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IMPORTANT NOTICE

Texas Instruments (Tl) reserves the rightto make changes to or to discontinue any
semiconductor product or service identified in this publication without notice. Ti
advises its customers to obtain the latest version of the relevant information to
verify, before placing orders, that the information being relied upon is current.

Tl warrants performance of its semiconductor products to current specifications
in accordance with TI's standard warranty. Testing and other quality control
techniques are utilized to the extent TI deems necessary to support this warranty.
Unless mandated by government requirements, specific testing of all parameters
of each device is not necessarily performed.

* Tl assumes no liability for Tl applications assistance, customer product design,
software performance, or infringement of patents or services described herein.
Nor does Tl warrant or represent that license, either express orimplied, is granted
under any patent right, copyright, mask work right, or other intellectual property
right of TI covering or relating to any combination, machine, or process in which
such semiconductor products or services might be or are used.

Texas Instruments products are not intended for use in life-support appliances,
devices, or systems. Use of a Tl product in such applications without the written
consent of the appropriate Tl officer is prohibited.

Copyright © 1992, Texas Instruments Incorporated
Printed in the U.S.A.



INTRODUCTION

Texas Instruments offers an extensive line of industry-standard and leadership products dedicated to Operational
Amplifier functions. The technologies represented in this book include traditional bipolar through BIDFET, BIFET,
IMPACT™, LInCMOS™, Advanced LInCMOS™, and Excalibur processes. The IMPACT™, Advanced LinCMOS™,
and Excalibur technologies feature a step-function improvement in impedance, speed, power requirements, and
threshold stability.

This data book (Volume 1 of 3) provides information on the extensive listing of Texas Instruments Operational Amplifier
products.

¢ Commercial, Industrial, Automotive, and Military Temperature Ranges

* Noncompensated, Single, Dual

* Internally Compensated, Single, Dual, Quad

* Precision, Chopper-Stabilized

* Excalibur: High-Speed, Low-Power, Precision, JFET Input, pPower, High Output, Low Noise
® Precision virtual ground

EXCALIBUR PROCESS DISCUSSION: TLE2425

The Tl complementary bipolar process (Excalibur) has several key components, which yield the high performance
of the TLE2425 Virtual Ground. Excalibur is a 44-V n-epi bipolar process that includes isolated high-speed PNPs,
metal-nitride-poly capacitors, p-channel JFETSs, as well as the common bipolar devices. In other bipolar processes,
the capacitors have one plate made from the silicon substrate (bottom) and the other from metal. At low levels of
operating current, the leakage current from the silicon bottom plate can significantly impact the dc performance of the
circuits. The ac performance is also effected by the parasitic substrate capacitance. Use of the poly-nitride-metal
capacitor significantly reduces these effects, yielding higher ac performance and stable bias currents. Precision
p-channel JFETs are used inthe current reference circuitto generate atemperature stable micropower current source.
Since this current source is used throughout the circuit, parametric performance stability is improved over the
operating temperature range. Single-supply circuits frequently are performance limited by the ac characteristics of
the PNP transistors. Using high-speed PNP transistors in the signal path of the amplifier permits the TLE2425 to have
a three-to-five times higher bandwidth. This translates into improved load regulation and line regulation over
frequency. The capacitors, JFETs, and isolated PNP transistors all work together to provide a high-performance virtual
ground in a small package at low cost. This could not be accomplished with other process technologies.

FEATURES IN THIS BOOK

* New Excalibur process devices

* Selected Macromodel programs (Level [)

* Expanded product characterization over supply voltage and temperature
¢ Extensive graphs showing the characterization

* New space-saving packages, 3-t0-20 leads, TSSOP and SOT-89

The alphanumeric listing in this data book includes all devices contained in Volumes 1, 2, and 3. Products in this book
are shown in BOLD type. Thus, the reader can easily find the particular volume for a given device. Also included are
those new products added to this volume as indicated by a dagger(t). The selection guide includes a functional
description of each device by providing key parametric information and packaging options. Ordering information and
mechanical data are in the last section of the book.

IMPACT, LinCMOS and Advanced LinCMOS are trademarks of Texas Instruments Incorporated.



Complete technical data for all TI semiconductor products are available from your nearest Tl Field Sales Office, local
authorized TI distributor, or by writing directly to:

Texas Instruments Incorporated
LITERATURE RESPONSE CENTER
P.O. BOx 809066

Dallas, Texas 75380-9066

We sincerely feel that this new 1992 Linear Circuits Data Book, Volume 1, will be a significant addition to your technical
literature from Texas Instruments.

