlR) 1.5 - - V 

(VCC: 5.0 V, T A = 250 C) 

Output Voltage - High Logic State VOH(R) 2.4 - - V 

(VILlR)': 0.8 V, 10H(R) = -400IJ,A) 

Output Voltage - Low Logic State VOLlR) - - 0.4 V 

(VIH(R) = 2.0 V, 10LlR) = 16 mAl 

Output Short·Circuit Current IOS(R) -20 - -55 mA 
(VILlR): 0.8 V) (Only one output may be shorted at a time) 

BUS TERMINATION PORTION 100es not apply to MC3443 version) 

Bus Divider Voltage V(BUS) 2.6 3.3 3.75 V 

(VILlD) ~ OVI 

Bus Short-Circuit Current ,IOS(BUS) 1.25 - 2.08 mA 

(VILlD) =0 V, V(BUS) = 0 V) 

TOTAL DEVICE POWER CONSUMPTION 

Power Supply Current 

(VIH(o): 2.4 V, VillE) : 0 V) 

SWITCHING CHARACTERIS.TICS (VCC = 5.0 V, TA = 250 C) 

Characteristic 

DRIVER PORTION 

Propagation Delay Time from Driver Input to Low Logic State Bus Output tPHL(O) - 13 30 - 13 25 ns 

Propagation Delay Time from Driver Input to High Logic State Bus Output tPLH(D) - 17 30 - 17 25 ns 

Propagation Delay Time from Enable Input to Low Logic State Bus Output tPHLlE) - 25 40 - 25 32 ns 

Propagation Delay Time from Enable Input to High Logic State Bus Output tPLHIE) - 25 40 - 25 32 ns 

RECEIVER PORTION 

Propagation Delay Time from Bus Input to High Logic State Receiver Output 

Propagation Delay Time from Bus Input to Low Logic'State Receiver Output 

(1) 13.0 k resistor from the bus terminal to VCC required on the MC3443 version. 
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MC3440, MC3441, MC3443 

E 

E 

E 

E 

GENERAL PURPOSE INTERFACE BUS APPLICATION 

INSTRUMENT A I' INSTRUMENT B ---'"--l 1------ ---
I 0101 0101 I 

I I 'I 
0102 0102 I 1 

Me3441 ! I MC3440 I } To 0103 0103 

I 
Lo 

I J-I 0104 REN r-l I (Always 

I I Enabled) I I 
I I 

I 0105J 
I 

0104 I 

I 0106 :J 0105 ; . 
1 ... 

4-MC3441 0106 MC3440 
I 0107.:J 

I SRO 0108 :J + I 
... (Always 

I 
Enabled) I I I I 

I I I REN .) 0107 

! I 
... 

EOI --' 0108 

I .. 
MC3441 

DAV ~ 
MC3440 

~ ATN...:> 

I 
... 

I 
IFC .:J EOI 

2-f-... 
(Always 

I I Enabled) I I I (Always 
(Always I Enabled) 

I Enabled) 

4-I SRO --' ATN 

I ... 

I DAV) IFC 

t i 
... 

. MC3440 
NRFO NRFD MC3440 

I NOAC NDAC I 
I I 

I. I ........... _-- I I 
__ -.1 " If 16 Lines L _____ --- Total 

G.P.I.B. SIGNALS: 

8 Line Data Bus: 0101 - 0108 
5 General Interrupt Transfer Control Bus: 3 Data Byte Transfer Control Bus 

DAV - Data Valid REN - Remote Enable 
SRO - Service Request 
EOI - End or Identify 
ATN -.Attention 
I FC - Interface Clear 
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NRFD - Not Ready for Data 
NOAC - Not Data Accepted 

16 Total Signal l.ines 

Instruments 
gic (Typical) 

E 

E 

E 

E 



MC3440, MC3441, MC3443 

Input 

OV 

VOH 

FIGURE 1 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER INPUT (BUS) TO OUTPUT 

50% To Scope 
(lnpu~) 

To Scope 

(Output) +5.0 V 

~
tPLH(R) 

Output ... 1.5 V 

VOL ~-----------------~ 

Pulse Input 

FIGURE 2 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS) 

To Scope 3.0 V +5.0 V 
(Input) 

or equiv 

0",,,,, Gv 
VOL----------~-----------------~ 

15 pF 

Pulse 

Input 

Ena:~ ~n~50% j ... 5_0_% ___ _ 

,,,~(:,---JL .1.5 v· CtPHLIE) 

FIGURE 3 - TYPICAL RECEIVER HYSTERESIS 
CHARACTER ISTICS 
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-
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-VCC= 5.0 V 

TA = 25°C 
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VI. INPUT VOLTAGE (VOLTS) 

ou~~u~ .. ,t:v------------
VOL ------.I. 

FIGURE 4 - TYPICAL BUS LOAD LINE 
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5-151 

• 



• 

I 

I 

ORDERING INFORMATION 

Device Temperature Range Package 

MC3446 Plastic DIP 

QUAD'GENERAL PURPOSE INTERFACE BUS' 
, (G.P.LB.), TRANSCEIVER 

The MC3446 is a quad bus transceiver intended for usage in 
instruments and programmable calculators equipped for inter· 
connection into complete measurement systems. This transceiver 
allows the bidirectional flow of digital data and commands between 
the' various instruments. The transceiver provides four open· 
collector drivers and four receivers featuring hysteresis. 

• Tailored to Meet the IEEE Standard 488·1975 (Digital Interface 
for Programmable Instrumentation) and the Proposed IEC 
Standard on Instrument Interface 

• Provides Electrical Compatibility with Hewlett Packard Inter· 
face Bus. (HP·IB) 

• MOS Compatible with High Impedance Inputs 
• Driver Output Guaranteed Off During Power Up/Power Down 
• Low Power - Average Power Supply Current = 12 mA 
• Termination Resistors Provided 

TYPICAL MEASUREMENT SYSTEM APPLICATION 

-- --
Instrument 

A 
(with GPIB) 

I I 

Programmable J 
I I Calculator 

(with GPIB) 

Jnstrument 

I B I 

(with GPIB) 

----

16 Lines Total 
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Receiver 

Output A 

Driver 
Input A 

Enable 
ABC 

Driver 
Input B 

Bus B 

Receiver 
Output B 

Gnd 

MC3446 

QUAD INTERFACE, 
BUS TRANSCEIVER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 
PLASTIC PAC KAGE 

CASE 648 

PIN CONNECTIONS 

R1 = 2.4 k 
R2 = 5.0 k 

VCC 

Recei'ver 
Output D 

Bus D 

Driver 
Inpu't D 

Enable D 

Driver 
InputC 

Bus C 

Receiver 
Output C 



MC3446 

MAXIMUM RATINGS (T A = 25°C unless otherwise noted'! 

Rating Svmbol V.tue Unit 

Power SupplV Voltage VCC 7.0 Vdc 

Input Voltage VI 5.5 Vdc 

Driver Output Current 10(0) 150 mA 

Junction Temperature TJ 150 °c 

Operating Ambient Temperature Range TA o to +70 °c 

Storage Temperature Range T stg ~5 to +150 °c 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75 V", VCC '" 5.25 V and 0.:; TA';; 70°C, tvpical values are at . 
TA=250C,VCC=5.0V) . 

I Characteristic I Svmbol I Min I Typ I Max I Unit 

DRIVER PORTION 

Input Voltage - High Logic State 

Input Voltage - Low Logic State 

Input Current - High Logic State 
IV,,_, = 2.4 V) 

Input Current - Low Logic State 

(VIL = 0.4 V,VCO = 5.0 V, TA = 25°C) 

Input Clamp Voltage 

(lIC=-12mA) 

Output Voltage - High Logic State (1) 

(VIH(S) = 2.4 V or VIH(D) = 2.0 V) 

Output Voltage - Low Logic State 

IVILlS) = 0.8 V, VIL(O) = 0.8 V, IOLlO) = 48 mAl 

Input Breakdown Current 

(VI (D) = 5.5 V) 

RECEIVER PORTION 

Input Hvsteresis 

Input Threshold Voltage - Low to ,High Output Logic State 

Input Threshold Voltage - High to Low Output Logic State 

Output Voltage - High Logic State 

(V'H(R) = 2.0 v. IOH(R) = -400/JA) 

Output Voltage - Low Logic. State 

(VILlR) = 0.8 V, IOLlR) = 8.0 mAl 

Output Short-Circuit Current 

(V'H(R) = 2.0 V) (Only one output may be shorted at a time) 

BUS LOAD CHARACTERISTICS 

Bus Voltage (VIH(E) = 2.4 V) 

(IBUS = -12 mAl 

Bus Current (VIH(Ol= 2.4 V, VBUS;;,5.0 V) 

JVIH{D) =2.4 V, VBUS" 0.4 V) 

(VBUS '" 5.5 V) 

TOTAL DEVICE POWER CONSUMPTION 

Power Supply Current 
(All Drivers OFF) 

(All Drivers ON) 

SWITCHING CHARACTERISTICS (Vco = 50 V, T A = 25°0) 

Characteristic 

DRIVER PORTION 

Propagation Delay Time from Driver Input to Low Logic State Bus Output 

Propagation Delay Time from Driver Input to High Logic State Bus Output 

Propagation Delay Time- from Enable Input to Low Logic State Bus Output 

Propagation Delay Time from Enable Input to High Logic State Bus Output 

RECEIVER PORTION 

Propagation Delay Time from Bus Input to High Logic State Receiver O!Jtput 

Propagation Delay Time from Bus I nput to Low Logic State Receiver Output 

VIH(D) 2.0 
, 

-

VIL(O) - -

IIH(O) - 5.0 

IlL/D) - 0.2 

VIC(D) - -

VOH(D) 2.5 3.3 

VOLlD) - -

IIB(O) - -

- 400 900 

ViLH(R) - 1.78 

VIHL(R) 0.6 0.88 

VOH(R) 2.4 -

VOL/R) - -

IOS(R) 4.0 -

V(BUS) 2.5 3.3 
- -

I(BUS) 0.7 -
-1.3 -

- -

tPHL(D) - 34 

tPLH(D) - 17 

tPHL(E) - 39 

tPLH(E) - 32 

@ MOTOROL.A Semiconductor Products Inc. 
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- V 

0.8 V 

20 /JA 

0.36 mA 

-1.5 V 

3.7 V 

0.4 

1.0 mA 

- mV 

2.0 V 

- V 

- V 

0.4. V 

14 mA 

3.7 V 
-1.5 

- mA 

-3.2 
2.5 

50 ns 

40 ns 

50 ns 

50 ns 
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MC3446 

FIGURE 1 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER INPUT (BUS) TO OUTPUT 

Input 

ov 

, Output 

VOL 

Pulse 
Generator 

To Scope 
(Input) 

To Scope 

(Output) +5.0 V 

Input 

FIGURE 2 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS) 

Pulse 

To Scope 3.0 V 
(Input) 

+5.0 V 

Input 

FIGURE 3 - TYPICAL RECEIVER HYSTERESIS 
CHARACTER ISTICS 

5.0 . I. 
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TA·250C g 4.0 ~=+=::::~=+=;::+==:H-==*==t--I 
~ 
w 

. ~ 3.0 
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> ... 
~ 2.0 
o r_--r--~r_-+-~_:_-+_-_t--+_-~. 

~ 1.0 r_--r--I--+-~--+_-_t--+_-~ 

VI. INPUT VOLTAGE (VOL TS) 

VOH 
Output 

VOL----

1 ... 

6.0 

4.0 

2.0 

~ -2.0 

a -4.0 

~ -6.0 
eo? 
~ -8.0 

10 

12 

FIGURE 4 - TYPICAL BUS LOAD LINE 

VBUS. BUS VOLTAGE (VOLTS) 

15 pF 
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Product Previe'\oV 

BIDIRECTIONAL INSTRUMENTATION BUS (HP-IB) 
TRANSCEIVER 

This bidirectional bus transceiver is intended as the interface 
between TTL or MOS logic and the IEEE Standard Instrumentation 
Bus (488-1975 often referred to as HP-IB). The required bus 
termination is internally provided. 

Each driver/receiver pair forms the complete interface between 
the bus and an instrument. Either the driver or the receiver of each 
channel is enabled by its corresponding Send/Receive input with the 
disabled output of the pair forced to a high impedance state. An 
additional option allows the driver outputs to be operated in an 
open collector or active pull-up configuration. The receivers have 
input hysteresis to improve on noise margin and their input loading 
follows the bus standard specifications. 

• Four Independent Driver/Receiver Pairs 
• Three State Outputs 
• High Impedance Inputs - IIH = 40 /J.A (Typ) 
• Receiver Hysteresis - 650 mV (Typ) 
• Fast Propagation Times - 20 ns (Typ) 
• TTL Compatible Receiver Outputs 

.• Single +5 Volt Supply 
• Open Collector Driver Output Option 
• Power Up/Power Down Protection (No Invalid Information 

Transmitted to Bus) 
• No Bus Loading When Power Is Removed From Device 
• Required Termination Characteristics Provided 

MAXIMUM RA TINGS ITA = 250 C unless otherwise noted ) 

Rating 

Power Supply Voltage 

Input Voltage 

Driver Output Current 

Junction Temperature 

Operating Ambient Temperature Range 

Storage Temperature Range 

--- -

I 
Instrument 

A I . 
(with HP-IBJ 

I 
1 

Instrument 

I B . 
(with HP-IBJ 

----, 
16.Llnes Total 

Symbol Value Unit 

VCC 7.0 Vdc 

VI 5.5 Vdc 

10(0) 150 mA 

TJ 150 °c 
TA o to +70 °c 

Tstg -65 to +150 °c 

TYPICAL MEASUREME NT 
N SYSTEM APPLICATIO 

Programmable I J Calculator 
(with HP.IB) 

This is advance information and specifications are subject to change without notice. 
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XC3448 

OUADTHREE-STATE BUS 
TRANSCEIVER WITH 

TERMINATION NETWORKS 

Send/Rec. 
Input A 

Data A 

BUIA 

Pull-Up 
Enable .. 

Input A-B 

Data B .. 
Send/Rec. ~ 

'nput B 

Send/Rec, 
0 , 
1 

x - D~n·t Car. 

Silicon Monolithic 
Integrated Circuit 

CASE 648 
PSUFFIX 

I>LASTIC PACKAGE 

TRUTH TABLE 

Enable Info. Flow 
>< Sus'""!)". 
1 O.ta"""liIul 

0 Oltl -to !lUI 

Vec 

Send/Re<:o 
Inpu~D 

Data 0 

Bus 0 
Pull-Up 
Enable 
InputC-D 

BusC 

Data C 

Send/Rec. 
Input C 

Commenn 
-

Active Pull'Up 
Open Col. 
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XC3448 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75 V .. VCC" 5.25 V and 0 .. T A" 70oC, 
typical values are at TA = 250 C VCC = 5 0 V) 

Characteristic Symbol Min Typ 

Bus Voltage 
(Bus Pin Open) (VI (SIR) = 0.8 V V(BUS) 2.5 3.3 
II BUS) = -12 mAl VIC(BUS) - -0.5 

Bus Current I(BUS) 
(V(BUS);;' 5.5 VI 0.7 -
(V (BUS) =0.4 V) -1.3 -
(VCC =0 V, 0 V .. V(BUS)" 5.25 V) - -

Receiver Input Hysteresis - 400 650 
(VIIS/RI = 0.4 V) 

Receiver Input Threshold 
(VIIS/R) = 0.4 V, low to High) VILH(R) - 1.75 
(VIIS/R) = 0.4 V, High to Low) VIHl.ml 0.8 1.1 

Receiver Output Voltage - High Logic State VOH(R) 2.7 -
(VIIS/R) = 0.4 V, IOH(R) =-400 jJ.A; V(BUS) = 2.0 V) 

Receiver Output Voltage - Low Logic State VOL(R) - -
(VIIS/R) = 0.4 V, 10l(R) = 16 mA, V(BUS) = 0,8 V) 

Receiver Output Short Circuit Current 10S(R) -20 -
(VIIS/R) = 0.4 V, V(BUS) '" 2.0 V) 

Driver Input Voltage - High Logic State VIH(D) 2.0 -

(VIIS/R) = 2.0 V) 

Driver Input Voltage - low Logic State VIL(D) - -
(VIIS/R) = 2.0 V) 

Driver Input Current IIID) 
(VIIS/R) = 2.0 V, 0.4 V .. VI(D) .. 4.5 V) -40 -
(VIIS/R) = 2.0 V, 0.4 V .. VI(D) = 5.5 V) - -

Driver Input Clamp Voltage VIC(D) - -0.5 
(VI(S/R) = 2.0 V, IIC(D) = -18 mAl 

Driver Output Voltage - High Logic State VOH(D) 2.5 3.8 
(VIIS/R) = 2.0 V, VIH(D) = 2.0 V, VIH(E) = 2.0 V, 10H =-5.2 rnA) 

Driver Output Voltage - low Logic State VOL(D) - -
(VI(S/R) = 2.0 V, 10 LID) = 48 mAl 

Output Short-Circuit Current 10S(D) -20 -
(VI(S/R) = 2.0 V, VIH(D) = 2.0 V, VIH(E) = 2.0 V) 

Power Supply Current ICC 
(Listening Mode - All Receivers On) - 65 
(Talking Mode - All Drivers On) - 95 

SWITCHING CHARACTERISTICS (VCC = 5.0 V T A = 250 C unless otherwise noted) 

Characteristic Symbol Min Typ 

Propagation Delay of Driver 
(Output L,.ow to High) tPLH(D) - 13 
(Output High to Low) tPHL(D) - 26 

P~opagation Delay of Receiver 
(Output Low to High) 

/ 
tPLH(R) - 23 

(Output High to Low) tPHL(A) - 21 

Propagation Delay Time - R/W to Data 
Logic High to Third State tpHZ(RI - 20 
Third State to Logic High tpZH(R) - 7.0 
Logic low to Third State tPLZ(R) - 30 
Third State to Logic Low tpZL(R) - 20 

Propagation Delay Time - A/W to Bus 

Logic High to Third State tPHZ(D) - 20 
Thir<l State to LOgic High tPZH(D) - 20 
Logic Low to Third State tPLZ(D) - 40 
Third State to Logic Low tpZL(DI - 25 

Max Unit 

3.7 V 
'-L5 V 

mA 
2.5 

-3.2 
-0.04 

- mV 

V 
2.0 
-
- V 

0.4 V 

-55 mA 

- V 

0.8 V 

jJ.A 
40 

2000 

-1.5 V 

- V 

0.4 V 

-55 mA 

mA 
90 
120 

Max Unit 

ns 
25 
35 

'ns 
35 
35 

ns 
-
-
-
-

ns 
-
-
-
-

® MOTOROLA Semiconductor Products Inc. -------.---' 
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XC~448 

Input 

ov 
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VOL 

To Scope 
(Input) 

tPLH(R) 

PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS 

FIGURE 1 - BUS INPUT TO DATA OUTPUT (RECEIVER) 

Pulse 
Generator 

To Scope 
(Input) 

FIGURE 2 - DATA INPUT TO BUS OUTPUT (DRIVER) 

2.4 V 
To Scope 

Send/Ree (Output) 5.0 V 

82 

Bus 

VOH ---

To Scope 
(Output) +5.0 V 
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Ree 

240 

1N916 

or equiv 

Pull-Up Enables -=_~"' ___ -' 30 pF 1 
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or Equlv 
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VOL---...J 

(Pin 4 and Pin 12) Helcf at V I H 

To Scope 
(Input) 

Pulse 

To Scope 
(Input) 
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51 

51 

4.0V 

FIGURE 3 - SEND/RECEIVE INPUT TO BUS OUTPUT (DRIVER) 
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10 
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1 N270 Output 
or Equlv Low to Open 

0.9 V 

f=1.0MHz 
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FIGURE 4 - SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER) 

5.0 V 
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High to Open 
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Low to Open 
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tTLH = tTHL';; 10 ns 
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XC3448 

FIGURE 5 - TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS 
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~ 
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< 
'= o 
> 
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g r---+---+~-t---+-+--+--t---4---__.4 
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> 
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V,. INPUT VOLTAGE (VOLTS) 

FIGURE 6 - TYPICAL BUS LOAD LINE 

VBUS. BUS VOLTAGE (VOLTS) 

THERMAL INFORMATION 
The maximum power consumption an integrated circuit 

can tolerate at a given operating ambient temperature, can 
be found from the equation: 

TJ(max) -TA 
PD(T A) - ROJA(Typ) 

Where: PD(T A) = Power Dissipation allowable at a given 

operatin6 ambient temperature. This must be greater than 

the sum of the products of the supply voltages and supply 
currents at the. worst case operating condition. 

T J(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ)·= Typical Thermal Resistance Junction to 
Ambient 

® MOTOROLA Ssrn'conduc'for Produc'f. Inc. 
~ 
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ORDERING INFORMATION 

Device 

MC3450L 
MC3450P 
MC3452L 
MC3552P 

Temperature Range 

ODC to +70DC 
ODC to +70DC 
ODC to +700C 
ODC to +70DC 

Package 

Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

Specifications and Applicatiorl.s 
Info~lTIation 

QUAD MTTl COMPATIBLE 
LINE RECEIVERS 

The MC3450 features four MC75107 type active pullup line 
receivers with the addition of a common three-state strobe input. 
When the strobe input is at a logic zero, each receiver output state is 
determined by the differential voltage across its respective inputs. 
With the strobe high, the receiver outputs are in the hig\:l impedance 
state. 

The MC3452 is the same as the MC3450 except that the outputs 
are open collector which permits the implied "AND" function. 

The strobe input on both devices is buffered to present a strobe 
loading factor of only one for all four receivers and inverted to 
provide best compatability with standard decoder devices. 

• Receiver Performance Identical to the Popular 
MC75107/MC75108 Series 

• Four I ndependent Receivers with Common Strobe Input 

• Implied "AND" Capability with Open Collectorputputs 

• Useful as a Quad 1103 type Memory Sense Amplifier 

FIGURE 1 - A TYPICAL MOS MEMORY SENSING APPLICATION FOR A 
4-K WORD BY 4·BIT MEMORY ARRANGEMENT EMPLOYING 

1103 TYPE MEMORY DEVICES 

Only four MC3450 devices are required for a 
4-k word by 16-bit memory system. 
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DATA BIT #3 

DATA SIT:#2' 

OATA BIT #1 

MC3450 
MC3452 

QUAD LINE RECEIVERS 
WITH COMMON THREE-STATE 

STROBE IN.PUT 

SILICON MONOLITHIC 
INTEGRATED CIRCl)ITS 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

CONNECTION DIAGRAM 

TRUTH TABLE 

OUTPUT 

INPUT STROBE 

VID~ L 

+25 mV H 

-25 mV ~ L 

V,O <+25 mV H 

VIO< L 

-25 mV H 

L = Low Logie State 
H = High LogiC; State 

MC3450 

H 

Z 

I 

Z 

L 

Z 

. Z = Third (High Impedance) State 
I ~ Indeterminate State 

MC3452 

Off 

Off 

I 

Off 

L 

Off 
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MC3450, MC3452 

MAXIMUM RATINGS (T A= 0 to +700C unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltages VCC,VEE ±7.0 Vdc 

Differential·Mode I nput Signal Voltage Range VIDR ±6.0 Vdc 

Common-Mode I nput Voltage Range VICR ±5.0 Vdc 

Strobe Input Voltage VI(S) 5.5 Vdc 

Power Dissipation (Package Limitation) Po 
Ceramic Dual I n-Line Package 1000 mW 

Derate above T A = +250 C 6.6 mWPC 

Plastic Dual I n-Line Package 1000 mW 
Derate above T A = +250 C 6.6 mW/oC 

Operating Temperature Range TA Oto +70 °c 
Storage Temperature Range T stg -65 to +150 °c 

RECOMMENDED OPERATING CONDITIONS (T A" 0 to +70oC unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Power Supply Voltages VCC +4.75 +5.0 +5.25 Vdc 

VEE -4.75 -5.0 -5.25 

Output Load Current 10L - - 16 rnA 

Differential-Mode I nput Voltage Range VIDR -5.0 - +5.0 Vdc 

Common-Mode Input Voltage Range VICR -3.0 - +3,0 Vdc 

Input Voltage Range (any input to Ground) VIR -5.0 - +3.0 Vdc' 

ELECTRICAL CHARACTERISTICS (VCC = +5.0 Vdc, VEE = -5.0 Vdc, TA = 0 to +70oC unless otherwise noted.) 

• 
MC3450 MC3452 

Characteristic Symbol Fig. Min Typ Max Min Typ Max Unit 

High Level Input Current to Receiver Input IIH(I) 7 - - 75 - - 75 IJ.A 

Low Level I nput Current to Receiver Input .IIL(I) 8 - - -10 - - -10 IlA 

High Level I nput Current to Strobe Input IIH(S) 5 
VIH(S) = +2.4 V - - 40 - - 40 IJ.A 
VIH(S) = +5.25 V - - 1.0 - - 1.0 rnA 

Low Level I nput Current to Strobe Input IIL(S) 5 - - -1.6 - - -1.6 rnA 
VIH(S) = +0.4 V 

High Level Output Voltage VOH 3 2'.4 - - - - - Vdc 

High Level Output Leakage Current 'ICEX 3 . - - - - - 250 IJ.A 

Low Level Output Voltage VOL 3 - - 0.4 - - 0.4 Vdc 

Short-Circuit Output Current lOS 6 -18 - -70 - - - mA 

Output Disable Leakage Current I off 9 - - 40 - - - IlA 

High Logic Leliel Supply Current from VCC ICCH 4 - 45 60 - 45 60 mA 

High Logic Level Supply Current from VEE IEEH 4 - -17. -30 - -17 -30 mA 

SWITCHING CHARACTERISTICSlVcc = +5.0 Vdc, VEE = -5.0 Vdc, TA" +250 C unless otherwise noted.} 

MC3450 MC3452 

Characteristic Symbol Fig. Min Typ Max Min Typ Max Unit 

High to Low Logic Level Propagation Delay tpHL(D) 10 - - 25 - - 25 ns 
Time (Differential Inputs) 

Low to High Logic Level Propagation Delay tPLH(D) 10 - - 25 - - 25 ns 
Time (Differential Inputs) 

Open State to High Logic Level Propagation tpZH(S) 11 - - 21 - - - ns 
Delay Time (Strobe) 

High Logic Level to Open State Propagation tPHZ(S) 11 - - 18 - - - ns 
Delay Time (Strobe) 

Open State to Low LogiC Level Propagation tpZL(S) 11 - - 27 - - - ns " 
Delay Time (Strobe) , 

Low Logic Level to Open State Propagation tpLZ(S) 11 - - 29 - - - ns 
Delay Time (Strobe) 

High Logic to Low LogiC Level Propagation tpHL(S) 12 - - - - - 25 ns 
Delay Time (Strobe) 

Low Logic to High Logic Level Propagation tPLH(S) 12 - - - - - 25 ns 
Delay Time (Strobe) 
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850 850 

4k 4k 

FIGURE 2 - CIRCUIT SCHEMATIC 
(1/4 Circuit Shown) 

190 4k 1.6 k 120:! 

" I ..------ ..... 
........ '. -< I 

~~ , ..... ) 
I ~ 
~--- .... 

4 k:~ r-..., 
~. ........-+----0 OUTPUT 

,--~-~-'--r-----~~--~-r---~~GND 

TO OTHER 
RECEIVERS 

4k 

'--....... -t-<> STROBE 

Dashed components apply to the MC3450 circuit only. .. 
TEST CIRCUITS 

FIGURE 3 - lCEX. VOH. AND VOL 

V1_------<:>-I 

V2 -------<:>--i 

+0.8 V -~-----<:>--i 

V3 _+-....... --=-<:>-I 

V4 _+-+-~-'-<:>-I 

(MC3452) 

+5.25V-0-0 
ICEX 

1-<1'-=-----4 +4.75 V 

t-<~-+-- -4.75 V 

FIGURE 4 - ICCH AND 'EEH 

+3.0 V _ ..... ----------, 

+5.25 V 

-5.25 V 

TEST TABLE 

V1 V2 V3 V4 

MC3450' MC3452 MC3450 MC3452 MC3450 MC3452 MC3450 MC3452 11 

+2.975 V +3,.0 V +3.0 V 
vOH 1----+--+_-

2
.-'-97-5-V+---+-G-N-0-4--+---4----I +0.4 rnA 

+3.0 V +3.0 V +2.975 V +2.975 V GNO GND +3.0 V +3.0 V 
VOLr_-2.~97~5-V+--2~.97~5-V+--3~.O-V-+---3.-0~V~-~3.-0~V+-_~3.-0-V~~G~N-O~~G~N-O~-16mA 

Channel A shown under test. Other channels are tested similarly. 
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FIGURE 5 - "H(S) AND "LIS) 

1-<>---_ +5.25 V 

t-<>-----.- +3.0 V 

1--C~-+----4 -5.25 V 

• 



• 

MC3450, MC3452 

TEST CIRCUITS (continued) 

FIGURE 6 - lOS 

~o--~ +5.25 V 

+25 mV _--'--+--<>-"'-1 
l-'-'o-~""""+3.0 V 

+0.8 v -+--t-<>""'-i 
~o-H"""'-5.25 V 

Channel A shown under test, other channels are tested similarly. 
Only one output shorted at 8 time. 

FIGURE 8 - IlL 

V1 -2.0 V R>--....... +5.25 V 

V1 .... -+--.--0-"-1 

+3.0 V .... +--t--o-~ 

l-=o-I'"-4~ -5.25 V 

Channel A(-) shown under test, other channels are tested 
similarly: Devices are tested with V1 from +3.0 V to -3.0 V. 

FIGURE 7 - IIH 

V1 H>--........ +5.25 V 

V1 - 2.0 V _-+-_----o--=-l 

+3.0 V .... +--+--o-=ol 
~<>--1H ....... -5.25 V 

Channel A(-) shown under test, other channels are tested 
similarly. Devices are tested with V1 from +3.0 V to -3.0 V. 

FIGURE 9 - loff 

1-<>--........ +5.25 V +3.0 V _-_--o-:...j 16 

+2.0 v_-I--+-+-~::.j 

1-<:>-+-+ ........ -5.25 V 

Output of Channel A shown under test, other outputs are 
tested Similarly for V1 = 0.4 V and +2.4 V. 

FIGURE 10 - RECEIVER PROPAGATION DELAY tpLH(D) AND tpHL(D) 

+5.0V 

+100 mV _--_>----<:>-'-1 

EO 

Output of Channel 8 shown under test, other channels are tested similarly. 

51 at "A" for MC3452 
51 at "8" for MC3450 
CL = 15 pF total for MC3452 
CL = 50 pF total for MC3450 
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E'n 200mV~----50% 
OV 

t~~~(~D~____ tpHL(D) 

EO 1.5 V 

VOL 

Ein waveform characteristics: 

tT LH and tTH L";; 1 0 ns measured 10% to 90% 
PRR = 1.0 MHz 
Duty Cvcle = 500 ns 



MC3450~ MC3452 

TEST CIRCUITS (continued) 

FIGURE 11 - STROBE PROPAGATION OELAY TIMES tPLZ(S) tPZL(S) tpHZ(S) and tpZH(S) 

Outpu't of Channel B shown under test, 
other channels are tested si milar Iy. 

+5.0 V 

_---:::::<1.5 V 

tPZL(S){ "::~~ 
5.0V-VD1 

EO 1.5 V 

VOL--------~-------

V1 V2 S1 

tpLZ(S) 100 mV GND Closed 

tPZL(S) 100mV GND Closed 

tpHZ(S) GND 100mV Closed 

tpZH(S) GND 100 mV Open 

CL includes jig and probe capacitance. 

Ejn waveform characteristics: 

S2 

Closed 

Open 

Closed 

Closed 

tTLH and tTH L :;;;; 1 0 nS measured 10% to 90%. 

PRR=1.0MHz 

Duty Cycle = 50% 

CL 

15 pF 

50 pF 

15 pF 

50 pF 

tPHZ(S){"" 3::------(HZ(81 . 
VOH 

EO VOH-O.S V 

:::::<1.5 V 

3'OV~ 
Ein SO% 

tPZH(S) { v:: ____ } . tPZH(S) 

EO 1.5 V 

:::::<0 V 

FIGURE 12 - STROBE PROPAGATION DELAY tpLH(SI AND tpHLISI 

+5.0 V 

+100 mV_------<~_O_-'-I 

390 

Hr-'H_-5.0 V 

15 pF 

l(Totall 

Output of Channel B shown under test, other channels are tested similarly. 

5-163 

E in waveform characterist les: 
tTLH and tTHL";; 10 ns measured 10% to 90%' 
PRR = 1.0MHz 
Duty Cycle = 500 ns 
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MC3450, MC3452 

APPLICATIONS INFORMATION 
FIGURE 13 - IMPLIED "AND" GATING 

Vref 

500 

ADDRESS #l_-+-o-4--j 
P--I--O....-V'IIIor--.. + 5.0 V 

ADDRESS #2_-+--<>--1-4 

ADDRESS #3_-+--<>---+-4 

P-+---1r-<>--.. 0 UTPUT 
ADDRESS #4_---<>-...L..~ 

L_~1~3~2 __ 

The MC3452 can be used for address decoding as illustrated 
above. All outputs of the MC3452 are tied together through a 
common resistor to +5.0 volts. In this configuration the MC3452 
provides the '"AND'" function. All addresses have to be true 
before the output will go high. This scheme eliminates the need 
for an '"AND'" gate and enhances speed throughput for address 
decoding. 

FIGURE 15 - SINGLE-ENDED UNI-BUS* LINE RECEIVER. 
APPLICATION FOR MINICOMPUTERS 

Vref '" 2.0 V 

+5.0, V 

180 

or equiv 

+5.0 V 

2N2222 or equiv 
,-------1 
I I 

: I 
DATA8US~----+--+~+4 

+5.0 V 
390 

180 

DATA8US~-+-----+~~ 

390 +5.0 V 

180 

ADDRESS 8US ~--"""--+~-I--l 

+5.0 V 390 

180 

CONTRO L B US ~-+-----+-~.;.......! I 
390 I 

MC3450 I 
I 

DATA 

DATA 

ADDRESS 

CONTROL 

STROBE _-----I-~LI ~ 1 
~ ________ J ·~~a~:::rn~ ~fo~~~ital 

TO ADDITIONAL 
RECEIVERS 

The MC3450/3452 can be used for single-ended as well as 
differential line receiving. For single·ended line receiver appli
cations, such as are encountered in 'minicomputers, the con
figuration shown in Figure 15 can be used. The voltage source, 
which generates Vref, should be designed so that the Vref 
voltage is halfway between VOH(min) and VOL(max). The 
maximum input overdrive required to guarantee a given logic 
st~te is extr~mel~ small,. 25 my ~aximu.m. This low-in~u~ ,over
drive enhances differential nOise Immuntty. Also the hlgh·mput 
impedance of the line receiver permits many receivers to be 
placed on a single line with minimum load effects. 

FIGURE 14 - BIDIRECTIONAL DATA TRANSMISSION 

+5,0 V ,..--______ -, 

180 

CO~~~TER~~~~~ 

380 

STROBE 1/4 (MC3450) 
CIRCUIT 

The three·state capability of the MC3450 permits 
bidirectiona'i data transmission as illusvated. 

MEMORY 
BUS 

FIGURE 16 - WIRED "OR" DATA SELECTION USING 
THREE-STATE LOGIC 

DATA 
LINES 

Al 

A2 

01 

X 

Y 

STROBE 

9 

MC3450 

STROBE ? 

MC3450 

MC;3450 

STROBE ~ 

MC3450 

~ 
STROBE 

02 03 04 

112 MC4007 j CIRCUIT 

J 

f..-o--
f--o--

~ 

f--o--I--< 
~ 

-<>-f-
-<>-

-

DATA 
OUTPUT 
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DATA 
INPUTS 

DATA 
INPUTS 

DATA 
INPUTS 

DATA 
INPUTS 

-
.. 

-

-

-

.. 

APPLICATIONS INFORMATION (continued) 

FIGURE 17 - PARTY-LINE DATA TRANSMISSION SYSTEM 
WITH MULTIPLEX DECODING 

~ROBE 

-~ 
~ - ~ ~ 

MC3453 

'" ~ 
-'" 

~ 

~ " 
STROBE~ 

~ 
" ~ 

1"<0 ;:,. 
~ 

MC3453 
" 

" ~ ~ 

~ 

~ 

'" ~ 
~ ~ 

MC3453 
~ 

-'" ;:,. 

STROB~ 
,--

..., ~~ 
" ~ " MC3453 

~ 
~ 

~ 

~ 

'~ . r---- r---
Q1 

, ~ 
Q2 2/3 1/2 

L--o- MC7404 ro- MC4OO7 

Q3 CIRCUIT CIRCUIT 

L...-o- f-o-
Q4 
..., r0-

I---

X 

f--<>-
y 

4 

A.1 

~ 

~ --, 

-) 

STROBE 

_-+-+-()....l MC3450 

~-~-~H'l>-l MC3452 ~)---4-. 

STROBE 

'-+-I--I--I--4-4_-+--~')....l MC3450 

~I----+--+-----+--+-()....l MC3452 1-<:)----11--1--_ 

___ ---+-_+_<~ MC3450 

~-I-_~-~--+-.j.....('\-l MC3452 1-<1 ...... --11--1--. 

STROBE 

L..-,--_~ MC3450 

'-+------<1>-1 MC3452 I-<I>--~--J--_ 

STROBE 

I~ 
A2 A1 A2 
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DATA 
OUTPUTS 

DATA 
OUTPUTS 

DATA 
OUTPUTS 

DATA 
OUTPUTS 
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ORDERING INFORMATION 

Device 
MC3453L 
MC3453P 

Temperature Range 

O°C to +70°C 
O°C to +70°C 

Package 
Ceramic DIP 
Plastic DIP 

MTTL COMPATIBLE QUAD LINE DRIVER 

The MC3453 features four MC75110 type line drivers with a 
common inhibit input. When the inhibit input is high, a constant 
output current is switched between each pair of output terminals in 
response to the logic level at that channel's input. When the inhibit 
is low, all channel outputs are nonconductive (transistors biased to 
cut-off). This minimizes loading in party-line systems where a large 
number of drivers share the same line. 

• Four Independent Drivers with Common Inhibit Input 

• -3.0 Volts Output Common-Mode Voltage Over Entire Operating 
Range 

• Improved Driver Design Exceeds Performance of Popular MC7511 0 

OATA 
INPuTS 

DATA 
INPUT.S 

OATA 
INPUTS 

DATA 
INPUTS 

FIGURE 1. - PARTY·LlNE DATA TRANSMISSION SYSTEM WITH 
. MULTIPLEX DECODING 
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MC3453 

QUAD LINE DRIVER WITH 
COMMON INHIBIT INPUT 

81 LICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 64B 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

CONNECTION OIAGRAM 

INPUT A Vee 

y INPUT B 
OUTPUT A 

Z ..., 
OUTPUT B 

Z Z 
OUTPUT e 

y z 
OUTPUT 0 

INHIBIT Y 

INPUT e INPUT 0 

GNO VEE 

TRUTH TABLE 
• (positive logic) 

LOGIC INHIBIT 
INPUT INPUT 

H H 

L H 

H L 

L L 

L = Low Logic Level 
H = High Logic Level 

OUTPUT 
CURRENT 

Z Y 

On Off 

Off On 

Off Off 

Off 'Off 



MC3453 

MAXIMUM RATINGS (T A = 0 to +700 C unless otherwise noted) 

Ratings Symbol Value Unit 

Power Supply Voltage VCC +7.0 Volts 

VEE -7.0 

Logic and Inhibitor Input Voltages Vin 5.5 Volts 

Common-Mode Output Voltage Range VOCR -5.0 to +12 Volts 

Power Dissipation (Package Limitation) Po # 

Plastic and Ceramic Dual In-Line Packages 1000 mW 
Derate above T A = +250 C 6.6 mW/oC 

Operating Ambient Temperature Range TA Oto +70 °c 

Storage Temperature Range T stg -65 to +150 °c 
Plastic and Ceramic Dual In-line Packages 

RECOMMENDED OPERATING CONDITIONS (See Notes 1 and 2) 
Characteristic Symbol Min Nom Max Unit 

Power Supply Voltages VCC +4.75 +5.0 +5.25 Volts 

VEE -4.75 -5.0 -5.25 

Common-Mode Output Voltage Range VOCR Volts 
Positive 0 - +10 
Negative 0 - -3.0 

Note 1. These voltage values are in respect to the ground terminal. 
Note 2. When not using all four channels, unused outputs must be grounded. 

DEFINITIONS OF INPUT LOGIC LEVELS* 
Characteristic 1 . Symbol Min 1 Max I Unit 

High-Level Input Voltage (at any input) 

-' 
VIH 2.0 1 5.5 

I 
Volts 

Low-Level Input Voltage (at any input) VIL 0 0.8 Volts 

*The algebraic convention, where the most positive limit is designated maximum, is used with Logic Level Input Voltage Levels only. 

ELECTRICAL CHARACTERISTICS (T A = 0 to +700 C unless otherwise noted.) 

Characteristic## Symbol Min 

High-Level I nput Current (Logic Inputs) IIHL 
(VCC = Max, VEE = Max, VIHL = 2.4 V) -
(VCC = Max, VEE = Max, VIHL = VCC Max) -

Low-Level I nput Current (Logic Inputs) IILL -
.(VCC·= Max, VEE = Max, VILL = 0.4 V) 

High-Level Input Current (Inhibit Input) IIHI 
(VCC = Max, VEE = Max, VIHI = 2.4 V) -
(VCC = Max, VEE = Max, VIHI = VCC Max) -

Low-Level Input Current (Inhibit Input) IILI -
(VCC = Max, VEE = Max, VI Ll = 0.4 V) 

Output Current ("on" state) 10(on) 
(VCC = Max, VEE = Max) -
(VCC = Min, VEE = Min) 6.5 

Output Current ("off" state) 10 (off) -
(Vce =Min, VEE = Min) 

Supply Current from VCC (with driver enabled) leC(on) -
(VI LL = 0.4 V, VI HI = 2.0 V) 

Supply Current from VEE (with driver enabled) IEE(or.l) -
(VILL = 0.4 V, VIHI = 2.0 V) 

Supply Current from Vee (with driver inhibited) lee(off) -
(VILl'" 0.4 V, VILI = 0.4 V) 

Supply Current from VEE (with driver inhibited) IEE(off) -
(VILL = 0.4 V, VILI = 0.4 V) 

#AII typical values are at Vee = +5,0 V,VEE = -5.0 V, TA = +250 e. 
##For conditions shown as Minor Max, use the appropriate value specified under recommended operating 

conditions fort he applicable device type. 
Ground unused inputs and outputs. 
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Typ# Malt Unit 

- 40 IJA 
- 1.0 mA 

- -1.6 mA 

- 40 IJA 
- 1.0 mA 

- -1.6 mA 

mA 
11 15 
11 -
5.0 100 IJA 

35 50 mA 

65 90 inA 

35 50 mA 

25 40 rnA 

I 
11 

I 
I 
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SWITCHING CHARACTERISTICS (VCC =' +5.0 V, VEE = -5.0 V, T A = +250C.) 

Characteristic 

Propagation Delay Time from Logic Ihput to 
Output Y or Z (R L = 50 ohms, CL = 40 pF) 

Propagation Delay Time from Inhibit Input 
to Output Y or Z (R L = 50 ohms, CL = 40 pF) 

FIGURE 2 - LOGIC INPUT TO OUTPUTS PROPAGATION 
DELAY TIME WAVEFORMS 

3.0 V 

OUTPUT 
y 

OV 

OUTPUT 
Z 

. Symbol Min Typ Max Unit 
tPLHL - 9.0 15 ns 
tPHLL - 9.0 15 

tpLHI - 16 25 ns 

tPHLI - 20 25 

FIGURE 3 -INHIBIT INPUT TO OUTPUTS PROPAGATION 
DELAY TIME WAVEFORMS 

3.0 V 

INHIBIT 
INPUT 

OV 

OUTPUT 
y 

OUTPUT Z 

Ov 

TEST CIRCUITS 
FIGURE 4 - LOGIC INPUT TO OUTPUT PROPAGATION 

DELAY TIME TEST CIRCUIT 

Ein to Scope VCC = +5.0 V 

50 r--.--<>-j 

tTHL 

'~10ns ~ y 
Output .....J 

to 
Scope' 

Z 

50 

3 

50 4 

8 

MC3453 

1 k 

Channel A shown under test, the other 
channels are tested similarly. 

=-5.0 

V 
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FIGURE 5 - INHIBIT INPUT TO OUTPUT PROPAGATION 
DELAY TIME TEST CIRCUIT 

VCC = +5.0 V 

Output 

tc? Y 

sco
Py -t--=:......., 

40 pF I Z +--'V\I'V--<~>-l 
(total) -= 

MC3453 

50 
8 

_Ein 

tTLH ':" tTHL 
-,,;;; 10 os 

Channel A shown under test, the other 
. channels are tested sim ilarly. 
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Vee 

Inhibit Input 

FIGURE 6 - CIRCUI.T SCHEMATIC 
(1/4 Circuit Shown) 
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To Other 
Drivers 

3.5 k 

y 

.----+-----<r--<> Out
.----f---f---<> puts 

Z 

To Other 
Drivers 

To Other 
Drivers 
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ORDERING INFORMATION 

Device 

MC3459L 
MC3459P 

Temperature Range 

O°C to +70°C 
O°C to +70°C 

Package 

Ceramic DIP 
Plastic DIP 

Specifications and Appl.cations 
In.formation 

QUAD NMOS MEMORY ADDRESS DRIVER 

The MC3459 is designed for high-speed driving of the highly 
capacitive Address select inputs for NMOS Memories. It is also useful 
in numerous applications requiring a high-current MTTL NAND 
gate. It is pin-compatible with the popular MC7400 Quad NAND gate. 

• Fast Propagation Delay Time -
20 ns Typical with 360 pF Load 

• Output Voltages Compatible with NMOS Memories 

• Inputs Compatible in MTTL and MDTL Logic Families 

• Output Loading Factor - 50 

REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown) 

Vee 

Rl R2 

05 

R5 

OUTPUT 

GNO 

5-170 

MC3459 

QUAD NMOS ADDRESS 
LINE DRIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

LSUFFIX ~ 
CERAMIC PACKAGE ' fIm." '. CASE 632 

TO-116 ' 

Input 
lA 

Input 
2A 

Output 
A 

Output 
B 

Gnd 

Input 

2.5 

V/div 

2.5 

V/div 

Output 

VCC 

Input 
10 

Input 
20 

Output 
o 

Input 
lC 

Output 
C 

P SUFF-IX 
PLASTIC PACKAGE 

CASE 646 

TYPICAL OPERATION 

VCC = 5.0 V '50' CL.= 369 pF 
T A = 25°C nS/div RS ~ 0 n 
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MAXIMUM RATINGS (T A = 25°C unless otherwise noted.) 

Rating Symbol Value Unit 
Power Supply Voltage VCC 8.5 Vdc 
Input Voltage VI 5.5 Vdc 
Power Dissipation (Package Limitation 

Ceramic Package @ T A = 25°C Po 1000 mW 
Derate above T A = 25°C 1/R8J~ 6.6 mW/oC 

Plastic Package @ T A = 25°C Po 830 mW 
Derate above T A = 25°C 1/R8JA 6.6 mW/oC 

Ceramic Package @ TC = 25°C Po 3.0 Watts 
Derate above T C = 25°C 1/R8JC 20 mW/oC 

Plastic Package @ TC = 25°C Po 1.8 Watts 

Derate above T C =' 25°C 1/R8JC 14 mW/oC 

Operating Ambient Temperature Range TA o to 70 °c 

Junction Temperature TJ vc 
Ceramic Package 175 
Plastic Package 150 

Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTE RISTICS (Unless otherwise noted, 4.75 V ~ V CC .;; 5.25 V and 0 ~ T A ~ 70°C) • Characteristic Symbol Min Typ(1) Max Unit 
Input Voltage - High logic State VIH 2.0 - - V 
Input Voltage - lovvlogic State Vil - - 0.8 V 
Input Curren.t - High logic State 

(VCC = 5.25 V, V"..(= 2.4 V) IIH1 - - 80 IlA 
(VCC = 5.25V, VIH = 5.5V) IIH2 - - 2.0 mA 

Input Current - low logic State III - - -3.6 mA 
(VCC= 5.25V, Vil = 0.4 V) 

Input Clamp Voltage 'VIC - - -1.5 V 
(lIC = -12 mAl 

Output Voltage - High logic State V 
(VCC = 4.75 V, Vil = 0.8 V, IOH = -640 IlA) VOH1 3.2 - -
(VCC = 4.75 V, Vil = 0.8 V, IOH = -2.0 mAl VOH2 2.4 - -

Output Clamp Voltage VOC - 5.8 6.75 V 
(VCC = 5.25 V, VIL = 0 V, IOC = 5.0 mAl 

Output Voltage - low logic State V 
(VCC = 4.75 V, VIH = 2.0 V, IOl = 640 IlA) VOU - - 0.3 
(VCC =,4.75 V, VIH = 2.0 V, IOl = 80 mAl VOl2 - - 0.7 

'Power Supply Current -, Outputs High logic State ICCH - 12 18 mA 
(VCC = 5.25 V, Vil = 0 V) 

Power Supply Current - Outputs low logic State ICCl - 85 122 mA, 
(VCC= 5.25V, V'H= 5.0V) 

SWITCHING CHARACTERISTICS (Unless otherwise noted, VCC = 50 V T A = 25°C, Cl = 360 pF) 

Characteristic Symbol Min Typ Max Unit 

Propagation Delay Time - High to low logic State tpHl - 21 32 ns 

Propagation Delay Time - low to' High logic State tPlH - 16 '26 ns 

(1) Typical values measured at T A = 25°C, V CC = 5.0 V. 
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FIGURE 1 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES 

_ tTLH " 5.0 ns _ tTHL " 5.0 ns 

f= 1.0MHz 
3.0 V --+-lr9~0~~-.--------9-:-0~~~.-;' PW = 500 ns 

To Scope 
(Input) 

To Scope 
(OutP.ut) 

Input 
1.5 V 1.5 V 1/4-MC3459 

OV 

tpLH-

Output 

0.5 V 
VOL----~------------J 

Pulse 

+5.0 V 

tested simultaneously J 360 pF 
(includes probe and 

jig capacitance) 

TYPICAL PREFORMANCE CURVES 

FIGURE 2 - POWER CONSUMPTION versus 
OPERATING FREQUENCY 
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370 pF (each driver) 
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FIGURE 3 - OUTPUT VOL TAGE - HIGH lOGIC STATE 
versus OUTPUT CURRENT 
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VIL=0.8V 
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6.0 

"- VCC = 7.5 V 

5.0 

4.0 

3.0 I\" VC~= 5:0~ 

2.0 

LO 

o 1.0 2.0 3.0 4.0 :i 50 100 150 200 250 300 350 400 450 500 
f, FREQUENCY (MHz) 

FIGURE 4 - OUTPUT VOL TAGE - HIGH lOGIC STATE 
versus OUTPUT CURRENT 

(Expanded Scale) 
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FIGURE 5-0UTPUTVOlTAGE -lOW lOGIC STATE 
versus OUTPUT CURRENT 
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APPLICATIONS SUGGESTIONS 

A majority of the new N-Channel MOS memories have 
TTL logic compatible inputs that exhibit extremely low 
input current and capacitance (typically 5 pF to 10 pF). 
However, in a typical memory system (Figure 6) where 
some of the inputs such as Address lines have· to be 
common, the total parallel input capacitance can be over 
300 pF. Standard TTL logic gates have insufficient current 
drive capability to rapidly switch a high capacitive load; a 
high speed buffer, such as the MC3459, is required. 

A considerable amount of noise can be generated during 
switching due to the high speed and high current dr.ive 
capability of the MC3459. The high capacitive discharge 
current during the high to low transition, plus current 
spikes can result in a considerable amount of noise being 
generated on the ground lead. Current spikes are due to 
both the upper and lower output drive transistors being 
on for a short period of time during switching. This causes 
a very low impedance path between VCC and ground. 

In order to minimize the effects of these currents, the 
following layout rules should be followed: 

1. The VCC supply pin of each package should be by
passed with a low inductance 0.01 JJ.F capacitor. The 
0.01 JJ.F capacitor will sustain the high surge currents 
required during switching. 

2. There is a large amount of current out of the ground 
node during switching - the noise seen at this node 

will be proportional to the ground impedance. The 
impedance of the ground bus can be reduced by in
creasing its width. At least a 50 mil ground width is 
recommended. 

Some of the NMOS memories with TTL logic com
patible inputs do not actually meet the TTL logic level 
requirements in the input high sta~e voltage (V I H). There 
are N-Channel MOS memories with a VI H minimum 
ranging from 2.4 V to 4.0 V. The MC3459 can dii"ectly 
interface with those N-Channel memories having a VIH 
minimum of 3.0 V. The higher driver output levels can be 
accomplished byaddin9 a pull-up resistor to VCC or by 
increasing the VCC voltage. There are some N-Channel 
MOS memories, such as the MCM7001, that have a supply 
requirement of 7.5 V. The high maximum supply voltage 
rating of the MC3459 can accommodate a 7.5 V VCC 
supply without affecting its input TTL logic compati bility. 
Figure 4 gives the typical VOH versus IOH characteristics 
for both VCC = 5.0 V and VCC = 7.5 V. An expanded 
output characteristic curve of Figure 4 is illustrated in 
Figure 5. 

The MC3459 -can be used in a variety of applications 
including, high fan-out buffer (drives 50 standard TTL 
loads) and low impedance transmission line driver. 

FIGURE 6 - TYPICAL APPLICATION 
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. ORDERING INFORMATION 

Device 

MC3460L 
MC3460P 
MC3466L 
MC3466P 

Temperature Range 

O°C to +7ooC 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Package 
Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

Specifications ,and Applications 
InforIllation' 

QUAD NMOS MEMORY CLOCK DRIVE,RS 
WITH REFRESH SELECT ~OGIC 

The MC3460 and MC3466 are quad drivers for use with high-level 
clock lines in NMOS RAM systems. The MC3460 version is specified 
for 4K memory applications with a VDD1 power supply voltages to 
+13 V. The MC3466 version is specified for mating with the 
MCM7001 A 1 K RAM and is guaranteed with a supply voltage VDD1 
to 18 V. Both versions may be used with the VDD2 pin connected 
to a separate supply> VDD1 to increase the high logic state output 
voltage. 

The channel control logic is organized so that all four drivers 
may be deactivated f,or STANDBY operation, or single driver. may 
be activated for READ/WRITE operation or all four drivers may be 
activated for REF.R ESH operation. 

• Control Logic Optimized for Use in MOS RAM Systems 

• High Speed Switching 

-. VDD1 and V002 Variable Over Wide Range of Voltage to 
18 and 22 V Respectively (MC3466) 

• Output Voltages Compatible with Many Popular MOS RAMs 

• MTTL and MDTL Compatible Inputs 

TYPICAL APPLICATION WITH 4K NMOS RAM IN TT.L 
SYSTEM (See Figure 17 for Detailsl 

TYPICAL APPLICATION WITH MCM7001 1K RAM 
AND TTL SYSTEMS (See Figures 22, 23 for Detailsl 
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MC3460, ·.MC3466 

MAXIMUM RATI NGS IT A = 25°C unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltages VCC +7.0 Vdc 

MC3460 VOOl +14 Vdc 
MC3466 +19 

MC3460 VOO2 +18 Vdc 
MC3466 +23 

Input Voltage V, +5.5 Vdc 

Power Dissipation (Package Limitation) 

Ceramic Package @ T A = 25°C Po 1000 mW 
Derate above T A = 25°C l/ROJA 6.6 mW/oC 

Plastic Package @ T A = 25°C Po 830 mW 
Derate above T A = 25°C l/ROJA 6.6 mW/oC 

CeramicPackage @ TC = 25°C pci 3.0 Watts 
Derate above T C = 25°C l/ROJC 20 mW/oC 

Plastic Package @ TC = 25°C Po 1.8 Watts 
Derate above T C = 25°C l/ROJC 14 mW/oC 

Operating Ambient Temperature Range TA o to +70 °c 
Storage Temperature Range T stg -65 to +150 °c 
Junction Temperature TJ °c 

Ceramic Package 175 
Plastic Package 150 

RECOMMENDED OPERATING CONDITIONS 
- MC3460 MC3466 • Characteristic Symbol Min Typ Ma.x Min Typ Max Unit 

Power Supply Voltages VCC 4.75 5.0 5.25 4.75 5.0 5.25 Vdc 

VOOl 4.75 - 13 4.75 - 18 Vdc 

VOO2 VOOl - 17 VOOl - 22 Vdc 

(Note 1) VOO2- 0 - 10 0 - 10 Vdc 

VOOl 
Operating Ambient Temperature Range TA 0 - 70 0 - 70 °c 
Note 1: Not to Exceed Maximum Recommended Operating Voltages 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and 

. temperature ranges Typical values measured at T A - 250 C) -
MC3460 MC3466 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Output Voltage - High Logic State VOHl Vdc 
(V002 = VOOl + 3.0 V, V, L = 0.8 V) 

IOH = -2.0 mA VOO1- VOO1-
1.0 0.8 - - - -

IOH = -40mA . VOD1- VOD1-
- - - 1.3 1.1 

Output Voltage - High Logic State VOH2 Vdc 
(V002 = V001, V,L =0.8 V) 
(See Applications Section oJ Data Sheet) VOO1- VOO1-

IOH = -100 f.lA 1.0 0.8 - - - -
'OH = -40mA VOO1- VOO1-

- - - "2.5 1.6 -
Output Voltage - Low Logic State VOLl - - 0.35 - - 0.35 Vdc 

(V,H = 2.0 V, IOL = +10 mAl 

Output Voltage - Low Logic State VOL2 Vdc 
(V,H = 2.0 V, IOL = 40 mAl 

11 V <. V002 <. 17 V . - - 0.55 - - -

11 V<. V002<' 22V - - - - - 0.55 

@ MOTOROLA SeTniconductor Products Inc. 
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MC3460, MC3466 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and 
temperature ranges Typical values measured at T A = 25°C) 

MC3460 MC3466 

Characteristic Symbol Min Typ Max Min Typ 

Output Clamp Voltage VOC VOO1+ 
(VI L = OV, IOC = 5.0 rnA) - - 1.0 - -

Input Voltage - High Logic State VIH 2.0 - - 2.0 

Input Voltage - Low Logic State VIL - - 0.8 - -
Input Clamp Voltage VIC - - -1.5 - -

(IIC = -12 rnA) 

Input Current - High Logic State IIH 
(VI = 5.0V) 

Channel Select Inputs - - 20 - -
Refresh Select and Enable Inputs - - 80 - -

I nput Current -Low Logic State IlL 
(VIL = 0.4 V) 
Channel Select Inputs - - -1.6 - -
Refresh Select and Enable Inputs - - -6.4 - -

Power Supply Current - Output - High Logic State ICCH - - 28 - -
(VCC = 5.25 V, VIL = OV,IOH = 0 rnA, IOO1HP - - 0.5 - -

MC3460V001 = 13V, V002= 17V, IOO1HN - - -6.0 - -
MC3466-V001 = 18 V, V002 = 22 V) IOO2H - - 6.0 - -

Power Supply Current -Output - Low Logic State ICCL - - 48 - -
(VCC = +5.25, VIH = 5.0 V, IOL = 0 rnA, IOO1L - - 2.0 - -
MC3460 V001 = 13 V, V002 = 17 V, 
MC3466 VOD1 = 18 V, V002 = 22 V) 

IOO2L - - 23 - -

Power Supply Current - Output - High Logic State IOD1H - - 0.5 - -
(VCC = +5.25 V, VIL = 0 V, IOH = 0 rnA, IOO2H - - 0.5 - -
MC3460 V001 = V002 = 13 V, 
MC3466 V001 = V002 = 18 V) 

SWITCHING CHARACTERISTICS (T A = 250 C. VCC = 5.0 V; MC3460: V001 = V002 = 12 V, CL = 480 pF; 
MC3466' V001 = V002 = 17 V VOO = 15 V CL = 480 pF) , 

MC3460 MC3466 

Characteristic Symbol Min Typ Max Min Typ 

ProiJagation Delay Time - REA~/WRITE Mode 
Output High to Low Level tOHL1 - 15 24 - 15 
Output Low to High Level tOLH1 - 15 23 - 15 

Transition Time - READ/WRITE Mode -
Output High to Low Level tTHL1 - 14 23 - 15 
Output Low to High Level tTLH1 - 14 23 - 15 

Propagation Delay Time - REFRESH Mode 
Output High to Low Level tOHL2 - 20 35 - -
Output Low to High Level tOLH2 - 16 27 - -

Transition Time- REFRESH Mode 
Output High to Low Level tTHL2 ;- 20 36 - -
Output Low to High Level lTLH2 - 16 27 - -

Max 

VOO1+ 
1.0 

0.8 

-1.5 

20 
80 

-1.6 
-6.4 

28 
0.5 

-6.0 
6.0 

48 

2:0 

30 

0.5 
0,5 

Max 

24 
23 

24 
24 

-
-

-
-

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

p.A 

rnA 

rnA 

rnA 

rnA 

Unit 

ns 

ns 

ns 

ns 
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MC3460, MC346,6 

FIGURE 1 - SWITCHING TEST WAVEFORMS - MC3460 

Input 
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VOH ---~-+-- 01---------..1 

VOL-----'l 

Input Pulse Characteristics 

PRR = 1 MHz READ/WRITE Mode 

PRR = 100 kHz REFRESH Mode 

PW = 500 ns 

tTLH = tTHL < 5.0 ns 

FIGURE 2 - SWITCHING TEST WAVEFORMS - MC3466 
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Input Pulse Characteristics 
PRR = 1 MHz, READ/WRITE Mode 

PW = 500 ns 

tTLH = tTHL < 5.0 ns 

FIGURE 3 - SWITCHING TEST CIRCUIT FOR 
READ/WRITE MODE - MC3460 

FIGURE 4 - SWITCHING TEST CIRCUIT FOR 
REFRESH MODE - MC3460 
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MC3460, MC3466 
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FIGURE 5 - SWITCHING TEST CIRCU.IT FOR 
READ/WRITE MODE - MC3466 
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MC3460, MC3466 

TYPICAL PERFORMANCE CURVES 

FIGURE 9 - DELAY TIMES versus LOAD CAPACITANCE 
(REFRESH MODEl 
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MC3460, MC3466 

TYPICAL PERFORMANCE CURVES 

FIGURE 15 - OUTPUT VOLTAGE - HIGH LOGIC OUTPUT 
STATE versus OUTPUT CURRENT 

FIGURE 16 - OUTPUT VOLTAGE - HIGH LOGIC STATE 
versus OUTPUT CURRENT 
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MC3460, MC3466 

APPLICATIONS INFORMATION 

The MC3460 and MC3466 are designed specifically for 
dynamic N-Channel MOS random access memories (RAM's) 
~hat require a single high-voltage clock. The unique design 
and electrical characteristics of these clock drivers will 
enhance the performance, as well as reduce the cost, of 
dynamic MOS RAM systems. 

Oynamic N-Channel MOS RAM's that require a high 
voltage clock have extremely low standby power when 
the clock is in the logic "0" state (Gnd). To take advantage 
of this low-power mode, the memory systfilm should be 
partitioned such that only the memory chips of a selected 
word receive a clock signal (see memory system in Fig
ure 17). However, to reduce the amount of time spent 
refreshing the memory system, all memory chips of the 
system should be clocked for each refresh cycle. 

The logic necessary to accomplish this desirable system 
feature has bee,! incorporated in the clock drivers. Note, 
from the plock diagram and the truth table (on the front 
page of this data sheet) that the selection of a cloc,k driver 
is dependent on the logic state of the REFRESH and 
CHANNEL SELECT inputs. All fO\.lr drivers are selected 
when the REF RESH SE LECT input (Pin 5) is at a logic 
"0" state. However, when the REFRESH SELECT input is 
at a logic "1" state, only those drivers that have their 
respective CHANNEL SELECT inputs at a logic "0" state 
will be selected. The timing and clock driver output pulse 
width are controlled by a logic "0" signal applied to one 
of the three ENABLE inputs. The other two ENABLE 
inputs allow the memory system to be expanded without 
additional address decoding. 

Figure 17 illustrates one possible clock driver con
figuration that can be employed to drive a 16K word 
memory system comprised of 4K dynamic MOS RAM's. 
The MC4007 is a one-of-four decoder that decodes the 
memory address sent from the CPU. Since the decoder 
outputs drive the clock driver SE LECT inputs, only one of 
the four clock drivers will be selected. The timing and 
clock driver output pulse width can be accomplished with 
a simple one-shot (MC8602). The Q output of the MC8602 

drives an ENABLE input of the MC3460/MC3466 and tlie 
clock pulse width is determined by the RC component 
values. 

For a memory refresh cycle, the REFRESH SELECT 
input of the MC3460/MC3466 is switched to a logic "0" 
state which will select all of the clock drivers as noted 
earlier. On the falling edge of the REFRESH SELECT 
signal, the one-shot is fired and at the same time all four 
clock drivers are selected for the refresh «:vcle since the 
REFRESH SELECT signal is in the zero state (See Fig
ure 17). At the end of the refresh cycle, the REFRESH 
SELECT signal is switched to,the logic "1" state and the 
memory system is set to accommodate another CPU mem
ory request. The memory system access time will be 
enhanced with this scheme because no additional gating is 
required to accommodate ,the refrElsh cycle. 

SYSTEM CONSIDERATIONS 

Bypass and Layout - A considerable amount of noise 
can be generated during switching due to the high speed 
and high current drive capabili,ty of these drivers. The 

_ high charge or discharge current spikes during transitions 
can result in a considerable amount of noise being generated 
on the ground and VOOl leads. These current spikes are 
primarily due to capacitive load current. However, there 
is an additional component to ~he total current spike 
which is due to both the upper and lower output driver 
transistors conducting for a short period of time during 
switching. This causes a low impedance path between the 
VOOl supply and ground during part of the transition time. 

In order to minimize the effects of these surge currents, 
the following layout rules should be followed: 

1. The V001 supply pin of each package should be 
bypassed with a low inductance 0.1 JlF capacitor. 
The 0.1 JlF capacitor will sustain the high surge 
currents required during switching. 

2. The surge current that flows out of the driver 
ground pin during switching will generate noise. 
This noise will oe' proportional to the ground 
impedance at the ground pin. To insure mini
mum ground noise, the ground path to this pin 
should be as wide as possible_ At least a 50 mil to 
100 mil ground line is recommended. 

Fanout Considerations - In a memory system, the 
number of memory CH IP ENABLE inputs that can oe 
driven by a single clock driver will depend on the input 
capacitance and the input leakage current required at a 
specified minimum logic "1" state (V CEH). Since the 
memory CHIP ENABLE input capacitance will affect the 
clock transition times, the total parallel input capacitance 
should not exceed that value which will cause the clock 
driver transition ti mes to be slower than those specified 
for the memory. For a majority of the 4K RAM's, the 
chip enable input capacitance is less than 40 pF. With a 
30pF loading, each driver of this device can drive up to 
sixteen 4K memory chips. 

Although the input leakage current of each memory 
CHIP ENABLE is extremely small, the total leakage cur
rent of the CH IP ENAB LE inputs when paralleled in a 
memory system can exceed the output current at the 
clock driver in the high output state (VOH). With the 
MC3460/MC3466 there are two me.thods that can be 
employed to inctease tile output current. The MC3460/ 
MC3466 has split high voltage power supplies (VOOl and 
V002) as noted in Figure 18. With VOOl '" V002, th~ 
maximum output current, that guarantees a minimum 
VOH of VOOl -1.0 Volt, is -100 JiA. However, the 
output current can be greatly increased if a voltage 
greaterthanVOOl isappliedtoV002· ForV002 = VOOl 
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+3.0 Volts, IOH can be increased to -2.0 mA for a VOH 
minimum of VOOl -1.0 Volt. For most 4K RAM's, this 
current is sufficient to drive to 200 memory chips. 
However, if a higher voltage is not available for V002 then 
the current can be increased by employing a pull-up 
resistor to V001. The following formula can be used to 
determine wha~ value of pull;up resistor is needed to meet 
a given fanout requirement_, 

where 

VOOl - VOH(min) 
R,;;;;---.,...---

IR 

IR = N(lICE} - IOH 

IOH is the clock driver output current for 
VOH(min} ~ VCEH(min) 

liCE is the memory CH IP ENABLE input leakage 
current specification. 

(1) 

(2) 

N is the number of CH IP ENABLE inputs to be driven 
by th~ clock driver. 

For the memory system given in Figure 17, assume 
that each word has 16 bits. If the MCM6605 4K RAM 
were employed, then the pull-up resistor value would be 
calculated in the following manner. 

From the MCM6605 Specifications; 

VCEH(min} = VOO -1.0Volt@ liCE = 101lA. 

From the MC3460 SpeCifications; 

ForVOOl =V002theminimumVOH is 
VOOl - 1.0 Volt @ an IOH = 100 IlA 

Since the VOH (min) required by the MCM6605 is 
VOD1 -1;0 Volt, equation (1) reduces to: 

R":: V001-(VOOl -1.0Volt) 
.... IR 

or 

(3) 

From equation (2), since N = 16, IR = 16 (10 IlA) 
-100 IlA ,. 60 IlA. Substituting in this value of IR into 
Equation (3) yields the following value for R: 

R';;;; l·~OV:~ = 16.6 k 

Overshoot- The finite inductance of the memory chip 
ENABLE line can cause the clock driver to overshoot 
during switching. With fast switching clock drivers, the 
overshoot can exceeClthe maximum logic' levels specified 
for the CH IP ENABLE input. To insure that the overshoot 
voltage does not exceed the maximum CH IP ENABLE in
put ratings the following two techniques can be employed: 

The simplest scheme is to place a damping resistor RS 

in series with the clock line, (See Figure 17). The critical 
value of RS can be calculated from the formula: 

RS~ 2 !Ls VCi (4) 

where LS is the clock line inductance and CL is the 
load capacitance. 

For most memory systems the value of RS will range 
from 10 ohms to 50 ohms. 

The series damping resistor will also affect the transition 
times of the damped output waveform. Thus, the maximum 
value that may be used for RS will be determined by the 
maximum switching times specified for the CH IP ENABLE 
input. The following equation can be used to determine 
the maximum value of RS.' 

tT (max) ,;;;; 2.2 RS CL (5) 

In some high performance memory systems the switch
ing" times required may be too fast to accomodate the 
addition of a damping resistor. For these systems the over· 
shoot can be limited by placi1)g clamp diodes at the far 
end of the CHIP ENABLE line as noted in Figure 19 . 
Fast recovery diodes are required to insure proper clamping 
on both the leading and trailing edges of the CLOCK pulse. 

Power Considerations - Circuit'performance and long
term circuit reliability are affected by die temperature. 
Normally, both are improved by keeping the integrated 
circuit junction temperatures low. Electrical power dissi
pated in the integrated circuit is the source of heat. This 
heat source increases the temperature of the die relative 
to some reference 'point, normally the ambient tem
perature. The temperature increase depends on the amount 
of power dissipated in the circuit and on! the thermal 
resistance between the heat source and the reference point. 
The basic formula for converting power dissipation into 
junction temperature is:' 

or 
TJ = T A + Po (ROJC + ROCA) 

TJ = TA + Po (ROJA) 

where 

TJ = junction temperature 
T A = ambient temperature 
Po = power dissipation 
ROJC = thermal resistance, junction to case 
ROCA = thermal resistance, case to ambient 
ROJA = thermal resistance, junctian 'to ambient 

(6) 

(7) 

, The power dissipation of the device (PO) is dependent 
on the following system requirements: frequency of 
operation, capacitive loading, output voltage swing, and 
duty cycle .. The power dissipation asa function of 
capacitive loading and frequency can be obtained from 
Figure 13. The value found in Figure '13 should not yield 
a junction temperature, T J, greater than T J(max) at the 
maximum encountered ambient temperature. TJ (max) is 
specified for the integrated circuit packages. in the, maxi· 
mum ratings section of this data sheet. 
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FIGURE 18 - SIMPLIFIED OUTPUT CONFIGURATION 

V002 V001 V001 

THE MC3466IN HIGH PERFORMANCE 
'7001 SYSTEMS 

The MC3466 is specified to meet the more stringent 
driving requirements of high speed N·channel memories 
such as the MCM7001A.Figures 20 and 21 show photo· 
graphs of oscilloscope waveforms for the MC3466 driving 
up to six MCM7001A memories. The memories were oper· 
ated with a +15 Volt supply and the MC3466 used a +17 
Volt supply tied to VDDl and VDD2. Two clamp diodes 
were used at the end of the line to clamp the overshoot as 
noted previously in Figure 19. 

With this driver connection, where the VDDl supply is 
at a higher voltage than the memory VDD supply, the 
VDD1 and VDD supplies should track each other within 
the following range 3.0 V ;;.. VDDl -VDD ;;.. 1.5 V to 
insure the minimum output VOH level and to limit the 
amount of current the clamp diode has to sink during the 
clock high state period. 

For the MC3466 driving two MCM7001A memories, 
Figure 20 shows the driver supplying about 250 mA peak 
current when the CHIP SELECT voltage switches from a 
"low" to "high", with a transition time of 15 ns (1.5 V to 
13.5 V level) and a high to low transition time of only 
8 ns. When driving four MCM7001A memories, the peak 
current' reaches about 400 mA with a CH IP SELECT 
rise time of 22 ns. 

I Figure 21 shows that for a fanout of 6 memories, the 
transition time increases to 28 ns; The MC3461 (dual 
NMOS memory sense amplifier) is used to detect the data 

FIGURE 19 - APPLICATION OF CLAMPING DIODES 
TO LIMIT OVERSHOOT 

MC3460 
or 

MC3466 

1-____ +-M ... e1m=-t:0::s, .. ~ l~~~':~' 
1N914'or 
Equivalent 

of the output memory and translate to MECL 10,000 
levels. The use of the MC10125 will translate the MECl 
levels to TTL le~els in orily 5 ns. The total delay from the 
50% level of the falling clock edge at1:he MC3466 input to 
the 50% point at the data output of the MC10125 is only 
62 ns when driving two memories and 67 ns for four 
memories. 

Figure 22 shows the logic diagram for building a 32K x 1 
memory board with TTL interface and MCM7001A memo 
ories using a multiplex approach. Addresses AO to A9 
and the DIN signals go to all the memory devices. The 
address bits A 10 and All are used to select 1 of 4 rows 
(WRITE ENABLE lines) when writing into the memory. 
The addresses, A12, A13, and A14 are decoded using the 
MC3466 to drive the CHIP SELECT lines. Only two 
MC3466's are required. Each driver in the MC3466 drives 
the CHIP SELECT line connected to four memories. 
During a read operation, the data from 4 of the 32 memo 
ories are latched into the MC3461. Addresses A 10 and 
A 11 are used too select which one of the four memories is 
to be read on the DATA OUT line. This configuration is 
especially usefu'l in interweaving of fast, large memory 
systems so that the data can be read out consecutively in 
one CPU cycle time. 

A 4K x 18 memory board is shown in Figure 23 with 
TTL interface using a more straightforward approach. 
Only six MC3466's are required to drive the CH IP SELECT 
lines. The memory can be expanded to 256K words by 
using two 1·of·8 decoders on the control board and con· 
necting the outputs to the proper BOARD ENAB LE. 
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FIGURE 20 - CURREI\!T AND VOLTAGE CHARACTERISTICS 
FOR THE MC3460 DRIVER DRIVING 2 AND 4 

MCM7001A MEMORIES 

ENABLE 1 Input to MC3466 (5 V/Div) 

CH IP SE LECT voltage with a loading of 
2, and 4. MCM7001A memories driven 
by an MC3466 driver. (10 V/Div.) 

DATA OUT of the MC10125 (5 V/Div) 

CHIP SE LECT current out of the MC3466 driver 
(500 mA/Div.) 

(20 ns/Div.) 

FIGURE 21 - RISE TIME AND ACCESS TIME VARIATIONS 
FOR AN MC3466 DRIVER DRIVING 1,2,4, AND 6 

MCM7001A MEMORIES 

ENABLE 1 INPUT to MC3466(5 V/Div) 

CHIP SE LECT voltage with a loading of 
1,2,4 and 6, MCM7001A memories driven 
by an MC3466 driver (5 V/Div.) 

DATA OUT of the MC3461 (1 V/Div) 

DATA OUT of the MC10125 (2 V/Div) 

(10 ns/Div) 
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FIGURE 22 - 32K x 1 MEMORY BOARD 
(TTL INTERFACE) 

1/2 MC4007 1/6 MC7404. 
6 places 

~------------------------------------------------------~B' 

r-----------------------------------------------------~A· 

~~~RESS>----4~ A 

WRITE 

E.NAB~E '>-----0 

CHIP 

SELECT 

MCM7001A. 

MC4006 

E ABC 

A12 A13 A14 

DATA 
VALID 

DATA 
~+-~--------~OUT 

1/4 MC10124 

'Note: Unused Inputs Should Be Tied To +5 V. 
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FIGURE 23 - 4K ll, 18 MEMORY BOARD (TTL INTERFACEI 
li2 MC4007 

,.....--

>--A 00 
T T 

>--B 
01 I T T 1 1 02 T I I r , r , I ~ ~ I ~ 

E 03 
" A A A 1::. 6 6 " A A 11.1-. .ll..ll. 00 0 

........., r-- rl Select' n .o.~ r .o.~ I r .OK' I r .OK' I IT ABCO ABC 0 A B CO ABC 0 ABC 0 
Outputs outputs, Outputs Outputs Outputs 

Al0 

All 

BOARD 
ENABLE 1 B ~ 

L t J l ' L-I-

BOARD 
·ENABLE 2 

CHIP 
SELECT 

7437 

'-----

0 1/4 
7437 

1/4 

1/4 
LATCH 

ENABLE 

DATA 

VALID 

~ 
U124 '---

rh .-h 
00..!:C ' 

1/2 MC346~l==h ::h ::h 
lBplaces 01 

I--f-J 
14 MC3459, 02~l--h 

'-I--' -r-
.-1-. .-1-. 

30 Plac> I--I---l 

:~ :~ >-:[Y 03_~l--h 
I--I-J '-I-' '-I--' 

~ 04~ 
I--h .-1-. rh 

F; ~ Lj-I '-I-' 

~ 05~ 
rh rh 

I-- f-J '-~ '-'-' 

>-Lf 06~ ~ h r--- -
.-1-. .--. 

~ ~ Lf-J '-...J' 

OH-{ 
oh r--. 

Fi >-Lf = Lf-J '-...J 

08~ oh .--, 

- LJ 
L~ '-~ 

09~ 
- '---1_ .-1-. rh 

::; == '-I-' -I-' 

010~ ..-1-. r-h 

~ h '-I-' '-I-' 

011«--[ 
.-1-. rl-. 

----- f--J 
'-~ -'-' 

!«--[I--h 0'--, r-, 
D12 

onnect to Top ....- f--J 
~:::: ~~ 

H~' ·'3 O'::f:R '-~ '-...J 

r-, r--. 
014 

' -f--J 
L-LJ '-...J 

1 ;~-'I. r-h rh 

'~O,~~==: -t-' -t-' 

016 

" ~~~~ ~h ~h 
017 

Connect to Bottom L--LJ L-LJ",-- -~ 

C 

Half of Array MCM7001A, 72 places 

r-h rh 

~h ::1=: 

-r- -r--
r-h rh 

-~ -~ 

r-~ r-h 

'-I-' '-I-' 
r-h rh 

~b. ~b 
~ -~ 
r- -

r-h r-, 

L+J -~ 
r-h ..r::::::t 

-r-- -~ 

.r:t-t. .1":::--' 

-=-- -~ 
..r::::::L .-1-. 
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-~ -I-' 
r-' r;-h 

-,'-' -'-' 
-'== -,=b 

~~ ;:6 
'-~ -t-' 
rl-. .-1-., 

-'-' -~ 
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-r- '-t-' 
-=t-t. .J'""I-:-I 

~b. -I-' 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC3461L oce to + 75°C Ceramic DIP 

HIGH-SPEED NMOS/MEeL SENSE AMPLIFIER 

The MC3461 is a dual current sense amplifier with MECL 10,000 
compatible control inputs and open emitter complementary outputs. 
The device is designed for use with Motorola MCM7001 or Intel 
2105 NMOS 1 K RAMs. A common latch input retains information 
in the amplifier at the time of latch closure. Separate channel out
put enables are provided to force the outputs to predetermined 
states until amplifier information exchange is desired. 

When the latch input goes to a logic "0" the outputs are locked 
in their present state unless the output enabLe is at, goes to, logic 
"1 ". In this event, the Output 1 and Output 2 remain at, or go to, 
logic "0" and logic "1" respectively. 

• Complete NMOS Sense Amplifier - No External Components 
Required 

• Minimum Propagation Delay -
Amplifier Response -5.0 ns Typ 
Enable Response- 2.5 ns' Typ 
Latch Response - 1.0 ns Typ 

• Power Supplies Compatible With MCM7001 /MECL 10,000 SYstems 
• Amplifier Input Termination Voltage Range from Gnd to VREF 

Supply on MCM7001 

APPLICATION WITH MCM7001 MEM~RV 

1/2 
VREF = 7.5 Vdc MC3461 

MCM7001 
or equiv. 

~~:,~; 0-+----, 

Input 
2A 

Data I-<)----<>--+---I 

Data 1-<>-----<>--+---1 
Input 
1A 

Latch 0--1-----' 

-2.0 Vdc 
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MC3461 

DUAL NMOS MEMORY 
SENSE AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PIN CONNECTIONS 

Output 
Gnd. 

Output Output 
1A 28 

Output Output 
2A 18 

Outputs A 
Enable 

Input Input 
2A 18 

Input 
1A 

Latch Amp!. Input 

Input 10 Termination 
(RT) 

VEE VCC 
(-5.2 V) (+7.5 V) 

I TRUTH TABLE 
for latch input at logic 1 

Output Output Output 

Input Enable 1 2 

1(1);;;' -2001JA 0 0 1 

1(2) = 0f,lA 1 0 1 

1(1) = 0f,lA 0 1 0 
1(2) ;;;'200f,lA 1 0 1 

Negative Currents Defined as Flowing into 
Device Pin. 

• 
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CO 
CO 

ELECTRICAL CHARACTERISTICS 
This device has been designed to.meet the 
dc specifications shown in the test table, 
after thermal equilibrium has been esta
blished. The circuit is in a test socket or 
mounted on· a printed circuit board and 
transverse air flow greater than 500 linear 
fpm is maintained. Outputs are termin
ated through a 50-ohm resistor to -2.0 
volts.· Test procedures are shown.for only 
one sense amplifier. The other half is 
tested in the same manner. 

Under 
Characteristic 

I Pin 

Sy·mbol Test 

Power Supply Drain Current 

Input Current 

Logic "1" Output Voltage 

Logic "0" Output Voltage 

'Logie "1" Threshold V.oltage 

Logic "0" Threshold Voltage 

'Switching Times (SO·ohm load) 
Propagation Delay Amplifier 

Enable 

ICC 
lEE 

linH 

linL 

VOH 

VOL 

VOHA 

VOLA 

t++ 

·Negative currents are defined as currents leaving the device 

• 
MAXIMUM RAT·INGS (Unless otherwise noted, TA = 2s0 e) 

Rating Symbol Value Unit 

Power Supply Voltages Vee 8.5 v 
VEE -6.0 V 

Termination Voltage VT o to Vee -

Operating Ambient Temperature Range TA o to 75 ve 

Package Power Dissipation 
Still Air Po WOO mW 

Derate above 250 e 6.7 mW/oe 
Transverse Air flow;;' 500 linear fpm 2000 mW 

Derate above 250 e 13.3 mW/oe 

TEST VOL TAGE/CURRENT VALUES 

(Volts) 

@Test 

Temperature Isl!nse VIHmax Vilmin VIHAmin VILAmax VCC VEE 

OoC "200!lA -0.850 -1.870 -1.155 -1.485 +7.5 -5.2 

25°C -;'200!lA -0.810 -1.850 -1.105 -1.475 +7.5 -5.2 

750 C "200!lA -0.720 -1.830 -1.045 -1.445 +7.5 -5.2 

MC3461 Test limits 

OoC T +250 C 75°C TESTVOL TAGE/CURRENT APPLIED TO PINS LISTED BELOW: 

Min 1 Max 1 Min 1 Typ Max Min Max Unit I sense VIHmax VILmin VIHAmin VILAmax Vce VEE 

40 I 50 mAde 6.12 9,10 

-50 -60 mAde 6,12 9,10 

500 J.IAdc 5,11 9,10 

500 !lAde 5,11 9,10 

0.1 !lAde 5,11 9,10 

0.1 ,uAde 5,11 9,10 

-1.010 -0.850 '-0,960 -0,810 -0,900 -0.720 Vde 6 9,10 

~ + + + + + i 7 ~ 7,4 

-1,870 -1.660 -1,850 -1.650 -1.830 -1.620 Vdc 9,10 

+ + . ~ + + ~ ~ 7,4 ~ 
-1.030 -0.980 -0,920 Vde 9,10 

+ + + i 4,7 + 
-1.640 -1.630 -1,600 Vde 7 9,10 

~ + i ~ 4,7 + 
Pulse In Pulse Out 

5,0 10.0 6 2 9,10 

1 ~ ~ ~ 
2 

~ 3 
'3 

2.5 5.0 ns 4 9,10 

~ ~ ~ ~ ,~ 

Gnd 

1.16 
1,16 

1,16 
1,16 

1,16 
1,16 

1,16 

~ 
1,16 

~ 
1,16 

~ 
1,16 

+ 
1,16 

J 
1,16 

~ 

s 
("') 

~ 
0) 
...lo 



MC3461 

FIGURE 1 - SWITCHING RESPONSE TEST CIRCUIT AND WAVEFORMS @l2SoC 
(Other Section Tested Similarly) 

Vee = +7.5 Vdc 

11~~1 
Enable Input ::=~==~~~~i~J-;;;?;!:::"'l L ~ Enable Input 

Test Point 

50 

Vee 0--------------, 

Amplifier Input 0----1====:0 
Amplifier Input 0--r-(=::==8 

Test Point 

50 

J O•1 J.1.F 

VEE = -5.2 Vdc 

,..-------------QOutput 2A 

'--------------0 Output 1 A 

Unused Ol-ltputs connected 
thru a 50-ohm resistor to 
-2.0 Vdc 

• DenOtes equal lengths of 50-ohm coaxial cable. Wire length should be .;;; 1/4" from test point to pin or BNe connector. 

Amplifier Input 
Test Point 

Output 1A 

Output 2A 

Amplifier Response Waveforms 

-0.5 V ___ +-''--_oJ 

VOH----I 

Enable'input held at -1.69 Vdc 
for Amplifier Response Tests. 
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Enable Input 
Test Point 

Output 2A 

Output 1A 

Enable Response Waveforms 

-0.89 V 

-1.69 V ___ +-''--_oJ 

Amplifier input held at. +0.5 Vdc 
for Enable Response Tests. 
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Addres,A101 
Address' A 11 

Write Enable 

Bay Enable 

Chip Select 

Address A12 

AddressA13 

Address A14 

FIGURE 2 - 32K x 2 MEMORY BOARD (MECL SYSTEM) 

1/2 MC10171 

L...---4--__ A 01 31)---..,.--------, 

L...-__ -+-___ B 01 2 I)-~---~"'-----, 

E 1 01 1 1)----------, 

~----~----+-~---~--4_----------------~E 010P-----__ 

MCM7001, 
64 places 

MC10161 VBB 

00 

EO 01 
02 

E1 03 
A 04 

B 
05 
06 

C 07 

VBB 

1/2 MC75358 

16 places 

Latch Enable ,,---,-,--_./ 
Connect to all MCIIII7001 's 
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DOout 

Data 

Output 

D1 0ut 



Cf1 -CO 

Board Enable A 1 

Chip Select 

AddressAl0 
Address All 

Board Enable B1 

Latch Enable 

Data Valid 

AO 
A1 

A8~t -Co 
A9 f;Jg. 

3:a 
OJ" DO -.J

O 
01 ~~ 

OIl .. 
o :l 
"Co 
~:E 
(..) ~. 

3:61 
~~ 
0 .. 
~g: 
-.JCD 

~~ 
'0 ~ [;J 
Ie. 

~ 
016 

017 

W,E,1 

W.E,2 

MC10161 
c--

}--<o------,. EOOO 
}--<- E1 01 

02 

t - -A 03 

- B VBB 
>--- C 

'---

1/2 MC75368 

24 Places_ 

-~ 
--===r--> 

MC10109 

DO 

AO 01 -- 02 
-
- 03 

Connect - to - all 04 
- MCM7001's 
- 05 
-
-A9 06 
_ DO 

07 
-
- 08 

-
- 09 
-
- Connect 010 
- each line 
- to one 011 
- Row 
- of 012 
- 4-MCM7001's 
- 013 
-
- 014 
-
- 015 --

1 

WE 1 Ito top 36 devices) \ 

I I L J 1 

~7~~~V 
~ 

J,~~Y . 
"- '- ~ 

--, ,~ 

,--, ,--, 

,'---J ,'---J 

I 
WE2 (to Bottom 36 devices) 1/2 MC3461. 18 Places MCM7001. 72 Places 
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MC3461 

Amplifier Input 

Termination 
R1 
200 

Inputs 

R3 R4 

REPRESENTATIVE CIRCUIT SCHEMATIC 

Simplified MC3461 
(1/2 Shown) 

Latch o--~~----l--I 
Input 

R5 
50 k 

VEEo---~~--~~--~~----~------------~~--'-----~----__ ---J 
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Outputs 
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ORDERING INFORMATION 

Device 
MC3467l 
MC3467P 

Temperature Range 
boc to +70°C 
O°C to +70°C 

Package 
Ceramic DIP 
Plastic DIP 

TRIPLE WIDEBAND PREAMPLIFIER 
WITH ELECTRONIC GAIN CONTROL (EGC) 

The MC3467 provides three independent preamplifiers with in
dividual electronic gain control in a single l8-pin package. Each pre
amplifier has differential inputs and outputs allowing operation in 
completely balanced systems. The device is optimized for use in 9-
track magnetic tape memory systems where low noise and low dis
tortion are paramount objectives. 

The electronic gain control allows each amplifier's gain to be set 
anywhere from essentially zero to a maximum of approximately 
100VN. 

The MC3467 is intended to mate with the MC3468 read amplifier 
to provide the entire magnetic tape read function. 

• Wide Bandwidth -15 MHz (Typ) 

• Individual Electronic Gain Control 

• Differential I nputlOutput 

TYPICAL APPLICATION 
HIGH PERFORMANCE 9-TRACK OPEN REEL 

TAPE SYSTEM 

NRZI/<I> 
Select 

Active 
Differentiator 

See MC3468 Data Sheet For 
Systems Applications Information 

LSI 
Formatter 
MC8500 
MC8501 
MC8502 
IlliC8520 
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MC3467 

TRIPLE MAGNETIC TAPE 
MEMORY PREAMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX L SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 

CASE 701 CASE 726 

--

'"'"' I 2 

1°",,", 

'","' I 4 

1°",,", 
EGC 

'"'"' I ' 1°",,", 

• 



MC3467 

MAXIMUM RATINGS (TA = 250 C unless otherwisenoted.l 

Rating Symbol Value Unit 

Power Supply Voltages V 
Positive Supply Voltage VCC 6.0 
Negative Supply Voltage VEE -9.0 

EGC Voltages (Pins 1,6 and 13) V'(EGC) -5.0 to VCC V 

Input Differential Voltage VID ±5.0 V 

Input Common-Mode Voltage V'C ±5.0 V 

Amplifier Output Short Circuit ts 10 s 
Duration (to Ground) 

Operating Ambient Temperature Range TA o to +70 °c 

Storage Temperature Range Tstg -65 to +150 °c 

Junction Temperature TJ +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = 5 0 V VEE = -60 V T A = 0 to +700 C unless otherwise noted ) 

Characteristic Symbol Min Typ Max Unit 

• 
Power Supply Voltage Range 

Positive Supply Voltage VCCR 4.75 5.0 5.25 V 
Negative Supply Voltage VEER -5.5 -6.0 -7.0 V 
Operating EGC Voltage VI(EGC) 0 - Vec V 

Differential Voltage Gain (Balanced) AVO 85 100 115 V!V 
(VI(EGC) = 0, ei = 25 mVp-p) (See Figure 1) 

Differential Voltage Gain AVO - 0.5 2.0 V!V 
(V'(EGC) = VCC) 

Maximum Input Differential Voltage V,DR 0.2 - - Vpp 
(Balanced) (T A = 25°C) 

Output Voltage Swing (Balanced) (Figure 1) VOR 6.0 8.0 - Vpp 
(ei = 200 mVp-p) 

Input Common-Mode Range V,CR ±1.5 ±2.0 - V 

Differential Ou~put Offset Voltage VOOD - 500 - mV 
(TA = 25°C) 

Common-Mode Output Offset Voltage VOOC - 500 - mV 
(TA = 250 C) 

Common Mode Rejection Ratio (Figure 2) CMRR dB 
VI(EGC) = 0, VCM = 1.0 Vpp -
If = 100 kHz) 60 100 -
If = 1.0 MHz) 40 100 -

Small-Signal Bandwidth (Figure 1) BW 10 15. - MHz 
(-3.0 dB, ei = 1.0 mVp-p, T A = 25°C) 

Input Bias Current liB - 5.0 15 /J.A 

Output Sink Current (Figure 5) lOS 1.0 1.4 - mA 

Differential Noise Voltage Referred to Input (Figure 3) en - 3.5 - /J.VRMS 
(V, (EGC) = 0, RS = 50 .n, BW = 10 Hz to 1.0 MHz, T A = 250 C) 

Positive Power Supply Current (Figure 4) ICC - 30 40 mA 
I Negative Power Supply Current (Figure 4) lEE -- -30 -40 mA 

Input Resistance (TA = 25°C) q 12 25 - k.n 

Input Capacitance (TA = 25°C) Ci - 2.0 - pF 

Output Resistance (Unbalanced) ro - 30 - Ohms 
(TA = 25°C) 
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FIGURE 1 - DIFFERENTIAL VOLTAGE GAIN, ' 
BANDWIDTH AND OUTPUT VOLTAGE SWING 

TEST CIRCUIT 
(Channel A under test, other channels tested ~imilarly) 

5.0 v 

18 

17 

16 
e1 
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eo = e1 - e2 

13 

10 

-6.0 V 

FIGURE 3 - DIFFERENTIAL-NOISE VOLTAGE 
REFERRED TO THE INPUT 
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Hite 
3202 
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Filter With 

BW = 1.0 MHz 

FIGURE 5 - OUTPUT SINK CURRENT-TEST CIRCUIT 
(Channel A under test, other channels tested similarly) 

+5.0 V +2.0 V 

-6.0 V 

FIGURE 2 - COMMON-MODE REJECTION RATIO 
(Channel A under test, ather amplifiers tested similarly) 

MC3467 
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13 
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AV VI 

= 20 log VOD 
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FIGURE 4 - POWER SUPPL V CURRENT TEST CIRCUIT 

VCC 

FIGURE 6 - TOTAL HARMONIC DISTORTION 
TEST CIRCUIT 

(Channel A under test, other channels tested similarly) 

5.0 V 

-6.0 V 
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TYPICAL CHARACTERISTICS 
(VCC'" 5.0 V, VEE = -6.0 V, TA = 250 unless otherwise noted) 
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versus INPUT VOLTAGE 
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FIGURE 13 - DIFFERENTIAL VOLTAGE GAIN versus 

ELECTRONIC GAIN CONTROL VOLTAGE (VI(EGC)) 
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II 

ORDERING INFORMATION 

Device 

MC3468L 
MC3468P 

Temperature Range 

O°C to +70°C 
O°C to +70°C 

Package 

Ceramic DIP 
Plastic DIP 

Specifications and Applications' 
InforIllation 

LSI MAGNETIC MEMORY READ SUBSYSTEM 

The MC3468 READ Subsystem when used with the MC3467 
triple preamplifier provides the interface between magnetic. tape 
heads and digital logic. This system is well suited for open-reel and 
cartridge magnetic tape systems. The MC3468 performs peak detec
tion, and threshold detection functions as required for NRZI, Phase
Encoded or Group-Encoded recording formats. The device consists 
of: 1) I nput Multiplex function,2) Gain Stage with Electronic Gain 
Control (EGC), 3) Activ(l Differentiation Amplifier, 4) Zero Crossing 
Detector (ZCD), 5) Threshold D~tector Amplifier with Multiplexed 
I nputs and 6) Threshold Detector. 

I ' 

• Complete READ Function in One LSI Device 

• Two Pair of 0 ifferential I nputs Allow Logically Controlled Selec
tion of Input Filter or Tape Head Configuration 

• Low Recovered Error Rate 

• Input/Outputs are Low Power Schottky TTL Compatible 

MC3468 

MAGNETIC TAPE 
MEMORY READ AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

_ 

LSUFFIX 

'

CERAMIC PACKAGE 
- CASE 726 

PSUFFIX _. 
PLASTIC PACKAGE . 

CASE 701-01 

Channel Select 
(Ao, B) , 

Threshold Amp- 17 ThreshOld Detec-
litier '"put A -',,,-,,,,,, .. ,,,...- tor Output 10 

Th~e~I~~~~t~n~~~~~~ 3 rT'91i-""" ~---' 1& ~~~:f~~~'!.t 
AniDlifi:'h;~~~~lg • " ZCD Output 

EGC ' 

Inputs A { : 

Inputs B{ : 

" I Differentiation 
12 Components 

11 Gain Stage 
Output 

MC3468 TYPICAL APPLICATION AND WAVEFORMS 

Prea~plifier 

Channel A 
I,nput 

Zero Crossing 
Detector Output 

ZCD 

MC3468 

Threshold Detector 
Output 
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MAXIMUM RATINGS (T A = 250 C unless otherwise noted) MAXIMUM RATINGS (continued) 

Rating Symbol Value Unit Rating Symbol 

Power Supply Voltages Common Mode Input 
Positive SUPply Voltage VCC +7.0 V Voltage 
Negative Supply Voltage VEE -8.0 V Threshold Amplifier VIC(T) 

Pin Voltages Gain Amplifier VIC 
EGC Voltage (Pin 5) VIIEGC) -5.0 to +7.0 V Amplifier Output Short ts 
Threshold Voltage V liT) +1.0to -3.5 V Circuit Duration (To 

(Pin 16) Ground, Pin 11) 
ZCD Output (Pin 15) VO(ZCD) +7.0 V. Operating Ambient TA 
Channel Select AlB VIICS) +7.0 to -2.0 V Temperature Range 

Input (Pin 11 Storage Temperature Range T stg 
Threshold Output TD VO(TD) +7.0 V 

(Pin 17) Junction Temperature TJ 

Dinerential I nput Voltage 
Threshold Amplifier VIDITI ±5.0 V 
Gain Amplifier Vm ±5.0 V 

ELECTRICAL CHARACTERISTICS (VCC = 5.0 V, VEE = -6.0 V, TA = 0 to +70oC unless otherwise noted) 

Characteristic 

TOTAL DEVICE 

Power Supply Voltage Range@ T A = 25°C 
Positive Supply Voltage VCCR 4.75 5.0 
Negative Supply Voltage VEER -5.5 -6.0 

Positive Supply Current 7 ICC - 35 

Negative Supply Current 7 lEE - 30 

Channel Select Input Voltage - Low Logic State VIL(CS) - -
Channel Select Input Voltage - High Logic State VIH(CS) 2.0 -
Channel Select Input Current - Low Logic State 6 IIL(CS) - -

(VIL(CS) = 0, VCC = 5.25 V) 

Channel Select Input Current - High Logic·State 6 IIH(CS) - -
(VIH(CS) = VCC = 5.25 V) 

GAIN AMPLIFIER SECTION 

Voltage Gain (Unbalanced) 1 AV / 6.5 7.5 
(ei = 10 mVp_p) 

Voltage Gain (Unbelanced) 1 AVS - 0.05 
(VIIEGC) = Vec, ei = 800 mVp_p) 

Operating EGC Voltage Range VIR(EGC) 0 -
Maximum Diff.erential Input Voltage VIDR 0.8 -

(TA = 25°C) 

Common Mode Rejection Ratio 3 CMRR 40 80 
(VI(EGC) = 0, VCM = 1.0 Vpp, f = 100 kHz, 
TA = 25°C) 

Bandwidth 1 BW - 15 
(-3.0 dB, T A = 25°C) 

Input Resistance fj 30 60 

Channel Isolation 40 60 
(f = 100 kHz) 

Input Bias Current 4 liB - 5.0 

Input Common Mode Voltage Range VICR ±1.0 ±1.5 

Output Resistance (Pin 11) ro - 15 
(TA = 25°C) 

Output Sink Current (Pin 11) 5 10S- 1.2 2.1 

Output Voltage Swing (Pin 11) 1 VOR 2.25 3.0 

Output Offset Voltage VOO - ±400 
ITA = 25°C) 

® MOTOROLA Serniconducf:or Producf:. Inc. 

5~199 

Value Unit 

±5.0 V 
±5.0 V 

10 s 

o to +70 °c 

-65 to +150 °c 

150 °C. 

5.25 V 
-7.0 V 

45 mA • 45 mA 

0.8 V 

- V 

-100 p.A 

10 .p.A 

8.5 V!V 

0.1 V!V 

5.25 V 

- Vpp 

- dB 

- MHz 

- kll 

- dB 

15 p.A 

- V 

30 Ohms 

- mA 

- Vpp 

- mV 
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MC3468 

ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V. VEE = -6.0 V. TA = 0 to +700 C unless otherwise noted) (Continued) 

Characteristic 

ACTIVE DIFFERENTIATOR SECTION 

Timi,ng Distortion 12 - 1.0 3.0 % 
(I = 1.0 mAo A = 1.5 VPP. f = 100 kHz. TA = 250 C) 

Zero Cross bet~ctor - High level Output Current 8 IOH(ZCD) - - 150 IJA 
(VOH =5.5 V) 

Zero Cross Detector - low l"vel.Output 9 VOl(ZCD) - - 0.45 V 
1I0V= 8.0 mAl 

Differentiator Output Sink Current 5 10(0)- 1.0 1.4 - mA 
(Pins 12 and 13) 

Differentiator Output Resistance (Unbalanced) ro(D) - 20 - Ohms 
(TA = 250 C) 

THRESHOLD AMPLIFIER SECTION 

Differential Voltage Gain AVO 8.5 10 11.5 VIV 

Maximum Differential Input Voltage Without VIDR(T) - - 400 mVpp 
Distortion (T A = 25°C) 

Maximum Differential Input Voltage Before VIDR(T) - - 1.4 Vpp 
Timing Shift (T A = 25°C) 

Maximum Threshold Voltage (Linear Operation) VIR(T) - - -1.0 V 

Threshold Voltage Required to Disable Threshold Vim - -2.0 -2.5 V 
Comparators (Vffi > 2.5 V, T A = 25°C) 

Bandwidth BW - 15 - MHz 
(-3.0 dB, T A = 25°C) 

Input Resistance rlL!NT) 25 50 - k.IL 

Threshold Amplifier Bias Current IIB(T) - 5.0 15 IJA 

Channel Isolation Ratio 40 60 - dB 
(f = 100 kHz) 

Threshold Detector Output Voltage - Low Logic State 10 VOL(T) - - 0.45 V 
(lOL = 8.0 rnA, Pin 17) 

Threshold Detector Output Current - High Logic State 11 IOl(T) - - 150 IJA 
(VOH = 5,5 V, Pin 17) 

Threshold Voltage Input Current ITHC - 25 50 !J.A 
(Pin 16) , , 

DESCRIPTION OF FUNCTION 

Input Multiplex - Input multiplexing allows logic
controlled (TTL compatible) selection of either of a pair 
of differential gain stages. Two separate tracks or one 
track processed through different filter networks for dif
ferent recording formats can be selected (e.g .• Phase En
coded/NRZI. Group-Coded/PEl. 

Gain Stage - The gain stage is controlled by Electronic 
Gain Control (EGC) and differential outputs are pro
vided for the active differentiator and a single output is 
available for the threshold. function. The EGC range is 
from esSentially zero to i5 (unbalimced). 

Active Differentiation - Active differentiation requires 
minimum external passive compomlht count. The pro
cedure for selecting component values insures linear 
operation and optimum zero-crossing detector per
formance for excellent noise rejection. 

Zero Crossing Detector (ZCD) - The zero-crossing de
tector generates an output transition corresponding to 
the peak of the incoming signal to the MC3468. Careful 
attention has been paid to avoid timing distortion be
tween the outputs of the active differentiator and the 
inputs of the zero crossing comparator. The output is 
open collector Schottky TTL. 

Threshold Amplifier and Detector - The gain stage out
put is ac coupled or differentiated into the Threshold 
Amplifier multiplexer. This allows logic-controlled (TTL 
compatible) selection of either of a pair of single-ended 
to differential gain stages. Thus. the possibility of Select
ing between a differentiated or straight capacitive 
coupled signal for thresholding.' The select line is the 
same as for the Gain Stage multiplexing. The unbalanced 
gain of the threshold amplifier is 5. An inverting input is 
available for balancing the input signal to minimize the 
effects of offset current. The differential outputs of the 
threshold amplifier are compared to an external thresh
old in the threshold comparators. An 06tput signal is 
provided whenever the signal exceeds the threshold 
setting in the positive or negative direction. The output 
is open collector Schottky TTl. 

The versatility of the MC3468 facilitates the design 
of dual mode (NRZI/PE. Group/PE) tape drives with the 
ability of dynamically sWitch gain. active differentiator 
components. and thresholds for different recording 
speeds or interchanged tapes. 
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MC3468 BLOCK SCHEMATIC 

VI(GGC) 5O-~~~-----------------------------------, 

15 
ZCD 
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Gain State 
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• 

FIGURE 1 - VOLTAGE GAIN, 
BANDWIDTH AND OUTPUT 

VOLTAGE SWING 
5.0 V 

MC3468 

-6.0~ 

FIGURE 3 - COMMON MODE 
,REJECTION RATIO ICMRRI 

5.0 V 

eo eo -6.0 V 
CMRR '" 20 log -'-= 20 log--

Avej 7.5 ej 

FIGURE 5 - OUTPUT SINK CURRENT 
AND DIFFERENTIATOR OUTPUT 

SINK CURRENT TEST CIRCUIT 

5.0 V 

-6.0V 

/ 
5.25 V 

FIGURE 2 - CHANNEL ISOLATION 
RATIO 

2.0 V 5.0 V 

MC3468 

-6.0V 
eo I eo 

CIR = 20 log --= 20 log --' 
Avej 7.5 ej 

FIGURE 4 - INPUT BIAS CURRENT 
TEST CIRCUIT 

5.0 V 

FIGURE 6 - CHANNEL SELECT 
INPUT CURRENT TEST CIRCUIT 

MC3468 

-6.0 V 

-6.0V 
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FIGURE 7 - POSITIVE AND 
NEGATIVE SUPPLY CURRENT 

TEST CIRCUIT 

Vcc 

FIGURE 8 - ZERO CROSS DETECTOR 
OUTPUT CURRENT HIGH LOGIC 

STATE TEST CIRCUIT 

5.0 V 

-6.0 V 

FIGURE 10 - THRESHOLD DETEC
TOR OUTPUT VOLTAGE - LOW 

LOGIC STATE TEST CIRCUIT 

0.2 V 
5.0 V 

-6.0 V 

FIGURE 9 - ZERO CROSSING 
DETECTOR OUTPUT VOLTAGE 

LOW LOGIC STATE TEST CIRCUIT 

5.0 V 

-6.0 V 

FIGURE 11 - THRESHOLD DETEC
TOR OUTPUT CURRENT - HIGH 

LOGIC STATE TEST CIRCUIT 

5.0 V 5.5 V 

-6.0V 

FIGURE 12 - TIMING DISTORTION T A = 25°C 
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TYPICAL PERFORMANCE CURVES 
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SYSTEM PARAMETERS 

The following system parameters are characteristic of 
not only the device but external component values and 
circuit layout. Detailed test circuits and m~asured 

parameters are provided only as a guide to expected sys
tem performance. These parameters are not readily 
measureable on a production volume basis. 

FIGURE 19 - TEST CIRCUIT FOR MEASURING PROPAGATION DELAYS 

From Gain Stage Input to Zero Crossing Detector Output 

(Pin 6 to Pin 15) (Subtract 8 ns from measurement for probe and cable delays) 

36" 

VEE 

A 

Capacitances are solid Tantalums TEK 475 
Scope 

Wavetek 
Model 164 
Function 
Generator 

6 

Note: Symmetry is adjusted @ 50 kHz and 50 mVpp 

13 

MC3468 
15 

VCC 
6 Feet 

680 Xl0Probe 

-= I~put i.:------J~ 
Pm 6 -lo~::--------:"'-~---..:::lIIo..-

Output tPLH(ZCD) ~ L.-: ---: L.- tpHL(ZCD) 
I , I I 

ZCD ---i!"1.5V 4-1.5V I 
Pin 15' • 

Typical Measured Values: tPLH(ZCD) e 40 ns 
tpH L(;ZCD) e 50 ns 

FIGURE 20 - TEST SETUP FOR MEASURING PHASE JITTER 

VEE 

2-101lF 

Capacitances are solid Tantalums 

12 

,...-_____ -, rv 500 kHz 
6 

Wavetek 
Model 164 
Function 

Generator 

Note: Use of a serie, inductor in the differentiator network 
significantly improved phase jitter performance. 

MC3468 

13 VCC 

680 

15 

-= 

ZCD Output .. III. 
Pin 15 1.5 ':.L.IJ" 

Typical Meas\lred Values: I 
0.6 Vp-p @ Pins 12, 13 = 0.5% I 
25 mVp-p@ Pins 12,13 e6.0% : 

TEK 475 
Scope 

\\\ , , 
I , 

--1 t t--

I7T , 
I , , 

",' •• ---- T ----, ... 1 
I % Phase Jitter e+x 100% ' 

Note: The jitter window, t, is defined as the 
3 (] points on a Gussion curve. 
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Wavetek 
Model 164 
Function 
Generator 

Input 
Pin 2 

FIGURE 21 -.TEST SEtUP FOR THRESHOLD AMPLIFIER DELAY AND 
THRESHOLD COMPARATOR EQUIVALENT OFFSET MEASUREMENTS 

X10Probe 6 Feet 
r---__ .. ----------------------------~A 

17 

Vcc 
TEK 475 

Scope 

680 6 Feet 
B 

Typical Measured Values: tpLH(TD) = 43 ns 

tpH L(TD) = 43 ns 
100 kHz 0 I VIO(TD) = 38 mV 

Threshold 
Detector 
Output 
Pin 17 

: -100 mV 
..... t-- tPLH(TD) I 

, I I 
I tPLH(TD) --t I--
I I' 

I 

Note: For Delay measurements, V is fixed at -250 mV; 
for equivalent comparator offset voltage measurements, 
V is adjusted until Pin 17 goes low. The voltage, V, is 
the equivalent offset, V IO(TD). , 

Note: Some compensation is possible using a resistor 
from Pin 3 to ground. 

FIGURE 22 - TEST SETUP FOR GAIN AND PHASE versus FREQUENCY (1 MHz to 10 MHz) 
FROM INPUT TO DIFFERENTIATOR (Pin 6,7 to Pin 12,13) 

Wavetek 
Model 164 
Function 

Generator 

Actual Test Measurements (Calibrat~ Instrumentation for Phase Compensation) 

Solid 
Tantalums 
2-lOJ-LF 

f---~~~~~+TEKP6046 

12 

MC3468 

D ifferentiator 
,probe and 
Amplifier 

(See Figure 1,7 for plot of data) 

50 

A 

HP8405A 
Vector 

Voltmeter 

B 
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FIGURE 23 - TEST SETUP FOR GAIN AND PHASE versus FREQUENCY (5 kHz to 1 MHz) 
FROM INPUT TO DIFFERENTIATOR (Pin 6,7 to Pin 12, 13) 

Wavetek 
Model 164 
Function 

Generator 

Actual Test Measurements (Calibrate Instrumentation for Phase Compensation) 

Solid 
Tantalums 
2-10/lF 

..... -H~-+--t--; \EK P6046 

12 13 -=- -=-

o ifferentiator 
Probe and 
Amplifier 

(See Figure 18 for plot of data) 
MC3468 

DESIGN SUGGESTIONS 

HP3575A 
Gain Phase 

Meter 

G,ain Stage Bias Current II Adjusting Peak Shift to Zero (See Figure 24) 

One must consider supplying 15 p.A of bias cur
rent to the Gain Stage when designing a filter net
work, A good design value for the equivalent 
resistance from each input leg to ground is 5 kn. 

The worst peak shift observed on the ZCD output 
occurs for the smallest slew rate provided by the 
Active Differentiator at the ZeD inputs. I n Turn, 
the Active D ifferentiator produces the smallest 
slew rate when the gain-bandwidth product ap
plied at its inputs is the smallest. Current sOtlrce, 
resistors, and diode imbalances will exhibit the 
maximum peak shift under this condition. ,Using 
the resistor network shown, these imbalances are 
adjusted out for the worst case condition. 

FIGURE 24 - PEAK SHIFT NETWORK 

Pin 12 Q--+--..IV'v__---H--...... -"'"'"'O Pill 13 

Note: The 100 kn resistors should be close to the IC to suppress noise. 
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MC3468 APPLICATIONS INFORMATION 

MC3468 For NRZI Encoded Magnetic Tape 

NRZI Encoding was one of the first popular record
ing formats and is formalized as an American National 
Standard for the purpose of facilitCiting the interchange 
of magnetic tapes. Although the Phase-Encoded format 
is now more widely accepted than NRZI, vast libraries of 
NRZI tapes still exist. Computers will be reading these 
tapes for years to come, and in some cases, re·writing 
them in phase-encoded format. Thus, the ability of the 
tape drive 'electronics to read both NRZI and PE tapes is 
a feature often sought in new designs. 

For NRZI recording, the magnetic surface of the tape 
is magnetized to saturation in one direction or the other 
each time a logical "1" is to be recorded. The magneti
zation remains unchanged for a logical "0". The result
ing signal from the read head for a typical NRZI data 
stream is shown in Figure 25. The NRZI data stream con
sists of a continuum of Fourier components up to a maxi
mum frequency of 5fH, where fH is numerically equal to 
one-half the maximum flux changes Per second (FCPS). 
For long strings of zeroes, the lowest Fourier component 
could theoretically be near dc, but on a typical tape a 
long interval with no "1's" is not allowed. Consequently, 
most of the energy in the pulse train is around fH and 
its har-monics (up to the fifth)': A suitable corner fre· 
quency for ac coupling from the preamplifier is 60 Hz, 
although' for high speed systems it could be consider
ably higher (1110 fH). The -3 dB frequency of a low 
pass filter is usually placed ata frequency greater than 
fH. In most systems, this low pass filter must do more 
than provide a roll-off for high-frequency transients. It 
also equalizes the read amplifier chain and differentia
tion network for linear phase versus frequency response. 
Once the transfer function' of this equalization filter is 
known, it may be incorporated either as part of the ac 
coupling between the preamplifier and amplifier or as 
part of the differel;ltiation ne~ork. 

The American National Standard specifies that NRZI 
be recorded at 800 BPI (Bits Per Inch) on open reel mag
netic tape. Typical read/write tape speeds range from 
12,5 to 300 IPS (Inches Per Second). Examples 1 and 4 
show MC3468 NRZI designs. 

MC3468 For Phase-Encoded (PE) Magnetic Tape 

Of the numerous methods for encoding digital data 
on magnetic'- tape, phase eflcodihg is currently most 
popular. As shown in Figure 25, data is represented by 
transitions occurring in the middle of a "data cell". A 
low-to-high flux transition (toward the magnetization 
level- representing erased tape) is defined as a logical 
"one" and a high-to-Iow transition is defined as a logical 
"zero". For consecutive "one's" or "zero's" phase 
transitions are introduced as needed at the "data cell" 
borgers. Phase transitions are not requ ired when the en
coded data consists of "one-zero" patterns. 

The read head signal resulting from mixed data 
streams consists of two fundamental frequencies, fH and 
fL which represent most of the harmonic content (with 
some energy at harmonics up to the fifth). These are 

. FCPI FCPI x IPS 
numerically equal to -2- x IPS and- 4' (where 

FCPI is maximum flux changes per inch and IPS is tape 
speed in inches per second). In high-speed, low-level sy'iir 
tems, the amplitude of these read head signals is only a 
few millivolts and conditioning with a preamplifier such 
as the MC3467 followed by a passive bandpass filter is 
required. The bandpass 'characteristicsets the lower -3 
dB frequency below fL and the upper -3 dB frequency 
above fH. In most systems, the bandpass filter must do 
more than filter out noise. The low-pass portion also 
equalizes the read amplifier chain and differentiation 
network for a linear phase versus frequency response. 
Once the transfer function of this equalization filter is 
known, it may be incorporated as part of the filter be
tween the preamplifier and amplifier or as part of the 
differentiation network. 

The American National Standard specifies that PE 
data be recorded at 1600 BPI (Bits Per Inch) on open 
reel magnetic tape. Typical read/write tape speeds range 
from 6.25 to 200 I PS (I nches Per Second). Cartridges 
use 1600 BPI and have tape speeds of 30 IPS for read/ 
write. Examples 2, 3, and 4 show MC3468 designs for 
PE systems. 

MC3468 For Group Code Recorded (GCR) Magnetic 
Tape 

Basically, Group-Coded Recording (GCR) is a high 
density recording scheme which uses the NRZI conven
tion for "1' s" and "D's", but adds the restriction that 
flux changes occur at least once in every three bit cells 
(Figure 25). The read head signal resulting from mixed 
data streams consists primarily of Fourier components 
from fL to 3fL = fH and their harmonics up. to the fifth. 
The freqllencies fL and fH are numerically equal to 
FCPI x IPS FCPI x IPS. . 

2 and 6 ' respectively (where FCPI IS 

maximum flux changes per inch and IPS is tape speed in 
inches per second). The amplitude of the read head sig
nals is only a few millivolts or less and conditioning with 
a preamplifier such as the MC3467 followed by a passive 
bandpass filter is requ;red. The banqpass ch'lracteristic 
sets the lower -3 dB frequency below fL and the upper 
-3 dB frequency above fH. The bandpass filter must do 
more than filter out noise. The low pass portion equal
izes the' read amplifier chain and differentiation network 
for linear phase versus frequency response. Once the 
transfer function of this equalization filter is known; it 
may be incorporated as part of the filter between the 
preamplifier and amplifier or as part of the differentia· 
tion network. 

The proposed American National Standard specifies 
that GCR data be recorded at 9042 FCPI (Flux Changes 
Per Inj::h). Because of the data format, the usable data 
density is 6250 BPI rather than 9042 ·BPI. The "6250 
BPI" is a throughput specification and should not be 
used in read amplifier calculations. The original GCR 
concept was intended for high speed drives (200 IPS). 
However, it is also being applied to lower speed (125 
IPS) systems. Examples 5 and 6 illustrate the use of the 
MC3168 in GCR systems. 

® MOTOROLA Semiconductor Product. Inc. ______ --J 
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FIGURE 25 - MOST POPULAR MAGNETIC TAPE RECORDING FORMATS 

Bit Stream In a Track
+M 

o 
NRZI -M~----~--~ 

(800 B/IN., 800 FC/IN.) +M 

o 
PE -M 

(1,600 B/IN., 3,200 FC/IN.)'+M 

o 
GCR -M ...-----~~-' 

(6,260 B/iN., 9,042 FC/IN.) 

o o 

CIRCUIT OPERATION 

(See Figure 26 for component wiring and Figures 27 and 
28 for Timing Diagrams) 

The operation of the MC3468 is similar for NRZI, PE, 
and GCR data formats. The preampHfier and filtered sig
nal isapplied differentially to either Channel A or B G.ain 
Stages. The Gain Stage output differentially feeds an 
Active Differentiator and a single-ended output is avail
able for! straight capacitive or differentiated (active or 
passive) coupling into either Channel' A or B inputs to 
the Threshold Amplifier. 

For the circuit configuration shown, the Active Dif
ferentiator output leads th~ input by almost 900 . The 
Active D ifferentiator output is applied to a Zero-Crossing 
Detector, which goes low for positive levels and high for 
negative levels, changing state at the zero crossings. The 

Threshold Circuit amplifies the Gain Stage output and 
compares positive and negative signals to a threshold 
level. When the level is exceeded, the TD output is low. 
From the waveforms, it is seen that the ZCD output 
makes a transition approximately in the m'iddle of the 
period when TD is low. Wiring ZeD "anded" with TD to 
the set input and ZCD "anded" with TD to the "reset" 
input of the R-S type flip-flop reconstructs the data 
stream encoded on the tape. This circuit works for zero 
clip (zero threshold) operation, but has the disadvantage 
that timing distortion reSults from capacitive loading. 
Digital circuits for reconstructing the data stream which 
utilize pipe-line delays to overcome capacitive loading 
timing distortion are shown in Figure 29. 

FIGURE 26 - TYPICAL MC3468 COMPONENT HOOKUP 

Vcc vcc 
11 

Channel A 680 680 

prea::~fier I 
and Filter 

V CC 0---4---1 

15 

= 
Data 

VCC=+5,OVdc~ _____________ -r~ ________ ~ ___ --J 

VEE = -6.0 Vdc 

R4 
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Magnetization + 
Level on Tape _ 

Channel A 
Gain Stage 

Input 

Active 
o ifferentiator 

Output 

~ZCD 

FFQ 

I 
I 
I 

FIGURE 27 - WAVEFORMS SHOWING MC3468 OPERATION FOR NRZI DATA 

o o o 

FIGURE 28 - TIMING DIAGRAM WAVEFORMS SHOWING MC3468 OPERATION FOR PHASE-ENCODED DATA 

Magnetization 
Level on Tape 

Channel A 
Gain Stage 

Input 

Active 
o ifferentiator 

Output 

ZCD 

FFQ 

I 
I.,.T= 1/fH~ 

o 

I 

I 

14--

o 

I 

T = 1/fL ---..: 
I 

1 1 

~.: 
:~:' IV~I I~:. ;~ 
I I I I 1 I I I I 1 I 1 I I I 

I I 11 I I 1 1 

1 11 
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FIGURE 29 -- OTHER DIGITAL CIRCUITS FOR RECONSTRUCTING DATA STREAMS FROM THE MC3468 

1) Dual Output Circuit (Pipeline Delay for Negative Edge Must Be the Same for Both Outputs)-

Negative Peak 

Positive Peak 

2) Single Output Circuit (Operation Independent of Capacitive Loading Effects on Delays) 

ZCD --'---1 

To -it--+---I 

Group Delay Distortion 

The ultimate purpose of the magnetic read amplifier 
chain in Figure 30 is to produce a digital signal with 
transitions corresponding to the peaks of a read head sig
nal. Because the active 'and passive elements in the chain 
exhibit phase characteristics, there will be a "pipe-line" 
delay between peaks at thf1 read head and the digital out
put from the zero-crossing detector. Variations in this 
delay with frequency or amplitudes cause timing distor
tion which translates directly into increasing error rates. 
The primary consideration in the read chain implementa
tion is to equalize the read chain for almost flat delay 
over the frequencies and amplitudes of required opera
tion. Figure 30 depicts one of several possible read chain 
configurations which can be equalized for best-flat time 
delay performance. 

Preamplifie~ 

Composite of 
Positive and Negative 

Peak Pulses 

The determination of the component values is rela
tively straight forward provided the active elements have 
negligible phase characteristics in the frequency range of 
operation. Below 1 MHz, the MC3467/MC3468 read 
chain active elements have negligible phase characteris
tics. Although phase effects start showing above 1 MHz, 
phase versus frequency is linear (constant time delay) as 
shown in Figure 17 for the MC3468 Gain Stage. 

Other read chain configurations have a band-pass fil
ter between the preamplifier and Gain Stage. It is pos
sible to move some of the poles of the filter into the 
active differentiator. The technique suggested in Figure 
30 transfers poles into the active differentiator to min
imize component count. The insertion loss of the tech
nique is also less than an equalization filter ahead of the 
READ amplifier. 

High Pass 
Filter 

MC3468/69 Peak Detector Section 

FIGURE 30 - GROUP DELAY DISTORTION v:1-------'---I /'---+--L .. r"-----i 

ZCD 

Active 
D ifferentiato, 

THROUGH READ CHAIN [MC3~':. 

TG~ ~--------------,---~ 
TGD ±'ATGD 
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Determining RD. CD. and LO For the Active 
Oifferentiator 

For the equalized read chain shown in Figure 30, CD, 
RD and LD are determined respectively in that order. 
The phase characteriStics of the active elements are as
sumed to be negligible. 

An active differentiator is formed by RD, CD and LD 
coupling the emitters of a differential amplifier having 
current sources 10D in each leg. If a differential voltage 
AvEp cos wt is applied to the Active Differentiator, the 
resulting current through RD and CD is: 

2AvEp { (-1/WCD)} 
I = .. cos wt - arctan ~ 

J RT2 +(_1_ + WLD)2 
WCD 

Active 
o ifferentiator 

when wLO <: __ 1_ < RT 
wCo 

I "' 2Av Ep Co w sin wt 

where 2AvEp is the product of the differential input to 
the Gain Stage Ep and its unbalanced gain, Av. 
where RTis the total of R D and the output impedances 
of 0' and 02. The combined output impedances of 0' 
and 02 is 40 0 hms. 

This condition is .approximated for R;CD = wc = 

3wH(where wH is the maximum applied frequency of 
appreCiable Fourier content). 

The peak value of I (Le., 2Av Ep CD w) is important. 
As I approaches 10(D), the transistor 02 turns off and the 
waveform at Pin 12 distorts. The circuit no longer be
haves as a differentiator and peak distortion results. 

For best zero crossing detector performance, it is es
sential that I be maximized. A design value of I which 
results in good noise performance and minimum peak 
shift is 900 microamperes.' 

1= 2Av Ep CD w = 900 x.1O-6 

Rearranging the equation for I" 

900 x 10-6 
CD = --::-::--:::---

2Av Ep w 

.1 
Also, solving wc = RTCD for RT, 

1 
RT= WCCD 

Assuming the output impedance of 01 and 02 com
bined is 40 Ohms, 

'I R-D-=-z;---c-:"1
c
-
D
---4-0-'1 

where wc = 3,wH. 

As shown in Table 1, the addition of an inductor, LD, 
significantly improves phase linearity versus frequency 
as well as providing a roll off for high frequency noise. 
This optimum solution requires the following relation
ships: 

rearranging, 

1 For optimum zero-crossing detector performance, 
dl/dt should be as large as possible at zero-crossing. 

Motorola guarantees a minimum 10(D) of 1.0 rnA. 

TABLE 1 - PHASE LINEARITY (CONSTANT TIME 
DELAY) PERFORMANCE FOR RC versus RLC ACTIVE 

DIFFERENTIATOR NETWORK 

Wc ; __ 1 -; 3WH 
RD CD 

w 
wC 0 

1.0 +45.00 
0.9 +48.01 
0.8 +51.34 
0.7 +55.01 
0.6 +59.04 
0.5 +63.43 
0.4 +68.20 
0.3 +73.30 
0.2 +78.69 
0.1 +84.29 

AO 

+3.01 
+3.33 
+3.67 
+4.03 
+4.39 
+4.77 
+5.10 
+5.39 
+5.60 

w 
wn 0 AO' 

1.0 0 
0.9 +8.49 +8.49 
0.8 +17.65 +9.16 
0.7 +27.26 +9.61 
0.6 +37.03 +9.77 
0.5 +46.69 +9.66 
0.4 +56.04 +9.35 
0.3 +65.00 +8.96 
0.2 +73.58 +8.58 
0.1 +81.87 +8.29 
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Threshold Considerations 

The threshold circuitry is used in read after write ~fr 
tems to insure that good data was written, to set up gain 
during an 10 burst, and sometimes to indicate a mini
mum signal voltage for invalid data. Optimum threshold
ing requires a larQEI swing at the threshold amplifier in
puts. A good design value for VINTA is 1.0 Vp-p, and 
should not exceed 1.4 Vp-p. If it does, a timing shift re
sults. Internal clipping is provided for all signals greater 
than 400 mVp-p. The distortion resulting from clipping 
has no effect on thresholding because only peaks are 
clipped. 

As shown in Figure 26, the Gain Stage output at Pin 
11 is ac coupled to the threshold amplifier so that volt
age offsets do not influence thresholding. An attenuator, 
R 1/R2, is often required in the ac coupling networks be
cause the gain stage output is between 1.6 Vp-p and 2.4 
Vp-p for optimum zero-crossing-detector performance. 

Vo R2 
from ~ 

Gain Stage ~"-"VI.fu-a~-.....j.~ 
Pin 11 

VINTA = Rl ~1R2 Vo 

The maghitude of R 1 should be less than 5 kD to 
minimize the effects of Threshold Amplifier Bias current 
(ITHA =; 15 /lAI. Also, R 1 + R2 must be greater than 3 
kD because the minimum output sink current (lOSI of 
the Gain Stage is 1.5 mAo A resistance equal to R 1 
should be wired to ground from the - leg of the Thresh
old Amplifier (minimize offset bias current effects). 

Note that only the selected amplifier input contributes 
to bias current. Each output of the Threshold Amplifier 
is 5 V I NT A, and is applied to its resepctive Threshold 
comparator. Each comparator sees 2.5 VINTA. Thresh
olding is based on a percentage of the nominal voltage 
applied to the comparators, 2.5 VINTA. Both positive 
and negative references are derived from VEE as follows: 

O.lILF R3 

R4 a 2.5 VINTA )( % 

VEE 

R3 should be less than 1 kD to minimize the effects of 
Threshold Comparator Bias Current (lTHC = 50 pA). A 
0.1 ",F decoupling capacitor is required for transients. 

The following circuits are useful for multi-channel 
and/or dynamic threshold switching applications. 

25% 
Threshold 

50% 
Threshold 

-Vee 

Ba!le Line Shift in PE Systems 

To 
Pin 15 
of Each 
Channel 

To 
Pin 16 
of Each 
ChannJI 

In phase-encoded recording, the read signal may not 
make symmetrical transitions about the zero bias level. 
A lower amplitude signal with a low frequency compo
nent is often superimposed. Although a highpass filter 
attenuates some of this component, its frequency is 
often close to the -3 dB frequency of the filter and may 
be only -6 dB down from signal amplitudes. This base
line shift has no adverse effects on the performance of 
the Active Differentiator. However, the Threshold De· 
tector is sensitive to the unequal signal peaks. Signal-to
noise ratio can be improved by performing a. passive 
differentiation into the Threshold Amplifier. With the 
corner frequency, fC, placed at fl, the fl signal is at
tenuated -3 dB; the fH = 2fl signal is for all practical 
purposesunattenuated. Figure 31 shows the 450 phase 
lead introduced by passive differentiation. Note that this 
technique is not directly applicable to high thresholds 
because the ZCD transitions fall outside the thresholding 
window. However, the threshold window can be delayed 
to overcome this drawback. 

V = 0.707 (2Av Ep) @l fL (+450 Phase Lead) 

I vlNTA 
R2 o---\f-:..---o'V\J'v---......---I 

fC = 21r~C = 21r(R1 + R2)C 

-= 
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The design of the attenuator, R1/R2, follows as de
scribed previously. Example 3 shows,. typical applica

, tion of passive differentiation to overcome base-line 
shift. 

FIGURE 31 - RESULTING OPERATION FOR PASSIVE 
DIFFERENTIATION INTO THRESHOLD AMPLIFIER 

, GainStage ±A 
Output ~"'J ' 

. forfL I. . 
...-I 14-450 

: I 
I 
I 

VINTA ~ ~ 
(+45° shift) _~ ___ ~ _____ .,.~c..... ___ ~~,.-_ 

~~ 

ZCD 

FFQ 

Board Layout and Testing Considerations 

An LSI package has many input/output pins in close 
proximity.' some carrying high level signals and others 
low level signals. As carefully as the on-chip isolation of 
the devices connected to these pins is implemented by 
the manufacturer, the coupling of signals or noise be
tween external wires is under the control of the end-user 
who designs the integrated circuit into a piece of equip
ment. The designer should be familiar with the following 
layout procedures which will ,optimize the performance 
of the device.See Figure 32. 

1. Build all circuits on printed circuit boards (including 
breadboards). Transmission line theory for flat con
ductors in a plane quite convincingly proves that 
coupling is far less than for round conductors in 3-
dimensions .. 

2. Use a ground plane under the IC and over as much of 
the printed circuit board surface as po~sible without 
exceeding practical limits. 

3. Avoid signal runs under the IC, also avoid parallel runs 
of 1 inch or greater on the opposite or same side of 
board. 

4. Use monolithic ceramiC 0.1 JjF capacitors for de
coupling power supply transients. One from VCC to 
ground and one from VEE to ground for each IC 
package. Keep lead lengths to Y. inch or less and place 
in close proximity to the IC. 

5. Keep all signal runs as short as possible. The lead on 
Pin 15 will radiate and can couple back into the 
active differentiator. This will result in excessive 
phase jitter. The tell-tale behavior is a ringing at Pin 
11 corresponding to the transitions at Pin 15. To 
overcome this coupling problem, keep' the lead on 
Pin.15 short and isolated from the other Input/Output 
lines to the MC3468. Preferably, put it over or next 
to a ground plane. For long distance runs, use a 
twisted pair or coax iii I cable. 

When evaluating the device for phase jitter and fre
quency response, a special test jig should be designed to 
reduce ground loops and coupling caused by instrumen
tation. Instrumentation test set·ups must be calibrated 
at each test frequency and differential equipment util
ized where required. A valid evaluation of the perform
ance of any read amplifier chain requires considerable 
care and thought. 

FIGURE 32 - POWER AND GROUND DISTRIBUTION FOR 
MC3468 PRINTED. CIRCUIT BOA'RD LAYOUT 

0.1 /IF Monolithic 
Ceramic 

\" .... - - - - - - - - - - - - - ---

(---------------~-\ 

I I 
I I 
I I 

_ .......... J.A."'=" .. _0_ Q _OJO't_O_ Q _0_ .... ""'--Yf;;;/A.r, 

,,- - 0 -60 -0- 0 0-00.-6--,\ 
I I 
I I 
I I 
I I 

\ .... - - - - - - - - - - - - - - -_/ 

,,- - - - - - - - - - - - - - - - -.... 
I \ 

I I 
I I 
I I 

,.... [.LLL.LL>l'~ _ _ 0_ Q _Q.:'O\9 _0_ .Q 

,..--0-0' "0-0- 0-0-0 '0-5--\ 
I I 
I I 
I I 
I I 

Note: Dotted Lines Outline Ground Plane 
on Back Side of Printed Circuit Board 
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EXAMPLES 

Ex~mple #1 (See Figure 26 for Component Hookup) 

Tape Drive Type: Open Reel 
Encoding: NRZI 
Recording Density: 800 BPI (800 FCPII 
Tape Speed: 200 IPS 
Signal into Gain Stage 

Epp = 0.3 to 0.6 Vp·p @ 80 kHz 

Threshold: 25% of minimum voltage peaks 

The voltage from the Gain Stage is designed for 1.6 Vp-p at 
Pin 11. 

\ ~:: = A'v = 2.7 

Set the EGC for a gain of 2.7, unbalanced. 

The maximum Pop voltage to the Threshold Amplifier, VINTA, 
-. 1 

is designed for 1 Volt. Tile required attenuation factor is 1:6' 
VINTA Rl 1 -va = R1+Ri = 1.6 

Rl + R2 ;;. 3 kn and Rl .;;; 5 kU (See text) 

These constraints are satisfied when Rl = 4.7 kn and R2 = 3 kn. 
This is an optimum solution for a minimum coupling capacitor 
value. 

Now consider the minimum yoltage applied to the Tllreshold 
Amplifier 

1 . 
VINTA(MIN) = 1:6 x 2.7 x 0.3 = 0.5 Vp-p. 

The threshold comparator reference voltage, VR, is set at 25% of 

2.5VINTA(MIN) 

VR = 0.25 x 2.5 x 0.5 e'f 300 mV 

....:'3 R3 
-300 x 10 = R3 + R4 (-6) 

R3';;; 1 kn (See textl 

Let R3 = 470 n; then R4 e'f 10 kn 

The values of RO and Co are determined from the equations 
given in the, text. 

Assume f c = 3f 

Co = 900 x 10-6 = 900 x 10-6 

2Av Ep w Av Epp W 

900 x 10-6 

= 2.7 x 0.6 x 2rr x·80 x 103 

CD e'f 1000 pF 

1 1 
RO = wCCD - 40 = 2rr x 3 x 80 x ,03 x 10-9 .40 

RO = 670 - 40 e'f 600 n 

. RT2 CD (670)2 x 10-9 
LO =--2-= 2 224J.LH 

Example #2 (See Figure 26 for Component Hookup) 

Tape Drive Type: Open Reel 
Encoding: Phase-Encoded 
Recording Density: 1600 BPI (3200 FCPII 
Tape Speed: 200 IPS 
Signal Into Gain Stage 

I;Opp = 0.2 Vp-p @ 320 kHz 

0.4 Vp-p @ 160 kHz 

Threshold: 25% of minimum voltage peaks 

The voltage from the, Gain Stage is designed for 1.6 Vp-p at 
Pin 11. 

~= Av =4 
0.4 

Set the EGC for a gain of 4, unbalanced. 

The maximum Pop voltage to the Threshold Amplifier, V'NTA, 

. . f . 1 is designed for 1 Volt. The required attenuation actor IS 1.6' 

,VINTA Rl 1 va = RT+R2=1T 
Rl + R2 ;;. 3 kn and Rl .,.; 5 kn (See text) 

These constraints are satisfied when Rl e'f 4.7 kn and R2 e'f 3 
kn. This is an optimum solution for a minimum coupling capaci
tor value. Now consider the minimum voltage applied to the 
Threshold Amplifier. 

1 
V,NTA(M,N) = 1.6 x 4 xO.2 = 0.5,Vp·p 

The threshold comparator reference voltage, VR, is set at 25% of 

2.5 V,NTA(MIN) 

VR = 0.25 x 2.5 x 0.5 e'f 300 mV 

-300 x 10-3 = ----.!!L (-6) 
R3+ R4 

R3';;; 1 kn (See text) 

, Let R3 = 470 n; then R4 e'f 10 kn 

The values of RO and Co are determined from the equations 
given in the text. 

900 x 10-6 900 x 10-6 900 x 10-6 

CO- 2AvEpp - AvEp 4x0.4x2rrx160xl03 

CD e'f 560 pF 

Assume fc = 3fH 

RO=_1_-40 
WCCO 

= 2rr x 3 x 320 x 103 x 5.6 x 10-10 

RD = 295 ohms - 40 e'f 250 n 

40 

RT2 CD (295)2 x 560 x 10-12 
LO =--2-= 2 - 24 J.LH 

-Example #3 (See Figure 26 for Component Hookup) 

Same as Example #2, but consider base-line shift. 

In addition to ac coupling between the Gain Stage and Threshold, . 
a passive differentiation is' performed to attenuate the lower fre-, 
quencies producing base-line shift. This improves sig"al-to-noise 
ratio. The corner frequency is chosen at fL = 160 kHz where the 
attenuation is 0.707 (-3 dB) and the phase angle is +450 . 

1 . 3 
fL ":'2-rrC--:(:-R-'-1-+-R:-2:-:-) 160 x 10 

For C = 200 pF 

Rl + R2 e'f 5 kn 

Rl 1 
Now R 1 + R2 = 1.6 x 0.707 = 0.9 

Let Rl ;: 4.7 kn, then R2 = 470 n 

® MOTO~OLA Serniconducf:or·Producf:s Inc. 
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Example #4 (See Figure 33 for Component Hookup) 

Tape Drive Type: Open Aeel 
Encoding: Oual Mode (Phase-Encoded/NAZI) 
Aecording Oensity: 1600 BPI (3200 FCPI) for PE mode and 

800 BPI (800 FCPI) for NAZI mode 
Tape Speed: 200 IPS 
Signal Into Gain Stage 

Same as Examples 1 and 2 

Threshold:, 25% of minimum voltage peaks 

NOTE: Consider base-line shift for PE mode. 

This tape drive performs either the NRZI or the PE functions of 
Examples #1 and #3, under control of the SEL A/B line. Using 
the Gain stage and Threshold Amplifier Channel A, Channel B 
inputs, the hook-up for a single track is implemented as shown 
in Figure 33. Note that an electronic switch is required for Gain 
switching when the mode is changed. This particular design did 
not require the threshold voltage to be switched, although in a 
typical system it probably would be. 

It is necessary to electronically switch differentiator compo
nents. A low impedance MOSFET switch is shown. 

Example #5 (See Figure 26 for Component Hookup) 

Tape Drive Type: Open Reel 
Encoding: Group Code 
Recording Oensity: 6250 BPI, 9042 FCPI 
Tape Speed: 200 IPS 
Signal Into Gain Stage 

Epp; 0.1 Vp-p@ 900 k,Hz = fH 

Epp = 0,.3 Vp-p @ 300 kHz = fL 

Considerations for setting Gain Stage EGC, coupling (passive dif-

ferentiatior, for base-line shift or straight ac) into the Threshold 
Amplifier, and Threshold setting are similar to the previous ex
amples. For Group-coded data the EGC setting can be electroni
cally locked during the 10 burst in conjunction with Threshold 
setting. (See Figure 34.) 

Values for Co and AO 

900 x 10-6 ' 
Co = 2Av Ep W 

900 x 10-6 900 x 10-6 

Av Epp W 5.3 x 0.3 x 211' x 300 x 103 

CO" 300 pF 

Assume fC = 3fH 

1 1 
AO = wCCO - 40 = 271" X 3 x 900 x 103 x 300 x 10-12 

AO = 200 - 40 '" 160 Ohms 

RT2 Co (200)2 x 300 x 10-12 
LO =--2-= 2' - 6/lH 

Example #6 (See Figure 26 for Component Hookup) 

Same as Example #5 except 125 IPS tape speed. 

Signal Into Gain Stage 

Epp = 0.3 \/,p-p @ 565 kHz 

Epp = 0.6 Vp-p @ 188 kHz 

Co = 300 pF, AO = 250.n 

LO'" 12.6/lH 

40 

FIGURE 33 - MC3468 COMPONENT HOOKUP FOR DUAL MODE PE/NRZI EXAMPLE #4 

Channel A 
(PE) 

E~_5~ ____ ~ • ______ -, 

O.lIlF~ o-9~_--l 
Channel B 

(NRZI) 

VCC = +5 Vdc' 
VEE = -6Vdc -=-

11 

1000 pF 

Vec VCC 

680 680 
15 

R4 100 

10 k ~O:lIlF-= 

® MOTOROLA SelTliconductor Products .nc. 
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FIGURE 34 - APPLICATIONS CIRCUITS 

Digital Attenuator for Setting MC3468 Gain Stage 
Automatically During 10 Burst 

VCC 

Initialize -------.--------..., 

PE P1 P2 P3P4 

Advance ClocK -_-----+--------1 Clk 

Settling 
Time 
Delay 

Threshold 
Detect 
(From MC346S) 

Inh 
Down Counter 

01020304 050607 OS 

MC140SL-6DAC 

10 

RO 
>---.... - Vo = Vce' A 'R14 

(To EGC of MC346S 
Gain Stage) 

THERMAL INFORMATION 

The maximum power consumption an integrated 
circuit can tolerate at a given operating ambient 
temperature, can be found from the equation: 

Where: PO(T Al = Power Dissipation allowable at a 
given operating ambient tel1lperature. This must be 
greater than the sum of the products of the supply 

voltages and supply currents at the worst-case oper
ating condition. 

T J(max) = Maximum Operating Junction 
Temperature as listed in the 
Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

R8JA(Typ) = Typical Thermal Resistance 
Junction to Ambient 

® MOTOROLA Senliconductor Products Inc. 

5-217 

• 



• 

Product Previe~ 

16 PIN 4K DYNAMIC MEMORY CONTROLLER 

The memory controller chip is designed to greatly simplify the 
interface logic required to control the popular 16 pin 4K dynamic 
NMOS RAM in a microprocessor system such as the MC6800. The 
controller will generate, on command from the microprocessor, the 
proper timing signals required to successfully transfer data to the 
microprocessor from the NMOS memories. The controller, in con
junction with a 32 kHz oscillator, will also generate the necessary 
signals required to il')sure that the dynamic memories are refreshed 
for the retention of data. 

• Greatly simplify the MPU - dynamic memory interface. 

• Reduce package count . 

• CHIP ENABLE for expansion to larger WORD CAPACITY. 

• Generate 1 of 4 RAS signals for an optimum 16K memory system. 

• High input impedance for minimum loading of MPU'bus. 

• Schottky TTL technology for high performance. 

• Upward compatible with future 16K X 1 bit memories. 

BLOCK DIAGRAM 

Signals 
From 
MPU 

32 kHz 

Ref Grant 

Ref Request 

CE~~========~---~. 
MC--------~----------~ 

Interface 
And 

Memory 
Control 

Logic 

XC3480 

MEMORY CONTROLLER 
CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 649 

/----Rovv Enable 

/----Refresh Enable 

1----- RAs""1 
/----RAs"'2 1-----RAsa Signals /-___ R'A'S'4 To 

Memory 
Array 

t----~ 
/----R/W 

RtW~-------~-----~T-~_r~~ 

This is adva'1ce information and specifica,tiQns are subject to change without notice. 
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Four methods may be employed to 
generate the required time deley: 

1) One shots 
2) High frequency counters 
3) High frequency shift registers 
4) Delay lines 



QUAD RS-422/423 LINE RECEIVER 

Motorola's Quad RS-422/3 Receiver features four independent 
receiver chains which comply with EIA Standards for the Electrical 
Characteristics of Balanced/Unbalanced Voltage Digital Interface 
Circuits; Receiver outputs are 74LS compatible, three-state struc
tures which are forced to a high impedance state when the appropri
ate output control pin reaches a logic zero condition. A PNP device 
buffers each output control pin to assure minimum loading for either 
logic one or logic zero inputs. In addition, each receiver chain has 
internal hysteresis circuitry to improve noise margin and discourage 
output instability for slowly changing input waveforms. A summary 
of MC3486 features include: 

• Four Independent Receiver Chains 

• Three-State Outputs 

• High Impedance Output Control Inputs 
(PIA Compatible) 

• Internal Hysteresis - 100 mV (Typ) 

• Fast Propagation Times - 25 os (Typ) 

• TTL Compatible 

• Single 5 V Supply Voltage 

RECEIVER CHAIN BLOCK DIAGRAM 

Differential 
Inputs 

Three-State 
Control 

Input Output 
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MC3486 

QUAD RS-422/3 LINE RECEIVER 
WITH THREE-STATE 

OUTPUTS 

LSUFFIX 
CE,AAMIC PACKAGE 

Inputs 
A 

Output 
A 

3-State 
Control 

AIC 

Inputs 
C 

CASE '2. ,,. 

PSUFFIX 
PLASTIC ~ACKAGE 

CASE 648 

PIN CONNECTIONS 

Inputs 
B 

Output 
B 

3-State, 
12 Control 

BID 

Inputs 
D 

ORDERING INFORMATION 
DEVICE I TEMPERATURE RANGE I PACKAGE 

MC3486L I o to +70oC I Ceramic DIP 
MC3486P I o to +70oC I Plastic DIP 
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MC3486 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Rating Symbol Value Unit 

Power Supply Voltage Vec 8.0 Vdc 

Input Common Mode Voltage VICM ±15 Vdc 

Input Differential Voltage Vro ±15 Vdc 

Three-State. Control Input Voltage VI 8.0 Vdc 

Output Sink Current 10 50 mA 

Storage Temperature Tstg -65 to +150 °c 
Operating Junction Temperature TJ uc 

Ceramic Package +175 
Plastic Package +150 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device 
cannot be guaranteed. They are not meant to imply that the devices should be oper
ated at these limits. The "Table of Electrical Characteristics" provides conditions for 
actual device operation. 

RECOMMENDED OPERATING CONDITIONS 
Rating Symbol Value Unit 

Power Supply Voltage VCC 4.75 to 5.25 Vdc 

Operating Ambient Temperature TA o to +70 °c 
Input Common Mode Voltage Range VICR -7.0 to +7.0 Vdc 

Input Differential Voltage Range VIDR 6.0 Vdc 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted minimum and maximum limits apply over recommended temperature and 
power supply voltage ranges. Typical values are for TA = 250 C, VCC = 5.0 V and VIC = 0 V. See 
Note 1 ) 

Characteristic Symbol Min Typ Max Unit 

Input Voltage - High Logic State VIH 2.0 - - V 
!Three-State Control) 

Input Voltage - Low Logic State VIL - - 0.8 V 
(Three-State Cantrall 

Differential Input Threshold Voltage 
(-7.0 V.;;; VIC ';;;·7.0 V, VIH(3C) = 2.0 V) 

VTH(O) V 

110 = 0.4 mA, VOH;;' 2.7 V) - 0.05 0.2 
110 = 8.0, mA, VOL;;' 0.5 V) - -0.05 -0.2 

Input Bias Current IIB(D) mA 
(VCC = 0 V or 5.25) (Other Inputs at 0 V) 

(VI =-10 V) - - -3.25 
(VI = -3.0 V) - - -1.50 
(VI =+3.0 V) - - +1.50 
(VI =+1{)V) - - +3.25 

Input Balance V 
(-7.0 V.;;; VIC';;; 7.0 V, VIH(3C) = 2.0 V, 
See Note 3) 

110 =0.4 mA, VIO,= 0.4 V) 2.7 - -
110 =8.0 mA, VIO =0.4 V) - - 0.5 

Output Third State Leakage Current 10Z J.lA 
(VI(O) = +3.0 V, VIL(3C) = 0.8 V,VOL = 0.5 V) - - -40 
(VI(O) = -3.0 V, VIL(3C) = 0.8 V, VOH = 2.7 V) - - 40 

Output Short-Circuit Current lOS -15 - -100 mA 

(VI(D) = 3.0 V, V;H(~C) = 2.0 V, Vo = 0 V, 
See Note 2) 

Input Current - Low Logic State IlL - - -100 J.lA 
(Three-State Control) 

(VIH(3S) = 0.5 V) 

Input Current - High Logic State IIH J.lA 
(Three-State Cantrall 

(VIH(3S) =2.7 V) - - 20 
(VIH(3S) = 5.25 V) - - 100 

Input Clamp Oiode Voltage VIC - - -1.5 V 
(Three-State Cantrall 

(lC(3S) = -10 mAl 

Power Supply Current ICC - - 80 mA 
(VIL(3S) =OV) 

® MOTOROLA Se,"iconductor Products Inc. 
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ELECTRICAL CHARACTERISTICS (continued) 

SWITCH ING CHARACTER ISTICS (Unless otherwise noted V cc = 5 0 V and T A '= 250 C.I 

Characteristic Symbol Min Typ MIx Unit 
Propagation Delay Time - Differential ns 

Inputs to Output 
(Output High to Low) tpHL(D) - 20 -
(Output Low to High) tpLH(D) - 25 -

Propagation Delay time - Three-State ns 
Control to Output 

(Output Low to Third State) tpLZ - 23 -
(Output High to Third State) tpHZ - 25 -
(Output Third State to High) tpZH - 18 -
(Output Third State to Low) tpZL - 20 -

NOTES: 
1. All currents into device pins are shown as positive, out of device pins ar.e negative. All voltages referenced to ground unless otherwise 

noted. 
2. Only one output at a time should be shorted. 
3. Refer to EIA RS-422/3 for exact conditions. 

FIGURE 1 - SWITCHING TEST CIRCUIT AND WAVi;FORMS 

To Scope 
(Input) 

51 
Inputs 

Propagation Delay Differential Input to Output 

To Scope 
(Output) 

+1.5 V +2.0 V 

I CL = 15 pF 

-= (Includes Probe 
and Stray 
Capacitance) 

3-State Control 

3.0Vln~F\1.5V' 

tPL~(~;=:.r -~ - ~--;: tpLH(D) 

VOH ---+-J-----' 
VOLoutput 

OV-----------
I nput Pulse Characteristics 

tTLH = tTHL = 6.0 ns (10%to 90%) 
PRR'" 1.0 MHz, 50% Duty cycle 

FIGURE 2 - PROPAGATiON DELAY THREE-STATE CONTROL INPUT TO OUTPUT 

Pulse 
Generator 

To Scope 

(I nput) 3-State 

To Scope 
(Output) 

2.0 k 
SW1 +5.0 V 

+1.5 V for tpHZ and tpLZ 
-1.5 V for tpLZ and tpZL 

Dlffarantlal 
Inputs 

-All Diodes 1N916 or 

Input Pulse Characteristics 

tTLH = tTHL '= 6.0 ns (10% to 90%) 
PRR'" 1.0 MHz, 50% Duty Cycle 

3'0V~tPLZ 
Input ,1.5 V 1.5 V ' 

o V - - SW1 Closed 

-----J itPLZ., SW2Closed 

""'1.3V --fT-\' 
Output ~V L-

VOL ___ 1-;p~; ---OV 

3'OV~ 
Input ,1.5, V 1.5 V SW1 Open 

OV~---tp~~2Closed 

VOH 
1.5 V 

OV---

CL = 15 pF I 
(Includes 

Probe and Stray ::

Capacitance) 

3.0V 

Eln 

5.0 k 

YSW2. 

1.5 V SWl Closed 

V:: ~ tL .:::z ~ C,o,", 
Eout ~ 

""'1.3 V =-=-=-_..;.. ____ 0 V 

tpZL 

Equivalent 

3.0V 

Input 0 V _ :- 1.5 V ~:~ ~;:d 

""5.0V_VBE_~ltPZL 
Output --.-I ~ 

VOL ______ --OV 

® MOTOROLA SelHiconduc'for Produc'fe Inc. ---------' 

5-221 

• 



• 

Product Previe~ 

QUAD LINE DRIVER WITH 
THREE·STATE OUTPUTS 

Motorola's Quad RS-422 Driver features four independent driver 
chains which comply with EIA Standards for the Electrical Char
acteristics of Balanced Voltage Digital Interface Circuits_ The outputs 
are three-state structures which are forced to a high impedance state 
when the appropriate output control pin reaches a logic zero condi-

, tion. All input pins are PNP buffered to minimize input loading for 
either logic one or logic zero inputs. In addition, internal circuitry 
assures a high impedance output state during the transition between 
power up and power down. A summary of MC3487 features include: 

• Four Independent Driver Chains 

• Three-State Outputs 

• PNP High Impedance Inputs (PIA Compatible) 

• Power Up/Down Protection 

• Fast Propagation Times (TVp 15 ns) 

• TTL Compatible 

• Single 5 V Supply Voltage 

• Output Rise and Fall Times Less Than 20 ns 

• Equivalent to OS 3487 

DRIVER BLOCK DIAGRAM 

Input Outputs 

Inverting 

This is advance information and specifications are subject .to change without notice. 
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XC3487 

QUAD RS-422 LINE DRIVER 
WITH THREE·STATE 

OUTPUTS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

16 --
LSUFFIX 

1 CERAMIC PACKAGE 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

CASE 620 

PIN CONNECTIONS 

Input A 1 HI VCC 

Out~uts A{: 15 Input 0 

::} Outputs 0 AlB Contr'ol 4 

Outputs B {: 
12 C/O Control 

Input B 7 :~}outPuts C 

Gnd 8 9 Input C 

TRUTH TABLE 

Control Non-Inverter Inverter 
Input\ Input Output Output 

H H H L 

L H L H 

X L Z Z 

L = Low Logic State 

H = High Logic State 

X = Irrelevant 

Z = Third-State (High Impedance) 



XC3487 

*ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Supply Voltage VCC 8.0 Vdc 

Input Voltage VI 5.5 Vdc 
Operating Ambient Temperature Range TA o to +70 °c 
Operating Junction Tamperature Range TJ °c 

Ceramic Package 175 
Plastic Package 150 

Storage Temperature Range Tstg -65 to +150 °c 

·"Absolute Maximum Ratings" are those values beyond which the safety of the device cannot 
be guaranteed. They are not meant to imply that the devices should be operated at these limits. 
The "Table of Electrical Characteristics" provides conditions for actual device operation. 

ELECTRICAL CHARACTERISTICS {Unless otherwise noted specifications apply 4.75 V';; VCC';; 5.25 V and OOC .;; TA ~ 700 C. 
Typic~1 values measured at V CC ; 5.0 V. and T A ; 250 C.I -

Characteristic Symbol Min Typ Max Unit 
Input Voltage - Low Logic State VIL - - 0.8 Vdc 

-Input Voltage - High LogIc State VIH 2.0 - - Vdc 
Input Current - Low Logic State IlL - - -200 /JA 

(VIL; 0.5 VI 

Input Current - High Logic State IIH /JA 
(VIH = 2.4 VI - - -50 
(VIH; 5.5 VI I - - -50 

Input Clamp Voltage VIC - - -1.5 V 
(lIC = -12 mAl 

Output Voltage -.Low Logic State VOL - - 0.5 V 
(lOL =48mAI 

Output Voltage - High Logic State VOH 2.5 - - V 
_ (lOH ; -10mAI 2.0 
(lOH =-50mAI 

Output Short-Circuit Current lOS -50 - -150 mA 
(VIH = 2.0 VI 2 

Output Leakage Current - Hi-Z State 10L(ZI /JA 
VIL = 0.4 V. VIL(ZI = 0.8 VI - - ±100 
VIH = 2.4 v. VIL(ZI = 0.8 VI - - ±100 

Output Leakage Current - Power OFF 10L(offl /JA 
(VOH = 6.0 V. VCC = 0 VI - - +100 
(VOL = -0.25 V! VCC = 0 VI - - -100 

Output Offset Voltage 1 VOS - - ±0.4 V 

Output Differential Voltage 1 VT 2.0 - - V 

Output Differential Voltage Difference 1 VT- VT - - ±O.4 V 

Power Supply Current ICC - - 95 mA 

1. See E IA Specification RS-422 for exact test conditions. 
2. Only one putput may be shorted at a time. 

® MOTOROL.A Serniconduc-tor Produc-ts Inc. 
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ORDERING INFORMATION 

Device 

MC3490P 
MC3494P 

Temperature Range 

O°C to +70°C 
O°C to +70°C 

Package 

Plastic DIP 
Plastic DIP 

SEVEN-DIGIT GAS-DISCHARGE DISPLAY DRIVERS 
Seven channel digit· (anode) drivers, the MC3490 and MC3494 

are specifically conceived to be used with high-voltage, gas-discharge 
numeric displays such as the Burroughs' Panaplex®, Beckman (Sperry) 
Cherry, or Diacon displays. 

The MC3490 version is configured such that a high logic level 
input causes the driver to turn on while the MC3494 requires a low 
logic level to turn the drivers on. Both devices are designed to mate 
with the MC3491 cathode (segment) driver. 

. With a low input current requirement of only 300 pA typically, 
these devices are compatible with popular MOS chips. 

Minimum breakdown voltage is specified at 48 V and output 
drive current capability is typicall'Y 30 mA per channel. 

• High Breakdown Voltage - 55 V Typical 

• Low Input Current for MOS Compatibility 

• Available with Either Active High or Active Low Inputs 

• Operable from Either Positive or Negative Supply Voltages 

• Input Clamp Diodes on MC3494 Version for DC Restoration 

• Internal Pull-down Resistors 

TYPICAL APPLICATION 
WITH CAPACITIVE LEVEL SHIFT TO CATHODE DRIVER 

V DD VSS 

i i Anode 98 :::,0.1 j.tF 
Outputs 

~ ...... M M 
MOS 

Calculator 
or Clock Circuit 

t Segmen 
Outpu ts 

0.1 j.tF 

250 V 
;f'; ~; ~; r=:;;: r=:; 

'Vce is tied 
voltage of t 

to the most positive 
he MOS circuit 

r:; 

~ ...... C 
~ ...... 3 
~ ...... 4 
~ 

::9 ~ 

~ ...... 0 

-;;r: 

'-----< ...... 

® Registered Trademark of Burroughs Corporation 

C 
3 

or 4 

9 
41-< f--

<116 

'V· 
CC Digits 

(Anodes) 

I 112 

-180 V 

~10 
M 
C 

3 
4 

9 
1 

91 
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MC3490 MC3494 

ANODE (DIGIT) DRIVERS FOR 
GAS-DISCHARGE DISPLAYS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

~ PIN CONNECTIONS 

rYf(frn}, MC3490 

Output " vCC 
A P SUFFIX 

PLASTIC 
PACKAGE 

CASE 648 

Output ''--'' .... _, 

MC3494 

B 
Output , 

C 
Output. 

D 
Output, 

E 
Output 6 

F 
Output , 

G 
VEE' 

Output 
A 

Output 
B 

Output, 
C 

Output 
D 

Output 
E 

Output ,. 
F 

Output 
G 

VEE ' 

Gas-D ischarge 
Visual Display 

,- ! '-1-' r ':/ICI I 

Segments 

(Cathodes) 

1 00 k 

.---

(8)1 M 

_. ]' ~. 8 OV 

'A 

1 M I--180 V 

15 Input 
A 

14 Input 
B 

IJ Input 
C 

1] Input 
D 

II Input 
E 

IU Input 
F 

, Input 
G 

'" VCC 

"" Input 
A 

14 Input 
B 

11 Input 
C 

12 Input 
D 

II Input 
E 

10 Input 
F 

Input 
G 



MC3490, MC3494 

MAXIMUM RATINGS (T A =250C unless otherwise noted) 

Rating Symbol Value Unit 

Negative Supply Voltage VEE -SO Vdc 

(Current Limited to -5 mAl 

Negative Supply Current lEE -5.0 mAde 

Input Voltage VI VCC-20,VCC Vdc 

Output Current ·10 -50 mAde 
(Va = -5 V) 

Package Power Dissipation Po 830 mW 

Derate above 25°C 6.7 mW/oC 

Junction Temperature TJ 150 °c 

Operating Ambient Temperature Range TA o to +70 °c 

Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (T A = 25°C VCC = Gnd VEE = -50 V unless otherwise noted.) 

MC3490 MC3494 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Substrate Breakdown Voltage VS(BR) -48 -55 - -48 -55 - Vdc 

Pin 16, VCC = Gnd 
Pin 8 connected to -60 V thru 5 kn 

Input Current - On State I1(0n) J.lA 
VI = 0.0 V (See Figure 4) - 250 450 - - -
VI = -7.0 V (See Figure 3) - - - - -200 -350 

Input Current - Off State 11(0ff) J.lA 

VI=-15V - <-1.0 -45 - - -
VI = 0.0 V - - - - <1.0 45 

Input Voltage - Off State VI (off) -5.0 - - - - -2,0 Vdc 

Va = vEE (See Figures 3 and 4) 

Input Voltage - On State Vl(on) - - -2.0 -5,0 - - Vdc 

Va = VCC-5.0 V (See Figures 3 and 4) 

Output Voltage - Off State Va (off) Vdc 

VI = 0.0 V - - - VEE +5.0 VEE -
VI = -7.0 V VEE +5.0 VEE - - - -

Output Voltage - On State VO(on) Vdc 

10 = -20 mA, VI = 0.0 V -3.5 -2.5 - - - -
10 = -20 mA, VI = -7.0 V - - - -5.0 -3.5 -

SYSTEM DISCUSSION 

The MC3491 and MC3490/MC3494 high voltage driver 
system is designed such that it can be floated and any 
point in the system may be tied to circuit ground. In a 
MOS system, normally either the ground pin on the 
MC3491 is tied to the most negative MOS voltage; or 
the VCC pin on the MC3490/MC3494 is connected to 
the most positive MOS vo.ltage. In the electrical character· 
istics table, this V CC voltage is assumed to be 0.0 volts. 

The MC3490/MC3494 provides its own internal voltage 
reference when a current (-100 p.A to. -5 mAl is drawn 
at the. VEE pin (Pin 8). Thi;> can be provided by connecting 
a resistor from Pin 8 to the high voltage reference on the 
cathode driver or any other voltage more negative than 
V CC -60 V. This voltage (Pin 8) is approximately -55 V 
and provides a reference for the pull·down function for 
each channel. 

@ MOTOROLA Semiconductor Products Inc_ 
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12·DIGIT MeMOS GAS DISCHARGE DISPLAY 
When the number of digits for a gas discharge display 

system is greater than the number of segment drivers, it is 
generally more economical to level translate down to the 
cathode segments than to translate up to the digit anodes. 
An example of this technique is shown in the 12 digit 
display system where the display anodes and cathodes are 
referenced to ground and -180 V respectively. 

The positive' logic CMOS address circuits are powered 
by -10 V (VDD = 0, VSS = -10 V) with the MC14558 
decoder outputs capacitor·coupled to the MC3491 Segment ' 
Drivers and the scan circuit directly·coupled to the 
MC3490 Anode Drivers. Thus, only eight' capacitors 
(seven segments, otle decimal point) are required as com· 
pared to 12 capacitors, if the strobed digit drivers were 
ac coupled. 

The MC3491 has input clamp diodes allowing for dc 
restoration of the segment address pulse. This high voltage 
driver (80 V) also features programmable segment current 
by the selection of a single external resistor. 

The MC3490 Anode Drivers are selected by the positive 
going output of the digit scan circuit. (If the scan circuit 
outputs were negative going, the low logic level input 
MC3494 Anode Driver should be used.) The internal 
zener diode string of the MC3490 references the off 

drivers (and display anodes) to -50.V without the need of 
pull-down resistors. 

Digit scanning for this example is derived from two 
cascaded MC 14022 Octal Counter IDrivers. The 12 se
quenced output pulses are achieved by resetting the 
counters with the second counter Q7 output. In addition 
to driving the two MC3490s, the counter output should 
also control the system multiplexer (not shown) to 
properly synchronize the entire display system. 

The. MC14558 BCD-to-Seven Segment Decoder has an 
Enable input which readily provides for display cathode 
blanking. For the illustrated display, the cathode drivers 
should be turned off prior to anode switching and main
tained off for some period after the next anode is strobed. 

This cathode blanking overlap is derived by trailing 
edge time delaying the Gate 1 output of the non-symmetric 
4 kHz scan oscillator with the integrated network and 
inverter Gate 3. 

The high voltage power supply rise and fall times should 
be greater than the charge time of the coupling capacitors 
to prevent large tran'sients from possible degrading the 
interface electronics. 

For this example, power supply rise and fall time of 
50 ms minimum will suffice. 

FIGURE 5 - 12·DIGIT MeMOS GAS DISCHARGE DISPLAY SYSTEM 
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3·1/2 DIGIT VOLTMETER 

This specific application provides a 3·1/2 digit DVM 
utilizing the MC1505 dual ramp subsystem and CMOS 
MC14435 digital subsystem. Interfacing' between 'Iow 
voltage logic ICs and the higher voltage gas discharge 
displays requires level translation or shifting. The method 
described for the 3·1/2 Digit DVM .uses directly coupled 
high voltage (200 V) transistors to translate upwa;-d to the 
MC3494 Anode Drivers. Three of the transistors com· 
prising the MPQ7042.high voltage quad transistor are used 
for this function. These transistors, connected in a com
mon-base, constant-current configuration, are turned on 
!:Iy the negative going digit select output pulses of the 
MC14435. The current of approximately 330 J.1A is com
patible with 200 JJ.A typical input current of the MC3494 
and the sink current capability of the MC14435. 

The CMOS MC14558 BCD-to-Seven Segment Decoder 
has the capability of directly driving the MC3491 Segment 
Driver. Cathode blanking is accomplished by taking the 
clock signal from Pin 4 of the MC14435 (approximately 
50% duty cycle) and tying it to the Enable input of the 
MC14458. The display segment current is increased accord
ingly to 1.1 mA (manufacturers maximum specified current 

equals 1.25 mAl for this relatively large cathode blanking 
period. 

The positive and negative polarity signs are direct 
driven b'y the fourth transistor of the MPQ7043 and 
MPS·A42 transistor, Q2, respectively. Their dc sl!gment 
currents are scaled to produce the same brightness as the 
multiplexed digits. 

The 1/2 digit segments are driven by transistor Ql. 
Its emitter is normally referenced to ground through 
MC14572 Inverter G2, the output inverter of the Over· 
range Oscillator. 

When an overrange situation occurs, the oscillator is 
enabled, thus causing the display to flash at the oscillator 
rate (approximately 8 Hz). This is accomplished by blank· 
ing the 1/2 digit through Q1 and the multiplexed digits 
through diode D 1 to the decoder enable input. 

See the MC1405 and MC14435 data sheets for more 
details of DVM system. 

FIGURE 6 - 3-% DIGIT DIGITAL VOLTMETER 
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12-HOUR CLOCK WITH GAS DISCHARGE DISPLAYS 
- The MC3491 cathode driver and MC3494 anode 

driver, greatly simplify the interfacing of a clock chip 
(MOSTEK MK50250) to a gas discharge clock display 
(Burroughs C060733·CM). 

The M K50250 has a 6 digit clock display with multiplex
ed 7 segment outputs. The MC3491 cathode drivers switch 
each display cathode between ground (on condition) and 
+75 Volts (off condition) with current limiting for the 
display provided via the current programming pin on the 
MC3491. The +75 Volt reference is obtained from a 
75·Volt zener diode. Zl. R1. and a 50-Volt zener diode 
internal to the MC3494 anode driver. ' 

The programming curre'nt is reduced during the time 
when the "two seconds" indicator digits are ON, to reduce 
the current through these smaller digits of the display. 
Four diodes attached to each of the "hours" and "min· 
utes" digits, provide a voltage of +1.80 Volts across the 
680 kn resistor. During the "seconds" digits display time, 
the voltage is reduced to +130 Volts, thus reducing the 
programming current. 

The anodes for each of the six digits are switched 
between the +180 Volt positive supply and +130 Volts 
via the MC3494 anode drivers, Inter-digit blanking is 

provided in the anode circuits. Level translation from 
the clock chip output to the input to the MC3494 uses 
two MPQ7042 quad high voltage transistor packages oper· 
ating in an emitter follower current source mode. Each 
current source turns on one of the MC3494 drivers by 
sinking 300 p.A to ground for the proper "on" digit. 

The AM/PM clock output is in the hiq/1 state when 
PM is indicated and has a 85'lb duty cycle corresponding 
to each anode on time. A MC14001 Quad NOR Gate 
decodes this output to turn on the appropriate AM or PM 
indicator during the 06 digit. These Gates control the 
AM/PM display indicators with the remaining MPQ7042 
high voltage transistors which were not used in anode 
selection. 

The colon separating hours and minutes is switched on 
during the units of hours digit on time. The colon cathodes 
are switched from +75 Volts to ground via T1 during the 
05 digit time while the anodes are switched between 
+180 and +130 Volts.' 

Further information concerning operation or technical 
specifications on the MOSTEK clock chip, MK50250, and 
the Burroughs clock display, C060733-CM is obtainable 
from the manufacturers. 

FIGURE 7 - 12 HOUR CLOCK WITH GAS DISCHARGE DISPLAY SYSTEM 
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EIGHT-SEGMENT VISUAL DISPLAY DRIVERS 

The MC3491 and MC3492 are eight-segment cathode drivers for 
use with gas-discharge displays, such as the Burroughs' Panaplex@, 
Beckman, Cherry or Diacori types. Both devices are directly compat
ible with MOS logic outputs due to their low 300 /lA input current 
requirement. 

All eight driver output currents are simultaneously programmable 
by selection of a single external resistor. As programmed, all eight 
currents match to within typically 1% of each other. 

Both devices provide de restoration. The units are specified for a' 
minimum breakdown voltage of 80 V. 

The MC3492 device is mad~ for larger and higher intensity dis
plays requiring higher segment current. 
• High Breakdown Voltage _. 80 V Min' 
• Drives Seve~ Cathode Segments plus Decimal Point 

• All Currents Simultaneously Programmable with One Resistor 

• MC3491 is Pin-for-Pin and Functionally -Equivalent to DM8889 

• Output Current/Programming Current Ratio -
Typically 4.5:1 for MC3491 

9:1 for MC3492 

• Companion with MC3490 and MC3494 Anode Drivers 

• MC3492 Provides Increased Output Current for High 
Intensity Displays 

*Higher Voltage Selection Available 

FIGURE 1 - TYPICAL CALCULATOR APPLICATION 
WITH CAPACITIVE LEVEL SHIFT AND ANODE DRIVER 
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MAXIMUM RATINGS (Unless otherwise noted, TA = 25°C) 

Rating Symbol Value Unit 

Output OFF Voltage Va (off) 95 V 
(Current Limited to 0..5 mAl 

Output ON Voltage VO(on) 50. V 
(Current Limtied to 2.0. mA) 

Input Voltage VI 20. V 

Programming Current Iprog J.lA 
MC3491 40.0. 
MC3492 2500. 

Junction Temperature TJ 150. °c 
Operating Ambient Temperature Range TA 0. to 70. °c 
St'orage Temperature Range T stg -65 to +150. °c 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, VCC .;; So. V, T A = 25°C, Pin 10. = Gnd. All VOltages with respect to Gnd.l 

Characteristic Symbol 

Input Current IIH 
(VIH = 7.0 V) 

Input C'amp Voltage V'C 
(I,C = -1.0 rnA) 

Input OFF Voltage V'L 
Input ON Voltage V'H 
Output OFF Current IO(off) 

(V'L = 0 V, Vo = VCC) 

Output ON Current '0(0,:",) 
(lprog = 100 /lA) 
(lprog = 350. /lAI 
(lprog = 300. /lA) 
(lprog = 500 /lA) 

Output Current Matching ~IO 
(All eight outputs) 

Output OFF Voltage VO(off) 
(lprog = 10.0. /lA, RL = 1.0 Mfl., VIL = 0. V) 

. (lprog = 300 /lA, RL = 1.0. Mfl., VIL = 0 V) 

Output ON Vo'tage VO(on) 
(lprog = 100. /lA, RL = 1.0 Mfl., V'H =/7.0 V) 

Output Saturation Voltage VO(sat) 
(lprog = 30o.J.iA, RL = 1.0 Mfl., VIH = 7.0. V) 

Output Voltage Comp'iance Range VOR(on) 
(lprog = 10.0 /lA, 'O(on) = 450 /lA, VIH = 7.0. V) 

(See Figure 3) 

(lprog = 300. /lA, 'O(on) = 2.S rnA, V I H = 7,0 V) 
(See Figure 3) 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes' is not 
necessarily given. The information has been carefully checked and 

MC3491 MC3492 

·Min Typ Max Min Typ Max Unit 

20.0. 30.0. 40.0. 20.0. 30.0. 40.0 /lA 

- - -1,0. - - -1.0. V 

1.0 1.5 - 1.0 1.5 - V 

- 2.4 3,5 - 2.4 3.5 V 

- - 5.0. - - 5.0 /lA 

J.iA 
400 450 50.0 - - -

1450. 1650 1850 - - -
- - - 1.3 1.6 1.9 rnA 
- - - 3.75 4.5 5.25 

- .;;1 .;; 10 - .;;1 .;; 10 % 

V 
VCC-5.0. VCC - - - -

- - - VCC-5.0. VCC -

- 3.0 5.0 - - - V 

- - - - 3.0. 5.0 V 

V 
5.0. - 50 - - -

- - - 5.0 - 50. 
-

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the serfdconductor devices described any 
license under the patent rights of Motorola 1 nco or others. 

® MOTOROLASetnlconduc'for Products Inc. 
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FIGURE 2 - OUTPUT CURRENT versus PROGRAMMING CURRENT ITA = 2S0C) 
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TYPICAL PERFORMANCE CHARACTERISTICS 

FIGURE 5 - TYPICAL PROGRAMMING CURRENT versus VOL TAGE ON PROGRAMMING PIN 
(TA = 25°C I 
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THERMAL INFORMATION 
The maximum power consumption an integrated circuit 

can tolerate at a given operating ambient temperature, can 
be found from the equation~ -

TJ(max) -TA 
PD(T A) = ReJA(Typ) 

Where: PD(T A) = Power Dissipation allowable at a given. 
operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
·currents at the' worst case operating condition. 

T J(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ROJA(TyP) = Typical Thermal Resistance Junction to 
Ambient 

REPRESENTATiVE CIRCUIT SCHEMATIC 

Programming 
Current 

Input 

R1 

,---'------, 
I ~1 I I ce~ :~~::ted Q3 I 
I R5 I 
I I 

Output 

I R6 I 
I R2 ~ I 

I .R3 Q4/ 

/ ~~ 04 I 
I R4 l 
I Ld:MI 

L----lI-+---------e ........ 11-O Substrate 

L~ ______ -1 

'---------,-- ® MOTOROLA Sen'liconductor Product. Inc. 

5-233 

8.0 • 



• 

MC3491, MC3492 

12-DIGIT MeMOS GAS DISCHARGE DISPLAY 
When the number of digits for a gas discharge display 

system is greater than the number of segment drivers, it is 
generally more economical to level translate down to the 
cathode segments than to translate up to the digit anodes. 
An example of this technique is shown in the 12 digit 
display system where the display anodes and cathodes are 
referenced to ground and -'180 V respectively. 

The positive logic CMOS address circuits are powered 
by -10 V (VDD = 0, VSS = -10 V) with the MC14558 
decoder outputs capacitor-coupled to the MC3491 Segment 
Drivers and the scan circuit directly-coupled to the 
MC3490P Anode Drivers. Thus, only eight capacitors 
(seven segments, one decimal point) are required as com
pared to 12 capacitors, if the strobed digit drivers were 
ac coupled. 

The MC3491 and MC3492 have input clamp diodes 
allowing for dc restoration of the segment address pulse. 
These high voltage drivers (80 V) also feature programma
ble segment current by the selection of a single external 
resistor. 

The MC3490P Anode Drivers are selected by the positive 
going output of the digit scan circuit. (If the scan circuit 
outputs were negative going, the low logic level input 
MC3494P Anode Driver should be used.) The internal 

zener diode string of the MC3490P references the off 
drivers (and display anodes) to -50 V without the need of 
pull-down resistors. 

Digit scanning for this example is derived from two 
cascaded MC14022 Octal Counter/Drivers. The 12 se
quenced output pulses are achieved by resetting the 
counters with the second counter Q7 output. In addition 
to driving the two MC3490P's, the counter output should 
also control the system multiplexer (not shown) to 
properly synchroniz,e the entire display system. 

The MC14558 BCD-to-Seven Segment Decoder has an 
Enable input which readily provides for display cathode 
blanking. For the illustrated display, the cathode drivers 
should be turned off prior to anode switching and main· 
tained offfor some period after the next anode is strobed. 

This cathode blanking overlap is derived by trailing 
edge time delaying the Gate 1 output of the non-symmetric 
4 kHz scan oscillator with the integrated network and 
inverter Gate 3. 

The high voltage power supply rise and fall times should 
be greater than the charge time of the coupling capacitors 
to prevent large transients from possible degrading the 
interface electronics. 

For this example, power supply rise and fall time of 
50 ms minimum will suffice. 

FIGURE 6 -12-DIGIT MeMOS GAS DISCHARGE DISPLAY SYSTEM 
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MC3491, MC3492 

3-1/2 DIGIT VOLTMETER 

This specific application provides a 3-112 digit DVM 
utilizing the MC1505 dual ramp subsystem and CMOS 
MC14435' digital subsystem. Interfacing' between low 
voltage logic ICs and the higher voltage gas discharge 
displays requires level translation or shifting. The method 
described for the 3-112 Digit DVM uses directly coupled 
high voltage (200 V) transistors to translate upwa. d to the 
MC3494 Anode Drivers( 1). Three of the transistors com· 
prising the MP07042 high voltage quad transistor are used 
for this function. These transistors, connected in a com· 
mon-base, constant·current configuration, are turned on 
by the negative going digit select output pulses of the 
MC14435. The current of approximately 330 j.l.A is com
patible with 200 j.l.A typical input current of the MC3494 
and the sink current capability of the MC14435. 

The CMOS MC14558 BCD-to-Seven Segment Decoder 
has the capability of directly driving the MC3491 or 
MC3492 Segment Drivers_ Cathode blanking is accom
plished by taking the clock signill from Pin 4' of the 
MC14435 (approximately 50% duty cycle) and tying it to 
the Enable input of the MC14458. The display segment 
current is increased accordingly to 1.1 mA (manufacturers 

maximum specified current equals 1.25 mAl. for this rela
tively I.arge 'cathode blanking period, 

The positive and negative polarity signs are direct 
driven by the fourth transistor of the MP07043 and 
MPS-A42 transistor, 02, respectively. Their dc segment 
currents are scaled to produce the same brightness as the 
multiplexed digits. 
, The 112 digit segments are driven by transistor 01. 

Its emitter is normally referenced to ground through 
MC14572 Inverter G2, the output inverter of the Over· 
range Oscillator. 

When an over range situation occurs, the oscillator is 
enabled, thus causing the rlisplay to flash at the oscillator 
rate (approximately 8 Hz). This is accomplished by blank· 
ing the 1/2 digit through 01 and the multiplexed digits 
through diode 01 to the decoder enable input. 

See the MC1405 and MC14435 data sheets for more 
details of DVM system. 

FIGURE 7 - 3-% DIGIT DIGITAL VOLTMETER 
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MC3491, MC3492 

-:;:-

12·HOUR CLOCK WITH GAS DISCHARGE DISPLAYS 
The MC3491 or MC3492 cathode drivers and MC3494P 

anode driver. greatly simplify the interfacing of a clock 
chip (MOSTEK MK50250) to a gas discharge clock dis· 
play (Burroughs CD60733·CM). 

TheMK50250has a 6 digit clock display with multiplex· 
ed 7 segment outputs. The MC3491 cathode drivers switch 
each display cathode between ground (on condition) and 
+75 Volts (off condition) with current limiting for the 
display provided via the current programming pin on the 
MC349t or MC3492. The +75 Volt reference is obtained 
from a 75·Volt zener diode. Z1. Rt. and a 50·Volt zener 
diode internal to the MC3494P anode driver. 

The programming current is reduced during the time 
when the "two seconds" indicator digits are ON, to reduce 
the current through. these smaller "digits of the display. 
Four diodes attached to each of the "hours" and "min· 
utes" digits.' provide a voltage of +180 Volts across the 
680 kSl resistor. During the "seconds" digits display time, 
the voltage is reduced to +130 Volts, thus reducing the 
programmi'ng current. 

The anodes for each of the six dig'its are switched 
between the +180 Volt positive supply and +130 Volts 
via the MC3494P anode drivers. Inter·digit blanking is' 

provided in the anode circuits. Level translation from 
the clock chip output to the input to the MC3494P uses 
two MPQ7042 quad high voltage transistor packages oper· 
ating in art emitter follower current source mode. Each 
current source turns on one of the MC3494P drivers by 
sinking 300 p.A to ground for the proper "on" digit. 

The AM/PM clock output is in the high state when 
PM is indicated and has a 85% duty cycle corresponding 
to each anode on time. A MC14001 Quad NOR Gate 
decodes this output to turn on the appropriate AM or PM 
indiqltor during the 06 digit. These Gates control the 
AM/PM display indicators with the remaining MPQ7042 
high voltage transistors which were not used in anode 
selection. 

The colon separating hours and minutes is switched on 
during the units of hours digit on time. The colon cathodes 
are switched from +75 Volts to ground via Tl during the 
05 digit time woile the anodes are switcped between 
+180 and +130 Volts. 

Further information concerning operation or technical 
specifications on the MOSTEK clock chip, M K50250, and 
the Burroughs clock display, CD60733,CM is obtainable 
from the manufacturers. 

FIGURE 8 - 12-HOUR CLOCK WITH GAS DISCHARGE DISPLAY SYSTEM 
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Product Previe"" 

M6800 CLOCK GENERATOR 

Intended to supply the non-overlapping cp1 and cp2 clock signals 
required by the fTlicroprocessor. Both the oscillator and high capaci
tance driver elements are included along with numerous other logic 
accessory functions for easy system expansion. 

Schottky technology is employed for high speed and PNP-buffered 
inputs are employed for NMOS compatibility. A single +5 V power 
supply, and a crystal or RC network for frequency determination are 
required. The Plastic-packaged version lists for $3.49 at lOO-up. 

MPU CLOCK GENERATOR 

• 4xfo 

• 2xfo 

• DMA/RJ;:F REO 

A free running oscillator at four times 
(two times) the MPU's clock rate useful 
for a system sync signal. ' 

An asynchronous input used to freeze the 
MPU clocks in the cp1 high, cp'2. low state 
for dynamic memory refresh or cycle steal 
DMA (Direct Memory Access). 

• DMA/REF GRANT - ,A synchronous output used to synchro
nize the refresh or DMA operation to the 
M-PU. -

• MEMORY READY - An asynchronous inpu~ used to freeze the 
MPU clocks in the cp1 low, cp2 high state 
for slow memory interface. 

• MPUcp1 
MPUcp2 

• BUScp2 

Capable of driving the cp1 and cp2 inputs 
on two MC6800's. 

An output nominally in phase with MPU 
cp2 having ,MC8T26 type drive capability 
which follows MPU cp2. 

• MEMORY CLOCK - An output nominally in phase with MPU 
cp2 having MC8T26 type drive capability 
which. free runs during a re'fresh request 
cycle. 

• SYSTEM RESET 

• RESET 

• X1, X2 

• EXT IN 

~ Schmidt. trigger input for attaching a 
capacitor to ground (power on reset) and/ 
or a switch to ground (reset switch). 
Internal resistor to VCC. 

~n output to the MPU and I/O devices. 

Provision to attach-a series resonant crystal 
or RC network. 

Allows driving by an external TTL signal 
to synchronize the MPU to an external -
system. 

This is advance information and specifications are subject to change without notice. 
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XC6875 

MC6800 TWO PHASE 
CLOCK GENERATOR/DRIVER 

SCHOTTKY MONOLITHIC 
INTEGRATED CIRCUITS 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

~,-----
~~~ ~ - ~ ~ -

