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Octal Three-State Buffer/Inverter ........................................... Interface 
Octal Three-State Buffer/Inverter ...... '" ........................•..•...... Interface 
Quad Single-Ended Line Driver .............•............................... Interface 
Quad RS-422/423 Line Receiver .....•..................................... Interface 
Quad RS-422 Line Driver with Three-State Outputs .......................... Interface 
Dual RS-423/232C Driver .................................................. Interface 
Dual RS-423/232C Driver ................................................ " Interface 
7-Digit Gas Discharge Display Driver ........................................ Interface 
8-Segment Visual Display Driver ............................................ Interface 
8-Segment Visual Display Driver ............................................ Interface 
7-Digit Gas Discharge Display Driver ........................................ Interface 
Quad Differential-Input Operational Amplifier .................................. 3-148 
Dual Operational Amplifier plus Dual Voltage Comparator ....................... 6-117 
10-Bit D-to-A Converter ...................................................• Interface 
Continuously-Variable-Slope Delta Modulator/Demodulator ...•............... Interface 
Continuously-Variable-Slope Delta Modulator/Demodulator ................... Interface 
Subscriber Loop Interface Circuit .......................•.................. " Interface 
Switch mode Regulator Control Circuit ...................................•..... 4-107 
Overvoltage Sensing Circuit .................................................. 6-125 
DualTimingCircuit .......................................................... 6-131 
Dual Low-Power Operational Amplifier ........................................ 3-154 
Dual High-Frequency Operational Amplifier .................................... 3-165 
Dual High-Frequency Operational Amplifier .....................•.............. 3-165 
Dual High-Frequency Operational Amplifier .................................... 3-165 
Dual High-Frequency Operational Amplifier .................................... 3-165 
Dual High-Frequency Operational Amplifier ......................•.....•...•... 3-165 
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MASTER INDEX 

Device 
Number 

MC4741 
MC4741 C 
MC6875 
MC6880A 
MC6881 
MC6882A 
MC6882B 
MC6885 
MC6886 
MC6887 
MC6888 
MC6889 
MC6890 
MC75S110 
MC7805 
MC7805A 
MC7805AC 
MC7805C 
MC7806 
MC7806A 
MC7806AC 
MC7806C 
MC7808 
MC7808A 
MC7808AC 
MC7808C 
MC7812 
MC7812A 
MC7812AC 
MC7812C 
MC7815 
MC7815A 
MC7815AC 
MC7815C 
MC7818 
MC7818A 
MC7818AC 
MC7818C 
MC7824 
MC7824A 
MC7824AC 
MC7824C 
MC78L02AC 
MC78L05AC 
MC78L05C 
MC78L08AC 
MC78L08C 
MC78L12AC 
MC78L12C 
MC78L15AC 
MC78L15C 
MC78L18AC 
MC78L18C 
MC78L24AC 
MC78L24C 
MC78M05C 
MC78M06C 
MC78M08C 
MC78M12C 
MC78M15C 
MC78M18C 

Function Page 

Quad MC1741 Operational Amplifier .................................. '" ..... 3-169 
Quad MC1741 Operational Amplifier .......................................... 3-169 
M6800 Clock Generator/Driver ............................................. Interface 
Quad Three-State Bus Transceiver •.......••..•....•.......••...•........... Interface 
Triple Bidirectional Bus Switch .............................................. Interface 
Octal Three-State Buffer/Latch ............................................. Interface 
Octal Three-State Buffer/Latch ............................................. Interface 
Hex Three-State Buffer/Inverter ............................................ Interface 
Hex Three-State Buffer/Inverter ............................................ Interface 
Hex Three-State Buffer/Inverter ............................................ Interface 
Hex Three-State Buffer/Inverter ............................................ Interface 
Noninverting Bus Transceiver ............................................... Interface 
8-Bit Bus-Compatible MPU 0/ A Converter ................................... Interface 
Dual Line Driver ........................................................... Interface 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Reg ulator (1.5 A) ..................................... '.' . . . . .. 4-126 
Positive Voltage Regulator (1.5 A) .............•............................... 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ...........................................•. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (1.5 A) ............................................. 4-126 
Positive Voltage Regulator (100 rnA) ........................ . . . . . . . . . . . . . . . . . •. 4-138 
Positive Voltage Regulator (100 rnA) ........................................... 4-138 
Positive Voltage Regulator (100 rnA) ........................................... 4-138 
Positive Voltage Regulator (100 rnA) ........................................... 4-138 
Positive Voltage Regulator (100 rnA) .........................................•. 4-138 
Positive Voltage Regulator (100 rnA) ........................................... 4-138 
Positive Voltage Regulator (100 rnA) .... . .. . . . .. . . . . . . . . . . . . .. . .. . . . . .. .. . . . . .. 4-138 
Positive Voltage Regulator (100 rnA) ., . . . . .. . . . . . . . . . ... . . . . . . . . . . . .. .. . . . . . . .. 4-138 
Positive Voltage Regulator (100 rnA) ........................................... 4-138 
Positive Voltage Regulator (100 rnA) ........................................... 4-138 
Positive Voltage Regulator (100 rnA) ........................................... 4-138 
Positive Voltage Reg ulator (100 rnA) ............•.............................. 4-138 
Positive Voltage Regulator (100 rnA) ........................................... 4-138 
Positive Voltage Regulator (500 rnA) ........................................... 4-145 
Positive Voltage Regulator (500 rnA) ........................................... 4-145 
Positive Voltage Regulator (500 rnA) ........................................... 4-145 
Positive Voltage Regulator (500 rnA) ........................................... 4-145 
Positive Voltage Regulator (500 rnA) ........................ .. . . . . . . .. . . . . .. . .. 4-145 
Positive Voltage Regulator (500 rnA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-145 
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II 

MASTER INDEX 
Device 
Number 

MC78M20C 
MC78M24C 
MC7902C 
MC7905C 
MC7905.2C 
MC7906C 
MC7908C 
MC7912C 
MC7915C 
MC7918C 
MC7924C 
MC79L03AC 
MC79L03C 
MC79L05AC 
MC79L05C 
MC79L12AC 
MC79L12C 
MC79L15AC 
MC79L15C 
MC79L18AC 
MC79L18C 
MC79L24AC 
MC79L24C 
MC8T13 
MC8T14 
MC8T23 
MC8T24 
MC8T26A 
MC8T28 
MC8T95 
MC8T96 
MC8T97 
MC8T98 
MC10317L 
MC10318L 
MC10318L9 
MC34001 
MC34002 
MC34004 
MC34022 
MC35001 
MC35002 
MC35004 
MC35022 
MC55325 
MC75107 
MC75108 
MC75S110 
MC75125 
MC75127 
MC75128 
MC75129 
MC75140Pl 
MC75325 
MC75365 
MC75368 
MC75450 
MC75451 
MC75452 
MC75453 
MC75454 

Function Page 

Positive Voltage Regulator (500 mAl ........................................... 4-145 
Positive Voltage Regulator (500 mAl ............................. " . . . . . . . . . . .. 4-145 
Negative Voltage Regulator (1.5 A) ............................................ 4-153 
Negative Voltage Regulator (1.5 A) ............................................ 4-153 
Negative Voltage Regulator (1.5 A) ............................................ 4-153 
Negative Voltage Regulator (1.5 A) ............................................ 4-153 
Negative Voltage Regulator (1.5 A) ............................................ 4-153 
Negative Voltage Regulator (1.5 A) ............................................ 4-153 
Negative Voltage Regulator (1.5 A) ............................................ 4-153 
Negative Voltage Regulator (1.5 A) ............................................ 4-153 
Negative Voltage Regulator (1.5 A) ............................................ 4-153 
Negative Voltage Regulator (100 mAl .......................................... 4-162 
Negative Voltage Regulator (100 mAl .......................................... 4-162 
Negative Voltage Regulator (100 mAl ..............................•........... 4-162 
Negative Voltage Regulator (100 rnA) .......................................... 4-162 
Negative Voltage Regulator (100 rnA) .......................................... 4-162 
Negative Voltage Regulator (100 rnA) .......................................... 4-162 
Negative Voltage Regulator (100 rnA) ........................................•. 4-162 
Negative Voltage Regulator (100 rnA) .......................................... 4-162 
Negative Voltage Regulator (100 rnA) .......................................... 4-162 
Negative Voltage Regulator (100 rnA) .......................................... 4-162 
Negative Voltage Regulator (100 rnA) .......................................... 4-162 
Negative Voltage Regulator (100 rnA) .......................................... 4-162 
Dual Line Driver ........................................................... Interface 
Triple Line Receiver ........................................................ Interface 
Dual Line Driver ........................................................... Interface 
Triple Line Receiver ........................................................ Interface 
Quad Bus Transceiver/MPU Bus Extender ................................... Interface 
Noninverting Bus Transceiver ............................................... Interface 
Hex Three-State Buffer/Inverter ............................................ Interface 
Hex Three-State Buffer/Inverter ............................................ Interface 
Hex Three-State Buffer/Inverter ............................................ Interface 
Hex Three-State Buffer/Inverter ............................................ Interface 
7-Bit High-Speed A/D Converter ........... , ................................ Interface 
High-Speed 8-Bit 0/ A Converter ............................................ Interface 
High-Speed 8-Bit 0/ A Converter ............................................ Interface 
Single TRIMFET Operational Amplifier ......................................... 3-175 
Dual TRIMFET Operational Amplifier .......................................... 3-175 
Quad TRIMFET Operational Amplifier. . . . . . . . . • .. .. .... . . . . . . . . . . . . . . . . . . . . . ... 3-175 
Dual Precision TRIMFET Operational Amplifier ................................. 3-179 
Single TRIMFET Operational Amplifier. . ...... ..... ..... . .... . ..... .. ... . . ..... 3-175 
Dual TRIMFET Operational Amplifier .......................................... 3-175 
Quad TRIMFET Operational Amplifier .......................................... 3-175 
Dual Precision TRIMFET Operational Amplifier ..........................•....•. 3-179 
Dual Memory Driver ....................................................... Interface 
Dual Line Receiver ................................................•........ Interface 
Dual Line Receiver ..................... , .....................•............. Interface 
Dual Line Driver ........................................•.••.•............. Interface 
7-Channel Line Receiver ................................................... Interface 
7 -Channel Line Receiver ................................................... Interface 
8-Channel Line Receiver ................................................... Interface 
8-Channel Line Receiver .................•................................. Interface 
Dual Line Receiver ............... " ....................................... , Interface 
Dual Memory Driver ....................................................... Interface 
Quad MOS Clock Driver ...................... ' .............................. Interface 
Dual MECL-to-MOS Driver ..................•.............................. Interface 
Dual Peripheral Driver, Positive AND ........................................ Interface 
Dual Peripheral Driver, Positive AND ........................................ Interface 
Dual Peripheral Driver, Positive NAND ....................................... Interface 
Dual Peripheral Driver, Positive OR ..........................•.......•....... Interface 
Dual Peripheral Driver, Positive NOR ....................•................... Interface 
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MASTER INDEX 
Device 
Number 

MC75461 
MC75462 
MC75463 
MC75464 
MC75491 
MC75492 
MCCF3326 
MCCF3333 
MMH0026 
MMH0026C 
NE565 
NE592 
SE592 
SN75431 
SN75432 
SN75451BP 
SN75452BP 
SN75453BP 
SN75454BP 
TCA4500A 
TDAl190P 
TDAl190Z 
TDA2002 
TDA2002A 

Function Page 

High-Voltage Peripheral Driver .............................................. Interface 
High-Voltage Peripheral Driver .............................................. Interface 
High-Voltage Peripheral Driver ...................•...........•.............. Interface 
High-Voltage Peripheral Driver ............................................ " Interface 
Quad Light-Emitting Diode (LED) Driver ~ ................................... " Interface 
Hex Light-Emitting Diode (LED) Driver ....................................... Interface 
Flip-Chip Automotive Voltage Regulator ..••.....••............................ 5-150 
Vari-Dwell Ignition Circuit .................................................... 5-153 
Dual MOS Clock Driver ...........................................•......... Interface 
Dual MOS Clock Driver .........•...................•......................• Interface 
Phase-Locked Loop .......................................................•.. 6-138 
Video Amplifier .............................................................. 6-142 
Video Amplifier .................................................•............ 6-142 
Dual Peripheral Driver ..........................................•........•. Interface 
Dual Peripheral Driver ...................................................•. Interface 
Dual Peripheral Driver ...........•.....................•.................•. Interface 
Dual Peripheral Driver .......•.•...................•....................... Interface 
Dual Peripheral Driver .........•........................................... Interface 
Dual Peripheral Driver .......•............................................. Interface 
FM Stereo Demodulator .....•................................................ 5-157 
TV Sound System ............................................................ 5-164 
TV Sound System ..... " ................ '" ..... " . . . .. . .. . . . . . .. . . .. . . . . . . .. 5-164 
Audio Power Amplifier ...................................................•... 5-167 
Audio Power Amplifier .•...•••............................................... 5-167 

II 



® ItIIOTOROI...A LINEAR 

II INTEGRATED CIRCUITS 

MOTOROLA - LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 
... proVides a complete interchangeability list linking over 3000 ture range. The "Motorola Functional EqUivalent" column provides a 
deVices offered by most malor Linear Integrated Circuits manufacturers deVice which performs the same function but with possible differences 
to the nearest equivalent Motorola deVice. The "Motorola Direct In package configurations, pin connections, temperature range or 
Replacemenf' colull'n lists deVices with identical Pin connections and electrical specIfications. 
package and the same or better electrical characteristics and tempera-

709BE -A0559S 

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 

PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 
709BE MC1709G 9627DM MC1489AL 75450BDC MC75450L 
709BH MC1709F 9636AT MC3488AP 75450BPC MC75450P 
709CE MC1709CG 9637T MC3486P 75451APC MC75451U 
709CH MC1709CF 9638T MC3487P 75451ATC MC75451P 
709CJ MC1709CP2 9640J MC3443P 75451BRC MC75451U 
710BE MC1710G 9640D MC3443P 75451BTC SN75451BP 
710CE MC1710CG 9640DC MC3440AP 75452ARC MC75452U 
711BE MC1711G 9640NC MC3440AP 75452ATC MC75452P 
711BN MC1711L 9665DC MC1411L 75452BRC MC75452U 
711CE MC1711CG 9665PC MC1411P 75452BTC SN75452BP 
711CJ MC1711CP 9666DC MC1412L 75453ARC MC75453U 
723BE MC1723G 9666PC MC1412P 75453ATC MC75453P 
723CE MC1723CG 9667DC MC1413L 75453BRC MC75453U 
723CJ MC1723CL 9667PC MC1413P 75453BTC SN75453BP 
741BE MC1741G 9668DC MC1416L 75454ARC MC75454U 
741BH MC1741F 9668PC MC1416P 75454ATC MC75454P 
741BN MC1741L 55107ADM MC55107L 75454BRC MC75454U 
741CE MC1741CG 55107BDM MC55107L 75454BTC SN75454BP 
747BE MC1747G 55108ADM MC55108L 75460DC MC75450L 
747BN MC1747L 55108BDM MC55108L 75460PC MC754S0P 
747CE MC1747CG 55110DM MC75S110L 75461RC MC75461U 
748BE MC1748G 55121DM MC8T13L 75461TC MC75461P 
748CE MC1748CG 55122DM MC8T14L 75462RC MC75462U 
809BE MC1776G 55207DM MC55107L 75462TC MC75462P 
B09CE MC1776CG 55208DM MC55108L 75463RC MC75463U 
B23AE MC1723G 55325DM MC55325L 75463TC MC75463P 
1458CE MC1458CG 55325FM MC55325L 75464RC MC75464U 
3232 MC3232AL 75107ADC MC75107L 75464TC MC75464P 
3245 MC3245L 75107APC MC75107P 75491DC MC75491P 
6605J MC3443P 75107BDC MC75107L 75491PC MC75491P 
6605L MC3443P 75107BPC MC75107P 75491ADC MC75491P 
8216 MC8T26AL 75108ADC MC75108L 75491APC MC75491P 
8226 MC8T2BL 75108APC MC7510BP 75492DC MC75492P 
9614DC MC75S110L 75108BDC MC75108L 75492PC MC75492P 
9614DM MC75S110L 7510BBPC MC75108P 75492ADC MC75492P 
9615DC MC7510BL 75110DC MC75S110L 75492APC MC75492P 
9615DM MC55108L 75110PC MC75S110P AD301AL LM301AH 
9615FM MC5510BL 75121DC MCBT13L AD505J MC1776CG 
9616CDC MC14B8L 75121PC MC8T13P AD505K MC1776CG 
9616EDC MC148BL 75122DC MCBT14L AD505S MC1776G 
9616DM MC1488L 75122PC MC8T14P AD509J LM301AH 
9617DC MC1489AL 75123DC MC8T23L AD509K LM301AH 
9620DC MC75S110L 75123PC MCBT23P AD509S LM101AH 
9620DM MC75S110L 75124DC MC8T24L AD518J LM301AH 
9621DC MC75108L 75124PC MCBT24P AD518K LM301AH 
9621DM MC55108L 75207DC MC75107L AD518S LM101AH 
9622DC MC75140Pl 75207PC MC75107P AD530 MC1595L 
9622DM MC75140Pl 7520BDC MC7510BL AD531 MC1595L 
9624DC MMHOO26CL 7520BPC MC75108P AD532J MC1595G 
9624DM MMH0026CL 75325DC MC75325L AD559JD MC140BLB 
9625DC MMHOO26CL 75325PC MC75325P AD559K MC140BLB 
9625DM MMHOO26CL 75450ADC MC75450L AD559KD MC140BLB 
9627CDC MC1489AL 75450APC MC75450P AD559S MC1508L6 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 

AD559SD -CA3054 

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 

II DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 

AD559SD MC1508L8 AMU587741393 MC1741CG CA1458T MC1458G 
AD580J MC1403U AMU587747312 MC1747G CA1558S MC1558U 
AD580K MC1403Pl AMU587747393 MC1747CG CA15S8T MC1558G 
AD580M MC1403APl AMU587748312 MC1748G CA2l11AE MC1357P 
AD580S MC1503U AMU587748393 MC1748CG CA2111AQ MC1357PQ 
AD580T MC1503AU AMU5R7723312 MC1723G CA3000 MC1550G 
AD741CJ MC1741CG AMU5R7723393 MC1723CG CA3001 MC1550G 
AD741J MC1741G AMU6A7723312 MC1723L CA3002 MC1550G 
AD741K MC1741G AMU6A7723393 MC1723CL CA3004 MC1550G 
AD741L MC1741G AMU6A7733312 MC1733L CA3005 MC1550G 
AD741S MC1741SG AMU6A7733393 MC1733CL CA3006 MC1550G 
AD7520D MC3410L AMU6A7741312 MC1741L CA3007 MC1550G 
AD7520F MC34l0L AMU6A7741393 MC1741CL CA3008 MC1709F 
AD7520N MC3410L AMU6A7748312 MC1748G CA3008A MC1709F 
AM26Sl0DC MC26S10L AMU6A 77 48393 MC1748CPl CA3010 MC1709G 
AM26Sl0PC MC26S10P AMU6W7747312 MC1747L CA3010A MC1709G 
AM26S11DC MC26SllL AMU6W7747393 MC1747CL CA3011 MC1590G 
AM26SllPC MC26SllP CA 101AT LM101AH CA3012 MC1590G 
AM725A31T MC1556G CA10n LM101AH CA3013 MC1357P 
AM166039F LM301AH CA107T LM107H CA3014 MC1357P 
AM l66039T LM301AH CA10BAS LM108AJ-B CA3015 MC1709G 
AMLM101 LM101AH CA10BAT LM108AH CA30l5A MC1709G 
AMLM101A LM101AH CA108S LM108J-8 CA3016 MC1709F 
AMLM101AD LM101AH CA108T LM108H CA3016A MC1709F 
AMLM101AF LM101AH CA139AG LM139AJ CA3020 MC1554G 
AMLMlO1D LM101AH CA139G LM139J CA3020A MC1454G 
AMLM101F LM101AH CA201AT LM201AH CA3021 MC1590G 
AMLM105 LM105H CA20n LM201AH CA3022 MC1590G 
AMLM105F LM105H CA207T LM207H CA3023 MC1590G 
AMLM105H LM105H CA208AT LM208AH CA3026 CA3054 
AMLM107 LM107H CA20BS LM208J-8 CA3028A MC1550G 
AMLM107D LM107H CA208T LM208H CA3028AF MC1550G 
AMLM107F LM107H CA239AE LM239AN CA302BAS MC1550G 
AMLM11lD LMlllJ CA239AG LM239AJ CA30288 MC1550G 
AMLMlllH LM111H CA239E LM239N CA30288F MC1550G 
AMLM201 LM201AH CA239G LM239J CA30288S MC1550G 
AMLM201A LM201AH CA301AT LM301AH CA3029 MC1709P2 
AMLM201AD LM201AN CA30lT LM307H CA3029A MC1709P2 
AMLM201AF LM201AH CA308AS LM308N CA3030 MC1709P2 
AMLM20lD LM201AN CA308AT LM308AH CA3030A MC1709P2 
AMLM201F LM201AH CA308S LM308H CA3031 MC17l2G 
AMLM205 LM20SH CA339AE LM339AN CA3032 MC1712CG 
AMLM205F LM205H CA339AG LM339AJ CA3033 MC1533L 
AMLM205H LM20SH CA339E LM339N CA3033A MC1533L 
AMLM207 LM207H CA339G LM339J CA3035 MC1352P 
AMLM207D LM207H CA723CE MC1723CP CA3035Vl MC1352P 
AMLM207F LM207H CA741CS MC1741CPl CA3037 MC1709L 
AMLM21lD LM211J CA741CT MC1741CG CA3037A MC1709L 
AMLM211H LM211H CA741S MC1741U CA3038 MC1709L 
AMLM301 LM301AH CA741T MC1741G CA303BA MC1709L 
AMLM301A LM301AH CA747CE MC1747CL CA3040 MC15l0G 
AMLM301AD LM301AJ CA747CF MC1747CL CA3041 MC1351P 
AMLM30lD LM301AJ CA747CT MC1747CG CA3042 MC1357P 
AMLM305 LM30SH CA747E MC1747L CA3043 MC1357P 
AMLM30SA LM305H CA747F MC1747L CA3044 MC1364P 
AMLM305F LM305H CA747T MC1747G CA3044Vl MC1364P 
AMLM305H LM305H CA748CS MC1748CPl CA3045 MC3346P 
AMLM311D LM311J-B CA748CT MC1748CG CA3045F MC3346P 
AMLM3llH LM3l1H CA748S MC1748U CA3046 MC3346P 
AMU3F7733312 MC1733L CA74BT MC1748G CA3047 MC1433L 
AMU3F7733393 MC1733CL CA758E MC1310P CA3047A MC1433L 
AMU3F7748312 MC1748G CA13l0E MC1310P CA3048 MC3301P 
AMU317741312 MC1741F CA1352E MC1352P CA3052 MC3301P 
AMU317741393 MC1741CL CA1391E MC1391P CA3053 MC1550G 
AMU587733312 MC1733G CA1394E MC1394P CA3053F MC1550G 
AMU587733393 MC1733CG CA1398E MC1398P CA3053S MC1550G 
AMU587741312 MC1741G CA1458S MC1458CPl CA3054 CA3054 



LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 

CA3056 -DS8897N 

II 
MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 

DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 
CA3056 MC1741CG OM7897J MC3494P DS75107J MC75l07L 
CA3056A MC1741G DM7897N MC3494P DS75l07N MC75l07P 
CA3058 CA3059 OM8820AN MC75l40P1 DS75108J MC75l08L 
CA3059 CA3059 OM8820J MC75l40Pl DS75108N MC75108P 
CA3064 MC1364P OM8820N MC75140Pl DS75ll0J MC75Sl10L 
CA3064E MC1364P OM8822J MC1489AL OS75ll0N MC75Sll0P 
CA3065 MC1358P DM8822N MC1489AP DS75l21J MC8T13L 
CA3066 MC1399P DM8837N MC3437P DS75l21N MC8T13P 
CA3067 MC1323P DM8838N MC3438P DS75122J MC8T14L 
CA3068 MC1352P DM8861N MC75491P DS75l22N MC8T14P 
CA3070 MC1399P DM8863N MC75492P DS75l23J MC8T23L 
CA3071 MC1399P DM8887J MC3490P OS75l23N MC8T23P 
CA3072 MC1323P DM8889J MC3491P DS75l24J MC8T24L 
CA3076 MC1590G DM8897J MC3494P DS75l24N MC8T24P 
CA3078AS MC1776G DM75491N MC75491P DS75207J MC75l07L 
CA3078AT MC1776G DM75492N MC75492P DS75207N MC75l07P 
CA3078S MC1776CG DSOO26CG MMHOO26CG DS75208J MC75l08L 
CA3078T MC1776CG DSOO26CH MMHOO26CG DS75208N MC75l08P 
CA3079 CA3059 DSOO26CJ MMHOO26CL DS75325J MC75325L 
CA3085 MC1723G OSOO26CN DSOO26CPl DS75325N MC75325P 
CA3085A MC1723G DSOO26G MMHOO26G DS75450J MC75450L 
CA3085AF MC1723L DSOO26H DSOO26G DS75450N MC75450P 
CA3085AS MC1723G DSOO26J DSOO26L DS75451H MC75451U 
CA30858 MC1723G DSOO56CG MMHOO26CG DS75451N SN75451BP 
CA30858F MC1723L DSOO56CH MMHOO26CG DS75452H MC75452U 
CA30858S MC1723G DSOO56CJ MMHOO26CL DS75452N SN75452BP 
CA3085F MC1723L DSOO56CN MMHOO26CPl DS75453H MC75453U 
CA3085S MC1723G DSOO56G MMHOO26G DS75453N SN75453BP 
CA3086 MC3386P DSOO56H MMHOO26G DS75454H MC75454U 
CA3086F MC3346P DSOO56J MMHOO26L DS75454N SN75454BP 
CA3090AO MC13l0P DS1488J MC1488L DS75461H MC75461U 
CA3091D MC1594L DS1488N MC1488P DS75461N MC75461P 
CA3l20E MC1344P DS1489AJ MC1489AL DS75462H MC75462U 
CA3l25E MC1323P DS1489AN MC1489AP DS75462N MC75462P 
CA3l34E TDAl190Z DS1489J MC1489L DS75463H MC75463U 
CA3l34EM TDAll90Z DS1489N MC1489P DS75463N MC75463P 
CA3l340M TDAl190Z DS3486J MC3486L DS75464H MC75464U 
CA3l36A MC3346P DS3486N MC3486P DS75464N MC75464P 
CA3l37E MC1323P DS3487J MC3487L DS75491J MC75491P 
CA3l39 CA3139 DS3487N MC3487P DS75491N MC75491P 
CA3l46 MC3346P DS36l2H MC1472U DS75492J MC75492P 
CA3401E MC3401P DS3612N MC1472P1 OS75492N MC75492P 
CA6078AS MC1776G DS3632H MC1472U DS7837J MC3437L 
CA6078AT MC1776G DS3632J MC1472U DS7837W MC3437L 
CA6741S MC1776G DS3632N MC1472Pl DS7838J MC3438L 
CA6741T MC1776G DS3644J MC3245L OS7838W MC3438L 
CA3302E MC3302P DS3644N MC3245P DS7887J MC3490P 
CMP-01CJ MC1556G DS3650J MC3450L DS7889J MC3491P 
CMP-01CP MC1556P DS3650N MC3450P DS7897J \ MC3494P 
D555CJ MC1555G DS3651J MC3430L DS8833J MC8T28L 
D3232 MC3232AP DS3651N MC3430P DS8833N MC8T28P 
D3242 MC3242AP DS3652J MC3452l DS8834J MC8T26AL 
D3245 MC3245P DS3652N MC3452P DS8834N MC8T26AP 
08216 MC8T26AL DS3653J MC3432l DS8835J MC8T26AL 
08226 MC8T28L DS3653N MC3432P DS8835N MC8T26AP 
DAC-Ol MC1506L DS3674J MC3460l DS8837J MC3437L 
DAC-08 MC1408L8 DS3674N MC3460P DS8837N MC3437P 
OAC-IC10BC MC34l0l DS55107J MC55107L OS8838J MC3438l 
DM7820AO MC75140Pl DS55107W MC75l07L OS8838N MC3438P 
OM7820J MC75140P1 DS55108J MC55108L DS8839J MC8T28L 
DM7822J MC1489AL DS55108W MC55l08L DS8839N MC8T28P 
DM7837J MC3437L DS55110J MC75Sll0L DS8887J MC3490P 
DM7838J MC3438L DS55121J MC8T13L OS8887N MC3490P 
DM7887J MC3490P DS55121W MC8T13L DS8889J MC3491P 
OM7887N MC3490P DS55122J MC8T14L OS8889N MC3491P 
DM7889J MC3491P DS55l22W MC8T14L DS8897J MC3494P 
DM7889N MC3491P DS55325J MC55325L OS8897N MC3494P 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 

HAl199 -LMl17H 

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR II PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 

HAl199 HAl199 LF156JG LF156J LF357L LF357H 
ICBBOOOC LMlllJ LF156L LF156H LF357N LF357N 
ICBBOO1C LM111J LF157AH LF157AH LF-357P LF357N 
ICB8741C MC1741CG LF157AJG LF157AJ LHOOO1ACH MC1776CG 
ICH8500ATV MC1776CG LF157AL LF157AH LHOOO1AH MC1776G 
ICH8500TV MC1776CG LF157H LF157H LHOOO1ACD MC1776CG 
ICL 101ALNDP LM101AH LF157JG LF157J LHOOO1AD MC1776G 
ICL 101ALNFB LM101AH LF157L LF157H LHOOO1ACF MC1776CG 
ICL 101ALNTY LM101AH LF252D lF255J LHOOO1AF MC1776G 
ICL301ALNPA LM301AH LF255H LF255H LHOOO2CH MC1538R 
ICL301ALNTY LM301AH LF255JG LF255J LHOOO2H MC1538R 
ICL741CLNPA MC1741CPl LF255L LF255H LHOOO4CH MC1436G 
ICL741CLNTY MC1741CPl lF255P LF255J LHOOO4H MC1536G 
ICL741LNDP MC1741L LF256H LF256H LHOO42CH MC1776G 
ICL741lNFB MC1741l lF256JG LF256J LH101F MC1741F 
ICL741LNTY MC1741L LF256L LF256H LH101H MC1741G 
ICL8001CTZ LMlllJ LF256P LF256J LH201F MC1741F 
ICL8001MTZ LMll1J LF257H LF257H LH201H MC1741G 
ICL8007CTA MC1709CG LF257JG LF257J LH740ACH LF355H 
ICL8007MTA MC1709CG LF257L LF257H LH740AH Lf'155H 
ICL8008CPA LM301AN LF257P LF257J LH2101AD MC1537L 
ICL8008CTY LM301AN LF347N MC34004P LH2101AF MC1537L 
ICL8013A MC1594G LF347AN MC34004AP LH2201AD MC1537L 
ICL8013B MC1594G lF347BN MC34004BP LH2201AF MC1537L 
ICL8013C MC1594G LF351H MC34001G LH2301AD MC1437L 
ICL8017CTW LM301AN lF351AH MC34001AG LH2301AF MC1437L 
ICL8017MTW LM301AN LF351BH MC34001BG LM100F LM105H 
ICLB021C MC1776G lF351N MC34001P LM100H lMl05H 
ICl8021M MC1776G lF351AN MC34001AP LM101AD LM101AH 
ICl8022C MC1776G LF351BN MC34001BP LM101AF LM101AH 
ICL8022M MC1776G LF352D lF355J LM101AH LM101AH 
ICL8043CDE MC1776G LF353H MC34002G LM101AJ LM101AJ 
ICL8043CPE MC1776G LF353AH MC34002AG LM101AJ-14 lMl01AJ 
ICL8043MDE MC1776G LF353BH MC34002BG LM101AJG LM101AJ 
ICl8048CDE MC1776G lF353N MC34002P LM101AL lMl01AH 
ICL8048DPE MC1776G LF353AN MC34002AP LM101D LM101AJ 
IH510111E MC1545G LF353BN MC34002BP LM 101F LM101AH 
IH5101MIE MC1545G LF355AH LF355AH LM101H LM101AH 
ITT641 MC1385P lF355AJG LF355AJ LM101J-14 LM101AJ 
1TT652 MC1411P LF355AL LF355AH LM104F LM104H 
ITT654 MC1412P LF355AP LF355AN LM104H LM104H 
ITT656 MC1413P LF355BH LF355BH LM104J LM104H 
ITT1330 MC1330P LF355BJ LF355BJ LM104L LM104H 
ITT1352 MC1352P LF355BN LF355BN LM105F LM105H 
ITT3064 MC1364P LF355H LF355H LM105H LM105H 
ITT3065 MC1358P LF355JG LF355J LM105JG LM105H 
1TT3066 MC1399P LF355L LF355H LM105L LM105H 
ITT3701 TDAl190Z LF355N LF355N LM106H MC1710G 
ITT3707 MC1399P LF355P LF355N LM107F LM107H 
ITT3710 MC1391P LF356AH LF356AH LM107H LM107H 
ITT3714 MC1394P LF356AL LF356AH LM107L LM107H 
L 144AP LM324N LF356AJG LF356AJ LM10BAD LM108AJ 
L201 MC1411P LF356AP LF356AN LM108AF LM10BAF 
L202 MC1412P LF356BH LF356BH LM108AH LM108AH 
L203 MC1413P LF356BJ LF356BJ LM108AJ LM108J-8 
LD111CJ MC1405l LF356BN LF356BN LM108D LM108J 
LF152D LF155J LF356H LF356H LM108F LM108F 
LF155AH LF155AH LF356JG LF356J LM108H LM108H 
LF155AJG LF155AJ LF356L LF356H LM109H LM109H 
LF155AL LF155AH LF356N LF356N LM109K LM109K 
LF155H LF155H LF356P LF356N LM109LA LM109K 
LF155JG LF155J LF357AH LF357AH LMll1D LM111J 

LF155L LF155H LF357BH LF357BH LMlllH LM111H 

LF156AH LF156AH LF357BJ LF357BJ LM112D MC1556L 

LF156AJG LF156AJ LF357BN LF357BN LMl12F MC1556L 

LF156AL LF156AH LF357H LF357H LM112H MC1556G 

LF156H LF156H LF357JG LF357J LMl17H LM117H 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 

LMl17K -LM309H 

II 
MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 

DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 

LMl17K LMl17K LM201AF LM201AH LM239D LM239J 
LMl18D MC1741SL LM201AH LM201AH LM239J LM239J 
LMl18F MC1741SL LM201AJ LM201AJ LM240LAH-5.0 MC78L05ACG 
LM118H MC1741SG LM201AJG LM201AJ LM240LAH-6.0 MC78L06CG 
LM120H-50 LM120H-5.0 LM201AL LM201AH LM240LAH-8 0 MC78L08ACG 
LM120H-5.2 MC7905.2CK LM201AN LM201AN LM240LAH-12 MC78L12ACG 
LM120H-60 LM120H-6.0 LM201AP LM201AN LM240LAH-15 MC7BL 15ACG 
LM120H-80 LM120H-8.0 LM201AJ-14 LM201AJ LM240LAH-18 MC78L18ACG 
LM120H-12 LM120H-12 LM201D LM201AJ LM240LAH-24 MC78L24ACG 
LM120H-15 LM120H-15 LM201F LM201AH LM240LAZ-50 MC78L05ACP 
LM120H-18 LM120H-18 LM201H LM201AH LM240LAZ-60 MC78L06ACP 
LM120H-24 LM120H-24 LM201J LM201AJ LM240LAZ-80 MC78L08ACP 
LM120K-5.0 LM120K-50 LM201J-14 LM201AJ LM240LAZ-12 MC78L 12ACP 
LM120K-5.2 MC79052CK LM204H LM204H LM240LAZ-15 MC78L 15ACP 
LM120K-60 LM120K-60 LM204F LM204H LM240LAZ-18 MC78L 18ACP 
LM120K-8.0 LM120K-80 LM205F LM205H LM240LAZ-24 MC78L24ACP 
LM120K-12 LM120K-12 LM205H LM205H LM243H MC1536G 
LM120K-15 LM120K-15 LM206H MC1710CG LM245K MC7905CK 
LM120K-18 LM120K-18 LM207F LM207H LM248D LM248J 
LM120K-24 LM120K-24 LM207H LM207H LM248J LM248J 
LM122F MC1555G LM208AD LM208AJ LM249D MC4741L 
LM122H MC1555G LM208AF LM208AF LM249J MC4741L 
LM124AD LM124J LM208AH LM208AH LM258AH LM258H 
LM124AF LM124J LM208AJ LM208AJ-8 LM258H LM258H 
LM124AJ LM 124J LM208D LM208J-8 LM2901N LM2901N 
LM124D LM124J LM208F LM208F LM300F LM305H 
LM124F LM124J LM208H LM208H LM271H MC1590G 
LM124J LM124J LM209K LM209K LM300H LM305H 
LM125H MC1568G LM209H LM209H LM301AD LM301AJ 
LM126H MC1568G LM211D LM211J LM301AF LM301AH 
LM128H MC1568G LM211H LM211H LM301AH LM301AH 
LM139AD LM139AJ LM212D MC1556L LM301AJ LM301AJ 
LM139AJ LM139AJ LM212F MC1556L LM301AJG LM301AJ 
LM139D LM139J LM212H MC1456G LM301AL LM301AH 
LM 139J LM139J LM217H LM217H LM301AN LM301AN 
LM140K-50 LM140K-50 LM217K LM217K LM301AP LM301AN 
LM140K·60 LM140K·6.0 LM21BD MC1741SL LM302H LM310H 
LM140K·80 LM140K-B.O LM218F MC1741SL LM304F LM304H 
LM 140K·12 LM140K-12 LM218H MC1741SG LM304H LM304H 
LM140K-15 LM140K·15 LM220H-50 MC7905CK LM304J LM304H 
LM140K·18 LM140K-18 LM220H·5.2 MC79052CK LM304L LM304H 
LM140K·24 LM140K-24 LM220H-60 MC7906CK LM304N LM304H 
LM140LAH-50 MC78L05ACG LM220H·80 MC7908CK LM305AH LM305H 
LM 140LAH-6 0 MC78L06ACG LM220H-12 MC7912CK LM305AJG LM305H 
LM140LAH·80 MC78L08ACG LM220H-15 MC7915CK LM305AL LM305H 
LM 140LAH-12 MC78L 12ACG LM220H-18 MC7918CK LM305AP LM305H 
LM140LAH-15 MC7BL 15ACG LM220H-24 MG7924CK LM305F LM305H 
LM140LAH-18 MC78L18ACG LM220K-5.0 MC7905CK LM305H LM305H 
LM 140LAH-24 MC78L24ACG LM220K-5.2 MC7905.2CK LM305JG LM305H 
LM143D MC1536G LM220K-60 MG7906CK LM305L LM305H 
LM143F MC1536G LM220K-8.0 MG7908CK LM305P LM305H 
LM143H MC1536G LM220K-12 MG7912CK LM306H MC1710CG 
LM145K MC7905CK LM220K-15 MG7915CK LM307F LM307H 
LM148D LM148J LM220K-18 MG7918CK LM307H LM307H 
LM148J LM148J LM220K-24 MG7924CK LM307L LM307H 
LM148F MC4741L LM222H MG1555G LM307N LM307N 
LM149D MC4741L LM224AD LM224J LM307P LM307N 
LM149F MC4741L LM224AF LM224J LM308AD LM308AJ 
LM158AH LM158H LM224AJ LM224J LM308AF LM308AJ 
LM158H LM158H LM224D LM224J LM308AH LM308AH 
LM158JG LM158J LM224F LM224L LM308AH-l LM30BAH 
LM158L LM158H LM224J LM224J LM308AH-2 LM308AH 
LM163J MC3450L LM225H MG1568G LM308AJ LM308AJ-8 
LM171H MC1590G LM226H MC1568G LM308D LM308J 
LM200F LM205H LM228H MG1568G LM308H LM308H 
LM200H LM205H LM239AD LM239AJ LM308N LM308N 
LM201AD LM201AJ LM239AJ LM239AJ LM309H LM309H 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 
LM309K -LM741J-14 

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR II PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 

lM309K lM309K lM340K-6.0 lM340K-60 LM363N MC3450P 
lM309KC LM309K lM340K-80 LM340K-80 LM371H MC1590G 
lM309lA lM309K lM340K-12 LM340K-12 LM376JG LM305H 
LM311D LM311J LM340K-15 LM340K-15 LM376L LM305H 
LM311H LM311H LM340K-18 LM340K-18 LM376N LM305H 
LM311N LM311N LM340K-24 LM340K-24 LM376P LM305H 
lM311N-14 LM311J LM340KC-50 MC7805CK LM3B6N MC1306P 
LM312D MC1456L LM340KC-60 MC7806CK LM555CH MC1455G 
LM312F MC1456L LM340KC-80 MC7808CK LM555CN MC1455Pl 
LM312H MC1456G LM340KC-12 MC7812CK LM555H MC1555G 
LM317H LM317H LM340KC-15 MC7815CK LM556CD MC3456L 
LM317K LM317K LM340KC-18 MC7818CK LM556CJ MC3456L 
lM317P LM317T LM340KC-24 MC7824CK LM556CN MC3456P 
LM317T LM317T LM340LAH-5 0 MC78L05ACG LM556D MC3556L 
LM318D MC1741SCL LM340LAH-6 0 MC78L06ACG LM556J MC3556L 
LM31BF MC1741SCL LM340LAH-8 0 MC78L08ACG LM565CH NE565N 
LM318H MC1741SCG LM340LAH-12 MC78L 12ACG LM565CN NE565N 
LM31BN MC1741SCPl LM340LAH-15 MC78L15ACG LM565H NE565N 
lM320H-50 LM320H-50 LM340LAH-18 MC78L18ACG LM703LN MC1350P 
LM320H-5.2 MC79052CK LM340LAH-24 MC78L24ACG LM709AH MC1709AG 
LM320H-60 LM320H-6.0 LM340LAZ-50 MC78L05ACP LM709AJ MC1709AL 
LM320H-80 LM520H-B 0 LM340LAZ-60 MC7BL06ACP LM709CH MC1709CG 
LM320H-12 lM320H-12 LM340LAZ-B 0 MC7BLOBACP LM709CJ MC1709CL 
LM320H-15 LM320H-15 LM340LAZ-12 MC7BL12ACP LM709CN MC1709CP2 
LM320H-18 LM320H-1B LM340LAZ-15 MC7BL 15ACP LM709CN-B MC1709CPl 
LM320H-24 LM320H-24 LM340LAZ-1B MC7BL1BACP LM709H MC1709G 
LM320K-5.0 LM320K-5.0 LM340LAZ-24 MC78L24ACP LM709J MC1709L 
LM320K-6.0 LM320K-60 LM340T-50 MC7B05CT LM710CH MC1710CG 
LM320K-80 LM320K-B 0 LM340T-60 MC7B06CT LM710CN MC1710CP 
LM320K-12 LM320K-12 LM340T-B 0 MC7BOBCT LM710H MC1710G 
lM320K-15 LM320K-15 LM340T-12 MC7B12CT LM711CH MC1711CG 
LM320K-1B LM320K-1B LM340T-15 MC7815CT LM711CN MC1711CP 
LM320K-24 LM320K-24 LM340T-1B MC7B1BCT LM711H MC1711G 
LM320MP-50 MC7905CT LM340T-24 MC7B24CT LM723CD LM723CJ 
LM320MP-52 MC79052CT LM341P-50 MC7BM05CT LM723CH LM723CH 
LM320MP-60 MC7906CT LM341P-60 MC7BM06CT LM723CJ LM723CJ 
LM320MP-80 MC790BCT LM341P-B 0 MC7BMOBCT LM723CN LM723CN 
LM320MP-12 MC7912CT LM341P-12 MC7BM12CT LM723D LM723J 
LM320MP-15 MC7915CT LM341P-15 MC78M15CT LM723H LM723H 
LM320MP-18 MC791BCT LM341P-18 MC7BM18CT LM723J lM723J 
LM320MP-24 MC7924CT LM341P-24 MC78M24CT LM733CD MCl733CL 
LM320T-50 LM320T-5.0 LM342P-50 MC78M05CT LM733CH MC1733CG 
LM320T-52 MC79052CT LM342P-60 MC78M06CT LM733CJ MC1733CL 
LM320T-6.0 LM320T-60 LM342P-80 MC78M08CT LM733CN MC1733CP 
LM320T-80 LM320T-80 LM342P-12 MC78M12CT LM733D MC1733L 
LM320T-12 LM320T-12 LM342P-15 MC78M15CT LM733H MC1733G 
LM320T-15 LM320T-15 LM342P-18 MC7BM1BCT LM733J MC1733L 
LM320T-1B LM320T-1B LM342P-24 MC78M24CT LM741AD MC1741L 
LM320T-24 lM320T-24 LM343D MC1436G LM741AF MC1741F 
LM322H MC1455G LM343H MC1436G lM741AH MC1741G 
LM322N MC1455Pl LM345K MC7905CK LM741AJ-14 MC1741l 
LM324AJ lM324J LM34BD lM34BJ LM741CD lM1741CJ 
LM324AN LM324N LM34BJ LM34BJ LM741CF lM741CF 
LM324J LM324J LM348N lM34BN lM741CH LM741CH 
LM324N LM324N MC3403P LM349D MC4741CL LM741CJ LM741CJ 
LM325AN MC1468L LM349J MC4741CL LM741CJ-14 LM741CJ-14 
LM325H MC146BG LM349N MC4741Cl lM741CN LM741CN 
LM325N MC146BL LM358AH LM358H lM741CN-14 lM741CN-14 
LM326H MC1468G LM35BAN LM358N LM741D LM741J-14 
LM326N MC146BL LM35BH LM35BH LM741ED MC1741CL 
LM328AN MC146BL LM35BJG LM35BJ LM741EH MC1741CG 
LM32BH MC1468G LM35BL LM358H LM741EJ MC1741CU 
LM32BN MC146BL LM35BN LM35BN LM741EJ-14 MC1741CL 
LM339AD LM339AJ LM35BP LM358N LM741EN MC1741CPl 
LM339AN LM339AN LM363AJ MC3450L LM741F LM741F 
LM339N LM339N LM363AN MC3450P LM741H LM741H 
LM340K-5.0 LM340K-50 LM363J MC3450L LM741J-14 LM741J-14 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 
LM746N -ML 107T 

II 
MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 

DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
PART NO REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 
LM746N MC1323P LM3071N MC1399P LM75108AJ MC75108L 
LM747CD LM747CJ LM3075N MC1375P LM75108AN MC75108P 
LM747CF LM747CF LM3086N MC3386P LM75110J MC75S110L 
LM747CH LM747CH LM3126 MC1399P LM75110N MC75S110P 
LM747CJ LM747CJ LM3146 MC3346P LM75121J MC8T13L 
LM747CN LM747CN LM3146A MC3346P LM75121N MC8T13P 
LM7470 LM747J LM3301N MC3301P LM75122J MCBT14L 
LM747F LM747F LM3302J MC3302L LM75122N MCBT14P 
LM747H LM747H LM3302N MC3302P LM75123J MCBT23L 
LM747J LM747J LM3401N MC3401P LM75123N MCBT23P 
LM748CH MC1748CG LM3900N MC3401P LM75124J MC8T24L 
LM748CJ MC1748CU LM3905N MC1455Pl LM75124N MCBT24P 
LM748CN MC1748CPl LM4250CH MC1716CG LM75207L MC75107L 
LM748H MC1748G LM4250CN MC1776CPl LM75207N MC75l07P 
LM748J MC1748U LM4250H MC1776G LM75208J MC75108L 
LM1310N MC1310P LM5525J MC5525L LM75208N MC75108P 
LM1351N MC1351P LM5528J MC5528L LM75324J MC75325L 
LM1391N MC1391P LM5529J MC5529L LM75324N MC75325P 
LM1394N MC1394P LM5534J MC5534L LM75325J MC75325P 
LM 1414J MC1414L LM5535J MC5535L LM75325N MC75325L 
LM1414N MC1414P LM553BJ MC5538L LM75450N MC75450P 
LM 1458H MC1458G LM5529J MC5539L LM75451N MC75451P 
LM 1458J MC1458U LM7524J MC7524L LM75452N MC75452P 
LM1458N MC1458Pl LM7524N MC7524P LM75453N MC75453P 
LM1458N-14 MC1458P2 LM7525J MC7525L LM75454N MC75454P 
LM1488J MC1488L LM7805KC MC7805CK MC1310A MC1310P 
LM1488N MC1488P LM7806KC MC7806CK MC140B8 MC1408P8 
LM1489AJ MC14B9AL LM7808KC MC7808CK MC1408F MC1 408L8 
LM1489AN MC1489AP LM7812KC MC7812CK MC1458JG MC1458U 
LM1489J MC1489L LM7815KC MC7815CK MC1458L MC145BG 
LM1489N MC1489P LM7818KC MC7B18CK MC1458P MC1458Pl 
LM1496H MC1496G LM7824KC MC7824CK MC1558JG MC1558U 
LM1496J MC1496L LM78L05ACH MC78L05ACG MC1558L MC1558G 
LM1496N MC1496P LM78L05ACZ MC78L05ACP MHOO26H MMHOO26CG 
LM1514J MC1514L LM7BL05CH MC78L05CG MHOO26CH MMHOO26CG 
LM1558H MC1558G LM78L05CZ MC78L05CP MHOO26CN MMHOO26CPl 
LM1558J MC1558U LM78L08ACH MC78L08ACG MHOO26G MMHOO26CG 
LM1596H MC1596G LM78L08ACZ MC78L08ACP MHOO26CG MMHOO26CG 
LM1596J MC1596L LM78L08CH MC78L08CG MHOO26F MMHOO26CL 
LM1800AN MC1310P LM78LOBCZ MC78L08CP MHOO26CF MMHOO26Cl 
LM1800N MC1310P LM78L12ACH MC78L12ACG MIC709-1 MC1709G 
LM1805 MC1385P LM78L 12ACZ MC78L12ACP MIC709-5 MC1709CG 
LM1808N TDAl190Z LM78L 12CH MC78L12CG MIC710-1C MC1710G 
LM1828N MC1323P LM78L 12CZ MC78L 12CP MIC710-5C MC1710CG 
LM1841N MC1356P LM78L 15ACH MC78L15ACG MIC711-1C MC1711G 
LM1845N MC1344P LM78L 15ACZ MC78l15ACP MIC711-5C MC1711CG 
LM1848N MC1323P LM78L 15CH MC78L15CG MIC712-18 MC1712F 
LM1850N MC3426L LM78L 15CZ MC78L 15CP MIC712-1C MC1712G 
LM1900D MC3301L lM78L18ACH MC78L18ACG MIC712-ID MC1712L 
lM2111N MC1357P LM78L 18ACZ MC78L18ACP MIC712-58 MC1712CF 
LM2113N MC1357P lM78L 18CH MC78L 18CG MIC712-5C MC1712CG 
LM2900J MC3301L LM78L 18CZ MC78L18CP MIC712-5D MC1712Cl 
lM2900N MC3301P LM78L24ACH MC78L24ACG MIC723-1 MC1723G 
LM2902J LM2902J lM78L24ACZ MC78l24ACP MIC723-5 MC1723CG 
LM2902N LM2902N LM78L24CH MC78L24CG MIC741-1C MC1741G 
LM2904N LM2904N LM78L24CZ MC78L24CP MIC741-1O MC1741L 
LM2905N MC1455Pl LM55107AJ MC55107l MIC741-5C MC1741CG 
LM3011H MC1550G LM55108AJ MC55108L MIC741-5D MC1741CL 
lM3026 CA3054 LM55109J MC75S110L ML 101AF LM101AH 
LM3045 MC3346P LM55110J MC75S110l Mll01AM LM101AH 
LM3046N MC3346P LM55121J MC8T13L ML 101AT LM101AH 
LM3054 CA3054 LM55122J MC8T14L ML101F LM101AH 
LM3064N MC1364P LM55123J MC8T23L ML101M LM101AH 
LM3065N MC1358P LM55124J MC8T24L ML 10n LM101AH 
LM3066N MC1399P LM55325N MC55325L ML 107F LM107H 
LM3067N MC1323P LM75107AJ MC75107L ML107M LM107H 
LM3070N MC1399P LM75107AN MC75107P ML 107T LM107H 

1-16 



LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 
ML 10BAF -OP-OB8 

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 

II DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 

ML108AF MC1556G ML741AT MC1556G N5747F MC1747CL 
ML108AM LM108AJ ML741CP MC1741CP2 N5748A MC1747CG 
ML 108AT lMl08AH ML741CS MC1741CPl N5748T MC1748CG 
ML 108M LM108J ML741CT MC1741CG N8T13B MC8T13P 
ML 108T LM108H ML741F MC1741F N8T13P MC8T13L 
MLlllM lMl11J Ml741M MC1741L N8T14B MC8T14P 
MllllS lMl11J ML74H MC1741G N8T14E MC8T14L 
ML11H LMlllH ML747CP MC1747CL N8T15A MC14BBl 
ML118F MC1741SG ML747CT MC1747CG N8T15F MC1488L 
ML11BM MC1741SG ML747F MC1747F N8T16A MC1489L 
ML118T MC1741SG ML747M MC1747L N8T23B MC8T23P 
ML201AF LM201AH ML747T MC1747G NBT23E MC8T23L 
ML201AM LM201AH ML74BCP LM301AN N8T24B MCBT24P 
ML201AT LM201AH ML748CS LM301AN NBT24E MCBT24L 
ML201F LM201AH ML74BCT MC174BCG NBT26AB MC8T26AP 
ML201M LM201AH ML748F MC174BG NBT26AE MCBT26AL 
ML20H LM201AH ML74BM MC1748G N8T26B MCBT26AP 
ML207F lM207H Ml748T MC1748G NBT2BB MCBT28P 
Ml207M LM20lH Ml1436T MC1436G N8T37A MC3437P 
ML207T LM207H ML1437P MC1437P NBT38A MC343BP 
ML208AF MC1556G Ml1458P MC1458P2 N8T95B MCBT95P 
ML208AM lM208AJ Ml145BS MC1458Pl NBT95F MCBT95L 
ML208AT lM20BAH Ml145BT MC1458G N8T96B MCBT96P 
ML20BM LM208J ML 1488M MC14B8l NBT96F MCBT96l 
Ml20BT lM208H Ml1489AM MC1489AL N8T97B MCBT97P 
Ml211M LM211J ML 1489M MC1489L N8T97F MC8T97L 
ML211S lM211N ML 1536T MC1536G N8T98B MC8T98P 
ML21H lM211H ML1537M MC1537L N8T98F MC8T98L 
Ml218F MC1741SG ML 1558M MC15581. NE501A MC1733CL 
ML218M MC1741SG ML1558T MC1558G NE501K MC1733CG 
ML218T MC1741SG ML3046P MC3346P NE515A MC1420G 
Ml301AP lM301AN ML4250T MC1776G NE515G MC1520F 
ML301AS LM301AN Ml4250CS MC1776CG NE515K MC1420G 
ML301AT lM301AH ML4250CT MC1776CG NE516A MC1420G 
Ml301P lM301AN ML425H MC1776G NE516G MC1520F 
ML301S LM301AN ML4251CS MC1776CG NE516K MC1420G 
ML30H LM301AN ML4251CT MC1776CG NE531G MC1439G 
ML307P LM307H ML6503M MC1537L NE53H MC1439G 
ML307S LM307N ML7503M MC14371 NE531V MC1439P 
ML307T LM307H N5065A MC135BP NE533G MC1776CG 
ML308AM lM30BAJ N5070B MC1399P NE533T MC1776CG 
ML308AT lM30BAH N5071A MC1399P NE533V MC1776CG 
ML30BM LM308J N5072A MC1323P NE537G MC1456G 
ML30BT LM30BH N5556T MC1456G NE537T MC1456G 
Ml311M lM311J N5556V MC1456Pl NE540L MC1554G 
ML311P LM311J N5558F MC1458L NE550A MC1723CP 
ML311S lM311N N555BT MC1458G NE550L MCl723CG 
ML31H LM311H N5558V MC1458Pl NE555JG MC1455U 
Ml318M MC1741SCPl N5595A MC1495L NE555L MC1455G 
Ml318T MC1741SCG N5595F MC1495L NE555P MC1455Pl 
ML709AF MC1709AF N5596A MC1496L NE555T MC1455G 
ML709AM MC1709Al N5596K MC1496G NE555V MC1455Pl 
ML709AT MC1709AG N5709A MC1709CP2 NE556A MC3456P 
ML709CP MC1709CP2 N5709G MC1709CF NE5561 MC3456L 
ML709CT MC1709CG N5709T MC1709CG NE565A NE565N 
ML709F MC1709F N5709V MC1709CPl NE565K NE565N 
ML709M MC1709l N5710A MC1710CP NE592A NE592A 
Ml709T MC1709G N5710T MC1710CG NE592K NE592K 
ML723CF MC1723Cl N5711A MC1711CP OP-01C MC1536 
ML723CM MCl723Cl N5711K MC1711CG OP-01G MC1536 
Ml723CP MC1723CL N5723A MC1723CP OP-01H MC1536 
ML723CT MC1723CG N5723T MC1723CG OP-01J MC1536G 

ML723F MC1723L N5733K MC1733CG OP-Oll MC1536G 
ML723M MC1723L N5741A MC1741CP2 OP-01P MC1536P 

ML723T MC1723G N5741T MC1741CG OP-OB MC1776 

ML741AF MC1556G N5741V MC1741CPl OP-OBA MC1776 
ML741AM MC1556G N5747A MC1747CL OP-OLB MC1776 



LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 
OP-08e -SG208AM 

II 
MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 

DIRECT SIMILAR DIRECT SIMILAR DIRECT &IMILAR 
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 

OP-08C MC1776 RC75110DP MC75S110P SE533G MC1776G 
OP-08E MC1776 RC75325DD MC75325L SE533T MC1776G 
PA239A MC1303P REF-01CJ C1404Ul0 SE537G MC1556G 
RC702T MC1712CG REF-01DJ C1404Ul0 SE537T MC1556G 
RC709D MC1709CL REF-01J C1504AU10 SE550L MC1723G 
RC709DN MC1709CPl REF-01HJ C1404AU10 SE555JG MC1555U 
RC709DP MC1709CP2 REF-02CJ C1404U5 SE555L MC1555G 
RC709T MC1709CG REF-02DJ C1404U5 SE555T MC1555G 
RC710DC MC1710CL REF-02HJ C1404AU5 SE556A MC3556L 
RC710DP MC1710CP REF-02J C1504AU5 SE565A MLM565CP 
RC710T MC1710CG RM702Q MC1712F SE565K MLM565CP 
RC711DC MC1711CL RM702T MC1721G SE592A SE592L 
RC711DP MC1711CP RM709D MC1709L SE592K SE592G 
RC711T MC1711CG RM709Q MC1709F SG100T MC1723G 
RC723D MC1723CL RM709T MC1709G SG101AO LM101AH 
RC723T MC1723CG RM7100 MC1710L SG101AT LM101AH 
RC733D MC1733CL RM710T MC1710G SG101J LM101AH 
RC733T MC1733CG RM711DC MC1711L SG1011 LM101AH 
AC741D MC1741CL RM711T MC1711G SG104T LM104H 
AC741DN MC1741CPl RMmD MC1723L SG105N LM105H 
RC741DP MC1741CP2 RM723T MC1723G SG105T LM105H 
AC741Q MC1741CF RM7330 MC1733L SG107J LM107H 
AC7411 MC1741CG RM733T MC1733G SG107T LM107H 
AC747D MC1747CL RM741D MC1741L SG10BAJ LM10BAJ 
AC747T MC1747CG RM741DP MC1741P SG108AT LM10BAH 
AC748T MC1748CG RM741Q MC1741F SG108J LM108J 
RC1414DC MC1414L RM74H MC1741G SG108T LM108H 
RC1414DP MC1414P RM747D MC1747L SG109K LM109K 
RC1488DC MC1488L AM747T MC1747G SG109T LM109H 
RC1489ADC MC1489AL RM748T MC1748G SG111D LMll1J 
RC1489DC MC1489L RM1514DC MC1514L SG111T LMlllH 
RCBT13DD MCBT13L RM1537D MC1537L SG118J MC1741SL 
RC1437D MC1437L RM4136D MC3503L SG118T MC1741SG 
RC1437DP MC1437? RM4136J MC3503L SG120K-05 LMI20K-05 
RC1458DN MC1458Pl RM4195T MC1568G SG120K-52 MC7905.2CK 
AC1458T MC1458G RM4195TK MC1568R SG120K·12 LM120K-12 
RC1556T MC1456CG RM4558D MC4558U SG120K-15 LM120K-15 
RC1558T MC1558G RM4558JG MC4558U SG120T·05 LM120T-05 
AC3302DB MC3302P RM4558L MC4558G SG120T·52 MC79052CK 
AC4131DP MC14715CPl RM4558T MC4558G SG120T-12 LM120T-12 
AC413H MC17415G RM55107AD MC55107L SG120T·15 LM120T-15 
AC4136D MC3403L RM55325DO MC55325L SG124J LM124J 
AC4136DP MC3403P AV3301DB MC3301P SG140K·05 LM140K-5.0 
RC4136J MC3403L S8113E MC8T13L SG140K·06 LM140K-60 
RC4136N MC3403P S8114E MC8T14L SG140K-08 LM140K·80 
RC4195T MC1468G 55556T MC1556G SG140K·12 LM140K-12 
RC4195TK MC1468R S5558E MC1558L SG140K·15 LM140K-15 
RC4444A MC3416L S5558T MC1558G SG140K·18 LM140K-18 
RC4558DN MC4558CPl S5596F MC1596L SG140K·24 LM140K-24 
RC4558JG MC4558CU S5596K MC1596G SG200T MC1723G 
RC4558L MC4558CG S5709G MC1709F SG201AD LM201AH 
RC4558P MC4558CPl S5709T MC1709G SG201AM LM201AN 
RC4558T MC4558CG S5710T MC1710G SG201AN LM201AN 
RC8T13MP MC8T13P S5711K MC1711G SG201AT LM201AH 
RC8T14DD MC8T14L S5723T MC1723G SG201J LM201AH 
RC8Ti4MP MC8114P S5733K MC1733G SG201M LM201AN 
RC8T23DD MC8T23L S57411 MC1741G SG201N LM201AN 
RC8T23MP MC8T23P SE501K MC1733G SG20H LM201AH 
RC8T24DD MC8T24L SE515G MC1520F SG204T LM204H 
RC8T24MP MC8T24P SE515K MC1520G SG205N LM205H 
RC75107AD MC75107L SE516A MC152(){l SG205T LM205H 
RC75107ADP MC75107P SE516G MC1520F SG207J LM207H 
RC75108AD MC75108L SE516K MC1520G SG207M LM207H 
RC75108ADP MC75108P SE528E MC1544L SG207N LM207H 
RC75109D MC75S110L SE528R MC1544L SG207T LM207H 
RC75109DP MC75S110P SE531G MC1539G SG208AJ LM208AJ 
RC75110D MC75S110L SE53H MC1539G SG208AM LM208AJ-8 
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I LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 
SG208AT -SG3501AT 

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 

II DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 

SG208AT LM208AH SG710CN MC1710CP SG1456T MC1456G 
SG208J LM20SJ SG710CT MC1710CG SG145SM MC145SPl 
SG20SM LM20SJ-8 SG710D MC1710L SG145ST MC145SG 
SG208T LM20SH SG710N MC1710CP SG146SJ MC146SL 
SG209K LM209K SG710T MC1710G SG146SN MC146BL 
SG209T LM209H SG711CD MC1711CL SG146BT MC146SG 
SG21lD LM211J SG711CN MC1711CP SG1495D MC1495L 
SG211M LM211N SG711CT MC1711CG SG1495N MC1495L 
SG211T LM211H SG711D MC1711L SG1496D MC1496L 
SG21SJ MC1741SL SG711N MC1711CP SG1496N MC1496L 
SG21BM MC1741SL SG711T MC1711G SG1496T MC1496G 
SG218T MC1741SG SG723CD MC1723CL SG1501AD MC156BL 
SG224J LM224J SG723CN MC1723CP SG1501AT MC156BG 
SG224N LM224N SG723CT MC1723CG SG1501D MC156BL 
SG300N MC1723CP SG723D MC1723L SG150lT MC1568G 
SG300T MC1723CG SG723T MC1723G SG1502D MC1568L 
SG301AD LM301AH SG733CD MC1733CL SG1502N MC156BL 
SG301AM LM301AN SG733CN MC1733CP SG1503 MC1503U 
SG301AN LM301AN SG733CT MC1733CG SG1524J MC3520L 
SG301AT LM301AH SG733D MC1733L SG1536T MC1536G 
SG304T LM304H SG733N MC1733L SG1556T MC1556G 
SG305AT LM305H SG733T MC1733G SG1558T MC155BG 
SG305N LM305H SG741CD MC1741CL SG1595D MC1595L 
SG305T LM305H SG741CF MC1741CF SG1596D MC1596L 
SG307J LM307N SG741CM MC1741CPl SG1596T MC1596G 
SG307M LM307N SG741CN MC1741CP2 SG1660D LM301AH 
SG307N LM307N SG741CT MC1741CG SG1660J LM30BJ 
SG307T LM307H SG741D MC1741L SG1660M LM30SN 
SG30BAJ LM30BAJ SG741F MC1741F SG1660T LM30SH 
SG30SAM LM30BAN SG74lT MC1741G SG1760D LM307H 
SG30BAT LM308AH SG741SCM MC1741SCPl SG1760F LM307H 
SG308J LM308J SG741SCT MC1741SCG SG1760J LM308J 
SG30BM LM30BN SG741ST MC1741SG SG1760M LM&OBN 
SG30BT LM30BH SG747CJ MC1747CL SG1760T LM30BH 
SG309K LM309K SG747CN MC1747CP2 SG211BAJ LM20BAJ 
SG309T LM309H SG747CT MC1747CG SG211SAM LM20SAJ-B 
SG311D LM311J SG747J MC17471 SG211BAT LM20BAH 
SG311M LM311N SG747T MC1747G I SG211BJ LM208J 
SG311T LM311H SG74BCD MC174BCPl SG211BM LM20BJ-B 
SG31BJ MC1741SCL SG74BCM MC174BCPl I SG2118T 

LM20BH 
SG31BM MC1741CPl SG74BCN MC174BCPl SG2250T MC1776G 
SG31BT MC1741CG SG74BCT MC174BCG SG2401N MC1433G 
SG320K-05 LM320K-50 SG74BD MC174BG SG2402N MC1494L 
SG320K-52 MC79052CK SG74BT MC174BG SG2402T MC1494L 
SG320K-12 LM320K-12 SG777CJ LM30BAJ SG2501AD MC146BL 
SG320K-15 LM320K-15 SG777CM LM308AN SG2501AT MC1468G 
SG320T-05 LM320T-50 SG777CN LM308AN SG250lD MC1468L 
SG320T-52 MC79052CT SG777CT LM30SAH SG2501N MC146BL 
SG320T-12 LM320T-12 SG777J LM108Ay SG250lT MC1468G 
SG320T-15 LM320T-15 SG777T LM108Af1 SG2502D MC1468L 
SG324J LM324J SG111BAJ LM10SAJ SG2502N MC1468L 
SG324N LM324N SGlllBAT LM108AH SG2502T MC1468G 
SG340K-05 MC7805CK SG1118J LM108J SG2503 MC1403AU 
SG340K-06 MC7806CK SG1118T LM10SH SG2524J MC3520L 
SG340K-08 MC7BOSCK SG1217 MC1741G SG311BAJ MLM308AL 
SG340K-12 MC7S12CK SG1217J MC1741SL SG311SAM MLM30BAPl 
SG340K-15 MC7S15CK SG1217T MC1741SG SG311SAT MLM308AG 
SG340K-1S MC7S1SCK SG1250T MC1776G SG3118J MLM30SL 
SG340K-24 MC7B24CK SG1401N MC1533G SG3118M MLM308Pl 
SG555CM MC1455Pl SG140n MC1533G SG311ST MLM308G 
SG555CT MC1455G SG1402N MC1594L SG3250T MC1776G 
SG555T MC1555G SG1402T MC1594L SG3401N MC1433G 
SG556CJ MC3456L SG1436CT MC1436CG SG340lT MC1433G 
SG556CN MC3456P SG1436M MC1436U SG3402N MC1494L 
SG556J MC3556L SG1436T MC1436G SG3402T MC1494L 
SG556N MC3556L SG1456CT MC1456CG SG3501AD MC1468L 
SG710CD MC1710CL SG3501AT MC1468G 



LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 

SG3501D -SN75127N 

II 
MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 

DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 
SG3501D MC1468L SN52709AFA MC1709AF SN72702L MC1712CG 
SG3501N MC1468L SN52709AJ MC1709AL SN72709J MC1709CL 
SG3501T MC1468G SN52709AL MC1709AG SN72709L MC1709CG 
SG3502D MC1468L SN52709FA MC1709F SN72709N MC1709CP2 
SG3502G MC1468G SN52709J MC1709L SN72709P MC1709CP1 
SG3502N MC1468L SN52709L MC1709G SN72710J MC1710CL 
SG3503 MC1403U SN52710FA MC1710F SN72710L MC1710CG 
SG3524J MC3420L SN52710J MC1710L SN72710N MC1710CP 
SG4250CM MC1776CP1 SN52710L MC1710G SN72711J MC1711CL 
SG4250CT MC1776CG SN52711FA MC1711F SN72711L MC1711CG 
SG4250T MC1776G SN52711J MC1711L SN72711N MC1711CP 
SG4501D MC1468L SN52711L MC1711G SN72720J MC1710CL 
SG4501N MC1468L SN52723FA MC1723F SN72720L MC1710CG 
SG4501T MC1468G SN52723J MC1723L SN72720N MC1710CP 
SG7805CK MC7805CK SN52723L MC1723G SN72723J MC1723CL 
SG7805K MC7805CK SN52733J MC1733L SN72723L MC1723CG 
SG7806CK MC7806CK SN52733L MC1733G SN72733J MC1733CL 
SG7806K MC7806CK SN52741FA MC1741F SN72733L MC1733CG 
SG7808CK MC7808CK SN52741J MC1741L SN72741FA MC1741CF 
SG7808K MC7808CK SN52741L MC1741G SN72741J MC1741CL 
SG7812CK MC7812CK SN52747FA MC1747F SN74741L MC1741CG 
SG7812K MC7812CK SN52747J MC1747L SN72741N MC1741CP2 
SG7815CK MC7815CK SN52747L MC1747G SN72741P MC1741CP1 
SG7815K MC7815CK SN52748L MC1748G SN72747FA MC1747CF 
SG7818CK MC7818CK SN52770L MC1556G SN72747J MC1747CL 
SG7B1BK MC781BCK SN52771L I>JC1556G SN72747L MC1747CG 
SG7824CK MC7824CK SN52810FA MC1710F SN72747N MC1747CP2 
SG7824K MC7824CK SN52810J MC1710L SN72748L MC1748CG 
SHOO13HC MMHOO26CG SN52810L MC1710G SN72748P MC1748CP1 
SHOO13HM MMHOO26G SN52811FA MC1711F SN72770L MC1456G 
SH2001FC MC75462P SN52811J MC1711L SN72771L MC1456G 
SH2001FM MC75462P SN52811L MC1711G SN72810J MC1710CL 
SH2001HC MC75462P SN55107AJ MC55107L SN72810L MC1710CG 
SH2001HM MC75462P SN55107BJ MC55107L SN72810N MC1710CP 
SH2002FC MC75462P SN55108AJ MC55108L SN72811J MC1711CL 
SH2002FM MC75462P SN55108BJ MC75108L SN72811L MC1711CG 
SH2002HC MC75462P SN55109J MC75S110L SN72811N MC1711CP 
SH2002HM MC75462P SN55110J MC75S110L SN72905 MC7905CT 
SH2002HC MC75462P SN55244J MC1544L SN72906 MC7906CT 
SH2200FC MC75462P SN55325J MC55325L SN72908 MC7908CT 
SH2200FM MCi5462P SN72301AL LM301AH SN72912 MC7912CT 
SH2200HC MC75462P SN72301AP LM301AN SN72915 MC7915CT 
SH2200HM MC75462P SN72304L LM304H SN72L022P LM358N 
SH2200PC MC75462P SN72305AL LM305H SN72L044JA LM324N 
SH8090FM MC1508L8 SN72305L LM305H SN72L044N LM324N 
SN5510FA MC1510F SN72306J MC1710CL SN75107AJ MC75107L 
SN5510L MC1510G SN72306L MC1710CG SN75107AN MC75107P 
SN52101AL LM101AH SN72306N MC1710CP SN75107BJ MC75107L 
SN52104L LM101H SN72307L LM307H SN75107BN MC75107P 
SN52105L LM105H SN72308AL LM308AH SN75108AJ MC75108L 
SN52106J MC1710L SN72308L LM308H SN75108AN MC75108P 
SN52106L MC1710G SN72309L LM309H SN75108BJ MC75108L 
SN52107L LM107H SN72311L LM311H SN75108BN MC75108P 
SN52108AL LM108AH SN72311P LM311N SN75121J MC8T13L 
SN52108L LM108H SN72376L LM305H SN75121N MC8T13P 
SN52109L LM109H SN72440J MC3370P SN75122J MC8T14L 
SN52510J MC1710L SN72440N MC3370P SN75122N MC8T14P 
SN52510L MC1710G SN72510J MC1710CL SN75123J MC8T23L 
SN52514J MC1514L SN72510L MC1710CG SN75123N MC8T23P 
SN52555L MC1555G SN72510N MC1710CP SN75124J MC8T24L 
SN52558L MC1558G SN72514J MC1414L SN75124N MC8T24P 
SN52702AFA MC1712F SN72514N MC1414P SN75125J MC75125L 
SN52702AJ MC1712L SN72555L MC1455G SN75125N MC75125P 
SN52702AL MC1712G SN72555P MC1455P1 SN75126J MC3481/5L 
SN52702FA MC1712F SN72558L MC1458G SN75126N MC3481/5P 
SN52702J MC1712L SN72558P MC1458P1 SN75127J MC75127L 
SN52702L MC1712G SN72702J MC1712CL SN75127N MC75127P 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 
SN75128J - TL494CN 

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR II PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 

SN75128J MC75128L SN76130N MC1303P TBA520 MC1327P 
SN75128N MC75128P SN76131N MC1303P TBA920 MC1391P 
SN75129J MC75129L SN76149N MC1303P TBA920S ~.'C1391P 
SN75129N MC75129P SN76242N MC1399P TBA940 MC1344P 
SN75138N MC3443P SN76243N MC1399P TBA950 MC1344P 
SN75138J MC3443P SN76246N MC1323P TBA990 MC1327P 
SN75140P MC75140P1 SN76298N MC1398P TBAl190Z TBA1190Z 
SN75150J MC1488L SN76514L MC1496G TDA1190Z TDA1190Z 
SN75150N MC1488P SN76514N MC1496P TDA2002 TDA2002 
SN75154J MC1489L SN76564N MC1364P TL022CJG LM358J 
SN75154N MC1489P SN76565N MC1364P TL022CL LM358H 
SN75188J MC1488L SN76591P MC1391P TL022CP LM358N 
SN75188N MC1488P SN76594P MC1394P TL022MJG LM158J 
SN75189AJ MC1489AL SN76600P MC1350P TL022ML LM158H 
SN75189J MC1489L SN76642N MC1357P TL044CJ LM324J 
SN75189AN MC1489AP SN76644N MC1352P TL044CN LM324N 
SN75189N MC1489P SN76650N MC1352P TL044MJ LM124J 
SN75207 J MC75107L SN76651N MC1351P TlO71ACJG MC34001BU 
SN7520lN MC75107P SN76653N MC1352P TL071ACL MC34001BG 
SN75208J MC75108L SN76660N MC 357P TL071ACP MC34001BP 
SN75208N MC75108P SN76665N MC1364P TL071BCJG MC34001AU 
SN75261N MC3245L SN76666N MC1358P TL071BCL MC34001AG 
SN75322N MC3245P SN76669N MC1356P TL071BCP MC34001AP 
SN75362P MMHOO26CP SN76675N MC1375P TL071CJG MC34001U 
SN75365J MC75365L SN76678P MC1355P TL071CL MC34001G 
SN75365N MC75365P SSS101AL LM101AH TL071CP MC34001P 
SN75368J MC75368L SSS101AJ LM101AH TL072ACJG MC34002BU 
SN75368N MC75368P SSS107J LM107H TL072ACL MC34002BG 
SN75369P MMHOO26CP1 SSS107P LM107H TL072ACP MC34002BP 
SN75450AJ MC75450L SSS201AJ LM201AH TL072BCJG MC34002AU 
SN75450AN MC75450P SSS201AL LM201AH TL072BCL MC34002AG 
SN75450BN MC75450P SSS201AP LM201AN TL072BCP MC34002AP 
SN75450N MC75450P SSS207J LM207H TL072CJG MC34002U 
SN75451AP MC75451P SSS207P LM207H TL072CL MC34002G 
SN75451P MC75451P SSS301AJ LM301AH TlO72CP MC34002P 
SN75452P MC75452P SSS301AL LM301AH TL074ACJ MC34004BL 
SN75453P MC75453P SSS301AP LM301AN TL074ACN MC34004BP 
SN75454P MC75454P SSS741BJ MC1741G TL074BCJ MC34004A 
SN75460AJ MC75460L SSS7418L MC1741F TL074BCN MC34004AP 
SN75460AN MC75460P SSS7418P MC1741P2 TL074CJ MC34004L 
SN75461 MC75461 SSS741CJ MC1741CG TL074CN MC34004P 
SN75461AP MC75461P SSS741CL MC1741CF TL081ACJG MC34001BU 
SN75462 MC75462 SSS741CP MC1741CP2 TL081ACL MC34001BG 
SN75462AP MC75462P SSS741GJ MC1741SG TL081ACP MC340018P 
SN75463 MC75463 SSS741GP MC1741SG TL081BCJG MC34001AU 
SN75463AP MC75463P SSS741J MC1741G TL081BCL MC34001AG 
SN75464 MC75464 SSS741L MC1741F TLOB1BCP MC34001AP 
SN75464AP MC75464P SSS741P MC1741P2 TL081CJG MC34001U 
SN75461N MC75491P SSS74782 MC1747F TLOB1CL MC34001G 
SN75466J MC1411L SSS747BP MC1747L TLOB1CP MC34001P 
SN75466N MC1411P SSS747CK MC1747CG TLOB2ACJG MC340028U 
SN75467J MC1412L SSS747CM MC1747CF TLOB2ACL MC340028G 
SN75467N MC1412P SSS747CP MC1747CL TLOB2ACP MC340028P 
SN75468J MC1413L SSS747GK MC1747G TL082BCJG MC34002AU 
SN7546BN MC1413P SSS747GM MC1747F TL0828CL MC34002AG 
SN75475P MC1472P1 SSS747GP MC1747L TLOB2BCP MC34002AP 
SN75475JG MC1472U SSS747L MC1747F TL082CJG MC34002U 
SN75491N MC75491P SSS747P MC1747L TL082CL MC34002G 
SN75492N MC75492P SSS 1408A-6Z MC140BL6 TL082CP MC34002P 
SN76000P MC1306P SSS140BA-7Z MC1408L7 TLOB4ACJ MC340048L 
SN76104N MC1310P SSS 1408A-BZ MC1408LB TLOB4ACN MC34004BP 
SN76105N MC1310P SSS1458J MC145BG TLOB4BCJ MC34004AL 
SN76111N MC1310P SSS 150BA-8Z MC150BL8 TL084BCN MC34004AP 
SN76113N MC1310P SSS1558J MC1558G TLOB4CJ MC34004L 
SN76115N MC1310P TAA630 MC1327P TL084CN MC34004P 
SN76116N MC1310P TBA120S MC135BP TL494CJ TL494CJ 
SN76117N MC1310P TBA440 MC1352P TL494CN TL494CN 



LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 

TL495CJ -I'A732DC 

I MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 

PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO REPLACEMENT REPLACEMENT 
TL495CJ TL495CJ ULS2139D MC1539G JlA555HC MC1455G 
TL495CN TL495CN ULS2139G MC1539G JlA555HM MC1555G 
TL497CJ MC3420L ULS2139H MC1539L JlA555TC MC1455Pl 
TL497CN MC3420P ULS2139M MC1439Pl JlA556DC MC3456L 
TL497MJ MC3520L ULS2151D MC1741G JlA556DM MC3556L 
UDN5711M MC1471Pl ULS2151G MC1741F JlA556PC MC3456P 
UDN5712M MC1472Pl ULS2151H MC1741L IlA702DC MC1712CL 
UDN5713M MC1473Pl ULS2151M MC1741CPl JlA702DM MC1712L 
UDN5714M MC1474Pl ULS2156D MC1556G JlA702FM MC1712F 
UDN-6144A MC3490P ULS2156G MC1556G JlA702HC MC1712CG 
UDN-6164A MC3490P ULS2156H MC1556G JlA702HM MC1712G 
UDN-6184A MC3490P ULS2156M MC1556G IlA702MJ MC1712L 
UDN-7183A MC3491P ULS2157A MC155BL JlA702ML MC1712G 
UDN-7184A MC3491P ULS2157H MC155BL IlA709ADM MC1709AL 
UON-7186A MC3491P ULS2157K MC155BG IlA709AFM MC1709AF 
UHD-490 MC3494P JlAOB02DC-l MC140BLB JlA709AHM MC1709AG 
UHO-491 MC3494P JlAOB02DC-2 MC140BL7 JlA709AMJ MC1709AL 
UHP-490 MC3494P JlAOB02DC-3 MC140BL6 JlA709AMJG MC1709AU 
UHP-491 MC3494P JlAOB02DM-l MC150BLB JlA709AML MC1709AG 
UHP-495 MC3490P JlAOB02PC-l MC140BPB IlA709CJ MC1709CL 
ULN2001A ULN2001A JlAOB02PC-2 MC140BP7 IlA709CJG MC1709CU 
ULN2002A ULN2002A IlAOB02PC-3 MC140BP6 JlA709CL MC1709CG 
ULN2003A ULN2003A JlAl01AD LM101AJ IlA709CN MC1709CP2 
ULN2004A ULN2004A JlAl01AF LM101AJ JlA709CP MC1709CPl 
ULN2111A MC1357P JlAl01AH LM101AH JlA709DC MC1709CL 
ULN2111N MC1357PQ ~Al01D LM101AJ JlA709DM MC1709L 
ULN2113A MC1357? JlAl01F LM101AJ IlA709FM MC1709F 
ULN2113N MC1357P JlA101H LM101AH JlA709HC MC1709CG 
ULN2114A MC1323P JlAl04HM LM104H IlA709HM MC1709G 
ULN2114K MC1323P JlAl05HM LM105H JlA709MJ MC1709L 
ULN2114N MC1323P JlAl07H LM107H IlA709MJG MC1709U 
ULN2120A MC1310P JlAl0BAD LM10BAJ JlA709ML MC1709G 
ULN2121A MC1310P JlAl0BAF LM10BAF pA709TC MC1709CP1 
ULN2122A MC1310P JlAl0BAH LM10BAH JlA709PC MC1709CP2 
ULN2124A MC1399P JlAl0BD LM10BJ JlA710DC MC1710CL 
ULN2125A MC1344P JlA10BF LM108F JlA710DM MC1710L 
ULN2127A MC1399P JlA10BH LM10BH JlA710HC MC1710CG 
ULN2128A MC1310P JlAl09KM LM109K JlA710HM MC1710G 
ULN2136A MC1356P JlA201AD LM201AJ JlA710PC MC1710CP 
ULN2139D MC1439G JlA201AF LM201AJ IlA71 1DC MC1711CL 
ULN2139G MC1439G IlA201AH LM201AH JlA711DM MC1711L 
ULN2139H MC1439P2 JlA201D LM201AJ JlA711HC MC1711CG 
ULN2139M MC1439Pl JlA201F LM201AJ pA711HM MC1711G 
ULN2151D MC1741CG JlA201H LM201AH JlA711PC MC1711CP 
ULN2151G MC1741CF JlA207H LM207H JlA715DC MC1741SCL 
ULN2151H MC1741CP2 JlA20BAD LM20BAJ JlA7150M MC1741SL 
ULN2151M MC1741CP1 IlA20BAF LM20BAF JlA715HC MC1741SCG 
ULN2156D MC1456G JlA20BAH LM20BAH JlA715HM MC1741SG 
ULN2156G MC1456G JlA208D LM20BJ JlA723CJ MC1723CL 
ULN2156H MC1456G IlA20BF LM20BF JlA723CL MC1723CG 
ULN2156M MC1456G pA20BH LM208H IlA723CN MC1723CP 
ULN2157A MC1458P2 IlA209KM LM209K uA723DC IlA723DC 
ULN2157H MC1458P2 JlA301AD LM301AJ I1 A723DM MC1723L 
ULN2157K MC145BG IlA301AH LM301AH JlA723HC pA723HC 
ULN2165A MC135BP pA301AT LM301AN IlA723HM MC1723G 
ULN2165N MC135BPQ JlA304HC LM304H pA723MJ MC1723L 
ULN2209A MC1356P IlA305HC LM305H JlA723ML MC1723G 
ULN2210A MC1310P IlA305HC LM305H pA723PC pA723PC 
ULN2224A MC1324P IIA307H LM307H IIA725AHM LM108AH 
ULN2228A MC1323P JlA307T LM307N JlA725EHC LM30BAH 
ULN2244A MC1310P JlA30BAD LM30BAJ JlA725HC LM308AH 
ULN2262A MC1399P JlA308AH LM308AH I1A725HM LMlOBAH 
ULN2264A MC1364P JlA30BD LM30BJ JlA727HC MC1420G 
ULN2267A MC1323P JlA30BH LM30BH IIA727HM MC1520G 
ULN2298A MC139BP JlA309KC LM309K IIA730HC MC1420G 
ULN2741D MC1741CG JlA311T LM311N I1 A730HM MC1520G 
ULN2747A MC1747CL IlA376TC LM305H JlA732DC MC1310P 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 

IIA732PC -IIA78L05ACLP 

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 

II DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO REPLACEMENT REPLACEMENT 

IIA732PC MC1310P IlA748HC MC1748CG IIA1458CTC MC1458CPl 
IIA733CJ MC1733CL IIA748HM MC1748G IIA 1458E MC1458G 
IIA733CL MC1733CG IIA748MJ MC1748L IIA1458HC MC1558G 
IIA733CN MC1733CP IIA748MJG MC1748U IlA 1458P MC1458Pl 
II A733DC MC1733CL IlA748ML MC1748G IIA1458RC MC1458U 
IIA733DM MC1733L IIA748TC MC1748CF'1 IlA1458TC MC1458Pl 
IIA733FM MC1733F IIA749DC MC1435L IIA1558E MC1558G 
IIA733HC MC1733CG IIA749DHC MC1435G IlA1558HM MC1558G 
IlA733HM MC1733G IlA749DM MC1535L IIA2136PC MC1356P 
"A733MJ MC1733L IIA749HC MC1435G IIA2240DC MC1455U 
!,A733ML MC1733G IJA753TC MC1356P IlA2240DM MC1555G 
!,A734DC LM311J IIA754HC MC1355P IlA2240PC MC1455Pl 
I'A734DM LM311J IIA754TC MC1355P IIA3026HM CA3054 
I,A734HC LM311H IIA757DC MC1350P IIA3045 MC3346P 
I'A734HM LM311H IIA757DM MC1350P IIA3046DC MC3346P 
I,A740HC LF355H IlA758DC MC1310P IIA3054DC CA3054P 
IIA740HM LF155H I'A758PC MC1310P IIA3064PC MC1364P 
IIA741ADM MC1741L IIA767DC MC1310P IlA3065PC MC1358P 
!,A741AFM MC1741F IlA767PC MC1310P !1A3086DM MC3386P 
!,A741AHM MC1741G IIA772 MC1741S II A3301P MC3301P 
!,A741CJ MC1741CL !1A775DC LM339J IIA3302P MC3302P 
"A741CJG MC1741CU IIA775DM LM339J IIA3303P MC3303P 
"A741CL MC1741CG IlA775PC LM339N IIA3401P MC3401P 
"A741CN MC1741CP2 IIA776DC MC1776CG IlA3403D MC3~03L 

I,A741CP MC1741CPl IlA776DM MC1776G IIA3403P MC3403P 
I'A741DC IJA741DC I'A776HC MC1776CG 1lA4136DC MC4741CL 
I'A741DM MC1741L IIA776HM MC1776G ~A4136DM MC4741L 
f,A741EDC MC1741L IIA776TC MC1776CPl 1IA4136PC MC4741CP 
!,A741EHC MC1741G IIA777CJ LM308AJ.8 I'A4558HC MC4558CG 
I'A741FC MC1741CF IIA777CJG LM308AJ·8 L,A4558HM MC4558G 
I'A741FM MC1741F IlA777CL LM308AH 1lA4558TC MC4558CPl 
IlA741HC IlA741HC IlA777CN LM308AN IlA7805CKC MC7805CT 
!,A741HM MC1741G ~A777CP LM308AN IlA7805KC MC7805CK 
I,A741MJ MC1741L IIA777DC LM308AJ·8 !1A7805KM MC7805K 
IlA741MJG MC1741U !1A777HC LM308AH IIA7805UC MC7805CT 
IJA741ML MC1741G !1 A777MJ LM108AJ·8 IlA7806CKC MC7806CT 
IIA741RC MC1741CU !1A777MJG LM108AJ·8 IlA7806KC MC7806CK 
IIA741RM MC1741U IlA777ML LM108AH IlA7806KM MC7806K 
IlA741PC MC1741CP2 !1A777TC LM308AN IlA7806UC MC7806CT 
!,A741TC IlA741TC IlA780DC MC1399P IIA7808CKC MC7808CT 
IIA742DC CA3059 II A780PC MC1399P IlA7808KC MC780BCK 
Il A746DC MC1323P IlA781DC MC1399P IlA7808KM MC7808K 
IlA746HC MC1323P IIA781PC MC1399P IIA7808UC MC780BCT 
IIA747ADM MC1747L !1A786DC MC1327P IlA7812CKC MC7812CT 

IIA747AHM MC1747G IIA787PC MC1399P Il A7812KC MC7812CK 
Il A747CJ MC1741CL IIA791KC MC1438R IlA7812KM MC7812K 

IIA747CL MC1747CG IIA791KM MC1538R IlA7812UC MC7812CT 
;,A747CN MC1747CP2 II A791P5 MC1438R IlA7815CKC MC7815CT 

Il A74 7DC MC1747CL IlA796HC MC1496G I'A7815KC MC7815CK 
!,A747DM MC1747L IIA796HM MC1596G IIA7815KM MC7815K 

!1 A747 EDC MC1747CCBM IIA796DC MC1496L IIA7815UC MC7815CT 
IIA747EHC MC1747CICM II A796DM MC1596L IIA7818CKC MC7818CT 
IIA747HC MC1747CG IlA798HC MC3458G "A7818KC MC7818CK 
IIA747HM MC1747G IJA798HM MC3558G L,A7818KM MC7818K 
I,A747MJ MC1747L II A798RC MC3458U IIA7818UC MC7815CT 

IIA747ML MC1747G IlA798RM MC3558U IIA7824CKC MC7824CT 

I'A747PC MC1747CP2 !1A798TC MC3458Pl IIA7824KC MC7824CK 

IIA748AFM MC1748F IIA799HC MCl741G IIA7824KM MC7824K 

IIA748AHM MC1748G IJA799HM MC1741G IlA7824UC MC7824CT 

IIA748CJ MC1748CL IIA1312PC MC1312P IlA78GHM LMl17K 

!1A748CJG MC1748CU IlA1314PC MC1314P IlA78GKC LMl17K 

IlA748CL MC1748CG IIA1315PC MC1315P IIA78GKM LM117K 

IIA748CN MC1748CP2 IlA1391PC MC1391P !1A78GU1C LM317T 

II A748CP MC174BCPl !1A1394PC MC1394P !1A78H05KC MC7805CK 

!1 A748DC MC174BCL IlA1458CHC MC1458CG !1A78L02ACJG MC78L02ACG 

IlA748DM MC1748L IIA1458CP MC1458CPl IlA78L05ACJG MC78L05ACG 

IlA748FM MC1748F IlA1458CRC MC1458CU IlA78L05ACLP MC7BL05ACP 



LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 

pA78L05AHC -pABT13PC 

II 
MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 

DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
PART NO REPLACEMENT REPLACEMENT PART NO REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 
J.lA78L05AHC MC7BL05ACG pA7902UC MC7902CT pA79M24HM MC7924CK 
pA78L05AWC MC78L05ACP pA7905KC MC7905CK pA79M24UC MC7924CT 
J.lA78L05CJG MC78L05CG pA7905KM MC7905CK pA8T13DC MC8T13L 
J.lA78L05CLP MC7BL05CP pA7905UC MC7905CT pA8T13PC 
J.lA7BL05HC MC78L05CG pA7906KC MC7906CK 
pA78L05WC MC7BL05CP J.lA7906KM MC7906CK 
IIA7BL06ACJG MC7BL06ACG pA7906UC MC7906CT 
J.lA78L06ACLP MC7BL06ACP pA790BKC MC790BCK 
J.lA78L06CJG MC7BL06CG pA790BKM MC790BCK 
pA7BL06CLP MC7BL06CP pA7908UC MC790BCT 
pA 78LOBACJG MC7BLOBACG J.lA7912KC MC7912CK 
IIA78LOBACLP MC78L08ACP pA7912KM MC7912CK 
IIA7BLOBCJG MC7BL08CG pA7912UC MC7912CT 
pA78L08CLP MC78LOBCP pA7915KC MC7915CK 
IIA78L 12ACJG MC78L 12ACG pA7915KM MC7915CK 
pA7BL 12ACLP MC78L 12ACP pA7915UC MC7915CT 
~A78L 12AHC MC78L 12ACG pA7918CKC MC7918CT 
pA7BL 12AWC MC7BL 12ACP pA7918KC MC791BCK 
IJA78L 12CJG MC78L 12CG uA7918KM MC791BCK 
pA78L 12CLP MC78L12CP "A7918UC MC7918CT 
pA7BL 12HC MC78L 12CG IIA7924CKC MC7924CT 
IJA7BL 12WC MC7BL 12CP pA7924KC MC7924CK 
pA78L 15ACJG MC78L15ACG pA7924KM MC7924CK 
IIA78L 15ACLP MC78L 15ACP pA7924UC MC7924CT 
pA78L 15AHC MC78L 15ACG I.A79L05AHC MC79L05ACG 
IIA78L 15AWC MC78L 15ACP uA79L05AWC MC79L05ACP 
IIA78L 15CJG MC78L 15CG IIA79L05HC MC79L05CG 
I'A78L 15CLP MC7BL 15CP IIA79L05WC MC79L05CP 
pA78L 15HC MC7BL 15CG pA79L 12AHC MC79L 12ACG 
pA78L 15WC MC78L 15CP "A79L 12AWC MC79L 12ACP 
i lA78L26AWC MC7802ACP uA79L 12HC MC79L 12CG 
IIA78MGHC LM317H uA79L 12WC MC79L 12CP 
IIA7BMGT2C LM317T "A79L 15AHC MC79L 15ACG 
pA78MGU1C lM317T "A79l15AWC MC79l15ACP 
",1, 7BM05CKC MC7BM05CT "A79L 15HC MC79L 15CG 
I,A78M05HC MC7BM05CG "A79L 15WC MC79L 15CP 
I,A78M05HM MC78M05CG pA79M05AHM MC7905CK 
IIA78M05UC MC7BM05CT pA79M05AUC MC7905CT 
",1, 78M06CKC MC78M06CT "A79M05CKC MC7905CT 
IIA78M06HC MC78M06CG "A79M05HM MC7905CK 
I1A78M06HM MC78M06CG I,A79M05UC MC7905CT 
IIA78M06UC MC78M06CT "A79M06AHM MC7906CK 
I1A78MOBCKC MC7BMOBCT I,A79M06AUC MC7906CT 
I1A7BMOBHC MC7BMOBCG II A79M06CKC MC7906CT 
IIA7BMOBHM MC7BM08CG "A79M06HM MC7906CK 
I,A78MOBUC MC7BMOBCT pA79M06UC MC7906CT 
I,A78M12CKC MC78M12CT uA79M08AHM MC7908CK 
IJA7BM12HC MC7BM12CG II A79M08AUC MC790BCT 
IIA7BM12HM MC7BM12CG uA79MOBCKC MC790BCT 
pA7BM12UC MC7BM12CT I,A79MOBHM MC790BCK 
I1A7BM15CKC MC7BM15CT uA79M08UC MC790BCT 
I1A7BM 15HC MC78M15CG pA79M12AHM MC7912CK 
IIA78M15HM MC78M15CG i,A79M12AUC MC7912CT 
IIA7BM15UG MC78M15CT uA79M12CKC MC7912CT 
IIA7BM1BHC MC78M18CG I,A79M12HM MC7912CK 
1I,\78M1BHM MC78M1BCG uA79M12UC MC7912CT 
1I,\7BM13UG MC7BM1BCT pA79M15AHM MC7915CK 
IIA7BM20CKC MC78M20CT pA79M15AUC MC7915CT 
I1A78M20HC MC7BM20CG pA79M15CKC MC7915CT 
pA78M20HM MC7BM~OCG pA79M15HM MC7915CK 
IlA78M20UG MC78M20CT pA79M15UC MC7915CT 
I1A78M24CKC MC78M24CT pA79M18AHM MC7918CK 
IlA78M24HC MC78M24CG pA79M1BAUC MC791BCT 
IlA78M24HM MC7BM24CG IIA79M1BHM MC791BCK 
IIA7BM24UC MC7BM24CT pA79M1BUC MC791BCT 
IlA7902KC MC7902K I pA79M24AHM MC7924CK 
pA7902KM MC7902K pA79M24AUC MC7924CT 
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The "Better" 
program 

Motorola's reliability and 
quality-enhancement program 
was developed to provide 
improved levels of quality 
and reliability for standard 
commercial products. 

THE "BETTER" program is offered on CMOS, Linear, TTL, TTL/LS, DTL, HTL, 
and NMOS in dual-in-line ceramic and plastic packages. 

Motorola standard commercial integrated circuits are 
manufactured under stringent in-process controls and 
quality inspections combined with the industry's finest 
outgoing quality inspections. The "BETTER" program 
offers three levels of extra processing, each tailored to 
meet different user needs at nominal costs. 

BETTER PROCESSING -
STANDARD PRODUCT PLUS: 

The program is designed to: LEVEL LEVEL LEVEL 

• Eliminate incoming electrical inspection 
• Eliminate need for independent test labs 

and associated extra time and costs 
• Reduce field failures 
• Reduce service calls 
• Reduce equipment downtime 
• Reduce board and system rework 
• Reduce infant mortality 
• Save time and money 
• Increase end-customer satisfaction 

"BETTER" AQL GUARANTEES 

TEST 

HIGH TEMPERATURE FUNCTIONAL 

DC PARAMETRIC 

DC PARAMETRIC 

DC PARAMETRIC (LINEAR AND NMOS) 

AC PARAMETRIC 

DYNAMIC TEST (LINEAR AND NMOS) 

EXTERNAL VISUAL AND MECHANICAL 

HERMETICITY 
(NOT APPLICABLE TO PLASTIC PACKAGES) 

HOW TO ORDER 

MC14001B 

-r-
Part 

Identification 

CP 
T 

s 
T 

BETTER 
PROCESSING 

100% SCREEN 

TEMP CYCLE, 10 CYCLES 
-25°C to +150°C 

BURN-IN - MIL-STD-883 
POST BURN-IN ELECTRICAL 

100°C FUNCTIONAL 

DC PARAMETRIC AT 25°C· 

TIGHTENED QA SAMPLE 

'NMOS does FunCtional and dc 100% at 1oo·C 

CONDITION 
LEVEL I 

TA = 100°C 015 

TA = 25°C 0.28 

TA MIN, TA MAX 0.40 

TA MIN, TA MAX 065 

TA-=25°C 0.65 

TA = 25°C 065 

MAJOR 0.11 

MINOR 250 

GROSS 040 

FINE 1.00 

PART MARKING 

I " '" "S" "0" "OS" 

X X 

X X 
X X 

X X 
X X X 

X X X 

AQL 
LEVEL" LEVEL '" 

0.15 

0.28 0.28 

0.40 0.40 

065 0.65 

0.65 0.65 

065 0.65 

011 0.11 

250 250 

040 040 

1.00 100 

Standard 
Package 

Suffix LEVEL I = SUFFIX S 
LEVEL" = SUFFIX 0 
LEVEL III = SUFFIX OS 

The Standard Motorola part number with the corre
sponding "BETTER" suffix can be ordered from your 
local authorized Motorola distributor or Motorola sales 
offices. "BETTER" pricing will be quoted as an adder to 
standard commercial product price. 
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The Motorola 
Standard HIGH REL 
programs 

Motorola, a pioneer in the manufacture of high-reliability integrated cir
cuits*, now offers you a two-way program for Hi Rei products 

1. A growing line of JAN-QUALIFIED integrated circuits. 
2. An extensive program to supply JEDEC PROCESSED devices that 

approaches the Qualified Reliability goals without the delay and high cost 
of the actual qualification program. 

Motorola stocks many cirCUits which meet JAN-QUALIFIED specifica
tions, and is actively pursuing an expansion of thiS qualification listing 
with product in all IC categories - encompassing Bipolar Digital, Linear 
and MOS technologies. 

Motorola JEDEC PROCESSED products complement JAN-QUALI
FIED products by making available hi-rei versions of nearly all Motorola 
full-temperature range circuits, while adding the advantage of hi-rei 
standardization. 

The Motorola JEDEC 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 MIL-M-38S10 approved facility by the De
fense Electronics Supply Center of DOD 
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MIL-M-38S10 JAN-Qualified Product 

Screening Levels Available: 
Class B & Class C 

How to order 
MIL-M-38S10 
JAN-Qualified Product 

J M38510 /XXX XX 
I I I I 

INDICATES A MILITARY DETAIL DEVICE TYPE 
QUALIFIED DESIGNATOR SPECIFICATION WITHIN DETAIL 

DEVICE NUMBER SPECIFICATION 

Case Outline Table 
Source: MIL-M-38S10D Amendment I 

Appendix C 
Letter DeSignation Description 

A F-1 14-lead FP (1/4" x 114") 
B F-3 14-lead FP (3/16" x 114") 
C 0-1 14-lead DIP (1/4" x 314") 
0 F-2 14-lead FP (1/4" x 3/S") 

E 0-2 16-lead DIP (1/4" x 7IS") 
F F-5 16-lead FP (1/4" x 3/S") 
G A-1 S-Iead can 
H F-4 10-lead FP (1/4" x 114") 

I A-2 10-lead can 
J 0-3 24-lead DIP (1/4" x 1-1/4") 
K F-6 24-lead FP (3/S" x 5/S") 
L NONE NONE 
M A-3 12-lead can 
N NONE NONE 
P 0-4 S-Iead DIP (1/4" x 3/S") 
Q 0-5 40-lead DIP (9/16" x 2-1/16") 

R 0-8 20-lead DIP (1/4" x 1-1/16") 
S NONE NONE 
T NONE NONE 
U NONE NONE 
V 0-6 1S-lead DIP (.300" x 1") 
W 0-7 22-lead DIP (.400" x,.,'') 

X Reserved for use with "special" non-standard case 
y outlines which are specified in the individual 
Z detail specifications. 
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V V V 
I I I 

CLASS B. OR C CASE LEAD 
(SEE DEVICE OUTLINE FINISH 

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

Features: 
1. Manufactured in a government

approved facility. 
2. G.S.1. (Government Source 

Inspection) 

Example of MIL-M-38510 JAN
Qualified markings 
ORDER: JM38510/00104BCB 
MARKING: JM38510/00104BCB 

Lead Finish Table 
A-Type A or B Per MIL-M-38S10 

with hot solder dip 
B-Type A or B Per MIL-M-38510 

with acid tin plate 
C-Type A or B Per MIL-M-38S10 

with gold plate 
X-Any of the above, for 

ordering purposes only. 
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JEDEC Processed Product 

Screening Levels Available: 
Class B & Class C 

How to order 
JEDEC 
Processed Product 

XXXXI 
I 

MOTOROLA 
DEVICE TYPE 

(WITHOUT 
LETTER 
PREFIX) 

V 
I 

CLASS B, OR C 
(SEE DEVICE 

CLASS TABLE) 

V 
I 

CASE OUTLINE 
(SEE CASE 

OUTLINE TABLE) 

V 
I 

LEAD FINISH 
(SEE LEAD 

FINISH TABLE) 

Case Outline Table 
Source: MIL-M-38510D Amendment I 

Appendix C 
Letter Designation Description 

A F-1 14-lead FP (1/4" x 1/4") 
B F-3 14-lead FP (3/16" x 1/4") 
C D-1 14-lead DIP (1/4" x 3/4") 
D F-2 14-lead FP (1/4" x 3/8") 

E D-2 16-lead DIP (1/4" x 7/8") 
F F-5 16-lead FP (1/4" x 3/8") 
G A-1 8-lead can 
H F-4 10-lead FP (1/4" x 1/4") 

I A-2 10-lead can 
J D-3 24-lead DIP (1/4" x 1-1/4") 
K F-6 24-lead FP (3/8" x 5/8") 
L NONE NONE 
M A-3 12-lead can 
N NONE NONE 
P D-4 8-lead DIP (1/4" x 3/8") 
Q D-5 40-lead DIP (9/16" x 2-1/16") 

R D-8 20-lead DIP (1/4" x 1-1/16") 
5 NONE NONE 
T NONE NONE 
U NONE NONE 
V D-6 18-lead DIP (.300" x 1") 
W D-7 22-lead DIP (.400" x 1.1 ") 

X Dual-in-line packages not listed above 
y Flat packages not listed above 
Z All other configurations not listed above. 

JC 
I 

JEDEC DESIGNATOR 
PER JEDEC 

PUBLICATION NO 101 

Features: 
1. Lower cost than JAN-Qualified. 
2. Devices manufactured using 

design and processing guidelines 
contained in MIL-M-38510 and 
MIL-STD-883 

3. Product supplied with Motorola 
standard data sheet electricals 

Example of JEDEC 
Processed Markings 

DEVICE: 5400/BCBJC 
ORDER: 5400/BCBJC 

MARKING: 5400/BCBJC 

Lead Finish Table 
A-Type A or B Per MIL-M-38510 

with hot solder dip 
B-Type A or B Per MIL-M-38510 

with acid tin plate 
C-Type A or B Per MIL-M-38510 

with Jlold plate 
X-Any of the above, for 

ordering purposes only. 

II 
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Screening Procedures 

For MIL-M-38S10 Jan-Qualified and JEDEC 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, two standard levels of screening are 
provided to coincide with two device classes, 
or levels of quality assurance. 

application. Selection of a level better than 
that required for the specific product and 
application 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 applications, 
the Class B screening levels should Flexibility is provided in the choice of test 

conditions and stress levels to provide 
screens tailored to a particular product or 

Device Class Table 
CLASS B 

SCREEN METHOD 
Internal Visual (Precap) 2010 Condition 

Band 38510 
Stabilization Bake 1008,24 hrs test 

Condition C 
or EqUivalent 

Temperature Cycling 1010 Condition C 
Constant Acceleration 2001 Condition E 

Y1 plane 
Seal (a) Fine 1014 

(b) Gross 
Interim Electrical Per applicable 
Parameters device 1 

specification 
Burn-In Test 1015 

160hrs@125°C 
or Equivalent 

Interim Electrical Per applicable 
Parameters device 1 

speCification 
Final Electrical Tests Per applicable 
(a) Static tests device 2 

(1) 25°C (subgroup 1, specification 
table 1,5005) 

(2) Max. & min. rated 
operating temp. 
(subgroups 2 & 3, 
table 1,5005) 

(b) Dynamic tests &/or 
switching tests@ 25°C 
(subgroup 4 and 9, 
table 1,5005) 

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

Qualification or Quality 5005 
Conformance Inspection Class B 3 

External Visual 2009 

be considered. 

CLASS C 
RQMT METHOD 
100% 2010 Condition 

Band 38510 
100% 1008, 24 hrs test 

Condition C 
or Equivalent 

100% 1010 ConditIOn C 
100% 2001 Condition E 

Y1 plane 
100% 1014 

100% 

100% 

Per applicable 
device 2 

100% specification 

100% 

100% 

100% 

Sample 5005 
per Class C 3 
38510 
100% 2009 

1 When specified In the applicable deVice speCification 100% of the deVices shall be tested 

RQMT 
100% 

100% 

100% 
100% 

100% 

-

-

100% 

Sample 
at 
Group A 

Sample 
at 
Group A 

100% 

Sample 
per 
38510 
100% 

2 MIL-M-38510 QUALIFIED product IS tested per applicable 38510 detail specification. JEDEC PROCESSED 
product IS tested per the Motorola standard data sheet electrical specification 

3 For JEDEC PROCESSED product, Groups A and B per 5005 and JEDEC Publication No 101. 
Groups C and D are available upon request 
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OPERATIONAL AMPLIFIERS 

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

LF355, A, B LF155, A LF255 Monolithic JFET Operational Amplifier ............... 3-7 
LF356, A, B LF156, A LF256 Monolithic JFET Operational Amplifier ............... 3-7 
LF357, A, B LF157, A LF257 Monolithic JFET Operational Amplifier ............... 3-7 
LM301A LM101A LM201A General-Purpose Operational Amplifier .............. 3-19 
LM307 LM107 LM207 General-Purpose Operational Amplifier .............. 3-23 
LM308, A LM108, A LM208, A Precision Operational Amplifier ..................... 3-27 
LM324 LM124 LM224 Quad Operational Amplifier ......................... 3-32 
LM358 LM158 LM258 Dual Operational Amplifier ...............•.......... 3-38 

LM2902 Quad Operational Amplifier ......................... 3-32 
LM2904 Dual Operational Amplifier ...............•.......... 3-38 

MC1420 MC1520 Differential Output Operational Amplifier .•........... 3-44 
MC1430 MC1530 General-Purpose Operational Amplifier .............. 3-48 
MC1431 MC1531 Darlington-Input Operational Amplifier ............... 3-48 
MC1433 MC1533 General-Purpose Operational Amplifier .............. 3-52 
MC1435 MC1535 Dual Operational Amplifier .............••.....•..... 3-57 
MC1436, C MC1536 High-Voltage Operational Amplifier .................. 3-62 
MC1437 MC1537 Dual MC1709 Operational Amplifier •................ 3-66 
MC1439 MC1539 High-Slew-Rate Operational Amplifier ............... 3-70 
MC1456, C MC1556 High-Performance Operational Amplifier •••....•..... 3-78 
MC1458, C MC1558 Dual MC1741 Operational Amplifier ................. 3-84 
MC1458N MC1558N Low-Noise Dual Operational Amplifier ............... 3-84 
MC1458S MC1558S High-Slew-Rate Dual Operational Amplifier .......... 3-89 
MC1709C MC1709, A General-Purpose Operational Amplifier .............. 3-95 
MC1712C MC1712 Wideband DC Amplifier ............................. 3-99 
MC1741C MC1741 General-Purpose Operational Amplifier .............. 3-104 
MC1741NC MC1741 N Low-Noise Operational Amplifier .................... 3-104 
MC1741 SC MC1741 S High-Slew-Rate Operational Amplifier ............... 3-109 
MC1747C MC1747 Dual MC1741 Operational Amplifier ...•............. 3-115 
MC1748C MC1748 General-Purpose Operational Amplifier .............. 3-119 
MC1776C MC1776 Programmable Operational Amplifier ................ 3-123 

MC3301 Quad Operational Amplifier ............•............ 3-132 
MC3401 Quad Operational Amplifier ...................•..... 3-140 
MC3403 MC3503 MC3303 Quad Differential-Input Operational Amplifier .. " ..... 3-148 
MC3458 MC3558 MC3358 Dual Operational Amplifier .....•...•..........•..... 3-154 
MC3476 Programmable Operational Amplifier ................ 3-160 
MC4558C, MC4558, N Dual High-Frequency Operational Amplifier .......... 3-165 

AC,NC 
MC4741 C MC4741 Quad MC1741 Operational Amplifier ................ 3-169 
MC34001 MC35001 Single TRIMFET Operational Amplifier ............... 3-175 
MC34002 MC35002 Dual TRIMFET Operational Amplifier ..•.............• 3-175 
MC34004 MC35004 Quad TRIMFET Operational Amplifier ................ 3-175 
MC34022 MC35022 Dual Precision TRIMFET Operational Amplifier .•••..•• 3-179 
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OPERATIONAL AMPLIFIERS 
Motorola offers a broad line of operational amplifiers to meet a wide range of usages. From 

low·cost industry·standard types to high precision circuits, the span encompasses a large range of 
performance capabilities. These linear integrated circuits are available as single, dual, and quad 
monolithic devices in a variety of package styles as well as standard chips. 

Single Operational Amplifiers 

NONCOMPENSATED 

Description 

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

LM101A 0075 2.0 10 10 50K 10 05 :t30 :t22 General Purpose 601,693 
LM108 0002 20 3.0 02 50K 10 03 :t30 :t20 PrecIsion 601,606, 693 
LM108A 0002 05 1.0 02 80K 10 0.3 :t30 ±20 PrecIsion 601, 606, 693 
MC1520 20 10 15 100 lK 10 50 :t40 ±80 Differential Output 603,606 
MC1530 10 50 15 20llA 45K 3.0 10 ±40 ±9.0 General Purpose 6038,606,632 
MC1531 15 10 15 25 2.5K 20 10 :t40 ±90 General Purpose 6038,606,632 

(Darlington Input) 
MC1533 1.0 50 15 150 40K 08 20 :t40 ±20 General Purpose 6038,606,632 
MC1539 05 30 15 60 50K 20 42 ±40 ±18 High Slew Rate 601,632 
MC1709 05 50 15 200 25K 10 0.3 :t30 ±18 General Purpose 601,606, 

632,693 
MC1709A 06 30 50 100 25K 10 05 ±30 ±18 High Performance 601, 606, 632 

MC1709 
MC1712 50 20 15 500 25K 70 15 +6.0 +14 Wldeband DC 601,606,632 

-3.0 -7.0 Amplifier 
MC1748 05 50 15 200 50K 1.0 05 130 ±22 General Purpose 601,693 

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

LM301A 025 75 10 50 25K 1.0 05 ±30 ±18 General Purpose 601,626,693 
LM308 70 7.5 15 10 25K 1.0 03 ±30 ±18 PrecIsion 601,606, 

626,693 
LM308A 70 05 5.0 10 80K 1.0 03 ±30 ±18 PrecIsion 601,606, 

2'00 
626,693 

MC1420 40 15 15 750 10 50 ±40 ±80 Differential Output 603,606 
MC1430 15 10 15 40llA 3K 30 10 ±40 ±80 General Purpose 6038,606, 

632,646 
MC1431 03 15 15 100 15K 20 1.0 ±40 ±80 General Purpose 6038,606, 

(Darlington Input) 632,646 
MC1433 20 7.5 15 50 30K 08 2.0 ±40 ±18 General Purpose 6038,606, 

632,646 
MC1439 10 75 15 100 15K 2.0 42 ±60 ±18 High Slew Rate 601,626, 

632,646 
MC1709C 15 7.5 15 500 15K 1.0 03 ±30 ±18 General Purpose 601,606, 

626,632, 
646,693 

MC1712C 75 50 15 20llA 2K 70 1.5 +60 +14 Wldeband DC 601,606,632 
-3.0 -7.0 Amplifier 

MC1748C 05 60 15 200 20K 1.0 05 ±30 ±18 General Purpose 601,626,693 

IE 



Single Operational Amplifiers 

INTERNALLY COMPENSATED 

Description 

I Military Temperature Range (-55°C to +125°CI 

LF155 100pA 5.0 5.0 20pA 50K 10 50 ±50 ±22 FET Input 601 
LF155A 50pA 2.0 3.0 10pA 50K 1.0 5.0 ±50 ±22 FET Input 601 
LF156 100pA 50 5.0 20pA 50K 2.0 15 ±5.0 +22 FET Input 601 
LF156A 50pA 20 3.0 10pA 50K 2.0 15 ±50 ±22 FET Input 601 
LF157 100pA 50 50 20pA 50K 30 75 ±5.0 ±22 Wldeband FET Input 601 
LF157A 50pA 2.0 30 10pA 50K 30 75 ±50 ±22 Wldeband FET Input 601 
LM107 0.075 2.0 10 10 50K 1.0 05 ±30 ±22 General Purpose 601,693 
MC1536 002 5.0 10 3.0 lOOK 1.0 2.0 ±15 ±40 High Voltage 601 
MC1556 0,015 4.0 10 20 lOOK 10 2.5 ±3.0 ±22 High Performance 601,632 
MC1733 0.20 - - 30llA 90 90 - ±40 ±8.0 Differential Wldeband 603,632 

Video Amp 
MC1741 05 50 15 200 50K 1.0 05 ±30 ±22 General Purpose 601,606, 

632,693 
MC1741N 05 5.0 15 200 50K 10 O.S ±30 ±22 Low NOise 601,606, 

632,693 
MC1741S 0.5 S.O 15 200 50K 10 10 ±30 ±22 High Slew Rate 601,632,693 
MCl776 00075 5.0 15 3.0 200K 1.0 02 ± 1 5 118 IlPower Programmable 601,632 
MC35001 100pA 10 10 100pA 25K 4.0 13 ±S 0 ±22 TRIMFET Input 601,693 
MC35001A 75pA 2.0 10 25pA 50K 4.0 13 ±50 ±22 TRIMFET Input 601,693 
MC35001B 100pA 50 10 50pA 50K 40 13 ±50 ±22 TRIMFET Input 601,693 

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

LF355 200pA 10 5.0 50pA 50K 10 50 ±5.0 ± 18 FET Input 601 
LF355A 50pA 2.0 10 10pA 50K 1.0 50 ±50 ±18 FET Input 601 
LF356 200pA 10 50 50pA 50K 20 15 ±S 0 ±18 FET Input 601 
LF356A 50pA 2.0 10 10pA SOK 2.0 15 ±-5.0 ±18 FET Input 601 
LF357 200pA 10 5.0 50pA 50K 30 75 ±5.0 ±18 Wldeband FET Input 601 
LF357A 50pA 2.0 10 10pA 50K 30 75 ±50 ±18 Wldeband FET Input 601 
LM307 0.25 7.5 10 50 25K 10 0.5 ±30 ±18 General Purpose 601,626,693 
MC1436 004 10 12 10 70K 1.0 20 ±15 ±34 • High Voltage 601 
MC1456 003 10 12 10 70K 10 25 ±30 ±18 High Performance 601,632 
MC1733C 30 - - 50llA 80 90 - ±40 ±80 Differential Wldeband 601, 632, 646 

Video Amp 
MC1741C 05 6.0 15 200 20K 1.0 0.5 ±30 ±18 General Purpose 601,632,626, 

646,693 
MC1741NC 05 60 15 200 20K 1.0 05 ±30 ±18 Low NOise 601,632,626, 

646,693 
MC1741SC 05 60 15 200 20K 1.0 10 ±3.0 ±18 High Slew Rate 601,632,626, 

646,693 
MCl776C 0003 6.0 15 3.0 lOOK 10 0.2 ± 1 5 ±18 IlPower, Programmable 601 

MC3476 0.05 6.0 15 25 SOK 1.0 0.2 ±1.5 ±18 Low Cost 601,626 
IlPower, Programmable 

MC34001 200pA 10 10 100pA 25K 4.0 13 50 18 TRIMFET Input 601,626,693 
MC34001A 100pA 2.0 10 50pA 50K 4.0 13 50 18 TRIMFET Input 601,626,693 
MC340018 200pA 5.0 10 100pA 50K 40 13 50 18 TRIMFET Input 601,626,693 
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Dual Operational Amplifiers 

INTERNALLY COMPENSATED 

Military Temperature Range I_55°C to +125°) 

LM158 015 50 10 30 50K 1.0 

MC1558 05 50 10 200 50K 1.1 
MC1558N 05 50 10 200 50K 11 
MC1558S 05 50 10 200 50K 10 
MC1747 05 50 10 200 50K 1.0 
MC3558 05 50 10 50 50K 1.0 

MC4558 05 50 10 200 50K 40 
MC35002 100pA 10 10 100pA 25K 40 
MC35002A 75pA 20 10 25pA 50K 40 
MC350028 100pA 5.0 10 50pA 50K 4.0 
MC35022 150pA 20 50 70pA 25K 40 

MC35022A 60pA 05 5.0 25pA 50K 40 

MC350228 75pA 10 5.0 50pA 50K 40 

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

LM358 0.25 60 70 50 25K 10 

MC1458 05 60 10 200 20K 11 

MC1458N 05 60 10 200 20K 11 

MC1458S 05 60 10 200 20K 10 

MC1747C 05 60 10 200 25K 10 
MC3458 05 10 70 50 20K 10 

MC4558C 05 60 10 200 20K 3.0 
MC34002 100pA 10 10 lOOp A 25K 40 
MC34002A 75pA 20 10 50pA 50K 40 
MC340028 100pA 50 10 70pA 25K 40 
MC34022 150pA 20 50 70pA 25K 40 

MC34022A 75pA 0.5 50 30pA 5CK 4.0 

MC340228 150pA 1.0 50 70pA 50K 40 

Automotive Temperature Range (_40°C to +85°C) 

'NONCOMPENSATED 
MIlitary Temperature Range (-SSOC to +12S0C) 

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

06 ± 1 5 ±18 
+30 +36 

08 ±30 ±22 
08 ±30 ±22 
10 ±30 ±22 

05 =30 ±22 
06 ±15 ±18 

+30 +36 
1.5 ±3.0 ±22 
13 ±50 ±22 
13 ±50 ±22 
13 ±50 ±22 
13 ±50 ±22 

13 ±50 ±22 

13 ±50 ±22 

06 ± 1 5 ±18 
+30 +36 

08 ±30 ±18 

08 ±30 '18 

10 ±30 ±18 

05 ±30 ± 18 
06 ± 1 5 ±18 

+30 +36 

1.5 ±30 '18 
13 ±50 ±18 
13 ±5.0 ± 18 
13 ±50 ±18 
13 ±50 ±18 

13 ±5.0 ±18 

13 ±50 ± 18 
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Description 

Split Supplies 
Single Supply 
(Low Power 
Consumption) 

Dual MC1741 
Low NOise 

High Slew Rate 
Dual MC1741 
Split Supplies 
Single Supply 

High Frequency 
TRIMFET Input 
TRIMFET Input 
TRIMFET Input 

Precision 
TRIMFET Input 

PrecIsion 
TRIMFET Input 

PrecIsion 
TRIMFET Input 

Split Supplies 
Single Supply 

(Low Power Consumption) 
Dual MC1741 

Low NOise 

High Slew Rate 

Dual MC1741 
Split Supplies 
Single Supply 

(Low Crossover 
Distortion) 

High Frequency 
TRIMFET Input 
TRIMFET Input 
TRIMFET Input 

Precision 
TRIMFET Input 

Precision 
TRIMFET Input 

PrecIsion 
TRIMFET Input 

Spilt Supplies 
Single Supply 

General Purpose 

Dual MC1709 

General Purpose 

Dual MC1709 

601, 632, 693 

601,632,693 
601,632,693 
601, 632, 693 

601,632 
601,632,693 II 
601, 632, 693 

601,693 
601,693 
601,693 
601,693 

601,693 

601,693 

601,626,693 

601,626,632. 
646,693 

601,626,632, 
646,693 

601,626,632 
646,693 

603,632,646 
601,626,693 

601,626,693 
601, 626, 693 
601,626,693 
601,626,693 
601,626,693 

601,626,693 

601,626,693 
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Quad Operational Amplifiers 

INTERNALLY COMPENSATED 

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

LM124 0.15 S.O 7.0 30 SOK 1.0 0.6 ±l.S 
+3.0 

MC3S03 O.S SO 7.0 SO 50K 1.0 0.6 ±1 S 
+30 

MC4741 0.5 5.0 15 200 SOK 1.0 O.S ±30 
MC3S004 100pA 10 10 100pA 2SK 4.0 13 ±S 0 
MC3S004A 7SpA 2.0 10 2SpA SOK 40 13 ±S 0 
MC3S0048 100pA SO 10 SOpA SOK 40 13 ±S 0 

Industrial Temperature Range (O°C to 70°CI 

LM324 0.2S 6.0 7.0 SO 2SK 10 06 ± 1 S 
+30 

MC3401 0.3 - - - lK SO 0.6 ± 1.S 
+30 

MC3403 OS 10 7.0 SO 20K 1.0 06 ± 1 S 
+30 

MC4741C OS 6.0 lS 200 20K 1.0 OS ±30 
MC34004 200pA 10 10 100pA 2SK 40 13 ±S 0 
MC34004A 100pA 2.0 10 SOpA SOK 40 13 ±S 0 
MC3400B 200pA SO 10 100pA SOK 40 13 ±S 0 

Automotive Temperature Range (-40°C to +8SoCI 

LM2902 OS 10 - SO - 10 06 ± 1 S 
+30 

MC3301 0.3 - - - lK 4.0 06 ±20 
+40 

MC3303 OS 80 10 7S 20K 10 06 ±1 S 
+30 

Package Styles 

LEAD 
CONFIGURATION *~~ 
CASE 601 603 6038 

MATERIAL Metal Metal Metal 

SUFFIX after type number G,H G,H G,H 

14 

CJ 
14 

CJ o 
1 1 

CASE 632 646 693 

MATERIAL Ceramic PlastiC Ceramic 

SUFFIX after type number J, L P, P2 J, U 

3-6 

Description 

±16 Low Power 632,646 
+32 Consumption 
±18 General Purpose 632,646 
+36 Low Power 
±22 Quad MC1741 632,646 
±22 Tnmmed FET Input 632 
±22 Tnmmed FET Input 632 
±22 Tnmmed FET Input 632 

±16 Low Power 632,646 
+32 Consumption 
±18 Norton Input 632,646 
+36 
±18 No Crossover 632,646 
+36 Distortion 
±18 Quad MC1741 632,646 
± 18 Tnmmed FET Input 632,646 
± 18 Tnmmed FET Input 632,646 
± 18 Tnmmed FET Input 632,646 

± 13 Differential 646 
+26 Low Power 
± lS Norton Input 646 
+28 
±18 Differential 646 
+36 General Purpose 

o 
606 626 

Ceramic PlastiC 

F P, Pl, N 



Specifications and Applications 
InforIllation 

MONOLITHIC JFET INPUT 
OPERATIONAL AMPLIFIERS 

These Internally compensated operational amplifiers incorporate 
highly matched JFET devices on the same chip with standard 
bipolar transistors. The JFET devices enhance the input charac· 
terlStics 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 -
3.0 pV/oC 

• Low Input NOise Current - 0.01 pA/y'RZ 

• High Input Impedance - 1012n 

• High Common·Mode Rejection Ratio - 100 dB 

• High DC Voltage Gain - 106 dB 

SERIES FEATURES 

• LF 155 Series - Low Power Supply Current 

• LF 156 Series - Wide Bandwidth 

• LF 157 Series - Wider Bandwidth Decompensated (AVmin = 5) 

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

LF155A 
4.0 J1S 

5.0 V/J1S 
2.5 MHz 

20 nV/y'RZ 

LF156A LF157A 
1.5 J1s 1.5 J1S 

12 V/J1S 50 V/J1S 
5.0 MHz 20 MHz 

12 nV/VHZ 12 nV/VHZ 

LF155-LF156-LF157* 
LF155A-156A·157A* 
LF25S-LF256-LF257* 
LF355-LF356-LF357* 
LF355A-356A-357A* 
LF355B-356B-357B* 

MONOLITHIC JFET 
OPERATIONAL AMPLIFIERS 

H SUFFIX 
METAL PACKAGE 

CASE 601 

lt~ Offset Null I NC 

tlA~l/r/, Invt Input' 3 

1/1/ Nononvt Input 

VEE 

, VCC 

• Output 

(top view) 

N SUFFIX 

• 

PLASTIC PACKAGE 

CASE 626 

, JSUFFIX ~. 
CERAMIC PACKAGE I '(\: lr' l 

CASE 693 

OffsetNull 1~8 NC 
Invt Input 2 - 7 VCC 

Nononvt Input 3 + 6 Output 

VEE 4 5 Offset Null 

(Top View) 

APPLICATIONS 

The LF senes IS suggested for all general 
purpose FET onput amplifier reqUirements 
where preCISion and frequency response 
fleXibility are of pnme Importance. 

Specific applications include: 

• Sample and Hold Circuits 
• High Impedance Buffers 
• Fast D/A and AID Converters 
• PrecIsIon Hlgh·Speed Integrators 
• Wldeband, Low NOise, Low Dnft AmplifIers 

* NOTE: The LF 157 senes is deSigned for 
wider bandwidth applications. The series is 
decompensated (AVmrn = 5). 

ORDERING INFORMATION 
See back page 

• 
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LF155, A-157, A; LF255-257; LF355, A, B-357, A, B 

MAXIMUM RATINGS 

LF155A/ 

I 
LF355A/ 

156A1157A/ LF255/ LF355B/ 356A/357A/ 
Rating Symbol 155/156/157 256/257 356B/357B 355/356}357 

Supply Voltage VCC +22 +18 

VEE -22 -18 

Differential Input Voltage VID ±40 ±30 

Input Voltage Range (Note 1) VIDR ±20 ±16 

Output Short-Circuit Duration ts Continuous 

Operating Ambient Temperature TA -55 to +125 -25 to +85 I o to +70 o to +70 
Range 

Operating Junction Temperature TJ 
Metal and Ceramic Packages 150 115 
Platic Package - 100 

Storage Temperature Range Tstg 
Metal and Ceramic Packages -65 to +150 -65 to +150 
Plastic Package - -55 to +125 

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

(-) 

Offset Null 

~5 

2 0------+----, 

Input 

'Cl = 5 OpF on LF157. 
"C2 = 2.0 pF on LF157. 

CIRCUIT SCHEMATIC 

J3 

R2 R3 
30 30 

3-8 

Unit 

V 

V 

V 

°c 

°c 

°c 

VCC 
7 



LF155, A-157, A; LF255-257; LF355, A, B-357, A, B 

A-SUFFIX DEVICES 
DC ELECTRICAL CHARACTERISTICS (Vee = 15 to 20 V, Vee = -15 to -20 V for LF155A/6AI7A; 
Vee = 15 to 18 V Vee = -15 to -18 V for LF355A/6A/7A; T A = T,ow to Thigh (Note 2) unless otherwise noted) 

LF155A/SA/7 A LF355A/6A/7A 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Input Offset Voltage Via mV 
(RS = 50 0, VCM = 0) 

(TA = 25°C) - 1.0 2.0 - 1.0 2.0 
(Over Temperature) - - 2.5 - - 2.3 

Average Temperature Coefficient of Input Offset Voltage AVIO/AT - 3.0 5.0 - 3.0 5.0 /JoV/oC 
(RS = 500) 

Change 10 Average TC with Via Adjust ATC/AV,O - 0.5 - - 0.5' - /JoV/oC 
(RS = 500) (Note 3) permV 

Input Offset Current ',0 
(VCM = 0) (Note 4) 

(TJ = 25°C) - 3.0 10 - 3.0 10 pA 

(TJ" Thigh) (Note 2) - - 10 - - 1.0 nA 

Input Bias Current liB 
(VCM = 0) (Note 4) 

(TJ = 2S0C) - 30 50 - 30 50 pA 

(TJ" ThiQh) (Note 2) - - 25 - - 5.0 nA 

Input ReSistance r , - 1012 - - 1012 - 0 
(TJ = 2SoC) 

Large Signal Voltage GalO AVOL V/mV 
(Va = ± 10 V, RL = 2.0 k, VCC = 15 V, VEE = -15 V) 

ITA = 25°C) 50 200 - 50 200 -
(Over Temperature) 25 - - 25 - -

Output Voltage SWing Va V 

(VCC = 15 V, VEE = -15 V. RL = 10 kn) ±12 ±13 - ±12 ± 13 -
(Vce = 15 V. VEE = -15 V. RL = 2.0 kO) ±10 ±12 - ±10 ±12 -

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

(VCC - 15 V, VEE = -15 V) -120 -12.0 

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

Supply Voltage Rejection RatiO (Note 5) PSRR 85 100 - 85 100 - dB 

Supply Current 10 rnA 

(TA = 250 C. VCC = 15 V, VEE = -15 V) 
LF 155A/355A - 2.0 4.0 - 2.0 4.0 
LF156A/7A - 5.0 7.0 - - -
LF356A17A - - - - 5.0 10 

AC ELECTRICAL CHARACTERISTICS (Vee = 15 V, VEE = -15 V. TA = 25 0 e) 

LF155A/355A LF156A/356A LF157A/357A 

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

Slew Rate SR V/IlS 
(Av = 1) LF155A/6A 3.0 5.0 - 10 12 - - - -
(Av = 5) LF157A - - - - - - 40 50 -

Galn·Bandwldth Product BWp - 2.5 - 4.0 5.0 - 15 20 - MHz 

Settling Time to 0.01% (Note 6) ts - 4.0 - - 1.5 - - 1.5 - /J.S 

EqUivalent Input NOise Voltage en nV/.jHz 
(RS = 1000) 

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

EqUivalent Input NOise Current in pA/.jHz 
(f=100Hz) - 0.01 - - 0.Q1 - - 0.01 -
(f = 1000 Hz) - 0.01 - - 0.01 - - 0.01 -

Input Capacitance C, - 3.0 - - 3.0 - - 3.0 - pF 

NOTES 
(1) Unless otherWise speCified. the absolute maximum negative Input 

voltage IS equal to the negative power supply. 
(2) T,ow = -55 0 e for LF155A/156A/157A 

oOe for LF355A/356A/357A 
Thigh = +125 0 e for LF155A/156A/157A 

+ 700 e for l F355A/356A/357 A 
(3) The temperature coeffiCient of the adjusted Input offset voltage 

changes only a small amount (0.5IJ.V/oe typically) for each mV 
of adjustment from Its original unadjusted value. eommon·mode 
rejection and open loop voltage gain are also unaffected by 
offset adj u stm en t. 

(4) The Input bias currents approximately double for every 100 e 
rise in Junction temperature, TJ. Due to limited test time, the 

Input bias currents are correlated to Junction temperature 
Use of a heat Sink IS recommended If Input bias current IS to be 
kept to a minimum. 

(5) Supply voltage rejection ratio Is measured for both supply 
magnitudes increasing or decreaSing simultaneously, In accor· 
dance With common practice. 

(6) Settling time IS defined here, for a unity gain Inverter connection 
uSing 2.0 k resistors for the LF155/6. It IS the time requITed for 
the error voltage (the voltage at the invertin!! input pin on the 
amplifier) to settle to Within 0.01% of Its final value from the 
time a 10 V step input IS applied to the ,"verter. 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). 

• 
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LF155, A-157, A; LF255-257; LF355, A, 8-357, A, 8 

BASIC AND B·SUFFIX DEVICES 

DC ELECTRICAL CHARACTERISTICS (Vee - 15 to 20 V, VEE - -16 to -20 V for LF155 •• rl •• , LF25!5 •• rl •• , end LF3!55B uri •• ; 
Vee - 15 V, VEE - -15 V for LF3!5!5 •• rl •• ; T A - Tlow to Thigh (Not. 2) unl ... oth.rwl •• not.d) 

LF266/6/7 
LF166/6/7 LF366B/6BI1B LF366/617 

Chlrlcterlltlc Symbol Min Typ MIx Min Typ MIx Min Typ MIx Unit 

Input Offset Voltage (RS· 50 n, VCM • 0) VIO mV 
(TA·250C) - 3.0 6.0 - 3.0 5.0 - 3.0 10 
(Over Temperature) - - 7.0 - - 6.5 - - 13 

Average Temperature Coefficient of Input Offset Voltage AVID/AT - 5.0 - - 5.0 - - 5.0 - ",V/oC 

(AS· 50 n) 
Change in Average TC with VIO Adjust ATC/AVIO - 0.5 - - 0.5 - - 0.5 - ",V/DC 

(AS· 50 nl (Note 3) permV 

Input Offset Current (VCM • 0) (Note 4) 110 
(TJ .. 25°C) - 3.0 20 - 3.0 20 - 3.0 50 pA 

(T J .;; ThiQh) (Note 2) - - 20 - - 1.0 - - 2.0 nA 

Input Bias Current (VCM .. 0) (Note 4) liB 
(TJ" 25°C) - 30 100 - 30 100 - 30 200 pA 

(TJ';; Thigh) (Note 2) - - 50 - - 5.0 - - 8.0 nA 

Input Aesistance (T J Z 25°C) r l - 1012 - - 101:l - - 10 I..! - n 

Large Signal Voltage Gain AVOL V/mV 

(VO" ±10 V, AL" 2.0 k, VCC" 15 V, VEE = -15 V) 
(TA" 25°C) 50 200 - 50 200 - 25 200 -
(Over Temperature) 25 - - 25 - - 15 - -

Output Voltage SWing Vo V 

(VCC = 15 V, VEE = -15 V, AL = 10 kn) ±12 113 - ±12 ±13 - ±12 ±13 -
(Vce = 15 V, VEE = -15 V, RL = 2 kn) ±10 ±12 - ±10 ±12 - ±10 ±12 -

Input Common·Mode Voltage Range VICR ± 1 1 +15.1 - ± 11 +15.1 - ±10 +151 - V 

(VCC = 15 V, VEE = -15 V) -12.0 -12.0 -12.0 

Common-Mode Rejection Aatlo CMRR 85 100 - 85 100 - 80 100 - dB 

Supply Voltage Rejection Ratio (Note 5) PSRR 85 100 - 85 100 - 80 100 - dB 

Supply Current (T A = 25°C, VCC = 15 V, VEE = -15 V) ID rnA 
LF 155/255/355B/355 - 2.0 4.0 - 2.0 4.0 - 2.0 4.0 
LF156/157/256/257/3568/357B - 5.0 7.0 - 5.0 7.0 - - -
LF356/357 - - - - - - - 5.0 10 

AC ELECTRICAL CHARACTERISTICS (Vee = 15 V. VEE = -15 V T A = 250 e) 

LF155/255/ LF156/256/ LF157/257/ 
3558/355 356B/356 3578/357 

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

Slew Rate (Note 6) SR VIps 

(Av= 1) LF 155/6 - 5.0 - 7.5 12 - - - -
(Av = 5) LF157 - - - - - - 30 50 -

Galn·Bandwldth Product BWp - 2.5 - - 5.0 - - 20 - MHz 

Settling Time to 0.01% (Note 7) ts - 4.0 - - 1.5 - - 1.5 - ps 

Equivalent Input Noise Voltage en nV/.../Hz 
(RS = 100 n, f = 100 Hz) - 25 - - 15 - - 15 -
(RS = 100 n, f = 1000 Hz) - 20 - - 12 - - 12 -

EqUivalent Input Noise Current in pA/.../Hz 
(f = 100 Hz) - 0.01 - - 0.01 - - 0.01 -
(f = 1000 Hz) - 0.01 - - 0.01 - - am -

Input Capacitance CI - 3.0 - - 3.0 - - 3.0 - pF 

NOTES 

(1) Unless otherWise specified, the absolute maximum negative Input 
voltage IS equal to the negative power supply. 

(2) Tlow" -550 e for LF155/156/157 
= _25 0 e for LF255/256/257 
= oOe for LF355/355B/356/356B/357/357B 

Thigh = + 1250 e for LF155/156/157 
= + 850 e for LF255/256/257 
.. + 700 e for LF355/355B/356/356B/357/357B 

(3) The temperature coefficient of the adjusted Input offset voltage 
changes only a small amount (0.5 pV/oe typically) for each mV, 
of adjustment from its original unadjusted value eommon·mode 
rejection and open loop voltage gain are also unaffected by off· 
set adjustment. 

(4) The input bias currents approximately double for every 100 e 
rise In Junction temperature, TJ. Due to limited test time, the 
input bias currents are correlated to junction temperature. Use 

of a heat Sink is recommended If Input bias current IS to be kept 
to a minimum. 

(5) Supply voltage rejection ratio IS measured for both supply mag· 
nltudes Increasing or decreaSing Simultaneously, In accordance 
With common practice. 

(6)The Min. slew rate limits apply for the LF156/256/356B and 
the LF157/257/357B. but do not apply for the LF356 or 
LF357. 

(7) Settling time is defined here, for a unity gain onverter connection 
uSing 2.0 k resistors for the LF155/6. It IS the time requored for 
the error voltage (the voltage at the inverting input pin on the 
amplifier) 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 LF 157, 
Av = - 5 O. the feedback resistor from output to onput IS 2.0 k and 
the output step IS 10 V (see settling time test cirCUit). 

3-10 



LF155, A-157, A; LF255-257; LF355, A, 8-357, A, B 

TYPICAL DC PERFORMANCE CHARACTERISTICS 
(Curves are for LF155, LF156, and LF157 series unless otherwise specified) 

INPUT BIAS CURRENT versus CASE TEMPERATURE 

FIGURE 1 - (LF155 SERIES) 
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80 r----r--~r---,---~----~--~----._--~ 

j lOOk 
I-

~ 10 k 
a:: 
B I k 
~ 
iii 

~ 
100 

:;: '10 
~ 

10 

40 

FIGURE 2 - (LF156 AND LF157 SERIES) 
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FIGURE 5 - (LF155 SERIES) 
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LF155, A-157, A; LF255-257; LF355, A, 8-357, A, 8 

TYPICAL DC PERFORMANCE CHARACTERISTICS (continued) 

FIGURE 7 - NEGATIVE CURRENT LIMIT FIGURE 8 - POSITIVE CURRENT LIMIT 
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LF155, A-157, A; LF255-257; LF355, A, B-357, A, B 

TYPICAL AC PERFORMANCE CHARACTERISTICS 

GAIN BANDWIDTH PRODUCT 

FIGURE 13 - (LF155 SERIES) FIGURE 14 - (LF156/157 SERIES) 
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FIGURE 15 - (LF155 SERIES) 
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LF155, A-157, A; LF255-257; LF355, A, 8-357, A, B 

TYPICAL AC PERFORMANCE CHARACTERISTICS (continued) 

BODE PLOT 

FIGURE 19 - (LF155 SERIES) 
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FIGURE 20 - (LF156 SERIES) 
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FIGURE 21 - (LF157 SERIES) 
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OUTPUT IMPEDANCE 

FIGURE 22 - (LF155 SERIES) 
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LF155, A-157, A; LF255-257; LF355, A, 8-357, A, B 
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TYPICAL AC PERFORMANCE CHARACTERISTICS (continued) 

FIGURE 25 - COMMON·MODE REJECTION RATIO 
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FIGURE 27 - (LF155 SERIES) 
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FIGURE 28 - (LF156 AND LF157 SERIES) 

TA = ~50C r---..... 
~ ......... 

VCC = 15 V 

" 
VEE=-15V 

" ..... " 
Positive Supply 

'''- "' LF156/7 ,,-, "-
t- LF157 > '" " " ..... 

, 
I " "- '\. t- Negative Supply r"- ....... " I I 

~ LF~56/ "' " ' ,,~ 

10 100 1k 10k lOOk 1M 10M 100 1 k 10k lOOk 1 M 10M 100 M 

~ 140 

i 120 
UJ 
t!l 

~ 100 
:> 

~ 80 
(3 
z 
.... 
=> 
C>. 

~ 
.... 
z 
W 
...J 
< 
:> 
:; 
~ 

60 

40 

20 

o 

r\. 
"' 

" ..... 

f. FReQUeNCY (Hz) f. FREQUENCY (Hzl 

EQUIVALENT NOISE VOLTAGE 

FIGURE 29 - (LF15511561157 SERIES) FIGURE 30 - (EXPANDED SCALE) 

TA =1250~ I 

~ 100 

~ 
VCC=15V- UJ 

t!l 80 
Vee=-15V < 

~ 
:> 
w 

'" (3 \ 
60 

r'\.. 

.... LFI55 ........ J II 

z 
.... 
=> 
C>. 
Z 

~ 
< 

,,' \.. ~ LF155 , ....... 
"-

40 

20 
- LF15611 rn-.... 

"W. 
:> 
:; LF15611 .......... "-

III 
10 100 lk 

~ 

10 k 
i o 

10 500 50 k 1 k 

f. FREQUENCY (Hz) f, FREQUENCY (Hzl 

3-15 

II 
10 M 

I---
I---
I---

100 k 



• 

LF155, A-157, A; LF255-257; LF355, A, B-357, A, B 

TYPICAL CIRCUIT CONNECTIONS 

FIGURE 31 - DRIVING CAPACITIVE LOADS 

"LF155/6 R = 5.0 k 

LF157 R - 1.25 k 

+2.0V r 
-2.0 V..J 

5.0 k 

Vee 

Due to e unique output stage design these amplifiers have the 
ability to drive large capacitive loads and stili maintain stability. 
CL(max) ., 0.01 /IF. 
Overshoot';; 20% 
Settling time (ts ) ., 5.0 IlS 

FIGURE 33 - INPUT OFFSET VOLTAGE ADJUSTMENT 

Vce 

V 10 is ad,usted with a 25 k potentiometer 
The potentiometer wipor is connected to Vce 

• For potentiometers with temperature coefficient of 100 
ppm/oe or less the additional drift with ad,ust is .. 0.5 /lV / 
°C/mV of adjustment. 

• Tvpical overall drift. 5.0 /lV/oC ±(0.5 /lVtDC/mV 
of adjustment.) 

FIGURE 35 - NON-INVERTING UNITY GAIN 
OPERATION FOR LF157 

R2 

R1C ;;. (21T)(; MHz) 

R1 = R2 + RS 
4 

AV(DC) = 1 

C3dB" 5 MHz 

FIGURE 32 - LARGE POWER BANDWIDTH AMPLIFIER 

10 k 

1.0 V C"\ C"'\ 
-1.0 V' V" ' 

10V r\ 0 
-10VV 

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

FIGURE 34 - SETTLING TIME TEST CIRCUIT 

2.0 k, 0.1% 

10V r 
0--' 2 k, 0.1% 

'400,0.1% 

5.0 k, 0.1% 
"1.0 k, 0.1% 

+15 V 

Vout 

5 k, 0.1% Summing 
Node'---~~--------~ 

• Settling time is tested with the LF 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 

FIGURE 36 - INVERTING UNITY GAIN FOR LF157 

R2 

R1 = R42 

AV(DC) =-1 

f-3dB '" 5 MHz 
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LF155, A-157, A; LF255-257; LF355, A, 8-357, A, 8 

TYPICAL APPLICATIONS 

FIGURE 37 - WIDE BW, LOW NOISE, 
LOW DRIFT AMPLIFIER 

R2 

Rl 

f max OIl 240 kHz 

10Va c 
;; c;; 

-10V 

Sr 
• Power BW: f max = 2nVp a! 240 kHz 

• Parasitic Input capacitance (Cl 2! 3 pF for lF155, lF156, and 
lF157 plus any additional layout capacitance) Interacts with 
feedback elements and creates undesirable high frequency pole 
To compensate add C2 such that: R2C2 a! R 1 C 1. 

MSB 
A1 

A2 

FIGURE 39 - 8·BIT D/A WITH OUTPUT CURRENT 

VCC 

13 

TO VOLTAGE CONVERSION 

14 R14 

15 

Vref 

V ref ~ 2.0 Vdc 
A3 A14 = R15 a! 1.0 kn 

A4 R15 RO = 5.0 kn 

-= A5 

A6 
RO 

A7 
4 

AS 
LSB 

16 3 

Theoretical V 0 
V ref [ A 1 A2 A3 A4 A5 A6 A 7 AS] 

VO=--(RO) -+ -+ -+-+ -+-+ -+-
R14 2 4 8 16 32 64 128 256 

Adlust V re!, R14 or RO so that Vo with all digital inputs at high 
level is equal to 9 961 volts. 

2V [' 1 1 1 1 1 1 '] VO=-(5k) -+-+-+-+-+-+ -+-
1 k [255)2 4 S 16 32 64 128 256 

= 10V - =9.961 V 
256 

Aun 

FIGURE 41 - LONG INTERVAL RC TIMER 

Rt 

R4 

Clear 

R6 

·Polycarbonate or 

Polystyrene Capacitor 

TIme (t) = R4CQn(VRIVR-VI), R3 = R4, R5 = 01 R6 

If At = R2· t= 0693 R4C 

DeSIgn Example: 100 Second Timer 

VR = 10 V 

R6 = 20 k 

C = 11lF 

R5 = 2 k 

R3 ~ R4 = 144 M 

Al = A2 = t k 

1 
tlV 

j 

FIGURE 38 - ISOLATING LARGE CAPACITIVE LOADS 

R2 5.1 k 
V out 

+2~ L 
-2 V.:.::r-

• Overshoot 6% 

• ts = 10 Ils 
• When driving large Cl' the V out slew rate IS determined by Cl 

and lout(max): 

VCC 

FIGURE 40 - PRECISION CURRENT MONITOR 

Rl 

R2 

~ 

-= 

• Vo = 5 R1/R2 (V/mA of Is) 

• R 1, R2, R3 0.1% ReSistors 

• Use LF155 for-

... Common-Mode Range to Supply Range 

... Low liB 

... Low VIO 

... Low Supply Current 

FIGURE 42 - HIGH IMPEDANCE, LOW DRIFT 
INSTRUMENTATION AMPLIFIER 

A1 

R3 

+15 V 

R 

R3 

-15 V 

• V out =A3/R!2R2/R1+11 

tlV, v- + 2 v.;;; Vin common·mode';;; v+ 

• System VOS Adjusted vIa A2 VOS Adjust 

• Trim R3 to Boost up CMRR to 120 dB 
-15 V 

• 



LF155, A-157, A; LF255-257; LF355, A, 6-357, A, B 

ORDERING INFORMATION 

Device Temperature Range Package Device Temperature Range Package 

LF155AH, H -55 to +1250 C Metal Can LF256N -25 to +850 C Plastic DIP 

LF155J -55 to +1250C Ceramic DIP LF356AH, BH, H o to+700C Metal Can 

LF255H -25 to +850C Metal Can LF356BJ, J o to +700C Ceramic DIP 

LF255J -25 to +850 C Ceramic DIP LF356BN, N o to +700C Plastic DIP 

LF255N -25 to +850 C Plastic DIP 

LF355AH, BH, H o to +700C Metal Can LF157AH, H -55 to +1250C Metal Can 

LF355BJ, J o to +700C Ceramic DIP LF157J -55 to + 125°C CPramlc DIP 

LF355BN, N o to +700C Plastic DIP LF257H -25 to +850C Metal Can 

lF257J -25 to +850C Ceramic DIP 

• 
LF156AH, H -55 to +1250C Metal Can LF257N -25 to +850C Plastic DIP 

lF156J -55 to +1250C Ceramic DIP LF357AH, BH, H o to +700C Metal Can 

LF256H -25 to +850C Metal Can lF357BJ, J o to +700 C Ceramic DIP 

lF256J -25 to +8SoC Ceramic DIp LF357BN, N o to +700C PlastiC DIP 
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ORDERING INFORMATION 

Device 

LM101AH 
LM101AJ 
LM201AH 
LM201AN 
LM201AJ 
LM301AH 
LM301AN 
LM301AJ 

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 
aoc to +70°C 

Package 

Metal Can 
Ceramic DIP 

Metal Can 
Plastic DIP 

Ceramic DIP 
Metal Can 
Plastic DIP 

Ceramic DIP 

OPERATIONAL AMPLIFIER 

A general purpose operational amplifier that allows the user to 
choose the compensation capacitor best sUited to his needs. With 
proper compensation summing amplifier slew rates to 10 V//lS can 
be obtamed. 

• Low Input Offset Current - 20 nA maximum Over Temperature 
Range 

• External Frequency Compensation for FleXibility 

• Class AB Output Provides Excellent Linearity 

• Output Short·Clrcu It Protection 

• Guaranteed Drift Characteristics 

FIGURE 1 - STANDARD COMPENSATING 
AND OFFSET BALANCING CIRCUIT 

INVERTING 
INPUT 

NON INVERTING 
INPUT 

OUTPUT 

10M!1 30pF 51Mn 

20 k 

LMIOIA 
LM201A 
LM301A 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

N SUFFIX J SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 

CASE 626 CASE 693 

Balance 1 8 Compensation 

Inputs ~ 2 

H SUFFIX 
METAL PACKAGE 

CASE 601 

Compensation 

FIGURE 2 - DOUBLE·ENDED LIMIT 
DETECTOR 

FIGURE 3 - REPRESENTATIVE CIRCUIT SCHEMATIC 

V UT __ --0----1 

,>--o-""VO 

r-o---.VO 

VO' 4 8 V for 
VLT< VI <VUT 
VO' -04 V 
VI < VLT or VI > VUT 

PINS NOT SHOWN ARE NOT CONNECTED 

BALANCE COMPENSATION 

2S0 BALANCE 

':1_1 n 
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LM101A, LM201A, LM301A 

MAXIMUM RATINGS 
VALUE 

Rating Symbol LM101A I LM201A I LM301A Unit 

Power Supply Voltage VCC.VeE ±22 1 ±22 I ±18 Vdc 

Input Differential Voltage VID · +30 .. Volts 

Input Common·Mode Range (Note 1) VICR .. +15 .. Volts 

Output Short·Clrcult Duration ts · Continuous • 
Power Dissipation (Package Llmltatlon\ Po 

Metal Can .. 500 .. mW 

Derate above T A ~ + 75°C . 68 • mW/oC 

Plastic Dual I n·Line Package (MLM201AI - 625 625 mW 

Derate above T A ~ +250 C 301A) - 5.0 50 mW/oC 

Ceramic Package • 750 r- mW 

Derate above 25°C • 6.6 II mW/oC 

Operating Ambient Temperature Range TA ·55 to +125 I ·25 to +85 1 o to +70 °c 

Storage Temperature Range Tstg .. ·65 to +150 10 °c 

Note 1 For supply voltages less than ± 15 V. the absolute maximum Input voltage os equal to the supplV 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 LM101A and LM201A. and from ±5.0 V to'± 15 V 
for the LM301A. ' 

LM101A 
LM201A LM301A 

Charactertstlcs Symbol Min Typ Max Min Typ Max Umt 

Input Offset Voltage (RS~50 kn) V,O - 07 2.0 - 20 7.5 mV 

Input Offset Current 110 - 15 10 - 30 50 nA 

Input Bias Current liB - 30 75 - 70 250 nA 

I nput ReSistance r l 1.5 40 - 0.5 2.0 - Megohms 

Supply Current ICC. lee mA 
VcclVee ~ ±20 V - 18 3.0 - - -
VcclVee = ± 15 V - - - - 18 30 

Large Signal Voltage Gain AV V/mV 
VccIVee ±15 V. VO" ± 10 V. RL > 2.0 kSl} 50 160 - 25 160 -

The follOWing speCifications apply over the operating temperature range. 

Input Offset Voltage (RS E;;; 50 kn) V'C - - 30 - - 10 mV 

Input Offset Current 1,0 - - 20 - - 70 nA 

Average Temperature Coefficient of AVIO/AT 
Input Offset Voltage I-IV/oC 

TA(min) E;;;TA E;;;TA(max) - 30 15 - 60 30 

Average Temperature Coefficient of AIIO/AT nA/vC 
Input Offset Current 
+250 C E;;; T A ";;;T A (max) - 001 0.1 - 001 0.3 

T Almln\E;;; T AE;;; 25°C - 0.02 0.2 - 0.02 0.6 

Input Bias Current liB - - 100 - - 300 nA 

Large Signal Voltage Gain AV V/mV 

VCCIVEE = ±. 15 V. Vo = ±. 10 V. RL > 2 0 kn 25 - - 15 - -
Input Voltage Range VI V 

VcclVee = ±20V ±15 - - - - -
VcclVee = ± 15 V - - - ±12 - -

Common·Mode Rejection Ratio CMRR dB 
RSE;;;50 kn 80 96 - 70 90 -

SUppl\l Voltage Rejection RatiO PSSR dB 
RsE;;;50 kn 80 96 - 70 96 -

Output Voltage SWing Vo V 
VcclVee = ±15 V. RL ~ 10 kn ±12 ±14 - ±12 +14 -
RL~20kn ±1O ±13 - ±10 ±13 -

Supply Currents (TA = T A(max). ICC. lee - 1.2 2.5 - - - mA 

VcclVee = ±20V\ 

3-20 



LM101A, LM201A, LM301A 

TYPICAL CHARACTERISTICS 

(Vee = +15 V. VEE = -15 V. T A = +250 e unless otherwise noted.) 

