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Device
Number
AM26LS31
CA3054
CA3059
CA3079
CA3139
DS8641
HA1199
LF155
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LF157A
LF255
LF256
LF257
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LF356
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LM139
LM139A
LM140
LM158
LM201A
LM204
LM205
LM207
LM208
LM208A
LM209
LM211
LM217
LM217L
LM224
LM239
LM239A
LM258
LM301A
LM304
LM305
LM307

MASTER INDEX

This index includes a/l devices in Motorola Linear’s product
line. Devices with Interface in the page number column are fully
characterized in the separate Interface Data Book; however,
selection characteristics are given in Chapter 7 of this volume
for your convenience.

Function Page
Quad RS-422 Line with Three-State Qutput «..vvvvvieirieeiieernrrnerraneanns Interface
Dual Differential Amplifier ... ..o ii i i i it ittt eie e, 5-7
Zero Voltage SWItCh ...ttt it e i ittt e 6-6
ZeroVoltage SWItCh ...ttt ittt ittt ittt i i 6-6
TVTUNING CIrCUIt oottt it ittt ittt ittt iiiatianeeenteaaneanaannns 5-9
Quad Unified Bus TransSCeIiVer ...ttt iiiiiiiiiaiinieraeerennannnnns Interface
AM Radio Subsystem ..... ettt et e et e 5-13
Monolithic JFET Qperational Amplifier ... ...ttt ee, 3-7
Monolithic JFET Operational Amplifier ....ooviiiiiiii i, 3-7
Monolithic JFET Operational Amplifier ......ooiiiiiiiiiiiiiiiiiiiiiiiiiiiien ., 3-7
Monolithic JFET Operational Amplifier . ...ttt iiierininererecennaennns 3-7
Monolithic JFET Operational Amplifier .....ooiiiiiiiiiiiiiiieieiiiinissenaeanas 3-7
Monolithic JFET Operational Amplifier ........ooiiiiiiiiiiiiiiiiiiiererennnnnns 3-7
Monolithic JFET Operational Amplifiar ......ooiiiiiiiiiiiiii e 3-7
Monolithic JFET Operational Amplifier ...... ..ot e, 3-7
Monolithic JFET Operational Amplifier .....o.viiiiiiiiiiiiieieiieirnnsennnnnann 3-7
Monolithic JFET Operational Amplifier ......coiiiiii i, 3-7
Monolithic JFET Operational Amplifier ..... ...ttt ittt iiiiiininaes 3-7
Monolithic JFET Operational Amplifier ...... oottt iiiiiiianienne, 3-7
Monolithic JFET Operational Amplifier ... ..ottt iiiiiiiiaeenns 3-7
Monolithic JFET Operational Amplifier ...ttt i iienennnnenans 3-7
Monolithic JFET Operational Amplifier ...oooviiiiiiin it iiiiitiieiinnnnnnnnann 3-7
Monolithic JFET Operational Amplifier .. ...ttt i it iierennenen 3-7
Monolithic JFET Operational Amplifier ......cooiiiiiiiiiiii it 3-7
Monolithic JFET Operational Amplifier ..o ittt iinnarnnnennns 3-7
General Purpose Adjustable Operational Amplifier .................oiiiiiiiaa.. 3-19
Adjustable Negative Voltage Regulator ........civiiiiiiiieiiieriiionsescecaranenns 4-7
Adjustable Positive Voltage Regulator ..........cooiiiiiiiiiiiiiiiiiiieieineann, 4-9
General-Purpose Operational Amplifier ......cooviiiiiiiiiiiiiiiiiii i, 3-23
Precision Operational Amplifier ...... ..ot iiiiiiiiiiieiieieiannnnn. 3-27
Precision Operational Amplifier .. ....iiieieiiiineniieeiiianatenacennnnnneness 3-27
Positive Voltage Regulator .........oiiiiiiiiiiiiiieiiiiiiiiiiiiiiiiiieineeenenns 4-11
Voltage COMPAIAION .. v v intt ettt ente it e eannteeanatesoannesenansnas Interface
Positive Voltage Regulator ........viiiiniiriiiittiiiiiiiiiiiaiteeerannns 4-16
Positive Voltage Regulator ... ... ittt ieinaas 4-24
Quad Operational Amplifier . ...ttt ittt ittt et eiranrrannaes 3-32
Quad Comparator (Single Supply) ....ovviiiiiiiiiiii ittt i Interface
Quad Comparator (Single Supply) . ..oooviiiiiiiiiii ittt eiinnnenan Interface
Series of Positive Voltage Regulators ..........ooiiiiiiiiiiiiiiniiiiiionnaneas 4-32
Dual Operational Amplifier ...ttt i iiiiiiiiiiieaeens 3-38
General-Purpose Operational Amplifier ..ottt 3-19
Adjustable Negative Voltage Regulator .........cciviiiiiiiiiirnianieriieceonnsnn. 4.7
Adjustable Positive Voltage Regulator .............. ettt 4-9
General-Purpose Operational Amplifier ..ottt iiiiiiiiiiiene, 3-23
Precision Operational Amplifier ........oiiiiiiiiiiiiiiii ittt iitirenanann, 3-27
Percision Operational Amplifier ...ttt iiirennsineernenennn. 3-27
Positive Voltage Regulator .......oiiiiniiiin it iiirerineinroenesnnaanonanenas 4-11
VOltage COmMPArAlOr .. v it te et iaaataassssnnsnnsesseenonnarasesennannnnas Interface
Adjustable Voltage Regulator ..........oiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiianeans 4-16
Adjustable Voltage Regulator ........coiiiuiiiiiiiioiirintieeetecaneennrrannennas 4-24
Quad Operational AmPlifier . ...ttt it iiennierterrarnnneeraneeens 3-32
Quad Comparator (Single Supply) ...t iiiiiiiiiii it iiiienestierennnranan Interface
Quad Comparator (Singe SUPPIY) «cereiiirirei ettt eiiteerererrnnannnans Interface
Dual Operational Amplifier .......cooiiiiiiiiiiiiiiii i iiiiet e tirnnnennnnnans 3-38
General-Purpose Operational Amplifier ..........o ittt 3-19
Adjustable Negative Voltage Regulator ............ciiiiiiiiiiiiiirrninnronnannan. 4-7
Adjustable Positive Voltage Regulator .........c.c.ciciiviieitiennrieeenennnnnnnnnnnn 4-9
General-Purpose Operational Amplifier ... ittt 3-23

1-2
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Device
Number

LM308
LM308A
LM309
LM311
LM317
LM317L
LmM324
LM339
LM339A
LM340
LM358
LM2901
LM2902
LM2904
MC8T13
Mcs8T14
MC8T23
McsT24
MC8T26A
MC8T28
MC8T95
MC8T96
MC8T97
MC8T98
MC26S10
MC26S11
MC758110
MC1302
MC1306
MC1309
MC1310
MC1323
MC1324
MC1327
MC1330A
MC1349
MC1350
MC1351
MC1352
MC1355
MC1357
MC1358
MC1364
MC1372
MC1373
MC1391
MC1393A
MC1394
MC1398
MC1399
MC1400
MC1400A
MC1403
MC1403A
MC1404
MC1404A
MC1405
MC1406
MC1408
MC1411
MC1412
MC1413

Function Page
Precision Operational Amplifier ... .c.iiiiiiiiiiiitiiiiiniieeieneeeraeseannnns 3-27
Precision Operational Amplifier .. ... ...ttt ittt eneaieennnnnnns 3-27
Positive Voltage Regulator ... ...ttt iiiiiiensttseeronossnoannns 4-11
Voltage ComParator ... ..uuuuieteeeinnneteerteanusneneaerosesossnasesinnanns Interface
Adjustable Positive Voltage Regulator ............ccoiiiiiiiiiiiiiiiiiiiiiiiiee 4-16
Adjustable Positive Voltage Regulator ........c.coiiiiiiiiinirnirenenineennnenns 4-24
Quad Operational Amplifier .........ooiiiiiieiiiniieennenans e, 3-32
Quad Comparator (Single Supply) ...ooviiiiiiiiiiiiii ittt ienisnnnas Interface
Quad Comparator (Single SUPPIY) « . oottt ittt ittt ier i Interface
Series of Positive Voltage Regulators .........ocoiiiiiiiiiiiiiiiiiiiiiiiereneneanns 4-32
Dual Operational Amplifier .......oiiiiiiiiiiiiiiii ittt iieeriaerernnnnas 3-38
QUAD COMPAIAIOT ..ttt ettt et e teiaierseeaaeeeeeeraanieesnnns Interface
Quad Operational Amplifier .....oeuiiiiiiiiiiii i i i it e it 3-32
Dual Operational Amplifier ........ oo i e e s 3-38
0 TE T T IR o V= 0 Y- Interface
Triple Line Receiver with Hysteresis .......cooviiiiiiiiiiiiiiiniiinenineennn. Interface
DUl Line DriVer .ttt ittt ittt ettt ittt eeaarataanaeeaananas Interface
Triple Line Receiver with Hysteresis ...........oooiiiiiiiiiiiiiiiiiiiinen, Interface
Quad Three-State Bus TransCeIVEr . ..u.uuieenreeirriinnenreeenunnenennnnns Interface
Non-Inverting Bus TranSCeIVEr ....vueiiiiitrininrnerroroturenonararoasoanns Interface
Hex Three-State Buffer/Inverter ......... ... iiir i iiin i ieinnnanann Interface
Hex Three-State Buffer/lnverter ....... ... . it iiiineeannnnns Interface
Hex Three-State Buffer/Inverter ...ttt Interface
Hex Three-State Buffer/Inverter .........c.coiiiiiiiiiiiiiiiiiiiiaiinneennn Interface
Quad Open-Collector Bus TransCeIVer ... ...vuiiiririiininereetoeenanisannans Interface
Quad Open-Collector Bus TransCeiver .......couiiieiiiiieiiiiiiiinniennnnns Interface
[T L R V= - Interface
7-Stage Divider . ... .oo it e et ta et 5-15
1/2-Watt Audio Amplifier ......coiiiiii i i i it it e 5-17
FM Stereo Demodulator ........ueititititiniiniiiiiiieeeetennsenieenneenanss 5-22
FM Stereo Demodulator .......cuuuuiiiiiiiiiiiiitie i iiiiiiaetsiaeinaenannanas 5-24
Triple Doubly Balanced Chroma Demodulator ...........cciiiiiiiiiiiiiiiennnnnn. 5-32
Dual Doubly Balanced Chroma Demodulator ............coiiiiiiiiiiininennnnnns 5-37
Dual Doubly Balanced Chroma Demodulator ..........ciiiiiiiiiiineiennnnenann, 5-41
Low-Level Video Detector ..........covvvevevneanenenn. e 5-45
B L Vs T 13 T A AP PPP 5-51
IF AMPI T ittt i ettt tiisaeis s et e s tanaseesaaeeeaseenesannnans 5-56 .
TV SouNd CirCUIt ittt ittt it iietiieeeneesaanionaisinaannaeesns 5-60
TV Video IF Amplifier ... i e i i e e 5-64
Limiting FM IF Amplifier ... ottt i ittt it natneesaneennnnnn 5-69
IF Amplifier and Quadrature Detector ........oiiiiiiiiiiiii it 5-73
TV Sound IF AmPlfier «.oouunrie ittt iiaenreseeteennonoeeroioneaneenans 5-79
Automatic Frequency Control ...t i 5-84
Color TV Video Modulator .....eeiiiintinineeeiererennnesonecnncsnironsnonaasas 5-88
TV Video Modulator ...ttt iiieiitet et ttnnstetorensneeeseeiosanaennnns 5-96
TV HOrizontal ProCesSOr . ..cetttttt ittt ittt ieeii et eteieataneaeannnns 5-99
TV Vertical ProCeSSOr . .vuuuu i ittiinietetetstaiasesaserasassssossesionessnans 5-104
TV HoOrizontal ProCeSSOr ...t tiitiietttiiiiitineentetatanseatetacioaneannnnns 5-99
TV Color Processing CirCUIt . .....uurii ittt tinrerenernoesnnroesnonnns 5-107
TV Color Processing CirCUit ...ttt iiiiiiiiirerttieineeeanans 5-113
Precision Voltage Reference ...........cccuiniiiniiiiiiiiiiiiinneucaianannns Interface
Precision Voltage Reference ..........ccoiiiiiiiiiiiiiiniiinioinioneeionnnnns Interface
Precision Low-Voltage Reference ...........coiiiiiiiiieiiiiieererraneeiennnnnas 4-42
Precision Low-Voltage Reference ...........coiiiiiiiiiniiiiieeneeenrerrnnnnnns 4-42
Precision Low-Drift Voltage Reference ...........coiiiiiiiiiiiiiiiiinineenannns 4-46
Precision Low-Drift Voltage Reference ............oiiiiiiiiiiiiiiiiiinnnrecnnnens 4-46
Analog-to-Digital Converter Subsystem ........c.iuiiiiiiineeiitiiinneinnnnnnn Interface
6-Bit Multiplying Digital-to-Analog Converter ..............c.ccciiiiiiiinnnn.,. Interface
8-Bit Multiplying Digital-to-Analog Converter ...........ccoieiiiiinnernannn.. Interface
Peripheral Driver Array .....oviitiineiii ittt inniianerieentarneenns Interface
Peripheral Driver ArTay ...ttt it iiieieininaneaneseneannsns Interface
Peripheral Driver Array ... ..ottt iiaiieeretnansnesnannnan Interface
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Number

MC1414
MC1416
MC1420
MC1422
MC1430
MC1431
MC1433
MC1435
MC1436
MC1436C
MC1437
MC1438
MC1439
MC1444
MC1445
MC1454
MC1455
MC1456
MC1456C
MC1458
MC1458C
MC1458N
MC1458S
MC1463
MC1466
MC1468
MC1469
MC1472
MC1488
MC1489
MC1489A
MC1494
MC1495
MC1496
MC1500
MC1500A
MC1503
MC1503A
MC1504
MC1504A
MC1505
MC1506
MC1508
MC1514
MC1520
MC1530
MC1531
MC1633
MC1535
MC1536
MC1537
MC1538
MC1539
MC1544
MC1545
MC1550
MC1552
MC1553
MC1554
MC15556
MC1556

Function Page
Dual Differential Comparator ..........eeeeseennereaeeneeeesseaasannsenneenns Interface
Peripheral Driver Array . ..o.veee oot eiertensereoserosesoeesonsnasansnnns Interface
Differential Output Operational Amphfier ... ..ottt iiierieeetnreennannns 3-44
Timing Circuit with Adjustable Threshold .......... ... iiiiiiiiiiiiiiiiiiinnns 6-11
Operational Amplifier ...t et i ettt aeanans 3-48
Operational Amplifier ... i i i i e et et e e, 3-48
Operational Amplifier ...t ittt i ittt itaasnarinns 3-52
Dual Operational Amplifier ... .. iiiriiiieiierritiererenerereeeeneeeneennerenns 3-57
High-Voltage Operational Amplifier ...ttt it iiiieennann 3-62
High-Voltage Operational Amplifier .........cceiiiiiiiiieieinrrririiticnenanenens 3-62
Dual Operational Amplifier .......ooiiiiiiiiiiiiiii ittt iiiitiiaienieanannennnns 3-66
[T g = T To) (= PP 6-18
High-Silew-Rate Operational Amplifier .......coiiiiiiiiiiiiiiiiiiitiiianiannenens 3-70
AC-Coupled 4-Channel Sense Amplifier ..........cciiiiiiniiieeririnrienennen Interface
Wideband Amplifier ........cooiiiiiiiiiiiiiiiiiiee @i, 6-24
1-Watt Power Amplifier ..ot 6-40
TimMiNG CirCUIt .ottt ettt ittt eie i enseetonasosorotonssoneencesasnesnaneenns 6-44
High-Performance Operational Amplifier ......cooiiiiiiiiiiiiiiiiiiiiiiiiiinne., 3-78
High-Performance Operational Amplifier .......coiiiiiiiiiiiiiiniieriiannnenann 3-78
Dual Operational Amplifier ... c..oueiiiiietitiinininieseteesersssorssonnnnoenans 3-84
Dual Operational Amplifier ...ttt i i ittt eniianiaens 3-84
Low-Noise Dual Operational Amplifier .......coiiiiiiiiiiiiiiiinineiianernnenens 3-84
High-Slew-Rate Dual Operational Amplifier ........coiiiiiiiiiiiiiiiiieninenans 3-89
Adjustable Negative Voltage Regulator ....... ..ottt iiiiiiiiennnenannns 4-51
Voltage and Current Regulator .........c.ooueiiiiiiiiiiiiiiiiiiiiretinreeaennnns 4-67
Dual = 15-Volt Tracking Regulator ..........oiiuiiiiiiiiiiiiiniieneiinnanannss, 4-77
Adjustable Positive Voltage Regulator .........coiiriiiiiiiiiiiiiiiirerereraenaons 4-82
Dual Peripheral Positive NAND Driver .......c.ceuiiriieinneeernnnnnsoessennans Interface
Quad MDTL Line Driver . ..i.eiiiiiitiieetterineennssanesotonesaneneneonnnann Interface
Quad MDTL LINE RECEIVET .\ .uurriritiiiiininnerrerarenonnseronteasearonans Interface
Quad MDTLLine RECEIVEE . oiivuuiiii ittt iiitnntsnserernnnnnons Interface
Four-Quadrant MUltiplier ........ouuiiiiiiiiiiiiiieit i iernreneioeeeannosnnnss 6-60
Four-Quadrant Multiplier . ... oottt iie ittt iniereteeetrnnernneennesesnosnnennas 6-74
Balanced Modulator-Demodulator .......c.oieiriirtiieriiereiseteaseensannnenns 6-90
Precision Voltage Reference ..........coeiviiiiiiiiiiiiiiiineniarenrenennes Interface
Precision Voltage Reference ...........ccvviiiiiiniiiieiiiunaessnassenianonans Interface
Precision Low-Voltage Reference ............ccceiiiiiiiiiiiiiiniieiiinroneenans 4-42
Precision Low-Voltage Reference ..........ccciiiiiiiiiiiiiiininiereroranennnaaes 4-42
Precision Low-Drift Voltage Reference ........cooeiiiiiiiiiiiiriiieinnnnsanennens 4-46
Precision Low-Drift Voltage Reference ........ccciviiiiiiieiiiiiiiiereeninnesnass 4-46
Analog-to-Digital Converter SUbSYStem ... .viiieiieriiieersesoassrensaranns Interface
6-Bit Multiplying Digital-to-Analog Converter ..........cceviiiinieeennnnreaes Interface
8-Bit Multiplying Digital-to-Analog Converter ...........cceieieinrenensanaass Interface
Dual Differential Comparator .......ceiieeteneneunrerneeronnnenneeensennerns Interface
Differential Output Operational Amplifier ...... ... iiiiiiiiiiiiiiiiiieienenaens 3-44
Operational Amplifier ......oiiiu it i ittt ittt 3-48
Operational Amplifier ........coiiiiiiriitinensieseeecsnsnnns e, 3-48
Operational Amplifier ..ottt i i ittt it e ittt 3-52
Dual Operational Amplifier .. ..cu.iiiirtriiiitiirrrneeeeeernnnsereeenennnsnenens 3-57
High-Voltage Operational Amplifier ......c.ciiiiiiiiiiieirrnnnrinrerenencneneness 3-62
Dual Operational Amplifier .......oiiiiiiiiiiiiiiiiiiaiiitiertreteneenneenananss 3-66
POWET BOOSIET .\ttt nte et eetienneneonreeneeeseosessasnonnnnannannss 6-18
High-Slew-Rate Operational Amplifier .......cciiiiiiiiiiiiiiiiiirireeieiianenass 3-70
AC-Coupled 4-Channel Sense Amplifier ........cooiiiiiiiiiiiiiiiiiaiannns Interface
Wideband AmPlifier .. .ouuir et ieteeieerierteanrenesnesenronnsoaeseneeesnnans 6-24
L L Ny 7o 13 =Y N 6-30
RV e 1= T X 1] o] 13 = e 6-36
VB0 APl O ittt iii ittt eierreseeeeeerenunanenesosanannsseseannnnnnnnn 6-36
1-Watt Power Amplifier ... ieiiireiiiitiiiiiiniianreerooesnaasaaocaacnnnanans 6-40
TimMING CirCUIt &ttt i eiitie i iiiaassansesnnnsssssnesesunsssasoarannasesannns 6-44
High-Performance Operational Amplifier ......ccoviiiieriiiiiniiieeenieerenanns 3-78
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MC1558
MC1558N
MC1558S
MC1563
MC1566
MC1568
MC1569
MC1590
MC1594
MC1595
MC1596
MC1709
MC1709A
MC1709C
MC1710
MC1710C
MC1711
MC1711C
MC1712
MC1712C
MC1723
MC1723C
MC1733
MC1733C
MC1741
MC1741C
MC1741N
MC1741NC
MC1741S
MC1741SC
MC1747
MC1747C
MC1748
MC1748C
MC1776
MC1776C
MC26S10
MC26S11
MC3232A
MC3242A
MC3245
MC3301
MC3302
MC3303
MC3310
MC3325
MC3333
MC3340
MC3344
MC3346
MC3357
MC3358
MC3360
MC3370
MC3380
MC3386
MC3393
MC3401
MC3403
MC3405
MC3408

Function Page
Dual Operational Amplifier .......ccoiiiiiiiiiiiiiiitneiaceossnascasonenaeanes 3-84
Low-Noise Dual Operational Amplifier .........cooo i, 3-84
High-Slew-Rate Dual Operational Amplifier ........ccoiiiiiiiiiiiinieiiiennenennns 3-89
Adjustable Negative Voltage Regulator ............oiiiiiiiiiiiiiiiiiiiinnnennn. 4-51
Voltage and Current Regulator . ......outieitinirinneierionenneersonnnenresonnnnnnn 4-67
Dual = 15-Volt Tracking Regulator ...........ciiiuiiiiiiiiiierneneernrnneennanan 4-77
Adjustable Positive Voltage Regulator ..........oiiiiiiiiiiiiiiiiiiiiiiinnenns 4-82
Wideband Amplifier with AGC ...ttt et eie e 6-51
Four-Quadrant Multiplier .. ..ottt it it it iteen s etetneenenaensnnnnes 6-60
Four-Quadrant Multiplier .....ooiuieiin ittt iiiininieretrnassseoteeeenesranennnns 6-74
Balanced Modulator-Demodulator ........couniiiieiiiniinnreieeernnnnenennennns 6-90
General-Purpose Operational Amplifier ...t iiiiiinninennenennnnnnns. 3-95
General-Purpose Operational Amplifier ..o ittt iiennns 3-95
General-Purpose Operational Amplifier ...ttt 3-95
Differential Comparator .........cueiiiiiiniitriniinnntieerensnenenesinnaans Interface
Differential CompParator .. ....couuitieneereeeeeneeeneeetneeaneeenneeeeennees Interface
Dual Differential Comparator ........cooiiiiiiiniiiiiieteioennnneseossoennnnns Interface
Dual Differential Comparator ..........ooeiiitiinnniieneinnnaanionerrannnaaas Interface
Wideband DC Amplifier ... i et e 3-99
Wideband DC Amplifier ... i i ittt ien et e 3-99
Adjustable Positive or Negative Voltage Regulator ...........ccoiiiiiiiiinnann.. 4-101
Adjustable Positive or Negative Voltage Regulator ..........coiiiiiiiiiininnennns 4-101
Differential Video Amplifier ...... .ot it e et eeeeanaaananns 6-100
Differential Video Amplifier ...ttt it it ittt iierernrnnannnns 6-100
General-Purpose Operational Amplifier ........co oottt 3-104
General-Purpose Operational Amplifier ........coiiiiiiiiiiiiiiiiiiiienenennnnn 3-104
Low-Noise Operational Amplifier ...ttt it iiitiiiianannnannn 3-104
Low-Noise Operational Amplifier ... ... ..o i i it 3-104
High-Slew-Rate Operational Amplifier ... ...ttt iiiiiiineeinnnnenes 3-109
High-Slew-Rate Operational Amplifier ... ittt 3-109
Dual MC1741 Operational Amplifier c..ooiiiiiii it et ieneeiarerenennenns 3-115
Dual MC1741C Operational Amplifier .......c.iriiiiiieiiiiiiiiienerinnnnanns 3-115
General-Purpose Operational Amplifier ...ttt iiiienennns 3-119
General-Purpose Operational Amplifier ........ociiiiiiiiiiiiriiinninnnnennnn 3-119
Programmable Operational Amplifier ........ooiiiiiiiiiiiiiiiiiiiiieeeennann. 3-123
Programmable Operational Amplifier ........ccciiiiiiiiiiiiiiiiiiiiiiiiennennnn 3-123
Quad Open-Collector Bus Transceiver .......coviuiiiiiieieriieinnnarnnn.n. Interface
Quad Open-Collector Bus TransCeiver ........c.cciuiieeenieneeeennarenronnens Interface
Memory Address Multiplexer and Refresh Address Counter ................... Interface
Memory Address Multiplexer and Refresh Address Counter ................... Interface
Quad TTL-t0-MOS DriVer .. vi ittt ettt iiet e iaererensnneeeanneonnnnereenans Interface
Quad Operational AmMPlifier .. ..ouiiiii ittt iiieiiatetteenraeannanans 3-132
QUAd COMPATAIOT .+ ottt ettt treieeteerenertsananesesctnnnessseeaanassanans Interface
Quad Differential-Input Operational Amplifier .........c.ciiiiiiiiiiiiiiiiiinnnn. 3-148
Wide-Band Amplifier ........ et e et e ettt 5-118
Automotive Voltage Regulator ........c.vieiiiiiniiionereeererennranssornnens 5-122
Vari-Dwell Ignition ...ttt it ittt ittt ieie ittt ssnanarnesiencannns 5-126
EleCtronic Al ENUAIOr ..ottt ittt ittt tanerenerateernceecanasneanansons 5-129
Programmable Frequency Switch ....... ...ttt iiiiiiiiiniiiaieincenennnn, 6-108
General-Purpose Transistor Array .....oiieeuieiineeittnnnaeeecetannsnaeessnnnns 5-132
LoW-Power FM IF . ittt i ittt iiat s ttaieaststaeasassenennas 5-135
Dual Low-Power Operational Amplifier ........ ... iiiiiiiiiiiiiiiiiiiinnnns 3-154
1/74-Watt Audio AMPIifier ...ttt it ittt teereneaennnereeennnees 5-139
Zero Voltage SWItCh ...ttt ittt i i iiiiiiit e iiiiticnssnnnaaases 6-113
Emitter-Coupled Astable Multivibrator .......... ... .o ittt 5-142
General-Purpose TransiStor ArTay . ....veitrrrenenererenenensssosecesneeacsnnes 5-132
Two-Modulus Prescaler ........oiiiiiiiiiiiiiiiiiiiiiiiiiiiiteeaeaaearannnn. 5-148
Quad Operational Amplifier .. ...ttt ieieeeteraorennneanns 3-140
Quad Differential-Input Operational Amplifier ...........ciiiiiiiiiiiiiiiia.. 3-148
Dua!l Operational Amplifier plus Dual Voltage Comparator .............cocovvun.. 6-117
8-Bit Multiplying Digital-to-Analog Converter ..........c..oveeeenioniernennns Interface
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MC3410
MC3410C
MC3412
MC3416
MC3417
MC3418
MC3419
MC3420
MC3423
MC3430
MC3431
MC3432
MC3433
MC3437
MC3438
MC3440A
MC3441A
MC3443
MC3446A
MC3447
MC3448A
MC3449
MC3450
MC3452
MC3453
MC3456
MC3458
MC3459
MC3461
MC3467
MC3468
MC3470
MC3476
MC3480
MC3481
MC3482A
MC34828
MC3485
MC3486
MC3487
MC3488A
MC3488B
MC3490
MC3491
MC3492
MC3494
MC3503
MC3505
MC3510
MC3517
MC3518
MC3519
MC3520
MC3523
MC3556
MC3558
MC4558
MC4558AC
MC4558C
MC4558N
MC4558NC

Function Page
TO-Bit D-10-A CONVEIET .. ivuteiieteneenenorenssoroeersascanetonasesnnasnn Interface
TO-Bit D-10-A CONVeIEr ...ttt itiiieaetatanenarornsesaaeranasonanenanennn Interface
High-Speed 12-Bit D/A CONVErter ....ovvviiiniiiiiiiii it iiiaiinannnns Interface
CrossSPoiNt SWILCH . viuiittttiiiiit et tiietess s ernetsnonessssesrsensonsnsoans Interface
Continuously-Variable-Slope Delta Modulator/Demodulator ...........c.c..0.... Interface
Continuously-Variable-Slope Delta Modulator/Demodulator ................... Interface
Subscriber Loop Interface CirCUit .....vuiettinteinieiiieerennreneeanseeenneas Interface
Switchmode Regulator Control Circuit .......c.ciiiiiiiiiiiiiiiiiiiiiiiannnn.. 4-107
Overvoltage Sensing CirCUIt .. ...ttt etiiiisensieeeonnannnanennns 6-125
High-Speed Quad Comparator .........coouieiuiieneieieeeennensearonanoreaenns Interface
High-Speed Quad Comparator .........covviiiiniiniireneirerreeiiennnnnannns Interface
High-Speed Quad Comparator ...........ieeeuniinnneseeenouanssanreacanans Interface
High-Speed Quad Comparator ........c.vevreiereiannssonssessaensansoraeanns Interface
Hex Unified BUS RECEIVET .. ..iiiii it iiitttnntiiieseatnennnernsnncnnnaenns Interface
Quad Unified Bus TranSCeIVEr ...ttt ttiiiiirirterernseeneneacnsonnonanans Interface
Quad Interface Bus TranSCEIVEr ....viviinivtiiieiiierenetrneneensenonssannns Interface
Quad Interface Bus TranSCeIVer ...t iiiriiiiiie e teireeinieatenerinnannns Interface
Quad Interface Bus TranSCeIVET . ...vun et trnieeenniorecesasssonenanens Interface
Quad Interface Bus TransSCeIVEr .. ..oiiiiii ittt iiineriineronsranssenanans Interface
Bidirectional Instrumentation Bus Transceiver ........c.cvviiiiiininerennnnnns Interface
Quad Three-State Bus TranSCeIVEr .....vvvvtreriirniinssrreenrasesoessoaanans Interface
Triple Bidirectional Bus Switch . ... ..ottt it iii i e Interface
Quad Line RECEIVET ...ttt ittt it ittt ieneeeinssraneeeascansnanans Interface
Quad Line RBCEIVEI .. .uuiiittiiiieinn e tarnansnasonsroesoansossssassanasnns Interface
QUAd Ling DIiVer o i vttt ettt et taeetnaneaasrencsonssnassonanannnnns Interface
Dual Timing CirCuit . ...ovvttieiiiiiiiaii it iiniiiiiiiisttteteeetnesnonnnanans 6-131
Dual Low-Power Operational Amplifier ........ i iiiiiiiiiiiiniieiiennnns 3-164
Quad NMIOS Memory Driver ..u..iettieiiriieeeienenenninsneernnsncnaancnss Interface
Dual NMOS Memory Sense Amplifier .......ccoiieiiiiiiiiiiinrieieieeesnennnn Interface
Triple Preamplifier ... .ottt i i i ittt iee i tees e eananan Interface
Magnetic Read Amplifier ........oiiiniiiiiiiiiiiiiiiii i i i Interface
Floppy Disk Read Amplifier System ...ttt Interface
Programmable Operational Amplifier ........coiiiiiiiiiiiiiiiiiiiiiiiiiinnnnes 3-160
Memory Controller CirCUit ... ..oueuiuieiitiiiiiiiiiiiieeeierinsensrensnenes Interface
Quad Single-Ended Line Driver . .....c.oiiriineiiienererotnnnaereaneaenanas Interface
Octal Three-State Buffer/Inverter ........ccoiiiiiiiiiiiiiiiiniinriisnnnnan Interface
Octal Three-State Buffer/Inverter ........cooiiiiiiiiiiiiiiiiiieiiiannnnnnen, Interface
Quad Single-Ended Line Driver .......ccvvuieiiieinenrotorraoessroneanennnen Interface
Quad RS-422/423 Line RECRIVET . i.iivviiiiniiiiieeroenssnntoeararannanranas Interface
Quad RS-422 Line Driver with Three-State Qutputs .........cccvvevvierennnn. Interface
Dual RS-423/232C DriVer o .oivittninir it iiienniteeseserecsnnssessseeasannan Interface
DUal RS-423/232C DriVer « v ittt eeeieeetnnseeaeseneeasananeeanenneennns Interface
7-Digit Gas Discharge Display Driver ......ooviiiiiiiiiiiiiiiiiinnnienene, Interface
8-Segment Visual Display Driver .......oiiiiiiiiiiiiiiiiiiieieinieiannnennn, Interface
8-Segment Visual Display Driver .......cunuiiiirtiinteiniiniienianneneens Interface
7-Digit Gas Discharge Display Driver ......c.oviiiiiiniiierinetenieeansananenns Interface
Quad Differential-Input Operational Amplifier ......... ... ... 3-148
Dual Operational Amplifier plus Dual Voltage Comparator ............ccovveviienn 6-117
TO-Bit D-10-A CONVEITEI ...ttt ittt ititiaeaaasseseeotonanssanasannnnnn Interface
Continuously-Variable-Slope Delta Modulator/Demodulator ................... interface
Continuously-Variable-Slope Delta Modulator/Demodulator ................... Interface
Subscriber Loop Interface Circuit ........c.oiiiiiiiiiiiiiiiiiiiiietenernenesn Interface
Switchmode Regulator Control Circuit .. ....ooviiiiiiiriiiiiereernrensenanennns 4-107
Qvervoltage Sensing CirCUIt .. ...ttt ittt it iitenanaaasnanas 6-125
Dual Timing CirCUIt .. .vuun ittt ittt iitieiienerasreesnocssesesansnnncnans 6-131
Dual Low-Power Operational Amplifier .........cciiiiiiiiiiiiiiiiiiiiiennn.. 3-154
Dual High-Frequency Operational Amplifier ..........c.coiiiiiiiiiiiiinnnnann, 3-165
Dual High-Frequency Operational Amplifier ........c..ciiiiiiiiiiiieniiinnnannn. 3-165
Dual High-Frequency Operational Amplifier ..........c.ooiiiiiiiiiiiieiiinnne, 3-165
Dual High-Frequency Operational Amplifier ..........cccoiiiiiiiiiiiiiiinnnn.. 3-165
Dual High-Frequency Operational Amplifier ............coiiiiiiiiiiiiiininn... 3-165
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MC4741
Mc4741C
MC6875
MC6880A
MC6881
MC6882A
Mce6882B
MC6885
MC6886
MCe6887
MC6888
MC6889
MC6890
MC76S110
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
MC78LO2AC
MC78LO5AC
MC78LO5C
MC78LO8BAC
MC78L08C
MC78L12AC
MC78L12C
MC78L15AC
MC78L15C
MC78L18AC
MC78L18C
MC78L24AC
MC78L24C
MC78MO0O5C
MC78MO06C
MC78MQ8C
Mc78M12C
MC78M15C
MC78M18C

Function Page
Quad MC1741 Operational Amplifier ..ottt 3-169
Quad MC1741 Operational Amplifier ...ttt 3-169
M6800 Clock Generator/Driver «.civeiieeiiieeriatiiraeeerneassscrssesssennss Interface
Quad Three-State Bus TranSCeIVEr .......iviiiiiiiiieieronnnnsersasanssecanns Interface
Triple Bidirectional Bus Switch ..... ...t Interface
Octal Three-State Buffer/Latch .....oviin ittt iiiiiiieiieanaaans Interface
Octal Three-State Buffer/Latch . ...coiiiiiiiiiiiiiiiii i iiiiiienanaeeenanes Interface
Hex Three-State Buffer/Inverter ......cooieriiiiiiiiieeiiiiiiiacanaeansenans Interface
Hex Three-State Buffer/Inverter .........c.oiiiiiiitieerrseerasercneaasnnans Interface
Hex Three-State Buffer/InVerter ........cceeiiiiiiiiiereriieinrieerereenanns Interface
Hex Three-State Buffer/Inverter ......coieieierriiiiiieriiiiieneniesnanenas Interface
Noninverting Bus TranSCeIVEr ... .. tvuirtiiiiiiaiiiirtttttioresannnuressans Interface
8-Bit Bus-Compatible MPU D/A Converter .........ouieeeinieeiiineeeanecronns Interface
DUl LiNe DIIVEL o vvtt ittt et ieee st ietetiiannaeastnsasoannnonnuonnneannnns Interface
Positive Voltage Regulator (1.5 A) . .oiuiereiiiiiiiiii it iiiiiiiiiaenieenns 4-126
Positive Voltage Regulator (1.5 A) .. .ouiiiiiiieiiiiiiniiiiiiiiiiiiiiieeiiians 4-126
Positive Voltage Regulator (T.5 A} .. ..ottt aees 4-126
Positive Voltage Regulator (1.5 A) ..ieeiiniiiieii ittt iiiei ey 4-126
Positive Voitage Regulator (1.5 A) ...ttt ettt 4-126
Positive Voltage Regulator (1.5 A) .. ..viiniiii it iiieieeees 4-126
Positive Voltage Regulator (1.5 A) .o uiiuiii ittt i 4-126
Positive Voltage Regulator (1.5 A) ... ..ottt iiiiiiiiiii ittt ens 4-126
Positive Voltage Regulator (1.5 A) ...iiniiii ittt 4-126
Positive Voltage Regulator (1.5 A) ... ittt 4-126
Positive Voltage Regulator (1.5 A) ....uiriuiiiii ittt ienas 4-126
Positive Voltage Regulator (1.5 A) ... ..uiiiiii ittt 4-126
Positive Voltage Regulator (1.5 A) ... .ot iiiiiiiiiiiiiiiiienns e 4-126
Positive Voitage Regulator (1.5 A) ... iiviiiiieni it 4-126
Positive Voltage Regulator (1.5 A) ..ottt 4-126
Positive Voltage Regulator (1.5 A) ..ot ittt iiien e 4-126
Positive Voltage Regulator (1.5 A) .....uiiiiiniiiii ittt iiiai s 4-126
Positive Voltage Regulator (1.5 A) .. .utieiiiini ittt iaien s 4-126
Positive Voltage Regulator (1.5 A) ....ouviiiiiiiii ittt iies 4-126
Positive Voltage Regulator (1.5 A) ... uuni ittt aiianean 4-126
Positive Voltage Regulator (1.5 A) .. ..ot it iian e 4-126
Positive Voltage Regulator (1.5 A) ...iuuiiiiiit i aiiiiie i 4-126
Positive Voltage Regulator (1.5 A) ..v.vtiieiiiiii ittt 4-126
Positive Voltage Regulator (1.5 A) .....eiiuiiiiiiiiiiii it 4-126
Positive Voltage Regulator (1.5 A) ...ieiiniiiiiiii ittt 4-126
Positive Voltage Regulator (1.5 A) ... ..oiuiiiiiiiiii i 4-126
Positive Voltage Regulator (1.5 A) ...oiuiiiiiiiiiiiiiii ittt 4-126
Positive Voltage Regulator (1.5 A) ....eiriiiiiii ittt iiens 4-126
Positive Voltage Regulator (TO0O MA) ..ottt 4-138
Positive Voltage Regulator (TOO MA) ...ttt iiiiiiniianeanes 4-138
Positive Voltage Regulator (100 MA) ....oieiiiiiie ittt 4-138
Positive Voltage Regulator (TOO MA) ...ttt 4-138
Positive Voltage Regulator (100 MA) ... cueiiiierrnirniiiiitraiiiiiinranenns 4-138
Positive Voltage Regulator (TOO MA) ... .iiuiiiieiiiii ettt iians 4-138
Positive Voltage Regulator (100 MA) . ....iuiiiritiiiiieiiieaientaeasenenens 4-138
Positive Voltage Regulator (100 MA) .. ...intiineiit it iiiiii i anaans 4-138
Positive Voltage Regulator (100 MA) ... iiiiiiiiiiiiiiiiiiiiiieniaeeaaeans 4-138
Positive Voltage Regulator (100 MA) ..ottt iiiiiiiiieaiiaes 4-138
Positive Voltage Regulator (TOO MA) . ....outiiieit ittt iiiieeicaneieiaennns 4-138
Positive Voltage Regulator (TOO MA) ....iintiiiiiiiiiiiiieniiennaineeiennns 4-138
Positive Voltage Regulator (100 MA) ... .ointiintiit ittt iianenes 4-138
Positive Voltage Regulator (500 MA) ... .oeitiin ittt riienanaeans 4-145
Positive Voltage Regulator (500 MA) .. ..ottt 4-145
Positive Voltage Regulator (BOO MA) ... oii ittt 4-145
Positive Voltage Regulator (BOO MA) .. .vintiinniiiiiiiiiiiiiiiiiiiiiiiiannans 4-145
Positive Voltage Regulator (BO0 MA) . ...ovniireiit it it aiiaas 4-145
Positive Voltage Regulator (500 MA) . ....iiiininiiiiiiiiietenniteraieennanans 4-145
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MC78M20C
MC78M24C
MC7902C
MC7905C
MC7905.2C
MC7906C
MC7908C
MC7912C
MC7915C
MC7918C
MC7924C
MC79L0O3AC
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
MCb55325
MC75107
MC75108
MC758110
MC75125
MC75127
MC75128
MC756129
MC75140P1
MC75325
MC75365
MC75368
MC75450
MC75451
MC75452
MC75453
MC75454

Function Page
Positive Voltage Regulator (BO0 MA) ...ttt iiiiiiiiiiiiiiiiiiiiaeanens 4-145
Positive Voltage Regulator (BOO MA) .....oiiiiiiiiiiiiiiieriiinneneoeennnnnnns 4-145
Negative Voltage Regulator (1.5 A) ...ttt iiiiiiiiane 4-153
Negative Voltage Regulator (1.5 A) ... iii ittt ittt iiiiiiies 4-153
Negative Voltage Regulator (1.5 A) .. vviiiiiiiiiiniiiiiiiiinirraetensesnnsnannn 4-153
Negative Voltage Regulator (1.5 A) ..ttt iiiiiiienenenana 4-153
Negative Voltage Regulator (1.5 A) ... i it 4-163
Negative Voltage Regulator (1.5 A) ...t iiiiiiiiiiieinieienesnneneneannnnns 4-153
Negative Voltage Regulator (1.5 A) ... iiiiiiiii ittt it iianeaaanaannns e 4-153
Negative Voltage Regulator (1.5 A) ...t iiiiiiiiiiiiieirerietnncnareennanas 4-1563
Negative Voltage Regulator (1.5 A) ...ttt 4-153
Negative Voltage Regulator (TOO mMA) ...ttt iiiienertreennnnas 4-162
Negative Voltage Regulator (TOO MA) ..ttt iieiiiersrrternisieneeancnnnns 4-162
Negative Voltage Regulator (TOO MA) ... ..ttt ittt iitnnrenraneennns 4-162
Negative Voltage Regulator (TO0O MA) ..ottt iiiiiiiiiiiiiniiiiienersnseanas 4-162
Negative Voltage Regulator (TOO MA) . .oiviiii ittt ittt iieneitternareanas 4-162
Negative Voltage Regulator (TOO MA) ... ittt it iietnieneeeennnnn, 4-162
Negative Voltage Regulator (TOO MA) ....iii it ittt iiiieie s racaans 4-162
Negative Voltage Regulator (TOO MA) ...ttt iiiintieeenenaias 4-162
Negative Voltage Regulator (TOO MA) ...ttt iiiiiiii i iiisieerenerannas 4-162
Negative Voltage Regulator (100 mA) ... .ttt iiiiiiiiiiniieeeennn, 4-162
Negative Voltage Regulator (100 mA) ... coiiiiiiiiiiiiiiiiiiiinninnnns e 4-162
Negative Voltage Regulator (100 MA) ...ttt iiiiiiiiiiiiiiieiieenenann. 4-162
DUAl LiNe DIIVET .ottt itieteitraeeeseennesanseaseerasnaseanannnns Interface
Triple Line RECRIVEr . .voutt ittt ittt ittt te e e e aiarenenaenaenas Interface
DUAl Line Driver ...ttt i iiiiiiiistt e icinnonancssssronanasnsnssnnnas Interface
Triple Line RECEIVET ... oottt ittt ittt ittt ieiiiiaeiet e naeeaeans Interface
Quad Bus Transceiver/MPU Bus Extender ...........coiiiiiiiiiiiinnnns, Interface
Noninverting Bus Transceiver ... ..uiiiiiiiii ittt iiiiiiii e ieennas Interface
Hex Three-State Buffer/Inverter . ... oot iiiiiiiineeerternninasennennnns Interface
Hex Three-State Buffer/Inverter ........coiiiiiiiiiiiiiiiiiiiiiiiiirinnieces Interface
Hex Three-State Buffer/Inverter .........ceuiiiiieeiiinrnnnreneereneennanns Interface
Hex Three-State Buffer/Inverter ......coviiiiitiiinieriieenrernronnoarseones Interface
7-Bit High-Speed A/D CONVEIET ....ovutiiitiiniieetrttenniateeseroesnansnsnss Interface
High-Speed 8-Bit D/A CONVEIMEI ...ttt tiiiiiiiiiiiiieinnseenareenens Interface
High-Speed 8-Bit D/A CONVEIEr .vvutiititiiiisiiniiiinrseeeeeeeneenns Interface
Single TRIMFET Operational Amplifier ...ttt 3-175
Dual TRIMFET Operational Amplifier ......ciiiiiiiiiiiiiiiiiiiiiieierenennns. 3-175
Quad TRIMFET Operational Amplifier ......cociiiiiniiiiiiiiiisierieronsnnenanns 3-175
Dual Precision TRIMFET Operational Amplifier ........ccoiiieiiiiiiieneennnen. 3-179
Single TRIMFET Operational Amplifier ........ooiiiiiiiiiiiiiiiiiiiieiiinannnns 3-175
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Quad TRIMFET Operational Amplifier .......cciiiiiiiiiiniiireianeennnennennn 3-175
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DUal MemOry DriVer o vttt ittt ittt ennnasonenesonnnsassaanannnen Interface
Dual Line ReCBIVET ..ottt ittt ittt iiesansstsreerasissesssnnanss Interface
Dual Line RECEIVET ...ttt ittt ittt iiteaairserersnnacsssanns Interface
DUal Line DIiVEr ... viiteii ettt esterresanasacscsonssnseraneansas Interface
7-Channel Line RECEIVET .. ....uiintittiiiiiiiiiiiiieeeteerarsennnnnnnnns Interface
7-Channel Line RECEIVEI ....vuune it ciiitetiaeseceacnnsensesoasansannnon Interface
8-Channel Line ReCeIVEr ... vt iiiiiriinianisteteironnsossserannnnnsonss Interface
8-Channel Line ReCeiVer ........ciiiiiiiiiiinonerniossnsenennsnerosanannsns Interface
DUAl Ling RECBIVET Lttt et tanetennasoreasoonasssssoanssoansoneasnns Interface
DUEl MemoOry DRIVer ..ottt ittt ietreensoessrsssnssssssseannnas Interface
Quad MOS Clock Driver ...viii ittt iiiiieediteeteteacnnnassaeonsennensnan Interface
Dual MECL-t0-MOS DIiVEr . .iiiiiiiiit ettt iiinnesninesrornassnsseanannnes Interface
Dual Peripheral Driver, Positive AND ... ...ttt iiiiiiaeannnas Interface
Dual Peripheral Driver, Positive AND . ......ciiiiiiiiiirriiinrnerrrnneennenns Interface
Dual Peripheral Driver, Positive NAND .......c.iiiiiiiiiiiiiiiiiiiiiiinnanne, Interface
Dual Peripheral Driver, Positive OR ... .iiiiiiiiiiiiniiiiiiivenronseanannnns Interface
Dual Peripheral Driver, Positive NOR ... ... iiiiiiiiiiiiieinrnnrnarrecrnssnsans Interface



MASTER INDEX

Device
Number

MC75461
MC75462
MC75463
MC75464
MC75491
MC75492
MCCF3326
MCCF3333
MMHO0026
MMHO0026C
NE565
NE592
SEB92
SN75431
SN75432
SN75451BP
SN75452BP
SN75453BP
SN75454BP
TCA4500A
TDA1190P
TDA1190Z
TDA2002
TDA2002A

Function Page
High-Voltage Peripheral Driver ........oviiiiiiiiiiieeeerirenenininnneeeesns Interface
High-Voltage Peripheral Driver ..... ... oottt Interface
High-Voltage Peripheral Driver ....... ..ot iiiiniiniiiinnneniananns Interface
High-Voltage Peripheral Driver ........coiiiiiiiiiiiiiiiiiiieiiinnininnanns Interface
Quad Light-Emitting Diode (LED) DFiVer . ....vuvueiiereenerernenenaennennnnnn. Interface
Hex Light-Emitting Diode (LED) Driver ......coiiiiniiiiiiiiiiiiiiiinnieennn, Interface
Flip-Chip Automotive Voltage Regulator ............ceosriviiinnniesieieanennns 5-150
Vari-Dwell Ignition Circuit ... ...ttt iiiiaiereiisereaes 5-153
Dual MOS CloCK DIIVEr 4ttt tttt i iiineee e tterasnaesesonnsosssasosesnansns Interface
Dual MOS Clock Driver ... .ooviininiiiiiei ittt ittt iiiiieneineennnn. Interface
Phase-Locked LoOp . ..uuiennii ittt it i e e e 6-138
Video AmMpIifier ..ottt it it i i e e 6-142
Video Amplifier ... i i i it i ittt e 6-142
Dual Peripheral Driver .......iieiiiiiiinieiietniensseensnsnsronesenaacsss Interface
Dual Peripheral Driver . ......ioiiieeuiiiininiiieiirenentosaennsssnaesnasonas Interface
Dual Peripheral Driver ....cuuiieeiiinntiterinereteeesneeeensenaneeesrannnas Interface
Dual Peripheral DFver .....cooieiriiiiettiiiiiriiaieeerecnsunessesssssasanns Interface
Dual Peripheral Driver .......c.ooiiioiiiiiiiiiiiiii it iiieiarineiineannnes Interface
Dual Peripheral Driver .....iiitiniiiiiiieiiienninnseseronotsnseeeissnnes Interface
FM Stereo Demodulator .....coiiiuiiiiiiiiiiiiiiiiiit i iiaiiiiieeaietiasrianns 5-157
TV SOUND SYSIEM L.ttt ititis e tetnaneaetessensessesscasosasanesssiasosanns 5-164
TV SoUNd SYStemM ..ttt ittt ittt tetttntntearanenas 5-164
Audio Power Amplifier ...t i it ittt et 5-167

Audio Power Amplifier .....ooeietrrniinrttieinesnesssseoenessossossessesnnns 5-167




LINEAR
@ MOTOROLA INTEGRATED CIRCUITS

MOTOROLA — LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

... provides a complete interchangeability st inking over 3000 ture range. The “Motorola Functional Equivalent” column provides a
devices offered by most major Linear Integrated Circurts manufacturers dewvice which performs the same function but with possible diff
to the nearest equivalent Motorola device. The “Motorola Direct in package configurations, pin connections, temperature range or

Replacement” column hists devices with id § pin C tions and pec
package and the same or better electrical characteristics and tempera-