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PIN CONNECTIONS 

X1 

X2 

Ext In 

4 x fo 

2 x fo 
Memory 

Ready 
Bus tP2 

Ground 

Vcc 
MP~tP1 

Reset 

MPUtP2 

System Reset 

DMA/Ref Grant 

DMA/Ref Req 

Memory Clock 

• 



• 

QUAD THREE-STATE BUS TRANSCEIVER 

This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility, due to its high impedance PNP transistor 
input, and high-speed operation made possible by the use of Schottky 
diode clamping. Both the -48 mA driver and -20 mA receiver out
puts are short-circuit protected and employ three-state enabling inputs. 

The device is useful as a bus extender in systems employing the 
M6800 family or other comparable MPU devices: The maximum 
input current of 200 'tJ.A at any of the device input pins assures 
proper operation despite the limited drive capability of the MPU 
chip. The inputs are also protected with Schottky·barrier diode 
clamps to suppress excessive undershoot voltages. 

The MC8T26A is identical to the N E8T26A and it operates from 
a single +5 V supply. 

• High Impedance Inputs 

• Single Power Supply 

• High Speed Schottky Techno.logy 

• Three-State Drivers and Receivers 

• Compatible Wtih M68DD Family Microprocessor 

MICROPROCESSOR BUS EXTENOER APPLICATION 

(Clock) 

GND +5 V 1>1 <1>2 
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MC6880A 
MC8T26A 

This device may be ordered under 
either of the above type numbers. 

QUAD THREE-STATE 
BUS TRANSCEIVER 

". LSUFFIX _ 
CERAMIC PACKAGE 

CASE 620 

16 1 

Receiver 
Enable 

Receiver 
Output 

1 

Driver 
Input 

1 
Receiver 
Output 

2 

Driver 
Input 

2 

Gnd 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN CONNECTIONS - MC6880A 
MC8T26A 

VCC 

Driver 
2 Enable 

Input 

4 Bus4 

Driver 
5 Input 

4 
Receiver 
Output 

3 

7 Bus3 

ORDERING INFORMATION 

Temperature 
Device Alternate Range Package 

MC8T26AL MC6880AL 0 to +75°C Ceramic DIP 

MC8T26AP MC6880AP 0 to +75 C Plastic DIP 



MC6880A/MC8T26A 

MAXIMUM RATINGS IT A = 2S<>C unless otherwise noted.) 

RatinlJ Symbol Value Unit 

Power Supply Voltage VCC 8.0 Vdc 

Input Voltage VI 5.5 Vdc 

Power Dissipation @I TA = 25u e Po 1000 mW 
Derate above 250 e 6.7 mW/OC 

Operating Ambient Temperature Range TA o to +75 °c 
Storage Temperature Range Tstg -65 to+150 uc 

ELECTRICAL CHARACTERISTICS (Unless Otherwise Noted Specifications Apply 475 V <:; Vee'; 525 V and OOC ,,; T A <:; 750 Cl 

Characteristic Symbol Min Typ Max Unit 

Input Current - Low Logic State 
(~Enable Input, VIL(RE) = 0.4 V) IIURE) - - -200 Jl.A 
(Driver Enable Input, VIL(DE) = 0.4 V) IIUDE) - - -200 
(Driver Input. VIL(D) = 0.4 V) IIUD) - - -200 
(Sus (Receiverllnput, VIL(S) = 0.4 V) IIUB) - - -200 

Input Disabled Current - Low Logic State 
IIL(D) DIS 

(Driver Input, VIL(D) = 0.4 V) - - -25 Jl.A 

Input Current-High Logic State 
(Receiver Enablt'! Input. VIH(RE) = 5.25 V) IIH(RE) - - 25 itA 
(Driver Enable Input, VIHIDE)'= 5.25 V) IIHIDE) - - 25 
(Driver Input, VI HID) = 5.25 V) IIHID) - - 25 • Input Voltage -, Low Logic State 
(ReC'Ei1Ver Enable Input) VIURE) - - 0.85 V 
(Driver Enable Input VIUDE) - - 0.85 
(Driver Input) VIUD) - - 0.85 

(Receiver Input) VIL(S) - - 0.85 

Input Voltage - High Logic State 
(Receiver Enable Input) VIH(RE) 2.0 - - V 
(Driver Enable Input) VIH(DE) 2.0 - -
(Driver Input) VIHID) 2.0 - -
(Receiver Input) VIH(S) 2.0 - -

Output Voltage - Low Logic State 

(Bus Driver! Output, IOL(S) = 48 rnA) VOL(B) - - 0.5 V 
(Receiver Ou~put, IOL(R) = 20 rnA) VOUR) - - 0.5 

Output Voltage - High Logic State 
(Bus (Driver) Output, IOH(B)= -10 rnA) VOH(B) 2.4 3.1 - V 
(Receiver Output, IOHIR) = -2.0 mAl VOH(R) 2.4 3.1 -
(Receiver Output, IOH(RI = -1001tA, Vce = 5.0 V) 3.5 - -

Output Disabled Leakage Current - High Logic State 
(Bus Driverl Output, VOH(BI '" 2.4 VI IOHUS) - - 100 itA 
(Receiver Output, VOH(R) = 2.4 V) 10HURI - - 100 

Output Disabled Leakage Current - Low Logic State 
(Sus Output, VOL(S) = 0.5 V) IOLL(B) - - -100 itA 
(Receiver Output, VOL(R) = 0.5 V) 10LL(R) - - -100 

Input Clamp Voltage 
(Driver Enable Input IIDIDE) ,. -12 mAl VICIDE) - - -1.0 V 
(Receiver Enable Input IIC(REI = +12 mAl VIC(RE) - - -1.0 
(Driver Input IIC(DI = -12 mAl VIC(D) - - -1.0 

Output Short-Circuit Current, VCC = 5.25 V «11 
(Bus (Driver) Output) 10S(B) -50 - -150 rnA 
(Receiver Output) 10S(R) -30 - -75 

Power Supply Current ICC - - 87 mA 
(Vec = 5.25 V) 

(1) Only one output may be short-Circuited at a time. ® MOTOROLA Selnjconductor Products Inc. 
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MC6880A/MC8T26A 

SWITCHING CHARACTERISTICS (Unless otherwise noted specifications apply at T A = 250 e and Vee = 5 0 V) 

Characteri stie Symbol Figure Min Max 
Propagation Delay Time from Receiver (Bus) Input.to tPLH(R) 1 - 14 

High Logic State Receiver Output 

Propagation Delav Time from Receiver (Bus) Input to tpHL(R) 1 - 14 
Low Logic State Receiver Output 

Propagation Delay Time from Driver Input to tPLH(D) 2 - 14 
High Logic State Driver (Bus) Output 

Propagation Delay Time from Driver I nput to tPHL(D) 2 - 14 
Low Logic State Driver (Bus) Output 

Propagation Delay Time from Receiver Enable Input to tpLZ(RE) 3 - 15 
High Impedance (Open) Logic State Receiver Output 

Propagation Delay Time from Receiver Enable Input to tpZL(RE) 3 - 20 
. Low Logic Level Receiver Output 

Propagation Delay Time from Driver Enable Input to tpLZ(DE) 4 - 20 
High Impedance Logic State Driver (Bus) Output 

Propagation Delay Time from Driver Enable Input to tpZL(DE) 4 - 25 
Low Logic State Driver .( Bus) Output 

FIGURE 1 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY FROM 

BUS (RECEIVER) INPUT TO RECEIVER OUTPUT ,tpLH(R),tpHL(R) 

tTLH';;; 5.0 ns 

Input 

OV 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

tpHL(R) 

VOH----

Input Pulse Frequency = 10 MHz 
Duty Cycle = 50% 

Pulse 
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To Scope 
(Input) 

51 

VOL-----------~----------------J 
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Output 

Driver 
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To Scope 
(Input) 

1N916 
or Equiv. 

1.3 k 30pF 

2.6 V 

92 

@ MOTOROLA Selniconductor Products Inc. ---------~ 
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MC6880A/MC8T26A 

Pulse 
Generator 

FIGURE 2 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 

DRIVER INPUT TO BUS (DRIVER) OUTPUT ,tpLH(D) AND tpHL(D) 

tTLH';;; 5.0 ns 
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FIGURE 3 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 

RECEIVER ENABLE INPUT TO RECEIVER OUTPUT, tPLZ(RE), AND tpZL(RE) 

tTHL';;; 5.0 ns 
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240 
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® MO'rOROLA Se,.,iconductor Products Inc. 
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MC6880A/MC8T26A 

FIGURE 4 - TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES FROM 

DRIVER ENABLE INPUT TO D.RIVER CBUS) OUTPUT ,tpLOCOE) AND tpOL(OE) 

tTHL';;; 5.0 ns 

2.6 V ----I-4,.,,.,,.,.------,,,L 

Input 
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Duty Cycle = 50% 
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FIGURE 5 - BI·DIRECTIONAL BUS A~PLICATIONS 
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TRIPLE BI-OIRECTIONAL BUS SWITCH 

The MC6881/3449 is a three channel, non-inverting,bi-directional 
Bus Extender. It is designed to allow the bi-directional exchange of 
TTL level digital information between a selected pair of ports in a 
three port network. All three ports of each channel may be forced to 
a high impedance condition through that channel's Enable input. 

Port pair selection and listener/talker status for the three channels 
is determined through the Control and 'Select inputs. All inputs are 
PNP buffered, M6800 Family compatible, and protected with 
Schottky-Barrier diode clamps to suppress undershoot voltages . 

. A summary of MC6881/3449 features include: 

• Three Channels 

• Noninverting Data Exchange 

• Bi-Directional Operation 

• Active Pull-Up with Three-State Capability 

• High Impedance Inputs 

• TTL Compatible 

• High Speed Schottky Technology 

• Single Power Supply 

FUNCTIONAL DIAGRAM 

To Other Switches 

• Select O-----..... ---+-+-+-+-...... _f__� 
Control o---..... --t---...... +-++---' 

3 
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MC6881 
MC3449 

This device may be ordered'under 
either of the above type Rumbers. 

BI-OI RECTIONAL 
BUS EXTENDER/SWITCH 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

TRUTH TABLE 

Enable Select Control Data Flow 

0 0 0 2-+3 

0 0 1 3-+2 

0 1 0 1-+3 

0 1 1 3-1 

1 X X High Impedance 

x - Don't Care 

PIN CONNECTIONS 

ORDERING INFORMATION 

Temperatur. 
Device Ranoa Package 

o to +70°C Ceramic DIP 
MC3449P o to +70'C Plastic DIP 
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MC6881/MC3449 

ELECTRICAL CHARACTERISTICS (4.75 V:S;; Vce:S;; 5.25 V, O°C:S;; TA:S;; 70
o
e) 

Characteristic 

Input Current - Low Logic State 

(VIL = 0.4 VI 

Input Current .. High Logic S~ate 

(VIH = 2.7 VI 
(VIH = 5.25 VI 

Input Voltage - Low Logic State 

Input Voltage - High Logic State 

Output Voltage - Low Logic State 

(lOL = 8.0 mAl 

(lOL = 16 mAl 

Output Voltage - High Logic State 

(lOH = -1.0 mAl 

Output Disabled Current 
(VOH = 2.7 VI 
(VOL = 0.4 VI 

Power Supply Current 

c:::J 
T 

XC6875 
CLOCK 

</>1 

</>2 

Symbol Min Max 

IlL - -200 

IIH 

- 40 
- 100 

VIL 0.8 -
VIH - 2.0 

VOL 

- 0.5 

- 0.6 

VOH 2.4 -

100 
- 25 
- -40 

ICC - 50 

Two MPUs SHARING a Common Main-Memory 

</>1 

</>2 

</>2 

MC6800 

ADDRESS AND 
CONTROL BUS 

HIGH SPEED 
MAIN MEMO.RY 

ADDRESS AND 
CONTROL BUS 

Unit 

IJA 

IJA 

V 

V 

V 

V 

/LA 

rnA 

MC6881 
MC3449 

® MOTOROLA Se ... icon<luctorPro<lucts Inc. -----,-----.... 
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Advance InfovIrlation 

HEX THREE·STATE BUFFER INVERTERS 
. This series of devices combines four features usually found 

desirable in bus oriented systems. These features are: 1) - high im
pedance logic inputs insure that these devices do not seriously 
load the bus, 2) - three-state logic configuration allows buffers not 
being utilized to be effectively removed from the bus, 3) Schottky 
technology allows high-speed' operation and 4} High-impedance 
output state maintained during power up/down. 

The devices differ in that the non-inverting MC8T95/MC6885 
and inverting MC8T96/MC6886 provide a two-input Enable which 
controls all six buffers, while the non-inverting MC8T97/MC6887 
and inverting MC8T98/MC6888 provide two Enable inputs - one 
controlling four buffers and the other controlling the remaining 
two buffers. 

The units are well-suited for Address buffers on the M6800 or 
similar microprocessor application. 

• High Speed - 8.0 ns (Typ) 
• Three-State Logic Configuration 
• Single +5 V Power Supply Requirement 
• Compatible with 7~S Logic or M6800 Microprocessor Systems 
• High Impedance PNP Inputs Assure'Minimal Loading of the Bus 

MICROPROCESSOR BUS EXTENDER APPLICATION 

AND 
CONTROL 

BUS 

(CIOGkl 

GND +5 V "', 1>2 

, This is advance Information and specifications are subject to change without notice; 
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MC688S/MC8T95 
MC6886/MC8T96 
MC6887lMC8T97 
MC6888lMC8T98 

This device may be ordered under 
either of the above type numbers. 

HEX THREE·STATE 
BUFFER/INVERTERS 

CASE 620 CASE 648 

INPUT EQUIVALENT 
CIRCUIT 

OUTPUT EQUIVALENT 
CIRCUIT 

ORDERING INFORMATION 
(Temperature Range for the following devices = 
o to +750 C) 

DEVICE AL.TERNATE PACKAGE 

MC6885L MCBT95L Ceramic DIP 
MC6886L MC8T96L Ceramic DIP 
MC6887L MC8T97L Ceramic DIP 
MC6888L MC8T98L Ceramic DIP 
MC6885P MC8T95P Plastic DIP 
MC6886P MC8T96P Plastic DIP 
MC6887P' MC8T97P Plastic DIP 
MC6888P MC8T98P Plastic DIP 

• 
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MC6885-88IMC8T95-98 

PIN CONNECTIONS AND TRUTH TABLES 
MC6885/MC8T95 MC6886/MC8T96 

Vee vee 

Eii8'iiie 2 Input A Enable 2 

Input F Input F 

Output F Output F 

Input E Input E 

Output E Output E 

Input 0 Input 0 

Gnd 

rniiIiIi 2 rniiIiIi 1 Input Output Enable 2 Enable 1 Input Output 

L L L L L L L H 
L L H H J.. J.. H L 
L H X Z L H X Z 
H L X Z H L X Z 
H H X Z H H X Z 

MC6887/MC8T97. MC6888/MC8T98 

Enable Input Output L = .Low Logic State 
H = High Logic State 

Enable Input Output 

L 
L 
H 

L 
H 

X 

L 
H 
Z 

Z = Third (High Impedance) State 
X = Irrelevant 

MAXIMUM RATINGS (T A = 250 C unless otherwise noted.) 

Rating Symbol 

Power Supply Voltage Vee 
Input Voltage VI 

Operating Ambient Temperature Range TA 

Storage Temperature Range Tstg 
Operating Junction Temperature TJ 

Plastic Package 
Ceramic Package 

J.. L 
J.. H 

H X 

Value Unit. 

8.0 Vdc 

5.5 Vdc 

Oto +75 °c 
-65 to +150 °c 

°c 
150 
175 

® MOTOROI..A Senticonducto,. PrOducts Inc. 
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MC6885-88/MC8T95-98 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, OoC ~TA ~750C and 4.75 V ";;VCC ";;5.25 V) 

Characteristic Symbol Min Typ Max Unit 

Input Voltage - High logic State VIH 2.0 - - V 

(Vec = 4.75 V, T A = 250C) 

Input Voltage - low logic State Vil - - 0.8 V 

(VCC = 4.75 V, T A = 250C) 

Input Current - High logic State IIH - - 40 p.A 

(Vee = 5.25 V, VIH = 2.4 V) 

Input Current - low logic State III - - -400 p.A 

(VCC = 5.25 V, Vil = 0.5 V, VI L(E) =0.5 V) 

Input Current - High Impedance State IIH(E) - - -40 p.A 

(VCC = 5.25 V, VIL(I) = 0.5 V, VIH(E)= 2.0 V) 

Output Voltage - High logic State VOH 2.4 - - V 

(VCC = 4.75 V, IOH = -5.2 rnA) 

Output Voltage - low Logic State Val - - 0.5 V 

(lOl = 48mA) 

Output Current - High Impedance State 10Z p.A 

(Vce = 5.25 V, VOH = 2.4 V) - - 40 

(VCC = 5.25 V, Val = 0.5V) - - -40 

Output Short-Circuit Current lOS -40 -80 -115 rnA 

(Vce = 5.25 V, Va = 0) 
(only one. output can be shorted at a time) 

Power Supply Current Ice rnA 

(Vee = 5.25 V) MC8T95, MC8T97, MC6885, MC6887 - 65 98 
MC8T96, MC8T98, MC6886, MC6888 - 59 89 

Input Clamp Voltage VIC - - -1.5 V 

(VCC = 4.75 V,IIC = -12 rnA) 

Output VCC Clamp Voltage VOC - - 1.5 V • (VCC = O,IOC" 12mA) 

Output Gnd Clamp Voltage VOC - - -1.5 V 

(VCC = 0, lac = -12 rnA) 

Input Voltage VI 5.5 - - V 

(II = 1.0mA) 

SWITCHING CHARACTERISTICS (VCC = 50 V T A = 250 C unless otherwise noted) 
MC8T95/97 MC8T96/98 
MC6885/87 MC6B86/88 

Characteristic Symbol Min Typ Max Min TVp Min Unit 

Propagation Delay Time - High to low State tPHl ns 
(Cl = 50 pF) 3.0 - 12 4.0 - 11 
(Cl = 250pF) - 16 - - 15 -
(Cl = 375 pF) - 20 - - 18 -
(Cl = 500 pF) - 23 - - 22 -

Propagation Delay Time - low to High State tPlH ns 
(Cl = 50 pF) 3.0 - 13 3.0 - 10 
(Cl = 250 pF) - 25 - - 22 -
(Cl = 375 pF) - 33 - - -
(Cl = 500pF) - 42 - '- 35 -

Transition Time - High to low State tTHL ns 
\ (Cl = 250 pF) - 10 - - 10 -

(Cl = 375 pF) - 11 - - 13 -
(Cl = 500 pF) - 14 - - 15 -

Transition Time - low to High State tTlH ns 
(Cl = 250pF) - 32 - - 28 -
(Cl = 375 pF) - 42 - - 38 -
(Cl = 500 pF) - 60 - - 53 -

@ MOTOROLA Se,.,;conductor Products Inc. ______ ...,:;...-J 
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MC688'5-88/MC8T95-98 

SWITCHING CHARACTERISTICS (V 'CC: 50 V T A= d) un ess at erwlse note , 
MC8T95/97 MC8T96/98 
MC6885/87 MC6886/88 

Characteristic Symbol Min TVp Max Min Typ· Min Unit 

Propagation Delay Time - High State to Thir~ State tPHZ(E) 3,0 - 10 3.0 - .10 ns 
(CL = 5.0 pF) 

Propagation Delay Time - Low State to Third State tPLZ(E) 3.0 - 12 5.0 - 16 ns 

(CL = 5.0pF) 

Propagation Delay Time - Third State to High State tpZH(E) 8.0 - 25 7.0 - 22 ns 

(CL = 50 pF) 

Propagation Delay Time - Third State to Low State tpZL(E) 12 - 25 11 - 24 ns 

(CL = 50 pF) 

FIGURE 1 - TEST CIRCUIT FOR SWITCHING CHARACTERISTICS 
FIGURE 2 - WAVEFORMS FOR PROPAGATION DELAY 

TIMES INPUT TO OUTPUT 

To Scope (I nput) 

Input or 

Enable 

50 

CL Includes Probe and 
Jig Capacitance 

To Scope 
Output 

Open for tpZH(E) Test Only 

1.0 k 

+5 V 
~ 

200 

Open for 

Output 

MC8T96, MC6886 
MC8T98 or MC6888 

Output 

MC8T95"MC6885 
MC8T97 or MC6S87 

tpZL(E) Test Only 

,------..------ 3 V 

'---_-0 v 

Input Pulse Conditions 

j tTHL = tTLH';; 10 ns 
f = 1.0 MHz 

FIGURE 3 - WAVEFORMS FOR PROPAGATION DELAY TIMES - ENABLE TO OUTPUT 

-----'\.~---"-.5-V------ 3.0 V 

~ Enable 

VOH ____ "'""--,---.1 
. \~V Output ~~ 

,'------.:;1.5 V 

tPHZ(E) --i I.--
I r------ 3,0 V 

_____ .....If. __ '·_5.,...V _____ 0 

Enabl: _____ 1_._5gl.~:~:V 
Output VOL : I 

tpLZ(i~') '. ~ 

"ZC{" -J r--
\ ... ,._5_V ____ Va L Output 

----.......... \--1-.5-.V-. -----: .• v,""" 

tpZH(E) --.1 . 1--___ _ 
1'1,= VO

H 

T Output _____ ......J 

H = High-Logic State, ~ = Low-Logic State, Z = High Impedance State 

......... ------.([!) MOTOROLA Se",;conduc<or Producu Inc . ..,........ ______ ..... 
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MC6885-88/MC8T95-98 

FIGURE 4 - ADDRESS MUl TlPlEXER FOR 16-PIN 4K NMOS MEMORY 

Row EnaiJie 

Row Address From MPU 

Column Address 
From MPU 

Column Enable 

~ 

-
;;; 

-
:: 
~ 

..... 

~ 

MC8T97 
or 

Other 

MC8T97 
or 

Other 

I 

E 

I 

r-- AO - MCM6604 

l NMOS 
Memory 

A5 
Array 

--

E 

THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

TJ(max) -TA 
PO(T A) = ,ROJA(Typ) 

Where: PD(T A) = Power Dissipation allowable at a given 

operating ambient temperature. This must be greater than 

the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

T J(max) = Maximum Operating Junction Temperature 
as listed-in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ReJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 

@ MOTOROLA Se,";conduc~o, P'Od~cts Inc. 
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NON·INVERTING 
QUAD THREE·STATE BUS TRANSCEIVER 

This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility, due to its high impedance PNP transistor 
input, and high-speed operation made possible by the use of Schottky 
diode clamping. Both the -48 mA driver and -20 mA receiver outputs 
are short-circuit protected and employ three-state enabling inputs. 

The device is useful as a bus extender in systems employing the 
M6800 family or other comparable MPU devices. The maximum 
input current of '200 p.A at any of the device input pins assures 
proper operation despite the limited drive capability of the MPU 
chip. The inputs are also protected with 'Schottky-barrier diode 
clamps to suppress excessive undershoot voltages. 

Propagation delay times for the driver portion are 17 ns maximum 
whi Ie the receiver portion runs 17 ns for tpH Land 17 ns for tpLH' 
The MC8T28 is identical to the NE8T28 and it operates from a 
single +5 V supply. 

• High Impedance Inputs 

• Single Power Supply 

• High Speed Schottky Technology 

• Three-State Drivers and Receivers 

• Compatible with M6800 Family Microprocessor 

• Non-Inverting 

MICROPROCESSOR BUS EXTENDER APPLICATION 

(Clock) 

GND +5 V 1/)1 1/>2 

5·250 

MC6889 
MC8T28 

This device may be ordered under 
either of the above type numbers. 

NON·INVERTING 
BUS TRANSCEIVER 

_
II ~ -

16 

1 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN CONNEG.TIONS - MC6889 
MCBT28 

Input 

Receiver 
Output 2 

1 

Driver 
Input 7 

2 

Gnd 

Vee 

Driver 
Enable 
Input 

Bus 4 

Driver 
Input 

4 
Receiver 
Output 

3 

Bus 3 

Driver 
9 Input 

3 

ORDERING INFOAMATION 

Temperature 
Device Alternate 'Range Package 

MC8T28L MC6889L 0 to +75°C Ceramic DIP 

MC8T28P MC6889P 0 to +75 C Plastic DIP 



MC6889/MC8T28 

MAXIMUM RATINGS (T A = 2s<'C unless otherwise noted.) 

Rating Symbol Vah •• Unit 

Power Supply Voltage Vee B.O Vdc 

Input Voltage VI 5.5 Vdc 

Power Dissipation @ T A - 25°e Po 1000 mW 
Derate above 250 C 6.7 mW/oC 

Operating Ambient Temperature Range TA Oto+75 °e 

Storage Temperature Range Tstg -65 to+150 uc 

ELECTRICAL CHARACTERISTICS (Unless Otherwise Noted Specifications Apply 4 75 V <: VCC ,~ 525 V and DoC ~ T A .;; 750 Cl 

.Characteristic Symbol Min Typ Ma. Unit 

Input Current - low logic State 
(~Enable Input. VIL(RE) = 0.4 V) ,IIURE) -200 IJA 
(Driver Enable Input. VIUDE! = 0.4 V! IIL(DE) -200 
(Driver Input. VIL(D! = 0.4 V) IIUDI -200 
(Bus (Receiver) Input. VILlB) = 0.4 V! IIUB! -200 

Input Disabled Current - Low Logic State 
(Driver Input. VIL(D) = 0.4 V) IIL(D) DIS -25 IJA 

Input Curtent-High Logic State 
(Receiver Enable Input. VIH(RE) = 5.25 V) IIH(RE) 25 IJA 
(Driver Enable Input. VIH(OE) = 5.25 V) IIH(DEI 25 
(Driver Input. VI H(D) = 5.25 V) IIH(D) 25 

Input Voltage - Low Logic State 
(~Enable Input! VIURE) 0.85 V 
(Driver Enable Input VIUOEI 0.85 
(Driver Input) VIUO) 0.85 

(Receiver Input) VIL(B! 0.85 

I nput Voltage - High ,Logic State • (Receiver Enable Input) VIH(RE) 2,0 V 
(Driver Enable Input) VIH(DE) 2.0 
(Driver Input) VIH(D) 2.0 
(Receiver Input) V'H(S) 3.0 

Output Voltage - Low Logic State 

(Bus Driver! Output, 'OL(B) = 48 mAl VOUB) 0,5 V 

(Receiver Output, 'OLIR) = 20 mAl VOUR) 0,5 

Output Voltage - High Logic State 
ISus IDriver) Output, 10HIS) = -10 mAl VOH(B) 2.4 3:1 V 
(Receiver Output, IOH(R) = -2.0 mAl VOH(R) 2.4 3.1 
(Receiver Output, 'OH(R) = -100pA, VCC = 5.0 V) 3.5 

Output Disabled Leakage Current - High Logic State 
(Bus Driver> Output, VOH(B) = 2.4 V) IOHUB) 100 IJA 
(Receiver Output, VOH(R) = 2.4 V) IOHL(R) 100 

Output Disabled Leakage Current - Low Logic State 

(Bus Output, VOL(B) = 0.5 V) IOLL(R) -100 pI>, 
(Receiver Output, VOUR) = 0.5 V) 'OLL(R) -100 

Input Clamp Voltage 
(Driver Enable Input IID(DE) = -12 mAl VIC(DE) -1,0 V 
(Receiver Enable 'nput I'C(RE) = -12 mAl VIC(RE) -1.0 
(Driver 'nput 'ICID) = -12 mAl VIC(D) -1,0 

Output Short-Circuit Current, VCC - 5.25 V \ 11 

(Bus (Driver) Output) 10S(B) -50 -150 mA 
(Receiver Output) IOS(R) -30 -75 

Power Supply Current ICC 110 mA 
(VCC = 5.25 V) 

(1) Only one output may be shon-circui1l!d at a time. 

SWITCHING CHARACTERISTICS (Unless otherwise noted, VCC = 5.0 V and TA = 250 C) 

Characteristic Symbol Min MaK Unit 

Propagation De'ay Time-Receiver (CL = 30 pFI tpLH(R) - 17 ns 

tpHL(R) 

Propagation Delay Time-Driver (Cl = 300 pF) tPLH(D) - 17 ns 

tPHL(D) 

Propagation Delay Time-Enables (CL = 30 pF) tpZL(R) - 23 ns 
tpLZ(RI - 18 

(CL'; 300 pF) I tpZL(D) - 28 

tpLZ(DI - 23 

® MOTORoLA S""'iconduc~o, P,oducts Inc. 
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ORDERING INFORMATION 

Device 

MC5524L 
MC5525L 
MC7524L. 
MC7524P 
MC7525L 
MC7525P 

Temperature·Range 

-55°C to + 125°C 
-55°C to + 125°C 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

DUAL SENSE AMPLIFIERS 

Package 

Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

THis dual sense amplifier is designed for use with high-speed 
memory systems_ . Low level pulses originating in the memory are 
converted to logic ievels compatible with MDTL and MTTL circuits. 

• Adjustable Threshold Voltage Levels 

• High-Speed, Fast Recovery Time 

• Time and Amplitude Signal Discrimination 

• High dc LogiC Noise Margin 
1.0 Volt typ 

• Good Fan-Out Capability 

• Independent Strobing 

• Separate Logic Outputs 

SCHEMATIC DIAGRAM 

r-__ ~ __ ~ __ ~~ ____ ~ __ ~ ________ ~VCC 

2.3 k 
r--+ ____ ~--~----~--~ __ ------~~Cext 

'MC7524 
MC7525 

MC55'24 
MC5525 

DUAL HIGH-SPEED 
SENSE AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

- L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 
(MC7524 and MC7525 

Only) 

3k 2 k PIN CONNECTIONS 

Input 

D ifferen tia I 
Input A 

Strobe Ao-----+----+----+-----------'--J 

Output 
A 

r-~---4r_--~--~--~----~ 

Differential 
Input B C>---t-----t--t--l 

Gnd 

5-252 

Output 
B 

Strobe Output Output Strobe 
Vec A A Gnd B B N.C. Gnd 

Cext 
Differential Reference 

Input A .Input 

9 

VEE 
Differential 

Input B 

TRUTH TABLE 

Differential Strobe 
Input Input 

0 L 
1 L 
0 H 
1 H 

Where: 

H = High Logic; State 
L = Low Logic State 
0= Vin < VTH 

1 = Vin > VTH 

\ 

Output 

L 
L 
i.. 
H 



MC7524, MC7525/ MC5524, MC552,5 

MAXIMUM RATINGS (TA = +250 C unless otherwise noted.) 

Rating Symbol Value 

Power Supply Voltage VCC +7.0 

VEE -7.0 

Differential Input Voltages Vin or Vref ±5.0 

Power Dissipation Po 575 
Derate above T A = +250 «: 

" 
3.85 

Operating Ambient Temperature Range MC5524, MC5525 TA -55 to+125 
MC7524, MC7525 o to +70 

Storage Temperature Range Tstg -55 to +150 

ELECTRICAL CHARACTERISTICS (VCC = +5.0 V, VEE = -5.0 V, T A = Thigh to T,oV)l unless otherwise noted.) 

Characteristic 

Input Threshold Voltage' 
(Vref = 15 mV) MC5524, MC7524 

} MC5525, MC7525 
TA = 0 to 70°C 

(V ref = 40 mV) MC5524, MC7524 
MC5525, MC7525 

(Vref= 15mV) MC5524 T A = -55°C to OoC and 
TA = 70°C to 125°C 

MC5525 . T A = -55°C to OoC and 
TA = 70°C to 125°C 

(V ref = 40 mV) MC5524 T A = -55°C to OoC and 
TA = 700 e to 125°C 

MC5525 T A = -55°C to OoC and 
,., TA = 70°C to 125°C 

Input Common·Mode Firing Voltage 
(Vref = 20 mV, V'H(S) = 5.0 V) 

I nput Bias Current 
(Vce = 5.25 V, VEE = -5.25 V, T A = -55°C to OoC) MC5524,MC5525 
(VCC = 5.25 V, VEE = -5.25 V, T A= OoC to Thigh) 

I.nput Offset Current 
(VCC = 5.25 V, VEE = -5.25 V) 

Differential Input Impedance 
(f = 1.0 kHz) 

Strobe Input Voltage - High logic State 

Strobe Input Voltage - low logic State 

Strobe Input Current - low logic State 
(VI LIS) = 0.4 V) 

Strobe Input Current - High logic State 
(VI H(S) = 2.4 V) 
(VIH(SI = 5.25 V) 

Output Voltage - High Logic State 
(VCC = 4.75 V, VEE = -4.75 V,IOH = -400/JA) 

'Output Voltage - Low Logic State. 
(VCC = 4.75 V, VEE = -4.75 V,lOl = 16 mAl 

Short-Circuit Output Current 
(VCC = 5.25 V, Vee = -5~25 V) 

Power Supply Currents 
(VCC = 5.25 V, VeE = -5.25 V, TA = 25°C) 

*Thigh = 125°C for MC5524 and MC5525 
Thigh = 70°C for MC7524 and MC7525 

T,ow = -55°C for MC5524 and MC5525 
Tlow = OoC fOr MC7524 and MC7525 

MC7524.,MC7525 

" 
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Symbol Min Typ 

Vth 
11 15 
8.0 15 
36 40 
33 40 

10 15 

8.0 15 

35 \ 40 

33 40 

VICF - ±3.0 

liB 
- -
- 30 

',0 - 0.5 

zid - 2.0 

V'HIS) 2.0 -
VILIS) - -
IILlS) - -1.0 

IIH(S) 
- -
- -

VOH 2.4 3.9 

VOL - 0.25 

lOS 2.1 -

ICC - 25 

lEE - -15 

Unit 

Vd.c 
Vdc 

Vdc 

mW 
mW/oC 

°c 

°c 

Max Unit 

mV 
19 
22 
44 
47 

20 

22 

45 • 47 

- Volts 

j.LA 
100 
75 

- j.LA 

- k ohms 

- Volts 

0.8 Volt 

-1.6 mA 

40 j.LA 
1.0 mA 

- Volts 

0.4 Volt 

3.5 mA 

mA 
40 

-20 
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MC7524, MC7525/ MC5524, MC5525 

SWITCHING CHARACTERISTICS (V 'CC = 
Characteristic 

Propagation Delay Time - Differential 
I nput to 0 utput 

Propagation Delay Time - Strobe 
I nput to Output 

Differential-Mode Input Overload Recovery Time 

Common-Mode Input Overload Recovery Time 

Minimum Cycle Time 

Oiff 

Output 

VOL 

PROPAGATION DELAY TIME
DIFFERENTIAL INPUT to OUTPUT 

I nput Pulse Characteristics 
tTLH = tTHL = 15 ns 
f = 1.0 MHz 

To Scope 
(Oiff Input) 

Pulse 
Gen. 

50 

50 

SOV V 50 XI T EE = - .. A= un ess 0 th t d) erwlse no e 

Symbol 

tPLH(D) 
tpHL(D} 

tPLH(S} 
tPHL{S} 

toR(DM} 

toR(CM} 

tc(min} 

Min Typ Max 

- 15 40 
- 40 -

- 15 30 
- 35 -
- 20 

- 20 -
- 200 -

PROPAGATION DELAY TIME 
STROBE INPUT to OUTPUT 

o iff 
Input 
4O~m. 

20 mV 20 mV 

o V 300 ns 

Strobe 

Input 0 V 

PROPAGATION DELAY TIMES 
TEST CIRCUIT 

5-254 

To Scope 
+5.0 V (Output) 

288 

15 pF 

I 
(Include Probe and 
Jig Capacitance) 

.... -----.---- T~!~:~nput) 
50 

Unit 

ns 

ns 

ns 

ns 

ns 



ORDERING INFORMATION 

Device 
MC5528L 
MC5529L 
MC7528L 
MC7528P 
MC7529L 
MC7529P 

Temperature Range 

-55°C to +125°C 
-55°C to + 125°C 

ooe to +70°C 
o°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Package 

Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

MONOLITHIC DUAL SENSE AMPLIFIERS 
WITH PREAMPLIFIER TEST POINTS 

This dual sense amplifier is designed f9r use with high-speed 
memory systems_ low "evel pulses originating in the memory are 
converted to logic levels compatible with MDTl and MTTl circuits. 
External preamplifier test points provide for very accurate timing 
of the strobe with the input signaL 

• Adjustable Threshold Voltage levels 

• High-Speed" Fast Recovery Time 

• Ti~ne and Amplitude Signal Discrimination 

• High dc logic Noise Margin 
1.0 Volt typ 

• Good Fan-Out Capability 

• Independent Strobing 

• Separate Logic Outputs 

• Test Points Available for Accurate Strobe Timing 

SCHEMATIC DIAGRAM 

5-255 

MC7528 
MC7529 

MC5528 
MC5529 

16 

DUAL HIGH-SPEED 
SENSE AMPLIFIER 

WITH PREAMPLIFIER 
TEST POINTS 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

~~:::::::I (top view) 

'-L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 
(MC752S'and MC7529 only) 

TEST TEST 
POINT STROBE OUTPUT OUTPUT STROBE POINT 

A A A B B B GND 

Cext --....-
DIFFERENTIAL 

INPUT A 

- + --REFERENCE 
INPUT 

-- VEE 
DIFFERENTIAL 

INPUTB 

• 



MC7528, MC7529, MC5528, MC5529 

MAXIMUM RATINGS(T A = +250 C unless otherwise noted.) 

Rating Symbol Value Units 

Power Supply' Voltage VCC +7.0 Vdc 

VEE -7.0 Vdc 

Differential I nput Voltages Vin or Vref ±5.0 Vdc 

Power Dissipation Po 575 mW 

Derate above T A = +250 C 3.85 mWoC 

Operating Temperature Range TA °c 
MC5528. MC5529 -55 to +125 

MC7528. MC7529 o to +70 

Storage Temp,erature Range T stg -55 to +150 °c 

ELECTRICAL CHARACTER ISTICS (VCC = +5.0 V ±5%, VEE = ,5.0 V ±5%. T A = Tlow# to Thigh# unless otherwise noted.) 

MC5528 G) # MC7528 II 
MC5529 MC7529 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Differential Input Threshold Voltage (VinS = +5.0 V. VID = ±Vth) Vth mV 
(Vref = 15 mY. IL = 16 rnA, Vo <0.4 VI MC5528,MC7528 10 15 11 15 

MC5529,MC7529 8.0 8.0 

(Vref = 40 mY. IL = 16 rnA, Vo <0.4 V) MC5528.MC7528 35 40 36 40 

• 
MC5529,MC7529 33 33 

{Vref = 15 mV, 'L = -400/lA, Vo >2.4 V) MC5528.MC7528 15 20 15 19 
MC5529,MC7529 22 22 

{Vref=40mV,IL =-400/lA, Vo >2.4 V) MC5528,MC7528 40 45 40 44 
MC5529,MC7529 47 47 

Differential and Reference I nput Bias Current liB /lA 
(VID = Vref = OV, VinS = +5,25 V, Vs = ±5.25 V) 30 100 30 75 

Differential Input Offset Current 1100 /lA· 
(VID= Vret = 0 V. VinS = +5.25 V, Vs = ±5.25 V) 0.5 0.5 

Input VOltage, Logic "1" Vin"l" V 
{VID = 40 mY. Vref = 20 mV, VinS = 2.0 V, IL = 400 /lA, 2,0 2.0 ,-
Vs = ±4.75 V. Vo >2.4 V) 

Input Voltage. Logic "0" Vin"O" V 
{VID =40mV, Vref=20mV, VinS= 0.8 V, IL = 16 rnA, 0.8 0.8 
Vs =±4.75 V, VOL <0.4 V) 

Input Cu rrent. Logic "1" lin"l" 
{VtD = 0 V, Vret = 20mV. VinS = 2.4 V. Vs = ±5.25 V) MC5528.MC5529 5.0 40 /lA 
(VID = 0 V. Vret = 20 mY. VinS = +5.25 V, MC7528,MC7529 0.02 1,0 mA 
Vs = +5.25 VI 

Input'Current, Logic "0" lin'~O" mA 
{VID = 40 mV, Vret = 20 mY. VinS = 0.4 V, Vs = ±5.25 V) -1.0 -1.6 ~1,0 -1.6 

Output VOltage, Logic "1" VO"l" V 
(VID = 40 mY. Vref = 20 mV, VinS '" 2.0 V, IL =-400IlA, VS=±4.75 VI 2.4 3,9 2.4 3.9 

Output VOltage, Logic "0" VO"O" V 
(VID = 40 mV, Vret = 20 mV, VinS = 0.8 V. IL = 16 rnA. Vs = ±4.75 V) 0.25 0.40 0.25 0.40 

Short-Circuit Output Current 10SC mA 
(VID = 40 mY. Vret = 20 mV, VinS = +5.25 V. Vs = ±5.25 V) -2.1 -2.8 -3.5 -2.1 -2.8 -3.5 

VCC Supply Current ICC mA 
(V,D = VinS = 0 V, Vref = 20 mV, Vs = ±5.25 VI 29 40 29 40 

VE.E Supply Current lEE mA 
(VID = VinS = 0 V. Vret = 20 mY. Vs = ±5.25 VI -13 -1& -13 -18 

CD For OoC :5 T A S 700 C operation; electrical characteristics for MC5528 and # Tlow = -550 C for MC5528. MC5529. OOC for MC75::!8, MC7529 
MC5529 are guaranteed the same as MC7528 and MC7529 respectively. Thigh = +1250 Cfor MC5528. MC5529; +70oC for MC7528. MC7529 
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MC7528, MC7529, MC6528, MC5529 

ELECTRICAL CHARACTERISTICS (Vcc ~ +5.0 V ±5%, VEE ~ -5.0 V £5%, TA ~ +250 C unless otherwise noted.) 

Characteristic 

AC Common-Mode Input Firing Voltage 
(Vref ~ 20 mV, VinS ~ 5.0 V) 

Propagation Delay Time, Differential Input to Logic "1" Output 
(Vref ~ 20 mV) . 

Propagation Delay Time, Differential Input to Logic "0" Output 
(Vref ~ 20 mV) 

Propagation Delay Time, Strobe Input to Logic "1" Output 
(Vref ~ 20 mV) 

Propagation Delay Time, Strobe Input to Logic "0" Output 
(Vref ~ 20 mV) 

Overload Recovery Time, Differential Input 

Overload Recovery Time, Common-Mode Input 

Minimum Cycle Time 

® Positive current is defined as current into the referenced pin. 

@ Pin 1 to have ~100 pF capacitor connected to ground. 

@) Each test point to have $15 pF capacitive load to ground. 

Symbol 

VCMF 

tPLHD 

tpHLD 

tpHLS 

tpHLS 

tRD 

.tRCM 
t(min) 
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MC5528 
MC5529 

Min Typ Max 

±2.5 

20 40 

28 

10 30 

20 

10 

5.0 

200 

MC7528 
MC7529 

Min Typ Max Unit 

V 
±2.5 

ns 
20 40 

ns 
28 

ns 
10 30 

ns 
20 

• 10 ns 

5.0 ns 

200 ns 



• 

ORDERING INFORMATION 

Device 

MC5534L 
MC5535L 
MC7534L 
MC7534P 
MC7535L. 
MC7535P 

Temperature Range 

-55"C to +125°C 
-55°C to + 125°C 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Package 

Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

DUAL SENSE AMPLIFIERS 
WITH INVERTED OUTPUTS 

This dual sense amplifier is designed for use with high-speed 
memory systems. Low level pulses originating in the memory are 
converted to logic levels compatible with MDTL and MTTL circuits. 
These circuits are identical to the MC7524 except that an additional 
stage has been added to each output gate to provide an inverted 
output. 

• Adjustable Threshold Voltage Levels 

• High-Speed, Fast Recovery Time 

• Time and Amplitude Signal Discrimination 

• High dc Logic Noise Margin 
1.0 Volt typ 

• Good Fan-OLit Capability 

• I ndependent Strobing 

• Separate Logic Outputs 

• Normally High Outputs Accomodate the Wired-OR of 
Several Sense Amplifiers 

SCHEMATIGOIAGRAM 

MOTL and MTTL are trademarks of Motorola Inc. 
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Cex1 

MC7534, MCS534 
MC7535, MC5535 

DUAL HIGH·SPEED 
SENSE AMPLIFIER 

WITH 
INVERTED OUTPUTS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
Ii'LASTIC PACKAGE 

CASE 648 

STROBE OUTPUT OUTPUT STROBE N.C. 
A A GNO 2 B B GND 1 

DIFFERENTIAL REFERENCE 
INPUT A INPUT 

DIFFERENTIAL 
INPUT B 
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MC7534, MC7535, MC5534, MC5535 

MAXIMUM RATINGS IT A = +250 C unless otherwise noted ) 

Rating 

Power Supply Voltage 

Differential I nput Voltages 

. Power Dissipation 
Derate above T A = +250 C 

Operating Ambient Temperature Range 

MC5534, MC5535 
MC7534 MC7535 

Storage Temperature Range 

Symbol 

VCC 
VEE 

Vin or Vref 

PD 

TA 

Tst9 

Value Units 

+7.0 Vdc 
-7.0 Vdc 

1.5.0 Vdc 

575 mW 
3.85 mWoC 

°c 
-55 to +125 

o to +70 

-55 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = +5.0 V ±5%, VEE = -5.0 V ±5%, T A = Tlow# to Thigh# unless otherwise noted.) 

Characteristic ~ymbol 
Differential Input Threshold Voltage (VinS = +5.0 V, VID = ±Vth) Vth 

(Vref = 15 mV, VL = +5.25 V, IL < 250 !LA) MC5534, MC7534 
MC5535, MC7535 

(Vref =40 mV, VL = +5.25 V, IL <250!LA) MC5534, MC7534 
MC5535, MC7535 

(Vref = 15 mV, IL = 20 mA, Va =<0.4 V) MC5534, MC7534 
MC5535, MC7535 

(Vref = 40 mV, IL = 200 mA, Va =<04 V) MC5534, MC7534 
MC5535, MC7535 

Differential Reference Input Bias Current liB 
(VID = Vref = 0 V, VinS = +5.25 V, Vs = +5.25. V) 

Differential I·nput Offset Current IIOD 
(VID = Vnif = 0 V, VinS = +5.25 V, Vs = ±5.25 V) 

Input Voltage, Low Logic State Vlb 
(VID = 40 mV, Vref = 20 mV, VinS = 0.8 V, VL = +5.25 V, 
Vs = ±4.75 V,IL =<250/lA) 

Input Voltage, High Logic State VIH 
(VID ~ 40 mV, Vref = 20 mV, VinS = 2.0 V, IL = 20 mA, 
Vs = +4.75 V, Va = <0.4 V) 

Input Current, Low Logic Sta,e IlL 
(VID= 40 mV, Vref = 20 mV, VinS = 0.4 V, Vs = +5.25 V) 

Input Current, High Logic State IIH 
(VID = 0 V, Vref = 20 mV, VinS = 24 V, Vs = ±5.25 V) MC5534, MC5535 

MC7534, MC7535 

Output Voltage, Low Logic State VOL 
(VID = 40 mV, Vref = 20 mV, VinS = 2.0 V, I L = 20 mA, Vs ~ ±4.75 V) 

Output Leak age Current 10H 
(VID = 40 mV, Vref = 20 mV, VinS = 0.8 V. VL = 5.25 V, Vs = ±4.75 V) 

VCC Supply Current ICC 
(VID = VinS = 0 V, Vref = 20 mV, Vs = ±S.25 V) 

VEE Supply Current lEE 
(VID = VinS = 0 V, Vref = 20 mV, Vs = ±S.25 V) 

<D For OOC.;; T A';; 700 C operation., electrical characteristics for MC5534 and 
MC5535 are guaranteed the same as MC7534 and MC7535 respectively. 

@ Positive current is defined as current into the referenced pin. 

@ Pin 1 to have ;;'100 pF capacitor connected to ground. 

MC5534 G) # MC7534# 
MC5535 MC7535 

Min Typ Max Min Typ Max Unit 

mW 
10 15 11 15 

8.0 8.0 

35 40 36 40 
33 33 

15 20 15 19 
22 22 

40 45 40 44 
47 47 

/lA 
30 100 30 75 

/lA 
0.5 0.5 

V 
0.8 0.8 

V 
2.0 2.0 

mA 
-1.0 -1.6 -1.0 -1.6 

5.0 40 /lA 
0.02 1.0 mA 

V 
0.25 0.40 0.25 0.40 

/lA 
0.01 250 0.01 250 

mA 
28 38 28 38 

mA 
-13 -18 ··13 -18 

# Tlow = -550 C fo~ MC5534, MC5535, OOC for MC7534, MC7535 

Thigh = +1250 C for MC5534, MC5535, +700 C for MC7534, MC7535 

SWITCHING CHARACTERISTICS (VCC = +5.0 V ±5%, VEE = -5.0 V ±5%, TA = +250 C unless otherwise noted.) 

Characteristic 

AC Common-Mod_e Input Firing Voltage 
(Vref = 20 mV, VinS = 5.0 V) 

Propagation Delay Time, Differential Input to Logic "I" Output 
(Vref = 20 mV) 

Propagation Delay Time, Differential Ir)put to Logic "0" Output 
(Vref = 20 mV) 

Propagation De.lay Time, Strobe Input to Logic "I" Output 
(Vref = 20 mV) 

Propagation Delay Time_ Strobe Input to Logic "0" Output 
(Vref = 20 mV) 

Overload Recovery Time, Differential Input 

Overload Recovery Time, Common-Mode Input 

Minimum Cycle Time 

Symbol 

VCMF 

tPLHD 

tPHLD 

tPLHS 

tPHLS 

tRD 

tRCM 
t(min) 

MC5534 
MC5535 

Min Typ 

±2.5 

24 

20 

16 

10 

10 

5.0 

200 

MC7534 
MC7535 

Max Min Typ Max Unit 

V 
±2.5 

24 

40 20 40 

16 

30 10 30 

10 

5.0 

200 

@ MOTOROLA SenJiconductor Products Inc. _______ ....J 
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ORDERING INFORMATION 

Device 
MC5538L' 
MC5539L 
MC7538L 
MC7538P 
MC7539L 
MC7539P 

Temperature Range 
-55°C to +125°C 
-55OC to +125°C 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Package 
Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

DUAL SENSE AMPLI FIE RS 
WITH PREAMPLIFIER TEST POINTS 

AND INVERTED OUTPUTS 

This dual sense amplifier js designed for use with high-speed 
memory systems. low level pulses originating in the memory are 
converted to logic levels compatible with MDTl and MTTl circuits. 
These devices are identical to MC5528/MC7528 with the .exception 
of the inverted outputs. 

• Adjustable Threshold Voltage levels 

• High-Speed, Fast Recovery Time 

• Time and Amplitude Signal Discrimination 

• High dc logic Noise Margin 
1.0 Volt typ 

• Good Fan-Out Capability 

• Independent Strobing 

• Separate logic Outputs 

• Test Points Available for Strobe Timing 

• Inverted Outputs to Accomodate Wired-OR Outputs of 
Several Sense Amplifiers 

SCHEMATIC DIAGRAM 

5-260 

MC7538, MC5538 
MC7539, MC5539 

DUAL HIGH-SPEED 
SENSE AMPLIFIER 

WITH 
PREAMPLIFIER TEST POINTS 

AND 
INVERTEDOUTPUTS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFiX 

CERAMIC PACKAGE 

CASE 620 

P SUFFIX 

PLASTIC PACKAGE 

CASE 648 

(MC7538 and MC7539 only), 

TEST TEST 
POINT STROBE OUTPUT OUTPUT STROBE POINT 

Vcc A A A B B B GND 

DIFFERENTIAL REFERENCE DIFFERENTIAL 
INPUT A INPUT INPUT B 
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MC7538, MC7539, MC5538, MC5539 

I 

MAXIMUM RATIIliGS ITA =, +250 C \lnless otherwise noted.') 

Rating 

Power Supply Voltage 

Differential Input Voltages 

Power Dissipation 
Derate above T A = +250 C 

Operating Ambient Temperature Range 

MC5538, MC5539 
MC7538, MC7539 

Storage Temperature Range 

Symbol Value 

VCC +7.0 

VEE -7.0 

Yin or Vref ±5.0 

PD 575 
3.85 

TA 

-55 to +125 
o to +70 

T stg -55 to +150 

ELECTRICAL CHARACTER ISTICS (VCC = +5.0 V ±5%, VEE = -5.0 V ±5%, TA = Tlow# to Thigh# unless otherwise noted.) 

MC~~a:5~ fI 
Characteristic Symbol Min Typ Max Min 

Differential Input Threshold Voltage (VinS = +5.0 V, V.ID = ±Vth) Vth 
CVref = 15 mY, VL = +5.25 V, IL <250"A) MC5538, MC7538 10 15 11 

MC5539, MC7539 8.0 8.0 

(Vref = 40 mY, VL = +5.25 V, lL < 250,uA) MC5538, MC7538 35 40 36 
MC5539, MC7539 33 33 

(Vref = 15 mY, IL = 120 mA, VL <0.4 V) MC5538, MC7538 V- 15 20 
MC5539, MC7539 22 

(Vref = 40 mY, IL = +20 rnA, VL <0.4 V) MC5538, MC7538 40 45 
MC5539, MC7539 47 

Differential and Reference I nput Bias Current liB 
(VID = Vref = 0 V, VinS = +5.25 V, Vs = ±5.25 V) 30 100 ' 

Differential Input Offset Curreril IIOD 
(VID'= Vref = 0 V, VinS = +5.25 V, Vs = +5.25 V) 0.5 

Input Voltage, High Logip State VIH 
(VID = 40 mY, Vref = 20 mY, VinS = +2.0 V, I L = '20 mA; 2.0 2.0 
Vs = +4.75 V, VL <0.4 V) 

Input Voltage, Low Logic State VIL 
(VID = 40 mY, Vref = 20 mY, VinS = +0.8 V, VL = +5.25 V, 0.8 
Vs = +4.75 V, IL <: 250"A) 

Input Current, High Logic State IIH 
(VID = 0 V, Vref = 20 mY, VinS = 2.4 V, Vs =±5.25 vr MC5538, MC5539 5.0 40 
(VID = 0 V, Vref = 20 mY, VinS = +5.25 V, MC753B, MC7539 
Vs = +5.25 V) 

Input Current, Low Logic State IlL 
(VID = 40 mY, Vref = 20 mY, VinS = 0.4 V, Vs = +5.25 V) -1·0 -1.6 

Output Voltage, Low Logic State VOH 
(VID = 40 mY, Vref = 20 mV, VinS = 2.0 V, IL = 20 rnA, Vs = +4.75 V) 0.25 0.40 

VCC Supply Current ICC 
(VID = VinS = 0 V, Vref = 20 mV, Vs = +5.25 V) 28 38 

VEE Supply Current lEE 
(VID = Vin~ = 0 V, Vs = ±5:25 V) -13 -18 

Units 

Vdc 
Vdc 

Vdc 

mW 
mWoC 

°c 

°c 

MC7538f1 
MC7539 

Typ Max Unit 

mV 
15 

40 

15 19 
22 

40 44 
47 

"A 
30 75 

"A 
0.5 

V 

V 
0.8 

"A 
0.02 1.0 mA 

mA 
-1.0 -1.6 

V 
0.25 0.40 

mA 
28 38 

mA 
-13 -18 

<D For ooC <;;TA<;; 700 C operation, electrical characteristics for MC5538 and /I Tlow = -55°C for MC5538, MC5539; OOC for MC7538, MC7539 
MC5539 are guaranteed the same as MC7538 and MC7539 respectively. Thigh = +125 0 C for MC5538, MC5539; +700 C for MC7538, MC7539 

SWITCHING CHARACTERISTICS (VCC = +5.0 V ±5%, VEE ~ -5.0 V ±5%, TA = +25 0 C unless otherwise noted.) 

Characteristic 

AC Common· Mode Input Firing Voltage 
(Vref = 20 mY, VinS = 5.0 V) 

Propagation Delay Time, Differential I npu't to Logic "1" Output 
(Vref = 20 mVI 

Propagation Delay Time, Differential Input to Logic "0" Output 
(Vref = 20 mY) . 

Propagation DelaY-Time, Strobe Input to Logic "1" Output 
(Vref = 20 mY) 

Propagation Delay Time, Strobe Input to Logic "0" Output 
(Vref = 20 mY) 

Overload Recovery Tim!" Differential Input 

Overload Recovery Time, Common-Mode Input 

Minimum Cycle Time 

® Positive currllnt is defined as current in;o the referenced pin. 

Symbol 

VCMF 

tpLHD 

tPHLD 

tpHLS 

tPHLS 

tRD 

tRCM 
t(min) 

MC5538 MC7538 
MC5539 MC7539 

Min Typ Max Min Typ Max 

±2.5 ±2.5 

24 24 

28 40 20 40 

16 16 

10 30 10 30 

10 10 

5.0 5.0 

200 200 

@ Pin 1 to have ~100 pF capacitor connected to ground. 

@ Each test point to have :S15 pF capacitive load to ground. 

@ MOTOROI.A Sen>iconductor Products Inc. 
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Unit 

V' 

ns 

ns 

• 
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ORDERING INFORMATION 

Device 

MCST13L 
MC8T13P 
MC8T23L 
MCST23P 

Temperature Range 

OOC to + 75°C 
O°C to +75°C 
O°C to +75°C 
O°C to +75°C 

Package 

Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

DUAL LINE DRIVERS 

The MC8T13 and MC8T23 are designed to drive transmission 
lines with impedances of 50 n to 500 n. The MC8T23 specifically 
meets all of the input/output requirements of the IBM System 
360/System 370 specifications (18M Specification GA 22-6974-0). 

• High Output Drive Capability -
10 = -75 rnA (Min) @ Vo = 2.4 V - MC8T13 
10 = -59.3 rnA (Min) @Vo = 3.11 V - MC8123 

• High Speed Operation -
tPU-I = tpHL = 20 ns (Max) with 50 n Load 

• MTTL and MDTL Compatible Inputs 

• Uncommitted Emitter Output Structures Permit Party-Line 
Operation 

• Designed to Operate with MC8T14 or MC8T24 Line Receivers 

• Outputs are Short-Circuit Protected 

• Equivalent to SN75121 and SN75123 Respectively. 

1/2 MC8T13 
or 

1/2 MC8T23 

TYPICAL APPLICATION 

1/3 MC8T14 
or 

1/3 MC8T24 
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MC8T13 
MC8T23 

DUAL LINE DRIVERS 
SILICON MONOLITHIC 

INTEGRATED CIRCUIT 

16 

r~~ (top view) 
~"~"'~~) 
1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN CONNECTIONS 

TRUTH TABLE 

All Other 
Combinations 

H = High Logic State 

L = Low Logic State 
X. = I rr,levant 

Output 

H 
H 



MC8T13, MC8T23 

MAXIMUM RATI NGS (T A = +250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage VCC 7.0 Vdc 

Input Voltage VI 5.5 Vdc 

Output Voltage Vo 7.0 Vdc 

Power Dissipation @ T A = +250 C Po 1000 mW 

Derate above 25°C 6.7 mW/oC 

Operating Ambient Temperature Range TA o to +75 °c 

Storage Temperature Range T stg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75 V ~VCC ~5.25 V and OoC ~T A ~ 75°C) 

MC8T13 MC8T23 

Characteristics Symbol Min Typ Max Min Typ Max Unit 

Input Voltage - Low Logic State VIL - - 0.8 - - 0.8 V 

Input Voltage - High Logic State VIH 2.0 - - 2.0 - - V 

Input Current - Low Logic State IlL -0.1 - -1.6 -0.1 - -1.6 rnA 

(VIL = 0.4 V) 

Input Current - High Logic State 
(VIH = 4.5 V) IIH1 - - 40 - - 40 IJA 

(VIH = 5.5 V, Vec = 5.0 V) IIH2 - - 10 - - 10 rnA 

Input Clamp Voltage VI (clamp) - - -1.5 - - -1.5 V 

(II = -12 rnA, VCC = 5.0 V) 

Output Voltage.- High Logic State 

(VIH = 2.0 V, 10H = -75 rnA) VOH1 2.4 - - - - - V 

(VCC = 5.0 V, VIH = 2.0 V, 10H = -59.3 rnA) VOH2 - - - 2.9 - -
(TA = 250 e) - - - 3.11 - - V • Output Current - High Logic State 10H -100 - -250 -100 - -250 rnA 

(VIH = 4.5 V, VCC = 5.0 V, Vo = 2.0 V, TA = 25°C) 

Output Current - Low Logic State 
(VIL = 0.8 V, '(0 = 0.4 V) IOL1 - - -800 - - - IJA 

(VIL = 0.8 V, Vo = 0.15 V) IOL2 - - - - - -240 IJA 

OutputReverse Leakage Current - Low Logic State 
(VIL = 0 V, Vo = 3.0 V) IOR1 - - 80 - - - IJA 

(VIL ",-0 V;VO = 3.0 V, VCC = 0 V) IOR2 - - 500 - - 40 IJA 

Output Short-Circuit Current lOS - - -30 - - -30 mA 

(VIH = 4.5 V, VCC = 5.0 V, Vo = 0 V, TA = 25°C) 

Power Supply Currents 
(\0 = OmA) 

Outputs - Low Logic State, V I L = 0.8 V ICCL - - 60 - - 60 mA 

Outputs - High Logic State, VIH = 2.0 V ICCH - - 28 - - 28 mA 

SWITCHING CHARACTERISTICS (VCC = 5.0 V, TA = 25°C unless otherwise noted.) Figure 1 

MC8T13 MC8T23 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Propagation Delay Time - Low to High Level Output tpLH ns 

(RL=37n,CL= 15pF) - 11 20 - - -
(RL = 37 n, CL = 1000 pF) - 22 50 - - -
(RL = 50 n, CL = 15 pF) - - - - 12 20 
(RL = 50n,cL = 100pF) - - - - 20 35 

Propagation Delay Time - High to Low Level Output tPHL ns 

(RL = 37n, CL = 15pF) - 8.0 20 - - -
(RL = 37 n, CL = 1000pF) - 20 50 - - -

(RL = 50n,cL = 15pF) - - - - 12 20 
(RL = 50 n, CL = 100 pF) - - - - 15 25 
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MC8T13, MC8T23 

To Scope 
(Input) 

Pulse 
Generator 

VCC 

. ,"p"~l 
Gnd 

01 

FIGURE 1 - SWITCHING TEST CIRCUIT AND WAVEFORMS 

To Scope 
(Output) 

Output 

VOL ----1---1 

'CL Includes Jig 
Capacitance 

FIGURE 2 - REPRESENTATIVE SCHEMATIC DIAGRAM 
(1/2 Shown) 

Rl R2 

250 

R3 R5 

011 

FIGURE 3 - TYPICAL OUTPUT CURRENT 
versus OUTPUT VOLTAGE 
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5·264 

Input Pulse Width 
200 ns. 50% Duty Cycle 

Rll 

~--+---4----o Output 



ORDERING INFORMATION 

Device 

MC8T14L 
MC8T14P 
MC8T24L 
MCST24P 

Temperature Range 

O°C to +75°C 
O°C to +75°C 
O°C to +75°C 
O°C to +75°C 

Package 

Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

TRIPLE LINE RECEIVERS WITH HYSTERESIS 

... specifically designed to meet the input/output specifications for 
IBM 360'/370 Systems (I BM specification GA 22-6974-0). Each 
receiver incorporates hysteresis to provide high noise immunity and 
also high input impedance to minimize loa~ing on the related driver. 

• Each Channel Can Be Independently Strobed 

• High Speed ~ tPLH = tPHL = 20 ns 

• Input Gating Provided on Each Line 

• Operates on a Single +5.0 V Power Supply 

• Fully Compatible with MTTL or MDTL Logic Systems 

• Input Hysteresis Results in High Noise Immunity 

1/2 MC8T13 
or 

1/2 MC8T23 

TYPICAL APPLICATION 

VCC 1/3 MC8T14 
or 

1/3 MC8T24 
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MC8T14 
MC8T24 

TRIPLE LINE RECEIVERS 
WITH HYSTERESIS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

16 

r==] (top view) 
~T 

- ..... . 

LSU"'X ~ 
CERAMIC PACKAGE ~rrl~ ~ 

CASE 620 

Gate 
Input 1A 

Gate 
Input 2A 

Receiver 
I "-put 8 

Strobe 
Input 8 

Gate 
Input 18 

Gate 
Input 28 

Output 
8 

Gnd 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN CONNECTIONS 

TRUTH TABLE 

Inputs Output 

Receiver Strobe Gate 1 Gate 2 

x X H 
L H X 
H X L 
X L L 
H X X 
X L X 

Where: 
L = Low Logic State 
H = High Logic State 
X = Don't Care 

H L 
X L 
X H 
X H 
L H 

L H 

• 
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MC8T14,MC8T24 

MAXI MUM RA TI NGS (T A - 25°C unless otherwise not~d I -
Rating Symbol Value Unit 

Power Supply Voltage Vr.r. 7.0 Vdc 

Receiver Input Voltage Vj(RI 7.0 Vdc 
(VCC = 0) 6.0 

Strobe or Gate Input Voltage VIISI or IGI 5.5 Vdc 

Output Voltage Vo 7.0 Vdc 

Output Current 10 t100 mA 

Power Dissipation (Package Limitation) Po 
Ceramic Package 1000 mW 

Derate abOve 25°C 6.7 mW/oC 

Plastic Package B30 mW 
Derate above 25°C 6.7 mW/oC 

Junction Temperature TJ °c 
Ceramic Package 175 
Plastic Package 150 

Operating Ambient Temperature Range TA o to +75 °c 

Storage Temperature Range TstQ -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75";; Vce ..;; 5.25 V and OOC ..;; T A";; 75°C) 

MC8T14 MC8T24 

Cheracteristic Symbol Min Typ Max Min' Typ Max Unit 

Gate or Strobe Input Voltage -'- High Logic State VIH(G) or (51 2.0 - - 2.0 - - V 

Gate or Strobe Input Voltage - Low Logic State V,UG) or (S) - - O.B - - O.B V 

R~eiver Input Voltage - High Logic State VIH(R) 2.0 - - 1.7 - - Vdc 

Receiver Input Voltage - Low Logic State VIL(R) - - O.B - - 0.7 Vdc 

Receiver Input Hysteresis (1) VH(R) 0.3 0.5 - 0.2 0.4 - V 

(Vec = 5.0 V, TA = 2SoC, VIUG) = 0, VIH(S) '= 4.5 V) 

Input Clamp Voltage V!C(G} or (S) - - 1.5 - -' 1.5 V 

(Vec = 5.0 V, T A = 250 C, II '= -12 rnA) (Strobe or Gate Inputs) 

Input Breakdown Voltage VI(G) or (5) 5.5 - - 5.5 - - V 

(Vec = 5.0 V, i I = lOrnA) (Strobe or Gate Inputs) 

Receiver Input Current - High Logic State IIH(R) rnA 

(VIH(R) = 3.S V) - - 0.17 - - -
(VIH(R) = 3.11 V) - - - - - 0.17 

(VIH(R) = 7,0 V) I - - - - - 5.0 

(VIH(R) = 6.0 V, VCC = 0 V) - - - - - 5.0 

Gate or Strobe Input Current - High Logic State IIH(G) or (S) JlA 

(VIH(S) = 4.5 V, VIH(R) = 3.11 V) - - 40 - - 40 

(VIH(G) = 4.5 V) - - 40 - - 40 

Gate or Strobe Input Current - Low Logic State IIUG)or (S) -0.1 - -1.6 -0.1 - -1.6 mA 

(VIL(G) or (S) = 0.4 V, VILlR) = 0 V) 

Ou-tput Voltage - High Logic State VOH V 

(VIH(R) = 2.0 V. VIH(S) = 2.0 V, VIL(GI = O.B V, 10H = -BOOJlAl 2.6 3.5 - - - -
(VIH(RI = O.S V. VIL(SI = O.S V, VIL(GI = O.S V, 10H = -SOOIlAl 2.6 3.5 - - - -
(VIH(A) = 1.7 V, VIH(S) = 2.0 V,VIUG) = O.S V,IOH = -BOOIlAI - - - 2.6 3.4 -
(VIH(R) = 0.7 V, VIL(S) = O.S V. VIL(GI = Q.SV, 10H = -SOOJlAl - - - 2.6 3.4 -

Output Voltage - Low LlJgic State VOL V 

(VIL(A) = O.S V, VIH(SI = 2.0 V, VI'UGI = O.S V, 10L = 16 mAl - - 0.4 - - -
(VIL(A) = 0.8 V, VILIS) = 0.8 V, VIH(G) = 2.0 V, 10L '= 16 rnA) - - .0.4 - - -
(V'LlA) = 0.7 V, VIH(S) = 2.0 v. VIL(GI = 0.8 V, 10L = 16 mAl - - - - / - 0.4 

(VIL(AI = 0.7 V, VIL(S) = 0.8 V, VIH(G) = 2.0 V, 10L '= 16 rnA) - - - - - 0.4 

Output Short-Circuit Current (2) . lOS mA 

(V'H(R) = 3.8 V, VIL(G) = 0 V, VIL(S) = 0, VCC = 5.0 V,'TA = 25°C) -50 - -100 - - -
(VIH(R) = 3.11 V, VIL(GI = 0 V, VIL(S) = 0 V, VCC = 5.0 V, T A = 250 C) - - - -50 - -100 

Power Supply Current ICC - 60 72 - 60 72 mA 

(Vec = 5.25 V, T A = 25°C) 

(1) The Input Hysteresis is defined as the difference the input voltage at which the output begins to go from the high logic state to the low logic 
state and the input voltage which causes the output to begin to go from the low logic state to the high logic state. 

(2) Only one output may be shorted at a time. 
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MC8T14,MC8T24 

SWITCHING CHARACTERISTICS (VCC = 5.0 V. T A = 250 C unless otherwise noted.! 

MC8T14. MC8T24 

Parameter Symbol Min Typ Max 

Propagation Delay Time - Receiver Input to High Logic State Output tPLH(R) - 20 30 

Propagation Delay Time Receiver Input to Low Logic State Output tPHL(R) - 20 30 

Propagation Delay Time Stroqe Input to High Logic State Output tPLH(S) - - -
Propagation Delay Time Strobe Input to Low Logic State Output tPHL(S) - - -

Propagation Delay Time Gate Input to High Logic State Output tPLH(G) - - -
Propagation Delay Time Gate Input to Low Logic State Output tPHL(G) - - -

FIGURE 1 - RECEIVER PROPAGATION DELAY TIMES lpLH(RI and lpHL(R) TEST CIRCUIT AND WAVEFORMS 

. Pulse 
Generator 

To Scope 
(Output) '2.6 V 

'--_______ -J5.O k 

1N916 
or equiv 

15 pF 

84.5 n Input 

o 
VOH----~~---~--------~--~ 

Output 

VOL ------if-oJ 

Input Pulse Width = 200 ns 

_ Duty Cycle = 50% 

FIGURE 2 - GATE AND STROBE PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 

To Scope +5.0 V 
To Scope (Gate) 
(Strobe) 

Pulse 
Generator 

To Scope 
(Output) 

2.6 V 

1N916 84.5 
or equiv 

'--_...-:. ______ ...l 5.0 k 15 pF 

Strobe 
Input 

OV 

Gate 
Input 

OV 

VOH 
Output 

VOL 
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Input Pulse Width = 200 ns 

Duty Cycle = 50 ns 

tTLH = tTHL " 5.0 ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

• 



• 
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McaTJ 4,MCaT24 

5.0 

~ 4.0 
o 
~ 

~ 3.0 
:; 
o 
> 
~ 2.0 
l
=> o 

~ 1.0 

a 

FIGURE 3 - TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTIC 

. WOR~T.CASk TA ~ 250 C 
VCC = 5.0 V -

SPECI FlED .....- r--.. H~~T: ~~SIS = _ THRESHOLD _ 
_LIMITS - I--V2 - -:::;;rVl 

MC8T24 

o 0.5 0.7 1.0 1.5 1.7 2.0 2.5 

VI,INPUTVOLTAGE (VOLTS) 

FIGURE 4 - HYSTERESIS TEST CIRCUIT 

VCC= 5.0 V 

4 
16 

11 

15 

5 

6 

12 

1 

2 

3 
14 

10 

7 

9 

Curve Tracer 
Receiver Tektronix 575 or equlv 

1---------, Inputs 

~----~----------~C 

0.33 
f.J.F 

1.0 
f.J.F 

B 

t-----+-----+-+-+-+-----+---~E 

REPRESENTATIVE CIRCUIT SCHEMATIC 

Receiver Input 
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Gate 
Inputs. 
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ORDERING INFORMATION 

Device 

MC55107L 
MC55108L 
MC75107L 
MC75107P 
MC75108L 
MC75108P 

Temperature Range 

-55°C to + 125°C 
-55°C to + 125°C 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

DUAL LINE RECEIVERS 

Package 

Ceramic DIP 
Ceramic DIP 
Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

The MC55107/MC75107 and MC5510S/MC751OS are MTTL compatible dual 

line receivers featuring independent channels with common voltage supply and 

ground terminals. The MC55107/MC75107 circuit features an active pull·up 

(totem·pole) output. The MC551 OS/MC7510S circuit feature.s an open·collector 

output configuration that permits the Wired·OR logic connection with similar 

outputs (such as the MC5401/MC7401 MTTl gate or additional MC5510S1 

MC7510S receivers). Thus a level of logic ,is implemented without extra delay. 

The MC55107/MC75107 and MC55108/MC75108 circuits are designed to 

detect input signals of greater than 25 mfllivolts amplitude and convert the po

larity of the signal into appropriate MTTL compatible output logic levels. 

• High Common-Mode Rejection Ratio 

• High Input Impedance 

• High Input Sensitivity 

• Differential Input Common-Mode Voltage Range of :±c3.0 V 

• Differential Input Common·Mode Voltage of More Than:±c 15 V 
Using Ex ternal A ttenuatof 

• Strobe Inputs for Receiver Selection 

• Gate Inputs for Logic Versatility 

• MTTL or MDTL Drive Capability 

• High DC Noise Margins 

CIRCUIT SCHEMATIC 
VCCO-~~~~~--~----~------~------~~--~ 

14 

850 850 186 4k 

Components shown with dashed lines are applicable to the I\I1C55107 and MC75107 only. 
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MC75101· MC55107 
MC15108 MC55108 

DUAL LINE RECEIVERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 

- ,.. 
L SUFFIX P SUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 

TO-116 

Vee VEE 

INPUTS 

18 

DIFFERENTIAL 
INPUTS 

A·S 

VIO··25mV 

CASE 646 

(MC75107 MC75108 only) 

00TPUT STROBE 
2 v 2G 

OUTPUT STROBE STROBE. 
1G S 

TRUTH TABLE 

STROBES 

G S 
OUTPUT 

y 

-25 mV "' V10 ~ 25 mVI---=--t--=-:':"H-.-+-:-'N':"'O:-ET::-E--R-M-'N-A-:-lTE 

VID""-,25 mV 

• 
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MAXIMUM RATINGS (TA = Tlow'to Thigh' unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltages VCC +7.0 Vdc 
VEE -7.0 

Differential·Mode Input Signal Voltage Range VID .:!:6.0 Vdc 

Common-Mode Input Voltage Range VICR +5.0 Vdc 

Strobe Input Voltage V,IS) 5.5 Vdc 

Power Dissipation (Package Limitation) Po 

Plastic and Ceramic Dual-In-Line Packages 625 mW 

Derate above TA = +250 C 3.85 mW/oC 

Operating Ambient Temperature Range TA °c 
MC55107, MC55108 -55 to +125 
MC75107, MC75108 o to +70 

Storage Temperature Range Tstg -65 to +150 °c 

RECOMMENDED OPERATING CONDITIONS 
MC55107, MC55108 MC75107, MC75108 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Power Supply Voltages VCC +4.5 +5.0 +5.5 +4.75 +5.0 +5.25 Vdc 
VEE -4.5 -5.0 -5.5 -4.75 .,5.0 -5.25 

Output Sink Current lOS -16 - -16 rnA 

Differential-Mode I nput Voltage Range VIDR -5.0 +5.0 -5.0 - +5.0 Vdc 

Common-Mode Input Voltage Range V,CR -3.0 . +3.0 -3.0 _. +3.0 Vdc 

Input Voltage Range, any differential input to ground VIR -5.0 +3.0 -5.0 +3.0 Vdc 

Operating Temperature Range TA -55 _. +125 0 - +70 °c 
DEFINITIONS OF INPUT lOGIC lEVELS 

Characteristic Symbol Test Fig. Min Max Unit 

High-Level InputVoltage (between differential inputs) V,DH 1 0.025 5.0 Vdc 

Low-Level Input Voltage (between differential inputs) VIOL 1 -5.0t -0.025 Vdc 

High-Level Input Voltage (at strobe inputs) V'H(S) 3 2.0 5.5 Vdc 

Low-Level Input Voltage (at strobe inputs) V,USI 3 0 0.8 Vdc 

tThe algebraic convention, where the most positive limit is designated maximum, is used with Low-Level Input Voltage Level (VIOL) 

ELECTRICAL CHARACTERISTICS (T A = Tiow ' to Thigh' unless otherwise noted) 

MC55107,MC75107 MC55108,MC75108 
'Characteristic Symbol Test Fig. Min TyPJII Max Min TypJII Max Unit 

High-Level Input Current to lA or 2A Input IIH 2 30 75 - 30 75 itA 
(VCC = Max, VEE = Max, VID = 0.5 V, V'C = -3.0 V -
to +3.0 V) :j: 

Low-Level Input Current to lA or 2A Input 'lL 2 - - -10 - - -10 ,itA 
(VCC = Max, YEE = Max, VID = -2,0 V, V'C = -3.0 V 
to +3.0 V) :j: 

High-Level I npu t Cu rrent to 1 G or 2G I ripu t I'H 4 
(VCC = Max, VeE = Max, V'H(S) = 2.4 V):j: - - 40 - - 40 itA 
(VCC = Max, VeE = Max, VIH(S) = VCC Maxl:j: - - 1.0 - - 1.0 mA 

Low-Level Input Current to 1G or 2G Input ',L 4 rnA 
(VCC = Max, VeE = Max, V, LCS) = 0.4 V):j: - - -1.6 - - -1.6 

High-Level Input Current to S Input "H 4 
(VCC = Max, VEE = Max, VIH(S) = 2.4 V):j: - - 80 - - ·80 IJA 
(VCC = Max, Vee = Max, V'H(S) = VCC Max):j: - - 2.0 - - 2.0 mA 

Low-Level Input Current to S Input ',L 4 - - -3.2 - - -3.2 mA 
(VCC = Max, Vee = Max, VIL(S) = 0.4 VI:/: ! 

High-Level Output Voltage VOH 3 V 
(VCC =.Min, Vee = Min, I load = -400IJA, 2.4 - - -. - -
Vie = -3.0 V to +3.0 V):j: 

Low-Level Output Voltage VOL 3 V 
(Vec = Min, Vee = Min, Isink = 16 mA - - 0.4 - - 0.4 
V'C = -3.0 V to +3.0 V):j: 

High-Level Leakage Current ICEX 3 IJA 
(VCC" Min, Vee = Min, VOH = VCC Maxl:j: - - - - - 250 

Short-Circuit Output Current '1/ '1/ 'osc 5 mA 
(VCC = Max, VEE = Max):j: -18 - -70 - - -

High Logic'Level SupplV Current from VCC ICCH 6 mA 
(VCC = Max, VeE = Max, V,D = 25 mV, TA = +2S0C):j: - 18 30 - 18 30 

High LogiC Level Supply Current from Vee leEH 6 0 -8.4 -15 0 8.4 -15 mA 

(VCC = Max, Vee = Max, VID = 25 mV, TA = +250 Clt 

:tfor conditions,hown as Min or Max, use the appropriate value specified under recommended operating conditions for the applicable device. tYpe. 
#AII typical value. are at VCC = +5.0 V, VEE = -5.0 V, TA = +250 C. 
, 'Not more than one output .hould be shorted at a time. 
°Tlow = 55°C for MC55107 and MC55108, Thigh = +1250C for MC55107 and MC55108 

= 0 for MC75107 and MC75108 = + 70°C for MC75107 and MC75108 
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MC75107, MC55107, MC75108, MC55108 

SWITCHING CHARACTERISTICS (VCC ~ +5.0 V. VEE .~ -5.0 V. T A c_ -t250C) 

Characteristic 

Propagation Delay Time, low·ta-high level from 
differential inputs A and B to output 

(Rl = 390 n, Cl = 50 pF) 
(RL = 390 n, CL = 15 pF) 

Propagation Delay Time, high·to·low level from 
differential inputs A and B to output 

(Rl = 390 n, Cl = 50 pF) 
(RL = 390 n, CL = 15 pF) 

Propagation Delay Time, low-to-high level, from strobe 
input G or S to output 

(Rl =' 390 n, CL = 50 pF) 
(Rl = 390 n, Cl = 15 pF) 

Propagation Delay Time, high-to-Iow level, from strobe 
input G or S to output 

(RL = 390 n, CL = 50 pF) 
(RL = 390 n, CL = 15 pF) 

FIGURE 1 - VII)H and VIOL 

VCC 2G 

v8
see r No," 

VIC 

! 

NOTE: When testing one channel. the inputs of 
the other channel are grounded. 

Symbol Test Fig. 

tPlH(D) 7 

tpHL(D) 7 

tPlH(S) 7 

tPHl(S) 7 

TEST CIRCUITS 

MC55107 ,MC75107 MC55108,MC75108 
Min Typ Max Min Typ Max Unit 

- 17 25 - - -
- - - - 19 25 

- 17 25 - - -
- - - - 19 25 

- 10 15 - - -
- - - - 13 20 

- 8.0 15 - - -
- - - - 13 20 

FIGURE 2 - IIH and IlL 

NOTE: Each pair of differential inputs is tested 
separately. The inputs of the other pair 
are grounded 

ns 

ns 

ns 

ns 

FIGURE 3 - VIH(S). VIL(S). VOH, VOL. and IOH 

VIH(S)~ See Test 
VIL(S) Table 

Vwo r. See Test 

~ Table 

VIC 

lG 

S 

2G 

I 
2BI I 

L _____ ~;;;---J 

Isink. 'CEX 
~ 

--+ 
'load 
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Vo 

1 

TEST TABLE 

MC55107 I MC55108 
MC75107 MC75108 V'O STROBE lG or 2G STROBE S 

TEST APPLY 

VOH I 'CEX +25 mV V'H(S) V'H(S) 

VOH 1 'CEX _ -25 mV ViLIS) V'H(S) 
VOH I 'CEX -25 mV V'H(S) ViLIS) 

VOL 1 VOL -25mV V'H(S) V'H(S) 

NOTES: 1. VIC = -3.0 V to +3.0 V. 

2. When testing One channel, the inputs of the other channel 
should be grounded. 

• 
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MC751.07, MC55107, MC75108, MC55108 

TEST CIRCUITS (continued) 

FIGURE 4 - 'IHIG). IlLIG). IIHIS).and IILIS) 

See 
Test 
Table 

VIH(S)J 

VIL(S) . 

TEST 

--IIL(S) 

II H at Strobe 1 G 

IIH at Strobe 2G 

II H at Strobe S 

II L at Strobe 1 G 

II L at Strobe 2G 

II L at Strobe S 

FIGURE 5 - lOS 

See 
Test 
Table 

INPUT 1A 

+25 mV 

Gnd 

+25 mV 

-25 mV 

Gnd 

-25 mV 

NOTES: 1. Each channel is tested separately. 

1G 

S 

2G 

Vee 

INPUT2A STROBE 1G 

Gnd VIH(S) 

+25 mV Gnd 

+25 mV Gnd 

Gnd VIL(S) 

-25 mV Gnd 

-25 mV 4.5 V 

2. Not more than one output should be tested at one time. 
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VEE 

I OPEN 
I 
I 
I 
I 
12Y 

OPEN 

STROBE S STROBE 2G 

Gnd Gnd 

Gnd VIH(S) 

VIH(S) Gnd 

4.5 V Gnd 

4.5 V VIL(S) 

VIL(S) 4.5 V 

FIGURE 6 - ICC and lEE 



DIFFERENTIAL 
INPUT 

TEST CIRCUITS (continued) 

FIGURE 7 - PROPAGATION DELAY TIME TEST CIRCUIT 
AND WAVEFORMS 

VCC 

390 

390 

OUTPUT 
MC55107 
MC75107 

See Note 4 

STROBE 
INPUT --------~~----~~--~ 

See Note 2 15PF 

,:,S88 Note ~ 

IN':-UT ..~ 100mV . --J1 .~~.... ~'I--___ .J 

STROBE 
INPUT 
GarS 

I .I 
t-- tpl ---I 
I I 
I I 
I I 
I I 
I I 
I ~ t-- tpHL(D) 

1.S V 

':' 

___________ 200 mV 

OV 

tp2---.:.----f 

'3V 

OV 
tpLH(D) ..., t-- I I 

OU~UT· ~;5:LH(51-i f~1'-5-v-----------'f::vL~~ 
~ .. -. ~~I------~ ~ VOL 

NOT~S: 1. The pulse generators have the following characteristics: zo; 50 n, tr; tf; l0.:tS ns, tpl ; 500 ns, PRR; 1 MHz 
tp2; 1 ms, PRR ; 500 kHz. 

2. Strobe input pulse is applied to Strobe 1G when Inputs 1 A-l B are being tested, to Strobe S when Inputs lA-1 B or 2A-2B 
are being tested, and to Strobe 2G when inputs 2A-2B are being tested. 

3. CL includes probe and jig capacitance. 

4. All diodes are 1N916 or equivalent. 

TYPICAL APPLICATION 

F.IGURE 8 - M05-TO·TTL TRANSLATOR 

+5 V 

1/2 MC75107 OR MC75108 

STROBES 

TRANSLATED 
D-+-Q---' DATA OUT 

I 



ORDERING INFORMATION 

Device 
MC75110L 
MC75110P 

Temperature Range 
O°C to +70°C 
O°C to +70°C 

DUAL LINE DRIVER 

Package 
Ceramic DIP 
Plastic DIP 

The MC75110 dual line driver features independent channels 
with common voltage supply and ground terminals. Each driver 
circuit provides a constant output current that switches to either 
of two output terminals subject to the appropriate logic levels at the 
input. terminals. Output current can be switched "off"'(inhibited) by 
appropriate logic levels at the inhibit inputs. Output current is 
nominally 12 mA. . 

The inhibit feature permits use in party-line. or data-bus applica
tions. A strobe or inhibitor, common to both drivers, is included to 
increase driver-logic versatility. With output current in the inhibited 
mode, IO(off}, is specified so that minimum line loading occurs when 
the driver is used in a party-line system with other drivers. Output 
impedance of the driver in inhibited mode is very high (the output 
impedance of a transistor biased to cutoff). 

All driver outputs have a commqn-mode voltage range of -3.0 volts 
to +10 volts, allowing common-mode voltage on the line without 
affEicting driver performance. 

• Insensitive to Supply Variations Over the Entire Operating Range 

• MTTL Input Compatibility 

• Current-Mode Output (12 mA typical) 

• High Output Impedance 

• High Common-Mode Output Voltage Range (-3.0 V to +10 V} 

.• Inhibitor Available for Driver Selection 

OUTPUTS 
VCC 1Y 12 

INHIBIT 
INPUT 

OUTPUTS 
VEE 0 22 2Y 

Me7S110 

DUAL LINE DRIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

TRUTH TABLE 

INHIBITOR 

LSUFFIX 
CERAMIC PACKAGE 

CASE 632 
(TO-116) 

LOGIC·INPl:tTS INPUTS OUTPUTS 

1A 1B 
LOGIC 
INPUTS 

1C 2C 
INHIBIT 
INPUTS 

2A 2B GND 
LOGIC 
INPUTS 

"-_?7L1 

A B C 0 y 

Lor H Lor H L Lor H H 

Lor H Lor H Lor H L H 

L Lor H H H L 

Lor H 'L H H L 

H H H H H 

Low output represents the "on" state. 
High output represents the "off" state. 

Z 
H 

H 

H 

H 

L 



MC75110 

( 

MAXIMUM RATINGS (TA = 0 to +700 C unless otherwise noted.! 

Ratings 

Power Supply Voltages 
(See Note 1) 

Logic and Inhibitor Input Voltages 
(See Note 1.) 

Common-Mode Output Voltage Range 
(See Note 1) 

Power Dissipation '(Package Limitation) 
Plastic and Ceramic Dual In-Line Packages 
Derate above T A = +250 C 

Operating Temperature Range 

Storage Temperature Range 
Ceramic Dual In-Line Package 
Plastic Dual In-Line Package 

RECOMMENDED OPERATING CONDITIONS (See Notes 1 and 2 ) 

Characteristic Symbol Min 

Power Supply Voltages VCC +4.75 
Vee -4.75 

Common-Mode Output Voltage Range VOGR 
Positive 0 
Negative 0 

Note 1. These voltage values are in respect to the ground terminal. 
Note 2. When using only one channel of the line drivers, the other channel should be 

inhibited and/or its outputs grounded. 

DEFINITIONS OF INPUT LOGIC LEVELS* 

Symbol 

VCC 
Vee 

Vin 

VOCR 

Po 

TA 

T stg 

Characteristic Symbol Test Fig. 

High-Level I nput Voltage (at any input) VIH 1,2 

Low-Level Input Voltage (at any input) VIL 1,2 
.. * The algebraic convention, where the most positive limit IS designated maXimum, IS used with 

Logic Level I nput Voltage Levels only. 
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Value Unit 

+7.0 Volts 

-7.0 

5.5 Volts 

-5.0 to +12 Volts 

1000 mW 
3.85 mW/oC 

o to +70 °c 
°c 

-65 to +150 
-65 to +150 

Nom Max Unit • , +5.0 +5.25 Volts 
-5.0 -5.25 

Volts 

- +10 
- -3.0 

Min Max Unit 

2.0 5.5 Volts 

0 0,8 Volts 
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MC75110 

E LECTR ICA L CHARACTER ISTICS (T A; 0 to +700 C unless otherwise noted.) 

MC75110 

Characteristic # # Symbol Test Fig. Min Typ # Max 

High-Level Input Current to lA, lB, 2A or 2B IIHL 1 

(VCC; Max, VEE = Max, VIHL ; 2.4 V)# - - 40 

(VCC = Max, VEe = Max, VIHL ; VCC Max) - - 1.0 

.Low-Level ,Input Current to lA, lB, 2A or 2B IILL 1 

(VCC =,Max, VEE = Max, VILL ; 0.4 V) - - --3.0 

High·Level I nput Current into lC or 2C IIHI 2 
(VCC; Max, VEE = Max, VIHI = 2.4 V) - - 40 

(VCC = Max, VEE = Max, VIHI = VCC Max) - - 1.0 

Low-Level I nput Current into 1 Cor 2C IILI 2 
(VCC = Max, VEE = Max, VI LI ; 0.4 V) - - -3.0 

High-Level Input Current into D IIHI 2 
(VCC = Max, VEE = Max, VIHI = 2.4 V) - - 80 

(VCC = Max, VEE = Max, VI HI = VCC Max) - - 2.0 

Low-Level Input Current into D IILI 2 
(Vec = Max, VEE; Max, VI LI ; 0.4 V) - - -6.0 

Output Current ("on" state) 10(on) 3 
(VCC; Max, VEE = Max) - 12 15 

(VCC = Min, VEE = Min) 6.5 - -

Output Current ("off" state) 10 (off) 3 
(VCC ,,; Min, VEE = Min) - 100 

Supply Current from V CC (with driver enabled) I,CC(on) 4 
, 

(VI LL = 0.4 V, VIHI ; 2.0 V) - 28 35 

Supply Current from VEE (with driver enabled) IEE(on) 4 

(VI LL = 0.4 V, VI HI = 2.0 V) - -41 -50 

Supply Current from VCC (with driver inhibited) ICC(off) 4 
(VI LL = 0.4 V, VI LI = 0.4 V) - 21 -

Supply Current from VEE (with driver inhibited) IEE(off) 4 
(VILl ; 0.4 V, VI LI = 0.4 V) - -17 -

#AII typical values are at Vce = +5.0 V, VEE; -5.0 V. 
##For conditions shown as Min or Max, use the appropriate value specified under recommended 

operating conditio~s for the applicable qevice type. 

SWITCHING CHARACTERISTICS (VCC = +5 0 V VEE = -5 0 V T A = +250 C ) 

Characteristic Symbol Test Fig_ Min Typ 

Propagation Delay Time from Logic Input A or B to 5 -

Output V or Z (R L = 50 ohms, CL = 40 pF) 
tPLHL - 9.0 
tPHLL - 9.0 

Propagation Delay Time from I nhibitor Input C or D 5 
/ 

, to Output Vor Z (RL =, 50 ohms, CL = 40 pF) 
tPLHI - 16 

tPHLI - 13 
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Unit 

""A 
mA 

mA 

!J,A 
mA 

mA 

j.tA 
mA 

mA 

mA 

j.tA 

mA 

mA 

mA 

mA 

Max Unit 

ns 

15 
15 

ns 

25 
25 
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TEST CIRCUITS 

IIH 

VIH 

See 
Table 

IlL 

VIL 

2BL 122 __ ~ ___ -.J 

GND
l 

TEST TABLE 
TEST AT ANY LOGIC INPUTS ALL INHIBITOR 

LOGIC INPUT NOT UNDER TEST INPUTS 

VIHL Open VIHI 

VILL Vee VIHI 

IIHL 4.5 V VIHI 

IILL Gnd VIHI 

See 
Table 

OUTPUT 

lY or 2Y 

H 
(See Note 1) 

L 

(See Note 1) 

Gnd 

Gnd 

OUTPUTS 

OUTPUT 

1Zor2Z 

L 
(See Note 1) 

H 

(See Note 1) 

Gnd 

Gnd 

NOTES: 1. Low output repreSents the "on" state. high output represents the "off" state. 
2. Each input is tested separately. ' 
3. Arrows indicate actual direction of current flow. 

FIGURE 2 - VIH. VIL. IIH. IlL 

Vee VEE 

rJ----l-. 
1A 11Y 

TEST TABLE 
TEST AT ANY ALL LOGIC INHIBITOR INPUTS 

INHIBITOR INPUT INPUTS NOT UNDER TEST 

VIHI 
VIHL Open 

VILL Open 

VIHL Vee 
VILI 

VILl Vee 

IIHI Gnd 4.5 V 

IILI Gnd Gnd 
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See 
Table 

OUTPUT 
1Y or 2Y 

H(See Note 1) 

L(See Note 1) 

H(See Note 1) 

H(Slie Note 1) 

Gnd 

Gnd 

OUTPUTS 

OUTPUT 
1Z or 2Z 

, ,L(See Note 1) 

H(See Note 1) 

H(See Note 1) 

H(See Note 1) 

Gnd 

Gnd 

• 
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TEST CIRCUITS (continued) 

FIGURE 3-10(on) and 10(offl 

V I H ----r See 

VI L ---LTable I--<>-+--ol 

VIHJT~~~e 
VI L ~-o-I--l 

V I H..----r See 

VIL~Tabllll--<:H--1 
2BL__ _ __ ~2Z 

OUTPUTS 

GN~-
~ l Arrows indicate actual direction -= of current flow. 

TEST TABLE 
TEST LOGIC INPUTS INHIBITOR INPUTS Ground all output pins 

not under test. 1A,or 2A 1Bor 2B 1C or 2C 0 

VIL VIL 
at output 

10(on) VIL VIH VIH VIH 
lYor 2Y 

VIH VIL 

10(on) 
at output 

VIH 1Z or 2Z VIH VIH VIH 

10 (off) 
at output 

VIH 1Y or 2Y VIH VIH VIH 

at output 
VIL VIL 

10 (off) 1Z or 2Z VIL VIH VIH VIH 

VIH VIL 

at output Either Either VIL VIL 

,10(off) 
lY, 2Y, 1Z, or 2Z state state VIL VIH 

VIH VIL 

FIGURE 4- ICC and lEE 

TEST TABLE 
ALL LOGIC 

TEST INPUTS 

lee(on) Driver e'nabled VIL 

IEE(on) Driver enabled VIL 
lee(off) Driver inhibited VIL 
lEE (off) Driver inhibited VIL 
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ALL INHIBITOR 
INPUTS 

VIH 

VIH 

VIL 

VIL 
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TEST CIRCUITS (continued) 

FIGURE 5 - PROPAG.ATION DELAY TIMES TEST CIRCUIT AND WAVEFORMS 

LOGIC 
INPUT 
A or 8 

INHIBIT 
~NPUT 

Cor 0 

OUTPUT 
y 

OUTPUT 
Z 

VEE 

890 

........ :---t-"(:>--4-+--..... --.......... 0 UTPUT 

I 
I 
I 

° I I TO OTHER . I 
L! CHANNEL .-.I -G-:-°I--

OUTPUT 
~--~---.-~ Z 

3V 

OV 
t p2----

3V 

OV 

,..--{r------'---------off 

NOTES: 1. The pulse generators have the following characteristics: Zo = 50 fl, t,= tf = 10 ±.5 ns, tp1 = 500 ns, PRR = 1 MHz, 
tp2 = 1 ms, PRR = 500 kHz. 

2. CL includes probe and jig capacitance. 
3. F or simplicity, only one channel and the inhibitor connections are shown. 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC75140P1 Plastic DIP 

DUAL LINE RECEIVER 

The MC75140P 1 is a dual line receiver with common Strobe and 
Referetlce inputs. The Reference voltage is externally applied. This 
voltage may range from 1.5 to 3.5 volts, thus allowing for adjust
ment of maximum noise immunity in a given system design. The 
MC75140Pl is intended for use as a single-ended receiver in MTTL 
systems. U;;e in a party-line (bus-organized) system is aided by the 
low input current of the receiver. 

• Single +5.0-Volts Power Supply 

• ± lOO-m V Sensitivity 

• Low Input Current 

• MTTL Compatible Outputs 

• Adjustable Reference Voltage 

• Common, Output Strobe 

CIRCUIT SCHEMATIC 
(1/2 Circuit, Shown) 

Vcc 
~-,--~~~~---,------~--~~-----,--o8 

INPUTS 

470 

REFERENCE 
INPUT 

1.5 k 

TYPICAL APPLICATION 

4k 

STROBE 
INPUT 

HIGH FAN-OUT FROM A STANDARD MTTL GATE 

STROBE INPUT 

N = 1 

N = 75' --...,.....,-..--.......... 

STROBE INPUT 

'Most MC5400/MC7400 devices are capable of maintaining 
a 2.4-volt level under loads up to 7.5 rnA. • 
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MC75140 

DUAL 
LINE RECEIVER 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

PLASTIC PACKAGE 
CASE 626 

PIN CONNECTIONS 

Vce OUTPUT REF, LINE 
~ INPUT INPUT 2 

OUTPUT STROBE LINE GND 
1 INPUT INPUT 1 

FUNCTION TABLE 

LINE INPUT STROBE OUTPUT 

Vref - 100 mV L H 

Vref + 100 mV X L 

X H L 

Positive Logic 
H = High Level, L = Low Level, 

X = Nonsignificant 

• 



• 

MC75140 

MAXIMUM RATINGS (T A = 0 to +700 C unless otherwise noted.) 

Rating Symbol Value Unit 

Supply Voltage VCC 7.0 Volts 

Reference Voltage Vref 5.5 Volts 

Line Input Voltage (with respect to Groundl VI(L) -2.0 to +5.5 Volts 

Line Input Voltage (with respect to Vref) VI(L)-Vref ±5.0 Volts 

Strobe Input Voltage VI(S) 5.5 Volts 

Power Dissipation (Package Limitation) PD 
Plastic Dual In-Line Package 830 mW, 

Derate above T A = +250 C 6.6 mW/oC 

Operating Temperature Range (Ambient) TA o to +70 °c 

Storage Temperature Ral)ge T stg -65 to +150 °c 

RECOMMENDED OPERATING CONDITIONS 

Rating Symbol Min Nom Max Unit 

Power Supply Voltage VCC 4.5 5.0 5.5 Volts 

Reference Voltage Range Vref R 1.5 - 3.5 Volts 

Input Voltage Range (Line or Strobe) VIR 0 - 5.5 Volts 

Operating Ambient Temperature Range TA 0 - +70 °c 

ELECTRICAL CHARACTERISTICS (VCC = 5.0 V ±10%; Vref = 1.5 to 3.5 V. T A = 0 to +700 C unless otherwise noted'! 

Characteristic Symbol Mi.n Typ* Max Unit 

High-Level Line Input Voltage VIH(L) Vref + 100 - - mV 

Low-Level Line Input Voltage Vlt(L) - - Vref -100 mV 

High-Level Strobe Input Voltage VIH(S) 2.0 - - Volts 

Low-Level Strobe Input Voltage VILIS) - - 0.8 Volt 

High-Level Output Voltage VOH Volts 

VIL(L) = Vref -100 mY. VIL(S) = 0.8 V.IOH= -400 IJ.A 2.4 - -
Low-Level Output Voltage VOL Volt 

VIH(L) = Vref + 100 mV. VIL(S) = 0.8 V.IOL = 16 mA - - 0.4 
VIL(L1 = Vref -100 mY. VIH(S) = 2.0 V.IOL = 16 mA - - 0.4 

Strobe Input Clamp Voltage VI(S) Volts 
11(5) = -12 rnA - - -1.5 

Strobe Input Current (at max Input Voltage) 11(5) mA 
VI(S) = 5.5 V - - 2.0 

High-Level Input Currents ",A 
Strobe (VI(S) = 2.4 V) IIH(S) - - 80 
Line (VI(L) = VCC. Vref = 1.5 V) IIH(L) - 35 100 
Reference (Vref =·3.5 V. VI(L) " 1.5 V) 

, 
IIH(refl - 70 200 

Low-Level Input Currents 
Strobe (VI(S) = 0.4 V) IIUS) - - -3.2 mA 
Line (VI(L) = 0 V. Vref = 1.5 V), IIL(L) - - -10 ",A 
Reference (Vref =,0 V. VI(L) = 1.5 V) II L(ret) - - -20 IJ.A 

Short-Circuit Output Current* * lOS mA 
VCC =.5.5 V -18 - -55 

Supply Current (output high) ICCH mA 
VI(S) = O-V. VI(L1 = Vref -100 mV - 18 30 

Supply Current (output low) ICCL rnA 
VI(S) = 0 V. VI(L) = Vref +100 mV '- 20 35 

SWITCHING CHARACTERISTICS(VCC = 5.0 V. Vref = 2.5 V. CL = 15 pF. RL = 400 n. TA = +250 e unless otherwise noted.l 
See Figure 1 

Characteristic Symbol Min Typ Max Unit 

Propagation Delay Time (low-to·high level output from Line input) tPLH(U - 22 35 ns 

Propagation Delay Time (high-to-Iow level output from line input) tpHLlL) - 22 30 ns 

Propagation Delay Time (low-to-high level output from Strobe input) tPLH(S) - 12 22 ns 

Propagation Delay Time (high-to-Iow level output from Strobe input) tpHLlS) - 8.0 15 ns 

*AII typical values are at Vec = 5.0V. T A = +250 C . 
• 'Only one output should be shorted at a time. 
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Vref 
2.5 V 

Vee 

I~I:JT _-+-<>-.f--f"'... ""-_.-----... 

STROBE ---<>-t-------L../ 
INPUT 

FIGURE 1 - SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 

g 
0 
~ 
UJ 

'" <t 
~ 
0 
> .... 
~ .... 
~ 
0 

c:i 
> 

OUTPUT 

5.0 

4.0 

'TUI "10 .. --i 14- _ /">-ITHl" lOn, 

~: 190% 90%.1-
1
1----. ---------- 2.7V 

, 2.SV 2_SV I 
liNE INPUT 10% I , 10% 2.3 V 
(set note AI 1 , 

STROBE 
INPUT 

I I'TLII " 10 n, - ,-, , : 
I I , 90% 

1 J 10% I, l.SV 

I 
IPHL(Ll 1-----1- IPLH(LI f..t IPHL(SI 

, I 
I I 

OUTPUT 

Note: Input pulses are supplied bV generators having the following 
characteristics: PRR :: 1.0 MHz. duty CyCli" 50%. Zo ~ 50H. 

FIGURE 2 - OUTPUT VOLTAGE versus 
LINE INPUT VOLTAGE 

Vee = 5.0 V 
Vref= 2.5 V -

-"----0 V 

VOH 

\--+--+--4--+--..+---+--+ Vi~~: ~2~OC -
3.0 

2.0 

1.0 

0 
0 1.0 2.0 3.0 4.0 5.0 

Vin(L), LINE INPUT VOLTAGE (VOLTS) 

FIGURE 3- SCHMITT TRIGGER FIGURE 4 - TRANSFER CHARACTERISTIC~ FOR 
SCH¥ITT TRIGGE~ 

SIGNAL 
INPUT 

5.9 k Vee = 5 V 

5k 

JV1~'""'"-. OUTPUT 
(MTTL LEVELS) 

3.9 k "__+-_0+ ____ -' 

STROBE 

5-283 

5 3.01--+-f--+-f--+-tlI---I---lI--+--l-f-+-f-4--l 
o 
~ 
w 

'" ~ 2.01--f---+--+--+--+--+1f---i---if---I---i:--I---+-+--l 
o 
> 
I-

~ Q 1.01--+-t--I--t--I--i1r--t--t-+-t+-+-t--!--I 
ci 
> 

D~~~ __ ~~~ __ ~~~ __ ~~ __ ~~~~ 
o 0.6 1.0 1.5 2.0 2.5 3.0 3.6 

Vln. Im>t1TVOLTAGE (VOLTS) 
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MC75140 

FIGURE 5 - GATED OSCILLATOR 

::I: 

'~ 

g 
=> 

~ 
-' 

Vrel 

FIGURE 6 - GATE OSCILLATOR FREQUENCY 
versus RC TIME CONSTANT 

100 

40 

20 r--
10 

r--

I---
I---

4.0 

2.0 

1.0 
0.1 

t - 0.6 
w- I 

VCC = 5 V 

Vrel= 1.5 V TA=+250C 

V 
t--- -t::t-t-t--- t-

!-- Vrel - 2.5 V I--

0.2 0.4 1.0 2.0 4.0 
RC TIME CONSTANT (I's) 

OUTPUT 

15 k 

STRO~ 

FIGURE 7 - DUAL BUS TRANSCEIVER 

10 
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ORDERING INFORMATION 

Device 

MC55325F 
MC55325L 
MC75325F 
MC75325L 
MC75325P 

Temperature Range 

-55°C to +125°C 
-55°C to + 125°C 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Package 

Ceramic Flat 
Ceramic DIP 
Ceramic Flat 
Ceramic DIP 
Plastic DIP 

Specifications and Applications 
Information 

DUAL MEMORY DRIVER 

The MC55325/75325 is a monolithic integrated circuit memory 
driver with logic inputs, and is designed for use with magnetic 
memories. 

The device contains two 600-mA source-switch pairs and two 
600-mA sink-switch pairs. Source selection is determined by one of 
two logic inputs, and source turn-on is determined by the source 
strobe. Likewise, sink selection is determined by one of two logic 
inputs, and sink turn-on is determined by the sink strobe_ With this 
arrangement selection of one of the four switches provides turn-on 
with minimum time skew of the output current rise. 