FIGURE 4 - MINIMUM INPUT VOLTAGE RANGE 
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lM101A,LM201A,LM301A 

TYPICAL CHARACTERISTICS (continued I 

(Vee = +15 V, VEE = -15 V, T A = +2SOe unless otherwise noted'! 

FIGURE 10 - VOLTAGE FOLLOWER PULSE RESPONSE 
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FIGURE 12 - LARGE·SIGNAL FREQUENCY RESPONSE 
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ORDERING INFORMATION 

Device 

MLM107H 
MLM207H 
MLM307H 
MLM307N 

Temperature 
Range 

-55°C to +125°C 
- 25°C to +85°C 

O°C to +70°C 
O°C to +70°C 

Package 

Metal Can 
Metal Can 
Metal Can 
Plastic DIP 

INTERNALLY COMPENSATED 
MONOLITHIC OPERATIONAL AMPLIFIER 

A general purpose operational amplifier series well suited for 
applications reqUIring lower input currents than are available with 
the popular MC1741. These Improved input charactenstics permit 
greater accuracy in sample and hold circuits and long Interval 
integrators. 

• Internally Compensated 

• Low Offset Voltage: 2.0 mV max (LM107) 

• Low Input Offset Current: 10 nA max (LM107) 

• Low Input Bias Current: 75 nA max (LM107) 

TYPICAL APPLICATION 
HIGH IMPEDANCE BRIDGE AMPLIFIER 

Vo = -10V lO 

CIRCUIT SCHEMATIC 

OUTPUT 

LMI07 
LM207 
LM307 

OPERATIONAL AMPLIFIER 
INTEGRATED CIRCUIT 

EPITAXIAL PASSIVATED 

N SUFFIX 
METAL PACKAGE 

CASE 601 

N SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(LM307 only) 

NCM8 NC 

INVT INPUT 2 7 Vee 

NONINVT INPUT! 6 OUTPUT 

VEE 5 NC 

(Top View) 

EQUIVALENT CIRCUIT 

II 
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LM107, LM207, LM307 

MAXIMUM RATINGS (T A = +250 C unless otherwIse noted.) 

Ratmg Symbol LM107 LM207 LM307 Unit 

Power Supply Voltages VCC +22 +22 +18 Vdc 

V",,,, -22 -22 -18 

DifferentIal Input SIgnal Voltage V\D ±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) Po 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 at erwlse note d • see N t 3) o e 

LM107 
LM307 LM207 

Characteristics Symbol Min Typ Max Min Typ Max Unrt 

Input Offset Voltage IVlol mV 

RS ~10 kn. TA = +250 C - 0.7 20 - - -
RS ~10 kn. TA = Tlow to ThIgh - - 3.0 - - -
RS~ 50 kn. T A = +250 C - - - - 20 75 

RS~ 50 kn. T A = Tlow to ThIgh - - - - - 10 

Input Offset Current 11101 nA 

TA = +250 C - 15 10 - 30 50 

T A = Tlow to ThlQh - - 20 - - 70 

Input BIas Current liB nA 

TA = +250 C - 30 75 - 70 250 

T A = Tlow to ThlQh - - 100 - - 300 

Input ResIstance R,n 
. 

1.5 40 - 0.5 2.0 - Megohms 

Supply Current 10 mA 

Vs = ±20 V. T A = +250 C - 1.8 3.0 - - -
Vs = ±20 V. T A = Thl!bh - 1.2 2.5 - - -
Vs =±15 V. TA = +25 C - - - - 18 30 

Large-S,gnal Voltage Gam Av V/mV 

Vs = ±15 V, Vo = ±10 V, RL >2.0 kn, TA = +250 C 50 160 - 25 160 -
Ve>.= ±15 V. Vn = +10V, AI ~20kn, TA = Tlow 25 - - 15 - -

Average Temperature CoeffICient of Input Offset Voltage ITCVlol /JV/oC 

Tlow~TA $ ThlClh - 30 15 - 60 30 

Average Temperature CoeffiCIent of Input Offset Current ITCllol 
nA/oC 

+250 C'S T A'S ThIgh - 0,01 0.1 - 001 03 

Tlow<TA $ +250 C - 0.02 0.2 - 0.02 0.6 

Output Voltage SWing (T A = Tlow to ThIgh) Vo V 

Vs =±15 V. RL = 10kn ±12 ±14 - ±12 +14 -
RL = 2.0 kn +10 ±13 - +10 ±13 -

I nput Voltage Range (T A = Tlow to ThIgh) Vin R V 

Vs = ±20 V ±15 - - - - -
Vs = ±15 V - - - ±12 - -

Common-Mode Rejection RatIo (T A = Tlow to Thigh) CMRA dB 
RS :S;;;SO kn 80 96 70 90 

Supply-Voltage Rejection Ratio (T A = Tlow to Thigh) VSAR dB 
RS :S;;;50 kU 80 96 - 70 96 -

Note 1. For supply voltages Ie •• than ±.15 V. the absolute maxI
mum onput voltage IS equal to the supply voltage Note 3 Unless otherWIse noted, these specIfIcatIons apply for 

Note 2. For operatIng at elevated temperatures. the devIce mu.t 
be derated based on a maxImum JunctIon temperature of 
+1500 e for the LM107, and 1000 e for the LM207 
and LM307_ The TO-99 package Is derated based on 
a thermal resistance of + l500 C/W. junction to ambient, 
or +450 elW. junction to case. 
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Tlow ThIgh 
±.5 0 V~ Vs ~±'20 V, -55Q e S T A ~ +1250 C, LM107 

±.5.0 V S Vs ::5'.±.20 V, -25 0 e ST A ~ +85 0 e, LM207 
±5.0V~VS$'±15V, OOeSTA ~ +700 e,LM307 



LM107, LM207, LM307 

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

20 

'" ~ 
~ 16 
UJ 

'" Z 

~ 12 

« 
~ 
~ 80 

~ 
~ 40 

:> 

o 

100 

94 

"" 
z 

~ 88 
UJ 

'" « 
~ 82 
> 
.j 

76 

70 

+180 

+160 

+140 

~+120 
z 
<t+l00 

'" ~ +80 
« 
~ +60 
> 
.j +40 

+20 

FIGURE 1 - MINIMUM INPUT VOLTAGE RANGE 

Applies over specified 
Operating Temperature 

Range 

./ ,/"" 

V ./"'" 
/' / 

/' ./ lMl01 
and' _ 

POSit IVy /'" lM201 

I-" V unlr .-

../Negative 

o 5.0 10 15 20 
Vee AND (-VEE), SUPPLY VOLTAGE (VOLTS) 

FIGURE 3 - MINIMUM VOLTAGE GAIN 

Applies over specIfied 
Operating Temperature 

Range 

,.~ 

..,/' 
"., 

lMI01 

~ 
and .. -

l:t~'~ 
t 

-/ 
. 

o 50 10 15 20 
Vec AND (-VEE), SUPPLY VOLTAGES (VOLTS) 

FIGURE 5 - OPEN-LOOP FREQUENCY RESPONSE 

~ 

~ 
~ 
~ 
~ 
~ 

-20 
1.0 10 

....... ~ 

100 10k 10k lOOk 10M 10M 100M 
f, FREQUENCY (Hz) 

3-25 

20 

~ 
> 16 
+1 

'" z 

~ 12 
UJ 

'" « 
~ 
~ 80 
I-

~ 
I-
~ 4.0 

o 
> 

o 

25 

:;( 

o 

..s 2.0 
'" l-

i 15 

~ 

~ 1.0 
UJ 
UJ 

c 
~ 0.5 
c.> 
c.> 

o o 

FIGURE 2 - MINIMUM OUTPUT VOLTAGE SWING 

Applies over specified 
, 

Operating Temperature 
Range 

/" 
V '/ 

// V 
/' / LM101 

Minimum 'l~n:07 ~ 
RL '10Hl ~ ~mum - I-- ent., ~ 
~ ..- RL = 2 kn 

50 10 15 20 
Vec AND (-VEEl. SUPPLY VOLTAGES (VOLTS) 

FIGURE 4 - TYPICAL SUPPL Y CURRENTS 

-~ 
I----"-~ 

LM101 _ 
and 

lM201_ 
OIl/y 

50 10 15 20 
VCC AND (-VEE), SUPPLY VOLTAGES (VOLTS) 

FIGURE 6 - LARGE-SIGNAL FREQUENCY RESPONSE 

~ 
c 
> 
tJ 

'" z 

~ 
UJ 

'" « 

~ 
> 

~ 
~ 
c 
>0 

15 
t---

10 

50 

o 
Hk 

\ 
"r--. 

10 k 100 k 1.0 M 10M 
f, FREQUENCY (Hz) 

• 



• 

LM 1 07, LM207, LM307 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 7 - VOLTAGE FOLLOWER PULSE RESPONSE 
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PRECISION OPERATIONAL AMPLIFIERS 
The LM10S/LM20S/LM30S 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 ampl ifiers IS 

particularly useful for applications where high·accuracy and low· 
drift performance are essential. In addition high·speed performance 
may be improved by employing feed·forward compensation tech· 
niques to maximize slew rate without compromising other perfor· 

mance criteria. 
The LM 10SA/LM20SA/LM30SA 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 

NON 
INVERTING 

INPUT 

C,;;>30 (_' ) 1 + R2 

Al 

STANDARD FEEDFORWARD 
COMPENSATION 

5 pF 

INPUT ~N\r'----1f---, 

MODIFIED COMPENSATION 

NON 
INVERTING 

INPUT 

OUTPUT 

FEEDFORWARD COMPENSATION FOR 
DECOUPLING LOAD CAPACITANCE 

AS> 10k 

500 
.::;>-<>+--"""' ..... 0 UTPUT 

C L 

1:10 
pF I?:6~1IJF 

-=- COMPEN A -= -= 
.C2 > 5 :;0

5 
pF 

DEVICE SELECTION TABLE 

OPERATING TEMPERATURE RANGE 

-55 to +1250 C -25 to +850 C o to +700 C 

STANDARD LM108 LM208 LM308 
OFFSET VOLTAGE 

Pkg. SuffiX Pkg. SuffiX Pkg Suffix 
SPECIFICATION 

TIGHTENED 
LM108A LM208A LM308A OFFSET VOLTAGE 

SPECIFICATION Pkg. SuffIX Pkg. Suffix Pkg. SuffIX 

~_,)7 

LMl DB, LMl DBA 
LM20B, LM20BA 
LM30B, LM308A 

LASER TRIMMED 
SUPER GAIN 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

H SUFFIX 
METAL PACKAGE 

CASE 601 

COMPEN 
B 

VEE 

(Tap View) 

JSUFFIX • 
CERAMIC PACKAGE Iii • 

CASE 632·02 ,- "111 
TO·116 l l 

c~~~::: : g:~ ~~MPEN B 

INPUTS 4 - 11 Vcc 

5' 10 OUTPUT 

·GUAAD 6 9 NC 

VEE 7 8 NC 

(Top View) 

N SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(LM308 only) 

·Unused pin (no internal connection) to 
allow for Input antl·leakage guard rtng on 
printed circuit board layout. 

II 
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lM 1 08, A; LM208, A; LM308, A 

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

VALUE 

Rating Symbol LM108, LM108A I LM208, LM208A I LM308, LM308A Unit 

Power Supply Voltage VCC,VEE ±20 I ±20 I ±18 Vdc 

Input Voltage (See Note 1) VI .. +15 ~ Volts 

Input Differential Current (See Note 2) 110 .. +10 .. mA 

Output Short-C,rcu,t Duration ts . Indefinite . 
Operating Ambient Temperature Range TA -55 to +125 I -25 to +85 I o to +70 °c 
Storage Temperature Range T stg .. -65 to +150 ~ °c 
Junction Temperature TJ °c 

Metal,Ceramlc Package .. +175 ~ 

Plastic Package .. +150 .. 
Note 1. For supply voltages less than ±15 V, the maximum Input voltage IS equal to the supply voltage 
Note 2. The Inputsare 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. 

ELECTRICAI_ CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of +50 V ~VCC ~+20 V 
and -5 0 V~VEE ~-20 V TA = +250 C) ~ 

LM108A LM108 
LM208A LM208 

CharacteristiC Symbol Min Typ Max Min Typ Max Unit 

Input Offset Voltage VIO - 03 05 - 07 20 mV 

I nput Offset Current 110 - 005 02 - 0005 02 nA 

Input Bias Current liB - 08 2.0 - 0.8 20 nA 

Input ReSistance q 30 70 - 30 70 - Megohms 

Power Supply Currents ICC,IEE - ±O 3 ±06 - ±0.3 ±06 mA 
VCC = +20 V, VEE = -20 V 

Large Signal Voltage Gain AVOL 80 300 - 50 300 - V/mV 
VCC = IVEEI = +15 V, Vo = ±10V, RL;;;'10kfl 

The follOWing speCifications apply over the operating temperature range. 

Input Offset Voltage VIO - - 10 - - 30 mV 

I nput Offset Current 110 - - 04 - - 04 nA 

Average Temperature CoeffiCient of to VIQ ItoT 
Input Offset Voltage IJ.V/oC 
TA(mln) ';;;TA ';;;TA(max) - 10 50 - 30 15 

Average Temperature CoeffiCient of toiIO/toT - 05 25 - 05 25 pA/oC 
Input Offset Current 

I nput Bias Current liB - - 30 - - 30 nA 

Large Signal Voltage Gain AVOL 40 - - 25 - - V/mV 
VCC= IVEEI=+15V. VO=±10V,RL = 10kfl 

Input Voltage Range VIR ±135 - - ±135 - - 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 = 10 kfl 

Supply Current (TA = T A [max]) ICC,IEE - ±O 15 ±O4 - ±O 15 ±04 mA 
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LM108, A; LM208, A; LM308, A 

ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of +5.0 V :E;;Vcc :E;;+15 V 
and -5 0 V~VEE ~-15 V TA = +250C I 

lM30BA lM30B 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

I nput Offset Voltage VIO - 0.3 0.5 - 2.0· 7.5 mV 

Input Offset Current 110 - 0.2 1.0 - 0.2 1.0 nA 

Input Bias Current liB - 1.5 7.0 - 1.5 7.0 nA 

Input ReSistance q 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 

~arge Signal Voltage Gam AVOL 80 300 - 25 300 - V/mV 
VCC = +15 V, VeE = -15 V, Vo = ±10 V, 

RL ~10 kn 

The following specifications apply over the operatmg temperature range 

Input Offset Voltage VIO - - 073 - - 10 mV 

Input Offset Current 110 - - 1.5 - - 1.5 nA 

Average Temperature Coefficient of ~VIO/~T 
Input Offset Voltage /JoV/oC 
TA(min) ~TA :E;;TA(max) - 1.0 5.0 - 6.0 30 

Average Temperature CoeffiCient of ~IIO/~T - 2.0 10 - 2.0 10 pA/oC 
I n put Offset Current 

I nput 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~10kn 

Input Voltage Range VIR ±13.5 - - ±13.5 - - V 
VCC = +15 V, VEE = -15 V 

Common-Mode Rejection RatiO CMRR 96 110 - 80 100 - dB 
RS ~50kn 

Supply Voltage Rejection Ratio PSSR 96 110 - 80 96 - dB 
RS :E;;50 kn 

Output Voltage Range VOR ±13 ±14 - ±13 ±14 - V 
VCC = +15 V, VeE = -15 V, RL = 10 kn 

REPRESENTATIVE CIRCUIT SCHEMATIC 

COMPENSATION A COMPENSATION B 

r---------~----~~--.-~------_1~----+_----~------------------_.-------OVCC 

J-~ ...... """'''v_'_O 0 UTP UT 

6.4 k 500 1 k 

• 
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LM 1 08, A; LM208, A; LM308, A 

TYPICAL CHARACTERISTICS 

FIGURE 1 - INPUT BIAS AND INPUT OFFSET CURRENTS 
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LM 1 08, A; LM208, A; LM308, A 

SUGGESTED DESIGN APPLICATIONS 

FIGURE 7 - FAST (11 SUMMING AMPLIFIER WITH LOW 
INPUT CURRENT 

INPUT 

(1) Power Bandwidth: 
2S0 kHz 

Small Signal Bandwidth: 
3.S MHz 

Slew Rate: 10V/jJ.s 

(2)CS = 6 X 10-
8 

R1 

INPUT GUARDING 

C5(2) 

R4 

(311n addition to Increasing speed, 
the LM101A raises high and 
low frequency 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 
LM108, 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 +12SoC, 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 empty when It IS Inserted In the 
boards. The guard, which is a conductive ring surrounding the in
puts, IS connected to a 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 LM101A 
Pin configuration). 

FIGURE 8 - SAMPLE AND HOLD 

VCC 

(1 \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 
, / COMPENSATION A 

~6 7 B 1 

(BOTTOM VIEW) 

FIGURE 10 - CONNECTION OF INPUT GUARDS 

INVERTING AMPLIFIER FOLLOWER NON-INVERTING AMPLIFIER 

R1 R2 R2 
I NP UT e-'VV~~---'VV'v----, 

OUTPUT 

C1 INPUT C1 

(1) Used to compensate for large source resistances. 
R1R2 

Note: R 1 + R 2 must be an Impedance. 
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:Specificat~oos ao'd -Appli'c~tion.s 
, IoforIllati~n 

QU~D LOW POWE,R OPERATIO~AL AMPLlF.IERS~ 

'The :LM124 .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 q~ad amplifier ca~ operate at supply voltages;as low as 3.0 Volts 

, " or: as high as '32 Volts with quiesce~t' curtents about one' fjfth of 
those associated with the MC1741 (bn a per arPplifier basis). The 
common mode input range includes the negative supply, thereby 

. eliminating the necessity for external biasing co'mponents in many 
applications. The output voltage range also includes the negative 
power supply voltage. . - , 

, • 'Short Circuit Protected Outputs, 

• ,Trl:le Differential Inp~t Stage 

• Single Supply Operation: 3.0 to 32 Volts 

• Low Input Bias Currents: 250 nA ¥ax 

• Four'Amplifiers Per Package 

• Internally Comp~nsated 
• Common Mode ~ange Extends to Negative Supply 

• Industry Standard Pinouts 

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

LM124 
LM224 

,:Rating Symbol LM324 LM2902 Unit 

Power Supply Voltages Vdc 
Single Supply Vce 32 26 
Split Supplies : VCC.VEE ±16 ±13 

Input Differential Voltage Range 11 ! VIDR :;32 ±26 Vdc 

Input Common Mode Voltage Range (2) VICR -0.3 to 32 -0.3 to 26 Vdc 

Input Forward Current (3) IIF 50 - mA 
(VI < -0.3 V) 

Output Short Circuit Duration ts Continuous 

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 Temperature Range !A °c 
LM124 -55 to +125 -
LM224 -25 to +85 -
LM324 ' 0 to +70 -
LM2902 - -40 to +85 

(1) Split Power Supplies 
(2) For Supply Voltages less than 32 V for the LM124/224/324 and 26 V for the LM2902, 
. the absolute maximum Input voltage is equal to the supply voltage. 

(3) This Input' current WIll only exist when the voltage IS negatIve at any of the Input leads. 
Normal output states WIll reestablish whe,n the Input voltage returns to a voltage greater 
than -0.3 V. 
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LM12'4,"LM224, 
LM324, LM290~ 

QUAD DIFFERENTIAL 
INPUT 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

_ 

JSUFFIX' 

14.lil'1 - . CERAMIC PACKAGE 
U CASE 632 

TO-116 

[:::::::1 
I ' 

(top view), 

NSUFFIX 14_ 
PLASTIC PACKAGE' ' 

CASE 646 ,1 

(LM224, LM324. LM2902 only) 

PIN CONNECTIONS 

(top view) 

Out 
4 

Inputs 
4 

VEE, 
Gnd 

Inputs 
3 

Out 
3 

ORDERING INFORMATION 

Device Temperature Range Package 

LM124J -55 to +1250 C Ceramic DIP 

LM2902J -40 to +85u C Ceramic DIP 

LM2902N -40 to +850C PlastiC DIP 

LM224J -25 to +850C Ceramic DIP 

LM224N -25 to +R50C Plastic DIP 

LM324J o to +70u C Ceramic DIP 

LM324N Oto +70oC Plastic DIP 



LM124,LM224,LM324,LM2902 

ELECTRICAL CHARACTERISTICS (VCC - 5.0 V, VEE - Gnd, TA -25°C unleSlotherwise noted I 

Chlflctefistic Symbol 

input Offset Voltage Via 
VCC = 5.0 V to 30 V (26 V fOf LM29021. 
VIC·O V to VCC -1.7 V, Va::. 1.4 V, RS· 0 n 

TA" 25°C 
TA = Thigh to Tlow (Note 11 

Average Temperature Coefficient of Input Offset Voltage .o1Vlo/.o1T 
T A .. Thigh to Tlow (Note 11 

Input Offset Current 110 
T A = Thigh to Tlow (Note 11 

Average Temperature Coefficient of Input Offset Current .o1 110/ .o1T 
T A = Thigh to Tlow (Note 11 

Input Bias Current liB 
T A = Thigh to Tlow (Note 11 

Input Common·Mode Voltage Range (Note 2) ViCR 
VCC = 30 V (26 V for LM29021 
VCC = 30 V (26 V for LM29021. T A = Thigh to Tlow 

Differential Input Voltage Range VIDR 
Large Signal Open· Loop Voltage Gain AVOL 

RL = 2.0 kn, VCC = 15 V, FOf Large Va Swing, 
TA = Thigh to Tlow (Note 11 

Channel Separation -
1.0 kHz';; f" 20 kHz. Input Referenced 

Common·Mode Rejection RatiO CMRR 
RS" 10 kn 

Power Supply Rejection RatiO PSRR 

Output Voltage Range VOR 
RL = 2 kn (RL;;' 10 kn for LM29021. 

Output Voltage-High Limit (T A - Thigh to Tlow)(Note 11 VOH 
VCC = 30 V (26 V for LM29021. RL = 2 kU 
VCC = 30 V (26 V for LM2902). RL = 10 kn 

Output Voltage-Low Limit VOL 
VCC = 5.0 V. RL = 10 kH. TA = Thigh to Tlow (Note 11 

Output Source Current (VID = +1.0 V. VCC = 15 VI 10+ 
TA = 250 C 
T A = Thigh to Tlow (Note 11 

Output Sink Current la-
VID = -1.0 V. VCC = 15 V 

TA = 250 C 
T A = Thigh to Tlow (Note 11 

VID = -1.0 V. Va = 200 mV. TA = 250 C 

Output Short CirCUit to Ground (Note 31 los 

Power Supply Current (T A = Thigh to TlowliNote 11 ICC 
VCC = 30 V (26Vfor LM29021, Va =0 V,RL = .. 
V CC = 5 V. Va = 0 V. R L = .. 

NOTES: 
(1) Tlow = -ssoe for LM124 Thigh = + 125°C for LM124 

= -40°C for LM2902 = +8Soe for LM2902 
= - 25°C for LM224 and LM224 
= oOe for LM324 = + 70°C for LM324 

(2) The Input common·mode voltage or either Input SIgnal 
voltage should not be allowed to go negative bV more than 

SINGLE SUPPLY 
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LM124/LM224 LM324 LM2902 

Min 

-
-
-

-
-
-

-
-
0 
0 

-

50 
25 

-
70 

65 

0 

26 
27 

-

20 
10 

10 
5 
12 

-

-
-

TVp MIx Min TVp MIx Min TVp MIx Unit 

mV 

2.0 5.0 - 2.0 7.0 - 2.0 7.0 

- 7.0 - - 9.0 - - 10 

7.0 - - 7.0 ' - - 7.0 - ~VloC 

3.0 30 - 5.0 50 - 5.0 50 nA 

- 100 - - 150 - 45 200 

10 - - 10 - - 10 - pA/uC 

-45 -150 - -45 -250 - -45 -250 nA 
-50 -300 - -50 -500 - -50 -500 

V 

- 28.3 0 - 28.3 0 - 24.3 
- 28 0 - 28 0 - 24 

- VCC - - VCC - - VCC V 

V/mV 
100 - 25 100 - - 100 -
- - 15 - - - - -

-120 - - -120 - - ';'120 - dB 

85 - 65 70 - 50 70 - dB 

100 - 65 100 - 50 100 - dB 

- 3.3 0 - 3.3 0 - 3.3 V 

V 
- - 26 - - 22 - -
28 - 27 28 - 23 24 -
50 20 - 5.0 20 - 50 100 rnV 

mA 
40 - 20 40 - 20 40 -
20 - 10 20 - 10 20 -

mA 

20 - 10 20 - 10 20 -
8 - 5 8 - 5 8 -
50 - 12 50 - - - - ~A 

40 60 - 40 60 - 40 60 rnA 

rnA 
1.5 3.0 - 1.5 3.0 - 1.5 3.0 
0.7 1.2 - 0.7 1.2 - 0.7 1.2 

0.3 V. The upper end of the common-mode voltage range 
IS Vee - 1.7 V. but either or both Inputs can go to + 32 V 
without damage (+26 V for LM2902). 

(3) Short CirCUits from the output to Vee can cause excesSive 
heating and eventual destruction Destructive diSSipation 
can result from SImultaneous shorts on all amplifiers. 

SPLIT SUPPLIES 

• 



LM 124, LM224, LM324, LM2902 

> 
o 
3; 

REPRESENTATIVE CIRCUIT SCHEMATIC 
(One-Fourth of Circuit Shown) Output 

Bias Clrcuitrv 
Common to Four 

Amplifiers 

.------~------~-~~---~------+---~--~~~Vcc 

016 "'-----, 

LARGE SIGNAL VOLTAGE 
FOLLOWER RESPONSE 

I I 
VCC = 15 Vdc 

A L =2kn -

T A = 250 C 

\ / 
........... 

\ / 
\ 

50J..!s/DIV 
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CIRCUIT DESCRIPTION 

The LM 124 Series is made using four internally com
pensated, two-stage operational amplifiers The first stage 

of each consists of differential input devices 020 and 
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 dlf 
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_ 



LM12~LM22~LM32~LM2902 

TYPICAL PERFORMANCE CURVES 
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LM124, LM224, LM324, LM2902 

APPLICATIONS INFORMATION 

FIGURE 7 - VOLTAGE REFERENCE 

R1 

Vo = 25 V(1 + :~) 

FIGURE 9 - HIGH IMPEDANCE OIFFERENTIAL AMPLIFIER 

e1 

e2 

1 
-R 
C 

1 
-R 
C 

R 

eo E C (1 + 8 + b) (e2 - e1) 

R 

FIGURE 8 - WIEN BRIDGE OSCILLATOR 

50 k 

10k 
V ref ........ ...JVVV-+--D-! 

For fo=lkHz 

R 

R = 16 kS"l 
C = 001 p.F 

FIGURE 10 - COMPARATOR WITH HYSTERESIS 

R2 

Rl 

Vin ..... ----<>-1 

V,nL = R1R+l R2 (VOL - Vref) + Vref 

VonH = R 1 :lR2 (VOH - Vref) + Vref 

H =~+lR2 (VOH - VOL) 

FIGURE 11- BI-aUAD FILTER 

R 

V· Cl R2 

~~-.~~~~~ 

Vref 

R2 
R1. 

Bandpass 
Output 

R 
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100 k 

100 k 

A3 

Rl sQR 

R2-~ 
TBP 

R3 = TN R2 

Cl = 10C 

fo = 1 kHz 

Q* 10 

TBP z 1 

TN = 1 

1 
Vref z"2 VCC 

>-O ...... --~E------NotchOutPut R - 160k!l 

Where TBP - Center Frequency Gain 

TN - Passband Notch Gain 

C - O.OOlIlF 
R1 - 1.6M!l 
R2 - 1.6 M!l 
R3- 1.6M!l 



LM124,LM224,LM324,LM2902 

APPLICATIONS INFORMATION (continued) 

1 
V re , :"2 VCC 

Vrel 

FIGURE 12 - FUNCTION GENERATOR 

Trtangle Wave 
Output 

f=~ 
4 CRt R1 

R2 R1 
If R3"'---

R2 + Rt 

R2 

300k 

Square 
'Wave 
Output 

FIGUR E 13 - MULTIPLE FEEDBACK BANDPASS FILTER 

4 
1"' 

VCC 

Given '0 ~ Center Frequency 

AlIa) = Gain at Center Frequency 

Choose Value '0' C 
Then 

o 
R3=--

11 to C 

R3 
R1 =---

2 A(fo) 

R1 R3 
R2-402R1_R3 

For less than 10% error from operational amplifier 

Co ~ to C 

0 0 '0<0.1 
BW 

Where '0 and BW are expressed In Hz 

If source Impedance vanes, tolter may be preceded with voltage 

follower buffer to stabilIZe filter parameters. 
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Specifications and Applications 
InforIllation 

DUAL LOW POWER OPERATIONAL AMPLIFIERS 

Utilizing the circuit designs perfected for recently introduced 
Ouad 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 LM158 Series is equivalent to one·half of an LM124. 

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 32 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 
• Internally Compensated 
• Comm~n Mode Range Extends to Negative Supply 

• Single and Split Supply Operation 

• Similar Performance to the Popular MC1558 

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

LM158 
LM258 

Rating Symbol LM358 LM2904 

Power Supply Voltages 

Single Supply VCC 32 26 
Split Supplies VCC,VEE ±16 ±13 

Input Differential Voltage Range (1) VIDR ±32 ±26 

Input Common Mode Voltage Range (21 VICR -0.3 to 32 -0.3 to 26 

Input Forward Current (3) IIF 50 -
(VI < -0.3 V) 

Output Short Circuit Duration ts Continuous 

Junction Temperature TJ 
Ceramic and Metal Packages 175 
Plastic Package 150 

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

Operating Ambient Temperature Range TA 
LMl58 -55 to +125 -
LM258 -25 to +85 -
LM358 o to +70 -
LM2904 - -40 to +85 

(1 )Spllt Power Supplies 

Unit 

Vdc 

Vdc 

Vdc 

rnA 

°c 

°c 

°c 

(2) For Supply Voltages less than 32 V for the LM158/258/358 and 26 V for the LM2904, 
the absolute maximum Input voltage IS equal to the supply voltage. 

(3) This input current will only exist when the voltage IS negative at any of the Input leads. 
Normal output states WIll reestablish when the input voltage returns to a voltage greater 
than -0.3 V. 
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LM158, LM2S8, 
LM358, LM2904 

DUAL DIFFERENTIAL 
INPUT 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

H SUFFIX 
METAL PACKAGE 

CASE 601 

VCC 

VEE/Gnd 
(Top V,ew) 

J SUFFIX 
CERAMIC PACKAGE 

CASE 693 

PLASTIC PACKAGE 

• 

NSUFFIX 

I I CASE 626 
I I (LM258, LM358, LM2904 only) 

I,nputs B 

ORDERING INFORMATION 

Temperature 

DeVice Range Package 

LM158H - 55 to + 125°C Metal Can 

LM158J -55 to + 125°C CeramIc DIP 

LM2904H -40 to +85 0 C Metal Can 

LM2904J -40 to +850 C Ceramic DIP 

LM2904N -40 to +850 C Plastic DIP 

LM258H -25 to +850 C Metal Can 

LM258J -25 to +85 0 C Ceramic DIP 

LM258N -25 to +850 C Plastic DIP 

LM358H O-to +700 C Metal Can 

LM358J o to + 70°C Ceramic DIP 

LM358N o to +700 C PlastIC DIP 



LM158, LM258, LM358, LM2904 

ELECTRICAL CHARACTERISTICS (VCC = 5.0 V, VEE ~ Gnd, TA ~ 25°C unless otherwise noted) 

Characteristic Symbol 

Input Offset Voltage VIO 
VCC = 5 0 V to 30 V (26 V for LM29041, 
VIC =0 VtoVCC-1.7 V, Vo :::.l.4V, AS =0 n 

TA = 250 C 
T A = Thigh to Tlow (Note 11 

Average Temperature Coefficient of Input Offset Voltage ~VIO/~T 
T A = Thigh to Tlow (Note 1 ) 

Input Offset Current 110 
T A = Thigh to Tlow (Note 1 ) 

Average Temperature CoeffiCient of Input Offset Current ~IIO/~T 
T A = Thigh to Tlow (Note 1 ) 

Input Bias Current liB 
T A = Thigh to Tlow (Note 1 ) 

Input Common·Mode Voltage Range (Note 2) VieR 
Vce = 30 V (26 V for LM2904) 
VCC = 30 V (26 V for LM2904), T A = Thigh to Tlow 

Differential Input Voltage Range VIDR 
Large Signal Open·Loop Voltage Gain AVOL 

AL = 2.0 kn, VCC = 15 V, For Large Vo SWing, 
T A = Thigh to Tlow (Note 1) 

Channel Separation -
1.0 kHz';; f .;; 20 kHz, input Referenced 

Common·Mode AeJectlon Ratio CMRR 
AS.;;10kn 

Power Supply AeJectlon Ratio PSAR 

Output Voltage Range VOR 
AL = 2 kn (RL;;' 10 kn for LM2904) 

Output Voltage-High Limit (T A - Thigh to Tlow)(Note 1 ) VOH 
VCC = 30 V (26 V for LM29041. AL = 2 kn 
Vce = 30 V (26 V for LM2904), RL = 10 kn 

Output Voltage-Low Limit VOL 
Vee = 5.0 V. RL = 10 kn, TA = Thigh to Tlow (Note 11 

Output Source Current 10+ 
VID = +1.0 V, VCC = 15 V 

Output Sink Current 10-
VID = -1.0 V, Vce = 15 V 
VID = -1 0 V, Vo = 200 mV 

Output Short Circuit to Ground (Note 3) los 
Power Supply Current IT A - Thigh to TlowllNote 1) ICC 

Vce = 30 V (26 V for LM2904), Vo = 0 V, RL = 00 

Vee = 5 V. Vo = 0 V, RL = 00 

NOTES: 
(1) Tlow = -550 e for LM158 Thigh = + 1250 e for LM158 

= -40 0 e for LM2904 = +850 e for LM2904 
= -25 0 e for LM258 and LM258 
= oOe for LM358 = + 700e for LM358 

(2) The onput common-mode voltage or either Input Signal 

voltage should not be allowed to go negative by more than 

SINGLE SUPPLY 

3.0 V to Vee (Max) II 
i---J-""'::::';::'" 

L---~===t~V:E~E/Gnd 

LM158/LM258 LM358 LM2904 

Min 

-
-
-

-
-
-

-
-

0 
0 

-

50 
25 

-
70 

65 

0 

26 
27 

-
20 

10 
12 

-

-
-

Typ Max Min Typ Max Min Typ Max Unit 

mV 

2.0 5.0 - 2.0 7.0 - 2.0 7.0 
- 7.0 - - 9.0 - - 10 

7.0 - - 7.0 - - 7.0 - /JoV/oC 

30 30 - 5.0 50 - 5.0 50 nA 
- 100 - - 150 - 45 200 

10 - - 10 - - 10 - pA/oC 

-45 -150 - -45 -250 - -45 -250 nA 
-50 -300 - -50 -500 - -50 -500 

V 
- 28.3 0 - 28.3 0 - 24.3 
- 28 0 - 28 0 - 24 

- Vec - - Vee - - VCC V 

V/mV 
100 - 25 100 - - 100 -
- - 15 - - - - -

-120 - - -120 - - -120 - dB 

85 - 65 70 - 50 70 - dB 

100 - 65 100 - 50 100 - dB 

- 3.3 0 - 3.3 0 - 3.3 V 

V 
- - 26 - - 22 - -
28 - 27 28 - 23 24 -

50 20 - 5.0 20 - 5.0 20 mV 

40 - 20 40 - 20 40 - mA 

20 - 10 20 - 10 20 - mA 
50 - 12 50 - - - - IlA 

40 60 - 40 60 - 40 60 mA 

mA 
15 3.0 - 1.5 30 - 1.5 3.0 
0.7 1.2 - 0.7 1.2 - 0.7 1.2 

03 V. The upper end of the common mode voltage range 

IS Vee - 1.7 V, but either or both onputs can go to + 32 V 
Without damage (+26 V for LM2904). 

(3) Short CirCUits from the output to Vee can cause excessive 

heating and eventual destruction Destructive diSSipation 

can result from simultaneous shorts on all amplifiers 

SPLIT SUPPLIES 

t'v'ovcc, .... " 
-=- 1.5 V to VEE (Max) 
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LM158, LM258, LM358, LM2904 

-> Q. 
:; 

REPRESENTATIVE CIRCUIT SCHEMATIC Bi8. Clrcultrv 
Common to Both 

Amplifier. (One·Half of Circuit Shown I Output 

r-----------~------------~--1_------_1----------_+------~----~--~VCC 

016 ","---, 

LARGE~GNALVOLTAGE 
FOLLOWER RESPONSE 

I I 
VCC· 15 Vdc 

RL· 2 kn -
TA a 25°C 

\ J ..lo.loi.oi. 

\ II 
~. J 

5.0jJIIOlv. 

'3-40 

025 

24 k 

CIRCUIT DESCRIPTION 

The LM158 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 021 and 017 and 
the differential to single ~nded 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. 
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TYPICAL PERFORMANCE CURVES 
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FIGURE 4 - SMALL·SIGNAL VOLTAGE FOLLOWER 
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LM158, LM258, LM358, LM2904 

APPLICATIONS INFORMATION 

FIGURE 7 - VOLTAGE REFERENCE 

R1 

Vo - 2.S V(1 + :~I 

FIGURE 9 - HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER 

.1 

e2 

.0 - C (1 + 8 + bl (e2 - .11 

FIGURE 8 - WIEN BRIDGE OSCILLATOR 

10k 

1 
Vref -"2 VCC 

R 

SOk 

For f o ·1kHz 

R = 16 kn 

C - 001 /.IF 

FIGURE 10 - COMPARATOR WITH HYSTERESIS 

R2 H vlter."s 

R1 
Vo : 

V,n .... ----0-1 

VOHlj-1 

I 

I 
I 

VOL V,nL: V,nH 

VinL = R1R+1 R2 (VOL - Vrefl + Vref 

V,nH ~ R1 :1R2 (VOH - Vref l + Vref 

H ~ R1R+1R2 (VOH - VOLI 

Vref 

FIGURE 11- BI·QUAD FILTER 

R 
R 

Vin C1 R2 

R1 
R2 
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100 k 

100 k 

R3 

C1 

R1 -OR 

R1 
R2-

TBP 

R3 - T N R~ 

C1-10C 

fo- 1 kHz 

0- 10 

Tep- 1 

TN - 1 

1 
Vref - '2 VCC 

~O-<"-'---1E--------e Notch Output R - 160 kn 

Where Tep - Center Frequency Gain 

TN - Passband Notch Gain 

C - 0.001 /.IF 

R1 - 1.6 Mn 

R2- 1.6Mn 

R3- 1.6Mn 
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APPLICATIONS INFORMATION (continued) 

FIGURE 12 - FUNCTION GENERATOR 

1 R2 
Vref z"2 VCC 

Triangle Wave 
Output 

Vref 

300 k 

Rf 

f = A 1 + AC If A3 = R2 A 1 
4CRfRl R2+Rl 

FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER 

VCC 

Co = 10 C 

1 

4 
1"' Vref ="2 VCC 

Given fa = Center Frequency 

Alfo) = Gain at Center Frequency 

Choose Value fa. C 
Then 

a 
R3=--

7r fa C 

R3 
Rl =---

2 Alfo) 
R1 R3 

A2 = 4a2 A1 _ A3 

For less than 10% error from operational amplifier 

a o f O <O.l 
BW 

Where fa and BW are expressed in Hz. 

If source impedance varies, filter may be preceded With voltage 
follower buffer to stabilize filter parameters 
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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 

Package 
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 (T A =+250 C unless otherwise nOledl 

Rating Symbol 

Power Supply Voltage VCC 
VEE 

Differential Input Signal Vm 

load Current 1L1,IL2 

Power Dissipation (Package limitation) Po 
Metal Package 

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

Operatmg Temperature Range MC1520 TA 
MC1420 

Storage Temperature Range Tstg 

FIGURE 1 - CIRCUIT SCHEMATIC 

COMPENSATION Vee 
CI C3 C4 Cl 

Value Unit 

+S.O Vdc 
-S.O 

±.S.O Vdc 

15 mA 

680 mW 
4.6 mW/oC 
500 mW 
3.3 mW/oC 

-55 to +125 °c 
o 10 ~ 75 

-6510+150 °c 

OUTPUT 
.----+<>1 

300 
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MC1420 
MC1520 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

1 10 

In

pu"n9 
VCC Input 2 3 8 C3 

C1 4 7 C4 

C2 Output 2 
5 6 

VEE Output 1 

F SUFFIX 
CERAMIC PACKAGE 

CASE 606 
(TO·91) 

Input 2 

10 
C1 (])9 Inpu, 1 

C2 2 8 Vee 

VEE 3 7 C3 

Output 1 4 5 6 C4 
Output 2 

(TOP VIEW) 

G SUFFIX 
METAL PACKAGE 

CASE 603 



MC1420, MC1520 

SINGLE-ENDED ELECTRICAL CHARACTERISTICS 

(Vcc = +60 Vdc VEE = -60 Vdc T A = .250 C unless otherwise noted I 

MC1520 

Characteristic Symbol Min Typ Max Min 

Open LOOR Voltage Gain Avol 1000 1500 - 750 

(Tlow (2) ~ T A'SThlgh Q)) 60 64 - -

Output Impedance zos 
(f = 20 Hz) - 50 100 -

I nput Impedance ZIS 

(f = 20 Hz) 0.5 2.0 - -

Output Voltage SWing Vo ±3.5 ±4.0 - ±3.0 
(RL = 7.0 kn!FlgureS)) 

Input Common-Mode Voltage SWing VICR ±2.0 ±3.0 - -

Common-Mode Relectlon Ratio CMRR 75 90 - 60 
Input Bias Current lIB 

([liB = 11; 
12 1. TA = +25

0
C) - O.S 20 -

Input Offset Current 11101 
(110 = 11 -12) - 30 100 -
(110 = (1 -12. TA = Tlow) - - 200 -
(110 = 11 -12, TA = Thigh) - - 200 -

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

Step Response I G,," - 1.0,10% O,,,,hoo' tTHL - SO - -
Rl=10kH tpLH,tpHL - 70 - -
R2=10kH dVout/dt CD - 5.0 - -
R3=5.0kn 
Cs = 39 pF j Gain = 10, 10% Overshoot tTHL - SO - -
Rl=10k.!1 tpLH,tpHL - 70 - -
R2 = 100 k.!1 dVout/dt CD - 15 - -

t R3 =10kH 
Cs = 10pF 

j Gain = 100, No Overshoot tTHL - SO - -
Rl = 1.0kn tPLH,tPHL - 70 - -

tR2 =100kn dVout/dt CD - 30 - -
R3 = 1 0 kn 
Cs = 1.0 pF 

{ 0"," Loop, No O,,,,hoo' tTHL - lS0 - -
Rl = 50 n tPLH,tpHL - 70 - -
R2 = 00 dVout/dt CD - 35 - -
R3 = 50 12 
Cs = 0 

Bandwidth: 
(Open Loop!Flgure 4)) - 2.0 - -
(Closed Loop! Unity Gain) ) - 10 - -

(Figure 5) 

I nput NOise Voltage (Open Loop) Vn(In) 
(5.0 Hz - 5.0 MHz) - 11 15 -

Average Temperature CoeffiCient of aVIO/aT 
Input Offset Voltage 
(RS = 50 n, TA" Tlow to Thigh) - 2.0 - -

OC Power DISSipation Po 
(Va = 0) - 120 240 -

Power Supply Sensitivity S± 

(VO"O) - 250 450 -
CD dVout/dt = Slew Rate @ Tlow = OOC for MC1420, 

-55 0 C for MC1520 
Thigh - +75 0 C for MC1420 

+ 125°C for MC 1520 

3-45 

MC1420 

Typ Max Unit 

1500 - V/v 
64 - dB 

ohms 
50 -

megohms 
2.0 - • ±4.0 - Vpeak 

±30 - Vpeak 

90 - dB 

iJA 

2.0 40 

nA 
30 200 
- -
- -

mV 
50 15 

SO - ns 
70 - ns 
5.0 - V/iJs 

SO - ns 
70 - ns 
15 - V/iJs 

SO - ns 
70 - ns 
30 - V/iJs 

lS0 - ns 
70 - ns 
35 - V/!1S 

MHz 
2.0 -
10 -

iJV(rms) 
11 -

iJV/oC 

2.0 -

mW 
120 240 

iJV/V 
250 -
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MC1420, M"c1520 

DIFFERENTIAL ELECTRICAL CHARACTERISTICS 
(Vee = +60 Vdc, VEE = -6.0 Vdc, T A = +250 e, 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 zld megohms 
(f = 20 Hz) 0.5 2.0 - - 2.0 -

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

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

Output Voltage SWing Va Vpeak 
(RL = 7.0 k!l) ±7.0 ±S.O - ±6.0 ±S.O -

TYPICAL CHARACTERISTICS 
(Vec = +6.0 Vdc, VEE = -60 Vdc, T A = +250 C unless otherwise noted.) 

+8.0 

+6.0 
~ 
;5 +4.0 
~ 

~ +2.0 

~ 
o 
> 
~ 
~ -2.0 
:::l 
o 
lo< -4 a 
~ 
c.. -6.0 

-8 a 
01 

70 

60 

50 

CD 

z 40 
~ 
UJ 
t.:l 
~ 30 
~ 
0 
> 
'0 20 ..t 

10 

01 

FIGURE 2 - LARGE SIGNAL SWING 
versus FREQUENCY 
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FIGURE 3 - OPEN LOOP VOLTAGE GAIN 
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FIGURE 
NO 
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4 

+60 

~ +40 
z 

~ 
UJ +20 
t.:l 
~ 

~ 
0 
> 
j 

-20 
10,000 1 0 
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TEST CIRCUIT 

INVERTING _JVVIr-_-o-j 
INt 

IN2 

""o--~_ OUT! 

A>----e OUT2 

NON INVERTING ---..--<>-1 

CURVE 
NO 

1 
2 
3 
4 

1 
2 
3 

1 
2 
3 

TEST CONDITIONS NOISE 
MODE VOLTAGE OUTPUT 

GAIN Rllnl Rzlnl R31W CSlpF) mV(rms) 

INVERTING 100 10k 100 k 10k 10 20 
INVERTING 10 10k lOOk 10 k 10 055 
INVERTING 10 10 k 10 k 50 k 39 017 
NON INVERTING 10 - 10k 10k 39 017 

NON INVERTING Avo! 0 .. 50 10 10 
NON INVERTING Avol 0 .. 50 10 20 
NON INVERTING Avol 0 .. 50 39 52 

NON INVERTING 100 100 10 k 100 10 20 
NON INVERTING 10 10k 91 k 910 10 055 
NON INVERTING 10 .. 10k 10k 39 017 

FIGURE 4 - CLOSED LOOP VOLTAGE GAIN 
versus FREQUENCY 

I 
CURVE 1 r-.... 

~" 
2 r-....~ 

I If' r--." 
10 100 1000 10,000 100,000 

t, FREQUENCY (kHz) 



MC1420, MC1520 

TYPICAL OUTPUT CHARACTERISTICS 
(Vee = +6.0 Vdc. VEE = -60 Vdc. T A = +2Soe unless otherwise noted.) 

FIGURE 5 - POWER DISSIPATION 
versus POWER SUPPLY VOLTAGE 
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FIGURE 7 - SINGLE ENDED OUTPUT VOLTAGE 
versus LOAD RESISTANCE 
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FIGURE 6 - OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 
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FIGURE 8 - OUTPUT NOISE VOLTAGE 
versus SOURCE RESISTANCE 
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0.1 
0.1 1.0 

Cs = 10 pF 20 dB~RS = R3 -Cs = 39 pF I-
-II I 

ttl alii I 
10 100 1.0M 

RS. SOURCE RESISTANCE (kn) 

• 



I 

ORDERING INFORMATION 

Device Temperature Range Package 

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

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 

Ceramic Flat 
Metal Can 
Plastic DIP 

Ceramic 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 (MC1430) 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/p.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 otherwsle noted) 

Rating Symbol 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, MC1531 -55 to +125 
MC1430, MC1431 o to +75 

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

CIRCUIT SCHEMATICS 

Unit 

Vdc 

Volts 

mA 

mW 
mW{oC 

mW 
mW{oC 

mW 
mW{oC 

°c 

°c 

FIGURE 1 - MC1530/MC1430 
(STANDARD INPUT) 

FIGURE 2 - MC15311MC1431 
(DARLINGTON INPUT) 

Output 
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MC1430, MC1431 
MC1530, MC1531 

OPERATIONAL AMPLI F I ERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PIN CONNECTIONS 

F SUFFIX 
CERAMIC PACKAGE 

CASE 606 
TO·91 

Non Inv Input 1fjj10}L C Inv. Input 2 _ 9 ago amp. 

Gnd 3 8 } 
VEE 4 7 Lead Camp 

Output 5 6 VCC 

;p G SUFFIX 
METAL PACKAGE 

CASE 6038 

Input~, 

2 

Output 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 
(MC1430P/MC1431P only) 

Lag 11 
Camp 

Non Inv 
Input 4 

Inv 
Input 

8 } Lead 



MC1430, MC1431, MC1530, MC1531 

ELECTRICAL CHARACTERISTICS (Vcc = +6 0 Vdc, VEE = -6.0 Vdc. T A = +250 C unless otherwIse noted) 

MC1530 MC1430 

Characterostlc Symbol MIn Typ Max Moo Typ Max UnIt 

I nput BIas Current liB - 30 10 - 50 15 /lAdc 

Input Offset Current 110 - 02 20 - 04 40 /lAdc 

Input Offset Voltage TA = +250 C VIO - 10 50 - 20 10 mVdc 

TA=TIOW~ - - 60 - - 11 

TA = ThIgh 1 - - 60 - - 12 

Soogle-Ended Input Impedance (Open-Loop, f = 30 Hz) Z,S 10 20 - 50 15 - k!1 

Common-Mode Input Voltage SWIng VICR - ±20 ±27 - ±20 ±25 - Vpk 

EquIvalent Input NOIse Voltage eN I_V(rms) 

(Open-Loop, Rs = 50 ohms, BW = 5 0 MHz) - 10 - - 10 -

Common-Mode RejectIon RatIo (f = 100 Hz) CMRR 70 75 - 65 75 - dB 

Open-Loop Voltage Gain. Avol V/V 
TA = i-250 C - - - 3000 5000 -
T A = Tlow to ThIgh 4500 5000 12.500 - - - • BandwIdth (Open-Loop. -3 0 dB, no roll-off capacItance) BW 10 2.0 - 10 20 - MHz 

Output Impedance (f = 100 Hz) Zo - 25 50 - 25 50 ohms 

Output Voltage SWIng (RL = 10k ohms) Vo ±45 ±52 - ±40 ±50 - Vpk 

Power Supply SenSItIvIty (Rs";; 10 k n) PSRR - 100 - - 100 - /lV/V 

Power Supply Current ICC. lEE - 92 125 - 92 125 mAdc 

DC QUIescent Power ConsumptIon (VO = 0) Pc - 110 150 - 110 150 mW 

ElECTR ICAl CHARACTER ISTICS (VCC = +60 Vdc, VEE = -60 Vdc, T A = +250 C unless otherWIse noted) 

MC1531 MC1431 

Characterostlc Symbol Moo Typ Max Moo Typ Max UnIt 

Input BIas Current liB - 0025 0150 - 01 03 /lAdc 

Input Offset Current 110 - 0003 0025 - 001 01 /lAdc 

Input Offset Voltage TA = +250 C V ,O - 30 10 - 50 15 mVdc 

TA =TIOW~ - - 18 - - -
TA = ThlQh 1 - - 165 - - -

SIngle-Ended Input Impedance (Open-Loop. f = 30 Hz) Z,S 1000 2000 - 300 600 - k!1 

Common-Mode I nput Voltage Swoog VICR ±20 ±24 - ±20 ±22 - Vpk 

EquIvalent I nput NOIse Voltage eN "V(rms) 
(Open-Loop. Rs = 50 ohms, BW = 5.0 MHz) - 20 - - 20 -

Common-Mode RejectIon RatIo (f = 100 Hz) CMRR 65 65 - 60 75 - dB 

Open-Loop Voltage Gain Avol V/V 
TA = +250 C - - - 1500 3500 -
T A = Tlow to ThIgh 2500 3500 7000 - - -

BandwIdth (Open-Loop, -3.0 dB, no roll-off capacItance) BW - 04 - - 04 - MHz 

Output Impedance (f = 30 Hz) Zo - 25 50 - 25 50 ohms 

Output Voltage Swoog (RL = 10k ohms) Vo ±45 ± 5.2 - ±40 ±50 - Vpk 

Power Supply SenSItIvIty (RS";; 10 k n) PSRR - 100 - - 100 - "V/V 

Power Supply Current ICC,IEE - 92 125 - 92 125 mAdc 

DC QUIescent Power ConsumptIon (VO = 0) Pc - 110 150 - 110 150 mW 

STEP RESPONSE, TYPICAL CHARACTERISTICS 
(Vcc = +60 Vdc, VEE = -60 Vdc, Va = 400 mVdc, T A = +250C) 

MC1530 MC1531 
SVmbol MC1430 MC1431 

Step Response 
{ Gain = 100,0% overshool, tTHL 013 036 "s 

Rl = 1 Ok ohm, R2 = lOOk ohms. 'pHL 011 021 "s 
R3 = 10k ohm, Cl = 750 pF SR 33 16 V/"s 

{ Gain = 1 0, 10% overshool, ITHL 034 030 ", 
RI -10k ohms. R2 = 100 k ohms. IPHL 025 028 "s 
R3 = 10 k ohms. CI = 6800 pF SR 60 55 V/"s 

{ Gain = 1 O. 5 0% overshool. ITHL 028 037 "s 
Rl = 10 k ohms. R2 = 10 k ohms. IPHL 016 017 "s 
R3 = 5 0 k ohms. Cl = 33,000 pF SR 17 14 V/"s 

CD T 10w oDe for MC1430 Tlow OOC for MC1431 
-5SoC for MC1530 -5SoC for Me1S31 

Thigh +750 C for MC1430 Thigh +7SoC for MC1431 
+12SoC for MC1530 +12SoC MelS31 

\~ 
',OVERSHOOT 

~SlEWRATE 

'--
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MC1430, MC1431, MC1530, MC1531 
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FIGURE 3 - TEST CIRCUIT 

R2 

TYPICAL OUTPUT CHARACTERISTICS 
(Vcc = +60 Vdc, VEE = -6 0 Vdc, T A = +2SoCI 

FIG CURVE 
NO NO. 
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4 

6 1 
2 
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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 1knl R3(nl Cl lpF) 

MC1S30/MC1430, MC1531/MC1431 10 100 10k 750 
MC1530/MC1430, MC1531/MC1431 10 100 10k 6800 
MC1530/MC1430, MC1531/MC1431 10 10 50k 33,000 

MC1530/MC1430 10 100 10k 750 
MC1530/MC1430 10 100 10 k 6800 
MC1530/MC1430 10 10 10k 6800 
MCI530/MC1430 10 10 SOk 33,000 
MC1530/MC1430 10 10 500 33,000 

MC15311MC1431 10 100 10k 750 
MC1531/MC1431 10 100 10k 6800 
MC1531/MC1431 10 10 50k 33,000 

MC1S30/MC1430 0 - 0 0 
MC1530/MC1430 0 - 0 750 
MC1530/MC1430 0 - 0 6800 

MC1530/MC1430 0 - 0 33,000 

MC15311MC1431 0 - 0 0 
MC15311MC1431 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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FIGURE 7 - MC1530/MC1430 OPEN LOOP VOLTAGE GAIN 
versus FREQUENCV 
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MC1430, MC1431, MC1530, MC1531 

FIGURE 8 - MC1531/MC1431 OPEN LOOP VOLTAGE GAIN 
versus FREQUENCY 
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FIGURE 9 - VOLTAGE GAIN versus POWER SUPPLY VOLTAGE 
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FIGURE 11 - COMMON-MOOE SWING versus POWER 
SUPPLY VOLTAGE 
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FIGURE 12 - POWER CONSUMPTION 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-Performance Open Loop Gain Characteristics 
Avol = 60,000 tYPical 

• Low Temperature Drift - ±5 p-V JOC 

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

• Low Output Impedance - Zo = 100 ohms typical 

VEE OUTPUT LAG 

3-52 

OUTPUT 

MC1433 
MC1533 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

F SUFFIX 
CERAMIC PACKAGE 
~ CASE 606 

~ TO-91 

Input 1£110 Input 
Output Lag 2 + - 9 } Input 

VEE 3 8 Lag 
Output 4 7 V CC 

VCC5 6 VCC 

G SUFFIX 
METAL PACKAGE 

Input CASE 6038 
Lag 

Output 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 632 CASE 646 
TO-116 (MC1433P Only) 

.- - VCC 

Input 12 
VCC 

Lag 
VCC 

N_C_ 

Output 

Lag 



MC1433, MC1533 

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 Umt 

Open Loop Voltage Gam AVOL -
(T A = +25OClD CD) 40,000 60,000 - 30,000 60,000 -
(T A = T,ow 1 to Thigh 35,000 50,000 - 20,000 50,000 -

Output Impedance Zo n 
(f = 20 Hz) - 100 150 - 100 150 

Input Impedance Zl kn 
(f = 20 Hz) 500 1000 - 300 600 - • Output Voltage Range V o Vpeak 
(RL=10kH) ±12 ±13 - ±12 ±13 -
(RL=2kU) ±11 ±12 - ±10 ±12 -

Input Common Mode Voltage Range V,CR +90 +10 - +8.0 +90 - Vpeak 
-8.0 -90 - -80 -9.0 -

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

Input Bias Current "S }JA 
(TA = +250 C) - 0.5 10 - 0.5 2.0 
(TA = T,ow) - - 3.0 - - 40 

Input Offset Current ',0 }JA 
(TA = +250 C) - 0.03 0.15 - 01 050 
(TA = T,ow) - - 05 - - 0.75 
(TA=Thlgh) - - 02 - - 075 

Input Offset Voltage Q) V,O mV 
IT A = +250 C) - 1.0 5.0 - 1.0 75 
(T A = T,ow, Thigh) - - 60 - - 10 

Step Response (C2 = 10 pF) 1 Gain = 100, 10% overshoot, ( tTLH - 025 - - 0.25 - }JS 
Rl = 10kH, R2= 1 OMU, tpd - 01 - - 01 - }JS 
R3= 100U,C1 =OOlIlF SR - 62 - - 6.2 - V/IlS I Gam = 10, no overshoot, 

( 
tTLH - 0.3 - - 0.3 - }JS 

R1 = 10 kH, R2 = 100 kH, tpd - 01 - - 01 - }JS 
R3 = 10.n, C1 = 0 1 }JF SR - 29 - - 2.9 - V/}JS 

1 Gam = 1, 5% overshoot, 

~ 
tTLH - 0.2 - - 02 - }JS 

Rl = 10 kn, R2 = 10 k.n, tpd - 01 - - 0.1 - }JS 
R3= 10n,cl = 1.0}JF SR - 2.0 - - 2.0 - V/}Js 

Average Temperature Coefficient 
of Input Offset Voltage AV'O/AT }JV/oC 
(T A = T,ow to +250 C) - 80 - - 10 -
(T A = +250 C to Thigh) - 50 - - 80 -

Average Temperature Coefficient 
of Input Offset Current f.1'OILH nA/oC 

IT A = T,ow to Thigh) - 01 - - 01 -
(T A = +250 C to Thigh) - 005 - - 0.05 -

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

P~sltlve Supply Sensitivity PSRR+ }JV/V 
(VEE constant) - 50 150 - 50 200 

NegatIve Supply Sensitivity PSSR- }JV/V 
'(Vec constant) - 50 150 - 50 200 

<D Thigh = +75 0 C for MC1433, T,ow ~ 0 for MC1433 
+1250 C for MC1533 -55 0 C for MC1533 

<2> Input offset voltage (V,O) may be adjusted to zero. 



MC1433, MC1533 

MAXIMUM RATINGS (TA = +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 V,DR ±10 Volts 

Common Mode Input Voltage Range V,CR ~VCC Volts 

Load Current IL 10 mA 

Output Short CifCUlt Duration ts 0.1 S 

Power DIssipation (Package Limitation) Po 

II 
Metal Package 680 mW 

Derate above T A = +25 0 C 46 mW/oC 
Flat Package 500 mW 

Derate above T A = +250 C 33 mW/oC 
Dual In-Line Ceramic Package 625 mW 

Derate above T A = +25 0 C 50 mW/oC 
Dual I n· Line Plastic Package 400 mW 

Derate above T A = +25 0 C 33 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 

R, (HI R2 (nl R3 (HI C, (pFI C2 (pFI No. No. 

3 1 10 k 10 k 10 10 10 
2 10 k 100 k 10 01 10 
3 10 k 1.0M 100 0.Q1 10 
3 10k 10M 390 0002 1() 

4 1 10 k 10 k 10 1.0 10 
2 10 k 100 k 10 0.1 10 
3 10 k 1.0M 100 001 10 
4 10k 1.0M 390 0002 10 

5 1 0 00 '0 1.0 10 
2 0 00 10 01 10 
3 0 00 100 001 10 
4 0 00 390 0002 10 



MC1433, MC1533 

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

FIGURE 3 - LARGE-SIGNAL RANGE versus FREQUENCV 
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MCl433, MC1533 
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versus POWER SUPPL V VOLTAGE 

- _ ~AFE O~ERATI~G AREA 
AT REDUCED TEMPERATURE 

/ 
V 

V 
/ 

/ /V 

i/ VV 
/ 

I ./ 
/ J 

/ / 
V'---. ) 

I 1/' i'- EOi' QUIE~CENT I v'i' 

I jr"--i'- E I QUIE1SCENT I 
°i' I I 

ov' 

I / jOPERLGL_ 
'I AT tV TErERArRE 

f----

/ r--7 OPTTING :VOLTAiE RANiE-

10 40 60 80 10 12 14 16 18 20 

Vee AND VEE. POWER SUPPLY VOLTAGES (VOLTS) 

TYPICAL CHARACTERISTICS (continued) 
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ORDERING INFORMATION 

Device 

MC1435F 
MC1435G 
MC1435L 
MC1435P 
MC1535F 
MC1535G 
MC1535L 

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 

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 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 J.lv;oC 

• Low Input Offset Voltage - 1.0mV 

• Low Inout Noise Voltage - O.5J.1 V 

INPUT 1 

VEE 

CIRCUIT SCHEMATIC 

INPUT LAG 1 OUTPUT LAG 1 

_1<>--+--...., 
INPUT 2 + 

INPUT LAG 2 OUTPUT LAG 2 

400 

OUTPUT 1 

OUTPUT 2 

400 

MC1435 
MC1535 

DUAL 
OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

CERAMIC PACKAGE 
CASE 607 

Output A 1w 14VCC 
Output Lag A 2 13 Output B 

Input Lag A 3 A B 1210utput Lag B 
Input Lag A 4 + + 11 Input Lag B 

Non,~v~ :~~~~:~ JO ~ng~~n~arn~ut 
VEE 7 - - B Inv. Input 

Inv 
Input 

Input 

Inv 
Input 

Output 

A 

(TOP VIEW) 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

Input 
Lag A 4 

Non.lnv. 
I"put 5 

G SUFFIX 
METAL PACKAGE 

PSUFFIX 
PLASTIC 

PACKAGE 
CASE 646 

Non.lnv. 
Input 

Inv. 
Input 

• 
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MC1435, MC1535 

HIGH zi, DIFFERENTIAL TO SINGLE-ENDED AMPLIFIER 

I,= 70 11 min 
(differential) 

10 k 

47 

LARGE OUTPUT SWING CONFIGURATION (FLOATING LOAD) 

10 k 

47 

1k 

RL 
Vee 

VI 10 k 6 Vdc ... +-+--_-()-,---+ '~ Va = 20 VI 

Vee 
6 Vdc 

MAXIMUM RATINGS (TA = +250 C unless otherwise noted.) 

Rating 

Power Supply Voltage 

Input Differential Voltage Range 

Common-Mode Input Voltage Range 

Load Current 

Output Short-CirCUit Duration 

POlllA!r DISSipation (Package Limitation) 
Flat Ceramic Package 

Derate above T A = +250 C 
Metal Package 

Derate above T A = +250 C 
Ceramic Dual In-Lone Package 

Derate above T A = +250 C 

Operating Ambient Temperature Range 

Storage Temperature Range 

-6 Vdc Va = tlO 

VI ... -+-+---+-().....;-...., 01 "F Vpk(max) 

47 

9k 

Symbol MC1535 MC1435 Unot 

VCC +10 +9.0 Vdc 
VEE -10 -9.0 

VIDR ±-5.0 +5.0 Volts 

VICR +5.0, -4 0 +50 -4 0 Volts 

Il 20 20 mA 

ts Continuous 

Po 
500 mW 
33 mW/oC 
680 mW 
4.6 mW/oC 
625 mW 
50 mW/oC 

TA -55 to +125 o to +75 °c 
Tstg -65 to +150 -65 to +150 °c 

3-58 



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 TA=+250 C 

liB ~ -2-'TA = Tlow to Thigh <D 
Input Offset Current 

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

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

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

Common·Mode Input Impedance If = 20 Hz) 

Common·Mode Input Voltage SWing 
See Figure 7. 

Equivalent Input NOise Voltage 
(J.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 
(T A = Tlow to Thigh) 

Power Bandwidth (See Figure 2, Curve 3A.) 
(AV ~ 1, RL = 2.0 kohms, THD5 5%, Vo~20Vp·p) 

Unity Gain Crossover Frequency (open-loop) 

Phase Margin (open-loop, unity gain) 

Gain Margin 

Step Response 1 Gain = 100, 30% overshoot, 
R1 = 4.7 kn, R2 ~ 470kn, 
R3 = 150 n, C1 = 1,000 pF 

~ Gain = 10, 10% overshoot, 
R1 = 47 kn, R2 = 470 kn, 
R3 = 47 n, C1 ~ 0.01/lF 

~ Gain = 1, 5% overshoot, 
R1 = 47 kn, R2 = 47 kn, 
R3 = 4.7 n, C1 = O.1/lF 

Output Impedance If = 20 Hz) 

Short-Circuit Output Current 
Output Voltage SWing (RL - 10 k ohms) 

Power Supply Sensitivity 
VEE ~ constant, Rs ~ 10 k ohms 
VCC = constant, Rs ~ 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) 
If ~ 10 kHz) 

G)Tlow: 00CforMC1435 
-55°C for MC1535 

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

Symbol 

liB 

110 

VIO 

q 
Ci 

Zl 

VICR 

en 

CMRR 

Avol 

BWp 

fc 

¢m 

AM 

tpHL 
tp 
SR 

tpHL 
tp 
SR 

tpHL 
tp 

SR 

Zo 

lOS 

Vo 

PSS+ 
PSS-

ICC 
lEE 

Pc 

Avol1 Avol2 

IIB1-I IB2 

1101-1102 

TCII01-TCII02 

V101-V 102 

CVI01-TC VI02 

e0 1 
-
e0 2 

3-59 

MC1535 

Min Typ 

- 1.2 
- -

- 50 
- -

- -

- 1.0 
- -

10 45 
- 6.0 

- 250 

+30 +3.9 
-2.0 -27 

- 45 

-70 -90 

4,000 7,000 

- 40 

- 2.0 

- 75 

- 18 

- 03 
- 0.1 
- 0167 

- 1.9 
- 03 
- 0.111 

- 27 

- 0.25 

- 0013 

- 1.7 

- ±17 

±2.5 ±2.8 

- 50 
- 100 

- 83 
- 8.3 

- 100 

- +1.0 

- ±0.15 

- ±0.02 

- ±0.1 

- ±0.1 

- ±05 

- -60 

MC1435 

Max Min Typ Max Unit 

30 - 1.2 5.0 /lAdc 
6.0 - - 10 

nAdc 
300 - 50 500 
300 - - 1500 

900 - - 1500 

mVdc 
3.0 - 1.0 5.0 
5.0 - - 7.5 

- 10 45 - kohms 
- - - - pF 

- - 250 - Megohms 

- +30 +3.9 - Vpk 
- -20 -2.7 -
- - 45 - nV/(Hz)Y, 

- -70 -90 - dB 

12,000 3,500 7,000 - V/V 

- - 40 - kHz 

- - 2.0 - MHz 

- - 75 - degrees 

- - 18 - dB 

- - 0.3 - /lS 
- - 0.1 - /lS 
- - 0.167 - V//lS 

- - 1.9 - /lS 
- - 0.3 - /lS 
- - 0.111 - V//lS 

- - 27 - /lS 
- - 0.25 - /lS 
- - 0013 - V//lS 

- - 1.7 - k ohms 

- - ±17 - mAdc 

- ±2.3 ±2.7 - Vpk 

/lV/V 
- - 50 -
- - 100 -

12.5 - 8.3 15 mAdc 
12.5 - 83 15 

150 - 100 180 mW 

- - ±1.0 - dB 

- - ±0.15 - /lA 

- - ±0.02 - /lA 

- - ±0.1 - nA/oC 

- - ±0.1 - mV 

- - ±0.5 - /lV/oC 

dB 
- - -60 -

II 
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MC1435, MC1535 

TYPICAL OUTPUT CHARACTERISTICS 
(VCC = +6.0 Vdc, VEE = -6.0 Vdc, T A = +250 C.) 

FIGURE 1 - TEST CIRCUIT 
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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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TEST CONOITIONS OUTPUT 

RI(Il) R2(1l) CI(pF) 
NOISE 

R3(1l) C2(pF) mV(RMS) 

41k 41k 100.000 41 0 0.12 
41k 41k 0 00 50.000 046 

41k 410 k 1.000 150 0 11 
41k _ 410k 0 00 510 21 
41k 410k 10.000 41 0 10 
41k 410 k 0 00 5,000 2.1 
41k 41k 100.000 41 0 012 
41k 41k 0 00 50.000 046 

100 00 1.000 150 0 81 
100 00 0 00 510 81 
100 00 10.000 41 0 55 
100 00 0 00 5.000 55 
100 00 100.000 41 0 44 
100 00 0 00 50.000 44 

FIGURE 3 - VOLTAGE GAIN versus FREQUENCY 
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FIGURE 5 -INPUT OFFSET VOLTAGE 
versus TEMPERATURE 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 6 - VOLTAGE GAIN versus 
POWEFl SUPPLY VOLTAGE 

FIGURE 8 - POWER CONSUMPTION versus 
POWER SUPPLY VOLTAGE 

0 

TA = +250e -0 

~ 
~ 

0 

~ 

0 
0 
0 

70 
60 
50 

40 0 

E 20 0 

SAFE OPERATING AREA t---
AT REOUCED TEMPERATURE 

J.....-/~ 

°v z 
o 

t V 
~ 

l/ 0 
Vee and VEE. POWER SUPPLY VOLTAGE (VOLTS) 

FIGURE 7 - COMMON MOOE SWING 
versus POWER SUPPL Y VOLTAGE 

................. 
"",----'VleR --~ -- ..... ---

~ 10 

8 8 
a: 

0 

0 

w 60 

~ 
~ 40 

1.1' 

7 eo QUI ESCENT = 0 V - t---V 
7 

V 
0 --- t..--- -VieR V r--

O~ 
5 

--- SAFE OPERATING AREA 

--- rANi TEMP,ERATiRE 

10 
20 30 40 50 60 70 80 90 10 

Vce and VEE. POWER SUPPLY VOLTAGE (Vdcl 
40 60 80 10 

Vce and VEE. POWER SUPPLY VOL TAGE (VOLTS) 

FIGURE 9 - OUTPUT WIDEBAND NOISE VOLTAGE 
versus SOURCE RESISTANCE 

10k 10 k lOOk 
Rs' SOURCE RESISTANCE (OHMS) 
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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/p.s typ 
• Internally Compensated 
• Offset Voltage Null Capability 
• Input 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 
41k 

R2 
100 k 

+28V 

Va = 10 (Va-VAl 

-28V 

FIGURE 2 - TYPICAL NON-INVERTING X10 
VOLTAGE AMPLIFIER 

V, = 44 Vp P 

Vo = 44 Vpp 

9k 

lk 
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MC1436 
MC1436C 
MC1536 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

Offset Null 1 

Non-Inv. 
Input 

VEE 4 

METAL PACKAGE 

CASE 601 

6
0utp

J;ubj 

Offset 
Null 

'-----' 

FIGURE 3 - LOW-DRIFT SAMPLE AND HOLD 

SAMPLE 
COMMANO -28 V 

+28 V 

"">---0-....... _ .0 

-Dnft due to bias current 
ISlypocllly8 mV/s 



MC1436, MC1436C, MC1536 

MAXIMUM RATINGS ITA = +250C unless otherwise noted) 

Rltlng Symbol MC1536 I MC1436 I MCl436C Unit 

Power Supply Voltage VCC +40 J +34 1 +30 Vdc 

VEE -40 -34 -30 

Input Dlfferenllal Voltage Aange VIDA ± (VCC + VEE-3) Volts 

Input Common-Mode Voltage Aange V,CA +VCC, - (VEE-3) Volts 

Output Short CIfCUlt Duration (VCC = VEE = 28Vdc, V o = 0) ts 50 s 

Power DIssipation (Package limitation) Po 680 mW 
Derate above T A = +250 C 46 mWf'C 

Operating Ambient Temperature Aange TA -55to +125 I o to +70 °c 

Storage Temperature Range T stg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = +29 Vdc, VEE = - 29 Vdc, T A = +250 C unless otherwise noted) 

MC1536 MC1436 MC1436C 

Characteristics Symbol Min Typ Max Min TVp Max Min Typ Max Unit • Input Bias Current liB nAdc 
TA = +250 C 80 20 15 40 25 90 
TA = T,ow to Thigh (See Note 1) 35 55 

I nput Offset Current ',0 nAdc 
TA = +250 C 10 30 50 10 10 25 

T A = +250 C to Thigh 45 14 

T A = T,ow to +250 C 70 14 

Input Offset Voltage VIO mVdc 
TA = +250 C 20 50 50 10 50 12 

TA = T,ow to ThlQh 70 14 

Differential Input Impedance (Open-loop, f,;;5 0 Hz) 

Parallel Input ReSIStance rp 10 10 10 Meg ohms 
Parallel Input Capacitance Cp 20 20 20 pF 

Common-Mode Input Impedance (t';;5 0 Hz) ZIC 250 250 250 Meg ohms 

Input Common-Mode Voltage Range V,CA ±24 ±25 ±22 ±25 ±18 ±20 Vpk 

EqUivalent Input NOise Voltage en nV/(Hz)Y. 
(AV = 100, Rs = 10 k ohms, f = 10kHz, BW = 10Hz) 50 50 50 

Common-Mode Rejection Ratio (de) CMRR 80 110 70 110 50 90 dB 

large Signal de Open Loop Voltage Gain AVOL VIV 

{TA = +25
0

C 100,000 500,()()( 70,000 500,000 50,000 500,000 -
(Va =.± ;0 V, RL = 100 k ohms) 

TA = T,ow to Thigh 50,000 50,000 

(Va = ±10V, RL = 10k ohms, TA = +25OC) 200,000 200.000 200.000 -
Power BandWidth (Voltage Follower) BWp kHz 

(AV = I, RL = 5 a k ohms, THO';; 5%, Va = 40 Vp-p) 23 23 23 

Unity Gain Cro"over Frequency (open-loop) fe 10 10 10 MHz 

Phase Margin (open-loop, unity gain) ¢m 50 50 50 degrees 

Gain Margin AM 18 18 18 dB 

Slew Rate (Unity Gain) SA 20 20 20 V/jJs 

Output Impedance (f:S: 5 a Hz) zo 10 10 10 k ohms 

5hort·C.rcUit Output Current 'OS ±17 ±17 ±-19 mAde 

Output Voltage Aange (AL = 5 a k ohms) VOA Vpk 
VCC = +28 Vde, VEE = -28 Vde ±22 ±23 ±20 ±22 ±20 ±-22 
VCC.: +36 Vde, VEE: -36 Vde ±-30 ±32 

Power Supply SenSitivity (de) jJVIV 
VEE: eonSlant, As ~ 10 k ohms PSS+ 15 100 35 200 50 
VCC : conSlant, AS"' 10 k ohms PSS- 15 100 35 200 50 

Power Supply Current (See Note 2) ICC 22 40 26 50 26 50 mAde 

lEE 22 40 26 50 26 50 

DC QUII:scent Power Consumption Pc mW 

(Vo : 01 124 224 146 280 146 280 

Nate 1 T,ow OOC for MC1436,C Nate 2 VCC : VEE: 50 Vde to 36 Vde for MC1536 
-55°C for MC 1536 VCC: VEE = 50 Vde to 30 Vdc for MC1436 

Thigh +70oC for MC1436,C VCC : VEE: 50 Vde to 28 Vde for MC1436C 
+1250 C for MC1536 
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MC1436, MC1436C, MC1536 

FIGURE 4 - POWER BANDWIDTH 
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MC1436, MC1436C, MC1536 

FIGURE 9 - INVERTING FEEDBACK MODEL 

FIGURE 11 - AUDIO AMPLIFIER 
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FIGURE 13 - REPRESENTATIVE CIRCUIT SCHEMATIC 

FIGURE 10 - NON·INVERTING FEEDBACK MODEL 

~= 1 +ZUZl When 
V, AD (wl--~ 

FIGURE 12 - VOLTAGE CONTROLLED CURRENT 
SOURCE or TRANSCONDUCTANCE AMPLIFIER 

WITH 0 TO 40 V COMPLIANCE 
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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· 
tremely high gain is required with excellent stability. 

TYPical Amplifier Features: 

• High·Performance Open Loop Gain Charactenstics -
AVOL = 45,000 typical 

• Low Temperature Drift -±3p.V/oC 

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

Rating Symbol Value Unit 

Power Supply Voltage VCC +18 Vdc 

VEE -18 Vdc 

Differential Input Voltage Range VIDR ±50 Volts 

Common·Mode I nput Voltage Range VICR ±Vcc Volts 

Output Short Circuit Duration ts 50 s 

Power DISSipation (Package Limitation) PD 
Ceramic Package 750 mW 

Derate above T A ; +250 C 60 mW/oC 

Plastic Package MC1437P 625 mW 
Derate above T A ; +250 C 50 mW/oC 

Operating Ambient Temperature Range TA °c 
MC1537 -55 to +125 
MC1437 o to +70 

Storage Temperature Range T stg -65 to +150 °c 

FIGURE 1 - CIRCUIT SCHEMATIC 

Output 1 
12 

r-+--f----<l 13 
Output 1 

Lag 

Output 2 
1 Lag 

.---+----+--+---<l 
Output 2 
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MC1437 
MC1537 

DUAL MC1709 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

Nonlnv 
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 

Nonlnv. 
Input 



MC1437, MC1537 

ELECTRICAL CHARACTERISTICS - Each Amplifier (Vee = +15 Vdc, VEE = -15 Vdc, TA = +250 e unless othen':me noted.) 

Characteristic Symbol Min 

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

TA = Tlow<Dto Thigh (!») 

Output Impedance Zo -
(f = 20 Hz) 

Input Impedance ZI 150 
(f = 20 Hz) 

Output Voltage Range VOR 
(RL = 10 kH) ±12 
(RL=20kn) ±10 

Input Common·Mode Voltage Range VICR ±80 

Common-Mode Rejection Ratio CMRR 70 

Input Bias Current liB 

~ 11 + 12) 
(TA = +250 C) -

IB=-2-
(T A = Tlow <D ) -

Input Offset Current 110 
(110 = 11 - 12) -
(110 = 11 -12, TA = Tlow<D) -
(110 =ll- 12,TA=Thlgh(!») -

Input Offset Voltage VIO 
(TA = +250 C) -
(T A = Tlow <D to Thigh (!») -

Step Response 

I Gain = 100,5% overshoot, I tTLH -
Rl = 1 kit, R2 = 100 kH, tPLH-tPHL -

l R3 = 1 5 k12, Cl = 100pF, C2 = 3 OPFI 
SR -

I Gain = 10, 10% overshoot, I tTLH -
Rl = 1 kil, R2 = 10 kl!, tPLH-tPHL -

lR3=15k12,Cl=500PF,C2=20PF I 
SR -

I Gain = 1, 5% overshoot, I tTLH -
R 1 = 10 kit, R2 = 10 kit, tPLH-tPHL -

l R3 = 1 5 kll, Cl = 5000 pF, C2 = 200 PFI SR -
Average Temperature Coefficient of 6VI0/6T 
I nput Offset Voltage 

(RS ~ 50 It, T A = Tlow CD to Thigh Q») -
(RS~10kil, TA = Tlow<D to Thigh Q)J -

Average Temperature CoeffiCient of 6110/AT 
Input Offset Voltage 

(T A = Tlow <D to +250 C) -
(T A = +250 C to Thlgh@ -

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

Positive Supply Sensitivity PSS+ -
(VEE constant! 

Negative Supply Sensitivity PSS- -
(Vec constant! 

Q) Tlow = OOC for MC1437 
= -55°C for MC1537 

0Thlgh = +70o C for MC1437 
= + 125°C for MC1537 

MATCHING CHARACTERISTICS 

Open Loop Voltage Gam AVOL l-A VOL2 -

Input Bias Current IIB1-1182 -

Input Offset Current 1101-1102 -

Average Temperature CoeffiCient £>1101 £>1102 
1 61 1 - I--c;'f' 1 -

Input Offset Voltage V101-V 102 -

Average Temperature Coefficient £>VIOl £>V102 -l--c;rl-I--zrl 

Channel Separation eo l 
If = 10 kHz) e02 -

MC1537 

Typ 

45,000 

3Q 

400 

±14 

±13 

±10 

100 

02 

05 

005 

-
-

10 

-

08 

038 

12 

06 

034 

17 

22 

13 

025 

1 5 

30 

07 

07 

160 

10 

10 

±1.0 

±0.15 

±002 

±0.2 

±0.2 

±0.5 

90 
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MC1437 

Max Min Typ Max Unit 

-
70,000 15,000 45,000 -

- - 30 - H 

- 50 150 - kH 

Vpeak 
- ±12 ±14 -
- - - -
- ±80 ±10 - Vpeak 

- 65 100 - dB 

pA 

05 - 04 15 

15 - - 20 

pA 
02 - 005 05 

05 - - 075 

02 - - 075 

mV 
50 - 10 75 

60 - - 10 

- - 08 - pS 

- - 038 - !'s 

- - 12 - Vips 

- - 06 - ps 

- - 034 - !'s 

- - 1 7 - V/J.ls 

- - 22 - "s 
- - 13 - ps 

- - 025 - V/J.ls 

pV/oC 

- - 1 5 -
- - 30 -

nA/oC 

- - 07 -
- - 07 -

225 - 160 225 mW 

150 - 10 200 pVIV 

150 - 10 200 pVIV 

- - ±1.0 - dB 

- - ±0.15 - J.lA 

- - ±0.02 - J.lA 

- - ±0.2 - nA/oe 

- - ±0.2 - mV 

- - ±0.5 - J.lVPC 

- - 90 - dB 

I 
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TYPICAL OUTPUT CHARACTERISTICS 

FIGURE 3 - TEST CIRCUIT 

VCC = +15 Vdc, VEE = 15 Vdc, TA = 25°C 
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versus FREQUENCY 

IIIIII 1\ I 
I111I1 

, 1\ r',.-
CURVE 1 2 \ 

..... ~ 
...... 10-

V 

I 
I J 1/ 

100 10k 10 k 100 k 

f, FREOUENCY\(Hz) 

r}# 

~ 

~ 

FIGURE 6 - OPEN LOOP VOLTAGE GAIN 
versus FREQUENCY 

IIIII III I I (RL =00) 

~U I'm! ~ '" t-.t N. 

FIGURE 
NO. 

4 

5 

6 

1.0M 

CURVE 
NO. 

I 
2 
3 
4 

I 
2 
3 
4 

I 
2 
3 
4 
5 

+60 

~ +50 

z+40 
;;: 
<!I 

~+30 
< 
~ 
~+20 
:> 
< 

+10 

-5 0 

VOLTAGE NOISE 
GAIN Rl(!l) R2(m R3(n) Cl(pF) C2(pF) (mVr;msJ) 

10 

I 10 k 10k 1.5k 50k 200 010 
10 10 k 100 k 15k 500 20 014 

100 10 k 10M 15k 100 30 07 
1000 10k 10M 0 10 30 52 

I 10 k 10 k 1.5 k 50 k 200 010 
10 10k 100 k 15k 500 20 014 

100 10 k 10M 15k 100 30 07 
1000 10k 10M 0 10 30 52 

AVOL 0 co 15k 50k 200 55 
AVOL 0 co 15k 500 20 105 
AVOL 0 co 15k 100 30 210 
AVOL 0 co 0 10 30 390 
AVOL 0 co co 0 30 -

FIGURE 5 - VOLTAGE GAIN versus FREQUENCY 

500 

11 L =~) 

CURVE 4 

II 

II 
3 
I 

II 
2 

II 

II 
1 

100 10k 10 k 100 k 

f, FREOUENCY (Hz) 

FIGURE 7 - TOTAL POWER CONSUMPTION 
versus POWER SUPPLY VOL TAGE 

1 

I I 

10M 

CURVE lr---- 2"'- 3 4 

t'-..~ 
5 

300 

! 200 f--- I- ......... Vo=OVDLT 

V " 

100 

~ "'-~ 
"'-~ "'-~ 

"'-~ 

1 0 k 20 k 50 k 10 k 

f, FREOUENCY (Hz) 

t'--." 
t'-..~ 

t'--." 

100 k 1.0 M 

3-68 

z 
o 
ii: 100 
::E 

5l 
8 50 
a: 

~ 30 

.t> '20 

10 

V 
.;;-

7' 
~ 

7 
g~S~J~~~IOA~~~~I~LNT~~ri~~~~ -/ 

V 
DRIVING LOW IMPEDANCE LOADS _ 
MUST BE ADDEO TO THE ABOVE 
CIURVE I 

I I I 
40 60 80 10 12 14 16 18 

VCC and VEE, POWER SUPPLY (Vdc) 
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TYPICAL CHARACTERISTICS (continued) 
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ORDERING INFORMATION 

Device 

MC1439G 
MC1439L 
MC1439P1,P2 
MC1539G 
MC1539L 

Temperature Range 

aoC to +7aoC 
aoc to +70°C 
aoC to +7aoC 

-55°C to +125OC 
-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 Input 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 V/J.l.s typ 

FIGURE 1 - HIGH SLEW-RATE INVERTER 

100 k 

100 k 

1 k >--<>--+-.. 8 0 

0.1 JlF:J: SR ~ 35/VJls 

+15V-15V 

Vcc VEE 

FIGURE 2 - OUTPUT NULLING CIRCUIT 

FIGURE 3 - OUTPUT LIMITING CIRCUIT 

750 

10 k 

::..:ftVz - 2.1 V 
-0.7 V 

3-70 

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) 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MC1439 only) 



MC1439, MC1539 
ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc. VEE = -15 Vdc. T A = +250 C unless otherwise noted.) 

Characteristic Svmbol Min 

Input Bias Current liB 

ITA = +250 C) -
ITA = Tlow<D) -

Input Offset Current 11101 
ITA = Tlow) -

ITA = +250 C) -
(TA = Thigh<D) -

Input Offset Voltage IVlol 
(TA = +250 C) -

(T A = Tlow. Thigh) -
Average Temperature Coefficient of Input ITCVlol 

Offset Voltage (T A = Tlow to Thigh) 

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

Input Impedance zin 150 
If = 20 Hz) 

Input Common-Mode Voltage Range VICR ±11 

Equivalent Input Noise Voltage en -
(RS = 10 kn. Noise Bandwidth = 1.0 Hz. 
f = 1.0 kHzl 

Common-Mode Rejection Ratio CMAR 80 
If = 1.0 kHz) 

Open-Loop Voltage Gain (VO=±10 V. RL = Avol 
10kn. R5=OO) (T A = +250 C to Thigh) 50.000 

IT A = Tlow) 25,000 

Power BandWidth (Av - 1. TH D ~ 5%. PBW 
Vo = 20 Vp-p) 

(RL = 2.0 kn) -

tRL = 1.0 kn, R5 = 10 k) 20 

Step Response C';" -1000. "' ,,,~h',,. } tTHL -
Rl = 1.0kn. R2= 1 OMn, R3= 10 kn, tpd -
R4=30kn. R5= 10kn.Cl = 1000 pF SR -

C';: -1000.15~'.~hOO1. - } tTHL -

Rl-l.0kn. R2-1.0Mn, R3-1 Okn. tpd -

R4 = O. R5 = 10 kn. Cl = 10 pF SR -

{ G>;" - 100. "' '.""'00'. } tTHL -

Rl = 1.0kn. R2 = 100kn. R3 = 1.0 kn. tpd -
R4 = 10 kn. R5= 10 kn. Cl = 2200pF SA -

C';" -10.15% , •• 01>,,,. } tTHL -

Rl = 1.0kn. R2 = 10 kn. R3= 1.0 kn. tpd -

R4= 1.0kn. R5= 10kn.C1 = 2200pF SR -

C';" -1.15%,,,~hoo'. } 
lTHL -

Rl = 10kn. R2= 10kn. R3=5.0kn. tpd -
R4 = 390 n. R5= 10 kn. Cl = 2200 pF SR -

Output Impedance zo -
If = 20 Hz) 

Output Voltage Swing Vo 
(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 = "'" 

Negative Supply Rejection Ratio PSRR- -
(VCC constant. R5 = (0) 

Power Supply Current 
(VO = 0) ICC -

lEE -

Q)TIOW = OOC for MC1439 

-55~C for MC1539 
Thigh = +700 C for MC1439 

+1250 C for MC1539 

MC1539 MC1439 

TVp Max Min TVp 

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 - -

30 - - 3.0 

50 - - 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 

30 5.0 - 3.0 

3.0 5.0 - 3.0 

3-71 

Max Unit 

/lA 

1.0 

1.5 

nA 
150 

100 

150 

mV 
7.5 

-
/lV/oC 

-
-
- kn • - Vpk 

- nV/(Hz)% 

- dB 

- -
-

kHz 

-
-

- ns 

- ns 

- V//lS 

- ns 

- ns 

- V//lS 

- ns 

- ns 

- V/lls 

- ns 

- ns 

-- V//lS 

- ns 

- ns 

- V//ls 

- kn 

Vpk 
-
-

200 /lVN 

200 /lVN 

6.7 mAdc 

6.7 



MC1439, MC1539 

MAXIMUM RATINGS (T A'" +250 C unless otherwise noted I 
Rating Symbol Value Unit 

Power Supply Voltage VCC +18 Vdc 

VEE +18 

Differential Input Voltage Range VIDR ±(VCC + IVEEI) Vdc 

Common-Mode Input Voltage Range VICR +VCC.-IVEEI Vdc 

Load Current IL 15 mA 

Output Short-Circuit Duration ts Continuous 

Power Dissipation (Package Limitation) PD 
Metal Package 680 mW 

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

Ceramic Dual In-Line Package 750 mW 

I Derate above T A = +250 C 6.0 mW/oC 

Plastic Dual In-Line Packages MC1439 625 mW 

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

Operating Temperature Range MC1539 TA -55 to +125 -Uc 
MC1439 o to +70 

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

FIGURE 4 - EQUIVALENT CIRCUIT SCHEMATIC FIGURE 5 - EQUIVALENT CIRCUIT 

Vee 

INPUT LAG 

INVERTING INPUT 
40 

lk 

+--..... oi--+--o OUTPUT 

lk 40 

OUTPUT LAG 

FIGURE 6 - TEST CIRCUIT 

TYPICAL OUTPUT CHARACTERISTICS 
(Vee - +15 Vdc VEE'" 15 Vdc: TA - +2SoC 

FIGURE CURVE VOLTAGE 
TEST CONOITIONS IFIGURE 61 

NO NO GAIN R Inl R,lnI R.anl R41n1 R5 1nl CilpFI 

, Avol 0 ~ 0 ~ ~ 0 

2 , 10k 'Ok SDk 390 'Ok 2200 

3 '0 , Ok '0 k , Ok , 0 k 'Ok 2200 

71012 · '00 , Ok lOOk , Ok 'Ok 'Ok 2200 

5 1000 , Ok 'OM , Ok 30k 'Ok lOaD 

6 1000 , Ok 'OM , Ok 0 'Ok '0 . , 

T i I i 
~ 

I 
0 

2 390 2200 

3 'Ok 2200 · 'Ok 2200 

5 30k 1000 · 0 '0 

Rs 
Rt 

'3 ALL , 'Ok ,Ok 5 Ok 390 'Ok 2200 ,. ALL '0 , Ok 10 k , Ok 10k 10k 2200 

" 
ALL 100 10k 100 k 10k 10k 10k 2200 

I. ALL 1000 , Ok 10M 10k 30k 10 k 2200 
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MC1439, MC1539 

TYPICAL CHARACTERISTICS (continued) 

(Vee = +15 Vdc, VeE = -15 Vdc, T A = +250 e, 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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I' 
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(to clipping) versus SUPPL Y 
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FIGURE 8 - OPEN·LOOP VOLTAGE GAIN versus FREQUENCY 

110 

~ 100 

90 

1111111 " t:-.... I'- 1111111 " z 
~ 
CI 
w 
CI 
<I: 
:; 
0 
> 
"-
0 
0 
...J 

* "0 
.t 

3-73 

........ 1"- AL =20k OHMS 
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FIGURE 10 - OPEN·LOOP PHASE·SHIFT versus FREQUENCY 
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FIGURE 12 - CLOSED·LOOP GAIN versus FREQUENCY 

60 I RI j~ojjl~ "'1 R4 = 0,1 -'-4= kOHMS 6 
1 ,. C, = 1000 pF " 

t-CI = 10 pF 
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50 
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MC1439, MC1539 

TYPICAL CHARACTERISTICS (continuedl 

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

FIGURE 13-ACl-=1 RESPONSEvenusTEMPERATURE 
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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 16 - ACL = 1000 RESPONSE versus TEMPERATURE 
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MC1439, MC1539 

TYPICAL CHARACTERISTICS (continued) 

(Vee= +15 Vdc. VEE = -15 Vdc. TA = +250 e. 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 

20 

FIGURE 27 - 01 FFERENTIAL AMPLIFIER 

IRF RF] I RF] eo = - - el + - e2 + 1 + - e3 
Rl R2 R3 

For R3 = R,. R2 
·Properly Compensated Rl + R2 

FIGURE 29 - +15 VOLT REGULATOR 

+30 V 

FIGURE 28 - SUMMING AMPLIFIER 

RB = Parallel Combination of R,. R2. R3. RF. 

eo = -[I!! el + !!!: e2 + !!!: e3j Rl R2 R3 

·Properly Compensated 

2N4921 or Equlv 

+20V~----------1~-------.-----------4-----------I 'Jr-----+-------. Vo. 
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For detaIled mformatlon see Motorola 
Apphcatlon Note AN 480 

~----------------------------------"'~nse 

~-------~~--------------------------------------"-Se~ 

Return I.~--------------------------------------------------------------__ • Vo Return 

3-76 



MC1439, MC1539 

TYPICAL APPLICATIONS (continued) 

FIGURE 30 - LOAD REGULATION FOR 
CIRCUIT OF FIGURE 29 
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FIGURE 31 - REGULATOR OUTPUT VOLTAGE 
(under pulsed load condition) 

Honlonlal Scale 200 ps/DIV 
Verl,cal Scale 1 mV/D,v 

• 



• 

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 external feedback 
components. For detailed information, see Application Note AN·522. 

• Low I nput Bias Current - 15 nA max 

• Low Input Offset Current - 2.0 nA max 

• Low Input Offset Voltage - 4.0 mV max 

• Fast Slew Rate - 2.5 V lJis 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 

_ 20 
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.......... 
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TA. AMBIENT TEMPERATURE (DC) 

REPRESENTATIVE CIRCUIT SCHEMATIC 

vee 

OUTPUT 

Vee 
~~~--~----~+-~--~~--~----~--~~~ 

3-78 

6 
v; 
:; 

! 
> ..., 

MC1456 
MC1456C 
MC1556 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G PACKAGE 
CASE 601 

N.C. (TOP VIEW) 

VEE 

U SUFFIX 
CERAMIC PACKAGE 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 
CA""',. 

Offset Null 88 NC 

L PACKAGE Inv Input 2 _ 7 VCC 

CASE 632 Non·lnv. 3 - 6 Output 
TO.116 Input 

~ VEE 4 5 o~~wt 

""'Yl~nl1 (TOP VIEW) 

N.C 14 N C .. 

Offset Null 3 

VCC 

Non·lnv. Input 5 Output 

VOL TAGE·FOLLOWER PULSE RESPONSE 

2 ~s/DIVISION 



MC1456, MC1456C, MC1556 

MAXIMUM RATINGS (TA = +250 C unless otherwise noted) MC1456 

R.tln\l Symbol MC1556 MC1456C Unit 

Power Supply Voltage VCC +22 +18 Vde 
VEE -22 -18 

Differential Input Voltage Range VIDR ±'VCC Volts 

Common·Mode Voltage Range VICR ±.VCC Volts 

Load Current IL 20 rnA 

Output Short Coreult Duration ts Continuous 

Power DISSipation (Package Limitation) PD 680 mW 

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

Operatong 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, T A = +250 C unless otherWISe noted) • MC1556 MC1456 MC1456C 

Ch.racterlStlc FI\I, Symbol Min Typ Mix Min Typ Mix Min Typ Mix Unit 

Input Bias Current liB nAdc 

TA = +250 C 8.0 15 15 30 15 90 

TA = Tlow to Thigh (See Note I) 30 40 

Input Offset Current '10 nAdc 

TA. +250 C 1.0 2.0 50 10 5.0 30 

TA = +250 C to Thigh 3.0 14 

T A = Tlow to +250 C 5.0 14 

I nput Offset Voltage VIO mVdc 

TA = +250 C 2.0 4.0 5.0 10 5.0 12 

T A = Tlow to Thigh 6.0 14 

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

Parallel I nput ReSistance rp 50 30 30 Megohms 

Parallel Input Capacitance cp 6.0 60 60 pF 

Common·Mode Input Impedance If ~ 20 Hz) z, 250 250 250 Megohms 

Common·Mode I nput Voltage Range VICR :t12 :t13 +11 :t12 :t105 :t12 Vpk 

EqUivalent Input NOise Voltage en nV/(Hz)~ 

(AV -100, Rs~ 10k ohms, f -10kHz, BW= 1.0 Hz) 45 45 45 

Common·Mode Rejection RatiO If = 100 Hz) CMRR 80 110 70 110 110 dB 

Open-Loop Voltage Gaon, (VO = ± 10 V, R L = 20 k ohms) 4,5,6 AVOL V/v 

TA. +250C 100,000 200,OOC - 70,000 100,000 - 25,000 100,OOC 

TA = Tlow to Thigh 40,000 40,000 

Power Bandwidth BWo> 40 40 40 kHz 

(AV - I, RL = 2.0 k ohms, THD:S:5%, Vo = 20 Vp.p) 

Unity Gain Crossover Frequency (open·'oop) BW 1.0 10 10 MHz 

Phase Margon (open·'oop, unity gaon) 5,7 70 70 70 degrees 

Gain Margin 5,7 18 18 18 dB 

S'ew Rate (Unity Gaon) SR 2.5 2.5 25 VII'S 

Output Impedance (f = 20 Hz) Zo 10 2.0 1.0 25 1.0 kohms 

Short·Circult Output Current lOS -17, +9 ( - -17, +9 C - -17, +9 0 mAde 

Output Voltage SWing (RL ~ 20 k ohms) 10 VOR :t12 il3 +11 :tI2 :t10 :t12 Vpk 

Power Supply Re,eetlon RatiO JjV/V 

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

Power Supply Current ICC 1.0 1.5 13 3.0 13 40 mAde 

lEE 1.0 1.5 1.3 3.0 1.3 40 

DC QUiescent Power OISSlpatlon II PD 30 45 40 90 40 120 mW 

NO-O) 

Note 1 TIOVI/ CO for MCI456 and MCI456C 
_550 C for MC1556 

Thigh +700 C for MCI456 and MCI456C 
+1250 C for MCI556 
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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 
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TYPICAL CHARACTERISTICS (continued) 

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 

V, 

IF Ao (wl-~ IF R3«Zl 

I Vo = - g I V, Zl B 

R, 

t 
1m 

1 + Z2/Z1 
lO = Zo Ao (wI 

lO_O 

FIGURE 14 - LOW-DRIFT SAMPLE AND HOLD 

SAMPLE 
COMMAND -15V 

+15 V 

>---0-_>-_ Vo 

"oroft due to bias current 
IS typically 8 mV Is 

FIGURE 15 - HIGH IMPEDANCE BRIDGE AMPLIFIER 

3-82 

Ao (wI Z, 
l, = 1 + Z2/Z

1 
Z, VERY HIGH 

Vo=-10VI 



MC1456, MC1456C, MC1556 

V, >0 

TYPICAL APPLICATIONS (continued) 

FIGURE 16 - LOGARITHMIC AMPLIFIER FIGURE 17 - VOLTAGE OFFSET NULL CIRCUIT 

+15 V 

lOa k 

33 k 

V, 

l, ~ 250 MH 

MC1456. C 
MCI556 

Vo 

Vo = Kiln (K2V,) 

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

~ 470pF 

~~~------------~------~~VEE 
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ORDERING INFORMATION 

Device 

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

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

NP1,NP2,P1,P2 

Temperature Range 

O°C to +70OC 
-55°C to +125°C 

O°C to +70°C 

-55°C to +125°C 
O°C to +70°C 

DUAL MC1741 

Package 

Metal Can 
Metal Can 

Ceramic DIP 

Ceramic DIP 
Plastic DIP 

INTERNALLY COMPENSATED, HIGH PERFORMANCE 
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 Compensation 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 (TA = +250 C unless otherWise noted) 

Rating Symbol 'MC1458 MC1558 Umt 

Power Supply Voltage VCC +18 +22 Vdc 

VEE -18 -22 Vdc 

Input Differential Voltage VID ±30 Volts 

Input Common Mode Voltage (Note 1) VICM .+15 Volts 

Output Short Circuit Duration (Note 2) ts Continuous 

Operating Ambient Temperature Range TA o to +701-55to+125 vc 

Storage Temperature Range Tstg °c 
Metal and Ceramic Packages -65 to +150 

Plastic Package -55 to i-125 

Junction Temperature TJ °c 
Metal and Ceramic Packages 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 

EaurVALENT CIRCUIT SCHEMATIC 

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

21 

OUTPUT 

10 

OFFSET 
NUL L <>---I---+----i 

3-84 

MC1458 MC1458N 
MC1458C 

MC1558 MC1558N 
(DUAL MC1741) 

DUAL 
OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601 

VCC 

VEE 

(TOP VIEW) 

Pl SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MC1458,MC1458C,MC1458N) 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

TO·116 

P2 SUFFIX 
PLASTIC PACKAGE 

CASE 646 

(MC1458.MC 1458C,MC 1458N) 

Offset { 3 
Adjust 

A 

VCC 

NC 

11 } Offset 
AdJustB 



MC1458, MC1458N, MC1458C, MC1558, MC1558N 

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

MC1558 MC1458 MC1458C 

Characteristic Symbol Min Typ Max Min Typ Max Min Typ Max 

Input Offset Voltage VIO - 1.0 5.0 - 2.0 6.0 - 20 10 

(RS';;; 10 k) 

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

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

Input Resistance rl 0.3 20 - 03 2.0 - - 2.0 -
Input Capacitance CI - 14 - - 14 - - 1.4 -
Offset Voltage Adjustment Range VIOR - ±15 - - ±15 - - ±15 -
Common Mode Input Voltage Range VICR ±12 ±13 - ±12 ±13 - ±11 ±13 -
Large Signal Voltage Gam Av 

(Va = ±10 V, RL = 2.0 k) 50 200 - 20 200 - - - -
(VO=±10V,RL=10k) - - - - - - 20 200 -

Output Resistance ro - 75 - - 75 - - 75 -
Common Mode Rejection Ratio CMRR 70 90 - 70 90 - 60 90 -

(RS';;; 10 k) 

Supply Voltage Rejection Ratio PSRR - 30 150 - 30 150 - 30 -
(RS';;; 10 k) 

Output Voltage SWing Vo 
(RL;;' 10 k) ±12 ±14 - ±12 ±14 - ±11 ±14 -
(RL;;' 2 k) ±10 ±13 - ±10 ±13 - ±90 ±13 -

Output Short,Clrcult Current los - 20 - - 20 - - 20 -
Supply Currents (Both Amplifiers) 10 - 2.3 5.0 - 2.3 5.6 - 23 B.O 

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

Transient Response (Unity Gam) 
(V, = 20mV, RL;;' 2kn, CL';;; 100pF) Rise Time tTLH - 0.3 - - 0.3 - - 0.3 -
(VI = 20mV, RL;;' 2 kn, CL';;; 100 pF) 'Overshoot os - 15 - - 15 - - 15 -
(VI = 10 V, RL;;' 2 kn, CL';;; 100 pFI Slew Rate SR - 05 - - 0.5 - - 0.5 -

ELECTRICAL CHARACTERISTICS (Vee = 15 V, VEE = 15 V, T A = "Thlah to Tlow unless ot erwlse note d) 

MC1558 MC1458 MC1458C 

Characteristic Symbol Min Typ Max Min Typ Max Min Typ Max 

Input Offset Voltage VIO - 1.0 60 - - 7.5 - - 12 

(RS';;; 10 kn) 

Input Offset Current 110 
(TA = 125°C) - 7.0 200 - - - - - -
(TA = -55°C) - B5 500 - - - - - -
(T A = OOC to + 70°C) - - - - - 300 - - 400 

Input Bias Current liB 
(TA = 125°C) - 30 500 - - - - - -
(TA = -550 CI - 300 1500 - - - - - -
(T A = OOC to +700 C) - - - - - BOO - - 1000 

Common Mode Input Voltage Range VieR +12 +13 - - - - - - -
Common Mode Rejection RatiO CMRR 70 90 - - - - - - -

(RS';;; 10 k) 

Supply Voltage Rejection RatiO PSRR - 30 150 - - - - - -
(RS';;; 10 k) 

Output Voltage Swmg Vo 
(RL;;' 10 k) ±12 ±14 - ±12 ±14 - - - -
(RL;;' 2 k) ±10 ±13 - ±10 ±13 - ±9.0 ±13 -

Large Signal Voltage Gam Av 
(VO=±10V,RL=2k) 25 - - 15 - - - - -
(VO = ±10 V, RL = 10 k) - - - - - - 15 - -

Supply Currents (Both Amplifiers) 10 
(TA = 125°C) - - 45 - - - - - -
(TA = -55°C) - - 60 - - - - - -

Power Consumption (TA = 125°C) Pc - - 135 - - - - - -
(TA = -55°C) - - lBO - - - - - -

"Thigh = 125°C for MC155B and 70°C for MC1458, MC145BC 
Tlow = -55°C for MC1558 and OOC for MC145B, MC1458C Note 1. Input pms of an unused amplifier must be grounded. 

Unit 

mV 

nA 

nA 

Mn 

pF 

mV 

V 

V/mV 

n • dB 

/lVIV 

V 

rnA 

rnA 

mW 

/lS 

% 
VI/ls 

Unit 

mV 

nA 

nA 

V 

dB 

/lVIV 

V 

V/mV 

rnA 

mW 
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MC1458, MC1458N, MC1458C, MC1558, MC1558N 

NOISE CHARACTERISTICS (Applies for MC1558N and MC1458N only VCC; 15 V VEE; -15 V TA; 250 Cl 

Characteristic Symbol 

Burst NOise (Popcorn NOise) En 
(BW; 1.0 Hz to 1.0 kHz, t ; 10 s, 
RS; 100 kfl) (Input 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 IN Suffixed Devices Only) 

I 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 
Voltage 

Low Pass 
F,lter 

1.0 Hz to I kHz 

NegatIve 
Threshold 

Voltage 

To Pass/Fail 
Ind,cator 

The test time employed IS 10 seconds and the 20 JJV 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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MC1458, MC1458N, MC1458C, MC1558, MC1558N 

TYPICAL CHARACTERISTICS 
(VCC = +15 Vdc. VEE = -15 Vdc. T A = +250 C unless otherwise noted) 
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MC1458, MC1458N, MC1458C, MC1558, MC1558N 

FIGURE:12 - NON·INVERTING PULSE RESPONSE 

I \. 
1. ~UTPUT 

I '\ 
I\. 

\ 
I,PUT 

10lls/DIV 
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ORDERING INFORMATION 

Device 

MC1458SG 
MC1458SL 
MC1458SP1 
MC1458SP2 
MC1458SU 
MC1558SG 
MC1558SL 
MC1558SU 

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 

-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 of use as the popular MC1558 circuit, yet 
offers 20 times higher slew rate and power bandwidth. This device is 
ideally suited for DIA converters due to its fast settling time and 
high slew rate. 

• High Slew Rate - 10 Vips Guaranteed Minimum (for inverting 
unity gain only) 

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

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

MSB A1 5 

A2 6 

A3 7 

A4 B 

A5 9 

A610 

A711 

LSB AB12 

16 

VCC=5.0V 

13 

MC150BL-B 
MC140BL 

Seroes 

3 

15 pF 

VEE=-15V 

14 

15 

V ref = 2.0 Vdc 

R1=R2~1.okn 

RO = 5.0 kn 

R1 

-= VCC = 15 V 

VEE=-15V 

RO 

C' 

Settling tIme to WIthin 1/2 LSB (:t19 5 mV) IS approxI
mately 4.0 !-Is from the tIme that all bIts are sWItched 

'The value of C may be selected to mlnomlze overshoot 

and ringing (C "" 68 pF). 

TheoretIcal V 0 

Vref 
Vo = R1 (RO) 

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) -+-+-+-+-+-1--+- =10V -=9.961V 
1 k 2 4 8 16 32 64 12B 256 256 
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MC1458S 
MC1558S 

DUAL 

OPERATIONAL AMPLI FI ERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601 

VCC 
I)~.~.", 
ii; ," , 

output0 A, Output B 

Inverting , • InvertIng 
Input A -. .- Input B 

Non-Inverting , • Non-Inverting 
Input A • Input B 

VEE 

(TOP VIEW) -, ~} I' 

I 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

P2 SUFFIX 
PLASTIC PACKAGE 

CASE 646 

(MC1458S only) 

NC -

Ouptut A -

Offset w 

Adjust A 

InvertIng 
Input A • 

Non-InvertIng 
Input A 

VEE 

" Ouptut B 

} 
Offset 
Adjust B 

Inverting 
Input B 
Non-I nvertlng 
Input B 

P1SUFFIX • 
PLASTIC PACKAGE 

CASE 626 

(MC145BSOnly) • 

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-I nvertlng 
Input B 

• 
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MC1458S, MC1558S 

MC1558S LARGE-SIGNAL TRANSIENT RESPONSE 
!Inverting Mode) 

STANDARD MC1558 versus MC1558S RESPONSE COMPARISON 
!Inverting Model 

Ci 
:> 

Inverting 
Input 

lOlls/D,y 

Yo REPRESENTATIVE CIRCUIT SCHEMATIC 

Vee 

lOps/D,y 

...... - ....... -0 Output 

Nonlnvertlng 
Input 

Offset 
Null 

Offset Null 

MAXIMUM RATI NGS ITA = +2SoC unless otherwise noted.) 

Rating 

Power Supply Voltage 

Input Differential Voltage Range CD 
Input Common-Mode Voltage Range@ 

Output Short Circuit Duration 

Operating Ambient Temperature Range 

Storage Temperature Range 

Junction Temperature Ceramic and Metal Package 
Plastic Package 

Symbol 

VCC 
VEE 

VIDR 

VieR 

ts 

TA 

Tstg 

TJ 

50 k 

MC1558S MC1458S 

+22 +18 
-22 -18 

±30 

±IS 

Continuous 

-55 to +125 o to +70 

-95 to +150 -95 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. 

3-90 

Unit 

Vdc 

Volts 

Volts 

°c 
°c 
°c 
°c 



MC1458S, MC1558S 

ELECTRICAL CHAP.!\CTEP.:STICS (VCC = +15 Vdc VEE = -15 Vdc TA = +250 C unless otherwIse noted) 

MC1558S MC1458S 

Characterostlc Symbol MIn Typ Max Min Typ Max Unit 
Power BandwIdth (See F,gure 3) BWp kHz 

Av ~ 1, R L = 20 kn, THD = 5%, Va = 20 VIp-pI 150 200 - 150 200 -
Large-SIgnal TransIent Response 

Slew Rate (FIgures 10 and 11) SR 
V(-) to V(+) 10 20 - 10 20 - VII's 
V(+) to V(-) 10 12 - 10 12 -
Settling T,me (F'gures Wand 11) 

(to wlthon 0 1%) 
tsetlg - 30 - - 30 - !JS 

Smail-S,gnal TransIent Response 
(GaIn = 1, Ein = 20 mV, see F Iguras 7 and 8) 
RIse TIme tTLH - 025 - - 0_25 - !-IS 
Fall T,me tTHL - 025 - - 025 - !-IS 
PropagatIon Delay TIme tPLH,tPHL - 025 - - 025 - !-IS 
Overshoot as - 20 - - 20 - % 

Short-CircuIt Output Currents lOS ±10 - ±45 ±10 - ±45 mA 

Open-Loop Voltage Gaon (R L = 20 knl (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) z, 03 10 - 03 10 - Mn 

Output Voltage SWIng Vo Vpk 
RL = 10kn ±12 ±14 - ±12 ±14 -
RL=20kn ±10 ±13 - ±10 ±13 -

Input Common-Mode Voltage SWIng V'CR ±12 ±13 - ±12 ±13 - Vpk 
Common-Mode Relectlon RatIO (f - 20 Hz) CMRR 70 90 - 70 90 - dB 

Input B las Current (See F,gure 2) liB nA 
- 200 500 - 200 500 

Input Offset Current 1"01 nA 
- 30 200 - 30 200 

I nput Offset Voltage (RS - ,;;;; 10 kn) IV,ol mV 

- 10 50 - 20 60 

DC Power ConsumptIon (See F,gure 9) Pc mW 
(Power Supply = ±15 V, Va = 0) - 70 150 - 70 170 

PosItIve Voltage Supply SensItIvIty PSS+ !-IV/V 
(VEE constant) - 20 150 - 20 150 

NegatIve Voltage Supply SensItIvIty PSS- !JVIV 
(VCC constant) - 10 150 - 10 150 

•• PlastIC package offered In lImIted temperature range deVIce only 

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

MC1558S MC1458S 

Characterostic Symbol Mon Typ Max Min Typ Max Unit 

Open l,:oop Voltage Gam AVOL 25,000 - - 15,000 - - V/V 
VO=±10V 

Output Voltage SWIng Va Vpk 
RL=10kn ± 12 - - 112 - -
RL = 2 kn 110 - - 110 - -

Input Common-Mode Voltage Range V,CR ±12 - - - - - Vpk 

Commo_l-Mode RejectIon RatIO If = 20 Hz) CMRR 70 - - - - - dB 

Input BIas Current liB nA 
TA = 125°C - 200 500 - - -
TA = -55°C - 500 1500 - - -
TA = 0 to 700 C - - - - - 800 

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

Input Offset Voltage V,O - - 60 - - 75 mV 
RS';; 10 kn 

DC Power ConsumptIon Pc - - 200 - - - mW 
Va =0 V 

PosItIve Power Supply SensItIvIty PSS+ - - 150 - - - !-IV/V 
VEE=-15V 

Negatove Power Supply SensItIvIty PSS- - - 150 - - - !JV/V 
VCC=15V 

• 
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MC1458S, MC1558S 

Inputs 

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

FIGURE 1 - OFFSET ADJUST CIRCUIT FIGURE 2 -INPUT BIAS CURRENT versus TEMPERATURE 

Vcc 

or 
Va MCl458S 

-:::::.--0-..... Output 

• Not available with G and 
PI Suffix Packages 

40 
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FIGURE 3 - POWER BANDWIDTH - NONDISTORTED 
OUTPUT VOLTAGE versus FREQUENCY FIGURE 4 - OPEN·LOOP FREQUENCY RESPONSE 
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FIGURE 5 - OUTPUT NOISE versus 
SOURCE RESISTANCE 
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MC1458S, MC1558S 

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

Input 

FIGURE 6 - SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 

20 mV r----------..., 

50% 50% 

Gnd 

Rise Time 

FIGURE 8 - POWER CONSUMPTION versus POWER 
SUPPLY VOLTAGES 

100 

10 

~ ~~ 
z 
o 3 
t 

0 

120 

a: 
~ 10 

~ 10 

50 
40 
30 

/ 
/ 

-

.....,.. 
...... 

-:7 VO=O -
/"" 

V 
V 

/ 

/ 

20 60 10 14 18 
Vee and VEE, POWER SUPPLY VOLTAGE (VO LTS) 

-

Output 

22 

FIGURE 7 - SMALL-SIGNAL TRANSIENT RESPONSE 

Vee 0_1 jJ.F 

1: 
Output 
,- , 

Input 'II ,-' 

r 2k RL roo ~ 0_1 jJ.F pF 

~ VEE 

-15 V 

FIGURE 9 - LARGE-SIGNAL TRANSIENT WAVEFORMS 

Slew Rate 
V(+) to V(-) 

(Measurement 
Period) 

Settling 
Time 

FIGURE 10 - SLEW RATE AND SETTLING TIME TEST CIRCUIT* 

+10~ 

~vL 

Input 

10 k· 

False 
Summing 

Node 

10 k· 

Vee = 15 V 

1N916 
or Equivalent 

'-----<~""""' 1 N916 

3-93 

Output 

• Match to within 0.01%. 

Inputs of Amplifier Not Under 
Test Should Be Grounded. 

• 
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MC1458S, MC1558S 

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· 
sldered 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 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. 

> c 
3; 
E 

o 
o 
N 

FIGURE 11 - WAVEFORM AT 
FALSE SUMMING NODE 

10ps/DIV 

FIGURE 12 - EXPANDED WAVEFORM AT 
FALSE SUMMING NODE 

01'" 
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 x 2 + 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 ±0.1 % 
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 ±0.19% maximum error. 

TYPICAL APPLICATION 

FIGURE 13 - 12.5·WATT WIDEBAND POWER AMPLIFIER 

MCL1304 
or Equivalent 

(Current 
LImIting 
D,ode) 

24 k 

10 k 

10 k· 

+15 V 

300 pF 

0.33 

Delivers 12.5 watt into 4.0 ohms with less than 1 % THO to 100 kHz. 
Pins not shown are not connected . 

• Bias current adjustment to eliminate Crossover Distortion . 
• ·Epoxy to power transistor heat sink or case for maxImum Thermal Feedback. 

3-94 



ORDERING INFORMATION 

Device 

MC1709CF 
MC1709CG 
MC1709CL,CU 
MC1709CP1,CP2 
MC1709F,AF 
MC1709G,AG 
MC17D9L,AL,U 

Temperature Range 

DOC to +7DoC 
DOC to +7DoC 
DOC to +7DoC 
DOC to +7DoC 

-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 as a summing amplifier, mtegrator, or amplifier 
with operating characteristics as a function of the external feed· 
back components. 

• High-Performance Open Loop Gam Characteristics 
Avol = 45,000 tYPical 

• Low Temperature Drift - ±3.0 I1V 10C tYPical (MC1709) 

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

• Low Output Impedance - Zo = 150 ohms typical 

MAXIMUM RATINGS (TA = +250 C unless otherWise noted) 

Ratmg Symbol Value Umt 

Power Supply Voltage VCC +18 Vdc 

VEE -18 

Input Differential Voltage Range VIDR ±5.0 Volts 

Input Common-Mode Range V,CR ±10 Volts 

Output Load Current 'L 10 rnA 

Output Short-Circuit Duration ts 5.0 s 

Power DIssipation (Package Limitation) PD 
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 T A = +250 C 6.0 mW/oC 

Operating Ambient MC1709A. MC1709 TA -55to +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 

Vee INPUT COMPENSATION 

~ 10 k 10 k J ~ ~ 
20 k 

25 k 25 k ~'k INPUT 
COMPENSATION 

~q". 
OUTPUT 

NON INVERTING ~ ". INPUT 

INVERTING 
OUTPUT 

INPUT kf-( COMPENSATION 

36k 

'---w.-

( 
10 k 

75 18 k 

24k 
VEE 

MC1709 
MC1709A 
MC1709C 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PIN CONNECTIONS 

Input Freq Compo 

Input Freq. 

Camp 

G SUFFIX 
METAL PACKAGE 

CASE 601 

F SUFFIX 
CERAMIC PACKAGE 

CASE 606-04 

TO-91 

NC'1~10NC' In Freq Comp 2 9 In Freq Compo 
Inv. Input 3 - a VCC 

Non-Inv In 4 + 7 Output 
VEE 5 6 Out Freq. 

Comp 

P1SUFFIX ~ 
PLASTIC PACKAGE 

CASE 626 

(MC1709Conly) I I ~ 
U SUFFIX 

CERAMIC PACKAGE 
CASE 693 

Input Freq. Input Freq. 
Camp. a Camp. 

Inv. Input 

No~lnv. Input 3 

Input Freq. 3 
Camp. 

Non-Inv. Input 5 

5 Output Freq. 
Comp. 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632-02 

TO-116 

Output 

9 Output Freq. 
Camp. 

a N.C. 
'--"------'---' 

P2 SUFFIX 
PLASTIC PACKAGE 

CASE 646 
(MC1709C only) 

• 



MC1709, MC1709A, MC1709C 

ELECTRICAL CHARACTERISTICS (unless otherwise noted. 9 0 V ~VCC ~ 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 50 mV 
(RS';;; 10 k.o.) 

Input Offset Current 110 - 10 50 - 50 200 nA 

Input Bias Current liB - 100 200 - 200 500 nA 

Inp.,ut Resistance r l 350 700 - 150 400 - k.o. 

Output Resistance ro - 150 - - 150 - .0. 

Power Supply Currents ICC,IEE - 25 3.6 - - - mA 

• 
(VCC = 15 V. VEE = -15 V) 

Power Consumption Pc - 75 108 - 80 165 mW 
(VCC = 15 V. VEE = -15 V) 

Transient Response 
(VCC = 15 V. VEE = -15 V) See Figure 8 

Risetlme tTLH - - 1.5 - 0.3 1.0 !.IS 
Overshoot OS - - 30 - 10 30 % 

ELECTRICAL CHARACTERISTICS (unless otherwise noted, 9.0 V ~VCC ~15 V, -9 0 V ;;;;'VEE ;;;;'-15 V, TA = -55°C to +1250 C) 

MC1709A MC1709 

Characteristic Symbol Mm Typ Max Min Typ Max Unit 

Input Offset Voltage VIO - - 3.0 - - 6.0 mV 
(RS';;; 10 k.o.) 

Average Temperature Coefficient of I nput Offset Voltage 6V10/6T !.IV/uC; 
(RS = 50 .0., T A = 25°C to 125°C) - 1.B 10 - - -
(RS = 50 .0., T A = -55°C to 25°C) - 1.8 10 - - -
(RS'" 50 .0., T A'" -55°C to 125°C) - - - - 3.0 -
(RS'" 10 k.o., TA = 25°C to 125°C) - 2.0 15 - - -
(RS'" 10 k.o., TA = -55°C to 25°C) - 4.B 25 - - -
(RS'" 10 k.o., TA '" -55°C to 125°C) - - - - 60 -

Input Offset Current 110 nA 
(TA = -55°C) - 40 250 - 100 500 
(TA = 125°C) - 35 50 - 20 200 

Average Temperature Coefficient of Input Offset Current 6110/6T nA/uC 
(T A '" -55°C to 25°C) - 0.45 2B - - -
IT A '" 25°C to 125°C) - O.OB 0.5 - - -

Input Bias Current liB - 300 600 - 500 1500 nA 
(TA '" -55°C) 

Input Resistance rl 85 170 - 40 100 - k.o. 
(TA '" -55°C) 

Input Common-Mode Voltage Range VICR .±B 0 .±10 - .±B.O ±.10 - V 

(VCC = 15 V, VEE = -15 V) 

Common Mode Rejection Ratio 
(RS ~ 10 kn.l 

CMRR BO 110 - 70 90 - dB 

Supply Voltage Rejection Ratio 
(VCC'" 15 V, VEE'" -15 V, RS ~10 kn.l 

PSRR - 40 100 - 25 150 !.IV/V 

Large Signal Voltage Gam AV 25 45 70 25 45 70 V/mV 
(VCC'" 15 V, VEE = -15 V, RL;;;;'2 0 k.o., 
VO"'±15V) 

Output Voltage Range VOR V 
(VCC'" 15 V. VEE = -15 V) 

(RL ;;;;'10 kn.l ±.12 ±.14 - ±.12 ±.14 -
(RL;;;;'20kn.l ±.10 ±.13 - ±.10 ±.13 -

Power Supply Currents ICC/lEE mA 
(Vce'" 15 V, VEE = -15 V) 

(TA = -55°C) - 2.7 4.5 - - -
(TA'" 125°C) - 2.1 3.0 - - -

Power Consumption Pc mW 
(VCC'" 15, VEe = -15 V) 

ITA = -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 = 250 CI 

MC1709C 

Characteristic Symbol Min Typ Max Unit 

Input Offset Voltage VIO - 2.0 7.5 mV 

(RS';;; 10 kil, 9.0 V.;;; 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 r l 50 250 - kil 

Output Resistance ro - 150 - il 

Power Consumption Pc - BO 200 mW 

Large Signal Voltage Gain AV 15 45 - V/mV 
(RL;' 2.0 kil, Vo = ±10VI 

Output Voltage Range VOR V 
(RL ;;;'10 kill ±12 ±14 -
(RL·;;;'20 kill ±10 ±13 -

Input Common·Mode Voltage Range VICR ±B.O ±10 - V • Common Mode Rejection Ratio CMRR 65 90 - dB 
(RS ~10 knl 

Supply Voltage Rejection Ratio PSRR - 25 200 /.N/V 
(RS ~10 kill 

Transient Response 
See Figure B 
Rise Time TTLH - 0.3 - /lS 
Overshoot OS - 10 - % 

ELECTRICAL CHARACTERISTICS (unless otherwise specified, VCC = 15 V, VEE = -15 V, TA = OOC to 700 CI 

MC1709C 

Parameter Symbol Min Typ Max Unit 

Input Offset Voltage VIO - - 10 mV 
(AS';;; lOkn,9.0V';;;VCC';;; 15V,-90V;'VEE;'15V) 

Input Offset Current 110 - - 750 nA 

Input Bias Current liB - - 2.0 /lA 

Large Signal Voltage Gain AV 12 - - V/mV 

(RL;' 2.0 kil, Va = :!:10V) 

Input ReSistance n 35 - - kil 

TYPICAL CHARACTERISTICS 
FIGURE 2 - TEST CIRCUIT 

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

R2 
Fig. Test Conditions 
No. Curve No. R1(n) R2 (n) R3 (n) C

1
(pF) C

2
(pF) 

3 1 10 k 10 k 1.5 k 5.0 k 200 
2 10 k lOOk 1.5 k 500 20 
3 10 k l.OM 1.5 k 100 3.0 
4 l.Ok l.OM 0 10 3.0 

4 1 1.0k l.OM 0 10 3.0 
2 10 k l.OM 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 CD 1.5 k 5.0 k 200 
2 0 CD 1.5 k 500 20 
3 0 CD 1.5 k 100 3.0 
4 0 CD 0 10 3.0 
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MC1709, MC1709A, MC1709C 

FIGURE 3 - LARGE SIGNAL SWING versus FREQUENCY 
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FIGURE 5 - OPEN LOOP VOLTAGE 
GAIN versus FREQUENCY 
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FIGURE 7 - SLEW RATE versus CLOSED LOOP GAIN 
USING RECOMMENDED COMPENSATION NETWORKS 
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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 p.V IOC 

• Output V~ltage SWing -
±5.3 V typical @ +12 V and -6 V Supplies 

• Low Output Impedance - Zo = 200 ohms typical 

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

RatlOg Symbol Value Unit 

Power Supply Voltage IVCCI + IVEEI 21 Vdc 
(Total between VCC and VEE terminals) 

Input Differential Voltage Range VI ±50 Volts 

Input Common Mode Range VICR +1.5 Volts 
-6.0 

Peak load Current Il 50 mA 

PONer DIssipation (Package limitatIOn) Po 
Metal Package 680 mW 

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

Flat Ceramic Package 500 mW 

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

Dual I n·Lone Ceramic Package 625 mW 

Derate above T A = +250 C 50 mW/oC 

Operating Ambient MC1712 TA -!55 to +125 °c 
Temperature Range MC1712C o to +70 

Storage Temperature Range Tstg -65 to +150 °c 

CIRCUIT SCHEMATIC 

LEAD} EXTERNAL 
fREQUENCY 

t---+--o COMPENSAliON 
LAG 

480 

~----~~----~------oVEE 

~-99 

MC1712 
MC1712C 

WIDEBAND DC AMPLIFIER 

SI LICON MONOLITHIC 
INTEGRATED CIRCUIT 

~ 
GSUFFIX 

METAL PACKAGE 
CASE 601 

VCC 

Gnd 1 

4 

VEE 
(TOP VIEW) 

FSUFFIX ~ 
CERAMIC PACKAGE ":"-.. ~ 

CASE 606 ~~ --
TO-91 I 

N.C.l~10VCC 
Gnd 2 9 N.C. 

Inll. Input 3 - 8 Output 
Non-Inv. Input 4 + 7 Leg Compo 

VEE 5 6 Le.d Compo 

'LA:T~~:~~X~::: VIE. 
CASE 646 I'm~l~ ~ 

Non-Inll. 
Input 

l SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

(TOP VIEW) 

9 Lqd 
Compo 

II 



MC1712, MC1712C 

MC1712 ELECTRICAL CHARACTERISTICS (TA = 250 C unless otherwise specified) 

Vce = 12 V, VEE'" -6.0 V Vee" 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 81as Current liB - 2.0 5.0 - 1.2 3.5 j.lA 

Input Resistance r, 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) 

II 
Large Signal Voltage Gain AVOL 

(RL;' 100 kn, Vout = t5.0 V) 2000 3600 - - - -
(RL;;' 100 kn, V out = t2.5 V) - - - 600 900 -

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 j.lF, Rl = 20 n, RL";;; 100 kH, 
V in = 10 mV, CL';;; 100 pF) 

Rise Time tTLH - 25 120 - - - ns 
Overshoot OS - 10 50 - - - % 

Transient Response (xloo Gain) 
(C3 = 50 pF, RL;' 100 kH, Vin = 1 mV) 

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 Temperature Coefficient 
of Input Offset Voltage f:,v10/t:.T 
(RS = 50 n, T A = 25°C to 125°C) - 2.5 10 - 3.5 15 j.lV/oC 
(RS = 50 H, T A = 25°C to -55°C) - 2.0 10 - 3.0 15 /lV/oC 

Input Offset Current 110 
IT A = +1250 C) - 80 500 - 50 500 nA 
(TA = -55°C) - 400 1500 - 280 1500 nA 

Average Temperature Coefficient 
of Input Offset Current td10/6T 
(T A = 25°C to +1250 C) - 1.0 5.0 - 0.7 4.0 nA/oC 
IT A = 25°C to -55°C) - 3.0 16 - 20 13 nA/oC 

Input Bias Current liB 
(TA = -55°C) - 4.3 10 - 2.6 7.5 j.lA 

Input ReSistance r, 6.0 - - 8.0 - - kn 

Common Mode Relectlon RatiO CMRR 70 95 - 70 95 - dB 
(RS" 2 kH, 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 j.lVIV 

Large Signal Voltage Gain AVOL 
(RL" 100 kn, Vout = 15.0 VI 2000 - - - - -
(RL;;' 100 kn, Vout = t2.5 V) - - - 500 - -

Output Voltage SWing Vo 
(RL" 100 kn) t5.0 t5.3 - t25 t2.7 - V 
(RL" 10 kn) t3.5 t40 - tl.5 t2.0 - V 

Supply Current 
ITA = +1250 C, Vout = 0) 10 - 4.4 6.7 - 1.7 3.3 mA 
(TA = _55°C, Vout = 0) - 5.0 7.5 - 2.1 3.9 rnA 

Power Consumption Pc 
(TA = +1250 C, Vout = 0) - BO 120 - 15 30 mW 
IT A = -550 C, V out = 0) - 90 135 - 19 35 mW 

3-100 



MC1712, MC1712C 

MC1712C ELECTRICAL CHARACTERISTICS (T A = 25°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 kH) 

Input Offset Current 110 - 0.5 2.0 - 0.3 2.0 /JA 

Input Bias Current liB - 2.5 7.5 - 1.5 5.0 /JA 

Input Resistance r , 10 32 - 16 55 - kH 

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 kH. f';; 1 kHz) 

Large Signal Voltage Gam AVOL 
(RL;;' 100 kH. Vout = ±5.0 V) 2000 3400 - - - -
(RL;;' 100 kH. Vout = ±2.5 V) - - - 500 800 -

Output Resistance ro - 200 600 - 300 800 H 

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 = O.Ol/JF. RI = 20 H. RL" 100 kH. 
V ,n = 10 mV. CL'" 100 pF) 

Rise Time tTLH - 25 120 - - - ns 
Overshoot OS - 10 50 - - - % 

TranSient Response (xl00 Gain) 
(C3 = 50 pF. RL;;' 100 kH. VIn = 1 mV) 

Rise Time tTLH - 10 30 - - - ns 
Overshoot OS - 20 40 - - - % 

The follOWing specifications apply for OPC .. T A .. +700 C 

Input Offset Voltage VIO - - 6.5 - - 7.5 mV 
(RS" 2 kH) 

Average Temperature Coefficient 
of Input Offset Voltage 6V10/6T 
(RS = 50 H. TA = +700 C to OoC) - 5.0 20 - 7.5 25 /Jvflc 

Input Offset Current 110 - - 2_5 - - 2.5 /JA 

Average Temperature Coefficient 
of Input Offset Current 6110/6T 
(T A = 25°C to +700 C) - 4.0 10 - 3.0 8.0 nAflC 
(T A = 25°C to OoC) - 6.0 20 - 5.5 18 nAf'C 

Input 8,as Current liB 
(TA = OOCI - 4.0 12 - 2.7 8 /JA 

Input Resistance q 6.0 lB - 9.0 27 - kH 

Common Mode Rejection Ratio CMRR 6.5 86 - 65 86 - dB 
(RS" 2 kH. f';; 1 kHz) 

Supply Voltage Rejection Ratio 
(VCC = 12 V. VEE = -6.0 V to VCC = 6.0 V. 
VEE = -30 V. RS" 2 kH) PSRR - 90 300 - 90 300 /JV/V 

Large Signal Voltage Gain AVOL 
(RL ~ 100 kH. V out = 15.0 V) 1500 - - - - -
(RL" 100 kH. Vout = 12.5 VI - - - 400 - -

Output Voltage SWing Vo 
(RL ~ 100 kH) ±5.0 15.3 - 12.5 12.7 - V 
(RL;;' 10 kH) ±3.5 ±4.0 - 11.5 12.0 - V 

Supply Current 
(Vout = 0) 10 - 5.0 7.0 - 2.1 3.9 mA 

Power ConsumptIon 
(Vout = 01 Pc - 90 125 - 19 35 mW 
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MC1712, MC1712C 

TYPICAL OUTPUT CHARACTERISTICS 
(Vee· 12 Vdc, VEE" -6.0 Vdc, T A • +2soCI 
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MC1712, MC1712C 

TYPICAL CHARACTERISTICS(contlnued) 
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FIGURE 6 -INPUT BIAS CURRENT 
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FIGURE 7 - INPUT OFFSET CURRENT 
versus TEMPERATURE 
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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 (T A; +250 C unless otherwise noted) 

Rating Symbol MC1741C MC1741 UOit 

Power Supply Voltage VCC +18 +22 Vdc 

VEE -18 -22 Vdc 

Input Differential Voltage 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 +70 -55 to+125 °c 
Storage Temperature Range Tstg °c 
Metal, Flat and Ceramic Packages -65 to +150 

Plastic Packages -55 to t125 

Junction Temperature Range TJ °c 
Metal and Ceramic Packages 175 
Plastic Packages 150 

Note 1. For supply voltages less than ±. 15 V, the absolute maximum onput voltage IS equal 
to the supply voltage 

Note 2 Supply volnge equal to or less than 15 V 

EQUIVALENT CIRCUIT SCHEMATIC 

r-~ ________ ~ __ ~ __________ ~ __________ ~~VCC 

25 

OUTPUT 

50 

OFFSET 
NULL 0--+--+----+ 

VEE 

3-104 

MC1741, MC1741C 
MC1741N, MC1741NC 

OPERATIONAL AMPLIFIER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601 

NC 

Invt Input' • Output 

Offs9tNUle' ' 'VCC 

Noninvt Input' • • Offset Null 

VEe 
(Top View) 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MC1741C,MC1741 NC) 

USUFFIX ~ 
CeRAMIC PACKAGE 

CAse 693 

Offset NUII{g' NC 
Invt Input' , VCC 

Noninvt Input,. • Output 

VEE' • Offset Null 

(Top View) 

LSUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

P2 SUFFIX 
PLASTIC PACKAGE 

CASE 646 
(MC1741C,MC1741 NC) 

Inputs 

F SUFFIX 
CERAMIC PACKAGE 

CASE 606·04 
TO-91 

NC 

NC 

NC 

VCC 

"'C'~"NC Offset Null' • NC 

Inputs ~ :'~~iut 
VeE' • Offlet Null 

(Top View) 



MC1741, MC1741C, MC1741N, MC1741NC 

ELECTRICAL CHARACTERISTICS (Vcc = +15 V. VEE = -15 V. T A = 25°C unless otherwise noted!' 

MC1741 

Characteristic Symbol Min Typ Max Min 

Input Offset Voltage VIO - 1.0 5.0 -
(RS ~10 k) 

I nput Offset Current 110 - 20 200 -
Input Bias Current 'IB - 80 500 -

In\>ut ReSistance fj 0.3 2.0 - 0.3 

Input Capacitance Ci - 1.4 - -
Offset Voltage Adjustment Range V'OR - ±15 - -

Common Mode I nput Voltage Range VICR ±.12 ±.13 - ±'12 

Large Signal Voltage Gain Av 50 200 - 20 
(VO= ±10V.RL~2.0k) 

Output ReSistance ro - 75 - -
Common Mode Rejection RatiO CMRR 70 90 - 70 
(RS~10k) 

Supply Voltage Rejection RatiO PSRR - 30 150 -
(RS~10k) 

Output Voltage Swing Vo 
(RL~10k) ±.12 ±'14 - ±.12 
(RL~2 k) ±.10 ±.13 - ±.10 

Output Short,Clrcuit Current los - 20 - -
Supply Current 10 - 1.7 28 -
Power Consumption Pc - 50 85 -

TranSient Response (Unity Gain - Non-Inverting) 
(VI = 20 mV. RL;;' 2 k. CL"; 100 pF) Rise Time 1TLH - 0.3 - -
(V, = 20 mV. RL;;' 2 k. CL"; 100 pF) Overshoot os - 15 - -
(VI = 10 V. RL;;.2k.CL";100pF) Slew Rate SR - 0.5 - -

ELECTRICAL CHARACTERISTICS (VCC = +15 V. VEE = -15 V. TA = 25°C unless otherwise noted). 

Characteristic 

Input Offset Voltage 
(RS ~ 10 kflj 

Input Offset Current 
(TA = 125°C) 
(TA = -55°C) 
(T A = OOC to + 70°C) 

Input Bias Current 
(TA = 125°C) 
(TA = -55°C) 
(T A = OOC to +700 CI 

Common Mode Input Voltage Range 

Common Mode Rejection Ratio 
(RS ~10 k) 

Supply Voltage Rejection RatiO 
(RS~10k) 

Output Voltage Swing 
(RL~10k) 
(RL~2 k) 

Large Signal Voltage Gain 
(RL ~2 k, Vout = ±10 V) 

Supply Currents 
(TA = 1250 CI 
(TA" -55°C) 

Power Consumption (T A = +1250 C) 
(TA = -5S"C) 

-Thigh· 12SoC for MC1741 and 70°C for MC1741C 
T,ow • -55°C for MC1741 and OOC for MC1741C 

Symbol Min 

VIO -

110 
-
-
-

liB 
-
-
-

VICR ±'12 

CMRR 70 

PSRR -

Vo 
±'12 
±.10 

Av 25 

10 

-
-

Pc -
-
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MC1741 

Typ Max Min 

1.0 6.0 -

7.0 200 -
85 500 -
- - -

30 500 -
300 1500 -
- - -

±.13 - -
90 - -

30 150 -

±'14 - -
±.13 - ±.10 

- - 15 

1.5 2.5 -
2.0 3.3 -
45 75 -
60 100 -

MC1741C 

Typ 

2.0 

20 

80 

2.0 

1.4 

±15 

±13 

200 

75 

90 

30 

±.14 
±.13 

20 

1.7 

50 

0.3 
15 

0.5 

MC1741C 

Typ 

-

-
-
-

-
-
-

-

-

-

-
±.13 

-

-
-
-
-

Max Unit 

6.0 mV 

200 nA 

500 nA 

- Mn 

- pF 

- mV 

- V 

- V/mV 

- n • - dB 

150 I1V!V 

V 
-
-
- mA 

2.8 mA 

85 mW 

- p.s 
-- % 

- V/p.s 

Max Unit 

7.5 mV 

nA 
-
-

300 

nA 
-
-

800 

- V 

- dB 

- I1V!V 

V 

-
-
- V/mV 

mA 
-
-
- mW 

-
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MC1741, MC1741C, MC1741N, MC1741NC 

NOISE CHARACTERISTICS (A I pp les or MC1741N d MC 741NC I V an 1 on V, 'CC = 15 V V o ) 'EE=-15V,TA=+25 C 

Characteristic Svmbol 

Burst NOise (Popcorn Noise) 
(BW = 1.0 Hz to 1.0 kHz, t = 10 s, RS = 100 k) 
(I nput Referenced) 

FIGURE 1 - BURST NOISE versus SOURCE RESISTANCE 
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FIGURE 4 - SPECTRAL NOISE DENSITY 
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FIGURE 5 - BURST NOISE TEST CIRCUIT IN Suffixed Devices Onlv) 

'00 k 

, k 

'00 k 

'00 k 

Operational AmplIfier 
Under Test 

For applications where low nOise performance IS essential, selected 
deVices denoted bV 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 
especlallv deSigned to provide the qUick response time essential to 
burst (popcorn) nOise testing 

Positive 
Threshold 
Voltage 

Low Pass 
Filter 

1.0 Hz to , kHz 

Negative 
Threshold 
Voltage 

To Pass/Fail 
Indicator 

The test time emploved IS 10 seconds and the 20 /lV peak 
limit refers to the operational amplifier Input thus eliminating 
errors In the closed·loop galO factor of the operational amplifier 
under test 
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MC1741, MC1741C, MC1741N, MC1741NC 

TYPICAL CHARACTERISTICS 
(VCC = +15 Vdc. VEE = -15 Vdc. T A = +250 C unless otherwise noted) 
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FIGURE 8 - POSITIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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MC1741, MC1741C, MC1741N, MC1741NC 

FIGURE 12 - NON·INVERTING PULSE RESPONSE 
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FIGURE 13 - TRANSIENT RESPONSE TEST CIRCUIT 
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ORDERING INFORMATION 

Device 

MC1741CF,NCF 
MC1741CG 
MC1741CL 
MC1741CP1 
MC1741CP2, 
NCP1, NCP2 

MC1741CU,NCU 
MC1741F,NF 
MC1741G,NG 
MC1741L,NL 
MC1741U,NU 
MC1741NCG 
MC1741NCL 

Alternate 

LM741CD,,.,.A741HC 
LM741CD,,.,.A741DC 
LM741CN, ,.,.A741TC 

FIGURE 14 - OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 
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o 20 40 60 80 10 12 14 16 18 20 
Vcc.IVeel. SUPPLY VOLTAGeS (VOLTS) 

Temperature 
Range 

oOC 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 
-55OC to + 125°C 
-55OC to +125°C 
-55OC to +125°C 
-55°C to + 125°C 

acc 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 
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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 +700C 
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 functionally 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 V IllS Guaranteed Minimum (for unity gain only) 

• No Frequency Compensation Required 

• Short,Clrcuit Protection 

• Offset Voltage Null Capability 

• Wide Common·Mode and Differential Voltage Ranges 

• Low Power Consumption 

• No Latch·Up 

TYPICAL APPLICATION OUTPUT CURRENT TO 
VOLTAGE TRANSFORMATION FOR A D·TO·A CONVERTER 

MSB 

LSB 

Vcc - 5 OV 

13 

Vref-20Vdc 
Al-A2==10kll 
RO'SOkl! 

f-!:14=<>-_--'\R"'1 __ ...... __ V,of 

1S 

Va 

Theoretrcal Va 

MC1741S 
MC1741SC 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601·02 

INVT INPUT 6 OUTPUT 

O:~~~T~O eO 7 Vee 

PI SUFFIX 
PLASTIC PACKAGE 

CASE 626 

2 0 5 
NONINVT 3 .. OFFSET 

VEE NULL 

CTop Vlewl 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

• OFFSET NULL

M
8 NC 

INVT INPUT 2 7 Vee 

NONINVT INPUT OUTPUT 

VeE" 5 OFFSET NULL 

PinS not shown are not connected. 
c' 

Vref [AI A2 A3 A4 AS A6 A7 A8) 
Va = R1 (Ro) "2 +"4 +8 +16 +"32 +"64 +;28 +256 

Adjust Vret, R 1 or Ra so that Va with all digital inputs at high level 
is equal to 9.961 volts. 

Setting time to Within 1/2 LSB It 19.5 mV) IS approxi' 
mately 4 0 ~ from the time that all bits are switched. 

'The value of C may be selected to mlOlmlze overshoot 
and rlnglOg IC '= 68 pF). 

2 V ( 1 1 1 1 1 1 1 1] [ 255] VO=-(5k) -+-+-+-+-+-+-+--10V - =9.96IV 
1k 2 4 8 16 32 64 128 256 256 

MC1741S LARGE·SIGNAL TRANSIENT RESPONSE 

> 
<5 
:> 

lOllslOIV 

STANDARD MC1741 versus MC1741S RESPONSE COMPARISON 
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MC1741S, MC1741SC 

CIRCUIT SCHEMATIC 

MAXIMUM RATINGS (TA = ~250C unless otherwise noted) 

Value 
Rating Symbol MC1741SC I MC1741S 

Power Supply Voltage Vee +18 I +22 

VEE -18 -22 

Differential Input Signal Voltage VID ±30 

Common-Mode Input Voltage SWing (See Note 1) VICR ±15 

Output Short-CircUit Duration (See Note 2) ts Continuous 

Power DIssipation (Package limitation) Po 
Metal Package 680 

Derate above T A = +250e 46 

Plastic Dual In-Line Package 625 
Derate above T A = +250C 50 

Operating Ambient Temperature Range TA o to +75 I -55 to +125 

Storage Temperature Range T stg 
Metal Package -65 to +150 
Plastic Package -55to+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/oe 

°c 
°c 

FIGURE 2 - INPUT BIAS CURRENT versus TEMPERATURE 

FIGURE 1 - OFFSET ADJUST CIRCUIT 
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0 

~ 20 0 
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> « 
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MC1741S, MC1741SC 

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

Characteristic Symbol Mon 

Power Bandwidth (See Figure 3) BWp 
Av = 1, RL = 20 kn, THD = 5%, VO= 20V(p-p) 150 

Large,S'gnal TranSient Response 
Slew Rate (Figures 10 and 11) SR 
V(-) to V(+) 10 
V(+) to V(-) 10 

Settling Time (Figures 10 and 11) tsetlg -
(to within 0 1%) 

Small,Slgnal TranSient Response 
(Gam = 1, Eon = 20 mV, see Figures 7 and 8) 
Rise Time tTLH -
Fall Time tTHL -
Propagation Delay Time tPLH,tPHL -
Overshoot as -

Short,C,rcult Output Currents lOS ±10 

Open·Loop Voltage Gam (R L - 20 knl (See Figure 4) Avol 
Va' ±10 V, TA ~ +250 C 50,000 

Va ~ ±10 V, TA = Tlow· to Thigh· 25,000 

Output Impedance (f = 20 Hz) Zo -
Input Impedance (f ~ 20 Hz) z, 03 

Output Voltage Swmg Va 
RL" 10 kn. T A = Tlow to Thigh (MC1741S only) ±12 

RL" 2.0 kH, T A = +25uC ±10 

RL = 20 kn, TA = Tlow to Thigh ±10 

Input Common-Mode Voltage Range VICR ±12 

TA" Tlow to Thigh (MC1741 S) 

Common-Mode Rejection Ratio (f .= 20 Hz) CMRR 70 

TA" Tlow to Thigh (MC1741S) 

Input Bias Current (See Figure 2) liB 
T A " +250 C and Thigh -
TA = Tlow -

Input Offset Current 11101 
T A = +250 C and Thigh -
TA = Tlow -

Input Offset Voltage (RS = .,;;; 10 kn) IVlol 
TA = +250 C -
TA = Tlow to Thigh -

DC Power Consumption (See Figure 9) Pc 
(Po~er Supply = ±15 V, Va = 0) -

TA = Tlow to Thigh 

Positive Voltage Supply Sensitivity PSS+ 

(VEE constant) -
TA "Tlow to Thigh on MC1741S 

Negative Voltage Supply SenSitiVity PSS-

(VCC constant) T A = Tlow to Thigh on MC1741S, -

·Tlow = 0 for MC1741 SC 
"-55 0 C for MC1741S 

Thigh = +700 C for MC1741SC 
= +125 °c for MC1741S 

3-111 

MC1741S MC1741SC 

Typ Max Mon Typ 

200 - 150 200 

20 - 10 20 
12 - 10 12 

30 - - 30 

0.25 - - 0.25 
0.25 - - 0.25 
025 - - 0.25 
20 - - 20 

- ±45 ±10 -

200,000 - 20,000 100,000 
- - 15,000 -
75 - - 75 

1.0 - 03 10 

±14 - ±12 ±14 
±13 - ±10 ±13 
- - ±10 -

±13 - ±12 ±13 

90 - 70 90 

200 500 - 200 
500 1500 - -

30 200 - 30 
- 500 - -

10 50 - 20 

- 60 - -

50 85 - 50 

20 100 - 20 

10 150 - 10 

Max Unot 

kHz 
-

- V/JJ.s 
-
- JJ.S 

- JJ.S 
- JJ.S 
- JJ.S 
- % 

±45 mA 

-
-
-
- 12 

- MH 

Vpk 
-
-
-
- Vpk 

- dB 

nA 
500 
800 

nA 
200 
300 

mV 
6.0 
7.5 

mW 
85 

JJ.V/V 
150 

JJ.V/V 
150 
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MC1741S, MC1741SC 

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

FIGURE 3 - POWER BMJDWIDTH - NONDISTORTED 
OUTPUT VOLTAGE versus FREQUENCY FIGURE 4 - OPEN·LOOP FREQUENCY RESPONSE 
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FIGURE 5 - NOISE versus FREQUENCY 

100 1000 10k 

f, FREQUENCY (Hz) 

FIGURE 7 - SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 
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SOURCE RESISTANCE 
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MC1741S, MC1741SC 

TYPICAL CHARACTERISTICS 
(Vee - +15 Vdc, VEE - -15 Vdc, TA - +250 Cun'essotherw;se noted'! 

FIGURE 9 - POWER CONSUMPTION versus POWER 
SUPPLY VOLTAGES 
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FIGURE 10 - LARGE-SIGNAL TRANSIENT WAVEFORMS 

FIGURE 11 - SETTLING TIME AND SLEW RATE TEST CIRCUIT 
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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 consideratlons_ Both power 
supply connections should be adequately bypassed as 
close as possible to the device PlnS_ 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 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 damps 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 ±0.1 % 
requires 7RC time constants. 

The ±O.l% factor was chosen for the MC1741S 
settling time as it is compatible with the ±1/2 LSB 
accuracy of the MC1508L8 digital-ta-analog converter. 
This D-to-A converter features ±O.19% maximum error. 
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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 WIDEBAND POWER AMPLIFIER 

Delivers 12 5 WallSinlo 40 ohmswllh te55 than 1% THO to 100 kHl 
P,nsnol shownarenOI connected 

-Blu current adjustment to elimmale CronDy!r O.storllon 

+15V 

··Epoxy to power tranSISIOf heat Sink ar cue for maKlmum Thetmal Feedback 



ORDERING INFORMATION 

Device 

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 DJP 

INTERNALLY COMPENSATED, HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 

· .. designed for use as summing amplifiers, integrators, or amplifiers 
with operating characteristics as a function of the external feedback 
components. The MC1747L and MC1747CL are functionally, elec
trically, and pin-far-pin equivalent to the p.A747 and p.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 semiconductor devices described 
any license under the patent 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 
Non Inv Input 2 - 13 VCC A 

Offset Adj A 3 + 12 Output A 

Offset A~~ e ; + B 1~ i~u~put B 

Non I~nv~ :~~~~ ~ - ~ ~fife~ Adj B 

~ 
Output A 1 

P2 SUFFIX 
PLASTIC PACKAGE 

CASE 646 

Non Inv 
Input 

Offset 
AdJA 

Offset 
Adj. B 

Non Inv 
Input 

Inv Input 

G SUFFIX 
METAL PACKAGE 

CASE 603 

N.C. 

7 Inv. Input 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632-02 
TO·116 

Offset 
AdjB 

II 
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MC1747, MC1747C 

MAXIMUM RATINGS (T A = +250 C unless otherwIse noted.) 