709BE —ADS559S

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 96270M MC1489AL 75450BDC MC75450L
709BH MC1709F 9636AT MC3488AP 75450BPC MC75450P
709CE MC1709CG 96377 MC3486P 75451APC MC75451U
709CH MC1709CF 9638T MC3487P 75451ATC MC75451P
709CJ MC1709CP2 96400 MC3443P 75451BRC MC75451U
T10BE MC1710G 9640D MC3443P 75451BTC SN754518P
710CE MC1710CG 9640DC MC3440AP 75452ARC MC75452U
7T11BE MC1711G 9640NC MC3440AP 75452ATC MC75452P
711BN MC1711L 96650C MC1411L 75452BRC MC75452U
T11CE MC1711CG 9665PC MC1411P 75452BTC SN75452BP
71104 MC1711CP 9666DC MC1412L 75453ARC MC75453U
723BE MC1723G 9666PC MC1412P 75453ATC MC75453P
T23CE MC1723CG 9667DC MC1413L 75453BRC MC75453U
723CJ MC1723CL 9667PC MC1413P 754538TC SN754538P
T41BE MC1741G 9668DC MC1416L 75454ARC MC75454U
741BH MC1741F 9668PC MC1416P 75454ATC MC75454P
741BN MC1741L §5107ADM MC55107L 75454BRC MC75454U
T41CE MC1741CG 551078DM MC55107L 75454BTC SN75454BP
T47BE MC1747G 55108ADM MC55108L 754600C MC75450L
747BN MC1747L 55108BDM MC55108L 75460PC MC75450P
T47CE MC1747CG §51100M MC755110L 75461RC MC75461U
T48BE MC1748G 55121DM MC8T13L 75461TC MC75461P
T48CE MC1748CG 55122DM MC8T14L 75462RC MC75462U
809BE MC1776G 5§5207DM MC55107L 75462TC MC75462P
809CE MC1776CG 55208DM MC55108L 75463RC MC75463V
823AE MC1723G 5§53250M MC55325L 754637C MC75463P
1458CE MC1458CG 55325FM MC55325L 75464RC MC75464U
3232 MC3232AL 75107ADC MC75107L 754647C MC75464P
3245 MC3245L 75107APC MC75107P 75491DC MC75491P
6605J MC3443P 751078DC MC75107L 75491PC MC75491P
6605L MC3443pP 751078PC MC75107P 75491ADC MC75491P
8216 MC8T26AL 75108ADC MC75108L 75491APC MC75491P
8226 MC8T28L 75108APC MC75108P 75492DC MC75492P
9614DC MC758110L 751088DC MC75108L 75492PC MC75492P
9614DM MC755110L 75108BPC MC75108P 75492ADC MC75492P
96150C MC75108L 75110DC MC755110L 75492APC MC75492P
96150M MC55108L 75110PC MC755110P AD301AL LM301AH
9615FM MC55108L 751210C MCBT13L ADS05J MC1776CG
9616CDC MC1488L 75121PC MC8T13P ADS05K MC1776CG
9616ECC MC1488L 751220C MC8T14L AD505S MC1776G
9616DM MC1488L 75122PC MC8T14P AD509J LM301AH
9617DC MC1489AL 75123DC MC8T23L AD509K LM301AH
96200C MC75S110L 75123PC MGC8T23P AD509S LM101AH
96200M MC75S110L 75124DC MC8T24L AD518J LM301AH
96210C MC75108L 75124PC MCBT24P AD518K LM301AH
9621DM MC55108L 75207DC MC75107L AD518S LM101AH
9622DC MC75140P1 75207PC MC75107P AD530 MC1595L
96220M MC75140P1 75208DC MG75108L AD531 MC1595L
9624DC MMH0026CL 75208PC MC75108P AD532J MC1595G
96240M MMH0026CL 753250C MC75325L AD559JD MC1408L8
9625DC MMH0026CL 75325PC MC75325P AD559K MC1408L8
9625DM MMH0026CL 75450ADC MC75450L AD559KD MC1408L8
9627CDC MC1489AL 75450APC MC75450P ADSS9S MC1508L8

1-10



LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

ADS59SD —CA3054

MOTOROLA MOTOROLA
DIRECT SIMILAR

PART NO. REPLACEMENT REPLACEMENT
AD559SD MC1508L8
AD580J MC1403V
AD580K MC1403P1
AD580M MC1403AP1
AD580S MC1503U
AD580T MC1503AU
AD741CJ) MC1741CG
AD741J MC1741G
AD741K MC1741G
AD741L MC1741G
AD7418 MC1741SG
AD7520D MC3410L
AD7520F MC3410L
ADT7520N MC3410L
AM26S10DC  MC26S10L
AM26S10PC  MC26S10P
AM26S11DC  MC26S11L
AM26S11PC MC26S11P
AM725A31T MC1556G
AM166039F LM301AH
AM166039T LM301AH
AMLM101 LM101AH
AMLM101A LM101AH
AMLM101AD LM101AH
AMLM101AF LM101AH
AMLM101D LM101AH
AMLM101F LM101AH
AMLM105 LM10SH
AMLM105F LM105H
AMLM105H LM105H
AMLM107 LM107H
AMLM107D LM107H
AMLM107F LM107H
AMLM111D LM111J
AMLM111H LM111H
AMLM201 LM201AH
AMLM201A LM201AH
AMLM201AD LM201AN
AMLM201AF LM201AH
AMLM201D LM201AN
AMLM201F LM201AH
AMLM205 LM205H
AMLM205F LM205H
AMLM205H LM205H
AMLM207 LM207H
AMLM207D LM207H
AMLM207F LM207H
AMLM211D M2ty
AMLM211H LM211H
AMLM301 LM301AH
AMLM301A LM301AH
AMLM301AD LM301AJ
AMLM301D LM301AY
AMLM305 LM305H
AMLM305A LM305H
AMLM305F LM305H
AMLM305H LM305H
AMLM311D LM311J-8
AMLM311H LM311H
AMU3F7733312 MC1733L
AMU3F7733393 MC1733CL
AMU3F7748312 MC1748G
AMUSIT741312 MC1741F
AMU3I7741393 MC1741CL

AMUS5B7733312 MC1733G
AMU5B7733393 MC1733CG
AMUSBT741312 MC1741G

MOTOROLA
DIRECT

PART NO. REPLACEMENT
AMU5B7741393 MC1741CG
AMU5B7747312 MC1747G
AMUSB7747393 MC1747CG
AMUSB7748312 MC1748G
AMU5B7748393 MC1748CG
AMUSR7723312 MC1723G
AMU5R7723393 MC1723CG
AMUBAT7723312 MC1723L
AMUBAT723393 MC1723CL
AMUBA7733312 MC1733L
AMUBAT733333 MC1733CL
AMUBA7741312 MC1741L
AMUBA7741393 MC1741CL

AMUGA7748312
AMUBAT7748393
AMUBW7747312 MC1747L
AMUBW7747333 MC1747CL
CA101AT LM101AH
CA101T LM101AH
CA107T LM107H
CA108AS LM108AJ-8
CA108AT LM108AH
CA108S LM108J-8
CA108T LM108H
CA139AG LM139AJ
CA139G LM139J
CA201AT LM201AH
CA201T

CA207T LM207H
CA208AT LM208AH
CA208S LM208J-8
CA208T LM208H
CA239AE LM239AN
CA239AG LMZ239AJ
CA239E LM239N
CA239G LM239J
CA301AT LM301AH
CA307T LM307H
CA308AS LM308N
CA308AT LM308AH
CA308S LM308H
CA339AE LM339AN
CA339AG LM339AJ
CA339E LM339N
CA339G LM339J
CAT23CE MC1723CP
CA741CS MC1741CP1
CA741CT MC1741CG
CA7418 MC1741U
CAT41T MC1741G
CAT47CE MC1747CL
CAT47CF MC1747CL
CA747CT MC1747CG
CAT4T7E MC1747L
CAT47F MC1747L
CAT47T MC1747G
CAT748CS MC1748CP1
CAT48CT MC1748CG
CA748S MC1748U
CAT748T MC1748G
CAT758E

CA1310E MC1310P
CA1352E MC1352p
CA1391E MC1391P
CA1394E MC1394P
CA1398E MC1398P
CA14588 MC1458CP1

MOTOROLA MOTOROLA MOTOROLA
SIMILAR DIRECT SIMILAR
REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
CA1458T MC1458G
CA15588 MC1558U
CA1558T MC1558G
CA2111AE MC1357P
CA2111AQ MC1357PQ
CA3000 MC1550G
CA3001 MC1550G
CA3002 MC1550G
CA3004 MC1550G
CA3005 MC1550G
CA3006 MC1550G
CA3007 MC1550G
CA3008 MC1709F
MC1748G CA3008A MC1708F
MC1748CP1 CA3010 MC1709G
CA3010A MC1708G
CA3011 MC1590G
CA3012 MC1590G
CA3013 MC1357p
CA3014 MC1357p
CA3015 MC1709G
CA3015A MC1709G
CA3016 MC1709F
CA3016A MC1709F
CA3020 MC1554G
CA3020A MC1454G
CA3021 MC1590G
LM201AH CA3022 MC1590G
CA3023 MC1590G
CA3026 CA3054
CA3028A MC1550G
CA3028AF MC1550G
CA3028AS MC1550G
CA30288 MC1550G
CA3028BF MC1550G
CA30288S MC1550G
CA3029 MC1709P2
CA3029A MC1709P2
CA3030 MC1709P2
CA3030A MC1709P2
CA3031 MC1712G
CA3032 MC1712CG
CA3033 MC1533L
CA3033A MC1533L
CA3035 MC1352pP
CA3035V1 MC1352p
CA3037 MC1709L
CA3037A MC1709L
CA3038 MC1709L
CA3038A MC1709L
CA3040 MC1510G
CA3041 MC1351P
CA3042 MC1357P
CA3043 MC1357P
CA3044 MC1364P
CA3044V1 MC1364P
CA3045 MC3346P
CA3045F MC3346P
CA3046 MC3346P
CA3047 MC1433L
MC1310P CA3047A MC1433L
CA3048 MC3301P
CA3052 MC3301P
CA3053 MC1550G
CA3053F MC1550G
CA3053S MC1550G
CA3054 CA3054




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

CA3056 —DS8897N

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 DM7897J MC3494P DS75107J MC75107L
CA3056A MC1741G DM7897N MC3494P DS75107N MC75107P
CA3058 CA3059 DMB8B820AN MC75140P1 DS75108) MC75108L
CA3059 CA3059 DM8820J MC75140P1 DS75108N MC75108P
CA3064 MC1364P DM8820N MC75140P1 DS§751104 MC755110L
CA3064E MC1364P DM8822J MC1489AL DS75110N MC755110P
CA3085 MG 13s8pP DM8822N MC1489AP DS75121J MC8T13L
CA3066 MC1399P DMBB37N MC3437P DS75121N MC8T13P
CA3067 MC1323P DM8B38N MC3438P DS75122) MC8T14L
CA3068 MC1352pP DMB86 1IN MC75491P DS75122N MC8T14P
CA3070 MC1399p DMB8863N MC75492pP DS§75123) MC8T23L
CA3071 MC1389P DM8887J MC3490P DS75123N MC8T23P
CA3072 MC1323P DM88g9J MC3491P DS75124J MC8T24L
CA3076 MC1590G DM8837J MC3494P DS75124N MC8T24P
CA3078AS MC1776G DM75491N MC75491P DS75207J MC75107L
CA3078AT MC1776G DM75492N MC75492P DS75207N MC75107P
CA3078S MC1776CG DS0026CG MMH0026CG DS752084 MC75108L
CA3078T MC1776CG DS0026CH MMH0026CG DS75208N MC75108P
CA3079 CA3059 DS0026CJ MMH0026CL DS75325J MC75325L
CA3085 MC1723G DS0026CN DS0026CP1 DS75325N MC75325P
CA3085A MC1723G DS0026G MMH0026G DS754504 MC75450L
CA3085AF MC1723L DS0026H DS0026G DS75450N MC75450P
CA3085AS MC1723G DS0026J DS0026L DS75451H MC75451U
CA30858 MC1723G DS0056CG MMH0026CG DS75451N SN754518BP
CA3085BF MC1723L DS0056CH MMH0026CG DS75452H MC75452U
CA3085BS MC1723G DS0056Cy MMHO0026CL DS75452N SN754528P
CA3085F MC1723L DS0056CN MMH0026CP1 DS75453H MC75453U
CA3085S MC1723G DS0056G MMH0026G DS75453N SN754538P
CA3086 MC3386P 0S0056H MMH0026G DS75454H MC75454U
CA3086F MC3346P DS0056J MMH0026L DS75454N SN754548P
CA3090AQ MC1310P DS1488J MC1488L DS75461H MC75461V
CA3091D MC1594L 0S1488N MC1488P DS75461N MC75461P
CA3120E MC1344P DS 1489AJ MC1489AL DS75462H MC75462U
CA3125E MC1323P DS1489AN MC1489AP DS75462N MC75462p
CA3134E TDA1190Z DS1489J MC1489L DS75463H MC75463U
CA3134EM TDA1190Z DS1489N MC1489P DS75463N MC75463P
CA3134QM TDA1190Z DS3486J MC3486L DS75464H MC75464U
CA3136A MC3346P DS3486N MC3486P DS75464N MC75464P
CA3137E MC1323P DS3487J MC3487L DS75491) MC75491P
CA3139 CA3139 DS3487N MC3487P DS75491N MC75491P
CA3146 MC3346P DS3612H MC1472V DS754924 MC75492P
CA3401E MC3401P DS3612N MC1472P1 DS75492N MC75492pP
CAB078AS MC1776G DS3632H MC1472U DS7837J MC3437L
CAG078AT MC1776G DS3632J MC1472U DS7837TW MC3437L
CA67415 MC1776G DS3632N MC1472P1 DS7838J MC3438L
CA67417 MC1776G DS36444 MC3245L DS7838W MC3438L
CA3302E MC3302P DS3644N MC3245P DS7887J MC3490P
CMP-01CJ MC1556G 0S36504 MC3450L DS78894 MC3431P
CMP-01CP MC1556P DS3650N MC3450P DS7897) MC3494P
D555CJ MC1855G DS36514 MC3430L DS88334 MC8T28L
D3232 MC3232AP DS3651N MC3430P DS8833N MC8T28P
D3242 MC3242AP DS36524 MC3452L DS8834J MC8T26AL
D3245 MC3245P DS3652N MC3452P DS8834N MC8T26AP
08216 MCBT26AL DS36534 MC3432L DS8835) MC8T26AL
D8226 MC8T28L DS3653N MC3432P DS8835N MC8T26AP
DAC-01 MC1506L DS3674J MC3460L DS8837J MC3437L
DAC-08 MC1408L8 DS3674N MC3460P DS8837N MC3437P
DAC-IC10BC  MC3410L DS551074 MC55107L DS8838J MC3438L
DM7820AD MC75140P1 DS55107W MC75107L DSB8838N MC3438P
DOM78204 MC75140P1 DS55108J MC55108L DS8839J MC8T28L
DM7822) MC1489AL DS55108W MC55108L DS883SN MC8T28P
DM78374 MC3437L DS551104 MC75S110L DS8887J MC3490P
DM7838J MC3438L DS851214 MC8T13L DS8887N MC3490P
DM7887J MC3490P DS55121W MC8T13L DS8889J MC3491P
DM7887N MC3490P DS§51224 MC8T14L DS8889N MC3491P
DM7889J MC3491P DS55122W MC8T14L DS8897J MC3494P
DM7889N MC3491pP DS553254 MC55325L DS8897N MC3494pP




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

HA1199 —LM117H

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

PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
HA1199 HA1199 LF156JG LF156J LF357L LF357H
1CB8000C LM111) LF156L LF156H LF357N LF357N
ICB8O01C LM111J LF157AH LF157AH LF357P LF357N
ICB8741C MC1741CG LF157AJG LF157AJ LHO0001ACH MC1776CG
ICH8500ATV MC1776CG LF157AL LF157AH LHO001AH MC1776G
ICH8500TV MC1776CG LF157H LF157H LHO001ACD MC1776CG
ICL101ALNDP LM101AH LF157JG LF157J LHO001AD MC1776G
ICL101ALNFB LM101AH LF157L LF157H LHO001ACF MC1776CG
ICL101ALNTY LM101AH LF252D LF255J LHO001AF MC1776G
ICL301ALNPA LM301AH LF255H LF255H LHO002CH MC1538R
ICL3O1ALNTY LM301AH LF255JG LF255) LH0002H MC1538R
ICL741CLNPA MC1741CP1 LF255L LF255H LHO004CH MC1436G
ICLT41CLNTY MC1741CP1 LF255P LF2554 LHO004H MC1536G
ICL741LNDP MC1741L LF256H LF256H LH0042CH MC1776G
ICL7T41LNFB MC1741L LF256JG LF256J LH101F MC1741F
ICL741LNTY MC1741L LF256L LF256H LH101H MC1741G
ICL8001CTZ LM111J LF256P LF256J LH201F MC1741F
ICL800IMTZ LM111J LF257H LF257H LH201H MC1741G
ICL8007CTA MC1709CG LF2574G LF257 LH740ACH LF355H
ICL8OOTMTA MC1709CG LF257L LF257H LH740AH LF155H
ICL8008CPA LM301AN LF257P LF257J LH2101AD MC1537L
ICL8008CTY LM301AN LF347N MC34004P LH2101AF MC1537L
ICL8013A MC1594G LF347AN MC34004AP LH2201AD MC1537L
1CL8013B MC1594G LF347BN MC34004BP LH2201AF MC1537L
ICL8013C MC1594G LF351H MC34001G LH2301AD MC1437L
ICL8017CTW LM3G1AN LF351AH MC34001AG LH2301AF MC1437L
ICL8O17TMTW LM301AN LF351BH MC34001BG LM100F LM105H
ICL8021C MC1776G LF351IN MC34001P LM100H LM105H
1CL8021M MC1776G LF351AN MC34001AP LM101AD LM101AH
CL8022C MC1776G LF351BN MC340018P LM101AF LM101AH
ICL8O22M MC1776G LF352D LF355J LM101AH LM101AH
ICL8043CDE MC1776G LF353H MC34002G LM101AJ LM101AJ
ICL8043CPE MC1776G LF353AH MC34002AG LM101AJ-14 LM101AS
ICL8043MDE MC1776G LF353BH MC34002BG LM101AJG LM101AJ
ICL8048CDE MC1776G LF353N MC34002P LM101AL LM101AH
ICL8048DPE MC1776G LF353AN MC34002AP LM101D LM101AJ
IH51011E MC1545G LF353BN MC340028P LM101F LM101AH
1H5101MIE MC1545G LF355AH LF355AH LM101H LM101AH
ITT641 MC1385P LF355AJG LF355AJ LM101J-14 LM101AJ
177652 MC1411P LF355AL LF355AH LM104F LM104H
ITT654 MC1412p LF355AP LF355AN LM104H LM104H
ITT656 MC1413P LF355BH LF355BH LM104J LM104H
ITT1330 MC1330P LF3558J LF3558J LM104L LM104H
1771352 MC1352P LF355BN LF355BN LM105F LM105H
1TT3064 MC1364P LF355H LF355H LM105H LM105H
1TT3065 MC1358P LF355JG LF355J LM105JG LM10SH
ITT3066 MC1399P LF355L LF355H LM105L LM105H
1TT3701 TDA1190Z LF355N LF355N LM106H MC1710G
ITT3707 MC1399P LF355P LF355N LM107F LM107H
ITT3710 MC1391P LF356AH LF356AH LM107H LM167H
ITT3714 MC1394P LF356AL LF356AH LM107L LM107H
L144AP LM324N LF356AJG LF356AJ LM108AD LM108AJ
L201 MC1411P LF356AP LF356AN LM108AF LM108AF
1202 MC1412P LF3568H LF356BH LM108AH LM108AH
L203 MC1413P LF356BJ LF356BJ LM108AJ LM108J-8
LD111CJ MC1405L LF356BN LF356BN LM108D LM108J
LF152D LF155) LF356H LF356H LM108F LM108F
LF155AH LF155AH LF356JG LF3564 LM108H LM108H
LF155AJG LF155Ad LF356L LF356H LM109H LM108H
LF155AL LF155AH LF356N LF356N LM109K LM109K
LF155H LF155H LF356P LF356N LM109LA LM109K
LF155JG LF155J LF357AH LF357AH LM111D M1
LF155L LF155H LF357BH LF357BH LMT11H LM111H
LF156AH LF156AH LF3578J LF3578) LM112D MC1556L
LF156AJG LF156AJ LF357BN LF3578N LM112F MC1556L.
LF156AL LF156AH LF357H LF357H LM112H MC1556G
LF156H LF156H LF357JG LF3574 LM117H LM117H

1-1%



LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

LM117K —LM308H

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

PART NO. REPLACEMENT BEPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
LM117K LM117K LM201AF LM201AH LM239D LM239J
LM118D MC1741SL LM201AH LM201AH LM239J LM239y
LM118F MC1741SL LM201AJ LM201AJ LM240LAH-5.0 MC78LO5ACG
LM118H MC17418G LM201AJG LM201AJ LM240LAH-6.0 MC78L06CG
LM120H-50  LM120H-5.0 LM201AL LM201AH LM240LAH-8 0 MC78L0BACG
LM120H-5.2 MC7905.2CK LM201AN LM201AN LM240LAH-12 MC78L12ACG
LM120H-60  LM120H-6.0 LM201AP LM201AN LM240LAH-15 MC78L15ACG
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 MC78L0OSACP
LM120H-18 LM120H-18 LM201H LM201AH LM240LAZ-6 0 MC78LO6ACP
LM120H-24 LM120H-24 LM201J LM201AJ LM240LAZ-80 MC78LOBACP
LM120K-50  LM120K-50 LM201J-14 LM201AJ LM240LAZ-12 MC78L12ACP
LM120K-5.2 MC7905 2CK LM204H LM204H LM240LAZ-15 MC78L15ACP
LM120K-60  LM120K-60 LM204F LM204H LM240LAZ-18 MC78L18ACP
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
LM 120K-18 LM120K-18 LM207F LM207H LM248D LM248J
LM120K-24 LM120K-24 LM207H LM207H LM248J LM248J
LM122F MC1555G LM208AD LM208AJ LM249D MC4741L
LM122H MC1555G LM208AF LM20BAF LM249J MC4741L
LM124AD LM124) LM208AH LM208AH LM258AH LM258H
LM124AF LM124) LM208AJ LM208AJ-8 LM258H LM258H
LM124AJ LM124J LM208D LM208J-8 LM2901N LM2S01N
LM124D LM124) LM208F LM208F LM300F LM305H
LM124F LM1244 LM208H LM208H LM271H MC1590G
LM124J LM124J LM209K LM203K LM300H LM305SH
LM125H MC1568G LM209H LM209H LM301AD LM301Ad
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 LM139) LM212H MG 1456G LM301AL LM301AH
LM139J LM139J LM217H LM217H LM301AN LM301AN
LM140K-50  LM140K-50 LM217K LM217K LM301AP LM301AN
LM140K-80  LM140K-6.0 LM218D MC1741SL LM302H LM310H
LM140K-80  LM140K-8.0 LM218F MC1741SL LM304F LM304H
LM140K-12 LM140K-12 LM218H MG1741SG LM304H LM304H
LM140K-15 LM140K-15 LM220H-5 0 MCT7905CK LM304J LM304H
LM140K-18 LM140K-18 LM220H-5.2 MC7905 2CK LM304L LM304H
LM140K-24 LM140K-24 LM220H-6 0 MC7906CK LM304N LM304H
LM140LAH-50 MC78LOSACG LM220H-8 0 MC7908CK LM305AH LM305H
LM140LAH-6 0 MC78LOSACG LM220H-12 MC7912CK LM305AJG LM305H
LM140LAH-8 0 MC78L08ACG LM220H-15 MC7915CK LM305AL LM305H
LM140LAH-12 MC78L12ACG LM220H-18 MC7918CK LM30SAP LM305H
LM140LAH-15 MC78L15ACG LM220H-24 MC7924CK LM305F LM305H
LM140LAH-18 MCT78L18ACG LM220K-5.0 MC7905CK LM305H LM305H
LM140LAH-24 MC78L24ACG LM220K-5.2 MC7905.2CK LM305JG LM305H
LM143D MC1536G LM220K-6 0 MC7906CK LM305L LM305H
LM143F MC1536G LM220K-8.0 MCT7908CK LM305P LM305H
LM143H MC1536G LM220K-12 MC7912CK LM306H MC1710CG
LM145K MC7905CK LM220K-15 MC7915CK LM307F LM307H
LM148D LM148J LM220K-18 MC7918CK LM307H LM307H
LM148J LM148J LM220K-24 MC7924CK LM307L LM307H
LM148F MC4741L LM222H MG1555G LM307N LM307N
LM149D MC4741L LM224AD LM2244 LM307P LM307N
LM149F MC4741L LM224AF LM2244 LM308AD LM308AJ
LM158AH LM158H LM224A) LM224J LM30BAF LM308AJ
LM158H LM158H LM224D LM224J LM308AH LM308AH
LM158JG LM158J LM224F LM224L LM308AH-1 LM308AH
LM158L LM158H LM224) LM224J LM308AH-2 LM308AH
LM163J MC3450L LM225H MC1568G LM308AJ LM308AJ-8
LM171H MC1590G LM226H MC1568G LM308D LM308J
LM200F LM205H LM228H MC1568G LM308H LM308H
LM200H LM205H LM233AD LM239AJ LM308N LM308N
LM201AD LM201AJ LM239AJ LM239AJ LM30SH LM309H




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

LM309K —LM741J-14

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR
PARTNO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
LM309K LM308K LM340K-60  LM340K-60 LM363N MC3450P
LM309KC LM308K LM340K-80 LM340K-8 0 LM371H MC1590G
LM309LA LM30SK LM340K-12 LM340K-12 LM376JG LM305H
LM311D LM311d LM340K-15 LM340K-15 LM376L LM305H
LM311H LM311H LM340K-18 LM340K-18 LM376N LM305H
LM31IN LM311IN LM340K-24 LM340K-24 LM376P LM305H
LM311IN-14 LM311J LM340KC-50  MCT7805CK LM386N MC1306P
LM312D MC1456L LM340KC-6 0  MC7806CK LM555CH MC1455G
LM312F MC1456L LM340KC-80  MCT7808CK LM555CN MC1455P1
LM312H MC1456G LM340KC-12  MCT7812CK LM555H MC1555G
LM317H LM317H LM340KC-15  MCT7815CK LM556CD MC3456L
LM317K LM317K LM340KC-18  MC7818CK LM556CJ MC3456L
LM317P LM317T LM340KC-24  MC7824CK LM556CN MC3456P
LM3177 LM317T LM340LAH-50 MC78L05ACG LM556D MC3556L
LM318D MC1741SCL LM340LAH-6 0 MC78LO6ACG LM556J MC3556L
LM318F MC1741SCL LM340LAH-8 0 MCT78L08BACG LM565CH NES6E5N
LM318H MC1741SCG LM340LAH-12 MCT78L12ACG LM565CN NE565N
LM318N MC1741SCP1 LM34QLAH-15 MC78L15ACG LMS65H NES6SN
LM320H-50  LM320H-50 LM340LAH-18 MC78L18ACG LM703LN MC1350P
LM320H-5.2 MC7905 2CK LM340LAH-24 MCT78L24ACG LM709AH MC1709AG
LM320H-60  LM320H-6.0 LM340LAZ-50 MC78L0SACP LM709AJ) MC1709AL
LM320H-8 0 LM520H-8 0 LM340LAZ-6 0 MCT78LOSACP LM709CH MC1709CG
LM320H-12 LM320H-12 LM340LAZ-80 MC78LOBACP LM709CJ MC1709CL
LM320H-15 LM320H-15 LM340LAZ-12 MC78L12ACP LM709CN MC1709CP2
LM320H-18 LM320H-18 LM340LAZ-15 MCT78L15ACP LM709CN-8 MC1709CP1
LM320H-24 LM320H-24 LM340LAZ-18 MC78L18ACP LM709H MC1709G
LM320K-50  LM320K-5.0 LM340LAZ-24 MCT78L24ACP LM709J MC1709L
LM320K-6.0  LM320K-60 LM340T-50 MC7805CT LM710CH MC1710CG
LM320K-80  LM320K-80 LM3407-6 0 MC7806CT LM710CN MCi710CP
LM320K-12 LM320K-12 LM340T-8 0 MC7808CT LM710H MC1710G
LM320K-15 LM320K-15 LM340T-12 MC7812CT LM711CH MC1711CG
LM320K-18 LM320K-18 LM340T-15 MC7815CT LM711CN MC1711CP
LM320K-24 LM320K-24 LM340T-18 MC7818CT LM711H MC1711G
LM320MP-5 0 MC7905CT LM340T-24 MC7824CT LM723CD LM723CJ
LM320MP-5 2 MC7905 2CT LM341P-50 MC78MO5CT LM723CH LM723CH
LM320MP-6 0 MC7906CT LM341P-60 MC78M06CT LM723CJ LM723CJ
LM320MP-8 0 MC7908CT LM341P-80 MC78M08CT LM723CN LM723CN
LM320MP-12 MCT7912CT LM341P-12 MC78M12CT LM723D LM7234
LM320MP-15 MC7915CT LM341P-15 MC78M15CT LM723H LM723H
LM320MP-18 MC7918CT LM341P-18 MC78M18CT LM723J LM7234
LM320MP-24 MC7924CT LM341P-24 MC78M24CT LM733CD MC1733CL
LM320T-50 LM320T-5.0 LM342P-50 MC78M05CT LM733CH MC1733CG
LM320T-52 MC7905 2CT LM342P-6 0 MC78MO06CT LM733CJ MC1733CL
LM320T-6.0 LM320T-6 0 LM342P-8 0 MC78MO8CT LM733CN MC1733CP
LM320T-80 LM320T-8 0 LM342P-12 MC78M12CT LM733D MC1733L
LM320T-12 LM320T-12 LM342P-15 MC78M15CT LM733H MC1733G
LM320T-15 LM320T-15 LM342P-18 MC78M18CT LM733J MC1733L
LM320T-18 LM320T-18 LM342P-24 MC78M24CT LM741AD MC1741L
LM320T-24 LM320T-24 LM343D MC1436G LM741AF MC1741F
LM322H MC1455G LM343H MC1436G LM741AH MC1741G
LM322N MC1455P1 LM345K MC7905CK LM741AJ-14 MC1741L
LM324AJ LM324J LM3480 LM348J LM741CD LM1741CJ
LM324AN LM324N LM348J LM348J LM741CF LM741CF
LM324J LM324J LM348N LM348N LM741CH LM741CH
LM324N LM324N MC3403P LM349D MC4741CL LM741CJ LM741CJ
LM325AN MC1468L LM349J MC4741CL LM741CJ-14  LM741CJ-14
LM325H MC1468G LM349N MC4741CL LM741CN LM741CN
LM325N MC1468L LM358AH LM358H LM741CN-14  LMT41CN-14
LM326H MC1468G LM358AN LM358N LM741D LM741J-14
LM326N MC1468L LM358H LM358H LM741ED MC1741CL
LM328AN MC1468L LM358JG LM3584 LM741EH MC1741CG
LM328H MC1468G LM358L LM358H LM741ES MC1741CU
LM328N MC1468L LM358N LM358N LM741E)-14 MC1741CL
LM339AD LM339AJ LM3sgP LM358N LM741EN MC1741CP1
LM339AN LM339AN LM363AJ MC3450L LM741F LM741F
LM339N LM339N LM363AN MC3450P LM741H LMT41H
LM340K-50  LM340K-50 LM363J MC3450L LM741J-14 LM741J-14




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

PART NO
LM746N
LM747C0
LM747CF
LM747CH
LM747CJ
LM747CN
LM747D
LM747F
LM747H
LM7474
LM748CH
LM748CJ
LM748CN
LM748H
LM748J
LM1310N
LM1351N
LM1391N
LM1394N
LM1414)
LM1414N
LM1458H
LM1458)
LM1458N
LM1458N-14
LM1488J
LM1488N
LM1489AJ
LM1489AN
LM1489J
LM1489N
LM1496H
LM1496J
LM1496N
LM15148
LM1558H
LM1558J
LM1596H
LM1596J
LM1800AN
LM1800N
LM1805
LM1808N
LM1828N
LM1841N
LM1845N
LM1848N
LM1850N
LM19000
LM2111IN
LM2113N
LM2900J
LM2900N
LM2g024
LM2902N
LM2904N
LM2905N
LM3011H
LM3026
LM3045
LM3046N
LM3054
LM3064N
LM3065N
LM3066N
LM3067N
LM3070N

LM746N —ML107T

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR
REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
MC1323P LM3071N MC1399P LM75108AJ MC75108L
LM747CJ LM3075N MC1375P LM75108AN MC75108P
LM747CF LM3086N MC3386P LM75110J MC75S110L
LM747CH LM3126 MC1399p LM75110N MC755110P
LM747CJ LM3146 MC3346P LM75121) MC8T13L
LM747CN LM3146A MC3346P LM75121N MC8T13P
LM747J LM3301N MC3301P LM75122J MC8T14L
LM747F LM3302J MC3302L LM75122N MC8T14P
LM747H LM3302N MC3302P LM75123J MC8T23L
LM747J LM3401N MC3401P LM75123N MC8T23P
MC1748CG LM3900N MC3401P LM75124J MC8T24L
MC1748CU LM3905N MC1455P1 LM75124N mceT24p
MC1748CP1 LM4250CH MC1776CG LM75207L MC75107L
MC1748G LM4250CN MC1776CP1 LM75207N MC75107P
MC1748U LM4250H MC1776G LM75208J MC75108L
MC1310p LM55254 MC5525L LM75208N MC75108P
MC1351P LM5528J MC5528L LM75324J MC75325L
MC1391P LM55294 MC5529L LM76324N MC75325P
MC1394pP LM5534] MC5534L LM75325J MC75325P
MC1414L LM5535J MC5535L LM75325N MC75325L
MC1414P LM5538J MC5538L LM75450N MC75450P
MC1458G LM5529J MC5539L LMT75451N MC75451P
MC1458U LM7524J MC7524L LM75452N MC75452P
MC1458P1 LM7524N MC7524P LM75453N MC75453P
MC1458pP2 LM7525J MC7525L LM75454N MC75454P
MC1488L LM7805KC MC7805CK MC1310A MC1310P
MC1488P LM7806KC MC7806CK MC1408B MC1408P8
MC1489AL LM7808KC MC7808CK MC1408F MC1408L8
MC1489AP LM7812KC MC7812CK MC1458JG MC1458U
MC1489L LM7815KC MCT7815CK MC1458L MC1458G
MC1489P LM7818KC MC7818CK MC1458P MC1458P1
MC1496G LM7824KC MC7824CK MC1558JG MC1558U
MC1496L LM78LOSACH  MCT78LOSACG MC1558L MC1558G
MC1496P LM78LOSACZ  MCT78LOSACP MHO0026H MMHR0026CG
MC1514L LM78L05CH  MCT78L0SCG MH0026CH MMH0026CG
MC1558G LM78L05CZ MCT78L05CP MHO0026CN MMHO0026CP1
MC1558U LM78LOSACH  MC78LOBACG MH0026G MMHO0026CG
MC1596G LM78LOBACZ  MCT78LOBACP MH0026CG MMH0026CG
MC1596L LM78LO8CH  MCT78L08CG MH0026F MMHOQ026CL
MC1310P LM78L08CZ MC78L08CP MHO0026CF MMH0026C1
MC1310P LM78L12ACH  MCT78L12ACG MIC709-1 MC1703G
MC1385P LM78L12ACZ  MCT78L12ACP MIC709-5 MC1709CG
TDA1190Z LM78L12CH  MC78L12CG MIC710-1C MC1710G
MC1323P LM78L12CZ  McCT78L12CP MIC710-5C MC1710CG
MC1356P LM78L15ACH  MC78L15ACG MIC711-1C MC1711G
MC1344P LM78LI5ACZ  MCT78L15ACP MIC711-5C MC1711CG
MC1323P LM78L15CH  MCT78L15CG MIC712-18 MC1712F
MC3426L LM78L15CZ  MC78L1SCP MiC712-1C MC1712G
MC3301L LM78L18ACH  MCTBL1BACG MIC712-1D MC1712L
MC1357P LM78L18ACZ  MCT78L1BACP MIC712-58 MC1712CF
MC1357P LM78L18CH  MCT78L18CG MIC712-5C MC1712CG
MC3301L LM78L18CZ MC78L18CP MIC712-5D MC1712CL
MC3301P LM78L24ACH  MC78L24ACG MIC723-1 MC1723G
LM2902J LM78L24ACZ  MCT78L24ACP MIC723-5 MC1723CG
LM2902N LM78L24CH  MC78L24CG MIC741-1C MC1741G
LM2904N LM78L24CZ  MC78L24CP MIC741-1D MC1741L
MC1455P1 LM55107AS MC55107L MIC741-5C MC1741CG
MC1550G LM55108AJ MC55108L MIC741-5D MC1741CL
CA3054 LM55109J MC75S110L ML101AF LM101AH
MC3346P LM55110J MC75S110L ML101AM LM101AH
MC3346P LM55121J MC8T13L ML101AT LM101AH
CA3054 LM55122J MC8T14L ML101F LM101AH
MC1364P LM55123J MC8T23L ML101M LM101AH
MC1358P . LM55124) MC8T24L ML101T LM101AH
MC1399P LM55325N MC55325L ML107F LM107H
MC1323P LM75107AJ MC75107L ML107TM LM107H
MC1399P LM75107AN  MC75107P ML107T LM107H




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

ML108AF —OP-08B

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA

DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
ML10BAF MC1556G ML741AT MC1556G N5747F MC1747CL
ML108AM LM108AJ ML741CP MC1741CP2 N5748A MC1747CG
ML108AT LM108AH ML741CS MC1741CP1 N5748T MC1748CG
ML108M LM108J ML741CT MC1741CG N8T13B MC8T13P
ML108T LM108H ML741F MC1741F N8T13P MCBT13L
ML111M LM111J ML741M MC1741L NET14B MCBT14P
ML111S LM111) ML741T MC1741G N8T14E MC8T14L
MLIT LM111H ML747CP MC1747CL N8T15A MC1488L
ML118F MC1741SG ML747CT MC1747CG N8T15F MC1488L
ML118M MC17418G ML747F MC1747F N8T16A MC1489L
ML118T MC174158G ML747TM MC1747L N8T238 MCaT23pP
ML201AF LM201AH ML747T MC1747G N8T23E MC8T23L
ML201AM LM201AH ML748CP LM301AN N8T24B MC8T24P
ML201AT LM201AH ML748CS LM301AN N8T24E MCBT24L
ML201F LM201AH ML748CT MC1748CG N8T26AB MCBT26AP
ML201M LM201AH ML748F MC1748G N8T26AE MCBT26AL
ML201T LM201AH ML748M MC1748G N8T268 MCBT26AP
ML207F LM207H ML748T MC1748G N8§T28B mcaragp
ML207M LM207H ML1436T MC1436G N8T37A MC3437P
ML207T LM207H ML1437pP MC1437P N8T38A MC3438P
ML208AF MC1556G ML1458P MC1458P2 N8T85B MC8T95P
ML208AM LM208AJ ML 14588 MC1458P1 NBTY5F MC8TI5L
ML208AT LM208AH ML1458T MC1458G N8T968 MC8TI6P
ML208M LM208J ML1488M MC1488L N8T96F MC8To6L
ML208T LM208H ML1489AM MC1489AL N8T978 MC8T97P
ML211M LM211J ML1489M MC1489L NST97F MC8TITL
ML211S LM211N ML1536T MC1536G N8T988 MC8T98P
ML211T LM211H ML1537M MC1537L N8T98F MC8T98L
ML218F MC1741SG ML1558M MC15581. NES01A MC1733CL
ML218M MC17418G ML1558T MC1558G NESO1K MC1733CG
ML218T MC1741SG ML3046P MC3346P NE515A MC1420G
ML301AP LM301AN ML4250T MC1776G NE515G MC1520F
ML301AS LM301AN ML4250CS MC1776CG NES15K MC1420G
ML301AT LM301AH ML4250CT MC1776CG NE516A MC1420G
ML301P LM301AN ML4251T MC1776G NE516G MC1520F
ML301S LM301AN ML4251CS MC1776CG NE516K MC1420G
ML301T LM301AN ML4251CT MC1776CG NE531G MC1439G
ML307P LM307H ML6503M MC1537L NES31T MC1439G
ML307S LM307N ML7503M MC1437L NES31V MC1439P
ML307T LM307H NS065A MC1358P NE533G MC1776CG
ML308AM LM308AJ N5070B MC1399P NE533T MC1776CG
ML308AT LM308AH N5071A MC1399P NE533V MC1776CG
ML308M LM308J N5072A MC1323P NE537G MC1456G
ML308T LM308H N5556T MC1456G NES37T MC1456G
ML311M LM311J N5556V MC1456P1 NES40L MC1554G
ML311P LM311J N5558F MC1458L NE550A MC1723CP
ML311S LM31TIN N5558T MC1458G NE550L MC1723CG
ML31IT LM311H N5558V MC1458P1 NE555/G MC1455U
ML318M MC1741SCP1 N5595A MC1495L NES55L MC1455G
ML318T MC17415CG N5595F MC1495L NES555P MC1455P1
ML709AF MC1709AF N5536A MC1496L NE555T MC1455G
ML709AM MC1709AL N5596K MC1496G NESS55V MC1455P1
ML709AT MC1709AG N5709A MC1709CP2 NES56A MC3456P
ML709CP MC1709CP2 N5709G MC1709CF NESS561 MC3456L
ML709CT MC1709CG N5709T MC1709CG NES65A NES65N
ML709F MC1709F N5709V MC1709CP1 NE565K NES565N
ML709M MC1709L N5710A MC1710CP NES92A NES92A
ML709T MC1709G NS710T MG1710CG NE592K NE592K
ML723CF MC1723CL N5711A MC1711CP OP-01C MC1536
ML723CM MG 1723CL N5711K MC1711CG QOP-01G MC1536
ML723CP MC1723CL N5723A MC1723CP OP-01H MC1536
ML723CT MC1723CG N5723T MC1723CG 0P-01J MC1536G
ML723F MC1723L N5733K MC1733CG OP-01L MC1536G
ML725M MC1723L ' N5741A MC1741CP2 OP-01P MC1536P
ML723T MC1723G N5741T MC1741CG 0P-08 MC1776
ML741AF MC1556G N5741V MC1741CP1 OP-08A MC1776
ML741AM MC1556G N5747A MC1747CL 0P-0cB MC1776




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

MOTOROLA MOTOROLA
DIRECT SIMILAR
PART NO. REPLACEMENT REPLACEMENT
0P-08C MC1776
OP-08E MC1776
PA239A MC1303P
RC702T MC1712CG
RC7090 MC1709CL
RCT09DN MC1709CP1
RC709DP MC1709CP2
RC709T MC1709CG
RC710DC MC1710CL
RC710DP MC1710CP
RC710T MC1710CG
RC711DC MC1711CL
RC711DP MC1711CP
RCTIT MC1711CG
RC723D MC1723CL
RC723T MC1723CG
RC733D MC1733CL
RC733T MC1733CG
RC741D MC1741CL
RC741DN MC1741CP1
RC741DP MC1741CP2
RC741Q MC1741CF
RC741T MC1741CG
RC7470 MC1747CL
RC747T MC1747CG
RC748T MC1748CG
RC1414DC MC1414L
RC1414DP MG1414P
RC1488DC MC1488L
RC1483ADC  MC1489AL
RC1489DC MC1489L
RCBT13DD MC8T13L
RC1437D MC1437L
RC1437DP MC1437P
RC1458DN MC1458P1
RC14587 MC1458G
RC1556T MC1456CG
RC1558T MC1558G
RC330208 MC3302P
RC41310P MC1471SCP1
RC4131T MC1741SG
RC4136D MC3403L
RC4136DP MC3403p
RC4136) MC3403L
RC4136N MC3403P
RC4195T MC1468G
RC4195TK MC1468R
RC4444R MC3416L
RC4558DN MC4558CP1
RC4558)G MC4558CU
RC4558L MC4558CG
RC4558P MC4558CP1
RC4558T MC4558CG
RC8T13MP MC8T13P
RC8T14DD MC8T14L
RC8Ti4MP MC8T14P
RC8T230D MC8T23L
RC8T23MP MC8T23P
RC8T24DD MC8T24L
RC8T24MP Mc8T24P
RC75107AD  MC75107L
RC75107ADP  MC75107P
RC75108AD  MC75108L
RC75108ADP  MC75108P
RC751090 MC758110L
RC751090P MG755110P
RC75110D MC755110L

PART NO.
RC751100P
RC75325DD
REF-01CJ
REF-01DJ
REF-01J
REF-01HJ
REF-02CJ
REF-02DJ
REF-02HJ
REF-02J
RM702Q
RM702T
RM709D
RM709Q
RM709T
RM710D
RM710T
RM711DC
RM711T
RM723D
RM723T
RM7330
RM733T
RM7410
RM741DP
RM741Q
RM741T
RM7470
RM747T
RM7487
RM1514DC
RM1537D
RM4136D
RM4138J
RM4195T
RM4195TK
RM4558D
RM4558JG
RM4558L
RM4558T
RM55107AD
RM553250D
Rv3301DB
SBT13E
S8T14E
§5556T
§5558E
§5558T
$5596F
85596K
$5709G
857097
S57107
S5711K
§57237
S5733K
S57417
SES01K
SE515G
SES15K
SE516A
SE516G
SE516K
SE528E
SE528R
SE531G
SES31T

MOTOROLA

DIRECT

MG758110P
MC75325L

MC1712F
MC1721G
MC1709L
MC1709F
MC1709G
MC1710L
MC1710G
MC1711L
MC1711G
MC1723L
MC1723G
MC1733L
MC1733G
MC1741L
MC1741P
MC1741F
MC1741G
MC1747L
MC1747G
MC1748G
MC1514L
MC1537L

MC4558U
MC4558U
MC4558G
MC4558G
MC55107L
MC55325L
MC3301P

MC1556G
MC1558L
MC1558G
MC1596L
MC1596G
MC1709F
MC1708G
MC1710G
MC1711G
MC1723G
MC1733G
MC1741G

MOTOROLA

SIMILAR

REPLACEMENT REPLACEMENT

C1404U10
C1404U10
C1504AU10
C1404AU10
C1404U5
C1404U5
C1404AU5
C1504AU5

MC3503L
MC3503L
MC1568G
MC1568R

MCBT13L
MC8T14L

MC1733G
MC1520F
MC1520G
MC1526G
MC1520F
MC1520G
MC1544L
MC1544L
MC1539G
MC1539G

PART NO.
SES33G
SE533T
SE537G
SE537T
SESS0L
SE555JG
SEB55L
SE555T
SE556A
SES65A
SE565K
SE592A
SE592K
S$G100T
SG101AD
SG101AT
S5G101J
SG101T
SG1047
SG105N
SG105T
SG107J
SG107T
SG108AJ
SG108AT
$G108J
SG108T
SG109K
SG109T
SG111D
SGINT
§G118J
SG118T
SG120K-05
S§G120K-52
SG120K-12
SG120K-15
SG120T-05
§G120T-52
§G1207-12
SG120T-15
§G124J
SG140K-05
SG140K-06
SG140K-08
SG140K-12
SG140K-15
SG140K-18
SG140K-24
§G200T
SG201AD
SG201AM
SG201AN
SG201AT
SG201J
SG201M
SG201N
SG201T
§G2047
SG205N
SG205T
§G207J
SG207M
SG207N
SG207T
SG208AJ
SG208AM

OP-08C —SG208AM

MOTOROLA
DIRECT
REPLACEMENT REPLACEMENT

MC1555U
MC1555G
MC1555G
MC3556L

SE592L
SE592G

LM101AH

LM101AH
LM104H

LM105H

LM107H
LM108AJ
LM108AH
LM1084
LM108H
LM109K
LM109H
LM111Y
LM111H

LM120K-05

LM120K-12
LM120K-15
LM1207-05

LM1207-12
LM120T-15
LM124J

LM140K-5.0
LM140K-6 0
LM140K-80
LM140K-12
LM140K-15
LM140K-18
LM140K-24

LM201AN

LM201AH

LM201AN

LM201AH
LM204H

LM205H

LM207H
LM208AJS
LM208AJ-8

MOTOROLA

SIMILAR

MC1776G
MC1776G
MC1556G
MC1556G
MC1723G

MLM565CP
MLMS565CP

MC1723G
LM101AH

LM101AH

LM105H

LM107H

MC1741SL
MC1741SG

MC7905.2CK

MC7905 2CK

MC1723G
LM201AH

LM201AN
LM201AH

LM201AN

LM205H

LM207H
LM207H
LM207H




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

SG208AT —SG3501AT

MOTOROLA
SIMILAR

REPLACEMENT REPLACEMENT

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT

PARTNO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO.
SG208AT LM208AH SG710CN MC1710CP S$G1456T MC1456G
$G2084 LM208J §G710CT MC1710CG SG1458M MC1458P1
$G208M LM208J-8 SG710D MC1710L SG1458T MC1458G
SG208T LM208H SG710N MC1710CP 8G1468J MC1468L
S§G209K LM209K SG710T MC1710G SG1468N MC1468L
§G209T LM209H SG711CD MC1711CL SG1468T MC1468G
SG2110 LtM211J SG711CN MC1711CP §G1495D MC1495L
SG211M LM211N SG711CT MC1711CG SG1495N MC1495L
SG211T LM211H SG711D MC1711L 5G1496D MC1496L
§G218J MC1741SL SG711N MC1711CP SG1496N
SG218M MC1741SL SG71T MC1711G SG1496T MC1496G
§G2187 MC17415G SG723CD MC1723CL SG1501AD
SG2244 LM224) SG723CN MC1723CP SG1501AT
8G224N LM224N $G723CT MC1723CG §G1501D MC1568L
SG300N MC1723CP 8G723D MC1723L SG1501T MC1568G
SG300T MC1723CG 8G723T MC1723G $G1502D
SG301AD LM301AH SG733C0 MC1733CL SG1502N
SG301AM LM301AN SG733CN MC1733CP $G1503 MC1503U
SG301AN LM301AN SG733CT MC1733CG §G1524J
SG301AT LM301AH 5G733D MC1733L SG1536T MC1536G
SG304T LM304H SG733N MC1733L SG1556T MC1556G
SG305AT LM305SH SG733T MC1733G SG1558T MC1558G
SG305N LM305H §G741CD MC1741CL $G 15950 MC1595L
SG305T LM30SH SG741CF MC1741CF $G1596D MC1596L
SG3074 LM3O7N SG741CM MC1741CP1 SG1596T MC1596G
SG307M LM307N SG741CN MC1741CP2 $G1660D
SG307N LM307N SG741CT MC1741CG §G1660J
SG307T LM307H SG7410 MC1741L SG1660M
SG308AJ LM308AJ SG741F MC1741F §G1660T
SG308AM LM30BAN SG741T MC1741G $G1760D
SG308AT LM308AH SG741SCM MC17415CP1 SG1760F
SG308J LM308J S$G741SCT MC1741SCG $G1760J
SG308M LM308N SG7418T MC1741SG SG1760M
SG308T LM308H SG747CJ MC1747CL SG1760T
SG309K LM309K SG747CN MC1747CP2 SG2118AJ
SG309T LM308H SG747CT MC1747CG SG2118AM
SG311D LM311J §G7474 MC1747L SG2118AT
SG311M LM31IN SG747T MC1747G §G2118J
SG3NT LM311H SG748CD MC1748CP1 5G2118M
SG318J MC1741SCL SG748CM MC1748CP1 §G21187T
SG318M MC1741CP1 SG748CN MC1748CP1 5G2250T
SG318T MC1741CG SG748CT MC1748CG SG2401N
SG320K-05 LM320K-50 SG748D MC1748G $G2402N
SG320K-52 MC7905 2CK SG748T MC1748G $G24027
S$G320K-12 LM320K-12 §G777CJ LM308AJ SG2501AD
SG320K-15 LM320K-15 §G777CM LM308AN SG2501AT
$G320T-05 LM3207-50 SGTT7CN LM308AN §G2501D MC1468L
SG3207T-52 MC7905 2CT SG777CT LM308AH SG2501N MC1468L
S$G320T-12 LM320T-12 SG777J LM108A. §G2501T MC1468G
SG320T-15 LM320T-15 SG777T LM108AH SG25020
5G324J LM324J SG1118AJ LM108AJ SG2502N
SG324N LM324N SG1118AT LM108AH §G2502T
SG340K-05 MC7805CK SG1118J LM1084 5G2503 MC1403AU
SG340K-06 MC7806CK SG11187 LM108H §G2524J
SG340K-08 MC7808CK SG1217 MC1741G SG3118AJ
SG340K-12 MC7812CK 8G1217J MC1741SL SG3118AM
SG340K-15 MC7815CK §G1217T MC17415G SGI118AT
SG340K-18 MC7818CK §G1250T MC1776G $G3118J
SG340K-24 MC7824CK SG1401N MC1533G §G3118M
SG555CM MC1455P1 §G14017 MC1533G SG31187
SG555CT MC1455G SG1402N MC1594L $G3250T
SG555T MC1555G $G14027 MC1594L SG3401N
$G556CJ MC3456L SG1436CT MC1436CG SG3401T
SGS56CN MC3456P SG1436M MC1436U SG3402N
SG556J MC3556L SG1436T MC1436G $G34027
SG556N MC3556L 8G1456CT MC1456CG SG3501AD MC1468L
SG710CD MC1710CL SG3S01AT MC1468G

MC1496L

MC1568L
MC1568G

MC1568L
MC1568L

MC3520L

LM301AH
LM308J
LM308N
LM308H
LM307H
LM307H
LM308J
LM&08N
LM308H
LM208AJ
LM208AJ-8
LM208AH
LM208J
LM208J-8
LM208H
MC1776G
MC1433G
MC1494L
MC1494L
MC1468L
MC1468G