• 600-mA Output Capability 

• Fast Switching Times 

• I nput Clamp Diodes 

• Dual Sink and Dual Source Outputs 

• MDTL andMTTL Compatibility 

• 24-Volt Output Capability 

TYPICAL APPLICATION 
r-----;:::::::+~;,=:...........,...;;.., 

1/2 MC75325 
Each 

Simplified Core Selection 
Matrix - (See Figure 11 for Details 

~~~~~~~-. 

1/2 MC753'25 
Each 

I 

+ 

MC75325 
MC55325 

DUAL MEMORY DRIVER 
SILICON MONOLITHIC' 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

,-
1 P SUFFIX 

F SUFFIX 
CERAMIC PACKAGE 

CASE 650 

PLASTIC PACKAGE 

Source 
Collectors 

w 

lS1 
Strobes 

S2 

Gnd 

CASE 648 

,(MC75325 only) 

Node 

• 
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MC75325, MC55~25 

MAXIMUM RATINGS (TA" 250 unless otherwise noted) 

Rating Symbol Value Unit 

Supply Voltage (Note 1) VCC1 7.0 Vdc 

VCC2 25 Vdc 

Input Voltage VI 5.5 Vdc 

Power Dissipation (Package Limitation) Po 
Ceramic and Plastic Packages 1.0 W 
Derate above T A = +250 C 6.6 mW/oC 

Operating Ambient Temperature Range TA °c 
MC55325 -55 to +125 
MC75325 o to +70 

Storage Temperature Range Tstg -65 to +150 °c 
Note 1. Voltage val':les are with respect to the network ground ter\:T"nal. 

ELECTRICAL CHARACTERISTICS (TA = Tlow to Thigh unless otherwise noted(1)) 

Characteristic 

Input Voltage - High Logic State 

Input Voltage - Low Logic State 

Input Clamp Voltage 
(VCC1 = 4.5 V, VCC2 = 24 V,II = -10 rnA, TA = 25°C) 

Output Current - Off State 
(VCC1 = 4.5 V, VCC2 = 24 V) T A = Tlow to Thigh 

TA = 25°C 

Output Voltage - High Logic State 
(VCC1 = 4.5 V, VtC2 = 24 V, 10 = 0) 

Saturation Voltagel3, 
Source Outputs 

(VCC1 = 4.5 V, VCC2 = 15 V, Isource "'" -600 mA, RL = 24 ohms, 
Note 4) T A = Tlow to Thigh 

TA'" 25°C 
Sink Outputs 

(VCC1 =4.5 V, VCC2 = 15 V,lsink "'" 600 rnA, RL" 24 ohms, 
Note 4) TA ,. Tlow to Thigh 

TA = 25°C 

Input Current at Maximum Input Voltage 
(VCC1 = 5.5 V, VCC2 = 24 V, VI = 5.5 V) 

Address Inputs 
Strobe Inputs 

Input Current - High Logic State 
(VCe1 = 5.5 V, VCC2 '" 24 V, VI '" 2.4 V) 

Address Inputs 
Strobe Inputs 

Input Current - Low Logic State 
(VCC1 '" 5.5 V, VCC2 '" 24 V, VI'" 0.4 V) 

Address Inputs 
Strobe Inputs 

Supply Current - Output Condition Off 

(VCe1 = 5.5 V, VCC2 - 24 V, TA.= 250 CI 
From VCC1 
From VCC2 

Supply Current from VCC1, Either Sink "On" 
(VeC1 ., 5,5 V.' VCC2 '" 24 V, Isink '" 60 mA, TA - 250 CI 

Supply Current from VCC2, Either Source "On" 
(VCC1 .. 5.5 V, VeC2" 24 V, Isource = -50 mAo T A" 25°C) 

(11 Tlow '" -55°C for MC55325, OoC for MG75325 
ThIgh" +1250 C for MC55325, +700 C for MC75325 

(21 All typicel values are at T A ... 25°C 
(3) Not more than one output is to be "on" at anyone time. 

Symbol 

VIH 

VIL 

VI 

loff 

VOH 

Vsat 

II 

IIH 

IlL 

ICC(off 

ICC1 

ICC2 

TRUTH TABLE 

ADDRESS INPUTS STROBE INPUTS OUTPUTS 

SOURCE SINK SOURCE SINK SOURCE SINK 
A B C D 51 S2 W X y Z 

L H X X L H ·On Off Off Off 
H L X X L H Off On Off Off 
X X L H H L Off Off On Off 
X X H L H L Off Off Off On 
X X X X H H Off Off Off Off 
H H H H X X Off Off Off Off 

H s high level, L = low level, X '" irrelevant 

NOTE: Not more than one output is to be on 
at anyone time. 

MC55325 MC75325 

Min Typ(21 Max Min Typ(2) Max Unit 

2.0 - - 2.0 - - V 

- - 0.8 - - 0.8 V 

- -1.3 -1.7 - -1.3 -1.7 V 

IJA 
- - 500 - - 200 
- 3.0 150 - 3.0 200 

19 23 - 19 23 - V 

V 

- - 0.9 - - 0.9 
- 0.43 0.7 - 0.43 0.75 

- - 0.9 - - 0.9 
- 0.43 0.7 - 0.43 0.75 

mA 

- - 1.0 - - 1.0 
- - 2.0 - - 2.0 

IJA 

- 3.0 40 - 3.0 40 
- 6.0 80 - 6.0 80 

mA 

- -1.0 -1.6 - -1.0 -1.6 
- -2.0 -3.2 - -2.0 -3.2 

mA 

- 14' 22 - 14 22 . 

- 7.5 20 - 7.5 20 

- 55 70 '- 65 70 mA 

- 32 60 - 32 60 mA 

(4) Sat.ur.ation voltage must be measured using pulse techniques: Pulse Width = 200 "'s, Duty Cvcle 0;;; 2% 
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MC75325, MC55325 

SWITCHING CHARACTERISTICS (VCC1 = 5.0 V, CL" 25pF, TA = 250 C) 

MC55325/MC75325 

Characteristics Symbol Min Typ Mal( Unit 

Propagation Delay Time to Source Collectors 
(VCC2 = 15 V, RL = 24 ohms) Low-to-High Level tPLH - 25 50 ns 

High-to-Low Level tPHL - 25 50 ns 

Transition Time 
(VCC2 = 20 V, RL = 1 k ohms) Low-to-High Level tTLH - 55 - ns 

High-to-Low Level tTHL - 7.0 - ns 

Propagation Delay Time to Sink Outputs 
(VCC2 = 15 V, RL" 24 ohms) Low-to-High L:evel tpLH - 20 45 ns 

High-to-Low Level tPHL - 20 45 ns 

Transition Time 
(VCC2 = 15 V, RL = 24 ohms) Low-to-High Level Output tTLH - 7.0 15 ns 

High-to-Low Level Output tTHL - 9.0 20 ns 

Storage Time to Sink Outputs ts - 15 30 ns 
(VCC2 = 15 V, RL = 24 ohms) 

FIGURE 1 - SWITCHING TIMES TO SOURCE COLLECTORS AND SINK OUTPUTS 

Pulse 

3.0 V 

Input 

VOH---~~_I 
OUtput 

FIGURE 2 - PROPAGATION TIME TO 
SOURCE COLLECTORS 

V CC2 = + 15 V 7~u~~~~~ 
350 

24 

x 

CL Includes Probe 
and jig Capacitance 

Source W Shown Under Test 

Pulse 

Input Pulse Characteristics: 
Zo = son, Pulse Width" 200 ns • 

tTLH '" tTHL .;; 10 ns, Duty Cycle';; 1% 

FIGURE 3 - PROPAGATION TIME. 
TRANSITION TIME AND STORAGE TIME 

TO SINK OUTPUTS 

24 

To Scope 
(Output) 

CL.. 
25 pF 

CL Includes Probe 
and Jig Capacitance 

Sink Y Shown l.Jnder Test 

FIGURE 4 - SWITCHING TIMES ON SOURCE OUTPUTS (See Figure 5) 

3.0V~ / 
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FIGURE 5 - TRANSITION TIME ON SOURCE OUTPUTS 
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MC75325, MC55325 

APPLICATIONS INFORMATION 

BASE DRIVE RESISTOR 

An internal 575 n resistor connected between the 
VCC2 and the Rint terminals is provided in the MC55325/ 
75325 to supply sufficient base drive for source currents 
to 375 rnA at V CC2 of 15 Volts or 600 mA at V CC2 of 
24 Volts. Connecting the R node to the Rint node 
selects this internal resistor. If source currents greater 
than 375 mA are required, the Rint node should be left 
open and an appropriate resistor connected between 
V CC2 and the R node. This method allows source base 
drive currents regulated to typically within ± 5%. This 
nas an added advantage of removing the power dissipated 
in the resistor from the IC package, allowing the device to 
source greater currents at a given junction temperature. 

The value of the required external resistor in a ·parti
cular memory application may be computed using the 
following equation: 

16 (VCC2min-VS-2.2) 
Rext IL -1.6 (VCC2 min-VS-2.9) 

(1) 

Where: Rext = kn. 
Vs = the source output voltage referred to 

ground. 
IL = mA. 

During the load current pulse the power dissipated in 
the resistor, Rext is 

I L (VCC2 min-VS-2) 
PRext ~ 16 (2) 

Where: PRext = mW. 
The source collector current ICS is approximately 94% 

of total load current, I L. The remaining current flows in 
the base of the source transistor through the external 
resistor Rext or the source gate. See Figu re 10 for added 

, details. . 

An internal pull-up resistor in parallel with a clamping 
diode to V CC2 is provided at each si nd-output collector to 
protect against voltage surges generated by switching re
duction loads. 

FIGURE 10 - TYPICAL CIRCUIT USED 

FOR RextCALCULATION 

R ext 

R 

Section of 
MC75325 

l'CS 

Memory Element 

Section of 
Another MC75325 

~ 

SELECTION MATRIX 

The combination of current source and sink pairs 
within the MC75325 is often utilized to implement a 
selection matrix for core memory systems. A typical, 
simplified system is shown in Figure 11. 

The selection of any particular line (line 7, for ex
ample) is made by activating a particular, unique combin
ation of two source/sink pairs. For an example, with 
the Mode Select input high and B1 low, current source X 
of #1 MC75325 will be activated. This selects lines 4-7. 
When inp~t C4 goes low, on #4 MC75325, current will 

flow through line 7 from source X (of device #1) to sink 
Y of device #4. 

Changing the logic state of device #1 to input Dl 
low, device. #4 to input A4 low, and applying a low to 
the Mode Select input, reverses the direction of the current 
in line 7 with the #1 MC75325 sinking the current and 
the #4 device sourcing it. 

Drive line inductance and capacitance only limits the 
number of drive lines a source/sink pair can drive and thus 
the size of a matrix possible. 
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FIGURE 11 - TYPICAL' 

APPLICATION· CORE MEMORY 

SELECTION MATRIX 
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ORDERING INFORMATION 

Device 
MC75365L 
MC75365P 

Temperature Range 

O°C to +70°C 
O°C to +70°C 

Package 
Ceramic DIP 
Plastic DIP 

Specifications and Applications 
InforIllation 

QUAD MaS CLOCK DRIVER 
OR HIGH-VOLTAGE, HIGH-CURRENT NAND DRIVER 

The MC75365 is intended for driving the highly capacitive Ad
dress, Control and Timing inputs on a variety of MOS RAMs such as 
the "1103" and "7001" types. It is designed to operate from the 
MTTL 5.0 V power supply and the Vss and VBB power supplies 
used with the memories in most applications. Operation is re
commended at VCC3 ~ VCC2 + 3 V, but the part is useable over a 
wide latitude of supply voltages. VCC2 may be tied directly to 
VCC3 in many conditions. ' 

• Pin Compatible with Intel 3207 and Interchangeable with T. I. 
SN75365 

• MTTL and MDTL Compatible, Diode-Clamped Inputs 

• Two Common Enable Inputs per Gate Pair 

• Low Standby Power Consumption Transient 

• Capable of Driving High Capacitive Loads 

• Fast Switching Operation 

5,0 V 19 V 

VCC3 

MTTL { 
fnputs 

TYPICAL APPLICATION 
with '7001" Type 1 K RAM 

Chip 
Select 

7.5V 15 V 

-3,0 V 

5,OV 

5-291 

MTTL 
Inputs 

MC75365 

QUAD MaS CLOCK DRIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 

l SUFFIX. 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN CONNECTIONS 

TRUTH TABLE 

INPUT 

1 2 3 OUTPUT 

H H H 
L I I 
I L I 
I I L 

Where: 
H = High Logic State 
L c Low Logic State 
, = I .. Irrelevant 

L 
H 
H 
H 

• 
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5.0 V 

VCC3 

TYPICAL APPLICATION 
with "1103" Type 1 K RAM 

19.5V 16V 

Data In 

Precharge 

MTTL { 
"1103" Type H)---CH 

Inputs , 
MC75365 Chip Enable 

Read/Write 

Gnd 

MAXIMUM RATI NGS (T A = 25°C unless otherwise noted) 

Rating 

Power Supply Voltages 

Input Voltage 

I nput Differential Voltage (see Note 1 ) 

Power Dissipation (Package limitation) 
Ceramic Package @ T A = 25°C 

Derate above T A = 25°,C 

Plastic Package @ T A = 25°C 
Derate above T A = 25°C 

Ceramic Package @ T C =,250C 
Derate above T C = 25°C 

Plastic Package @ T C = 25°C 
Derate above T C = 25°C 

Operating Ambi'ent Temperature Range 

Junction Temperature 
Ceramic Package 
Plastic Package 

Storage Temperature Range 

PMOS 
RAM 

Voo 
Address 

Lines 

Note 1, This IS the differential voltage between any two Inputs to any single gate. 

RECOMMENDED OPERATING CONDITIONS 

Characteristic Symbol Min 

Power Supply Voltages VCC1 4.75 

VCC2 4.75 

VCC3 VCC2 
Difference between VeC3 and VCC2 VCC3-VCC2 0 
'operating Temperature Range TA 0 

5-292 
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5.0 V 

Grid 

Symbol 

VCC1 
VCC2 
VCC3 

VI 

VIO 

Po 
1/ROJA 

Po 
1/ROJA 

Po 
1/HOJC 

Po 
1/ROJC 

TA 

TJ 

Tstg 

Typ 

5.0 
20 
24 

4.0 

-

MTTL 
Inputs 

Value 

-0.5 to 7.0 
-<l.5 to 25 
-0.5 to 30 

5.5 

5.5 

1000 
6.6 

830 
6.6 

3.0 
20 

1.8 
14 

o to 70 

175 
150 

-65 to +150 

Max 

5.25 
24 
28 

10 

70 

Unit 
,V 

V 

V 

mW 
mW/oC 

mW 
mW/oC 

Watts 
mW/oC 

Watts 
mW/oC 

°c 

°c 

°c 

Unit 

V 

V 

°c 
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ELECTRICAL CHARACTERISTICS (Unless otherwise noted TA = 25°C, VCC1 = 5.0 V, VCC2 = 20 V, VCC3 = 24 V, 
CL = 200 pF, RD = 24.11, See Figures 1 and 201 

Characteristic Symbol Min Typ* Max 

Input Voltage - High Logic State V,H 2.0 - -
Input Voltage - Low Logic State V,L - - 0.8 

Input Clamp Voltage V'C - - 1.5 
(I,C = -12 rnA) 

Input Current - Maximum Input Voltage "Hl I- - 1.0 
(V,H = 5.5V) 

Input Current - High Logic State I'H2 
(V,H (1) = 2.4 V) - - 40 
(V,H (2) or V,H (3) = 2.4 V) - - 80 

Input Current - Low Logic State ',L 
(V,L (1) ':' 0.4 V) - -1.0 -1.6 
tV,L (2) or V,L (3) = 0.4 V) - -2.0 -3.2 

Output Voltage - High Logic State 
(VCC3 = VCC2 + 3.0 V, V, L = 0.8 V, IOH = -100 ",A) VOH1 VCC2 -0.3 VCC2 -0.1 -
(VCC3 = VCC2 + 3.0 V, V, L = 0.8 V, IOH = -10 rnA) VOH2 VCC2 -1.2 VCC2 -0.9 -
(VCC3 = VCC2, V, L = 0.8 V, IOH = -50 ",A) VOH3 VCC2 -1.0 VCC2 -0.7 -
(VCC3 = VCC2, V,L = 0.8 V, IOH = -10 rnA) VOH4 VCC2 -2.3 VCC2 -1.8 -

Output Clamp Voltage VOC - - VCC2 +1.5 
(V,L = 0 V, IOC = 20 rnA) 

Output Voltage - Low Logic State 
(V,H = 2.0 V, IOL = 10 rnA) VOll - 0.15 0.3 
(15 V.;;; VCC3';;; 28 V, V,H = 2.0 V, IOL = 40 rnA) VOL2 - 0.25 0.5 

Power Supply Currents - Outputs High Logic State 
(VCC1 = 5.25 V, VCC2 = 24 V, VCC3 = 28 V, ICC1(H) - 4.0 8.0 
V,L =0 V,IOH = OmA) ICC2(H) - -2.2 -3.2/+0.25 

'CC3(H) - 2.2 3.5 
(VCC1 = 5.25 V, VCC2 = 24 V, VCC3 = 24 V 'CC2(H) - - 0.25 
V,L = 0 V,IOH = 0 rnA) 'CC3(H) - - 0.5 

Power Supply Currents - Output Low Logic State 
(VCC1 = 5.25 V, VCC2 = 24 V, VCC3 = 28 V ICC1(L) - 31 47 
V,H = 5.0 V, IOL = 0 rnA) 'CC2(L) - - 2.5 

'CC3(L) - 16 25 

Power Supply Currents - Standby Condition 
(VCCl = 0 V, VCC2 = 24 V,VCC3 =24 V 'CC2(S) - - 0.25 

V,H'" 5.0V,IOL= OmA) 'CC3(S) - - 0.5 

*Typical Values at 250 C, VCC1 = 5.0 V, VCC2 = 20 V and VCC3 = 24 V 

SWITCHING CHARACTERISTICS (Unless otherwise noted TA = 25°<:, VCC1 = 5.0 V, VCC2 = 20 V, VCC3 = 24 V, 
CL = 200 pF RD = 24.11 See Figures 1 and 2.) , " 

Characteristic Symbol Min Typ Max 

Propagation Delay Time, Low to High State Output tPLH 10 31 48 
Propagation Delay Time, High to Low State Output tpHL 10 30 46 

Delay Time, Low to High State Output tDLH - 11 20 
Delay Time, High to Low State Output tDHL - 10 18 

Transition Time, ,Low to High State Output tTLH - 20 33 
Transition Time, High to Low State Output tTHL - 20 33 
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V 

V 

rnA 
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V 
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FIGURE 1 - SWITCHING CHARACTERISTIC TEST CIRCUIT 

To Scope 
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FIGURE 2 - SWITCHING CHARACTERISTICS WAVEFORMS 

Input Pulse Characteristics: 

PRR s 1.0 MHz, PW = 500 ns, tTLH = tTHL '" 10 ns 

TYPICAL PERfORMANCE CURVES 

• FIGURE 3 - OUTPUT VOLTAGE - HIGH LOGIC STATE 
versus OUTPUT CURRENT 
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TYPICAL PERFORMANCE CURVES 
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FIGURE 8 - PROPAGATION DELAY TIME
, HIGH TO LOW STATE OUTPUT 

versus AMBIENT TEMPERATURE 
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APPLICATIONS SUGGESTIONS 

POWER CONSIDERATIONS 

Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are improved 
by keeping the integrated circuit junction temperatures 
low. Electrical power dissipated in the integrated circuit 
is the source of heat. This heat source increases the 
temperature of the die relative to some reference point, 
normally the ambient temperature. The temperature in
crease depends on the amount of power dissipated in the 
circuit and on the net thermal resistance between the 
heat source and the reference point. The basic formula 
for converting power dissipation into junction temper
ature is: 

TJ = TA + Po (ReJC + ReCA) 
or 

TJ = TA + Po (ReJA) 
where 

T J = ju nction temperature 
T A = ambient temperature 
Po = power dissipation 

(1 ) 

(2) 

5-296 

ReJC = thermal resistance, junction to case 
ReCA = thermal resistance, case to ambient 
ReJA = thermal resistance, junction to ambient. 

Power Dissipation for the MC75365 MOS Clock Driver: 

The power dissipation of the device (PO) is dependent 
on the following system requirements: frequency of op
eration, capacitive loading, output voltage swing, and 
duty cycle. The variation of power dissipation with 
frequency and load capacitance for the MC75365 is 
illustrated in Figure 6. The power dissipation, when 
substituted into equation (2), should not yield a junction 
temperature, TJ, greater than TJ(max) at the maximum 
encountered ambient temperature. T J(max) is speci
fied for two integrated circuit packages in the ma~imum 
ratings section of this data sheet. ' 
With these maximum junction temperature values, the 
maximum permissible power dissipation at a given 
ambient temperature may be ,determined. This can be 
done with equations (1) and (2) and the maximum 
thermal resistance values given in Table 1 shown on 
the following page. 
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TABLE 1 - THERMAL CHARACTERISTICS 
OF "L" AND "P" PACKAGES ' 

ROJA (oC/WI ROJC (oC/WI 
PACKAGE TYPE Still Air Still Air 
(Mounted in Socket) MAX TYP MAX 1 TYP 

"L" (Ceramic Package) 150 100 50 I 
27 

"P" (Plastic Package) 150 100 70 40 

If the power dissipation, determined by a given system 
produces a junction temperature in excess of the recom
mended maximum rating for a given package type, some
thing must be done to reduce the junction temperature. 

There are two methods of lowering the junction tem
perature without changing the system requirements. 
First, the ambient temperature may be reduced suf
ficiently to bring T J to an acceptable value., Secondly, 
the ROCA term can be reduced. Lowering the ROCA 
term can be accomplished by increasing the surface 
area of the package with the addition ota heat sink or by 
blowing air across the package. to promote improved 
heat dissipation. 

Heat Sink Considerations: 

Heat sinks come in a wide variety of sizes and shapes that 
will accomodate almost any IC package made. Some of 
these heat sinks are illustrated in Figure 13. 

FIGURE 13 - THERMALLOY* HEAT SIN.KS 

60128 

6007A 

'Manufactured by Thermalloy Co. of ' Texas. 

From Table 1, ROJA(max) for the ceramic package 
with no heat sink and in a still air envi"ronment is 
1500 C/W. 

For the following example the Thermalloy 60128 type 
heat sink, or equivalent, is chosen. With this heat sink, the 
ROCA for natural convection from Figure,14 is 440 C/W. 
From Table 1 ROJc(max) = 500 CIW for the ceramic 
package. Therefore, the new ROJA(max) with the 
60128 heat sink added becomes: 

ROJA(max) = 500 CIW + 440 CIW = 940 CIW. 
Thus the addition of the heat sink has reduced ROJA 
(max) from 1500 CIW down to 940 CIW. With the heat 
sink, the maximum power dissipation by equation (2) 
at T A = +70oC is: 

1750C - 700 C 
Po - = 1.11 watts. 

+940 C/W 
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This gives approximately a 60% increase in maximum 
power dissipation over the power dissipation which is 
allowable with no heat sink. 

100 

FIGURE 14 - CASE TEMPERATURE RISE ABOVE 
AMBIENT versus POWER DISSIPATED USING 

NATURAL CONVECTION 

~ 

THERMAllDY #60128 DIP HEAT SINK OR EQUIV r--.,.....--V 

t--- THJRMAlldv #6007~ ........... v ~ 

DIP HEAT SINK OR EQUIV _ ..,,-V ,.,,/f.ii' 

..,,-?'--.. ~ 
/V~ V 

V .......... V 

~ , 
o \ 

o 0.5 1.0 1.5 2.0 
PO. POWER DISSIPATED (WATTS) 

Forced Air Considerations: 

As illustrated in Figure 15, forced air can be employed to 
reduce the ROJA term. Note, however, that this curve is 
expressed in terms of typical ROJA rather than maximum 
ROJA. Maximum ROJA can be determined in the fol
lowing manner: 
From Table 1 the following information is known: 

Since: 

Then: 

(a) ROJA(tyP) = 1000 C/W 
(b) ROJC{typ) = 270 CIW 

ROJA = ROJC + ROCA 

ROCA = ROJA - ROJC 

Therefore, in still air 
ROCA(tyP) = 1000 CIW - 270 CIW = 730 CIW 

(3) 

(4) 

From Curve 1 of Figure 14 at ,500 LFPM and eq
uation (4), 

ROCA(tyP) = 530 CIW - 270 CIW = 260 C/W. 
Thus ROCA(typ) has changed from 730 CIW (still air) to 
260 CIW (500 LFPM), which is a decrease in typical 
ReCA by a ratio of 1: 2.8. Since the typical value of 
ROCA was reduced by a ratio of 1:2.8, ReCA(max) of 
100oC/W should also decrease by a ratio of 1 :2.8. 
This yields an ROCA(max) at 500 LFPM of 360 CIW. 
Therefore, from equation (3): 

ROJA(max) = 500 CIW + 360 CIW :: 860 CIW. 
Therefore the maximum allowable power dissipation at 
500 LFPM and TA = +700 C is .from equation (2): 

1750C -700C 
PO:: ----- = 1.2 watts. 

860 C/W 
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FIGURE.1S - TYPICAL THERMAL RESISTANCE (RSJAI OF 
"L" PACKAGE versus AIR VELOCI:rY 
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Heat Sink and Forced Air Combined: 

Some heat sink manufacturers provide data and curves of 
ReCA for still air and forced air such as illustrated in 
Figure 16. For example the . 60128 heat sink has an 
ReCA = 17oC/W at 500 LFPM as noted in Figure 15. 
From equation (3): . 

Max ROJA = 500C/W + 17oC/W = 670C/W 
From equation (2) at T A = +700C 

1750C - 70°C 
Po = 1.57 watts. 

670 C/W 

FIGURE 16 - THERMAL RESISTANCE ReCA 
versus AIR. VELOCITY 
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Note from Table 1 and Figure 15 that if the l6-pin 
ceramic package is mounted directly to the PC board 
(2 oz. cu. underneath), thattypjcal ROJAisconsiderably 
less than for socket mount with still air ano no heat sink. 
The following procedure can be employeO to determine 
the maximum power Oissipation for this conOitfon. 
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Given data from Tabl(ll: 
typical ROJA i:: 1000 CIW 
typical R8JC = 27oC/W 

From Curve 2 of Figure 15, ReJA(typ) is 750 C/Wfor a 
PC mount and no air flow. Then the typical RDCA Is 
750 C/W -270 C/W = 480 cIW. From Table 1 the typical 
value of ReCA for socket mount is 1000 CtW - 270 CIW 
= 730 ClW. This shows that the PC board mount results 
ina decrease in tYpical Re CA by a ratio of 1: 1.5 below 
the .typical value of ROCA in a socket mount.Therefo~e, 
the maximum value of socket mount ReCA of 1000 CtW 
should also Oecrease bya ratio of 1 : 1.5 when the device' 
is mounted in a PC board.. The maximum ReCA be- . 
comes: 

1000 C/W . 
RO CA = _._ .. --. = 660 C/W for PC board mount 

1.5 

Therefore the maximum ReJA for a PC mount is from 
equation (3). 

ROJA" 500 C/W + 660 C/W = 116oC/W. 
With maximum ROJA known, the maximum power dis
sipation can be found. If T A = 70°C the", from 
equation (2) the maximum power dissipation may 'be 
.found to be 905 'mW. 

In most cases, heat sink manufacturer's publish only 
RO CA socket mount data. Although data for PC 
mounting is generally not available, this should present 
no problem. Note in Figure 15. that an air flow greater 
than 250 LFPM yields a socket mouM ROJA approxi
mately 6% greater. than for a PC mount. Therefore,.the 
socket mount data can be used for· aPC mount with a 
slightly greater safety factor. Also it should be noted 
that thermal resistanc;e measurements can vary widely. 
These measurement variations are due to the dependency 
of ROCA of the type environment and measurement 
techniques employeO. For example, ReCA would be 
greater for an integrated circuit mounted on aPC board 
with little or no ground plane versus one with asi.lb
stantial grounO plane. Therefore, if the maximum cal
culated junction temperature is on the border IJne. of 
being' tbo high for a given system application; then 
thermal resistance measurements should be done on the 
system to be absolutely certain that the. maximum 
junction temperature is not exceeded. 



ORDERING INFORMATION 

Device 

MC75358L 
MC75358P 
MC75368L 
MC75368P 

Temperature Range 

O"C to + 70°C 
O°C to +70°C 
O°C to +70OC 
O°C to +70OC 

Package 

Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

Specifications and Applications 
InforIIlation 

DUAL MECL-to-MOS DRIVERS 

The MC75368 and MC75358 are dual MECL-to-MOS driver and 
interface circuits. The devices accept standard MECL 10,000 and 

\ IBM grounded-reference ECL input signals and create high-current 
and high-voltage output levels suitable for driving MOS circuits. 
Specifically, they may be used to drive address, control, and timing 
inputs for several types of MOS RAMs including high-speed MCM7001 
1K NMOS RAM. The devices may also be used as MECL-to-MTIL 
translators. 

These two devices differ in that the MC75368 is optimized for 
higher voltage capability and the MC75358 version is made to op
erate at somewhat reduced maximum voltages. 

• Dual MECL-to-MOS Driver 

• Dual MECL-to-MTTL Dri~er 

• Versatile Interface Circuit for Use Between MECL and High
Current, High-Voltage Systems 

FIGURE 1 - TYPICAL APPLICATION WITH MCM7001 1 K NMOS RAM 
(See Figure 8 and 9 for details) 

AO 
MC75368 

A1 

A2 
MC75368 

A3 

A4 
MC75368 

A5 ~~~~~~=====~ Matrix of L MCM7001 

A6 
MC75368 

A7 

A8 
MC75368 

A9 

Write Enabie 
MC75368 

Oata Input 

Chip Select 
MC75368 

Chip Select 

• MC3461 Dua' Sense Amplifier 
to be announced 1st Quarter 1975. 

1K 
RAMS 
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Latch 
Enable 

MC75368 
MC75358 

DUAL MECL-to·MOS 
DRIVERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

FUNCTION TABLE 

Input Voltage Conditions 

Differential Logic Level 

(Mor. positive of A 8 C 
A or S) -C 

L H L 
(V,O;;' 150mV) ,H L H 

H H L 

(-150 mV 0;; V,O 0;; X X X 
150mV) 

(VID 0;;-150mV) L L H 

H .. high logic level, L " low logic level, 

X .. irrelevant 

Output 

y 

L 

Indeter-
minete 

H 
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MC75368,MC75358 

.MAxIMUM RATINGS (Unless otherwise noted. voltages measured with respect to GNO terminals. T A Z 25°C'> 

Rating Symbol Value Unit 

Power Supply Voltages VeC1 -0.5 to 7.0 Vdc 

MC7S368 VCC2 -0.5 to 22 Vdc 
MC7S3S8 -0.5 to 18 

MC75368 VCC3 -0.5 to 30 Vdc 
MC75358 -0.5 to 24 

Vee -8.0 to 0.5 Vdc 

Most Negative of VCC1. VCC2. or VCC3 with - -u.o Vdc 
respect to Vee 

Input Voltage VI -!S.U to U.O Vdc 

Inter-Input Voltagel 1, 0.0 Vdc 

Most negative Input Volt/lge with respect to VEE V"VEE -5.0 Vdc 

Power Dissipation (Package limitation) 

Ceramic Package @ T A ". 25°C Po 1000 mW 
Derate above T A '" 25°C 1/ROJA 6.6 mW/oC 

Plastic Package @ T A = 2SoC Po 830 mW 
Derate above T A '" 25°C 1/R6JA 6.6 mW/oC 

• 
Ceramic Package @ T C = 25°C Po 3.0 Watts 

Derate above T C =: 25°C 1/ROJC 20 mW/oC 

Plastic Package @ t C = 25°C Po 1.8 Watts 
Derate above T C =: 25°C 1/R6JC 14 mW/oC 

Operating Ambient Temperature Range TA o to 70 aC 

storage Te~perature Range Tstg -65 to 15U .... c 
~" . 

(1) With respect to any pair of Inputs to eIther of the mput gates. 

RECOMMENDED OPERATING CONDITIONS 
MC75358 MC75368. 

Cllaracteri~ic Symbol Min Typ Max Min Typ Max Unit 

Power Supply Voltages VCC1 4.J5 5.0 5.25 4.75 5.0 5.25 V 

VCC2 4.75 16 18 4.75 20 22 V 

VCC3 VCC2 20 22 VCC2 24 28 V 
VCC3'VCC2 0 4.0 10 0 4.0 10 V 

"c Vee -4.68 -5.2 -5.72 -4.68 -5.2 -5.72 V 

operating Ambien~ remperature Range TA 0 70 U 70 ~C 

DEFINITION OF INPUT LOGIC LEVELS 

Input Voltage -:- Hig", Logic State (Any, Inpud ~ 1) V,H -1.5 - -0.7 -1.5 - -0.7 V 

Inp,utVoltage - Low Logic State (Any Input) (11 V,L Vee - V,w150 Vee - V,H-150 mV 

Input Oiffere.ntll,,' Vol~age -:- High LogIC ~tate \./:/ V,OH 150 ltlU mY, 
Input Different,al Voltage - Low LogiC State l:.ll VIOL -,150 - - -150 - - mV 

U) The l1efinitionof these Logic Levels use Algebraic System of hotation. 

(2) The input differential voltage is measured frorri the more positive inverting input IA or B) with respect to the non-inverting 
input (C) of the' same gate. . 
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MC75368, MC75358 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted. specifications apply over recommended power supply and temperature 
ranQiis. Typical values measlJred at VCC1 = 5.0 V, VEE = -5.2 V, T A = 250 C and VCC2" 20, 
VCC3 = 24 V for MC75368'and VCC2 '" 16, VCC3" 20 V for MC75358. 

MC75358 MC76368 

Characteristic Symbol Min Typ Max Min Typ Max 

Output Voltage - High Logic State 

(VCC3 = VCC2 + 3.0 V, VIOL = VOH1 VCC2· 0.3 VCC2· 0.1 - VCC2- 0.3 VCC2- 0.1 -
-150 mV, IOH = -100 ",A) 

(VCC3 = VCC2 + 3.0 V, VIOL = VOH2 VCC2- 1.2 VCC2- 0.9 - VCC2- 1.2 VCC2- 0.9 -
-150 mV, IOH = -10 rnA) 

(VCC3 = VCC2, VIOL = -150 mV, VOH3 VCC2- 1.O VCC2 - 0.7 - VCC2- 1.q VCC2- 0.7 -
IOH = -50 itA) 

(VCC3 = VCC2, VIOL = -150 mV, VOH4 VCC2 - 2.3 VCC2- 1.8 - VCC2- 2.3 VCC2- 1.8 -
1(')1-1 = -10 rnA) 

Output Voltage -. low logic State 
(VIOH = 150 mV,IOl = 10 rnA) VOL1 - 0.15 0.3 - 0.15 0.3 

(VIOH = 150 mV, IOl = 30 rnA) VOl2 
10 V .;;; VCC3 .;;; 22 V - 0:2 0.4 - - -
10 V.;;; VCC2 .;;; 28 V - - - - 0.2 0.4 

Output Clamp Voltage VOC - - VCC2+1.5 V - - VCC2+1.5 V 
(VlDH = 500mV,IOC = 20mA) 

Input Current...,. High logic State IIH - 300 800 - 300 800 
(VEE = -'5.72 V, Vll = -5.72 V, 

VIH = -0.7 V) 

Input Current - low logic State 
(VIH = -0.7 V, Vll =-2.0 V) 11L1 - - -10 - - -10 
(VEE = -5.72 V, VIH = -0.7 V, IIl2 - - -100 ' - - -100 

Vll = -5.72 V) 

Power Supply Current - Both Outputs 
High Logic State 

(VCC = 5.25 V, VEE = -5.72 V, 
VIL(A) and (B) = -2.0 V, 
VIH(C) = -0.7 V, IOH .. 0) 
MC75368 - VCC2 = 22 V, ICC1(H) - 21 38 - 21 38 

VCC3= 26V 
MC75358 - VCC2 = 18 V, ICC2(H) - -1.1 +0.25 - -1.1 +0.25 

VCC3 = 22 V -1.6 -1.6 

'CC3(H) - 0.6 1.0 - 0.6 1.0 
IEE(H) - -21 -38 - -21 -38 

Power Supply Current - Both Outputs 
low Logic State 
(VCc1 = 5.25 V, VEE = -5.72 V, 

VIH(A) and (B) = -0.7 V, 
VrL(C) =-2.0V, 'OL =0) 

MC75368 - V CC2 = 22 V, ICC1(L) - 13 24 - 13 24 
VCC3 = 28 V 

MC75358 - VCC2 = 18 V, 'CC21L) - 0.5 1.0 - 0.5 1.0 
VCC3 = 22 V 

ICC3(L) - 3.0 5.7 - 4.0 7.a 
IEE(L) - -21 -38 - -21 -38 

Power Supply Current - Both Outputs 
High Logic State 
(VCCl = 5.25 V, VEE = -5.72 V, 

VIL(A) and (B) = -2.0 V, VIH(C) = 
-0.7 V, IOl = 0) 
MC75368 - VCC2 = 22 V, ICC2(H) - - 0.25 - - 0.25 

VCC3 = 22 V 
MC75358 - VCC2 = 18 V 'CC3(H\ - - 0.25 - - 0.25 

VCC3 = 18 V 
Power Supply Current - Stand By 

Condition 
(VCC1 = 0 V, VEE = 0 V, VIH(A) 

and IB) = -0.7 V, VILlC) = 
-2.0 V, 'Ol = 01 
MC75368 - VCC2 = 22 V, 'CC2(S) - - 0.25 - - 0.25 

VCC3 ";22 V 
MC75358 - VCC2 = 18 V, ICC3IS) - - 0.25 - - 0.25 

VCC3 = 18 ~ 
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Unit 

V 

V 

V 

",A 

itA 

• rnA 

rnA 

rnA 
mA 

rnA 

mA 

rnA 
rnA 

iliA 

rnA 

mA 

mA 
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MC75368, MC76358 

SWITCHING CHARACTERISTICS\ (Unless otherwise noted, VCC1 = 5.0 V, Vee = -5.2 V, T A = 250 C and VCC2 = 20 V for 
MC75368 and VCr:2" 16 V for MC75358 I 

MC75368 MC78368 

Chllracteristic Symbol Min Typ Max Min Typ Max Unit 

Delay Time - Low' to High Output Logic Level tOLH ns 
(VCC3= 24 VI - - - - 12 24 

(VCC3= 20 VI I - 13 24 - 13 25 

(VCC3= 16 VI - 14 26 - - -
Delay Time - High to Low Output Logic Level tDHL ns 

(VCC3= 24 VI - - - - 13 24 
(VCC3= 20 VI - 13 24 - 15 ' 26 
IVCC3=16 VI - 15 26 - - -

Transition Time, Low-to-High Output Logic Level tTLH ns 
(VCC3= 24 V) - - - - 19 30 
(VCC3 = 20 V) - 17 29 - 20 30 
(VCC3= 16 V) - 18 30 - - -

Transition Time, High-to-Low Output Logic Level tTHL ns 
(VCC3= 24 VI - - - - 2P 33 
(VCC3 = 20 V) - 17 29 - 18 30 
(VCC3= 16 V) - 16 29 - - -

Propagation Delay Time, Low-to-High Logic Level tPLH ns 
,(VCC3 = 24 V) - - - - 31 54 
(VCC3 =20 V) - 30 53 - 33 55 

. (VCC3 = 16 V) - 32 56 - - -

Propagation Delay Time, High-to-Low Logic Level tPHL ns 
(VCC3= 24 V) - '- - - 33 57 

(VCC3 = 20V) - 30 53 - 33 56 
(VCC3= 16 VI - 31 55 - - -

\ 

FIGURE 2 - SWITCHING TIMES TEST CIRCUIT FIGURE 3 -SWITCHING TIMES WAVEFORM 

To Scope 
(Input) ~1.3 V -2.0 V 

The pulse generator has the 
following characteristics: 

PRR = 1 MHz. Zo ,., 50 n. 
Duty Cvcle = 50% 

tTHL 

!---l'" 5 ns 
~,..,..,... __ --..,~~' __ I- ___ --

90% 90% I -0.90 V 

. To Scope (Output) Input I 
I 
I 

M M 
C C 

7 10 
5 5 ~~~~~~~ 
3 or 3 

5 6 
8 8 

390 PFI 
(I ncludes Probe 

and Jig 
Capacitance) -::-

VCC2 -3.0 V T
I 

Output I 

I 
I 
J 

~1.;;.O.;.;%;...... ___ 1. 70 V 

~tPLH-I 
I I I 
I tTLH VOH 

I VCC2 -3.0 V 

(VCC3 = VCC2) I 
I 
I ~-----+-...,.-2.Jl.Y. - - VOL 

. t-tPHL-l 
I I 

tDHL tTHL 

Output 
(VCC3.= VCC2 + 4.0 V) 
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APPLICATIONS INFORMATION 
MODES OF OPERATION 

FIGURE 4 - POSITIVE-NOR GATE 

y. A+e 

FUNCTION TABLE 

INPUTS OUTPUT 
CONFIGURATION A B C y 

L L' Vee H 
Cat Vee H x Vee L 

x H Vee L 

H - High Level, L - Low Level, X - Irrelevant 
Vel;! - Reference SupplV voltage for MECL 10,000. 

FIGURE 6 - NON·INVERTING GATE 

C-[>-v 
y=C 

FUNCTION TABLE 

INPUTS 

CO NF IG URA TlON A B C 

A B,nd e at Vee Vee Vee L 
Vee V-Be H 

A at Vee. Vee LL 
e connected low Vee L H 

e at Vee, L Vee L 
A connected low L Vee H 

OUTPUT 
y 

L 
H 

L 
H 

L 
H 

The MC75368 and MC75358 are identical except that 
the MC75368 version has been selected for slightly higher 
voltage capability. The two devices are interchangeable in 
most applications. Both can operate Over a wide range of 
VCC2 and VCC3 supply voltages. 

The need for four separate power supplies VCC1, VCC2, 
. VCC3 and VEE can be avoided in many cases by tying 

VCC2 to VCC3. However, performance advantages can be 
obtained by connecting either one or both V CC3 pins to an 
additional power supply of higher voltage than V CC2. Both 
VCC3 pins do not have to be held at the same voltage. For 
MECL-to-TTL level converter,applications both VCC2 and 
VCC3 are generally connected to a +5.0 V power source. 

By providing two out-ot-phase (A and B) inputs and 
one in-phase (C) input. .each gate can be used as positive 
NOR, or as a inverting or non-inverting gate. This 
flexibility is achieved by connecting an externally supplied 
MECL 10,000 Series reference supply voltage (VSB) to 
the appropriate input as shown in Figures 4 thru 6. An 
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FIGURE 5 - DIFFERENTIAL MECL LINE RECEIVER 

C=Aand/ore,~ 
C ' V 

, y=c 

FUNCTION TABLE 

INPUTS OUTPUT 
CONFIGURATION A B C y 

A ant:! e connacted H ·H L L 
together L L H H 

A not U$aQ but L H t. L 
connected low L t. H H 

e not used but H L L L 
connected low L L H H 

FIGURE 7 - USE OF DAMPING RESISTOR TO REDUCE 
OR ELIMINATE OUTPUT TRANSIENT OVERSHOOT IN 

CERTAIN MC75358 AND MC75368 APPLICATIONS 

".--.,.---------, 
: MC75358 , 

lor' , 
. I , 

, 
I 
I 
I 

MC71!)368 

I I 
J I L. __ ...- ______ J 

Note: RD '" 10n to 30n (optional) 

r------, 
I MOS I 

System I , I 
I 
I 

I I CL I I I 
I I 
J - I L __ : __ .J 

unused out-of-phase input should be tied low or connected 
to the other out-of-phase input of the same gate. The 
required VBe voltage source may be obtained from 
MECL 10,000 Seriesdevices such as the MC10115 line 
receiver, or by connecting the output of a MECL 10,000 
gate, like the MC10102, to the respective out-of-phase 
inputs (as an example connect pins 4 and 5 to 2 of the 
MC10102 to obtain a VSB reference voltage). 

When driven differentially, the MC75368 and MC75358 
may be used as a differential MECL line receiver, without 
the need for the VSS reference voltage .. 

Undesirable output transient overshoot due to load or 
wiring inductance and the 'fast switching speeds of the 
MC75368 and MC75358 can be eliminated or reduced by 
adding a small amount of series resistance. The.value of this 
damping resistllnce is dependent on specific load character
istics and switching speed but typical values lie in the 
range of 10 to 30 ohms. This is illustrated in Fi9l,1re 7. 

• 
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MC7536~,MC75358 

Address Al0 
, Address A1l 

\/lIthe Enable 

FIGURE 8 - 32K x 2 MEMORY BOARD (MECL SYSTEM) 

1/2 MC10171 

L...---+---iA 01 31>----------. 

L..----f----,--iB 01 2 D---------. 

E1 01 1 p--------, 

~------_+-~--~-+_-----------~E 01 OD------~ 

~ 
Chip ~.elect 

Address A12 

Address.A 1.3 

Address A14 

MCM7001, 
'64 places 

MC10161 VBe 

00 
EO 01 

02 
E1 03 
A 04 

e 
05 
06. 

C 07 

VeB 

1/2 MC7535S 

16 places 

'Latch enable ~--L-_ 
Connect to all MCM7001's Connect to Connect to 

OOout 

Data 
Output 

D1 0ut 

:;;~::. ' ~~ fr ~ fr fx 4 4 it fr · T~ ~ (32K :: In.~,~ttom Jjv (32K • 1l 

AO A1 A2 A3 A4 A5 A6 A7 AS A9 OOill Olin 

·To be announced 1st Ouarter 1975 
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ORDERING INFORMAtiON 

Device 

MC75450l 
MC75450P 

Temperature Range 
O°C to + 70°C 
O°C to +70°C 

Package 
Ceramic DIP 
Plastic DIP 

DUAL PERIPHERAL 
POSITIVE "AND" DRIVER 

The MC75450 is a versatile device designed for use as a general
purpose dual interface circuit in MOTLand MTTL type systems. 
Th is device featu res two standard MT'TL gates and two noncommitted, 
high-current, high-voltage NPN transistors. Typical applications in
clude relay and lamp drivers, power drivers, MOS and memory 
drivers. 

• MOTL and MTfL Compatibility' 

• 300 mA Output Current Drive Capability 
(each transi~tor) 

• Separate Gate and Output Transistor for Maximum Design 
Flexibility 

• High Output Breakdown Voltage: 
VCER = 30 Volts minimum 

MAXIMUM RATINGS (T A = 0 to +70oC unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltage (See Note 1) VCC +7.0 Vdc 

I nput Voltage (See Note 1) Vin 5.5 Vdc 

Vcc-ta-Substrate Voltage '. 35 Vdc 

CoUector-to-Substrate Voltage 35 Vdc 

Collector-Base VOltage VCB 35 Vdc 

Collector-Emitter Voltage (See Note 2) VCE 30 Vdc 

Emitter·Base Voltage VEB 5.0 Vdc 

Collector Current (continuous) (See Note 3) 300 mA 

Power Dissipation (Package Limitation) Po 
Plastic and Ceramic Dual In-Line Packages 830 mW 
Derate above T A'" +250 C 6.6 mW/oC 

Operating Temperature Range TA o to +70 °c 

Storage Temperature Range Tstg -65 to +150 °c 

NOleS: 1- Voltage values are with respect to network ground terminal. 
2. This value applies w!lan tha basa·emitter resistance (RBE') is equal to or less 

tha,n 500 ohms. 
3. Both halves of these dual circuits may conduct the rated current simultane· 

ously. 

5-306 

MC75450 

DUAL PERIPHERAL 
POSITIVE "AND" DRIVER 

SI LICON MONOLITHIC 
INTEGRATED CIRCUITS 

I.. SUFFIX P SUFFIX 
CERAMIC PACKAGE PI..ASTIC PACKAGE 

CASE 632 CASE 646 
(TO.11.6) 

SUB-
2B 2C 2E STRATE 

G 1A 1Y 1B 

Positivel..ogic: Y = AG (gate only) 
C = AG (gate and transistor) , 

CIRCUIT SCHEMATIC 



MC75450 

-

RECOMMENDED OPERATING CONDITIONS (See Note 4) 

Characteristic 

Su I Voltage 

Note 4.' The substrate, pin 8, must always be at the most negative device vQltage for proper operation. 

ELECTRICAL CHARACTERISTICS (T 

Characteristic 

MTTLG'ATES 
High-Level Input Voltaae VU-I 1 

Low-LeveUnput Voltage VIL 2 

High:Level Ou~put Voltage VOH 2 
(Vee" 4.5 V, VIL = 0.8 V, 10H =-400 IlA) 

Low-Level Output Voltage VOL 1 
(Vee" 4.75 V, VIH = 2.0 V, 10L = 16 mAl 

High-Level Input Current IIH 3 
(Vce .. 5.25 V, Yin = 2.4 V) Input A 

Input G 
(Vee = 5.25 V, Yin = 5.5 V) Input A 

Input G 

Low·Level Input Current '. IlL 4 
(Vee" 5.25 V, Vin = 0.4 V) Input A 

Input G 

Short-Circuit Output Current* * . lOS. 5 
(Vee" 5.25. V) 

Supply Current 6 
High-Level Output (VCC =;: 5.25 V, Yin = 0) ICCH 
Low-Level Output (VCC = 5.25 V, Yin = 5.0 V) ICCL 

Input Clamp Voltage (VCC = 4.75 V, 'lin = -12 mAl Yin 4 

OUTPUT TRANSISTORS 
Characteristic Symbol Min 

Collector-Base Breakdown Voltage VCBO 
(Ie" 1oollA,IE = 0) 35 

Collector-Emitter Breakdown Voltage. VCER 
(Ie = 100 IlA, RBE = 500 ohms) 30 

Emitter-Base Breakdown Voltage VEBO 
(IE" 100JJ.A, IC = 0) 5.0 

Static Forward Transfer Ratio (See Note 5) hFE 
(VCE .. 3.0 V, Ie = 100 mA, TA = +250 e) 25 
(VeE" 3.0 V, Ie = 300 mA, T A = +250 c) 30 
(VeE = 3.0 V, IC = 100 mA, T A = OoC) 20 
(VeE." 3.0 V, Ie = 300 mA, T A = OoC) 25 

Base-Emitter Voltage (See Note 5) VBE 
(IS = 10 mA, Ie = 100 mAl -
(Is c 30 mA, Ie = 300 mAl -

Collector-Emitter Saturation Voltage (See Note 5) VeE (sat) 
(Is" 10 mA, Ic = 100 mAl -
(IS c 30 rnA, Ie = 300 rnA) -

Note 5. These parameters must be measured using pulse techniques; tw = 300 liS, duty cycle S 2%. 
• All typical values at Vee = 5.0 V, T A = +250 e. 

-*Not mOre ~han one output should be shorted at a time. 
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2.0 - - Vdc 

- - 0.8 Vdc 

Vdc 
2.4 3.3 -

Vdc 
- 0.22 0.4 

- - 40 JJ.A 
- - 80 
- - 1.0 mA 
- - 2.0 

mA 
- - -1.6 
- - -3.2 

mA • -18 - -55 

mA 
- 2.0 4.0 
- 6.0 11 

- - -1.5 V 

Typ Max Unit 

Vdc 
- -

Vdc 
- -

Vdc 
- -

- -
- -
- -

- -

Vdc 
0.85 1.0 
1.05 1.2 

Vdc 
0.25 0.4 
0.5 0.7 



MC75450 

SWITCHING CHARACTERISTICS (Vee = 5.0 V, J A = +250 e unless otherwise noted.) 

Characteristic 

MTTL GATES 

Propagation Delay Time leL = 15 pF, RL = 400 ohms) 
l-ow-to-High-LeveIOutput 
High-to-Low"Level Output 

OUTPUT TRANSISTORS" 

Switching Times (lc = 200 rnA, IB(1) = 20 mA, 18(2) = -40 mA, 
VBEloff) = -1.0 V, CL = 15 pF. RL = 50 ohms) 

Delay Time 
Rise Time 
Storage Time 
Fall Time 

GATES AND TRANSISTORS COMBINED # 

Propagation Delay Time (lC = 200 mA, CL = 15 pF; RL = 50 ohms) 
Low-to-High-LeveIOutput 
High-to-Low Level Output 

Transition Time# (lC = 200 mA, CL = 15 pF, RL = 50 ohms) 
Low-to-High-Level Outpul 
High-to-Low-Level Output 

td 
tr 
ts 
tf 

tPLH 
tPHL 

tTLH 
tTHL 

#Voltage and current values are nominal; exact values vary slightly with transistors parameters. 

8 

- 9.0 -
- 11 -
- 14 -

- 8.0 -

9 
- 21 -

- 16 -

9 
- 7.0 -
- 8.0 -

DC TEST CIRCUITS FOR MTTL GATES 

FIGURE 1 - VIH. VOL FIGURE 2 - VIL. VOH 

Vee Vee 

Both inputs are tested simultaneously. Each input is tested separately. 

IArrows indicate actual direction of current flow. Current into a terminal is a positive val \.Ie.) 

FIGURE 3 - IIH FIGURE 4 - I'L. Vin 

Vee 4.5 V Vee 

10--;-<0-__ OP E N 0-..,......0--_ OPE N 

Each input is t~sted separately. Each input is tested separately. 
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MC75450 

DC TEST CIRCUITS FOR MTTL GATES (continued) 

FIGURE 5 - lOS FIGURE 6 - ICCH' ICCL 

Vee Vee 

k>-+-<>-. OPEN 

Each gate is tested separately Both gates are te$ted !1imultaneously. 

(Arrows indicate actual direction of current flow. Current into a terminal is a positive value.) 

FIGURE 7 - PROPAGATION DELAY TIMES, t:ACH GATE 

+2.4 V Vcc OUTPUT +5.0 V 

I 
CL = 115 pF 

-= (See Note B) 

'NOTES: A. The pulse generator has the following characteristics: tw = 0.5 Its, PRR = 1.0 MHz, Zo ~ 50 n. 
B. CL includes probe and jig capacitance. 

VOLTAGE WAVEFORMS 

INPUT 

OUTPUT 
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TEST CIRCUITS (continued) . 

FIGURE 8 - SWITCHING TIMES. EACH TRANSISTOR 

10V 

..... -.,..-....... --+-.. OUTPUT 

SUBSTRATE .--_ .... 

NOTES: A. The. pulse generator has the following characteristics: tw = 0.3 IJ.s, duty cycle ~ 1%, Zo ~ 50 il. 
B. CL includes probe and jig capacitance. 

VOL TAGE WAVEFORMS 

r;-------:"'~~_t----3.0 V 

INPUT 

OUTPUT 

FIGURE 9 - SWITCHING TIMES. GATE AND TRANSISTOR 

2.4 V VCC 

10V 

..... --.---. OUTPUT 

CL = l5pF II (See Note B) 

I 
.J 

':'I0TES: A. The pulse generator has the following characteristics: tw = 0.51J.s, PRR = 1.0 MHz, Zo ~ 50 il. 
B. CL includes probe and jig capacitance. 

VOL TAGE WAVEFORMS 

11------ 3.0 V 

INPUT 

-------...-JI....I------O V 
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ORDERING INFORMATION 

Device Alternate 
Temperature 

Range Package 

MC75451P SN75451BP OOC to +70°C Plastic DIP 
MC75451U O°C to +70OC Ceramic DIP 
MC75452P SN75452BP O°C to +70°C Plastic DIP 
MC75452U O°C to +70°C Ceramic DIP 
MC75453P SN75453BP O°C to +70°C Plastic DIP 
MC75453U O°C to +70°C cera~ic DIP 
MC15454P SN75454BP O°C to +7ooC Plas c DIP 
MC75454U O°C to +70°C Ceramic DIP 

DUAL PERIPHERAL DRIVER:S 

These versatile devices· are useful for interfacing digital logic to 
industrial electronic systems. They are useful as lamp drivers, relay 
drivers, logic buffers, line drivers, or MOS drivers. 

Each of these devices consists of a pair of MTTL gates with the 
output of each gate internally connected to the base of a transistor. 

MC75451 provides the AND function 
MC75452 provides the NAND function 
MC75453 provides the OR function 
MC75454 provides the NOR function 

• 300 mA Output Current Capability 

• Output Breakdown Voltage - 30 V Min 

• MTTL compatible Inputs 

MC75451 - Positive AND 

Vec 2~ 2A 2Y 

TRUTH TABLE 

A B Y 

L L ("on" state) 

L H L ("on " state) 

H L ("on" statp) 

H H H ("off" state) 

H high level, L c. low level. 

1A 18 1Y GND 1A 1B 

MC75451 
MC75452 
MC75453 
MC75454 

DUAL 
PERIPHERAL DRIVERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 

U SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 693 CASE 626 

MC75452 - Positive NAND 

TRUTH TABLE 

A B Y 

L H (".off" state) 

H H ("off" state) 

H L H ("off" state) 

H H L ("on" state) 

H = high lever, L = low level 

1Y GND 

Positive Logic: Y = AB Positive Logic: Y = AS 

MC76453- Positive OR ivlC75454 - f>ositive NOR 

TRUTH TABLE 
TRUTH TABLE 

A B Y A B y 

L ("on" state) L H ("oU" state) 

L H H ("off" state) L H L ("on" state) 

H H ("off" state) H L L ("on" state) 

H H H ("off" state) H H L (" on" state) 

H h,gh level .. L low level H = high level, L = low level. 

1A 18 1Y GND 

Positive L\,)gic: Y = A + B Positive Logic: Y = A+B 
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MC75451, MC75452, MC75453, MC75454 

MAXIMUM RATINGS o o !T A = 0 C to 70 C unless otherwise noted,) 

Rating Symbol Value 

Power Supply Voltage! 1) VCC 7,0 

Input Voltage VI 5,5 

Interemitter Voltage(2) - 5,5 

Output Voltage(3) Vo 30 

Output Current(4) 10 300 

Power Dissipation @TA = 250 c Po 830 
Derate above T A = +250 C 6,6 

Operating Ambient Temperature Range TA o to +70 

Storage Temperature Range Tstg -65 to +150 

(1) Voltage values are with respect to network grol!nd terminal, 
(2) This is the voltage between two emitters of a multiple-emitter transistor. 
(3) This is the maximum voltage which should be applied to any output when it 

is in the "off" state, 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mA 

mW 
mW/oC 

°c 
°c 

(4) Both halves of these dual circuits may conduct rated current simultaneously; 
however, power oissipation averaged over a short time interval must fall within the 
continuous dissipation rating, 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply for 4 75 ::. VCC ::. 525 V and OoC';;: T A';; 700 C) ~ ~ ~ 

Characteristic Figure Symbol Min Typ (1) Max 

Input Voltage - High Logic State 1,2 VIH 2,0 - -

Input Voltage - Low Logic State 1,2 VIL - - 0,8 

Input Clamp Voltage 4 VI - -1,2 -1,5 
(VCC = 4,75 V,II= -12 mAl 

Output Current - High Logic State 2 10H - - -100 
(VCC = 4.75 V, VOH = 30 V, VIH = 2.0 V) MC75451, MC75453 
(VCC = 4.75 V, VOH = 30 V ,VIL = 0.8 VI MC75452, MC75454 

Output Voltage - Low Logic State 1 VOL 
(VCC = 4.75 V, VIL = 0.8 V) MC75451, MC75453 
(VCC = 4.75 V, VIH = 2.0 V) MC75452, MC75454 

(lOL = 100mA) - 0.25 0.4 
(lOL = 300mA) - 0.5 0.7 

Input Current - High Logic State 3 IIH 
(VCC = 5.25 V, VI = 2.4 V) - - 40 
(VCC'= 5.25 V, Vi = 5.5 V) - - 1 ~O 

Input Current - Low Logic State 4 IlL - -1.0 -1.6 
(VCC = 5.25 V, VI = 0.4 V) 

Power Supply Current - Output High Logic State 5 ICCH 
(VCC = 5.25 V, VI = 5.0 VI MC75451 - 7.0 11 
(VCC = 5.25V, VI = 01 MC75452 - 11 14 
(VCC = 5.25 V, VI = 5.0 V) MC75453 - 8.0 11 
(VCC = 5.25 V, VI = 0) MC75454 - 13 17 

Power Supply Current - Output Low Logic State 5 ICCL 
(VCC = 5.25 V, VI = 01 MC75451 - 52 65 
(VCC = 5.25 V, VI = 5.0 VI MC75452 - 56 71 
(VCC = 5.25 V, VI = 01 MC75453 - 54 68 
(Vee = 5.25V, VI = 5.0 V) MC75454 - 61 79 

(1) TYPical Values Measured with Vec = 5.0 V, T~ = 250 e. 

TEST CIRCUITS 

(Current into terminal is shown as a positive value. 
Arrows indicate actual direction of current flow.> 

FIGURE 2 - IOH' 

VIH 
or 

VIL 

FIGURE 1 - VOL. 

VIH - MC75452 and MC75454 
VIL - MC75451 and MC75453 

vee 

IOL 

~ 

-
J 

VIH - MC75451 and MC75453 
VIL - MC75452 and MC75454 

Vee 

IOH 
4;--

Unit 

Vdc 

Vdc 

Vdc 

Jl.A 

Vdc 

Jl.A 
mA 

mA 

mA 

mA 

VOH 

rI1\ ·See Page 1 for specific gate type. E.aCh input is tested separately. 8 MOTOROLA SenJiconductor Products Inc. ---.,-----,---' 
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MC75451, MC75452, MC75453, MC75454 

SWITCHING CHARACTERISTICS (VCC = 5.0 V, TA = +250 C unless otherwise noted.) 

Characteristic Symbol Test Fig. Min Typ 

Propagation Delay Time 
"0 ~200 rnA, CL = 15 pF, RL = 50 ohms) 
MC75451 

Low·to-High-Level Output tPLH 
High-to-Low-LeveIOutput tpHL 

MC75452 

Low-to-High-Level Output tpLH 
High·to-Low-Level Output tPHL 

MC75453 
Low-to-High-LeveIOutput tPLH 
High-to-Low-Level Output tPHL 

MC75454 
Low-to-High-LeveIOutput tpLH 
High-to-Low-Level Output tpHL 

Transition Time 
(10 ~200 rnA, CL = 15 pF, RL = 50 ohms) 
MC75451 

Low-to:High-Level Output tTLH 
High-to-Low-LeveIOutput tTHL 

MC75452 
Low·to·High·LeveIOutput tTLH 
High-to-Low-Level Output tTHL 

MC75453 
Low-to-High-LeveIOutput tTLH 
High-to-Low-Level Output tTHL 

MC75454 
Low-to-High-Level Output tTLH 
High-to-Low-Level Output tTHL 

TEST CIRCUITS (Continued) 

FIGURE 3 - 'IH 
(ALL DEVICE TYPES) 

(Current into terminal is shown as a positive value. 
Arrows indicate actual direction of current flow.! 

Vee Open 

I~H ' ___ ,-- --- l 

VI . * I 

L~ __ ~ ____ ~ 

Each input is tested separately. 

MC75453 
MC75454 

6 - 17 

- 18 

6 - 18 

- 16 

6 - .15 

- 17 

6 - 25 

- 19 

6 - 6.0 
- 11 

6 - 8.0 
- 9.0 

6 - 5.0 

- 8.0 

6 - 5.0 

- 8.0 

FIGURE 4 - I'L,V, 
(ALL DEVICE TYPES) 

Open 

Each input is tested separately. 

'See page 1 for specific gate type. 

MC75451 
MC75452 

FIGURE 5 -ICCH. ICCL 
(ALL DEVICE TYPES) 

Vee Open 

Bo;h gates are tested simultaneously. 

Max Unit 

- ns 
-

- ns 
-

- ns 
-

- ns 
-

- ns 
-

- ns 
-

- ns 

-

- ns 

-

@ MOTOROLA Se,.,iconductor Products Inc. _______ ....J 
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MC75451 , MC75452, MC75453, MC75454 . 

FIGURE 6 - SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 

2.4 V 0.4 V 

~O% 

Input 
10 V ~--------tw--------~ 

To Scope 
(Input) 50 

To Scope .,...+<>-- (Output) 

NOTES: A. Pulse generator characteristics: tw = 0.5 !-IS, 

PRR= 1.0MHz,zo~50n 

B. CL includes probe and test fixture capacitance. 

and 
MC75453 

Output 
All 

Types 

REPRESENTATIVE SCHEMATIC DIAGRAMS 
(112 Circuits Shown) 

A 

MC75451 

A 

B 

~----~----~--------¢VCC 

y 

~-+--------+----4-4----+-~ GND 

MC75453 

.-----~------~------.-------~VCC 

y 

Bo-+-~----~~---------

~~------~------------~--~--~~GND 

MC75452 

MC75454 

A 

eo-+-~------+--------

10% 

OV 

3.0 V 

OV 

VOL' 

VCC 

Vec 

Circuit diagramS utilizing Motorola productS are included as a means 
of illustrating typical semicOnd.uctor applications; .consequently, 
complete. information ~ufficient for construct,on purposes is' not 
necessarily given. The information has been carefully. checked and 

is believed to be entirely reliable. However,rio responsibility is 
assumed for inaccuracies. F·urth~rmore, such informatio!,) does· not 
convey to the purchaser of the s.emiconductor·device.s described any 
license under the patent ritlhts of Motorola I nc." or. o.the'rs. 

® MOTOROLA SenJ;conductor Products Inc. ---...._--'---..... 
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ORDERING ,INFORMATION 

Device 

MC75461P 
MC75461U 
MC75462P 
MC75462U 
MC7.5463P 
MC75463U 
MC75464P 
MC75464U 

Temperature Range 

O°C to +7ooC 
O°C to +7ooC 
O°C to +7ooC 
O°C to +70°C 
O°C to +70°C 
O°C to +700b 
O°C to +7ooC 
O°C to +7ooC 

Package 

Plastic DIP 
Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

Ceramic DIP 

DUAL HIGH-VOLTAGE PERIPHERAL DRIVERS 
The MC75461 thru MC75464 series is similar to the MC75451 
thru MC75454 series peripheral drivers; however, the MC75461 
series features greater voltage capability allowing operation wi,th 
higher output voltages or with inductive loads.' These devices are 
useful as lamp drivers, relay drivers, logic buffers, line drivers, or 
MOS drivers. 

Each of these devices consists of 'a pair of MtTL gates with the 
'output of each gate internally connected to the base of a transistor. 

MC75461 provides the AND function 
MC75462 provides the NAND function 
MC75463 provides the OR function 
MC75464 provides the NOR function 

• 300 mA Output Current Capability 

• No Output Latch-up at 30 V 

• MTTL compatible, Inputs 

MC75461 - Positive AND 

2B '2A 2Y 

TRUTH TABLE 

A B Y 

L L L ("on" statel 

L H L ("on" statel 

H L L ("on" statl'1 

H H H ("off" statel 

H high level. L "' low level. 

1A 1B' 1Y GND 1A 1B 

MC75461 
MC75462 
MC75463 
M015464 

DUAL HIGH·VOLTAGE 
PERIPHERAL DRIVERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 

U SUFFIX 

CERAMIC PACKAGE 
CASE 693 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 

MC75462 - Positive NAND 

TRUTH TABLE 

A B y 

L L H ("off" state) 

'L H H ("off" state) 

H L H ("off" state) 

H H L ("ori" state) 

H = high level. L = jlOW level 

1Y GND 

Positive Logic: Y = AB Positive Logic: Y = AS 

MC75463 - Positive OR MC75464 - Positive NOR 

2B 2A 2Y VCC 2B 2A 2Y 

TRUTH TABLE 
:TRUTH TABLE 

A B y A B y 

L ("on" state) L H ("off" state) 

L H H ("off" state) L H L ("on" state) 

H H ("off" state) H L L ("on" stllte) 

H H H (" off", state) H H L ("on" state) 

H ", hIgh Jevel. L ~ low level H = high level, L = low level. 

1A 1B 1Y GND 1A 16 1Y GND 

Positive Logic: Y = A + B Positive Logic: Y ~ A+'B 
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MC75461, MC75462, MC75463, MC75464 

MAXIMUM RATINGS (TA = Ooc to 700C unless otherwise noted.) 

Rating Symbol Value 

Power Supply Voltage( 1) V-CC 7.0 

Input Voltage VI 5.5 

Interlimitter Voltage(2) - 5.5 

Output Voltage(3) Vo 35 

Output Current(4) 10 300 

Power Dissipation @TA = 250C Po 830 
Derate above T A = +250C 6.6 

Operating Ambient Temperature Range TA o to +70 

Storage Temperature Range Tstg -65 to +150 

(11 Voltage values are with respect to network ground terminal. 
(2) This is the voltage between two emitters of a multiple-emitter transistor. 
(3) This is the maximum voltage which should be applied to any output when it 

is in·the "off" state. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mA 

mW 
mW/oC 

°c 

°c 

(4) Both halves of these dual circuits may conduct rated current simultaneously; 
110wever, power dissipation averaged over a short time interval must fall within the 
continuous dissipation rating. 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for 4.75;;;;' VCC ~ 5.25 V and OOC ':;;;T A ':;;;700C) 

Characteristic Figure Symbol 

Input Voltage - High logic State 1,2 VIH 

Input Voltage - low logic State 1,2 Vil 

Input Clamp Voltage 4 VI 
(VCC = 4.75 V, II = -12 mAl 

Output Current - High logic State 2 IOH 
(VCC = 4.75 V, VOH = 35 V, VIH = 2.0 V) MC75461, MC75463 
(VCC = 4.75 V, VOH = 35 V, Vil = 0.8 V) MC75462, MC75464 

Output Voltage - low logic State 1 VOL 
(VCC = 4.75 V, Vil = 0.8 V) MC75461, MC75463 
(Vec = 4.75 V, VIH = 2.0 V) MC75462, MC75464 

IOl = 100 mA 
IOl = 300 mA 

Input Current - High logic State 3 IIH 
(VCC = 5.25 V, VI = 2.4 V) 
(VCC = 5.25 V, VI = 5.5 V) 

Input Current - low logic State 4 III 
(VCC = 5.25 V, VI = 0.4 V) 

Power Supply Current - Output High logic State 5 ICCH 
(VCC = 5.25 V, VIH = 5.0 V) MC75461 
(VCC = 5.25 V, Vil = 0) MC75462 
(VCC = 5.25 V, VIH = 5.0 V) MC75463 
(VCC = 5.25 V, Vil = 0) MC75464 

Power Supply Current - Output Low Logic State 5 ICCl 
(VCC = 5.25 V, Vil = 0) MC75461 
(VCC = 5.25 V, VIH = 5.0 V) MC75462 
(VCC = 5.25 V, Vil = 0) MC75463 
(VCC = 5.25 V, VIH = 5.0 V) MC75464 

(1) Typical Values Measured with VCC = 5.0 V, TA = 250 C 

TEST CIRCUITS 

FIGURE 1 - VOL 

(Current into terminal is shown as a positive va.lue. 
Arrows indicate actual direction of current flow.) 

Min 'Typl" Max 

2.0 - -

- - 0~8 

- -1.2 -1.5 

- - 100 

- 0.15 0.4 
- 0.35 0.7 

- - 40 
- - 1.0 

- -1.0 -1.6 

- 8.0 11 
- 13 17 
- 8:0 11 
- 14 19 

- 61 76 
- 65 76 
- 63 76 
- 72 85 

FIGURE 2 - IOH' 
VIH - MC75462 and MC75464 
V I L - MC75461 and MC75463 

VIH - MC75461 and MC75463 
V I L - MC75462 and MC75464 

Vee Vee 

MC754j52 ~ 

MC75461 
MC75464 

v," 0, v,7------.. 
MC75463 

·See Page 1 for specific gate type. Each input is tested separately. 

@ .MOTOROLA Semiconductor Products Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

/.IA 

Vdc 

/.IA 
mA 

mA 

mA 

mA 



MC75461, MC75462, MC75463, MC75464 

SWITCHING CHARACTERISTICS (VCC = 5.0 V, TA = +250 C unless otherwise noted.) 

Characteristic Symbol Test Fig. Min Typ 

Propagation Delay Time 
(10 ~ 200 mA, CL = 15 pF, RL = 50 ohms) 
MC75461 

Low-to-High-Level Output tpLH 6 - 45 
High-to-Low-Level Output tPHl . - 30 

MC75462 , 
Low-to-High-level Output tPLH 6 - 50 
High-to-Low-Level Output tpHL. - 40 

MC75463 
Low-to-High-Level Output tpLH 6 - 45 
High-to-Low-LeveIOutput tPHL - 30 

MC75464 
Low-to-High·Level Output tpLH 6 - 50 
Hi,gh-to-Low-LeveIOutput tpHl - 40 

Transition Time 
(10 ~2oo mA; CL = 15 pF, RL = 50 ohms) 
MC75461 

Low-to-High-Level Output tTLH 6 - 8.0 
High-to-Low-LeveIOutput tTHL - 10 

MC75462 
Low-to-High-LeveIOutput tTLH 6 - 12 
High-to-Low-LeveIOutput tTHL - 15 

MC75463 
Low-to-High-LeveIOutput tTLH 6 - 8.0 
High-to-Low-Level Output tTHL - 1Q 

MC75464 
Low-to-High-Level Output tTLH 6 - 12 
High-to-Low-Level Output tTHL - 15 

Output Voltage - High Logic Level after Switching (Latch-up Test) VOH 7 VS-l0 -
(VS=3QV 10'" 300mA) 

TEST CIRCUITS (Continued) 

FIGURE 3 - IIH 
(All DEVICE TYPES) 

(Current into terminal is shown as a positivevalue. 
Arr?ws indicate actual direction of current flow.) FIGURE 4 - IIL,V, 

(All DEVICE TYPES) 

VCC Open 

I~H -- r-- --- l VIH. I 

~_-: ____ ~J 

Each input is tested separately. 

·See page 1 for specific gate type. 

MC75461 45 V Vce 
MC75462 "'::::---...:! 

MC75463 -re 
MC75464 IL -:t r-

VIL. -} 

II·n 
t~ 

Open 

Each input is tested separately. 

FIGURE 5 - ICCH' ICCl 
(All DEVICE TYPES) 

VCC Open 

Both gates are tested simultaneously. 

Max 4nit 

55 ns 
40 

65 ns 
50 

55 ns 
40 

65 ns 
50 

20 ns 
20 

25 ns 
20 

25 ns 

2~ 

20 ns 
20 

- mV 

@ MOTOROLA Sen>iconductor Products Inc. -----,-----' 
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MC75461, MC75462, MC75463,. MC75464 . 

2.4 V 

MC75461 
MC75462 

To Scope 
(Input) 

0.4 V 

FIGURE 6 - SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 

10 V 

50 
To Scope 

,,-tu-_- (Output) 

90% 

Input 
~--------tw--------~ 

OV 

NOTES, A. Pulse genorator characteristics: tw = 0.5 liS, 

PRR = 1.0 MHz, Zo "'" 50 n 
B. CL includes probe and test fixture capacitance. 3.0 V 

MC75461 
and 

MC75463 

Output 
All 

Types 

10% 

1---+---- tw 

FIGURE 7 - OUTPUt. VOL TAGE AFTER SWI.TCHING TEST CIRCUIT AND WAVEFORMS 
(LATCH-UPTESTI 

Vs = 30 V 

OV 

VOH 

To Scope 0.4 V 5.0 V 
(Input) 

'See Page 1 for specific gate t~pe. 

CL=15pF 

1(see Note B) -----1 t-- ~ 5 ns ---1 :-- E:;; 10 ns 
Input I I I I 3 V 

MC75461 . 9~% : if.1 90% . 
and 1.5V I I 1.5V -= MC75463' : "-"1_0% _________ 1_0_%,J. 1 ___ ...: ___ 0 V 

~1----~---40IlS--------~1 
----i :1- ~10 ns ----I : I- E:;;10 ns 

MC754~:utJ.1190% 90%~l-:------- 3V 
and I 1.5 V 1.5 V I . . 

MC75464 10% 10%. 0 V 

Output ___ --. 

All Types 

VOL 

NOTES: A. The pulse genentor has the following characteristics: PRR = 12.5 kHz, Zout = 50 n 
B. CL includes probe and jig capacitance. 

@ MOTOROLA Se,..;conductor Products Inc., ----------' 
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MC75461, MC75462, MC75463, MC75464 

A 

REPRESENTATIVE SCHEMATIC DIAGRAMS 
(1/2 Circuits Shown) 

MC75461 

A 

B 

r---~~--~------.oVee 

v 

~~------~--~~--+--oGND 

MC75463 

r-----+-----~----~--~---oVee 

v 

L-~----~~--______ ~ __ +-__ ~GND 

MC75462 

MC75464 

Vee 

Vee 

® MOTOROLA. Se,.,iconductor Products Inc. -------...---' 
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O~DERING INFORMATION 

, Device 
MC754Q1P 
MC75492P 

Temperature Range 

O°C to +70°C 
O°C to +700C 

Package 
Plastic DIP 
Plastic DIP 

Specifications·.Rnd Applications 
InforInation 

QUAD LED SEGMENT DR!VER - MC75491 

HEX LED DIGJT DRIVER - MC75492 

The MC75491 and MC75492 are designed to interface MOS logic 
to common cathode light-emitting diode readouts in serially ad
dressed multi-digit displays. Using a segment address and digit scan 
LED drive method in a time mUltiplexing system results in a 
minimizing of the number of re9uired drivers, 

• Low Input Current Requirement for MOS Compatibility 

• Low Standby Power Drain 

• Source or Sink Current Capability of 50 mA for MC7!)491 

• Sink Current Capability of 250 mA for MC75492 

• Four High-Gain Darlington Drivers in a Single Package - MC75491 

• Six High-Gain Darlington Drivers in a Single Package - MC75492 

MC75491 CIRCUIT SCHEMATIC, 
(1/4'Circuit Shown) 

4k 
INPUT ,o--..... "'V'I!'v-----.---l 

VSS 

INPUT 

H 

TRUTHTABL1: 

'INPU~ IOUTPUT 

L I H 

H .I L 

H 

L 

MC75492 CIRCUIT SCHEMATIC 
(1/SCircuit Shown) 

4k 
INPUT 0--_'1/\1\1--...... --1 

VSSo--~~~-----~ 

C 

----.r.E 

6.8 k 

GND 

OUTPUT 

310 

GND 

5-320 

MC75491 
MC75492 

MULTIPLE 
L1GHT·EMITTING DIODE (LED) 

DRIVERS 

SILICON MONOLITHIC 

INTEGRATED CIRCUITS 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

CONNECTION DIAGRAMS 

Emitter 1 

Collector 1 

Collector 2 

Emitter 2 

MC75491 

MC75492 

Input 4 

Emitter 4 

Collector 4 

VSS 



MC75491, MC75492 

MAXIMUM RATINGS (TA = 0 to +700 C unless otherwise noted.) 

Value 

Rating Symbol MC75491 MC75492 Unit 

Bias Supply Voltage (See Note 1) VSS 10 10 Vdc 

Input Voltage (See Note 2) Yin -5.0 to VSS -5.0 to VSS Vdc 

Collector Voltage (See Note 3) Vc 10 10 Vdc 

Collector-to-Emitter Voltage VCE 10 - Vdc 

Collector-to-Input Voltage VCI 10 10 . Vdo 

Emitter Voltage (Vin ~ 5.0 Vdc) VE 10 - Vdc 

Emitter-to-Input Voltage Vel 5.0 - Vdc 

Continuous Collector Current (Each Collector) IC 50 250 mA 
(All Collectors) 200 600 rnA 

Power Dissipation (Package Limitation) Po 
Ceramic and Plastic Dual In-Line Packages 830 mW 

Derate above T A = +250 C 6.6 mWflC 

Operating Temperature Range TA o to +70 

Storage Temperature Range T Stg -65 to +150 

Note 1. VSS terminal voltage is with respect to any other device terminal. 

Note 2. With the exception of the inputs, the GND terminal must always be the most negative device voltage for proper operation. 

Note 3. Voltage values are with respect to GND terminal unless otherwise noted. 

ELECTRICAL CHARACTERISTICS (VSS = 10 Vdc, T A = 0 to +700 C unless otherwise noted.) 

MC75491 

Characteristic • c Symbol Min Typ 

low-level COllector-to-Emitter Voltage VCEl 
(Vin = 8.5 V thru 1.0 kn, IOl = 50 mA, 

VE = 5.0 V) 
TA = +250 C - 0.9 
T A = 0 to + 700 C - -

High-Level,Coliector Current ICH 
VCH = 10 V, Ve;: O,lin = 40llA - -
VCH = 10 V, VE = 0, Yin = 0.7 V - -

low-Level Output Voltage VOL 
(Vin = 6.5 V thru 1.0 kn, IOl = 250 mAl 

TA = +250 C - -
T A = 0 to + 700 C - -

High-Level Output Current IOH 
VOH = 10 V,ljn = 4OI'A - -
VOH = 10 V, Vin = 0.5 V - -

Input Current at Maximum Input Voltage lin - 2.2 

Yin = 10 V,IOt.. = 20 rnA 

Emitter Current - Reverse Bias 'ER - -
IC = 0, Vin = 0, VE = 5.0 V 

Bias Supply Current (VSS = 10 V) ISS - -

SWITCHING CHARACTERISTICS (VSS = 7.5 V, TA = +250 C unless otherwise noted.) 

Propagation Delay Time, High-to-Low Level 
RL = 200 n, VIH = 4.5 V, Col = 15 pF, VE = 0 
Rl': 39 n, VIH = 7.5 V, CL = 15 pF 

Propagation Delay Time, Low-to-High Level 
CL = 15 pF, VE = 0, Rl = 200 n, VIH = 4.5 Vdc 
CL = 15 pF,Rl = 39 n, VIH = 7.5Vdc 

*To collector output. 

20* 

40* 

5-321 

Max 

1.2 
1.5 

100 
100 

-
-

-
-
3.3 

100 

1.0 

MC75492 

Min Typ Max 

- - -
- - -

- - -
- - -

- 0.9 1.2 
- - 1.5 

- - 200 
- - 200 

- 2.2 3.3 

- - -

- - 1.0 

40 

80 

°c 

°c 

Unit 

Vdc 

I'A 

Vdc 

IIA 

mA 

IIA 

mA 

ns 

ns 

• 
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. MC75491, MC75492 

TYPICAL CHARACTERISTICS 
(Vss = +10 Vdc, TA = +2SPC unless.otherwise noted.) 

MC75491 
FIGURE 1 - COLLECTO~ CURRENT versus INPUT VOLTAGE 

50 

0 

o 
o 0.5 

VC;2.5 V 
VE"O 

../ 
1.0 1.5 2.0 2.5 

Vin.INPUT VOLTAGE (Vdc) 

FIGURE 3 - COLLECTOR CURRENT versus INPUT CURRENT 
5 0 

i 40 

IE 
~ 
II: 30 
~ y 
II: 

t; 20 
w 
::l 
(;) 
y 

!;} 10 

, 

40 

J I VC" 2.5 V 
Ve=O I 

I 
I 
I 

/ 
V 

80 120 160 200 
lin. INPUT CURRENT IlAAI 

FIGURE 5 - COLLECTOR-TO-EMITTER VOLTAGE (ONI 
versus COLLECTOR CURRENT 

0 

-....- I 
;;. ~ l\\ T A .. +700t '--,.... 1,\ TA" +250C 

TA"OoC _ 

VeDO 
I--Input 3.5 V' 

thru 1.0Ul 

10, 20 30 40 50 
IC. COLLECTOR CURRENT (mA) 

MC75492. 
FIGURE 2 - OUTPUT CURRENT versus INPUT VOLTAGE 

250 

C 200 
oS 
IE 
~ 150 
II: 

B 
!; 
~100 
~ 
(;) 

50 

o 
o 

VC" 2.5 V 

0.5 1.0 1.5 
Vin.INPUT VO~TAGE (VOLTS) 

I 
I 

II 

I 
I 

1 
I 

V 
2.0 2.5 

FIGURE 4 - OUTPUT CURRENT versus INPUT CURRENT 
250 

II 

J 
VC" 2.5 V I 

I 
I 
I 

!J 
J 

I 
50 

7 
50 100 150 200. 250 300 350 400 

lin. INPUT C\JRRENT (PA) 

FIGURE 6 - OUTPUT VOLTAGE LOW versus OUTPUT CURRENT 

.0 
~1-

.- ....... \ I -. 8 .~ ~ I\~T~.+70~~_ -~ 
/' ,\TA"+250C 

.6 TA"OoC _ 

. 

. 4 

.2f--.-
Input .. 6.5 V 
t~ulrn 

'. 

0 
50 100 150 200 250 ' 

10. OUTPUT CURRENT (mAl 



MC75491, MC75492 

1 
~ z 
'" :; 
::;) 
c.> 
~ 

~ 
!! 
j 

TYPICAL CHARACTER ISTICS and 
SWITCHING TIME CIRCUITS 

2.5 

FIGURE 7 - MC75491/MC75492 INPUT CURRENT 
versus INPUT VOLTAGE 

I I I 

2.0 

I- VSS=10V 

/ Ve = 0 (MC75491) 
I- RL = 220nto 10V 

.-/ 

1.5 / 
/' 

1.0 
/ 

/ 

0.5 / 
./ 

,.../ 
2.0 4.0 6.0 8.0 

Vin,lNPUT VOLTAGE (Vdc) 

FIGURE 9 - SWITCHING WAVEFORM DEFINITIONS 

I 
tTLH ~ 10 ns--J , 

I 
Input 

10% 

Output 

, 
-I 

~;";;';';~-----OV 

_--_--VOH 

t~o~_ ------VOL ----I-, --' , 
I I 
t--.o...J-tPLH 

Tl1e pulse generator has the following characteristics: 
Zo = 50 n, PRR = 100 kHz,PW = 1.0 lAs. 

10 

FIGURE 8 - MC75491 SWITCHING CIRCUIT 

7.6 V 

VCC 

RL = 200 n 
~').-~--4 __ Output 

GNO (eL includes probe and 
jig capacitance.) 

FIGURE 10 - MC75492 SWITCHING CIRCUIT 

7.5 V 

VCC 

~>-<>---....:.--. Output 

GNO (CL includes probe and 
jig capacitance.) 

TYPICAL APPL.ICATIONS 

FIGURE 11 - QUAD-OR-HEX RELAY DRIVER 

. MC75491 

I nput "'--<:}--I~ 
C 

(MC75491 
only) 

Vcc 

Relay 

FIGURE 12 - OUAD-OR·HEX LAMP DRIVER 

Vcc 

Input .• ~--o---l 
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MC75491,MC75492 

TYPICAL APPLICATIONS (continued) 

FIGURE 13 - MOS-TO-MTTL LEVEL TRANSLATOR 
FIGURE 14 - QUAD HIGH-CURRENT NPN 

TRANSISTOR DRIVER 

MOS 
Input 

R1 

C 

VCC 

Output 
ToMTTL 

R2 

Input .... --0-1 

01 

FIGURE 15 - QUAD-OR-HEX HIGH-CURRENT 
PNP TRANSISTOR DRIVER FIGURE 16 - BASE-EMITTER SELECT TRANSISTOR DRIVER 

VCC 

R1 

MC"15491 01 

or VSS 01 

RL 
Input 

-=- VEE 

(Suitable for use with common-anode VLED displays) 

FIGURE 17 - MOS CALCULATOR CHIP-TO-LED INTERFACE CIRCUIT 

MOS 
Calculator 

Chip 

--i r-__ DC1~~ ____________ ~~ 

::gl 

8 (1/4 MC75491 Circuit) = 

2 Packages 

-0---+-- 2 Packages if N = 12 

--i ~_D~N~~: __________ ~ __ ~ __________ ~~ 

C 

E 

VSS 

I 
- - --1·-::-. -VD-O- '-.I This exarr:~le uses time multiplexing of the individual digits ina visible dis~lay to minimize display 

circuitry. Up to twelve digits, each of which use a seven-segment display with decimal point, may 
be displayed using only two MC75491 and two MC75492 drivers. 
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MC15491, MC75492 

+10 V 
Speed/Direction 

Control 

TYPICAL APPLICATIONS (continued) 

FIGURE 18 - STROBED "NOR" DRIVER 

fiGURE 19 - DC MOTOR SPEED/DIRECTION CONTROL CIRCUIT 

lN914 
or Equiv Each amplifier symbol represents 1/4 MC75491 circuit (two packages total). 

5-325 

• 



• 

ORDERING INFORMATION -

Device 

MCC1486 
MCC1487 

Temperature Range 

O°C to +700C 
OOC to +70°C 

Package 

Chip Only 
C?hip Only 

Advance InforInation 

QUAD LED DIGIT DRIVERS 
The MCC1486/MCC1487 consists of four (4) medium current 

(70 mAl CMOS· compatible digit drivers. Each circuit has been 
specially designed for use with digital watch display applications 
employing demand display CMOS watch circuits, or other applica· 
tions requiring CMOS or equivalent input compatibility. Both are 
designed to serve as digit drivers for driving 4·digit common cathode 
LED watch displays. Each driver serves as a current sink for a 
particular digit cathode, providing convenient time multiplex 
operation. The time-multiplexec( display system allows a single 
driver to serve as a current sink for all segments of a particular digit, 
resulting in a significant decrease in interface circuit requirements. 

The MCC1487 differs from the MCC1486 in that a two-stage 
high-gain driver circuit is used. The increased gain of the MCC1487 
circuit permits operation with very low output current CMOS watch 
circuits. Also, the MCC1481's improved input threshold (approxi
mately 2 VBE) provides greater immunity to characteristic CMOS 
output leakage currents. Together, the increased gain and improved 
input threshold allows use of relaxed watch chip specifications and a 
more stable, noise free operation. 

MAX IMUM RATINGS (T A = 25°C unless otherwise noted) 

Rating Symbol Vallie Unit 

Power Supply Voltage ! VSS 5.0 V 

Input Voltage VI 5.0 V 

Output Voltage Vo 5.0 V 

Output Current 10 100 mA 

Operating Ambient Temperature Range TA o to +70 °c 
Storage Temperature Range Tstg --65 to +150 °c 

FIGUR.E 1 - 1/4 of MCC1486 FIGURE 2 - 1/4 of MCC1487 

CROSS REFERENCE 

BOMAR B05030 -MCC1486 
BOMAR 805031 - MCC1487 

VSS Vo 

ThiS. is advance informa'tion and specifications are subject to change without notice. 

5·326 

MCC1486 
"MCC1487 

QUAD LED DIGIT 
DRIVERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 

\ 
VSS 

(MCC1487 only) 

Available in Chip Form Only 
-1 Suffix Indicates Multiples of 10 
-2 Suffix Indicates Multiples of 100 

MCC1487 Metal Pattern Shown. Pad Locations 
Same For 80th Dei/ices. 

Common 
Cathode 
LED 
Display 

MCC1486 
"MCC1487 

Digit 
Driver 

I flc'lJIt,'1 

TYPICAL APPLICATION 



MCC1486,MCC1487 

ELECTRICAL CHARACTERISTICS 
MCC1486 MCC1487 

Characteristic Symbol Min Max Min 
Output Voh,ge -:- Low Logic State VOL 

(V, .. 1.2 V. 1'0= 70mAI - 0.4 -
(I, = 840 /.IA. '0= 56 mAl - 0.4 -
(V, =- 2.0 VI 10 =70 mAo VSS" 3.0VI - - -

Output Current - Hlg" Logic State 10H 
(Total of all Outputsl 
(V, = 0.2 V. VO" 3.0 VI - 1.0 -
(V," 0.2 V, Vo = VSS" 3.0 VI - - -

InpufCurrent -:- Oli State I1(0n) 
(VI" 1.2VI 840 - -
(V," 2.0 VI - - 300 

Input Current- OffSt8te I Hoff) 
N.;"0.2VI - 20 -
(V, = 0.5 VI' - - -

Power Supply Current ISS 
fV,"2,OV.10 "70mA. VSS" 3.0V) - - -

Propagation DelayTime 
Low to High State Output tPLH - 10 -
High to Low State Output tpHl - 10 -

FIGURE 3 - SWITCHING TEST CIRCUIT AND WAvEFORMS 
(For Reference Only) 

(Not Used On . VS$ 
MCC1486) 

r-------
I' 51 

15% 

20pF 
110% 

Pad l.ocatlon Dimensions 
Referenced to Center Line 

of Pad VI1 

MCC1487 metal pattern shown. 
Padloclltlonti seme for both devicel. 

2.0 Vdc 

VI 

CHIP OUTLINE DIMENSIONS 

V010.:t::lt 
V02' ~O+'80 " 

~0.0270 
V03 -L ,_ 

V04 ~ 
Ole Size is 

·0.044 x 0.044 Nominal 

Oxide Free Bonding 
Area Is 0.046 x 0.0046 

Max 

-
-

0.4 

-
1.0 

-
-

-
200 

7.0 

10 
10 

tf" 1.0 /.Is 
tr = 1.0'/.15 

@ MOTOROLA Sernicondudor Produds .Inc. 

5-327 

Unit 

Vdc 

/.IA 

jJ.A 

/.IA 
nA 

mA 

/.IS 
/.IS 
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ORDERING INFORMATION 

Device 

MMH0026G 
MMH0026L 
MMH0026U 
MMHOO26CG 
MMH0026CL 
MMH0026CP1 
MMHOO26CU 

Temperature Range 

-55"0 to + 125°C 
-55°C to + 125°C 
-55°C to + 125°C 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Package 

Metal Can 
Ceramic DIP 
Ceramic DIP 

Metal Can 
Ceramic DIP 
Plastic DIP 

Ceramic DIP 

Specifications and Applications 
InforIllation 

DUAL MOS CLOCK DRIVER 

· .. designed for high-speed driving of highly capacitive loads in a 
MOS system. 

• Fast Transition Times - 20 ns with 1000 pF Load 

• High Output Swing - 20 Volts 

• High Output Current Drive - ± 1.5 Amperes 

• High Repetition Rate - 5.0 to 10 MHz Depending on Load 

• MTTL and MDTL Compatible Inputs 

• LowPower Consumption when in MOS "0" State - 2.0 mW 

• +5.0-Volt Operation for N-Channel MOS Compatibility 

:> 
o 
~. 
.J 
o 
> 
o 
to 

FIGURE 1 - CIRCUIT SCHEMATIC 
(1/2 CIRCUIT SHOWN) 

TYPICAL OPERATION 
(RS =10 .n, CL = Cin = 1000 pF, f = 1.0 MHz, 

PW = 500 ns, VCC = 0 V, VEE = -20 V) 

100 ns/DIV. 

+5.0 V 

OV 

OV 

-20 V 

5-328 

MMH0026 
MMH0026C 

DUAL MOS 
CLOCK DRIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601-02 
TO-99 

Vee 
Ii 

(Top View) 

NC 

OUTPUT A 

INPUT A 

l SUFFIX 
CERAMIC PACKAGE 

CASE 632-02 
TO-116 

VCC 

NC 

OUTPUT B 

NC 

INPUT B 

(Top View) 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MMH0026C Only) 

U SUFFIX 
CERAMIC; PACKAGE 

CASE 693 

NCBS NC 
INPUT A. ·2 7 OUTPUT A 

VEE 3 6 VCC 

INPUT B 4 5 OUTPUT B 

(Top View) 



MMH0026, MMH0026C 

MAXIMUM RATINGS (TA - +250 C unless otherwise noted) -

Rating Symbol Value Unit 

Differential Supply Voltage Vcc-Vee +22 Vdc 

Input Current II +100 mA 

Input Voltage VI vEE + !:I.t> vac 

Peak Output Current 'Opk ±l.o A 

Junction Temperature , J +11 !:I +175 +150 'c 
Operating Ambient Temperature Range TA G U,L Pl °c 

MMH0026 -!:I5 to +12!:1 55 to +125 
MMH0026C o to +70 o to +70 o to +70 

Storage Temperature Range Tstg 65 to +150 65 to +150 -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC-VEE = 10 V to 20 V, CL = 1000 pF, TA = - 55 to +1250 C for MMH0026 and 0 to +700 C 
for MMH0026C for min and max values; T A = +250 C for all typ~cal values unless otherwise noted,) 

e~racteristic Symbol Min Typ Max Unit 

Logic "1" Level I nput Voltage VIH Vee + 2.0 VEe + 1.5 - Vdc 
Vo" Vee + 1.0 Vdc 

Logic "1" Level Input Current IIH - 10 15 mA 
VI -Vee = 2.4 Vdc, Vo = VEe + 1.0 Vdc 

logic "0" Level Input Voltage Vil - VEe +0.6 Vee + 0.4 Vdc 
VO" VCC -1.0 Vdc 

logic "0" Level I nput Current III - -0.005 -10 J.lA 
VI -Vee = () Vdc, Vo = Vce -1.0 Vdc 

logic "0" level Output Voltage VOH Vdc 
VCC = +5.0 Vdc, Vee = -12 Vdc, VI =-11.6Vdc 4.0 4.3 -
VI -Vee = 0.4 Vdc VCC -1.0 Vec -0.7 -

Logic "1" Level Output Voltage VOL Vdc 
VCC = +5.0 Vdc, Vee = -12 Vdc, VI = -9.6 Vdc - -11.5 -11 
VI -VeE = 2.4 Vdc - VEe +0.5 Vee + 1.0 

"On" Supply Current . ICCl - 30 40 mA 
Vcc-Vee = 20 Vdc, VI -VEe = 2.4 Vdc 

"Off" Supply Current MMH0026C ICCH - 10 100 J.lA 
VCC-VEe = 20 Vdc .. VI -Vee = 0 V MMH0026 - - 500 

SWITCHING CHARACTERISTICS (VCC-VEE = 10 V to 20 V, CL = 1000 pF, T A = 250 C) 

Propagation Time 
High to Low (Figure 2) tPHL 5.0 7.5 12 ns 

(Figure 3) - 11 -
Low to High (Figure 2) tPLH 5.0 12 15 

(Figure 3) - 13 -
Transition Time (High to Low) tTHL ns 

VCC-VEE = 20 Vdc, CL = 250 pF (Figure 2) - 12 -
VCC-VEE = 20 Vdc, CL = 500 pF (Figure 2) - 15 18 

(Figure 3) - 30 40 
VCC-VEE = 20 Vdc, CL = 1000 pF (Figure 2) - 20 35 

(Figure 3) - 36 50 

Transition Time (Low to Highl tTLH ns 
VCC-VEE = 20 Vdc, CL = 250 pF (Figure 2) - 10 -
VCC-VEE ., 20 Vdc, CL = 500 pF (Figure 2) - 12 16 

(Figure 3) - 28 35 
VCC -VEE = 20 Vdc, CL = 1000 pF (Figure 2) - 17 25 

(Figure 3) - 31 40 
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+5 Vdc 

50 

V I ~~t/VI""''+-t 

VI ~ 5.0 Vdc 
PRF = 1.0. MHz 
PW=0.5 j.ls 
tTLH = tTHL .;; 10 ns 

+5.0 V 

Pulse t 

50 

VI = 3.0 V 
PFlF" 1.0 MHz 

PW ~ 0.51Js 

TEST CIRCUIT 

FIGURE 2 - AC TEST CI RCUIT AND WAVEFORMS 

+20 V 

_ . 90% 

VI 10% £.:E
+5.0V 

tpHL . - tPLH·. . 

--........ VO 

FIGURE 3 - AC TEST CIRCUIT AND WAVEFORMS 

+20 V 

.--_...&.-_5'..,0 j.lF:;;); * 0.1 IJF 

VOH 

VI~· ... 

~ ...... tPHL.-t~ 
90% 

tTLH" tTHL';; 10ns 

Circuit. diagrams utilizing Motorola products are i·ncluded as a means 
of illustrating typical semiconductor applications; consequently. 
complete information sufficient for. construction purposes is not 
necessarily given. The information has been carefully ch9cked and 

is b~lieved to be. entirely reliable. However,. no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semicondu.ctor devicasdescribed any 
license under the patent rightS of MotorOla Inc. or others. 

® MOTOROLA Selrl;conductor Products"lnc. ______ ~-.,J 

5-330 



MMH0026, MMH0026C 

TYPICAL CHARACTERISTICS 
(Vee = + 20 V, VEE = 0 V, T A = +250 C unless otherwise noted.) 

FIGURE 4 -INPUT CU.RRENT versus INPUT VOLTAGE 
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FIGURE 6 - OPTIMUM INPUT CAPACITANCE 
versus OUTPUT PULSE WIDTH 
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FIGURE 8-PROPAGATION DELAY TIMES 
versus TEMPERATURE 

VCC~VEE = 26v 

'/ 

2.5 

14DO 

- r- Cin = CL = 1000 pF 
RO = son / 

./ 
/' 

tPHL ./" 
~ .... ~ 
............ ~ 

tplH -...... r-- -----
-75 -50 -25 o +25 +50 +75 +100 +125 

T, TEMPERATURE (DC) 
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FIGURE 7 - TRANSITION TIMES versu.s LOAD CAPACITANCE 
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TYPICAL CHARACTISTICS (continuedl 

(Vee = + 20 V, VEE = 0 V, T A = +250 c unle~s otherwise noted.) 

FIGURE 10 - TRANSITION TIME versus TEMPERATURE 
FOR +5 VOLT DC-COUPLED OPERATION (See Figure 4.) 
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FIGURE 12 - DC-COUPLED SWITCHING RESPONSE 
versus Rin (See Figure 4.) 
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FIGURE 14 - MAXIMUM DC POWER DISSIPATION 
versus DUTY CYCLE (SINGLE DRIVER) 
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FIGURE 11 - PROPAGATION DELAY TIME versus 
TEMPERATURE FOR +5 VOLT DC·COU'PLED 

OPERATION (See Figure 4.1 
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FIGURE 13 - DC-COUPLED SWITCHING versus Cin 
(See Figure 4.) 

Rin = 1 kQ 

1\ 
CL = 25 pF - +---

VCC=+17V 

\ VEE =OV - f--

\-tTLH 

~ 
~ 

\: 

o 100 

tpLH tPHL 

/' / 

200 300 400 500 600 
Cin, CAPACITANCE (pF) 

ITHL 

700 

FIGURE 15 - AC POWER DISSIPATION versus 
FREQUENCY (SINGLE DRIVER) 

:== Vce VEE = 16 V 
l/ l/ 

/' /' 
/ / 

CL = 1000 pF ~ ....... V /1..-" 
/ /' 

CL=500pF .... ~V V ./ ........ V 

800 

~ .200 ~ 40 
« 

....... /' L ~ CL =200 pF >-
/ /' / 

~ 
100 

20 30 40 50 60 70 
DUTY CYCLE (%) 

tP 20 
V 

V 
10 

0.1 

.LV 
./ 

V 
0.2 

....... V V CL = 100 pF 

/' I I I 

ILV 
0.4 0.7 1.0 2;0 4.0 7.0 10 

f. FREQUENCY (MHz) 

@MOTOROLA Semiconductor Products Inc. -----__ -' 

5-332 



,MMH0026, MMH0026C 

APPLICATIONS INFORMATION 

OPERATION OF THE MMH0026 

The simplified schematic diagram of MMH0026, shown 
in Figure 16, is useful in explaining the operation of the 
device. Figure 16 illustrates that as the input voltage level 
goes high, diode 01 provides an 0.7-volt "dead zone" 
thus ensuring that 02 is turned "on" and 04 is turned 
"off" before 07 is turned "on". This prevents undesirable 
"current spiking" from the power supply, which would 
occur if 07 and 04 were allowed to be "on" simul
taneously for an instant of time. Diode 02 prevents 
"zenering" of 04 and provides an initial discharge path 
for the output capacitive load by way of 02. 

As the input voltage level goes low, the stored charge in 
02 is used advantageously to keep 02 "on" and 04 "off" 
until 07 is "off". Again undesirable "current spiking" is 
prevented. Due to the external capacitor, the input side 
of Cin goes negative with respect to V'EE causing 09 to 
conduct momentarily thus assuring rapid turn "off" 
of 07. 

FIGURE 16 - SIMPLIFIED SCHEMATIC DIAGRAM 
{ Ref.: Figure 11 

Vee 

R6 

02 

01 

R8 ' 

The complete circuit, Figure 1, basically creates Dar
lington devices of transistors 07, 04 and 02 in the 
simplified circuit of Figure 16. Note in Figure 1 that 
when the input goes negative with respect to V EE, diodes 
07 through 010 turn "on" assuring,faster turn "off" of 
transistors 01,02,06 and 07. Resistor R6 insures that 
the output will charge to within one VSE voltage drop 
of the VCC supply. 

SYSTEM CONSIDERATIONS 

Overshoot: 

In most system applic(itions,the output waveform of the 
MMH0026 will "overshoot" to some degree. However, 
"overshoot" can be eliminated or reduced by placing a 
damping resistor in series with the output. The amount 
of resistance required is given\by: RS = 2-1 L/CLwhere 
L is the inductance of the line and CL is the load capac
itance. In most cases a series of damping resistor in the 
range of 10-to-50 ohms will be sufficient. The damping 
resistor also affects the trcmsition times of the outputs. 
The speed reduction is given by the formula: 

tTHL "" tTLH = 2.2RS CL (RS is the damping resistor). 

Crosstalk: 

The MMH0026 is sensitive to crosstalk when the output 
voltage level is high (VO "" VCC). With the output in the 
high voltage level state, 03 and 04 are essentially turned 
"off". Therefore, negative-going crosstalk ,will pull the 
output down until 04 turns "on" sufficiently to pull the 
output back towarcjs Vec. This problem can be min
imized by placing a "bleeding" resistor from the output 
to ground. The' "bleeding" resistor should be of suf
ficient size so that 04 conc{ucts only a few milliamperes. 
Thus, when noise is coupled, 04 is already "on" and the 
line is quickly clamped by 04. Also note that in Figure 1 
06 clamps the output one diode-voltage drop above V CC 
for positive-going crosstalk. 

Power Supply Decoupling: 

The decoupling of VCC and VEE is essential in most 
systems. Sufficient capacitive decoupling is requireq to 
supply the peak surge currents during switching. At least 
a O.l-J,lF to 1.0-J,lF low inductive capacitor should be 
placed as close to each driver package as the layout will 
permit. 

Input Driving: 
For those applications requITIng split power supplies 

VEE (VEE < GNO)' at coupling, as illustrated in Figure23, 
should be employed. Selection of the input capacitor 
size is determined by the desired output pulse width. 
Maximum performanctl is attained when the voltage at 
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APPLICATIONS INFORMATION (continued) 

the input of the MMH0026 discharges to just aboVe the 
device's threshold voltage (about 1.5 V). Figure 6 shows 
optimum values for Cin versus the desired output pulse 
width. The value for Cin may be roughly predicted by: 

Cin;" (2 x 10- 3) (PWO). (1) 

For an output pulse width of 500 ns, the optimum value 
for Cin is: 

Cin = (2 x 10-3) (500)( 10- 9) = 1000 pF. 

Ifsingle supply operation is required (VEE= GNO), then 
dc coupling as illustrated in Figure24can be employed. 
For maximum switching performance, a speed·up capac· 
itor should be employed with de coupling. Figures 12 
and 13 show typical switching characteristics for various 
v.alues of input resistance and capacitance. 

POWER CONSIDERATIONS 
Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are improved 
by keeping the integrated circuit junction temperatures 
low. Electrical power dissipated in the integrated circuit 
is the source of heat. This heat source ,increases the, 
temperature of the die relative to some reference point, 
normally the -ambient temperature. The temperature in
crease depends on the amount of power dissipated it) the 
circuit and on the net thermal resistance between the 
heat source and the reference point. The basic formula 
for converting power dissipation into junction temper
ature is: 

TJ = TA + Po (ROJC+ROCA) 
or 

TJ= TA + Po (ROJA) 
where 

T J = junction temperature 
T A = ambient temperature 
Po = power dissipation 

ROJC = thermal resistance, junction t~ case 
ROCA= thermal resistance, case to ambient 
ROJA = thermal resistance, junctio~ to ambient. 

(2) 

(3) 

Power Dissipation for the MMH0026 MOS Clock Drivel': 
The power dissipation of the device (PO) is' dependent . 
on the following system requirements: frequency of op
eration, capacitive loading, output voltage sWing, and 
duty cycle. This power dissipation, when substituted into 
equation (3). should not yield a junction temperature, 
TJ,greater than TJ(max) at the maximum encountered 
ambient temperature. TJ(max) is specified for three 
integrated circuit packages in the maximum ratings 
section of this data sheet. 

TABLE 1 - THERMAL CHARACTERISTICS 
OF "G", "L", "P1", AND "U" PACKAGES 

ROJA (oCIW) ROJC (OCIW) 

PACKAGE TYPE Still Air Still Air 
(Mounted in So'cket) 

MAX TY~ MAX TYP 

"G" (Metal Package) 220 175 70 40 

"L" (Ceramic Package) 150 100 50 27 

"Pl'~ (Plastic Package) 150 100 70 40 

"U" (Ceramic Package) 150 100 50 27 

Vi 
t-

~ 
z 
0 

~ 
~ 
;; 
a: 

~ 
~ 

FIGURE 17 - MAXIMUM POWER DISSIPATION versus 
AMBIENT TEMPERATURE (As related to package) 
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With these maximum junction temperature values, the 
maximum 'permissible power dissipation at a given 
ambient temperature may be determined. This can be 
done with equations (2) or (3) and the maximum thermal 
resistance values given in Table 1 or alternately, by using 
the curves plotted in Figure 17. If, however, the power 
dissipation' determined by a given system produces a 
calculated junction temperature in excess of the recom
.mended maximum rating for a given package type, some-

. thing must be done to reduce the junction temperature. 

There are two methods of lowering the junction tem
perature' without. changing the system requirements. 
'First, the ambient temperature may be reduced su~
ficiently to bring T J to an acceptable value. Secondly, 
the ROCA term can be reduced. Lowering the ROCA term 
can be accomplished by increasing the surface area of the 
package with the addition of a heat sink or by blowing 
air across the package to promote improved heat 
dissipation. 
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APPLICATIONS INFORMATION (continued) 

The following examples illustrate the thermal consider· 
ations necessary to increase the powe,r capability of the 
MMH0026. 

Assume that the ceramic package is to be used at a 
maximum ambient temperature (T A) of + 700 C. From 
Table 1: ROJA(max) = 1500C/watt, and from the max· 
imum rating section of the data sheet: T J(max) = +17!)OC. 
Substituting the above values into equation (3) yields a 
maximum allowable power dissipation of 0:7 watts. Note 
that this same value may be read from Figure 17. Also 
note that this power dissipation value is for the device 
mounted in a socket. . 

Next, the ma)(imum power consumed for a given system 
applicatiOn must be determined. The power dissipation 
of the MOS cloek driver is conveniently divided into 
dc and ac components. The d& power dissipation is 
given by: 

Pdc = (VCC - Vee) i< (tccLl x (Duty Cycle) (4) 
. Vce - VeE 

where ICCl = 40 mA ( ). 
. 20V 

Note that Figure 14 is a plot of equation (4) for three 
values of (VCe-VEE). For this example, suppose that 
the MOS clock driver is to be operated with V CC = + 16 V 
and VeE = GND and with a 50% duty cycle. From 
equation (4) or Figure 14, the dc power dissipation (per 
driver) may be found to be. 256 mW. If both drivers 
within the package are used in an identical way, the tqtal 

. de power is 512 mW. Since the maximum total allowable 
power dissipation is 700 mW, the maximum ac power 
that can be dissipated for this example becomes: 

Pac = 0.7 - 0.512 =188 mW \ 
The ac power for each driver is given by: 

Pac = (Vec - VEE)2 x f x Cl 
where f = frequency of operation 

Cl = load capacitance (including all strays and 
wiring). 

(5) 

Figure 16 gives the maximum ac power dissipation versus 
switching frequency for various capacitive loads with 
Vec = 16 V and VEE = GND. Under the above con· 
ditions, and with the aid of Figure 15, the safe operating 
area beneath Curve A of Figure 18 can be generated. 

Since both drivers have a maximum ac power dissi· 
pation of 188 mW, the maximum ac power per driver' 
becomes 94 mW; A horizontal line intersecting all the 
capacitance load lines at the 94 mW level of Figure 15 
will yield the maximum frequency of operation for' each 
of the capaci~ive loads at the specified power level. Sy 

using the previous formulas and constants, a new safe 
operating area can be generated for any output voltage 
swing and duty cycle desired. ' 

Note from Figure 18, that with highly capacitive loads, 
the maximum switching frequency is very low. The 
switching frequency can be increased by varying the 
following factors: 

(a) decrease T A 
. (b) decrease the duty cycle 

(c) lower package thermal resistance (ROJA) 

In most cases conditions (a) and (b) are fixed due to 
system requirements. This leaves only the thermal reo 
sistance ROJA that can be varied. 

Note from equation (2) that the thermal resistance is 
, comprised of two parts. One is the junction·to·case 

thermal resistance (ROJC) and the other is the case·to· 
ambient thermal resistance (ROCA). Since the factor ROJC 
is a function of the die size and type of bonding employed, 
it cannot be varied. However, the RO CA term can be 
changed as previously discussed, see Page 7. 

FIGURE 18 - LOAD CAPACitANCE verSus FREQUENCY. 
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Heat Sink Considerations: . 
Heat sinks come in a wide variety of sizes and shapes that 
will accomodate almost any Ie package made. Some of 
these heat sinks are illustrated in Figure 19. In the 
previous example, With the ceramio package, no heat sink 
and in a still air environment,AOJA(max)was 1500 C/W. \ 

For the following example the Thermalloy 60128 type 
heat sink, or equivalent, is chosen. With this heat sink, the 
ROCA for natural convection from Figure 20 is 440 C/W. 
From Table 1 ROJc(max) =. 50oC/W for the ceramic 
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APPLICATIONS INFORMATION (continued) 

FIGURE 19 - THERMALLOY* HEAT SINKS 

6007A 

• Manufactured by Thermalloy Co. of Texas . 

package. Therefore, the new ROJA(max) with the6012B 
heat sink added becomes: 

ROJA(max) = 50oC/W + 440CIW = 94oC/W. 
Thus the addition of the heat sink has reduced ROJA(max) 
from 150oC/W down to 94oCIW. With the heat sink, the 
maximum power dissipation by equation (3) at T A = 
+700 C is: 

PD= 
1750C - 700C 

940 C/W 
= 1.11 watts. 

This gives approximately a 58% increase in maximum 
power dissipation. The safe operating area under Curve C 
of Figure 18 can now be generated as before with the aid 
of Figure 15 and equation (5). 

FIGURE 20 - CASE TEMPERATURE RISE ABOVE 
AMBIENT versus POWER DISSIPATED USING 

NATURA~ CONVECTION 
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Forced Air Considerations: 

As illustrated in Figure 21. forced air can be employed to 
reduce the ROJA term. Note, however, that this curve is 
expressed in terms of typical ROJA rather than max·imum 
ROJA- Maximum ROJA can be determined in the follow
ing manner: 

From Table 1 the following information is known: 

(a) ROJA(typ) = 100° CIW 
(b) ROJC(typ) = 27° CIW 

Since: 

ROJA = ROJC + ROCA 
Then: 

ROCA = ROJA - ROJC 

Therefore, in still air 

ROCA(typ) = 1000C/W - 27 0 CIW = 730C/W 

(6) 

(7) 

From Curve 1 of Figure 21 at 500 LFPM and eq
uation (7). 

HOCA(typ) = 530CIW - 270C/W = 260CIW. 

Thus ROCA(tyP) has changed from 730 C/W (still air) to 
26oC/W (500 LFPM), which is a decrease in typical ROCA 
by a ratio of 1: 2.8. SinGe the typical value of RO CA was 
reduced by a ratio of 1 :2.8, ROCA(max) of 100oC/W 
should also decrease by a ratio of 1 :2.8. 

This yields an ROCA(max) at 500 LFPM of 36oCIW. 

Therefore, from equation (6): 
ROJA(max) = 50oC/W + 360CIW = 860C/W . 

. Therefore the maximum allowable power dissipation at 
500 LFPM ilnd T A = + lOoC is from equation (3): 

1750C - 700C 
PD = = 1.2 watts. 

+86oC/W 
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APPLICATIONS INFORMATION (continued) 

FIGURE 21 - TYPICAL THERMAL RESISTANCE (RaJA) OF 
"L" PACKAGE versus AIR VELOCITY 
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As with the previous examples, the de power at 50% duty 
cycle is subtracted from the maximum. allowable device 
dissipation (PD) to obtain a maximum Pac. The safe 
operating area under Curve D of Figure 18 can now be 
generated from Figure 15 and equation (5). 

Heat Sink and Forced Air Combined: 

Some heat sink manufacturers provide data and'curves of 
ReCA for still air and forced air such as illustrated in 
Figure 22. For example the 60128 heat sink has an 
ReCA = 17oC/W at 500 LFPM as noted in Figure 22. 

From equation (6): 

Max ReJA = 500C/W + 17o C/W = 670C/W 

From equation (3) at T A = + 70°C 

175°C - 70°C 
PD == 670 C/W 1.57 watts. 

FIGURE 22 - THERMAL RESISTANCE ROCA 
versus AIR VELOCITY 
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As before this yields a safe operating area under Curve E 
in Figure 18. 

Note from Table 1 and Figure 21 that if the 14-pin 
ceramic package is mounted directly to the PC board 
(2 oz. cu. underneath), that typical RaJA is considerably 
less than for socket mount with still air and no heat sink. 
The following procedure can be employed to determine a 
safe operating area for this condition: 

Given data from Table 1: 

typical RaJA == 100oC/W 

typical RaJC = 27oC/W 

From Curve 2 of Figure 21, RaJA(typ) is 750 C/W for a 
PC mount and no air flow. Ttren .the typical RaCA is 
750 C/W - 27oC/W = 48oC/W. From Table 1 the typical 
value of RaCA for socket mount is 1000C/iN - 270C/W == 

730 C/W. This shows that the PC board mount results in 
a decrease in typical RaCA by a ratio of 1: 1.5 below the 
typical value of ReCA in a socket mount. Therefore, the 
maximum value of socket mount RaCA of 100o C/W 
should also decrease by a ratio of 1: 1.5 when the device 
is mounted in a PC board. The maximum RaCA becomes: 

1000C/W 
RaCA = --- == 660 CIW for PC board mount 

1.5 

Therefore the maximum ReJA for a PC mount is from 
equation (6). 

ROJA = 500C/W + 660 C/W == 116oC/W. 
With maximum ReJA known, the maximum power dis
sipation can be found and the safe operating area de
termined as before. See Curve B in Figure 18. 

CONCLUSION 

In most cases, heat sink manufacturer's publish only 
RaCA socket mount data. Although RaCA data for PC 
mounting is generally not available, this should present 
no problem. Note in Figure 21 that an air flow greater 
than 250 LFPM yields a socket mount RaJA approxi
mately 6% greater than for a PC mount. Therefore, the 
socket mount data can be used for a PC mount with a 
slightly greater safety factor. Also it should be noted that 
thermal resistance measurements can vary widely. These 
measurement variations are que to the dependency of 
RaCA on the type environment and measurement tech
niques employed. For example, RaCA would be greater 
for an integrated circuit mounted or') a PC board with little 
or~no ground plane versus one with a substantial ground 
plane. Therefore, if the maximum calculated junction 
temperature is on the border I ine of being too high for a 
given system application, then thermal resistance measure
ments should be done on the system to be absolutely 
certain that the maximum junction temperature is not 
exceeded. 

@ MOTOROLA SeTniconductor Products Inc. 
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TYPICAL APPLICATIONS 

FIGURE 23 - AC.cOUPLED MOS CLOCK DRIVER 

~Irn __ ~~ 
MTTL 
MC7400 
SerlllS Gates 

Vee=-1;ZV 

Pins not shown are not connected. 

Vo 

FIGURE 24 - OC.cOUPLEDRAM MeMORV ADDRESS 
OR PRECHARGEDRIVER (POSITIVe-SUPPLY ONLY) 

Pins not shown 8~e not connected. 





VOLTAGE COMPARATORS 

Temperature Range 
o to 70°C -55 to 125°C Other Page 

MC1414 MC1514 Dual MC171 0 Differential Comparator. . . . . . . . . . .. 6-5 

MC1710C MC1710 Differential Comparator ..............•.... , 6-9 

MC1711C MC1711 Dual Differential Comp~rator . . . . . . . . . . . • . . . .. 6-13 

MC3302 Quad Comparator. . . . . . . . . . . . . . . . . . .. . . .. 6-17 

XC3411 Dual Comparator ..........•.......•.... , 6-21 

MC3430-33 High-Speed Quad Comparators .........•.. , .. , 6-23 

MLM311 MLM111 MLM211 High-Performance Comparator . . . • . . . . . . . . . . .. 6-31 

MLM339 MLM139 MLM239 Quad Comparator (Single Supply) ............. , 6-35 

MLM339A MLM139A MLM239A Quad CQmparator (Single Supply) . . . . . . . . • . . . .. 6-39 

MLM2901 Quad Comparator. . 6-43 
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VOLTAGE COMPARATORS 

General Purpose Comparators 

... for detecting the polarity relationship between two 
analog levels and giving a corresponding TTL output. 

MC17l0 -TA=-55to1250 C 
MC17l0C - TA = 0 to 700 C 

Single comparators 

N.C 14 

Gnd 

Non Inv. 

Input 

N.C 

N.C Packages: 
G Suffix - Case 601 

N.C F Suffix - Case 606 
L Suffix - Case 632 

MC17ll -TA=-55to1250 C 
MC1711C- TA = Oto 700 C 

Dual comparators with strobes and wire-ORed 
outputs 

NC NC 

Strobe 1 
I nputs1 

Gnd 

VEE Inv. P Suffix - Case 646 (for VCC 
VCC Input 

N.C N.C 

VEE Output 

1......-' .............. ____ ........ .-.;.. ..... N.C 

'Connected to pin 6 via the substrate on 
some plastic units. 

MC1514 - TA = -55 to 125°C 
MC1414 - TA = 0 to 70°C 

Dual comparators with strobes. 

Output 1 t------, 

Non-I nverting 5 
input 

Inverting 
Input 

Packages: 
FSuffix - Case 607 
L Suffix - Case 632 

Inverting 
Input 

Non-Inverting 
Input 

Gnd 

P Suffix - Case 646 (MC1414 only) 

MC171 OC, MC1 n 1 Conly) 
Output 

Inputs 2 

Device 
Number 

MC1710C 
MC1710 

MC1711C 
MC1711 

MC1514 
MC1414 

6-3 

Strobe 2 

NC' NC 

'Connected to pin 4 via the substra~e on 
some plastic units. 

VIO lIB AVOL 
mVMax JiAMax VNMin 

5.0 25 1000 
2.0 20 1250 

5.0 100 700 
3.5 75 700 

2.0 20 1250 
5.0 25 1000 
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VOLTAGE COMPARATORS (continued) 

Precision Comparators 
MC3411 - T A = 0 to 700e 

. . . featuring low input loading, high voltage gain, and a 
choice of either dual or single positive power supply 
operation. 

Dual 31'-type comparator . 

MLMlll - TA= ":55 to 1250 C 
MLM211 - T A = -25 to 850 e 
MLM311 - T A = 0 to 700e 

Packages: 

Single comparators; high gain, high input imped
ance; strobe and balance inputs provided. 

In:~: ; 8 ~ ~~~ut 
3 - 6 Balance/Strobe 

Vee 4 . 5 Balance 

Packages: 
G Suffix - Case 601 
F Suffix - Case 606 
L Suffix - Case 632 
P1 Suffix - Case 626 (MLM311 only) 

L Suffix - Case 632 
P Suffix - Case 646 

Device 
Number 

MI.M111 
MI.M211 
MI.M311 

MC3411 

Emitter 
Output '-"r------, 

Non·lnvertlng 2 
Input 

Invening 3 
Input 

VEE 4 

aalance 5 

B;~~~~:' 6 
Collector 7 

Output 

VIO liB 
mVMax nAM.x 

3.0 100 
3.0 100 
7.5 250 

7.5 250 

Quad Comparators ... for applications requiring multiple comparators. 

MC3430 } H' h d d . h MC3431.. - Ig -spee qua' comparators with t ree-
state Enable common to all four devices; 

± 5 volt supply; T A = 0 to 70oe. 

MC3433 . - Quad comparators with open collector 

MLM13S 
MLM139A 

MC3302 
MLM239 
MLM239A 

MLM339 
MLM339A 

} - T A = - 55 to 12SoC 

l T A = -40 to 8SoC 

} - TA = Oto 700 e 

Collector 
4 Output 

'3 ~~~~~~el 

Inverting 
" Input 

o ~~;~~nverting 

9 Emitter 
Output 

VOL 
@IOL"SOmA 

Volts Max 
1.5 
1.6 
1.5 

1.6 

MC3432 } .' 

outputs, common strobe input; ± 5 volt 
supply; T A = 0 to 70oe. 

Single supply voltage comparators. 

I,;puts 
A 

Inputs 
C 

Device 
Number 
MC3430 
MC3431 
MC3432 
MC3433 

VIS liB 
mVM.x Jl.AM.x 

±6.0 20 
±10 20 
16.0 20 
±10 20 

Packages: 
L Suffix - Case 620 
P Suffix - Case 648 

Inputs 

a 

Output C 

Packages: 
L S\iffix - Case 632 

OutPUt 0 

Inputs 
o 

tPHL 
nsMax 

45 
45 
50 

.. 60 

P Suffix - Case 646 (For 

Device 
Number 

MC3302 
MI.M139 
MI.M139A 
MI.M239 
'MLM239A 
MI.M339 
MLM339A 

6-4 

all devices except . 
MLM139, MLM139A) 

VIO lIB 
@2SoC @250 C 
mVMax nAM.x 

2.0 1000 
5.0 100 
2.0 100 
5.0 260 
2.0 250 
6.0 250 
2.0 250 

Output 3 

Output 4 

Gnd 

Input 4 

Input 4 

VOL 
Isink @ IOl = 2.0 mAe 

@VOL-500mV @'OL=4.0mA 
mAMin mVMax 

- 400· 
6.0 600 
6.0 500 
6.0 600 
,6.0 500 
6.0 500 
6.0 500 



ORDERING INFORMATION 

Device 
MC1414L 
MC1414P 
MC1514L 

Temperature Range 

O°C to +75°C 
O°C to +75°C 

-55°C to +125°0 

Package 

Ceramic DIP 
Plastic DIP 

Ceramic DIP 

DUAL DIFFERENTIAL VOLTAGE COMPARATOR 

... designed for use in level detection, low-level sensing, and 
memory applic~tions. 

• Two Separate Outputs . 

• Strobe Capability 

• High Output Sink Current 
2.8 mA Minimum (Each Comparator) for MC1514 
1.6 mA minimum (Each Comparator) for MC1414 

• Oifferential Input Characteristics 
Input OffSet Voltage = 1.0 mV for MC1514 

= 1.5 mV for MC1414 
Offset Voltage Drift = 3.0 ~V/oC for MC1514 

= 5.0~V/oC for MC1414 

• Short Propagation Oelay Time - 40n5 typical 

• Output Compatible with All Saturating Logic Forms 
VO= +3.2 V to -0.5 V typical 

MAXIMUM RATINGS (T A = 25°C unless otherwise noted.) 

Rating Svmbol 

Power SupplV Voltages Vee 
VEe 

Oifferential Mode InputVoltage Range V,DR 
Common Mode'lnput Voltage Range V,CR 
Peak Load Current 'L 
Power Dissipation (Package Limitation) Po 

Cerami«; Dual In-Line Package 
Derate above T A = 25°C 

Ceramic Flat Package 
Derate above T A = 2sOC 

P1iilstic'Dualln-Line Package 
Derate aboveT A .. 250 e 

OperatiiigTemperature Range MC1514 TA 
MC1414 

Storage TemPerature Range Tstg 

CiRCUIT SCHEMATIC 
Vce Strobe 

3 2 

11 
VEE Gnd 

50 

Outputs 

Strobe 
9 

Value 

+14 
-7.0 

±5.0 

±7.0 

to 

1000 
6.0 
500 
3.3 
625 
5.0 

-55 to +125 
Oto +75 

-65 to +150 

VCC 
10 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

rrNV 
mW/oC 

mW 
mw/oe 

mW 
mw/oe 

°c 

°c 

MC1414 
MC1514 

DUAL 
DIFFERENTIAL 
COMPARATOR 

(DUAL MC1710) 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

LSUPFIX 
CERAMI.C PACKAGE 

CASE 632 
TO·116 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 
(MC1414 on1V) 



MC1414, MC1514 

ELECTRICAL CHARACTERISTICS (VCC" +12 Vdc VEE" -6 Vdc TA = 25°C un!essotherwise noted.) (Each Comparator) 

MC1514 MC1414 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Input Offset Voltage VIO mVdc 
(VO = 1.4 Vde, T A = 25°C) - 1.0 ,2.0 - 1.5 5.0 
(VO = 1.8 Vdc, T A = Tlow*) - - 3.0 - - 6.5 
(VO = 1.0 Vdc, TA = Thiah *) - - 3.0 - - 6.5 

Temperature Coefficient of Input Offset Voltage ~VIO/~T - 3.0 - - 5.0 - jJ.V/oC 

Input Offset Current 110 jJ.Ade 
(VO = 1.4 Vde, T A = 25°C) - 1.0 3.0 - 1.0 5.0 
(VO = 1.8 Vdc, TA = Tlow) - - 7.0 - - 7.5 
(VO = 1.0 Vdc, T A = Thi!~h) - - 3.0 - - 7.5 

Input Bias Current liB \ 
jJ.Adc 

(VO = 1.4 Vde, T A = 25°C) - 12 20 - ,5 25 
(VO = 1.8 Vdc, TA = T,ow) - - 45 - 18 40 
(Va = 1.0 Vde, T A = Thi{lh) - - 20 - - 40 

Open Loop Voltage Gain Avol VN 
(TA = 25°C) 1250 1700 - 1000 1500 -
(TA = Tlow to Thigh) 1000 - - 800 - -

Output Resistance RO - 200 - - 200 - ohms 

Differential Voltage Range V,DR ±5.0 - - ±5.0 - - Vdc 

• High Level Output Voltage VOH 2.5 3.2 4.0 2.5 3.2 4.0 Vde 
(VIO ~ 5.0 mV, 0 ~ 10 ~ 5.0 rnA) 

Low Level Output Voltage VOL Vde 
(VIO ~-5.0 mV, lOS = 2.8 rnA) -1.0 -0.5 0 - - -
(VID ~-5.0 mV, lOS = 1.6 mAl - - - -1.0 -0.5 0 

Output Sink Current lOS 2.8 3.4 - 1.6 2.5 - mAde 
(VIO ~-5.0 mV, VOL ~ 0.4 V, TA = T,ow to Thigh) 

Input Common Mode Voltage Range V,CR ±5.0 - - ±5.0 - - Vdc 
(Vee = -7.0 Vdc) 

Common-Mode Rejection Ratio CMR~ 80 100 - 70 100 ,- dB 
(VEE = -7.0 Vdc, RS ~200.n) 

Strobe Low Level Current IlL - - 2.5 - - 2.5 rnA 
(V,L :0) 

Strobe High Level Current I'H - - 1.0 - - 1.0 iJ.A 
(V, H = 5.0 Vdc) 

Strobe Disable Voltage VIL - - 0.4 - - 0.4 Vdc • (VOL .s;;;0.4 Vdc) 

Strobe Enable Voltage VIH 3.5 - 6.0 3.5 - 6.0 Vdc 
(VOH ~2.4 Vdc) 

Propagation Delay Time (Figure 1) tPLH - 20 - - 20 - ns 

tpHL - 40 - - 40 -
Strobe Response Time (Figure 2) t so - 15 - - 15 - ns 

tsr - 6.0 - - 6.0 -
Total Power Supply Current, Both Comparators ICC - 12.8 18 - 12.8 18 mAdc 
(VO~O) lEE - 11 14 - 11 14 

Total Power Consumption, Both Comparators Po - 230 300 - 230 300 mW 

*Tlow = -5sOC for MC1514,'OoC for MC1414 
Thigh= +12sOC for MC1514, +750 C for MC1414 

FIGURE 1 - PROPAGATION DELAY TIME FIGURE 2 - STROBE RESPONSE TIME 

Strobe ~
3'OV 

50% 

t~., . tsr OV 

--VOH 
1.4V 

OV VOL 

Output 
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MC1414, MC1514 

TYPICAL CHARACTERISTICS 

(Each Comparator) 
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MC1414, MC1514 
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ORDERING INFORMATION 

Device Alternate 
Temperature 

R~nge Package 
MC1710F -55°C to +125OC Ceramic Flat 
MC1710G -55°C to +125°C Metal Can 
MC1710L -55°C to +125°C Ceramic DIP 
MC1710CF O°C to +75°C Ceramic Flat 
MC1710CG LM710CH, O°C to +75°C Metal Can 

pA710HC 
MC1710CP O°C to +75OC Plastic DIP 
MC1710CL O°C to +75°C Ceramic DIP 

DIFFERENTIAL VOLTAGE COMPARATORS 

· •. designed for use in level detection, low-level sensing, and 
memory applications. 

• Differential Input Cbaracteristics -
Input Offset Voltage = 1.0 mV - MC1710 

= 1.5 mV - MC1710C ' 
·Offset Voltage Drift = 3.0 p.V/oC - MC 171 0 

= 5.0p.V/oC - MC1710C 

• Fast Response Time - 40 ns 

• Output Compatible with all Saturating Logic Forms -
Vo = +3.2 V to -0.5 V (Typ) 

.' Low Output Impedance - 200 Ohms 

MAXIMUM RATINGS (T A = +250 C unless otherwise noted.) 

Rating Svmbol Value 

Power. SupplV Voltage VCC(max) +14 

VEE(max) -7.0 

Differential Input Signal Voltage VID ±5.0 

Common Mode Input Swing Voltage VICR ±7.0 

Peak Load Current IL 10 

Power Dissipation (Package Limitations) Po 
Metal Package 680 

Derate above T A = +250 C 4.6 

Flat Package 500 
Derate above T A = +·250 C 3.3 

Ceramic Dual In-Line Package 625 
Derate above T A = +250 C 5.0 

Operating Temperature Range MC1710 TA '-55 to +125 
MC1710C Oto +75 

Storage Temperature Range Tstg -65 to +150 

EQUIVALENT CIRCUIT 

Vee 

6-9 

Unit 

Vdc 
Vdc 

Volts 

Volts 

mA 

mW 
mW/oC 

mW 
mW/oC 

mW 
mW/oC 

°c 

°c 

~on·lnv 

Input 

MCl710 
MC1710C 

DIFFERENTIAL 
COMPARATORS 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601 

F SUFFIX 
CERAMIC PACKAGE 

CASE 606-04 
TO·91 

L SUFFIX ) 
CERAMIC PACKAGE 

CASE 632·02 
TO·116, 

·Connected to pin 6 via the substrate on 
someplashc units 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 
(MC1710C Only) 

• 
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MC1710, MC1710C 

ELECTRICAL CHARACTERISTICS (Vee = +12 Vdc, VEE = -6.0 Vdc T A = +250 e unless otherwise noted.) 

Characteristic 

Input Offset Voltage 
(VO = 1.4 Vdc, T A = +250 C) 

(VO = 1.8 Vdc, T A = -55°C) 
(VO = 1.0 Vdc, T A = +1250 C 

(VO = 1.5 Vdc, TA = dOc) 
(VO = 1.2 Vdc, TA = +750 C) 

TemperatureCoefficient ()f Input Offset Voltage 

Input Offset Current 
(VO = 1.4 Vdc, T A = +250 C) 

(VO = 1.8 Vdc, T A = -55°C) 
(VO '" 1.0 Vdc, T A = +1250 C) 

(VO = 1.5 Vdc, TA = OoC) 
(VO = 1.2 Vdc, T A = +750 C) 

Input Bias Current 
(VO = 1.4 Vdc, T A = +250 C) 

(VO = 1.8 Vdc, TA = -55°C) 
(VO = 1.0 Vdc, T A = +1250 C) 

(VO = 1.5 Vdc, TA = OoC) 
(VO = 1.2 Vdc, TA = +750 CI 

Voltage Gain 
(TA'" +2SoC) 

(TA = Tlow to Thigh) (1) 

Output Resistance 

Differential Voltage Range 

Positive Output Vol~ge 
(VID ~S.O mV, 0":;;10 ":;;5.0 mAl 

Negative Output Voltage 
(VID ~-S.O mV) 

Output Sink Current 
(VID ~-S.O mV, Vo ":;;0) 

(VID ~-S.O mV, Vo ~O, TA '" Tlow) 

Input Common-Mode Voltage Range 
(VEE'" -7.0 Vdc) 

Common-Mode Rejection Ratio 
(VEE'" -7.0 Vdc, RS ":;;200 Ohms) 

Propagation Delay Time 
for Positive and Negative Going Input Pulse 

Power Supply Current 
(VO":;;OI 

. POWer Consumption 

(1) Tlow'" -sSOC for MCl710, OoC for MC1710C 

Thigh'" +12SoC for MC171 0, +7SoC for MC1710C 

Symbol 

VIO 
Me1710 
MC1710C 

MC1710 
MC1710 

MC1710C 
MC1710C 

~VIO/~T 

110 
MC1710 
MC1710C 

MCl710 
MC1710 

MC1710C 
MC1710C 

liB 
MC1710 
MC1710C 

MC1710 
MC1710 

MC1710C 
MC1710C 

Avol 
MCl710 
MC1710C 

MCl710 
MC1710C 

ro 

VID 

VOH 

VOL 

lOs 
MC1710 
MCl710C 

MC1710 
MC1710C 

VIC.R 

CMRR 
MC171d 
MC1710C 

tp 

10+ 
10-

Po 

, 6-10 

Min Typ 

- 1.0 
- 1.0 

- -
- -
- -
- -
- 3.0 

- 1.0 
- 1.0 

- -
- -
- -
- -

- 12 
- 12 

- -
- -
- -
- -

1250 1700 
1000 1700 

1000 -
800 -

- 200 

±S.O -
2.5 3.2 

-1.0 -0.5 

2.0 2.5 
1.6 2.5 

1.0 2.0 
0.5 -

±5.0 -

80 100 
70 100 

- 40 

- 6.4 
- 5:5 

- 115 

Max Unit 

mVdc 
2.0 
5.0 

3.0 
3.0 

6.5 
6.5 

- p.V/oC 

p.Adc 
3.0 
5.0 

7.0 
3.0 

7.5 
7.5 

·p.Adc 
20 
25 

45 
20 

40 
40 

V/V 
-
-
-
-
- Ohms' 

- Vdc 

4.0 Vdc 

0 Vdc 

mAdc 
-
-
-
-
- Volts 

dB 
-
-
- ns 

mAdc 
9.0 
7.0 

150 mW 



MC1710, MC1710C 

TYPICAL CHARACTERISTICS 
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MC1710, MC1710C 
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FIGURE 8 - POWER DISSIPATION vers.,.. TEMPERATURE 
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ORDERING INFORMAnON 

Device 
MC1711CG 
MC1711G 
MC1711Cl 
MC1711l 
MC1711CF 
MC1711F 
MC1711CP 

Altemate 

lM711 CH,,.,A711 HG 

Temperature 
Range 

OOC to +75°C 
-55°C to + 125°C 

OOC to +75°C 
-55°C to +125OC 

aOC,to +75°C 
-55°C to +125OC 

O°C to +75°C 

Package 
Metal Can 
Metal Can 

Ceramic DIP 
Ceramic DIP 
Ceramic Flat 
Ceramic Flat 
Plastic DIP 

DUAL DIFFERENTIAL VOLTAGE COMPARATOR 

· .. designed for use in level detection, low-Ievei sensing, and memo'ry 
applications. 
Typical Characteristics: 

• Differential Input 
Input Offset Voltage = 1.0 mV 
Offset Voltage Drift = 5.0 p.V 1°C 

• Fast Response Time - 40 ns 
• Output Compatible with All Saturating Logic Forms 

Vout = +4.5 V to -0.5 V typic;; 
• Low Output Impedance - 200 ohms 

MAXIMUM RATINGS (T A = +2SoC unless otherwise noted.) 

Rating Symbol Value 

Power Supply Voltage Vee +14 

Vee -7.0 
Differential Input Signal Voltage VI DR ±5.0 
Common-Mode Input Swing Voltage VICR ±7.0 
Peak Load CI./rrent IL 50 
PQwer Dissipation (Package limitation) Po 

Metal Package 680 
Derate above T A .. +2Soe 4.6 

Flat Ceramic Package SOO 
Derate above T A .. +2SoC 3.3 

Ceramic and Plastic Dual In-Line Packages 625 
Derate above T A .. +250 C 5.0 

Operating Temperature Range MC1711 TA -55 to +125 
MC1711C o to +75 

Storage Temperature Range Tstg -65 to +150 

CIRCUIT SCHEMATIC 

6-1~ 

Unit 

Vdc 

Volts 

Volts 

mA 

mW 
mWflC 

mW 
mW/oC 

mW 
mWflC 

°c 

°c 

Mel711 
MC1711C 

DUAL DIFFE'RENTIAl 
COMPARATOR 

SI LICON MONOLITHIC 
INTEGRATED CIRCUIT 

F SUFFIX 
CERAMIC PACKAGE 

. CASe 606 
TO-91 

13
". ,,'0', S'<Ob8,, Inputs 1 + 

Gnd 

Vee . 3 Vee 

<li OutPuJ 

Inpun2. . 
5 6 Strobe;! 

( opViltW1 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 
(MC1711C!)nly) 

G SUFFIX 
MeTAL PACKAGE 

CASE 603 
TO-1oo 

Vee 

S".b., 2G~~d, '0 , ~U'::"Ob' 2 

3 ". 1 
Inputs. 1 4 & InpuU 2 . 

Vee 
!.Top View. 

LSUFFIX 
CeRAMIC PACKAGE 

c::ASE 632 
TO-116 

·Conneeted to "In 4 via the .ubstrate on 
iOme plastle.unlt •. 



• 

MC1711, MC1711C 

ELECTRICAL CHARACTERISTICS (each comparator) (VCC = +12 Vdc, VEE = -6.0 Vdc, T A = +250 C unless otherwise noted,) 

Characteristic 

In'put Offset Voltage 

(VICR = 0 Vdc, T A = +250 C) 
(VICR * 0 Vdc, T A = +250 C) 
(VieR = 0 Vdc, T A = Tlow to Thigh*) 
(VieR * 0 Vdc, T A = Tlow to Thigh) 

Temperature Coefficient of Input Offset Voltage 

Input Offset Current 
(Va = 1.4 Vdc, T A'; +25~C) 
(VO = 1.8 Vdc, T A = -55°C) 
(Va = 1.5 Vdc, T A = OoC) 
(VO= 1.0 Vdc, T A = +1250 C) 
(Va = 1.2 Vdc, T A = +750 C) 

Input Bias Current 
(Va = 1.4 Vdc, T A = +250 C) 
(Va = 1.8 Vdc, T A = -55°C) 
(Va = 1.5 Vdc,T A = OoC) 
(Va = 1.0 Vdc, T A = +1250 C) 
(Va = 1.2 Vdc, T A = +750 C) 

Voltage Gain 
(TA = +250 C) 

IT A = Tlow to Thigh) 

Output Resistance 

Differential Voltage Range 

High level Output Voltage 
(VID>10 mVdc, O~IO ~5.0 mAl 

low level Output Voltage 
(VlD >-10 mVdc) 

Strobed Output level 

(Vstrobe~0.3 Vdc) 

Output Sink'Current 
(Vin ;;;;'-10 mV, Va >01 

Strobe Current 

(Vstrobe = 100 mVde) 

Input Common-Mode Range 
(VEE = -7.0 Vdc) 

Response Time 
(Vb = 5.0 mV + Via) 

Strobe Release Time 

Power Supply Current 

(VA ~OVdcl 

Power C(>nsumption 

*Tlow = -55°C for MC1711, OoC for MC1711C 
Thigh'" +1250 C for MC1711, +750 C for MC1711C 

MC1711 

Symbol Min Typ 

Via 
- 1.0 

- 1.0 
- -
- -

dVIO/dT - 5.0 

110 
- 0.5 
- -
- -

- -
- -

liB 
- 25 
- -
- -
- -
- -

Avol 
700 1500 
500 -

RO - 200 

VIDR ±5.0 -

VOH 2.5 3.2 

VOL -1.0 -0.5 

VOl(st) -1.0 -

lOs 0.5 0.8 

1st - 1.2 

VICR ±5.0 -

tR - 40 

tSR' - 12 

ICC - 8.6 

lEE - 3.9 

- 130 

6-14 

MC1711C 

Max Min Typ Max 

3.5 - 1.0 5.0 
5.0 - 1.0 7.5 
4.5 - - 6.0 
6.0 - - 10 

- - 5.0 -

'10 - 0.5 15 
20 - - -
- - - 25 
20 - - -
- - - 25 

75 - 25 100 
150 - - -
- - - 150 

150 - - 1-
- - - 150 

- 700 1500 -
- 500 - -

- - 200 -
- ±5.0 - -

5.0 2.5 3.2 5.0 

0 -1.0 -0.5 0 

0 -1.0 - 0 

- 0.5 0.8 -

2.5 - 1.2 2.5 

- ±5.0 - -

- - 40 -

- - 12 -

- - 8.6 -
- - 3.9 -

200 - 130 200 

Unit 

mVdc 

~V/oC 

~Adc 

~Adc 

VIV 

ohms 

Vdc 

Vde 

Vde 

Vdc 

mAde 

mAde 

Volts 

ns 

ns 

mAde 

mW 



MC1711, MC1711C 

TYPICAL CHARACTERISTICS 
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MC1711, MC1711C 

FIGURE 7 - COMMON-MODE PULSE RESPONSE 
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ORDERING INFORMAnON 

Device 

MC3302L -
MC3302P 

Temperature Range 

-55°C to + 1250C 
-40OC to +85OC 

Package 
Ceramic DIP 
Plastic DIP 

QUAD SINGLE-SUPPLY COMPARATOR 

These comparators are designed specifically for single positive
power-supply Consumer Automotive and Industrial electronic ap
plications. Each MC3302P contaJns four independent comparators
suiting it ideally for usages requiring high density and low-cost. 

• Wide Operating Temperature Range - -40 to +850 C 

• Single-Supply Operation - +2.0 to +~8 Vdc 

• Differential Input Voltage = ±VCC 

• Compare Voltages at Ground Potential 

• MTTL Compatible 

• Low Current Drain - 700pAtypicai @ VCC +5.0 to +28 Vdc 

• Outputs can be Connected to Give the Implied AND Function 

MAXIMUM RATINGS (TA = +250 C unlessotherwisenoted.l 

Rating Symbol Value Unit 

Power Supply· Range VCC +2.0 to +28 Vdc 

Output Sink Current (See Note 1) 10 20 mA 

Differential Input Voltage V,OR ±VCC Vdc 

Common-Mode Input Voltage Range (See Note 2) V'CR -0.3to+VCC Vdc 

Power Dissipation (Package Limitation) Po 625. mW 
Derate above T A = +250 C 5.0 mW/oC 

Operating Temperature Range TA -40 to +85 °c 
Storage Temperature Range T stg -65 to +150 °c 

·Note 1. 

Note 2_ 

Requires an external resistor, RL, to limit current below maximum rating. 

If .either (+) or (-) inputs of any comparator go more than several tenths of a volt 
below ground, a parasitic transistor turns "on" causing high input current and pos
sible faulty outputs. 

FIGURE 2 - CIRCUIT SCHEMATIC 
3 Vee 

MC3302P 
" 

QUAD COMPARATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

(top view) 

PL.ASTIC PACKAGE 
CASE 646 

FIGURE 1 - EOUIVALENT CIRCUIT 

'~~,"~" 
7~11~ 

4~ eOMPT.R . 2 
5 + 2 

Vee - PIN 3 GROUNO - PIN 12 

1
:!~:+=1=+===+====1====1===:t:===1===~ 

INPUTS :~-+--+--+-----+-----+----+---.., 
S.~---+--+-----+-----+~ 
6-~--+--+-----+-----, 

7. v---+--lH----+----O!~} 
~-~-r+---+----r_~----+--+--_+__+---_+--_+_-4~ OU~UTS 

6·17 
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MC3302P 

ELECTRICAL CHARACTERISTICS (VCC = +15 Vdc, TA = +250 C (each comparator) unless otherwise noted.) 

Characteristic Definitions 
(1/4 Circuit Shown) Characteristic Symbol Min Typ Max Unit 

Vee Input Offset Voltage (Vref = 1.2 Vdcl VIO mVdc 
11 

(TA = +250 c) - 3.0 20 
6 

RL (T A = -40 to +850 C) - - 40 - I 
Vo 

Input Offset Current 110 - 3.0 - nAdc 

Vrel 
I 
V.t17 

',0 0 il181- 11871 - liB I!.;.Y Input aias Current liB nAdc 
12 (TA = +250 c) - 30 500 

V,O IVret -VillI 
(T A = -40 to+850 C) - - 1000 

. ~ .. 
' . Voltage Gain .Avol VN elll 

6f'... 
(T A = +250 C, RL = 15 kn) 2,000 30,000 -t . RL 

1 

L 
eo I. . 

17 Transconductance gm - 2.0 - mhos 

-= 

Input Differential Voltage Range VIDR ±VCC - - Vdc 

Vee _. loll 
Output Leakage Current 10l }JAdc 

6 (Output Voltage High) - - 1.0 

J 
RL ---2. 1 Output Voltage - low logic State VOL mVdc 

Vm Vo 
·(I s = 2.0 mA, VCC = +5.0 td +28 Vdc - 150 400 

17 Output Sink Current Isink mAdc 
-= (VCC = +5.0 Vdcl 

• (T A = +250 C; VOL = 400 mV) - 6.0 -
(T A = -40 to +850 C, VOL = 2.0 - -

BOO mVI 

Vee 
Volts 6,.... Input Common-Mode Voltage Range VICR 

I 
Rl 

(VCC = +28 Vdc) 0-26 - -1 I 
~V'" 

12 

-= Common-Mode Rejection Ratio CMRR - 60 - dB 

~ 
Propagation Delay Time tPHLlLH /.IS 

~- 1 Rleo 
For Positive and Negative-Going - 2.0 -
Input Pulse 

r' e.~ 11 

"= -::- -= IPlH--j 
Slew Rate (R l = 15 knl SR - 200 - V/}Js 

'30omv~ - 50 -
-300mV eln . 

6 "T fO 
Vee 

Von 

I[ 
Rl Power Supply Current (Total of four ICC mAdc 1 

comparators) lEE 
(Is = 0, Vec = +5.0 to +28 Vdc) - 0.7 1.5 

,l 11 

-=-

6-18 
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MC3302P 

TYPICAL APPLICATIONS (continued) 

FIGURE 8 - COMPARATO.R WITH HYSTERESIS 

Vee 

RS 
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FIGURE 9 - THE COMPARATOR AS AN 
OPERATIONAL AMPLIFIER 
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Product Previe"YV 

DUAL '111 TYPE COMPARATOR 

The MC3411 single/split power sUP131y comparators are dual 
versions of popular M LM 111 series single- comparators. These 
versatile devices feature low input currents and low offsets. Outputs 
can sink currents up to 50 mAo 

SUGGESTED COMPARATOR DESIGN CONFIGURATIONS 

-SPLIT POWER·SUPPL Y with 
OFFSET BALANCE 

31< Vce 

OUTPUT 

GROUND·REFERRED LOAD 

Input polarity is reversed whan' 
GND pin is usad as an output_ 

LOAD REFERRED to 
POSITIVE SUPPLY 

SINGLE SUPPLY 

LOAD REFERRED to 
NEGATIVE SUPPLY 

I nput polarity is reversed when 
GND pin is used asan output. 

STROBE CAPABILITY 

Vce 

TTL. 
STR08E 

This is advance information and speciflcationsare subject to change without notice. 
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XC3411 

DUAL 
HIGH PERFORMANCE 

VOLTAGE COMPARATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

l SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO·116 

PIN CONNECTIONS 

Emitter 
Output L!lJ-----, 

Collector 
4 Output 

Non·1 nverting 2 
Input 

Inverting 3 
Input 

VeE 4 

Balance 5 

Balance/ 6 
Strobe 

Collector 7 
Output 

P SUFFIX 
PL.ASTIC PACKAGE 

CASE 646 

Balance/ 
13 Strobe 

Balance 

Inverting 
11 Input 

10 ~~pn~~nverting 

'------19 Emitter 
Output 

Pin compatible to LH2111 Series. 
(Move XC3511 back in socket to leave 
pins 1 and 16 open.) 

• 
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XC3411 

MAXIMUM RATINGS (T A = 2SoC unless otherwise noted.) 

Rating Symbol Value Unit 

Total Supply Voltage Vec + IVEEI 36 Vdc 

Output to Negative Supply Voltage Vo - VEE 40 Vdc 

Ground to Negative Supply Voltage VEE 30 Vdc 

Input Differential Voltage VID ±30 Vdc 

Input Voltage (1) Yin ±15 Vdc 

Power Dissipation Po 
Plastic and Ceramic Packages 625 mW 
Derate above T A = +250 C 5.0 mW/oC 

Operating Ambient Temperature Range TA o to +70 ,oC 

Storage Temperature Range Tstg -65'to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = +15 V. VEE = -15 V. TA = +250 C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Input OffSet Voltage (2) IV,OI mV 
RS';; 50 kil. TA = +250 C - 2.0 7.5 
RS .;; 50 kil. OoC .;; T A .;; 70°C - - 10 

Input Offset Current (2) 11,01 nA 
TA = +2SoC - 6.0 50 
oOe .;; T A .;; 70°C - - 70 

Input Bias Current liB nA 
TA = +2SoC - 100 250 
oOe ..; T A .;; 70°C - - 300 

Voltage Gain AV - 200 - V/mV 
Response Time (3) tTLH - 200 - ns 

Saturation Voltage VOL V 
TA = +2SoC. V\D"; -10 mV. 10 = 50 mA - 0.75 1.5 
OOC • ..; T A"; 70°C. VCC ;;. 4.5 V. VEE = O. - 0.23 0.4 

VID';; -10 mY. Isink 0;; 8.0 mA 
Strobe "On" Current IS - 3.0 - mA 

Output Leakage Current 10L - 0.2 50 nA 
TA = +250 C. VID;;;' 10 mY. Vo = 35 V 

Input Voltage Range V,R - ±14 - V 
oOe..;; TA 0;; 70°C 

Positive Supply Current ICC - 7.0 10 mA 

Negative Supply Current lEE - -5.0 -8.0 mA 

Notes: 
1. This rating applies for ± 1S-volt supplies. The positive input voltage limit is 30 volts above the negative supply. The negative input 

voltage limit is equal to the negative supply voltage or 30 volts below the positive supply. whichever is less. 
2. The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with 

a 1.O-mA load. Thus. these parameters define an error band and take into account the "worst-case" effects of voltage gain and input 
impedance. 

3. The response time specified is for a 100-mV input step with S.O-mV overdrive. 

THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature. can 
be found from the equation: 

TJ(max) -TA 
PD(T A) = ROJA(Typ) , 

Wh,ere: PD(T A) = Power Dissipation allowable at a given 

operating ~mbient temperature. This must be greater than 

the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

T J(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 

® MOTOR.OLA Se,";conduc~or Produc~s Inc. 
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ORDERING INFORMATION 

Device 

MC3430L 
MC3430P 
MC3431-L 
MC3431P 
MC3432L 
MC3432P 
MC3433L 
MC3433P 

Temperature Range 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

Package 

Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

. Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP 

QUAD DIFFERENTIAL VOLTAGE 
COMPARATOR/SENSE AMPLIFIERS 

The MC3430 thru MC3433 high-speed comparators are ideal for 
application as sense amplifiers in MOS memory systems. They are 
specified in a unique way which combines the effects of input offset 
voltage, input offset current, voltage gain, temperature varia,tions 
and input common-mode range into a single functional parameter. 
This parameter, called Input Sensitivity, specifies a minimum differ
ential input voltage which will guarantee a given logic state. Four 
variations are offered in the comparator series. 

The MC3430 and MC3431 versions feature a three-state strobe 
input common to all four channels which can be used to place the 
four outputs in a high-impedance state. These two devices use 
active-pull-up MTTL compatible outputs. The MC3432 and MC3433 
are open-collector types which permit the implied AND connection. 
The MC3430.and MC3432 versions are specified for a ±7.0 mV input 
sensitivity over the 0 to 700 C temperature range, while the MC3431 
and MC3433 are specified for '±12 mV. 

• Propagation Delay Time - 40 ns 

• Outputs Specified for a Fanout of 10 (MC7400 type loads) 

• Specified for all conditions of ±5% Power Supply Variations, 
Operating Temperature Range, Input Common-Mode Voltage 
Swing from -3.0 V to 3.0 V, and RS ~ 200 ohms. 

FIGURE 1 - A TYPICAL MOS MEMORY SENSING APPLICATION FOR A 
4-K WORD BY 4-BIT MEMORY ARRANGEMENT EMPLOYING 

1103TYPE MEMORY DEVICES 

DATA BIT #4 

DATA BIT #;J 

DATA BIT ::!t2 

DATA BIT if1 

Only four devices are required for a 

4-k word by l6-bit memory system. 
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MC3430 
thru 

MC3433 
QUAD HIGH-SPEED 

VOLTAGE COMPARATORS 

SILICON MONOLITHIC 
INTEGHATED CIRCUITS 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

CONNECTION DIAGRAM 

INPUTS 
A 

INPUTS 

C 

- 1 

TRUTH TABLE 
MC3430 and MC3432 

Input Strobe Output 

VID~7.0mV 
L H 

Z 

T A == 0 to'70oC 
L Off 

H Off 

-7.0rT'lV~VID 

~ 7.0mV L I 

TA = 0 to 70De H Off 

VIO ~-7.0mV 
L 

H· 

T A = 0 to 70De On 

Off 

TRUTH TABLE 
MC3431 and MC3433 

Input Strobe Output 

VID~12mV 
L H 

H 

TA = 0 t~ 700 e Off 
H Off 

-12mV';;;VID 
L 
H 

~+12 mV L I 

TA::: 0 to 700 e H Off 

VIO ~-12 mV 
L 

T A::: 0 to 700 e 
On 

Off 

Device 

MC3430 

MC3432 

MC3430 

MC3432 

MC3430 

MC3432 

Device 

MC3431 

MC3433 

MC3431 

MC3433 

MC3431 

MC3433 

L :::: Low Logic State Z::: Third (High Impedance) 

H::: High Logic State I = Indeterminate State 
AS<;200n 
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MC3430, MC3431/, MC3432, MC3433 

MAXIMUM RATINGS (T 0 A= to + 7rf'C un ess ot he rwise not ed) 

Rating Symbol Value 

Power Supply Voltage VCC.VEE ±7.0 

Differential Mode Input Signal Voltage Range VIDR ±6.0 

Common-Mode Input Voltage Range VieR ±5.0 

Strobe Input Voltage VI(S) 5.5 

Output Voltage (MC3432 - 33 versions) Vo +7.0 

Junction Temperature TJ 
Ceramic Package 175 
Plastic Package 150 

Operating Temperature. Range TA o to +70 

Storage Temperature Range Tstg -65 to +150 

RECOMMENDED OPERATING CONDITIONS (TA = Oto HOoC unless otherwise noted.) 

Characteristic Symbol Min Typ Max 

Power Supply Voltages VCC +4.75 +5.0 +5.25 

VEE -4.75 -5.0 -5.25 

Output Load Cum;nt 10L - - 16 

Differential-Mode Input Voltage Range VIDR -5.0 - +5.0 

Common-Mode Input Voltage Range VICR -3.0 - +3.0 

Input Voltage Range (any input to Ground) VIR -5.0 - +3.0 

ELECTRICAL CHARACTERISTICS (VCC = 5.0 Vdc. VEE =; -5.0 Vdc. TA :OoC to +70oC unless otherwise noted.) 
Typical Values are Measured at T A = 250C 

MC3430. MC3431 MC3432. MC.3433 

Characteristic Symbol Min Typ Max Min Typ 

Input Sensitivity (See Discussion on Page 3) VIS 
(RS ";;200 Ohms) 
(Common Mode Voltage Range = -3.0 V ";;V1n ";;3.0 V) 

4.75E;;; vcc ";;5.25 V T = 250C ~ MC3430. MC3432 - - ±6.0 - -
-4.75~VEE ~-5.25 V A MC3431. MC3433 - - ±10 - -, 

(Common Mode Voltage Range = -3.0 V ";;Vin ";;3.0 V) 
4.75";; VCC ";;5.25 V T = 0 to 7rf'C {MC3430. MC3432 - - ±7.0 - -
-4.75~VEE ~-5.25 V A MC343l. MC3433 - - ±12 - -
Input Offset Voltage VIO - 2.0 - - 2.0 

(RS ";;200 Ohms) 

Input Bias Current liB 
(VCG = 5.25 V. VEE = -5.25 V) MC3430. MC3432 - - 20 - -

MC3431. MC3433 - - 20 - -
Input Offset Current 110 - . 1.0 - - 1.0 

Voltage Gain Avol - 1200 - - 1200 

Strobe Input Voltage (Low State) VIL(S) - - 0.8 - -
Strobe Input Voltage (High State) VIH(S) 2.0 - - 2.0 -
Strobe Current (Low State) IIL(S) - - -1.6 - -

(VCC = 5.25 V. VEE = -5.25 V. Vin = 0.4 V) 

Strobe Current (High State) IIH(S) 
(VCC= 5.25V.VEE=-5.25V.Vin= 2.4 V) - - 40 - -
(VCC = 5.25 V. VEE = -5.25 V. Vin= 5.25 VI - - 1.0 - -

Output Voltage (High State) VOH 2.4 - - - -
"0 = -400IJA. VCC = 4.75 V, VEE = -4.75 VI 

Output Voltage (Low Statel VOL - - 0.4 - -
- (10 = 16 mAo VCC = 4.75 V. VEE = 4.75 VI 

Output Leakage Current ICEX - - - - -
(VCC= 4.75 V. VEE = -4.75 V.'VO = 5.25 VI 

Output Current Short Circuit los -18 - -70 - -
(VCC = 5.25 V. VEE = -5.25 VI 

Output Disable Leakage Current loff - - 40 - -
(VCC= 5.25 V. VEE = -5.25 VI 

High Logic Level Supply Currents ICC - 45 60 - 45 
(VCC = 5.25 V. VEE = -5.25 VI lEE - -17 -30 - -17 

'--------® MOTOROLA Se,.,iconductor Products Inc. 
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Max 

±6.0 
±10 

±7.0 
±12 

-

20 
20 

-

-
0.8 

-
-1.6 

40 
1.0 

-

0.4 

250 

-

-

60 
-30 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

°c 

°c 
°c 

Unit 

Vdc 

rnA 

Vdc 

Vdc 

Vdc 

Unit 

mV 

mV 

IJA 

IJA 

V/V 

V 

V 

rnA 

IJA 
mA 

V 

V 

IJA 

rnA 

Jl.A 

rnA 
mA 



MC3430, MC3431, MC3432, MC3433 

A UNIQUE FUNCTIONAL PARAMETER FOR COMPARATORS 

A unique approach is used in specifying the MC3430-33quad 
comparators. Previously, comparators have been specified as linear 
devices with common operational amplifier type parameters such 
as voltage gain (Avol), input offset voltage (Via), input offset 
current (110) and common-mode rejection ratio (CMRR). This is 
true despite the fact that most comparators are seldom operated in 
their linear region because it is difficult to hold a high gain com
parator in this narrow region. Comparators are normally used to 
"detect" when an unknown voltage level exceeds a given reference 
voltage. 

The most desirable comparator parameter is what minimum dif
ferential input voltage is required at the comparator's input ter
minals to guarantee a given output logic state. This new and im
portant parameter has been called input sensitivity (VIS) and is 
analagous to the input threshold voltage specification on a core 
memory sense amplifier. The input sensitivity specification in
cludes the effects of voltage gain, input offset voltage and input 
offset current and eliminates the need for specifying these three 
parameters. 

In order to make this parameter as inclusive as possible on the 
MC3430-3;3 series quad comparators, the input sensitivity is speci
fied within the folioiNing conditions: 

Commercial Temperature Range - 0 to 700 C 
Power Supply Variations - ±S% (all conditions) 
Input Source Resistance - "';200 Ohms 
Cdmmon-Mode Voltage Range - -3.0 V to +3.0 V 

Note: Typical values have been included on the omitted parameters 
for applications where the offset voltages ar.e externally nulled. 

Voltage gain is defined as the ratio of the resu Iting A Va to a 
change in the VIDR using condi~ions at which the Via and 110 
are nulled. Thus, for worst case MTTL logic levels, the required 
output voltage change is 2.0 V (VOHmin -: VOLmax = 2.4 V -

0.4 V). If 2.0 mV anI required at the input terminals to induce 
this change in logic state, the voltage gain would be 1000 VIV. 

Gain however is not the only factor affecting the logic tran
sition. Normally input offset voltages, that are not externally 
nulled, can add an appreciable error that drastically' overshadows 
the comparator gain. Therefore, the 2.0 mV for example, required 
to cause the logic transition is, often masked. An input offset 
voltage of up to 7.5 mV might be required to reach the linear 
region. A further consideration is the input offset current of up to 
±10 JIoA flowing through the matched 200-0hm source resistors at 
the input terminals which can create an additional error of ±2.0 
mV. In order to determine a worst case input sensitivity, it must 
be assumed that minimum specified gain and maximum specified 
offset voltage and current conditions exist. Also it must'be as
sumed that these three factors are cumulative, requiring a worst 
case input of: 

Logic Transition = 2.0 mV 
Via =' 7.5 mV 
110 of ±10 JIoA thru 200-0hm resistor = 2.0 mV 

Therefore, 2 + 7.5 + 2 = 11.5 mV. 
The effects of power supply voltage variations, temperature 

changes and common-mode input voltage, conditions have not 
been considered, as they are not present in the gain and offset 
specifications on most comparators. 

Thus, the input sensitivity specification greatly reduces the 
effort required in determining the worst case differential voltage 
required by a given comparator type. 

Table I compares the worst case input sensitivity of three 
popular comparator types at both room temperature and over the 
specified commercial temperature range (0 to 700 C), This sensi· 
tivity was computed from the specified voltage gain, offset voltage 
and offset current limits. 

TABLE I - WORST CASE COMPARISONS 

TA = 25°C 

V'O 
Differentia' 'nput '10 Error Vo'tage 

Avo,' Vo'tage Required RS= 200n Generated 'nto 
Type mV V/V for 3.0 V Output /JA 200 n Source 

Number Max Typ Change Max Resistors 

MC3430. 
MC3432 

MC3431. 
MC3433 

MC1711C 5.0 1500 .2.0mV 15 3.0mV 

MLM311 7.5 200 k 0.G15mV 6.0"~ 0.0012mV 

"Typical values gIven. as minImum gain not always specified. 
"',0 measured in nA 

FIGU.RE 2 - GUARANTEED OUTPUT STATE versus 
DIFFERENTIAL INPUT VOLT-AGE 

Tota' 
Sensitivity 

mV 

6.0 

10 

10 

7.516 

TA = Oto 70°C 

Differentia' 'nput "0 Error Voltage 
V'O Avol* Vo'tage Required RS= 200 n Generated Into Tota' 
mV V/V for 3.0 V Output /JA 200n Source Sensitivity 
Max Typ Change Max Resistors mV 

7.0 

12 

5.0 1000 3.0mV 25 5.0mV 13 

10 100 k 0.030 mV 70" 0.014mV 10.04 

FIGURE 3 - GUARANTEED OUTPUT STATE versus 
INPUT VOL TAGE 

4.0r----.'---..,...---.--....---.--.------.---, 

3.0~-'-+--+__-4-

~ 2.01---+--+----+
o 
2! 
~ 1.0r---+--t---t---+__-.,JL--+---+-----j 

~ 
o 
> 
~ 1.01--'-+--+__-7J!fiIIE--+---+---t---l----I 
~ RS'" 200n 
iii, -2.0 -3.0 V '" VICR';;; 3.0 V 

~ -3.0 DoC .;;;TA" 70DC 
I----fi~-+__--+--+__--+- 4.75 V.;;; VCC';;; 5.25 V 

-4.0 -4.75 V;;. VEE;;' -5.25 V 

-4.0 -3.0 -2.0 -1.0 1.0 2.0 3.0 4.0 
DIFFERENTIAL INPUT VOLTAGE (mV) ViolA). INPUT VOL lAGE (VOLTS) 

@ MOTOROLA Se,.,iconductor Products Inc. ---------' 
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'MC3430, MC3431, MC3432, MC3433 

/ 

SWITCHING CHARACTERISTICS (Vee = +5 0 Vdc VEE = -5 0 Vdc TA = +250 e unless otherwise noted I 
. MC3430. MC3431 MC3432. MC3433 

Characteristic Symbol Fig. Min Typ Max Min Typ Max 

High to Low Logic Level Propagation Delay tPHL(DI 6.8·11 - 20 45 - 27 50 
Time (DifferentiallnputsI5.0 mV + VIS 

Low to High Logic Level Propagation Delay tpLH(DI 6.8·11 - 33 55 - 40 65 
Time (Differential Inputs) 5.0 mV + VIS 

OP!ln State to High Logic Level Propagation tPZH(S) 4 - - 35 - - -
Delay Time (Strobel 

High Logic Level to Open St~te Propagation tPHZ(SI 4 - - 35 - .- -
Delay Time (Strobel 

Open State to Low Logic Level Propagation tPZL(S) 4 - - 40 - - -
Delay Time (Strobel 

Low Logic Level to Open State Propagation tPLZ(S) 4 - - 35 - - -
Delay Time (Strobel 

High Logic to Low Logic Level Propagation tPHL(SI 5 - - - - - 40 
Delay Time (Strobel 

Lo~ Logic to High Logic Level Propagation, tPLH(S) 5 - - - - - 35 
Delay Time (Strobe) 

rEST CIRCUITS 

FIGURE 4 - STROBE fROPAGATION DELAY TIMES tpLZ(S). tPZL(S). tpHZ(S), an\! tPZH(S) . 

Output of Channel B shown under test. 
other channels are tested similarly. 

+5.0 V 

3.0 v-----__ ----

tPLZ(S) { Ein. 0 V 

EO 

tPLZ(S) 
_---~1.5V 

/ V1 V2 51 

tPLZ(S) 100mV GND Closed 

tPZL(S) 10.0mV GND Closed 

tPHZ(S) GND 100mV Closed 

tPZH(S) GND 100mV Ol18n 

CL Include. jig and probe capecitance. 

eln waveform characteristics; 

52 

Closed 

Open 

Closed 

Closed 

tTLH and tTHL " 10 ns measured 10% to 90%. 

PAA ~ 1.0 MHz 

Duty Cycle = 50% 

{.

' 3.0 V------

Ein 

O-V 
ti>HZ(S) 

VOH---~~-----L 
EO 

Unit 

ns 

ns 

lis 

ns 

ns 

ns 

ns 

ns 

CL 
15 pF 

50pF 

15 pF 

50pF 

~1.5V 

~ZLl .. {E,"3.::~ 
5.0V-VD1 

EO 1.5V 
VOL--------------

3'OV~.---. '. 

{
E~ ~%.' 

. OV 
-tpZH(S) 

tPZH(S) VOH~------. 
EO .' 1.5 V 

OV .' 

® MOTOROLA Se ... icOnductor Products Inc. 
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MC3430, MC3431, MC3432, MC3433 

FIGURE 5 - STROBE PROPAGATION DELAY tpLH(S) AND tPHL(S) 

+5.0 V 

+100 mV_----<p---o""-! 

390 

1-<>-1-+- -5.0 V 

15 pF I (Total) 

o.utput of Channel B shown under test, other channels are tested similarly. 

e'n waveform characteristics: 
tTLH and tTHL <; 10 ns measured 10% to 90%. 
PRR = 1.0 MHz 
Duty Cycle - 50% 

FIGURE 6 - DIFFERENTIAL INPUT PROPAGATION DELAY tpLH(D) AND tpHL(DI 

+5.0 V 

Output of Channel B shown under .test, other channels are tested similarlv_ 

S1 at ., A" for MC3430, MC3431 
S1 at "B" for MC3432. MC3433 
CL = 50 pF total for MC3430, MC3431 
CL = 15 pF total for MC3432, MC3433 

Device VREF mV , 
MC3430 11 
MC3431 15 
MC3432 11 
MC3433 15 

FIGURE 7 - CIRCUIT SCHEMATIC 
(1/4 Circuit Shown) 

E in waveform characteristics: 
tTLH and tTH L <; 1,0 ns measured 10% to 90%. 
PRR = 1.0MHz 
D utv Cycle - 50% 

VCCO--~--~------~----~--------~--------~~----~--------~--, 

190 4k 1.Sk 

.--+----0 OUTPUT 

r---+---~~--+---------~~-----4~+-----~~GND 

4k , 4 k 

VEEo------4~------~----~------+_~ 
TO OTHER 

COMPARATORS 

Dashed components apply to the MC3430 and MC3431 circuits only. 

'--"--~...., STR OBe 

@ MOTOROLA Sen>iconductor Products Inc. _______ ....J 
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MC343Q, MC3431, MC3432, MC3433 

TYPICAL PERFORMANCE CURVES 

RESPONSE TIME ver." OVERDRIVE - MC3430. MC3431 

FIGURE 8 ... OUTPUT LOW TO HIGH FIGURE 9 - OUTPUT HIGH TO LOW 

t-- Vee=S.OV I-- Vee=5.0V 
VEP-S.OV 

t-- I- TA = 250C I--
VEP;S.OV 

TA = 250e 

~ VOH 

~ 
~ ... 
=> 
!; 
o 

Vo l 

l00mV 
0 

-20 

5.0 V 
I--

f--
w 
CI « 
!:; 
0 
> ... 
=> 
I!= 
=> 
0 

Vo l 

l00mV 

0 

-10 

100rV 
t-..... 

.' ~ I/i / 
sorV 

~ 'if) -"V 
I /) r/ , ....... 20mV 
~ '/ IA- 10rV-

/) '/ j ........ 
S.o~V-f./ ././ 

\ vlHtO.5r 
-10 10 20 30 40 so 

TIME Ins) 

VOL 
200mV 
100mV 

-20 -10 

\~\'I\ 
17 20mV .., , 

~.\ l! .1 
I ....... '\\ ~ 17" I~ mV 

Sorv 
~ ~\ , r\ -' 

-:r [7 ~ ~ V
SmV 

l00,mV :'"'" ~'\. 

rrrl "',0.5 nf 
I 

10 20 30 
TlME(ns) 

RESPONSE TIME versus OVERDRIVE - MC3432. MC3433 

FIGURE jO - OUTPUT LOW TO HIGH 

Vee=S.OV -loomlv /} 11/ 
VEE=-S.OV II" V /'/ 
TA = 2soe 1_.1. "W /V Fmy" AI' LI 

~omJ~ 1/7 / II' r--.. 
V / .(. ~Om~- ,--

V/ 171/ ~J.Om~- -V /1 
IV/ 1/ 

~ -'1 

IT~H ... ~.5111 

10 20 30 40 So 60 
TIME Ins) 

S.OV 

VOL 
200mV 
100mV 

I--
~ 

-20 

FIGURE 11 - OUTPUT HIGH TO LOW 

T 
Vee = S.O V , " '"\ 
VEE= -5.0 V \ '\ \ 1\ , V 
TA = 250 e \ u,...-

\ \ 1\ V-

" 1\ , r\ 
./ ""t' \ \ V 

~Omy \ ~\ 1\ , 

~ooJv 
,......., \ \ 

,\ \ 1\ . , .,., 
ITH ,l'" 0.

1
5 ns 

-10 10 20 30 
TIME Ins) 

40 50 

20~V-
I . r--

10rV-I--

S~V-r--

40 50 

FIGURE 12...,. AVERAGE INPUT OFFSET VOLTAGE 
var ... TEMPERATURE 

FIGURE 13 - RESPONSE TIME versus TEMPERATURE 

3. S 

3.0 

:> 
~ 2. 5 
C1 

~ 2.0 
o 
> ... 
~ 1. 5 

:: 1. 
~ 

0 

:!: 
O. 5 

0 
-25 

1'\. , 
"'-

,. 
",' 

/' 

"" ~ 

~ .-

2S SO 75 100 
AMBIENT TEMPERATURE (Oe) 

35 

30 

Me:~~.33- f-Me:~~31 ~ .... 
25 

'\. \ l,.....- I"'" ...... 10' 

] 20 
w 
:IE 
;:: 

I-
IS 

l- Vee = 5.0 V 10 
I- VEE = -5.0 V 

Vref= 100mV 
5.0 I- Over~flve = 1,00 mV 

o 
-20 

~ ~ '\ -' i-"'" - I--

7 II 
V 

f---
IPHl IPHl 

MC343()'31- MC3432·33 

20 40 
AMBIENT TEMPERATURE (OC) 
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MC3430, MC3431, MC3432,.MC3433 

APPLICATIONS INFORMATION 
22 

FIGURE 14 - 4·81T PARALLEL AID CONVERTER 

1N9 14 2N3904 or equiv. 
~,ov 

20= (A + B) (e + 0) (e + F) (H + J) (R + L) (M + N) IP + R) IS) 
o r. ,lr ~ Vref = 3.0 V 2f '" (a + 0) IF'. J) Ii:: + N) IA) 

;1 10k ;0.1j1F 
equ 

22 = (0 + J) IN) 5.0V 

~ 10 = 60 mA ;3:r 

~ ..,. lEaCh Comparator 
1/4 of MC3432 Conversion Time == 50 ns' 

R 

RfL~ s 

R~ ~ 
R 

'Lf=) 
hZ: 

p 

R 

R~ htc iii 

~ F.Q:: 
M 

R 1 ~ 
~ 

L 

R ~\ 
Rr-L ~ 

K 
......-

J 

8C R 

~ H 

R F;LC 
- F ~ 

R ~ ~- l' E 

R :-LC: 1...-/ 

~ :-LC: 
0 

R l-[>o-c TU 
R h1C 
~ 

B ~ 
R ~~ A 

R YC: MC3004 
A'" 3.0 n ± 5% - -

FIGURE 15 - LEVEL DETeCTOR WITH HYSTERESIS 

CI>-__ ~ V
out 

A2 

Vrllt R R1 R2 
S~R"1+R2 

FIGURE 16..., TRANSFER CHARACTERISTICS AND 
EQUATIONS FOR FIGURE 15 

.~ 
..J 
o 
:::. 

3 

a 1 
> 

o 

Vlow 

.-r-e-

Vref 
I 

Vhigh 

~f--VH 

3 

Yin (VOLTS) 

V' = V + R2 [VO(max) - VREF) 
h.h ~ R1+R2 

V V R2 [VO(mln) - VAEF) 
low = ref + A 1 + A2 

Hysteresl$ Loop (Vh) 

-4 

Vh '" Vhigh - Vlow = A1 :2A2 [VO(mall) - VO(minjl 

2 70 

@ MOTOROLA Se".;cond4lctor Products 'nco _~--,. ___ --..J 
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MC3430, MC3431, MC3432,MC3433 

FIGURE 17 - DOUBLE ENDED LIMIT DETECTOR FIGURE 18 - VOLTAGE TRANSFER FUNCTION 

+5.0V 
V out 

-I- 5.0 

1 k 
-I- 4.0 V 

-I- 3.0 V 

_-+--oU V out 
-t-'2.0 V 

-I- 1.0 V 

-Yin ________________ ~O~.o~V __________ __ 
+Vin 

Vref (low) Vref (high) 

THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can toierate at a given operating ambient tempe'rature. can 
be found from the equation: 

TJ(maxl - TA 
PD(T AI = ROJA(Typl 

Where: PD(TAI = Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently. 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

TJ(max)'= Maximum Operating Juncti'on Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 

is believed to be entirely reliable. However. no responsibility is 
assumed for inaccuracies. Furthermore. such information does not 
convey to the purchaser of the semicond\Jctor devices described any 
license under the patent rights of Motorola Inc. or others. 

'@ IIII.OTOROLA Senoiconductor Products Inc. 
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ORDERING INFORMATION 

Device 

MLM311G 
MLM311P1 
MLM311L,U 
MLM311F 
MLM211G 
MLM211L,U 
MLM211F 
MLM111G 
MLM111L,U 
MLM111F 

Alternate 

LM311H 
LM311N 

Temperature 
Range 

O°C to +7ooC 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

- 25°C to +85°C 
- 2500 to +85°C 
- 25°C to +85°C 

-5500 to + 125°C 
-55°C to + 125°C 
-55°C to + 125°C 

Package 

Metal Can 
Plastic DIP 

Ceramic DIP 
Ceramic Flat 

Metal Can 
Ceramic DIP 
Ceramic Flat 
Metal Can 

Ceramic DIP 
Ceramic Flat 

HIGHLY FLEXIBLE VOLTAGE COMPARATORS 

The ability to operate from a single power supply of 5.0 to 30 
volts or ±15-volt split supplies, as commonly used with operational 
amplifiers, makes the M LM 111 1M LM211 1M LM311 a tru Iy versatile 
comparator. Moreover, the inputs of the device can be isolated from 
system ground while the output can drive loads referenced either to 
ground, the Vee or the VEE supply. This flexibility makes it 
possible to. drive MDTL, MRTL, MTTL, or MOS logic. The output 
can also switch voltages to 50 volts at currents to 50 mA. Thus the 
MLM111/MLM211/MLM311 can be used to drive relays, la,!,psor 
solenoids. 

SUGGESTED COMPARATOR DESIGN CONFIGURATIONS 

SPLIT POWER-SUPPLY with 
OFFSET BALANCE 

3k Vce 

OUTPUT 

GROUND-REFERRED LOAI) 

VEE 

Input polarity .is reversed when 
GNO pin is used al an output. 

LOAD REFERRED to 
POSITIVE SUPPLY 

SINGLE SUPPLY 

LOAD REFERRED to 
NEGATIVE SUPPLY 

I nput polarity is reversed when 
GNO pin il used as Iln output. 

STROBE CAPABILITY 

6-31 

MLM111 
MLM211 
MLM311 

HIGH PERFORMANCE 
VOLTAGE COMPARATORS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

F SUFFIX 
CERAMiC PACKAGE 

CASE 606 
TO-91 

.. ::: ~~.. '~ ~~::~:e./S.TROBe 
Vee 5 ~ 6 BALANce 

(Top View) 

G SUFFIX I 

i 
METAL PACKAGE 

CASE 601 

Vcc 

GND~O 8+

0 

7 ~O:~L:TNce/STROBE 
2 - 5 

INPUTS 0 
3 04 8ALANce 

VEe 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

(TOp View) 

(Top Vi.....,) 

P1SUFFIX •. 
PLASTIC PACKAGE 

CASE 626 I 
(MLM311 Only) r I 1 I 

USUFFIX ~ 
CERAMIC PACKAGE 

CASE 693 

GND'§8VCC 
2 + 7 OUTPUT 

INPUTS 3 - 6 BALANCEISTROBE 

Vee 4 . 5 BALANCE 

(Top View) 

• 



MLM111, MLM211, MLM311 

MAXIMUM RATINGS (T A = +250 C unleSs otherwise noted.) 

Value 

Rating Symbol 
MLM111 

MLM311 
MLM211 

Total Supply Voltage VCC + IVEE~ 36 36 

Output to Negative Supply Voltage Vo -VeE 50 40 

Ground to Negative Supply Voltage VEe 30 30 

Differential Input Voltage VIO ±30 ±30 

Input Voltage (See Note 1) Vin ±15 ±15 

Power Dissipation (Pkg. Limitation) Po 
Metal Package 680 

Derate above T A = +250 C 4.6 
Flat Package 500 

Derate above T A = +250 C 3.3 
Plastic· and Ceramic Dual In·line Packages - 625 

Derate above TA = +250 C 5.0 

Operating Temperatures Range TA 
MLM111 -55 to +125 -
MLM211 -25 to +85 -
MlM311 - o to +70 

Storage Temperature Range T stg -65 to +150 -65 to +150 

*MLM311 P1 only IS available In the plastic dual In·llne package. 

ELECTRICAL CHARACTERISTICS (VCC = +15 V, Vee'" -15 V, T A = +250 C unless otherwise noted.) 

Characteristic Symbol 

Input Offset Voltage (See Note 2.) IVlol 
RS ~50 kn, TA = +250 C 
RS ~50 kn, Tlow* ~TA ~Thigh* 

Input Offset Current (See Note 2.) 11101 
TA = +250 C 
Tlow ~TA ~Thigh 

Input Bias Current liB 
TA = +250 C 
Tlow ~TA ~Thigh 

Voltage Gain AV 

Response Time (See Note 3.1 tTLH 

Saturation Voltage VOL 
T A = +250 C, VID ~-5.0 mV, 10'" 50 mA 

VID ~-10 mV,lo = 50 mA 

"flow ~TA ~Thigh' VCC~4.5 V, Vee = 0 
VIO ~-6.0 mV,lsink ~8.0 mA 
VID ~-iO mV, Isink ~8.0 mA 

Strobe "On"Current IS 

Output Leakage Current IOl 
TA = +250 C, VID ~5.0 mV, Vo '" 35 V 

VIO ~10 mV, Vo = 35 V 

Tlow ~TA ~Thigh' VID ~5.0 mV, Vo = 35 V 
Input Voltage Range VIR 

Tlow ~TA ~Thigh 
Positive Supply Current ICC 
Negative Supply Current lEe 

*Tlow =-550 C for MLM111 
= -25°C for MLM211 
= 0 for MLM311 

Thigh" +1250 C for MLM111 
= +850 C for M LM211 
= +700 C for MLM311 

Min 

-
-

-
-

-
-
-
-

-
-

-
-
-

-
-
-
-
-
-

MLM111 
MLM311 

MLM211 

Typ Max Min Typ 

0.7 3.0 - 2.0 
- 4.0 - -

4.0 10 - 6.0 
- 20 - -

60 100 - 100 
- 150 - -

200 - - 200 

200 - - 200 

0.75 1.5 - -
- - - 0.75 

0.23. 0.4 - -
- - - 0.23 

3.0 - - 3.0 

0.2 10 - -
- - - 0.2 

0.1 0.5 - -

±14 - - ±14 

,+5.1 +6.0 - +5.1 

4.1 -S.O - 4.1 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

mW 
mW/oC 

mW 
mW/oC 

rrlW 
mW/oC 

°C 

°c 

Unit 
Max 

mV 
7.5 
10 

nA 
50 
70 

nA 
250 
300 

- V/mV 

- ns 

V 
-
1.5 

-
0.4 

- mA 

- nA 
SO riA 

- J.lA 

V 
~ 

+7.5 mA 

-5.0 mA 

Note 1. This rating applies for ±1S·volt supplies. The positive input vOltage limit is 3d volts above the negative supply. The negative input 
voltage limit is equal to the negative supply voltage or 30 volts below the positive supply, whichever is less. 

Note 2. The offset vOltages and offset currents gillen are the maximum values required to drive the output within a volt of either supply 
with a 1.0·mA load. Thus, these parameters define an error band and take into account the "worst case" effects of voltage gain and 
input impedance. 

Note 3. The response 'time specified is for a 10().mV input step with S.O·mV overdrive. 
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MLM111, MLM211, MLM311 

FIGURE 1 - CIRCUIT SCHEMATIC 

r-------.. ~~-------.-4~--+-----------~--------~~------------~~----cvcc 

BALANCE 
BALANCE/CH~~-r------~ 
STROBE 

800 800 

OUTPUT 

4 

~---------~~ GND 

~-----------4~----~~--~--~----~----~~----~~----------------OVEE 

TYPICAL CHARACTERISTICS 

FIGURE 2 - INPUT BIAS CURRENT and INPUT OFFSET 
CURRENTvarwsTEMPERATURE 

-40 -20 +20 +40 +60 +80 +100 +120 
T, TEMPERATURE (OC) 

FIGURE 4 - OUTPUT SATURATION VOLTAGE versus 
OUTPUT CURRENT 

1.0 

MlMlll 
81--t-MlM211 

MlM311 
~ O. 
t:I 

TA=+250C V ~ 
~ O. 
z 
o 

~ 

6 

~ 0.4 

~ 
iii 0.2 
;> 

o 
o 

L V 
/~ 

10 

V 
~ 

i--'" 

V 

20 30" 40 
10, OUTPUT CURRENT (mA) 

!--

50 
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FIGUR E 3 - COMMON·MODE LIMITS versus TEMPERATURE 

:> .s 
UJ 
t:I 
< 
S 
0 
> 
tu 
f£ 
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I-
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== I-
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~ 
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~g 

-1.5 ~;:; 
:lEI
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8 
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j:: 
en 
o 

-2.5 .... 
+140 

FIGURE 5 - EQUIVALENT OFFSET ERROR versus 
INPUT RESISTANCE 

100 

t: TA = +250 C 
I-VIO' = VIO + RSIIO 

10 

MLMll1, MLM211 
MAXIMUM 

MlM311 
TYPICAL 

1.0 
10 k 

U. 
[ 

MlM311 
MAXIMUM 

V 
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1/ 

". ..... 
~ ... ~ 
i-" 

l...- MLMill,MLM211 t-
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l!!fPICi
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MLM111, MLM211, MLM311 

APPLICATIONS INFORMATION, , 

FIGURE 6 - ZERO·CROSSING DETECTOR DR.IVING 
MOSLOGIC 

INPUT 

3k 
VCC = 5.0 V 

OUTPUT 
~~~~--. OUTPUT 