RatonG Symbol MC1747. 1 MC1747C 

Power Supply Voltages VCC +22 1 +18 

VEE -22 -18 

DIfferentIal Input SIgnal Voltage <D VID + 30 

Common·Mode Input SWIng Voltage ~ VICR ± 15 

Output Short,ClrCUlt DuratIon tos ContInuous 

Voltage (Measurement between Offset Null and VEE) + 0.5 

OperatIng AmbIent Temperature Range TA -55 to +125 I Oto +75 

Storage Temperature Range Tstg -65 to +150 J -65 to +150 

JunctIon Temperature TJ 
Ceramic and Metal Package 175 
PlastIc Package 150 

ELECTRICAL CHARACTERISTICS (VCC = +15 Vde, VEE = -15 Vdc, TA = -+250 C unless otherWIse noted ) 

MC1747 MC1747C 
CharacteristIcs Symbol MIn Typ Max MIn Typ 

Input 8,as Current liB 
TA = -+250 C - 80 500 - 80 

T A = ThIgh <3> - 30 500 - 30 
TA = Tlow Q) - 300 1500 - 30 

Input Ofhet Current 110 
TA = -+250 C - 20 200 - 20 
TA = ThIgh - 7.0 200 - 70 
TA=Tlow - 85 500 - 70 

Input Offset Voltage (RS";;; 10 kn) VIC 
TA = -+250 C - 1.0 50 - 1.0 
T A = Tlow to ThIgh - 1.0 60 - 10 

Offset Voltage Adjustment Range - -+ 15 - - -+ 15 

D,fferent,al Input Impedance (Open·loop, f = 20 Hz) 
Parallel Input ReSIstance r, 03 20 - 03 20 
Parallel I nput Capacitance C, - 1.4 - - 14 

Common·Mode Input Voltage SWIng VICR 
Tlow";;; T A";;; ThIgh ± 12 ± 13 - ± 12 ± 13 

Common·Mode Relectlon RatIO (RS = 10kn) CMRR 

Tlow";;; T A";;; ThIgh 70 90 - 70 90 

Open-Loop Voltage Gain Avol 
TA = -+25

0
C } ~O,OOO 200,000 - 25,000 200,000 

T -T T (VO=±10V,RL=20kn) 25,000 - - 15,000 -A - low to hlg, 

TranSIent Response (UnIty Gaon) 
(Von = 20 mV, RL = 2.0 kn, CL ,,;;; 100 pF) 
R,se T,me tPLH - 03 - - 03 
Overshoot Percentage - 50 - - 50 

Slew Rate (UnIty Gain) SR - 0.5 - - 05 

Output Impedance zo - 75 - - 75 

Short-CircuIt Output Current lOS - 25 - - 25 

Channel SeparatIon - 120 - - 120 

Output Voltage SWing (Tlow ,,;;; T A";;; ThIgh) VOR 
RL = 10kn ± 12 ± 14 - !. 12 !. 14 
RL=20kn -+ 10 -+ 13 - -+ 10 -+ 13 

Power Supply SensitIvIty (Tlow to ThIgh) 
VEE = Constant, RS";;; 10 kn PSS-+ - 30 150 - 30 
VCC = Constant, RS";;; 10 kn PsS- - 30 150 - 30 

Power Supply Current (each amphfler) ICC,IEE 
TA = +250 C - 1.7 2.8 - 1.7 
TA=Tlow - 20 33 - 20 
TA = ThIgh - 1.5 2.5 - 2.0 

DC Power Consumption (each amphfler) Pc 
TA ~ +250 C - 50 85 - 50 
TA=Tlow - 60 100 - 60 
TA-Thlgh - 45 75 - 60 

<D For supply voltages of less than ± 15 V, the maxImum differential Input voltage IS equal to± (VCC + IVEEIl. 
<2> For supply voltages of less than ± 15 V, the maxImum Input voltage IS equal to the supply voltage (+VCC, -IVEEIl. 
<3> Tlow' COc for MC1747CL 

-55°C for MC1747L 
Thigh' +7SoC for MC1747CL 

+1250 C for MC1747L 

3-116 

UnIt 

Vdc 

Volts 

Volts 

Volts 

°c 
°c 
°c 

Max UnIt 

nAdc 

500 
800 
800 

nAdc 
200 
300 
300 

mVdc 
60 
75 

- mV 

- Mn 

- pF 

Volts 

-
dB 

-
Volts 

-
-

- lIS 
- % 

- V/"s 

- ohms 

- mAde 

- dB 

Vpk 
-
-

"V/V 
150 
150 

mAde 
28 
3.3 
3.3 

mW 
85 
100 

100 



MC1747, MC1747C 
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FIGURE 3 - TYPICAL FREQUENCY-SHIFT KEYER TONE 
GENERATOR TEST CIRCUIT 
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FIGURE 4 - TYPICAL FREQUENCY-SHIFT KEYER TONE GENERATOR 
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TYPICAL CHARACTERISTICS 

(Vee; +15 Vdc, VEE; -15 Vdc, TA ; +250C 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) 

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

FIGURE 9 - OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE FIGURE 10 - OUTPUT NOISE versus SOURCE RESISTANCE 
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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 +700C 

Package 

Metal Can 
Ceramic DIP 

Metal Can 
Plastic DIP 

Ceramic DIP 

HIGH PERFORMANCE 
OPERATIONAL AMPLTFIER 

· .. 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 ~equired For Unity 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 

8 COMPENSATION 
~~--------~----~----------~----~----4r-oVCC 

OFFSET 
NULL 

1 

2S 

OUTPUT 

so 

VEE 
L-~ ____ ~ __ -+ ____ ~~~~ ____ 4-__________ 4--o4 

FIGURE 2 - OFFSET ADJUST AND 
FREQUENCY COMPENSATION 

. TYPICAL COMPENSATION CIRCUITS 

FIGURE 3 - SINGLE·POLE COMPENSATION 

R2 

Rl 
-VI 

R1 Vo 

+VI 

Rl Cs 
Cl:> Rl + R2 

Cs = 10 pF 

'L11Q 

MC1748' 
MC1748C 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

Pl SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MC174BC only) 

U SUFFIX 
CERAM IC PACKAGE 

,CASE 693 

Balance , 

Inputs 1 2 

• Compensation 

FIGURE 4 - FEEDFORWARD COMPENSATION 

C2 

Rl 
vi 

Vo 

R1 

-= 150 pF 1 
C2= 211fOR2 
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MC1748, MC1748C 

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

Rating Symbol MC1748 MC1748C 

Power Supply Voltage VCC +22 +18 

VEE -22 -18 

D,fferent,al Input SIgnal V ,n ±30 

Common-Mode Input SWing Q) VICR ±15 

Output Short C,rcu,t DuratIon ts ContInuous 

Power DIssIpatIon (Package l,m,tat,on) Po 680 
Derate above T A = +250 C 46 

OperatIng Temperature Range TA -55 to +125 o to +70 

Storage Temperature Range T stg -65 to +150 -65 to +150 

ELECTRICAL CHARACTERISTICS (VCC = +15 Vdc, VEE = -15 Vdc, TA = +250 C unless otherwIse noted) 

MC1748 

Characteristics Symbol Min Typ 

Input B,as Current liB 

TA=+250 C - 008 

T A = Tlow to ThIgh @ - 03 

Input Offset Current 1110) 

TA = +250 C - 002 

T A = Tlow to ThIgh - 008 

Input Offset Voltage (RS ~ 10 k n) IVIOI 

TA = +250 C - 1.0 

TA = Tlow to ThIgh - -

D,fferent,al Input Impedance (Open· loop, f - 20 Hz) 

Parallel I nput ResIstance Rp 0.3 2.0 

Parallel Input CapacItance Cp - 1.4 

Common-Mode I nput Impedance (f. 20 Hz) z,n - 200 

Common-Mode Input Voltage SWing VICR ±12 ±13 

Common-Mode RejectIon RatIo (f = 100 Hz) CMRR 70 90 

Open-loop Voltage Galn,(Vo =±10V, Rl = 2 Okohms) Avol 

TA = +250 C 50,000 200,oo( 

T A = Tlow to ThIgh 25,000 -

Step Response (VIn = 20 mV, Cc = 30pF, Rl = 2 kn, Cl = 100 pF) 

RIse T,me tr - 03 

Overshoot Percentage - 50 

Slew Rate dVoutldt - 08 

Output Impedance (f = 20 Hz) Zo - 75 

Short-CircuIt Output Current Isc - 25 

Output Voltage SWing (Rl = 10 k ohms) Vo ±12 ±14 

Rl = 2 k ohms (T A = Tlow 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 + - 167 

10 - - 167 

DC QUIescent Power DIssIpatIon Po 

(Vo = 0) - 50 

<D F or supply voltages less than ±. 15 V, the MaxImum I nput Voltage IS equal to the Supply Voltage. 

@ Tlow' OOC for MC1748C 
-55°C for MC1748 

ThIgh' +70° for MC1748C 
+12SoC for MC1748 

3-120 

MC1748C 

Max Min Typ 

05 - 008 

1.5 - -

02 - 002 

05 - -

50 - 1.0 

60 - -

- 03 20 

- - 14 

- - 200 

- ±12 ±13 

- 70 90 

- 20,000 200,OO( 

- 15,000 -

- - 03 

- - 50 

- - 08 

- - 75 

- - 25 

- ±12 ±14 

- ±10 ±13 

150 - 30 

150 - 30 

2.83 - 1.67 

2.83 - 167 

85 - 50 

Unit 

Vdc 

Volts 

Volts 

mW 
mW/oC 

°c 
°c 

Max Unit 

/lAdc 

05 

08 

/lAdc 

02 

03 

mVdc 

6.0 

75 

- Megohm 

- pF 

Megohms 

- Vpk 

- dB 

V/V 

-
-

- /lS 
- % 

- V//ls 

- ohms 

- mAdc 

- Vpk 

-

/lV/V 

150 

150 

2.83 mAdc 

2.83 

mW 

85 



MC1748, MC1748C 

TYPICAL CHARACTERISTICS 
(Vee = +15 V. VEE = -15 V. T A = +250 e unless otherwise noted.) 

FIGURE 5 - MINIMUM INPUT VOLTAGE RANGE 
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MC1748, MC1748C 

TYPICAL CHARACTERISTICS (continued) 

(VCC = +15 V. VEE = -15 V. TA = +2sOC unless otherwise noted.) 

FIGURE 11 - VOLTAGE FOLLOWER PULSE RESPONSE 
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FIGURE 13 - LARGE-SIGNAL FREQUENCY RESPONSE 
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Specifications and Applications 
InforIIlation 

MONOLITHIC MICROPOWER 
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 resistor value or current source applied to the Iset input. 
This allows the amplifier's characteristics to be optimized for input 
current and power consumption 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 

~ ______________ R_E_S_IS_T_I_V_E_P_R_O_G_R~AMM~'N_G __ (S_e_e_F_i~gu_r_e_l_') ______________ ~ 

Rlet to GROUND 

TYPical Rset Values 

VCC. VEE Iset = 1.5 /JA Iset = 15 /JA 

±60V 
±10V 
±12V 

±15V 

36 Mn 
6.2 Mn 
7.5 Mn 
10Mn 

360 kn 
620kn 
750 kn 
1.0Mn 

Rset to NEGATIVE SUPPLY 
(Recommended for supply voltage 

I ... than t6.0 V) 

Vee -0 6 -VEE ',,,.---
Rm 

TYPical Rset Values 

VCC. VEE Iset = 1 5 J.lA Iset = 15 /JA 

±1.5V 16 Mn 160 kn 

±30V 36 Mn 360 kn 

:60V 75 Mn 750 kn 

±15 V 20Mn 20Mn 

ACTIVE PROGRAMMING 

FET CURRENT SOURCE BIPOLAR CURRENT SOURCE 

VB 

Pins not shown are not connected. 

3-123 

MCl116 
MC1776C 

PROGRAMMABLE 
OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601 

Inverting Input 2 

VEE 

(Top View) 

Pl SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MCl776C only) 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

Offset Null 1 

Inverting Input 2 

Non-Inverting Input 3 

(Top View) 

ORDERING INFORMATION 

DeVice Temperature Range 

MCl776G -55 to + 125°C 

MCl776U -55 to +1250 C 

MCl776CG o to +700 C 

MCl776CPl o to +700 C 

MCl776CU o to +700 C 

Output 

Package 

Metal Can 

Ceramic DIP 

Metal Can 

Plastic DIP 

Ceramic DIP 

II 
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MC1776, MC1776C 

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

Rating Symbol Value Unit 

Power Supply Voltages vcc. Vee ±18 Vdc 

Differential Input Voltage V\D ± 30 Vdc 

Common-Mode Input Voltage VICM 
VCC and IVeel < 15 V VCC. Vee Vdc 
VCC and IVeel;' 15 V ±15 

Offset Null to Vee Voltage Voff-Vee ±0.5 Vdc 

Programming Current Iset 500 jJ.A 

Programming Voltage Vset (VCC-2.0 V) Vdc 
(Voltage from Iset terminal to ground) to 

VCC 
Output Short-CircUit Duration" ts Indefinite s 

Operating Temperature Range TA °c 
MC1776 -55 to +125 

MC1776C o to +70 

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

Junction Temperature TJ °c 
Metal and Ceramic Packages 175 
Plast ic Package 150 

"May be to ground or either Supply Voltage. Rating applies up to a case temperature of +1250 C or ambient temperature of +700 C and 
Iset "; 30 !J.A. 

INPUTS 

OFFSET NULL 

10k 

SCHeMATIC DIAGRAM 

Iset 

7 
r--------------4~--------1_--~--~----._------~----------1_------_oVCC 

50 

100 OUTPUT 

50 

10k 

VEE 
~------~----~-------4----~~--~------~--------~ ______ _O4 
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MC1776, MC1776C 

ELECTRICAL CHARACTERISTICS (VCC = +3.0 V, VEE = -3.0 V, Iset = 1.5 iJA, TA = +250C unless otherwise noted.) 

Characteristic Symbol 

Input Offset Voltage (RS " 10 kO) VIO 
TA = +250C 

Tlow*" TA" Thlgh* 
Offset Voltage Adlustment Range VIOR 

Input Offset Current 110 
TA=+250C 

TA = Thigh 
TA =Tlow 

Input Bias Current liB 
TA = +250C 

TA = Thigh 
TA =Tlow 

Input Resistance r, 

Input Capacitance c, 

Inpllt Voltage Range VID 

Tlow " T A " Thigh 
Large Signal Voltage Gain AVOL 

RL;;' 75 kO, Vo = ± 1.0 V, TA = +250C 
RL ;. 75 kO, Vo = ± 1.0 V, Tlow';; T A" Thigh 

Output Voltage Swing Vo 
RL;;' 75 kO, Tlow';; TA" Thigh 

Output ReSistance ro 
Output Short-Circuit Current los 
Common-Mode Rejection RatiO CMRR 

RS';; 10 kO, Tlow" TA';; Thigh 

Supply Voltage Rejection RatiO PSRR 

RS';; 10 kO, Tlow';; T A';; Thigh 

Supply Current ICC,IEE 
TA=+250 C 

Tlow';; T A';; Thigh 

Power DISsipation PD 
TA = +250 C 

Tlow';; T A" Thigh 
TranSient Response (Unity Gain) 

V in = 20 mV, RL;' 50 kO,CL = 100 pF 
Rise Time tTLH 
Overshoot OS 

Slew Rate (RL ;. 5.0 kO) SR 

*Tlow = -55°C for MC1776 
OOC for MCl776C 

Thigh = +1250 C for MCl776 
+70oC for MCl776C 

VOLTAGE OFFSET 
NULL CIRCUIT 

Min 

-
-
-

-
-
-

-
-
-
-
-

±10 

50 k 
25 k 

±20 

-
-

70 

-
-
-

-
-

-
-
-
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MC1776 

Typ 

2.0 

-
9.0 

0.7 
-
-

2.0 

-
-
50 

2.0 

-

200 k 
-

±24 

50 

3.0 

86 

25 

13 
-

78 
-

3.0 
0 

0_03 

MC1776C 

Max Min Typ 

5.0 - 2.0 
6.0 - -
- - 9.0 

3.0 - 0.7 
5.0 - -
10 - -

7.5 - 2.0 
7.5 - -
20 - -
- - 50 

- - 2.0 

- ± 1.0 -

- 25 k 200 k 

- 25 k -

- ±2.0 ±2.4 

- - 5.0 

- - 3.0 

- 70 86 

150 - 25 

20 - 13 
25 - -

120 - 78 
150 - -

- - 3.0 

- - 0 

- - 0.03 

TRANSI ENT·R ESPONSE 
TEST CI RCUIT 

Max 

6.0 
7.5 

-

6.0 
6.0 
10 

10 
10 
20 

-
-

-

-
-

-
-
-

-

200 

20 
25 

120 
150 

-
-
-

Pons not shown are not connected 

Unit 

mV 

mV 

nA 

nA 

• MO 

pF 

V 

V/V 

V 

kO 

mA 

dB 

jJ.V/V 

iJA 

IlW 

IlS 
% 

V/IlS 
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MC1776, MC1776C 

ELECTRICAL CHARACTERISTICS (Vcc = +3.0 V, VEE = -3.0 V, Iset = 15 J.lA, TA = +250 C unless otherwise noted.) 

Characteristic Symbol 

Input Offset Voltage (RS 0;;;; 10 kn) VIO 
TA = +250 C 
Tlow- 0;;;; TA 0;;;; Thigh-

Offset Voltage Adjustment Range VIOR 
Input Offset Current 110 

TA = +250 C 
TA = Thigh 
TA =Tlow 

Input Bias Current liB 
TA = +250 C 

TA = Thigh 
TA =Tlow 

Input Resistance fj 

Input Capacitance ci 
Input Voltage Range VIO 

Tlow 0;;;; TAo;;;; Thigh 

Large Signal Voltage Gain AVOL 
RL ;;lo5.0kn, Vo = ± 1.0 V, TA = +250 C 
RL ;;lo5.0kn, Vo = ±1.0 V, Tlow';; TA 0;;;; Thigh 

Output Voltage SWing Vo 
RL ;>5.0 kn, Tlow'; TAO;;;; Thigh 

Output ReSIStance ro 
Output Short,Clrcult Current los 
Common·Mode Rejection RatiO CMRR 

RS';; 10 kn, Tlow 0;;;; T A';; Thigh 

Supply Voltage Rejection RatiO PSRR 
RS';; 10 kn, Tlow .;;; T A';; Thigh 

Supply Current ICC,IEE 
TA" +250 C 
Tlow .;;; TAO;;;; Thigh 

Power Dissipation Po 
TA" +250 C 
Tlow 0;;;; TAO;;;; Thigh 

Transient Response (Unitv Gain) 
Vin - 20 mV, RL;> 5.0 kn, CL -100 pF 

Rise Time tTLH 
Overshoot OS 

Slew Rate (AL;> 5.0 kn) SA 

-Tlow - -55°C for MC1776 
OoC for MC1776C 

Thigh - +1250 C for MC1776 
+700 C for MC1776C 

Min 

-
-
-

-
-
-

-
-
-
-
-

±1.0 

50 k 
25 k 

± 1.9 

-
-

70 

-

-
-.. 
-
-

-
-
-
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MC1776 MC1776C 

Typ Max Min Typ Max 

2.0 5.0 - 2.0 6.0 
- ii.o - - 7.5 

18 - - 18 -

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 -

- - ±1.0 - -

200 k - 25 k 200 k -
- - 25k - -

±2.1 - ±20 ±2.1 -

1.0 - - 1.0 -
5.0 - - 5.0 -

86 - 70 86 -

25 150 - 25 200 

130 160 - 130 170 
- 180 - - 180 

780 960 - 780 1020 
- 1080 - - 1080 

0.6 - - 0.6 -
5.0 - - 5.0 -

0.35 - - 0.35 -

Unit 

mV 

mV 

nA 

nA 

Mn 

pF 

V 

V/V 

V 

kn 

mA 

dB 

JjV/V 

J.lA 

J.lW 

1'5 
% 

V//IoS 



MC1776, MC1776C 

ELECTRICAL CHARACTERISTICS (VCC = +15 V, VEE D -15 V,lset - 1.5 /JA, TA m +250 C unless otherwise noted.) 

Characteristic Symbol 

Input Offset Voltage (RS .;; 10 kn) V,O 
TA = +250 C 
Tlow*';; TA';; Thlgh* 

Offset Voltage Adjustment Range VIOR 
Input Offset Current 110 

TA = +250 C 

TA = Thigh 
TA=Tlow 

Input Bias Current liB 
TA = +250 C 

TA = Thigh 
TA = Tlow 

Input Resistance q 

Input Capacitance ci 

Input Voltage Range VID 
Tlow .0; T A .. Thigh 

Large Signal Voltage Gain AVOL 
RL;;' 75 kn, Vo = ±10 V, TA =+250 C 
RL;;' 75 kn, Vo = ± 10 V, Tlow" TA';; Thigh 

Output Voltage SWing Vo 
RL;;' 75 kn, TA = +250 C 
RL;;' 75 kn, Tlow';; TA';; Thigh 

Output ReSistance '0 

Output Short-Circuit Current los 

Common-Mode Rejection RatiO CMRR 

RS';; 10 kn, Tlow .;; T A';; Thigh 

Supply Voltage Rejection RatiO PSRR 

RS';; 10 kn, Tlow';; TA';; Thigh 

Supply Current ICC,IEE 
TA = +250 C 
Tlow .;; T A';; Thigh 

Power DISSipation Po 
TA = +250 C 

Tlow .. T A .;; Thigh 

TranSient Response (UOIty Gain) 
V in = 20 mV, RL;;' 5.0 kn, CL = 100 pF 

Rise Time tTLH 
.. Overshoot OS 

Slew Rate (RL;;' 5.0 kn) SR 

*Tlow = -55°C for MCl776 
OOC for MCl776C 

Thigh = +1250 C for MCl776 
+70oC for MCl776C 

Min 

-
-
-

-
-
-

-
-
-
-
-

±10 

200 k 
100 k 

±12 
±10 

-
-

70 

-

-
-

-
-

-
-

-
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MC1776 MC1776C 

Typ Max Min Typ 

2.0 5.0 - 2.0 
- 6.0 - -

9.0 - - 9.0 

0.7 3.0 - 0.7 

- 5.0 - -
- 10 - -

2.0 7.5 - 2.0 
- 7.5 - -
- 20 - -
50 - - 50 

2.0 - - 2.0 

- - ±10 -

400 k - 50 k 400 k 
- - 50 k -

±14 - ±12 ±14 

- - ±10 -
5.0 - - 5.0 

3.0 - - 3.0 

90 - 70 90 

25 150 - 25 

20 25 - 20 

- 30 - -

- 0.75 - -
- 0.9 - -

1.6 - - 1.6 
0 - - 0 

0.1 - - 0.1 

Max Unit 

mV 
6.0 
7.5 

- mV 

nA 
6.0 
6.0 
10 

nA 
10 
10 II 
20 

- Mn 

- pF 

V 
-

V/V 
-
-

V 
-
-
- kn 

- mA 

dB 
-

/JV/V 
200 

/JA 
30 
35 

mW 
0.9 
1.05 

- /JS 
- % 

- V//Js 
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MC1776, MC1776C 

ELECTRICAL CHARACTERISTICS (Vcc = +15 V. VEE = -15 V. Iset = 151lA. TA = +250 C unless otherwise noted.) 

Characteristic Symbol 

Input Offset Voltage (RS <: 10 kn) VIO 
TA = +250 C 
Tlow· <: TA <: Thigh· 

Offset Voltage Adjustment Range VIOR 
Input Offset Current 110 

TA = +250 C 

TA = Thigh 
TA =Tlow 

Input Bias Current liB 
TA=+250 C 

TA = Thigh 
TA =Tlow 

Input Resistance rl 
I nput Capacitance ci 
Input Voltage Range VIO 

Tlow <: T A <: Thigh 
Large Signal Voltage Gain AVOL 

RL ;>5.0kn. Vo = ±10 V. TA = +250 C 
RL;> 75 kn. Vo =;: 10 V. Tlow';; TA C;;; Thigh 

Output Voltage SWing Vo 
RL;> 5.0kn. T A = +250 C 
R L ;> 75 kn. Tlow C;;; T A C;;; Thigh 

Output Resistance ro 

Output Short·Circult Current los 
Common·Mode Rejection Ratio CMRR 

RS C;;; 10 kn. Tlow C;;; T A';; Thigh 

Supply Voltage Rejection Ratio PSRR 

RS';; 10 kn. Tlow';;; TA';;; Thigh 

Supply Current ICC· lEE 
TA = +250 C 
Tlow .;;; TA .;;; Thigh 

Power Dissipation Po 
TA = +250 C 

Tlow .;; T A';;; Thigh 

Transient Response (Unity Gain) 

Vin = 20 mV. RL;> 5.0 kn. CL = 100 pF 
Rise Time tTLH 
Overshoot OS 

Slew Rate (RL:> 5.0 kn) SR 

·Tlow = -550 C for MC1776 
OOC for MCl776C 

Thigh = +1250 C for MCl776 
+70oC for MCl776C 

Min 

-
-
-
-
-
-

-
-
-
-
-

±10 

100 k 
75 k 

±10 
±10 

-
-

70 

-

-
-

-
-

-
-
-
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MCl776 MCl776C 

Typ Max Min Typ 

2.0 5.0 - 2.0 

- 6.0 - -

18 - - 18 

2.0 15 - 2.0 
- 15 - -
- 40 - -

15 50 - 15 

- 50 - -
- 120 - -

5.0 - - 5.0 

2.0 - - 2.0 

- - ±10 -

400 k - 50 k 400 k 
- - 50 k -

±13 - ±10 ±13 
- - ±10 -
1.0 - - 1.0 

12 - - 12 

90 - 70 90 

25 150 - 25 

160 180 - 160 

- 200 - -

- 5.4 - -
- 6.0 - -

0.35 - - 0.35 
10 - - 10 

0.8 - - 0.8 

Max Unit 

mV 
6.0 
7.5 

- mV 

nA 
25 
25 
40 

nA 
50 
50 
100 

- Mn 

- pF 

V 

-
V/V 

-
-

V 

-
-
- kn 

- mA 

dB 

-
IlV/V 

200 

IlA 
190 
200 

mW 
5.7 
6.0 

- IlS 

- % 

- V!IlS 



MC1776, MC1776C 

TYPICAL CHARACTERISTICS 
(T A = +2SoC unless otherwise noted.l 

FIGURE 1 - SET CURRENT versus SET RESISTOR 
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FIGURE 3 - OPEN·lOOP GAIN versus SET CURRENT 
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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) 
versus SET CURRENT 
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MC1776, MC1776C 

TYPICAL CHARACTERISTICS (continued) 

(T A = +2SoC unless otherwise noted,) 
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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 

-- t- '"T 

I 
7 \ 

lset - 15IJA lset : 151JA-
Vec - +15 V Vce: +3V 
VEE :-15V VEE=-3V -

lset = 151JA-I-- lset - 1.511A 
VCC = +15 V Vee = +3 V 
VEE - -15V-I--VEE = -3V 
I 1\ I , 1 

1\ 1 

I---

r-

-60 -40 -20 +20 +40 +60 +80 +100 +120 +140 

10 

10 

I 

1 

~ 

T. AM81ENT TEMPERATURE (OC) 
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versus SET CURRENT 
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MC1776, MC1776C 

APPLICATIONS INFORMATION 

FIGURE 13 -WIEN BRIDGE OSCILLATOR 

10 k 

22k 

(for fa = 10kHz) 

R = 16 k!! 
C = 0 01 j.lF 

Vo 

FIGURE 14 - MULTIPLE FEEDBACK BANDPASS FILTER 

for a given 
fa = center frequency 
A (fa) = Gam at center frequency 
o = quahty factor 

Choose a value for C, then 

RS = --.ll.
.toC 

RI =--.!!.L 
2A (fa) 

R2' !!.l.Hi 
402RI RS 

Vcc 

">--o-.... .-.VO 

VEE 

To obtam less than 10"10 error from the operatlonat amphfler 

~"01 
GBW 

where fa and GBW are expressed m Hz. GBW IS available from 
F'9ure 6 as. function 01 Set Current, tset 

FIGURE 15 - MULTIPLE FEEDBACK BANDPASS FILTER 

11.0 kHz) 

+IS V 

INPUT C ~
I C 
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R2 

tor a 1.0 kHz filter 
with 0 = 10 
and A (fa) = I 

RI = 160k 
R2 = 820 
RS=300k 
C = 001 j.lF 

-ISV 

OUTPUT 

FIGURE 16 - GATED AMPLIFIER 

>-~>--.-. OUTPUT 

INPUT ... ------1,.....-0--1 
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Vec 
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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 usage~. 