MC1468L
MC1468L
MC1468G

MC3520L
MLM308AL
MLM308AP 1
MLM308AG
MLM308L
MLM308P1
MLM308G
MC1776G
MC1433G
MC1433G
MC1494L
MC1494L




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

SG3501D —SN75127N

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
§G3501T MC1468G SN52709AL MC1709AG SN72709L MC1709CG
§G35020 MC1468L SN52709FA MC1709F SN72709N MC1709CP2
5G3502G MC1468G SN52709J MC1709L SN72709P MC1709CP1
SG3502N MC1468L SN52709L MC1709G SN72710J MC1710CL
$G3503 MC1403U SN52710FA MC1710F SN72710L MC1710CG
§G3524J MC3420L SN527104 MC1710L SN72710N MC1710CP
SG4250CM MC1776CP1 SN52710L MC1710G SN72711J MC1711CL
$G4250CT MC1776CG SN52711FA MC1711F SN72711L MC1711CG
SG4250T MC1776G SN52711J MC1711L SN72711N MC1711CP
SG45010 MC1468L SNG2711L 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 SN52741 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
SG7818K MCT7818CK SNS2771L MC1556G SNT2747L MC1747CG
SG7824CK MC7824CK SN52810FA MC1710F SN72747N MC1747CP2
SG7824K MC7824CK SN52810J MC1710L SN72748L MC1748CG
SHO013HC MMH0026CG SN52810L MC1710G SN72748P MC1748CP1
SHO013HM MMH(0026G SN52811FA MC1711F SN72770L MC1456G
SH2001FC MC75462P SN52811J MC1711L SN72771L MC1456G
SH2001FM MC75462P SN52811L MC1711G SN72810J MC1710CL
SH2001HC MC75462P SN55107AJ MC55107L SN72810L MC1710CG
SH2001HM MC75462P SN551078J MC55107L SN72810N MC1710CP
SH2002FC MC75462pP SN55108AJ MC55108L SN72811J MC1711CL
SH2002FM MC75462P SN55108BJ MC75108L SN72811L MC1711CG
SH2002HC MC75462P SN55109J MC75S110L SN72811N MC1711CP
SH2002HM MC75462P SNS55110J MC755110L SN72905 MC7905CT
SH2002HC MC75462P SN552444 MC1544L SN72906 MC7906CT
SH2200FC MC75462p SN55325J MC55325L SN72908 MC7908CT
SH2200FM MC75462P SN72301AL LM301AH . SN72912 MC7912CT
SH2200HC MC75462P SN72301AP LM301AN SN72915 MC7915CT
SH2200HM MC75462P SN72304L LM304H SN72L022P LM358N
SH2200PC MC75462P SN72305AL LM305H SN72L044JA LM324N
SHB8090FM MC1508L8 SN72305L LM305H SN72L044N LM324N
SN5510FA MC1510F SN72306J MC1710CL SN75107AJ MC75107L
SN5510L MC1510G SN72306L MC1710CG SN75107AN MC75107P
SN52101AL LM101AH SN72306N MC1710CP SN751078J 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 LM311IN SN75121J MC8T13L
SN52108L LM108H SN72376L LM305H SN75121N MC8T13P
SN52109L LM10SH 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 SN75124) 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
SN52702) MC1712L SN72558P MC1458P1 SN75127J MC75127L
SN52702L MC1712G SN72702J MC1712CL SN75127N MC75127P

1-20




LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

SN75128J —TL494CN

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

PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
SN75128J MC75128L SN76130N MC1303P TBAS20 MC1327P
SN75128N MC75128P SN76131N MC1303P TBA920 MC1391P
SN75129J MC75129L SN76149N MC1303P TBA920S LC1391P
SN75129N MC75129P SN76242N MC1399P TBA940 MC1344P
SN75138N MC3443P SN76243N MC1399P TBA9S0 MC1344p
SN75138J MC3443p SN76246N MC1323pP TBA9S0 MmC1327P
SN75140P MC75140P1 SN76298N MC1398P TBA1190Z TBA1190Z
SN75150J MC1488L SN76514L MC1496G TDA1190Z TDA1190Z
SN75150N MC1488P SN76514N MC1496P TDA2002 TDA2002
SN75154J MC1489L SN76564N MC1364P TL022CJG LM358)
SN75154N MC1489P SN76565N MC1364P TLO22CL LM358H
SN75188J MC1488L SN76591P MC1391P TLO22CP LM358N
SN75188N MC1488P SN76594P MC1394P TL022MJG LM158)
SN75189AJ MC1489AL SN76600P MC1350P TLO22ML LM158H
SN75189J MC1489L SN76642N MC1357P TLO44CY LM324J
SN75189AN MC1489AP SN76644N MC1352P TLO44CN LM324N
SN75189N MC1489P SN76650N MC1352P TLO44MJ LM124)
SN75207J MC75107L SN76651N MC1351P TLO71ACJG MC340018U
SN75207N MC75107P SN76653N MC1352P TLO7T1ACL MC340018G
SN752084 MC75108L SN76660N MC 357P TLO71ACP MC34001BP
SN75208N MC75108P SN76665N MC1364P TLO71BCJG MC3400 1AU
SN7526 1N MC3245L SN76666N MC1358P TLO71BCL MC34001AG
SN75322N MC3245P SN76669N MC1356P TLO71BCP MC34001AP
SN75362P MMH0026CP SN76675N MC1375P TLO71CJG MC34001U
SN75365J MC75365L SN76678P MC1355P TLO7ICL MC34001G
SN75365N MC75365P SSS101AL LM101AH TLO71CP MC34001P
SN75368J MC75368L SSS101AJ LM101AH TLO72ACJG MC34002BU
SN75368N MC75368P §85107J LM107H TLO72ACL MC34002BG
SN75369P MMH0026CP1 §8S107P LM107H TLO72ACP MC34002BP
SN75450A) MC75450L $55201AJ LM201AH TLO72BCJG MC34002AU
SN75450AN MC75450P $S8S201AL LM201AH TLO72BCL MC34002AG
SN75450BN MC75450P §SS201AP LM201AN TLO72BCP MC34002AP
SN75450N MC75450P §85207J LM207H TLO72CJG MC34002U
SN75451AP MC75451P §585207P LM207H TLO72CL MC34002G
SN75451P MC75451P §SS301AJ LM301AH TLo72CP MC34002P
SN75452P MC75452P SSS301AL LM301AH TLO74AC) MC34004BL
SN75453P MC75453P §SS301AP LM301AN TLO74ACN MC340048P
SN75454P MC75454P §5S8741BJ MC1741G TLO74BCJ MC34004A
SN75460AJ MC75460L $SS741BL MC1741F TLO74BCN MC34004AP
SN75460AN MC75460P §85741BP MC1741P2 TLO74C) MC34004L
SN75461 MC75461 §88741CJ MC1741CG TLO74CN MC34004P
SN75461AP MC75461P §SS741CL MC1741CF TLOB1ACJG MC34001BU
SN75462 MC75462 §88741CP MC1741CP2 TLO81ACL MC34001BG
SN75462AP MC75462P §88741GJ MC1741SG TLO8IACP MC34001BP
SN75463 MC75463 SSS741GP MC1741SG TLOB1BCJG MC34001AU
SN75463AP MC75463P §SS741 MC1741G TLO81BCL MC34001AG
SN75464 MC75464 SSS741L MC1741F TLO81BCP MC34001AP
SN75464AP MC75464P §8S741P MC1741P2 TLOB1CJG MC34001U
SNT75461N MC75491P 85574782 MC1747F TLO81CL MC34001G
SN75466J MC1411L §SS8747BP MC1747L TLo81CP MC34001P
SN75466N MC1411P §88747CK MC1747CG TLOB2ACJG MC34002BU
SN75467J MC1412L §55747CM MC1747CF TLOB2ACL MC34002BG
SN75467N MC1412p §SS747CP MC1747CL TLO82ACP MC340028P
SN75468J MC1413L §85747GK MC1747G TLO82BCJG MC34002AU
SN75468N MC1413P SSS747GM MC1747F TL082BCL MC34002AG
SN75475P MC1472P1 §8S747GP MC1747L TLO82BCP MC34002AP
SN75475JG MC1472U §85747L MC1747F TLOB2CJG MC34002U
SN75491N MC75491P §88747P MC1747L TLO82CL MC34002G
SN75492N MC75492P SSS1408A-6Z  MC1408L6 TLO82CP MC34002P
SN76000P MC1306P SSS1408A-7Z  MC1408L7 TLOB4ACJ MC34004BL
SN76104N MC1310P SSS1408A-82  MC1408L8 TLOB4ACN MC340048P
SN76105N MC1310P 85514584 MC1458G TLO84BCJ MC34004AL
SN76111N MC1310P 8§SS51508A-82  MC1508L8 TLO84BCN MC34004AP
SN76113N MC1310P 8551558J MC1558G TLOB4CY MC34004L
SN76115N MC1310P TAAB30 MC1327P TLO84CN MC34004P
SN76116N MC1310P TBA120S MC1358P TL494C TL494CJ

SN76117N MC1310P TBA440 MC1352P TL494CN TL494CN



LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

TL495CJ —uAT732DC

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 uA555HC MC1455G
TL495CN TL495CN ULS2133G MC1539G uAS55HM MC1555G
TL497CJ MC3420L ULS2139H MC1539L uAS555TC MC1455P1
TL497CN MC3420P ULS2139M MC1439P1 uA556DC MC3456L
TLA9TMI MC3520L ULS2151D MC1741G uAS56DM MC3556L
UDN5711M MC1471P1 ULS2151G MC1741F uAS56PC MC3456P
UDR5712M MC1472P1 ULS2151H MC1741L uA7020C MC1712CL
UDN5713M MC1473P1 ULS2151M MC1741CP1 uAT02DM MC1712L
UDN5714M MC1474P1 ULS2156D MC1556G uAT02FM MC1712F
UDN-6144A MC3490P ULS2156G MC1556G uAT02HC MC1712CG
UDN-6164A MC3490P ULS2156H MC1556G uAT02HM MC1712G
UDN-6184A MC3490P ULS2156M MC1556G uAT02MJ MC1712L
UDN-7183A MC3491P ULS2157A MC1558L uAT02ML MC1712G
UDN-7184A MC3491P ULS2157H MC1558L uAT09ADM MC1709AL
UDN-7186A MC3491P ULS2157K MC1558G uATO9AFM MC1709AF
UHD-490 MC3494P uA0802DC-1  MC1408L8 uAT09AHM MC1709AG
UHD-491 MC3494P uA0802D0C-2  MC1408L7 uAT09AMJ MC1709AL
UHP-480 MC3494P uA0802DC-3  MC1408L6 uATOSAMJG  MC1709AU
UHP-491 MC3494P uA0802DM-1  MC1508L8 uATO09AML MC1709AG
UHP-495 MC3490P #AQ802PC-1  MC1408P8 uAT09CJ MC1709CL
ULN2001A ULN2001A uAQ802PC-2  MC1408P7 uAT09CJG MC1709CU
ULN2002A ULN2002A uA0802PC-3  MC1408P6 wAT709CL MC1709CG
ULN2003A ULN2003A #A101AD LM101AJ #AT09CN MC1709CP2
ULN2004A ULN2004A uA101AF LM101AJ uA709CP MC1709CP1
ULN2111A MC1357pP pA101AH LM101AH wAT08DC MC1709CL
ULN2111N MC1357PQ ¢A101D LM101AJ uA709DM MC1709L
ULN2113A MC1357P ¢A101F LM101AJ uAT09FM MC1709F
ULN2113N MC1357P #A101H LM101AH uAT09HC MC1708CG
ULN2114A MC1323P #A104HM LM104H uATO9HM MC1709G
ULN2114K MC1323P ¢A105HM LM105H pATOIMJ MC1709L
ULN2114N MC1323P wA107H LM107H uA709MIG MC1709V
ULN2120A MC1310P #A108AD LM108AJ pATOIML MC1709G
ULN2121A MC1310pP pA108AF LM108AF pAT09TC MC1709CP1
ULN2122A MC1310P #A108AH LM108AH uA709PC MC1709CP2
ULN2124A MC1399P #A108D LM108J wA7100C MC1710CL
ULN2125A MC1344P uA108F LM108F wA710DM MC1710L
ULN2127A MC1399P #A108H LM108H pAT10HC MC1710CG
ULN2128A MC1310P #A109KM LM109K pAT10HM MC1710G
ULN2136A MC1356P #A201AD LM201AJ pAT10PC MC1710CP
ULN2139D MC1439G uA201AF LM201AJ uA7110C MC1711CL
ULN2133G MC1439G #A201AK LM201AH ¢AT1IDM MC1711L
ULN2139H MC1439P2 #A201D LM201AJ pAT1IHC MC1711CG
ULN2139M MC1439P1 wA201F LM201AJ pAT1HM MC1711G
ULN2151D MC1741CG #A201H LM201AH wA7T11PC MC1711CP
ULN2151G MC1741CF #A207H LM207H uAT15DC MC1741SCL
ULN2151H MC1741CP2 1A208AD LM208AJ pAT15OM MC1741SL
ULN2151M MC1741CP1 #A208AF LM208AF pAT15HC MC1741SCG
ULN2156D MC1456G uA208AH LM208AH uAT15HM MC1741SG
ULN2156G MC1456G uA208D LM208J pA723CJ MC1723CL
ULN2156H MC1456G uA208F LM208F uAT23CL MC1723CG
ULN2156M " MC1456G uA208H LM208H uAT23CN MC1723CP
ULN2157A MC1458P2 #A209KM LM209K ©A7230C uA723DC
ULN2157H MC1458P2 pA301AD LM301AJ uA723DM MC1723L
ULN2157TK MC1458G pA301AH LM301AH pAT23HC uA723HC
ULN2165A MC1358P pA301AT LM301AN wAT23HM MC1723G
ULN2165N MC1358PQ #A304HC LM304H uAT23MJ MC1723L
ULN2209A MC1356P wA305HC LM305H pAT23ML MC1723G
ULN2210A MC1310P uA305HC LM305H pAT23PC uAT23PC
ULN2224A MC1324P wA3Q7TH LM307H pAT25AHM LM108AH
ULN2228A MC1323P uA307T LM307N wAT25EHC LM308AH
ULN2244A MC1310P #A308AD LM308AJ uAT25HC LM308AH
ULN2262A MC1399P uA308AH LM308AH pAT25HM LM108AH
ULN2264A MC1364P uA308D LM308J wAT2THC MC1420G
ULN2267A MC1323P #A308H LM308H pAT2THM MC1520G
ULN2298A MC1398P uA309KC LM309K pAT30HC MC1420G
ULN2741D MC1741CG pAINT LM31IN pAT30HM MC1520G
ULN2747A MC1747CL uA3T6TC LM305H uA7320C MC1310P
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE

uA732PC —uA78LOSACLP

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR
PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO  REPLACEMENT REPLACEMENT
wAT32PC MC1310P uA748HC MC1748CG uA1458CTC MC1458CP1
uAT733CJ MC1733CL uATABHM MC1748G uA1458E MC1458G
©A733CL MC1733CG uAT4BMJ MC1748L uA1458HC MC1558G
uAT33CN MC1733CP uAT48MJIG MC1748U uA1458P MC1458P1
uA733DC MC1733CL uATABML MC1748G uA1458RC MC1458U
wA7330M MC1733L uAT48TC MC1748CP1 uA1458TC MC1458P1
wAT33FM MC1733F uA749DC MC1435L uA1558E MC1558G
uA733HC MC1733CG uA749DHC MC1435G uA1558HM MC1558G
uAT33HM MC1733G uATA9DM MC1535L uA2136PC MC1356P
WAT3IMJ MC1733L uATAGHC MC1435G uA2240DC MC1455U
wAT33ML MC1733G uA753TC MC1356P uA2240DM MC1555G
©A734DC LM311J #AT54HC MC1355P uA2240PC MC1455P1
wAT34DM LM311J uAT541C MC1355P uA3026HM CA3054
uAT34HC LM311H uA7570C MC1350P uA3045 MC3346P
wA734HM LM311H uA757DM MC1350P #A3046DC MC3346P
uAT40HC LF355H uAT758DC MC1310P uA3054DC CA3054P
uAT40HM LF155H uA758PC MC1310P ©A3064PC MC1364P
pAT41ADM MC1741L uAT87DC MC1310pP uA3065PC MC1358P
wATH1AFM MC1741F pAT67PC MC1310P 1A3086DM MC3386P
uAT41AHM MC1741G uAT72 MC17418 #A3301P MC3301P
«A741CJ MC1741CL ¢AT75DC LM339J uA3302P MC3302P
#AT41CIG MC1741CU uAT750M LM339J wA3303P MC3303P
pAT41CL MC1741CG pAT75PC LM33SN 1A3401P MC3401P
pAT41CN MC1741CP2 wAT760C MC1776CG ©A34030 MC3403L
wAT41CP MC1741CP1 uATT6DM MC1776G uA3403P MC3403P
«A741DC 1A741DC uAT76HC MC1776CG uA4136DC MC4741CL
wATA10M MC1741L uATT6HM MC1776G uA4136DM MC4741L
pAT41EDC MC1741L uATT6TC MC1776CP1 uA4136PC MC4741CP
pAT41EHC MC1741G pATTTCS LM308AJ-8 wA4558HC MC4558CG
wAT41FC MC1741CF wATT7CIG LM308AJ-8 uA4558HM MC4558G
uAT4IFM MC1741F uATT7CL LM308AH uA4558TC MC4558CP1
pAT41HC wA741HC pATTTCN LM308AN uATB0SCKC MC7805CT
#AT41HM MC1741G wATTTCP LM308AN uAT805KC MC7805CK
wATAIMY MC1741L wA777DC LM308AJ-8 uAT805KM MC7805K
pAT41IMIG MC1741U pATTTHC LM308AH uAT7805UC MC7805CT
pATAIML MC1741G pATTTMI LM108AJ-8 uATBOBCKC MC7806CT
uAT41RC MC1741CU rATTTMIG LM108AJ-8 uAT806KC MC7806CK
#AT41RM MC1741U wATTTML LM108AH uAT806KM MC7808K
wAT41PC MC1741CP2 wATITTC LM308AN ¢AT806UC MC7808CT
wAT41TC wAT41TC uA780DC MC1399P uATB808CKC MC7808CT
pA742DC CA3059 uAT80PC MC1398P uAT808KC MC7808CK
uAT460C MC1323P pA781DC MC1399P 4ATB08KM MC7808K
uAT46HC MC1323P uAT81PC MC1399P uAT808UC MC7808CT
pAT47TADM MC1747L uA786DC MC1327P uA7812CKC MC7812CT
wAT47TAHM MC1747G uAT8TPC MC1399P pA7812KC MC7812CK
uAT47CJ MC1741CL uAT91KC MC1438R uAT812KM MC7812K
wAT47CL MC1747CG uAT91KM MC1538R wA7812UC MC7812CT
wAT47CN MC1747CP2 uA791PS MC1438R uA7815CKC MC7815CT
uAT470C MC1747CL uA796HC MC1496G wAT815KC MC7815CK
uAT47DM MC1747L uAT96HM MC1596G pA7815KM MCT7815K
uAT4TEDC MC1747CCBM uA796DC MC 1496L pA7815UC MC7815CT
uAT4TEHC MC1747CICM uAT96DM MC1596L uAT818CKC MC7818CT
uA7T47THC MC1747CG uAT98HC MC3458G nA7818KC MC7818CK
uAT4THM MC1747G uA798HM MC3558G wAT818KM MCT7818K
wAT4TMI MC1747L wAT98RC MC3458U uAT818UC MC7815CT
pATATML MC1747G uAT98RM MC3558U uA7824CKC MC7824CT
nAT47TPC MC1747CP2 uATI8TC MC3458P1 uAT7824KC MC7824CK
uATABAFM MC1748F uAT98HC MC1741G uAT824KM MC7824K
uAT48AHM MC1748G wATISHM MC1741G uA7824UC MC7824CT
uA748CJ MC1748CL uA1312PC MC1312P wATBGHM LM117K
uAT48CJG MC1748CU uA1314PC MC1314P uAT8GKC LM117K
uAT48CL MC1748CG uA1315PC MC1315P uAT8GKM LM117K
uAT48CN MC1748CP2 uA1391PC MC1381P wA78GU1C LM317T
uAT48CP MC1748CP1 uA1394PC MC1384P uATBHOSKC MC7805CK
uAT48DC MC1748CL #A1458CHC MC1458CG wAT8LO2ACJG MC78L02ACG
uAT48DM MC1748L uA1458CP MC1458CP1 pAT8LOSACJG MC78LOSACG
uAT48FM MC1748F uA1458CRC MC1458CU uATBLOSACLP  MC78LO5SACP




LINEAR INTEGRATED CIRCUITS CROSS REFERENGE

uATBLOSAHC —wA8T13PC

MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR
PART NO REPLACEMENT REPLACEMENT PART NO REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT
pATBLOSAHC ~ MCT8LOSACG 1AT902UC MC7902CT uATIM24HM MC7924CK
#AT8LOSAWC  MCT8LOSACP wAT905KC MC7905CK HATIM24UC MC7924CT
vA78L05CIG MC78L05CG 1A7905KM MC7905CK ©A8T13DC MC8T13L
4A7BLOSCLP  MC78LOSCP ©A7905UC MC7905CT ¢ABT13PC
#ATBLOSHC MCT78LO5CG uA7906KC MC7906CK
wA78LOSWC  MC78LOSCP pAT906KM MC7906CK
#ATBLOBACIG MC78LOBACG #A7906UC MC7906CT
wATBLOBACLP  MC78LO6ACP wA7908KC MC7908CK
sAT8LOBCIG MC78L06CG kA7908KM MC7908CK
wATBLOBCLP  MC78LO6CP wA7908UC MC7908CT
wAT8LOBACJG MC78L0OBACG uAT912KC MC7912CK
wATBLOBACLP  MCT78LOBACP pAT912KM MC7912CK
#AT8LOBCJG MC78L08CG wA7912UC MC7912CT
wAT8LOSCLP  MC78LOSCP uA7915KC MC7915CK
wAT8L12ACIG MC78L12ACG ©AT915KM MC7915CK
wAT8L12ACLP  MC78L12ACP uA7915UC MC7915CT
kATBL12AHC ~ MC78L12ACG uA7918CKC MC7918CT
wA78L12AWC  MCT78L12ACP wAT918KC MC7918CK
uA78L12CJG MC78L12CG uA7918KM MC7918CK
wA78L12CLP  MC78L12CP LA7918UC MC7918CT
wAT8L12HC MC78L12CG wA7924CKC MC7924CT
wATBL12ZWC  MC78L12CP wA7924KC MC7924CK
pATBLISACIG MCT78L15ACG uAT924KM MC7924CK
wA78L15ACLP  MC78L15ACP uA7924UC MC7924CT
uAT8L15AHC ~ MC78L15ACG LAT9LOSAHC ~ MCT79LO5ACG
uA78LISAWC  MC78L15ACP uATILOSAWC  MCT79LO5ACP
wA78L15CJG MC78L15CG uA79L05HC MC79L05CG
vAT8L15CLP  MC78L15CP wAT9LOSWC  MCT79L05CP
uAT8L15HC MC78L15CG wATL12AHC  MCT79L12ACG
uAT8L1SWC  MC73L15CP uATOL12AWC  MCT79L12ACP
wAT8L26AWC  MCT7802ACP uAT9L12HC MC79L12CG
wA78MGHC LM317H uA79L12WC  MC79L12CP
1ATBMGT2C LM317T uAT9LISAHC ~ MC79L15ACG
LA78MGU1C LM3177 uATOLISAWC  MCT9L15ACP
uA78MOSCKC  MC78MOSCT uAT9L15HC MC79L15CG
uAT8MOSHC ~ MC78MO5CG wATLISWC  MCT79L15CP
wAT8MOSHM MC78M05CG wATIMOSAHM MC7905CK
uA78MOSUC ~ MC78MO5CT wATIMOSAUC MC7905CT
wAT8MOBCKC  MC78MO6CT uATIMOSCKC  MC7905CT
vA78MOBHC  MC78MO06CG uA79MOSHM MC7905CK
uAT8MOEHM MC78M06CG wA79MOSUC MC7905CT
«A78MOBUC ~ MC78MO6CT wATIMOGAHM MC7906CK
uAT8MOBCKC  MC78MO0SCT wATIMOBAUC MC7906CT
uA78MOSBHC ~ MC78M08CG wATIMOBCKC  MCT7906CT
wA78MOBHM MC78MOBCG wATIMOEHM MCT7906CK
uA78M0OBUC  MC78MOSCT wATIMOBUC MC7906CT
uA78M12CKC  MC78M12CT uATIMOSAHM MC7908CK
uATEM12HC ~ MC78M12CG vAT9NMOBAUC MC7908CT
wAT8M12HM MC78M12CG uATIMOBCKC  MC7908CT
uA78M12UC  MC78M12CT wA7IMOEHM MC7908CK
uA78M15CKC  MC78M15CT uATIMOEUC MC7908CT
uA78MISHC ~ MC78M15CG wA7IM12AHM MC7912CK
uA78M15HM MC78M15CG uA7OM12AUC MC7912CT
uA78M15UG  MC78M15CT uATIM12CKC  MC7912CT
wA78M1BHC ~ MC78M18CG wATIM12HM MC7912CK
uATEM1BHM MC78M18CG uA7SM12UC MC7912CT
uA78M13UG  MCT78M18CT pATIMISAHM MC7915CK
uAT8M20CKC  MC78M20CT vATIM15AUC MC7915CT
uAT8M20HC ~ MC78M20CG wAT9M15CKC  MC7915CT
uAT8M20HM MC78M20CG wATOIM15HM MC7915CK
uAT8M20UG ~ MC78M20CT rA7IM15UC MC7915CT
uA78M24CKC  MC78M24CT uATSM18AHM MC7918CK
uAT8M24HC  MCT78M24CG wATIM1BAUC MC7918CT
uAT8M24HM MC78M24CG uATIM18HM MC7918CK
uA78M24UC  MC78M24CT wAT9M18UC MC7918CT
uA7902KC MC7902K pATIM24ARM MC7924CK
xAT902KM MC7902K wATIM24AUC MC7924CT

1-24




P e e A e e e
M = ! :
%Nw 1 m&m : w mfhwmwé et b3 030 X , :
. - : - D Scovat BERIPR UV T N
Mm Ak e e e L St ol et wm/ffmwf >/ \Mw
’ RO T e NS g o v i A oo ke €8 by fofuﬁw »\ D T e a— e o - A st e
I B | ot B L ¥ e e e et YNV EE £ N8E 1 1| [ oraprmncrrem o N o e e aettceuatetentorers s 1|
el - e, Lt A * . T, 2 i3 . m Y ) Jf.. H s
R T = W MJ; R e SR R 3 i S - —— JW
o B SRR va Sl - 4 11 T e staimanent 111 14 HE A0 |
| S e | EE— | i
R S MM.«; S RE w w (&
] D —— RIS S
w., K. vm},lrl!solxn!i.lb.u{f.l»}aiﬁi it 3 gy i-?!l.l«ii\\% mﬂﬁ ; u 'M, - * f{»
o g e

[ S pom e L+
W o I PN, y
- o coman b £ g s

,,w |

o b Bres s

¥
«{,,
i
B
it

e

it Se

g o0 an
T

S

Coamer oy

’}{“y‘ﬁ\ &

i
Pt e ——

"ok e owhn frmpos s e gy
- T A
kil T
. £
|
5

e R 5, :
i gootntanstomeabc) L 45 § o i , . .
s { H IS N
R |
“ u.r\A - Mcr “ . “
et "
i s b
o o e i s i
[ o =3
i 0 4 1

s d
oy 3
7
o
o

gt

SV

s

e

e A,
o

< o
SRS XA TR e

ko ot S

o | R
R N
il e
i

i3




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  BETTER PROCESSING -
offers three levels of extra processing, each tailored to STANDARD PRODUCT PLUS:
meet different user needs at nominal costs.
The program is designed to: LEVEL | LEVEL | LEVEL
e Eliminate incoming electrical inspection 100% SCREEN S " n
. . S "D “DS”
¢ Eliminate need for independent test labs
and associated extra time and costs TEMP CYCLE, 10 CYCLES X X
e Reduce field failures -25°C 10 +150°C
® Reduce service calls BURN-IN — MIL-STD-883 X X
e Reduce equipment downtime POST BURN-IN ELECTRICAL X X
e Reduce board and system rework 100°C FUNCTIONAL X X
o Reduce infant monamy DC PARAMETRIC AT 25°C* X X X
e Save time and money TIGHTENED QA SAMPLE X X X
¢ Increase end-customer satisfaction *NMOS does Functional and dc 100% at 100°C
“BETTER” AQL GUARANTEES
AQL
TEST CONDITION LEVEL | LEVEL Il LEVEL Ili
HIGH TEMPERATURE FUNCTIONAL TA = 100°C 015 0.15
DC PARAMETRIC TA = 25°C 0.28 0.28 0.28
DC PARAMETRIC TA MIN, TA MAX 0.40 0.40 0.40
DC PARAMETRIC (LINEAR AND NMOS) TA MIN, TA MAX 0 65 065 0.65
AC PARAMETRIC TA = 25°C 0.65 0.65 0.65
DYNAMIC TEST (LINEAR AND NMOS) TA = 25°C 0 65 065 0.65
MAJOR 0.11 011 0.11
EXTERNAL VISUAL AND MECHANICAL MINOR 250 250 250
HERMETICITY GROSS 040 040 040
(NOT APPLICABLE TO PLASTIC PACKAGES) FINE 1.00 1.00 100

HOW TO ORDER

MC14001B CcP

I

Part Standard
Identification Package
Suffix

BETTER

PROCESSING

LEVEL | = SUFFIX S
LEVEL Il = SUFFIX D
LEVEL lll = SUFFIX DS

PART MARKING

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 inthe manufacture of high-reliability integrated cir-
cuits®, now offers you a two-way program for Hi Rel 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-rel versions of nearly all Motorola
full-temperature range circuits, while adding the advantage of hi-rel
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-38510 approved facihity by the De-
fense Electronics Supply Center of DOD



3 MIL-M-38510 JAN-Qualified Product

Screening Levels Available:
Class B & Class C

How to order

MIL-M-38510
JAN-Qualified Product
| | ! | | | |
INDICATES A MILITARY DETAIL DEVICE TYPE CLASS B, ORC CASE LEAD
QUALIFIED ~ DESIGNATOR SPECIFICATION WITHIN DETAIL  (SEE DEVICE OUTLINE FINISH
DEVICE NUMBER SPECIFICATION CLASS TABLE)  (SEE CASE (SEE LEAD
OUTLINE TABLE) FINISH TABLE)
Case Outline Table Features:
Source: MIL-M-38510D Amendment | 1. Manufactured in a government-
Appendix C approved facility.
Letter Designation Description 2. G.S.l. {(Government Source
A F-1 14-lead FP (1/4" x 1/4") Inspection)
B F-3 14-lead FP (3/16” x 1/4")
c D-1 14-lead DIP (1/4" x 3/4") Example of MIL-M-38510 JAN-
D F-2 14-lead FP (1/4" x 3/8") Qualified markings
- 16-lead DIP (1/4" "
: P2 Tt B (rian vy ORDER: JM38510/00104BCB
G A-1 8-lead can MARKING: JM38510/00104BCB
H F-4 10-lead FP (1/4” x 1/4")
! 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") L f
ea )
R D-8 20-lead DIP (1/4" x 1-1/16") d F niSh Table
S NONE NONE A—Type A or B Per MIL-M-38510
T NONE NONE with hot solder dip
v NONE NONE B—Type A or B Per MIL-M-38510
v D-6 18-lead DIP (.300:" x 1")" with acid tin plate
w D-7 22-lead DIP (.400" x 1.1") C—Type A or B Per MIL-M-38510
X Reserved for use with “special” non-standard case with gold plate
Y outlines which are specified in the individual X—Any of the above, for
F4 detail specifications. ordering purposes only.
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JEDEC Processed Product

Screening Levels Available:
Class B & Class C

How to order

JEDEC
Processed Product
l | | | |
MOTOROLA CLASSB,ORC CASE OUTLINE LEAD FINISH JEDEC DESIGNATOR
DEVICE TYPE (SEE DEVICE (SEE CASE (SEE LEAD PER JEDEC
(WITHOUT CLASS TABLE) OUTLINE TABLE) FINISH TABLE) PUBLICATION NO 101
LETTER
PREFIX)

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

Features:

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

with acid tin plate

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

C—Type A or B Per MIL-M-38510
with gold plate '
X—Any of the above, for

ordering purposes only.

Appendix C design and processing guidelines

Letter Designation Description contained in MIL-M-38510 and

A F-1 14-lead FP (1/4” x 1/4") MIL-STD-883 . i

B F-3 14-lead FP (3/16" x 1/4") 3. Product supplied with Motorola

c D-1 14-lead DIP (1/4" x 3/4") i

5 2 Viload FP (1/4" x 3/8") standard data sheet electricals

E D-2 16-tead DIP (1/4" x 7/8")

F F-5 16-lead FP (1/4" x 3/8") Ex;mple of JEDEC.:

G A-1 8-lead can rocessed Markings

H F-4 10-lead FP (1/4" x 1/4") DEVICE: 5400/BCBJC

1 A-2 10-lead can .

J D-3 24-lead DIP (1/4" x 1-1/4") ORDER: 5400/BCBJC

K F-6 24-lead FP (3/8" x 5/8") MARKING: 5400/BCBJC

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") i

s NONE NONE Lead Finish Table

T NONE NONE A—Type A or B Per MIL-M-38510

u NONE NONE with hot solder dip

v D-6 18-lead DIP (.300" x 1) B—Type A or B Per MIL-M-38510

w D-7 22-lead DIP (.400" x 1.1")

X

Y

z




Screening Procedures

For MIL-M-38510 Jan-Qualified and JEDEC Processed Product
(To MIL-STD-883 Requirements)

In recognition of the fact that the level of application. Selection of a level better than
screening has a direct impact on the cost that required for the specific product and
of the product, as well as its quality and application will result in unnecessary

reliability, two standard levels of screening are  expense. A level less than that required may
provided to coincide with two device classes, result in a risk that reliability requirements

or levels of quality assurance. will not be met. For general hi-rel applications,
Flexibility is provided in the choice of test the Class B screening levels should
conditions and stress levels to provide be considered.

screens tailored to a particular product or

Device Class Table
CLASS B CLASS C
SCREEN METHOD RQMT METHOD RQMT
Internal Visual (Precap) 2010 Condition 100% 2010 Condition 100%
B and 38510 B and 38510
Stabilization Bake 1008, 24 hrs test 100 % 1008, 24 hrs test 100%
ConditionC Condition C
or Equivalent or Equivalent
Temperature Cycling 1010 Condition C 100% 1010 Condition C 100%
Constant Acceleration 2001 Condition E 100% 2001 Condition E 100%
Y1 plane Y4 plane
Seal (a) Fine 1014 100% 1014 100%
(b) Gross
Interim Electrical Per applicable el
Parameters device 1
specification
Burn-in Test 1015 100% -
160 hrs @ 125°C
or Equivalent
Interim Electrical Per applicable 100% -
Parameters device 1
specification

Final Electrical Tests Per applicable Per applicable

(a) Static tests device 2 device 2
(1) 25°C (subgroup 1, specification 100% specification 100%

table 1, 5005)

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

(b) Dynamic tests &/or 100% Sample
switching tests @ 25°C at
(subgroup 4 and9, Group A
table 1, 5005)

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

Qualification or Quality 5005 Sample| 5005 Sample

Conformance Inspection Class B 3 per Class C 3 per

38510 38510

External Visual 2009 100% 2009 100%

1 When specified in the applicable device specification 100% of the devices shall be tested

2 MIL-M-38510 QUALIFIED product is tested per applicable 38510 detail specification. JEDEC PROCESSED
product s 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

0 to 70°C

LF355,A, B
LF356, A, B
LF357,A, B
LM301A
LM307
LM308, A
LM324
LM358

MC1420
MC1430
MC1431
MC1433
MC1435
MC1436, C
MC1437
MC1439
MC1456, C
MC1458, C
MC1458N
MC1458S
MC1708C
MC1712C
MC1741C
MC1741NC
MC1741SC
MC1747C
MC1748C
MC1776C
MC3401
MC3403
MC3458
MC3476

MC4558C,
AC, NC

MC4741C
MC34001

MC34002
MC34004
MC34022

LF1565, A
LF156, A
LF157, A
LM101A
LM107
LM108, A
LM124
LM158

MC1520
MC1530
MC1531
MC1633
MC1535
MC1536
MC1537
MC1539
MC1556
MC1558
MC1558N
MC1558S
MC1709, A
MC1712
MC1741
MC1741N
MC1741S
MC1747
MC1748
MC1776

MC3503
MC3558

MC4558, N

MC4741

MC35001
MC35002
MC35004
MC35022

-55 to 126°C Other

LF255
LF256
LF257
LM201A
LM207
LM208, A
LM224
LM258
LM2902
LM2904

MC3301
MC3303
MC3358

Monolithic JFET Operational Amplifier ...............
Monolithic JFET Operational Amplifier ...............
Monolithic JFET Operational Amplifier ...............
General-Purpose Operational Amplifier ..............
General-Purpose Operational Amplifier ..............
Precision Operational Amplifier .....................
Quad Operational Amplifier ........ccovvviveininnn..
Dual Operational Amplifier ............ccovviiinn..
Quad Operational Amplifier ..........cooieiiiiinenne,
Dual Operational Amplifier ..............ovviiiinna..
Differential Output Operational Amplifier .............
General-Purpose Operational Amplifier ..............
Darlington-Input Operational Amplifier ...............
General-Purpose Operational Amplifier ..............
Dual Operational Amplifier .............cooiiiiiinn..
High-Voltage Operational Amplifier ..................
Dual MC1709 Operational Amplifier .................
High-Slew-Rate Operational Amplifier ...............
High-Performance Operational Amplifier .............
Dual MC1741 Operational Amplifier .................
Low-Noise Dual Operational Amplifier ...............
High-Slew-Rate Dual Operational Amplifier ..........
General-Purpose Operational Amplifier ..............
Wideband DC Amplifier .........cooviiiiiiiiiinnnn..
General-Purpose Operational Amplifier ..............
Low-Noise Operational Amplifier ....................
High-Slew-Rate Operational Amplifier ...............
Dual MC1741 Operational Amplifier .................
General-Purpose Operational Amplifier ..............
Programmable Operational Amplifier ................
Quad Operational Amplifier .......ccovveverennvennne.
Quad Operational Amplifier ..............ccviieven..
Quad Differential-Input Operational Amplifier ........
Dual Operational Amplifier .......ccvvveiviinnveennn.
Programmable Operational Amplifier ................
Dual High-Frequency Operational Amplifier ..........

Quad MC1741 Operational Amplifier ................
Single TRIMFET Operational Amplifier ...............
Dual TRIMFET Operational Amplifier .................
Quad TRIMFET Operational Amplifier ................
Dual Precision TRIMFET Operational Amplifier ........
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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
e | Vio (TCvio| No | Avot |BWIAv=1}{SRIAV=1) | Supply Voltage
HA mV | gVfC| nA | VIV MHz Vips Vv
Device max | max | typ max | min typ typ min  max Description . Packages
Military Temperature Range (-55°C to +125°C)
LM101A | 0075 | 2.0 10 10 | 50K 10 05 30| 222 General Purpose 601, 693
LM108 0002 )| 20 3.0 02 | 50K 10 03 30| 20 Precision 601, 606, 693
LM108A 0002 | 05 1.0 02 | 80K 10 0.3 +30| £20 Precision 601, 606, 693
MC1520 20 10 15 100 1K 10 50 +40| 280 Differential Qutput 603, 606
MC1530 10 50 15 |20uA|45K 3.0 10 +40} #9.0 General Purpose 6038, 606, 632
MC1531 15 10 15 25 [2.5K 20 10 x40 90 General Purpose 6038, 606, 632
(Darlington (nput}
MC1533 1.0 50 15 150 | 40K 08 20 +40| 20 General Purpose 6038, 606, 632
MC1539 a5 30 15 60 | 50K 20 42 +40| +18 High Slew Rate 601, 632
MC1709 05 50 15 200 | 25K 10 0.3 +30| =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 Wideband DC 601, 606, 632
-3.0| -7.0 Amplifier
MC1748 05 50 15 200 | 50K 1.0 05 £30| £22 General Purpose 601,693
Industrial Temperature Range (0°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 | 26K 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,
. 626, 693
MC1420 40 15 15 200 | 750 10 50 +40| 280 Differential Qutput 603, 606
MC1430 15 10 15 [40uA} 3K 30 10 40| =80 General Purpose 603B, 606,
632, 646
MC1431 03 15 15 100 [ 15K 20 1.0 +40( 280 General Purpose 6038, 606,
{Darlington Input) 632, 646
MC1433 20 75 15 50 | 30K 08 20 +40| 218 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 75 15 | 500 | 15K 1.0 03 +30| #18 General Purpose 601, 606,
626, 632,
646, 693
MC1712C 75 50 15 [20uA| 2K 70 15 +6 0| +14 Wideband 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




Single Operational Ampilifiers

INTERNALLY COMPENSATED

B | VIo{TCvio| io | Avol [BWIAv=1)|SR(Av=1) | Supply Voitage
. RA mV | uv/°C nA Viv MHz Vips A" .
Device max | max | typ ‘max | min typ typ min  max Description Packages
Military Temperature Range (-55°C to +125°C)
LF155 100pA | 50| 5.0 20pA | 50K 10 50 +50 1§ 22 FET tnput 601
LF155A 50pA 20| 30 10pA | 50K 1.0 5.0 +50 | +22 FET tnput 601
LLF156 100pA | 50| 5.0 20pA | BOK 20 15 50 | +22 FET tnput 601
LF156A 50pA 20| 30 10pA | 50K 20 15 +50 | £22 FET Input 601
LF157 100pA | 50 50 20pA | 50K 30 75 +50 | +22 Wideband FET (nput 601
LF157A 50pA 20| 30 10pA | 50K 30 75 +50 | 222 Wideband FET input 601
LM107 0.075 2.0 10 10 50K 1.0 05 +30 | x22 General Purpose 601, 693
MC1536 002 5.0 10 3.0 100K 1.0 2.0 +15 +40 High Voltage 601
MC1556 0.0156 4.0 10 20 100K 10 25 +3.0 | t22 High Performance 601, 632
MC1733 0.20 - - 30uA | 90 920 - +40 | +8.0 Differential Wideband 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 05 +30 | £22 Low Nouse 601, 606,
632, 693
MC1741S 0.5 5.0 15 200 50K 10 10 +30 | £22 High Slew Rate 601, 632, 693
MC1776 00075] 5.0 15 3.0 200K 1.0 02 +16 | +18 uPower Programmable 601, 632
MC35001 |{100pA 10 10 100pA | 25K 4.0 13 250 | £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 (0°C to +70°C)
LF355 200pA 10| 5.0 50pA | 50K 10 50 +50 | +18 FET Input 601
LF355A S0pA 20 10 10pA | 50K 1.0 50 +50 | £18 FET tnput 601
LF356 200pA 10) 50 50pA | 50K 20 15 #6560 ] 18 FET Input 601
LF356A 50pA 2.0 10 10pA | 50K 2.0 15 +50 1 +18 FET input 601
LF357 200pA 10| 5.0 50pA | 50K 30 75 +50 | +18 Wideband FET Input 601
LF357A 50pA 20 10 10pA | 50K 30 75 +50 | 18 Wideband FET Input 601
L.M307 0.25 75 10 50 25K 10 05 +30 1 +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 1 18 High Performance 601, 632
MC1733C | 30 - - 50uA | 80 90 - t40 | 80 Differential Wideband 601, 632, 646
Video Amp
MC1741C | 05 6.0 15 200 20K 1.0 05 +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 | 218 High Stew Rate 601, 632, 626,
646, 693
MC1776C |0 003 6.0 15 3.0 100K 10 0.2 +15 | :18 uPower, Programmable 601
MC3476 | 005 | 6.0 | 15 25 |50K | 1.0 0.2 +1.5 | +18 Low Cost 601, 626
uPower, Programmable
MC34001 |200pA 10 10 100pA} 25K 40 13 +50 | =18 TRIMFET tnput 601, 626, 693
MC34001A | 100pA | 2.0 10 50pA | 50K 4.0 13 +50 | +18 TRIMFET Input 601, 626, 693
MC34001B | 200pA | 5.0 10 100pA| 50K 40 13 +50 | +18 TRIMFET Input 601, 626, 693
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Dual Operational Amplifiers

INTERNALLY COMPENSATED

8 | Vio [Tevia | 'io | Avol| BW(Av=1)| SRIAv=1){ Supply Voltage
uA mV | uVi°C | - nA VIV MHz Vius v :
Device | max max | typ max min typ typ min  max Description Packages

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

LM158 015 50 10 30 50K 1.0 06 £15| £18 Split Supphes 601, 632, 693
+30| +36 Single Supply
{Low Power
Consumption)
MC1558 05 50 10 200 50K 1.1 08 +30} £22 Dual MC1741 601, 632, 693
MC1558N 05 50 10 200 | 50K 11 08 +30| 22 Low Noise 601, 632, 693
MC1558S 05 50 10 200 50K 10 10 +30) 222 High Slew Rate 601, 632, 693
MC1747 05 50 10 200 50K 1.0 05 +30| 222 Dual MC1741 601, 632
MC3558 05 50 10 50 50K 1.0 06 +15] +18 Split Supplies 601,632, 693
+30| +36 Single Supply
MC4558 05 50 10 200 50K 40 15 +3.0| £22 High Frequency 601, 632,693
MC35002 |100pA 10 10 100pA | 25K 40 13 +50) £22 TRIMFET Input 601, 693
MC35002A | 75pA 20 10 25pA | 50K 40 13 50| 22 TRIMFET Input 601, 693
MC350028 |100pA | 5.0 10 50pA | 50K 4.0 13 50} £22 TRIMFET Input 601, 693
MC35022 |150pA}| 20| 50 70pA | 25K 40 13 +50| 22 Precision 601, 693
TRIMFET Input
MC35022A | 60pA 05| 5.0 25pA | 50K 40 13 +50| £22 Precision 601, 693
TRIMFET Input
MC350228 | 75pA 10| 5.0 50pA | 50K 40 13 +50] £22 Precision 601,693

TRIMFET Input

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

LM358 0.25 60| 70 50 25K 10 06 15| +18 Spht Supplies 601, 626, 693
+30]| +36 Single Supply
(Low Power Consumption}
MC1458 05 60 10 200 20K 11 08 +30| #18 Dual MC1741 601, 626, 632,
N 646, 693
MC1458N 05 60 10 200 20K 11 08 +30| 18 Low Norse 601, 626, 632,
646, 693
MC1458S 05 60 10 200 20K 10 10 +30] 18 High Slew Rate 601, 626, 632
646, 693
MC1747C 05 60 10 200 25K 10 05 +30| 218 Dua! MC1741 603, 632, 646
MC3458 05 10 70 50 20K 10 06 +165| :18 Sphit Supphes 601, 626, 693
+30| +36 Single Supply
(Low Crossover
Distortion)
MC4558C | 05 60 10 200 | 20K 3.0 1.5 30| +18 High Frequency 601,626, 693
MC34002 {100pA 10 10 100pA | 25K 40 13 t50( :18 TRIMFET Input 601, 626, 693
MC34002A | 75pA 20 10 50pA | 50K 40 13 +501 +18 TRIMFET Input 601, 626, 693
MC34002B [100pA | 50 10 70pA | 25K 40 13 +50) 218 TRIMFET Input 601, 626, 693
MC34022 |[150pA| 20 50 70pA | 25K 40 13 50| =18 Precision 601, 626, 693
TRIMFET Input
MC34022A | 75pA 05| 50 30pA | 50K 4.0 13 +5,0] +18 Precision 601, 626, 693
TRIMFET tnput
MC340228 [150pA| 10| 50 70pA | 50K 40 13 50| :18 Precision 601, 626, 693

TRIMFET Input

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

MC3358 50 8.0 10 75 20K 10 06 £15| :18 Split Supplies 626
+30]| +36 Single Supply
NONCOMPENSATED
Military Temperature Range (-55°C to +125°C)
MC1535 30 30 10 300 4K 10 am 20| 10 General Purpose 6038, 606,
632
MC1537 05 50 10 200 | 25K 10 025 +30| :18 Dual MC1709 632

Industnal Temperature Range (0°C to +70°C)

MC1435 50 50 10 500 [ 35K 10 001 +2.0( 90 General Purpose 6038, 607,
632
MC1437 1.5 7.5 10 500 | 15K 10 025 £3.0( :18 Dual MC1709 632, 646




Quad Operational Amplifiers

INTERNALLY COMPENSATED

B | Vio[TCvio | "o [Avol|BW(Av=1}|SR(Av=1}| Supply Voltage
A mV [uV/°C | nA VIV MHz Vs v
Device max max| typ max | min 1yp typ min  max Description Packages
Military Temperature Range (-55°C to +125°C)
LM124 0.15 50 | 7.0 30 50K 1.0 0.6 15 | +16 Low Power 632, 646
+3.0 | +32 Consumption
MC3503 05 50 7.0 50 50K 1.0 0.6 15| 218 General Purpose 632, 646
+30 | +36 Low Power
MC4741 0.5 5.0 15 200 | 50K 1.0 , 05 +30 | £22 Quad MC1741 632, 646
MC35004 | 100pA 10 10 100pA| 25K 4.0 13 50 | +22 Trimmed FET Input 632
MC35004A | 75pA | 2.0 10 25pA | 50K 40 13 50 | £22 Trimmed FET input 632
MC350048 | 100pA 50 10 50pA | 50K 40 13 50 | £22 Trimmed FET Input 632
Industrial Temperature Range (0°C to 70°C)
LM324 0.25 6.0 7.0 50 | 25K 10 06 15| 16 Low Power 632, 646
+30 | +32 Consumption
MC3401 03 - - - 1K 50 0.6 15 | :18 Norton input 632, 646
+30 | +36
MC3403 05 10 | 7.0 50 20K 1.0 06 +15 ] 18 No Crossover 632, 646
+30 | +36 Distortion
MC4741C 05 6.0 15 200 20K 1.0 05 +30 | #18 Quad MC1741 632, 646
MC34004 |200pA 10 10 100pA| 25K 40 13 501 18 Trimmed FET Input 632, 646
MC34004A | 100pA | 2.0 10 50pA | 50K 40 13 +50 | 18 Trimmed FET Input 632, 646
MC3400B [200pA | 50 10 100pA| 50K 40 13 t50 | 18 Trimmed FET Input 632, 646
Automotive Temperature Range {-40°C to +85°C)
LM2902 05 10 - 50 - 10 06 15| +13 Differential 646
+30 | +26 Low Power
MC3301 0.3 - - - 1K 4.0 06 20| 15 Norton Input 646
+40 | +28
MC3303 05 80 10 75 20K 10 06 t15 | 18 Differential 646
+30 | +36 General Purpose
1
CONFIGURATION ¢ 1 2 10 1 AR
1
CASE 601 603 6038 606 626
MATERIAL Metat Metal Metal Ceramic Plastic
SUFFIX after type number G, H G,H G, H F P,P1, N

o]

1

8

ol

1

CASE 632 646 693
MATERIAL Ceramic Plastic Ceramic
SUFFIX after type number JL P, P2 J,u




Specifications and Applications
Information

LF155°LF156°LF157*
LF155A2156A«157R*
LF255LF256°LF257*
LF355°LF356°LF357*
LF355R*356A*357A*
LF355B+356B357B*

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-
teristics of these operational amplifiers by more than an order
of magnitude over conventional amplifiers.

MONOLITHIC JFET
OPERATIONAL AMPLIFIERS

H SUFFIX
METAL PACKAGE
CASE 601
" NC
0 o
{ Offset Null 0, %) Vec
s

yaa Invt Input

This series of op amps combines the low current characteristics Noninvt '"9“‘ Offset Null
typical of FET amplifiers with the low initial offset voltage and (m\:j‘iw)
offset voltage stability of bipolar amplifiers. Also, nulling the offset
voltage does not degrade the drift or common mode rejection.
N SUFFIX
PLASTIC PACKAGE
® Low Input Bias Current — 30 pA CASE 626
® | ow Input Offset Current — 3.0 pA f
® Low Input Offset Voltage — 1.0 mV
® Temperature Compensation of Input Offset Voltage —
3.0 uV/oC J SURFIX
' CERAMIC PACKAGE

® Low Input Noise Current — 0.01 pA/A/Hz CASE 693
® High Input Impedance — 10120
® High Common-Mode Rejection Ratio — 100 dB Offset Null 10 8 Ne

Invt Input 2 c— 7 Vee
® High DC Voltage Gain — 106 dB Nonminvt Input 3 6 Output

Veg 4 5 Offset Null
(Top View)
APPLICATIONS

SERIES FEATURES

® [F155 Series — Low Power Supply Current
® | F156 Series — Wide Bandwidth
® LF157 Series — Wider Bandwidth Decompensated (Aymin =5)

LF155A LF156A  LF157A

Fast Settling Time to 0.01% 4.0 us 1.5 us 1.5us
Fast Slew Rate 5.0 V/us 12 V/us 50 V/us
Wide Gain Bandwidth 2.5 MHz 5.0 MHz 20 MHz

Low Input Noise Voltage 20 nVA/Hz 12nVA/Hz 12nVA/Hz

The LF series s suggested for all general
purpose FET input amplifier requirements
where precision and frequency response
flexibility are of prime importance.

Specific applications inciude:

Sample and Hold Circuits

High Impedance Buffers

Fast D/A and A/D Converters

Precision High-Speed Integrators

Wideband, Low Noise, Low Drift Amplifiers

o 6 0 0 0@

*NOTE: The LF 157 series is designed for
wider bandwidth applications. The series is
decompensated (Aymn = 5).