vi
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ALPHANUMERIC INDEX

AD7524 ..o VoL 2
AD7524M  ........eiii.... VoL 2
AD7528 ..ttt VoL 2
AD7528M ... .....iiii.... VoL 2
AD7B28 . vveiaennn, VoL 2
ADCOBO3 ... VoL 2
ADCOB04 ..\, VoL 2
ADCO805  ...'vvinnannnn. VoL 2
ADCOB0B ........e.onovnn.. VoL 2
ADCOB08BM . .............. VOL 2
ADCOB09 ....'virrnnnn... VoL 2
ADCOB20B ..........0cv... voL 2
ADCOB20C . ..vvvvennnnn.. VoL 2
ADCOB31A v'vvvereennnnn VoL 2
ADCOB31B  .'vvvvvrnrnnnnn VoL 2
ADCOB32A . ...ovvennnnn.. VOL 2
ADCO832B ............... VOL 2
ADCOB34A . .''vrvneennnn. VoL 2
ADCO834B  .........oovn... VoL 2
ADCO838A . .....vvvnnnn.. VoL 2
ADCO838B . .....vnrnn.. VoL 2
IOL7185 ©oveereennnnnns voL 2
LF347 virvvnnnnrnnnnanens 2-3
(17,7 T 2-3
LF351 vvvvnnnnns Ceeeaas .. 2-5
LF353 ©.vevnennrnnnnnannns 2-7
LFA11C ........ veeeeenn 2-9
LFA12C vvvneennnrnnennns 2-11
LMIOTA evirvenennnnnen. 2-13
LMI07 vreeeeennnnnnnnens 2-19
LM108 vuvvnrvenennnenens 2-23
LM10BA .e'nvrerennnnnnns 2-23
Y R VoL 3
LM118 ... e, 2-35
LM124 ooeinnennennnnens 2-39
IMIB9  ottvreeiinneinns VoL 3
LMIB9A ovivrrinennnannns VOL 3
LM148 tureiinnennnnenns 2-47
LM158 ...... e 2-51
wsea L.t 2-51
LM185-1.2 4 vveerrannenn. VoL 3
LM185-25 . .uvvvveunnnnnns VOL 3
LMI93  tvtie i VoL 3
LM201A ..ovnvnunnnn. veee. 2-13
LM207 ...,. Ceeeas . 2-19
LM208 ........ Ceveeeen.. 2-23
LM208A ..T............l. 2-23
[ VoL 3
LM218 tuvvnevnnnnnnennns 2-35
LM224 ..uvieeinnnannnn 2-39
LM224A oevvevnnnnnnnnens 2-39
LM236-25 o ovvevrinnnnnnns VOL 3
LM237 o VoL 3
LM239 ottt VoL 3

tNew devices added to this volume.