• 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 

Me330l 
QUAD 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

~~~ 
L SUFFIX 

CERAMIC PACKAGE 
CASE 632 

•

',-'1'" 
I '., 
I 
PSUFFIX 

PLASTIC PACKAGE 
CASE 646 

FIGURE 1 - EQUIVALENT CIRCUIT 

6~8~ AMPL #2 5 AMPL #3 9 

1 + 13 + 

3~11~ AMPL #1 4 AMPL #4 10 

2. 12 + 

Vee - PIN 14 GAOUND PIN 7 

FIGURE 2 - SMAll·SIGNAl TRANSIENT RESPONSE 

tiS V 

tiS V Vee 
510 k 

FIGURE 3 - INVERTING AMPLIFIER 

At 
510 k 

AV:-~ 
torw~"R, 
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SOlis/DIVISION 

FIGURE 4 - NONINVERTING AMPLIFIER 

.15 V 

At 
510 k 

AV: (All (A,l ",1 

A"I}!AI 

BW: 250 kHz 'trv '50l'F 0 
10 k 



MC3301 

MAXIMUM RATINGS (TA = +250 C unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltage VCC +28 Vdc 

Nonlnvertlng Input Current Ir 50 mA 

Sink Current ISlnk 50 mA 

Source Current Isource 50 mA 

Power DIssipation (Package limitation) Po 625 mW 

Derate above T A = +250 C 50 mW/oC 

Operating Temperature Range TA -40 to +85 °c 

Storage Temperature Range T stg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS [VCC = +15 Vdc, Rl = 5 0 k!l, TA = +250 C (each amplifier) unless otherwise noted] 

Characteristic 

Open-loop Voltage Gain 

TA = +250 C 
-40°C';:;;; T A';:;;; +850 C 

QUiescent Power Supply Current (Total for four amplifiers) 
Nonlnvertlng Inputs open 
Nonlnvertlng Inputs grounded 

I nput Bias Current. R l = 00 

TA = +250 C 
-400C .;:;;; T A .;:;;; +85 0 C 

Current Mirror Gain (lr - 200/JAde) 

Current Mirror Gain Drift 
-400C .;:;;; T A .;:;;; +850 C 

Output Current 
Source Capability (VOH = 04 Vdc) 

(VOH = 9.0 Vdc) 
Sink Capability (VOL = 04 Vdc) 

Output Voltage 
High Voltage 
low Voltage (Inverting Input Driven) 

(Nonlnvertlng Input Driven) 

Input ReSistance (Inverting Input only) 

Slew Rate (CL = 100 pF, Rl = 5 0 k) 

Unity Gain Bandwidth 

Phase Margin 

Power Supply Rejection (f = 100 Hz) 

Channel Separation (f = 1.0 kHz) 

NOTES: 

1 The qUiescent current drain Will Increase approximately 03 
mA for each inverting or non Inverting Input that IS grounded. 

2. 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 

Fig.No. Note Symbol Min Typ Max Unit 
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5 Avol VIV 

1000 2000 -
- 1600 -

6 1 mAdc 

100 - 69 10 

lOG - 78 14 

7 2 liB nAdc 
- 50 300 
- 100 -

7 3 AI 080 098 1 16 A/A 

% 

- ±25 -

8 mAdc 

Isource 30 10 -

- 7.0 -

ISlnk 0.5 087 -

6 Vdc 

VOH 135 142 -
VOL(lnv) - 003 01 

VOl(non) - 06 -

Rin 01 1.0 - MegH 

SR -- 06 - V//Js 

4 BW - 40 - MHz 

4 <pm - 70 - Degrees 

PSSR - 55 - dB 

eo l/e02 - 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 by the current Into the nonlnvertlng 
Input 

4 BandWidth and phase margin are defined With respect to the 
voltage gain from the inverting Input to the output 

II 
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MC3301 

TYPICAL CHARACTERISTICS 
IVcc '" +15 Vdc. RL = 5.0 kfl. TA = +250 C 

[each amplifier) unless otherwise noted'! 

FIGURE 5 - OPEN·LOOP VOLTAGE GAIN FIGURE 6 - QUIESCENT POWER SUPPL V CURRENT 

eout 
Avol= -

em 

VCC 
+15 Vdc 

r------t------........ em 

100 k 

:>--Q---4...-. eout 

26 k 

= 

FIGURE 7 - INPUT BIAS CURRENT AND 
CURRENT MIRROR GAIN 

200JJA 

L 
= 

VCC 
+15 Vdc 

100 k 10 k 

S2 
">--Q---........... A 

118; SI = A 52 = A 
AI. 51 = 8 52 = 8 
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A 
1.0V 10k 8 SI 

lOa JJA 

100 k 

= = 
All four amplifiers operate m the same 
configuratIOn simultaneously. 

100. SI = A S2 = OPEN 
lOG. SI = A S2 = CLOSED 

VDHH. SI = C S2 = CLOSED 
VOlH. SI = 8 S2 = CLOSED 
VOl(+). SI = A S2 = CLOSED 

FIGURE 8 - OUTPUT CURRENT 

VCC 
+15 Vdc 

Vo = 04 Vdc 
or 9 OVdc 

Isink. 51 = A 
Isource; SI = 8 

= 



MC3301 

TYPICAL CHARACTERISTICS 
(Vee = +15 Vdc, R L = 5.0 kil, T A = +250 e 

[each amplifier) unless otherwise noted.) 

FIGURE 9 - OPEN·LOOP VOLTAGE GAIN versus FREQUENCY 
FIGURE 10 - OPEN·LOOP VOLTAGE GAIN 

versus SUPPL Y VOLT AG E 
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FIGURE 11 - OUTPUT RESISTANCE versus FREQUENCY FIGURE 12 - SUPPLY CURRENT versus SUPPL Y VOLTAGE 
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SUPPL Y VOLTAGE 

20 

~ 16 

-

S I---
I-

~ 12 
a:: 

3 
UJ 
c..l 

80 a:: 
=> 
0 
Vol 

V ~ 

~ 
j.--""" 

........... V VOH; 0 4 Vdc 

..... V 
40 

30 60 90 12 15 18 21 24 27 

SUPPLY VOLTAGE (Vdc) 

0 

t 1--""" -1 1 JI .1 ~ 
Of--(POSITIVE INPUTS GR00.~ ~-

50 M 

30 

0 

0 

0 

0 

1000 

800 

1 
~ 600 

=> 
c..l 

~ 40 
en 0 

200 

0 

3-135 

./ V~I00.l .,..., V (POSITIV'E INPUTS OPEN) 
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FIGURE 14 - LINEAR SINK 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 IS buffered from the Input transistor 
by a PNP transistor, 04, and from the output by an NPN transistor, 
02 02 IS biased class A by the current source 12' The magnitude 
of 12 (specified Isink) is a limiting factor In capacltively coupled 

linear operation at the output The sink current of the device 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 
appeanng at the output. Closed loop stability IS maintained by an 
on-the·chlp 3-pF capacitor shown In Figure 18 on the following 
page No external compensation IS required. 

FIGURE 15 

BLOCK DIAGRAM 

81ASING tl~CUITflV 

CR4 

G7N~ MLllllpleelllll1er(BJlranSIStor oneellllttercOllllerledloeachmpli1 

A nOnlnvertlng Input IS obtained by adding a current mirror as 
shown In Figure 17 Essentially all current which enters the non
inverting Input, Ir' flows through the diode CR1 The voltage 
drop across CR1 corresponds 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 Ir . Since the alpha 

FIGURE 16 - A BASIC GAIN STAGE 

The Circuitry common to all four amplifiers IS shown In Figure 19, 
see next page The purpose of this circuitry IS to provide blasmg 
voltage for the PNP and N PN 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 VBE of 08 The PNP current 
sources (05, etc) are set to the magnitude VBE/R1 by transistor 

3-136 

current gain of 03::::; 1, ItS collector current IS approx Imately equal 
to Ir also In operation this current flows through an external 
feedback resistor which generates the output voltage signal. 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 

(-) 

INPUTS 
(tlo--.----I -Ir CRI 

OUTPUT 

06. TranSistor 07 reduces base current loading The voltage 
across resistor R2 IS the sum of the voltage drops across CR2, CR3 
and CR4, minus the VBE drops of transistor 09 and diode CR5. 
The current thus set IS established by CR5 In all the NPN current 
sources (0 10, etc.) This technique results In current source magni
tudes which are relatively Independent of the supply voltage 011 
(Figure 15) prOVides circuit protection from Signals that are negative 

with respect to ground. 



MC3301 

OPERATION AND APPLICATIONS (continued) 

FIGURE 18 - A BASIC OPERATIONAL AMPLIFIER 

H 

INPUTS 

(+) 

CRI 

'----+--o OUTPUT 

CR2 

CR3 

CR4 

FIGURE 19 - BIASING CIRCUITRY 

NORMAL DESIGN PROCEDURE 

Output O-Pomt Biasmg 

A. A number of techniques may be devised to bias the quiescent 
output voltage to an acceptable level. However, m terms of 
loop gam considerations It is usually desirable to use the 
nonmvertmg mput to effect the biasmg as shown m Figures 
3 and 4 (see the first page of this specification). The high 
Impedance of the collector of the noninvertmg "current 
mirror" transistor helps to achieve the maximum loop gam 
for any particular configuration. I t is desirable that the non
mverting Input current be m the 10 /J.A to 200 /J.A range. 

B. Vee Reference Voltage (see Figures 3 and 4) 

The nonmvertmg mput IS normally returned to the Vee 
voltage (which should be well filtered) through a resistor, 
Rr, allowing the input current, 'r' to be within the range of 
10 /J.A to 200 /J.A. Choosing the feedback resistor, Rf, to be 
equal to Y, Rrwlli now bias the amplifier output dc level to 

approximately Vie. This allows the maximum dynamic 

range of the output voltage. 

FIGURE 20 - INVERTING AMPLIFIER WITH 
ARBITRARY REFERENCE 

RI 

C' 

e Reference Voltage other than Vee (see Figure 20) 

The blasmg reSistor Rr may be returned to a voltage (Vr) 
other than Vee. By setting Rf = Rr, (stili keepmg 'r be
tween 10 /J.A and 200 /J.A) the output dc level Will be equal 
to Vr The expression for determmmg VOdc is 

V 
- (A,)(Vr)(Rf) 

Odc -
Rr 

where ¢ IS the VRF drop of the mput transistors (approxi
mately 0.6 Vdc @ +250 e and assumed equal!. AI IS the 
current mirror gam. 

2. Gam DetermmatlOn 

011lF 

A_ I nvertmg Amplifier 

The amplifier IS normally used m the invertmg mode. The 
input may be capacltlvely coupled to aVOid upsettmg the 
dc bias and the output is normally capacitlvely coupled to 
eliminate the dc voltage across the load. Note that when 
the output IS capacltlvely coupled to the load, the value of 

FIGURE 21 - INVERTING AMPLIFIER WITH 
Av = 100 AND Vr = Vce 

510 k 

5.1 k RI 
Vin~ Vin e----1 011lF 

Vo TV' 
1 M ='" Rr 

+15 V -= 
Vr 'Select lor low 

Av = 100 fL = 300 Hz, fH = 50 kHz 

frequency response. 
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NORMAL DESIGN PROCEDURE(contlnued) 

Istnk becomes a limitation with respect to the load drlvtng 
capabilities of the device The limitation IS less severe If the 
device IS direct coupled In this configuration, the ac gatn 
IS determtned by the ratio of Rf to RI, 10 the same manner 
as for a conventional operational amplifier, 

The lower corner frequency IS determtned by the coupling 
capacitors to the tnput and load resistors The upper corner 
frequency will usually be determtned by the amplifier 10-

ternal compensation The amplifier unity gatn bandwidth 
IS typically 4.0 MHz and with the gatn 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 gatn. 
The exception to this occurs at low gatns where the Input 
resistor selected IS large The pole formed by the amplifier 
tnput capacitance, stray capacitance and the tnput resistor 
may occur before the closed loop gatn intercepts the open 
loop response curve. The inverting Input capacity IS tYPI
cally 3 0 pF 

B. Nonlnvertlng Amplifier 

The MC3301 may be used In the noninverting mode (see 
Figure 4, first page) The amplifier gain In this configuration 
IS subject to the current mirror gain I n addition, the resIs
tance of the mput diode must be Included 10 the value of 

26 
the Input resistor. This resistance IS approximately I; ohms, 

where Ir IS input current In milliamperes The non inverting 
ac gain expressIOn IS given by 

The bandWidth of the nontnverttng configuration for a given 
Rf value IS essentially tndependent of the galO chosen. For 
Rf = 510 kn the bandwidth Will be in excess of 200 kHz 
for nontnverttng gatns of 1, 10, or 100 This IS a result of 
the loop gatn remain 109 constant for these gains smce the 
Input resistor IS effectively Isolated from the feedback loop 

TYPICAL APPLICATIONS 

FIGURE 22 - TACHOMETER CIRCUIT 

MAGNETIC PICKUP 
HYSTERISIS AMPLIFIER 

MS06100 
or equlv 

MAGNETIC 
PICKUP 

100 k 

Hystensis Voltage for SWitching 

VH = ~~ (VCC - 16) 
RI 

VCC=+12V 

130 

FIGURE 23 - VOLTAGE REGULATOR 

ZI R2 

RI 

NOTE 
For POSitive TC zeners R2 and R I can be 
selected to give 0 TC output 

+Vcc 

QI 

MONOSTABLE MULTIVIBRATOR 

47k 

CI 
o OII'F 

10 k 

Timing Interval t '" 0 7 RI CI 

PULSE AVERAGING 

Vp P '" (VO·O 6) • AI • t 
RyCI 

FIGURE 24 - LOGIC "OR" GATE 

150 k 
+V CC = + 15 Vdc "---'V\I'v----<:I-1 

75 k 

75 k 

75 k 
f=A+B+C 

3-138 

OUTPUT 



MC3301 

TYPICA L APPLICATIONS (continued) 

FIGURE 25 - LOGIC "NAND" GATE (Large Fan-In) 

+VCC = +15 Vdc 

f=A-S-C-D-E--- +VCC 

FIGURE 27 - R-S FLIP-FLOP 

VCC VCC 

fi_+-<>-C 

RESET SET 

FIGURE 29 - POSITIVE-EDGE DIFFERENTIATOR 

Output Rise Time", 0 22 ms 
Input Change Time Constant'" 1 0 ms 

tN In h 0002jJ.F 

T - ~ 51k 

0001 jJ.F 

100 k 

>--0--4....-_ Vo 
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FIGURE 26 - LOGIC "NOR" GATE 

75 k 150 k f=A+B+C+D 

75 k 
+VCC = +15 Vdc 

FIGURE 28 - ASTABLE MUL TlVIBRATOR 

VCC=+15V 

100 k 

51 k >--<>--~~-oVO 

+ 15 V _-'I/'\I\r .... --JVVV--<>~ 

51 k 

FIGURE 30 - NEGATIVE-EDGE DIFFERENTIATOR 

0001 jJ.F 

100 k 

>--0--'-4 Vo 

150 k 

VO(dc) '" 7 0 Vdc 
Output Rise Time'" 0 22 ms 

Vee = +15 Vdc Input Change Time Constant'" 1 0 ms 

II 



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 
InforIllation 

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 - 50 nA typical 

• High Open-Loop Gain - 1000 V!V minimum 

MC3401 

QUAD 

OPERATIONAL AMPLIFIER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

FIGURE 1 - EQUIVALENT CIRCUIT 

6~8~ AMPL'2 5 AMPllI'J 9 
1 + 13 + 

3~411~10 
2~12~ 

Vee - pm 14 Ground - pm 7 

FIGURE 2 - SMALL-SIGNAL TRANSIENT RESPONSE 

510 k 

510 k >-<>-+-~Vo 

5.1 k 

loOM 

FIGURE 3 - INVERTING AMPLIFIER 
Rf 

Rf 
AV =-R; 

Ri 
0.1 iJF 51 k 

Vm ~I-JVY"""""H:>--~ 
C 

+15 V 

510 k 

1 
for wC < Ri 

1.0iJF 

+~VO 

I Ok 

AV=10 BW=150kHz 

50 jls/DIVISION 

FIGURE 4 - NONINVERTING AMPLIFIER 

Ri 
0.1 iJF 510 k 

Vin "'-"It--~I'Y-+-o--i 

1M 

Rf 
510 k AV = __ R.....:f_ ?!1 

26 
RI +-

IrlmA) 
BW = 250 kHz 

:.O~VO 
l'Ok 
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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 50 

Power DIssipation Po 625 
Derate above T A = + 250C 50 

Operating Temperature Range TA o to + 70 

Storage Temperature Range Tstg -65to+150 

ELECTRICAL CHARACTERISTICS [Vcc = +15 Vdc, RL = 5 a kn, TA = +250C (each amplifier) unless otherwise noted] 

Characteristic Fig. No. Note Symbol 

Open-Loop Voltage Gain 5,9,10 1 Avol 
TA = +250 C 
OOC .;; T A .;; + 70°C 

QUiescent Power Supply Current (Total for four amplifiers) 6,12 2. 
Nonlnvertlng Inputs open 100 
Nonlnvertlng Inputs grounded lOG 

I nput Bias Current, A L = 00 5 3 liB 
TA=+250C 
OOC.;;; TA';;; +700 C 

Output Current 5 4 
Source Capability 13 Isource 
Sink Capability 14 ISlnk 

Output Voltage 
High Vol tage 7 5 VOH 
Low Voltage 7 5 VOL 
Un distorted Output Swing (O°C < T A < +700C) 8 6 VO(p·p) 

Input Resistance 

Slew Rate (CL = 100 pF, RL = 5.0 k) 

Unity Gain BandWidth 

Phase Margin 

Power Supp!y Rejection (f = 100 Hz) 

Channel Separation If = 1.0 kHz) 

5 Ain 

SR 

BW 

<Pm 

7 PSSR 

eo l/e02 

NOTES 

1. Open loop voltage gain IS defined as the voltage gain from the 
mvertlng 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. Smk 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 nonmverting amplifier, the minimum output 
voltage IS the VBE of the inverting Input transistor. 

6. Peak-to-peak restflctions are due to the vaflations of the qUi
escent dc output voltage In the standard configuration (Figure 
81-

7. Power supply rejection IS specified at closed loop unity gain, 
and therefore Indicates the supply rejection of both the biaSing 
circuitry and the feedback amplifier. 
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Min Typ Max 

1000 2000 -
800 - -

- 69 10 

- 7.8 14 

- 50 300 
- - 500 

50 10 -
0.5 1.0 -

13.5 14.2 -

- 0.03 0.1 
10 13.5 -
0.1 1.0 -

- 0.6 -

- 5.0 -

- 70 -

- 55 -

- 65 -

Unit 

Vdc 

mA 

mW 
mW/oC 

°c 

°c 

Unit 

V!V • 
mAdc 

nAdc 

mAdc 

Vdc 

VIp-pI 

MEG n 

V//J.s 

MHz 

Degrees 

dB 

dB 
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MC3401 

SIMPLIFIED TEST CIRCUITS 
(Vee = +15 Vdc, RL = 5.0 k.!1, T A = +250 e 

[each amplifier) unless otherwise noted) 

FIGURE 5 - OPEN·LOOP GAIN AND INPUT RESISTANCE 
(INPUT BIAS CURRENT, OUTPUT CURRENT) 

liB -V m .--__(::>---i 
Ismk -~~-------~~--__(.VO -Isource 

6Vm 6VO 
Rm = 6iiB Avol = - 6V

m 
Amplifier must be biased (by Vm) in the 
linear operatmg region. 

FIGURE 7 - OUTPUT VOLTAGE SWING 

10 k 
+1.0 Vdc "--'VVII-"" 

FIGURE 6 - OUIESCENT POWER SUPPL V CURRENT 

;>--.... - ..... VO 

100 IS total supply current with "+" mput open 
lOG IS total supply current with "+" input grounded 

FIGURE 8 - PEAK·TO·PEAK OUTPUT VOLTAGE 

Rf 
510 k 

>o--....... ---._ .. VO Vme---1I-....J\j"",,-....-o---I 

VOL measured With "-" input biased up as shown 
VOH measured with "-" input grounded. 
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Rr 

Rf 1M 

VOdc "" Vee FIr Vee +15 V 

"" Vee 
- 2 

for Rr "" 2Rf 

~O-"""--4.VO 
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TYPICAL CHARACTERISTICS 
(Vee = +15 Vdc. RL = 5.0 kil. TA = +250 e 

[each amplifier) unless otherwise noted) 

FIGURE 9 - OPEN·LOOP VOLTAGE GAIN versus FREQUENCY 

~ 
z 
<C 
t:I 
w 
t:I « 
~ 
0 
> 
c.. 

~ 
~ 
0 

0 
.[ 

70 

60 

50 

40 

30 

20 

10 

o 
100 

I .... 

I .... 

10k 10 k 100 k 1.0 M 10 M 

f. FREQUENCY (Hz) 

FIGURE 11 - OUTPUT RESISTANCE versus FREQUENCY 

10 k 

k 
r\ 

'" ....... 1"- - r-100 
0.5 k 1.0 k 5.0 k 10 k 50 k 100 k 500kl.0M 50 M 

"C « 

14 

12 

.§ 10 
f-

~ 8.0 

B 
~ 6.0 
::> 

~ 4.0 

j 2.0 

o 
o 

f. FREQUENCY 

FIGURE 13 - LINEAR SOURCE CURRENT versus 
SUPPLY VOLTAGE 

~ --b::::::::: -

20 4.0 6.0 8.0 10 12 14 16 18 20 

Vee. SUPPLY VOLTAGE (Vde) 

2500 

:> 
~2000 
z 
<C 
t:I 

~ 1500 
~ 
o 
> 
l5 1000 :: 

* 500 g 
« 

o 
o 

FIGURE 10 - OPEN·LOOP VOLTAGE GAIN 
versus SUPPLY VOL TAGE 

'-

~ 
/"" V 

L 
", 

20 40 60 80 10 12 14 16 18 20 

Vec. SUPPLY VOLTAGE (We) 

FIGURE 12 - SUPPLY CURRENT versus SUPPLY VOLTAGE 
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lOG (PosItIve Inputs grounded) --\ b---:::" ~ I---
....... V ~ n .,. yr-"'" \ 

100 (PoSItive onputs open) 

20 4.0 60 80 10 12 14 16 18 20 

Vce. SUPPLY VOLTAGE (Vdc) 

FIGURE 14 - LINEAR SINK CURRENT versus 
SUPPLY VOLTAGE 
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MC3401 

OPERATION AND APPLICATIONS 

Basic Amplifier 

The basIc amplifier IS the common emitter stage shown In Figures 
15 and 16 The active load 11 is buffered from the inpu t transistor 
by aPNP transistor, 04, and from the output by an NPN transistor, 
02. 02 IS biased class A by the current source 12. The magnitude 
of 12 (specified Islnk) is a limiting factor in capacitlvely coupled 

linear operation at the output. The sink current of the device can 
be forced to exceed the specified level with an increase in the 
distortion appeanng 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 required. 

FIGURE 15 

BLOCK DIAGRAM 

10 

BIASING CIRCUITRY OPERATIONAL OPERATIONAL 
AMPLIFIER #3 AMPLIFIER #4 

VCC~~------~----~--~~--------~~~~~----------~~~++~--------~--~~~----------~~ 
14 I 

I 
I 
I 
I 

10 k 
I 
I 
I 
I 
I 
I ~-------+----c 

CR~~ __ -c. 
CR3 

I 

cRt ____ _ 

A non inverting Input is obtained by adding a current mirror as 
shown in Figure 17. Essentially all current which enters the non
Inverting Input, 11n2, flows through the diode CR 1. The voltage 
drop across CR 1 corresponds 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 11n2. Since the 

FIGURE 16 - A BASIC GAIN STAGE 

Blasing Circuitry 

The circuitry common to all four amplifiers is shown In Figure 19. 
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 VBE of 08. The PNP current 
sources (QS, etc'! are set to the magnitude VBE/R 1 by transistor 

13 12 

alpha current gain of 03 ::::: " ItS collector 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 Procedure" section. 
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FIGURE 17 - OBTAINING A NON INVERTING INPUT 

H 

INPUTS 
(+10--.... ---; -1m2 

CRl 

OUTPUT 

06. TranSistor 07 reduces base current loading. The voltage 
across resistor R2 is the sum of the voltage drops across CR2, CR3 
and CR4, minus the VBE drops of transistor 09 and diode CR5. 
The current thus set is established by CR5 in all the NPN current 
sources (010, etc.). This technique results In current source magni
tudes which are relatively independent of the supply voltage. 
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OPERATION AND APPLICATIONS (continued) 

FIGURE 18 - A BASIC OPERATIONAL AMPLIFIER 

(-) 

INPUTS 

(+) 

CRI 

'----..... -0 OUTPUT 

CR2 

CR3 

CR4 

FIGURE 19 - BIASING CIRCUITRY 

NORMAL DESIGN PROCEDURE 

1. Output Q-POlnt Biasing 

A. A number of techniques may be devised to bias the qUIescent 
output voltage to an acceptable level. However, in terms of 
loop gam conSiderations it is usually desirable to use the 
nonmvertlng mput to effect the biasing as shown in Figures 
3 and 4. The high Impedance of the collector of the non
mvertmg "current mirror" tranSistor helps to achieve the 
maximum loop gain for any particular conf,guratlOn_ I t IS 
desirable that the nonmvertlng Input current be In the 5 JlA 
to 100 JlA range. 

B Vce Reference Voltage (see Figures 3 and 4) 

The nonmvertmg mput IS normally returned to the VCC 
voltage (which should be well filtered) through a resistor, 
Rr, allowmg the mput current, 'r, to be Within the range of 
5 JlA to 100 JlA. Choosing the feedback resistor, Rf, to be 
equal to Y. Rr will now bias the amplifier output dc level to 

Vec 
approximately -2-' This allows for maximum dynamic 

range of the output voltage. 

e. Reference Voltage other than Vce (See Figure 20). 

The biasing resistor Rr may be returned to a voltage (Vr ) 

FIGURE 20 - INVERTING AMPLIFIER WITH 
ARBITRARY REFERENCE 

Rf 

other than Vce. By setting Rf = Rr , (stdl keeping 'r between 
5 JlA and 100 JlA) the output dc level will be equal to Vr 
Neglecting error terms, the expression for determining VOdc 
is: 

VOdc = 

where </> IS the VBE drop of the Input transistors (approxi
mately 0 7 Vdc @ +250 C), 

The error terms not appearing In the above equation can 
cause the dc operating pomt to vary up to 20% from the 
expected value. Error terms are minimized by setting the 
Input current wlthm the range of 5 JlA to 100 JlA. 

2. Gain Determmatlon 

A. Invertmg Amplifier 

o 11lF 51 k 

The amplifier IS normally used m the Invertmg mode. The 
input may be capacltlvely coupled to aVOid upsetting the 
dc bias and the output IS normally capacltlvely coupled to 
eltmmate the dc voltage across the load. Note that when 
the output IS capacltlvely coupled to the load, the value of 

FIGURE 21 - INVERTING AMPLIFIER WITH 
Ay = 100 AND Vr = Vee 

510 k 

C' Ri 
Vin ~t-J\II,f'v-"""-<:.l~~ Vin ~t--J\fVI.-...... -a~-I 

Rr 

~~-4~---__ VO 

'Select for low 
frequency response. 

Av = 100 

~-14Fi 

1 M 

+15 V 
fL = 300 Hz. fH = 50 kHz 

• 
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NORMAL DESIGN PROCEDURE (continued) 

ISlnk becomes a limitation with respect to the load dnvlng 
capabilities of the device The limitation IS less severe If the 
device IS direct coupled I n thiS configuration, the ac gain 
IS determined by the ratio of Rf to RI, In the same manner 
as for a conventloflal operational amplifier 

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 50 MHz and With the gain roll-off at 20 dB per 
decade, bandWidth will tYPically be 500 kHz With 20 dB of 
closed loop 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. 

B Nonlnvertlng 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. 
In addition, the resistance of the IOput diode must be in
cluded In the value of the input reSistor. ThiS resistance IS 

26 
approximately - ohms, where Ir IS Input current 10 mllll

Ir 
amperes The nonlnvertmg gain expression IS given by' 

A" Rf 
v 26 ±.20%. 

RI + Ir (rnA) 

The bandWidth of the non inverting configuration for a given 
Rf value IS essentially Independent of the galO chosen. For. 
Rf " 510 kn the bandWidth Will be 10 excess of 200 kHz 
for nonlnvertlOg 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-OHM LINE 

510 k 

51 k 
V In e---1~Jo.,/\I'v-,-,--c"--l 

01JJF 

Av = 10 
VO' 6 VIp p) 

Rl 

TBP = Center Frequency Gam 
TN = Passband Notch Gain 

1 
wO· Rc 
Rl = QR 

Rl 
R2=-

TBP 
R3 = TN R2 

20 JJF 

12M 
'Tva 
r 

+15 V 

FIGURE 23 - BASIC BANDPASS AND NOTCH FilTER 

Rl 

Rl 

R2 
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0.005/lF 

300 k 

300 k 

r'p, 300 k 

Vin Bandpass Output- pm 4 
Notch Output- pm 10 

VCC 

VCC;+15V 

1 M 1 M 

510 k 

MAGNETIC 
PICKUP 510 k 

510 k 

510 k 

TYPICAL APPLICATIONS (continued) 

FIGURE 24 - BANDPASS AND NOTCH FILTER 

62 k 

100 k 

62 k 100 k 

300k 

11 

10 

100 k 

VCC 

VCC (Pm 14); +12 Volts 
Ground - pm 7 

>--0---<'---4 NOTCH 
Center Frequency 500 Hz 
Q;5 

300 k 

12 

FIGURE 25 - VOLTAGE REGULATOR 

FIGURE 26 - ZERO CROSSING DETECTOR 

~-c~_ OUTPUT 
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Bandpass Gam; 1 

Vo; Vz + 0 6 Vdc 
NOTE 1. R IS used to bias the zener. 
NOTE 2 If the Zener TC IS positive, and equal m 

magnitude to the negative TC of the mput 
to the operational amplifier ("" 2 0 mV/oC), 
the output IS zero·TC. A 7 O·Volt Zener 
will give approximately zero·TC. 

INPUT~ OV 

OUTPUTLJ1Jlj 

OV 

II 
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Spec·ific·ation!-i and Applications 
Inforn-.ation 

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. The 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 (orr 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 Input 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 
C Similar Performance to Popular MC1741 

SINGLE SUPPL V 
30 V to 36 v II 

r------=r---, 

SPLIT SUPPLIES 

'. tV'O'"V C]
CC 

-=..1.5Vt018V 

VEE 

MAXIMUM RATINGS 
Ratmg Symbol Value Unit 

Power Supply Voltages Vdc 
Smgle Supply VCC 36 
Split Supplies VCC +18 

VEE -18 

Input Dlfferenttal Voltage Range (1) VIDR ±36 Vdc 

Input Common Mode Voltage Range (1) (2) VICR ±18 Vdc 

Storage Temperature Range T stg °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 

MC3303 -40 to +85 

Junction Temperature TJ °c 
Ceramic Package 175 
Plastic Package 150 

(1) Split Power Supplies. 
(2) For Supply Voltages less than ±15 V, the absolute maximum Input voltage IS equal to the 

supply voltage. 
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MC3403P,L 
MC3503L 

MC3303P,L 

QUAD DIFFERENTIAL 

INPUT 

OPERATIONAL AMPLIFIERS 

Out 
1 

Inputs 
1 

Vce 

Inputs 
2 

Out 
2 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO·116 

P SUFFIX 
PL.ASTIC PACKAGE 

CASE 646 
(MC3403 and MC3303 only) 

PIN CONNECTIONS 

(Top View) 

ORDERING INFORMATION 

Type Temperature Range Package 

MC3303l -40°C to +850 C Ceramic DIP 
MC3303P -40°C to +850 C Plastic DIP 
MC3403L OOC to +700 C Ceramic DIP 
MC3403P OOC to +700 C Plastic DIP 
MC3503L -55°C to +1250 C Ceramic DIP 



MC3403P, L, MC3503L, MC3303P, L 

ELECTRICAL CHARACTERISTICS (VCC - +15 V. VEE - -15 V lor MC3503. MC3403; VCC - +14 V. VEE - Gnd lor MCC3303. 
TA - 250 C unless otherwISe noted.1 

Charlcterlstlc 

Input Olfset Voltage 

fA = ThIgh to T,ow (11 

Input Offset Current 

T A = ThIgh to Tlow 

Large SIgnal Open· Loop Voltage Gaon 

VO="0V,RL=20kf!, 

T A = ThIgh to Tlow 

Input Bias Current 

T A = ThIgh to Tlow 

Output Impedance 
1= 20 Hz 

Input Impedance 
I = 20Hz 

Output Voltage Range 
RL=10kf! 
RL=20kf! 

RL = 20kf!, TA=ThlghtoTlow 

Input Common-Mode Voltage Range 

Common-Mode ReJection RatiO 

RS" 10 kf! 

Power Supply Current (Va = 01 
RL = ~ 

Inc' "dual Output Short-Circuit Current (21 

POSitive PONer Supply RejPctlon RatiO 

Negative Power Supply Rejection RatiO 

Average Temperature CoeffiCient of Input 
Offset Current 

Average Temperature CoeffiCient of Input 

Offset Voltage 

Power BandWidth 
AV~ I, RL = 2 0 kf!, Va = 20 V(p·pl. 

THO' 5% 

Small SIgnal BandWIdth 

AV = I, RL' 10kf!, Va' 50mV 

Slew Rate 
AV = ',V, '-lOV to +10V 

Rise Time 
AV·',RL =10kH, Vo= 50mV 

Fall Time 
AV = 1. RL = 10 kf!, Va' 50 mV 

Overshoot 
AV= I.RL = 10 kH, Vo= 50mV 

Phase Margin 
AV~ I,RL =20 kf!,CL=200pF 

Crossover Distortion 
(Von = 30mVp·p, Vout = 20 Vp·p, 
1= 10 kHzl 

Symbol 

Z, 

CMRR 

PSRR+ 

PSRR-

BWp 

BW 

SR 

tTLH 

tTHL 

OS 

<pm 

M,n 

50 
25 

03 

MC3503 

Typ 

20 

30 

200 
300 

-200 
-300 

75 

10 

±12 ±135 
±lO ±13 

110 

+13 V -VEE +13 5V-VEE 

70 90 

28 

tlO ,30 

30 

30 

50 

10 

90 

10 

06 

035 

035 

20 

60 

10 

Ma. 

50 
60 

50 
200 

-500 
-1500 

40 

±45 

150 

150 

M,n 

20 
15 

03 

MC3403 

Typ 

20 

30 

200 

-200 

75 

10 

±12 ±135 
±10 .,3 
±10 

+13V-VEE +135V-VEE 

70 90 

28 

±lO ±20 

30 

30 

50 

10 

90 

10 

06 

035 

035 

20 

60 

10 

(11 ThIgh' 1250 C lor MC3503, 700 C lor MC3403, 850 C for MC3303 
Tlow = -550 C lor MC3503, OoC lor MC3403, -400 C lor MC3303 

ELECTRICAL CHARACTERISTICS (VCC - 50 V, VEE = Gnd, T A· 250 C unlelS otherwISe noted I 

Characteristic 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Large SIgnal Open·Loop Voltage GaIn 

RL = 20 kf! 

Power Supply Rejection RatiO 

Output Voltage Range (31 
RL= 10kf!,VCC=50V 

RL - 10 kf!, 5 0 V .. VCC" 30 V 

Power Supply Current 

Channel Separation 
I - 1.0 kHz to 20 kHz (Input Relareneedl 

MC3503 MC3403 

Symbol MIn Typ Ma. Moo Typ 

VIO 20 50 20 

110 30 50 30 

liB -200 -500 -200 

AVOL 10 200 10 200 

PSRR 150 

33 35 33 35 

VCC-l 7 VCC-l 5 VCC-l 7 VCC-l 5 

ICC 25 40 25 

-120 -120 

(2) Not to exceed maXimum package power dlSllpatlon. 
(31 Output Wlil swong to ground 

3-149 

Max 

10 
12 

50 
200 

-500 
-800 

70 

±45 

150 

150 

Mon 

20 
15 

03 

MC3303 

Typ 

20 

30 

200 

-200 

75 

10 

+12 +125 
+10 +12 
+10 

+12V-VEE +12 5V-VEE 

70 90 

28 

±lO 130 

30 

50 

10 

90 

10 

06 

035 

035 

20 

60 

10 

MC3303 

Max Unit 

80 mV 
10 

75 nA 
250 

V/mV 

-500 nA 
-1000 

f! 

MH 

V 

V 

dB 

70 mA 

±45 mA 

150 jJVIV 

jJVIV 

kHz 

MHz 

VII" 

jJS 

% 

Degrees 

% 

Max Mm Typ Max URit 

10 10 mV 

-500 -500 nA 

10 200 V/mV 

150 150 jJVIV 

Vp-p 
33 35 

VCC-l 7 VCC-l 5 

70 25 70 mA 

-120 dB 

II 
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MC3403P, L, MC3503L, MC3303P, L 

CIRCUIT SCHEMATIC Bias Clrcultrv 
Common to Four 

Amplifiers 

INVERTER PULSE RESPONSE 

CIRCUIT DESCRIPTION 

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 gam 
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 

20llsld,v. 

3-150 

the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif· 
ferential to slngle·ended converter. The second stage 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 AS 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. 



MC3403P, L, MC3503L, MC3303P, L 

TYPICAL PERFORMANCE CURVES 
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FIGURE 1 - SINE WAVE RESPONSE 

'Note Class AS output stage 
produces dIstortion less sinewave. 
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FIGURE 3 - POWER BANDWIDTH 
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FIGURE 2 - OPEN LOOP FREQUENCY RESPONSE 
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MC3403P, L, MC3503L, MC3303P, L 

APPLICATIONS INFORMATION 

FIGURE 7 - VOLTAGE REFERENCE 

Vcc 

10 k 

R2 

10 k 

R1 

R1 
VO=R1+R2 

1 
Vo ='2VCC 

FIGURE 9 - HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER 

e1 
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1 
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R 

eo = C (, + a + b) (e2 - e1) 

R 

FIGURE 8 - WEIN BRIDGE OSCILLATOR 

50 k 

10 k 
V ref ........ .JVVV-...-o; 

R 

For fo=1kHz 

R=16kn. 

C = 0.01 p.F 

FIGURE 10 - COMPARATOR WITH HYSTERESIS 

R2 Hysteresis 

R1 
V ref -"VIJ'\r-<-J-1 

VOHUfr-1 

Vo : 

I 

I 
I 

VOL V,nL: VonH 

V,nL = R 1R+1 R2 (VOL - Vref) + Vref 

V,nH = R1 : 1R2 (VOH - Vref) + Vref 

H = R1
R
+'R2 (VOH - VOL) 

Vref 

FIGURE 11 - BI·QUAD FILTER 

R 
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V'n C1 R2 
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Vref 

R1 
R2 

Vref 
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100 k 

100 k 

R3 

R1 =QR 

R1 
R2=

TSp 

R3 = TN R2 

C1 = 10C 

fo = 1 kHz 

Q= 10 

Tap = 1 

TN =; 

1 
Vref = '2 VCC 

r>--o .... --~~ Notch Output R = 160 kn. 

Where TSp = Center Frequency Gain 

TN = Passband Notch Gain 

C = 0.001 p.F 

R1=1.6Mn. 

R2 = 1.6 Mn. 

R3 = 1 6 Mn. 



MC3403P, L, MC3503L, MC3303P, L 

FIGURE 12 - FUNCTION GENERATOR 

R2 
1 

Vref z"2 VCC 

Triangle Wave 
Output 

300 k 

V ref .... --0--1 

f=R1+RC 
4 CRf R1 

Rf 
R2 R1 

if R3=--
R2 + R1 

FIGURE 13- MULTIPLE FEEDBACK BANDPASS FILTER 

4 
1"' 

VCC 

~~'----iE-eVo 
Co 

Co = 10 C 

1 
Vref ="2 VCC 

G,ven 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 R5 

R2 402 R1-R5 

For less than 10% error from operatIonal amplifIer 

0 0 f O <0.1 
BW 

Where fo and BW are expressed in Hz. 

If source Impedance varies. filter may be prec,eded with 
voltage follower buffer to stabIlize filter parameters. 
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Square Wave 
Output 

• 



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 +125°C 
-55°C to + 125°C 

Package 

Plastic DIP 
Metal Can 
Plastic DIP 

Ceramic DIP 
Metal Can 

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 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 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 36 Volts 

• Low Input Bias Currents 

• Internally Compensated 
• Common Mode Range Extends to Negative Supply 

• Class AB Output Stage for Minimum Crossover Distortion 

• Single and Spilt Supply Operations Available 

• Similar Performance to the Popular MC1558 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Supply Voltages Vdc 
Single Supply VCC 36 
Spilt 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 Power Supplies 
(2) For Supply Voltages less than ± 15 V, the absolute maximum Input voltage IS equal to 

the supply vol tage. 
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MC3458 
MC3558 
MC3358 

DUAL DIFFERENTIAL 
INPUT 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601 

VCC 

VEE/Gnd 

(TOP VIEW) 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 

(MC3458, MC3358 only) 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

(TOP VIEW) 



MC3458, MC3558, MC3358 

(For MC3558, MC3458, VCC - +15 V, VEE = -15 V, TA - 250C unless otherwise noted I (For MC3358, VCC' +14 V, VEE - Gnd, 
ELECTRICAL CHARACTERISTICS T A = 250C, unless otherwise noted I 

MC3558 MC3458 MC3358 

ehlr.ct" •• tle Symbol Min Typ Mo. Min Typ Mo. Min Typ Mo. Unit 

Input Offset Voltage VIO 20 50 20 10 20 80 mV 

TA' Thigh to Tlow (11 60 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 Volt.ge Gain AVOL V/mV 

VO"·10V,RL=20kl1, 50 200 20 200 20 200 

TA' 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 11 
1= 20 Hz 

Input Impedance z, 03 10 03 10 03 10 Ml1 
I = 20Hz 

II Output Voltage Range VOR V 
RL = 10 kl1 -12 ,135 ,12 ,135 12 125 
RL'20kl1 ,10 ,13 ,10 ,13 10 12 
RL = 20kl1, tA = Thigh toTlow ,10 ,10 10 

Input Common Mode Voltage Range VICR +13 V -VEE +135V-VEE +13 V-Vee +135V-VEe +12 V -VEE +125V-VEE V 

Common-Mode Rejection RatiO CMRR 70 90 70 90 70 90 dB 
RS .. I0kl1 

Power Supply Current (Vo = 01 Icc.lee 16 22 16 37 16 37 mA 
RL =-

Individual Output Short C,rcult Current 121 lOS, .10 -30 -45 ,10 ,20 ,45 ,10 ,30 ,45 mA 

PosItive Power Supply ReJectton RatiO PSRR+ 30 150 30 150 30 150 "V/v 
Negative PalNer Supplv Relectlon RatiO PSRR- 30 150 30 150 "V/v 
Average Temperature CoeffiCient of Input ,'IIOI'T 50 50 50 pA/oC 

Offset Current 

T A-Thigh to Tlow 

Average Temperature CoeffiCient of Input 6VIOI T 10 10 10 ,.V/oC 
Oll.et Voltage 

T A = Thigh to Tlow 

Power BandWidth BWp 90 90 90 kHz 
AV' I, RL' 2 Okl1, Vo = 20Vlp pl. 
THO' 5% 

Smail-Signal BandWidth BW 10 10 10 MHz 
AV' I, RL -10kl1, Vo = 50mV 

Slew Aate SR 06 06 06 ,VI". 
AV=I,V, =-10Vto+l0V 

RlseT.me tTLH 035 035 035 
AV·I.RL -10 kl1. Vo ' 50mV 

Fall Time tTHL 035 035 035 
AV -I,RL = 10kll. Vo = 50 mV 

Overshoot OS 20 20 20 % 
AV'I.RL = 10kl1, Vo =50mV 

Phase Margm 4>m 60 60 60 Oegrees 
AV' I, R L • 2 0 kl1. CL = 200 pF 

Crossover Distortion 10 10 10 % 
IVon " 30mVp,p.Vout = 20Vpp. 
I- 10 kHz I 

(1) Thigh = 125°C lor MC3558. 70°C 10' MC3458. 85°C for MC3358 
Tlow = -55°C for MC3558. OoC lor MC3458, -400C lor MC3358 

ELECTRICAL CHARACTERISTICS IVcc = 50 V. Vee = Gnd, TA = 25°C unle .. otherwISe noted) 

MC3558 MC3458 MC3358 

Characterl.tlc Symbol Min Typ Max Min Typ MI. Mon Typ Mo. Unit 

Input Oll.et Voltage VIO 20 50 20 10 20 10 mV 

Input Offset Current 110 30 50 30 50 75 nA 

Input BII. Current liB -200 -500 -200 -500 -500 nA 

Large,Slgnal Open Loop Voltage Gam AVOL 20 200 20 200 20 200 V/mV 
RL - 20kl1 

Power Supply Rejection Ratio PSRR 150 150 150 ,.VIV 

Output Voltage Ringe (31 VOR Vp-p 
RL-I0kl1,VCC-50V 33 35 3.3 35 33 3.5 

RL ·10kl1,50V "VCC .. 30V VCC-l 7 V VCC -1 7 V VCC -1 7V 

Power Supply Current ICC 25 40 25 70 25 40 mA 

Chlnnel Separation -120 -120 -120 dB 
I • 10kHz to 20 kHz (Input Relerencedl 

(2) Not to exceed m'Jumum package power dlSilpatiOn 

131 Output WIll swong to ground 
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MC3458, MC3558, MC3358 

REPRESENTATIVE CIRCUIT SCHEMATIC 

Output 

Bias CircUitry 
Common to Both 

Amplifiers 

CIRCUIT DESCRIPTION 

INVERTER PULSE RESPONSE The MC3558 Series is made using two 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, 

without saturating either the Input devices or the dif· 
ferentlal to single·ended converter. The second stage con· 
SIStS of a standard current source load amplifier stage. 

) 
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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· 
atlon. This is possible because class AB operation is utilized. 

Each amplifier is biased from an Internal·vo Itage regu· 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characterIStics as well as 
excellent power supply rejection. 



MC3458, MC3558, MC3358 

TYPICAL PERFORMANCE CURVES 
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FIGURE 1 - SINE WAVE RESPONSE 
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FIGURE 3 - POWER BANDWIDTH 
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MC3458, MC3558, MC3358 

APPLICATIONS INFORMATION 

FIGURE 7 - VOLTAGE REFERENCE 

Vcc 
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A2 
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Al 

Al 
VO=Al+A2 

1 
Vo ="2VCC 

FIGURE 9 - HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER 
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A 
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FIGURE 8 - WI EN BRIDGE OSCILLATOR 
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1 
Vref ="2 VCC 

A 

Fa, fa = 1 kHz 

A = 16 k!! 
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FIGURE 10 - COMPARATOR WITH HYSTERESIS 

A2 HystereSIS 

Al 
Vo : 

V,n ... ----0--1 

VOHUfr-1 

I 

I 
I 

VOL V,nL: V,nH 

V,nL = A lA+l A2 (VOL - Vref) + Vre ! 

V,nH= Al :IA2 (VOH - Vref) + Vref 

H = Al A+1A2 (VOH - VOL) 

V,ef 

FIGURE 11 - BI·QUAD FILTER 
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100 k 
Al = OA 

Al 
A2=

TBP 

100 k 

A3 

fo= 1 kHz 

0=10 

TBP = 1 

TN = 1 

i>--<>--+-----tE------ Notch 0 utp ut 

Where TBP = Center Frequency Ga,n 

TN = Passband Notch Gam 

1 
Vref = 2 VCC 

A = 160 k!l 

C = 0001 /IF 

Al=16M!l 

A2 = 1.6 M!l 

A3=1.6M!l 



MC3458, MC3558, MC3358 

1 
Vref = "2 VCC 

APPLICATIONS INFORMATION (continued) 

FIGURE 12 - FUNCTION GENERATOR 

Triangle Wave 
Output 

R2 

300 k 

V ref __ --0--1 

Rf 

f=~ If R3=R2 R1_ 
4CRf R1 R2 + R1 

FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER 

4 c 

1"' 

VCC 

'>-<~--iE-e Vo 
Co 

Co = 10 C 

1 
Vref ="2 VCC 

Given fa = Center Frequency 

A(fo ) = Gam at Center Frequency\ 

Choose Value fa. C 
Then 

o 
R3=--

1< fa C 

R3 
R1 =---

2 A(fo ) 
R1 R3 

R2 - 402 R 1 _ R3 

For less than 10% error from operational amplifier 

0 0 fo<O 1 
BW 

Where fa and BW are expressed In Hz 

If source Impedance varies. filter may be preceeded with 
voltage follower buffer to stabilize filter parameters 
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Square Wave 
Output 
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LOW-COST PROGRAMMABLE 
OPERATIONAL AMPLIFIER 

The MC3476 is a low-cost selection of the popular, industry
standard MC1776 programmable operational amplifier_ This 
extremely versatile operational amplifier features low power 
consumption and high input impedance_ In additJon, the quiescent 
currents within the device may be programmed by the choice of 
an external resistor value or current source applied to the Iset input_ 
This allows the amplifier's characteristics to be optimized for input 
current and power consumption despite wide variations in operating 
power supply voltages_ 

• ±6.0 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 Figure 1.1 

~--------------------~ ~----------------------, 

Rset to GROUND 

TYPIcal Rset Values 

VCC. VEE Iset = 10 IJA Iset = 15 IJA 

±6.0 V 560 kS1 360 kS1 
±9.0 V 820 kS1 560 kS1 
±12V 1.0MS1 750kS1 
±15V 1.5MS1 1.0MS1 

Rset to NEGATIVE SUPPLY 

vee -0 6 -VEE 
'set=---

Rset 

TYPIcal Rset Values 

±'6.0 V 
±9.0 V 
±12 V 
±.15 V 

1.0MS1 
1.8 MS1 
2.2 MS1 
2.7 MS1 

820 kS1 
1.2 MS1 
1.5MS1 
2.0MS1 

ACTIVE PROGRAMMING 

FET CURRENT SOURCE BIPOLAR CURRENT SOURCE 

VB 

Pins not shown are not connected. 

3-160 

MC3416 

LOW-COST 
PROGRAMMABLE 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

II 
G SUFFIX 

METAL PACKAGE 

~ ~ CASE 601 

~. ~ 

l set . 

Inverting Input 2 

VEE 

(Top View) 

~ 
Pl SUFFIX 

PLASTIC PACKAGE 
CASE 626 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

Offset Null 1 

Inverting Input 2 

Non-Inverting Input 3 

(Top V,ew) 

ORDERING INFORMATION 

Device Temperature Range 

MC3476G o to +70o C 

MC3476Pl o to +70o C 

MC3476U o to +70o C 

5 Offset Null 

Package 

Metal Can 

PlastIC DIP 

Ceramic DIP 



MC3476 

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

Rating Symbol Value Unit 

Power Supply Voltages VCC.VEE ±18 Vdc 

Input Differential Voltage Range VIDR t30 Vdc 

Input Common-Mode Voltage Range VICR VCC.VEE Vdc 

Offset Null to VEE Voltage Voff-VEE ±O-S Vdc 

Programming Current Iset 200 JJA 

Programmmg Voltage Vset (VCC-0.6 V) Vdc 
(Voltage from Iset termmal to ground) to 

VCC 

Output Short-Circuit Duratlon* ts Indefmlte s 

Operatmg Ambient Temperature Range TA o to 70 °c 
Storage Temperautre Range Tstg °c 

Metal and Ceramic Packages -65 to +150 
Plastic Package -55 to +125 • Junction Temperature TJ °c 
Metal and Ceramic Packages " 175 
Plastic Package 150 

'Short-Circult to ground with Iset .;; 15 JJA. Ratmg applies up to ambient temperature of + 70oC. 

EQUIVALENT SCHEMATIC DIAGRAM 

Iset 

r-------------~~--------~--+_--~--~~------._--------~~------~VCC 

50 

INPUTS 

100 OUTPUT 
6 

50 
OFFSET NULL 

10k 10k 

VEE 
L---------+_--~---------+------+_----+_------+_--------_4------__o4 
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MC3476 

ELECTRICAL CHARACTERISTICS (Vee - +15 V, VEE - -15 V, Iset - 151'A, TA· +250 C unless otherwise noted.) 

Charactaristic 

Input Offset Voltage (RS C;; 10 kn) 

TA - +250 C 
OOC C;; TA C;; 700 C 

Offset Voltage Adjustment Range 

Input Offset Current 
TA = +250 C 
TA" 700 C 
TA·OoC 

Input Bias Current 
TA a +250 C 
TA" 700 C 
TA = OOC 

Input Resistance 

Input Capacitance 

Input Common·Mode Voltage Range 
OoC C;; TA C;; 700 C 

Large Signal Voltage Gain 
RL;> 10 kn, Vo = ±10V, TA = +250 C 
RL;> 10 kn, Vo - ± 10 V, OOC C;; TA C;; 700 C 

Output Voltage Range 
RL;> 10kn,TA=+250 C 
R L ;;. 10 kn, oOe C;; T A C;; 700 C 

Output ReSistance 

Output Short-Circuit Current 

Common-Mode Rejection RatiO 
RS C;; 10 kn,OoC C;; TA C;; 70°C 

Supply Voltage Rejection Ratio 
RS C;; 10 kn,OoC C;; TA C;; 700 C 

Supply Current 
TA=+2SoC 
OOC C;; T A C;; 700 C 

Power DISSipation 
TA=+250C 
OOC C;; T A C;; 700 C 

TranSient Response (Unity Gain) 
Vm = 20 mV, RL;;' 10 kn, CL = 100 pF 

Rise Time 
Overshoot 

Slew Rate (RL;;' 10 kn) 

VOLTAGE OFFSET 
NULL CIRCUIT 

Symbol 

VIO 

VIOR 

110 

liB 

fj 

Ci 

VICR 

AVOL 

VOR 

ro 

los 

CMRR 

PSRR 

ICC,IEE 

PD 

tTLH 
OS 

SR 
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Min Typ Max 

- 2.0 6.0 

- - 7.5 

- 18 -

- 2.0 25 

- - 25 

- - 40 

- 15 50 

- - 50 
- - 100 

- 5.0 -
- 2.0 -

±10 - -

50 k 400 k -
25 k - -

±12 ±13 -
±12 - -
- 1.0 -
- 12 -
70 90 -

- 25 200 

- 160 200 

- - 225 

- 4.8 6.0 

- - 6.75 

- 0.35 -
- 10 -
- 0.8 -

TRANSIENT-RESPONSE 
TEST CIRCUIT 

VEE 
Pins not shown are not connected 

Unit 

mV 

mV 

nA 

nA 

Mn 

pF 

V 

V/V 

V 

kn 

mA 

dB 

jJV/V 

jJA 

mW 

jJS 
% 

V!jJs 



MC3476 

TYPICAL CHARACTERISTICS 
(T A = +250 C unless otherwise noted.) 

100 M 

en 
~ 10M 

a: 
o 

I' OM 
... 
w 
en 

;t 100 k 

FIGURE 1 - SET CURRENT versus SET RESISTOR 

""- VCC = +IS V 

u..... J"'oo... 
Vee=-ISV 
Rset to VEE 

VCC'+ISV 
VEe= -ISV 

..,J'sel? GNO 

'O~~'~~~~~~~'~O~~~~~~'~O~~~~~~'~OO 

Iset. SET CURRENT (1iA) 

FIGURE 3 - OPEN·LOOP GAIN versus SET CURRENT 

:> 

107mlnl!3l 
Vec = +IS V 
vSE=-15V 

Rl=IOk 

-": 
:::. 
w ... 
~ 

~ 
e;' 

104L-~L-~-LLU~ __ -L-L~LL~L-__ L-~LL~~ 
o I I 0 10 100 

10 

01 

001 

Iset• SET CURRENT (IlA) 

FIGURE 5 - SLEW RATE 
versus SET CURRENT 

VCC = +IS V 
VEE=-15V 

0001~0~'~~~~071~~~~~1~0~~~~~1~0~~~~'~00 

Iset. SET CURRENT (IlA) 

~-1 Fi~ 

o I 

FIGURE 2 - POSITIVE STANDBY SUPPLY 
CURRENT versus SET CURRENT 

+6V<;VCC<;+ISV H-
-6V;,VEe;.-ISV A 

.,-
.,-

001 01 10 10 

Iset. SET CURRENT (IlA) 

.IIi" 

100 

FIGURE 4 - INPUT BIAS CURRENT versus SET CURRENT 

100 

+6V.;.VCC.;.+ISV ./ 

-6 V;;> VEE;;>-15 Vv 

V 

V 

I a 001 01 10 10 

Iset. SET CURRENT (1iA) 

FIGURE 6 - GAIN-BANDWIDTH PRODUCT (GBW) 
versus SET CURRENT 

10 M 

~ 10M ... 
u 
:::J 
Cl 
Cl 
a: 

~ 100 

~ 
;i'i 10 
z 

~ 
10 

k 

k 

k 

~VCC=+ISV 
I-- VEE = -IS V 

01 

""" 
io-'" 

10 10 

lset. SET CURRENT (1iA) 

100 

100 

II 
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MC3476 

TYPICAL CHARACTERISTICS (continuedl 

(T A = +250 C unless otherwise noted.1 

0 

~ 24 

§~ 
~ ~18 
0. ;;: 
C'" 

~~ 
~ ~1 
0. 0 
ci> 
a. 

2 

0" 60 
> 

FIGURE 7 - OUTPUT VOLTAGE SWING 
venus LOAD RESISTANCE 

Vee = +15 V 100-l--
VEE=-15V 
lset = 15/JA I-' 

II 

V 

o 
10k 10k lOOk 

RL, LOAO RESISTANCE (OHMS) 

10M 

~ 
<.0 
Z 

~ 
W 
<.0 
c( 

~ 
> 
>
:::> 

0 

6 

2 

8 

4 

0 

6 

~ 12 

c:: 80 
o 
> ./ 

FIGURE 8 - OUTPUT SWING 
versus SUPPLY VOLTAGE 

V 
Iset = 15"A V 

RL = 10k ..... V 
../V' 

/ .... 

40 

o V 
o 2 0 4 0 6 0 8 0 10 t 2 14 16 18 20 

VCC. IVEE!. SUPPLY VOLTAGES (V) 
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DUAL WIDEBAND OPERATIONAL AMPLIFIER 

The MC4558, MC4558AC, and MC4558C combine all the out
standing features of the MC1458 and, in addition, possess three 
times the unity gain bandwidth of the industry standard. 

• 2.5 MHz Unity Gain Bandwidth Guaranteed on MC4558 and 
MC4558AC 

• 2 MHz Unity Gain Bandwidth Guaranteed on MC4558C 

• Internally Compensated 

• Short-Circuit Protection 

• Gain and Phase Match between Amplifiers 

• Low Power Consumption 

• Low Noise Selections Offered - N Suffix 

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

MC4558 
Rating Symbol MC4558AC MC4558C 

Power Supply Voltage VCC +22 +18 

VEE -22 -18 

Unit 

Vdc 

Vdc 

Input Differential Voltage VID ±30 Volts 

Input Common Mode Voltage (Note 1) VICM ± 15 Volts 

Output Short-Circuit Duration (Note 2) ts Continuous 

Operating Ambient Temperature Range TA See Ordering 
Information Below 

Storage Temperature Range Tstg °c 
Metal and Ceramic Packages -65 to +150 
PlastiC Package -55 to +125 

Junction Temperature TJ °c 
Metal and Ceramic Packages 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. Short circuit may be to ground or either supply. 

EQUIVALENT CIRCUIT SCHEMATIC 
(1/2 of CirCUit Shown) 

29k 
r---~--~--~----------~~~------------~~vcc 

25 

t---+-oOOu,put 

25 

~-6 __ ~ ____ ~ __ ~ ____ -6 ____ ~ ______ ~~-4 ____ ~oOVEE 

MC4558, 
MC4558AC, MC4558C, 
MC4558N,MC4558NC 

DUAL WIDE BANDWIDTH 
OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601 

Vcc 

VEe 

(Top View) 

P1 SUFFIX 
PLASTIC PACKAGE 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

CASE 626 

(Top View) 

ORDERING INFORMATION 

Temperature 
Device Range Package 

MC4558. NG -55 to +1250 C Metal Can 

MC4558NU. U -55 to + 125°C Ceramic DIP 

MC4558CG. NCG o to +70oC Metal Can 

MC4558ACP1. o to +70oC Plastic DIP 
CP1. NCP1 

MC4558CU. NCU o to +70oC Ceramic DIP 

• 



II 

MC4558 series 

FREQUENCY CHARACTERISTICS (VCC = 15 V, VEE = -15 V. TA = 25°C) 

MC4558, MC4558AC MC4558C 

Charactlll'istic Symbol Min I Typ I Max Min I Typ 

Unity Gain Bandwidth BW 2.5 I 2.B I - 2.0 I 2.B 

ELECTRICAL CHARACTERISTICS (VCC = 15 V. Vee = -15 V, TA = 25°C unless otherwise noted.) 

Input Offset Voltage Via - 1.0 5.0 - 2.0 
(RS';; 10 kn) 

Input Offset Current. 1,0 - 20 200 - 20 
Input Bias Currentt liB - 80 500 - BO 
Input Resistance r. 0.3 2.0 - 0.3 2.0 
I nput Capacitance C. - 1.4 - - 1.4 

Common Mode Input Voltage Range V,CR ±12 ±13 - ±12 ±13 

Large Signal Voltage Gain Av 
(Va = ±10 V. RL = 2.0 kn) 50 200 - 20 200 

Output Resistance ro - 75 - - 75 

Common Mode RelectlOn Ratio CMRR 70 90 - 70 90 
(AS';; 10 kn) 

Supply Voltage Rejection RatiO PSRR - 30 150 - 30 
(AS';; 10 kn) 

Output Voltage SWing Va 
(RL;;' 10 kn) ±12 ±14 - ±12 ±14 
(RL;;'2kn) ±10 ±13 - ±10 ±13 

Output Short-Circuit Current los 10 20 40 10 20 

Supply Currents (Both Amplifiers) '0 - 2.3 50 - 2.3 

Power Consumption (Both Amplifiers) Pc - 70 150 - 70 

Transient Response (Unity Gain) 
(V, = 20mV. RL;;' 2kn. CL';; 100 pF) Rise Time tTLH - 0.3 - - 0.3 
(VI = 20mV. RL;;' 2 kn. CL" 100 pF) Overshoot as - 15 - - 15 

(VI = 10 V. RL;;' 2 kn. CL .;; 100 pF) Slew Rate SR 1.5 1.6 - 1.0 1.6 

ELECTRICAL CHARACTERISTICS (VCC = 15 V. Vee = -15 V. TA = ·Thlgh to T,ow unless otherWise noted). 

Input Offset Voltage Via 
(RS';; 10 kn) 

Input Offset Current 1,0 
(TA = Thigh) 
(TA = Tlow) 
(T A = OOC to +700 C) 

Input Bias Current liB 
ITA = Thigh) 
(TA =T,ow) 
(TA = OOC to +700 C) 

Common Mode Input Voltage Range VieR 
Common Mode Rejection RatiO CMRR 

(RS';; 10 knJ 

Supply Voltage Rejection RatiO PSRR 
(RS';; 10 kn) 

Output Voltage SWing Va 
(RL;;' 10 knJ 
IRL ~ 2 kn) 

Large Signal Voltage Gain Av 
(Va = ±10 V. RL = 2 knl 

Supply Currents (Both Amplifiers) 10 
(TA = Thigh) 
(TA = T,ow) 

Power Consumption (Both Amplifiers) 
(TA = Thigh) 

Pc 

(TA = Tlow) 

"Thigh = 125°C for MC4558 and 70°C for MC4558C and MC4558AC. 
Tlow = -55°C for MC4558 and OOC for MC455BC and MC4558AC. 

t liB IS out of the amplifier due to PNP input tranSIStors. 

-

-
-
-

-
-
-

± 12 

70 

--

±12 
±10 

25 

-
-
-
-
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10 60 - -

7.0 200 - -
85 500 - -
- - - -

30 500 - -
300 1500 - -
- - - -

±13 - - -
90 - - -

30 150 - -

±14 - ±12 ±14 
±13 - ±10 ±13 

- - 15 -

- 45 - -
- 6.0 - -
- 135 - -
- 180 - -

I Max Unit 

I - MHz 

6.0 mV 

200 nA 

500 nA 

- Mn 

- pF 

- V 

- V/mV 

- n 

- dB 

150 /JV!V 

- V 

-
40 rnA 

5.6 mA 

170 mW 

- /JS 
- % 
- V//Js 

75 mV 

- nA 

-
300 

- nA 

-
800 

- V 

- dB 

- /JV!V 

- V 
-

- V/mV 

5.0 mA 

6.7 

150 mW 

200 



MC4558 series 

NOISE CHARACTERISTICS (Applies for MC4558N and MC4558NC onlv, Vce = 15 V, VEE = -15 V, TA - 25
0

C) 

Characteristic Symbol 

Burst NOise (Popcorn NOise) En 
(BW = 1.0 Hz to 1.0 kHz, t = 10 s, 
RS = 100 kn) (Input Referenced) 

FIGURE 1 - BURST NOISE versus SOURCE RESISTANCE 

1000 

~ 100 
w 

'" ~ ... 
=> 
'" z 

W 
10 

a 
10 100 

:10 I kH 

V 

10k 10 k 100 k 10M 

RS. SOURCE RESISTANCE IOHMS) 

FIGURE 3 - OUTPUT NOISE versus SOURCE RESISTANCE 

a 

"'II , 
AV - 1000 L- V a 

100 
i--' 

I .... 
1 

10 

10 

, 

DO 1 I 
10 100 10k 10k lOOk 10M 

RS. SOURCE RESISTANCE IOHMS) 

MC4558N MC4558NC 

Min Typ Max Min Typ Max Unit 

- - 20 - - 20 IlVpeak 

FIGURE 2 - RMS NOISE versus SOURCE RESISTANCE 

1" II 
~ 

~ 
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=> 
'" z 

100 

'" a 11 II 
10 

140 
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100 
~ 

aD 

60 

40 

20 

o 
10 

\ 

" ''''''IITTT' BW; 10Hz to 10kHz 

~ 

'''"' " 

"' " III 
II 

mill II IIlTITTI II 
100 10 10k lOOk 10M 

RS. SOURCE RESISTANCE IOHMS) 

FIGURE 4 - SPECTRAL NOISE OENSITY 

11I1111 

AV ~ 1~' ~ri ~ 'i~b kn 

I 
i 

"r-. I . i 

r---..... 
[ 

il 
i IIII 

100 10k 10 k 100 k 

I, FREOUENCY 1Hz) 

FIGURE 5 - BURST NOISE TEST CIRCUIT IN Suffixed Oevices Only) 

100 k 

1 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 

Low Pass 
Filter 

1.0 Hz to 1 kHz 

Negative 
Threshold 

Voltage 

To Pass/Faol 
Indicator 

The test time employed IS 10 seconds and the 20 IlV peak 
limit refers to the operational amplifier Input thus eliminating 
errors In the closed·loop gain factor of the operational amplifier 
under test 

3-167 

• 



• 

MC4558 series 

FIGURE 6 - OPEN LOOP FREQUENCY RESPONSE 

~ 
z 

~ 
UJ 

'" c{ 

~ 
> 
"0 
.t 

~ 

'" 
~ 
> 

~ 
6 
> 

+140 

+120 

+100 

+80 

I---r--..... 
~ 

+60 

+40 

+20 

~ 
'~ 

"t'--.. 
,,~ 

-20 
.......... 

10 10 100 10k 10 k 100 k 10M 10 M 

15 

13 

11 

90 

70 

50 

30 

f. FREQUENCY (Hz) 

FIGURE 8 - POSITIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 

±15 V SUPPLIES 
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FIGURE 10 - POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREQUENCY) 
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FIGURE 7 - PHASE MARGIN versus FREQUENCY 
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FIGURE 9 - NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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IJ 

W' ±9 V 
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FIGURE 11 - TRANSIENT RESPONSE TEST CIRCUIT 
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ORDERING INFORMATION 

Device 

MC4741l 
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 
Information 

QUAD MC1741 OPERATIONAL AMPLIFIERS 

The MC4741 series is a true quad MC1741 Integrated on a single 
monolithic chip are four independent, low·power operational 
amplifiers which have been designed to provide operating char· 
acterlStlcs identical to those of the industry standard MC1741, and 
can be applied with no change in circuit performance. 

The MC4741 can be used 10 applications where amplifier matching 
or high packing denSity is Important. Other applications include 
high impedance buffer amplifiers 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 rnA/Amplifier) 

EQUIVALENT CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown) 

2S 

Vee 

OUTPUT 

SO 

VEE 
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MC4741 
MC4741C 

QUAD MC1741 
DIFFERENTIAL INPUT 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

~-all- --
14U 

1 
L SUFFIX 

CERAMIC PACKAGE 
CASE 632 

TO·116 

14 [:::::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 

(TOP VIEW) 

11 



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 Tstg °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/FILTER 

R2 

R3 
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MC4741, MC4741C 

ELECTRICAL CHARACTERISTICS (Vcc = +15 V. VEE = -15 V. TA = 25°C unless otherwise noted). 

Characteristic 

Input Offset Voltage 
(RS ':;;;10 k) 

Input Offset Current 

Input Bias Current 

Input ReSIStance 

Input Capacitance 

Offset Voltage Adjustment Range 

Common Mode Input Voltage Range 

Large Signal Voltage Gain 
(Va = ±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-Clfcult Current 

Supply Current - (All Amplifiers) 

Power Consumption (All Amplifiers) 

Transient Response (Unity Gain - Non-Inverting) 

(VI = 20mV. RL;;' 2 k, CL ~ 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= +15 V V 

Characteristic 

Input Offset Voltage 
(RS':;;; 10 kDl 

Input Offset Current 
(TA = 125°C) 
(TA = -55°C) 
(T A = OOC to +700 C) 

Input Bias Current 
(TA = 125°C) 
(TA = -55°C) 
(T A = OOC to +700 C) 

Common Mode Input Voltage Range 

Common Mode Rejection Ratio 
(~':;;;lOk) 

Supply Voltage Rejection Ratio 
(RS':;;; 10 k) 

Output Voltage Swing 
(RL;;;'10 k) 
(RL;;;'2 k) 

Large Signal Voltage Gain 
(RL;;;'2 k. Vout = ±.10 V) 

Supply Currents - (All Amplifiers) 
(TA = 125°C) 
(TA = -55°C) 

Power Consumption (T A = +12S0C) 
(All Amplifiers) (TA = -55°C) 

-Thigh = 125°C for MCA741 and 70°C for MCA741C 
Tlow = -55°C for MCA741 and OOC for MCA741C 

Symbol Min 

VIO -

110 -

liB -

fj 0.3 

C, -
VIOR -

VICR ±.12 

Av 50 

ro -

CMRR 70 

PSRR -

Vo 
±'12 
±.10 

los -
10 -
Pc -

lTLH -
os -

SR -

EE =-15 V T A= 

Symbol Mm 

VIO -

110 
-
-
-

lIB 
-
-
-

VICR ±.12 

CMRR 70 

PSRR -

Vo 
±.12 
±.10 

Av 25 

10 
-
-

Pc -
-
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MC4741 MC4741C 

Typ Max Min Typ 

10 5.0 - 2.0 

20 200 - 20 

80 500 - 80 

2.0 - 0.3 2.0 

1.4 - - 1.4 

±.lS - - ±.15 

±.13 - ±.12 ±.13 

200 - 20 200 

75 - - 75 

90 - 70 90 

30 150 - 30 

±.14 - ±'12 ±.14 
±.13 - ±.10 ±.13 

20 - - 20 

24 4_0 - 3.5 
72 120 - 105 

0.3 - - 0.3 
15 - - 15 

05 - - 0.5 

*T hlQh to T d) low un ess ot erwlse 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 - -

Max Unit 

6.0 mV 

200 nA 

500 nA 

- MH 

- pF 

- mV 

- V 

- V/mV 

- on II 
- dB 

150 INN 

V 
-
-
- mA 

7.0 mA 

210 mW 

- ps 
- % 

- VIps 

Max Umt 

7.5 mV 

nA 
-
-

300 

nA 
-
-

800 

- V 

- dB 

- I1VN 

V 
-
-
- V/mV 

mA 
-
-
- mW 
-
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MC4741, MC4741C 
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TVPICAL CHARACTERISTICS 
(Vee = +15 Vdc. VEE = -15 Vdc. T A = +250 e unless otherwIse noted). 
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MC4741, MC4741C 

FIGURE 6 -B/-aUAD FILTER 
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MC4741, MC4741C 

FIGURE 10 - ABSOLUTE VALUE DVM FRONT END 
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Advance InforIllation 

TRIMFET FAMILY OF JFET 
INPUT OPERATIONAL AMPLIFIERS 

These low cost TR IMFET operational amplifiers combine two 
state-of-the-art linear technologies on a single monolithic integrated 
circuit_ Each internally compensated operational amplifier has well 
matched high voltage JFET input devices with a laser trimmed input 
offset voltage_ The BIFET technology provides wide bandwidths and 
fast slew rates with low input bias currents. input offset currents. 
and supply currents. The laser trimming technology provides input 
offset voltage specification options which range from 2.0 to 10 milli
volts maximum. 

The Motorola TR IMFET family offers single. dual and quad 
operational amplifiers which are pin-compatible with the industry 
standard MC1741. MC1458. and the MC3403/LM324 bipolar 
devices. The MC35001/35002/35004 series are specified over the 
military operating temperature range of -550 C to +1250 C and the 
MC34001/34002/34004 series are specified from OOC to +700 C. 

• Laser Trimmed Input Offset Voltage Options of 
2.0.5.0. and 10 mV Maximum 

• Low Input Bias Current - 40 pA 
• Low Input Offset Current - 10 pA 
• Low Input Noise Voltage - 16 nV /..jHZ 
• Wide Gain Bandwidth - 4 MHz 
• HighSlewRate-13V/ps 
• Low Supply Current - 1.8 mA per Amplifier 
• High Input Impedance - 1012 n 
• High Common-Mode and Supply Voltage Rejection 

Ratios - 100 dB 

• Industry Standard Pinouts 

ORDERING INFORMATION 

OpAmp Temperature 

Function Device Range Package 

MC34001AG.BG.G o to .... 700C Metal Can 

MC34001AP.BP.P o to .... 700C Plastic DIP 

Single MC34001AU.BU.U Oto HOoC Ceramic DIP 

MC35001AG.BG -55 to +1250C Metal Can 

MC35001AU.BU -55 to + 125°C Ceramic Dip 

MC34002AG.BG.G o to+700C Metal Can 

MC34002AP .BP.P o to +700C Plastic DIP 

Dual MC34002AU.BU.U o to +700C Ceramic DIP 

MC35002AG.BG -55 to +1250C Metal Can 

MC35002AU.BU -55 to +1250C Ceramic DIP 

MC34004AL.BL.L o to +700C Ceramic DIP 

Quad MC34004AP.BP.P Oto+700C Plastic DIP 

MC35004.AL.BL -55 to +1250C Ceramic DIP 

TRIMFET is a trademark of Motorola 

MC34001, MC35001 
MC34002,MC35002 
MC34004,MC35004 

TRIMFET 
FAMilY OF BIFET 

OPERATIONAL AMPLIFIERS 
LASER TRIMMED SILICON MONOLITHIC 

INTEGRATED CIRCUITS 

G SUFFIX 
METAL PACKAGE 

CASE 601 

MC34001. MC35001 
(Top View) 

NC 

Null, ,CC OffSee, V 

:~~~:lng, : . Output 

Non-, , Offset 
Inverting • Null 
Input VEE 

Vcc 

Output A0' ,Output B MC34002. 

~ 
MC35002 

Inverting , _ _ • Inverting (Top View) 
Input A Input B 

Non-Inverting ,.... +, Non-Inverting 
Input A • Input B 

VEE 

PSUFFIX 
PLASTIC PACKAGE 

CASE 626 

USUFFIX 
CERAMIC PACKAGE 

CASE 693 
(MC34001, MC34002 only) 

Offset Null 8' NC 
Invt Input' - , Vcc 

Noninvt Input,. • Output 

VEE' , Offset Null 

MC34001. 
MC35001 

(Top View) 

OutPutA~' VCC 
Inputs A ~ ,- _' Output B 

V '+A ·tlnputsB 
EE' B+' r 

MC34002. 
MC35002 
(Top View) 

LSUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

Inputs 1 

Inputs 2 

'4_ 
P SUFFIX 

PLASTIC PACKAGE 
CASE 646 

(MC34004 only) 

Inputs 4 

Inputs 3 

MC34004. MC35004 (Top VIew) 
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MC34001 series 

MAXIMUM RATINGS 

MC35001 MC34001 
MC35002 MC34002 

Rating Symbol MC35004 MC34004 Unit 

Supply Voltage VCC +22 +18 V 

VEE -22 -18 

Differential Input Voltage VID ~40 :':30 V 

Input Voltage Range VIDR :':20 ±16 V 

Output Short-Circuit Duration ts Continuous 

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

Operating Junction Temperature TJ oC 
Metal and Ceramic Packages 150 115 

Plastic Packages - 115 

Storage Temperature Range Tstg oC 

II 
Metal and Ceramic Packages -65 to +150 -65 to +150 

Plastic Packages - -55 to +125 

ELECTRICAL CHARACTERISTICS (VCC = +15 V, VEE = -15 V, TA == 25°C unless otherwise noted). 

MC35001/35002/35004 MC34001/34002/34004 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Input Offset Voltage (RS";;; 10k) VIO mV 

MC3500XA, MC3400XA - 1.0 2.0 - 1.0 2.0 

MC3500XB, MC3400XB - 3.0 5.0 - 3.0 5.0 

MC3400X - - - - 5.0 10 

Average Temperature Coefficient of Input Offset Voltage .6VIO/.6T - 10 - - 10 - j.LV{OC 

RS";;; 10k, T A = Tlow to Thigh (Note 1) 

Input Offset Current (VCM = 0) (Note 2) 110 pA 

MC3500XA, MC3400XA - 10 25 - 25 50 

MC3500XB, MC3400XB - 10 50 - 25 100 

MC3400X - - - - 25 100 

Input Bias Current (VCM = 0) (Note 2) lIB pA 

MC3500XA, MC3400XA - 40 75 - 50 100 

MC3500XB, MC3400XB - 40 100 - 50 200 

MC3400X - - - - 50 200 

Input ReSistance r, - 1012 - - 1012 - n 

Common Mode Input Voltage Range VieR 
:':11 

+15 
:':11 

+15 V 

-12 
-

-12 
-

Large Signal Voltage Gain (VO = :':10V, RL = 2.0 k) AVOL V/mV 

MC3500XA, MC3400XA 50 150 - 50 100 -
MC3500XB, MC3400XB 50 150 - 50 100 -

MC3400X - - - 25 100 -
Output Voltage Swing Vo V 

(RL~10k) :':12 :':14 - :':12 :':14 -
(RL~2 k) :':10 :':13 - :':10 :':13 -

Common Mode Rejection RatiO (RS";;; 10 k) CMRR dB 

MC3500XA, MC3400XA 80 100 - 80 100 -
MC3500XB, MC3400XB 80 100 - 80 100 -

MC3400X - - - 70 100 -
Supply Voltage Rejection Ratio (RS";;; 10 k) (Note 3) PSRR dB 

MC3500XA, MC3400XA 80 100 - 80 100 -
MC3500XB, MC3400XB 80 100 - 80 100 -

MC3400X - - - 70 100 -
Supply Current (Each Amplifier) ID rnA 

MC3500XA, MC3400XA - 1.8 2.5 - 1.8 2.5 

MC3500XB, MC3400XB - 1.8 2.5 - 1.8 2.5 

MC3400X - - - - 1.8 2.7 

Slew Rate (Av = 1) SR - 13 - - 13 - V/j.LS 

Gain-Bandwidth Product BWp - 4.0 - - 4.0 - MHz 

EqUivalent Input Noise Voltage en - 16 - - 16 - nV/.JHi 

(RS = lOOn, f = 1000 Hz) 

Equivalent Input Noise Current (f = 1000 Hz) In - 0.01 - - 0.01 - pA/.jHZ 
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MC34001 series 

ELECTRICAL CHARACTERISTICS (Vee = +15 V, VEE = -15 V, TA = Tlow to Thigh [Note 1]) 

Characteristic 

Input Offset Voltage (RsE;;10 kJ 

MC3500XA, MC3400XA 

MC35OOXB, MC3400XB 

MC3400X 

Input Offset Current (VCM = 0) (Note 2) 

MC35OOXA, MC3400XA 

MC35OOXB, MC3400XB 

MC3400X 

Input Bias Current (VCM = 0) (Note 2) 

MC35OOXA, MC3400XA 

MC3500XB, MC3500XB 

MC3400X 

Common Mode Input Voltage Range 

Large Signal Voltage Gain (VO = i10 V. RL = 2.0 kJ 

MC35OOXA, MC3400XA 

MC3500XB. MC3400XB 

MC3400X 

Output Voltage SWing I 

(RL:> 10 k) 

(RL:>2k) 

Common Mode Rejection Ratio (RS';;;; 10 k) 

MC35OOXA. MC3400XA 

MC35OOXB. MC3400XB 

MC3400X 

Supply Voltage Rejection Ratio (RS .;;;; 10 kJ (Note 31 

MC3500XA. MC3400XA 

MC35OOXB. MC3400XB 

MC3400X 

Supply Current (Each Amplified 

MC35OOXA. MC3400XA 

MC3500XB. MC3400XB 

MC3400X 

NOTES 

(1) Tlow = -550 C for MC35OO1A/35001B 

MC35002A135002B 

MC35004A/350048 

= OOC for MC34001134001A/34001B 

MC34002/34002A/34002B 

MC34004/34004A/34004B 

Thigh = +1250 C for MC35001A/35001B 

MC35002A/35002B 

MC35004A/35004B 

= +70oC for MC34001/34001A1340018 

MC34002/34oo2A/34002B 

MC34004/34004A/34004B 

Symbol 

VIO 

110 

lIB 

VICR 

AVOL 

Vo 

CMRR 

PSRR 

10 

MC35001/35002l35004 MC34001/34002l34004 

Min Typ Max Min Typ Max Unit 
mV 

- 3.0 4.0 - 3.0 4.0 

- 4.0 7.0 - 4.0 7.0 

- - - - 8.0 13 

nA 

- - 20 - - 2.0 

- - 40 - - 4.0 

- - - - - 4.0 

nA 

- - 50 - - 4.0 

- - 50 - - B.O 

- - - - - 8.0 

±11 
+15 ±11 +15 V 

- -
-12 -12 

V/mV 

25 - - 25 - -
25 - - 25 - -
- - - 15 - -

V 

±12 ±14 - ±12 ±14 -
±10 ±13 - ±10 ±13 -

dB 

80 100 - 80 100 -
80 100 - 80 100 -
- - - 70 100 -

dB 

80 100 - 80 100 -
80 100 - 80 100 -
- - - 70 100 -

mA 

- 2.0 2.8 - 2.0 2.8 

- 2.0 2.8 - 2.0 2.8 

- - - - 2.0 3.0 

(21 The input bias currents approximately double for every 100 C rise 
in Junction temperature. TJ. Due to limited test time. the Input 
bias currents are correlated to junction temperature. Use of a heat 
sink is recommended If input bias current is to be kept to a 
minimum. 

(31 Supply voltage rejection ratio is measured for both supply 
magnitudes increasing or decreasing simultaneously. in accordance 
with common practice. 

(4) Unless otherwise specified. the absolute maximum negative input 
voltage is equal to the negative power supply. 
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MC34001 series 

REPRESENTATIVE CIRCUIT SCHEMATIC 
lEach Amplifier) 

Output 

~--------------'---------.-----~----------~~~-----.--~-----.----~--oVCC 

VC=5.0V 

13 

14 
MSB A1 5 

A2 6 15 
A3 7 
A4 8 

A5 9 

A610 

A711 

LSB AS 12 

3 

VEE = -15V 

2k 

J3 

Bias Circu,try 
Common to All 

Amplifiers 

TYPICAL APPLICATION: OUTPUT CURRENT TO 
VOLTAGE TRANSFORMATION FOR A D·TO·A CONVERTER 

R1 
Vref 

R2 -=- VCC = 15 V 

VEE = -15 V 

RO 

C· 
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Settling time to within 1/2 LSB (±.19.5 mV) is approxl' 
mately 4 0 JJs from the tIme all bIts are sWItched 

·The value of C may be selected to minimize overshoot 
and ronglng (C '" 68 pF). 

Theoretical V 0 

V =Vref( I [~+A2+A3+A4+A5+A6+A7+~] 
o R1 RO 2 4 8 16 32 64 128 256 

Adjust V ref. R 1 or RO so that Vo with all digItal ,n· 
puts at high level IS equal to 9.961 volts. 

V ref = 2.0 Vdc 
R1 = R2~1.0kn 
RO= 5.0 kn 

= 10 V [ 255] = 9 961 V 256 • 



Advance InforIllation 

TRIMFET PRECISION DUAL 
JFET INPUT OPERATIONAL AMPLIFIERS 

The MC34022/35022 series of TRIMFET dual operational ampli
fiers combine two state-of-the-art linear technologies on a single 
monolithic chip to provide precision input characteristics at a low 
cost_ These internally compensated operational amplifiers have well 
matched high voltage JFET input devices with laser trimmed input 
offset voltages. BIFET technology provides a wide bandwidth and a 
fast slew rate while maintaining low input bias currents, Input offset 
currents, and supply currents. Laser trimming technology provides 
input offset voltage specification options which range from 0_5 to 
2.0 millivolts maximum with a typical temperature coefficient of 
5.0IlV/oC. 

These Motorola TRIMFET dual operational amplifiers are pin
compatible with the industry standard MC1458/1558 bipolar devices. 
The MC35022A/35022B series are specified over the military oper
ating temperature range of -55°C to +125°C, and the MC34022/ 
34022A/34022B series are specified from O°C to + 70°C. 

o Laser Trimmed Input Offset Voltage Options of 
0.5, 1.0, and 2.0 mV Maximum 

o Temperature Coefficient of Input Offset Voltage - 5.0 I1V IOC 

o Low Input Bias Current - 30 pA 

o Low Input Offset Current - 10 pA 

o Low Input NOise Voltage - 16 nV 1v'Hz 

o Wide Gain BandWidth - 4 MHz 

o HighSlewRate-13V/I1S 

o Low Supply Current - 1 8 mA per Amplifier 

o High Input Impedance - 1012 D. 

o High Common-Mode and Supply Voltage Rejection 

Ratios - 100 dB 

o Industry Standard Pinouts 

APPLICATIONS 

The MC34022/35022 series of TR 1M FET dual operational 
amplifiers IS suggested for all general-purpose BIFET amplifier 
requirements where precision Input characteristics are needed In addi
tion to the features normally furnished by other BIFET amplifiers. 

o Fast D/A and AID Converters 
o Sample and Hold Circuits 
o PreCision High-Speed Integrators 

o High Impedance Buffers 
o Wideband, High Slew, Low Current Amplifiers 

This is advance information and specifications are subject to change without notice. 
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MC34022 
MC35022 

TRIMFET 
PRECISION 

DUAL BIFET 

OPERATIONAL AMPLIFIERS 

LASER TRIMMED 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 601 

VCC 

Output 0 A, Output B 

Inverting 2 6 Inverting 
Input A -. .- Input B 

Non-Inverting , , Non-Inverting 
Input A • Input B 

VEE 

(Top View) 

•• 1 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MC34022 only) 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

Output A 1 

Inverting 
Input A 

Non-Invertong 3 
Input A 

VEE 4 

7 Output B 

6 Invertong 
Input B 

5 Non-Inverting 
Input B 

(Top View) 

ORDERING INFORMATION 

Temperature 
Device Range Package 

MC34022AG, BG, G o to +70oC Metal Can 
MC34022AP, BP, P o to +70oC Plastic DIP 
MC34022AU, BU, U o to +70oC Ceramic DIP 
MC35022AG, BG -55 to + 125°C Metal Can 

MC35022AU, BU -55 to +1250 C Ceramic DIP 

II 



MC34022, MC35022 

MAXIMUM RATINGS 
Rating Symbol MC35022 MC34022 Unit 

Supply Voltage VCC +22 +18 V 

VEE -22 -18 

Differential Input Voltage VID ±40 ±16 V 

Input Voltage Range VIDR ±20 +16 V 

Output Short·Circuit Duration t~ Continuous 

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

Operating Junction Temperature TJ °c 
Metal and Ceramic Packages 150 115 

• Plastic Package - 115 

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

ELECTRICAL CHARACTERISTICS (VCC = + 15 V, VEE = -15 V, TA = 250 C, unless otherWise nOJed). 

MC35022 MC34022 
Characteristic Symbol Min Typ Max Min Typ Max Unit 

Input Offset Voltage (RS";;; 10 k) VIO mV 
MC35022A, MC34022A - 0.3 0.5 - 0.3 0.5 
MC35022B, MC34022B - 05 10 - 0.5 1.0 

MC34022 - - - - 1.0 2.0 

Average Temperature Coefficient of I nput Offset Voltage ~VIO/~T - 5.0 - - 5.0 - pV/oC 

RS";;; 1 0 k, T A = Tlow to Thigh (Note 1) 

Input Offset Current (V CM = 0) (Note 2) 110 pA 
MC35022A, MC34022A - 10 25 - 15 30 
MC35022B, MC34022B .- 10 50 - 15 70 

MC34022 - - - - 15 70 

Input Bias Current (VCM = 0) (Note 2) liB pA 
MC35022A, MC34022A - 30 60 - 40 75 
MC35022B, MC34022B - 30 75 - 40 150 

MC34022 - - - - 40 150 

Input Reslstdnce r l - 1012 - - 1012 - n 

Common Mode Input Voltage Range VICR +15 - +15 - V 
±11 -12 :!:11 -12 

Large Signal Voltage Gain (VO = ± 10 V, RL = 2 0 k) AVOL V/mV 
MC35022A, MC34022A 50 150 - 50 100 -
MC35022B, MC34022B 50 150 - 50 100 -

MC34022 - - - 25 100 -
Output Voltage SWing Vo V 

(RL>10k) ±12 ±14 - ±12 .±14 -

(RL>2 k) ±10 ±13 - ±10 ±13 -
Common Mode Rejection RatiO (RS";;; 1 0 k) CMRR dB 

MC35022A, MC34022A 80 100 - 80 100 -
MC35022B, MC34022B 80 100 - 80 100 -

MC34022 - - - 70 100 -

Supply Voltage RejeCtion RatiO (RS";;; 10 k) (Note 3) PSRR dB 
MC35022A, MC34022A 80 100 - 80 100 -

MC35022B, MC34022B 80 100 - BO 100 -
MC34022 - - - 70 100 -

Supply Current (Each Amplifier) 10 mA 
MC35022A, MC34022A - 1.8 2.5 - 1.8 2.5 
MC35022B, MC34022B - 18 2.5 - 1.8 2.5 

MC34022 - - - - 1.8 2.7 

Slew Rate (Av = 1) SR - 13 - - 13 - V~ 
Galn·Bandwidth Product 8Wp - 4.0 - - 4.0 - MHz 

Equivalent Input Noise Voltage en - 16 - - 16 - nV/{Hz 
(Rs = 100 n, f = 1000 Hz) 

E.quivalent Input Noise Current If = 1000 Hz) in - 0.01 - - 0.Q1 - pA/[Ffl 

See notes on follOWing page. 
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MC34022, MC35022 

ELECTRICAL CHARACTERISTICS (V CC= + 15V V - 15 V T T to T EE -- A= low high [Note 1)1 

Characteristic Symbol 

Input Offset Voltage (RS ~ 10 k) VIO 
MC35022A, MC34022A 
MC35022B, MC34022B 

MC34022 

Input Offset Current (VCM '" 0) (Note 2) 110 
MC35022A, MC34022A 
MC35022B, MC34022B 

MC34022 

Input Bias Current (VCM = 0) (Note 2) liB 
MC35022A, MC34022A 
MC35022B, MC34022B 

MC34022 

Common Mode I nput Voltage Range VICR 

Large Signal Voltage Gain (VO = ± 10 V, RL = 20 k) AVOL 
MC35022A, MC34022A 
MC35022B, MC34022B 

MC34022 

Output Voltage SWing Vo 
(RL~ 10 k) 
(RL~2 k) 

Common Mode Rejection Ratio (RS ~ 10 k) CMRR 
MC35022A, MC34022A 
MC35022B, MC34022B 

MC34022 

Supply Voltage Rejection Ratio (RS ~ 10 k) (Note 3) PSRR 
MC35022A, MC34022A 
MC35022B, MC34022B 

MC34022 

Supply Current (Each Amplifier) 10 
MC35022A, MC34022A 
MC35022B, MC34022B 

MC34022 

NOTES 

(1) T,ow = -55 0 C for MC35022A/35022B 

= OOC for MC34022/34022A/34022B 

Thigh = + l250C for MC35022A/35022B 

= + 70 0 C for MC34022/34022A/34022B 

MC36022 MC34022 

Min Typ Max Min Typ Max Unit 

mV 
- 0.7 1.5 - 0.7 1.5 
- 1.0 2.0 - 1.0 2.0 
- - - - 2.0 3.0 

- - 20 - - 2.0 nA 
- - 40 - - 4.0 
- - - - - 4.0 

nA 
- - 50 - - 4.0 
- - 50 - - 8.0 
- - - - - 8.0 

+15 - +15 - V 
ill 

-12 - ill 
-12 

Vim V 
25 - - 25 - -

25 - - 25 - -
- - - 15 - -

V 
i12 i14 - ±12 ±14 -
±10 +13 - ±10 +13 -

dB 
80 100 - 80 100 -
80 100 - 80 100 -
- - - 70 100 -

dB 
80 100 - 80 100 -

80 100 - 80 100 -
- - - 70 100 -

mA 
- 20 2.8 - 20 28 
- 2.0 2.8 - 20 2.8 
- - - - 2.0 3.0 

(2) The Input bias currents approximately double for every lOoC 

rise In Junction temperature, T J Due to limited test time, the 

input bias currents are correlated to Junction temperature Use 

of a heat sink IS recommended if Input bias current IS to be kept 

to a minimum 

(3) Supply voltage rejection ratio IS measured for both supply mag· 

nitudes Increasing or decreaSing Simultaneously, in accordance 

with commOn practice. 

(4) Unless otherwise specified, the absolute maximum negative Input 
voltage IS equal to the negative power supply. 

• 
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MC34022, MC35022 

REPRESENTATIVE CIRCUIT SCHEMATIC 

(One-Half of Circuit Shown) 

r---~-----T-'---'-+--~--------~----~-------'-----'---------------oVCC 

Vc = 5.0 V 

13 

14 
!lASB A1 5 

A2 6 15 
A3 

A4 

A5 9 

A610 

A711 

LSB A812 

3 

BI s CircUitry 
Common to Both 
Amplifiers 

t-------~./IIV ....... --<) Output 

TYPICAL APPLICATION: OUTPUT CURRENT TO 

VOLTAGE TRANSFORMATION FOR A O-TO-A CONVERTER 

R1 
Vref 

R2 -=- VCC = 15 V 

C· 

Setting time to within 112 LSB (!:. 19_5mV) IS approximately 
40 /-Is from the time that all bits are sWitched. 

• The value of C may be selected to minimiZe overshoot and 
ringing (C ::;:68 pF). 

Theoretical Vo 

V re! 
Vo = R1 (RO) 

Adjust Vref. Rl or RO so that Vo with all digital Inputs at 
Vo high level IS equal to 9961 volts. 

V ref = 2.0 Vdc 

R1=R2;::'10kn 

RO = 50 kn 

2 V [1 1 1 1 1 1 1 1 I 
V 0 = 1k (5 k) 2' + 4 +"8 + "16 + 32 + 64 + 128 + 256 

= 10 V [255]= 9961 V 
256 





VOLTAGE REGULATORS 

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

LM304 LM104 LM204 Adjustable Negative Regulator ........... , ...... 4-7 
LM305 LM105 LM205 Adjustable Positive Regulator ................... 4-9 
LM309 LM109 LM209 Positive Voltage Regulator ...................... 4-11 
LM317 lM117 lM217 Three-Terminal Adjustable Positive Regulator .... 4-16 
LM317L LM117l LM217L Three-Terminal Adjustable Positive Regulator .... 4-24 
LM340 lM140 Series of Positive Regulators ................... 4-32 
MC1403, A MC1503, A Precision Low-Voltage Reference ............... 4-42 
MC1404, A MC1504, A Precision low-Voltage Reference ............... 4-46 
MC1463 MC1563 Adjustable Negative Regulator .................. 4-51 
MC1466 MC1566 Precision Floating Regulator .................... 4-67 

II 
MC1468 MC1568 
MC1469 MC1569 
MC1723C MC1723 
MC3420 MC3520 

Dual ± 15-Volt Tracking Regulator .............. 4-77 
Adjustable Positive Regulator ................... 4-82 
Adjustable Positive or Negative Regulator ........ 4-101 
Switchmode Regulator Control Circuit ........... 4-107 

MC7800, A* MC7800C, AC Series of Positive Regulators (1.5 A) ............. 4-126 
MC78l00C, AC Series of Positive Regulators (100 rnA) .......... 4-138 
MC78MOOC Series of Positive Regulators (500 rnA) .......... 4-145 
MC7900C Series of Negative Regulators (1 .5 A) ............ 4-153 
MC79l00C, AC Series of Negative Regulators (100 rnA) ......... 4-162 

*-55 to 150°C 
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Fixed Output Voltage Regulators 
• Low-cost monolithic circuits for positive and/or negative regulation at currents from 

100 rnA to 1_5A 

• Ideal for on-card regulation of subsystems 

• Internal current limiting thermal shutdown and safe-area compensation 

FIXED-VOLTAGE, 3-TERMINAL REGULATORS FOR POSITIVE OR NEGATIVE POLARITY POWER SUPPLlES_ 

10 
Vout Tol_t mA Device Type 
Volts Volts Max Positive Output 

2 :1:01 1500 -
3 ~ 100 -:1:03 

5 
I :1::1:

0

0
2

5

5 
100 MC78L05C 

MC78L05AC 

500 MC78M05C 

:1:0.4 1500 LM109 

: :1:0.25 

LM209 

LM309 

to 35 "MC7805' 

: :1:025 MC7805C 
±O 2 "MC7805A' 

~ 
, 'MC7805AC 

"LM140·5' 
" LM340-5 

52 ±O 26 1500 -
6 ±O 3 500 MC78M06C 

~ 1500 ' 'MC7806' 

~ MC7806C 

±O 24 ' 'MC7806A' 

~ 
, 'MC7806AC 

"LM140-6' 
"LM340 6 

8 ±O 8 100 MC78L08C 

MC78LOSAC 
±O 4 500 MC78M08C 

1500 ' 'MC7808' 

I---
MC780SC 

±O3 "MC7808A' 
"MC7S0SAC 

~ "LM140-S' 
" LM340-8 

12 ~ 100 MC7SL12C 

to 6 MC7SL12AC 

500 MC7SM12C 

1500 "MC7812' 
MC7812C 

~ "MC7S12A' 

' 'MC7S12AC -
±O 6 "LM140-12' 

" LM340-12 

"1979 New Product Introductions 
'TJ = -55 to +150

o
C 

tOutput Voltage Tolerance for Worst Case 

Device Type 
Negative Output 

MC7902C 

MC79L03AC 
MC79L03C 

MC79L05C 
MC79L05AC 

-
-
-
-
-

MC7905C 

-
-
-
-

MC79052C 

-
-

MC7906C 

-
-
-
-
-
-
-
-

MC790SC 

-
-
-

-

MC79L 12C 

MC79L12AC 
-

-
MC7912C 

-
-

-
-

Vm Regime Regload 
!NO/AT 
mV/"C 

Min/Max mV mV Typ Case 

5.5/35 40 120 1.0 1 221A 

4.7/30 
60 

72 29,79 
80 -

6.7/30 200 60 - 29,79 

150 
7/35 100 100 10 79,221A 

1.1 1,79 

50 1.0 

8 0/35 06 1 

7/35 100 10 l,221A 
7.5/35 10 50 06 1 

.00 l,221A 

7/35 50 50 1 

7.2/35 105 105 10 1.221A 

8/35 100 120 10 79.221A 

9/35 60 100 07 1 

8/35 120 120 1.221A 
86/35 11 50 1 

100 1.221A 
8/35 60 60 1 

97/30 200 80 - 29.79 
175 

10/35 100 160 10 79.221A 
11 5/35 80 100 1 

10/35 160 160 1.221A 

106/35 13 50 1 

100 1.221A 
105/35 SO SO 1 

13.7/35 250 100 - 29.79 

14/35 100 240 10 79.221A 
155/35 120 120 15 1 
14 5/35 240 240 1.221A 
14 S/35 18 50 1 

100 1.221A 
14.5/35 120 120 1 5 1 

(cont.nued) 
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Fixed Output Voltage Regulators (continued) 

'0 
V out ToJ.t mA Device Type 
Volts Volts Mex Positive Output 

15 ~ 100 MC78L15C 
:1:0.75 MC78L15AC 

500 MC78M15C 
1500 ··MC7815· 

~ 
MC7815C 

:1:0.6 • ·MC7815A· 
··MC7815AC 

:1:075 ··LM140·15· 
··LM340·15 

18 ~ 100 MC78L18C 
:1:0.9 MC78L18AC 

500 MC78M18C 
1500 ··MC7818· 

r--- MC7818C 
:1:0.7 ··MC7818A· 

f-
··MC7818AC 

:1:0.9 ··LM140·18· 
··LM340·18 

20 +1.0 500 MC78M20C 

24 ~ 100 MC78L24C 
:1:1.2 MC78L24AC 

500 MC78M24C 
1500 • ·MC7824· 

MC7824C -
±1.0 ··MC7824A· 

• ·MC7824AC 
±12" ··LM140 24· 

•• LM340·24 

• ·1979 New Product Introductions 
·TJ = -55 to +150o C 
tOutput Voltage Tolerance for Worst Case 

Device Type V in Regline Regload 

Negative Output Min/Max mV mV 

MC79L 15C 16.7/35 300 150 
MC79L15A 

- 17/35 100 300 

- 18.5/35 150 150 
MC7915C 17.5/35 300 300 

- 17.9/35 22 50 

- 100 

- 17.5/35 150 150 

-
MC79L18C 19.7/35 325 170 

MC79L18AC 

- 20/35 100 360 

- 22/35 180 180 
MC7918C 21/35 360 360 

- 31 50 

- 100 

- 180 180 

-
- 22/40 10 400 

MC79L24C 25.7/40 350 200 
MC79L24AC 300 

- 26/40 100 480 

- 28/40 240 240 
MC7924C 27/40 480 480 

- 27.3/40 36 50 

- 27/40 100 
- 240 240 

-

Variable Output Voltage Regulators 
POSITIVE OUTPUT REGULATORS 

S 
Vin-

Po 
Vout Regulation 

U 
Differ· Watts % V out @ 

'0 
F V out Vin Max T A " 25°C F entia I 

mA Device , Volts Volts Volts TC= TC= Typ 

Max Type X Min Max Min Max Min 2S"C 2SoC Line Load 

20 LM305 H 45 40 85 50 3.0 04 1.3 006 01 
LM205 

~ 
0.68 ~ 

LM105 2.7 

100 • ·LM317L H,Z 1.2 37 5.0 40 30 Internallv 004 05 
•• LM217L Limited 002 03 
··LMl17L· 

150 MCl723 ~ 2.0 37 95 40 30 065 - 01 03 

~ 08 2.1 ~ 
c'b- 02 

10 - 01 --t=- - 02 

250 MC1469 G 2.5 32 9 35 30 068 1.8 ~~ 013 
MC1569 37 85 40 27 0015 

600 MC1469 R 25 32 9.0 35 30 3.0 14.0 ~ 0.05 
MC1569 37 85 40 2.7 0015 

1500 LM317 T 1.2 37 50 40 30 Internallv 007 15 
LM317 H,K Limited 
LM217 
LMl17· 0.05 1.0 

·TJ - -55 to +150
o

C 
··1979 New Product Introductions 
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AVO/AT 

mVrC 
Typ Case 

- 29,79 

1.0 79,221A 
1.8 1 

l,221A 
1 

1 221A 
1 

- 29,79 

1.0 79,221A 
2.3 1 

1,221A 
1 

l,221A 
1 

11 79,221A 

- 29,79 

1.2 79.221A 
30 1 

1.221A 
1 

l,221A 
1 

TCVout TJ -

Typ °c 

%rC Max Case 

0007 ~ 601 

~ 
150 

0006 125 29,79 
0004 150 
0003 

0003 150 
~ 0003 

0002 
0.003 175 632 
0.002 

0.002 150 603 

0.002 150 614 

0.006 125 ~ 
79,1 

0.004 
0003 150 



Variable Output Voltage Regulators (continued) 
NEGATIVE OUTPUT REGULATORS 

S 
Vin- Po 

U Vout Regulation 

Differ· Watts %Vout @ 
F 

'0 F 
Vout Vin ential Max TA= 2SoC TC Vout TJ = 
Volts Volts mA Device I Volts TC= TC= Typ Typ 

Max Type X Min Max Min Max Min 2SoC 2SoC Line Load %/"C 

20 LM304 H 0035 30 80 ~ 2.0 04 13 01 005 0.007 
LM204 0015 40 50 068 ~ 
LM104 2.7 

250 MC1463 G 38 32 90 35 30 068 18 003 005 0002 
MC1563 36 33 8.5 40 27 0015 013 

600 MC1463 R 38 34 90 35 30 24 90 ~ 005 0002 
MC1563 36 37 85 40 2.7 0015 

Switching Regulators 
Used as the control circuit in PWM, push·pull, bridge and series type switch mode supplies. The 

devices include the reference, oscillator, pulse·width modulator, phase splitter and output sections. 
Frequency and duty cycle are independently adjustable. 

'0 vcc fo 

±mA Volts kHz DevIce TA 

Max Min Max Min Max Number Suffix °c 

°c 
Max 

~ 
~ 

150 

150 

175 

40 10 30 2.0 100 MC3420 P o to +70 

L 

MC3520 L -55 to +125 

Special Regulators 
FLOATING VOLTAGE AND CURRENT REGULATORS 

Designed for laboratory type power supplies. Voltage is limited only by the breakdown voltage 
of associated, external, series-pass transistors. 

s 
U 

Vout '0 
F Vaux Po ~Vref/Vref ~IL/IL 
F 

Volts mA Device I Volts Watts % % 
Min I Max Max Type X Min I Max Max Line l Load Max 

0 I MC1466 L 21 I 30 0.75 0015 I 0015 02 

MC1566 L 20 I 35 0004 I 0004 01 

-Dependent on characterostics of external seroes·pass elements. 

DUAL ±15 V TRACKING REGULATORS. 

Internally, the device is set for ±15 V, but an external adjustment can change both outputs 
simultaneously, from 8.0 V to 20 V. 

S TC 

U %rC 
Vout '0 

vin F Po (T,ow to 
F 

Volts mA Volts Device I Watts Reg'ine Reg'oad Thighl 

Min Max Max Min Max Type X Max mV mV Typ 

14.8 15.2 :tl00 17 30 MC1468 G 0.8 10 10 30 

L 10 

R 24 

MC1568 G 08 

L 1.0 

R 24 

TCVout 
%/"C 
Typ 

001 

0006 

TA 

°c 
o to +75 

-55 to + 125 

Case 

603 

603 

614 

Case 

648 

620 

620 

Case 

632 

Case 

~ 
~ 

614 

~ 
~ 

614 



II 

Special Regulators (continued) 

LOW TEMPERATURE DRIFT, LOW VOLTAGE REFERENCE 

V out 10 AVout/AT Regline Regload 

Volts mA ppmrC Device mV mV TA 

Typ Max Max Type Suffix Max Max °c Case 

25 ± 25 mV 10 40 MC1403 U 3/4.5 10 o to +70 693 
25 MC1403A (Note 1) (Note 3) 
55 MC1503 -55to+125 
25 MC1503A 

50 ± 50 mV 40 MC1404U5 60 o to +70 
25 MC1404AU5 (Note 2) 
55 MC1504U5 -55 to +125 
25 MC1504AU5 

625 ± 60 mV 40 MC1404U6 o to +70 
25 MC1404AU6 
55 MC1504U6 -55 to +125 
25 MC1504AU6 

10 ± 100 mV 40 MC1404U10 o to +70 
25 MC1404AU10 
55 MC1504U10 -55 to +125 
25 MC1504AU10 

Notes 1. 45';; VI .;; 15 V/15 V" VI';; 40 V 
2 Von~Vout+25Vt040V 

3 OmA<I O <10mA 

Package 
Styles 

CASE 

MATERIAL 

SUFFIX 

CASE 

MATERIAL 

SUFFIX 

I) *2 ~~$ ;., .. .. . .. f ' 0- +~-0 
1 I. 1 1 .,' 

2 2 2 9 3 

1 29 79 221A 601 603 603C 614 
(TO-3) (TO·92) (TO·39) (TO·220) (TO·S Type) (TO-66) 

Metal Plastic Metal Plastic Metal 
, 

Metal 
, 

Metal Metal 

SK,K,KC P, Z G,H T G,H , G,H , G R 

16 8 14 14 16 DB 1B 1B c::::] 0 c::J c::::J c::::] [:::::::' 0 
1 1 1 • 1 1 1 1 1 

620 626 632 646 648 693 701 726 
(TO·116) 

Ceramic Plastic Ceramic Plastic Plastic Ceramic CeramiC Plastic 

J, L P or P1 L P or P2 N,P U J N 
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MONOLITHIC NEGATIVE VOLTAGE REGULATOR 
The LM104H, LM204H, and LM304H are precIsion negative volt:. 

age regulators which can be programmed by a single external reSIStor 
to supply an output voltage from 40 volts down to zero volts. 

• Regulation No Load to Full Load - 1.0 m V 

• Line Regulation - 0.01%1V 

• Ripple Rejection - 0.2 mV IV 
• Temperature Stability Over Temperature Range - 0.3% 

CIRCUIT SCHEMATIC 9 
.--__ ----_--+------~~t_.GROUNO 

2 REFERENCE 
REfERENCE 

SUPPLY 

FIGURE 1 - BASIC REGULATOR CIRCUIT 

~~---'--~-~~GND 

i-..----..... - ...... --.v ln 

tSoltd Tantalum 
Trim A1 for exact 
scale factor 

4 COMPENSATION 

TYPICAL APPLICATIONS 

FIGURE 2 - SEPARATE BIAS 
SUPPLY OPERATION 

.-----~-~---~-eGND 

tSoltdTantaium 

4-7 

LMI04 
LM204 
LM304 

NEGATIVE VOLTAGE 
REGULATOR 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

H SUFFIX 

METAL PACKAGE 
CASE 603 
(TO·l00) 

ROJA = l60oC/W 

NO 
CO~N£tTlON 

ADJUSTMENQ' ... GROUND 

REFERENCE ' • ~~~~~~TEO 
REF ~~~~~~ , , BOOSTER 

COMPENSATION' • 'CURRENT liMIT 
UNREGUlAHO 

INPUT 

(TOP VIEW) 

Pm5EleclfLcaily 
ConnecledloCase 
Through Substrate 

ORDERING INFORMATION 
Device Temperature Range Package 

LM104H -55°C to +1250 C Metal Can 
LM204H - 25°C to +850 C Metal Can 
LM304H OOCto +70oC Metal Can 

FIGURE 3 - HIGH CURRENT REGULATOR 

.----~~--~--------~ __ GND 

5k 

• 
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LM104, LM204, LM304 (continued) 

MAXIMUM RATINGS ITA = +250 C unless otherwise noted) 

Rating Symbol LM104 LM204 LM304 Unit 

Input Voltage Vin 50 50 40 Vdc 

Input-Output Voltage Vin-Vo 50 50 40 Vdc 
Differential 

Power Dissipation (See Note 1) Po 6S0 6S0 6S0 mW 

Operating Te"'!perature Range TA -55 to +125 -25 to +85 o to +70 °c 
Storage Temperature Range Tstg -65 to +150 -65 to +150 -65 to +150 °c 
Lead Temperature TS 300 300 300 °c 

(soldering, t = 10 sl 

ELECTRICAL CHARACTERISTICS (See Note 2) 

LM104 

Characteristic Symbol LM204 LM304 
Unit Mm Typ Max Min Typ Max 

Input Voltage Range Vin -S.O - -50 -S.O - -40 Volts 

Output Voltage Range Vo -O.OH - -40 -0.035 - -30 Volts 

Output-Input Voltage Differential IVin-Vol Volts 
10 = 20 mA 2.0 - 50 2.0 - 40 
10 = 5.0 mA 0.5 - 50 0_5 - 40 

Load Regulation Regload mV 
o ~Io ~20 mA, RSC = 15n - 1.0 5.0 - 1_0 5.0 

Line Regulation Regin % 
Vo ~-5.0 V, t:. Vin = 0.1 V - 0.056 0_1 - 0.056 0.1 

Ripple Rejection (See Figure 1) RejR mVIV 
(C1 = 101JF,f= 120Hz) 
Vin< -15V - 0.2 0.5 - 0.2 0.5 
-7.0V~ Vin~ -15V - 0.5 1.0 - 0.5 1.0 

Output Voltage Scale Factor SF V/k n. 
R1 = 2.4 k n (See Figures 1,2 and 3) 1.8 2.0 2.2 1.8 2.0 2.2 

Temperature Stability TCVo % 
Vo~ -1.0V 

t:.Vo /t:.T - 0.3 1.0 - - -
Vo~ -1.0V, OoC~ TA ~ +700 C - - - - 0.3 1.0 --Output Noise Voltage (See Figure 1 I Vn 
(10 Hz ~ f~ 10 kHz) 
Vo~-5.0V,C1=0 - 0.007 - - 0.007 - % 
C1 = 10IJF - 15 - - 15 - IJV 

Standby Current Drain (I L = 5.0 mAl 18 mA 
Vo '" 0 - 1.7 2.5 - 1.7 2.5 
Vo = -40 V - 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 LM104 IS +1500 C, for the LM204 - +100oC, and for the LM304 - +S50 C 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 -550 C to +1500 C for the LM104; -250 C to +1000 C for the LM204, and 0 to 
+850 C for the LM304. The specifications also apply for Input and output voltages within the Indicated ranges (unless otherwise speclfledl. 
Load and line regulation specifications given 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. 
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MONOLITHIC POSITIVE VOLTAGE REGULATOR 
- - - ---

The LM105H, LM205H, and LM305H are precision voltage 
regulators which can be programmed by a single external resistor to 
supply an output voltage from 4.5 volts to 40 volts. 

• 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, O.01%/V 

CIRCUIT SCHEMATIC 

'--....... ~---+--~>-----+--------o GROUNO 

FIGURE 1 - BASIC REGULATOR CIRCUIT 
TYPICAL 

APPLICATIONS 

LMI05 
LM205 
LM305 

POSITIVE VOLTAGE REGULATOR 
SILICON MONOLITHIC 

INTEGRATED CIRCUIT 

H SUFFIX 
METAL PACKAGE 

CASE 601 

BOOSTER OUTPUT 1 

REGULATEO OUTPUT 

8 

4 

GROUNO 
Note Pln4 connected h) ease 

iTOPVIEW) 

ORDERING INFORMATION 
Device Temperature Range Package 

I LM105H -55°C to +125 0 C Metal Can 

'LM205H -25°C to +850 C Metal Can 

LM305H : OoC to +70o C Metal Can 

FIGURE 3 - 1.0 A REGULATOR With PROTECTIVE DIODES 

FIGURE 2 - 10 A REGULATOR with FOLDBACK CURRENT LIMITING 
...--_-..... ---_""N .......... _---_<J-__ Vo ' S ov 

016 

5S5k 
1% 

+ SOO.F· 

IN4001 OR EaUIV! 
,.-----W----_ ..... ----__ -_-eVo ,18V 

01 
lNJOSS OR EaUIV 

Jlk 
1% 

113k 
1% 

IN4001 OR EaUIV' 

V'n_+--~_--...J 

tSohdT.nt.lum -= 
-Electrolytic 
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OR EaUIV' 
tProtectsagalnstshorted mpulor 
mducllv' loads on unregulated 
supply 

-Prottctsl9lmst mput voltage 
rl'Vtfsal 

tProt.cuagalnstoutpulvoltage 
rtvfrSiI 

• 
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LM105, LM205, LM305 (continued) 

MAXIMUM RATINGS (TA = +250 C unless otherwise noted) 

Rating 

I nput 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-I nput Voltage Differential 

Load Regulation (See Figure 1) 
(0 ~Io ~12 rnA) 
RSC = 18 n, T A = +250 C 
RSC = 10 n, T A = Thigh * 
RSC = 18 n, TA = Tlow** 

Line Regulation 
Vin-Vo ~ 5.0 V 
Vin-Vo> 5.0 V 

Ripple Rejection (See Figure 1) 
Cref = 10 jJF, f = 120 Hz 

Temperature Stability 

Tlow** ~ TA ~ Thigh* 

Feedback Sense Voltage 

Output Noise Voltage (See Figure 1) 
110Hz~ f~ 10kHz) 

CRef = 0 
CRef> 0.1 jJF 

Standby Current Drain 

Vin = 50 V 
Vin = 40V 

Long Term Stability . - 0 Thigh +125 C for LM105 
+850 C for LM205 
+700 C for lLM305 

Note 1: 

Symbol LM105 

Vin 50 

IVin-Vol 40 

Po 680 

TA -55 to +125 

Tstg -65 to +150 

TS 300 

-LM105 

Symbol LM205 
Min Typ 

V in 8.5 -

Vo 4.5 -
IVIn-Vol 3.0 -
Regload 

- 0.02 
- 003 
- 0.03 

Regin 
- 0.025 
- 0.015 

7S.vo 
Vn/::"Vi - 0.003 

TCVo 
- 0.3 

Vref 1.63 1.7 

Vn 

- 0.005 
- 0.002 

IB 
- 0.8 
- -

S - 0.1 

** 0 Tlow - -55 C for LM105 
-250 C for,LM205 

OOC for ILM305 

Max 

50 

40 

30 

0.05 
0.1 
0.1 

0.06 
0.03 

0.01 

1.0 

1.81 

-
-

2.0 
-
1.0 

LM205 LM305 Unit 

50 40 Vdc 

40 40 Vdc 

680 680 mW 

-25 to +85 o to +70 °c 
65 to +150 65 to +150 °c 

300 300 °c 

LM305 Unit 
Min typ Max 

8.5 - 40 Volts 

4.5 - 30 Volts 

3.0 - 30 Volts 

% 

- 0.02 0.05 
- 0.03 0.1 
- 0.03 0.1 

%/V 

- 0.025 0.06 
- 0.D15 0.03 

%/V 

1.0 0.003 0.01 

% 

- 0.3 1.0 

1.63 1.7 1.81 Volts 

% 

- 0.005 -
- 0.002 -

rnA 
- - -
- 0.8 2.0 

- 0.1 1.0 % 

The maximum lunctlon temperature of the LM105 is + 150°C, for the LM205 - + 100°C, and for the LM305 - +85
0

C For operating at 

elevated temperatures, the package must be derated based on a thermal reSistance of 1500C/W - lunctlon to ambient, or 45
0

C/W Junction 

to case 

Note 2: 

These specifications apply for Junction temperatures of -55°C to + 150°C for the LM105, -_25°C to +85
0

C for the LM205, and 0 to 

+ 700C for the LM305 Specifications also apply for Input and output voltages Within the Indicated ranges and for a divider Impedance 

sensed by the feedback terminal of 20 kllohms (unless otherwise specified) Load and line regulation specifications given are for constant 

Junction temperature Temperature drift effects must be taken Into account separately when the deVice IS operat,ng under conditions of 

high power diSSipation 
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MONOLITHIC POSITIVE THREE - TERMINAL 
FIXED 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 LM 109 Series devices. Even 
this component may be omitted if the power-supply filter is not 10' 
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 type Package. 

• Minimum External Components Required 

• I nternal Short-Circuit Protection 

• I nternal Thermal Overload Protection 

• Excellent Line and Load TranSient Rejection 

• Designed for Use with Popular MDTL and MTTL Logic 

CIRCUIT SCHEMATIC 

.----._--~>------.----~>---._-o INPUT 

03 

OUTPUT 

LMI09 
LM209 
LM309 

POSITIVE 
VOLTAGE REGULATOR 

K SUFFIX 

METAL PACKAGE 

CASE 1 

(TO-3Type) 

Output 
2 

InputeJ 
1 0 0 3 

Ground 

(BOTTOM VIEW) 
H SUFFIX 

METAL PACKAGE 
CASE 79 
(TO-39) 

ORDERING INFORMATION 

DeVice Temperature Range Package 

LM109H TJ = -550 C to +1500 C Metal Can 

LM109K TJ = -55°C to +1500 C Metal Power 

LM209H TJ = -55°C to +1500 C Metal Can 

LM209K TJ = -55°C to +1500 C Metal Power 

LM309H T J = OoC to + 125°C Metal Can 

LM309K TJ = OoC to +1250 C Metal Power 

TYPICAL APPLICATION 

FIXED 5.0 V REGULATOR 

Input "'~~-o--i LM109 
5V 

~o--.-e Output 

63V 

L--~--+-~~-+--~--+-~~-+--oGND 

4-11 

Ground 

• Required If regulator 15 located an appreciable 
distance from power supply filter. 
Although no output capacitor IS nceded for 
stability. It does Improve transient response. 
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LM109, LM209, LM309 (continued) 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Input Voltage Vm 35 Vdc 

Power DIssipatIOn PD Internally Limited 

Junction Temperature Range TJ oc 

LM109 -55 to +150 

LM209 -55 to +150 

LM309 Oto+125 

Storage Temperature Range T stg -65 to +150 oc 

Lead Temperature TS 300 oc 

(soldering, t ~ 60 s) 

ELECTRICAL CHARACTERISTICS 

LM109/LM209 <D LM309 ® 
Characteristic Symbol Min Typ Max Min Typ Max Unit 

Output Voltage {TJ = +25 0 CI Va 47 505 53 48 505 52 Vdc 

Input Regulation (TJ = +25 0 CI Reg ln - 40 50 - 40 50 mV 

70~Vln:(25V 

Load Regulation (TJ = +25 0 CI Regload mV 

Case 11-01 (type TO-3) 5 0 mA :( 10:( 15A - 50 100 - 50 100 

Case 79-02 (TO-39) 5 0 mA:( 10 :( 05A - 20 50 - 20 50 

Output Voltage Range Vo 46 - 54 475 -- 525 Vdc 

7 0 V :( V I n :( 25 V 

50 mA:( 10:( Imax ' P :( Pmax 

QUiescent Current (70 V :( Vin :( 25 VI IB - 52 10 - 52 10 mAdc 

Qu lescent Current Change (7 0 V:( V ln :( 25 VI AlB - 05 - - 05 

50 mA :( 10:( Imax -- -- 08 - - 08 

Output NOise Voltage (T A = +250 CI VN - 40 - - 40 - /iV 

10Hz:(t:( 100kHz 

Long Term Stability S - - 10 - - 20 mV 

Thermal ReSistance, Junction to Case Q) OJC °C/W 

Case 1, (type TO-31 - 30 - - 30 -
Case 79-02 (T0-391 - 15 - - 15 

NOTES 

Q) Unless otherwISe specified, these specifications apply for _55°C :(TJ ';:;;+150° (-25°C :(TJ :(+150 0 C for the LM209) For Case 79 02 
(TO 39) Y,n - 10 V, 10 = a 1 A, Imax = a 2 A and Pmax = 20 W For Case 1 (type TO-3) Y,n = 10 V, 10 = a 5 A, Imax = 1 a A and 
Pmax =20W 

® Unless otherwise specified, these specificatIOns apply for OOC :( T J :( + 125°C, V In = 10V For Case 79 02 (TO 39) 10 = a 1 A, Imax = 02A 
and Pmax = 2 a W For Case 1 (type TO 3) 10 ~ 05 A, Imax = 1 a A and Pmax = 20 W 

o Without a heat Sink, the thermal reSistance of the Case 79 02 (TO-39l package IS about 1500 C/W, while that of the Case 1 (type TO 3) 
package IS aopro)(lmately 35 0 C/W With a heat smk, the effective thermal reSistance can only approach the values !.peclfled, depending on 

the effiCiency of the heat SInk 

TYPICAL CHARACTERISTICS 
(Vin = 10 V, T A = +250 C unless otherwise noted.) 

FIGURE 1 - MAXIMUM AVERAGE POWER DISSIPATION 
(LM109K, LM209K) 

FIGURE 2 - MAXIMUM AVERAGE POWER DISSIPATION 
(LM109H, LM209H) 
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10 

680-75 O~EQUIV 
INFINITE _ -~EATSINK_ 
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HEAT SINK 

50 
..... --- ....... 

-r-- WAKE FIELD I'\. 
~I--. HEATSINK "\. 207 OR EQUIV 

10 
NO HEAT - " \ 

SINK -- '\. \ f- -NO HEAT -.... " \ f- _ SINK 
......... " \ 

....... " \ 
....... " ...... ~ \ 

0.1 01 " " 25 50 75 100 125 150 25 50 75 100 125 150 
TAo AMBIENT TEMPERATURE (OC) TA. AMBIENT TEMPERATURE (OC) 
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LM 109, LM209, LM309 (continued) 

TYPICAL CHARACTERISTICS (continued) 
(Vm = 10 V, T A = +250 C unless otherwise noted.) 

~ 
z 
a 
i= 
~ 
en 
en 
Ci 
a: 

~ 

FIGURE 3 - MAXIMUM AVERAGE POWER DISSIPATION 
(LM309K) 
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FIGURE 5 - OUTPUT IMPEDANCE versus FREQUENCY 
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FIGURE 7 - PEAK OUTPUT CURRENT (H PACKAGE) 
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FIGURE 4 - MAXIMUM AVERAGE POWER DISSIPATION 
(LM309H) 
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FIGURE 6 - PEAK OUTPUT CURRENT (K PACKAGE) 
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FIGURE 8 - RIPPLE REJECTION 
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LM109, LM209, LM309 (continued) 

TYPICAL CHARACTERISTICS (continued) 

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 10 - DROPOUT CHARACTERISTIC 
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LM109, LM209, LM309 (continued) 

TYPICAL APPLICATIONS 

FIGURE 15 - ADJUSTABLE OUTPUT REGULATOR 

INPUT ... - .... -<~ 

Cl 
o 22)JF 

H:>--..... -eOUTPUT 

Rl 
300 
1% 

FIGURE 17 - S.O·VOL T. 3.0·AMPERE REGULATOR 
(with plastic boost transistor! 

MJE370 OR EOUIV 
10 V ....... -"v"""-..r 

Hl 
8W 

-=-

50V 
0·30 A 

~lOJ.lF 

FIGURE 19 - S.O·VOL T. 10·AMPERE REGULATOR 

MJ2955 OR EQUIV 
10 V ....... -----,~ 

10 
%W 

LM109K 

3 CASE 

-=-

30 V(max) 

FIGURE 16 - C.URRENT REGULATOR 

'-------... -eOUTPUT 

'DETERMINES OUTPUT CURRENT 

FIGURE 18 - 5.0 VOLT. 4.0·AMPERE TRANSISTOR 
(with plastic Darlington boost transistor) 

MJE1090 OR EOUIV r-------, 
10V ....... D-1~ I 

47 
%W 

I 

-=-

5.0 V 
+ O· 4.0A 

~10J.lF 

FIGURE 20 - 5.0-VOL T. 10-AMPERE REGULATOR 
(with Short-Circuit Current Limiting for 
Safe-Area Protection of pass transistors) 

o 1.5W 

....... ~~~-.-.~~~ 
10V(mm) 

2N6049 
OR EQUIV 
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3·TERMINAL ADJUSTABLE 
OUTPUT POSITIVE VOLTAGE REGULATOR 

The LM 117/217/317 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 excep
tionally easy to use and require only two ex.ternal resistors to set the 
output voltage. Further, they employ internal current limiting, 
thermal shutdown and safe area compensation, making them essen
tially blow-out proof. 

The LM 117 series 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 series can be used as a precision current 
regulator . 

• Output Current in Excess of 1.5 Ampere in TO-3 and TO-220 
Packages 

• Output Current in Excess of 0.5 Ampere in TO-39 Package 

• Output Adjustable between 1.2 V and 37 V 

• Internal Thermal Overload Protection 

o Internal Short-Circuit Current Limiting Constant with Temperature 

• Output Transistor Safe-area Compensation 

• Floating Operation for High Voltage Applications 

• Standard 3-lead TranSIStor Packages 

• Eliminates Stocking Many Fixed Voltages 

STANDARD APPLICATION 

Vln v out - LMl17 

IAdJl 

< R1 

~ 240 

* Adjust ** 
;;:r:: Cin 

+C 

O.l/lF ;;:, l:F 

/. 
y. 

R2 
< 

-
-~ 

* = Cin is required if regulator is located an appreciable distance from power 
supply filter. 

** - Co i. not needed for stability. however It does improve transient 
response. 

Vout = 1.25 V (1 + R2) + IAdj R2 
Rl 

Since lAd] is controlled to lass than 100 /lA. tha arror associated with this 
term is negligible In most applications 
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LM117 
LM217 
LM317 

3-TERMINAL 
ADJUSTABLE POSITIVE 
VOLTAGE REGULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

K SUFFIX 
METAL PACKAGE 

CASE 1 
(TO-3 Type) 

~ (Bottom View) 

Pin. 1 and 2 electrically Isolated from casa. 
Case Is third electrical connection. 

T SUFFIX 
PLASTIC PACKAGE 

CASE 221A 
(TO·220) 

Pin 1 
Pin 2 

Pin 3 

Adjust 
V out ' 

V in 

Heatsink surface connected 
to Pin 2 

H SUFFIX 
METAL PACKAGE 

CASE 79 
(TO·39) 

2 

{~} 
(Bottom View) 

(c." "'"'P"" !I 
Pin 1 Vin 
Pin 2 Adjust 
Pin 3 Vout 

ORDERING INFORMATION 

Device Temperature Range Package 

LMl17H TJ = -55°C to +150oC Metal Can 
LM117K TJ = -S50C to +150oC Metal Power 
LM217H T J = -25°C to +150oC Metal Can 
LM217K T J = -25°C to +lS0oC Metal Power 
LM317H TJ = OOC to +12SoC Metal Can 
LM317K TJ = OOC to +12SoC Metal Power 
LM317T TJ = OOC to +12SoC Plastic Power 



LM117, LM217, LM317 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Input-Output Voltage Differential VI-VO 40 Vdc 

Power Dissipation Po Internally 
Limited 

Operating Junction Temperature Range TJ °c 
LMl17 -55 to +150 
LM217 -25 to +150 
LM317 o to +125 

Storage Temperature Range Tstg ~5 to +150 °c 

ELECTRICAL CHARACTERISTICS (VI - Vo = 5 V; 10 = 0.5 A for K and T packages; 10 = 0.1 A for H package; 
T J = Tlow to Thigh [see Note 11 ; Imax and Pmax per Note 2; unless otherwise specified.) 

LMl17/217 LM317 
Characteristic Figure Symbol Min Typ Max Min Typ Max Unit 

Line Regulation (Note 3) 1 Regl lne %/V 
T A = 25°C, 3 V';;; VI - VO';;; 40 V - 0.01 0.02 - 0.01 0.04 

Load Regulation (Note 3) 2 Regload 
TA = 250 C,10mA';;; 10';;; Imax 

VO';;; 5V - 5 15 - 5 25 mV 
Vo;;;' 5V - 0.1 0.3 - 0.1 0.5 %VO 

Adjustment Pin Current 3 IAdJ - 50 100 - 50 100 J.l.A 

Adjustment Pin Current Change 1,2 1I1AdJ J.l.A 
2.5V":VI- VO":40V 
10 mA';;; IL';;; Imax, PO';;; Pmax - 0.2 5 - 0.2 5 

Reference Voltage (Note 4) 3 Vref V 
3 V';;; VI - Vo .;;; 40 V 
10 mA';;; 10": Imax, PO';;; Pmax 1.20 1.25 1.30 1.20 1.25 1.30 

Line Regulation (Note 3) 1 Regl lnlil %/V 
3 V';;; VI - Va": 40 V - 0.02 0.05 - 0.02 0.07 

Load Regulation (Note 3) 2 Regload 
10 mA';;; 10": Imax 

Va';;; 5V - 20 50 - 20 70 mV 
VO;;;'5V - 0.3 1 - 0.3 1.5 %VO 

Temperature Stability (Tlow';;; T J ..: Thigh) 3 TS - 0.7 - - 0.7 - %VO 

Minimum Load Current to 3 ILmin mA 
Maintain Regulation (VI - Vo = 40 V) - 3.5 5 - 3.5 10 

Maximum Output Current 3 Imax A 
VI- Va';;; 15 V, Po';;; Pmax 

K and T Packages 1.5 2.2 - 1.5 2.2 -
H Package 0.5 0.8 - 0.5 0.8 -

VI- Va =40 V, PO';;; Pmax, TA = 25°C 
K and T Packages 0.25 0.4 - 0.15 0.4 -
H Package - 0.07 - - 0.07 -

RMS Noise, % of Va - N %VO 
T A = 25°C, 10 Hz';;; f ..: 10 KHz - 0.003 - - 0.003 -

Ripple Rejection, Va = 10 V, f = 120 Hz (Note 5) 4 RR dB 
Without CAOJ - 65 - - 65 -
CAOJ=10J.l.F 66 80 - 66 80 -

Long Term Stability, T J = Thigh (Note 6) 3 S %/1.0kHrs 
T A = 25°C for Endpoint Measurements 

Thermal Resistance Junction to Case - ROJC 
H Package (TO-39) 
K Package (TO-3) 
T Package (TO-220) 

NOTES; I1ITlow = -55°C for LM117 Thigh = +1500 C for LM117 
= -25°C for LM217 = +1500 C for LM217 
= OOC for LM317 = +1250 C for LM317 

(2) Imax = 1.5 A for K (TO-3) and T (T0-220) Packages 
= 0.5 A for H (T0-39) Package 

Pmax = 20 W for K (TO-3) and T (TO-220) Packages 
= 2 W for H (T0-39) Package 

(3) Load and line regulation are specified at constant 
junction temperature. Changes in Vo due to heating 
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- 0.3 1 - 0.3 1 

- 12 15 - 12 15 

- 2.3 3 - 2.3 3 

- - - - 5 -

effects must be taken into account separately. Pulse 
testing with low duty cycle is used. 

(4) Selected devices with tightened tolerance reference 
voltage available. 

(5) CADJ. when used, IS connected between the 
adjustment pin and ground. 

(6) Since Long Term Stability cannot be measured on 
each devic\! before shipment, this specification is an 
engineering estimate of average stability from lot to 
lot. 

°C/W 
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LM117, LM217, LM317 

SCHEMATIC DIAGRAM 

r-~~---,--------~----,-~~~--------------------------,-------~~--,-~-oVin 

13 K 

105 

0.1 

~~--4---~~-*--4-~~~-*--4-~~~----4--------*~~--------------4---~----OVout 

L----------------·--------O Adjust 

Vee 

• Pulse Testing Required' 

1% Duty Cycle 
Is suggested. 

FIGURE 1 - LINE REGULATION AND ~IAd/LiNE TEST CIRCUIT 

LM117 

Adjust 

0.1/.1F 
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VOW-VOL 
Line Regulation (%/V) = ---- X 100 

VOL 

Vout 

240 

1% 
+ 

1/.1F 

n VOH 

---.J LVOL 



LM117, LM217, LM317 

FIGURE 2 - LOAD REGULATION AND 41Adj/LOAD TEST CIRCUIT 

LM117 

0.1 jJF 

* Pulle Tasting Required: 

1" Duty Cycle II suggested. 

0.1 IlF 

Pulse Testing Required: 

1 % Duty Cycle Is suggested. 

24V-f"\ . 

14V----V 

f=120Hz 

Cln ;: 

Vin 

:::::: 0.1 IlF 

Adjust 

Load R8gulatlon (mV) - Vo (min. Load) - Vo (max. Load) 

Load Regulation ("VO) _ Vo (min. Load) - Vo (max. Load) X 100--' rVo (min. Load) 

V
out 

Vo (min. Load) U Vo (max. Laid) 

IL 

+ 
1 IlF 

FIGURE 3 - STANDARD TEST CIRCUIT 

LM117 
V out 

240 

1% 

To Calculate R2' 

Vo = ISET R2 + 1.250 V 
Assume ISET = 5.25 mA 

FIGURE 4 - RIPPLE REJECTION TEST CIRCUIT 

Vout 
LM117 J"oo 

240 
01 * 

, Adjust 
~~ 1N4002 R1 < 1% 

RL 
(max. Load) 

1 IlF 

+ 

Co;:~ 1 IlF 

I 

> 1.65 K 
1+ 

R2 < ~ 1% 
CADJ ;~~ 10 J.lF 

~ 1 
1 

......... 

RL 
(min. Load) 

Vo 

Vo = 10 

< RL 

Vo 

* 01 Discharges CADJ If Output IS Shorted to Ground 
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LM117, LM217, LM317 
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LM117, LM217, LM317 

FIGURE 11 - RIPPLE REJECTION VS OUTPUT VOLTAGE 
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FIGURE 13 - RIPPLE REJECTION VS. FREQUENCY 
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LM117, LM217, LM317 

APPLICATIONS INFORMATION 

BASIC CIRCUIT OPERATION 
The LM117 is a 3·terminal floating regulator. In opera· 

tion, the LMl17 develops and maintains a nominal 1.25 
volt reference (Vretl between its output and adjustment 
terminals. This reference voltage is converted to a pro· 
gramming current (lpROG) by Rl (see Figure 17), and 
this constant current flows through R2 to ground. The 
regulated output voltage is given by: 

R2 
Vout = Vref (1 + Ai) + IAdj R2 

Since the current from the adjustment terminal (lAdj) 
represents an error term in the equation, the LMl17 was 
designed to control IAdj to less than 100 J.l.A and keep it 
constant. To do this, all quiescent operating current is 
returned to the output terminal. This imposes the require· 
ment for a minimum load current. If the load current is 
less than this minimum, the output voltage will rise. 

Since the LMl17 is a floating regulator, it is only the 
voltage t1ifferential across the circuit which is important 
to performance, and operation at high voltages with 
respect to ground is possible. 

FIGURE 17 - BASIC CIRCUIT CONFIGURATION 

V out 

Adjust 

Vref = 1.25 V TYPICAL 

LOAD REGULATION 
The LMl17 is capable of providing extremely good 

load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, the 
programming resistor (R 1) should be connected as close 
to the regulator as possible to minimize line drops which 
effectively appear in series with the reference, thereby 
degrading regulation. The ground end of R2 can be 
returned near the load ground to provide remote ground 
sensing and improve load regulation. 
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EXTERNAL CAPACITORS 
A 0.1 J.l.F disc or 1 J.l.F tantalum input bypass capacitor 

(Cin) is recommended to reduce the sensitivity to input 
line impedance. 

The adjustment terminal may be bypassed to ground to 
improve ripple rejection. This capacitor (CADJ) prevents 
ripple from being amplified as the output voltage is 
increased. A 10 J.l.F capacitor should improve ripple 
rejection about 15dB at 120 Hz in a 10 volt application. 

Although the LM 117 is stable with no output capaci· 
tance, like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. An output capaci· 
tance (Co) in the form of a 1 J.l.F tantalum or 25 J.l.F 
aluminum electrolytic capacitor on the output swamps 
this effect and insures stability. 

PROTECTION DIODES 
When external capacitors are used with any I.C. regu· 

lator it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. 

Figure 18 shows the LM 117 with the recommended 
protection diodes for output voltages in excess of 25 V or 
high capacitance values (Co> 25 J.l.F, CAOJ > 10 J.l.F). 
Diode 01 prevents Co from discharging thru the I.C. 
during an input short circuit. Diode 02 protects against 
capacitor CAOJ discharging through the I.C. during an 
output short circuit. The combination of diodes 01 and 
02 prevents CAOJ from discharging through the I.C. 
during an input short circuit. 

FIGURE 18 - VOLTAGE REGULATOR WITH 
PROTECTION DIODES 

°1 

IN4002 



LM117, LM217, LM317 

FIGURE 19 - "LABORATORY" POWER SUPPLY WITH ADJUSTABLE 
CURRENT LIMIT AND OUTPUT VOLTAGE 

V I N _ .... -o---j 
32 to 40 V 

IN4002 

Vaut l ASC 

Current 1 K 

Limit 
Adjust 

a, 
2N3822 

-10V 

Diodes 01 and 02 and transistor a2 lire added to allow adjustment 
of output voltage to 0 volts. 

06 protects both LM 117's during an input short clrcu it. 

FIGURE 20 -ADJUSTABLE CURRENT LIMITER 

Vout A, 

1.25 

To provide current limiting of 10 
to the system ground, the source of 
the F ET must be tied to a negative 
voltage below -1.25 V 

A ;;. Vref 
2 lOSS 

Vref 
A 1 = :-IO-m-a-x-+--:-I O-S-S 

VO< BVOSS + 1.25 V+ VSS 
ILmin - 'OSS < '0 < 1.5 A 
As shown 0 < '0 < 1 A 

Va -. 10 

01 

IN4001 

02 

'N4001 

FIGURE 22 - SLOW TURN·ON REGULATOR 
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01 

IN4001 

IN4001 

02 

a2 
2N5640 

~-o-.... ~------~---e Va 

1 jJ.F 
Tantalum 

OUTPUT AANGE: 
0';; VO';; 25 V 
0';;; 10';; 1.2 A 

-10 V 

FIGURE 21 - 5 V ELECTRONIC SHUT DOWN REGULATOR 

V out 

Ad) ust 0-----41>------' 

720 
TTL 
Control 

Minimum Vout = 1.25 V 

0, protects the device durang an Input short cirCUit 

FIGURE 23 - CURRENT REGULATOR 

Vref 
lout = (R,"l + IAdj 

:. 1.25 V A, 
10mA';;; lout';;; 1.5A 

• 
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Advance Infor:nl.ation 

3·TERMINAL ADJUSTABLE 
OUTPUT POSITIVE VOLTAGE REGULATOR 

The LMll7L/217L/317L are adjustable 3·terminal positive 
voltage regulators capable of supplying in excess of 100 mA 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, thermal shutdown and safe area compensation, making 
them essentially blow·out proof. 

The LM 117L series serves 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 LMl17L series can be used as a precIsion current 
regulator. 

• Output Current in Excess of 100 mA 

• Output Adjustable Between 1.2 V and 37 V 

• Internal Thermal Overload Protection 

• Internal Short·Circult Current Limiting 

• Output Transistor Safe·Area Compensation 

• Floating Operation for High Voltage Applications 

• Standard 3·Lead Transistor Packages 

• Eliminates Stocking Many Fixed Voltages 

STANDARD APPLICATION 

V ln v out 
LMl17L --

; R, 

IAdJl > 240 

* Adjust ** 
;::~ C ln 

+ C 

O.l/lF ;:r: l:F 

~ /. R2 

--
--

* = C,n is required if regulator is located an appreciable distance from power 
supply filter. 

* * - Co i. not needed for stabIlity, however it does Improve transient 
responsa. 

Vout = 1.25 V (1 + R2) + IAdJ R2 R, 
Since IAdj is controlled to less than 100 /lA, the error associated with this 
term Is negligible In most applications 

This IS advance information and specIfIcations are subject to change WIthout notice. 
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LM117L 
LM217L 
LM317L 

LOW·CURRENT 
3·TERMINAL 

ADJUSTABLE POSITIVE 
VOLTAGE REGULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

Z SUFFIX 
CASE 29 

TO·92 
PLASTIC PACKAGE 

(LM317Lonly) 

P,n' Adjust 

P,n 2 Vout 

Pin 3 V ,n 

H SUFFIX 
METAL PACKAGE 

CASE 79 
(TOJ39) 

" 23 

(Bottom View) 

(Case is output) ~ 
,1/1-

2 3 

Pin' Vin 

Pin 2 Adjust 
Pin 3 Vout 

ORDERING INFORMATION 

Device Temperature Range Package 

LMl17LH TJ = -SSoC to +lS0oC Metal Can 

LM217LH TJ = -2SoC to +lS0oC Metal Can 

LM317LH TJ = OOC to +12SoC Metal Can 

LM317LZ TJ = OOC to +12SoC PlastiC 



LM117L, LM217L, LM317L 

MAXIMUM RATINGS 
R.ting Symbol V.lul Unit 

Input-Output Voltage Differential V,-VO 40 Vdc 

Power Dissipation Po Internallv 
Limited 

Operating Junction Temperature Range TJ °c 
LM117L -55 to +150 
LM217L -25 to +150 
LM317L o to +125 

Storage Temperature Range Tstg 435 to +150 °c 

ELECTRICAL CHARACTERISTICS 
(V, - Vo = 5 V; 10 = 40 mA; TJ = T,ow to Thigh [see Note 11; Imax and Pmax per Note 2; unless otherWise specified.) 

Characteristic Figure Symbol 

Line Regulation (Note 3) 1 Reg' lne 
TA = 25°C, 3 V ~ V, - Vo ~ 40 V 

Load Regulation (Note 3) 2 Regload 
TA = 250 C, 5 mA';; '0';; Imax 

VO":5V 
VO;;;.5V 

Adjustment Pin Current 3 IAdl 
Adjustment Pin Current Change 1,2 lIlAdj 

2.5V';;V,- VO';;40V 

5 rnA';; 'L" 'max, PO"; Pmax 

Reference Voltage (Note 4) 3 Vref 
3 V ~ V, - Vo ..; 40 V 

5 mA .. '0" 'max, Po .. Pmax 
Line Regulation (Note 3) 1 Reg, ln !} 

3 V .. V I - Vo ..; 40 V 

Load Regulation (Note 3) 2 Reg'oad 
5 rnA ~ '0 ~ 'max 

VO~ 5V 
VO;;;' 5V 

Temperature Stability 1T,ow"; T J .;; Thigh) 3 TS 
Minimum Load Current to 3 'Lmin 
Maintain Regulation (V, - Vo = 40 VI 

Maximum Output Current 3 Imax 
V, - VO"; 20V, PO"; Pmax H Package 

V, - VO';; 625 V. PO';; Pmax Z Package 

V, - Va = 40 V, PO';; Pmax, TA = 250 C 
H Package 
Z Package 

RMS Noise, % of Vo - N 
TA = 250 C,10 Hz"; f"; 10 KHz 

Ripple Rejection, Vo = 10 V, f = 120 Hz (Note 5) 4 RR 
Without CAOJ 
CAOJ = 10jlF 

Long Term Stability, T J = Thigh (Note 6) 3 S 
T A = 250 C for Endpoint Measurements 

Thermal Resistance Junction to Case - ROJC 
H Package (TO-39) 
Z Package (TO·92) 

NOTES: (1)T,ow =-550 C for LM117L 
= -250 C for LM217L 
= OOC for LM317L 

Thigh = +1500 C for LM117L 
= +1500 C for LM217L 
= +1250 C for LM317L 

(21 Imax = 100 mA 
Pmax = 2 W for H (TO-39) Package 

= 625 mW for Z (TO·92) Package 
(3) Load and line regulation are specified at constant 

junction temperature. Changes in Vo due to heating 
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LM117L/217L LM317L 

Min Typ Max Min Typ Max Unit 

%N 
- 0.01 0.02 - 0.01 0.04 

- 5 15 - 5 25 mV 

- 0.1 0.3 - 0.1 0.5 %VO 

- 50 100 - 50 100 JJA 

jlA 

- 0.2 5 - 0.2 5 

V 

1.20 1.25 1.30 1.20 1.25 1.30 

%N 
- 0.02 0.05 - 0.02 0.07 

- 20 50 - 20 70 mV 
- 0.3 1 - 0.3 1.5 %VO 

- 0.7 - - 0.7 - %VO 

mA 
- 3.5 5 - 3.5 5 

100 200 - 100 200 - mA 
100 200 - 100 200 -
- 50 - - 50 - nA 

- 20 - - 20 -
%VO 

- 0.003 - - 0.003 -
dB 

- 65 - - 65 -
- 80 - - 80 -

%/1.0kHrs 
- 0.3 1 - 0.3 1 

- 40 - - 40 -
- - - - 160 -

effects must be taken into account separately. Pulse 
testing with low duty cvcle is used. 

(4) Selected devices with tightened tolerance reference 
voltage available. 

(5) CAOJ. when used, IS connected between the 
adjustment Pin and ground. 

(6) Since Long Term Stability cannot be measured on 
each device before shipment, this specification is an 
engineering estimate of average stability from lot to 
lot. 

°C/W 

• 
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LM117L, LM217L, LM317L 

SCHEMATIC DIAGRAM 

VINo---._-----.-------1~------._----------~~_.------~~----~--~----~__, 

Vcc 

• Pulse Testing Required' 

1 % Duty Cycle 
Is suggested. 

FIGURE 1 - LINE REGULATION AND AIAd/LINE TEST CIRCUIT 

LM117L 

Adjust 

0.1 ",F 
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VOH-VOL 
Lone RegulatIon (%/V) = ---- X 100 

VOL 

Vout 

240 
1% 

6.8V 

6.8 V 
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FIGURE 2 - LOAD REGULATION AND AIAdj/LOAD TEST CIRCUIT 

LM117L 

0.1 jJF 

.. Pulle Teatlng Required: 

1% Duty Cycla II luggeated. -=-

0.1 jJF 

Pulse Testing Required: 

1 % Duty Cycle's suggested. 

24V-" . 

14V-~--V 
f-120 Hz 

C'n ;: 

Vln 

:::: 0.1 jJF 

Load Regulation (mV) - Vo (min. Load) - Vo (maK. Load) 

Load Ragulatlon ("VO) _ Vo (min. Load) - Vo (mu. Laid) X 100 ---, iVo (min. Load) 

V
out 

Vo (min. Load) U Vo (mu. Load) 

IL 

FIGURE 3 - STANDARD TEST CIRCUIT 

LM117L 
V out 

240 

1% 

To Calculate R2: 

Vo = ISET R2 + 1.250 V 

Assume 'SET = 5.25 mA 

FIGURE 4 - RIPPLE REJECTION TEST CIRCUIT 

V out 
LM117L 

240 
01" 

Adjust 
R1 : ~~ 1N4002 1% 

RL 
(mu. Load) 

. 
+ 

Co;::::: 1 jJF 

I 

1.65 K 
1+ 

R2 CAOJ ;~~ 10 jJF 
1% 

I 
I 

--

RL 
(min. Load) 

Vo = 10, 

RL 

Vo 

" 01 DIscharges CADJ If Output IS Shorted to Ground. 
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LMl17L, LM217L, LM317L 
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FIGURE 5 - LOAD REGULATION 

I I 
Von=45V _ 

./ 
V VOUI = 5V 

IL = 5 10 40 mA_ 

- ~ I---:[ :-t 
I' Von=10V 

Voul =5V -
IL=510100mA 

-50 -25 25 50 75 100 125 150 
TJ, JUNCTION TEMPERATU RE (OC) 

FIGURE 7 - CURRENT LIMIT 

I" i'... 
~ ,TJ = 25°C 

......... 

'" _I--. -....... 
i'.... ~ 

........... 
t'..... " TJ=1500C 

1 '" ""-
I"'" 

10 20 30 40 
VI- VO,INPUT - OUTPUT VOLTAGE OIFFERENTIAL (Vdc) 
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FIGURE 6 - RIPPLE REJECTION 

~ 

~ t-- I---

f---
IL = 40 mA 

I- f = 120 Hz 

f--- I- VO=10V 

Von ~ 14 10 ~4 V 
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FIGURE 8 - DROPOUT VOLTAGE 
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"-r-...... 
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1
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1220 
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w 
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o -06 
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FIGURE 9 - TEMPERATURE STABILITY 

~~ -........ r--..... 
/ ............ ........ 

I ....... ~ 

V,"=42V 
f-- Vo = Vref 

IL = 5 mA 

-50 -25 25 50 75 100 125 l50 
TJ. JUNCTION TEMPERATURE (OC) 

FIGURE 11 - LINE REGULATION 

I I I 
- r- V,"=425to4125V 

Vo = Vref 
- - IL =40mA 

V ----I---f...--

-50 -25 0 25 50 75 100 125 150 
TJ. JUNCTION TEMPERATURE (0 C) 
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l 70 
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~ 
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.3 
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FIGURE 10 - ADJUSTMENT PIN CURRENT 

I I. I 
- _ V,"=6.25V 

Vo = Vrel 

--_ ---IL = 10mA 
--IL=100mA 

---::: r:::-- - --= 

~ 
~ .... 

./' 
r 
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FIGURE 12 - OUTPUT NOISE • Bandwidth '100 Hz to 10 kHz / 
l/ 
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-/ 
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TJ. JUNCTION TEMPERATURE (OC) 
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LM117L, LM217L, LM317L 

APPLICATIONS INFORMATION 

BASIC CIRCUIT OPERATION 
The LMl17L is a 3·terminal floating regulator. In 

operation, the LMl17L develops and maintains a nominal 
1.25 volt reference (V ref) between its output and adjust· 
ment terminals. This reference voltage is converted to a 
programming current (lPROG) by R1 (see Figure 131. 
and this constant current flows through R2 to ground. 
The regulated output voltage is given by: 

R2 
Vout = Vref (1 + Al) + IAdj R2 

Since the current from the adjustment terminal (lAdj) 
represents an error term in the equation, the LM 117L was 
designed to control IAdj to less than 100 J.l.A and keep it 
constant. To do this, all quiescent operating current is 
returned to the output terminal. This imposes the require· 
ment for a minimum load current. If the load current is 
less than this minimum, the output voltage will rise. 

Since the LM 117 L is a floating regulator, it is only the 
voltage differential across the circuit which is important 
to performance, and operation at high voltages with 
respect to ground is possible. 

FIGURE 13 - BASIC CIRCUIT CONFIGURATION 

Vin I v out 
LM117L 

J ! · r ~ R1 

Vrsf 

llPROG 
Adjust ( 

\ V out 

~ 

1 > R2 

Vref = 1.25 V TYPICAL 

-= 

LOAD REGULATION 
The LM 117 L is capable of providing extremely good 

load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, the 
programming resistor (R 1) should be connected as close 
to the regulator as possible to minimize line drops which 
effectively appear in series with the reference, thereby 
degrading regulation. The ground end of R2 can be 
returned near the load ground to provide remote ground 
sensing and improve load regulation. 
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EXTERNAL CAPACITORS 
A 0.1 J.l.F disc or 1 J.l.F tantalum input bypass capacitor 

(Cin) is recommended to reduce the sensitivity to input 
line impedance. 

The adjustment terminal may be bypassed to ground to 
improve ripple rejection. This capacitor (CAOJ) prevents 
ripple from being amplified as the output voltage is 
increased. A 10 J.l.F capacitor should improve ripple 
rejection about 15dB at 120 Hz in a 10 volt application. 

Although the LM 117L is stable with no output capaci· 
tance, like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. An output capaci· 
tance (Co) in the form of a 1 J.l.F tantalum or 25 J.l.F 
aluminum electrolytic capacitor on the output swamps 
this effect and insures stability. 

PROTECTION DIODES 
When external capacitors are used with any I.C. regu· 

lator it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. 

Figure 14 shows the LM 117 L with the recommended 
protection diodes for output voltages in excess of 25 V or 
high capacitance values (Co> 10 J.l.F, CAOJ > 5 J.l.F). 
Diode 01 prevents Co from discharging thru the I.C. 
during an input short circuit. Diode 02 protects against 
capacitor CAOJ discharging through the I.C. during an 
output short circuit. The combination of diodes 01 and 
02 prevents CAOJ from discharging through the I.C. 
during an input short circuit. 

FIGURE 14 - VOLTAGE REGULATOR WITH 
PROTECTION DIODES 

IN4002 
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FIGURE 15 - ADJUSTABLE CURRENT LIMITER 

Vo ~IO 

12.5 k 

R2. 01 
500 1N914 

"To provide current limiting of 10 to 02 
the system ground, the source of the 1 N914 
current limiting diode must be tied 
to a negative voltage below -7.25 V. 

R ;. Vref 
2 lOSS 1N5314 

Vref 
R1 - lOmax + lOSS 

VO<POV+1.25V+VSS 
ILmin - Ip < 10 < 100 mA - Ip 
As shown 0 < 10 < 95 mAo 

FIGURE 17 - SLOW TURN·ON REGULATOR 

IN4001 

10 jlF 
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FIGURE 16 - 5 V ELECTRONIC SHUTDOWN REGULATOR 

V out 

Adjust 0----.---' 

720 

+ r 1
•
OIlF 

1 K 

TTL 
Control 

Minimum V out = 1.25 V 

01 protects the deVice dUfing an Input short CIfCUlt 

FIGURE 18 - CURRENT REGULATOR 

loutmax = (V~~f ) + lad] 

loutmln = (R ~ :e~2 ) + lad] 

5mA< lout< 100mA 

_ 1.25 V 
=-R-1-

o.<~ 
- R1 + R2 
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3-TERMINAL POSITIVE VOLTAGE REGULATORS 

The LM 140/340 series of three-terminal positive voltage 
regulators are monolithic Integrated circuits designed for a wide 
variety of applications including local on-board regulation Avail
able In seven fixed output voltage options from 5 0 to 24 volts. 
these regulators employ Internal current limiting. thermal shut
down. and safe area compensation - making them Virtually blow
out proof The LM140/340 series IS guaranteed to have line and 
load regulation that IS a factor of two better than the 7800 series 
Although the LM 140/340 series was designed primarily as a fixed 
regulator. It can be used with external components to obtain 
adjustable voltages 

• Output Currents In Excess of 1 0 A 

• Internal Thermal Overload Protection 

• Internal Short Circuit Limiting 

• Output Transistor Safe-Area Compensation 

• No External Components Required 

• Available In Both Commercial and MllitaryTemperatureRanges 

ORDERING INFORMATION 

Device Voltage Temperature Range (T A) 

LM140K-50 50 Volts -55 to +125°C 
LM140K-60 60 Volts - 55 to +125°C 
LM140K-80 80 Volts -55 to +125°C 
LM140K-12 12 Volts -55 to +125°C 
LM140K-15 15 Volts -55 to +125°C 
LM140K-18 18 Volts -55 to +125°C 
LM140K-24 24 Volts -55 to +125°C 

LM340K-50 50 Volts o to +70°C 
LM340K-60 60 Volts o to +70°C 
LM340K-80 80 Volts o to +70°C 
LM340K-12 12 Volts o to +70°C 
LM340K-15 15 Volts o to +70°C 
LM340K-18 18 Volts o to +70°C 
LM340K-24 24 Volts o to +70oC 
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LM140 series 
LM340 series 

THREE-TERMINAL 
POSITIVE 

FIXED VOLTAGE 
REGULATORS 

K SUFFIX 
METAL PACKAGE 

CASE 1 
(TO-3 TYPE) 

Ibottom view) 

Pins 1 and 2 electrically Isolated from case Case 
IS ttmd electrical connection 

STANDARD APPLICATION 

A common ground IS required between 
the Input and the output voltages The tnput 
voltage must remarn tYPically 2 0 V above 
the output voltage even durrng the low 
pOint on the Input rrpple voltage 

• := Crn (solid tantalum) 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 If needed. ItS value should 
be greater than 0 1 /IF 



LM140 series, LM340 series 

LM140 series/LM340 series MAXIMUM RATINGS (TA = +25°C unless otherwise noted) 

Rating 

Input Voltage 
(50 V - 18 V) 
(24 V) 

Power DIssipation and Thermal Characterrstlcs 
(Metal Package) 

TA = +25°C 
Derate above TA = +25°C 
Thermal Resistance, Junction to Air 
TC = +25°C 
Derate above TC = +65°C (See Figure 2) 
Thermal Resistance, Junction to Case 

Storage Junction Temperature Range 

Operating Junction Temperature Range 
LM140 
LM340 

NOTES 
Tlow = -55°C for LM140 

= OOC for LM340 
Thigh = +150oC for LM140 

= +125°C for LM340 

Symbol Value 

Vrn 
35 
40 

Po Internally Limited 
1/ROJA 225 

ROJA 45 
Po Internally Limited 

1/ROJC 182 
ROJC 55 

Tstg -65 to +150 

TJ 
-55 to +150 
o to +125 

Unit 

Vdc 

Watts 
mW/oC 
°C/W 
Watts 

mW/oC 
°C/W 

°C 

°C 

2 Load and Irne regulation are specified at constant Junction temperature Changes rn Vo due to heating effects must be taken rnto 
account separately Pulse testing with low duty cycle IS used 

• 
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LM140 series, LM340 series 

LM140/340 - 5.0 ELECTRICAL CHARACTERISTICS 
(Vin = 10 V. 10 = 500 mAo TJ = Tlow to Thigh (Note 1). unless otherwise noted) 

Characteristic 

Output Voltage (TJ = +25°C) 
10 = 50 mA to 1 0 A 

Input Regulation (Note 2) 
80 to 20 Vdc 
70 to 25 Vdc (TJ = +25OC) 
8 0 to 12 Vdc. 10 = 1 0 A 
73 to 20 Vdc. 10 = 1 0 A (TJ = +25°C) 

Load Regulation (Note 2) 
5 0 mA ~ 10 ~ 1 0 A 
50 mA ~ 10 ~ 1 5 A (TJ = +25°C) 
250 mA ~ 10 ~ 750 mA {TJ = +25°C) 

Output Voltage 
LM140 

8 0 ~ Vin ~ 20 Vdc. 50 mA,;; 10 ~ 1 0 A. 
Po ~ 15 W 

LM340 
7 0 ~ Vin ~ 20 Vdc. 50 mA ~ 10 ~ 1 0 A. 

Po ~ 15 W 

QUiescent Current 
10 = 1 OA 

LM140 
LM340 
LM140 (TJ = +25°C) 
LM340 (TJ = +25°C) 

QUiescent Current Change 
8 0 ~ Vin ~ 25 Vdc LM140 
7 0 ~ Vin ~ 25 Vdc LM340 
5 0 mA ~ 10 ~ 1 0 A LM140. LM340 
8 0 ~ Vin ~ 20 Vdc. 10 = lOA LM140 
7 5 ~ Vin ~ 20 Vdc. 10 = 1 0 A LM340 

Ripple Rejection 
LM140 
LM340 

10 = lOA (TJ = +25°C) 
LM140 
LM340 

Dropout Voltage 

Output Resistance 

Short-Circuit Current Limit 

Output NOise Volt~ge (TA = +25°C) 
10Hz ~ f ~ 100 kHz 

Average Temperature Coefficient of Output Voltage 
10 = 50 mA 

Peak Output Current {TJ = +25OC) 

Input Voltage to Maintain Line Regulation (T J = +25°C) 
10 = 1 0 A 

NOTES 
1 Tlow = -55°C for LM140 

= OOC for LM340 
Thigh = +150oC for LM140 

= + 125°C for LM340 

Symbol 

Vo 

Regln 

Regload 

Vo 

Ib 

Ib 

RR 

Vin - Vo 

RO 

Isc 

Vn 

TCVO 

10 

Min Typ Max Unit 

48 50 52 Vdc 

mV 
- - 50 
- - 50 
- - 25 
- - 50 

mV 
- - 50 
- - 50 
- - 25 

Vdc 

475 50 525 

475 50 525 

mA 

- 40 70 
- 40 85 
- 40 60 
- 40 80 

mA 
- - 08 
- - 10 
- - 05 
- - 08 
- - 10 

dB 
68 80 -
62 80 -

68 - -
62 - -
- 20 - Vdc 

- 30 - mH 

- 20 - A 

- 40 - p.V 

- ±O 6 - mV/oC 

- 24 - A 

73 - - Vdc 

Load and line regulation are specified at constant Junction temperature Changes In Vo due to heating effects must be taken Into 
account separately Pulse testing With low duty cycle IS used 
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LM140 series, LM340 series 

LM140/340 - 6.0 ELECTRICAL CHARACTERISTICS 
(Vin = 11 V. 10 = 500 mAo TJ = Tlow to Thigh (Note 1). unless otherwise noted) 

Characteristic ,-

Output Voltage (TJ = +25°C) 
10 = 5 0 mA to 1 0 A 

Input Regulation (Note 2) 
90 to 21 Vdc 
80 to 25 Vdc (TJ = +25°C) 
9 0 to 13 Vdc. 10 = 1 0 A 
83 to 21 Vdc. 10 = 1 0 A (TJ = +25OC) 

Load RegulatIOn (Note 2) 
5 0 mA'::; 10 ,::; 1 0 A 
50 mA'::; 10'::; 1 5 A (TJ = +25°C) 
250 mA,::; 10'::; 750 mA (TJ = +25°C) 

Output Voltage 
LM140 

9 0 ,::; Vin ,::; 21 Vdc. 5 0 mA ,::; 10 ,::; 1 0 A. 
PO'::; 15W 

LM340 
80'::; VIn ,::; 21 Vdc. 6 0 mA,::; 10'::; 1 0 A. 

PO'::; 15W 

QUiescent Current 
10 = 10 A 

LM140 
LM340 
LM140 (TJ = +25 D C) 
LM340 (TJ = +25 D C) 

QUiescent Current Change 
90,::; Vin ,::; 25 Vdc LM140 
80,::; Vin ,::; 25 Vdc LM340 
5 0 mA ,::; 10 ,::; 1 0 A LM 140. LM340 
9 0 ,::; V In ,::; 21 Vdc. 10 = 1 0 A LM140 
86,::; VIn ,::; 21 Vdc. 10 = 1 0 A LM340 

Ripple Rejection 
LM140 
LM340 

10 = 1 0 A (TJ = +25 D C) 
LM140 
LM340 

Dropout Voltage 

Output Resistance 

Short-CirCUit Current Limit 

Output NOise Voltage (TA = +25 D C) 
10Hz,::; f ,::; 100kHz 

Average Temperature CoeffiCient of Output Voltage 
10 = 50 mA 

Peak Output Current (TJ = +25 D C) 

Input Voltage to Maintain Line Regulation (TJ = +25°C) 
10 = 1 OA 

NOTES 
1. Tlow = -55°C for LM140 

= OOC for LM340 
Thigh = +150D C for LM140 

= +125 D C for LM340 

Symbol 

Vo 

Regln 

Regload 

Vo 

Ib 

Ib 

RR 

Vin - Vo 

RO 

Isc 

Vn 

TCVO 

10 

Min Typ Max Unit 

575 60 625 Vdc 

mV 
- - 60 
- - 60 
- - 30 
- - 60 

mV 
- - 60 
- - 60 
- - 30 

Vdc 

57 60 63 

57 50 63 

mA 

- 40 70 
- 40 85 
- 40 60 
- 40 80 

mA 
- - 08 
- - 10 
- - 05 
- - 08 
- - 10 

dB 
65 78 -
59 78 -

65 - -
59 - -
- 20 - Vdc 

- 35 - mil 

- 19 - A 

- 45 - I·N 

- ±O 7 - mV/oC 

- 24 - A 

83 - - Vdc 

2 Load and line regulatIOn are specified at constant JunctIOn temperature Changes In Vo due to heating effects must be taken Into 
account separately Pulse testing With low duty cycle IS used 
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LM140 series, LM340 series 

LM140/340 - 8,0 ELECTRICAL CHARACTERISTICS 
(VIn " 14 V, 10 = 500 mAo TJ "Tlow to Thigh (Note 1), unless otherwise noted) 

Characteristic 

Output Voltage (TJ = +25°C) 
10 = 5 0 mA to 1 0 A 

Input Regulation (Note 2) 
11 to 23 Vdc 
105 to 25 Vdc (TJ = +25°C) 
11 to 17 Vdc, I 0= 1 0 A 
105 to 23 Vdc, 10 = 1 0 A (TJ = +25°C) 

Load Regulation (Note 2) 
5 0 mA ,,;;; 10 ,,;;; 1 0 A 
50 mA,,;;; 10";;; 1 5 A (TJ = +25°C) 
250 mA,,;;; 10";;; 750 mA (TJ = +25°C) 

Output Voltage 
LM140 

11 5";;; VIn ,,;;; 23 Vdc, 50 mA";;; 10";;; 1 0 A, 
PO";;; 15W 

LM340 
10 5 ,,;;; Vin ,,;;; 23 Vdc, 50 mA ,,;;; 10 ,,;;; 1 0 A, 

PO";;; 15W 

QUiescent Current 
10 = 1 OA 

LM140 
LM340 
LM140 (TJ = +2S°C) 
LM340 (TJ = +2SoC) 

QUiescent Current Change 
11 5,,;;; Vin ,,;;; 25 Vdc LM140 
105';; VIn ,;; 25 Vdc LM340 
SOmA";;; 10 ,,;;; 1 0 A LM140, LM340 
11 5";;; Vin ,,;;; 23 Vdc, 10 = 1 0 A LM140 
106 ,,;;; Vin ,,;;; 23 Vdc, 10 = 1 0 A LM340 

Ripple Rejection 
LM140 
LM340 

10 = 1 0 A (TJ = +25°C) 
LM140 
LM340 

Dropout Voltage 

Output Resistance 

Short-Circuit Current Limit 

Output NOise Voltage (TA = +25°C) 
10Hz,,;;; f";;; 1 00 kHz 

Average Temperature Coefficient of Output Voltage 
10 = 50 mA 

Peak Output Current (TJ = +25°C) 

Input Voltage to Maintain Line Regulation (T J = +25 O C) 
10 = 1 OA 

NOTES 
1. Tlow = -55 0 C for LM140 

= DoC for LM340 
Thigh = +150oC for LM140 

= +125°C for LM340 

Symbol 

Vo 

Regln 

Regload 

Vo 

Ib 

Ib 

RR 

Vin - Vo 

RO 

Isc 

Vn 

TCVO 

10 

Min Typ Max Unit 

77 80 83 Vdc 

mV 
- - 80 
- - 80 
- - 40 
- - 80 

mV 
- - 80 
- - 80 
- - 40 

Vdc 

76 80 84 

76 80 84 

mA 

- 40 70 
- 40 85 
- 40 60 
- 40 80 

mA 
- - 08 
- - 10 
- - OS 
- - 08 
- - 10 

dB 
62 76 -
56 76 -

62 - -
56 - -

- 20 - Vdc 

- 40 - mll 

- 1 5 - A 

- 52 - /lV 

- ±10 - mV/oC 

- 24 - A 

105 - - Vdc 

2 Load 'and line regulation are specified at constant Junction temperature Changes In Vo due to heating effects must be taken Into 
account separately. Pulse testing with low duty cycle IS used 
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LM 140 series, LM340 series 

LM140/340 - 12 ELECTRICAL CHARACTERISTICS 
(Vin = 19 V, 10 = 500 mA, TJ = Tlow to Thigh (Note 1), unless otherwise noted) 

Characteristic 

Output Voltage (TJ = +25°C) 
10 =- 5 0 mA to 1 0 A 

Input Regulation (Note 2) 
15t027Vdc 
146 to 30 Vdc (TJ = +25°C) 
16 to 22 Vdc, I 0= 1 0 A 
146 to 27 Vdc, 10 = 1 0 A (TJ = +25°C) 

Load Regulation (Note 2) 
5 0 mA ~ 10 ~ 1 0 A 
5 0 mA~ 10 ~ 15 A (TJ = +25°C) 
250 mA ~ 10 ~ 750 mA (TJ = +25°C) 

Output Voltage 
LM140 

15 5 ~ Vin ~ 27 Vdc, 50 mA ~ 10 ~ 1 0 A, 
PO~ 15 W 

LM340 
14 5 ~ Vin ~ 27 Vdc, 5 0 mA <:;; 10 ~ 1 0 A, 

Po ~ 15 W 

QUiescent Current 
10 = 1 0 A 

LM140 
LM340 
LM140 (TJ = +25°C) 
LM340 (TJ = +25°C) 

QUiescent Current Change 
15 ~ Vin ~ 30 Vdc LM140 
14 5 ~ Vin ~ 30 Vdc LM340 
5 0 mA ~ 10 ~ 1 0 A LM140, LM340 
15 ~ Vin ~ 27 Vdc, 10 = 1 0 A LM140 
14 8 ~ Vin ~ 27 Vdc, 10 = 1 0 A LM340 

Ripple Rejection 
LM140 
LM340 

10 = 1 0 A (TJ = +25°C) 
LM140 
LM340 

Dropout Voltage 

Output Resistance 

Short-CircUit Current Limit 

Output NOise Voltage (TA = +25OC) 
10 Hz ~ f ~ 100kHz 

Average Temperature Coefficient of Output Voltage 
10 = 50 mA 

Peak Output Current (T J = +25°C) 

Input Voltage to Maintain Line Regulation (TJ = +25°C) 
10 = 1 0 A 

NOTES 
1 Tlow = -55°C for LM 140 

= OOC for LM340 
Thigh = +150oC for LM140 

= +125°C for LM340 

Symbol 

Vo 

Regln 

Regload 

Vo 

Ib 

Ib 

RR 

Vin - Vo 

RO 

Isc 

Vn 

TCVO 

10 

Min Typ Max Unit 

11 5 12 125 Vdc 

mV 
- - 120 
- - 120 
- - 60 
- - 120 

mV 
- - 120 
- - 120 
- - 60 

Vdc 

114 12 126 

114 12 126 

mA 

- 40 70 
- 40 85 
- 40 60 
- 40 80 

mA 
- - 08 
- - 10 
- - 05 
- - 08 
- - 10 

dB 
61 72 -
55 72 -

61 - -
55 - -
- 20 - Vdc 

- 75 - mU 

- 11 - A 

- 75 - !'-V 

- ±15 - mY/DC 

- 24 - A 

146 - - Vdc 

2. Load and hne regulation are speCified at constant Junction temperature Changes In Vo due to heating effects must be taken Into 
account separately Pulse testing with low duty cycle IS used 
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LM140 series, LM340 series 

LM140/340 - 15 ELECTRICAL CHARACTERISTICS 
(Vin = 23 V, 10 = 500 mA, TJ = Tlow to Thigh (Note 1), unless otherwise noted) 

Characteristic 

Output Voltage (TJ = +25°C) 
10 = 5 0 mA to 1.0 A 

Input Regulation (Note 2) 
185 to 30 Vdc 
175 to 30 Vdc (TJ = +25°C) 
20 to 26 Vdc, I 0= 1 0 A 
177 to 30 Vdc, 10 = lOA (TJ = +25°C) 

Load Regulation (Note 2) 
5 0 mA ~ 10 ~ lOA 
50 mA ~ 10 ~ 1 5 A (TJ = +25°C) 
250 mA ~ 10 ~ 750 mA (TJ = +25°C) 

Output Voltage 
LM140 

18 5 ~ Vin ~ 30 Vdc, 5 0 mA ~ 10 ~ lOA, 
PO~ 15 W 

LM340 
17 5 ~ Vin ~ 30 Vdc, 5 0 mA ~ 10 ~ lOA, 

Po ~ 15 W 

QUiescent Current 
10" 1 OA 

LM140 
LM340 
LM140 (TJ = +25°C) 
LM340 (TJ = +25°C) 

QUiescent Current Change 
18 5 ~ Vin ~ 30 Vdc LM140 
17 5 ~ Vin ~ 30 Vdc LM340 
5 0 mA ~ 10 ~ lOA LM140, LM340 
18 5 ~ Vill ~ 30 Vdc, 10 = lOA LM140 
17 9 ~ Vin ~ 30 Vdc, 10 = lOA LM340 

Ripple Rejection 
LM140 
LM340 

10 = 1 OA (TJ = +25°C) 
LM140 
LM340 

Dropout Voltage 

Output Resistance 

Short-Circuit Current Limit 

Output NOise Voltage (TA = +25°C) 
10 Hz ~ f ~ 100 kHz 

Average Temperature Coefficient of Output Voltage 
10 = 50 mA· 

Peak Output Current (TJ = +25°C) 

Input Voltage to Maintain Line Regulation (TJ = +25°C) 
10 = 1 OA 

NOTES 
1 Tlow = -55°C for LM140 

= OOC for LM340 
Thigh = +150oC for LM140 

= + 125°C for LM340 

Symbol 

Vo 

Regln 

Regload 

Vo 

Ib 

Ib 

RR 

Vin - Vo 

RO 

Isc 

Vn 

TCVO 

10 

Min Typ Max Unit 

144 15 156 Vdc 

mV 
- - 150 
- - 150 
- - 75 
- - 150 

mV 
- - 150 
- - 150 
- - 75 

Vdc 

1425 15 1575 

1425 15 1575 

mA 

- 40 70 
- 40 85 
- 40 60 
- 40 80 

mA 
- - 08 
- - 10 
- - 05 
- - 08 
- - 10 

d8 
60 70 -
54 70 -

60 - -
54 - -
- 20 - Vdc 

- 95 - m!l 

- 800 - mA 

- 90 - IJ.V 

- ±18 - mV/oC 

- 24 - A 

177 - - Vdc 

Load and line regulation are specified at constant Junction temperature. Changes In Vo due to heating effects must be taken Into 
account separately Pulse testing with low duty cycle IS used 
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LM140 series, LM340 series 

LM140/340 - 18 ELECTRICAL CHARACTERISTICS 
(VIn = 27 V, 10 = 500 rnA, TJ = Tlow to Thigh (Note 1), unless otherwise noted) 

Characteristic 

Output Voltage (TJ = +25°C) 
10 = 5 0 rnA to lOA 

Input Regulation (Note 2) 
21 5 to 33 Vdc 
21 to 33 Vdc (TJ = +25°C) 
24 to 30 Vdc, I 0= lOA 
21 to 33 Vdc, 10 = lOA (TJ = +25°C) 

Load Regulation (Note 2) 
5 0 rnA ~ 10 ~ lOA 
50mA~ 10~ 15A(TJ=+25°C) 
250 rnA ~ 10 ~ 750 rnA (TJ = +25°C) 

Output Voltage 
LM140 

22 ~ VJn ~ 33 Vdc, 5 0 rnA ~ 10 ~ lOA, 
Po ~ 15 W 

LM340 
21 ~ VJn ~ 33 Vdc, 5 0 rnA ~ 10 ~ lOA. 
PO~ 15 W 

QUiescent Current 
10 = lOA 

LM140 
LM340 
LM140 (TJ = +25°C) 
LM340 (TJ = +25°C) 

QUIescent Current Change 
22 ~ VIn ~ 33 Vdc LM140 
21 ~ VIn ~ 33 Vdc LM340 
5 0 rnA ~ 10 ~ lOA LM 140, LM340 
22 ~ VIn ~ 33 Vdc, 10 = lOA LM140 
21 ~ VIn ~ 33 Vdc, 10 = lOA LM340 

Ripple Rejection 
LM140 
LM340 

10 = lOA (TJ = +25°C) 
LM140 
LM340 

Dropout Voltage 

Output Resistance 

Short-CircUIt Current Limit 

Output NOise Voltage (TA = +25°C) 
10Hz ~ f ~ 100 kHz 

Average Temperature CoeffiCient of Output Voltage 
10 = 50 rnA 

Peak Output Current (T J = +25°C) 

Input Voltage to Maintain Line Regulation (TJ = +25°C) 
10 = lOA 

NOTES 
Tlow = -55°C for LM140 

= OcC for LM340 
Thigh = +150oC for LM140 

= +125°C for LM340 

Symbol 

Vo 

Reg ln 

Regload 

Vo 

Ib 

Ib 

RR 

Vln - Vo 

RO 

Isc 

Vn 

TCVO 

10 

Min Typ Max Unit 

173 18 187 Vdc 

mV 
- - 180 
- - 180 
- - 90 
- - 180 

mV 
- - 180 
- - 180 
- - 90 

Vdc 

171 18 189 

171 18 189 

rnA 

- 40 70 
- 40 85 
-- 40 60 
- 40 80 

rnA 
- - 08 
- - 10 
- - 05 
- - 08 
- - 10 

dB 
59 69 -
53 69 -

59 - -
53 - -
- 20 - Vdc 

- 110 - rnil 

- 500 -- rnA 

- 110 - }J.V 

- ±23 - rnV/oC 

- 24 - A 

21 - - Vdc 

2 Load and line regulation are speCified at constant Junction temperature Changes In Vo due to heating effects must be taken Into 
account separately Pulse testing With low duty cycle IS used 
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LM 140 series, LM340 series 

LM140/340 - 24 ELECTRICAL CHARACTERISTICS 
(Vm = 33 V. 10 = 500 mA. TJ = Tlow to Thigh (Note 1). unless otherwise noted) 

Characteristic 

Output Voltage (TJ = +25°C) 
10 = 5 0 mA to 1 0 A 

Input Regulation (Note 2) 
28 to 38 Vdc 
27 to 38 Vdc (TJ = +25°C) 
30 to 36 Vdc. I 0= 1 0 A 
271 to 38 Vdc. 10 = 1 0 A (TJ = +25°C) 

Load Regulation (Note 2) 
5 0 mA ~ 10 ~ 1 0 A 
50 mA ~ 10 ~ 1 5 A (TJ = +25O C) 
250 mA ~ 10 ~ 750 mA (TJ = +25°C) 

Output Voltage 
LM140 

28 ~ Vm ~ 38 Vdc 5 0 mA ~ 10 ~ 1 0 A. 
PO~ 15 W 

LM340 
27 ~ Vm ~ 38 Vdc. 5 0 mA ~ 10 ~ 1 0 A. 
PO~ 15W 

QUiescent Current 
10 = 1 0 A 

LM140 
LM340 
LM140 (TJ = +25°C) 
LM340 (TJ = +25°C) 

QUiescent Current Change 
28 ~ Vm ~ 38 Vdc LM140 
27 ~ Vm ~ 38 Vdc LM340 
5 0 mA ~ 10 ~ 1 0 A LM140. LM340 
28 ~ Vm ~ 38 Vdc. 10 = 1 0 A LM140 
27 3 ~ Vm ~ 38 Vdc. 10 = 1 0 A LM340 

Ripple Rejection 
LM140 
LM340 

10 = 1 0 A (TJ = +25°C) 
LM140 
LM340 

Dropout Voltage 

Output Resistance 

Short-Circuit Current Limit 

Output NOise Voltage (TA = +25°C) 
10Hz~f~ 100kHz 

Average Temperature Coefficient of Output Voltage 
10 = 50 mA 

Peak Output Current (TJ = +25°C) 

Input Voltage to Mamtam Lme Regulation (TJ = +25°C) 
10 = 1 OA 

NOTES 
1 Tlow = -55°C for LM140 

= OoC for LM340 
Thigh = +150oC for LM140 

= +125°C for LM340 

Symbol 

Vo 

Regm 

Regload 

Vo 

Ib 

~Ib 

RR 

Vm - Vo 

RO 

Isc 

Vn 

TCVO 

10 

Min Typ Max Unit 

23 24 25 Vdc 

mV 
- - 240 
- - 240 
- - 120 
- - 240 

mV 
- - 240 
- - 240 
- - 120 

Vdc 

228 24 252 

228 24 252 

mA 

- 40 70 
- 40 85 
- 40 60 
--'- 40 80 

mA 
- - 08 
- - 10 
- - 05 
- - 08 
- - 10 

dB 
56 66 -
50 66 -

56 - -
50 - -

- 20 - Vdc 

- 150 - mll 

- 200 - mA 

- 170 - /lV 

- ±30 - mV/oC 

- 24 - A 

271 - - Vdc 

Load and line regulation are specified at constant Junction temperature Changes m Vo due to heatmg effects must be taken mto 
account separately. Pulse testmg with low duty cycle IS used 
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LM140 series, LM340 series 
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LOW·VOL TAGE REFERENCE 

MC1403,A 
MC1503,A 

A precision band-gap voltage reference designed for critical 
instrumentation and D/A converter applications. This unit is 
designed to work with Motorola MC1506, MC1508, and MC3510 
D/A converters, and MC14433 A/D systems. Low temperature drift 
is a prime design consideration. 

PRECISION LOW·VOL TAGE 
REFERENCE 

LASER TRIMMED 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

• Output Voltage = 2.5 V ±25 mV 
• Input Voltage Range = 4.5 V to 40 V 
• Quiescent Current = 1.2 mA typ 

• Output Current = 10 mA 
• Temperature Coefficient = 10 ppm/oC typ 
• Guaranteed Temperature Drift Specification 

• Equivalent to AD580 
• Standard 8-Pm DIP Package 

Typical Applications 

• Voltage Reference for 8 -12 Bit Df A Converters 

• Low TC Zener Replacement 
• High Stability Current Reference 

• Voltmeter System Reference 

MAXIMUM RATINGS (T A = 250 C unless otherWise noted.) 

Rating Symbol Value 

Input Voltage VI 40 

Storage Temperature T stg -65 to 150 

Junction Temperature TJ +175 

Operating Ambient Temeprature Range TA 
MC1503,A -55 to +125 
MC1403,A o to +70 

Unit 

V 

°c 
°c 

°c 
°c 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

ORDERING INFORMATION 

Temperature 
Device Range 

MC1503U -55 to +125 0 c 
MC1503AU -55 to +125 0 c 
MC1403U o to +700 C 
MC1403AU o to +700 C 

FIGURE 1 - A REFERENCE FOR MOTOROLA MONOLITHIC DIA CONVERTERS 

Package 

Ceramic DIP 
Ceramic DIP 

Ceramic DIP 
Ceramic DIP 

Full· 

+5.0 V 0----1 

PROVIDING THE REFERENCE CURRENT 

FOR MOTOROLA MONOLITHIC DIA CONVERTERS 

The MC1403/1503 makes an ideal reference for the 

Motorola monolithic D/A converters The MC1406/1506, 
MC1408/1508, MC3410/3510 and MC3408 D/A converters all 

require a stable current reference of nominally 2.0 mA ThiS 

can be eaSily obtained from the MC1403/1503 With the 

addition of a series reSistor, R1. A variable reSistor, R2, IS 

15 

12k 
R3 
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------------, 
I 

M~~~O~~~4b;~;;~~8 I 
Series. device I 
could also be I 

I MC1506/1406 or MC3510/3410 I 
L ____________ ~ 

recommended to provide means for full-scale adjust on the 
DI A converter. 

The resistor R3 Improves temperature performance by 

matching the Impedance on both Inputs of the D/A reference 

amplifier The capacitor decouples any nOise present on the 

reference line. It IS essential If the D/A converter IS located any 
appreciable distance from the reference. 

A Single MC1403/1503 reference can provide the required 
current Input for up to five of the monolithiC D/A converters. 



MC1403, A, MC1503, A 

ELECTRICAL CHARACTERISTICS (VI" 15 V. TA" 250 C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage Vo 2.475 2.50 2.525 V 
(I0=OmA) 

Temperature Coefficient of Output Voltage t:.vO/!::.T ppm/oC 
MC1503 - - 55 
MC1503A - - 25 
MC1403 - 10 40 
MC1403A - 10 25 

Output Voltage Change !::.VO mV 
(over specified temperature range) 
MC1503 } -55°C to +1250 C - - 25 
MC1503A - - 11 
MC1403 

} OOC to + 70°C - - 7.0 
MC1403A - - 4.4 

Line Regulation Regm mV 
(15 V" VI" 40 V) - 1.2 4.5 
(4.5V"VI"15V) - 06 3.0 

Load Regulation Regload - - 10 mV 
(0 mA < 10 < 10 mAl 

QUiescent Current II - 1 2 1.5 mA 
(10 = OmA) • 

FIGURE 2 - MC1403/1503 SCHEMATIC 

561 k 
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MC1403, A, MC1503, A 
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MC1403, A, MC1503, A 

3-1/2-DIGIT VOLTMETER - COMMON ANODE 
DISPLAYS, FLASHING OVER RANGE 

An example of a 3-112-dlglt voltmeter using the 
MC14433 IS shown in the circuit diagram of Figure 8. 
The reference voltage for the system uses an MC1403 
2.5 V reference IC. The full scale potentiometer can 
calibrate for a full scale of 199.9 mV or 1.999 V. When 
switching from 2 V to 200 mV operation, RI is also 
changed, as shown on the diagram. 

When uSing RC equal to 300 kD, the clock frequency 
for the system IS about 66 kHz. The resulting conversion 
time IS approximately 250 ms. 

When the Input is overrange, the display flashes on 
and off. The flashing rate is one-half the conversion rate. 

This IS done by dividing the EOC pulse rate by 2 with 
1/2 MC140138 flip-flop and blanking the display using 
the blanking input of the MC145438. 

The display uses an LED display with common anode 
digit lines driven with an MC14543B decoder and an 
MC1413 LED driver. The MC1413 contains 7 Darlington 
transistor drivers and resistors to drive the segments of 
the display. The digit drive is provided by four MPS-A 12 
Darlington transistors operating in an emitter-follower 
configuration. The MC145438, MC140138 and LED 
displays are referenced to VEE via pin 13 of the MC14433. 
This places the full power supply voltage across the 
display. The current for the display may be adjusted by 
the value of the segment reSIStors shown as 150 ohms 
in Figure 8. 

FIGURE 8 - 3·1/2-DIGIT VOLTMETER 

MC1403 

+5V 

Vx 3 

RI· 
4 

6 
o 1/.lF·· 

7 

8 
0.1/.lF 15 

• RI = 470 kn for 2 V Range 
RI = 27 kn for 200 mV Range 

•• Mylar Capacitor 

20 k 

22 

21 
20 

MC14433 

13 

14 
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-5V 

+5V 
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-5 V 
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Advance InforDl.ation 

LOW-VOLTAGE REFERENCE FAMILY 

The MC1404 series of ICs is a family of temperature-compensated 
voltage references for precision data conversion applications, such as 
A/D, D/A, V/F, and FN_ Advances in laser-trimming and ion
implanted devices, as well as monolithic fabrication techniques, 
make these devices stable and accurate to 12 bits over both military 
and commercial temperature ranges. I n addition to excellent tem
perature stability, these parts offer excellent long-term stability and 
low noise. 

• Output Voltages: Standard, 5.0 V, 6.25 V, 10 V 

• Trimmable Output: > ± 6% 

• Wide Input Voltage Range: VREF + 2.5 V to 40 V 

• Low Quiescent Current: 1.25 mA Typical 

• Temperature Coefficient: 10 ppm/oC Typical 

• Low Output Noise: 12 J1.V POp TYPical 

• Excellent Ripple Rejection: > 80 dB Typical 

TYPICAL APPLICATIONS 

• Voltage Reference for 8 -12 Bit D/A Converter~ 

• Low TC Zener Replacement 

• High Stability Current Reference 

• MPU D/A and A/D Applications 

FIGURE 1 - VOLTAGE OUTPUT 10 BIT DAC USING MC1404U10 

MSB 

6 

8 
CMOS 

9 
TTL 

10 

11 

12 

13 
LSB 

+5 

14 

MC3410 

-15 

005 ",F 

15 5 k 

3 

200 k 

5 MC1404U10 

4 

150 pF 

25k 

2.5 k 

-15 

This is advance information and specifications are subject to change without notice. 
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MCl404 MC1404A 
MC1504 MC1504A 

PRECISION LOW-DRIFT 
VOLTAGE REFERENCES 

5.0,6.25, and 10-VOl T OUTPUT VOLTAGES 

LASER TRIMMED SILICON 
MONOLITHIC INTEGRATED CIRCUIT 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

ORDERING INFORMATION 

PACKAGE (ALL TYPES) 
Ceramic DIP 

Device I Temperature Range 

5.0 Volts 

MC1504U5 -55°C to +1250 C 
MC1504AU5 -55°C to + 125°C 
MC1404U5 OoC to +700 C 
MC1404AU5 OoC to +700 C 

6.25 Volts 

MC1504U6 -55°C to + 125°C 
MC1504AU6 -55°C to + 125°C 
MC1404U6 OoC to +700 C 

MC1404AU6 OOC to + 70°C 

10 Volts 

MC1504Ul0 -55°C to + 125°C 
MC1504AU10 -55°C to + 125°C 
MC1404Ul0 OoC to +700 C 
MC1404AU10 OOC to +700 C 



MC1404, A, MC1504, A 

ELECTRICAL CHARACTERISTICS (Vtn = 15 Volts, TA = 25°C and Trim Termtnal not connected unless otherWise noted) 

MC1404.A MC1504.A 

CharactsTistic Symbol Min Typ Max Min Typ Max Unit 

Output Voltage Vo Volt 
(10 = 0 mAl 

U5, AU5 4.95 5.00 5.05 4.95 5.00 5.05 
U6, AU6 6.19 6.25 6.31 6.19 6.25 6.31 

Ul0, AU10 9.90 10 10.10 9.90 10 10.10 

Output Voltage Tolerance - - ±0.1 ± 1.0 - ±0.1 ±1.0 % 

Output Trim Range (Figure 10) AVTRIM ±6.0 - - ±6.0 - - % 
(Rp = 100 kn) 

Output Voltage Temperature CoeffiCient, AVo/AT ppm/oC 
Over Full Temperature Range 

MC1404, MC1504 - 10 40 - - 55 
MC1404A, MC1504A - 10 25 - - 25 

Maximum Output Voltage Change AVo mV 
Over Temperature Range 

MC1404U5, MC1504U5 - - 14 - - 50 
MC1404AU5, MC1504AU5 - - 9.0 - - 23 

MC1404U6, MC1504U6 - - 175 - - 62 
MC1404AU6, MC1504AU6 - - 11 - - 28 
MC1404Ul0, MC1504U10 - - 28 - - 99 

MC1404AU10, MC1504AU10 - - 18 - - 45 • Line Regulation (1) RegLiNE - 2.0 6.0 - 2.0 6.0 mV 
(V tn = V out + 2 5 V to 40 V,lout = 0 mAl 

Load Regulation (1) Reg LOAD - - 10 - - 10 mV 
(0"; 10 .;; 10 mAl 

QUiescent Current II - 12 1.5 - 1.2 15 mA 
(10 = 0 mAl 

Short CirCUit Current Isc 15 20 30 - - 30 mA 

Long Term Stability - - 25 - - 25 - ppm/lOOO hrs 

Note l' Includes thermal effects 

DYNAMIC CHARACTER ISTICS (V tn = 15 V, T A = 2SoC all voltage ranges unless otherWise noted) 

MC1404.A MC1504,A 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Turn·On Settling Time ts - 50 - - 50 - J.LS 
(to ±O 01%) 

Output NOise Voltage - P to P en - 12 - - 12 - !J.V 
(BandWidth 0.1 to 10 Hz) 

Small,Slgnal Output Impedance ro n 
120 Hz - 015 - - 015 -
500 Hz - 02 - - 02 -

Power Supply Rejection RatiO PSRR 70 80 - 70 80 - dB 
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MC1404, A, MC1504, A 

FIGURE 2 - SIMPLIFIED DEVICE DIAGRAM 
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FIGURE 4 - OUTPUT VOLTAGE versus TEMPERATURE 
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FIGURE 7 - aUIESCEiNT CURRENT versus TEMPERATURE 
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MC1404, A, MC1504, A 

FIGURE 8 - SHORT CIRCUIT CURRENT versus TEMPERATURE 
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FIGURE 10 - OUTPUT TRIM CONFIGURATION 
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Output AdJustment 

The MC1404 trim terminal can be used to adlust the output 

voltage over a ±6% range For example, the output can be set to 

10.000 V or to 10240 V for binary applIcatIons For trimmIng, 

Bourns type 3059, 100 kn. or 200 kn. trlmpot IS recommended 

FIGURE 9 - VTEMP OUTPUT versus TEMPERATURE 
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FIGURE 11 - PRECISION SUPPLY USING MC1404 
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The addItIon of a power transIstor, a resIstor, and a capacItor 

converts the MC1404 Into a precIsIon supply wIth one ampere 

current capabIlIty. At V+ = 15 V, the MC1404 can carry In excess 

of 14 mA of load current wIth good regulatIon. If the power 

transIstor current gain exceeds 75, a one ampere supply can 

be realIZed 

FIGURE 12 - ULTRA STABLE REFERENCE FOR MC1723 VOLTAGE REGULATOR 
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MC1404, A, MC1504, A 

FIGURE 13 - 5.0 V, 6.0 AMP, 25 kHz SWITCHING REGULATOR WITH SEPARATE UL TRA·STABLE REFERENCE 
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FIGURE 14 - HIGH SPEED 8·BIT D/A CONVERTER USING MC1404U10 
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MC1463 
MC1S63 

Specifications and Applications InforIllation 

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 I" • e 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/MC1463R 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,Clrcuit Protection 

• Low Output Impedance - 20 Milliohms typical 

• High Power Capability - 9.0 Watts 

• Excellent Temperature Stabil~ty - t.VOIt. T = ± 0 002%/oC typical 

• High Ripple Rejection - 0.002% typical 

• 500 mA Current Capability 

NEGATIVE-POWER·SUPPLV 
VOLTAGE REGULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 603 

R SUFFIX 
METAL PACKAGE 

CASE 614 

FIGURE 1 - TYPICAL CIRCUIT CONNECTION 
(1-3.51 ~ Vo ~ 1-371 Vdc, 1 ~ I L ~500 mAl 

FIGURE 2 - TYPICAL NPN CURRENT BOOST CONNECTION 
(VO = 5.2 Vdc, I L = 10 Adc [maxl) 
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FIGURE 3 - ±15 V, ±400 mA COMPLEMENTARY TRACKING 
VOLTAGE REGULATOR 
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GNO 

CASE 
68k AS 

IL: 

Co 10Amax 

AA 100 

"F 
AL 

MC1563A 
MC1463A 

Vo 

lO ::::50mJlllOhms VO; -52VdC 

ORDERING INFORMATION 

DEVICE TEMPERATURE RANGE PACKAGE 

MC1463G 0° eta +70o C Metal Can 

MC1463R 0° C to +70o C Metal Power 

MC1563G -550 C '0 +1250 C Metal Can 

MC1563R _550 C '0 +1250 C Metal Power 
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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/ROJA 
ROJA 

Po 
1/ROJC 
ROJC 

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 (I L = 100 mAde, TC = +250 C, Vin = 15 V, Vo = 10 V unless otherwise noted.) 

Characteristic Fig. Note Symbol 

Input Voltage 4 1,6 VI 

(T A = Tlow <D to Thigh <2l IL'= 1.0 mAl 

Output Voltage Range (lL = 1.0 mAl 4 - Vo 

Reference Voltage (Pin 1 to Ground) 4 - Vref 

Minimum Input-Output Voltage Differential 4 2 IVin-vOI 
IRsc = 0) 

Bias Current (Standbv Current) 4 - liB 
ilL = 1.0 mAdc, liB = II -IL) 

Output Noise 4 - vN 
(Cn = 0.1 J.lF, f = 10 Hz to 5.0 MHz) 

Temperature Coefficient of Output Voltage 4 3 AVO/AT 

Operating Load Current Range 4 - ILR 
IRse "0.3 ohm) R Package 
IRsc = 2.0 ohms) G Package 

I nput Regulation (V in = 1.0 V rms, f = 1.0 kHz) 4 4 Regline 

Load Regulation 6 5 Regload 
IT J = Constant [1.0 mA ~I L ~ 20 mA)) 
IT C = +250 C [1.0 mA ~'L ~50 mA Jl R Package 

G Package 

Output Impedance (f = 1.0 kHz) 7 - zo 

Shutdown Current 8 - Isd 
(V, = -35 Vdc) 

<D Tlow - OOC for MC1463 

- -55°C for MC1563 

~ Thigh = +70oC for MC1463 
= +1250 C for MC1563 
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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 mAdc 

120 - - 120 - /JV(rms) 

±o.002 - - ±0.002 - %/oC 

mAdc 

- 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.Q1 0.13 

20 - - 35 - milliohms 

7.0 15 - 14 50 /JAde 

Heat sink required for Thigh testing of UGH package. 



MC1463, MC1563 

Note 1 "Minimum Input Voltage" IS the minimum "total Instanta· 
neous Input voltage" required to properly bias the Internal 
zener reference diode 

Note 2 This parameter states that the MC 1563/MC 1463 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 Vdc as shown In the tYPical column 

Note 3 "Temperature CoeffiCient of Output Voltage" IS defined 
as' 

± (VO max - Vo min) (100) 
tlVO/tlT = ----------

6 T A (VO @ T A = +250 C) 

where {:;, T A = +1800 C for the MC1563 
+ 7SoC for the MC 1463 

The output·voltage adjusting reSIStors (RA and RB) must 
have matched temperature characteristics In order to main' 
taln 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 

Input Regulation = ~ 100 (%/VOI. 
Vo (VI) 

where Vo IS the change In the output voltage Vo for the 
input change vln. 

The follOWing example Illustrates how to compute maxI
mum output voltage change for the conditions given: 

Regln = 0.015%1\10 
Vo = 10 Vdc 
vln = 1.0 V(rms) 

V _ (Regline) (VI) (VO) 
0- 100 

(0.01511 LOll 10) 

100 
= 0.0015 V(rms) 

Note 5. Temperature drift effect must be taken into account 
separately for conditions of high lunctlon temperature 
changes due to the thermal feedback that exists on the 
monolithic chiP. 

VOIIL = 1.0 mAI- VOI IL = 50 mAl 
Load Regulation = x 100 

VOI IL = 1.0 mAl 

Note 6. Not to exceed maximum package power dissipation . 

TEST CIRCUITS 

(I L == 100 mAde. T C = +250 C unless otherwise noted.) 

FIGURE 4 - GENERAL TEST CIRCUIT FIGURE 5 - LOAD TRANSIENT RESPONSE 
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GENERAL DESIGN INFORMATION 

1. Output Voltage, Vo 
a) Output Voltage is set by resistors RA and RS (see Figure 9). 

Set RS = 68 k ohms and determine RA from the graph of 
Figure 11 or from the equation: 

RA ~ (2IVol-7) kn 

b) Output voltage can be vaned by making RA adlustable as 
shown In Figures 9 and 10. 

c) Output voltage,Vo,ls determined by the ratio of RA and RB 
therefore optimum temperature performance can be achieved 
If RA and RB have the same temperature coeffiCient. 

d) Vo = Vref (1 + RA); therefore the tolerance on 

AS 
output voltage is determined by the tolerance of Vref and 
RA and RB' 

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 /-LF 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 /-LF capacitor, Cn, from Pin 3 to ground Will typically 
reduce the output nOise voltage to 120 /-L V(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 Co should be at least 10/-LF 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
atureof 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, MOTL* 
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 I L) on Zo can be greatly 
reduced_ 
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FIGURE 9 - TYPICAL CIRCUIT CONNECTION 
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TYPICAL CHARACTERISTICS 

Unless otherwise noted: Cn = O.lI1F, Cc = O.OOlI1F, Co = lOI1F, TC = +250 C, 
VI(nom) = -15 Vdc, VO(nom) = -10 Vdc,IL = 100 mAde. 

FIGURE 12 - TEMPERATURE DEPENDENCE 

OF SHORT-CIRCUIT LOAD CURRENT 
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FIGURE 13 - FREQUENCY DEPENDENCE 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 17 - BIAS CURRENT versus INPUT VOLTAGE 
FIGURE 18 - EFFECTS OF LOAD CURRENT 

ON INPUT-OUTPUT VOLTAGE DIFFERENTIAL 
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OPERATION AND APPLICATIONS 

This section describes the operation and design of the MCI563 (MCI463) negative voltage regulator and also 
provides mformation on useful applications. 

SUBJECT SEQUENCE INDEX 

Theory of Operation 
NPN Current Boosting 
PNP Current Boostlllg 

Specification Pg. No. 
7 

Positive and Negative Power Supphe~ 
Shutdown Techlllques 
Voltage Boostrng 

THEORY OF OPERATION 

9 
IO 
11 
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 requuing 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 I;!specially 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 24. The gain-determining resistors may 
be external, enabling a wide range of output voltages. This 

Stlnes Control Element 

Va = Vref 

FIGURE 23 - Series Voltage Regulator 
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 

Remote Sensing 
Specification Pg. No. 

12 
An Adjustable Zero-Temperature-Coeffklent 

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" 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 1563 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.) 
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VI 

MC1563 (MC1463) Operation 

Figure 25 shows the MC1563 (MC1463) 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 detailed 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 is essentially independent of the unregulated 

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 
resistor (60 kD) 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 regulator. 

(MC1563 - P9. 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 kn or 500 p.A 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 m 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 remainmg regulator circuitry. 

DC Level Shift 

The reference voltage IS used as the mput to a Darlington 
differential amplifier. The gam of tillS amplifier is qUite 
high and It therefore may be considered to functIOn as a 
conventional operatIOnal amplifier. Consequently, negative 
feedback can be employed usmg two external resistors (RA 
and RB) 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 3) to stabilize the amplifier and to fIlter the zener 
noise. The recommended value for this capacitor is 0.1 p.F 
and should have a voltage rating m excess of the desired 
output voltage. Smaller capacitors (0.001 p.F minimum) 
may be used but will cause a slight increase in output 
nOise. Larger values 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 mternally to the 
noninverting input of the output error amplifier. The 

2N3771 
or Equiv 

GND 

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 four-diode string 
to limit the drive current to the power transistors in a 
conven tional manner. 
Stability and Compensation 

As has been seen, the MC 1563 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 5. The recommended value or 0.001 p.F 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 p.F) dIrectly from the output (Pin 
6) to ground. When an external transistor is used to boost 
the current, Co = lOa p.F is recommended (see Figure 26). 

NPN CURRENT BOOSTING 

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 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 VBE 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' VBE's. It Will probably be necessary to 
determine Rsc experimentally for each case where a pass 
transistor is used because VBE vanes from device to device. 

The circuit of Figure 26 when set up for a -10 V output 
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(MC1563 - Pg. 9) 
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VI1 
-9.0 Vdc Rsc1 

0.11JF 

3 CASE 
6.8 k 

MJ450 
or Equlv 

GND 

FIGURE 28 - PNP Current 
Boost Connection 

VI2 
-6.8 Vdc 

}f--------+ ..... VO ~·5.2 

(RA = 13 kn) supply and operating with a -IS 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 dc output Impedance 

of only 7.5 milhohms or a percentage load regulation of 
0.26% for a fu1l3.5-ampere load current change. FIgure 27 
mdicates 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 
vol ts 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 rnA In the 

. conventional manner (Rscl). The MJ450 exhioits a min-
imum hFE of 20 at 10 amperes, thus requiring only 500 
rnA from the MCI563R. 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 02 and Rsc2 will 
not be required and Pin 2 should be returned to ground. 

(10 +~400 rnA max) 

Rsc = 1.5 Vo = +15 Vdc 

FIGURE 29 - A ±15 Vdc Complementary Tracking Regulator With Auxiliary +5.0 V Supply 

(MC1563 - Pg. 10) , 
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VCC 1+5 Vdc; 

0--

0-- MDTLt Output 1 k 470 2 
~ 

MC1563 

0-- MTTL - MC1463 -FIGURE 30 - Saturated Logic 0-- 10 1N4001 U 
Level Shutdown Circuit J-

or Equiv 

-== 
R(20 k) ()4 

tGate must be c;apable of 10 > 1 rnA 
11 rnA 

(For MDTL MC930/830 add VI -
10 kn from +VCC to output.) (-20 Vdc) R (m kn)~ 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 MC1563 may also be used 
with the MC I 569 to provide completely independent 
positive and negative power regulators with comparable 
performance. When used in this manner a silicon diode 
such as the 1 N400 1 must be connected as a clamp on the 
output with the cathode to ground and the anode to the 
negative output voltage. This is to prevent the positive 
voltage in the system from forcing the output to a positive 
value and preventing the MCI563 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 MCl563 is used as the reference regu
lator, establishing the negative output voltage. The MC I 569 
positive regulator is used 10 a trackmg 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 MC I 569 
senes pass transistor such that the voltage at Pin 5 wiII be 
zero. When the voltage at pin 5 equals zero, + I Vo I 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 to a 2-ampere 
capability by Ql and 02. (The +5-voIt 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 +15-volt supply tracks this variation. The +15-volt 
supply varies 20 mV over the zero to +300-mAdc load 
current range. The +5-voIt supply varies less than 5 mV 
for 0 ~ IL ~ 200 mA with the other two voltages remain
ing unchanged. See MCI561 data sheet or MC1569 data 
sheet for information concerning latch-up when using plus 
and minus regulations. 

SHUTDOWN TECHNIQUES 

Pm 2 of the MC I 563 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", wiII deny current 
to all the bIasmg current sources. This action causes the 
output to go to essentially zero volts and the only current 
drawn by the IC regulator wiII be the small start current 
through the 60 k-ohm start resistor (Vm/60 kS1). This 
feature provides additional versatility in the applications 
of the MCI 563. 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 iIlustration 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/10 

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 

IlF 
2 3 Casel10 6.8 k 

25 k 

MC1563 

0.001 MC1463 
2k 

!-IF 8 2 k 20 k 
VI = -35 V 

4 5 6 

-100V e---------------------------------~----~~--~--------~~--~ ~-----+--.. -90 V 

FIGURE 32 - Voltage Boosting 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 of a 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 MC 1563. 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 -

( 2 

4 

0.001 !-IFf 
7 

VI 
R sc 5 

0.1 ~ .... 
!-IF -

( 3 

A reduced input voltage can be provided by using a separate 
supply. The output voltage may be zener-level shifted, and 
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. 
1l1is CIrcuit will exhibit regulation of 0.00 1 % over a 100 mA 
load current range. 

REMOTE SENSING 

The MC 1563 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 impedance of the 
regulator. 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. 

1 

GN o 

68k 
~ Case/lO 

+ 

1 ... r: 10 !-IF RL 
RA -

" 
MC1563 9 
MC1463 

8 
., 

6 

FIGURE 33 - Remote Sensing Circuit 

(MC1563 - Pg. 12) 

4-62 



MC1463, MC1563 

~ 0.1 ,I..-
j.tF .::;::. 

2 3 

Vdc -
4~ 

MC1563G 

0--
MC1463G 

7 

50--

10 

1 

9 

r-o 8 

r-o 6 

RS=6.8k 

RA = 1 k 

-IZ = 1 rnA (max) 

RA 
VZ=-3.5(1+-) 

RS 

-- GND 

~ VZ=-4Vdc 

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 Pms 1 and 9 can be tied together 
and no resistors are needed. This will provide a voltage 
reference having a typical temperature coefficient of 
o 002%/oC. By adding two resistors, RA and RB, any 
voltage between -3.5 Vdc and -37 Vdc can be obtamed 
with the same low TC (see Figure 34) 

THERMAL SHUTDOWN 

By setting a fixed voltage at Pin 2, the MC1563 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 (-1.9 x 

~ 

1O-3V 10C). 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 momtoring the case tem
perature of the pass transistor as is indicated in Figure 36. 
The case of the normally "OFF" thermal monitoring 
transistor, 02, should be m thermal contact with, but 
electrically isolated from, the case of the boost tran
sistor,01. 

THERMAL CONSIDERA nONS 

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 01 j.tF ~~ 
-0.61 Vdc 68k 

lN3826 ~f.-
T2 

( 3 Case/l0 
or Equlv 

+ 
2k .?r: 10 j.tF RL 1 

4 
RA 

~ 

I 
MC1563 9 

5.6 k ~ MC1463 

7 
8 

5 mA 1 0.001 j.tF 

~ Vdc 
R 

V, - 33 
5 6 

FIGURE 35 - Junction Temperature Limiting Shutdown Circuit 

(MC1563 - Pg. 13) 
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the designer must use caution not to exceed the specified 
maximum junction temperature (+1 750 C). Exceeding 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 IC regulator. By using the derating factors 
or thermal resistance values given in the Maximum Ratings 
Table of this data sheet, junction temperature can be com
puted for any given application in the same 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 
(500 mA). 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 characteristics 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 

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 Ie chip. 

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 MC1563R. For 
an example of the relative magnitudes of these effects, 
consider the following conditions: 

Given: MCI563R 

with VI = -10 Vdc 

VO=-5Vdc 

and IL = 100 mA to 200 mA 

(LlI L = 100 mA) 

assume T A = +25 0 C 

TO-66 Type Case with heatsink 

r-+-~--------------------------------------'---~~------~r---~r----,----GND 

1N4001 
or EqUiv 

10 k 

220 

0.001 ",F 

2N3771 

10 k 

2 

4 

7 

5 

3 

0.1 

",F 

MC1563 
MC1463 

Case/l0 

9 

8 

6 

6.8 k 

+ 

- 100 
",F 

VI'---~--~~-4+--¥ 

L _____ J-Common Heat Sink 

or Equiv 
~~----------------------------------~--~~--~~-4VO 

FIGURE 36 - Thermal Shutdown When Using External Pass Transistors 

(MC1563 - Pg. 14) 
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assume Racs = 0.20 C/W 

and RaSA = 20 C/W 

it is desir~d to find the ~ Va which results from this 6. I L. 
Each of the three previously stated effects on Va can now 
be separately considered. 

1.6. Vodueto6.TJ 

6. Va;; (Va) (ci>D)(AVO/AT) (RlHC+Recs+ReSA) 
OR 

6. Va = (5 V)(5VxO.1 A)(±0.002%/oC)(19.20 C/W) 

6. Va ~ ± 1.0 m W 

2. 6. Va due to Zo 

16. Vol = (-Zo)(lL) 

\6. VOl = -(2 x 10-2)(10- 1) = -2 mV 

3. 6. Va due to gradient coefficient, AVO/AG 

I~ Vol = (AVO/AGXVO)(APD) 

I~ vol = (+3 x 1O-4/W)(5 volts)(5 x lO-lW) 

I~ vol = +0.8 mV 

Therefore the total ~ Va is given by 

OR 
I~ Va total 1 = ± 1.0-2.0 +0.8 mV 

-2.2 mV <Iva total I < -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 - Location 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 directly 
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~----.-----~----------~----.----.----e GND 

4 

CASE 68 k RS 

r-------'--------Ll-~)_----~ V ref 

Q1 
MC1563R 
MC1463R 9 

8 
6 

RA + Co 

- 10/lF 

RadJ RA + RadJ 
Va:::::-3 .5 (1 + -----I 

RS 

VI Va 

Select RA + RadJ to Give Desired Va RA + RadJ :::::(21 Va 1-7) kH with Rs = 68 kU 

PARTS LIST 

Component Value Description 

RA Select } 1/4 or 1/2 watt carbon RS 6.8 k 

Radj Select IRC Model X-201,Maliory Model MTC-1 
or equivalent 

Rsc Select 1/2 watt carbon 
R'L Select For minimum current of 1 mAdc 
Co 10llF Sprague 1500 Series. Dickson 01 OC series 

or equivalent 
Cn 0.1 IlF } Ceramic Disc - Centralab DDA 1 04, or equivalent 
Cc 0.001 IlF Sprague TG·P10, or equivalent 

J1 Jumper 

Q1 MC1563R or MC1463R 

·HS Heatsink Thermalloy #6168 S 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,lnc. #PC1113 or equivalent 
1155 W. 23rd St. 
Tempe, Arizona 85281 

·Optional 

(MC1563 - Pg 16) 
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Specifications and 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 rnA 

• Short-Circuit Protection 

• Output Voltage Adjustable to Zero Volts 

• Internal Reference Voltage 

• Adjustable I nternal 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 Range 

MC1466L OOC to +70° C 

MC1566L -55°C to +1250 C 

Package 

Ceramic DIP 

Ceramic DIP 

FIGURE 1 - O-TO-15 VDC, 10-AMPERES REGULATOR FIGURE 2 - O-TO-40 VDC, O.5-AMPERE REGULATOR 

+ 20Vdc 

lN4001 05 
OR EOUIV 

50.F

J 
RL 

Vo 

l 
FIGURE 3 - O-TO-250 VDC, O.1-AMPERE REGULATOR FIGURE 4 - REMOTE PROGRAMMING 

lN4005 OR EOUIV 

CR5 RS 

PlOsl,2,3,and4nocoonecflOn 
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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/eJA 6.0 mW/oC 

Operating Temperature Range TA ~I.; 

MC1466 o to +70 
MC1566 -55 to +125 

Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (TA = +250 C, Vaux = +25 Vdc unless otherwise noted) 

Characteristic Definition Characteristic Symbol Min Typ Max Units 

Auxiliary Voltage (See Notes 1 & 2) Vaux Vdc 
(Voltage from pin 14 to pm 7) MC1466 21 - 30 

MC1566 20 - 35 

• raux 
2N2122 +Vm Auxiliary Current laux mAdc 

5 
OR EDUIV 

MC1466 - 9.0 12 

H~ 
MC1566 - 7.0 8.5 

01 12kJdI 
.F 

lOpF 
2N3055 Internal Reference Voltage VIR Vdc 

L: 
MC,.SS· ~2'O'F OREOUIV 

(Voltage from pm 12 to pin 7) MC1466 17.3 18.2 19.7 MC15SS 

11 
MC1566 17.5 18.2 19 

or 't ., ,,,tl .. , 
Reference Current (See Note 3) Iref mAdc 

MC1466 0.8 1.0 1.2 
MC1566 0.9 1.0 1.1 

I',,' Rl'855k±1% Co -!- l:
L 

v' Input Current·Pm 8 18 ~Adc 
.". 10.FJ .".50 ~~ MC1466 - 6.0 12 

MC1566 - 3.0 6.0 

Power Dissipation PD 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 

5~~~2nt,v +Vm 
Load Voltage Regulation AViov 

:ffi ~.~. 
(See Note 5) MC1466 - 1.0 3.0 mV 

MC1566 - 0.7 1.0 
.F 2N3055 

V

T 
13 

MC1'SS' S F SI OR EOUIV MC1466 AVrefIVref - 0.015 0.03 % MC15SS 240, 
11 MC1566 - 0.004 0.01 

10 R. 

b Line Voltage Regulation AViov -~ 
29.Rl.212~ 

SDk 
(See Note 6) MC1466 - 1.0 3.0 mV 

'W MC1566 - 0.7 1.0 
855k.,% 18k 10k 

'Iret V
IOII 

CO rL VO 
MC1466 AVrefIVref - 0.015 0.03 % 

R2 10.FJ 
50 

.:~ MC1566 - 0.004 0.01 
9SH1% 

.". Temperature Coefficient of Output Voltage TCVo 
%/uC 

(T A = 0 to +750 C) MC1466 - 0.Q1 -
(T A = -55 to +250 C) MC1566 - 0.006 -
IT A = +25 to +1250 C) MC1566 - 0.004 -

2N2222 +vm 

:lli 
S OR EOUIV Input Offset Voltage, Current Control Vioi mVdc 

12U' 
Amplifier (See Note 4) MC1466 0 15 40 

10,F 
2N3055 (Voltage from pin 10 to pin 11) MC1566 3.0 15 25 

l~ 
MC1.SS' ~240'F OR EQUIV 
MC15SS 

11 t 
h:~" R, Load Current Regulation AIL/IL 'r. 't "."0'" ~ 

125 (See Note 7) MC1466 - - 0.2 % 
l'''' 'SShl" 18k 1 MC1566 - - 0.1 
R2 Co J:. RL 

.".9Sk .... ~~ lo.i S~.1 Vo MC1466 Alref - - 1.0 mAdc 
c~ 

MC1566 - - 1.0 

'rens I ana .. no conneCllor. 
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NOTE 1. 
The Instantaneous mput voltage, vaux ' must not exceed 
the maximum value of 30 volts for the MC1466 or 35 
volts for the MC1566 The mstantaneous value of Vaux 
must be greater than 20 volts for the MC1566 or 21 
volts for the MC1466 for proper mternal regulation 

NOTE 2 
The aUXIliary supply voltage Vaux , must "float" and be 
electrically Isolated from the unregulated high voltage 
supply, V In' 

NOTE 3. 
Reference current may be set to any value of current 
less than 1 2 mAdc by applymg the relationship 

I - 855 
ref (rnA) - R, (ki2) 

NOTE 4 
A bUllt'ln offset voltage (15 mVdc nom mal) 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, ~ V IOV and j. Vref, where ~ V IOV IS the 
change m input offset voltage (measured between pms 8 
and 9) and ~ V ref IS the change In voltage across R2 
(measured between pm 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 V 10V (1) 
and Vref (1) 

b. Close S 1, adjust R4 so that 14 = 500 J.lA and note 
V IOV (2) and Vref (2). 

Then t:,vIOV = V IOV (1) - V IOV (2) 
% Reference Regulation = 

[Vref (11 - Vref (2)J 0 _ ~Vref 
Vref(l) (100Yo)- Vref (100%) 

14 
+vaux o---~ 

13 

FIGURE 5 

BLOCK DIAGRAM 

Load Voltage Regulation = 
f).Vref (100%) + AV lov • 
Vref 

NOTE 6' 
Lme Voltage Regulation IS a function of the same two 
additive components as Load Voltage Regulation, f).V 10V 
and f). V ref (see note 5) The measurement procedure IS 
a. Set the auxiliary voltage, V aux , to 22 volts for 

the MC 1566 or the MC 1466. Read the value of 
V IOV (1) and Vref (1)' 

b. Change the Vaux to 28 volts for the MC1566 or 
the MC1466 and note the value of Viov (2) and 
Vref(2)' Then compute Line Voltage Regulation: 

NOTE 7 

AV lov = AV lov (1) - V IOV (2) 
% Reference Regulation = 

[Vref (1) - Vref (2)J (100%) = AVref (100"10) 
Vref(1) Vref 

Lme Voltage Regulation = 

AVref 
-- (100%) + f).V IOV • 
Vref 

Load Current Regulation IS measured by the followmg 
procedure 
a. With S2 open, adjust R3 for an mltlalload current, 

IU1), such that Vo IS 8.0 Vdc. 
b With 52 closed, adjust RT for Vo = 10 Vdc and read 

I L(2) Then Load Current Regulation = 

[IL(2) -IU1)J (100%) + I 
IL(t} ref 

where Iref IS 1 0 mAdc, Load Current Regulation IS 
speCified m 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 
slstor, Rs 

OUTPUT 

INTERNAL 
COMPENSATION 

-Vaux Cr--~=E=::~==='===~$.;:~~_~ 
8 

VOLTAGE 
SENSE INPUT 

10 
CURRENT 
SENSE INPUT 

72&V 

INTERNAL 
VOLTAGE 
REGULATOR 

22k 

REFERENCE 
CURRENT 
SOURCE 

CIRCUIT SCHEMATIC 

VOLTAGE 
CONTROL 
AMPLIFIER 

CURRENT 
CONTROL 
AMPLIFIER 

OR OUTPUT 
AMPLIFIER 
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FIGURE 6 - TYPICAL CIRCUIT CONNECTION 

CR6 

MCI466 140pF 
MCI566 II 

~--------------~--~ 

10 

CR5 RS 

NORMAL DESIGN PROCEDURE AND DESIGN CONSIDERATIONS 

1. Constant Voltage: 
For constant voltage operation, output voltage Vo is given by 

Vo = (lref) (R2) 
where R2 is the resistance from pin 8 to ground and Iref IS the 
output current of pm 3. 
The recommended value of Iref.is 1.0 mAdc Resistor R 1 sets 
the value of Iref: 

Iref = 8.5 
R1 

where R 1 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 C1 (0.1 J,lF to 2.0 J,lF) _ When R2 IS bypassed, 
CR1 is necessary for protection during short-circuit conditions. 

5. CR5 is recommended to protect the MC1466/MC1566 from 
simultaneous pass transistor failure and output short-circuit. 

6. The RC 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 f1' of 01 and 
02 IS greater than 0.5 MHz. 

7. For remote sense applications, the positive voltage sense termi
nal (pm 9) IS connected to the positive load termmal through a 
separate sense lead; and the negative sense termmal (the ground 
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 = (100 J,lF) IUmax), where IL(max) is the maximum load 
current in amperes 

9. C2 is necessary for the mternal compensation of the MC1466! 
MC1566. 

10. For optimum regulation, current out of pin 5, IS, should not 
exceed 0.5 mAdc. Therefore select 01 and 02 such that: 

Imax 
131132 ~ 0.5 mAdc 

where: Imax = maximum short-circuit load current (mAdc) 

131 = minimum beta of 01 
132 = minimum beta of 02 

Although Pm 5 will source up to 1.5 mAdc, 15> 0.5 mAdc 
will result in a degradation in regulation. 

11. CR6 is recommended when Va?> 150 Vdc and should be rated 
such that Peak Inverse Voltage ;>Vo -

12. In applications where R2 might be rapidly reduced in value, it 
is recommended that CR3 be replaced by 02 and R4. 

rfi
8 CR2 9 

Q2 

Cl 

0.1 J,lF 1 ':' R2 ':' R4 

This design consideration prevents R2 from being destroyed 
by excessive discharge current from Co. Components 02 and 

R4 should be selected such that: 

R4 = R2 and 
10 

BVCEO of 02 ;;;. Vo 
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OPERATION AND APPLICATIONS 

This section describes the operation and design of the MC1566/MC1466 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-
109 It down mto baSIC functions, beginning with a simplified 
version of the voltage reference, Figure 7. Zener diodes 
CRI 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 d 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, due to the high NPN beta, 

FIGURE 7 - REFERENCE VOLTAGE REGULATOR 

14 

l
vaux 

VB' 

Equlvalant 
Diode 
VZ~9V 

'2 

~::.";:·~·;'",9V T 
7 

Regulated 

Voltage 

'8 V 

1 
4-71 

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 ~VBE's very 
small in percentage. Circuit reference voltage is derived 
from the product of IR and RR; if IR is set at I rnA 
(RI = 8.5 kn), then RR (in kn) = 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 II mW /mA and 2) bias current for the voltage control 
amplifier is 3 IlA, temperature dependent, and is extracted 
from the reference current. The reference current should 

FIGURE 8 - VOLTAGE CONTROLLED CURRENT SOURCE 

R1 

T 
VZ~9V 

~>--+----~ 

2 

Q3 

I Vz - VBE 8.55 + IR - --R-'- ~R1 
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be at least two orders of magnitude above the largest ex
pected bias current. 

Loop amplificati<?n 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 Q5 and 
Q6 of 1/2 milliampere there will exist a preset offset volt
age in this differential amplifier of 15 m V 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 
r :::::: -- and 
e IE 

RE = added emitter degenerating resistance. 

For IE = 0.5 rnA, 

1 1 
gm = 1 04 + 30 = 134 = 7.5 rnA/vol t. 

FIGURE 9 - VOLTAGE CONTROL AMPLIFIER 
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FIGURE 10 - CURRENT CONTROL CIRCUIT 

9 

This level is further boosted by the output stage such that 
in the constant voltage mode overall transconductance is 
about 300 mA/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. Since 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-TO-40 V. 
O.S-AMPERE REGULATOR 
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Transistor 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 £tage (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/ 
MC 1466 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 Vo. V CE across 09 is only two or 
three VBE'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 013) 
have minimum beta's of 20, then the overall regulator 
transconductance will be: 

gl11T=(400)300mA/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) 

r 
... ------ prer~~u~ted _______ --I 

From Current From Voltage 
Control Amplifier Control Amplifier 

A 7'1 

The analysis thus far does not consider changes in VR 
due to output current changes. If IL increases by 500 rnA 
the collector current of 09 decreases by 1.25 rnA, causing 
the collector current of 05 to increase by 30 /lA. Accord
ingly, IR will be decreased by ~0.30 /lA 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)+(11 Vx3mA)= 193mW. (5) 

This indicates that the circuit may be safely operated up 
to 1180 C using 20 volts at the aUXiliary supply voltage. 
If, however, the auxiliary supply voltage is 35 volts, 

PD = 35 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 35 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 CRt prevents IC failure If the 
series pass transistors develop collector-base shorts while 
the main power transistor suffers a simul taneous open emit
ter. If the possibility of such a transistor failure mode 
seems remote, CRt may be deleted. To prevent instant
aneous differential and common-mode breakdown of the 
current sense amplifier, CR5 must be placed across the 
current limit resistor Rs. 

Load transients occasionally produce a damag1l1g reversal 
of current flow from output to Input Vo > 150 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 CRl, CR2, CR3, and CR5 
may be general purpose silicon units such as I N400 1 or 
equivalent whereas CRt and CR6 should have a peak inverse 
voltage rating equal to Yin or greater. 

APPLICATIONS 

Figure 2 shows a typical 0-to-40 volts, O.5-ampere reg
ulator with better than 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 MC1566/ 
MC 1466. 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 1 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 /-IF following the general rule: 

Co = 100 /IF/A lL· 

The prime advantage of the MC1566/MC1466 IS its use 
as a high voltage regulator, as shown in Figure 3. This 
O-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 senes 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 rnA, with a V CE approximately equal to 260 
volts. Thus this point falls on the de line of the safe area 
curve, insuring that the transistor will not en ter secondary 
breakdown. 

In this respect (Safe Operatlllg Area) the foldback clTCuit 
of Figure 14 IS superior for handling high voltages and yet 
is short-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 15. By careful design the 
load current at a short, ISC can be made low enough such 
that the combined VCE (Vin) and ISC shU faUs within the 
dc safe operating area of the transistor. For the illmtrated 
design (Figure 14), an inp~t 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 pertment design equations are: 

Let R2 (kS1) = Vo 

a = ~.25 [lk. - 1] 
Vo ISC 

RI (kS1) = -~ Vo 
1 - a 

R - 0.25 
SC - (1 - a) ISC 

FIGURE 13 - SAFE AREA CURVE FOR THE MJ413 

1.0 2.0 4.060 10 20 4060 100 200 400 1000 

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS) 

FIGURE 14 - A 200 V. 0.5-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 IS. 

250 

U 
"C 
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w 
l'J 
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f- 150 
.J 
o 
> 
j 100 
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:) 

o 50 
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o 

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 
do not destroy the excellent regulation of the MC 1566/ . 
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 MC1566/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 dOlde between pms S 
and 9 of Figure 2. When the MC1566/MC1466 goes from 
constant voltage mode to constant current mode, V 0 will 
drop below Vs and the PNP transistor will turn on. The 
I-rnA current supplied by pm S will now be shunted to 
base of 02 thereby turning on the indicator device 11. 

FIGURE 16 - REMOTE SENSE 
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All diodes are 
lN40010r 
equivalent. 

FIGURE 17 - A O·TO·250 VOLT, O.1·AMPERE REGULATOR 
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FIGURE 18 - O·TO··40 Vdc, O.5·AMPERE REGULATOR WITH MODE INDICATOR 
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DUAL±15-VOLT REGULATOR 