TO MOS LOGIC 
10 k 

V EE =-10V 

6-34 

FIGURE.7 - RELAY DRIVER WITH STROBE CAPABILITY 

if] 
·01 

··Zener Diode 01 
protects the comparator 
from inductive kickback 
and voltage transients 

MTTL on the V CC2 supply line. 
STROBE 



ORDERING INFORMATION 

Device Alternate 
Temperature 

Range Package 

MLM139L 
MLM239L 
MLM239P 
MLM339L 
MLM339P 

-55°C to + 125°C Ceramic DIP 
Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP LM339N 

-40°C to +85°C 
-40°C to +85°C 

O°C to +70°C 
O°C to +70°C 

QUAD SINGLE·SUPPL Y COMPARATORS 

. These comparators are designed for use in level detection, low
level sensing and memory applications in Consumer Automotive and 
Industrial electronic applications. 

• Power Supply Options-
Single Supply = 2.0 to 36 Vdc 
Split Supplies = ± 1.0 -± 18 Vdc 

• Wide Operating Temperature Range - -55 to +1250 C 

• Low Supply Current Drain - 2.0 mA (Max) 

• Low Input Biasing Current - 25 nA (Typ) 

• Low Input Off.set Voltage - 5.0 mV (Max) 

• TTL and CMOS Compatible 

MAXIMUM RATINGS 
Rating Svmbol " Value 

Power Supply Voltage VCC +360r±18 

Input Differential Voltage Range VIDR 36 

Input Common Mode Voltage Range VICR' -0.3 to +36 

Output Sink Current Isink 20 

Power Dissipation @ T A = 25°C PD 
Ceramic Package 1.25 

Derate above 25°C 10 
Plastic Package 1.25 

Derate above 25°C 10 

Operating Ambient Temperature Range TA 
MLM139 -55 to +125 
MLM239 -40 to +85 

MLM339 o to +70 

Storage Temperature Range Tstg -65 to +150 

Unit 

Vdc 

Vdc 

Vdc 

mA 

Watts 
mW/oC 

Watts 
mW/oC 

°c 

°c 

MLM139 
MLM239 
MLM339 

QUAD COMPARATORS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PLASTIC PACKAGE 

_ 

PSUFFIX 

- (MCL~:3::~d 
• MLM339 only) 

LSUFFIX _ 
CERAMIC PACKAGE 

CASE 632 
TO-116 

Output 

2 

Output 

1 

Input 

1-

Input 

1+ 

Input 

2-

Input 

2+ 

PIN CONNECTIONS 

Output 

3 

Output 

4 

Gnd 

Input 
4+ 

Input 
4-

Input 

3+ 

Input 

3-

FIGURE 1 - CIRCUIT SCHEMATIC (Diagram shown is for 1 comparator) 

VCCo-4----------------.------_.----------~----_.----------~----------------~ 
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MLM139, MLM239, MLM339 

ELECTRICAL CHARACTERISTICS (VCC = +5.0 Vdc, TA = 250 C4Inless otherwise noted'! 

MLM139 MLM239 MLM339 

Chwacteristic Symbol Min Typ Max Min Typ MIx Min Typ Max Unit 

Input Offset Voltage VIO mVdc 

(Vref" 1.4 Vdc, Vo - 1.4 Vdc, RS = 0) - ±2.0 ±5.0 - ±2.0 ±5.0 - ±2.0 ±5.0 

Input Offset Current 110 - ±3.0 ±25 - ±5.0 ±50 - ±5.0 ±50 nA 

Input Bias Current liB - 25 100 - 25 250 - 25 250 nA 

Input Common Mode Voltage Range (Note 1) VICR 0 - VCC 0 - VCC 0 ""' VCC V 
-1.5 -1.5 -1.5 

Supply Current ICC - 0.8 2.0 - 0.8 2.0 - 0.8 2.0 mA 
(RL = GO) lEE 

Response Time (Note 2) - - 1.3 - - 1.3 - - 1.3 - ps 
(VRl = 5.0 Vdc, Rl = 5.1 knl 

Output Sink Current Isink mA 
(VI(_) ;;;. +1.0 Vdc, VIt+) = 0, Vo .;; +1.5 Vdc) 6.0 16 - 6.0 16 - 6.0 16 -
(VI(-) ;;;. +1.0 Vdc, VI(+) = 0, VO';; 500 mVdc) 6.0 - - 6.0 - - 6.0 - -

Saturation Voltage Vsat mV 
(VI(_) ;;;. +1.0 Vdc, VIt+) = 0, Isink .;; 4.0 mAdc) - - 500 - - 500 - - 500 
(VI(_);;;' +1.0 Vdc, VIt+) = 0, Isink';; 6.0 mAdc) - - 500 - - 500 - - 500 

Voltage Gain (VCC = 15 V) Av - 200 - - 200 - - 200 - k 
(RL ;;;'15 kn) 

Output Leakage Current IOl - 0.1 - - 0.1 - - 0.1 - pA 
(VI(+) ;;;. +1.0 Vdc, Vit-) = 0, Vo = 5.0 Vdc) 

PERFORMANCE CHARACTERISTICS - Guaranteed Over Temperature Range (V ~C = +5.0 Vdc) 

-55 to +1250 C -400 C to +850 C 0° to 70°C 

Characteristic Symbol Min Typ Max Min Typ Max Min Typ Max Unit 

Input Offset )toltage YIO - - ±9.0 - - ±9.0 - - ±9.0 mV 
(Vref = +1.4 Vdc, Vo = 1.4 Vdc, RS = 0) 

Input Offset Current 110 - - ±100 - - ±150 - - ±150 nA 

Input Bias Current liB - - 300 - - 400 - - 400 nA 

Input Common Mode Voltage Range VICR 0 - Vce 0 - VCC 0 - VCC Vdc 
-2.0 -2.0 -2.0 

• Saturation Voltage Vsat - - 700 - - 700 - - 700 mV 
(VI(-) ;;;. 1.0 Vdc, VI (+) = 0, Isink .. 4.0 mAdc) 

Output Leakage Current 10L' - - 1.0 - - 1.0 - - 1.0 pA 
(VI(+) ;;;. 1.0 Vdc, Vit-) = 0, Vo = 30 Vdc) 

Input Differential Voltage VID - - 36 - - 36 - - 36 Vdc 
(All VI ;;;. 0 Vdc) 

Notes 1. The input com~on·mode voltage or either input signal voltage should not be allowed to go negative by more than 300 mV. The 
upper end of the common·mode voltage range is Vee -1.5 V, but either or both inputs can go to +30 Vdc without damage. 

2. The response time specified is for a 100 mV input step with 5 mV overdrive. For larger signals, 300 ns is typical. 

FIGURE 3 - NON·INVERTING COMPARATOR WITH 
FIGURE 2:.... INVERTING COMPARATOR WITH HYSTERESIS HYSTERESIS 

+Vee + Vee 

1 
R3 

tl 10 k 10 k RREF VIN VREF 
RREF -Vo 

~ 
10 k 

+Vee 10 k R1 

-= -== Vo R2 
VREF VIN 

I 1M 10 k 
10 k R1 -= R3 VREF ~ Vee R1 

-~ 1M RREF + R1 

VREF""~ R2"" R1/IRREF RREF + R1 

R3"" R1 II RREFI/ R1 Amount of Hysteresis VM 

. VH= 
R11/RREF 

(VOmax -VOmin) R2 
R11/RREF + R2 ,VH - R2 + R3 (VOmax - VOmin) 

MOTOROLA Setniconduct:or Products Inc. 
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MLM139, MLM239, MLM339 

1.40 

w 
~ 1.20 
!:i 
o 
> 

i 
o 
o 

1.00 

~ 0.80 
::; 
< 
~ 
~ 0.6 0 

~ 

0.40 
-40 

2.20 

TYPICAL CHARACTERISTICS 
(VCC = +15 Vdc, T A = +250 C (each comparator) unless otherwise noted.) 

FIGURE 4 - INPUT OFFSET VOLTAGE 

60 
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~ .... 48 

~ 
".. 

~ I-"" 
36 

-I--
~ 

24 

Slope can be either polarity. 
2 

O. 
-20 +20 +40 +60 +BO +100 

TA. AMBIENT TEMPERATURE (OC) 

FIGURE 6 - OFFSET BIAS CURRENT 
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-- 6.0 

FIGURE 5 - INPUT BIAS CURRENT 
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FIGURE 7 - OUTPUT CURRENT versus 

OUTPUT VOL TAGE 
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FIGURE 8 - DRIVING LOGIC 

114 MLM139 

RS ':" Source Resistance 

A1 '" AS 

VCC 
LOGIC DEVICE Volts 

CMOS 1/4 MC14001 +15 

TTL 1/4 MC7400 +5 

--
+80 +100 

RL 
kn 

100 

10 

\/ V .< 
1// "\ 
// / TA = 85°C 

// / 
V/ / 

0 
/V / 

// 7 

i 4.0 

I

::l 3.0 
~ 
o 
9 2. 

1. 0 
~/ 

D / 
o.ff/ 

c 
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VOL OUTPUT LEAKAGE VOLTAGE (mV) 

FIGURE 9 - SQUAREWAVE OSCILLATOR 

+VCC ;;;'4V 

10 k 
100 k 

>-.... --0 Vo 

330 k 330 k 

:C.TUL 
.-=-J~I_ R4 330 k 

T1 '" T2 '" 0.69 RC 

f"'~ 
C(~F) 

R2 = R3 = R4 . 

R 1 '" R211R3/IR4 

500 
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MLM139, MLM239, MLM339 

APPLICATIONS INFORMATION 

The MLM139, MLM239 and MLM339 are quad com
parators having high gain, wide bandwidth characteristics. 
This gives the device oscillation tendencies if the outputs. 
are capacitively coupled to the inputs vi,a stray capacitance. 

This oscillation manifests itself during output transitions 
(VOL to VOH). To alleviate this situation input resistors 

FIGURE 10 - ZERO CROSSING DETECTOR 
(Single Supply) 

15 k 

R3 

+15 V 

10 M 

D1 prevents input from going negative by more than 0.6 V. 

R1 + R2 = R3 

R3 .;; ~ for small error in zero crossing 

<10 kS1 should be used. The addition of posit~ve feedback 
«10 mY) is also recommended. 

It is good design practice to ground all u':lused pins. 
Differential input voltages may be larger than supply 

voltage without damaging the comparator's input voltages. 
More.negative than -300 mV should not be used. 

FIGURE 11 - ZERO CROSSING DETECTOR 
(Split Supplies) 

VINmin "'0.4 V peak for 1% phase distortion ("B). 

+Vcc 

';---"I:---7#-- (-) 

Va 

---'-r.---r.--(-) 

L@MOTORO~ Serniconducf:or Producf:s Inc. 
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ORDERING INFORMATION 

Device Alternate 
Temperature 

Range Package 

MLM139AL 
MLM239AL 
MLM239AP 
MLM339AL 
MLM339AP 

-55°C to + 125°C Ceramic DIP 
Ceramic DIP 
Plastic DIP 

Ceramic DIP 
Plastic DIP LM339AN 

-40°C to +85°C 
-40OC to +85°C 

O°C to+70"C 
O°C to +70°C 

QUAD SINGLE·SUPPL Y COMPARATORS 

These comparators are designed for use in level detection, low
level sensing and memory applications in Consumer Automotive and 
Industrial electronic applications: 

• Power Supply Options -
Single Supply = 2.0 to 36 Vdc 
Split Supplies = ± 1.0 -.:t 18 Vdc 

• Wide Operating Temperature Range - -·55 to +1250 C 

• Low Supply Current Drain - 2.0 mA (Max) 

• Low Input Bia~ing Current - 25 nA (Typ) 

• Low Input Offset Voltage - 2.0 mV (Max) 

• TTL and CMOS Compatible 

MAXIMUM RATINGS 
Rating Symbol Value 

Power Supply Voltage VCC +36 or ± 18 

Input Differential Voltage Range VIDR 36 

Input Common Mode'Voltage Range VICR -0.3 to +36 

Output Sink Current Isink 20 

Power Dissipation @ T A ~ 25uC PD 
Ceramic· Pac kage 1.25 

Derate above 25°C. 10 

Plastic Package 1.25 

Derate above 25°C 10 

Operating Ambient Temperature ·Range TA 
MLM139A -55 to +125 

MLM239A -40 to +85 

MLM339A o to +70 

Storage Temperature Range T stg -65 to +150 

Unit 

Vdc 

Vdc 

Vdc 

mA 

Watts 
mW/oC 

Watts 
mW/oC 

°c 

°c 

ILMI39A 
MLM239A 
MLM339A 

QUAD COMPARATORS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

_ 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 
(MLM239A and 

• MLM339A only) 

LSUFFIX _ 
CERAMIC PACKAGE I I 

CASE 632 I I I 

.Output 

2 

Output 

1 

Input 

1-

Input 

H-

Input 

2-

Input 

2+-

TO-116 

PIN CONNECTIONS 

/ 

1" 'c--> 

Output 

3 

Output 

4 

Gnd 

Input 
4+ 

Input 

4-

Input 

3+ 

Input 

3-

'FIGURE 1 - CIRCUIT SCHEMATic (Diagram shown is for 1 'comparator) 

VCCO-~--------~-----,-------,~------------~-+------~--,-----------~----~ 
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MLM139A, MLM239A, MLM339A 

ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, T A = 25o<;ul)less ~herwise noted,) 

MLM139A MLM239A MLM339A 

Characteristic Symbol Min :Typ Max Min Typ Max Min Typ Max Unit 

Input Offset Voltage VIO mVde 

(Vref'" 1.4 Vde, Vo = 1.4 Vde, RS = 0) - ±1.0 ±2.0 - ±1.0 ±2.0 - ., ±1.0 ±2.0 

Input Offset Current 110 - ±3:0 ±25 .- ±5.0 ±50 - ±5.0 ±50 nA 

Input Bias Current liB - 25 100 - 25 250 - 25 250 nA 

Input Common Mode Voltage Range (Note 1) VICR 0 -- VCC 0 - Vce 0 - VCC V 
, -1.5 -1.5 -1.5 

Supply Current ICC - 0.8 2.0 - 0.8 2.0 - 0.8 2.0 rnA 

(Rl = 00) lEE 

Response Time (Note 2) - - 1.3 - - 1.3 - - 1.3 - /lS 

(VRL =5.0 Vdc, RL = 5.1 kH) 

Output Sink Current Isink rnA 

(VII-) > +1.0 Vdc, VI(+) = 0, Vo " +1.5 Vdc) 6.0 16 - 6.0 16 - 6.0 16 -
(VI(_) ~ +1.0 Vdc, VI(+) = 0, Vo .,; 500 mVde) 6.0 - - 6.0 - - 6.0 - -

Saturation Voltage V sat mV 

(VI(_) ;> +1.0 Vde, VI(+) = 0, Isink < 4.0 mAde) - - 500 - - 500. - - 500 

(VI(_)" +1.0 Vde, VI(+) = O,lsink .. 6.0 mAde) - - 500 - - 500 - - 500 

Voltage Gain (VCC = 15 V) Av 50 200 - 50 200 - 50 200 - k 

(Rl>15kH) 

Output leakage Current IOl - 0.1 - - 0.1 - - 0.1 - J1.A 

(VI(+)" +1.0 Vdc, VIH = 0, Vo = 5.0 Vdc) 

PERFORMANCE CHARACTERISTICS - Guaranteed Over Tem~ erature Range (Vrr = +5.0 Vdc) 

-55 'to + 125°C 40°C to +850 C 0° to 70°C 

Characteristic Symbol Min Typ Max Min Typ Max Min Typ Max Unit 

Input Offset Voltage VIO - - ± 4.0 - - ± 4.0 - - ± 4.0 mV 

(Vref = +1.4 Vdr:, Vo = 1.4 Vdc, RS = 0) 

Input Offset Current 110 - - .tl00 - - ±150 -- ! 150 nA 

Input Bias Current liB - - 300 - - 400 -- - 400 nA 

Input Common Mode Voltage Range VieR 0 - Vee 0 - Vee 0 - Vee Vdc 
-2.0 -2.0 -2.0 

Saturation Voltage V sat - - 700, - - 700 - - 700 mV 

(VII-);;' 1.0 Vdc, VI(+)" 0, ,Isink "4.0 mAdc) 

Output leakage Current IOl - - 1.0 - - 1.0 - - 1.0 J1.A 

(VI(+);;' 1.0 Vdc, VI(_) '" 0, Vo = 30 Vdc) 

Input Differential Voltage VID - - 36 - - 36 - - 36 "'de • (All VI;;' 0 Vdcl 

Notes 1. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 300 mV. The 
upper end of the common;mode voltage range is Vee -1.5 V, but eittier or both inputs can go, to +30Vdc without damage. 

2. The response time specified is for a 100 mV input step with 5 mV overdrive. For larger signals, 300 ns is typical. 

FIGURE 3 - NON-INVERTING COMPARATOR WITH 
FIGURE 2 -INVERTING COMPARATOR WITH HYSTERESIS HYSTERESIS 

+VfC 
+ vee 

R3 

K VIN ,.., 
10 k 

10 k 'RREF 

""VO 
VREF 

+VCC~ 
RREF 

1+ lr' 
10 k 

10 k R1 

-= ~ ~ Va R2 
VREF VIN v 1 + -= 1M 10 k 

10 k R1 
R3 

VREF ~ Vee ~_. 
~ 1M RREF + R1 

VREF ",Vee R1 
RREF + R1 R2'" R111RREF 

R3'" Rl II RREFII R1 Amount of Hysteresis VM 

VH = 
R111RREF 

(VOmax -VOmin) . R2 
RlllRREF + R2 VH = R2 + R3 (VOmax - VOmin) 

M MOTOROLA SeTniconductor Products Inc. 
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MLM139A, MLM239A, MLM339A 
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TYPICAL CHARACTERISTICS 
(VCC = +15 Vdc, T A = +250 C(each comparator) unless otherwise noted.} 

FIGURE 4 - INPUT OFFSET VOLTAGE 
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FIGURE 8 - DRIVING LOGIC 

VCC 

RS 

Rl C 

1/4 MLM139A 

RS == Source Resistance 

Rl "" RS 

Vce RL 
LOGIC DEVICE Volts kH 

CMOS 1/4 MC14001 +15 100 

TTL 1/4 MC7400 +5 10 

i\/ / L 
L/ / \. 

J/ /' TA = 85°C 
// 

/L /' 
f--- .. j / / 

// /' 
f// 

.// '/ 
/// 
a IOU 200 300 400 500 

VOL. OUTPUT LEAKAGE VOLTAGE (mV~ 

FIGURE 9 - SQUAREWAVE OSCILLATOR 

+VCC ~4V 

10 k 
100 k 

r-....... --oVo 

VCTLJL 

330 k 330 k -1~I_ 
R4 330 k 

Tl = T2 =0.69 RC 

f"'~ 
C(f.l F ) 

R2 = R3 = R4 

R 1 '" R211R311R4 
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MLM139A, MLM239A, MLIVI339A 

APPLICATIONS INFORMATION 

The MLM139A, MLM239A and MLM339A are quad' 
comparators having high gain, wide bandwidth character
istics. This gives the device oscillation tendencies if the 
outputs are capacitively coupled to the inputs via stray 
capacitance. This oscillation manifests itself during output 
transitions (VOL to VOH). To alleviate this situation input 

FIGURE 10": ZERO CROSSING DETECTOR 
(Single Supply) 

15 k 

R3 

+15 V 

10M 

D1 prevents input from going negative by more than 0.6 V. 

Rl+R2=R3 

R3 ~ ~ for small error in zero crossing 

resistors <10 kQ should be used. The addition of positive 
feedback «10.mV) is also recommended. 

It is good design practice to ground all unused pins. 
Differential input voltages may be .Iarge.r than supply 

voltage without damaging the comparator's input voltages. 
More negative thim -300 mV should not be used. 

FIGURE 11 -ZERO CROSSING DETECTOR 
(Split Supplies) 

VINmin ""0.4 V peak for 1% phase distortion (,\(':l). 

\ 
+Vee 

-VEE 

Va 

Vee 

Va 

-VEE 

(-) 

@ MOTOROLA Sel'h/conduc'for Produc1:s Inc. 
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. ORDERING INFORMATION 

Device Temperature Range Package 

MLM2901P Plastic DIP 

QUAD SINGLE-SUPPL Y COMPARATOR 

This comparator is designed for use in level detection, low
level sensing and memory applications in Consumer Automotive and 
Industrial electronic applications. 

• Power Supply Options -
Single Supply = 2.0 to 36 Vdc 
Split Supplies'= ±1.0 to ±18 Vdc 

• Wide Operating Temperature Range - -40 to +850 C 

• low Supply Current Drain - 2.0 mA (Max) 

• l?w Input Biasing Current - 25 nA (Typ) 

• low Input Offset Voltage - 2.0 mV (Max) 

• TTL and CMOS Compatible 

MAXIMUM RATINGS 
Rating Svmbol Value 

Power Supply Voltage VCC +36 or -18 

Input Differentia! Voltage Range VIDR 36 

Input Common Mode Voltage Range VICR -0.3 to +36 

Output Sink Current Isink 20 

Power Dissipation @ T A = 25°C PD 

Plastic Package 1.25 

Derate above 25°C 10 

OPerating Ambient Temperature Range TA -40 to +85 

Storage Temperature Range T stg -65 to +150 

I 

Unit 

Vdc 

V,dc 

Vdc 

rnA 

Watts 
rnW/oC 

°c 

°c 

FIGURE 1 - CIRCUIT SCHEMATIC 

Output 
1 

Output 
2 

- Input 

2· 
+Input 

- Input 

+ Input 

MLM2901 

QUAD COMPARATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

PIN CONNECTIONS 

Output 
3 

Output 
4 

Gnd 

+Input 
4 

-Input 
4 

+Input 
3 

-Input 
3 

IO-~r--+---+-------+--------~------+-------~------~------~----~--~----~ 

1~~::t==:;=l=+==+===t==~~==t===::t===~ 
'9+~---+~-r-------r------~~------~----~~~h 

INPUTS 4- ~---+---r-------+------~~------~------, 
5+~---+--~------~------~h 
6-~---+--~------~----~ 

7+ o-I---+---+~ 
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MLM2901 

ELECTRICAL CHARACTERISTICS (Vee ~ +5.0 Vdc, T A = 250 C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Input Offset Voltage VIO - 2.0 7.0 mVdc 

(Vref = 1.4 Vdc, Vo ~ 1.4 Vdc, RS ~ 0) 

Input Offset Current 110 - ±5.0 ±50 nA 

Input Bias Current liB - 25 250 nA 

Input Common Mode Voltage Range (Note 1) VICR 0 - Vce V 
-1.5 

Supply Current ICC - 0.8 2.0 mA 

(AL = 00) lEe 

Response Time (Note 2) - - 1.3 - ,",5 

(VAL = 5.0 Vdc, RL = 5.1 knl 

Output Sink Current Isink mA 

(VI(_) ~ +1.0 Vdc, VI(+) = 0, VO';; +1.5 Vdc) 6.0 16 -
Saturation Voltage V sat mV 

(VIH ~ +1.0 Vdc, VI(+) = O,lsink = 3.0 mAdc) - - 400 

Output Leakage Current 10L - 0.1 - JJA 

(VI(+) ~ +1.0 Vdc, VI(_) = 0, Vo = 5.0 Vdc) 

NQtes 1. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 300 mV. The 
upper end of the common-mode voltage range is Vee -1.5 V, but either or both inputs can go to +30 Vdc without damage. 

2 . The response time specified is for a 100 mV input step with 5 mV overdrive. For large signals, 300 ns is typical. • 

• 
FIGURE 2 -INVERTING COMPARATOR WITH FIGURE 3 - NON·INVERTING COMPARATOR WITH 

HYSTERESIS HYSTERESIS 

+Vee + vee 

L 
R3 

VIN -
10k 10 k RREF I: VREF 

RREF -yo 

l' 
10 k 

+Vee 10 k R1 

~ ~ '" Vo 
R2 

VREF VIN 

1 
1M 10 k 

10 k R1 -= R3 _ Vee A1 

* 1M 
VREF - AREF + Ri 

VREF'" Vee R1 
AREF + R1 R2'" R11/RREF 

R3'" R1 /I RAEFII R1 Amount of Hvsteresis VM 

VH= 
R11/RREF 

(VOmax -VOmin) VH = R2 ~2 R3 (VOmax - VOmin) R11/RREF + R2 

MOTOROLA SelHiconductor Products Inc. 
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MLM2901 

TYPICAL CHARACTERISTICS 
(VCC = +15 Vdc, T A" +250 C unless otherwise noted.) 

FIGURE 4 -INPUT OFFSET VOLTAGE FIGURE 5 - INPUT BIAS CURRENT 
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FIGURE 8 - ORIVING LOGIC 
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FIGURE 9 - saUAREWAVE OSCILLATOR 
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c >--4~-oVO 

24 

....-
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RS = Sourte Resistance 
Rl "" RS 
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R4 330 k ~~l-' 
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LOGIC DEVICE Volts kU 

CMOS 1/4 MC14001 +15 100 

TTL 1/4 MC7400 +5 10 
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MLM2901 

APPLICATIONS INFORMATION 

The MLM2901 P is a quad comparator having high gain, 
wide bandwidth characteristics. This gives the device oscil
lator tendencies if the outputs capacitively couple to the 
inputs via stray capacitance. This oscillation manifests 
itself during output transitions (VOL to "OH). To 
alleviate this situation input resistors <10 kS1 should 

FIGURE 10 - ZERO CROSSING DETECTOR 
(Single Supply) 

15 k 

R3 

+15 V 

10M 

01 prevents input from going negative by more than 0.6 V. 

Rl+R2=R3 

R3 ,,;;; ~ for small .lr'ror in zero crossing 

not be used. The addition of positive feedback «10 mV) 
is also recommended 

It is good design practice to ground all unused pins. 
Differential input voltages may be larger than supply 

voltage without damaging the comparator's input voltages. 
More negative than -300 mV should not be used. 

FIGURE 11 - ZERO CROSSING DET~CTOR 
(Split Supplies) 

VINmin ""0.4 V peak for 1% phase distortion (,'e)· 

+Vcc 

--f--~--+- (-) 

Vo 

--'--t---1I--(-) 
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MC1302 
MC1303 
MC1306 
MC1310 
MC1312,14,15 
MC1323 
MC1324 
MC1327 
MC1330A 
MC1331 
MC1344 
MC1349 
MC1350 
MC1351 
MC1352 
MC1355 
MC1356 
MC1357 
MC1358 
MC1364 
MC1375 
MC1384 
MC1385 
MC1391,94 
MC1393 
MC1398 
MC1399 
MC3301 
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MC3310 
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XC~316,17 

MC3320,21 
MC3325 
MC3330 
MC3333 
MC3340 
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MC3360 
MC3380 
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MLM239A 
MLM2901 
TDA1190Z 
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Circuits for Consumer Applications 

... reflecting Motorola's continuing commitment 
to semiconductor products necessary for con~ 
sumer system designs. This tabulation is arranged 
to . simplify first~order selection of consumer 

integrated circuit devices that satisfy the primary 
functions for Television, Audio, Radio, Citizens 
Band, Automotive and Organ applications. 

TELEVISION CIRCUITS 

SOVND 

Function Features Case Type 

Sound IF, Detector, Limiter, 80 uV, 3dB Limiting Sensitivity, 646,647 MC1351 
Audio Preamplifier 3.5 V(RMS) Output, Sufficient for Single Transistor 

Output Stage 

Sound IF Detector Interchangeable with ULN21.11 A 646,647 MC1357 

Sound IF Detector, Excellent AMR, 646,647 MC1358 
dc Volume Control, Preamplifier Interchangeable with CA3065 

Sound IF, Low Pass Complete TV Sound System 100 uV 3 dB 722A TDA1190Z 
Filter, Detector, dc Limiting Sensitivity 4 Watts Output, 
Volume Control, Pre- VCC = 24V, RL = 16.11 
Amplifier, Power Amplifier 

VIDEO 

1 st and 2nd Video IF Amplifier IF Gain @ 45 MHz-SO dB Type 626 MC1349 
AGC Range-70 dB min 

IF Gain @ 45 MHz-46 dB typ, 626 MC1350 
AGC Range-60 dB min 

15t and 2nd Video IF, AGC IF Gain @ 45 MHz-53 dB typ, AGC Range-66 dB min, 646,647 MC1352 
Keyer and Amplifier "Forward AGC" Provided for Tuner 

3rd IF, Video Detector, Low-Level Detection 626 MC1330Al 
Video Buffer, and Low Harmonic Generation 
AFC Buffer Zero Signal dc Output Voltage of 

7.0 to 8.2 V 
Same as MC1330Al except zero signal 626 MC1330A2 
dc output ~oltage of 7.8 to 9.0 V 

3rd IF, Video Detector, Low-Level Detection, 646 MC1331 
Sound IF Detector, and Separate Sound Detector, 
Sync Separator Differential Inputs 

AGC Keyer, AGC Amplifier, High-Quality Noise Gate, 646 MC1344 
Noise Gate, Sync Separator One IF AGC Output and Two Tuner AGC Outputs, 

Adjustable AGC Delay 

Automatic Fine Tuning High Gain AFT System, 646 MC1364 
Interchangeable with CA3064 

CHROMA 

Chroma IF Amplifier and Includes Complete Chroma IF, AGC, dc Gain 646 MC1398 
Subcarrier System and Tint Controls, Injection Locked Oscillator. 

Low Peripheral Parts Count 

Chroma IF Amplifier and Includes Complete Chroma IF, AGC, dc Chroma 648 MC1399 
Subcarrier System (PLL) and Hue Controls, Phase Locked Loop (PLL) Oscillator, 

Color Killer Threshold Adjustment. 

Dual Chroma Demodulators Dual Doubly Balanced Demodl.!lator with 646 MC1324 
RGB Matrix and Chroma Driver Stages 

Dual Doubly Balanced Demodulator with 646.647 MC1327 
. RGB Output Matrix and PAL Switch 

Triple Chroma Demodulator Triple Doubly Balanced Demodulator with Adjustable 648 MC1323 
Output Matrix, Contains Three Independent Demodulators. 
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DEFLECTION 

Function Features Case Type 

Horizontal Processor Includes Phase-Detector, Oscillator and Predriver: 626 MC1391 
Linear Balanced Phase Detector Adjustable dc Loop Gain 

Same as MC1391 except designed to accept negative!. 626 MC1394 
sawtooth sync pulse 

Vertical Processor Includes Oscillator and Complementary Driver, 648 MC1393 
Low Thermal Drift, 
Retrace Pulse for Effective Blanking 

AUDIO CIRCUITS 

PREAMPLIFIERS 

VCC Avol THO zo 
Function Vdc Max dB Min %Typ . Ohms Typ Case Type 

Dual Preamplifier ±15 80 0.1 100 646 MC1303 

DRIVERS 

VC.C Drive Current Avol 
Function Vdc Max mA dB Case Type 

Class B Audio Drivers .35 150 peClk 89 typ 626 MC3320 
20 150 peak 87 typ 626 MC3321 
25 50 max - 646 MC1385 

POWER AMPLIFIERS 

. c
in 

Po VCC @ rated Po 10 RL 
Function Watts Vdc Max mVTyp mATyp Ohms Case Type 

Audio Power Amplifiers 0.5 12 3.0 4.01 8.0 : 626 MC1306 
0.25 12 3.0 3.0 16 626 MC3360 
4.0 18 22.0 12 4.0 72.2.. MC1384 

RADIO CIRCUITS 

IF AMPLIFIERS 

Recovered / 

Gain 3 dB Limiting Audio Output Power 
@ 10.7 MHz @ 10.7 MHz AMR f = ±75 kHz Supply 

Function dB Typ mV (RMS) typ dB Typ mV(RMS) Volts Max Case Type 

IF Amplifier 58 0.175 60 690 18 626 MC1350 
Limiting FM-IF Amplifier -0.600 45 480 18 646,647 MC1355 
Limiting IF Ampl/Quadrature 0.4 42 450 16 646 MC1356 

Detector with Built-In 
Regulator 

Limiting IF Ampl/Quad Detector 53 0.4 45 480 16 646,647 MC13!;j7 
IF Amplifier, Limiter, Detector, 21 0.25 55 625 16 646 MC1375 

Audio Preamplifier 
IF Amplifier 42 60 50 500 18 626 MC3310 
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DECODERS 

Channel Stereo-Indicator 
Separation THO Lamp Driver 

Function dB Typ %Typ mA Max Features Case Type 

FM Multiplex Stereo Decoder 40 0.3 75 Coilless Ooeration 646 MC1310 
Four Channel SOt Decoders 45 0.1 VCC = 20 Vdc nom 646 MC1312 

Four Channel SOt Gain Master Volume Control and LF/RF. 648 MC1314 
and Balance Control LB/RB. E/B Balance Control 

Four Channel SOt Logic Circuit Interface with..MC1314 and MC1312 to 648 MC1315 
increase FIB Separation and Supply Gain 

and Balance Control to MC1314. 

tTrademark of Columbia Broadcasting System. Inc. 

ORGAN CIRCUITS 

FREQUENCY DIVIDER 

Vee 
Range fTog VOH 

Function Vdc MHz Typ Vdc Min Case Type 

7 -Stage Divider 6-16 1.0 12.0/15.0 646 MC1302 

ATTENUATOR 

VCC Attenuation 
c Range THO AV Range 

Functil;m Vdc %Typ dB Typ dB Typ Case Type 

Electronic Attenuator 9.0 to 18 0.6 13 90 626 MC3340 

AUTOMOTIVE CIRCUITS 

OPERATIONAL AMPLlF~ER 

VCC Unity Gain 

Range AVOI liB Bandwidth 

Function Vdc V/V Min AMllx MHz Typ Case Type 

au ad Operational Amplifier 4.0-28 1000 0.3 4.0 646 MC330,l 

COMPARATORS • VCC Sink 

Range VIO '10 liB Current 

Function Vdc mVMax nA Max na Max mATyp Case Type 

Ouad Comparators 2.0-28 ±20 500 6.0 646.632 MC3302 
±7.0 646 MLM2901 . 

2.0-36 ±5.0 ±50 250 16.0 646.632 MLM239 
±2.0 ·646.632 MLM239A 

I 

VOLTAGE REGULATOR 

Function Features Case Type 

Automotive Voltage Designed for use with NPN Darlington 646 MC3325 
Regulator Overvoltage Protection 

"Open Sense" Shut Down 
Selectable Temperature Coefficient 

7-5 



ELECTRONIC IGNITION 

Function Features Case Type 

Electronic Ignition Designed for use in High Energy- 646 MC3333 
Circuit Variable Dwell Electronic Ignition Systems 

with Variable Reluctance Sensors. 
Dwell and Spark Energy are Externally 
Adjustable. 

TRANSISTOR ARRAYS 

GENERAL PURPOSE 

IC (max) VCEO vCBO VEBO 
Function mA Volts Max Volts Max Volts Max Case Type 

One Differentially connected pair and 50 15 20 5.0 646 MC3346 
Three Isolated Transistors MC3386 

One Differentially Connected Pair 50 20 20 5.0 626 MC3330 
with Associated Constant Current 
Transistor 

SPECIAL FUNCTIONS 

Function Features Case Type 

Emitter·Coupled Astable Multivibrator Useful as DC-DC Converter,. Power Regulator or 626 MC3380 
Multivibrator. Toggle Freq = 100kHz (typ). 

Phase Lock Loop Contains Voltage Controlled Oscillator and Double 646 MLM565 
Balanced Phase Detector 

Frequency to Voltage Frequency Doubling for Low Output 646 MC3315 
Converter Ripple Programmable Threshold and 

Hysteresis 

Dual Frequency to Voltage Frequency Doubling for Low Output 648 MC3316 
Converters Ripple Programmable Threshold and 

Hysteresis 
Two Independent Channels 

Same as MC3316 ... Plus Fail Check 701 MC3317 
Indication for Open Sensor 

II 
High and Low Select Outputs 

Programmable Frequency Wide Input Frequency Range (10 Hz 646,632 MC3344 
Switch to 100 kHz) 

Adjustable Hysteresis 
Wide Supply Operating Range (7 to 24V) 

CITIZENS BAND CIRCUITS 

SYNTHESIZER. 

Function Features Case Type , 
Requires only One Crystal to Generate 724 MC3390 

Phase Lock Loop All Transmit and Receive Frequencies 
Frequency Synthesizer Can be used with Binary Coded Switch 

Designed for Double or Single Conversions 
Receivers 

CONTROLLER 

Remote Controller and Designed for use with a Push Button 724 MC3391 
Display Driver Switch for Incremental up/down 

Channel Selection of the MC3390 
Provides Display Drive Current 



7-STAGE DIVIDER 

This monolithic circuit is designed for use as a frequency divider 
in electronic organs. It contains 7 flip-flops with all inputs and 

outputs externally accessible. 

• Wide Operating Voltage Range - 6.0 to 16 Volts 

• Regulated Supply Not Required 

• Maximum Design Flexibility - Allows for Two to Seven-Stage 
Cascades 

MAXIMUM RATINGS ITA: +250 C unless otherwise noted.) 

Output 

Input 

Rating Value Volts 

Power Supply Voltage 19 Vdc 

Output Sinking Current 10 mA 

Negative I nput Voltage 0.5 Vdc 

Junction Temperature 150 °c 
Operating Temperature Range o to +75 °c 

FIGURE 1 - CIRCUIT SCHEMATIC 
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I I 
I 
I 
I 
I 
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1 
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1 J 

: : : 
I LR~~':I:t:'~ 
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I 

: 
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I 

! 

i 
: 1 

Single Cell :.1 
I "" ~ ~ (One of Seven) I ~ L _________ ~ ______________________________________ ~ 

7-7 

Gnd 

VCC 

Vin1 

Vin3 

Vin5 

Vin6 

Vin7 

VCC 

Gnd 

MC1302 

7-STAGE DIVIDER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

PIN CONNECTIONS 

V out1 

• V out2 

V out3 

V out4 

V out5 
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MC1302 

ELECTRICAL CHARACTERISTICS (Vcc = 16 Vdc, Vin = 4.0 V, Square Pulse, f = 10 kHz, 50% Duty Cycle, tpHL 0 1.0 VIIlS, 

T +250 C nless other ·se oted) A ~. , U WI n 

Characteristic Min Typ Max Unit 

Operating Power Supply Voltage 6.0 - 16 Vdc 

Toggle Frequency - 1.0 - MHz 

Output Voltage (High) Pins 8,9, 10, 11, & 13 Vdc 

(VCC = 6.0 Vdc) 5.5 - -
(VCC = 16 vdcl 15.0 - -

Output Voltage (H igh) Pins 12 S 14 Vdc 

(VCC = 6.0 Vdc) 4.5 - -
(VCC = 16 Vdc) 12 - -

Operating Drain Current _ mAde 

(VCC = 16 Vdc) - 26 -
Output Sinking Current mAde 

(VO < 0.5 Vdc) - 10 -
Rise Time , - 100 - ns 

Propagation Delay - 700 - ns 

Fall Time - 50 - ns 

I nput Resistance 10 - - kn 

Output Resistance. (Output High) - - 5.0 kn 

INPUT PULSE REQUIREMENTS 

Characteristic Min I Max I Unit 

VIH 
~ng 

Pulse Magnitude +4.0 I - I Volts 

Leading Edge Zero Level - I +1.0 I Volts 

VIL- Edge - Leading Edge No Requirement 

I I 0 
Trailing Edge dv/dt -1.0 - Volts 

t ms 

THERMAL INFORMATION 

The maximum po~er consumption an integrated 
circuit can tolerate at a given operating ambient 
temperature, can be found from the equation: 

TJ(max) - TA 
PD(T ) -

A - ROJA (Typ) 

Where: PD(T A) = Power Dissipation allowable at a 
given operating ambient temperature. This must be 
greater than the sum of the products of the supply 

voltages and supply currents at the worst-case oper
ating condition. 

T J(max) = M~xil]1um Operating Junction 
Temperature as listed in the 
Maximum ratings Section 

T A;' Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) '" Typical Thermal Resistance 
Junction to Ambient 

® MOTOROLA SeITJiconduc'for Produc'fs Inc. 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC1303P Plastic DIP 

DUAL STEREO PREAMPLIFIER 

· .. designed for amplifying low-level stereo audio signals with two 
preamplifiers built into a single monolithic semiconductor. 

Each Preamplifier Features: 

• Large Output Voltage Swing - 4.0 V (RMS) Min 

• High Open-Loop Voltage Gain =6000 min 

• Channel Separation = 60dB min at 10 kHz 

• Short-Circuit-Proof Design 

MAXIMUM RATINGS IT A = +250 C unless otherwise noted) 

Rating Value Unit, 

Power Supply Voltage +15 Vdc 
-15 

Junction Temperature +150 °c 
Operating Ambient Temperature Range o to'+75 °c 

CIRCUIT SCHEMATIC 

INPUT LAG 1 OUTPUT LAG 1 
10 11 12 14 

Vee 

800 

NON·INVERTING 
INPUT 1 + 9 

-8 9.6k 
OUTPUT 1 

INVERTING 24k 13 
INPUT 1 

6.8k 
VEE 7 

6.8k OUTPUT 2 
24k 

INVERTING 1 

INPUT 2 6 9.6k 

800 

4 3 2 
INPUT LAG 2 OUTPUT LAG 2 

7,-9 

MC1303, 

DUAL 
STEREO PR EAMPLI F I ER 
INTEGRATED CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE. 

CASE 646 

EQUIVALENT CIRCUIT 

INPUT 
LAG 1 

1011 12 

- 9 
INPUT 1 

8 

VEE 7 

S 
INPUT 2 

5 

4 3 2 

I'NPUT 
LAG2 

• 
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MC1303 

ELECTRICAL CHARACTERISTICS (Each Preamplifier) (VCC .. +13 Vdc Vee'" -13 Vdc TA '" +250 C un'ess ~therwjse noted) 

Chlracterittic Definitions (lin .. r operations' Characteristic Min 

eout 

.L~""'-. Open Loop Vo'tage Gain 6,000 _ em 
'In 
-- + , lout 

':' iF 

~ Output Voltage Swing 4.0 
(RL" 10 kSl) 

12~ Input Bias Current -
'1 + 1'+'2 

'IB=-2-

12~ 
'1 + 

'nput Offset Current -
11'0" '1 - '2) 

~ 
Input Offset Vo'tage -

V,a 
':' + Vo '" 0 

DC Power Dissipation -
(Power Supply = ±.13 V, Vo = 0) 

Iln;::t::>----o eout 1 

!=t>----.... , Channel Separation 60 
(f = 10 kHz) 

THERMAL INFORMATION 

The maximum power consumption ~n integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

TJ(max) -TA 
PD(T A) "" ROJA(Typ) 

Where: PD(T A)' = Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

T J(max) '" Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum DeSired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 

Typ Max Unit 

10,000 - vtv 

5.5 - V(RMS) 

1.0 10 "A 

0.2 '0.4 "A 

1.5 10 mV 

- 400 mW 

70 - dB 

® MOTOROLA Sent'conduc'for Produc'f. Inc. ______ ....J 
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MC1303 

TYPICAL PREAMPLIFIER APPLICATIONS 

FIGURE 1 - MAGNETIC PHONO PLAYBACK 
PREAMPLIFIER/RIAA EQUALIZED . 

82Dpf 

loO.fl3.0V 

INPUT ~·ff-..---{ 

.20 

-r-. 
'10 -I-

~I-

10 

-20 
10 

.......... ~i' 

100 

OUTPUT 

~--+--"VCC 
~---+-",VEE 

Unf 

...... 

loOk 

FREOUENCY (Hz) 

'i'-- r-. 
10k 

TYPICAL PERFORMANCE CHARACTERISTICS 

VoUageGain 
InputOverloadPOinl 
OutPUt Voltage SWing 
Output Noise Level 

34 dB(50)@ 1.0 kHr 
100 mVRMS@1.0kHt 
!S.O VRMS@ 1.0 kH/ @O.l%THO. 
Better Than 70 dB Below 10 mV Phono 

Input IInpulShorted) 

lOOk 

FIGURE 2 - BROAD BAND AUDIO AMPLIFIER 

680pf 

INPUT~·Il-_--{ 

lOOk 

OUTPUT 

'---......... 1--. Vee ....... ----t--,....... VEE 

Vollage G.in: 40 dB (100) @ 1.0 kHz ,elerem:. 
OUIPUI Voltage Swing: 5.0 V(,ms) 

[HI 1111111 111111111 111111111 I illllill 
10 100 1.0k 10k lOOk 

FREQUENCY (Hz) 

'Vin o--"'VIi __ ~_--o VCC 

ZI . I.IZ·500·19 
(13 V nom.~ 

Select serie'$ It by 
aiiowingl1mAfor 
ler.er,ande;n:hdual 
I/CPreamplifier 

Pins not shown are not connected. Pins not shown are not c~nnftted. 

FIGORE 3 - NAB TAPE HEAD EQUALIZATION • 

+zo 
~TIt 3l1oin/. 

r--.... 

+1 

1%in/. -~ ~ 
0 

r-. 

....",~ t-_ 3l1oin/s 

....... r-. 
-10 

IWn/
• 

-20 III 
30 50 100 300 SOD 1000 3000 5000 10,000 20,000 

FREQUENCY (Hz) 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical' semiconductor applications; consequently. 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

. TAPE, HEAD IN (!J--tt-"9""'--{ 

Pins notlhawn ... not l:annocttd. 

}----t--.VCC 

)----+-............ \/fE 

C·910pffor1112inh 

VohItt GIin: 3S d8. 1.0 kHz 
OuqoutVohIttSwing: 5.0V(IIMSI 

is believed to be entirely reliable. However. no r"ponsibility is 
assumed for inaccuracies. Furthermore. Nch information doe. not 
convey to the purchaser of the semiconductor davie" .described any 
license under the patent rightS of Motorola lfic. or others. 

@ MOTOROLA S.mlconductor Produc'f. Inc. 
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ORDERING INFORMATION 

Device 

MC1306P 

/ 

Temperature Range Package 

Plastic DIP 

1/2-WATT AUDIO AMPLIFIER 

The MC l306P is a monol ith ic complementary power ampl ifier and 
preamplifier designed to deliver 112-Watt into a loudspeaker with a 
3.0 mV(rl11s) typical input. Gain and bandwidth are externally 
adjustable. Typical applications include portable AM-FM radios, tape 
recorder, phonographs, and intercoms. 

• 112-Watt Power Output (9.0 Vdc Supply, 8-0hm Load) 

• High Overall Gain - 3.0 mV(rms) Sensitivity for 112-Watt Output 

• Low Zero-Signal Current Drain.- 4.0 mAdc @ 9.0 V typ 

• Low Distortion - 0.5% at 250 mW typ 

FIGURE 1 - AM-FM RADIO, AUDIO SECTION 

1.0 k 

1.0 Megn 

TYPICAL APP,-ICATIONS 

8.0!J 100 pF 
Tone ControlL 

1.0 Megn 

Mel306 

1/2-WATT AUDIO AMPLIFIER 

PLASTIC PACKAGE 

CASE 626 

FIGURE 2 - PHONOGRAPH AMPLIFIER 
(CERAMIC CARTRIDGE) 

1.0 k 

8.0n 

51
0k 

-1
1

1----'1Nv----0

10k 

----I 
MC1306P =" ~11----'\fW--_-o--I 

0.051lF 0.002IlF1.0.Meg n 

200ilF XTA~1.0Megn 
O.lIlF 6 

Volume 
-= Control 

1.4 k 

.Jlreamplifier 

Preamplifier 
Output 

Volume 
O---------J Control 

CIRCUIT SCHEMATIC 

Power Amplifier 
Input 

7-13 

Power Amplifier 
Output 3 

GND 

• 
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MC1306 

MAXIMUM RATINGS (T A = +250 C unless otherwise noted) 

Rating Symbol Value Unit 

Power SuppiV Yoltage Y+ 12 Vdc 

Load Current IL 400 mAde 

Power Dissipation (Package Limitation) Po 
TA =+2SoC 625 mW 

Derate above T A .. +250 C 1/8JA 5.0 mW/oC 

Operating Temperature Range TA Oto +15 °c 
Storage Temperature Range Tsts -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (V+ = 9.0 V, R L =8.0 ohms, f = 1.0 kHz, (using test circuit of Figure 3), fA = +250 C 
unless otherwise noted. ) 

Characteristio Symbol . Min Tvp Max Unit 

Open Loop Yoltage Gain AYOL Y!V 
·Pre-amplifier RL = 1.0 k ohm - 210 -
Power-amplifier RL = 16 ohms - 360 -

Sensltlvitv S - 3.0 - mY (rms) 
(Po =5OOmW) 

Output Impedance (Power-amplifier) Zo - 0.5 - Ohm 

Signal to Noise Ratio SIN - 55 - dB 
(Po = 150 mW, f = 300 Hz to 10 kHz) 

Total Harmonic Distortion THO - 0.5 - % 
(Po = 250mWI 

Quiescent Output Voltage Yo - Y+/2 - Ydc 

Output Power Po - mW 
(THOS10%) 500 510 

Curtent Drain (zero signat) 10 - 4.0 - rnA 

Power Dissipation (zero slgnall Po - 36 - mW 

FIGURE 3 - TEST CIRCUIT FIGURE 4 - ZERO SIGNAL BIAS CURRENT 

1.0k TO 
I 

TA ~ +250 C 

----~ 
1.0 

Cl = 200IlF 

.~ 

'"t 
'47pF 

0.05pF r 
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~ ~ ---~ ---
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4.0 5.0 6.0 7.0 8.0 9.0 TO 

V+. POWER S~PPl Y VOLTAGE (Vdcl 
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MC1306 

TYPICAL CHARACTERISTICS 
(V+ ::: 9.0 V, f = 1.0 kHz, T A = +~50C unless otherwise noted) 

FIGURE 5 - EFFICIENCY FIGURE 6 - OUTPUT POWER 
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FIGURE 10 - TYPICALCIRCUIT CONNECTION 
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DESIGN CONSIDERATIONS 

The MC1306P provides the designer with a means to control 
preamplifier gain, power amplifier gain, input impedance, and 
frequency response. The following relationships will serve as guides. 

1. Gain 

The Preamplifier Stage Voltage Gain is: 

Rf 
AVA,~ A; 

and is limited only by the open-loop gain (270 VIVI. For good 
preamplifier dc stability Rt should be no larger than 1.O-megohm. 

The Power Amplifier Voltage Gain is controlled in a similar 
manner where: 

10k 
AVB~R; 

The 10-k ohm feedback resistor is provided in the integrated 
circuit. 

Recommended values of Rp range from 500-0hms to 3.3-k 
ohms. The low end is limited primarily by low-level distortion and 
the upper end is limited due to the voltage drive capabilities of the 
pre-amplifier. (A resistor can be added in the dc feedback loop, 
from pin 6 to ground, to increase this drive); The Overall Voltage 
Gain, then, is: 

2. I nput Impedance 

The Preamplifier Input Impedance is: 

andthe Power Amplifier Input Impedance is: 

3. Frequency Response 

The low frequency response is controlled by the cumulative 
effect of the series coupling capacitors C1, C2, and C3. High
frequency response can be determined by the feedback capacitor, 
ct, and thel-3.0 dB point occurs when 

XCf = Rf 

Additional high frequency roll-off and noise reduction can be 
achieved by placing a capacitor from the center point of Rp to 
ground as shown in Figure 10. 

Capacitor C4 and the RC network shown in dotted lines may 
be needed to prevent high frequency parasitic oscillations. The R F 
choke, shown, in series with the output, and capacitor C6 are used 
to prevent the high-frequency components in a large-signal clipped 
audio output waveform from radiating into the RF or IF sections 
of a radio (Figure 101. 

.4. Battery Operation 

The increase of battery resistance with age has two undesirable 
effects on circuit performance. One effect is the increaSing of 
amplifier distortion at low signal levels. This is readily corrected by 
increasing the size of the filter capacitor placed across the battery 
(as shown in Figure 8; a 300-",F filter capacitor gives distortions 
at low-tonal levels that are comparable to the "stiff" supply). The 
second effect of supply impedance is a lowering of power output 
capability for steady signals. This condition is not correctable, but 
is of questionable importance for music and voice signals. 

5. Application Examples: (1) The audio section of the AM-FM 
radio (Figure 11 is adjusted for a preamplifier gain of 100 with an 
input impedance of 10-k ohms. The power amplifier gain is set at 
10, which gives an oVElrall voltage gain of 1000. The bandwidth 
has beEln set at lO-kHz. (2) The phonoamplifier (Figure 2) is de-

, signed for a prElamplifiElr gain of unity and a power amplifier gain 
of 10. The input impedance is 1.O-megohm. An adjustable treble 
control is provided within thEl fEledback loop. 

7-16 
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TYPICAL PRINTED CIRCUIT BOARD LAYOUT 

LOCATION OF COMPONENTS 

• 
C3 C5 

See Fig~re 3 for schematic diagram. 

PARTS LIST 

Component Value 

C1 I 200",F 
C2 0.1 ",F 

C3 0.05",F 

C4 ." 1.0",F 

C5 47 pF 
R1 1 ohm 
R2 1 k ohm 
R3 4.7 k ohms 
R4 270 k ohms 

MC1306 -

PC Board -

7-17 
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ORDERING INFORMAnON 

Device T .... perature Range Package 
MC1310P Plastic DIP 

Specifications and Applications 
InforRlation 

FM STEREO DEMODULATOR 

, .. a monolithic device designed for use in solid-st~te stereo rec,eivers. 

• Requires no Inductors 

• Low External Part Count 

• Only Oscillator Frequency Adjustment Necessary 

'. Integral Stereo/Monaural Switch 75 mA Lamp Driving Capability 

• Wide Dynamic Range: 0.5-2.8 VIp-pI Composite 
Input Signal 

• Wide Supply Range: 8-14 Vdc 

• Excellent Channel Separation Maintained Over Entire Audio 
Frequency Range 

• Low Distortion: Typically 0.3% THO at 560 mV (RMS) 
Composite Input Signal 

• Excellent SCA Rejection 

FIGURE,1 - TVPICAL APPLICATION AND TEST CIRCUIT 

C8 

Pin Functions 

Pin 18 VCC 
Pin 2" Input 
Pin 3 '" Amplifier Output 
Pin 4 .. Left Channel Output 
Pin I) .. Right Channel Output 
Pin 6 .. Lamp I ndicatar 
Pin 7 .. Ground 

Pin 8 .. Switch Filter 
Pin 9" Switch Filter 
Pin 10" 19 kHz Output 
Pin 11 .. MOdulator Input' 
Pin 12" Loop Filter 
Pin 13 .. Loop Filter 
Pin 14" Oscillator RC Network 

14 13 

Paru List 

C1"2.0pF 
C2" O.O~ pf 
C3 = 0.02 pF 
C4" 0.25pF 
CI) '" 0.05pF 
C6" 0.5 pF 
C7" 470pF 

C8 .. O.25pF 
R1 .. 3.9kSl 
R2"'3.9 kSl 
R3= 1.0 kSl 
R4-16kSl 
R5- 5.0 kSl 

C1 

Input~It-+-t=:t===:::"' __ J 

12 

C5 

MCI310 

FM STEREO 
DEMODULATOR 

SILICON MONOLITHIC 
INTEGRATEO CIRCUIT 

CASE 646 

19 kHz 
Output 

C4 

MC1310 

VCC----------~--------------~--~4-~~--~~ 

7-18. 

Left 
Channel 
Output 

Right 
Channel 
Output 
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MAXIMUM RATINGS (T A = +250 unless otherwise noted.! 

Rating Value Unit 

Power Supply Voltage 14 Volts 

Lamp Current 75 mA 

Power Dissipation 625 mW 
(Package limitation) 

Derate above T A = +250 C 5.0 mW/OC 

Operating Temperature Range (Ambient) -40 to +85 °c 
Storage Temperature Range -65 to +150 °c 

ELECTRICAL CHARACTERISTICS Unless otherwise noted; VCC .. +12 Vdc. TA "'+250 C: 560 mV(RMS} 12.8 V!p_p!} standard 
multiplex composite signal with l, or R channel only mOdulated at 1.0 kHz and with 100 mV(RMS} pilot level 1 10%}. using circUit of Figurel. 

Characteristic Min Typ Max Unit 

Maximum Standard Composite Inpu~ Signal (0.5% THO) 2.8 - - Vlp-p) 

Maximum Monaural Input Signal (1.0% THO) 2.8 - - V (p-p) 

Input Impedance 20 50 - kn 

Stereo Channel Separation 30 40 - dB 

Audio Output Voltage (desired channel) - 485 - mV(RMS) 

Monaural Channel Balance (pilot tone "off") - - 1.5 dB 

Total Harmonic Distortion - 0.3 - % 

Ultrasonic Frequency Rejection 19 kHz - 34.4 - dB 
38kHz - 45 -

Inherent SC A Rejection dB 
(f = 67 kHz; 9.0 kHz beat note measured - 75 -
with 1.0 kHz modulation "off") 

Stereo Switch Level mV(RMS) 

19 kHz input level for lamp "on" - - 20 
19 kHz input level for lamp "off" 5.0 - -

Capture Range (permissible tuning error of internal oscillator, - ±3.5 - % 
reference circuit values of Figure 1) 

Current Drain (lamp "off") - 13 - mAdc 

7·19 
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TYPICAL CHARACTERISTICS 
Unless otherwise noted: VCC= +12 Vdc, T ~ = +2SoC; 560 mV(RMS) (2.8 V [pop] ) standard multiplex 

composite signal with Lor R channel only modulated at 1.0 kHz and with 100 mV(RMS) 

pilot level (10%), using circuit of Figure 1. 

FIGURE 3 - CHANNEL SEPARATION versus 

COMPOSITE INPUT LEVEL FIGURE 4 - CHANNEL SEPARATION versus FREQUENCY 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 9 - DISTORTION versus FREQUENCY· 
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CIRCUIT OPERATION 

Figure 13, on the previous Pl!ge, shows the system 
block diagram. The upper line, comprising the 38-kHz 
regeneration loop operates as follows: the internal os
cillator running at 76-kHz and feeding through two 
divider stages returns a 19-kHz signal to the input mod
ulator. There the returned signal is multiplied with the 
incoming sigrial so that when a 19-kHz pilot tone is 
received a dc component is produced. The dc component 
is extracted by the low pass filter and used to control 
the frequency of the internal oscillator which con
sequently becomes phase-locked to the pilot tone. With 
the oscillator phase-locked to tre pilot the 38-kHz out
put from the first divider is in the correct phase for de
coding a stereo signal. The decoder is essentially another 
modulator in which the incoming signal is multiplied by 

the regenerated 38-kHz signal. The regenerated 38-kHz 
signal is fed to the stereo decoder via an internal switch, 
which closes when a sufficiently large 19 kHz pilot tone 
is received. 

The 19-kHz signal returned to the 38-kHz regeneration 
loop modulator is in quadrature with the 1 g..kHz pilot 
tone when the loop is ,locked. With the third divider 
state appropriately connected, a 19-kHz signal in phase 
with the pilot tone is generated. This is multiplied with 
the incoming signal in the stereo switch modulator 
yielding a dc component proportional to the pilot tone 
amplitude. This component after filtering is applied to 
the trigger circuit which activates both the stereo switch 
and an indicator lamp. 

APPLICATIONS INFORMATION 
(Component numbers refer to Figure 1) 

External Component Functions and Values 

C1 Input coupling capacitor; 2.0 I1F is 
recommended but a lower value is 
permissible if reduced separation at low 
frequencies is acceptable. 

R 1, R 2, C2, C3 See MaximumLoad Resistance section. 

C4 

C5 

R3, C6, C8 

R4, R5, C7 

Filter capacitor for stere,o switch level 
detector; time constant is C4 x 53 
kilohms ±30%, maximum dc voltage 
appearing across C4 is 0.25 V (pin 8 
positive) at 100 mV(RMS) pilot level. 
The signal voltage across C4 is neg
ligible. 

See Phase Compensation section. 

Phase-locked loop filter components; 
the following network is recommended: 

C8 
0.25 fJ.F 

When less performance is required a 
simpler network consisting of R3 =: 100 
ohms and C6 =: 0.2511F may be used 
(omit C8). See Figure 9. 

Oscillator timing 
mended values: 
C7 = 470 pF 
R4=16kH 
R5= 5 kU 

network; 

1% 
1% 
Preset 

recom-

7-23 

These values give ±3.5% typical capture 
range. Capture range may be increased 
by reducing C7 and increasing R4, R5 
proportionally but at the cost of in
creasing beat-note distortion. (due to 
oscillator-phase jitter) at high-signal 
levels. See Figure 12. 

Stereo Lamp Nominal rating up to 75 mA at 12 V; 
the circuit includes surge limiting which 
restricts cold-lamp current to approx
i mately 250 mAo 

19-kHz Output A buffer output providing a 3.0-Vpk 
square wave at 19 kHz is available at 
pin 10. A frequency counter may be 
connected to this point to measure the 
oscillator free-running frequency for 
alignment. See Alignment section. 

External Monaural/Stereo Switching 

If it is desired to maintain the circuit in monaural 
mode, the following procedure must be followed. First, 
the stereo switch must be disabled to prevent false lamp 
triggering. This can be accomplished by connecting pin 8 
negative or pin 9 positive by 0.3 volt. Pin 8 may be 
grounded di rectly if desired. Note that the voltage across 
C4 increases to approximately 2 volts with pin 9 positive 
when pin 8 is grounded. 

Second, the 76-kHz oscillator must be killed to 
prevent' interference when on AM .. This can be ac
complished by connecting pin 14 to ground via a current 
limiting resistor (3.3 kilohms is recommended). 

Phase Compensation/l F Roll-off Compensation . 

Phase-shifts in the circuit cause the regenerated 38-
kHz sub-carrier to lead the original 38 kHz by approx
imately 2°. The coupling capacitor C5 generates an 

• 
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, APPLICATIONS INFORMATION (continued) 

additional lead of 3.50 (for C5 = 0.05J.lFI giving a total 
lead of 5.50 . 

The circuit is so designed that phase lag may be 
generated by adding a capacitor from pin 3 to ground. 
The source resistance at this point is 500 ohms. A 
capacitance of 820 pF compensates the 5.50 phase lead: 
increase above this value causes the regenerated sub
carrier to lag the original. However, a 5.50 phase error 
if left noncompensated - wi,ll not degrade separation 
appreciably. 

Note that these phase shifts occur within the phase
locked loop and affect only the regenerated 38-kHz 
sub-carrier: the circuit causes no significant phase or 
amplitude variation in the actual stereo signal prior to 
decoding. 

Most IF amplifiers have a frequency response that 
limits separation to a value significantly lower than the 
capability of the MC1310. For example, if the response 
produces a 1-dB rol,l-off at 38 kHz, the separation will be 
limited to about 32 dB. This error can be compensated 
by using an RC lead network as shown in Figure 14. 
The exact values will be determined by the I F amplifier 
design. However, the values shown in Figure 14 are 
suitable for use with the MC1357 and MC1375 IF 
amplifiers. 

FIGURE 14 - IF COMPENSATION NETWORK 

From FM "'--CJk, 1.· TinopMutC131

0 

Demodulator • 

5.1 k 

0.005 p.F 

Voltage Control Oscillator Compensation 

Figure 10 illustrates noncompensated Oscillator Drift 
versus temperature. The recommended TC of the R4, R5, 
C7 combination is -300 PPM. This will hold the 
oscillator drift to approximately ±1% over a temperature 
range of -40 to +850 C. Allowing ±2% for aging of the 
timing comp~nents acceptable performance is still ob
tained. 

Lamp Sensitivity 

It may be desirable in some cases, to change the lamp 
sensitivity due ~ to differing signal levels produced by 
various FM detectors. The lamp sensitivity can be 
changed by making use of the external circuit shown. 
Typical sensitivities versus potentiometer rotation are 
also shown in Figure 15. 
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FIGURE 15 - PILOT SENSITIVITY versus 
POTENTIOMETER ROTArlON 

70 

60 

~ 50 

~ 40 

r--

PIN 9 .., 

PIN 8-

-
100 k* -

-
6_2 k 

~~ R 
10 k 

100 k' CCW ............. 
---' 
UJ 

~ 30 
*1% RESISTORS---1 -,;;;;-~ 

I-

~ 20 
c:: 

--~-

>--j:;; .. ·~r7r--L~--
10 

V 
~", 

o 
FULLCW 

./ I 
I, 
I 

CENTER 

t--- =~P"~~ 
---

...... V j,,/ 
j------

V- ./~ 

~ t::/ 
.,/ 
LAMP "OFF" 

FULL CCW 
R (POTENTIOMETER ROTATION) 

Alignment Procedure 

The optimum alignment procedure, with no input 
signal applied, is to adjust R5 until 19.00 kHz is read at 
pin 10 on the frequency counter. 

Another procedure requiring no equipment, other 
than the receiver itself, will result in separation of 
within a_ few dB of optimum. This latter method is 
merely to tune the receiver to a stereo bro,adcast and 
adjust R5 until the pilot lamp turns "on". To find the 
center of the. lock-in range, rotate the potentiometer 
back and forth until the center of the lamp "on" range 
is found. This completes the alignment. 

Alternate Timing Network 

The alternate timing network shown, incorporating a 
trimmer capacitor rather than a potentiometer, may be 
used if desired. Again, to provide correct temperature 
compensation, the temperature coefficient of the timing 
network must be approximately -300 PPM. 

FIGURE.16 

Pin 14 

Maximum Load Resistance 

The curve shown gives absolute maximum load r:e
sistance values versus supply voltage used for full-signal 
handling capability. With desired load resistance choose 
C2, C3 capacitors to provide standard 75 JJ.S de-emphasis. 
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APPLICATIONS INFORMATION (continued) 

11 

;g 9.0 

FIGURE 17 - MAXIMUM LOAD RESISTANCE 
versus SUPPL Y VOLTAGE 
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Audio Output 

The ratio G 
p-p audio output (one-channel) 

POp input signal 

different types of input is as follows: 
INPUT 

Single-Channel 
Composite Signal 

0.45 

Monaural 
Signal 

0.5 

for 

These figures are for 3.9-kilohm load resistors and for 
low-audio frequencies where de-emphasis roll-off is 
insignificant. 

Cap~ure Range versus Timing Components 
The capture range can be changed to some extent by 

use of different timing components. Typical values are 
shown in Figure 12. 

Composite Signal 

1000 

'" fi 

Due to confusion concerning the measurement of the 
st~reo composite signal, a curve showing both RMS and 
Pop composite levels versus pilot level follows, see 
Figure 18. 

FIGURE 18 - COMPOSITE lEVEL versus PILOT 
(L or R Modulation Only) 
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ORDERING INFORMATION 

Device 

MC1312P 
MC1314P 
MC1315P 

Temperature Range 

O"C to + 70"C 
O"C to + 70°C 
O°C to + 70"C 

Package 

Plastic DIP 
Plastic DIP 
Plastic DIP 

CBS SO* LOGIC DECODER SYSTEM 

· . . a matrix system designed to decode SO encoded program 
material into four separate channels. This system conforms to 
specifications for decoding quadraphonic records produced by' the 
largest record companies in the world. 

MC1312P • DECODER 

... consists of two high input impedance preamplifiers which are fed 
with left total, LT. and right total, RT, signals. The preamplifiers 
each feed. two all-phase networks which generate two L T signals 
in quadrature and two RT signals in quadrature. The four signals are 
matrixed to 'yield teft front. left back, right front, and right back 
signals (LF', La', RF', Rs')- . 

MC1314P - VOLTAGE CONTROLLED ATTENUATOR 

· .. a gain control and balance adjustment unit for use with any 
quadraphonic system. It has four channels whose gain can be varied 
by an external dc voltage. In addition, the relative gain between 
channels can be set by 3 external dc voltages_ Thus with four 
variable resistors the master volume LF/RF. l.a/Ra and F/a bal
ance may be controlled; 

MC1315P· LOGIC CIRCUIT 

· . . provides the basic logic function to £1nhance the front to 
back separatiQn in the CBS SO four channel decoding system. This 
device is designed to interface with the MC1312 decoder and MC1314. 
The MC1315 provides dc logic enhancement control signals which 
extends the performance of the basic SO system to the levels desired 

. for top-of-the-line systems. 

FIGURE 1- sa LOGIC DECODER SYSTEM 

<D Master Volume. 

® FIB Balance 

@ LF/RF Balance 

@ LB/RS Balance 
@ 

~------------~~~~FS~,--------~~--~--~~--~ 

MC1312P 
Sasic Matrix RS 

Decoder RF 

Front to Back Separation 15-20dB 

Quadra
phonic 
Output 

Logic 
Control 

MCl312P 
MC1314P 
Mel31SP 

FOUR CHANNEL SO 
LOGIC DECODER SYSTEM 

SILI<fON MONOLITHIC 
INTEGRATED CIRCUIT 

L Phase 
Shift 

Network 

LF' Output 2 

LS' Output 3 

L Phase 4 
Shift 

Network 5 

RF Output 

Volume 

Logic 
Control 

Control 
Front GF 

Control 
Sack GS 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

MC1312P 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

Filter Back 

Filter Front 

• Trademark of CS S Inc. This component is sO.ld· without patent i"demnity and any infringe
ment resulting from use or resale thereof. shall. be the sole responsi· 
billty of purchaser and shall not be the responsibility of manu
facturer or distributor even though such use is in. accordance with 
manufacturer'S recommllndations. 
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MC1312P. CBS sa DECODER UNIT 

MAXIMUM RATINGS (T A = +250 C unless otherwise noted.) 

Rating 

Power Supply Voltage 

Power Dissipation @ T A = 25°C 
Derate above +250 C 

Oper(iting Temperature Range 

Storage Temperature Range 

Value Unit 

25 Vdc 

750 mW 
6.7 mW/oC 

o to +70 °c 

-65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = +20 Vdc, Vin = 0.5 V(RMS) @ 1 kHz, T A =+250 C unless otherwise noted.) 

Characteristic Min Typ Max 

Supply Current Drain 11 16 21 

Input Impedance 1.S 3.0 -
Output Impedance - 5.0 -
Channel Balance (LF/RF) -1.0 0 +1.0 

Voltage Gain LF/LT or RF/RT -1.0 0 +1.0 

Relative Voltage Gain LB'/LF', RB'/LF', LB'/RF',RB'/RF' -2.0 -3.0 -4.0 
LF' measurements made with L T input, R F' measurements made with 
RT input. 

Maximum Input Voltage for 1%THD at Output RT or LT 2.0 - -
Total Harmonic Distortion RT or LT - 0.1 -
Signal to Noise Ratio (Short-Circuit Input Vo = 0.5 V(RMS) - SO -

with Output Noise Referenced to Output 
Voltage, VOl (BW = 20 Hz to 20 kHz) 

FI GURE 2 - MC1312P TEST CI RCUIT FIGURE 3 - EtA STANDARD BLEND 

Vee 
1.0jlF 

Unit 

mA 

Mn 

kn 

dB 

dB 

dB 

\ 

V(RMS) 

% 

dB 

Pin 3 Pin 14 

LB' 

Output 

LT 
Input 

L...----......v.~~f4 

Sl 

Pin 2 Pin 11 

• R1 is used for input impedance measurement. 
S1 Is normllily closed. 

Note: In applications where tone arm pick-up is connected directly to the 
MC1312P inputs, a 300 k resistor should be Inser.ted In .rles with 
RT (Pin 8), and LT (Pin 6) inputs. 
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MC1312P. CBS sa DECODER UNIT 

APPLICATioNS INFORMATION 

FIGURE 4 - DECODING PROCESS DIAGRAM 

0.707 RB 

}------...... - ...... +---<) LF' = LF + 0.707 RB -jO.707 LB = LT FLF 
0.707 LB 

r---1t---r--<J ~B: = LB + jO.707 LF -0.707 RF_j 
0.707 

0.707 LF 
RF.-LLB 

LT = LF + 0.707 RB -j 0.707 LB 

RT = RF -0.707 LB + j 0.707 RB 

0.707 LF 

0.707 RF 

LT and RT are composite signals from sa encoded records or sa broadcast. 

The decoding process is shown schematically in Figure 4. The 
MC1312P circuits that perform this function consists of two 
preamplifiers which are fed with left total, LT, and right total, 
RT, signals. The preamplifiers each feed two all-pass* networks 
that are used to generate two LT signals in quadrature and two 
RT signals in quadrature. The four signals are matrixed to yield 
left-front, left-back, right-front, and right-back signals.(LF', LB', 
RF'; RB')· 

The all-pass networks are of the Wein bridge form with the 
resistive arms realized in the integrated circuit and the Rearms 
formed by external components. The values shown in Figure 1 

are for a 100-Hz to 10-kHz bandwidth-and a phase ripple of ±8.5° 
on a 900 phase difference. 

It is generally desirable to enhance center-front to center-back 
separation. This is accomplished by connecting a resistor between 
pins 2 and 11 (front outputs) and 3 resistor between pins 3 and 
14 (back outputs). For a 10% front channel blending t and a 40% 
back channel blendingt ,'47 kilohms between pins 2 and 11 and 

'An all-pass network produces phase shift without amplitude variations. 
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7.5 kilohms between pins 3 imd 14 is required and results in the 
following equations: 

tRF" = 0.912 LT + 0.088 RT 
LF" = 0.912 RT + 0.088 LT 

RB" ='4 [0.714 (JRT - LT) + 0.286 (RT - JLT)] 

LB" ='%- [0.714 (JLT - RT) + 0.286 (LT - JRT)] 

To meet the EIA matrix standards with 10/40 blend use 
the circuit of Figure 5, which results in the following equations: 

RF" = 0.772 (0.995 RT + 0.0972 LT) 
LF" = 0.772 (0.995 LT + 0.0972 RT) . 

RB" ="4 (0.769) [0.928 (JRT - LT) + 0.372 (RT - JLT)] 

, LB" = ~ (0.769) [0.928 (JLT - RT) + 0.372 (LT - J~T)] 



MC1312P, MC1314P, MC1315P 

MC1314P. GAIN CONTROL AND BALANCE ADJUSTMENT UNIT 

MAXIMUM RATINGS (T A = +250 C unless otherwise noted'! 

Rating Value Unit 

Power Supply Voltage 28 Vdc 

Input Voltage Swing ±6.0 Vpp 
Volume Control Range -0.3 to +8.0 V 

Balance Control Voltage -4.0 tq +10· V 

Output Current Sinking (dc) 0 mA 

Output Current Sourcing (del 1.0 mA 

Power Dissipation @ T A = +250 C 750 mW 
Derate above +250 C 6.7 mW/oC 

Operating Temperature Range o to +70 °c 
Storage Temperature Range ~5 to +150 °c 

FIGURE 5 - MC1314P TEST CIRCUIT 

, Front Gain Control 0.6 V V4' 

1.5k FIB 
Balance Volume 

,.---+-t---+-t---oR F Output 

~=--:-t~~"l. r7-:lt-::"'±-::s=---OLF Ou tput 

MC1314P 

~---OLB Output 
~--+-------oRB Output 

VCC LB/RB 
Balance 1.5 k 

Back Gain Control 0.6 V V12' 

ELECTRICAL CHARACTERISTICS (VCC = +20 V, V4' = V,2' = 0.60 Vdc, T A = +250 C, VIN = 1.0 V(rms) @ 1.0 kHz, balance control 
. pins open unless otherwise noted) 

Characteristic Min Typ Max Unit 

Maximum Gain (Va = 6 V) -1.0 1.0 +3.0 dB 

Minimum Gain (Va = 0 V) -60 - - dB 

Gain Spread @ Gain = Max - 1.0 3.0 dB 
@ Gain = -20 dB - - 3.0 dB 
@ Gain ;= -40 dB - - 3.0 dB 

Signal Handling (THO < 1%) 1.3 - - Vrms 

Si!J1al Handling (V4' = V,2' = 0.42 Vdc balance controls set for max 0.4 - - Vrms 
gain in channel.undertest) THO < 1%) 

Total Harmonic Distortion (Vin = 0.4 Vrms, max gain) - 0.2 - % 

Signal/Noise Ratio (20 Hz" 15 kHz Bandwidth) Note 1. - ao - dB 
VIN = 0.4 Vrms (ref) 

Channel Separation Note 2 - 60 - dB 

Balance Control Range - 20 dB gain Va = 6.0 V ( ... Max Gain) - 20 - dB 
Va = 3.0 V ( ... 6.0 dB Gain) 18 26 -
V8= 1.0V ( ... 20dB Gain) - 32 -

Gain Enhancement (V4' = V,2' = 0.42 Vdc compared to 2.0 - 4.0 dB 
V4' = Va: = 0.60 Vdc) 

Gain Reduction (V4' = V,2' = 1.86 Vdc compared to 7.0 - 11 dB 
V4' = V,2' = ,0.60, Vdc) 

Gain Reduction (V4' - V,2" - 3.12 Vdc compared to - 14 - dB 
V4' = V,2" = 0.60 Vdc, VCC = 25 Vdc) 

Supply Current (max gain) (VI N - 0 V) - 19 25 mA 
,(min gain) (VIN> OV) - 9.0 15 mA 

Input Impedance - 13 - kfl 

Output Impedance - 2.0 - kfl 

Control Current 14 or 112 - -20 - /loA 

Balance Control Reference Voltage (relative to VCC) 
LFIRF & LBIRB Controls (V,qIVCC & V,5qIVCC) - 15 - % 
FIB Control (V7q IVCC) - 13 - % 

Intermodulation Distortion (f, - 7 kHz, f2 - 60 Hz) - 0.6 - % 

Note 1: All Inputs ae shorted 
Note 2: Input to 3-Channels driven, 4th Cha~ne! open. 
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MC1314P -tYPICAL CHARACTERISTICS 

FIGURE 6 - ATTENUATION versus CONTROL VOLTAGE 
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Note 3: Major component of THO beyond 20 dB attenuation Is noise. 
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FIGURE 9 -INTERMODULATION DISTORTION 
versus INPUT VOL TAGE 
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MC1312P, MC1314P, MC1315P 

MC1315P. DC LOGIC ENHANCEMENT CONTROL UNIT 

MAXIMUM RATINGS ITA" +250 Cunless otherwise noted.) 

Rating Value Unit 
SupplV Voltage INote 1) 25 V 
Input Signal Voltage :1:4.0 Vpk 

Bias Terminal Current ±2.0 mA 
Output Current ±2.0 mA 
Power DisSipation @ T A '" 250C 750 mW 

Derate above +250 C 6.7 mW/oC 

Operating Tam~rature Range Oto +70 °c 
Storage Temperature Range ~5 to +150 °c 

ELECTRICAL CHARACTERISTICS IT A = +250 C, VCC = 20 Vdc, Logic Control = 50%, VIN '" 0.5 Vrms, f = 2.0 kHz, unless 
otherwise noted Note 1) 

Characteristic Min Typ Max 
Supply Current (Pin 12) @ VIN;' 0 ....,. 7.0 13 

@VIN '" 1.4 Vrms - 15 -
Input R\!sistence@ Pin 1,15,16 - 20 -
Output Resistance @ Pin 3, 5 - 1.5 -
Paraphase Filter Resistance@Pin 9,10 - 4.0 -
Front-Bec;k Logic Discharge Resistance @ Pin 7,8 - 5.0 -
Sias Voltage (10 k to ground) @ Pin 13 - 1.4 -
Logic Control Input Current@Pin 2 - ±0.5 -

IV2'" V'30r V2- 0) 
Quiescent Input Voltage (VIN '" 0) @ Pin 1,15,16 - 7.0 -
Quiescent Output Voltage (VIN '" 0) 0.48 - 0.72 

Quiescent Output Offset (VIN =0) - ±0.02 ±0:1 

Relative Output Change 
Front outpl,lt with LB or RB inputs or back output with LF or R F inputs 2.1 2.8 5.0 

7.5 9.0 14 

Sack output with CF input 1.9 2.5 3.5 
5.5 8.0 11 

Front output with LF, CF or RF inputs or back output with LB, or RB input 0.8 0.67 0.56 
2.2 3.5 5.0 

AGC Leveling· VIN '" 1.4 Vrms to VIN '" 50 mVrms (Note 2) Figure 8 (AGC1, AGC2) - 1.0 3.0 

Quiescent Output Voltage at Max Logic (5, in Position " Figure 12) 0.45 - 0.83 
(VIN" 0, V2'" V'3) 

Max Logic Relative OutputChenge (V2" V,Jl 
Front output with LS or RS inputs or back outputs with LF, CF or R F inputs - 5.0 -

- 14 -
Front output with LF ,CF or R F inputs or back outputs with LB or R B inputs - 0.67 -

- 3.5 -

Note 1: When testing with well regulate(:t supplies, current should be limited to 25 mAo 
Note 2: For example, this is the decrease in the back control voltage, V5 with a right front input signal as this signal is varied 

from 1.4 Vrms to 50 mVrms. 
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MC1312P, MC1314P, MC1315P 

MC1315P. DC LOGIC ENHANCEMENT CONTROL. UNIT 

Sl shown in normal 
position unless other
wise specified. 

1.0 
M 

FIGURE 12 - MC1315P TEST CI RCUIT 

~------~----------------~~-oVCC=20Vdc 

1.0 
M 

S1 

• Resistors matched 
to within 1% . 

TABLE 1 -'DEFINITION OF INPUT SIGNALS: (f = 2.0 kHz) 

VI Signal 
Name Description 

RF 0.5 Vrms/Oo 

0.35 V rmsl:=JM'f. 
(1) 

LF (1) 

0.35 V rms 10° 
0.5 V rms 10° 

LB 0.35 V rms 1180° 
(1) 

0.35 V rms 1-900 

RB ,0.35 V rms~ 
0.5 V rms 100 
0.35 Vrms~ 

(1) All un\lsed inputs shall be ae grounded. 
(2) This signal not ~sed at present. 

, Apply VI Signal 
To Pin Name Descr,iption 

1 CF 0.35 V rms/Jt:.. 
16 0.35 V rms 1_45° 
15 0.35 V rms tJt:.. 

1 
16 
15 

1 AGCl m 
16 1.0 V rms 1-900 
15 1.4 Vrms~ 

1 AGC2 ( 1) 
16 35 ~V rms 1-900 

15 50mV rms/Oo 
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MC1312P, MC1314P, MC1315P 

MC1315P. DC LOGIC ENHANCEMENT CONTROL UNIT 

WHY LOGIC? 

Enhances front to back separation from 6 dB to 20 dB. 

Front-to-back separation of sa material can be enhanced by the MC1315 logic circuit which detects the presence of domin
ant front or back signals and adjusts the front-back gain relationship of the MC1314P to enhance the relative gain of the dom
inant channels. 

MC1312P 

Encoded 2/4 
2 Channel, Matrix 
Input Decoder 

L'F 

L'S 

A'S, 

A'F 

LOGIC DECODER 

Front 
Control 

MC~~;';";"';'--' 

..... _-'--_-L1:..:3_1.",5P. Back Control 

Enhanced 
4 Channel 
Output 

Front and back control voltages (from the MC1315P) are connected to the MC1314P. Although the relative gains of the front 
and .back channels are altered with these control signals, they vary in a complementary manner to maintain constant power 
output from the MC1314P. 

Basic Matrix 

CHANNEL SEPARATION 

Sasic Matrix 
10-40 Blend 

tC7--20_~ 

t tt 
353 

~_~_J 
Numgers Indicate Channel Separat!on if! dB 
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10-10 Blend 
F-S and W-M Logic 

tC7--20_~ 

t t t 
20 20 20 
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~_20~4_ 

II 



@ 
! 
0 
a 
'J 
0 ,.. 
;&:. 

CI) 
~ 

-...J 3 
to> 

... 
_t) 

.a::. C> 
~ 

~ 
n ... 
0 
"t 

~ 
"t 
0 
C. 
t 
t) ... 
~ 

, ... 
~ 
~ 

II 
FIGURE 13 -CBS~a lOGIC SYSTEM (l1a) 

o .t; O.1! ~ 
3.9 k 

4.7 k 4.7 k 
0.00 * :::L-0.01a 

In~~t o----f 
., LS' 

'~5 LF' 
I 

-= 7 6 5 4 3 2 1 

MC1312P 

d5 
8 9 10 11 12 13 14 

In~~t o----f T 
'" 

0.018 

3.9 k 

0.1 

ONate 

Com 
Me1 
Allot 

... :;: g:;: ~ 
4.7 k 0 4.7 k " 

ci 

3.9 k 

t 0.
018l 

Coupling capacitor value depends on loa~ 
of following circuit. Zout of MC1314 is 
2 kSl (Typ), a nominal capacitance value 
of 1.0 pF is suggested. 

anent Tolerances 
1.2P Phase Shift Networks· ±S% A & C's 

Non Electrolvtic ±10% 
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NOTES: (Unless otherwise specified) 
1.01,2,3,4,9 are MPS·A18 
2. OS Is 2NS461 
3. 07,8,10 are MPS·AS5 
4. All Oiode. are lN456 
S. Vol. Semi·Log; FIB Bal, LF/RF Bal; 

LB/RB Bal. are 5 k Linear Pots 
6. All Capacitors Marked" are 5% Tolerance 
7. Coupling Capacitor Value Depend on Load 

of Following Circuit (1.0 pF Nominal is Suggested). 
8 .. Adjust 250 n Rheostat so that 09 is Conducting 

for an Input of LT .. 0.5 VRMS and 
RT = 0.08 VRMS @ 1 kHz. With LT = 0.5 VRMS 
and RT .. 0.06, 09 should be Cut·Off. 

9. Power Supply; +20 Vdc @ 75 rnA 
10. All Resistor Values are in Ohms, L 'F 

1/4 Watt, 5%. 
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TYPICAL SYSTEM PE~FORMANCE CHARACTERISTICS (MC1312P, MC1314P, MC1315P) 

Power Supply Requirements: 
Nominal Signal Level: 

60 mA (L 1al, 75 mA (L2a) @ 20 V 
0.5 V 

Maximum Input Voltage: 
Input Impedance: 
Output Impedance: 
Total Harmonic Distortion: 

at 1 Hz 
Voltage Gain (at quiescent): 
4 Channel Volume Control 

4 Channel Balance Control: 

NOTES 

MC1314P 

'1.9 V 
2Mn 
2kn 
0.2% at nominal input 
1.0% at maximum input 
1.0 
Range - 70 dB 
Tracking - within 3 dB 
-35 dB at -20 dB gain 

1. If volume control is not used.connect Pin 8 to +6.0 V. 
2; If balance controls are not used, open Pins 1, 7. and 15. MC1315 

3. LF/RF and LB/RB balance controls can be ganged by connecting 
Pins 1 and 15. 

4. Signal handling capability is reduced at maximum logic (20 dB 
front to back separation) unless V CC = 25 V on MC1314. 

MC1315P 

1. The logic control will provide enhancement of front to back 
separation from 6 dB typical to 20 dB max (15 dB typical 
at the recommended operating level of 50% control) . 

2. To defeat the logic use the circuit connections as shown on right. 

SYSTEM CHARACTERISTICS 

1.5 k 
5% 

13 

To pins 
4 and 12 
MC1314 

FIGURE 15 - GAIN versus FIB BALANC~ 
FIGURE 16 - GAIN versus LFIRF 

BALANCE CONTROL 

--- ---~ 
V i'..... 

V "'" 1/ I'.. 
/ " ,/ '" ~ I'\. 
LF/RF = LB/RB = 3.0 V 

VCC= 20V "-VB= 6.0 V 
iF = ,B = 0{68 V 

1,0 2.0 3.0 4.0 5.0 6.0 

FIB BALANCE CONiROL VOLTAGE (VOLTS) 

7.0 

+4.0 

-4.0 

~-B.O 

z 
\ ~ -12 

I 
I 

tt= 
-16 

-20 

7-36 

-24 
o 

~ LF O~ LB 
~ ~ 
L ~ 

/ '\. 
'\. 

I .~ 
I \ 

IL 
\ 
\ 

VCC = 20 V. V8 = 6.0 V \ 
FIB = 2.7 V ~ LB/RB = CF = CB = 0.63 V- I-RF OR RB 

2.0 4.0 . 6.0 8.0 
LF/RF BALANCE CONTROL VOLTAGE (VOLTS) 

10 



MC1312P, MC1314p, MC1315P 

Signal Definitions for Total System 

Test signals ~hall have the following relative phase and amplitude characteristics. 

Source Location 

LF 

CF 

RF 

LB 

RB 

Where LF is left front, RB is right back, CF is center front, etc. 

1. System Tests: MC1312P, MC1314P, MC1315P 

LT 
i 

.71 

0 

.71 /-900 

.71 

a) LF source - connect signal to L T input, ac ground RT input of MC1312P. 
b) RF·source - apply signal to RT, ac ground LT. 
c) CF source - apply equal signals to L T and RT inputs. 

Input Signals 

RT 
0 

.71 

.71/1800 

.71 /900 

NOTES: Balance control inputs of MC1314 may be opened for convenience or set for perfect balance with CF and CB 
inputs; set logic control to 50%: Max signal should be limited to 1.6 Vrms L Tor Rr MC1314P outputs give 
system performance, typically 15 dB front back separation for corners, 12 dB for center front, center back. 

2. Logic Circuit TestS: MC1315P 

a) LF source - apply LF' = -v'2RB', RF' = 0; dc voltage at Pin 3 should decrease by 3 dB, at Pin 5 should increase by 9 dB. 
b) RB source - apply RF' = -v'2RB', RF' = 0; dc voltage at Pin 3 should increase by9 dB, at Pin 5 should decrease by 3 dB . 

3. Voltage Controlled Amplifier Tests: MC1314P 

a) Volume control - with balance controls open or balanced, gain should be +0.5 dB at 6 Von Pin 8andless than -60 dB. 
atOV. 

b) Balance controls - with. balance controls at Pins 1 and 15 at 15% of supply and Pin 7 at 13% of supply, system is nom
inally balanced. Taking Pin 1 to ground should increase LF gain by 3 dB and decrease RF gain by greater than 12 dB 
at maximum volume and 30 d.B at lower volume levels. ' 
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ORDERING INFORMAnON 

Device Temperature Range Package 
MC1323P 
MC1323PW 

O"C to + 75°C 
O°C to +75°C 

. Plastic DIP 
Heat Spreader 

Plastic DIP 

TRIPLE DOUBLY BALANCED CHROMA 
DEMODULATOR WITH ADJUSTABLE 

OUTPUT MATRIX 
· .. designed for use in solid-state color television receivers. May be 
used in any conventional color picture tube application. 

For next generation single-gun color picture tube applications, 
the MC1323P/PW features three independent demodulators with 
each gain adjustable'with no change to dc output levels. 

The MC1323PW package is suited for higher power, higher 
ambient temperature applications. 

• Low Differential Output DC Offset Voltage -
< 50Q mV (Max) 

• Complete Freedom in Choice of Demodulation Axes 
• High Biue Output Voltage Swing-

10 VIp-pI (Typ) 
• Guaranteed Chroma Sensitivity -

450 mV(p-p) (Max) 
• Brightness I nput Provided 
• Blanking Input Provided 
• Circuit Regulated - 16 to 22 V Operating Window 
• Power Dissipation @ T A = 250 C -

Po = 2.2 W - MC1323PW 
= 1,25 W - MC1323P 

820 

1.5 k 

820 

FIGURE 1 - TYPICAL APPLICATION 
CRT·Gun Trac",!,ng Adjustments 

I Red Green 

7-38 

MC1323P 
MC1323PW 

TRIPLE DOUBLY BALANCED 
CHROMA DEMODULATOR 

WITH ADJUSTABLE 
OUTPUT MATR IX 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PLASTIC PACKAGE 
CASe 648 

Luminance 
Driver 



MC1323P, MC 1323PW 

MAXIMUM RATINGS (T A - +250 C unless otherwise noted) -
Rating 

Power Supply Voltage 

Blanking Signal Input Voltage 

Minimum Load Resistance (Pins 6,7.10) 

Brightness Input Range - Max 
Min 

Operating Ambient 'Temperature Range 

Storage Temperature Range 

Power Dissipation @ T A = 25°C 
Derate above +250 C 

THERMAL CHARACTERISTICS 

Characteristic: " 

Thermal Resistance, Junction to Ambient 
MCl323PW 

MC1323P I MC1323PW 

22 

6.0 

2.2 

10.7 
4.5 

o to +75 

-65 to +150 

1.25 I 2.2 
10 17 

Max 

59 

Unit 

Vdc 

V(p'P) 

kH 

Vdc 

°c 
°c 

W 
mWl~C 

ELECTRICAL CHARACTERISTICS (Vce = +18 Vdc,RL = 2.2 kn,lJREF = 1.0 V(p'P). TA = +250 C unless Otherwise noted.) 

I Characteristic I Pin No. I Min I Typ I Max I Unit 
STATIC CHARACTERISTICS (Figure 2) S1 $2 and S3 in Position 1) 

Quiescent Input Current From Supply 13 - 37 
Quiescent Output Voltage .6.7.10 9.8 10.8 
Differential Output Voltage 6-7,7-10,S-10 - 200 
Differential Voltage 15,16 1.5 1.65 
Pin 15 Output Voltage 15 10.6 11.3 

DYNAMIC CHARACTERISTICS (Figure 2) 

Chroma Input Voltage 3 - 0.35 
(Pin6 Output = 5 VIp-pI Sl in Position 21 

Detected Output Voltage 7 4.6 5.6 
(Pin 6 Output = 5 VIp-pI 51 in Position 2 10 0.92 1.0 

Blanking Output Voltage (53 in Position 21 a,Vo 5.2 5.4 

Maximum Output Voltage Swing 6 - 10 
(S1 in Position 2) 

Brightness Output Swing 6.7,10 2.9 -
(S2 in Position 2) 

FIGURE 2:'" TEST CIRCUIT WITH REFERENCE INPUt SIGNAL 
(Quiescent Current, DC OUtput Voltage, Difference Voltage) 

3Vpp~ 

l-t-12IJS I 
63.51"-,\ 

Blanking ~~!<.-J, -10 
Input r-"v~"-<)-(>-I 

Note: A" switches in Position 1 
unless otherwise noted. 

RL = 2.2 k for 
Electrical Cheracteristics 

1 S3 

220 

Reference 
(R-Y)-(G·Y) (B·Y) 

9 

10 

- mA 

11.8 Vdc 

500 mVdc 

- Vdc 

12 Vdc 

0.45 V(p-p) 

5.4 V(p-p) 

1.08 V (p-p) 

5_6 V(p'P) 

- V(p-p) 

- V(p-pl 

RY 

G·Y 

s-y 

® MOTORO&.A Semlcondtlc~or Products Inc. ________ --.....1 
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MC1323P, MC1323PW 

CIRCUIT DESCRIPTION 
The MC1323P is a doubly balanced chroma demodu

lator that offers several novel features. Three separate 
independent demodulator sections are used to obtain the 
(R-Y), (B-Y) and (G-Y) outputs allowing complete free
dom in the choice of demodulation axes and individual 
demodulator conversion gain. 

The (R-Y) demodulator is shown in Figure 10 (both 
(B-Y) and (G-Y) are similar),and is a conventional doubly 
balanced circuit. The chroma input, which is common to 
all three demodulators, is applied at Pin3 to the balanced 
pair 015, 016, whil(h are evenly dividing the 1 rnA bias 
current from the current source 014. The upper switching 
pairs 017, 018, 019 and 020 are driven with approxi
mately 1 Vpp of reference subcarrier applied at Pin 4. If 
the, subcarrier at Pin 4 has a relativeangle of 109°, then 
the output from the switching pairs will be the desired 
(R·Y) signal. Similarl'l!, for the (B-Y) demodulator, the 
reference phase at Pin 9 is approximately 3°. To, avoid 
unnecessarily wide phase shift networks to provide the 
2560 reference phase for the (G-Y) de'modulator, the 
chroma input is phase reversed and the reference angle 
becomes 760 at Pin 12. 

The demodulator is unique in the manner in which the 
demodulated signals are connected to the output pins. 
Instead of feeding load resistors returned to the supply 
voltage rail, the collectors of 017, 019 are coupled to 
the current mirror 021, 022, 023. At balance, with no 
chroma input signal, 017, 019 current (mirrored in 023) 
matches 018, 020 and the net curren~ at Pin 5 is zero. If 
a load resistor is connected from Pin 5 to some convenient 
voltage source, the base of 025 will be at that voltage 
regardless of the size of load resistor. Therefore, the con
version gain of the demodulator (defined by the size of 
the resistor' at Pin 5) can be easily changed, yet changes in 
gain do not result in a change of the dc voltage level at 

the demodulator output (Pin 6). The ability to change 
gain, together with a complete choice of demodulation 
axes, allows the designer to compensate for non-standard 
CRT phosphors, different color temperatures, and allows 
easy implementation of automatic hue or color level 
control circuits. 

In order to provide temperature stability of the output 
dc levels, a reference voltage for the load resistors (Pins 
5,8, and 11) is supplied at Pin 15 with a nominally zero 
TC. Since the demodulator output dc levels are defined 
by the voltage source to which the load resistors are re
turned, another voltage source is provided at Pin 16 and 

. is approximately 1.5 volts lower than Pin 15. Returning 
the load resistors to the wiper arms of potentiometers 
connected between Pins 15 and 16 will allow the output 
dc level of each demodulator to be changed independently 
over a 1.5 V range. If the potentiometers have a com
paratively low resistance compared to the load resistors, 
negligible change in ac gain will occur with wiper arm ro
tation and the dc shift can be used to help set up the 
picture tube grey. scale tracking. The voltage source at 
Pin 16 is obtained by providing a temperature compen
sated current in 05 emitter load. This current is "mirrored" 
in 08, producing the 1.5 V difference between the bases 
of 011 and 012. 

The brightness input at Pin 14 allows the dc output 
level of all three demodulators to be changed and is a 
convenient point for a brightness control or brightness 
range/brightness limiter function. 

Output blanking during retrace is achieved by applying 
a +3 V .pulse at Pin 2 (013 basel. The outputs become 
clamped to 02 emitter voltage preventing the demodu
lator upper pairs from becoming saturated during blanking 
and giving a. very well defined blanking pulse amplitude. 

TYPiCAL DESIGN. CHARACTERISTICS (Vee = +18 Vdc RL = 2 2 k.l1 VREF = 1 0 V(p-p) TA = +250 C) 

Characteristic Pin No. Min 

Output Voltage Temperature Coefficient 6,7,10 -
(Reference Input Voltage = 1.0 V(P'p), 
T A F +25 to +750 C) 

Chroma Input Voltage 3 -
Reference Input Voltage 4,9,12. -

Brightness Input Voltage 14 -
Differential Blanking Output Voltage 6-7,7-10,6-10 -

(S3 in Position 2) 

FIGURE 3 - POWER DISSIPATION CHARACTERISTICS 

900 
T~ = 2JOC 

800 

0 170 

~ 600 
i= 

~ 500 

~ 400 

~ 300 

200 

---:;::... 

--
IT o 
16 

l..-" 10-

10-10-

~ 
~ 

~ ~ 

17 

_~1 

~ ~ """ f.- 2 
~ -~ ~ ~ ~ ~ ~ 

~-I---
~ ~ ::::: ---- .....-:: 
:::. ~ :::::. ~ ~ f-'" 

5-1---

----~ -~ 6 

...---- ~. -f-'" 

--- ---i,....-' Pin 6710 - RL 
1 2,2 kS! 
2 3,3 kS! 

"Pin 16 Open, Connect 3 4,7 kS! 
3,6 k Resistor From f- 4" 2,2 kS! 

pin,15 10, Gnd riQU\e 2), 5' 3,3 kn 
6' 4.7 kn 

18 19 20 21 22 23 
SUPPLY VOLTAGE (Vdc) 

Typ Max Unit 

1,5 - mV/oe 

1.8 - Vdc 

3,2 - Vdc 

9,2 - Vdc 

200 - mV(p-p1 
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MC1323P, MC1323PW 

TYPICAL CHARACTERISTICS 
(T A = 25°C unless otherwise noted. Refer to Figure 2 except where noted.) 

FIGURE 4 - DEMODULATOR GAIN LINEARITY AND TOTAL 
HARMONIC D~STORTION CHARACTERISTICS FIGURE 5 - CHROMA BANDWIDTH 

14 

£ 12 
z 
o 
~ 10 
o 
t; 
c; 8.0 
u 
Z 
~6.0 
..: 
:; 4.0 
..: 
b 
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/ I 
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FIGURE 6 - DETECTED OUTPUT VOL TAGE 

7.0 
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FIGURE 8 - DC OUTPUT VOLTAGE versus 
LUMINANCE INPUT 
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FIGURE 10 - CIRCUIT SCHEMATIC -W 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC1324P Plastic DIP 

DUAL DOUBLY BALANCED CHROMA 
DEMODULATOR WITH,R G B MATRIX 

AND CHROMA DRIVER STAGES 

· .. a monolithic device designed for use in solid-state color tele
vision receivers. 

• Luminance Input Provided 

• Good Chroma Sensitivity - 0.36 Vp-p Input for 5 Vp-p Output 

• Low Differential Output DC Offset Voltage - 0.6 V max 

• DC Temperature Stability - 3 mV/oC typ 

• Negligible Change in Output Voltage Swing and Varying 
3.58-MHz Reference Input Signal 

• High Ripple Rejection Achieved with MOS Filter Capacitors 

• High Blue Output Voltage Swing -10 V(p-p) typ 

• Blanking Input Provided 

• Improved MC1326 

• Short-Circuit Protected Outputs 

MC1324 

DUAL DOUBLY BALANCED 
CHROMA DEMODULATOR 

WITH 
R G B OUTPUT MATRIX 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

f~:::::] 
1 

(top view) 

PLASTIC PACKAGE 

CASE 646 • 
FIGURE 1 - MC1324 TYPICAL APPLICATION 

Vee 
+24 Vdc 

I~: ~ rs-25 -21 Lu~~~~~eE 
8 r-~--~----~ 

SIGNAL INPUT 
1 V(p-p) 

A typical application is given above to indicate 
the requirements and output functions of this 
chroma demodulator. 

+250 Vdc 

10 k 10 k 10 k 

3.3 k 3.3 k 

680 330 680 330 680 330 

L-------~------~------------e~OV 

7·43 



• 

MAXIMUM RATI NGS (T A = +250 C unh!ss otherwise noted.1 

Rating Value - Unit 

Power Supply Voltage 30 Vdc 

Chroma Signal Input Voltage 5.0 V(pk) 

Reference Signa~ Input Voltage 5.0 V(pkl 

Minimum Load Resistance 2.2 kohms 

Luminance Input Voltage 12 VIp-pI 

Blanking in~ut Voltage 7.0 VIp-pI 

Power Dissipation (Package Limitationl 
Plastic Package 625 mW 
. Derate.above TA = +250 C 5.0 mW/oC 

Operating Temperature Range (Ambient) o to +75 °c 
Storage Temperature Range -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = 24 Vdc, Vref = 1.0 V(p-pl, R L = 3.3 k ohms,T A = +250 C unless otherwise noted.1 

I . Cha~acteristic I Pin No. I Min I Typ I Max I Unit 

STATIC CHARACTERISTICS (See Figure 2.) 