LT1007A .........cc00ue. 2-69

LM23%A . ...... .. VOL 3
LM248 ......cceeecncnens 247
LM258 .....cciieieennnnes 2-51
LM258A ........... casnss 2-51
LM285-1.2 ........ i VOL 3
LM285-25 ... .. VOL 3
LM293 ... .. it VOL 3
LM293A ... it VOL3
LM301A .....iiciecnnnnns 2-13
LM306 ........ciiivivnnn VOL 3
LM307 ...cceceecennannas 2-19
LM308 ......... vesessees 2-23
LM308A ....civvvevnncneas 2-23
LM311 i i VOL 3
LM311Y .. it VOL 3
LM318 .....iicinnrnannes 2-35
LM324 ......ccvieenncnnes 2-39
LM324A ......cccaene cenes 2-39
LM324Y 1
LM336-25 ......00iiiinnn VOL 3
LM337
LM339
LM339A
LM339Y
LM348
LM358
LM358A ..
LM358Y -
LM385-1.2 ..vviniiiinnnn VOL 3
LM385B-1.2 .............. VOL 3
LM385-25 ...t VOL 3
LM385B-25 ........cciiunn VOL 3
LM393 ... i i VOL 3
LM393A ..., ittt VOL 3
LM393Y ... ittt VOL 3
LM2900 ....ccevees feenes 2-61
LM2901. ..t iii i i inen VOL 3
IM2901Q .. iiiiii i VOL 3
LM2902 ......... weasanss 2-39
M2002Q . 2-39
LM2903 ... .ot VOL 3
LM2903Q ....vvviiiinnenn VOL 3
LM2904 .. CORRREREEEES . 2-51
LM2904Q ......cccneunnne 2-51
LM2907 ........iiiiunnn VOL 3
LM2917 . i ii ittt i VOL 3
LM2930-5 ....cvviiiiiienn VOL 3
LM2930-8 ........ccivuunn VoL 3
LM3302 ......ciiiiiiien VOL 3
LM3900 ......ccceenvenns 2-61
P11 i VOL 3
LP211 i it VOL 3
LP239 ...ttt VOL 3
LP311 . e VOL 3
j
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................. VOL3
UL 2-93
trio13a Lo .. 203
trio13p ...haLLl ceee. 2-03
wrioay L. 2-93
................. 269
LTA037A wouneennnnnnns 260
................. voL3
................. voL3
LTIO70HY .« vveee e VoL 3
................. VoL 3
LTIO7AHY e, VoL 3
................. VoL 3
LTI072HY ©veeeeane s, VoL 3
LT1084C
LTC1052
MC1445
MC1458 .
MC1558
MC3303 +eunrrrnnrennnns 2125
MC3803 «evunenrnnnnnnns 2-125
MC3423 o eeeeeaennnn. VOL3
MC34060 ..o, VoL 3
MC79LOSC v veeevnnnn . VoL 3
MC79LOSAC .« .'evveernn .. VOL3
MC79L12C ... ... VOL3
MC79L12AC . ''evvnnnn... VoL 3
MC7OLIEC v voeeeennnn . VoL 3
MC7OLISAC .« .'evvnnnn... voL3
MFAABO0 .« .eeeennnns VoL 2
MFAAA00 .+ v neernennnn.. VoL 2
................. VoL 2
................. VoL 2
.................. voL3
NESEEY «vveeeanenns voL3
.................. VOL3
.................. VOL 3
NES532 «evunnneeennnnn. . 2-131
NES5321 +ovuunneennnn. .. 2131
NES532A «vvvuvnennnnenns 2-131
NESS32A1 «nnrrennennnes 2-131
....... eeeeiee.. 24135
NESS538A evunrvnneennnns 2-135
..... e eeeee.. 24141
........... eeee. 2181
ieeean .. 2-141
e aeeeees 2-149
....... eeeeee. 2-149
................. 2149
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0oP27G ...... eesaaes vees 2-149 TLOBT .eevvrnnennanaes. 2-341 TLAG7AL tiiiiiiinninnns VoL 3
OP37A .... ceereesas. 2-149 TLOBTA ...vvvvinnnennsss 2-341 TL499AC ......... . .. VvoL3
OP37C ..uvveneernsinnse. 2-149 TLOBIB .eevvvevnneneenss 2-341 TLB00 ..vvvvrrrninnnnann voL2
[o] % 7/ -SRI teeennea. 2-149 TLO62 ...... teesseeaeass 2-341 TLS0T vivvinnnenneennnns voL2
OP37G ...... eresrenaees 2-149 TLO62A ...uvevcnsnnnes .. 2-341 TLS02 tvvnnnnviiinnnnnn VoL 2
RC4136 Crerreeessaenes 2-159 TLO62B ..... Cerrerarenas 2-341 TLS03 tivenvnriiiians . VoL 2
RCass8 .. oo reens 2-163 TLO64 ..ecvnnnnn teeeeee. 2-341 TLE05C vuvvvvrerreennnns VOL 2
RC4558Y .........0ce0... 2-163 TLOBAA .......cconveeees. 2-341 TLE07 vivivnneeiinnnnnn VoL 2
RCA559 ......c.c0eneee.. 2-169 TLOB4B .....cvcvvneeens. 2-341 TLEY2 tiviniiiiiiiiaann VoL 3
RM48136 ........c00neee.. 2-159 TLOBEC ...evvvevenennass 2-357 TL592B ......... e VoL 3