The MC 1568/MC1468 isa dual polarity tracking regulator 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 8.0 to 20 volts. Input 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% (MC1568) 

• line and Load Regulation of 0.06% 

• 1% Maximum Output Variation due to Temperature Changes 

• Standby Current Drain of 3.0 mA 

• Externally Adjustable Current Limit 

• Remote Sensing Provisions 

• Case is at Ground Potential (R suffix package) 

CIRCUIT SCHEMATIC 

Vee 

4171 
3111 

,...-------------oVo' 
,...----------T-OSENSEI·I 

,...--+-+-+---""\. 2141 

CDMPEN 1'1 
121BALANCE 

l----..:-O ADJUST 1131 
(lpackayeonty) 

71111 
r-'VVV---U SENSE I I 

61101 
.----+-0 VO-

1181 VOLTAGE 
GNO 10111 ADJUST COMPENI I 

Pm numbers adJacent 10 lermmals are lor the G 
and A SUflll1 packages onlv Pm numhers III pa 
renlhesesare for the l suffiX package only 

91141 81121 

Pm 10 IS ground lor the G suft'l( package only 
For the R package the case IS ground 

MC1468 
MC1568 

DUAL ±15-VOL T 

TRACKING REGULATOR 

81 LICON MONOLITHIC 
INTEGRATED CIRCUIT 

-$0 10 
o 0 

o to o-:f-?
o 1~1 

(bottom vIew) 

CASE 603C 
METAL PACKAGE 

TO-100 
G SUFFIX 

~ 
o. 

0- <'-0 .. 
9 

(bottom vIew) 

CASE 614 
METAL PACKAGE 

R SUFFIX 

CASE 632 
CERAMIC PACKAGE 

TO-116 

L SUFFIX 

14 

1 (top vIew) 

ORDERING INFORMATION 

DEVICE TEMPERATURE RANGE PACKAGE 

MC1468G 00 C to +70° C Metal Can 

MC1468L OOC to +700 C CeramIc DIP 

MC1468R 00 C to +70° C Metal Power 

MC1568G -550 C to +1250 C Metal Can 

MC1568L -550 C to +1250 C CeramIc DIP 

MC1568R -550 C to +1250 c 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 = +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 

Storage Junction Temperature Range 

Minimum Short-Circuit Resistance 

OPERATING TEMPERATURE RANGE 

Ambient Temperature 
MC1468 
MC1568 

Symbol 

VCC.IVEEI 

IpK 

G Package 

PD 0.8 
1/()JA 6.6 

()JA 150 

PD 2.1 
1/()JC 14 

()JC 70 

TJ.Tstg 

Rsc(min) 

Value 

30 

100 

R Package L Package 

2.4 
28.5 
35 
9.0 
61 
17 

-65 to +175 

4.0 

Oto +70 
-55 to +125 

1.0 
10 

100 
2.5 
20 
50 

Unit 

Vdc 

mA 

Watts 
mW/oC 
°C/W 
Watts 

mW/oC 

°C/W 

°c 

Ohms 

ELECTRICAL CHARACTERISTICS (VCC = +20 V. VEE = -20 V. Cl = C2 = 1500 pF. C3 = C4 = 1.0 j.lF. RSC+ = RSC- = 4.0 n. 
I L + = I 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 -Vol 2.0 

Output Voltage Balance VBal -

Line Regulation Voltage Regin 
(Vin = 18 V to 30 V) -
(Tlow<Dto Thi9h~ -

Load Regulation Voltage RegL 
(I L = 0 to 50 mAo T J = constant) -
(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 
(RSC = 10 ohms) 

Output Noise Voltage 
(BW = 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 -
ITSVOI 

-
ISC 

-
VN 

-
IB + 

-
IB -

-
tNOlAt -

<V Thigh = +70oC for MC1468 
= +1250 C for MC1568 

4-78 

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 

- dB 

% 
1.0 

mA 
-

j.lV(RMS) 

-
mA 

4.0 

mA 
3.0 

- %/k Hr 



MC1468, MC1568 
TYPICAL APPLICATIONS 

FIGURE 1 - BASIC 50-mA REGULATOR 
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to the device as possible A 0 1 #JF ceramiC 
capacitor (G m) may be required on the Input 
lines I' the device IS located an appreciable 
distance from the rectifier 'liter capacitors 

C3 and C4 may he Increased to Improve load 
tranSient re~ponse and to reduce the output 
nOise voltage At low temperatureoperatlOIl,lt 
may be necessary to hypass C4 with a 0 llJF 
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FIGURE 3 - ±1.5-AMPERE REGULATOR 
(Short-Circuit Protected, with Proper Heatslnking) 

(Metal-Packaged DeVIces Only, R Suffix) 
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TYPICAL CHARACTERISTICS 

(VCC - +20 V, VEE - -20 V, Vo -:l:.t5 V. 
T A - +250 C unless otherwise noted.) 

FIGURE 5- OUTPUT IMPEDANCE' 
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3 (5) 

INPUT It) 

FIGURE 2 - VOLTAGE ADJUST AND 
BALANCE ADJUST CI RCUIT 

(14.5 V "';;;Vout "';;; 20 V) 
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The presence of the Baladl' pIn 2. on deVICes 
housed on the dual on lone package Il suttlX) allows 
the user to adjust the output voltages down to 
.80 V The required value of reSistor R2 can 
calculated from 

A 2 = R I R ontlo t V,I 
R,nt (Va - ¢ - V,I-o Al 

Where Ronl = An Internal ReSIstor = R 1" 1 kll 
0= 0 68 V 
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TYPICAL CHARACTERISTICS 
(VCC = +20 V, VEE = -20 V, Vo = ± 15 V, T A = +250 C unless otherwise noted.) 

FIGURE 6 - LOAD REGULATION 
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FIGURE 8 - MAXIMUM CURRENT CAPABILITY 
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MC1468, MC1568 

TYPICAL CHARACTERISTICS (continued) 

(Vee = +20 V. VEE = -20 V. Va =±15 V. TA = +250 e unless otherwise noted.) 

~ 

FIGURE 12 - STANDBY CURRENT DRAIN 
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MC1469 
MC1569 

Specifications and Applications InforIllation 

MONOLITHIC VOLTAGE REGULATOR 

The MC1569/MC1469 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 
regulated voltage can use the MC1569 and MC1563 as complementary 
regulators with, a common input ground. 

• Electronic "Shut·Down" Control 

• Excellent Load Regulation (Low Output Impedance - 20 milli· 
ohms typ) 

• High Power Capability: up to 17.5 Watts 

• Excellent Temperature Stability: ±0.002 %fC typ 

• High Ripple Rejection: 0.002 %/V typ 

FIGURE 1-± 15 V. ±400 mA COMPLEMENTARY TRACKING 
VOLTAGE REGULATOR 

v,. _----~-r----"l-b-----:t::__.:,;1 2~,-~_~50~0:im~A;m'~' Vo 
+20Vdc 

V,. 

+15Vdc 

3k 

3k 

ro~-------+--~-·Vo 
-15 Vdc 

500 mA m .. 
-20 Vdc -"-"N'Y-+---::-L_~~~:!l 

POSITIVE VOLTAGE REGULATOR 
INTEGRATED CIRCUIT 

SILICON NONOLITHIC 
EPITAXIAL PASSIVATED 

CASE 603 
METAL PACKAGE 

G SUFFIX 

(Bottom View) 

CASE 614 
METAL PACKAGE 

R SUFFIX 

(bottom view) 

ORDERING INFORMATION 

DEVICE TEMPERATURE RANGE PACKAGE 

MC1469G OOC to +700C Metal Can 

MC1469R OOC to +700 C Metal Power 

MC1569G -55°C to+1250C Metal Can 

MC1569R -55° C to +125° C Metal Power 

FIGURE 2 - TYPICAL CIRCUIT CONNECTION 
(3.5 ~VO ~37 Vdc. 1 ~L ~500 mAl 

FIGURE 3 - TYPICAL NPN CURRENT BOOST CONNECTION 
(VO = 5.0 Vdc. IL = 10 Adc (max)) 

Rsc +Vo 

Selecl R 110 Give Desired Vo 
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MC1469, MC1569 

MAXIMUM RATINGS (TC = +250 C unless otherwise noted) 

Rating 

Input Voltage 
MC1469 
MC1569 

Peak Load Current 

Current, Pin 2 
Current, Pin 9 

Pov..er 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 

IpK 

Ipln 2 
Ipln 9 

PD 
1/fJJA 

fJJA 
PD 

1/fJJC 

fJJC 

T J, 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 dev~ce, unless otherwise noted) 
= 10 mA for "G" Package device, 

Characteristic Fig. Note Symbol 

Input Voltage 

(T A = Tlow CD to Thigh <2l) 
4 1 Vin 

Output Voltage Range 4,5 Vo 

Reference Voltage (Pin 8 to Ground, Vin = 15 V 4 Vref 

Minimum Input-Output Voltage Differential 4 2 Vin - Vo 
(R sc = 0) 

Bias Current (V in = 15 V) 

(IL = 1.0 mAdc, R2 = 6.8 k ohms, liB = lin -IL)-

4 liB 

Output Noise 4 vN 
(CN = O.lp.F, f = 10 Hz to 5.0 MHz) 

Temperature Coefficient of Output Voltage 4 3 TCVO 

Operating Load Current Range 
(Rsc :s:;;; 0.3 ohms) R Package 4 IL 
(Rsc :S:;;;2.0 ohms) G Package 

Input Regulation 6 4 Regln 

Load Regulation 7 5 Regload 
(TJ = Constant [1.0 mA~IL~20 mAl) 
(TC = +250 C [1.0 mA~IL~50 mAl) R Package 

G Package 

Output Impedance 8 6 Zo 
(Cc = 0.001 P.F, Rsc = 1.0 ohm, f = 1.0 kHz, 
Vm = +14 Vdc, Vo = +10 Vdc) 

Shutdown Current 9 Isd 
(V in = +35 Vdc) 

CD Tlow = OOC for MC1469 

= -55 0 C for MC1569 
® Thigh = +70° Cfor MC1469 

= +1250 C for MC1569 

4-83 

Min 

8.5 

2.5 

3.4 

-

-

-

-

1.0 
1.0 

-

-
-

-
-

-

MC1569 MC1469 

Typ Max Min Typ Max 

- 40 9.0 - 35 

- 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.OO2 -

- 500 1.0 - 500 
- 200 1.0 - 200 

0.002 0.015 - 0.003 0.030 

0.4 1.6 - 07 2.4 
0.005 0.05 - 0.005 0.05 
0.01 0.13 - 0.01 013 

20 - - 35 -

70 150 - 140 500 

• 
Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mV(rms) 

%/oC 

mAdc 

%/VO 

mV 
% 

mliliohms 

/lAde 
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MC1469, MC1569 

Note 1 "Minimum Input Voltage" IS the minimum "total instan
taneous Input voltage" required to properly bias the in
ternal zener reference diode. For output voltages greater 
than approximately 55 Vdc the minimum "totallnstan
taneous Input voltage" must Increase to the extent that 
It will always exceed the output voltage by at least the 
."lnput-output voltage differential" 

Note 2. ThiS parameter states that the MC1569/MC1469 will 
regulate properly with the Input-output voltage differ-

ential (V in - VOl as low as 2.7 Vdc and 3.0 Vdc 
respectively_ Typical units will regulate properly with 
(Vin - 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. 

± (VO max - Vo min) (100) 
MC1569, TCVO = (180°C) (VO@25°C) %;oC 

± (VO max - Vo min) (100) ° 
MC1469, TCVO = ° ° - %/ C 

(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 (v

m
) 100 (%/vo), 

where Vo is the change in the output voltage Vo for 
the Input change v In' 

The following example illustrates how to compute 
maximum output voltage change for the conditions 
given: 

Reg ln = 0.015 %!V 0 
VO=10Vdc 
vln = 1.0 V(rms) 
Vo = (Reg ln ) (vin) (Va) 

100 
= (0.015) (1.0) (10) 

100 
= 0.0015 V(rms) 

Note 5 Load regulation IS specified for small (~+170C) 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. 

. [VO/IL = LO mAJ-[VOIJL = 50 mA] 
Load Regulation = Vo PL = 1.0 mA X 100 

Note 6. The resulting low level output signal (vo) will require the 
use of a tuned voltmeter to obtain a reading. Special 
care should be used to Insure that the measurement tech
nique does not Include connection resistance, wire re
Sistance, and wire lead inductance (I.e., measure close to 
the case). Note that No. 22 AWG hook-Up wire has approx
Imately 4.0 milliohms/m dc resistance and an inductive 
reactance of approximately 10 milliohms/in. at 100 kHz. 
Avoid use of alligator clips or banana plug-Jack combination. 

TEST CIRCUITS 

FIGURE 4 - CONNECTION FOR Vo ~3.5 Vdc 
(RsC·27ohmsunlessothefWlsenoled) 

I 

Vref 

Select Rlloglliedes,redVo RI '" (2VO 7) k il 

FIGURE 6 - INPUT REGULATION 

Vo = IOVdc 

FIGURE 8 - OUTPUT IMPEDANCE 

R2 ~
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FIGURE 5 - CONNECTION FOR 2.5 Vdc ~VO ~3.5 Vdc 
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MC1469, MC1569 

GENERAL DESIGN INFORMATION 

1. Output Voltage, Vo 
a) 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 
R1 from the graph of Figure 10 or from the equation: 

. R1 ~(2 Vo -7) kn 

b) For 2.5 ~ Vo ~ 3.5 Vdc - Output voltage is set by resis· 
tors R1 and R2 (see Figure 5). Resistors R1 and R2 can be 
determined from the graph of Figure 11 or from the 
equations: 

R2 ~2 (VO) kn 
R 1 ~ (7 kn.-:R2) kn 

c) Output voltage, VO, IS determined by the ratio of R1 and 
R2, therefore optimum temperature performance can be 
achieved if R1 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 MRTl:for example), tie pins 6, 
8 and 9 together. R 1 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.....,~ 

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 pF capaCitor, 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 0.1 pF capacitor, CN, from pin 7 to ground will typically 
reduce the output noise voltage to 150 J1V (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 J1F is recommended. 

5. Output Capacitor, Co 
The value of Co should be at least 1.0 J1F in order to 
provide good stability. The maximum value recommended 
is a function of current limit resistor Rsc: 

Co max ~ 250 J1F 

Rsc 

where Rsc is 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 or dc "squelch" 
control for communications Circuits, and a dissipation can· 
trol to protect the regulator under sustalr.ed output short
Circuiting. As the magnitude of the Input-threshold voltage 
at Pin 2 depends directly upon the junction temperature 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 milliammeter used to measure IL) on Zo can be greatly 
reduced. 

60 

50 

40 

30 

20 

10 

o 
o 

20 I 

I--

( 

1 0 

o 
o 

700 

500 

300 

100 

FIGURE 10 - R1 versus Va 
(Vo ~ 3.5 Vdc, See Figure 4) 

(Rl ~ (2 Vo - 7
1
) kn) V 

r=68kl!) 

V 
I V 

/V 
",V 

'" 
V 

50 10 15 20 25 

Va. OUTPUT VOLTAGE (VOLTS) 

FIGURE 11 - R1 and R2 versus Vo 
(2.5 ~VO ~3.5 Vdc, See Figure 5) 

1'-

"'", (~1"'(~kn~R2)lk!!) 

'" 1/ 

'" /' 

'" 1'-R1 1/ 
/ 

.~ IL 

"" L 
'-..I' 
/"-

V "-
/ 

R2/ lL' " "-
lL '-

/I "-
V (R2'" 2 (Va) kn) 

/ I II 
/ 

25 30 

Va. OUTPUT VOLTAGE (VOLTS) 

FIGURE 12 - Isc versus Rsc 

\ 
TJ = +250 C 

\ 
\ 
~ r--r---

/ 

'-

1.0 2.0 3.0 4.0 5.0 6.0 

30 

/ 7.0 
1/ 

60 

"-
" 50 
35 

r--

7.0 

Rsc. EXTERNAL CURRENT·LlMITING RESISTOR (OHMS) 

I 

35 

~ 
UJ 
u 
z 
<: 
~ 

~ 
~. 

B.D' 

• 



I 

MC1469, MC1569 

TYPICAL CHARACTERISTICS 
Unless otherwise noted: CN = 0.1 J,J.F, Cc = 0.001 J,J.F. Co = 1.0 J,J.F, TC = +25°C. 

Vin nom = +9.0 Vdc, Vo nom = +5.0 Vdc, 

I L >200 mA for R package only. 

FIGURE 13 - DEPENDENCE OF OUTPUT 
IMPEDANCE ON OUTPUT VOLTAGE 
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MC1469, MC1569 

TYPICAL CHARACTERISTICS (continued) 

Unless otherwise noted: CN = 0.1 IlF, Cc = 0.001 IlF, Co = 1.0 IlF, TC = +25°C, 

Vm nom = +9.0 Vdc, Vo nom = +5.0 Vdc, 

IL >200 mA 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 - EFFECT OF 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 MC 15 69 positive voltage regulator and also provides information on 
useful applications. 

SUBJECT SEQUENCE 

Theory of Operation 
NPN Curren t 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 m Figure 25, 
consists of a reference voltage, an error amplifier, and a 
series control clement. 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 flTst 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 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 exten t that they have virtually no effect 
on the reference amplifier. If 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 gam 
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 MC1569 positive
voltage regulator. 

FIGURE 25 -SERIES VOLTAGE REGULATOR FIGURE 26 - THE "REGULATOR-WITHIN·A-REGULATOR" APPROACH 

SERIES CONTROL ELEMENT 

Vo 

Vo = Vref 
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FIGURE 27 
(Recommended External Circuitry is Depicted With Dotted Lines.) 

MC1569/MC1469 BLOCK DIAGRAM 
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MC1569 Operation 
Figure 27 shows the MCl569 Regulator block diagram, 

simplified schematic, and complete schematic. The four 
basic sections of the regulator are: Control, Bias, DC 
Level Shift, and Output (unity gam) 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 smce 
the biasing is essentially independent of the unregulated 
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mput 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 dnven 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 shu t
down. During shutdown the current drain of the com
plete IC regulator d-rops to Vin/60 kD or 500 J.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 %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 mput 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 amphfier and to filter the zener 
noise. The recommended value for thIS capacitor is 0.1 J.1F 
and should have a voltage rating in excess of the desired 
output voltage. Smaller capacitors (0.001 J.1F minimum) 
may be used but will cause a slIght increase in outllut 
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 (pin 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 0.6 
I L max ~ - or Rsc = --

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 MC1569 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 at 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 of 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 J.1F) from the output, 
Va, to ground. When an external transistor is used to 
boost the current, Co = 1.0 /IF is also recommended (see 
Figure 2). 

FIGURE 286 - LOAD TRANSIENT RESPONSE 
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68k 

TYPICAL NPN CURRENT BOOST CONNECTIONS 

FIGURE 29A - 5 VOLT 5·AMPERE REGULATOR 
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FIGURE 29B - 5·VOL T 5·AMPERE REGULATOR 
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FIGURE 30 - PNP CURRENT 
BOOST CONNECTION 
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NPN CURRENT BOOSTING 

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 2N30ss can supply 
currents to 5.0 amperes (subject, of course, to the safe 
area limitations). To improve the efficiency of the NPN 

4-91 

boost configuration, particularly for small output 
voltages, the circuit of Figure 29 is recommended. An 
auxiliary 9.5-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 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 cl£cuit. 

Since the PNP transistor must not be turned on by the 
MCls69 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 V dc 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 MCls69. 
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 regula tor 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-dnver will sense the voltage across the induc
tor, this voltage bemg related to the load current, IL, by 
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For a first approximation this can be assumed to be a 
linear rela tionshlp. 

Ini tlally, Vo will be low and Q I will be ON. The volt
age at the non-inverting input will approach {31 Vin, when: 

When tIllS output voltage is reached the comparator will 
switch, turning QI OFF. The diode, CRI, 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 QI 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 

Vo (Vin - Vol 
f= L Vc I(max)- 10) ( I) 

where 

I (max) = The maximum value of inductor current 

10 = The minimum inductor current. 

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 switchmg time of the 
comparator is quite fast since positive feedback aids both 
t,urn-on and turn·off times. The bmitmg 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 kU resistor in conjunction 
with RI sets the reference voltage, Vref. 01 and CRI are 
selected for fast switching times as well as the necessary 
power dissipation ratings. Since a linear inductor is as· 
sumed, the mductor 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. 

v,n 
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FIGURE 31 - BASIC SELF·OSCILLATING 
SWITCHING REGULATOR 
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FIGURE 32 - MC1569 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 

tNo=50mV 

f~5 kHz 

I(max) = 1.125 A 

10= I A 

(2) 

Using Equation (1), the inductor value can be found: 

L- (28-10) 10( 1 ) 

2(1.125-1)28 5 x 103 

~7mH. 

For the test circuit, a value of 6 mH was selected. Using 
for a first approximation 

C - (Vin - VO)(VO) 
0- 8L (2 Yin (b,V) 

(28 - 10)10 

~95J.1F. 

As shown, a value of 100 J.lF 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: 

50 x 10-3 = 472~n Rb 

Since the internal impedance presented 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 I mAdc to CR2 and CR3. 

To show correlation between the predicted and tested 
specifications the following data was obtained: 

Vm = +28 (±.I %) 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 npple 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 should be set such that the ratio of load cur
rent to base drive current is 10: 1 in this case II ~ 100 rnA 
and Rsc = 6.5n. 

POSITIVE AND NEGATIVE POWER 
SUPPLIES 

If the MC 1569 is dnven from a floating source it is 
possible to use it as a negative regulator by grounding the 
positive output terminal. The MCI569 may also be used 
with the MCI563 to-provide completely independent posi
tive and negative voltage regulators with comparable 
performance. 

Some applications 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. Figures I and 33 illustrate this approach. 
In this application, the MCI563 is used as the reference 
regulator, 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 developed at the junction of 
the two 3-k ohm resistors. This differential amplifier 
controls the MC1569 series pass 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 MCI569 is employed to generate an 
auxiliary +5-volt supply which is boosted to a 2-ampere 
capability by QI 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 this varia tion. The 
+IS-volt supply varies 20 mV over the zero to +300 mAdc 
load current range. The +S-volt supply varies less than 
S mV for 0 ~ IL ~ 200 rnA with the other two voltages re
maining unchanged. See page 19 for additional information. 

SHUTDOWN TECHNIQUES 

Pin 2 of the MC 1569 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 kil). This feature provides additional 
versatility in the applications of the MC1569. Various sub
systems may be placed in a "standby" mode to cO'1serve 
power until actually needed. Or the power may be turned 
"OFF" in response to other occurrences such as over
heating, over-voltage, shorted outptit, 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 VdcCOMPLEMENTARY TRACKING REGULATOR WITH AUXILIARY +5.0 V SUPPLY 
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FIGURE 34 - ELECTRONIC SHUT-DOWN USING A MDTL GATE 
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FIGURE 35 - AUTOMATIC LATCH INTO SHUT-DOWN WHEN 
OUTPUT IS SHORT-CIRCUITED WITH MANUAL RE-5TART 
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FIGURE 36 - VOLTAGE BOOSTING CIRCUIT 
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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 actIve pull-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-clfcuited. 

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 the 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 Me 1569. The 2 kn 
resIstor IS used to bias the zener diode so the current 
through the 4.7 kn resistor can be controlled by the 
MC1569. The IN4001 diode protects the MC1569 from 
supplying load current under short circuit conditions and 
Q2 serves to limit base current to Q1. For Rsc as shown, 
the short circuit current will be approximately 100 mA_ 

In order to use a single supply voltage, Vin(2) can be 
derived from Vin(1) with a zener diode, shunt pre
regulator. 

I t can be seen that loop gain has been reduced by the 
resistor divider and hence the closed loop bandwidth 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, 

• 



• 

MC1469, MC1569 

as the resistance of the interconnecting lines (YO and 
GND) are added directly to the output impedance of the 
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 MCIS69, 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 
0.002%/oC. By adding two resistors, Rl and R2, any 
voltage between 3.5 Ydc and 37 Ydc can be obtained 
with the same low TC (see Figure 38). 

THERMAL SHUTDOWN 

By setting a fixed voltage at pin 2, the MC IS/?9 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 1O-3y/oC). By setting 1.0 
Ydc 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 
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FIGURE 39 - JUNCTION TEMPERATURE LIMITING SHUTDOWN CIRCUIT 
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+Vm 

FIGURE 40 - THERMAL SHUTDOWN WHEN USING 
EXTERNAL PASS TRANSISTORS 
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In the case where an external pass transistor is em
ployed, its temperature, rather than that of the IC regu
lator, requires con trol. A technique similar to the one just 
discussed can be used by directly monitoring the case 
temperature of the pass transistor as is indica ted in Fig
ure 40. The case of the normally "OFF" thermal moni
toring transistor, Q2, should be III 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 IC 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 same 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 detailed information of methods used to com
pute junction temperature, see Motorola Application 
Note AN-226, Measurement of Thermal Properties of 
Semicond uctors. 

FIGURE 41 - DC SAFE OPERATING 
AREA 
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exceed the maximum junction temperature rating during 
this fault condition and, in addition, the dc safe operating 
area hmit (see Figure 41). 

Thermal charactenstics for a voltage regulator arc use
ful in predicting performance since dc load and line 
regula tion are affected by changes in junctIOn tempera ture. 
These temperature changes can result from either a change 
in the ambient temperature, TA, or a change in the power 
dissipated III 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 MC 1569. For 
an example of the relative magnitudes of these effects, 
consider the following conditions: 

Given MC1569 

with Yin = 10 Vdc 

VO= 5 Vdc 

• 
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MC1469, MC1569 

and IL = 100 rnA to 200 rnA 

(LlIL = 100 rnA) 

TO-66 Case with heatsink 

assume eCS = 0.20 CjW 

eJC = 7.1S 0 CjW (from maximum ratings 
table) 

It is desired to find the I::.VO which results from this I::.IL. 
Each of the three previously stated effects on Vo can now 
be separately considered. 

1. I::.VO due to I::.TJ 

OR 
I::.Vo = (VO)(&D)(TCVO)(eJC+ OCS + 0SA) 

/:).VO = (SV)(S V x 0.lA)(±O.002%tC)(9.3S0CjW) 

I::.Vo~±O.S mV 

2.I::.VO due to Zo 

II::.VOI = (-zo)(IL) 

II::.Vol = -(2 x 10 -2)(10- 1) = -2 mV 

3.I::.VO due to gradient coefficient, GCVO 

I I::.V 0 I = (GCVO)(VO)(I::.PD) 

II::.VOI = (-6 x 1O-4/W)(S volts)(S x lO-lW) 

II::.VOI = -1.6 mV 

Therefore the total I::. Vo is given by 

II::.Vo totall = ±O.S - 2.0 -1.6 mV 

OR 

-4.1 mV < IVo total I < - 3.1 mV 

Other operating conditions may be substituted and com
puted in a similar manner to evaluate the relative effects 
of the parameters. 

TVPICAL PRINTED CIRCUIT BOARD LAVOUT 

2" 
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MC1469, MC1569 

Q1 

Q2 

HS 

FIGURE 42 - LOCATION OF COMPONENTS 

PIN2 V in R2 

·Cj not shown 

FIGURE 43 - CIRCUIT SCHEMATIC FOR PRINTED CIRCUIT BOARD (Pg. 17) 
3.5 V::;' VO::;' 37 V. 1 rnA::;' I L ::;. 500 rnA 
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000I/1F TCe 
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MC1469, MC1569 

PARTS LIST 

Component Value Description 

Rl Select 
1/4 or 1/2 watt carbon 

R2 68k 

*RA Select IRC Model X-201 Mallory Model MTC-l 
or equivalent 

Rsc Select 1/2 watt carbon 

*RL Select For minimum current of 1 mAdc 

Co 1.0 JlF Sprague 1500 Series, Dickson D 10C series 
or equivalent 

CN 0.1 JlF ! Ceramic Disc - Centralab DDA 104, 
Cc 0.001 JlF 

Sprague TG-Pl0, or equivalent 
*C I 0.01 JlF 

Ql MC1569R or MC1469R 
Q2 2N5223, 2N706, or equivalent 

*HS - Heatsink Thermalloy #6168B 

*Socket (Not Shown) Robinson Nugent #0001306 
Electronic Molding Corp. #6341-210-1, 

6348-188-1, 6349-188-1 

PC Board - CircUit Dot, Inc. #PCll13 

*Optional 
1155 W. 23rd St., Tempe, 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 operational amplifier. Nearly everyone who uses + and - 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 shown in 
Figures 44 and 45. 

FIGURE - 44 

Rsc Vat 

RL 

Va 

NOle ThlsconflguratlonmcreasesmlOlmum 
IOpul output dllterentlal vollage by::: 07 V 

FIGURE - 45 
Rst Vot 
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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. MC 1723 is specified for operation over the military 
temperature range (-550 C to +1250 C) and the MCl723C over the 
commercial temperature range (0 to +700 C) 

• Output Voltage Adjustable from 2 Vdc to 37 Vdc 

• Output Current to 150 mAdc Without External Pass Transistors 

• 0.01 % Line and 0.03% Load Regulation 

• Adjustable Short·Circuit Protection 

FIGURE 1 - CIRCUIT SCHEMATIC 

VCC Vc 
1121B 71111 

'-~----~--~~--~----~----~-----1 

62V 

'-____ ---:-.() CURRENT 
li3JSENSE 1614 Vrel 

NON INVERTING INVERTING 
INPUT INPUT 

PIN NUMBERS ADJACENT TO TERMINALS ARE FOR THE METAL PACKAGE 
PIN NUMBERS IN PARENTHESIS ARE FOR DUAL IN LINE PACKAGES 

MC1723 
MC1723C 

VOLTAGE REGULATOR 

SILICON 
MONOLITHIC 

INTEGRATED CIRCUIT 

(top view) 

PSUFFIX 
14 

PLASTIC PACKAGE 
CASE 646 

(top View) ~o. 2 1 
o 0 

G SUFFIX 00 

METAL PACKAGE 
CASE 603 

(TO·l00 Type) 

ORDERING INFORMATION 

DeVice Alternate 

14 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
(TO·116) 

Temperature 
Range Package 

MC1723CG LM723CH, ",A723HC oce to ?OOC Metal Can 

MC1723CL LM723CJ, IJ.A7230C OOC to +70o C Ce,.am,c DIP 

MC1723CP LM723CN, ",A723PC aoc to +70o C PlastiC DIP 

MC1123G -550C to .,2SoC 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) 
(12)8 6 (10) RSC 

Vin Vo 
r------~=~ "')r ....... RS .... C"'·0l<-3J ......... VO"15Vdc 

'L ·-2 Adcmax 

MC1723 
(MC1723C) V,,, 20 Vdc _+-_-o-~ 

R3 RI 

(5)3 IOOpF 
12k Icnt 9(13) R2 

(7)5 

-= 
- (RI+R2) 

ISC' V:Sn; = ~ .tTJ' +250 C VO"7 """R2 
10k 

For best resullS IOk<R2< lOOk 
For mInimum dll/l R3 = RIIIR2 
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MC1723, MC1723C 

MAXIMUM RATINGS ITA co +250 C unless otherwise noted.l 

Rating Symbol Value Unit 

Pulse Voltage from VCC to VEE 150 msl Vinlpl 50 Vpeak 

Continuous Voltage from VCC to VEE Yin 40 Vdc 

I nput-Output Voltage Differential Vin - Vo 40 Vdc 

Maximum Output Current 'L 150 mAdc 

Current from Vref Iref 15 mAdc 

Current from V z 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 PD 1.25 W 
Derate above T A '" +250 C 1/0JA 10 mW/oC 
Thermal ReSistance, Junction to Air OJA 100 °CIW 

Metal Package 
TA '" +250 C PD 1.0 Watt 

Derate above T A '" +250 C 1I0JA 6.6 mW/oC 
Thermal Resistance, Junction to Air (}JA 150 °C/W 

TC = +250 C PD 2.1 Watts 
Derate above T A = +250 C 1/0JA 14 mW/oC 
Thermal Resistance, Junction to Case (}JC 35 °C/W 

Dual In-Line Ceramic Package PD 1.5 Watt 
Derate above T A = +250 C 1/0JA 10 mW/oC 
Thermal ReSistance, Junction to Air (}JA 100 °C/W 

Operating and Storage Junction Temperature Range TJ, Tstg °c 
Metal Package -65 to +150 
Dual In-Line Ceramic and Ceramic Flat Packages -65 to +175 

Operating Ambient Temperature Range TA °c 
MC1723C o to +70 
MC1723 -55 to +125 

ELECTRICAL CHARACTERISTICS IUnless otherwise noted: TA'" +250 C, Yin 12 Vdc, Vo = 5.0 Vdc, I L = 1.0 mAdc, RSC '" 0, 
C1 = 100 pF, Cref = 0 and divider Impedance as seen by the error amplifier ~ 10 k.n connected as shown in Figure 2) 

Characteristic 

Input Voltage Range 

Output Voltage Range 

Input-Output Voltage Differential 

Reference Voltage 

Standby Current Dram I I L '" 0, Yin = 30 VI 

Output Noise Voltage If = 100 Hz to 10 kHz) 

Cref = 0 
Cref '" 5.0 JlF 

Average Temperat(f) CoeffiCient of Output 
VoltagelT,ow 1 <TA <Thlgh®) 

Line Regulation 

(T = +250C) {12 V <Vin<15 V 
A 12 V < V In <40 V 

IT,ow <D<T A <Thigh ®) 

12V<VIn <15V 

Load Regulation (1.0mA<iL <50 mAl 

TA = tl>50C 
T,ow 1 <TA<Thi9h® 

Ripple Rejection (f - 50 Hz to 10 kHz) 

Cref = 0 
Cref'" 5.0 JlF 

Short Circuit Current Limit IRSC '" 10.n, 
Vo "'0) 

Long Term Stability 

(DTlow = OOC for MC1723C 
.. -55°C for MC1723 

MC1723 

Symbol Min Typ Max 

Vm 9.5 - 40 

Vo 2.0 - 37 

Vin-VO 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 -

INO/C!.t - 0.1 -

@Thi9h m +70° C for MC1723C 
= +1250 C for MC1723 

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 

j.lVIRMS) 

- 20 -
- 2.5 -
- 0.003 0.015 %fOC 

%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 - %/10ooHr 



MC1723, MC1723C 

TYPICAL CHARACTERISTICS 

(Vin = 12 Vde, Va = 5.0 Vde, 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 

........ ~ 
""""l::::: t::- r--
~ t:::::- -t--t-- TA = -55 0C ~ t--r-- :::::: t--~ T~ TA = +250C ......... r-...., ~ 

I-+-. 
RSC = 10 n TA = +1250C 

50 10 15 20 25 30 

10. OUTPUT CURRENT (mA) 

FIGURE 8 - CURRENT LIMITING CHARACTERISTICS 
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MC1723, MC1723C 

TYPICAL CHARACTERISTICS (continued) 
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FIGURE 10 - LINE REGULATION AS A FUNCTION 
OF INPUT-OUTPUT VOLTAGE OIFFERENTIAL 
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FIGURE 11 - LOAD REGULATION AS A FUNCTION 
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL 
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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 - MC1723.C FOLOBACK CONNECTION 

(12) 8 
+VIn ......... -:>--I ~~6~(_10~)~~R~SC~~-eVO 

Cre! 

I 

MC1723 
(6)4 (MC1723C) 1 (3) 

Rl 
2(4) 

(5) 3 

R2 
9 (13) 

(7) 5 11000 PF 

-= 
Vo ~7 [Rl:

2
R2] 

ISC = Vsense ~ 066 at TJ = +250C 
RSC RSC 

For best results 10 k < Rl + R2 < 100 k. 
For minimum drift R3 = Rl11R2 

R3 

FIGURE 18 - +5 V. 1-AMPERE SWITCHING REGULATOR 
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6 (10) RSC 
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10 (2) 
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where 0< = Vsense 
Vo 

FIGURE 19 - +5 V. 1-AMPERE HIGH 

EFFICIENCY REGULATOR 
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FIGURE 20 - +15 V. 1-AMPERE REGULATOR 
WITH REMOTE SENSE 
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FIGURE 21 - -15 V NEGATIVE REGULATOR 
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MC1723, MC1723C 
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TYPICAL APPLICATIONS (continued) 

FIGURE 22 - +12 V. 1·AMPERE REGULATOR 

USING PNP CURRENT BOOST 
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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 +1250 C_ The MC3420 is specified from OOC to +700 C_ 

• Includes Symmetrical Oscillator 

• On Chip Pulse Width Modulator, Voltage Reference, 

Dead Time C~mparator, and Phase Splitter 

• Output Frequency Adjustable (2 kHz to 100 kHz) 

• I nhlbit and Symmetry Correction I nputs Available 

• Controlled Start-Up 

• Frequency and Dead Time are Independently Adjustable 

(0% to 100%) 

• Can be Slaved to Other MC3420s 

• 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 
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MC3420 
MC3520 

SWITCHMODE REGULATOR 
CONTROL CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

Dead T,me 
Adjust 

PIN CONNECTIONS 
Output 2 
Inhibit! 
Symmetry 
Correction 
Input 

Inhibit 

OSC. 
Output 

Output 2 

Ground 

Output 1 

Vce 

ORDERING INFORMATION 

DEVICE TEMPERATURE 
RANGE 

PACKAGE 

MC3420P o to +70·C Pla.tlc DIP 

MC3420L o to +70"C Ceramic DIP 

MC3520L -55 to +125°e Ceramic DIP 

• 



MC3420, MC3520 

MAXIMUM RATINGS 
Rating Symbol MC3520 MC3420 Unit 

Power Supply Voltage VCC 30 V 

Output Voltage (pins 11 and 13) Vout 40 V 

Oscillator Output Voltage (Pin 14) V14 30 V 

Voltage at Pin 4 V4 2.0 V 

Voltage at pins 3 and a V3. Va 5.0 V 

Voltage at pin 5 V5 7.0 V 

Power Dissipation Po See Thermal Information 

Operating Junction Temperature TJ °c 
Plastic Package - 125 
Ceramic Package 150 150 

Operating Ambient Temperature Range TA -55 to +125 o to +70 °c 
Storage Temperature Range Tstg -65 to +150 -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = 10 to 30 V. TA = 250 C unless otherwise noted.) 

• Characteristic 

REFERENCE SECTION 

Reference Voltage 5 Vref 7.6 7.a a.o 7.4 7.a a.2 V 
(lref = 400 }.IA) 

Temperature Coefficient of Reference Voltage 5 TCVref - o.ooa 0.03 - o.ooa 0.03 %/oC 

(VCC = 15 V. Iref = 400}.lM 

Input Regulation of Reference Voltage 5 Reg(in) mV!V 
(lref = 400 }.IA) - 3.0 7.5 - 4.0 7.5 
(lref = 1.0 mAl - 5.0 - - 5.0 -

DC SUPPL V SECTION 

Supply Voltage 5 Vin 10 - 30 10 - 30 V 

Supply Current 5 10 - - 16 - - 22 mA 
(Rext = 10 kn. excluding load and current and 
reference current) 

OSCILLATOR SECTION 

Line Frequency StabilitY 5 
If = 20 kHz) M - - 3.0 - - 5.0 % 
If = 20 kHz. VCC = 15 V. Tlow to Thigh) Af - 0.03 - - 0.04 - %loC 

Maximum Output Frequency 6 fmax 100 200 - 100 200 - kHz 

(VCC = 15 V) 

Minimum Output Frequency 6 fmin - 2.0 5.0 - 2.0 5.0 kHz 
(VCC = 15 V) 

Oscillator Output Saturation Voltage 11 Vosc(sat) - 0.2 0.5 - 0.2 0.5 V 

1114 sink = 5.0 mAl 

OUTPUT SECTION 

Output Saturation Voltage 7 VCE(sat) V 

(IL = 40 mAo Thigh to Tlow) - 0.33 0.5 - 0.33 0.5 

ilL = 25 mAo Thigh to Tlow) - 0.22 - - 0.22 -
Output Leakage Current a ICE - - 50 - - 50 }.IA 

(VCE = 40 V. pins 11 and 13) 

COMPARATOR SECTION 

Pulse Width Adjustment Range 9 APW 0 - 100 a - 100 % 

Dead Time Adjustment Range 9 ADT a - lOa a - lOa % 

Temperature Coefficient of Dead Time - TCDT - 0.1 - - 0.1 - %loC 

Comparator Bias Currents 12.13 liB - 5.0 15 - 5.0 15 ~A 

14 liB - 10 30 - 10 30 }.IA 
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ELECTRICAL CHARACTERISTICS (continued) 

Characteristic 

AUXILIARY INPUTS/OUTPUTS 

Ramp Voltage 5 
Peak High Vramp(HiI 
Peak Low Vramp(Low) 

Ramp Voltage Change 5 .Il.Vramp 
(Vramp Hi - Vramp Low) 

Ramp Out Sink Current 5 Isink 
Ramp Out Source Current 5 Isource 
Inhibit Input Current - High 10 IIH 

(VIH = 2.0 V) 

Inhibit Input Current - Low 10 IlL 
(VIL =0.8 V) 

Symmetry Correction Input/Output 2 Inhibit Current - High 10 ISY/H 
(VSY = 2.0 V. pin 16) 

Symmetry Correction Input/Output 2 Inhibit Current - Low 10 ISY/L 
(VSY = 0.8 V. pin 16) 

F/Fout Source Current - Isource 

OUTPUT AC CHARACTERISTICS (TA = Thigh. VCC = +15 V. f = 20 kHz) 

Rise Time 

Fall Time 

Overlap Time 

Assymmetry 
(Duty Cycle = 50%) 

NOTE: 

Thigh = +1250 C for MC3520 

+70oC for MC3420 

Tlow = -550 C for MC3520 

OOC for MC3420 

15 tr 

15 tf 

15 tov 

15 tonl -ton2 

tonl 

5.5 6.0 6.5 5.5 6.0 
2.0 2.4 2.8 2.0 2.4 

3.0 3.5 4.0 3.0 3.5 

- 400 - - 400 

- 3.0 - - 3.0 

- - 40 - -

- -25 -180 - -25 

- - 40 - -

- -10 -180 - -10 

- 2.0 - - 2.0 

- 40 - - 40 

- 150 - - 150 

- 275 - - 275 

- ±1.0 - - ± 1.0 

FIGURE 2-EQUIVALENT CIRCUIT 
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GENERAL INFORMATION 

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. 

Ramp Generator 

The ramp generator section produces a symmetrical 
triangular waveform ramping between 2.4 V and 6.0 V, 
with frequency determined by an external resistor (Rextl 
and capacitor (Cextl 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 
(V controll to the ramp 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 2.4 VI to 0% (Vcontrol approximately 
6.0 VI. 

Dead Time Comparator 

An additional comparator has been included in MC3420 
to allow 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. I t 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. 
This "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 4. 

FIGURE 4 - INTERNAL WAVEFORMS 

Voltage at 

Vcontrol -,L--------i~ 

~:!~g;I:~J 
Adjust 

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 B & 5) 
PWM Out, Output 2 iniiiiift Tied Together (Pins 4 & 16) 
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10 k 

15 

9 

+15 V 

10 k 
O.'JlF~ 

10 

14 

20k ...... I---..., 

+10 V 0 

10 k 

0.1 JlF "J' 
10 

14 

15 

4 

FIGURE 5 - STANDARD AC. DC TEST CIRCUIT 

10 k 0.0025 JlF 

11 

13 

FIGURE 6 - FREQUENCY LIMIT TEST CIRCUIT 

"-

500 
pF -:;r 50k 

16 

" " \. f max 

12 

11 

13 

FIGURE 7 - OUTPUT SATURATION TEST CIRCUIT 

+30 

4 16 

11 

10k 

1.0 k 

O.'JlF~ 

TTL·Compatlble 
Frequency Meter 

1.0 k 

1.0 k 

0.1JlF~ 

750 n, 
1W 

750 n, 
13 1 W 

Note: Use voltage change on pons 6, 7 to change output states. 
A voltage must always be present on p,ns 6 and 7. 
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10 k 

Note A voltage 
must always be 
applIed to 
pins 6 and 7 • 

+10 VO 

0.1 !-IF*, 
10 

14 

15 

FIGURE 8 - OUTPUT LEAKAGE TEST CIRCUIT 

+30 V 

4 16 

0+5.0 V 

FIGURE 9 - OUTPUT DUTY CYCLE TEST CIRCUIT 

+30 V 0 

10 k 0.0025 !-IF 

10 k 16 

14 11 

15 

13 

20k>-~>T_~--o 

+10 V 

TYPICAL DUTY CYCLE TYPICAL DUTY CYCLE 
versus DEAD TIME VOLTAGE versus PWM VOLTAGE (Vcontrol) 

V6 

PIN 7. % DUTY PIN 6. % DUTY Volts 

DEAD TIME CYCLE Vcontrol (V) CYCLE 100% Adjust 

VOLTAGE (V) (FOR EACH (DEAD TIME (FOR EACH Dead Time 1.0 
(Vcontrol = 2.0 V) OUTPUT) VOLTAGE .. 1.0 V) OUTPUT) 

Pulse Width 1.0 

2.0 50 2.0 50 0% Adjust 
2.5 46 2.5 46 
3.0 40 3.0 40 

Dead Time 7.0 

3.5 33 3.5 33 Pulse WIdth 1.0 

4.0 26 4.0 

10 k 

10k +40V 

0.1 !-IF l' 

1.0 k 

1.0 k +5.0 V 

L.... __ 

0 

..... 

1

!-1

FJ 

V7 

1.0 
(Pin 11 + Pin 13 = 

1.0 

1.0 
(Pin 11)(Pin 13) 

7.0 

26 
4.5 18 4.5 18 

NOTE: LogIc "1" IS TTL·Compatible VOH' 

5.0 11 5.0 11 
5.5 4.0 5.5 4.0 
6.0 0 6.0 0 
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FIGURE 10 - INHIBIT/SYMMETRY TEST CIRCUIT 
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20k~.----------o 
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FIGURE 11 - OSCILLATOR OUTPUT (pin 14) TEST CIRCUIT 
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FIGURE 12 - VControl BIAS CURRENT TEST CIRCUIT 
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FIGURE 13 - DEAD TIME BIAS CURRENT TEST CIRCUIT 
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O.,J.lF* 
10 4 16 

14 11 1.0 k 

15 

9 13 1.0 k 
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FIGURE 14 - RAMP IN BIAS CURRENT TEST CIRCUIT 
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FIGURE 15 - AC TEST CIRCUIT AND WAVEFORMS 
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TYPICAL CHARACTERISTICS 
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FIGURE 16 - OUTPUT SATURATION VOLTAGE 
versus LOAD CURRENT 
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FIGURE 17 - REFERENCE VOLTAGE versus 
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OPERATION AND APPLICATIONS INFORMATION 

The Voltage Reference 

The temperature coefficient of Vref has been optimized 
for a 400 IlA (~20 kn) load. If increased current capa' 
bility is required, an op amp buffer may be used, as 
shown in Figure 22. 

FIGURE 22 

9 
V,sf 

20 kn 

Output Frequency 

The values of Rext and Cext for a given output frequency. 
fa. can be found from: 

fa ~R °C·55 ; 5.0 kn E;; Rext E;; 20 kn (Eq. 1) 
ext ext 

or from the graph shown in Figure 23. 

Note that fa 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. 

FIGURE 23 
25 

; 20 
w 
(.) \ , 

\ \ 
z 
0( 

t;; 
15 

~ 
...J 

~ 10 
~ 

~ 

- ~~.- \~--~~-~~ 
<?~ ''0 '(2 +,.. 

~ .~ '-K~-'Ib~,(' \ .... ,(' ~ 

" 
-

\ " \ 

f'.- " a: 

2 k 10 k 20 k 100 k 
fa· OUTPUT FREQUENCY (Hzl 
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Dead Time 

Figure 24 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, 
VD.T. should be derived from Vref as shown. 

FIGURE 24 

1 (VDT -2) Dead Time'" 1;; -4-'-

R 
t-t:h.---_C" 20 k n 

Connections to the V control Pin 

where fo is the output 
frequency 

In many systems. it is necessary to make multiple can· 
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 25. 
This allows whichever control element IS seekmg the 
lowest PWM duty cycle to dominate. Note that a re
sistor. R 1, whose value is ..;; 50 kn is placed from the 
V control Pm to ground. This is necessary to provide a dc 
path for the PWM comparator input bias current under 
all conditions. 

The system duty cycle is given by: 

VControl - 2 
D.C. (%) ~ 4 X 100 (Eq.2) 

FIGURE 25 

IN414S's 

r---t .. - ... to soft start cirCUIt 

6 
t--<>~~~r---+-.-~ to voltage control 

circuit 

R1 

R1';;SO kn 

to current limit 
L-..~ __ -I" circuit 
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Soft Start 

In most PWM switching supplies, a soft start feature is 
desired to prevent output voltage overshoots and magne
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 ir.hibit. This feature can be easily imple
mented with the MC3420. One method is shown in 
Figure 26. 

FIGURE 26 

VCC 

15 

R1';;;50 k!l 

01 

To Voltage 
& 

- - -} Current 
Control 

--- Loops 

04 01 _ 04 IN4148 

After an inhibit command or dunng 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 27. 

In this circuit. a series resistor. RS' is used to provide 
inrush surge current limiting. After the fi,~er capacitor. 
C 1, is charged. 01 receives a trigger signal from the con
trol circuitry through T1 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 
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110 
Vac 

RectifIers 

FIGURE 27 

01 

+}to power switching 
section 

~--------~~~ 

C1 

to provide 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 
denved 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 circuit for T1. 

Slaving 

In 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 28. By 
omitting their Rext and Cext, up to two MC3420s may 
be slaved to a master MC3420. 

FIGURE 28 - SLAVING THE MC3420 

8o--------o~-------------4~---

F/F 3 
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15 V, 2 A DC-to-DC Converter 

Figure 29 illustrates the use of the MC3520 in a PWM 
switching power supply utilizing a single series switching 
element (see Appendix for description of PWM switching 
supply configurations). The series switching transistor, 
01, chops the dc input voltage, Vin, at a frequency of 
::: 25 kHz, and the resulting waveform is filtered by L 1 
and C1 to provide the dc output voltage. The frequency 
is set by R4 and C3, and since the outputs of the 
MC3520 are wire-ORed together, fo is twice that given 
by Equation 1 and Figure 23. Vo is regulated by com
paring its value to the MC3520's reference voltage and 
amplifying the error voltage with U1. The output of U1 
is fed into the MC3520 to provide PWM to 01, thereby 
controlling its duty cycle and thus the value of Vo' 

C2 provides a soft·start feature during power up to 
prevent output voltage overshoots and excessive start up 
currents through 01. 

Short circuit protection is provided by RSC' 03 and 
04. When an overcurrent condition occurs, 03 is turned 
on by the voltage across RSC; 03 drives 04 on, which 
raises the voltage at pin 6 (Vcontrol) of the MC3520, 
reducing 01's dutY cycle and maintaining a constant 
output current of::: 2.5 A. 

5 V, 50 A Line-Operated Supply 

A 5 V, 50 A line-operated 20 kHz switching power 
supply using the MC3520 is shown in Figures 30a and b. 
An explanation of the operation of each section of the 
supply follows. 

Input Section 

The 120 Vac line is full wave voltage doubled by CR 1, 
CR2, C1 and C2 to provide 310 Vdc to the power 
section of the supply. Inrush surge current limiting is 
provided by R 1, which is shorted out of the circuit by 
01 after C1 and C2 are initially charged. 

Power Section 

The supply utilizes two switching transistors, 02 and 
03, in a half·bridge configuration (see Appendix) to 
drive the high frequency.power transformer, T2. 

The bases of 02 and 03 are driven by T3 and T4, 
respectively, to provide isolation from the control and 
base drive sections of the supply. CR3, CR5, CR6, and 
CR8 constitute anti-saturation (Baker) clamps which 
provide increased and more uniform switching speeds for 

02 and 03. CR4 and CR7 allow reverse base currents 
during turn off. 

Output Section 

The output of T2 is rectified by Schottky diodes, 
CR9 and CR 1 O. VR 1 is a transient suppressor to protect 
CR9 and CR 1 0 from transients that might cause reverse 
breakdown. L 1 and C4 constitute the output filter. C4 
should have very low ESR (equivalent series resistance) 
at 20 kHz to provide the most effective filtering. L2 and 
C5 make up a high·frequency filter to reduce com
mutation spikes which pass L 1 due to its interwinding 

capacitance. RSC provides output overcurrent sensing 
to the control section. 

Control Section 

The MC3520 provides the PWM control for the 
supply. R2 is adjusted to obtain a 20 kHz operating 
frequency. R3 adjusts the dead time (::: 5 IlS each half
cycle). U 1 A and U 1 B are the output current and output 
voltage error amplifiers, respectively. R5 sets the output 
voltage while R4 determines the output current limit. 
C7 and C8 are the current and voltage loop compensa
tion capacitors. 

C6 provides the soft·start feature while 04 ensures a 
soft-start after each system inhibit (pin 1510w). 

Base Drive Section 

Turn on drive to the power section switching transis
tors occurs when each of the outputs of the MC3520 
saturate. 05 or 06 are the'refore turned on, and 15 V 
applied to the primaries of T3 or T4, supplying forward 
base drive to 02 or 03. 

Turn off drive occurs when 05 or 06 turn off, and 
the magnetizing energy stored in T3 or T4's core is 
transformed into a negative "flyback" voltage at their 
secondaries, providing reverse base drive to 02 or 03. 
CR 11 and CR 12 act as clamps, to prevent this flyback 
voltage from exceeding -5 V at T3 or T4's secondary 
(30 V on 05 or 06's collector). 

01 Driver Section 

07 and T1 provide the gate drive to 01. 07 starts 
operating after an initial delay of 100 ms created by the 
soft-start circuit, thereby allowing C1 and C2 to charge 
up before firing 01. 

4-120 



MC3420, MC3520 

FIGURE 29 - 15 V, 2A DC-TO-DC CONVERTER 
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FIGURE 30a - 5 V,50A LINE-OPERATED SUPPLY (continued on following page) 
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1------ - -- ----------- -------1- - ------------r-------- -- ----- - - _ - ----- ___ J 

! 8lK T5 IN4001 "I" : Q2, Q3 2N6546 
I I T1 SPRAGUE 662930 i G 10 +15 V i T2 CORE FERROXCUBE K5·350·11·3E 
I 25V I Np=33T,06mmDIAWIRE 
I Y "J" I N s =2T.,lx6mmFlATWIRE 
I I T3, T4 CORE FERROXCUBE 1811P.lOO·3B7 
I IN4001 i Np=2x60T,025rnrnDIAWIRE 
: lOW VOLTAGE R I Ns = 15 T ,05 mrn DIA. WIRE 
I POWER SUPPLY : T5' TRIAD F-91X, 30 VCT, 300 rnA L ________________________________________ ~ 

Unless otherwise noted, values shown are IJF or ohms and resistors are 1/4 watt. 

Performance 

Line Regulation: 
Load Regulation: 
Output Ripple and NOise: 

Line current surge at turn-on: 
EfficIency: 
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0.4% 
0,25% 

60 mV pop 
25 mV rms 
35 A max 
80% 



FIGURE 30b 
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L ____________________________ _ 

101 DRIVER : 
!SECTION I 

_B_A~: .:'~~~=~::~~~ ____________________ L _______ J 
Unless otherwise noted. values shown are IlF or ohms and resistors are 1/4 wan. 

APPENDIX: BASIC PWM SWITCHING SUPPLY POWER CIRCUIT CONFIGURATIONS 

The material given in this section is intended to ac
quaint the designer with the basic switching transistor 
configurations used in PWM power supplies. Circuit con
figurations, collector voltage and current waveforms of 
the switching transistors, and required transistor speci
fications for the most commonly utilized configurations 
are shown in Figures 1A through 4A. It should be noted 
that the waveforms and specifications are idealized, in 
that the effects of leakage inductance voltage spikes, 
stray circuit capacitance, snubber networks, clamp diode 
overshoots, diode reverse recovery and saturation volt
ages have been neglected. For more information on 
these effects, the configurations, or switching supplies in 
general, consult the references listed in the References 
section. 
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Series Configuration 

The single transistor series configuration is shown in 
Figure 1A. This configuration is usually limited to appli

cations in which 0.2 V CC < V 0 < 0.8 Vee and where 
input-output isolation is not required. 

Push-Pull Configuration 

Figure 2A shows the two-transistor push-pull configu
ration. Unlike the series configuration, it can be used to 
either step-up or step·down the input voltage, Vee, and 
also provides input-output isolation. It does, however, 
have the disadvantage that additional circuitry must be 
used to provide symmetry correction for the prevention 
of transformer saturation. 

• 
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MC342,O, MC3520 

Half·Bridge Configuration 

The half·bridge configuration, shown in Figure 3A, 
does not suffer from the symmetry problems of the 
push·pull configuration since the transformer primary is 
capacitively coupled. This prevents transformer core 
saturation since no net dc current is allowed to flow in 
its primary. 

Note that for the same input power, bus voltage, and 
duty cycle, the half·bridge requires switching transistors 

which have twice the current and half the voltage require· 
ments as those of the push·pull configuration. 

Full·Bridge Configuration 

By replacing the bridge capacitors, C, of the half· 
bridge configuration of Figure 4A results. With this 
configuration, double the power of the half·bridge can· 
figuration can be obtained at the expense of two addi· 
tional switching transistors and their associated circuitry. 

ABBREVIATIONS USED IN FIGURES 1A THROUGH 4A 

Vcc 

Ie: Switching transistor collector current 
V CE: Switching transistor collector·to·emitter·voltage 

Pin: 
D.C.: 

VCC: 

VCEO(sus): 

VCEX: 

Average input power 
I nverter duty cycle 
DC bus voltage 
V CE that transistor must withstand during 
turn·on 
V CE that transistor must block during non· 
conduction period. 

FIGURE 1A - SERIES CONFIGURATION 

IC 

TRANSISTOR REQUIREMENTS· 

IC;;' 10 ,"-h----r1--VCEO(sus) ;;. Vcc 

VCEX;;' vcc 

·See explanation of abbreviations In text. 

FIGURE 2A - PUSH·PULL CONFIGURATION 

-10 

Pin 
IC;;' ---

D.C. x Vec 

VCEO(sus) ;;. Vee 

VCEX;;' 2 Vce 

·See explanation of abbreviations In text. 
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VCE 

2Vcc -I-----n---- -
V cc - - - - - r 1----

~ ______ _L _________ L-______ .. t 

IC 

'"'N -l-U---r1--, 



MC3420, MC3520 

FIGURE 3A - HALF-BRIDGE CONFIGURATION 

VeE 

vee 4---n 
0_5 Vee -l- --

Ie 

,OIN-h----o---, 
TRANSISTOR REQUIREMENTS· 

2 x Pin 

Ie;;' D.C. x Vee 

VeEO(sus) ;;. Vee/2 

VeEX ;;. Vee 

·See explanation of abbreviations in text. 

FIGURE 4A - FULL-BRIDGE CONFIGURATION 

Vee VeE 

vcc-[n-o 
Ie 

'~N-b----0---, 
TRANSISTOR REQUIREMENTS· 

Pin 
le;;.----

D.C. x Vee 

VeEO(sus) ;;. Vee 

VeEX" Vee 

·See explanation of abbreviations in text. 
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Advan.ce Information. 

3-TERMINAL POSITIVE VOLTAGE REGULATORS 
These voltage regulators are monolithic integrated circuits de

signed as fixed-voltage regulators for a wide variety of applications 
including local, on-card regulation_ These regulators employ internal 
current limiting, thermal shutdown, and safe-area compensation. 
With adequate heatsinking they can deliver output currents in excess 
of 1.0 ampere. Although designed primarily as a fixed voltage 
regulator, these devices can be used with external components to 
obtain adjustable voltages and currents. 

• 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 

• Output Voltage Offered in 2% and 4% Tolerance 

SCHEMATIC DIAGRAM 
r---~----------~----------~--~~~------~-olnput 

100 k 500 

H-------+-..... -----'--.---<--o Output 

2.7 k 

500 

0·19k 

5k 

Pin 2 I. ground 
for Case 221 A. 
Case Is ground 
for Case 1. 

L--~--<~~--~~--~--~-~~-----~---_oGnd 

ORDERING INFORMATION 

Device Output Voltage Temperature Range Package Tolerance 

MC78XXK 4% -55 to +1500 C Metal Power 
MC78XXAK 2% 

MC78XXCK 4% o to +1250 C 
MC78XXACK 2% 
MC78XXCT 4% Plastic Power 
MC78XXACT 2% 

XX Indicates Nominal Voltage 
This is advance Information and specifications are subject to change without notice. 
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MC7800 
Series 

THREE-TERMINAL 
POSITIVE FIXED 

VOLTAGE REGULATORS 

K SUFFIX 
METAL PACKAGE 

CASE 1 
(TO-3TYPE) 

PIN 1. INPUT 
2. OUTPUT 

CASE GROUND 

TSUFFIX 
PLASTIC PACKAGE 

CASE 221A 
TO-220 TYPE 

PIN 1. 
2. 
3 

INPUT 
GROUND 
OUTPUT 

1 
2 

STANDARD APPLICATION 

Input~Output 

~i~; ~FL+---ICO •• 

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. 

* = Cm 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. 

xx Indicates nommal voltage 

TYPE NO'NOLTAGE 

MC7805 5.0 Volts MC7815 15 Volts 

MC7806 6.0 Volts MC7818 18 Volts 

MC7808 8.0 Volts MC7824 24 Volts 

MC7812 12 Volts 



MC7800 Series 

MC7800 Series MAXIMUM RATINGS (TA = +250 C unless otherwise noted'! 

Ratmg Symbol Value Unit 

Input Voltage (5.0 V - 18 V) Vm 35 Vdc 
(24 V) 40 

Power Dissipation and Thermal Characteristics 
Plastic Package 
TA = +250 C PD Internally Limited Watts 
Derate above T A = +250 C l/(JJA 15.4 mW/oC 

Thermal Resistance, Junction to Air (JJA 65 °C/W 

TC = +250 C PD Internally Limited Watts 
Derate above TC = +950 C (See Figure 1) l/(JJC 200 mW/oC 
Thermal Resistance, Junction to Case (JJC 5.0 °CIW 

Metal Package 
TA = +250 C PD Internally limited Watts 
Derate above T A = +250 C l/(JJA 22.5 mW/oC 

Thermal Resistance, Junction to Air (JJA 45 °CIW 

TC = +250 C PD Internally Limited Watts 
Derate above TC = +650 C (See Figure 2) l/(JJC 182 mW/oC 
Thermal ReSistance, Junction to Case (JJC 5.5 °CIW 

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

Operating Junction Temperature Range MC7800, A TJ -55 to +150 °c 

MC7800C, AC o to +150 

DEFINITIONS 

Lme Regulation - The change m output voltage for a change m 
the mput voltage. The measurement IS made under conditions of 
low diSSipation or by usmg pulse techniques such that the average 
chip temperature IS not Significantly affected. 

Load Regulation - The change m output voltage for a change tn 
load current at constant chip temperature. 

MaXimum Power DISSipation - The maximum total deVice diSSI
patlon for which the regulator Will operate Within speCifications 

QUiescent Current - That part of the mput current that IS not 
delivered to the load 

Output NOise Voltage - The rms ac voltage at the output, with 
constant load and no tnput TIppie, measured over a speCified fre
quency range 

Long Term Stability - Output voltage stability under accelerated 
life test conditions With the maximum rated voltage listed tn the 
deVices' electncal charactenstlcs and maximum power dissipation. 

Ll.197 
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MC7800 Series 

MC7805, C 
ELECTRICAL CHARACTERISTICS (v 10V I 500 A T T t T In = , 0 = m J= low ° hIgh (N t 1) ° e un ess 0 th erwise note d) 

MC7805 MC7805C 
CharacterIstic Symbol Unit 

Mon Typ Max MIn Typ Max 

Output Voltage (T J = +250 C) Vo 48 5.0 5.2 4.8 5.0 52 Vdc 

Output Voltage Vo Vdc 
(5.0 mA < 10 C;; 1.0 A, Po C;; 15W) 
7.0 Vdc C;; Von C;; 20 Vdc - - - 4.75 5.0 5.25 
8.0 Vdc C;; Von C;; 20 Vdc 4.65 50 5.35 - - -

Lone RegulatIon (TJ = +250 C, Note 2) Regon mV 
70 Vdc C;; Von < 25 Vdc - 20 50 - 7.0 100 
8.0 Vdc C;; Von C;; 12 Vdc - 1.0 25 - 2.0 50 

Load RegulatIon (T J = +250 C, Note 2) Reg'oad mV 
5.0 mA C;; '0 C;; 1.5 A - 25 100 - 40 100 
250 mA C;; 10 C;; 750 mA - 8.0 25 - 15 50 

QUIescent Current (T J = +250 C) 'B - 3.2 6.0 - 4.3 8.0 mA 

QUIescent Current Change AlB mA 
7.0 Vdc C;; Y,n C;; 25 Vdc - - - - - 1.3 
80 Vdc C;; Von .. 25 Vdc - 0.3 08 - - -
50 mA C;; '0" 1.0 A - 004 05 - - 0.5 

RIpple RejectIon RR 68 75 - - 68 - dB 
8.0 Vdc C;; Von C;; 18 Vdc, f = 120 Hz 

Dropout Voltage (10 = 1.0 A, T J = +250 C) Von'VO - 2.0 2.5 - 2.0 - Vdc 

Output NOIse Voltage (T A - +250 C) Vn - 10 40 - 10 - JJVIVO 
10 Hz C;; f C;; 100 kHz 

Output ResIstance f = 1.0 kHz RO - 17 - - 17 - mn 

Short,C,rcult Current L,m,t (T A = +250 C) Isc - 02 1.2 - 02 - A 
Von = 35 Vdc 

Peak Output Current (T J = +250 C) Imax 1.3 25 33 - 22 - A 

Average Temperatur~ Coeff,c,ent of TCVO - to.6 - - -1.1 - mV/oC 
Output Voltage 

MC7805A, AC 
ELECTRICAL CHARACTERISTICS (Von = 10 V, 10 = lOA, TJ = Tlow to ThIgh (Note 1) unless otherWIse noted) 

MC7805A MC7805AC 
Characterostlcs Symbol Unot 

MIn Typ Max Mon Typ Max 

Output Voltage (T J = +250 C) Vo 4.9 5.0 5.1 4.9 50 5.1 Vdc 

Output Voltage Vo 48 5.0 5.2 48 50 5.2 Vdc 
(50mA<10"'·0A,PO<15W) 
7.5 Vdc < Y,n < 20 Vdc 

Lone RegulatIon (Note 2) Reg,n mV 
75 Vdc < Von .. 25 Vdc, 10 = 500 mA - 2.0 10 - 7.0 50 
8.0 Vdc C;; Von" 12 Vdc - 3.0 10 - 10 50 
80 Vdc < Von" 12 Vdc, TJ = +250 C - 1.0 40 - 2.0 25 
73 Vdc .. Von " 20 Vdc, T J = +250 C - 2.0 10 - 7.0 50 

Load RegulatIon (Note 2) Regload mV 
50 mA C;; '0 .; 1.5 A - 25 50 - - -
50 mA < 10 .; 1.0 A - - - - 25 100 
5.0 mA" '0" 1.5 A, TJ = +250 C - - - - 25 100 
250 mA .. '0" 750 mA - 80 25 - 80 50 

QUIescent Current 'B mA 

TJ = + 25°C 
- - 5.0 - - 6.0 
- 3.2 4.0 - 43 6.0 

QUIescent Current Change AI8 mA 
80 Vdc .. Y,n .. 25 Vdc, 10 = 500 mA - 0.3 05 - - 08 
7.5 Vdc" Von .; 20 Vdc, TJ = +250 C - 02 05 - - 0.8 
5.0 mA .; '0 .. 1.0 A - 0.04 02 - - 05 

RIpple RejectIon RR dB 

8.0 T~d; ~~&c .. 18 Vdc, f = 120 Hz, 
68 75 - - - -

80 Vdc C;; Von C;; 18 Vdc, f = 120 Hz, 
10 = 500 mA 68 75 - - 68 -

Dropout Voltage (10 = 1.0 A, T J = +250 C) Von,VO - 20 25 - 20 - Vdc 

Output NOIse Voltage (T A = +250 C) Vn - 10 40 - 10 - JJVIVO 
10HzC;;f<100kHz 

Output ResIstance (f = 10kHz) RO - 17 - - 17 - mn 

Short,C,rcult Current LImIt (T A = +250 C) 'sc - 0.2 1.2 - 02 - A 
Von = 35 Vdc 

Peak Olltput Current (TJ = +250 C) Imax 1.3 25 33 - 22 - A 

Average Temperature Coeff,c,ent of Output Voltage TCVO - to.6 - - -1.1 - mV/oC 

Notes 1. T,ow = -55°C for MC78XX, A 
= OOC for MC78XXC, AC 

ThIgh = +1500 C for MC78XX, A 
= +1250 C for MC78XXC. AC 

2. Load and lone regulatIon are specIfIed at constant JunctIon temperature. Changes on Vo due to heatIng effects must be taken 
onto account separately. Pulse testong wIth low duty cycle IS used. 
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MC7800 Series 

MC7806. C 
ELECTRICAL CHARACTERISTICS (V m = 11 V, 10 = 500 mA, T J = Tlow to Thigh (Note 1) unless otherwise noted.) 

MC7806 MC7806C 
Characteristic Symbol Unit 

Mm Typ Max Min Typ Max 

Output Voltage (T J = +250 C) Vo 5.75 6.0 6.25 5.75 6.0 6.25 Vdc 

Output Voltage Vo Vdc 
(5.0mA" 10" 1.0A,PO';; 15W) 

8.0 Vdc .. Vm .. 21 Vdc - - - 5.7 6.0 6.3 
9.0 Vdc" Vm .. 21 Vdc 5.65 6.0 6.35 - - -

Lme Regulation (TJ - +250 C, Note 2) Regm mV 
8.0 Vdc .. Vm .. 25 Vdc - 30 60 - 90 120 
90Vdc';;Vm .. 13Vdc - 2.0 30 - 3.0 60 

Load Regulation (T J - +250 C, Note 2) Regload mV 
50mA .. 10 .. 15A - 27 100 - 43 120 
250 mA .. 10 .;; 750 mA - 9.0 30 - 16 60 

QUiescent Current (T J = +250 C) IB - 3.2 6.0 - 4.3 8.0 mA 

QUiescent Current Change lIlB mA 
8.0 Vdc .. Vm 25 Vdc - - - - - 1.3 
9.0 Vdc" Vm 25 Vdc - 0.3 0.8 - - -
50 mA" 10" 1.0 A - 004 0.5 - - 0.5 

Ripple Rejection RR dB 
9.0 Vdc < V m " 19 Vdc, f = 120 Hz 65 73 - - 65 -

Dropout Voltage (10 = 1.0 A, T J - +250 C) Vm-VO - 20 2.5 - 2.0 - Vdc 

Output NOise Voltage (T A = +250 C) Vn - 10 40 - 10 - jJV/VO 
10 Hz .;; f .. 100 kHz 

Output Resistance (f = 1.0 kHz) RO - 17 - - 17 - m!l 

Short-Circuit Current Limit (T A = +250 C) Isc - 02 1.2 - 0.2 - A 
Vm = 35 Vdc 

Peak Output Current (T J = +250 C) Imax 1.3 25 3.3 - 2.2 - A 

Average Temperature Coefficient of Output Voltage TCVO - ±0.7 - - 0.8 - mV/oC 
-

MC7806A. AC 
ELECTRICAL CHARACTERISTICS (Vm = 11 V, 10 = lOA, T J = Tlow to Thigh (Note 1) unless otherwise noted'! 

MC7806A MC7806AC 
Characteristic Symbol Unit 

Min Typ Max Mil; Typ Max 

Output Voltage (T J - +250 C) Vo 5.88 6.0 6.12 588 60 6.12 Vdc 

Output Voltage Vo Vdc 
(5.0mA<10<1.0A,PO"15W) 5.76 6.0 6.24 5.76 6.0 6 24 
8 6 Vdc .. Vm .; 21 Vdc 

Lme Regulation (Note 2) Regm mV 
8.6 Vdc " V ,n .. 25 Vdc, 10 ~ 500 mA - 30 11 - 9.0 60 
9.0 Vdc" V m " 13 Vdc - 5.0 15 - 11 60 
9.0 Vdc'; V m " 13 Vdc, TJ = +250 C - 2.0 5.0 - 30 30 
8.3 Vdc" Vm " 21 Vdc, TJ = +250 C - 40 11 - 90 60 

Load Regulation (Note 2) Regload mV 
50mA'; 10"15A - 27 50 - - -
50mA'; 10'; 1.0 A - - - - 43 100 
5.0 mA .. 10" 1.5 A, T J = +250 C - - - - 43 100 
250 rnA .. 10 .. 750 mA - 90 25 - 16 50 

QUiescent Current IB mA 

TJ = +250 C 
- - 5.0 - - 6.0 
- 32 4.0 - 4.3 60 

QUiescent Current Change lIlB mA 
9.0 Vdc .; Vm .. 25 Vdc, 10 = 500 rnA - 0.3 0.5 - - 0.8 
8.6 Vdc'; V m " 21 Vdc, TJ = +250 C - 0.2 0.5 - - 08 
5.0 rnA .. 10" 1 0 A - 004 0.2 - - 0.5 

Ripple Rejection RR dB 
9.0 Vdc .. Vm .. 19 Vdc, f = 120 Hz, 

TJ = +250 C 65 73 - - - -
90 Vdc .. Vm " 19 Vdc, f = 120 Hz, 

10 = 500mA 65 73 - - 65 -
Dropout Voltage (10 = lOA, T J - +250 C) Von-VO - 20 25 - 2.0 - Vdc 

Output NOise Voltage (T A = +250 C) Vn 
- 10 40 10 -

jJV/VO 
10 Hz" f .. 100 kHz -

Output ReSistance (f = 10kHz) RO - 17 - - 17 - m!l 

Short-C,rcuit Current LImit (T A - +250 C) Isc A 
Vin = 35 Vdc - 0.2 1.2 - 0.2 -

Peak Output Current (T J - +250 C) Imax 1.3 25 3.3 - 2.2 - A 

Average Temperature Coefficient of Output Voltage TCVO - ±O 7 - - ~.8 - mV/oC 

Notes: 1. Tlow = -55°C for MC78XX, A 
= OOC for MC78XXC, AC 

Thigh = +1500 C for MC78XX, A 
= +1250 C for MC78XXC, AC 

2. Load and hne regulation are specified at constant Junction temperature. Changes on Vo due to heatong effects must be taken 
Into account separately. Pulse testing with low duty cycle IS used. 
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MC7800 Series 

MC7808. C 
ELECTRICAL CHARACTERISTICS (von -14 V. 10 = 500 mA, TJ = Tlow to Thigh (Note 1) unless otherwIse noted.) 

MC7808 MC7808C 
Characteristic Symbol 

Mon Typ Max Mon Typ Max 

Output Voltage (T J - +250C) Vo 7.7 8.0 8.3 7.7 8.0 83 

Output Voltage Vo 
( 5.0 mA " 10 " 1.0 A, Po .;; 15W) 

10.5 Vdc" Von" 23 Vdc - - - 76 80 84 
11.5 Vdc" Von" 23 Vdc 7.6 80 84 - --- - -

Lone RegulatIon (T J - +?50C, Note 2) Reg,n 
10.5 Vdc" Von" 25 Vdc - 30 80 - 12 160 
11 Vdc" Y,n " 17 Vdc - 2.0 40 - 50 80 

Load RegulatIon (TJ - +250C, Note 2) Regload 
5.0 mA" 10" 1.5 A - 28 100 - 45 160 
250 mA " 10 " 750 mA - 9.0 40 - 16 80 

QUIescent Current (T J = +250C) IB - 32 6.0 - 4.3 8.0 

QUIescent Current Change lIlB 
105 Vdc" Von 25 Vdc - - - - - 1.0 
11.5 Vdc'; Von 25Vdc - 03 0.8 - - -
5.0 mA " 10 .;; lOA - 004 05 - - 0.5 

RIpple RejectIon RR 
11.5 Vdc';; Von';; 21.5 Vdc, f = 120 Hz 62 70 - - 62 -

Dropout Voltage (10 = 1.0 A, T J = +250C) V,n·VO - 2.0 25 - 2.0 -
Output NOIse Voltage (T A - +250C) Vn - 10 40 - 10 -10 Hz';; f" 100 kHz 

Output ReSIstance (1 = 1.0 kHz) RO - 18 - - 18 -
Short-CIrcuIt Current L,m,t (T A - +250C) Isc 0.2 1.2 - 02 -Von = 35 Vdc -

Peak Output Current (T J - +25OC) Imax 1.3 2.5 33 - 2.2 -
Average Temperature CoeffIcIent of Output Voltage TCVO - '1.0 - - -0.8 -
MC7808A, AC 
ELECTRICAL CHARACTERISTICS (Von = 14 V, 10 = 1.0 A, TJ = Tlow to ThIgh (Note 1) unless otherwIse noted.) 

CharacteristIc 

Output Voltage (T J = +250C) 

Output Voltage 
(50 mA'; 10';; 1.0 A, PO'; 15W) 

10.6 Vdc'; V ,n .; 23 Vdc 

Lone RegulatIon (Note 2) 
106 Vdc .; Von" 25 Vdc, 10 = 500 mA 
11 Vdc';; V ,n .;; 17 Vdc 
11 Vdc';; Von'; 17 Vdc, T J = +250C 
104 Vdc" Von" 23 Vdc, TJ= +250C 

Load Regulation (Note 2) 
50 mA" 10" 1 5A 
50 mA" 10';; 1.0 A 
5.0 mA.; 10'; 1.5 A, TJ = +250C 
250 mA .;; 10';; 750 mA 

QUIescent Current 

T J = +250C 

QUIescent Current Change 
11 Vdc" V on " 25 Vdc, 10 = 500 mA 
106 Vdc'; Von" 23 Vdc, TJ = +250C 
5.0 mA " 10 .;; 1.0 A 

RIpple RejectIon 
11.5 Vdc" Von" 21.5 Vdc, f = 120 Hz, 

TJ = +250C 
11.5 Vdc'; V ,n '; 21.5 Vdc, f = 120 Hz, 

10 = 500 mA 

Dropout Voltage 00 LOA, TJ +25O C) 

Output NOIse Voltage (T A = +250C) 
10 Hz .;; f .;; 100 kHz 

Output ReSIstance (f = 1.0 kHz) 

Short·C,rcuit Current LImIt (T A = +250C) 
Von = 35 Vdc 

Peak Output Current (TJ = +250C) 

Average Temperature CoefficIent of Output Voltage 

Notes 1. Tlow = -55°C for MC78XX, A 
= OOC for MC78XXC, AC 

ThIgh = +1500C for MC78XX, A 
= +1250C for MC78XXC, AC 

Symbol 
Min 

Vo 7.84 

Vo 
7.7 

Reg on 
-
-
-
-

Regload 
-
-
-
-

IB 
-
-

lIlB 
-
-
-

RR 

62 

62 

Von·VO -
Vn 

-

RO -
Isc -

Imax 1.3 

TCVO -

MC7808A MC7808AC 

Typ Max M,n Typ Max 

8.0 816 7.84 80 8.16 

8.0 83 7.7 80 83 

4.0 13 - 12 80 
6.0 20 - 15 80 
20 6.0 - 50 40 
4.0 13 - 12 80 

28 50 - - -
- - - 45 100 
- - - 45 100 

90 25 - 16 50 

- 50 - - 60 
32 4.0 - 4.3 6.0 

03 05 - - 0.8 
02 0.5 - - 0.8 

004 0.2 - - 05 

70 - - - -

70 - - 62 -
2.0 2.5 - 20 

10 40 - 10 -
18 - - 18 -

0.2 1.2 - 02 -
2.5 3.3 - 22 -
'1.0 - - -08 -

Unit 

Vdc 

Vdc 

mV 

mV 

mA 

mA 

dB 

Vdc 

!J.VIVO 

m11 

A 

A 

mV/oC 

Unit 

Vdc 

Vdc 

mV 

mV 

mA 

mA 

dB 

Vdc 

!J.VIVO 

m11 

A 

A 

mV/oC 

2. Load and lone regulation are specified at constant Junction temperature. Changes on Vo due to heating effects must be taken 
onto account separately. Pulse testong wIth low duty cycle is used. 
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MC7800 Series 

MC7812, C 
ELECTRICAL CHARACTERISTICS (von = 19 V, 10 = 500 mA, TJ = Tlow to Thigh (Note 1) unless otherwise noted.l 

MC7812 MC7812C 
Characteristic Symbol Unit 

Min Typ Max Mon Typ Max 

Output Voltage (TJ = +250 C) Vo 11.5 12 12.5 11.5 12 125 Vdc 

Output Voltage Vo Vdc 
(5.0mA< 10< 1.0A,PO< 15W) 

14.5 Vdc < Von < 27 Vdc - - - 11.4 12 12.6 
15.5 Vdc < Von < 27 Vdc 11.4 12 12.6 - - -

Line Regulation (TJ" +250 C, Note 2) Regon mV 
14.5 Vdc < Von < 30 Vdc - 5.0 120 - 13 240 
16 Vdc < Von < 22 Vdc - 30 60 - 6.0 120 

Load Regulation (T J = +250 C, Note 2) Regload mV 
5.0mA< 10< 1.5A - 30 120 - 46 240 
250 mA < 10 < 7S0 mA - 10 60 - 17 120 

QUiescent Current (T J = +2S0C) IB - 3.4 6.0 - 4.4 80 mA 

QUiescent Current Change AlB mA 
145 Vdc';; Von < 30 Vdc - - - - - 10 

15 Vdc';; Von < 30 Vdc - 0.3 08 - - -
50mA';; 10< LOA - 0.04 0.5 - - OS 

Ripple Rejection RR 61 68 - - 60 - d8 
15 Vdc';; Von';; 2S Vdc, f = 120 Hz 

Dropout Voltage (10 = 1.0 A, T J = +2S0C) Von-VO - 20 2.5 - 2.0 - Vdc 

Output NOise Voltage (T A - +2SoC) Vn - 10 40 - 10 - /lVIVO 
10 Hz .;; f < 100 kHz 

Output ReSIStance (f = 1.0 kHz) RO - 18 - - 18 - mn 

Short-Circuit Current Limit (T A = +250C) Isc - 0.2 1.2 - 02 - A 
Von = 35 Vdc 

Peak Output Current (TJ = +250 C) Imax 1.3 25 3.3 - 2.2 - A 

Average Temperature Coefficient of Output Voltage TCVO - ± 1.5 - - -1.0 - mV/oC 

MC7812A,AC 
ELECTRICAL CHARACTERISTICS (Von = 19 V, 10 = 1.0 A, TJ = Tlow to Thigh (Note 1) unless otherwise noted'! 

Characteristic 
MC7812A MC7812AC 

Symbol Unit 
Mon Tvp Max Mon Tvp Max 

Output Voltage (TJ = +2S0C) Vo 11.75 12 12.25 11.75 12 12.2S Vdc 

Output Voltage Vo Vdc 
( 5 0 mA .;; 10';; 1.0 A, Po .;; 15W) l1.S 12 12.S 11.5 12 12.5 

14.8 Vdc .;; Von < 27 Vdc 

Lone Regulation Regon mV 
148 Vdc < Von .;; 30 Vdc, 10 = SOO mA - 50 18 - 13 120 
16 Vdc';; Von .;; 22 Vdc - 80 30 - 16 120 
16 Vdc < Von < 22 Vdc, TJ = +2SoC - 30 90 - 6.0 60 
145 Vdc';; V ln .;; 27 Vdc, TJ = +250C - 5.0 18 - 13 120 

Load Regulation (Note 2) Regload mV 
5.0 mA';; 10';;; 1.SA - 30 SO - - -
5.0 mA .;;; 10';; lOA - - - - 46 100 
5.0 mA';; 10 < 1 5 A, TJ = +2SoC - - - - 46 100 
250 mA < 10';;; 7S0 mA - 10 25 - 17 50 

QUiescent Current IB mA 

TJ = +2SoC - - 50 - - 6.0 
- 3.4 40 - 4.4 60 

QUiescent Current Change AlB mA 
15 Vdc < Von .;;; 30 Vdc, 10 = SOO mA - 0.3 05 - - 0.8 
14.8 Vdc';;; Von';;; 27 Vdc, T J = +250C - 0.2 0.5 - - 08 
5.0mA';; 10< 1.0 A - 004 0.2 - - 05 

Ripple Rejection RR dB 
15 Vdc';; Von';; 25 Vdc, f = 120 Hz, 

TJ = +250 C 61 68 - - - -
15 Vdc < Von .;; 25 Vdc, f = 120 Hz, 

10 = SOO mA 61 68 - - 60 -
Dropout Voltage (10 - lOA, TJ - +250 C) Von-VO - 2.0 2.5 - 2.0 - Vdc 

Output NOise Voltage (T A = +2SoC) Vn - 10 40 - 10 - /lVIVO 
10 Hz .;; f.;; 100 kHz 

Output ReSIStance (f - 1.0 kHz) RO - 18 - - 18 - mn 

Short,Clrcult Current Limit (T A = +250C) Isc 02 12 0.2 
A 

Von = 3S Vdc - - -

Peak Output Current (TJ - +250 C) Imax 1.3 2.5 3.3 - 2.2 - A 

Average Temperature Coefficient of Output Voltage TCVO - ±1.5 - - -1.0 - mV/oC 

Notes 1. Tlow = -55°C for MC78XX, A 
= OOC for MC78XXC, AC 

Thigh = +1500C for MC78XX, A 
= +12SoC for MC78XXC, AC 

2 Load and lone regulation are speCified at constant Junction temperature. Changes on Vo due to heatong effects must be taken 
onto account separate IV . Pulse testong with low duty cycle IS used. 
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MC7800 Series 

MC7815, C 
ELECTRICAL CHARACTERISTICS (von = 23 V, 10 = 500 mA, TJ = Tlow to ThIgh (Note 1) unless otherwIse noted) 

MC7815 MC7815C 
CharacteristIc Symbol Unit 

M,n Typ Max MIn Typ Max 

Output Voltage (T J = +250 C) Vo 144 15 156 144 15 15.6 Vdc 

Output Voltage Vo Vdc 
(50mA'; 10'; 1.0A,PO'; 15W) 

17 5 Vdc .; V ,n .; 30 Vde - - - 1425 15 1575 
185 Vde'; Von'; 30Vde 1425 15 15.75 - - -

LIne RegulatIon (T J = +250 C, Note 2) Reg,n mV 
17 5 Vdc .; V ,n .; 30 Vde - 6.0 150 - 13 300 
20 Vdc .; Von .; 26 Vdc - 30 75 - 60 150 

Load RegulatIon (TJ = +250 C, Note 2) Regload mV 
50 mA .; 10'; 1 5 A - 32 150 - 52 300 
250 mA .; 10'; 750 mA - 10 75 - 20 150 

QUiescent Current IT J = +250 C) IS - 3.4 60 - 44 8.0 mA 

QUiescent Current Change IllS mA 
175 Vdc" V ,n" 30 Vde - - - - - 10 
185Vdc';V,n '; 30Vdc - 0.3 08 - - -
50mA'; 10'; 1 OA - 004 05 - - 0.5 

Ripple Rejection RR 
60 66 58 - dB 

18.5 Vdc'; Von'; 285 Vdc, f = 120 Hz - -
Dropout Voltage (10 = lOA, TJ = +250 C) Von'VO - 2.0 25 - 2.0 - Vdc 

Output NOise Voltage IT A = +250 C) Vn 
10 Hz'; f'; 100 kHz 

- 10 40 - 10 - /lVIVO 

Output ReSistance (f = 10kHz) RO - 19 - - 19 - mU 

Short,Clrcult Current Limit (T A = +250 C) Ise 
0.2 12 02 

A 
Von = 35 Vdc - - -

Peak Output Current (T J = +250 C) Imax 13 25 33 - 22 - A 

Average Temperature CoefficIent of Output Voltage TCVO - !1.8 - - -10 - mV/oC 

MC7815A, AC 
ELECTRICAL CHARACTERISTICS (Von = 23 V, 10 = 1 0 A, TJ = Tlow to Thigh (Note 1) unless otherwise noted) 

MC7815A MC7815AC 
Characteristic Symbol Unot 

Mon Typ Max Mon Typ Max 

Output Voltage (T J = +250 C) Vo 147 15 153 147 15 15.3 Vdc 

Output Voltage Vo Vdc 
(5.0 mA'; 10'; lOA, PO'; 15W) 144 15 156 144 15 156 
179 Vdc .; Von .; 30 Vdc 

Lone Regulation (Note 2) Reg on 13 150 mV 
17.9 Vdc" V ,n .. 30 Vdc, 10 = 500 mA - 60 22 - 16 150 20 Vdc .;; Von <:; 26 Vdc - 90 30 -
20 Vdc .; Von .; 26 Vdc, T J = +250 C - 30 10 - 6.0 75 

175 Vdc" Von <; 30 Vdc, TJ = +250 C - 60 22 - 13 150 

Load Regulation (Note 2) Regload mV 
50 mA <; 10 <; 1 5A - 32 50 - - -
50mA<;10<;10A - - - - 52 100 
50mA'; 10<; 15A,TJ=+250C - - - - 52 100 
250 mA <; 10 <; 750 mA - 10 25 - 20 50 

QUiescent Current IS mA 

T J = +250C - - 55 - - 60 
- 34 45 - 44 60 

QUiescent Current Change "'IS mA 
17.5 Vdc'; Vin'; 30 Vdc, 10 = 500 rnA - 03 05 - - 08 
17.5 Vdc'; V m '; 30 Vdc, TJ = +250 C - 0.2 05 - - 0.8 
5.0mA<; 10<; 1 OA - 004 02 - - 05 

Ripple Relectlon RR dB 
18.5 Vdc'; Vin'; 28.5 Vde, f = 120 Hz, 

TJ = +250 C 60 66 - - - -
18.5 Vdc <; Von <; 28 5 Vdc, f = 120 Hz, 

10 = 500 mA 60 66 - - 58 -
Dropout Voltage (10 = lOA, T J = +250 C) Von·VO - 20 25 - 20 - Vdc 

Output NOISe Voltage (T A - +250 C) V n • - 10 40 - 10 - /lVIVO 
10Hz <; f <; 100 kHz 

Output ReSistance (f = 10kHz) RO - 19 - - 19 - ml! 

Short,Clrcuit Current Limit IT A .7 +250 c) Isc - 02 12 - 02 - A 
V ,n = 35 Vdc 

Peak Output Current (T J = +250 C) Imax 1.3 25 3.3 - 2.2 - A 

Average Temperature Coefficient of Output Voltage TCVO - !1.8 - - -10 - mV/oC 

Notes 1. Tlow = -550 C for MC78XX, A 

= OOC for MC78XXC, AC 

Thigh = +150oC for MC78XX, A 
= +1250 C for MC78XXC, AC 

2. Load and line regulatIon are specIfied at constant Junction temperature Changes In Vo due to heatong effects must be taken 
onto account separately Pulse testong with low duty cycle IS used. 
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MC7800 Series 

MC7818, C 
ELECTRICAL CHARACTERISTICS (von = 27 V, 10 = 500 mA, TJ = Tlow to Thigh (Note 11 unless otherwise noted) 

MC7818 MC7818C 
Characteristic Symbol 

Min Typ Max Mon Typ Max 

Output Voltage IT J = +250C) Vo 173 18 187 17.3 18 18.7 

Output Voltage Vo 
(50mA" 10" 1.0A,PO" 15W) 
21 Vdc" Von " 33 Vdc - - - 171 18 18.9 
22 Vdc " Von " 33 Vdc 17.1 18 18.9 - - -

Lone Regulation (T J = +250C, Note 2) Regon 
21 Vdc " Von .;; 33 Vdc - 70 180 - 25 360 
24 Vdc " Von " 30 Vdc - 40 90 - 10 180 

Load Regulation (TJ - +250C, Note 2) Regload 
50 mA .;; 10" 1.5 A - 35 180 - 55 360 
250 mA .;; 10 .;; 750 mA - 12 90 - 22 180 

QUiescent Current (T J = +250C) IB - 3.5 60 - 4.5 8.0 

QUiescent Current Change L1IB 
21 Vdc " V ,n " 33 Vdc - - - - - 1.0 
22 Vdc " Von " 33 Vdc - 0.3 08 - - -
5.0 mA " 10 .;; lOA - 004 05 - - 05 

Ripple Rejection RR 
59 65 -22 Vdc" Von "32 Vdc, 1= 120 Hz - - 57 

Dropout Voltage (10 = lOA, T J = +250C) Von·VO - 20 25 - 2.0 -
Output NOise Voltage IT A - +250C) Vn - 10 40 - 10 -

10Hz';;I" 100kHz 

Output ReSIStance If = 1 0 kHz) RO - 19 - - 19 -
Short·Clrcult Current Limit IT A = +250C) Isc - 02 1.2 - 0.2 -

Von=35Vdc 

Peak Output Current (T J = +250C) Imax 1.3 2.5 33 - 22 -
Average Temperature Coefficient 01 Output Voltage TCVO - ±2.3 - - -10 -

MC7818A,AC 
ELECTRICAL CHARACTERISTICS (Von = 27 V, 10 = lOA, TJ = Tlow to Thigh (Note 1) unless otherwise noted'! 

Characteristic 

Output Voltage (T J = +250C) 

Output Voltage 
(5.0mA" 10';; 1 OA,PO" 15W) 

21 Vdc " Von " 33 Vdc 
Lone Regulation (Note 2) 

21 Vdc" Von " 33 Vdc, 10 = 500 mA 
24 Vdc" Von" 30 Vdc 
24 Vdc" Von" 30 Vdc, TJ = +250C 
206 Vdc" Von " 33 Vdc, T J = +250C 

Load Regulation (Note 2) 

50 mA " 10 " 1 5A 
5.0 mA " 10 " lOA 
50mA" 10" 1.5A, TJ = +250C 
250 mA " 10 " 750 mA 

QUiescent Current 

TJ = +250C 

QUiescent Current Change 
21 Vdc" Von " 33 Vdc, 10 = 500 mA 
21 Vdc" V ,n " 33 Vdc, TJ = +250C 
5.0 mA" 10" 1.0 A 

Ripple Rejection 

22 ~d; ~~c\c" 32 Vdc, I = 120 Hz, 

22 Vdc" Von" 32 Vdc, 1= 120 Hz, 
10 = 500 mA 

Dropout Voltage (10 - 1.0 A, T J = +250 C) 

Output NOise Voltage (T A = +25U C) 
10 Hz" I" 100 kHz 

Output ReSistance (I - 1 0 kHz) 

Short·Clrcult Current Limit (T A = +250C) 
V m =35Vdc 

Peak Output Current (TJ = +250 C) 

Average Temperature Coefficient of Output Voltage 

Notes: 1. Tlow = -55°C for MC78XX, A 
= OOC for MC78XXC, AC 

Thigh = +1500C for MC78XX, A 
= +1250C for MC78XXC, AC 

Symbol 
Mm 

Vo 1764 

Vo 
173 

Regon 
-
-
-
-

Regload 
-
-
-
-

la 
-
-

L1la 
-
-
-

RR 

59 

59 

Von-VO -

Vn -
RO -
Isc -

Imax 1.3 

TCVO -

MC7818A MC7818AC 

Typ Max Min Typ Max 

18 18.36 1764 18 18.36 

18 18.7 17.3 18 18.7 

70 31 - 25 180 
12 45 - 28 180 
40 15 - 10 90 
70 31 - 25 180 

35 50 - - -
- - - 55 100 
- - - 55 100 
12 25 - 22 50 

- 5.5 - - 6.0 
34 4.5 - 45 6.0 

03 0.5 - - 08 
0.2 0.5 - - 0.8 
004 02 - - 05 

65 - - - -
65 - - 57 -
2.0 2.5 - 2.0 -

10 40 - 10 -

19 - - 19 -
0.2 1.2 - 0.2 -

2.5 33 - 2.2 -
t2.3 - - -1.0 -

Unit 

Vdc 

Vdc 

mV 

mV 

mA 

mA 

dB 

Vdc 

/lVIVO 

mn 

A 

A 

mV/oC 

Unit 

Vdc 

Vdc 

mV 

mV 

rnA 

mA 

dB 

Vdc 

/lVIVO 

mn 

A 

A 

mV/oC 

2. Load and line regulation are specified at constant Junction temperature. Changes in Vo due to heating effects must be taken 
Into account separately. Pulse testing with low duty cycle is used. 
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MC7800 Series 

MC7824, C 
ELECTRICAL CHARACTERISTICS (von = 33 V 10 = 500 mA TJ = Tlow to Thigh (Note 11 unless otherwise noted I 

MC7824 MC7824C 
Characteristic Symbol Unit 

Min Typ Max Min Typ Max 

Output Voltage (T J = +250 CI Vo 23 24 25 23 24 25 Vdc 

Output Voltage Vo Vdc 
(5.0 mA .. 10" 1 0 A, PO" 15WI 
27 Vdc C; V ,n C; 38 Vdc - - - 228 24 252 
28 Vdc OS;; V ,n .. 38 Vdc 22.8 24 25.2 - - -

LIne RegulatIon (T J = +2SoC, Note 2) Regon mV 
27 Vdc .. V ,n C; 38 Vdc - 10 240 - 31 480 
30 Vdc C; V ,n .. 36 Vdc - 50 120 - 14 240 

Load RegulatIon (T J - +250 C, Note 21 Regload mV 
5.0 mA .;; 10 C; 1.5 A - 40 240 - 60 480 
250 mA .. 10 C; 750 mA - 15 120 - 25 240 

QUIescent Current (T J = +250 CI IB - 36 6.0 - 4.6 80 mA 

QUIescent Current Change IIIB mA 
27 Vdc .. Von .. 38 Vdc - - - - - 1.0 
28 Vdc .. Von .. 38 Vdc - 03 08 - - -
50 mA C; 10';; 1.0 A - 0.04 0.5 - - 05 

RIpple RejectIon RR 
56 62 54 

dB 
28 Vdc" Von" 38Vdc, f= 120 Hz - - -

Dropout Voltage (10 - 1.0 A, T J - +25O CI Von'VO - 2.0 2.5 - 20 Vdc 

Output NOIse Voltage (T A = +250 CI Vn - 10 40 - 10 - "VIVO 
10 Hz C; f" 100 kHz 

Output ReSIStance (I - 1.0 kHz) RO - 20 - - 20 - rnO 

Short,C,rcult Current LImit (T A - +250 CI Isc A 
Von = 35 Vdc - 02 1.2 - 02 -

Peak Output Current (T J - +25O CI Imax 1.3 25 3.3 - 2.2 - A 

Average Temperature Coeff,cIent 01 Output Voltage TCVO - ±30 - - -1.5 - mV/oC 

MC7824A, AC 
ELECTRICAL CHARACTERISTICS (V,n = 33 V, 10 = 1.0 A, T J = Tlow to ThIgh (Note 11 unless otherwIse noted. I 

MC1824A MC1824AC 
Characteristic Symbol Unit 

Min Typ Max Mon Typ Max 

Output Voltage (T J = +250 CI Vo 23.5 24 24.5 235 24 245 Vdc 

Output Voltage Vo Vdc 
(5.0 rnA';; 10';; 1.0 A, Po .. 15WI 23 24 25 23 24 25 
21.3 Vdc C; V,n " 38 Vdc 

L,ne RegulatIon (Note 21 Reg,n mV 
21 Vdc .. V,n .;; 38 Vdc, 10 = 500 mA - 10 36 - 31 240 
30 Vdc .. V ,n .. 36 Vdc - 15 60 - 35 240 
30 Vdc" V ,n .. 36 Vdc, TJ = +250 C - 5.0 19 - 14 120 
26.1 Vdc C; V,n .. 38 Vdc, T J = +250 C - 10 36 - 31 240 

Load RegulatIon (Note 2) Regload mV 
5.0 mA" 10" 1.5 A - 40 50 - - -
5 0 mA .. 10 .. lOA - - - - 60 100 
50 rnA .. 10 " 1 5 A, T J = +250 C - - - - 60 100 
250 rnA .;; 10" 750 mA - 15 25 - 25 50 

QUIescent Current IB mA 

TJ = +250 C - - 60 - - 60 
- 3.6 50 - 46 6.0 

QUIescent Current Change AlB rnA 
21.3 Vdc" Von .. 38 Vdc, 10 = 500 mA - 03 05 - 0.8 
273 Vdc .. V,n .. 38 Vdc, T J = +250 C - 02 0.5 - - 0.8 
5.0 mA OS;; 10 .. 1.0 A - 0.04 02 - - 0.5 

RIpple RejectIon RR dB 
28 Vdc OS;; Von .. 38 Vdc, I = 120 Hz, 

TJ = +250 C 56 62 - - - -
28 Vdc" Von OS;; 38 Vdc, I = 120 Hz, 

10 = 500 mA 56 62 - - 54 -
Dropout Voltage (10 - 1.0 A, T J - +250 C) Von'VO - 20 2.5 - 2.0 - Vdc 

Output NOIse Voltage (T A - +250 CI Vn - 10 40 - 10 - IJ.VIVO 
10 Hz C; f .. 100 kHz 

Output ReSIstance (f = 1 0 kHzl RO - 20 - - 20 - mO 

Short·Corcult Current LImIt (T A = +250 CI Isc 0.2 1.2 0.2 - A 
V on =35Vdc - -

Peak Output Cur,ent (T J = +250 CI Imax 1.3 2.5 3.3 - 2.2 - A 

Average Temperature Coefl,clent 01 Output Voltage TCVO - 13.0 - - -1.5 - mV/oC 

Notes' 1. Tlow = -55°C for MC78XX, A 
= OOC for MC78XXC, AC 

ThIgh = +1500 C lor MC78XX. A 
= +1250 C for MC78XXC, AC 

2. Load and Itne regulatIon are specliled at constant JunctIon temperature. Changes in Va due to heatIng effects must be taken 
onto account separately Pulse testong with low duty cycle is used. 
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MC7800 Series 
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TYPICAL CHARACTER ISTICS 
(T A = +250 C unless otherwise noted.) 

FIGURE 1 - WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE (Case 221AI 
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MC7800 Series 
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TYPICAL CHARACTERISTICS (continued) 
(T A = 25°C unless otherwise noted.) 
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FIGURE 7 - RIPPLE REJECTION AS A FUNCTION 
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(MC78XXC, AC) 
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MC7800 Series 

APPLICATIONS INFORMATION 

Design Considerations 
The MC7800 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 13 - CURRENT REGULATOR 

Input ~,---M---,C';_05----,h A. 
0.33/lFJ 1 ~_ 

--10 

Constant 
Current to 

Grounded Load 

The MC7800 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" + 10 

10 ~ 1 5 mA over line and load changes 

For example, a l-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 15 - CURRENT BOOST REGULATOR 

MJ2955 or Equlv 

'"'"'Dr I I 
~ MC'.XX rr--0"""' 
"" 'J I 'J""' 

xx = 2 digits of type number Indicating voltage 

The MC7800 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 dptermllle~ when the 
pass transistor beginS conauctlng. thiS CirCUit IS not short-Circuit 
proof Input-output differential voltage minimum IS Increased by 
VSE 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 provide good high-frequency characterIStics to Insure 
stable operation under all load condltions_ 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 reslstancedrops 
since the regulator has no external sense lead 

FIGURE 14 - ADJUSTABLE OUTPUT REGULATOR 

Output 

10 k 

VO.70V1020V 

VIN VO;'20V 

The addition of an operational amplifier allows adlustment to 
higher or Intermediate values while retalnlllg regulation character 
IStlCS The mlnHIlUm voltage obtainable With thiS arrangement I~ 
20 volts greater than the regulator voltage 

FIGURE 16 - SHORT·CIRCUIT PROTECTION 

MJ2955 

Input 
or Equlv 

R 

x X - 2 digits of type number Indicatlllg voltage 

The circuit of Figure 15 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 senslllg PNP 
must be able to handle the short-circuit current of the three
termillal 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 voltage 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 
• Internal Short-Circuit Current Limiting 
• Internal 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 

Z1 
02 

420 

DevIce No. DevIce No. Nomonal 
il0% 15% Voltage 

MC78L05C MC78L05AC 50 
MC78L08C MC78L08AC 80 
MC78L 12C MC78L 12AC 12 
MC78L 15C MC78L 15AC 15 
MC78L 18C MC78L18AC 18 
MC78L24C MC78L24AC 24 

Input 

Output 

Common 

.d.-1~A 

MC78LOOC,AC 
Series 

THREE-TERMINAL 
POSITIVE FIXED 

VOLTAGE REGULATORS 

P SUFFIX 
CASE 29 

TO-92 

Pin 1. Output 

2. Ground 
3. Input 

0
2 Bottom 

o V,ew 

1 0 0 3 G SUFFIX 
CASE 79 

TO-39 

,m Pin 1. Input 

2. Output 
3. Ground 

(Case connected 

to pIn 3) 2 

STANDARD APPLICA'TION 

A common ground is required between the 
onput and the output voltages. The onput volt
age must remain typically 2.0 V above the out
put voltage even durong the low point on the 
onput ripple voltage_ 

• = CI is required If regulator is located an 
apprecIable dIstance from power supply 
fIlter . 

•• = Co is not needed for stab,lity; however, 
it does improve transient response 

ORDERING INFORMATION 

Device Temperature Range Package 

MC78LXXACG TJ = OoC to +150oC Metal Can 

MC78LXXACP TJ = OoC to +150oC PlastIc TransIstor 

MC78LXXCG TJ = OOC to +150oC Metal Can 

MC78LXXCP T J = OOC to +150oC PlastIc TransIstor 

xx indIcates nomInal voltage 



MC78 LODC, AC Series 

MC78LOO Series MAXIMUM RATINGS (TA = +1250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Input Voltage (2.6 V - 8.0 V) VI 30 Vdc 
(12V-18V) 35 
(24 V) 40 

Storage Junction Temperature Range Tstg -65 to +150 °c 
Operating Junction Temperature Range TJ o to +150 uc 

MC78L05C, MC78L05AC ELECTRICAL CHARACTERISTICS (VI = 10 V, 10 = 40 mA, CI = 0.33 JlF, Co = 0.1 JlF. 
OOC < T J < +1250 C unless otherwise noted) 

MC78L05C MC78L05AC 

Characteristic Symbol Min Typ Max Min TYIl Max Unit 

Output Voltage (T J = +250 C) Vo 4.6 5.0 5.4 4.8 5.0 5.2 Vdc 

Input Regulation Regline mV 
(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 mV 
(TJ = +250 C, 1.0 mA ~ 10 ~ 100 mAl - 11 60 - 11 60 
(TJ = +250 C, 10 mA ~ 10 ~ 40 mAl - 5.0 30 - 5.0 30 

Output Voltage Vo Vdc 
(70 Vdc ~ VI ~ 20 Vdc, 1.0 mA ~ 10';; 40 mAl 4.5 - 55 4.75 - 5.25 
(VI = 10V, 1 OmA ~ 10 ~ 70mA) 4.5 - 5.5 4.75 - 5.25 

Input Bias Current liB mA 
(TJ = +250 C) - 3.8 6.0 - 3.8 60 • (T J = +1250 C) - - 5.5 - - 55 

Input Bias Current Change 611B mA 
f8.0 Vdc ~ VI .;. 20 Vdc) - - 1.5 - - 1 5 
(1.0 mA ~ 10 ~ 40 mAl - - 02 - - 0.1 

Output NOise Voltage (T A = +250 C, 10 Hz ~ f ~ VN - 40 - - -40 - JlV 
100 kHz) 

Long·Term Stability 6VO/6t - 12 - - 12 - mV/l.0 k Hrs 

Ripple Rejection (10 = 40 mA, f = 120 Hz, RR 40 49 - 41 49 - dB 
8.0 V ~ VI ~ 18 V, TJ = +250 C) 

Input·Output Voltage Differential VIIVO - 1 7 - - 1.7 - Vdc 
(TJ = +250 C) 
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MC78LOOC, AC Series 

MC78L08C, MC78L08AC ELECTRICAL CHARACTERISTICS (VI = 14 V, 10 = 40 mA, CI = 0.33 J-lF,CO = 0.1 J-lF, 

0 0c T °c < J < +125 unless otherwise noted.) 

MC78L08C MC78L08AC 

Characteristic Svmbol Min TVD Max Min Typ Max Unit 

Output Voltage (T J = +250C) Vo 7.36 8.0 8.64 7.7 8.0 8.3 Vdc 

I nput Regulation Regime mV 
(TJ = +250C, 10 = 40 mAl 
10.5 Vdc .;;; VI .;;; 23 Vdc - 20 200 - 20 175 
11 Vdc .;;; VI .;;; 23 Vdc - 12 150 - 12 125 

Load Regulation Re9load mV 
(TJ = +250C, 1.0 mA .;;; 10';;; 100 mAl - 15 80 - 15 80 
(TJ = +250C, 1.0 mA .;;; 10';;; 40 mAl - 6.0 40 - 8.0 40 

Output Voltage Vo Vdc 
(10.5 Vdc';;; VI';;; 23 Vdc, 1.0 mA';;; 10';;; 40mA) 7.2 - 8.8 7.6 - 8.4 
(VI = 14 V, 1.0 mA.;;; 10';;; 70 mAl 7.2 - 8.8 7.6 - 8.4 

I nput Bias Current liB mA 
(TJ = +250C) - 3.0 6.0 - 3.0 6.0 
(TJ = +1250C) - - 5.5 - - 5.5 

I nput Bias Current Change 611B mA 
(11 Vdc':; VI .:; 23 Vdc) - - 1.5 - - 1.5 
(1.0 mA .;;; 10';;; 40 mAl - - 0.2 - - 0.1 

Output NOise Voltage (T A = +250C, 10 Hz.;;; f.;;; VN - 52 - - 60 - J-lV 
100 kHz) 

Long-Term Stability tNO/6t - 20 - - 20 - mV/1 0 k Hrs. 

Ripple Rejection (10 = 40 mA, f = 120 Hz, RR 36 55 - 37 57 - dB 
12V';;;VI';;;23V,TJ=+250C) 

I nput-Output Voltage Differential VIIVO - 1.7 - - 1.7 - Vdc 
(TJ = +250C) 

MC78L 12C, MC78L 12AC ELECTRICAL CHARACTERISTICS (VI = 19 V, 10 = 40 mA, CI = 0 33 J-lF, Co = 0.1 J-lF, OoC < TJ < 
+1250C unless otherwIse noted) 

MC78L 12C MC78L12AC 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Output Voltage (T J = +2SoC) Vo 11.1 12 12.9 115 12 12.5 Vdc 

Input Regulation Regime mV 
(TJ = +250C, 10 = 40 mAl 
14.5 Vdc .;;; VI .:; 27 Vdc - 120 250 - 120 250 
16Vdc,;;;VI.;;;27Vdc - 100 200 - 100 200 

Load Regulation Regload mV 
(TJ = +250C, 1.0 mA .;;; 10 .;;; 100 mAl - 20 100 - 20 100 
(TJ = +250C, 1 0 mA .;;; 10 .:; 40 mAl - 10 50 - 10 50 

Output Voltage Vo Vdc 
(14.5 Vdc .;;; VI';;; 27 Vdc, 1.0 mA .;;; 10':; 40 mAl 108 - 13.2 114 - 12.6 
(VI = 19V.1 OmA.:;10.:;70mA) 108 - 13.2 11.4 - 126 

Input Bias Current liB mA 
(TJ = +250C) - 4.2 65 - 4.2 6.5 
(TJ = +1250C) - - 6.0 - - 6.0 

Input Bias Current Change 61 18 mA 
(16 Vdc':; VI':; 27 Vdc) - - 1.5 - - 1.5 
(1.0 mA.;;; I~':; 40 mAl - - 02 - - 0.1 

Output NOise Voltage (T A = +250 C, 10Hz';;; f.:; VN - 80 - - 80 - J-lV 
100 kHzl 

Long-Term Stability tNO/6t - 24 - - 24 - mV /1.0 k Hrs. 

Ripple Rejection (10 = 40 mA, f = 120 Hz, 15 V.:; RR 36 42 - 37 42 - dB 
VI';;;25V,TJ=+250C) 

Input-Output Voltage Differential VIIVO - 1.7 - - 1.7 - Vdc 
(TJ = +25O C) 
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MC78LOOC, AC Series 

MC78L 15C, MC78L 15AC ELECTRICAL CHARACTERISTICS (VI = 23 V,IO = 40 rnA, CI = 0.33 p.F, Co = 0.1 p.F, 

° ° h d) o C < TJ < +125 C unless ot erwlse note 

MC78L 15C MC78L15AC 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Output Voltage (T J = +250 C) Vo 13.8 15 16.2 14.4 15 15.6 Vdc 

Input Regulation Regime mV 

(TJ = +250 C, 10 = 40 rnA) 
17.5 Vdc';;; VI';;; 30 Vdc - 130 300 - 130 300 

20 Vdc .;;; VI .;;; 30 Vdc - 110 250 - 110 250 

Load Regulation Regload mV 

(T J = +250 C, 1.0 rnA .;;; 10 .;;; 100 rnA) - 25 150 - 25 150 

(TJ = +250 C, 1.0 rnA.;;; 10';;; 40 rnA) - 12 75 - 12 75 

Output Voltage Vo Vdc 

(17.5 Vdc';;; VI';;; 30 Vdc, 1.0 rnA.;;; 10.;;;40mA) 13.5 - 16.5 14.25 - 15.75 

( V I = 23 V, 1 .0 rnA .;;; 10 .;;; 70 rnA) 13.5 - 165 14.25 - 15.75 

Input Bias Current liB rnA 

(TJ = +250 C) - 4.4 6.5 - 4.4 6.5 

(TJ = +1250 C) - - 60 - - 6.0 

Input Bias Current Change 611B rnA 

(20 Vdc .;;; VI .;;; 30 Vdc) - - 1.5 - - 1.5 

(1.0mA';;;10.;;;40mA) - - 0.2 - - 0.1 

Output NOise Voltage (T A = +250 C, 10Hz';;; f .;;; VN - 90 - - 90 - /-IV 
100 kHz) • Long-Term Stability 6Vo/6t - 30 - - 30 - mV 11.0 k H rs. 

Ripple Rejection (10 = 40 rnA, f = 120 Hz, 18.5 V.;;; RR 33 39 - 34 39 - dB 

VI';;; 285 V, TJ = +250 C) 

Input-Output Voltage Differential VINO - 1'.7 - - 1.7 - Vdc 

(T J:" +250 C) 

MC78L 18C, MC78L 18AC ELECTRICAL CHARACTERISTICS (VI = 27 V, 10 = 40 rnA, CI = 0_33/-1F, Co = 0 l/-1F, 
OOC < T J < +1250 C unless otherWise noted) 

MC78L 18C MC78L18AC 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Output Voltage (TJ = +250C) Vo 166 18 19.4 17.3 18 18.7 Vdc 

Input Regulation Regline mV 

(TJ = +250 C, 10 = 40 rnA) 
21 4 Vdc .;;; VI .;;; 33 Vdc - 32 325 
20.7 Vdc .;;; VI .;;; 33 Vdc - 45 325 

22 Vdc .;;; VI .;;; 33 Vdc - 27 275 

21 Vdc .;;; VI .;;; 33 Vdc - 35 275 

Load Regulation Regload mV 

(T J = +250C, 1_0 rnA.;;; 10';;; 100 rnA) - 30 170 - 30 170 

(TJ = +250 C, 1.0 rnA.;;; 10';;; 40 rnA) - 15 85 - 15 85 

Output Voltage Vo Vdc 

(21.4 Vdc .;;; VI .;;; 33 Vdc, 1.0 rnA.;;; 10';;; 40 rnA) 16.2 - 178 
(207 Vdc .;;; VI .;;; 33 Vdc, 1.0 rnA.;;; 10';;; 40 rnA) 17.1 - 18.9 
(VI = 27 V, 1 0 rnA.;;; 10 .;;; 70 rnA) 162 - 17.8 
(VI = 27 V,1.0mA';;; 10';;; 70mA) 17.1 - 18.9 

Input Bias Current 118 rnA 
(TJ = +250 C) - 3.1 6.5 - 3.1 6.5 
(T J = +1250C) - - 6.0 - - 6_0 

Input Bias Current Change 611B rnA 
(22 Vdc .;;; VI .;;; 33 Vdc) - - 1.5 
(21 Vdc';;; VI = 33 Vdc) - - 1 5 
(1.0 rnA.;;; 10';;; 40 rnA) - - 0.2 - - 0.1 

Output NOise Voltage (T A = +250 C, 10 Hz.;;; f.;;; VN - 150 - - 150 - /-IV 
100 kHz) 

Long-Term Stability 6Vo/6t - 45 - - 45 - mV/1 0 k Hrs. 

Ripple Rejection (10 = 40 rnA, f = 120 Hz, RR 32 46 - 33 48 - dB 
23V';;;VI.;;;33V,TJ=+250C) 

I nput-Output Voltage Differential 
(TJ =: +250C) 

VINO - 1 7 - - 1.7 - Vdc 
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MC78LOOC, AC Series 

MC78L24C, MC78L24AC ELECTRICAL CHARACTERISTICS (VI = 33 V, 10 = 40 rnA, CI = 0.33 /olF, Co = 0.1 /olF, 
oOC < T J < +1250 C unless otherwise noted) 

MC78L24C MC78L24AC 

Characteristic Symbol Min Typ Max Min Typ Max 

Output Voltage (TJ = +250 C) Va 22.1 24 25.9 23 24 25 

Input Regulation Regline 
(T J = +250 C, 10 = 40 rnA) 
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 
(TJ = +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 
(28 Vdc .;; VI .;; 38 Vdc, 1.0 rnA';; 10 .;; 40 rnA) 216 - 26.4 
(27 Vdc .;; VI .;; 38 Vdc, 1.0 rnA.;; 10 .;; 40 rnA) 22.8 - 25.2 
(28 Vdc';; VI';; 33 V, 1.0 mA.;; 10';; 70 rnA) 216 - 264 
(27 Vdc';; VI .;; 33 V, 1.0 rnA.;; 10';; 70 rnA) 22.8 - 25.2 

Input Bias Current liB 
(TJ = +250 C) - 3.1 6.5 - 3.1 6.5 
(TJ = +1250 C) - - 6.0 - - 6.0 

I nput Bias Current Change lIIIB 
(28 Vdc .;; VI .;; 38 Vdc) - - 1.5 - - 15 
(1.0 rnA.;; 10';; 40 rnA) - - 0.2 - - 0.1 

Output Noise Voltage (T A = +2SoC, 10 Hz';; VN - 200 - - 200 -
f.;; 100 kHz) 

Long-Term StabilitY lIVO/lIt - 56 - - 56 -
Ripple Rejection (10 = 40 rnA, f = 120 Hz, 29 V .;; RR 30 43 - 31 45 -

VI .;; 35 V, TJ = +250 C) 

Input-Output Voltage Differential VINO - 1.7 - - 1.7 -
(TJ = +250 C) 
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MC78LOOC, AC Series 

TYPICAL CHARACTERISTICS 
(T A = +2SoC unless otherwise noted.) 

80 

en 
:; 
0 

60 2:-
w 
C!J 
<t 
:; 
0 

40 > 

~ 
~ 
0 

ci 20 > 

o 

42 

40 

~ 
-S 38 t-

15 
~ 36 
8 
en 

3.4 <t 
iii 
t-
~ 32 
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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 

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 

Input 

A 

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 

liB = 3 8 rnA over line and load changes 

For example, a 100 rnA current source would require R to be a 
50-ohm, 1/2-W resistor and the output voltage compliance would 
be the mput voltage less 7 volts. 

selected to provide good high-frequency characterIStics to Insure 
stable operation under all load conditions. A 0.33 ~F 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 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 

+Va 

10 k 

10 k 

-Va 

FIGURE 9 - POSITIVE AND NEGATIVE REGULATOR 

+VI 
+Va 

o 1 ~F 

- VI 

o 1 ~F o 33 ~F 
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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 one·third the output current. Like the MC7800C devices, 
the MC78MOOC three·terminal regulators are intended for local, on· 
card voltage regulation. 

Internal current limiting, thermal shutdown circuitry 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 500 mAo 

• No External Components Required 

• Internal Thermal Overload Protection 

• Internal Short·Circuit Current Limiting 

• Output Transistor Safe·Area Compensation 

• Packaged in the Plastic Case 221 A and Case 79 
(TO·220 and Hermetic TO·39) 

REPRESENTATIVE 
SCHEMATIC DIAGRAM 

r---~----------~----------,-----~-,-------,--olnput 

100 k 500 

r..-------t-..-----+---1 ....... --+---<> Output 

27k 

500 

Gnd 
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MC78MOOC 
series 

THREE-TERMINAL 
POSITIVE FIXED 

VOLTAGE REGULATORS 

Pin 1. Input 

~: ~~;:~:ift 

,03

\ ''"; 

Bottom 3. 
View 2 

G SUFFIX T SUFFIX 
METAL PACKAGE PLASTIC PACKAGE 

CASE 79 CASE 221 A 
TO.39 (TO·220 Type) 

(Case connected (Heatslnk surface 
to Pm 3) connected to Pin 2) 

STANDARD APPLICATION 

A common ground IS required between the 
mput and the output voltages. The mput volt· 
age must remain tYPically 2 0 V above the out
put voltage even dunng the low pomt on the 
mput npple voltage 

• = Cm IS required If regulator IS located an 
appreciable distance from power supply 
filter . 

•• = Co improves stability and transient reo 
sponse. 

ORDERING INFORMATION 

DEVICE TEMPERATURE RANGE PACKAGE 

MC7BMXXCG T J : 0° C '0 .150° C Me.al Can 

MC7BMXXCT T J = 0° C.o .150° C PlastiC Power 

XX indicates nominal voltage 

TYPE NO./VOLTAGE 

MC78M05C 50 Volts 
MC78M06C 6.0 Volts 
MC78M08C 80 Volts 
MC78M12C 12 Volts 
MC78M15C 15 Volts 
MC78M18C 18 Volts 
MC78M20C 20 Volts 
MC78M24C 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 Po I nternally Limited 
Derate above T A = 25°C °JA 70 °C/W 

TC = 25°C Po I nternally limited 
Derate above T C = 110°C °JC 5.0 °C/W 

Metal Package 
TA = 25°C Po I nternally Limited 

Derate above T A = 25°C IJJA 185 °C/W 
TC = 25°C Po I nternally Limited 

Derate above T C = 85°C IJJC 25 °C/W 

Operating Junction Temperature Range TJ o to +150 °c 

• 
Operating Ambient Temperature Range TA o to +85 °c 

Storage Temperature Range Tstg 
Plastic Pac kage -65 to +150 °c 
Metal Package -65 to +150 °c 

MC78M05C ELECTRICAL CHARACTERISTICS (VI = 10 V, 10 = 200 rnA, OOC < TJ < +1250 C, PD .;; 50 W unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (TJ = +250 C) Vo 4.8 5.0 5.2 Vdc 

Line Regulation Regime mV 

(TJ = +250 C) 
(7.0 Vdc';; VI .;; 25 Vdc) - 3.0 100 

(8.0 Vdc':;; VI .;; 25 Vdc) - 1.0 50 

Load Regulation Regload mV 

(TJ = +250 C, 5.0 rnA.;; 10';; 500 rnA) - 20 100 

(TJ = +250 C, 5.0 rnA.;; 10';; 200 rnA) - 10 50 

Output Voltage Vo 4.75 - 5.25 Vdc 
(7.0 Vdc';; VI .;; 25 Vdc, 5.0 rnA.;; 10';; 200 rnA) 

I nput Bias Current (T J = +250 C) liB - 4.5 60 rnA 

Quiescent Current Change AIIB rnA 

(8.0 Vdc';; VI .;; 25 Vdc) - - 0.8 

(5.0 rnA.:;: 10';; 200 rnA) - - 0.5 

Output NOise Voltage (TA = +250 C, 10 Hz.;; f.;; 100 kHz) eon - 40 - J.l.V 

Long-Term Stability AVO/At - - 20 mV/1.0 kHrs 

Ripple Rejection (10 = 100 rnA, f = 120 Hz, 8.0 V.;; VI';; 18 V) RR - 80 - dB 
(10 = 300 rnA, 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 (TJ = +250 C, VI = 35 V) lOS - 300 - rnA 

Average Temperature Coefficient of Output Voltage AVO/AT - -1.0 - mV/oC 

(10 = 5.0 rnA) 

Peak Output Current 10 - 700 - rnA 
(TJ = 25°C) 
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MC78MOOC Series 

MC78M06C ELECTRICAL CHARACTERISTICS (VI; 11 V, 10; 200 mA, OOC < TJ < +1250 C, Po';; 5.0 W unless otherwise noted.) 

C haractenstic Symbol Min Typ Max Unit 

Output Voltage (T J ; +250 C) Vo 5.75 6.0 6.25 Vdc 

Lme Regulation Regime mV 
ITJ; +250 CI 

(8 a Vdc';; VI .;; 25 Vdc) - 50 100 
(9.0 Vdc';; VI .;; 25 Vdcl - 1.5 50 

Load Regulation Regload mV 
(TJ; +250 C, 5 a mA.;; 10 .;; 500 mAl - 20 120 
ITJ; +250 C, 5 OmA';; 10';; 200mA) - 10 60 

Output Voltage Vo 57 - 6.3 Vdc 
(8 a Vdc';; VI .;; 25 Vdc, 5 a mA .;; 10';; 200 mAl 

I nput Bias Current (T J ; +250 C) liB - 4.5 6.0 mA 

QUiescent Current Change ~IIB mA 
(90 Vdc .;; VI .;; 25 Vdc) - - 0.8 
(50 rnA';; 10';; 200 rnA) - - 0.5 

Output NOise Voltage (T A; +250 C, 10 Hz.;; f.;; 100 kHz) eon - 45 - IJV 

Long·Term Stability ~VO/~t - - 24 mV/1.0kHrs 

Ripple RejectIOn (10; 100 mA, f; 120 Hz, 9 0 V.;; VI';; 19 VI RR - 80 - dB • (10; 300 rnA, f; 120 Hz, 9 0 V .;; V I .;; 19 V, T J ; 250 CI - 80 -
Input·Output Voltage Differential VI'VO - 2.0 - Vdc 

(TA; +250 C) 

Short-CIrcuit Current limit (TJ ; +250 C, VI; 35 V) lOS - 270 - rnA 

Average Temperature Coefficient of Output Voltage ~VO/~T - -10 - mV/oC 
(10; 50mA) 

Peak Output Current (T J; 25°C) 10 - 700 - mA 
(TJ; 25°C) 

MC78M08C ELECTRICAL CHARACTERISTICS (V,; 14 V, 10; 200 mA, OOC < TJ < +1250 C, PO" 5.0Wunlessotherwise noted.! 

C haractenstic Symbol Min Typ Max Unit 

Output Voltage (TJ; +250 C) Vo 7.7 8.0 8.3 Vdc 

Line Regulation Reg'ine mV 
(TJ; +250 C) 
(10.5 Vdc';; V, .;; 25 Vdc) - 6.0 100 
(11 Vdc';; V, .;; 25 Vdc) - 20 50 

Load Regulation Regload mV 
(TJ; +250 C, SOmA.;; 10';; 500 rnA) - 25 160 
(TJ; +250 C, 5 a mA .;; 10 .;; 200 mAl - 10 80 

Output Voltage Vo 7.6 - 8.4 Vdc 
(10.5 Vdc';; V, .;; 25 Vdc, 5 a mA.;; 10';; 200 mAl 

Input Bias Current (TJ; +250 C) liB - 4.6 6.0 mA 

QUiescent Current Change ~I'B mA 
(105Vdc';; VI .;;25Vdc) - - 0.8 
(5.0 rnA.;; '0" 200 rnA) - - 0.5 

Output NOise Voltage (T A; +250 C, 10Hz';; f .;; 100 kHz) eon - 52 - IJV 

Long·Term Stability ~VO/~t - - 32 mV/1.0 kHrs 

Ripple Rejection (10; 100 mA, f; 120 Hz, 11.5 V.;; VI';; 21.5 V) RR - 80 - dB 
(10; 300 mA, f ; 120 Hz, 11.5 V .;; V I .;; 21.5 V, T J ; 25°C) - 80 -

Input·Output Voltage Differential VI'VO - 2.0 - Vdc 
(TA; +250 C) 

Short,Clrcult Current Limit (TJ ; +250 C, VI; 35 V) lOS - 250 - mA 

Average Temperature Coefficient of Output Voltage ~VO/~T - -1.0 - mV/oC 
110; 5.0mA) 

Peak Output Current 10 - 700 - mA 
(TJ; 25°C) 
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MC78MOOC Series 

MC78M12C ELECTRICAL CHARACTERISTICS (VI = 19 V 10 = 200 rnA, oOC < TJ <+1250 C Po" 5 0 Wunlessotherwisenoted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (T J = +250 C) Vo 11.5 12 12.5 Vdc 

Line Regulation 
(TJ = +250 C) 

Regline mV 

(14.5 Vdc';; VI .;; 30 Vdc) - 80 100 
(16 Vdc";; VI .;; 22 Vdc) - 20 50 

Load Regulation Regload mV 
(TJ = +250 C, 50 rnA";; 10';; 500 rnA) - 25 240 
(TJ = +250 C, 50 rnA';; 10";; 200 rnA) - 10 120 

Output Voltage Vo 11.4 - 12.6 Vdc 
(14.5 Vdc";; VI .;; 27 Vdc, 5.0 rnA";; 10 .;; 200 rnA) 

Input Bias Current (TJ = +250 C) liB - 4.8 6.0 mA 

Quiescent Current Change t.IIB mA 
(14.5 Vdc";; VI ,.;; 30 Vdc) - - 08 

• 
(5.0 mA .;; 10 ,.;; 200 rnA) - - 0.5 

Output Noise Voltage (T A = +250 C, 10Hz';; f,.;; 100 kHz) eon - 75 - /.IV 

Long·Term Stability t.VOIt.t - - 48 mV/l.0kHrs 

Ripple Rejection "0 = 100 rnA, f = 120 Hz, 15 V,.;; VI .;; 25 V) RR - 80 - dB 
(10 = 300 mA, f = 120 Hz, 15 V.;; VI .;; 25 V, TJ = 25°C) - 80 -

I nput·Output Voltage Differential 
(TA = +250 C) 

VI·VO - 2.0 - Vdc 

Short·Circuit Current limit (TJ = +250 C, VI = 35 V) lOS - 240 - mA 

Average Temperature Coefficient of Output Voltage t.VOIt.T - -1.0 - mV/oC 
(10 = 5.0 mA, OoC ,.;; T A';; +1250 C) 

Peak Output Current 
(TJ = 25°C) 

10 - 700 - rnA 

MC78M15C ELECTRICAL CHARACTERISTICS (VI = 23 V, 10 = 200 rnA, OoC < TJ < +1250 C, PO';; 50 W unless otherWise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage IT J = +250 C) Vo 14.4 15 15.6 Vdc 

Input Regulation Regline mV 
(TJ = +250 C) 
(17.5Vdc';; VI .;;30Vdc) - 10 100 
(20 Vdc .;; VI ,.;; 30 Vdc) - 30 50 

Load Regulation Regload mV 
(T J = +250 C, 5.0 rnA ,.;; 10 .;; 500 rnA) - 25 300 
(T J = +250 C, 5.0 rnA .;; 10';; 200 rnA) - 10 150 

Output Voltage Vo 14.25 - 15.75 Vdc 
17.5 Vdc';; VI .;; 30 Vdc, 5.0 rnA.;; 10';; 200 rnA) 

Input Bias Current (TJ = +250 C) liB - 4.8 6.0 mA 

QUiescent Current Change t.IIB 
(18.5 Vdc ,.;; VI .;; 30 Vdc) - - 0.8 
(5.0 mA ,.;; 10 .;; 200 rnA) - - 0.5 

Output Noise Voltage (T A = +250 C, 10Hz';; f .;; 100 kHz) eon - 90 - /.IV 

Long· Term Stab" ltv t.VOIt.t - - 60 mV/l.0 kHrs 

Ripple Rejection (10 = 100 rnA, f = 120 Hz, 18.5 V.;; VI';; 28.5 V) RR - 70 - dB 
(10 = 300mA, f = 120 Hz, 18.5 V.;; VI';; 285 V, TJ = 25°C) - 70 -

Input-Output Voltage Differential 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 t.VOIt.T - -1.0 - mV/oC 
(10 = 5.0 mA, OoC";; TA";; +1250 C) 

Peak Qutput Current 10 - 700 - mA 
(TJ = 25°C) 
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MC78MOOC Series 

MC78M18C ELECTRICAL CHARACTERISTICS (V, = 27 V.IO = 200 mA.OoC < TJ < +1250 C. Po';; 5.0W unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (T J = +250 C) Vo 17.3 18 18.7 Vdc 

Line Regulation Regline mV 
(TJ = +250 C) 
(21 Vdc ~ V, ~ 33 Vdc) - 10 100 
(24 Vdc ~ V, ,;;; 33 Vdc) - 40 50 

Load Regulation Reg'oad mV 
(TJ = +2SoC. 50 mA .;; '0';; SOO mAl - 30 360 
(TJ = +2SoC. 5 0 mA ,;;; '0';;; 200 mAl - 10 180 

Output Voltage Vo 17.1 - 18.9 Vdc 
(21 Vdc';; V, ,;;; 33 Vdc. S.O rnA,;;; '0 ,;;; 200 rnA) 

'nput Bias Current (TJ = +250 C) "B - 4.8 6.5 rnA 

QUiescent Current Change al,B rnA 
(21 Vdc';;; V, ,;;; 33 Vdc) - - 0.8 
(SOmA,;;; '0';;; 200 rnA) - - 05 

Output NOise Voltage (T A = +2SoC. 10Hz';;; f ,;;; 100 kHz) eon - 100 - j.lV 

Long·Term Stability avO/at - - 72 mV/1.0 kHrs • Ripple Rejection (10 = 100 rnA. f = 120 Hz. 22 V,;;; V, ,;;; 32 VI RR - 70 - dB 
(10 = 300 mA. f = 120 Hz. 22 V ,;;; V I ,;;; 32 V. T J = 25°C) - 70 -

Input·Output Voltage Differential V"VO - 2.0 - Vdc 
ITA = +2SoC) 

Short,C,rcult Current Limit (TJ = +2SoC. V, = 35 V) lOS - 240 - mA 

Average Temperature Coefficient of Output Voltage aVO/aT - -1.0 - mV/oC 
(10 = 5.0 rnA. OOC ,;;; T A';;; +1250 C) 

Peak Output Current 10 - 700 - rnA 
(TJ = 25°C) 

MC78M20C ELECTRICAL CHARACTERISTICS (V, = 29 V.IO = 200mA, OOC < TJ < +1250 C, PD~ 5.0 W unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (TJ = +250 C) Vo 19.2 20 20.8 Vdc 

Lone Regulation Regline mV 
(TJ = +250 C) 
(23 Vdc';;; V, ,;;; 35 Vdc) - 10 100 
(24 Vdc';;; V, ,;;; 3S Vdc) - 5.0 50 

Load Regulation Reg'oad mV 
(TJ = +250 C. 5.0 rnA,;;; '0';;; SOO rnA) - 30 400 
(TJ = +2SoC. 5 0 mA ,;;; '0';;; 200 rnA) - 10 200 

Output Voltage Vo 19 - 21 Vdc 
(23 Vdc';;; V, ,;;; 3S Vdc, S.O rnA .;; '0 ,;;; 200 rnA) 

Input Bias Current (TJ.= +250 C) liB - 4.9 6.5 rnA 

QUiescent Current Change al,B rnA 
(23 Vdc';; V, ~ 35 Vdc) - - 0.8 
(5.0 rnA,;;; 10 ,;;; 200 rnA) - - 0.5 

Output Noise Voltage (TA = +250 C, 10 Hz';; f,;;; 100 kHz) eon - 110 - j.lV 

Long·Term Stability avO/at - - 80 mV/l.0 k Hrs 

Ripple Rejection (10 = 100 rnA, f = 120 Hz, 24 V,;;; V, .;; 34 V) RR - 70 - dB 
(10 = 300 rnA. f = 120 Hz, 24 V .;; V I .;; 34 V, T J = 2SoC) - 70 -

I nput-Output Voltage Differential V"VO - 2.0 - Vdc 
(TA = +2SoC) 

Short·Circult Current limit (TJ = +250 C, V, = 35 VI lOS - 240 - rnA 

Average Temperature Coefficient of Output Voltage aVO/aT - -1.1 - mV/oC 

00 = 5.0 rnA, OOC .. TA" +1250 C) 

Peak Output Current 10 - 700 - rnA 
(TJ = 25°C) 
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MC78MOOC Series 

MC78M24C ELECTRICAL CHARACTERISTICS (VI = 33 V.IO = 200 mAo OOC < TJ < +1250 C. PD';;; 5.0 W unless otherwise noted.l 

Characteristic Symbol Min Typ Max Unit 

Output Voltage ITJ = +2SoC) Vo 23 24 25 Vdc 

Line Regulation Regllne mV 
ITJ = +250 C) 
(27 Vdc';;; VI .;; 38 Vdc) - 10 100 
(28 Vdc';; VI .;;; 38 Vdc) - 5.0 50 

Load Regulation Regload mV 
(T J = +250 C. 5.0 mA .;;; 10';; 500 mAl - 30 480 
IT J = +250 C. 5.0 mA .;; 10 .;; 200 mAl - 10 240 

Output Voltage Vo 228 - 25.2 Vdc 
(27 Vdc';; VI .;; 38 Vdc. 5.0 mA .;;; 10 .;; 200 mAl 

Input Bias Current (TJ = +250 C) liB - 5.0 7.0 mA 

Quiescent Current Change 611B mA 
(27 Vdc .;;; VI .;; 38 Vdc) - - 0.8 
(S.O mA';; 10';;; 200 mAl - - 0.5 

Output NOise Voltage IT A = +2SoC. 10Hz';;; f .;;; 100 kHz) eon - 170 - IlV 

Long·Term Stability 6Vo/6t - - 96 mV/l.0 kHrs 

Ripple Rejection (10 = 100 mAo f = 120 Hz. 28 V.;; VI .;;; 38 VI RR - 70 - dB 
(10 = 300 mA, f = 120 Hz. 28 V.;;; VI .;; 38 V. TJ = 2SoC) - 70 -

Input·Output Voltage Differential VI-VO - 2.0 - Vdc 
(TA = +250 CI 

Short,Clrcuit Current Limit (TJ = +250 C) lOS - 240 - mA 

Average Temperature Coefficient of Output Voltage 6VO/6T - -1.2 - mV/oC 
(10 = 5.0 mA, OOC.;; TA';; +1250 CI 

Peak Output Current 10 - 700 - mA 
(TJ = 250 CI 

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 ,n 
load current at constant chip temperature. 

Ma)omum Power DISSipation - The maximum total deVice dissi' 
patlon for which the regulator will operate Within speCifications. 

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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MC78MOOC Series 

TYPICAL PERFORMANCE CURVES 
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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 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 

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 mA over line and load changes 

For example, a 500 mA current source lMluld 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 Equlv 
Input 

1-O-.---eOutput 

xx = 2 digits of type number indicating voltage 

The MC78MOOC series can be current boosted with a PNP transis
tor The MJ2955 prOVides current to 50 amperes ReSistor R 
In conjunction With the Vse of the PNP de>termlnes when the 
pass transistor beginS conouctlng, thiS CirCuit IS not short-Circuit 
proof Input-output differential voltage minimum IS Increased by 
VSE 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 provide good high-frequency characteristics to Insure 
stable operation under all load conditions. A 0.33 /olF 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 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 

Output 

VO.7 0 V to 20 V 

VIN - Vo ~20V 

10 k 

01 
/olF 

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 I~ 
20 volts greater than the regulator voltage 

FIGURE 8 - SHORT-CIRCUIT PROTECTION 

MJ2955 

Input 
or Equlv 

R 

x X = 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. 
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 tlMl-ampere plastic power tran
sistor IS speCified 
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MC7900C SERIES THREE-TERMINAL 
NEGATIVE VOLTAGE REGULATORS 

The MCl900C Series of fixed output negative voltage regulators 
are intended as complements to the popular MClaOOC Series devices. 
These negative regulators are available in the same seven-voltage 
options as the MClaOOC devices. In addition, two extra voltage 
options commonly employed in MECL systems are also available 
in the negative MCl900C Series. 

Available rn fixed output voltage options from -2.0 to -24 volts, 
these regulators employ current limiting, thermal shutdown, and 
safe-area compensation - makrng them remarkably rugged under 
most operatrng conditions. With adequate heat-sinking they can 
deliver output currents in excess of 1.0 ampere. 

• No External Components ReqUired 

• I nternal Thermal Overload Protection 

• Internal Short-Circuit Current Limltrng 

• Output Transistor Safe-Area Compensation 

• Packaged in the Plastic Case 221 A and Case 1 
(TO-220 and Hermetic TO-3) 

SCHEMATIC DIAGRAM 

Gnd 

...---f---t-Ovo 

03 

L-~~--+-~------+-~-----~~------~~V, 

DEVICE TYPE/NOMINAL OUTPUT VOLTAGE 
MC7902C - 2.0 Volts MC7906C - 60 Volts 
MC7905C - 5 0 Volts MC7908C - 8.0 Volts 
MC7905,2C - 5 2 Volts MC7912C - 12 Volts 

MC7915C - 15 Volts 
MC7918C - 18 Volts 
MC7924C - 24 Volts 
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MC7900C 
Series 

THREE-TERMINAL 
NEGATIVE FIXED 

VOLTAGE REGULATORS 

K SU FFIX 
METAL PACKAGE 

CASE 1 
(TO-3 TYPE) 

(bottom view) 

T SUFFIX 
PLASTIC PACKAGE 

CASE 221A 

Pm 1, Ground 
2. Input 
3 Output 

(Heatsink surface 
connected to Pin2) 

STANDARD APPLICATION 

A common ground IS required between the 
mput and the output voltages, The mput volt
age must remam 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 IS located an 
appreciable distance from power supply 
filter, 

•• = Co improves stability and transient re
sponse, 

ORDERING INFORMATION 

DEVICE I TEMPERATURE RANGE I PACKAGE 

MC79XXCK I T J =OOCto+150OC 1 Metal Power 

MC79XXCTI T J =OOCto+150O C I PlastiC Power 

XX indicates nommal voltage 

• 



MC7900C Series 

MC7900C Series MAXIMUM RATINGS (T A = +250C unless otherwise noted) 

Rating Symbol Value Unit 

Input Voltage (2.0 V - 18 VI VI -35 Vdc 
(24 V) -40 

Power Dissipation 
PlastiC Package 

TA = +250C Po Internally Limited Watts 

Derate above T A = +250C 1/ROJA 15.4 mW/oC 

TC=+250 C Po Internally Limited Watts 

Derate above TC = +950 C (See Figure 1) 1/ROJC 200 mW/oC 

Metal Package 
TA = +250 C PD Internally Limited Watts 

Derate above T A = +250 C 1/ROJA 22.2 mW/oC 

TC = +250 C Po Internally LimIted Watts 

Derate above T C = +650 C 1/ROJC 182 mW/oC 

Storage Temperature Range T stq -65 to +150 °c 
Junction Temperature Range TJ o to +150 °c • THERMAL CHARACTERISTICS 

Characteristic Svmbol Max Unit 

Thermal Reslstal")ce, Junction to Ambient - PlastiC Package ROJA 65 °C/W 

- Metal Package 45 

Thermal Resistance, Junction to Case - PlastiC Package ROJC 50 °C/W 

- Metal Package 55 

MC7902C ELECTRICAL CHARACTERISTICS ( VI = -10 V, 10 = 500 mA, OOC <T J < +1250 C unless otherWise noted.) 

Characteristic Symbol Mm Typ Max Unit 

Output Voltage (T J = +250 C) Vo -1.92 -2.00 -2.08 Vdc 

Line Regulation Regime mV 

(T J = +250C, 10 = 100 mAl 
-7.0 Vdc;;:' VI ;;:. -25 Vdc - 8.0 20 

-8.0 Vdc ;;:. V I ;;:. -12 Vdc - 4.0 10 

(TJ = +250C, 10 = 500 mAl 
-7.0 Vdc;;:' VI ~-25 Vdc - 18 40 

-80Vdc;;:' VI ;;:'-12Vdc - 80 20 

Load Regulation Regload mV 

TJ = +250C, 5.0 mA ..;:; 10";:; 1.5 A - 70 120 

250 mA ";:;10 ";:;750 mA - 20 60 

Output Voltage Vo -1.90 - -2.10 Vdc 

-7.0 Vdc;;:' VI ~-20 Vdc, 5 0 mA";:; 10";:; 1.0 A, P";:; 15 W 

Input Bias Current IT J = +250 C} liB - 4.3 8.0 mA 

Input Bias Current Change /\IIB mA 

-7.0 Vdc;;:' VI ~ -25 Vdc - - 13 

5.0 mA ..;:; 10";:; 1 5 A - - 05 

Output NOise Voltage (T A = +250 C, 10Hz";:; f ..;:; 100 kHz) eon - 40 - /.IV 

Long-Term Stability D.VO/D.t - - 20 mV/1 Ok Hrs 

Ripple RejectIOn (10 = 20 rnA, f = 120 Hzl RR - 65 - dB 

Input-Output Voltage Differential lVI-Vol - 35 - Vdc 

10 = 1.0 A, TJ = +250 C 

Average Temperature CoeffiCient of Output Voltage 6VO//\T - -1.0 - mV/oC 

10 = 5.0 rnA, OoC ";:;TA ~+1250C 
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MC7900C Series 

MC7905C ELECTRICAL CHARACTERISTICS (VI = -10 V, 10 = 500 mA, OOC <T J < +1250 C, unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (TJ = +250 C) Vo -4.8 -50 -5.2 Vdc 

Lane Regulation Reglane mV 

(TJ = +250 C, 10 = 100 mAl 
-7.0 Vdc;;;' VI ;;;'-25 Vdc - 7.0 50 
-8.0 Vdc;;;' V I ;;;. -12 Vdc - 2.0 25 

(T J = +250 C, 10 = 500 mAl 
-70 Vdc;;;' VI ;;;'-25 Vdc - 35 100 
-80Vdc;;;' VI ;;;'-12Vdc - 8.0 50 

Load Regulation Regload mV 
T J = +250 C, 5.0 mA ,,;;; 10";;; 1 5 A - 11 100 
250 mA";;; 10 ";;;750 mA - 40 50 

Output Voltage Vo -4.75 - -5.25 Vdc 
-7 0 Vdc;;;' VI ;;;'-20Vdc,50mA ";;;10";;;1 OA,P";;;15W 

Input Bias Current (TJ = +250 C) 116 - 43 8.0 mA 

Input Bias Current Change I\IIB mA 
-7.0 Vdc;;;'V ln ;;;'-25 Vdc - - 1.3 
50mA";;;10";;;1.5A - - 05 

Output NOise Voltage (T A = +250 C, 10 Hz";;;f";;; 100 kHz) eon - 40 - IlV 

Long-Term Stability ~VO/~t - - 20 mV/1.0 k Hrs 

Ripple Rejection (10= 20 mA, f = 120 Hz) RR - 70 - dB 

I nput-Output Voltage Differential lVI-VOl - 20 - Vdc 
10 = 1.0 A, TJ = +250 C 

,(I,verage Temperature CoeffiCient of Output Voltage INO/6T - -1.0 - mV/oC 

10 = 5.0 rnA, OoC ";;;TA ";;;+1250 C 

MC7905.2C ELECTRICAL CHARACTERISTICS (VI = -10 V, 10 = 500 mA, OoC <T J < +1250C, unless otherWise noted) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (T J = +250 C) Vo -5.0 -5.2 -54 Vdc 

Lane Regulation 
(TJ = +250 C, 10 = 100 mAl 

Reglane mV 

-7.2 Vdc;;;' VI ;;;'-25Vdc - 8.0 5i 
-8.0 Vdc;;;' VI ;;;'-12 Vdc - 2.2 27 

(TJ = +250 C, 10 = 500 mAl 
-7.2 Vdc;;;' VI ;;;'-25 Vdc - 37 105 
-BOVdc;;;' VI ;;;'-12Vdc - 85 52 

Load Regulation Regload mV 
TJ=+250C,5.0mA";;;10";;;1.5 A - 12 105 
250 mA ";;;10 ";;;750 mA - 4.5 52 

Output Voltage Vo -4.94 - -5.46 Vdc 
-7.2Vdc;;;' VI ;;;'-20Vdc,5.0mA";;;10";;;1.0A,P";;;15W 

Input Bias Current (T J = +250 C) liB - 4.3 8.0 mA 

Input Bias Current Change 611B mA 
-7.2 Vdc;;;' VI ;;;'-25 Vdc - - 1.3 
5.0 mA ";;;10";;; 1.5 A - - 0.5 

Output NOise Voltage (T A = +250 C, 10Hz ";;;f ,,;;; 100 kHz) eon - 42 - IlV 

Long-Term Stability ~VO/~t - - 20 mV/1.0k Hrs 

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 68 - dB 

I nput-Output Voltage Dlfferen tlal lVI-VOl - 2.0 - Vdc 
10 = 1.0 A, T J = +250C 

Average Temperature CoeffiCient of Output Voltage tNO/I\T - -1.0 - mV/oC 
10 = 5.0 rnA, oDc ";;;TA ";;;+1250C 
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MC7900C Series 

MC7906C ELECTRICAL CHARACTERISTICS (VI'" -11 V, 10 '" 500 mA, OOC <T J < +1250 C unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (T J '" +250 C) Vo -5.75 -6.0 -6.25 Vdc 

Line Regulation Regline mV 
ITJ '" +250 C, 10 = 100mA) 
-8.0 Vdc;;;': V I ;;;.: -25 Vdc - 9.0 60 
-9.0 Vdc;;;': VI ;;;':-13 Vdc - 3.0 30 

(TJ = +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 
TJ = +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';;;:; 1S W) 

• 
Input Bias Current (T J = +2SoC) liB - 4.3 8.0 mA 

Input Bias Current Change 611B mA 
-80 Vdc;;;;' VI ;;;;'-25 Vdc - - 1.3 
5.0 mA ';;;:;10 ';;;:;1.5 A - - 0.5 

Output NOise Voltage (TA = +250 C, 10 Hz';;;:;f';;;:; 100 kHz) eon - 45 - !J.V 

Long·Term Stability t::.VO/t::.t - - 24 mV/1.0k Hrs 

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 65 - dB 

I nput·Output Voltage Differential lVI-VOl - 2.0 - Vdc 
10 = 1.0 A, TJ = +250 C 

Average Temperatltre Coefficient of Output Voltage 6VO/6T - -1.0 - mV/oC 
10 = S.O mA, OOc ';;;:;TA ';;;:;+1250 C 

MC7908C ELECTRICAL CHARACTERISTICS (VI = -14 V, 10 = 500 mA, OoC <TJ < +1250 C unless otherwise noted.) 

Characteristic Symbol Mm Typ Max Unit 

Output Voltage IT J = +250 C) Vo -7.7 -8.0 -8.3 Vdc 

Line Regulation Regime mV 
ITJ = +250 C, 10 = 100 mAl 
-10.5 Vdc;;;': VI ;;;':-25 Vdc - 12 80 
-11 Vdc;;;': VI ;;;.: -17 Vdc - 5.0 40 

ITJ = +2SoC, 10 = 500 mAl 
-10.5 Vdc;;;': VI ;;;':-25 Vdc -

\ 
50 160 

-11 Vdc;;;': VI ;;;.: -17 Vdc - 22 80 

Load Regulation Regload mV 
TJ = +250 C, 5.0 mA ';;;:;10';;;:; 1.5 A - 26 160 
250 mA .;;;:; 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 = +2SoC) liB - 4.3 8.0 mA 

Input Bias Current Change 611B mA 
-10.5 Vdc;;;': VI ;;;':-25 Vdc - - 1.0 
5.0 mA ';;;:;10';;;:; 1.5 A - - 0.5 

Output Noise Voltage IT A = +2SoC, 10 Hz';;;:;f';;;:; 100 kHz) eon - 52 - !J.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-Output Voltage Differential lVI-VOl - 2.0 - Vdc' 
10 = 1.0 A, TJ == +250 C 

Average Temperature Coefficient of Output Voltage 6VO/6T - -1.0 - mV/oC 
10= S.OmA, OOC';;;:;TA ';;;:;+1250 C 
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MC7900C Series 

MC7912C ELECTRICAL CHARACTERISTICS I VI = -19 V, 10 = 500 mA, oOc <T J < +1250 C, unless otherwise noted,) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage (TJ = +250 C) Vo -11.5 -12 -12.5 Vdc 

Line Regulation Regline mV 

ITJ = +250 C, 10 = 100 mAl 
-14.5 Vdc ~ VI ~-30 Vdc - 13 120 
-16 Vdc~ VI ~-22 Vdc - 6.0 60 

ITJ = +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 ~IO ~750 rnA - 17 120 

Output Voltage Vo -11.4 - -12.6 Vdc 
-14.5Vdc~VI ~-27 Vdc,5.0mA~10~1.0A,P~15W 

Input Bias Current IT J = +250 C) liB - 4.4 8.0 mA 

Input Bias Current Change "liB mA 

-14.5 Vdc ~ VI ~-30 Vdc - - 1.0 

5.0 mA ~IO ~1.5 A - - 0.5 

Output NOise Voltage ITA = +250 C, 10 Hz ~f ~1oo kHz) eon - 75 - p.V • Long·Term Stability ~VO/~t - - 48 mV/1.0 k Hrs 

Ripple Rejection (10 = 20 mA, f = 120 Hz) RR - 61· - dB 

Input-Output Voltage Differential lVI-VOl - 2.0 - Vdc 

10 = 1.0 A, TJ = +250 C 

Average Temperature Coefficient of Output Voltage tNOI"T - -1.0 - mV/vC 

10 = 5.0 mA, cPC ~T A ~ +1250 C 

MC7915C ELECTRICAL CHARACTERISTICS I VI = -23 V, 10 = 500 mA, OOC <T J < +1250 C, unless otherwise noted,) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage IT J = +250C) Vo -14.4 -15 -15.6 Vdc 

Line Regulation Regline mV 
(TJ = +250 C, 10 = 100 mAl 
-17.5 Vdc~ VI ~-30 Vdc - 14 150 
-20 Vdc ~ VI ~-26 Vdc - 6.0 75 

IT J = +250 C, 10 = 500 mAl 
-17.5 Vdc ~ VI ~-30 Vdc - 57 300 
-20 Vdc ~ VI ~-26 Vdc - 27 150 

Load Regulation Regload mV 
TJ = +250 C, 5.0 mA ~IO ~1.5 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 ~1SW 

Input Bias Current IT J - +2SU C) liB - 4.4 8.0 mA 

Input Bias Current Change "liB mA 
-17.5 Vdc~ VI ~-30 Vdc - - 1.0 
5.0 mA ~IO ~ 1.5 A - - 0.5 

Output NOise Voltage IT A = +250C, 10Hz ~ f ~ 1 00 kH z) eon - 90 - p.V 

Long·Term Stability ~VO/~t - - 60 mV/1.0 k Hrs 

Ripple RejE'ction (10 = 20 rnA, f - 120 Hz) RR - 60 - dB 

I nput.Qutput Voltage Differential lVI-VOl - 2.0 - Vdc 
10 = 1.0 A, TJ = +250 C 

Average Temperature Coefficient of Output Voltage 
10 = 5.0 rnA, OOc ~TA ~+1250C 

AVO/"T - -1.0 - mV/uC 
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MC7900C Series 

MC7918C ELECTRICAL CHARACTERISTICS IVI = -27 V, 10 = 500 mA, OOC <T J < +1250 C, unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage IT J = +250 C) Vo -17.3 -18 -18.7 Vdc 

Line Regulation Regline mV 
IT J = +2SoC. 10 = 100 rnA) 
-21 Vdc ~ VI ~-33 Vdc - 25 180 

-24 Vdc ~ VI ~-30 Vdc - 10 90 

ITJ = +250 C. 10 = 500 rnA) 
-21 Vdc ~ VI ~-33 Vdc - 90 360 

-24 Vdc ~ VI ~-30 Vdc - 50 180 

Load Regulation Regload mV 

TJ = +250C, 5.0 rnA ~IO ~1.0A - 110 360 

250 rnA ~IO ~750 rnA - 55 180 

Output Voltage Vo -17.1 - -18.9 Vdc 

-21 Vdc~ VI ~-33 Vdc, 5.0 rnA ~IO ~1.0 A, P ~ 15 W 

• 
Input Bias Current IT J = +25OC) liB - 4.S 8.0 rnA 

Input Bias Current Change AIIB rnA 

-21 Vdc~VI ~-33Vdc - - 1.0 

5.0 rnA ~IO ~1.0A - - 0.5 

Output NOise Voltage IT A = +250C, 10 Hz ~f ~ 100 kHz) eon - 110 - IlV 

Long-Term Stability AVO/At - - 72 mV/1.0k Hrs 

Ripple Rejection 110 = 20 rnA, f = 120 Hz) RR - 59 - dB 

I nput-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 rnA, cOc ~TA ~+1250C 

, 
MC7924C ELECTRICAL CHARACTERISTICS I V 'I =-33 V I , 0= m J ' un ess ° th erwlse no ted ) 

Characteristic Symbol Min Typ Max Unit 

Output Voltage IT J = +250 C) Vo -23 -24 -25 Vdc 

Line Regulation Regline mV 
ITJ = +2SoC,10 = 100 rnA) 
-27 Vdc~ VI ~-38 Vdc - 31 240 
-30 Vdc~ VI ~-36 Vdc - 14 120 

ITJ = +250C. 10 = SOO rnA) 
-27 Vdc~ VI ~-38 Vdc - 118 480 
-30 Vdc~ V, ~-36 Vdc - 70 240 

Load Regulation Regload mV 
TJ = +250 C. 5.0 mA ~IO ~1.0A - lS0 480 
250 rnA ~IO ~750 rnA - 85 240 

Output Voltage Vo -22.8 - -25.2 Vdc 
-27 Vdc ~ VI ~-38 Vdc, S.O rnA ~ 10 ~ 1.0 A, P ~ 15 W 

Input Bias Current IT J = +250 C) I'B - 4.6 8.0 rnA 

Input Bias Current Change AIIB rnA 
-27 Vdc ~ VI ~-38 Vdc - - 1.0 
5.0 mA ~IO ~1.0A - - 0.5 

Outpu't NOise Voltage IT A = +2SoC, 10 Hz ~f ~ 100 kHz) eon - 170 - IlV 

Long-Term Stability AVO/At - - 96 mV/l.0k Hrs 

Ripple Rejection 110 = 20 rnA, f = 120 Hz) RR - 56 - dB 

I nput-Output Voltage Differential 
10 = 1.0 A, TJ = +250 C 

lVI-VOl - 2.0 - Vdc 

Average Temperature Coefficient of Output Voltage AVO/AT - -1.0 - mV/oC 
10 = 5.0 rnA, cOc ~TA ~+12SoC 
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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 3 - PEAK OUTPUT CURRENT AS A FUNCTION OF 
INPUT·OUTPUT DIFFERENTIAL VOLTAGE 
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FIGURE 5 - RIPPLE REJECTION ASA FUNCTION OF 
OUTPUT VOLTAGES 
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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 ASA FUNCTION 
OF FREQUENCY 

100 
Vm = -11 V 

80 

z 
o 

~ SO 

~ 40 

a: 
g§- 20 

~I--I-' 

a 
10 100 

Vo = -s.O V 
10 = 20 rnA 

1'''''1-

r--. .... '" 
r-. 

10k 10 k 
t. FREQUENCY (Hz) 
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MC7900C Series 

TYPICAL CHARACTERISTICS (continued) 

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 fcir which the regulator will operate within speclflcatlon·s. 

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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MC7900C Series 

APPLICATIONS INFORMATION 

Design Considerations 

The MC7900C Senes 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 

IO=200mA 
Input 

Vo ';;;10 V 

=r+ 1 O/-tF T+ 1 O/-tF 

Gnd •• -++---------+*"----_. Gnd 

The MC7902, -20 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 
IO="R+ IB 

The qUiescent current for thiS regulator IS typically 4_3 mA_ 
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 
(±15V@LOA) 

+20 V +15 V 
Input Output 

o 33jJF lN4001 
or Equlv 

Gnd Gnd 

-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 amplif,ers_ A clamp diode should be used at the output of 
the MC7815 to prevent potential latch-up problems_ 

to the power supply folter with long wire lengths, or If the output 
load capacitance IS large An Input bypass capacitor should be 
selected to prOVide good high-frequency charactenstlcs to Insure 
stable operation under all load cond,t,ons_ A 033 ",F 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 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) 

Input _-+-....J\,'VV-_---.,( 

-50 V 
');-------_ ... Output 

Gnd_-------4----+----+-.Gnd 

• Mounted on common heat sink, Motorola MS-1 0 or equivalent 

When a boost transistor IS used, short-CircUit currents are equal 
to the sum of the senes pass and regulator limits, which are 
measured at 32 A and 1.8 A respectively In thiS case_ Senes pass 
limiting IS approximately equal to 06 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 @ 20 A; for PC Board) 

-12 V 

Input 

Gnd 

-52 V 

);--~IV\----,---, Output 

-20 V 

')r---,\IVI.~--_--1f-. 0 utput 

_----~---~--~~~~ ... 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 reSIStors were chosen to 
reduce the power diSSipated In the boost transistors but stili leave 
at least 2_0 V across these deVices for good regulatlon_ 

.11-1 R1 
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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 mA_ Like the higher powered MC7900 Series negative regulators, 
this series features thermal shutdown and current limiting, making 
them remarkably rugged. In most applications. 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% (C) Selections 

REPRESENTATIVE CIRCUIT SCHEMATIC 

R6 
R5 

R18 
04 

R7 

01 R4 

R2 

21 

R3 

Device No. Device No. Nominal 
±10% ±5% Voltage 

MC79L03C MC79L03AC -30 
MC79L05C MC79L05AC -50 
MC79L 12C MC79L12AC -12 
MC79L15C MC79L 15AC -15 
MC79L18C MC79L18AC -18 
MC79L24C MC79L24AC -24 
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Input 

MC79LOOC, A C series 

THREE-TERMINAL 
NEGATIVE FIXED 

VOLTAGE REGULATORS 

P SUFFIX 
CASE 29 

TO-92 

P,n 1. Ground 
2. Input 
3. Output 

G SUFFIX 
CASE 79 

TO-39 

P,n 1. Ground 
2. Output 
3. Input 

" 
2 3 

3 

(Case connected 
to p,n 3) Bottom V,ew 

STANDARD APPLICATION 

A common ground ,s requored between the 
,nput and the output voltages. The 'nput volt
age must rema,n typ,cally 2.0 V above the out
put voltage even durong the low POint on the 
,nput ropple 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 +1500 C Metal Can 

MC79LXXCP TJ = OOC to +1500 C ~Iastic 
Power 

XX Ind,cates nominal voltaQe 



MC79 LOOC, AC Series 

MC79LOOC Series MAXI MUM RATI NGS (T A = +250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Input Voltage (-3,-5 V) VI -30 Vdc 
(-12,-15,-18 V) -35 
(-24 V) -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 = 0.33J.LF, Co = 0.1 J.LF, 

OOC < T J < +1250 C unless otherwise ~oted ) 
MC79L03C MC79L03AC 

Characteristic Symbol Min Typ Max Min Typ 

Output Voltage (TJ = +250 C) Vo -2.76 -3.00 -3.24 -2.8~ -30 

Input Regulation Regime 
(TJ = +250 C) 
-70 Vdc ;;. VI;;' -20 Vdc - - 80 - -
-8.0 Vdc ;;. VI;;' -20 Vdc - - 60 - -

Load Regulation Regload 
TJ = +250 C, 1.0 mA.;;; 10';;; 100 mA - - 72 - -
1 .0 mA .;;; 10 .;;; 40 mA - - 36 - -

Output Voltage Vo 
-7.0 Vdc;;' VI;;' -20 Vdc, 1.0 mA.;;; 10';;; 40 mA -2.7 - -3.3 -2.85 -

VI = -10 Vdc, 1.0 mA .;;;10';;; 70mA -2.7 - -3.3 -2.85 -
Input Bias Current liB 

(TJ = +250 C) - - 6.0 - -
(T J = +1250 C) - - 5.5 - -

Input Bias Current Change 611B 
-8.0 Vdc ;;. VI ;;. -20 Vdc - - -15 - -
1.0mA';;; 10 .;;;40mA - - -0.2 - -

Output NOise Voltage VN - 30 - - 30 
(T A = +250 C, 10 Hz.;;; f .;;; 100 kHz) 

Long-Term Stability 6Vo/6t - 10 - - 10 

Ripple Rejection RR 44 51 - 45 51 
(-8.0;;' VI ;;. -18 Vdc, f = 120 Hz, TJ = 25°C) 

Input-Output Voltage Differential lVI-VOl - 1 7 - - 1.7 

10 = 40 mA, TJ = +250 c 

4-1 n~ 

Max Unit • -3 12 Vdc 

mV 

60 
40 

mV 
72 
36 

Vdc 
-3.15 
-3.15 

mA 
6.0 
5.5 

mA 
-1.5 
-0.1 

- J.LV 

- mV/l0k Hrs. 

- dB 

- Vdc 



• 

MC79 LOOC, AC Series 

MC79L05C, AC Series ELECTRICAL CHARACTERISTICS (VI = -10 V,IO = 40 rnA, CI = 0.33 J.lF, Co = 0.1 J.lF, 
oOc < T J < +1250 C unless otherwise noted.) 

MC79LOSC MC79 L05AC 

Characteristic Symbol Min Typ Max Min Typ 

Output Voltage (T J = +250 C) Vo -4.6 -5.0 -5.4 -4.8 -5.0 

Input Regulation Regline 
(TJ = +250 C) 
-7.0 Vdc;;' VI;;' -20 Vdc - - 200 - -
-8.0 Vdc ;;. VI ;;. -20 Vdc - - 150 - -

Load Regulation Regload 
TJ = +250 C, 1.0 mA.;;; 10';;; 100 rnA - - 60 - -
1.0 rnA.;;; 10';;; 40 rnA - - 30 - -

Output Voltage Vo 
-70 Vdc;;' VI;;' -20 Vdc,1.0rnA';;; 10 .;;;40mA -4.5 - -55 -4.75 -
VI = -10 Vdc,1.0 mA.;;; 10';;; 70 mA -4.5 - -5.5 -4.75 -

Input Bias Current liB 
(TJ = +250 C) - - 6.0 - -
(TJ = +1250 C) - - 5.5 - -

Input Bias Current Change "'liB 
-8.0 Vdc ;;. VI ;;. -20 Vdc - - 1.5 - -
1.0 mA .;;; 10';;; 40 mA - - 0.2 - -

Output Noise Voltage VN - 40 - - 40 
(T A = +250 C, 10Hz';;; f .;;; 100 kHz) 

Long-Term Stability "'Vol"'t - 12 - - 12 

Ripple Rejection RR 40 49 - 41 49 
(-8.0;;' VI;;' 18 Vdc, f = 120 kHz, TJ = 250 C) 

Input-Output Voltage Differential lVI-VOl - 1.7 - - 1.7 
10 = 40 mA, TJ = +250 C 

MC79L 12C, AC ELECTRICAL CHARACTERISTICS (VI = -19 V, 10 = 40 mA, CI = 0.33 J.lF, Co = 0.1p.F, 

OOC < T J < +1250 C unless otherwise noted) 

MC79L 12C MC79L12AC 

Characteristic Symbol Min Typ Max Min Typ 

Output Voltage (T J = +250 C) Vo -11 1 -12 -12.9 -11.5 -12 

Input Regulation Regime 
(TJ = +250 C) 
-14.5 Vdc ;;. VI;;' -27 Vdc - - 250 - -
-16 Vdc;;' VI;;' -27 Vdc - - 200 - -

Load Regulation Regload 
TJ = +250 C, 1.0 mA .;;; 10';;; 100 mA - - 100 - -

10 mA .;;; 10';;; 40 rnA - - 50 - -

Output Voltage Vo 
-14.5 Vdc ;;. VI ;;. -27 Vdc, 1.0 mA .;;; 10';;; 40 mA -10.8 - -13.2 -11.4 -

VI=-19Vdc, 1.0 mA.;;;lo';;; 70mA ·108 - -13.2 -11.4 -

Input Bias Current liB 
(TJ = +250 C) - - 6.5 - -

(T J = +1250 C) - - 6.0 - -

Input Bias Current Change "'liB 
-16 Vdc ;;. VI ;;. -27 Vdc - - 1 5 - -
1.0 mA.;;; 10';;; 40 mA - - 0.2 - -

Output NOise Voltage VN - 80 - - 80 

(TA = +250 C, 10 Hz.;;; f.;;; 100 kHz) 

Long-Term Stability "'Vol"'t - 24 - - 24 

Ripple RejectIOn RR 36 42 - 37 42 

(-15';;; VI';;; -25 Vdc, f = 120Hz, TJ = +250 C) 

Input-Output Voltage Differential lVI-VOl - 1.7 - - 1.7 

10 = 40 rnA, TJ = +250 C 

4-164 

Max 

-5.2 

150 
100 

60 
30 

-5.25 
-525 

6.0 
5.5 

1.5 
0.1 

-

-
-

-

Max 

-12.5 

250 
200 

100 

50 

-126 
-12.6 

6.5 
6.0 

1.5 
0.1 

-

-

-

-

Unit 

Vdc 

rnV 

rnV 

Vdc 

mA 

mA 

p.V 

mV/1.0 k Hrs. 

dB 

Vdc 

Unit 

Vdc 

mV 

mV 

Vdc 

mA 

mA 

J.lV 

mV 11.0 k Hrs. 

dB 

Vdc 



MC79LOOC, AC Series 

MC79L l5C, AC ELECTRICAL CHARACTERISTICS (VI = -23 V, 10 = 40 mA, CI = 0.33 JJF, Co = 0.1 JJF. 

oOC < TJ < +1250 C unless otherwise noted) 

MC79L 15C 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 .;; 40 mA - - 75 - -

Output Voltage Vo 
-17.5 Vdc;;' VI-;;' -30 Vdc, 1.0 mA';; 10 ",40mA -13.5 - -16.5 -14.25 -

VI = -23 Vdc, 1.0 mA.;; 10';; 70mA -13.5 - -165 -14.25 -

Input Bias Current lIB 
(TJ = +250 C) - - 6.5 - -
(T J = +1250 C) - - 6.0 - -

Input Bias Current Change 611B 
-20 Vdc ;;. VI ;;. -30 Vdc - - 1.5 - -
1.0 mA .;; 10 .;; 40 mA - - 0.2 - -

Output Noise Voltage VN - 90 - - 90 
(TA = +250 C, 10 Hz.;; f.;; 100 kHz) 

Long-Term Stability 6Vo/6t - 30 - - 30 

Ripple Rejection RR 33 39 - 34 39 
(-18.5';; VI';; -28.5 Vdc, f = 120 Hz) 

Input-Output Voltage Differential lVI-VOl - 1.7 - - 1.7 
10 = 40 mA, TJ = +2SoC 

MC79L l8C, AC ELECTRICAL CHARACTERISTICS (VI = -27 V, 10 = 40 mA, CI = 033 JJF, Co = 01 JJF, 

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 

-

-
-

-

MC79L l8C MC79L 18AC 

Characteristic Symbol Min Typ Max Min Typ Max 
Output Voltage (T J = +2SoC) Vo -166 -18 -194 -173 -18 -18.7 
Input Regulation Regime 

(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 
TJ = +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,l.0 mA";; 10';; 40 mA - - - -17 1 - -18.9 
-214 Vdc;;' VI;;' -33 Vdc, 1.0 mA';; 10 .;;40mA -162 - -198 - - -
VI = -27 Vdc, 1.0mA';; 10';; 70mA -162 - -198 -17.1 - -18.9 

Input Bias Current 118 
(TJ = +250 C) - - 65 - - 6.5 
(T J = +1250 C) - - 6.0 - - 60 

Input Bias Current Change <\IIB 
-21 Vdc ;;. VI ;;. -33 Vdc - - - - - 15 
-27 Vdc ;;. VI ;;. -33 Vdc - - 1.5 - - -
1.0 mA .;; 10 .;; 40 mA - - 0.2 - - 0.1 

Output NOise Voltage VN - 150 - - 150 -
(TA= +250 C, 10 Hz.;; f.;; 100 kHz) 

Long-Term Stability 6Vo/6t - 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 -
10 = 40 mA, TJ = +250 C 
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Unit 

Vdc 

mV 

mV 

Vdc 

mA 

mA 

JJV • mV/l 0 k Hrs. 

d8 

Vdc 

Unit 

Vdc 

mV 

mV 

Vdc 

mA 

mA 

JJV 

mV/l.0 k Hrs. 

dB 

Vdc 
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MC79LOOC, AC Series 

MC79L24C. AC ELECTRICAL CHARACTERISTICS (VI = -33 V, 10 ~ 40 mA, CI = 033 /JF, Co = 0.1 /JF, 

oOC < T J < +1250 C unless otherwise noted.l 

MC79L24C MC79L24AC 

Characteristic Symbol Min Typ Max Min Typ Max Unit 

Output Voltage (T J = +250 C) Vo -22.1 -24 -25.9 -23 -24 -25 Vdc 

Input Regulation Regime mV 
(TJ = +250 C) 
-27Vdc;;,VI;;.-38V - - - - - 350 
-27.5 Vdc ;;. VI ;;. -38 Vdc - - 350 - - -
-28 Vdc ;;. VI ;;. -38 Vdc - - 300 - - 300 

Load Regulation Regload mV 
TJ = +250 C, 1.0 mA .;:; 10';:; 100 mA - - 200 - - 200 
1.0 mA .;:; 10 .;:; 40 mA - - 100 - - 100 

Output Voltage Vo Vdc 
-27 Vdc ;;. VI ;;. -38 V, 1 0 mA .;:; 10';:; 40 mA - - - -228 - -25.2 

-28 Vdc;;' VI;;' -38 Vdc, 1 OmA.;:; 10.;:;40mA -21.4 - -26.4 - - -
VI = -33 Vdc, 1.0 mA .;:; 10';:; 70 mA -214 - -26.4 -22.8 - -25.2 

Input Bias Current liB mA 
(TJ = +250 C) - - 6.5 - - 6.5 
(TJ = +1250 C) - - 6.0 - - 60 

Input Bias Current Change <'>IIB mA 
-28 Vdc ;;. VI ;;. -38 Vdc - - 1.5 - - 15 
1.0 mA.;:; 10';:; 40 mA - - 0.2 - - 01 

Output NOise Voltage VN - 200 - - 200 - /JV 
(TA = +250 C, 10 Hz';:; f.;:; 100 kHz) 

Long-Term Stability <'>VOI"t - 56 - - 56 - mV/1.0 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,C,rcult Protection that limits the maximum current the cir
CUit will pass 

I n 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 

-20 V '0 ~ 100 mA 
Input 

• Gnd I
033 /JF 

Gnd •• - __ ~-------------------------e 

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 
10 =R+ IB 

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 60 V below the 
Input voltage 

selected to provide good high-frequency charactenstlcs to msure 
stable operation under all load conditions. A 033 ",F 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 
+YI 

01/JF 

-VI 0-

01/JF 
-Vo 



MC79LOOC, AC Series 
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TYPICAL CHARACTER ISTICS 
(T A = +2SoC unless otherwise noted.! 
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FIGURE 1 - DROPOUT CHARACTERISTICS 
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FIGURE 2 - DROPOUT VOLTAGE versus 
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CA3054 
CA3139 
HAl199 
LM2902 
LM2904 
MC1302 
MC1306 
MC1309 
MC1310 
MC1323 
MC1324 
MC1327 
MC1330A 
MC1349 
MC1350 
MC1351 
MC1352 
MC1355 
MC1357 
MC1358 
MC1364 
MC1372 
MC1373 
MC1391,1394 
MC1393A 
MC1398 
MC1399 
MC3301 
MC3310 
MC3325 
MC3333 
MC3340 
MC3346,3386 
MC3357 
MC3360 
MC3380 
MC3393 
MCCF3326 
MCCF3333 
NE565 
NE592 
SE592 
TCA4500A 
TDAl190P, Z 
TDA2002, A 
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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 
SOUND 

Function Features 
Sound IF, Detector, Limiter, 80 p.V, 3 dB Limiting Sensitivity, 3.5 V (RMS) Output, 
Audio Preamplifier Sufficient for Single Transistor Output Stage 
Sound IF Detector Interchangeable with ULN2111A 
Sound IF Detector, Excellent AMR, Interchangeable with CA3065 
dc Volume Control, 
Preamplifier 
Sound IF, Low Pass Filter, Complete TV Sound System; 100 p.V, 3 dB Limiting 
Detector, dc Volume Sensitivity; 4 Watts Output; VCC = 24 V; RL = 16 n 
Control, Preamplifier, 
Power Amplifier 750 mW Output 

VIDEO 
1st and 2nd Video IF I F Gain @ 45 MHz = 60 dB typ, AGC Range = 70 dB min 
Amplifier IF Gain @45 MHz =50 dB tYP,AGC Range = 60 dB min 
1 st and 2nd Video IF, AGC I F Gain @ 45 MHz = 53 dB typ, AGC Range = 75 dB min, 
Keyer and Amplifier "Forward AGC" Provided for Tuner 
3rd IF, Video Detector, Low-Level Detection, Low Harmonic Generation, 
Video Buffer, and Zero Signal dc Output Voltage of 7.0 to 8.2 V 
AFC Buffer Same as MC1330A 1 except zero signal dc output 

voltage of 7.8 to 9.0 V 
Automatic Fine Tuning High Gain AFT System, Interchangeable with CA3064 
Automatic Fine Tuning with AFT Circuit that Provides an AFT Voltage and an 
Intercarrier Mixer/Amplifier Amplified 4.5 MHz Intercarrier Sound Signal 

CHROMA 
Chroma IF Amplifier and Includes Complete Chroma IF, AGC, de Gain and Tint 
Subcarrier System Controls Injection Locked Oscillator, Low Peripheral 

Parts Count 
Chroma IF Amplifier and Includes Complete Chroma IF, AGC, dc Chroma and 
Subcarrier System (PLL) Hue Controls, Phase-Locked Loop (PLL) Oscillator, 

Color Killer Threshold Adiustment 
Dual Chroma Demodulators Dual Doubly-Balanced Demodulator with RGB Matrix 

and Chroma Driver Stages 
Dual Doubly-Balanced Demodulator with RGB Matrix 
and PAL Switch 

Triple Chroma Demodulator Triple Doubly-Balanced Demodulator with 
Adjustable Output Matrix, Contains Three 
Independent Demodulators 

DEFLECTION 
HOrizontal Processor Includes Linear Balanced Phase Detector, Oscillator 

and Predriver, Adjustable dc Loop Gain 
Same as MC1391 except designed to accept negative 
sawtooth sync pulse 

Vertical Processor Includes Oscillator and Complementary Driver, Low 
Thermal Drift, Retrace Pulse for Effective Blanking 

TV GAMES/DISPLAY 
Color TV Video Modulator Includes Chroma Oscillator and Clock Driver, Lead 

and Lag Network, Chroma Modulator, RF Oscillator, 
and Modulator. 
Includes RF Oscillator and Modulator 
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Case Type 

646 MC1351 

646 MC1357 
646 MC1358 

722A TDA1190Z 

648 TDA1190P 

626 MC1349 
626 MC1350 
646 MC1352 

626 MC1330A1 

626 MC1330A2 

646 MC1364 
646 CA3139 

646 MC1398 

648 MC1399 

646 MC1324 

646 MC1327 

648 MC1323 

626 MC1391 

626 MC1394 

648 MC1393A 

646 MC1372 

626 MC1373 

II 
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CIRCUITS FOR CONSUMER APPLICATIONS 

Audio Circuits 
POWER AMPLIFIERS 

F.atures 

Audio Power Amplifiers 

Radio Circuits 
IF AMPLIFIERS 

Function 

IF Amplifier 

Limiting FM-IF Amplifier 

Limiting IF Ampl/Quad 
Detector 

IF Amplifier 

Low-Power FM-IF for Dual 
Conversion Scanning 
Receivers 

DECODERS 

Function 

FM Multiplex Stereo Decoder 

AM RECEIVER 

Features 

AM Radio Subsystem 

Vln 
Po VCC @rated Po 10 RL 

WaHs Vdc Max mVTyp mATyp Ohms Case 

0.5 15 3.0 4.0 8.0 626 
0.25 12 3.0 3.0 16 626 
8.0 28 50 55 2.0 314A,3148 

Recovered 
Gain 3 dB LImiting Audio Output Power 

@10.7MHz @ 10.7 MHz AMR f::: ±75 kHz Supply 
dBTyp mV (RMS) typ dBTyp mV (RMS) Volts Max Case 

58 0.175 60 690 18 626 

- 0.600 45 480 18 646 

53 0.4 45 480 16 646 

42 60 50 500 18 626 

- 0.005 50 350 8.0 648 
(f = ±3.0 kHz) 

Channel Stereo-Indicator 
Separation THO Lamp Driver 

dBTyp OfoTyp mAMax Features Case 

47 0.06 50 Coilless Operation; 646 
4.5 V Operation 

40 0.3 75 Coilless Operation 646 

45 0.2 100 Variable Separation 648 

Function Case 

RF Amplifier, AGC, Mixer, Oscillator, 1st IF Amplifier, 648 
2nd IF Amplifier and Detector 
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Type 

MC1306 
MC3360 

TDA2002 

Type 

MC1350 

MC1355 

MC1357 

MC3310 

MC3357 

Type 

MC1309 

MC1310 

TCA4500A 

Type 

HA1199 



CIRCUITS FOR CONSUMER APPLICATIONS 

Organ Circuits 
FREQUENCY DIVIDER 

Function 

7-Stage Divider 

ATTENUATOR 

Function 

Electronic Attenuator 

VCC 
Range 

Ydc 

6-16 

Yce 
Range 

Vdc 

9.0-18 

'Tog YOH 
MHz Typ Ydc Min 

1.0 12.0/15.0 

Attenuation 
THO Ay Rang. 

%Typ dBTyp dBTyp 

0.6 13 90 

Automotive Circuits 
OPERATIONAL AMPLIFIER 

Function 

Quad Operational Amplifier 

Dual Operational Amplifier 

COMPARATORS 

Function 

Quad Comparators 

VOLTAGE REGULATOR 
Function 

Automotive Voltage 
Regulator 

Flip-Chip Automotive 
Voltage Regulator 

ELECTRONIC IGNITION 
Electronic Ignition Circuit 

Flip-Chip Electronic 
Ignition Circuit 

SPECIAL FUNCTION 
Programmable Frequency 
Switch 
(Engine RPM Switch) 

VCC Unity Gain 
Range AYOI liB Bandwidth 

Vdc VNMln p.AMax MHzTyp 

4.0-28 1000 0.3 4.0 
3.0-26 - 0.25 1.0 
3.0-26 - 0.25 1.0 

Vec VIO 110 liB 
Sink 

Range Current 
Vdc 

mVMax nA Max nAMax 
mATyp 

2.0-28 +20 - 500 6.0 
±7.0 

2.0-36 ±5.0 ±50 250 16.0 
±2.0 

Feature. 
Designed for use with NPN Darlington; Overvoltage 
Protection; "Open Sense" Shut Down; Selectable 
Temperature Coefficient for Use in a Floating Field 
Alternator Charging System 
Same as MC3325 

Designed for use in High Energy Variable Dwell 
Electronic Ignition Systems with Variable 
·Reluctance Sensors. Dwell and Spark Energy are 
Externally Adjustable 
Same as MC3333 

Wide Input Frequency Range (10 Hz to 100 kHz) 
Adjustable Hysteresis 
Wide Supply Operating Range (7 to 24 V) 
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Caae Type 

646 MC1302 

ease Type 

626 MC3340 

Ca •• Type 

646 MC3301 
646 LM2902 
626 LM2904 I 
Case Type 

646, 632 MC3302 
646 LM2901 

646,632 LM239 
646, 632 LM239A 

Case Type 

646 MC3325 

- MCCF3326 

646 MC3333 

- MCCF3333 

MC3344 



• 

CIRCUITS FOR CONSUMER APPLICATIONS 

Transistor Arrays 
GENERAL-PURPOSE 

Function 

One Differentially Connected pair 
and Three Isolated Transistors 
Dual Independent Differential 
Amplifiers with Associated 
Constant Current Transistors 

Special Functions 
Function 

Emitter-Coupled Astable 
Multivibrator 
Phase-Locked Loop 

Package Styles 

Lead 
Configuration 

Case 
Material 
Suffix 
after Type Number 

Lead 
Configuration 

Cas. 
Material 
Suffix 
after Type Number 

b 
1 
626 

Plastic 

P or PL 

722A 
PlastiC 

P 

IC (max) VCEO VCBO VEBO 
mA Volts Max Volts Max Volts Max 

50 15 20 5.0 

50 15 20 5.0 

Features 

Useful as DC-DC Converter, Power Regulator or 
Multivibrator. Toggle Freq = 100 kHz (typ) 
Contains Voltage Controlled Oscillator and 
Double Balanced Phase Detector 

14 

c::J 
14 16 18 

~ ~:::::::I ~I:::~:::~:::I 
1 1 1 

632 646 648 701 
Ceramic Plastic Plastic Plastic 

L P P P 

724 314A 3148 
Plastic Plastic Plastic 

P H V 
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C.s. Typ. 

646 MC3346 
MC3386 

646 CA3054 

Cas. Type 

626 MC3380 

646 NE565 



Advance InforInation 

DUAL INDEPENDENT DIFFERENTIAL AMPLIFIER 

The CA3054 consists of two mdependent differential amplifiers 
with associated constant-current transistors on a common monolithic 
substrate_ The six NPN transistors which comprise the amplifiers are 
general purpose devices useful from dc to 120 MHz. 

The monolithic construction of the CA3054 proVides close 
electncal and thermal matching of the amplifiers which makes 
this device particularly useful m dual channel applications where 

matched performance of the two channels IS required. 

• Two differential amplifiers on a common substrate 

• I ndependently accessible Inputs and outputs 

• Maximum Input offset voltage - ±5 mV 

MAXIMUM RATINGS 

Ratmg Symbol Value Unit 

Collector-Emitter Voltage VeEO 15 Vdc 

Collector-Base Voltage VCBO 20 Vdc 

Emitter-Base Voltage VEB 50 Vdc 

Collector-Substrate Voltage Velo 20 Vdc 

Collector Current - Continuous IC 50 mAde 

Junction Temperature TJ 150 °e 

Operating Temperature Range TA -40 to +85 Uc 

Storage Temperature Range Tstg -65 to +150 °c 

This II advance information and specIfications are subject to change Without notice. 
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CA3054 

GENERAL PURPOSE 
TRANSISTOR ARRAY 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PLASTIC PACKAGE 
CASE 646-04 

R(JJA = 100° C/W TYP. 
(NO SUFFIX) 

PIN CONNECTIONS 

Pm 5 II connected to substrate 



CA3054 

ELECTRICAL CHARACTERISTICS IT A: 250 C, unless otherwise noted!' 

Characteristic 

STATIC CHARACTERISTICS FOR EACH OIFFERENTIAL AMPLIFIER 

Input Offset Voltage VIO - - 5.0 mV 

(VeB : 30 Vdc) 

Input Offset Current 110 - - 2.0 jJA 

(VCB : 30 Vdc) 

Input Bias Current liB - - 24 jJA 

(VCB : 3.0 Vdc) 

STATIC CHARACTERISTICS FOR EACH TRANSISTOR 

Base·Emltter Voltage VBE Vdc 

(VCB: 3.0 Vdc, IC : 50 jJA) - - 0.70 

(VCB = 3.0 Vdc, IC = 1 0 mAl - - 080 

(VCB = 3.0 Vdc, IC = 3.0 mAl - - 0.85 

(VCB = 3.0 Vdc, IC = 10 mAl - - 0.90 

Collector Cutoff Current ICBO - - 100 nA 

(VCB = 10 Vdc, IE = 0) 

Collector·Emltter Breakdown Voltage BVCEO 15 - - Vdc 

(lC: 1.0mA) 

Collector·Base Breakdown Voltage BVCBO 20 - - Vdc 

(IC = 10jJA) 

Collector·Substrate Breakdown Voltage BVCIO 20 - - Vdc 

(IC = 10jJA) 

Emltter·Base Breakdown Voltage BVEBO 5.0 - - Vdc 

• (IE = 10jJA) 
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TV AUTOMATIC FINE TUNING CIRCUIT 
WITH INTERCARRIER MIXER/AMPLIFIER 

The CA3139 is a monolithic TV Automatic Fme Tuning (AFT) 

circuit that provides an AFT voltage and an amplified 4.5 MHz 

mtercarner sound signal. When connected to an output of an IF 

amplifier the CA3139 provides the signal processing (amplification 

and detectIOn) necessary to generate the AFT correction signals 

required by the TV tuner. It also mixes the video and sound IF 
carriers and amplifies the resultant 4.5 MHz mtercarrier sound signal. 

• Cascode Type High Gain Amplifier 
(15 mV input for rated output) 

o AFT Differential Peak Detector 

• Differential Amplifier 

• Bipolar Outputs 

• Five Stage Intercamer Mixer/Amplifier 

• Internal Voltage Regulator 

• For Use in Either Color or Monochrome Receivers 

FIGURE 1 - BLOCK DIAGRAM AND TYPICAL APPLICATION 

/IF 
B 

All reSIstor values are on ohms. 
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4 

6 

CA3139 

TV AUTOMATIC 
FINE TUNING CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

, .• 
E SUFFIX 

PLASTIC PACKAGE 

CASE 646 

"" aSUFFIX 
PLASTIC PACKAGE 

CASE 647 

PIN CONNECTIONS 

NC DC Amp 
BOut 

NC DC Amp 
A Out 

Intercarner FIlter A 
Out 

Substrate FIlter B 

IF Input Det B Input 

Det BIas IF Amp 
Output 

Shunt Reg Det A Input 

ORDERING INFORMATION 

Temperature Range 

-40 to +8SoC 

I 

14 

13 

12 

11 

10 

9 

B 



CA3139 

MAXIMUM RATINGS (TA = 250 C, unless otherwise noted) 

Rating. Symbol Value Unit 

Shunt Regulator Input Current 17 50 mA 

Detector Bias Current 16 2 mA 

Junction Temperature TJ 150 uC 

Operating Temperature Range TA -40 to +85 °c 

Storage Temperature Range Tstg -65 to +150 Uc 

ELECTRICAL CHARACTERISTICS (Vec = 28 Vdc, V ,n = 0, TA = 250 e, Test Circuit-Figure 2)* 

Characteristics Min Typ Max Unit 

Supply Current 1+ 15 18 20 mA 

Shunt Regulator Voltage 12 13 14.5 Vdc 

Quiescent Voltage at Pin 3 4.5 7.7 10 V 

QUiescent Voltage( 1) at PinS 13 and 14. PinS 13 and 14 Connected 6 7 8.5 Vdc 

QUiescent Voltage Differential, Pms 13 to 14 -0.8 - +0.8 Vdc 

QUiescent Voltage at Pin 6 1.4 2.3 2·6 Vdc 

f = 44.65 MHz 2.2 - 4.7 

Correction Voltage at Pin 13 (See Note 2) 
f = 45.69 MHz 1.2 - 4.4 

Vdc 
f = 45.81 MHz 9.6 - 13.8 

f = 46.85 MHz 9.1 - 12.1 

f = 44.65 MHz 9.1 - 12.1 

Correction Voltage at Pin 14 (See Note 2) 
f = 44.69 MHz 9.6 - 13.8 

Vdc 
f = 45.81 MHz 1.2 - 4.4 

f = 45.85 MHz 2.2 - 4.7 

Two-Tone Input 
4.5 MHz Output (See Note 2) f1 = 45.75 MHz at 15 mV 50 - 200 mVrms 

f2 = 41.25 MHz at 5 mV 

* Unless otherwise specified. 

NOTES: 1. V13 = 0.55 Vz ±0.7 V_ 

2. Resistor from Pin 6 to Pin 7 = 9.09 kn. Crossover steepens and "Bow Tie" width increases when resistor IS decreased In value. 
Total peak sWing decreases slightly. 

14V 

pF 

Slgnal~ 
Input. 

50 

NOTES: 

FIGURE 2 - TEST CIRCUIT 
(All resistor values are In ohms) 

Symmetry 

7V 

1. Use 10 kn Isolation Resistor at de voltmeter probe tiP when 

L2 - 4-1/2 turns #22 wire; 0.0. = 0.25" (typ); Q (unloaded) = 
100 (min); f = 41.25 MHz; Inductance = 0.18 pH (typ). 

making dc measurements 
2. Typical no-signal de potentials are shown. 

3. Boxes represent test po ints. 
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T1 - 3-1/2 turns (center tapped) #20 wire; a O. = 0.25" (typ); 
Q (unloaded) = 140 (min); f = 46.75 MHz, Inductance = 
0.18 pH (typ). 



CA3139 

CIRCUIT DESCRIPTION 
The five functional blocks of the CA3139 as shown in Figure 1 are briefly described below. 

(See Figure 3 for schematic diagram.) 

1. Cascode Amplifier - consists of 01, emitter-follower; 
02, common'emltter amplifier; and 03, common·base 
amplifier. The input to the cascade amplifier (pin 5) is 
normally AC coupled since 01 is internally biased. 

2. Bias Circuit - Transistor 04 and reSistors R 1, R4, R5, 
and an external resistor (shown as 9.09 kn in Figure 1) 

connected to Pin 7 make up the bias circuit. Lower values 
of the external resistor will increase the gain of the ampli· 
fler (9.1 kn is nominal) thereby increasing the AFT "Bow 
Tie" Width and crossover slope (reduced values of the 
external resistor Will have the opposite effect). 

3. Mixer/Amplifier - The cascade amplifier output 
(pin 9) IS internally connected to the base of 013. 
Transistors 013 through 017 make up the Intercarrier 
mixer/amplifier. 014 is used In the down-conversion of 
the video IF carrier (41.25 MHz) to give a 4.5 MHz FM 
signal. The video I F carrier, sound I F carner and upper 

conversion signals are removed using a low·pass filter. 
016 and C3 are used to further amplify and filter the 
4.5 MHz signal. This 4.5 MHz Signal output IS at Pin 3. 

4. AFT Detector and DC Amplifier - Detection and 
amplification IS accomplished by 06 through 012. 
The detector Inputs (pins 8 and 10) are connected to 
the discriminator transformer and biased through the 
transformer at pin 6 voltage. 07 and 08 total current is 
held constant by 010, 011, and 012 (current-mirror 
transistors). Peak detection IS assured through the use of 
external filter capacitors at PinS 11 and 12. Correction 
voltages at pins 13 and 14 are given In the Electrical 
CharacterIStiCS Table. 

5. Voltage Regulator - consisting of D 1, D2, Zl, Z2, 
and 05 IS an active shunt type and IS used to reduce 
the dynamic reSistance. 

FIGURE 3 - CIRCUIT SCHEMATIC 

IF 

Output 

(ReSIstors are measured In ohms) 

Detector 

BIas Zener FIlter B 
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Det 

Input 

B 

DC Ampl 
Output B 

Det 
DC Ampl Input 

Output A A F,lter A 

• 



CA3139 

FIGURE 4 - TYPICAL TUNER CONNECTION VHF Tuner 

CA3139 

• 
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Advance Information 

AM SUBSYSTEM FOR CAR RADIO 

The HA 1199P is a complete one-chip radio subsystem for car 
radio applications. Automatic dynamic range magnitude control at 
the RF stage provides good high input signal-handling character
istics (THO = 1 % typ at 130 dBJ..I). 

• High AGe FOM - 63 dB Typ 

• Good Usable Sensitivity - 23 dBJ..I Typ 

• Low Distortion - 0.4% Typ at 74 dBJ..I 

• Supply Voltage Range - 10.8 to 15.6 Volts 

FIGURE 1 - TEST CIRCUIT 

HAl199P 

AM RADIO SUBSYSTEM 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

-= r---- -------------- - ---, 
/ Il ..I:At""') I 

1 RF Amplifier Input 
2 RF Bypass 
3 AGC Bypass 
4 Gnd 

/ ~ -= -= 4700 pF , II I 
3300 pF ~-.. I 

II 'i 
I 
I 
I 

/I I 
II I 

~~I~-+ _______ J h-..J 

00331'F 

PIN CONNECTIONS 

5 First IF Amplifier Output 
6 Second IF Amplifier Input 
7 AGC Bypass 
8 Detector Output 

9 VCC 
10 First IF Amplifier Input 
11 Gnd 
12 Converter Output 

VCC 

r,---

f
4700 pF : 1 2 3 : 100 k 

I I 

f1 :1k 
I 

-= -= ~---~ 
IFTI 

13 Lo Inpllt 
14 Converter Input 
15 VCC' 
16 RF Amplifier Output 

This IS advance mformatlon and specifications are subject to change without notice 
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HA1199P 

MAXIMUM RATINGS 

Rating Valua Unit 

Power Supply Voltage 16 Volts 

JunctIon Temperature 150 °C 

OperatIng Temperature Range (Ambient) -30 to +70 °C 

Storage Temperature Range -65 to +150 °C 

ELECTRICAL CHARACTERISTICS (VCC = 13.2 V. fc = '.0 MHz. fmod = 400 Hz.T A= 25°C unless otherwise noted) 

Characteristic Min Typ Max Unit 

Drain Current at Zero Signal - 15 - mA 

Slgnal-to-Nolse Ratio 25.5 30 - dB 
Input = 34 dBIl. 30% ModulatIon 

AGe FOM Test @ 10 dB Output Down. 30% ModulatIon dB 
1) Output @ 74 dBIl Input - 57 -
2) Output @ 86 dBIl Input 51 63 -

Detector Output 80 120 157 mV 
Input = 74 dBIl. 30% ModulatIon 

DIstortion - 0.4 5.0 % 
Input = 114 dBIl. 30% ModulatIon 

SensItivIty - 23 - dBIl 
Input @ SIN = 10 dB. 30% ModulatIon 

SPECIFICATION OF THE IFTs 

II 
3r=Er - - - ~ffi---II 6 

I Cl II C2 
2 II 7 

1 " 8 L ______ ..-l 

ao Number of Turns C1 (pF) C2 (pF) Tuned 
1-2 I 2-3 I 6-7 I 7-8 Frequency (kHz) 

FIrst 1FT 70 66 I 220 I 260 I 26 180 180 2625 

Second 1FT 70 271 I 23 I 271 I 23 180 180 2625 
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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 (T A = +250 C unless otherwise noted.! 

Ratmg Value Volts 

Power Supply Voltage 19 Vdc 

Output Slnkmg Current 10 mA 

Negative Input Voltage 05 Vdc 

Junction Temperature 150 °c 
Operating Temperature Range o to +75 °c 

FIGURE 1 - CIRCUIT SCHEMATIC 

r---------------------------------j 
: I 

I 
I 
I 
I 

I 
I 
I 
I 

Output : 
<>--t--

I 
I 

I 
I 
I 
I 
I 

! 

! 
l : 
, Regulato" I L _____ ......J 

L ______ .., 

j 

I 

: 1.., i-' -- ! 
Input , , 

0--' I 

: : 1 
, Single Cell : 1~ 
: -= ~ (One of Seven) : L ________________________________________________ ~ 
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Gnd 

VCC 

V m l 

Vm3 

V ,n5 

Vm6 

V ,n 7 

VCC 

MC1302 

7-STAGE DIVIDER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

PIN CONNECTIONS 
• 

V out l 

V out2 

V out3 

V out4 

V out5 



MC1302 

ELECTRICAL CHARACTERISTICS (Vee = 16 Vdc, V in = 40 V, Square Pulse, f = 10 kHz, 50% Duty Cycle, tPHL 0 10 V/lJs, 

T A - +250 e unless otherwise noted) -

Characteristic Mm Typ Max Unit 

Operating Power Supply Voltage 60 - 16 Vdc 

Toggle Frequency - 10 - MHz 

Output Voltage (High) PinS 8, 9, 10, 11, & 13 Vdc 

(Vee = 6.0 Vdc) 55 - -
(Vee = 16 Vdc) 15.0 - -

Output Voltage (High) PinS 12$ 14 Vdc 

(Vee = 60 Vdc) 4.5 - -
(Vee = 16 Vdc) 12 - -

Operating Drain Current mAdc 

(Vee = 16 Vdc) - 26 -
Output Sinking Current mAdc 

(VO<05Vdc) - 10 -
Rise Time - 100 - ns 

Propagation Delay - 700 - ns 

Fall Time - 50 - ns 

I nput Resistance 10 - - kn 

Output ReSIStance (Output High) - - 50 kn 

INPUT PULSE REQUIREMENTS 

Characteristic Min I Max I Unit 

• 
VIH ~ng 

Pulse Magnitude +40 I - I Volts 

Leading Edge Zero Level - I +1.0 I Volts 

VIL Edge Leading Edge No ReqUirement 

I 1 0 
Trailing Edge dv/dt -1.0 - Volt~ 

t ms 
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MC1306P 

1/2-WATT AUDIO AMPLIFIER 1/2-WATT AUDIO AMPLIFIER 

The MC 1306P is a monolithic complementary power amplifier and 
preamplifier designed to deliver 1/2·Watt into a loudspeaker with a 
3.0 mV(rms) typical input. Gain and bandwidth are externally 
adjustable. Typical applications include portable AM·FM radios, tape 
recorder, phonographs, and intercoms. 

• 1/2·Watt Power Output (12 Vdc Supply, a·Ohm Load) 

• High Overall Gain - 3.0 mV(rms) Sensitivity for 1/2·Watt Output 

• Low Zero·Signal Current Drain - 4.0 mAdc @ 9.0 V typ 

• Low Distortion - 0.5% at 250 mW typ 

TYPICAL APPLICATIONS 

FIGURE 1 - AM·FM RADIO, AUDIO SECTION 

10k 

.----¢5 8 

1.0MegU 15 pF 

90V 

+'I~ 

8.0 ~l 100 pF 
Tone ControL 

1.0 MegU 

PLASTIC PACKAGE 

CASE 626 

FIGURE 2 - PHONOGRAPH AMPLIFIER 
(CERAMIC CARTRIDGE) 

10k 12 V 

3- + 51k ~~lO~k~~ __ ~ 
~ ~.~~----~~ 

0051l F 00021lF10Megn 

200ilF XTA~l OMegn 

0.1 "F 6 

Volume 
";" Control 

14k 

Preamplif,.r 

Preamphfler 
Output 

Volume 
0-------' Control 

CIRCUIT SCHEMATIC 

POWir Ampllfeer 
Input 
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II 

MC1306P 

MAXIMUM RATINGS (T A = +2SoC unless otherwise noted) 

R.ting Symbol V.lue Unit 

Power Supply Voltage V+ 15 Vdc 

Load Current IL 400 mAdc 

Power DIssipation (Package I.lmitation) Po 
TA = +250 C 625 mW 

Derate above T A = +250 C 1/8JA 5.0 mW/oC 

Operating Temperature Range TA o to +75 °c 
Storage Temperature Range Tstg -65 to +150 °c 

Maximum Ratings as defined in MI L·S·19500, Appendix A. 

ELECTRICAL CHARACTERISTICS (V+ = 9.0 V, RL = 8.00hms, f= 1,OkHz, (using test circuit of Figure 3), T A = +250C 
unless otherwise noted. ) 

Characteristic Symbol Min Typ Max Unit 

Open Loop Voltage Gain AVOL vtv 
Pre·amplifier RL = 1.0 k ohm - 270 -
Power·amplifier RL = 16 ohms - 360 -

Sensitivity S - 3.0 - mV(rms) 
(Po = 500 mW) 

Output Impedance (Power·amplifler) 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 = 250 mW) 

Quiescent Output Voltage Vo - V+/2 - Vdc 

Output Power Po - mW 
(THO :5:10%, V+ = 12 V) 500 570 

Current Drain (zero signal) 10 - 4.0 - mA 

Power Dissipation (zero signal) Po - 36 - mW 

FIGURE 3 - TEST CIRCUIT FIGURE 4 - ZERO SIGNAL BIAS CURRENT 

10k v+ 10 

TA = Lsoc 

:..--l--
47pF 
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10 ",F 4 7 k 
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TYPICAL CHARACTERISTICS 

(V+ = 9.0 V, f = 1.0 kHz, T A = +250 C unless otherwise noted) 

FIGURE 5 - EFFICIENCY 
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FIGURE 9 - DISTORTION 
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FIGURE 10 - TYPICAL CIRCUIT 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 <:::l R~ 

and is limited only by the open·loop gain (270 VIVI. For good 
preamplifIer dc stability Rf should be no larger than 1.O-megohm_ 

The Power Amplifier Voltage Gain is controlled in a similar 
manner where. 

10k 
AVB <:::l-R"; 

The 10-k ohm feedback resistor IS provIded in the integrated 
circuIt. 

Recommended values of Rp range from 500-ohms 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 drivel. The Overall Voltage 
Gain. then. is: 

Rf 10k 
AVT= ---

Rs Rp 

2. Input Impedance 

The PreamplifIer Input Impedance is: 

and the Power Amplifier Input Impedance is: 

5-20 

3. Frequency Response 

The low frequency response IS controlled by the cumulative 
effect of the series coupling capacItors C1. C2. and C3. H Igh
frequency response can be determined by the feedback capacitor. 
Cf. and the -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 RF 
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 10). 

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 15 set at 
10. which gives an overall voltage gain of 1000. The bandWIdth 
has been set at 10·kHz. (2) The phono amplifIer (Figure 21 is de
signed for a preamplifIer gain of unity and a power amplifIer gain 
of 10. The input impedance is 1.0-megohm. An adjustable treble 
control is provided within the feedback Icop. 
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TYPICAL PRINTED CIRCUIT BOARD LAYOUT 

LOCATION OF COMPONENTS 
C2 Rl R2 R3 

• 
M 

C3 C5 

See Figure 3 for schematic diagram. 

PARTS LIST 

Component Value 

C1 200/lF 
C2 0.1/lF 

C3 0.05/lF 

C4 1.0/lF 
C5 47 pF 

R1 10hm 

R2 1 k ohm 

R3 4.7 k ohms 

R4 270 k ohms 
MC1306 -
PC Board -
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Advance InforIDation 

PHASE LOCK LOOP 
FM STEREO DEMODULATOR 

· .. a monolithic device using 12L and ION Implant technology for 
use in solid-state stereo receivers. 

• Requires No Inductors 

• Low External Part Count 

• Excellent Channel Separation Without Adjustment 

• Only Single Potentiometer Oscillator Frequency Adjustment 
Necessary 

• 50 mA Lamp or LED Driving Capability With Current Limiting 

• Automatic, Transient-Free Stereo/Mono Switching 

• Wide Dynamic Range: 0.25-1.7 VIp-pI Composite Input Signal 

• Wide Supply Range: 4.5-16 Vdc 

• Low Distortion: Typically 0.08% at 850 mV(p-p) Composite 
Input Signal 

• Excellent SCA Rejection 

• Gain Adjustable By Changing Load Resistors 

FIGURE 1 - TYPICAL APPLICATION AND TEST CIRCUIT 

Pin Functions 

Pin 1 a Vee 
Pin 2· Input 
Pin 3 - Amplifier Output 
Pin 4 - Left Channel Output 
Pin 5 - Right Channel Output 
Pin 6 - Lamp Indicator 
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 

Parts List 

R4 C8 

14 13 

C1 C1 - 2.01'F 
C2 - 0.0221'F 
C3 - 0.0221'F 
C4 - 0.251'F 
C5 - 0.051'F 
C6 - 0.51'F 
C7-470pF 

C8 - 0.251'F 
R-1 - 3.3 kn 
R2 -3.3 kn 
R3-1.0kn 
R4-16kn 
R5 - 5.0 kn 

Input .---jt-+-t=+=== ____ --1 

12 

MC1309 

PHASE LOCK LOOP 
FM STEREO 

DEMODULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

C5 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

19 kHz 
Output 

MC1309 

4 5 

R1 

C4 

VCCe-----------~------------~~--~+_;_~--~~ 

Channel 
Output 

This is advance Information and .pacificatlon. ara subject to change Without notice. 
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MAXIMUM RATINGS (TA ~ +250 unless otherwise noted.) 

Rating Value Unit 
Power Supply Voltage 16 Volts 
Lamp Current 50 mA 
Junction Temperature 150 °c 
Operating Temperature Range (Ambient) -20 to +75 °c 
Storage Temperature Aange -65 to +150 °c 

ELECTRICAL CHARACTERISTICS Unless otherwise noted; VCC = +9 Vdc, T A = +250 C, 1.7 V(p·p) standard multiplex composite 
signal with L or A channel only modulated at 1.0 kHz and with 10% pilot level for stereo tests: 1.7 V(p·p) 1 kHz input signal for monaural 
tests; uSing circuit in Figure 1. 

Characteristic Min Typ Max Unit 
Current Drain - 11 - mAdc 
Maximum Standard Composite Input Signal (0.5% THO)· V(p.p) 

(VCC =9.0 V) 1.7 2.1 -
(VCC = 6.0 V) 0.85 1.7 -

Maximum Monaural Input Signal (1.0% THO)· V(p.p) 
(VCC=9.0 V) 1.7 2.2 -
(VCC=6.0 V) 0.85 1.7 -

Channel Balance - 0 1.0 dB 
Stereo THO - 0.06 - % 

(Vin = 0.85 V[p·p]) 

Monaural THO - 0.08 - % 
(V in = 0.85 V[p·p] 

Channel Separation dB 
(f = 100 Hz) - 45 -
If = 1.0 kHz) 30 47 -
(f=10kHz) - 40 -

Monaural Gain 0.6 0.9 - V!V 
Input Impedance 15 30 - kn 
Ultrasonic Frequency Rejection 19 kHz - 35 - dB 

38 kHz - 45 -
SCA Aejection - 75 - dB 
Stereo Switch Level mV 

Lamp"On" - 9.0 12 
Lamp "Off" 2.0 45 -

Mono/Stereo Switching TranSient - No Lamp - 0 - mV 
Capture Aange - ±7.0 - % 

(Pilot = 60 mV [AMS] ) 

-THO and Channel Separation are measured after a Bandpass Filter (200 Hz-10 kHz). unless otherWise specified. 

• 
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ORDERING INFORMATION 

Device Temperature Range Package 
MC1310P Plastic DIP 

Specifications and Applications 
InforIllation 

FM STEREO DEMODULATOR 

· .. a monolithic device designed for use in solld·state stereo receivers. 

• 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 Vlp-p) Composite 
I nput Signal 

• Wide Supply Range: 8-14 Vdc 

• Excellent Channel Separation Maintained Over Entire Audio 
Frequency Range 

• Low Distortion: Typically 0.3% THD at 560 mV IRMS) 
Composite Input Signal 

• Excellent SCA Rejection 

FIGURE 1 - TYPICAL APPLICATION AND TEST CIRCUIT 

Pin Functions 

Pm 1 = VCC 
Pin 2 = Input 
Pin 3 = Amplifier Output 
Pin 4 = Left Channel Output 
Pin 5 = Right Channel Output 
Pm 6 = Lamp Indicator 
Pin 7 = Ground 

Pin 8 = Switch FIlter 
Pin 9 = SWItch Filter 
Pin 10 = 19 kHz Output 
Pin 11 = Modulator Input 
P,n 12 = Loop Filter 
Pin 13 = Loop Filter 
Pin 14 = Oscillator RC Network 

Parts List 

R4 C8 

14 13 

Cl Cl = 2.0/-IF 
C2 = 0.02 /-IF 
C3 = 0.02 /-IF 
C4 = 0.25 /-IF 
C5 = 0.05 /-IF 
C6 = 0.5 /-IF 
C7 = 470 pF 

C8 = 0.25 /-IF 
Rl = 3.9 k!1 
R2 = 3.9 k!1 
R3 = 1.0 k!1 
R4 = 16 k!1 
R5 = 5.0 k!1 

Input e-----1t-+--t=:t:=== __ --1 

12 

C5 

MC1310 

FM STEREO 
DEMODULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

CASE 646 

19 kHz 
Output 

C4 

MC1310 

4 5 

Rl R2 

C3 

VCCe-----~~------_4~~~~~~-~~ 

Left Right 
Channel Channel 
Output 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 50 mW/oC 

Operating Temperature Range (Ambient) -40 to +85 °c 
Storage Temperature Range -65 to +150 °c 

ELECTRICAL CHARACTERISTICS Unless otherWise noted, Vce = +12 Vdc, TA = +250 C, 560 mV(RMS) (28 V[p.pJ) standard 
multiplex composite Signal With L or R channel only modulated at 10kHz and With 100 mVtRMS) pliot level (10~o), uSing circuit of Figure 1 

Characteristic Man Typ Max Unit 

MaXimum Standard Composite Input Signal (0.5% THO) 2.8 - - VIp-pI 

MaXimum Monaural Input Signal (1 0% THO) 2.8 - - VIp-pI 

Input Impedance 20 50 - kn. 

Stereo Channel Separation 30 40 - dB 

AudiO Output Voltage (deSired channell - 485 - mV(RMS) 

Monaural Channel Balance (pilot tone "off") - - 1.5 dB 

Total HarmOniC Distortion - 03 - % 

Ultrasonic Frequency Rejection 19 kHz - 344 - dB 

38 kHz - 45 -

Inherent SC A Relectlon dB 

If = 67 kHz; 90kHz beat note measured - 75 -
With 1.0 kHz modulation "ott") 

Stereo SWitch Level mV(RMS) 

19 kHz input level for lamp "on" - - 20 
19 kHz anput level for lamp "off" 50 - -

Capture Range (permissible tuning error of Internal oscillator, - ±35 - % 

reference circuit values of Figure 1) 

Current Drain (lamp "off") - 13 - mAdc 
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TYPICAL CHARACTERISTICS 
Unless otherwise noted: VCC; +12 Vdc, TA; +250 C, 560 mV(RMS) (2.8 V[p.p]) standard multiplex 

composite signal With Lor R channel only modulated at 10kHz 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 (contlnuedl 
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FIGURE 11 - CURRENT DRAIN versus SUPPLY VOLTAGE 
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CIRCUIT OPERATION 

Figure 13, on the previous page, 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 signal 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 19-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 

Cl Input coupling capacitor; 2.0 /1F is 
recommended but a lower value IS 
permissl ble If reduced separation at low 
frequencies IS acceptable. 

R 1, R2, C2, C3 See Maxi mum Load ReSistance section. 

C4 

C5 

R3, C6, C8 

R4, R5, C7 

Filter capacitor for stereo SWitch level 
detector; time constant is C4 x 53 
kllohms ±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 J,lF 

When less performance is required a 
simpler network conSisting of R3 = 100 
ohms and C6 = 0.25/1F may be used 
(omit C8). See Figure 9. 

Oscillator timing 
mended values: 
C7 = 470 pF 
R4 = 16 kf2 
R5= 5 kf2 

network; 

1% 
1% 
Preset 

recom-

5-29 

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
Imately 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 directly 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/I F Roll-off Compensation 

Phase-shifts In the circuit cause the regenerated 38-
kHz sub-carner to lead the original 38 kHz by approx
Imately 20. The coupling capacitor C5 generates an 

• 
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APPLICATIONS INFORMATION (continued) 

additional lead of 3.50 (for C5 = 0.05J..LF) 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 will 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 ampl ifiers 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 roll-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 

0.005/olF 

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 components 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 ROTATION 
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Alignment Procedure 

The optimum alignment procedure, with no input 
signal applied, is to adjust R 5 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 broadcast 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 re
sistance values versus supply voltage used for full· signal 
handling capability. With desired load resistance choose 
C2, C3 capacitors to provide standard 75 J..LS de·emphasis. 
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APPLICATIONS INFORMATION (continued) 
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FIGURE 17 - MAXIMUM LOAD RESISTANCE 
versus SUPPLY VOLTAGE 
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Audio Output 

The ratio G 
p-p audio output (one-channel) 
-------------------------- for 

POp input signal 

different types of input is as follows: 

INPUT 

Single-Channel 
Composite Signal 

0.45 

Monaural 
Signal 

0_5 

These figures are for 3_9-kilohm load resistors and for 
low-audio frequencies where de-emphasis roll-off is 
insignificant_ 

Capture 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 

Due to confusion concerning the measurement of the 
stereo composite signal, a curve showing both RMS and 
Pop compoSite levels versus pilot level follows, see 
Figure 18. 

FIG UR E 18 - COMPOSITE LEVEL versus PILOT 
(L or R Modulation Only) 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC1323P 
MC1323PW 

O°C to +75°C 
O°C to +75°C 

Plastic DIP 
Heat Spreader 

Plastic DIP 

TR IPlE DOUBLY BALANCED CHROMA 
DEMODULATOR WITH ADJUSTABLE 

OUTPUT MATR IX 
· .. designed for use in solid-state color television receivers. May be 
used in any conventional color picture tube appl ication. 

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 -
< 500 mV (Max) 

• Complete Freedom in Choice of Demodulation Axes 
• High Blue 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 = 25°C -

Po = 2.2 W - MC1323PW 
= 1.25 W - MC1323P 

820 

Vce = 18 V 

15k 

820 

FIGURE 1 - TYPICAL APPLICATION 
CRT Gun TraCk.:,n g Adjustments 
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MC1323P 
MC1323PW 

TRIPLE DOUBLY BALANCED 
CHROMA DEMODULATOR 

WITH ADJUSTABLE 
OUTPUT MATR IX 

24k 

SILICON MONOLITHIC 
INTEGRATED c'lRCUIT 

PLASTIC PACKAGE 

CASE 648 

Luminance 
Driver 



MC1323P, MC1323PW 

MAXIMUM RATINGS (T A = +250 C unless otherwise noted I 
Rating 

Power Supply Voltage 

Blanking Signal Input Voltage 

Minimum Load ReSIStance (Pms6,7,101 

Brightness Input Range - Max 
Min 

Operatmg Ambient Temperature Range 

Storage Temperature Range 

Power DIssipation @ T A = 250 C 
Derate above +250 C 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Ambient 
MC1323PW 

MC1323P I MC1323PW 

22 

60 

22 

10.7 
45 

o to +75 

-£5 to +150 

1 25 I 2.2 
10 17 

Max 

59 

Unit 

Vdc 

V(p-pl 

k!2 

Vdc 

°c 
°c 
W 

mW/oC 

E lECTR ICAl CHARACTER ISTICS (Vcc = +18 Vdc, R L = 2 2 k11, VREF = 1 0 V(p-pl, T A = +250 C unless otherwise noted I 

I Characteristic I Pin No. I Mm I Typ I Max I Unit 

STATIC CHARACTERISTICS (Figure 2) Sl S2 and S3 In Positi:m 1) 

QUiescent Input Current From Supply 13 - 37 

QUiescent Output Voltage 6,7,10 9.8 108 

Differential Output Voltage 6-7,7-10,6-10 - 200 

Differential Voltage 15,16 1.5 165 

Pm 15 Output Voltage 15 106 113 

DYNAMIC CHARACTERISTICS (Figure 2) 

Chroma Input Voltage 3 - 0.35 
(Pin 6 Output = 5 VIp-pi SI m Position 21 

Detected Output Voltage 7 46 50 
(Pm 6 Output = 5 V(p-pl Sl m Position 2 10 0.92 1.0 

Blankmg Output Voltage (S3 m Position 2) 6,7,10 52 5.4 

MaXimum Output Voltage SWing 6 - 10 
(SI In Position 2) 

Brightness Output Swmg 6,7,10 2.9 -
(S2 In POSition 21 

FIGURE 2 - TEST CIRCUIT WITH REFERENCE INPUT SIGNAL 
(Quiescent Current, DC Output Voltage, Difference Voltage) 
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M<-C1323P, 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 Pin 3 to the balanced 
pair 015, 016, which are evenly dividing the 1 mA 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 relative angle of 1090 , then 
the output from the switching pairs will be the desired 
(R·Y) signal. Similarly, for the (B·Y) demodulator, the 
reference phase at Pin 9 is approximately 3 0 . To avoid 
unnecessarily wide phase shift networks to provide the 
2560 reference phase for the (G·Y) demodulator, 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 current 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 reo 
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 roo 
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 base). 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 (Vcc = +18 Vdc RL = 2 2 kn VREF = 1 0 V(p-p) TA = +250 C) 

Characteristic Pin No. Mm 

Output Voltage Temperature CoeffiCient 6,7,10 -
(Reference Input Voltage = 1.0 V (p.pl. 
T A = +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 -

(83 m Position 2) 

FIGURE 3 - POWER DISSIPATION CHARACTERISTICS 
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Typ Max Unit 

1.5 - mV/oC 

18 - Vdc 

32 - Vdc 

92 - Vdc 

200 - mV(p-p) 



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 DISTORTION CHARACTERISTICS FIGURE 5 - CHROMA BANDWIDTH 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC1324P Plastic DIP 

DUAL DOUBL Y 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 JOC 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,Clrcuit Protected Outputs 

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 
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MC1324 

MAXIMUM RATINGS (TA = +250 C unless otherwise noted'! 

Rating Value Unit 

Power Supplv Voltage 30 Vdc 

Chroma Signal Input Voltage 5.0 V(pk) 

Reference Signal Input Voltage -5.0 V(pk) 

Minimum Load Resistance 2.2 k ohms 

Luminance I nput Voltage 12 V(p·p) 

Blanking Input Voltage 7.0 V(p·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 +75 °c 
Storage Temperature Range -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = 24 Vdc, Vref = 1.0 V(p-p), R L = 3.3 k ohms, T A = +250 C unless otherwise noted.) 

I Characteristic I Pin No. I Min I Typ I Max I Umt 

STATIC CHARACTERISTICS (See Figure 2.1 

OUlescent Output Voltage 1,2.4 14.3 15 16.3 Vdc 

Ouiescent Input Current mA 
tRL = 00) - 6.0 -
(R L = 3.3 k ohms) 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 06 Vdc 

Output Temperature CoeffiCient 1,2,4 - 3.0 - mV/oC 
(Reference Input Voltage = 1.0 V(p-pl. +250 to +650 C) 

DYNAMIC CHARACTERISTICS (See Figure 3.) 

Detected Output Voltage (See Note 1.) 4 V(pk) 
+(B-Y) 40 50 -
-(B-Y) 40 5.0 -

Chroma Input Voltage (S-Y Output = 5.0 Vlp-p]) (See Note 2.) 8 - 0.36 0.7 VIp-pI 

Luminance I nput ReSistance 3 100 - - kn 

Luminance Gain From Pin 3 to Outputs 1,2,4 -
(@dc) - 095 -
(@ 5.0 MHz) - 0.5 -

Blanking Input ReSistance 6 kn 
1.0 Vdc - 1.1 -
o Vdc - 75 -

Detected Output Voltage (Adjust S-Y Output to 4 VIp-pI 
5.0 V(p-p), Luminance Voltage = 23 V) 

G-Y Output 1 0.75 1.0 1.25 
R-Y Output 2 3.5 3.8 4.2 

Relative Output Phase (S-Y Output = 5.0 V(p-p), Degrees 
Luminance Voltage = 23 V) 

3.8 VIp-pI 
S-Y to R-Y Output 4,2 101 106 111 
S-Y to G-Y Output 4,1 248 256 264 

256
0 

106
0 5.0 VIp-pI 

--'" 
~ 

/ 1.0V(p-p) 

I 

Demodulator Unbalance Voltage (no Chroma Input 1,2.4 - 100 500 mV(p-p) 
Voltage and normal Reference Signal Input Voltage) 

Residual Carrier and Harmonics Output Voltage (with 1,2,4 - - 1.0 VIp-pI 
Input Signal Voltage, normal Reference Signal 
Voltage and S-Y Output = 50 Vlp-p] ) 

Reference Input ReSistance 12,13 - 2.0 - kn 

Reference Input Capacitance 12,13 - 6.0 - pF 

Chroma 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 Slue Output Voltage = 5 V (p-pl. The Chroma 

Input Voltage at this point should be equal to or less than 0.7 VIp-pI 

5-38 
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(VCC = 24 Vdc, RL = 3.3 Kllohms, T A = +250 C unless otherwise noted) 

FIGURE 2 - DC OUTPUT VOLTAGE TEST CIRCUIT 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC1327P Plastic DIP 

DUAL DOUBLY BALANCED CHROMA 
DEMODULATOR WITH RGB MATRIX, PAL 
SWITCH, AND CHROMA DRIVER STAGES 

· .. a monolithic device designed for use in solid-state color television 
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 
INTEGRATED CIRCUIT 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

FIGURE 1 - TYPICAL APPLICATION CIRCUIT 
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MC1327 
MAXIMUM RATINGS (TA = +250 C unless otherwIse noted I 

RatIng Value Unit 

Power Supplv Voltage 30 Vdc 

Chroma Sognall nput Voltage 50 Vpk 

Reference SIgnal Input Voltage 50 Vpk 

M,n,mum Load ResIstance 30 k ohms 

Luminance I nput Voltage 12 Vp-p 

BlankIng I nput Voltage 7.0 Vp-p 

Power DIssIpatIon (Package Llmltatlonl 
PlastIc Packages 625 mW 

Derate above T A = +250 C 50 mW/oC 

OperatIng Temperature Range (Amblentl -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' notedl 

Characterostic Pin No. Min Typ Max UnIt 

STATIC CHARACTERISTICS 

QUIescent Output Voltage 1,2,4 13.2 14.5 158 Vdc 
(See Figure 21 

QUIescent Input Current from Supply (F,gure 21 mA 
(RL=ool - 75 -
(RL = 3.3 k ohmsl 16 19 26 

Reference Input DC Voltage (F,gure 21 5,12,13 - 62 - Vdc 

Chroma Reference Input DC Voltage (F,gure 21 8,9,10 - 34 - Vdc 

DIfferentIal Output Voltage 1,2,4 - 03 06 Vdc 
(See Note 1 and F,gure 2) 

D.fferent.al Output Voltage 1,2,4 mV/oC 
Temperature Coeff.c.ent (See Note 1 and F,gure 21 - 07 -
(+250 C to +650 CI 

Output Voltage Temperature Coefficient 1,2,4 - +05 ±50 mV/oC 
(See Note 1 and F.gure 21 
(+250 C to +650 CI 

DYNAMIC CHARACTERISTICS (VCC = 24 Vdc, RL = 33 k ohms, Reference Input Voltage = 1.0 Vp-p, T A = +250 C unless otherwise noted I 

Blue Output Voltage SWing 4 80 10 - Vp-p 
(See Note 2 and Figure 31 

Chroma Input Voltage (B Output = 50 Vp-pl 8 - 280 550 mVp-p 
(See Note 3 and Figure 31 

Luminance Input Resistance 3 100 - - kl1 

Luminance Gain From Pin 3 to Outputs 1,2,4 -
(@dcl - 095 -
(@ 50 MHz, reference at 100 kHz I - -1.8 - dB 

D.fferent.al Lum.nance Gain, RGB Outputs dB 
(@ 5 a MHzl - 03 -

Blanking Input Resistance 6 kl1 
(10 Vdc) - 11 -
(0 Vdcl - 75 -

Detected Output Voltage (Adjust B Output to 5 0 Vp-p, Luminance 4 Vp-p 
Voltage = 23 VI 

(See Note 41 G Output 1 14 18 22 
R Output 2 25 2.9 33 

PAL SWItch Operating Voltage Range 11 Vp·p 
(7.S kHz Square Wavel 03 - 30 

R-Y Output dc Offset w.th PAL Switch Operation - - 100 mVdc 

Demodulator Unbalance Voltage (no Chroma Input Voltage and 1,2,4 - 200 300 mVp-p 
normal Reference Signal Input Voltagel 

Residual Carrier and Harmonics Output Voltage (With (nput SIgnal 1,2,4 - 06 1.0 Vp-p 
Voltage, normal Reference SIgnal Voltage and B Output = 50 Vp-pl 

Referance (nput Resistance (Chroma Input = 01 12,13 - 2.0 - kl1 

Reference Input CapacItance (Chroma Input· 01 12,13 - 6.0 - pF 

Chroma Input Rasistance 8,9,10 - 2.0 - kl1 

Chroma Input CapacItance 8,9,10 - 2.0 - pF 

NOTES: 1. Chrome Input Signel Voltege· 0 end normel Reference Input Signal Voltage - 1.0 Vp p 

2. With normal Reference Input Signal Voltage, adjUst Chroma Input Signal Voltage to 1.2 Vp-p 

3. With normel Reference Input Signel Voltage, edjult Chrome Input S'gnel VOltage unt,1 the Blue Output Volte". - 5 0 Vp-p 

4. With normal Reference Input SI"nal Voltage, adjust Chroma Input S,,,nal Volte"e until the Blue Output Volta"e - 5 0 Vp-p At thOl POint, the 
Red end Oreen volta"e. will fell within the Ipeclfled IIm'lI. 
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MC1327 

TEST CIRCUITS 
(VCC = 24 Vdc, RL = 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) 
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ORDERING INFORMATION 

Device 

MC1330A1P 
MC1330A2P 

Temperature Range 

O°C to +75°C 
O°C 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 I F Carrier Feedthrough 

• High Video Output - 8.0 V(p·p) 

• Fu lIy 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 
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MC1330A2P 
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INTEGRATED CIRCUIT 
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MC1330A1P, MC1330A2P 

MAXIMUM RATINGS 

Rating Value Unit 

Power Supply Voltage 24 Vdc 

DC Video Output Current 5.0 mAdc 

DC AFT Output Current 2.0 mAdc 

Junction Temperature 150 °c 
Operating Ambient Temperature Range o to 75 °c 
Storage Temperature Range -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = +20 Vdc, Q = 40, fc = 45.75 MHz, T A = +250 C unless otherwise noted) 

Characteristic 

Zero Signal dc Output Voltage 

Supply Current 

Maximum Signal dc Output Voltage 

Conversion Gain for 1.0 Vp·p Output 
(30% Modulation) 

AFT Buffer Output at Carrier Frequency 

FIGURE 2 - TEST FIXTURE CIRCUIT 

CARRIER 
INPUT >-_-~f---. 

50 

MC1330A 

Ll 
AFT OUTPUT 

39 k 

Cl 

11. Cl See Generallnlormallon Number 3, 
page 5 01 thlS,peCltltatlCn 

VCC 

20V[£] 
lOV ----

PRIMARY OUTPUT 

33 k 

Pm Min Typ Max Unit 

MC1330A1P 4 7.0 - 8.2 Vdc 
MC1330A2P 4 7.8 - 9.0 Vdc 

5,6 11 17.5 20 mA 

4 - 0 0.5 Vdc 

7 25 36 65 mVrms 

1 300 475 650 mVp·p 

FIGURE 3 - INPUT ADMITTANCE 
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MC1330A1P, MC1330A2P 

DESIGN CHARACTERISTICS (Vcc = +20 Vde, Q = 40, fe = 45.15 MHz, T A = +250 C unless otherwise noted I 

Characteristic Pin Typ 

Input Resistance 1 4.9 
Input Capacitance 1 1.5 

Internal Resistance (Across Tuned Circultl 2,3 4.4 
Internal Capacitance (Across Tuned Circuit) 2,3 1.0 

Negative Video Output Bandwidth (Figure 10) 4 10.8 
Positive Video Output Bandwidth (Figure 101 5 2.2 

Differential Phase@ 3.58 MHz, 100% Modulated 
Staircase, 3.0 Vp·p Detected Video Pin 5 Tied to Pin 6 4 7.0 

Differential Galn@ 3.58 MHz, 100% Modulated 
Staircase, 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, R Pin 5 = 4.3 kn 4 8.0 

Differential Gain @ 3.58 MHz, 100% Modulated 
Staircase, 3.0 Vp·p Detected Video, R Pin 5 = 4.3 kn 4 6.0 

920 kHz Beat Output (dB Below 100% Modulated Video, See Figure 111 4 -38 
45.75 MHz = Reference 
42.17 MHz = - 6dB 
41.25 MHz = -20 dB 

Video Output Resistance @ 1 MHz, 2 mA 4 94 

Input Overload (Carrier Level at Input to VCC = 12 Vde 7 2.0 
Caused Detector Output, Pin 4, Vce = 15 Vdc 2.6 
To Go Positive 0.1 Vdc From Vce = 20 Vdc 3.6 
Ground.) Vee = 24 Vdc 4.6 

Power Supply Voltage Range 5 10 to 24 

FIGURE 5 -01 FFERENTIAL PHASE AND GAIN TEST SET UP 
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MC1330A 1 P, MC1330A2P 

TYPICAL CHARACTERISTICS 
(Vee = +20 Vdc, T A = +250 e Unless Otherwise Noted) 
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FIGURE 7 - OUTPUT VOLTAGE TRANSFER FUNCTION 
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MC1330A 1 P, 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 adjustments. 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 excellent 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 (LLD). The detector tank is first adjusted for 
maximum detected dc (With a CW Input). next, the video 
sweep modulation is applied and the interstage and input 
circuits aligned, step by step, as in a standard IF amplifier. 

Note: A normal I F sweep generator, essentially an FM 
generator, will not serve properly without modification. 
The LLD 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 LLD tank, 
which a real 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 MC 1330AP see application note AN -545. 

MC1330A General Information 

The MC1330A offers the designer a new approach to 
an old problem. Now linear detection can be performed at 

FIGURE 12 - BYPASS DISPLAYED BY 
CONVENTIONAL SWEEP 

much 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·to-peak amplitude (ac) does not 
change with supply voltage variation. (Slopes are parallel. 
Visualize a given variation of input CW and use the figure 
as a transfer function.) 

2. The dc output level does change linearly 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 G for the tuned circuit of pins 2 and 3 
is not critical. The higher the G, the better the rejection 
of 920 kHz products but the more critical the tuning 
accuracy required. See Figure 11. Values of G 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 greater 
care. If not used, pin 5 may be connected directly to the 
supply voltage (pin 6).The video response will be altered 
somewhat. See Figure 10. 

5. An AFT output (pinl) 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 MC 1330A is greater than that shown in the 
input overload section of the design characteristics shown 
on Page 3. I f 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. 
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FIGURE 13 - BYPASS DISPLAY WITH THE ADDITION 
OF CARRIER INJECTION 
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MC1330A1P, MC1330A2P 

AGC 

FIGURE 14 - TYPICAL APPLICATION OF MC1349P VIDEO IF AMPLIFIER 
and MC1330A LOW-LEVEL VIDEO DETECTOR CIRCUIT 
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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 
I F amplifier in radio and television applications over the temperature 
range 0 to +70oC. 

• Power Gain - 60 dB typ at 45 MHz (pin 3 open) 
- 56 dB typ at 58 MHz (pin 3 open) 
- 61 dB typ at 45 MHz (pin 3 bypassed) 
- 59 dB typ at 58 MHz (pm 3 bypassed) 

• AGC Range - 80 dB typ, dc to 45 MHz 

• High Output Impedance 

• Low Reverse Transfer Admittance 