Quiescent Output Voltage 1,2,4 14.3 15 16.3 Vdc 

. Quiescent Input Current mA 
IRL = 00) - 6.0 -
(R L = 3.3 k ohmsl 16.5 19 25.5 

Reference Input dc Voltage 5,12,13 - 6.8 - Vdc 

Chroma Input dc Voltage 8,9,10 - 3.6 - Vdc 

Differential Output Voltage 1,2,4 - 0.3 0.6 Vdc 

Output Temperature Coefficient 1,2,4 - 3.0 - mV/oC 
(Reference Input Voltage = 1.0 V(p-pl, +250 to +650 CI 

DYNAMIC CHARACTERISTICS (See Figure 3 I 

Detected Output Voltage (See Note 1.) 4 V(pkl 
+(B-YI 4.0 5.0 -
-(B-YI 4.0 5.0 -

Chroma Input Voltage (B-Y Output = 5.0V[p-p) I (See Note 2,) 8 - 0.36 0.7 V(p-pl 

Luminance Input Resistance 3 100 - - kn 

Luminance.Gain From Pin 3 to Outputs 1,2,4 -
(@dcl - 0.95 -
(@5.0MHzI - 0.5 -

Blanking Input Resistance 6 kn 
1.0 Vdc - 1.1 -
OVdc - 75 -

Detected Output Voltage (Adjust B-Y Output to 4 V(p-pl 
5.0 V(p-pl, Luminance Voltage = 23 VI 

G-Y Output 1 0.75 1.0 1.25 
R-Y Output 2 3.5 3.8 4.2 

Relative Output Phase (B-Y Output = 5.0 VIp-pI. Degrees 
Luminance Voltage = 23 VI 

3.8 V(p-pl B-Y to R-Y Output 4,2 101 106 111 
B-Y to G-Y Output 4,1 248 256 264 

2560 

1060 5.0 V(p-pl 

I 1.0V(p-pl 

I 

Demodullitor Unbalance Voltage (no Chroma Input 1,2;4 - 100 500 mV(p-pl 
Voltage and normal Reference Signal Input Voltage) 

Residual ,parrier and Harmonics Output Voltage (with 1,2,4 - - 1.0 V(p-pl 
Input Signal Voltage, normal· Reference Signal 
Voltage and B-Y Output = 5.0 V[p-p) I 

Reference Input Resistance 12,13 - 2.0 - kn 

Reference Input Capacitance 12;13 - 6.0 - pF 

Ghroma Input Resistance 9,10 - 2.0 - kn 

Chroma Input Capacitance 9,10 - 2.0 - pF 

NOTES: 

1. With normal Reference Input Signal Voltage, adjust Chroma Input Signal Voltage to 1.2 V(p-pl. 
2. With normal Reference Input Signal Voltage, adjust Chroma Input Signal Voltage until the Blue Output Voltage = 5 V (p-pl. The. Chroma 

Input Voltage at this point'Should be equal to or less than 0.7 V(p-pl. 
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TEST CIRCUITS 
(Vcc = 24 Vdc, R L = 3.3 Kilohms, T A = +250 C unless otherwiSe noted,) 

FIGURE 2 - DC OUTPUT VOLTAGE TEST CIRCUIT 
WITH NORMAL REFERENCE INPUT VOLTAGE 

(B, R, AND G) 

0.1 
J,lF 

3.3 3.3 
k k 3.3 k 

2.2 k 

lO.IJ,1F 

L----------4------~VCC 
0.05J,1F 

f------< B-Y REFERENCE INPUT 

f------< R-Y REFERENCE INPUT 
0.051'F 

FIGURE 3 - DYNAMIC rEST CIRCUIT 
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TYPICAL CHARACTERISTICS 

FIGURE 4- DETECtED OUTPUT VOLTAGE 
(Test Circuit of Figure 3) 
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MC1324 

'LUMINANCE 
INPUT 1 k 
3O---..JVIth-.... -£ 

B·Y REFERENCE 
INPUT 
13o--.....,.--t-~H 

DC REFERENCE 
INPUT 

B 
OUTPUT 
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ORDERING INFORMATION 

Device 

MC1327P· 
MC1327PQ 

Temperature Range 

-20°c to +75°C 
-20°C to + 75°C 

Package 

Plastic DIP 
Plastic 

DUAL DOUBLY BALANCED CHROMA 
DEMODULATOR WITH RGB MATRIX, PAL 
SWITCH, AND CHROMA DRIVE.R STAGES 

· .. a monolithic device designed for use in solid·state colortelevision 
receivers. 

• Good Chroma Sensitivity - 0.28 Vp-p Input Typical 
for 5.0 Vp-p Output 

• Low Differential Output DC Offset Voltage - 0.6 V Maximum 

• Differential DC Temperature Stability - 0.7 mV/oC 

• High Blue Output Voltage Swing - 10 Vp-p Typical 

• Blanking Input Provided 

• Luminance Bandwidth Greater than 5.0 MHz 

MC1327 

DUAL DOUBLY BALANCED 
CHROMA DEMODULATOR 

with 
RGB OUTPUT MATRIX 

AND PAL SWITCH 

SILICON MONOLITHIC 
INTEGR~TED CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

POSUFFIX 
PLASTIC PACKAGE 

'CASE 647 

FIGURE 1 - TYPICAL APPLICATION CIRCUIT 

PAL 
SWITCH 

LUMINANCE SIGNAL Y 
INPUT +24 V 

~~::rtJLrL 1 ' 
. O.047~F 

? .. ~.;,,-? 
~ 
REFERENCE 

SIGNAL 

REFERENCE 
SIGNAL 

12 

MC1.317 

13 

~ b "''B.'y'" ~ 10 

2x4)O~H 

4.7k 

I I 
R·Y B·Y 

CHROMA SIGNAL 

+230 v 

S.8k.l0W.5% 

47 

12k 

120pF 

S.8k.l0W.5% 

12k 
MPSU10 
OR EOUIV 

47 
MPS'S544 
OR EOUIV 

l.2k 220pF 

S.8k.l0W.5% 

12k MPSU10 
OR EOUIV 

47 
MPS6544 
OR EQUIV 

1.2' nOpF 

7-47 

II 



II 

MAXIMUM RA liNGS ITA = +250 C unless otherwise noted) 

MC1327 
Rating Value Unit 

Power SUPJ:!IY Voltage 30 V~c 

Chroma Signal I nput Voltage 5.0 Vpk 

Reference Signal I npu,t Voltage 5.0 Vpk 

Minimum Load Resistance 3.0 k ohms, 

Luminance I nput Voltage 12 Vp-p 

Blanking Input Voltage 7.0 Vp-p 

Power Dissipation (Package Limitation) 
Plastic Packages 625 mW 

Derate above T A = +250 C 5.0 mW/oC 

Operating Temperature Range (Ambient) -20. to +75 °c 
Storage Temperature Range -65 to +150. °c 

ELECTRICAL CHARACTERISTICS (VCC = 24 Vdc, RL = 3.3 k ohms, T A = +250 C unless otherwise noted) 

Characteristic Pin No. Min Typ Max Unit 

STATIC CHARACTERISTICS 

Quiescent Output Volta!!e 1,2,4 13.2 14.5 15.8 Vdc 
(See Figure 2) 

Quiescent Input Current from Supply (Figure 2) mA 
(RL=OO) - 7.5 -
(RL = 3.3 k ohms) 16 19 26 

Reference Input DC VoltagE\ (Figure 2) 5,12,13 - 6.2 - Vdc 

Chroma Reference Input DC Voltage (Figure 2) 8,9,10. - 3.4 - Vdc 

Differential OUtput Voltage 1,2.4 - 0..3 0..6 Vdc 
(See Note 1 and Figure 2) 

/ 

Differential Output Voltage 1,2.4 mV/oC 
Temperature Coefficient (See Note 1 and Figure 2) - 0..7 -
(+250C to +p50C) 

Output Voltage Temperature Coefficient 1,2.4 - +0..5 ±5.D mV/oC 
(See Note 1 and Figure 2) 

(+250C to +650C) 

DYNAMIC CHARACTERISTICS (VCC = 24 Vdc, RL = 3.3 k ohms, ~eference Input Voltage = 1.0. Vp-p, 'fA = +250 C unless otherwise noted) 

Blue Output Voltage Swing 4 8.0. 10. - Vp-p 
(See Note 2 and Figure 3) 

Chroma Input Voltage (B Output = 5.0 Vp-p) 8 - 280. 550. mVp-p 
(See Note 3 and Figure 3) 

Luminance Input Resistance 3 10.0. - - kS1 

Luminance Gain From Pin 3 to Outputs 1,2.4 -
(@dc) - 0..95 -
(@ 5.0. MHz, reference'at 10.0. kHz) - -1.8 - dB 

Differential Luminance Gain, RGB Outputs dB 
(@5.DMHz) - 0..3 -

Blanking Input Resistance 6 kS1 
(1.0. Vdc) - 1.1 -
(DVdc) - 75 -

Detected Output Voltage (Adjust B Output to 5.0. Vp-p, Luminance 4 Vp-p 
Voltage = 23 V) 

(See Note 4) G Output 1 1.4 1.8 2.2 
R Output 2 2.5 2.9 3.3 

PA L Switch Operating Voltage Range 11 Vp-p 
(7.8 kHz Square Wave) 0..3 - 3.0. 

R-Y Output dc Offset with PAL Switch ,Operation - - 10.0. mVdc 

Demodulator Unbalance Voltaga (no Chroma Input Voltage and 1,2,4 - 200 30.0. mVp-p 
normal Reference Signal Input Voltage) 

>.': 

Residual Carrier and Harmonics Output Voltage (with Input Signal 1,2,4 - 0..6 1.0. Vp-p 
Voltage, normal Reference Signal Voltage and B Output = 5.0. Vp-p) 

Reference Input Resistance (Chroma Input = D) 12,13 - 2.0. - kS1 

Raference (nput Capacitance (Chroma Input =0.) 12,13 - 6.0. - pF 

Chroma I nput Resistance 8,9,10. - 2.0. - kS1 

Chroma Input Capacitanca 8,9,10. - 2.0. - pF 

NOTES: 1. Chroma Input Signal Voltage· 0 and normal Reference Input Signal Voltage - 1.0 Vp·p. 

2. With normel Referenc. Input Signal Voltag., adjust Chroma Input Signal Voltage to 1.2 Vp·p. 

3. With normel Reference Input Signal Voltagl, adjult Chroma Input Signal Voltage until the Blua Output Voltaga - 5.0 Vp-p. 

4. With normel Reference Input Slgnll Voltage, adjult Chroma Input Signal Voltage until the Blue Output Voltage - 5.0 Vp-p. At thil pOint, the 
!!led end Green voltegel will fall within the Ipeclfled limits. 
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MC1327 
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IVtC1327 

TEST CIRCUITS 
IV cc = 24 Vdc, R L = 3.3 kilohms, T A = +2SoC unless otherwise noted) 

FIGURE 2 - DC OUTPUT VOLTAGE TEST CIRCUIT 
WITH NORMAL REFERENCE INPUT VOLTAGE 

(B, R, ANDG) 
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ORDERING INFORMATION 

Device 
MC1330A1P 
MC1330A2P 

Temperature Range 

O°C to +75°C 
Ooc to +75°C 

Package 

Plastic DIP 
Plastic DIP 

LOW-LEVEL VIDEO DETECTOR 

... an integrated circuit featuring very linear video character
istics and wide bandwidth. Designed for color and monochrome 
television receivers, replacing the third IF, detector, video buffer and 
AFC buffer. 

• Conversion Gain - 33 dB (Typ) 

• Excellent Differential Phase and Gain 

• High Rejection of IF. Carrier Feedthrough 

• High Video Output - 8.0 VIp-pI 

• Fully Balanced Detector 

• Output Temperature Compensated 

• Improved Versions of the MC1330P 

CIRCUIT DESCRIPTION 

The MC1330A video detector is a fully balanced multiplier detec
tor circuit that has linear amplitude and phase characteristics. The 
signal is divided into two channels, one a linear amplifier and the 
other a limiting amplifier that provides the switching carrier for the 
detector. 

The switching carrier has a buffered output for use in providing 
the AFT function. 

The video amplifier output is an improved design that reduces 
the differential gain and phase distortion associated with previouS' 
video output systems. The output is wide band, > 8.0 MHz, with 
normal negative polarity. A separate narrow bandwidth, positive 
video output is also provided. 

FIGURE 1 - CIRCUIT SCHEMATIC 

MC1330AlP 
MC1330A2p· 

LOW-LEVEL VIDEO 
DETECTOR 

SI LICON MONOLITHIC 
INTEGRATED CIRCUIT 

PLASTIC PACKAGE 

CASEI 626 

OUTPUT VOL TAGE SELECTION 

The MC1330A1P is identical to the MC1330A2P 
with the following exception: 

MC1330A1P 
MC1330A2P 

ZERO SIGNAl. DC 
OUTPUT VOLTAGE 

7.0 to 8.2 Vdc 
7.8 to 9.0 Vdc 

RI 
4.8k TUNED CIRCUIT 6 

r-~~~--~-'-----------+----__ --~-----+--~-'----~--~~~----------~--OVCC 

3.6k R2 

7 
IF <>-+---+-----..... 

INPUT 

RI9 
2.5< 

R20 
8 k 

R7 
2.2k 

R8 
2.2k 
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R9 
6.95k 

RIO 
6.4k 

(119 

Rll 
4.35k 

, ....... --....:....----+--o AFT 
BUFFER 
OUTPUT 

R2l 3 pF 
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Me 1330A 1 P, MC1330A2P 

MAXIMUM RATINGS 

Ra~ing Value Unit 

Power Supply. Voltage 24 Vdc 

DC Video Output Current 5.0 mAdc 

DC AFT Output Current 2.0 I"fIAdc 

Junction Temperature 150 °c 

Operating Ambient Temperature Range o to 75 °c 

Storage Temperature Range -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (Vce = +20 Vdc, Q = 40, fc = 45.75 MHz, T A = +250 C unless otherwise noted) 

Characteristic Pin Min Typ Max Unit 

Zero Signal dc Output Voltage MC1330A1P 4 7.0. - 8.2 Vdc 
MC1330A2P 4 7.8 - 9.0. Vdc 

Supply Current 5,6 11 17.5 20 mA 

Maximum Signal dc Output Voltage 4 - -0 0.5 Vdc 

Conversion Gain for 1.0 Vp·p Output 
(30% Modulation) 7 25 36 65 mVrms 

AFT Buffer Output at Carrier Frequency 1 300 475 650 mVp-p 

FIGURE 3 - INPUT ADMITTANCE 

COIL Q "'40 
0.8 

FIGURE"2 - TEST FIXTURE CIRCUIT I 
VCC 12 Vde, '/ :g O.S 

E J'l' 
Vee ~ 

~ 

~50J.lF 
=.0.4 

gIl / Vcc = 20 Vde 

CARRIER 
1/ / ....... VCC = 20 Vde 

INPUT' 

o.OO1fr-< -... 

'h 
0.2 

V "'N I 50 0·90 1"F 4.3 k bl!,.... 

i'F. ~ AUXILIARY OUTPUT - VCC = 12 Vdc . 'II 
-= 8 7 -=6 5 0 

'"'[£] 
1.0 3.0 5.0 10 30 50 100 

FREQUENCY (MHz) 

MC1330A 
10V - ---• 1 2 3 4 

FIGURE 4 - VIDEO DETECTOR OUTPUT RESISTANCE 
Ll 

AFTOUTPUT~ ~ ~ PRIMARY OUTPUT 550 

~~ 
3.3 k 'Tv] ~ 500 3.9 k 

~.450 1\ 
~ -= z \ 0: 400 

\ 
L1, Cl: See General Information Number 3, g 350 

\ page 5 of this specification. q: 

t; 300 
u; \ 
~ 250 
I- "-::l := 200 

~ => £ I~O ...... r--
~ 9 100 

> 
50 

0.1 0.3 0.5 1.0 3.0 5.0 10 
VIDEO OUTPUT CURRENT, PIN 4 (mAde) 

M A . ® OTOROL Seln,conducf:0r Prod~c'f. Inc. 
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MC1330A 1 P,MC1330A2P 

DESIGN CHARACTERISTICS (VCC = +20 Vdc, Q = 40, fc = 45.75 MHz, T A = +2~oC unless otherwise noted) 

Characteristic Pin Typ 

Input Resistance 7 4.9 
Input Capacitance 7 1.5 

Internal Resistance (Across Tuned Circuit) 2,3 4.4 
Internal Capacitance (Across Tuned Circuit) 2,3 1.0 

Negative Video Output B!jndwidth (Figure 10) 4 10.8 
Positive Video Output Bandwidth (Figure 10) 5 2.2 

Differential Phase@ 3.!)8 MHz, 100% Modulated 
, Staircase, 3.0Vp-p Detected Video Pin 5 Tied to Pin 6 4 7.0 

Differential Gain @ 3.58 MHz, 100% Modulated 
$ta'ircase, 3.0 Vp-p Detected Video Pin 5 Tied to Pin 6 4 4.0 

Differential Phase @ 3.58 MHz, 100% Modulated 
Staircase, 3.0 Vp-p Detected Video, A Pin 5 = 4.3 kG 4 8.0 

Differential Gilin @' 3.58 MHz, 100% Modulated 
Staircase, 3.0 Vp-p Detected Video, A Pin 5 = 4.3 kG 4 6.0 

920 kHz Beat Output (dB Below 100% Modulated Video, See Figure 11) 4, -38 
45.75 MHz = Reference 
42.17 MHz = - 6 dB 
41.25 MHz = -20 dB 

Video Output Resistance @ 1 MHz, 2 mA 4 94 

Input Overload (Carrier Level at Input to VCC = 12 Vqc 7 2.0 
Caused Detector Output, Pin 4, VCC = 15 Vdc 2.6 
To Go Positive 0.1 Vdc From VCC = 20 Vdc 3.6 
Ground.} VeC = 24 Vdc 4.6 

Power Supply Voltage Range 6 10 to 24 

FIGURE 5 -DIFFERENTIAL PHASE ANO GAIN TEST SET UP 

SIX STEP 
MODULATED 
STAiRCASE 

GENERATOR 
TEKTRONIX 

144 NTSC 

SUBCARRIER 

150 100mV INTO 
LOAD 

-:;:- BOONTON 910 

ADJUST FOR 
OTO 3 V PEAK 
AT OUTPUT OF 

VIOEO DEMODULATOR 

VIDEO 
DEMODULATOR 

TEST 
FIXTURE 

RLoad '" 3 k TYP, 

Unit 

kG 
pF 

kG 
pF 

MHz 
MHz 

Degrees 

% 

Degrees 

% 

dB 

n 

Volts 

Volts 

® M0T'0ROLA ~ernicondLl.ctor Product. Inc. ---------' 
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MC1330A1P, MC1330A2P 

TYPICAL CHARACTERISTICS 
(Vee'" +20 Vdc, T A = +2Soe Unless Otherwise Noted) 

8.0 
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~ 7.8 
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0: 
",,' 7.6 
til 
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FIGURE 6 - OUTPUT VOLTAGE TRANSFER FUNCTION 
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® MOTOROLA Semiconductor Product. Inc;. 
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MC1330A1P, MC1330A2P 

TV-IF Amplifier Information 

A very compact high performance I F amplifier con
structed as shown in Figure 14 minimizes the number of 
overall components and alignment adjustme'nts.' It can be 
readily combined with normal tuners and input tuning
trapping circuitry to provide the performance demanded 
of high quality receivers_ This configuration will provide 
approximately 93 dB voltage gain and can accomodate the 
usual low impedance input network or, if desired, can 
take advantage of an impedance step-up from tuner to 
MC1349P input. ' 

The burden of selectivity, formerly found between the 
third I F and detector, must now be placed at the inter
stage. The nominal 3 volt peak-to-peak output can be 
varied from 0 to 7.0 V with e,xcellent linearity and free
dom from spurious output products. 

Alignment is most easily accomplished with an AM gen
erator, set at a carrier frequency of 45.75 MHz, modulated 
with a video frequency sweep_This provides the proper 
realistic conditions necessary to operate to low-level 
detector (LLO). ihe detector tank is first adjusted for 
maximum detected dc (with a CW inp'utl. next, the video 
sweep modulation is applied and the interstage and input 
circuits aligned, step by step, as in a standard I F amplifier. 

Note: A normal IF sweep generator, essentially an FM 
generator, will not serve properly without modification. 
The LLO tank attempts to "follow" the sweep input fre
quency, and results in variations of switching ampli
tude in the detector. Hence, the apparent overall response 
becomes modified by the response of the LLO tank, 
which areal signal doesn't do. 

This effect can be prevented by resistively adding a. 
45.75 MHz CW signal to the output of the sweep genera
tor approximately 3 dB greater than the sweep amplitude. 
See Figures 12 and 13 below. For a more detailed descrip
tion of the MC1330AP see application note AN-545. 

MC1330A General Information 

The MC 1330A offers the designer a new approach to 
an pld problem; Now linear"detection can be performed at 

FIGURE 12 - BYPASS DISPLAYED BY 
CONVENTIONAL SWEEP 

l!Iuch lower power signal levels than possible with a detec
tor diode. 

Offering a number of distinct advantages, its easy 
implementation should meet with ready acceptance for 
television designs. Some specific features and information 
on systems design with this device are given below: 

1. The device provides excellent linearity of output 
versus input, as shown in Figures 6 and 7. These graphs 
also show that video peak-t9~peak amplitude (ac) does not 
change with supply voltage variation. (Slopes are parallel. 
Visualize a 'giveh variation qf input CW and use the figure 
as a transfer function.) 

2. The dc output level does change I inearly with supply 
voltage shown in Figure 8. This can be accommodated 
by regulating the supply or by referencing the subsequent 
video amplifier to the same power supply. 

3. The choice of Q for the tuned circuit of pins 2 and 3 
is not critical. The higher the Q, the better the rejection 
of 920 kHz products but the more critical the tuning 
accuracy required. See Figure 11. Values of Q from 20 
to 50 are recommended. (Note the. internal resistance.) 

4. A video output with positive-going sync is avail
able at pin 5 if required. This signal has a higher output 
impedance than pin 4 so it must be handled with gr'eater' 
care. If not used, pin 5 may be connectepdirectly to the 
supply voltage (pin 6}.The video response will be altered 
som'ewhat. See Figure 10. 

5. A.n AFT output (pin1) provides 460 mV of IF 
carrier output, sufficient voltage to drive an AFT ratio' 
detector, with only one additional stage. 

6. AGC lockout can occur if the input signal pre
sented in the MC1330A is greater than that shown in the 
input overload section of the design characteristics shown 
on Page 3. If these values are exceeded, the turns ratio be
tween the primary and secondary of T 1 should be in
creased. Another solution to the problem is to use an in
put clamp diode 01 shown in Figure 14. 

7. The total I.F; noise figure at high-gain reductions 
can be improved by reflecting"'" 1 k source impedance to 
the input of the MC1330AP. This will cause some loss in 
overall I F voltage gain. 

FIGURE 13 - BYPASSDISPLAY WITH THE ADDITION 

OF CARRIER INJECTION 

® MOTOROLA Serniconducf:or Producf:s Inc. 
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MC1330A1P, MC1330A2P 

AGC 

FIGURE 14 - TYPICAL APPLICATION OF MC1349P VIDEO IF AMPLIFIER 
and MC1330A LOW·LEVEL VIDEO DETECTOR CIRCUIT 

R3 
+20Vdc 

OUTPUT .....J J.vvw 
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01 
MBO 

MC1330A 

PRIMARY VIDEO 
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::"IV] 
101 ~_-.-_-,._-,.....J 

' .... -U·--i-~AFT OUTPUT 

T1 

ID ltd blllllJ 
2 " ___ __ 3 t 

TURNS~ TURNS #10 

All windings 22 AWG tinned nylon L 1 wound with 26 AWG tinned nylon 
acetate wire tuned with Coilcraft #61 acetate wire tuned by distorting winding, 
slugs, size 10-32, Dr equivalent 

oSee Note 1 (page 31. and C4, Parts List (page 41 for this 'Pecification on the MC1349P Data Sheet. 
oOSee Input Overload Section 01 the Design Characteristics Page 3, and Generallnlormation, Page 5, Note 6. 

FIGURE 15 - PRINTED CIRCUIT BOARD PARTS LAYOUT FIGURE 16 - PRINTED CI RCUIT BOARD LAYOUT 
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ORDERING INFORMATION 

Device Temperat~re Range Package 
MC1331P Plastic DIP 

LOW-LEVEL VIDEO DETECTOR 

· .. an integrated circuit featuring very linear video characteristics 
and wide bandwidth. Designed for color and monochrome television 
receivers, r(:lplacing the third IF, detector, video buffer, AFC buffer, 
sound IF detector, and sync separator. 

• Conversion Gain - 34 dB typical 

• Video Frequency Response at B.O MHz < 3.0 dB 

• Input of 36 mV Produces 3.0 V (p.p) Output 

• High Video Output - 6.0 V (p-p) 

• Fully Balanced Detector 

• Separate Sound Detector 

• Differential Inputs 

CIRCUIT DESCRIPTION 

The MC1331 video detector is a fully balanced multiplier detector circuit 
that has linear amplitude and phase characteristics. The signal is divided into 
two channels, one a linear amplifier and the other a limiting amplifier that 
provides the switching carrier for the detector. The input signal level is senseo 
by an overload protection circuit and clamps the video output amplifier, 
preventing AGC system lock out. 

The switching carrier is alsO used in the sound detector, converting the 41.25 
MHz sound carrier into the .4.5 MHz I F frequency. The sound detector has a 
tuned 4.5 MHz tank circuit to develop the narrow band sound carrier output. 

The switching carrier has a buffered output for use in providing the 
AFT function. 

The video amplifier output is an improved all NPN design that reduces the 
differential gain and phase distortion associated with previous video output 
systems. The output is wide band, > 8.0 MHz, with normal negative polarity. 
A separate, narrow bandwidth, positive video output is also provided. Internal 
regulatioll· maintains the video output dc reference essentially independent of 
supply voltage variations and reduces the variation in the absolute value of the 
reference level. 

The circuit includes an inexpensive sync separlltor circuit. 

FIGURE 1 - MC1331P BLOCK DIAGRAM 

AFT 

Sound Input 
11 

4.5 MHz 
Tank Circuit 

10 

Sync Separator 
Input O-3+--+-i 

Sound 
Detector 

Sound 
Output 
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Sync 
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2 

Carrier 
Output 

8 

MC1331 

45.75 MHz 
Tank Circuit 

13 14 

Video IF 

/ 

Mel33lP 

LOW-LEVEL VIDEO 
DETECTOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PLASTIC PACKAGE 
CASE 646 

VCC 

Positive 
Video Output 

Negative 
Video Output 

Sync Separator 
Output Inputs NOTE:: See Fi!lure 2 for External Component Values 
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MC1331 

MAXIMUM RATINGS 

Rating Value 

Power Supply Voltage. 15 

Input Voltage 2.0 

Maximum DC Video Output Current 5.0 

Maximum DC Sync Separator Current (Pin 2) 4.0 

Power Dissipation @ T A = 250 C 1.2 

Derate above 250 C 1'0 

Operating Ambient Temperature Range Oto 75 

Storage Temperature- Range -65 to +150 

ELECTRICAL CHARACTERISTICS (VCC = +12 Vdc, Q = 20, fC = 45 MHz, TA = 250 C unless otherwise noted'! 

Characteristic Pin Min 

Supply Voltage Range - 10.5 

Supply Current Range (Zero Signal Input) 12 26 

:?:ero Signal dc Output Voltage (Figures 3, 4) 5 6.8 

Video Output Transfer Gain (Figure 3) .' 5 2.0 

(VPin 13 = 60 mV(rms) @ 45.75 MHz) 

High F'requency Video Output Voltage Swing (@4.5 MHz) 5 1.6 

(VPin 13 = 60 mV(rms) @45.75 MHz), (VPin 14 = 30 mV(rms) 
@41.25MHz) 

R F Rejection 5 -
(VPin 13 = 60 mV(rms) @ 45.75 MHz) 

Maximum Signal Output 5 -
(V2,See Figure 3) 

Available Positive Video Output Swing 4,12 8.0 

(VPin 12 -- VPin 4) 

AFT Output Voltage Swing 8 75 

Transfer Function Negative Offset Voltage (Figure4) ~ -
(Vin = 0 to 5 mY) 

4.5 MHz Sound Detector Conversion Gain (BW = 200 kHz) 9 35 

(VPin 13 = 60 mV(rms) @45.75 MHz), (VPin 11 = 5 mV(rms) 
@41.25MHz) 

Sync Separator Leakage 2 -
(VCC - VPin 2, RL = 10 kil, Pin 3 Open) 

Sync Separator Voltage Swing 2 10 

(Vec - VPin 2, IPin 3 = 50/LA) 

FIGURE 2 - TEST CIRCUIT SCHEMATIC 

Cl 33 pF 
C2 150 pF 
L 1 7 1/? Turns AWG #22, 

Core -3/8" Carbonyl E Material 

50jJ.A 
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L2 40 Turns AWG #36 +VCC 
Core -1/2" Carbonyl E Material . 
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Unit 

Vdc 

V(RMS) 

mAdc 

mAdc 

Watts 
mW/oc 

°c 
°c 

Max Unit 

15 Vdc 

34 mA 

8.8 Vdc 

- Vdc 

- V(p·p) 

450 mV(p-p) 

100 mVdc 

- V(p-p) 

- mVdc 

100 mVdc 

- mV(rms) 

10 /LAde 

- Vp-p, 

45.75 
MHz 

Signal 
Generator 

1-<1_...-..(1 Positive Video Output 

MC1331P 

5 
t,.."T"" __ ""T" ________ ,...;... __ r----------.----~ ....... J-o-_t-o Negative V ideo Output 41.25 

MHz 
Signal 

11 10 9 8 -, --P5VO -7.8 V 

Gene rater 
r----------, 
I I 

: : 300 

I 10k 'IPF 
10k 

I C2 I 
4.6 MHz I 

ALIGNMENTPFlOCEDUFlE: TankClrcult. _________ J -= -= -= 
100 3k 

Ll With 60 mV (FlMS)@ 46.75 MHz Input@ Pin 13, the +Vee 4.6 MHz Output Vee AFT Output 
output of Pin 5 Is monitored arid L 1 core Is adjusted L2 With 60 mV (RMS) @,45.75MHz Input at Pin 13. and 
for minimum de @ Pin '5, This 1"~I;'alent to maxlml- 15 mV( RMS) @ 41.26 MHz @ Pin 11, the acoutput 
zing thlll video output, (~P5V). vOltage·on Pin 9 Is monitored. L2' core .11 adjusted for 

maxlmllm 4.6 MHz output II Pin 9. 
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MC1331 

DESIGN CHARACTERISTICS (VCC = +12 Vdc, Q = 20, fC =45 MHz, TA = 2SoC unless otherwise noted.) 

Characteristic Pin Typ Unit 

Input Resistance 13,14 \ 3.0 kn 
Input Capacitance 13,14 3.0 pF 

Input Resistance 11 3.0 kn 
Input Capacitance 11 3.0 pF 

Internal Resistance (Across Tuned Circuit) 6,7 5.0 kn 
Internal Capacitance (Across Tuned Circuit) 6,7 4.0 pF 

Video Output Resistance @ 4.5 MHz 5 25 n 

Sound Detector Output Resistance 9 100 n 

Negative Video Output Bandwidth (Figure 7) 5 8.0 MHz 

Positive Video Output.Bandwidth (Figure 7) 4 3.0 MHz 

Differential Gain @ 3.58 MHz 5 5.0 %. 
Differential Phase @ 3.58 MHz 5 5.0 Degrees 

920 kHz Beat Output (Below 100% Modulated Video) (1) 5 36 dB 
(45.75 MHz = Reference) 
(42.17 MHz = ~.O dB) 
(41.25 MHz = -20 dB) 

Video Output Supply Rejection - 20 dB 
(d Pin 5 VOId Vee) 

Carrier Rejection (Sound Channel) 9 -20 dB 

Modulation Rejection in AFT Output (2) - 30 dB 
(1 kHz Sideband) 

(1) Undesired beat product between 42.17 MHz subcarrier (~dB) and the 41.25 MHz soundcarrier (-20 dB) 
relative to the 3.58 MHz output. Carrier levels are relative to the 45.75 MHz carrier. 

(2) Residual at 90% double sideband modulated at 1 kHz on 45.75 MHz video carrier. 
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TYPICAL OUTPUT CHARACTERISTICS 

FIGURE 3 - OUTPUT VOLTAGE TRANSFER FUNCTION 
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Circuit diagrams utilizing Motorola products are ',neluded as.a means 
of illustrating. typical semiconductor applications; consequently, 
complete information sufficient for construction' pu rposes is not 
necessarily given. The information has been carefully checked and 

, FIGURE 4 - OUTPUT VOLTAGE TRANSFER FUNCTION 
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is believed to be entirely reliable. However,;'O responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the sem~conductor devices described any 
license under the patent rights of Motorola Inc. or others. 
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FIGURE 5 - SOUND DETECTOR OUTPUT 
versus Pin 13 V(,)L TAGE 
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FIGURE 7 - VIDEO OUTPUT RESPONSE 

c;;-
~ 
:> .s 
~ 
I-
::> 

~ 
:;: 
on 
<i 
<Ii 
c: 

Ci: 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

FIGIJRE 6' - SOUND DETECTOR OUTPUT versul 
Pin 11 VOLTAGE 

Pin 11,41.25 MHz INPUT (mV·RMS) 

FIGURE ~ - VIDEO OUTPUT PRODUCTS 

+10r---r---r---.---r---.---.---.---.---.---~ 

........ 1'00...-r-- """-~-1.0 

~ -2.0 
~ 
;; -3.0 

, ~ -4.0 
~ 
w-5.0 
> 
~ 
~ -6.0 

c::: -7.0 

-8.0 

-9.0 

'" ~ r--...... Pin 5 - Negative Video 

" 
.......... ......... 

" """""-" "\ ........ 

'" I\.Pin 4 - Positive Video 

'\. -60 1---::-1--:--::-:-I'--~--+--f~i;S,._:_=l:::_:_-+--+--j 
--- Pin 6·7 damping changed 

l\. -70 to 2.0 k 

o 1.0 2,0 3.0 4.0 5.0 6.0 7.0 8.0 -9.0 10 10 20 30 40 50 
VIDEO OUTPUT RESPONSE (MHz) RELATIVE 41.25 MHz INPUT LEVEL (dB) 

FIGURE 9 - VIDEO IF APPLICATION CIRCUIT 
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820 

0.0011 
jJ.F 

820 

Tl 

T1 --I I-- lIS" 

Ir:rr;n ml 
Turns Turns 

6.8 
pF 

L3 

10 k 

Tl windin9~ #26 AWG tinned L 1 Coileraft unicoil or T·form, 
nylon acetate wire. 7-1/2 turns of AWG #22, 

Cores 3/S" - Carbonyl E Material core - 3/S inch Carbonyl E 
Material 

AFT 
Carrier 

Sound 
Output 

100 

L1 

Sync 
Output 

10 k 270 10k 
. k 

3k 

-:- Videp [~17.2v 
Output 0 

L2 Coilcraft T-form, 40 turns L3 Coilcraft unicoil, 5-1/2 turns 

of AWG #36. core - 1/2 inch of AWG #22, Core - 3/8 inch 
Carbonyl E Material Carbonyl J Material 

60 
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APPLICATION INFORMATION 
(For further information, see AN-751) 

The video IF amplifi~r shown in Figure 9 provides 
excellent system performance required in TV receivers. 
Typical L-C input selectivity and trapping network may be 
added or the selectivity element could be a block filter. 
The sys~em shown has a gain in the video channel of 85 dB, 
measur~d from the input of the MC1349. The unique 
interstage shown eliminates the previous performance 
trade-off between adequate 41.25 MHz rejection in the 
video channel and sufficient 4.5 MHz'detection for good 
sound performance. Figure 4 shows the interstage response 
of double tuned t~ansformer T1 and the 41.25 MHz take· 
off circuit. The 41.25 MHz rejection in the video channel 
is 10 dB. With a total sound carrier attenuation of 26 dB 
in the video channel, the 920 kHz rejection of the MC1331 
is in excess of 40 dB. The outP!Jt frpm the sound detector 
is greater than 5 millivolts, sufficient to maintain the 
sound IF system in hard limiting. 

The alignment of the systemis similar to that previously 
used in the MC1330 operation. A signal, comprised of a 
45.75 MHzcarrier, modulated with video sweep informa
tion, provides ~he simplest alignment. The detector coil, 
L 1, is peaked for maximum detected dc with the unmodu
lated carrier. Then the video sweep modulation is applied 
and the interstage and possible input circuits are aligned. 
The 41.25 MHz trap coil, L3, is then adjusted temporarily 
for minimum 41.25 MHz, The output of the sound de
tector is then monitQr~ed (Figure 5). The 4,5 MHz coil, 
L2, is illigned for maximum output. The trap coil, 1..,3, 
can then be optimized for maximum 4.,5 MHz output. ' 

Note: A 'normal I F sweep generator, essentially anFM 
generator, will not s~rve properly without modificat,ion, 
The petector tank attempts to "follow" the sweep input 
frequency, and results in variations ot'the switching <,:arrier 
amplitude in the detector. Hence, .the apparent overall 
response becomes modified by the response of the detector 
tank circuit. 'This does not occur when anormal video IF 
signal.is applie~; as a true fixed carrier is available to "lock" 

F.lGU.RE 10 - VIDEO CHANNEL OUTPUT - PIN 5 

the detector tank circuit. 

Thi's effect can be prevented by resistively adding a 
45.75 l1liHz CW signal to the output of the sweep generator 
at approximately ~ dB weater than the sweep amplitude. 

The circuit described in Figure 12 is capable of providing 
the high performance required of quality TV receivers. 
The sound I F carrier (41.25 MHz) is separated from the 
video IF infonnation early in the system, avoiding inter
modulation in the video channel and any degradation of 
the sound noise figure performance. The signal is recom· 
bined in the MC1331 for normal intercarrier demodulation. 
The separate 41.25 MHz amplifie'r has 40 dB volteme gain, 
sufficient for driving the sound detector, wh ich provides 
at least 5: millivolts of 4.5 Ml;iz with normal picture 
carrier to sound carrier ratios. The L3 circuit Q is approxi
mately 20 (see Figure 12), narrowing slightly at maximum 
gain; this requires alignment of this sound amplifier at 
maximum gain. 

The video channel incorporates the MC1352, which 
includes the AGC function. The AGC for the sound ampli
fieris derived from Pin 14 of the MC1352. In'set parti
tioning which includes a separate AGe-sync circuit (jungle) 
the amplifier could be the MC1349. The circuit shown has 
aO dB gain, including the block filter insertion loss of 
,'5 dB. The video response, shown in Figure 14, is mainly 
determined by the bandpass filter; which could be an 
acoustic surface wave filter as shown, a block L-C filter, or 
a discrete component L-C network. The pre-amplifier is 
included to improve the noise figure of the system, and to 
provide isolation of the 41 ;25 IVIHz trap from the block 
filtering. The interstage is broad tuned with fixed chokes. 
Since the system includes high attenuatiqn of the 41.25 
MHz, the detector coil (L10Y' could be heavily damped, 
i.e., Rd = 2 kil, allowing for the possibility of pre-tuning 
the detector coil. This will show a slight degradation of 
beat product rejection as shown,in Figure 4, The detector 
alignment is the same as described. 

FIGURE 11- SOUND CHANNEL OUTPUT - PIN 9-
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41.25 MHz 
Trap 

O.OOl/lF 

1 k ..L-. 91 pF 
J J L1 

L2 

L3 

10 /lH Choke 

9Y, Turns, AWG #18 Copper Wire 

PAUL SMITH CO Coil Form SK308 

3/8"10·32 Core· Carbonyl J Material 
4)1, Turns, AWG #22 Copper Wire 

PAUL SMITH CO. Coil Form SK478 

3/8" 10·32 Core - Carbonyl E Material 

L4 21 Turns, AWG #36Copper Wir" Over 

Ll0 

Lll 

3.3 kH Resistor, 1/2 W L 12 

L5,L6 0.47 I'H Choke 
L7,LS' S Turns, Center Tapped, Air Core 

AWG ,#36 Single Cell Copper Wire L 13 

L9 40 Turns, AWG #36 Copper Wire 
PAUL SMITH CO. Coil Form EF186 

3/S" 10-32 Core - Carbonyl E Material 

II 
FIGURE 12 - APPLICATION CIRCUIT USING MC1352 

-8 V Pulse 

MPS-H32 ..... _--., 

7)1, Turns, AWG #22 Copper Wire 

PAUL SMITH CO. Coil Form SK·478 

3/8" 10·32 Core - Carbonyl E Material 

31/6 Turns, AWG #20 Copper Wire 

COILCRAFT T·Form [Start at Pin 3(MC1364)i 

3/8" 10·32 Core - Carbonyl T Material 

21/3 Turns, AWG.#20 Copp.er Wire 

4.7 K 

Over Bottom End of L 11 IF inish at Pin 9 (MC 1364) i 

3/8" 10·32 Core - Carbonyl T Material 

31/6 Turns, AWG #20 Copper Wire 

Center Tapped. 
3/8" 10·32 Core - Carbonyl T Material 
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FIGURE 13 - SOUND CHANNEL OUTPUT 
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FIGUR'E 14 - VIDEO CHANNEL OUTPUT 
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FIGURE 15 - CIRCUIT SCHEMATIC 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC1344P Plastic DIP 

TV SIGNAL PROCESSOR 

MC1344 

TV SIGNAL 
PROCESSOR 

· .. a monolithic TV circuit with sync separator, advanced noise 
inversion, AGC cpmparatpr, and versatile RF AGC delay amplifier 
for use in color or monochrome'TV receivers. 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

• Video Internally Delayed for Total Noise Inversion 

• Low I mpedance, Noise Cancelled Sync Output 

• Refined AGC Gate 
• Small IF AGC 'output Change During RF AGC Interval 

• Positive and l',I!lgative Going RF AGC Outputs 

• Noise Threshold May Be Externally Adjusled 

• Time Constants for:Sync Separator Externally Chosen 

• Stabilized for ± 10% Supply Variations 

FIGURE 1 - TYPICAL MC1344 APPLICATION CIRCUIT 

220 +18Vdc 

3.3k 

10V - ---
PRIMARY VIDEO 

AND SOUND 0 UTPUT 

PSUFFIX 

PLASTIC PACKAGE 
CASE 646 

Tl 

MC1330Al12 1G
k
C

77:[V] Ictl m, J o .. ' 0 
5, __ 6 !,., 

TURNS:?-" TURNS - 4" 

RF 
AGC 

IF 
AGC 

TO TUNER 

t--+-4- AFT OUTPUT 

3.9 

_-IS 

+18Vdc 

~_-'VIIIr--+----_ KEYING INPUT 
-10 V PULSE 

.---r------~--r--e SYNC OUTPUT 

20 k 
L-~_~_-< RF AGC' 

'-----+----+-_--.:~H~--. DELAY 

7-64 

110 
2,2 k 

All windings #30 AWG tinned nylon acetate 
wiratunedwithhighpermeabilitvcores. 
Complete tra!1sformer is available from 
Coilcraft, Type R4786, 

L 1 wound with #26 AWG tinned nylon 
acetate wire .tuned ~y dist~rting winding . 

39MHz 45 MHz I 58 MHz 

C1 24pF 15 pF I 10pF 
C2 18pF 12pF I 10pF 
C3 33pF J3pFI 18pF 

L1 12 
10 Turns Turns 

R1 Select 



MC1344 

MAXIMUM RATINGS (T A = +250 C unless otherwise noted.) 

Rating Value Unit 

Power Supply Voltage (Pin 11) +22 Vdc 

Video Input Voltagll (Pin 1) +10 Vdc 

Negative RF AGC Supply Voltage (Pin 3) -10 Vdc 

Gating Voltage (Pin 9) 15 Vp-p 

Sync Separator Drive Voltage (Pin 12) 7.0 Vp-p 

Power Dissipation (Package Limitation) 
Plastic Package 625 mW 

Derate above T A = +250 C 5,0 mW/oC 

Operating Temperature Range (Ambient) o to +70 °c 
Storage Temperature Range -55 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = +18 Vdc, TA = +250 C unless otherwise noted,) 

Characteristic 

Sync Tip dc Level of Input Signal 

Temperature Coefficient of Sync Tip (I nput) 

Sync Output Amplitude 

Sync Output Impedance 

Sync Tip to Noise Threshold Separation (Input) 

IF AGC VOltage Change Duhng RF Interval 

Peak AGC Charge Current 

Peak AGe Discharge Current 

IF AGC Voltage Range 

Positive RF AGC Voltage Range 

Positive RF AGC Minimum Voltage 

Negative RF AGC Voltage Range 

Negative RF AGC Maximum Voltage 

Total Supply Current, IS (Circuit of Figure 1) 

NORMAL SYNC 
SEPARATION NETWORK 

0.1 ~F 

13 

12 
270 k 

+18 Vdc 

MC1344 

+18 Vdc 

7-65 

Min T,yp Max 

3.4 ' 3.9 4.2 

- - 1.0 

- 16 -

- - 100 

0.45 0.7 0.95 

- 0.10 0.5 

- 15 -
- 0.9 -

, 9.0 - -

- 10 -

0.5 1.5 2.0 

- 10 -

9.0 10.2 12 

- 22 -

TEST CIRCUIT FOR AGC 
AMPLIFIER MEASUREMENTS 

Unit 

Vdc 

mV/oC 

Vp-p 

Ohms 

Vdc 

Vdc 

mAdc 

mAdc 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

IF AGe 

RF DELAY 
~-------------------V~-----, 

20 k 

-, 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC1349P Plastic DIP 

IF AMPLIFIER 

· .. an integrated circuit featuring wide range AGC for use as an 
IF amplifier in radio and television applications over the temperature 
range 0 to +7 DoC. 

• Power Gain - 60 dB typ at 45 MHz (pin 3 open) 
- 56 dBtyp at 58 MHz (pin 3 open) 
-,61 dB typ at 45 MHz (pin 3 bypassed) 
- 59 dBtyp at 58 MHz (pin 3 bypassed) 

• AGC Range -,80 dB typ, dc to 45 MHz 

• High Output Impedance 

• Low Reverse Transfer Admittance 

• 15·Volt Operation, Single·PolarityPower Supply 

• Improved Noise Figure versus AGC 

8 

MC1349P 

IF AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

O (top view) 
0, ' 

~ 
PLASTIC PACKAGE 

CASE 626 

FIGURE 1 - TYPICAL APPLICATION OF MC1349P VIDEO IF AMPLIFIER 
and MC1330 LOW-LEVEL VIDEO DETECTOR CIRCUIT 

AGC 

+18 Vdc 

1.8 k 
OUTPUT wJ Ivvw 

AGXILIARY Vlo~~ V[ -A --] 
"""-----"'14 V - ---

MC1330A 1/2P 

56 pF' 

~''''~',::,:",:,:,J [] EJl 
2 ,,,...--' ~ 3 ~ 

TURNS~ TURNS #10 

PRIMARY VIDEO 
AND SOUND OUTPUT 

...... --+-. AFT OUTPUT 

3,9 k 

3" 

r16l I 
~~3" I 10 I L_ 

. TURNS 16 

" All windings #22 AWG tinned nylon l1 wound with =26 AWG tinned nylon 
acetate wire tuned with Coilcraft #61 acptate wire tuned by distorting winding, 
slugs, size 10,32, or equivalent. 
'See Note 1 (page 3), and C4, Parts List (page 4) of this specification, 
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MC1349P 

MAXIMUM RATINGS {T A = +250 C unless otherwise noted). 

Ret! .. Value Unit 

P9Wer Supply Voltage (VCC1) +18 Vdc 

Output Supply Voltage (VCC2) +18 Vdc 

AGC Supply Voltage ~ VCC1 (pin 2) Vdc 

Differential Input Voltage 5.0 Vdc 

Power Dissipation (Package Limitation) 
Plastic Package 625 mW 
Derate above T A = +250 C 5.0 mW/oC 

Operating Temperature Range Oto +70 °c 
Storage Temperature Range -65 to +150 aC 

ELECTRICAL CHARACTERISTICS (VCC1 = +12 Vdc [pin 2), VCC2 = +15 Vdc [pins 1 and 8), TA = +250 C unless otheiwise noted.) 

Characteristic Min Typ Max Unit 

AGC Range, 45 MHz (5.0 V to7.5 V) (Figure 3) 70 80 - dB 

Power Gain (Pin 5 grounded via 5.1 kfl reSistor, input pin 4) dB 

f = 45 MHz, BW (3 dB) = 4.5 MHz, Tuned Input, pin 3 open 52 60 -
Untuned Input, pin 3 bypassed - 61 -
f = 58 MHz, BO (3 dB) = 4.5 MHz, Tuned Input, pin 3 open - 56 -
Untuned Input, pin 3 bypassed -, 59 -

Maximum Differential Output Voltage Swing - 6.0 - Vp-p 

Output Stage Current (pins 1 and 8) - 9.0 - mA 

Amplifier Current (pin 2) - 15 20 mAdc 

Power Dissipation - 315 400 mW 

Noise Figure - 8.5 - dB 
f = 45 MHz, Tuned Input, pin 3 open, Gain Reduction = 15 dB 

DESIGN PARAMETERS (VCCl = +12 Vdc, [pin 21, VCC2 = +15 Vdc, [pins 1 and 81. T A = +25?C unless otherwise noted.) 

II 
Frequency 

Parameter Symbol 45 MHz 58 MHz Unit 

Single-Ended Input Admittance, input pin 4, AGC min mmhos 
Pin 3 open g11 0.74 

. 
0.95 

Pin 3 open bl1 1.9 2.4 
Pin 3 bypassed g11 4.1 5.4 
Pin 3 bypassed b11 6.5 6.9 

Differential Output Admittance, AGC max ,,,,mhos 
g22 5.5 8.3 
b22 270 360 

Reverse Transfer Admittance (magnitude) 1.5 2.0 ",mhos 

Forward Transfer Admittance 

Magnitude, pin 3 open 520 400 mmhos 

Angle (0 dB AGC), pin 3 open 100 130 degrees 

Magnitude, pin 3 bypassed 1020 800 mmhos 

Angle (0 dB AGCI, pin 3 bypassed 120 400 degrees 

Sihgle-Ended Input Capacitance, AGC min pF 
Pin 3 open 6.8 6.7 
Pin 3 bypassed 2.3 20 

Differential Output Capacitance (AGC max) 1.0 1.0 pF 
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FIGURE 2 - CIRCUIT SCHEMATIC 
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GENERAL INFORMATION 

The MC1349P is an improved version of the MC1350P.Fea
turing" higher gain, a lower noise figure, and greater AGC range; 
in addition, an emitter of the input amplifier is availablil for by
passing. This provides a low input impedance with good gain, 
useful for untuned input configurations. 

Both, input and output IF ampl ifier sections are gain-controlled 
in the MC1349P, with the input amplifier also serving as an AGe 
amplifier for the output section. During the initial part,of AGC 
gain reduction, the gain of the input amplifier decreases only a 
feW dB while the output sectio,;, decreases '15 dB; further AGC 
acts upon the input section. Although the gain reduction curve 
was taken with 5.1 kilohms at pin 5, higher series resistance can 
be used to reduce the voltage and temperature sensitivity of the 
AGC. Pin 5 currents are shown on the AGC curve, see Figure 10. 

I n use, it is important to bypass pin 2, both for I F frequencies 

7-69 

(+) 

8 

OUTPUTS 

1 
(-) 

010 

600 2.8 k 

100 

100 

180 

and for low frequencies, (as shown in, the test circuits). This is 
due to the dual function of the input amplifier. If replacing MC-
1350P take precaution not to ground pin 3, (not used in the 
MC135OPI. Due to the significantly higher gain of the MC1349P, 
extra care in layout should be exercised. 

NOTE 1: The references to bypasses at pin 3 do not give specific 
values (C4, see Figures 1 and 4). In all cases, measure
ments were taken with, a bypass at a standard value as 
near as possible to series resonance. The values are de
pendent on test frequency and circuit layout. Fully 
bypassing pin 3 reduces the input signal handling capa
bility before distortion from over 100 mV(RMS) to 
approximately 25 mV(RMS).C4 = 0.002 /-IF at f = 45 
MHz isa typical value for printed circuit applications. 
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MC1349P 

INPUT 
AS'" 50 n r- --, 

L1 

I 
I 
L 

C2 

Cp 

C4 

TEST CIRCUITS 

FIGURE 3 - TUNED INPUT 
(PIN 3 OPEN) 

FIGURE 4 - UNTUNED INPUT 
(PIN 3 BYPASSED TO GROUND) 

VCC1 VCC2 

+12V +15V 

I 
I 

.-J 

OUTPUT 
AL = 50 n 

Cp 
r 

INPUT· 
RS = 50 n 

COMPONENT 

C1 
C2 
C3 
C4 
Cp 
L1 
Lp 

5.1 k 

PARTS LIST 

45 MHz 

8-60pF 
3-35 pF 
1·7.0 pF 

82-470 p~ 
0.0015/.1F 

0.84/.1H 
10/.lH 

Cp 

58 MHz 

50-106 pF 
3-35 pF 
1-7.0 pF 

82-470 p'F 
0.001/.1F 
0.33/.1H 
10/.lH 

7-70 

I 
I 

--1 

T1 Primary 14 turns center-tapped 

OUTPUT 
RL = 50 n 

Second'ary 2Y2 turns (45 MHztuned input 
pin #3 open) 1 Y2 turns (all 
other fixtures) wound over 
primary 

Wire: #26 AWG tinned nylon acetate wound 
on 1/4" diameter coil form 

Core: Arnold Type TH, 1/2" long or equivalent. 



. MC1349P 

TYPICAL CHARACTERISTICS 
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FIGURE 5 - SINGLE-ENDED INPUT ADMITTANCE 
(PIN 3 OPEN) 
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10 20 30 
GAIN REDUCTION (dB) 

50 70 

40 50 

7-71 

FIGURE 6 - SINGLE-ENDED INPUT ADMITTANCE 
(PIN 3 BYPASSED TO GROUND) 
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FIGURE 8 -DIFFERENTIAL OUTPUT ADMITTANCE 
(MAXIMUM AGe) 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC1350P Plastic DIP 

MONOLITHIC IF AMPLIFIER 

... an integrated circuit featuring wide range AGC for use as an IF 
amplifier in radio and TV over the temperature range 0 to +750 (;. 

The MC1352 is similar in design but has a keyed-AGC amplifier as an 
integral part of the same chip. 

• Power Gain - 50 dB typ at 45 MHz, 
- 48 dB typ at 58 MHz 

• AGC Range _. 60 dB min, dc to 45 MHz 

• Nearly Constant Input and Output Admittance Over the Entire 
AGC Range 

• Y21 Constant (-3.0 dB) to 90 MHz 

• Low Reverse Transfer Admittance -« 1.0 pmho typ 

• 12-Volt Ope~ation, Single-Polarity Power Supply 

8 

MC1350 

IF AMPLIFIER. 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

O (top view) 
o 

PLASTIC PACKAGE 

CASE 626 

FIGURE 1 - TYPICAL MC1350 VIOED IF AMPLIFIER 
and MC1330 lOW-lEVEL VIDEO DETECTOR CIRCUIT 

0.002 J.!F 470 220 

3.3 k 

MC1330 

Tj 
AGC 

~.~~," TURNS~ --TURNS 4" 
All windings #30 AWG tinned nylon 
acetate wire tuned with Arnold Type 
TH slugs. 

7-72 

+18 Vdc 

AUXILIARY VID~~ V[ - A --] 
OUTPUT "..J ~ 

t------.10 V - - --

PRIMARYVIOEO 
AND SOUND OUTPUT 

""Iv] 
"'---'-1-" AFT OUTPUT 

3.9 k 

3" 

ri61-L 
l:IL~' 

TURNS 16 

II wound with #26 AWG tinned nylon 
acetate wire tuned by distorting winding. 



MC1350 

MAXIMUM RATINGS (T A = +250 C unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltage y+ +18 Vdc 
Output Supply Voltage V1. V8 +18 Vdc 
AGC Supply Voltage VAGC V+ Vdc 

Differential Input Voltage Vin 5.0 VdS 
Power Djssipation (Package Limitation) Po 

Plastic Package 625 mW 
Derate above 25°C 5.0 mW/oC 

Operating Temperature Range TA Oto +75 °c 

ELECTRICAL CHARACTERISTICS (V+ = +12 Vdc; T A = +250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max 

AGC Range. 45 MHz (5.0 V to 7.0 V) (Figure 1) 60 68 -
Power Gain (Pin 5 grounded via a 5.1 kS"l resistor) Ap 

f = 58 MHz. BW = 4.5 MHz I - 48 -
f = 45 MHz. BW = 4.5 MHz 

See Figure 5 46 50 -
f = 10.7 MHz. BW = 350 kHz I - 58 -
f = 455 kHz. BW = 20 kHz 

See Figure 6 - 62 -
Maximum Differential Voltage Swing Vo I 

OdBAGC - 20 -
-30 dB AGC - 8.0 -

Output Sta~ Current (Pins 1 and 8) '1 + 18 - 5.S -
Total Supply Current (Pins 1. 2 and 8) IS - 14 17 

Power Dissipation Po - 168 204 
~ 

DESIGN PARAMETERS Typical Values (V+ =+12 Vdc T A = +250C unless otherwise noted) . 
Frequency 

Parameter Symbol 455kHz 10.7 MHz 45 MHz 58 MHz 

Single-Ended Input Admittance 911 
b11 

Input Admittance Variations with AGC A911 
(Oto SO dB) . Ab11 

Differential Output Admittance - 922 
b22 

Output Admittance Variations with AGC A922 
(0 to 6OdS) Ab22 

Reverse Transfer Admittance (Magnitude) I Y121 

Forward Transfer Admittance 
Magnitude IY211 
Angle (0 dB AGC) < Y21 
Angle (-30 dB AGC) < Y21 

Single.Ended Input Capacitance Cin 

Differential Output Capacitance Co 
-,', 

FIGURE 2 - TYPICAL GAIN' REDUCTION 
(Figures 5 and S) 
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FIGURE 3 - NOISE FIGURE 
(Figure 5) 
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MC1350 

GENERAL OPERATING INFORMATION 

The input amplifiers (01 ~nd 02) operate at constant emitter 
currents so that in'put impedance remains independent of AGC 
action. I nputsignals may be applied single-ended or differentially 
(for ae) with identical results. Terminals 4 and 6 may be driven 
from a transformer, but a dc path from either terminal to ground 
is not permitted. 

AGC action occurs as a result of an increasing voltage on the 
base of 04 and OS causing these transistors to conduct more 
heavily thereby shunting signal current from the interstage ampli
fiers 03 and 06. The output amplifiers are supplied from an active 
current source to maintain constant quiescent bias thereby holding 
output admittance nearly cOnstant. Collector voltage for the out
put amplifier must be supplied through a center-tapped tuning 
coil to Pins 1 and 8. The 12-volt supply (V+) at Pin 2 may be used 
for this' purpose, but output admittance remains more nearly con
stant if a separate 1S-volt supply (V++) is used, because the base 
voltage on the output amplifier varies with AGC bias. 

FIGURE 5 :.. POWER GAIN, AGC and NOISE FIGURE TEST CIRCUIT 
(45 MHz and 58 MHz) 

0.001 ,.,F O.OO1,.,F '::' 

'*Connect to ground for maximum power gain test. 
All power·supply chokes (LpL are self·resonate at 
input frequency. Lp ~ 20 kU 
See Figure 10 for frequency response curve. 

L 1 @.45 MHz ~ 7 1/4 Turns on a 1/4" coil form. 
@ 58 MHz ~ 6 Turns on a 1/4" coil form 

T 1 Primary Winding = 18.Turns on a 1/4" coil form, center·tapped 
Secondary Winding = 2 Turns centered over Primary Winding@45 MHz 

=1 Turn@58MHz 
Slug = Arnold TH Material 1/2" Long 

45 MHz 58MHz 

Ll O.4,.,H I Q ~ 100 0.3,.,H I Q ~ 100 

Tl 1.3-3.4,.,H I Q ~100@2J.tH . 1.2 -3.8,.,H I Q ~ 100@ 2!iH 

Cl 50-160pF 8 - 60 pF 

C2 . 8 - 60 pF 3 - 35 pF 

7-74 

FIGURE 4 ~ CIRCUIT SCHEMATIC 

INPUT AMPLIFIER SECTION BIAS SUPPLIES OUTPUT AMPLIFIER steTlON 

Input 
RS = 50S! 

FIGURE 6 .... POWER GAIN and AGC TEST CIRCUIT 
(455 kHz and 10.7 MHz) 

12 V 
~--~--'---~-4 

Output 
RL = 50 n 

'Grounded for maximum '--.... _ ..... ~~ _______ ..... ~ 
power gain. 

Note 1: Primary: 120 IlH (center-tapped) 
0u = 140 at 4S5 kHz 
Primary: Secondary turns ratio ~ 13 

Note 2. Primary: 6.0 IlH 
Primary winding = 24 turns #36 AWG (close-wound on 

1/4" dia. form) 
Core = Arnold Type TH or equiv. 
Secondary winding = 1-1/2 turns #36 AWG, 1/4" dia. 

(wound over center-tap) 

Frequency 

Component 455 kHz 10_7 MHz 

Cl - 80':"'450 pF 
C2 - 5.0-80 pF 
C3 0;05jJ.F O.OOlIlF 
C4 0.05J,1F O.OSIlF 
C5 0.001 J,lF ,36pF 
C6 O.051lF O.051lF 
C7 0.05J,1F O.05IlF 
L1 - 4.61lH 
Tl Note 1 Note 2 



MC1350 

TYPICAL CHARACTERISTICS 
(v+ = 12 V, TA = +250 C) 

FIGURE 1 - SINGLE·ENDED INPUT ADMITTANCE FIGURE 8 - FORWARD TRANSFER ADMITTANCE 
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FIGURE 9 - DIFFERENTIAL OUTPUT ADMITTANCE 
FIGURE 10 - TEST CIRCUIT RESPONSE CURVE 

(45 and 58 MHz) 

(Single.end~d output I ) 
admittance exhibits 
twice these values.) ) v """ "" / 

b22 
V 

..... V 

II , 
N, 

7 'r 
~ 

././ 

./ V / 
V ------~ /~ - -.:;!p-

_Scale: 1 MHz/em--,---

20 30 40 50 70 100 

FREQUENCY (MHz) 

FIGURE 11 - DIFFERENTIAL OUTPUT VOLTAGE 
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For additional Information _ "A Hlgh·Performance Monolithic 
IF Amplifier Incorporating Electronic Gain Control", by W. R. 
Davis and J. E. Solomon, IEEE Journal on Solid State Circuits, 
December 1968. 
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ORDERING INFORMAnON ' 

Device 
MC1351P 
MC1351PQ 

Temperature Range 
O°C to' +75°C 
OOC to +75°C 

Package 
Plastic Dip 

Plastic' 

WIDE-BAND FM-AMPLIFIER; LIMITER, DETECTOR, 
AND AUDIO AMPLIFIER 

· .. designed for I F limiting, detection, audio preamplifier and driver 
for the sound portion of a TV receiver. 

• Excellent Limiting with 80 IlV(rms) Input Signal typ 

• Large Output-Voltage Swing.,.. to 3.5 V(rms) typ 

• High IF Voltage Gain - 65 dB typ 

• Zener Power-Supply Regulation Built-I n 

• Short-Circuit Protection 
• A Coincidence Discriminator that Requites Only One RLC Phase 

Shift Network 

• Preamplifier. to Drive a Single External-Transistor Class-A Audio-
Output Stage . 

r-- ....., 
900 ±L>.p 

"""r::--...... 11101 PHASE SHIFT 

L:.X~A~ 

1.0k 3.0k 1.Ok . 3.0k 1.Ok 50 

BLOCK DIAGRAM 

MULTI~LlER 

CIRCUIT SCH~MATIC 

13 

7-76 

400 

MC1351 

TV SOUND CIRCtJlT 
MO!,!OLITHIC SI LICON 
INTEGRATED CIR'CUIT 

5.0 k 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646· 

PQSUFFIX 
PLASTIC PACKAGE 

CASE 647 

10 

250 

, 7 



MC1351 

MAXIMUM BATINGS(T A = +250 unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltage VCC +16 Vdc 

Input Voltage Vin 0.7 V(rms) 

Power Dissipation (Package Limitation) 
Plastic Packages Po 625 mW 
Derate above-+250 C 1/8JA 5.0 mW/oC 

OperatirQ Temperature Range TA Oto+75 °c 
Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (Vee = 12 Vdc, TA = +250 C, f = 4.5 MHz, Deviation = ±25 kHz unless otherwise noted.) 

Characteristic Min Typ 

Input Voltage (-3.0 dB Limiting) - 80 

AM Rejection (Vin = 20 mV(rms), AM = 30%) (See Note 1) 

AMR = 20 log 
VOFM ~ f = 4.5 MHz, Deviation = ±25 kHz, QL = 24 - 45 

VOAM' f = 5.5 MHz, Deviation = ±SO kHz, QL = 30 - 45 

Total Harmonic Distortion ('QL = 24) (See Note 1) - 1.0 
(7.5 kHz Deviation) 

Maximum Undistorted Audio Output Voltage (Pin 10) (See Note 1) - 3.5 
(Audio Gain Adjusted Externally) (Q = 24) 

Recovered Audio (Pin 2) (See Note 1) 
(f = 4.5 MHz, Deviation = ±25 kHz, QL = 24) 0.35 0.50 
(f = 5.5 MHz, Deviation = ±50 kHz, QL = 30) - 0.80 

Audio Preamplifier Open Loop Gain - 25 

IF Voltage Gain - 65 

Parallel I nput Resistance. - 9.0 

Parallel Input Capacitance - 6.0 

Nominal Zener Voltage (lZ = 5.0 mAde) - 11.6 

Power Supply Current (lz = 5.0 mAdc) - 31 

Power Dissipation (IZ = 5.0 mAde) - 300 

Notel: QL is loaded circuit Q. 

FIGURE 1 - TEST CIRCUIT (VCC = +12 Vdc, TA = +250 C) 

12 VReg t 
4 

50 

I
O.1JJ.F 

L = 45.80. j.lH, (Coil·Craft 01030 or equiv.) 
(l = 60 nom at 2.5 MHz 

Rdc = 3.8 ohms -= 
J; O.OlpF 

0.1 pF 
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MIx Unit 

160 ~V(rms) 

dB 
-
-
- % 

- V(rms) 

V(rms) 

-
-

- dB 

- dB 

- kG 

- . pF 

- Vdc 

- mAde 

'375 mW 

lOOk 

1.Ok 

47k 

10k 
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MC1351 

TYPICAL CHARACTERISTICS 
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10 

FIGURE 2 - DETECTED AUDIO OUTPUT versus INPUT 
LEVEL @ f =4.5 MHz, ±25 kHz DEVIATION 
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FIGURE 6 -IF VOLTAGE GAIN versus FREQUENCY 
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FIGURE 3 - DETECTED AUDIO OUTPUT versus INPUT 
LEVE L @ f = 5.5 MHz, ±50 kHz DEVIATION 
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FIGURE 7 - AM REJECTION 
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MC1351 

0.01 Jl.F 
INPUT~ 

FIGURE 8 - 4.5 MHz TYPICAL APPLICATION 

50 pH 

0.01 
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o.IJl.FI_ ILFr~ rl ,.~" 

25 k 
VOLUME 
CONTROL 

Vee 

7-79 

27k 

47k 
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Po = 0.5 W at 7.5 kHz Oeviation 
Po = 3.5W at 25 kHz Deviation 

...---.... 1--... +240 V 
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R= VCC-I1.S 
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ORDERING INFORMATION 

Device 

MC1352P 
MC1352PQ 

Temperature Range 
O°C to +70°C 
O°C to +70°C , 

Package 

Plastic DIP 
Plastic 

TV VIDEO IF AMPLIFIER WITH AGC 
AND KEVER, CIRCUIT 

· .. a monolithic I F amplifier with a complete gated wide-range AGe 
system for use as the 1 st and 2nd I F stages and AGe keyer and 
amplifier in color or monochrome TV receivers. 

• Power Gain at 45 MHz, 52 dB typ 

• Extremely Low Reverse-Transfer Admittance -« 1.0 Ilmho typ 

• Nearly Constant Input and Output· Admittance Over AGe Range 

• Single-Polarity Power-Supply Operation 

• High-Gain Gated AGe System for Either Positive or Negative
Going VideoSignals 

• Control Signal Available for Delayed AGe of Tu'ner 

MC1352 

TV VIDEO IF AMPLIFIER WITH 
AGCAND KEVE'R CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PO SUFFIX 
PLASTIC PACKAGE 

CASE. 647 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

FIGURE 1 - TYPICAL VIDEO IF AMPLIFIER APPLICATION 

,----....... -----+----e vec 
12 Vdc 

FL YBACK WINDING -8.0 V PULSE 

All windings #30 AWG tinned nylon acetate 
wire tuned with Arnold Type TH slugs. 
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MC1352 

MAXIMUM RATINGS (Voltages referenced to pin 4, ground; TA= +250 C unless otherwise noted) 

Rating Value Unit 

Power Supply (Pin 11) +18 Vdc 

OUtj)ut Supply (Pins 7 and 8) +18 Vdc 

Signal Input Voltage (Pin 1 or 2, other pin ac grounded) 10 V
p

_
p 

AGC Input Voltage (Pin 6 or 10, other pin ac grounded) +O.U Vdc 

Gating Voltage, Pin 5 +10, -20 Vdc 

Power DIssipation b:.!5 mw 
Derate above T A = +250 C 5.0 mWtOC 

Operating Temperature Range o to +70 uc 
Storage Temperature Range -55 to +150 vc 

ELECTRICAL CHARACTERISTICS (VCC = +12 Vdc Voltages referenced to pi~ 4, ground; T A = +250 C unless.otherwise noted.) 

Characteristic Min Typ Max Unit 

AGC Range - 75 - dB 

Power Gain dB 
f = 35 MHz or 45 MHz - 52 -

f = 58 MHz - 50 -

Maximum Differential Output Voltage Swing V
p

_p 
OdB AGC - 16.8 -

-30 dB AGC - 8.4 -

Voltage Range for RF-AGC at Pin 12 Vdc 
Maximum - 7.0 -
Minimum - 0.2 -

IF Gain Change Over RF-AGC Range - 10 - dB 

Output Stage Current (17 + 18) - 5.7 - mAdc 

Total Supply Current (17 + 18 + 111) - 27 - 31 mAdc 

Total Power Dissipation - 325 370 mW 

DESIGN PARAMETERS, TYPICAL VALUES (VCC = 12 Vdc, TA = +250 C unless otherwise noted.) 
-

Parameters Symbol f-35MHz f-45MHz f-58MHz Unit II 
Single-Ended Input Admittance gll 0.55 0.70 1.1 mmhos 

b11 2.25 2.80 3.75 

Input Admittance Variations with AGC (0 to 60 dB) ~911 50 60 - /-Imhos 
~bl1 0 0 -

Differential Output Admittance 922 20 40 75 /-Imhos 
b22 430 570 780 

Output Admittance Variations with AGC(O to 60 dB) ~922 3.0 4.0 - /-Imhos 
~b22 80 100 -

Reverse Transfer Admittance IY121 «1.0 «1.0 «1.0 /-Imho 

Forward Transfer Admittance 
Magnitude IY121 260 240 210 mmhos 
Angle (Q dB AGC) LY21 -73 -100 -135 degrees 
Angle (-30 dB AGC) LY21 -52 -72 -96 

Single-Ended Input Capacitance - 9.5 10 10.5 pF 

Differential Output Capacitance - 2.0 2.0 2.5 pF 

L...-______ MOTOROLA Se,..,..,iconduct:or Product:s Inc. 
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MC1352 . \ 

Keying Section 

AGC Controlled Section 

FIGURE 2- CIRCUIT SCHEMATIC 

KEVER AND AGC AMPLIFIER 

IF AMPLIFIER 

Bias Section 

RF·AGC Amplifier and 
Delay Section 

I F Output Section 

@ MOTOROLA Sel'hicondc.icf:or Producf:s Inc. 
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MC1352 

FIGURE 3 - POWER GAIN. AGC AND NOISE TEST CIRCUIT 

AGC 
K~Y 

-8.0 V 

35and4SMHz 

Ll O.4/-1H O~ 100 O.3/JH 0",100 
T1 1.3-l.4/.1H. Q.;.100@2/JH 1.2-3.hH O;;o100@2 H 
Cl 48-100pF 40-80F 
C2 8-60 of 12-45 F 

II andTl = 126 AWG Tinned Ny ton Acetate Wire 

ll@350r45MHz=7·1I4Turnsonal/4"coillarm 
@58MHz=6Turnsonal/4"coilform 

TI PrimarvWinding=18TurnsonaIl4"coiltorm 
Secondarv Winding = 2 Turns Wound Evenly overPrimarv 

Winding lor 35 or 45 MHz and 1 
Turn for 58 MHz 

SluQ: Arnold TH Material 112" long 

Vcc 
l1Vdc 

AGCINPUT 

TUNER AGC OUTPUT 

~II chokes (lpl areself·resollate 
at Input Irequency. Lp :. 20 k~! 
See Figure4 lor Response Curve 

GENERAL OPERATINGINFORMATIO~ 

The MC1352 consists of an AGC section and an IF signal 
amplifier (Figure 2) subdivided into different functions as indi
cated by the illustration_ 

A gating pulse. a reference level. and a composite video Signal 
are required for proper operation of the AGC section. Either 
positive or negative-going video may be used; necessary connections 
and signal levels are shown in Figure 1. The essential difference is 
that the video ,is fed into Pin 10 and the AGC reference level is 
applied to Pin 6 for a -video signal with positive-going' sync while 
the input connections are reversed for negative-going sync. 

The acti~n of tile gating section is such that the proper voltage. 

~ 

FIGURE 4 - TEST CIRCUIT RESPONSE CURVE 
(45 and 58 MHz) 

/v "" " 1(, '\ 
\J, 

/1' 'f'. 
~ 

,,/" 

Scale: 1 MHz/em 

............... 

Vc. is maintained across the external capacitor. C2. for a particular 
video level and dc reference setting. The voltage VC. is the result 
of the charge delivered through 01 and the charge drained by 01. 
The charge delivered occurs during the time of the gating pulse. 
and its magnitude is determined by the amplitude of the video 
signal relative to the dc reference level. The voltage Vc is delivered 
via the I F-AGC amplifier and applied to the variable gain stage of 
the IF Signal amplifier and is also applied to the RF:AGC amplifier. 
where it is compared to the fixed RF-AGC delay voltage reference 
by the differential amplifier. 02 and 03. The following stages 
amplify the output signal of 02 and shift the dc levels causing the 
RF-AGC voltage to vary. 

The input amplifiers (04 and 05) operate at constant emitter 
currents so that input impedance remains independent of AGC 
action. Input signals may be applied single-ended or differentially 
(for acl. Terminals 1 and 2 may be driven from a transformer. but 
a dc path from eithefterminal to ground is not permitted. 

AGC action occurs as a result of an increasing voltage on the 
base of 06 and 07 causing those transistors to conduct more heavily 
thereby shunting signal current from the interstage amplifiers 08 
and 09. The output amplifiers are fed from an active current 
source to maintain constant quiescent bias thereby holding output 
admittance nearly constant_ 

NOTES: 

1. The 12-V supply must have a low ac impedance to prevent low
frequency instability in the R"F-AGC loop. This can be achieved 
by a 12-V zener diode and a large decoupling capacitor. (5IlF). 

2 .. Choices of C1, C2 and C3 depend somewhat on the set designers' 
preference concerning AGC stability versus AGC recovery speed. 
Typical values are C1 = 0.1 j/oF, C2 =O.25j/oF, C3 = 10j/oF. 

3. To set a fixed I F-AGC operating point (e.g., for receiver align
ment) connect a 22 kn resistor from pin 9 to pin 11 to give mini
mum gain, then bias pin 14 to give the correct operating point 
using a 200 kn variable resistor to ground. 

4. Although the unit will normally be operating with a very high 
power gain. the pin configuration has been carefully chosen so 
that shielding between input and output terminals will not 
nor'mally be necessary even when a standard Socket is used. 

FIGURE 5 - TVPICAL AGe APPLICATION CHART 

Video Pin 6 Pin 10 Pin 5 
Polarity Voltage Voltage Rl (n) 

Negative- 5.5~ Adj. 1.0-4.0 Vdc 
Going 

2.0 -- --
0 

Sync. Nom 2.0 V 
0 I 

Positive- Adj. 1.0-B.0 Vde 

<~J1 Going 
Sync . Nom 4.5 V 3.9 k 

@ MOTOROLA Semiconductor Products Inc. 
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MC1352 

TYPICAL -CHARACTERISTICS 
(Vee = +12 Vdc, T A = +250 e unless otherwise noted.) 

FIGURE 6 - SINGLE·ENDED INPUT ADMITTANCE FiGURE 7 - DIFFERENTIAL OUTPUT ADMITTANCe 
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FIGURE 8 - FORWARD TRANSFER ADMITTANCE 
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FIGURE 10 - AGC CHARACTERISTICS 
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FIGURE 9 - DIFFERENTIAL OUTPUT VOLTAGE 
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FIGURE 11 - TYPICAL NOISE FIGURE 
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ORDERING I~FORMATION 

Device 

MC1355P 
MC1355PO 

Temperature Range 

O°C to +75°C 
O°Cto +75°C 

Package 

.. Plastic DIP 
Plastic 

BALANCED FOUR-STAGE 
HIGH-GAIN FM/IF AMPLIFIER 

· .. desighed for use with Foster-Seeley discriminator or ratio detector 
in high quality FM systems_ 

• High AM Rejection (60 dB typ) 

• Wide Range of Supply Voltages (8 to 18 Vdc) 

• Low Distortion (0.5% typ) 

FIGURE 1 - DuAL MC1355 FM IF APPLICATION 

IF 
INPUT 470 

RS' 
50 

4.7pF 

• All other pins grounded 
T-Ratio Detector (input impedance ~ 1.5 k) G.1. #36231 or equivalent 

7-85 

+15V 

MC1355 

LIMITING FM 
IF AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

33 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

PQSUFFIX 
PLASTIC PACKAGE 

CASE 647 \ 

• 



MC1355 

MAXIMUM RATINGS (T A = +250 C unless otherwise noted.) 

Rating 

Output Voltage (pins 7 & 8)· 

Supply Current to pin 11 

Input Signal Voltage (single-ended) 

Input Signal Voltage (differential) 

Power Dissipation (package limitation) 
Derate above T A = +250 C 

Operating Temperature Range (Ambient) 

Stor~ Temperature Range 

ELECTRICAL CHARACTERISTICS (VCC = 1.5 Vdc, f = 10.7 MHz, T A = +250 C) 

Characteristic Min 

Power Supply Voltage Range 8.0 

Total Circuit Current -
Total Output Stage Current -
Device Dissipation -
Internal Zener Voltage -
Input Signal for, 3dB Limiting -
Output Current Swing 3.5 

AM Rejection (10mvto 1.0v (rms) -
input, FM @ 100%, AM @ 80%, Foster Seeley detector! 

Admittance Parameters Yl1 -
Y12 -
Y21 -
Y22 -

• FIGURE 2 - CIRCUIT SCHEMATIC 

111VCC 

500 500 500 500 500 500 

14 

IN ~<4~> r<4~>Jr<4~)J r 
- 2 k 

7k 7k 

7k 7 k 
.'-1 ~ 

", ~ ~ 

5k 500 6 k 6 k 500 6 k 6k 500 6 k 

Pi 'ns 2,3,6,9, 12, and.!3 are not internally connected 10 5 
but should be grounded for maximum stability. FEEDBACK 

7·86 

Value 

40 

20 

5.0 

10 

625 
5.0 

o to +75 

-65 to +150 

Typ Max 

15 18 

16 -
4.2 -
125 -
5.2 -
175 250 

4.2 5.0 

60 -

120 + j320 -
jO.6 -

8+ j5.9 -
15 + j230 -

>LK 3.4 k 

r1::: ~r. 
'-I 
,.-" 

~~ 
4k 140 4k ~Ir 

Unit 

Vdc 

mA 

Vp-p 

Vp-p 

mW 
mW/oC 

°c 
°c 

Units 

Vdc 

mAdc 

rnA 

mW • 

Vdc 

/.tV(rms) 

mAp-p 

dB 

",mhos 
",mho 
mhos 

/.tmhos 

·OU 
7 
TPUTS 
8 

j~5.2V 

4 
GND 



MC1355 

C2 
R2 

TYPICAL CHARACTERISTICS 

FIGURE 3 - TEST CIRCUIT 

01 

R3 

RFIT'NPUT. 

Rl 820 ohms 
R2 50 ohms 
R3 1000hms 

Cl 50 pF 
C2 O.Ol/lF 

Vec = 15 Vdc 
01 Small Signal Germanium Diode 

T1 10.1 MHz Foster·Seeley Discriminator. 
(1 N542 or equiv) 

R4 5 kilohms 
R5 12 kilohms 

Primary Impedance = 3.9 k. 
Peak·to·Peak Separation = 600 kHz 

Specifications are given for a Foster-Seeley discriminator. Im
proved AM rejection at low signal levels can be obtained with a 
ratio detector. 

For optimum circuit stability it is important to ground pins 2, 
3,4,6,9,12, and 13. 

FIGURE 4 - AM REJECTION TEST BLOCK DIAGRAM 
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RF I I----- L MIXER R r----(10.1 MHz) OR ED.UIV 
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FIGURE 6 - AM REJECTION 
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MC1355 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 7 - OUTPUT DISTORTION FIGURE 8 - SIGNAL-TO-NOISE RATIO SIGN~L 
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I I I I 

1 VCC = 15 Vdc I. .1-
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1\ (Use Test Circuit of Figure 3) 
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Cf.I 
Q 
2F 
0 40 
~ 
c( 

1 I 1 1 

7~ :.fzCo~~~::~DN r-
~ I I , , 

'" 
i-""'" 
~ ..-

/ 
,.... jkl°Y'ATIr r-

,/ / 1 I 1 1 
z 

\ (!l 
c;; ./,r ,/ (Use Test Circuit of Figure 3) 

0.1 
" ....... 

1.0 10 100 1000 

20 
V./ 
V o 

0.01 0.1 

1 1 'I 

1 1 1 
1.0 10 100 

SIGNAL INPUT VOLTAGE (mV(rms]) SIGNAL INPUT VOLTAGE (mV(rms]) 

< ..s 
I-

~ 
B 
=!:; 
8: 
~ 

20 

18 

16 

14 

12 

10 

8.0 

6.0 

4.0 

2.0 

o 
8.0 

FIGURE 9 - TOTAL SUPPLY,CURRENT 

"../' 
(Use Test Circuit of figure 3) .,/"~ 

./ 
"., 

.,/" 

/"" 
,.,... 

./ 
,..-

10 12 14 16 18 

SUPPLY VOLTAGE (VOLTS) 

7-88 

1 

1 
1000 



ORDERING INFORMATIO'N 

Device Temperature Range Package 

MC1356P Plastic DIP 

FM DETECTOR AND LIMITER 

... includes a limiting amplifier,. a quadrature discriminator, and a 
voltage regulator; and is designed primarily for FM receiver appli
cations. It is similar to the MC1357 and includes built-in regulation 
capable of supplying 20 mA to external circuitry. 

Features: 

• Good Line and Load Regulation 

• Low Harmonic Distortion 

• Single Tuning Coil Design 

• Direct Replacement for ULN2136 

MC1356P 

FM DETECTOR 
AND LIMITER 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 

P SUFFIX 
PI.ASTIC PACKAGE 

CASE 646 

Oe·Emp. 

V reg 

Oet.ln 

Test Point 

Amp!. Out 
I.ow 

FIGURE 1 - TYPICAL AUTOMOTIVE APPLICATIONS CIRCUIT 

120 pF 

--!:.!..-
o.l1&Fl 

3.9 k 

3 2 
.0.11'F 

Input~ 
MC1356 

330 

5 

O.l1'F 

L 1 = Coil Craft 0·1031 (14IlH) 

Typical Performance 
1 mV rms Input 

5 Watts Output 

4.7 pF 
+ 

10 IlF 

11 

14 

Regulated Voltage 4.7 k 

(8 V. 20 mA max) r + 

110jlF 

7-89 
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13 

9 

MC1385 

20k 

+~k 
0.001 IlF 

Line Filter 

or 
equivalent 

0.24 
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MC1356P 

MAXIMUM RATINGS 

Rating Value 

Supply Voltage +16 

Power Dissipation @TA = +250 C (Rackage Limitation) 1.0 
Derate above 25°C 7.7 

Operating Temperature ~ange -25 to +85 

Storage Temperature Range, -65 to +150 

Regulator Load (Pin 13) 20 

ELECTRICAL CHARACTERISTICS (VCC = 12 Vdc, T A =2SoC unless otherwise noted.l 

Characteristic 

Recommended Operating Voltage 

Drain Current 

Amplifier Input Reference Voltage 

Detector Input Reference Voltage 

Detector Output Voltage 

Amplifier Input Resistance I 

Amplifier Input Capacitance 

Amplfier Output Resistance 

De-Emphasis Resistance 

Temperature Sensitivity of Power Supply 

Temperature Sensitivity of Output Voltage 

R~gulation Voltage 

DYNAMIC CHARACTERISTICS (FM Modulation Frequency = 1.0 kHz, TA = 250 C) 
(Vce = 12 Vdc, fo = 10.7 MHz, f = ±75 kHz) 

, Characteristic 

AM Rejection 
(VIN = 10 mVrms) 

Input Limiting l'hreshold Voltage 

(·3 dB, VIN @ 10 mVrms) 

Recovered Audio Output Voltage 
(VIN = 10 mV(rms) 

Output Distortion 
(VrN = 10 mVrms) 

Signal to Noise (VIN = 10 mV rms) 

F,IGURE 2 - MC1356P TEST CIRCUIT 

'n
p

u
t ,o--------c-l....,l1", 

40 JJF -= 
Outputo----e~--ir-_+------_r--~_;---_, 

L1 
Colleraft 
0-1031 

3.9 k I 

Pin 

3 

3 

6 

2-

1 

4 

4 

10 

14 

13 

1 

13 

Pin 

1 

4 

1 

1 

1 

14 

Unit 

Vdc 

W 
mW/oC 

°c 

°c 

rnA 

Min Typ Max Unit 

10 - 16 Vdc 

14 16 19 rnA 

1.3 1.4 1.5 Vdc 

3.3 3.5 3.7 Vdc 

3.0 3.8 4.6 Vdc 

- 15 - kn 
- 7.0 - pF 

-- 90 - Ohms 

7.0 8.8 10.5 kn 

- +0.2 - mV/oe 

- +0.3 - mV/oC 

7.9 8.1 8.3 Vdc 

Min Typ Max Unit 

36 42 - dB 

- 400 500 IlV(RMS) 

350 450 550 mV(RMS) 

- 1.0 2.0 % 

- 70 - dB 

,2 
2k 

3 
T

,O.Ol JJF 
'---<>------\----.. - - - -, 

-= J 390 
VCC o----+---e~-~---------o--+-~ 

4 

C3 
51 C4 

5 

6 

O.lJ.4F

J 
8 

7-90 

C5 .: Max Load 

I 1 Regulated 

-= {=-Output 

Capacitor, Cl -thru C5 
are selected for max 
impedance of 1 Ohm at 
10.7 MHz 



MC1356P 

FIGURE 3 - AM REJECTION 
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Mci356P 

FIGURE 8 - TYPICAL FM RADIO RECEIVER BLOCK DIAGRAM USING MC1356P 

MC1356P r - -------, 
Regulatec\ 

...... --+-c:) Voltage I 
I 
I 
I 

(8 Vdc, 20 mA max) 

FIGURE 9 - MC1356P TEST CIRCUIT SCHEMATIC 

10-16 V 0--.--_------1_----. 
2 12 

40---------------~ 
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ORDERING INFORMAnON 

Device 

MC1357P 
MC1357PQ 

Temperature Range 

aoc to +75OC 
aoc to +75°C 

Package 

Plastic DIP 
Plastic 

tv SOUND IF OR FM IF AMPLIFIER 
WITH QUADRATURE DETECTOR 

• A Direct Replacement for the ULN2111A 

• Greatly Simplified FM Demodulator Alignment 

• Excellent Performance at Vee = 8.0 Vdc 

FIGURE 1 - TV TYPICAL APPLICATION CIRCUIT 

820 +22 V 

+ CI 
T50~F LI 

0.1 pF 3.0 pF 

i I 
RI 

n.1 ~F 13 12 

e---t 4 

INPUT MCI357 R2 
51 

100 k 

0.1 j.LF 

MC1357 

IF AMPLIFIER 
AND QUADRATURE 

DETECTOR 

SILICON MONOLITHIC 
INTEGRATED CI RCUIT 

MC1316 

•..... , 
. -

i 

P SUFFIX 

PLASTIC PACKAGE 
CASE 646 

...... ~.~ ·~I 
PQSUFFIX 

PLASTIC PACKAGE 

I 
I 
I 
I 

CASE 647 

6 7 

150j.LF 

O.OOS p.F, 
I 
,~ 1_ 0.1p.F , 

L-----------~-+--~~--~~~~--~~--------_4_. 

Typical Performance; 
2 Watts Output 
2% Distortion 
250j.LV Sensitivity (3 dB Lim.) 

CI = 120pF 
L1 = 14 j.LH 
RI =20kn 
0=30 

(Optional) -= 
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MC1357 

MAXIMUM RATINGS (TA = +250 e unless otherwise noted) 

Rating Value Unit 

PO\l\ler Supply Voltage 16 Vdc 

Input Voltage (Pin 4) 3.5 Vp 

Power Dissipation (Package Limitation) 625 mW 
, Plastic Packages 

mWfOC Derate above T A = +250 C 5.0 

Operating Temperature R~nge (Ambient) o to +75 °c 
Storage Temperature Range -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (Vee = 12 Vdc, TA = +250 C unless otherwiSe noted.) 

Characteristic Pin Min Typ Max Units 

Drain Ourrent VCC= 8 V 13 10 12 19 mA 
VCC= 12V, - 15 2.1 

Amplifier Input Reference Voltage 6 - 1.,45, - Vdc 

Detector Input Reference Voltage 2 - 3.6~ .. - Vdc 

Amplifier High Level Output Voltage 10 1.25 ,lA5 1.65 Vdc 

Amplifier Low Level Output Voltage 9 - 0.145 0.2 Vdc 

Detector Output Voltage VCC= 8 V 1 - 3.7 - Vdc 
Vee= 12 V - 5.4 -

Amplifier Input Resistance 4 - 5.0 - kn 

Amplifier Input Capacitance 4 - 11 - pF 

Detector Input Resistance 12 - 70 - kn 

Detector I nput Capacitance 12 - 2.7 - pF 

Amplifier Output Resistance 10 - 60 - ohms 

Detector Output Resistance 1 - 200 - ohms 

De-Emphasis Resistance 14 - 8.8 - kn 

DYNAMIC CHARACTERISTI'CS (FM Modulation'Freq. = 1.0 kHz, Source Resistance = 50 ohms, T A = +250 e for all tests.) 

(Vec = 12 Vdc, fo = 4.5 MHz, ~f = ±25 kHz, Peak Separation = 150 kHz) 

Characteristics Pin Min Typ Max Units 

Amplifier Voltage Gain (Vin ~ 50 ~V[rmsl) 10 - 60 - dB 
AM Rejection* (Vin = 10 mV[rmsl) 1 - 36 - dB 
Input Limiting Threshold Voltage 4 - 250 - ~V(rms) 

Recovered Audio Output Voltage (Vin = 10 mV[rmsl ) 1 - 0.72 - V(rms) 

Output Distortion (Vin = 10 mV[rmsl) 1 - 3 - % 

(VCC = 12 Vdc, fo = 5.5 MHz, ~f = ±50 kHz, Peak Separation::: 260 kHz) , 

Amplifier Voltage Gain (VinS 50~V[rmsl) 10 - 60 - dB 
AM Reiection* (Vin = 10 mV[rmsl) 1 - 40 - dB 
Input Limiting Threshold Voltage 4 - 250 - IlV(rms) 

Recovered Audio Output Voltage (Vin = 10 mVl.rmsl) 1 - 1.2 - V(rms) 

Output Distortion (Vin = 10 mV[rmsl ) 1 - 5 - % 

(Vee = 8.0 Vdc, fo = 10.7 MHz ~f= ±75 kHz Peak Separation = 550 kHz) 

Amplifier Voltage Gain (Vin ~ 50 Vfrmsl) 10 - 53 - dB 
AM Reiection* (Vin = 10 mVlrmsl) 1 - 37 - dB 
Input Limitin!l Threshold Voltage 4 - 600 - ~V(rms) 

Recovered Audio Output Volt8!le (Vin = 10 mV[rmsl) 1 - 0.30 - V(rms) 

Output Distortion (V'n = 10 mV[rmsl) 1 - 1.4 - % 

(Vee= 12 Vdc, fo = 10.1 MHz, ~f = ±75 kHz, Peak Separation = 550 kHz) 

Amolifier Volta!le Gain (Vin t;; '50 ~V f rmsl ) 
, 

10 - 53 - dB 
AM Rejection* (Vin = 10 mV[rms]) 1 - 45 - dB 
Input Limitin!l Threshold Volta!le 4 - 600 - ItV(rms) 

Recovered Audio Output Volt8!le (Vin = 10 mV[rmsl) 1 - 0.48 - V(rms) 

Output Distortion (Vin = 10 mV[rmsl ) 1 - 1.4 - % 

'100% FM, 30% AM Modulation 

7·94 
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TYPICAL CHARACTERISTICS 
(VCC =, 12 V, T A = +250 C unless otherwise noted) 

(fo = 4.5 MHz) I (Use Test Circuit of Figure 13) (fo = 5.5 MHz) 

FIGURE 2 - AM REJECTION FIGURE 3 - AM REJECTION 
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TYPICAL CHARACTERISTICS (continued) 
(fo = 10.7 MHz, T A = +250 C unless otherwise noted.) 

(Use Test Circuit of Figure 13)· FIGURE 9 -'AFC VOLTAGE DRIFT 
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MC1357 

FIGURE 14 - FM RADIO TYPICAL APPLICATION CIRCUIT 

Q;20@10.7MHz 
*l = 1.5 - 3.0/lH 

**5 POLE FILTER, 
TRW #25579 OR EQUIV 

50n 
INPUT 

Note 1: 

+ 12V 

IO.1
/l

F 

Information shown in Figures 15, 16, and 17 was obtained 
using the circuit of Figure 14. 

Note 2: 
Optional input to the quadrature coil may be from either 

pin 9 or pin 10 in the applications shown. Pin 9 has commonly 
been used on this type of part to avoid overload with various 
tuning techniques. For this reason, pin 9 is used in tests on the 
preceding pages (except as noted). However, a significant im
provement of limiting sensitivity can be obtained using pin 10, 
see Figure 17, and no overload problems have been incurred 
with this tuned circuit configuration. 
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INPUT SIGNAL VOLTAGE (mV) 
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FIGURE 18 - CIRCUIT SCHEMATIC 
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ORDERING INFORMATION 

Device 

MC1358P 
MC1358PQ 

Temperature Range 

-20"C to +75°C 
-20"C to +75°C 

'. 

Package 

Plastic DIP 
Plastic 

TV SOUND IF AMPLIFIER 

... a versatile monolithic device incorporating IF limiting, detection, 
electronic attenuation, audio amplifier, and audio driver capabilities. 

• Direct Replacement for the CA3065 

• Differential Peak Detector Requiring a Single Tuned'Circuit 

• Electronic Attenuator Replaces Conventional ac Volume 
Control - Range> 60 dB . 

• Excellent AM Rejection @ 4.5 and 5.5 MHz 

• High Stability 

• Low Harmonic Distortion 

• Audio Drive Capability - 6.0 mAp-p 

• Minimum Undesirable Output Signal @ Maximum Attenuation 

MC1358 

IF AMPLIFIER, LIMITER, 
FMDETECTOR, AUDIO DRIVER, 

ELECTRONIC ATTENUATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PSUFFIX 

PLASTIC PACKAGE 
CASE 646 

PQSUFFIX 
PLASTIC PACKAGE 

CASE 647 

FIGURE 1 - TYPICAL TV APPLICATION CIRCUIT 
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selected at the discretion of the designer. 

VCC = 24 V 
RS 
390 
1/2W 

NC 
II 

MCI3S8P,PU 

O.33/1F 

SOkn 
DC 
VOLUME 
CONTROL! 

12 

68pF f 
TONE 

25 k CONTROL 

12PFI ':" 

7-99 -

I
o.o1 1'F 

-= OE·EMPHASIS 

//
rM3.21l L.!J\J1.1W 

40:1 

• 



• 

MC1358 

MAXIMUM RATI NGS (T A = +250 C unless otherwise noted) 

Rating Value 

Input Signal Voltage (Pins 1 and 2) ±3.0 

Power Supply Current 50 

Power Dissipation (Package Limitation) 
Plastic Packages 625 

Deratj3 above T A = +250 C 5.0 

Operating Temperature Range (Ambient) -20 to +75 

Storage Temperature Range -65 to +15Q 

ELECTRICAL CHARACTERISTICS (Vee = 24 Vdc, T A = +250 e unless otherwise noted). 

Characteristic Pin Min 

Regulated Voltage 5 10.3 

De Supply Current (V+ " 9 Vdc, RS = 0) 5 10 

Quiescent QutPUt Voltage 12 -

DYNAMIC CHARACTERISTICS (Vee = 24 Vdc, T A = +250 e unless otherwise noted). 

Characteristic 

IF AMPLIFIER AND DETECTOR 

to'" 4 5 MHz ~t =±25 kHz 

AI\I1 Rejection* (Vin = 10 mV [rmsl) 

Input Limiting Threshold Voltage 

Recovered Audio Output Voltage (Vin = 10 mV[rmsl) 

Outplit Distortion (Vin =10 mV [rmsl) 
'0 = 55 MHz, At =±50 kHz 

AM Rejection* (Vin = 10 mV [rmsl) 

Input Limiting Threshold Voltage 

Recovered'Audio Output .voltage (Vin =10 mV [rmsl ) 

Output Distortion (Vin = 10 mV [rmsl ) 

Input Impedance Components (t = 4.5 1\11 Hz, measurement between pins 1 and 2) 
Parallel Input Resistance 
Parallel Input Capacitance 

Output I mpedance Components (t" 4.5 MHz, measurement between pin 9 and GND) 
Parallel Output Resistance 
Parallel Output Capacitance 

Outgut Resistance, Detector 
Pin 7 
Pin 8 

ATTENUATOR 

Volume Reduction Range (See Figure 8) 
(de Volume Control = 00) 

Maximum Undesirable Signal (See Note 1) 
(de Volume COntrol = 00) 

AUDIO AMPLIFIER 

Min 

40 

0.5 

40 

0.5 

-60 

-

Tvp 

11 

16 

5.1 

Voltage Gain 17.5 . 
(Vin =0.1 V(rms), t" 400 Hi) 

Total Harmonic Distortion -
(Vo " 2.0 V(rms), f " 400 Hz) 

Output Voltage 2.0 
(THD " 5%, t = 400 Hz) 

Input ResistC!nce (t = 400 Hz) -
Output Resistance(f = 400 Hz) -.. 
·100% FM, 30% AM Modulation. 
Note. 1. Undesirable signal is measured at pin 8 when volume control is set for minimum output .. 

7-100 

TVp 

51 

200 

0.70 

0.4 

53 

200 

0.91 

0.9 

17 
4.0 

3.25 
3.~ 

7.5 
250 

-

0.07 

20 

2.0 

3.0 

70 

270 

Unit 

Vdc 

mA 

mW 
mW/oC 

°c 
DC 

Max 

12.2 

24 

-

400 

2.0 

400 

-

1.0 

-

-

-

-
~ 

-

Unit 

Vdc 

mA 

Vdc 

Unit 

dB 

IlV(rms) 

V(rms) 

% 

dB 

V(rms) 

% 

kn 
pF 

kn 
pF 

kn 
n 

dB 

mV 

dB 

% 

V(rms) 

kn 

n 



MC1358 

TY~ICAL CHARACTERISTICS 
(VCC = 24 Vdc. T A = +250 C unless otherwise noted) 

(fo = 4.5 MHz) 

FIGURE 2 - AM REJECTION 
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MC1358, 

TYPICAL CHARACTE~ISTICS (continued) 

FIGURE 8 -GAIN REDUCTION OFATTENUATOR 
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FIGURE 14 - CIRCUIT SCHEMATIC 
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ORDERING 'INFORMATION 

Device 

MC1364P 

Temperature Range 

TV AUTOMATIC 
FREQUENCY CONTROL 

Package 
Plastic DIP 

• High Gain Amplifier - 18 mV I nput for Full Output 

• Direct Replacement for the CA3064 

• Also Availabl~ in the 14-Lead Dual I n-Line Package 

FIGURE 1 - TYPICAL APPLICATION CIRCUIT 

10k 
3W 

MC1364 

AUTOMATIC 
FREQUENCY CONTROL. 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 
CASE 646 

PLASTIC PACKAGE 

,---~--~~-4~----------------------~VV------------------------------.+140V 

FROM 3rd VIDEO IF 
AMPLIFIER 

0.001 ,F I 

12 
4~'~~~THZ ~'-----i---4D--I 

O.OOIIlF 

O.OOIIlF I 

82 
pF 

L1 

14 

Circuit diagrams utilizing Motorola products are included as a 'means 
of .illustrating typical semiconductor applications; consequently. 
complete information sufficient for construction purposes .is not 
necessarily given. The information has been carefully checked and 

68 pF 

1 k 

1 k 

See page 3 of this specification for 
Coil Data (Ll. L2. L3). 

AFC 
OUTPUTS 

is believed to b,e entirely reliable. However. no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the pat!'nt rights of Motorola Inc .. or others. 
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MAXIMUM RATINGS (TA = +250 C unless otherwise noted) 

Rating MC1364P Unit 

Input Signal Voltage (Pin 12 to 14l +2.0, -10 Vdc 

Output Collector Voltage (Pins 3 and 14) 20 Volts 

Power Oissipation (Package Limitation) 625 mW 
Derate above T A = +250 C 5.0 mW/oC 

Operating Temperature Range o to +75 °c 
Storage Temperature Range -65 to +125 °c 

ELECTRICAL CHARACTERISTICS (VCC = +30 Vdc, TA = +250 C, see Test Circuit of Figure 4 unless otherwise noted.) 

Characteristic Min Typ Max Unit 

Total Device Dissipation 140 mW 

Total Supply Current 12 mA 

Current Drain, Total 4.0 6.5 9~o mA 
(Reduce Vec so that Vl0 = 10.5 Vdc) 

Zener Regulating Voltage 10.9 11.8 12.8 V 

Quiescent Current to Pin.3 1.0 2.0 4.0 mA 

Quiescent Voltage at Pin 5 or Pin 8 5.0 6.6 8.0 V 

Output Offset Voltage (Pin 5 to Pin 8) -1.0 0 +1.0 V 

DESIGN PARAMETERS, TYPICAL VALUES (Vcc = +30 Vdc, RS'" 1.5 k, f = 45.75 MHz) 

Parameter 

I nput Admittance 

Reverse Transfer Admittance 

Forward Transfer Admittance 

Output Admittance (Pin 3) 

Symbol 

Yll 

Yf2 

Y21 

Y22 

TYPICAL CHARACTERISTICS 
(See Test Circuit of Figure 2) 

FIGURE 2 - TYPICAL NARROW BAND 
DYNAMIC CHARACTERISTICS 

16 
Vin ~ 18 mV(RMS) 

16 

14 14 

'~ 12 

~ r---t-- --I----

Typ Unit 

0.4+ jl mmho 

0+ j3.4 Ilmho 

110 + j140 mmhos 

0.02 + jl mmho 

FIGURE 3 - TYPICAL WIDE BAND 
DYNAMIC CHARACTERISTICS 

Vin = 18 mV(RMS) 

~8 ~~ 
10 

UJ 

'" « / [~ ~~8 VPin5 

~ 8.0 

> 
I- 6.0 k "t:::=== 

0 

""" V 0 
:::l 
CL g .... V "'r-.. 0 

I--""' V --... r--. 
0 2. 

o 
45.71 4,.72 45.13 45.74 45.75 45.16 45.77 45.78 45.79 

4.0 

2.0 

o 
43.75 

" ~Pin5 J Pin 8 

r I 
44.75 45.75 

INPUT FREOUENCY (MHz) INPUT FREQUENCY (MHz) 

/ 
/V 

46.75 47.75 

@ MOTOROLA Se,.,iconductor Products Inc. ---------' 
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FIGURE 4 - TEST CIRCUIT 

RS = 1.5 k Vee 
r-~--~--~~-----v~--------4+30V 

50 MC1364 

1
0.001 
I'F 

~------T-------~ 

14 

Vee - 11.8 
RS = 0.012- ohms 

5 

68 
pF 

1 k 

o.oOll'F * OU~~~TS 
1 k 

O.OOII'F J 

COIL DATA FOR DISCRIMINATOR WINDINGS 
FOR FIGURES 1 AND 4 

L1 - Discriminator Primary: 3-1/6turns;AWG#20 enamel-covered 
wirl! - close-wound, at bottom of coil form. I nductance of 
L 1 = 0.165 ",H; 0 0 = 120 at fo = 45.75 MHz. 
Start winding at Terminal #6; finish at Terminal #1. See 
Notes below. 

L2 - Tertiary Windings: '2-1/6 turns; AWG #20 enamel-covered 
wire - close-wound over bottom end of L 1. 
Start winding at Terminal #3; finish at Terminal #4. See. 
Notes below. 

L3 - Discriminator Secondary: 3-1/2 turns; AWG #20 enamel
covered wire, center-tapped, space wound at bottom of coil 
form. 

'- Start winding at Terminal #2; finish at Terminal #5, connect 
center tap to Terminal #7. See Notes below. 

Notes: 1. Coil Forms; Cylindrical; -0.30" Dia. Max. 
2. Tuning Core: 0.250" Dia. x 0.37" Length. 

Material: Carbinal J or equivalent. 
3. Coil Form Base: See drawing below. 
4. End of coil nearest terminal board to be designated the 

winding start end. 
5. Mount the coils 3/4" apart, center to center. 

(Bottom view 
of coil form) 

1:'7'j 
07T 

o 30 

2 600~ 
jTVP 

FIGURE 5 - CIRCUIT SCHEMATIC 

5 k 900 5 k 900 

14 

1.5 k 

@ MOTOROl.A Se,...;conduc~or Produc~s Inc. _______ ..J 
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+30 

FIGURE 6 -PRINTED CIRCUIT BOARD AND PARTS ARRANGEMENT 
(Copper Side) 

OUTPUT 

@ MOTOROLA Sellniconducf:or Producf:s Inc. 
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/ ORDERING INFORMATION 

Device Temperature Range Package 

. MC1375P Plastic DIP 

FM IF AMPLIFIER, LIMITER, FM DETECTOR, 
, .AND AUDIO PREAMPLIFIER 

· .. a monolithic device designed for use in solid-state FM receivers. 

• Excellent Sensitivity: Input Limiting Voltage (Knee) = 250J,tV 
typical 

• Excellent AM Rejection: 55 dB typical at 10.7 MHz 

• Internal Zener Diode Regulation for the I F Amplifier Section 

• Low Harmonic Distortion 

• Differential Peak Detection: Permits Simplified Single-Coil Tuning 

• Audio Preamplifier Voltage Gain: 21 dB typical 

• Minimum Number of External Parts Required 

• Direct Replacement for CA3075 

MC1375P 

FM IF AMPLIFIER, 
LIMITER, FM DETECTOR 

AND 
AUDJO PREAMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PLASTIC PACKAGE 
CASE 646 

FIGURE 1 - TYPICAL FM APPLICATION 

10.7 MHz 
INPUT 

RS= 330.Q 

+12 V 

~'01'F I 1.8 k 

*10.7 MHz Filter; Vernitron FM·4 or equivalent 
**L = 6.0 pH nom 

Adjust Rfor QL '" 55 

100 

7-108· 

12 

27 k 

0.05pF 
6.8 k 

Pins not shown are not connected. 

1 O.Q1pF 

AUDIO 
OUTPUT 



MC1375P 

MAXIMUM RATINGS ITA = +250 e unless otherwise noted.) 

Rating Value Unit 

Power Supply Voltage +16 Vdc 

Power Dissipation (Package Limitation) 
Plastic Package 625 mW 

Derate above T A = +2SOe 5.0 mW/oe 

Operating Temperaturll Range -40 to +85 °e 

Storage Temperature Range -65 to +150 °e 

ELECTRICAL CHARACTERISTICS (Vee = +11.2 Vdc, VEE = Gnd, TA ~ +250 C unless otherwise noted.) 

Charact8fistic Min Typ Max Unit 

Current Drain - 19, 29 mA 

DC Voltage at pin 8Nin = 0) - 5.4 - Vdc 

Amplifier Input Resistance (Vin" 20 mV, 10.7 MHz) - 5.0 - kn 

Amplifier Input Capacitance (Vin = 20 mV, 10.7 MHz) - 5.0 - pF 

DYNAMIC CHARACTERISTICS (Vee = +11.2 Vdc, VEE = Gnd, fmod = 1.0 kHz, T A = +2SoC unless otherwise noted.) 

Min Typ Max Unit 

IF AMPLIFIER AND DETECTOR (fO = 10.7 MHz, A f = ± 75 kHz) 

AM Rejection- (Vin = 10 mV) - 55 - dB 

Input Limiting Threshold Voltage - 250 600 ",V(RMS) 

. Reco'vered Audio Output Voltage 500 625 - mV(RMS) 

Output Distortion (Vin = 10 mV[RMS)) - 0.75 - % 

Signal-to-Noise Ratio (Vin = 1.0 mV) - 68 - dB 

AUDIO AMPLIFIER (Audio Test Frequency; f = 1.0 kHz) 

Voltage Gain (Vin = 100 mV) - 21 - dB 

Total Harmonic Distortion (VO" 2.0 V[RMS)) - 1.2 - % 

Input Impedance (pin 141' - 100 - kn 

*100% FM, 30% AM Signal 
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CD ... 
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Z 
o 
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c( . 
-' 
~ 1= 1. 0 

TYPICAL CHARACTERISTICS 

(All measurements at T A = +2SoC. VCC = 11.2 V; see test circuits of Figure 9 and 10.) 

FIGURE 2 - AM REJECTION 

. 
i.-

./ ....... 

~ 
V 100% FM. 30% AM 

"" 
10'1" 

I--"" 

0.5 1.0 2.0 5.0 10 20 50 100 200 

INPUT SIGNAL VOLTAGE (mVjRMSJ) 

FIGURE 4 - IF AMPLIFIER AND DETECTOR THO 

±75 kHz DEVIATION 
fmod = 1.0 kHz 

t'-""" 

0.5 1.0 2.0 5.0 10 20 50 100 200 

INPUT SIGNAL VOLTAGE (mV [RMS]) 

FIGURE 6 - AUDIO AMPLIFIER THO 

[1 

J 
f = 1.0 kHz V 

l/ 
I"- "'- .J...100 

0.1 0.2 0.5 1.0 2.0 5.0 

OUTPUT SIGNAL VOLTAGE (V jRMS)) 
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FIGURE 3 - RECOVERED AUDIO OUTPUT 
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FIGURE 8 -CIRCUITSCHEMATIC 

FIGURE 9 - AM REJECTION, THD, RECOVERED 
AUDIO, AND SIN TEST CIRCUIT 

-l = 6.01JH nom 
Adjust R for Ol ~ 55 

7 -111 

FIGURE 10 - AUDIO VOLTAGE GAIN AND 
'THD TEST CIRCUIT 

+1L2Vdc 

Vo 
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Advance InforIDation 

5-WATT AUDIO POWER AMPLIFIER 

The MC1384 is a monolithic integrated circuit intended for use as 
a low frequency class B amplifier. It provides 5 watts typical of 
audio power output at 16 volts and 4 ohms, 4 watts typical at 14.4 
volts and 4 ohms, 2 watts typical at 9 volts and 4 ohms, and works 
with a wide range of supply voltages (4 to 20 volts) . 

• Thermal Shutdown 

• Wide Supply Voltage Range 
(4 to 20 Volts) 

• High Current Capability 

• "Angel" Power Package 

MAXIMUM RATINGS· 

Rating 

Supply Voltage 

Output Peak Current (Non-Repetitive) 

Output Current (Repetitive) 

Maximum Junction Temperature 
-Storage Temperature Range 

Operating Temperature Range 

Symbol Value 

VCC 20 

10 3.5 

10 2.5 

TJ 150 

Tstg -65 to +150 

TA o to +70 

FIGURE 1 - TYPICAL APPLICATION CIRCUIT 

R3 
100 

'VCC:~--~-------'----~~--------~VV---------' 

Input~-.... -----~ 

R2 
100 k 

R4 
60 

C7 
5600 pF 

R1 
1.0 

This II advance Informetlon and .peclflcatlon~ are subject to change without notice. 
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Unit 

V 

A 

A 

°c 
°c 
°c 

MC1384 

5-WATT AUDIO 
POWER AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

.. ~.- , 

~ PO SUFFIX 
. ;"'-'--"'" PLASTIC PACKAGE 

CASE 722A 

POM SUFFIX 
PLASTIC PACKAGE 

CASE 722 

PIN CONNECTIONS 

ORDERING INFORMATION 

Device Temperature Range 
MC1384PQ Oto +700 C 
MC1384PQM Oto +70oC 

Package 
Plastic 
Plastic 



MC1384 

ELECTRICAL CHARACTERISTICS (VCC = 14.4 Vdc, RL = 4.0 fl, f = 1.0 kHz, TA = 250 C unless otherwise noted, 
see Figure 1 test circuit.) 

Characteristic Symbol Min Typ Max· 

Quiescent Drain Current 10 - 12 20 
(ein = 0) 

Qu~escent o.utput Voltage Vo. - 7.4 -
(ein':: 0) 

Bias Current Ib - 0.4 - -
Power o.utput Po 

(10% Distortion) 
VCC = 16 V - 5.0 -
VCC = 14.4 V - 4.0 -
VCC =9.0 V - 2.0 -

Sensitivity, Input Voltage ein 
(Po. = 4.0 watts) 

Rf = 56 n - 50 -
Rf=.22 n - 22 -

Input Resistance q - 5.0 -
Frequency Response fB 

(-3.0 dB) 
C3 =820 pF - 40-20,000 -
C3 = 1500pF - 40-10,000 -

Distortion d - 0.4 -
(Po = 50 mW to 1.0 W) 

o.pen-Loop Voltage Gain AVo.L - 80 -
Closed-Loop Voltage Gain AVCL - 38 -
Equivalent Input Noise en - 2.0 -

(RS = 0, Bandpass = 20 Hz to 20 kHz) 

Power Supply Rejection Ratio PSRR ~ - 38 -
(fripple = 1.0 kHz) 

® MOTOROLA Serniconduc1:or Produc1:& Inc. 
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Unit 

mA 

V 

/JA 

W 

mV 

Mn 
Hz 

-
% 

dB 

dB 

/JV 

dB 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC1385P Plastic DIP 

CLASS B AUDIO DRIVER 

The MC1385 Class B Audio Driver is ideai for low voltage single
supply audio driver applications as found in consumer and indus~ 

trial electronics. 
Along with excellent audio reproduction, care has been taken to 

design in features significant to the automotive radio such as short 
circuit protection, supply line transient protection (commonly called 
"load dump"). Because of the current limiting shut down circuit, 
the requirement for.a large heat sink has been significantly reduced. 

• Internal Power Supply Transient Protection 

• Built-In Programmable Short-Circuit Current Limiting 

• Reduced Heat Sink Requirement 

• Excellent Power-Supply Ripple Rejection - 35 dB Typ 

• Typical Operation from 9.0 Vdc to 16 Vdc 

• Excellent Sensitivity - 4.0 mV (Typ) for 1 W 

• 5-Watt Driving Capability 

MC1385 

CLASS B 
AUDIO DRIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PLASTIC PACKAGE 

CASE 646 

FIGURE 1 - TYPICAL APPLICATION CIRCUIT 

+ 
10i.tF /16 V 

12 

1 k 

+ 
10/lF/16 V ~ 

15 J.lF/16 V 

20 k 

2k 

0.001 J.lF 

14.4 Vdc 

+~ MJE2150' RL 

or equiv -= 3.2 

0.24 

• For idle current considerations, pbwer transistors used with the MC 1385 
driver require VSE(on) @ IC = 50 rnA, 0.65 V-0.69 V, VCE = 5.0 Vdc, 
TC = 2SoC. 
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MC1385 
MAXIMUM RATINGS (TA = +250 C unless otherwise noted ) 

Rating Value Unit 

Power Supply Voltage . Steady State 25 Vdc 
Transients of 50 ms or less (1) 40 

Maximum Sink or Source Current 50 mA 
Pin 5 or 8 

Power Dissipation (Package limitation) @ T A = 25°C 625 mW 
Derate Above +250 C 5.0 mW/oC 

Operating Ambient Temperature Range -40 to +85 °c 

Storage Temperature Range -65 to +150 °c 

ELECTRICAL CHARACTERisTICS (Vcc = 14.4 Vdc, RL = 3.2 ohms, f = 1.0 kHz, T A = +250 C unless otherwise noted.) 

Characteristic Figure 

Voltage Gain 2 

(Vin = 10 mVRMS, VCC = 14.4 Vdc, R2 = 160 H, f = 1.0 kHz) 

Total Harmonic Distortion 2 
(Vout =4.0VRMS,R2= 160n,f= 1.0 kHz) 

Power Supply Overvoltage Shutdown (1) -

Drain Current 2 

Power Output 1 
(THO = 10%) 

Input Sensitivity Voltage 1 

(PO = 1.0W) 

Total Harmonic Distortion 1 
(PO = 1.0W) . 

Output Noise 1 
(BW = 50 Hz to 6.0 kHz, Input Shorted) 

Power-Supply Rejection 2 
(Ripple = 1.0 VIp-pI @ f = 1.0 kHz) 

Input Impedance -

Efficiency @ 5-Watts 1 

Recommended Heat Sink Temperature Coefficient 1 
for Output Device Mounting (Figure 15) 

(1) These specifications were developed to meet typical automotive load dump requirements. 

FIGURE 2 - TEST CIRCUIT 

250 I-tF/50 V Vee 
.-~----~~----------~ 

15l-tF 
10 I-tF/50 V 

Vin:p + 1.0l-tF 

R1' 600 

1.0 k 
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Min Typ Max 

400 - -

- - 5.0 

- 22 -

- 10 -
- 6.7 -

- 4.0 -

- 0.5 -

- 2.0 -

- 35 -

- 5.0 -

- 69 -

- 6.0 -

+l.T . . vout 

160

1 

Unit 

Vdc 

% 

Vdc 

mA 

W 

mV(RMS) 

% 

mV(RMS) 

dB 

kn 

% 

°C/W 
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MC1385 

CI RCUIT OESCR IPTION 

The total system is shown in Figure 3. The signal path 
consists of two closed-loop blocks: the preamplifier and 
the output amplifier. This configuration allows improved 
ripple rejection and a faster turn-on time than with a 
single closed-loop system. The two principal fault modes 
of ove,rvoltage and overcurrent are avoided by the "load 
dump" and "short circuit" blocks respectively. The regy
lator provides the preamplifier with immunity to the noise 
injected on the supply line. 

FIGURE 3 - SYSTEM BLOCK DIAGRAM 

The regulator circuitry is shown in Figure' 5. Noise 
voltage on the supply line is attenuated by the RC filter 
network of R 1 +.R2 and C1. The preamplifier supply line 
noise is further attenuated by the ratio of R3 to the small 
signal impedance of Zl which is about 40 n. The noise 
injected at the base of 51 is determined by the ratio of 
R 14 to the impedance on the base of 51. 

The output impedance of 05-is small compared to C2 
and the input impedance of 51 is large, so the impedance 
at the base of 51 is C2 in parallel with R 15. 

The preamplifier is a two stage amplifier with localized 
feedback. Device 02 provides bias for the first gain stage 
03 which is directly coupled to the second gain stage 04. 
The output device 05 is an emitter follower with feedback 
provided by R 11. 

The output amplifier is a differential amplifier driving 
a Darlington, common-emitter stage. 

The short circuit protection. is provided by 010 and 
012 in conjunction with two external resistors. The value 
of the external resistor is set by the choice of desired 
output peak current and Equation 1. 

VBE(on) 010 or 012 (1) 
RE = Ip 

where I p = desired 'output peak current 
VBE(on) = 720 mV at 250 C 

RE = value of current limit resistor 

Load dump protection, illustrated in Figure 5, is pro
vided by three zener diodes, Z2, Z3 and Z4 and 09. When 

the supply voltage exceeds the combi ned breakdown volt
age of the three zener diodes (22 V typically) and the 
turn-on voltage of 09,' the base of 015 and the collector 
of all are 'pulled to the saturation voltage of 09 or less 
than one volt. This completely turns off both external 
discrete devices which places them in a BVCER condition. 
With R26 across the base-emitter junction of the MJ E2050, 
the device will remain off and unharmed as long as the 
transient voltage excursion is below 40 volts. 

PERFORMANCE OF PROTECTION CIRCUITS 

The MC1385 incorporates shut down circuits to pre
vent destruction of the MC1385 and outputs under 
these conditions. 

As was shown in Figure 5, the supply line transient 
voltage shutdown circuit is a function of zener diodes 
Z2, Z3, Z4. The circuit shuts down the outputs for volt
ages on Pin 9 of 22.0 Vdc (typically). 

The current limiti~g is adjustable by means of the re
sistors in the emitter of the MJ~2050 and the collector of 
the MJE2150. Equation 1 may be used to select these 
resistors given the limit of peak output current, I p, desired. 

The selection of these resistors and consequently the 
short circuit current determines the amount of heat sink
ing required for the output devices. For example, with 
the resistors selected in the application circuit of Figure 1, 

. the Ip is approximately 3.0 A with an average current of 
, about 1.1 A. This circuit requires a heat sink of about 

6.0OC/watt on the combined output devices to provide short 
circuit protection at V supply of 14.4 Vdc and T A = 250 C. 
It is suggested that the user measure the heat being de
velope'd in the output devices under his required short 
circuit test to make certain the output device T Jmax of 
1500 C is not being exceeded. 

FIGURE 4 - CONVENTIONAL A-LINE FIL TERING 

Automotive 390/olH 
Voltage ~ To Radio 

. - ________ .. ...1! Circuits 
Supply 1000/olF/1&V 1 

SUPPLY LINE FILTERING (ALTERNATOR WHINE) 

Figure 4 represents the conventional method of filter
ing the automotive supply line. 

The combination of the choke and 1000 f.lF capacitor _ 
attenuated the voltage transients (primarily alternator 
whine) on the A-line to a point where they are inaudible 
at the speaker output. However, the A-line choke repre
sents a bulky, expensive component at a time when 
reduction of radio size is an important design goal. 

Also due to it'S placement in series with the output 
devices, the impedance of the choke provides an unde
sirable voltage drop and therefore a· reduction in audio 
power output. 

Figure 6 illustrates a suggested A-line filtering scheme 
for use with the MC1385. 

Experiments regarding alternator whine indicate that 
the, 10 n series resistor an,d the existing 1000 f.lF A-line 
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FIGURE 5 - TOTAL SYSTEM SCHEMATIC 

MC1385 
----------------------------

1-+-0 , 0 Battery 

R' 

-= 

• R Current Limi t Resistors 

• 

RL 

S 
n 
~ 

CAl 
00 
Con 



• 

MC1385 

FIGURE 6 - SUGGESTED A-LINE FIL TERING WITH' MC1385 

1N4001 

dther 
Radio 

Supply 
Line 

Circuits 

electrolytic are effective in attenuating alternator whine. 
The diode is included to permit the load dump por
tion of the I/C to be connected directly to the A
line and thus remove the time delay associated with the 

10 n/1000 iJ.F circuit. The diode is necessary if load 
dump protection is required. 

PERFORMANCE AND APPLICATION INFORMATION 

The following section covers performance character
istics and application information 01) the· MC13851 
MJE2050/MJE2150. 

Figure 1 illustrates the typical circuit configuration that 
was used to generate the performance curves and data 
shown in Figures 7 thru 14. Performance measurements 
were made at 14.4 V; however, the test circuit in Fig
ure 1 will operate satisfactorily over the automotive 
voltage range of 9-16 Vdc. 
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FIGURE 10 - TOTAL HARMONIC DISTORTION versus 
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FIGURE 11 - POWER OUTPUT versus AMBIENT TEMPERATURE 
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FIGURE 12 - IDLE CURRENT versus AMBIENT TEMPERATURE 

1.2 

~ 1.1 
:;j 
« 
~ 
o 
z 
i= 1.0 

~ 
B 
~ 0.9 
!2 

t'... VCC = '14.4 V 

"' J 12 Vde 

-....... ~ K.. 

I 
10Vde 

I 
OUTPUT DEVICE IDLE CURRENT 
TYPICALLY RANGES BETWEEN -
10jA-25jA 

I I O.B 
-3.0 +30 +60 +90 

AMBIENT TEMPERATURE (OC) 

FIGURE 13 - POWER OUTPUT versus LOAD RESISTANCE 
@ 10% TOTAL HARMONIC DISTORTION 

10 

9. 0 

c;; B. 0 

S 7. 0 
s: 

0 i= 6. 
~ 
I- 5.0 
=> o 
a: 4. 0 
~ 
~ 3. 0 

2.0 

1.0 

...... ~ 

'" \.. 
THO = 10% 
VCC = 14.4 vde-f---
f = 1.0 kHz 

"- "" ...... ------ -
00 2.0 4.0 6.0 B.O 10 12 14 16 

LOAD RESISTANCE (OHMS) 

7-119 

... 
"CI 

z 
0 

~ 
a: 
w 
-' 
11. 
11. 

iii: 

~ 
~ 
a:: 

~ 
~ 

FIGURE 14 - POWER SUPPLY REJECTION versus 
POWER SUPPLY RIPPLE FREQUENCY 

50 

40 

30 

20 I--

I--

10 

o 
100 

--I--' --.......... ~ 

/ 

_ INPUT SHORTED 
RL = 3.2 Ohms 

_ VCC = 14.4 Vdc 
RlrPLE I O.IIV(~M~)· 

200 300 500 1.0 k 2·.0 k 3.0 k 5.0 k 

POWER SUPPLY RIPPLE FREQUENCY (Hz) 

10 k 

FIGURE 15 - CALCULATING TOTAL SURFACE AREA OF 
FABRICATED HEAT SINK FROM REQUIRED VALUE 

OF THERMAL RESISTANCE 

600 

400 

200 \ I- lIS·IN. THICK SQUARE SHEET, 

V BRIGHT ALUMINUM 

\ I I I 
I 

~ 150 \ \ C~lINDIRICAL 
\ 

'" 
HORIZONTAL FINS, -

0 

en 120 
:r 
~ 100 

N 80 
c: 

~ 60 
« 
w 
'-' 

~ 40 

~ 30 
-' « 
I-
0 
I-

20 

10 

8.0 

\ 
'" 

(~~~~~:LL~~~~~~CAL IN TEST) -

1\ 
, / 

A 1\ I, 
/ 

V \ 1'1 
/ \ 

/ , 
\ FLAT 

-VERTICAL FINS, 
BLACK ALUMINUM \ ~ I I 

CyllNDRILL 
V ""'\ 1\ 

VERTICAL FINS, ~ i\' BLACK ALUMINUM 

\ 

2.0 3.0 4.0 5.0 7.0 10 20 

THERMAL RESISTANCE (OCIW) 

50 

• 



• 

ORDERING INFORMATION 

Device 

MC1391P 
MC1394P 

Temperature Range 

O°C to +75°C 
O°C to +75°C 

Package 

Plastic DIP 
Plastic DIP 

TV HORIZONTAL PROCESSOR 

· .. low-level horizontal sections including phase detector; oscillator 
and pre-driver - a device designed for use in all types of television 
receivers_ 

• Internal Shunt Regulator 

• Preset Hold Control Capability 

• ±300 Hz Typical Pull-In 

• Linear Balanced Phase Detector 

• Variable Output Duty Cycle for Driving Tube or Transistor 

• Low Thermal Frequency Drift 

• Small Static Phase Error 

• Adjustable dc Loop Gain 

• MC1391P - Positive Flyback Inputs 

• MC1394P - Negative Flyback Inputs 

Mel39lP 
MCl394P 

TV HORIZONTAL 
PROCESSOR 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

PLASTIC PACKAGE 
CASE 626 

Vnonreg 

+30 V 
FIGURE 1 - TYPICAL APPLICATION CIRCUIT 

I 
RA Re 

+150 V 
470 470 

Ii. 
~3k 

l 
CA + Rd 

Hold 
High 

'00"'1 2.7 k RC . Voltage 

12 k RX 

~ 
Tripier 

4k 
0.0068 Ry 3.3 k 10W 

~~L 
0.0051 cc} ""r 150 k 

2.4 k_ lce ~F l 1~~ .JL 
-

8 7 6 ( 5 MJ105 fV 2.2 k 
. or Equiv 

r--'-' ....... 

~ MC1391P 1.5 k Y 
or 

RZ
t 

0 MC1394P" 
82 k 

0.001_!::-
K ~F 'I" 
E 

'-- ~5.3:1 _~0.Q1 MRD_ 
~-4 :> 1140· :;:" ~F 

1 2 3 
or 

3 

:;:~0.1 ~F Equiv 
:;:~ 39 k 

"MC 1394P designed to accept 
reverse polarity sawtooth at 
Pin -4 if sync pulse not derived 
from MJ105 collector. 

~ 

~ -Et( M"'U".:' ; 
I:: 1.5 

- or Equiv 

0.003 _I..-
:;:~0.1 ~F ~F .;:" 

~ tR z = 6.8 k per 100 V of flyback amplitude. 
-20 V Sync 

This circuit has an oscillator pull-in range of ±300 Hz, a noise bandwidth 
of 320 Hz, and a damping factor of 0.8. 
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MC1391P, MC1394P 

MAXIMUM RATINGS (T A = +250 C unleSs otherwise noted.! 

Rating Value Unit 

Supply Current 40 mAdc 

Output Voltage 40 Vdc 

Output Current 30 mAdc 

Sync Input Voltage (Pin 31 5.0 
"-

V(p-pl 

Flybacklnput Voltage (Pin 41 5.0 V(p-pl 

Power Dissipation (Package Limitation) 
Plastic Package 625 mW 
Derate above T A = +250 C 5.0 mW/oC 

Operating Temperature Range (Ambient) o to +75 °c 
Storage Temperature Range -65 to +150 °c 

ElECTR ICAl CHARACTER ISTICS ITA = +250 C unless otherwise noted.) (See Test Circuit of Figure 2. all switches in position 1.1 

Characteristic Min Typ Max Unit 

Regulated Voltage (Pin 6) 8.0 8.6 9.0 ",dc 

Supply Current (Pill 6) - 20 - mAdc 

Collector-Emitter Saturation Voltage (Output Transistor Vdc 
Q1 in Figure 6) 
(lC = 20 mAo Pin 1) Vdc - 0.15 0.25 

Voltage (Pin 4) - 2 .. 0 - Vdc 

Oscillator Pull-in Range (Adjust RH in Figure 2) - ±300 - Hz 

Oscillator Hold-in Range (Adjust RH in Figure 2) - ±900 - Hz 

Static Phase Error Io'S 
(Af =300 Hz) - 0.5 -

F'ree-ninning Frequency -Supply Dependance '..., HzIVdc • (51 in position ,2) - ±3.0 -
Phase Detector Leakage (Pin 51 Io'A 

(All switches in position 2) - - ±1.0 

Sync Input Voltage (Pin 3) 2.0 - 5.0 V(p-pl 

Sawtooth Input Voltage (Pin 4) 1.0 - 3.0 V(p'pl 

7-121 
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MC1391P, MC1394P 

1.0"F 3.3 k r'· .rsr-2 
- 1 ~ 

IlA -1~1 S1 

-= +4.0 V 6 

R1 150k 

12 k 7 

)'3 k 

1 k 
6800 pF 

8 

I 1 k 

4 ~ 2k 

TYPICAL CHARACTERISTICS 
(T A = +250 C unless otherwise noted.) 

FIGURE 2 - TEST CIRCUIT 
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MC1391P, MC1394P 

FIGURE 6 - CIRCUIT SCHEMATIC 

CIRCUIT OPERATION 

The MC1391P and MC1394P contain the oscillator, phase de
tector and predriver sections needed for a television horizontal 
APC loop. 

The oscillator is an RC type with one pin (Pin 7) used to con
trol the timing. The basic operation can be explained easily. If 
it is assumed that 07 is initially off, then the capacitor connected 
from Pin 7 to ground will be charged by an external resistor (RC) 
connected to Pin 6. As soon as the voltage at Pin 7 exceeds the 
potential set at the base of 08 by resistors R8 and R 1 0, 07 will 
turn on and 06 will supply base current to 05 and 010. Transistor 
010 will set a new, lo~er potential at the base of 08 determined 
by R8, R9 and R10. Then, transistor 05 will discharge the 
capacitor through R4 until the base bias of 07 falls below that 
of 08, at which time 07 will turn off and the cycle repeats. 

The sawtooth generated at the base of 04 will appear across 
R3 and turn. off 03 whenever it exceeds the bias set on Pin 8. 
By adjusting the potential at Pin 8, the duty cycle (MSR) at the 
predriver output pin (Pin 1) can be changed to accommodate either 

7-123 

tube or transistor horizontal output stages_ 
The phase detector is isolated from the remainder of the circuit 

by R14 and Z2. The phase detector consists of the comparator 
015,016 and the gated current source 017_ Negativegoingsync 
pulses at Pin 3 turn off 012 and the current division between 
015 and 016 will be determined by the phase relationship of the 
sync and the sawtooth waveform at Pin 4, which is derived from 
the horizontal flyback pulse. If there is no phase difference be
tween the sync and sawtooth, equal currents will flow in the 
collectors of 015 and 016 each for half the sync pulse period. 
The current in 015 is turned around by 018 so that there is no 
net output current at Pin 5 for balanced conditions. When a phase 
offset occurs, current will flow either in or out of Pin 5. This 
pin is connected via an external low-pass filter to Pin 7, .thus 
controlling the oscillator. 

Shunt regulation for the circuit is obtained with a zero temp
erature coefficient from the series combination of D1, D2 and Z1. 

• 
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MC1391P, MC1394P 

APPLICATION INFORMATION 

Although it is an integrated circuit. the MC1391 P and MC1394P 
have all the flexibility of a conventional discrete component 
horizontal APC loop. 

The internal temperature compensated voltage regulator allows 
a wide supply voltage variation to be tolerated. enabling'operation 
from nonregulated power supplies. A minimum value for supply 
current into Pin 6 to maintain zener regulation is about 18 mAo 
Allowing 2mA for the external dividers 

A + A = Vnonreg{minl-8.8 
A S 20 x 10-3 

Components AA. AS and CA are used for ripple rejection. If 
the supply voltage ripple, is expected to be less than 100 mV (for 
a 30 Volt supply) then AA and AS can be combined and CA 
omitted. 

The output pulse width can be varied from 6 J.lS to 48 J.ls by 
changing the voltage at Pin 8 (see Figure 5). However. care 
should be taken to keep the lead lengths to Pin 8 as short as possi
ble to prevent ringing which can result in erroneous output pulses 
at Pin 1. The parallel impedance of AD and AE should be close 
to 1 k.n to ensure stable pulse widths. 

For 15 mA drive at saturation 

A _ V nonreg - 0.3 
F - Hi. x 10-3 

The oscillator free-running frequency is set by AC and Cs 
connected to Pin 7. For values of AC ~ Adischarge (R4 in Figure 
6). a useful approximation for the free-running frequency is 

1 
fO=---

0.6 ACCS 

Proper choice of AC and Cs will give a wide range of oscillator 
frequencies - operation at 31.5 kHz for count~down circuits is 
possible for example. As long as the product ACCSR:: 10-4 many 
combinations of values of AC and Cs will satisfy the free-running 
frequency requirement of 15.734 kHz. However. the sensitivity 
of the oscillator {m to control-current from the phase detector 
is directly dependent on the magnitude of AC. and this provides a 

convenient method of adjusting the dc loop gain (fc). 

For a given phase detector sensitivity (J.ll =·1.60 x 10-4 A/rad 

fc = J.lf3 and f3 = 3.15 x AC Hz/mA 

Increasing AC will raise the de loop gain and reduce the static 
phase error (S.P.E.) for a given frequency offset. Secondary effects 
are.to increase the natural resonant frequency of the loop {wnl 
and give a wider pull-in range from an out-of-Iock condition. The 
loop will also tend to be underdamped with fast pull-in times. 
producing good airplane flutter performance. However. as the 
loop becomes more underdamped impulse noise can cause shock 
excitation of the loop. Unlimited increase in .the dc loop gain will 
also raise the noise bandwidth excessively causing horizontal jitter 
with thermal noise. Once the dc loop gain has been selected for 
adequate S.P.c. performilOce. the loop filter can be used to produce 
the balance between other desirable characteristics. ' Damping of 
the loop is achieved most directly by changing the r.esistor AX 
with respect to Ay which modifies the ac/dc gain ratio {ml of 
the loop. Lowering this ratio will reduce the pull-in range and 
noise bandwidth {fnnl. (Note: very large values of Ay will limit 
the control capability of the phase detector with a corresponding 
reduction in hold-in rangel. 

Static phasing can be adjusted simply by adding a small resistor 
between the fly back pulse integrating capacitor and ground. The 
sync coupling capacitor should not be too small or-it can charge 
during the vertical pulse and this may result in picture bends at 
the top of the CAT. 

NOTE: 

In adjusting the loop parameters, the following equations may 
prove useful: 

=~ 
W

n Y{1 +XIT 

X2Twc K=--'-. 4 

RX X=
Ry 

Wc = 2 7r fc 

T= Ry Cc 

where: 

K = loop damping coefficient 



TV VERTICAL PROCESSOR 

... designed for universal use in black and white as well as large
screen color television receivers. 

• I njection Locked Oscillator 

• Greater Than 12 Hz Injection 

• LowTher mal Drift 

• Eliminates Centering Control 

• Independent Vertical Hold and Size Controls 

• Scan Current Independent of Yoke Variations 

• Retrace Pulse for Effective Blanking 

MC1393 

TV VERTICAL 
PROCESSOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PLASTIC PACKAGE 
CASE 648 

• Linear Sawtooth Amplification ORDERING INFORMATION 

Temperature Range 

FIGURE 1 - TYPICAL APPLICATION CIRCUIT 

+25 ve-~----------~~~------------~----------------~-t--------, 
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0.01 j.lF 

-y- ~-"'t--'II~~-t 

470 k 

+25V 
680 k 750 k 
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1.0 

1l.!~V ....... ---,4V· 71/'k 
..... +25 V 

Linearity -::-
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YOKE 
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3n 

2000 
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. MC1393 

MAXIMUM RATINGS (TA = +250 C unless otherwise noted) 

Rating Value Unit 

Power Supply Voltage 30 Vdc 
Junction Temperature 150 °c 
Operating Ambient Temperature Range Oto +70 °c 
Storage Temperature Range -65 to +150 °c 

ElECTR ICAl CHARACTER ISTICS (VCC = +25 V T A = +250 C) (Figure 1) 
Characteristic Typ Unit 

Supply Drain( 1) 525 mAdc 

Oscillator Frequency (Pin 16) 60 Hz 
Oscillator Supply Sensitivity 0.3 Hz/V 
Oscillator Drift , 130 PPM/oC 

Oscillator Injection (Pull-In) 12 Hz 
Driver I nput Sawtooth Amplitude (Pin 2) 3.0 VIp-pI 
Output Current (Yoke) 3.0 A(p_p) 

Scan Non-Linearity 8.0 % 

Note 1: Total Current Includes Current in Circuit External to the IC. 

CIRCUIT DESCRIPTION 

Oscillator 

The oscillator employs two differential amplifiers (01, 
02, and 07, 08). A capacitor at Pin 16 is charged by a 
current source 06 until it reaches a voltage that turns on 
01. 07 is turned on by 01 providing a discharge path for 
the voltage stored at Pin 16. 012 is on during the same 
period as 01, and provides a discharge path for a ramp 
generated at Pin 2. 01 stays on until the capacitor voltage 
is discharged to a level that turns O].off. A ne'gative sync 
pulse at Pin 1 turns 010 on and increases the oscillator 
frequency by lowering the 01 switching voltage. 

Complementary Driver 
A sawtooth generated at Pin 2 is level shifted to the 

~river inputs 024 and 027. 017 and an NPN output tran
sistor at Pin 6 are a current driver function for one-half 

of the output. 020 acts as a current amplifier providing 
base current for the NPN output transistpr. The current 
gain between 020 and the qutput transistor is inversely 
proportional to the resistanCE! ratio of R37 and the output 
emitter resistor. 1.0 mA of current through R37 will pro-

. duce 1.0 A through a 1.0 ohm output-emitter resistor, 
thus providing a gain of 1000. Q20, 031 and a PNP out
put transistor at Pin 10 are a second current driver func
tion, making up the other half of the complementary 
output. 035 provides base current for the output. The 
maximum amount of base curre.nt drive is determined by 
the current in the voltage divider on Pins 7 and 11. Pin 3 
is a return path for the dc and provides for automatic 
centering. Pin 8 is the collector output of 018 providing 
a positive blanking pulse. 

@ MOTOFIOLA Se,..iconductor Products Inc. 



MC1393 

FIGURE 2 - CIRCUIT SCHEMATIC 
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RO I R1 
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R3 
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R4 
3k 

01 
R6 1 k 

R5 Rl0 R11 
010 
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R7 RS 
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4 

Circuit diagrams utilizing Motdrola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarilv given. The information has been carefully checked a~d 

14 13 

10 

11 

R25 
3 

400 

5 8 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information ·does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola I nco or others. 

@ MOTOROLA SelTJiconduc"tor Produc"ts.lnc. _______ ---' 
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ORDERING INFORMATION 

Device Temperature Range Package 
MC1398P Plastic DIP 

TV COLOR PROCESSING CIRCUIT 

... a chroma I F amplifier with automatic chroma control, color killer, 
dc chroma control, and injection lock reference system followed by 
dc hue control. 

MC1398P is a monolithic device designed for use in solid·state 
color television receivers. 

• Minimum Number of External Components 
• DC Control of Both Chroma Amplitude and Hue Shift 
• Crystal·Controlied Internal Feedback Oscillator 
• Built·in Noise Immunity 
• Schmitt Trigger Color Killer 
• Automatic Chroma Control 
• Internal Burst Gate and Gate Pulse Shaping Circuit 
• High Oscillator Lock-in Sensitivity 
• Built·in Supply Regulation 

Mel39S 

TV COLOR PROCESSING 
CIRCUIT 

SILICON M9NOLITHIC 
INTEGRATED CIRCUIT 

PLASTIC PACKAGE 
CASE 646 

FIGURE 1 - TYPICAL CHROMA APPLICATIONS CIRCUIT 
(MC1398P. MC1326 and MPSU10) 
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CHRQMAINPUT 
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_' --1~--' 
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T1.T2:SteFiqurI!10torcoildaI3 

TO PIN 14 
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MC1398 

MAXIMUM RATINGS (T A = +250 C unless otherwise noted) 

Rating Value 

Power Supply Current " 35 

Horizontal Pulse Input Current 250 

Power Dissipation (package limitation) 625 
Derate above T A = +250 C 5.0 

Operating Temperature Range (Ambient) -20 to +75 

Storage Temperature Range -65 to +150 

ELECTRICAL CHARACTERISTICS (VCC = +20 Vdc, RS = 390 ohms, TA = +250 C unless otherwise noted.) 

Characteristic 

Regulated Voltage (IS = 35,mA) 

(IS = 27 mAl 

Maximum Undistorted Chroma Output, See Note l,E(pin 3) = E(pin 14) 

Maximum Chroma Gain 
E(pin 3) = E(pin 14), See Note 1 

Automatic Chroma Control Range (ACC) 
-3.0 dB down from maximum undi~torted output ,see Note 1 

Chroma Burst Level to Kill, See Note 1 

Manual Chroma Gain Control Range 
(I\·V(pin 3) (V(pin 14) to 0 Vdc) 

Chroma I n put Resistance 

Chroma I nput Capacitance 

Chroma Output Impedance 

Horizontal Input Pulse 

Oscillator Output 

Oscillator Output Impedance 

Hue Control Range 
(6 V(pin 12) (V(pin 14) to 4.3 Vdc) 

Oscillator Pull·ln Range 

Oscillator Noise Bandwidth (fN) 

Static Phase Error with Oscillator Detuning 
25 mV(p-p) Burst Amplitude 
2.0 mV(p-p) Burst Amplitude 

Note 1: With 5.0 mV(p-p) burst input at pin 5 
set E(pin 10) to just "unkill". 

Min 

9.0 

-

0.8 

34 

-

-

50 

-

-
-

2.2 

100 

-

100 

1200 

-

-
-

FIGURE 2 - MC1398P TEST CIRCUIT 
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MC1398 
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MC1398 

TYPICAL CHARACTERISTICS 
(T A = +250 C unless otherwise noted) 

(F igures 4 through 9. See Test Circu it of Figure 2.l 

FIGURE 4 - INPUT/OUTPUT CHARACTERISTICS FIGURE 5 - REGULATED VOLTAGE 
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MC1398 

FIGURE 10 - PRINTED CIRCUIT LAYOUT OF MC1398P, MC1326, and MPSU 10 TRANSISTORS 

~----------------~--------------------~--6in.----------------------------------------~. I 

NOTES: 

KILLER/ACC ADJUST 

~% . r~) 
BOTTOM HORIZONTAL 

HUE CONTROL INPUT 
. LIMIT 

All resistors are 1/4 W unless otherwise noted. 
(Copper Side Shown) 

HUE CONTROL . +24 Vdc 

L1: -f-J0.875j 

SLUG -::..l L1: 80 TURNS OF 

LUMINANCE 
INPUT 

0.25 ~I 0.1875 0.5 -

EXTRACTED ~ STANDARD #38 AWG 
I I I J=-J. HEAVY POLYTHERMALEZ 

---l 0.5 t-r-1.0~ WIRE. 

MC1398P APPLICATIONS INFORMATION 
MC1398P is. a multifunction circuit with considerable gain as
sociated with the chroma amplifier and oscillator sections. It is 
important to the circuit layout utilizing the MC1398P that 'the 
chroma amplifier, oscillator, and oscillator output/hue section 
grounds are separated from each other. Ground loop problems 
will interfere with. oscillation stability and lock-up if this pre
caution is not observed. 

Care must be. exercised to avoid coupling from the oscillator 
output to the crystal circuitry connected to pin 8. Stray coupling 
of these two points can result in excessive oscillator shift; or in 
some cases, oscillator drop-out during adjustment of the hue 
control. 

A suitable circuit layoutforthe.MC1398P is shown in Figure 10. 
An adjustable capacitor (1.5-20 pF in parallel with a fixed 

22 pF capacitor) is shown in series with the 3.58 MHz crystal. This 
capacitor is used to adjust the oscillator exactly on frequency, 
and ensures excellent oscillator lock-up. However, acceptable 
oscillator performance can be obtained with a fixed value of capaci
tance (thi.s value is dependent on the designers' choice of crystals). 
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BLANKING 
INPUT 

OUTPUT 

4in. 

TOP TAP 

'¥ 
BOTTOM 

VIEW 

1 }69.6 TURNS 

F}5.3TURNS 

COILCRAFT FORM #10-32 OR EaUIV 
UNIVE.RSAL AWG #36 WI RE OR EaUIV 
L= 26 #,H 

INPUT OUTPUT 

f$TTOM 
PRIMASDfY SECONDARY 
WINDING WINDING 
82 ,URNS 55 TURNS 

- VIEW) 

COILCRAFT FORM #10-32 OR EaUIV 
UNIVERSAL AWG #36 WIRE OR EaUIV 
Lp = 12 #,H primary winding 
LS = 8.8 #,H secondary winding 

K '" 0.4 

This coil data is intended as an aid only. It is 
expected that many designers will want to use 
other approaches. 



MC1398 

MC1398P CIRCUIT DESCRIPTION 

The MC1398P is capable of providing the entire color processing 
function between the second detector and the demodulator for 
television color receivers. 

A band pass filter from the second detector provides a 50 mV 
(p-p) signal (for a saturated color bar pattern) at the input to the 
first chroma amplifier stage (02, 03, 08, 091. Because of 02 
emitter load resistor the input impedance is determined primarily 
by the bias resistor (R3) and is about 2.3 kilohms. Since 02 is the 
current source for the differential pair (03 and 09), the chroma 
information will pass to the load resistor (R7) and then to the 
second chroma amplifier (0171. To avoid overload of 017, the 
maximum gain to 017 base is only X3 and by varying the bias at 
the base of 09 it is possible to reduce the stage gain by 23 dB 
without signal distortion; the signal being "dumped" by 09 
collector into the supply. Since this automatic chroma control 
action ~ill vary the dc bias at 017 base the emitter load of 0,7 is 
the current source 018, maintaining the dc operating current. 018 
collector is bypassed externally to prevent ac signal attenuation. 