ORDERING INFORMATION
See back page




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

MAXIMUM RATINGS
LF155A/ LF355A/
156A/157A/ LF255/ LF3558/ 356A/357A/
Rating Symbol 155/156/157 256/257 356B/3578 356/356/357 Unit
Supply Volitage Vee +22 +18 v
VEE -22 -18
Differential Input Voltage Vip +40 +30 \
Input Voitage Range (Note 1) ViDR +20 +16 Vv
Qutput Short-Circuit Duration ts Continuous
Operating Ambient Temperature TA -55 to +126 -25to +85 0to+70 0to+70 °c
Range
Operating Junction Temperature Ty °c
Metal and Ceramic Packages 150 115
Piatic Package - 100
Storage Temperature Range Tstg °c
Metal and Ceramic Packages -65 to +160 ~65 to +150
Plastic Package - -55to +125
Note 1. Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage.
CIRCUIT SCHEMATIC
Offset Null
o
1 5 Vee
7
al
J3
S
J4 a3
c2
-—-E<—1 J8 {6 Q4
) J7 10 pF** ¥ o1 EX cL
2 o o2 25 Out
Inv. Input as 6
+)
3 J1J2
Non-lnv. Vee
input
R2 R3
97 30 30 QB:I
. ara}
- Q13
J10 :_:I Jn L
T. . SR4 RS R6 0a¥Y ¥Yos
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LF155, A—157, A; LF255—-257; LF355, A, B—357 A, B

A~SUFFIX DEVICES
DC ELECTRICAL CHARACTERISTICS (Ve =151 20V, Vgg = -15t0 -20 V for LF155A/6A/7A;

Vee = 1510 18 V, VEg = -15to - 18 V for LF355A/6A/7A; T = Tio

w 0 Thigh (Note 2) unless otherwise noted)

LF155A/6A/7A | LF355A/6A/7A
Characteristic Symbol Min | Typ | Max | Min | Typ | Max Unit
Input Offset Voltage Vio mV
(Rg=500,Vcm =0)
(Ta = 25°C) - (10|20 - | 1020
{Over Temperature) - - 2.5 - — 2.3
Average Temperature Coefficient of Input Offset Voltage AV|o/AT - 3.0 | 50 - 3.0 | 5.0 uv/oc

{Rg =50 Q)

Change 1n Average TC with V| Adjust ATC/AV|o - 05| - - 05 | — pv/oc

(Rg = 50 ) (Note 3) per mV
Input Offset Current lio

{(Vem = 0) (Note 4)

(T4 =25°C) - 30| 10 - |30} 10 PA
(Ty < Thigh) (Note 2) - - 10 - - 1.0 nA
{nput Bias Current lig

(Vem = 0) (Note 4)

Ty =25°C) - ] 3 |s0] - | 30|s0 PA
(Ty < Thigh! (Note 2) - - | 25 | - - | 5.0 nA
Input Resistance f - [1012] - - [1012] — Q

(T, = 25°C)

Large Signal Voltage Gain AvoL Vimv

(Vo=*10V,R =20k, Vgc =15V, VEg =-15V)

(Ta = 25°C) 50 { 200 | — | 50 | 200 [ —
{Over Temperature) 25 - - 25 - -
Output Voltage Swing Vo \'s

(Vec=15V,VEg=-15V, R =10kQ) £12 | £13 | — | £12] £+13 | -

{(Vec =15V, VEg =-15V, R =2.0kQ) 10| 12 - 10| 12 -

Input Common-Mode Voltage Range VicR £11 | #1510 — | £11 #1649 — v

(Vec =15V, VEg =-15V) =120 -12.0
Common-Mode Rejection Ratio CMRR 85 | 100 | — 86 | 100 | — dB
Supply Voltage Rejection Ratio (Note 5) PSRR 85 | 100 - 85 | 100 - dB
Supply Current o mA

(Tp=25°C, Vg =15V, VEg =~15 V)

LF155A/355A - 20 |40 | - 20 | 4.0
LF156A/7A - 50 [ 70| — - -
LF356A/7A — — — — | 50 | 10
AC ELECTRICAL CHARACTERISTICS (vee =15V, VEg =-15V, Tp = 25°C)
LF155A/355A LF156A/356A LF157A/357A
Characteristic Symbol Min | Typ | Max | Min | Typ { Max | Min | Typ | Max Unit
Slew Rate SR Vius

(Ay=1) LF155A/6A 30 | 50| — 10 | 12 - - - -

(Ay=5) LF157A - | -] -1~-1-1-]4][s0}| -
Gain-Bandwidth Product BWp — 2.5 - 40 | 50 - 15 20 - MHz
Setthing Time to 0.01% (Note 6) ts — | 40| — — 15| — - 15| — us
Equivalent Input Noise Voltage en nV/\/m

(Rg = 100 Q)

(f = 100 Hz) - 25 - - 15 - - 15 -
(f = 1000 Hz) — 20 — - 12 - — 12 -
Equivalent Input Noise Current in pA/\/m

(f =100 Hz) - (001 — - |001)| - - (o001 —

{f = 1000 Hz) - o001 - - o001} - - |oo1| -

Input Capacitance C, - |30} - - |30])] - - 130 - pF
NOTES

(1) Unless otherwise specified, the absolute maximum negative input
voltage 1s equal to the negative power supply.
(2) Tiow = -55°C for LF155A/156A/157A
0°C for LF355A/356A/357A
Thigh = +125°C for LF155A/156A/157A
+70°C for LF355A/356A/357A
(3) The temperature coefficient of the adjusted input offset voltage
changes only a small amount (0.5 uV/°C typically) for each mV
of adjustment from its original unadjusted value. Common-mode
rejection and open joop voltage gain are also unaffected by
offset adjustment.
(4) The input bias currents approximately double for every 10°c
rise in junction temperature, Tj. Due to fimited test time, the

nput bias currents are correlated to junction temperature
Use of a heat sink i1s 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 1s defined here, for a unity gain inverter connection
using 2.0 k resistors for the LF155/6. |t1s the time required 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 s applied to the inverter. For the LF157,
Ay = -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).




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

BASIC AND B-SUFFIX DEVICES

DC ELECTRICAL CHARACTERISTICS (Voo = 151020 V, VEg = - 16 to -20 V for LF168 serles, LF265 series, and LF3B88 serles;
Veg= 18V, VEg = -18 V for LF3B85 series; T o = Tigw t© Thigh (Note 2) unless otherwise noted)

LF266/6/7
LF166/8/7 LF366B/68/78 LF386/8/7
Characteristic Symbol | Min| Typ | Max| Min | Typ | Max | Min { Typ | Max | Unit
Input Offset Voltage (Rg = 60 2, Vem = 0) Vio mVv

(Ta = 26°C) - | 30|60|] - [30}l560}] -—130] 10

{Over Temperature) ~ - 70] - - 65| - - 13
Average Temperature Coefficient of Input Offset Voltage | AV g/aT| — | 60 | - - |s80f| - - | 80| - |uVvi°C

(Rg = 50 Q)

Change in Average TC with Vo Adjust ATC/AVip) - | 05| - - 108| - - ]108] - |nwv/oC

(Rg = 50 2} (Note 3) per mV
Input Offset Current  {Vgom = 0) (Note 4) lio

(T = 25°C) - 30| 20 - ]130| 2 - 3.0 | 50 pA

(Ty < Thigh) (Note 2) -] =12 | -] -]10] -] - |20 nA
Input Bias Current (Vo = 0) {Note 4) [IT:)

(T = 25°C) - | 30 j100| — | 30 [100] ~ | 30 [200( pA

(Ty < Thigh) (Note 2} - - 50 - - 50} — - |1 80] nA
Input Resistance (T = 25°C) 3 — [10T2] — 1 - [1wldf - T = T101] - 1)
Large Signal Voltage Gain AvoL Vimv

(Vo=#10V,RL =20k, Vcc =15V, Vgg =-15V)

(Ta =25°C) 60 { 200 | - 50 | 200 - 25 | 200 -
(Over Temperature) 25 - — 25 - - 15 - -
Output Voltage Swing Vo v

(Vee =15 V. VEE = -15 V, R = 10 k$2) 12| 213 ] - {212 13 = | 212{ 213 | ~

(Ve =15V, VEg =-15 V, R =2kQ) £10| 12| — | #10| =12 — }+10| 212 [ —

Input Common-Mode Voltage Range VicRrR +11 | +15.1) - 11 ) +15.1) — £10 |+151| -~ A\

(Veg =15V, VEg =-15 V) -12.0 -12.0 -12.0
Common-Mode Rejection Ratio CMRR 85 100 - 85 100 — 80 100 - dB
Supply Voltage Rejection Ratio (Note 5) PSRR 85 [ 100 | — 85 | 100 | — 80 | 100 | — dB
Supply Current (Tp = 25°¢C, Vec =15V, VEg =-15 V) Ip mA

LF155/255/355B/355 - 20 | 40 - 20 ] 40 - 20 | 40

LF156/157/256/257/356B/3578 - 50| 7.0 - 50| 7.0 - - -

LF356/357 - - - - - - - 50 | 10 -

AC ELECTRICAL CHARACTERISTICS (Vo =15V, Vgg = -16 V, T = 25°C)
LF155/255/ LF156/256/ LF157/257/
355B/355 356B/356 3578/357
Characteristic Symbol | Min | Typ | Max|{ Min [ Typ | Max | Min | Typ | Max | Unit
Slew Rate (Note 6) SR Vlius

(Ay=1) LF 155/6 - 5.0 - 75| 12 - - - -

(Ay =5) LF157 - - - - - - 30 50 -
Gain-Bandwidth Product BWp — 2.5 . — 5.0 — - 20 - MHz
Settling Time to 0.01% (Note 7) ts - 4,0 - - 1.5 - - 15 - us
Equivalent Input Noise Voltage en nV/\V/Hz

(Rg =100 $2, f= 100 Hz) - 25 - - 15 _ - 15 -

{Rg =100 £2, f = 1000 Hz) - 20 - - 12 — - 12 -
Equivalent Input Noise Current in pAI\/I——Tz

(f =100 Hz) - (001 - - | oot| — - 1001 ~

(f=1000 Hz} - (001] - - 1001] — — 1001)] ~
Input Capacitance C, - 3.0 - - 3.0 - - 3.0 - pF

NOTES

(1) Unless otherwise specified, the absolute maximum negative input
voltage i1s equal to the negative power supply,
12) Tyow = -55°C for LF155/156/157
= -25°C for LF255/256/257

of a heat sink is recommended If input bias current 1s to be kept
to a minimum.

(5) Supply voltage rejection ratio 1s measured for both supply mag-
nitudes Increasing or decreasing simuitaneously, in accordance

= 0°C for LF355/355B8/356/3568/357/3578
Thigh = +125°C for LF155/156/157
=~ +859C for LF255/256/257
= +70°C for LF355/355B/356/356B/357/3578
(3) The temperature coefficient of the adjusted nput offset voltage
changes only a small amount (0.5 uV/°C typically) for each mV
of adjustment from its original unadjusted value Common-mode
rejection and open foop voitage gain are also unaffected by off-
set adjustment.
(4) The input bias currents approximately double for every 10°
rise in junction temperature, Tj. Due to Iimsted test time, the
input bias currents are correlated to junction temperature. Use

with common practice,

{6) The Min. slew rate limits apply for the LF156/256/3568B and
the LF157/257/3578, but do not apply for the LF356 or
LF367.

{7) Settling time is defined here, for a unity gain inverter connection
using 2.0 k resistors for the LF155/6. It s the time required for
the error voltage (the voltage at the inverting input pin on the
amplifier} to settie to within 0.01% of its final value from the
time a 10 V step input is applied to the inverter. For the LF157,
A, = -5 0, the feedback resistor from output to input 1s 2,0 k and
the output step 1s 10 V (see settling time test circuit).
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LF155, A—157 A; LF255—-257; LF355, A, B—357, A, B

l)g. INPUT BIAS CURRENT (pA) lig. INPUT BIAS CURRENT (pA)

{p. SUPPLY CURRENT (mA)

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)

FIGURE 2 — (LF156 AND LF157 SERIES)

100k S 100k
-
2
10k @ o0k
Vee =20V, Vgg=-20V 3 Veg =20V, Veg=-20V
1% — + —+ S ok } Y
Vee=15V, Vgg=-15V 2 Ve =15V, Vgg=-15V
100 4= 1 t - 100 4 — \+
Vee=10V, Vgg=-10V c-;’ Veg =10V, Vgg=-10V
10 Nt t f 2" Vi : :
Vee=5V, Vgg=-5V 2 Veg=5V. Vgg=-5V
10 } 1 10 1 } 1
LF155 L LF56/7 J
01 . 01 —
55 -25 50 35 85 95 125 58 =25 50 35 65 8 125
T¢. CASE TEMPERATURE (9C) Tc. CASE TEMPERATURE (°C)
FIGURE 3 — INPUT BIAS CURRENT FIGURE 4 — OUTPUT VOLTAGE SWING
versus INPUT COMMON-MODE VOLTAGE versus SUPPLY VOLTAGE
80 T 40
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— w
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\ B e
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I Heat Sink
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-10 50 ] 50 10 0 50 10 15 20
V)¢, COMMON-MCDE INPUT VOLTAGE (VOLTS) Vee, VEE, SUPPLY VOLTAGE (+VOLTS)
SUPPLY CURRENT versus SUPPLY VOLTAGE
FIGURE 5 — (LF155 SERIES) FIGURE 6 — (LF156 AND LF157 SERIES)
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£
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LF155, A—157, A; LF255—257; LF35b5, A, B—357 A, B

TYPICAL DC PERFORMANCE CHARACTERISTICS {continued)

FIGURE 7 — NEGATIVE CURRENT LIMIT FIGURE 8 — POSITIVE CURRENT LIMIT
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FIGURE 9 — POSITIVE COMMON-MODE . FIGURE 10 — NEGATIVE COMMON-MODE
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FIGURE 11 ~ OPEN LOOP VOLTAGE GAIN FIGURE 12 — OUTPUT VOLTAGE SWING
versus LOAD RESISTANCE
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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) FIGURE 16 — (LF156 AND LF157 SERIES)
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LF155, A—157, A; LF255—257; LF355, A, B—357, A, B

GAIN (dB)

GAIN (dB)

GAIN (dB)

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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QUTPUT IMPEDANCE

FIGURE 22 — {LF155 SERIES)
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FIGURE 23 — (LF156 SERIES)
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LF155, A—157, A; LF255—-257; LF355, A, B—357, A, B
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FIGURE 25 — COMMON-MODE REJECTION RATIO

TYPICAL AC PERFORMANCE CHARACTERISTICS {continued)

RL= ZI k
Ta=250C
Veg=15V
Veg=-15V
‘?\\\K
NN
LF155/6 \\\i 57
\\ N
\\

100 1k 10k 100k ™ 10M
f, FREQUENCY (H2)

Vp. OUTPUT VOLTAGE SWING {Vp._p)

FIGURE 26 — UNDISTORTED OUTPUT
VOLTAGE SWING

POWER SUPPLY VOLTAGE REJECTION RATIO

FIGURE 27 — (LF155 SERIES)
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FIGURE 29 — (LF155/156/157 SERIES)
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en, EQUIVALENT INPUT NOISE VOLTAGE (nVAVHZ)

28 T
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FIGURE 28 — (LF156 AND LF157 SERIES)
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FIGURE 30 — (EXPANDED SCALE)
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LF155, A—-157, A; LF255—257; LF355, A, B—357 A, B

TYPICAL CIRCUIT CONNECTIONS

FIGURE 31 — DRIVING CAPACITIVE LOADS FIGURE 32 — LARGE POWER BANDWIDTH AMPLIFIER

5.0 k 10k

AAA AAA

*LF165/6 R=5.0k
LF157 R=1.26k

R* 2

-E LF155/6/7

Vin
+20V _-I'_
-20V

Due to a unique output stage design these amplifiers have the
ability to drive large capacitive loads and still maintain stability.
CL{max) = 0.01 kF.

1.0V
-1.0V

v
-0V

Overshoot < 20% For distortion < 1% and a 20 Vp-p Vo1
Settling time (tg) = 5.0 us swing, power bandwidth is: 500 kHz.
FIGURE 33 - INPUT OFFSET VOLTAGE ADJUSTMENT FIGURE 34 —~ SETTLING TIME TEST CIRCUIT
2.0k, 0.1%
Vee AA

mov [_‘ +15V
o 2k,0.1%

*400, 0.1%

\r

5.0k, 0.1%¢
*1.0 k,o.1%T

© Summing
VEE Node

+15Vv

2N4416

.

Vo is adjusted with a 25 k potentiometer

& The potentiometer wiper is connected to Voo

® For potentiometers with temperature coefficient of 100
ppm/°C or less the additional drift with adjust is = 0.5 uVv/
©¢/mV of adjustment.

® Typical overall drift. 5.0 uV/°C £(0.5 uv/°C/mv

of adjustment.) — c— ® Qutput = 10 V step

*A, = -5 for LF 157

@ Sattling time is tested with the LF155/6
connected as unity gain tnverter and LF157
connected for A =

QOscilioscope

® FET used to i1solate the probe capacitance

FIGURE 35 — NON-INVERTING UNITY GAIN FIGURE 36 — INVERTING UNITY GAIN FOR LF157
OPERATION FOR LF157

R2 R2
1 1
RIC2 —rr— R1IC 2 ———————
(2m)(5 MHz) R2 (2m)(5 MHz)
c R2 + Rg c R2
R1 —0 m 4 R1 —O Ri=Z
LF157 LF157
RS Av(pc) =1 L 1 Av(pc) = -1
f_3dB ~ 5 MHz f_3d = 5 MHz
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LF155, A—157, A; LF255—-257; LF355, A, B—357 A, B

TYPICAL APPLICATIONS

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

fmax = 240 kHz
10V

Vin -0V

—0

S
® Power BW: fax = 2"\'/
P

® Parasitic input capacitance {C1 = 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 = R1C1,

FIGURE 39 — 8-BIT D/A WITH OUTPUT CURRENT
Vee $ TO VOLTAGE CONVERSION

13
MsB 14 R14
A20— 15 Ve = 2.0 Vdc
ASOT —O——W————-LR‘(4= R15 = 1.0k
R15 Ro ~ 5.0 k2
AdO0~1 yciso8L-8 =0
A5 O7g 1 R
As O =0 o
A7 0.
A8
LsB
1s<>_’ 3
51T
pF Vee

Theoretical Vg

Vet At
Ve = 2R [._..
0"Raho! | 3

A2 A3 Ad AS AB A7
—_— + +—_
4 8 16 32 64 128
Adjust Ve, R14 or Rg so that Vg with all digital inputs at high
level is equal to 9 961 volts.

2v 1 1 1 1 1 1 1 1
VO'W‘S:’SLT’T‘F’E’E’E‘ 75 * 78]
= 10\’[’5;; =9961V
FIGURE 41 — LONG INTERVAL RC TIMER
+15 Vv
VRO"1
)

o [

g
> R6

RS *Polycarbonate or
Polystyrene Capacitor
Time (1) = R4CEn (VR/VR-V|), Rz = Rq, R5 =0 1R6
1fR1=R2' t=0693 R4C
Design Example: 100 Second Timer
VR=10V C=1uF R3=R4 =144 M
R6 =20k RS5=2k R1=R2=1k

Vref

A8 ]
256

+2V
o] _—_F . IO.SMF
-2V —

® Overshoot 6%

Vee O—¢W

FIGURE 38 — ISOLATING LARGE CAPACITIVE LOADS

R2 g1k v
out
Vee c
A1 ¢
20pF
51k | o R3 1gye
LF155/6/7 |
= 3 | e

tg= 10 us
When driving large C, the Vg slew rate is determined by C_

and lout(max)*

AVoyt _ lout 02
—— = == V/us= 004 V/, th C_shown
At S - 05 lus us (wi L )

FIGURE 40 - PRECISION CURRENT MONITOR

R1 2

2 R2 System

® Vg =5R1/R2(V/mA of Ig)
5k ® R1,R2, R3 0.1% Resistors
® Use LF155 for —
A Common-Mode Range to Supply Range
A Lowlig
A Low Vo
A Low Supply Current

FIGURE 42 — HIGH IMPEDANCE, LOW DRIFT
INSTRUMENTATION AMPLIFIER

A1
7 LF155

+15 Vv

A3
LMmi08A

—O Vout

® Voup= RI/R[2R2/R1 + 1]
AV, V= +2V <V, common-mode < V*
System Vg Adjusted via A2 Vg Adjust
® Trim R3 to Boostup CMRR to 120 dB




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

ORDERING INFORMATION

Device Temperature Range Package Device Temperature Range Package
LF155AH, H -85 1o +125°C Metal Can LF256N -25 to +85°C Plastic DIP
LF155J -55 to +125°C Ceramic DIP LF356AH,BH, H 0 to +70°C Metal Can
LF255H -25 to +85°C Metal Can LF3568J, J 0to +70°C Ceramic DIP
LF255) -25 to +85°C Ceramic DIP LF356BN, N 0 to +70°C Plastic DIP
LF255N -25to +85°C Plastic DIP
LF355AH, BH, H 0 to +70°C Metal Can LF157AH, H -55 to +125°C Metal Can
LF35584, J 0to +70°C Ceramic DIP LF157) -55 to +125°C Ceramic DIP
LF355BN, N 0to +70°C ° Plastic DIP LF257H -25 to +85°C Metal Can

LF2578 -25 to +85°C Ceramic DIP
LF156AH, H -55 ta +125°C Metal Can LF257N -25 to +85°C Plastic DIP
LF156) -55 to +125°C Ceramic DIP LF357AH, BH, H 0 to +70°C Metal Can
LF256H -25 to +85°C Metal Can LF357BJ, J 0 to +70°C Ceramic DIP
LF256J -25 to +85°C Ceramic Dip LF357BN, N 0 to +70°C Plastic DIP
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ORDERING INFORMATION

Temperature
Device Range Package
LM101AH -55°C to +125°C Metal Can LM 101 A
LM101AJ —55°C to +125°C Ceramic DIP
LM201AH ~25°C to +85°C Metal Can I-M201 A
LM201AN -25°C to +85°C Plastic DIP
LM201AJ —-25°C to +85°C Ceramic DIP
LM301AH 0°C to +70°C Metal Can I_M301 A
LM301AN 0°C to +70°C Plastic DIP
LM301AJ 0°C to +70°C Ceramic DIP
OPERATIONAL AMPLIFIER OPERATIONAL AMPLIFIER
A general purpose operational amplifier that allows the user to IS&;;CSRNA“TASS%:'};TC’::&
choose the compensation capacitor best suited to his needs. With
proper compensation summing amplifier slew rates to 10 V/us can
be obtaned.
N SUFFIX J SUFFIX
i PLASTIC PACKAGE CERAMIC PACKAGE
® Low Input Offset Current — 20 nA maximum Over Temperature CASE 626 CASE 693
Range (LM201A and LM301A)
-

® External Frequency Compensation for Flexibility

® Class AB Output Provides Excellent Linearity

i

® OQutput Short-Circuit Protection

® Guaranteed Drift Characteristics Balance | 1] [8] compensation
v
Inputs n. n cc
n u Qutput
FIGURE 1 — STANDARD COMPENSATING VEE n n Balance
AND OFFSET BALANCING CIRCUIT

VEE -
\? H SUFFIX
INVERTING \\( METAL PACKAGE

INPUT N CASE 601
QUTPUT \ Compensation
BALANCE

NON INVERTING
INPUT )
Balance
BALANCE
-
Mg _ o'v
Inputs
) 20k vee + o e Batance
VEE
FIGURE 2 — DOUBLE-ENDED LIMIT FIGURE 3 — REPRES! VE CIRCUIT SCHEMATI
DETECTOR RE REPRESENTATIVE CiRCU C [
vee BALANCE cm:;usmou vee
Vyy @—o—1+ -
INPUTS.
+
Vo
500
—o—1" 25 loumn
MZ4622 or Equivalent -39V
v, VEE 50
' o vec
+ - ——t {
450 E
Vo
a0k Wk 80k
Vo =48Vfor
Vi1 @——o—- VLTS V) <Vt K
v Vg=-04V
EE VI <VLTOr V| >Vyt Sk 320k 310k 1%
PINSNOT SHOWN ARE NOT CONNECTED " 250 " N.CEL VEE
LA




LM101A, LM201A, LM301A

MAXIMUM RATINGS

VALUE
Rating Symbol LM101A LM201A LM301A Unit
Power Supply Voltage Vee. VEE 22 22 *18 Vdc
Input Differential Voltage Vip 30 Volts
Input Common-Mode Range (Note 1} VICcR *15 Volts
QOutput Short-Circust Duration 15 Continuous
Power Dissipatton (Package Limitatian) PD
Metat Can 500 mwW
Derate above Tp = +75°C 68 mwW/°C
Plastic Dual In-Line Package (MLM201A/ - 625 625 mwW
Derate above T p = +25°C 301A} - 5.0 50 mW/°C
Ceramic Package 750 mW
Derate above 25°C 6.6 mwW/°C
Operating Ambient Temperature Range TA 55 to +125 -25 1o +85 [ 010 +70 °C
Storage Temperature Range Tstg —~~—————————— .65 10 +150 —————————— °c

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

ELECTRICAL CHARACTERISTICS (Ta = +25°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 :t50 V to*16 V
for the LM301A. !

LM101A
LM201A LM301A
Characteristics Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg<<50 k§2) Vio - 07 20 - 20 7.5 mv
Input Offset Current Yo —_ 1% 10 _ 30 50 nA
Input Bias Current hg - 30 75 - 70 250 nA
Input Resistance r 15 40 - 0.5 20 — Megohms
Supply Current Icc. 'EE mA
Vce/VeE =20V - 18 30 - - -
Veco/VEE =215V - - - - 18 30
Large Signal Voltage Gain Ay VimV
Vee/VEE 15V, Vg =+ 10V, R > 2.0 k) 50 160 - 25 160 -
The following specifications apply over the operating temperature range.
Input Offset Voltage (Rg < 50 k2) Vio - - 30 - - 10 mv
{nput Offset Current 1T} - - 20 - - 70 nA
Average Temperature Coefficient of Avip/AT
Input Offset Voltage uv/°C
Talmin) < Ta T almax) - 30 15 - 60 30
Average Temperature Coefficient of A 'IO’A T nA/°C
Input Offset Current
+269C € T €Ta(max) - 001 0.1 - 001 0.3
Taimn)<Tax 25°C - 0.02 0.2 - 0.02 0.6
tnput Bias Current Iig - - 100 - - 300 nA
Large Signal Voltage Gain Ay VimV
Vee/VEE=+ 15V, Vo =+ 10V, R > 20k 25 - - 15 - -
Input Voltage Range Vi v
Vee/Vege =20V +15 - - - - -
Vce/VEE = £15V - - - 12 - -
Common-Mode Rejection Ratio CMRR d8
Rg<50 kQ2 80 96 - 70 90 -
Supply Voltage Rejection Ratio PSSR dB
Rg<E0 k2 80 96 - 70 96 -
Output Voltage Swing Vo \Y
Veo/VEE = £15V, R = 10kQ 12 14 - +12 +14 -
RL=20kQ 10 +13 - 10 *13 -
Supply Currents (Ta = Talmax), Icc. 'EE - 1.2 25 - - - mA
Vee/VEE =$20V)
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LM101A, LM201A, LM301A

Ay, VOLTAGE GAIN (dB)

Ay, VOLTAGE GAIN (dB)

ViR, INPUT VOLTAGE RANGE (VOLTS}

FIGURE 4 — MINIMUM INPUT VOLTAGE RANGE

TYPICAL CHARACTERISTICS
(Vee = +15 V, VEg = =15 V, T = +25°C unless otherwise noted.)

FIGURE 5 — MINIMUM OUTPUT VOLTAGE SWING

20 2
L -
1 T T 1 5
APPLICABLE TO THE SPECIFIED =) o
18 S 16 APPLICABLE TO THE SPECIFIED
OPERATING T ERFERATURE 2 OPERATING TEMPERATURE pr ol
_ Lo W RANGES
12 - g n
LMI01A w /
POSITIVE L nd g /
P Lm0 [ MINIMUM LM101A
80 N only =~ o 80 RL=10k and ™
et ~. L LM201A
=) only "
% = \
40 NEGATIVE 2 40 \
% MINIMUM
o RL=20k
>
0 0 1
0 50 10 15 20 0 50 10 15 20
V(g and (-VEE), SUPPLY VOLTAGE (VOLTS) Ve AND (-VEE), SUPPLY VOLTAGES (VOLTS)
FIGURE 6 — MINIMUM VOLTAGE GAIN FIGURE 7 — TYPICAL SUPPLY CURRENTS
100 25
1]
94 APPLICABLE TO THE SPECIFIED “E 20
OPERATING TEMPERATURE P
I RANGES = B ool
& —
88 Z 15 | LMI0IA ]
=1
. = and
e LMIOTA 2 o LM201A ~d
and & only
82 7 LM201A 310
/ only o
w
76 8os TA =+250C S
|
10 0 l
0 50 10 15 20 0 50 10 15 20
Ve AND -VEE, SUPPLY VOLTAGES (VOLTS) Ve AND {-VEg) SUPPLY VOLTAGE (VOLTS)
FIGURE 8 — OPEN-LOOP FREQUENCY RESPONSE FIGURE 9 — LARGE-SIGNAL FREQUENCY RESPONSE
+180 T T T T T 7 T 1T
160 SINGLE POLE COMPENSATION & SINGLE-POLE COMPENSATION
g E 15
+140 s 3 \
+120 270 ﬁ § \
<
+100 c,\\‘? 225 u: : 10
+ 9 1o 2
80 ps % PHASE\\ ER C1=30pF
+60 ) 1Y 2
3 \ 2 > \
40 - 0 S5,
GAIN <25 T 50
+20 \‘\ 45 =4 C1=30pl \
> ;
0 0 S N
7 > N M
-20 0
10 10 100 10k 10k 100k 10M 10M 1.0k 10k 100k T0M 10M
f, FREQUENCY (H2) f, FREQUENCY (H2)
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LM101A, LM201A, LM301A

VIR, VOR. VOLTAGE RANGE (+VOLTS)

VQR, OUTPUT VOLTAGE RANGE (:VOLTS)

FIGURE 10 -~ VOLTAGE FOLLOWER PULSE RESPONSE

TYPICAL CHARACTERISTICS (continued)
(Vee =+15 V, VEE = -16 V, TA = +25°C unless otherwise noted.)

+10

SINGLE-POLE COMPENSATION

+80

+60

-

+40

L
4

+20

ouTPUT

0

-20

-40

-60

-80

-10L

FIGURE 12 — LARGE-SIGNAL FREQUENCY RESPONSE

10

20 3 4 50 60 70 80
t, TIME (us)

+18

FEEDFORWARD COMPENSATION

)/

100 k

10M
f, FREQUENCY (H2}

10M

FIGURE 11 — OPEN-LOOP FREQUENCY RESPONSE

+140 T T T
FEEDFORWARD COMPENSATION

+120

+100

+80 <

+60 \ PHASE_Z

+40 \
N

Ay, VOLTAGE GAIN {dB)

+20
GAIN

0 <

£
A%

10 100 10k 10k 100k 10M 10M  100M
1, FREQUENCY {H2)

FIGURE 13 — INVERTER PULSE RESPONSE

+10 FEEOFORWARD COMPENSATION |

80 OUTPUT

+60 PR SR R S S / N

+40 A
INPUT

+20 l
/
I

-20

-40

-60

-80
-10

VOR. OUTPUT VOLTAGE RANGE (:VOLTS)
=)

0 10 20 30 40 50 B0 70 80
t, TIME (us)

TYPICAL COMPENSATION CIRCUITS

FIGURE 14 — SINGLE-POLE COMPENSATION

R2

FREQ

v
JE COMPEN

BALANCE

¢

1
1> iEs

R1+R2
Cs = 30 pF

FIGURE 15 — FEEDFORWARD COMPENSATION

2= —
2ntoR2
fo= 30 MH2z
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ORDERING INFORMATION

Temperature I- M 10 7
Device Range Package
MLM107H _ —55°C to +125°C __ Metal Can LM207
MLM207H —-25°C to +85°C Metal Can
MLM307H 0°C to +70°C Metai Can I-M307
MLM307N 0°C to +70°C Plastic DIP
INTERNALLY COMPENSATED OPERATIONAL AMPLIEIER

MONOLITHIC OPERATIONAL AMPLIFIER INTEGRATED CIRCUIT

A general purpose operational amplifier series well suited for EPITAXIAL PASSIVATED
applications requiring lower input currents than are available with
tne popular MC1741. These improved input characteristics permit
greater accuracy in sample and hold circuits and long interval

integrators.

® |nternally Compensated

N SUFFIX
® Low Offset Voltage: 2.0 mV max {LM107) METAL PACKAGE
® Low Input Offset Current: 10 nA max (LM107) CASE 601
® Low Input Bias Current: 75 nA max (LM107)
NC

TYPICAL APPLICATION
HIGH IMPEDANCE BRIDGE AMPLIFIER

INPUT

Vee

(Top View)

N SUFFIX
PLASTIC PACKAGE
R R4 Vo =-10Viq CASE 626
{LM307 only)
R2 R3

Pins not shown are nt connecter

(Top View)

CIRCUIT SCHEMATIC EQUIVALENT CIRCUIT

O ——
INPUTS 5
FE—
500

450 :
| 40k

250 4

NONT
INVERTING,

W,

7

Pins1 5 and 8
0o connection

Vee O

VEE




LM107, LM207, LM307

MAXIMUM RATINGS (T = +25°C unless otherwise noted.}

Rating Symbol LM107 LM207 LM307 Unit
22 +18 Vdc
Power Supply Voltages Vee +22 +
VEE ~22 -22 -18
Differential Input Signal Voltage Vip +30 +30 +30 Volts
Common-Made 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 -55to +125| -25t0 +85 | Oto +70 °c
Storage Temperature Range Tstg -65 to +150|-65 to +150 | -65 to +150 oc
ELECTRICAL CHARACTERISTICS (T4 = +259C unless otherwise noted, see Note 3.)
LM107
LM207 Lm307
Characteristics Symbol Min Typ ~ | Max | Min Typ Max Unit
Input Offset Voltage Viol mv
Rg <10k, Tp = +25°C - 0.7 20 - - -
Rg<10kQ, Ta = Tiow 10 Thigh - - 3.0 - - -
Rg< 50k, Tp = +25°C - - - - 20 | 75
Rg <60k, Ta = Tiow 0 Thigh - - - - - 10
Input Offset Current ol nA
Ta = +25°C - 15 10 - 30 50
TA = Tiow t© Thigh - - 20 - - 70
Input Bias Current hg nA
Ta = +25°C - 30 75 - 70 250
TA =Tiow 10 Thigh - - 100 - - 300
Input Resistance Ryn " 15 40 — 05 | 2.0 — | Megohms
Supply Current Ip mA
Vg=4+20V,Tp = +25°C - 1.8 3.0 - - -
Vg=220V,Tp = Thn%h - 1.2 25 - - -
Vg =115V, Tp = +25°C - - - - 18 30
Large-Signal Voltage Gain Ay V/imv
Vg=115V, Vo =10V, R >2.0k®, Ta = +25°C 50 160 - 25 160 -
Vg=%15V,Vo =410V, R >20kQ, TA = Tiow 25 - - 15 - -
Average Temperature Coefficient of Input Offset Voltage ITCV|0| uVv/oC
TiowSTASThigh - | 30 15 - |60 | 30
Average Temperature Coefficient of Input Offset Current |TC'IO| nA/°C
+28°CS TA < Thgn - 0.01 0.1 - |00 03
Tiow<TA < +25°C - |oo02 |o2 - {002 ] 06
Output Voltage Swing (TA = Tiow to Thigh! Vo v
Vg =115V, R_=10kQ +12 +14 - +12 | +14 -
Ry =2.0kQ +10 | £13 — +10 | +13 -
Input Voltage Range (TA = Tiow to Thigh! VinR v
Vg=+20V +15 - - - - -
Vg =115V — - - +12 — -
Common-Mode Rejection Ratio (Ta = Tiow to Thigh! CMRR dB
Rg <50 k2 80 96 - 70 90 =
Supply-Voltage Rejection Ratio (T4 = Tiow t0 Thigh) VSRR dB
Rs <50k 80 | 9 - 70 9% | -
Note 1, For supply voltages less than +15 V, the absolute maxi-
mum input 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 must T Thwh

be derated based on a max:mum junction temperature of $+50VE Vg 220V ,";‘S’c <Ta< +125°C, LM107
+150°C for the LM107, and 100°C for the LM207 - '

o o
and LM307. The TO-99 package Is derated based on $5.0VEVg =420V, -25°C<Tp < +85 C,LM207
a thermal resistance of + 160°C/W, junction to ambient, $5.0VS Vs <15V, 09CSTa < +70°C. LM307
or +45°C/W, junction to case.
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LM107, LM207, LM307

TYPICAL CHARACTERISTICS
(Vec=+15V, VEE =-15V, Ta = +25°C unless otherwise noted.)

FIGURE 1 — MINIMUM INPUT VOLTAGE RANGE

FIGURE 2 — MINIMUM OUTPUT VOLTAGE SWING

20 7 20 T T
Apphies aver specifred . Applies over specified
‘é - Operating T (4 - T
] Range a R
216 2 S 15 e S
2 3 /
5 - © o -
S ,/ . g J / .
: 12 12
< g / .
- -
5. T EE T - O | . R
: pose A7 Lm207 z AL=10ka L~ o
S 7 i E | -2
Z 40 A - 340
Negat 5
£ aigi e S
0 0
0 5.0 10 15 20 0 50 20
VeC AND (-VEE), SUPPLY VOLTAGE (VOLTS) Vce AND (-VEE), SUPPLY VOLTAGES (VOLTS}
FIGURE 3 — MINIMUM VOLTAGE GAIN FIGURE 4 — TYPICAL SUPPLY CURRENTS
T 25
100 Appliesvuviar specified
I-Operating Temp z
Range E
94 o220 -
5 = SR
= i »
z 88 g 15
=4
=2 B
g P > LMi0?
2 i o & e
Som and . — @ 10 '-M?,W ——
> m20? 4 oy
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76 Z 05
g
0
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Vee AND (-VEE), SUPPLY VOLTAGES (VOLTS) Ve AND (-VEE), SUPPLY VOLTAGES (VOLTS})
FIGURE 5 — OPEN-LOOP FREQUENCY RESPONSE FIGURE 6 — LARGE-SIGNAL FREQUENCY RESPONSE
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-”40 5
24120 @
= H
2 +100 % 10
& +80 Q
o
< <
5 +60 \ E
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s +40 5
£ N 2 %0 A
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LM107, LM207, LM307

TYPICAL CHARACTERISTICS (continued)

FIGURE 7 — VOLTAGE FOLLOWER PULSE RESPONSE
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LM108, LM108A
LM208,LM208A
LM308,LM308A

PRECISION OPERATIONAL AMPLIFIERS
The LM108/L.M208/LM308 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 amplifiers 1s
particularly useful for applications where high-accuracy and low-

drift performance are essential. In
may be improved by employing

addition high-speed performance
feedforward compensation tech-

niques to maximize slew rate without compromising other perfor-

mance criteria.

The LM108A/LM208A/LM308A 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
Performance

High Input Impedance

Guaranteed Offset Voltage Drift

Laser Trimmed and lon Implanted

LASER TRIMMED

SUPER GAIN
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC

FREQUENCY COMPENSATION

STANDARD COMPENSATION

R2

INVERTING
INPUT
NON
INVERTING
INPUT

ouTPUT
COMPEN
B

1
G230 (T
At

MODIFIED COMPENSATION

R2
iNvERTING A1

INPUT

NON . ouTPUT
INVERTING COMPEN

INPUT B8

100 DFI

STANDARD FEEDFORWARD
COMPENSATION

10k
INPUT 0~

FEEDFORWARD COMPENSATION FOR
DECOUPLING LOAD CAPACITANCE

Rg> 10k 100 k

INPUT
c2° 10 pF
001 uF

-8 OUTPUT

CL
10pF AR 75pF
Lwoarur

INTEGRATED CIRCUIT
H SUFFIX COMPEN
METAL PACKAGE L
CASE 601

{Tap View)

= COMPEN A =T
5
DEVICE SELECTION TABLE
OPERATING TEMPERATURE RANGE
-55 to +125°C | -25 to +85°C | 0 to +70°C
STANDARD LM108 LM208 LM308
OFFSET VOLTAGE | p 0 g ¢ Pkg.Suffix | Pkg Suffix
SPECIFICATION 9. Suffix 9- 9
TIGHTENED
OFFSET VOLTAGE | LM108A LM208A LM308A
SPECIFICATION Pkg. Suffix Pkg. Suffix Pkg. Suffix

J SUFFIX
CERAMIC PACKAGE
CASE 632-02
TO-116
NC 1 14 NC
COMFPEN A 2 13 NE
*GUARD 3 12 COMPEN B
4 11 vV
INPUTS cc
5 10 OUTPUT
*GUARD 6 9 NC
Veg 7 8 NC
(Top View)
N SUFFIX
PLASTIC PACKAGE
CASE 626

(LM308 only)

COMPEN 1 8 COMPEN
A 8
2 7 Vv
INPUTS cc
3 6 OUTPUT
Vee 4 5 NC
{Top View)
D SUFFIX
CERAMIC PACKAGE
CASE 693

*Unused pin (no internal connection) to
allow for input anti-leakage guard ring on
printed circuit board layout.
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LM108, A; LM208, A; LM308, A

MAXIMUM RATINGS (T 5 = +25°C unless otherwise noted )

VALUE
Rating Symbol LM108, LM108A LM208, LM208A LLM308, LM308A Unit
Power Supply Voltage Vee. VEE +20 +20 +18 vdc
Input Voltage {See Note 1} Vy - +15 - Volts
Input Differential Current (See Note 2) Iip +10 mA
Output Short-Circuit Duration tg Indefinite
Operating Ambient Temperature Range Ta -55to +125 l -25 to +85 ] Oto +70 oc
Storage Temperature Range T“g e e 65 to +150 oc
Junction Temperature Ty °c
Metai,Cerarmic 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. Theinputsare shunted with back-to-back diodes for over-voitage protection. T herefore, excessive current will flow if a differential input
voltage in excess of 1.0 V is applied between the inputs unless some limiting resistance 1s used.

ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of +50 V Vg <+20 V
and -5.0 V2 VEg >-20V, Tp = +25°C )

LM108A Lm108
LM20BA LM208
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio - 03 05 - 07 20 mV
Input Offset Current lio — 005 02 —- 0005 02 nA
Input Bias Current 1T - 08 20 — 0.8 20 nA
Input Resistance rj 30 70 — 30 70 — Megohms
Power Suppiy Currents Icclee -~ +03 +06 - 0.3 106 mA
Vee =+20V, Vgg =-20V
Large Signal Voltage Gain AvoL 80 300 - 50 300 - VimV
Vee = [VEE[=+15 V, Vo =10V, R > 10kQ
The following specifications apply over the operating temperature range.
Input Offset Voltage Vip - — 10 - - 30 mV
Input Offset Current Lo - - 04 - - 04 nA
Average Temperature Coefficient of AV /AT
Input Offset Voltage uv/ec
Talmin) <Ta <Talmax) — 10 50 . 30 15
Average Temperature Coefficient of Aljo/aT - 05 25 - 05 25 pA/°C
Input Offset Current
Input Bias Current T:] - - 30 - - 30 nA
Large Signal Voltage Gain AvoL 40 - - 25 - - V/imVv
Vee = [VEE|=+15V, Vo = #10 V, R = 10kQ
Input Voltage Range VIR +135 - - +135 - - \
Vee = IVEE[ = +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 VoRr +13 +14 - 13 +14 - A
Vee = |[VEE| = +15 V, R =10k$2
Supply Current (Ta = Ta{max]) Icclee - $015 | 04 - %015 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 <Vgc <+15V
and-6.0 V> VEg 2-15V,Tpa = +25°C.)

LM308A LM308
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio — 0.3 0.5 - 2.0 1.5 mV
Input Offset Current 1o - 0.2 1.0 — 0.2 1.0 nA
{nput Bias Current hig ~ 1.5 7.0 - 1.5 1.0 nA
Input Resistance i 10 40 — 10 40 = Megohms
Power Supply Currents IccEE - +0.3 +0.8 - +0.3 1038 mA
Veg=+16V, VEg =-15V
Large Signal Voltage Gain AyvoL 80 300 - 25 300 - V/imv
Voo =+18V, VEg=-16 V, Vg =#10V,
R >10kQ
The following specifications apply over the operating temperature range.
Input Offset Voltage Vio - - 073 — — 10 mV
Input Offset Current Te) - — 1.5 = — 1.5 nA
Average Temperature Coefficient of AV|o/AT
Input Offset Voltage pvI°C
Talmin) <Ta <Talmax) — 1.0 5.0 - 6.0 30
Average Temperature Coefficient of Alyo/AT - 20 10 - 20 10 pA/°C
Input Offset Current
Input Bias Current Iig - - 10 - - 10 nA
Large Signal Voltage Gain AvoL 60 - - 15 - - V/imVv
Vee=+16V, VEg =-15 V, Vo =210 V,
R =210k
tnput Voltage Range VIR +135 - - +135 - - \"
Vee=+15V, VEg =-15 V
Cammon-Mode Rejection Ratio CMRR 96 110 - 80 100 - ds
Rg <50 k0
Supply Voltage Rejection Ratio PSSR 96 110 - 80 96 - dB
Rg <50k
Output Voltage Range VoRr +13 +14 - +13 +14 - v
Vee=+15 V, VEg =-16 V, R = 10k

REPRESENTATIVE CIRCUIT SCHEMATIC
COMPENSATION A COMPENSATION B
[+]

20k 320k 10k‘% 10k

— OVee

2k

>
56k
90

m‘OOUTPUT
<

bj 240
50k
INPUTS
3 940
A
+o } 20k
2k 2%
. ' 320
‘)
60 k 320k
\AZ . O Vg
1k

6.4k 500

PJVAVAV
v

~ An



LM108, A; LM208, A; LM308, A

TYPICAL CHARACTERISTICS

FIGURE 2 — MAXIMUM EQUIVALENT INPUT OFFSET

FIGURE 1 — INPUT BIAS AND INPUT OFFSET CURRENTS VOLTAGE ERROR versus INPUT RESISTANCE
20 | 025 __100 g
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FIGURE 4 — POWER SUPPLY CURRENTS versus POWER
FIGURE 3 — VOLTAGE GAIN versus SUPPLY VOLTAGES SUPPLY VOLTAGE
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LM108, A; LM208, A; LM308, A

SUGGESTED DESIGN APPLICATIONS

FIGURE 7 — FAST (1) SUMMING AMPLIFIER WITH LOW

INPUT CURRENT FIGURE 8 — SAMPLE AND HOLD
cs5(2)
fv"} €
INPUT R1 , v,
2150k R4 cc
—AN—4
1€ p ™
0.002 uF L o002 L 150 INPUT —
T oF
LM108, A e} ]
Series R2 2 | 6
LY IS -e SAMPLE
VA . OUTPUT ouTPUT
2 LM101A(3) Q2
COMPEN B j)L1 M or equiv
Isoo pF = 1OMF(1)I 30 pF

(1) Power Bandwidth:

(3) In addition to increasing speed,

(1) Teflon, Polyethylene or Polycarbonate
Dielectric Capacitor

250 kHz the LM101A raises high and
Small Signal Bandwidth:  |gw frequency gain, increases
3.5 MHz output drive capability and elim-
Slew Rate: 10 V/us inates thermal feedback.
(2¢cs = L‘ovs
R1

INPUT GUARDING

Special care must be taken in the assembly of printed circuit

FIGURE 9 — SUGGESTED PRINTED CIRCUIT BOARD

boards to take full advantage of the low input currents of the

LM108, A amplifier series. Boards must be thoroughly cleaned
with TCE or atcohol 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 +125°C, particularly since the input pins are
adjacent to pins that are at supply potentials. This leakage can be
significantly reduced by using guarding to tower the voltage dif-
ference between the inputs and adjacent metal runs. Input guarding
of the 8-lead TO-99 type package 1s accomplished by using a 10-
lead pin circle, with the leads of the device formed so that the
holes adjacent to the inputs are empty when 1t is inserted in the
boards. The guard, which is a conductive ring surrounding the in-
puts, 1s connected to a low-impedance point that 1s 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 i1s 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).

LAYOUT for INPUT GUARDING USING METAL

PACKAGED DEVICE

OUTPUT \

COMPENSATION B

l / COMPENSATION A

5

{BOTTOM VIEW)

FIGURE 10 — CONNECTION OF INPUT GUARDS

INVERTING AMPLIFIER

R1 R2
INPUT &AW\

R3 (1)

(1) Used to compensate for large source resistances.

FOLLOWER NON-INVERTING AMPLIFIER
R2
vAvAv
R3(1)
R3(1)
[ OUTPUT
QUTPUT ouUTPUT L
INPUT i“‘
c1 c1 T INeUT c1
Note: ————— must be an impedance.
R1+R2
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LM124,LM224,
LM324, LM2902

>Specnflcat10ns and Appllcations

Informatlon

QUAD LOW POWER OPERATIONAL AMPLIFIERS

"The .LM124 Series are I\ow~cost,‘ :quad -operational amplifiers

" with trie differential inputs. These have several distinct advantages

over standard opérational amplifier types in single supply applications.
The quad amplifier can operate at supply voltages as low as 3.0 Volts -

.. or.as high as'32 Volts with quuescent curfrents about one fjfth of

those associated with the MC1741 (on a per ampllfler basis). The
common mode input range includes the negative supply, thereby

" eliminating the necessity for external biasing components in many

QUAD DIFFERENTIAL
INPUT
- OPERATIONAL AMPLIFIERS
SILICON MONOLITHIC
INTEGRATED CIRCUIT

applications. The output voltage range also includes the negative

power supply voltage.

Internally Compensated .

Industry Standard Pinouts

.Short Circuit Protected Outputs ‘
_True Differential Input Stage
Single Supply Operation: 3.0 to 32 Volts
Low Input Bias Currents 250 nA Max
Four'Amplifiers Per Package

.