• 15·Volt Operation, Single·Polarity Power Supply 

• Improved Noise Figure versus AGC 

8 

MC1349P 

IF AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

O (top view) 
o 

~ 
PLASTIC PACKAGE 

CASE 626 

FIGURE 1 - TYPICAL APPLICATION OF MC1349P VIDEO IF AMPLIFIER 
and MC1330 LOW·LEVEL VIDEO DETECTOR CIRCUIT 
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MC1349P 

MAXIMUM RATINGS (T A" +250 C unless otherwise notedl. 

Rating Value Unit 

Power Supply Voltage (VCC1l +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 
Deraie above T A ., +250 C 5.0 mW/oC 

Operating Temperature Range o to +70 °c 
Storage Temperature Range -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC1 = +12 Vdc [pm 21, VCC2 = +15 Vdc [pms 1 and 81, TA = +25~C unless otherwise noted.! 

Characteristic Min Typ Max Unit 

AGC Range, 45 MHz (5.0 V to 7.5 V) (Figure 3) 70 80 - dB 

Power Gain (Pm 5 grounded via 5.1 kS1 resistor, input pin 4) dB 

f = 45 MHz, BW (3 dB) = 4.5 MHz: Tuned Input, pm 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 -

II Maximum Differential Output Voltage Swing - 6.0 - Vp·p 

Output Stage Current (pins 1 and 8) - 9.0 - rnA 

Amplifier Current (pm 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 (VCC1 = +12 Vdc, [pin 21, VCC2 = +15 Vdc, [pins 1 and 81, T A = +250 C unless otherwise noted.) 

Frequency 

Parameter Symbol 45 MHz 58 MHz Unit 

Smgle·Ended Input Admittance, input pin 4, AGC mm mmhos 
Pin 3 open g11 0.74 0.95 
Pm 3 open b11 1.9 2.4 
Pm 3 bypassed g11 4.1 5.4 
Pm 3 bypassed b11 6.5 6.9 

Differential Output Admittance, AGC max JJmhos 
g22 5.5 8.3 
b22 270 360 

Reverse Transfer Admittance (magnitude) 1.5 2.0 JJmhos 

Forward Transfer Admittance 

Magnitude, pin 3 open 520 400 mmhos 
Angle (0 dB AGC), pm 3 open 100 130 degrees 
Magnitude, pin 3 bypassed 1020 800 mmhos 
Angle (0 dB AGCI. pm 3 bypassed 120 400 degrees 

Single-Ended Input Capacitance, AGC min pF 
Pm 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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MC1349P 

FIGURE 2 - CIRCUIT SCHEMATIC 

06 
900 900 4.2 k 

4.7 k 

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 avallablt! for by
passing. This provides a low Input impedance With good gain, 
useful for untuned Input configurations. 

Both input and output IF ampl if,er sections are gain-controlled 
in the MC1349P, with the input amplifier also serving as an AGC 
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 section decreases 15 dB; further AGC 
acts upon the input section. Although the gain reduction curve 
was taken with 5.1 kllohms 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 

5-53 

(+) 

8 

OUTPUTS 

1 
(-) 

and for low frequencies, (as shown in the test circuitsl. 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 
MC1350Pl. 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 4l. 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(RMSl. C4 = 0.002 J.IF at f = 45 
MHz is a typical value for printed circuit applications. 
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MC1349P 

INPUT 
RS = 50 n 

TEST CIRCUITS 

FIGURE 3 - TUNED INPUT 
(PIN 3 OPEN) 

VCC1 VCC2 

+12 V 

I 
Cl C2 

OUTPUT 
RL = 50 n 

INPUT 
RS = 50 n 

I 
L 

COMPONENT 

Cl 
C2 
C3 
C4 
Cp 
Ll 
Lp 

5.1 k 

VAGC 

FIGURE 4 - UNTUNED INPUT 
(PIN 3 BYPASSED TO GROUND) 

C4 

Cp 
r 

50 

VAGC 

PARTS LIST 

45 MHz 

8·60 pF 
3·35 pF 
1·7.0 pF 

82·470 pF 
0.0015 jJF 

0.84jJH 
10 jJH 

58 MHz 

50·100pF 
3·35 pF 
1·7.0 pF 

82·470 pF 
0.001 jJF 
0.33jJH 
10jJH 
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VCC2 

+15 V 

Tl 

I 
I 
~ 

Tl Pro mary 14 turns center-tapped 

OUTPUT 
RL = 50 n 

Secondary 2Y, turns (45 MHz tuned Input 
pon #3 open) 111, turns (all 
other f,xtures) wound over 
pro mary 

Wore. -1"26 AWG tonned nylon acetate wound 
on 1/4" dIameter Call 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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FIGURE 6 - SINGLE·ENDED INPUT ADMITTANCE 
(PIN 3 BYPASSED TO GROUND) 
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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 C. 
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 Np at 58 MHz 

• AGC Range - 60 dB min, dc to 45 MHz 

• Nearly Constant I nput and Output Admittance Over the Entire 
AGC Range 

• Y21 Constant (-3.0d8) to 90 MHz 

• Low Reverse Transfer Admittance -« 1.0 pmho typ 

• 12-Volt Operation, Single-Polarity Power Supply 

8 

MC1350 

IF AMPLIFIER 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

O (top vIew) 
o 

PLASTIC PACKAGE 

CASE 626 

FIGURE 1 - TYPICAL MC1350 VIDEO IF AMPLIFIER 
and MC1330 LOW-LEVEL VIDEO DETECTOR CIRCUIT 

0002,.,F 470 

MCI350 

0.002 0002 

5k 

AGC 

220 

33k 

MC1330 

~J 
qTftfTPlI" 
TURNS;?--""" --TURNS 4" 
All wrndrngs #30 AWG trnned nylon 
acetate wIre tuned wIth Arnold Type 
TH slugs 
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+18 Vdc 

AUXILlARYVIO~~V[ -A --] 
OUTPUT vJ 'vvw 

"'------.10 V - ---
PRIMARY VIDEO 

AND SOUND OUTPUT 

""'IV] 
.----t-. AFT OUTPUT 

39k 

3" 

riGlJ 
r:lL2' 

TURNS 16 

L I wound wIth #26 AWG tInned nylon 
acetate wIre tuned by distortrng wrndrng 



MC1350 

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

Rating Symbol Value Unit 

Power Supply Voltage V+ +18 Vdc 
Output Supply Voltage V1. V8 +18 Vdc 
AGC Supply Voltage VAGC V+ Vdc 

Differential Input Voltage Vin 5.0 Vdc 

Power Dissipation (Package Limitation) Po 
Plastic Package 625 mW 
Derate above 250 C 5.0 mW/oC 

Operating Temperature Range TA o to +75 °c 

ELECTRICAL CHARACTERISTICS (V+ = +12 Vdc; T A = +250 C unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

AGC Range. 45 MHz (5.0 V to 7.0 V) (Figure 1) 60 68 - dB 

Power Gain (Pin 5 grounded via a 5.1 kn resistor) Ap dB 

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 Vp.p 
OdB AGC - 20 -
-30 dB AGe - 8.0 -

Output Stage Current (Pins 1 and 8) 11 + 18 - 5.6 - mA 

Total Supply Current (Pins 1. 2 and 8) IS - 14 17 mAde 

Power Dissipation Po - 168 204 

DESIGN PARAMETERS Typical Values (V+ = +12 Vdc. T A = +250 C unless otherwise noted) 

Parameter Symbol 

Single-Ended Input Admittance 911 
b11 

Input Admittance Variations with AGC ~911 
(Oto 60dB) ~b11 

Differential Output Admittance 922 
b22 

Output Admittance Variations with AGe ~922 
(Oto 60dB) ~b22 

Reverse Transfer Admittance (Magnitude) IY121 

Forward Transfer Admittance 
Magnitude IY211 
Angle (0 dB AGC) < Y21 
Angle (-30 dB AGe) < Y21 

Single-Ended Input Capacitance Cin 

Differential Output Capacitance Co 

FIGURE 2 - TYPICAL GAIN REDUCTION 
(Figures 5 and 6) 
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FIGURE 3 - NOISE FIGURE 
(Figure 5) 
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MC1350 

GENERAL OPERATING INFORMATION 

The input amplifiers (01 and 02) operate at constant emitter 
currents so that input impedance remains independent of AGC 
action. Input signals may be applied single-ended or differentially 
(for ac) 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 05 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+) a1 Pin 2 may be used 
for this purpose, but output admittance remains more nearly con
stant if a separate 15-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) 

o 0011'F 00011'F -= 
·Connect to ground for maximum power gain test 

All power·supply chokes (L p), are self·resonate at 
Input frequency. Lp ~ 20 k!1 
See Figure 10 for frequency response curve 

Ll 

Tl 
Cl 

C2 

L 1 @ 45 MHz = 7 1/4 Turns on a 1/4" cOIl form. 
@ 58 MHz = 6 Turns on a 1/4" cOIl form 

Tl Primary Winding = 18 Turns on a 1/4" cOil form, center·tapped 
Secondary Winding = 2 Turns centered over Primary Winding @45 MHz 

= 1 Turn @ 58 MHz 
Slug = Arnold TH Material 1/2" Long 

45 MHz 58 MHz 

041'H I Q ~ 100 o 31'H I Q ~ 100 

1 3 -3 41'H I Q ~ 100 @ 21lH 1 2 -3 81lH I Q ~ 100 @ 2 I'H 

50-160pF 8 - 60 pF 

8 - 60 pF 3 - 35 pF 

5-58 

FIGURE 4 - CIRCUIT SCHEMATIC 
AGC AMPLIFIER SECTION 

power gam 

7 
G,' 

BIAS SUPPLIES 

FIGURE 6 - POWER GAIN and AGC TEST CIRCUIT 
(455 kHz and 10.7 MHz) 

Note 1. Primary: 120 #-IH (center-tapped) 
Ou = 140 at 455 kHz 
Primary: Secondary turns ratio==: 13 

Note 2. Primary: 6.0 #-IH 
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 

C1 - 80-450 pF 
C2 - 5.0-80 pF 
C3 0.05 #-IF 0.001 #-IF 
C4 0.05 #-IF 0.05 #-IF 
C5 0.001 #-IF 36 pF 
C6 005 #-IF 0.05 #-IF 
C7 0.05 #-IF 0.05 #-IF 
L1 - 4.6#-1H 
T1 Note 1 Note 2 



iMC1350 

TYPICAL CHARACTERISTICS 
(v+ = 12 V, T A = +250 C) 

FIGURE 7 - SINGLE·ENDED INPUT ADMITTANCE FIGURE 8 - FORWARD TRANSFER ADMITTANCE 

50 

4.0 

1l' E 30 
.§ 

:. 2.0 

10 

o 
10 

1.0 

V 
II 

bll/ 

/ 
./ 

V 
./ 

V 

-' 
V 

i.--' ---~ ~ V .... 

20 30 40 50 70 100 

FREOUENCY (MHz) 
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FIGURE 10 - TEST CIRCUIT RESPONSE CURVE 
(45 and 58 MHz) 
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For additional Information see "A High-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 INFORMATION 

Device Temperature Range Package 

MC1351P Plastic DIP 

WIDE-BAND FM-AMPLIFIER; LIMITER, DETECTOR, 
AND AUDIO AMPLI FI ER-

... designed for I F limiting, detection, audio preamplifier and driver 
for the sound portion of a TV receiver . 

• Excellent Limiting with 80 jlV(rms) Input Signal typ 

• large Output-Voltage Swing - to 3.5 V(rms) typ 

• High I F Voltage Gain - 65 dB typ 

• Zener Power·Supply Regulation Built-l n 

• Short·Circuit Protection 

• A Coincidence Discriminator that Requires Only One RLC Phase 
Shift Network 

• Preamplifier to Drive a Single External·Transistor Class-A Audio
Output Stage 

,- -, 
900 ±t.¢ 

-......,--..... ~ PHASE SHIFT 
~XTERNA~ 

BLOCK DIAGRAM 

MULTIPLIER 

CIRCUIT SCHEMATIC 

MC1351 

TV SOUND CIRCUIT 
MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

11o-----------__ ~----------~~~._--+_r_~----~----+_--_.~~_._+------~--._--~14 

9.lk 

10 

250 

50k 
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MC1351 

MAXIMUM RATINGS (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 

Operating Temperature Range TA o to +75 °c 
Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (Vee = 12 Vdc. T A = +250 e. 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(rmsl. AM = 30%) (See Note 11 

AMR = 20 log 
VOFM {f = 4.5 MHz. Deviation = ±25 kHz. 0L = 24 - 45 

VOAM f = 5.5 MHz. DeViation = ±SO kHz. 0L = 30· - 45 

Total Harmonic Distortion (OL = 24) (See Note I) - 1.0 
(7.5 kHz Deviation) 

Maximum Undlstorted Audio Output Voltage (Pm 10) (See Note I) - 3.5 
(Audio Gain Adjusted Externally) (0 = 24) 

Recovered Audio (Pin 2) (See Note 1) 
(f = 4.5 MHz. Deviation = ±25 kHz. 0L = 24) 0.35 0.50 
(f = 5.5 MHz. Deviation = ±50 kHz. 0L = 30) - 0.80 

Audio Preamplifier Open Loop Gam - 25 

I F Voltage Gain - 65 

Parallel Input Resistance - 90 

Parallel Input Capacitance - 6.0 

Nominal Zener Voltage (lZ = 5.0 mAde) - 11.6 

Power Supply Current (lz = 5.0 mAdc) - 31 

Power Dissipation (lz = 5.0 mAdc) - 300 

Note 1 . 0L IS loaded circuit 0. 

FIGURE 1 - TEST CIRCUIT (Vce = +12 Vdc. TA = +250 C) 

10 

12 i VReg 

4 

50 

I
O.1J.!F 

L = 45·80 IIH. (Coil·Craft Ql030 or equiv.) 
Q = 60 nom at 2.5 MHz 

Rdc = 3.8 ohms -= 

IZ 
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Max Unit 

160 IlV(rms) 

dB 
-
-
- % 

- V(rms) 

V(rms) 
-
-
- dB 

- dB 

- kn 

- pF 

- Vdc 

- mAdc 

375 mW 

100 k 

1.0 k 

47 k 

10 k 
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MC1351 

TYPICAL CHARACTERISTICS 
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FIGURE 2 - DETECTED AUDIO OUTPUT versus INPUT 
LEVEL @ f =4.5 MHz, ±25 kHz DEVIATION 
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FIGURE 3 - DETECTED AUDIO OUTPUT versus INPUT 
LEVEL @ f = 5.5 MHz, ±50 kHz DEVIATION 
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o 01pF 

INPUT ----1 

50 pF 

FIGURE 8 - 4.5 MHz TYPICAL APPLICATION 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC1352P Plastic DIP 

TV VIDEO IF AMPLIFIER WITH AGC 
AND KEVER CIRCUIT 

· .. a monolithic I F amplifier with a complete gated wide·range AGC 
system for use as the 1st and 2nd I F stages and AGC 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 AGC Range 

• Single-Polarity Power-Supply Operation 

• High-Gain Gated AGC System for Either Positive or Negative
Going Video Signals 

• Control Signal Available for Delayed AGC of Tuner 

MC1352 

TV VIDEO IF AMPLIFIER WITH 
AGC AND KEVER CIRCUIT 

SI LICON MONOLITHIC 
INTEGRATED CIRCUIT 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

FIGURE 1 - TYPICAL VIDEO IF AMPLIFIER APPLICATION 
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MC1352 

MAXIMUM RATINGS (Voltages referenced to pin 4, ground; TA = +250 C unless otherwise noted) 

Rating Value UOit 

Power Supply (Pin 11) +ltl Vdc 

Output Supply (Pins 7 and 8) +18 Vdc 

Signal Input Voltage (Pin 1 or 2, other pin ac grounded) 10 Vp_
p 

AGC Input Voltage (Pin 6 or 10, other Pin ac grounded) +60 Vdc 

Gating Voltage, Pin 5 +10, -20 Vdc 

Power DIssipation b:lb mvv 
Derate above T A = +250 C 5.0 mW/oC 

Operating Temperature Range o to +70 vc 

Storage Temperature Range -55 to +150 uc 

ELECTRICAL CHARACTERISTICS (Vce = +12 Vdc Voltages referenced to pin 4 ground· TA = +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 Vp_
p 

OdB AGC - 16.8 -
-30dB AGC - 8.4 -

Voltage Range for RF-AGC at Pin 12 Vdc II 
Maximum - 7.0 -
Minimum - 02 -

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 

Single-Ended Input Admittance 911 0.55 0.70 1.1 mmhos 
bll 2.25 280 375 

Input Admittance Variations with AGC (0 to 60 dB) ~911 50 60 - "mhos 
~bll 0 0 -

Differential Output Admittance g22 20 40 75 "mhos 
b22 430 570 780 

Output Admittance Variations with AGC (0 to 60 dB) ~922 30 4.0 - "mhos 
~b22 80 100 -

Reverse Transfer Admittance IY121 «10 «1.0 «1.0 "mho 

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 I nput Capacitance - 9.5 10 10.5 pF 

Differential Output Capacitance - 2.0 2.0 2.5 pF 
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MC1352 

FIGURE 3 - POWER GAIN, AGC AND NOISE TEST CIRCUIT 
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GENERAL OPERATING INFORMATION 

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 action of the gating section is such that the proper voltage, 

~ 

FIGURE 4 - TEST CIRCUIT RESPONSE CURVE 
(45 and 58 MHz) 

v ......... 

~ 

II 
, 

N 

'/ 'f' 
~ 

V 
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 gam stage of 
the I F 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 aS) operate at constant emitter 
currents so that Input impedance remains independent of AGC 
action. Input signals may be applied single-ended or differentially 
(for ac). Terminals 1 and 2 may be r;lriven 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 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. (5Io'F). 

2 ChOices of Cl, C2 and C3 depend somewhat on the set deSigners' 
preference concerning AGC stablhty versus AGC recovery speed 
TYPical values are Cl = 0.1 Io'F, C2 = 0 25 Io'F, C3 = 10 Io'F 

3. To set a fixed I F-AGC operating pOint (e 9 , 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 
nonnally be necessary even when a standard socket is used. 

FIGURE 5 - TYPICAL AGC APPLICATION CHART 

Video Pm 6 Pm 10 Pm 5 
Polarity Voltage Voltage Al (n) 

Negatlve- 5.51r Adl. 1.0-40 Vdc 
Going 0 
Sync 20 - - -- Nom 2.0 V 

0 

Posltive- Adl 1.0-8.0 Vdc ':J1 Goins 
Sync Nom 4 5 V 39k 
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MC1352 

TYPICAL CHARACTERISTICS 
IV cc = +12 Vdc. T A = +2SoC unless otherwise noted.) 

FIGURE 6 - SINGLE·ENDED INPUT ADMITTANCE FIGURE 7 - DIFFERENTIAL OUTPUT ADMITTANCE 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC1355P Plastic DIP 

BALANCED FOUR·STAGE 
HIGH·GAIN FMIIF AMPLIFIER 

· .. designed 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 

47 pF 

• All other pins grounded 
T·Ratio Detector (input impedance::::: 1.5 k) G.1. #36231 or equivalent 
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INTEGRATED CIRCUIT 
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P SUFFIX 
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MC1355 

MAXIMUM RATINGS (TA = +250 C unless otherwise noted.) 

Rating Value 

Output Voltage (PinS 7 & 8) 40 

Supply Current to pin 11 20 

Input Signal Voltage (single·ended) 5.0 

Input Signal Voltage (differential) 10 

Power Dissipation (package limitation) 625 
Derate above T A = +250 C 5.0 

Operating Temperature Range (Ambient) o to +75 

Storage Temperature Range -65 to +150 

ELECTRICAL CHARACTERISTICS NCC = 15 Vdc, f = 107 MHz, TA = +250 C) 

Characteristic Min Typ Max 

Power Supply Voltage Range 80 15 18 

Total Circuit Current - 16 -

Total O!-'tput Stage Current - 4.2 -
Device Dissipation - 125 -

• 
Internal Zener Voltage - 5.2 -
Input Signal for 3 dB LImIting - 175 300 

Output Current SWing 3.5 4.2 5.0 

AM Rejection (10 mv to 1.0 v (rms) - 60 -
Input, FM@ 100%, AM @80"1o, Foster Seeley detector) 

Admittance Parameters Y11 - 120 + J320 -
Y12 - JO.6 -
Y21 - 8 + j5 9 -
Y22 - 15 + j230 -

FIGURE 2 - CJRCUIT SCHEMATIC 
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MC1355 

TYPICAL CHARACTERISTICS 

FIGURE 3 - TEST CIRCUIT 
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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, 
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FIGURE 4 - AM REJECTION TEST BLOCK DIAGRAM 
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FIGURE 6 - AM REJECTION 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 7 - OUTPUT DISTORTION FIGURE 8 -SIGNAL·TO·NOISE RATIO SIGNAL 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC1357P Plastic DIP 

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 
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MC1357 

MAXIMUM RATINGS (TA = +250 e unless otherwise noted) 

Rating Value Unit 

Power Supply Voltage 16 Vdc 

I nput Voltage (Pin 4) 3.5 Vp 

Power Dissipation (Package limitation) 625 mW 
Plastic Packages 

Derate above T A = +250 C 5.0 mWflC 

Operating Temperature Range (Ambient) o to +75 °c 

Storage Temperature Range -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (Vee = 12 Vdc, T A = +250 e unless otherwise noted.) 

Characteristic Pin Min Typ Max Units 

Drain Current Vce = 8 V 13 10 12 19 mA 
Vce= 12 V - 15 21 

Amplifier Input Reference Voltage 6 - 1.45 - Vdc 

Detector Input Reference Voltage 2 - 3.65 - Vdc 

Amplifier High Level Output Voltage 10 1.25 1.45 1.65 Vdc 

Amplifier Low Level Output Voltage 9 - 0.145 0.2 Vdc 

Detector Output Voltage Vce= 8 V 1 - 3.7 - Vdc 
Vee= 12V - 5.4 -

Amplifier Input Resistance 4 - 5.0 - kn 

Ampl ifler I nput 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 - B.8 - kn 

DYNAMIC CHARACTERISTICS (FM Modulation Freq. = 1.0 kHz, Source Resistance = 50 ohms, T A = +250 e for all tests.) 

(Vee = 12 Vdc, fo = 4.5 MHz, ~f = ±25 kHz, Peak Separation = 150 kHz) 

Characteristics Pin Min Typ Max Units 

Amplifier Voltage Gain (Von ~ 50 j,lV(rms!) 10 - 60 - dB 

AM Rejection· (Vin = 10 mV[rms!) 1 - 36 - dB 

Input limiting Threshold Voltage 4 - 250 - j,lV(rms) 

Recovered Audio Output Voltage (Von = 10 mV[rms! ) 1 - 0.72 - V(rms) 

Output Distortion (Vin = 10 mV[rms! ) 1 - 3 - % 

(Vee = 12 Vdc, fo = 5.5 MHz, M = ±50 kHz, Peak Separation = 260 kHz) 

Amplifier Voltage Gain (Von :5. 50 IlV(rms! ) 10 - 60 - dB 

AM Reiectlon· (V;n = 10 mV[rms!) 1 - 40 - dB 

Input Limiting Threshold Voltage 4 - 250 - j,lV(rms) 

Recovered Audio Output Voltage (V tn = 10 mV[rms! ) 1 - 1.2 - V(rms) 

Output Distortion (Vin = 10 mV[rms!) 1 - 5 - % 

(Vee = 8.0 Vdc, fo = 10.7 MHz, ~f = ±75 kHz, Peak Separation = 550 kHz) 

Amplifier Voltage Gain (Von ~ 50 IlVJrms]) 10 - 53 - dB 
AM Rejection· (V,n = 10 mVrrmsl ) 1 - 37 - dB 
Input Limiting Threshold Voltage 4 - 600 - j,lV(rms) 

Recovered Audio Output Voltage (V= = 10 mV[rms!) 1 - 0.30 - V(rms) 

Output Distortion (V in = 10 mV[rms]) 1 - 1.4 - % 

(Vee = 12 Vdc, fo = 10.7 MHz, ~f = ±75 kHz, Peak Separation = 550 kHz) 

Amplifier Volt~e Gain (Vm < 50 IlV[rms] ) 10 - 53 - dB 

AM Rejection· (Vin = 10 mV[rms!) 1 - 45 - dB 

InJ!ut limiting_Threshold Voltage 4 - 600 - IlV(rms) 

Recovered Audio Output Voltage (Vin = 10 mV[rms! ) 1 - 0.48 - V(rms) 

Output Distortion (Vin '" 10 mV[rms!) 1 - 1.4 - % 

'100% FM, 30% AM Modulation 
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TYPICAL CHARACTERISTICS 
(V CC = 12 V. T A = +250 C un less otherwise noted) 

(fo = 4.5 MHz) (Use Test Circuit of Figure 13) (fo = 5.5 MHz) 

FIGURE 2 - AM REJECTION 
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MC1357 

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 

FIGURE 8 - AM REJECTION 
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FIGURE 14 - FM RADIO TYPICAL APPLICATION CIRCUIT 

a = 20 @ 10 7 MHz 
°L = I 5 - 3.0 IlH 

0°5 POLE FILTER, 
TRW #25579 OR EaUIV 

50n 
INPUT 

Note 1: 

... 12V 

:I0.IIlF 

I nformation 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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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 I F limiting, detection, 
electronic attenuation, audio amplifier, and audio driver capabilities. 

• Direct Replacement for the CA3065 

• Differential Peak Detector Requinng 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, 
FM DETECTOR, AUDIO DRIVER, 

ELECTRONIC ATTENUATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 

PLASTIC PACKAGE 
CASE 646 

PO SUFFIX 
PLASTIC PACKAGE 

CASE 647 

FIGURE 1 - TYPICAL TV APPLICATION CIRCUIT 

SOUND 
TRANSFORMER 2 .... --..-....., 

l2 

005~F 1 

005~FI_ 
·u • 16 ~H NOMINAL, 

Q(UN LOADED);;' 50 

Cl and L2 component values are to ba 
salectad at the dlscrellon of the deSIgner. 

VCC = 24 V 
RS 
390 
112W 

NC 
11 

MCI358P.PO 

u· -
68 pF 

10 13 

o 33~F 

50kn 
DC 
VOLUME 
CONTROL 

I
001~F 

-= DE EMPHASIS 

~t------""-'+210 V 

25 k CONTROL ITONE 

12
P
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MAXIMUM RATINGS (TA = +250 C unless otherwise noted) 

Rating Value 

Input Signal Voltage (Pms 1 and 2) ±3.0 

Power Supply Current 50 

Power Dissipation (Package Limitation) 
Plastic Packages 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 = 24 Vdc, TA = +250 C unless otherwise noted). 

Characteristic Pin Min 

Regulated Voltage 5 10.3 

DC Supply Current (V+ = 9 Vdc, RS = 0) 5 10 

QUiescent Output Voltage 12 -

DYNAMIC CHARACTERISTICS (VCC = 24 Vdc, TA = +250 C unless otherwise noted). 

Characteristic 

IF AMPLIFIER AND DETECTOR 

fo = 4 5 MHz At =+25kHz --

AM Rejection* (Vin = 10 mV [rmsl) 

Input Limitmg Threshold Voltage 

Recovered Audio Output Voltage (Vm = 10 mV[rmsl ) 

Output Distortion (Vin = 10 mV [rmsl) 

~o= z, = 5 5 MH At ±50 kH z 

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 If = 4.5 MHz, measurement between pins 1 and 2) 
Parallel Input Resistance 
Parallel Input Capacitance 

Output Impedance Components (f = 4.5 MHz, measurement between pin 9 and GND) 
Parallel Output Resistance 
Parallel Output Capacitance 

Output Resistance, Detector 
Pm 7 
Pin 8 

ATTENUATOR 

Volume Reduction Range (See Figure 8) 
(dc Volume Control = 00) 

Maximum Undesirable Signal (See Note 1) 
(dc Volume Control = 00) 

AUDIO AMPLIFIER 

Min 

40 

-
05 

-

40 

-
0.5 

-

-
-

-
-

-
-

60 

-

Tvp 

11 

16 

5.1 

Voltage Gain 17.5 
(Vm = 0.1 V(rmsl. f = 400 Hz) 

Total Harmonic Distortion -
(Vo = 2.0 V(rms), f = 400 Hz) 

Output Voltage 2.0 
(THO = 5%, f = 400 Hz) 

Input Resistance (f = 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. 

5-80 

Unit 

Vdc 

mA 

mW 
mW/oC 

°c 
°c 

Max Unit 

12.2 Vdc 

24 mA 

- Vdc 

Typ Max Unit 

51 - dB 

200 400 ",V(rms) 

0.70 - V(rms) 

0.4 2.0 % 

53 - dB 

200 400 ",V(rms) 

091 - V(rms) 

0.9 - % 

17 - kn 
4.0 - pF 

3.25 - kn 
3.6 - pF 

7.5 - kn 
250 - n 

- - dB 

0.07 1.0 mV 

20 - dB 

2.0 - % 

3.0 - V(rms) 

70 - kn 

270 - n 



MC1358 

TYPICAL CHARACTERISTICS 
(Vee = 24 Vdc, T A = +2Soe unless otherwise noted) 

(fo = 4.5 MHz) 

FIGURE 2 - AM REJECTION 

60 

50 
L.-

c::I 
"t:I V 
Z 40 
0 

~ 
~ 30 

LV 100% FM. 30% AM 

I" 

:::;; 
< 

20 

10 
005 01 02 05 10 20 50 10 20 

INPUTVOLTAGE (mV[rms)) 

FIGURE 4 - DETECTED AUDIO OUTPUT 

:; 
.§. 

1000 

800 

~ 600 

~ 
o 

~ 400 

< 

200 

o 

1/ 
/ 

/ 
j..o 

005 01 02 

1/ 
~~ 

±25 kHz OEVIATION 

05 1.0 20 50 10 20 

INPUT VOLTAGE (mV[rms)) 

FIGURE 6 -IF AMPLIFIER AND DETECTOR THO 

5 

*-
~ 20 

~ 
1;; 15 
C 
u 

~ 
1\ -±25 kHz DEVIATION 

~ 10 
< 
::t: 
..I 

g 05 
~ 

o 
005 01 

" r-. 
0.2 0.5 

IIII 
Mod f = 1 kHz 

1.0 20 50 10 

INPUT VOLTAGE (mV[rms)) 

20 

50 

50 

50 

5-81 

(fo = 5.5 MHz) 

FIGURE 3 - AM REJECTION 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 8-GAIN REDUCTIONOFATTENUATOR 
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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 Input for Full Output 

• Direct Replacement for the CA3064 

• Also Available in the 14-Lead Dual In-Line Package 

FIGURE 1 - TYPICAL APPLICATION CIRCUIT 

10 k 
3W 

MC1364 

AUTOMATIC 
FREQUENCY CONTROL 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 
CASE 646 

PLASTIC PACKAGE 

r---~--~--~---------------------J~r---------------------------4+140V 

FROM3rd VIOEO IF 
AMPLIFIER 

12 
4~~~~THZ -------11f----+--c~ 

o 00l1lF 

0001 1lFr 

82 
pF 

L1 

68 pF 
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MC1364 

MAXIMUM RATINGS (TA = +250 C unless otherwise noted'! 

Rating MC1364P Unit 

Input Signal Voltage (Pin 12 to 14) +20, -10 Vdc 

Output Collector Voltage (Pins 3 and 14) 20 Volts 

Power DIssipation (Package Limitation) 625 mW 

Derate above T A = +250 C 50 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 mvv 

Total Supply Current 12 mA 

Current Drain, Total 40 65 9.5 mA 
(Reduce VCC so that Vl0 = 105 Vdc) 

Zener Regulating Voltage 109 118 128 V 

Quiescent Current to Pin 3 1.0 2.0 40 mA 

QUiescent Voltage at Pin 5 or Pin 8 50 66 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) 

~ 
~ 
w 

'" « 

Parameter Symbol 

Input Admittance Yl1 
Reverse Transfer Admittance Y12 
Forward Transfer Admittance Y21 

Output Admittance (Pin 3) Y22 

TYPICAL CHARACTERISTICS 
(See Test Circuit of Figure 2) 

16 

14 

12 

FIGURE 2 - TYPICAL NARROW BAND 
DYNAMIC CHARACTERISTICS 

Vin ~ 18 mV(RMS) 

t--- r--. 

16 

14 

---I--
'" 12 ~ 
0 
~ 

Typ Unit 

04 + jl mmho 

0+ 13 4 /lmho 

110 + 1140 mmhos 

0.02 + 11 mmho 

FIGURE 3 - TYPICAL WIDE BAND 
DYNAMIC CHARACTERISTICS 

Vin = 18 mV(RMS) 
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50 

FIGURE 4 - TEST CIRCUIT 

RS = 15k Vcc 
r-----~--~~----_v~--------·+30V 

h3 
68 
pF 

56 
JPF 

1k 

MC1364 5 

t~01 L-_____ -y-______ --l 

14 

0001 jlF ~ AFC 
OUTPUTS 

1k 

0001 jlF I 
VCC-llB 

RS = 0012- ohms 

COIL DATA FOR DISCRIMINATOR WINDINGS 
FOR FIGURES 1 AND 4 

L 1 - DIscriminator Primary. 3-1 16 turns; AWG #20 enamel-covered 
wire - close-wound, at bottom of COil form. Inductance of 
L 1 = 0 1651LH; 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. 
2 

3 
4 

5. 

Coli Forms, Cylindrical, -030" Dla. Max. 
Tuning Core' 0.250" Dla. x 0.37" Length. 

Matenal Carbinal J or equivalent. 
Call Form Base: See drawing below. 
End of call nearest terminal board to be deSignated the 
Winding start end. 
Mount the Calls 3/4" apart, center to center. 

(Bottom view 
of COil form) 

to:"j 
01~ 

o 30 
1 ; 

2 600~ 
i TYP 

FIGURE 5 - CIRCUIT SCHEMATIC 
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FIGURE 6 -PRINTED CIRCUIT BOARD AND PARTS ARRANGEMENT 
(Copper Side) 
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COLOR TV VIDEO MODULATOR 

· .. an integrated circuit used to generate an R F TV signal from 
baseband color·difference and luminance signals. 

The MC1372 contains a chroma subcarrier oscillator, lead and lag 
network, a quasi·quadrature suppressed carrier DSB chroma modula· 
tor, an RF oscillator and modulator, and a TTL compatible clock 
driver with adjustable duty cycle. 

The MC1372 IS a companion part to the MC6847 Video Display 
Generator, providing and accepting the correct dc interconnection 
levels. This device may also be used as a general·purpose modulator 
with a variety of video signal generating devices such as video games, 
test equipment, video tape recorders, etc. 

• Single 5.0 Vdc Supply Operation for NMOS 
and TTL Compatibility 

• Minimal External Components 

• Compatible with MC6847 Video Display Generator 

• Sound Carrier Addition Capability 

• Modulates Channel 3 or 4 Carrier with Encoded Video Signal 

• Low Power Dissipation 

• Linear Chroma Modulators for High Versatility 

• Composite Video Signal Generation Capability 

• Ground·Referenced Video Prevents Overmodulation 

FIGURE 1 - BLOCK DIAGRAM 
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MC1372 

MAXIMUM RATINGS (TA = 250 C unless otherwise noted) 

Ratmg Value Unit 

Supply Voltage 8.0 Vdc 

Operating Ambient Temperature Range o to +70 °c 

Storage Temperature Range -65 to +150 °c 

Junction Temperature 150 °c 

Power Dissipation, Package 1.25 Watts 
Derate above 250 C 13 mW/oC 

RECOMMENDED OPERATING CONDITIONS 
Supply Voltage 5.0 Vdc 

Luma Input Voltage - Sync Tip 1.0 Vdc 
Peak White 0.35 

Color Reference Voltage 1.5 Vdc 

Color A, B Input Voltage Range 1.0 to 2.0 Vdc 

ELECTRICAL CHARACTERISTICS (VCC = +5 Vdc, TA = 250 C, Test Circuit 1 unless otherWise noted) 

Characteristic 

Operatmg Supply Voltage 

Supply Current 

CHROMA OSCILLATOR/CLOCK DRIVER (Measured at Pin 1 unless otherwise noted) 

Output Voltage (VOL) - - 0.4 Vdc 
(VOH) 2.4 - -

Rise Time (V1 = 0.4 to 2.4 Vdc) - - 50 ns 

Fall Time (Vl = 2.4 to 0.4 Vdc) - - 50 ns 

Duty Cycle Adjustment Range (V3 = 5.0 Vdc) 70 - 30 % 
(Measured at VI = 1.4 V) 

Inherent Duty Cycle (No connection to Pin 3) - 50 - % II CHROMA MODULATOR (V5 = V6 = V7 = 1 5 Vdc unless otherWise noted) 

Input Common Mode Voltage Range (PinS 5,6,7) 0.8 - 2.3 Vdc 

Oscillator Feedthrough (Measured at Pin 8) - 15 31 mV(p-p) 

Modulation Angle [1I8(V7 = 2.0 Vdc) -1I8(V5 = 2.0 Vdc») 85 100 115 degrees 

Conversion Gain [V8/(V7 - V6); V8/(V5 - V6») - 0.6 - V(p·p)/Vdc 

Input Current (PinS 5, 6, 7) - - -20 IJA 

Input ReSistance (PinS 5, 6, 7) 100 - - kf! 

Input Capacitance (PinS 5,6,7) - - 5.0 pF 

Chroma Modulator linearity - 4.0 - % 
(V5 = 1 0 to 2.0 V; V7 = 1.0 to 2.0 V) 

RF MODULATOR 

Luma Input DynamiC Range (Pin 9, Test Circuit 2) 0 - 1.5 Volts 

RF Output Voltage (f = 67.25 MHz, V9 = 1.0 V) - 15 - mVrms 

Luma Conversion Gain 
(~V12/ ~ V9; V9 = 0.1 to 1.0 Vdc) Test Circuit 2 - 0.8 - V/V 

Chroma Conversion Gain V!V 
(~V12/~Vl0; Vl0 = 1.5 Vp-p, V9 = 1.0 Vdc) Test Circuit 2 - 095 -

Chroma Linearity (Pin 12, Vl0 = 1.5 Vp-p) Test Circuit 2 - 1.0 - % 

Luma Lmearlty (Pin 12, V9 = 0 to 1.5 Vdc) Test Circuit 2 - 2.0 - % 

Input Current (Pin 9) - - -20 IJA 

Input ReSistance (Pm 10) - 800 - f! 

Input ReSistance (Pin 9) 100 - - kf! 

Input Capacitance (PinS 9,10) - - 5.0 of 
Residual 920 kHz (Measured at Pin 12) See Note 1 - 50 - dB 

Output Current (Pin 12, V9 = 0 V) Test CirCUit 2 - 1.0 - mA 

TEMPERATURE CHARACTERISTICS (V 

RF OSCillator DeViation (fo = 67.25 MHz) 

Clock Drive Duty Cycle Stability 

NOTE 1. V9 = 1.0 Vdc, Vc = 300 mV(p-p) @ 3.58 MHz, 

Vs = 250 mV(p-p) @ 4.5 MHz, Source Impedance = 75 f!. 
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OPERATIONAL DESCRIPTION 

Pin 1 - Clock Output 
Provides a rectangular pulse output waveform with 

frequency equal to the chrominance subcarrier oscillator. 
This output is capable of driving one LS·TTL load. 

Pin 2 - Oscillator Input 
Color subcarrier oscillator feedback input. Signal from 

the clock output is externally phase shifted and ac cou· 
pled to this pin. 

Pin 3 - Duty Cycle Adjust 
A dc voltage applied to this pin adjusts the duty cycle 

of the clock output signal. If the pin is left unconnected, 
the duty cycle is approximately 50%. 

Pin 4 - Ground 

Pin 5 - Color B Input 
Dc coupled input to Chroma Modulator B, whose 

phase leads modulator A by approximately 1000 . The 
modulator output amplitude and polarity correspond to 
the voltage difference between this pin and the Color 

Reference Voltage at Pin 6. 

Pin 6 - Color Reference Input 
The dc voltage applied to this pin establishes the 

reference voltage to which Color A and Color B inputs 
are compared. 

Pin 7 - Color A Input 
Dc coupled input to Chroma Modulator A, whose 

phase lags modulator B by approximately 1000 • The 
modulator output amplitude and polarity correspond to 
the voltage difference between this pin and the Color 
Reference Voltage at Pin 6. 

Pin 8 - Chroma Modulator Output 
Low impedance (emitter follower) output which 

provides the vectorial sum of chroma modulators A 
and B. 

Pin 9 - luminance Input 
Input to R F modulator. This pin accepts a dc coupled 

luminance and sync signal. The amplitude of the RF signal 
output increases with positive voltage applied to the pin, 
and ground potential results in zero output (i.e., 100% 

modulation). A signal with positive'going sync should 
be used. 

Pin 10 - Chrominance Input 
Input to the R F modulator. This pin accepts ac coupled 

chrominance provided by the Chroma Modulator Output 
(pin 8). The signal is reduced by an internal resistor divider 
before being applied to the RF modulator. The resistor 
divider consists of a 300 ohm series resistor and a 500 
ohm shunt resistor. Additional gain reduction may be 
obtained by the addition of external series resistance 
to pin 10. 
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Pin 11 - VCC 
Positive supply voltage 

Pin 12 - R F Modulator Output 
Common collector of output modulator stage. Output 

impedance and stage gain may be selected by choice of 
resistor connected between this pin and dc supply. 

Pins 13 and 14 - RF Tank 
A tuned circuit connected between these pins deter· 

mines the R F oscillator frequency. The tuned circuit must 
provide a low dc resistance shunt. Applying a dc offset 
voltage between these pins results in baseband composite 
video at the R F Modulator Output. 

MC1372 CIRCUIT DESCRIPTION 

The chrominance oscillator and clock driver consist of 
emitter follower 04 and inverting amplifier 05. Signal 
presented at clock driver output pin 1 is coupled to 
oscillator input pin 2 through an external RC and crystal 
network, which provides 1800 phase shift at the resonant 
frequency. The duty cycle of the output waveform is 
determined by the dc component at pin 1 internally 
coupled through R 12 to the base of 04. As Pin 1 dc 
voltage increases, a smaller portion of the sinusoidal 
feedback signal at pin 2 exceeds the 04 base voltage of 
two times VBE required for conduction. As the dc level 
is reduced, device 04 and thus 05 is turned on for a 
longer percentage of the cycle. Transistors 00, 01, 
02 and diode D 1 provide the biasing network which 
determines the dc operating level of the oscillator. The 
transistor 02 and resistors R5, R6, and R 7 form a voltage 
reference of four times VBE at the collector of 02. The 
dc voltage at pin 1 is determined by the values of R4, 
RS, and R 12 and the applied duty cycle adjust voltage 
at pin 3. Since these resistors are nominally equal, the 
voltage at pin 1 will always approximate the dc voltage 
at pin 3. 

The oscillator signal at pin 1 is internally coupled to 
active filter 044. This filter reduces the frequency content 
above 4 MHz. The output of the filter at the emitter of 
044 is ac coupled through C3 to the input of the lead/lag 
network. R32 and C1 provide approximately 500 of phase 
lag, while C2 and R29 provide approximately 500 of 
phase lead. These two quasi·quadrature waveforms are 
used to switch chroma modulators B and A, respectively. 
The transistors 022 through 025 and 032-033 form 
a doubly balanced modulator. The input signal applied 
at pin 5 is compared to the color dc reference voltage 
applied at pin 6 in differential amplifier 032-033. The 
source current provided by transistor 034 is partitioned 
in transistors 032 and 033 according to the differential 
input signal. ,The bases of transistors 023 and 024 are 
connected to the dc reference voltage at the emitter of 
030. The bases of transistors 022 and 025 are connected 
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to the phase delayed oscillator signal at the emitter of 
buffer transistor 021. The differential signal currents 
provided by 032 and 033 are switched in transistors 
022 through 025 and the resultant signal voltage is 
developed across R49. This signal has the phase and 
frequency of the oscillator signal at the emitter of 021. 
The amplitude is proportional to the differential input 
signal applied between pins 5 and 6. Transistors 026 
through 029 and 038-039 form chroma modulator B. 
This modulator develops a signal voltage which is propor· 
tional to the differential voltage applied between pins 
7 and 6. The phase and frequency of the output is equal 
to the phase advanced chroma oscillator at the emitter 
of buffer transistor 020. Both chroma modulators A and 
B share the same output resistor, R49, so the output 
signal presented at the em Itter of 042 (pin 8) is the 
algebraic sum of modulators A and B. 

The RF oscillator consists of differential amplifier 
018 and 019 cross·coupled through emitter followers 
016 and 017. The oscillator will operate at the parallel 
resonant frequency of the network connected between 
pins 13 and 14. The oscillator output is used to switch 
the doubly balanced RF modulator, 09 through 015. 
Transistors 07 and 09 provide level shifting and a high 
input impedance to the luminance input pin 9. The 
bases of transistors 09 and 010 are both biased through 
resistors R 17 and R 18, respectively, to the same dc 
reference voltage at 06 emitter. The base voltage at 010 
may only be offset in a negative direction by luminance 
signal current source 08. This design Insures that over· 
modulation due to the luminance signal will never occur. 
The chrominance signal developed at pin 8 IS externally 
ac coupled to pin 10 where 'it is reduced by resistor 
dividers R20 and R17, and added to the luminance 
signal in 09. The resultant differential composite video 
currents are switched at the appropriate R F frequency 
in 012 through 015. The output signal current is presented 
at pin 12. 

Transistors 036, 041 and resistors R44, R47 provide 
a highly stable voltage reference for biasing current sources 
043, 034, 035, and 011. 

MC1372 APPLICATION INFORMATION 

Chrominance Oscillator 
The oscillator is used as a clock signal for driving 

associated external circuitry, in addition to providing a 
switching signal for the chroma modulators. The IC uses 
an external crystal in a Colpitts configuration, as shown 
in Figure 5. Resistor R 1 provides current limiting to 
reduce the signal swing. Capacitor C2 is adjusted for 
the exact frequency desired (3.579545 MHz). 

In some applications, the duty cycle of the clock signal 
at pin 1 must be modified to overcome gate delays in 
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associated equipment. The duty cycle may be adjusted 
by varYing the dc voltage applied to Pin 3. ThiS adjust· 
ment may be made With the use of a potentiometer 
(10 kU) between supply and ground. With no connection 
to pin 3, the duty cycle is approximately 50%. 

Chroma Modulator 
The chromlnance oscillator is Internally phase shifted 

and applied to chroma modulators A and B. No external 
lead/lag networks are necessary. The phase relationship 
between the modulators IS approximately 1000 , which 
was chosen to provide the best rendition of colors using 
equal amplitude color-difference signals. The voltage 
applied to pin 5, 6, or 7 must always be within the Input 
Common Mode Voltage Range. Since the amplitude of 
chromlnance output is proportional to the voltage dif
ference between pins 5 and 6 or 7 and 6, it is deSIrable 
to select the Color Reference Voltage applied to pin 6 to 
be midway between V5max and V5min (which should 
be V7max and V7m in)' The Chroma B Modulator will be 
defined as a (B-Y) modulator if a burst flag signal is 
applied to the Color B Input (Pin 5) at the appropriate 
time. This voltage should be negative With respect to the 
Color Reference Voltage, and tYPically has an amplitude 
equal to 1/2[V6-V5mln]. Since the phase of burst is 
always defined as -(B-Y), the Chroma A Modulator 
approximates an (R-Y) modulator; however, the phase 
is offset by 100 from the nominal 900 , to provide the 
1000 phase shift as discussed previously. 

R F Modulator and Oscillator 
The coil and capacitor connected between pins 13 and 

14 should be selected to have a parallel resonance at the 
carrier frequency of the deSired TV channel. The values 
of 56 pF and 0.1 J.lH shown in Figure 5 were chosen 
for a Channel 4 carrier frequency of 67.25 MHz. For 
Channel 3 operation, the resonant frequency should 
be 61.25 MHz (C = 75 pF, L = 0.1 J.lH). ReSIStors R4 and 
R5 are chosen to provide an adequate amplitude of 
switching voltage, whereas R6 is used to lower the maxi· 
mum dc level of switching voltage below VCC, thus 
preventing saturation within the IC. 

Composite Luminance and Sync should be dc coupled 
to Luminance Input, pin 9. This signal must be within 
the Luma Input Dynamic Range to insure linearity. 
Since an increase in dc voltage applied to pin 9 results 
in an increase in R F output, the input signal should 
have positive-going sync to generate an NTSC compatible 
signal. As long as the input signal is positive, over
modulation is prevented by the integrated circuit. 

Chrominance information should be ac coupled to 
Chrominance Input, pin 10. This pin is internally con· 
nected to a resistor divider consisting of a series 300 
ohms and a shunt 500 ohms resistor. The input impedance 
is thus 800 ohms, and a coupling capacitor should be 
appropriately chosen. 

II 
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FIGURE 5 - TYPICAL APPLICATION CIRCUIT 

.'. Clock In 

MCflS41 
V,d.tJ 

Display 
-Q.(I~~~Q-r 

MC1372 

Color B Color TV 

Video 
Modulator 

i;:olor Ref 6 

I';!olor A 

lima and Sync 

C3 
0.1 

The Luminance to Chrominance ratio (L:C) may be 
modified with the addition of an external resistor in series 
with pin 10 (as shown in Figure 5). The unmodified L:C 
(Ao) is determined by the ratio of the respective Conver
sion Gain for equal amplitude signals (typically, 0.883 = 

-1.6 dB). The modified L:C will be governed by the 
equation Ao(1 + Rext/800) for equal amplitude input 
signals. 

The internal chrominance modulators are not inter
nally connected to the R F modulator; therefore, the user 
has the option of connecting an externally generated 
chrominance signal to the RF modulator. In addition, 
the RF modulator is wideband, and a 4.5 MHz FM audio 
signal may be added to the chrominance input at pin 10. 
This may be accomplished by selecting an appropriate series 
input resistor to provide the correct Luminance:Sound 
ratio. 

The modulated R F signal is presented as a current 
at RF Modulator Output, pin 12. Since this pin represents 
a current source, any load impedance may be selected for 
matching purposes and gain selection, as long as the vol-

10 
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tage at pin 12 is high enough to prevent the output 
devices from reaching saturation (approximately 4.5 V 
with components in Figure 5). The peak current out of 
pin 12 is typically 2 rnA. Hence, a load resistance of up 
to 250 ohms may be safely used with a 5 V supply_ 

Composite Video Signal Generation 
The RF modualtor may be easily used as a composite 

video generator by replacing the RF oscillator tank 
circuit with a diode as shown in Figure 3. This results in 
the output modulator being biased so the summation of 
luminance and chrominance appears unswitched at 
pin 12. The polarity of the output waveform is con
trolled by the direction of the diode. Inverted video: 
Anode to pin 14, cathode to pin 13. Non-inverted 
video: Anode to pin 13, cathode to pin 14. Note that the 
supply resistor must always be connected to the anode 
of the diode. 

The amplitude of signal may be increased by increasing 
the load resistor on pin 12 and returning it to a higher 
supply voltage. Any voltage up to the Absolute Maximum 
Rating may be used. 
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Applications with MC6847 Video Display Generator 

The MC1372 may be easily Interfaced to the MC6847 
as shown In Figure 5. The dc levels generated and required 
by the VDG are compatible with the MC1372, so that 
PinS 1, 5, 6, 7, and 9 may be directly coupled to the 
appropriate MC6847 PinS. Both integrated circUits as 
well as any associated NMOS MPU may be driven from 
a common 5 Vdc supply. 

Recommended Chroma·Luma Signals 

A chroma modulation angle of 1000 was chosen to 
facilitate a desirable selection of colors with a minimum 
number of input signal levels. The follOWing table demon· 

strates applicable signal levels for a variety of colors. 

RECOMMENDED CHROMA·LUMA SIGNALS 

Pm #9 Pm #7 Pm #6 
Luminance 

Input ColorA Color Ref. 
(Vdc) (Vdc) (Vdc) 

Sync 1.0 1.5 1.5 

Blankmg 0.75 1.5 1.5 

Burst 0.75 1.5 1.5 

Black 0.70 1.5 1.5 

Green 0.50 1.0 1.5 

Yellow 038 1.5 1.5 

Blue 0.62 15 1.5 

Red 0.62 2.0 1.5 

Cyan 0.50 1.0 1.5 

Magenta 0.50 2.0 1.5 

Orange 0.50 20 1.5 

Buff 0.38 15 1.5 

Pin #5 

Color B 
(Vdc) 

1.5 

1.5 

1.25 

1.5 

1.0 

1.0 

2.0 

1.5 

1.5 

2.0 

1.0 

1.5 

II 
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Advance InforInation 

TV VIDEO MODULATOR 

· .. an R F oscillator and dual-input modulator to generate a TV 
signal from baseband video inputs. 

Applications include video games, home computer display, video 
tape recorders, and test equipment. 

The very low level of intermodulation products, compact package 
and small external component count make this device superior to 
simple discrete circuits. 

• Single 5.0 Vdc Supply 

• Channel 3 or 4 Operation 

• Excellent Oscillator Stability to 100 MHz 

• Color and Sound Compatibility 

• Dual Input Modulator for Ease of Signal 

• Low Intermodulation (-50 dB 920 kHz Beat) 

• Overmodulation Protection 

FIGURE 1 - BLOCK DIAGRAM AND APPLICATION CIRCUIT 
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MAXIMUM RATINGS (T A a 25°C unless otherwise noted) 

Rating 

Supply Voltage 

Operating Ambient Temperature Range 

Storage Temperature Range 

Junction Temperature 

Power Dissipation, Package 
Derate above 25°C 

RECOMMENDED OPERATING CONDITIONS 
Supply Voltage 

Luma Input Voltage - Sync Tip 
Peak White 

Value 

8.0 

Oto +70 

-65 to +150 

150 

1.25 
13 

Unit 

Vdc 

°c 

°c 

°c 

Watts 
mW/oC 

ELECTRICAL CHARACTERISTICS (VCC = +5 Vdc, TA = 25°C, Test Circuit 1 unless otherwise noted) 

Characteristic 

Operatmg Supply Voltage 

Supply Current 

RF MODULATOR 

Luma Input Dynamic Range (Pm 4, Test Circuit 2) 

RF Output Voltage (f = 67.25 MHz, V4 = 1.0 V) 

Luma Conversion Gain 
(AV7/AV4, V4 = 0.1 to 10 Vdc) Test Circuit 2 

Chroma Conversion Gam 
(AV7/AV5; V5 = 1.5 Vp·p;V4 = 10 Vdc) Test Circuit 2 

Chroma Lmearlty (Pm 7, V5 = 1.5 Vp·p) Test Circuit 2 

Luma Lmearlty (Pm 7. V4 = 0 to 1 5 Vdc) Test Circuit 2 

Input Current (Pm 4) 

Input ReSistance (Pm 5) 

Input ReSistance (Pin 4) 

Input Capacitance (Pins 4, 5) 

Residual 920 kHz (Measured at Pin 7) SeeoNote 1 

Output Current (Pm 7, V4 = 0 V) Test Circuit 2 

TEMPERATURE CHARACTERISTICS (V 

RF Oscillator DeViation (fo = 67.25 MHz) 

NOTE 1. RF Reference Level = 6.0 mV @ Pm 7 Load Impedance = 75 n. 

V4 

RF + 4.5 MHz = -13 dB. 
RF + 3.58 MHz = -20 dB. 

FIGURE 2 - TEST CIRCUIT 1 
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MC1373 FIGURE 4 - SCHEMATIC DIAGRAM 
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SCHEMATIC DESCRIPTION 

The R F oscillator consists of differential amplifier 
013 and 014 cross-coupled through emitter followers 
011 and 012. The oscillator will operate at the parallel 
resonant frequency of the network connected between 
pins 1 and 2. The oscillator output is used to switch the 
doubly balanced RF modulator, 04 through 010. Tran
sistors 02 and 03 provide level shifting and a high input 
impedance to the luminance input pin 4. The bases of 
transistors Q4 and 05 are both biased through resistors 
R4 and R5, respectively, to the same dc reference voltage 
at 01 emitter. The base voltage at 05 may only be offset 
in a negative direction by luminance signal current source 
03. This design insures that overmodulation due to the 
luminance signal will never occur. The chrominance signal 
is externally ac coupled to pin 5 where it is reduced by 
resistor dividers R7 and R4, and added to the luminance 
signal in 04. The resultant differential composite video 
currents are switched at the appropriate RF frequency in 
07 through 010. The output signal current is presented 
at pin 7. 

Transistors 015, 016 and resistors R 15, R 16 provide 
a highly stable voltage reference for biasing the current 
source 06. 

OPERATIONAL DESCRIPTION 

Pins 1 and 2 - RF Tank. A tuned circuit connected 
between these pins determines the RF oscillator 
frequency. The tuned circuit must provide a low dc 
resistance shunt. Applying a dc offset voltage between 
these pins results in baseband composite video at the 
RF Modulator Output. 

Pin 3 - Ground. 
Pin 4 - Luminance Input. Input to RF modulator. 

This pin accepts a dc coupled luminance and sync signal. 
The amplitude of the RF signal output increases with 
positive voltage applied to the pin, and ground potential 
results in zero output (i.e., 100% modulation). A signal 
with positive-going sync should be used. 

Pin 5 - Chrominance/Sound Input. Input to the RF 
modulator. This pin accepts an ac coupled chrominance 
signal. The signal is reduced by an internal resistor divider 
before being applied to the RF modulator. The resistor 
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divider consists of a 300 ohm series resistor and a 500 
ohm shunt resistor. A 4.5 MHz FM audio signal may be 
added to the input by selecting an appropriate series 
input resistor to provide the correct Luminance:Sound 
ratio. 

Pin 6 - VCC. Positive supply voltage. 
Pin 7 - RF Modulator Output. Common collector of: 

output modulator stage. Output impedance and stage gain 
may be selected by choice of resistor connected between 
this pin and dc supply. 

Pin 8 - No Connection. 

APPLICATIONS INFORMATION (Refer to Figure 1) 

RF Modulator and Oscillator 
The coil and capacitor connected between pins 1 and 2 

should be selected to have a parallel resonance at the 
carrier frequency of the desired TV channel. The values 
of 56 pF and 0.1 J.lH shown in Figure 1 were chosen for 
a Channel 4 carrier frequency of 67.25 MHz. For Channel 
3 operation, the resonant frequency should be 61.25 MHz 
(C = 75 pF, L = 0.1 J.lH). Resistors R2 and R3 are chosen 
to provide an adequate amplitude of switching voltage, 
whereas R4 is used to lower the maximum dc level of 
switching voltage below VCC, thus preventing saturation 
within the IC. 

Composite Luminance and Sync should be dc coupled 
to Luminance Input, pin 4. This signal must be within the 
Luma Input Dynamic Range to insure linearity. Since an 
increase in dc voltage applied to pin 4 results in an in
crease in R F output, the input signal should have positive
going sync to generate an NTSC compatible signal. As 
long as the input signal is positive, overmodulation is 
prevented by the integrated circuit. 

Chrominance information should be ac coupled to 
Chrominance Input, pin 5. This pin is internally con
nected to a resistor divider consisting of a series 300 ohms 
and a shunt 500 ohms resistor. The input impedance is 
thus 800 oh'ms, and a coupling capacitor should be 
appropriately chosen. 



ORDERING INFORMATION 

Device 

MG1391P 
MG1394P 

Temperature Range 

aOG to +75°G 
aOG to +75°G 

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 

V nonreg 

+30 V 
FIGURE 1 - TYPICAL APPLICATION CIRCUIT 
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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 3) 5.0 VIp-pI 

Flyback Input Voltage (Pin 4) 5.0 VIp-pI 

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 

II 
ELECTR ICAl CHARACTER ISTICS (T A = +250 C unless otherwise noted.) (See Test Circuit ot Figure 2, all switches in position 1.) 

Characteristic Min Typ Max Unit 

Regulated Voltage (Pin 6) 8.0 8.6 9.0 Vdc 

Supply Current (Pin 6) - 20 - mAdc 

Collector-Emitter Saturation Voltage (Output Transistor Vdc 
Q1 in Figure 6) 
(lC = 20 mA, 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 ~s 

(At = 300 Hz) - 05 -
Free-running Frequency 'Supply Dependance Hz/Vdc 

(S1 in position 2) - ±3.0 -
Phase Detector Leakage (Pm 5) ~A 

(All switches in position 2) - - ±1.0 

Sync Input Voltage (Pm 3) 2.0 - 5.0 VIp-pI 

Sawtooth Input Voltage (Pin 4) 1.0 - 3.0 VIp-pI 
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MC1391P, MC1394P 

1.01lF 3.3 k r'· /1 + _ 2 1 5 

r¥--~(s1 
= +4.0V 6 

RH 
150 k 

1 12 k 7 

~k 

1 k 
6800 pF 

8 

I 1 k 

.V~ ~ 2k 
Vcc +30 V (See Figure 5) 

TYPICAL CHARACTERISTICS 
ITA = +2SoC unless otherwise noted.) 

FIGURE 2 - TEST CIRCUIT 

4 O.lIlF 
Ii 

3 

O.~'IlF i 
3.3 k 

II' 
1\ 

2 

• S2 -
1 

2. S3 - .... 
39 k 1 

MC1391P 0.003 
or IlF 

MC1394p· 2 

Output ~ 
Pulse 
+30 V Pulse Generator 

1 
Output = +50 V· 

1 
121lS 

FIGURE 3 - FREQUENCY versus TEMPERATURE 

+30 

+20 

+10 

£ 0 

t -10 
z 
~ -20 

~ -30 

<1 -40 

-50 

-60 

-70 

-

o 10 

-- REFERENCE FREQUENCY = ....... -- .............. 
15.150 Hz -

~ 
S3 on PosllIOn 2 ~ 

"-.. 
f'.. 

20 30 40 50 60 70 80 
AMBIENT TEMPERATURE (OC) 

Pulse Generator 
Sync Pulse 
= -20 V, 

5.0,us, fO = 
15,750 Hz 

·Use -50 V for MC1394P 

FIGURE 4 - FREQUENCY DRIFT versus WARM-UP TIME FIGURE 5 - MARK-SPACE RATIO 

+4 0 

0 i--""" 
/ 

0 
/ 

I 
+10 I 

30 

REFERENCE FREQUENCY = 

I 

60 
TIME (5) 

15,7
1

50 Hz I 

90 

- t---

120 

S-101 

47 5 

5 

-4.2 5f--

~ 4. 
w 
t.::I 

0 

~ 37 5 
o 

~ 3. 5 
> 

3.2 5 

30 

2.7 5 
o 

/~ 
I J 

~ fO = 15,750 Hz V 
t = 63 51ls V 

[7 
1/ 

1/ 
/ 

/ 
10 20 30 40 

POSITIVE PULSE WIDTH ISlIl 

11 

50 



II 

MC1391P, MC1394P 

FIGURE 6 - CIRCUIT SCHEMATIC 
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CIRCUIT OPERATION 

The MC1391P and MC1394P contain the oscillator, phase de
tector and predrlver 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 Pm 7 to ground will be charged by an external resistor (RC) 
connected to Pin 6 As soon as the voltage at Pm 7 exceeds the 
potential set at the base of OS by resistors RS and R 1 0, 07 will 
turn on and 06 will supply base current to 05 and 010. Transistor 
010 will set a new, lower potential at the base of OS determined 
by R8, R9 and Rl0. 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 WI" appear across 
R3 and turn off 03 whenever it exceeds the bias set on Pin S. 
By adjusting the potential at Pin 8, the duty cycle (MSR) at the 
prednver output pin (Pin 1) can be changed to accommodate either 

tube or transistor hOrizontal output stages 
The phase detector is Isolated from the remainder of the circuit 

by R 14 and Z2. The phase detector consists of the comparator 
015,016 and the gated current source 017. Negative gOing sync 
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 D 1, D2 and Z 1 
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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 suoply 
current Into Pin 6 to maintain zener regulation is about 18 mAo 
Allowing 2mA for the external dividers 

R + R = Vnomeg(min) -8.8 
A B 20 x 10-3 

Components RA, RB and CA are used for ripple rejection. If 
the supply voltage ripple is expected to be less than 100 mV (tor 
a 30 Volt supply) then RA and RB can be combined and CA 
omitted. 

The output pulse width can be varied from 6 IlS to 48 IlS by 
changing the voltage at Pin 8 (see Figure 51. 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 RD and RE should be close 
to 1 k!1 to ensure stable pulse widths. 

For 15 mA drive at saturation 

R _ V nomeg - 0.3 
F- 15xl0-3 

The OSCillator free·running frequency IS set by RC and CB 
connected to Pin 7. For values of RC ~ Rdlscharge (R4 In Figure 
6), a useful approximation for the free·runnlng frequency IS 

1 
fO=---

0.6 RCCB 

Proper chOice of RC and CB 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 RCCB~ 10-4 many 
combinations of values of RC and CB Will satisfy the free·running 
frequency r~quirement of 15734 kHz However, the sensitivity 
of the OSCillator (iJI to control-current from the phase del~.;tor 
IS directly dependent on the magnitude of RC. and this provdes a 

5-103 

convenient method of adjusting the dc loop gain (fcl. 

For a given phase detector sensitivity (Il) = 1.60 x 10-4 A/rad 

fc=~fJandfJ=3.15xRC Hz/mA 

Increasing RC 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 (wn) 
and give a wider pull·in range from an out·of·lock 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.E. performilnce, 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 resistor RX 
with respect to Ry which modifies the ac/dc gain ratio (m) of 
the loop. Lowering thiS ratio will reduce the pull-in range and 
noise bandWidth (tnn). (Note. very large values of Ry Will limit 
the control capability of the phase detector With a corresponding 
reduction In hold'ln range). 

Static phasing can be adjusted simply by adding a small resistor 
between the flyback pulse integrating capacitor and grounrt. nle 
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 CRT 

NOTE. 
In adjusting the loop parameters. the follOWing equations may 
prove useful. 

=~ 
wn V(1 +X)T 

X2Twc 
K=--

4 

Rx X=
Ry 

Wc = 2" fc 

T= Ry Cc 

where: 

K = loop damping coefficient 
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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 

• Low Thermal Drift 

• Eliminates Centering Control 

• Independent Vertical Hold and Size Controls 

• Scan Current Independent of Yoke Variations 

• Retrace Pulse for Effective Blanking 

• Linear Sawtooth Amplification 

FIGURE 1 - TYPICAL APPLICATION CIRCUIT 
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MC1393A 

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

Rating Value Unit 

Power Supply Voltage 30 Vdc 

Junction Temperature 150 °c 
Operating Ambient Temperature Range o to +70 °c 
Storage Temperature Range -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = +25 V, TA = +250 C) (Figure 1) 
Characteristic Typ Unit 

Supply Draln( 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 Vtp·p) 
Output Current (Yoke) 3.0 A(p.p) 

Scan Non·Llnearity 8.0 % 

Note 1: Total Current I ncludes 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 07 off. A negative 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 

driver 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 transistor. The current 
gain between 020 and the output transistor is inversely 
proportional to ~he resistance ratio of R37 and the output 
emitter resistor. 1.0 rnA of current through R37 will pro
duce 1.0 A through a 1.0 ohm output-emitter resistor, 
thus providing a gain of 1000. 020, 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 current drive is determined by 
the current in the voltage divider on Pins 7 and 11. Pin 3 
is a return path for the de and provides for automatic 
centering. Pin 8 is the collector output of 018 providing 
a positive blanking pulse. 
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MC1393A 

FIGURE 2 - CIRCUIT SCHEMATIC 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC1398P -20°C to +75°C Plastic DIP 

TV COLOR PROCESSING CIRCUIT 

... a chroma IF 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·Controlled Internal Feedback Oscillator 

• BUllt'In NOise Immunity 
• Schmitt Trigger Color Killer 
• Automatic Chroma Control 
• Internal Burst Gate and Gate Pulse Shaping CirCUit 
• High Oscillator Lock·in Sensitivity 
• BUllt·m Supply Regulation 

FIGURE 1 - TYPICAL CHROMA APPLICATIONS CIRCUIT 
(MC1398P. MC1326 and MPSU10) 
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II 

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 50 

Operating Temperature Range (Ambient) -20 to +75 

Storage Temperature Range -65 to +150 

ELECTRICAL CHARACTERISTICS (VCC = +20 Vdc, RS ~ 390 ohms, T A = +250 C unless otherwise noted) 

Characteristic 

Regulated Voltage (IS = 35 mAl 

(IS = 27 mAl 

Maximum Undlstorted Chroma Output, See Note l,E(pln 3) = E(pln 14) 

Maximum Chroma Gain 
E(pIn3) =E(pln 14),SeeNote 1 

Automatic Chroma Control Range (ACC) 
-30 dB down from maximum undlstorted output ,see Note 1 

Chro ma Burst Level to K III, See Note 1 

Manual Chroma Gain Control Range 
(6 V(PIn 3) (V(PIn 14) to a Vdc) 

Chroma Input Resistance 

Chroma Input Capacitance 

Chroma Output Impedance 

HOrizontal Input Pulse 

Oscillator Output 

OSCillator Output Impedance 

Hue Control Range 
(6V(pln 12) (V(PIn 14) to 4.3 Vdc) 

Oscillator Pull-In Range 

Oscillator NOise BandWidth (fN) 

Static Phase Error With OSCillator Detunlng 
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(pln 10) to just "unkl"" 

Min 

9.0 

-
08 

34 

-

-

50 

-

-
-
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-

100 
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-

-
-

FIGURE 2 - MC1398P TEST CIRCUIT 
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MC1398 

TYPICAL CHARACTERISTICS 
(T A = +250 C unless otherwise noted) 

(F Igures 4 through 9, See Test Circuit of Figure 2 ) 

FIGURE 4 - INPUT/OUTPUT CHARACTERISTICS 
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MC1398PAPPLICATIONS 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 layout for the MC1398P IS shown In Figure 10. 
An adjustable capacitor (1.5 -20 pF in parallel With a fixed 

22 pF capaCitOr) is shown in senes With the 3.58 MHz crystal. This 
capacitor IS used to adlust 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 (this value IS dependent on the designers' choice of crystals). 

5-111 

!IO> !10k 

13.3 k f 680 

~ ~{} 

BLANKING 
INPUT 

410 

TOP TAP 

Cj1 
BOTTOM 

VIEW 

1 }69.6 TURNS 

F}5.3TURNS 

COILCRAFT FORM #10-32 OR EOUIV 
UNIVERSAL AWG #36 WIRE OR EOUIV 
L = 26jlH 

INPUT OUTPUT 

gTOM PRIMA~Y SECONDARY 
WINDING WINDING 
82 TURNS 55 TURNS 

- VIEW) 

COILCRAFT FORM #10-32 OR eoulv 
UNIVERSAL AWG #36 WIRE OR EOUIV 
Lp = 12 jlH primary Winding 
LS = 88 jlH 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. 
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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 (Q2. Q3. Q8. Q9). Because of Q2 
emitter load resistor the Input Impedance IS determined primarily 
by the bias resistor (R3) and IS about 2.3 kllohms. Since Q2 IS the 
current source for the differential pair (Q3 and Q9l. the chroma 
information will pass to the load resistor (R7) and then to the 
second chroma amplifier (Q171. To aVOid overload of Q17. the 
maximum gain to Q17 base IS only X3 and by varying the bias at 
the base of Q9 It IS poSSible to reduce the stage gain by 23 dB 
without signal distortion; the signal being "dumped" by Q9 
collector Into the supply. Since thiS automatic chroma control 
action will vary the dc bias at Q17 base the emitter load of Q17 IS 
the current source Q18. maintaining the dc operating current. Q18 
collector IS bypassed externally to prevent ac signal attenuation. 

DUring picture scan time. the chroma signal passes through the 
output level control amplifier (Q10. Q11. Q15. Q21). By changing 
the bias on Q 11 and Q 15 bases the signal can either pass to the 
output pin 2 or be "dumped" Into the supply through Q11. The 
use of buffer stages Ql0 and Q21 prevent distortion at 10W'Slgnal 
levels and the control range IS better than 70 dB. The signal output 
IS also buffered by Q 14 and Q20. thus providing a low Impedance 
drIVe of up to 2.0 V (p.p) to the demodulator, with an overall 
gam between pinS 5 and 2 of 40 dB. To enable the chroma signal 
output to reach the amplifiers from Q17 collector, Q12 IS held In 
conduction by QS which m the absence of any Input on pin 415 not 
conducting. ThiS high collector voltage also holds Q26 In 
conduction, clamping the Input to the burst channel and preventing 
chroma information reaching the OSCillator. During picture retrace 
time, a posltlve-golng 4.0 IlS pulse from the line sweep transformer 
Will turn Q5 "on" and Q7 "off". When Q5 collector goes low. 
Q 12 will become "cut-off" preventing the burst signal at Q 17 
collector from reaching the output pin 2. At the same time, Q26 
turns "off" opening the burst channel. The high collector voltage 
of 07 turns on Q16 and Q22. Q16 passes the burst signal from 
Q17 collector to the subcarrier regenerator and Q22 "fllls'In" for 
Q12 dunng the gate period to prevent a dc shift In the pin 2 
output voltage. 

The gated burst signal IS applied to the oscillator through Q27 
and Q28. Q29, Q50 and Q35 together with Q27 and Q28 form 
an injection locked 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 carner level at the base of 
QSO The signal at the base of Q29 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 Q50 and Q29 
bases and be suppressed in the output by the differential amplifier 
common-mode rejection ratio (about 40 dB). To maintain 
OSCillation, a feedback Signal with the correct phase IS passed by 
Q35 back to the input of Q27' Careful control of the resistor 
ratios ensures that Q29 and Q50 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 Q29 and Q50 
collectors changes and thiS shift IS used to provide the automatic 
chroma control function. Q42 and Q45 form a modified differential 
amplifier and With zero offset bias Q45 conducts most of the 
current from Q43. As an increasing burst level sWings Q29 and 
Q50 collectors. the current from Q43 IS shunted Into Q42. At a 
pOint predetermined by the settmg of the automatic chroma control 
connected to pin 10, the composite lateral PNP of Q47 and Q46 
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
Ing current through Q13 emitter IS used to control Q9 base, 
attenuating the Input signal as the burst amplitude Increases. The 
current from Q13 also keeps Q19 In saturation. When the Input 
signal becomes too small for satisfactory color rendition, Q13 
current falls and Q19 comes out of saturation. ThiS means Q25 
will saturate. clamping Q21 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 R 33 and R42 are used to 
drive Q38 and Q39 Into limiting so that as the burst amplitude in
creases the OSCillator activity to around 700 mV (p-p), there Will 
be no change In the OSCillator output amplitude at pin 13 Q38 and 
Q39 are used as current sources With a 1800 phase difference for 
the differential pairs Q30 and Q31. Q34 and Q37. A small 
capacitor attached externally to Q39 collector adjusts the total 
phase difference to 1350 . Since the Signal appearing In the load 
resistor R51 Will be the vector sum of Q31 and Q37 signals, 
varying the base bias of Q3g and Q34 will change the OSCillator 
output phase over the 135 range. Q40 and Q41 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. 

5-112 



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 
• Lmear 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 PACKAGE 
CASE 648 

ORDERING INFORMATION 

I Temperature I Range 

MC1399P I -20 to +750 C I 

- - - ---, 

Package 

Plastic DIP 

r---L--, I 1 

10 

11 

7 9 

ThIS IS advance InformatIon and specIfIcatIons are subject to change wIthout notIce 

5-113 

*i 
1 13 

I 
I 
I 
I 16 

• 



MC1399 

MAXIMUM RATINGS (T A = 250 C unless otherwise noted.) 

Rating Value Unit 

Power Supply Current 60 mA 

Horizontal Pulse Input Current 42 mA 

Minimum Load Resistance (Pins 11,13) 2.7 kfl 
Junction Temperature 150 °c 
Operating Ambient Temperature Range -20 to +75 °c 
Storage Temperature Range -65 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 

II 
Load Regulation (Pin 12) (VCC from +22 V to +26 V) - 100 - mVdc 
APC Set Up Voltage (R2) 061 - 081 %Vr.c 
ACCSet Up Voltage (Rl) 0.57 - 0.79 %Vr.r. 
Chroma Control Output Voltage 

(51 Position 2) - 1.25 - VPll 
(51 Position 3) - 625 - mVpll 
(51 Position 4) - 12 - mVpll 

Oscillator Output 
(52 Position 2) - 2.2 - VPll 
(52 Position 1) - 1.6 - VPll 
(52 Position 3) - 2.2 - VPll 

Oscillator Output Phase (Referred to Chroma Output Pin 13) 
(52 Position 1) - 231 - Deg. 
(52 Position 2) - 185 - Oeg. 
(52 Position 3) - 268 - De<!. 

Static Phase Error (SPE) with Oscillator Detuned - 0.02 - Degrees/Hz 
Automatic Chroma Control (ACC) 

Chroma Output for Input of: 
+6.0 d8 (360 mVp-p Burst) - 2.65 - VPll 
-14 dB (36 mVp-p Burst) - 2.1 - VPll 

Chroma Output Voltage (Pin 13) for Input of -20 d8 (Killer On) - 10 - mVp-p 
118 mVp-p Burst @ Pin 2) 
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TYPICAL DESIGN CHARACTERISTICS (Figure 51 
Characteristic Typ 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 (Device Only) 0.7 PPM/oC 

Oscillator lit with VCC +20 HzIVolt 

Chroma Output Level Drift With Temperature 10 % 
(Device Only, 25 to 7SoCI 

Chroma Output Level Sensitivity to V CC (Device Only) 2.0 %IVolt 

Pull·ln Range ±SOO Hz 

NOise Bandwidth (fnn) 150 Hz 

OSCillator Control Sensitivity (m 1.2 Hz/mV 

APC Phase Detector Sensitivity (Iol) 42 mV/Degree 

FIGURE 2 - ACC CHARACTERISTICS FIGURE 3 - GAIN CONTROL CHARACTERISTICS 

ACC D ETECTD R LOAD = 50 kn 

~C DJTEcfoR ~OADI= 39b kn f-""' ---V 
........ ,..... /' 

/ C 
2: 
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C> / 

/ 
11 
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o 
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l/ 
V 

20 

/ 
/' 

// 
V" 

/V 
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INPUT SIGNAL 100% = 180 mVp_p Burst DC VOLTAGE AS % OF SUPPLY ON CHROMA CONTROL ARM 

FIGURE 4 - TINT CONTROL CHARACTERISTICS 
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MC1399 

II 

FIGURE 5 - DYNAMIC CHARACTERISTIC TEST CIRCUIT 

n Horizontal 1.0/lF 

--.J L Pulse Wf---.-----, 
75' 12 k 

--ID1JJ-o-flIt-c~:;~a ~ 
l 751 0.01/lF 

4.7 k ~ 
A1 -= 0.1/lF 

5 k 
390 k" 

ACC 
13 k 

4 3 2 16 15 

MC1399 

4.7 k 
10 11 A2 390 k 

5 k 

APC 15 k 
8.2 k 

2.7 k 

1.0 /IF I 22 
pF I 20 PF 2 k 

12 

6.1 k' 

3 k' 
52 

3 

3 k' 

20 k 
1.3 k' 

2.7 k 

1W 
240 

3 

5.1 k' 

5.1 k' 

2 

Chroma Output 

OscIllator Output 

~----------------------------------~--------+---~--~------__ 24Vdc 
1.0/lFI 

J. 25 V 

Set·Up: Apply 6/ls, 15.734 kHz Horizontal Pulse 3 Vp'P, Centered on' Burst. 
Adjust APC Control for 3.579545 MHz with No Chroma Input. 
Apply NTSC 75% Bar Chart, (l.uminance, Sync and Set·up Removed) 
and Adjust ACC Control for 2.5 Vp-p Red Bar at Chroma Output. 

'1 % Resistor Tolerance 
•• Determines ACe loop gain, see Figure 2 • 

•• ·VaJue determined by crystal. 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC3310P Plastic DIP 

WIDE-BAND AMPLIFIER 

· .. designed for F Mil 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 Igm) Ideally Suited to Low Impedance 
Ceramic Filters 

• Formerly MFC4010A in Case 206A Package 

FIGURE 1 - FM/IF AMPLIFIER 

Input 20 pF 

10 7 MHz ~I---"""------' 
500hms 

3.0 k 

20pF Ll ..... r-oO--l 

0.0,"' I 
Ll - 5.4}lH 

36 Turns, #30 AWG Wore Wound on 1/4" Slug Tuned 

Form, Tapped 8 Turns from Ground End 

Slug' T H. Material 1/4" D.a , 112" Length 

13 k 

1.8 k 

MC3310P 

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----v~-~-~~-~_o~ 

+ 

50ll-F I 
Play 

Record ~ 
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MC3310 

MAXIMUM RATI NGS (T A = 250 e unless otherwise noted) 

Ratlllg Value Umt 

Power Supply Voltage 21 Vdc 

Power DIssipation @ T A = 250 e 1.2 Watts 
(Package Limitation) 

Derate above 250 e 10 mW/oe 

Operatlllg Ambient Temperature Range o to +75 °e 

ELECTRICAL CHARACTERISTICS (Vee = 60 Vdc T A = 2Soe unless otherwise noted) 

Characteristic Mill Typ Max Umt 

Open Loop Voltage Gam (Figure 3) 60 68 - dB 
(f=10kHz) 

h Parameters( 1) hll - 10 - k ohms 
If = 10kHz) h12 - 10-6 - -

h21 - 1000 - -

h22 - 10-5 - mhos 

Output NOise Voltage (Figure 3) - 30 - mV(RMS) 
(BW = 20 Hz to 20 kHz. RS = 10k ohms) - 30 -

Current Dralll -- 30 - mA 

HIGH FREQUENCY CHARACTERISTICS (Vee = 12 Vdc f = 107 MHz TA = 250 e unless otherwise noted) 

Power Gam (Figure 11 
em = 0 1 mVRMS) 

NOise Figure (F Igure 1) 

(RS "" 740 Ohms) 

y Parameters( 1) Yll 
(f = 10 7 MHz. 12 = 2 0 rnA) Y12 

Y21 
Y22 

(l)Devlce only. without external passive components 

JO.lI-'F 

251-'F 

FIGURE 3 - AUDIO TEST CIRCUIT 

Vee 
6.0 Vdc 

:1 ).~~1.~Ok----~~~~ 

-

-

-

-
-

-

8.2 k 

0.1 pF 

42 - dB 

60 - dB 

13 + 115 - mmhos 

-34 + /81 - pmhos 

-033 + 10 68 - mho 

120 + 10 - pmhos 

FIGURE 4 - BIASING RECOMMENOATIONS 

Vee 

,,10/5 ! R1 

'-------------.EIIl = 0.74 V 

10
/5 ! A2 

Select Vee. Eo. and 10 
Solve for RL = (Vee - Eo)/IO 
Let R2 = 5(0.74)/10 
Then. A1 = R2 (Eo -0.74)/0.74 
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TYPICAL CHARACTERISTICS 

AUDIO PERFORMANCE CHARACTERISTICS 
(for Test Circuit Figure 3) 

FIGURE 5 - VOLTAGE GAIN versus FREQUENCY 

v r---r--.. 

1\ 

*TAPE PREAMPLIFIER PERFORMANCE 
(for Circuit Figure 2) 

FIGURE 7 - RECORD VOLTAGE GAIN 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 all reqUirements No par· 
tlcular tape head was used as a baSIS for CirCUit deSign. The CirCUit 
IS only an example 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 
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10.7 MHz y PARAMETERS 
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Advance InforInation 

AUTOMOTIVE VOLTAGE REGULATOR 

· .. designed for use in conjunction with an NPN Darlington transis· 
tor in a floating field alternator charging system. 

• Overvoltage Protection 

• Shut-Down on Loss of Battery Sense 

• Selectable Temperature Coefficient 

• Available in Chip Form for Hybrid Assembly 

CIRCUIT SCHEMATIC 

4 3 

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 

Output Drive 
Adjust 

Over Voltage 
Sense 

Battery Sense 5 

Battery Sense 6 

Battery Sense 7 

Temperature Range 

14 

13 

12 

11 

10 

9 

B 

NC 

NC 

NC 

NC 

Output 

Feedback 

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 S IS 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 +S5 °c 
Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (T A = 250 C unless otherwise specified.) 

Characteristic Symbol Min Typ Max Unat 

Diode TC Adjust· Threshold Voltage on Pin S Vs 79 - S.8 V 
(Figure 1) 

Battery Sense: Threshold Voltage on Pin 5 V5 11.S - 13.3 V 
(Figure 1) II 

Battery Sense: Threshold Voltage on Pin 6 V6 11.1 - 12.6 V 
(Figure 1) 

Battery Sense: Threshold Voltage on Pin 7 V7 10.5 - 11.8 V 
(Figure 1) 

Battery Sense Loss Detect: Threshold Current Into Pin 4 14 - - 600 /lA 
(Figure 2) 

Battery Sense Loss Detect· Threshold Voltage at Pin 4 V4 1.3 - 1.7 V 
(14 .;;; 600/lA, Figure 2~ 

Overvoltage Sense: Threshold Current Into Pin 3 13 - - 600 /lA 
(Figure 2) 

Overvoltage Sense' Threshold Voltage at Pin 3 V3 6.7 - 9.0 V 
(13 .;;; 600/lA, Figure 2) 

Output DrIVe Adjust: Voltage Drop from Pin 2 to Pin 10 V2 1.9 - 2.4 V 
(/2 = 10 mA, Figure 3) 

Low State Output Voltage at Pin 10 V10 - - 0.7 V 
(13 = 12 mA, 12 = 120 mA, Figure 4) 

F!-1 ?~ 



MC3325 

TEST CIRCUITS 

FIGURE 1 FIGURE 2 
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FIGURE 3 FIGURE 4 

14 14 

-=- -=-
13 13 

lOrnA 3 12 3 12 

4 11 4 11 

-=- V10 
10 10 

4.7 k 

6 -=- -=- -=- 6 9 -=-
a 8 

5-124 



MC3325 
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FIGURE 5 - APPLICATION CIRCUIT 
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-Note: The temperature coefficient of the battery voltage sense terminal is determined by the number of diodes used in 
the dIode string (i,e" whether Pm 5, 6, or 7 is used). The approximate temperature coeffIcient for a diode at 1.0 rnA is 
-2.0 mV/oC, and for a zener dIode it is +3.0 mV/oC. Counting from ground (see circuit schematic) we have -2.0 mV for 
Q5, -2.0 mV for Q4, +3.0 mV for Zl, -8.0 mV for D5 thru 08, 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 51 

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 following equation: 

R5 R5 
V reg = (1 + Rl 18.4 + (n + 51 I (0.71 

n = number of diodes used in diode string 
(4 ~ n ~61 

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 (131 at maximum over· 
voltage is between 2.0 mA and 6.0 mAo 

S-1 ?'i 

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 n 

This resistor in conjunction with R3 is used to set 
the maximum overvoltage. 

. R3 + R6 
MaXimum overvoltage == R6 (7.51 

Used for compensation 
(Approximately 3.0 kn) 

Used for compensation 
(Approximately 0.01 J.[F) 

• 



II 

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 I ses 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 

P SUFFIX ,.,. PLASTIC PACKAGE 
CASE 646 

PIN CONNECTIONS 

3 

4 

14 

13 

12 

11 

10 

9 

8 

Input Camp. with 6 
Hysteresis P1 

Power 

1 Clamp, Bias and Output 

CC and OVP 7 
References 01 

9 
02 

Current Sense 
and Regulator 

8 
K 

1Q 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 SlOk Current IS(PEAK) A 

TranSients of 300 ms or less 13 

Junction Temperature TJ 150 °c 
OperatlOg Ambient Temperature Range TA -40 to +85 °c 
Storage- Temperature Range T stg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = 145 V T A = 250 C unless otherwise specified' Figure 2 I 
PIO(S) 

Characteristic Symbol Under S1 S2 S3 S4 S5 S6 Min Typ Max Unit 
Test 

Current Drain 'D 3 A A A A A A 8.0 15 25 mA 

Pre-Driver On Vpl 6 A A A A A A - .90 2.0 V 

D1, D2 Output On VDl 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 Vl 1 B A A A A E 700 800 900 mV 

Sl Follower VS1 2 A B A A A C 14 1.6 1.8 V 

C Clamp High Vc 14 A A A A A D - 84 8.8 V 

S2 Turn On (measure VS2 ramp VS2 12 A A A A B A 1.6 1.9 2.1 V 
value at Pl sWitch POlOt I 

Overvoltage Protection Vs 5 A A A B C A 80 9.1 10 V 

Current Limit Trip VIL 4 A A B A C B 150 180 220 mV II 
FIGURE 2 - TEST CIRCUIT 

1.0 V 
0-8 

100IJA Oc 1.5 V 

G 8 8 0 0 100IJA 
0 El 

14 
50IJA 

8 8 
A 0 13 NC Open 

"L
25V 

S2 
Ramp 

3 12 08 
400 S5 1.0V 

14.5 V 

A e 4 11 NC CO 100IJA 
S3 

0:-
8 A 10 

S4 
0:-

100IJA 8 6 9 
50 

8 
2W 

7.5 k 

750 

1 k 
------------------------------------~~r_~~~D10V 

5-127 



I 

MC3333 

FIGURE 3 - TYPICAL APPLICATION CIRCUIT 

14.5 V 
Vee 

500 i' 15 k 
pI" 

r - Ae 20k * --, 
70k 

I 

{ i 1··"", Pick-Up I Sensor 
1.35 h I 20 k 

~51~~~~Z I L I 

Ncl 
L __ J 

Sl ee e 

~OO 2 1 14 13 
2W Vee 

12~ 3 

IL 

AD 6.8 k 
4 11~ 

Vs 
5 10~ 

Ae 3.3 k 6 7 8 9 Ignition Coil 

~ 
Pl 01 K 02 

1 k 70 
01 JJF lOW , 

/I 

T 
r- ---

20 k 
I 
I 
I 
I 

LM~0~2 __ 

AA 

345 

AS 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 AA to AS controls the ignitIon coil regulated current. 

leOIL ~ 3.6 (A~+S AB ) AA + AS ~ 1 kn 

2. The ratio of AD to Ae sets the over-voltage shutdown point with respect to S+. 

Ae + AO~ 10 kn 

--, 
I 
I 
I 
I 
I 

.J 

0.05 

'-

Primary Impedance 
~ 0.43n. Inductance 
~ 7.5 - 8.5 mH @ 5 A 

3. Ae IS activa region dwell control. Ae = 70 kn results in output current limit time of approximately 
10% at 1000 APM (with respect to one distributor cycle on an 8 cylinder englne)_ Values less than 
70 kn lengthen this limit time and values higher shorten this limit time. 

4. The 0.1 JJF capacitor at pin 4 may be eliminated and stability maintained_ A readjustment of the 
AA and AS resistors will be required. 
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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 (T A = +25 0 C unless otherwise noted.) 

Rating Value 

Power Supply Voltage 20 

Power DIssipation @ T A = 25°C 12 
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 

VIN00 VCC 
Control Vo 

Gnd Rolloff 
NC NC 

PLASTIC PACKAGE 
CASE 626 

FIGURE 1 - TYPICAL DC "REMOTE" VOLUME CONTROL 

VCC 
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MC3340 

ELECTRICAL CHARACTERISTICS (em = 100 mV (RMS), f = 1.0 kHz, R1 = 0, VCC = 16 Vdc, T A = +250 C unless otherwise noted.) 

Circuit Characteristic Min Typ Max Unit 

OperatlOg Power Supply Voltage 9.0 - 18 Vdc 

Control Termmal Smk Current - - 2.0 mAdc 

(em'" 0) 

Maximum Input Voltage - - 05 VIRMS) 

Voltage Gam 11 13 - dB 

Attenuation Range 70 90 - dB 
IRc '" 33 k ohms) 

Total Harmonic Distortion (Pm 2 Gnd) - 06 10 % 
(eon '" 100 mV(RMS), eo'" Av x eln ) 

FIGURE 2 - CIRCUIT SCHEMATIC 
8 

VCC II 
6 

Rolloff 

7 
Output 

2 
Control 

3~ Input 
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MC3340 

~ 
z 
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;::: 

~ 
~ 
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40 

60 

80 

100 
35 

TYPICAL ELECTRICAL CHARACTERISTICS 

(Vee = 16 Vdc, T A = +250 e unless otherwise noted.) 

FIGURE 3 - ATTENUATION 
versus DC CONTROL VOLTAGE --r--.. 
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FIGURE 4 - ATTENUATION 
versus CONTROL RESISTOR 
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FIGURE 5 - FREQUENCY RESPONSE FIGURE 6 - OUTPUT VOLTAGE SWING 
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II 

ORDERING INFORMATION 

Device 

MC3346P 
MC3386P 

Temperature Range 

-40°C to +85°C 
-40°C to +85°C 

Package 

Plastic DIP 
Plastic DIP 

ONE 01 FFERENTIALL Y·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 - 10 IlA to 10 mA 
• Five General-Purpose Transistors in One Package 

MAXIMUM RATINGS 
Rating Symbol Value Umt 

Collector-Emitter Voltage VCEO 15 Vdc 

Collector-Base Voltage VCBO 20 Vdc 

Emitter-Base Voltage VEB 50 Vdc 

Collector-Substrate Voltage VCIO 20 Vdc 

Collector Current - Continuous IC 50 mAdc 

Total Power DIssipation @ 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 Tstg -65 to +150 °c 
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MC3346 
MC3386 

GENERAL·PURPOSE 
TRANSISTOR ARRAY 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 



MC3346, MC3386 

ELECTRICAL CHARACTERISTICS 

CharacterIStic 

STATIC CHARACTERISTICS 

Collector-Base Breakdown Voltage BVCBO 20 60 - 20 60 - Vdc 
(lC = 10/lAdc) 

Collector-Emitter Breakdown Voltage BVCEO 15 - - 15 - - Vdc 
(lC = 1.0 mAdc) 

Collector-Substrate Breakdown Voltage BVCIO 20 60 - 20 60 - Vdc 
(lC = 10/lA) 

Emitter-Base Breakdown Voltage BVEBO 5.0 7.0 - 5.0 7.0 - Vdc 
(IE = 10/lAdc) 

Collector-Base Cutoff Current ICBO - - 40 - - 100 nAdc 
(VCB = 10 Vdc,IE = 0) 

DC Current Gain hFE -
(lC ~-10 mAdc, VCE = 3.0 Vdc) - 140 - - - -
(lC = 1.0 mAdc, VCE = 3.0 Vdc) 40 130 - 40 130 -
(lC = 10 /lAdc, VCE = 3.0 Vde) - 60 - - - -

Base-Emitter Voltage VBE Vdc 
(VCE = 3.0 Vdc, IE = 1 0 mAde) - 0.72 - - 0.72 -
(VCE = 3 0 Vdc, IE = 10 mAdc) - 080 - - 0.80 -

Input Offset Current for Matched Pair 01 and 02 Ii10l- - 0.3 2.0 - 0.3 - /lAdc 
(VCE = 3.0 Vdc, IC = 1.0 mAdc) 11021 

Magnitude of I nput Offset Voltage - - 05 5.0 - 0.5 - mVdc 
(VCE = 3.0 Vdc, IC = 1.0 mAde) 

Temperature Coefficient of Base-Emitter Voltage L'.VBE - -19 - - -1.9 - mV/oC 

(VCE = 3.0 Vdc, IC = 1.0 mAdc) --:;:;=-
Temperature Coefficient IL'.VIOI - 1.0 - - 1.0 - /lV/oC 

6T 
Collector-Emitter Cutoff Current ICEO - - 0.5 - - 5.0 /lAdc • (VCE = 10 Vdc, lB = 0) 

DYNAMIC CHARACTERISTICS 

Low Frequency NOise Figure NF - 3.25 - - 325 - dB 
(VCE = 3.0 Vdc, IC = 100 /lAde, RS = 1.0 kn, 
f = 1.0 kHz) 

Forward Current Transfer RatiO hFE - 110 - - 110 - -
(VCE = 3.0 Vdc, IC = 1.0 mAdc, f = 1.0 kHz) 

Short-Circuit InpUt Impedance hie - 35 - - 3.5 - kn 
(VCE = 3.0 Vdc, IC = 1.0 mAde) 

Open-Circuit Output Impedance hoe - 156 - - 15.6 - /lmhos 
(VeE = 3.0 Vdc, IC = 1.0 mAde) 

Reverse Voltage Transfer RatiO hre - 1.8 - - 1.8 - xl0-4 
(VCE = 3.0 Vdc, IC = 1.0 mAde) 

Forward Transfer Admittance Yfe - 31-)1.5 - - 31-)1.5 - -
(VCE = 3.0 Vdc, IC = 1.0 mAde, f = 1.0 MHz) 

Input Admittance Yie - 03+)0.04 - - 0.3+)0.04 - -
(VCE = 3.0 Vdc, IC = 1.0 mAde, f = 1.0 MHz) 

Output Admittance Yoe - 0.001+)0.03 - - 0001 +)0.03 - -
(VCE = 3.0 Vdc, IC = 1.0 mAde, f = 1.0 MHz) 

Current-Gain - BandWidth Product fT 300 550 - - 550 - MHz 
(VCE = 3_0 Vdc, IC = 3.0 mAde) 

Emitter-Base Capacitance Ceb - 0.6 - - 0.6 - pF 

(VEB = 3.0 Vdc, IE = 0) 

Collector-Base Capacitance Ccb - 058 - - 0.58 - pF 
(VCB = 3.0 Vdc, IC = 0) 

Collector-Substrate Capacitance CCI - 28 - - 2.8 - pF 

(VCS = 3.0 Vdc, IC = 0) 
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MC3346, MC3386 

TYPICAL CHARACTERISTICS 
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Advance InforIDation 

LOW POWER NARROW BAND rM IF 

· .. includes Oscillator, Mixer, Limiting Amplifier, Quadrature 
Discriminator, Active Filter, Squelch, Scan Control, and Mute 
Switch. The MC3357 is designed for use in FM dual conversion 
communications equipment. 

• Low Drain Current (3.0 mA (Typ) @ VCC = 6.0 Vdc) 

• Excellent Sensitivity: Input Limiting Voltage -
(-3.0 dB) = 5.0 IlV (Typ) 

• Low Number of External Parts Required 

FIGURE 1 - FUNCTIONAL BLOCK DIAGRAM 

VCC 

This is advance information and specifications are subject to change without notice 
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LOW POWER 
FM IF 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

crystall' 
Osc 

Mixer 
Output 

LImiter 
Input 

LImiter 
Output 

Cuad 
Input 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN CONNECTIONS 

Audio 
4 Mute 

3 Scan 
Control 
Squelch 

2 Input 

, ~~:;~t 
Filter 
Input 

Demodulator 
Output 
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MC3357 

MAXIMUM RATINGS (T A = 250 C, unless otherwise notedl 

Rating Pin Symbol Value Unit 

Power Supply Voltage 4 VCC(maxl 12 Vdc 

Operating Supply Voltage Range 4 VCC 4 to 8 Vdc 

Detector Input Voltage 8 - 1.0 Vp-p 

Input Voltage (VCC ;;. 6.0 Voltsl 16 V16 1.0 VRMS 
Mute Function 14 V14 -0.5 to 5.0 Vpk 

Junction Temperature - TJ 150 °c 
Operating Ambient Temperature Range - TA -30 to +70 °c 
Storage Temperature Range - TS1!L -65to+150 °c 

ELECTRICAL CHARACTERISTICS (VCC =6.0 Vdc, fo = 10.7 MHz, ~f = ± 3.0 kHz, fmod = 1.0 kHz, T A = 250 C unless otherwise noted.l 

Characteristic 

Drain Current 
Squelch Off 
Squelch On 

Input Limiting Voltage 
(-3 dB Llmltingl 

Detector Output Voltage 

Detector Output Impedance 

Recovered Audio Output Voltage 
(V m = 10 mVl 

Filter Gam (10 kHzl 
(Vin = 5 mVl 

Filter Output Voltage 

Trigger Hysteresis 

Mute Function Low 

Mute Function High 

Scan Function Low (Mute Off) 
(V12 = 2 Vdcl 

Scan Function High (Mute On\ 
(V12 = Gndl 

Mixer Conversion Gam 

Mixer Input Resistance 

Mixer Input Capacitance 

Vcc = 60 Vdc 

2k 
100 nF 100 nF 

...... -1 f--+--II f---j 6 

r 
I 
I 

47 k 

I I L.. _____ .J 

·MURATA 
CFU 
4550 

Pin Min Typ Max 

4 
- 2.0 -
- 3.0 5.0 

16 - 50 10 

9 - 3.0 -
- - 400 -
9 200 350 -

- 40 46 -

11 1.8 20 25 

- - 100 -
14 - 15 50 

14 1.0 10 -
13 - 0 05 

13 5.0 - -

3 - 20 -
16 - 3.3 -
16 - 2.2 -

FIGURE 2 - TEST CIRCUIT 

··Lp= 1.0mH 
Cp=100pF 
Rp=100kn 
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MC3357 

CIRCUIT DESCRIPTION 

The MC3357 is a low power FM I F circuit designed 

primarily for use In voice communication scanning 
receivers. 

The mixer·osc:llator combination converts the input 
frequency (e.g., 10.7 MHz) down to 455 kHz, where, 

after external bandpass filtering, most of the amplification 

IS done. The audio IS recovered using a conventional 

quadrature FM detector. The absence of an Input signal IS 

indicated by the presence of noise above the desired 

audio frequencies. This "noise band" is monitored by an 
active filter and a detector. A squelch trigger cirCUit 

indicates the presence of noise (or a tone) by an output 

which can be used to control scanning. At the same time, 

an Internal sWitch IS operated which can be used to 
mute the audio. 

The OSCillator IS an Internally·blased Colpitts type with 
the collector, base, and emitter connections at pins 4, 1, 
and 2 respectively. A crystal can be used in place of the 
usual coil. 

The mixer IS doubly·balanced to reduce SPUriOUS 
responses. The input impedance at pin 16 IS set by a 

3 krl Internal biasing resistor and has low capacitance, 
allOWing the CirCUit to be preceded by a crystal filter. 
The collector output at pin 3 must be dc connected to 
B+, below which It can swing 0.5 V. 

After suitable bandpass filtering (ceramic or LC) the 

Signal goes to the Input of'a five·stage limiter at pin 5. 

The output of the limiter at pin 7 drives a multiplier, both 
internally directly, and externally through a quadrature 

coil, to detect the FM. The output at pin 7 is also used to 

supply dc feedback to pin 5. The other side of the first 

limiter stage IS decoupled at pin 6. 

The recovered audio is partially filtered, then buffered 

giving an impedance of around 400 n at pin 9. The signal 

still requires de·emphasls, volume control and further 

amplification before driving a loudspeaker. 

A simple inverting op amp IS provided with an output 

at Pin 11 providing dc bias (externally) to the Input at 

pm 10 which is referred internally to 2 V. A filter can be 

made With external Impedance elements to diSCriminate 

between frequencies. With an external AM detector the 

filtered audio signal can be checked for the presence of 

noise above the normal audiO band, or a tone signal. Th is 

information is appl ied to Pin 12. 
An external positive bias to Pin 12 sets up the squelch 

trigger Circuit such that Pin 13 is low at an impedance 
level of around 60 krl, and the audiO mute (Pin 14) IS 
open cirCUit. If Pin 12 is pulled down to 0.7 V by the 

nOise or tone detector, pin 13 will rise to approximately 
0.5 Vdc below supply where it can support a load current 

of around 500 pA and pin 14 is internally short·circulted 
to ground. There IS 100 mV of hysteresis at Pin 12 to 
prevent jitter. Audio muting is accompl ished by connecting 

pm 14 to a high·lmpedance ground·reference point m the 

audiO path between pm 9 and the audio amplifier. 
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ORDERING INFORMATION 

Device Temperature Range Package 

MC3360P Plastic DIP 

1/4-WATT AUDIO AMPLIFIER 

· .. designed for the output stage of battery-powered portable radios_ 

• 250 rnW of Audio Output Power 

• Low Standby Current - 3.5 rnA typical 

• Low Harmonic Distortion 

• Reduces Component Count in Portable Radios 

• Formerly MFC4000B Packaged in Plastic Case 206A. 

MAXIMUM RATINGS (TA = +250 C unless otherWise 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 
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1/4-WATT AUDIO AMPLIFIER 

SILICON MONOLITHIC 
FUNCTIONAL CI RCUIT 

MC3360P 
AudiO 

Amplifier 

PLASTIC PACKAGE 
CASE 626 
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MC3360 

ELECTRICAL CHARACTERISTICS* (Vee = 9.0 Vdc, RL = 16 Ohms, TA = +250 e unless otherwise noted.) 

Characteristic Mm 

Zero Signal Current Dram -

Sensitivity -
Po = 250 mW(RMS) 

Output Power 250 
Total Harmonic Distortion ~ 10% 

Total Harmonic Distortion 
Po = 50 mW(RMS) -
Po = 50 mW(RMS), Vee = 6 0 Vdc -

• As measured In test circuit shown In Figure 1 

1.0 k 

Audio 
OSCillator 

FIGURE 1 - TEST CIRCUIT 
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I 
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I 3.9 k 
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I 5.0 

I 
I 

I 
I 
I 
I L ___ 

0OO51l F 
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Typ Mal( 
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- 240 
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07 -
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Unit 

mAdc 

mV(RMS) 

mW(RMS) 
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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 flex ible deSign makes It useful In dc-dc 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 multlvibrator. 

As a DC-DC Converter -
Differential Ljne Regulation (Figure 9) -
=1 V(Max)@VCc=3t07.5V 

As a Power Regulator -
Load Regulation (Figure 5) -
0.2% (Typ) @ Po = 1 to 3 Watts 

As a Multivlbrator -
High Toggle Frequency = 100 kHz (Typ) 

FIGURE 1 - CIRCUIT SCHEMATIC 

R3 R4 
22 k 2.2 k 

Rl 

68k 

Q2 

R2 

6Bk 

4 

2 3 
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MC3380P 

EMITTER COUPLED 
ASTABLE 

MULTIVIBRATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PLASTIC PACKAGE 
CASE 626 

Voltage 0 Dlv. 1 8 Vec 
Frequency Frequency 
Cantrall 2 7 Comparator 
FreQuency 
Control2 J 6 Feedback 

Gnd 4 S OscIllator 
Output 

R10 
68 

5 

Rll 
220 



MC3380P 

MAXIMUM RATINGS (TA ~ +250 e unless otherwise noted) 

Rating Symbol Value Unit 

Power Supply Voltage Vee 10 Vdc 

Output Current - PI n 8 10 100 mA 

Power DIssipation @ T A = 25°C PD 300 mW 
Derate above 25°C 30 mW/oe 

Operating Ambient Temperature Range TA o to +75 °e 

Storage Temperature Range T stg -55 to +125 °e 

ELECTRICAL CHARACTERISTICS (T A = 25°C, Vee = 5.0 Vdc, unless otherWise noted) 

Characteristic 

EMITTER-COUPLED ASTABLE MUL TIVIBRATOR 

Rise Time tr - 12 - ns 
(C= O.0034/-lF,Rl = R2= 10kn,f= 100kHz, Figure 4) 

Fall Time tf -- 45 - n~ 

(C= 0.0034/-lF, Rl = R2 = 10kn, f= 100kHz, Figure 4) 

Toggle Frequency - - 100 - kHz 

(C = 0 002/-lF, R1 = R2= 10 k, Figures 2, 3, 4) 

3-WATT REGULATOR 

Power Efficiency (Figure 5) - - 60 - % 

(VO = 200 Vdc@ 15 mAdc) 

Load Regulation (Figure 5) Regload - 02 - % 

(Pout < 3 OW) 

Lme Regulation (Figure 5) Regll ne - 03 - % 
(Vee = 4 0 -6.0 Vdc) 

Output Voltage (Figure 5) Vo - 200 - V • Output Current (Figure 5) 10 - 15 - mA 

Supply Voltage (Figure 5) Vee 30 - 10 V 

Supply Current (Figure 6) ID - 20 30 mA 
(lFB=O,RL~~) 

Output Voltage High (Figure 6) VOH V 
(10 = 2.0 rnA, I FB = 250/-lA) 2.4 3.5 -
(10 = 25 mA,lFB = 250/-lA) 12 15 -

Output Voltage Low (Figure 6) VOL - 150 300 mV 
(10 = -10 mA, IFB = 600 IlA) 

Rise Time tr - 12 - ns 
On Time ton - 20 - IlS 

Fall Time (Figure 7) tf - 45 - ns 

Off Time toff - 20 - IlS 

DC - DC CONVERTER 

Zener Bias Current (Figure 10) 
(Vee = 5.0 Vdc, Vo > 2.4 Vdc) 'FBl - - 250 IlA 
(Vee = 5.0 Vdc, Vo < 0.4 Vdcl 'FB2 600 - - /-lA 

Output Current (Figure 11) 10H 25 35 - mA 
(Vee = 5.0 Vdc) 

Output ReSIStance (Figure 12) ro 150 220 300 n 
(Vce = 5.0Vdc,IO = -1.0 rnA) 

Shutdown Voltage (Figure 13) 
(VO < 0.5 V) \ Vcc - - 1.6 V 

Supply Voltage (Figure 9) 3.0 - 7.0 V 

Differential Line RegulatIOn (F igure 9) 
(AVCC = 3 0 to 7.0 Vdc) 

AVreg -1.0 - +10 V 

Feedback Voltage (F Igure 9) VF 0.6 - 1.1 V 
(Vce = 5.0 Vdc) 

Voltage EffiCiency (Figure 9) - 40 - - % 
(Vce = 5.0Vdc, Eff(%) = (Vout2/(3.3 k) (lCC)(VCC)) 
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MC3380P 
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FIGURE 2 - TYPICAL CAPACITANCE 
versus FREQUENCY 
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FIGURE 3 - TYPICAL DUTY CYCLE 
and FREQUENCY CHARACTERISTICS 
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V Al+A2=11kn 

10 
Duty Cycl~ V C = O.QIILF 

5.0 
10k 2.0 k 5.0 k 

AI, AESISTANCE (OHMS) 

FIGURE 4 - ASTABLE MULTIVIBRATOR TEST CIRCUIT 

Vo 

1 

FIGURE 5 - 3·WATT SWITCHING REGULATOR APPLICATION CIRCUIT 

Vref for System 

1.0 
0.02 

0.01 pF 

15 

f-r-

1.0 

05 
10 k 

pF IJF 
15 

8 6 Vo ~ 200 V @ 15 mA 

+ 
V CC -=- 500 IJF 

2 

2.7 K 

3 

0.01 
IJF 

Q1 

4 

47 

T1 - FERROXCUBE Pot Core 
#2213P-L003B7 (6 mil gap) 

Np - 8 Turns #22 AWG 
NS - 80 Turns #26 AWG 

3-Watt Switching Regulator - converts 5 V to 200 V for gas discharge displays such as Burroughs Panaplex end Beckman. 
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Vee -=-

3·7 V 

= 

FIGURE 6 - STATIC TEST CIRCUIT FIGURE 7 - DYNAMIC TEST CIRCUIT 
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FIGURE 8 - SWITCHING WAVEFORMS AT Q2 

Collector Current and Voltage Waveforms of 2N6495 (Q2) From Figure 5 
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FIGURE 9 - TYPICAL APPLICATION IN 3·25 V 
DC·DC CONVERTER CONFIGURATION 
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lee -
Notes 

.01/25 

1. All resistor values In ohms, ± 1 %, 1/4 W 
2. All capacItor values in /-IF, = 20%, except· ± 5%. 
3. All Inductors ± 4%. 

5/35 .;l.3 k Va 

VFo---__ --------~~--------~ 

MZ92·27e 
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MC3380P 

II 

DC· DC CONVERTER TEST CIRCUITS 

FIGURE 10 - ZENER BIAS CURRENT TEST FIGURE 11 - OUTPUT CURRENT TEST 

Vee 

8 

6 

4 

Vee 

8 

4 

FIGURE 12 - OUTPUT RESISTANCE TEST 

Vee 

V out 

- V
out 

(Note: ro = ~ I 

FIGURE 13 - SHUTDOWN VOLTAGE AND TEST 
(NOTE: Decrease Vee until Vo < 0,5 VI 
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8 
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Vo 

4 

l ':' 
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MC3380P 

FIGURE 14 - TYPICAL APPLICATION AS MULTIPLE OUTPUT SWITCHING REGULATOR FOR USE WITH MPU'S 
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I'F 

MC3380 I----JVI/Ir----l M PS· U 0 6 

2 ict4 0005 
IlF 

3750 

10M 

10k 

TYPICAL PERFORMANCE 
Pout 1 = 4 Watts 

(VO = 5 V ± 5%) 
5 V RIpple Component = 50 mV 

(120 Hz + 20 kHz) 

P out2 = 600 mW 
(VO = 12 V ± 10%) 

Pout3 = 3 mW 
(VO = -3 V ± 10%) 

5-147 

2N6495 

50 

A1 = MC1741CP1 

T1 W1 = 30 Turns of #26 AWG 
W2 = 5 Turns of #20 AWG 
W3 = 3 Turns of #26 AWG 
W4 = 12 Turns of #26 AWG 

F ERROXCU8E Pot Core #3019P-LOO-387 
Air Gap = 0 010" 

10 k 
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Advance Information 

TWO MODULUS PRESCALER 

The MC3393P can divide by 15 and 16, and can be used with 
Motorola CMOS frequency synthesizers MC145146, 52, 56 
for commercial AM-FM radio, land mobile and marine two
way radios, avionic radios, and scanner receivers. 

• 140 MHz (typ) Toggle Frequency 
• +15/16 
• TTL and CMOS Compatible Output 
• Active Pullup and Pulldown 
• +5.0 V Supply 
• Buffered Clock Input 
• 100-400 mV (typ) Input Sensitivity 
• 200 Milliwatts (typ) 

FIGURE 1 - LOGIC DIAGRAM 

FIGURE 2 - TEST CIRCUITS 

Output 

Input <>--11--+-+---i Mode 

-16 

Capacitor Coupled Input Link Coupled Input 

This IS advance Information and specifications are subject to change without notice. 
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MC3393P 

TWO MODULUS 
PRESCALER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

N SUFFIX 
PLASTIC PACKAGE 

CASE 626 

Output 

Pin Outs 

1 Bias Decouple 
2 Bias Decouple 
3 Input 
4 Ground 
5 NC 
6 Input 
7 Output 

8 VCC 



MC3393P 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Supply Voltage VCC 6.0 Vdc 

Input Mode Control Voltage VICR 10 Vdc 

Junction Temperature TJ 150 °C 

Operating Temperature Range TA -40 to +85 °C 

Storage Temperature Range TstQ -65 to +150 °C 

PRELIMINARY ELECTRICAL CHARACTERISTICS (Unless otherwise noted VCC = +50 Vdc TA = 25°C fm = 100 MHz) 

Characteristics Min Typ Max Units 

Power Supply Voltage 45 - 55 Vdc 

Current Drain - 40 - mA 

Input Voltage 100 - 400 mV(rms) 

Input Impedance Real Part - 900 - Ohms 
Capacitance - 60 - pF 

Mode Control Voltage for 15 Count 27 - 10 Vdc 

Mode Control Voltage for 16 Count 0 - 08 Vdc 

Output High at 30 IJA Source 27 43 - Vdc 

Output Low at 1 6 mA Smk - 03 08 Vdc 

Propagation Delay Time - 25 - ns 

Set up Time (16 to 15 Count) Measured before - 20 - ns 
Rlsmg Edge of Clock on Count 15 

Release Time (15 to 16 Count) Measured before - 15 - ns 
Failing Edge of Clock Precedmg Count 15 

Thermal Resistance, ROJC - 100 - °C/W 
II 
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Advance InforInation 

AUTOMOTIVE VOLTAGE REGULATOR 
FLIP-CHIP 

designed for use in conjunction with an NPN Darlington 
transistor in a floating field alternator charging system. 

• Overvoltage Protection 

• Shut Down on Loss of Battery Sense 

• Adjustable Temperature Coefficient 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Current Into Pin 5 15 50 mA 

Current Into Pin 4 14 20 mA 

Current Into Pin 3 13 120 mA 

Current Into Pin 6 16 50 mA 

Current Into Pin 2 12 50 mA 

Junction Temperature ·TJ 150 °c 
Operating Temperature Range TA -40 to +85 °c 
Storage Temperature Range Tstg -65 to +150 °c 

CIRCUIT SCHEMATIC 

4 3 

.-..... -tlII--tlII---o2 

6 

This IS advance information and specifications are subJect to change without notice. 
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MCCF3326 

FLIP-CHIP 
AUTOMOTIVE VOLTAGE 

REGULATOR 

SI LICON MONOLITHIC 
INTEGRATED CIRCUIT 

r.'" ','}I 

, " 

""., , I 

SOLDER BUMP CONNECTIONS 

1 - GND 
2 - Output 
3 - Output Drive Adjust 
4 - Overvoltage Sense' and Battery S.ns. Loti 

Detect 
5 - Battery Sense 
6 - Diode TC Adjust 



MCCF3326 

ELECTRICAL CHARACTERISTICS (TA = 2SoC unless otherwise specified) 

Characteristic 

Diode TC Adjust 
(Threshold Voltage on Pin 6) 

Battery Sense 
(Threshold Voltage on Pin S) 

Overvoltage Sense and Battery Sense Loss Detect 
(Threshold Current Into Pin 4) 

Overvoltage Sense and Battery Sense Loss Detect 
(Threshold Voltage at Pin 4, 14 .;; 400 /.lA) 

Output Drive Adjust 
(Voltage Drop from Pm 3 to Pin 2,13 = 10 rnA) 

Low State Output Voltage at Pm 2 
(14 = 12 rnA, 13 = 120 rnA) 

® 

® 

FIGURE 1 

FIGURE 3 

+14 V 

Figure Symbol 

1 V6 

1 Vs 

2 14 

2 V4 

3 V3 

4 V2 

TEST CIRCUITS 

Min Typ Max Unit 

7.9 - 8.8 V 

11.8 - 13.3 V 

- - 600 /.lA 

7.4 - 9.7 V 

1.4 - 2.0 V 

- - 0.7 V 

FIGURE 2 

+14 V 

• 
FIGURE 4 
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MCCF3326 

R1 

R5 

R4 

APPLICATIONS CIRCUIT INFORMATION 

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 rnA 
and 1.0 rnA. 

This resistor determines the Vreg voltage as 
approximated by the following equation: 

R5 
Vreg == (1 +RT) 8.4 + n(0.7) 

n = number of diodes used m diode string = 6 

Used as a current limiting resistor on pin 4 in 
case of overvoltage at the diode trio, or an open 
battery voltage sense lead. Voltage at pm 4 will 
run approximately 8.6 volts. R4 should be 
chosen so that the current (14) at maximum 
overvoltage is between 2 rnA and 6 rnA. 

R3 

R6 

This resistor determines the output drive cur· 
rent. Refer to specifications for the Darlington 
driver and select the value for R3 that will pro· 
vide enough drive to the output when the diode 
trio voltage is at a minimum. 

Vmin - 2.8 V 

IDrive == R3 + 10 n 

This resistor in conjunction with R4 is used to 
set the maximum overvoltage 

R4 + R6 
Maximum Overvoltage = ~ (8.6) 

R2 Used for compensation 
(Approximately 3 kn) 

C1, C2 Used for compensation 
(Approximately 0.01 IlF) 

FIGURE 5 - APPLICATIONS CIRCUIT 

R4 

To 
Diode Troo 

C2 

R3 

R2 

01 

To 
Alternator 

Field 

BONDING DIAGRAM AND DEVICE DIMENSIONS 

L,---____ ----, 

't f1 
" ~ .0<, 

~-~J 

0.009 

0.015 

0.0085 --11--.-------::::: ==ij 
L'-------L=lofo5 min. 

I -r 
Bump Diameter at Base 
0.006 ± 0.001 
Bump Height. 0.0040 ± 0.0005 

Solder Bumps. I 
6 places 
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PACKAGING AND HANDLING 

The flip·chip consists of a Silicon chip with 
solder bumps on the geometry surface to provide 
easy mechanical mounting and electrical connec· 
tion. These devices are protected by a thin layer of 
phosphorsilicate passivation which covers the Inter· 
connect metalization and active areas of the die. 

Care must be exercised when removing the dice 
from the shipping carner to avoid scratching the 
solder bumps. A vacuum pickup is useful for the 
handling of dice. Tweezers are not recommended 
for this purpose. 

The non·splli type shipping carrier consists of a 
compartmentalized tray and fitted cover. Ole are 
placed In the carrier with geometry side up. 



FLIP-CHIP 
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 Plastic Package (MC3333P) and Standard Chip 
(MCC3333) Form 

12 

FIGURE 1 - BLOCK DIAGRAM 
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SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
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MCCF3333 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Power Supply Voltage Steady State VCC 24 Vdc 

(Through 400 n, see Figure 21 

Transients of 300 ms or less 90 

Peak Output Sink Current IS(PEAKI A 

Transients of 300 ms or less 1.3 

Junction Temperature Range TJ -65 to +150 °c 
Operating Ambient Temperature Range TA -40 to +85 °c 

ELECTRICAL CHARACTERISTICS (VCC ~ 145 V T A ~ 250 C unless otherwise specified' Figure 21 

PIn(sl 
Characteristic Symbol Under S1 S2 S3 S4 S5 S6 Min Typ Max Unit 

Test 

Current Drain 10 3 A A A A A A 80 15 25 mA 

Pre-Driver On VP1 6 A A A A A A - 90 20 V 

01, 02 Output On V01 02 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 

S1 Follower VS1 2 A B A A A C 1.4 16 18 V 

C Clamp High Vc 14 A A A A A 0 - 84 88 V 

S2 Turn On (measure VS2 ramp VS2 12 A A A A B A 1.6 1.9 21 V 
value at P1 sWitch POint 1 

Overvoltage Protection Vs 5 A A A B C A 80 91 10 V 

Current Limit Trip VIL 4 A A B A C B 150 180 220 mV 

FIGURE 2 - TEST CIRCUIT 

1.0V 
08 

100 ",A Oc 1.S V 

G 8 

8 0 0 100",A 
0 El 

14 
SO ",A 

8 8 
A 0 13 NC Open 7."V S2 

Ramp 

14 S V 3 12 08 
400 SS 1.0 V 

A 

8 4 1-1 NC CO 100",A 
S3 

-= 8 A 10 
S4 

-= 
100",A 8 6 9 

SO 

8 
2W 

7Sk 

0.2S ",F 7S0 

1 k 
~----------------------------------JV~~-t~~10V 
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MCCF3333 

FIGURE 3 - TYPICAL APPLICATION CIRCUIT 

145 V 
Vee 

~~o ;;" 15 k 

- Ae 
20 k -4:-

I -, 
70 k 

I [ : '1.'''''' P,ck-Up I Sensor 
1.35 h I ~ I 20 k 

~51~~~~Z I ~ I 

Ncr 
L __ J 

Sl cc C 

400 2 1 14 13 
2W VCC 

12~ 3 

-" IL 
4 11~ AD 6.8 k 

Vs 
5 

10n 

AC 33k 6 7 8 9 IgnItIon COIl 

~ 
Pl 01 K 02 

1 k 70 
O.lIJF lOW 

\I ---/ 
20 k I I-

I 
I 
I 
I 

~M~~12 __ 

AA 

345 

AS 654 All resIstor values are on Ohms and are 
1/4 Watt ratIng unless otherwIse specIfIed 

- Values are typical only 

Notes 

1. The ratIo of AA to AS controls the IgnItIon cool regulated current: 

(
AA + AS) 

ICOIL"='3.6 ~ 

2. The ratIo of AD to AC sets the over-voltage shutdown pOInt WIth respect to S+. 

(
AC + AD) 

S+overvoltage"=' 8 ~ AC + AD ~ 10 kfl 

I 
I 
I 
I 
I 
I 

-.J 

005 

.... 

Promary Impedance 
"=' 0.43fl. Inductance 
"=' 7.5 - 8.5 mH @l 5 A 

3. Ae IS actIve region dwell control. Ae = 70 kfl results on output current limit tIme of approxImately 
10% at 1000 APM (with respect to one dIstributor cycle on an 8 cylinder engine). Values less than 
70 kfl lengthen thIs limit tIme and values hIgher shorten thIs limit time. 

4. The 0.1 IJF capacItor at pin 4 may be elimInated and stabIlitY maintained. A readlustment of the 
AA and AS resIstors will be required. 
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MCCF3333 

MCCF3333 
BONDING DIAGRAM AND DEVICE DIMENSIONS 

0.0081 

00~07~~~ ____________ 4-__________ +-__ +--'_~ __ ~ 

0060 

f----------0.078-------

0005 Min 

Bump Diameter at Base 0.006 ± 0.001 
Bump Height 0.0040 ± 0.0005 
DImensions in mils 

-r 

PACKAGING AND HANDLING 

The flip-chip consists of a silicon chip with solder 
bumps (90-10 solder on a chrome·copper·gold base) on 
the geometry surface to provide easy mechanical mount
ing and electrical connection. These devices are protected 
by a thin layer of phosphorsilicate passivation which 
covers the interconnect metallization and active areas of 
the die. 

5-156 

Care must be exercised when removing the dice from 
the shipping carrier to avoid scratching the solder bumps. 
A vacuum pickup is useful for the handling of dice. 
Tweezers are not recommended for this purpose. 

The non·spill type shipping carrier consists of a com
partmentalized tray and fitted cover. Dice are placed in 
the carrier with geometry side up. 



Advance Inforxnation 

FM STEREO DEMODULATOR 
DESIGNED FOR USE IN HI-FI STEREO RECEIVERS 

AND CAR RADIOS 

• Wide Supply Range: 8 - 16 Vdc 

• Excellent Channel Separation Maintained Over Entire Audio 
Frequency Range (Fixed or Adjustable) 

• Variable Blend Control 

• Low Distortion: 0.3% THD at 2.5 Vp-p Composite Input Signal 

• Excellent Rejection of AR I Subcarrier (57 kHz) 

• Excellent Rejection of Pilot Tone Harmonics including 114 kHz 

• Wide Dynamic Range: 0.5 - 2.5 Vp-p Composite Input Signal 

• Up to 6 dB Gain (Monaural) 

• Low Output Impedance 

• Transient-free Mono/Stereo Switching 

• 50 dB Supply Ripple Rejection 

• Integrated Stereo/Monaural Switch - 100 mA Lamp Driving 
Capability , 

• Requires No Inductors 

228kHz 
Monitor 

FIGURE 1 - TYPICAL APPLICATION AND TEST CIRCUIT 

R3 
S.1k 

L R 

R6 
S.1k 

Outputs 

Separation Control 
and 19kHz Output 

C8 

R7 
680 

+ Vce 

Stereo 

~ 

This is advance information and specifications are subject to change without notice 
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TCA4500A 

FM STEREO 
DEMODULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PLASTIC PACKAGE 
CASE 648 

PIN FUNCTIONS 
1 - Input 
2 - Preamplifier output 
3 - Left amplifier Input 
4 - Left channel output 
5 - Right channel output 
6 - Right amplifier Input 
7 - Stereo indicator Lamp 
8 - Ground 
9 - Stereo sWitch filter 

10 - Stereo switch filter 
11 - 19 kHz output/blend 
12 - Modulator input 
13 - Loop filter 
14 - Loop filter 
15 - Oscillator RC network 

16 - VCC 

• 



TCA4500A 

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

Ratmg Value Unit 

Power Supply Voltage 16 Volts 

Power DIssipation (Package limitation) 1800 mW 

Derate above T A = +250 C 15 mW/oC 

Operating Temperature Range (Ambient) -40 to +85 °c 
Storage Temperature Range -65 to +150 °c 
Lamp Drive Voltage (Max. voltage at Pin 7 with lamp "off") 30 Volts 

Lamp Current 100 mA 

Blend Control Input Voltage (Pin 11) 10 Volts 

E lECTR ICAl CHARACTE R ISTICS Unless otherwise noted VCC ~ +12 Vdc, T A = 250 C, 2 5 Vp-p standard multiplex compcslte sig

nal with Lor R channel only mOdulated at 10kHz and with 10°(, pliot level uSing circuit of Figure 1 

Characteristic Min. Typ. Max. Unit 

Stereo Channel Sep<lratlon Unadlusted 30 - - dB 
OptimIsed on other channell 40 - --

II Monaural Voltage Gain 1 08 10 1 2 

THD at 2.5 Vp-p Composite Input Signal - - 03 % 
at 1.5 Vp-p Composite Input Signal - 0.2 -

Signal/Noise Ratio dB 
RMS 20 H~ - 15 kHz - 90 -

Ultrasonic Frequency Relectlon 19 kHz - 31 - dB 
38 kHz - 50 -

Stereo SWitch Level (19 kHz Input level for lamp "on") 12 16 20 mVrms 
HysteresIs - 60 - dB 

QUiescent Output Voltage Change with Mono/Stereo SWitching - 50 20 mVdc 

Stereo Blend Control Voltage (pin 11) 3 dB SeparatIon - 0.7 - V 
(see Fig 2) 30 dB Separation -- 1.7 - V 

MinImum SeparatIon (pin 11 at 0 V) - - 10 dB 

Monaural Channel Imbalance (pliot tone off) - - 0.3 dB 

ARI 57 kHz Pliot Tone Influence on THD2 - - 05 % 

Sub-carner Harmonic Relectlon 76 kHz - 45 - dB 
114 kHz - 50 -
152 kHz - 50 -

Supply Ripple Relectlon - 50 - dB 

Input Impedance - 50 - K!1 

Output Impedance - 100 - !1 

Blend Control Current 1 - - -300 }1A 

Capture Range - ±50 - % 

Operating Supply Voltage 8.0 - 16 V 

Current Drain (lamp off) - 35 - mA 

Notes 1 See ApplicatIons Information and Circuit DeSCriptIOn 
2 AR I Test - Input signal' 1.5 Vp-p standard composite signal, 1 kHz modulation added to a CW 50 mVrms signal at 57 _3 kHz. 
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TYPICAL CHARACTERISTICS 
Unless otherwise noted Vee = +12 V, T A' = +250 e, Input Signal IS Modulated Lor R with 10% Pliot Level. (See Fig. 16 ) 

--- . High Loop Gain Circuit 
- - - . Normal Circuit 

FIGURE 2 - CHANNEL SEPARATION versus 
COMPOSITE INPUT LEVEL 

FIGURE 3 - VCOFREE-RUNNING FREQUENCY 
versus TEMPERATURE 
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FIGURE 4 - STEREO SWITCH LEVEL versus 
VCO FREE·RUNNING FREQUENCY 
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FIGURE 6 - THO versus COMPOSITE 
INPUT LEVEL 
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FIGURE 5 - SUPPLY RIPPLE REJECTION 
versus SUPPLY VOLTAGE 
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FIGURE 7 - CAPTURE and HOLDING RANGE 
WITH 20 mV PILOT LEVEL 
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FIGURE 8 - CHANNEL SEPARATION 
versus FREQUENCY 
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FIGURE 9 - THO versus FREQUENCY 
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FIGURE 10 - SYSTEM BLOCK DIAGRAM 
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TCA4500A 

CIRCUIT DESCRIPTION 

INTRODUCTION 
The TCA4500A is a phase-lock-loop stereo decoder 

which Incorporates a variable separation control, and in 
which sensitivity to the third harmonics of both the pilot 
and sub-carrier frequencies has been eliminated by the use 
of appropriate, digitally generated, waveforms In the phase
lock-loop and decoder sections. 

The variable separation control may be operated 
manually, or by a receiver's AGC or S meter signals, to 
provide smooth transitions between monaural and stereo 
reception. It operates only during stereo reception: the 
circuit switches automatically to monaural if the 19 kHz 
pilot tone IS absent. 

The elimination of sensitivity to the third harmonic 
(114 kHz) of the sub-carrier (38 kHz) excludes interference 
from the 100 kHz (European Spacing) spaced side bands 
of adjacent transmitters, while elimination ot sensitivity 
to the third harmonic (57 kHz) of the pilot tone (19 kHz) 
excludes interference from the AR I * system employed in 
Europe. 
• Auto RadiO Information. 

CIRCUIT OPERATION 
The block diagram of the circuit, shown in Fig. 10, 

consists of three sections: the phase·lock·loop, including 
the digital waveform generator: the stereo switch: and the 
decoder, in which the composite stereo signal is demodu
lated and matrixed to separate land R channels. 

In the phase-lock-loop the internal RC OSCillator, 
operating at 228 kHz, feeds a 3 stage Johnson counter, via 
a binary divider, to generate a series of 19 kHz square 
waves. By the use of suitably connected NAND and EX
CLUSIVE OR gates, the waveforms shown in Fig. 11, 
which are used to drive the various modulators in the cir
cuit, are developed. 

Tht! use of such drive waveforms produces the modu
lating functions also shown in Fig. 11. The Jsual square
waveforms have been replaced in the Pll and decoder 
sections by 3-level forms which contain no third harmonic 
(actually no harmonics which are mUltiples of 2 or 3 are 
present). This eliminates the frequency translation of 
interference from these bands into the low frequency 
region. Such translation may produce audible components 
in the decoder section from the sidebands of adjacent 
channel FM signals, and may produce phase Jitter, and 
consequent intermodulation distortion, in the Pll, from 
the modulated 57 kHz tones of the ARI system. The TCA 
4500A is inherently free from these effects. 

The stereo switch section is of conventional form 
(e.g. MC1310). 

The decoder section consists of a modulator (driven 
by the waveforms shown in Fig. 11) whose outputs are 
the inverted and non-inverted channel difference signals. 
These signals pass to the output amplifiers via the variable 

blend circuit in which they are partially combined and 
hence mutually attenuated, according to the control 
voltage applied. 

Matrixing occurs at the inputs of the output amplifiers, 
where the unmodified composite signal is added to the 
blended channel difference signals. The stereo separation 
may be progressively reduced from maximum to zero, 
dependent on the blending. The control law has been 
made non-linear, as the major redistribution of sound 
energy occurs at very low separation levels. For monaural, 
or very weak stereo signals, the modulator in the decoder 
section is disactivated by the stereo switch circuit. The 
vanable separation control is thus, also, automatically 
disabled. 

FIGURE 11 - DIGITAL WAVEFORM 

~ 
PLL (19 kH,) ~ 

Stereo SWitch ~ 
(19kHz) ~ 

Decoder ~ 
..-n....J"'l... 

MOdulator Drive Waveform Modulating Functions 

APPLICATION INFORMATION 

GAIN AND DE·EMPHASIS 
The gain and de-emphasis characteristics of the circuit 

are defined by shunt feedback via the external R C networks 
(R3, C6, R4, C7 of Fig. 1) around the output amplifiers. 
The gain is unity when resistors of 5.1 k!1 are used. 
Higher gains may be obtained by using networks of the 
form shown in Fig. 12. 

The resistors R6, R7 are added to correct the output 
quiescent voltage levels which are optimized for R3, R4 = 
5.1 k!1 and which would, if uncorrected, become too low 
with higher value resistors. Suitable network values are 
as follows: 

FIGURE 12 - OUTPUT AMPLIFIER FEEDBACK NETWORKS 

Pin 3 Pin 4 Pin 5 PIO 6 

C6 C7 

R3 R4 

R6 R7 

• 
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TCA4500A 

APPLICATION INFORMATION (continued) 

Gain (dB) R3,R4 C6,C7 R6,R7 

50l's 751's 

a 5.1 k!1 10 nF 15 nF 

3 68k!1 6.8nF 10 nF 47k ±10% 

6 10k 4.7 nF 68 nF 27k ±10% 

The maximum output level IS 1 Vrms, consequently the 
max. input is limited to 1.4 Vp·p if the gain is set to 6 dB. 

SEPARATION ADJUSTMENT 
A separation adjustment may be added, as shown 

below, (Fig. 13), to compensate for the receiver's IF 
characteristics. 

FIGURE 13 - NETWORK PROVIDING 
ADJUSTABLE SEPARATION 

Pin 2 

56k 5% 

Pin 3 

10k 

Pin 6 --J'\AA,-..... 

56k 5% 

Thi~ network reduces the amplification of the channel 
sum signal in the decoder, to compensate the attenua
tion of the channel difference signal in the receiver's IF 
section. The network shown will compensate for up to 2 
dB attenuation at 38 kHz. The decoder gain is, obviously, 
reduced by an amount equal to the compensation required. 
When used as described, the adjustment also corrects the 
inherent separation of the decoder, which may be op
timized on one channel. Optimization of both channels 
is possible if separate potentiometers are used to feed 
each output amplifier. 

FIGURE 14 - BLEND CONTROL INPUT CIRCUIT 

1---4 ........ ---0 Pin 11 

1k 

19 kHz 

2.~~LrL 
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VARIABLE SEPARATION (BLEND) CONTROL AND 
19 kHz OUTPUT 

To retain the 16·pln package, the blend control has 
been combined with the 19 kHz output on pin 11. The 
internal circuit providing this combination is shown in 
Fig.14. 

If pin 11 IS left open·circuit, the 19 kHz signal appears 
at a mean dc level of 4 V. The blend circuit is inoperative 
at this level and the decoder provides full separation. The 
19 kHz signal can be used to tune the internal oscillator. 

To reduce the separation, the voltage on pin 11 is 
lowered. At 3.2 V, T2 ceases conduction and the 19 kHz 
signal disappears. 

At 2.3 V, the blend circuit comes into operation and 
the separation decreases according to the curve shown in 
Fig. 15. 

FIGURE 15 - SEPARATION CONTROL VOLTAGE 

dB 

40 

30 

20 

10 

L--~-.---.-----r-- Volts 

o 

FIGURE 16 - OSCILLATOR NETWORK FOR DIRECT 
FREQUENCY MEASUREMENT 

....-____ ..... ____ Pin 15 

f
220PF1% 

Test POint 

10012 

OSCILLATOR TUNING 
If the variable separation facility is not required, pin 11 

is left open-circuit and the 19 kHz signal which then 
appears may be used to indicate the oscillator frequency. 
If the variable separation is used, and the drive circuit pre
vents access to the 19 kHz signal, then the oscillator 
frequency must be measured directly. A test point should 
be obtained by modifying the oscillator RC network a!> 
shown in Fig. 16. 



TCA4500A 

The output is a pulse train of approximately 1.5 Volts 

ampl itude. Connecting frequency counters of up to 300 
pF Input capacitance produces less than 0.3% change of 
the oscillator frequency, which should be set to 228 kHz. 

HIGH LOOP GAIN COMPONENTS 
For applications demanding operation under low pilot 

level (e.g., car radio) the following component changes to 
Fig. 1 are recommended. 

Rl = 12k 

R2 = 1.5k 
R8 = 330 
Pl = 10k 

C3 = 150 pF 

C4 = 330 nF 
C5 = 150 nF 

EXTERNAL MONO-STEREO SWITCHING AND 
OSCILLATOR KILLING 

If required, the TCA 4500A can be forced into mono 
mode simply by grounding Pin 9 (see Fig. 1). The 228 
kHz oscillator will be automatically killed. 

The conditions governing Mono/Stereo SWitching on 

5-163 

pin 9 are the following: 

Quiescent voltage: +2.3 Vdc 
Current required to ensure mono operaton (with 100 
mVrms pilot level): 10pA (from pin 9 to ground) 

Hysteresis: 0.7pA 
Stereo/mono switching and OSCillator killing: less than 
+500 mV 
MaXimum stray capacitance between pin 9 and ground. 
100 pF 

EXTERNAL COMPONENT FUNCTIONS 
Pl - 19 kHz frequency adjustment 
P2 - channel separation adjustment and compensa-

tion for I F roll-off 
R3, R6- gain fiXing resistors. The values shown in the 

schematic are for unity gain. 
C6, C7- de·emphasis capacitors Value to give: RC = 

50 ps. 

Values shown In Fig. 1 are recommended for applications 
With Input level higher than 1.0 Vrms. 



TV SOUND SYSTEM 

The TDA 1190Z 4.0 watt sound system is designed for television 
and related applications. The TDA 1190P is a low·power version. 
Functions performed by these devices include: I F Limiting. IF 
amplifier. low pass filter. FM detector. DC volume control. audio 
preamplifier. and audio power amplifier. 

• 4.0 Watts Output Power - TDA 1190Z 
(V CC = 24 V. R L = 16 !2) 

• 1.3 Watts Output Power - TDA 1190P 
(V CC = 18 V. R L = 32 !2) 

• Linear Volume Control 

• High AM Rejection 

• Low Harmonic Distortion 

• High Sensitivity 

BLOCK DIAGRAM 

15 9 14 

3 6 8 

4 5 12 13 up 
Z Version Only P Ve,.lon Only 

"-1 R4 

16 

11 

TDAl190Z 
TDA1190P 

TV SOUND SYSTEM 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PLASTIC PACKAGE 
CASE 722A 

IF Input 

Decoupllng 

Decoupllng 

Phese Shift 

Phase Shift 

DC Volume 
Control 

5 

6 

8 

PLASTIC PACKAGE 
CASE 648 

ORDERING INFORMATION 

Tempe,ature Ranlle 



TDA1190Z, TDA1190P 

MAXIMUM RATINGS 
Rating Symbol TDA1190Z TDA1190P Unit 

Supply Voltage Range Vee 9.0 to 28 9.0 to 22 V 

Output Peak Current (Non-repetitive) 10 2.0 1.5 A 

(Repetitive) 1.5 1.0 

Input Signal Voltage VI 1.0 V 

Operating Temperature Range TA o to +75 °e 

Junction Temperature TJ 150 °e 

ELECTRICAL CHARACTERISTICS (Vee = 24 V fo = 45 MHz ~f = +25 kHz T A = 250 e unless otherwise noted) -
Characteristic Symbol Min Typ. Max. Unit 

Quiescent Output Voltage (pin 11) Vo V 

Vee=24V TDA1190Z 11 12 13 

Vee= 18 V TDA1190P 8.0 9.0 10 

Vee=12V Both 5.1 6.0 6.9 

Quiescent Drain Current 10 mA 

(P1 = 22 kn) 

Vee = 24 V TDA1190Z 11 22 35 

Vee = 18 V TDA1190P 11 22 35 

Vce = 12 V Both - 19 -
Output Power Po W 

(d = 10%, fm = 400 Hz) 
Vee = 24 V, RL = 16 n TDA1190Z - 4.2 -
Vee = 12 V, R L = 8.0 n TDA1190Z - 1.5 -
Vee= 18V,RL=32n TDA1190P 1.0 1.3 -
Vcc = 12 V, RL = 16 n TDA1190P 0.7 0.9 -

(d = 2%, fm = 400 Hz) 
Vcc = 24 V, RL = 16 n TDA1190Z - 3.5 -
Vce = 12 V, RL = 8.0 no TDA1190Z - 1.4 - II 
Vcc= 18V,RL=32n TDA1190P - 1.0 -
Vee = 12 V, RL = 16 n TDA1190P - 0.7 -

Input Limiting Threshold Voltage (-3.0 d8) at pin 1 VI JJV 
~f = ±7.5 kHz, fm = 400 Hz, Set P1 for 2.0 Vrms on pin 11 

TDA1190Z - 40 100 

TDA1190P - 60 100 

Distortion % 
(PO = 50 mW, fm = 400 Hz, ~f = ±7.5 kHz) 

Vce = 24 V, RL = 16 n TDA1190Z - 0.75 -
Vec = 18 V, RL = 32 n TDA1190P - 1.0 -
Vce = 12 V, RL = 16 no Both - 1.0 -

Frequency Response of AudiO Amplifier (-3.0 dB) B Hz 

(RL = 16 n, C
10 

= 120 pF,C
12

=470pF, P
1 

= 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 
(VI" 1 mV, fm = 400 Hz, ~f = ±7.5 kHz, P1 = 0) 

Amplitude Modulation Rejection AMR - 55 - dB 

(VI" 1.0 mV, fm = 400 Hz, m = 30%) 

Signal and Noise to Noise Ratio ~ 50 65 - dB 

(VI" 1.0 mV, Vo = 4.0 V, fm = 400 Hz) N 

Input Resistance (pin 1) r l - 30 - kn 

(VI = 1.0 mV) 

Input Capacitance (pin 1) Ci - 5.0 - pF 

(VI = 1.0 mV) 

DC Volume Control Attenuation - - 90 - dB 

(P1 = 12 kn) 
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TDA1190Z, TDA1190P 

TEST CIRCUIT 

L - 10 I'H C7 C12 C10 ,...------c-9 ..... --..... ~OVCC 
0 0 - 60 9.0 pF 470 pF 120 pF C14 
fo - 4.6 MHz "-"H.-4I---I~ 1-1-____ 1_00...,nF ~ :f 100 I'F/35 V 

C1 
100 nF 

6 

I nput o---1l--1~-o--f 

C2 
47 nF 

R1 
50n 

2 

ORCa 751'5 

16 

TABS·· 
(Z Version) 

C8 
7.5 nF 

Volume 
P 1 

22 kn 
lin. 

8 

14 

11 

9 

15 

C5 

50 I'F/16 V 

•• p VersIon - PIns 4.5.12.13 

TYPICAL CIRCUIT CONFIGURATION 

C5 

Op Version - Pins 4,5,12,13 

C11 
1000 I'F/16 V 

R3 

8 

R4 
1.0 

P1 

C11 

R4 ~ J;.C13 

- RL 



8 WATT AUDIO POWER AMPLIFIER 

The TDA2002 and TDA2002A are Class B power amplifiers 

designed for automotive and general·purpose audio applications. 

High output current capability (3.5 A) enables these devices to drive 

low·lmpedance loads (down to 1.6 Q) with low harmonic and 

crossover distortion. Hlgh·voltage protection IS available (TDA2002) 

which enables the amplifier to withstand 40 V tranSients. These 

devices provide an output power of 8 watts (typ) with R L = 2 Q 

and 4.8 watts (min) with RL = 4 Q at 14.4 volts 

• Internal Thermal Overload Protection 

• Internal Short·Clrcult Current Limiting 

• Supply Over Voltage Protection 

• Wide Supply Voltage Range (8-18 Volts) 

• Low External Component Count 

BLOCK DIAGRAM 

+VCC 

iTDA20-;;; -
I 

---~---
I 
I 

I Compensation 

I Capacitor 

I 
I 

I 
I 
I 
I 
I 

L ______ ~ _____ -.J 

Ground 
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TDA2002 
TDA2002A 

8 WATT 

AUDIO POWER 
AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PL ASTIC PACKAGE 

CASE 314A 

V SUFFIX 
PLASTIC PACKAGE 

CASE 3148 

PIN CONNECTIONS 

ORDERING INFORMATION 

Device Temperature Range PlastiC Package 

TDA2002H' -40 to +850 C Case 314A 

TDA2002V" -40 to +850 C Case 314B 

TDA2002AH -40 to +850 C Case 314A 

TDA2002AV -40 to +850 C Case 314B 

"High Voltage 

• 
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TDA2002, TDA2002A 

MAXIMUM RATINGS (T A = +25 0 e) 

Rating Value Unit 

Peak Supply Voltage V 

TDA2002 (Transients of 50 ms or less) 40 
TDA2002/2002A (Steady State) 28 

Operating Power Supply Voltage 18 V 

Peak Output Current (Nonrepetltlve) 45 A 
(Repetitive) 3.5 

Junction Temperature 150 °c 

Storage Temperature Range -65 to +150 °c 

Operating Temperature Range -40 to +85 °c 

ELECTRICAL CHARACTERISTICS (Vee - 144 Vdc, RL ~ 4 ° n, f= 10kHz, T A = 25 0 e unless otherWISe noted)' 

Characteristic Symbol Min 

QUiescent Drain Current 10 -
(V in = 0) 

QUiescent Output Voltage Vo 6.4 
(VIn=O) 

Power Output - 10% Distortion Po 
(VCC = 14.4 V, RL = 4.0 H) 48 
(Vee = 14.4 V, RL = 2.0 H) 7.0 
(Vec = 16 V, RL = 4 0 H) -
(VCC = 16 V, RL = 2.0 H) -

Input Resistance r l 70 
(Pin 1) 

Equivalent Input NOise Voltage en -
(RS = 0, Bandpass = 20 Hz to 15 kHz) 

EqUivalent Input NOise Current In -
(RS = 0, Bandpass = 20 Hz to 15 kHz) 

Power Supply Relectlon Ratio PSRR 30 
(frlpple = 100 Hz) 

'See Test Circuit - Figure 1. 

FIGURE 1 - APPLICATION AND TEST CIRCUIT 

+Vee =144 V 

l o
.
1llF 

4 

1.on 

lO.1/JF 

5-168 

Typ 

-

7.2 

5.2 
80 
6.5 
10 

150 

4 

01 

35 

1000IJF 

R1 
220 
5% 

R2 
2.2 
5% 

Max 

80 

8.0 

-
.-

-
-
-

-

-

-

Unit 

rnA 

V 

W 

kH 

pV 

nA 

dB 



TDA2002, TDA2002A 

1.0 

220jJ F 

3 V 

100 

FIGURE 2 -15 WATT APPLICATION CIRCUIT 
(TYPical Bridge Configuration) 

T 100lnF 

I 
1000jJF 1000llF 

100jJF 

16V 

4 16V RL=4 16V 4 
~---~~~----< 

~Vout~ 

10 

1100
n

F 

1.0 

1.0 

100

1 nF 

200 

VCC=+14.4V 

1.01Mn 

~---_-__ < 100\kn 

2 10J,LF 

220.jJF 

3V 

Note' The TDA2002. A IS not compensated for operation with a closed loop gam of 20 or less. Operation below a gain of 
20 may cause stability problems. 
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OTHER LINEAR CIRCUITS 

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

CA3059 Zero Voltage Switch ................................ 6-6 
CA3079 Zero Voltage Switch ..................•............. 6-6 

MC1422 Timing Circuit with Adjustable Threshold ............. 6-11 
MC1438 MC1538 Power Booster ..................................... 6-18 
MC1445 MC1545 Wideband Amplifier ................................ 6-24 

MC1550 RF-IF Amplifier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-30 
MC1552-53 Video Amplifier .................................... 6-36 

MC1454 MC1554 1 -Watt Power Amplifier. . . . . .. . .. . . . . . . . .. . . . . . .. . .. 6-40 
MC1455 MC1555 Timing Circuit ...................................... 6-44 

MC1590 Wideband Amplifier with AGC ....................... 6-51 
MC1494 MC1594 Four-Quadrant Multiplier ........................... 6-60 
MC1495 MC1595 Four-Quadrant Multiplier ........................... 6-74 
MC1496 MC1596 Balanced Modulator-Demodulator ................... 6-90 
MC1733C MC1733 Differential Video Amplifier ......................... 6-100 

MC3344 Programmable Frequency Switch .................... 6-108 
MC3370 Zero Voltage Switch ................................ 6-113 

MC3405 MC3505 Dual Operational Amplifier plus Dual Comparator ..... 6-117 
MC3423 MC3523 Overvoltage Sensing Circuit ......................... 6-125. 
MC3456 MC3556 Dual Timing Circuit ................................. 6-131 
NE565 Phase-Locked Loop ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-138 
NE592 SE592 Video Amplifier .................................... 6-142 
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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 RF/IF amplifiers_ Devices described here are intended 
for industrial and communications applications. For devices especially dedicated to consumer products, 
i.e., TV and entertainment radio, see "CircUIts for Consumer Applications". 

NON-AGC Amplifiers 
SE/NE592 - Differential Two Stage Video Amplifier 

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 a 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 

A high performance amplifier with internal series 
feedback for stable voltage gam and low distortion. 
Temperature compensation stabilizes operating 
pomt. Has selectable gain option and well charac
terized data that permits accurate response shaping. 
Useful for critical applications such as wldeband 
linear amplifiers or fast-rise pulse amplifiers. 

Package Styles 

CASE 601 603 

MATERIAL Metal Metal 

SUFFIX G G 

after type number 

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/MCl445 - Gated 2-Channel Input 

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 for AGC control. 

MC1590 - Wide-Band General Purpose 
Has differential 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 
Temperature Range Band Vecl 
-55 to Oto AV width VEE 

+1250 C +7soe dB MHz Vdc Case 

MC1550 - 22 Min 22 +6/- 603B,606 

MC1590 - 44 Typ @ 10 +12/- 601 
4 Typ @ 100 

MC1545 MC1445 19 Typ @ 75 +5/-5 603,607 
632 

NON AGC AMPLIFIERS 

MC1733 MC1733C 52 @ 40 +6/-6 603,632 
40 90 
20 120 

MC1653 - 46 @ 35 +6/-6 603B 

52 15 

MC1552 - 34 @ 40 +6/-6 603B 
40 @ 35 

SE592 NE592 55 @ 40 +6/-6 603,632 
45 @ 90 

Ion, ~ '4~' t::J 
1 

6038 606 607 632 

Metal Ceramic Ceramic Ceramic 

G F F L 
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II 

SPECIAL PURPOSE 
CIRCUITS 

The linear-integra ted-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 
MC159411494 

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, 
electronic gain control. 
The MC1594/MC1494 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 are 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 amplitude modulation, 
synchronous detection, FM detection, phase 
detection and chopper applications. 

Timing Circuits 
MC1555/MC1455/MC1422 

These devices are highly stable timing circuits 
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 a stable 
operation as an 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. 
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 

Low Frequency 
Power Amplifier 
MC1554/MC1454 

One-watt power amplifier for single or split supply 
operation. Typical voltage gain of 10, 18, or 36 
V!V with 0.4% THO. 

Power Control Circuits 
MC3370 

Electronic switch for triac triggering applications. 
Features zero-crossing detector to eliminate R F I, 
differential input with dual sensor inputs, input 
open and short protection, and built-in regulator 
permitting AC line operation. 
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CA3059/3079 
Zero voltage switches designed for thyristor 
control in a variety of ac power sWitching appli
cations for ac Input voltages of 24 V, 120 V, 
208/230 V, and 277 V at 50/60 and 400 Hz. 



SPECIAL PURPOSE CIRCUITS 

Monolithic Dual OP Amp 
and Dual Comparator 
MC3505/MC3405 

Package Styles 
Operating 

Temperature Range 

-55 to +12SOC o to +700 C 

MC1554 MC1454 
MC1555 

Case 

6038 

601,693 

This device contains two differential input opera· 
tional amplifiers and two comparators each set 
capable cf 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". 

MC1455 601,626,693 
MC1594 MC1494 620 

MC1595 MC1495 632 

MC1596 603,632 

• Op Amp Equivalent in Performance to MC3403 
MC1496 603, 632, 646 

• Comparator Similar in Performance to LM339 
• Op Amps are Internally Frequency Compensated 
• Supply Operation 3.0 Volts to 36.0 Volts 
• Dual Supply Operation also Available 

Overvoltage 
Protection Circuit 
MC3523/MC3423 

MC1422 

MC3505 

MC3405 
MC3523 

MC3423 
MC3556 

MC3456 

MC3370 

CA3059' 
CA3079' 

OVPs protect sensitive circuitry from transients or regulator failures when used with an external 
"crowbar" SCR, They sense the overvoltage and qUickly "crowbar" or short circuit the supply. forcing 
It into current limiting or opening fuse or CB, 

Voltage threshold IS adjustable and OVPs can be programmed for minimum duration before tripPing. 
supplYing noise immunity. 

IO±mA vcc Volts vSense Volts 

Max Min Max Min Max Device Number Suffix TAoC 

300 4.5 40 2.45 2,75 MC3423 P o to +70 

U o to +70 

MC3523 U -55 to +125 

B o 
1 

c::] 
1 

14 

CJ 
1 

CASE 601 603 6038 626 632 646 

MATERIAL Metal Metal Metal Plastic Ceramic Plastic 

SUFFIX G G G Por Pl L P 

after type number 
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601,626 

632 

632,646 
693 

626,693 
632 

632,646 
626 

646 

Case 

626 

693 

693 

o 
1 

693 

Ceramic 

U 
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AC 

ZERO VOLTAGE SWITCHES 

· .. designed for thYrIStor control In a variety of ac power sWitching 

applications for ac Input voltages of 24 V, 120 V, 208/230 V, and 

277 V @ 50/60 Hz. 

Appl ications: 

• Relay Control • Heater Control 

• Valve Control • Lamp Control 

• Synchronous SWitching of Flashing Lights 

• On·Off Motor SWitching 

• Differential Comparator With Self·Contalned Power Supply for 

Industrial Applications 

• Photosensitive Control • Power One·Shot Control 

FIGURE 1 - FUNCTIONAL BLOCK DIAGRAM 

)------------
51 

AC I 
Input

l 
L.....-__ .-J 

I 
I 
I 
I 
I 
I 
I 

____ -.J 

o-~-_4------------~--_o8 
External Trigger 

'NTC Sensor 

NOTE: Sha~p:l Area Not Included With CA3079 

TABLE A 

AC Input Voltage Input Series Dissipation Rating 
(50/60 Hz) Resistor (RS) for RS 

vac k!! W 

24 20 0.5 

120 10 20 

208/230 20 4.0 

277 25 5.0 

6-6 

CA3059 
CA3079 

ZERO VOLTAGE SWITCHES 

SILICON MONOLITHIC 
INTEGRATED CIRCUITS 

PLASTIC PACKAGE 

CASE 646 

TO·116 

FUNCTIONAL BLOCK 
DESCRIPTION 

1. Llmlter·Power Supply - Allows opera· 
tlon of the CA3059179 directly from an ac line 
Suggested droPPing resistor (RS) values are 
given In Table A . 

2 Differential On/Off Sensing Amplifier -
Tests for condition of external sensors or Input 
command signals. Proportional control capa· 
bllity or hysteresIs may be Implemented uSing 
thiS block 

3. Zero·Crossing Detector - Synchronizes 
the output pulses to the zero voltage POint of 
the ac cycle ThiS synchronization eliminates 
RFI when used With resistive loads. 

4. Triac Drive - Supplies hlgh-current pulses 
to the external power controlling thYristor. 

5. Protection CirCUit (CA3059 only) - A 
bUllt·ln CirCUit may be actuated, If the sensor 
opens or shorts, to remove the drive current 
from the external triac. 

6. Inhibit Capability (CA3059 only) -
ThYrIStor firing may be Inhibited by the action 
of an Internal diode gate at Pin 1. 

7. High Power DC Comparator Operation 
(CA3059 only) - Operation In thiS mode IS 
accomplished by connecting Pin 7 to Pin 12 
(thus overriding the action of the zero·crosslng 
detector). When Pin 13 IS POSitive With respect 
to Pin 9, current to the thYrIStor IS continuous 



CA3059 • CA3079 

MAXIMUM RA liNGS (T A ~ 250 C unless otherWIse noted) 

Ratmg Symbol Value UnIt 

DC Supply Voltage VCC Vdc 
(Between P,ns 2 and 7 CA3059 12 

CA3079 10 

DC Supply Voltage VCC Vdc 
(Between P,ns 2 and 8) CA3059 12 

CA3079 10 

Peak Supply Current (PIns 5 and 7) 15,7 !50 mA 

Fall·Safe Input Current (PIn 14) 114 20 mA 

Output Pulse Current (P,n 4) 'out 150 mA 

JunctIon Temperature TJ 150 °c 
Operating Temperature Range TA -40 to +85 °c 
Storage Temperature Range T s'.9 -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (OperatIon @ 120 Vrms, 50-60 Hz, TA ~ 250 C)" 

Characterostlc Test CIrcuIts Symbol Mm Typ Max UnIt 

DC Supply Voltage FIg 2 Vs Vdc 

InhIbIt Mode 

RS; 10 k, 'L ; 0 61 65 70 

RS ~ 50 k, 'L ; 20 mA - 6.1 -
Pulse Mode 

RS; 10 k, 'L ; 0 60 64 70 
RS ; 5.0 k. RL ; 20 mA - 62 -

Gate Trogger Current FIg 3 IGT - 160 - mA 

(VGT; 1.0 V. P,ns 3 and 2 connected) 

Peak Output Current. Pulsed Flg.3 10M mA 

W,th Internal Power Supply. V GT ~ 0 
P,n 3 Open 50 125 -
P,ns 3 and 2 Connected 90 190 -

W,th External Power Supply. VCC; 12 V. VGT; 0 Flg.4 
P,n 3 Open - 230 -
PinS 3 and 2 Connected - 300 -

InhIbIt Input RatIO Flg.5 V9 fV2 0.465 0.485 0520 -
(RatIo of Voltage @ P,n 9 to Pin 2) 

Total Gate Pulse DuratIon (CExt ; 0) FIg 6 IlS 
PosItIve dV/dt tp 70 100 140 
NegatIve dv/dt tn 70 100 140 

Pulse DuratIon After Zero CrossIng FIg 6 JJS 
(CExt ~ 0, RExt ; 00) 

PosItIve dvldt tPl - 50 -
NegatIve dvldt tnl - 60 -

Output Leakage Current InhIbIt Mode'" FIg 3 14 - 0.001 10 IlA 

Input BIas Current CA3059 FIg 7 liB - 015 10 IlA 
CA3079 - 015 20 

Common Mode Input Voltage Range - VCMR - 14 to 50 - Vdc 
(P,ns 9 and 13 Connected) 

InhIbIt Input Voltage CA3059 only FIg 8 Vl - 1.4 1.6 Vdc 

External Trogger Voltage CA3059 only - V6- V 4 - 1.4 - Vdc . 
'Care must be taken. especIally when uSIng an external power supply. that total package dISSIpatIon IS not exceeded. 

"The values gIVen In the Electrocal Characterostlcs Chart at 120 V also apply for operatIon at Input voltages of 24 V. 208/230 V, and 

277 V. except for Pulse DuratIon test. However. the seroes resIstor (RS) must have the IndIcated value. shown In Table A for the speCIfIed 
Input vtJltage. 

"'14 out of PIn 4 
2 V on P,n 1 
S1 posItIon 2 
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CA3059 • CA3079 

TEST CIRCUITS 
(All reSIstor values are In ohms) 

FIGURE 2 - DC SUPPLY VOLTAGE 

Pulse 46 k 

FIGURE 4 - PEAK OUTPUT CURRENT (PULSED) 
WITH EXTERNAL POWER SUPPLY 

OSCIlloscope 
W,th 

HIgh Gam 

Input 

FIGURE 6 - GATE PULSE DURATION TEST CIRCUIT 
WITH ASSOCIATED WAVEFORM 

120Vrms 10k 

60 Hz OscIlloscope 
WIth 

HIgh Gam 
Input 
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FIGURE 3 - PEAK OUTPUT (PULSED) AND 
GATE TRIGGER CURRENT WITH 

INTERNAL POWER SUPPLY 

OscIlloscope 

W,th 
HIgh Gam 

Input 

FIGURE 5 - INPUT INHIBIT RATIO 

100 IJF 

FIGURE 7 - INPUT BIAS CURRENT TEST CIRCUIT 

Vee = 6 0 V 

• 3 V 



CA3059 • CA3079 

TYPICAL CHARACTERISTICS 

<" 160 5. 

~ 
::::J 
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..... 140 z 
c:: 
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U 
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::::J 
"- 120 ..... 
::::J 
a 

'" ~ 
100 

~ 70 
:! 

i 68 

-' 66 

~ 64 
~ 

62 

60 

FIGURE B - INHIBIT INPUT VOLTAGE TEST 

10 k 

10 

11 

4 

FIGURE 10 - PEAK OUTPUT CURRENT (PULSED) 
versus AMBIENT TEMPERATURE 

r--

-40 

-r--t--
-r-- -- ..... 

120 Vrms, 60 Hz 
Gate Voltage = U 

I I I 

-20 a 20 40 60 80 
AMBIENT TEMPERATURE (OC) 

FIGURE 12 - INTERNAL SUPPLY versus 
AMBIENT TEMPERATURE 

r-

r----

-

100 

--k-"I-""" 
Inh,b,tModp-r-- -

........ 1-""" 

V 
./ 

-40 -20 20 40 60 80 100 

AMBIENT TEMPERATURE 10C} 

<" 
.E. 300 
a 
~ 250 

~ 200 

~ 150 
..... 
::::J 

~ 100 

"" ~ 50 

140 

:% 130 

:I: 

6120 
§:: 

~ 110 

~ 100 

90 

80 

N 052 
~ 

E 050 
a 
>= 
~ 048 

'" ~ 046 

> 
l;; 044 

~ 
- 042 

040 

FIGURE 9 - PEAK OUTPUT CURRENT (PULSED) 
versus EXTERNAL POWER SUPPLY VOLTAGE 

P'n~ 2 and 3 Connected 
t-I--_to-

---J---+-r 
V r- P,n 3 Open -I--1---

~ I.=!--r--
I---r-

~ 120 Vrms, 60 Hz 
Gate Voltage = a 

I I I 

50 60 7 a 80 90 10 11 
EXTERNAL POWER SUPPLY VOLTAGE (VOLTS) 

FIGURE 11 - TOTAL PULSE WIDTH versus 
AMBIENT TEMPERATURE 

1~0 vr~s, 6'0 Hz' 

i'.. 
f'... 

r-.... 120 Vrms, 60 Hz Operation 
r--... 

i'-.. 
.......... 

......... 
......... 

......... 

t---
f-

12 

-40 -20 20 40 60 80 100 
AMBIENT TEMPE RATURE 1°C} 

FIGURE 13 - INHIBIT VOLTAGE RATIO 
versus AMBIENT TEMPERATURE 

-1~0 vr~s, ~O HZ' 

-

-40 -20 20 40 60 80 

AMBIENT TEMPERATURE laC} 
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CA3059 • CA3079 

FIGURE 14 - CIRCUIT SCHEMATIC 

Rp 

CF + 
100 1lF I

_ 
15 V -= 

Inhibit 

RS 
Ae Line o-"'V'>Ar-<>--;---....... 'V\i,.,.... 
Input 

30 k 
50 k 

RSensor 

13 

-----, 

15 

'---+--0 Current 
Boost 

25 

I 
I 
I 
I 
I 
I 
I 

I To 

I ~:~;,stor 
I 
I 

I 4 

---------------------~ 
12 

For de Mode 

or 400 Hz 

Operation 

14 

Fall-Safe 

Input 

To 

Common 

For 

External 

Trigger 

NOTE _ Current sources are established by an Internal reference 

PinS 1,6, 12, and 14 are not used with CA3079 

APPLICATION INFORMATION 

Power Supply 

The CA3059 and CA3079 are self·powered circuits, 
powered from the ac line through an appropriate dropping 
resistor (see Table A), The internal supply is designed to 
power the auxiliary power circuits, 

In applications where more output current from the 
Internal supply is required, an external power supply 
of higher voltage should be used. To use an external 
power supply, connect.pin 5 and pin 7 together and apply 
the synchronizing voltage to pm 12 and the dc supply 
voltage to pin 2 as shown in Figure 4. 

Operation otProtection Circuit (CA3059 Only) 

The protection circuit, when connected, will remove 
current drive from th~ triac if an open or shorted sensor 
is detected. ThiS Circuit is activated by connecting pin 13 
to pm 14 (see Figure 1). 

The following conditions should be observed when the 
protection circuit is utilized: 

A. The internal supply should be used and the external 
load current must be limited to 2 mA with a 5 kil 
dropping resistor. 
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B. Sensor Resistance (RX) and Rp values should be 
between 2 kil and 100 kil. 

C. The relationship 0.33 < RX/Rp < 3 must be met 
over the anticipated temperature range to prevent 
undesired activation of the circuit. A shunt or series 
resistor may have to be added. 

External Inhibit Function (CA3059 Only) 

A priority inihibit command applied to pin 1 will 
remove current drive from the thyristor. A command of 
at least +1.2 V @ 10 IlA is required. A DTL or T2L logiC 1 
applied to pin 1 will activate the inhibit function. 

DC Gate Current Mode (CA3059 Only) 

When comparator operation is desired or inductive 
loads are being switched, pins 7 and 12 should be 
connected. This connection disables the zero·crossing 
detector to permit the flow of gate current from the 
differential sensing amplifier on demand. Care should 
be exercised to avoid possible overloading of the internal 
power supply when operating the device in this mode. 
A resistor should be inserted between pm 4 and the 
thyristor gate in order to limit the current, 



Speeifications and Applications 
Information 

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 failing 
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 Stability of 0 005% per °c 
• Normally "On" or Normally "Off" Output 

TYPICAL APPLICATIONS 

• Time Delay Generation • PreCIsion Timing • MIssing Pulse Detection 

• Sequential Timing • Pulse Generation. Pulse Width Modulation 

• Linear Sweep GeneratIon • Pulse Shaping • Pulse POSition Modulation 

MAXIMUM RATINGS (T A; +250 e unless otherwise noted.) 

Ratmg Symbol Value UOit 

Power Supply Voltage Vee +16 Vdc 

Discharge Current (Pin 7) 17 200 mA 

Power DIssipation (Package Limitation) PD 
Metal Can 680 mW 
Derate above T A; +2SoC 4.6 mW/oC 
PlastiC Dual In· Line Package 625 mW 
Derate above T A ; +250 C 5.0 mW/oC 

Operating Temperature Range (Ambient) TA o to +70 °c 
Storage Temperature Range Tstg -65 to +150 uc 

FIGURE 1 - BLOCK DIAGRAM 

6 
Threshold 0--+---------1 

Discharge 0--\------, 

Adlustable 
Threshold 
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MC1422 

TIMING CIRCUIT 
WITH ADJUSTABLE THRESHOLD 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 

Pl SUFFIX 

PLASTIC PACKAGE 
CASE 626 

(Top View) 

1. Ground 
2 Trigger 
3. Output 
4. Reset 
5. Variable Threshold 

Reference 
6. Threshold 
7. Discharge 
8. Vec 

~ 
00;;°1 . . 

2 6 . . 
:1 .4 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 +700 c 
o to +700 C 

!------------I--Q Trogger 

4 
i----t--O Reset 

Ground 

• 
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MC1422 

ELECTRICAL CHARACTERISTICS (TA = +250 C, vcc '" +5.0 V to +14 V unless otherwise noted.) 

Characteristics Symbol 

Supply Voltage VCC 
Supply Current 10 

Vec '" 5.0 V, R L = 00 

Vec'" 14 V, RL = 00 

Low State (Note 1) 

Timing Error (Note 2) 
RA, RB = 1.0 kn to 100 kn 
Initial Accuracy C = 0.1 IlF 
Drift with Temperature 
Drift with Supply Voltage 

Threshold Voltage (Figure 2) Vth 
Trigger Voltage VT 

Vec= 14 V 
Vec = 5.0 V 

Trigger Current IT 
Discharge Leakage Current Idis 
Reset Current - IR 
Threshold Current (Note 3) Ith 
Output Voltage Low VOL 

(Vce = 14 V) 
Isink = 10 mA 
Isink = 50'mA 
ISlnk - 100 mA 
Isink = 200 mA 

Output Voltage High VOH 
(lsource = 25 mAl 
Vec= 14 V 
Vec = 5.0 V 

Rise Time of Output tOLH 
Fall Time of Output tOHL 

NOTE'i: 

1. Supply current when output IS high IS typically 1.0 mA less. 

o 
ci 

2. Tested at VCC = 5.0 V and VCC = 14 V. 

FIGURE 2 - DC TEST CIRCUIT 

5.0 k 
±1% 

.--..... --:0-1 Control 
10k' 5 Voltage 

±1% 

3 Gnd 

D.U.T. 

IL,IA1. 

IA2 

~
autPut 

Isink 

Isource : 

2 

2.0K 

-=- Vs 

J 
Notes: 

VCC = Supply Voltage. 5.0 V .;; VCC .;; 14 V Aange 

Vs z Switching Voltage: 1.4 V .;; Vs .;; 11.0 V Aange 

When Vs ;. 2/3 Vcc. Va is low", 0 at AL ~ 00 

Whe~VS';; 1/3 VCC, Vo Is high", Vce at RL = 00 

VA = Reset Voltage: VA = 0.4 V or 1.0 V during Aeset Test 

During other tests. Pin 4 tied to Vec. 

Min Typ Max Unit 

4.5 - 14 V 

mA 

- 3.0 6.0 

- 10 15 

- 1.0 - % 
- 50 - PPM/oC 

- 0.01 - %lVolt 

- 2/3 - xVce 

V 
- 5.0 -
- 1.67 -
- 0.5 - iJ,A 

- - 250 nA 

- 0.1 - mA 

- - 1.0 IlA 

V 

- 0.1 0.35 

- 0.4 1.0 
- 2.0 3.5 
- 2.5 -

V 

11.75 13.3 -
2.75 3.3 -
- 100 - ns 

- 100 - ns 

3. This Will determine the maximum value of RA + RB for 15 V operation. 
The maximum total R = 20 megohms. 

FIGURE 3 - AC TEST CIRCUIT 

5 k t 1% 
AL 5 r-~AJes-e-t---~-~ 

0--+-0----1 Control 
Voltage 

Discharge 

D.U.T. 
3 6 

'-----If-o---I Output 

Gnd 

Threshold t--o--.... --~ 

10 k 
:!:1% 

RA = 100 k 

t = 1.1 RAC seconds 

External components must be bridged so that exact 
values are used in the frequency formula. 
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MC1422 

FIGURE 4 - TRIGGeR PULSE WIDTH 
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FIGURE 7 - LOW OUTPUT VOLTAGE 
@ Vee = 5.0 Vdc 
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FIGURE 5 - SUPPL Y CURRENT 
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MC1422 

FIGURE 13 - CIRCUIT SCHEMATIC CONTROL VOLTAGE 
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GENERAL INFORMATION 

Tne 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 duty cycle controlled by the capacitor and 
resistor values. While the timing is 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 circuit 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 voltage 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 discharge the capacitor thus 
interrupting the timing cycle. As long as the reset pin is 
low, the capacitor discharge transistor is turned "on" and 
prevents the capacitor from charging. While the reset volt-

6-14 

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 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 
exponential rate which is set by the RC time constant. 
When the capacitor voltage rl!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. The time that 
the output is high is given by the equation t :: 1.1 RA C. 
Various combinations of Rand C and their associated 
times are shown in Figure 15. The trigger pulse width 
must be less than the timing period. 
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FIGURE 14 - MONOSTABLE CIRCUIT 
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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 ollly 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 CR1 and CR21imit 

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 C1 and attenuated to 
1/3 by Rl 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 
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FIGURE 16 - PULSE WIDTH MODULATOR 
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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 
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FIGURE 17 - PULSE WIDTH MODULATOR WAVEFORMS 

Modulation Input 5 V/Dlv. 

VC3 Ramp 5 V/D.v . 

. . . . . . . . . . . . . . . . . . . . PWM Input 10 V/Dlv . 

. .... --~-~----- ..... 
-~--~~---.--------~ -...:- -. PWM Output 10 V/O.v. 

Hor. = 0.5 ms/Dlv. 

Pulse Width 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 al and a2 are configured as a current 
mirror to provide a linear voltage ramp across C3. This 
constant current scheme attributes a relatively linear 
transfer characteristic for the puise 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. (i.e., 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. 

6-16 

2. For the astable frequency: 

1.44 
f = l/T = (R, + 2R2)C 

3. Duty cycle (D.C.) for the astable: 

DC=_R_2_ 
R, + 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' __ ,_ VCC - VBE 
In - TC3 lal "" la2 = R3 

VCC = 10 V linearity typically 3% modulation input 
from 2 volts to 8 volts. 
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Voltage Controlled Oscillator 

The veo circuit, which has a nonlinear transfer charac
teristic will operate satisfactorily up to 200 kHz. The 
VCO input range is effective from 1/3 VCC to VCC - 2 V, 
with the highest control voltage producing the lowest out
put frequency. The equation for the frequency is: 

fout 

V5-1/3 VCC V5-1/3 Vec 
1n (1- 2/3 VCC )(R1+R2)C1+1n( V5 ) R2C1 

V5 = VCO input control voltage 

It should be noted that, the output duty cycle will vary 
somewhat over the VCO input 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 pulses for the values of R2 and C1 as shown in 
Figure 19 is approximately 2.0 Hz, and the pulse width 
0.3 ms, fp = frequency of pulses while Pin 6 voltage is 
above voltage at Pin 5. 

The function of R 1 IS to. limit di/dt, when charging C1. 

1 
fp "'" R2C1 or T p "" R2C1 

Schmitt Trigger 

The MC1422 is very useful as a Schmitt Trigger as shown 
in Figure 20. The lower trigger POint is fixed at 1/3 VCC, 
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 50 kHz. 

FIGURE 18 - VOLTAGE CONTROLLED OSCILLATOR 
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ORDERING INFORMATION 

Device 

MC1438R 
MC1538R 

Temperature Range 

O°C to +70°C 
-55°C to +125°C 

POWER BOOSTER 

Package 

Metal Power 
Metal Power 

The MC1538/MC1438 is designed as a high current gain amplifier 
(70 dB), with unity voltage gain that can deliver load currents up to 
±300 mAdc. 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 rate will be 
limited by the operational amplifier, not the MC1538/MC 1438. 

• Low Output Impedance - 10 Ohms typ - allows the MC1538/ 
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 mAdc to ±300 mAdc 
• Excellent Power-Supply Rejection - 1.0 mV/V typ 
• Current Gain - 3000 typ 

MC1438R 
MC1538R 

OPERATIONAL AMPLIFIERS 

POWER BOOSTER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

POSitive Current 
Limit AdjUst 

R SUFFIX 
CASE 614 

TYPICAL APPLICATIONS 

OPERATIONAL AMPLIFIER BOOST CIRCUIT DIGITAL OR ANALOG LINE DRIVER 

Va 

'--6------' ro"zo.10H 

POWER SUPPLY SPLITTER SERVO/POWER AMPLIFIER 

Under lOme conditions of circuit layout and loading, the MC1538R/MC1438R will oscillate when driven Into current limiting. Oscillation during 
positive current limiting can usually be IUppre .. d by pl.clng • 0.02 joIF capacitor between Pin. 7 lind 5. Oscillation. during negative current limit 
can u.ually be suppre_d by placing a 0.02 /oIF capacitor between Pins 1 and 2. 100 Ohms In ee,le. with thll capacitor will reduce any cro ... over 
dl.tortlon occurring when driving extremely low Impedance loads. 

6-18 
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MAXI MUM RATINGS IT 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 IVml VCC or VEE Vdc 

Load Current 'L 350 mAde 

Power DIssipation @ T A = +250 C Po 3.0 Watts 

Derate above T A = +250 C 1/ROJA 24 mW/oC 

Power Dlsslpatlon@ TC = +2SoC Po 17.5 Watts 

Derate above T C = +250 C 1/ROJC 140 mW/oc 

Operatmg Ambient Temperature Range MC1438R TA o to + 70 °c 
MC1538R -55 to +125 

Operating and Storage Junction Temperature Range T J,T stg -65 to +150 °c 

THERMAL CHARACTERISTICS 

Characteristic Symbol Max Unit 

Thermal Resistance, Junction to Ambient ROJA 416 °C/W 

Thermal Resistance, Junction to Case ROJC 7.15 °CIW 

ELECTRICAL CHARACTERISTICS 
(RL = 300 ohms, TC = +250 C unless otherWise noted.) 

MC1538R MC1438R 
5.0 V ... VCC - IVEEI'" 20 V VCC - +15 V,VEE - -15 V 

Characteristic (Linear Operation) Fig Note Symbol Min Typ Max Min Typ Max Unit 

Voltage Gain If = 1.0 kHz) 1 - AV 09 0.95 1.0 0.85 0.95 1.0 V/V 

Current Gam (A, = AIOI A',) 1 - AI - 3000 - - 3000 - AlA 

Output Impedance (f = 1.0 kHz) 1 - zo - 10 - - 10 - Ohms 

Input Impedance If = 1.0 kHz) 1 - Zl - 400 - - 400 - k ohms 

Output Voltage Swing (See Note 3) 1 3 Vo ±12 ±13 - ±11 ±12 - Vdc 

Input Bias Current 2 - liB - 60 200 - 60 300 ~Adc 

Output Offset Voltage 2 1 VOO - 25 150 - 25 200 mVdc • Small Signal Bandwidth 1 - BW 
(RL = 300 ohms) - 8.0 - - 8.0 - MHz 
(V, = 0 Vdc, V, = 100 mV[rmsl) 

Power Bandwidth (See Note 3) 1 - BWp 
(VO = 20 Vp.p , THO = 5%) - 1.5 - - 1.5 - MHz 

Total Harmonic Distortion(Note 3) 1 - THO 
If = 1.0 kHz, Vo = 20 Vp.p) - 0.5 - - 0.5 - % 

Output Short,Clrcult Current lOS mAde 
(Rl=R2=oo) 3 2 75 95 125 65 95 140 
(Rl = R2 = 3.3. ohms) 3 - 300 - - 300 -

Adjustable Range 4,5 - 5.0 to 300 - - 5.0to 300 -

Power Supply Sensitivity 2 - PSRR mV/V 
(VEE constant) - 1.0 - - 1.0 -
(VCC constant) - 1.0 - - 1.0 -

Power Supply Current 2 - ICC 4.5 6.0 10 2.5 6.0 15 mAdc 
(RL 00, V, = 0) lEE 

Power Dissipation (See Note 3) 2 3 Pc 150 180 300 75 180 450 mW 
(RL co, V, = 0) 

Note 1. Output offset Voltage is the quiescent dc output voltage with the input grounded. 
Note 2. Short·Circult Current, ISC' is adjustable by varying A 1, A2, A3 and A4. The positive current limit is set by A 1 or A3, and 

the negative current limit is set by A2 or A4. See Figures 4 and 5 for curves of short·circult current versus A 1, A2, A3 and A4. 
Note 3. VCC= +15 V, VEE = -15 V. 

g_1 Q 
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MC1438R, MC1538R 

FIGURE 1 
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TYPICAL CHARACTERISTICS (continued) 
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FIGURE 7 - SMALL SIGNAL GAIN AND PHASE RESPONSE 
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MC1438R, MC1538R 

TYPICAL CHARACTERISTICS (continued) 
(VCC = +15 Vdc, VEE = -15 Vdc, T A = +250 C 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 
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TYPICAL APPLICATIONS (continued) 

FIGURE 18 - PROGRAMMABLE VOLTAGE SOURCE 
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FIGURE 20 - SIGNAL DISTRIBUTION 
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FIGURE 19 - CONSTANT CURRENT SOURCE 
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ORDERING INFORMATION 

Device 

MC1445F 
MC1445G 
MC1445L 
MC1545F 
MC1545G 
MC1545L 

Temperature Range 

aOc to +75°C 
aoc to +75°C 
aoc 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 
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 "'h--o---1 
Input 

50k 7 

BALANCED MODULATOR 

..,r-.--<>--/ 
Carrier 
Input 

51 

50k 
Input Bias Adjust 

PULSE-WIDTH MODULATOR 

N1M We 

..,r.--o---l 

Open 

ANALOG SWITCH 

..,Ih---o---j 
"u 

Signal 
Input 
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MC1445 
MC1545 

GATE CONTROLLED 
TWO-CHANNE L-INPUT 
WIDEBAND AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
MET~L PACKAGE 

CASE 603 
(top view) 

VCC 

Inv. Input A 

~ 
FSUFFIX 

~.-.::----<' CERAMIC PACKAGE 
, CASE6~ 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO·116 

Output 1,11:==:::::::::~=:::;-1141 

Non-Inv_ Input B 3 

Non·lnv. Input A 5 

Ou~ut 7~-----~ 



MC1445, MC1545 

MAXIMUM RATINGS (T A = +250 e unless otherwise noted I 

Rating Symbol Value Unit 

Power Supply Voltage Vec +12 Vdc 

VEE -12 Vdc 

Input Differential Voltage Range V, DR ±5.0 Volts 

Load Current 'L 25 rnA 

Power DIssipation (Package Limitation) PD 
Flat Package 500 mW 

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

Ceramic Dual I n-Llne Package 625 mW 
Derate above T A = +250 C 50 mW/oC 

Metal Can 680 mW 
Derate above T A = +250 C 4.6 mW/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 (VCC = +50 Vdc. VEE = 5 0 Vdc. at TA = +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 Gam 1.12 Avs 16 19 21 16 195 

Bandwidth 1,12 BW 40 50 - - 50 

Input Impedance 5.14 z, 40 10 - 30 10 
(f = 50 kHz) 

Output Impedance 6,15 Zo - 25 - - 25 
(f = 50 kHz) 

Output Differential Voltage Range 4.13 VODR 15 2.5 - 1.5 25 
(RL = 10k ohm, f = 50 kHz) 

Input Bias Current 16 liB - 15 25 - 15 

Input Offset Current 16 ',0 - 20 - .:.. 20 

Input Offset Voltage 17 V,O - 10 5.0 - -

QUiescent Output dc Level 17 Vo - 0.1 - - 0.1 

Output dc Level Change 17 AVO - ±15 - - ± 15 
(Gate Input Voltage Change +50 V to 0 V) 

Common-Mode Rejection Ratio 9.18 CMRR - 85 - - 85 
(f = 50 kHz) 

I nput Common-Mode Voltage Range 18 V,CR - ±25 - - ±25 

Gate CharacterIStiCS 8 V'LlG) 0.40 0.70 - 02 0.4 
Gate Input Voltage - Low Logic State (Note 1) 

Gate Input Voltage - High Logic State (Note 2) V'H(G) - 1.5 2.2 - 13 

Gate Input Current - Low Logic State 18 "LIG) - - 25 - -
(V'L(G) = 0 V) 

Gate Input Current - High Logic State 18 "H(GI - - 2.0 - -
(V'H(GI = +5.0 VI 

Step Response 19 tPLH - 65 10 - 6.5 
(em = 20 mV) tPHL - 6.3 10 - 63 

tTLH - 6.5 15 - 65 

tTHL - 7.0 15 - 70 

Wldeband 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. V'L(G) IS the gate voltage which results in channel A gain of unity or less and channel B gain of 16 dB or greater. 
Note 2. V, H(GI IS the gate voltage which results In channel B gam of unity or less and channeJ A gain of 16 dB or greater. 

Max Unit 

23 dB 

- MHz 

- k ohms 

- Ohms 

- Vp·p 

30 /-LAdc 

- /-LAdc 

7.5 mVdc 

- Vdc 

- mV 

- dB 

- Vp 

- Vdc 

30 

4.0 mA 

40 /-LA 

- ns 
-
-
-
- /-LV(rms) 

150 mW 

• 
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',MC1445, MC1545 

FIGURE 7 - CHANNEL SEPARATION versus FREQUENCY 
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FIGURE 12 - SINGLE-ENDED VOLTAGE GAIN AND 
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MC1445, MC1545 

FIGURE 13 - OUTPUT VOLTAGE SWING TEST CIRCUIT 

FIGURE 15 - OUTPUT IMPEDANCE TEST CIRCUIT 

To ac 

f = 50 kHz 

Vi = 50 mV(rms) 

Open 

FIGURE 17 -INPUT OFFSET VOLTAGE AND QUIESCENT 
OUTPUT LEVEL TEST CIRCUIT 

+5.0 V 

R1 
100 k 

10 Turns 

-5.0 V 

~Vo = Change in V2 Reading 

Switch S 1 and readjust R 1 for V 1 =0 

-5.0 V 

+50 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 

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 a 20 IOg[AysJ 
AyC 

+5.0V 



MC1445, MC1545 

FIGURE 19 - PROPAGATION DELAY AND RISE AND 
FALL TIMES TEST CIRCUIT 

Pulse 
Gen. 

Vi = 20mV 

To "A" Channel +5.0 V 
of Scope 

tTLH = tTHL < 5.0 ns 

Scope -
Tektronix 567 

of Scope 

CL - 15 pF including probe and 
jig capacitance 

Open 
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FIGURE 20 - POWER DISSIPATION AND WIDEBAND 
INPUT NOISE TEST CIRCUIT 
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wIth Bandwidth of 
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FIGURE 21 - LIMITING CHARACTERISTIC 
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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 - 4.3llmhos at 60 MHz 

• High Power Gain - 30 dB @ 60 MHz (0.5 MHz BW) 

• Good Noise Figure - 5 dB @ 60 MHz 

MAXIMUM RATINGS (TA = +250 C unless otherwise noted) 

Rating Symbol Value 

Power Supply Voltage, Pin 9 VCC 20 

AGC Supply Voltage VAGC 20 

I nput Differential Voltage, Pin 1 to Pin 4 VID ±5.0 
(RS " 500 ohms) 

Power Dissipation (Package limitation) Po 
Metal Can 680 

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

Derate above T A = +250 C 3.3 

Operating Ambient Temperature Range TA -55 to +125 

Storage Temperature Range Tstg -65 to +150 

CIRCUIT SCHEMATIC 

r------
I 
I R, 3k R. 

10~~--~-----3k-------

RI 3k 

--------..., 
18k 

I 

I 
I 
I 
I 
I 
I 
I 

-----* 
2 7 

Vee 

6-30 

Unit 

Vdc 

Vdc 

V(rms) 

mW 
mW/oC 

mW 
mW/oC 

oc 

°c 

MC1550G 

RF - IF AMPLIFIER 

SILICON MONOLITHIC 

INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 6036 

Bypass 

AGC 

CIRCUIT DESCRIPTION 

The MCI550 is built with monolithic fabrication techniques 
utilizing diffused resistors and small-geometry transistors. 
Excellent AGe performance is obtained by shunting the Signal 
through the AGe transistor Q. maintaining the operating point 
of the Input transistor Q,. This keeps the input impedance 
constant over the entire AGe range. 

The amplifier is intended to be used In a common·emitter, 
common·base configuration (Q, and Q.) with Q. acting as an 
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 
should also be bypassed to ground. The output is taken be· 
tween PinS 6 and 9. The substrate is connected to pin 7 and 
should be grounded. AGC voltage is applied to pin 5. 



'MC1550G 

ELECTRICAL CHARACTERISTICS (v+ = +6 Vdc, TA = +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 = 0 Vde 1 10 - - 2.2 mAdc 

VAGC = +6 Vde - - 2.5 

AGC Supply Drain Current VAGC = 0 Vde 1 'AGC - - -0.2 mAde 

VAGC = +6 Vde - - 0.18 

SMALL·SIGNAL CHARACTERISTICS 

Small,Signal Voltage Gain f = 500 kHz 2 AV 22 - 29 dB 

Bandwidth -30dB 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 
(VCC = 60 Vde, T A = +250 C unless otherwise noted.) 

FIGURE 1 - DC CHARACTERISTICS TEST CI RCUIT FIGURE 2 - VOLTAGE GAIN AND BANDWIDTH TEST CIRCUIT 

VAGe +6 Vdc 

FIGURE 3 - POWER GAIN TEST CIRCUIT @ 60 MHz 

em = 10 mV(rms) C
7 

RI = 50n 
R2 = 620n 
C, thruC6 = 01 p.F 

C, 

--11-----f---4---i1~~ 
.,,- ,"mVl,m.1 pc, 

VAGC t6 Vdc 

FIGURE 4 - DRAIN CURRENT TEMPERATURE 

CHARACTERISTICS 

120 
VCC~ 6 V 

VAGe=OV 

a 

----.. a 

"" 
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MC1550G 

TYPICAL CHARACTERISTICS (continued) 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 11 - TRANSDUCER POWER BANDWIDTH versus AGC VOLTAGE 
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Rs. SOURCE RESISTANCE (OHMS) 

FIGURE 15 -Y21. FORWARD-TRANSFER ADMITTANCE 
versus AGC VOLTAGE 
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MC1550G 

TYPICAL CHARACTERISTICS 
(Vee = 6 o-Vdc, T A = +250 C unless otherwise noted.1 

FIGURE 16 -Y12, REVERSE TRANSFER-ADMITTANCE 
versus FREQUENCY 

FIGURE 17 -Y11.INPUT-AOMITTANCE versus FREQUENCY 
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The VIZ shown m Figure 16 Illustrates the extremely low feedback of the MC1550 
with no contribution from the external mountmg circuitry However, in many 
cases the external corcultry may contribute as much or more to the total feedback 
than does the MC1550 
To perform more accurate design calculations of gam, stablhty. and mput - output 
impedances It is recommended that the designer first determme the total feed 
back of device plus clfcultry 
ThiS can be done m one of two ways 
(t) Measure the total Y12 or S12 of the MC1550 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 Yl2 for the MC1550 given in Figure 16 

FIGURE 18 -Y22.0UTPUT-ADMITTANCE versus FREQUENCY 
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TYPICAL CHARACTERISTICS (continued) 

(Vee = 6.0 Vdc, T A = +2Soe unless otherwise noted.) 

FIGURE 20 - S11,INPUT REFLECTION 

COEFFICIENT versus FREQUENCY 
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ORDERING INFORMATION 

Device 

MC1552G 
MC1553G 

Temperature Range 

-55°C to +125°C 
-55°C to + 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-compensated 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 - 40 MHz (MC1552) 
35 MHz (MC1553) 

• Low Distortion - 0.2% at 200 kHz 

• Low Temperature Drift - ±0.002 dB/oC 

MAXIMUM RATINGS (TA = +250 C unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage. Pm 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) PD 680 mW 
Derate above T A = +250 C 4.6 mW/oC 

Operatl ng Ambient Temperature Range TA -55 to +125 °c 
Storage Temperature Range Tstg ~5 to +150 °c 

MC1552G 
MC1553G 

HIGH FREQUENCY 
VIDEO AMPLIFIER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

CASE 6039 
METAL PACKAGE 

PIN CONNECTIONS 

Ext. 
Capacitor 

(Top View) 

REPRESENTATIVE CIRCUIT SCHEMATICS 

Vi 

FIGURE 1 - MC1552 (LOW GAIN) 

r-------~~--~--~--~~----oVCC 

t----+----.-oVO 

12 k 

130 

Output 
G~t Ext_ C Gnd 

Inputs 

6-36 

FIGURE 2 - MC1553 (HIGH GAIN) 

~------~~--~---'--~~----OVCC 

12 k' 

t----+---.-oVO 

Output 
G~Ext.CGnd 

Inputs 



MC1552G, MC1553G 

ELECTRICAL CHARACTERISTICS (Unless otherwISe noted, T A = 250 C, VCC = 60 V and specification applies for all 
Gam Selection options 

MC1552G MC1553G 

Test 
Characteristic Figure Symbol Min Typ 'IIIax Min Typ Max URit 

Voltage Gain AV V/V 
(Gain Option = 50) 44 50 56 
(Gain Option = 100) 87 100 113 
(Gain Option = 200) 175 200 225 
(Gain Option = 400) 350 400 450 

-550 C.;; TA';; 1250 C 
(Gain Option = 501 42 58 
(Gain Option = 1(10) 83 117 
(Gain Option = 200) 171 230 
(Gam Option = 400) 342 461 

Voltage Gain Vanatlon 
(_550 C .;; T A .;; 1250 C) ,'A V +02 ±02 dB 

Small,Slgnal BandWidth 3,6 BW MHz 
(Gain Option = 50) 21 40 
(Gam Option = 100) 17 35 
(Gam Option = 200) 17 35 
(Gam Option = 400) 75 15 

Input Impedance 2, 70 10 70 10 kn 
(f = 100 kHz, A L = 1 0 kn) 

Output Impedance zo 16 50 16 50 n 
(f= 100kHz, AS=50n) 

DC Output Voltage Va 25 29 32 25 29 32 Vdc 
(-550 C .;; T A .;; 1250 C) 23 3.4 2.4 33 

DC Output Voltage Vanatlon "Va ±005 ±.005 Vdc 
(_550 C .;;TA';; 1250 C) 

Output Voltage Aange (zL" 1 a kn, C, = 100 mV rms) VOA 36 42 36 42 Vpp 

(-550 C.;; T A" 1250 C) 34 

Power Supply Current ICC 125 20 125 20 mA 
(-550 C .;; T A .. 1250 C) 24 23 

Propagation Delay Time 3,4 tpHL 
(Gain Option· 50) 80 
(Gam Option = 100) 90 
(Gam Option = 200) 10 
(Gam Option· 400) 25 

TranSItion (AlSe) Time 3,4 tTHL 
(Gain Option = 50) 90 16 
(Gam Option = 100) 12 20 
(Gain Option = 200) 11 20 
(Gam Option = 400) 30 45 

Overshoot 3,4 100 Vs:iSlVp 50 50 % 

NOise Figure 
(AS = 400 n, fa = 30 MHz.BW = 3 0 MHz) (See Figure 14) 

Total Harmonic DIStortion 
(Va =2,0 Vp'p, f=200kHz, RL -I OknJ 

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 hlgh·frequency capacitor must always be used to by· 
pass the power supply. This capacitor should be as close to 
the circuit as pOSSIble. 

4. hltage 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 ground on MC1553, as shown on 

Type 

FIGURE 3 - TEST CIRCUIT 

Vi .... _---H----o--I 

Voltage 
Gain 

Me 1552 1-.;:..50"--1-'p:...;;.n.:...;3:..0;:..:p:,=.n:.:....,.. __ -l 
, 00 Ground Pm 3 

MC1553 
200 Connect Pm 3 to Pm 4 

400 PinS 3 and 4 Open 

1
o.11lF 

Vo 

1.0 k 

NF 30 30 

THO 02 02 

Figure 8. Under these conditions, the following equations 
must be used to determine Cl and C2 rather than the circuits 
shown In Figure 5. . 

1 

dB 

% 

Fig. 5b Cl = 21T1c(1. 7 X 104 ) Farads; C2 = 8 CHVo/V ,) Farads 

Vo/Vi Farads 
Fig. 5c Cl - 211I

c
(I.5 X 104 ) 

Vo/Vi 
Fig. 5d C2 = 21Tfc(3 X 103) Farads 

FIGURE 4 - PULSE RESPONSE DEFINITIONS 

Vlr-----~ __ ------------~ 

0.51----+ 

Vlr-----~--------------~~--------~-

;09Vp~======~t-------------r----j~~~

~ 0.5 V p I--------t~ 
o 0.1 V p I---------+___+__ 
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MC1552G, MC1553G 

TYPICAL CHARACTERISTICS 
TA = +250 C 

FIGURE 5a - FREQUENCY RESPONSE 

60 

Va ~ 400 
2A 3~-t- 4A V, 

50 

~ 3B-,- 4B = 200 
z 
<: 
c:I 
UI 40 3C '=t 4C = 100 
c:I « 

~ 10 20 3D 'rI- 40 - _50 
> 
.ho 

20. 
10 100 10k40kl0k 100 k 10M 10 M 100 M 

f. FREQUENCY (Hz) 

TEST CIRCUITS FOR FREQUENCY RESPONSE 

FIGURE 5b - CAPACITIVE COUPLED INPUT (Rs < 5 knl 

Curve No. Cl (J.lFI C2 (J.lFI 
2A 0.01 30 
2B 001 18 
2C 0.01 8.0 
20 ~ 4.0 

(pFI 
3A ~ 3.0 
3B 1000 1.8 
3C 1000 08 
3D 1000 04 

Curve No. Cl (J.lF) C2 (J.lF) 

lA 
lB 
lC 
10 

0.1 
01 
0.1 
0.1 

250 
150 
70 
40 

_..J 

4A 
4B 
4C 
40 

100 0.3 
100 0.18 
100 0.08 
100 004 

FIGURE 5c - CAPACITI VE COUPLED INPUT (Rs <500n) 

Cu rveNo. Cl (J.lF) Curve No. Cl (J.lF) 
lA 20 3A 0.4 
lB 10 3B 0.2 
lC 7.0 3C 0.1 
10 3.0 3D 0.06 
2A 3.0 4A 0.04 
2B 1.0 4B 0.02 
2C 0.8 4C 0.01 
20 0.5 40 0.007 

FIGURE 5d - TRA NSFORMER COUPLED INPUT 

Curve No. C2(I'F Curve No. Cl (I'F) 
lA 200 I 3A 2.0 
lB 100 I 3B 1.0 

~II lC 70 I 3C 0.7 
10 30 3D 0.3 
2A 20 I 4A 0.2 
2B 10 4B 0.1 
2C 7.0 4C 0.07 
20 3.0 40 0.03 

FIGURE 6 - VOLTAGE GAIN versus FREQUENCY 

60 

UV!J 400 
VCC = 6.0 V 
RS = 50 11 
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200 ~ 
z 

~ 
UJ 
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50 r--.. '~ .... ~I\ 
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I~ " 

40 

30 

20 

10 

0 o 1 0 2 0 4 1 0 2 0 4 0 10 20 40 100 200 1000 

~ 250 

~ 
> 
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§5 
::;: 
x 
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250 0 

z200 0 

~ 
~150 0 

~ 
:::100 0 

~ 
> 

50 0 

0 

f. FREQUENCY (MHz) 

FIGURE 7 - MAXIMUM NEGATIVE SWING SLEW RATE 
versus LOAD CAPACITANCE 

'" 
I 

VCC = 6 0 V 

'"" ~ ---- --
50 10 15 20 

LOAD CAPACITANCE (pF) 

FIGURE 8 - VOLTAGE GAIN ADJUSTMENT BY 
USE OF EXTERNAL RESISTOR 

\ 
1\ MC1553 

25 

" I \.(Ext R from Pm 3 to Gnd) 

I' -m l\.. MC1552 (Ext R Irom Pin 4 to Gnd t----

10 2.0 40 10 20 40 100 200 10k 20k 10k 

EXTERNAL RESISTANCE (OHMS) 
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MC1552G, MC1553G 

INPUT ADMITTANCE 
(Vee = 6 0 Vdc, RL = 1.0 kn., T A = +250 e) 
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FIGURE 9 - GAIN = 50 
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FIGURE 13 - OUTPUT IMPEDANCE versus FREQUENCY 
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FIGURE 10 - GAIN = 100 
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FIGURE 14 - BANDWIDTH versus SOURCE RESISTANCE 
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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 

'-WATT POWER AMPLIFIERS 

... designed to amplify signals to 30O-kHz with 
1-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 

'-WATT 
POWER AMPLIFIER 

INTEGRATED CIRCUIT 

SILICON MONOLITHIC 
EPITAXIAL PASSIVATED 

i .. , o~~:~~'~:'· v~c · ~"'::~~'::~;'O" 
"'1\ \ 1\ J , V 
, 'I Bias Ref.. 6 EE 

s External 
Gain Compensation 

OPtions (top view) 

G SUFFIX 

CASE 6038 

VOLTAGE GAIN versus FREQUENCY IRL = 16 OHMS) 

35 

:z 

~ 2 
UJ 

'" « 
~ I 
o 
> 
il 
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5 
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10 

da:n 'dption HI Av = 36 V/V 

VV 
./ ciai1n IOlptlOn 112 18 V/V 

./ 
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./ 
VV 
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CIRCUIT SCHEMATIC 
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MC1454G, MC1554G 

ELECTRICAL CHARACTERISTICS (TC = +250 C unless otherwise noted) 
Frequency compensation shown in Figures 6 and 7. 

MC1554 MC1454 

RL Gain {-55 to +125oCI {O to +70oCI 

Characteristic Figure (Ohms) Option- Symbol Mm Typ Max Min Typ Max Unit 

Output Power (for eout<5.0% TH DI 1 16 - Pout 1.0 1.1 - - 1.0 - Watt 

Power Dissipation (@ Pout = 1.0 W) 1 16 - PD - 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 zm 7.0 10 - 3.0 10 - k.l1 

Output Impedance 1 - 10 Zo - 0.2 - - 0.4 - .11 

Power Bandwidth 2 16 10 BW - 270 - - 270 - kHz 
(for eout<5.0% THD) 16 18 - 250 - - 250 -

16 36 - 210 - - 210 -
Total Harmonic Distortion 2 THD % 

(for em<0.05% THD, f = 20 Hz 
to 20 kHz) 

Pout = 1.0 Watt (sinewavel 16 10 - 0.4 - - 0.4 -
Pout = 0.1 Watt (sinewave) 16 10 - 0.5 - - 0.5 -
Zero Signal Current Dram 3 00 - ID - 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 Operation) 

Positive Supply SenSitivity 5 00 - S+ - -40 - - -40 - mV!V 
(VEE constant} 

Negative Supply SenSitiVity 5 00 - S- - -40 - - -40 - mV!V 
(Vee constant! 

·To obtain the voltage gain characteristic desired, use the follOWing pin connections Voltage Gain Pin Connection 

FIGURE 1 
+16V 

Characteristic Definitions 
(Linear Operation) 

FIGURE 3 

~16V 

1 9 

*
0 

~, ~' f" 

eo"'-LU-f-OVdC 12 V" 

L--.L 

6-41 

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 
+BV 

Yr0 

1 9 
open Vo(dt} 

RL 
7 

-BV -

FIGURE 5 Vee 

open 
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MC1454G, MC1554G 

MAXIMUM RATINGS (TC = +250 C unless otherwise noted) 

Rating Symbol Value Unit 

Total Power Supply Voltage IVCCI + IVEEI 18 Vdc 

Peak Load Current lout 0.5 Ampere 

Audio Output Power Pout 1.8 Watts 

Power DIssipation (package limitation) 
TA; +250 C Po 600 mW 

Derate above 25°C 1/0JA 4.8 mW/oC 

TC; +250 C Po 1.8 Watts 
Derate above 25°C 1/0JC 14.4 mW/oC 

Operating Temperature Range MC1454 TA o to +70 °c 
MC1554 -55 to +125 

Storage Temperature Range Tstg -55 to +150 °c 

TYPICAL CONNECTIONS 
FIGURE 6 -SPLIT SUPPLY OPERATION VOLTAGE FIGURE 7 - SINGLE SUPPLY OPERATION VOLTAGE 

GAIN (Avl = 10, fLOW~25 Hz GAIN (A VI = 10, fLOW~100 Hz 

Vee 39 pF Vee 39 pF 

RECOMMENDED OPERATING CONDITIONS 

In order to aVOid local VHF instability. the follOWing set of rules must be 
adhered to. 
I An R·C stabiliZing network (0 1 I,F In series with 10 ohms) should be 

placed directly 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 
ExceSSive lead Inductance from theVCC supply to pin 10 can cause high 
frequency instability To prevent thiS, the VCCby-pass capacitor should 
be connected with short leads from the VCC Pin to ground If thiS capaci 
tor IS remotely located a series R C network (0 1 I,F and 10 ohms) should 
be used directly from pin 10 to ground as shown In Figures 6 and 7 

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) narrow 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 Illter 
IS recommended 

TYPICAL CHARACTERISTICS 
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FIGURE 9 - TOTAL HARMONIC DISTORTION 
versus FREQUENCY 
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MC1454G, MC1554G 

TYPICAL CHARACTERISTICS (continued) 

FIGURE 10 - VOLTAGE GAIN versus TEMPERATURE FIGURE 11 - OUTPUT VOLTAGE CHANGE 
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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 e~ternal 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 

• 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 SOLlD·STATE TIME DELAY RELAY CIRCUIT 

FIGURE 2 - BLOCK DIAGRAM 

Vee 
a 

5k 

Threshold ....;;6,*---iH 

5k 

2 
Trtgger ...q.--f--I 

5k 

DIscharge 

Output 

TYPICAL APPLICATIONS 

MC1455 
MC1555 

TIMING CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

P1 SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(Top View) 

(MC1455P10n lv) 

1. Ground 
2. Trigger 
3. Output 
4. Reset O S 

1 4 5. Control Voltage 

U SUFFIX 
CERAMIC PACKAGE 

CASE 693 

(Top View) 

6. Threshold 
7. Discharge 

8. VCC 

G SUFFIX 
METAL PACKAGE 

CASE 601 

1. Ground 
2. Trigger 
3. Output 
4. Reset 
5. Control Voltage 
6. Threshold 
7. Discharge 

a.vCC 

ORDERING INFORMATION 

Temperature 

Device Alternate Range Package 

~C1455G - OoC to +700C Metal Can 

MC1455P1 NE555V OoC to +700C Plastic DIP 

~C1455U - OoC to +700C Ceremlc DIP 

"",,C1555G - -550Cto+1260C Metal Can 

r.._C1555U - -550Cto+1250C CeramIc DIP 

• Time Delay Generation • Precision Timing • Missing Pulse Detection 

• Sequential Timing • Pulse Generation. Pulse Width Modulation 

• Linear Sweep Generation • Pulse Shaping • Pulse Position Modulation 

MTTL is. trademark of Motorola Inc. 
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MAXI MUM RATINGS (T A = +250 C unless otherwise noted.) 

Rating Symbol Value Umt 

Power Supply Voltage VCC +18 Vdc 

Discharge Current (Pm 7) 17 200 rnA 

Power DIssipation (Package PD 
limitation) 
Metal Can 680 mW 
Derate above T A = +250 C 4.6 mW/oC 
Plastic Dual I n·lme Package 625 mW 
Derate above T A = +250 C 5.0 mW/oC 

Operating Temperature TA °c 
Range (Ambient) MC1555 -55 to +125 

MC1455 o to +70 

Storage Temperature Range T stg -65 to +150 °e 

FIGURE 3 - GENERAL TEST CIRCUIT 

Test CirCUit for Measuring de Parameters 
(to set output and measure parameters) 

a) When Vs ~ 2/3 Vee. Va IS low 

bl When Vs ~ 1/3 Vee. Va IS high 
c) When Va IS low, pin 7 Sinks current To test for Reset, 

set Va. high. apply Reset voltage. and test for current 
flowing Into pin 7 When Reset IS not In use, It should 

be tied to Vee 

E lECTR ICAl CHARACTER ISTICS (T A = +250 C. VCC = +5.0 V to +15 V unless otherWise noted ) 

Characteristics Symbol 

Supply Voltage Vec 
Supply Current ICC 

VCC:5.0V.Rl=00 
VCC = 15V. RL =00 
low State. (Note 1) 

Timing Error (Note 2) 

R = 1.0 kn to 1 00 kn 
Initial Accuracy C = 0.1 /.IF 
Drift With Temperature 
Drift With Supply Voltage 

Threshold Voltage Vth 

Trigger Voltage VT 
VCC=15V 
VCC= 5.0V 

Trigger Current IT 

Reset Voltage VR 

Reset Current 'R 
Threshold Current (Note 3) Ith 

Discharge Leakage Current (Pin 7) Idis 
Control Voltage level VCl 

VCC = 15 V 
VCC = 5.0 V 

Output Voltage Low VOL 
(VCC = 15 V) 

'sink = 10mA 
Isink = 50 mA 
ISink = 100 rnA 
ISlnk = 200 rnA 
(Vce= 5.0 V) 
Isink = 8.0 rnA 
Isink = 5.0 mA 

Output Voltage High VOH 
(Jsource = 200 mAl 
VCC= 15V 
(Jsource" 100 rnA) 
VCC= 15 V 
VCC= 5.0 V 

Rise Time of Output toLH 

Fall Time of Output tOHL 
NOTES: 

1. Supply current when output is high IS typically 1.0 mA less. 
2. Tested at VCC = 5.0 V and VCC = 15 V. 
Monostable mode 

MC1555 MC1455 

Min Typ Max Mm Typ Max Unit 

4.5 - 18 45 - 16 V 

rnA 

- 3.0 50 - 30 6.0 
- 10 12 - 10 15 

- 0.5 2.0 - 1.0 - % 
- 30 100 - 50 - PPM/DC 

- 0.05 0.20 - 0.10 - %lVolt 

- 2/3 - - 2/3 - xVCC 

V 
4.8 5.0 5.2 - 5.0 -
1.45 1.67 1.9 - 1.67 -

- 0.5 - - 0.5 - /.IA 

0.4 07 1.0 0.4 07 10 V 

- 0.1 - - 0.1 - rnA 

- 0.1 0.25 - 0.1 0.25 /.IA 

- - 100 - - 100 nA 

V 
9.6 10 10.4 9.0 10 11 
2.9 3.33 3.8 2.6 3.33 4.0 

V 
- 0.1 0.15 - 0.1 0.25 
- 0.4 0.5 - 0.4 0.75 
- 2.0 2.2 - 2.0 2.5 
- 2.5 - - 2.5 -

- 0.1 0.25 - - -
- - - - 0.25 0.35 

V 

- 12.5 - - 12.5 -

13 13.3 - 12.75 13.3 -
3.0 3.3 - 2.75 3.3 -
- 100 - - 100 - ns 

- 100 - - 100 - ns 

3. This will determine the maximum value of RA + RS for 15 V operation. 
The maximum total R = 20 megohms. 

II 
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FIGURE 4 - TRIGGER PULSE WIDTH 
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TYPICAL CHARACTERISTICS 
(T A = +2SoC unless otherwise noted.) 

FIGURE 5 - SUPPLY CURRENT 
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FIGURE 6 - HIGH OUTPUT VOLTAGE 
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FIGURE 13 - REPRESENTATIVE 
CIRCUIT SCHEMATIC 

Vee 8 
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Trigger 2o--------1I--+--l 

Reset 4 

Discharge 7 

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 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. 

Monostable 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 VCC 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 RC time constant. When the 
capacitor voltage reaches 2/3 VCC 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 until 
the present'timing period has been completed. The time that the 
output is high is given by the equation t = 1.1 RA C. 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. 

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. 

I 
I 
I 
I 
I 

:.:RL 

FIGURE 14 - MONOSTABLE CIRCUIT 
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GENERAL OPERATION (continued) 

FIGURE 15 - MONOSTABLE WAVEFORMS 

Input Volt.ge 5.0 V/cm 

C.pac'tor Volt.ge 50 V/cm 

t ~ 50 /ls/cm 
(RA = 10 k.l1, e = O.Q1/lF, RL = 1.0 k.l1 ,Vee = 15 V) 

co 
FIGURE 16 - TIME OELAY 
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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 RS 
and discharges to 1/3 Vee through RS' Sy varYing the ratio of 
these resistors the duty cycle can be vaned. The charge and 
discharge times are independent of the supply voltage. 

The charge time (output high) IS given by: t1 = 0.695 (RA +RS) e 

The discharge time (output low) by: t2 = 0.695 (RS) e 

Thusthe 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+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 (200 mAl. 

The minimum value of RA is given by: 
Ri~ VCC (Vdc) ~ VCC (Vdc) 

17 (A) 0.2 
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FIGURE 17 - ASTASLE CIRCUIT 
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FIGURE 18 - ASTASLE WAVEFORMS 

t - 20 /ls/em 

(RA = 5.1 kn, C .. O.o1/lF, RL = 1.0 k.l1; 
RB = 3.9 k.l1, Vee - 15 V) 

FIGURE 19 - FREE·RUNNING FREQUENCY 
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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 capacl· 
tor stili charges from 0 to 2/3 Vee. The linear ramp time IS given 
by 2 Vee 

t= 3 

where I = Vee - Va - VaE 
RE 

If Va IS much larger than VBE. 

then t can be made independent of Vee. 

FIGURE 20 - LINEAR VOLTAGE SWEEP CIRCUIT 

Vcc 

8 V<;c 
Rl 

2N4403 

FIGURE 21 - LINEAR VOLTAGE RAMP WAVEFORMS 
IRE = 10 kil. R2 = 100 kil. Rl oz 39 kil. C = O.Ol/-1F. VCC = 15 VI 

t = 100 /-Is/em 

R-4Q 

MISSing Pulse Detector 

The timer can be used to produce an output when an Input 
pulse falls 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 frequency or a missing 
pulse allows completion of the timing cycle. causing a change In 
the output level. 

FIGURE 22 

+Vcc (5 to 15 V) 
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FIGURE 23 - MISSING PULSE DETECTOR WAVEFORMS 
IRA = 2.0 kil. RL = 1.0 kil. C = O.l/-1F. VCC = 15 VI 

t = 500 /-Is/em 
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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 vaned by changing the control voltage at pin 5. In 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 .t: RA 

3 7 

utput 

± MC1555 6 
MC1455 

2 5 

o 
C 

C lock Modulatlo 

Input 
1( 

Input 

-'-

FIGURE 25 - PULSE WIDTH MODULATION WAVEFORMS 
IRA = 10 kf!.,e = 0.02 ,.,.F, Vee = 15 VI 

Test Sequences 

Modulation Input Voltage 
50 V/cm 

t = 05 ms/cm 

Several timers can be connected to dnve 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 ms. 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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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 typ at 60 MHz 
35 dB typ at 100 MHz 

• Wide-Range AGC - 60 dB min. dc to 60 MHz 

• Low Reverse Transfer Admittance - < 10 IJmhos typ at 60 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 

AGC Supply V2(AGC) VCC Vdc 

Differential Input Voltage V, 5.0 Vdc 

Operating Temperature Range TA -55 to+125 °c 
Storage Temperature Range T stg -65 to +150 °c 
Junction Temperature TJ +175 °c 

REPRESENTATIVE CIRCUIT SCHEMATIC 

7 Vee 

15k 

55 k 12lk 

(+) 5 

Outputs 