RMA558 ........c000eee.. 2-163 TLOG6! vevvvvevnnannneass 2-357 TL594C ........ e voL3
RVA136 .cvvivinnnnnnnns .. 2-159 TLOG6M ...vvvnensnennnns 2-357 TL594l . ovvvvinnin, . voL3
RVA558 .....cvvvnnnnennns 2-163 TLO66AC ...... Ceereeaees 2-357 TL598 vviviiiiniiieeaas voL3
SAB55 ..iiiiiiiieiiiaen VoL 3 TLO70C ...ovvvennnennass 2-371 TLS9BM v ivvvneniiiiinnn VoL 3
SAB56  ....iiiiiiiiaiaann VoL 3 TLO71 ..evvviinennnnesss 2-371 TLEOT vveviviiinnnnnnns voL 2
SEB55  tiiiiiiiiininnaan VoL 3 TLO7IA ..eevvvvnnnnenass 2-371 TLE04A . .vvirerrrrinnnnnn VoL 2
SE555C «..iiiiiiiiinannn VoL 3 TLO71B ......... ereeans 2-371 TLEO7 +vvvveninenrenann . voL2
SEB56 ...iiiiiiiiiininaann VoL 3 TLO72 ..vvvvinenennnnnn. 2371 TL610 v.vrnnnnnnnn. . VoL 2
SEBS6C v uvreiiniiininans VoL 3 TLO72A .......... teeeea. 2371 TL712 oiiiiiiiiiiin VoL 3
SE592 ..iiiiiiiiiiniana VoL 3 TLO72B ....ovvenennnses. 2-371 TL714C v ivinvivvvnnnnnnn VoL 3
SES5534 ...vivrenennanns .. 2-135 TLO74 ........ Ceseseeeas 2-371 TL721 Giviiiininns e VoL 3
SE5534A Cereaneeeas ve. 2-135 TLO74A ..... erreeereans 2-371 TL750L05 . vevvvnnnnnnen. VoL 3
SG2524 .....iiiiiiiinann VoL 3 TLO74B .....cvvevnenes.. 2-371 TL750L08 ........... . VoL 3
SG3524 ......iiliiiaaen VoL 3 TLOBOC ......vvnnnnnss .. 2-387 TL750L10  vvvvvevennnnnns VoL 3
SN76494 ........iiiniiann VoL 3 TLO81 ...vvnnnn. Cereaaes 2-387 TL750L12 vievenevnnnnnn voL3
SN76494A .......iiiuiunnn VOL 3 TLOBIA ...c.vveenennns.. 2-387 TL750M05 ......... ce.i.. VOL3
SN76496 . .......ovinununn VoL 3 TLOBIB ....cvvvennvnns.. 2-387 TL750MOB . .vvvvvvvnnnnnn VoL 3
SN7B496A .....oovvvinnnnn VoL 3 TLOB2 ...eevrrnnn ceees.. 2-387 TL750M10 . vvvvvvninnnnnn VoL 3
TLOTOC +vvvvvvnevnnnnnnn VoL 3 TLOB2A .......connnne ee. 2-387 TL750M12 ..vvveviinnnnn VoL 3
TLOTOI vevevenveninnnnns VOL 3 TLOB2B ........ tresees.. 2-387 TL751L05 .vvvvvvninnnnnn voL3
L1 voL3 TLOB4 ........vvvennees. 2-387 TL751L0SM .......... ‘... VvOL3
TLOI2 vt VOoL3 TLOBAA ........covuen... 2-387 TL751L08 ...vvvivinnnnn VOL3
TLOTAA vttt VOoL3 TLO84B ........%ss veeee. 2-387 TL751L10 o vevieenennns VoL 3
TLO2T tiviiin i VOL 3 TLOB7 .envenrnnn ceeees. 2-401 TL751L12 i VoL 3
TLO22C .......... teeennes 2-171 TLOB8 .....oenn. cereesa. 2-401 TL751L1I2M oeeeiiieina VoL 3
TLO22M ..vevrvrnensnness 2-171 TLIB2 ittt VoL 2 TL751MO5 . .vvvvvvnnnnnnn VoL 3
TLO26C +vvvvenanansnsssas VOL3 TLIBS tvvviniiininnnannn VoL 2 TL751MO8 ...vvvvvvnvnnnn voL3
TLO27C vvvvvnnnn veesesa.. VOL3 1 - N VoL 2 TL75IMI0 . ovevvveinnnnen voL3
TLO31 ....... Ceeseeneaaas 2-175 TLIOT o VOL 2 TL751M12 ...eel e P VoL 3
TLO3IA «vvvvnnnn. cereine. 2-175 TLSCSI285 ..vvvvrnnnnnn. VoL 3 TL780-05 +vvvvevvvinnnnnn voL3
TLO32 .vvvvvnennnnnreneas 2-203 TL287 eevvvrrennnnneaas 2-401 TL780-12 vvvnenvvnennnns VoL 3
TLO32A ...eiuvunnnereasas 2-203 TL288 ...evvereinnnnnae. 2-401 TL780-15 vvivinvevvnnnennn VoL 3
TLO34 ...... Ceeeienaana 2-229 TLA30C .evvvvvvrininnnnnn VoL 3 TL782C t.vvvvviiiiinnnnn VOL3
TLO34A ..vvvvnnnnnnrnanss 2229 TLA30! v VoL 3 TL782Q t.vvvricvinnnann VoL 3
TLO4OC ....vvvvvvnnnnnnn VoL 3 TL431C .ovvviiiiiinnnnn VoL 3 TL783C tuviiiviiinnnennn VoL 3
TLO4AIAC .. vviniieeinnnn VOL 3 I 7 | N VoL 3 TLOBOB ..vvvvvvevinnnnnn VoL 2
TLO44C .....evennn ereess. 2-253 TLA3IM i voL3 TLOBO9 vuvvvrvrevrinnnnn VoL 2
TLOAAM . ....eirirnnnnnns 2-253 TLA31AC .vvvviiinininnns VoL 3 TLB5T vivvveeviiinnnnnn VoL 3