During picture scan time, the chroma signal passes through the 
output level control amplifier (010,011,0,5,021), By changing 
the bias on 011 and 0,5 bases the signal can either pass to the 
output pin 2 or be "dumped" into the supply through 011· The 
use of buffer stages 0, 0 and 021 prevent distortion at low-signal 
levels and the control range is better than 70 dB. The signal output 
is also buffered by 0,4 and 020, thus providing a low impedance 
drive of up to 2.0 V (p-p) to the demodulator, with an overall 
gain between pins 5 and 2 of 40 dB. To enable the chroma signal 
output to reach the amplifiers from 017 collector, 012 is held in 
conduction by 05 which in the absence of any input on pin 4 is not 
conducting. This high collector voltage also holds 026 in 
conduction, clamping the input to the burst channel and preventing 
chroma information reaching the oscillator. During picture retrace 
time, a ,positiveiloing 4.0 jJ.S pulse from the line sweep transformer 
will turn 05 "on" and 07 "off". When 05 collector goes low, 
012 will become "cut-off" preventing the burst signal at 017 
coUector from reaching the output pin 2. At the same time, 026 
turns "off" opening the burst channel. The high collector voltage 
of 07 turns on 0,6 and 022. 0,6 passes the burst signal from 
017 collector to the subcarrier regenerator and 022 "fills-in" for 
012 during the gate period to prevent a .dc shift in th'e pin 2 
output voltage. 

The gated burst signal is applied to the oscillator through 027 
and 028. 029, 050 and 035 together with 027 and 028 form 
an injection 10l=ked oscillator circuit. At series resonance of the 
crystal connected to pin 8 the impedance of pin 8 is very low, 
thereby reducing the 3.579545 MHz carrier level at the base of 
050. The signal at the base of 029 is not reduced but the output 
voltages in R33 and R42 will change. Any signals outside the 

response band of the crystal will appear equally at 050 and 029 
bases and be suppressed in the output by the differential amplifier 
common-mode rejection ratio (about 40 dBI. To maintain 
oscillation, a feedback signal with the correct phase is passed by 
035 back to the input of 027. Careful control of the resistor 
ratios ensures t,hat 029 and 050 are operated linearly with about 
350 mV (p-p) at R33 and R42, due to self oscillation. A burst 
signal as low as 2.0 mV (p-p) at the chroma input is sufficient to 
cause the oscillator to lock to the reference phase and frequency. 

As the burst amplitude increases, the level at 029 and 050 
collectors changes and this shift is used to provide the automatic 
chroma control function. 042 and 045 form a modified differential 
amplifier and with zero offset bias 045 conducts most of the 
current from 043. As an increasing burst level swings 029 and 
050 collectors, the current from 043 is shunted into 042. At a 
point predetermined by the setting of the automatic chroma control 
connected to pin 10, the composite lateral PNP of 047 and 046 
will be biased into conduction. This amplifier has a gain of unity 
and a filter capacitor (connected to Q46 base) prevents any 
tendency to oscillations. Diode CR9 provides thermal compen
sation to ensure a steady color-killer threshold point. The increas
i ng current through 0,3 emitter is used to control 09 base, 
attenuating the input signal as the burst amplitude increases. The 
current from 0,3 also keeps 019 in saturation. When the input 
signal becomes too small for satisfactory color rendition, 0,3 
current· falls and 0,9 comes out of saturation. This means 025 
will saturate, clamping 021 base and "killing" the chroma output 
stage. R24 in the Schmitt trigger circuit ensures that the color
killer will have hysteresis to prevent fluttering between "on" and 
"off" states. 

The oscillator output voltages at R33 and R42 are used to 
drive 038 and 039 into limiting so that as the burst amplitude in
creases the oscillator activity to around 700 rtlV (p.p), there will 
be no change in the oscillator output amplitude at pin 13. 038 and 
039 are used as current sources with a 1800 phase difference for 
the differential pairs 030 and 031, 034 and 037. A small 
capacitor attached externally to 039 collector adjusts the total 
phase difference to 1350

. Since the signal appearing in the load 
resistor R51 will be the vector sum of .031 and 037 signals, 
varying t/le base bias of 038 and 034 will change the oscillator 
output phase over the 135 range. 040 and 041 buffer the 
oscillator output providing a low impedance drive at pin 13 for 

, the demodulator. 
To minimize crosstalk between the burst and chroma channels, 

separate bias chains are used. Further, the oscillator bias chain 
is zener regulated to prevent phase shifts in the reference output 
with power-supply variations. 
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Advance InforIllation 

TV COLOR PROCESSING CIRCUIT 

The MC1399 contains a chroma IF amplifier with automatic 
chroma control, color killer, linear dc chroma control, and a phase 
lock loop subcarrier regenerator system followed by a dc hue control. 

• High Gain Automatic Chroma Control (ACC) 
• High Gain Phase Lock Loop Subcarrier Regenerator System 
• Color Killer with Externally Defined Threshold 
• Critical Design Parameters Externally Adjustable 
• Linear dc Chroma Control 
• DC Hue Control with Well Defined Range and Center 
• Internal Gating for Color Burst 
• Built-In Supply Regulator 
• Compatible with Most Existing Demodulators 

FIGURE 1- MC1399 BLOCK DIAGRAM 

14 

MC1399 

TV COLOR PROCESSING 
CIRCUIT 

Device 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PSUFFIX 
PLASTIC P,ACKAGE 

CASE 648 

ORDERING INFORMATION 

I Temperature I Range Package 

MC1399P I -20 to +750 C I Plastic DIP 

- - - ---, 
r---~-' I 1 

10 

11 

9 

This is advance information and specifications are subject to change without notice. 
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MC1399 

MAXIMUM RATINGS (T A = 25°C unless otherwise noted.) 

Rating Value Unit 

Power Supply Current 60 mA 

Horizontal Pulse Input Current 4.2 mA 

Minimum Load Resistance (Pins 11, 13) 2.7 kU 

Junction Temperature 150 °c 
Operating Ambient Temperature Range -20 to +75 °c 
Storage Temperature Range ~5 to +150 °c 

ELECTRICAL CHARACTERISTICS See Test Circuit, Figure 5. (All Switches in Position 1 Unless Otherwise Noted.) 

Characteristic Min Typ Max Unit 
Regulated Voltage (VC) (Pin 12) - 12.6 - Vdc 
Load Regulation (Pin 121 (VCC from +22 V to +26 V) - 100 - mVdc 
APC Set Up Voltage (R2) 0.61 - 0.81 %VCC 
ACCSet Up Voltage (R1) 0.57 - 0 .. 79 %VCC 
Chroma Control Output Voltage 

(S1 Position 2) - 1.25 - Vp-p 
(51 Position 3) - 625 - mVp-p 
(S1" Position 41 - 12 - mVp-p 

Oscillator Output 
(S2 Position 21 - 2.2 - Vp-p 
(S2 Position 1) - 1.6 - Vp-p 
(S2 Position 3) - 2.2 - Vp-p 

OsCillator Output Phase (Referred to Chroma Output Pin 131 
(S2 Position 1) - 231 - Deg. 
(S2Position 2) - 185 - Deg. 
($2 Position 3) - 268 - Deg. • Static Phase Error (SPEI with Oscillator Detuned - 0.02 - Degrees/Hz 

Automatic Chroma Control (ACC) 
Chroma Output for Input of: 

+6.0 dB (360 mVp·p Burst) - 2.65 - Vp-p 
-14 dB (36 mVp-p Burstl - 2.1 - Vp-p 

Chroma Output Voltage (Pin 13) for Input of -20 dB (Killer Onl - 10 - mVp·p 
(18 mVp-p Burst @ Pin 2) 

® MOTOROLA Sen'Jiconduc'for Produc'f. Inc. 
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TYPICAL DESIGN CHARACTERISTICS (Figure 5) 
Characteristic Tvp Unit 

Input Impedance Pin 2 2.0 kn 
2.0 ·pF 

Pin 7 10 kn 
2.0 pF 

Pin 9 10 kn 
2.0 pF 

Output Impedance Pins 6, 11, 13 50 n 
Oscillator Drift with Temperature (D,!vice Only) 0.7 PPM/oe 

Oscillator ll.f with Vee +20 Hz/Volt 

Chroma Output Level Drift with Temperature 10 % 
(Device Only, 25 to 750 C) 

Chroma Output Level Sensitivity to Vee (Device Only) 2.0 %/Volt 
Pull-In Range ±500 Hz 

Noise Bandwidth (fnn) 150 Hz 

Oscillator Control Sensitivity (PI 1.2 Hz/mV 

APe Phase Detector Sensitivity (p) 42 mV/Degree 

FIGURE 2 - ACC CHARACTERISTICS FIGURE 3 - GAIN CONTROL CHARACTERISTICS 

ACC DETECTOR LOAD = 50 kO 

~fc odTEcfoR ~OADI = 39~ kO -~ V ..,,- V 
/ 

/ 

/ 
J 
'I 

160 

14 0 

120 

100 

l 80 
z « 
C!I 60 

40 

V" 

/' 
,,/ 

",/ 
/ 

/v 
V \ 

o 20 40 60 80 ·100 120 140 160 .180 200 220 240 260 280 

20 

o 
o 20 40 60 80 100 120 

INPUT SIGNAL 100% = 180 mVp.p Burst OC VOLTAGE AS% OF SUPPLY ON CHROMA CONTROL ARM 

FIGURE.4 - TINT CONTROLCH~RACTERISTICS 
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MC1399 

4.7 k 

FIGURE 5 - DYNAMIC CHARACTERISTIC TEST CIRCUIT 

12 k 

~ = 0.11-'F 

6.1 kO 

2 
3 kO 

3 

3 k' 
4 

1.3 k' 

S2 

20 k 

!S.1 kO 

6.1 k' 

2 

=~~ __ ~3~9~0~k-O~O--~----~ ~----_---~f---- Chroma Output 

ACC 13 k 4 3 2 16 16 
2.7 k 

MC1399 

4.7 k 
R2 390 k 

10 11 12 

5k 

APC 16 k +--+-----------_ Oscillator Output 

8.2 k 

2k 

1.0 I-'F I 1.8~, 610 
0.01 PFI 

22 
pF 

2.7 k 

120PF 
2k 

68 pF 
OHlr--~---' 1 W 

L-_________________ 3_.6_8_M __ H_Z_C~ry_s_ta_I _____ ----_+----~-2~4~0-------+24Vdc 
1.0 pFI 

1 25V 

Set-Up: Apply 61-'s, 16.734 kHz Horizontal Pulse 3 Vp-p, Centered on Burst. 
Adjust APC Control for 3.679546 MHz with No Chroma Input. 
Apply NTSC 76% BarChart, (Luminance, Sync and Set-up Removed) 
and Adjust ACe Control for 2.5 Vp-p Red Bar at Chroma Output. 

'1 % Resistor Tolerance 
""Determines ACC loop gain, see Figure 2 • 

•• ·Value determined by crystal. 

'----..,.--- ® MOTOROLA Senliconductor Products Inc. 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC3310P Plastic DIP 

WIDE-BAND AMPLIFIER 

· .. designed for FM/I F and low·level audio applications. 

• High Audio Gain - 60 dB minimum 

• Useful as a Microphone Amplifier and in Tape Recorders and 
Cassettes 

• Excellent Performance as a 10.7 MHz FM/IF Amplifier 

• High Transconductance (gm) Ideally Suited to Low Impedance 
Ceramic Filters 

• Formerly MFC4010A in Case 206A Package 

FIGURE 1 - FM/IF AMPLIFIER 

Vee = 12 Vdc 

Input 20 pF 

10.7 MHz 0-----11-------. 3.0 k 
50 Ohms 

6 

20pF L 1 4i:-::r--<>--I 

·°'''1 
L1 - 5.4~.H 

36 Turns, #30 AWG Wire Wound on 1/4" Slug Tuned "':'" 
Form, Tapped 8 Turns from Ground End. 
Slug: T.H. Material 1/4" Dia., 1/2" Length 

13 k 

1.8 k 

Me3310P 

WIDE-BAND. AMPLIFIER 

SILICON MONOLITHIC 
FUNCTIONAL CIRCUIT 

CASE 626-03 

.390 

Output 
1--..-010.7 MHz 

330 

FIGURE 2 - RECORD/PLAY PREAMPLIFIER FOR CASSETTE AND PORTABLE TAPE RECORDERS 

1.0 k 
InputO--~~--~--i~~~o--i 

+ 
50JJF l' 

o Plav 

Record l 

7-139 

'>--0--+--0() Output 

27 k 

10.1 JJF· 7.5 k 

• 



• 

MC3310 

MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

Rating Value Unit 

Power Supply Voltage 21 Vdc 

Power Dissipation @T A = 25°C 1.2 Watts 
(Package Limitation) 
Derate above 25°C 10 mW/oe 

Operating Ambient Temperature Range o to +75 °e 

ELECTRICAL CHARA'CTERISTICS (Vee = 60 Vdc T A = 25°C unless otherwise noted) 

Characteristic Min Typ Max Unit 

Open Loop Voltage Gain (Figure 3) 60 68 
{ 

- dB 
(f = 1.0 kHz) 

h Parameters( 1) h11 - 1.0 - k ohms 
If = 1.0 kHz) h12 - 10-6 - -

h21 - 1000 - -
h22 - 10-5 - mhos 

Output NOise Voltage (Figure 3) - 3.0 - mV(RMS) 
(BW = 20 Hz to 20 kHz, RS = 1.0 k ohms) - 3.0 -

Current Drain - 3.0 - mA 

HIGH FREQUENCY CHARACTERISTICS (Vec = 12 Vdc, f = 10 7 11(1 Hz, TA = 25°C unless otherwise noted). 

Power Gain (Figure 1) 
ein = 0.1 mVRMS) 

Noise Figure (Figure 1) 

(RS "'" 740 Ohms) 

y Parameters! 1) Yll 
(f = 10.7 MHz, '2 = 2.0 mAl Y12 

Y21 

Y22 

(l)Device only, without external passive components. 

J o.1 J.1F 

25J.lF 

FIGURE 3 - AUDIO TEST CIRCUIT 

Vee 
6.0 Vdc 

3 

:·1 ). L-----'\1.NOvk-----+--e---~-'---'<t 

8.2 k 

42 dB' 

6.0 dB 

.1.3 + j1.5 mmhos 
-3.4 + j8.1 J.lmhos 

-0.33 + jO.68 mho 
120 + jO J.lmhos 

FIGURE 4' - BIASING RECOMMENDATIONS 

Vee ....-----... 

"'0/5 1 R1 

L...,-----------~Ein = 0.74 V 

10/51 R2 

Select: Vee,. Eo, and '0 
Solve for: RL = (Vee - Eo)/IO 
Let: R2 = 5(0.74)110 
Then: R1 = R2 (Eo -0.74)/0.74 

'--______ ([!) MOTOROLA SelTl;conductor Products Inc. --------' 

7-140 



MC3310 
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0 

40 

30 

20 

TYPICAL CHARACTERISTICS 

AUDIO PERFORMANCE CHARACTERISTICS 
(for Test Circuit Figure 3)· 

FIGURE 5 - VOLTAGE GAIN versus FREQUENCY 

~ t--.", 

f\ 

*TAPE PREAMPLIFIER PERFORMANCE 
(for Circuit Figure 2) 

FIGURE 7 - RECORD VOLTAGE GAIN versus FREQUENCY 
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FIGURE 6 - VOLTAGE GAIN versus POWER SUPPLY FIGURE 8 - PLAYBACK VOL TAGE ~AIN versus FREQUENCY 
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Note: 
The record/playback characteristics shown in Figures 8 and 9 

were taken with the preamplifier driven by a 50 ohm source. The 
curves are typical of a desired response for the preamplifier; how
ever. every type of tape recording and playback head is different 
and this circuit will not necessarily satisfy alrrequirements·. No par
ticular tape heae;! was used as a basis for circuit design. The circuit 
is only an exampll!! showing the equalization network configuration. 

The ideal preamplifier will have an input impedance approx
imately 10 times the highest impedance of the tape head and every 
preamplifier circuit must be designed using a test tape, to verify . 
the response of the design. 

@ MOTOROLA Se,..iconduc~o" Prpducts Inc. ------_-' 
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10.7 MHz V PARAMETERS 

FIGURE 9,\ INPUT ADMITTANCE 
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FIGURE 11 - FORWARD TRANSFER ADMITTANCE 
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FIGURE 10 - REVERSE TRANSFER ADMITTANCE 
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FIGURE 13 - POWER GAIN versus SUPPLY VOLTAGE 
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FIGURE 14 - VOLTAGE TRANSFER CHARACTERISTIC 
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SUPPLY VOLTAGE (VOLTS) 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily gi~en. The informat.ion has been carefully checked and 

INPUT VOLTAGE (mVRMS) 

is believed to be entirely reliable. However, no responsibility is 
assumed for ina?curacies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others . 

. @ MOTOROLA Sel7"iconducf:or Producf:s Inc. 
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ORDERING INFORMATION 

Device Temperature Range Package 

XC3315P Plastic DIP 

Advance Inforlll.ation 

FREOUENCY-TO-VOLTAGE CONVERTER 

This monolithic frequency-to-voltage converter uses a frequency 
doubling technique prior to integration in order to provide a low 
output ripple. 

• Threshold and hysteresis of input comparator programmed with 
single external resistor 

• Pulse-width programmed with external capacitor 

• Output voltage proportional to supply voltage 

• Zero frequency output voltage provided for use as reference 

BLOCK DIAGRAM 

VCC C AS 

Sc 
Output 

S 

This is advance information and specifications are subject to change without notice: 
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FREOUENCY·TO-VOLTAGE 
CONVERTER 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

PLASTIC PACKAGe 
CASE 646 

PIN CONNECTIONS 
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. XC3315 

MAXIMUM RATINGS (T A = +250 C unless otherwise noted) 

Rating Symbol Value Unit 

Operating Voltage Range VCC 6.0 to 16 Vdc 

Voltage at RH Pin j VRH 4.0 Vdc 

Sensor Input Voltage I 
Y,N 24 Vdc 

Junction Temperature TJ 150 °c 
Operating Temperature Range TA -40 to +85 °c 
Storage Temperature Range Tsto -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (\fcc = 9.0 Vdc, VRH = +1.0 Vdc, T A = +250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Current Drain 10 - - 16 mA 

Amplifier (Norton Type) 
Open Loop Voltage Gain AVOL - 66 - dB 
Input Bias Current liB - - 200 nA 

Output Current 

Source Capabmty Isource 2.0 - - mA 
Sink Capability 'sink 0.3 - - mA 

Output Voltage 
High Voltage VOH VCC-1.5 - - Vdc 
Low Voltage VOL - - 0.4 Vdc 

Unity Gain Bandwidth BW - 2.0 - MHz 
Phase Margin OM - 70 - degree 

Zero Frequency Reference Voltage 
Reference Voltage VRef 500 600 700 mV 
Current Sink Capability 'sink 1.0 - - mA 
Current Source CapabilitY Isource 1.0 - - rnA 
Reference Matching to Integrator Amplifier VRef(offset) - 10 - mV 

CIIRCUIT INFORMATION 
INPUT SPECIFICATIONS 

Threshold of Input Comparator 

The trip point of the input comparator is pro
grammed by adjusting the voltage at the terminal RH. 
This threshold is symmetric about the zero signal level 
and can be determined with the design equation: Vth = 
VRH/8. A 50 ~A ± 30% current source is provided at 
terminal RH such that the thresholds can be programmed 

Vcc 

1 
14 

I 

------I.C. 2 
AH 

R 

6 

-=1- * 
Vth =..!!!. 

8 

1= 50J'A± 30% 

with a single resistor to ground. If greater accuracy is 
desired, the voltage at terminal RH can be forced with a 
resistor divider to a reference voltage such as a regulated 
supply_ For proper circuit operation, the threshold should 
be greater than ±50 mV, but less than ±500 mV corres
ponding to programming voltages of 400 mV to 4.0 volts 
at terminal RH. The options for programming the input 
threshold are illustrated below. 

Vce 

~ 
r 

14 

I 
Al -I.c. 2 

AH ' 
\ A2 

6 

-=1- * A2 (Al) (R2) 
Vth = 1/8 (Vcc A1 + R2 + I ~ ) 

® MOTOROLA SenJiconduci:or Produci:. Inc. 
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XC3315 

Maximum Input Amplitude at Pin 13 

To avoid false failure indication during the peak swing 
. of the sensor signal, the voltage at Pin 13 must remain at 
least one volt above ground and one volt below VCC. 
This implies that the peak sensor amplitude be less than 
% VCC-l volts. To accomplish this the input filter, 
RS-CS, should be adjusted accordingly. 

To avoid damage to the IC the voltage at the input 
Terminals, S, and SC should not swing more than 16 
volts above their % Vec bias level. External resistors 
should guarantee that the clamp current sourced by the 
IC at Sl or S2 does not exceed .1.0 mAo 

TIMING CIRCUIT SPECIFICATION 

The voftage on the capacitor at terminals (Pin 12) are 
ramped upward and downward to produce pulses of 
current for integration at twice the input signal fre
quencies. The pulse widths can be adjusted by adjusting 
the capacitor using the relationship: 

To avoid saturating the converter at high frequencies 
. 1 

the pulse Widths should be less than 2f
max 

where fmax 

equals the maximum input signal frequency. 

ONE POLE INTEGRATOR DESIGN 

To obtain a single pole at the frequency Wo an 
external resistor and capacitor should be connected as 
shown in Figure 1. 

After adjusting the gain of the converter with the 
resistor RI (RI == 100 kill. the capacitor CI should be 
chosen such that: 

1 
Wo= RI CI 

FIGURE 1 - ONE POLE INTEGRATOR 

A B 

11 
10- - - - - - --, 

I 

CI RI 
+ 

.... ----0-------------0 Output 

Current Pulses 

I 
I 
I 
I 
I 

---------------~-----~ 
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TWO POLE INTEGRATOR DESIGN 

To obtain two real and equal poles at the frequency 
Wo using the circuit shown in Figure 2 proceed as follows: 

1. Set integrator gain with resistor R4 (R4 == 100 kSl). 
2. Choose R3 and C2 from the equation: 

R3+ R4 
Wo = 2 (R3) (R4) (C2) 

Note: Let R3 ~ 5.0 kSl to avoid saturating the 
current source at terminal A. 

3. For real and equal poles let: 
C5 = 4 (R3) (R4) (C2) 

(R3 + R4)2 

FIGURE 2 - TWO POLE INTEGRATOR 

R4 

R3 C5 

I 
A 8 

11 
10- - - - - - - -.., 

JlJ1 ~ 

'- - - - - - - - - - ~ - - - -

ACCURACY SPECIFICATIONS 

The tachometer has been designed toprovlde accurate 
frequency trip points when used with the comparator 
circuit shown in Figure 3. 

For this purpose the tach output must b~ described 
by the equation: 

Vo = K (Vee - 8Ref) f + 8Ref 

where K = converter gain constant 
f = frequency of sensor signal 

The accuracy and linearity of the converter can be 

, 
, 
I 
I 
I 
I 

9' 
t-----o----~~-o Output 

I 
I 
I , 
I 
I _. ___ ...J 

determined by how well the tach characteristics fit this 
equation. Using measured values of Vo, Vee, 8Ref, and 
f the gain constant K can be calculated at various operat
ing points. The converter accuracy can be expressed as 
the percent change in K due to supply voltage, tempera
ture, and frequency variations. The following tolerances 
are typical. 

Variation in gain with supply voltage 
(average for 6.0 V to 16 V operation) 

Variation in gain with frequency 
(linearity from 50 Hz to 2.0 kHz) 

'Variation in gain with temperature 
(-400C to +850 e) 

+0.5%/Vo!t 

±1% 

±1% 

'--------- ® MOTOROLA SenJiconductor Products Inc" 
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XC3315 

FIGURE 3 -COMPARATOR CIRCUIT FOR ACCURATE FREQUENCY TRIP POINTS 

Vcco----.------------------~------------_, 

14 
A R1 11 1--..... -_0----, 

10 
B 

I.c. 
9~----~~--~--~----_+----~ 

VRef 
8~------------------...... 

6 

TYPICAL APPLICATION 

VCC 

Cs 

VCC II 
RS 

S 

N.C. C +~ 
RO 

-= 
A 

B 

~ 
Output 

VRef 

TACHOMETER 
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XC3315 

TYPICAL CIRCUIT WAVEFORMS 

Input 
From 
Sensor 

o"~"' ~ of 

Comparator ~ 

on 
Voltage f 
capacitor" '-______________________ ... t 

Current 
Pulses to 
Integrator ton n n 0 [--~: 
Output 
Voltage 

t • t 

THERMAL INFORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

TJ(max) -TA 
PD(T A) = ROJA(TyP) 

Where: POrtA) = Power Dissipation allowable at a given 

operating ambient temperature, This must be greater than 

the sum of the products of the supply voltages and supply 
currents at the worst case oper~ting condition. 

T J(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
'Temperature 

ROJA(TyP) = Typical Thermal Resistance Junction to 
Ambient 

® MOTOROLA SenJiconduc'tor Produc'ts Inc. 
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ORDERING INFORMATION 

Device 

XC3316P 
XC3317P 

Temperature Range 

-40 to +850 C 
-40 to +850 C 

Package 

Plastic DIP 
Plastic DIP 

Advance Infor:rn.ation 

DUAL FREOUENCY-TO-VOLTAGE CONVERTER 

This monolithic dual frequency-to-voltage converter uses a fre
quency doubling technique prior to integration in order to provide a 
low output ripple. High select, low select and fail indication outputs 
are available with the XC3317 only. 

• Two independent channels 

• Threshold and hysteresis of input comparators programmed for 
both channels with single external resistor 

• Pulse-width programmed with external capacitor for each channel 

• Output voltages proportional to supply voltages 

• Zero frequency output voltage provided for use as reference 

• Fail check indication for open sensor (XC3317 only) 

• Hi and low select outputs with less than 100 mV offset frqm actual 
output voltage (XC3317 only) 

BLOCK DIAGRAM 

VCC 

CH 1 
Frequency 
Doubling 
Circuit 

51 

Zero 
Frequency 

Voltage Ref 
Sc 

CH2 
Frequency 
Doubling 

S2 ·Circuit 

FAIL: 

XC3316 
XC3317 

DUAL 
FREOUENCY-TO-VOL TAGE 

CONVERTER . 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

XC3317 
PSUFFIX 

PLASTIC PACKAGE 

CASE 701 

XC3316 
PSUFFIX 

PLASTIC PACKAGE 

CASE 648 

-
Int'agrlitol·>-...... --I--o Output 1 

%_--1---0 HI 

I ntl'graltor>--...... --f--o Output 2 

Gnd 

Shadad Areas Are Included With The XC3317 Only 

This is advanca information and specifications are subject to change without notice. 
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XC3316, XC3317 

MAXIMUM RATINGS (T A = +250 C uniess otherwise noted) 

Rating Symbol Value Unit 

Operating Voltage Range VCC 6.0 to 16- Vdc 

Voltage at RH Pin VRH 4.0 Vdc 

Sensor Input Voltage V/N 24 Vdc 

Junction Temperature - TJ 150 °c 
Operating Temperature Range TA -40 to +85 °c 
Storage Temperature Range Tsta -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = +9.0 Vdc, VRH = +1.0 Vdc, T A = +250 C unless otherwise noted.) 

Characteristic Symbol Min. Typ. Max. Unit 

Current Drain , 10 - - 16 mA 

Amplifiers (Norton Type) 
Open Loop Voltage Gain AVOL - 66 - dB 
Input Bias Current liB - - 200 nA 
OutPut Current 

Source Capability I source 2.0 - - mA 
Sink Capability Isink ' 0.3 - - mA 

OutPut Voltage 
High Voltage VOH VCC-1.5 - - Vdc 
Low Voltage VOL - - 0.4 Vdc 

Unity Gain Bandwidth BW - 2.0 - MHz 
Phase Margin OM - 70 - degree 

OutPut Terminal Specifications 
Hi Select Output 

Offset From High Channel OutPut VIO - - 100 mV 
Current Source 'Capability Isource 2.0 - - mA 
Current Sinking Capability Isink 0.3 - - rnA 

Lo-8elect Output 
Offset From Lower Channel Output VIO - - ' 100 mV 
Current Source Capability Isource 2.0 - - mA' 
Current Sink Capability Isink 0.3 - - mA 

Failure Indication OutPut 
Failure Indication Resistance RFAIL - 1.0 - MSl 
Normal Resistance Rnorm - 50 - ohms 
Current Sink Capability Isink - 2.0 - mA 

Zero Frequency Reference Voltage 

• 
Reference Voltage VRef 500 600 700 mV 
Current Sink Capability Isink 1.0 - - mA 
Current Source Capability Isource 1.0 - - mA 
Reference' Matching to Integrator Amplifiers VRef(offsetl - 10 - mV 

PIN CONNECTIONS 

51 

C1 
X~3316 XC3317 A1 

A1 
81 

81 
01 Hi 

L.ow VRef 

Gnd 

® MOTORO~A Sel'rtlconductor Products Inc. 
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XC3316, XC3317 

CIRCUIT INFORMATION 

INPUT SPECI FICATIONS 

Thresholds of· Input Comparators 

The trip points of the input comparators are pro
grammed for both channels by adjusting the voltage at 
the terminal RH. These thresholds are symmetric about 
the zero signal level and can be determined with the 
design equation: Vth = VRH/S. A 50 fJ.A ± 30% current 
source is provided at terminal RH such that the thres-

Vee 

i 
I 
~ 

I.C. RH 

R 

~ ~ 

Vth=~ 
8 

1= 50 jlA ± 30% 

Maximum Input Amplitude at S1 and S2 

To avoid false failure indication during the' peak 
swing of the sensor signal, the voltage at terminals Sl 
and 52 must remain at least one volt above ground and 
one volt below VCC. This implies that the peak sensor 
amplitude be less than % VCC-l.O volts. To accomplish 
this the input filters, RS1-C51 and R52-CS2, should be 
adjusted accordingly. 

To avoid damage to the IC the voltage at the input 
terminals 51, 52, and 5C should not swing more than 16 
volts above their % VCC bias level. The fail check circuit 
will not allow 51 or 52 to go below ground, but external 
resistors should guarantee that the clamp current 
sourced by the IC at 51 or S2 does not exceed 1.0 mAo 

SENSOR FAILURE CHECK SPECIFICATIONS 

'Open Sensor Check 

Resistors ROl and R02 pull 51 and 52 respectively to 

holds can be programmed with a single resistor to 
ground. If greater accuracy is desired, the voltage at 
terminal RH can be forced with a resistor divider to a 
reference voltage such as a regulated supply. For proper 
circuit operation, the thresholds should be greater than 
± 50 mV, but less than ± 500 mV corresponding to 
programming voltages of 400 mV to 4.0 volts at terminal 
RH. The options for programming the input thresholds 
are illustrated below: 

vee 

£ 
I 

I 
Rl 

~ 

I.e. RH 

R2 

~ ~ 
R2 (R1) (R2) 

Vth = 1/8 (Vce ;;-:;:-;; + I -;:;:-;;; ) 

ground if a sensor opens. This trips a fail check compara
tor on the IC and drives the FAI L terminal output to 
its high state (high impedance). Let R01, ROl ";;;200kil. 

TIMING CIRCUIT SPECIFICATION 

The voltages on the capacitors at terminals Cl and C2 
are ramped upward and downward to produce pulses of 
current for integration at twice the input signal fre· 
quencies. The pulse widths can_ be adjusted by adjusting 
the capacitors using the relationship: 

210fJ.s 
Pulse width === 0.003 fJ. F= 70 mS/fJ.F 

To avoid saturating the tach at high frequencies the 
1 

pulse widths should be less than 2 f
max 

where fmax 

equals the maximum input signal frequency. 

® MOTOROLA Semiconductor Products Inc. 
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XC3316, XC3317 

ONE POLE INTEGRATOR DESIGN 

To obtain a single pole at the frequency Wo, an ex
ternal resistor and capacitor should be connected as 
shown below. 

B1 

After adjusting the gain of the"tach with the resistor 
RI(RI =: 100 kil), the capacitor CI should be chosen 
such that: 

--------, 

Current Pulses 

I 
I 
I 
I 
I 

CI RI 

~---O_::~----4~----'--O Channel One 
I 01 Output 

I 
I 
I 
I 

------~--------------~ 

TWO POLE lNTEGRATOR DESIGN 

To obtain two real and equal poles at the frequency 
Wo using the circuit shown below proceed as follows: 

1. Set integrator gain with resistor R4 (R4 =: 100 kil). 
2. Choose R3 and C2from the equation: 

R3+ R4 f 

Wo = 2(R3)(R4)(C2) 

R3 

B1 

R4 

Note: Let R3 ~ 5.0 kil to avoid saturating the 
current source at terminal A. 

3. For real and equal poles let: 
C5 = 4(R3)(R4)(C2) 

(R3 + R4)2 

C5 

--------..., 

Current Pulses 

I 
I 
I 
I 
I 
I 
I 

t----o----,---+-o Channel One 
I 01 Output 

I 
I 
I 
I 
I ___________________ J 
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XC3316, XC3317 

ACCURACY SPECIFICATIONS 

The tachomet~r has been designed to provide accurate 
frequency trip poInts when used with the comparator 
circuit shown below. 
For this purpose the tach output must be described by 
the equation: 

Vo = K (Vee -, 8Ref) f + 8Ref 

where K = tachometer gain constant 
f = frequency of sensor signal 

Th~ accuracy and linearity of the tach can be deter
mined by how well the tach characteristics fit this 

equation. Using measured values of Vo, Vee, 8Ref, and 
f the gain constant K can be calculated at various operat
ing points. The tachometer accuracy can be expressed as 
the percent change in K due to supply voltage, tempera
ture, and frequency variations. The following tolerances 
are typical. 

Variation in gain 'With supply voltage 
(average for 6.0 V to 16 V operation) +O.5%/Volt 

Variation in gain with frequency 
(linearity from 50 Hz to 2.0 kHz) ± 1% 

Variation in gain with temperature 
(-400 e to +850 e) ±1% 

COMPARATOR CIRCUIT FOR ACCURATE FREQUENCY TRIP POINTS 

Vee O---~---------------------------------, 

Vcc 
R1 

VRef= R1:
2

R2 (Vee-ORef)+IiRef 

Refr---------------------~ 

Gnd 

= 

TYPICAL APPLICATION 

DUAL WHEEL VELOCITY TACHOMETER 

'--------- ® MOTOROLA Semiconductor Product. Inc. 
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XC3316, XC3317 

Input 
From 
Sensor 

Voltage 
on 
Capacitor 

Current 
Pulses to 
Integrator 

Output 
Voltege 

TYPICAL CIRCUIT WAVEFORMS 

~----VBE 

• t 

t DODD 0 [--~: 
t at 
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ORDERING INFORMATION 

Device Temperature Range Package 
MC3320P 
MC3321P 

-10°C to +75°C 
-10°C to +75°C 

Plastic DIP 
Plastic DIP 

CLASS B AUDIO DRIVERS 

... designed as preamplifiers and driver circuits for complementary 
output transistors. 

• Driver for Auto Radios - and up to 10-Watt Amplifiers 
• High Gain - 7.0 mV for 1.0 Watt, AL = 3.2 Ohms 
• High Input Impedance - 500-Kilohm Capability 
• Output Biasing Diodes Included 
• No Special hFE Matching of Outputs- Required 
• Formerly MFC8020A and MFC8021A in . 

Case 644A Package 

MAXIMUM RATINGS (T A = +250 C unless ottlerwise noted.) 

Rating Symbol MC3320P I MC3321P 

Power Supply voltage VCC 35 I 20 

Peak Output Current (Pins 4 and 1) Ip 150 

Operating Ambient Temperature Range TA -10 to +75 

Stor",ge Temperature Range Tstg -55 to +125 

Junction Temperature TJ 150 

Unit 

Vdc 

mA 

°C 
°C 
°c 

FIGURE 1 - CIRCUIT SCHEMATIC 

MC3320P 
MC3321P 

CLASS B AUDIO DRIVERS 

SILICON MONOLITHIC 
FUNCTIONAL CIRCUITS 

PLASTIC PACKAGE 
CASE 626 

r-----~-----+--------~----~N---------~--~3 

4 

6~------~+-----~ 

8O---------~--------~--~r_~~----~~~ 
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MC3320, MC3321 

ELECTRICAL CHARACTERISTICS ITA: +250 C unless otherwise noted) (See Figure 2) 

Characteristic 

Drain Current (ein: 0) 
(VCC : 30 Vdc) MC3320P 
(VCC: 14 Vdc) MC3321P 

Sensitivity (PO = 1.0 Watt, f : 1.0 kHz) 
(eo = 8.95 V(RMS), RL : 165 n) MC3320P 
(eo = 3.2 V(RMSI. RL: 65 n) MC3321P 

Total Harmonic Distortion (f - 1.0 kHz) 
(VCC = 30 V, eo =8.95 V(RMS), RL: 165 n) MC3320P 
(VCC: 14 V, eo: 3.2 V(RMS), RL: 65 n) MC3321P 

Open-Loop Gain 
(VCC = 30 V, RL: 165 n) MC3320P 
(VCC: 14 V, RL =65 n) MC3321P 

Ripple Rejection 
(f = 60 Hz, Av = 100, ein : 0, Power Supply 

Ripple = 1.0 V(RMS) 

Equivalent Input Noise 
(ein : 0, RS = 1.0 kn, BW : 100 Hz - 10 Hz) 

Quiescent Output Voltage (ein - 0) 
(VCC = 30 V) MC3320P 
(VCC = 14 V) MC3321P 

FIGURE 2 - TEST CIRCUIT 

Vee 

270 k 3.0 k. +1
100 

/-L
F 

2 lN4002 
4 or equiv = 

100/-LF 

1'0. 
100 k 

1.0 k 10 

+~10/-LF ~O.lJ.tF 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently. 
complete information sufficient for 'construction purposes is not 
necessarily given. The information has been carefully checked and 

Min Typ Max Unit 

mA 
- 10 30 
- 7.0 30 

mV 
- 89 112 
- 32 40 

% 

- 0.7 5.0 
- 1.0 5.0 

dB 
- 89 -
- 87 -
- 27 - dB 

- 18 - i;LV 

Vdc 
- 15 -
- 7.0 -

THERMAL INFORMATION 
The maximum power consumption an integrated circuit 

can tolerate at a given operating ambient temperature, can 
be found from the equation: 

. TJ(max)-TA 
PD(T A) = ROJA(Typ) 

Where: PD(T A) = Power Dissipation allowable at a given 

operating ambient temperature. This must be greater than 
the sum of the products of the supply voltages and supply 
currents at-.the worst case operating condition. 

T J(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 

is beli~ved to be entireJy reliable. How~ver, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the Semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 

® MOTOROLA sernic,onductor Product. Inc. 
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MC3320, MC3321 

TYPICAL AUTO RADIO AUDIO APPLICATIONS and CHARACTERISTICS 
(T A ; +250 unless otherwise noted.) 

FIGURE 3 - APPLiCATIQN CIRCUIT FOR MC33.21p· 

82 k 
Al 

68 k 

1.0 k 

14 V 

AS = 1.2 k 
100 

Sensitivity for 1 watt = 7.2 mV 

FIGURE 5 - TOTAL HARMONIC DI.STORTION 
versus FREQUENCY 
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o 

~ 
Ii; 3.0 H-+-If-H-H-- Po; 1 Watt 1-Ht--+--+H+tttt---t-1 
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~ 
~ 2.0 
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FIGURE 4-TOTAL HARMONIC DISTORTION 
versus OUTPUT POWE R . 

Jill 
1= 1.0 kHz /,'! 

fI II OUTPUT DEVICE liFE 

/I J-hFE=80 

'll 
= 50 

III 
= 25 

VI! 
L '1/ - ;..--r- ~ 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 
OUTPUT POWER (WATTS) 

FIGURE 6 - FReQUENCY RESPONSE 

1111111 
1111111 

I 0 dis J }ol~a~;sl at 1.0 JHZ I 

V 

8.0 

50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k 50 k 

FREQUENCY (Hz) 

APPLICATIONS INFORMATION for MC3321P 
(AUTO RADIO AUDIO) 

The MC3321P combines all the voltage gain required for an 
automotive radio audio amplifier into one package reducing the 
circuit-board area requirement. The circuit shown in Figure 3 
has an input sensitivity of approximately 7.2 millivolts for a one· 
watt output. Sensitivity can be adjusted by changing the value of 
·R4. The circuit performance is a function of the output device 
hFE, as shown in Figure 4. Figure 4 can be used to determine the 
minimum hFEof the output transistors. The bandwidth of the 
amplifier is determined by the capacitor, C1. If C1 is Increased tp 
390 pF the high frequency 3.0 dB point is typically 20 kHz. 

* Differences may be found in idle current when matching this 
device to various output transistor types .. It Is suggested that a 
10k potentiometer be placed between Pins 1 and 4 in series 
with a 100 Ohm resistor. This will allow for a reduction in quiescent 
current. Care should be taken not to allow the Idle current to fall 
below 1 mA to avoid crossover distortion. 

'-----'---- ® MOTOROLA Sern/conduc'for Produc'fe Inc. 
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MC3320, MC3321 

TYPICAll0-WATT AMPLIFIER APPLICATION AND CHARACTERJSTICS 

(T A = +250 (; unless otherwise noted.l 

FIGURE 7 - APPLICATION CIRCUIT-

·Select 

Vcc 

10-Watt Amplifier 
01 - MJE521 or equiv 
02 - MJE371 or equiv 

FIGURE 8 - TOTAL HARMONIC DISTORTION 
versus OUTPUT POWER 

I I 
t = 1.0 kHz I 

I 
~---, 
~I 
~r 
~., 

III 
I ~ 
~ 

0.5 1.0 2.0 5.0 10 
OUTPUT POWER (WATTS). 

20 

(Select Cl to provide desired bandwidth. 

2. 

Cl = 47 pF minimum) 

FIGURE 9 - TOTAL HARMONIC'DISTORTION 
versus FREQUENCY 
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FIGURE 10 - FREQUENCY RESPONSE 

1111111 
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OdB = 2.0 Watts at 1.0 kHz 
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50 100 200 500 1.0 k 2.0 k 5.0 k 10 k 20 k 

FREQUENCY (Hz) 

APPLICATIONS INFORMATION for MC3320P . 
(10 Watt Amplifiers) 

The MC3320P is a high-voltage device capable of driving 
10 Watt audio amplifiers. The gain of the ·circuit shown in Figure 7 
changes. when the value of R4 is varied and the bandwidth is 
determined by C1. Emitter resistors are required at the higher 
voltages used for 10 Watt audio amplifiers to provide thermal 
stability. The value of RE is a function of the heatsink thermal 
resistance and supply voltage. The heatsink requirements for oper
ation at +650 C (with both devices mounted on the same heat
sink) is about 140 C!W for the 10-Watt amplifier. If the maximum 
ambient operating temperature is reduced then the heatsink can 
be reduced in" size as calculated by 

where 

IJSA = Heatsink thermal resistance 

T J = Maximum junction operating temperature 

8JS = Junction to heatsink thermal resistance 
(includes all surface interface components for thermal 
resistance such as the insulating washer) 

PD = Maximum power dissipation of transistors 
(This occurs at about 60% of maximum output power) 
6.0Wfor lOW, 7.2Wfor 12W 

T A = Maximum ambient temperature 

* Differences may be found in idle current when matching this 
device to various output transistor types. It is suggested that a 
10k potentiometer be placed between Pins 1 and 4 in series 
with a 100 Ohm ·resistor. This will allow for a reduction in quiescent 
current. Care should be taken not to allow the idle current to fall 
below 1 mA to avoid crossover distortion. 

® MOTOROLA Sel'nicon,duc'for Product. Inc. 
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AUTOMOTIVE VOLTAGE REGULATOR 

· .. designed for use in conjl.!nction with an NPF\l Darlington transis
tor in, a floating field alternator chllrging system. 

• Overvoltage Protection 

• Shut-Down on Loss of E;!attery Sense 

• Selectable Temperi;lture Coefficient 

• Available in Chip Form for Hybrid Assembly 

CIRCUIT SCHEMATIC 

5 4 

9 

This is advance information and specifications are subject to change without notice. 
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MC3325 

AUTOMOTIVE 
VOLTAGE REGULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 
TO-116 

PIN CONNECTIONS 

Gnd 1 14 

Output Drive 
Adjust 2 13 

12 

11 

Battery Sense 5 10 

Battery Sense 6 9 

Battery Sense 7 8 

Temperature Range 
-40 to +850 C . 

NC 

NC 

NC 

NC 

Output 

Feedoack 

Diode TC 
Adjust 



MC3325 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Current Into Pins 5,6, and 7 15,6,or 7 50 mA 

Current Into Pin 3 13 20 mA 

Current Into Pin 4 14 20 mA 

Current Into Pin 2 12 120 mA 

Current Into Pin 8 18 50 mA 

Current Into Pin 9 19 50 mA 

Current Into Pin 10 110 50 mA 

Junction Temperature TJ 150 °C 

Operating Temperature Range TA -40 to +85 °c 

Storage Temperature Range Tstg ~6S to +150 °c 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise specified.) 

Characteristic Symbol Min Typ Max Unit 

Diode TC Adjust: Threshold Voltage on Pin 8 V8 7.9 - 8.8 V 
(Figure 1) 

Battery Sense: Threshold Voltage on Pin 5 V5 11.8 - 13.3 V 
(Figure 1) 

Battery Sense: Threshold Voltage on Pin 6 V6 11.1 - 12.6 V 
(Figure 1) 

Battery Sense: Tnreshold Voltage on Pin 7 V7 10.5 - 11.8 V 
(Figure 1) 

Battery Sense Loss Detect: Threshold Current Into Pin 4 14 - - 400 JJ.A 
(Figure 2) 

Battery Sense Loss Detect: Threshold Voltage at Pin 4 V4 1.3 - 1.7 V 

114 " 400 IJ.A, Figure 2) 

Overvoltage Sense: Threshold Current Into Pin 3 13 - - 400 JJ.A 
(Figure 2) 

Overvoltage Sense: Threshold Voltage at Pin 3 V3 6.7 - 9.0 V • (13 " 400 JJ.A, Figure 2) 

Output Drive Adjust: Voltage Drop from Pin 2 to Pin 10 V2 1.9 - 2.4 V 
112 = 10 mA, Figure 3) 

Low State Output Voltage at Pin 10 V10 - - 0.7 V 
113 = 12 mA,I2 = 120 mA, Figure 4) 

® MOTOROLA Sern/conductor.Products Inc. 
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MC3325 

500 
+14 V 

I 

II 
-=-

10mA 

-=-

TEST CIRCUITS 

FIGURE 1 FIGURE 2 

14 

-=- 500 -=-
13 +14 V 2 

3 12 
'3- V3 

13 

4 11 4 

V5 V10 
10 5 

4.7 ~ 

6 -=- 6 

Va 

16 k 

-=-

FIGURE? FIGURE 4 

14 

-=-
13 

3 12 3 

4 11 4 

10 

6 9 = -=- 6 

a 
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MC3325 

Rl 

R5 

R4 

R3 

FIGURE 5 - APPLICATION CIRCUIT 

Rl 

To 
Battery 

R5 

1 

" To 5, ~, or 7 '" 
~ ~ ~ 

7 6 5 

S 

To 
D.iode Trio 

R4 R3 R2 

1
3+ 

4 3 

9 

Cl 
J( 
1\ 

C2 
If 
1\ 

R6 

2 

10 

1 

t.....IIII 
1""l1lI 
01 

lN4003 

Power Darlington 
r-------------, 
: . I 

I 

~~ 
I I I 
I 

I I 
I I 
I I 
I I 
I I 
I v v I 
I 1 L ___ -.:. _______ 

_...1 

R7 

To 
Alternator 
Field 

Ground 

'Note: The temperature coefficient of the battery voltage sense terminal is determined by the number of diodes used in 
the diode string (Le., whether Pin 5, 6, or 7 is used). The approximate temperature coefficient for a diode at 1.0 mA is 
-2.0 mV 10C, and for a zener diode it is +3.0 mV/oC. Counting from ground (see circuit schematic) we have -2.0 mV for 
05, -2.0 mV for 04, +3.0 mV for 21, -S.O mV for 05 thru OS,and an additional -2.0 mV each for 09 and 010 if used. 
The total temperature coefficient can be varied from approximately -9.0 mV/oC to -13 mV/oC depending on the number 
of the diodes in the diode string that are utilized. 

APPLICATIONS CIRCUIT INFORMATION 
(See Figure 5) 

Determines the temperature coefficient by setting 
the value of current in the diode string. As the 
value of R 1 decreases, so does the effective TC. R 1 
should be chosen so that the current in the diode 
string is between 0.5 mA and 1.0 mAo 

This resistor determines the Vreg voltage as defined 
by the fol~owing equation: 

R5 R5 
Vreg = (1 + FIT ) 8.4 + (n + 51) (0.7) 

n = number of diodes used in diode string 
(4';;;; n ';;;;6) 

Used as a current limiting resistor on Pin 4 in case 
of an open battery voltage sense lead. 

Used as a current limiting resistor on Pin 3 in case 
of overvoltage at the .diode trio. Voltage at Pin 3 
will run approximately 7.5 volts. R3 should be 
chosen so that the current (13) at maximum over
voltage is between 2.0 mA and 6.0 mA. 

R2 

R6 

R7 

Cl, 
C2 

This resistor determines the output drive current. 
Refer to specifications for the darlington driver 
and select the value for R2 that will provide 
enough drive to the output when the diode trio 
voltage is at a minimum. 

Vmin - 2.8 V 
IDrive:::: R2 + 50 Q 

This resistor in conjunction with R3 is used to set 
the maximum overvoltage. 

. R3 + R6 
Maximum overvoltage:::: ~ (7.5) 

Used for compensation 
(Approximately 3.0 km 

Used for compensation· 
(Approximately 0.01 J,.tF) 

® MOTOROLA Sen'liconducf:or Producf:s Inc. 
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ORDERING INFORMATION 

Device Temperature Range Package 
MC3330P Plastic DIP 

DIFFERENTIAL/CASCODEAMPLIFIER 

... designed for applications requiring differential or cascode amplifiers. 

• Ext~emely Flexible Amplifier 

• Diode Available for Biasing 

• Economical 8-Pin Dual In-Line Package 

• Formerly MFC8030 In Case 644A Package 

MAXIMUM RATINGS (T A = 250 C unless otherwise noted) 

Rating Symbol Value Unit 
Power Supply Voltage Vee 20 Vdc 

Input Differential Voltage VI 1.5.0 Vdc 

Power Dissipation @ T A = 250 e Po L2 Watts 
(Package Limitation). 

Derate above 250 e 1/R8JA 10 mW/oe 

Operating Ambient Temperature Range TA o to +75 °e II 

'FIGURE 1 - CIRCUIT SCHEMATIC 

5 4 

6o---~-f ~---03 

Substrate 2 

7-164 

MC3330 

DIFFERENTIAL/CASCODE 
AMPLIFIER 

SILICON MONOLITHIC 
FUNCTIONAL CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626-03 



. MC3330 

ELECTRICAL CHARACTERISTICS (T A = 2SoC unless otherwise noted) 

81n - 1.0 V(rmll 50 
.1.0kHz 

~ 

4.3 k 

270 

270 

Circuit 

+6.0 Vd. 

500 

-6.0 Vd. 

600 

~-. ___ .. -6.0 Vd. 

L-_+--_ .. -6.0 Vd. 

+6.0 Vd. 

+6.0 Vdc 

au.rlCt ... istic 

AC Common-Mode Rejection 

(ein) 
CMR = 201og~ 

Differential-Mode Voltage Gain 

~ AV Diff.= 20 log (ein) 

(ein - 1.0 kHz. 1.0mV[rml)) 
(ein· 10 MHz. 1.0 mV[rms!) 
(ein· 50 MHz. 1.0 mV[rml! ) 

Cascode-Mode Voltage Gain 

(e0 1

' 
AV Cascode = 20 log ~ 

(ein = 1.0 kHz. 1.0 mV[rms) I 
(ein = 10 MHz. 1.0 mV[rms)) 
(ein = 50 MHz. 1.0mVlrmsl I 

Input Offset Voltage 

DC Current Gein Match 

(101 -'02) 

.' 7-165 

Symbol 

AV(dif) 

AV(cscd) 

VIC 

hFEl 
hFE2 

Min Typ Mu 

O.S 

35 

32 
26 
10 

36 
31.5 
15 

5.0 10 

1.25 

Unit 

dB 

dS 

dS 

• mV 
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VARI·DWELL IGNITION CIRCUIT 

· __ designed for use in conjunction with a flux averaging sensor and 
a high energy ignition coil to provide regulated current pu Ises to 
the coil from information supplied by the sensor. 

• Wide Supply Voltage Operating Range (4 to 24 V) 

• Externally Adjustable Overvoltage Shutdown 

• Externally Adjustable Dwell Time and Spark Energy 

• Extremely .Stable Output Current Pulses 

• Variable Input Threshold Compensates for Low Supply 
Voltage Conditions . 

• Low Static Current Drain 

• Also Available in Flip-Chip (MCCF3333) and Standard Chip 
(MCC3333) Form 

FIGURE 1 - BLOCK DIAGRAM 

C VCC S2 

14 3 12 

Pump Up 

2 
S1 

Me3333 

VARI·DWELL 
IGNITION CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

2 

3 

4 

5 

6 

PIN CONNECTIONS 

14 

13 

12 

11 

10 

9 

8 

Input Compo with 
6 

Hysteresis P1 

Power 

1 Clamp. Bias and Output 

CC References 
and OVP 7 

.01 

9 
02 

Current Sense 
and Regulator 

8 
K 

10 4 5 
Gnd IL Vs 
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MC3333 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Power Supply Voltage Steady State VCC 24 Vdc 

(Through 400 n, see Fig. 2) 

Transients of 300 ms or less 90 

Peak Output Sink Current IS(I'EAK) A 

Transients of 300 ms or less 1.3 

Junction Temperature TJ 150 °c 
Operating Ambient Temperature Range TA -40 to +85 °c 
Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = 14.5 V, T A = 250 C unless otherwise specified; Figure 2.1 

Pints) 
Characteristic Symbol Under S1 S2 S3 54 S5 56 Min Typ Max Unit 

Test 

Current Orain 10 3 A A A A A A 8.0 15 25 mA 

Pre-Driver On VP1 6 A A A A A A - .90 2.0 V 

D1, D2 Output On VD1 D2 7&9 A A A A A A - 110 500 mV 

Kelvin Contact VK 8 A A A A .A A - 40 200 mV 

CC Charge Circuit V1 1 B A A A A E 700 800 900 mV 

51 Follower VS1 2 A B A A A C 1.4 1.6 1.8 V 

C Clamp High Vc 14 A A A A A D - 8.4 8.8 V 

52 Turn On (measure VS2 ramp VS2 12 A A A A B A 1.6 1.9 2.1 V 
value at P 1 switch pointJ 

Overvoltage Protection Vs 5 A A A B C A 8.0 9.1 10 V 

Current Limit Trip VIL 4 A A B A C B 150 180 220 mV 

FIGURE 2 - TEST CIRCUIT 

r 

A 
1.0V 

A 08 
100IJ.A QC 1.5 V 

e 8 e 0 0 100llA 
S1 S6 0 

A 1 14 

EJ- . 
50pA 

8 8 Ar'"'" R,-:/.2.5 V 0 
52 

2 13 NC 

14.5 V- 3 12 08 
400 S5 1.0V 

A e ..... 4 11 NC CO 100pA 

~ S3 

8 :> A ..... ..... 5 10 

r::::... 
S4 -:!:-

100llA 
\.:./ 

-8 6 9 
50 

• 
sr--o 2W 

.. 2'"'l 7 
7.5 k 

750 

1 k 

~ ,.. 10 V 

M MOTOROLA Sern/conduc'tor Produc'ts Inc. 
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MC3333 

14.5 V 
Vee 

RD 6.8 k 

r 
I 

Pick-Up I Sensor 
1.35 h I 

;5'~~~~Z I 
I 

FIGURE 3 - TYPICAL APPLICATION CIRCUIT 
( 

~~O* 15 k 

- RE 
20 k -:::b-

--, 70k 

Ii '1°."", -! I 
20 k 

~ 
L __ J 

Ncr S1 cc C 

400 2 1 14 13 

2W Vcc 
12~ 3 

~ IL 
4 11~ 

Vs 
5 

RC 3.3 k 6 7 8 9 

lOG 

Ignition Coil 

~ 
Pl D1 K 02 

1 k 70 
0.1 JolF lOW 

\1 ---II 
20 k T 

I-
I 
I 
I 
I 

LM~~2 __ 

RA 

345 

RS 654 All resistor values are in Ohms and are 
1/4 Watt rating unless otherwise specified. 

- Values are typical only. 

Notes: 

1. The ratio of RA to AS controls the ignition coil regulated current: 

ICOIL ~ 3.6 (AA~+S AS ) AA + Rs ~ 1 kfi 

2. The ratio of AD to AC sets the over-voltage shutdown point with respect to s+. 

(
AC + AD) 

S+overvolfage ~ 8 .~ AC+ A D""'10kfi 

~-, 

I 
I 
I 
I 
I 

-.J 

0.05 

"!-

Primary Impedance 
"'" 0.43fi. Inductance 
"'" 7.5 - 8.5 mH @ 5 A 

3. AE is active region dwell control. AE = 70 kfi results in tlutput current limit time of approximately 
10% at 1000 APM (with respect to one distributor cycle in an 8 cylinder engine). Values less th a n 
70 kfi lengthen this limit time and values higher shorten this limit time. 

4. The 0.1 JolF capacitor at pin 4 may be eliminated and stability maintained. A readjustment of the 

AA and .AS resistors will be required. 

® MOTOROLA Serniconduc1:or Produc1:. Inc. 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC3340P Plastic DIP 

ELECTRONIC ATTENUATOR 

• Designed for use in: 

DC Operated Volume Control 

Compression and Expansion Amplifier 
Applications 

• Controlled by DC Voltage or External Variable Resistor 

• Economical 8-Pin Dual In-Line Package 

• Formerly MFC6040 in Case 643A Package 

MAXIMUM RATINGS (TA.~ +25 0 C unless otherwise noted.) 

Rating Value 

Power Supply Voltage 20 

Power Dissipation @ T A ~ 25°C 1.2 
Derate above T A ~ 25°C 10 

Operating Ambient Temperature Range o to +75 

Unit 

Vdc 

Watts 

mW/oC 

°c 

MC3340P 

ELECTRONIC ATTENUATOR 

SILICON MONOLITHIC 
INTEGRATED CiRCUIT 

VINDO VCC 
Control Va-

Gnd Rolloff 
NC NC 

PLASTIC PACKAGE 

CASE 626 

FIGURE 1 - TYPICAL DC "REMOTE" VOLUME CONTROL 
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MC3340 

ELECTRICAL CHARACTERISTICS (ein = 100 mV (RMS), f = 1.0 kHz, Rl = 0, VCC = 16 Vdc, T A = +250 C unless otherwise noted.) 

Circuit Characteristic 

Operating Power Supply Voltage 

Control Terminal Sink Current 
(ein = 0) 

Maximum Input, Voltage 

Voltage Gain 

Attenuation Range 
IRC = 33 k ohms) 

Total Harmonic Distortion (Pin 2 Gnd) 

(ein = 100 mV (RMS), eo = Av x ein) 

FIGURE 2 - CIRCUIT SCHEMATIC 

Min Typ 

9.0 -

- -

- -

11 13 

70 90 

0.6 

8 
r---~----~~----~~~--~------------~--~~----~----+-~VCC 

6 

Max 

18 

2.0 

0.5 

--

-

1.0 

r--+---+--o Rolloff 

....... VV\~+--o Output 

Control 0....-...... -'------' 

3~ Input 

Unit 

Vdc 

mAde 

V(RMS) 

dB 

dB 

% 

Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete Jnformation sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

is believed (0 be entirely reliable .. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola I nco or others. 

@ MOTOROLA SeIHiconductor Products Inc. 
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MC3340 
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TYPICAL ELECTRICAL CHARA.CTERISTICS 

(Vee = 16 Vdc,TA = +250 e unless otherwise noted.) 

FIGURE 3 - ATTENUATION 
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FIGURE 5 - FREQUENCY RESPONSE 
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FIGURE 6 - OUTPUT VOLTAGE SWING 
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~ 8. ""' '-" 
UJ 
C!l 

~ 6.0 
o 
> 

2. 0 

o 
100 

\ 

1.0 k 

I ~ ~ 
1 > 4.0 

fo-
::> 

\ 
~ 2.0 

\ o 
10 k 100 k 1.0 M 10 M 100 M 8.0 9.0 10 11 12 13 14 15 16 17 18 

FREQUENCY (Hz) SUPPLY VOLTAGE (VOLTS) 

FIGURE 7 - TOTAL HARMONIC DISTORTION 
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ORDERING INFORMATION 

Device 

MC3346P 
MC3386P 

, , 

Temperature Range 

-40°C to +85°C 
-40°C to +85°C 

Package 

Plastic DIP 
Plastic DIP 

ONE DIFFERENTIALLY-CONNECTED 
PAIR AND THREE 

ISOLATED TRANSISTOR ARRAY 

The MC3346 and MC3386 are designed for general-purpose, 
low power applications for consumer and industrial designs. 

• Guaranteed Base-Emitter Voltage Matching 
• Operating Current Range Specified - 1 0 ~A to 10 mA 
• Five Gimeral-Purpose Transistors in One Package 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Collector-Emitter Voltage VCEO 15 Vdc 

Collector-Base. Voltage VCBO 20 
, 

Vdc 

Emitter-Base Voltage VEB 5.0 Vdc 

Collector-Substrate Voltage VCIO 20 - Vdc 

Collector Current..:.. Continuous IC 50 mAdc 

Total Power Oissipijtion @ T A = 25°C Po 1.2 Watts 
Derate above 25°C 10 mW/oC 
Derate Each Transistor @ 25°C 300 mW/oC 

Operating Temperature Range TA -40 to +85 °c 
Storage Temperature Range Tst9 -65 to +150 °c 
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MC3346 
MC3386 

GENERAL-PURPOSE 
TRANSISTOR ARRAY 

SiLICON MONOLITHIC 
INTEGRATED CIRCUIT 

•
••••••• 

- . 

V 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 



MC3346, MC3386 

ELECTRICAL CHARACTERISTICS 

Characteristic 

STATIC CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO 20 60 - 20 .60 
(lc = 10!lAdc) 

Collector-Emitter Breakdown Voltage BVCEO 15 - - 15 -
(lC = 1.0 mAdc) 

Collector-Substrate Breakaown Voltage BVCIO 20 60 - 20 60 
(lc = 10!lA) 

Emitter-Base Breakdown Voltage BVEBO 5.0 7.0 - 5.0 7.0 
(IE= 10!lAdc) 

Collector-Base Cutoff Current ICBO - - 40 - -
(VCB = 10 Vdc, IE = 0) 

DC Current Gain hFE 
(lC =-'0 mAdc, VCE = 3.0 VdCl - 140 - - -
(lC = 1.0 mAdc, VCE = 3.0 Vdcl 40 130 - 40 130 
(IC = 10 !lAdc, VCE = 3.0 Vdcl - 60 - - -

Base-Emitter Voltage VBE 
(VeE = 3.0 Vdc, IE = 1.0 mAdcl - 0.72 - - 0.72 
(VCE = 3.0 Vdc, IE = 10 mAdc) - 0.80 - - 0.80 

Input Offset Current for Matched Pair 01 and 02 11101- - 0.3 2.0 - 0.3 
(VCE = 3.0 Vdc, Ie = 1.0 mAdc) 11021 

Magnitude of Input Offset Voltage - - 0.5 5.0 - 0.5 
(VCE = 3.0 Vdc, IC = 1.0 mAdc) 

Temperature Coefficient of Base-Emitter Voltage eVSE - -1.9 - - -1.9 
(VCE = 3.0 Vdc, IC = 1.0 mAdc) --;;;:y-

Temperature Coefficient leVIOI - 1.0 - - 1.0 
-;;::r 

Collector-Emitter Cutoff Current ICEO - - 0.5 - -
(VCE = 1() Vdc, ~B = 0) 

DYNAMIC CHARACTERISTICS 

Low Frequency Noise Figure NF 3.25 3.25 
(VCE = 3.0 Vdc, IC = 100 !lAdc, RS = 1.0 kn, 
f = ~.O kHzl 

Forward Current Transfer Raiio hFE 110 110 
(VCE = 3.0 Vdc, IC = 1.0 mAg!;, f = 1.0 kHzl 

Short-Circuit Input Impedance hie 3.5 3.5 
(VCE = 3.0 Vdc, Ie = 1..0 mAdc) 

Open-Circuit Output Impedance hoe 15.6 15.6 
(VCE = 3.0Vdc, Ie = 1.0 mAdcl 

Rever~e Voltage Transfer Ratio hre 1.8 1.8 
(VCE ;: 3.0 Vpc, IC = 1.0 mAdc) 

Forward Transfer Admittance Yfe 31-j1.5 31-j1.5 
(VCE = 3.0 Vdc, IC = J.O mAdc, f = 1.0 MHz) 

Input Admittance Yie 0.3+jO.04 0.3+jO.04 
(VCE = 3.0 Vdc, IC =1.0 mAdc, f = 1.0 MHz) 

Output Admittance Yoe 0.001+jO.03 0.001 +jO.03 
(VCE =3.0 Vdc; IC = 1.0 mAde, f = 1.0 MHz) 

Current-Gain - Bandwidth Product fT 300 550 550 
(VeE = 3.0 Vdc, IC = 3.0 mAdc) 

Emitter~Base Capacitance Ceb 0.6 0.6 
(VEB = 3.0 Vdc, IE;' 0) 

Collector-Base Capacitance Ccb 0.58 0.58 
(Ves = 3.0 Vdc, Ie = 0) 

Collector-Substrate Capacitance CCI 2.8 2.8 
(Ves = 3.0 Vdc, IC = 0) 

@ MOTOROLA Se,.,iconductor Products Inc. 
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MC3346, MC3386 

TYPICAL CHARACTERISTICS 
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ORDERING INFORMATION 

Deylce Temperature Range Package 

MC3360P Plastic DIP 

1/4-WATT AUDIO AMPLIFIER 

· ; . designed for the output stage of battery-powered portable radios_ 

• 250 mW of Audio Output Power 

• Low Standby Current - 3.5 mA typical 

• low Harmonic Distortion 

• Reduces Component Count in Portable Radios 

• Formerly MFC4000B Packaged in Plastic Case 206A. 

MAXIMUM RATINGS (T A ; +250 C unless othe;wise noted.) 

Rating Value Unit 

Power Supply Voltage 12 Vdc 

Power Dissipation (Package Limitation) 1.2 Watts 
Derate above T A ; +250 C 10 mW/oC 

Operating Ambient Temperature Range -10 to +75 °c 

TYPICAL APPLICATION 

7-175 

MC3360P 

1/4-WATT AUDIO AMPLIFIER 

SILICON MONOLITHIC 
FUNCTIONAL CI RCUIT 

MC3360P 
Audio 

Amplifier 

PLASTIC PACKAGE 

CASE 626 

• 



II 

MC3360 

ELECTRICAL CHARACTERISTICS* (Vee; 9.0 Vdc, RL ; 16 Ohms, T A; +250 e unless otherwise noted.) 

Characteristic Min Typ Max Unit 

Zero Signal Current Drain - 3.0 5.0 mAde 

Sensitivity - - 240 mV(RMS) 
Po ; 250 mW(RMS ) 

Output Power 250 350 - mW(RMS) 
Total Harmonic Distortion";;; 10% 

Total Harmonic Distortion % 
Po ; 50 mW(RMS) - 0.7 -
PO; 50 mW(RMS), Vee; 6.0 Vdc - 4.5 -

• As measured in test circuit shown in Figure 1. 

FIGURE 1 - TEST CIRCUIT 

,--- Vee 
8 

I 
I 
I 
I 
I 
I 

3.9 k 

;;;36-;-, 

I , 

Audio 
Oscillator 

1.0 "-

I 
I 
I 
I 

5.0 

120 

L __ _ 

0.005/lF 

Circuit diagrams utilizing Motorola productS are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been I...arefu lIy checked and 

I 
I 
I 

is believed to be enti.rely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore. such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola I nco or others. 
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ORDERING INFORMATION 

Device Temperature Range Package 
MC3380P Plastic DIP 

EMITTER COUPLED ASTABLE MULTIVIBRATOR 
With Programmable Pulse Width and Current

Controlled Pulse Repetition Rate 

The MC3380P is a monolithic device designed for use as a general 
building block in control and power supply applications. ' 

Its extremely flexible design makes it useful in dc·de converter 
applications and power supply regulator circuits. Its fixed pulse 
width, variable frequency mode of operation makes it useful in 
switching regulator applications with either fixed or variable loads. 
This 'device is capable'of stepping up (Figures 5 and 9) or stepping 
down (Figure 14) dc input voltages, and can produce regulated 
mUltiple output dc voltages of either positive or negative polarity 
(Figure 14). 

This device can also be used as a frequency source when config
ured as a multivibrator. 

As a DC·DC Converter -
Differential Line Regulation (Figure 9) -
=1 V(Max)@Vcc=3t07.5V 

As a Power Regulator -
Load Regulation (Figure 5) -
0.2% (Typ) @ PD = 1 to 3 Watts 

As a Multivibrator -
High Toggle Frequency = 100 kHz (Typ) 

. FIGURE 1 - CIRCUIT SCHEMATIC 

R3 R4 
2.2 k 2.2 k 

Rl 

6.8 k 

R2 

6.8 k 

4 

2 3 

7-17R 

6 

MC3380P 

EMITTER COUPLED 
ASTABLE 

MUL TIVIBRATOR 

SILICON MONOI,.ITHIC 
INTEGRATED CIRCUIT 

PLASTIC PACKAGE 
CASE 626 

Voltage 0 Div. 1 8 VCC 

Fre
q
. uency . . . Frequ.ency 

Cantrall 2 . 7 Comparator 
Frequency 
Control 2 3 6 Feedback 

Gnd 4 5 Oscillator 
Output 

Rl0 
68 

'5 

Rl1 
220 



MC3380P 

MAXIMUM RATINGS (T A = +250 e unless otherwise noted) 

Rating SVmbol Value Unit 

Power Supply Voltage Vee 10 Vdc 

Output eurrent - Pin 8 10 100 mA 

Power Dissipation @ T A = 25°C Po 300 mW 
Derate above 250 e 3.0 mW/oe 

Operating Ambient Temperature Range TA o to +75 °e 
Storage Temperature Range Tstg -55 to +125 °e 

ELECTRICAL CHARACTERISTICS (TA = 250 e, Vee = 5.0 Vdc, unless otherwise note.d.l 

Characteristic 

EMITTER-COUPLED ASTABLE MUL TIVIBRATOR 

Rise Time tr - 12 - ns 
(C = 0.0034 ~F, R 1 = R2 = 10 kS1, f = 100 kHz, Figure 4) 

Fall Time tf - 45 - ns 

(C= 0.0034~F, R 1 = R2 = 10 kS1, f= 100kHz, Figure 4) 

Toggle Frequency - - 100 - kHz 

(C = 0.002~F, Rl = R2= 10 k, Figures 2, 3,4) 

3-WATT REGULATOR 

Power Efficiency (Figure 5) - - 60 - % 

(VO = 200 Vdc@ 15 mAdc) 

Load Regulation (Figure 5) R.egload - 0.2 - % 

(Pout < 3.0 W) 

Line Regulation (Figure 5) Regline - 0.3 - % 
(Vee = ·4.0 -6.0 Vdc) 

Output Voltage (Figure 5) Vo - 200 - V 

Output Current (Figure 5) 10 - 15 - rnA 

Supply Voltage (Figure 5) Vce 3.0 - 10 V 

Supply eurrent (Figure 6) 10 - 20 30 rnA 
(lFB=O,RL=~) 

Output Voltage.High (Figure 6) VOH V 
(10 = 2.0 mA, I FB = 250 ~A) 2.4 3.5 -
(to = 25 rnA, 'FB = 250~AI 1.2 1.5 -

Output Voltage Low (Figure 6) VOL - 150 300 mV 
(10 = -1.0 mA, IFB = 600 /lA) 

, 

Rise Time tr - 12 - ns • On Time ton - 20 - /lS 

Fall Time (Figure 7) tf - 45 - ns 

Off Time toff - 20 - /lS 

DC - DC CONVERTER 

Zener Bias Current (Figure 10) 
(Vce = 5.0 Vdc, Vo > 2.4 Vdc) IFBl - - 250 /lA 
(Vee = 5.0 Vdc, Vo < 0.4 Vdc) IFB2 600 - - /lA 

Output Current (Figure 11) I 10H 25 35 - mA 
(Vee = 5.0 Vdc) 

Output Resistance (Figure 12) ro 150 220 300 S1 
(Vec = 5.0Vdc, 10 = -1.0 rnA) 

Shutdown Voltage (Figure. 13) 
(VO < 0.5 V) \ Vee - - 1.6 V 

Supply Voltage (Figure 9) 3.0 - 7.0 V 

Differential Line Regulation (Figure 9) 
(A-Vec = 3.0 to 7.0 Vdc) 

t:iVreg -1.0 - +1.0 V 

Feedback Voltage (Figure 9) VF 0.6 - 1.1 V 
(VCC = 5.0Vdc) 

Voltage Efficiency (Figure 9) - 40 - - % 
(VCC = 5.0 Vdc, Eff(%) = (Vout2/(3.3 k) (ICC) (Vee) 
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MC3380P 
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versus FREQUENCY 
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Va 
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FIGURE 5 - 3-WATT SWITCHING REGULATOR APPLICATION CIRCUIT 

V ref for System 
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0.01 
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47 

Q2 
2N6495 

T1 - FERROXCUBE Pot Core 
H2213P-L003B7 (6 mil gap) 

Np - 8 Turns #22 AWG 
NS - 80 Turns ~26 AWG 

3-":"att Switching Regulator - converts 5 V to 200 V for gasdischarge displays such as Burroughs Panaplex and Beckman. 

7-180 



MC3380P 

VCC -=-

3-7 V 

= 

FIGURE 6 -'STATIC TEST CIRCUIT FIGURE 7 - DYNAMIC TEST CIRCUIT 
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Notes: 
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1. All resistor values in ohms, ± 1%, 1/4 W 
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DC· DC CONVERTER TEST CIRCUITS 

FIGURE 10 - ZENER BIAS CURRENT TEST FIGURE 11 - OUTPUT CURRENT TEST 

Vee 

8 

6 

IFB 
4 

-= 

Vee 

8 

5 
Vo _-0--_-0 Vo 

L......_..,-_....J IOH 

J 
4 

FIGURE 12 - OUTPUT. RESISTANCE TEST 

Vee 

V out 
(Note: ro=~) 

Vout 
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MC3380P 

FIGURE 14 - TYPICAL APPLICATION AS MULTIPLE OUTPUT SWITCHING REGULATOR FOR USE WITH MPU'S 

MDA920·2 

IM10ZS3 
10 V 
3% 
lW 

500 
/IF 

50 V 

800 

475 1% 

10 k 

500 1% 

680 
2W 

IN5850A 

500 
/IF 

50 V 

0.01 10 
/IF /IF 

820 
MC3380 

4 
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TYPICAL PERFORMANCE 
Pout l = 4 Watts 

(Va = 5 V ± 5%) 
5 V Ripple Component = 50 mV 

(120 Hz + 20 kHz) 
Pout2 =.600 mW 

(Va = 12 V ± 10%) 
Pout3 = 3 mW 

(Va = -3 V ± 10%) 
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Product Prevle-vv 

PHASE LOCKED LOOP FBEQUENCY SYNTHESIZER 

The MC3390 is a phase locked loop frequency synthesizer de
signed specifically for single crystal, Class-D citizen band radio appli
cations. By' utilizing recently developed circuit techniques, the IC 
incorporates high speed and high density logic in combination with 
standard linear functions and is processed with the same techniques 
and materials common to the Motorola low-cost consumer linear 
IC line. 

• Developed Specifically for Class-D Citizen Band Radio Applica
tions 

• Targeted for Low Cost, High Volume Requirements 

• Directly Compatible with the New 40 Channel Frequency Alloca
tion 

• Requires Only One Crystal to Generate All Transmit and Receive 
F requencjes 

• Compatible with the MC3391 Remote Controller and Display 
Driver 

• A Low-Cost Binary Coded Switch Can Be Used Directly for 
Channel Selection 

• Compatible with Digital Display Techniques 

• Linear Co~patible 12L Is Utilized for Optimum Cost Effectiveness 

• Designed for Double or Single Conversion Receivers 

MC3390 

PHASE LOCKED LOOP 
FREQUENCY SYNTHESIZER 

FOR 
CITIZEN'S BAND RADIO 

P SUFFIX 
PLASTIC PACKAGE 

CASE 724 

ORDERING INFORMATION 

CB RADIO USII\!G IVlC3390 SYNTHESIZER 

This is advance information and specifications are Subj,,!ct to change without notice.' 
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Product Previevv 

REMOTE CONTROLLER AND DISPLAY DRIVER 

FOR CITIZEN'S BAND RADIO 

The MC3391 is a remote control.ler and display driver IC designed 
to be used in conjunction with the. MC3390 frequency synthesizer 
for Class-O citiz~n 's band radio applications. 

The MC3391 provides .the user the capability of incremental 
stepping from one channel to another by merely engaging a push 

. button switch. last channel memory is provided during power 
switch off conditions. The IC also provides the decoding and drive 
required by seven-segment light emitting diode or liquid crystal 
displays for channel number indication. It is fully compatible with 
the new 40 channel frequency allocation. 

MC3391 

REMOTE CONTROLLER 
AND 

D.lSPLAY DRIVER 
FOR 

CITIZEN'S BAND RADIO 

PSUFFIX 
PLASTIC PACKAGE 

CASE 724 

ORDERING INFORMATION 

TYPICAL APPLICATION 

40 Channel CB Transceiver with remote and manual control capability and LED/LCD display 

RF 
Amp 

Power 
Amp 

MC3390 
Synthesizer 

Exciter 

2nd 
Mixer 

• • ----Up Down 

This is advance information anc specifications are subject to change without notice. 
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Advance Ini:orIDatlon 

TV SOUND SYSTEM 

The TDA 1190Z 4.0 watt sound system is designed for television 
and related applications. Functions performed by this circuit include: 
IF Limiting, IF amplifier, low pass filter, FM detector, DC volume 
control, audio preamplifier, and audio power.amplifier. 

• 4.0 Watts Output Power 
(VCC = 24 V, RL = 16 n) 

• Linear Volume Control 

• High AM Rejection 

• Low Harmonic Distortion 

• High Sensitivity 

, BLOCK QIAGRAM 

15 14 

3 6 8 16 

This is advance information and specifications are subject to change without notice. 
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TOA1190Z 

TV SOUND SYSTEM 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

.• -- . 

~~ 

Control 

PLASTIC ,PACKAGE 
CASE 722A 

PIN CONNECTIONS 

ORDERING INFORMATION 

Temperature Range 



TDA1190Z 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply Voltage Range Vee 9.0 to 28 V 

Input Signal Voltage VI 1.0 V 

Output Peak Current, (Non-repetitive) 10 2.0 A 
(Repetitive) 1.5 

Operating Temperature Range TA o to +75 °e 

Junction Temperature TJ 150 °e 

ELECTRICAL CHARACTERISTICS (Vee"; 24 V, fo = 4.5 MHz, M = ±25 kHz, T A = 250 e unless otherwise noted. 

Characteristic Symbol Min. Typ. Max. Unit 

Quiescent Output Voltage (pin 11) Va V 

Vce = 24 V 11 12 13 

Vee = 12 V 5.1 6.0 6.9 

Quiescent Drain Current ID mA 
(Pl = 22 kn) 

( 

Vee = 24 V 11 22 35 

Vee = 12V - 19 -
Output Power Po W 

(d = 10%, fm = 400 Hz) 
Vee = 24 V, R L = 16 n - 4.2 -
Vee =' 12 V, RL = 8.0 n - 1.5 -

(d = 2%, fm = 400 Hz) 
Vee = 24 V, RL = 16 n - 3.5 -
Vee = 12 V, RL = 8.0 n - 1.4 -

Input limiting Threshold Voltage (-3.0 dB) at pin 1 VI - 40 100 /.LV 
M = ±7.5 kHz, fm = 400 Hz, Pl = 0 

Distortion d % 
(PO = 50 mW. fm = 400 Hz, M = ±7.5 kHz) 

Vee = 24 V, R L = 16 n - 0.75 -
Vee = 12 V, RL = 8.0 n - 1.0 -

Frequency Response of Audio Amplifier (-3.0 dB) \ B Hz • (RL = 16 n, Cl0 = 120 pF, e12 =470 pF, Pl = 22 kn) 
Rf = 82 n - 70 to 12 k ' -
Rf = 47 n - 70 to 7.0 k -

Recovered Audio Voltage (pin 16) Vo - 120 - mV 
(V, ;;. 1 mV, fm = 400 Hz, M = ±7.5 kHz, Pl = 0) 

Amplitude Modulation Rejection AMR - 55 - dB 
(VI;;' 1.0 mV, fm = 400 Hz, m = 30%) 

Signal and Noise to Noise Ratio S+N 50 65 - dB 
(VI;;' 1.0 mV, Vo = 4.0 V, fm =400 Hz) -N 

External Feedback Resistance (between pins 9 and 101 Rf - - 22 kn 

Input Resistance (pin 1) q - 30 - kn 
(VI = 1.0mV) 

Input Capacitance (pin 1) ei - 5.0 - pF 
(VI = 1.0 mV) 

Power Supply Rejection Ratio PSRR - 46 - dB 
(RL = 4.0 n, fripple = 100 Hz, Pl = 22 kn) 

DC Volume Control Attenuation - - 90 - dB 
(Pl = 12 kn) 

® MOTOROLA. Semiconductor Products Inc. 
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TDA1190Z 

TEST CIRCUIT 

L1 -----. 
·L = 10 IlH C7, C12 C10 .-------C-g-..----. ...... -o VCC 
Q o = 60 ' g.O pF 470 pF 120 pF 
fo = 4.5 Mhz +--II--4--'-I~ 1--._1 r-t-____ 10_0...,nF ~ ~ ~~~ IlF/35 V 

C1 
100 nF 

Input <>--1 f--'~::>-~ 

C2 
47 nF 

R1 
50n 

Volume 

P1 
TABS 22 kn 

lin. 

C8 
7.5 nF 

14 

11 

g 

15 

TYPICAL CIRCUIT CONFIGURATION 

C5 

C11 
1000 IlF/16 V 

R3 

R4 
1.0 

® MOTOROLA Sen'liconduc'for Produc'fs Inc. 
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OTHER LINEAR CIRCUITS 
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High Frequency Amplifiers 
A variety of high-frequency circuits with features ranging from low-cost simplicity to multi

function versatility marks Motorola's line of integrated R F /1 F amplifiers. Devices described here are 
intended for industrial and cummunications applications. For devices especially dedicated to con
sumer prodiJcts, i_e., TV and entertainment radio, see page 7 - 3 . 

NON·AGC AMPLIFIERS 

SE/NE592 - Differential Two Stage Video Amplifiers 

A monolithic, two state differential output, wide
band video amplifier. It offers fixed gains of 100 
and 400 without external components and ad
justable gains from 400 to 0 with one external 
resistor. The input stage has been designed so that 
with the addition of a few external reactive ele
ments between the gain select terminals, the 
circuit can function as a high pass, low pass, or 
band pass filter. This feature makes the circuit 
ideal for use as a video or pulse amplifier in 
communications, magnetic memories, display and 
video recorder systems. 

MC1733/MC1733C - Video Amplifier 

Differential input and output amplifier provides 
three fixed gain options with bandwidth to 120 
MHz. External resistor permits any gain setting 
from 10 to 400 v/v. Extremely fast rise time (2.5 
ns typ) and propagation delay time (3.6 ns typ) 
makes this unit particularly useful as pulse ampli
fier in tape, drum,.or disc memory read applications. 

MC1552/MC1553 - Low Distortion Amplifier 

Extremely high performance amplifier with 
internal series feedback for stable voltage gain and 
low distortion. Temperature compensation stablizes 
operating point. Has selectable gain option and 
well characterized data that permits accurate 
response shaping. Useful' for critical applications 
such as wideband linear amplifiers or fast-rise pulse 
amplifiers. 

MC1510/MC1410 - General-Purpose Differential 
, Amplifier 

Differential ampl ifier with flat response to 40 MHz. 
Provides excellent performance and simple design 
for most video and communications purposes. 

PACKAGE STYLES 

CASE 601 602A 

MATERIAL Metal Metal 

SUFFIX G G 

after type number 

: 

6028 

Metal 

G 

AGC AMPLIFIERS 

MC1550 - Low Cost Building Block 

Single-stage cascade connected amplifier with 
delayed AGC characteristics, for operation at 
frequencies to 100 MHz. Has typical power gain of 
25 dB @ 60 MHz. 

MC1545/MC1445 - Gated 2-Channellnput 

Differential input and output amplifier with gated 
2-channel input for a wide variety of switching 
purposes. Typical 75 MHz bandwidth makes it 
suitable for high-frequency applications such as 
video switching, FSK circuits, multiplexers, etc. 
Gating circuit is useful forAGe control. 

MC1590 - Wide~Band General Purpose 
Has differ'ential inputs and outputs with unneu
tralized power gain as high as 35 dB typical at 100 
MHz in tuned amplifier service. Effective AGC 
voltage range from 5 to 7 volts for a 30 dB gain 
reduction. 

ELECTRICAL SPECIFICATIONS 
AGC AMPLIFIERS 

Operating 
T"mperature Range Band 
-55 to o to AV width 

+1250 C +750 C dB MHz 

MC1550 - 22 Min 22 

MC1590 - 44 Typ. @ 10 
4 Typ @ 100 

MC1545 MC1445 19 Typ @ 75 

NON AGC AMPLIFIERS 

MC1733 MC1733C 52 @ 40 
40 90 
20 120 

MC1510 MC1410 40 40 

MC155.3 - 46 @ 35 
52 15 

MC1552 - 34 @ 40 
40 @ 35 

SE592 NE592 55 @ 40 
45 @ 90 

603 606 607 

Metal Ceramic Ceramic 

G F F 

VCCI 
VEE 
Vdc Case 

+6/- 6028,606 

+12/- 601 

+5/-5 602A,607 
632 

+6/--6 603,632 

+6/--6 601 

+6/--6 6028 

+6/-6 6021:1 

+6/--6 603,632 

14 

CJ 
1 

632 

Ceramic 

L 

• 
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Special Purpose Circuits 

The linear-integrated-circuits listed in this section were developed by Motorola for the system 
design engineer to fill special-purpose requirements_ Temperature ranges and package availability are 
tailored to provide price/performance versatility_ 

LINEAR FOUR-QUADRANT MULTIPLIERS 

MC1594/1494 
This device is designed for use where the output 
voltage is a linear product of two input voltages. 
Typical applications include: multiply, divide, 
square root, mean square, phase detector, fre
quency doubler, balanced modulator/demodulator, 
electroni~ gain control. 
The MC1594/Mc:1494 is a variable transconduc
tance multiplier "with internal level-shift circuitry 
and voltage regulator. Scale factor, input offsets 
and output offset are completely adjustable with 
the use of four external potentiometers. Two 
complementary regulated voltages ate provided to 
simplify offset adjustment and improve power
supply rejection. 

MC1595/MC1495 
Similar to the MC1594/1494, but without internal 
level shift and voltage regulator circuits. 

BALANCED MODULATOR-DEMODULATOR 

MC1596/MC1496 
Designed for use where the output voltage is a 
product of an input voltage (signal) and a switching 
function (carrier). Typical applications include 
suppressed carrier and amplituge modulation, 
synchronous detection, FMdetection, phase 
deteCtion and chopp~r applications. 

TIMING CIRCUITS 

MC 1555/MC 1455/MC 1422 
These devices are highly stable timing circuits 
capable of producing accurate time delays or 
oscillation. Aqditional terminals are provided for 
triggering or re~etting if desired. In the time delay 
mode of operation, the time is precisely controlled 
by one external resistor and capacitor. For a stable 
operatioh as ~n oscillator, the free running fre
quency and the duty cycle, are both accurately 
controlled with two external resistors and one 
capacitor. The circuit may be triggered and reset 
on falling waveforms, and the output structure 
can source or sink up to 200 mA or drive MTTL 
circuits. Timing from Microseconds through Hours. 
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The MC1422 has variable threshold level, adjust
able externally. 

MC1555 
MC1455 
MC1422 

MC3556/MC3456 

Timing Error (typ) 
0.5% 
1.0% 
1.0% 

Dual Version of the MC1555/MC1455 

Operating 
Temperature Range 

-55 to +1250 C o to +70oC Case 

MC1554 MC1454 6028 

MC1555 601,693 

MC1455 601, 626, 693 

MC1594 MC1494 620 

MC1595 MC1495 632 

MC1596 602A,632 

MC1,496 602A, 632, 646 

MC1422 601,626 

MC3505 632 

MC3405 632; 646 

MC3556 632 

MC3456 632,646 

MC3523 693 

MC3423 626,693 

MC3426 632 

MC3370 626 

GROUND FAULT INTERRUPTED CIRCUITS 

MC3426 
(Latching) 

This circuit provides ground fault and grounded 
neutral protection for 120 V AC, 15 and 20 Amp. 
lines. Useful in wall socket and circuit breaker 
appl ications_ 
• Trip Times in Ac,cordance with U.L. 
• High Noise Immunity 
• Resistance to False Tripping 
• Minimum Trip Leakage Current-5 ±,mA 
• Trips for Neutral Gnd. Resistance> 2 



OVERVOL TAGE PROTECTION CIRCUIT 

MC3423/MC3523 
Protects sensitive electronic circu itry from over 
voltage conditions' by short circuiting the supply 
current when an overvoltage occurs. This causes 
circuit breaker to trip or fuse to open. 
• Adjustable Threshold Voltage 
• Adjustable Energy Threshold 
• Remote Activation 
• Activation Indication . 

POWER CONTROL CIRCUITS 

MC3370 

Electronic switch for triac triggering applications. 
Features zero-crossing detector to eliminate RFI, 
differential input with dual sensor inputs, input 
open arid short protection, and built-in regulator 
permitting AC line operation. 

MONOLLTHIC DUAL OPAMP-DUAL 
COMPARATOR 

MC3505/MC3405 

This device contains two differential input opera
tional amplifiers and two comparators each set 
capable of single supply operation. This operational 
amplifier-comparator circuit will find its applica
tions as a general purpose product for automotive 
circuits and as an industrial "building block". 
• Op Amp Equivalent in Performance to MC3403 
• Comparator Similar in Performance to M LM339 
• Op Amps are Internally Frequency Compensated 
• Supply Operation 3.0 Volts to 36.0 Volts 
• Dual Supply Operation also Available 

PACKAGE STYLES 

~2. + W:o:o $:~o .1 
o 1 .0 0 2 

2 

b 
1 

14 

CJ 
1 

14 

CJ 
8 5 o 

4 

CASE 601 602A 602B 626 632 646 693 

MATERIAL Metal Metal Metal Plastic Ceramic Plastic Ceramic 

SUFFIX G G G Por P1 L P U 

after type number , 
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• INPUT 11 
(+) 1 

ORDERING INFORMATION 

Device Temperature Range - Package 

MC1410G 
MC1510G 

O°C to +75°C 
-55°C to + 125°C 

Metal Can 
Metal Can 

WIDEBAND VIDEO AMPLIFIER 

.. designed for use as a high-frequency differential amplifier with 
operating characteristics that provide a flat frequency response from 
dc to 40 MHz. 

• High Gain Characteristics 

AV = 93 typ 

• Wide Bandwidth - dc to 40 MHz typ 

• Large Output Voltage Swing 
4.5 Vp-p typical @ ±6.0 V Supply 

• Low Output Distortion 
THD <:;;; 1.5% typ 

FIGURE 1 - VOLTAGE GAIN versus FREQUENCY 
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MCl410 
MCISIO 

VIDEO AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601 

VEE 

Case 

(Top View) 

FIGURE 2 - LIMITING CHARACTERISTICS 
@ 1.0 kHz 
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MC1410, MC1510 

MAXI MUM RATINGS (T A = +250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage VCC +8.0 Vdc 

VEE -8.0 

Differential Input Voltage Range VI DR ±5.0 Volts 

Common Mode Input Voltage Range VICR ±6.0 Volts 

Load Current IL 10 mA 

-Output Short Circuit Duration ts 5.0 s 

Power Dissipation (Package Limitation) Po 
Metal Can 680 mW 

Derate above T A = +250C 4.6 mW/oC 

Operating Temperature Range TA; °c 
MC1410 o to +75 
MC1510 -55 to +125 

Storage Temperature Range Tstg -65 to +150 °c 

ELEOTRICAL CHARACTERISTICS(VcC = +6.0 Vdc, VEE = -6.0 Vdc, RL = 5.0 kn, T A = +250 C unless otherwise noted.) 

Characteristic Symbol 

Single Ended Voltage Gain Av(se) 

Output Impedance Zo 
(f = 20 kHz) 

Input Impedance \ Zi 
(f = 20 kHz) 

Bandwidth (-3.0 dB) BW 

Output Voltage Swing (Single Ended) Vo 
( f = 100 kHz) 

Single Ended Output Distortion THD 
(ein < 0.2% Distortion) 

Input Common Mode Voltage Range VICR 

Common Mode Voltage Gain AVCM 
(Vin = 0.3 V rms, f = 100 kHz) 

Common Mode Rejection Ratio CMRR 

I nput Bias Current liB 

~ 11 + 12 ) IIB= ~2- ,Differential Output = 0 

Input Offset Current 110 
(110 = 11- 12) 

Output Offset Voltage VOO(DM) 
Differential Mode (Vin = 0) 

Common Mode (Differential Output = 0) VOO(CM) 

Step Response 

tTHL 
tpHL,tPLH 

lTLH 

Average Temperature Coefficient of AVIO}AT 
Input Offset Voltage 
(RS = 50 n, TA = Tlow * to Thigh **) 

(RSS; 10 k n, T A-= Tlow to Thigh) 

DC Power Consumption Vc 
(Power Supply = ±6.0 VI 

Equivalent Average Input Noise Voltage Vn 
(f = 10 Hz to 500 kHz, RS = 0) 

*Tlow = OOC for MC1410 
, or -55°C for MC1S10 

MC1510 

Min Typ Max 

75 93 11q 

- 35 -

- 6.0 . -

- 40 -

- 4.0 -

- 1.5 5.0 

- ±1,0 -

-30 -45 -

- 85 -

- 20 80 

- 3.0 20 

- 0.5 1.3 

2.6 3.1 3.5 

- 9.0 12 
- 9.0 -
- 9.0 12 

- ±3.0 -
- ±6.0 -

- 150 220 

- 5.0 -

**Thigh = +7SoC for MC1410 or 
+12SoCfor MC1510 
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MC1410 

Min Typ Max 

60 90 120 

- 35 -

- 6.0 -

- 40 -

- 4.0 -

- 2:0 -

- ±1.0 -

-20 -40 . -

- 85 -

- 50 100 

- 5.0 30 

- 0.5 2.0 

2.0 3.0 4.0 

- 10 15 
- 9.0 -
- 10 15 

- ±3.0 -
- ±6.0 -

- 165 220 

- 5.0 -

Unit 

V/V 

n 

kn 

MHz 

Vp-p 

% 

V 

dB 

dB 

/.IA 

/.IA 

Vdc 

ns 

/.IV/oC 

mW 

/.IV 
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MC1410, MC1510 

TYPICAL CHARACTERISTICS 

(Vee = +6.0 Vdc, VEE = -6.0 Vdc, T A = +250 C unless otherwise noted.) 

FIGURE 3 

POWER DISSIPATION versus SUPPLY VOLTAGE 

300r----,-----.-----,r----,.---......... ---i 

~ 
z 
:? 200 
~ 
~ 
Ci 
a:: 

~100~====~====~====~~--+---~--~ 
~ 

aJ 
-c 

°0~~--~~--~8~.0~--~10~-r--l~2----~I.~4----~16 
IVCCI, IVEEI, SUPPLY VOLTAGE (Vdc) 

FIGURE 5 

VOLTAGE GAIN versus TEMPERATURE 
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INPUT BIAS CURRENT versus TEMPERATURE 
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FIGURE 4 

VOLTAGE GAIN versus SUPPLY VOLTAGE 
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FIGURE 6 
DC OUTPUT VOLTAGE versus TEMPERATURE 
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FIGURE 8 

OUTPUT NOISE VOLT AGE versus SOURCE IMPEDANCE 
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MC1410, Mci510 
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TypiCAL CHARACTERISTICS 

FIGURE 10 , FIGURE 9 
LIMITING CHARACTERISTICS@ 30 MHz LIMITING CHARACTERISTICS versus FREQUENCY 
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TYPICAL APPLICATIONS 

FIGURE 11 
ENVELOPE DETECTOR 

+6 Vdc 

-6 Vdc 

FIG.URE 13 
WEIN BRIDGE OSCILLATOR 

+6 Vdc 

FIGURE 12 
SINGLE STAGE WIDEBAND AMPLIFIER 
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Specifications and Applications 
InforIllation 

MONOLITHIC TIMING CIRCUIT WITH 
EXTERNALLY ADJUSTABLE THRESHOLD LEVEL 
The MC1422 monolithic timing circuit is a highly stable controller 

capable of producing accurate time delays, or oscillation. Additional 
terminals are provided for triggering or resetting if desired. For 
astable operation as an oscillator, the free running frequency and the 
duty cycle are both accurately controlled with two external resistors 
and one capacitor. The circuit may be triggered and reset on falling 
waveforms, and the output structure can source or sink up to 200 
mA or drive MTTL circuits. 

• Useable as a Differential Comparator Timer 
• Timing From Microseconds Through Hours 
• Operates in Both Astable and Monostable Modes 
• Adjustable Duty Cycle 
• High Current Output Can Source or Sink 200 mA 
• Output Can Drive MTTL 

• Temperature Stabi'lity of 0,005% per °c 
• Norma"y "On" or Normally "Off" Output 

TYPICAL APPLICATIONS 

• Time Delay Generation • Precisio~ Timing. Missing Pulse Detection 

• Sequential Timing • Pulse Generation. Pulse Width Modulation 

• Linear Sweep Generation • Pulse Shaping • Pulse Pos.ition Modulation 

MAXIMUM RATINGS (T A = +250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Poyver Supply Voltage Vee +16 Vdc 

Discharge- Current (Pin 7) 17 200 mA 

Power Dissipation (Package Limitation) PD 
Metal ean 680 mW 
Derate above T A = +250 C 4.6 mW/oC 
Plastic Dual In-line Package 625 mW 
Derate above T A = +250 C 5.0 mW/oe 

Operating Temperature. Range (Ambient) TA o to +70 °e 

Storage Temperature Range Tstg -65 to +150 °e 

FIGURE 1 - BLOCK DIAGRAM 

Th reshol d ()--t-:---------; 

Discharge U---;----, 

Adjustable 
Threshold 
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MC1422 

TIMING CIRCUIT 
WITH ADJUSTABLE THRESHOLD 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

P1 SUFFIX 

PLASTIC PACKAGE 
CASE 626 

(Top View) 

1. Ground 
2. Trigger 
3. Output 

4. Reset 

5. Variable Threshold 
Reference 

6. Threshold 
7. Discharge 

B.VCC 

O
·~o, 

o • 
2 6 

o 0 

J 04 5 

(Top View) 

0.5 

1 4 

G SUFFIX 
METAL PACKAGE 

CASE 601 
TO,99 

1. Ground 
2, Trigger 

3. Output 
4. Reset 

5. Variable Threshold 
Reference 

6. Threshold 

7. Discharge 

8. VCC 

Temperature Range 
o to +70oC 
o to +70o C 

1-----------iI---OTrigger 

4 
)-----+-u Reset 

l' Ground 



MC1422 

ELECTRICAL CHARACTERISTICS (TA = +250 e. vee = +5.0 V to +14 V unless otherwise noted.l 

Characteristics Symbol Min 

Supply Voltage Vee 4.5 

Supply Current 10 
Vee=5.0V.RL=00 -
Vee = 14 V. RL = 00 -
Low State (Note 1 ) 

Timing Error (Note 2) 
RA. RS = 1.0 kn to 100 kn 
Initial Accural;y C = 0.1 J.lF -
Drift with Temperature -
Drift with Supply Voltage -

Threshold Voltage (Figure 2) Vth -
Triggei' Voltage VT 

Vee = 14 V -
Vec = 5.0 V -

Trigger Current IT -
Discharge Leakage Current Idis -
Reset Current - IFi -
Threshold Current (Note 3) 'th -
Output Voltage Low VOL 

(Vee = 14 V) 
Isink = 10 mA -
'sink = 50'mA -
'sink = 100 mA -
'sink = 200 mA -

Output Voltag.e High VOH 
(lsource = 25 mAl 
Vee = 14 V 12.75 
Vee = 5.0 V 2.75 

Rise Time of Output tOLH -

Fall Time of Output tOHL -

NOTES: 

Typ 

-

3.0 
10 

1.0 
50 

0.01 

2/3 

5.0 
1.67 

0.5 

-
0.1 

-

0.1 
0.4 
2.0 
2.5 

13.3 
3.3 

100 

100 

Max 
14 

6.0 
15 

-
-
-

-

-
-
-

250 

-
1.0 

0.35 
1.0 
3.5 
-

-
-
-
-

Unit 

V 

mA 

% 
PPM/oe 
%/Volt 

xVee 

V 

J.lA 

nA 

mA 

J.lA 

V 

V 

ns 

ns 

1. ~upply current when output is high is typically 1.0 mA less. 
2 .. Tested at Vee = 5.0V and Vee = 14 V. 

3. This will determine the maximum value of RA + RS for 15 V operation. 

FIGURE 2 - DC TEST CIRCUIT 

.1---1I.I~t- vee 

-= VR ~ --- -"" --111~ 

±1% Reset Vee 7 IL.IR1. 

5.0k ,4 18 
j;,oon-=1-

II. Control Discharge I R2 
:I. 10k'5 Voltage 

0* ±1% 
c:i 

D.U.T. 
6 

·Threshold r-<>-:- rO""~i: 
,·~'<·CP ~ 

Notes: 

Trigger 

2.0K 

Vee = Supply Voltage: 5.0 V .. VCC" 14 V ,Range 

Vs = Switching Voltage: 1.4 V .. VS" 11.0 V Range 

When Vs ;;. 2/3 Vce. Va is low;;, 0 at RL = 00 

When Vs .. 1/3 Vcc. Va is high;;, Vcc ~t RL = 00 

V R = Reset Voltage: V R = 0.4 V or 1.0 V during Reset Test 

During other tests. Pin 4 tied to Vce. 

The maximum total R = 20 megohms. 

FIGURE 3 - AC TEST CIRCUIT 

RL 5 
0--...... -0--1 Control 

Voltage 

'-----;--<D--I0utput 

Gnd 
10 k 
±1% 

RA = 100 k 

t = 1.1 RAC seconds 

D.U.T. 

Discharge ~ 

6 
Threshold I-~<>-"" ___ ..., 

T~ry".. c-o.' "'1 
Pulse I -= 

Generator I 
~ 

External components must be bridged so that exact 
values are used in the frequency formula. 

@ MOTOROLA SeTniconduc'for Produc'fs Inc. 

8-11 

• 



• 

MC1422 

FIGURE 4 - TRIGGER PULSE WIDTH 

150 

125 
c 
'g 
S 100 
J: 
f-

~ 75 

~ 50 

t 
25 

o 

w~ ~ 
/" 

,./" 
\)0(, 

,./" 
,/'" ...-V ~~ 

--- k ~~ 
+1\)°(, 

,,:::= P'"" \f-+'t,oC 

o 0.1 0.2 0.3 0.4 
VT(min). MINIMUM TRIGGER VOLTAGE 

(X Vee' Vdc) 

FIGURE 7 - LOW OUTPUT VOLTAGE 
@ Vee'" 5.0 Vdc 

10 

~f f-~~~ f? r--
'V 0 

~ f 
I , 

0.1 I/' 
/"" 

0.0 I 
1.0 2.0 5.0 10 20 50 100 

1.015 

Cl 

~ 1.010 

« 
:;;: . 
:; 1.005 
z 

~ 1.000 

>-« g 0.995 

:!? 
0.990 

ISINK. (mA) 

FIGURE 10 - DELAY TiME 
versus SUPPl Y VOL TAGE 

\ 

\ --\ I--
~ foo-

5.0 10 15 
Vee. SUPPLY VOLTAG'E (Vdc) 

-

20 

TYPICAL CHARACTERISTICS 
(T A = +2Soe unless otherwise noted.) 

FIGURE 5 - SUPPLY CURRENT 
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MC1422 

FIGURE 13 - CIRCUIT SCHEMATIC CONTROL VOLTAGE 

THRESHOLD 
COMPARATOR 

TRIGGER 
COMPTR 

Variable 
5 Threshold 

Reference 

FL.IP-FLOP OUTPUT 
VCC8o-----~----~--~----~----~~------~~4_------------._--~--._--_, 

1.0 k 6.8 k 

5.0 k 

Threshold 6 

7 k Output 

c b 

Tr iggcr 2 0---------------+------" 

RESET 

4.7 k 

Gnd 100 

GENERAL INFORMATION 

THe MC1422 is a monolithic timing circuit similar in 
performance and function to the MC1455 timer. It can 
be used .in 'both the astable and monostable modes with 
frequency and quty cycle controlled by the 'capacitor and 
resistor values. While the timing Js dependent upon the 
external passive components, the monolithic circuit pro· 
vides the starting circuit, voltage comparison and other 
functions needed for a complete timing circuit. Internal 
to the integrated Cir:cuit are two comparators, one for the 
input signal and the other for capacitor voltage; also a 
flip-flop and digital output are offered. The reference 
voltage of the trigger comparator is a fixed ratio of the 
supply voltage while the reference voltilge of the threshold 
comparator is completely adjustable. 

The MC1422 offers a completely independent variable 
threshold terminal. This feature allows it to be used as a 
modulation terminal as well as a synchronization terminal 
giving an additional degree of freedom in circuit design. 
The reference voltage pin (pin 5) for the threshold com
parator is completely adjustable. 

A reset pin. is provided to ~ischarge the capacitor thus 
interrupting the timing cycle. As long as th~ reset pin is 
low, the capacitor discharge transistor is turned "on" and 
p;events the capacitor from charging. While the reset volt-

age is applied the digital output will remain low. The reset 
pin should be tied to the supply voltage when not in use. 

Monostable Mode 

In the monostable mode, a capacitor and a single resis
tor are used for the timing network. Both the threshold 
and the discharge transistor terminal are connected to
gether in this mode, refer to circuit Figure 14. When the 
input voltage to the trigger comparator falls below 1/3 
VCC the comparator outP\Jt triggers the flip-flop so trat 
it's output sets low. This turns the capacitor discharge 
transistor "off" and drives the digital output to the high 
state. This condition allows the capacitor to charge at an 
exponential rate which -is set by the RC time constant. 
When the capacitor voltage r~aches the external reference 
voltage the threshold comparator resets the flip-flop. This 
discharges the timing capacitor and returns the digital out
put to the low state. Once the flip-flop has been triggered 
by an input signal, it cannot be retriggered until the 
present timing period has been completed. Tne time that 
the output is high is given by the equation t = 1.1 R A C. 
Various combinations of· R· and C and their associated 
times are shown in Figure 15. The trigger pulse width 
must be less than the timing period. 

® MOTOROJ.A Serniconduc'tor Produc'ts Inc. 
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MC1422 ' 

FIGURE 14 - MONOSTABLE CIRCUIT 

+Vcc (5 to 15 V) 

I 
l 

Reset ~RL RA 
) 4 8 I 
I 
I Discharge 

I 2 

I 
1 Trigger 6 I MC1422 ~C I Threshold 

I Output 
l 
:"RL 

10,01 J.LF { 
Threshold I 

~.E- -= Control VCC2 

APPLICATIONS INFORMATION 

In general, the MC1422 can be used in any application 
where the MC1455/NE555 is currently being used as long 
as an external reference is supplied. (Refer to MC1455 
data sheet for these applications.) The applications listed 
below are unique to the MC1422 and its design. 

Zero Crossing Cycler 

This circuit (see Figure 15) is most useful where it is 
necessary to cycle a thyristor at some frequency and duty 
cycle at line zero crossing only. This cycling at zero cross
ing only will reduce EMI, and current surges if capacitive 
loads are used. 

Circuit Description 

In .order to have exact zero crossing cycling a phase 
shift network (R3)(C2) is used. Diodes CRl and CR2'imit 

the line voltage to V- and V+, This limited line voltage, 
which appears somewhat like a square wave, is used as a 
sync pulse when differentiated by Cl and attenuated to 
1/3 byR1 and R2. Cycle time is dependent on R4 and 
C3. The duty cycle is set by potentiometer R4. . 

It should be. noted that this zero crossing cycler is in
tended for low frequency cycling, much lower than the 
line frequency used. 

1.44 
Tcycle = 0.69 (R4)(C3) or fcycle = (R4)(C3) 

FIGURE 15 - ZERO CROSSING CYCLER 

VLine 
"120 Vac 

R1 150 k 

1N4001 

CRl 

C1 

C2 

1N4001 

CR2 
R3 300 k 

V+ 

4 8 

MC1422 

v-

, 

5,0 J.LF 

Output 

Period'" 5 seconds 
DutY Cycle Range 

'8% to 99% 

All Resistors 114 W 
v+ to V~ is 5 V to 14 V floating supply 

® MOTOFlOLA Semiconductor Products Inc. 
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MC1422 

FIGURE 16 - PULSE WIDTH MODULATOR 

Vcc 5.0 V - 14 V 

4 
Astable 

MC1455 

6 

C2 

R1 33 K 
3 

R2 1.5 k 

0.01/lF 

Note 1. MC1422 can be utilized as an_astable if 
an external 2/3 ratio resistive divider 
is used at pin 5. 

2. See waveforms 

4 

8 

Modulation 
Input 

PWM 
3 

C3l 0.01 /IF R3 
22 k 

0.002 

All Resistors 1/4 Watt 

Output 

MSS1000 

CR1 

C4 

FIGURE 17 - PULSE WIDTH MODULATOR WAVEFORMS 

Pu!seWidth Modulator 

The MC1422 is used as a pulse width modulator 
(PWM) with the MC1455 being utilized as an astable. 
The MC1422 can be used as an astable in place of the 
MC1455 if an external reference of approximately 2/3 
VCC is used at Pin 5. 

The transistors 01 and 02 are configured as a current 
mirror to provide a linear voltage ramp across C3. This 
constant current scheme attributes a relatively Ii near 
transfer characteristic for the pulse width modulator. 

Several considerations must be made when using this 
circuit. 

1. The minimum duty cycle out is limited to the com
plement of the input signal. (Le., a 95% duty cycle 
astable driving the PWM will give a minimum duty 
cycle output of "" 5%.) 

The maximum duty cycle out will also be limited 
to the maximum duty cycle in. 

Modulation Input 5 V /Div. 

VC3 Ramp 5 V/Div. 

PWM Input 10 V/Div. 

PWM Output 10 V/Div. 

2. For the astable frequency: 

1.44 

3. Duty cycle (D.C.) for the astable: 

DC=_R_2_ 
R1 + 2R2 

For best results the charge time of C3 in the pulse 
width modulator should be equal to the period of 
the astable. 

C3 (VCC' 1) 

f. __ 1_ Vce- VBE 
In - TC3 101 "'" IQ2 = R3 

Vce = 10 V linearity typically 3% modulation input 
from 2 volts to 8 volts. 

® MOTOROLA Senticonduc'for Produc'fs Inc., 
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MC1422 

Voltage Controlled Oscillator 

The VCO circuit, which has a nonlinear transfer charac· 
teristic will operate satisfactorily up to 200 kHz. The 
veo input range is effective from 1/3 V CC to Vec - 2 V, 
with the highest control voltage producing the lowest out· 
put frequency. The equation for the frequency is: 

fout "'" 

V5-1/3VCC V5-1/3Vec 
1n (1- 2/3 VCC )(R1+R2)C1+1n ( V5 J R2C1 

V5 = VCO input control voltage 

It shoUld be noted that, the output duty cycle will vary 
somewhat over the VCO inpu.t control range. 

Comparator with Time Out 

The MC1422 is used as a comparator with the capa· 
bility of a timing output pulse when the inverting input 
(Pin 6) is ~ the non·inverting input (Pin 5). The frequency 
of the pu!ses for the values of R2 and ei as shown 'in 
Figure 19 is approximately 2.0 Hz, ~nd the pulse width 
0.3 ms, fp = frequency of pulses while Pin 6 voltage is 
above voltage at Pin 5. 

The function of R1 is to limit di/dt, when charging C1,' 

1 
fp "'" R2C1 or T p "'" R2Cl 

Schmitt Trigger 

The MC1422 is very useful as a Schm itt Trigger as .shown 
in Figure 20. The lower trigger point is fixed at 1/3 V CC, 
but the upper trigger point is adjustable by means of Pin 5 
from 1/3 VCC to slightly less than VCC. The Schmitt 
trigger will operate with input frequencies up to EiO kHz. 

FIGURE 18 - VOLTAGE CONTROLLED OSCILLATOR 

Vcc 5.0 V - 14 V 

4 
10 k Rl 

VCO Input MC1422 3 Output 

(Input Range 1/3 VCC 

to Vee) 

2 10 k R2 

O.Ol/lF 

FIGURE 19 

Vcc 5.0 V - 14 V 

Comparator 
Input 

~ . 6 

Vref 

MC1422 

C1 
2.0/lF 

27 

270 k R2 

CRl 

lN4001 Output 

. Vref- ~ 
Comparatorlnput---~ '----

Comparator Output -.-O...,;...----.... U 

Input 

Upper Trigger 
Point Control 

FIGURE 20 

(Input Range 113 Vce to Vee) 

Note: Lower Trigger Point is 

fixed at 1/3 Vee. 

3LS 
Output 

®MOTORo,LA Sernicond..,c'for Products Inc. 
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ORDERING INFORMATION 

Device 

MC1438R 
MC'1538R 

Temperature Range 

O°C to +70°C 
-55°C to + 125°C 

POWER BOOSTE R 

Package 

Metal Power 
Metal Power 

The MC1538/MC1438 is designed as a high current gain amplifier 
(70 dB), with unity voltage gain that Ciln deliver load currents up to 
±300 mAde. This device is ideally suited to follow an operational 
amplifier (such as MC1556/MC1456) for driving low impedance loads 
and improving the overall circuit performance. 

• High Input Impedance - 0.4 Meg-Ohm typ - when driving the 
MC1538/MC1438, the gain of an operational amplifier will 
approach the unloaded open-loop gain. Internal power dissipa
tion of the operational amplifier will be independent of output 
voltage and therefore thermal drift will be reduced. 

• large Power Bandwidth - 1.5 MHz typ - considerably better than 
present operational amplifiers. Bandwidth and slew tate will be 
limited by the operational amplifier, not the MC 1538/MC 1438. 

• low Output Impedance - 10 Ohms typ - allows the MC 1538/ 
, MC1438 to drive a capacitive load with greatly reduced phase 

shift compared with an operational amplifier. Output voltage 
swing capability is much increased when driving small load im
pedances. 

• Adjustable Current limit - ±5.0 mAde to ±300 mAdc 
• Excellent Power-Supply Rejection - 1.0 mV IV typ 
• Current Gain - 3000 typ 

MC1438R 
t: 

MC1538R 

OPERATIONAL AMPLIFIERS 

POWER BOOSTER 

SI LICON MONOLITHIC 
INTEGRATED CIRCUIT 

I 

Positive Current 
Limit Adjust 

R SUFFIX 
CASE 614 

TYPICAL APPLICATIONS 

OPERATIONAL AMPLIFIER BOOST CIRCUIT DIGITAL OR ANALOG LINE DRIVER 

VI Va 

'0 

'--4------' 'o=Zo~ lon 

POWER SUPPLY SPLITTER SERVO/POWER AMPLIFIER 

Under some conditions of circuit layout and loading, the MC1538R/MC1438R will oscillate when driven Into current limiting. Oscillation during 
positive current 'limiting can usually be suppressed by placing a 0.02 jl.F capacitor between' Pins 7 and 5. Oscillations during negative current limit 
can' usually be suppressed by placing a 0.02 jl.F capacitor between Pins 1 and 2. 100 Ohms in series with thiS capacitor will reduce any cross-over 
distortion occurring when driving extremely low Impedance loads. ' 

8-17 

• 



II 

MC1438R, MC1538~' 

MAXIMUM RATINGS (T C = +250 C unless otherwise noted.! 

Rating Symbol MC1538R MC1438R Unit 

Power Supply Voltage VCC +22 +18 Vdc 

VEE -22 -18 

I nput Voltage Swing IVinl VCC or VEE Vdc 

load Current I IL 350 mAde 

Power Dissipation @ T A = +250 C Po 3.0 Watts 
Derate above T A = +250 C l/ROJA 24 mW/oC 

Power Dissipation @ TC = +250 C Po 17.5 Watts 
Derate above T C = +2SoC l/ROJC 140 mW/oc 

Operating.Ambient Temperature Range MC1438R TA Oto'+70 °c 
MC1538R -55 to +125 

Operating and Storage Junction Temperature Range T J,Tstg -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ROJA 41.6 °CIW 

Thermal Resistance, Junction to Case ROJC 7.15 °C/W 

ELECTRICAL CHA~ACTERISTICS 
(R L = 300 ohms, TC = +250 C unless othe'rwise noted.) 

MC1538R MC1438R 
5.0V";; VCC = IVEEI";; 20V VCC - +15 V.vEE - -15 V 

Characteristic (Linear Operation) Fig Note Symbol Min Typ Max Min Typ Max 

Voltage Gain If = 1.0 kHz) 1 - 'AV 0.9 0.95 1.0 0.85 0.95 1.0 

Current Gain (AI = ~IO/~II) 1 - AI - 3000 - - 3000 -

Output I mpedance If = .1.0 kHz) 1 - zo - 10 - - 10 -
Input Impedance If= 1.0kHz) 1 - Zj - 400 - - 400 -
Output Voltage Swing (See Note 3) 1 3 Vo ±12 ±13 - ±11 ±12 -

Input Bias Current 2 - liB - 60 200 - 60 300 

Output Offset Voltage 2 1 V60 - 25 150 - 25 200 

Small. Signal Bandwidth 1 - BW 
(RL = 300 ohms) - 8.0 - - .8.0 -
(VI = 0 Vdc, VI = 100 mV[rmsl) 

Power Bandwidth (See Note 3) 1 - BWp 
(VO = 20 Vp.p , THO = 5%) - 1.5 - - 1.5 -

Total Harmonic Distortion(Note 3) 1 - THO 
(f = 1.0 kHz, Vo = 20 Vp.p) - 0.5 - - 0.5 -

Output Short·Circuit Current lOS 
(Rl = R2~OO) 3 2 75 95 125 65 95 140 
(Al = R2 = 3.3, ohms) , 3 - 300 - - 300 -

Adjustable Range 4,5 - 5.0 to 300 - - 5.0 to 300 -

Powl;!r Supply Sensitivity 2 - PSRR 

(VEE constant) - 1.0 - - 1.0 -
(Vce constant) - 1.0 - - 1.0 -

Power Supply Current 2 - ICC 4.5 6.0 10 2.5 6.0 15 
(RL 00, VI = 0) lEE 

Power Dissipation, (See Note 3) 2 3 Pc 150 180 300 15 180 450 
(RL"",VI=O) I 

Note 1. 

Note 2. 
Output offset Voltage is the quiescent dc output voltage with the Input grounded. 

Note 3. 

Short-Circuit Current, ISC, is adjustable by varying A1, A2, R3 and R4. The positive current limit is set by A1 or A3, and 
the negative current limit is set by R2 or A4. See Figures 4 and 5 for curves of short-circuit current versus R 1, R2, R3 and R4. 
VCC= +15 V, VEE= -15 V. 
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MC1438R, MC1538R 

FIGURE 1 
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FIGURE 2 

CIRCUIT SCHEMATIC 
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TYPICAL CHARACTERISTICS 
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FIGURE 3 
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Case Is connected to VEE 

(Vee = +15 Vdc, VeE = -15 Vdc, TA = +250 e unless otherwise noted,) 

FIGURE 4 - SHORT -CIRCUIT CURRENT v~rsus R1 OR R2 FIGURE 5 - SHORT -CIRCUIT CURRENT versus R3 OR R4 
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MC1438R, MC1538R 

TYPICAL CHARACTERISTICS (continued) 
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I 
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FIGURE 7 - SMALL SIGNAL GAIN AND PHASE RESPONSE 
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MC1438R, MC1538R 

TYPICAL CHARACTERISTICS (continued) 
(Vee = +15 Vdc, VEE = -15 Vdc, T A = +250 e unless otherwise noted.) 

FIGURE 12 - PULSE RESPONSE CHARACTERISTICS FIGURE 13 - DC SAFE OPERATING AREA 
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TYPICAL APPLICATIONS 

FIGURE 14 - NON-INVERTING AC POWER AMPLIFIER 

VCC=+30V 

+.-~--~--~~-----. 
0.11: 
~F = 

20k 

RA + RB 
I.Av=~··20 

II. IOS= 200mA 

5.1k 

III. lo=O.6ohms 

IV. Zi.::o loOk ohm 

V. BWp= 1.0 MHz 

5.0~F 

FIGURE 16 - NON-INVERTING VOLTAGE FOLLOWER 

Characteristics 
(Vo-V in) 102 L-. ___ I--__ --'-.c..:J 

I. %Error=-V-in-~O.OOl% 

l1.zo~ 1O-4 n,I<20 Hz 
IIi. Zi;;' 30 Megohms, 1<20 Hz 
IV.IOS= 200 mAde 

FIGURE 15 - NON·INVERTING POWER AMPLIFIER 

RS 

FIGURE 17 -INVERTING POWER AMPLIFIER 

RS 
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MC1438R, MC1438R 

TYPICAL APPLICATIONS (continued) 

FIGURE 18 - PROGRAMMABLE VOLTAGE SOURCE 

Vcc 

II. zo« 1.0 milli-ohm, f " 20 Hz 

FIGURE 20 - SIGNAL DISTRIBUTION 

VI 

Characteristics 

I. ~ower supplies are protected 
from the output fault; lOS = 200 rnA 

II. The small input current when CASE 
inoutpul cu(rentlimit{Q.5mA) 
will isolate VI. Va 1 and V02 
fromthefaultatVQ3. 
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FIGURE 19 - CONSTANT CURRENT SOURCE 

'OR TRANSCONDUCTANCE AMPLIFIER 

RS 

100 

Characteristics 11. For optimum linearity: 
fl 1 mA 
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FIGURE 21 - ASTABLE MUL TIVIBRATOR 

Character"istics 
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I. fo~-'-- 2RA 
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'0 
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III. VO(pk) ~ ,(Vz + 0.7) Volts 

FIGURE 22 - WIEN BRIDGE OSCILLATOR 

Characteristics 

I. fo =-. _1 - f,om 0.01 Hz to 10 kHz 
2tf rdCo 

II. 105= 200mA 



ORDERING' INFORMATION 

Device 

MC1445F 
MC1445G 
MC1445L 
MC1545F 
MC1545G 
MC1545L 

Temperature Range 

O°C to +75°C 
O°C to +75°C 
O°C to +75°C 

-55°C to + 125°C 
-55°C to +125°C 
-55°C to + 125°C 

Package 

Ceramic Flat 
Metal Can 

Ceramic DIP 
Ceramic Flat 

Metal Can 
Ceramic DIP 

GATE CONTROLLED TWO-CHANNEL-INPUT 
WIDEBAND AMPLIFIER 

, , , designed for use as a general-purpose gated wideband-amplifier, 
video switch, sense amplifier, multiplexer, modulator, FSK circuit, 
limiter, AGC circuit, or pulse amplifier. See Application Notes 
AN475 and AN491 for design details, 

• Large Bandwidth; 50 MHz typical 

• Channel-Select Time of 20 ns typical 
• Differential Inputs and Differential Output 

TYPICAL APPLICATIONS 

VIDEO SWITCH OR 
DIFFERENTIAL AMPLIFIER WITH AGC MULTIPLEX OR FSK 

Signal 
Input' 

AMPLITUDE MODULATOR 

R F ...-j:h--o---l 
Input 

5.0 k ~ 

BALANCED MODULATOR' 

...-j ............... e>----I 
Carrier 
Input 

51 

5.0 k 
Bias AdjLi~t 

Input 

PULSE-WIDTH MODULATOR 

Open 

ANALOG SWITCH 

...-j1~~---4 
rv 

Signal 
Input 

'8-23 

MC1445 
MC1545 

GATE CONTROLLED 
TWO-CHANNE L-INPUT 

WIDEBAND AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

Inv. Input A 

VCC 

. ~ ~---<' CERAMIC PACKAGE ~
' FSUFFIX 

I CASE 607 

Non-lnv.lnputB 3 

Non-I nv. Input A 5 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

Output 7 I-----~'---' 

• 
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MC1445, MC1545 

MAXIMUM RATI NGS (T A = +250 C unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltage VCC +12 Vdc 

VEE -12 Vdc 

Input Differential Voltage Range VIDR ±5.0 Volts 

Load Current IL 25 mA 

Power Dissipation (Package Limitation) PD 
Flat Package 500 mW 

Derate above T A = +250 C 3.3 mW/oC 

Ceramic Dual I n-Line Package 625 mW 
Derate above T A = +250 C 5.0 mW/oC 

Metal Can 680 rTiw 
Derate above T A = +250 C 4.6 mvy/oC 

Operating Ambient Temperature Range MC1445 TA o to +75 °c 
MC1545 -55 to +125 

Storage Temperature Range T stg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (Vec = +5.0 Vdc, VEE = 5.0 Vdc, at T A = +250 C, specifications apply to both input channels 
unless otherwise·noted.) 

MC1545 'MC1445 

Characteristic Fig. No. Symbol Min Typ Max Min Typ 

Single-Ended Voltage Gain 1,12 Avs 16 19 21 16 19.5 

Bandwidth 1,12 BW 45 50 - - 50 

I nput Impedance 5,14 zi 4.0 10 - 3.0 10 
(f = 50 kHz) 

Output Impedance 6,15 Zo - 25 - - 25 
(f = 50kHz) 

Output Differential Voltage Range 4,13 VODR 1.5 2.5 - 1.5 2.5 
(R L = 1.0 k ohm, f = 50 kHz) 

Input Bras Current 16 liB - 15 25 - 15 

Input-Offset Current 16 110 - 2.0 - - 2.0 

Input Offset Voltage 17 VIO - 1.0 5.0 :.. -
Quiescent Outpu.t dc Level 17 Vo - 0.2 - - 0.2 

Output dc Level Change 17 t::.VO - ±15 - - ±15 
(Gate Input Voltage Change: +5.0 V to 0 V) 

Common-Mode Rejection Ratio 9,18 CMRR - 85 - - 85 
(f = 50 kHz) 

I nput Common-Mode Voltage Range 18 VICR - ±2.5 - - ±2.5 

Gate Characteristics 8 VIL(G) 0.45 0.70 - 0.2 0.4 
Gate Input Voltage - Low Logic State (Note 1) 

Gate Input Voltage - High Logic State (Note 2) VIH(G) - 1.5 2.2 - 1.3 

Gate Input Current - Low Logic State 18 liL(G) - - 2.5 - -
(VIUG) = 0 V) 

Gate Input Current - High Logic State 18 IIH(G) - - 2.0 - -
(VIH(G) = +5.0 V) 

Step Response 19 tPLH - 6.5 10 - 6.5 
(ein = 20 mV) tPHL - 6.3 10 - 6.3 

tTLH - 6.5 15 - 6.5 

tTHL - 7.0 15 - 7.0 

Wideband Input Noise '10,20 en - 25 - - 25 
(5.0 Hz - 10 MHz, RS = 50 ohms) 

DC Power Consumption 11,20 Pc - 70 110 - 70 

Note 1. VIUGl is the gate voltage which results in channe.1 A gain of unity or less and channel B gain of 16 dB or greater. 
Note 2. VIH(G) is the gate voltage which results in channel B gain of unity or less and channel A gain of 16 dB or greater. 

8-24 

Max Unit 

23 dB 

- MHz 

- k ohms 

- Ohms 

- Vp-p 

30 /LAdc 

- /LAdc 

7.5 mVdc 

- Vdc 

- mV 

- dB 

- Vp 

- Vdc 

3.0 

4.0 mA 

4.0 /LA 

- ns 
-
-
-

- /LV(rms) 

150 mW 
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FIGURE 7 - CHANNEL SEPA·RATION versus FREQUENCY 
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FIGURE 11 - CIRCUIT SCHEMATIC 

Input o---+-----+---i 

100 
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FIGURE 12 - SINGLE-ENDED VO-L TAGE GAIN AND 
BANDWIDTH TEST CIRCUIT 

Signal ___ 

Generator 

2.5 

100 k 

Vi = 20 mV(rms) 
CL = 15· p.F and includes jig 
and voltmeter capacitance. 

Boonton RF Voltmeter 
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FIGURE 13 - OUTPUT VOLTAGE SWING TEST CIRCUIT 

FIGURE 15 - OUTPUT IMPEDANCE TEST CIRCUIT 

To ac 

f = 50 kHz 

Vi = 50mV(rms) 

Open 

FIGURE 17 - INPUT OFFSET VOL TAGE ANa QUIESCENT 
OUTPUT LEVEL TEST CIRCUIT 

-5.0 V 

+5.0 V Adjust Rl until Vl 
reads 0 Volts then 

R1 
100 k 

10 Turns 

-5.0 V 

t:..VO = Change in V2 Reading. 

SWitch S1 and readjust R1 for V' 1=0 +5.0 V 
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FIGURE 14 - INPUT IMPEDANCE TEST CIRCUIT 

f = 50 kHz 

Vi = 50 mV(rms) 

To ac 
Voltmeter 

Voltmeter 

FIGURE 16 - INPUT BIAS CURRENT AND INPUT 
OFFSET CURRENT TEST CIRCUIT 

~s, 
CPi~ ~ 

-= I 
J L _____ _ 
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110 is the difference 
in current reading 

when either S1 or S2 
is switched. 

FIGURE 18 - GATE CURRENT (HIGH AND LOW), 
COMMON-MODE REJECTION AND 

COMMON-MODE INPUT RANGE TEST CIRCUIT 

CMRR =20 10g[AvsJ 
Avc 

+5.0 V 
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MC1445, MC1545 

FIGURE 19 - PROPAGATION DELAY AND RISE AND 
FALL TIMES TEST CIRCUIT 

Pulse 
Gen. 
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To "AU Channel +5.0 V 
of Scope 

tTLH = tTHL < 5.0 ns 

Scope -
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jig capacitance . 
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FIGURE 20 - POWER DISSIPATION AND WIDEBAND 
INPUT NOISE TEST CIRCUIT 
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ORDERING INFORMATION 

Device 

MC1550F 
MC1550G 

Temperature Range 

-55°C to + 125°C 
-55°C to + 125°C 

RF ~ IF AMPLIFIER 

Package 

Ceramic Flat 
Metal Can 

... a versatile,common·emitter,common-base cascode 
circuit for use in communications applications. See 
Application Note AN-215A for additional information. 

• Constant Input Impedance over entire AGC range . 

• Extremely Low y 12 - 4.3 J..Lmhos at 60 MHz 

• High Power Gain - 30 dB @ 60 MHz (0.5 MHz BW) 

• Good Noise Figure - 5 dB @ 60 MHz 

MAXIMUM RATINGS (T A = +250 e unless otherwise noted) 

Rating Symbol Value 

Power Supply Voltage, Pin 9 Vee 20 

AGC Supply Voltage VAGe 20 

Input Differential Voltage, Pin 1 to Pin 4 VID ±5.0 
(RS = SOO ohms) 

Power Dissipation (Package LimitatKm) PD 
Metal Can qao 

Derate above T A = +2Soe 4.6 
Flat Package SOO 

Derate above T A = +2SoC 3.3 

Operating Ambient Temperature Range tA -S5 to +125 

Storage Temperature Range Tstg -65 to +150 

CIRCUIT SCHEMATIC 
5 

r------ ---------, 
I 
I R, 3k 

l004----+---~3k-----. 

R, 

L _____ _ 
eASE~ 

) 

I 

I 
I 
I 
I 
I 
I 
I 

-----* 
2 7 

Vee 

8-29 

Unit 

Vdc 

Vdc 

V(rms) 

mW 
mW/oC 

mW 
mVi.JI°C 

oe 

°c 

MC1550 

RF -IF AMPLIFiER 
SILICON MONoLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 6038 

Bvpass 

AGe 

F SUFFIX 
CERAMIC PACKAGE 

CASE 606-04 
TO-91 

'"'"'~"'-Gnd vee 
Gnd Bypass 

Input Return ~ Substrate 

AGe Output 

CIRCUIT DESCRIPTION 

The MC1550 is built with rnonol,ithic fabrication techniques 
utilizing diffused resistors and sm<\lI-geometry transistors. 
Excellent AGC performance is obtained by shunting the signal 
through the AGO transistor Q, maint"ining the operating point 
of the input transistor Q,. This keeps the input impedance 
constant over the entire AGC range .. 

The amplifier is intended to be used in a common·emitter, 
common-base configuration (Q, and.Q,) with. Q, acting as lm 
AGe transistor. The input signal is applied between pins 1 and 
4, where pin 4 is ac·coupled to ground. DC source resistance 
between pins 1 and 4 should be small (less than 100 ohms). 
Pins 2 and 3 should be connected together and grounded. Pins 
8 and 10 should be bypassed to ground. The positive supply 
voltage is applied at pin 9 and at. higher frequencies. pin 9 
sliould also be bypassed to ground. The output is ~aken be· 
tween pins 6 and 9. The substrate is connected to pin 7 and 
should be grounded. AGC voltage is applied to pin 5. 

• 
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MC1550 

ELECTRICAL CHARACTERISTICS (v+ = +6 Vdc, T A = +250 C) 

Characteristic Conditions 

DC CHARACTERISTICS 

Output Voltage VAGC = 0 Vdc 1 Vo 3.80 4.65 Vdc 

VAGC = +6 Vdc 5.90 - 6.00 

Test Voltage VAGC = 0 Vdc 1 V8 2.85 "- 3.40 Vdc 

VAGC = +6 Vdc 3.25 - 3.80 

Supply Drain Current VAGC = OVdc 1 ID - - 2.2 mAdc 

VAGC = +6 Vdc - - 2.5 

AGC Supply Drain Current VAGC = 0 Vdc 1 IAGC - - -0.2 mAdc 

, V AGC = +6 Vdc - - 0.18 

SMALL-SIGNAL CHARACTERISTICS 

Small-Signal Voltage Gain f = 500kHz 2 AV 22 - 29 dB 

Bandwidth -3.0 dB 2 BW 22 - - MHz 

Transducer Power Gain f = 60 MHz, BW = 6 MHz 3 Ap - 25 - dB 

f= 100 MHz, BW = 6 MHz - 21 -

TYPICAL CHARACTERISTICS 
(Vee = 6.0 Vdc, T A'= +250 e unless otherwise noted.) 

FIGURE 1 - DC CHARACTERISTICS TEST CIRCUIT FIGURE 2 -VOLTAGE GAIN AND BANDWIDTH TEST CIRCUIT 

FIGURE 3 - POWER GAIN TEST CIRCUIT @ 60 MHz 

ein = 10 mV(rms) C
7 

R, =50[1 
C" C1 and C) = 0.001 p.F 
C4 andCs = 0.1 p.F 
C6 and C9 = 9-35 pF 
C7 = 9-1BOpF 
Cs = 25·2BO pF 
L, = 0.22 p.H 
l2 = 0.26/AH 

R, ~ 50 [I 
R2 = 620[1 
C, thru C6 = 0.1 f.lF 

., .. TO mVI~I. Cf C, 

VAGe +-6 Vdc 

FIGURE 4 - DRAIN CURRENT TEMPERATURE 

CHARACTE R ISTICS 

o 
;:: 

1.2 0 

0 

r 0 

0,9 0 

0 O.B 
-55 

Vcc~ 6 V 
VAGC=OV 

- ~ 

-25 +25 +50 +75 +100 +125 

MOTOROLA Se,.,;conduc~or Produc~s Inc. @ -------..... 
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MC1550 

TYPICAL CHARACTERISTICS (continued) 
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FIGURE 6 - INPUT RESISTANCE AND 
CAPACITANCE versus AGC VOLTAGE 
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Mcisso 

TYPICAL CHARACTERISTICS (cdntinued) 

FIGURE 11 - TRANSDUCER POWER BANDWIDTH versus AGC VOLTAGE 
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MC1550 

TYPICAL CHARACTERISTICS 
(VCC = 6.(}Vdc, TA = +2SoC unless otherwise noted.) 
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FIGURE 16 -Y12, REVERSE TRANSFER-ADMITTANCE 
versus FREQUENCY 
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The Y12 shown in Figure 16 illustrates the extremely low feedback of the MC1550 
with no contribution from the external mounting circuitry. However, in many 
cases the external circuitry may contribute as much or more to the total feedback 
than does the MC1550. 

~:e~!~~: ~t~~ ~~~~~~::~~g; :~!~U:~!i~:~i~~I:i~i,~a:!~!;~~~: :~:Ut~;a~~:~~ 
back of device plus circuitry. 
This can be done in orie of two ways: 
(1) Measure the total y 12 or S12 of the MC 1550 installed in its mounting 

circuitry, or 
(2) Measure the Y12 of the circuitry alone (without the MC1550 installed) and 

add the circuit Y12 to the Y12 for the MC1550 given in Figure 16. 

FIGURE 18 -Y22, OUTPUT-ADMITTANCE versus FREQUENCY 
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MC1550 
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TYPICAL CHARACTERISTICS (continued) 

(Vee = 6.0 Vdc, T A = +250 e unless otherwise noted.) 

FIGURE 20- 511, INPUT REFLECTION 

COEFFICI!=NT versus FREQUENCY 
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FIGURE 21-s22,OUTPUT REFLECTION 

COEFFICIENT versus FREQUENCY 
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ORDERING INFORMATION 

Device 

MC1552G 
MC1553G 

Temperature Range 

-55°C to + 125"C 
-55'oC to -t;125°C 

VIDEO AMPLIFIERS 

Package 

Metal Can 
Metal Can 

These'devices consist of a three-stage, direct-coupled, common
emitter cascade incorporating series feedback to achieve stable 
voltage gain, low distortion, and wide bandwidth., They employ a 
temperature-co"mpensated dc feedback loop to- stabilize the operating 
point and a current-biased emitter follower output and are intended 
for use as either wide-band linear amplifiers or as fast rise pulse 
amplifiers. 

• High Gain - 34 dB ± 1 dB (MC1552) 
52 dB ± 1 dB (MC1553) 

• Wide Bandwidth- 49 MHz (MC1552) 
35MHz (MC1553). 

• Low Distortion - 0.2% at 200 kHz 

• Low Temperature Drift - ±0.002 dB/oC 

, MAXIMUM RATINGS (TA = +250 e unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage, Pin 9 Vee 9.0 Vdc 

Input Differential Voltage, Pin 1 to Pin 2 VID 1.0 V(rms) 
(RS = 500 ohms) , 

Power Dissipation (Package Limitation) ". Po 680 mW 
Derate above TA = +250 e 4.6 rriw/oe 

Operati ng Ambient Temperature Range TA -55 to +125 °e 

Storage Temperature Range Tstg "'-65 to +150 °c 

MC1552G 
MC1553G 

HIGH-FREQUENCY 
VIDEO AMPLIFIER 
SI LICON MONOLITHIC 
INTEGRATED CIRCUIT 

- CASE 6038 
METAL PACKAGE 

PIN CONNECTIONS 

Ext, 
Capacitor 

(Top View) 

REPRESENTATIVE CIRCUIT SCHEMATICS 

FIGURE 1 - MC1552 (LOW GAIN) FIGURE 2 - MC1553 (HIGH GAIN) 

r---~--~r---~---'--~r-----OVCC 
9.0 k 

Vi 

..----!----..... -oV 0 

6.0 k 

12 k 

130 

Output 
G~t Ext. C Gnd 

Inputs 

12 k' 

t----i---_-oV 0 

1.6 k 

80 3.0 k 6.0 k 

Output 

Gain Select Ext.C Gnd 
Inputs 

II 
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MC1552G, MC1553G 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, T A = 250 C, VCC = 6.0 V and specification applies for all 
Gain Selection options. 

MC1552G MC1553G 

Test 
Characteristic Figure Symbol Min Typ Max Min Typ Max Unit 

Voltage Gain AV VIV 
(Gain Option = 501 44 50 56 
(Gain Option = 1001 87 100 113 
(Gain Option = 2001 175 200 225 
(Gain Option = 4001 350 400 450 

-550 C ;;; T A;;; 1250 C 
(Gain Option = 501 42 58 
(Gain Option = 1001 83 117 
(Gain Option = 2001 171 230 
(Gain Option = 4001 342 461 

Voltage Gain Variation 
(_550 C ;;; T A ;;; 1250 C) AAV ±0.2 ±0.2 dB 

Small·Signal Bandwidth 3,6 BW MHz 
(Gain Option = 501 21 40 
(Gain Option = 1001 17 35 
(Gain Option = 2001 17 35 
(Gain Option = 4001 7.5 15 

Input Impedance zi 7.0 10 7.0 10 kfl. 

(f = 100 kHz, Rl = 1.0 kfl.1 

Output Impedance Zo 16 50 16 50 n 
(f = 100 kHz, RS = 50 fl.) 

DC Output Voltage Va 2.5 2.9 3.2 2.5 2.9 3.2 Vdc 

(-550 C ;;; T A ;;;1250 C) 2.3 3.4 2.4 3.3 

DC Output Voltage Variation '>va ±0.05 ±0.05 Vdc 
(-550 C ;;; T A ;;; 1250 C) 

Output Voltage Range (zl;;; 1.0 kfl., Ci = 100 mV rmsl VOR 3.6 4.2 3.6 4.2 V p.p 

(-550 C;;; TA;;; 1250 C) 3.4 

Power Supply Current ICC 12.5 20 12.5 20 mA 

(-550 C "T A ;;; 125°C) - 24 23 

Propagation Delay Time 3.4 tPHl 
(Gain Option = 50) 8.0 
(Gain Option' = 1001 9.0 
(Gain Option = 200) '10 

(Gain Option = 400) 25 

Transition (Rise) Time 3,4 tTHl 
(Gain Option = 50) 9.0 16 
(Gain Option = 100) 12 20 
(Gain Option = 200) 11, 20 
(Gain Option = 400) 30 45 

Overshoot 3,4 100 VoslVp 5.0 5.0 % 

Noise Figure 
(RS = 400 fl., fa = 30 MHz.8W = 3.0 MHz) (See Figure 14) 

Total Harmonic Distortion 
(Va = 2.0 V p.p, f = 200 kHz, R l = 1.0 kfl.1 

NOTES 

1. Ground Pin 6 as close to package as possible to minimize 
overshoot. Best results are usually obtained by directly 
grounding the package. 

2. If large input and output coupling capacitors are used, 
place a shield between them to avoid input-output coupling. 

3. A high-frequency capacitor must always be used to by· 
pass the power supply. This capacitor should be as close to 
the circuit as possible. -

4. Voltage gain can be adjusted to any value between 50 and 
.3000 by connecting an external resistor from Pin 4 to ground 
on MC1552, or from Pin 3 to grou nd on MC1553, as shown in 

FIGURE 3 - TEST CIRCUIT 

+6'0~VC h'F 

0.01 IJ.F VI 9'..1 
~I 1 = . 
II 2 /m1o.

1

IJ.

F 

Vo 

1~: 1.0k 
r-----T7~-.------------, 6~~0~~ 

Pin Connections 3 5.0-~ 
Pin 3 Open IJ.F ~ = 

Voltage 
Type Gain 

MC1552 
50 

100 Ground Pin 3 

MC1553 
200 

400 

Connect Pin 3 to Pin 4 ' 

Pins 3 and 4 Open 

NF 3.0 3.0 

THD 0.2 0.2 

Figure 8. Under these conditions, the following equations 
must be used to determine Cl and C2 rather than the circuits 
shown in Figure 5. 

dB 

% 

Fig. 5b Cl = 21Tf
c

(1.7 X 104 ) Farads; C2 = 8 Cl(Vo/Vi) Farads 

Vo/Vi 

Fig. 5c Cl = 21Tf
c

(1.5 X 104 ) Farads 

Vo/Vi 

FIGURE 4 - PULSE RESPONSE DEFINITIONS 

VI 
;;:J 

\ c. 
0.5 E 1 
VI 

=-+tPHL 

" ;; 0.9VP 
~. 