~~~----~----+----r~~---+ ____ ,(-)6 

14k 

56k 

11k 11k 84k 
200 

ease 
~--~----~------+---~---------+--~8 
Pons 4 and 8 should both be connected to CIICu,t ground Substrate 4 
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WIDEBAND AMPLIFIER 
WITHAGC 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

PIN CONNECTIONS 

GSUFFIX 
METAL PACKAGE 

CASE 601 
TO-99 

eo. 
Ground 

Subl'tr.t' 
Ground 

ADMITTANCE PARAMETERS (VCC = +12 Vdc, 
TA = +250 C) 

f=MHz 
Parameter Symbol Typ Unit 

30 60 
Single-Ended Input 911 0.4 0.6 mmhos 
Admittance bll 1.2 -3.0 

Single-Ended Output 922 0.05 0.1 mmho 
Admittance b22 0.50 1.0 

Forward Transfer IY211 175 150 mmhos 
Admittance 821 -30 -105 degrees 
(Pin 1 to Pin 5) (Polar) 

Reverse Transfer 912 -0 -0 ""mhos 
Admittance' b12 -5.0 -10 

"The value of Reverse Transfer Admittance Includes 
the feedback admittance of the test cirCUit used in 
the measurement. The total feedback capacitance 
"ncludlng test circuit) IS 0.025 pF and is a mOle 
practIcal value for deSign calculations than the in-
ternal feedback of the device alone. (See Figure 10.) 

SCATTERING PARAMETERS (Vee = +12 Vdc. 
TA = +25OC, Zo = 50 51) 

f = MHz 
Parameter Symbol TVp Unit 

30 60 

Input Rellectior 15 111 0.95 0.93 -
CoeffiCient °11 -7.3 -16 degrees 

Output 
Reflection IS221 0.99 0.98 -
CoeffiCient °22 -3.0 -5.5 degrees 

Forward 
Transmission 15211 16.8 14.7 -
Coefficient °21 128 64.3 degrees 

Reverse 
TransmIssion 512 0.0004~ 0.0009 -
CoeffiCIent °12 84.9 79.2 degrees 

• 
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ELECTRICAL CHARACTERISTICS (VCC = 12 Vdc f = 60 MHz BW = 1.0 MHz TA = -550 C to 1250 C unless otherwise noted) 

Characteristic 
Fig. Symbol 

AGC Range 
(V2(AGC) = 5.0 V to 7.0 V) MAGC 
(V2(AGC) ~ 5.0 V to 7.0 V, T A = 25OC) 24 

Single· Ended Power Gain Gp 
ITA = 25OC) 24 

Noise Figure 
(Rs optimized for best NF) (T A = 250 C) 24 NF 

Output Voltage Swing 
Differential Output 25 VODR 

(OdB AGC) 
(0 dB AGC. T A = 25OC) 
(-30 dB AGC) 
(-30 dB AGC, T A = 250 C) 

Slngle·Ended Output (Pin 5,6) 25 VOCR 
(0 dB AGC) 
(0 dB AGC, T A = 250 C) 
(-30 dB AGC) 
(-30 dB AGC, T A = 250 C) 

Output Stage Current 32 10 
(Sum of PinS 5 and 6) 

(TA = 250 C) 

Output Current Matching 32 
(Magnitude of Difference of Output Currents) ~IO 

(15 ·IS) (TA = 250 C) 

Power Supply Current 32 
(VO = aV) ICC 
(VO = av, TA = 250 C) 

Power Consumption (12 x ICC) -
(V, = 0 V) Pc 
(VI = a v. TA = 250 C) 

FIGURE 1 - UNNEUTRALIZED POWER GAIN versus FREQUENCY 
(Tuned Amplifier, See Figure 24) 
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MC1590 
Min Typ Max Unit 

58 - - dB 
60 68 -
37 - - dB 
40 45 

- 6.0 7.0 dB 

10 - - Vpp 
13 14 -

4.0 - -
5.0 6.0 -

Vpp 
5.0 - -
6.5 7.0 -
2.0 - -
2.5 3.0 -

3.5 - 8.0 mA 
4.0 5.6 7.5 

- 0.7 - mA 

- - 20 mA 
-- 14 17 

- _. 240 mW 
- lS8 204 

FIGURE 2 - VOLTAGE GAIN versus FREQUENCY 
(Video Amplifier, See Figure 26) 
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MC1590 

TYPICAL CHARACTERISTICS 

(V2 (AGC) = 0, vec = 12 Vdc, T A = +2Soe unless otherwise noted) 

FIGURE 3 - DYNAMIC RANGE: OUTPUT VOLTAGE versus 
INPUT VOL TAGE (Video Amplifier, See Figure 26) 
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FIGURE 5 - VOL TAGE GAIN AND SUPPLY CURRENT versus 
SUPPLY 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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FIGURE 6 - TYPICAL GAIN REDUCTION 
versus AGC VOLTAGE 
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FIGURE 8 - FIXED TUNED POWER GAIN REDUCTION 
versus TEMPERATURE (See Test Circuit, Figure 24) 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 9 - POWER GAIN versus SUPPLY VOLTAGE 
(See Test Circuit, Figure 241 

FIGURE 10 - REVERSE TRANSFER AOMITTANCE versus' 
FREQUENCY (See Parameter Table, Page 11 
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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 IFor Test Circuit. See Figure 171 
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FIGURE 18 - Y21. FORWARD TRANSFER ADMITTANCE 

RECTANGULAR FORM 

200 

E 160 
.§. 

~ 120 

~ 80 

~ 40 
q: 
cr 
UJ 

~ -40 

:; -80 

~ -120 

~ -160 

~-200 

I I 
921 

~b21 

....... , 

......... 

'\. 
\ 

1~~Ji -PI~ 1 
OUTPUT - Pin 5 -

1\ 
1\ , 

/" r--... 
1\ V 

\ / 

" y 

80 

200 

180 

0" cr ,g 160 
q: E 

~ ~ 140 
LOoU 

:3 ~ 120 

g ~ lOa 
1-0 

~:: 80 
q:UJ 
::E LOo 60 

~~ 
>- a:: 40 
-I-

20 

o 

10 

90 

E 80 

.§. 
70 

UJ 
u 
z 60 q: 

~ 
50 

~ 
q: 40 
I-
::> 
z 30 

): 20 

10 

o 

FIGURE 15 - SINGLE-ENDED INPUT ADMITTANCE 
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FIGURE 17 - 10_7-MHz AMPLIFIER 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 20 - S11 AND S22. INPUT AND OUTPUT 
REFLECTION COEFFICIENT 

FIGURE 22 - ~1. FORWARD TRANSMISSION 
COEFFICIENT (GAIN) 

6-56 

FIGURE 21- S11 AND S22.INPUT AND OUTPUT 
REFLECTION COEFFICIENT 

~~1-40 

FIGURE 23 - S12. REVERSE TRANSMISSION 
COEFFICIENT (FEEDBACK) 
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TYPICAL APPLICATIONS 

FIGURE 24 - 6O-MHz POWER GAIN TEST CIRCUIT 

Input 
(SOn) 

VR(AGC) 

Output 
(SOn) 

'H!+---+--- +12 Vdc 

L1 = 7 Turns,II20 AWG Wile, 5116" Ola, Cl,C2,C3 = (1·30) pF 
5/8" long C4 = (1·10) pF 

l2 = 6 Turns, 1114 AWG Wile, 9116" Ola, 
3/4" long 

FIGURE 25a - PROCEDURE FOR SET-UP 
USING FIGURES 24 OR 25 

Test e,n V2(AGC) RAGC(kn) 

MAGC 223 mV (-40dBm) 5-7 V 0 
Gp 1.0 mV (-47dBm) <;50V 56 
NF 1 0 mV (-47dBm) <;50V 56 

VOCR(5) 
VOCR(6) 56 

VOOR 
(OdB) Adlusteon for >OdB 

Square Wave Output limit 

V2(AGC) = VR(AGC) 
= 0 V 

(-30 dB) Adlust eon to 1 0 mV >-30 dB 

Adlust VR(AGC) so limit 
that output IS -30 dB 
then reset eon to Square 
Wave Output 

FIGURE 27 - 30-MHz AMPLIFIER 
(Power Gain = 50 dB, BW ::::: 1.0 MHz) 

:~~~) --111-........ --+--0--1 
3S pF 

L1 = 12 Turns 1122 AWG Wire on a TorOId Core, 
(T37·6 Micro Metal or Equiv) 

T1 Pnmary = 17 Turns 1120 AWG Wire on a Torald Core, 
(T44·6 Micro Metal or Equiv) 

Secondary = 2 Turns 1120 AWG Wire 

T1 

6-57 

FIGURE 25 - DIFFERENTIAL OUTPUT VOL TAGE SWING, 
(V5, V6) (60 MHz) 

Vee Gild 

I 
TSl1' 

Va 
VODR 

50 

" 

II 1 Turns, - 22 AWG Wife 
005/16" Dla Form, 
S/S"lony 

TI CloSl:!WoundOlier 114" Form 
PnmarvWmrlmg - 16 Turns::: 26 AWG. Center Tapped 
Secondary Winding = 2 Turns;!; 26 AWG 

FIGURE 26 - VIDEO AMPLIFIER 

.....--....... _eO 
VR(AGC) _-"/V'\.~ 

V R (AG C) _-'VVv---r.--I 

e, 

Input from 
local OSCillator 

o 0011lF 

o 0011lF +12 Vdc 

FIGURE 28 -100 MHz MIXER 

(70 MHz) 100 

Signal Input ---:~--......--~~~ 
(100 MHz) 

(1·30) pF 

L1 = 5 Turns,II16 AWG Wile, 1/4"10, 
5/S" long 

l2 = 16 Turns,H20 AWG Wire on a Torald 
Core, (T44·6 Micro Metal or Equlv) 

+12 Vdc 
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TYPICAL APPLICATIONS (continued) 

FIGURE 29 - TWO-STAGE 60 MHz IF AMPLIFIER (Power Gain"" 80 dB, BW "" 1.5 MHz) 

10 k VR(AGC) 
.-------------~--------------~~-------. 

51k 
24 pF 

Input @---i 
(50!!).J=. .I--...... ---...... -+-<l~ 

(1-10) pF 

T1- Pro mary Winding = 15 Turns. #22 AWG Wore. 1/4" 10 Aor Core 
Secondary Winding = 4 Turns. 1122 AWG Wire. 

T2 Pro mary Woodoog = 10 Turns.1l2 AWG Wore. 1/4"10 Aor Core 
Secondary Wlndoog = 2 Turns. #22 AWG Wore, 
CoeffiCient of Couploog '" 1.0 CoeffiCient of Coupling'" 1 0 

FIGURE 30 - SPEECH COMPRESSOR 

+12V 

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 0 point of this transistor so that varying amounts of signal 
exceed the level V r' Diode D 1 rectifies the positive peaks of 01's output only when these peaks are greater 
than Vr "'" 7.0 Volts. The resulting output is filtered by Cx , Rx' 

Rx controls the charging time constant or attack time. Cx is 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 long 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 AGC Pin 2 of the MC1590 and reduces the gain. R3 controls the slope 
of signal compression. The following graph (Figure 31) details performance with R3 set to 15 kn. 
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FIGURE 31 - OUTPUT VOLTAGE versus INPUT VOL TAGE 
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FIGURE 32 - OUTPUT CURRENT, 

CURRENT MATCH AND ICC FIXTURE 

TABLE I - DISTORTION versus FREQUENCY 

FREQUENCY 
DISTORTION . DISTORTION 

10 mVej 100mVej 10 mVej 100mVej 

100 Hz 3.5% 12% 15% 27% 
300 Hz 2% 10% 6% 20% 
1.0kHz 1.5% 8% 3% 9% 
10 kHz 1.5% 8% 1% 3% 
100 kHz 1.5% 8% 1% 3% 

Notes 1 and 2 Notes 3 and 4 

Note: (1) Decay = 300 ms 
Attack = 20 ms 

(2) ex = 7.5JJF 
Rx = 0 (Shortl 

(3) Decay = 20 ms 
Attack = 3 ms 

(4) Cx = 0.68 JJf 
Rx = 1.5 k!l 
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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 
InforIllation 

MONOLITHIC FOUR-QUADRANT MULTIPLIER 
· .. deSl91)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 MC 1594/1494 is a variable transconductance multiplier with 
internallevel·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% (MC1494) 

• 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) 

- " . ' ' , , 

CERAMIC PACKAGE 
CASE 620 

TYPICAL LINEARITY ERROR 
versus TEMPERATURE 

100r-----r---~-----r----,_----._--_,----_, 

i 075 

>-
I-

~ 050~----~--~-----+----~----+---~~--~ 
z 

VX.INPUT VOLTAGE (VOLTS) 

Subject Sequence 

Maximum Ratings 

Electrical Characteristics 

Test CirCUits 

Characteristic Curves 

CirCUit Description 

Circuit Schematic 

DC Operation 

::; 

§ 
~ 025~----~--~~---+-----r----+---~~---4 

E 
~5~5------2~5----~----+~25~--~+5~O----+~75~--+~10~O---+~125 

CONTENTS 
Specification 

Page No. Subject Sequence 

2 AC Operation 

2 DC Applications 

3 AC Applications 

4 Definitions 

T A, AMBIENT TEMPERATURE (Oe) 

Specification 
Page No. 

5 General Information Index 

8 

9 

11 

13 

14 

5 
6 
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MAXIMUM RATINGS IT A = +250C unle," otherwise noted) 

Ratmg Symbol Value Unit 

Power Supply Voltage V+ +18 Vdc 
V- -18 

Differential Input Signal V9-V6 :t 16+1, Rvl<30 Vdc 

Vta-V ,3 :t16+IIRXI<30 

Common·Mode I nput Voltage Vdc 
VCMV = Vg= V6 VCMV :t115 

VCMX = VlO = V,3 VCMX :t115 

Power DISSipation (Package Limitation) 

TA = +250C Po 750 mW 
Derate above T A = +250C 1I0JA 50 mW/oC 

Operating Temperature Range TA· °c 
MC1594 -55 to +125 
MC1494 Oto + 70 

Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS IV' =+15V. V-=-15V.TA"+250C. Rl = 16k~!. RX = 30~~!. RV 62 kll. RL '47 kl! 
unless otherwise noted) 

MCI594 MCI494 

Characteristic Fig Symbol Min Typ Max Min Typ Max Unit 

Linearity ERxorERV % 
Output error In Percent of full scale 

-10 V<Vx<+10V (Vy = :tl0 V) 
-10V<Vy<+10V (V X = :tl0V) 

TA =+250C :t03 :t05 :t05 :tl0 

TA = Thlgh<D :t08 :t 1.3 

TA =T,ow @ :t08 ± 13 

Input 2.3,4 
Voltage Range (VX = Vv = '''10) Vm :tl0 :tl0 Vpk 
ReSistance (X or Y I npud RIO 300 300 Ml! 

Offset Voltage IX Input) INote I) Iv,o.1 01 16 02 25 V 

IV Input) (Note 1) IV,oyl 04 16 08 25 

Bias Current (X or V Input) Ib 05 15 10 25 I1A 
Offset Current (X or V Input) 11,01 28 150 50 400 nA 

Output 3,4 
Voltage SWing Capability Va :t10 :t10 Vpk 
Impedance Ro 850 850 kH 

Offset Voltage (Note 1) IVool 08 16 12 25 V 

Offset Current (Note I) 11001 17 34 25 52 I1A 

Temperature Stability (Drift) 

T A = Thigh to T,ow 

11 Output Offset IX = 0, V = 0) Voltage ITCVool 13 13 mV/oC 

Current ITClool 27 27 nA/oC 

X I nput Offset (V = 0) ITCV,oxl 03 03 mV/oC 

V Input Offset IX = 0) ITCV,oyl 15 15 

Scale Factor ITCKI 007 007 %/oC 

Total dc Accuracy Drift (X = 10, V = 10) ITCEI 009 009 

DynamiC Response 
Small Signal (3 d8) X BW3dB(X) 08 08 MHz 

V BW3dB(V) 10 10 

Power BandWidth 147 k) Pew 440 440 kHz 

30 Relative Phase Shift f</> 240 240 

1% Absolute Error M 30 30 

Common Mode 
Input Swmg (X or V) CMV :t.105 :tl0 5 Vpk 

Gain (XorV) ACM -65 -65 dB 

Power Supply 
Current Id+ 60 90 60 12 mAdc 

'd- 65 90 65 12 

QUiescent Power DISSipation Pd 185 260 185 350 mW 

SensitIvity S+ 13 50 13 100 mVIV 

S- 30 100 30 200 

Regulated Offset Adjust Voltages 
POSitIVe VA +35 +43 +50 +35 +43 +50 Vdc 

NegatIve VA -3.5 -43 -50 -35 -43 -50 

Temperature CoeffiCient (VA or VA) TCVR 003 003 mV/oC 

PowerSupplySensltlvlty (VA or VAl SA,SA 06 06 mVIV 

Note 1 Offsets can be adjusted to zero With 8)(t.rnal potentiometers 

0Th1Qh:C +12SoC for MC1594 @TIOW "" -55°C for MC1594 
+ 70°C for MC1494 OOC for MC1494 
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TEST CIRCUITS 

FIGURE 1 - LINEARITY 

,. 

FIGURE 3 - OFFSET VOLTAGES, GAIN 

10 • ,...... __ L-L-_.L.-..L..-.I..., 

Vx e----o-I 1-0--"--. 
13 

Vye-f---o-I 

Vxoff 

Vx 

Vy 

• 2 

FIGURE 5 - FREQUENCY RESPONSE 

82k 

I-<l---_ .. Vo 

41k 
·15V RL 

FIGURE 7 - POWER·SUPPL Y SENSITIVITY 

k_--__ V. 

·15V 

Vo off 
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FIGURE 2 - INPUT RESISTANCE 

Ron X' [* -2] Megohm 

RonY= [~-21 Megohm 

FIGURE 4 -INPUT BIASCURRENT/INPUT OFFSET 
CURRENT, OUTPUT RESISTANCE 

I-c>-------e Vo 

41k 

·ISV 

S2k 

FIGURE 6 - COMMON·MODE 

k>---__ vo 

41k 

82k 

FIGURE 8 - BURN·IN 
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+15 

+10 

~ +50 

~ 0 
UJ 

~ -50 

~ 
c:c -10 

-15 

-20 

103 

TYPICAL CHARACTERISTICS 
(Unless otherwise noted, V+=+15V, V-=-15 V, R1 = 16kn, RX =30kn, Ry =62 kn, RL =47 kn, TA =+250 C) 

FIGURE 9 - FREQUENCY RESPONSE OF Y INPUT FIGURE 10 - FREQUENCY RESPONSE OF 
versus LOAD RESISTANCE X INPUT versus LOAD RESISTANCE 

RL = 1 k!; __ ~IIIII 
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--;- r-
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FIGURE 11 - LARGE SIGNAL VOLTAGE versus FREQUENCY FIGURE 12 - LINEARITY versus RX OR Ry WITH K = 1/10 
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FIGURE 13 - LINEARITY versus RX OR Ry WITH K = 1 

f'.. 

20 

40 

"'-
~ 

40 

80 

.......... 
............ 

60 

12 

1 1 .1 
R L Adlusted for K = 1 _ 
Vin = 2 Vpp 

-----
80 

16 

~ 

10 RX (k[!) 

20 Ry (k!l) 

~ 
c:c 
0 
c:c 
c:c 
UJ 

~ 
a: 
~ 
::::; 

:§ 
c:c 
0 

g 

06 

05 

04 

03 

02 

\ 

20 

40 

\ 
\ 

1\ 

\ 
\ 

30 

60 

" 

Rl ~dlusteJ for K ='1/10 
Vin = 20 Vpp -

............. r--

40 

80 

50 

100 

-

RX (k!!) 

Ry (k!!} 

FIGURE 14 - SCALE FACTOR (K) versus TEMPERATURE 
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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 

V· 

2 +43V 

'VR 
3 

4 

CURRENTANO VOLTAGE 
REGULATOR 

-VR -43V L-----r ___ ..J 

V-

FIGURE 15 

(Recommended External Circuitry IS Depicted With Dotted Lines) ,-------------------------------1 
I BLOCK DIAGRAM I 

FOUR IlUAORANT 
MULTIPLIER 

1-_-=---'-----1 OIFfERENTIAL 
IS 10 CURRENT 

Vy90----I 
60----1 

Vx CONVERTER 

5O--------~~------~--------~-4--~--------+_-------..l IS 

V· 

+VR:: +4 3 V 
10-----' 

39----~--~~ 

~l: 

V-

5O-----~_~_4-------~---~---+---~~----'~----+_--------~ 

14 

150-~~--~---~--~~+_----~----------------+4~-----~_.---~--, v' 

REGULATOR 

COMPLETE CIRCUIT 

SCHEMATIC 

L.. _____________________ -1 

MULTIPLIER 
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MC1494, MC1594 

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. The 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 
1121 = 1141 = 1.0 mA (equivalent load of B.6 kn) 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 establishes a constant current reference that 
controls art of the constant current sources In the MC1594_ 
Note that all current sources are related to current '1 which 
is determined by R 1_ For best temperature performance. 
R1 should be 16 kn so that I 1 ~ 0 5 rnA for all applications 

1_3 Multiplier (Figure 151 

The multiplier section of the MC1594 (center section of 
Figure 15) IS nearly Identical to the MC1595 and IS discussed 
in detail In Application Note AN-4B9. "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 151 

This portion of the circuitry converts the differential output 
current (lA-IB) of the multiplier to a single-ended output 
current (10): 

2. 

2.1 

or 

2VXVy 

'0 = 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 171 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. 

2RL 
where K (scale factor) = R X Ryl 1 

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 RXRyl1 

or 
RXRyl1 (30 k) (62 k) (0.5 rnA) 

RL = (2) (10) = 20 

Thus. a reasonable accuracy In scale factor can be achieved 
by making RL a fixed 47 kn resistor. However. If It IS desired 

FIGURE 16 - TYPICAL MULTIPLIER CONNECTION 
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that the scale factor be exact, RL can be comprised of a 
fixed resistor and a potentiometer as shown in Figure 16. 
It should be pomted out that there is nothmg magic about 
settmg the scale factor to 1/10. This is merely a convenient 
factor to use if the Vx and Vy mput voltages are expected 
to be large, say ±.10 V. Obviously with Vx = Vy = 10 V and 
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 adJustmg RX, Ry 
and R L 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-Imearlty. 
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 mputs. To mamtam a specified Imearity, 
resistors RX and Ry should be selected accord 109 to the 
followmg equations 

RX~ 3 Vx (max) 10 kn when Vx IS 10 volts 

Ry~ 6 Vy (max) 10 kn when Vy IS 10 volts 

For example, If the maximum input on the "X" side IS 
±.1 volt, resistor RX 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 (62 kn nommal 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 gam 
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 R L to provide a low Impedance output voltage from 
the op-ampl Smce the offset current and bias currents of 
the op-ampl. will cause errors 10 the output voltage, particu
larly with temperature, one with very low bias and offset cur
rents IS recommended. The MC1556/MC1456 or MC1741/ 
MC1741 C are excellent choices for this application. 

Smce the MC1594 IS capable of operation at much higher 
frequencies than the op-ampl., the frequency characterIStics 
of the circuit 10 Figure 16 Will be primarily dependent upon 
the op-ampl 

2.3 Stability 

The current·to-voltage converter mode IS a most demand 109 

application for an operational amplifier. Loop gain IS at its 
maximum and the feedback resistor in conjunction with 
stray or mput capacitance at the multiplier output adds addi
tional phase shift. It may therefore be necessary to add 
(particularly 10 the case of internally compensated op-ampls.) 
a small feedback capacitor to reduce loop gain at the higher 
frequencies. A value of 10 pF 10 parallel with RL should be 
adequate to insure stability over production and temperature 
Variations, etc. 

An externally compensated op-ampl. might be employed 
usmg slightly heavier compensation than that recommended 
for unity-gam operation 

2.4 Offset Adjustment 

The non-mvertmg mput of the op-ampl. provides a convenient 
pOint to adjust the output offset voltage. By connectmg this 
pOint to the wiper arm of a potentiometer (P3), the output 

offset voltage can be adjusted to zero (see offset and scale 
factor adjustment procedure). 

The mput offset adjustment potentiometers, Pl and P2 will 
be necessary for most applications where It is desirable to 
take advantage of the multiplier's excellent Imearlty char
acteristics Dependmg 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 smewave) to the "y" 
mput (pm 9) 

(b) connect "X" Input (pin 10) to ground 

(c) adjust X-offset potentiometer, P2 for an ac null at 
the output 

B Y Input Offset 

(a) connect OSCillator (1 kHz, 5 Vpp slnewave) to the "X" 
mput (pin 10) 

(b) connect "y" input (pm 9) to ground 

(cl adjust V-offset potentiometer, Pl for an ac null at 
the output 

C Output Offset 
(al connect both "X" and "y" mputs to ground 

(b) adjust output offset potentiometer, P3, until the out· 
put voltage VO , IS zero volts dc 

D Scale Factor 
(al apply +10 Vdc to both the "X" and "y" Inputs 

(b) adjust P4 to achieve -10 00 V at the output 
(cl apply -10 Vdc to both "X" and "Y" mputs 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 "mfmlte" resolution type rather than wlrewound. 
FlOe adjustments 10 balanced·modulator applications may 
require two potentiometers to provide "coarse" and "flOe" 
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 quality 
of the external components PrevIous diSCUSSion shows the 
direct dependence on RX, Ry, and RL and md,rect depend
ence on Rl (through 11). Any circuit subjected to tempera' 
ture variations should be evaluated With these effects 10 mmd. 

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 
capacltlvely coupled at the input without regard for this bias 
current. If mputs Vx and Vy are able to supply the small bias 
current (~ 0.5 /JA) resistors, R (Figure 16) can be omitted. 
If the MC1594 IS used 10 an ac mode of operation and 
capacitive coupling IS used the value of resistor R can be any 
reasonable value up to 100 kil. For mmimum noise and 
optimum temperature performance, the value of resistor R 
should be as low as practical. 

2.8 Parasitic Oscillation 
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When long leads are used on the inputs, oscillation may occu r. 
In thiS event, an RC parasitic suppression network Similar to 
the ones shown 10 Figure 16 should be connected directly 
to each mput usmg short leads. The purpose of the network 
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3. 

3.1 

°v 

Ox 

IS to reduce the "0" 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 output 
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 - WIDEBAND 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 RL 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 bandwidth 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 output 
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 and Ry and 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 bypaSSing of RX and Ry at 
high frequencies. Since the Ry resistor IS approxlmate)y 
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 RX = 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 approximately 15 MHz and 
7 MHz respectively. 

It should be noted that the MC1594 multiplies In the time 
domain, hence, its frequency response IS found bV mean. 
of complex convolution in the frequency (Laplace) domain. 
ThiS means thatif 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 wldeband linear AGC ampli· 
fler which has a dc voltage as one Input, the multiplier fre
quency response has one zero and one pole. For applications 
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 RX, Ry and RL 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, 35 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 wldeband 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 qUiescent 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: 

.:1Vo 10 
Slew-Rate AT = C 

Thus, If Co is 10 pF, the maximum slew-rate would be· 

.:1 Vo 0.5 x 10-3 
- =---- =50V//-Ls 
.:1T 10 x 10-12 

ThiS can be Improved if necessary by addition of an emltter
follower or other type of buffer. 

3.4 Phase-Vector Error 
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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 

X=A 4 00 

and the "Y" input is described as 

Y=B.q0o 

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 

AB&oa 

3.5 Circuit Layout 

If wldeband 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 x + Viox -Vx off) IVy + V loy - Vy offl + Voo 

(See "Definitions" for an explanation of terms). 

With V x = Vy = V (squaring) and defining 

EX = Viox - Vx off 

Ey = V loy - Vy off 

The output voltage equation becomes 

Vo = K V~ + KVx (EX + Ey) + KExEy + 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, V IOX' 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 
of voltmeter! 

3 Tune voltmeter to 1 kHz and adjust Pl 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 = Vv = 0 V and adjust P3 (output offset 
potentiometer) such that Vo = 0.0 Vdc 

2. Set Vx = Vv = 1.0 V and adjust P1 (V input offset 
potentiometer) such that the output voltage is 
-0.100 volts 

3. Set Vx = Vv = 10 Vdc and adjust P4 (load resistor) 
such that the output voltage is -10.00 volts 

4. Set Vx = Vv = -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 through 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 de stable. 
Should Vx change pol amy, 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 

Vx 
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vz 

OR 
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-VZ 
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Vx being near zero IS a result of 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 clamolng the output sWing of the op·ampl. to 
approximately ± 107 volts. Five·percent tolerance, 10-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 baslsl, is: 

1. Set Vz = 0 volts and adjust the output offset potentia· 
meter (P31 until the output voltage IVaI remains at 
some (not necessarily zerol 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 (P11 until Va ~ 0 
volts. 

3. With Vx ~ VZ, adjust the X Input offset potentiometer 
(P21 until the output voltage remains at some (not nec
essarily -10 voltsl constant value as Vz ~ Vx is vaned 
between +1.0 volt and +10 volts. 

4. Maintain Vx ~ Vz and adjust the scale factor potentlo· 
meter (RLI 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 denoml· 

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 05% 
accuracy IS available, then 5% accuracy can be expected 
when Vx IS only 1 volt. 

In accordance with an earlier statement, Vx 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" adjust) 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 mV of zero. 

AC APPLICATIONS 

5.1 Wideband Amplifier With Linear AGC 

If one Input to the MC1594 is a dc voJtage a"d 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 AGe control, the 
multiplier has three other distinct advantages over most other 
types of AGC systems. First, the AGC 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 AGC 
systems which are phase sensitive. A third advantage of the 
multiplier IS that the output·voltage-swlng 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 emltter·follower buffer has been added to 
extend the bandwidth In excess of 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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VAGC 

ing output is suppressed-carrier double-sideband modulatlon_ 
In termsof sinusoidal Inputs, this can be seen in the following 
equation' 

where wm IS the modulation frequency and Wc IS the carner 
frequency. This equation can be expanded to show the 
suppr~ssed carner or balanced modulation' 

Ke1e2 
V O =-2- [cos(wc+wmlt+cos(wc-wmltl 

Unlike 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 carner, 
or any multiple of the carner. 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. 

FIGURE 24 - WIDEBAND AMPLIFIER 
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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 MC1594 
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, the smail-signal bandwidth 
IS 5_5 MHz. 

The circuit of Figure 25 will provide a tYPical carner rejection 
of ~70 dB from 10 kHz to 1.5 MHz. 
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FIGURE 25 - BALANCED MODULATOR 
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The adjustment procedure for this circuit IS qUite simple 

(1) Place the carner 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 potentiometer P2 such that an ac 
null IS obtained at the output. 

Again, the ability to make careful adlustment of these offsets 
will be a function of the type of potentiometers used for 
P1 and P2. Multiple turn cermet type potentiometers are 
recommended. 

5.3 Frequency Doubler 

I f for Figure 25 both Inputs are Identical; 

em = ec = Ecoswt 

Then the output IS given by 

eo = emec = E 2 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 !!2 filtering 

The Circuit of Figure 25 can be used as a frequency doubler 
with input 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 (P 11 associated with the modu-
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latlon Input. This procedure places a dc offset on the modu
lation Input of the multiplier such that the camer still 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, 

eo = (E + Emcoswmt) (Eccoswct) 

where E IS the dc Input offset adjust voltage. This expression 
can be written as. 

eo = Eo 11 + M coswctl coswct 

where 
Eo = EEc 

Em 
and M = E = modulation index 

This is the standard equatIOn for amplitude modulation 
From thiS, it IS easy to see that 100% modulation can be 
achieved by adjusting the 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, P1, until the output exhibits the 
familiar amplitude modulation waveform. 

5_5 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" Em cos(wct +<p) 

eo" ecem " EcEm coswct cos(wct + <p) 

EcEm 
or eo" -2- IcoscP + cos(2wct + <t>] 

The addition of a Simple low pass fliter to the output (which 
eliminates the second cosine term) and return of R L to an 
offset adjustment potentiometer will result in a dc 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 depending upon 
which manufacturer IS dOing the defining In order to clear 
up some of this mystery, the follOWing defiOitions and 
examples are presented 

6.1 Multiplier Transfer Function 

The output of the multiplier may be expressed by this 
equation' 

Vo = K (Vx ± Vi ox -Vxoff)(Vy ± Vioy -Vyoff)± Voo (1) 

where K = scale factor (see 6.5) 

Vx" "x" input voltage 

Vy " "y" Input voltage 

V/Ox " "x" Input offset voltage 

Vioy = "y" input offset voltage 

Vx off = "x" input offset adjust voltage 
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6.2 

Vy off = "y" input offset adjust voltage 

V 00 = output offset voltage 

The voltage transfer characteristic below Indicates "X", "Y" 
and output offset voltages 

OUlput 
Offset ~

o 

1-L 
I 

IVy = ~ 10 VI 

linearity 

FIGURE 26 

~
OIOutPut 
I Offset 

i 
__ -L_I~VY 

,,,~J t 
IV. =~ 10 VI 

Llneanty IS defined to be the maximum deViation of output 
voltage from a straight line transfer function. It IS expressed 
as a percentage of full-scale output and IS measured for V x 
and Vy separately either 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 nulls the output Signal 
With the Input Signal, resulting In distortion components 
proportional to the Ilneanty. 

Example' 035% Ilneanty means 

VxVy 
Vo = 10 ± (0 0035) (10 volts) 

6.3 Input Offset Voltage 

The input offset voltage IS defined from Equation (1). It is 
measured for V x 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± V,OX -Vx off) (Slnwt) 

adjust Vx off so that (± V, ox -Vx off) "0 

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) .• t determines the 
"gain" of the multiplier and IS expressed approximately by 
the following equation. 

2RL kT 
K = RxRyl1 where Rx and Ry » qi1 

and '1 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 dnft IS given by 

eNo ; ±[K±K (TCK) (6T) 1 [ (TCVlox ) ("T) 1 [ (TCV loy) 

(6T) 1 ± (TCVoo) (L\T) 

6.S Total DC Accuracy Drift 

ThiS IS the temperature dnft 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 

Vo ; [t<±K (TCK) (6T) 1 [10 ± (TCVIOX ) (AT) 1 [10 ± 

(TCV loy) ("T) 1 ± (TCVoo) ("T) 

6.9 Power Supply Rejection 

Vanatlon In power supply voltages will cause undesired 
vanatlon of the output voltage It IS measured by super· 
Imposing a 1·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 Applications InforIllation. 

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 level 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 - ± 10 Volts 

• ± 15 Volt Operation 

LINEAR FOUR-QUADRANT 
MULTIPLIER INTEGRATED 

CIRCUIT 

MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 

(top viewl 

CERAMIC PACKAGE 
CASE 632 

TO-116 

FIGURE 1 - FOUR-QUAORANT 
MULTIPLIER TRANSFER CHARACTERISTIC FIGURE 2 - TRANSCONDUCTANCE BANDWIDTH 

+20 

+1 0 

" 0 
\ Y Vy 

Vx 
-2 0 

-3 0 
10 10 100 1000 

VX.INPUT VOLTAGE (VOLTSI f. FREOUENCY (MHll 

FIGURE 3 - CIRCUIT SCHEMATIC 

Y Input X Input 
12 
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ELECTRICAL CHARACTERISTICS (v+ = +32V, V- = -15 V, TA = +250 C,13 = 113 = 1 rnA, RX = Ry = 15 kn, 
RL = 11 knunless otherwise noted) 

Characteristic Figure Symbol Min Typ Max Unit 

Linearity: 
Output Error in Percent of Full Scale: 5 % 
TA = +250C 

-10< Vx < +10 IVy =±10 VI MC1495 ERX - ± 1.0 ± 2.0 
MC1595 - ±0.5 ± 1.0 

-10< Vy< +10 IVX =±10 VI MC1495 ERY - ± 2.0 ±4.0 
MC1595 - ± 1.0 ±2.0 

TA = 0 to +700 C MC1495 
-10< VX< +10 IVy =±10 V) ERX - ± 1.5 -
-10< Vy< +10 IVX =tl0 VI ERY - ± 3.0 -

T A = -55°C to +1250 C MC1595 
-10< VX< +10 (Vy =±10 VI ERX - t 0.75 .-
-10< Vy< +10 (VX =±10 VI ERY 

_. ± 1.50 -
Squaring Mode Error: 

Accuracy in Percent of Full Scale After 5 ESQ % 
Offset and Scale Factor Adjustment 

TA = +250 C MC1'495 - + 0.75 -
MC1595 - ~0.5 -

T A = 0 to + 70°C MC1495 - ± 1.0 -
T A = -55°C to +1250C MC1595 -- ± 0.75 

Scale Factor (Adjustablel 

2RL 
(K=---I - K 0.1 - -

13 RX Ry 

Input ReSistance MC1495 7 RINX - 20 -. MegOhms 
If = 20 Hzl MC1595 - 35 -

MC1495 RINY 20 -
MC1595 - 35 -

Differential Output ReSistance If = 20 Hzl 8 Ro - 300 - k Ohms 

Input Bias Current 

(19+ 1,21 (14+ 18 1 
MC1495 6 Ibx 2.0 12 p.A Ibx = --2-- , Iby = -2-
MC1595 -- 2.0 8.0 
MC1495 Iby - 2.0 12 
MC1595 - 20 8.0 

Input Offset Current 

lis -1,21 MC1495 6 Illoxl - 0.4 2.0 p.A 
MC1595 - 0.2 1.0 

114 -181 MC1495 Irioyl - 0.4 2.0 
MC1595 - 0.2 1.0 

Average Temperature CoeffiCient of 6 ITCllol nA/oC 
I nput Offset Current 
IT A = 0 to +700CI MC1495 - 2.0 -
(T A = -55°C to +1250 CI MC1595 - 2.0 -

Output Offset Current 6 11001 p.A 
11,4- 121 MC1495 - 20 100 

MC1595 - 10 50 

Average Temperature Coefficient of 6 ITClool nA/oC 
Output Offset Current 
(TA = 0 to +700 CI MC1495 - 1.0 -
IT A = -55°C to +1250CI MC1595 - 1.0 -

Frequency Response 
3.0 dB Bandwidth, RL = 11 kn 9,10 BW3dB - 3.0 -- MHz 
3.0 dB BandWidth, R L = 50 n (Transconductance Bandwidth) TBW3dB - 80 - MHz 
3° Relative Phase Shift Between Vx and Vy flj> - 750 - kHz 
1 % Absolute Error Due to I nput-Output Phase Shift fO - 30 - kHz 

Common Mode I nput Swing 11 CMV Vdc 
(Either Input) MC1495 ±10.5 ±12 -

MC1595 ±".5 ±13 -
Common Mode Gain 11 ACM dB 

(Either Input) MC1495 -40 -50 -
MC1595 -50 -60 -

Common Mode Quiescent 12 Vol - ~1 - Vdc 
Output Voltage Vo2 - 21 -

Differential Output Voltage Swing Capability 9 Vo - '±14 - Vpeak 

Power Supply Sensitivity 12 S+ - 5.0 ~ mVfV 
S- - 10 -

Power Supply Current 12 17 - 6.0 7.0 mA 

DC Power Dissipation 12 Po - 135 no' mW 

" 
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MAXIMUM RATINGS IT 0 A = +25 C unless otherwise noted 

Rating Symbol Value Unit 

Applied Voltage AV 30 Vdc 
(V2-V 1. V14-V 1. V1-V9. V1-V 12. V1-V 4. 
V,-Va. V,2-V7. V9-V7. Va-V7. V4-V7) 

Differential Input Signal V'2-V9 ±(6+113 RX) Vdc 
V4-Va ±(6+13 Ry) Vdc 

Maximum Bias Current 13 10 mA 
113 10 

Power Dissipation (Package Limitation) Po 
750 Ceramic Package mW 

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

Operating Temperature Range TA °c 
MC1495 o to +70 °c 
MC1595 -55 to +125 

Storage Temperature Range Tst!! -65 to +150 °c 

TEST CIRCUITS 

FIGURE 4 - L1NEARITV (USING NULL TECHNIQUE) 

r-r ...... -t---r--------f---...... ------.. v+··ISV 

OFFSET 
ADJUST 

SEE FIGURE 13 _---.....J 
SCALE 

FACTOR 
ADJUST 

OFFSET AOJUST 

Sk 

Vx 

I
y 

(SEE fiGURES 1311 I.) X 

Ol~F~ 

3k 

3k 

I. 

10k 

3k 

33k 

OUTPUT 
OFFSET 
AOJUST 

~o k 

10k 

10k 

10k 

+------------.... -----------..... ------.... V··.ISV 

NOTES 
Adlust "Sal. Factor Adlusa" for. null In Ve 
This schelNuc for IIlullraltYI purpo* only -
not splClhed for t .. cond,tlons. 

FIGURE 5 - LINEARITY (USING X·Y PLOTTER TECHNIQUE) 

12k 

SOk 

SCALE 
FACTOR 
ADJUST 

Ry' IS k RX -15k 

·I5V 

RI 
I 91 k 
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TEST CIRCUITS (continued) 

K=40 

FIGURE 6 - INPUT AND OUTPUT CURRENT 

Ry=15k RX=15k +32 V 

0.1 pF 

-15 V 

FIGURE 8 - OUTPUT RESISTANCE 

Ry=15k RX=15k +32 V 

-= -15V 

FIGURE 10 - BANDWIDTH (RL = 50 ill 

SCALE 
FACTOR 
ADJUST. 

Ry=510 RX=510 

-= -15V 

V"=+15V 

1 k 

50 

50 

FIGURE 7 - INPUT RESISTANCE +32 V 

el = 1 0 V (rms) 
20 Hz 

10M 

RINX = RINY = R 1 ~ - 21 

Ry=15k RX=15k 

-= -15 V 

11 
1 91 k 

11 k 

14 11k 

1375 k 

011'F~ 

FIGURE 9 - BANDWIDTH (RL = 11 kill 

SCALE 
FACTOR 
ADJUST 

Ry=15k RX=15k 

-= -15V 

+32 V 

91 k 

11 k 

11k 

Teo 
- I -=*= CL,;30pF 

--t: 

FIGURE 11 - COMMON·MODE GAIN and 
COMMON·MODE INPUT SWING 
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ACM = 20 log CMVy 

Va 
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TEST CIRCUITS (oontinuedl 

FIGURE 12 - POWER SUPPLY SENSITIVITY FIGURE 13 - OFFSET ADJUST CIRCUIT 

lN753 
6.2 V 

+32 V 

20k 

43k 

15 k 

-15 V 
-15V 

15 k 
+32 V 

9.1 k 

11 k 
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O.I/lF 

131k 

s+ = I~ (Vol - Vo2>1 
t.V+ 

s- = I~ (Vol - Vo2>1 
t.V-

FIGURE 14 - OFFSET ADJUST CIRCUIT IALTERNATE) 
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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 (MC1495) is a monolithiC, four-quadrant multi' 
plier which operates on the principle of vanable 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 

2VXVy 
IA - IB = 1:>1 = RXRyl 3 

where IA and IB are the currents into pins 14 and 2, respectively, 
and Vx and Vy are the X and Y input voltages at the multiplier 
input terminals 

2. Design Considerations 

21 General 

The MC1595 (MC1495) permits the designer 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) which may in turn 
restrict another parameter (e g. maximum output voltage sWing). 
Each Important parameter is discussed In detail in the following 
paragraphs. 

2.1.1 Lineanty, Output Error, ERX or ERY 

Linearity error is defined as the maximum deviation of out
put voltage from a straight line transfer function. I t IS expressed 
as error in percent of full scale (see figure below). 

Vo ---1 
~\I''/ !VEmax 

V 

___ ~:-__ + 1 0 V 

Vx or Vy 

For example, If the maximum deviation, VE(max), IS 
±.100 m V and the fu II scale output IS 10 volts, then the 
percentage error IS 

ER = VE(max) x 100 = 100 x 10-
3 

x 100 = ±1.0%. 
Vo(ma~ 10 

linearity error may be measured by either of the following 
methods: 

1. Using an X - Y plotter with the circuit 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 R X and Ry must be chosen large enough so that non
linear base-emitter voltage vanatlon can be Ignored. Figures 17 
and 18 show the error expected from this source as a function 
of the values of R X and Ry with an operating current of 1.0 mA 
in each side of the differential amplifiers (Le., 13 = 113 = 1.0 mA). 
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2.1.2 3 dB-Bandwidth and Phase Shift 

Bandwidth is primarily determined by the load resistors and 
the stray multiplier output capacitance and/or the operational 
amplifier used to level shift the output. If wideband operation 
IS desired,low value load resistors and/or 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 dnve 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 mA and 2.0 mA, 
approximately 1.0 mAo Then R X and R Y can be determined by 
conSidering the Input Signal handling requirements. 

For VX(max) = VY(max) = 10 volts; 

RX = Ry > ~ = 10 kH. 
10mA 

2VXVy 
The equation IA . IB = --

RXRy l 3 

2VXVy 
IS denved from IA' IB = 2kT 2kT 

(RX +qT1J) (Ry + qiJ) 13 

With the assumption R X ~ 2kT and R y ~ 2kT • 
ql13 q l 3 

At T A = +250 C and 113 = 13 = 1 mA, 

2kT =2kT = 52 n. 
ql13 q l3 

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 maximum 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 aS. 06. 07. and 08. 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 amplifier 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 { 

Vy 1 

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 [maxyfor a ± 10-volt Input (VX' = Vy'[max)I. (See Figure 211. 
If an overall scale factor of 1/10 IS deSired, then 

12 

R3 

v·y 

v·x 

RX Ry 

10 

MCI595L 
(MCI495L) 

3 tl3 
13 

RI3 

10 

10 k 

Vy 

10k 

Vx 

v+ 

RI RL 

RL 

14 l" 
Vo=KVXVy 

2RL 
K=--

RX Ry 13 

v-

_ VX' Vy' (2VX) (2Vy) = 4/10 VXVy. 
Vo - 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 

13= 113= 1 mAo 

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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OPERATION AND APPLICATIONS INFORMATION (continued) 

it can be seen that the resistor values necessary are given by: 

R13 + 500 n = iV-i-0.7 V 
113 

R3 + 500 .!1 = Iv-\ -0.7 V 
13 

Let V- = -15 V 

14.3 V 
Then R13+ 5OO = 1mA' orR13=13.ak.!1 

Let R13 = 12 kn 

Similarly, R3 = 13.a kn 

Let R3 = 15 kn 

However, for applications which require an accurate scale factor, 
the adjustment of R3 and consequently, 13, offers a convenient 
method of makang a fanal trim of the scale factor. For this reason, 
as shown an 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.), pans 3 and 13 
can be connected together and a sangle resistor trom pan 3 to ground 
can be used. In this case, the single resistor would have a value of 
one·half the above calculated value for R13. 

Step 2. The next step IS to select RX and Ry. To insure 
that the anput 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 an relation to Vy 
and Vx respectively, the more accurate the multiplier will be (see 
Figures 17 and 18). 

Let R X = Ry = 10 kn 

Then 13Ry = 10 V 

113RX = 10 V 

sance VX(max) = VY(max) = 5.0voltsthevalueof RX = Ry = 10 kn 
IS suffiCient 

Step 3. Now that R X, R Y and 13 have been chosen, R L can 
be determaned 

2RL 4 
K=---=-

RXRyl3 10 

or (2) (RL) = ~ 

(10 k) (10 k) (1 mAl 10 

Thus RL = 20 k.!1. 

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 (VX' = Vy' = 
10 Vor Vx = 5.0 V, Vy = 5.0 V), their respective collector voltage 
should be at least a few tenths of a volt higher than the maximum 
anput voltage. It should also be noticed that the collector voltage 
of transistors 03 and 04 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 anputs, the voltage at pin 1 must be at least 
+7.0 volts. Let V1 = 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' 

V+-V1 R,= __ _ 
21 3 

Let V+ = +15 V 

T R 
- 15 V -9 V 

hen 1 -(2) (1 mAl 

R1 = 3 kn. 

Note that the voltage at the base of transistors OS, 06, 07 and Oa 
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 Shiftang 

For dc applications, such as the multiply, divide and 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 IA -IS = 12 -114 = -1-3- - 13RXRy 

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 offset 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 = 0, the currents 12 and 114 will be equal 
to 113. In Step 3, RL was found to be 20 kn and in Step 4, V2 and 
V14 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 

20kn 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 = V14 = 10.4 volts. 

The linearity ofthiscircult (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 RV has been increased sub
stantially to improve the V 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. 

The versatility of the MC1595 (MC1495) allows the user to 
to optimize its performance for vanous input and output signal 
levels. 

4. Offset and Scale Factor Adjustment 

4.1 Offset Voltages 
Within the monolithic multiplier (Figure 3) transistor base

emitter junctions are tYPically matched Within 1 mV and resistors 
are typically matched Within 2%. Even With this careful match· 
lng, an output error can occur. ThiS output error IS comprised 
of X·input offset Voltage, V·lnput 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· 
Iytically by the transfer function. 

Vo = K(VX ±. VIOX±'VX off) (VV ±. VIOY±'VV off) ±. Voo 

Where K = scale factor 
Vx = X Input voltage 
Vy = V Input voltage 
VIOX = X mput offset voltage 
VIOY = V Input offset voltage 
Vx off= X Input offset adjust voltage 
Vy off = Y mput offset adjust voltage 
Voo = output offset voltage. 

(1) 

FIGURE 23 - MULTIPLIER WITH IMPROVEO LINEARITY 
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OPERATION AND APPLICATIONS INFORMATION (continued) 

x, Y and Output Offset Voltages 

~
o Output 

Offset 

Vx 

X Offset Y Offset 

For most dc applications, all three offset adlust potentIome
ters (P" P2, P4) will be necessary. One or more offset adjust 
potentiometers can be eliminated for ac applications (See Figures 
28, 29, 30, 31 l-

If well regulated supply voltages are available, the offset ad
lust 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 211. P3 vanes 13 which 
Inversely controls the scale factor K. It should be noted that 
current 13 is one-half the current through R ,. 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 swmg, care should be exercised In adjusting P3 over 
wide voltage ranges (see Section 3, General DeSign Procedurel. 

4.3 Adjustment Procedures 

The following adlustment procedure should be used to null 
the offsets and set the scale factor for the multiply mode of 
operation. (See Figure 21) 

1. X I nput Offset 
(a) Connect oscillator (1 kHz, 5 Vpp slnewave) to the 

"V" mput (pin 4) 
(b) Connect "X" input (pin 9) to ground 
(c) Adjust X offset potentiometer, P2, for an ac null 

at the output 
2. V Input Offset 

(a) Connect oscillator (1 kHz, 5 Vpp sinewave) to the 
"X" input (pm 9) 

(b) Connect "V" input (pin 4) to ground 
(c) Adjust "V" offset potentiometer, P"for an ac null 

at the output 
3. Output Offset 

(a) Connect both "X" and "V" mputs to ground 
(b) Adjust output offset potentiometer, P 4, until the 

output voltage Vo is zero volts de 
4. Scale Factor 

(a) Apply +10 Vdc to both the "X" and "V" inputs 
(b) Adjust P3 to achieve + 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 P, 
through P4. Multi-turn. infinite resolution potentiomet
ers with low-temperature coefficients are recommended. 

5. DC Applications 

5.' 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 (max). With resistive voltage dividers the maxI
mum could 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 Squaring 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 with 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 adjust P3 for desired gain (be sure to peak response 
of the voltmeter) 

(e) Tune voltmeter to 1 kHz and adjust P, 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 = Vv = 0 V and adjust P4 (output offset 
potentiometer) such that Vo = 0.0 Vdc 

(b) Set Vx = Vv = 1.0 V and adjust P, (V 'input 
offset potentiometer) such that the output voltage is 
+ 0.1 00 volts 

(c) Set Vx = Vy = 10 Vdc and adjust P3 such that the 
output voltage is + 10.00 volts 

(d) Set Vx = Vv = -10 Vdc. Repeat steps a through 
d as necessary. 

FIGURE 24 - BASIC DIVIDE CIRCUIT 

vZ __ ~~----+--O~ 
R2 

>--<>-...-_Vy 

5.3 D,v,de CirCUit 

ConSider the CirCUit shown In Figure 24 In which the multi
plier IS placed m the feedback path of an operational amplifier. 
For thiS configuration, the operational amplifier will maintain 
a "virtual ground" at the Invertmg (-) Input. Assuming that the 
bias current of the operational amplifier IS negligible, then 1, = 
12 and 

KVXVV -VZ 

R1 R2 
11) 

-Rt Vz 
SolVing for VV. Vv =R2 K Vx' 

(2) 

If R1 = R2 
-VZ 

VV=--
(3) KVX 

If R1 = KR2 
-VZ 

VV=-vx • (4) 
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OPERATION AND APPLICATIONS INFORMATION (continued) 

Hence, the output voltage IS the ratio of Vz to Vx and provides 
a divide function. 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 + c.E 
R2 K Vx KVX 

(5) 

where .toE 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, assume 
that R 1 = R2, and K = 1/10. For these conditions the output 
of the divide circuit is given by 

-10 Vz 10 LIE 
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 percentage error, 

percentage error = error x 100% 
actual 

or from equation (5), 

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· 

patlble With the polarity of VZ. 

2. PinS 2 and 14 of the multiplier have been Interchanged 
in respect to the operatIOnal amplifiers 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 (Vol remains at some 
(not necessarily zero) constant value as VX' IS vaned 
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 (P,) until Vo = 0 volts. 

3. Let VX' = Vz and adjust the X Input offset potentio
meter (P21 until the output voltage remains at some (not 
necessanly - 10 volts) constant value as Vz = VX' IS 
vaned between +1.0 and +10 volts 

4 Keep VX' = Vz and adjust the scale factor potentiometer 
(P3) until the average value of VO IS - 10 volts as Vz = 
VX' is vaned between +1.0 volt and +10 volts 

5. Repeat steps 1 through 4 as necessary to achieve opti
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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OPERATION AND APPLICATIONS INFORMATION (continued) 

FIGURE 26 - BASIC SQUARE ROOT CIRCUIT 

Vz 

>-<>--__ Vo 

or 

va·l! 

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 - 001 volts and adjust P4 (output offsetl for 
Vo = +0316 volts, being careful to approach the output 
from the positive side to preclude the effect of the out
put diode clamping 

2_ Set Vz to -09 volts and adjust P2 (X adjust) for Va = 
+3.0 volts_ 

3_ Set Vz to -10 volts and adJust P3 (scale factor adJust) 
for Vo = +10voJts. 

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 
monolithic multiplier. If a potted multiplier is used for these 
cases, the results generally would not be as good because the potted 
units have 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 senes 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 ampllflcatlon_ 

When a multiplier is used to double frequency the second 
harmonic is obtained directly, except for a dc term, which can 
be removed with ac coupling 

eo = KE2 cos2 wt 

KE2 
80 = -- (1 + cos 2wt). 

2 

A potted multiplier can be used to obtain the double fre
quency component, but frequency would be limited by its 
Internal level-shift amplifier. In the monolithiC Units, the ampli
fier IS omltted_ 

In 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 fllterlng_ 
The configuration has been successfully used In excess of 200 
kHz; reducing the scale factor by decreaSing the load resistors 
can further expand the bandwldth_ 

A slightly modified version of the MC1595 (MC1495) -
the MC 1596 (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 carner IS 40 kHz_ . 

FIGURE 27 - SQUARE ROOT CIRCUIT 

-15 v -15 V 

+15 V 

10k RX Ry 
10k 10k 

39 k 3k 3k 
o I ~F 

l JOI~F 

14 

Va 

Va = ,iTOiVZi 
MZ9211B 

OR EOUIV 

IUk 
13 

Vz 
13k IBk 20k 

RL 

5k 
12k TO OFFSET 

5k OUTPUT ADJUST 
SCALE P3 (SEE FIGURE 13) P4 OFFSET -10 V" Vz 0( +0 V 

FACTOR 
ADJUST 

ADJUST -=-

6-86 



MC1495L, MC1595L 

OPERATION AND APPLICATIONS INFORMATION (continued) 
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FIGURE 28 - FREQUENCY DOUBLER 
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FIGURE 29 - BALANCED MODULATOR 
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The defining equation for balanced modulation IS 

KEcEm 
-2-- [cos (wc + wmlt + cos (wc - wm)tl 

where Wc IS the camer 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 slngle,sldeband received signal. The ssb signal 
IS of the form 

and If multiplied by the appropriate carrier waveform, cos Wct. 

essbecarner = AK [cos (2wc + Wm lt + cos (wclt1 . 
2 

If the frequency of the band·llmlted carner 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 shlft·actlve 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. 

63 Amplitude Modulation 

The multiplier performs amplitude modulation. Similar to 
balanced modulation. when a dc term IS added to the modulating 
Signal With the Y offset adlust potentiometer. (See Figure 30.) 

Here, the Identity IS 

Em( 1 + m cos wmt) Ec cos wct = KEmEccos wct + 

KEmEcm 
--2-- [cos(w c + wm)t + cos (wc - wmltl 

where m indicates the degree of modulation Since m IS adjust· 
able, via potentiometer Pl, 100% modulation IS pOSSible. With
out extensive tweakll1g. 96% modulation may be obtained where 
Wc and wm are the same as 111 the balanced·modulator example. 

64 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 200 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 R X and R Y 
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 ) 
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OPERATION AND 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 '.0 volt pop, a 2.0-volt swing, a current 
source of 20 mA and an Ry value of , 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' 0 rnA and the R X value chosen was 2 0 
kllohms. This also insures linear operation over the X input 
dvnamlc range 

Choosing RL = 100 assures wide-bandwidth operation. Hence, 
the scale factor for this configuration IS 

___ '_0_0 ___ V- 1 
(2 k)(l k)(2 X 10+3) 

= ~ 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 frequency 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 dlrectlv_ 

FIGURE 31 - LINEAR GAIN CONTROL 

2k lk 

10 

Vtn 

Vc MC1S95L 
(MCI49SL) 

k'to-

OFFSET 
ADJUST 

12 

13 

11k 

3k 

~ k 

-12V 

+12V 

15k 
l '"F 

100 

100 

14 

o 33"F 

~'"F 

510 

r"' 
6-88 

(AI 

50"F 

>--<)---,,"""--i~ Vo 

(B) 

VAGC(VOLTSI 

NOTE 

Linear gam control of a 1 volt peak to peak signal IS 

performed With a 0 to I volt control voltage If Vc IS 

OSvolttheoutputwl1i beOSvoltp p 



MC1495L, MC1595L 

OPERATIONS AND APPLICATIONS 
INFORMATION INDEX 

1. THEORY OF OPERATION 

2. DESIGN CONSIDERATIONS 

2.1 General 
2.1.1 Linearity, Output Error, ERX or ERY 
2.1.2 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 where the output voltage IS a product of an 
input voltage (signal) and a switching function (carrier). Typical 
applications include suppressed carner and 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 I nputs and Outputs 
• High Common-Mode Rejection - 85 dB typ 

FIGURE 1 -

SUPPRESSED CARRIER 
OUTPUT WAVEFORM 

FIGURE 2 -
SUPPRESSED-CARR I ER 

SPECTRUM 

FIGURE 3 -

AMPLITUDE-MODULATION 

OUTPUT WAVEFORM 
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METAL PACKAGE 
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GaIn Ad,uS! 3 • 7 Carr •• r Inpu' 

SIgnal Input 4 5 60ulput 

B,al 

•

. . . cLASSUEF6F31X2 . . _ . CERAMIC PACKAGE 

TO-116 

PSUFFIX _r PLASTIC PACKAGE 
CASE 646 

(MC1496 only) 

FIGURE 4 - AMPLITUDE-MODULATION SPECTRUM 



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

Rating Symbol Value Umt 

Applied Voltage AV 30 Vdc 

(V6 - V7, V8 - Vl, Vg - V7, Vg - V8, V7 - V4, V7 - Vl, 
V8 - V4, V6 - V8, V2 - V5, V3 - V5) 

Differential I nput Signal V7 - V8 +50 Vdc 

V4 - Vl ±(5+15Re) 

Maximum Bias Current 15 10 mA 

Power DIssipation (Package Limitation) Po 
Ceramic Dual I n-Llne Package 575 mW 

Derate above T A = +250 C 385 mW/oC 

Metal Package 680 mW 
Derate above T A = +250 C 46 mW/oC 

Operating Temperature Range TA °c 
MC1496 o t9 +70 
MC1596 -55 to +125 

Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS· (VCC = +12 Vdc, VEE = -8.0 Vdc, 15 = 1.0 mAdc, RL = 3.9 kil, Re = 1.0 kil, 

T A = +250 C unless otherwise noted) (All input and output characteristics are single-ended unless otherwise noted.) 
MC1596 MC1496 

Characteristic Fig Note Symbol Mm Typ Max Min Typ Max Unit 

Carner Feedthrough 5 1 VCFT IlV(rms) 

Vc = 60 mV(rms) sine wave and fC = 1.0 kHz - 40 - - 40 -
offset adjusted to zero fC = 10 MHz - 140 - - 140 -

Vc = 300 mVp-p square wave: mV(rms) 

offset adjusted to zero fC = 10kHz - 004 0.2 - 004 04 
offset not adjusted fC = 10kHz - 20 100 - 20 200 

Carner Suppression 5 2 VCS dB 

fS = 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 

Transadmlttance BandWidth (Magnitude) (RL = 50 ohms) 8 8 BW3dB MHz 

Carner 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 -
Ivel = 0.5 Vdc 

Signal Gain 10 3 AVS 25 35 - 25 3.5 - V/V 
Vs = 100 mV(rms), f = 1.0 kHz,lvcl = 05 Vdc 

Single-Ended Input Impedance, Signal Port, f = 50 MHz 6 -
Parallel Input ReSistance rip - 200 - - 200 - kH 
Parallel Input Capacitance clp - 20 - - 2.0 - pF 

Single-Ended Output Impedance, f = 10 MHz 6 -
Parallel Output ReSistance rop - 40 - - 40 - kfl 
Parallel Output Capacitance cop - 5.0 - - 5.0 - pF 

Input Bias Current 7 - IlA 
11+14 17+18 IbS - 12 25 - 12 30 

IbS = -2- ; IbC = -2-
IbC - 12 25 - 12 30 

Input Offset Current 7 - IlA 

IloS = 11 - 14; 11oC = 17 - 18 Illosl - 0.7 5.0 - 0.7 70 

Illocl - 0.7 50 - 07 70 

Average Temperature CoeffiCient of Input Offset Current 7 - ITCllol - 20 - - 2.0 - nA/oC 

(T A = -55°C to + 125°C) 

Output Offset Current 7 - 11001 - 14 50 - 14 80 IlA 
(16 - Ig) 

Average Temperature CoeffiCient of Output Offset Current 7 - ITClool - gO - - gO - nA/oC 

(T A = -55°C to + 125°C) 

Common-Mode I nput SWing, Signal Port, fS = 1.0 kHz 9 4 CMV - 5.0 - - 50 - Vp-p 

Common-Mode Gain, Signal Port, fS = 10kHz, 9 - ACM - -85 - - -85 - dB 

IVcl = 05 Vdc 

Common-Mode QUiescent Output Voltage (Pin 6 or Pin g) 10 - Vo - 80 - - 80 - Vdc 

Differential Output Voltage SWing Capability 10 - Vout - 8.0 - - 80 - Vp-p 

Power Supply Current 7 6 mAdc 

16 + Ig ICC - 2.0 30 - 20 4.0 

110 lEE - 30 40 - 3.0 50 

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 devices refer to the first page of this specification sheet_ 
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GENERAL OPERATING INFORMATION * 

Note 1 - Carrier Feedthrough 

Carner feedthrough is defined as the output voltage at carrier 
frequency with only the carrier applied (signal voltage = 0). 

Carrier null 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 carner 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 camer does 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 carner feed
through, which again degenerates the suppression figure. The 
MC1596 has been characterized With a 60 mV(rms) slnewave 
carner 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 slg: 
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 places an 
upper limit on input-signal amplitude (see Note 3 and Figure 20). 
Note also that an optimum carner 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 carner Input 
leads and the output leads. 

Note 3 - Signal Gain and Maximum Input Level 

Signal gain (Single-ended) at low frequencies 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 transl~tors "on" and two transistors 
"off" (VC = 05 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, PO, Within the Integrated cirCUit package 
should be calculated as the summation of the voltagfl-current prod
ucts at each port, I.e. assuming Vg = V6, 15 = 16 = Ig and Ignoring 

base current, PD = 2 15 (V6 - VlO) + 15 (V5 - V10) 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 cu rrents are set by the conditions at pin 5. 

Assume: 

15 = 16 = 19 

I B« I C fo r all transistors 

then: 

R5 = ':!::...=!£. -500 on 
15 

where' R5 is the resistor between Pin 
5 and ground 

cf> = 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 voltage levels 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, Va)] ~ 2 Vdc 

30 Vdc ~ [(V7, Va) - (V1, V4)] ~ 2.7 Vdc 

30Vdc~ [(V1,V4)-(V5)] ~ 2.7Vdc 

The foregoing conditions are based on the follOWing approxima
tions. 

Bias currents flOWing into pins 1, 4, 7, and 8 are transistor base 
currents and can normally be neglected If external bias diViders 
are deSigned to carry 1.0 mA or more. 

Note 8 - Transadmittance Bandwidth 

Carner transadmlttance bandWidth IS the 3-dB bandwidth of 
the deVice forward transadmlttance as defined by: 

io (each Sideband) I 
Y21C - Vs (signal) Vo = 0 

Signal transadmlttance bandWidth is the 3-dB bandwidth of the 
deVice forward transadmittance as' defined by: 

10 \Slgnalll 
Y21S = Vs Signal 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 carner 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 slngle-ended output 
connection. 

Note 11 - Signal Port Stability 

Under certain values of drrvrng 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 Q of the source-tuned Circuits that cause the oscillatIOn. 

SIGNAL INPUT O~---Jo~_-----, 
(PINS 1 &4) 1 r'oo, 

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 rnput current drrft may cause serious degradation of carrier 
suppression 

TEST CIRCUITS 

FIGURE 5 - CARRIER REJECTION AND SUPPRESSION 

VCC 

C2 
CARRIER 0.1 "F 

1 k 1 k 

Re 

INPUTVC -1H--------o--=-I 
VS.-__ ~------~----~ 

MC1596 
MC1496 

MODULATING 
SIGNAL 
INPUT 10 k 

t 
t'1O'5 68k 

L..-______ ~V-

-8 Vdc 
VEE 

+12 Vdc 

FIGURE 7 - BIAS AND OFFSET CURRENTS 

Re = 1 k 

-8 Vdc 
VEE 

VCC 
+12 Vdc 

IS 
2k 

RL 
39k 

FIGURE 6 - INPUT-OUTPUT IMPEDANCE 

Re = 1 k 

Zrn-

10 

-8 Vdc 

i-<l---" +Vo 
-Zout 

-Va 

6Sk 

FIGURE 8 - TRANSCONDUCTANCE BANDWIDTH 

1 k 

01"F* 

CARRIER 01 "F 
INPUT Vc -1'H>--------o-~ 

VS.---+-------~----~ 

MODULATING 
SIGNAL 
INPUT 10 k 

CARRIER NULL 

4 
51 

1 k 

Re 

MC1596 
MC1496 

I-<~-~"-Vo 

10 

68k 

V-

-8 Vdc 
VEE 

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 forst page of this specification sheet. 

6-93 

• 



I 

MC1496, MC1596 

TEST CIRCUITS (continued) 

FIGURE 9 - COMMON·MODE GAIN 

VCC 

FIGURE 10 - SIGNAL GAIN AND OUTPUT SWING 

1 k 
Re = 1 k 

0.5 V 

MC1596 
MC1496 

Vs 

10 

50 

+12 Vdc 

39k 

t-o--!-"+Vo 

t-o-~-.. -Vo 

6Sk 

1 k 

1 k 0.5 V 

Vs--........ ---o-:-i 

10 

15 = t 
1 rnA 

-S Vdc. 
VEE 

ACM = 20 log IVai 
Vs -S Vdc 

VEE 
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 CHARACTERISTICS (continued) 
TVPlcal 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 = +250 C unless otherwise noted. 

VCC 
+12 Vdc 

3.9 k 

t-o--I-"+Vo 

6.S k 

FIGURE 12 - SIGNAL·PORT PARALLEL·EQUIVALENT 
FIGURE 11 - SIDEBAND OUTPUT versus CARRIER LEVELS 
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FIGURE 14 - SINGLE·ENDED OUTPUT 
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TYPICAL CHARACTERISTICS (continued) 
Tvpical characteristics were obtained with circuit shown In Figure 5. Ie = 500 kHz (sine wave). 

Ve = 60 mV(rms). IS = 1 kHz. Vs = 300 mV(rms). T A = +250 e unless otherwise noted. 

FIGURE 15 - SIDEBAND AND SIGNAL PORT 
TRANSADMITTANCES versus FREQUENCY 

FIGURE 16 - CARRIER SUPPRESSION 
versus TEMPERATURE 
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FIGURE 17 - SIGNAL·PORT FREQUENCY RESPONSE 
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FIGURE 19 - CARRIER FEEDTHROUGH versus FREQUENCY 
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FIGURE 18 - CARRIER SUPPRESSION versus FREQUENCY 
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TYPICAL CHARACTERISTICS (continued) 

FIGURE 21 - SUPPRESSION OF CARRIER HARMONIC 
SIDEBANDS versus CARRIER FREQUENCY 
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FIGURE 22 - CARRIER SUPPRESSION 
versus CARRIER INPUT LEVEL 
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OPERATIONS INFORMATION 

The MC1596/MC1496, a monolithic balanced modulator cir
cuit, is shown In Figure 23. 

FIGURE 23 - CIRCUIT SCHEMATIC 
1-)9 

r----

500 

This Circuit consists of an upper quad differential amplifier 
driven by a standard differential amplifier with dual current 
sources. The output collectors are cross·coupled so that full-wave 
balanced multiplication of the two Input voltages occurs That IS, 
the output signal IS a constant times the product of the two input 
signals. 

r--_I====::;=+===~Vo, OUTPUT 

Mathematical analysIs of linear ac signal multiplication indi
cates that the output spectrum Will consist 01 only the sum and 
difference of the two Input frequencies. Thus, the deVice may be 
used as a balanced modulator, doubly balanced mixer, product 
detector, frequency doubler, and other applications reqUiring 
these particular output 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 load resistors are employed at the deVice 
output. 

Signal Levels 

The upper quad differential amplifier may be operated either 
In a linear or a saturated mode. The lower differential amplifier 
IS operated In a linear mode for most applications. 

For low-level operation at both Input ports, the output signal 
will contain sum and difference frequency components and have 
an amplitude which IS a function of the product of the Input signal 
amplitudes. 

For high-level operation at the camer Input port and linear 
operation at the modulating Signal port, the output Signal Will 
contain sum and difference frequency components of the modu
lating Signal frequency and the fundamental and odd harmonics of 
the carner frequency The output amplitude Will be a constant 
times the modulating signal amplitude. Any amplitude variations 
In the carner Signal Will not appear In the output. 