Common Mode Ffange Extends to Negative Supply

J SUFFIX ~

. CERAMIC PACKAGE
CASE 632
TO-116

14

(top view)

N SUFFIX vall,
PLASTIC PACKAGE '
CASE 646
(LM224, LM324, LM2902 only)

i

MAXIMUM RATINGS (T, = +256°C unless otherwise noted)

PIN CONNECTIONS |

Out Out
1 4
13
Inputs tnputs
1 4
12

VEE.
Gnd

o)l
i

ﬂmmﬁMMF

_“ijlillil

LM124
LM224
Rating Symbol LM324 LM2902 Unit

Power Supply Voltages Vdc

Singte Supply vee 32’ 26

Sphit Supplies Vee: VEE 16 +13
Input Differential Voltage Range (1) VibR 32 +26 Vde
Input Common Mode Voltage Range (2) VICR -0.3to 32 -0.31t026 Vde
Input Forward Current (3) I3 50 - mA

(V)< -03V) ' : i
Output Short Circuit Duration ts Continuous
Junction Temperature Ty °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 Ta °c

LM124 " . |-55t0+125 -

LM224 -25to +85 -

LM324 "0to+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 when the input voltage returns to a voltage greater

than -0.3 V.,

inputs Inputs
2 3
Out Out
2 3
: {top view)
ORDERING INFORMATION
Device Temperature Range Package
LM124) -55 to +125°C Ceramic DIP
1.M29024 -40 to +85°C Ceramic DIP
LM2902N |+ -40 to +85°C Plastic DIP
LM224J ~25 to +85°C Ceramic DIP
LM224N ~25 to +85°C Plastic DIP
LM3244 0 to +70°C Ceramic DIP
LM324N 0 to +70°C Plastic DIP
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LM124, LM224, LM324, LM2902

ELECTRICAL CHARACTERISTICS (voc =50V, VEE = Gnd, Ta = 25°C unless otherwise noted)

LM124/LM224 LM324 LM2902
Characteristic Symbol |Min | Typ | Max | Min | Typ | Max ] Min | Typ | Max | Unit
Input Offset Voltage Vio mv
Vee =50V to 30V (26 V for LM2902),
Vic=0VtovVec-17V,Vp=14V,Rg=00
Ta =25°C - |20}j50} - |20|70] - |20 |70
TA = Thigh 10 Tiow {Note 1) - - 70} - - |90 ] ~ - 10
Average Temperature Coefficient of Input Offset Voitage AVio/AT| - 70 - - 70| - - 70 - fuvioc
TA = Thigh to Tiow (Note 1)
Input Offset Current lio - 30 | 30 - 5.0 | 50 - | 50 | 50 nA
TA = Thigh 10 Tiow (Note 1) - - j100}| - - 1150 | - 45 | 200
Average Temperature Coefficient of Input Offset Current Aljo/aT| - 10 - - 10 - - 10 — | pA/C]
TA = Thigh to Tiow (Note 1) . o
-y
Input Bias Current [IT:) - |[-45 |-150f ~ | -45 [-250}] -~ | -45 |-250| nA
TA = Thigh to Tiow (Note 1) - |-50 |-300} -~ | -50 {-500f — | -50 |-500
Input Common-Mode Voltage Range {Note 2) VICR v
Ve =30 V (26 V for LM2902) 0 - {283} O - {283} 0 - |243
Vee =30V (26 V for LM2902), Ta = Thigh t0 Tiow 0 - 28 0 - 28 [ - 24
Differential Input Voitage Range VIDR - - {vec}) - - {vee] - - |Vece A
Large Signal Open-Loop Voltage Gain Avor K Vimv
R =20k, Vee =15V, For Large Vo Swing, 50 1100 | - 25 | 100 | - - 100 | -
TA = Thigh to Tiow (Note 1) 25 - - 15 - - - - -
Channel Separation - - 120} - - }-120}| - - |-120}| - dB
1.0 kHz < f < 20 kHz, Input Referenced
Common-Mode Rejection Ratio CMRR |70 |85 - 65 | 70 - 50 | 70 - dB
Rg < 10 kQ2
Power Supply Rejection Ratio PSRR 65 |100 - 65 { 100 - 50 [ 100 - [.]:]
Output Voltage Range VOR (4] - 13310 - ]33]0 - ]33 v
RL =2kQ (R = 10 k2 for LM2902),
Output Voltage—High Limit (Tp = Thgh to Tjow!(Note 1} Vou . v
Vee =30 V (26 V for LM2902), Ry = 2 k2 26 - - 26 - - 22 - -
Vee =30 V (26 V for LM2902), Ry, = 10 k2 27 |28 - 27 | 28 - 23 24 | -
Output Voltage—Low Limit VoL - 50 | 20 - 50 | 20 - 50 (100 | mV
Vee =50V, R =10k, T = Thigh 1o Tiow (Note 1)
Qutput Source Current (Vip =+1.0V,Vec =15 V) 10+ mA
Ta=25°C 20 (40 | - |20 140 | - {20 |40 | -
TA = Thigh 10 Tiow (Note 1) 10 |20 - 10 | 20 - 10 | 20 -
Output Sink Current lo- mA
Vip=-10V.vcc=15V -
Ta =25°C 10 (20 | - |10 |20 [ - J10 [20 [ -
TA = Thigh t0 Tiow (Note 1) 5 8 - 5 8 - 5 8 -
Vip=-10V,Vp =200 mV, Ta = 25°C 12 |so | - §12 |s0 j-"] - |- - HA
Output Short Circuit to Ground (Note 3) log - 40 60 - 40 60 - 40 60 mA
Power Supply Current (Tp = Thigh to Tiow!(Note 1) Icc mA
Vee =30V (26 V for LM2902), Vg =0 V, Ry = - 15 30 | - 15 130 | - 15 |30
Vec=5V.Vp=0V,R == - 107 |12} - 07 |12 ] - |07 |12
NOTES: '
(1) Tion =-55°CforLM124  Tpgp = +125°C for LM124 0.3 V. The upper end of the common-mode voltage range
=-40°C for LM2902 = +85°C for LM2902 1s Vg -1.7 V, but either or both inputs can go to +32 V
= -259C for LM224 and LM224 without damage (+26 V for LM2902).
=Q°C for LM324 = +70°C for LM324 (3) Short circuits from the output to Vg can cause excessive
(2) The input common-mode voitage or either nput signal heating and eventual destruction Destructive dissipation
voltage shoutd not be allowed to go negative by more than can result from simultaneous shorts on all amphifiers,
SINGLE SUPPLY SPLIT SUPPLIES
3.0 V to Voo (Max.
¢ -——d( ax) |IH Vee Vcc{—'—l
=
_? o L T° =15V toVeeMax.)
(=
ba i} o o~ -
[-S=
b > Lo o —
o ] o =1.5V to VEE(Max.)
.____.____3' Vee/Gna Vee
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LM124, LM224, LM324, LM2902

REPRESENTATIVE CIRCUIT SCHEMATIC
(One-Fourth of Circuit Shown)

Bias Circuitry
Common to Four

Inputs

Output Amplifiers
N 1
y] ais l-‘] l_{ o
1| @22 |
Qie ar I '
_Kom I I
|
I !
Q19 I |
-~ o | l Q24 !
p 25 : Q23 |
|
4 . l l
ais Q20 : :
as _ W ! '
}\011 | }_ |
- t |

O_L{on 2 Q6 1 :
N g (] | |
az as l l
> H g Q10 | e |
a3 Qa 026 FB j i |

: :o Veg/Gnd

LARGE SIGNAL VOLTAGE
FOLLOWER RESPONSE

1 V/Dwv

N W FETTE KT
HHHHHH

5 0 us/Div
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CIRCUIT DESCRIPTION

The LM124 Series is made using four internally com-
pensated, two-stage operational amplifiers The first stage
of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and
the differential to single ended converter Q3 and Q4
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 Q20 and Q18 Another feature of this input
stage 1s 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 amphfier 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.



LM124, LM224, LM324, LM2902

TYPICAL PERFORMANCE CURVES

FIGURE 1~ INPUT VOLTAGE RANGE
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> +40 7
+20 ya
0
0 :20 40 260 <+80 $10 +12 14 216 18 +20
VCC/VEE, POWER SUPPLY VOLTAGES (VOLTS)
FIGURE 3 — LARGE-SIGNAL FREQUENCY RESPONSE
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POWER SUPPLY VOLTAGE
24
Ta=25°C |
_ 29 RL=w
Eos
=
=
w
= 15
8 ___—_——.——-—-—-.'—
S 2
T
S o9
[
w
= 06
e
83
0
0 50 10 15 20 2% 30 35

Ve, POWER SUPPLY VOLTAGE (VOLTS)

FIGURE 2 — OPEN LOOP FREQUENCY
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FIGURE 4 — SMALL-SIGNAL VOLTAGE FOLLOWER
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FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE
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LM124, LM224, LM324, LM2902

FIGURE 7 — VOLTAGE REFERENCE

FIGURE 9 —- HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER

MC1403

APPLICATIONS INFORMATION

FIGURE 8 — WIEN BRIDGE OSCILLATOR

50 k

AAA
VWA

R1

Vret 4
—o Vo

f,= ———
° 27 RC

Vee

1
Vret =3 For fo=1kHz
R =16k

C=001uF

FIGURE 10 - COMPARATOR WITH HYSTERESIS

el O
O
Hysteresis
O VOH
|
aR1 Vo [l
gar !
] AAA |
VWA )
b R1 vV,
oL VinL : ViaH
O Vret
O
R1
e2 O Vinl = g1+ Rz (VoL ~ Vref) * Vret
--———R1 (v, Vreef) + V,
VinH = R1+R2 'OH ref ref
eg=C(1+a+b){e2-e1) R1
- - )
H=+37hs VoH ~ VoL
FIGURE 11 - BI-QUAD FILTER
AAA
A " PR
A ° 2nRC
100 k
I I€ AN R1=QR
Vin ©! R2 c c R1 1
i¢ AN R2 = — Vret = 5 VcC
*— 1t VWA R Tep 2
AAA
VW 100 k
o AA R3=Ty R2
o o4 ci=10cC
For fo=1kHz
Vref °
Q=10
v ¢——=@ Bandpass R3 Veef
ref 3 Output Tep=1
R2 $ht | Tn=1
‘V"‘v c1
O ——K—. Notch Output R = 160 k2
0O C = 0.001 uF
Ri=1.6MQ
Vief Where Tgp = Center Frequency Gain R2=1.6 M
TN = Passband Notch Gain R3= 1.6 M
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LM124, LM224, LM324, LM2902

APPLICATIONS INFORMATION (continued)

FIGURE 12 — FUNCTION GENERATOR FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER
1 Triangle Wave R2
Vret = 3 Vee Output @ AV
300k R1
Vret O Vin
L ovo
o —o Co
Square Cpo=10C
‘Wave
Qutput 1
— Vet Veet = 2 Vce
Given fo = Center Frequency
A"o = Gain at Center Frequency
Choose Value f,, C
Then
Q
R3 mfg C
R3
R1=32 Alfo)
R R1 R3
- 2 %aZmi- A3
For less than 10% error from operational amphifier
Q5 fo
W <0.1 Where f,, 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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LM158, LM258,
LM358, LM2904

Specifications and Applications
Information

DUAL LOW POWER OPERATIONAL AMPLIFIERS

Utilizing the circuit designs perfected for recently introduced
Quad Operational Amplifiers, these dual operational amplifiers
feature 1) low power drain, 2) a common mode input voltage range
extending to ground/VEgE, 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 amplhfiers 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 1nput 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.

Low Input Bias Currents
Internally Compensated

Short Circuit Protected Qutputs
True Differential Input Stage
Single Supply Operation: 3.0 to 32 Volts

Common Mode Range Extends to Negative Supply
Single and Split Supply Operation
Similar Performance to the Popular MC1558

DUAL DIFFERENTIAL

INPUT

OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC

INTEGRATED CI

RCUIT

CASE

Inputs A

H SUFFIX
METAL PACKAGE
601

Inputs B

MAXIMUM RATINGS (Tp = +25°C unless otherwise noted)

Vgg/Gnd
(Top View)
J SUFFIX
CERAMIC PACKAGE
CASE 693
N SUFFIX
PLASTIC PACKAGE
CASE 626

' ' (LM258, LM358,1.M2904 only)

Output A E

inputs A E '
& |

Vee/Gnd [3]

(Top View)

18] vee

Output B
6]
5]

Inputs B

ORDERING INFORMATION

LM158
LM258
Rating Symbol LM358 LM2904 Unit
Power Supply Voltages Vdc
Single Supply Vee 32 26
Split Supplies Vee. VEE +16 £13
Input Differential Voltage Range (1) ViDR +£32 +26 Vdc
Input Common Mode Voltage Range (2) VicR -031032 | -0.31026 Vdc
Input Forward Current (3} IWF 50 - mA
(V)<-03V)
Output Short Circuit Duration tg Continuous
Junction Temperature Ty °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 TA oc
LM158 -55 to +125 -
LM258 -25 to +85 -
LM358 0to+70 -
LM2804 - -40 to +85

{1)Split Power Supplies

(2) For Supply Voltages less than 32 V for the LM158/258/358 and 26 V for the LM2904,
the absolute maximum nput voltage is equal to the supply voltage,
{3) This input current will only exist when the voitage 1s negative at any of the input leads.
Normat output states will reestablish when the input voltage returns to a voltage greater

than -0.3 V.

Temperature
Device Range Package
LM158H -55 to +125°C Metal Can
LM 1584 -55 to +125°C Ceramic DIP
LM2904H -40 to +85°C Metal Can
LM2904J -40 to +85°C Ceramic DIP
LM2904N -40 to +85°C Plastic DIP
LM258H -25 to +85°C Metal Can
LM258J -25 to +85°C Ceramic DIP
LM258N -25 to +85°C Plastic DIP
LM358H 0-to +70°C Metal Can
LM358) 0 to +70°C Ceramic DIP
LM358N 0 to +70°C Piastic DIP
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LM 158, LM258, LM358, LM2904

ELECTRICAL CHARACTERISTICS (V¢c =5.0 V, VEE = Gnd, Tp = 25°C unless otherwise noted)

LM158/LM258 LM358 LM2904
Characteristic Symbol [Min |[Typ [ Max | Min | Typ | Max | Min | Typ { Max | Unit
Input Offset Voltage Vio mV
Ve =50V to 30 V (26 V for LM2904),
Vic=0VtwoVce-17V,Vg=14V,Rg=00
Ta =25°C - |20|50] - |20]70])] - |20] 70
TA= Tmto Tiow (Note 1) - - 7.0 - - 9.0 - - 10
Average Temperature Coefficient of Input Offset Voltage | AV o/AT| — |70 | — - |70 | - - |70 | - |wuvi°C
TA = Thigh to Tiow (Note 1)
Input Offset Current o - |30 | 30 — | 50 | 50 — | 50 | 850 nA
TA = Thigh to Tiow (Note 1) - - |10} — - |180 | - 45 | 200
Average Temperature Coefficient of Input Offset Current aAlp/aT| — 10 - - 10 - - 10 — [pAr%C
TA = Thigh to Tiow (Note 1)
Input Bias Current 1T ~ |-45 [-150) — -45 [-2560] — | -45 |-250| nA
TA = Thigh to Tiow (Note 1) - |(-50 |-300] — | -50 }-500} — | -50 |-500
Input Common-Mode Voltage Range (Note 2) Vicr v
Vee =30V (26 V for LM2904) 0 - |283] O - |283] 0 - |243
Vee =30V (26 V for LM2904), TA = Thgh to Tiow 0 - 28 0 - 28 o] - 24
Differential Input Voltage Range VIDR = - |Veec| - — |vecl - - |veel Vv
Large Signal Open-tLoop Voltage Gain AvoL VimV
R =20k, Vee =15V, For Large Vg Swing, 50 |100 | — 25 | 100 | - - J100 | —~
TA = Thigh to Tigw (Note 1) 25 - - 15 - - - - —
Channel Separation - - |120] - - |-120| - - |-120| - dB
1.0 kHz < f < 20 kHz, input Referenced
Common-Mode Rejection Ratio CMRR | 70 85 - 65 70 - 50 70 — dB
Rg< 10k
Power Supply Rejection Ratio PSRR 65 |100 - 65 | 100 - 50 | 100 - dB
Output Voltage Range VoR [} - 3.3 0 - 3.3 0 - 3.3 \
RL =2k (R > 10 k2 for LM2904)
Output Voltage—High Limit (TA = Thgh 10 Tiow!(Note 1) VoH v
Vee =30V (26 V for LM2804), Ry = 2kQ 26 - - 26 - - 22 - -
Vee =30V {26 V for LM2904), R = 10 k2 27 |28 - 27 28 - 23 24 -
Output Voltage—Low Limit VoL - 50 | 20 - 50 | 20 — 5.0 | 20 mv
Vec =50V, R =10k, T = Thigh to Tiow (Note 1)
Output Source Current lo+ 20 40 - 20 40 - 20 40 - mA
Vip=+10V,Vgc=15V
Qutput Sink Current lo-
Vip=-10V,Vec=15V 10 |20 - 10 | 20 - 10 | 20 - mA
Vip=-10V, Vg =200 mV 12 |50 - 12 | 50 - - - - HA
Output Short Circuit to Ground (Note 3) los - 40 60 — 40 60 - 40 60 mA
Power Supply Current (Tp = Thigh to Tjow}{Note T} lce mA
Vee =30V (26 V for LM2904), Vo =0V, R == - 15 {30 - 15 |30 | — 1.5 | 30
Vee=5V.Vp=0V, R = -~ 107 [ 1.2 - 07 {12 f — |07 |12

NOTES:

(1) Tiow = ~-55°C for LM158 Th-gh = +125°C for LM158 03 V. The upper end of the common mode voltage range
= -40°C for LM2904 = +85°C for LM2904 1s Voo -1.7 V, but either or both inputs can go to +32 V
= -25°C for LM258 and LM258 without damage (+26 V for LM2904).
=0°C for LM358 =+70°C for LM358 (3) Short circuits from the output 10 Vg can cause excessive

(2) The input common-mode voltage or either input signal heating and eventual destruction Destructive dissipation

voltage should not be allowed to go negative by more than can result from simultaneous shorts on all amplifiers
SINGLE SUPPLY SPLIT SUPPLIES

3.0 V to Vg (Max)

—li—— vec Vee
-

2 VEgg/Gnd Vee

i

= 1.5V 1o Vg (Max)

$

=
o

7919
71 9%

= 1.5V to Vgg (Max)

-
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LM158, LM258, LM358, LM2904

REPRESENTATIVE CIRCUIT SCHEMATIC
{One-Half of Circuit Shown)

Bias Circuitry

Common to Both
Output

Inputs

1 V/Div.

p Amplifiers
‘) ars }) 1 : Vee
Q22 |
ais k— h—T Qs L |
_Kma —" \
|
a0k ]
aig |
5 pF Q12 Q24 :
i€ 26 az3 |
|
|
) |
ais Q20 "
Q
9 KO‘ 1 =
a —-—| 1__.
T—-Kon 21 . o s :
N ot ] !
[-}) [

A pas a7 210 24k :
a3 (<1 aa Q26 F:a | 1

: Vgg/Gnd

LARGE SIGNAL VOLTAGE
FOLLOWER RESPONSE

T
Vee = 15 Vde

2k

<

6.0 pus/Div.
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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 Q20 and
Q18 with input buffer transistors Q21 and Qt7 and
the differential to single ended converter Q3 and Q4.
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 Q20 and Q18. 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 amptifier 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.



LM158, LM258, LM358, LM2904

TYPICAL PERFORMANCE CURVES

FIGURE 1 — INPUT VOLTAGE RANGE . N
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FIGURE 3 — LARGE-SIGNAL FREQUENCY RESPONSE
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FIGURE 2 — OPEN LOOP FREQUENCY
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i vee=15V
=100 VEE=Gnd 1+
2 TN Ta = 259C
==z 4 N
gg " q
W N
woe . N
22 %
i3 N
a.': 40
o
Z3 \\
Zn
s ™
0
20
10 10 100 1.0k 10k 100k 10M

f, FREQUENCY (Hz)

FIGURE 4 — SMALL-SIGNAL VOLTAGE FOLLOWER
PULSE RESPONSE
(Non-Inverting)
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FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE
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LM158, LM258, LM358, LM2904

FIGURE 9 — HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER

APPLICATIONS INFORMATION

FIGURE 7 — VOLTAGE REFERENCE FIGURE 8 — WIEN BRIDGE OSCILLATOR
50k
— A
10k
—e Vo Vret & AV
e v,
fo= -—~—1
' ° 2nRC
Vret =5 Vee For fo=1kHz
R1 R =16k
Vo=25Vi1+o) RS C=001uF

FIGURE 10 — COMPARATOR WITH HYSTERESIS

el
R2 Hysteresis
VoH ﬁ
R1 !
Veet &AAM—4—O Vo 1
O '
Vin O Vo :
Vv,
oL VinL : VinH
Veet
R1
o2 VinL= g7v Rz (VoL = Vref) * Vret
v A1 v Veef) + V
mMH" BRI TR2 (\YOH ref ref
8 =C(1+a+b)(e2-e1) R1 w )
H=Ri+nzVon~- VoL
FIGURE 11 — BI-QUAD FILTER
AAA
A'A'Av 'ﬂ o = 1
R ° 2wRC
100 k
I¢ I¢ AN R1=QR
Vin CF R2 c c R1 !
P K AA- A R2 = Tor Vret = 3 Vee
AAA
hAA SN % 100 k
o LM358 A R3=Ty A2
O Ci=10C
Vo O For fo=1kHz
Q=10
¢——@ Bandpass R3 Veet
Vret ) 3 Output Tgp=1
A2 <gR1 l TN=1
AN c1
O—4————{(———®Notch Output R = 160k
O C = 0.001 uF
R1=1.6MQ
Vyet Where Tgp = Center Frequency Gain R2=1.6 MQ
TN = Passband Notch Gain R3= 1.6 M
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LM158, LM258, LM358, LM2904

APPLICATIONS INFORMATION (continued)

FIGURE 12 — FUNCTION GENERATOR

1 Triangle Wave R2
Vref = 2 Vee Output @ AN
300 k
Vref O R3 Square
O——AAA—4 O Wave
75k Output
© R1 ¢ O
<
100k ¢ O
€ o
vV,
c ref
“AAA
R¢
r f___R1¢Rc ' Ra=H2R1
. 4 CR¢ R1 R2 + R1

FIGURE 13 — MULTIPLE FEEDBACK BANDPASS FILTER

—{—evo

Co
Co=10cC
1
= Vret Vref = 2 Vee
Given fo = Center Frequency
Alfg) = Gain at Center Frequency
Choose Value fg, C
Then
R3 = a
mty C
R1=—13
2 Alfg)
A2 R1 R3
"~ 402R1 - R3
For less than 10% error from operational amplifier
Qq f
B°w°<0.1 Where f,, and BW are expressed in Hz.

1f source impedance varies, fitter may be preceded with voltage
follower buffer to stabilize filter parameters
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ORDERING INFORMATION

Device Temperature Range Package
MC1420G 0°C to +70°C Metal Can
MC1520F —55°C to +125°C Ceramic Flat
MC1520G ~55°C to +125°C Metal Can

MC1420
MC1520

DIFFERENTIAL OUTPUT OPERATIONAL AMPLIFIER

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

OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

differential outputs.

o Differential Input and Differential Output
Wide Closed-Loop Bandwidth; 10 MHz
Differential Gain; 70 dB

High Input Impedance; 2.0 Megohms:

Low Qutput Impedance; 50 ohms

MAXIMUM RATINGS (T4 =+25°C unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage Vee +8.0 Vdc
VEE -8.0
Differential Input Signal Vin 18.0 Vdc
Load Current Itq, ez 15 mA
Power Dissipation (Package Limitation) Pp

Metal Package 680 mW
Derate above Tp = +25°C 46 mw/°C

Fiat Package 500 mwW
Derate above T = +25°C 3.3 mW/°C

Operating Temperature Range MC1520 Ta -55 to +125 oC

MC1420 Oto+75
Storage Temperature Range Tstg -65 to +150 °c

1
nput 1 Vee
- C3
- C4
mm Output 2
Vee Output 1

5
H
s
M
uln-‘
1]

F SUFFIX
CERAMIC PACKAGE
CASE 606
(To-91)

FIGURE 1 — CIRCUIT SCHEMATIC

COMPENSATION vee
o c3 6o -3
526k
950
526k Y 'J
1k 1 by %
533k M
ek .
|NP‘U1 L || ’.’I Bk [}gT‘PU
= -
1175k 11754 [OUTPUT
AA 92
b1 o 175
144 T4k 20k 74n i, x
et o . N —, :
2 700 700
& k K
70 Yy 2 4 y
167k 167k - wm
300
300 300

Vee

[
cr ., g 'mput 1
cz 2 8 vee
Veg 3 7 c3

output14 5 c4
Output 2

(TOP VIEW)

G SUFFIX
METAL PACKAGE
CASE 603
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MC1420, MC1520

SINGLE-ENDED ELECTRICAL CHARACTERISTICS
(Vcc=+60Vde, VEE=-60Vdc, Ta= +25°C unless otherwise noted |

MC1520 MC1420
Characteristic Symbol Min Typ Max Min Typ Max Unit
Open Loop Voltage Gain Avol 1000 1500 - 750 1500 - VIV
Tiow D S TaASThigh @) 60 64 - - 64 - dB
Cutput Impedance Zps ohms
(f = 20 H2) — 50 100 - 50 -
Input Impedance 25 megohms
(f = 20 Hz) 05 2.0 - — 20 -
Output Voltage Swing Vo +3.5 +4.0 - +3.0 +4.0 - Vpeak
(R = 7.0 k§2[Figure8])
Input Common-Mode Voltage Swing VicR +20 3.0 - - +30 - Vpeak
Common-Mode Rejection Ratio CMRR 75 90 - 60 a0 - dB
tnput Bias Current 1B uA
11+19 o
iB=—3 .Ta=+25°C - 0.8 20 - 2.0 40
Input Offset Current Mol nA
g =11-19) - 30 100 - 30 200
(o ={1-12,Ta=Tiow! - - 200 - - -
(o =11-12.TA = Thigh! - - 200 - - _
Input Offset Voltage Viol mV
(Ta = +25°C) - 5.0 10 - 50 15
Step Response
Gain = 1.0, 10% Overshoot tTHL - 80 - - 80 - ns
Ry =10k tPLHAPHL - 70 - - 70 - ns
Ry =10k$ dVout/dt @ - 5.0 - - 5.0 - V/us
R3=5.0kQ -
Cs = 39 pF
Gain = 10, 10% Overshoot TTHL - 80 - - 80 - ns
; Ry =10k tPLH.PHL - 70 - - 70 — ns
Ro =100 kQ dVoyt/dt @ - 15 - - 15 - Vius
I R3= 10k
Cs=10pF
Garn = 100, No Overshoot TTHL - 80 - - 80 — ns
R1 =10k PLHWPHL - 70 — - 70 - ns
Ry =100 ka2 dVour/dt @ - 30 - - 30 - Vins
R3=10kQ
Cs = 1.0pF
Open Loop, No Overshoot ITTHL - 180 - - 180 — ns
R1=50Q PLHIPHL - 70 - — 70 - ns
Rgp=c0 dVoyue/dt D - 35 - - 35 - Vius
R3=500Q
Cg =
Bandwidth: - MHz
(Open Loop(Figure 4}) - 20 - - 2.0 -
{Closed Loop[Unity Gain]) - 10 - - 10 -
(Figure 5)
Input Noise Voltage (Open Loop) Vnlin} uV{rms)
(5.0 Hz - 5.0 MH2) — 1" 15 - 1 -
Average Temperature Coefficient of AV|o/AT uV/°C
Input Offset Voltage
(Rg =500, TA = Tiow t0 Thigh) - 2.0 - - 2.0 -
DC Power Dissipation PD mW
(Vo =0} - 120 240 - 120 240
Power Supply Sensitivity st uVIv
(Vo =0) - 250 450 - 250 —
@ dVgyuy/dt = Slew Rate @ Tiow = 0°C for MC1420, Thigh = +76°C for MC1420
-55°C for MC1520 +125°C for MC1520
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MC1420, MC1520

DIFFERENTIAL ELECTRICAL CHARACTERISTICS
(Voo = +6 0 Vde, VEg = -6.0 Vdc, T = +25°C, unless otherwise noted.)

MC1520 MC1420
Characteristic Symbol Min Typ Max Min Typ Max Unit

Gain Avol 2000 3000 - 1500 3000 - ViV

{Open Loop) 66 70 = 64 70 — dB
Input Impedance Zid megohms

(f = 20 Hz) 0.5 20 - - 2.0 -
Output Impedance Zod ohms

(f = 20 Hz) — 100 200 - 100 =
Common-Mode Volicm Vde

Output Voltage -0.5 0 +0.5 — 0 =
Output Voltage Swing Vo Vpeak

(R =7.0k82) +7.0 +8.0 - +6.0 +8.0 -

TYPICAL CHARACTERISTICS
{Vee = +6.0 Vdc, VEE = -6 0 Vdc, T = +25°C unless otherwise noted.)
TEST CIRCUIT
FIGURE 2 — LARGE SIGNAL SWING
versus FREQUENCY R

+8.0 INVERIINB’—J\L\'_
INT —® OUT1
460 out2
"2 NON INVERTING
;o‘+4.0 i ¥
2 cunve s | [CURVESN || |\2 \
< +20 \ = cs
E M SUME N
g o )
5 AT AT
& -2.0 3
=3 Y 4
3 v
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: -40 JRVE MODE VOLTAGE ouTPUT
w No | wo GAIN | Ry (€21 |R2 () |R3 (52)]Cs (0P | e teme)
-6.0 1 [INVERTING 100 10k [100k |10k | 10 20
) 2 [inverTING 10 10k [100% [ 10k | 10 055
_BO 3 INVERTING 10 10k 10k |50k 39 017
01 10 10 100 1000 10,000 4 |NONINVERTING| 10 | 1ok [10k | 39 01
t, FREQUENCY {kHz) 1 NON INVERTING| Ayt [+ e 50 | 10 10
3 2 | NON INVERTING|  Avol 0 w | s0| 10 20
3 | NON INVERTING| Aol 0 w | 50| 39 52
1 [NoNINVERTING | 100 100 | 10k | 100 | 10 20
FIGURE 3 — OPEN LOOP VOLTAGE GAIN M A 1S et IR IRl IRl Iiodl IRV IS
70
\\J \\
80
N N N| N
) N CURVE1
50 \\ |
= \\ ?\ N FIGURE 4 — CLOSED LOOP VOLTAGE GAIN
z g h N versus FREQUENCY
g 3 \ ) +60
5 N 2
=30 N Z 440
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> ‘J N =
3 NS N
S 20 w420
< g
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10 > 0 T
N] s 3
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MC1420, MC1520

TYPICAL QUTPUT CHARACTERISTICS
(Vgg = +6.0 Vde, VEg = -6 0 Vdc, T4 = +25°C unless otherwise noted.)

FIGURE 5 — POWER DISSIPATION FIGURE 6 — OPEN LOOP VOLTAGE GAIN
versus POWER SUPPLY VOLTAGE versus SUPPLY VOLTAGE
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FIGURE 7 — SINGLE ENDED OUTPUT VOLTAGE FIGURE 8 — OUTPUT NOISE VOLTAGE
versus LOAD RESISTANCE versus SOURCE RESISTANCE
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ORDERING INFORMATION

Device Temperature Range Package
MC1430F,1431F 0°C to +70°C Ceramic Flat
MC1430G,1431G 0°C to +70°C Metal Can
MC1430P,1431P 0°C to +70°C Plastic DIP
MC1530F,1531F ~55°C to +125°C Ceramic Flat
MC1530G,1531G —55°C to +125°C Metal Can

MC1430, MC1431
MC1530, MC1531

OPERATIONAL AMPLIFIER

. . . designed for use as a summing amplifier, integrator, or amplif

components.
The MC1531 (MC1431) is provided with Darlington inputs to

identical with the MC1530 (MC1430) circuit.

® High Open Loop Voltage Gain — 4500 min (MC1530)
— 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/ustyp @ Ays= 10
® High Open Loop Bandwidth — 2.0 MHz typ (MC1530)

ier

with operating characteristics as a function of the external feedback

in-

crease input impedance; otherwise the MC1531 (MC1431) circuit is

OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

0.4 MHz typ (MC1531)
MAXIMUM RATINGS (T4 = 25°C unless otherwsie noted)
Rating Symbol Value Unit
Power Supply Voltage MC1530, MC1531 Vce. VEE +9.0, -9.0 Vdc
MC1430, MC1431 Vee. VEE +8.0, -8.0
Differential Input Voltage Range VIDR +5.0 Volts
Load Current I'N 10 mA
Power Dissipation (Package Limitation} Pp
Metal Package 680 mw
Derate above T = +25°C 46 mw/°c
Flat Package 500 mw
Derate above Tp = +25°C 33 mw/°C
Duat In-Line Plastic Package
MC1430, MC143t 400 mwW
Derate above +25°C 3.3 mw/°C
Operating Ambient Temperature Range Ta °c
MC1530, MC1531 -55 to +125
MC1430, MC1431 0to +75
Storage Temperature Range Tstg oc
Metal and Ceramic Package -65to +175
Plastic Package MC1430, MC1431 -55 to +150

CIRCUIT SCHEMATICS

FIGURE 1 — MC1530/MC1430

FIGURE 2 — MC1531/MC14.
{(STANDARD INPUT)

{DARLINGTON INPUT)

31

tag Cnmp? T Vcc? ? Lead Comp Lag CWYT Vcc? 9 Lead Comp
775kJ L??Sk 3k J . ”“-H.”Sj 3k 5k
6k 30k ™~
Output 30k

Fx

22k
r 15k “"{ 15k

Gnd VEE Gnd

. 6k
*
N . —K
Inputs 15k tnputs 15k
) 32k| 34k )
32k| 34k
Vee

Cutput

PIN CONNECTIONS

F SUFFIX
CERAMIC PACKAGE
CASE 606
TO-91

Non Inv Input 13
Inv. Input 23

Gnd 3]
Vgg 4
Output 5 56 vee
G SUFFIX
METAL PACKAGE
CASE 603 B

Qutput -

P SUFFIX
PLASTIC PACKAGE "
CASE 646 H | |
(MC1430P/MC1431P only) Il

s
&l Pl
B iE)

n.c.(3] 12vec

Ner i@ ouspur
N.c [5] fojN.c.
n:;& 3 [9]n.c.
vee[T] [g]n.c.
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MC1430, MC1431, MC1530, MC1531

ELECTRICAL CHARACTERISTICS (V¢ = +6 0 Vdc, Vgg = -6.0 Vdc, Ta = +25°C unless otherwise noted)

MC1530 MC1430
Characteristic Symbal Min Typ Max Min Typ Max Unit
Input Bias Current {IT: - 30 10 - 50 15 unAdc
Input Offset Current Te) - 02 20 - 04 40 #Adc
Input Offset Voltage Ta = +25°C Vio - 10 50 - 20 10 mvdc
TA=Tiow - - 60 - - "
TA = Thigh - - 60 - - 12
Single-Ended Input Impedance (Open-Loop, f = 30 Hz) 25 10 20 - 50 15 - kQ
Common-Mode Input Voltage Swing Vicg _| 20 127 - +20 +25 - Vpk
Equivalent Input Noise Voltage eN - Virms)
{Open-Loop, Rg = 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, Ayol VIV
Ta = +25°C - - - 3000 | 5000 -
TA = Tiow 1 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 {R_ = 1 0 k ohms) Vo +45 +62 - +40 +50 - Vpk
Power Supply Sensitivity (Rg < 10k §2) PSRR - 100 - - 100 - uVIv
Power Supply Current Icc. lge - 92 125 - 92 125 mAdc
DC Quiescent Power Consumption (Vg = 0) Pc - 110 150 - 110 150 mw
ELECTRICAL CHARACTERISTICS (Ve = +6 0 Vdc, VEE = -6 0 Vdc, Ta = +25°C unless otherwise noted)
CcC EE A
MC1531 MC1431
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Bias Current Lig ~ 0025 0150 — 01 03 uAdc
{nput Offset Current o - 0003 0 025 — 001 01 uAdc
Input Offset Voltage Ta = +25°C Vio - 30 10 - 50 15 mVdc
TA =Tiow - - 13 - - -
TaA = Th_'SL' - — 165 — - -
Single-Ended Input Impedance {Open-Loop, f = 30 Hz) 25 1000 2000 - 300 600 . k 2
Common-Mode Input Voltage Swing VICR £20 124 - +20 +22 - Vpk
Equivalent Input Noise Voltage eN uVirms)
(Open-Loop, Rg = 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 viv
Ta =+25°C - - - 1500 3500 -
TA =Tiow 1 Thigh 2500 | 3500 | 7000 - - -
Bandwidth {Open-Loop, -3.0 d8, no roll-off capacitance) BW - o4 - - 04 - MHz
Output Impedance (f = 30 Hz) 2 - 25 50 - 25 50 ohms
Output Voltage Swing (R = 1 0 k ohms) Vo +45 +5.2 - +40 +50 - Vpk
Power Supply Sensitiity (Rg <10k Q) PSRR - 100 - - 100 - uV/iV
Power Supply Current Icc. e - 92 125 - 92 125 mAdc
DC Quiescent Power Consumption (Vg =0} Pc - 110 150 - 110 150 mw
STEP RESPONSE, TYPICAL CHARACTERISTICS
(Ve = +6 0 Vde, Vgg = -6 0 Vde, Vg = 400 mVdc, Tp = +26°C)
n MC1530 MC1531
S "2 Symbol MC1430 MC1431
Step Response
Gain = 100, 0% overshoot, tTHL 013 036 us
Ry {R|=10k0hm,R2=|00kohms, tPHL on o2 us
[t e—san—d R3 =10k ohm, Cy = 750 pF SR 33 16 Vius
Gain = 10, 10% overshoot, THL 034 030 us
00y & { Ry = 10k ohms, Ry = 100 k ohms, TPHL 025 028 us
" 3 A3 = 10k chms, Cy = 6800 pF SR 60 55 Vius
c
1 ! Gain = 10, 5 0% overshoot, THL 028 037 s
\ {R|:|0k ohms, Ry = 10k ohms, tPHL 016 017 us
\ R3 =5 0k ohms, Cy = 33,000 pF SR 17 14 Vs
oveRsoot [OX 0°C for MC1430 T 0°C for MC1431
or or
N SLEW RATE 1o% 55°C for MC1530 1% TS59C tor MC 1531
« Thigh *75°C for MC1430 Thigh *75°C for MC1431

+125°C for MC1530 +125°C MC1531
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MC1430, MC1431, MC1530, MC1531

FIGURE 3 — TEST CIRCUIT

TYPICAL OUTPUT CHARACTERISTICS
(Ve = #4610 Vdce, Veg = -6 0 Vde, T, = 425°C)

FIG |cuRve | voLTace DEVICE TEST CONDITIONS
R2 NO | NO. GAIN NO Rq k)| Ry (k) [ R3 () | €4 (pF)
MWV 5 1.2 100 MC1530/MC1430, MC1531/MC1431 10 100 [ 10k 750
3 10 MC1530/MC1430, MC1531/MC1431 10 100 10k 6800
4 1 MC1530/MC1430, MC1531/MC1431 10 t0 50k 33,000
6 1 100 MC1530/MC1430 10 100 10k 750
2 10 MC1530/MC1430 10 100 10k 6800
S NA—4 3 10 MC1530/MC1430 10 10 10k 6800
A1 4 1 MC1530/MC1430 10 10 50k 33,000
—9 5 1 MC1530/MC1430 10 10 500 33,000
7 1 100 MC1531/MC1431 10 100 10k 750
2 10 MC1531/MC1431 10 100 10k 6800
3 1 MC1531/MC1431 10 10 50k 33,000
8 1 AvoL MC1530/MC1430 o - [}] )
R3 2 AvoL MC1530/MC1430 [ - [} 750
3 AvoL MC1530/MC1430 4 - 0 6800
c1 4 AvoL MC1530/MC1430 o - o | 33000
- 9 1 AvoL MC1531/MC1431 ] - [ 0
2 AvoL MC1531/MC1431 [ - o 750
3 AvoL MC1531/MC1431 o - [ 6800
I3 AvoL MC1531/MC1431 [ - [ 33,000
FIGURE 4 - LARGE SIGNAL SWING FIGURE 5 — MC1530/MC1430 VOLTAGE
versus FREQUENCY GAIN versus FREQUENCY
" a5
40
- Ty
A - CURVE 1
> =
PR g
ES N ™N = N
H \ \ S5
g 80 CURVE 4 3 2 b
2 \ gu a
- = N
54 60 2”5
. \ > 0 CURVE 2
& 40 <
g. \ N 50
S 20 S 0
0 CURVE4 \J\\§
10k 10k 100 k 10M 10M 10k 100 k 10M 0M
f, FREQUENCY (Hz) f, FREQUENCY (H2)
FIGURE 6 ~ MC1531/MC1431 VOLTAGE FIGURE 7 — MC1530/MC1430 OPEN LOOP VOLTAGE GAIN
GAIN versus FREQUENCY versus FREQUENCY
45 105
40
=
3 T 90
3 CUR ve1\\ a5
= 3 N = Y
5 = \ N ™ \
IR 3 INUTTNG N
w \ o & CURVE AT N ™~ 1
20
E N g . \ ™ \‘\
215 5 8 N N ~
N
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FaRt] N N
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MC1430, MC1431, MC1530, MC1531

Ay, VOLTAGE GAIN (dB)

FIGURE 8 — MC1531/MC1431 OPEN LOOP VOLTAGE GAIN

105

versus FREQUENCY

%0
%
N ™
60 N ~ FIGURE 11 — COMMON-MODE SWING versus POWER
wve N IN 2N NN SUPPLY VOLTAGE
8 N N ~
N N g 10 | T
N \\ N = 60 VicR * MC1530/MC1430
% N S5 \ A
F\ N S@50 \ =
15 N § S0 VicR ™ MC1530/MC1430: o
NN =230 \ = "1‘/
0 N g= L—F
100 10k 10k 100 k 10M oM =320 = _4 VICR * MC1531/MC1431
1, FREQUENCY (Hz) 3 10 A | | I
N z ) =
£ g b~ Vign” mosamendr ||
£ o 10 20 30 40 50 60 70 80 90 10

Ve and VEE, POWER SUPPLY VOLTAGE (VOLTS)

FIGURE 9 — VOLTAGE GAIN versus POWER SUPPLY VOLTAGE

Avol, OPEN LOOP VOLTAGE

V0. OUTPUT VOLTAGE SWING (VOLTS)

) r
80 TA 2% 1530/MC1430 FIGURE 12 — POWER CONSUMPTION versus
/ — POWER SUPPLY VOLTAGE
=7 — 1000
s == |Mcissumcient 300
=
H 7 500
@50 Z a0
w0
30 200 L]
28 20 60 30 0 L~
V(e and VEE, POWER SUPPLY VOLTAGE {VOLTS) 100 vl
s w —
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FIGURE 10 — OUTPUT VOLTAGE SWING o
versus LOAD RESISTANCE H
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ORDERING INFORMATION

Device Temperature Range Package
MC1433F 0°C to +70°C Ceramic Flat
MC1433G 0°C to +70°C Metal Can
MC1433L 0°C to +70°C Ceramic DIP
MC1433P 0°C to +70°C Plastic DIP
MC1533F —55°C to +125°C Ceramic Flat
MC1533G —-55°C to +125°C Metal Can
MC1533L —55°C to +125°C Ceramic DIP

MC1433
MC1533

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
Ayol = 60,000 typrcal

® Low Temperature Drift — 5 uV/°C

® Large Qutput Voltage Swing —
+13V typical @ £15 V Supply

® Low Output Impedance — zg = 100 ohms typical

OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

F SUFFIX
CERAMIC PACKAGE
CASE 606

TO-921

vee Vch vee
<
20k(; },ZOK :;]67k
OwroT ' lA‘7'k
° .
4
: Y
INPUTS
o \{
s
85k
15k 13k LTS S 85k
VEE O (L OUTPUT LAG

Input 1] 10 Input
Output Lag 2] 39 }input
VeEg 3CH 8 }Lag
Outpur 4C3 7 Vee
Vee 6 Vce
G SUFFIX
METAL PACKAGE

CASE 6038

Output
L SUFFIX P SUFFiIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

TO-116

{MC1433P Only)

.C. ha] vee
o E 12] vee
input [4} 7] Output
Input Ej>‘_—j'g] N.C.
°”“L’:; 6 B
vee[7] 8] n.c.
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MC1433, MC1533

ELECTRICAL CHARACTERISTICS (V¢ = +15 Vdc, VEg =15 Vdc, T A = +25°C unless otherwise noted)

MC1533 MC1433
Characteristic Symbol Min Typ Max Min Typ Max Unit
Open Loop Voltage Gain AvoL -
(Ta = +25°C 40,000 60,000 - 30,000 60,000 -
(Ta = Trow @ ©0Thgh @1 36,000 | 50,000 - 20,000 | 50,000 _
Output Impedance EN 1Y)
{f = 20 Hz} - 100 150 - 100 150
Input Impedance 2z, k€2
(f= 20 Hz) 500 1000 - 300 600 -
QOutput Voltage Range Vo Vpeak
(R =10k8) +12 +13 - +12 +13 -
(R =2kQ) 11 +12 - £10 +12 -
Input Common Mode Voltage Range VicR +9 0 +10 - +8.0 +90 - Vpeak
-8.0 -90 - -80 -9.0 -
Common Mode Rejection Ratio CMRR 90 100 - 80 100 - dB
Input Bias Current lig HA
(Ta =+25°C) - 0.5 10 - 05 2.0
(Ta = Tiow! - - 3.0 ~ - 40
Input Offset Current ho HA
(Ta = +25°C) - 0.03 0.15 - 01 050
(Ta =Tiow! - - 05 -~ - 0.75
(TA = Thigh! - - 02 ~ - 075
Input Offset Voltage @ Vio mV
(Ta =+25°C) - 1.0 5.0 ~ 1.0 75
{Ta = Tiow. Thigh! - - 60 ~ - 10
Step Response (Cp = 10 pF)
Gain = 100, 10% overshoot, tTLH - 025 - - 0.25 - HuS
Rq=10kQ,Ry=10MQ, pd - 01 - - 01 - us
R3=100%,Cq=001uF SR - 62 - - 6.2 - V/us
Gain = 10, no overshoot, tTLH - 0.3 - - 0.3 - us
R1=10kQ, Ry =100k, tpd - g1 - - o1 - us
R3=10%,C1=01uF SR - 29 - - 29 ' V/us
Gain = 1, 5% overshoot, tTTLH - 0.2 - - 02 - us
R1 =10k, Ry = 10k$2, tod - 01 - -~ 0.1 - us
R3=108,Cq=1.0uF SR - 2.0 - ~ 2.0 - V/us
Average Temperature Coefficient
! of Input Offset Voltage avo/aT rV/°C
(Ta = Tiow to +25°C) - 80 - - 10 -
(Ta =+26°C to Thgp) - 50 - - 80 -
Average Temperature Coefficient
of Input Offset Current Aho/aT nA/°C
(TA = Tiow to Thigh) - 01 - - 01 -
(Ta = +25°C to Thgn) - 005 - - 0.05 -
DC Power Consumption Pc mw
(Power Supply =+15 V, V5 = 0) - 125 170 -~ 125 240
Positive Supply Sensitivity PSRR+ uVIvV
(VgE constant) - 50 150 -~ 50 200
Nggatuve Supply Sensitivity PSSR~ nVviv
(Ve constant) - 50 150 - 50 200
@ Thigh = +75°C for MC1433, Tiow = 0 for MC1433 @ [Input offset voltage V(o) may be adjusted to zero.

+125°C for MC1533 -55°C for MC1533



MC1433, MC1533

MAXIMUM RATINGS (Tp = +25°C unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage =~ MC1533,MC1433 Vece +20,+18 Vdc
MC1533,MC1433 VEE -20-18 Vdc
Differential Input Voltage Range VIDR +10 Volts
Common Mode Input Voltage Range VICR Ve Volts
Load Current I 10 mA
Qutput Short Circuit Duration tg 0.1 s
Power Dissipation (Package Limitation) Pp
Metal Package 680 mwW
Derate above Tp = +25°C 46 mw/°c
Flat Package 500 mw
Derate above Tp = +25°C 33 mw/°c
Dual In-Line Ceramic Package 625 mw
Derate above Tp = +25°C 50 mw/°c
Dual In-Line Plastic Package 400 mwW
Derate above T = +25°C 33 mwW/°C
Operating Ambient Temperature Range Ta °c
MC1533 -55 to +125
MC1433 0to+75
Storage Temperature Range Tstg -65 to +150 °c

TYPICAL CHARACTERISTICS

FIGURE 2 — TEST CIRCUIT
Vee = +15 Vde, VEg = -15 Vdc, Tp = +25°C

vee

A2

c Test Conditions

Fig. urve

No. No. Rq (2} R2 () R3 (82} | Cq (uF) | Co (pF}

3 1 10k 10k 10 10 10
2 10k 100 k 10 01 10
3 10k 1.0Mm 100 0.01 10
3 10k 10M 390 0002 10

4 1 10k 10k 10 1.0 10
2 10k 100 k 10 0.1 10
3 10k 1.0M 100 001 10
4 10k 1.0M 390 0 002 10

5 1 0 o 10 1.0 10
2 0 ©o 10 o1 10
3 0 o 100 001 10
4 0 0 390 0 002 10
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MC1433, MC1533

TYPICAL CHARACTERISTICS (continued)
(Vo = +15 Vdc, VEE -15 Vdc, T = +25°C unless otherwise noted)

FIGURE 3 — LARGE-SIGNAL RANGE versus FREQUENCY FIGURE 4 — VOLTAGE GAIN versus FREQUENCY
28 +65 T
1 Iy \ +60
2\ \ \ ! X
a N\ curve 1 2T +50
g g 3
= \ \ = +40
2 1 \ A\ 5
g \ \ ¥ 430
= \ =
g N A .0 2 J
g w0 \ < i
] +10
& 40 N A .
1 g o CURVE 1
0 -50 [
10k 0k 100k 10M 1 100 10k 10k 100k 10M
, FREQUENCY (Ho) , FREQUENCY (Hz)
FIGURE 6 — OPEN LOOP VOLTAGE GAIN versus FREQUENCY
FIGURE 5 — OFFSET ADJUST CIRCUIT (HIGH GAIN CONFIGURATION)
A 110
vee R2 100} N ~
\ \\ I ™
80 M \\ N 4
= N N N N
a N
= corve 1 N[ 2N IN §
N
NEILNELN
= N N L
3 Sy q
3 NG
2 ™~ N
\\
\\
o N\
10 100 10k 10k 100K 10M
, FREQUENCY (Hp)
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MC1433, MC1533

Pc. POWER CONSUMPTION (mW)

FIGURE 7 — POWER CONSUMPTION
versus POWER SUPPLY VOLTAGE

700 -
[ |
500 AFE OPERATING AREA
AT REDUCED TEMPERATURE %
/ I
300 /4
200 ,/
/ /]
/ / g
100 i/ /‘/
// /
/
70 / 7
o I A
/‘x\ o QUESCENT Vo
| | |
~
/ N £,y QUIESCENT OV
3
) SAFE OPERATING AREA
2 / AT ANY TEMPERATURE
/ OPERATING VOLTAGE RANGE
10 |
40 60 80 10 12 14 16 18 20

V£ AND VEg, POWER SUPPLY VOLTAGES (VOLTS)

TYPICAL CHARACTERISTICS (contnued)

Vicr COMMON MODE VOLTAGE RANGE (VOLTS) Ay, OPEN LOOP VOLTAGE GAIN (dB)

en, INPUT NOISE VOLTAGE {uV)
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FIGURE 8 — VOLTAGE GAIN
versus POWER SUPPLY VOLTAGE

110,
100 / /
%0 v
W
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Ve AND VEE, POWER SUPPLY VOLTAGES (VOLTS)
FIGURE 9 — COMMON MODE RANGE
versus POWER SUPPLY VOLTAGE
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FIGURE 10 ~ INPUT NOISE VOLTAGE
versus SOURCE RESISTANCE
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ORDERING INFORMATION

Device Temperature Range Package
MC1435F 0°C to +70°C Ceramic Flat
MC1435G 0°C to +70°C Metal Can
MC1435L 0°C to +70°C Ceramic DIP
MC1435P 0°C to +70°C Plastic DIP
MC1535F -55°C to +125°C Ceramic Flat
MC1535G -55°C to +125°C Metal Can
MC1535L -55°C to +125°C Ceramic DIP

MC1435
MC1535

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 — Aq) = 7,000
e Low Temperature Drift — +10 uV/°C

e Low Input Offset Voltage — 1.0mV
e Low Input Noise Voltage — 0.5uV

CIRCUIT SCHEMATIC
INPUT LAG 1 OQUTPUT LAG 1

i vee
6.7k § 6.7k 3.8k
400
e,
+ - I
INPUT1 9.1k
b sk b—o OUTPUT 1
3.3k 55k 2.0k
VEE
3.3k 55K 2.0k
] 15k 1o OUTPUT 2
~1
INPUT 2, L E
'
400
8.7k $6.7k a8k

INPUT LAG2 OUTPUT LAG 2

DUAL
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

F SUFFIX
CERAMIC PACKAGE
CASE 607

(TOP VIEW) G SUFFIX
METAL PACKAGE
CASE 6038
L SUFFIX
P SUFFIX
CERAMIC PACKAGE PLASTIC
CASE 632 PACKAGE
TO-118 CASE 646
\/
Output
A E 4jvee
Output Output
Lag A 5 E 8
Input Output
Legal3 12} Lag B
Input Input
Lagald @L” B
Non. inv, input
Input E A 19 ag 8
Inv. Non. Inv.
tnput s B, 9 Input
Inv.
Vi 7
EEE Input

K87




MC1435, MC1535

HIGH z;, DIFFERENTIAL TO SINGLE-ENDED AMPLIFIER

LARGE QUTPUT SWING CONFIGURATION (FLOATING LOAD)

2,= 70 min
(differential)
10k
e 01,F AL
u vee 1 vee | vo-20v,
vi ol S0k 6Vdc @ - 0 !
1 6vdc[ Vo=+10
. Vi e S Vpk(max)
Vo =-2V
MC1535G 0 !
~—- * Vi
-6 Vde
001 uF
01xF a7 = Yo
1k
= L] '-'-E “’ j—‘ =
vee - =
6 vde
MAXIMUM RATINGS (Tp = +25°C unless otherwise noted.)
Rating Symbol MC1535 MC1435 Unit
Power Supply Voltage Vee +10 +9.0 Vdc
VEE -10 -9.0
Input Differential Voltage Range VDR +5.0 +5.0 Volts
Common-Mode Input Voltage Range VICR +5.0, -4 0 +50-40 Voits
Load Current W 20 20 mA
Output Short-Circuit Duration ts Continuous
Power Dissipation (Package Limitation) Pp
Flat Ceramic Package 500 mwW
Derate above Tp = +25°C 33 mW/°C
Metat Package 680 mwW
Derate above T = +25°C 46 mw/°C
Ceramic Dual In-Line Package 625 mW
Derate above Ta = +25°C 50 mw/°c
Operating Ambient Temperature Range Ta -55 to +125 0to +75 oc
Storage Temperature Range Tstg -65 to +150 -65 to +150 °c
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MC1435, MC1535

ELECTRICAL CHARACTERISTICS (Each Amplifier) (Vo = +6.0 Vde, VEE = -6.0 Vde, T 5 = +25°C uniess otherwise noted.)