, JV ;- 0.5Vp , ,... Vas Vp 
a·O.lVp 

tTHl- ~ 
... , , 
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MC1552G, MC1553G 

TYPICAL CHARACTERISTICS 
TA = +250 C 

FIGURE 5a - FREQUENCY RESPONSE 

sommm 
Curve lA 2A 

~~ 400 

! ~S~1~Bt~~2B~-: 3B r- 4B ~ 
~ 3C I;::/:. 4C - 100 

~ 4°~l§ra§l1 

~ 1~1~lil~210iI 3D 'rI- '40 ~ ~50 j 30 

2010 100 1.0 k 4.0 kID k' 100 k 1.0 M 

200 

10 M 100 M 

f, FREQUENCY (Hz) 

TEST CIRCUITS FOR FREQUENCY RESPONSE 

FIGURE 5b - CAPACITIVE COUPLED INPUT (Rs < 5 kn) 

Curve No, C1 (f.lF) C2 if.lF) 
2A 0.01 30 
28 0.01 18 
2C 0.01 8.0 
20 0.01 4.0 

tPFl 
3A '--;000- 3.0 
38 1000 1.8 

Curve No. Cl (f.lF) C2( f.lF) 3C 1000 0.8 
30 1000 0.4 

1A 0.1 25 0 4A 100 0.3 
18 0.1 15 0 48 100 0.18 
1C 0.1 0 4C 100 0.08 
10 0.1 4 0 40 100 0.04 

FIGURE 5c - CAPACITI VE COUPLED INPUT (Rs < 500.11) 

C urve No. Cl (f.lF) Curve No. Cl (f.lF) 
1A 20 3A 0.4 
18 10 38 0.2 
1C 7.0 3C 0.1 
10 3.0 30 0.06 
2A 3.0 4A 0.04 
28 1,0 48 0.02 
2C 0,8 4C 0,01' 
20 0.5 40 0.007 

FIGURE 5d - TRAN SFORMER COUPLE_D INPUT 

Curve No. C2(f.lF Curve No . Cl (f.lF) 
1A 200 3A 2.0 
18 100 38 1.0 

911 1C 70 3C 0,7 
10 30 30 0.3 
2A 20 4A 0.2 
28 10 48 0,1 
2C 7.0 4C 0,07 
20 3.0 40 0.03 

FIGURE 6 - VOLTAGE GAIN versus FREQUENCY so 
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FIGURE 7 - MAXIMUM NEGATIVE SWING SLEW RATE 
versus LOAD CAPACITANCE 

"" 
I 

VCC = S.O V 

'~ 
~ ---- -

5.0 10 15 20 

LOAD CAPACITANCE (pF) 

FIGURE 8 - VOLTAGE GAIN ADJUSTMENT BY 
USE OF EXTERNAL RESISTOR 

~ 
\ \ 

25 

'1\ I\MC1553 
(Ext. R from Pin 3 to Gnd) 

I\~ I'}J 
'MC1552 (Ext R from Pin 41Jl Gnd "'-

10 k 
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MC1552G, MC155aG 

I NPUT ADMITTANCE 
(Vcc = 6.0 Vdc, R L = 1.0 kS1, T A = +250 C) 
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FIGURE 10 - GAIN = 100 
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FIGURE 12 - GAIN = 400 
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ORDERING INFORMATION 

Device' 

MC1454G 
MC1554G 

Temperature Range 

O°C to +70°C 
-55°C to + 125°C 

Package 

Metal Can 
Metal Can 

l-WATT POWER AMPLIFIERS 

... designed to amplify signals to 300-kHz with 
l-Watt delivered to a direct coupled or capac
itively coupled load. 

• Low Total Harmonic Distortion - 0.4% (Typ) @ 1 Watt 

• Low Output Impedance - 0.2 Ohm 

• Excellent Gain - Temperature Stability 

MC1454G 
MC1554G 

l-WATT 
POWER AMPLIFIER 

INTEGRATED CIRCUIT 

SILICON MONOLITHIC 
EPITAXIAL PASSIVATED 

. VCC 

"~~:~~'~~' .. ~""":~um., 
Compensation 

Bias Ref.' , VEE 
. • 6 

, External 
Gain Compensation 

OPtions 

G SUFFIX 

CASE 6038 

VOLTAGE GAIN versus FREQUENCY CRL = 16 OHMS) 
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CIRCUIT SCHEMATIC 
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Me 1454G, Me 1554G 

ELECTRICAL CHARACTERISTICS (TC = +250 C unless otherwise noted) 
Frequency compensation shown in Figures 6 and 7 

MC1554 MC1454 

RL Gain (-55 to +1250 C) (0 to+700 C) 

Characteristic Figure (Ohms) Option* Symbol Min Typ Max Min Typ Max Unit 

Output Power (for eout<5.0% THO) 1 16 - Pout 1.0 1.1 - - 1.0 - Watt 

Power Dissipation (@Pout = 1.0 WI" 1 16 - Po - 0.9 1.2 - 0.9 - Watt 

Voltage Gain 1 16 10 Av 8.0 10 12 - 10 - v/V 
16 18 - 18 - - 18 -
16 36 - 36 - - 36 -

Input Impedance 1 - 10 zin 7.0 10 - 3.0 10 - kn 

Output Impedance 1 - 10 Zo - 0.2 - - 0.4 - n' 

Power Bandwidth 2 16 10 BW - 270 - - 270 - kHz 
(for eout<5.0% THDi 16 18 - 250 - - 250 -

16 36 - 210 - - 210 -

Total Harmonic Distortion 2 THO % 
(for ein<0.05% THO, f = 20 Hz 
to 20 kHz) 

Pout = 1.0 Watt (sinewave) 16 10 - 0.4 - - 0.4 -
Pout = 0.1 Watt (sinewave) 16 10 - 0.5 - - 0.5 -

Zero Signal Current.Drain 3 00 - 10 - 11 15 - 11 20 mAde 

Output Noise Voltage 3 16 10 Vn - 0.3 - - 0.3 - ~V(rms 

Output Quiescent Voltage 4 16 - Vo (de) - ±10 ±30 - ±10 - mVdc 
(Split Supply Operatio~) 

Positive Supply Sensitivity 5 00 - S+ - -40 - - -40 - mVtv 

(VEE constant) 

Negative Supply Sensitivity 5 00 - S- - -40' - - -40 - mVtv 
(Vec constant) 

"To obtain the voltage gain characteristic deSired, !-lse the following pin connections: Voltage Gain Pin Connection 

FIGURE 1 
+16V 

~
IO 

I 9 

e - '--I 'f ' ,~},", 
= =" =.J 

"=.~URE 2 
+16 V 

~
l 10 9I.:VOld.el=4C-

e;"~ ~I r 7 f" e
,", 

= = =..J 

Characteristic Definitions 
(Linear Operation) 

FIGURE 3 

+16V 

e",j~~-=\-f-OVdC 
~ V~ 

10 Pins 2 and 4 open, Pin 5 to ac ground 
18 Pins 2 and 5 open, Pin 4 to ac ground 
36 Pin 2 connected to Pin 5, Pin 4 to ac ground 

FIGURE 4 
+8V 

~
o 

1 ", 9 

open " .' Voldel 
Rl 

7 

-8V -

FIGURE 5 

open 
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MC1454G, MC1554G 

MAXIMUM RATINGS (TC = +250 C unless otherwise noted) 

Rating Symbol Value Unit 

Total Power Supply yoltage IVccl + IVEEI 18 Vdc 

Peak Load Current 'out 0.5 Ampere 

Audio Output Power Pout 1.8 Watts 

Power Dissipation (package limitation) 
TA = +250 C Po 600 mW 

Derate above 25°C 1/6JA 4.8 mW/oC 

TC = +250 C Po 1.8 Watts 
Derate above 25°C 1/6JC 14.4 mW/oC 

Operating Temperature Range MC1454 TA o to +70 °d 
MC1554 -55 to +125 

Storage Temperature Range Tstg -55 to +150 °c 
TYPICAL CONNECTIONS 

FIGURE 6 - SPLIT SUPPLY OPERATION VOLTAGE FIGURE 7 - SINGLE SUPPL V OPERATION VOLTAGE 
GAI~ (AV) '" 10, flOW ~25 H2 . GAIN (A Vi '" 10, fLOW<=::: 100 Hz 

Vee 39pF Vee 39 pF 

RECOMMENDED OPERATING CONDiTIONS 

In order to avoid local VHF instability, the following set of rules must be 
adhered to: 
L An R·C stabilizing network (0.1 p.F in series with 10 ohms) should be 

placeddirectiy from pin 9 to ground. as shown'in Figures 6 and 7, using 
short leads, to eliminate local VHF instability caused by lead inductance 
to the load. 

2. Excessive lead inductance from the Vec supply to pin 10 can cause high 
frequency instability. To prevent this, the VCcby·pass capacitor should 
be connected with shortJeads from the Vec Pin to ground. If this capaci· 
tor is remotely located a series R·C network (0.1 fLF and 10 ohms) should 
be used directly from pin 10 to ground as shown in Figures 6 and 7. 

. 3. Lead lengths from the external components to pins 7, 9, and 10 of the 
package should be as short as possible to insure good VHF grounding 
for these points. 

Due to the large bandwidth of the amplifier, coupling must be avoided be
tween the output and input leads. This can be 'assured by either (a) use of 
short leads which are well isolated, (b) narrqw·banding the overall amplifier 
by placing a capacitor from pin 1 to ground to form a low· pass filter in com· 
bination with the source impedance, or (c) use of a shielded input cable. In 
applications which require upper band·edge control the input low· pass filter 
is recommended. ' 

TYPICAL CHARACTERISTICS 
FIGURE 8 - TOTAL HARMONIC DISTORTION 

versus LOAD RESISTANCE 

f= 1 kHz 

- -10% MAX POWER OUTPUT 
--90% MAX POWER OUTP'UT 

7.0 10 20 30 50 70 100 

RL, LOAO RESISTANCE (OHMS) 

Circuit diagrams utilizing Motorola products ~re included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has 'been carefu lIy checked and 

2.0 

5 

0 

5 

o 
10 

FIGURE 9 - TOTAL HARMONIC DISTORTION 

~t-t-

~ 

~ 

~ 
~-

I'-t-

, versus FREQUENCY 

lJ ll,lll~ = lOin I --111111!1 I 
I ! WII~n I --, 

18,IOn' -, 
18,16n I 

"--" 
" 10, 'Ion 

10; 16 n 

I I mill 1 Pout = 1 W (nns) 

, 100 1.0 k 2.0 k 5.0 k 10k 

f, FREQUENCY (Hz) 

lOOk 

is believed to be entirely reliable. However, no responsibility is 
assumed for ,inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the pate")t rights of Motorola'i nco or others.-
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MC1454G, MC1554G 

TYPICAL CHARACTERISTICS (continu~d) 

FIGURE 10 ~ VOLTAGE GAIN versus TEMPERATURE FIGURE 11 - OUTPUT VOLTAGE CHANGE 
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ORDERING INFORMATION 

Device 

MC1455G 
MC1455P1 
MC1455U 
MC1555G 
MC1555U 

Alternate 

NE555V 

Temperature 
Range 

DOC to +70°C 
DoC to +70°C 
O°C to +70°C 

-55°C to +125°C 
. -55°C to + 125°C 

Package 

Metal Can 
Plastic DIP 

Ceramic DIP 
Metal Can 

Ceramic DIP 

Specifications and Applications 
InforIllation 

TIMING CIRCUIT 

The MC1555/MC1455 monolithic timing circuit is a highly stable 
controller capable of producing accurate time delays, or oscillation. 
Additional terminals are provided for triggering or resetting if desired. 
in the time delay mode of operation, the time is precisely controlled 
by one external resistor and capacitor. For astable' operation as an 
oscillator, the free running frequency and the duty cycle are both 
accurately controlled with two external resistors and one capacitor. 
The circuit may be triggered and reset on falling waveforms, and 
the output structure can source or sink up to 200 mA or drive 
MTTL circuits. 

• Direct Replacement for NE555/SE555 Timers 

• Timing From Microseconds Through Hours 

• Operates in Both Astable and Monostable Modes 
at Adjustable Duty Cycle 

• High Current Output Can Source or Sink 200 mA 

• Output Can Drive MTTL 

• Temperature Stability of 0.005% per °c 
• Normally "On" or Normally "Off" Output 

FIGURE 1 - 22-SECOND SOLID-STATE TIME DELAY RELAY CIRCUIT 

FIGURE 2 -BLOCK DIAGRAM 

Vee Control Voltage 

2 f-------+---<> Trigger 

f--_-+-.o4 
Aea. 

TYPICAL APPLICATIONS 

MC1455 
MC1555 

TIMING CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(Top View) 

(MC1455P1 only) 

O s 

• 1 ' 4 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

(Top View) 

0°; OJ, 

o 0 
2 6 

o • 
3 04 5 

1. Ground 
2. Trigger 
3. Output 
4. Reset 
5. Control Voltege 
6. Thresho Id 
7. 0 ischarge 

8. VCC 

G SUFFIX 
METAL PACKAGE 

CASE 601 

1. Ground 
2. Trigger 
3. Output 
4. Reset 
5. Control Voltage 
6_ Threshold 
7. Discharge 

8. VCC 

• Time Delay Generation • Precision Timing • Missing Pulse Detection 

• Sequential Timing • Pulse Generation. Pulse Width Modulation 

• Linear Sweep Generation • Pulse Shaping • Pulse Position Modulation 
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MC1455, MC1555 

MAXI MUM RA TI NGS (T A = +250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage VCC +18 Vdc 

Discharge Current (Pin 7) 17 200 rnA 

Power Dissipation (Package PD 
Limitation) 
Metal Can 680 mW 
Derate above T A = +250 c 4.6 mW/oe 
Plastic Dual In·Line Package 625 mW 
Derate above T A = +250 e 5.0 mW/oe 

Operating Temperature TA °e 
Range (Ambient) MC1555 -55 to +125 

Me1455 o to +70 

Storage Temperature Range T stg -65 to +150 °e 

FIGURE 3 - GENERAL TEST CIRCUIT 

Test Circuit for MeaslIring de Parameters: 
(to set output and measure parameters) 

a). When Vs ~ 2/3 Vee. Va is low. 

b). When Vs S 1/3 Vee. Va is high. 
c). When Va is low, pin 7 sinks current. To test for Reset, 

set VOl high, apply Reset voltage. and test for current 
flowing into pin 7, When Reset is not in \J5e, it should 

be tied to V ce. 

ELECTRICAL CHARACTERISTICS (TA = +250 e Vee = +5.0 V to +15 V unless otherwise noted) 

MC1555 MC1455 
Characteristics Symbol 

Min Typ Max Min Typ Max Unit 

Supply Voltage Vce 4.5 - 18 4.5 - 16 V 

Supply eurrent Ice rnA 
Vce=5.0V,Rl=00 - 3.0 5.0 - 3.0 6.0 
Vee = 15 V, R l = 00 - 10 12 - 10 15 
low State, (Note 1) 

Timing Error (Note 2) 
R = 1.0 kS1 to 1 00 kS1 
Initial Accuracy e ;. 0.1 /tF - 0.5 2.0 - 1.0 - % 
()rift with' Temperature - 30 100 - 50 - PPM/oe 
Drift with Supply Voltage - 0.05 0.20 - 0.10 - %/Volt 

Threshold Voltage Vth - 2/3 - - 2/3 - xVCC 

Trigger Voltage VT V 
Vee =15 V \ 4.8 5.0 5.2 - 5.0 -
Vee = 5.0 V 1.45 1.67 1.9 - 1.67 -

Trigger Current IT - 0.5 - - 0.5 - I1A 

Reset Voltage VR 0.4 0.7 1.0 0.4 0.7 1.0 V 

Reset Current IR - 0.1 - - 0.1 - rnA 

Threshold eurrent (Note ,3) Ith - 0.1 0.25 - 0.1 0.25 I1A 

Control Voltage Level VCl V 
Vee=15V 9.6 10 10.4 9.0 10 11 
Vee= 5.0 V 2.9 3.33 3.8 2.6 3.33 4.0 

O!Jtput Voltage Low VOL 
(Vee = 15 V) V 
Isink = 10 rnA - 0.1 0.15 - 0.1 0.25 
Isink = 50 rnA - 0.4 0.5 - 0.4 0.75 
Isink =-100 rnA - 2.0 2.2 - 2,0 2.5 
Isink = 200 rnA - 2.5 - - 2.5 -
(Vee = 5.0 V) 
Isink = 8.0 rnA - 0.1 0.25 - - -
Isink = 5.0 rnA - - - - 0:25 0.35 

Output Voltage High VOH V 

(lsource = 200 rnA) 
VCC= 15 V - 12.5 - - 12.5 -
(lsource = 100 rnA) 
VCC = 15 V 13 13.3 - 12.75 13.;3 -
Vce=5.0V 3.0 3.3 - 2.75 3.3 -

Rise Time of Output tOLH - 100 - - 100 - ns 

Fall Time of Output tOHL - 100 - - 100 - ns 

NOTES: 
1. Supply current when output is high is typically 1.0 rnA less. 
2. Tested at Vce = 5.0 V and Vee = 15 V. 3. This will determine the maximum value of RA + RB for 15 V operation. 

Monostable mode The l11axirnum total R =: 20 megohms. 
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MC1455, MC1555 

FIGURE 4 - TRIGGER PULSE WIDTH 
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FIGURE 5 - SUPPLY CURRENT 
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FIGURE 6 - HIGH OUTPUT VOLTAGE 
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MC1455, MC 1555 

FIGURE 13 - REPRESENTATIVE 

CIRCUIT SCH,EMATIC 

GENERAL OPERATION 

The MC1555 is a monolithic timing circuit which uses as its 
timing elements an external resistor - capacitor network, It can 
be used in both the monostable (one-shot) and astable modes 
with frequency and duty cycle controlled by the capacitor. and 
resistor values. While the timing is dependent upon the external 
passive components, the monolithic circuit provides the starting 
circuit, voltage comparison and other functions needed for a com
plete ti ming circuit. I nternal to the integrated circuit are two 
comparators, one for the input signal and the other for capacitor 
voltage; also a flip:flop and digital output are included. The com
parator reference voltages are always a fixed ratio of the supply 
voltage thus providing output timing independent of supply voltage . 

Monostable Mode • 

I n the monostable mode, a capacitor and a single resistor are 
used for the timing network. Both the threshold terminal and the 
discharge transistor terminal are connected together in this mode, 
refer. to circuit Figure 14. When the input voltage to the trigger 
comparator falls below 1/3 Vce the comparator output triggers 
the flip-flop so that it's output sets low. This turns the capacitor 
discharge transistor "off:' and drives the digital output to the high 
state. This condition allows the capacitor to charge at an ex
ponential rate which is set by the Re time constant. When the 
capacitor voltage reaches 2/3 Vce the threshold comparator resets 
the flip-flop. This action discharges the ti ming capacitor and re
turns the digital output to the low state. Once the flip-flop has 
been triggered by an input signal, it cannot be retriggered until 
the. present timing period has been completed. The time that the 
output is high is given by the equation t '" 1.1 RA e. Various 
combinations of Rand e and their associated times are shown in 
Figure 16. The. trigger pulse width must be less than the timing 
period. 
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A reset pin is provided to discharge the capacitor thus inter
rupting the timing cycle. As long as the reset pin is low, the capaci
tor discharge transistor is turned "on" and prevents the capacitor 
from charging. While the resetvoltage is applied the digital output 
will remain the same. The reset pin should be tied to the supply 
voltage when not in use. 

FIGURE 14- MONOSTABLE CIRCUIT 
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MC1455, MC1555 

GENERAL OPERATION (continued) 

FIGURE 15 - MONOSTABLE WAVEFORMS 

t = 50~slem 
(RA = 10 kfl, e = O.OlIlF, RL= 1.0 kfl ,Vcc = 15 V) 

FIGURE 16 - TIME DELAY 
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Astable Mode 

In the astable mode the timer is connected so that it will 
retri!Jlier itself and cause the capacitor voltage to oscillate between 
1/3 Vce and 2/3 Vce. See Figure 17. 

The external capacitor charges to 2/3 Vee through RA and RS 
and discharges to 1/3 VCC through RS' Sy.varying the ratio of 
these resistors the ,'duty cycle can be varied. The charge and 
discharge times are independent of the supply voltage. 

The charge time (output high) is given by: t1 = 0.695 (RA +RBI C 
The discharge time (output low) by: t2 = 0.695 (RB) e 

Thus the total period is given by: T = t1 + t2:! 0.695 (RA+2RS) e 

The frequency of oscillation is then:.f =.!. = 1.44 
T (RA+2RS) C 

and may be easily found as shown in Figure 19. 

The duty cycle is given by: DC = ~ 
RA+2R S 

To obtain the maximum duty cycle RA must be as small as 
possible; but it must also be large enough to limit the discharge 
current (pin 7 current) within the maximum rating of the discharge 
transistor (200 mAl. 

The minimum value of RA is given by: 
;;;;. Vec (Vdc) ;;;;. Vee (Vdc) 

RA I7TAI ~ 
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FIGURE 17 - ASTASLE CIRCUIT 
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FIGURE 19 - FREE·RUNNING FREQUENCY 
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MC1455, MC1555 

APPLICATIONS INfORMATION 

Linear Voltage Ramp 

In the monostable mode, the resistor can be replaced by a con
stant current source to provide a linear ramp voltage_ The capaci
tor still·.charges from 0 to 2/3 VCC: The linear ramp time is given 
by 2 VCC \ 

t= 3 -1-

where I = Vcc - VB - VBE 
RE 

If VB is much larger than VBE, 

then t can be made independent of Vce-

FIGURE 20 - LINEAR VOLTAGE SWEEP CIRCUIT 

2 
Trigger 

4 
Reset 

Vcc 

8 
R1 

2N4403' 

H---"Ve 

R2 

FIGURE 21 - LINEAR VOLTAGE RAMP WAVEFORMS 
IRe = 10 kn, R2 = 100 kn, R1 = 39 kn, C = 0.01jLF, VCC = 15 VI 

t = 100 JJ.s/cm 
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Missing Pulse Detector 

The timer can be used to produce an output when an input 
pulse fails to occur within the delay of the timer. To accomplish 
this, set the time delay to be slightly longer than the time between 
successive input pulses. The timIng cycle is then continuously reset 
by the input pulse train until a change in frequen,cy or a missing 
pulse allows completion of the timing cycle, causing a change in 
the output level. 

Output 

FIGURE 22 

+Vcc (5 to 15 V) 

3 

5 

4 

MC1555 
MC1455 

Input 

6 

2N4403 
or Equiv 

FIGURE 23 -- MISSING PULSE DETECTOR WAVEFORMS 
IRA = 2.0 kn, R L = 1.0 kn, C = 0.1 jLF, VCC = 15 VI 
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MC1455, MC1555 

APPLICATIONS INFORMATION (continued) 

Pulse Width Modulation 

If the timer is triggered with a continuous pulse train in the 
monostable mode of operation, the charge time of the capacitor 
can be varied by changing the control voltage at pin 5. I n this 
manner, the output pulse width can be modulated by applying 
a modulating signal that controls the threshold voltage. 

FIGURE 24 

+ VCC (5 to 15 V) 

-

RL 4r: RA 

3 7 - ,.. 
utput 

± MC1555 6 
MC1455 

2 5 

o 
C 

-
C lock Modulatio n 
Input 

1 > Input 

_ ... 

FIGURE 25,... PULSE WIDTH MODULATION WAVEFORMS 
IRA = 10 kn., e = 0.02 /-IF, Vee = 15 V) 

Test Sequences 

Modulation Input Voltage 

::, 0 V ern 

t = 0.5 mslcm 

Several timers can be connected to drive each other for sequen
tial timing. An example is shown in Figure 26 where the sequence 
is started by triggering the first\timer which runs for 10 rns. The 
output then' switches low momentarily and starts the second timer 
which runs for 50 ms and so forth. 

FIGURE 26 
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3.0 AMPERE NPN POWER DARLINGTON DRIVER 

· .. designed for use as an output device in complementary general 
purpose amplifier applications. 

The MC1464 can also be usep for driving lamps .. relays,. or printer 
hammers in a variety of industrial and consumer applications. 

• High DC Current Gain 
hFE = 2000 (Min) @ IC = 3.0 A 

• Can Be Voltage or Current Driven 

• High Collector-Emitter Breakdown Voltage 
BVCEO = 80 V (Min) @ IC = 100 mA 

• Includes Current Limit Control 

CIRCUIT SCHEMATIC 

Qs 
2 

A~----~~r---~~~~--~~~ 
4 

This is advance information and specifications are subject to change without notice. 
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1. 
2. 
3. 
4. 

5. 

MC1464 

NPN 
POWER DARLINGTON 

DRIVER, 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
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MC1464 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

'Collector-Emitter Voltage VCEO 80 Y,de 
Collector.-Base Voltage VCB 80 VIAe 
Emitter-Base Voltage VEB 5.0 ~. 

Collector Current IC 3.0 .4,.dc 
Base Current IB 0.1 Adc 

Total Device Dissipation @ TC; 2SoC Po 70 Watts 
Derate above 2SoC 0.56 wIDe 

Operating Junction Temperature Range TJ -55 to +150 DC 

Storage Temperature Range Tstg -55 to +150 °c 

Operating AmbienfTemperature Range TA o to +70 °e 

TH ERMALCHARACTER ISTICS 
Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Case 8JC 1.8 °C/W 

Thermal Resistance, Juction to Ambient 8JA 50 °C/W 

ELECTRICAL CHARACTERISTICS (T A; 25°C unless otherwise noted.) 

Characteristic 

OFF CHARACTERISTICS 

Diode Breakdown Voltage BV 5.0 - - Vdc 
(I ~ 1.0 mAl 

Diode Forward Voltage VF Vdc 
(IF; 5.0 mAl 0.7 - 0.8 
(IF; 0.5 mAl 0.64 - 0.76 

Input Resistor Rin 1400 - 1800 n 
Input Resistor Dissipation Po 100 - - mW 

Collector-Emitter Breakdown Voltage 6VCEO 65 - - Vdc 
(lC; 100 mA, 16; 0) 

Collector Cutoff Current ICEO - - 500 ~Adc 

(VCI: = 40 Vdc, 16 = 0) 
'-Collector Cutoff Current ICBO mAde 

(VCB; 80V,IE; 0, TA; 250 C) - - 0.2 
(VCB = 80 V,IE; 0, TA = 1000 C) - - 2.0 

Emitter Cutoff Current 'IEBO mAde 
(VBE = 5.0Vdc, IC ; •. 0) - - 2.Q 

ON CHARACTERISTICS 

DC Current Gain(1) hFE -
(lc ; ,3.0-Adc, VCE ; 3.0 V) 1500 - 7000 -Collector-Emitter Saturation Voltage . VCE(sat) Vdc 
(lc = 3.0 Adc, 16 = 12 mAde) - - 2.5 

Base-Emitter On Voltage( 1) VSE(on) 1.7 - 1.9 -
DYNAMIC CHARACTERISTICS 

Small-Signal Current Gain 
(IC = 3.0 Adc, VCE; 3.0 Vdc, f = 1.0 MHz): 

(1) Pulse Test: Pulse Width ~ 300 ~s, Duty Cycle ~ 2.0%. • 

® MOTOROLA SerniconclLlc-tor Produc-ts Inc. 
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ORDERING INFORMATION 

Device 

MC1590F 
MC1590G 

Temperature Range 

-55°C to +125°C 
-55°C to +125°C 

Package 

Ceramic Flat 
Metal Can 

RF/IF/AUDIO AMPLIFIER 
· .. an integrated circuit featuring wide:range AGC for use in RF/IF 
amplifiers and audio' amplifiers over the temperature range, - 55 to 
+1250 C. See Motorola Application Note AN-513 for design details. 

• High Power Gain - 50 dB typ at 10 MHz 
45 dB ty!> at 60 MHz 
35 dB typ at 100 MHz 

• Wide-Range AGC - 60 dB min, dc to 60 MHz 

• Low Reverse Transfer Admittance -' < 10 J.lmhos typ at60 MHz 

• 6.0 to 15-Volt Operation, Single-Polarity Power Supply 

MAXIMUM RATINGS (T A = +250C unless otherwise noted) 

Rating Symbol* Value "- Unit 

Power Supply Voltage VCC +18 Vdc 

Output Supply Vo +18 Vdc 

AGe Supply VI (AGC) VCC Vdc 

Differential Input Voltage VI 5.0 Vdc 

Operating Temperature Range TA -55 to+12!? °c 
Storage Temperature Range Tstg -65 to+150 .0c 