1+16 

41-1 

~~~~~L Vs °1 ~I+):-----jr------i:===--~ 
I ~------4-------<l GAIN ADJUST 

BIAS 50--__10----J-------I 

VEE 100-----10-------1'------

FIGURE 24 - TYPICAL MODULATOR CIRCUIT 

MOOULATING 
SIGNAL 
INPUT 

CARRIER NULL -8Vde 
VEE 

RL 

39 k 

t-o-<lI--4" . +vo 

15 68 k 

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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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 camer Input port 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 follOWing expression 

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 
VOLTAGE GAIN AND OUTPUT FREQUENCIES 

Carrier Input ApprOXimate Output Signal 
Signal (Ve) Voltage Gain Frequency(s) 

Low-level dc 
RL Ve 

fM 
2(RE + 2re) (~T) 

High-level dc 
_R_L __ 

fM RE + 2re 

Low-level ac 
RL Ve(rms) 

fe±fM 
2.J2(~T)(RE + 2re) 

High-level ac 
0637 RL fC ±fM, 3fC ± fM, 
RE + 2re 5fC±fM, ... 

The gain from the modulating Signal Input port to the output IS 
the MC1596/MC1496 gain parameter which IS most often of Interest 
to the deSigner. ThiS gain has Significance on Iy 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 modulating signal Input and the follOWing 
carner Input conditions 

1) Low-level dc 
2) Hlgh·level dc 
3) Low-level ac 
4) Hlgh·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 Carrier Input Voltage. 
2. When the output Signal contains mu Itlple frequencies, 

the gain expression given IS for the output amplitude of 
eac;h of the two deSired outputs, fC + fM and fe - fM· 

3. All gain expressions are for a Single-ended output. For 
a differential output connection, mu Itlply 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 e, 

26 mV 
re~ 15 (rnA) 

7. K = Boltzmann's Constant, T = temperature In degrees 
KelVin, q = the charge on an electron. 

KT ~ 26 mV at room temperature 
q 

APPLICATIONS INFORMATION 

Double Sideband suppressed carner 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 carner to 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 modified for AM operation by changing 
two resistor values In the null circuit as shown In Fl9ure 28. 

Product Detector 

The MC1596/MC1496 makes an excellent SSB product detec
tor (see Figure 29). 
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ThiS product detector has a sensitivity of 3.0 microvolts and a 
dynamiC range of 90 dB when operating at an intermediate fre
quency of 9 MHz. 

The detector IS broadband for the entire high frequency range. 
For operation at very low intermediate frequencies down to 50 
kHz the 0.1 f.J.F capacitors on PinS i and 8 should be Increased to 
1.0 f.J.F. Also, the output filter at Pin 9 can be tailored to a 
speCifiC Intermediate frequency and audiO amplifier Input im
pedance. 

As In all applications of the Me1596/MC1496, the emitter 
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 
camer Signal at the camer input and an AM Signal at the SSB 
Input. 

The carrier signal may be derived from the intermediate fre
quency Signal or generated locally. The carner Signal may be in
troduced With or without modulation, provided its level is 
sufficiently high to saturate the upper quad differential amplifier. 
If the carner Signal IS modulated, a 300 mV(rms) Input level IS 
recommended. 
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MC1496, MC1596 

APPLICATIONS INFORMATION (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 camer 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 MC1596/MC1496 will operate as a frequency doubler by 
introducing the same frequency at both Input ports. 

Figures 31 and 32 show a broadband frequency doub ler and a 
tuned output very high frequency (VHF) doubler, respectively. 

Phase Detection and FM Detection 

The MC1596/MC1496 will function asaphasedetector. Hlgh
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 constructed by using the phase detec
tor principle. A tuned circuit IS added 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 proVolde an output which 
IS a function of the Input signal frequency. 

PIO number references pertain to thiS device when packaged 10 a metal can. To ascertain the corresponding pin numbers for plastic or ceramic 
packaged deVices refer to the first" page of th IS specification sheet. 

TYPICAL APPLICATIONS 

FIGURE 26 - BALANCED MODULATOR 
(+12 Vdc SINGLE SUPPL V) 
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FIGURE 28 - AM MODULATOR CIRCUIT 
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FIGURE 27 - BALANCED MODULATOR·DEMODULATOR 
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MC1496, MC1596 

TYPICAL APPLICATIONS (continued) 

FIGURE 30 - DDUBL Y BALANCED MIXER 
(BROADBAND INPUTS, 9.0 MHz TUNED OUTPUT) 
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FIGURE 31 - LOW·FREQUENCY DOUBLER 
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FIGURE 32 - 150 to 300 MHz DOUBLER 
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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 INFORMATION 

Device 

MC1733G 
MC1733L 
MC1733CG 
MC1733CL 
MC1733CP 

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 
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 CIRCUIT FIGURE 2 - VOLTAGE GAIN 
ADJUST CI RCUIT 

GAIN SELECT 

VCC G'A G'B Radj 

INPUT 1 OUTPUT I 02.F 

INPUT 
T-oUTtUT 1 

lk 

INPUT 2 OUTPUT 2 

INPUT T-oUTPUT 
2 02.F lk 2 

VEE G2A G2S 

GAIN SELECT VEE G2A G2S 

FIGURE 3 - EQUIVALENT CIRCUIT SCHEMATIC 
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MC1733 
MC1733C 

DIFFERENTIAL VIDEO 
WIDEBAND AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

G SUFFIX 
METAL PACKAGE 

CASE 603 
TO-l00 

GIA 
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P SUFFIX 
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NC 2 
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TO-116 

14 
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13 NC 

12 G2A GAIN SELECT 

11 GIA GAIN SELECT 

10 VCC 

9 
(top View) 

NC 

OUTPUT I 



MC1733, MC1733C 

MAXIMUM RATINGS (TA = +250 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 I nput Voltage V,CM ±6.0 Volts 

Output Current 10 10 mA 

Internal Power DIssipation (Note 1) PD 
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 T stg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (VCC = +6.0 Vdc, VEE = -6.0 Vdc, at TA = +250 C unless otherwise noted.! 

MC1733 MC1733C 

Characteristic Symbol Min Typ Max Min Typ Max Units 

Differential Voltage Gain V/V 
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=50n) BW MHz 
Gain 1 - 40 - - 40 -
Gain 2 - 90 - - 90 -
Gam 3 - 120 - - 120 -

Rise Time (R s=50n,Vo =1 Vp-p) tTLH ns 
Gain 1 tTHL - 10.5 - - 10.5 -
Gain 2 - 4.5 10 - 45 12 
Gam 3 - 2.5 - - 2.5 -

Propagation Delay (R s = 50n, Vo = 1 Vp-p) tpLH ns 
Gam 1 tpHL - 7.5 - - 7.5 -
Gam 2 - 6.0 10 - 6.0 10 
Gam 3 - 3.6 - - 3.6 - • Input Resistance Rin kn 
Gam 1 - 4.0 - - 40 -
Gain 2 20 30 - 10 30 -
Gam 3 - 250 - - 250 -

Input Capacitance (Gain 2) Cm - 2.0 - - 2.0 - pF 

I nput Offset Current (Gain 3) 1
'
,01 - 0.4 3.0 - 0.4 5.0 /J.A 

Input Bias Current (Gain 3) liB - 9.0 20 - 9.0 30 /J.A 

Input NOise Voltage (R s =50n, Vn - 12 - - 12 - /J.V(rms) 
BW = 1 kHz to 10 MHz 

Input Voltage Range (Gain 2) Vm ±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 = 5 MHz) - 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 (Gain31 VCMO 2.4 2.9 3.4 2.4 29 3.4 V 

Output Voltage SWing (Gain 2) Vo 3.0 4.0 - 3.0 4.0 - Vp-p 

Output Sink Current (Gain 21 10 2.5 3.6 - 2.5 3.6 - mA 

Output Resistance Rout - 20 - - 20 - n 
Power Supply Current (Gain 21 'D - 18 24 - 18 24 rnA 
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MC1733, MC1733C 

ELECTRICAL CHARACTERISTICS (V CC= +60 Vd V c, EE = -60 Vd t T c, a A= T high toT low unless otherwise noted)* 

MC1733 MC1733C 

Characteristic Symbol Min Typ Max Min Typ Max Units 

Differential Voltage Gain 
Gain 1 (Note 2) 
Gain 2 (Note 3) 
Gain 3 (Note 4) 

I nput 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 ~ 100 kHz) 

Supply Voltage Rejection RatiO 
Gain 2 (~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) 

*Tlow = OoC for MC1733C, -550 G for MC1733 
Thigh = + 70°C for MC1733C, + 125°C for MC1733. 

AVd 
200 -
80 -
8.0 -

Rin 8.0 -

11101 - -
liB - -

Vin ±1.0 -
CMRR 50 -

PSRR 50 -

VOO 
- "-

- -
Vo 2.5 -

JO 2.2 -

10 - -

V/V 
600 250 - 600 
120 80 - 120 
12 8.0 - 12 

- 8.0 - - kn 

5.0 - - 6.0 /lA 

40 - - 40 /lA 

- ±'1.0 - - V 

- 50 - - dB 

- 50 - - dB 

V 
1.5 - - 1.5 
1.2 - - 1.5 

- 2.5 - - Vp-p 

- 2.5 - - rnA 

27 - - 27 rnA 

FIGURE 4 - MAXIMUM ALLOWABLE POWER DISSIPATION 

NOTES 

Note 1: Derate metal package at 65 mW/oC for operation at 
ambient temperatures above 75°C 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 heatslnk 
may be necessary to limit maximum Junction tempera
ture to 150°C. Thermal reSistance, Junctlon-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. 

~ 
..s 
~ 
~ 
;t 
~ 
0 
a: 

~ 
...J 
« 

ffi 
I-
::: 
~ 

800 

600 

400 

-
200 

o 
o 

TYPICAL CHARACTERISTICS 

CERAMIC DUAL-
i", 

, 
\ IN·LlNE PACKAGE 

\ .L 9 mW/DC-,-, 
\~ 

- METAL PACKAGE _ .", 6 5 mW/oC 
'. 

\ 

',\ 
~ 

-~ 

+50 +100 +150 +200 

TA, A,MBIENT TEMPERATURE (OC) 

(VCC = +6.0 Vdc, VEE = -6.0 Vdc, T A = +250 C unless otherWise noted,) 

FIGURE 5 - SUPPLY CURRENT versus TEMPERATURE FIGURE 6 - SUPPLY CURRENT versus SUPPLY VOLTAGE 

20 

! 19 
I-

~u~ 
18 

~ 
PI 7 

16 
-60 

L V 
/ 

~ 
.s 
I-

~ 
""'" - a: --.... 

i'-.. 
~ 
~ 

=> 
u 

i 
P 

-20 +20 +60 +100 +140 

TA.AMBIENTTEMPERATURE (OC) 

6-102 

28 

24 

20 

16 

12 

/ 80 
30 

-' 

/' V 
/1-" 

./ 
V 

./ 
L V 

/,/ 

40 50 60 70 80 

VCC,IVEE). SUPPLY VOLTAGE (VOLTS) 



MC1733, MC1733C 

TYPICAL CHARACTERISTICS (continued) 

(Vee = +6.0 Vdc. VEE = -6.0 Vdc. T A = +250 e unless otherwise noted.) 
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MC1733, MC1733C 

TYPICAL CHARACTERISTICS (continued) 

(Vee = +6.0 Vdc, VEE = -6.0 Vdc, T A = +2SoC unless otherwise noted.) 

+1 6 

g +1.2 
o 
? 
w 
~ +08 
~ 
o 
> 

~ +04 
::> 
o 

~ 0 

-04 

FIGURE 13 - PULSE RESPONSE versus GAIN 

RIL = 1 OL1-
GAIN 3 v--. 
~ L7 

GAIN 2-1--// 
1/ L 
11/ ....... GAIN 1 

11 

-15 -10 -50 +50 +10 +15 +20 +25 +30 +35 

t, TIME (ns) 

FIGURE 15 - PULSE RESPONSE versus TEMPERATURE 

+1.6 

in +1 2 

~ 
? 
~ +08 
<t 
~ 
o 
> 
~ +0.4 

g 
~ 0 

-04 

TA = -550 C_ 

olc 

J 
f 

GAIN 21 
RL=10kU-

1/1, "/ 
II//.. /'r..........+25 OC 

fJ'/ ~ I 
r- +75 0C 

/-
-- +125 0 C

I 

L I 

-15 -10 -50 +50 +10 +15 +20 +25 +30 +35 

-50 

~ 
~-1O 

t;: 
~ -15 
UJ 
(I) 

<t 
if 

-20 

-25 

t, TIME (ns) 

FIGURE 17 - PHASE SHIFT versus FREQUENCY 

"" ............ r-.., GAIN 2 

............ 
........ 

...... """ 
"-
~ 

............ 

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

o 20 40 60 80 10 

f, FREQUENCY (MHz) 

FIGURE 14 - PULSE RESPONSE versus SUPPLY VOLTAGE 

+16 
IGAINZI_ 

RL=10kU 
g+I.2 
o 
~ - '--VS =±8 0 V _ 

UJ 
t:l +0 8 

~ 
Cl 
> 
~+04 

g 
~ 0 

-04 

-If 
I 
/ 

/1 
y 

\ 
"r \ ±~OV_ -

±30V 

-15 -10 -50 +50 +10 +15 +20 +25 +30 +35 

200 

:; 
..5 160 
UJ 
t:l 
<t 
~ 
Cl 120 > 

~ 
...J 80 <t 

! 40 

C 

o 
o 

-50 

(I) 

~ -100 

t:l e -150 
I-

~ -200 
UJ 

~ -250 

-300 

-350 
10 

6-104 

t, TIME (ns) 

FIGURE 16 - DIFFERENTIAL OVERDRIVE 
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MC1733, MC1733C 

TYPICAL CHARACTERISTICS (Continued) 
(Vce = +6.0 Vdc, VEE = -6.0 Vdc, T A = +2SoC unless otherwise noted.) 

FIGURE 19 - INPUT RESISTANCE versus TEMPERATURE 
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MC1733, MC1733C 

APPLICATIONS INFORMATION 

FIGURE 25 - VOLTAGE CONTROLLED OSCILLATOR 

Vee 

e R2 

>-o--~--o Output 

Control 
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Vc 

By changing the voltage Ve 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. 

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 Read 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 on 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 
49 dB_ 

How the overall 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 10 to 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 equipment de-

FIGURE 27 - TYPICAL READ CIRCUIT (METHOD 1) 
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sign. For purposes of comparison, the M LM301 has 
slightly less than a 40 dB open-loop gain at 100 kHz; the 
MC1741, a compensated op-amp, has approximately 20 dB 
open loop gain at 100 kHz; the MC1733 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. Either type, 
of course, attenuates the signal 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 the differentiator is reduced 
to 200 mY. 

The next block in Figure 27 to be discussed is the 
zero-crossing detector. I n 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 series 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 utilizes 
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. 



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 D 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 can be implemented 
using a comparator with pre-set threshold. 

FIGURE 29 - READ CIRCUIT JMETHOD 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. 

Each 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) 

Output 
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ORDERING INFORMATION 

Device 

MC3344L 
MC3344P 

Temperature Range 

-40°C to +85°C 
-40°C to +85OC 

Package 

Ceramic DIP 
Plastic DIP 

Advance InforInation 

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 

10 

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 

-'4U' , 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

l SUFFIX 
CERAMIC PACKAGE 

CASE 632 

TO·116 

PIN CONNECTIONS 

Gnd CA 

NC Ca 
04 ~H 

V oUt "III 
b1 C~ 
b:i 
1l:Z 



MC3344 

MAXIMUM RATINGS ITA = 250 C 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 ITA = 250 C VCC = +15 Vdc unless otherwise specified) 

Test 
Characteristic Ckts Symbol Min Typ Max Unit 

Supply Current 2 10 - 2.5 4.0 mA 

Trigger Reset Voltage 3 Vdc 
lin = 200~A VCRl 0.25 - -
lin '" 600~A VCR2 - - 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 V/V 

VTCR = VCR/VReg 

Hysteresis Sink Current 6 IH 100 400 - ~A 

Second Comparator Output 7 
01 Leakage lOlL - - 100 nA 
02 Source 102S 100 250 - ~A 

01 Source IDlS 100 200 - ~A 
02 Leakage 102L - - 100 nA 

Output Oriver Gain 8 hFEl 50 100 - -
IC = 5.0 mA 

Output Oriver Voltage Standoff 9 SVCEO 25 30 - Vdc 
10 = 5.0mA 

Integrator Transistor Gain 10 hFE2 50 200 300 -
hFE2'" AIC/AIS. 
ICl = 0.4 mAo IC2 = 0.6 mA • 

h_1 nQ 
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MC3344 

FIGURE 2 - SUPPLY CURRENT 

TEST CIRCUITS 

FIGURE 3 - TRIGGER RESET VOLTAGE 

lin = 200 /<lA, VCR:> 0.25 V 

lin a 600 /<lA, VCR';; 0.25 V 

FIGURE 5 - THRESHOLD VOLTAGE RATIO FIGURE 6 - HYSTERESIS SINK CURRENT 

l o.1 /<1F 

VTCR - VCR/VReg 

FIGURE 8 - OUTPUT DRIVER GAIN FIGURE 9 - BVCEO OF OUTPUT 
TRANSISTOR 

6-110 

FIGURE 4 - REGULATOR 
OUTPUT VOLTAGE 

101 L/I 025 - 51 In pOlltlon 1 
I02L/lo15 - 51 In pOlltlon 2 

FIGURE 10 - INTEGRATOR 

TRANSISTOR GAIN 



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 V sat to the final value, 
V Reg' charging through R R. 

If VCR is never allowed to reach VRef due to quick 
reset pulses, the 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 OFF at 
the switch point. 

If VCR is allowed to ramp above V Ref before being 
reset, the second integrator amplifier is driven ON which 

discharges and resets capacitor CAB keeping VCA 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 = Switch Point frequency == 1.39 ~R CR 

f2 = Hysteresis Switch Point frequency::::: 

1 

FIGURE 11 - TYPICAL APPLICATION 

Relay 
+15VdCo-~----~----~---n~~--~--------, 

4 
Vcc V out 

3 k 11 3 
Vin 04 

~~Jl.SL 
10.047 jJF 

VReg 01 
91 k 
RR 10 6 

CR 03 

CR 12 

0.1 jJFI RH 02 
681 k 
RH Gnd CB CA 

14 
f1 .. 77 Hz 

f2 .. 65 Hz 
0.1 jJF 
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FIGURE 12 - CIRCUIT SCHEMATIC 

• 
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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 Wacs. Other operational features Include; 
(1) a built·1n 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 tnac will never be turned "on" If either 
of the Inputs are shorted or opened (4) a zero crossing detector 
that synchronizes the triac gate pulses with the zero crosSing of the 
ac Ime 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 Dnver 

• Lamp Dnver • Flasher Control 

• Formerly MFC8070 In Case 644A Package 

FIGURE 1 - CIRCUIT SCHEMATIC 

Ground 

Collector 

Reference 

Input 

Input 

Vac 

VEE 

4 
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MC3370P 

ZERO VOLTAGE SWITCH 

SILICON MONOLITHIC 
FUNCTIONAL CIRCUIT 

P SUFFIX 
PLASTIC PACKAGE 

CASE 626 

• 
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FIGURE 2 - OUTPUT PULSE DEFINITION 

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

Ratmg Symbol Value 

DC Voltage V4-1 15 

DC Voltage V5-1 15 

DC Voltage V2-1 15 

Peak Supply Current 13 35 

Power DIssipation PD 1.2 
Derate above T A = +250 C l/ReJA 10 

Operatmg Ambient Temperature Range TA -10to+75 

Storage Temperature Range T stg -55 to +150 

ELECTRICAL CHARACTERISTICS (TA = +250 C unless otherwise noted.) 

Characteristic Deflnltrons Characteristic 

Vs with Inhibit Output 
(Sw 1 A or B) 

Unit 

Vdc 

Vdc 

Vdc 

mA 

Watts 
mW/oC 

°c 
°c 

Symbol 

VSIO 

Uutput Lt1akage Current 10 L 

Min Typ Max Unit 

Vdc 

90 11 

IJA 

~~_(~S_w __ '_A __ O_r_B_) ____________ ~ ______ -4 ___ -____ ~~5~0~~_'~0~0~+-____ ~ 

J II 120 VI;MSI60 Hz ~ ~~ 

H k Input Current 8 
(Sw 1 A) 

Input Current 7 
(SW 1 B) 

Inhibit Threshold Voltage 
(SW 1 A or B) 

Vs with Pulse Output 
(Sw 1 A or B) 

Peak Output Current 

VSPO 

50 15 

50 15 

Vref Vref Vdc 
+100 mV +10 rnV 

Vdc 
60 85 

rnA 
J (SW 1 A or BI 50 80 

8k~ ~Pu-I~se~T~h~r~e~sh~o-ld~V-o-lt-ag-e--------~---V-T-H-P-4--~-~~~V~r~e-f-4--V-r-ef--+--V-d-C~ r.~~WI 85 4 3 2 t~OPk 
+ ~ 7 MC337DP fo6 __ ...... 

L
VS ;; 100 360 V"I 

~F VTHP 1 8k 
qlk 

(SW 1 A or B) -10 rnV -100 mV 

Output Pulse Width TA, TB - 70 -
(SW 1. A or B, See Figure 2) VTA, 

Output Current With Input Short 

(SW 1: B;Sw 2: A) 

(SW 1: A; Sw 2. B) 
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VTB 

ISC 

±45 

50 

5.0 

100 

100 

IJS 

V 



MC3370 

100 
fJF 

5 Vclc 

TEST CIRCUIT AND TYPICAL CHARACTERISTICS 

FIGURE 3 - CIRCUIT WITH INCREASED PULSE 
WIDTH AND TRIAC DRIVER TO CONTROL 

HIGH·CURRENT SCR's 

Al 

eqUJV 

LOAO 
(UP TO 50 A) 

01 fJF 
400 V 

.3 
::t: 
..... 
'" ~ 
u.J 
V) 

-' 
::::J 
c.. 
..... 
::::J 
c.. ..... 
::::J 

'" co 

-i 

500 

400 

300 f--f--

200 

100 

FIGURE 4 - OUTPUT PULSE WIDTH 
versus SOURCE RESISTANCE 

(See Figure 6.1 

TA: +25 0C 

V 
-f--l-

t--"" 

1-1-I- r-_r--
o 
40 60 10 20 30 40 

AS. PAOGAAM AESISTOA (1 LOHMS) 

TYPICAL ZERO VOLTAGE SWITCH APPLICATIONS FOR TRIAC CONTROL 

FIGURE 5 - TRIAC CONTROL CIRCUIT 

BV 
OC 

SUPPL Y 

FIGURE 6 - TRIAC CONTROL CIRCUIT 
WITH CURRENT BOOST UTILIZING 

DC SUPPLY 

Al 

1/ 
/V 

V 

60 100 

Ql 

AC 

Al or A2,san external sensor 

"AD'r 
A2 

BaSIC triac trigger CIrCUit utllillng the zero crossing iletector 
and the Input comparator to controltrlacs with gate current 
requirements to 500 mA 

A 1 or A 2 IS an external sensor AS 

BaSIC dc trigger appllcallon uSing the Input comparator 
to control a PNP capable of furnishing gate drive of 
approximately 0 5 A 

Suggested CIrCUit to vary output pulse Width by value 
of AS (See Figure 4) 

A2 must be the external sensor 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 

5 k'4W for 120 Vac 
(10 k/8W for 230 Vac) 

Zero crossing triac control CIrCUIt for gate current 
reqUirements to 100 rnA 

6-115 

Maximum Continuous 
Current (A IRMS) ) 

10 

10 

25 

40 

Triac 
Family 

2N615112N6153 
2N6346A/2N6349A 

2N6139/2N6144 

2N615712N6165 

2N5441/2N5446 

Case 
No. 

90 (PlastiC) 
221·024 (PlastiC) 

86,250 

174,175, 
235 

237,238, 
239 

• 
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PIN COMPARISON OF MC3370P AND GEL300F1 (PA424/CA3059) 

• 
vEE Input 

VEE • Input 
Output R 

Output Input 
B+ R 

B+ Reference 
Reference 

Ground Collector 
Ground Collector 

GEL300F l/CA3059 MC3370 

• 
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DUAL OPERATIONAL AMPLIFIER 
AND DUAL COMPARATOR 

The MC3405/3505 contains two differential-input operational 

amplifiers and two comparators, each set capable of single supply 

operatlon_ This operational amplifier-comparator circuit fulfills Its 

applications as a general purpose product for automotive and 

consumer circuits as well as an 'lndustrial 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 MC3403/3503 

• Comparators Similar In Performance to LM339/139 

• Single Supply Operation: 3.0 to 36 Volts 

• Split Supply Operation: ±1.5 to ±18 Volts 

• Low Supply Current Drain 

• Operational Amplifiers Are Internally Frequency Compensated 

• Comparators TTL and CMOS Compatible 

SINGLE SUPPLY 
30 V to 36 V II 

i-----";F---, 

Out 1 

,0,"", { 
2 

VCC 

'O,"U' { 

Out 2 

SPLIT SUPPLIES 

. tV,',"V C]
CC 

-=- 1 5 V to 18 V 

VEE 

PIN CONNECTIONS 

Out4 

} '0'"'" 

VEE/Gnd 

} 'O,"U, 

Out3 

(Top V,ew) 

t:: .. '1 '17 

MC3405 
MC3505 

DUAL 
OPERATIONAL AMPLIFIER 

AND 
DUAL VOLTAGE COMPARATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
TO-116 

14 [:::::1 
1 (top view) 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

(MC3405 only) 

ORDERING INFORMATION 
Device Temperature Range Package 

MC3405L o to +70o C CeramIc DIP 

MC3405P o to +70oC PlastIC DIP 

MC3505L -55 to +1250 C CeramIc DIP 

II 



MC3405, MC3505 

OPERATIONAL AMPLIFIER SECTION 
MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Supply Voltage-Single Supply VCC 36 Vdc 
Split Supplies VCC,VEE ±18 

Input Differential Voltage Range VIDR ±36 Vdc 

Input Common Mode Voltage Range VICR ±18 Vdc 

Operating Ambient Temperature Range-MC3505 TA -55 to + 125 vc 

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 

ELECTRICAL CHARACTERISTICS (Vec = 5.0 V, VEE = Gnd, 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 

Input Offset Current 110 - 30 50 - 30 50 nA 

Input Bias Current 118 - -200 -500 - -200 -500 nA 

Large-Signal Open-Loop Voltage Gain AVOL 20 200 - 20 200 - V/mV 

(RL = 2.0 kn) 

Power Supply Rejection RatiO PSRR - - 150 - - 150 /J.V/V 

Output Voltage Range (Note 1) VOR Vp-p 

(RL = 10 kn, VCC = 5.0 V) 3.3 35 - 3.3 3.5 -
(RL = 10 kn, 5.0 V';; VCC';; 30 V) VCC -1_7 VCC -1.5 - VCC -1.7 VCC -1.5 -

Power Supply Current (Notes 2 and 3) ICC - 2.5 40 - 2.5 7.0 mA 

Channel Separation - - -120 - - -120 - dB 
f = 1.0 kHz to 20 kHz 
(Input Referenced) 

ELECTRICAL CHARACTERISTICS (VCC = +15 V, VEE = -15 V, TA = 250 C unless otherwise noted) 

Input Offset Voltage VIO - 2.0 5.0 - 20 10 mV 

(T A = Tlow to Thigh) (Note 4) - - 6.0 - - 12 

Average Temperature Coefficient of AVIO/AT - 15 - - 15 - /J.V/uC 

Input Offset Voltage 

Input Offset Current 110 - - 50 - - 50 nA 

II 
(T A = Tlow to Thigh) (Note 4) - - 200 - - 200 

Input Bias Current liB - -200 -500 - -200 -500 nA 

(T A = Tlow to Thigh (Note 4) - -300 -1500 - - -800 

Input Common Mode Voltage Range VICR +13 -VEE - - +13-VEE - - Vdc 

Large Signal Open Loop Voltage Gain AVOL V/mV 
(VO = ±10 V, RL = 2.0 kn) 50 200 - 20 200 -
(T A = Tlow to Thigh) (Note 4) 25 100 - 15 100 -

Common Mode Rejection RatiO CMRR 70 90 - 70 90 - dB 

Power Supply Rejection RatiO PSRR - 30 150 - 30 150 /J.V/V 

Output Voltage Vo Vdc 
(RL = 10 kn) 

I 
±12 ± 13.5 - ± 12 ± 13.5 -

(RL = 2.0 kn) ±10 ±13 - ±10 ±13 -
(RL = 2.0 kn, T A = Tlow to Thigh) ±10 - - ±10 - -
(Note 4) 

Output Short-Circuit Current lOS ±10 ±30 ±45 ±10 ±20 ±45 mA 

Power Supply Current (Notes 2 and 3) ICC,IEE - 28 40 - 2.8 7.0 rnA 

Phase Margin <l>m - 60 - - 60 - Degrees 

Smail-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), 
THD = 5%) 

Rise Time/Fall Time tTLH,tTHL. - 0.35 - - 0.35 - /J.S 

Overshoot (AV = 1, RL = 10 kn, OS - 20 - - 20 - % 
Vo=50mV) 

Slew Rate SR - 0.6 - - 0.6 - V//J.s 

NOTES: 1. Output will sWing to ground 
2. Not to exceed maximum package power diSSipation. 

4. Tlow = -550 C for MC3505 Thigh = +1250 C for MC3505 
= OOC for MC3405 = + 700 C for MC3405 

3. For Operational Amplifier and Comparator. 
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MC3405, MC3505 

COMPARATOR SECTION 

MAXIMUM RATINGS 

Rating Symbol 

Power Supply Voltage-Single Supply VCC 
Split Supplies VCC, VEE 

Inp~t Differential Voltage Range VIDR 

Input Common Mode Voltage Range VICR 

Sink Current ISlnk 

Operating Ambient Temperature Range-MC3505 TA 
MC3405 

Storage Temperature Range-Ceramic Package Tstg 
Plastic Package 

Operating Junction Temperature Range-Ceramic Package TJ 
Plastic Package 

ELECTRICAL CHARACTERISTICS (VCC; 5.0 V, VEE; Gnd, TA; 250 C unless otherWise noted) 

Characteristic 

Input Offset Voltage 
(T A ; Tlow to Thigh) (Notes 1 and 2) 

Average Temperature Coefficient of 
Input Offset Voltage 

Input Offset Current" 

(T A ; Tlow to Thigh) (Note 1) 

Input 81as Current 

(T A ; Tlow to Thigh) (Note 1) 

Input Common Mode Voltage Range 

(T A ; Tlow to Thigh) (Note 1) 

Input Differential Voltage 
(All V In ;;;' 0 Vdc) 

Large,Slgnal Open-Loop Voltage Gain 
(RL;15kn) 

Output Sink Current 
(V in (-);:. 10 Vdc, V ,n (+) ; 0, 

Va';; 15 V) 

Low Level Output Voltage 
(V ,n (+) ; 0 V, V in (-) ; 10 V, 

ISlnk ; 4 0 mAl 

(T A; Tlow to Thigh) (Note 1) 

Output Leakage Current 
(V in (+) ;:. 10 Vdc, V in (-) ; 0, 
Va; 5.0 Vdc) 

(T A ; Tlow to Thigh) (Note 1) 

Large-Signal Response 

Response Time (Note 3) 
(VRL; 5.0 Vdc, RL; 5.1 kn) 

NOTES: Tlow; -550 C for MC3505 
; OoC for MC3405 

MC3505 

Symbol Min Typ 

Via - 2.0 
- -

AVIO/AT - 15 

110 - 50 
- -

liB - -125 
- -

VICR 0 VCC -1.5 
0 VCC -1.7 

VID - -

AVOL - 200 

ISink 6.0 16 

VOL 

- 350 

- -

10L 

- 0.1 

- 0.1 

- - 300 

- - 1.3 

Thigh; +1250 C for MC3505 
; + 700 C for MC3405 

Max Min 

50 -
9.0 -
- -

75 -
150 -

-500 -
-1500 -

VCC -1.7 0 

VCC -20 0 

36 -

- -

- 6.0 

500 -
700 -

1.0 -
1.0 -
- -

- -

Value Umt 

36 Vdc 
±18 

±36 Vdc 

-0.3 to +36 Vdc 

20 mA 

-55to+125 uc 
o to +70 

-65 to +150 °c 
-55 to +125 

175 °c 
150 

MC3405 

Typ Max Unit 

20 10 mV 
- 12 

15 - /lV/uC 

50 100 nA 

- 200 

-125 -500 nA 

- -800 

VCC -15 VCC -17 V 

VCC -1.7 VCC -20 

- 36 V 

200 - V/mV 

16 - mA 

mV 

350 500 

- 700 

/lA 

0.1 10 

0.1 1.0 

300 - ns 

1.3 - /lS 

2. Va ~ 1.4 V, Rs; 0 n. with VCC from 50 Vdc to 30 Vdc, and over the Input common mode range 0 to VCC -1.7 V. 

3. The response time specified IS for a 100 mV Input step with 5.0 mV overdrive. For larger signals 300 ns IS typical. 
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MC3405, MC3505 

OPERATIONAL AMPLIFIER SECTION 

TYPICAL PER FORMANCE CURVES 
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FIGURE 1 - SINE WAVE RESPONSE 

• Note Class A B output stege 
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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COMPARATOR SECTION 
TYPICAL PERFORMANCE CURVES 

w 
tot.> 
«~ 
I-N 

140 

120 

~ := 100 
1- 0 
wW 

~~ 
:5 :1 080 
I-a: 
;00 

~z 
060 

040 
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APPLICATIONS INFORMATION 
FIGURE 11 - PULSE WIDTH MODULATOR SCHEMATIC AND WAVEFORMS 
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OSCillator Frequency 
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v, 

FIGURE 12 - WINDOW COMPARATOR 

FIGURE 13 - SQUELCH CIRCUIT FOR AM OR FM 

C3 

High Pass Filter 

Given Ao. Q Wo = 21Tfo 

Choose C = C1 = C2. A Convenient Value 

Calculate R2 = W~C (2Ao + 1) 

C3 = --'=--
Ao 

R1 = Ao 
QwoC (2Ao + 1) 

R3C4>5Tm 

Squelch 
Threshold Ad) 

Where Tin IS the period of vm 

Q = Quality Factor 

Ao = High Frequency Gain 

Wo = Break Frequency 

FIGURE 14 - HIGH/LOW LIMIT ALARM 
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R3 Limit Detector 

VCC 

R, 

SWitched Audio Stage 

Gam of Audio Stage 

Rf 
Aci = - R, 

VIL=VCCR1+:;+R3 

VIH = VCC R1 R/:2R+3 R3 

Oscillator 

If R4 = R5 = R6 

f = 0 72/RfC 

As Shown. f = 22kHz 

Vo Will Oscillate If VIH < v,, or VIL > v, 

Vo Will Be Low If VIL < v, < VIH 

FIGURE 15 - ZERO CROSSING DETECTOR WITH TEMPERATURE SENSOR 
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FIGURE 16 - LSTTL to CMOS INTERFACE WITH HYSTERESIS 

LSTTL Level Shift 

VIL=117V 

VIH = 1 80 V 
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'The same conf,gurat,on may be used wIth an Op Amp 
If the 3 k reSIstor IS removed 
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FIGURE 17 - "NOR" GATE 
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Specifications and Applications 
InforIllation 

OVERVOL TAGE "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. 

The MC3423/3523 is essentially a "two terminal" system, there
fore it can be used with either positive or negative supplies. 

MAXIMUM RATINGS 

Rating Symbol Value 

Differential Power Supply Voltage Vce·VEE 40 

Sense Voltage (11 VSense 1 6.5 

Sense Voltage (21 VSense 2 6.5 

Remote Activation Input Voltage Vact 7.0 

Output Current 10 300 

Operating Ambient Temperature Range TA 
MC3423 o to +70 
MC3523 -55 to +125 

Operating Junction Temperature TJ 
Plastic Package 125 
Ceramic Package 150 

Storage Temperature Range Tstg -65 to +150 

TYPICAL APPLICATION 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mA 

·C 

·C 

oC 

Vout 

Current 
Limited 

DC 
Power 

Supply 

Cout 

NOTE: A 2N6504 or equivalent is suggested for 01. 

01 

6-125 

Current 
Source 

DEVICE 

MC3423P1 

MC3423U 

MC3523U 

MC3423 
MC3523 

OVERVOLTAGE 
SENSING CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

Pl SUFFIX 
PLASTIC PACKAGE 

CASE 626 
(MC3423 only) 

'. 
U SUFFIX 

CERAMIC PACKAGE 
CASE 693 

,~ 
PIN CONNECTIONS 

(top view) 

Indicator 
Output 

Remote 
Activation 

ORDERING INFORMATION 

TEMPERATURE RANGE PACKAGE 

o to t7O·C Plastic DIP 

o to +70·C Ceramic DIP 

-55 to +125·C Ceramic DIP 

II 
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ELECTRICAL CHARACTERISTICS (5 V " VCC -VEE" 36 V, Tlow < TA < Thigh unless otherwise noted.) 

Characteristic 

Supply Voltage Range 

Output Voltage 
(10 = 100 rnA) 

Indicator Output Voltage 
(lO(lnd) = 1.6 rnA) 

Sense Voltage 
(TA = 250 C) 

Temperature Coefficient of VSense 1 
(Figure 2) 

Remote Activation Input Current 
(VIH = 2.0 V, VCC-VEE = 5.0 V) 
(VIL = 0.8 V. VCC-VEE a 5.0 V) 

Source Current 

Output Current Rlsetime 
(TA = 25°C) 

Propagation Delay 
(TA = 25°C) 

Supply Current 
MC3423 
MC3523 

Tlow = -550 C for MC3523 
= OoC for MC3423 

Symbol 

VCC-VEE 

Vo 

VOL(lnd) 

VSense 1, 
VSense 2 
TCVS1 

IIH 
IlL 

Isource 

tr 

tpd 

10 

Min Typ 

4.5 -
VCC-2.2 VCC-1.a 

- 0.1 

2.45 2.6 

- 0.06 

- 5.0 
- -120 

0.1 0.2 

- 400 

- 0.5 

- 6.0 
- 5.0 

Thigh = +1250 C for MC3523 
= +700 C for MC3423 

Max 

40 

-

0.4 

2.75 

-

40 
-180 

0.3 

-

-

10 
7.0 

FIGURE 1 - BLOCK DIAGRAM 

V sense 1 O-II--+-----i 

Vee 

Current 
4 Source 

'----+---+-<J Output 

3 Vsense 2 5 Indicator 
Remote Output 

ActIvation 

FIGURE 2 - SENSE VOLTAGE TEST CIRCUIT 

Switch 1 

(Al._---------2, 
".," 

Vee 

8 
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VSense 1 
VSense 2 

Ramp VI until output goes high; this is 

the VSense threshold. 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

%/uC 

JJA 

rnA 

mA/JJs 

JJS 

rnA 
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Power 
Supply 

Power 
Supply 

FIGURE 3 - BASIC CIRCUIT CONFIGURATION 

-\. :r---1r-----+----~--_._-
I 

F1 

IN4740 
10 V 

R1 

R2 

I 
I 
I 
I 

a1 I 
I 
I 
I 
I 
~ , , 
rs;'. 
I 

(- Sense Lead) I 

To 
Load 

V mp = Vref (1+~) '" 2 6 V (1+~) 

R2" 10 kfi for mInimum droft 

For minimum valua of AG. see Figure 9 

01 IS 2N6504 or equivalent 
·See text for explanation 

FIGURE 4 - CIRCUIT CONFIGURATION FOR SUPPLY VOLTAGE ABOVE 36 V 

MC3523 
MC3423 

(+ Sense 
Lead) 

R1 

8 

'-----,-r---'"- • R2 

r~ad RS = (Vs ~ 10) kn 

Vtrip = Vref (1+~) "" 2 6 V (1+~) 
*R2';; 10 kn 

a1 VS';; 50 V; 2N6504 or equivalent 
VS';; 100 V, 2N6505 or equivalent 
Vs .;; 200 V, 2N6506 or equivalent 
Vs .;; 400 V, 2N6507 or equivalent 
VS';; 600 V; 2N6508 or equivalent 
Vs .;; 800 V, 2N6509 or equivalent 

FIGURE 5 - BASIC CONFIGURATION FOR PROGRAMMABLE DURATION OF 
OVERVOLTAGE CONDITION BEFORE TRIP 
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MC3423, MC3523 

APPLICATIONS IN FORMATION 

BASIC CIRCUIT CONFIGURATION 

The basic circuit configuration of the MC3423/3523 
GVP is shown in Figure 3 for supply voltages from 4.5 V 
to 36 V, and in Figure 4 for trip voltages above 36 V. The 
threshold or trip voltage at which the MC3423/3523 will 
trigger and supply gate drive to the crowbar SCR, Ql, is 
determined by the selection of R 1 and R2. Their values 
can be determined by the equation given in Figures 3 and 
4, or by the graph shown in Figure 8. The minimum value 
of the gate current limiting resistor, RG, is given in 
Figure 9. Using this value of RG, the SCR, Q1, 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, 51, shown in Figure 
3 may be used to reset the 5CR crowbar. Otherwise, the 
power supply, across which the SCR is connected, 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. 

The circuit configurations shown in Figures 3 and 4 
will have a typical propogation delay of 1.0 p.s. If faster 
operation is desired, pin 3 may be connected to pin 2 with 
pin 4 left floating. This will result in decreasing the propo· 
gation delay to approximately 0.5 /l..S at the expense of a 
slightly increased TC for the trip voltage value. 

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 circuit by noise which would not normally harm the 
load, MC3423/3523 has a programmable delay feature. To 
implement this feature, the circuit configuration of Figure 
5 is used. In this configuration, a capacitor is connected 
from pin 3 to VEE. The value of this capacitor determines 
the minimum duration of the overvoltage condition which 
is necessary to trip the OVP. The value of C can be found 

from Figure 10. The circuit operates in the following 
manner: When VCC rises above the trip point set by Rl 
and R2, an internal current source (pin 4) begins charging 
the capacitor, C, connected to pin 3. If the overvoltage 
condition disappears 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. 

Occasionally, it is desired that immediate crowbarring 
of the supply occur when a high overvoltage condition 
occurs, while retaining the false tripping immunity of 
Figure 5. In this case, the circuit of Figure 6 can be used. 
The circuit will operate as previously described for small 
overvoltages, but will immediately trip if the power 
supply voltage exceeds VZl + 1.4 V. 

I 

FIGURE 6 - CONFIGURATION FOR PROGRAMMABLE 
DURATION OF OVERVOL TAGE CONDITION BEFORE 

TRIPIWITH IMMEDIATE TRIP AT 
HIGH OVERVOLTAGES 

(+ Sense + 
Lead) 

r---< 1 

R1 

Z1 ~~ 
2 , 

t01 ~ 

~ R2 MC3523 

Power I 5 
Supply 

4l! 7 

1K 
i'C 

(- Sense Lead) 
-

ADDITIONAL FEATURES 

1. Activation Indication 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 saturated 
state until the SCR crowbar pulls the supply voltage, 
VCC, below 4.5 V as in Figure 5. This output 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 heatsinking reo 
quirements for the crowbar SCR. 

2. Remote Activation Input 

Another feature of the MC3423/3523 is its remote 
activation input, pin 5. If the volage on this CMOS/TTL 
compatible input is held below 0.8 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 overvoltage con· 
dition is present. It should be notf!d that pin 5 has an 
internal pull·up current source. This feature can be 
used to accomplish an orderly and sequenced shut· 
down of system power supplies during a system 
fault condition. 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, as shown in 
Figure 7. In this circuit, the indication output (pin 6) 
of the MC3423 on power supply 1 is used to activate 
the MC3423 associated with power supply 2. Q1 is 
any small PNP with adequate voltage rating. 

6-128 
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FIGURE 7 - CIRCUIT CONFIGURATION FOR 
ACTIVATING ONE MC3523 FROM ANOTHER 

r---------------~--------------------_o+ 

Power 
Supply 

#1 

6 

R1 10 k 

Note that both supplies have their negative output 
leads tied together (i.e., both are positive supplies). If 
their positive leads are common (two negative supplies) 
the emitter of 01 would be moved to the positive lead 
of supply 1 and R 1 would therefore have to be resized 
to deliver the appropriate drive to 01. 

CROWBAR SCR CONSIDERATIONS 

Referring to Figure 11, it can be seen that the crowbar 
SCR, when activated, is subject to a large current surge 
from the output capacitance, Cout 1. This surge current is 
illustrated in Figure 12, and can cause SCR failure or 
degradation by anyone of three mechanisms: di/dt, 
absolute peak surge, or 12t. The interrelationship of these 
failure methods and the breadth of the application make 
specification of the SCR by the semiconductor manu
facturer difficult and expensive. Therefore, the designer 
must empirically determine the SCR and circuit elements 
which result in reliable and effective OVP operation. 
However, an understanding of the factors which influence 
the SCA's di/dt and surge capabilities simplifies this task. 

1. di/dt 

As the gate region of the SeR is driven on, its area 
of conduction takes a finite amount of time to grow, 
starting as a very small region and gradually spreading. 
Since the anode current flows through this turned-on 
gate region, very high current densities can occur in 
the gate region if high anode currents appear quickly 
(di/dt). This can result in immediate destruction of 
the SCR or gradual degradation of its forward blocking 
voltage capabilities - depending on the severity of the 
occasion. 

1Cout consists of the power supply output caps, the 
load's decoupling caps, and in the case of Figure 11A, the 
supply's input filter caps. 
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FIGURE 11 - TYPICAL CROWBAR OVP CIRCUIT 
CONFIGURATIONS 

11B 
Vout 

Reset 

• Needed if supply not current limited 

FIGURE 12 - CROWBAR SCR SURGE CURRENT 
WAVEFORM 

FIGURE 13 - CIRCUIT ELEMENTS AFFECTING 
SCR SURGE & di/dt 

Output 
Cap 

R & L EMPIRICALLY DETERMINEDI 

CROWBAR SCR SELECTION GUIDE 

As an aid in selecting an SCR for crowbar use, the 
following selection guide is presented. 

DEVICE IRMS ITSM PACKAGE 

2N6400 Series 16A 160A T0220 Plastic 
2N6504 Series 25A 160A T0220 Plastic 
2N 1842 Series 16A 125A Metal Stud 
2N2573 Series 25A 260A Metal TO-3 Type 
2N681 Series 25A 200A Metal Stud 
MCR3935·1 Series 35A 350A Metal Stud 
MCR81-5 Series BOA 1000A Metal Stud 

The value of di/dt that an SCR can safely handle is 
influenced by its construction and the characteristics 
of the gate drive signal. A center-gate-fire SCR has 
more di/dt capability than a corner-gate-fire type and 
heavily overdriving (3 to 5 times IGT) the SCR gate 
with a fast « 1 J-Ls) rise time signal will maximize its 
di/dt capability. A typical maximum number in phase 
control SCRs of less than 50 Arms rating might be 
200 A/J-Ls. assuming a gate current of five times IGT 
and < 1 J-LS rise time. If having done this, a di/dt prob
lem is seen to still exist, the designer can also decrease 
the di/dt of the current waveform by adding induc
tance in series with the SCR, as shown in Figure 13. 
Of course, this reduces the circuit's ability to rapidly 
reduce the dc bus voltage and a tradeoff must be made 
between speedy voltage reduction and di/dt . 

2. Surge Current 

If the peak current and/or the duration of the surge 
is excessive, immediate destruction due to device 
overheating will result. The surge capability of the SCR 
is directly proportional to its die area. If the surge 
current cannot be reduced (by adding series resistance 
- see Figure 13) to a safe level which is consistent with 
the system's requirements for speedy bus voltage 
reduction, the designer must use a higher current SCR. 
This may result in the average current capability of 
the SCR exceeding the steady state current require
ments imposed by the dc power supply. 

A WORD ABOUT FUSING 

Before leaving the subject of the crowbar SCR, a few 
words about fuse protection are in order. Refering back to 
Figure 11 A, it will be seen that a fuse is necessary if the 
power supply to be protected is not output current limi
ted. This fuse is not meant to prevent SCR failure but 
rather to prevent a fire! 

In order to protect the SCR, the fuse would have to 
possess an 12t rating less than that of the SCR and yet 
have a high enough continuous current rating to survive 
normal supply output currents. In addition, it must be 
capable of successfully clearing the high short circuit 
currents from the supply. Such a fuse as this is qu ite 
expensive, and may not even be available. 

The usual design compromise then is to use a garden 
variety fuse (3AG or 3AB style) which cannot be relied on 
to blow before the thyristor does. and trust that if the 
SCR does fail. it will fail short circuit. In the majority of 
the designs, this will be the case. though this is difficult to 
guarantee. Of course. a sufficiently high surge will cause 
an open. These comments also apply to the fuse in Figure 
11B. 
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ORDERING INFORMATION 

Device 

MC3456L 
MC3456P 
MC3556L 

Alternate 

NE556A 

Temperature 
Range 

DOC to +7DoC 
DOC to +7DoC 

-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 resistors 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 - 22-8ECOND SOLID·STATE TIME DELAY RELAY CIRCUIT 

10 k 

o 01IJ.F 

t = 1 1. R.C = 22 S 

Time delay tt) IS vartable 
by changtng Rand C (See 
Flgurel6) 

40A (RMSI 

FIGURE 2 - BLOCK DIAGRAM (1/2 SHOWN) 

VCC 
14 

2 (12) 5k 

Threshold ....q.--+-~ 

Control ....q._-+--~ 
Voltage 

3 (11) 5k 

Trogger ~--t--I 

6 (8) 5k 

Gnd 

MTTL is a Trademark of Motorola Inc. 

Discharge 

Output 
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MC3456 
MC3556 

DUAL 

TIMING CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 

CASE 632-02 ~ 
CERAMIC PACKAGE. 

TO'" I.~rmm 

Discharge A VCC 

Threshold A Discharge B 

Control A Threshold B 

Reset A ControlB 

Output A Reset B 

Trogger A Output B 

Gnd Trogger B 

(top view) 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 
(MC34560 nlv) 

• 
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 (TA = +250 C unless otherwise noted.} 

Ratmg Symbol Value Unit 

Power Supply Voltage VCC +18 Vdc 

Discharge Current Idis 200 mA 

Power DIsSipation (Package Po 

Limitation) 

Ceramic Dual-In-Line Package 1000 mW 

Derate above T A = +250 C 6.6 mW/oC 

Plastic Dual I n·Llne Package 625 mW 

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

Operating Ambient Temperature TA °c 
Range MC3556 -55 to +125 

MC3456 o to +70 

Storage Temperature Range T stg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (T A = +250 e. Vee = +50 VIa +15 V unless otherWISe noted ) 

Characteristics Symbol 

Supplv Voltage Vee 
[SupplV Current (Per timer. double for both halls) ICC 

Vee = 50 V. Al = 00 

Vee = 15V, Al =00 

low State. INote 11 

Timing Error (Note 21 

Monostable Mode 
AA = 20 kn to 100 kn 
Initial Accuracy C = 0 1 ",F 

Dnft with Temperature 
Dnft with Supply Voltage 

Astable Mode 
AA = AS = 20 kn to 100 k!! 
e = 001 jJF 
Initial Accuracv 
Drift with Temperatufll~ 
Dnft with Supply Voltage 

nreshold Voltage Vth 
Trlgoer Voltage VT 

Vee = 15 V 
Vee' 50V 

Tugger Current 'T 
Aeset Voltage VA 

Reset Current IR 

nr.shold eurrenl INote 3) I h 
Control Voltlge Level Vel 

Vee- 15V 
Vee- 5OV 

Output Voltlge Low VOL 
1Vee - 15 V) 
I"nk - 10 mA 
'link - 50 mA 
Ilink - 100 rnA 
'"nk - 200 mA 
(Vee - 5 0 V) 
'lInk-SOmA 
I "nl - SOmA 

Output Voltlgo HlQh VOH 
(loou,c. - 200 mAl 
Vee- 15V 
(loource - 100 rnA) 
Vee -15V 
Vee - 50 V 

Toggle Alt. (Figures 17, 19) 
AA • 3 3 kO, AB • 6 8 kn. e • 0 003,.F 

Discharge Lea kege Current 

R". IOLH 
Fill Time of Outout 'OHL 
Mltchtng CharacteristiCS Bet'Mten Sections 

IMonostablel 
Inltl.1 Timing Accuracy 
Timing Drift with Temperature 
Onlt with SupplV Voltage 

FIGURE 3 - GENERAL TEST CIRCUIT 

Test Circuit for MeaSUring de Parameters 
(to set output tmd m~asur. parameters) 

• When Vs ~ 2/3 Vee Vo 15 low 
b When Vs ~ 1/3 Vee- Vo IS '''lIgh 

Mon 

45 

48 
145 

04 

96 
29 

13 
30 

c When Vo IS low, pin 7 sinks current To test for Reset 
set Vo high, .;.tpply Fleset voltage, and fest for current 

flowIng Into discharge pm When Reset IS not In use It 

should be tied to Vee 

Me3556 MC3456 

Tvp MIX Mon Typ M .. 

18 45 16 

30 50 30 60 
10 12 10 15 

05 15 075 
30 100 50 

o IS 02 01 

15 225 
90 150 

015 03 

2/3 ':!/3 

50 52 50 
167 19 167 

05 05 

07 10 04. 07 10 

01 01 

003 01 003 01 

10 104 90 10 II 
333 38 26 333 40 

01 015 01 025 
04 05 04 075 
20 225 20 27S 
25 25 

01 025 
025 035 

125 125 

133 1275 133 
33 275 33 

100 100 

20 100 20 100 

100 100 

100 100 

05 10 10 20 
:t10 tl0 
01 02 02 05 

NOTES 1 Supply current when output IS high IS typically 20 rnA less 3 ThIS Will determine the maximum value of RA + RS for 
2 Tested at Vee = 50 V and Vee = 15 V 15 V operation The maXimum Iota' A = 20 megohms 
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Unit 

V 

rnA 

% 
PPMl"e 
%/Volt 

% 
PPM/oe 
%/Volt 

-Va: 
V 

jJA 

V 

mA 

jJA 

V 

V 

V 

kHz 

nA 

% 
ppm/oe 

%/V 



MC3456, MC3556 

FIGURE 4 - TRIGGER PULSE WIDTH 
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FIGURE 7 - LOWOUTPUT VOLTAGE 
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FIGURE 10 - DELAY TIME 
versus SUPPLY VOLTAGE 
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TYPICAL CHARACTERISTICS 
(T A = +250 e unless otherwise noted) 

FIGuhE 5 - SUPPLY CURRENT 
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FIGURE B - LOW OUTPUT VOLTAGE 
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FIGURE 11- DELAY TIME 
versus TEMPERATURE 
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FIGURE 6 - HIGH OUTPUT VOLTAGE 
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versus TRIGGER VOLTAGE 

300 .----.,--..---,--r---,--....... ..,....--, 

O~-L_L--L_L--L~~-L~ 
o 01 02 03 04 

VT(mtn). MINIMUM TRIGGER VOLTAGE 
IX Vee = Vdc) 

II 



• 

MC3456, MC3556 

Control Voltage r ~~R~~;C"o - -- - jr TRIGGER II-FLIP-FLoP -''C)UTPUT, 
I COMPARATOR II COMPTR II I 

FIGURE 13 - 1/2 REPRESENTATIVE 
CIRCUIT SCHEMATIC 

VCC 

Threshold 

Reset 

Discharge 

GND 

II 

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. I nternal to the Integrated circuit are two 
comparators, one for the input signal and the other for capacitor 
voltage; also a fllp·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 

In the monostable mode, a capacitor and a smgle 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 VCC 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 15 set by the RC time constant. When the 
capacitor voltage reaches 2/3 VCC the threshold comparator resets 
the fllp·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 until 
the present timing period has been completed. The time that the 
output is high is given by the equation t = 1.1 RA C. Various 
combinations of Rand C and their assocl3ted times are shown in 
Figure 16. The trigger pulse width must be less than the timing 
period. 

6-134 

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 remam the same. The reset pin should be tied to the supply 
voltage when not in use. 

I 
I 
I 
I 
I 

=.:RL 

FIGURE 14 - MONOSTABLE CIRCUIT 

+VCC (5 to 15 V) 

5 (9) 

Reset 
4 (10) 

Output 

6 (8) 

Trigger 

1/2 MC3556 
1/2 MC3456 

Vcc 
14 

Discharge 
1 (13) 

Control 

Gnd 0 01 j.lF I Voltage 



MC3456, MC3556 

GENERAL OPERATION (continued) 

FIGURE 15 - MONOSTABLE WAVEFORMS 

I nput Va Itage 5 0 V fun 

C"p"c'tor Vol,,,ge 5 0 V fcm 

t = 50 J's/cm 
(RA = 10 kil. e = 0.Q1 J'F. RL = 1.0 kil • Vee = 15 V) 

FIGURE 16 - TIME OELAY 

lOa 

/ / / / 

10 / / / j .... 

/ / / L L 
"-

"" I a u 
z 
~ 
U 
~ a I 
5 
u-

001 

1/ / / / / 

~ ?L 'Z ~ ~"y ,"l- f-- ~"I- $:)"1- -, r-,<:S 

/ ) ~ L L 
/ / / / / 

/ ~ / / / 
/ V / / 

0001 / / / / 
10~s 100~s lams lams lOOms 10 10 

td, TIME DElA~ (s) 

Astable Mode 

In the astable mode the timer IS connected so that It will 
retngger Itself and cause the capacitor voltage to oscillate between 
113 Vee and 2/3 Vee. See Figure 17. 

The external capacitor charges to 2/3 Vee through RA and RS 
and discharges to 1/3 Vee 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 tl = 0.695 (RA +RS) e 

The discharge time (output low) by t2 = 0.695 (RS) e 

Thusthe total penod IS given by: T = tl + t2 = 0.695 (RA+2RS) e 

The frequency of oscillation IS then: f = !. = 1.44 
T (RA+2RS) e 

and may be easily found as shown In Figure 19. 
RS 

The duty cycle IS given by: De = ---
RA+ 2R S 

To obtam 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) wlthm the maximum rating of the discharge 
tranSistor (200 mA)' 

The minimum value of RA is given by: 
:;:;" Vee (Vdcl :;:;" Vee (Vdc) 

RA"'-~ ".- -0-.2--

lOa 

FIGURE 17 - ASTABLE CIRCUIT 

+VCC(5 to 15 V) 

4 (10) 
Reset 

14 
Vec 

..--...1.----'--'1 (13) 

1/2 MC3556 

1/2 MC3456 

DIscharge 

2(12) 
Threshold 

Ra 

~---t-G-nd-------I-=-f---' r 
FIGURE 18 - ASTABLE WAVEFORMS 
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FIGURE 19 - FREE·RUNNING FREQUENCY 
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APPLICATIONS INFORMATION 

TONE BURST GENERATOR DUAL ASTABLE MULTIVIBRATOR 

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 is 
enabled by the high output of the monostable. It is con
nected as an astable and determines the frequency of 
the tone. 

This dual astable multivi 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. 

A1 

C1 

FIGURE 20 - TONE BURST GENERATOR 

r---------~----~--------------------~~----------------_.----_O+15V 

Trigger 

Reset 

4 

Trigger o---~--<)-.-..I 
6 

1 1/2 MC3556 
Discharge 

Thres-

14 VCC 

13 Discharge 
5 Output 

Reset 10 12 Threshold 
1/2 MC3556 

3 ,8 Trigger 

Control 

C1. hold C2 

~-----------+-----------+--4---------~~--------~------~-----nGnd 

f g 1.44 
(RA + 2RS) C 

FIGURE 21 - DUAL ASTABLE MUlTIVIBRATOR 

Reset 4 14 + 
Thresh- 10 k 1N914 1N914 10 k 10 Reset 

old Thresh-
2 5 9 old 

Output Output 
1/2 MC3556 1/2 MC3556 

6 8 

Trigger Trigger Discharge 

Control Control 
11 Voltage Voltage Gnd 

Output 

'I' 
I 
I 

'i' 
I 
I 
I 

f - (A~·~~2) C for C1 - C2 Duty Cycle R 1R/R2 
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APPLICATIONS INFORMATION (continued I 

Pulse Width Modulation 

If the timer is triggered with a continuous pulse tram m the 
monostable mode of operation, the charge time of the capacltpr 
can be vaned by changing the control voltage at pin 3. In this 
manner, the output pulse width can be modulated by applYing 
a modulatmg SIgnal that controls the threshold voltage. 

FIGURE 22 

+VCC(5to15V) 

RL 

41 "'F Reset VCC 14 
RA 

Output DIscharge - ,... 
utput 5(9) 1 (13) 

± 1/2-MC3556 Threshold 
1/2-MC3456 

2(12) 
Trigger Control 

o 
c 

c lock 6(8) 3(11) Modulatlo 

Input 
Gnd ( ) 7 

Input 

-'-

FIGURE 23 - PULSE WIDTH MODULATION WAVEFORMS 
(RA = 10 kn, e = 0.02IlF, Vee = 15 VI 

Mortilliition Input Vo;(uge 50 V ICIll 

t = a 5 mslcm 

Test Sequences 

Several tImers can be connected to drive each other for sequen· 
tlal timing. An example is shown in Figure 24 where the sequence 
IS started by tnggermg the first tImer which runs for 10 ms. The 
output then SWItches low momentarily and starts the second tImer 
whIch runs for 50 m5 and 50 forth. 

FIGURE 24 

Vcc (5 to 15 V) 

91 k 27 k 9.1 k 27 k 50 k 

VCC Reset VCC Reset VCC ) Reset 
Thresh- Thresh- Thresh-

old o 01IJF old O.OlIJF old O_Olll 

........0--

ti~ ~ ~I~ .--0- ~~I Dls-
1/2-MC3556 ~ 1/2-MC3556 ~ 1/2-MC3556 -=-
1/2 MC3456 1I2-MC3456 1/2-MC3456 

Output Trigger Output 
If 

Trogger Output 

~ 1\ r--o--
Dls- o 0011lF O_OOlIJF 

charge 
Trogger Gnd Gnd Gnd 

1'0" 
-=-

ro"' 
0:!:- r°" -Load Load Load 
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PHASE-LOCKED LOOP 

The NE565N 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 - 100 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%. 

NE565N 

PHASE-LOCKED LOOP 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

~ NSUFFIX 1~m~ U ~ ~ Pla~tic Package 

VCO 
Output 

Ph ... 
Comparator 5 
VCO Input 

Reference 
Output 

VCO 

Voltage 

1 CASE 646 

NC 

NC 

NC 

+VCC 

External 
Cfo' VCO 

External 
R fo, VCO 

FIGURE 1 - REPRESENTATIVE CIRCUIT SCHEMATIC 
Phase Comparator 

5 

200 

6 Reference 
Output 

C~~~OI 7 
Voltage 
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8 9 
RO Co 

10 4 
+VCC VCO output 

4.3 k 

200 



NE565N 

MAXIMUM RATINGS 

Rating Symbol Value Unit 

Power Supply Voltage Vcc ±12 Vdc 

Power Dissipation (Package Limitation) Po 8.25 mW 

Derate above 25°C 6.6 mW/oC 

Operating Ambient Temperature Range TA o to +70 °c 

Storage Temperature Range Tstg -65 to +150 °c 

ELECTRICAL CHARACTERISTICS (Test Circuit Figure 2 T A" 25°C VCC = +60 Vdc unless otherwise noted) -
Characteristic Min Typ Max 

Power Supply Current - 80 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 = 27 pF 

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 Tune 

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) 
1V7-V6/ 

Temperature Drift of 1V7-V6/ 

AM Rejection 

Phase Detector Sensitivity KD 

0---1 1.c5~F 

ncv 
Input 

(Freque 
Modul 

Signa 
ated 
I) 

-6.0 V ~ 

600 

600 -4:- 1 

2 

3 

4 

5 

~ r 
~ 

NE565N 

499 k 

- 200 -
20 24 30 

- 05 -
47 5.4 -

- 50 -

40 50 60 

- 20 -
- 50 -

06 10 -

- 6600 -
200 300 -

- 02 15 

- 3.5 -
4.0 4.5 5.0 

- 50 200 

- 500 -
- 40 -
- 068 -

FIGURE 2 - TEST CIRCUIT SCHEMATIC 
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Unit 

mA 

kn 

mVrms 

kHz 

ppm/oC 

ppm/% 

Vp·p 

% 

Vp-p 

kn 

% 

ns 

ns 

mA 

HzlV 
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% 

kn 

V 

mV 
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dB 
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Wave 
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FIGURE 3 - POWER SUPPLY CHARACTERISTICS 
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FIGURE 5 - LOCK RANGE versus INPUT VOLTAGE 
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FIGURE 4 - VCO CONVERSION GAIN 
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NE565N 

GENERAL APPLICATIONS INFORMATION 

The following formulas are useful when designing with the 
NE565N: 

1. Center Frequency - f "" 1 
o 3.7 ROCO 

Where: to is the frequency of the VCO without input 
signal. For RO. Co circuit location see Figure 2. 

2. Loop Gain - KOKOA 

Oefinitions: 
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) 

4.12 x 104 = 6600 HzlVolt 
KO '" 2 7T radians 

KO -Phase Oetector Gain Factor - the conversion 
factor between the phase detector output voltage 
and the phase difference between input and 
VCO signals. Units are in volts/radian. 

8.leA 
KO = VCC 

Where: 

Hence: 

A = f(R6 to R7) 

KO = ~ [f(R6·Rll] 
VCC 

Where: VCC is total system supply voltage. 
f(R6·R7) is internal amplifier gam (See Fig
ure 9). VCC - total supply voltage to the circuit. 

3. Lock Range - fL = ± 8fo 
VCC 

Where: fL is the range of frequencies in the area 
of to over which the VCO. once locked to the 
input signal. will remain locked. 

1 ft¥rrfL" 4. Capture Range - fc "" ± - ---
27T T 

Where: fc is that range of frequencies around 
fa over which the loop will acqUire lock with an 
input signal initially starting out of lock. 

(T = Time Constant at Pin 7) 

FIGURE 9 - INTERNAL AMPLIFIER GAIN CHARACTERISTICS 
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DIFFERENTIAL TWO-STAGE VIDEO AMPLIFIER 

The SE/N E592 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 so 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. 

• 90 MHz Bandwidth 

• Adjustable Gains From 0 to 400 

• Adjustable Pass Band 

• No Frequency Compensation Required 

CIRCUIT SCHEMATIC 

VCC 

Input 2 Output 1 

Output 2 
Input 1 

Gl-A 

G1a 

50 50 

G2A 

G2a 

400 

14 

NE592 
SE592 

VIDEO AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

K SUFFIX 
METAL PACKAGE 

G 1 a Gain Select 

(top view) 

CASE 603 

Pm 5 connected to case 

!ii~\_ ·1 -
1 

... 
F SUFFIX 

CERAMIC PACKAGE 

CASE 632 

N SUFFIX 
PLASTIC PACKAGE 

CASE 646 

Input 2 1 

G2a 
Gam 3 

Select 

G1a 
Gam 4 

Select 

Output 7 
2 

(top vIew) 

ORDERING INFORMATION 

Temperature 
Device Range 

NE592N o to 70°C 

NE592K o to 70°C 

NE592F o to 70°C 

SE592K -55 to +1250 C 

SE592F -55 to +1250 C 

G2A 
Gam 
Select 

G1A 
Gam 
Select 

VCC 

Output 

Package 

Plastic DIP 

Metal Can 

Ceramic DIP 

Metal Can 

Ceramic DIP 



N E592, SE592 

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

Rating Symbol Value Unit 

Power Supply Voltage VCC ,+80 Volts 
VEE -8.0 

Differential I nput Voltages VID ±5.0 Volts 

Common-Mode Input Voltage VIC .±60 Volts 

Output Current 10 10 mA 

Operatmg Ambient Temperature Range TA 
SE592 -55 to +125 °c 
NE592 o to +70 

Operating Junction Temperature Range TJ °c 
Metal and Ceramic Packages 175 
Plastic Package 150 

Storage Temperatur~ Range T stg °c 
Metal and Ceramic Packagee -65 to +150 
Plastic Package -55 to +125 

ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise noted. (VCC = +6.0 V, VEE = -6,0 V, VCM = 0) 

Characteristic Symbol 

Differential Voltage Gam - Figure 3 AVd 
(RL = 2 kn, eout = 3 Vp-p) 

(Gam 1, Note 1) 
(Gam 2, Note 2) 

Bandwidth - Figure 3 BW 

(Gam 1, Note 1) 
(Gain 1, Note 2) 

Rise Time - Figure 3 
(Gam 1, eout = 1 Vp-p, Note 1) tTLH 
(Gam 2, eout = 1 Vp·p, Note 2) tTHL 

Propagation Delay - Figure 3 
(Gam 1, eout = 1 Vp-p, Note 1) tpLH 
(Gain 2, eout = 1 Vp-p, Note 2) tpHL 

Input Resistance Rm 
(Gam 1, Note 1) 
(Gam 2, Note 2) 

I nput Capacitance 
(Gam 2, Note 2) Cm 

Input Offset Current (Gain 3, Note 3) - Fig. 2 110 

Input Bias Current (Gain 3, Note 3)- Fig. 2 liB 
Input Noise Voltage (Gain 1 and Gam 2) Vn 

(BW = 1 kHz to 10 MHz) - Figure 1 

Input Voltage Range (Gain 2, Note 2)- Fig. 3 Vm 

Common-Mode Relectlon Ratio - Figure 3 CMRR 
(Gam 2, VCM = .± 1 V, f"';; 100 kHz) 
(Gam 2, VCM =.±1 V, f = 5 MHz) 

Supply Voltage Rejection Ratio - Figure 2 PSRR 
(Gain 2, A Vs =.to 5 V) 

Output Offset Voltage - Figure 2 VOO 
(Gain 3, RL = 00 , Note 3) 

Output Common-Made Voltage - Figure 2 VCMO 
(RL = 00, Gain 3, Note 3) 

Output Voltage Swmg - Figure 3 Vo 
(RL = 2k, Gain 2, Note 2) 

Output Resistance ro 

Power Supply Current - Figure 2 10 
(RL = 00, Gain 2, Note 2) 

Note 1. Gam select pms G lA and G 1 B connected together. 

Note 2. Gam select pins G2A and G2B connected together. 

Note 3 .. All gain select pins open. 

Min 

300 
90 

-
-

-
-

-
-

-

20 

-

-

-

-

.±10 

60 
-

50 

-

24 

3.0 

-

-

SE592 NE592 

Typ Max Mm Typ , Max 

400 500 250 400 600 
100 110 80 100 120 

40 - - 40 -
90 - - 90 -

105 - - 105 -
45 10 - 45 12 

75 - - 75 -

60 10 - 60 10 

40 - - 40 -
30 - 10 30 -

20 - - 20 -

04 30 - 04 50 

90 20 - 90 30 

12 - - 12 -

- - .±10 - -

86 - 60 86 -
60 - - 60 -

70 - 50 70 -

035 0.75 - 035 0.75 

29 34 24 2.9 34 

40 - 3.0 40 -
20 - - 20 -

18 24 - 18 24 

Units 

V/V 

MHz 

ns 

ns 

kn 

pF • !J.A 

!J.A 

!J.V(rms) 

V 

dB 

dB 

V 

V 

Vp·p 

n 

mA 
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NE592, SE592 

ELECTRICAL CHARACTERISTICS TA = Thigh to Tlow unless otherwise noted.* (VCC = +6.0 Vdc. VEE = -6.0 Vdc. VCM = 0) 

Charactenstic 

Differential Voltage Gain - Figure 3 
(RL = 2 kn, eout = 3 Vp·p) 

(Gam 1, Note 1 ) 
(Gain 2, Note 2) 

Input Resistance (Gam 2) 

Input Offset Current (Gain 3) - Figure 2 

Input Bias Current (Gain 3) - Figure 2 

Input Voltage Range (Gam 2) - Figure 3 

Common·Mode Rejection Ratio - Figure 3 
(Gam 2, VCM = ±1 V, f';; 100 kHz) 

Supply Voltage Rejection Ratio- Figure 2 
(Gain 2, t::. Vs = ±0.5 V) 

Output Offset Voltage (Gain 3) - FIQure 2 

Output Voltage SWing (Gam 2) - Figure 3 

Power Supply Current (Gam 2) - Figure 2 

*Tlow = DoC for NE592. -5SoC for SE592 
Thigh = +70oC for NE592. +1250 C for SE592 

SE592 
Symbol Min Typ 

AVd 

200 -
80 -

RIO 8.0 -
1110 1 - -
lIB - -
V ln ±1.0 -

CMRR 50 -

PSRR 50 -

VOO - -
Vo 2.5 -
10 - -

GENERAL TEST CIRCUITS 
FIGURE 1 

r 6.0 V Battery 

51 51 

6.0 V Battery 

FIGURE 2 

51 51 

6-144 

NE592 
Max Min Typ Max Units 

V/V 

600 250 - 600 
120 80 - 120 

- 8.0 - - kn 

5.0 - - 6.0 /lA 

40 - - 40 /lA 

- ±1.0 - - V 

- 50 - - dB 

- 50 - - dB 

1.2 - - 1.5 V 

- 2.5 - - Vpop 

27 - - 27 mA 

FIGURE 3 

1 k 1 k 



N E592, SE592 

525 

450 

375 
z 
:;;: 
~ 300 
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4: 
~ 225 
> 

150 
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o 

FIGURE 4 - GAIN 1 versus FREQUENCY 
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FIGURE 6 - OUTPUT VOLTAGE SWING AS A 
FUNCTION OF FREQUENCY 
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FIGURE 5 - GAIN 2 versus FREQUENCY 
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FIGURE 7 - OUTPUT VOLTAGE SWING AS A FUNCTION 
OF LOAD RESISTANCE 

70 

60 
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T A = 2SoC 
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~ 
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FIGURE 8 - VOLTAGE GAIN AS A FUNCTION OF 
Radj RESISTANCE 
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c 

0.01 
1.0 

-r-~ 

10 
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~ 
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NE592, SE592 

I 
I 
I 

AMPLITUDE. 1-10 mV p.p I 
FREQUENCY' 1-4 MHz I 

I 

READ HEAD' 

+6.0 V 

-6.0 V 

47 pF 

FIGURE 9·- DISK/TAPE PHASE MODULATED 
READBACK SYSTEMS 

+6.0 V 

-6.0 V 

+5.0 V 

4 8 - - --, 

Q 

01 F FE RENTIATOR/AMPLIF I ER ZERO CROSSING DETECTOR 

FIGURE 10 - DIFFERENTIATION WITH HIGH COMMON 
MODE NOISE REJECTION 

+6.0 V 

02 f.lF 

'1= 
-6.0 V 

FOR FREQUENCY f1 «1/2 7T (32) C 

va ., 1 4 x 1 04C ~ 
dt 

FIGURE 11 - FILTER NETWORKS 

BASIC CONF IGUAATION 

Vo (s) _ 1.4 x 104 

v,TsT = Z(s) + 2re 

_ 1.4x 104 

= Z(s) + 32 

6-146 

~ LowP.s, 

~c~ H'OMPass 

In t". networks above the A value used II assumed 

to Include 2'e or apprOlomateiv 30 Ohm. 

'010 esl TRANSFER 
.... , (,I FUNCTION 

, 4 X 104 [ , ] 
-c- s;-A"'iL 

'4 X 10
4 

[ • ] 
-A ~ 

'4 X 104 
-A~ 

[ ,2 ... AIL:'" 1/LC] 

[ 
,2. 1/CC ] 

,2 + l/LC .s/RC 





II 

. BUS INTERFACE . 

Microprocessor Bus 
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. 

General features include: 

• Single +5.0 V Power Supply Requirement 
• Three-State Logic Output 
• Low Input Loading - 200 JiA Max. 

DATA BUS EXTENDERS 

Quad, Bidirectional, with 3-State Outputs 

MC6880A/MC8T26A# - Inverting 

Rece,ver 
Output 2 , 

Driver 
\nplJ.t 4 , 

Aece,"e' 
Output 5 

2 

Driver 
Input 7 

2 

Device 
Number 

MC6880A/MC8T26A 
MC6889/MC8T28 

14 Rece,ver 
Output 

4 

Rece,,,er 
1\ Output 

J 

Input Current 

IIH IlL 
IJAMax IJAMax 

25 -200 
25 -200 

#These devices may be 
ordered by either of 
the paired numbers 

Both types 
T A = 0 to 75 0 C 

Packages' 
L Suffl)( - Case 620 
P SuffiX - Case 648 

10HL 
Output Disabled 

MC6889/MC8T28# - Non-inverting 

A.celver 
Output 2 , 

DrIVer 
Input 4 , 

Aece,ver 
Output 5 

2 

Driver 
Input 7 

2 

14 Receiver 
Output 

4 

Rece'ver 
'1 Output 

J 

tPLH, tpHL 
Propagation Delay Time - High to Low or 

Leakage Current - High Logic State Low to High 
IJAMax nsMax 

100 14 
100 17 

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. 

Al 

A3 

A2 

Select 
(lor 2) 

Control 
(Direction) 

Enable 
B 

Gnd 

VOL 
@IOL-8.0mA 

Volts Max 

0.5 

Vcc 

C1 

C3 

C2 

82 

83 

100 IlL 
@VO"'2.7V @VIL=O.4V 

IJAMax IJAMax 

25 -200 

#Thls device may be 
ordered by either of 
the numbers. 

Both types: 
TA = 0 to 700 C 

Packages: 
L SuffiX - Case 620 
P SuffiX - Case 648 

Xl 

X2 

Ext in 

4 X fo 

2 x fa 
Memory 

Ready 
Bus (/>2 

VCC 

MPU (/>1 

Reset 

MPU (/>2 

System Reset 

DMA/Ref Grant 

DMA/Ref Req 

Gnd Memory Ciock 

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 

IJAMax 
0 1 1 3_1 

40 
1 X X High Impedance 

X - Don't Care 

7-2 



Microprocessor Bus (continued) 

ADDRESS AND CONTROL BUS EXTENDERS 
Octal, Buffer/Latch Unidirectional with 3·State Outputs 

MC6BB2A/MC34B2A# - Inverting #The.e device. may be MC6BB2B/MC34B2B# - Non·inverting 

Gnd 

Output 
Enable Latch Input 

0 1 0 

0 1 1 

0 0 X 

1 X X 

Device 
Number 

MC6882A/MC3482A 
MC6882B/MC3482B 

Vcc 

Out B 

In B 

In 7 

Out 7 

Out 6 

In 6 

In 5 

Out 5 

Output 
1 

0 

00 

z 

ordered by either of 
the paired numbers. 

All types: 
TA· 0 to 7SoC 

Packages: 
L Suffix - Case 732 
P Suffix - Case 738 

VOL VOH 

Output 
Enaili8 Latch 

0 1 

0 1 

0 0 

1 X 

lOS @IOL=48mA @ 10H = -5.2 mA 
mATyp 

Volts Max Volts Min 

0.5 2.4 -80 
05 2.4 -80 

Hex, Unidirectional, with 3·State Outputs 

Out B 

In B 

In 7 

Out 7 

Out 6 

In 6 

In 5 

Out 5 

Input Output 
0 0 

1 1 

X 00 

X Z 

tPHL 
nsTyp 

B.O 
10 

MC6BB5/MCBT95# - Non·inverting MC6BB7 /MCBT97 # - Non-Inverting 
MC6BB6/MCBT96#- Inverting MC6BBB/MCBT98# - Inverting 

Two-input Enable controls all six buffers. Two Enable inputs, one controlling four buffers 
and the other controlling the remaining two 

Input F 

Output F 

Input e 

buffers. 

All four types: 
TA = 0 to 7SoC 

Packages: 
L SuffiX - Case 620 
P SuffiX - Case 648 

·Add inverter for MC6886/MC8T96. 

VOL 
@IOL-48mA 

Volts Max 

0.5 

VOH 
• 10H .. -5.2 mA 

Volts Min 

2.4 

lOS 
mATyp 

-80 

vee 

Input F 

Output F 

Input E 

·Add Inverter for MC6888/MC8T98. 

tPLH 
ns Typ 

6.0 

tP(Enable) 
nsTyp 

" 

• 
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BUS INTERFACE (continued) 

Minicomputer Bus Transceivers and receivers for bus organized minicomputers employing 
120·ohm terminated lines. 

+5.0 V +5.0 V 

'". L ". n D," Boo ,d 
3O·r~~~'3~1 

To Computer or Peropherals 

HEX RECEIVERS 

MC3437 - Hysteresis·equipped for improved noise 
immunity. OS8837 equivalent. 

IUR) tpLH(R) 
@VUR)=4.0V Hysteresis @CL=15pF 

IJAMax Volts Min "sMax 

50 05 30 

7-4 

All three devices' 
TA = 0 to 700 C 

Packages: 

MC3437 
MC3438 OS8641 
L Suffix - Case 620 - J Suffix 
P Suffix - Case 648 - N Suffix 

QUAD TRANSCEIVERS 

OS8641·MC3438 
Open collector driver outputs allow 
wire·OR connection. MC3438 has 

hysteresis·equipped receiver for improved 
noise immunity (not available with OS8641). 
MC3438 is equivalent to the OS8838. 

Receiver VL(BUS) IBUS tpLH(O) tPLH(R) 
Hysteresis @IBUS= @VIH(BUS)· @CL= @CL-

Volts 50mA 4.0V 15 pF 15 pF 

Min Volts Max IJAMax nsMax nsMax 

025· 07 100 25 30 

·MC3438onlv. 



BUS INTERFACE (continued) 

Computer Bus 
NEW IBM 360/370 I/O INTERFACE 

Line Receivers and Drivers designed to operate compatibly. The MC75125/MC75127 Seven-Channel 
Receivers, MC75128/MC75129 Eight-Channel Receivers, and the MC3481/MC3485 Drivers meet the new 
IBM System 360/370 I/O standard requirements. 

MC75125 

1A 16 

2A 15 

3A 14 

4A 4 13 

5A 5 12 

6A 11 

7A 10 

Gnd 8 

LogIc: Y = A 

SEVEN·CHANNEL LINE RECEIVERS 

1Y 

Vee 

3Y 

4Y 

5Y 

6Y 

7Y 

2Y 

All types: 
TA = Oto 700 C 

Packages: 
L Suffix - Case 620 
P Suffix - Case 648 

1A 

2A 

3A 

4A 

5A 

6A 

7A 

Gnd 

EIGHT-CHANNEL LINE RECEIVERS 
(To be introdu'ced) 

MC75127 - Standard VCC 
and Ground Pinouts. 

16 

15 

14 

4 13 

12 

6 11 

10 

8 9 

LogIc' Y = A 

MC75128 - Active-High Strobe MC75129 - Active-Low Strobe 

15 20 vcc 
1A 2 19 1Y 

2A 3 18 2Y 

3A 4 17 3Y 

4A 5 4Y 

5A 15 5Y 

6A 14 6Y 

7A 8 13 7Y 

8A 12 8Y 

Gnd 10 11 25 

Input 
Device Resistance 

Number kn 
Min/Max 

~C75125175127 7.4/20 

MC75128176129 7.4/20 

Packages: 
L Suffix - Case 732 
P Suffix - Case 738 

positive logic: Y = A5 

IIH(R) 

15 

1A 

2A 

3A 

4A 

5A 

6A 

7A 

8A 

Gnd 

@VIH = 3.11 V 
mAMax 

0,42 

0.42 

3 

4 

5 

6 

8 

10 

20 vec 
19 1Y 

18 2Y 

17 3Y 

16 4Y 

15 5Y 

14 6Y 

13 7Y 

12 8Y 

11 25 

tpLH 
@CL=50pF 

ns Max 

25 

25 

Vee 

1Y 

2Y 

3Y 

4Y 

5Y 

6Y 

7Y 

• 
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BUS INTERFACE (continued) 

New IBM 360/370 I/O Interface (continued) 

QUAD LINE DRIVERS 
(To be introduced) 

Driver 
Output A 

Fault Flag A 

Input B 

MC3481 - Open emitter driver 
with individual fault flags. 

VCC 

Output D 

Fault Flag D 

Input D 

Enable CD 

Both types: 

MC3485 - Open emitter driver 
with combined open collector 
fault flag and inverted outputs. 

TA = 0 to 700 C 
Driver Output A 1 VCC 

DrIver Output A 2 Driver Output D 

Driver Output D 

Enable ABCD 4 t--t-t-t-t--' Input D 

Fault Flag 

Packages: (Open Collector) 

Fault Flag B Input C L SuffIX - Case 620 
P Suffix - Case 648 

Driver 
Output B 

Driver 

Output B 

Input C 

Fault Flag C Driver Output C 

Gnd 9 Driver Output C 

Device VOH lOS· tPLH 

Number 
@ 10H = -59.3 mA @VO=O @CL = 100 pF 

Volts Max. mAMax ns Typ 

MC3481/3485 3.11 0.0 25 

• Fault Protection 

GENERAL·PURPOSE I/O INTERFACE 
Line drivers and receivers designed to operate com

patibly. The MCBT13/MCBT14 combination is specified 

DUAL LINE DRIVERS 

MC8T13 - Open emitter driver; specified for general 
TTL systems. 

MC8T23 - Open emitter driver; specified to meet 
older IBM system requirements. 

for general TTL system applications. The MC8T23/ 
MCBT24 combination is oriented toward older IBM 
360/370 system requirements. 

TRIPLE LINE RECEIVERS 

MC8T14 - Hysteresis-equipped receiver; specified for 
general TTL systems. 

MC8T24 - Hysteresis-equipped receiver; specified to 
meet older IBM system requirements . 

All four devIces. 

VOH 
@IOH m -75mA lOS tpLH 

Device @ IOH = -59.3 mA' @VomO @CL a 15pF 
Number Volts Max mAMax nsMax 
MC8T13 24 -30 20 
MC8T23 3.11' -30 20 

TA = 0 to 75°C 

Packages 
L Suff,x - Case 620 
P Suff,x - Case 648 

Device 
Number 

MC8T14 
MC8T24 

7-6 

VH(R) 
Volts Min 

0.3 
02 

IIH(R) 
@ VIH(R) = 3.8 V tPLH(R) 

@VIH(R)a3.11 V· @CL-15pF 
mAMax nsMax 

0.17 30 
0.17' 30 



BUS INTERFACE (continued) 

Instrumentation Bus 
QUAD INTERFACE TRANSCEIVERS 

These devices are designed to meet the GPIB bus specification of IEEE Standard 488-1978. for the inter
connection of Measurement Apparatus. 

MC3440AP - Three drivers with MC3441AP - Four drivers with MC3443P - Four drivers with 
common Enable input; one 
driver without Enable. 

Output and 
Termination 

Gnd 1 

Bus A 

Receiver 
Output A 

Driver 
Input A 

Driver 
Input B 

Receiver 
Output B 

Bus B 

Vcc 

BusC 

Receiver 
Output e 
Driver 

Input e 

Enable E 

Driver 
Input 0 

Receiver 
Output 0 

Bus 0 

common Enable input. common Enable input; no 
termination resistors. 

MC3446AP - For low-power instruments. including 
MOS. 

MC3448A - For common Send-Receive bus; 
bidirectional. 

Receiver 
Output A 

Bus A 

Driver 
Input A 

Enable 
ABC 

Driver 
Input B 

Bus B 

ReceIVer 
Output B 

Gnd 

Device 

Number 

MC3440AP 

MC3441AP 

MC3443P 

MC3446AP 

MC3448A 

Send/Ree. 
Vce Packages Input A 

Receiver 
L Suffix - Case 620 

P Suffix - Case 648 Data A 
Output 0 

Bus 0 Bus A 

Dnver Pull-Up 

Input 0 Enable 

All types. 
Input A-B 

Enable 0 TA ~ 0 to 70°C Bus B 

Driver Data B 
Input e 

Bus C Send/Rec. 
Input B 

Receiver 
Output C Vee 

-'f-O B" - '"d,~'" ~"' fD.l ~ Termonat,ons 

Gnd 

Receiver Drive 

Input Output Voltage 

Hysteresis @ IOL =48 rnA; 
mVMin Volts Max 

400 0.5 

400 0.5 

400 0.4 

400 0.5 

400 0.5 

7-7 

Vce 

Send/Ree. 
Input 0 

Data 0 

tpHL 
(Driver or 

Receiver! 

ns Max 

30 

Bus 0 

Pull·Up 
Enable 
Input CoO 

Bus C 

Data C 

Send/Rec. 
Input e 

30 

25(0) 22 (R) 

50 (D) 40 (R) 

17 (D) 23 (R) 

• 
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BUS INTERFACE (continued) 

Instrumentation Bus (continued) 

OCTAL LOW-POWER INTERFACE TRANSCEIVER 

These devices are designed to meet the GPIB bus specifi
cations of IEEE Standard 488·1978, for the intercon
nection of Measurement Apparatus. 

MC3447 - Open collector, 3-State 
outputs with terminations. 

All types. 

T A = 0 to 700 C 

Packages. 

L SuffiX - Case 623 
P3 SuffiX - Case 724 

(Narrow) 

Vee 

-'f-O B", - Iod""" ~"' ~ ~ Termonatlons 

Gnd 

Receiver Drive 
Device Input Output Voltage 

Number Hysteresis @IOl=48mA; 
mVMin Volts Max 

MC3447 400 05 

• Fast Channel. 

HIGH-CURRENT PARTY-LINE BUS TRANSCEIVERS 

Devices for industrial control and data communication. 

MC26S 10 - I nvertmg 
MC26S11 - Non-inverting 

Quad transceivers with open-collector drivers and 
PNP-buffered inputs for MaS compatibility. 

Receiver 
Output 

Driver 
Input A 

Driver 
Input 6 

Receiver 
Output 6 

14 ReceIver 
Output C 

• Inverter on MC26S11 only. 

Drover 
Input 0 

Test 

VOL (D) 

10 (D) 

101(0) 

IIH (D) 

IlL (D) 

tp (D) 

tp (R) 

7-8 

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 = 2.7 V 

VIL = 0.4 V 

MC26S10 

MC26S11 

60th Types 

tpHl 
(Driver or 
Receiver! 

ns Max 

30 (D) 22 (R)· 

limits 

0.8 Volts Max 

100 J,lA Max 

100J,lA Max 

30 J,lA Max 

-0.54 mA Max 

15 ns Max 

19 ns Max 

15 ns Max 



MEMORY INTERFACE AND CONTROL 

NMOS Memories to TTL Systems 

MULTIPLEXED 16-PIN RAM CONTROL 
(For 4K, 16K, and 64K Dynamic Memories) 

MC3480 - Memory Controller. Used with all three levels 
of RAM. 

The memory controller chip is designed to greatly 
simplify the interface logic required to control popular 
16'pin 4K, 16K, or 64K dynamic NMOS RAMs in a 
microprocessor system such as the M6800. The con
troller will generate, on command from the micro
processor, the proper RAS and timing signals required to 
successfully transfer data between the microprocessor 
and the NMOS memories. The controller, in con-

Signals 
From 
MPU 

A12/14 

A13/16 

Ref Clk 

Ref Grant 

Ref Request 

CE--":=======~-~ 
MC--------------------~ 

MPU 
Interface 

And 
Memory 
Control 

Logic 

R/W----------------~~~~~~ 

MC t1 t2 t3 t4 t5 

junction with an oscillator, will also generate the neces
sary signals required to insure that the dynamic me
mories are refreshed for the retention of data. 

With Schottky TTL technology for high performance, 
and high input impedance for minimum loading of the 

MPU bus, the MC3480 reduces package count, and 
reduces system access/cycle times by 30%. The chip 
enable allows expansion to larger-word capacity. 

Signals 
To 
MC3232AI 

MC3242A 

Row Enable 

Refresh Enable 

R/W In 7 

RAn 
RAS2 Ref En Out 8 

RAS 3 

RAS4 Row En Out 9 

CAS CAS 11 

R/W 

Packages: 

20 Ref Request 

19 Ref Grant 

14 RAS3 

AAS'4 

Designed to interface directly with MC3232A or 
MC3242A address/multiplexers/refresh counters. 

L SuffiX - Case 623 
P Suffix - Case 649 

7n 

• 
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MEMORY INTERFACE and CONTROL {continued} 

NMOS Memories to TTL Systems (continued) 
Multiplexed 16·Pin RAM Control (continued) 
(For 4K, 16K, and 64K Dynamic Memories) 

MC3232A - 6·Bit (4K RAM) Address Multiplexer/Refresh Counter 
MC3242A - 7·Bit (16K RAM) Address Multiplexer/Refresh Counter 
MC3482A/B - 8·Bit Address Multiplexer (See Microprocessor Bus Section) 

MC3232A - Designed for mUltiplexing 12 address 
lines into 6 for the 16'pin multiplexed 4K RAMs, while 
also containing a 6·bit refresh counter. 

MC3242A - Designed for mUltiplexing 14 address lines 
into 7 for the l6·pin multiplexed 16K RAMs, while 
also containing a 7·bit refresh counter. 

Count 1 

Ref En 2 

AO 

A6 

62 

Gnd 12 

MC3232A 
A11 

A5 

12 
Total 

Address 
Lines 

A6 

AD 

24 VCC 

AS 

A1' 

A4 

A10 

A3 

A9 

63 
54 
05 

13 CE 

MC3242A 
A13 

A6 
I 
I 
I 

14 I 
Total I 

Address I 
Lines I 

I 
I 
I 
I 

A7 

AO 

Refresh 
Enable 

Row 
Enable 

Both types: 

TA = 0 to 75°C 

Packages: 

MC3232A - L Suffix - Case 623 

P Suffix - Case 649 

MC3242A - L Suffix - Case 733 

P Suffix - Case 710 

N° 
Total 

N° 
Total 

C'Ouii't 
Ref En 

N.C. 

A1 

AS 

60 

Gnd 14 

MC3242A 

N° 
Total 

Vce 

50 k 

L----c. 1--..... -0 CE 

63 
04 
05 

15 CE 

MC3232A 

CCi'Unt O---___ --J 

7-10 

ON a 6·81t for MC3232A 

- 7·Blt for MC3242A 



MEMORY INTERFACE AND CONTROL (continued) 

NMOS Memories to TTL Systems (continued) 

BUS EXTENSION 
(See Microprocessor Bus) 

Data Bus (Bidirectional) Extenders 
MC6880A/MC8T26A - Inverting 
MC6889/MC8T28A - Non-inverting 

Address Bus (Unidirectional) Extenders 
MC6885/MC8T95 - Hex Non-inverting 
MC6886/MC8T96 - Hex Inverting 

MC6887/MC8T97 - Hex Non-inverting 
MC6888/MC8T98 - Hex Inverting 
MC6882A/MC3482A - Octal Inverting 
MC6882B/MC3482B - Octal Non-inverting 

Bus Switches 
MC3449 - Triple Bidirectional 

DATA AND ADDRESS LINE DRIVERS 
(Low Level) 

MC3459 - Quad Address Line Driver 

Input 
lA 

Input 
2A 

Output 
B 

Vcc 

Input 
10 

Input 
20 

Output 
o 

Input 
lC 

Input 
2C 

Device 
Number 

MC3459 

TA = 0 to 70°C 

Packages: 
L Suffix - Case 632 
P Suffix - Case 646 

VOH @IOH VOL @IOL 
Volts Min mA Volts Max mA 

2.4 1-2 .0 0.7 r 80 

Propagation 
CL Delay @ Features 

ns Max 
pF 

26 
1

360 High fan-out capability 

CLOCK AND CHIP ENABLE LINE DRIVERS 
(High Level) 

MC3245 - Quad Clock Drivers 
with Refresh Select Logic 

V 0 0 1 1 

Channel 14 Channel 
Select A Select 0 

Enable 1 4 f-t----+1~>---_H13 Enable 3 

~ 
S8i9'Ct 

Select 8 

Output B 7 

Device 

TA = 0 to 70°C 

Packages: 
L Suffix - Case 620 
P Suffix - Case 648 

VOH IOH VOL 

MC75365 - Quad Clock Driver or 
High-Current NAND Gate 

TA = 0 to 70°C 

Packages: 
L Suffix - Case 620 
P Suffix - Case 648 

IOL tDHL CL 
Number Volts Min 

@ 
mA Volts Max 

@ 
mA ns Max 

@ 
pF 

MC3245 VDD-05 -1.0 045 50 32 250 

MC75365 VCC2 - 0.3 -0.1 03 10 18 200 

MMH0026 
MMH0026C Vc - 1.0 0.4 V' VEE+l.0 24 V' 12 1000 

'(2) V, - VEE 

7-11 

MMH0026 } 
MMH0026C - Dual Clock Driver 

(Pm Connections for U or Pl Package) 

TA: 
MMH0026 --55 to 125°C 
MMH0026C - 0 to 70°C 

Packages 
G Suffix - Case 601 
L Suffix - Case 632 
U Suffix - Case 693 
Pl Suffix - Case 626 (For 

MMH0026C only) 

Feature 

Does not requfre second high voltage 
supply. Low mput loading. 

Derives VCCl power from TTL 5-V 
supply. and VCC2 and VCC3 from VSS 
and VBB supplies from NMOS memories. 

For very high capacitance loads. 
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MEMORY INTERFACE and CONTROL (continued) 

NMOS Memories to MECL Systems 

DRIVER/TRANSLATORS 

MECL-to-MOS driver/translators convert standard 
MECL 10,000 input signals to suitable levels for NMOS 

memory systems_ The MC75368 may also be used as 
positive logic NOR or non-inverting gates. 

MC75368 - Dual Clock Line Drivers suitable for driving 
address, control, and timing inputs. 

Maximum Supply Voltage: 
MC7536B = 1 B V 

TA = 0 to 700 C 

Packages. 
L Suffix - Case 632 
P Suffix - Case 646 

SENSE AMPLIFIER 

MC3461 l - Dual Sense Amplifier with M Eel 10,000-
compatible control inputs and complementary, 
open-emitter outputs. Designed for 7001 and 2105 
type NMOS 1 K RAMs. 

tpo (Amplifier) 
nsMax 

10 

tpo (Enabla) 
nsMax 

6.0 

TA = 0 to 75?C 

Package: 
Case 620 

7-12 

Output 
Gnd 

Output 
1A 

Output 
2A 

Outputs A 
Enable 

Input 
2A 

Input 
lA 

Latch 
Input 

VEE 
(-5.2 VI 

Output 
28 

Output 
18 

Input 
18 

Input 
28 

Ampl. Input 
o Termonation 

(RT' 
Vee 

(+7.5 VI 



MEMORY INTERFACE and CONTROL (continued) 

Magnetic Memories to TIL Systems 

SENSE AMPLIFIERS 

... for Magnetic Tape Memories 

T 
A 
P 
E TAPE AMPLIFIER SYSTEM 

1/3 

MC3467 
Pre

Amplifier 

Filters 

MC3468 
Read 

Amplifier 

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 N RZI/phase encoded recording formats. 

ElectroniC Gain 
Control 

NRZI/1J 
Code Select 

MC3467 - Triple Preamplifier MC3468 - Read Amplifier 

Channel Select 
(A or B) 

Input! i Output 

Threshold Amplifier 
2 Input A 

Threshold Amplifier 
I.nvertlng Input 

Threshold Amplifier 

Input i 4 i Output 

Input B 

EGC 
Both types: 

TA = 0 to 700 C 

Inputs A { 
6 

Packages. 
L Suffix - Case 726 

'"""'! ' 
i Output 

P Suffix - Case 701 

Inputs B { 

8 

... for Plated Wire and Thin-Film Memories 
and other low-level sensing applications. 

MC1544 - TA = -55 to 125°C 
MC1444 - TA = a to 70°C 

Features 4-channel Input with decoded channel 
selection and strobed output capability. 

Packages' 
MC1544/MC1444 

L Suffix - Case 620 

VOH 
DeVice VTH @ IOH = -400 jlA 

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 ns Max 

0.5 25 
0.5 25 

{

I 
Inputs 

Channel C 

{ 

3 
Inputs 

Channel 0 

Strobe 
Inputs 

Channel { 7 
Select 
Inputs 8 

13 

VCC 

Threshold Detector 
Output TO 

Threshold 
Level Input 

ZCD Output 

Gnd 

} Differentiation 
Components 

Gain State 
Output. 

VEE 

Capacitor 
11 Re.tore 
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MEMORY INTERFACE and CONTROL (continued) 

Magnetic Memories to TTL Systems (continued) 

FLOPPY DISK READ AMPLIFIER SYSTEM 

MC3470 - Designed as a monolithic READ Amplifier 
System for obtaining digital information from floppy 
disk storage. It is designed to accept the differential ac 
signal produced by the magnetic head and produce a 
digital output pulse that corresponds to each peak of the 
input signal. The gain stage amplifies the input wave
form and applies it to an external filter network, enabling 
the active differentiator and time domain filter to 
produce the desired output. It combines all the active 
circuitry to perform the floppy disk READ amplifier 
function in one circuit, and is guaranteed to have a 
maximum peak shift of 5.0%, adjustable to zero. 

5.0V 12 V 

TA = 0 to 700 C 
Package. 

P Suffix - Case 701 

Gnd 

_11-,-_hs_ -~ _._ 

Amplifier 

Inputs 

Offset 
Decoupllng 

Gnd 

One Shot {6 
Components 7 

{ 

8 
One Shot 

Components 9 

I I 

~
17 r - _L, 14 I r---~---'r--.,....---' 

Magnetic I FIlter ActIve I 
Head I Ditt. 

2 16 '--T .... 15 
Gain I Peak 
Stage I 

. t. I • , I 
3664 I 

Detector 

It, 
12! !13 

Gain I Dlfferentiator 
Select I Network 

Time Domain 

· t· 6! b7 
Mono 1 

RC 

CORE DRIVER 

I t I 
S b b9 
Mono 2 

RC 

MC55325 - T A = -55 to 1250 C 
MC75325 - T A = 0 to 700 C 

Source 
Collectors 

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 Suff,x - Case 620 
P SuffIX - Case 648 (MC75325 only) 

V sat I off tpLH 
Device @ Isink or Isource = 600 mA @VCC2",24V (SourQlI) 

Number Volts Max IJAMax nsMax 

MC55325 0.70 150 50 
MC75325 0.75 200 50 

7-14 

w 

lS1 
Strohes 

52 

Gnd 
tpLH 
(Sink) 
nsMax 

45 
45 

Output 

Data 
Output 

Node 



COMPUTER AND TERMINAL INTERFACE 

Voltage Mode 

DRIVER 

LINE DRIVERS AND RECEIVERS 
for ModemlTerminal 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 

Input V,LH 
tpHL 

VOH VOL tpHL Device Input V,HL @ RL = 390 n 
@ VCCNEE = ±9.0 V @ VCCNEE = ±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 50 
6.0 -6.0 ±6.0to12 175 MC1489A 1.75 to 2.25 0.75 to 1.25 50 

RS·422/423 SPECIFICATION 

DRIVER RECEIVER 

MC3487 - Quad; three·state outputs. MC3486 - Quad; three·state outputs and input hysteresis. 

Input A 1 
VCC 

Inpuu A { 

1 
VCC 

2 Input 0 

} Inputs B Channel A{ 
Outputs 

} Channel 0 

4 
Outputs Both devices: Output AIC 4 AlB Control TA = 0 to 70°C Control 

Output B 

5 c/o ContrOl 
Packages: Output BID 

Channel B { L Suffix - Case 620 Control 

Outputs P Suffix - Case 648 

Inputs C { 

6 Output 0 

} Channel C 
Outputs 

} Inputs 0 

VOH VOL VOD(DifferentiaJ) lID 
@IOH=50mA @IOL=48mA @ RL = 100 n tpLH/tpHL VTH(D) @VID= ±10 V 

Volts Min Volts Max Volts Min ns TVp @ V,CM = ±7.0 V VCC = 0 to 5.25 V tpHL/tPLH tP(Control) 

2.0 0.6 2.0 15 
Volts Max mAMax nsTvp nsTvp 

±0.2 ±3.25 20/25 25 

71 c:: 
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COMPUTER AND TERMINAL INTERFACE (continued) 

Line Drivers and Receivers for Modem/Terminal Applications (continued) 

Differential Current Mode 

DRIVERS 

MC75S110 - Dual; industry standard. 

Inhibit 
Input 

lA lB lC 2C 2A 2B Gnd 
LogiC Inhibit LogiC 
Inputs Inputs 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 rnA. 

Vcc 

y Input B 

Output A 
Z Y 

Output B 

Z z All three devices: 

RECEIVERS 

MC75107/MC55107 - Dual; active pullup output. 
MC75108/MC55108 - Dual; open collector output. 

Inputs Output Strobe 
Vcc 2A 26 NC 2Y 2G 

Inputs NC Output Strobe Strobe Gnd 

lA lB lY lG S 

MC3450 - Quad; active pullup outputs; common three
state enable. 

MC3452 - Quad; open collector outputs. 

- 1 Inputs 
A 

Inputs 

B 

Output C TA = Oto 70°C 
y z 

Output 0 Packages: 
y L Suffix - Case 620 

P Suffix - Case 648 
Input 0 

Input VTH 
mVMax 

±25 

7-16 

Inpuu 

C 

Inputs 

o 

ALL RECEIVERS 

IIH IlL 
@VID=O.5V @VID"'-2_0V 

IJAMax IJAMax 
75 -10 

tpLH 
nsMax 

25 



PERIPHERAL INTERFACE . 

Dual Drivers 
... for relays, lamps, and other peripherals requiring more power than generally available from logic gates. 

Representative Diagrams 

MC754xx Series MC147x Series 
Vee 26 2A 2Y 

Gnd 

(MC75451 /MC75461 ) (MC1472) 

Logic gates vary to provide output shown 

Logic Output BVCER 
\Including 70 V 

MC75450 - Similar to MC75451, but with uncommitted 
output transistors. 

Sub 

G Ie IE Gnd 

All Devices 
TA = 0 to 70°C 

Packagmg: 
MC75450 

Transistor Inversion) 30V 30 V 35V HI-Z Input L Suffix - Case 632 
P SuffiX - Case 646 

MC75451-54/MC75461-64 
P SuffiX - Case 626 

AND MC75451 SN75451B' MC75461 
NAND MC75452 SN75452B' MC75462 MC1472 
OR MC75453 SN75453B· MC75463 
NOR MC75454 SN75454B' MC75464 

·Same as equivalent Me types, but with guaranteed sWitching limits. 

Driver Arrays 
... Seven Darlington transistors with output clamp 

diodes. 

DeVice All Types: 

Number Application 

MC1411 General Purpose 

MC1412 14-25 V PMOS 

Input Element 

BaSIC 

Zener dnd Series 10 5 kH 
resistor 

VMax = 50 V 
IMax = 500 rnA 

TA = 0 to 85°C 

Packages: 

U Suffix - Case 693 
MC1472 

Pl Suffix - Case 626 
U SuffiX - Case 693 

MC1413 5 V CMOS er TTL 
MC1416 8-18 V MOS 

Series 2 7 k n resistor 
Series 105 kH resister L Suffix - Case 620 

P Suffix - Case 648 

Dual Receiver 
MC75140Pl - Dual single-ended receiver with common 

strobe and reference inputs for maximizing noise 
immunity. Useful for bus-organized (party line) 
TTL systems. 

TA = 0 to 70°C 

Package - Case 626 

vee Output Ref Line 
2 Input Input 2 

Output Strobe Line Gnd 
1 Input Input 1 

• 
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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 

Input 4 

Emitter 4 

Collector 4 

Both Devices: 
TA = 0 to 70°C 

Packages: Vss 
Collector 3 

L Suffix - Case 632 
P Suffix - Case 646 

II 
Device @VI = 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 = 0 to 70°C 

Output 6 

Input 6 Output 7 

Input 7 

Substrate (Gnd) 

Package: P Suffix - Case 701 

IOL 
mA 

250 
50 

MC75492 - Hex digit driver 

VSS 
Volts Max 

10 
10 

MC3490 - High Level 
MC3494 - Low Level 

Seven digit anode drivers 

Output 
A 

Output , " 
Input 

B A 

Output .. Input 
C B 

Output 13 Input 
0 C 

Output 
" 

Input 
E 0 

Output 
" Input 

F E 
Output 

G 

VEE 9 Input 
G 

"Inverter on MC3494 oniv. 
Package: P Suffix - Case 648 

Output 6 

Input 6 

VSS 

Input 5 

Current 
Output Breakdown Deviation 

Device ON Current Voltage (All 8 Outputs) 

Output Voltage 
Compliance 

Range 
Device 

Number 

Breakdown 
Voltage 

Volts Min 

Input Voltage 
(OFF-State) 

Volts 

Input Voltage 
(ON-State) 

Volts 

Input 
Current 
JJ.AMax 

Number mAMax Volts Min %Max 

MC3491 1.85 80 10 
MC3492 5.25 80 10 

Volts 

5.0 to 50 
5.0 to 50 

7-18 

MC3490 
MC3494 

48 
48 

-5.0 Min 
-2.0 Max 

-2.0 Max 
-5.0 Min 

450 
-350 



PRECISION CIRCUITS -' DATA CONVERSION 
Low-cost building blocks for construction of D-A/ 

A-D systems. Involves use of aqvanced technologies 
.such as ion implantation, laser trimming and CMOS 

processing where necessary to achieve the required 
functional capability, operating accuracy and production 
repeatability . 

O-A Converters - General Purpose 
B-ait ~10'Bit=t1 

6-Blt ----i----t 
A1 A2A3A4A5A6A7A8A9Al0 

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 10-bit digital word inputs are available. 

Ranga 
Control 

0--

Vref~(:+~)~~====~-t ______ 1 

I 

6 
VEE COmpen. 

8/as VCC 
Circuitry 

Gnd 

Device Error 
Number %Max 

6-Bit 

MC1506' 

MC1406 
:to 7B 

8-Bit 

MC1508LB' 

MC140BL8 
±0.19 

MC140BL7 :to.39 

MC1408L6 :to_78 
MC3408 ±O 5 

10·Bit 

MC3510' 
I :to.051 MC3410 

MC3410C :to.l I 
'T A = -55 to 125°C, 

Po 10 
@vEE'" @VRef'" 

-5 V tSettling 2V 
mWMax ns Typ mA Suffix Case 

120 150 19 to 2.1 L 632 

L 620 

170 300 1.9 to 2.1 L, P 620,64B 

L 620 

L 690 

220 250 38 to 4 2 

L,P 690,648 

Dotted terminals available 
on 6- and B-blt units only. 

Devices without asterisk T A = 0 to 70°C. 

O-A Converters - High Speed 

MC10318 - A high speed 8·bit D/A converter capable of data conversion 
rates in excess of 25 MHz. It is intended for applications in high speed 
instrumentation and communication equipment, display processing, storage 
oscilloscopes, radar processing, and TV broadcast systems. The inputs are 
compatible with MECL 10,000 series logic, while the complementary current 
outputs have 51 mA full scale capability. 8-bit accurate (± 1/2 LSB) and 
monotonic over the full temperature range, the outputs typically settle in less 
thim 15 ns. 

TA = 0 to 700 C 

Packages: 

L Suffix - Case 620/690 

Device Error Po 
tSettiing 

@VEE=-5.2V 
Number % Max mWMax 

ns Typ 

MC10318L ±0.19 676 15 

MC1031BL9 ±0.10 675 15 

10&10 
@ VRef '" 10.56 V 

mATyp 

51 

61 

• 
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PRECISION CIRCUITS - DATA CONVERSION (continued) 

A-O Subsystems 
2-Chip A-D Converter System Functional Diagram 

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 
3-1/2-digit DVM function. 

MC1505/1405 - A-D Converter MC14435 - Digital Logic 
(See CMOS Data Book for data.) 

MC1505L - T A = -55 to 125°C - Case 620 
MC1405L - T A = 0 to 70°C - Case 620 

Temperature 
Linearity Voltage Coefficient ICC 

MC14435EFL/EVL to - TA = -55 to 1250 C- Case 620 
MC14435F L/VL· - T A = -40 to 85°C - Case 620 
MC14435FP/VP· - T A = -40 to 85°C - Case 648 

IOL IOL IOL 
Pc (quiescent) @VOoa5.0V @VOO"'5.0V @VOO-5.0V 

Error Reference of Reference @VCC=5.0V @VOO"'5.0V (Oigit Selects) (BCO Outputs) (All Outputs) 
%/oC %Max Volts mAMax 

±0.05 1.15 to 1.35 0.005 12 

mWMax mAMin mAMin 
1.75 1.6 1.6 

°MC14435EFL/FL/FP: Voo = 3.0 to 18 Vdc 
MC14435EVLIVL/VP: Voo = 3.0 to 6.0 Vdc 

mAMin 
-0.2 

. VOLTAGE REFERENCES 

Precision Low-Voltage A family of precision low-voltage bandgap voltage 

reference. these devices are designed for applications 

References requiring low temperature drift. 

MC1403/MC1503 Packages: MC1404/MC1504 
U Suffix - Case 693 V," [INC Ncml NC 

Vout 2 7 NC Vln 2 7 NC 

Gnd 3 8 NC VTEMP 3 e Vout 

NC 4 e NC Gnd 4 e TRIM 

Low Temperature Drift. Low Voltage Reference 

vout 10 t.Vout,t.T 
Reglins Reglins Regload 

Oevlce 4.5 .. V, <;15 VI Vln· Vout+ O.OmA TA Volts mA ppm/oC 
Number 15 V<;V,<;40 V 2.5 V to 40 V IO<10mA oC 

Typ Max Max 
mVMax mVMax mVMax 

2.5! 25 my 10 40 MC1403 3.0/4.5 N/A 10 o to +70 
25 MC1403A 
55 MC1503 -55 to +125 
25 MC1503A 

50 t 50 mV 10 40 MC1404U5 N/A 5.0 10 o to +70 
25 MC1404AU5 
55 MC1504U5 -1S15 to +125 
25 MC1504AU5 

6.25160 mV 10 40 MC1404U6 N/A 6.0 10 o to +70 
25 MC1404AU6 
55 MC1504U6 -55 to +121S 
25 MC1504AU6 

10:t100mV 10 40 MC_'4041 t10 N/A 6.0 10 o to +70 
25 MC1404AU10 
55 MCili04U10 -1S15 to +125 
25 MC1504A 110 
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VOLTAGE COMPARATORS 

General Purpose Comparators 

... for detecting the polarity relationship between two 
analog levels and giving a corresponding TTL output. 

MC1711 -TA=-55to l250 C 
MC1711C - TA = a to 70°C 

MC1710 -TA=-55to1250 C 
MC17l0C - T A = 0 to 70°C 

Single comparators Dual comparators with strobes and wire-ORed 
outputs 

NC 

Gnd 

Non Inv 
Input 

Inv 
Input 

NC 

NC 

NC 

NC 

VCC 

NC 

NC NC 

Packages: 
Strobe 1 G Suffix - Case 601 (MC1710) 

G Suffix - Case 603 (MC1711) Inputsl 

L Suffix - Case 632 
Gnd 

P Suffix - Case 646 (for VEE 
MC171 OC, MC1711 Conly) 

Vce 

Output 
Inputs 2 

Strobe 2 
Output (Pin Connections 

1,....; ....... 1--____ --1....;:;8--' N C 

·Connected to pin 6 via the substrate on 
some plastic units. 

MC1514 - TA = -55 to 125°C 
MC1414 - TA = 0 to 700 C 

Dual comparators with strobes. 

Output 1 t------, 

Non-Inverting 5 
Input 

Inverting 
Input 

Packages: 
L Suffix - Case 632 

Inverting 
Input 

Non Inverting 
Input 

Gnd 

P Suffix - Case 646 (MC1414 only) 

for Lor P Package) 

Device 
Number 

MC1710C 
MC1710 

MC1711C 
MC1711 

MC1514 
MC1414 

7-21 

NC· NC 

·Connected to pin 4 via the substrate on 
some plastic units. 

VIO liB AVOL 
mVMax IlAMax vtv Min 

5.0 25 1000 
2.0 20 1250 

5.0 100 700 
3.5 75 700 

2.0 20 1250 
5.0 25 1000 

• 



II 

VOLTAGE COMPARATORS (continued) 

Precision Comparators 

... featuring low input loading, high voltage gain, and a 
choice of either dual or single positive power supply 
operation. 

LM111-TA=-55t01250C 
LM211 - T A = -25 to 850C 
LM311 - T A = 0 to 700C 

Single comparators; high gain, high input imped· 
ance; strobe and balance inputs provided. 

Device 
Number 

LM111 
LM211 
LM311 

Gnd ~8~ ~~t~ut 
Inputs 3 - 6 Balance/Strobe 

Vee 4 5 Balance 

(Pm Connections for J-8 or N Package) 
Packages: 

H Suffix - Case 601 
J-8 Suffix - Case 693 
J Suffix - Case 632 
N Suffix - Case 626 (LM311 only) 

VOL 
VIO liB @ IOL =50mA 

mVMax nAMax Volts Max 

3.0 100 1.5 
3.0 100 1.5 
7.5 250 1.5 

Quad Comparators '" for applications requiring multiple comparators. 

~~~:~~ } - High·speed quad comparators with t~ree. 
state Enable common to all four devices; 

±5 volt supply; T A = 0 to 70°C. 

MC3432 } . 
MC3433 - Quad comparators with ~pen collector 

outputs, common strobe Input; ±5 volt 
supply; T A = 0 to 700C. 

Inputs 

A 

Packages: 
L Suffix - Case 620 

vcc P Suffix - Case 648 

Inputs 

B 

Output 0 

Packages: 
J Suffix - Case 632 
N Suffix - Case 646 (For 

LM139 }_ T = -55 to 1250C 
LM139A A 

MC3302 } 
LM2901 _ T A = -40 to 850C 
LM239 
LM239A 

LM339 } _ T = 0 to 700C 
LM339A A 

Single supply voltage comparators. 

Inputs 

C 

Inputs 

o 

all devices except 
LM139, LM139A) 

VOL 
@ 'OL = 2.0 mA* 

VIO liB Isink @ IOL = 3.0 mA** 
Device @250 C @250 C @VOL = 500 mV @ IOL =4.0 mA 

Number mVMax nAMax mAMin mVMax 

Device VIS liB tpHL MC3302 20 1000 - 400· 
Number mVMax JJAMax nsMax LM2901 70 250 60 400·· 

LM139 5.0 100 6.0 500 
LM139A 2.0 100 6.0 500 

MC3430 6.0 20 45 
MC3431 10 20 45 
MC3432 6.0 20 50 LM239 5.0 250 6.0 500 

MC3433 10 20 50 LM239A 2.0 250 6.0 500 
LM339 5.0 250 6.0 500 
LM339A 2.0 250 6.0 500 
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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 applications. Select inputs are both CMOS 
and TTL compatible. 

roff 
@VAK=10V 

MnMin 

100 

TA = 0 to 700 C 

Packages: 
P Suffix - Case 649 
L Suffix - Case 623 

ron BVAK 
@ IAK = 20 rnA BVKA 

Ohms Max Volts Min 
10 25 

VAK 
@ IAK = 20 rnA 

Volts Max 

1.1 

Voice Encoding/ Decoding 
Simplified voice encoding/decoding using continuous 

Variable Slope Delta Modulator (CVSD) technique. 

MC3417/MC3517 - 3-bit algorithm; for military secure 

communication and general-purpose low
sampling rate applications. 

MC3418/MC3518 - 4-bit algorithm; telephone quality. 

Anode 

C.thode 

Y2 
Row Select 

Z 

C.thode 
Z2 

Column 
Select A 

COlumn 
Select B 

Column 
Select C 

Column 
Select 0 

C.thode 
ZI 

Row Select 

Y 

Cathode 

Anode 

Packages: 
T A = 0 to 700 e - MC3417/MC3418 

= -55 to +1250 C - MC3517/MC3518 
L Suffix - Case 620 
P Suffix - Case 648 

Device 
Nur.lber 

MC341 7/MC351 7 
MC3418/MC3518 

Sample Rate Total Loop tpD. Clock Trigger 
Samples/s Offset Voltage to Output 

Typ rnVMax IlS Max 
16 k ±5.0 2.5 
38 k ±2.0 2.5 

CVSD Encoder 

t--..... ________ g~;tal ~~gltal 

Audio 
Out 

7-23 

Clock 

Analog 

Input 

Analog 

Feedback 

Svllablc 

Gain 

Control 

Filter 

Input (-) 

Analog 

Output 

CVSD Decoder 

C.thode 

X2 
Row Select 

X 

C.thode 

W2 

A2 

81 

82 
Anode 

Cl 
Anode 

C2 

C.thode 

WI 
Row Select 

Cathode 

VCC 

Encode! 

Clock 

Digital 
Input 

O'gltal 
Threshold 

COlnCldance 
Output 

VCC!2 
Output 

Digital 
Output 

• 



COMMUNICATION INTERFACE (Telephony) (continued) 

Digital Voice Channel 

SUBSCRIBER LOOP INTERFACE CIRCUIT 

MC3419/MC3519 - Designed to replace the hybrid 
transformer in Class 5, PBAX and Subscriber Carrier 
Equipment, this circuit provides signal separation for 
two-wire differential to four-wire single-ended conver
sions and suppression of longitudinal signals at the two
wire input. The transhybrid gain is externally selected 

TA = 0 to 700 C - MC3419 
= -40 to +850 C - MC3519 

r- --, 
I I 

EP 

BP 

Rl 
Rl 

CP 

CN 
R2 

R2 

BN 

I 
I 

4 I 
L --.J EN 

and provides dc line current for powering the telset. It 
operates from up to a 60 V supply. On-hook power is 
below 5 mW and current sensing outputs are provided 
for off-hook status from both tip and ring leads. It 
offers size and weight reduction 'over present approaches 
and is compatible with I EEE and REA specifications. 

vcc 

TS 

RS 

PO 

MC3419 

RX 

TXl 

TX2 

VAG 

Packages: 
L Suffix - Case 726 
P Suffix - Case J01 

TIp/Sense Current 

Rong/Sense Current 

~ower Down Input 

R5 cJ<to VRX 

+ 

R8 

Analog Ground Ref 
MDA220 VEE1 VEE2 

-48 V 
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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. 

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 1 (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 = 5.5 0 C/W(Typ) L t='=:I=i r~, 

CASE 29 (TO-92) 
Plastic Transistor 

ROJA = 2000 C/W 

ESEATIN!~ l 
PLANE 

liB A 

SEATING 1;t---' ~ PLANE L 

F ---.i K 

1 
Dj~~ ~ 

R C rr SECT.A·A 

~~ I 

8-2 

DIM 
B 
C 
D 
E 
F 
G 
H 
J 
K 
Q 

S 
T 

DIM 
A 
8 
C 
0 
F 
G 
H 
J 
K 
L 
N 
P 
R 
S 

MILLIMETERS 
MIN MAX 

2223 
635 1143 
091 109 
- 343 

2990 3040 
1061 1118 
521 572 

1664 1115 
792 -
384 409 

- 1334 
- 478 

MILLIMETERS 
MIN MAX 
432 533 
4.44 621 
3.18 4.19 
0.41 056 
041 048 
1.14 1.40 
- 2.54 

2.41 267 
12.70 
635 -
2.03 2.92 
2.92 -
3.43 
036 0.41 

INCHES 
MIN MAX 
- 0815 

0250 0450 
0038 0043 

- 0135 
1117 1191 
0420 0440 
0205 0225 
0655 0615 
0312 
0151 0161 
- 0525 
- 0188 

INCHES 
MIN MAX 

0.170 0.210 
0175 0205 
0125 0.165 
0.016 0.022 
0016 0.019 
0045 0055 

0100 
0095 0105 
0.500 
0250 -
0080 0.115 
0.115 -

.0.135 
0014 0016 



CASE 79 (T0-39) 
Metal Package 
ROJA = 1850 C/W(Typ) 

CASE 221A ( 
Plastic Power TO-220 Type) 
ROJA = 650 C/W (Typ) 

CASE 601 
Metal Package 

ROJA = 1600 C/W( Typ)t 

~flrr ! 0 
/ I 

jot-
1-1-1 
r~ 
J SECT A A 

il'lflt'C o~t. G 

-III 

II 



CASE 603 
Metal Can 

f~~c ROJA = 1600 C/W 

El P MILLIMETERS INCHES 
:t;;;;;::;::- DIM MIN MAX MIN MAX f.1 C- tL A 851 939 0.335 0370 

B 7.75 851 0305 0335 

;fI 
C 4.19 470 0165 0185 

SEATING - - - F ,I i D 0407 0.533 0016 0021 
E - 102 - 0.040 PLANE 
F 0.406 0483 0016 0019 
G 584 SSC 0230 sse 
H 07121 0864 0028 1 0034 

-11--0 J 07371114 0029 I 0045 
G K 12.70-.1 - 0500 1 

00 ~M L 635-.11270 0250 1 0500 
M 3SO sse 3SO sse 

~otJ~ p - 1 1.27 - 1 0050 
J~ o,~ + :0 Q 356 i 406 0140 I 0.160 

V 0 .70 R o 254~ 102 001010040 \H 00 

Case 6038 has tab at pin1. 

CASE 603C (TO-l00 Type) 
ROJA = 1500 C/W(Typ) 

f~~C L1e;- P 
MIlliMETERS INCHES 

DIM MIN MAX MIN MAX 
A 851 939 0335 0370 

1.1] - - - t L B 775 851 0305 0335 
C 419 673 0165 0265 

""'" ___ :='l j D 0407 0533 0016 0021 

, E - 102 - 0040 
F 0406 0483 0016 0019 PLANE 
G 584 Bse 0230 Bse 
H 011U0864 0028 I 0034 
J 0131 114 0029 1 0045 

-11--0 K 1210 - 0500 1 -
G L 635 1210 0250 1 0500 

Q M 360 8se 360 BSC 
00 /\M P - ~121 0050 

J~JO~o~ Q 356 1406 o 140 1 0 160 
R o 254~ 102 001010040 

V bOo9087o 

\H 

CASE 606 (T0-91) 
Ceramic Package 

.' 
AOJA = 1650 C/W(Typ) r r:: 

:~ 1 
6 

:~ t 7 MILLIMETERS INCHES 

L. 
1 I A DIM MIN MAX MIN MAX 8 3

1 tot ~ 
1 

9 2 A 610 7.36 0240 0290 ""',-=- 1 10 1 
I B 610 660 0240 0260 [-

-l~R - e 0762 1.77 0030 0070 
D 0254 0482 0010 0019 G 
F 0077 0152 0003 0006 
G 1.15 139 0045 0055 
H 0127 0889 0005 0035 
K 1.78 - 0070 -

NO~F LEADS WITHIN 0 25 mm (0010) ( ,B""IK=j 1 R - 0381 - 0015 

TOTAL OF TRUE POSITION AT 
I I ,=1 All JEDEe dimenSions and notes apply 

MAXIMUM MATERIAL CONDITION +, (AT BODY) j {c 



CASE 607 (TO-a6 Type) 
Ceramic Package 
ROJA = 1650 C/W(Typ) 

[R 
---il--R 

1 
8 

L : 
~ I r: 
1 ,. l : 

C 

CASE 614 (TO-66 Type) 
Metal Package 
ROJA = 350 C/W(Typ) 

ROJC = 6 0 C/W(Typ) 

CASE 620 
Ceramic Package 
ROJA = 1000 C/W(Typ) 

- 'il 1 
I _J I 

: 
I -lG I 

: i , 
- - ~ 

-ll--J 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 610 660 0240 0260 
C 076 178 0030 0070 
D 033 048 0013 0019 
F 008 015 0003 0006 
G 1 27 BSe 0050 BSe 
H 030 089 0012 0035 
J - 038 - 0015 
K 635 940 0250 0370 
L 1880 - 0740 -
N 025 - 0010 -
A - 038 - 0015 
S 762 838 0300 0330 

MILLIMETEAS INCHES 
DIM MIN MAX MIN MAX 
A - 3180 - 1252 
B 1194 1270 0470 0500 
C 635 864 0250 0340 
D 071 081 0028 0032 
E 127 190 0050 0075 
F 36° BSe 36° BSe 
G 826 BSe 0325 BSe 
H 2433 2443 0958· 0962 
J 1217 1222 0479 0481 
K 914 - 0360 -
p 1408se 0055 BSe 
0 361 386 0142 0152 
R - 1778 - 0700 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 19.05 1981 0750 0780 
B 622 698 0245 0275 
C 406 508 0160 0200 
D 038 051 0015 0020 
F 140 165 0055 0065 
G 254 BSe 0.100 BSe 
H 051 114 0020 0045 
J 020 031 0008 0012 
K 3.18 030 0125 0160 
L 737 787 0290 0310 
M - 15° - 15° 
N 051 102 0020 0040 

NOTES 
1 LEADS WITHIN a 13 mm (0 005) RADIUS 

OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION' 

2 PKG INDEX NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT' 

3 DIM "L" TO CENTER OF LEADS 
WHEN FORMED PARAllEL' 

• 



II 

CASE 623 
Ceramic Package 
ROJA = 53° C/W(Typ) 

I 
B 

~"T""r'T""T"T""~ ~ 
NOTES I A I 

~#;~":.~ 
JGL -H--o N J -J L-M J-\\-

1 DIM "L" TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL 

2 LEADS WITHIN 0 13 mm 
(0005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION 
(WHEN FORMED PARALLEl) 

K 

CASE 626 
Plastic Package 
ROJA = 100° C/W(Typ) 

CASE 632 (TO·116) 
Ceramic Package 
ROJA = 100° C/W(Typ) 

NOTES 
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 
LEADS WHEN FORMED PARALLEl 

I:::::::m ~A -I~ 

~~ ""\~~K J' --1 G ~ --11-~SEATING L 
PLANE M 

8-6 

MILLIMETERS INCHES 
DIM MIN Mil. X MIN MAX 

A 3124 3277 1230 1290 
B 1270 1549 0500 0610 
C 406 559 0160 0220 
0 041 051 0016 0020 
F 127 152 0050 0060 
G 254 Bse 0100 BSC 
J 020 030 0008 0012 
K 229 406 0090 0160 
L 1524 BSC 0600 sse 
M 0° 150 

~~ N 051 127 +--0020 0 O~O 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 940 1016 0370 0400 
B 610 660 0240 0260 
C 394 445 0155 0175 
0 038 051 0015 0020 
F 102 152 0040 0060 
G 254 BSe 0100 BSC 
H 076 127 0030 I 0050 
J 020 l 030 o 008~ 0 012 
K 292 343 0115 0135 
L 762 SSC 0300 BSe 
M - 100 - 100 

N 051 076 0020 0030 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 168 19.9 0660 0.785 
B 559 7.11 0.220 0.280 
C - 5.08 - 0.200 
D 0381 0584 0015 0.023 
F 077 1.77 0030 0.070 
G 254 SSC 0100 sse 
J 02031 0381 0008 I 0.015 
K 2.54 I - 0.100 -
L 762 sse 0300 Bse 
M _ I 15° - 15° 
N 0.51 I 0.76 0020 I 0030 
p - 825 - I 0.325 

All JEOEC dimensions and notes apply 

DIMENSION "L" TO CENTER DF 
LEADS WHEN FORMED PARALLEL 



CASE 646 
Plastic Pack R age 

8JA = 1000 C/W(T yp) 

CASE 647 
Plastic Pack R _ age 

8JA - 1000 C/W( Typ) 

NOTE 
1 LEADS WITHI 

RADIUS OF T~JE1~ mm (0005) 
MAXIMUM MAT OSITION AT ERIAL CONDITION 

CASE 648 
Plastic Pack R _ age 

8JA - 1000 C/W(T yp) 

~-rA~-~~ 
~ J -1"- ~ G i- ~i-'E~K J' D PLANE M L 

NOTE 
1 DIM "L"TO WHEN FORMCE~NpTAER OF LEADS 

RALLEL 



II 

CASE 649 
Plastic Package 
RaJA = 90° C/W(Typ) 

MILLIMETERS INCHES 
DIM MIN MAX 

A 3150 3213 
B 1321 1372 
C 470 521 
0 038 051 
F 102 152 
G 254 BSC 
H 165 216 
J 020 030 
K 292 343 
L 1499 1549 
M - 1()0 

N 051 102 
P 013 038 
n 051 076 

PJI~",f'lCC I 24 13, 
a B 

I~P~~~~~~~12~ 
~H~ 
~-f 
~ --l G l-- SEATING 

t=L~ 

l J)~ 
-lI-J M \-

NOTES 
1 LEADS WITHIN 0 13 mm (0 005) 

RADIUS OF TRUE POSITION AT 
SEATING PLANEAT MAXIMUM 
MATERIAL CONDITION 

2 DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL 

PLANE 

CASE 650 
Ceramic Package 
RaJA = 140° C/W(Typ) 

r:-----...., 
.9 8 1 

MILLIMETERS 
DIM MIN MAX 

A 940 1016 
B 622 660 
C 152 203 
0 048 038 
F 008 015 

t~1 §-l1'16J~1l 
NOTES 

~ 
! tc 

CASE 690 
Ceramic Package 
RaJA = 100° C/W(Typ) 

~[~~~IJ L A ~F~I 

-Tl~ 

J~~~-A\ ILU ~ ~ ~ ~\~- , , 'v 
~H 0 --l G I- SEATING PLANE L L -..::::l M 

1 LEAO NO 1 IDENTIFIED BY TAB 
ON LEAD OR DOT ON COVER 

LEADS WITHIN 0 13 mm (0005) 
TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION 

NOTE 

DIM 
A 
B 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

G 
H 
K 
L 
N 
R 

127 asc 
064 089 
635 940 

1892 -
- 051 
- 038 

MILLIMETERS 
MIN MAX 
2007 2057 
711 762 
267 394 
038 053 
076 140 

254 BSC 
076 178 
020 030 
318 508 

762 esc 
- 10° 

038 140 

1. LEADS WITHIN 0 13 mm (0 005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION 

8-8 

MIN MAX 
1240 1265 
0520 0540 
0185 0205 
0015 0020 
0040 0060 

0100 asc 
0065 0085 
0008 0012 
0115 0135 
0590 0610 
- 100 

0020 0040 
0005 0015 
0020 0030 

INCHES 
MIN MAX 

0370 0400 
0245 0260 
0060 0080 
0015 0019 
0003 0006 

0050 BSC 
0025 0035 
0250 0370 
0745 -
- 0020 
- 0015 

INCHES 
MIN MAX 
0790 0810 
0280 0300 
0105 0155 
0015 0021 
0030 0055 

0100 esc 
0030 0070 
o 008~ 0 012 
0125 0200 

0300 esc 
- \00 

OOIU 0055 



CASE 693 
Ceramic P R _ ackage 

()JA - 100° C/W( Typ) 

~A-I 

O·~ 
, .~ 
~F 

'~' r.='=:1 

~t~~~l. J 
SEATING PLANE M V 

CASE 701 
Plastic P R _ ackage 

()JA - 100° C/ W(Typ) 

CASE 722 
Plastic Pack R age 

()JA = 60° C/W( Typ) 

NOTES 
1 LEA OS WITH IN 

RAD OF TRUE p~S13 mm (0005) 
SEATING PLAN iliON AT 
MATERIAL CONEo

AT 
MAXIMUM 

2 DIMENSION" .. iliON 
OF LEADS WHLEN

TO 
CENTER 

PARALLEL FORMED 

NOTES 

1 ~OE~~5~~~THIN 0 13 mm 
POSITION ~~U~~F TRUE 

~~ATNE~~: MAXIM~~G 
(DIM "G,,)L CONDITION 

2 DIMENSION" " 
OF LEADS WH~ TO CENTER 
PARALLEL N fORMED 



CASE 722A 
Plastic Package 
ROJA == 600 C/W(Typ) ~J 

L.J 

CASE 724 
Plastic Package 

ROJA == 1000 C!W(Typ) 

CASE 726 
Ceramic Package 
ROJA = 1000 C/W(Typ) 

II 

8-10 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

r-~-~ 
"-~J 

-I 

NOTES 

A 
8 
C 
D 
F 
G 
H 
J 
K 
L 
N 
p 
R 
S 
T 

I LEAD~, TRUE POSITIONED 
WITHIN 0.25 mm (0 010) DIA 
AT SEATING PLANE,AT 
MAXIMUM MATERIAL 
CONDITION 

2 DIM "L" TO CENTER OF 
LEADS WHEN FORMED 
PARALLEl. 

3 DIM "A" & "a"INCLUDES 
MENISCUS. 

2070 2134 0815 0840 
6.10 660 0240 0260 
406 457 0160 0180 
043 U 56 0017 0022 
102 152 0040 0060 
241 267 0095 0105 
132 183 0052 0072 
033 046 0013 0018 
330 394 0.130 0155 

1694 17 45 0667 0687 
051 102 0020 0040 
627 653 0247 0257 
483 533 0190 0.210 
991 1041 0390 0410 
254 381 0100 0150 

,..--' 
MILLIMETERS INCHES 

D~ 13~~~ .~~~. ~~- MAX 
: 1265 

~-t-~~.~. r-Ji~9 ~ 
~ t-~ -rst r2 160 ~ 

0 0015 0020 

-~ -1~2 152 0040 0060 

~- ~~Bse o 100Bse 
H 160 211 0063 0083 
J 018 030 0007 0012 
K 292 343 0115 0135 
L 737 187 0290 0310 
M - 10· - 10· 
~~.102 0020 0040 

NOTE 
I LEADS, TRUE POSITIONED WITHIN 

025 mm (0 DID) DIA AT SEATING 
PLANE AT MAXIMUM MATERIAL 
CONDITION (DIM D) 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 22 35 2311 0880 0910 
B 663 124 0261 0285 
C - 5 08 - 0200 
D 041 051 0016 0020 
f 140 165 0055 0065 
G 2.54 BSC 0100 BSC 
H 016 102 0030 0040 
J 013 038 0005 0015 
K - 444 - 0115 
L 1.31 8 00 0290 0315 
M O· I~o 00 15° 
N 051 076 0020 0030 



*NO. 6 SHEET METAL SCREWS 
B51564F003 

r, 
INSULATOR 

(3 OPTIONS AVAILABLE) 
MICA-B52600F011 

FIBERGLASS-B51080AO01 
ANODIZED ALUMINUM

B51078A001 

I 

CHASSIS OR 
HEATSINK 

• Longer screws (not avaIlable from Motorola) and multIple bushings may be required 

for th,ck chassIs or heat sink. 

MOUNTING 
HARDWARE 

TO-3 

This hardware is applicable 
to the following packages. 

CASE 1 ITO-3) 
CASE 3 

MOUNT ON FRONT OF CHASSIS MOUNT ON BACK OF CHASSIS 

- -- -- -- -- -- -- -- -- -- -- -- -

0 0 /0 
0 

0" 
FRONT TEMPLATE 0 BACK TEMPLATE 

B51087AOO1 B51087AOO2 

0 0 
\.0 0 0 0 



II 

MOUNTING HARDWARE TO-3 

0.003 TEFLON·COATED 
FIBERGLASS INSULATOR 

B51080A001 

TRANSISTOR SOCKET 
B51084A001 

MOUNT ON FRONT OF CHASSIS 

BACK TEMPLATE 
B51087A002 

.020 ALUMINUM 
INSULATOR 
B51078A001 

XP PHENOLIC. 
VACUUM WAX 
IMPREGNATED 

0166 DIA 
(2 HOLES) 

.002 MICA 
INSULATOR 
B52600F011 

BRASS. 
CADMIUM PLATED 
00002 THK 

.060 ±.005l G l r ~1!3 ± 003 

-D·----@ 
L " 

.177 ±.003 
DIA 

NYLON INSULATING BUSHING 
B51547F002 

~E~---] @ 
J ~J NO.6SHEETMETALSCREW 2.03·2.36 12.70 + 0.79 

0.080·0.093 0.500± 0.031 B51564F003 

FRONT TEMPLATE 
B51087A001 

8-12 



Part numbers In this 
column for 

Part numbers In this 
column for 

NON-INSULATED MOUNTING INSULATED MOUNTING 

.. '2 HEX HEAD SCREW ~~ 
B09489A035 

I 

4-40 HEX HEAD SCREW 
B09489A034 

I /NYLON INSULATING BUSHING i / B51547F015 

llJf I I 

RECTANGULAR STEEL WASHER I 
B09002A001 \i 

SEMICONDUCTOR / 

(CASE 221, 221A) "" ....---._-'-_.,..----J 

HEAT SINK 

OR CHASSIS "-

?.----, 
NYLON BUSHING 

B51547F005 

~'----"-r--'-l----,~ 

> 

" RECTANGULAR 
MICA INSULATOR 

B08853A001 

./ COMPRESSION WASHER 

/" B522QOF005 

~\--r-'-.....--(...,. 

6-32 HEX NUT ~ 
B09490A006 ~ 

'--'--;-'---'. 

r---r-~;C"--\) (1 
______________ 4-40 HEX NUT 

B09490A005 

TORQUE REQUIREMENTS 

INSULATED 0.68 N-M (6IN-LBS) MAX 
NON-INSULATED 0.9 N-M (8IN-LBS) MAX 

I , 

MOUNTING 
HARDWARE 
TO-220AB 

tu 
lot-

D -,--1 H 

,;;t 

1'I-r'C 
J SECT A A 

1~R 
I-J d~to 

DIM 
A 
8 
C 
0 
F 
G 
H 
J 
K 
L 
N 
0 
R 
S 
T 
U 
V 

MILLIMETERS INCHES 
MIN MAX MIN 

1511 1575 0595 
965 1029 0380 
406 482 0160 
064 089 0025 
361 373 0142 
241 267 0095 
279 330 0110 
036 056 0014 

1270 1427 0500 
I 14 127 0045 
483 533 0190 
254 304 0100 
204 279 0080 
I 14 139 0045 
597 648 0235 
076 127 0030 
114 0045 

CASE 221A 
TO-220 Type 

MAX 
0620 
0405 
0190 
0035 
0147 
0105 
0130 
0022 
0562 
0050 
0210 
0120 
0110 
0055 
0255 
0050 



II 

.1 MOUNTING HARDWARE TO - 220AB 

TYPE 

4-40 

6-32 

(DIMENSION 
MILLIMETER) 

INCH 

HEX HEAD SCREW 
CARBON STEEL 

CADMIUM-PLATED 

MICA INSULATOR 
B08853AOOl 

@§\f + R 305-3.28 

oj-l I """" 
1384-1410 
0545-0555 

147-157 

~0058-0062 

[crt E! L~---+--, 
lJ
~ 0.375-0.39~ 

L§}-"'" M ~ 

483-533 
0190-0210 

21 08-21 59 
0830-0850 

140-165 

l1.14-1.40 

0.045-0.055 

STEEL COMPRESSION 

0055-0065 

005-008 -.l 0 002-0 003 

--=-==-=====-f 

HEX NUT 
CARBON STEEL 

CADMIUM-PLATED 

PART NO. 

B51547F005 

B51547F015 

WASHER 
B52200F005 

RECTANGULAR 
STEEL WASHER 

B09002AOOl 

358-368 00""45 
I ,,,:,," I~o;;~~;;, 
10400-04101~ 
I I i I 

1 52-162 J 
0060-0064 

DIMENSIONS - MILLIMETER (INCH) 

NYLON BUSHING 

DIMA DlMB DIMC DIMD 

940-965 384-409 2.16-2.41 6.106.35 
(0.370-0380) (0.151-0.161) (0.085-0 095 (0.240-0.250) 

5.59-6.10 3.05-3.15 1.57-168 3.56-366 
(0.220-0240) (0120-0.124) (0062-0.066) (0.140-0144) 

HEX NUT 

PART NO DIMG DIMH DIMJ 

B09490A005 612-635 (0 241-0 250) 698-7 34 (0 275-0 289) 221-249 (0 087-0 098) 

B09490A006 767-792 (0302-03121 874-917 (034403611 259-290 (Q 102-0 1141 

HEX HEAD SCREW 

NYLON 
INSULATING BUSHING 

DIME 

1.02-1.27 
(0040-0.050) 

0.51-064 
(0020.0025) 

DIM K 

284 NOM (0112 NOM) 

350 NOM (Q 138 NOM) 

TYPE DtMP DIMQ DIMR 

4-40 1 24-1 52 10049-0060) 5 13 MIN (Q 202 MINI 460-475 (0 181-0 187) 

6-32 203236 (0080-00931 691 MIN (0272 MINI 620-635 (Q 244-0250) 
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APPLICATION NOTE ABSTRACTS 

The application notes listed in this section have been prepared to acquaint the circuits and systems engi
neer with Motorola Linear integrated circuits and their applications. To obtain copies of the notes, simply list the 
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-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 ana
lyzed and measured performance is discussed. The 
amplifier features a small uncertainty region (6 m V 
max), adjustable voltage gain, and fast cycle time 
(0.5 liS). 

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 
considerations. 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 now available 
in the Plastic Thermopad packages. Three package 
types are presently available. This application note 
provides information concerning the handling and 
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 MC1554, along with a circuit 
description including DC characteristics, frequency 
response, and distortion. A section of the note is also 
devoted to package power dissipation calculations 
including the use of the curves on the power ampli
fier data sheet. 

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 as a function of the device 
operating modes, and typical circuit applications. 

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 MC1535. A complete 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 fig
ure considerations related with the design of low 
noise amplifiers is presented. The basic fundamen
tals involving noise, noise figure, and noise figure
frequency characteristics are then discussed with the 
emphasis on characteristics common to all semicon
ductors. 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 de
sign, utilizing many of the previously discussed 
considerations, is included. 

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 appli
cation. 

AN-489 Analysis and Basic Operation of 
the MC1595 

The MC1595 monolithic linear four-quadrant 
multiplier is discussed. The equations for the anal
ysis are given along with performance that is 
characteristic of the device. A few basic applications 
are given to assist the designer in system design. 

9-2 



APPLICATION NOTE ABSTRACTS (Continued) 

AN-491 Gated Video Amplifier 
Applications Using The MC1545 

This application note reviews the basic operation 
of the MC1545 and discusses some of the more pop
ular applications for the MC1545. Included are 
several modulator types, temperature compensation' 
of the active gate, AGC, gated oscillators, FSK sys
tems, and single supply operation. 

AN-513 A High Gain Integrated Circuit RF
IF Amplifier with Wide Range AGC 

This note describes the operation and application 
of the MC1590G, a monolithic RF-IF amplifier. In
cluded are several applications for IF amplifiers, a 
mixer, video amplifiers, single and two-stage RF 
amplifiers. 

AN-522 The MC1556 Operational 
Amplifier and its Applications 

This application note discusses the MC1556, 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 ampli
fier. 

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 effec
tive use of the device. 

AN-531 MC1596 Balanced Modulator 
The MC1596 monolithic circuit is a highly versa

tile communications building block. In this no~e, 
both theoretical and practical information are given 
to aid the designer in the use of this part. Applica
tions include modulators for AM, SSB, and 
suppressed carrier AM; demodulators for the pre
viously 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 semiconduc
tors that interface with the plated-wire memories. 

Devices discussed include drivers, sense ampli
fiers, and decoders. Memory organization and 
memory-related semiconductor applications are also' 
mentioned. 

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 IF Amplifier 
Using Integrated Circuits 

This applications note considers the require
ments of the video IF amplifier section of a 
television receiver, and gives working circuit sche
matics using integrated circuits which have been 
specifically designed for consumer' oriented prod
ucts. The integrated circuits used are the MC1350, 
MC1352, MC1353 and the MC1330. 

AN-547 A High-Speed Dual Differential 
Comparator, The MC1514 

This application note discusses a few of the many 
uses for the MC1514 dual comparator. Many appli
cations such as sense amplifiers, multibvibrators, 
and peak level detectors are presented. 

AN-553 A New Generation of Integrated 
A vionic Synthesizers 

The need to generate signals of a multitude of 
different frequencies for avionic systems has re
sulted in complex solutions in the past. With the 
introduction of certain standard product integrated 
circuits, 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 along with possible applications. 

AN-557 Analog-to-Digital Cyclic Converter 
The AID cyclic converter discussed in this note 

provides medium speed (1-5~sl bit) and medium 
accuracy (7 or 8 bits) operation. A Cyclic converter 
uses the successive approximation technique in 
which an unknown analog input voltage is succes
sively compared to a reference voltage to determine 
each bit of the digital output. ' 

The cyclic converter offers continuous operation, 
automatic generation of the digital output in Gray
code form, and a building block structure. This 
structure uses a separate but identical circuit for 
each resolution bit. The cyclic converter finds use 
primarily in control and process applications. 

AN -559 Simple Ramp AID Converter 
A simple single ramp AID converter which incor

porates 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. anlC phase 
locked-loop frequency synthesizer suitable for the 
local osciallator function in aircraft Automatic 
Direction Finder (ADF) equipment. 
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APPLICATION NOTE ABSTRACTS (Continued) 

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 
developed 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-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 power amplifiers 
are illustrated, one using single +28 Volt power sup
ply, the second using high voltage transistors in 
complementary configuration for operating directly 
off the line. 

Four different op amp preamplifiers and 90° 
phase shifters are also described. 

AN -599 Mounting Techniques for Metal 
Packaged Power Semiconductors 

For cooler, m'ore reliable operation, proper 
mounting procedures must be followed if the inter
face thermal resistance between the semiconductor 
package and heat sink is to be minimized. Discussed 
are aspects of preparing the mounting surface, using 
thermal compounds, and fastening techniques. Typi
cal interface thermal resistance is given for a 
number of packages. 

AN-702 High Speed Digital-To-Analog and 
Analog-To-Digital Techniques 

A brief overview of some of the more popular 
techniques for accomplishing D/ A and AID tech
niques. In particular those techniques which lead 
themselves to high speed conversion. 

AN-703 Designing Digitally-Controlled 
Power Supplies 

This application note shows two design ap
proaches; a basic low voltage supply using an 
inexpensive MC1723 voltage regulator and a high 
current, high voltage, supply using the MC1466 
floating regulator with optoelectronic isolation. Var
ious circuit options are shown to allow the designer 
maximum flexibility in an application. 

AN ·70SA Line Driver and Receiver 
Considerations 

This report discusses many line driver and re
ceiver design considerations such as system 
description, definition of terms, important parame
ter measurements, design procedures and 
application examples. An extensive line of devices is 
available from Motorola to provide the designer with 
the tools to implement the data transmission re
quirements necessary for almost every type of 
transmission system. 

AN-710 Communication System, 
Transmission Losses 

This report shows the derivation of the equations 
used to calculate the insertion loss associated with 
various component parts of a communications chan
nel. 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-711 The Recovery of Recorded Digital 
Information in Drum, Disk and Tape 
Systems 

The use of magnetic recording techniques has 
long been an important means of sorting digital in
formation, as evidenced by the wide variety of 
equipment currently in use. Representative systems 
utilize drums, disks and tape as the recording me
dium. 

All three techniques share the common problem 
of recovering the recorded digital, information. The 
analog signal obtained by 'passing the recording 
medium by a magnetic sensor (Read Head) must be 
converted to a suitable digital format. 

This application note reviews the general prob
lem and discusses a number of specific circuit 
approaches. 

AN·713 Binary D/A Converters can 
Provide BCD-Coded Conversion 

This note describes the application and use of 
integrated circuit D/A converters for use in provid
ing a BCD-coded conversion. The technique is 
illustrated using a 2-1/2 digit digital voltmeter. 

AN-714 A Personalized Heart-Rate 
Monitor with Ditigal Readout 

Using the micropower operational amplifier 
MCl776 and CMOS digital integrated circuits, en
tirely self-contained portable electro-medical 
monitoring equipment can be built. This note de
tails the construction of a heart-rate monitor giving 
a digital indication, beat-by-beat. 

AN-716 Successive Approximation AID 
Conversion 

Recent advances in integrated circuit design and 
technology have resulted in reduced cost of high 
performance successive approximation analog to dig
ital converters. This note describes and illustrates 
two examples of how modern IC components have 
changed this well known technique. 

AN-717 Battery Powered 5-MHz 
Frequency Counter 

This application note describes a battery
powered 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 performance with a linear input-signal 
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APPLICATION NOTE ABSTRACTS (Continued) 

conditioner. Several options are discussed which op
timize the basic counter for minimum power 
dissipation. These options include a CMOS input 
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-720 Interfacing with MECL 10,000 
This article describes some of the MECL circuits 

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 of 
non-compatible signals. 

AN-732A A Non-Volatile Microprocessor 
Memory Using 4K N-Channel MOS RAMs 

NMOS semiconductor technology has made in
roads into high density/high performance circuit 
design. The one-chip microprocessor, Random Ac
cess 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 large amounts of memory. 

This paper describes the design of an 8192-byte 
non-volatile Random Access Memory system using 
the MCM6605A 4Kx1 RAM. The syste is designed 
to work with the Motorola MC6800, an 8-bit micro
processor. 

AN-737A 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 build
ing 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 5-V, 40-A line operated inverter sup
ply is described in detail including design 
procedures for the magnetic components. The in
verter itself is a "state-of-the-art" design which 
features CMOS logic, high voltage power transistors, 
Schottky rectifiers and an optoelectronic coupler. It 
operates with a full load efficiency of 80% at a fre
quency of 20 kHz. 

AN-739 A Synthetic Spectrum Tuning 
System for TV 

A tuning system is described which uses a com
plete 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 methods 
of multiplexing multi-digit,. seven-segment displays. 
The logic devices illustrated are primarily CMOS 
with two examples describing TTL. The displays 
discussed are liquid crystal, LED, gas discharge, in
candescent and fluorescent. How to interface 
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 tuning 
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-channel access 
with equal ease of tuning and an exact channel rea
dout for all VHF and UHF channels. 

AN-746 A 3 lh Digit DVM Using an 
Integrated Circuit Dual Ramp System 

This application note describes the design of a 
3 1/2 -digit DVM (digital voltmeter) using the MC1405 
and the MC14435 dual ramp AID system. The per
formance criteria is that of a lab quality DVM with 
both 3 1/2 -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 overrange indica
tion. 

AN-751 A Disassociated Intercarrier 
Television Video IF Amplifier 

This application note discusses a unique video IF 
system, incorporating the MC1331, low-level multi
plier detector. Problem areas in IF design are 
discussed and the specific solutions are shown. 

AN -752 An 80-Watt Switching Regulator 
for CATV and Industrial Applications 

This application note describes a 24-Volt, 3-
Ampere switching, regulated power supply that op
erates above 18 kHz from a 40-to 60-Volt, 60-Hz 
square wave source (CATV power line from a ferro
resonant transformer) or a dc standby source with 
input output isolation. The control circuit consists 
of a dual operational amplifier and a linear inte
grated circuit timer which are used to vary the on 
time of a new high-speed power transistor. The cir
cuit provides good efficiency, good regulation, low 
output ripple and incorporates input and output 
voltage over shutdown protection. 

• 
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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 digi
tal IC's. Systems consisting of an 8- and 10-bit 
successive approximation approach, as well as dual 
ramp techniques of 31/2 -and 41/2 digit BCD and 12-
bit binary, are shown with flow diagrams, source 
programs and hardware schematics. System' tra
deoffs of the various . schemes and programs for 
binary-to-BCD and BCD-to-7 segment code are dis
cussed. 

AN-760 Application of The MC3416 
Crosspoint Switch 

The operation and application of the MC3416 4 x 
4 balanced crosspoint switch is described in detail. 
Special emphasis is given to balanced switching sys
tems like those in space division P ABX. Discussion 
of the total system design using the MC3416 is also 
included .. 

AN-763 The MC1323-A Fully 
Programmable Demodulator 

The MC1323 is a monolithic integrated circuit 
demodulator specifically designed for decoding the 
NTSC color televi~ion 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 the circuit 
operation of the MC1323 and several applications 
including low' cost driving of unitized gun picture 
tubes and obtaining R-G~B demodulated outputs. 
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AN-765 An Approach To A Low-Noise TV 
IF System 

This note describes a technique of measurement 
of the IF contribution and ways of minimization of 
the IF noise. An IF design, following these proce
dures, is described to meet the desired noise 
performance. 

AN-767 A Line Operated, Regulated 
5V/50A Switching Power Supply 

This application note describes a regulated 220 V 
ac to 5 V dc converter using high voltage switching 
transistors and Schottky barrier rectifiers. The con
trol functions are all performed by integrated 
circuits. 

AN-775 M6800 Systems Utilizing the 
MC6875 Clock Generator/Driver 

This application note describes the use of the 
MC6875 clock generator/driver in M6800 based sys
tems. Design examples will demonstrate the 
capabilities of the driver in systems using slow 
and/or dynamic memories. Multiprocessing and 
DMA methods are also covered. 

AN -781 Revised Data-Interface Standards 
Revised data-interface standards permit faster 

data rates and longer cables. New chips, and RS232 
adapters, simplify their use. 

AN-787 An M6800 Clock System That 
Handles DMA and Memory Refresh Cycle 
Stealing 

Dynamic memory and three-state cycle stealing 
for Direct Memory Access transfers require a clock 
generator and priority logic to maintain proper re
fresh times of the dynamic MPU and dynamic 
memory. The design presented here demonstrates 
use of the MC6875 clock generator with an MC6800 
MPU . 



ENGINEERING BULLETIN ABSTRACTS 
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 DAC Key To Inexpensive 2% Digit 
Voltmeter. 

EB-21 presents an idea for the core of an econ
omical 2% digit voltmeter. Built around Motorola's 
MC1408 8-bit D/A converter, the meter can measure 
to 2.55 V in 10 m V steps. 

EB-24A 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 dis
cusses FET input op amp buffers providing high 
impedance and temperature drift under 1 m V over 
the O°C to 50°C range. 

EB-50 Build This Simple, Battery-Powered 
31/2 Digit DVM From Standard Parts 

EB-50 describes a simple, battery-powered 3 1/2 

digit DVM capable of measuring up to 20 volts that 
can be built from readily obtained standard parts. 
Sufficient information is provided to construct the 
circuit including schematic, PC board layout, parts 
list and calibration instructions. 

EB-51 Successive Approximation BCD 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-51. 

EB-52 Control Your Switching Regulator 
With The MC3380 Astable Multivibrator 

Engineering Bulletin EB-52 describes the opera
tion and characteristics of the MC3380 astable 
multivibrator and details the design of a 200 volt 
switching regulator circuit for gas discharge displays 
using this device as the control element. 

EB-57 An Economical FM Transmitter 
Voice Processor from a Single IC 

An MC3401 Quad OP-Amp is used as a 
Microphone/Modulation interface in an FM trans
mitter. 

EB-58 Analog Data Acquisition Network 
for Digital Processing Using the MC1405-
MC14435 AID System 

An MC1405-MC14435 combination is used to 
form a dual-slope A/D converter for analog data 
acquisition. 

EB-66 A Symmetry Correcting Circuit for 
Use with the MC3420 

EB-66 shows a method of implementing an exter
nal symmetry-correction circuit with the MC3420 
Switchmode Regulator Control IC to insure bal
anced operation of the power transformer in push
pull inverter configurations. 

EB-78 NEW ICs In Switching Supplies 
This bulletin describes a regulated 220 Vac to 5 

V dc converter design incorporating the MC3420 and 
MC3423 for the control and ancillary functions. 

EB-85 Full-Bridge Switching Power 
Supplies 

This bulletin provides selection information on 
devices for a full-bridge configuration supply in the 
500-1000 watt power range. 

EB-86 Half-Bridge Switching Power 
Supplies 

This bulletin provides selection information on 
devices for a half-bridge configuration supply in the 
100-500 watt power range. 

EB-87 Flyback Switching Power Supplies 
This bulletin provides selection information on 

devices for a flyback configuration supply in the 
100-250 watt power range. 

EB-88 Push-Pull Switching Power Supplies 
This bulletin provides selection information on 

devices for a push-pull configuration supply in the 
100-500 watt power range. 

• 
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