TLOST .vuvivinnneernannnes 2-257 TLA31AL et i VoL 3 TLB52 vuvriieiiininanann VoL 3
TLOS1A ....... cieseeasaa. 2257 TL441AM ..o VoL 3 TLB53 vevvvrerniinnnnnnn voL3
TLO52 .uviivennvnrenensas 2-283 TLA94A v VoL 3 TL1431C c.vvvvennnnn . voL3
TLOS2A ...nvvnnnnrnnnnnns 2-283 TL49AM ...t VoL 3 TLI431Q cviivnenennenns voL3
TLOS54 ......c... ceerenaes 2-311 TLA9EC . vveverinnnnnnn VoL 3 TLI431Y v VoL 3
TLOSAA ...vvvvennennneess 2-311 TLA97AC ..vvvvvviinnnnnn VoL 3 TLI451AC ..oevvvvvvnnnnnn voL3
TNew devices added to this volume.
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TL2217-285 . vvvvivineennnn VOL 3 TLC25L4Y ...vcevnennnsnes 2-487 TLC532A ... .. iiiiinennnn VOL 2
TL2828Y .. .I. cesuseves ees. 2-421 TLC25M2C ......cc00ves .« 2-467 TLC533A ...t iiiiiiienns VOL 2
TL2828Z ....vevevcennnnns 2-421 TLC25M2Y ....cccvvnnnans 2-467 TLC540 .. ..iviiiineennns VoL 2
TL2829Y .. .1’ .............. 2-429 TLC25MAC .....vevennnnns 2-487 TLC541 .. ... i VOL 2
TL2829Z .. -f- ssesssscnsnes 2-429 TLC25M4AY ......ccccnnens 2-487 TLC542 ... . ittt VOL 2
TL5501 .. iiiiiiiininnan VoL 2 TLC271 ..... cesessasnns . 2-507 TLC545 ... oottt VOL 2
TL5601 ... it VOL 2 TLC271A . it iiiiiennnens 2-507 TLC546 . .....iviviinnnnn VOL 2
TL5602 ....covviinnnennns VOL 2 TLC271B ...... ceessnaas . 2-507 TLC548 ... ... it VOL 2
TL7702A . i, VOL 3 TLC272 ......ciinnnns ... 2-565 TLC549 ........iiinnnnn VoL 2
TL7702B ..t VOL 3 TLC272A ...... ceersenaen 2-565 TLCS51C ... i vt ii e VOL 3
TL7705A .. it VOL 3 TLC272B . .icivvvnnnannns 2-565 TLC551Y « v iiiieenns VoL 3
TL7705B ... .o VOL 3 TLC274 ..... ceeseanas .. 2-597 TLC552C .....iiiiinnannn VOL 3
TL7709A ... ..o VOL 3 TLC274A .....c.cviiinnnes 2-597 TLC555C . .iiviiiiiennnn VOL 3
TL7712A ... e VOL 3 TLC274B . ....ccvvvcunnns 2-597 TLC555! ...t iiiiiiien VOL 3
TL7715A .. o VOL 3 TLC277 .. iiiiienncnnnns 2-565 TLC555M .. ..cvvviviinnnns VoL 3
TL7757 it VOL 3 TLC279 . .iiivenenennnnnns 2-597 TLCS55Y . ii i iii i VOL3
TL7759C ... VOL 3 TLC27L2 ......icnvnnnnse 2-629 TLCS56C . ... iiiviinnns VOL 3
TL7770-5 .. ... i VOL 3 TLC27L2A . iiiiiennnsase 2-629 TLCSS6I .. i i VOL3
TL7770-12 .. VOL 3 TLC27L2B .. ..vceevcnanns 2-629 TLCS56M . ... .iiiiinn. VOL 3
TL7770-15 i VOL 3 TLC27L4 ....... chrsesene 2-661 TLCO820A ...........cuunn VOL 2
TL33071 .. .T ........... ... 2443 TLC27LAA ...t iiiinnnans 2-661 TLCO820B ........vvuuunn VOL 2
TL33071A . .1‘. ceecessansass 2-443 TLC27LAB .....ccvnvnnnee 2-661 TLC1078 ...... sesasancss 2-757
TL33072 .. .T .............. 2-443 TLC27L7 ... iiiieininnnse 2-629 TLC1079 ....vcvnncnnsens 2-771
TL33072A . .‘f .............. 2-443 TLC27L9 . ..ivveverennnns 2-661 TLC1125 ... . iiiiiiiinns VOL 2
TL33074 .. .1 .............. 2-443 TLC27TM2 . ......vivrvnnnnss 2-693 TLC1225 .....civienvnnns VOL 2
TL33074A . .1‘ .............. 2-443 TLC27TM2A .. ....cvveunnss 2-693 TLC1540 ......0vivvvnnns VoL 2
TL34071 .. .f ..... cessenas . 2-443 TLC27M2B .....ceecsuseus 2693 TLC1541 ... ciiiinnnnn VoL 2
TL34071A . .1‘ cesaenesanans 2-443 TLC27TM4 . ........ cesnses 2-725 TLCIG50I . ... iiiiiiiia VOL 2
TL34072 .. .1‘. tessssnssesse 2-443 TLC27MAA ... .vvvennnnnes 2-725 TLCISST oottt i i VOL 2
TL34072A . .1‘ .............. 2-443 TLC27M4B ...... cesesanns 2-725 TLC2201 ....... cessensas 2-785
TL34074 .. .1-. cisssesssenss 2-443 TLC27M7 .. civvvnsnnnness 2-693 TLC2201A ....ccvncasnsns 2-785
TL34074A..1’ ..... cesrsenss 2-443 TLC27M9 ......civvenvess 2-725 TLC2201B R 2-785