MC1535 MC1435
Characteristics Symbol Min Typ Max Min Typ |Max Unit
Input Bias Current g
e = I3+ Ty =+25°C - 1.2 30 - 1.2 5.0 pAdc
1B 73 'Ta = Tiow to Thgh @ - - 6.0 - - 10
Input Offset Current o nAdc
Ta = +25°C - 50 300 - 50 500
Ta=+26%C to Thygn - - 300 - — {1500
TA = Tiow to +25°C - - 900 - - 1500
tnput Offset Voltage Vio mVdc
Ta =+25°C - 1.0 3.0 - 1.0 5.0
TA = Tiow 10 Thigh - - 5.0 - - 7.5
Differential Input Impedance (Open-Loop, f = 20 Hz)
Parallel input Resistance ri 10 45 - 10 45 - k ohms
Paralle) Input Capacitance C; - 6.0 - - - - pF
Common-Mode Input Impedance (f = 20 Hz) Z) 250 - - 250 - Megohms
Common-Mode Input Voltage Swing VICcR +30 +3.9 - +30 +3.9 - Vpk
See Figure 7. -2.0 -27 — -20 -2.7 -
Equuvalent Input Noise Voltage en - 45 - - 45 - nV/{Hz)%
(Ay =100, Rg= 10 k ohms, f = 1.0 kHz, BW = 1.0 H2)
Common-Mode Rejection Ratio (f = 100 Hz) CMRR -70 -90 - -70 -90 - dB
Open Loop Voltage Gain Ayol 4,000 7,000 |12,000 | 3,500 | 7,000 - VIV
{TA = Tiow 10 Thigh!
Power Bandwidth (See Figure 2, Curve 3A.) BWp - 40 - - 40 - kHz
(Ay =1, R|_= 2.0 kohms, THD < 5%, V5=20Vp-p)
Unity Gain Crossover Frequency (open-loop) fe - 20 - - 2.0 - MHz
Phase Margin (open-loop, unity gain} ém — 75 - - 75 - degrees
Gain Margin Am - 18 - - 18 - dB
Step Response
Gain = 100, 30% overshoot, PHL - 03 - - 0.3 - us
R1=4.7kQ, R2=470kS2, tp - 0.1 - - 0.1 - Hs
R3 =150, C1= 1,000 pF SR - 0167 - - 0167 | — Vius
Gain = 10, 10% overshoot, tPHL - 1.9 - - 1.9 - HS
R1 =47k, R2=470k%, tp - 03 - - 0.3 - Hs
R3=47Q,C1=0.01uF SR - 0.1 ~ - 0111 | — Vius
Gain = 1, 5% overshoat, tPHL - 27 - - 27 - us
R1 =47k, R2=47k$, tp - 0.25 - - 0.25 - Hus
R3=4.7,C1=0.1uF SR - 0013 - - 0013 | - V/us
Output Impedance (f = 20 Hz) E - 1.7 - - 1.7 - k ohms
Short-Circuit Output Current los — 117 - - *17 - mAdc
Output Voltage Swing (R|_= 10 k ohms) Vo +25 2.8 - +23 | 27 | — Vpk
Power Supply Sensitivity »VI/V
VEE = constant, Rg {10 k ohms PSS+ - 50 - - 50 -
Ve = constant, Rg < 10 k ohms PSS- - 100 - - 100 -
Power Supply Current (Total} lcc - 83 125 - 8.3 15 mAdc
Igg - 8.3 125 - 83 15
DC Quiescent Power Consumption (Total) Pc - 100 150 - 100 180 mw
(Vo =0}
MATCHING CHARACTERISTICS
Open Loop Voltage Gain Avol1=Avol2 — +1.0 - — +1.0 | — dB
Input Bias Current lig1-iB2 - +0.15 - - 1015 | - HA
Input Offset Current lhio1-lo2 - 10.02 - - 1002 | — KA
Average Temperature Coefficient TC1101-TCli02 _ +0.1 — _ +0.1 _ nA/°C
Input Offset Voltage Vio1-Vio2 - 0.1 - - 10.1 - mV
Average Temperature Coefficient TCVI01'TCVI 02 _ 105 _ _ 105 _ AV/OC
Channel Separation {See Fig. 10) €o1 dB
{f = 10 kHz2) Q - -60 - - -60 -

@ Tiow: 0°C for MC1435
-55°C for MC1535
Thigh: +75°C for MC1435
+125°C for MC1535
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MC1435, MC1535

Vo, 0UTPUT VOLTAGE SWING (Vp p)

Avol, VOLTAGE GAIN (dB)

TYPICAL OUTPUT CHARACTERISTICS
{Vge = +6.0 Vdc, VEg = -6.0 Vdc, T = +25°C.)

FIGURE 1 — TEST CIRCUIT

TEST CONDITIONS OUTPUT
FIGUR GE NOISE
Ry nor | Shor | Yeam s | mit) | mg Cilef) | Rgld | CobF) | mv(RMS)
2 3 { 1 47k 47k 100,000 41 0 0.12
3A or 1 47k a7k 0 ) 50,000 045
3 1 100 47k | 470k 1,000 150 0 17
or 100 41k | 470k 0 © 510 21
2 | 10 ax | a0k 10,000 ) 0 10
or 10 a7k | 410k 0 © 5,000 21
3 1 47k 47k 100,000 4 0 012
or 1 a7k 47k [} 50,000 046
4 1 orAvl | 100 © 1,000 150 0 81
Agt | 100 o 0 0 510 81
IR I I A R I
s Avol | 100 © o000 | 47 k) 44
L orAvol | 100 0 0 ® 50,000 44
v
*Ceramic packages only ce
FIGURE 2 — LARGE SIGNAL SWING
versus FREQUENCY FIGURE 3 — VOLTAGE GAIN versus FREQUENCY
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&
3 2
30 A\ S N
3A e N
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0 M~ s -10 3
100 10k 10k 100 k 10M 100 10k 10k 100k 10M 1M
f, FREQUENCY (H2) 1, FREQUENCY (H2)
FIGURE 4 — OPEN LOOP VOLTAGE GAIN FIGURE § ~ INPUT OFFSET VOLTAGE
versus FREQUENCY versus TEMPERATURE
140 _H2
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120 =408 Pt
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(5]
80 0 P
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e MC1435
0 ) %8 |
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MC1435, MC1535

TYPICAL CHARACTERISTICS (continued)

FIGURE 6 — VOLTAGE GAIN versus FIGURE 8 — POWER CONSUMPTION versus
POWER SUPPLY VOLTAGE POWER SUPPLY VOLTAGE
% I S Bl
Ta = 4250 500 SAFE OPERATING AREA  1— 1 125 [ fe0
a0 L 300 AT TEMPERATURE | 75
400 50 5

o / 15 F100

- 100
/ 200 — [ b=
€0 L~

Ayol. OPEN LOOP VOLTAGE
~

E 125
/ 3 / 125w
E w £ £
50 IR g g2 €
Ve and VEE, POWER SUPPLY VOLTAGE (VOLTS) 2 .4 g s 3
oS 80 a
o “w
FIGURE 7 — COMMON MODE SWING S 6 7
versus POWER SUPPLY VOLTAGE g g QUIESCENT =0V AMBIENT
W50 = a S a0 TEMPERATURE
= TViCR &« OEGREES
5
o_ 40 CENTIGRADE
Sa /
w
az o,
gg 0 ~on 2
zw P SAFE OPERATING AREA
g% 20 AT ANY TEMPERATURE
S 10
S e 20 30 40 50 60 70 80 980 10
S o5 Ve and VEE, POWER SUPPLY VOLTAGE (Vdc)
B 20 40 50 80 10
Ve and VEE . POWER SUPPLY VOLTAGE (VOLTS)
FIGURE 9 — OUTPUT WIDEBAND NOISE VOLTAGE
versus SOURCE RESISTANCE
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= H——T115 0 Hz 10 10MH2) H Ay-2
wi T R VA~ v R
g €y = 1,000 pF R3= 150 [} !
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> [ T T n L 1 Ry —e &
2 A, =100 Tl
510 Cy=001uF Ryzdlg OUTPUT LAG
g EA0 SRR b
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ORDERING INFORMATION

Device Temperature Range Package
MC1436G 0°C to +70°C Metal Can
MC1436U 0°C to +70°C Ceramic DIP
MC1436CG 0°C to +70°C Metal Can
MC1436CU 0°C to +70°C Ceramic DIP
MC1536G —55°C to +125°C Metal Can
MC1536U -55°C to +125°C Ceramic DIP

MC1436
MC1436C
MC1536

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)
® Qutput Voltage Swing —

£30 Vpk(min) (Vcc = +36 V, VEE =-36 V) (MC1536)

+22 Vpk(min) (Vcc = +28 V, VEE = -28 V)

OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

METAL PACKAGE

® Input Bias Current — 20 nA max (MC1536) CASE 601
® Input Offset Current — 3.0 nA max{MC1536)
® Fast Slew Rate — 2.0 V/us typ
® |nternally Compensated
® Offset Voltage Null Capability
@ Input Over-Voltage Protection
® AygoL — 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
R2
100k
hid U SUFFIX
+28V CERAMIC PACKAGE
CASE 693
R1
10k
VA O——4
MC1536
MC1436, C —0
Vg =10(vg-Vval
Ve
FIGURE 2 — TYPICAL NON-INVERTING X10
VOLTAGE AMPLIFIER FIGURE 3 — LOW-DRIFT SAMPLE AND HOLD
10+28V T BY
Vi=44vpp
ME1536 Vo=t Vor
MC1436,C 4 SWITCH .
b—o ¢
e ¢
|
SRL Sk -
W H
9k Polycarbonate *Dnift due to bias current
1k SAMPLE 1s typichily 8 mV/s
COMMAND = -28v
= =
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MC1436, MC1436C, MC1536

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

Rating Symbol MC1536 MC1436 MC1436C Unit

Power Supply Voltage Vee +40 +34 +30 vde

VEE -40 -34 -30

Input Ditferential Voltage Range VibR + (Ve + vee™d) Volts

Input Common-Mode Voltage Range VICR +Vee, - (Vee™d) Volts

Output Short Circurt Duration (Voe = VEE = 28 Vde, Vg = 0) tg 50 s

Power Dissipation (Package Limitation} Po 680 mw
Derate above T = +25°C 46 mW/°oc

Operating Ambient Temperature Range Ta -5510 +125 0to+70 oc

Storage Temperature Range Tsig -65 to +150 °c

ELECTRICAL CHARACTERISTICS (Vcc = +28 Vdc, VEE = - 28 Vdc, TA = +25°C unless otherwise noted)
MC1536 MC1436 MC1436C
Characteristics Symbol Min Typ Max Min Typ | Max Min Typ Max Unit

Input Bias Current he nAdc
Ta = +25°C - 80 20 - 15 40 . 25 90
TA = Tiow te Thigh {See Note 1) - - 35 — - 55 - - —

Input Offset Current ho nAdc
Ta=+26%C - 10| 30 - 50 10 - 10 2
Ta = +25%°C 10 Thygn - - 45 - ~ 14 - - -

TA = Tiow to 425°C — — 70 — ~ 14 — - -

Input Offset Voltage Vio mVdc
Ta = +25°C - 20 50 - 50 10 - 50 12
TA=Tiowto Thvgh = - 70 — - 14 - = -

Differential Input Impedance {Open-Loop, f <5 0 Hz)

Paralle) 1nput Resistance 3 - 10 - - 10 - - 10 — | Megohms
Parallel Input Capacitance Ccp - 20 - - 20 - - 20 - pF
Common-Mode Input Impedance (f <5 0 Hz) 2 - 250 - - 250 - 250 - Meg ohms
Input Common-Mode Voltage Range Vicr +24 +25 - +22 +25 - 118 +20 - Vok
Equivalent Input Noise Voltage en nV/(Hz)%
(Ay =100, Rg = 10 k ohms, f=10kHz,BW = 1 0 Hz) - 50 — — 50 — - 50 —
Common-Mode Rejection Ratio (dc) CMRR 80 110 - 70 110 — 50 90 - dB
Large Signal dc Open Loop Voltage Gain AvoL viv
v 1OV R - 100k ) Ta = +25°C 100,000 |500,0000 - |70,000|500,000f — | 50,000| 500,000f -
(Vo =210V, R = P QT A = Tiow 10 Thigh 50,000 | — - |so000| - - - - -
(Vg=+10V,R_ =10k ohms, T = +25°C) - 200,000 - - |200.000] - — | 200000 -

Power Bandwidth (Voltage Follower) BWp kHz
(Ay =1, R_=50kohms, THD< 5%, Vg = 40 Vp-p) - 23 - - 23 — - 23 —

Unity Gain Crossover Frequency {open-loop) fe - 10 - - 10 - - 10 - MHz

Phase Margin {open-loop, unity gain) om - 50 - - 50 - - 50 - degrees

Gain Margin Am - 18 - - 18 - - 18 - dB

Slew Rate {Unity Garn) SR - 20 - - 20 - - 20 - Vlius

Output Impedance (f <5 0 Hz) E7S - 10 - - 10 - - 10 - k ohms

Short-Circust Qutput Current 10s - 17 - - +17 - - +19 - mAdc

Output Voltage Range (R|_ = 5 0 k ohms) VoR Vpk
Ve = +28Vde, VEE = -28 Vde £22 23| - | 220} 1222 -] t20 | #22 | -

Ve = +36 Vde, Veg = -36 Vdc +30 32 - - - - - - -
Power Supply Sensitivity (dc) »VIV
VEE = constant, Rg < 10 k ohms PSS+ - 15 100 - 35 200 - 50 -
Ve = constant, Rg = 10 k ohms PSS- - 15 100 - 35 200 - 50 -

Power Supply Current (See Note 2) Icc - 22 40 - 26 50 - 26 50 mAdc
g - 22 40 - 26 50 - 26 50

DC Quiescent Power Consumption Pc mw
V=0 - 124 224 - 146 280 - 146 280

Note 1 Tiow 0°C for MC1436,C Note 2  Vgg = VEg = 50 Vdc to 36 Vdc for MC1536

-55°C for MC1536 Vee = VEE = 50 Vdc to 30 Vdc for MC1436
Thigh +70°C for MC1436.C Ve = VEE = 50 Vdc to 28 Vdc for MC1436C

+125°C for MC1536
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MC1436, MC1436C, MC1536

FIGURE 4 — POWER BANDWIDTH FIGURE 5 — PEAK OUTPUT VOLTAGE SWING versus
_ POWER SUPPLY VOLTAGE
70 Z 3
& l | L
- 60 - 2 30 |—TA =250C /
a 1 o
Z % || ER A
] : -
g N ] £ w R_=5m//
g 40 ] 4 )
5 A L
§ o N\ ] 3 /]
> 10
o - /
s 20 =] N
< s E 50 /
0 ERES S o
S~ >
0 — 0 £10 +20 +30 +40
40 60 8010 20 40 60 80100 200 400 Vee, VEE. POWER SUPPLY VOLTAGE (vdc)
f, FREQUENCY (kHz)
FIGURE 6 — OPEN-LOOP FREQUENCY RESPONSE FIGURE 7 — OUTPUT SHORT-CIRCUIT CURRENT
versus TEMPERATURE
+140 - 32
+120 )
= q
g +100 == e
= = -
Z w0 3 5 I~ SOURCE
i 2 ~
< 60 = 16
2 a0 = 12 SINK \
g z
2 20 5 80
=
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-20 S 9
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FIGURE 8 — INPUT BIAS CURRENT versus TEMPERATURE
32

28

24

hB. INPUT BIAS CURRENT (NORMALIZED)
=

-75 -50 -25 0 +25 +50 +75 +100 +125
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MC1436, MC1436C, MC1536

FIGURE 9 — INVERTING FEEDBACK MODEL FIGURE 10 — NON-INVERTING FEEDBACK MODEL

L

l_. 20
n
Vin lo
1 (Y
- h v Aol 2y
IF Ag (w)=o IFR3<<Z) n u=y 2y, 7 VERY HIGH
g =1 Vo | 1 =
o710 2 w o n u~21 3 an,
0% 20 V, When
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A -
o v, 0 (wie
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FIGURE 11 — AUDIO AMPLIFIER FIGURE 12 — VOLTAGE CONTROLLED CURRENT
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ORDERING INFORMATION

Device Temperature Range Package
MC1437L 0°C to +70°C Ceramic DIP
MC1437P 0°C to +70°C Plastic DIP
MC1537L -55°C to +125°C Ceramic DIP

MC1437
MC1537

components.

Typical Amplifier Features:

AvyQL = 45,000 typical

® Large Output Voltage Swing —

HIGHLY MATCHED
DUAL OPERATIONAL AMPLIFIERS

® Low Temperature Drift — +£3 uV/°C

+14 V typical @ + 15 V Supply

® High-Performance Open Loop Gain Characteristics —

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

DUAL MC1709

OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

MAXIMUM RATINGS (T 5 = +25°C)

Rating Symbol Value Unit
Power Supply Voltage Vee +18 Vdce
VEE -18 Vdc
Differential Input Voltage Range Vior 50 Volts
Common-Mode Input Voltage Range VICR +Vee Volts
Output Short Circuit Duration ts 50 H
Power Dissipation {Package Limitation) Pp
Ceramic Package 750 mwW
Derate above Tp = +25°C 60 mw/°c
Plastic Package MC1437P 625 mw
Derate above Tp = +25°C 50 mw/°C
Operating Ambient Temperature Range TA °c
MC1537 -65 to +125
MC1437 0to +70
Storage Temperature Range Tstg -65 to +150 °c
FIGURE 1 — CIRCUIT SCHEMATIC
Veec 914 11 Input Lag1
El 10k 10k J 20 k
25k§ 3§25k 10k I ’}1.0 K Output 1
thput Lagc‘o 30 K ©12
Non-Inverting © 13
input 1 o K Output 1
inverting Input Lag
1 18 k }_‘ 3.0k ¥3.0k
2.4k 3 36k 10k 75 7
o
24k X 36k 10k 75|  Vgg
T8 k 3.0kl £3.0k
Inverting input
Non-lnverting 2 Output 2
Input 2 O Lag
Input Leg S { 30k b3
26 ki 325k 10k r[}w K Output 2
r{ 10k 310k T 20k
Vee 014 43 Input Lag 2

P SUFFIX
PLASTIC PACKAGE
CASE 646
(MC1437P only)

Qutput Lag A} 1

Output AE
Input Lag A E
Input Lag A E

Inv. Input E A
Non Inv E B
Input

VEEE

E Vee

QOutput
13 Lag B

E Output B
E tnput Lag B
E Input Lag B
:9] Inv, Input

-] Non Inv,
Input

L SUFFIX
CERAMIC PACKAGE
CASE 632
TO-116
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MC1437, MC1537

ELECTRICAL CHARACTERISTICS — Each Amplifier (Vg = +15 Vdc, VEE = =15 Vdc, TA = +25°C unless otherwise noted.)

MC1537 MC1437
Characteristic Symbol Min Typ Max Min Typ Max Unit
Open Loop Voltage Gan AvoL _
(R =5.0k2,Vo=110V, 25,000 45,000 70,000 15,000 | 45,000 -
Ta=TiowDto Thigh O
Output Impedance 25 - 3Q - - 30 - 2
(f = 20 Hz)
Input Impedance z, 150 400 - 50 150 - k$2
(f = 20 Hz)
Output Voltage Range VOR Vpeak
(R = 10kQ) +12 +14 - +12 +14 -
(Rl = 20k$2) +10 +13 - - - -
Input Common-Mode Voltage Range VICcR +80 +10 - 180 +10 - Vpeak
Common-Mode Rejection Ratio CMRR 70 100 - 65 100 - dB
Input Bias Current hg HA
[ l1+la) (Ta=+25°C) - 02 05 - 04 15
18- (Ta = Tiow D) - 05 15 - - 20
Input Offset Current ho A
thg =11-12) - 005 02 - 005 05
o =11-12.TaA=Tion D) - - 05 - - 075
o =11-12.TA = Thigh @) - - 02 - - 075
Input Offset Voltage Vio mV
(Tp = +25°C) - 10 50 - 10 75
TA = Tiow D10 Thigh @) - - 60 - - 10
Step Response
Gain = 100, 5% overshoot, I tTLH - 08 - - 08 - us
Rq = 1ks2, Ry = 100 k2, PLHPHL - 038 - - 038 - us
R3 - 16Kk, Cq = 100pF, Cy =3 0pF) SR - 12 - - 12 - Vius
Gain = 10, 10% overshoot, I tTLH - 06 - - 06 - us
Rq =1k, Ry =10k¢2, PPLH-TPHL - 034 - —_ 034 b us
R3=15 k{2, Cqy =500 pF, Cg = 20 pF SR - 17 - - 17 - Vius
Gamn = 1, 5% overshoot, I TLH - 22 - - 22 - us
Rq = 10ks2, Ry = 10ks2, PLHPHL - 13 - - 13 - us
R3 =15k, Cq =5000pF, Cy = 200 pF. SR - 025 - - 025 - Vius
Average Temperature Coefficient of avig/aT uv/oc
Input Offset Voltage
(Rg =50 Ta = Tiow @ t0 Thgh @) - 15 — - 15 -
(Rg£10k$2, Ta = Tiow D10 Thigh @) _ 30 - - 30 -
Average Temperature Coefficient of aljp/aT nA/°C
Input Offset Voltage
(TA = Tiow (D to +25°C) - 07 - - 07 -
(Ta = +25°C to Thign @ - 07 - - 07 -
DC Power Consumption (Total) Pc - 160 225 - 160 225 mw
(Power Supply = +15V, V4, = 0)
Positive Supply Sensitivity PSS+ - 10 150 - 10 200 uV/Vv
(VgE constant)
Negative Supply Sensitivity PSS- - 10 150 - 10 200 uVIV
(V¢ constant)
O 70w = 0°¢ for Mc1437 @ Tpgn = +709C for MC1437
= -55°C for MC1537 = +125°C for MC1537
MATCHING CHARACTERISTICS
Open Loop Voltage Gain AyvoL1-AvoL2 - +1.0 — - +£1.0 - dB
{nput Bias Current he1-hiB2 - 10.15 - - +0.15 - uA
tnput Offset Current lto1-102 - +002 - - +0.02 - uA
al al 0
Average Temperature Coefficient l__'bgrl 1-1 L(?rz' - $0.2 - - +0.2 - nA/°C
Input Offset Voltage Vio1-Vio2 - 10.2 - - 102 - mVv
Average Temperature Coefficient AVio1 - 2Vio2 _ +05 - +05 uv/ieC
"-KT_l - ITI - - -
Channel Separation eo1
{f = 10 kHz) 202 - 90 - - 90 - dB
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MC1437, MC1537

TYPICAL OUTPUT CHARACTERISTICS

FIGURE 3 — TEST CIRCUIT
Ve = +15 Vde, Vgg = 15 Vde, T = 25°C

R2 oUTPUT
A~ FIGURE | CURVE [VOLTAGE TEST CONDITIONS NOISE
NO. | NO. | GAIN | Ry@) | R(®) | Ry(@) | CyleF) | CzloF) | (mVGms))
4 1 ) 10k | 10k | 15k | 50k | 200 | 010
2 10 0k | 100k | 15k | 500 20 014
3 10 | 10k | tom | 15k | 10 | 30 07
4 000 | 10k | 10M 0 10 30 52
5 1 1 w0k | 1ok | 15k | sok | 20 | 010
2 10 10k | 100k | 15k | 500 0 | on
3 wo | 1ok | tom | sk | 100 30 07
Output 4 1000 | 10k | 1oM 0 10 30 52
Leg AL 6 1 AvoL 0 3 15k | 50k 200 55
— 2 AvoL 0 ® 15k | 500 20 105
3 | Ayl | © ® 15k | 100 | 30 | 210
c2 o s | AL | o0 ® 0 10 30 | 330
L 5 | Al | 0 ® ® 0 30 -
FIGURE 4 — LARGE SIGNAL SWING
versus FREQUENCY FIGURE 5 — VOLTAGE GAIN versus FREQUENCY
+4
N \ [ [ [T AL =)
= t12 +60
+10 il CURVE 4 1y
>
= 480 CURVE 1 I \3&4 R
m
= 44y N \ =440
2 420 N N, N g 3 N
£ I SIS 3
g 0 i = = g
A
5 oo I g 7T =
> A o
2-40 S+20
l Al 14 : 2
560 A 3
e {1/ / <
=-80 t +10
£ -0 I
-1 I £ 0
1 ”I J, A1 -50 1 ”I
10 100 10k 10k 100k 1.0M 10 100 10k 10K 100k 10M
, FREQUENCY |(Hz) f, FREQUENCY (H2)
FIGURE 6 — OPEN LOOP VOLTAGE GAIN FIGURE 7 — TOTAL POWER CONSUMPTION
versus FREQUENCY versus POWER SUPPLY VOLTAGE
100
I
" A Nl N N 300
g CURVE 1 \\ 2 3| 4| TH § N £ 20 Vo=0VOLT /,/
Z E
g \\‘n \~\ \\ \\ E
2 £0 LT o £ 100 —
= N N N 2 —
ot N N N 2
S i 5 8 50 v
>_‘a \ N ™ -
B
g NN N R /” CAUTION ADDITIONAL POWER
< . ™ N e / DISSIPATION RESULTING FROM
N S DRIVING LOW IMPEDANCE LOADS |
N / MUST BE ADDED TO THE ABOVE
Nt CURVE
0 Il 10 I B B
10 100 10k 20k 50k10k 100k 1.0M 40 60 80 10 12 14 16 18
1, FREQUENCY {Hz) Ve and VEE, POWER SUPPLY (Vdc)
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MC1437, MC1537

TYPICAL CHARACTERISTICS (continued)

FIGURE 8 — VOLTAGE GAIN versus FIGURE 9 — COMMON INPUT SWING
POWER SUPPLY VOLTAGE versus POWER SUPPLY VOLTAGE
100 ]
) g
] >
Z = 250, f=
2 90 e ERT //
. 3
w w12 e -
: / = VicR:
par) = 10
o =
> 80
E / 2 0 "
; E 6 // ICR
S 10 / g
o / = 4
o o
> o
< z 2
>
60 30
0 50 10 15 20 0 50 10 15 20
V¢ and VEE, POWER SUPPLY VOLTAGE (VOLTS) Ve and VEE, POWER SUPPLY VOLTAGE (VOLTS)
FIGURE 10 — INPUT OFFSET VOLTAGE FIGURE 11 — QUTPUT NOISE VOLTAGE
versus TEMPERATURE versus SOURCE RESISTANCE
—- 100
2'06 C1=10pF C;=30pF R3=0i—H
§+04 ~ s [ OPEN LOOP 1
Z \ Slope can be either polarity E
w02 ~ = - <10pF Cp= Ry H
& 5 10 Ay=1000 Cq=10pF Cp=30pF R3=0
< \ =] :
S oo ~ = ;
e \ 2 ]
i 2 Ay =100 Cy=100pF Cy=30pF R3=15k A
[ ~ 5
S 1o £t
E -04 3
s ™ = Ay =10 Cy=510pF Cy=20pF R3=15k
S-06 £ [AV=70 Cy=00054F Cp= 200pF Ry= 15k —
5 1 AN
g8 01 81 N A A A -
-60 -4 -20 0 +20 +40 +60 +B0  +100 +120 +140 100 10k 10k 100 k
Tp. AMBIENT TEMPERATURE (0C) Rg, SOURCE RESISTANCE (OHMS)
FIGURE 12 — INDUCED OQUTPUT SIGNAL
(CHANNEL SEPARATION} versus FREQUENCY
10,000
5 b—o
5 1000 ——= —— b _._r- e, = 1.0 Vrms
:ﬁj - =
R
a 10 - outz
] = -
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& ®
< 0 — Induced output signal (uV of induced output signal in
100 10k 10k 100k amplifier #2 per volt of output signal at amplifier #1).

f, FREQUENCY (H2)
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ORDERING INFORMATION

Device Temperature Range Package
MC1439G 0°C to +70°C Metal Can
MC1439L 0°C to +70°C Ceramic DIP
MC1439P1,P2 0°C to +70°C Plastic DIP
MC1539G -55°C to +125°C Metal Can
MC1539L ~55°C to +125°C Ceramic DIP

MC1439
MC1539

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 Ouiput Swing at 20 kHz min
Output Short-Circuit Protection

Input Over-Voltage Protection

Class AB Output for Excellent Linearity

High Slew Rate — 34 V/us typ

OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

FIGURE 1 — HIGH SLEW-RATE INVERTER

100 k

100 k
810 8- A4
Tk —t

SR = 35/Vus

0.1 uF 5

o

+15V <15 v
Vee Veg

FIGURE 2 — QOUTPUT NULLING CIRCUIT

R
Rq 2
————ANN—t
Vee Rs €0
20k
v
EE A3 Ra Cq

10 k <Rg < 100(R3) (Vee)

FIGURE 3 ~ OUTPUT LIMITING CIRCUIT

RF

o St

-0.7 v

G SUFFIX
METAL PACKAGE
CASE 601

Compensation

Compensation a
77
Inv 1nput > Output
ew Output Lag
®

Non-Inv
input
VEE
L SUFFIX
CERAMIC PACKAGE
CASE 632
(TQ-116)
Ne. 1] 4 nC
NC. E 13 N C.
Compensation E [12] Compensation
Inv InputE 11 Vee
Non-lnv, Input E [10] Output
Vee E [9] output Lag
ne. (7] [B]ncC.
(Vg thru Substrate
on P2)
P2 SUFFIX
PLASTIC PACKAGE
CASE 646
{(MC1439 only)
P1 SUFFIX
PLASTIC PACKAGE
CASE 626

(MC1439 only)

Compensation | 1] [8] Compensation
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MC1439, MC1539

ELECTRICAL CHARACTERISTICS (V¢g = +15 Vde, VEE = -15 Vde, Ta = +25°C unless otherwise noted.)

MC1539 MC1439
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Bias Current he nA
(T = +25°C) - 0.20 0.50 - 0.20 1.0
(TA=Tiow®D) - 0.23 0.70 - 0.23 15
Input Offset Current ol nA
(TA=Tiow! - - 75 - - 150
(Ta = +25°C) - 20 60 - 20 100
TA=Thigh@®) - - - 75 - - 150
Input Offset Voltage Viol mvV
(Tp = +25°C) - 1.0 3.0 - 2.0 75
(TA = Tiow. Thigh! - - 40 - - -
Average Temperature Coefficient of Input |TCV|0| uVioc
Offset Voltage (TA = Tiow to Thigh)
(Rg =50 02) - 30 - - 3.0 -
(Rg <10k$) - 50 — - 5.0 -
Input Impedance Zin 150 300 - 100 300 - k2
(f =20 Hz)
tnput Common-Mode Voltage Range Vicr ESD] £12 - 11 +12 - Vpk
Equivalent Input Noise Voltage en - 30 - - 30 - nV/{Hz2)%
(Rg = 10 k2, Noise Bandwidth = 1.0 Hz,
f=1.0kHz)
Common-Mode Rejection Ratio CMRR 80 110 — 80 110 - dB
(f = 1.0 kHz)
Open-Loop Voltage Gain {Vo=110V,R_= Ayol
10k, Rg=2°) (Tp =+25°C to Thgn) 50,000 | 120,000 - 15,000 | 100,000 - -
(Ta =Tiow 25,000 | 100,000 — 15,000 | 100,000 -
Power Bandwidth (A, = 1, THD < 5%, PBW kHz
Vo = 20 Vp-p)
(R =2.0k2) - - - 10 50 -
(R =1.0kR,R5=10k) 20 50 - - - -
Step Response
Gain = 1000, no overshoot, tTHL - 130 — - 130 - ns
R1=1,0kQ2,R2=10MQ,R3=10k, thd - 190 - - 190 - ns
R4 =30k, R5 =10k, C1=1000 pF SR — 6.0 - - 6.0 - Vius
Gain = 1000, 15% overshoot, tTHL - 80 - - 80 - ns
R1=1.0kQ,R2=1.0MQ, R3=10k%, tod - 100 - - 100 - ns
R4=0,R5=10kQ,C1=10pF SR - 14 — - 14 - Vlus
Gain = 100, no avershoot, tTHL - 60 - - 60 - ns
R1=1.0k2,R2=100k, R3=1.0k, tpd - 100 - - 100 - ns
R4=10k, R5=10k$, C1 = 2200 pF SR - 34 - — 34 - Vlus
Gain = 10, 15% overshoot, tTTHL — 120 - - 120 - ns
R1=1.0k2, R2=10k2, R3=1.0ks2, tod - 80 - — 80 - ns
R4=1.0kQ, R5=10k$, C1=2200pF SR - 6.25 - - 6.25 - Vius
Gain = 1, 15% overshoot, tTTHL - 160 — — 160 - ns
R1=10k$2,R2=10kQ, R3=5.0kQ, tpd - 80 - - 80 - ns
R4=390,R5=10kQ, C1=2200pF SR - 4.2 - - 4.2 - Vius
Qutput Impedance E2Y - 4.0 - - 40 - kQ
(f =20 Hz) .
Output Voltage Swing Vo Vpk
(R =2.0kR, f=1.0kHz) - - - +10 +13 -
(R =1.0kQ, f=1.0 kHz2) *10 £13 - - - -
Positive Supply Rejection Ratio PSRR+ - 50 150 - 50 200 uvIiv
(VgE constant, Rg = 9
Negative Supply Rejection Ratio PSRR- - 50 150 - 50 200 uVviv
(V¢ constant, Rg = o)
Power Supply Current
{(Vo=0) lce - 30 5.0 - 3.0 6.7 mAdc
IEE - 3.0 5.0 - 3.0 6.7

®1iow=0%Cfor MC1439  Tiyg = +70°C for MC1439
—-55°C for MC1539 +125°C for MC1539
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MC1439, MC1539

MAXIMUM RATINGS (T4 = +25°C unless otherwise noted.)

INPUT
a9

OUTPUT
LAG

Rt

Rating Symbol Value Unit
Power Supply Voltage Vee +18 Vdc
VEE +18
Differential Input Voltage Range VIDR +(Voe + [VEE] Vdc
Common-Mode Input Voltage Range VICR +Vee- Vel Vde
Load Current L 15 mA
Output Short-Circuit Duration tg Continuous
Power Dissipation (Package Limitation) Pp
Metal Package 680 mW
Derate above Tp = +25°C 4.6 mw/°c
Ceramic Dual In-Line Package 750 mwW
Derate above Tp = +25°C 6.0 mW/°c
Plastic Dual In-Line Packages MC1439 625 mwW
Derate above T = +25°C 5.0 mw/°c
Operating Temperature Range MC1539 TA -55 to +125 —Oc
MC1439 0to +70
Storage Temperature Range Tstg °c
Metal and Ceramic Packages -65 to +150
Plastic Packages -556 to +125
FIGURE 4 — EQUIVALENT CIRCUIT SCHEMATIC FIGURE 5 — EQUIVALENT CIRCUIT
2
cc >
v s S5 2k
‘ * vee
[
INPUT LAG N
A v
INVERTING INPUT o INVERTING
oW - 'k 1% A 4 4@ -
1k ‘a
y ) S
{! 500 500 2%k —p ouTPUT 9
w I " "
v 3 3 ° NON
NON INVERTING INPUT INVERTING
o y
QUTPUT LAG N & }/_
VEE g 1k ?\su VEE
O—
FIGURE 6 — TEST CIRCUIT
Rz
TYPICAL OUTPUT CHARACTERISTICS
(Veg = +15 Vdc, VEE = -15 Vde Tp = +25°C
FIGURE CURVE VOLTAGE TEST CONDITIONS (FIGURE 6)
NO NO GAIN () | Ry tn) | R3I0) |Reln) [Rg Q) |Cy (pF)
1 Avol o ©o ° oo o o
2 1 10k 10% S0k 90 10k 2200
3 10 10k 10k 10k 10k 10k 2200
71012 4 100 10k 100 k. 10k 10k 10k 2200
5 1000 10k 10Mm 10k 30k W0k 1000
[] 1000 10K 10M 10% o 10k 10
» 1 Avol o [~ o = oo o
2 L l l 390 l 2200
3 10k 2200
4 10k 2200
5 30k 1000
] L] 10
13 ALL 1 10k 10k 50k 390 10k 2200
14 ALL 10 10k 10 & 10k 10k 10k 2200
AL ALL 100 10k 100 k. 10k 10k 10k 2200
16 ALL 1000 10k 10M 10Kk 30k 10k 2200
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MC1439, MC1539

TYPICAL CHARACTERISTICS (continued)
(Ve = +15 Vde, VEE = -15Vde, T = +259C, unless otherwise noted.}

FIGURE 7 — LARGE-SIGNAL SWING versus FREQUENCY FIGURE 8 — OPEN-LOOP VOLTAGE GAIN versus FREQUENCY
u 110
2 — wo:H:
) T
20 1 g TN N
2 N | NN z 92 N ! L =20k OHMS
= N \ < 8 ‘\ N
w16 u N N
2 u sL NN\ g NI\ e N
5 2 60—} ARROWS INDICATE Bl A= N
2 1 = UNCOMPENSATED NMNUITNLTTN
5 10 \ \ s 50 POLE LOCATION N
g 6[['2 3 Y4 S il NUIN
5 80 = l N Y N
C’- 2 30 [N
S 60 Ry = 10K OHM < Il NN T
40 -+t 3 Il
20 <5%THD < ||| N
of NI
o (LI 0 Il 1 !
10k 10k 100k T0M 100 10k 10k 100 k T0M 10M

f, FREQUENCY (Hz) f, FREQUENCY (Hz)

FIGURE 9 —OUTPUT VOLTAGE

SWING versus LOAD RESISTANCE FIGURE 10 — OPEN-LOOP PHASE-SHIFT versus FREQUENCY
30 T T 1T_T 11 0
P £18 VOLT SUPPLIES 2 J ™ H”PH ! ”!
1
_ % , ! ! ! ! W 2 N\ € \\ Rp =20 k OHMS
2 / 15 VOLT SUPPLIES N o UIN Y
2 A T T T T = 60 (S E
w2 vy +12 VOLT SUPPLIES £ ‘-3 N
2 / = 80 Nel NS
2 o & AUl R A
S 15 / = 100 i R q
- w N s
2 /| <120 m SN
2 "° 74 £ w0 N N
2 N
> N
S ,4% fin=10kHz 160 \ A§~ AN
50 THD =5% N\
,% I I 180 AN
0 200
100 200 300 500 700 1.0k 20k 30k 50k70k1Dk 10 100 1.0k 10k 100 k 10M
AL, LOAD RESISTANCE (OHMS) f, FREQUENCY (Hz)
FIGURE 11 — OUTPUT VOLTAGE SWING
(to clipping) versus SUPPLY FIGURE 12 — CLOSED-LOOP GAIN versus FREQUENCY
14 60
a T T T —] z
s [ ] Rq = 30k OHMS NI 2‘[%' FI_
= 1 5 | Cp = 1000 pF 1519
3 fin = 1.0k Hz A = T
H AL=1.0k OKM A = Ra = 10 k OHMS, Cy = 2200 pF 5
2 R
g . 2 N
H 100 k S
z e g w | s
Q 7
g ALl l Vee 9 R4=10k OHM, C) = 2200 pF
5n 7 2w t
: = = \X
5 i
% 10 / +VQ - 2200pF $1.0k—]J g1 U \ N3
e . i Yo JL . R4 = 390 OHMS, C1 = 2200 pF 7
Vo = r & — Pttt Alnntilaf
> a0 T N N B B T | REIHI I \2
12 13 114 15 £16 17 +18 10k 10k 100k 1M 10M
SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (Hz)

*AcL = Closed-Loop Gain
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MC1439, MC1539

TYPICAL CHARACTERISTICS (continued)
{Veg = +15 Vdc, VEg = -15 Vde, T = +25°C, unless otherwise noted.)

FIGURE 13— AcL" = 1 RESPONSE versus TEMPERATURE FIGURE 14 — Acy = 10 RESPONSE versus TEMPERATURE
+20 l T T T +40
|
o —
= o T g
2 \' Tt =
= | -55°C < 25
s A =
o ’ 8 +0
(=3 —
E 2 415
g 50 g
8 3 +10
S Peaking can be elimit by z S
a Tusmg heavier compensation < *50
< at the expense of slight band- ”ﬁ”c 0
15 1= width reducton 0 10k
COT™ 1 1 [l
=20 -50 i —
10k 10k 100k 10M M 10k 10k 100k 10M 10M
f, FREQUENCY (kHz) f, FREQUENCY (kHz)
FIGURE 15 — Acy = 100 RESPONSE versus TEMPERATURE FIGURE 16 — AcL = 1000 RESPONSE versus TEMPERATURE
65 ™—rTTtTt T 85 Hll T TrTrImr rrrrn
“l' 80 T 10k 10M m
— G N -
E gn o +
= =170 + - H
< = ~
3 3 Lok IUDUpFL_L
S -559C =] = 30k
3 S 60 ! 1 L1
2 -
g e Z0 1
a +—
S g J\Y S 5 il
o o
< 25 +1250C < 45
20 40 -550C
15 3 250¢ 1l
10 10 100 1.0M 10M 1.0 10 100 10M 10M
f, FREQUENCY (kHz) f, FREQUENCY (kHz)
FIGURE 17 — SPECTRAL NOISE DENSITY FIGURE 18 — OUTPUT NOISE versus SOURCE RESISTANCE
250 T T 100 F FFFFFFF =
~ TR [T = " = Ry= L2
= E N2 1 R1+R2
200 Z = VN _R2
= 7 Ay = —
= E — —O-{+ AT
§ Z ke ™ 4 b Rs= R3]
2w s = = A 1000 —]
9
2 N =] i
£ k z Ay =100
=2
Z { = L]
=z N 210 =
g N 3 :
El IS g
w PN —r
s -T\%- . AV= 1
! ol I
10 100 10k 10k 100k 01 10 10 100
1, FREQUENCY (Hz) RS, SOURCE RESISTANCE (k OHMS)

*AgL = Closed-Loop Gain
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MC1439, MC1539

TYPICAL CHARACTERISTICS (continued)
(Vge = +15 Vde, VEE = -15 Vdc, T = +25°C, unless otherwise nated.)

FIGURE 19 — POWER DISSIPATION versus TEMPERATURE
130

—
vo=0
_ +15 V SUPPLIES —]
z
< 1o
=
g
2100
a
g 90 S ]
gE |
|
2
g8 1
80
50
-55 25 0 +28 450 475 4100  +125
TA. AMBIENT TEMPERATURE (0C)
FIGURE 21 — POWER BANDWIDTH
(LARGE-SIGNAL SWING versus FREQUENCY)
12 — —
0 | Hllﬂr I O AR
Z 480 }— 390
@ +6.0 2200 pF
E
g +4.0 r- Vo
§ +20 1~Vi" R5 Lok C
5 0 [- 10k
S . | += P
z 0 THD=50% /
E -40 K- Voltage Follower C 7
Sl |
= I
12 Il
10 100 10k 10k 100k T0M

f, FREQUENCY (Hz)

FIGURE 23 — COMMON-MODE REJECTION RATIO
versus FREQUENCY
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UNITY GAIN COMPENSATION

7_..-
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-3
S

@
S

ICMRR1, COMMON-MODE REJECTION RATIO (dB)

&
1)

100 1.0k 10k
f, FREQUENCY (Hz)

100 k 10M

Pp,POWER DISSIPATION (mW)

VicR, COMMON-MODE INPUT VOLTAGE (VOLTS)

{CMRR|, COMMON MODE REJECTION RATIO (dB)
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FIGURE 20 — POWER DISSIPATION versus

POWER SUPPLY VOLTAGE
200
AL=10kS
THD = 5%
100 o~
"l Vg =
/
70 —— RL=o
50 //
30
2
SAFE OPERATING AREA (~55 to +1259C)
10
10 12 14 16 18
Ve AND Vg, POWER SUPPLY VOLTAGE (VOLTS)
FIGURE 22 — COMMON-MODE INPUT VOLTAGE
versus SUPPLY VOLTAGE
18 T T
17 }—— UNITY GAIN COMPENSATION
5 | +25°C
| | -
15 NEGATIVE INPUT LIMIT =
1 P ]
13 ] ]
12 / \
n — POSITIVE INPUT LIMIT —
10 7
L
90
80
12 13 14 15 16 1 18

Ve, (VEEL SUPPLY VOLTAGE (VOLTS)

versus TEMPERATURE

FIGURE 24 — COMMON-MODE REJECTION RATIO
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MC1439, MC1539

VOLTS

FIGURE 26 — VOLTAGE FOLLOWER

FIGURE 25 — VOLTAGE-FOLLOWER PULSE RESPONSE

0 50 10 15 20
TIME (us)
TYPICAL APPLICATIONS

FIGURE 27 — DIFFERENTIAL AMPLIFIER

Ry
et
R2
[V} o
H [
" LQQu O y
an-—l R3
e3 o
eout =ein * Vig
7n> 40 M OHMS
RE
1+ — 140
200 = 200y [A R.]=4k Iﬁg}som OHM ep = - I eyt — ezl [I + —I e3
ol
R1, R2
or B3 =
*Property Compensated Ri+Ry

TV @

FIGURE 29 — +15VOLT REGULATOR

7 MC1460G
014F I

For detailed information see Motorola
Apphicatron Note AN 480

FIGURE 28 — SUMMING AMPLIFIER

2N4921 or Equiv

Return @—

VW
R1 RF
(7]
R2
e3 iy
R3
€
RB
Rg = Parallel Combination of Ry, R2, R3, RE.
RF RF RF
ep=-| - e+ = e2+ —
o R 1+ R2 2 R3 e3
*Properly Compensated
Vp+
@ +Sense
@ -Sense
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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)
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ORDERING INFORMATION

Device Temperature Range Package
MC1456G,CG 0°C to +70°C Metal Can
MC1456CL,L,CU,U 0°C to +70°C Ceramic DIP
MC1456CP1,P1 0°C to +70°C Plastic DIP
MC1556G -55°C to +125°C Metal Can
MC1556L ~55°C to +125°C Ceramic DIP
MC1556U -55°C to +125°C Ceramic DIP

MC1456
MC1456C
MC1556

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. Fordetailed information, see Application Note AN-522.

OPERATIONAL AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

G PACKAGE N.C.  {TOP VIEW)
CASE 601

® Low Input 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/us typ
® Large Power Bandwidth — 40 kHz typ
® Low Power Consumption — 45 mW max U SUFFIX
™ b RAMIC PACKAGE
o Offset Voltage Null Capability ) cEe CAgE 69°3
® Qutput Short-Circuit Protection P1SUFFIX %
® [nput Over-Voltage Protection PLASTIC PACKAGE <
s CASE 626
Offset Null [1]] 8] NnC
TYPICAL INPUT BIAS CURRENT AND INPUT LPACKAGE '™ Input Vee
OFFSET CURRENT versus TEMPERATURE for MC1556 case 632 Noninv. 16] output
» TO-116 nput = 5] o
3T MC1456 | EE o
€= C1456C
g W (TOP VIEW)
2 /
EE \\ INPUT BIAS CURRENT ne AT\ /‘—E NC.
S50
28 10 S N.C. i3] n.c.
44
25 Offset Null [3 12) N.C.
'ég r\q se’ E :]
E% Inv. Input E E Vee
==
=2 INPUT OFFSET CURRENT Non-tnv. taput 5 [10] output
0
v
55 <25 0 425 450 475 4100 4125 EE E 9] offset Nui
TA, AMBIENT TEMPERATURE (°C) N.C. [7 (8] n.c.
REPRESENTATIVE CIRCUIT SCHEMATIC
VOLTAGE-FOLLOWER PULSE RESPONSE
4k 1k
C b4 vee
yal
- Y ¥
o
INPUTS 50 j s 56k

L < 35pF

QUTPUT
o

5 VOLTS/DIVISION

] T N
17k 1k 39% F1k 17k

vee

3 OFFSET NULL

2 us/DIVISION
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MC1456, MC1456C, MC1556

MAXIMUM RATINGS (Tp = +25°C unless otherwise noted) MC1456

Rating Symbol MC1556 MC1456C Unit
Power Supply Voltage Vee +22 +18 Vvdc

Vee -22 -18
Differential Input Voltage Range VipR tVee Volts
Common-Made Voltage Range VIiCR tVee Volts
Load Current It 20 mA
Output Short Circuit Duration tg Continuous
Power Dissipation (Package Limitation) Pp 680 mw
Derate above T = +25°C 4.6 mw/°C

Operating Temperature Range Ta -55t0 +125 [ 0t +70 oc
Storage Temperature Range Tstg -65 to +150 l -65 to +150 °c

ELECTRICAL CHARACTERISTICS (Vgc =+15 Vdc, VEE = - 15 Vdc, T = +25°C unless otherwise noted)

MC1556 MC1456 MC1456C
Charactenistic Fig. | Symbot Min Typ | Max | Min Typ |Max Min Typ Max Umit
input Bias Current [IT:3 nAdc
Ta = +25°C - 8.0 15 - 15 30 - 15 90
TA = Tiow t0 Thigh (See Note 1) - - 30 - - 40 - - -
Input Offset Current o nAdc
Ta=+25°C - 10 |20 - 50 | 10 - 5.0 30
Ta=+25°C to Thigh - - 30| - - 14 - - -
TA = Tiow to +25°C - - 50| - - 14 - - -
Input Offset Voltage Vio mVdc
Ta=+25°C - 20 | 40 - 50 | 10 - 5.0 12
TA = Tiow to Thigh - - 6.0 - - 14 - - -
Differential input tmpedance {Open-Loop, f = 20 H2)
Parallel Input Resistance ) - 50 - - 30 - - 30 - Megohms
Parallel Input Capacitance Cp - 6.0 - - 60 - - 60 - pF
C -Mode Input | (f= 20 Hz) z, - 250 - - 250 - 250 - Megohms
Common-Made Input Voltage Range 1 Vicr 112 +13 - +11 +12 - | 2108 112 - Vok
Equivalent Input Noise Voltage 2 en nV/(H2)%
{Ay =100, Rg= 10k chms, f = 1 OkHz, BW = 1.0 Hz) - 45 45 | - - a5 | -
Common-Mode Rejection Ratio (f = 100 Hz) 3 | CMRR 80 110 - 70 110 - - 110 - dB
Open-Loop Voltage Gain, (Vo = 210V,R_=20kohms} | 456 AyoL ViV
Ta=+25°C 100,000| 200,000 — | 70,000] 100,000 - |25.000| 100,000 —
TA = Tiow to Th,y, 40,000 - -~ | 40,000 - - - - -
Power Bandwidth 9 BWp - 40 - - 40 - 40 - kHz
{Ay =1, R_= 2.0k ohms, THD<5%, Vg = 20 Vp-p)
Unity Gain Crossover Frequency {open-loop) 5 BW - 1.0 - - 10 - - 10 - MHz
Phase Margin {open-loop, unity gain} 57 - 70 - - 70 - - 70 - degrees
Gain Margin 8,7 - 18 - - 18 - - 18 — dB
Stew Rate {Unity Gain} SR - 25 - - 25 - - 25 - Vius
QOutput Impedance (f = 20 Hz} 20 - 10 20 - 1.0 |25 - 1.0 - kohms
Short-Circuit Output Current 8 igs - -12,+494Q - - -17,+49q - - -17,490| - mAdc
Output Voltage Swing (Ry_=2 0k ohms} 10 VOR +12 +13 - | +12 [ = | 210 +12 - Vok
Power Supply Rejection Ratio VIV
Vg = constant, Rg <10 k ohms PSRR+ 50 100 - 75 |200] - 7% -
VEE = constant, Rg <10 k ohms PSRR- 50 00| - 75 |200 - 75 _
Power Supply Current Icc - 1.0 15 - 13 3.0 - 13 40 mAdc
(33 - 1.0 15 - 1.3 3.0 = 1.3 40
DC Quiescent Power Dissipation 1" Po - 30 45 - 40 90 - 40 120 mwW
Vo =0

Note 1 Tigw 0° for MC1456 and MC1456C
-55°C for MC1556
Thigh +70°C for MC1456 and MC1456C
+125°C for MC1556
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MC1456, MC1456C, MC1556

VICR, INPUT COMMON-MODE VOLTAGE RANGE (VOLTS)

CMRR, COMMON-MODE REJECTION RATIO (dB)

24
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30
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80

60

40
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+20

AvoL, VOLTAGE GAIN (dB)

+100

+
=
S

+60

+40

+20

TYPICAL CHARACTERISTICS
(Vce =+15 Vdc, VEE = -15 Vdc, TA = +25°C unless otherwise noted).