Junction Temperature TJ +175 °c 

REPRESENTATIVE CIRCUIT SCHEMATIC 

7 Vee 

1.5k 

5.5 k 12.1 k 

(+) 5 

Outputs 
~~~ ____ ~ ____ +-__ ~~~ __ -+ ____ ~(-)6 

1.1 k 1.1 k 

Pins 4 and 8 should both be connected to circuit ground. Substrate 4 
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WIDEBAND AMPLIFIER 
WITHAGC 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PIN CONNECTIONS 

G SUFFIX 
METAL PACKAGE 

CASE 601 
TO-99 

FSUFFIX ~ 
CERAMIC PACKAGE .~.::::::_r 

CASE 606 r 
(Same Pin Connection$ as Above) 

ADMITTANCE PARAMETERS (VCC = +12 Vdc, 
TA = +250 C) 

f=MHz 
Parameter Symbol Typ Unit 

30 60. 
Single·Ended Input 911 0.4 0.75 mmhos 
Admittance b11 1.2 3.4 

Single·Ended Output g22 0.05 0.1 mmho 
Admittance b22 0.50 1.0 

Forward Transfer IY 211 150 150 mmhos 
Admittatlce °21 -45 -105 degrees 
(Pin 1 to Pin 5) 

Reverse Transfer 912 -0 -0 /-Lmhos 
Admittance* b12 -5.0 -1.0 

*The value of Reverse Transfer Admittance includes 
the feedback admittance of the test circuit used in 
the measurement. The total feedback capacitance 
(including test circuit) is 0.025 pF and is a more 
practical value for design calculations than the in-
ternal feedback of the'device alone_ (See Figure 10.) 

SCATTERING PARAMETERS (Vee = +12 Vdc, 
TA = +250(:, Zo = 50 n) 

f = MHz 
Parameter Symbol Typ Unit 

30 60 

Input Reflectior S11 0.95 0.93 -
Coefficient °11 -7.3 -16 degrees' 

Output 
Reflection 522 0.99 0,98 -
Coefficient °22 -3.0 -Ei·5 degrees 

Forward 
Transmission S21 16.8 14.7 -
Coefficient °21 128 64.3 degrees 

Reverse. 
Transmission 'S12 0.00048 0.0009 -
Coefficient °12 84;9 79.2 degrees 



MC1590 

, ELECTRICAL CHARACTERISTICS (VCC = 12 Vdc f = 60 MHz BW = 10 MHz TA = -550C to 1250C unless otherwise noted) 

Characteristic 
Symbol 

AGC R-ange 

(VI (AGC) = 5.0 V to 7.0 V) -
(VI (AGC) = 5.0 V to 7.0 V, T A = 25Oc) 

Single-Ended Power Gain (Figure 24) Gp 
(TA = 25°C) 

Noise Figure 
(As optimized for best NF) (TA = 250 C) NF 

Output Voltage Swing (Pin 5) 
Differential Output (Figure 25) VODR 

(0 dB AGC) 
(0 dB AGC, T A = 25OC) 
(-30 dB AGe) 
(-30 dB AGC, T A = 250 C) 

Single-Ended Outpu.t (Figure 24) VOCR 
(0 dB AGC) 
(0 dB AGC, T A = 250 C) 

i (-30 dB AGC) 
(-30 dB AGC, T A = 250 C) 

Output Stage Current 10 
(Sum of Pins 5 and 6) 

(T A = 250 C) 

Output Current Matching 
(Magnitude of Difference of Output Currents) ~IO 

(TA = 250 C) 

Power Supply Current 
(VO = OV) ICC 

I 
(VO=OV,TA=250C) 

Power Consumption 
(VI =OV) Pc 
(VI = 0 V, TA = 250 C) 

FIGURE 1 - UNNEUTRALIZED POWER GAIN versus FREQUENCY 
(Tuned Amplifier, See Figure 24) 

MC1590 
Min Typ Max Unit 

58 - - dB 
60 68 -
37 -- - dB 
40 45 

- 6.0 7.0 dB 

10 - -- Vpp 
13 14 -

4.0 - --
6.6 6.0 -

Vpp 
5.0 - -

6.5 7.0 -
2.0 - ---

2.5 3.0 -

3.5 - 8.0 rnA 
4.0 5.6 7.5 

- 0.7 - inA 

- - 20 rnA 
- 14 17 

- - 240 mW 
- 168 200 

FIGURE 2- VOLTAGE GAIN versus FREQUENCY 
(Video Amplifier, See Figure 26) 

50 

co 

70 
r--vc1c .12Vd~ RL = 1.0 kn vc ='dJ~cll 

o 
10 

'0 

Z 
40 :;( 

(!I - ....... 

~ 
w 
(!I -- ...... « :; 30 
0 
> 

....... 
i"" RL = 100U 

~ 20 

i-
" '" , 

" en 10 
> RL = IOU 
« 

20 50 100 200 III 
f, FREQUENCY (MHz) 

0.1 1.0 10 

f. FREQUENCY (MHz) 

® MOTOROLA Sen'liconductor Product. Inc. 

8·53 

i\ 
~\ 
\' 
,~ 

~~ 
100 1000 

• 



I 

• 

MC1590 

TYPICAL CHARACTERISTICS 
(VI (AGC) = 0, VCC = 12 Vdc, T A = +250 C unless otherwise noted) 

'" :2 
2: « 
CI 
W 
UI 

~ 
0 
> 
fa 
Q 

ffi 
~ 
"" z 
en 

FIGURE 3 -" 
INPUT 

rti,c:RANGE: OUTPUT VOLTAGE vers~s 
~iE'(Video Amplifier, See Figure 26)'; 

-

! 

10 
7.0 
5.0 

.~ 
f:. Vee 212 Vdc 

~VI(AGel : ~.~~~z 
en 2.0 

g 1.0 
~ 0.7 
... 0.6 
.~ 
's 0.2 
> 
i 0.1 
t- 0.07 
g 0.(15 
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./ 
./ 

./ 
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I-"'" 
./ ./ 

lOon 

./ IOn ~ 
./ ...t'" 

./ " , 
0.5 1.0 2.0 5.0 10 20 50 100 

ej: INPUT VOLTAGE (mVRMS) 

FIGURE 5 - VOL TAGE GAIN AND SUPPLY CURRENT versus 
SUPPl Y VOLTAGE (Video Amplifier, See Figure 26) 
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FIGURE 7 ....: TYPICAL GAIN REDUCTION versus AGC CURRENT 
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FIGURE 4 - VOLTAGE GAIN versus FREQUENCY 
(Video Amplifier, See Figure 26) 
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VCC'= 6.3 Vdc 
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f. FREQUENCY (MHz) 

FIGURE 6 - TYPICAL GAIN REDUCTION 
versus AGC VOLTAGE 
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FIGURE 8 - FIXED TUNED POWER GAIN REDUCTION 
versus TEMPERA'fURE (See Test Circuit, Figure 24) 

+50 

+40 

~+30 

~ +20 
<!I 
a:: 

~ +10 

<!Ie. 0 

-10 

-20 

r--
I--

-.... -.... ~ 
r--....'" ~'{" 

"\~'\.~ 
+750C'/ I'\. '\." 
~ 

+125 0C ........ 

I- VCC = 12Vdc 
f = 60 MHz 

r- RAGe = 5.6 kn 

I 
./-550C 

...... ;OoC 

~./+25oC 

~ 
~~ 
'\.\.~ 

" ~ 
'1 

U U U U U U U U U U ~ 
VI (AGC).AGCVOlTAGE (VOLTS) 

® MOTOROLA Semiconductor Producf:. Inc .. --~-----' 

8-54 



MC1590 
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TYPICAL CHARACTER ISTICS (continued) 

FIGURE 9 - POWER GAIN versus SUPPLY VOLTAGE 
(See Test Circuit, Figure 24) 
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FIGURE 10 - REVERSE TRANSFER ADMITTANCE versus 
FREQUENCY (See Parameter Table, Page 1) 
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FIGURE 11 - NOISE FIGURE versus FREQUENCY FIGURE 12 - NOISE FIGURE versus SOURCE RESISTANCE 
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FIGURE 13 - NOISE FIGURE versus AGC GAIN REDUCTION 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 14 - SINGLE·ENDED OUTPUT ADMITTANCE 
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FIGURE 16 - HARMONIC DISTORTION versus AGC GAIN 
REDUCTION FOR AM CARRIER (ForT8!!t Circuit. See Figure 17) 
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FIGURE 18 - V21. FORWARD TRANSFER ADMITTANCE 
RECTANGULAR FORM 
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FIGURE 15 -SINGLE·ENDED INPUT ADMITTANCE 
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FIGURE 17 -·10.7-MHz AMPLIFIER 
Gain"" 55 dB. BW "" 100 kHz 

36pF 

r--o--t--iE-"--o ~~!~ 
5.6k 

VI (AGCI o--'VVV-~-+---1l-o-'-I 

O----1---...AAAr ....... -<> +12 Vdc 

0.002 
0.0021 J 

L I • 24 Turns. No. 22 AWG Wire 
ana T12·44 Micro Melal 
Toroid Core(-124pFI 

L2 • 20 Turns. No. 22 AWG Wire 
on a T12·44 Micro Metal 
Toroid Core(-IOOpFI 

FIGURE 19 - V21. FORWARD TRANSFER ADMITTANCE 
POLAR FORM 
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TYPICAL CHARACTERISTI~S (continued) 

FIGURE 20 - S11 AND S22. _INPUT AND .oUTPUT 

REFLECTI.oN C.oEFFICIEfI!T 

FIGURE 22 - S21, F.oRWARD TRANSMISSI.oN 
C.oEFFICIENT (GAIN) 

FIGURE 21 - S11 AND S22, INPUT AND .oUTPUT 

REFLECTI.oN C.oEFFICIENT, 

FIGURE 23 - S12. REVERSE TRANSMISSI.oN 
C.oEFFICIENT (FEEDBACK) 

® MOT080LA Se,..iconduc~or Produc~s Inc. -~~----..... 
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TYPICAL APPLICATIONS 

FIGURE 24 - 6O-MHz POWER GAIN TEST CIRCUIT 

Input 
(50n) 

VI (AGC) 

Quiput 
(50n; 

HIl-+------e--... +12 Vdc 

L1 = 7 Turns, #20 AWG Wire, 5/16" Oia., Cl,C2,C3 = (1·30) pF 
5/8" Long . C4 = (1·10) pF 

L2 = 6 Turns, #14 AWG Wire, 9/16" Oia., 
3/4" Long 

F,IGURE 25 - DIFFERENTIAL OUTPUT VOLTAGE SWING, 
(V5, VS) (60 MHz) 

L1: lTurns, # 22 AWG Wire 
on 5/16" Oi •. Form, 
5/8" Long 

n: Close Wound Over 1/4" Form 
Primary Winding:::: 16 Turns # 26 AWG, Center Tapped 
SecondaryWinding=2Turns # 26AWG. 

FIGURE 26 - VIDEO AMPLIFIER 

1.0 IJF 

VI (AGC) _--'VV\r--C~ 

FIGURE 27 - 3O-MHz AMPLIFIER 
(Power Gain = 50 dB, BW ~ 1.0 MHz) 

:~~~) -1..-..... - ....... +-<1--1 
38 pF 

L1 = 12 Turns #22 AWG Wire on a Toroid Core, 
(137-6 Micro Metal or EQuiv) 

n: Primary = 17 Turns #20 AWG Wire on a Toroid Core, 
(144-6 Micro Metal or EQuiv) 

Secondary = 2 Turns #20 AWG Wire 

O.OOIIJF 

r--___ eo 

O.OOIIJ F +12 Vdc 

Input from 
local Oscillator 

FIGURE 28 - 100-MHz MIXER 

(70 MHz) 100 

Signal Input -~~_"""----1'-o--I 
(100 MHz) 

0-30) pF 

L1 = 5 Turns, #16 AWG Wire, 1/4" 10, 
5/8" Long 

l2 = 16 Turns, #20 AWG Wire on a Toroid 
Core, (T44-6 Micro Metal or EQuiv) 

+12 Vdc 

® MOTOROLA Sen>iconductor Products Inc. --------' 
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TYPICAL APPLICATIONS (continued) 

VI (AGC) 

FIGURE 29 - TWO-STAGE 60 MHz IF AMPLIFIER (Power Gain"'" 80 dB, BW "" 1.5.MHz) 

10 k 

Input 
(500) 

~ 

+12Vdce-~------------------------~---------------------*--~ 

T1: Primary Winding; 15 Turns, fl22 AWG Wire, 1/4" 10 Air Core 
Secondary Winding; 4 Turns, fl22 AWG Wire, 
Coefficient of Coupling'" 1.0 

T2: Primary Winding; 10 Turns, fl22 AWG Wire, 1/4" 10 Air Core 
Secondary Winding; 2 Turns, fl22 AWG Wire, 
Coefficient 01 Coupling'" 1.0 

FIGURE 30 - SPEECH COMPRESSOR 

+12 v 

DESCRIPTION OF SPEECH COMPRESSOR 

The amplifier drives the base of a PNP MPS6517 operating common-emitter with a voltage gain of approxi
mately 20. The control R 1 varies the quiescent Q point of this tranSistor 50 that varying amounts of signal 
exceed the level V r' 0 iode 01 rectifies the positive peaks of 01' s output only when these peaks are greater 
than V r "'" 7.0 Volts. The resulting output is filtered by ex. Rx' 

Rx controls the charging time constant or attack time_ ex ~s involved in both charge and discharge. R2 (the 
150 kn and input resistance of the emitter-follower 02) controls the decay time. Making the decay fong and 
attack short is .accomplished by making Rx small and R2 large. (A Darlington emitter-follower may be needed 
if extremely slow decay times are required.) . , 

The emitter-follower 02 drives the AGe Pin 2 of the MC1590 and reduces the gain. R3 controls the slope 
, of signa! compression. The following graph details performance with R3 set to 15 kn~ 

® MOTOROLA Semiconductor Products Inc. 
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FIGURE 31- OUTPUT VOLTAGE .V8rsus INPUT VOL TAGE 

1.0 
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_ 0.5 

~ 
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~ 
w 0.2 
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~ o O. 
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!; 0.07 
~ 0.05 
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o 
,,0 
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0.02 

0.0 
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RI=100kn 

15kn 

/" 

~ 
0 

...--

V 
/ Measured from 100 Hz to 1.0 MHz 

lor Values 01 Attack Irom 

3010,4.0 rHr, , III' 
0.3 0.5 1.0 3.0 5.0 10 

aj,lNPUT VOLTAGE (mV) 

, 
30 50 100 

TABLE I - DISTORTION V8rsUS FREQUENCY 

FREQUENCY 
blSTORTION DISTORTION 

10 mV 8j 

100 Hz 3.5% 
300 Hz 2% 
1.0 kHz 1.5% 
10 kHz 1.5% 
100 kHz 1.5% 

Decay = 300 ms 
Attack =20 ms 

Cx =7.5/JF 
Rx = 0 (Short) 

100 mV 8j 10 mV 8j 100mV8j 

12% 
10% 
8% 
8% 
8% 

15% 
6% 
3% 
1% 
1% 

Decay = 20 ms 
Attack = 3 ms 

Cx = 0.68 /JF 
Rx =I.5kH 

27% 
20% 
9% 
3% 
3% 

THERMAL INFORMATION 

The maximum power consumption an integrated 
circuit can tolerate at a given operating ambient 
temperature, can be found from the equation: 

TJ(max) - TA 
PD(T A) = ReJA (Typ) 

Where: PD(T A) = Power Dissipation allowable at a 
given operating ambient temperature. This must be 
greater than the sum of the products of the supply 

Circuit diagrams utilizing Motorola products are included ~s a means 
of illustrating· typical semiconductor applications; consequeNtly, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 

voltages and supply currents at the worst-case oper
ating condition. 

T J(max) = Maximum,Operating Junction 
Temperature as listed in the 
Maximum Ratings Section 

T A = Maximum Desi~ed Operating Ambient 
Temperature 

ReJA (Typ) = Typical Thermal Resistance 
Junction to Ambient 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purch·aser of the semiconductor devices described any 
licen.se under the patent rights of Motorola Inc. or others. 

@' MOTOROLA· Seft"liconducf:or Producf:& Inc. ----------' 
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ORDERING INFORMATION 

Device 

MC1494L 
MC1594L 

Temperature Range 

O°C to +70°C 
-55°C to +125°C 

Package 

Ceramic DIP 
Ceramic DIP 

Specifications and Applications 
Information 

MONOLITHIC FOUR-QUADRANT MULTIPLIER 
· .. desigl)ed for use where the output voltage is a linear product of 
two input voltages. Typical applications include: multiply, divide, 
square root, mean square, phase detector, frequency doubler, balanced 
modulator/demodulator, electronic gain control. 

The MC1594/1494 is a variable transconductance multiplier with 
internal level-shift circuitry and voltage regulator. Scale factor, input 
offsets and output offset are completely adjustable with the use of four 
external potentiometers. Two complementary regulated voltages are 
provided to simplify offset adjustment and improve power·supply 
rejection. 

• Operates With ± 15 V Supplies 

• Excellent Linearity - Maximum Error (X or V): ± 0.5% (MC1594) 
± 1.0% (lv1C1494) 

• Wide Input Voltage Range - ± 10 volts 
• Adjustable Scale Factor, K (0.1 nominal) 
• Single-Ended Output Referenced to Ground 
• Simplified Offset Adjust Circuitry 
• Frequency Response (3 dB Small-Signal) - 1.0 MHz 
• Power Supply Sensitivity - 30 mV IV typical 

FOUR-QUADRANT 
MULTIPLIER TRANSFER CHARACTERISTIC 

MC1494L· 
MC1594L 

LINEAR FOUR-QUADRANT 
MULTIPLIER-INTEGRATED 

CIRCUIT 

MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 

(top view) 

~:·I':: "'?l1~~1 t ~ 
CERAMIC PACKAGE 

CASE 620 

TYPICAL LlNEAR.lTY ERROR 
versus TEMPERATURE 

1.oo,----,-----,---,----,---,----,-----, 

vx. INPUT VOLTAGE (VOLTS) 

Subject Sequence 

Maximum Ratings 

Electrical Characteristics 

Test Circuits 

Characteristic Curves 

Circuit Description 

Circuit Schematic 

DC Operation 
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MC1494, MC1594 

MAXIMUM RATINGS IT A = +2SoC unless otherwise noted I 

Rating Symbol Value 'Unit 

Power.Supply Voltage V+ +18 Vde 

V- -18 

Differential I nput Signal V9- V6 ± 16 + 11 Ryl < 30 Vdc 

VlO- V I3 ±16+11 RXI<30 

Common-Mode Input Voltage Vde 
VCivlY = V9 = V6 VCMY ±11.5 

VCMX = VlO = V13 VCMX .1:11.5 

Power Dissipation (Package limitation) 
TA = +2SoC PD 7S0 mW 

Derate above T A := +250 C lNJA S.O mW/oC 

Operating Temperature Range TA. °c 
MC1594 -S5 to +125 
MC1494 o to + 70 

Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERiSTICS IV' ,15 V, V- = -15 V, T A -' t 2SoC, R 1 = 16 k!!, RX :.30k!LRy , 62 k!!, RL : 47 k!!. 
unless otherwIse noted) 

MC1594 MC1494 

Characteristic Fig, Symbol Min Typ Ma. Min Typ Max Unit 

linearity ERxorERY % 
Output error in Percent of full scale 

-10 V<V.<+10V (Vy = 1:10 V) 
-10 V<Vy<+10 V (Vx = 1.10 V) 

TA = +2S°(; ±. 0.3 :t 0.5 :t 0.5 :t 1.0 

TA ~Thigh CD ± 0.8 ± 1.3 

TA =Tlow ® :t 0.8 :t. 1.3 

Input 2,3.4 
Voltage Range IVX = Vy = Yin) Vin ±10 ±10 Vpk 
Resistance (X or Y Input) Rin 300 300 MH 

Offset Voltage IX Input) INote II IVioxl 0.1 1.6 0.2 2.5 V 

IY Input) INote 11 IVioyl 0.4 1.6 0.8 2.5 

Bias Current IXorY Input) Ib O.S 1.5 1.0 2,S /lA 

Offset Current IX or Y Input) Iliol 28 150 50 400 nA 

Output 3.4 
\/oltage Swing Capability Vo ±10 :tl0 Vpk 
Impedance Ro 8S0 8S0 kH 

Offset Voltage INote 1) Ivool 0.8 1.6 12 2.5 V 

Offset Current INote 1) 11001 17 34 25 52 /lA 

Temperature Stability (Drift) 

T A ~ Thigh to Tlow 

Output Offset IX = 0, Y = 0) Voltage ITCVool 1,3 1.3 mV/oe 

Current ITc:ool 27 27 nAioe 
X I nput Offset IY = 0) ITcvioxl 0.3 0.3 my/DC 

Y Input Offset IX = 0) ITCVioyl ,1.5 I.S 

Scale Factor ITCKI 0.07 0.07 %/oC 

Total dc Accuracy Drift IX = 10. Y = 101 ITCEI 0,09 0.09 

Dynamic Response 
Small Signal 13 dB) X BW3dB IX) 0,8 0.8 MHz 

y SW3dBIY) 1.0 1.0' 

Power Bandwidth (47 k) PBW 440 440 kHz 

3° Relative Phase Shift fet> 240 240 

1% Absolute Error fa 30 30 

II 
Common Mode 

Input Swing IX or Y) CMV ±10,5 ±.10.S Vpk 

Gain IXorY) ACM -65 -65, dB 

Power Supply 

Current Id+ 6,0 9.0 6.0 12 mAdc 

Id- 6.5 9,0 6.5 12 

Quiescent Power Dissipation Pd 185 260 185 350 mW 

Sensitivity S+ 13 50 13 100 mV/v 

S- 30 100 30 200 

Regulated Offset Adjust Voltages 
Positive V~ +3.5 +4.3 +5.0 +3.5 +4.3 +5.0 Vdc 

Negative V'R -3.5 -4.3 -5,0 -3,5 -4.3 -5.0 

Temperature Coefficie~t (\fR or VA) TCVR 0.03 0.03 mY/DC 

PowerSupplySensitivity IV~ or VA) SA,SA 0,6 0,6 mV/v 

Note 1: Offsets can be adjusted to zero with external potentiometers. 

<DThi9h:= +1250C for MC1594 @TIOW '" -55°C for MC1594 
+ 70°C for MC1494 aOe fo .. Me 1494 
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TEST CIRCUITS 

FIGURE 1 - LINEARITY 
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FIGURE 2 - INPUT .RESISTANCE 
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Rin Y = [* -21 Megohm 
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CURRENT, OUTPUT RESISTANCE 
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FIGURE 6 - COMMON-MODE 
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FIGURE.8 - BURN-IN • 
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TYPICAL CHARACTERISTICS 
(Unless otherwise noted, V+ =~15 V, V- = -15 V"Rl = 16 kn, RX = 30 kn, Ry·= 62 kn, RL =47 kn, T A =+250 C) 

FIGURE 9 - FREQUENCY RESPONSE OF Y INPUT FIGURE 10 - FREQUENCY RESPONSE OF 
versus LOAD RESISTANCE .X INPUT versus LOAD RESISTANCE 
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FIGURE 13 - LINEARITY versus RX OR.Ry WITH K = 1 
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GENERAL INFORMATION 
1. CIRCUIT DESCRIPTION 

1.1 Introduction 
with the offset adjust circuits to virtually eliminate sensitivity 
of the offset voltage nulls to changes in supply voltage. 

The MC1594 is a monolithic. four·quadrant multiplier that 
operates on the principle of variable transconductance. It 
features a single'ended current output referenced to ground 
and provides two complementary regulated voltages for use 

As shown in Figure 15. the MC1594 consists of a multiplier 
proper and associated peripheral circuitry to provide these 
features. . 

15 
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CURRENT AND VOLTAGE 
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FIGURE 15 
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1.2 Regulator (Figure 151 

The regulator biases the entire MC1594 circuit making it 
essentially independent of supply variation. It also provides 
two convenient regulated supply voltages which can be used 
in the offset adjust circuitry. Tne regulated output voltage 
at pin 2 is approximately +4.3 V while the regulated voltage 
at pin 4 is approximately -,4.3 V. For optimum temperature 
stability of these regulated voltages, it is recommended that 
II 21 = 1141 = 1.0 mA (equivalent load of 8.6 knl. As will be 
shown later, there will normally be two 20 k-ohm potenti
ometers and one 50 k-ohm potentiometer connected between 
pins 2 and 4. 

The regulator also' establ ishes a constant current reference that 
controls at! of ttie constant current sources in the MC1594. 
Note that all current sources are related to current 11 which 
is determined by R 1. For best temperature performance, 
R 1 should be 16 kn so that 11 "":: 0.5 mA for all appl ications. 

1.3 MUltiplier (Figure 151 

The multipiier section of the MC1594 (center sectiOn of 
Figure 151 is nearly identical to the MC1595 and is discussed 
in detail in Application Note AI\I-489, "Analysis and Basic 
Operation of the MC1595". The result of this analysis is 
that the differential output current of the multiplier is given 
by: 

Therefore, the output is proportional to the product of the 
two input Voltages. 

1.4 Differential Current Converter (Figure 15) 

This portion of the circuitry converts the differential output 
current (I A -I B) of the multiplier to a single-ended output 
current (10): 

2. 

2.1 

or 
2VXVy 

10 = RXRyl1 

The output current can be easily converted to an output 
voltage by placing a load resistor RL from the output (pin 
14): to ground (Figure 17) or by using an op-ampl. as a 
current-to-voltage converter (Figure 16). The result in both 
circuits is that the output voltage is given by: 

V = 2RL VXVy 
o RXRyll KVXVy 

2RL 
where K (scale factor) = RX Ryll 

DC OPERATION 

Selection of External Components 

For low frequency operation the circuit of Figure 16 is 
recommended. For this circuit, RX = 30 kn, Ry = 62 kn, 
R 1 = 16 kn and hence 11 ~ 0.5 mA. Therefore, to set the 
scale factor, K, equal to. 1/10, the value of R L can be cal
culated to be: 

1 2RL 
K=-=---

10 RXRyll 

or 
RXRyll (30 k) (62 k) (0.5 mAL 

RL= (2) (10) = 20 

RL = 46.5 k 

Thus, a reasonable accuracy in'scale factor can be achieved 
by making RL a fixed 47 kn resistor. However, if it isdesired 

FIGURE 16 - TYPICAL MULTIPLIER CONNECTION 
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that the scale factor be exact, R L can be comprised ofa 
fixed resistor and a potentiometer as shown in Figure 16. 
It should be pointed out that there is nothing magic about 
setting the scale factor to 1/10. This is merely a convenient 
factor to use if the Vx and Vy input voltages are expected 
to be large, say ± 10 V. Obviously with Vx = Vy = 10 Vand 
a scale factor of unity, the device could not hope to provide 
a 100 V output, so the scale factor is set to 1/10 and provides 
an output scaled down by a factor of ten. For many applica· 
tions it may be desirable to set K = 1/2 or K = 1 or even 
K = 100. This can be accomplished by adjusting RX, Ry 
and RL appropriately. 

The selection of R L is arbitrary and can be chosen after 
resistors RX and Ry are found. Note in Figure 16 that Ry 
is 62 kn while RX is 30 kn. The reason for this is that the 
"Y" side of the multiplier exhibits a second order non
linearity whereas the "X" side exhibits a simple non-linearity. 
By making the Ry resistor approximately twice the value 
of .the RX resistor, the linearity on both the "X" and "Y" 
sides are made equal. The selection of the RX and Ry 
resistor values is dependent upon the expected amplitude of 
Vx and Vy inputs. To maintain a Specified linearity, 
resistors RX and Ry should be selected according to the 
following equations: 

RX~ 3 Vx (max) in kn when Vx is in volts 

Ry ~ 6 Vy (max) in kn when Vy is in volts 

For example, if the maximum input on the "X" side is 
± 1 volt, resistor R X can be selected to be 3 kn. If the max
imum input on the "Y" side is also ± 1 volt, then resistor 
Ry can be selected to be 6 kn (6.2 kn nominal value). If a 
scale factor of K = 10 is desired, the load resistor is found to 
be 47 kn. In this example, the multiplier provides a gain 
of 20 dB. 

2.2 Operational Amplifier Selection 

The operational amplifier connection in Figure 16 is a simple 
but extremely accurate current-to-voltage converter. The 
output current of the multiplier flows through the feedback 
resistor RL to provide a low impedance output voltage from 
the op-ampl. Since the offset current and bia.s currents of 
the op-ampl. will cause errors in the output volt,rge, particu
larly with temperature, one with very low bias and offset cur
rents is recommended. The MC1556/MC1456or ivlC17411 
MC1741C are excellent choices for this application. 

Since the MC1594 is capable of operation at much higher 
frequencies than the op-ampl., the frequency characteristics 
of the circuit in Figure 16 will be primarily dependent upon 
the op-ampl. 

2.3 Stability 

The current-to-voltage converter mode is a most demanding 
application for an operational amplifier. Loop gain is at its 
maximum and the feedback resistor in conjunction with 
stray or input capacitance at the multiplier output adds addi
tional phase shift. It may therefore be necessary to add 
(particularly in the caseof internally compensated op-ampls.) 
II small feedback capacitor to reduce loop gain at the higher 
frequencies. A value of 10 pF in parallel with R L should be 
adequate to insure stability over production and temperature 
variations, etc. 

An externaliy compensated op-ampl. might be employed 
using slightly heavier compensation than that recommended 
for unity-gain operation. 

2.4 Offset Adjustment 

The non-ii;J..verting input of the op-ampl. provides aconvenient 
point to adjust the output offset voltage. By connecting this 
point to the wiper artn of a potentiometer (P3), the output 

offset voltage can be adjusted to zero (see offset and scale 
factor adjustment procedure). 

The input offset adjustment potentiometers, Pl and P2 will 
be necessary for most applications where it is desirable to 
take advantage of the multiplier's excellent linearity char
acteristics. Depending upon the particular application, some 
of the potentiometers can be omitted (see Figures 17, 19, 
22, 24 and 25). 

2.5 Offset and Scale Factor Adjustment Procedure 

The adjustment procedure for. the circuit of Figure 16 is: 

A. X Input Offset 

(a) connect oscillator (1 kHz, 5 Vpp sinewave) to the "Y" 
input (pin 9) 

(b) connect "X" input (pin 10) to ground 

(c) adjust X-offset potentiometer, P2 for an ae null at 
the output 

B. Y Input Offset 

(a) connect oscillator (1 kHz, 5 Vpp sinewave) to the "X" 
input (pin 10) 

(b) connect "Y" input (pin 9) to ground 

(c) adjust V-offset potentiometer, Pl for an ac null at 
the output 

C. Output Offset 

(a) connect both "X" and "Y" inputs to ground 

(b) adjust output offset potentiometer, P3, until the 04t

put voltage Vo, is zero volts dc 

D. Scale Factor 

(a) apply +10 Vdc to both the "X" and "Y" inputs 

(b) adjust P4 to achieve -10.00 V at the output 

(c) apply -10 Vdc to both "X" and "Y" inputs and check 
for Vo = -10.00 V 

E. Repeat steps A through D as necessary. 

The ability to accurately adjust the MC1594 is dependent 
on the offset adjust potentiometers. Potentiometers should 
be of the "infinite" resolution type rather than wirewound. 
Fine adjustments in balanced-modulator applications may 
require two potentiometers to provide "coarse" and "fine" 
adjustment. Potentiometers should have low temperature 
coefficients and be free from backlash. 

2.6 Temperature Stability 

While the MC1594 provides excellent performance in itself, 
overall performance depends to a large degree on the qual ity 
of the external components. Previous discussion shows the 
direct dependence on RX, Ry, and RL and indirect depend
ence on R 1 (through 11)' Any circuit subjected to tempera
ture variations should be evaluated with these effects in mind. 

2.7 Bias Currents 

The MC1594 multiplier;like most linear IC's,requires a dc 
bias current into its input terminals: The device cannot be 
capacitively coupled at the input without regard for this bias 
current. If inputs Vx and Vy are able to. supply the small bias 
current ("'" 0.5 ~A) resistors, R (Figure 16) can be omitted. 
If the MC1594 is used in an ac mode of operation and 
capacitive coupling is used the value of resistor R can be any 
reasonable value up to 100 kn. For minimum noise and 
optimum temperature performance, the value of resistor R 
should·be as low as practical. 

2.8 Parasitic Oscillation 

8-67 

When long leads are used on the inputs, oscillation may occur. 
In this event, im RC parasitic suppression network similar to 
the ones shown in Figure 16 should be connected directly 
to each input using sho·rt leads. The purpose of the network 
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3. 

3.1 

'y 

ex 

is to reduce the "Q" of the source-tuned circuits which cause 
the oscillation_ 

Inability to adjust the circuit to within the specified accuracy 
may be an indication of oscillation. 

AC OPERATION 

General 

For ac operation, such as balanced modulation, frequency 
doubler, AGC, etc., the op-ampl. will usually be omitted as 
well as the output offset.adjust potentiometer. The 0\ltput 
offset adjust potentiometer is omitted since the output will 
normally be ac-coupled and the dc voltage at the output is 
of no concern providing it is close enough to zero volts that 
it will not cause clipping in the output waveform. Figure 17 

FIGURE 17 - INIDEBANO MULTIPLIER 
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shows a typical ac multiplier circuit with a scale factor K"'" 1. 
Again. resistor RX and Ry are chosen as outlined in the 
previous section, with R L chosen to provide the required 
scale factor. 

The offset voltage then existing at the output will be equal to 
the offset current times the,load resistance. The output off
set current of the MC1594 is typically 17 /.LA and 35 /.LA 
maximum. Thus, the maximum output offset would be 
about 160 mV. 

3.2 Bandwidth ' 

The bandwid'th of the MC1594 is primarily determined by 
two factors. First, the dominant pole will be determined by 
the load resistor and the stray capacitance at the oU!put 
terminal. For the circuit shown in Figure 17. assuming a 
total output capacitance (Co) of 10 pF. the 3 dB bandwidth 
would be approximately 3.4 MHz. If the load resistor were 
47 kn. the bandwidth would be approximately 340 kHz. 

Secondly. a "zero" is present in the frequency response 
characteristic for both the "X" and "Y" inputs which causes 
the output signal to rise in amplitude at a 6 dB/octave slope 
at frequencies beyond the breakpoint of the "zero", The 
"zero" is caused by the parasitic and substrate capacitance 
which is related to resistors RX arid Ry Imd the transistors 
associated with them. The effect of these transmission 

"zeros" is seen in Figures 9 and 10. The reason for this 
increase in gain is due to the twpassing of RX and Ry at 
high frequencies. Since the Ry resistor is approximately 
twice the value of the RX resistor, the zero associated with 
the "Y" input will occur at approximately one octave below 

. the zero associated with the "X" input. For R X = 30 kn and 
Ry = 62' kn, the zeros occur at 1.5 MHz for the "X" input 
and 700 kHz for the "Y" input. These two measured break
points correspond to a shunt capacitance of about 3.5 pF. 
Thus, for the circuit of Figure 17, the "X" input zero and 
"Y" input zero will be at ap!;lroximately 15 MHz and 
7 MHz respectively. 

It should be noted that the MC1594 multiplies in the time 
domain, hence, its frequency response is found by means 
of complex convolution in the frequency (Laplace) domain. 
This means that if the "X" input does not involve afrequency, 
it is not necessary to consider the "X" side frequency 
response in the output product. Likewise, for the "Y" side. 
Thus, for applications such as a wideband linear AGC ampli
fier which has a dc voltage as one input, the multiplier fre
quency response has one zero and one pole. For appl ications 
which involve an ac voltage on both the "X" and "Y" side, 
such as a balanced modulator, the product voltage response 
will have two zeros and one pole, hence, peaking may be 
present in the output. 

From this brief discussion, it is evident that for ac applica
tions; (1) the value of resistors R X. Ry and R L should be 
kept as small as possible to achieve maximum frequency 
response. and (2), it is possible to select a load resistor R L 
such that the dominant pole (RL. Co) cancels the input zero 
(RX. 3.5 pF or Ry, 3.5 pF) to give a flat amplitude character
istic with frequency. This is shown in Figures 9 and 10. 
Examination of the frequency characteristics of the "X" 
and "Y" inputs will demonstrate that for wideband amplifier 
applications. the best tradeoff with frequency response and 
gain is achieved by using the "Y" input for the ac signal. 

For ac applications requiring bandwidths greater than those 
specified for the MC1594, two other devices are recom
mended. For mOdulator-demodulator applications. the 
MC1596 may be used up to 100 MHz. For wideband multi
plier applications. the MC1595 (using small collector loads 
and ac coupling) can be used. 

3.3 Slew-Rate 

The MC1594 multiplier is not slew-rate limited in the ordi
nary sense that an op-ampl. is. Since.all the 'signals in the 
multiplier are currents and not voltages. there is no charging 
and discharging of stray capacitors and thus no limitations 
beyond the normal device limitations. However. it should 
be noted that the qu iescent current in the output transistors 
is 0.5 mA and thus the maximum rate of change of the out
put voltage is limited by the output load capacitance by 
the simple equation: 

AVo 10 
Slew-Rate 6T = C 

Thus. if Co is 10 pF, the maximum slew-rate would be: 

AVo 0.5x 10-3 
- = -,--- = 50 V//.LS 
AT 10 x 10-12 

This can be improved if necessary by addition of an emitter
follower or other type of buff,er. 

3.4 Phase-Vector Error 

8-68 

All multipliers are subject to an error which is known as the 
phase-vector error. This error is a phase error only and does 
not contribute an amplitude error per se, The phase-vector 
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error is best explained by an example. If the "X" input is 
described in vector notation as 

and the "Y" input is described as 

Y=B4°0 

then the output product would be expected to be 

Vo = AB ~ 00 (see Figure 18) 

However, due to a relative phase shift between the "X" and 
"Y" channels, the'output product will be given by 

Notice that the magnitude is correct but the phase angle of 
the product is in error. The vector, V, associated with this 
error is the "phase-vector error". The'startling fact about 
the phase-vector error is that it occurs and accumulates much 
more rapidly than the amplitude error associated with fre
quency response. In fact,a relative phase shift of only 0.570 
will result in a 1% phase-vector error. For most applications, 
this error is meaningless. If phase of the output product is 
not important, then neither is the phase-vector error. If 
phase is important, such as in the case of double sideband 
modulation or demodulation, then a 1% phase-vector error 
will represent a 1% amplitude error at the phase angle 
of interest. 

FIGURE 18 - PHASE-VECTOR ERROR 
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3_5 Ci,rcuit Layout 

If wideband operation is desired, careful circuit layout must 
be observed. Stray capacitance across RX and Ry should be 
avoided to minimize peaking (caused by a zero created by 
the parallel RC circuit). 

4. DC APPLICATIONS 

4.1 Squaring Circuit 

If the two inputs are connected together, the resultant 
function is squaring: 

Vo = KV2 

where K is the scale factor (see Figure 19). 

, However, a more careful look at the multiplier's defining 
equation will provide some useful information. The output 
voltage, without initial offset adjustments is given by: 

Vo = K(V~ + Viox -Vx off) (Vy + Vioy - Vyoff) + Voo 

(See "Definitions" for an explanation of terms). 

With Vx = Vy = V (squaring) and defining 

EX = Viox -yx off 

Ey = Vioy - Vy off 

The output voltage equation becomes 

Vo = K V~ + KVx (ex + Ey) + K~xEy + Voo 

This shows that all error terms can be eliminated with only 
three adjustment potentiometers, eliminating one of the in· 
put offset 'adjustments. For instance, if the "X" input offset 
adjustment is ,eliminated, EX is determined by the internal 
offset, Viox, but Ey is adjustable to the extent that the 
(EX + Ey) term can be zeroed. Then the output offset adjust
ment is used to adjust the Voo term and thus zero the remain
ing error terms. An ac procedure for nulling with three 
adjustments is: -

A. AC Procedure: 

1. Connect oscillator (1 kHz, 15 Vpp) to input 

2. Monitor output at 2 kHz with tuned voltmeter and 
adjust P4 for desired gain ,(Be sure to peak response 
ot'voltmeter) 

3. Tune voltmeter to 1 kHz and adjust P1 for a minimum 
output voltage 

4. Ground input and adjust P3 (output offset) for zero 
volts dc out 

5. Repeat steps 1 through 4 as necessary. 

FIGURE 19 - MC1594 SQUARING CIRCUIT 
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B. DC Procedure: 

1. Set Vx = Vy = 0 V and adjust P3 (output offset 
potentiometer) such that V 0 = 0.0 Vdc 

2. Set Vx = Vy = 1.0 V and adjust P1 (y input offset 
potentiometer) such that the output voltage is 
-0.100 volts 

3. Set Vx = Vy = 10 Vdc and adjust P4 (load resistor) 
such that the output voltage is -10.00 volts 

4. Set Vx = Vy = -10 Vdc and check that Va = -10V 
Repeat steps 1 through 4 as necessary. 

4.2 Divide 

Divide circuits warrant a special discussion as a result of their 
special problems. Classic feedback theory teaches that if a 
multiplier is used as a feedback element .in an operational 
amplifier circuit, the divide function results. Figure 20 illus
trates the theoretical simplicity of such an approach and a 
practical realization is shown in Figure 21. 

The characteristic "failure" mode of the divide circuit is 
latch-up. One way it can occur is if Vx is allowed to go 
negative or, in some cases, if Vx approaches zero. 

Figure 20 illustrates why this is so. For Vx > 0 the transfer 
function thr.ough the multiplier is non-inverting. Its output 
is fed to the inverting input of 'the op .. ampl. Thus, operation 
is in the negative feedback mode and the circuit is dc stable. 
Should Vx change polarity, the transfer function through 
the multiplier becomes inverting, the amplifier has positive 
feedback and latch-up results. The problem resulting from 

FIGURE 20 - BASIC DIVIDE CIRCUIT USING MULTIPLIER 
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(MC1494L) 
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OR 
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Vx being near zero is a result qf the transfer through the 
multiplier being near zero. The op-ampl. is then operating 
with a very high closed loop gain and error voltages can thus 
become effective in causing latch-up. 

The other mode of latch-up results from the output voltage 
of the op·ampl. exceeding the rated common-mode input 
voltage of the multiplier. The input stage of the mUltiplier 
becomes saturated, phase reversal tesults, and the circuit is 
latched up. The circuit of Figure 21 protects against this 
happening by clamping the output swing of the op-ampl. to 
approximately ± 10.7 volts. Five-percent tolerance, 1().volt 
zeners are used to assure adequate output swing but still 
limit the output voltage of the op-ampl. from exceeding the 
common-mode input range of the MC1594. 

Setting up the divide circuit for reasonably accurate opera· 
tion is somewhat different from the procedure for the 
multiplier itself; One approach, however, is to break the 
feedback loop, null out the multiplier circuit, and then close 
the loop. 

A simpler approach, since it does not,involve breaking the 
loop (thus making it more practical on a production basis). is: 

1. Set Vz = 0 volts and adjust the output offset potentio
meter (P3) until the output voltage (V o) remains at 
some (not necessarily zero) constant value as Vx is varied 
between +1.0 volt and +10 volts. 

2. Maintain Vz at 0 volts, set Vx at +10 volts and ad
just the Y input offset potentiometer (P1) until Va = 0 
volts. 

3. With Vx = VZ, adjust the X input offset potentiometer 
(P2) until the output voltage remains at some (not nec
essarily -10 volts) constant value as Vz = Vx is varied 
between +1.0 volt and +10 volts. 

4. Maintain Vx = Vz and adjust the scale factor potentio
meter (R L) until the average value of Va is -10 volts as 
Vz = Vx is varied between +1.0 volt and +10 volts. 

5. Repeat steps 1 through 4 as necessary to achieve opti
mum performance. 

Users of the divide circuit should be aware that the accuracy 
to be expected decreases in direct proportion to the denomi· 

FIGURE 21 - PRACTICAL DIVIDE CIRCUIT 
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FIGURE 22 - BASIC SQUARE ROOT CIRCUIT 
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nator voltage. As a result, if Vx is set to 10 volts and 0.5% 
accuracy is available, then 5% accuracy can be expected 
when V X is only 1 v'llt. 

I n accordance with an earlier statement, V X. may have only 
one polarity, positive, while Vz may be either polarity. 

4.3 Square Root 

A special case of the divide circuit in which the two inputs 
to the multiplier are connected together results in the square 
root function as indicated in Figure 22. This circuit too 
may suffer from latch-up problems similar to those of the 
divide circuit. Note that only one polarity of input is allowed 
and diode clamping (see Figure 23) protects against accidental 
latch-up. 

This circuit too, may be adjusted in the closed-loop mode: 

1. Set Vz = -0.01 Vdc and adjust P3 (output offset) for 
Vo = 0.316 Vdc. 

2. Set Vz to -0.9 Vdc and adjust P2 ("X" ~diustl for Vo = 
+3 Vdc. 

3. Set Vz to -10 Vdc and adjust P4 (gain adjust) for Vo = 
+10 Vdc. 

5. 

Steps 1 through 3 may be repeated as necessary to achieve 
desired accuracy. 

Note: Operation near zero volts input may prove very in
accurate, hence, it may not be possible to adjust Vo 
to 0 but rather only to within 100 to 400 mVof zero. 

AC APPLICATIONS 

5.1 Wideband Amplifier With Linear AGe 

I f one input to the MC1594 is a dc voltage and a signal 
voltage is applied to the other input, the amplitude of the 
output signal can be controlled in a linear fashion by varying 
the dc voltage. Hence, the multiplier can function as a dc 
coupled, wideband amplifier with linear AGC control. 

In addition to the advantage of Linear AGC control, the 
multiplier has three other distinct advantages over most other 
types of AGC systems. First, the AGe dynamic range is 
theoretically infinite. This stems from the basic fact that 
with zero volts dc applied to the AGC, the output will be 
zero regardless of the input. In practice, the dynamic range 
is limited by the ability to adjust the input offset adjust 
potentiometers .. By using cermet multi·turn potentiometers, 
a dynamic range of 80 dB can be obtained. The second 
advantage of the multiplier is that variation of the AGC volt
age has no effect on the signal handling capability of the 
signal port, nor does it alter the input impedance of the 

. signal port. This feature is particularly important in AGe 
systems which are phase sensitive. A third advantage of the 
multiplier is that the output-voltage-swing capability and 
output impedance are unchanged with variations in AGC 
Voltage. . 

The circuit of Figure 24 demonstrates the linear AGC ampli
fier. The amplifier can handle 1 V(rms) and exhibits a gain 
of approximately 20 dB. It is 'AGC'd through a 60 dB 
dynamic range with the application of an AGC voltage from 
o Vdc to 1 Vdc. The bandwidth of the amplifier is'deter
mined by the load resistor and output stray capacitance. For 
this reason, an emitter-follower buffer has been added to 
extend the bandwidth in excess cif 1 MHz. 

5.2 Balanced Modulator 

When two-time variant signals are used as inputs, the result-

FIGURE 23 - SQUARE ROOT CIRCUIT 
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ing output is suppressed-carrier double-sideband modulation. 
In terms ofsinusoidal inputs, this can be seen in the following 
equation: 

where wm is the modulation frequency and Wc is the carrier 
frequency. This equation can be expanded to show the 
suppr~ssed carrier or balanced modulation: 

Ke1e2 
Vo = -2- [cos(wc + wm) t + cos (wc - wmh] 

Unl.ike many modulation schemes, which are non-linear in 
nature, the modulation which takes place when using the 
MC1594 is linear. This means that for two sinusoidal inputs, 
the· output will contain only two frequencies, the sum and 
difference, as seen in· the above equation. There will be no 
spectrum centered about the second harmonic of the carrier, 
or any multiple of the carrier. For this reason, the filter 
requirements of a mOdulation system are reduced to the 
minimum. Figure 25 shows ·the MC1594 configuration to 
perform this function. 

11 

. FIGURE 24 - WIDEBAND AMPLIFIER 

WITH LINEAR AGC 
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FIGURE 25 - BALANCED MODULATOR 
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The adjustment procedure for this circuit is quite simple. 

(1) Place the carrier signal at pin 10. With no signal 
applied to pin 9, adjust potentiometer P1 such that an ac 
null is obtained at the output. 

(2) Place a modulation signal at pin 9. With no signal 
applied to pin 10, adjust p·otentiometer P2 such that an ac 
null is obtained at the output. 

OR EQUIV -
Again, the abil ity to make careful adjustment of these offsets 
will be a function of the type of potentiometers used for 
P1 and P2. Multiple turn cermet type potentiometers are 
recommended. 

VAGC 

MC1594L 
14 

(MCI494L) 
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51 k 

13 
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16 k 20 k 

Notice that the resistor values for RX, Ry, and Rl have 
been mOdified. This has been done primarily to increase the 
bandwidth by lowering the output impedance of the Me 1594 
and then lowering RX and Ry to achieve a gain of 1. The 
ec can be as large as 1 volt peak and em as high as 2 volts 
peak .. No output offset adjust is employed since we·are 
interested only in the ac output components. 

The input R's are used to supply bias current to the multi
plier inputs as well as provide matching input impedance. 
The output frequency range of this configuration is deter
mined by the 4.7 k ohm output impedance and capacitive 
loading. ASsuming a 6 pF load, thesmall·signal bandwidth 
is 5.5 MHz. 

The circuit of Figure 25 will provide a typical..carrier rejection 
of :?: 70 dB from 10kHz to 1.5 MHz. 

-15V 
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5.3 Frequency Doubler 

If for Figure 25 both inputs are identical; 

em = ec = Ecoswt 

Then the output is given by 

eo = emec = E2 cos2wt 

which reduces to 

E2 
eo ="2 (1 + cos2wt) 

This equation states that the output will consist of a dc term 
equal to one half the peak voltage squared and the second 
harmonic of the input frequency. Thus, the circuit acts as a 
frequency doubler. Two facts about this circuit are worthy 
of note. First, the second harmonic of the input frequency 
is the only frequency appearing at the output. The funda· 
mental does not appear. Second, if the input is sinusoidal, 
the output will be sinusoidal and requires !!Q filtering. 

The circuit of Figure 25 can be usedas a frequency doubler 
with inpiJt frequencies in excess of 2 MHz. 

5.4 ·Amplitude Modulator 

The circuit of Figure 25 is also easily used as an amplitude 
modulator. This is accomplished by simply varying the input 
offset adjust potentiometer (P1) as~ociated with the modu· 
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lation input. This procedure places a dc offset on the modu· 
lation input of the multiplier such that the carrier stilf passes 
thru the multiplier when the modulating signal is zero. 
The result is amplitude modulation. This is easily seen by 
examining the basic mathematical expression for amplitude 
modulation given below. For the case under discussion, 
with K = 1, 

where E is the dc input offset adjust voltage. Th is expression 
can be written as: 

eo = Eo (1 + M coswctJ coswct 

where 
Eo = EEc 

and 
Em .. 

M = E = modulat)on Index 

This is the standard equation for amplitude modulation. 
From this, it is easy to see that 10P% modulation can 'be 
achieved by adjusting thl! input offset adjust voltage to be 
exactly equal to the peak value of the modulation, Em., This 
is done by observing the output waveform and adjusting the 
input offset potentiometer, Pl, until the output exhibits the 
familiar amplitude modulation waveform. 

Phase Detector 

If the circuit of Figure 25 has as its inputs two signals of 
identical frequency but having a relative phase shift the out· 
put will be a dc signal which is directly proportional to the 
cosine, of phase difference as well as the double frequency 
term. 

em = Emcos(wct +<I» 

, eo = ecem = EcEm coswctcos(wct +<1» 

EcEm . 
or eo = -2- (cosq,+cos( 2wct +<I>] 

The addition of a simple low pass filter to the output (which 
eliminates the second cosine term) and return of RLto an 
offset adjustment potentiometer will result in adc output 
voltage which is proportional·to the cosine of the phase dif
ference. Hence, the circuit functions as a synchronous 
detector. ' 

6. DEFINITIONS OF SPECIFICATIONS 

Because of the unique nature of a multiplier, i.e., two inputs 
and one output. operating specifications are difficult to 
define and interpret. Indeed the same specification may be 
defined in several completely different ways depElnding upon 
which manufacturer is doing the defining. In order to .clear 
up some of this mystery, the following definitions and 
examples are presented. 

6.1 MultiPlier Transfer Function 

The output of the multiplier may be expressed by this 
equation: 

Vo = K (Vx ± "iox -Vxoff)(Vy ± Vioy -Vy off) ± Voo (1) 

where K = scale factor (see 6.5) 

V x = ;·x" input voltage 

Vy = "y" input voltage 

Viox = "x" input offset voltage 

Vioy = "y" input offset voltage 

Vx off = "x" input offset adjust voltage, 
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Vy off = "y" input offset adjust voltage 

V 00 = output offset voltage 

The voltage transfer characteristic below indicates ",X", "Y" 
and output offset voltages. 

FIGURE 26 

~
Olout~ut 
I 

Offset 

i 
I I 

---~Vy 

",,",j t 
(Vy = ± 10 V) (VX =± 10 V) 

Linearity 

Linearity is defined to be the maximum deviation of output 
voltage from a straight l.ine transfer function. It i's expressed 
as a percentage of full-scale output and is measured for V x 
and Vy separatelyeither using an "X-Y" plotter (and checking 
the deviation from a straight line) or by using the method 
shown in Figure 1. The latter method nullsthe output signal 
with the input signal, resulting in distortion components 
proportional to'the linearity. 

Example: 0.35% l.inearity means 

VxVy 
Vo= 10 ± (0.0035) (10volts) 

6.3 Input Offset Voltage 

The input offs!lt voltage is defined from Equation (1). It is' 
measured for Vx and Vy separately and is defined to be that 

'dc input offset adjust-voltage ("x" or "y") that will result in 
minimum ac output when ac (5 Vpp, 1 kHz) is applied to the 
other input ("y" or "x" respectively). From Equation(1) 
we have: 

Vo(ac) = K (O± Viox -Vx off) (sinwt) 

adjust Vx off so that (± Viox -Vx off) = O. 

6.4 Output Offset Current and Voltage 

Output offset current, (100) is the dc current flowing in the 
output lead when Vx ,;, Vy = 0 and "X" and "Y" offset volt
ages are adjusted to, zero. 

Output offset voltage (Voo) is: 

Voo= 100 RL 

where R L is the load resistance. 

Note: Output offset voltage is defined by many manufac
turers with all inputs at zero but without adjusting 
"X" and "Y" offset voltages to zero: Thus it includes 
input offset terms, an output offset term and a scale 
factor term. 

6.5 Scale Factor 

Scale factor is the K term in Equation (1). It determines the 
"gain" of the multiplier and is expressed approximately by 
the following equation. 

2RL ' kT 
K= RxRyl1 where Rx and Ry »qI1 

and 11 is the current out of pin 1. 

• 
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6.6 Total DC Accuracy 

The total dc accuracy of a multiplier is defined as error in 
multiplier output with dc (± 10 Vdc) applied to both inputs. 
It is expressed as a percent of full scale. Accuracy is not 
specified for the MC1594 because error terms can be nulled 
by the user. 

6.7 Temperature Stability (Drift) 

Each term defined above will have a finite drift with tempera· 
ture. The temperature specifications are obtained by re
adjusting the multiplier offsets and scale factor at each new 
temperature (see previous definitions and the adjustment 
procedure) and noting the change. 

Assume inputs are grounded and initial offset voltages have 
been adjusted to zero. Then output voltage drift is given by: 

INo = ±.[I<±.K (TCK) (im J [ (TCViox) ("T) J [ (TCVioy) 

(AT) J ±.(TCVoo ) (AT) 

6.8 Total DC Accuracy Drift 

This is the temperature drift in output voltage with 10 volts 
applied to each input. The output is adjusted to 10 volts at 
T A = +250 C. Assuming initial offset voltages have been 
adjusted to zero at T A = +250 C, then: 

Va = [K±K (TCK) (AT) J [10 ± (TCViox) (AT) J [10 ±. 

(TCVioy) (AT) J ± (TCVoo) (AT) 

6.9 Power Supply Rejection 

Variation in power supply voltages will cause undesired 
variation of the output voltage. It is measured by super· 
imposing a l·volt, 100·Hz signal on. each supply (±15 V) 
with each input grounded. The resulting change in the out· 
put is expressed in mV/V. 

6.10 Output Voltage Swing 

Output voltage swing capability is the maximum output 
voltage swing (without clipping) into a resistive load (note· 
output offset is adjusted to zero). 

If an op·ampl. is used, the multiplier output becomes a virtual 
ground - the swing is then determined by the scale factor ' 
and the op·ampl. selected. 
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ORDERING INFORMATION 

Device 

MC1495L 
MC1595L 

Temperature Range 

O°C to +70°C 
-55°C to + 125°C 

Package 

Ceramic DIP 
Ceramic DIP 

MC1495L 
MC1595L 

Specifications and Application.s Information =:=J 
WIDEBAND MONOLITHIC 

FOUR-QUADRANT MULTIPLIER 
. designed for uses where the output is a linear product of two 

input voltages. Maximum versatility is assured by allowing the user 
to select the !evel shift method. Typical applications include: multi
ply, divide *, square root *, mean square *, phase detector, frequency" 
doubler, balanced modulator/demodulator, electronic gain control. 

'When used with an operational amplifier. 

• Wide Bandwidth 

• Excellent Linearity - 1% max Error on X-Input, 2% max Error on 
Y-Input - MC1595L 

• Excellent Linearity - 2% max Error on X-Input, 4% max Error on 
Y-Input - MC1495L 

• Adjustable Scale Factor, K 

• Excellent Temperature Stability 

• Wide Input Voltage Range - 1. 10 Volts 

• 1. 15 Volt Operation 

LINEAR FOUR-QUADRANT 
MUL TIPLI ERINTEGRATED 

CIRCUIT 

MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 

(top view) 

CERAMIC PACKAGE 
CASE 632 

TO-11S 

~------------------------

FIGURE 1 -FOUR-QUADRANT 
MULTiPliER TRANSFER CHARACTERISTIC FIGURE 2 - TRANSCONDUCTANCE BANDWIDTH 
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ELECTRICAL CHARACTERISTICS (vi: = +32V.V- = -15V. TA= +250 C.13 = 113 = 1 rnA, RX = Ry = 1.5 kn, 
R L = 11 kn unless otherwise noted) 

Characteristic Figure Symbol Min Typ Max Unit 

Linearity: 
Output Error in Percent of Full Scale: 
TA = +250 C 

5 % 

-10< VX< +10 (Vy =±10 V) MC1495 ERX - .±. 1.0 .±. 2.0 
MC1595 - '.±. 0.5 .±. 1.0 

-10< Vy< +10 (VX =±10 V) MC1495 ERY _. .±. 2.0 ±. 4.0 
MC1595 - .±. 1.0 ±. 2.0 

TA = 0 to +700 C MC1495 
-10< VX< +10 (Vy =±10 V) ERX - .±. 1.5 -

-:10< Vy< +10 (VX =.±10 V) ERY - .±.3.0 -
T A = -55°C to +1250 C MC1595 
-10< VX< +10 (Vy =±10 V) ERX .- ± 0.75 -
-10< Vy< +10 (VX =±10 V) ERY -. .±. 1.50 -

Squaring Mode Error: 
Accuracy in Percent of Full Scale After 5 
Of.fset and Scale Factor Adjustment 

ESQ % 

TA = +250C MC1495 - + 0.75 .-
MC1595 - -:to.5 -

T A = 0 to + 70°C MC1495 - .±. 1.0 -
T A = -55°C to +1250C MC1595 -- .±. 0.75 

Scale Factor (Adjustable) , 
2RL 

(K=---) -
13 RX Ry 

K 0.1 . - -

Input Resistance MC1495 7 RINX - 20 - MegOhms 
(f=20Hz) MC1595' - 35 -

MC1495 RINY .- 20 -
MC1595 - 35 -

Differential Output Resistance (f = 20 Hz) 8 Ro - 300 - k Ohms 

Input Bias Current 

(19 + 1,2) 114 +18) 
MC1495 6 Ibx 2.0 12 /lA Ibx = --2-'- , Iby = -2-
MC1595 -- 2.0 8.0 
MC1495 Iby - 2.0 12 
MC1595 - 2.0 8.0 

Input Offset Current 

119 - 1121 MC1495 6 hioxl - 0.4 2.0 /lA 
MC1595 - 0.2 1.0 

114 -181 MC1495 Irioyl - 0.4 2.0 
MC1595 - 0.2 1.0 

Average Temperature Coefficient of '6 ITCliol nA/oC 
I nput Offset Current 
(T A = 0 to +700C) MC1495 - 2.0 -
IT A = -5,50C to +1250 C) MC1595 - 2.0 -

Output Offset Current 6 11001 /lA 
11,4- 121 MC1495 - 20 100 

MC1595 - 10 50 

Average Temperature Coefficient of 6 ITClool nA/oC 
Output Offset Current 

'. 
(T A = 0 to +700C) MC1495 - 1.0 .-
(T A = -55°C to +1250C) MC1595 - 1.0 -

Frequency Response 
3.0 dB Bandwidth, RL = 11 kQ 9,10 BW3dB - 3.0 _. MHz 
3.0' dB Bandwidth, R L = 50 n (Transconductance Bandwidth) TBW3dB - 80 - MHz 
30 Relative Phase Shift Between Vx and Vy f¢ - 750 - kHz 
1% Absolute Error Due to Input-Output Phase Shift fo - 30 - kHi 

Common Mode Input Swing 11 CMV Vdc 
(Either Input) MC1495 ±10.5 ±12 -

MC1595 ±1.1.5 ±13 -
Common Mode Gain 11 ACM dB 

(Either Input) MC1495 ':'40 -50 - , 
MC1595 -50 -60 -

Common Mode QuieScent 12 Vol - 21 - Vdc 
Output Voltage Vo2 - 21 -

Differential Output Voltage Swing Capability 
I 

9 Vo - ±.14 - Vpeak 

Power Supply Sensitivity 1(2 S+ - 5.0 - mVIV 
S- - 10 -

Power Supply Current 12 17 - 6.0 7.0 rnA 

DC Power Dissipation - 12 Po - 135 170 ' mW 

8-76 



MC1495L, MC1595L 

MAXIMUM RATINGS IT A= h un ess ot erwl5e not ed) 

Rating Svmbol Value Unit 

Applied Voltage t>V 30 Vdc 
(V2-V 1. V14-V 1. V1-V9. V1-V 12. V1-V4. 
V1-Va. V12-V 7. V9-V 7. Va-V 7. V4-V7) 

Differential Input Signal V12-V9 ±(6+113 RX) Vdc 
V4-Va ±(6+13 Ry) Vdc 

Maximum Bias Current 13 10 mA 
113 10 

Power Dissipation (Package Limitation) Po 
Ceramic Package .750 mW 
Derate above T A = +250 C 5.0 mW/oC 

Operating Temperature Range TA °c 
MC1495 Oto +70 ° C 
MC1595 -55 to +125 

Storage Temperature Range Tstg :-65 to +150 °c 

TEST CIRCUITS 

FIGURE 4 - LINEARITY (USING NULL TECHNIQUE) 
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NOTES: 'l'0.IPf Adjust "Scale Factor Adjust"for a null inVE. 
This schematic for illustrative purposas on.ly
not spacifiad for tBII conditions. 

FIGURE 5 - LINEARITY (USING X-Y PLOTTER TECHNIQUE) 
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TEST CIRCUITS (continued) 
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FIGURE 6 - INPUT AND OUTPUT CURRENT 
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FIGURE 9 - BANDWIDTH (R L ": 11 kill 
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TEST CIRCUITS (continued) 

FIGURE 12 - POWER SUPPL Y SENSITIVITY FIGURE 13 -:- OFFSET ADJUST CIRCUIT 
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TYPICAL CHARACTERISTICS 

FIGURE 15 - LINEARITY versus TEMPERATURE FIGURE 16 - SCALE FACTOR versus TEMPERATURE 
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OPERATION AND APPLICATIONS INFORMATION 

1. Theory of Operation 

The MC1595 (MC14951 is a monolithic, four-quadrant multi
plier which operates on the principle of variable transconductance. 
The detailed theory of operation. is covered in Application Note 
AN-489, Analysis and Basic Operation of the MC1595. The result 

. of this analysis is that the differential output current of the multi
plier is given by 

where IA and IB are the currents into pins 14 and 2, respectively, 
and Vx and Vy are the X and Y fnput voltages at the multiplier 
input terminals. 

2. Design Considerations 

2.1 General 

The MC1595 (MC14951 permits the desjgner to tailor the 
multiplier to a specific application by proper selection of ex
ternal components. External components may be selected to 
optimize a given parameter (e.g. bandwidth I which may in turn 
restrict another parameter (e.g. maximum output voltage swingl. 
Each important parameter is discussed.in detail in the following 
paragraphs. 

2.1.1 Linearity, Output Error, ERX or ERY 

Linearity error is defined as the maximum deviation of out
put voltage from a straight line transfer function. It is expressed 
as error in percent of full scale (see figure belowl. 

Vo ----L 
.,~" tVEmax 

~ 

___ ~;-_~ + 1 0 V 

Vx or Vy 

For example, if the maximum deviation, VE(max), is 
± 100 mV and the full scale output is 10 volts, then the 
percentage error is 

ER = VE(max) x 100 = 100 x 10-
3 

x 100 = ± 1.0%. 
Vo(max) 10 

Linearity error may be measured by either of the following 
methods: 

1. Using an X - Y plotter with the circu it shown in Figure 5, 
obtain plots for X and Y similar to the 'one shown above. 

2. Use the circuit of Figure 4. This method nulls the.level 
shifted output of the multiplier with the original input. 
The peak output 'of the null operational amplifier will be 
equal to the error voltage, VE(max)' 

One source of linearity error can arise from large Signal non
linearity in the X and Y -input differential amplifiers. To avoid 
introducing' error from this source, the emitter degeneration 
resistors RX and Ry must be chosen large enough so that non
linear base-emitter voltClge variation can be ignored. Figures 17 
and 18 show the error expect'ed from this source as a function 
of the values of R X and Ry with an operating current of 1.0 rnA 
in each side ofthe differential amplifiers (i.e.; 13 = 11,3 = 1.0 mAl. 

8-81 

2.1.2 3 dB-Bandwidth imd Phase Shift 

Bandwidth is primarily determined by the load resistors and 
the stray multiplier output capacitance andlor the operational 
amplifier used to level shift the output. If wideband operation 
is desired, low value load resistors andlor a wideband operational 
amplifier should be used. Stray output capacitance will depend 
to a large extent on circuit layout. 

Phase shift in the multiplier circuit results from two sources: 
phase shift common to both X and Y channels (due to the load 
resistor-output capacitance pole mentioned above) and relative 
phase shift between X and Y channels (due to differences in 
transadmittance in the X and Y channels!. If the input to output 
phase shift is only 0.60 , the output product of two sine waves 
will exhibit a vector error of 1 %. A 30 relative phase shift be
tween Vx and Vy results in a Vector error of 5%. 

2.1.3 Maximum Input Voltage 

VX(max), VY(max) maximum input voltages must be such 
that: 

VX(max) <113 Ry 

VY(max) <13 Ry. 

Exceeding this value will drive one· side of the input amplifier to 
"cutoff" and cause non-linear operation. 

Currents 13 and 113 are chosen at a convenient value (observ
ing power dissipation limitation) between 0.5 rnA and 2.0 rnA, 
approximately 1.0 mAo ThenRx and Ry can be determined by 
considering the input signal handling requirements. . 

For VX(max) = VY(max) = 10 volts; 

RX = Ry > ~ = 10 kf! • 
1.0mA 

. 2VXVy 
The equation IA -18 = --

RXRy I3 

2VXVy 
is derived from IA - 18 = ----------

(RX +~) (Ry + 2kT) 13 
ql13 q l 3 

with the assumption R X :;P 2kT and R Y :;P 2kT • 
ql13 q l 3 

At TA = +250 C and 113 = 13 =1 rnA, 

2kT =2kT =52f!. 
q l 13 q l 3 

Therefore, with RX = Ry = 10 kn the above assumption is valid. 
Reference to Figure 19 will indicate limitations of VX(max) or 
VY(max) due to V1 and V7' Exceeding these limits will cause 
saturation or "cutoff" of the input transistors. See Step 4 of 
Section 3 (General Design Procedure) for further details. 

2.1.4 Maximum Output Voltage Swing 

The maximum output voltage .swing is dependent upon the 
factors mentioned below and upon the particular circuit being 
considered. 

For Figure 20 the maximull) output swing is dependent 
upon V+ for positive swing ,and upon the voltage at pin 1 for 
negative swing. The potential at pin 1 determines the quies
cent level for transistors Q5, Q6, Q7, and Q8. This potential 

• 
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OPERATION AND APPLICATIONS INFORMATION (continued) 

should be related so that negative swing at pins 2 or 14 does 
not saturate those transistors. See Section 3 for further inform
ation regarding selection of these potentials. 

If an operational a~plifier is used for level shift, as shown 
in Figure 21, the output swing (of the multiplier) is greatly 
reduced. See Section 3 for further details. 

vx I 
vv I 

3. General Design Procedure 

FIGURE 20 ..... BASIC MULTIPLIER 
Selection of component values is best demonstrated by the 

following example: assume resistive dividers are used at the X and 
y inputs to limit the maximum multiplier input to ±5.0 volts (VX = 
VY[maxVfor a ± 10-volt input (VX' =Vy'[maxJI. (See Figure 211. 
If an overall scale factor of 1/10 is desired, then 

Ry 

10 

12 

MC1595L 
(MC1495U 

3 tl3 
13 

R3 R13 

v+ 

RI RL 

RL 

14 l" 
Vo= K Vx Vy 

2RL 
K=--

RX Ry 13 

v-

VX'Vy' (2VX) (2Vy) _ 4/10 V V 
V=--- - xv· 

o 10 10 

Therefore, K = 4/10 for the multiplier (excluding the divider 
network). 

Step 1. The first step is to select current 13 and current 113. 
There are no restrictions on the selection of either of these currents 
except the power dissipation of the device. 13 and 113 will normally 
be one or two milliamperes. Further', 13 does not have to be equal 
to 113, and there is normally no need to make them different. For 
this example, let 

To set currents 13 and 113 to the desired value, it is only 
necessary to connect a resistor between pin 13 and ground, and be
tween pin 3 and ground. From the schematic shown in Figure 3, 

FIGURE 21 - MULTIPLIER WITH OP-AMPL. LEVEL SHIFT 
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r----t---.,.----...... ----+---.-.. +15 V 

RI 
3k 

12 

14 

X OffSET 
ADJUST 

P2 

Ro 
3k 

2k 
... """'_-+----J\J'VI.-.... -'VV...-.-15 V 

10k 

5.1 V 

8-82 

Ro 
3 k 0.1 p.f 

* 
>--o---1~.vo = V_X_1:_y . 



MC1495L, MC1595L 

OPERATION AND APPLICATIONS INFORMATION (continued) 

it can tie seen that. the resistor values necessary are given by: 

R13 +500 U = IV-I-0.7 V 
113 

R3 + 500 U = Iv-I-0.7 V 
13 

Let V- = -15 V 

Then R13 + 500 = 14.3 V or R 13 = 13.8 kU 
1 mA 

Let R13" 12 kU 

Similarly, R3 = 13.8 kU 

Let R3 = 15 kU 

However, for applications which require an accurate scale factor, 
the adjustment of R3 and consequently, 13, offers a convenient 
method of making a final trim of the scale factor. For this reason, 
as shown in Figure 21, resistor R3 is shown as a fixed resistor in 
series with a potentiometer. 

For applications not requiring an exact scale factor (balanced 
modulator, frequency doubler, AGe amplifier, ·etc.) , pins 3 and 13 
can be connected together and a single resistor 1rom pin 3 to ground 
can be used. In this case, the single resistor would have a value of 
one·half the above calculated value for R 13. 

Step 2. The next step is to select RX and Ry. To insure 
that the input transistors will always be active, the following condi
tions should be met: 

A good rule of thumb is to make .13Ry ~ 1.5 VY(max) and 
113 RX ~ 1.5 VX(max)· 

The larger the 13Ry and 113RX product in relation to Vy 
and Vx respectively, the more accurate the multiplier will be (see 
Figures 17 and 18). 

Let RX = Ry = 10 kU 

Then 13Ry = 10 V 

since VX(max) "VY(max) = 5.0volts thevalueof RX = Ry = 10 kU 
is sufficient. 

Step 3. Now that RX, Ry and 13 have been chosen, RL can 
be determined: 

2RL 4 
K= --- =-

RXRyl3 10 

or (2) (RL) = ~ 

(10 k) (10 k) (1 mAl 10 

Thus RL = 20 kU. 

Step 4. To determine what power-supply voltage is necessary 
for this application, attention must be given to the circuit schematic 
shown in Figure 3. From the circuit schematic it can be seen that 
in order to maintain transistors 01, 02, 03 and 04 in an active 

region when the maximum input voltages are applied (V X' = Vy' = 
10 V or Vx = 5.0 V, Vy = 5:0 VI. their respect.ive collector voltage 
should be at least a few tenths of a volt higher than the maximum 
input voltage. It should also be noticed that the collector voltage 
of transistors 03 and ~ are at a potential which is two diode-drops 
below the voltage at pin 1. Thus, the voltage at pin 1 should be about 
two volts higher than the maximum input voltage. Therefore, to. 
handle +5.0 volts at the inputs, the voltage at pin 1 must be at least 
+7.0 volts. Let Vl = 9.0 Vdc. 

Since the current following into pin 1 is always equal to 
213, the voltage at pin 1 can be set by placing a resistor, R 1 from 
pin 1 to the positive supply: 

Let V+ = +15 V 

R 
_ 15 V -9 V 

Then 1 -(2) (1 rnA) 

Note that the voltage at the base of transistors 05, 06, 07 and 08 
is one diode-drop below the voltage at pin 1. Thus, in order that 
these transistors stay active, the voltage at pins 2 and 14 should be 
approximately halfway between the voltage at pin 1 and the positive
supply Voltage. For this example, the voltage at pins 2 and 14 should 
be approximately 11 volts. 

Step 5. Level Shifting 

For dc applications, such as the multiply, divide al'1d square
root functions, it is usually desirable to convert the differential 
output to a single·ended output voltage. referenced to ground. 
The circuit shown in Figure 22 performs this function. It can be 
shown that the output voltage of this circuit is given by: 

21Xly 2 VXVy 
And since .lA -IB = 12 -114 = -1-3- - 13R XRy 

2RLVX'Vy' 
Then Vo = -----

4RXRXI3 where VX'Vy' is the voltage at the 
input to the voltage dividers. 

FIGURE 22 - LEVEL SHIFT CIRCUIT 
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OPERATION AND APPLICATIONS INFORMATION (continued) 

The choice of an operational amplifier for this application' 
should have low bias currents. low of·fset current. and a high 
common-mode input voltage range as well as a high common-mode 
rejection ratio. The MC1556. and MC1741 operational amplifiers 
meet these requirements. 

Referring to Figure 21. the level shift components will be de
termined. When Vx = Vy = O. the currents '2 and 114 will be equal 
to ',3. I n Step 3. R L was found to be 20 kn and in Step 4. V 2 and 
V,4 were found to be approximately 11 volts.' From this informa
tion. Ro can be found easily from the following equation (neglect
ing the operational amplifiers bias current): 

And for this example. ~ + 1 mA = 15 V -11 V 

20 kn Ro 

Solving for Ro. Ro = 2.6 kn 

Thus. select Ro = 3.0 kn 

For Ro = 3.0 kn. the voltage at pins 2 and 14 is calculated to be 

V2 = V,4 = 10.4 volts. 

The linearity ofthiscircuit (Figure 21) is likely to be as good 
or better than the circuit of Figure 5. Further improvements are 

possible as shown in Figure 23 where Ry has been increased sub
stantially to improve the Y linearity. and RX decreased somewhat 
so as not to materially affect the X linearity. this avoids increasing 
R L significantly in order to maintain a K of 0.1. 

Th-e versatility of the MC1595 (MC14951 allows the user to 
to optimize its performance for. various input and output signal 
levels. ' 

4. Offset and Scale Factor Adjustment 

4.1 Offset Voltages 
Within the monolithic multiplier (Figure 31 transistor base· 

emitter junctions are typically matched within 1 mV and resistors 
are typically matched within 2%. Even with this careful match
ing. an output error. can occur. This output error is comprised 
of X-input offset voltage. Y·input offset voltage. and output
offset voltage. These errors can be adjusted to zero with the tech
niques shown in Figure 21. Offset terms can be shown ana
lytically by the transfer function: 

Vo : K(VX ± V,OX±VX off) (Vy ± V,Oy±Vy off) ± Voo 

Where K : scale factor 
Vx : X input voltage 
Vy : Y input voltage 
V,OX : X input offset voltage 
V,OY : Y input offset voltage 
Vx off: X input offset adjust voltage 
Vy off = Y input offset adjust voltage 
Voo = output offset voltage. 

(1 ) 

,...---..,T--..-----.-----+----.. +15 V 
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OPERATION AND APPLICATIONS INFORMATION (continued) 

x, Y and Output Offset Voltages 

w~~~' ---,,L..f~+--.-Vy xo,w YO_' 

For most dc applications, all three offset adjust potentiome
ters (P1, P2, P4) will be necessary. One or more offset adjust 
potentiometers can be el iminated for ac appl ications (See Figures 
28, 29, 30, 311. 

If well regulated supply voltages are available, the offset ad
just circuit of Figure 13 is recommended. Otherwise, the circuit 
of Figure 14 will greatly reduce the sensitivity to power supply 
changes. 

4.2 Scale Factor 

The scale factor, K, is set by P3(F igure 21), P3 varies 13 which 
inversely controls the scale factor K. It should be noted that 
current 13 is one-half the current through R 1. R 1 sets the bias 
level for 05, 06, 07, and 08 (See Figure 31. Therefore, to be 
sure that these devices remain active under all conditions of input 
and output swing, care should be exercised in adjusting P3 over 
wide voltage ranges (see Section' 3, General Design Procedurel. 

,4.3 Adjustment Procedures 

The following adjustment procedure should be used to null 
the offsets and set the scale factor 'for the multiply mode of 
operation. (See Figure 21) 

1. X Input Offset 
(a) Connect oscillator (1 kHz, 5 Vpp sinewave) to the 

"Y" input (pin 4) 
(b) Connect "X" input (pin 9) to ground 
(c) Adjust X offset potentiometer, P2, for an ac null 

at the output 
2. Y Input Offset 

(a) Connect oscillator (1 kHz, 5 Vpp sinewave) to the 
"X" input (pin 9)· 

(b) Connect "Y" input (pin 4) to ground 
(c) Adjust "Y" offset potentiometer, P1,for an ac null 

at the output 
3. Output Offset 

(a) Connect both "X" and "Y" inputs to ground 
(b) Adjust output offset potentiometer, P4, until the 

output voltage Vo is zero volts dc 
4. Scale Factor 

(a) Apply +10 Vdc to both the "X" and "Y" inputs 
(b) Adjust P3 to achievl! + 10.00 V at the output. 

5. Repeat steps 1 through 4 as necessary. 

The ability to accurately adjust the MC1595 (MC1495) 
depends upon the characteristics of potentiometers P1 
through P 4. Multi-turn, infinite resolution potentiomet
ers with low-temperature coefficients are recommended. 

5. DC Applications 

5.1 Multiply 
The circuit shown in Figure 21 may be used to multiply 

signals from dc to 100 kHz. Input levels to the actual multi
plier are 5.0 V (maxI. With resistive voltage dividers the maxi... 
mum couid be very large - however, for this application two
to-one dividers have been used so that the maximum input 
level is 10 V. The maximum output level has also been designed 
for 10 V (max). 

5.2 Sqyaring Circuit 

If the two inputs are ,tied together, the resultant function is 
squaring; that is Vo = KV2 where K is the scale factor. Note 
that all error terms can be eliminated,witt] only three adjustment 
potentiometers, thus eliminating one of the input offset adjust
ments. Procedures for nulling with adjustments are given as 

, follows: 

1. AC Procedure: 
(a) Connect oscillator (1 kHz, 15 Vpp) to input 
(b) Monitor output at 2 kHz with tuned voltmeter 

and adjustP3 for desired gain (be sure to peak response 
of the voltmeter) 

(e) Tune voltmeter to 1 kHz and adjust P1 for a min
imum output voltage 

(d) Ground input and adjust P4 (output offset) for 
zero volts dc output 

(e) Repeat steps a through d as necessary. 
2. DC Procedure:' 

(a) Set Vx = Vy = 0 V and adjust P4 (output offset 
potentiometer) such that Vo = 0.0 Vdc 

(b)SetVx '" Vy = 1.0 V and adjust P1 (y'input 
offset potentiometer) such that the output voltage is 
+0.100 volts ' ' 

(c) Set Vx = Vy = 10 Vdc and adjust P3 such that the 
output voltage is + 10.00 volts 

(d) Set Vx = Vy = -10 Vdc. Repeat steps a through 
d as necessary. 

fiGURE 24 - BASIC DIVIDE CIRCUIT 

12 -vz __ ~~----~-o~ 

5.3 Divide Circuit 

Consider the circuit shown i(1 Figure 24 in which the multi
plieris placed in the feedback path of an operational amplifier'. 
For this configuration, the operational amplifier will maintain 
a "virtual ground" at the inverting H input. Assuming that the 
bias current of the operational amplifier is negligible, then 11 = 
12 and 

KVXVy -VZ 

R1 R2 
(1) 

-R1 Vz 
Solving for Vy, Vy =R2'K VX' 

(2) 

If R1 = R2 
-VZ 

Vy=--
(3) KVX 

If R1 = KR2 
-VZ 

VY=VX' (4) 
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OPERATION AND APPLICATIONS INFORMATION (continued) 

Hence, the output voltage is the ratio of Vz to Vx and provides 
adivide fU11ction. This analysis is, of course, the ideal condition. 
If the multiplier error is taken into account, the output voltage 
is found to be 

'Vy = _ [~] Vz +6
E 

, 
R2 K Vx KVX 

(5) 

where 6E is the error voltage· at the output of the multiplier. 
From this equation, it is seen that divide accuracy is strongly 
dependent upon the accuracy at which the multiplier can be 
set, particularly .at small values of Vy. For example, ass.ume 
that R 1 = R2. and K = 1/10. For these conditions the output 
of the divide circuit is given by: 

-10 Vz 10l\E 
Vy=--- +--

Vx Vx 
(6) 

From equation 6, it is seen that only when Vx = 10 V is the 
error voltage of the divide circuit as low as the error of the 
multiply circuit. For example, when Vx is small, (0.1 volt) 
the error voltage of the divide circuit can be expected to ·be a 
hundred times the error of the basic multiplier circuit. 

I n terms of p.ercentage error, 

percentage error = error x 100% 
actual 

or from equation (5); 

I:>E 

KVX [R2]6E 
P.E·D =f Rl ] Vz = R1 VZ' 

lR2 K Vx 

From equation 7, the percentage error is inversely related to 
voltage Vz (i.e., for increasing values of VZ, the percentage 
error decreases). 

A circuit that performs the divide function is shown in 
Figure 25. 

Two things should be emphasized concerning Figure 25. 
1. The input voltage (V' X) must be greater than zero and 

must be positive. This insures that the current out of 
pin 2 of the multiplier will always be in a direction com

patible with the polarity of Vz. 

2. Pins 2 and 14 of the mUltiplier have been interchanged 
in respect to the operational ampl ifiers input terminals. 
In this instance, Figure 25 differs from the circuit connec
tion shown in Figure 21; necessitated to insure negative 
feedback around the loop. 

A 'Suggested Adjustment Procedure for the Divide Circuit 

1. Set Vz = 0 volts and adjust the output offset potentio
meter (P 4) until the output voltage (Vo ) remains at some 
(not necessarily zero) constant value as VX' is varied 
between +1.0 volt and +10 volts. 

2. Keep Vz at 0 volts, set VX' at +10 volts and adjust the 
y input offset potentiometer (Pl) .until Vo = 0 volts. 

3. Let VX' = Vz and adjust the X input offset potentio
meter (P2) until the output voltage 'remains at some (not 
necessarily - 10 volts) constant value as Vz = VX' is 
varied between +1.0 and +10 volts. 

4. Keep VX' = Vz ana adjust the scale factor potentiometer 
(P3) until the average value of Va is - 10 volts as Vz = 
VX' is varied between +1.0 volt and +10 volts. 

5. Repeat steps 1 through 4 as necessary to achieve opt,;
mum.performance. 

5.4 Square Root 

A special case of the divide circuit in which the two inputs to 
the multiplier are connected together is the square root function 

FIGURE 25.,... DIVIDE CIRCUIT 
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+15 V 

RX Ry 3.9 k 3k 3k 
0.1 ~F 

10 k 
10 k 10k 

t lo.1~F 

14 
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10 k Vx 
V'X 

13 12 

Vz 
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12k TO OFFSET 
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FACTOR 

ADJUST 
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OPERATION AND APPLICATIONS INFORMATION (continued) 

FIGURE 26 - BASIC SQUARE ROOT CIRCUIT 

Vz 

as indicated in Figure 26. This circuit may suffer from 
latch·up problems similar to those of the divide circuit. Note 
that only one polarity of input is allowed and diode clamping 
(see Figure 27) protects against accidental latch·up. 

This circuit also may be adjusted in the closed·loop mode as 
follows: 

1. Set Vz to - 0.01 volts and adjust P 4 (output offset) for 
Va ~ +0.316 volts. being careful to approach the output 
from the positive side to preclude the effect of the out· 
put diode <;Iamping. 

2. Set Vz to -0.9 volts and adjust P2 (X adjust) for Vo ~ 
+3.0 volts. 

3. Set Vz to -10 volts and adjust P3 (scale factor adjust) 
for Vo = +10 volts. 

4. Steps 1 through 3 may be repeated as necessary to achieve 
desired accuracy. 

6. AC Applications 

The applications that follow demonstrate the versatility of the 
mO.nolithic multiplier. If a potted multiplier is used for these 
cases, the results generally would not be as good because the potted 
units h'ave circuits that, although they optimize dc multiplication 
operation, can hinder ac applications. 

6.1 Frequency doubling often is done with a diode where the 
. fundamental plus a series of harmonics are generated. However, 
extensive filtering. is required to obtain the desired harmonic, 
and the second harmonic obtained under this technique usually 
is small in magnitude and requires amplification. ' 

When a multiplier is used to double frequency the second 
harmon ic is obtained directly, except for a dc term, wh ich can 
be removed with ac coupling. 

KE2 
eo ~ -- (1 + cos 2wt). 

2 

A potted multiplier can be used to obtain the double fre
quency co~ponent, but frequency would be limited by its 
internallevel·shift amplifier. In the monolithic units, the ampli
fier is omitted. 

I n a typical doubler circuit, conventional ± 15-volt supplies 
are used. An input dynamic range of 5.0 volts peak-to-peak is 
allowed. The circuit generates wave-forms that are double fre
quency; less than 1% distortion is encountered without filtering. 
The configuration has been successfully used in excess of 200 
kH'z; reducing the scale factor by decreasing the load resistors 
can further expand the bandwidth. 

A slightly modified version of the MC1595 (MC1495) -
the MC1596 (MC1496) - has been successfully used as a doubler 
to obtain 400 MHz. (See Figure 28.) 

6.2 Figure 29 represents an application for the monolithic 
multiplier as a balanced modulator. Here, the audio input signal 
is 1.6 kHz and the carrier is 40 kHz. 

FIGURE 27 - SQUARE ROOT CIRCUIT 
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OPERATION AND APPLICATIONS INFORMATION (continued) 
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FIGURE 28 - FREQUENCY DOUBLER 
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Wilen two equal cosine waves are applied to X'and Y, 
the result isa wave shape of twice the input frequency 
Forthisexample the input was"a \0 kHz sigoal, output 
was 20 kHz. 

E2 .0 ~ 2ocos2 wI 

FIGURE 29 - BALANCED MODULATOR 
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The defining equation foT' balanced modulation is 

where Wc is the carrier frequency, wm is the modulator fre
quency and K is the multiplier gain constant. 

AC coupling at the output eliminates the need for level trans
lation or an operational amplifier; a higher operating frequency 
results. ' 

A problem common to communications is ,to extract the 
intelligence from single-sideband received signal. The ssb signal 
is of the form 

and if multiplied by the appropriate carrier waveform, cos Wct, 

essbecarrier = AK (cos (2wc + Wm)t + cos (wcltl • 
2 . 

If the frequency of the band-limited carrier signal, wc, is ascer
tained in advance the designer can insert a low-pass filter and 
obtain the (AK/2) (cos wct) term with ease. He also can use an 
operational amplifier for a combination level shift-active filter, 
as an external component. But in potted multipliers, even if 
the frequency range can be covered, the operational amplifier 
is inside and not' accessible, so the user must accept the level 
shifting provided, and still add a low-pass filter. 

6.3 Amplitude Modulation 

The multiplier performs amplitude modulation, similar to 
balanced modulation, when a dc term is added to the modul,ating 
signal with the Y offset adjust potentiometer. (See Figure 30.) 

Here, the identity is 

Em( 1, + m cos wmt) Ec cos wct = KEmEccos wct + 

KEmEcm 
--2-- (cos(wc + wm)t + cos (wc - wm)tl 

where m indicates the degree of modulation. Since m is adjust
able. via potentiometer P1, 100% modulation 'is possible. With
out extensive tweaking, 96% inodulation may be obtained where 
Wc and wm are the same a~ in the balanced-modulator example. 

6.4 Linear Gain Control 

To obtain linear gain control, the deSigner can feed. to one 
of the two MC1595 (MC1495) inputs a signal that will vary the 
unit's gain. The following example demonstrates the feasibility 
of this application. Suppose 'a 2(10 kHz sine wave, 1.0 volt 
peak-to-peak, is the signal to which a gain control will be added. 
The dynamic range of the control voltage Vc is 0 to +1.0 volt. 
These must be ascertained and the proper values of RX and Ry 
can be selected for optimum performance. For the 200-kHz 
operating frequency, load resistors of 100 ohms were chosen to 
broaden the operating bandwidth of the multiplier, but gain was 
sacrificed. It may be made up with an amplifier operating at the 
appropriate frequency. (See Figure 31.1 
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OPERATION AN'D APPLICATIONS INFORMATION (continued) 

FIGURE 30 - AMPLITUDE MODULATION 
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The signal is applied to the unit's Y input. Since the total 
input range is limited to 1.0 volt pop, a 2.0-volt swing, a current 
source of 2.0 mA and an Ry value of 1.0 kilohm is chosen. 
This takes best advantage of the dynamic range and insures 
linear operation in the Y -channel. 

Since the X input varies between 0 and +1.0 volt, the current 
source selected was 1.0 mA and the R X value chosen was 2.0 
kilohms. This also insures linear operation over the X input 
dynamic range. 

Choosing RL ~ 100 assures wide-bandwidth operation. Hence, 
the scale factor for this configuration is 

___ 10_0 ___ V-
1 

(2 k)(l kH2 X 10+3) 

= 2- V-l • 
40 

The 2 In the numerator of the equation is missing in this scale
factor expression because the output is single-ended and ac 
coupled. 

To recover the gain, an MC1552 video amplifier with a gain 
of 40 is used. An operational amplifier also could have been 
used with frequendy compensation to allow a gain of 40 at 
200 kHz. The MC1539 operational amplifier can be tailored for 
this use; and the MC1520 operational amplifier does it directly. 

FIGURE 31 - LINEAR GAIN CONTROL 
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OPERATIONS AND APPLICATIONS 
INFORMATION INDEX 

1. THEORY OF OPERATION 

2. DESIGN CONSIDERATIONS 

2.1 General 
2.1.1 Linearity, Output Error, ERX or ERY 
2.L2 3·dB Bandwidth and Phase Shift 
2.1.3 Maximum Input Voltage 
2.1.4 Maximum Output Voltage Swing 

3. GENERAL DESIGN PROCEDURES 

4. OFFSET AND SCALE FACTOR ADJUSTMENT 

4.1 Offset Voltages 
4.2 Scale Factor 
4.3 Adjustment Procedure 

5. DC APPLICATIONS 

5.1 Multiply 
5.2 Squaring Circuit 
5.3 Divide Circuit 
5.4 Square Root 

6. AC APPLICATIONS 

6.1 Frequency Doubler 
6.2 Balanced Modulator 
6.3 Amplitude Modulation 
6.4 Linear Gain Control 
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ORDERING INFORMATION 

Device 

MC1496G 
MC1496L 
MC1496P 
MC1596G 
MC1596L 

Temperature Range 

O°C to +70°C 
O°C to +70°C 

'O°C to + 70°C 
-55°C to + 125°C 
-55°C to + 125°C 

Package 

Metal Can 
Ceramic DIP 
Plastic DIP 
Metal Can 

Ceramic DIP 

BALANCED MODULATOR - DEMODULATOR 

, designed for use wl1ere the output voltage is a product of an 
input voltage (signal) and a switching function (carrier). Typical 
applications include suppressed carrier arid amplitude modulation, 
synchronous detection, 'FM detection, phase detection, and chopper 
applications, See Motorola Application Note AN-531 for additional 
design information, 

• Excellent Carrier Suppression - 65 dB typ @ 0,5 MHz 
-50dBtyp@10MHz 

• Adjustable Gain and Signal Handling 
• Balanced Inputs and Outputs 
• High Common-Mode Rejection - 85 dB typ 

FIGURE 1 -

SUPPRESSED-CARRIE R 

OUTPUT WAVEFORM 

FIGURE 2-
SUPPRESSED-CARRIER 

SPECTRUM 

FIGURE 3 -

AMPLITUDE-MODULATION 

OUTPUT WAVE FORM 
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FIGURE 4 - AMPLITUDE-MODULATION SPECTRUM 
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MAXIMUM RATINGS* (T A = +250 C unless otherwise noted) 

Rating Symbol Value Unit 

Applied Voltage f).V 30 Vdc 

(V6 - V7, V8 - V" V9 - V7, V9 - V8, V7 - V4, V7 - V" 
V8 - V4, V6 - V8, V2 - V5, V3 - V5) 

Differential Input Signal V7 - V8 +5.0 Vdc 

V4 - V, t(5+15 Re) 

Maximum Bias Current 15 ' '0 mA 

Power Dissipation (Package Limitation) Po 
Ceramic Dual In-Line Package 575 mW 

Derate above T A = +250 C 3.85 mW/oC 

Metal Package ., '" Ii:" . '680' " , mW 
Derate above T A = +250C 4.6 mW/oC 

Operating Temperature Range TA °c 
MC1496 o to +70 
MC1596 -55to+125 

Storage Temperature Range T stg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS* (VCC = +12 Vdc, VEE = -8.0 Vdc, 15 = 1.0 mAdc," RL = 3.9 kS'2, Re = 1.0 kn, 

TA = +250 C unless otherwise noted) (All input and output characteristics are single-ended unless otherwise noted.) 
MC1596 MC1496 

Characteristic Fig Note Symbol Min Typ Max Min Typ Max Unit 

Carrier Feedthrough 5 1 VCFT !LV(rms) 

Vc = 60 mV(rms) sine wave a~d fC = 1.0 kHz - 40 - - 40 -

offset adjusted to zero fC = 10MHz - 140 - - 140 -
Vc = 300 mVp-p square wave: mV(rms) 

offset adjusted to zero fC = 1.0 kHz - 0.04 0.2 - 0.04 0.4 
offset not adjusted fC = 1.0 kHz - . 20 100 - 20 200 

Carrier Suppression 5 2 VCS dB 

IS = 10 kHz, 300 mV(rms) 
fC = 500 kHz, 60 mV(rms) sine wave 50 65 - 40 65 -
fC = 10 MHz, 60 mV(rms) sine wave - 50 - - 50 - k 

Transadmittance BandWidth (Magnitude) (R L = 50 ohms) 8 8 BW3dB MHz 

Carrier Input Port, Vc = 60 mV(rms) sine wave - 300 - - 300 -
fS = 1.0 kHz, 300 mV(rms) sine wave 

Signal Input Port, Vs = 300 mV(rms) sine wave - 80 - - 80 -
IVcl = 0.5 Vdc 

Signal Gain 10 3 AVS 2.5 3.5 - 2.5 3.5 - VIV 

Vs = 100 mV(rms), f = 1.0 kHz; Ivel = 0.5 Vdc 

Single-Ended Input Impedance, Signal Port, f = 5.0 MHz 6 -

. Parallel I nput Resistance rip - 200 - - 200 - kU 

Parallel Input Capacitance cip - 2.0 - -- 2.0 - pF 

Single-Ended Output Impedance, f = 10 MHz 6 -
Parallel Output Resistance rop - 40 - - 40 - kH 
Parallel Output Capacitance cop - 5.0 - - 5.0 - pF 

Input Bias Current 7 - !LA 
11+ 14 17+ 18 IbS - 12 25 - 12 30 

IbS = -2- ; IbC = -2--
IbC - 12 25 - 12 30 

Input Offset Current 7 - !LA 

lioS = 11 -14; lioC = 17 -18 Hiosl - 0.7 5.0 - 0.7 7.0 

Ilioel - 0.7 5.0 - 0.7 7.0 

Average Temperature Coefficient of Input Offset Current 7, - ITCliol - 2.0 - - 2.0 - nAloC 

(T A = -55°C to + 125°C) 

Output Offset Current 7 - 11001 - '4 50 - 14 80 !LA 
(16 - 19) 

Average Temperature Coefficient of Output Offset Current 7 - ITelool - 90 - - 90 - nAloC 

(T A = -55°C to + 125°C) 

Common-Mode Input Swing, Signal Port, fS = 1.0 kHz 9 4 CMV - 5.0 - - 5.0 - Vp-p 

Common-Mode Gain, Signal Port, fS = 1.0 kHz, 9 - ACM - -85 - - -85 - dB 

Ivel = 0.5 Vdc I 

Common-Mode Quiescent Output Voltage (Pin 6 or Pin 9) 10 - Vo - 8.0 - - 8.0/ - Vdc 

Differential Output Voltage Swing Capability 10 - . V out - 8.0 - - 8.0 - Vp-p 

Power Supply Current 7 6 mAdc 

16+ 19 ICC - 2.0 3.0 - 2.d 4.0 

110 lEE "- 3.0 4.0 - 3.0 5.0 

DC Power DisSipation 7 5 Po - 33 -, - 33 - mW 

* Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin numbers for plastic or 
ceramic packaged deliices refer to the first page cif th is specification sheet. 
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GENERAL OPERATING INFORMATION * 

Note 1- Carrier Feedthrough 

Carrier feedthrough is defined as the output \/oltage at carrier 
frequency with only the carrier applie,d (signal voltage = 0). 

Carrier nI-'l I is achieved by balancing the currents in the differ
ential amplifier by means of a bias trim potentiometer (R 1 of 
Figure 5). 

Note 2 - Carrier Suppression 

Carrier suppression is defined as the ratio of each sideband out
put to carrier output for the carrier and signal voltage levels speci
fied. 

Carrier suppression is very dependent' on carrier input level, as 
shown in Figure 22. A low value of the carrier dges not fully. 
switch the upper switching devices, and results in lower signal 
gain, hence lower carrier suppression. A higher than optimum car
rier level results in unnecessary device and circuit carrier feed
through, which again degenerates 'the suppression figure. The 
MC1596 has been characterized with a 60 mV(rms) sinewave 
carrier input signal. This level provides optimum carrier suppres
sion 'at carrier frequencies in the vicinity of 500 kHz, and is 
generally recommended for balanced modulator applications. 

Carrier feedthrough is independent of signal level, VS. Thus 
carrier suppreSSion can be maximized by operating with large sig
nal levels. However, a linear operating mode must be maintained 
in the signal-input transistor pair - or harmonics of the modulating 
Signal will be generated and appear in the device output as spuriouS 
sidebands of the suppressed carrier. This requirement p,laces an 
upper limit on input-signal amplitude (see Note 3 and Figure 20). 
Note also that an optimum carrier level is recommended ,in Fig
ure 22 for good carrier suppression and minimum spurious side
band generation. 

At higher frequencies circuit layout is very important in order 
to minimize carrier feedthrough. Shielding may be necessary in 
order to prevent capacitive coupling between the carrier input 
leads and the output leads. 

Note 3 - Signal Gain and Maximum Input Level 

Signal gain (single-ended) at low fre'quencies is defined as the 
voltage gain, 

Vo . RL 26 mV 
AVS = Vs = Re + 2re where re = 15 (mA) 

A constant dc potential is applied to tne carrier input terminals to 
fully switch two of the upper transistors "on" and two transistors 
"off" (VC = 0.5 Vdc). This in effect forms a cascode differential 
amplifier. 

Linear operation requires that the signal input be below a criti. 
cal value determined by RE and the bias current 15 

Vs ~ 15 RE (Volts peak) 

Note that in the test circuit of Figure 10, Vs corresponds to a 
maximum value of 1 volt peak. 

Note 4 - Common-Mode Swing 

The common-mode swing is the voltage which may be applied 
to both bases of the signal differential amplifier, without saturating 
the current sources or without saturating the differential amplifier 
itself by swinging it into the upper switching devices. This swing 
is variable depending on the particular circuit 'and biasing condi
tions chosen (see Note 6), 

Note 5 - Power Dissipation 

Power dissipation, PD, within the integrated circuit package 
should be calculated as the summation of the voltage-;;urrent prod
ucts at each port, i.e. assuming Vg = V6, 15 = 16 = 19 and ignoring 

base current, PD = 2 15 (V6 - VlO) + 15 (V5 - V 10) where sub
scripts refer to pin numbers. 

Note 6 - Design Equations 

The following is a partial list of design equations needed to 
operate the circuit with other supply' voltages and input condi
tions. See Note 3 for Re equation. 

A. Operating Current 
The internal bias currents are set by' the conditions at pin 5. 

Assume: 

then: 

I B« I C for all transistors 

where: R5 is the resistor between pin 
5 and ground 

if! = 0.75 V at T A = +250 C 

The MC1596 has been characterized for the condition 15 = 1.0 
mA and is the generally recommended value. 

B, Common-Mode Quiescent Output Voltage 

Note 7 - Biasing 

The MC1596 requires three dc bias vo Itagelevels which must be 
set externally, Guidelines for setting up these three levels include 
maintaining at least-2 volts, collector-base bias on all transistors 
while not exceeding the voltages given in the absolute maximum 
rating table; 

30 Vdc ~ [(V6, V9) - (V7, VB)] ~ 2 Vdc 

30Vdc~ [(V7,Vg)-(Vl,V4)] ~ 2.7Vdc 

The foregoing conditions are based on the following approxima
tions: 
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Bias currents flowing into pins 1, 4, 7, and g are transistor base 
currents and can normally be neglected if external bias dividers 
are designed to carry 1.0 mA or more, 

Note 8 - Transa'dmittance Bandwidth 

Carrier transadmittance bandwidth is the 3-dB bandwidth of 
the deVice forward transadmittance as defined by: 

, io (each sidebandll 
Y21C - Vs (signal) Va =0 

Signal transadmittance bandwidth is the 3-dB bandwidth of the 
device forward transadmittance as defined by: 

io (signal) I ' 
Y21S = Vs (signat) V c '" 0,5 Vdc, Vo = 0 

'Pin number references pertain to this device when packaged in a 
metal can. To ascertain the corresponding pin numbers for plas
tic or ceramic packaged devices refer to the first page of this 
specification sheet. 
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Note 9 - Coupling and Bypass Capacitors C1 and C2 

Capacitors C1 and C2 (Figure 5) should be selected for a re
actance of less than 5.0 ohms at the carrier frequency. 

Note 10 - Output Signal, Va 

The output signal is taken from pins 6 and 9, either balanced 
or single-ended. Figure 12 shows the output levels of each of the 
two output sidebands resulting from variations in both the car
rier and modulating signal inputs with a single-ended output 
connection. 

Note 11 - Signal Port Stability 

Under certain values of driving source impedance, oscillation 
may occur. I n this event, an RC suppression network should be 

connected directly to each input using short leads. This will reduce 
the 0 of the source-tuned circuits that cause the oscillation. 

SIGNAL INPUT 0,. ___ ----'510 

(PINS 1 & 4) - VV\.r----±..,~ >Op' 

An alternate method for low-frequency applications is to insert 
a 1 k-ohm resistor in series with the inputs, pins 1 and 4. I n this 
case input current drift may cause serious degradation of carrier 
su pp ressio n. 

TEST CI RCUITS 

FIGURE 5 - CARRIER REJECTION AND SUPPRESSION 
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Pin number references pertain to this device when packaged in a metal can_ To ascertain the corresponding pin 
numb~rs for plastic or ceramic packaged devices refer to the first page of this specification sheet. 
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TEST CI RCUITS (continued) 

FIGURE 9 - COMMON-MODE GAIN 
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FIGURE 10 - SIGNAL GAIN AND OUTPUT SWING 
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numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 

TYPICAL CHARACTERISTICS (continued) 
Typical characteristics were obtained with circuit shown in Figure 5. fC = 500 kHz (sine wave). 

Vc = 60 mV(rms). fS = 1 kHz, Vs = 300 mV(rms). T A = +2So C unless otherwise noted. 
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FIGURE 12 - SIGNAL-PORT PARALLEL-EQUIVALENT 
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INPUT RESISTANCE versus FREQUENCY 
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TYPICAL CHARACTERISTICS (continued) 
Typical characteristics were obtained with circuit shown in Figure 5, fC = 500 kHz (sine wave), 

Vc = 60 mV(~ms), fS= 1 kHz, VS=30,O mV(rms), TA = +2SoCun'lessotherwisenoted. 

FIGURE 15 - SIDEBAND AND SIGNAL PORT 
TRANSADMHTANCES versus FREQUENCY 

FIGURE 16 - CARRIER SUPPRESSION 
versus TEMPERATURE 
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MC1496, MC1596 

TYPICAL CHARACTERISTICS (continued) 

FIGURE 21 ~ SUPPRESSION OF CARRIER HARMONIC 
SIDEBANDS versus CARRIER FREQUENCY 
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OPERATIONS INFORMATION 

The MC1596/MC1496, a monolithic balanced modulator cir-
cuit, is shewn in Figure 23. . 

FI.GURE 23 - CIRCUIT SCHEMATIC 
,1-)9 

r----.........., 

---
-

500 

This circuit censists ef an upper quad differential amplifier 
driven by a standard differential amplifier with dual current· 
seurces. The eutput cellecters are cress-coupled so. that full-wave 
balanced multiplication ef the two input veltages eccurs. That is, 
the eutput signal is a censtant times the' product ef the two. input 
signals. 

r--_I--____ --+----~VO, OUTPUT 

Mathematical analysis of linear ac signal multiplication indi
cates that the output spectrum will consist ef enly the sum and 
difference ef the two. input frequencies. Thus, the device may be 
used as a balanced medulater, doubly balanced mixer, product 
detecter, frequency doubler, and ether applications requiring 
these particular eutput signal characteristics. 

The lower differential amplifier has its emitters connected to 
the package pins so. that an, external emitter resistance may be 
used. Also, external .Iead resisters are employed at the device 
eutput. 

Signal Levels 

The upper quad differential amplifier may be eperated either 
in a linear er a saturated mode. The lower differential amplifier 
is eperated in a linear mede fer most applicatiens. 

Fer lew-level operation at both input perts, the eutput Signal 
wi.II centain sum and difference frequency cempenents and have 
an amplitude which is a functien ef the product of the input Signal 
amplitudes. 

Fer high-level' operatien at the carrier input part and linear 
eperatien at the medulating signal pert, the eutput signal will 
centain sum and difference frequency compenents ef the modu
lating signal frequency and the fundamental and odd harrn.enics of 
the carrier frequency. The eutput amplitude will be a censtant 
times the medulating Signal amplitude. Any amplitude variatiens 
in the carrier signal will net appear in the output. 

1+)6 

81-) 

~NApR:iERVC 0--_---+------4---------1 
71t) 

41-) 

VS~----~------~--~ SIGNAL 
INPUT 1(t) ~-----_+====~ GAIN ADJUST 

BIAS 5~-_-~------~ 

VEE 10o--~--~-------' 

FIGURE 24 - TYPICAL MODULATOR CIRCUIT 

Vs 
MODULATING 

SIGNAL 
INPUT 

r-o---e-vo 

Pin number refer.ences pertain to. this device when packaged in a metal can. To. ascertain the correspanding pin 

numbers for plastic ar ceramic packaged devices refer to. the first page af this specificatian sheet.' 
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MC1496, MC1596 

OPERATIONS INFORMATION (continued) 

The linear signal handling capabilities of a differential amplifier 
are well defined. With no emitter degeneration, the maximum 
input voltage for linear operation is approximately 25 mV peak. 
Since the upper differential amplifier has its emitters internally 
connected, this voltage applies to the carrier input peirt for all 
conditions. 

Since the lower differential amplifier has provisions for an 
external emitter resistance, its linear signal handling range may be 
adjusted by the user. The maximum input voltage for linear op· 
eration may be approximated from the follow'ing exp~ession: 

V ~(15) (RE)vOlts peak. 

This expression may be used to compute the minimum value of 
RE for a given input voltage amplitude. 

FIGURE 25 - TABLE 1 . 
VOL TAGE GAIN ANO OUTPUT FREQUENCIES 

. Carrier Input Approximate Output Signal 
Signal (VC) Voltage Gain' Frequency( s) 

lOW-level dc 
Rl Vc 

fM 
2(RE + 2re)(~T) 

High-level dc ~ fM RE + 2re 

Low-level ac 
RL Vc(rms) 

fC±fM 
2J2(~T)(RE + 2re) 

High-level ac 
0.637 RL fC ±fM' 3fC ±fM, 
RE + 2re 5fC±fM, .. 

The gain from the modulating signal input port to the output is 
the MC 1596/MC1496 gain parameter which is most often of interest 
to the designer. This gain has significance only when the lower 
differential amplifier is operated in a linear mode, but this includes 
most applications of the device. 

As previously mentioned, the upper quad differential amplifier 
may be operated either in a linear or a saturated mode. Approxi
mate gain expressions have been developed for the MC1596/ 
MC1496 for a low-level modu lating signal input and the following 
carrier input conditions: 

1) Low-level dc 
2) High-level dc 
3) Low-level ac 
4) High-level ac 

These gains are summarized in Table 1, along with the fre
quency components contained in the output signal. 

NOTES: 
1. Low-level Modulating Signal, VM, assumed in all cases . 

Vc is C.arrier Input Voltage. 
2. When the ·output signal contains multiple frequencies, 

the gain expression given is for the output amplitude of 
each of the two desired outputs, fC + fM and fC - fM· 

3. All gain expressions are for a. single-ended output. For 
a differential output connection, mu Itiply each expres
sion by two. 

4. RL = Load resistance. 
5. RE = Emitter resistance between pins 2 and 3. 
6. re = Transistor dynamic emitter resistance, at +250 C; 

26 mV 
re~ 15 (mA) 

7. K = Boltzmann'·s Constant, T = temperature in degrees 
Kelvin, q = the ch'arge on an electron. 

KT ~ 26 mV at room temperature 
q 

APPLICATIONS INFORMATION 

Double sideband suppressed carrier modulation is the basic 
application of the MC1596/MC1496. The suggested circuit for 
this application is shown on the front page of this data sheet. 

In some applications, it may be necessary to operate the 
MC1596/MC1496 with a single dc supply voltage instead of dual 
supplies. Figure 26 shows a balanced modu lator designed for 
operation with a single +12 Vdc supply. Performance of this cir
cuit is similar to that of the dual supply modulator. 

AM Modulator 

The circuit shown in Figure 27 may be used as an amplitude 
modulator with a minor modification. 

All that is required to shift from suppressed carrier t.e AM . 
operation. is to adjust the carrier null potentiometer for the proper 
amount of carrier insertion in the output signal. 

However, the suppressed carrier null circuitry as shown in 
Figure 27 does not have sufficient adjustment range. Therefore, 
the modulator may be modifiecl for AM operation by changing 
two ",sistor values in the null circuit as shown in Figure 28, 

ProdUCl Detector 

The MC1S96/MC1496 makes an excellent sse product detec
tor (see Figure 29). 

8·98 

This product detector has a sensitivity of 3.0 microvolts and a 
dynamic range of 90 dB when operat;"ng at an intermediate fre
quency of 9 MHi. 

The detector is broadband for the entire high frequency range. 
For operation at very low intermediate frequencies down to 50 
kHz the 0.1 /IF capacitors on pins i and 8 should be increased to 
1.0/lF. Also, the output filter at pin 9 cap be tailored to a 
specific intermediate frequency and' audio amplifier input im
pedance. 

As in all applications of the MC1596/MC1496, the emit'ter 
resistance between pins 2 and 3 may be increased or decreased to 
adjust circuit gain, sensitivity, and dynamic range. 

This circuit may also be used as an AM detector by introducing 
carrier signal at the carrier input and an AM signal at the SSB 
input. 

The carrier signal may. be derived from the intermediate fre
quency signal Qr generated locally. The carrier signal may be in
troquced with or without modulation, provided its level is 
sufficiently high to saturate the upper quad- diHerentlal amplifiet. 
If the Qilrrier signal is modulated, a 300 mV(rms) input level is 
recommended, 



MC1496, MC1596 

APPLICATIONS IN FORMATION (continued) 

Doubly Balanced Mixer 

The MC1596/MC1496 may be used as a doubly balanced 
mixer with either broadband or tuned narrow band input and 
output networks: 

The local oscillator signal is introduced at the carrier input 
port with a recommended amplitude of 100 mV(rms). 

Figure 30 shows a mixer with a broadband input and a tuned 
output. 

Frequency Doubler 

The MC 1596/MC 1496 wi II operate as a frequency doubler by 
introducing the same frequency at both input ports. 

Figures 31 and 32 show a broadband frequency doubler and a 
tuned output very high frequency (VHF) doubler, respectively. 

Phase Detection and FMDetection 

The MC1596/MC1496 will function as a phase detector, High
level input signals are introduced at both inputs. When both inputs 
are at the same frequency the MC1596/MC1496 will deliver an 
output which is a function of the phase difference between the 
two input signals. 

An FM detector may be constrl!cted by using the phase detec
tor principle. A tuned circuit is addeq at one of the inputs to 
cause the two input signals to vary in phase as a function of fre
quency. The MC1596/MC1496 will then prOlHde an output which 
is a function of the input signal frequency. 

Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin numbers for' plastic or ceramic 
packaged devices refer to the first' page of this specification sheet. 

TYPICAL APPLICATIONS' 

FIGURE 26 - BALANCED MODULATOR 
(+12 Vdc SINGLE SUPPL Y) 

lk 820 

CARRIER INPUT 
60 mV!rms} '-++-+-If-~--()~ 

MODULATI~ + 

SIGNAL INPUT 10 pF 
.300mV!rms} 15V 

10k 
CA R R I E R ,.--ANv--1---' 
NULL 10 k 

50 k 

25pF 
15 V 

100 100 

1.3k 

MC1596G 
MC1496G 

10 

3k 

10k 

FIGURE 28 - AM MODUI:.ATOR CIRCUIT 
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FIGURE 27 - BALANCED MODULATOR-DEMODULATOR 
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FIGURE 29 - PRODUCT DETECTOR 
(+12 VdcSINGLE SUPPLY) 
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TYPICAL APPLICATIONS (continued) 

FIGURE 30 - DOUBL Y BALANCED MIXER 
(BROADBAND INPUTS, 9.0 MHz TUNED OUTPUT) 

vcc 
FIGURE 31 - LOW·F,REQUENCY DOUBLER 

RF INPUT 

51 

t 

1k 1k 

<-.:,;..:..::.:..:.=:..::.::.;c..e-.. _~EJdC':' 

RFC 
100MH 

Ll = 44 TURNS AWG NO. 28 ENAMELEO WIRE, WOUND 
ON MICROMETALS T,YPE 44·6 TOROID CORE. 

1k 

1k 
C2 
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INPUT ':' 15 Vdc...----il-=--' 
15'mV(rms) MAX 

10k 

BALANCE 

FIGURE 32':'- 150 to 300 MHz DOUBLER 

~ 
I 
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0.001 pF 
150 MHz 
INPUT_...-1o------Q.....; 

100 

1k 
vcc 

300 MHz 
1--Q-I~...:::t40::--" OUTPUT 

1-10 pF RL = 50l! 

6.8 k Ll = 1 TURN AWG 
NO. 18 WIRE, 7/32" ID 

DEFINITIONS 

FREQUENCY ----... ~ BALANCED MODULATOR SPECTRUM, 

MC1596 
MC1496 

10 
100 

6.8k 

15 

VEE 
-8Vdc 

~ ~ 
en I + en u u N £! £! N 

I + 

fC CARRIER FUNDAMENTAL fC ± nls FUNOAMENTAL CARRIER SIOEBANO HARMONICS 
fS MOOULATING SIGNAL nlc CARRIER HARMONICS 

fC ± fS FUNDAMENTAL CARRIER SIOEBANOS nlc ± nls CARRIER HARMONIC SIDEBANOS 

OUTPUT 

Pin number references pertain to' this device when packaged in a metal can. To ascertain the corresponding pin numbers for plastic or 
ceramic packaged devices refer to the.first page of this specification sheet. 
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ORDERING INFOR~ATION 

Device 

MC1733G 
MC1733L 
MC1733CG 
MC1733CL 
MC1733CP 

Temperature Range 

-55°C to +125°C, 
-55°C to +125°C 

,O°C to + 700e 
O°C to +70°C 
O°C'to, + 70°C 

Package 

Metal Can 
Ceramic DIP 

Metal Can 
Ceramic DIP 
Plastic DIP 

DIFFERENTIAL VIDEO AMPLIFIER 

, .. a wideband amplifier with differential input and differential out· 
put. Gain is fixed at 10, 100, or 400 without external components 
or, with the addition of one external resistor, gain becomes adjustable 
from 10 to 400. 

• Bandwidth - 120 MHz typical @ AVd = 10 

• Rise Time - 2.5 ns typical @ AVd = 10 

• Propagation Delay Time - 3.6 ns typical @ Avd = 10 

FIGURE 1 - BASIC CI RCUIT FIGURE 2 - VOLTAGE GAIN 
ADJUST CIRCUIT 

GAIN SELECT 

Radi 

G1B 

INPUT 1 OUTPUT I 0.2"f 

INPUT 
T-oUTtUT 1 

lk 

INPUT 2 OUTPUT 2 

II'IPUT 
T-oUTiUT 2 O.2J..!F lk 

VEE G2A G2S 

GAIN SELECT VEEGU; G2S 

FIGURE 3 - EQUIVALENT CIRCUIT SCHEMATIC 

INPUT 2 

INPUT 1 
OUTPUT 1 

GAIN { GIA 
SELECT G2A 

50 50 

GAIN f G2B 590 590 
7k OUTPUT 2 

SELECT l G1B 

400 

8-101 

MC1733 
MC1733C 

DIFFERENTIAL VIDEO 
WIDEBAND AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL·PACKAGE 

CASE 603 

TO-100 

G2A 
GAIN SELECT. 

INPUT 1 

INPUT 2 

GIA 
GAIN SELECT 

GIB 
GAIN SElECT 

OUTPUT 1 

OUTPUT 2 

(top viewl 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

INPUT 2 

NC 

G2B GAIN SELECT 

NC 6 

OUTPUT2 

14 
INPUT 1 

13 NC 

12 G2A GAIN SELECT 

11 GIA GAIN SELECT 

10 VCC 
(top view) 

9 NC 

·OUTPUT 1 

• 



MC1733, MC1733C 

MAXIMUM RATINGS (TA ~ 1250 C unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltage VCC +8.0 Volts 
VEE -8.0 

Differential Input Voltage Vin ±5.0 Volts 

Common-Mode Input Voltage V,CM ±6.0 Volts 

Output Current 10 10 mA 

Internal Power Dissipation (Note 1) Po 
Metal Can Package 500 mW 
Ceramic Dual In-Line Package 500 

Operating Temperature Range MC1733C TA o to +70 °c 
. MC1733 -55 to +125 

Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC ~ +6.0 Vdc, VEE = -6.0 Vdc, at TA = +2SoC unless otherwise noted.) 

MC1733 MC1733C 

Characteristic Symbol Min Typ Max Min Typ Max Units 

Differential Voltage Gain VIV 
Gain 1 (Note 2) Avd 300 400 500 250 400 600 
Gain 2 (Note 3) 90 100 110 80 100 120 
Gain 3 (Note 4) 9.0 10 11 8_0 10 12 

Bandwidth (R s =50 nJ BW MHz 
Gain 1 - 40 - - 40 -
Gain 2 - 90 - - 90 -

Gain 3 - 120 - - 120 -

Rise Time (R s = 50 n, Vo = 1 Vp-p) tTLH ns 
Gain 1 tTHL - 10.5 - - 10.5 -
Gain 2 - 4.5 10 - 4.5 12 
Gain 3 - 2.5 - - 2.5 -

Propagation Delay (Rs = 50n, Vo = 1 Vp-p) tpLH ns 
Gain 1 tpHL - 7.5 - - 7.5 -
Gain 2 - 6.0 10 - 6.0 10 
Gain 3 - 3.6 - - 3.6 -

Input Resistance Rin kn 
Gain 1 - 4.0 - - 4.0 -. 
Gain 2 20 30 - .10 30 -
Gain 3 - 250 - - /250 -

Input Capacitance (Gain 2) Cin - 2.0 - - 2.0 - pF 

I nput Offset Current (Gain 3) 1
'
101 - 0.4 3.0 - 0.4 5.0 /.LA 

II Input Bias Current (Gain 3) liB - 9.0 20 - 9.0 30 /.LA 

Input Noise Voltage (R s = 50 n, Vn - 12 - - 12 - /.LV(rms) 
BW ~ 1 kHz to 10 MHz 

Input Voltage Range (Gain 2) Vin ±1.0 - - ±1.0 - - V 

Common-Mode Rejection Ratio CMRR dB 
Gain 2 (VCM = ±1 V, f ~ 100 kHz) 60 86 - 60 86 -
Gain 2 (VCM=±1 V,f=5MHz) - 60 - - , 60 -

Supply Voltage Rejection Ratio PSRR dB 
Gain 2 (~Vs = ±0.5 V) 50 70 - 50 70 -

Output Offset Voltage VOO V 
Gain 1 - 0.6 1.5 - 0.6 1.5 
Gain 2 and Gain 3 - 0.35 1.0 - 0.35 1.5 

Output Common'Mode Voltage (Gain3) VCMO 2.4 2.9 3.4 2.4 2.9 3.4 V 

Output Voltage Swing (Gain 2) Vo 3.0 4.0 - 3.0 4.0 - Vp-p 

Output Sink Current (Gain 2) '0 2.5 3.6 - 2.5 3.6 - mA 

Output Resistance Rout - 20 - - 20 ..:. n. 
Power Supply Current (Gain 2) 10 - 18 24 - 18 24 mA 
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MC 1733, MC 1733C 

ELECTRICAL CHARACTERISTICS (V - +6 0 Vdc V - -60 Vdc at T - T CC- . EE - A- high 

Characteristic 

Differential Voltage Gain 
Gain 1 (Note 2) 
Gain 2 (Note 3) 
Gain 3 (Note 4) 

Input Resistance 
Gain 2 

Input Offset Current (Gain 3) 

Input Bias Current (Gain 3) 

Input Voltage Range (Gain 2) 

Common-Mode Rejection Ratio 
Gain 2 (VCM = ±1 V. f';;;;; 100kHz) 

Supply Voltage Rejection Ratio 
Gain 2 (a Vs = ±O.5 V) 

Output Offset Voltage 
Gain 1 
Gain 2 and Gain 3 

Output Voltage Swing (Gain 2) 

Output Sink Current (Gain 2) 

Power Supply Current (Gain 2) 

*T,ow = OoC for MC1733C. -SSoG for MC1733 
Thigh = + 70°C for MC1733C. +1250 C for MC1733. 

MC1733 

Symbol Min Typ 

AVd 
200 -
80 -
8.0 -

Rin 8.0 -

11101 - -
liB - -

Vin ±1.0 -
CMRR 50 -

PSRR 50 -

VOO 
- -
- -

Vo 2.5 -
10 2.2 -
10 - -

to T low unless otherwise noted )* 

MC1733C 

Max Min Typ Max Units 

V/V 
600 250 - 600 
120 80 - 120 

12 8.0 - 12 

- 8.0 - - k51 

5.0 - - 6.0 IJ.A 

40 - - 40 p.A 

- ±1.0 - - V 

- 50 - - dB 

- 50 - - dB 

V 
1.5 - - 1.5 
1.2 - - 1.5 

- 2.5 - - Vp-p 

- 2.5 - - mA 

27 - - 27 mA 

FIGURE 4 - MAXIMUM ALLOWABLE POWER DISSIPATION 

NOTES 

, Note 1: Derate metal package at 6.S mW/oC' for operation at 
ambient temperatures above 7SoC and dual in-line pack
age at 9 mW/oC for operation at ambient temperatures 
above 100°C (see Figure 41. If operation at high am
bient temperatures is required (MC1733) a heatsink 
may be neces'sary to limit maximum junction tempera
ture to 150°C. Thermal resistance. junction-to-case. 
for the metal package is 69.4°C per Watt. 

Note 2: Gain Select pins G1A and G1B connected together. 
Note 3: Gain Select pins G2A and G2B connected together. 
Note 4: All Gain Select pins open. 
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MC1733, MC1733C 

TYPICAL CHARACTERISTICS (continued) 
(Vee = +6.0 Vdc, VEE = -6.0 Vdc, T A = +250 C unles~ otherwise noted.) 
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MC1733, MC1733C 

TYPI CA L CHAR ACTE R I ST ICS, (continued) 

(Vee = +6.0 Vdc, VEE = -6.0 Vdc, T A = +2Soe unless otherwise noted.) 

FIGURE 13 - PULSE RESPONSE versus GAIN 
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FIGURE 16 - DIFFERENTIAL OVERDRIVE 
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MC1733, MC1733C 

TYPICAL CHARACTERISTICS (Continued) 
(VCC = +6.0 Vdc, VEE = -6.0 Vdc, T A = +250 C unless otherwise noted.) 
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FIGURE 19 - INPUT RESISTANCE versus TEMPERATURE 
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MC1733, MC1733C 

APPLICATIONS INFORMATION 

FIGURE 25 - VOLTAGE CONTROLLED OSCILLATOR 

Control 

Voltage 

Vc 

Vcc 

C R2 

By changing the voltage Vc the gain will 
vary over a range of 10 to 400. This will 
give a frequency variation about the value 
set. by the capacitor and shown in Figure 26. 

Output 

TAPE,DRUM OR DISC MEMORY READ AMPLIFIERS 

The first of several methods to be discussed is shown in 
Figure 27. This block diagram describes a simple Head cir
cuit with no threshold circuitry. Each block represents a 
basic function that must be performed by the Read circuit. 
The first block, referred to as "amplfiication", increases 
the level of the signal available from the Read head to a 
level adequate to drive the peak detector. Obviously, these 
signal levels will vary depending 011 factors such as tape 
speed, whether the system used is disc or tape, and the 
type of head and the circuitry used. For a representative 
tape system, levels of 7 to 25 mV for the signal from the 
Read head and 2 V for the signal to the peak detector are 
typical. These signal levels are "peak-to-peak" unless 
otherwise specified. On the basis of the signa I levels men- . 
tioned above, the overall amplification required is 38 to 
49dB. 

How the avera Ii gain requirement is implemented will 
depend somewhat on the system used. For instance, a 
tape cassette system with variable tape speed may utilize 
a first stage for gain and a second stage primarily for gain 
control. Thus, a typical circuit would utilize 35 dB in the 
first stage and 10to 15 dB in the second stage. 

Devices suitable for use as amplifiers fall into one of 
two categories, operational amplifiers or wideband video 
amplifiers. Lower speed equipment with low transfer rates 
commonly uses low cost operational amplifiers. Examples 
ofthese are the MC1741, MC1458, MC1709, and MLM301. 
Equipment requiring higher transfer rates, such as disc 
systems normally use wideband amplifiers such as the 
MC1733. The actual cross-over point where wideband 
amplifiers are used exclusively varies with eqliipment de-

FIGURE 27 - TYPICAL READ CIRCUIT (METHOD 11 
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FIGURE 26 - OSCILLATOR .FREQUENCY FOR 
VARIOUS CAPACITOR VALUES 
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sign. For purposes of comparison, the M LM301 has 
slightly less than a40 dB open-loop gain at 100 kHz; the 
MC1741, a compensated op-amp, has approximately 20 dB 
open loop gain at 100kHz; the MC173:,3 has approximately 
33 dB of gain out to 100 MHz (depending on gain option 
and loading). 

There are a number of ways to implement the peak 
detector function. However, the simplest and most widely 
used method is a passive differentiator that generates "zero
crossings" for each of the data peaks in the Read signal. 

The ,actual circuitry used to differentiate the Read sig
nal varies from a differential LC type in disc systems to a 
simple RC type in reel and cassette systems. Eithertype, 
of course, attenuates thesigrial by an amount depending 
on the circuit used and system specifications. A good 
approximation of attenuation using the RC type is 20 dB. 
Thus, the 2 V signal going into thedifferentiator is reduced 
to 200 mY. 

The next block in Figure 27 to be discussed is the 
zero-crossing detector. In most cases detection of the zero
crossings is combined with the limiter. These functions 
serve to generate a TTL compatible pulse waveform with 
"edges" corresponding to zero-crossings. For low transfer 
rates, the circuit often used consists of an operational 
amplifier with s.eries or shunt limiting. For higher transfer 
rates (greater than lOOK B/S) comparators are used. 

The method described above is often modified to in
clude threshold sensing. In Figure 28, the function called 
"double-ended, limit-detector" enables the output NAND 
gate when either the negative or positive data peaks of the 
Read signal exceed a predetermined threshold. This func
tion can be implemented in either of two ways. One 
method first rectifies the signal before it is applied to a 
comparator with a set threshold. The other method uti lizes 
two comparators, one comparator for positive-going peaks 
and the other for negative-going peaks. These comparator 
outputs are then combined in the output logic gates. 

• 
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MC1733, MC1733C 

APPLICATIONS INFORMATION (continued)' 

FIGURE 28 - READ CIRCUIT (METHOD 2) 

Another common technique. is shown in Figure 29. 
The branch labeled rectifiers, peak detector, etc., provides 
a clock transition of the 0 flip-flop that corresponds to 
the peak of both the positive and negative-going data 
peaks. This branch may include threshold circuitry prior to 
the peak detector. The detector in the lower path detects 
whether the signal peaks are positive or negative and feeds 
this data to the flip-flop. This detector carl be implemented 
using a comparator with pre-set threshold. 

FIGURE 29 - READ CIRCUIT (METHOD 3) 

The technique shown in Figure 30 uses separate cir
cuits with' threshold provisions for both negative and 
positive peaks. The peak detectors and threshold detectors 

may be implemented with two comparators and two 
passive differentiators. 

Eac,h of the methods shown offer certain intrinsic a-j
vantages or disadvantages. The overall decision as to which 
method to use however often involves other important 
considerations. These could include cost and system re
quirements or' circuitry other than simply the Read cir
cuitry. for instance, if cost is the predominate overall 
factor, then approach one may be the only feasible 
alternative. 

Method four was included as a design example because 
it illustrates several unique advantages. First, it uses 
threshold sensing to reduce noise peak errors. Second, it 
may be implemented using only integrated circuits. Third, 
it offers separate, direct threshold sensing for both pos
itive and negative peaks. 

FIGURE 30 - READ CIRCUIT (Method 4) 
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! ORDERING INFORMATION 

Device 

MC3344L 
MC3344P 

Temperature Range 

-40°C to +85°C 
-40°C to +85°C 

Package 

Ceramic DIP 
Plastic DIP 

Advance Infor:rnation 

PROGRAMMABLE FREQUENCY SWITCH 
WITH ADJUSTABLE HYSTERESIS 

The MC3344 is a general purpose programmable frequency switch 
designed for use in systems where a load must be switched on or off 
at a predetermined frequency. Switch frequency is determined by 
an external resistor (RR) and capacitor (CR)' Hysteresis is adjustable 
and determined by an external resistor (RH)' 

• Isolated Driver Transistor 

• Complementary Outputs 

• Adjustable Hysteresis 

• Wide Supply Operating Range (7 to 24 Volts) 

• Wide Input Frequency Range'(10 Hz to 100 kHz) 

• Internal Regulator 

• Ideal for Automotive and Industrial Applications 

FIGURE 1 -CIRCUIT BLOCK DIAGRAM 

VReg 

9 

RH 

12 

2k 

CR 

1'0 

Gnd 03 6 

This is. advance information 'and specifications are subject to change without notice. 
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MC3344 

PROGRAMMABLE 
FREQUENCY SWITCH 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 
'PLASTIC PACKAGE 

CASE 646 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

TO·116 

PIN CONNECTIONS 

Gnd 

NC 
04 

V out 

01 

03 

02 

CA 

CB 

RH 

Vln 

CR 

VReg 

+VCC 

• 



MC3344 

MAXIMUM RATINGS IT A = 2SoC unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply VCC 24 Vdc 

Peak Input Current II 10 mA 
Junction Temperature TJ 150 °c 
Operating Ambient Temperature Range TA -40 to +85 °c 
Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS IT A = 250 C VCC = +15 Vdc unless otherwise specifjed) 

Test 
Cha~acteristic Ckts Symbol Min Typ Max Unit 

Supply Current 2 10 - 2.5 4.0 mA 

Trigger Reset Voltage 3 Vdc 
lin = 200 J.lA VCR1 0.25 - -
lin" 600 J.lA VCR::! - - 0.25 

Regulator Output Voltage 4 VReg 4.0 4.5 5.0 Vdc 

Threshold Output Voltage 5 VTCR ·0.739 0.750 0.761 VIV 

VTCR = VCRIVReg 
Hysteresis Sink Current 6 IH 100 400 - J.lA 

Second Comparator Output 7 
01 Leakage 101L - - 100 nA 
02 Source 102S .100 250 - J.lA 
01 Source 101S 100 200 - J.lA 
02 Leakage 102L - - 100 nA 

Output OriverGain 8 hFE1 50 100 - -
IC = 5.0 mA 

Output Driver Voltage Standoff 9 BVCEO 25 30 - Vdc 
10 = 5.0 mA 

Integrator Transistor Gain 10 hFE2 50 200 300 -
hFE2 ., 4IC/4IB. 
le1 ., 0.4 mAo IC2 ., 0.6 mA 

II 

® MOTOROLA Se,"/concl~ct:or Product:. Inc. 
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MC3344 

FIGURE 2 - SUPPLY CURRENT 

TEST CIRCUITS 

FIGURE 3 - TRIGGER RESET VOLTAGE 

lin; 200 Jl.A, VCR;;' 0.25 V 

lin = 600 Jl.A, VCR"'; 0.25 V 

FIGURE 5 - THRESHOLD VOLTAGE RATIO FIGURE 6 - HYSTERESIS SINK CURRENT 

lO.1J1.F 

VTCR = VCRIVReg 

FIGURE 8 - OUTPUT DRIVER GAIN FIGURE 9 - BVCEO OF OUTPUT 
TRANSISTOR 

FIGURE 4 - REGULATOR 
OUTPUT VOLTAGE 

101 Ltl 025 - 51 In position 1 
102Ltl015 - 51 In position 2 

FIGURE 10 - INTEGRATOR 

TRANSISTOR GAIN 

® MOTOROLA SenJiconductor produc~. Inc. 
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MC3344 

APPLICATIONS INFORMATION 

The voltage regulator and bias section provides the 
proper biasing and regulated supply voltage to the inte
grated circuit. 

A square wave, when applied to the RC differentiator, 
provides input current pulses to the IC. The input circuit 
discharges and clamps, for a predetermined time, the volt
age aCross capacitor CR' This establishes the initial ramp 
voltage (V sat) and allows initiation of a new voltage ramp 
after each positive transistion of the input waveform. 

The Voltage, VCR, ramps from Vsat to the final value, 
VReg' charging through RR' 

If VCR is never allowed to reach VRef due to quick 
reset pulses, th~ second integrator amplifier will not be 
activated, and capacitor CAB is allowed to charge through 
the 12 kn resistor until VCA is greater than VRef' At 
this point, 01 will switch ON and 02 will switch OFF. By 
connecting either 01 or 02 to the 03 drive pin, the out
put drive transistor may be either, switched ON or OF F at 
the switch point. 

If VCR is allowed to ramp above VRef before being 
reset, the second integrator amplifier is driven ON which 
discharges and resets capacitor CAB keeping, V CA low 
with respect to V Ref, 

V CA will always be low with respect to V Ref if the 
time from reset CR to VCR = VRef is less than the time 

from reset CAB to VCA = VRef' 
Resistor RH provides hysteresis around the switch 

point (i.e., frequency to switch the output driver ON, 
when connected to the 01 terminal, is higher than the 
frequency required to switch the output driver OFF). If 
no hysteresis is desired then the RH resistor should be 
omitted and pin 12 grounded. . 

Circuit Equations: 

The first integrator time constant is 
T1 = RH II RR CR' If RH is omitted then 
T1 :; RR CR' 

The second integrator time constant is 
T2 = (12 k) (hFE2) (CAB)' 

f1 = S,witch Point frequency::::: 1.39 ~R CR 

f2 :; Hysteresis Switch Point frequency ~ 

1 

FIGURE 11 - TYPICAL APPLICATION 
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1...-_____ ...., ® MOTOROLA Sel'l"lico",~uc-tor Produc_t. Inc. 
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MC3344 

FIGURE 12 - CIRCUIT SCHEMATIC 

THERMAL INFORMATION 
The maximum power consumption an integrated circuit 

can tolerate at a given operating ambient temperature, can 

be found from the equation: 

Where: PD(TA) = Power Dissipation allowable at a given 

operating ambient temperature. This must be greater than 

the sum of 'the products of the supply voltages and supply 

currents at the worst case operating condition. 

TJ(max) = Maxim'um Operating Junction Temperature 
. as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient Temperature 

ROJA(TyP) = Typical Thermal Resistance Junction to 
Ambient 

'--------® MOTOROLA Sen1iconducf:or Producf:s Inc. 

8-113 

• 



II 

ORDERING iNFORMATION 

Device Temperature Range Package 
MC3370P Plastic DIP 

ZERO VOLTAGE SWITCH 

· .. designed for use in ac power switching applications with output 
drive capable of triggering triacs. Other operational features· include; 
(1) a built·in voltage regulator that allows direct ac line operation, 
(2) a differential input with dual sensor inputs capable of testing the 
condition of two external sensors and controlling the gate pulse to a 
triac accordingly; (hysteresis or proportional control to this section 
may be added if desired) (3) sensor input "open and short" pro· 
tection; this insures that the triac will never be turned" on" if either 
of the inputs are shorted or obened (4) a zero crossing detector 
that synchronizes the triac gate pulses with the zero crossing of the 
ac line voltage. This eliminates radio frequency interference (RFI) 
when used with resistive loads. 

• Heater Controls • Valve Control 

• Photo Controls • On-Off Power Controls 

• Threshold Detector • Relay Driver 

• Lamp Driver • F lasher Control 

• Formerly MFC8070 in Case 644A Package 

Ground 

Collector 

Referel)ce 

Input 

Input 

Vac 

FIGURE 1 - CIRCUIT SCHEMATIC 

4 
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ZERO VOLTAGE SVVITCH 

SI LICON MONOLITHIC 
FUNCTIONAL CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 



MC3370 

FIGURE 2 - OUTPUT PULSE DEFINITION 

MAXIMUM RATINGS(TA = +250 C unless otherwise noted.) 

Rating Symbol Value Unit 

DC Voltage V4-1 15 Vdc 

DC Voltage V5-1 15 Vdc 

DC Voltage - V2-1 15 Vdc 

Peak Supply Current 13 35 mA 

Power Dissipation PD 1.2 Watts 

Derate above T A = +250 C 1/ROJA 10 mW/oC 

Operating Ambient Temperature Range TA -10 to +75 °c 
Storage Temperature Range Tstg -55 to +150 °c 

E LECTRICA L CHARACTER ISTICS (T A = +250 C unless otherwise noted.) 

Characteristic Definitions Characteristic Symbol Min Typ Max Unit 

J m 120 V<;MSI so Hz ~ ~o~ 
Vs with Inhibit Output VSIO Vdc, 

(Sw 1 Aor B) - 9.0 11 

Output Leakage Current IOL J.1A 

r.~~'" -=1 (Sw 1: A orB) - 5.0 100 
. q'k SWlla- . 2 .'OL 8> Input Current 8 18 J.1A 
+ ~ 8 MC3370P (Sw 1: A) - 5.0 15 

Vs ';:" VTHI 7 Vlt~l 
JJ.A I 100 360 17- 6 Input Current 7 17 

u.F 1 8 k (Sw 1: B) - 5.0 15 

L 9" Inhibit Threshold Voltage VTHI Vref Vref - Vdc 
(Swl: A or B) +100 mV +10mV 

JII~ 120VI;MSISOHZ ~~u~ 
Vs with Pulse Output VSPO Vdc 

(Sw.l: A or B) 6.0 8.5 -

Peak Output Current IOpk mA 

r.~~'" -=1= (Sw 1: A or B) 50 80 -
91k SWI 8 2 .'Opk 8k Pulse Threshold Voltage VTHP - Vref Vref Vdc 

+ ~ 1 MC3370P 6 (Sw 1: A or B) -10mV -100mV 

r~oo ,. Viet 
Output Pulse Width TA, TB - 70 - J.1S 

"F VTHP 1 8 k (Sw 1: A or B, See Figure 2l V-rA, ±4.5 - V 
9.lk V-rB 

JI/120V(;MSI SOHz ~~o~ 
Output Current With Input Short ISC J.1A 

(Sw 1: B;Sw 2: A) 5.0 100 

(Sw.1: A;Sw2: B) - 5.0 100 

r.~~. * . . ,.. "" 'I '" 
8 k 

+ BSW28 MC3370P L ~oo ,~ , ,1 • 
Vret 

"F ~ 1 8 k 
9.H 

Circuit diagrams utilizing Motorola prod~cts are included as a means 
of illustrating typical semiconductor applications: consequently, 
complete information sufficient for construction purposes is not 
necessilrily given. The information has been carefully checked and 

is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 

@ MOTOROLA Semiconductor Products Inc. 
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MC3~70 

TEST CIRCUIT AND TYPICAL CHARACTERISTICS 

FIGURE 3 - CIRCUIT WITH INCREASED PULSE 
WIDTH AND TRIAC DRIVER TO CONTROL 

HIGH-CURRENT SCR's 
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FIGURE 4 - OUTPUT PULSE WIDTH 
versus SOURCE RESISTANCE 
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TYPICAL ZERO VOLTAGE SWITCH APPLICATIONS FOR TRIAC CONTROL 

FIGURE 5 - TRIAC CONTROL CIRCUIT 

I 100pF +-

120V(RMS) ,.-,...15Vdc 

60 Hz 
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8V 
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FIGURE 6 - TRIAC CONTROL CIRCUIT 
WITH CURRENT BOOST UTILIZING 

DC SUPPLY 

R 1 

V 

60 

Ql 

100 

AC 
LINE 

I A2 
COAO I 

R lor R2 Isan external sensor 
Basic triac trigger circuit utilizing the zero crossing detector 
and the input comparator to control triacs with gate current 
requirements to 500 mAo 

A lor A2 is an external sensor RS 

\ __ ~;s~~I~t~otlri~g~N~~~~~~f:l ~It;l~r:l~:h:~~u~a~~r~~~:t~; 
approximately 0.5 A. 

Suggested circuit to vary output pulse width by value 
of AS (See Figure 4). 

A2 must be the external senso~ for the internal short and open protection to be operative. 

FIGURE 7 - TRIAC CONTROL CIRCUIT WITH CURRENT BOOST UTILIZING AC SUPPLY 

Recommended Motorola triacs for uSe in circuit 

Maximum Continuous Triac Case 
Current (A [RMS]) Family No. 

10 2N6151/2N6153 90 (Plastic) 
2N6346A12N6349A 221-024 (Plastic) 

5 ki4W for 120 Vac 
(10 k/8W for 230 Vael 

Zero crossing triac control circuit for gate current 
requirements to 100 mAo 

10 

25 

40 

2N6139/2N6144 

2N6157/2N6165 

2N5441/2N5446 

86,250 

174,175, 
235 

237,238, 
239 
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MC3370 

PIN COMPARISON OF MC3370P AND GEL300F1 (PA424/CA30591 

• 
VEE Input 

VEE • Dlnput 
Output R 

I 

Output r---=.J Input 
B+ R 

B+ ~R'''''"C' Reference 

Ground Collector 
Ground Collector 

GEL300F 1/CA3059 MC3370 

II 

@ MOTOROLA Semiconductor Products Inc. 
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Advance InforIDation 

DUAL OPERATIONAL AMPLIFIER AND 
DUAL COMPA~ATOR 

The MC3405/3505 contains two differential-input operational 
amplifiers and two comparators, each set capable of single supply 
operation. This operational amplifier-comparator circuit, better 
known as the "Operator" will find its applications as a general pur
pose product fOL automotive circuits arid as an industrial building 
block. 

The MC3405 is specified over the commercial operating tempera
ture range of 0 to +700 C while the MC3505 is specified over the 
military operating range of -55 to +1250 C. 

• Operational Amplifiers Equivalent in Performance to MC3403 

• Comparators Similar in Performance to MLM339 

• Operational Amplifiers are Internally Frequency Compensated 

• Supply Operation - 3.0 Volts to 36 Volts 

• Dual Supply Operation also Available 

PIN CONNECTIONS 

This is advance information and specifications are subject to change without notice. 
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MC340S 
MC350S 

DUAL 
OPERATIONAL AMPLIFIER 

AND 
DUAL VOTAGE COMPARATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

14 [:::::1 
1 (top view) 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 ' 

ORDERING INFORMATION 
Device Temperature Range Package 

"MC3405L o to +70o C Ceramic DIP 

MC3405P o to +700 C Plastic DIP 

MC3505L -55 to +1250 C Ceramic DIP 
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MC3405~ MC3505 

OPERATIONAL AMPLIFIER SECTION 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Power Supply Voltage VCC 36 Vdc 

VCC +18 

VEE -18 

Input Differential Voltage Range VIDR ±30 Vdc 

Input Common Mode Voltage Range VICR ±15 Vdc 

Operating Ambient Temperature Range - MC3505 TA -55 to +125 °c 
MC3405 o to +70 

Storage Temperature Range - Ceramic Package Tstg -65 to +150 °c 
Plastic Package -55 to +125 

Operating Junction Temperature Range - Ceramic Package TJ 175 °c 
Plastic Package, 150 

Thermal Resistance, Junction to Ambient ROJA 100 °C/W 

ELECTRICAL CHARACTERISTICS (VCC = +15 V, Vee = -15 V, TA = 250 C, unless otherwise noted.) 

MC3505 MC3405 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Input Offset Voltage VIO - 2.0 5.0 - 2.0 10 mV 

(T A = Tlow to Thigh)(1) - - 6.0 - - 12 

Average Temperature Coefficient of Input AVIO/AT - 15 - - 15 - /olV/oC 
Offset Voltage 

Input Offset Current \ 110 - - 50 - - 50 nA 
(TA = Tlow'to Thigh)(1) \ 

- - 200 - - 200 

Input Bias Current liB - 200 500 - 200 500 nA 

(T A = Tlow to Thigh)(1) - 300 1500 - - 800 

Large Signal Open Loop Voltage Gain AVOL V/mV 
(VO = ±10 V, RL = 2.0 kn) 50 200 - 20 200 -
(TA = Tlow to Thigh)( 1) 25 100 - 15 - -

Power Supply Current (2) ICC - 2.8 4.0 - 2.8 7.0 rnA 

lEE - 2.8, 4.0 - 2.8 7.0 rnA 

Common Mode Rejection Ratio CMRR 70 90 - 70 90 - dB 

Power Supply Rejection Ratio PSRR+ - 30 150 - 30 - dB 

Output Voltage Vo Vdc 
(RL = 10 kn) ±12 ± 13.5 - ±12 ±13.5 -
(RL = 2.0 kn) ±10 ±13.0 - ±10 ±13.0 -
(RL = 2.0 kn, T A = Tlow to Thigh)(1) ±10 - - ±10 .- -

Input Common Mode Voltage Range VICR +13 - VEE - - +13 - VEE - - Vdc 

II 
Outpu~ Short-C.ircuit Current lOS ±10 ±30 ±45 ±10 ±20 ±45 rnA 

Phase Margin tl>m - 60 - - 60 - °c 

Small-Signal Bandwidth BW - 1.0 - - 1.0 - MHz 
(AV'= 1, RL = 10 kn, Vo = 50 mV) 

Power Bandwidth BWp - 9.0 - - 9.0 - kHz 
(AV = 1, RL = 2.0 kn, Vo = 20 V (p-p), 
THO = 5%) 

Rise Time tTLH - 0.35 - - 0.35 - /olS 

Fall Time tTHL - 0.35 - - 0.35 - IlS 

Overshoot 'OS - 20 - - 20 - % 
(AV = 1,RL = 10 kn, Vo = 50 mV) 

Slew Rate SR - 0.6 - - 0.6 - V//olS 

(continued) 

® MOTOROL~ Sen'liconduc'for Produc'f8 Inc. 
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MC3405, MC3505 

OPERAT-ION.AL AMPLI FIER SECTION (continued) 

ELECTRICAL CHARACTERISTICS (continued) 

(VCC = 5.0 V VEe = Gnd T A = 250 C unless otherwise noted.) 

Characteristic Symbol Min 

Input Offset Voltage VIO -
Input Offset Current 110 -

Input Bias Current liB -
Large-Signal Open-Loop Voltage, Gain AVOL 20 

(RL = 2.0 kn) 

Power Supply Rejection RatiQ PSRR -
Output Voltage Range (3) VOR 

(RL = 10 kn. VCC = 5.0 V) 3.3 
(RL = 10 kn, 5.0 V.;; VCC';; 30 V) VCC - 1.7 

Power Supply Current(4) ICC -

Channel Separation - -
f =1.0 kHz to 20 kHz (Input Referenced) 

(1) Tlow= -550 C for MC3505 

= OoC for MC3405 

Thigh =. +1250 C for MC3505 

= +700 C for MC3405 

(2) For Operational Amplifier and Comparator 

(3) Output will swing to ground. 

(4) Not to exceed miximum package power dissipation. 

MC3505 

Typ Max Min 

2.0 5.0 -

30 50 -
-200 -500 -

200 - 20 

- 150 -

3.5 - 3..3 
VCC-1.S - VCC -1.7 

2.5 4.0 . -

-120 - -

MC3405 

Typ 

2.0 

30 

-~OO 

200 

-

3.5 
VCC-1.5 

2.5 

-120 

'-------- ® MOTOROLA Sen'liconducf:or Producf:. Inc. 
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Max Unit 

10 mV 

50 nA 

-500 nA 

- V/mV 

150 j.tV/V 

Vp-p 
-
-

7_0 mA 

- . dB 

• 
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MC3405, MC3505 

COMPARATOR SECTION 

MAXIMUM RATINGS 
Rating Symbol Value 

Power Supply Voltage VCC 36 

Input Differential Voltage Range VIDR 36 

Input Common Mode Voltage Range VICR -0.3 to +35 

Sink Current Isink 20 

Operating Ambient Temperature Range - MC3503 TA -55 to +125 
MC3405 o to +70 

Storage Temperature Range - Cer.amic Package Tstg -65 to +150 
Plastic Package -55 to +125 

Operating Junction Temperature Range - Ceramic Package TJ 175 
Plastic Package 150 

Thermal Resistance, Junction to Ambient ROJA 100 

ELECTRICAL CHARACTERISTICS (Vec = 5.0 V, VEE = Gnd, T A ~, 250C unless otherwise noted.) 

Characteristic 

Input Offset Voltage 

(T A = Tlow to Thigh) (1), (3) 

Average Temperature Coefficient of Input 
Offset Voltage 

Input Offset Current 

(T A = Tlow to Thigh) (1) 

Input Bias Current 

(T A = Tlow to Thigh) (1) 

Large·Signal Open Loop Voltage Gain 
(RL = 15 kn) 

Input Common Mode Voltage Range 
(T A = Tlow to Thigh) (1) 

Input Differential Voltage 
(All Yin ;;. 0 Vdc) 

Sink Current 
(Vin H ;;. 1.0 Vdc, Vin (+) = 0, 
VO';; 1.5 V) 

Saturation Voltage 
(Vin H = 1.0 Vdc, Yin (+) = 0, 
Isink .;; 4.0 mAde) 
(T A = Tlow to Thigh) (1) 

Output Leakage Current 
(Vin (+) ;;. 1.0 Vdc, Yin H = 0, 
Vo = 5.0 Vdc) 
(T A = Tlow to Thigh) (1) 

Large,Signal Respon"se 

Response Time i2) 
(VRL = 5.0 Vdc, RL = 5.1 kn) 

Low Level Output Voltage 
(Vin (+) = 0 V, Yin (-) = 1.0 V, 
Isink = 4.0 mAl 
IT A = Tlow to Thigh) (1) 

(1) Tlow = -550C for MC3505 
= OOC for MC3405 

Symbol 

VIO 

AVIO/AT 

110 

liB 

AVOL 

VICR 

VID 

Isink 

Vsat 

10L 

-

-

VOL 

MC3505 

Min Typ Max 

- 2.0 5.0 
- - 9.0 

- 15 -

- 50 75 
- - 150 

- 25 500 
- - 1500 

- 200 -

0 VCC -1.5 VCC -1.7 
0 VCC -1.7 VCC - 2.0 

- - 36 

6.0 16 -

- 250 500 

- - 700 

- 0.1 1.0 

- 0.1 1.0 

- 300 -

- 1.3 -

- - 500 

- - 700 

Thigh = +1250C for MC3505 
= +700C for MC3405 

MC3405 

Min Typ 

- 2.0 

- -
- 15 

- 50 
- -
- 25 
- -
- 200 

0 VCC-l.5 
0 ~CC - 1.7 
- -

6.0 16 

- 250 

- -
- 0.1 

- 0.1 

- 300 

- 1.3 

- -

:c.. -

(2) The response time specified is for a 100 mV input step with 5.0 mV,overdrive. For larger signals 300 ns is typical. 

(3) VO'" 1.4 V, RS = 0 .n with V+ from 5.0 Vdc to 30 Vdc, and o"ver the input common mode range 0 to V+ -1.7 V. 

'--------® MOTOROLA Sern/conducf:or Producf:& Inc. 
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Unit 

Vdc 

Vdc 

Vdc 

mA 

°c 

°c 

°c 

°C/W 

Max Unit 

10 mV 
12 

- p.V/oC 

100 nA 
200 

500 nA 
800 

- V/mV 

VCC -1.7 V 

VCC - 2.0 

36 V 

- mA 

500 mV 

700 

1.0 p.A 

1.0 

- ns 

- p.s 

500 mV 

700 



Advance Infor:rnation 

OVERVOLTAGE "CROWBAR" SENSING CIRCUIT 

These overvoltage protection circuits (OVP) protect sensitive elec
tronic circuitry from overvoltage transients or· regulator failures 
when used in conjunction with an external "crowbar" SCR. They 
sense the overvoltage condition and quickly "crowbar" or short 
circuit the supply, forcing the supply into current limiting or open
ing the fuse or circuit breaker. 

The protection voltage threshold is adjustable and the MC3423/ 
3523 can be programmed for minimum duration of overvoltage 
condition before tripping, thus supplying noise immunity. 

MAXIMUM.RATINGS 

Rating Symbol 

Differential Power Supply Voltage Vee-VEE 
SeAse Voltage (1) VSense 1 
Sense Voltage (2) V8ense 2 
Remote Activation Input Voltage Vaet 

Output Current 10 
Operating Ambient Temperature Range TA 

MC3423 
MC3523 

Operating Junction Temperature Range 
Plastic Package 

TJ 

Ceramic Package 

TYPICAL APPLICATION 

Current 
Limited 

DC 
Power Cout 

Supply 

NOTE: A 2N6504 or equlvelent is suggested for Q1. 

Value Unit 

45 Vdc 

6;8 Vdc 

6.8 Vdc 

.. 7.0 Vdc 

300 rnA 
°c 

o to +70 
-55 to +125 

°c 
150 
175 

V out 

This is advance information and specifications are subject to change without notice. 
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VCC 

Current 
Source 

MC3423 
MC3523 

OVERVOLTAGE 
SENSING CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PI SUFFIX 
PLASTIC PACKAGE 

CASE 626 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

PIN CONNECTIONS 

Indicator 
Output 

Remote 
Activation 

ORDERING INFORMATION 

DEVICE TEMPERATURE RANGE PACKAGE 

MC3423P1 o to +70
o
C Plastic CliP 

MC3423U o to +70
oC Ceramic DIP 

MC3523U -55 to +125° C Ceramic DIP 

II 
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MC3423, MC352~ 

ELECTRICAL CHARACTERISTICS (Vcc - vEE = 5.0 V, Tlow < TJ < Thigh unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Supply Voltage Range VCC 4.5 - 36 Vdc 

.outp'ut Voltage Vo - 3.0 - Vdc 

Indication Output Current IO(lnd) - .10 - mA 
(VOL = 0.4 V) 

Reference Voltage Vref - 2.6 - Vdc 
(TA = 25°C) 

Temperature Coefficient of Reference Voltage TCVref - 0.08 - %fC 

Remote Activation Input Current lin(lnd) - 0.1 - mA 
(VIH = 2.0 V) 

Source Current Isource - 0.22 - mA 

Output Current Risetime tr ~ 400 - mAIlls 
(TA = 25°C) 

Propagation Delay tpd - 0.5 - IlS 
(TA = 25°C) 

Supply Current ID - 5.0 - mA 

Tlow = -55·C for MC3523 
= I 0° C for MC3423 

Thigh = +125°C for MC3523 and MC3423 

FIGURE 1 - BLOCK DIAGRAM 

Vcc 

2 

Current 
4 Source 

V sense 1 CHI---+--~ 

'---_--+--0 Output 

3 Vsense 2 5 6 Indicator 
Remote Output 

Activation 

FIGURE 2A'- BASIC CIRCUIT CONFIGURATION 
for Vref ~ Vtrip ~ 36 V 

8 

-',:r----1~---+----.._--,.I- + 
Fl I 

R1 
Q1 

R2 

(- Sense Lead) 

I 
I 
I 
I 
I 
I 
I 
I 

~" 
rS;'. 
I 
I 

To 
Load 

Vtrip = Vref (1+~) '" 2.6 V (1+:¥) 

R2';; 10 kfl for minimum drift 

For minimum value of RG, see Figure ,5 

Ql is 2N6504 or equivalent 
·See text for explanation 
Note 1: If V trip i$ beloIN 4.5 V, 

the MC3423/3523 should be powered 
(vie Pin 1) from an external 
4.5 V to 36 V supply. 

@ MOTOROLA Se,.,iconductor Products Inc. ______ ---A 

8-124 



MC3423, MC3523 

FIGURE 2B - CIRCUIT CONFIGURATION FOR SUPPLY 
VOL TAGE ABOVE 36 V 

Power 
Supply 

IN4740 
10 V 

AS 

MC3523 
MC3423 

(+ Sense 
Lead) 

R1 

8 

3 

*R2 
(- Sense 

Lead) 

APPLICATIONS INFORMATION 

Basic Circuit Configuration 

The basic circuit configuration of the MC3423/3523 
'OVP is shown in Figure 2A for trip voltages from 2.5 V 
to 36 V. and in Figure 2B for trip voltages above 36 V. 
In this circuit. the voltage sensing inputs of both internal 
amplifiers are tied together for sensing the overvoltage 
condit,ion. The shortest possible propagation delay is 
obtained with this configuration. The threshold or trip 
voltage at which the MC3423/3523 will trigger and 
supply gate drive to the crowbar SCR. 01. is determined 
by the selection of R 1 and R2. Their values can be deter
mined by the equation given in Figures 2A and 2B. or by 
the graph shown in Figure 4. The minimum value of the 
gate current limiting resistor. RG. is given in Figure 5. 
Using this value of RG. the SCR. 01. will receive the 
greatest gate current possible without damaging the 
MC3423/3523. If lower.output currents are required. 
RG can be increased in value. The switch. S 1. shown in 
Figure 2A may be used to reset the SCR crowbar. Other
wise. the power supply. across which the SCR is con
nected. must be shut down to reset the crowbar. If a non 
current-limited supply is used. a fuse or circuit breaker. 
F 1. should be used to protect the SCR and/or the load. 

Configuration for Programmable Minimum 
Duration of Overvoltage Condition Before Tripping 

In many instances; the MC3423/3523 OVP will be 
used in a noise environment. To prevent false tripping of 
the OVP circu it by noisewhich would not normally harm 
the load, MC3423/3523 has a programmable delay 
feature. To implement this feature. the circuit configura
tion of Figure 3 is used. In this configuration. a capaci
tor is connected from Pin 3 to VEE. The value of this 
capacitor determines the minimum duration of the over
voltage condition which is necessary'to trip the OVP. 

a~ 
Vs 

) 

To 
Load 

AS = (Vs 2~ 10) k.n 

Vtrip = Vref (~+~) '" 2.6 V (1+~) 
*R2";;; 10 k.n 

Q1: VS";;; 100 V; 2N6505 or equivalent 
VS";;; 200 V; 2N6506 or equlvelent 
VS";;; 400 V; 2N6507 or equivalent 
VS";;; 600 V; 2N6508 or equivalent 
VS";;; 800 V; 2N6509 or equivalent 

FIGURE 3- BASIC CONFIGURATION FOR 
PROGRAMMABLE OURATION OF OVERVOL TAGE 

CONDITION BEFORE TRIP 

r-----~~------.-~------~~--+VCC 

R3;;;' Vtrip 
lOrnA 

2N6504'or 
equivalent 

, VIO IL _________ .J....L.!\-"---__ _ 

~ = IV ref xC"" [1.2 xl03 ] C (See Figure 6) 
source 

® MOTOROLA Selniconductor Products Inc. --------' 
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MC3423,MC3523 

The value of C can be found from Figure 6. The circuit 
operates in the following manner: When Vee rises above 
the trip point set by R 1 and R2, an internal current 
'source begins charging the capacitor, C, connected to Pin 
3. If the overvoltage condition remains present long 
enough for the capacitor voltage, VC, to reach Vref, the 
output is activated. If the overvoltage condition dis
appears before this occurs, the capacitor is discharged at 
a rate == 10 times faster than the charging rate, resetting 
the timing feature until the next overvoltage condition 
occurs. 

Additional Features 

1. Activation I'ndication Output 

An additional output for use as an indicator of OVP 
activation is provided by the MC3423/3523. This out· 
put is an open collector transistor which saturates 
when the OVP is activated. It will remain in a satu
rated state until the SCR crowbar pulls the supply 
voltage, VCC, below 4.5 Vas in Figure 3. This output 

FIGURE 4 - R1 versus TRIP VOLTAGE 

30 

/ ~ 

~~ "\~<I V 
R2 = 2.1 k ./"" -'" V 

V -"'""" ,,/ 
V- V /" 

20 

v: V ...... V 

I/: -"' ....... V 

~ ~ 
h ~ 

10 

~ ~ 
~~ 

o 
o 5.0 10 15 20 30 

VT, TRIP VOLTAGE (VOLTS) 

'" « ... 
o 
> 

can be used to clock an edge triggered flip-flop whose 
output inhibits or shuts down the power supply when 
the OVP trips. This reduces or eliminates the heat
sinking requirements for the crowbar SCR. 

2. Remote Activation Input 

Another feature of the MC3423/3523 is its remote 
activation input, Pin 5. If the voltage on this CMOS/ 
TTL compatible input is held below 0.7 V, the 
MC3423/3523 operates normally. However, if it is 
raised to a voltage above 2.0 V, the OVP output is 
activated independent of whether or not an over
voltage condition is present. This feature can be used 
to accomplish an orderly and sequenced shutdown of 
system power supplies during a system fault condi
tion; In addition, the activation indication output of 
one MC3423/3523 can be used to activate another 
MC3423/3523 if a'single transistor inverter is used to 
interface the former's indication output to the latter's 
remote activation input. 

FIGURE 5 - MINIMUM RG versus SU.PPL Y VOLTAGE 

35 
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/' 
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./ 
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/ 
:./V 
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RG, GATE CURRENT LIMITING RESISTOR (OHMS) 

FIGURE 6 - CAPACITANCE versus 
MINIMUM OVERVOL TAGE DURATION 

1.0 

z 
« ... 
U 

~ 

o. 

0.0 

~ 0.00 

1 

1 

1 

1 2 3 5 7 1 

.;r 

.-'f 

0.000 j.A" 
0.001 0.01 

...... 
...... 

...... 

0.1 

l.;' 

1.0 

..., 

1 
10 

,Id, DELAY TIME (m.) 

80 

'-'-_~ _____ . @ MOTOROLA SenJiconduct:or Product:slnc. _______ ---' 

8-126 



Advance Inforxnation 

GROUND FAULT INTERRUPTER SUBSYSTEM 
(Latching) 

The MC3426 is designed to pr<?vide ground fault and grounded 
neutral protection for 120 Vac, 15 and 20 ampere lines. 

• Minimum n~mber of external components 

• Includes full wave bridge 

• Designed for use with inexpensive ferrite cores or low perme
ability differential transfers 

• Will operate properly if "hot" and neutral input wires are reversed 

• Designed to be used in systems meeting UL943 specifications for 
Class A Ground Fault Circuit Interrupters 

• Trips at a minimum leakage current of 5 mA ± 1 mA over a tem
perature range of -400 C to +700 C and line voltage variations 
from 102 V to 132 V. Also trips for a neutral grounding resistance_ 
less than 2 n. 

• Trip times are in accordance with UL curve 

• High noise immunity and resistance to false tripping 

8.0 

7.0 

6.0 

<" 
.§. 5.0 
t
Z 
W 
IZ: 4.0 
IZ: 
::::I 
(.) 

a... 3.0 
a: 
t-

2.0 

1.0 

o 
-60 

FIGURE 1 - TYPICAL TRIP CURRENT THRESHOLD 
versus TEMPERATURE 

,..-

-40 -20 +20 +40 +60 +80 +100 

T, TEMPERATURE (OC) 

This is advance information and specifications are subject to change without notice. 
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MC3426 

GROUND FAULT 
INTERRUPTER SUBSYSTEM 

MONOLITHIC Sf LICON 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

InputS{ 1 

Prot. 
Diode 

Amp 
Output 

PIN CONNECTIONS 

This component is sold without patent indem
nity and any infringement resulting-from use or 
resale thereof shall be the sole responsibility of 
purchaser and shall not be the responsibility of 
manufacturer or distributor even though such 
use is in accordance with manufacturer's 
recommendations. 

Temperature Range 

II 
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MC3426 

MAXIMUM RATINGS (T A = 250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Current through pins 9 and 10 liN 20 mA RMS 
(TA = 700 C) 

Thermal Resistance, Junction to Air 8JA 100 'oC/W 

Operating Ambient Temperature Range TA -40 to +70 °c 
Storage Temperature Range Tstg -65 to +150 °c 
Maximum Operating Junction Temperature TJ 125 °c 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise noted.) 

Characteristic I Symbol Min Typ Max Unit 

OPERATIONAL AMPLIFIER SECTION 

Input Offset Voltage 

Average Temperature Coefficient of I nput Offset Voltage 

Input Offset Current 

Input Bias Current 

Large Signal Open Loop Voltage Gain 

Power Supply Current 
(VO set to 25 V, Latch OFF, 2.7 Mn 
from pin 2 to pin 5, Note 4) 

Power Supply Current 
(VO Set to 25 V, Latch ON, pin 14 
tied to pin 1 3, Note 6) 

Power Supply Rejection Ratio 

Output Quiescent Voltage of Operational Amplifier minus V mid 
(2.7 Mn from pin 2 to pin 5, Notes 2 and 5) 

REGULATOR/BRIDGE SECTION 

Power Supply Output Voltage 
(Note 1) 

LATCH/TRIGGER SECTION 

Latch Trigger Voltage' 
(Notes 2 and 7) 

Latch Trigger Current 
(Note 8) 

Output Drive Current 
@ V14 = 1.0 V (T A'" -:-400 C, Note 3) 

Output Drive Voltage with Latch Off 
(Note 9) 

Power Supply Voltage to Turn Off Latch 
(Note 10) 

VIO 

AVIO/AT 

110 

liB 

AVOL+ 

ID 

'D (Lori) 

PSRR± 

V6 -Vmid 

V6 (Lon) 
-Vmid 

II(Lon) 

'14 (Lon) 

V14 (Loff) 

Vo (Loff) 

- 3.0 - mV 

- 15 - /-IV/oC 

- 30 - nA 

- 300 - nA 

15 - - ' V/mV 

- 1.4 2.25 mA 

- - 9.0 mA 

60 - - dB 

-2.0 - 1.0 V 

6.7 7.4 8.1 V 

- 50 - /-IA 

0.5 - - mAo 

- - 0.05 V 

0.2 2.0 3.0 V 

DEFINITION OF TERMS 

Note: 

1. POWER SUPPLY OUTPUT VOLTAGE - Vo 

This is the voltage between pins 13 and 8 that is set 
up by the zener string with the latch turned off and a 
current of 17 mAdc (approximately the maximum peak 
current from the ac line with a 10 kil 5% dropping 
resistor) is flowing between the pins. 

2. MIDPOINT VOLTAGE - Vmid 

This is the voltage at the midpoint of the zener 
string-between pins 12 and 8-with 17 mAdc .flowing 
and the latch turned off. 

3. OUTPUT DRIVE CURRENT -114(Lon) 

This is the current sourced from pin 14 with the latch 
on and tbe gate resistor (RGate, 1 kil) connected (pin 11 
shorted to pin 14). 

4. POWER SUPPLY CURRENT, LATCH OFF -10 

This is" the power supply' drain' current of the 
operational amplifier section with the latch turned off, a 
2.7 Mil resistor between pins 2 and 5, and Vo set to 25 
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v so that no current goes through the zener string. 10 
max assures proper quiescent operation of the 
operational amplifier. 

5. OUTPUT QUIESCENT VOLTAGE - Va 

This is the quiescent output voltage of the operational 
amplifier with a.2.7 Mn resistor between pins 2 and 5. 
The V6 - Vmid specification assures proper trip 
threshold with specified VIO and liB. 

a. POWER SUPPLY CURRENT, LATCH ON -IO(Lon) 

This is the power supply drain current of the 
operational amplifier section and the latch section with 
the, latch turned on, Vo set to 25 V, pin 1.4 tied to pin 
13, RGate not connected, and the ac line polarity such 
that the SCR cannot fire. 10(Lon) max assures the latch 
remaining latched before the SCR fires. 

7. LATCH TRIGGER VOLTAGE - "6(Lon) 

This is the threshold voltage between pins 6 and 8 at 
which the latch turns on and pin 14 begins sourcing 
current. 

8. LATCH TRIGGER CURRENT - II(Lon) 

This is the threshold current through resistor R 11 (5 
kn) at which the latctl turns on and pin .. 14 begins 
sourcing current. 

9. OUTPUT DRIVE VOLTAGE, LATCH OFF -
V14(Loft) 

This is the voltage between pins 14 and 10 with the 
latch off, RGate connected (pin 11 shorted to pin 14), 
and 17 mAdcflowing between pins 9 and 10. V14(Loff) 
max assures that the SCR will not be turned on when 
the latch is off. 

10. POWER SUPPLY VOLTAGE TO TURN OFF 
LATCH - VO(Loft) 

This is the voltage to which pin 13 must be dropped 
after the latch has ~een turned on to turn the latch oft 
and cause pin 14 to stop sourcing current. 

CIRCUIT SCHEMAT~C 

13 

05 

06 

a8 

8 

A1 A2 
4 k 900 

3 4 

016 
A4 

200 300 k 017 

A3 
120 k 

C1 

10 pF 

627 

A11 
5 k 

A10 A13 
13 k 470 

6 
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13 

1.035V 
C1 "'-20% 

r 
I 
L 

R1 
10k,1 W + 

±6% r-,g 
L_-' / 

C6 
r ., 

FIGURE 2 - BLOCK DIAGRAM 
(External Components within dotted lines) 
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I]~ r 122/4 V 
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120 k 

r 
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5.0 k Latch 100 14 ~ 
In Out 
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11 
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L J 
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r- ., 
I ! I 

r.~ I Breaker 

I ! ICoil r 

1 

L_ J I 

r.~ L 

.,0l-

A c 10 

-, rica I C7 
J 0.001 L;: JO.001 1.0 k 

e 

r 1 
1 .... 1' I 
L ~ 

C 
0 

5 
.005 

Neutral ground detection not shown. 

CIRCUIT OPERATION 

Circuit operation is best understood by referring to 
the complete block diagram in Figure 2. 

Power Supply 
The circuit is powered from the ac line through the 

breaker coil and R 1 (an external 10 k ohm dropping 
resistor) to pins 9 and 10, which are connected to the 
internal full wave bridge rectifier. Four on-chip zeners 
clamp the dc output voltage between pins 13 and 8 to 
about 30 V, and an external capacitor (C1) filters this 
voltage. During normal quiescent operation less than 10 

rnA is drawn through the breaker .coil, which is not 
enough to energize it. 

Operational Amplifier Biasing 
The operational amplifier has two feedback paths, 

depending on whether its output is more positive or 
more negative than its inputs. The dc gain is relat"ively 
small, less than 15 when the output swings up and about 
1.5 when the· output swings down. The non-inverting 
input to the op amp is tied to the midpoint of the zener 
string through a 120 k ohm resistor, and therefore the 
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quiescent output voltage of the op amp is approximately 
that voltage, about 15 volts. A 200 k ohm internal 
resistor between the inputs provides a path for bias 
current from the inverting input terminal and helps set 
the dc feedback. It also provides a discharge path for C2 
after high level faults to make reset quicker. 

Fault Sensing and Breaker Tripping 
If a ground fault occurs, the imbalance of current in 

the two ac primary wires of L2 will generate a signal in 
the secondary. This signal is ac coupled through an 
external 22 J.LF capacitor (C2) to the inputs of the op 
amp. An external 0.1 J.LF capacitor (C3) acts as an 
integrating capacitor; it charges up slightly more each 
time that the signal causes the op amp to swing positive 
(i.e., every other half cycle of the at:: line). When the 
signal polarity reverses and the op amp swings down, the 
only discharge path for C3 .is through the external set 
resistor (R2). With a 5 mA ground fault it takes about 2 
seconds for C3 to integrate up so that the positive swings 
of the op amp become larger and larger until they reach 
a "steady state" value of about 7 V above the quiescent 
output voltage of the op amp and increase no further. 
This is just the threshold voltage of the .Iatch, which 
turns it on and causes pin 14 to be pulled toward the 
positive supply voltage and turns on- the SCR. When the 
SCR is turned on, enough current is drawn through the 
breaker coil to energize it and cause the breaker to 
disconnect power from the load side of the ac line. (The 
breaker is a mechanically latching type and it must be 
mechanically reset to reapply power to the load side of 
the ac line.) 

The purpose of the feedback on negative swings of 
the output of the op amp is to equalize positive and 
negative swings so that coupling capacitor C2 does not 
charge up and drive the output one way or the other. 

If the line side black and white wires to the GFI 
system are reversed such that the black is now the 
neutral and the white is now the hot wire, the result is 
that the signal at the output of the op amp is not the 
correct phase to fire the SCR since the· SCR is a 
half-wave device connected across the line. However, the 
latch takes care· of this problem by turning on and 
staying on until the SCR can fire during the next 
half-cycle of the ac line. . 

High Faults 
The purpose of the 120 k ohm internal resistor 

between pins 12 and 1 is to reduce the trip time at 
higher fault currents. As the fault current increases, the 
voltage drop across this resistor increases imd since the 
output of the op amp follows the voltage at the 
non-inverting input this means that C3 will integrate less 
and therefore the trip time will be faster. 

The on-chip protection diodes across the sense coil 
serve two purposes, but only during extremely high fault 
currents. First, they prevent C2 from charging to a large 
voltage during this condition which would make the 
reset or the return to quiescent operation slow. Second, 
they prevent excessive voltage from "zenering" or 
otherwise damaging junctions on the circuit. 

Use of Ferrites or low-Permeability Torroids 
The sense coil in this circuit is looking into a 

relatively low impedance (i.e., the impedance between 
the two inputs to the op amp), which is the feedback 
resistance divided by the open loop gain of the op amp 
(an impedance of a few hundred ohms) in series with a 
22 J.LF capacitor and a 200 ohm resistor. As long as this 
loading resistance is low compared to the secondary 
reactance of the torroid, the transformer acts as a 
current transformer and the output remains constant 
with changes in core permeability. Therefore, ferrite 
cores or other low permeability cores may be used as 
long as these conditions are met. The purpose of the 200 
ohm on-chip resistor is to counteract the tendency for 
the circuit to become more sensitive at low temperatures 
with ferrite cores due to the reduction in secondary 
inductance with the reduction in core permeability. 

Noise, DV IDT, and Transient Protection 
External 0.001 J.LF capacitors C6, C7, and C8 have 

been added to increase the circuit's resistance to false 
tripping due to noise spikes. The internal 1 k ohm 
resistor from gate to anode and the external 0.005 J.LF 
capacitor C5 from anode to cathode of the SCR reduce 
the SCR's sensitivity to DV IDT turn on. The purpose of 
the MOV (metal oxide varistor) is to absorb energy from 
very high voltage line transients to prevent dClmage to 
the IC or SCR. 

latching Characteristics (Auxiliary Switch Requirements) 

Note that this device requires a third pole or auxiliary 
contact on the breaker when used in a wall socket 
application. This is because the latch remains latched 
when the circuit is tripped and would continue to 
energize the breaker coil. Note also that a single contact 
breaker may be used in circuit breaker applications when 
line side "hot" and when neutral wires cannot be 
reversed. 

Grounded Neutral Detection Methods 
Figures 3 and 4 are schematics for wall socket 

applications showing the different methods of grounded 
neutral detection. 

Figure 3 is the 60 Hz method; the high-J.L core is 
connected across the line and acts as a 60 Hz source.for 
both black and white wires. If the neutral is grounded 
(load white essentially connected to line white, or if line 
wires are reversed and load black essentially connected 
to line black) this 60 Hz signal is coupled to the 1000 
turn sense coil and the circuit trips just as it dees with a 
ground fault. 

Figure 4 is the external oscillator method of 
grounded neutral detection. A 2 to 4 kHz signal is fed 
into the left ferrite coil and this signal is sourced for 
both the black and white wires. If the neutral is 
grounded this signal is coupled to the 1000 turn sense 
coil and the circuit trips just as with the previous 
method except that the signal is now the 2 to 4 kHz 
supplied by the external oscillator. 
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Blk 

120 Vae' 

Wht 

II 

FIGURE 3 - GROUNDED NEUTRAL DETECTION USING A 60 Hz TRANSFORMER 
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130 
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8 
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+ 
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0.0011'F 

6 

5 

MC3426 4 

3 

2 
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(1000 Turns) 
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2.7 M 
--+5% 
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FIGURE 4 - GROUNDED NEUTRAL DETECTION USING AN EXTERNAL OSCILLATOR 

Blk 

120 Vac 

Wht 

1.0 IJ.F, 35 V 
±20% 

0.001IJ.F 

10 k 
(1W) 

MC3426 
8 7 

9 6 

10 5 

11 4 

12 3 

+ 13 2 

14 

B Material 
or Equivalent 

2.7 M 
±5% 

Load 

22IJ.F,4 V 
+ ±20% 

THERMAL INFORMATION 

The maximum power consumption an integrated 
circuit can tolerate at a given .operating ambient 
temperature, can be found from the equation: 

p TJ(max) - TA 
D(TA) = ROJA (Typ) 

Where: PD(T AI = Power Dissipation allowable at a 
given operating ambient temperature. This must be 
greater than the sum of the products of the supply 

voltages and supply currents at the worst·case oper
ating condition. 

T J(max.) = Maximum Operating Junction· 
Temperature as listed in. the 
Maximum ratings Section 

T A = Maximum De~red Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance 
Junction to Ambient ' 
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O~DERING INFORMATION 

Device 

MC3456L 
MC3456P 
MC3556L 

Alternate 

NE556A 

Temperature 
Range 

O°C to +70°C 
O°C to +70°C 

, -55°C to + 125°C 

Package 

Ceramic DIP 
Plastic DIP 

Ceramic DIP 

Specifications and Applications 
InforIllation 

DUAL TIMING CIRCUIT 

The MC3556/MC3456 dual timing circuit is a highly stable 
controller capable of producing accurate time delays, or oscillation. 
Additional terminals are provided for triggering or resetting if desired. 
In the time delay mode of operation, the time is precisely controlled 
by one external resistor and capacitor per timer. For astable operation 
as an oscillator, the free running frequency and the duty cycle are 
both accurately controlled with two external res.istors and one 
capacitor per timer. The circuit may be triggered and reset on falling 
waveforms, and the output structure can source or sink up to 200 mA 
or drive MTTL circuits. 

.' Direct Replacement for NE556/SE556 Timers 

• Timing From Microseconds Through Hours 

• Operates in Both Astable and Monostable Modes 

• Adjustable Duty Cycle 

• High Current Output Can Source or Sink 200 mA 

• Output Can Drive MTTL 
• Temperature Stability of 0.005% per °c 
• Normally "On" or Normally "Off" Output 

• Dual Version of the Popular MC1555/MC1455 Timer 

FIGURE 1 - 22-8ECONDSOLID-STATE TIME DELAY RELAY CIRCUIT 

10 k 

O.OlI'F 

t = 1.1; R ,C = 22 s 

Time delay (t) is variable 
by changing Rand C. (See 
Figure 16.) 

4.0 A iRMS) 

FIGURE 2 - BLOCK DIAGRAM (1/2 SHOWN) 

!-,.-----+ ..... Trigg ... 

Discharge 

8-134 

MC3456 
MC3556 

DUAL 
TIMING CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 

CERAMIC PACKAGE. 

CASE 632·02 ~. 

TO'" 'j()m I; ; 

Discharge A VCC 

Threshold A ~ Discharge B 

Control A w Threshold B 

Reset A Control B 

Output A ~ Reset B 

Trigger A m ~ Output B 

Gnd , 
~ Trigger B 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 
(MC3456 only) 

• 
TYPICAL APPLICATIONS 

• Time Delay Generation 

• Sequential Timing 

• Linear Sweep Generation 

• Precision Timing 

• Pulse Generation 
• Pulse Shaping 
• Missing Pulse Detection 

.• Pulse Width Modulation 

• Pulse Position Modulation 
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MAXIMUM RATINGS (T A = +250 C unless otherwise noted.) FIGURE 3 - GENERAL TEST CIRCUIT 

Rating Svmbol 

Power Supply Voltage VCC 

Discharge Current Idis 

Power Dissipation (Package Po 
Limitation) 

Ceramic Dual-In-Line Package 

Derate above T A = +250 C 

Plastic Dual In-Line Package 

Derate above T A = +250 C 

Operating Ambient Temperature TA 
Range MC3556 

MC3456 

Storage Temperature Range T stg 

Value 

+18 

200 

1000 

6.6 

625 

5.0 

-55 to +125 

o to +70 

-65 to +150 

Unit 

Vdc 

mA 

mW 

mW/oC 

mW 

mW/oC 

°c 

°c 

~ ContrOl 

0.01 ~F + VOIt~g. 
Output 

Test Circuit for Measuring de Parameters: 
(to set output and measure parameters) 

a. When Vs ;. 2/3 Vee. Va is low 
b. When Vs ~ 1/3 Vee. Va is high 
c. When Vo is low, pin 7 sinks current. To test for Reset, 

set Va. high, apply Reset voltage, and test for current 
flowing into discharge pin. When Reset is not in use, ,it 

should be tied to V ce. 

ELECTRICAL CHARACTERISTICS (TA = +250 e, Vee = +50 V to +15 V unless otherwise noted ) 

MC3556 MC3456 
Characteristics Svmbol 

Min Typ Max Min TVp Max 

SupplV Voltage Vee 4.5 18 4.5 16 

Supply Current (Per timer, double for both halfs) ICC 
Vec=5.0V.RL== 3.0 5.0 3.0 6.0 
Vee = 15V,RL=oo 10 11 10 14 
Low State, (Note 1) 

Timing Error (Note 2) 
Monostable Mode 
RA = 2.0 k!l to 100 k!l 
Initial Accuracy e = 0.1 I'F 0.5 1.5 0.75 
Drift with Temperature 30 100 SO 
Drift with Supply Voltage 0.15 0.2 0.1 

Astable Mode 
RA = RB = 2.0 kUto 100 k!l 
C = 0.01 I'F 
Initial Accura~y 1.5 2.25 
Drift with Temperature 90 ISO 
Drift with SupplV Voltage 0.15 0.3 

Threshold Voltage Vth 2/3 2/3 

Trigger Voltage VT 
Vee=15V 4.8 5.0 5.2 S.O 

Vee = 5.0 V 1.45 1.67 ' 1.9 1.67 

Trigger Current IT 0.5 0.5 

Reset Voltage VR 0.4 0.7 1.0 0.4 0.7 1.0 

Reset Current IR 0.1 0.1 

Threshold Current (Note 3) Ith 0.03 0.1 0.03 0.1 

Control Voltage Level VeL 
Vee = 15 V 9.6 10 10.4 9.0 10 11 
Vee = 5.0 V 2.9 3.33 3.8 2.6 3.33 4.0 

Output Voltage Low VOL 
(Vee = 15 V) 
Isink = 10mA . 0.1 0.15 0.1 0.25 
Isink = SOmA 0.4 0,5 0.4 0.75 

Isink = 100 mA 2.0 2.25 2.0 2.75 

Isink = 200 mA 2.5 2.5 
(Vec= 5.0V) 
Isink = 8.0 mA 0.1 0.25 

Isink = 5.0 mA 0.25 0.35 

Output Voltage High VOH 
"source ~ 200 mAl 
Vee = 15V 12.5 12.5 

(lsource ~ 100 rnA) 
Vee = 15 V 13 13.3 12.75 13.3 

Vee = 5.0 V 3.0 3.3 2.75 3.3 

Toggle Rate (Figures 17, 19) 
RA = 3.3 k!l, RS = 6.S k!l, e = 0.0031'F 100 100 

Discharge Leakage Current Idis 20 100 20 100 

Rise Time of Output tOl_H 100 100 . 

Fall Time of Output tOHL 100 100 

Match"ing Characteristics Bet\Neen Sections 

(Monostable) 
Initial Timing Accuracv 0.05 0.1 0.1 0.2 
Timing Drift with Temperature ±10 ±10 
Drift with SupplV Voltage 0.1 0.2 0.2 0.5 

NOTES: 1. SupplV current when output is high is typicallv 2.0. rnA less. 3. ThIS will determine the maximum value of RA + RS for 
2. Tested at Vee = 5.0 V and Vee = 15 V. 15 V operation. The maximum total R = 20 megohms. 
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FIG,URE 4 - TRIGGER PULSE WIDTH 
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TYPICAL C'HARACTERISTICS 
IT A = +250 C unless otherwise noted.) 

FIGURE 5 - SUPPLY CURRENT 
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FIGURE 6 - HIGH OUTPUT VOLTAGE 
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FIGURE 13 - 1/2 REPRESENTATIVE 
CI RCUIT SCHEMATIC 
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GENERAL OPERATION 

The MC3556 is a dual timing circuit which uses as its 
timing elements an external resistor - capacitor network. It can 
be used in both the monostable (one-shot) and astable modes 
with frequency and duty cycle controlled by the capacitor and 
resistor values. While the timing is dependent upon the external 
passive components, the monolithic circuit provides the starting 
circuit, voltage comparison and other functions needed for a com
plete timing circuit. Internal to the integrated circuit are two 
comparators, one for the input signal and the other for capacitor 
voltage; also a flip-flop and digital output are included. The com
parator reference voltages are always a fixed ratio of the supply 
voltage thus providing output timing independent of supply voltage. 

Monostabll! Mode 
In the monostable mode, a capacitor and a single resistor are 

used for the timing network. Both the threshold terminal and the 
discharge transistor terminal are connected together in this mode, 
refer to circuit Figure 14. When the input voltage to the trigger 
comparator falls below 1/3 Vce the comparator output triggers 
t.he flip.flop so that it's output sets'low, This turns the capaCitor 
discharge transistor "off" al')d drives the digital output to the high 
state. This condition allows the capacitor to charge at an ex
ponential rate which is set by the RC time constant. When the 
capacitor voltage reaches 2/3 Vee the threshold comparator resets 
the flip-flop. This action discharges the timing capacitor and re
turns the digital output to the low state. Once the flip-flop has 
been triggered by an input signal, it cannot be retriggered untU 
the present timing period has been completed. The time that the 
output is high is given by the equation t = 1.1 RA e. Various 
combinations of Rand C and their associated times are shown in 
Figure 16. The trigger pulse width must be, less than the timing 
period. 

8·137 

A reset pin is provided to discharge the capacitor thus inter· 
rupting the timing cycle. As long as the reset pin is low, the capaci
tor discharge transistor is turned "on" and prevents the capacitor 
from charging. While the reset voltage is applied the digital output 
will remain the same. The reset pin should be tied to the supply 
voltage when not in use. 

FIGURE 14 - MONOSTABLE CIRCUIT 
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1/2·MC3456 

Gnd 

Vee 
Discharge 

Control 

0.01 IlF I Voltage 
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MC3456, Me3.556 

GENERAL OPERATION (continued) 

FIGURE 15 - MONOSTABLE WAVEFORMS 

Input Voltage 5 0 V/cm 

t· 50 jJ.s!cm 
(RA = 10 kn. C = 0.01 /IF. RL = 1.0 kn • VCC = 15 V) 

FIGURE 16 - TIME DELAY 

100 

/ L L 
10 / / / / 

/ / / /~ 
u.. 
.3 
w 1.0 t.> 
Z « 
l-
t:; 

~ 0.1 
~ 
<.; 

0.01 

1/ / / / / 
, ... ;L:. f-'~~ ... ~ -,~ 2~o/ 

L 2· ~ L' 
1/ / V / / 

/ / 1/ / / 
LI V / / 

0.001 / )/ / / 

L 

/ 

:, 
~RL 
I 
I 
I 
I 
I 
I 
I 
I 

Output I 

I 

~ 

,f.RL 

FIGURE 17 - ASTASLE CIRCUIT 

+VCC(5 to 15 V) 

Output 

Reset VCC 

1/2·MC3556 
1/2·MC3456 

Gnd -=-

Discharge 

3 Control 

FIGURE 18 - ASTABLE WAVEFORMS 

10l's 1001's 1.0 ms 10 ms 100 ms 1.0 10 100 
td. TIME DELAY (s) 

Astable Mode 

In the astable mode the timer is connected so that it will 
retrigger itself and cause the capacitor voltage to oscillate between 
1/3 Vee and 2/3 Vee. See Figure 17. 

The external capacitor charges to 2/3 Vee through RA and RB 
and discharges to 1/3 Vee through RB' By varying the ratio of 
these resistors the duty cycle can be varied. The charge and 
discharge times are independent of the supply voltage. 

The charge time (output, high) is given by: q = 0.69.5 (RA +RS) e 

The discharge time (output lowl by: t2 = 0.695 (RSI e 

Tllusthe total period is given by: T = tl + t2 = 0.695 (RA+2RS) C 

. .. 1 1.44 
The frequency of osclllat~on IS then: f = T = (RA +2RS) e 

and may be easily found as shown in Figure 19. 

The duty cycle is given by: De = ~ 
. RA+2RS 

To obtain the maximum duty ·cycle RA must be as small as 
possible; but it must also be large enough to limit the .discharge 
current (pin 7 current) within the maximum rating of the discharge 
transistor 1200 rnA). 

The minimum value of RA is given by: 
:;;, Vee (Vdcl :;;; Vee (Vdc) 

RA~17iAI ~~ 

t = 20 /ls/cm 

IRA = 5.1 kn.C =0.01 /IF. RL =1.0kn: 
RS = 3.9 kn. VCC = 15 VI 

FIGURE 19 - FREE·RUNNING FREQUENCY 

100~---'~---r~--r----~---r----'----~ 

u.. 
.'3 
I.1J 

~ 1.0~-.~~~-P~~~~~~~~~---4-----4 

;:: 
u 
~ ;3 0.1 r---~~---p~--~~--.p..:---I~--~-----4 

<.:i 

0.001 L--__ -..I. ____ -L ____ "O' __ .Doo..._--J~ __ __L~-_:_' 

0.1 1.0 
f. FREE-RUNNING FREQUENCY (Hz) 
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MC3456, MC3556 

APPLICATIONS INFORMATION 

TONE BURST GENERATOR 

For a tone burst generator the first timer is used as a 
monostable and determines the tone duration when trig
gered by a positive pulse at Pin 6. The second timer i,s 
enabled by the high output of the monostable .. It is con
nected as· an astable and determines the frequency of 
the tone. 

DUAL ASTABLE MUL TIVIBRATOR 
This dual astable multilli brator provides versatility not 

available with single timer circuits. The duty cycle can be 
adjusted from 5% to 95%. The two outputs provide two 
phase clock signals often required in digital systems. It 
can also be inhibited by use of either reset terminal. 

FIGURE 20 - TONE BURST GENERATOR 

+15 V 

RT 
4 VCC 14 VCC RA 

13 Discharge 
Trigger 5 Output 

RS 
12 Threshold 

Trigger 
6 Reset 10 

1 1/2 MC3556 1/2 MC3556 
Discharge 3 9 8 Trigger 

2 Out- Control 

C2 
Thres- put 

C1· hold 

Gnd 

t = 1.1 RT C1 
f = 1.44 

(RA + 2RS) C 

FIGURE 21 - DUAL ASTABLE MULTIVIBRATOR 

+15 V 

Reset 4 
Thres- 10 k 1N914 1N914 10 k 10 Reset 

R·1, 
hold 

R2 
Thres-

2 9 hold 

Output Output 
1/2 MC3556 

6 0.001 8 

Trigger !rigger 

C1 
Control 
Voltage 3 Gnd 11 C2 

Output 

'i'- l' 
I I I I I 

Gnd 

f = (R~·:~2) C for C1 = C2 Duty Cycle R 1~2R2 
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MC3456, MC3556 

APPLICATIONS INFORMATION (continued) 

Pulse Width Modulation 

If the timer is triggered with a continuous pulse trai", in the 
monostable mode of operation, the charge time of the capacitpr 
can be varied by changing the co ntrol voltage at pin 3. I n this 
manner, the output pulse width can be modulated by applying 
a modulating signal that controls the threshold voltage. 

FIGURE 22 

+ VCC (5 to 15 V) 

Ri.. 
Resetf= 

RA 

- Out~t Discharge 

Output 

± 
1/2·MC3556 Threshold 
1/2·MC3456 "-

Trigger Control 

C 

Clock Modulatio 
Input 

GndC 
Input 

_ .... 

FIGURE 23 - PULSE WIDTH MODULATION WAVEFORMS 
(RA = 10 kn, e .. 0.02/lF, Vee" 1.5 V) , 

ModlJlutlon Input Voltaqe 50 V (Ill 

t = 0,5 ms/cm 

Test Sequences 

Several timers can be connected to drive each other for sequen
tial timing. An example is shown in Figure 24where the sequence 
is started by triggering the first timer which runs for 10 ms.' The 
output then switches low momentarily and starts the second timer 
which runs for 50 I)1S and so forth. 

FIGURE 24 

Vce (5 to 15 V) 

9.1 k 27 k 9.1 k 27,k 50 k 
VCC Reset VCC Reset Vee Reset 

Thresh· Thresh- Thresh-
old O.Ol/lF old 0.01 J.lF old 0.01/l 

~ ~ ~ ~~I 
F 

~~ ~I~ 
1/2-MC3556 ~ 1/2-MC3556 ~ 1/2-MC3556 -= 

~ 
1/2-MC3456 1/2-MC3456 1/2-MC3456 

Output 
If 

Trigger Output 
JL 

Trigger Output 

~ " ~ 
O.OOl/lF O.OOl/lF 

charge 
Trigger Gnd C Gnd Gnd ro., 

C '"'= 

1'0" 
'"'= 

TO.' 
-= Load Load Load 
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, ORDERING INFORMATION 

Alternate 
Temperature 

Range Package 

MLM565CP NE565A' Plastic DIP 

PHASE-LOCKED LOOP 

The MLM565C is designed for general-purpose phase-locked 
loop applications to 500 kHz. 

• Stable Center Frequency - 200 ppm/oC (Typ) 

• Flexible Power Supply Range -
±5 to ±.12 Volts with Small Frequency Drift - 1'00 ppm/% (Typ) 

• Low Total Harmonic Distortion of Demodulator Output 
- .1.5% (Max) 

• Linear Triangle Wave Output - 0.5% (Typ) 

• TTL, DTL Compatible Inputs and Outputs 

• Adjustable Hold In Range - ±1% to >±60%. 

MLM565C 

. PHASE-LOCKED LOOP 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

VCO 
Output 

Phase 
Comparator 5 
VCO Input 

Reference 
Output 

VCO 

Voltage 

FIGURE 1 - REPRESENTATIVE CIRCUIT SCHEMATIC 

7.2 k 

Input 

Phase Comparator 
5 

7.2 k 

200 

6 Reference 
Output 

1.75 
k 

200' 

8 9 
RO Co 

C~~~OI 7 
Voltage 

4 

3.6 k 

205 
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NC 

NC 

NC 

+VCC 

External 
Clor VCO 

External 
R lor VCO 

4.3 k 

200 
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MLM565C 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Supply Voltage Vee ±12 Vdc 

Power Dissipation (Package Limitation) Po 825 mW 

Derate above 250 C 6.6 mW/oC 

Operating Ambient Temperature Range TA o to +70 uc 
Storage Temperature Range Tstg ~5 to +150 Uc 

ELECTRICAL CHARACTERISTICS (Test Circuit Figure 2, T A = 250 C, VCC = ±6.0 Vdc unless otherwise noted.) 

Cha racteristic Min Typ Max 

Power Supply Current - 8.0 12.5 

Input Impedance (Pins 2, 3) - 5.0 -

-4.0 V < V2, V3 < 0 V 

Input Level Required for Tracking 10 - -
fo = 10 kHz, ±10% Frequency Deviation 

VCO Maximum Operating Frequency - 500 -
Co =2.7pF 

Operating Frequency Temperature Coefficient - 200 -

Frequency Drift with Supply Voltage 

Triangle Wave Ouptut Voltage 

Triangle Wave Output Linearity 

Square Wave Output Level 

VCO Output Impedance (Pin 4) 

Square Wave Duty Cycle 

Square Wave Rise Time 

Square Wave Fall Time 

Output Current Sink (Pin 4) 

VCO Sensitivity 

Demodulated Output Voltage (Pin 7) 
fo = 10 kHz, ±10% Frequency Deviation 

Total Harmonic Distortion 
fo = 10 kHz, ±10% Frequency Deviation 

Output Impedance (Pin 7) 

DC Output Voltage Level (Pin 7) 

Output Offset Voltage (Input = 0) 
/V7-V6/ 

Temperature Drift of /V7-V6/ 

AM Rejection 

Phase Detector Sensitivity KD 

0--7 
1.0 J.l.F 

ncy 
Input 

(Freque 
Modul 

Signa 
ated 
I) 

-6.0 V ~ 

600 

600~ 1 

2 

3 
4 

5 

~ r 
~ 

499 k 

- 200 -
2.0 2.4 3.0 

- 0.5 -
4.7 5.4 -

- 5.0 -
40 50 60 

- 20 -
- 50 -

0.6 1.0 -
- 6600 -

200 300 -

- 0.2 1.5 

- 3.5 -
4.0 4.5 5.0 

- 50 200 

- ·500 -
- 40 -
- 0.68 -

FIGURE 2 - TEST CIRCUIT SCHEMATIC 

+6.0 V 

U i 1O
IJ-

F ~ 5.0 k 

~ 
~ 

RO 

I 
499 k 

~ 
7.5 k 

~ 
Co ~~7 

9 I 
±0.0027 J.l.F 8 475 k MC1741 

0.001 J.l.F~:" 15 k -::- 9.09 k SCP 

T T 3 

V 4 

~0.05IJ-F1: 0.1 J.l.Ft 0.1 J.l.Fi 499 ki 
= 1 1O

IJ-
F

-::-

6 

Unit 

mA 

kS1 

mVrms 

kHz 

ppm/uC 

ppm/% 

Vp·p 

% 

Vp·p 

kS1 

% 

ns 

ns 

mA 

HzIV 

mVp·p 

% 

kS1 

V 

mV 

IJ-V/oC 

dB 

V/radian 

Triangle 
Wave 
Olitput 

Demo dulated 
ut Outp 

Offset Voltage 
) (V7-V6 

Squa re Wave 
ut Outp 
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MLM565C 

FIGURE 3 - POWER SUPPLY CHARACTERISTICS 
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FIGURE 5 - LOCK RANGE versus INPUT VOLTAGE 
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FIGURE 7 - LOCK RANGE 
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RELATIVE FREE RUNNING VCO FREQUENCY 

Circuit diagrams utili2ing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete .information sufficient for construction p'urposes is not 
necessarily given. The information has been carefully checked and 

FIGURE 4 - VCO CONVERSION GAIN 

2.0 Vee = ±6.0 V 

~ 1.67 

o 
~ 1.33 

o 
w 
N 

~ 1.0 

~ 
z 

0.67 
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./ 

/ 
./ 

./ 
/' 

/' 
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FIGURE 6 - OSCILLATOR OUTPUT WAVEFORMS 
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FIGURE 8 - AM REJECTION CHARACTERISTICS 
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is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 

It 
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MLM565C 

GENERAL APPLICATIONS' INFORMATION 

The following formulas are useful when designing with the 
MLM565.C: 

1. Cent~r Frequency - f :::::: __ 1 __ 
o 3 .. 7 ROCO 

Where: fo is the frequency of the VCO without input 
signal. For RO, Co circuit location see Figure 2. 

2. Loop Gain - KOKD~ 

Definitions: 
KO - VCO Conversion Gain - the conversion factor 

between VCO frequency and control voltage. 
KO = 4.12 fo (units are in radians/sec/volt) 

Example: for VCO Sensitivity @ 10 kHz (in, Hz/volt) 

K = 4.12 ~ 104 =6600 HzlVolt 
o 2rr radians 

KD -Phase Detector Gain Factor - the conversion 
factor betw.een the phase detector output voltage 
and the phase difference between input and 
VCO signals. Units are in volts/radian. 

K - 8.1. A 
D- VCC 

Where: 

Hence: 

A = f(R6 to R7) 

KD=~ [f(R6-R7)) 
VCC 

Where: Vce is total system supply voltage, 
f(R6-R7) is internal amplifier gain (See Fig
ure 9). VCC ,total supply voltage to the circuit. 

3. Lock Range _ f = + 'Sfo 
L -VCC 

Where: fL is the range of frequencies in the area 
of fo over which the VCO, once locked to the 
input signal, will remain locked. 

4. Capture Range - fo :::::: ± ~ J 2 rrfL 
2rr t 

Where: fc is that range of frequencies around 
to over which the loop will acquire lock with an 
input signal initially starting out of lock .. 

(T = lime Constant at Pin 7) 

FIGURE 9 - INTERNAL AMPLIFIER GAIN CHARACTERISTICS 
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Advance InforInation 

DIFFERENTIAL TWO-STAGE VIDEO AMPLIFIER 

The SE/NE592 is a monolithic, two-stage, differential output, 
wideband video amplifier. It offers fixed gains of 100 and 400 with
out external components and adjustable gains from 400 to 0 with 
one external resistor. The input stage has been designed to that with 
the addition of a few external reactive elements between the gain 
select terminals, the circuit can function as a high pass, low pass, or 
band pass filter. This feature makes the circuit ideal for use as a video 
or pulse amplifier in communications,' magnetic memories, display 
and video recorder systems. The 592 is a pin-for-pin replacement for 
the MC1733. 

• 120 Ml;lz Bandwidth 

• Adjustable Gains From 0 to 400 

• Adjustable Pass Band 

• No Frequency Compensation Required 

CIRCUIT SCHEMATIC 

Vcc 

Input 2 o---+--+--..., Output 1 

Input 1 
Output 2 

G1A 

G 1 B o---t--..... 
50 50 

G2A 

G2B o---t--..... 

400 

Thl, Is advance information and specifications are subject to change without notice. 
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NE592 
SE592 

VIDEO AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

Input 2 1 

,NC 

G2B 
Gain 3 

Select 

G1B 
Gain 4 

Select / 

G SUFFIX 
METAL PACKAGE 

CASE 603, 

Gl B Gain Select 

(top view) 

Pin 5 connected to case 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

G2A 
12 Gain 

Select 

G1A 
11 Gain 

Select 

Output 7 I-,......_.J Output 

2· 

(top view) 

ORDE'RING INFORMATION 

Temperature 
Device Range Package 

NE592L o to 70°C -Ceramic DIP 

NE592G o to iooc Metal Can 

SE592L -50 to +1250 C Ceramic DIP 

SE592G -55 to +1250 C Metal Can 

II 
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NE592, SE592 

MAXIMUM RATINGS (TA = +250 C unless otherwise noted) 

Rating Symbol Value Unit 

~ower Supply Voltage VCC +S.O Volts 
VEe -S.O 

Differential Input Voltages VID ±5.0 Volts 

Com mOD-Mode Input Voltage VIC ±6.0 Volts 

Output Current 10 10 mA 

Operating Ambient Temperature Range TA 
SE592 -55 to +125 °c 
NE592 o to +70 

Operating Junction Temperature Range TJ 175 °c 
Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = +6 0 V VEe = -6 0 V VCM = 0 TA = 250 C unless otherwise noted.) 

Characteristic Symbol 

Differential Voltage Gain 
(Gain 1, RL = 2 kn Note 1) AVd 
(Gain 2, Vout = 3 Vp-p Note 2) 

Bandwidth BW 

(Gain 1, Note 1) 
(Gain 1, Note 2) 

Rise Time 
(Gain 1, Vo = 1 Vp-p, Note 1) } 

tTLH 
(Gain 2, Vo = 1 Vp-p, Note 2) tTHL 

Propagation Delay 
(Gain 1, Vo = 1 Vp-p, Note 1) tPLH 
(Gain 2, Vo = 1 Vp-p, Note 2) tpHL 

Input Resistance Rin 
(Gain 1, Note 1) 
(Gain 2, Note 2) 

Input Capacitance 
(Gain 2, Note 2) Cin 

Input Offset Current 110 

Input Bias Current liB 
Input Noise Voltage Vn 

(BW = 1 kHz to 10 MHz) 

Input Voltage Range Vin 
Common-Mode Rejection Ratio CMRR 

(Gain 2, VCM = ± 1 V, f ~ 100 kHz) 
(Gain 2, VCM= ±1 V, f = 5 MHz) 

Supply Voltage Rejection Ratio PSRR 
(Gain 2, A V s = ±0.5 V) 

Output Offset Voltage Voo 
(Gain 3, RL = 00 , Note 3) 

Output Common-Mode Voltage VCMO 
(RL = 00) 

Output Voltage Swing Vo 
(RL = 2k) 

Output Resistance ro 
Power Supply Current 10 

(RL = 00) 

Note 1. Gain select pins G 1 A and G 1 B connected together. 

Note 2. Gain select pins G2A and G2B connected together. 

Note 3. All gain select pins open. 

Min 

300 
90 

-
-

-
-
-
-
-
20 

-

-

-

-

+1.0 

60 
-

50 

-

2.4 

3.0 

-

-

SE592 NE592 

Typ Max Min Typ 

400 500 250 400 
100 110 SO 100 

40 - - 40 
90 - - 90 

to.5 - .- 10.5 
4.5 10 - 4.5 

7.5 - - 7.5 
6.0 10 - 6.0 

4.0 - - 4.0 
30 - 10 30 

2.0 - - 2.0 

0.4 3.0 - 0.4 

9.0 20 - 9.0 

12 - - 12 

- - +1.0 -

86 - 60 86 
60 - - 60 

70 - 50 70 

0.35 0.75 - 0.35 

2.9 3.4 2.4 2.9 

4.0 - .... 3.0 4.0 

20 - - 20 

lS 24 - 18 

® MOTOROLA Semiconductor Product. Inc. 
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Max Units 

V/V 
600 
120 

MHz 

-
-

ns 
-
12 

ns 
-
10 

kn 
-
-

- pF 

5.0 /loA 

30 /loA 

- /IoV(rms) 

- V 

dB 
-
-

dB 
-

V 
0.75 

V 
3.4 

Vp-p 
-
- n 

mA 
24 



NE592, SE592 

GENERAL TEST CIRCUITS 

0.2/l,F 

51 

1 k 1 k 

THERMAL INFORMATION 

The maximum power consumption an integrated cir
cuit can tolerate at a given operating ambient temperature, 
can be found from the equation: 

TJ(max) - TA 
PD(TA) = ROJA(Typ) 

Where: PD(T A) = Power Dissipation allowable at a given 

operating ambient temperature. This must be greater than 

the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

TJ(max) = Maximum Operating Junction Temperature 
as listed in the Maximum Ratings Section 

T A = Maximum Desired Operating Ambient 
Temperature 

ROJA(Typ) = Typical Thermal Resistance Junction to 
Ambient 

® MOTOROLA Sernlconduc'for-Produc'fs'nc. 
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CASE OUTLINE DIMENSIONS 
The packaging availability for each device type is indicated on the .individual data sheets 

and the Selector Guide. All of the outline dimensions for the packages are given in this 
section. Outline dimensions for non-encapsulated standard linear device chips and flip-chip 
devices are found in the Chips Data Book. 

The maximum power consumption an integrated circuit can tolerate at a given operating 
ambient temperature can be found from the equation: 

where: PD(T A) 

TJ(max) = 

TA = 
ROJA(Typ) = 

CASE 11 (TO-3) 
Metal Package 

TJ(max) - TA 
PD(TA) = ROJA(Typ) 

Power Dissipation allowable at a given operating .ambient temperature. 
This must be greater than the sum of the products of the supply voltages 
and supply currents at the worst case operating condition. 
Maximum Operating Junction Temperature as listed in the Maximum 
Ratings Section. See individual data sheets for T J(max) information. 
Maximum Desired Operating Ambient Temperature 
Typical Thermal Resistance Junction to Ambient 

ROJA = 450 C/W(Typ) 
ROJC = 5.50 C/W(Typ) lr~ ~, 

CASE 29 (T0-92) 
Plastic Transistor 
ROJA = 2000 C/W 

ESEATIN(~ i 
PLANE 

MB A 

l-t~~· SEATING T, --- , H, 
PLANE F L 

.---l K 

! 

9-2 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
N 
p 
R 
S 

MILLIMETERS 
DIM MIN MAX 

A - 39.37 
B - 21.08 
C 6.35 7.62 
D 0.99 1.09 
E - 3.43 
F 29.90 30.40 
G 10.67 11.18 
H 5.33 5.59 
J 16.64 17.15 
K 11.18 12.19 
Q 3.84 4.09 
R - 26.67 

MILLIMETERS 
MIN MAX 
4.32 5.33 
4.44 5.21 
3.18 4.19 
0.41 0.56 
0.41 0.48 
1.14 1.40 

2.54 
2.41 2.67 

12.70 
6.35 -
2.03 2.92 
2.92 -
3.43 -
0.36 0.41 

INCHES 
MIN MAX 

- 1.550 
- 0.830 

0.250 0.300 
0.039 0.043 
- 0.135 

1.177 1.197 
0.420 0.440 
0.210 0.220 
0.655 0.675 
0.440 0.480 
0.151 0.161 
- 1.050 

INCHES 
MIN MAX 

0.170 0.210 
0.175 0.205 
0.125 0.165 
0.016 0.022 
0.016 0.019 
0.045 0.055 
- 0.100 

0.095 0.105 
O.!iIIII 
0.250 -
O.OBO 0.11S. 
0.115 -
0.135 
0.014 0.016 



CASE 79 (TO-39) 
Metal Package 

ROJA = 1850 C/W(Typ) 

CASE 199 
Plastic Package 

ROJA = 65 0 C/W 
ROJC = 5.00 C/W 

CASE 313 (TO-220 Type) 
Plastic Power 
ROJA = 650 C/W (Typ) 

1. DIM "G" IS TO CENTER LINE OF LEADS. 
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MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 8.89 9.40 0.350 0.370 
B 8.00 8.51 0.315 0.335 
C 6.10 6.60 0.240 0.260 
D 0.406 0.533 0.016 0.021 
E 0.229 3.18 0.009 0.125 
F 0.406 0.483 0.016 0.019 
G 4.83 5.33 0.190 0.210 
H 0.711 0.864 0.028 0.034 
J 0.737 1.02 0.029 0.040 
K 12.70 - 0.500 -
L 6.35 - 0.250 -
M 450 NOM 450 NOM 
P - I 1.27 - 0.050 
Q 900 NOM 900 NOM 
R 2.54 I - 0.100 -

All JEDEC dimensionsand notes apply. 

MIlliMETERS INCHES 
DIM MIN MAX MIN MAX 

A 16.08 16.33 0.633 0.643 
B 12.57 12.83 0.495 0.505 
C 3.18 3.43 0.125 0.135 
D 0.51 0.76 0.020 0.030 
F 3.61 3.86 0.142 0.152 
G 2.54 BSC 0.100 sse 
H 2.S7 2.92 0.105 0.115 
J 0.43 I 0.69 0.017 I 0.027 
K 14.73 .114.99 0.580 I 0.590 
L 2.16 I 2.41 0.08510.095 
M 30 TYP 3° TYP 
N 1.47 1.13 0.058 0.068 
Q 4.78 5.03 0.188 0.198 
R 1.91 2.16 0.075 0.085 
S 0.81 0.86 0.032 0.034 
T 6.99 7.24 0.275 0.285 
U 6.22 6.48 0.245 0.255 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 15.49 15.88 0.610 0.625 
B 9.65 10.67 0.380 0.420 
C 4.06 4.83 0.160 0.190 
11 0.51 1.02 0.020 0.040 
G 2.29 2.79 0.090 0.110 
J 0.38 0.64 0.Dl5 0.025 
K 12.70 - 0.500 -
l 2.03 2.92 0.080 0.115 
Q 3.53 3.73 0.139 U.141 
R 0.89 1.40 0.035 0.055 • R 9.02 9.40 0.355 0.370 
S 2.54 3.05 0.100 0.120 
T 9.02 9.39 0.355 0.370 



• 

CASE 601 
Metal PaCka~e C/W(TYP)I 
Ae.JA = 160 

CASE 6038 
Metal Can 0 C/W 
AOJA = 160 

. 603C (TO-100 Type) 
CASE 0 0 C/W(Typ) 
AeJA = 15 



CASE 606 (T0-91) 
Ceramic Package 
R8JA = 1650 C/W(Typ) 

NOTF: 
1. LEADS WITHIN 0.25 mm (0.010) 

TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION 
(AT BODY) 

CASE 607 (T0-86 Type) 
Ceramic Package 
R8JA = 1650 C/W(Typ) 

fR -Ir--R 

1 
8 

L I 
I 

fo : 

l : t 14 __ 

C 

CASE 614 (l0-66 Type) 
Metal Package 
R8JA-= 35° C/W(Typ) 
R8JC = 6° C/W(Typ) 
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3 I A 
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MILLIMETERS INCHES 
DIM ,MIN MAX MIN MAX 

A 6.10 7.36 0.240 0.290 
B 6.10 6.60 0.240 0.260 
C 0.762 1.77 0.030 0.070 
D 0.254 0.482 0.010 0.019 
F 0.077 . 0.152 0.003 0.006 
G 1.15 1.39 0.045 0.055 
H 0 .. 127 0.889 0.005 0.035 
K 1.78 - 0.070 -
R - 0.381 - 0.015 

All JEOEC dimensions and notes apply 

MILLIMETERS INCHES 
DIM MIN MAX, MIN MAX 
A 6.10 6.60 0.240 0.260 
C 0.76 1.78 0.030 0.070 
0 0.33 0.48 0.013 0.D19 
F 0.08 0.15 0.003 0.006 
G 1.27 BSC .0.050 sse 
H 0.30 0.89 0.012 0.035 
J 0.38 - 0.015 
K 6.35 9.40 0.250 0.370 
L 18.80 - 0.740 -
N 0.25 - 0.010 
R - 0.38 - 0.015 
S 7.62 8.38 0.300 0.330 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A - 31.80 - 1.252 
'B 11.94 12.70 0.470 0.500 
C 6.35 8.64 0.250 0.340 
0 0.71 0.81 0.028 0.032 
E 1.27 1.90 0.050 0.075 
F 36° Bse 360 Bse 
G 8.26 BSe 0.325 Bse 
H 24.33 24.43 0.958 0.962 
J 12.17 12.22 0.479 0.481 • K 9.14 0.360 
P 1.40 BSe 0.055 BSe 
Q 3.61 3.86 0.142 I 0.152 
R - 17.78 - 0:700 



CASE 620 
Ceramic Package 
ReJA '= 1000 CIW(Typ) 

CASE 623 
Ceramic Package 
ReJA = 530 C/W(Typ) 

CASE 626 
Plastic Package 
ReJA = 1000 C/W(Typ) 

• 
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MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 19.05 19.81 0.750 0.780 
B 6.22 6.98 0.245 0.275 
C 4.06 5.08 0.160 0.200 
0 0.38 0.51 0.015 0.020 
F 1.40 1.65 0.055 0.065 
G 2.54 BSe 0.100 BSC 
H 0.51 1.14 0.020 0.045 
J 0.20 0.31 0.008 0.012 
K 3.18 0.30 0.125 0.160 
l 7.37 7.87 0.2911 0.310 
M - 15° - 15° 
N 0.51 1.02 0.020 0.040 

NOTES: 
1 LEADS WITHIN 0.13 mm (0.005) RADIUS 

OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION' 
PKG. INDEX: NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT' 
DIM "L" TO CENTER OF LEADS 
WHEN FORMED PARALLEL' 

NOTES: 

NOTES: 

1. DIM "L"TO CENTER OF 
LEADS WHEN FORMED 
PARAllEl. 

2. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 
(WHEN FORMED PARA~LEL) 

1. LEADS WITHIN 0.13 mm (0.005) 
RADIUS OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIM "L" TO CENTER OF 
LEAOSWHEN FORMEO PARALLEL. 

DIM 

A 
B 
C 
0 
F 
G 
J 
K 
l 
M 
N 

DIM 

A 
B 
C 
D 
F 
G 
H 
J 
K 
l 
M 
N 
P 
Q 

MILLIMETERS 
MIN MAX 

31.24 32.26 
12.70 13.72 
4.06 5.59 
0.41 0.51 
1.27 1.52 

2.54 BSC 
0.20 I 0.30 
3.18 I 4.06 

15.24 sse 
5° 15° 
0.51 I 1.27 

MilliMETERS 
MIN MAX 

9.40 10.16 
6.10 6.60 
3.94 4.45 
0.38 0.51 
1.02 1.52 

2.54 sse 
0.76 1.27 
0.20 0.30 
2.92 3.43 
7.37 7.87 
- 10° 

0.51 0.76 
0.13 0.38 
0.76 1.02 

INCHES 
MIN MAX 

1.230 1.270 
0.500 0.540 
0.160 0.220 
0.016 0.020 
0.050 0.060 

0.100 BSC 
0.008 0.012 
0.125 0.160 

0.600 SSC 
5° 15° 

0.020 0.050 

INCHES 
MIN MAX 

0.370 0.400 
0.240 0.260 
0.155 0.175 
0.015 0.020 
0.040 0.060 

0.1008Se 
0.030 0.050 
0.008 0.012 
0.115 0.135 
0.290 0.310 
- 10° 

0.020 0.030 
0.005 0.015 
0.030 0.040 



CASE 632 (TO-llS) 
Ceramic Package 

AOJA == 100° C/W(Typ) 

CASE 646 
Plastic Package 
ROJA = 100° C/W(Typ) 

NOTES: 
1. LEAOSWITHINO.13mm 

(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 

CASE 647 
Plastic Package 

ROJA = 100° C/W(TVp) 

NOTE: 
I. LEADS WITHIN 0.13 mm (0.0051 

RADIUS OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION 

6.::::m 
~~ ",,\,qK J' 

-l G f- -II-~SEATING M L 
PLANE 
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MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 16.8 19.9 0.660 0.785 
B 5.59 7.11 0.220 0.280 
C - 5.08 0.200 
D 0.381 0.584 0.015 0.023 
F 0.77 1.77 0.030 0.070 
G 2.54 sse 0.100Bse 
J 0.203' 0.381 0.008 0.015 
K 2.54 ~ - 0.100 I 
L 7.62 sse 0.300 Bse 
M - 15° - , 150 . 

N 0.51 0.76 0.020 0.030 
P - 8.25 - J 0.325 

All JEDEC dimensions and notes apply. 

DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 

MilliMETERS INCHES 
DIM MIN MAX MIN MAX 

A 18.16 18.80 0.715 0.740 
B 6.ID 6.60 0.240 0.260 
e 4.06 4.57 0.160 0.180 
D 0.38 0.51 0.015 0.020 
F 1.02 1.52 0.040 0.060 
G 2.54 sse 0.100 sse 
H 1.32 1.83 0.052 0.072 
J 0.20 0.30 0.008 0.012 
K 2.92 3.43 0.115 0.135 
L 7.37 7.87 0.290 0.310 
M - toO - 10° 
N 0.51 1.02 0.020 0.040 
P 0.13 0.38 0.005 0.015 
Q 0.51 0.76 0.020 0.030 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 18.16 18.80 0.715 0.740 
B 6.10 6.60 0.240 0.260 
C 3.30 3.81 0.130 0.150 
0 0.38 0.51 0.015 0.020 
F 1.02 1.52 0.040 0.060 
G 2.548SC 0.100 SSC 
H 1.32 1.83 0.052 0.072 
J 0.20 0.30 0.008 0.012 
K 2.19 4.06 0.110 0.0160 
L 9.52 10.92 0.375 0.430 
N 1.02 1.52 0.040 0.060 
P 0.13 0.38 0.005 0.015 
a 0.51 0.76 0.020 0.030 
R 4.10 5.91 0.185 0.235 
S 2.54 3.43 0.100 0.135 • 



• 

CASE 648 
Plastic Package 

RaJA = 1000 C/W(Typ) 

CASE 649 
Plastic Package 

ROJA = 900 C/W(Typ) 

PJI ~ ["If] r"! '" 
2' 

Q 

I 
'3~ 

B 

~,o """""""''''''''''''''''...-rT"T"TT"rTi=''2 U 
~H~ 
~-ic 

~ --lG ~ SEATING 
PLANE 

CASE 650 
Ceram ic Package 

RaJA = 1400 C/W(typ). 

, 9 B I 

r 
t 

L _~ A 
G 

I -] ~ 
(I. 

I 

' 16 l' 

-1 N 

~" ,BIK, 
I I J. 

ftc J 

MILLIMETERS INCHES 
DIM 

A 
B 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 
P 
Q 

NOTE: 
1. OIM "L" TO CENTER OF LEAOS 

WHEN FORMED PARALLEL. 

MIN MAX 

20.70 21.34 
6.10 6.60 

·4.06 4.57 
0.38 0.51 
1.02 1.52 

2.54 BSC 
1.32 1.83 
0.20 0.30 
2.92 3.43 
7.37 7.87 
- 100 

0.51 1.02 
0.13 0:38 
0.51 0.76 

MILLIMETERS 

MIN MAX 

0.815 0.840 
0.240 0.260 
0.160 0.180 
0.015 0.020 
0.040 0.060 

0.100 BSC 
0.052 0.072 
0.008 0.012 
0.115 0.135 
0.290 0.310 

- 100 

0.020 0.040 
0.005 0.015 
0.020 0.030 

INCHES 

' ..... (! 

DIM MIN MAX MIN MAX 

i i 
.~ . 

A 
8 

I ' 

C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

• P 

NOTES: 
1. LEADS WITHIN 0.13 mm(0.005) 

RADIUS OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

Q 

2. DIMENSION ··L"TD CENTER OF 
LEAD.S WHEN FORMED PARALLEL. 

31.50 32.13 1.240 1.265 
13.21 13.72 0.520 0.540 
4.70 5.21 0.185 0.205 
0.38 0.51 0.015 0.020 
1.02 1.52 0.040 0.060 

2.54 BSC 0.100BSC 
1.65 2.16 0.065 0.OB5 
0.20 0.30 0.008 0.012 
2.92 3.43 0.115 0.135 

14.99 15.49 0.590 0.610 
- 100 - 100 

0.51 1.02 0.020 0.040 
0.13 0.38 0.005 0.015 
0.51 0.76 0.020 0.030 

MILLIMETERS INCHES 

NOTES: 
1. LEAO NO. 110ENTIFIEO BY TAB 

ON LEAO OR DOT ON COVER. 

2. LEADS WITHIN 0.13 mm (0.005) 
TOTAL OF TRUE POSITION AT 
MAXIMUM MATERI~L CONOITION. 

9·8 

DIM MIN MAX MIN MAX 

9.40 10.16 0.370 D.400 
6.22 6.60 0.245 0.260 
1.52 2.03 0.060 0.080 

6.35 9.40 0.250 0.370 
18.92 0.745 

0.51 0.02 
0.38 0.015 



CASE 690 
Ceramic Package 

ROJA;;' 100° C/W(Typ) 

CASE 693 
Ceramic Package 

ROJA = 100° C/W(Typ) 

~A-I 

O
'5~ 

B 

1 4 ---1 
~, ... r.=':::j 

"'~'AI Ki± ~c T I 

",~,>--o\r· -f,--, .11-" 
:J: [' ~ SEATING PLANE 

CASE 701 
Plastic Package 

ROJA = 100° C/W(Typ) 

MILLIMETERS 
DIM MIN IMAX 
A 18.80 19.13 
C 2.67 3.94 
0 0.41 0.51 

~. 1.14 1.40 
G 2.54SSC 
H 0.51 0.71 
J 0.20 0.31 
K 3.56 4.83 
L 7.62 sse 
M - 10° 
N 0.64 1.14 

NOTE 
1. LEADS WITHIN 0.13 mm 10.005) RADIUS 

OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 

NOTES: 
1. LEADS WITHIN 0.13 mm 10.005) 

RAD OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO CENTER 
OF lEADS WHEN FORMED 
PARALLEL. 

NOTES: 
1. LEADS WITHIN 0.13 mm 

(0.005) RADIUM OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION 
101M "G"). 

2. DIMENSION "L" TO CENTER 
OF LEADS WHEN FORMED 
PARALLEL. 

MILLIMETERS 
DIM MIN MAX 

A 9.91 10.91 
B 6.22 6.99 
C 4.32 5.08 
0 0.41 0.51 
F 1.40 1.65 
G 2.54 SSC 
H 1.14 1.65 
J 0.20 0.30 
K 3.18 4.06 
L 7.37 7.87 
M 15° 
N 0.51 1.01 

MILLIMETERS 
DIM MIN MAX 

A 23.11 23.88 
B 6.10 6.60 
C 4.06 4.57 
D 0.38 0.51 
F 1.02 1.52 
G .' 2.5 Bse 
H 1.32 1.83 
J 0.20 0.30 
K 2.92 3.43 
L 7.37 7.87 
M 0° 10° 
N 0.51 1.02 

INCHES 
MIN MAX 

0.740 0.757 
0.105 0.155 
0.016 0.020 
0.045 0.055 

0.100 SSC 
0.020 0.028 
0.008 0.012 
0.140 0.190 

0.300 SSC 
10° 

0.025 0.045 

INCHES 
MIN MAX 

0.390 0.430 
0.245 0.275 
0.170 0.200 
0.016 0.020 
0.055 0.065 

0.100 asc. 
0.045 0.065 
0.008 0.012 
0.125 0.160 
0.290 0.310 

150 

0.020 0.040 

INCHES 
MIN MAX 

0.910 0.940 
0.240 0.260 
0.160 0.180 
0.015 0.020 
0.040 0.060 

0.100 Bse 
0.052 0.072 
0.008 0.012 
0.115 0.135 
0.290 0.310 

0° 10° 
0.020 0.040 
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CASE 722 
Plastic Package 

ROJA = 600 C/W(Typ) 

CASE 722A 
Plastic Package 
ROJA = 600 C/W(Typ) 

CASE 724 
Plastic Package 

ROJA = 1000 C/W(Typ) 

CASE 726 
Ceramic Package 

ROJA'"" 1000 C/VV(Typ) 

~J 
LpJ 
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MILLIlviETERS INCHES 
DIM MIN MAX MIN MAX 
A 20.70 21.34 0.815 0.840 
B 6:10 6.60 0.240 0.260 
C 4.06 4.57 0.160 0.180 
D 0.4.3 0,56 0.017 0.022 
F 1.02· 1.52 0.040 0.060 
G 2.41 2.67 0.095 0.105 
H 1.32 1.83 0.052 0.072 
J 0.33 0.46 0.013 0.018 
K 2.92 3.43 0.115 0.135 
L 25.15 27.94 0.990 1.100 
N 0.51 1.02 0.020 0.040 
P 6.27 6.53 0.247 0.257 
Q 3.48 3.73 0.137 0.147 
R 4.83 5.33 0.190 0.210 
S 9.91 10.41 0.390 0.410 
T 16.26 16.76 0.640 0.660 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 20.70 21.34 0.815 0.840 
B 6.10 6.60 0.240 0.260 
C 4.D6 4.57 0.160 0.180 
D D.43 0.56 0.017 0.022 
F 1.02 1.52 0.040 0.060 
G 2.41 2.67 0.095 0.105 
H 1.32 1.83 0.052 0.072 
J 0.33 0.46 0.0.13 0.Dl8 
K 2.92 3.43 0.115 0.135 
L 16.94 17.45 0.667 0.687 
N 0.51 1.02 0.020 0.040 
P 6.27 6.53 0.247 0.257 
R 4.83 5.33 0.190 0.210 
S 9.91 10.41 0.390 0.410 

MIlliMETERS INCHES 
DIM MIN MAX MIN MAX 

A 31.24 32.13 1.230 1.265 
a 6.10 6.60 0.240 0.260 
C 4.06 4.57 0.160 0.180 

~ ~ 
0.015 0.020 

~ ~ 0.040 0.060 

+. 2.54 0.100 sse 
H f-t.6O 2.11 0.063 0.083 
J 0.18 0.30 0.007 0.012 
K 2.92 3.43 0.115 0.135 
L 7.37 7.87 0.290 0.310 
M 100 10° 
N 0.51 1.02 0.020 0.040 

NOTE: 

NOTES: 
1. LEADS, TRUE POSITIONED 

WITHIN 0.25 mm (0.010) DIA. 
AT SEATING PLANE,AT 
MAXIMUM MATERIAL 
CONDITION. 

2. OIM "L" TO CENTER OF • 
LEADS WHEN FORMED 
PARALLEL. 

3. DIM "A" & "S"INCLUDES 
MENISCUS. 

1. LEADS, TRUE POSITIONED WITHIN 
0.25 mm (0.010) OIA AT SEATING 
PLANE AT MAXIMUM MATERIAL 
CONOITION (DIM D): 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 22.35 23.11 0.880 0.910 
a 6.63 • 7.24 0.261 0.285 
C - 5.08 - 0.200 
D 0.41 0.51 0.016 0.020 
F 1.40 1.65 0.055 O.O~ 
G 2.54 asc 0.100 asc 
H 0.76 1.02 0.030 0.040 
J 0.13 0.38 O.OOS 0.015 
K - 4.44 - 0.175 
L 7.37 8.00 0.290 0.315 
M 0° 15° 00 150 
H 0.51 0.76 0.020 0.030 



ItIIOTOROLA 
Selniconduc"fors 
BOX 20912 • PHOENIX. ARIZONA 85036 

*NO. 6 SHEET METAL SCREWS 
B51564F003 

INSULATOR 
(3 OPTIONS AVAILABLE) 

MICA-B52600FOll 
FIBERGLASS-B51080AOOl 
ANODIZED ALUMINUIVI

B51078A001 

POWER niANSISTOR 
MOTOROLA CASE 1 

CHASSIS OR 
HEAT SINK 

• Longer screws (not available from Motorola) and multiple bushings may be required 

for thick chassis or heat sink. 

MOUNTING 
HARDWARE 

10-3 

This hardware is applicable 
to the following packages. 

CASE 1 (TQ·3) 
CASE 3 
CASE llA 
CASE 11 (TO-3) 
CASE 12 
CASE 54 
CASE 197 

MOUNT ON FRONT OF CHASSIS MOUNT ON BACK OF CHASSIS 
I-- - -- -- -- -_.-I- -- -- -- -- -_.-
/0 " /0 0"" 0 

FRONT TEMPLATE 0 0 BACK TEMPLATE 
B51087AOOl B5l087AOO2 

0 0 
0 0 ,0 0 

9-11 



• 

MOUNTING HARDWARE TO-3 

0.003 TEFLON-COATED 
FIBERGLASS INSULATOR 

B51080A001 

TRANSISTOR SOCKET 
B51084A001 

MOUNT ON FRONT OF CHASSIS 

BACK TEMPLATE 
B51087AOO2 

.020 ALUMINUM 
INSULATOR 
B51078A001 

XP PHE NOLIC. 
VACUUM WAX 
IMPREGNATED 

0.166DIA. 
(2 HOLES) 

.002 MICA 
INSULATOR 
B52600F011 

BRASS, 
CADMIUM PLATED 
0.0002 niK 

.060 ±.OOSl [j l r ~1!3 ±.003 

{l-----® 
'L .177 ±.003 

DlA 

NYLON INSULATING BUSHING 
B51547FOO2 

,r.:~. . JJ O·L· J 
o_oao.o_o"J I. "-,00, 0_0," 
2.03-2.36 12.70 ±. 0.79 

FRONT TEMPLATE 
B51087A001 

@ 
NO.6 SHEET METAL SCREW 

B51564F003 

® MOTOROLA Sen1iconduc'for Produc'fs Inc. 
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MOTOROLA 
Sen1iconduc"fors 
BOX 20912 • PHOENIX, ARIZONA 85036 

Part numbers in this 
column for 

Part numbers in this 
column for 

NON-INSULATED MOUNTING INSULATED MOUNTING 

1f==-----6-32 HEX HEAD SCREW ~ 
B09489A035 

II 

4-40 HEX HEAD SCREW 
B09489A034 

'I /NYLON INSULATING BUSHING i /' B51547F015 

/ c:u=Lf, 
RECTANGULAR STEEL WASHER I 

B09002A001 \ i 

SEMICONDUCTOR _ ........ _..!.-_~--1·1 
(CASE 221, 221A) "'" ~ . > 

HEAT SINK 

OR CHASSIS" 

?..---------. 
, '" RECTANGULAR 

MICA INSULATOR 
B08853A001 

NYLON BUSHING ""'-
B51547FQ05 ~ 

. '~~l~'~ 
./ COMPRESSION WASHER 

./ B52200F005 

~,,---r--=---""'--("" 
',---,---:--,---" 

6-32 HEX NUT . _____ . 4-40 HEX NUT 
B09490A006 ~ _______ . B09490A005 

(r-;:",,---:---,X----) 

TORQUE REQUIREMENTS 

INSULATED 0.68 N-M (6 IN-LBS) MAX 
NON-INSULATED 0.9 N-M (8IN-LBS) MAX 

9-13 

MOUNTING 
HARDWARE 
TO-220AB 

DIM 
A 
B 
C 
D 
G 
J 
K 
L 
Q 

R 
R 
S 
T 

MILLIMETERS INCHES. 
MIN MAX MIN 

15.49 15.88 0.S10 
9.65 0-:67 0.380 
4.06 4.83 0.160 
0;51 1.02 0.020 
2.2!1' 2.79 0.090 
0.38 0.64 0.Q15 

12.70 - 0.500 
2.03 2.92 0.080 
3.53 3.73 U.1;$9 
0.89 1.40 0.035 
9.02 9.40 0.355 
2.54 'llI5 0.100 
9.02 9.39 0.355 

CAse 313-01 

TO-220 Type 

MAX 
0.625 

IrnIr 
0.190 
0.040 
0.110 
0.025 
-

0.115 
U.14, 
0.055 
0.370 

lr.T211' 
0.310 

• 
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MOUNTING HARDWARE TO ~220AB 

TYPE 

4-40 

6-32 

(QIMENSION 
MILLIMETER) 

INCH 

HEX HEAD SCREW 
CARBON STEEL 

CADMIUM-PLATED 

MICA INSULATOR 
B08853A001 

+ . R 3.05-3.28 m\l 
oj-l 10''''.0''", 

13.84·14.10 
0.545,0.555 

fyr-i ~ L~----+--, 
lJ
~ 0.375-0.39~ 
~_"- M ~ 

4.83-5.:i3 
0.190·0.210 

21.08-21.59 
0.830-0.850 

1.40-1.65 
0.055-0.065 

0.05-0.08 

"11.14-1.40 
0.045-0.055 

STEEL COMPRESSION 

--.l~ 
------~ 

HEX NUT 
CARBON STEEL 

CADMIUM-PLATED 

PART NO. 

B51547F005 

B51547F015 

WASHER 
B52200F005 

RECTANGULAR 
STEEL WASHER 

B09002A001 

3.58-3.68 

[][J"~'45 

~ ~~ 54~572 ~ 0.215-0.225 
0.400-0.410 ~ 

I ! ! I 
1.52-1.62 J 

0.060-0.064 

DIMENSIONS - MILLIMETER (INCH) 

NYLON BUSHING 

DIMA DIMB DIMe DIMD 

9.40-9.65 3.84-4.09 2.16-2.41 6.10-6.35 
(0.370-0.380) '(0.151-0.161) (0.085-0.095 (0.240-0.250) 

5.59-6.10 3.05-3.15 1.57-1.68 3.56-3.66 
. (0.220-0.240) (0.120-0.124) (0.062-0.066 ) (0.140-0.144) 

HEX NUT 

PART·NO. DIMG DIMH DIMJ 

B 09490A 005 6.12-6.35 (0.241-0.250) 6.98· 7.34 (0.275·0.289) 2.21-2.49 (0.087-0.098) 

B09490A006 7.67-7.9210.302-0.312) 8.74·9.1710.344·0.3611 2.59-2.90 (0.102-0.114) 

HEX HEAD SCREW 

DIMP DIMO 

NYLON 
INSULATING BUSHING 

DIME 

1.02-1.27 
(0.040-0.050) 

0.51-0.64 
(0.020.0.025) 

DIMK 

2.84 NOM (0.112 NOM) 

3.50 NOM (0.138 NOM) 

DIMR 

1.24·1.5210.049·0.060) 5.13 MIN 10.202 M'IN) 4.60-4.7510.181·0.187) 

2.03·2.36 (0.080-0.093) 6.91 MIN 10.272 MIN). 6.20-6.3510.244-0.2501 

® MOTOROLA SenJiconducf:or Producf:s Inc. 
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APPLICATION, NOTE. ABSTRACTS 
I The application notes listed in this section' have been prepared to acquaint the circuits and systems 

engineer with Motorola Linear integrated circuits and their applications. To obtain copies of the notes, 
simply list th~ AN number or numbers and send your request on your company letterhead to: Technical 
Information Center, Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, Arizona 85036. 

AN-204A The MC1530, MC1531 Integrated Operational 
Amplifiers 

. Two new high performance monolithic opera
tional amplifiers feature exceptionally high input im
pedance and high open loop gain. This note describes 
the function of each stage in the circuit, methods of 
frequency compensating and DC biasing. Four appli
cations are discussed: a summing circuit, an integrator, 
a DC comparator, and transfer fun~tion simulation. 

AN-245A An Integrated Core Memory Sense Amplifier 
This application note discusses core memories 

and related design considerations for a sense ampli
fier. Performance and environmental specifications 
for the amplifier design are" carefully established so 
that the circuit will work with any computer using 
core memories. The final circuit design is then anal
yzed andl measured performance is discussed. The 
amplifier features a small uncertainty region (6 mY 
max), adjustable voltage gain, and fast cycle' time 
(0.5 J.Ls). 

AN-261A Transistor logarithmic Conversion Using an 
Operational Amplifier 
The design of a log amplifier using a common 

base transistor configuration as the feedback element 
of an integrated circuit operational amplifier circuit 
is discussed in this application note. Six decades of 
logarithmic conversion are obtained with less than 1 % 
error of output voltage. The possible causes of error 
are discussed followed by two applications: direct 
multiplication of two numbers, and solution of the 
equation Z ::: Xn. 

AN-273A More Value out of Integrated Operational 
Amplifier Data Sheets 
The operational amplifier is rapidly becoming a 

basic building block in present 'day solid 'state elec
tronic systems. The purpose of this application note 
is to provide a better understanding of the open loop 
characteristics of the amplifier and their significance 
to overall circuit operation. Also, each parameter is 
defined and reviewed with'respect to closed loop con
siderations. The importance of loop gain stability 
and bandwidth is discussed' at length. Input offset 
circuits are also reviewed wIth respect to closed loop 
operation. 

AN-290B Mounting Procedure for, and Thermal Aspects 
of, Thermopad Plastic Power Devices 
Many Motorola power devices are rlOw available 

in the' Plastic Thermopad packages. Three package 
types are presently available. This application note 
provides information 'concerning the handling and 
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mounting of these packages, as well as information on 
some thermal aspects. 

AN-401 The MC1554 One-Watt Monolithic Integrated 
Circuit Power Amplifier 
This application note discusses four different 

applications for the MC 1554, along with a circuit des
cription including DC characteristics, frequency re
sponse, and distorti6n. A section of the note is also 
devoted to package power dissipation calculations in
cluding the use of the curves on the power amplifier 
data sheet 

AN-403 Single Power Supply Operation of IC OpAmps 
A split zener biasing technique that permits use 

of the MC 1530/1531, MC 1533, and MC 1709 opera
tional amp'lifiers and their restricted temperature 
,counterparts 'MC 1430/1431, MC 1433 and Me 1709C 
from a single power supply voltage is discussed in de
tail. General circuit considerations as well as specific 
AC and DC device considerations are outlined to mini
mize operating and deSIgn problems. 

AN-404 A Wideband Monolithic Video Amplifier 
This note describes the basic principles of AC 

and DC operation of the MC1552G and MC1553G, 
characteristics obtained asa function of the device 
operating modes, and typical circuit applications. 

AN-407 A General Purpose IC Differential Output 
Operational Amplifier 
This application note discusses four different 

applications for the MC1520 and a complete descrip
tion of the device itself. The final sections of the 
note discuss such topics as operation from single and 
split power supplies,. frequency compensation, and 
various feedback schemes. 

AN-411 The MC1535 Monolithic Dual Op Amp 
This note discusses two dual operational ampli

fier applications and an input compensation scheme 
for fast slew rate, for the MC 1535. A c()mplete AC 
and DC circuit analysis is presented in addition to 
many of the pertinent electrical characteristics and 
how they might affect the system performance. 

AN-421 Semiconductor Noise Figure Considerations 
A summary of many of the important noise 

figure considerations related with the design of low 
noise amplifiers is presented. The basic fundamentals 
involving noise, noise figl,lre, and noise figure
frequency characteristics are then discussed With the 
emphasis on characteristics common to all semi

conductors. A brief introduction is made to various 



methods of data ,sheet presentation of noise figure 
and a summary is given for the various methods of 
measurement. A discussion of low noise circuit 
design, utilizing many of the previously discussed 
considerations, is included. 

AN-439 MC1539 Op Amp and its Applications 
This application note discusses the MC 1539, a 

second generation operational amplifier. The general 
use and operation of the amplifier is discussed with 
special mention made of improved operation over 
that of its first generation predecessor-the 709 type 
amplifier. . 

In addition to the detailed discussion on the DC 
and AC operation of the device, considerable emphasis 
is placed on operational performance. Many appli
cations are offered to demonstrate the device capa
bility, including a high frequency feed-forward 
scheme, and a source follower application. 

AN-459 . A Simple Technique for Extending Op Amp 
Power Bandwidth 
The design of fast response ~mplifiers is pre

sented without the use of "trick/' compensation 
procedures. 

AN-460 Using Transient Response to Determine 
Operational Amplifier Stability 
Analysis and an example are given for a tech

nique that evaluates the stability of any particular 
feedback amplifier configuration by analyzing its re
sponse to a step-function input. 

AN-471 Analog-to-Digital Conversion Techniques 
The subject of analog-to-digital conversion and 

many of the techniques that can be used to accom
plish it are discussed. The paper is written in general 
terms from a system point of view and is intended to 
assist the reader in determining which conversion 
technique is best suited for a given application. 

AN-473 A Monolithic High-Power Series Voltage 
Regulator 
This note discusses MC1560jMC1561 voltage 

regulator in terms of internal operation, development 
of these circuits, and how they are advantageously 
used in supply fabrication. 

.AN-474 The MC1541-A Gated Dual-Channel Sense 
Amplifier for Core Memories 
The· MC 1541 sense amplifier can provide many 

magnetic core memory systems with lower system 
. cycle times and a lower package count than· with 
previous sense amplifiers. Circuit operation, design 
considerations, interface problems and typical ap
plications are discussed. 

AN·475 Using the MC1545-A Monolithic, Gated-Video 
Amplifier 
Because of the unique design of the MC 1545, 

this amplifier can be used as a gated video amplifier, 
sense amplifier, ampli.tude modulator, frequency'shift 
keyer, balanced modulator, pulse amplifier, and many 
other applications. This note describes the AC and DC 
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operation of the circuit and presents applications of 
the device as a video switch, amplitude modulator, 
balanced modulator, pulse amplifier, and others. 

AN-489 Analysis and Basic Operation of the MC1595 
. The. MC 1595 monolithic linear four-quadrant 

multiplier is discussed. The equations for the analysis 
are given along with performance that is characteristic 
of the I device. A few basic applications are given to 
assist the designer in system design. 

AN-491 Gated Video Amplifier Applications 
The MC1545 
This application note reviews the basic opera

tion of the MC 1545 and discusses some of the more 
popular applications for the MC1545. Included are 
several modulator types, temperature compensation 
of the active gate, AGC, gated oscillators, FSK 
systems, and single supply operation. 

AN-498 Voltage and Current Boost Techniques Using 
The MC1560-61 
The stability requirements for the current 

boosted MC1560-61 are discussed. Both internal and 
external compensation techniques. are shown, along 
with heat"sink design information and typical 
circuits, including a self-oscillating SWitching regu
lator ,and a voltage @oost circuit. 

AN-499 Shutdown Techniques",10r the MC1560-61/69 
Monolithic Voltage Regulators 
This note discusses the many ways one can use 

the shutdown control for the MC1560 Monolithic 
Voltage Regulator. These include logic control, shoft 
circuit detection, over voltage detection, junction 
temperature control, and thermal feedback. Also 
discussed, are current foldback and methods of 
restarting automatically from the shutdown state. 
The techniques discussed apply equally to the 
MC1560, MC1561, and MC1569 positive voltage' 
regulators. 

AN-513 A High Gain Integrated Circuit RF-IF\Amplifier 
with Wide Range AGC 
This note describes the operation and .appli

cation of the MC1590G, a monolithic RF-IF ampli
fier. Included are several applications for IF ampli
fiers, a mixer, video amplifiers, single and two-stage 
RF amplifiers. 

AN-522 The MC1556 Operational Amplifier and its 
Applications 
This application note discusses the MC 15 56, a 

second .generation, internally compensated mono
lithic operational amplifier.. Particular emphasis is 
placed on its distinct advantages over the early 
709-type' amplifier and the more recent 741-type 
amplifier. 

Along with a description of its operation this 
note presents a discussion on various applications of 
the MC1556, highlighting its capabilities, and points 
out its characteristics so the reader may make. 
effective use of the device. 

II 



AN-531 MC1596 Balanced Modulator 
The MC 15,96 monolithic circuit is a highly 

versatile communications building block. In this note, 
both theoretical and practical information are given 
to aid the designer in the use of this part. Appli
cations include modulators for AM, SSB, and· sup
pressed carrier AM; demodulators for the previously 
mentioned modulation forms; frequency doublers 
and HF /VHF double balanced mixers. 

AN-533 Semiconductors for Plated-Wire Memories 
An introduction to the operation and electrical 

characteristics of plated-wire memories is provided in 
conjunction with the applications of semiconductors 
that interface with the plated-wire memories. 

Devices discussed include drivers, sense ampli
fiers, and decoders. Memory organization and mem
ory-related semiconductor applications are also men
tioned. 

AN-543A Integrated Circuit IF Amplifiers for AM/FM 
and FM Radios 
This application note discusses the design and 

performance of four IF amplifiers using integrated 
circuits. The IF amplifiers discussed include a high 
performance circuit, a circuit utilizing a quadrature 
detector, a composite AM/FM circuit, and an econ
omy model for use with an external discriminator. 

AN-545 Television Video I F Amplifier Using Integrated 
Circuits 
This applications note considers the require

ments bf the video IF amplifier section of a television 
receiver, and gives working circuit schematics using 
integrated circuits which have been specifically de
sig~ed for consumer oriented products. The inte
grated circuits used are the MC 1350, Me 1352, 
MC1353 and the MC1330. 

AN-547 A High-Speed Dual Differential Comparator, 
The MC1514 
This application note discusses a few of the 

many uses fQr the MC 1514 dual comparator. Many 
applications such as sense amplifiers, multivibrators, 
and peak level detectors are presented. 

AN-553 A New Generation of Integrated Avionic 
Synthesizers 
The need to generate signals of a multitude of 

different frequencies for avionic systems has resulted 
in complex solutions in the past. With the intro
duction of certain standard produ«t integrated cir
cuits, frequency synthesis using digital phase locked 
loop techniques presents a more practical solution. 
Several different types of servo phase locked loop 
systems are discussed and a practical design example 
is given. Results of design examples are presented 
alqng with possible applications. 

AN-557 Analog-to-Digital Cyclic Converter 
The A/D cyclic converter discussed in this note 

provides medium speed (I-5[.1s/ bit) and medium 
accuracy (7 .or8 bits) operation. A Cyclic converter 
uses the successive approximation technique in which 
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an unknown analog input volt aRe is·, successively 
compared toa reference voltage to determine each bit 
of the digital output. 

AN-559 Simple RAMP A/D Converter 
A simple single ramp AID converter which 

, incorporates a calibration cycle to insure an accuracy 
of 12 bits is discussed. The circuit uses standard ICs 
and requires only one precision part-the reference 
voltage used in the calibration. This converter is 
useful in a number of instrumentation and measure
ment applications. 

AN-564 An ADF Frequency Synthesizer Utilizing Phase 
Locked-Loop Integrated Circuits 
This application note describes an IC phase 

locked-loop frequency synthesizer suitable for the. 
local osciallator function in aircraft Automatic Di
rection Finder (ADF) equipment. 

AN-587 Analysis and Design of the Op 
Amp Current Source 
A voltage controlled current source utilizing an 

operational amplifier is discussed. Expressions for the 
transfer function and output impedances are de
veloped using both the ideal and non-ideal op amp 
models. A section on analysis of the effects of op 
amp parameters and temperature variations on circuit. 
performance is presented. 

AN-588 A 20 kHz, 1 kW Line Operated Inverter 
This report describes a I kilowatt ultrasonic 

inverter for use in 208-volt, line-operated, computer 
main-frame power supply systems. This particular 
design has an output capability of 5 Volts at 200 
Amperes. 

AN-589 Generate Custom Waveforms Digitally 
A method of generating custom waveforms 

using IC counters, a read-only memory, and a new 
monolithic D/A Converter is described. Performance 
of a prototype model is noted as well as. possible 
applications. 

AN-590 Servo Motor DriVe Amplifiers 
The design of transformerless, AC servo ampli

fiers using power darlington transistors and IC op 
amps are discussed. Two types of p.ower amplifiers 
are illustrated, one using single +28 Volt power supply, 
the second using high voltage transistors in comple
mentary configuration. for operating directly off the 
line. 

Four different op amp preamplifiers and 90 
phase shifters are also described. 

AN-594 A Frequency Synthesizer for Aircraft 
Automatic Direction Finding Systems 
This report describes a phase locked loop 

frequency synthesizer suitable as the local oscillator 
in an ADF system. The synthesizer is designed for 
receivers using a 455 kHz IF system. Motorola 
application note AN-564 describes a similar system 
for receivers using a 10.7 MHz IF. 



'AN-597 Power Control Using the Zero Voltage Switch 
This application note discusses the advantages of 

zero-voltage switching using the Motorola MFC8070. 
A temperature control circuit is shown which demon
strates the design flexibility of CMOS and optical
coupler combinations.-

AN-599 Mounting Techniques For Metal Packaged Power 
Semiconductors 
For cooler, more reliable, operation, proper 

mounting procedures must be followed if the interface 
thermal resistance between the semiconductor package 
and heat sink is to be minimized. Discussed are aspects 
of preparing the mounting surface, using thermal com
pounds, and fastening techniques. Typical interface 
thermal resistance is given for a number of packages. 

AN-l02 High Speed Digital-To-Analog and Analog-To
Digital Techniques 
A brief overview of some of the more popular 

techniques for accomplishing DI A and AID tech
niques. In particular those techniques which lead 
themselves to high speed conversion. 

AN-l0J Designing DigitaIlY-,Controlied Power Supplies 

This application note shows two design ap
proaches; a basic low voltage supply using an in
expensive MCI723 voltage regulator and a high 
current, high voltage, supply using the MC1466 float
ing regulator with optoelectronic isolation. Various 
circuit options are shown to allow the designer 
maximum flexibility in any application. 

AN-l05 Pulse Width Modulation for Small DC Motor 
Control 
This application note explains the use of modem 

pulse width modulation techniques as an efficient and 
economical solution to small DC motor control. 
Several practical circuit, design approaches using dis
crete, operational amplifier and integrated circuit de
vices are described and illustrated. 

AN-l1O Communication System Transmission Losses 
This report shows the derivation of the equa

tions used to calculate the insertion loss associated 
with various component parts of a communications 
channel. The combinations of components form a 
system whose overall loss may not be equal to the 
sum of the losses of the various parts. 

AN-111 The Recovery of Recorded Digital I nformation 
in Drum, Disk and Tape Systems 
The use of magnetic recording techniques has 

long been an important means of sorting digital infor
mation, as evidenced by the wide variety of equipment 
currently in use. Representative systems utilize drums, 
disks and tape as the recording medium. 

All three techniques share the common problem 
of recovering the recorded digital inforrnation. The 
analog signal obtained by passing the recording medi
um by a magnetic sensor (Read Head) must be con
verted to a suitable digital format. 

This application note reviews the general problem 
and discusses a number of specific circuit approaches. 
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AN-713 Binary D/A Converters can Provide BCD-Coded 
Conversion 
This note describes the application and use of 

integrated circuit DI A converters for use in providing 
a BCD-coded conversion. The,technique is illustrated 
using a 2-1/2 digit digital voltmeter. 

AN-714 A Personalized Heart-Rate Monitor with Digital 
Readout 
Using the micropower operational amplifier 

MCl776 and CMOS digital integrated circuits, entirely 
self-contained' portable electro-medical monitoring 
equipment can be built. This note details the con
struction of a heart-rate monitor giving a digital indi
cation, beat-by-beat. 

AN-716 AID Conversion Series - Part V 
Successive Approximation AID Conversion 
Recent advances in integrated circuit design 

and technology have resulted in reduced cost of high 
performance successive approximation analogto digital 
converters. This note describes and illustrates two 
examples of how modern IC components have changed 
this well known technique. 

AN-711' Battery Powered 5-MHz Frequency Counter 
This application note describes a battery-power

ed 5-MHz frequency counter using the McMOS logic 
family for low-power operation. The, basic counter 
is optimized, at a 12-volt supply for maximum per
formance with a linear input-signal conditioner. Sev
eral options are discussed which optimize the basic 
counter for minimum power dissipation. These op
tions include a CMOS' inpu t signal-conditioner 'and 
multiplexed LED displays. 

AN-719 A New Approach to Switching Regulators 
This article describes a 24-Volt, 3-Ampere 

switching mode supply. It operates at 20 kHz from 
a 120 Vac line with an overall efficiency of 70%. New 
techniques are' used to shape the load line. The con
trol portion uses a quad comparator and an opto 
coupler and features short circuit protection. 

AN-120 Interfacing with MECL 10,000 
This article describes some of the MECL cir

cuits used to interface with signals not meeting MECL 
input or output requirements. The characteristics of 
these circuits such as; input impedance, output drive, 
gain, and bandwidth allow the system designer to use 
these parts to optimize his system. MECL interface 
circuits overcome a problem area of many system 
designs, which is the efficient coupling on non-corn
patible signals. 

AN-132A A Non-Volatile Microprocessor Memory Using 
4K N-Channel MOS RAMs 
NMOS semiconductor technology has made 

inroads into high density/high performance circuit 
design. The one-chip microprocessor, Random Access 
Memories, and Read Only Memories, are changing 
system implementation from random logic designs to 
software and firmware programmable microcomputing 
systems. Such systems frequently require relatively 

• 
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large amounts of memory. 
This paper describes the design of an ~l92-byte 

non-volatile Randpm Access Memory system using 
the MCM66Q5 4K x 1 RAM. The system is designed 
to work with the Motorola MC6800, an 8-bit micro
processor. ( 

AN-737 SWitched Mode Power Supplies - Highlighting 
A 5-V, 40-A Inverter Design ' 
This application note identifies the features of 

various regulator circuits that are in use today in AC 
to DC power supplies. The note also illustrates how 
these circuits may be used as complementary building 
blocks in a system design. Primary emphasis is on 
switched mode regulators because they fill the present 
need for energy and space savings. 

A complete S-V, 40-A line operated inverter 
supply is described in detail including design pro
cedures for the magnetic components. The inverter 
itself is a "state~of-the-art" design which features 
CMOS logic, high voltage power transistors, Schottky 
rectifiers and an opto-electronic coupler. It operates 
with a full load efficiency of 80% at a frequency of 
20 kHz. 

AN·739 A Synthetic Spectrum Tuning System for TV 
A .tuning system is described which uses a 

complete spectrum of TV channel markers to achieve 
precise tuning to any channel. 

AN·741 Interface Considerations for Numeric Display 
Systems 
This application note describes several meth

ods of multiplexing multi-digit, seven-segment dis
plays. The logic devices illustrated are primarily 
CMOS with two· examples describing TTL. The 
displays discussed are liquid crystal, LED, gas dis· 
charge, incandescent ani fluorescent. How to inter
face between the logic and these displays, and 
what the interface considerations are, are described 
in detail. 

AN-744 A Phase-Locked Loop Tuning System for 
Television . 
This note describes a frequency domain tun· 

ing system which utilizes direct digital countdown 
of the varactor tuner's local oscillator to obtain the 
proper local oscillator frequency for the channel 
number selected. The system features direct chan
nel access with equal ease of tuning and an exact 
channel readout for all VHF and UHF channels. 

AN-746 A 3% Digit DVM Using an Integrated Cir
cuit Dual Ramp System 
This application note describes -the design of 

a 3~-digit DVM (digital voltmeter) using the 
MC1405 and the MC1443S dual ramp AID system. 
The performance criteria is that of a lab quality 
DVM with both 3~-digit resolution and accuracy 
while still retaining a low cost and low parts count 
instrument. Features of the DVM Include circuitry 
for a high impedance input, autopolarity and over
range indication. 

AN-748 'Applications of MC1405/MC14435 In Digital 
Meters 
The MCl405/MCl4435 two chip dual slope 

Analog-to-Digitalsystem is discussed in ,detail with 
emphasis on their use in digital metering applications. 
Front enp filter/buffers are presented and auto
polarity circuits are included. Display interfaces 
for LED, LCD and gas discharge are shown in three 
different DVM designs. This application note is 
intended to provide. the designer with a complete 
applications reference for the MC1405/MC14435 
in DVM systems. 

AN·751 A Disassociated Intercarrier Television Video 
I F Amplifier 
This application note discusses a unique video 

IF system, incorporating the MC 1331, low-level 
multiplier detector. Problem areas in IF design are 
discussed and the specific solutions are shown. 

AN-752 An 80-Watt Switching R'egulator for CATV 
and Industrial Applications 
This application note describes a 24·Volt, 3-

Ampere switching, regulated power supply that 
operates above 18 kHz from a 40-to 60-Volt, 60·Hz 
square wave source (CATV power line from a [errore
sonant transformer) or a dc standby source with 
input output isolation. The control circuit consists 
of a dual operational amplifier and a linear integrated 
circuit timer which are used to vary the on time of a 
new high-speed power transistor. The circuit provides 
good efficiency, good. regulation, low' output ripple 
and incorporates input and output voltage over shut
down protection. 

AN-757 Analog·to-Digital Conversion Techniques with 
the MC6800 Microprocessor System 
This application note describes several analog

to-digital conversion systems implemented with the 
M6800 microprocessor and external linear and digital 
IC's. Systems consisting of an 8- and 1 O·bit successive 
approximation approach, as well as dual ramp 
techniques of 3~-and 4~-digit BCD and 12-bit binary, 
are shown with flow diagrams, source programs and 
hardware schematics. System tradeoffs of the various 
schemes and programs for binary-to-BCD and BCD
to-7 segment code are discussed. 

AN-760 
The operation and application of the MC3416 

4 x 4 balanced crosspoint· switch is described in 
detail. Special emphasis is given to balanced switching 
systems like those in space division PABX. DH;cussion 
of the total system design using the MC3416 is also 
included. 

AN-761 
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This note describes video amplifier desigr con
siderations for unitized gun and conventional picture 
tubes. Some unique design techniques·· are discussed 



taking advantage of 'Motorola's MC 1323 chroma de- . 
modulator. Finally, design objectives of video amp
lifiers are discussed. 

AN·763 
The MC 1323 is a monolithic integrated circuit 

demodulator specifically designed for decoding the 
NTSC color television signal, even ,when non-standard 
receiver display tube phosphor primaries· are used. 
The unique design allows independent adjustment of 
demodulator conversion gains and demodulation axes. 

This note describes tlte circuit operation of the 
Me 1323 and several applications including low cost 
driving of unitized. gun picture tubes and obtaining 
R-G-B demodulated outputs. 

AN·765 
This note describes a technique of measurement 

of the IF contribution and ways of minimization of 
the IF noise. An IF design, following these pro
cedures, is described to meet the desired noise per
formance. 

liJiIlHI'I:,1?uletrll-- ABSTRACTS 

EB·13 Switching Regulators 
Head 'Em Off At The Series Pass 
In EB-13, you'll find a switching regulator 

design. From a line which can fluctuate from 100 
to 140 Vac, it's capable of pr,oviding a regulated 
24 Vdc to a load varying from 1.5 to 3.0 amperes. 

EB·14 Simple Linear Voltage Sweep 
Uses The MC1555 Timer 
EB·14 shows how the MC1555 timer can be 

used with five simple external components to 
make a linear voltage sweep useful in ramp, deflec· 
tion and function generator designs. 

EB.-20 Multiplier/Op Amp Circuit Detects True 
RMS 
Two op amps and two multipliers are used 

in the circuit described by EB-20 to obtain the 
true rms of an input voltage ranging from 2 to 
10 Vpk. 

EB-21 DACKey To, Inexpensive 2-2/3 Digit 
Voltmeter 
EB-21 presents an idea for the core of al1 

economical 2·2/3 digit voltmeter. Built around 
Motorola's MC 1408 8-bit D/ A converter, the meter 
can measure to 2.55 V in 10 mV steps. 

EB-24 Input Buffer Circuits For The MC1505 
Dual Ramp A·to·D Converter Subsystem 
Several bipolar op amp buffers of medium

high impedance are described in this bulletin. It 
also discusses FET input op amp buffers providing 
high impedance and temperature drift under 1 mV 
over the O?C to 50aC range. 

10-7 

EB·35 Autopolarity Circuits For The MC1405 
Dual-Slope AID Converter System 
Engineering Bulletin E8-35 provides three 

input stage designs, each of which will provide the 
auto polarity function for the unipolar MC 1405 
A/D converter subsystem. 

EB-36 4-1/2 Digit DVM System Using The 
MC1505.Dual-Slope Converter 
The circuits required for implementing a 

4-1/2 digit DVM based on the MC1505 dual slope 
A-to-D converter are presented in E8-36. With this 
design, a 4-1/2 digit accurate system with excelient 

. environmental stability is possible. 

E B-43 A 9-112 Digit Gas Discharge Display System 
With Leading Zero Suppression 
The 9-1/2 digit multiplexed gas discharge 

display system described in EB-43 was designed for 
use in· a 1.2 GHz frequency counter. The display 
system features leading zero blanking and constant 
current segment drives. Its logic supply is +5 V. 

EB-50 Build This Simple, Battery-Powered 
3-1/2 Digit DVM From Standard Parts 
EB-50 d~scribes a simple, battery-powered 

3-1/2 digit DVM capable of measuring up to 20 
volts that can be built from readily obtained stan
dard parts. Sufficient infonnation is provided to 
construct the circuit including schem'atic, PC board 
layout, parts list and calibration instructions. • 
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. EB-51 Successive Approximation BC.D AID Converter 
A successive approximation A/D converter in 

which a digital-to-analog converter in a feedback 
loop produces a BCD digital output from an analog 
input is described in EB-S 1. 

EB-52 Control Your Switching Regulator With The 
MC3380 Astable Multivibrator 
Engineering Bulletin EB-S2 describes the 

operation and characteristics of the MC3380 
astable multivibrator and details the design ofa 
200 volt switching regulator circuit for gas dis
charge displays using this d~vice as the control 
element.' 

E 8-55 Battery-Powered 3-1/2 0 igit Multimeter 
Using the information provided in EB-SS, a 

battery-powered 3-1/2 digit multimeter can be 
built and packaged in a pocket calculator case. The 
bulletin discusses the theory of design and des
cribes the basic meter, buffer and autopolarity 
"ircuit, multimeter functions, choice of batteries 
and packaging in detail. Layouts for the two PC 
boards, a complete parts list and calibration pro
cedures are also given., 

EB-57 An Economical FMTransmitter Voice 
Processor from a Single IC 
An MC3401 Quad OP-Amp is used as a 

Microphone/Modulation interface in an FM trans
mitter. 
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EB·58 Analog Data Ac·quisition Network for Digital 
Processing Using the MC1405-MC14435 AID 
System 
An MC140S·MC1443S combination is used 

to form a dual-slope A/D converter for analog data 
acquisition. 

EB-64 Bus Transceivers For The General Purpose 
Interface Bus (GPIB) 
This bulletin discusses the use of the MC3440, 

41,43, and 46 general purpose interface bus (GPIB) 
. transceivers. Also included are an introduction to 

the GPIB, a description of the hardware required 
for a GPIB.equipped instrument, GPIB bus electri· 
cal characteristics, and the IEEE 488 standard for 
GPIB, 

EB·65 Switchmode Power Supply 
This bulletin describes a line-operated 5 V, 

50 A, 20 kHz switching power supply intended for 
use as a logic supply in computer and industrial 
applications. It has a constant current limiting, 
inrush surge current limiting, and a soft·start feature 
to prevent output voltage overshoots during start·up. 
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