TL35071 .. .1.. cvasesssssess 2443 TLC339C . iviiiviinnnann VOL 3 TLC2201Y ........ sesssan 2-785
TL35071A .S iiaeen... vee 2483 TLC339L ......iiiiiia... voL3  TLC2202 .. ‘; ........... . 2-813
TL35072 .. .f. cereeseanns .. 2-443 TLC33IM .. iviiiiii e VOL 3 TLC2202A . prerreenenees 2-813
TL35072A . .T. ceassssenanss 2-443 TLC339Q . iiviviiiiine VOL 3 TLC2202B . SRR cseanes 2-813
TL35074 .. .1. .............. 2-443 TLC352C ... .vvvviiinnnnn VOL3 TLC2202Y .. I e 2-813
TL35074A . .1-. creserens . 2-443 TLC352l .. viiieiiiie VOL 3 TLC2272 .. g ceeeaes 2-841
TLCO4 ... i VoL 2 TLC352M ... i i VOL 3 TLC2272A . sprreeeeeeeres 2-841
TLC10 .. VOL 2 TLC354C ... vvvviiiinnnnn VOL 3 TLC2272Y . ivievenscasnns 2-841
TLC14 .. e VOL 2 TLC354l . .oiiiiiiiie VOL 3 TLC2652 ....vovvenrennns 2-861
TLC20 ...t VOL 2 TLC354M ... ... i VOL 3 TLC2652A ..... eresassses 2-861
TLCI13OM . i VOL 3 TLC371 it i i VOL 3 TLC2652Y . .1: cesesesanaes 2-861
TLC251C ... viviivecnnnn .. 2-449 TLC372C ..o iiiiiii e VOL 3 TLC2654 ......ccocuunens 2-885
TLC251AC ....ciivinnnnns 2-449 TLC372l . iiiiiiiii VOL 3 TLC2654A .....0vnnevnnns 2-885
TLC251BC .. .ucivvrnenenn 2-449 TLC372M . ... . VoL 3 TLC2654Y .. T ............ 2-885
TLC251Y .. T ceresasanas .. 2-449 TLC372Q ..t iv it VOL 3 TLC3702C .......covviunnn VOL 3
TLC252C ......... [P 2-467 TLC374C . .....ciiviinnns VOL 3 TLC37021 ... .iiiiiiiiienn VOL 3
TLC252Y ... .vviivnnnnnns 2-467 TLC374l ... e VOL 3 TLC3702M . ... . iiiiiin VOL3
TLC254C ....cvvvevnnnans 2-487 TLC374M (... iiiin VoL 3 TLC3702Q ......ccvvvnunnn VOL 3
TLC254Y ... ..ciiveneanes. 2-487 TLC374Q ... it VOL 3 TLC3704C ............un. VOL 3
TLC25L2C ....ccvenenncan 2-467 TLC393C .. ..ivvvvneernns VOL 3 TLC37041 ... ... ... ... ... VoL 3
TLC25L2Y t cesesenasenss 2-467 TLC393! v i ittt it VOL 3 TLC3704M . ... .. iiiintn VOL3
TLC25L4C ........... ese. 2-487 TLC393M ... iivviiiiennn VOL 3 TLC3704Q .......ciivunnn VOL 3
tNew devices added to this volume.
i
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TLC4016 ....covviiiinnnn VOL 2 TLE2082Y ..iivivcvensannn 2-1147 UA78LO5AC ... . i VvOoL3
TLC4066 .......civvvnunnn VOL 2 TLE2141 ... T sesassasans 2-1181 UA78LOSAQ ......covvunn VvOL 3
TLC5502-5 . ..vvvvivnennnn VOL 2 TLE2141A .. T casasnesEan 2-1181 UA78LOBC .......cvuvvnns VOL3
TLC5503-2 .. vviiiinnnn VOL 2 TLE2141Y .. f ............ 2-1181 UA78LOBAC ... .o VOL 3
TLC5503-5 . vvvviiinennnnn VOL 2 TLE2142 ... T ............ 2-1199 UA78LO8BC ........cvvvnnn VOL 3
TLC5602 ... .ivviiiinnennn VOL 2 TLE2142A .. t ...... P 2-1199 UA78LOBAC ........covnvn VOL 3
TLC5602A .........ccvvuunn VOL 2 TLE2142Y .. T ............ 2-1199 - UuA78L09C ............... VOL 3
TLC7135 .. ii i i i e VOL 2 TLE2144 ... 1 ............ 2-1227 UA78LO9AC .........cvun VOL 3
TLC7524 .. .. it iinn VOL 2 TLE2144Y .. .evvninnnne. 2-1227 UA78LIOC ........c.cvvun VOL 3
TLC7528 ... vviviiieiinnn VOL 2 TLE2161 ... f PR . 2-1255 UA78L1I0AC ... ....cvvvnnn VOL 3
TLC7628 ... .. iiiir i VOL 2 TLE2161A .. t cesssesnnan 2-1255 UA78L12C .. ... i VvOL 3
TLC32040 ... VOL 2 TLE2161B .. f ............ 2-1255 UA78L12Q . ... i VOL 3
TLC32041 ... viiiii i e VOL 2 TLE2227 ... T ............ 2-1289 UA78L12AC ... VOL 3
TLC32042 ... ..o VOL 2 TLE2227A .. 1' ............ 2-1289 UA78L12AQ .............. VOL 3
TLC32044 ............ ..., VOL 2 TLE2237 . ; ............ 2-1295 UA78L15C ... .. i VOL 3
TLC32044M ..o VOL 2 TLE2237A ... .iivvcennnnns 2-1295 UA78L15AC .............. VOL 3