FIGURE 1 — INPUT COMMON-MODE SWING versus
POWER SUPPLY VOLTAGE

300

-
=]
=1

o
a
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FIGURE 3 - COMMON-MODE REJECTION
RATIO versus FREQUENCY
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FIGURE 5 — OPEN-LOOP FREQUENCY RESPONSE
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FIGURE 2 — SPECTRAL NOISE DENSITY
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FIGURE 4 — OPEN-LOOP VOLTAGE GAIN
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MC1456, MC1456C, MC1556

TYPICAL CHARACTERISTICS (continued)

FIGURE 7 — OPEN-LOOP PHASE SHIFT FIGURE 8 — OUTPUT SHORT-CIRCUIT CURRENT
versus TEMPERATURE
[] \ g 50 l |
£ s T i
s
- = MC1456
B 15 IR MC1456C
o S 3
2 g
= AN 3%
) - g s —~
@ [~
] E 5 SINK
@ =]
= N\ z
a . N : 15 1
<-135 2 1 SOURCE
2
\ 50
-180 3 = 0
1.0 10 100 1.0k 10k 100k 1.0M 10M 100M 215 50 -25 0 +25 +50 475 4100 +125 +150 +175
f, FREQUENCY (Hz) Ta, AMBIENT TEMPERATURE (°C)
FIGURE 9 — POWER BANDWIDTH FIGURE 10 — QUTPUT VOLTAGE SWING versus
LOAD RESISTANCE
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FIGURE 11 — POWER DISSIPATION versus
POWER SUPPLY VOLTAGE
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MC1456, MC1456C, MC1556

FIGURE 12 — INVERTING FEEDBACK MODEL

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 13 — NON-INVERTING FEEDBACK MODEL

VW

—
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RLS Y
= Iin
Ao (w) 2
IF Ag fwlmeo IFR3<<Z1 Vin 2) =,3{;/2' 2, VERY HIGH
—_— . £ 5y =~
Ao fu) Vi z rEa L 2y, Bo lubere
0% F e VO 4,2y,
20 -0 Vi
FIGURE 14 — LOW-DRIFT SAMPLE AND HOLD
Tns v
SwITCH MC1456, V
MC1556 —e 0
Vi e—te o]
10,F
Polycarbanate *Dnift due to bias current
SAMPLE 15 typically 8 mV/s
COMMAND = -15V
FIGURE 15 — HIGH IMPEDANCE BRIDGE AMPLIFIER
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NULL
ADJUST
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MC1456, MC1456C, MC1556

TYPICAL APPLICATIONS (continued)

FIGURE 17 — VOLTAGE OFFSET NULL CIRCUIT

FIGURE 16 — LOGARITHMIC AMPLIFIER

-
Worur
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2N2218
v or equiv MC1456,C
+5V = MC1556
100k
Vi >0e—Ann—rd o
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ADJUST

FIGURE 18 — HIGH INPUT IMPEDANCE, HIGH OUTPUT
CURRENT VOLTAGE FOLLOWER
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ORDERING INFORMATION

Device Temperature Range Package
NOISSoGNG 55010 1125 Metal Oan MC1458 MC1458N
MC1458CL,CU,L, 0°C to +70°C Ceramic DIP
m%?ggggy:.ggzu -55;0 to +12C5:°C C’;aramic E|)|I:P Mc1 458(:
,CP2, 0°C to +70° lastic D
NP1NP2P1.P2 MC1558 MC1558N
(DUAL MC1741)
DUAL MC1741 DUAL
INTERNALLY COMPENSATED, HIGH PERFORMANCE OPERATIONAL AMPLIFIER

MONOLITHIC OPERATIONAL AMPLIFIERS
SILICON MONOLITHIC
INTEGRATED CIRCUIT
.. . designed for use as a summing amplifier, integrator, or amplifier

with operating characteristics as a function of the external feedback

components. G SUFFIX
METAL PACKAGE
CASE 601

® No Frequency Compensation Required
® Short-Circuit Protection
e Wide Common-Mode and Differential Voltage Ranges N
® Low-Power Consumption
® No Latch Up
® Low Noise Selections Offered — N Suffix
Vee
(TOP VIEW)
MAXIMUM RATINGS (Ta = +25°C unless otherwtse noted)
Rating Symbol 'mc1458 [ mc1s58] Unit P1SUFFIX
PLASTIC PACKAGE
Power Sugply Voltage Vee +18 +22 Vdc CASE 626
VEE -18 -22 Vdc (MC1458,MC1458C,MC1458N)
Input Differential Voltage Vio +30 Volts
1 Mode Volt N 1 \ #15 Volts
nput Common Mode Voltage {Note 1) ICM U SUFFIX ‘ 3
Output Short Circuit Duration (Note 2) ts Continuous CERAMIC PACKAGE k“ I
Operating Ambient Temperature Range TA 0to +7o] -55to+125 Oc CASE 693
Storage Temperature Range Tstg oc
Output A
Metal and Ceramic Packages -65 to +150 vtpy O]
Plastic Package -65to +125 Inputs
Junction Temperature Ty oc A
Metal and Ceramic Packages 175 Vee (4]
Plastic Package 150
Note 1. For supply voltages less than + 15 V, the absolute maximum input voltage 1s equal
to the supply voltage L SUFFIX
Note 2. Supply voltage equal to or less than 15 V CERAMIC PACKAGE
f CASE 632
] TO-116
EQUIVALENT CIRCUIT SCHEMATIC
o
v h 4 P2 SUFFIX
1 | PLASTIC PACKAGE
NOHINVERTING CASE 646
ask (MC14658,MC1458C,MC 1458N)
L »—-{ b
INVERTING WS Fhopr ) NE [0 Vee
W’Ué 75k ouTPuT
i ¢ © Output A [2] NC
1. Offset ( [3] h2) Output
’7 50 Ad]ust{ I: :) B
A 4 1
OFFSET O—9 ; } Offset
NULL O- E E Adjust B
$ < sox ¥ 0k 250 Inputs
10k 50k 10k 4 A €] 9]
VEE Vee E 4 Bl }Inputs 8




MC1458, MC1458N, MC1458C, MC1558, MC1558N

ELECTRICAL CHARACTERISTICS —Note1.(Vce =15V, VEE = 15V, Ta = 25°C unless otherwise noted).

MC1558 MC1458 MC1458C
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit

Input Offset Voltage Vio - |10 |50 | - 20|60 | - 20 | 10 [ mV
(Rg < 10 k)

Input Offset Current o - 20 {200 | - 20 | 200 | — 20 (300 { nA

Input Bias Current IiB - 80 | 500 | — 80 | 500 | — |80 |700{ nA

Input Resistance T 03 | 20 - 03 | 20 - - 2.0 ~ Mo

Input Capacitance C, - 14 - - 14 - - 14 - pF

Offset Voltage Adjustment Range VIOR - +15 - - +15 - - 15 -~ mV

Common Mode Input Voltage Range VicR [ #12 | #13 | — |#12 |13 | — [=#11 {#13 | — \

Large Signal Voltage Gain Ay VimV
(Vo =:10V,R_=2.0k} 50 | 200 - 20 | 200 - - - -

(Vo =10 V,R| =10k -1 -1 -1-1-1- (2 f20]| -

Output Resistance o - 75 - - 75 - - 75 - 2

Common Mode Rejection Ratio CMRR | 70 | 90 - 70 90 - 60 | 90 - dB
(Rg < 10 k)

Supply Voltage Rejection Ratio PSRR - 30 | 150 - 30 | 150 | — 30 - |uVviv
(Rg < 10k}

QOutput Voltage Swing Vo v
(R >10k) $12 | 214 | — [212 1214 — (#1101 -

(R > 2k) £10 ] #13 | — | #10 [ #13 | — 129013 | —

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

Supply Currents (Both Amplifiers) Ip - 23| 5.0 - 23| 56 - 23 | 8.0 mA

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

Transient Response (Unity Gain)

(Vi =20mV, R > 2k, Ci <100 pF} Rise Time tTLH - 0.3 - - 0.3 — - 03 - us

(V) = 20mV, R > 2k, CL < 100 pF) "Overshoot os - 15 | — - 15 | — - 15 | — %

(V) =10V, R >2kg, CL <100 pF) Slew Rate SR - 105) - - (05| — — 105 | — | Vius
ELECTRICAL CHARACTERISTICS (Vcc=15V, VEE = 156V, Ta = *Thigh t0 Tiow unless otherwise noted).

MC1558 MC1458 MC1458C
Ch. istic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max| Unit

Input Offset Voltage Vio - 10 ] 60 - - 7.5 - - 12| mV
(Rg < 10 k2)

Input Offset Current 1o nA
(Ta = 125°C) —~ | 70]200]) - - - - - —

(Ta = -55°C) — | 8 [s00 | — - - - - -

{Ta = 0°C to +70°C) - | - | - - — |300} - | - |400
Input Bias Current 1T nA

(Ta =125°C) -~ ]33 |s0| - |- -1-1- -

(T = -55°C) — | 300 [1500| - - - -1- -

{Ta = 0°C to +70°C) - — - - ~ [ 800 { — - |1000
Common Mode Input Voltage Range VicrR | #12 ] #13 | — — — - -~ - - \4
Common Mode Rejection Ratio CMRR | 70 90 - - - - - - - dB

(Rg < 10 k)

Supply Voltage Rejection Ratio PSRR - 30 | 150 - - - - - - {uviv
(Rg < 10 k)

Output Voltage Swing Vo \9
(R > 10k} +12 | £14 - 12 | 14 - - - -
{R>2k) +10 | #13 — +10 | $13 — +9.0} £13 -

Large Signal Voltage Gain Ay VimV
(Vo =10 V,R|_ =2k x| - -1t - -1-1-1]-

(Vo =:10V,R_=10k) — — — — — — 15 | — -

Supply Currents (Both Amplifiers) Ip mA
{Ta =125°C) - | - las| - - - - | - -

{Tp = -55°C) - - | 60| — - - - = —

Power Consumption (T =125°C) Pc - - |13 ] - = - - - -1 mw

(Ta =-55°C) - - 180 ]| - - - - - -

*Thigh = 125°C for MC1558 and 70°C for MC1458, MC1458C
Tiow = -55°C for MC1558 and 0°C for MC1458, MC1458C Note 1. Input pins of an unused amphifier must be grounded.



MC1458, MC1458N, MC1458C, MC 1558, MC1558N

NOISE CHARACTERISTICS (Applies for MC1558N and MC1458N only, Voo =15V, VEE=-15V, T = 25°C)

MC1558N MC1458N
Characteristic Symbol Min Typ Max Min Typ Max Unit
Burst Noise (Popcorn Noise) En - - 20 - - 20 Vpeak
{BW=10Hz1t01.0kHz,t=10s, r‘
Rg = 100 k2} (Input Referenced)
FIGURE 1 — BURST NOISE versus SOURCE RESISTANCE FIGURE 2 — RMS NOISE versus SOURCE RESISTANCE
1000 EE R 10 T i
i g HiE
LI i
s BW=10Hzto 10 kHz Tt H
3 W s
= Il e BW=10Hzto 10kHz
Ewo z 10 :
w 1 T = %
8 i i 8 i A
= =4 *
= il z 4
2 .4 [ it
20 @ 20 =
& 5 Ht Ht
m ui i
) 01 1T '
10 100 10k 10k 100 k 10M 10 100 10 10k 100k 10M
R, SOURCE RESISTANCE (OHMS) Rs. SOURCE RESISTANCE (OHMS)
FIGURE 3 — OUTPUT NOISE versus SOURCE RESISTANCE FIGURE 4 — SPECTRAL NOISE DENSITY
10 i1} 140
< p. 120
A ) "
£ e 8! Ay =10, Rg = 100 kQ
a V= =
2 . I [ % 100
b = L
] + Z 80
2 P 100 = 8 \¢
- =117 1 ] N
?" IIO i 1 5 % ‘ﬁ
br . >
3 o " g N
\5 10 40
il
20
oo 0
10 100 10k 10k 100k 10M 10 100 10k 10k 100 k
Rs.SOURCE RESISTANCE (OHMS) f, FREQUENCY (H2)
FIGURE 5 — BURST NOISE TEST CIRCUIT (N Suffixed Devices Only)
100 k Positive
VWA Threshotd ©
Voltage
To Pass/Fail
Indicator

1k

Operational Amphfier

Under Test 1

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.

Low Pass
Filter
0 Hz to 1 kHz

Negative
Threshold
Voltage

The test time employed 1s 10 seconds and the 20 uV peak
hmit refers to the operational amphfier tnput thus eliminating
errors in the closed-loop gain factor of the operational amphfier
under test
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MC1458, MC1458N, MC1458C, MC 1558, MC1558N

TYPICAL CHARACTERISTICS
(Vee = +15 Vde, VEE = =15 Vdc, Tp, = +25°C unless otherwise noted)

FIGURE 6 —POWER BANDWIDTH
(LARGE SIGNAL SWING versus FREQUENCY)

FIGURE 7 — OPEN LOOP FREQUENCY RESPONSE

28 +120
4 N +100'
- 2
a
= \ a8
o 20 g 450
\ :
<
§ 16 S +60
: \ 3
2 12 [S70)
=4 \ =
>
=) (VOLTAGE FOLLOWER) \ 2
S 80 THD < 5% 2 +20
| 3 )
40 1 W 0
0 | 20
10 100 10k 10k 100k 10 10 100 10k 10k 100k 10M  10M
f, FREQUENCY (Hz) f, FREQUENCY (Hz)
FIGURE 8 — POSITIVE OUTPUT VOLTAGE SWING FIGURE 9 — NEGATIVE OUTPUT VOLTAGE SWING
versus LOAD RESISTANCE versus LOAD RESISTANCE
¥ T T T
14 15V SUPPLIES - T 111
_ 1 -13 =t
25 @ £15 V SUPPLIES
S n g -n A
2 g 12V = /
R % w 10 —
Z 90 A 2 90 BEs 12V
5 y 4 =
- 0
S 80 3-8
> 00 s +3V S |
£ 10 G )
2 50 Z ! 2 60 =Sa8 LY
5 I £
3 50 350
S a0 6V e 40
40 -
Y Lz ‘>:'_3n I 6V
20 220 I
IC _'| 0 I
100 200 500 700 10k 20k 50k70k 10k 100 200 500 700 10k 20k 50k 70k 10k
RL, LOAD RESISTANCE (OHMS) R(, LOAD RESISTANCE (OHMS)
FIGURE[10 — OUTPUT VOLTAGE SWING versus
LOAD RESISTANCE (Single Supply Operation} FIGURE 11 — SINGLE SUPPLY INVERTING AMPLIFIER
;: +30 V Supply
on 27V 1004F 1k 10k
g 2 +28V i
g 2 Vee
28 21V Vin
g +18V
—_—
z
2 200 k sok | 2 P
5 0 5V > 100 uF
5 80——+12v 50 k . —
o MC1558!
. 60 200 k 3 R
£ +90V 3 L
20——{+60V
0 wov = = = =
0 10 20 30 40 50 60 70 80 90 10
RL, LOAD RESISTANCE (k§)




MC1458, MC1458N, MC1458C, MC1558, MC1558N

Ay, VOLTAGE GAIN (dB)

50 V/DIV

FIGURE ;12 — NON-INVERTING PULSE RESPONSE

A

OUTPUT
N

\\.

10 us/DIV

FIGURE 13 — TRANSIENT RESPONSE TEST CIRCUIT

To Scope
(input)

To Scope
(Outpuv)

FIGURE 14 — OPEN LOOP VOLTAGE GAIN
versus SUPPLY VOLTAGE

20

40

60 80 12 14 16
Vee. IVEEL SUPPLY VOLTAGES (VOLTS)

10 18 20
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ORDERING INFORMATION
Device Temperature Range Package

MC1458SG 0°C to +70°C Metal Can
MC1458SL 0°C to +70°C Ceramic DIP
MC1458SP1 0°C to +70°C Plastic DIP
MC1458SP2 0°C to +70°C Plastic DIP MC1458S
MC1458SU 0°C to +70°C Ceramic DIP
MC1558SG -55°C to +125°C Metal Can M 588
MC1558SL -55°C to +125°C Ceramic DIP 15
MC1558SU —-55°C to +125°C Ceramic DIP
DUAL HIGH SLEW-RATE INTERNALLY-
COMPENSATED OPERATIONAL AMPLIFIERS DUAL
The MC1658S is functionally equivalent, pin compatible, and OPERATIONAL AMPLIFIERS
possesses the same ease of use as the poputar MC1558 circuit, yet
offers 20 times higher slew rate and power bandwidth. This device is SILICON MONGLITHIC
ideally suited for D/A converters due to its fast settling time and INTEGRATED CIRCUIT
high slew rate.
® High Slew Rate — 10 V/us Guaranteed Minimum {(for inverting
unity gain only)
® No Frequency Compensation Required
® Short-Circurt Protection MET&E";iZ‘,:(AGE
® Offset Voltage Null Capability CASE 601 )
® Wide Common-Mode and Differential Voltage Ranges Vee 70/
® Low Power Consumption &
® No Latch-Up Output A () O)
Inverting ‘ Invert
Input A o'v V’O Inpurtlgg
Non-Inverting () (2) Non-inverting
TYPICAL APPLICATION OUTPUT CURRENT TO Input A O Input B
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER VEE
(TOP VIEW)
Vyef = 2.0 Vde
Vee=50V R1=R2=1.0k2 L SUFFIX
Rp = 5.0k CERAMIC PACKAGE
'3 CASE 632
TO-116
14 R1
MS8 A1 50— v-—o——'vm——o Vref
A2 60— 15 P2 SUFFIX
A3 7 0— PLASTIC PACKAGE
A4 8 0— "’;féff:;;a R2 l___ Vec=15V CASE 646 }
AB 9 O—  Series ‘ {MC1458S only)
e ~
Ne = v
LSB A812 0— Vo O Fvee
Ouptut A [~] BN
ISL 3
oftset [ [=]Ouptut B
15 pF Adjust A
Veg = -15 V | - E‘}O((set
nverting Ad B
ce Input A E E Just
Non-inverting I
b SR
VEE E 3 ”‘%r‘\;:navertlng
Settling ime to within 1/2 LSB (319 5 mV) is approxi-
mately 4.0 us from the time that all bits are switched P1 SUFFIX
*The value of C may be selected to minimize overshoot FLASJA"E::,S:AGE
and ringing (C ~ 68 pF). (MC1458S Only)
U SUFFIX
Theoretical Vo CERAMIC PACKAGE
v Vret o [A1 A2 A3 A4 a5 Ac A7 As CASE 693
o~ Fr RO | T 16" 32" o1 T 1an' 56
) Output A E n Vee
Adjust Vief, R1 0r Rg so that Vg with all digital inputs at high level
1s equal to 9.961 volts, ":‘r’:)':'t"z 2k OutputB
_ 2V _1 1 1 L ‘L _1 _1— L _ Es B Non-Inverting [5 ﬂ Inverting
Vo= (8K [2 R R TIAE Ty *128+256] fov [256] 9961 v Input A Q‘E Input B
Vee E Non-Inverting
Input B

[o 3 o To]



MC1458S, MC1558S

MC1558S LARGE-SIGNAL TRANSIENT RESPONSE STANDARD MC1558 versus MC1558S RESPONSE COMPARISON
{Inverting Mode) (Inverting Modej

10 ps/Div

10us/Div

% REPRESENTATIVE CIRCUIT SCHEMATIC
Vee

I

Inverting
Input 5k 5k
35
Output
35
H
b .
Noninverting o, l
input
b 4
r N l:
A
Offset {
Null 350k $50
360 360 175 1 Kk
k
Q
Offset Null VEE

MAXIMUM RATINGS (Tp = +25°C unless otherwise noted.)

Rating Symbol MC1558S MC1458S Unit
Power Supply Voltage Vee +22 +18 Vdce

VEE -22 -18

Input Differential Voltage Range VIDR +30 Volts
Input Common-Mode Voltage Range VicR +16 Volts
Output Short Circuit Duration tg Continuous
Operating Ambient Temperature Range Ta -55 to +125 0 to +70 ¢
Storage Temperature Range Tstg -65 to +150 -65 to +150 oc
Junction Temperature Ceramic and Metal Package Ty 175 175 °c

Plastic Package 150 150 oc

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.
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MC1458S, MC1558S

ELECTRICAL CHARACTERISTICS (Ve = +15 Vde, VEE = - 15 Vdc, Ta = +25%C unless otherwise noted )

MC1558S MC1458S
Characteristic Symbol Min Typ Max Min Typ Max Unit
Power Bandwidth (See Figure 3) Bwp kHz
Ay = 1,R =20k, THD = 5%, Vg = 20 V{p-p) 150 200 ~ 150 200 —
Large-Signal Transtent Response
Slew Rate (Figures 10 and 11) SR
V(-) to V(+) 10 20 - 10 20 - Vius
V(+) to V() 10 12 - 10 12 -
Settling Time (Figures 10 and 11) tsetlg - 30 - - 30 - us
(to within 0 1%)
Smali-Signal Transient Response
(Gain = 1, E,y = 20 mV, see Figuras 7 and 8)
Rise Time tTLH - 025 - . 0.25 - us
Fall Tyme TTHL - 025 - - 025 - Hs
Propagation Delay Time tPLHAPHL - 025 - - Q25 - us
Overshoot 0s - 20 - - 20 . %
Short-Circuit Qutput Currents fos +10 - +45 +10 - 45 mA
Open-Loop Voltage Gain (R = 20 k§2) (See Figure 4) Aval -
Vo = #10V 50,000 { 200,000 - 20,000 |100,000| -
Output Impedance (f = 20 Hz) 2 - 75 - - 75 - Q
Input Impedance (f = 20 Hz) 2, 03 10 - 03 10 -~ ma
Output Voltage Swing Vo Vpk
Ry =10kQ +12 +14 - +12 +14 -
R =20k 10 +13 - *+10 +13 -
Input Common-Mode Voltage Swing VICR 12 +13 - +12 *13 - Vpk
“Common-Mode Rejection Ratio {f = 20 Hz) CMRR 70 90 - 70 90 - dB
Input Bias Current (See Figure 2) lig nA
-~ 200 500 - 200 500
Input Offset Current ol nA
- 30 200 - 30 200
Input Offset Voltage (Rg = <10 k) Vol mVv
— 10 50 - 20 60
DC Power Consumption (See Figure 9) Pc mw
(Power Supply = ¥15 V, Vg = 0} - 70 150 - 70 170
Positive Voltage Supply Sensitvity PSS+ uVIV
(VEE constant) - 20 150 - 20 150
Negative Voltage Supply Sensitivity PSS- uviv
(Vg constant) - 10 150 - 10 150

**Plastic package offered in limited temperature range device only

ELECTRICAL CHARACTERISTICS (Ve = 15 Vde, VEg = -15 Vde, Tp = -55 to +125°C for MC1558S and T = 0 to 70°C for
MC1458S, unless otherwise noted.)

MC1558S MC1458S
Characteristic Sy mbol Min Typ Max Min Typ Max Unit
Open Loop Voltage Gain AvoL 25,000 - - 15,000 - - ViV
Vo =10V
Qutput Voltage Swing Vo Vpk
RL=10kQ 212 - - +12 - -
R =2kQ £10 - - +10 - -
Input Common-Mode Voltage Range VicR +12 - — — - — Vpk
Commo.-Mode Rejection Ratio (f = 20 Hz) CMRR 70 - - - - - dB
Input Bias Current lig nA
Ta = 125°C - 200 500 - - -
Tp = -55°C - 500 1500 - - -
Ta =0to70°C - - - - - 800
Input Offset Current Te) nA
Ta = 125°C - 30 200 - - -
Ta = -55°C - - 500 - - -
Ta = 0to 70°C - - - ~ - 300
Input Offset Voltage Vio - - 60 - - 76 mv
Rg < 10kQ
DC Power Consumption Pc - - 200 - - - mwW
vg=0V
Positive Power Supply Sensitivity Pss+ - - 150 - - - 7| VIV
VEg =-15V
Negative Power Supply Sensitivity Pgs- - - 150 - - - uVIV
Vec=15V

3-91



MC1458S, MC1558S

TYPICAL CHARACTERISTICS
(Vg = +15 Vde, VEE = -16 Vdc, Ta = +25°C unless otherwise noted.)

FIGURE 1 — OFFSET ADJUST CIRCUIT FIGURE 2 — INPUT BIAS CURRENT versus TEMPERATURE
= 400,
Vee < 5
< N
= 350 ~J
w
0 aan)
e 300
=1
S ~—
% MC15588 =
Inputs " MC‘lo;SBS Output : 200 \
v 5 200 ~
= ™~
w 150 \
*Not available with G and é 100
P1 Suffix Packages W o
< 4
s 50
Offset Null =
. 0
Terminals 275 50 25 +25 +50 +75 4100 +125
T,TEMPERATURE (°C)
VeE
FIGURE 3 — POWER BANDWIDTH —~ NONDISTORTED
OUTPUT VOLTAGE versus FREQUENCY FIGURE 4 — OPEN-LOOP FREQUENCY RESPONSE
0 +120
v
jar
g_ +1§ +100
e —
E 410 g+
5 =
v =
= 450 S +60
o uw
o N <}
w <
g o 5 o
5 LA g
=] / -2 420
> .50 if 9 +20
§ <
=
>
=1
>
<
o

o 100 10k 10k 100k Tom 10 10 100 1.0k 10k 100k 1.0M  10M
f, FREQUENCY (H2) 1, FREQUENCY {H2)

FIGURE § — OUTPUT NOISE versus
SOURCE RESISTANCE

Z a0
=
= Ay = 1000
z /
E 29
w
<
5 20 /1
g Pl
w15 Il
@ =
2 R
£ 10 Ay = 100
2 [\ _A1
&
S s C1 T
> ST Av=10T Ay=1
K3 1
100 10k 10% 100k

RS, SOURCE RESISTANCE (OHMS)
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MC1458S, MC1558S

TYPICAL CHARACTERISTICS
(Veg = +15 Vde, Vgg = =15 Vdc, TA = +25°C unless otherwise noted.)

FIGURE 6 — SMALL-SIGNAL TRANSIENT
RESPONSE DEFINITIONS FIGURE 7 — SMALL-SIGNAL TRANSIENT RESPONSE

20 mV

50%

Overshoot

Output
&VDS /'\'
Input ‘o
Vo e 1
N/ P
2kSR 100 =
0.1 uF pF
Output  50% Fall Time
TTHL = = =
-15V
10% 10%
TTLH Overshoot Vg
Rise Ti
tse Time f FIGURE 9 — LARGE-SIGNAL TRANSIENT WAVEFORMS
+10V
FIGURE 8 — POWER CONSUMPTION versus POWER [
SUPPLY VOLTAGES input 50%
100 /
=10V
10 — -~ Slew Rate
_ > V(+) to V(=)
% 50 - {Measurement Stew Rate
Ew V=0 Period) V(-) to V(+)
E 30 (Measurement
E Period)
= A
§ 20 / 90%
o
8 Allowable
S 10 / Error
S Z Output Band
2 70 A
&3 7 10%
50 /
40 4
30 Settling
20 60 10 14 18 2 Time

VEG and VEE, POWER SUPPLY VOLTAGE {VOLTS)

FIGURE 10 — SLEW RATE AND SETTLING TIME TEST CIRCUIT*
10 k*

IVcc=‘|5\/

2.2 pF R0.01 uF

10V P
Input 'L -0V
_L ? Output
= 100
2k oF

Vee 1
sV ]
R *2.2 uF | 10k*

=< *Match to within 0.01%.
10"
False y 1N?15 Inputs of Amplifier Not Under
or Equivalent Test Should Be Grounded.

Summing
Node 1N916

=- or Equivatent
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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-
sidered to avoid the possibility of excessive ringing In
order to achieve opttmum 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 amplfier, it 1s suggested that the ‘“‘false’”
summing junction approach be taken as shown in
Figure 11. This 1s necessary since it is difficult tode-
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.

FIGURE 11 — WAVEFORM AT
FALSE SUMMING NODE
{Inverting Mode)

200 mV/DIV

10us/DIV

FIGURE 12 — EXPANDED WAVEFORM AT
FALSE SUMMING NODE
(Inverting Mode)

10 mv/DIV

10 us/DIV

Input

The solution to these problems i1s 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 dwvider effect, only one-half of the actual error
appears at this node. For extremely critical measure-
ments, the capacitance of the diodes and the oscitloscope,
and the settling time of the oscilloscope must be con-
sidered. The expression

tsetlg =N x2+y24 22

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 i1s 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

+15 Vv

]

MCL1304
or Equivalent
{Current

Limiting
Diode)

MJE1100
< MPS-A12** or Equivalent

28k Sor Equivalent

MJE1090

MCL1304 or Equivalent

or Equivalent
(Current
Limiting

Diode)

-15v
10k

Delivers 12.5 watt into 4.0 ohms with less than 1% THD 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.
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ORDERING INFORMATION

Device Temperature Range Package
MC1709CF 0°C to +70°C Ceramic Flat
MC1709CG 0°C to +70°C Metal Can MC" 709
MC1709CL,CU 0°C to +70°C Ceramic DIP
MC1709CP1,CP2 0°C to +70°C Plastic DIP
MC1709F AF —55°C to +125°C Ceramic Flat Mc1 709A
MC1709G,AG —55°C to +125°C Metal Can
MC1709L,AL,U —55°C to +125°C Ceramic DIP Mc1 7090
OPERATIONAL AMPLIFIER
OPERATIONAL AMPLIFIER SILICON MONOLITHIC
INTEGRATED CIRCUIT

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

back components.

® High-Performance Open Loop Gain Characteristics
Ayol = 45,000 typical

® Low Temperature Drift — £3.0 uV/°C typical (MC1709)
® Large Output Voltage Swing — £14 V typical @ 15 V Supply
@ Low Output Impedance — zg = 150 ohms typical

MAXIMUM RATINGS (T 5 = +25°C unless otherwise noted )

PIN CONNECTIONS
Input Freq Comp.

input Freq.
Comp

Output

Rating Symbol Value Unit
Power Supply Voltage vVece +18 Vdc
VEE -18
tnput Differential Voltage Range VIDR 15.0 Volts
tnput Common-Mode Range VicR +10 Volts
Qutput Load Current TR 10 mA
Output Short-Circuit Duration ) 5.0 s
Power Dissipation {Package Limitation) PD
Metal Can 680 mwW
Derate abave T = +25°C 4.6 mW/°C
Flat Package 500 mwW
Derate above Tp = +25°C 3.3 mW/°C
Plastic Dual In-Line Packages (MC1709C only) 625 mwW
Derate above Tp, = +25°C 5.0 mW/°C
Ceramic Dual In-Line Package 750 mW/oC
Derate above Tp, = +25°C 6.0 mW/°C
Operating Ambient MC1709A, MC1709 TA -55t0 +125 o¢
Temperature Range MC1709C 0to+70
Storage Temperature Range Tstg °c
Metal and Ceramic Packages -65to +150
Plastic Packages -55 to +125
FIGURE 1 — EQUIVALENT CIRCUIT SCHEMATIC
vee @ © INPUT COMPENSATION
4
k’ 10k 310 k
r 20k
9
25k 25k
INPUT 3 1k
COMPENSATION f QUTPUT

NON INVERTING 30k
INPUT
10k — o OUTPUT

INVERTING

INPUT O———rif 3k 3k '_K
36k —E

p 18k 10k %
rr y

VEE

COMPENSATION

Input Freq. Comp.
VEE
G SUFFIX
METAL PACKAGE
CASE 601
F SUFFIX
CERAMIC PACKAGE - -~
CASE 606-04 S,
TO-91
NC. 1] 110 N C.
InFreq Comp 2C 19 In Freq Comp.
Inv. Input 3} > 18 Vce
Non-inv In 4C—I b2 37 Output
Vgg 5C 6 Out Freq.
Comp
P1 SUFFIX
PLASTIC PACKAGE
CASE 626
{MC1709C only) d
U SUFFIX
CERAMIC PACKAGE
CASE 693
Input Freq. Input Freq.
Comp. E Comp.
Inv. Input E Vee
Non-inv. Input ﬁ Output
VEE Output Freg.
n E Comp.
L SUFFIX
CERAMIC PACKAGE
CASE 632-02
TO-116
Ne. 1] Y hajnc.
nc. [2] g nec.
Input Freq. 3 r Input Freq.
Comp. Comp.
Inv. tnput [4] ] vVee
Non-Inv. tnput E E‘ Qutput
Output Freq.
v 6 9
EE [: Comp.
n.c. [7] (8] n.C.
P2 SUFFIX
PLASTIC PACKAGE
CASE 646

(MC1709C only)
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MC1709, MC1709A, MC1709C

ELECTRICAL CHARACTERISTICS (unless otherwise noted, 90 V < Ve <15V, -9.0 V2 Vg 2-15 V, Tp = 25°C)

MC1709A MC1709
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio - 0.6 2.0 - 1.0 50 mvV
(Rg < 10 kQ2)
Input Offset Current ho - 10 50 - 50 200 nA
Input Bias Current lig - 100 200 - 200 500 nA
Input Resistance ] 350 700 - 150 400 - kQ
Output Resistance To - 150 - - 150 - Q
Power Supply Currents Icc. lee - 25 36 - - - mA
(Vcc=15V, VEg=-15V)
Power Consumption Pc - 75 108 - 80 165 mwW
(Vg =15V, VEE =-16 V)
Transient Response
(Vgc =15V, VEg = -15 V) See Figure 8
Risetime tTLH - - 1.5 - 03 1.0 us
Overshoot os - - 30 - 10 30 %

ELECTRICAL CHARACTERISTICS (unless otherwise noted, 9.0

VEVee <15V, -90 V2 VEg 2>-16 V, Tp = -65°C 10 +125°C)

MC1709A MC1709
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio - - 3.0 - - 6.0 mV
(Rg < 10 kQ2)
Average Temperature Coefficient of Input Offset Voltage { aV|o/aT uvio¢
(Rg =50 2, Ta = 25°C to 125°C) - 18 10 - - -
(Rg = 50 2, TA = -55°C to 25°C) - 18 10 - - -
(Rg = 50 2, Tp = -55°C to 125°C) - - - - 3.0 -
(Rg = 10kQ, Ta = 25°C to 125°C) - 2.0 15 - - -
(Rg =10 kR, Ta = -55°C to 25°C) - 4.8 25 - - -
(Rg = 10 k2, Tp = -65°C to 125°C) - - - - 60 -
Input Offset Current o nA
(Ta = -55°C) - 40 250 - 100 500
(Ta = 125°C) - 35 50 - 20 200
Average Temperature Coefficient of Input Offset Current | &al1o/aT nA/CC
(T =-55°C to 25°C) - 0.45 28 - - -
(Ta = 25°C to 125°C) - 0.08 0.5 — — —
Input Bias Current IT:] - 300 600 - 500 1500 nA
(T =-55°C)
Input Resistance n 85 170 - 40 100 - kS
{Tp = -55°C)
Input Common-Mode Voltage Range VicR 180 +10 - 18.0 +10 - v
(Vec =15V, VEg=-15V)
Common Mode Rejection Ratio CMRR 80 110 - 70 90 - dB
(Rg <10 k)
Supply Voltage Rejection Ratio PSRR - 40 100 - 25 150 uV/Iv
(Vcc =15V, VEg =-15 V, Rg <10 kQ2)
Large Signal Voltage Gain Ay 25 45 70 25 45 70 V/mV
(Ve =15V, VEg =-15V, R 220k,
Vo = 15V)
Output Voltage Range VoR \%
(Veg =15V, VEg=-15 V)
(R =10kR) 12 +1 - 12 +14 -
(R =220k +10 +1 - 10 13 -
Power Supply Currents lccEE mA
(Vec =15V, VEg =-15V)
(Ta =-55°C) - 2.7 45 - - -
(Tp = 125°C) - 2.1 3.0 - - -
Power Consumption Pc mwW
(Vec =15, VEE =-15 V)
{(TA = -65°C) - 81 135 - - -
(Ta = 125°C) - 63 90 - - -

3-96




_MC1709, MC1709A, MC1709C

ELECTRICAL CHARACTERISTICS (unless otherwise noted, Vg = 15 V, VEE = =15 V, Ta = 25°C)

MC1709C
Characteristic Symbol Min Typ Max Unit
Input Offset Voltage Vio - 20 75 mV
{Rg < 10k2,9.0V<15V,-90V > VEg > -15V)
Input Offset Current o - 100 500 nA
Input Bias Current hB - 300 1500 nA
Input Resistance n 50 250 — kQ
Output Resistance o - 150 - a2
Power Consumption Pc - 80 200 mwW
Large Signal Voltage Gain Ay 15 45 - VimV
(RL>20kQ,Vpo= +10 V}
Output Voltage Range VOR A\
(R =10kQ) 112 114 -
(R.=>20 k) +10 +13 -
Input Common-Mode Voltage Range VicR 18.0 +10 - v
Commaon Mode Rejection Ratio CMRR 65 90 - dB
{(Rg <10kQ)
Supply Voltage Rejection Ratio PSRR - 25 200 uVIv
{Rg <10 k)
Transient Response
See Figure 8
Rise Time TTLH - 0.3 - us
Overshoot 0os - 10 - %
ELECTRICAL CHARACTERISTICS (untess otherwise specified, Voo = 15V, VEg = =15V, Ta = 0°C to 70°C)
MC1709C
Parameter Symbol Min Typ Max Unit
Input Offset Volitage Vio - - 10 mV
(R <10k, 90V <Vec<15V,-90V > Vgg >15V)
input Offset Current o - — 750 nA
Input Bias Current g - - 2.0 uA
Large Signal Voltage Gain Ay 12 - - VimVv
(RL>20kQ,Vg=1+10V)
Input Resistance n 35 - - kQ
TYPICAL CHARACTERISTICS
FIGURE 2 — TEST CIRCUIT
(Ve = #15 Vdc, VEg = -15 V = 4250 oae
ce o VEE = -15 Vde, Ta =4257C) Fig Corve N Test Conditions
A2 . urve No.
- No. R, (2) [ Ry(2) [Ry(2) [C,(pP) ] €, (pP)
3 1 10k 10k | 1.5k |5.0k 200
f3 2 10k | 100k | 1.5k | 500 20
Ry 3 10k 1.OM| 1.5k | 100 3.0
*~A—d 4 1.0k | 1.OM 0 10 3.0
4 1 1.0k | LOM [ 10 3.0
2 10k 1.0M| 1,5k | 100 3.0
AL 3 10k 100k | 1.5k | 500 20
(_ L 4 10k 10k | 1.5k | 5.0k 200
2 - 5 1 0 @ 1.5k | 5.0k 200
= 2 0 ®© L5k | 500 20
3 0 «© 1.5k 100 3.0
4 0 o 0 10 3.0
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MC1709, MC1709A, MC1709C

FIGURE 4 — CLOSED LOOP VOLTAGE

FIGURE 3 — LARGE SIGNAL SWING versus FREQUENCY GAIN versus FREQUENCY
_ 28 \ \ 120 R| -
% % \ 100
g 2 g w0
s 1 3\ 4 z
> <
Z 15 —y
= ‘ § 60 : ]
<<
512 = a0 ™~ <
2 VTN 5 2 Sy
5 g0 Rt = 10ke \ Fw 7
'5 \ \\~
s N N N 0 2 N
™N
100 1.0k 10k 100% 10M  10M 100 10k 10k 100k 10M 10M
f, FREQUENCY (Hz) f, FREQUENCY (H2)
FIGURE 5 — OPEN LOOP VOLTAGE FIGURE 6 — VOLTAGE GAIN versus
GAIN versus FREQUENCY POWER SUPPLY VOLTAGE
120 T 100
RL = _
100 2
5w N~ T T Z %
z TN N o _—
E] ~ NI | Y ]
S 60 = =
] \\ \\\\ TN S 80
2w I 5 /
(=]
o NN T 2 /
z N ~ £ 70
N NN =]
0 N \\\ z /
-20 60
100 10k 10K 100 k T0M 10M 0 50 10 15 20
f, FREQUENCY (H2) Ve and VEE, POWER SUPPLY VOLTAGE (VOLTS)
FIGURE 7 — SLEW RATE versus CLOSED LOOP GAIN
USING RECOMMENDED COMPENSATION NETWORKS FIGURE 8 — TRANSIENT RESPONSE TEST CIRCUIT
100
Vg=+15V 10k
50
20 200 pF
710 28
=
w 50 — R2=500
= A O Vo
E 20 1
g A
P10 == ¢ RLs L
— 1 S A~ CL<100pF
o 005 ¢ 20k $
02 Vin=20mV
01 = =
10 10 100 1000

CLOSED LDOP GAIN (VOLTS)
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ORDERING INFORMATION

Device Temperature Range Package
MC1712F —55°C to +125°C Ceramic Flat .
MC1712G —55°C to +125°C Metal Can
MC1712L -55°C to +125°C Ceramic DIP Mc1712
MC1712CF 0°C to +70°C Ceramic Flat
MC1712CG 0°C to +70°C Metal Can
MC1712CL 0°C to +70°C Ceramic DIP Mc 17 12 c
MC1712CP 0°C to +70°C Plastic DIP

WIDEBAND DC AMPLIFIER
WIDEBAND DC AMPLIFIER

SILICON MONOLITHIC
. . designed for use as an operational amplifier utilizing operating INTEGRATED CIRCUIT
characteristics as a function of the external feedback components.

Open Loop Gain AyQL = 3600 typical
® | ow Temperature Drift — +2.5 uV/°C

® Output Voltage Swing — G SUFFIX
15.3 V typical @ +12 V and -6 V Supplies METAL PACKAGE
CASE 601

® Low Output Impedance — zg = 200 ohms typical

MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)

Rating Symbol Value Unit
v v va (TOP VIEW)
Power Supply Voltage IVeel + \VEE! il c
(Total between Vg and Vg g terminals) F SUFFIX
CERAMIC PACKAGE
Input Differential Voltage Range \ +50 Volts CASE 606
Input Common Mode Range VicR +1.5 Volts TO-91
-6.0
N.C. 13 310 Ve
Peak Load Current I 50 mA Gnd 2C 39 N.C.
inv. Input 3] 8 o t
Power Dissipation {Package Limitation) Pp Non-lnv. Input 4['_—1>_'—:7 L:;pgomp.
Metal Package 680 ’“V:’) Vgg 5C3 [CJ6 Lead Comp.
Derate above T = +25°C 4.6 mw/°C (TOP VIEW)
Flat Ceramic Package 500 "‘V“I’
Derate above Tp = +25°C 3.3 mw/°C P SUFFIX
Dual In-Line Ceramic Pack age 625 mwW PLASTIC PACKAGE
Derate above Tp = +25°C 50 mw/°C CASE 646
Operating Ambient MC1712 TA -55 to +125 °c
Temperature Range MC1712C 0 to +70
R + o,
Storage Temperature Range Tstg 65 to +150 c L SUFFIX
CERAMIC PACKAGE
CASE 632
CIRCUIT SCHEMATIC TO-116
A ’ OV
80k ce S
3 3 80k ne.d an.c.
<20k €20k
° ne.[2 gvece
< LEAD
EXTERNAL
GROUND Sa FREQUENCY Gnd(3 [17] output
o~ O | COMPENSAIION Inv.
INVERTING :E“" e inpue 2 ln.c.
Non-inv. L
INPUT fa ] [] 10] o
NON INVERTING ‘E ok - g
IN < Lead
INPUT Yy D vee[§] EComp.
. S0 20 n.e.[7] [8]n.c.
O Vee (TOP VIEW)
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MC1712, MC1712C

MC1712 ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise specified)

Vee=12V,VEg=-6.0V Vge=6.0V,VEg =-3.0V
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage vio = 05 20 - 0.7 3.0 mV
{Rg < 2 ks2)
Input Offset Current o - 180 500 - 120 500 nA
Input Bias Current it - 20 5.0 - 1.2 35 KA
Input Resistance n 16 40 - 22 67 - k2
Input Voltage Range 1 4.0 - +05 -1.5 - +0.5 v
Common Mode Rejection Ratio CMRR 80 100 - 80 100 - dB
(Rg < 2k, f < 1 kHz)
Large Signal Voltage Gain AvoL
(R = 100 k2, V¢ = 5.0 V) 2000 3600 - - - -
(R > 100 k2, Vgt = £2.5 V) - - - 600 900 -
Output Resistance o - 200 500 - 300 700 2
Supply Current Ip - 5.0 6.7 - 24 3.3 mA
(Vour=0)
Power Consumption Pc - 90 120 - 19 30 mW
Vour=0)
Transient Response {Unity-Gain)
(C1=0.01pF,R1=209, R < 100 kS,
Vip =10mV, C < 100 pF)
Rise Time tTTLH - 25 120 - - - ns
Overshoot 0os - 10 50 - - - %
Transient Response (x100 Gain)
(C3 =50 pF, Ry > 100 k2, V,, = 1 mV)
Rise Time tTLH - 10 30 - . . ns
Overshoot 0s - 20 40 - - - %
The following specifications apply for -55°C < T < +125°C:
Input Offset Voltage vio - - 3.0 - - 4.0 mv
(Rg < 2kR2)
Average Temperature Coefficient
of Input Offset Voltage AV /AT
(Rg =50, Ta =25°C 10 125°C) - 25 10 - 35 15 uv/ec
(Rg = 50 2, T = 25°C to ~55°C) - 20 10 - 3.0 15 Vv/°C
Input Offset Current 1o N
(Ta = +125°C) - 80 500 - 50 500 nA
(Ta = -55°C) - 400 1500 - 280 1500 nA
Average Temperature Coefficient
of Input Offset Current alo/aT
(Tp = 25°C to +125°C) - 1.0 5.0 - 0.7 4.0 nA/°C
(TA = 25°C to -65°C) - 3.0 16 - 20 13 nA/°C
input Bias Current T3
(Ta = -55°C) - 4.3 10 - 26 7.5 HA
Input Resistance n 6.0 - - 8.0 - - kQ
Common Mode Rejection Ratio CMRR 70 g5 - 70 95 - dB
(Rg < 2k, t < 1kHz}
Supply Voltage Rejection Ratio
(Voo =12V, Vgg=-60VtoVgc =60V,
Vgg =-3.0V,Rg< 2kQ) PSRR - 75 200 - 75 200 Bviv
Large Signal Voltage Gan AvoL
(R > 100 k2, Voup = t5.0 V) 2000 - - - - -
(RL > 100k, Vo = £2.5 V) - - - 500 - -
Qutput Voltage Swing Vo
(R > 100 kQ2) +5.0 +6.3 - 25 2.7 - \
(R > 10k02) +3.5 40 - 1.5 +2.0 - \
Supply Current
(Ta = +1259C, Vg = 0} Ip - 44 6.7 - 1.7 33 mA
(Ta = -65°C, Ve = 0} - 5.0 75 - 24 39 mA
Power Consumption Pc
(Ta = +125°C, Ve = 0 - 80 120 - 15 30 mwW
(Tp = -55°C, Vgyy = 0 - 920 135 - 19 35 mwW
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MC1712, MC1712C

MC1712C ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise specified)

Veg=12V,VEgg=-6.0V Vec=60V,Vgg=-3.0V
Charactersstic Symbol Min Typ Max Min Typ Max Unit
input Offset Voltage Vio - 15 5.0 - 1.7 6.0 mVv
(Rg < 2 k2)
Input Offset Current ho - 0.5 2.0 - 0.3 20 BA
Input Bias Current lig - 25 7.5 - 1.5 5.0 HA
Input Resistance n 10 32 - 16 55 - kQ
Input Voltage Range V) 4.0 - +0.5 -1.5 - +0.5 A\
Common Mode Rejection Ratio CMRR 70 92 - 70 92 - dB
(Rg < 2k, f< 1kHz)
Large Signal Voltage Gain AyvoL
(R > 100 k€2, Ve = £5.0 V) 2000 3400 - - - -
(R > 100 k2, Voyp =£2.5V) - - - 500 800 -
Output Resistance o - 200 600 - 300 800 Q
Supply Current Ip - 5.0 6.7 - 21 33 mA
Vour =0l
Power Consumption Pc - 90 120 - 19 30 mW
(Vour =0)
Transient Response (Unity-Gain)
{C1=0.01uF, R =20, R <100ks2,
Via = 10mV,Cy < 100 pF)
Rise Time tTLH - 25 120 - - — ns
Overshoot 0s - 10 50 - - - %
Transient Response (x100 Gain}
(€3 =50 pF, R > 100 k2, Vin =1 mV)
Rise Time tTLH - 10 30 - - - ns
Overshoot os - 20 40 - - - %
The following specifications apply for 0°C < Tp < +70°C
input Offset Voltage Vio - - 6.5 - - 75 mV
(Rg < 2kQ)
Average Temperature Coefficient
of Input Offset Valtage AV|o/AT
{Rg =508, Ta = +70°C t0 0°C) - 5.0 20 - 7.5 25 uV/oC
input Offset Current o — - 25 - - 25 HA
Average Temperature Coefficient
of Input Offset Current Alo/AT
(T o = 259C to +70°C) - 40 10 - 3.0 80 nA/°C
{T A = 25°C to0 0°C) - 6.0 20 - 5.5 18 nA/°C
Input Bias Current lis
(Ta =0°C) - 4.0 12 - 2.7 8 pA
Input Resistance i 6.0 18 - 9.0 27 - k2
Common Mode Rejection Ratio CMRR 6.5 86 - 65 86 - dB
{Rg< 2k, < 1kHz)
Supply Voltage Rejection Ratio
(Ve =12V, Vgg =-60VtoVgc =60V,
VEg =-30V,Rg < 2k) PSRR - 90 300 - 90 300 uviv
Large Signal Voltage Gain AyoL
{Ry, > 100 k2, Ve = £5.0 V) 1500 - - - - -
(R > 100 k2, Vouy = £2.5 V) - - - 400 - -
Output Voltage Swing Vo
(R > 100 k2) +5.0 453 - 125 2.7 - \
(R > 10 k) +3.5 +4.0 - 15 20 - v
Supply Current
(Vour =0) Ip - 5.0 7.0 - 21 39 mA
Power Consumption
(Vgyt =0) Pc - 20 125 - 19 35 mw
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MC1712, MC1712C

Ayol,0PEN-LOOP VOLTAGE GAIN (V/V)

A,.VOLTAGE GAIN (dB)

Vo.OUTPUT VOLTAGE SWING (Vp_p)

TYPICAL OUTPUT CHARACTERISTICS
{Vge = 12 Vdc, Vgg = 6.0 Vde, Tp, = +25°C)

FIGURE 1 ~ OPEN LOOP GAIN versus

FIGURE 2 — OPEN LOOP VOLTAGE GAIN

POWER SUPPLY VARIATIONS versus FREQUENCY
4500 80 I ULLLLLE m T 1717
Ci=0R = == .-Wc. - 430 pF
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FIGURE 3 — VOLTAGE GAIN versus FREQUENCY
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FIGURE 4 — MAXIMUM OUTPUT SWING FIGURE 5 — OUTPUT VOLTAGE SWING
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MC1712, MC1712C

TYPICAL CHARACTERISTICS(continued)

FIGURE 6 — INPUT BIAS CURRENT FIGURE 7 — INPUT OFFSET CURRENT
versus TEMPERATURE versus TEMPERATURE
40 \ 06
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3 N 3
E N +12 V, -6 0 V Supplies E \
g \ N £ 0o\
=1 o
; 20 A, \\ E +12V, -6 0 V Supplies
- ™
F N w \
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;Z-. \ \\\ 5 02 N \\‘
E . - 2 S ——
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FIGURE 8 — INPUT OFFSET VOLTAGE FIGURE 9 — OUTPUT NOISE VOLTAGE
versus TEMPERATURE versus SOURCE IMPEDANCE
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See last page of data sheet for ordering information.

MC1741, MC1741C
MCL741N, MC1741NC

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

OPERATIONAL AMPLIFIER
SILICON MONOLITHIC
INTEGRATED CIRCUIT

G SUFFIX
METAL PACKAGE
CASE 601

NC

Offset Null Vcc
Invt Input (3) } (9 Output
“
04y

Noninvt Input () Offset Null

EE
(Top View)

MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)

P1 SUFFIX
PLASTIC PACKAGE
CASE 626
[ {MC1741C,MC1741NC)
U SUFFIX

CERAMIC PACKAGE
CASE 693

Offset Null [[] [JNC
Invt Input ﬂ.} [HVee
Noninvt Input 3] ) output
Vee [ [} Otfset Null

(Top View)

Rating Symbol MC1741C| MC1741 Unit
Power Supply Voltage Vee +18 +22 Vde
VEE -18 -22 Vdc
Input Differenuial Voltage Vip +30 Volts
Input Common Mode Voltage (Note 1) Vicm 15 Volts
Output Short Circuit Duration {Note 2) s Continuous
Operating Ambient Temperature Range TA 0to +70 l~55 to+125| ©°C
Storage Temperature Range Tstg o¢
Metal, Flat and Ceramic Packages -65 to +150
Plastic Packages -55to +125
Junction Temperature Range Ty oc
Metal and Ceramic Packages 175
Plastic Packages 150

Note 1. For supply voitages less than + 15 V, the absolute maximum input voltage 1s equal
to the supply voltage

Note 2 Supply voltage equal to or less than 15 V

EQUIVALENT CIRCUIT SCHEMATIC

S

NON INVERTING
weut LN

-

INVERTING [30.oF 1
INPUT 75k outpuT
—o

X
x

: 50
OFFSET O——9¢ \{

NULL O—
sox ¥ 50k 950
10k 50k 10k
. . o

VEE

L SUFFIX
CERAMIC PACKAGE
CASE 632
TO-116

P2 SUFFIX
PLASTIC PACKAGE
CASE 646
(MC1741C,MC1741NC)

S
Nc [ FINC
ne 5 B
offset Null (=] [FINC
[zl Zlvee
Inputs
E 3{Output
vee [ [c]offset Nun
Ne [5] FINc
(Top View)
F SUFFIX
CERAMIC PACKAGE
CASE 606-04
T0-91
NC1C—] —wNC
Offset Null 2—] e ] \!;K;
E] s— —J"
fnputs ‘ZZD_'—ZP Ouut
VeEg «—— ¢ Offset Null
(Top View)
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MC1741, MC1741C, MC1741N, MC1741NC

ELECTRICAL CHARACTERISTICS (Vgg = #1656V, VEE = =15 V, TA = 25°C unless otherwise noted).