TLC32045 ... .. i VOL 2 TLE2425C ..........c.... VOL 3 UA78MO5C . ... i i VOL 3
TLC32046 ........vvvvnn. VOL 2 TLE24251 ........ i VOL 3 UA78MOSM . ... ... VOL 3
TLC32047 ... . iviiiiiin VOL 2 TLE2425M .. ............. VOL 3 UA78MO6C .o vvv i inns VOL 3
TLC32071 . i ii i i i VOL 2 TLE2425Y . ....... ... VOL 3 UA78MO8C ,.......cc0vunn VOL 3
TLC34058 ........vvvvnnn VOL 2 TLE2426 ........ccivvnnn VOL 3 UA78MO9C . .......civvnnn VOL 3
TLC34075 ...ivv i, VoL 2 TLE2426Y ........vvuunn. VOL 3 UA78M10C . .......... ... VOL 3
TLE2021 ... .f. cesseasaenas 2-909 UA709C ......cevvvcnanns 2-1301 UA78M12C . ... . i VOL 3
TLE2021A .. .1‘ .......... oo« 2-909 uA709M ...... sesesesanas 2-1301 UA7BM12M ... i VOL 3
TLE2021B .. .f ............. 2-909 UA709AM .......cevcnnune 2-1301 UA7BM15C . ........cuvun VOL 3
TLE2021Y .. .f. cernsnsenses 2-909 UA723C .ottt iann VOL 3 UA78M20C .........c0uuns VOL 3
TLE2022 ... .f. ceenes ceasas 2-935 UA723M . it VOL 3 UA78M24C ..o vveiennnnn VOL 3
TLE2022A .. .T. ceerrasens 2-935 UA733C ..ottt VOL 3 UA7905C ... .. ivvrnnnnnns VOL 3
TLE2022B .. .f ..... ceseeass 2-935 UA733M .. VOL 3 UA7906C ........vvennnnn VOL3
TLE2022Y .. s cvrecnsanses 2935 UA741C ... .ciivnnnnnnnns 2-1305 UA7908C ... vvviivevennnns VOL 3
TLE2024 ... .1' ............. 2-963 UA741] ... iiiieinnnnnea .. 2-1305 UA7912C ... . iiiiinnns VOL 3
TLE2024A .. .f. veesssssvsss 2-963 uA74iM ......... casssans 2-1305 UA7915C . ... ittt VOL3
TLE2024B .. .‘t. . vsessess 2-963 UA747C .....cvvnns ceneas 2-1313 UA7918C ...... i VOL 3
TLE2024Y .. .T ....... crenes 2-963 UA747TM ........ werssaaas 2-1313 UA7924C ... ... ivinnnenn VOL 3
TLE2027 ... .f ..... ceeraaes 2-991 uA748C ......... vesesaas 2-1319 UA7952C .. .. .ciivinnnnnn VoL 3
TLE2027A . .,.f ............. 2-991 UA748M .....eonvvenene.. 2-1319 UA7OMO5C ... ..o iiii i VOL3
TLE2037 ... .* ........... .. 2-1015 UA2240C . ...ttt VOL 3 UA7OMOSM ... e VOL 3
TLE2037A .. .*. 2 [ B UA7805 . ..viievnnnncnnns VOL 3 UA7OMOBC ... i iiiiiannn VOL 3
TLE2061 ... .f ............. 2-1039 UA7805Q . .....vvivnrnnnn VOL 3 UA7OMO8C . .......covvenn VOL 3
TLE2061A .. .T ....... cevnes 2-1039 UA7806 . .....ccviinninnns VOL 3 UA7OM12C . ... e VOL 3
TLE2061B .. .1 ............. 2-1039 UA7808 .........c.ivinenn VOL 3 UA7SMI2M ... e VOL 3
TLE2061Y .. .f ........... .. 2-1039 UA7810 ... it iii i VOL 3 UA7OM1I5C . ... i iiiininns VOL 3
TLE2062 ... .f. ............ 2-1075 UA7812 . i it iii i i n VOL 3 UA7OM20C . ... ... vnn VOL 3
TLE2062A .. .f ........ ces.. 2-1075 UA7812Q .. .. iiii i VOL 3 UA79M24C . ... . .civiinnnn VvOL 3
TLE2062B ...b0...oev.. 2-1075 UA7815 . ittt i VOL 3 UC2842 ......ciiiiiiann. VOL 3
TLE2062Y ...0..ovo.... .. 2-1075 UA7818 ... iiiiiniiinen VOL 3 UC2843 .......ccvviivnnnn VOL 3
TLE2064 ... .f ............. 2-1111 UA7824 .. ... i VOL 3 UC2844 ..........cciuuun VOL 3
TLE2064A .. .f. eseaancsnn .o 2-1111 UA7885 .. iiiiiiirnnnnn VOL 3 UC2845 ......ccvviiinnnnn VOL 3
TLE2064B .. .T ............ . 2-1111 UA78L02C ... ........... VOL 3 UC3842 ........ccvvivnnn VOL 3
TLE2064Y .. LA 2-1111 UA78LO2AC ........cvunnn VOL 3 UC3843 ......ciiivinnnnn VOL 3
TLE2082 ....1........ cese 2-1147 UA78LO5C  .......ivivnnnn VOL 3 UC3844 .......ccviivunnnn VOL3
TLE2082A ...t.......... .. 2-1147 UA78LO5Q ... i VOL 3 UC3845 .........cvvunnnn VOL 3
tNew devices added to this volume.
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