MC1741 MC1741C
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio - 10 5.0 - 20 6.0 mV
(Rg <10 k)
Input Offset Current lio - 20 200 - 20 200 nA
{nput Bias Current lig = 80 500 — 80 500 nA
Input Resistance [ 0.3 2.0 - 0.3 2.0 - MQ
Input Capacitance Ci - 14 — - 1.4 - pF
Offset Voitage Adjustment Range VIOR - +15 - - +15 - mvV
Common Mode Input Voltage Range VICR +12 +13 - +12 +13 — \4
Large Signal Voltage Gain Ay 50 200 - 20 200 - VimV
(Vg = 10V, R >2.0k)
Qutput Resistance o - 75 — - 75 - Q
Common Mode Rejection Ratio CMRR 70 90 - 70 90 - dB
{Rg <10 k)
Supply Voltage Rejection Ratio PSRR - 30 150 - 30 150 uv/iv
(Rg <10 k)
Output Voltage Swing Vo \
(RLZ10k) +12 +14 - +12 +14 -
(R 22k) ‘ +10 +13 - +10 +13 =
Output Short-Circuit Current los - 20 - - 20 - mA
Supply Current Ip - 1.7 28 - 1.7 2.8 mA
Power Consumption Pc - 50 85 - 50 85 mw N
Transient Response (Unity Gain — Non-Inverting)
(Vi =20mV, R 22k, C_ < 100pF) Rise Time TLH - 03 - - 0.3 - Hs
(V) =20mV, R_ > 2k, C_ < 100 pF) Overshoot os - 16 - - 15 - %
(Vj=10V, R > 2k, C <100 pF) Slew Rate SR - 05 - - 05 - Vs
ELECTRICAL CHARACTERISTICS (Vee=+15V, VEE = =15 V, T = 25°C unless otherwise noted).
MC1741 MC1741C
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio - 1.0 6.0 - - 7.5 mV
(Rg <10k
Input Offset Current lio nA
(Ta = 125°C) - 7.0 200 - - -
(Ta =-55°C) - 85 500 - - -
[T A = 0°C to +70°C) - -~ - - - 300
Input Bias Current (I nA
(Ta = 125°C) - 30 500 - - -
(Ta =-55°C) - 300 1500 - - -
(Ta = 0°C to +70°C) - ~ - - - 800
Common Mode Input Voltage Range VICcR +12 +13 - - - - \'4
Common Mode Rejection Ratio CMRR 70 20 - — - - dB
{Rg <10 k)
Supply Voltage Rejection Ratio PSRR — 30 150 - - - HV/IV
(Rg<10k)
Output Voltage Swing Vo A"
(RL=>10k) +12 t14 - - - -
(R =2k +10 +13 - +10 +13 -
Large Signal Voltage Gain Ay 25 - - 15 - - VimV
(RL 22k, Vout =210 V)
Supply Currents o mA
(Ta =125°C) - 1.5 25 - - -
(TA = -55°C) - 2.0 3.3 - - -
Power Consumption (Tp = +125°C) Pc - 45 75 - - - mW
(Tp = -659C) - 60 100 - - -

*Thigh = 125°C for MC1741 and 70°C for MC1741C
Tiow =-55°C for MC1741 and 0°C for MC1741C
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MC1741, MC1741C, MC1741N, MC1741NC

NOISE CHARACTERISTICS (Applies for MC1741N and MC1741NC only, Voe = 15V, VEE = =15V, Tp = +25°C)

MC1741N MC1741NC

Burst Noise (Popcorn Noise) En - - 20 -
(BW=1.0Hzto 1.0kHz,t = 105, Rg = 100 k)
(1nput Referenced)

Characteristic Symbal Min Typ Max Min | Tvp |

| Max | Unit |
20 nV/peak

FIGURE 1 — BURST NOISE versus SOURCE RESISTANCE FIGURE 2 ~ RMS NOISE versus SOURCE RESISTANCE
1000 —rr = 100
Ht i o 4
it o 4141
HHHEHH )
s BW =10 Hz to 10kHz 111 il
3 s
% :.3: BW=10Hzto 10kHz Vi
4100 z 10 =
w s 1 w i
S T 2 il 7]
c = I 4
2 — 5 i .
) 210 =
o Hi g
SmESSsmas w T il
1 | ]
I
|
0 01 1l
10 100 10k 10k 100k T0M 10 100 10k 100k 10M
R, SOURCE RESISTANCE (OHMS) Rs, SOURCE RESISTANCE (OHMS)
FIGURE 3 — OUTPUT NOISE versus SOURCE RESISTANCE FIGURE 4 — SPECTRAL NOISE DENSITY
10 i 140
it 'ﬁ"‘.
B D, I 120
E atll] Ay =10, Rg = 100k
7] Ay = 1000+ Lt | = 100
E il
z 10 = i =
W T i £ g
] T o
E P 100 THIL A & N
p 111 o L1 = 50 N
& T 10U a [ Wi
S 01 1041 = = N
o =
g TE=ss: = 4
N i 100
20
00t 0
10 100 10k 10k 100k 10M 10 100 10k 10k 100 k
Rs, SOURCE RESISTANCE (OHMS) 1, FREQUENCY (Hz)
FIGURE 5 — BURST NOISE TEST CIRCUIT (N Suffixed Devices Only)
100 k Positive
AAA- Threshold
Voltage
To Pass/Fail
Indicator
1k
Operational Amplifier L"F':’h:‘:”
Under Test 1.0 Hz to 1 kHz
- Negative
Threshold
For applications where low noise performance 1s essential, selected Voltage
devices denoted by an N suffix are offered These units have been
100% tested for burst noise pulses on a special noise test system. The test time employed 1s 10 seconds and the 20 uV peak
Unlike conventional peak reading or RMS meters, this system was hmit refers to the operational amplifier input thus eliminating
especially designed to provide the quick response time essential to errors in the closed-loop gain factor of the operational amplifier
burst (popcorn) noise testing under test
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MC1741, MC1741C, MC1741N, MC1741NC

TYPICAL CHARACTERISTICS
(Ve = +15 Vde, VEE = =15 Vdc, T = +25°C unless otherwise noted)

FIGURE 6 —-POWER BANDWIDTH

(LARGE SIGNAL SWING versus FREQUENCY)

FIGURE 7 — OPEN LOOP FREQUENCY RESPONSE

28 +120
N
- 24 +100L\
=
@ 20 S +80
\ :
- <
e 16 2 +60
: \ g
a 12 = 440
5 \ s
S (VOLTAGE FOLLOWER \ =
S 80 THD < 5% \ ELy
40 ] 0
0 -20
10 100 1.0k 10k 100k 1.0 0 100 18k 10k 100k 10M 10M
f, FREQUENCY {Hz) 1, FREQUENCY {H2)
FIGURE 8 — POSITIVE OUTPUT VOLTAGE SWING FIGURE 9 — NEGATIVE OUTPUT VOLTAGE SWING
versus LOAD RESISTANCE versus LOAD RESISTANCE
15 T 11T -15 [ TTTT
" £15 V SUPPLIES ] - 111
13 — -13 =
S { g h £15 V SUPPLIES | ||
Rl a -1
2 10 1 £12V E 10
g 9.0 /% l 2 90 [ £12V
] 8.0 A L 5 80 A [
£ 10 Lamul 9V S 70 '
2 ¢ [ 5 L 19V
& 60 I £ 80 v/
3 50 5 50
& 40 - 6V 2 ]
s 4 .0 s
3.0 / > 30 ] 1 +6V
2.0 220
10 -10
100 200 500 700 10k 20k 5070k 10k 100 200 §00 700 1.0k 20k 50k 70k 10k
RL, LOAD RESISTANCE (OHMS) RL, LOAD RESISTANCE (OHMS)
FIGURE 10 — OUTPUT VOLTAGE SWING versus
7 LOAD RESISTANCE (Single Supply Operation) FIGURE 11 — SINGLE SUPPLY INVERTING AMPLIFIER
,2,2 +30 V Supply
2 7V 1004F 1k 10k
o 2 it
g +24V
: 20
21 21V Vin
2 16
,E:_ 1 +18V
2 1 . 200 k
5 10 15V 100 uF
5 80 +2v —
o
5 60 200 k
) ALl RL
20{——1460V,
0 +5.0V = = =
0 10 20 30 40 50 60 70 80 90 10
RL, LOAD RESISTANCE (k)
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MC1741, MC1741C, MC1741N, MC1741NC

FIGURE 12 —~ NON-INVERTING PULSE RESPONSE

A

\DU PUT

50v/DIV
A i

FIGURE 13 — TRANSIENT RESPONSE TEST CIRCUIT

To Scope
(Input)

To Scope
(Qutput)

10 us/DIV
FIGURE 14 ~ OPEN LOOP VOLTAGE GAIN
versus SUPPLY VOLTAGE
105
100
"1
- -
2955
z
S w0
w
< e
ol 1
(=]
>
> 80
<
75
70

ORDERING INFORMATION

0 20 40 60

10 12 " 16 18 20

80
Vee. IVEEL SUPPLY VOLTAGES (VOLTS)

Temperature

Device Alternate Range Package
MC1741CENCF —_ 0°C to +70°C Ceramic Flat
MC1741CG LM741CD, uA741HC 0°C to +70°C Metal Can
MC1741CL LM741CD, uA741DC 0°C to +70°C Ceramic DIP
MC1741CP1 LM741CN, pA741TC 0°C to +70°C Plastic DIP
MC1741CP2, — 0°C to +70°C Plastic DIP

NCP1, NCP2

MC1741CU,NCU — 0°C to +70°C Ceramic DIP
MC1741F,NF —_ —55°C to +125°C Ceramic Flat
MC1741G,NG - —55°C to +125°C Metal Can
MC1741L NL — -55°C to +125°C Ceramic DIP
MC1741U,NU — -55°C to +125°C Ceramic DIP
MC1741NCG - 0°C to +70°C Metal Can
MC1741NCL — 0°C to +70°C Ceramic DIP
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ORDERING INFORMATION

Device Temperature Range Package
MC1741SG -55°C to +125°C Metal Can Mcl74ls
MC1741SU ~55°C to +125°C Ceramic DIP
MC1741SCG 0°C to +70°C Metal Can
MC1741SCP1 0°C to +70°C Plastic DIP M6174lsc
MC1741SCU 0°C to +70°C Ceramic DIP
HIGH SLEW-RATE INTERNALLY-COMPENSATED OPERATIONAL AMPLIFIER
OPERATIONAL AMPLIFIER

SILICON MONOLITHIC

The MC1741S/MC1741SC is functionally equivalent, pin com- INTEGRATED CIRCUIT
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. G SUFFIX

® High Slew Rate — 10 V/us Guaranteed Minimum (for unity gain only) : "‘l MEJ:SLEPS%(;EJQGE
e No Frequency Compensation Required

® Short-Circuit Protection !

o Offset Voltage Null Capability

& Wide Common-Mode and Differential Voltage Ranges

® Low Power Consumption {Top View)

e No Latch-Up

TYPICAL APPLICATION OUTPU‘i’ CURRENT TO
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER

- Vyef = 20 Vdc
Vee =50V Ry - R2 =10k P1SUFFIX U SUFFIX
Rp =50kl PLASTIC PACKAGE CERAMIC PACKAGE
3 CASE 626 CASE 693
5 14 "1
MSB A10>— Vet
A2 6 L._I *ofFFSeTNULL[]

U 1 INVT INPUT ||
A30~— —O_—VV\‘_".]

s MC1508L 8 R2 NONINVT InPUT(]
AAO-- MC1408L = a
Series

a50%— \
A0l Lo (Ton View
a0 e ——— vo
4
Lse aso'2
MC1741S

Theoretical Vg
V,e{ 1 A2 A3 A4 AS AE A7 A8]

Veg=-15V

IGé is
12 eveeg--t5v

(Ro) | = +— e
Pins not shown are not connected. 4 8 Is 32 64 128 256

Adjust Vyef, R or RQ so that V( with alt digital inputs at high level
isequal to 9.961 volts.
Setting time to within 1/2 LSB {£19.5 mV) 1s approxi-
mately 4 0 us from the time that all bits are switched. 1 1 1 1 1 1 55
*The value of C may be selected to minimize overshoot Vo= —‘5 k) [ 4' _8 + Té + 3_2 e 54 128 255] v [258] =996tV
and ringing (C ~ 68 pF).

MC1741S LARGE-SIGNAL TRANSIENT RESPONSE STANDARD MC1741 versus MC1741S RESPONSE COMPARISON

vonrta ‘<¢1\“¢,
T H +

50 VDIV

|
(=]
e
>\
ol
P

t 1
H i b |
—

10 us/DIV 10 us/DIV
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MC1741S, MC1741SC

CIRCUIT SCHEMATIC

TVBC

L
bi %
INVERTING
INPUT sk 5k 300
35
b—o
30 6F 358 OUTPUT
_— A i
NONINVERTIN |
INPUT T
N
k4 L‘
OFFSET MH " v
Ni
oL 360 360 175 0k 50
k
OFFSET Nuu.l vee
MAXIMUM RATINGS (Ta = +25°C unless otherwise noted )
Value
Rating Symbol MC1741SC__ | MC1741S Unit
Power Supply Voltage Vce +18 +22 Vdc
VEeE -18 -22
Differential Input Signal Voltage Vip +30 Volts
Common-Mode Input Voltage Swing (See Note 1) Vicr *15 Volts
Output Short-Circuit Duration (See Note 2) tg Continuous
Power Disstpation (Package Limitation) Pp
Metal Package 680 mw
Derate above Ta = +25°C 46 mw/°C
Plastic Dual In-Line Package 625 mwW
Derate above Tp, = +25°C 50 mW/°C
Operating Ambient Temperature Range Ta 0Oto +75 J -55to +125 °c
Storage Temperature Range Tsig °c
Metal Package -65to +150
Plastic Package -55t0 +125

Note 1.

Note 2. Supply voltage equal to or less than 15 Vdc.

FIGURE 1 — OFFSET ADJUST CIRCUIT

vee

ouTPUT
INPUTS

OFFSET NULL
TERMINALS

VEE

For supply voltages less than £16 Vdc, the absolute maximum input voitage 15 equal to the supply voltage.

FIGURE 2 — INPUT BIAS CURRENT versus TEMPERATURE
400,

g N
= 0 N
z ~
w
@ A
= 300
=1
(=]
% 250 ~J
= 00 \
5 0 ~
z \
o 150 P
«Q
<
< 100
w
>
< &0
o 50
- 0
-15 -50 -25 +25 +50 +75 +100  «t25
T, TEMPERATURE (°C)
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MC1741S, MC1741SC

ELECTRICAL CHARACTERISTICS (Vg = +15 Vdc, VEE = -15 Vdc, TA = +25°C unless otherwise noted )

MC1741S MC1741SC
Characteristic Symbol Min Typ Max Min Typ Max Unit
Power Bandwidth {See Figure 3) BWp ' kHz

Ay =1,R =20k®, THD = 5%, Vg =20 V(p-p} 150 200 - 150 200 -
Large-Signal Transient Response

Slew Rate (Figures 10 and 11) SR

V(=) to V(+) 10 20 - 10 20 - V/us

V(+) to V{-) 10 12 - 10 12 -

Settling Time (Figures 10 and 11) tsetlg - 30 - - 30 - us

(to within 0 1%)
Small-Signal Transient Response

(Gain = 1, E|p = 20 mV, see Figures 7 and 8}

Rise Time ITLH - 0.25 - - 0.25 - us

Fall Time THL - 0.25 - - 0.25 - us

Propagation Delay Time tPLHAPHL - 025 - - 0.25 - us

Overshoot oS - 20 - - 20 - %
Short-Circuit Output Currents 10s 10 - +45 10 - +45 mA
Open-Loop Voltage Gain (R - 20 k() (See Figure 4) Avol -

VO - £10V, Ty = +25°C 50,000 | 200,000 - 20,000 | 100,000 -

VO * £10V, TA = Tiow* t0 Thigh* 25,000 - - 15,000 - - .
Qutput Impedance (f = 20 Hz) 2o - 75 - - 75 - Q
Input Impedance (f = 20 Hz) 2, 03 1.0 = 03 10 - MQ
Output Voltage Swing Vo Vpk

RL =10kQ, TA = Tiow t0 Thigh (MC1741S only) +12 14 - +12 +14 -

R =2.0k$, Ty = +25°C +10 +13 - +10 13 -

RL =20k, Ta =T|ow to Thlgh 10 - - +10 - -

Input Common-Mode Voltage Range VICcR $12 13 - 12 13 - Vpk

TA = Tiow 1 Thigh (MC1741S)

Common-Mode Rejection Ratio (f = 20 Hz) CMRR 70 90 - 70 90 - dB

TA = Tiow t© Thigh (MC17415)

Input Bias Current (See Figure 2) hg nA

Ta = +25%C and Thigh - 200 500 - 200 500

Ta = Tiow - 500 1500 - - _800
Input Offset Current ol R nA

Ta = +25°C and Thigh - 30 200 - 30 200

Ta=Tiow - - -| 500 - - 300
Input Offset Voltage (Rg = <10kQ) IVio! mV

Ta = +25°C - 10 50 - 20 6.0

TA = Tiow 10 Thigh - - 60 - - 7.5
DC Power Consumption {See Figure 9) Pc mW

(Power Supply = 15 V, Vg = 0) - 50 85 - 50 85

TA = Tiow 0 Thigh
Positive Voltage Supply Sensitivity PSS+ uVIV

{VEE constant} - 20 100 - 20 150

TA = Tiow 10 Thigh on MC1741S
Negative Voltage Supply Sensitivity PSS- uVvIV

(Vce constant) Ta = Tigy to Thygh on MC1741S, - 10 150 - 10 150

*Tiow = 0 for MC1741SC Thigh = +70°C for MC1741SC
= -55©C for MC1741S = +125 °C for MC1741S
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MC1741S, MC1741SC

PEAK OUTPUT VOLTAGE FOR < 5% THD (VOLTS)

en, INPUT NOISE VOLTAGE (nV/JHz)

TYPICAL CHARACTERISTICS

(Ve = +15 Vdc, VEE = -15 Vdc, Tp = +259C unless otherwise noted.)

FIGURE 3 —~ POWER BANDWIDTH ~ NONDISTORTED
OUTPUT VOLTAGE versus FREQUENCY

FIGURE 4 — OPEN-LOOP FREQUENCY RESPONSE

+20 +120
s 100
0 R
=
+50] S +60
N &
0 2 0
5
a0 =
-50] 3420
/ ¥
10 o
-15 =20
10 100 10K 10k 100K oM 10 10 00 10k 10k 100k 10M  10M
f, FREQUENCY (Hz) £, FREQUENCY (Hz)
FIGURE 6 — OUTPUT NOI
FIGURE 5 — NOISE versus FREQUENCY SOURCE RES,STA?\,g: versus
140 35
120 Z 10
£ Ay = 1000
100 E 29 A
\ 5
Ay=100
80 H;= 10k E 20 A4
NNA 2
en w 1§
w N L %3 -
= 1
\\ Ny, = 1 sa Ay =100
40| = 0 v =
IS £ Ve
4 NS = >
20 Ay=100 LT 3 0s ay
u Rg =100 T T || " 1 Ay=10T Ay=1
L LT M ¢, =Y
10 100 1000 0k 100k 100 10k 0k 100k

f, FREQUENCY (H2)

FIGURE 7 ~ SMALL-SIGNAL TRANSIENT
RESPONSE DEFINITIONS

INPUT

50%:

RISE TIME

OVERSHOOT
Vvos

\

-+ 504

OVERSHOOT Vs

" FaLLTIME

Pins not shown are not connected
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MC1741S, MC1741SC

TYPICAL CHARACTERISTICS
(Vge = +16 Vdce, VEE = -15 Vdc, T = +25°C unless otherwise noted.)

FIGURE 9 — POWER CONSUMPTION versus POWER
SUPPLY VOLTAGES
SETTLING TIME

e 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
60 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
P supply connections should be adequately bypassed as

close as possible to the device pins. In bypassing, both
30 low and high-frequency components should be con-
20 ,/ 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

0 50 10 15 20 25 ringing while a value too large will degrade slew rate and

VG and IVEEL SUPPLY VOLTAGE (VOLTS) 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

PC, POWER CONSUMPTION (mW)

FIGURE 10 — LARGE-SIGNAL TRANSIENT WAVEFORMS

«10V L. .. .

[ Figure 11. This is necessary since it is difficult tode-
INPUT 0, termine when the waveform at the output of the op-
/ SLEW erational amphfier settles to within 0.1% of it's final
10y RATE value. Because the output and input voltages are ef-

Vi#) 10 V(-) ) o
(MEASUREMENT suew fectwgly s.ubtracteq from each othef’ at the amplifier
PERIOD) V(- to V() inverting input, this seems like an ideal node for the

(MEASUREMENT

measurement. However, the probe capacitance at this
critical node can greatly affect the accuracy of the

PERI0D)

ALLOWABLE actual measurement.
ERROR )
OUTPUT 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,

FIGURE 11 — SETTLING TIME AND SLEW RATE TEST CIRCUIT and the settling time of the oscilloscope must be con-
sidered. The expression

8 tsetlg =N x2 +y2+ 22

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

10%

SETTLING
TIME

vee 1BV

0

1oy oy tsetlg = observed settling time
et -EHV‘ x = amplifier settling time (to be determined)
(f outkur y = false summing junction settling time
= i) z = oscilloscope settling time
N h It should be remembered that to settle within $0.1%
o requires 7RC time constants.
The +0.1% factor was chosen for the MC1741S

£ *Match to within 0 01%

10k settling time as it is compatible with the *1/2 LSB
st s o accuracy of the MC1508L8 digital-to-analog converter.
SUMIAG OREQUI Jromenuv o Fasmimenae s This D-to-A converter features +0.19% maximum error.
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MC1741S, MC1741SC

FIGURE 12 - WAVEFORM AT FALSE SUMMING NODE TYPICAL APPLICATION
FIGURE 14 — 12.5-WATT WIDEBAND POWER AMPLIFIER

asv
>
=} MCL1304
s R EQUIV 300 oF
E (CURRENT —
o LIMITING
54 (D100E)

i/ 100

246 S MPSAIZY OR EQUIV

OR EQUIY,
EE 033

10k
FIGURE 13 — EXPANDED WAVEFORM AT E 03
P
FALSE SUMMING NODE NPUT N -

ucmls\ 14
11k A:u:m ';‘E‘mw\
0R EQUIV OR EQUIV

1.0 us/0V

@

l g Q-
> o LIMITING
s 01% = 01008)
S ERROR 15V
3 BAND 10k
=
Detwers 12 Watts 1o 4 0 ohms with less than 1% THD ta 100 kHz "

Pins not shown are not connected
*Buas current adjustment 10 ehminate Crossover Distortion
**Epoxy 1o power transistor heat sink or case tor maximum Thermal Feedback -

10 py/DIV
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ORDERING INFORMATION

Device Temperature Range Package
MC1747F -55°C to +125°C Ceramic Flat
MC1747G -55°C to +125°C Metal Can
MC1747L —-55°C to +125°C Ceramic DIP
MC1747CF 0°C to +75°C Ceramic Flat M01747
MC1747CG 0°C to +75°C Metal Can
MC1747CL 0°C to +75°C Ceramic DIP Mc 17470
MC1747CP2 0°C to +75°C Plastic DIP
DUAL MC1741 (DUAL MC1741)
INTERNALLY COMPENSATED, HIGH PERFORMANCE DUAL
OPERATIONAL AMPLIFIER 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-for-pin equivalent to the tA747 and uA747C respec-

SILICON MONOLITHIC
INTEGRATED CIRCUIT

tively.
® No Frequency Compensation Required
® Short-Circuit Protection
® Wide Common-Mode and Differential Voltage Ranges %
o Low-Power C . F SUFFIX 2>

ow-Power Consumption CERAMIC PACKAGE
® No Latch Up CASE 607

. tnv. Input 13 14 Offset Adj A

® Offset Voltage Null Capability Non inv Input 2 C— — 3 XS,%& A

Offset Adj A 355

VEE 11 N.C.
Offset Ady B 5] B 10 0Output B
Non Inv Input §= =9 Vv B

/8 Oﬁgel Adj B

FIGURE 1 — HIGH-IMPEDANCE, HIGH-GAIN Inv. Input
INVERTING AMPLIFIER
vee vee
G SUFFIX
METAL PACKAGE
Iolur CASE 603
> L " Eg=-100Ey
- MCc174re
2 .
MC1747,C v

En
2, > 200 M2

100k

Il]lyF

VEE Terminals not shown are not connected

FIGURE 2 — CIRCUIT SCHEMATIC

vl —
NON INVERTING
INPUT N
45k
s P2 SUFFIX L SUFFIX
> 4 S 25 PLASTIC PACKAGE CERAMIC PACKAGE
> T~ 4 CASE 632-02
INVERTING H B2 Tooge | CASE 646 T0-116
INPUT 75k QUTPUT
[, 4 L/ 4-i¢ vo) S
Offset
1
v Inv nputE A 14 Adj A
N 3 Non |
4 50 on Inv
input t; 5] vee A
OFFSET Offset
NULL v fso PO E [1Z]output A
50k 7] k 50
10k i S0k 10k
vee [4] 1]n.c.
Y i}
VEE e 10]Output B
Circuit diagrams utilizing Motorola products are included as a means of illustrating typical Non Inv B
semiconductor applications; consequently, complete information sufficlient for construction Input 6 E]vcc B
purposes is not necessarily given, The information has been carefully checked and is believed
to be entirely reliable. However, no responsibility 1s assumed for inaccuracies. Furthermore, Inv Input E Offset
such information does not convey to the purchaser of the semiconductor devices described AdjB
any license under the patent right of Motorola Inc. or others.
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MC1747, MC1747C

MAXIMUM RATINGS (T4 = +25°C unless otherwise noted.)

Rating Symbol MC1747. MC1747C Unt

Power Supply Voltages Vee +22 +18 Vdc

Vege -22 -18

Drfferential Input Signal Voltage [0) Vip +30 Volts

Common-Mode Input Swing Voltage @ VICcR +15 Volts

Output Short-Circuit Duration t0s Continuous

Voltage (Measurement between Offset Null and Vgg) +05 Volts

Operating Ambient Temperature Range Ta -55 to +125 Oto 475 °c

Storage Temperature Range Tstg -65 to +150 -65 to +150 oc

Junction Temperature T °c

Ceramic and Metal Package 175
Plastic Package 150
ELECTRICAL CHARACTERISTICS (Ve = +16 Vde, VEE = -15 Vdc, Ta = +25°C unless otherwise noted }
MC1747 MC1747C
Characteristics Symbol Min Typ Max Min Typ Max Unit

Input Bias Current LT:} nAdc
Ta = +25°C - 80 500 - 80 500
TA=Thigh [«)} - 30 500 - 30 800
TA=Tiow @ - 300 1500 - 30 800

Input Offset Current o nAdc
Ta =+25°C - 20 200 - 20 . 200
TA = Thigh - 7.0 200 = 70 300
TA = Tiow — 85 500 - 70 300

Input Offset Voltage (Rg < 10k2) Vio mVde
Ta =+25°C - 1.0 50 - 1.0 60
TA = Tiow 10 Thigh - 1.0 60 - 10 75

QOftset Voltage Adjustment Range - +15 - - *+15 - mV

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

Parallel Input Resistance n 03 20 - 03 20 - MQ
Paratlel Input Capacitance C, - 14 - - 14 - pF
Common-Mode Input Voltage Swing ViCcR Volts

Tiow < TA S Thigh +12 | +13 - +12 | +13 -

Common-Mode Rejection Ratio {Rg = 10 kQ2) CMRR dB
Tiow S TAS Thigh 70 90 - 70 90 -

Open-Loop Voltage Gan Avol L Volts
Ta = +25°C _ B 0,000{ 200000 | - |25,000 | 200000| -~
Ta=Tiowto Th.,.}‘vo‘ HOV.Ry =20ka) bsooo| - - o0 | - -

Transient Response (Unity Gain)

(Vin =20 mV, Ry = 2.0 kg2, C_ < 100 oF)

Rise Time tPLH - 03 - - 03 - us
Overshoot Percentage - 50 = - 50 - %
Slew Rate (Unity Gan) SR - 0.5 - - 05 - Vius
Output Impedance E - 75 - - 75 - ohms
Short-Circuit Output Current 10s - 25 - - 25 - mAdc

Channel Separation - 120 - - 120 - dB

Output Voltage Swing (Tigw < TA < Thgh) VoR Vpk
RL=10kQ2 12 14 - +12 +14 -
RL=20kQ +10 +13 — +10 +13 -

Power Supply Sensitvity (Tioy to Thigh! nvIvV
VEgEg = Constant, Rg < 10k0 PSS+ - 30 150 - 30 150
Vce = Constant, Rg <10 kN2 PSS- - 30 150 - 30 150

Power Supply Current (each amplifier) Icc.lee mAdc
Ta = +25°C - 1.7 28 - 17 28
TA=Tiow - 20 33 - 20 33
TA = Thigh - 1.5 25 ~ 2.0 3.3

DC Power Consumption (each amplifier) PC mw
Ta = +25°C - 50 85 - 50 85
Ta=Tiow - 60 100 - 60 100
TA = Thigh - 45 75 - 60 100

(@ For supply voltages of less than + 15 V, the maximum differential input voltage 1s equal to + (Voe + IVEEN.
@ For supply volitages of less than + 15 V, the maximum nput voitage 1s equal 1o the supply voltage (+Vcc, -[VEg().
@ Tiow- 0°C for MC1747CL
-55°C for MC1747L
Thigh™ +75°C for MC1747CL
+125°C for MC1747L
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MC1747, MC1747C

FIGURE 3 — TYPICAL FREQUENCY-SHIFT KEYER TONE
GENERATOR TEST CIRCUIT

vee P15v Vcc?lsv

001 4F A
o——o
0k FREQUENCY
AAA SHIFT
014F QUTPUT
0001 4 |-1 0001 uF I ’_1
= VEE = = Ve =
12704 S RO - AL
i K SETI/E?{OK kg
y FIGURE 4 — TYPICAL FREQUENCY-SHIFT KEYER TONE GENERATOR

- f

50 V/DIV

[P SRS (R R .

Terminals not shawn are not connected

+H

05 ms/DIV
TYPICAL CHARACTERISTICS
(Vg = +15 Vde, VEg = =16 Vdc, T = +25°C unless otherwise noted.)
FIGURE 5 — OPEN-LOOP VOLTAGE GAIN

versus POWER-SUPPLY VOLTAGE FIGURE 6 — OPEN-LOOP FREQUENCY RESPONSE
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FIGURE 7 — POWER BANDWIDTH FIGURE 8 — POWER CONSUMPTION
(LARGE SIGNAL SWING versus FREQUENCY) versus POWER SUPPLY VOLTAGE
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MC1747, MC1747C

Vo, DUTPUT VOLTAGE (Vp.p)

TYPICAL CHARACTERISTICS (continued)
(Vgg = +15 Vde, Vgg = -15 Vdc, Ta = +25°C 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 Temperature Range Package
MC1748G ~55°C to +125°C Metal Can ! MCI748
MC1748U —55°C to +125°C Ceramic DIP
MC1748CG 0°C to +70°C Metal Can
MC1748CP1 0°C to +70°C Plastic DIP Mc1748c
MC1748CU 0°C to +70°C Ceramic DIP

HIGH PERFORMANCE

OPERATIONAL AMPLIFIER OPERATIONAL AMPLIFIER
SILICON MONOLITHIC
. . . designed for use as a summing amplifier, integrator, or amplifier INTEGRATED CIRCUIT
with operating characteristics as a function of the external feedback
components.

P1 SUFFIX U SUFFIX
® Noncompensated MC1741 PLASTIC PACKAGE CERAMIC PACKAGE
® Single 30 pF Capacitor Compensation Bequired For Unity Gain (Mg‘l‘;sdggiily) CASE 693
® Short-Circuit Protection
® Offset Voltage Null Capability
e Wide Common-Mode and Differential Voltage Ranges
® Low-Power Consumption
® No Latch Up

FIGURE 1 — CIRCUIT SCHEMATIC

8 Q COMPENSATION
OoVee

non::gs;muu N i G SUFFIX
M st o
3
L 312
9k S 4 Compaensation
INVERTING N Y
INPUT 15Kk oUTPUT
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2 ]
50—
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OFFSET
NULL l———‘{

v
Lk
10
) 4 S
3 < 4 50k 350k 50
wx:: <S50k S0k T Vee
é . O 4

TYPICAL COMPENSATION CIRCUITS

FIGURE 2 — OFFSET ADJUST AND

FREQUENCY COMPENSATION FIGURE 3 — SINGLE-POLE COMPENSATION

C2= foR2
fo = 30 MHz
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MC1748, MC1748C

MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)

Rating Symbol MC1748 MC1748C Unit
Power Supply Voltage Vee +22 +18 Vdc
VEE -22 -18
Differentral Input Signal Vin +30 Volts
Common-Mode Input Swing D VICR +15 Volts
Output Short Circuit Duration s Continuous
Power Dissipation {Package Limitation) Pp 680 mwW
Derate above Tp = +25°C 46 mw/°C
Operating Temperature Range TA -55 to +125 0 to +70 °c
Storage Temperature Range Tstg -65 to +150 -65 to +150 oc
ELECTRICAL CHARACTERISTICS (v = +15 Vdc, VEE = -15 Vdc, Ta = +25°C unless otherwise noted )
MC1748 MC1748C
Characteristics Symbol Min Typ Max Min Typ Max Unit
Input Bias Current i uAdc
Ta = +25°C - 008 05 - 008 | 05
TA = Tiow 1 Thigh @ - 03 15 - - 08
Input Offset Current thol pAdc
Ta=+25°C - 002 02 - 002 |02
TA=Tiow 10 Thigh - 008 | 05 - - 03
Input Offset Voltage {(Rg <10 k 2} Viol mVde
Ta = +25°C - 1.0 50 - 1.0 6.0
TA = Tiow t© Thigh - - 60 - - 75
Differential Input Impedance (Open-Loop, f = 20 Hz)

Parallel Input Resistance Rp 0.3 2.0 - 03 20 — | Megohm
Parallel Input Capacitance Cp - 1.4 - - 14 - pF
Common-Mode Input Impedance (f- 20 Hz) Zin - 200 - - 200 Megohms

Common-Mode Input Voltage Swing Vicr 112 +13 - 12 113 - Vpk
Common-Mode Rejection Ratio (f = 100 Hz) CMRR 70 90 - 70 20 - dB
Open-Loop Voltage Gam, (Vo =+10V, R|_=2 Ok ohms) Ayol VIV
Ta = +25°C 50,000 200,000 - | 20,000 | 200,000 -
TA=Tiowto Thigh 25,000 - - 15,000 - -
Step Response (V=20 mV, C¢ = 30pF, R =2k$2, C|_=100pF)
Rise Time ty - 03 - - c2 - us
Overshoot Percentage - 50 - - 50 - %
Slew Rate dVgut/dt - 08 - - 08 - Vius
Qutput Impedance (f = 20 Hz} 2o - 75 - - 75 - ohms
Short-Circut Qutput Current lse - 25 - - 25 - mAdc
Output Voltage Swing (Ry_ = 10 k ohms) Vo +12 +14 - +12 +14 - Vpk
RL=2kohms(TA=T|°WtOth.ghl +10 %13 - +10 $13 -
Power Supply Sensitivity wVIV
VEE = constant, Rg < 10 k ohms S+ - 30 150 - 30 150
Ve = constant, Rg < 10 k ohms S- - 30 150 - 30 150
Power Supply Current Ip* - 167 | 2.83 - 167 | 283 | mAdc
Ip~ - 167 2.83 - 167 |2.83
DC Quiescent Power Dissipation Pp mw
(Vo =0) - 50 85 - 50 85

@ For supply voltages less than +15 V, the Maxtmum Input Voltage s equal to the Supply Voltage.

@ Tiow' 0°C for MC1748C
-55°C for MC1748
Thigh- +70° for MC1748C
+125°C for MC1748
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M

Ay, VOLTAGE GAIN {dB)

Ay, VOLTAGE GAIN (dB)

VIR, INPUT VOLTAGE RANGE (VOLTS)

C1748, MC1748C

TYPICAL CHARACTERISTICS
(Vce = +15 V, VEE = =15 V, T = +25°C unless otherwise noted.)

FIGURE 5 — MINIMUM INPUT VOLTAGE RANGE

FIGURE 6 — MINIMUM OUTPUT VOLTAGE SWING
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MC1748, MC1748C

TYPICAL CHARACTERISTICS (continued)
{(Vee = +15 V, VEg = =156 V, Ta = +25°C unless otherwise noted.)

FIGURE 11 — VOLTAGE FOLLOWER PULSE RESPONSE FIGURE 12 ~ OPEN-LOOP FREQUENCY RESPONSE
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FIGURE 13 — LARGE-SIGNAL FREQUENCY RESPONSE FIGURE 14 — INVERTER PULSE RESPONSE
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MC1776
MC1776C

Specifications and Applications

Information PROGRAMMABLE
OPERATIONAL AMPLIFIER

MONOLITHIC MICROPOWER
PROGRAMMABLE OPERATIONAL AMPLIFIER SILICON MONOLITHIC

. \ . - INTEGRATED CIRCUIT
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 Iget input.
This allows the amplifier’s characteristics to be optimized for input
current and power consumption despite wide variations in operating G SUFFIX
I
1

METAL PACKAGE
power supply voltages. CASE 601

® +1.2Vto+18V Operation
® Wide Programming Range !set
=
e 0
® Offset Null Capability Oftsat Nuli (3
® No Frequency Compensation Required
® Low Input Bias Currents Inverting Input (D } ©®
® Short-Circuit Protection Non-Inverting lnput 0 @ Offset Nulf
RESISTIVE PROGRAMMING (See Figure 1.) VEE
Ryet to GROUND Ryet to NEGATIVE SUPPLY (Top View)
(Recommended for supply voitege
lass than 6.0 V)
vee
P1 SUFFIX
PLASTIC PACKAGE
CASE 626
Rser (MC1776C only)
vee-06 -Veg
lgg 3 ——————
Rset
Typical Rggy Values Typical Regq Values
Vee. V lggr = 1.5 KA | lgay = 15 uA Vee: VEE|Iset= 15 uA | Igg =15 nA
cC: VEE | !set H set M. se U SUFFIX
+6 OV 36MQ 360kN t1.5v 16MQ 160k CERAMIC PACKAGE
10V 6.2 M2 620 k2 30V 36 MQ 360 kN2 CASE 693
£12v 7.5 MQ 750k Q2 60V 75MQ 750 k2
t15v 10 MQ 1.0MQ £15 Vv 20 MO 20MR
ACTIVE PROGRAMMING Offset Null [1] (8] 110t

Inverting Input [2} Vee

FET CURRENT SOURCE BIPOLAR CURRENT SOURCE | ]
Non-Invarting Input ﬂ‘ﬂ Output

Vee [4] [5] Offset Nuli
70Vee

{Top View)

ORDERING INFORMATION

Device Temperature Range Package
MC1776G -55 to +125°C Metal Can
MC1776U -55 10 +125°C Ceramic DIP
MC1776CG 0 to +70°C Metal Can
MC1776CP1 0 to +70°C Plastic DIP
MC1776CU 0 to +70°C Ceramic DIP

Pins not shown are not connected.
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MC1776, MC1776C

MAXIMUM RATINGS (T = +25°C unless otherwise noted.)

Rating Symbol Valus Unit
Power Supply Voltages Vee: Ve +18 Vde
Differential Input Voltage Vip +30 Vde
Common-Mode Input Voltage Viem
Veg and IVEEI< 15V Vee: VEE Vdc
Vgcand IVEg! > 16V . 15
Offset Null to Vgg Voltage Voff~-VEE 0.5 Vdc
Programming Current Iset 500 HA
Programming Voltage Vset (Vee-2.0 V) Vde
(Voltage from lggy terminal to ground) to
Vee
Output Short-Circuit Duration* tg Indefinite s
Operating Temperature Range Ta °c
MC1776 ~65t0 +125
MC1776C 0to+70
Storage Temperature Range Tstg °c
Metal and Ceramic Packages -65 to +150
Plastic Package -551t0 +125
Junction Temperature Ty oc
Metal and Ceramic Packages 175
Plastic Package 150

*May be to ground or esther Supply Voltage. Rating applies up to a case temperature of +125°C or ambient temperature of +70°C and
Iset < 30 pA.

SCHEMATIC DIAGRAM
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MC1776, MC1776C

ELECTRICAL CHARACTERISTICS (vgc=+3.0 V, VEE =-3.0 V, lset = 1.5 #A, T = +25°C unless otherwise noted.}

MC1776 MC1776C
Characteristic Symbol Min Tye Max Min Typ Max Unit

Input Offset Voltage {Rg < 10 k2) Vio mV
Ta = +25°C - 20 5.0 - 20 6.0
Tiow® < TA < Thigh* - - 6.0 - - 75

Offset Voitage Adjustment Range VIOR - 9.0 - - 9.0 - mV

Input Offset Current lio nA
Ta=+25°C - 0.7 30 - 0.7 6.0
TA =Thigh - - 5.0 - - 6.0
Ta=Tiow - - 10 - - 10

input Bias Current lig nA
Ta =+25°C - 2.0 7.5 - 20 10
TA =Thigh - - 75 - - 10
Ta=Tiow - -~ 20 - - 20

Input Resistance rl — 50 - - 50 - M

Input Capacitance [ - 20 - - 20 - pF

Input Voltage Range Vio \"
Tiow < TA < Thigh 10 - - +1.0 - -

Large Signal Voltage Gain AvoL ViV
R > 75k, Vg=*10V, TA=+25°C 50 k 200 k - 25k 200 k -
RL2>75kQ, V0 =+10V, Tiow < TA < Thigh 25k - - 25 k - -

Qutput Voltage Swing Vo \
RL > 75k, Tiow < TA < Thigh 20 +24 - +20 2.4 -

Output Resistance [ — 50 — = 5.0 - kQ

Qutput Short-Circuit Current los - 3.0 - - 3.0 - mA

Common-Mode Rejection Ratio CMRR dB
Ag < 10 k2, Tiow < TA < Thigh 70 86 - 70 86 -

Supply Voltage Rejection Ratto PSRR uviv
Rg < 10k, Tiow S TA € Thigh - 25 150 - 25 200

Supply Current lcc. lEE uA
Ta =+25°C - 13 20 - 13 20
Tiow < TA < Thigh - - 25 - - 25

Power Dissipation PD uW
Ta = +26°C - 78 120 - 78 120
Tiow < TA < Thigh - - 150 - - 150

Transient Response (Unity Gain)

Vin =20 mV, R > 50 k2, C_ = 100 pF
Rise Time tTLH - 3.0 - - 3.0 - us
Overshoot Qos - 0 - - 0 - %
Slew Rate (R|_ > 5.0 kQ} SR - 0.03 - - 0.03 - Vius

*Tiow = -55°C for MC1776
0°C for MC1776C

Thigh = +125°C for MC1776
+70°C for MC1776C

VOLTAGE OFFSET
NULL CIRCUIT

vee

TRANSIENT-RESPONSE
TEST CIRCUIT

Pins not shown are not connected
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MC1776, MC1776C

ELECTRICAL CHARACTERISTICS (Voo =+3.0V, VEg =-3.0V, lgeq = 15 A, Ta = +25°C unless otherwise noted.)

MC1776 MC1776C
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg < 10 kQ2) Vio mV
Ta = +25°C - 20 50 - 20 6.0
Tiow" < TA < Thigh* - - 6.0 - - 75
Offset Voltage Adjustment Range VIOR - 18 = - 18 = mV
Input Offset Current lio nA
Ta=+25°C - 20 15 - 20 25
TA = Thigh - - 15 - - 25
TA=Tiow - - 40 - - 40
Input Bias Current {IT:] nA
Ta =+25°C - 15 50 - 15 50
Ta= Thigh - - 50 - - 50
TA = Tiow - - 120 - - 100
Input Resistance [ - 5.0 — - 5.0 - Mo
Input Capacitance c, - 2.0 - - 20 - pF
Input Voltage Range Vip \"
Tiow < TA < Thigh +1.0 - - £1.0 - -
Large Signal Voltage Gain . AvoL VIV
RL »5.0k2, Vo =t10V, T =+25°C 50 k 200 k - 25 k 200 k -
RL >5.0k2, Vo =210V, Tiow < Ta < Thigh 25 k - - 25k - -
Output Voltage Swing Vo v
RL 250k, Tiow < TA < Thigh +1.9 2.1 - +20 2.1 -
QOutput Resistance [ - 1.0 = - 1.0 -~ k2
Output Short-Circuit Current los - 5.0 - -~ 5.0 - mA
Common-Mode Rejection Ratio CMRR dB8
Rs < 10 k2, Tiow < TA < Thigh 70 86 - 70 86 -
Supply Voltage Rejection Ratio PSRR uviv
Rg < 10 k2, Tiow < TA < Thigh - 25 150 - 25 200
Supply Current lcc. 1EE uA
TaA=+25°C - 130 160 - 130 170
Tiow < TA < Thigh - - 180 - - 180
Power Dissipation Pp MW
Ta =+25°C - 780 960 - 780 1020
Tiow < TA < Thigh - - 1080 - - 1080
Transient Response (Unity Gain)
Vin=20mV, Ry » 50 k2, C =100 pF
Rise Time - tTLH - 0.6 - - 0.6 - Hs
Overshoot ] - 5.0 - - 5.0 - %
Slew Rate (R » 5.0 kf2) SR - 0.35 - - 0.35 - Vius
*Tiow = ~B6°C for MC1778 Thigh = +1269C for MC1776
0°C for MC1776C +70°C for MC1776C
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MC1776, MC1776C

ELECTRICAL CHARACTERISTICS (Voo =+15V, VEE = -15 V, Iger = 1.5 uA, T = +25°C unless otherwise noted.)

MC1776 MC1776C
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg < 10 kQ2) Vio mv
Ta = +25°C - 2.0 5.0 - 2.0 6.0
Tiow* € TA < Thigh* - - 6.0 - - 75
Offset Voltage Adjustment Range VIOR - 9.0 - - 9.0 - mvV
Input Offset Current lio nA
Ta = +25°C - 0.7 30 - 0.7 6.0
TA =Thigh - - 5.0 - - 6.0
Ta =Tiow - - 10 - - 10
Input Bias Current T} nA
Ta = +25°C - 20 75 - 2.0 10
TA = Thigh - - 75 - - 10
Ta = Tiow - - 20 - - 20
Input Resistance i - 50 - - 50 - MQ
Input Capacitance cj — 2.0 - - 20 - pF
Input Voltage Range Vipo v
Tiow < TA < Thigh 10 - - 10 - -
Large Signal Voltage Gain AyoL ViV
R >75kQ,Vo=+10V, Tp =+25°C 200k | 400k - 50 k 400 k -
R >75kQ, Vo =210V, Tiow < TA < Thigh 100 k - - 50 k - -
Output Voltage Swing Vo V
R > 75k, Ta = +25°C +12 +14 - +12 +14 -
RL=>75 kanIow<TA<Thigh +10 - — +10 - -
Qutput Resistance [ - 5.0 - - 5.0 — k2
Output Short-Circuit Current los - 3.0 - - 3.0 - mA
Common-Mode Rejection Ratio CMRR dB
Rs < 10k, Tiow < TA < Thigh 70 90 - 70 90 -
Supply Voltage Rejection Ratio PSRR uvIvV
Rg < 10kQ, Tiow < TA < Thigh - 25 150 - 25 200
Supply Current Ice. lge HA
Ta = +25°C - 20 25 - 20 30
Tiow < TA < Thigh - - 30 - - 35
Power Dissipation Pp mwW
Ta = +25°C - - 0.75 - - 09
Tiow < Ta < Thigh - - 09 - - 1.05
Transient Response (Unity Gain)
Vin =20mV, Rt =5.0 k2, C_ =100 pF ,
Rise Time tTLH - 1.6 - - 1.6 - HS
 Overshoot os - o] - - (v} - %
Stew Rate (R > 5.0 kQ2) SR - 0.1 - - 0.1 = Vlus
*Tiow = -55°C for MC1776 Thigh = +125°C for MC1776
0°C for MC1776C +70°C for MC1776C
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MC1776, MC1776C

ELECTRICAL CHARACTERISTICS (Vg =+15V, VEE = =15V, Iger = 16 4A, Ta = +25°C unless otherwise noted.)

MC1776 MC1776C
Characteristic Symbol Min Typ Max Min Tye Max Unit

Input Offset Voltage (Rg < 10 k2) Vio mv
Ta=+25°C - 2.0 5.0 - 2.0 6.0
Tiow® < TA < Thigh" - - 6.0 - = 7.5

Offset Voltage Adjustment Range VIOR - 18 - - 18 - mvV

Input Offset Current hio nA
Ta =+25°C - 2.0 15 - 20 25
TA = Thigh - - 15 - - 25
TA = Tiow - - 40 - - 40

tnput Bias Current {IT:} nA
Ta =+25°C - 15 50 - 15 50
TA = Thigh - - 50 - - 50
TA = Tlow - - 120 - - 100

Input Resistance n - 5.0 - - 5.0 - M

Input Capacitance c - 20 - - 20 - pF

input Voitage Range Vip v
Tiow < TA < Thigh +10 - - +10 - -

Large Signal Voltage Gain AyoL ViV
RL 25.0kQ,VQ=+10V, Tp = +25°C 100k | 400k - 50 k 400 k -
RL>75kQ, Vo =10V, Tiow < TA < Thigh 75k - - 50 k - -

Qutput Voltage Swing Vo Vv
Rl >5.0kQ, Ta = +25°C 10 13 - £10 £13 -

RL 275 kQ, Tiow < TA < Thigh +10 - - +10 - -

Output Resistance o - 1.0 - - 1.0 - k2

Output Short-Circuit Current los - 12 - - 12 - mA

Common-Mode Rejection Ratio CMRR dB
Rs < 10k, Tiow < TA < Thigh 70 90 - 70 90 -

Supply Voltage Rejection Ratio PSRR uv/iv
Rg <10k, Tiow < TA < Thigh - 25 150 - 25 200

Supply Current Icc. 1EE HA
Ta =+25°C - 160 180 - 160 190
Tiow < TA < Thigh - - 200 - - 200

Power Dissipation Pp mw
Ta = +25°C - - 54 - - 5.7
Tiow < TA < Thigh - - 6.0 - - 6.0

Transient Response (Unity Gain)

Vin=20mV, R » 50k, C_=100 pF
Rise Time TLH - 0.35 - - 0.35 - us
Overshoot os - 10 - - 10 - %
Slew Rate (R|_ > 5.0 kQ2) SR - 0.8 - - 08 - Vius
*Tiow = -55°C for MC1776 Thigh = +125°C for MC1776
0°C for MC1776C +70°C for MC1776C
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MC1776, MC1776C

TYPICAL CHARACTERISTICS

(T A = +25°C unless otherwise noted.)
FIGURE 2 - POSITIVE STANDBY SUPPLY

FIGURE 1 — SET CURRENT versus SET RESISTOR CURRENT versus SET CURRENT
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FIGURE 3 — OPEN-LOOP GAIN versus SET CURRENT FIGURE 4 — INPUT BIAS CURRENT versus SET CURRENT
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FIGURE 5 — INPUT BIAS CURRENT FIGURE 6 — GAIN-BANDWIDTH PRODUCT {GBW)
versus AMBIENT TEMPERATURE versus SET CURRENT
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MC1776, MC1776C

TYPICAL CHARACTERISTICS (continued)
(Tp = +25°C unless otherwise noted.)

FIGURE 7 — OUTPUT VOLTAGE SWING FIGURE 8 — SUPPLY CURRENT
versus LOAD RESISTANCE versus AMBIENT TEMPERATURE
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FIGURE 9 — OUTPUT SWING FIGURE 10 — SLEW RATE
versus SUPPLY VOLTAGE versus SET CURRENT
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FIGURE 11 — INPUT NOISE VOLTAGE FIGURE 12 — OPTIMUM SOURCE RESISTANCE
versus SET CURRENT FOR MINIMUM NOISE versus SET CURRENT
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MC1776, MC1776C

APPLICATIONS INFORMATION

FIGURE 13 — WIEN BRIDGE OSCILLATOR
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FIGURE 14 — MULTIPLE FEEDBACK BANDPASS FILTER

for agiven
fq = center fraquency
A (fg) = Gain at center frequency
Q = quality factor

Choose a value for C, then

Re = —0—
5% Tt
R1=_B5
2A (fo)
R2-ALAS
402R1RS
Ta obtain less than 10% error from the operationat amphfier
Yt gy
Gew

where fo and GBW are expressed in Hz. GBW 15 available from
Figure 6 as a function of Set Current, Ige
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FIGURE 15 — MULTIPLE FEEDBACK BANDPASS FILTER
(1.0 kHz)
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