noncompensated, single

commercial temperature range

(values specified for Tp = 25°C)

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

SUPPLY
vOLTAGE | VIO | B | Avp By SR
DESCRIPTION ) (mV) | (nA) | (V/mV) | (MH2) [ (V/us) TYPE PACKAGES PﬁgE
MIN | MAX | MAX | MAX MIN TYP TYP
High Performance +5 | +£18 7.5 250 15 1 75 LM301A D,P 2-13
High Performance +2 | =18 7.5 2 25 1 0.3 LM308 D,P 2-23
High Performance +2 | +£18 | 05 2 80 1 0.3 LM308A D,P 2-23
BIFET, Low Noise +35| =18 | 10 0.2 25 3 13 TLO70C D,P 2-371
BIFET, General Purpose +35| =18 15 0.4 25 3 13 TLO8OC D,P 2-387
industrial temperature range (values specified for Tp = 25°C)
SUPPLY
voLtage | V1o | B | AvD B1 SR
DESCRIPTION ) (mV) | (nA) [ (V/mV) | (MHz) | (V/us) TYPE PACKAGES PﬁgE
MIN | MAX | MAX | MAX MIN TYP TYP
High Performance, Bipolar +5 | £22 2 75 50 1 0.5 LM201A D,P 2-13
military temperature range (values specified for Tp = 25°C)
SUPPLY
voLTAGE | VIO | B | AvD | B SR
DESCRIPTION ) (mV) (nA) | (V/imV) | (MHz) | (V/us) TYPE PACKAGES Pﬁg.E
MIN | MAX | MAX | MAX | MIN TYP TYP
High Performance, Bipolar +5 | £22 2 75 50 1 0.5 LM101A FKJG,UW |2-13
l;.lgh Performance, Low Bias Current, 22 | %20 2 2 50 1 0.3 LM108 JG 2.23
ipolar
g.'gh Performance, Low Bias Current, |, | o0 | 05 | 2 80 1 03 | LmiosA JG 223
ipolar
General Purpose, Precision Input, Typ
Bipolar +9 [ +18 2 200 45 1 0.3 uA709AM JJGUW [2-1301
General Purpose, Bipolar +9 [ =18 5 500 1}? 1 0.3 uA709M JJGUW | 2-1301
General Purpose, Bipolar +2 | 22 5 500 50 1 0.5 UA748M JG,U 2-1319
TEXAs b
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

decompensated, single

commercial temperature range (values specified for Tp = 25°C)
VSC',JL:T;’E Vio | B | Avp | GBW | SR |
DESCRIPTION v (mV) | (nA) | (VimV) | (MHz) | (V/us) TYPE PACKAGEST PﬁgE
MIN | MAX | MAX | MAX | MIN TYP TYP
Excalibur, Low Noise, High Speed, +4 | =22 {0025| 90 | 10000 | 76 75 | TLE2037AC DP 2-1015
Precision
Excalibur, Low Noise, High Speed, +4 |=22| 01 | 90 | s000 | 76 75 | TLE2037C DPY |2-1015
Precision
Excalibur, JFET-Input, High-Output Typ )
Drive, uPower £35 1220 | 15 | o0 | 30 6.4 10 | TLE2161AC D,P 2-1255
Excalibur, JFET-Input, High-Output | 351 o9 | 05 | P | 30 6.4 10 | TLE2161BC DpP 2-1255
Drive, uPower 0.004 .
Excalibur, JFET-Input, High-Output | 351 o9 | 3 | WP | 39 6.4 10 | TLE2181C DP 21255
Drive, uPower 0.004
Y is chip form.
industrial temperature range (values specified for Tp = 25°C)
SUPPLY

voLtage | Vio | B | Avp GBwt | SR

DESCRIPTION W mv) | @A) | (v/imV) | MH2) | (Vus) | tvpe | PACKAGES PﬁgE
MIN |[MAX | MAX [MAX | MIN | TYP | TYP
gfgg‘:’:; Low Noise, High Speed, +4 | =22 |0025| 90 | 10000 | 76 75 | TLE2037Al D,P 2-1015
g:‘:‘:!?;: Low Noise, High Speed, =4 |z22| 01 | 90 | 5000 | ‘76 75 | TLE2037I DP 2-1015
E".°a"b”" JFET-Input, High-Output | 361 .20 | 15 | P | a0 6.4 10 | TLE2181AI DP 21255
rive, uPower 0.004
Excalibur, JFET-Input, High-Output | 5o | L 56 | g5 | WP | g9 6.4 10 | TLE2161BI DP 2-1255
Drive, uPower 0.004
E".ca"b”" JFET-Input, High-Output | et .00 | 3 | P | a0 6.4 10 | TLE21611 DP 21255
rive, uPower 0.004
military temperature range (values specified for Tp = 25°C)
VS(;JL?TZgE Vio B Ayp GBW# SR
DESCRIPTION Py mV) | A) | (V/mV) | MHz2) | Vus) | ype | PACKAGES Pﬁg €
MIN |MAX | MAX [MAX | MmN | TYP | TYP
g:‘:;‘::r: Low Noise, High Speed, =4 | =22 [0025| 90 | 10000 | 76 7.5 | TLE2037AM | DFKJG,P |2-1015
’E:‘:;';?:; Low Noise, High Speed, +4 |s22| 01 | 90 | 5000 76 75 | TLE2037M | DFKJGP |2-1015
Excalibur, JFET-Input, High-Output . . Typ _
 Drive, wPower 235|220 | 15 | VP | 30 6.4 10 | TLE2161AM | DFKJGP |2-1255
Excalibur, JFET-Input, High-Output | 55| 56 | 05 | VP | 30 6.4 10 | TLE2161BM |  JGP | 2-1255
Drive, uPower 0.004 | .
Excalibur, JFET-Input, High-Output Typ .
Drive, nPowee «35|s20 | 3 | W] 30 6.4 10 | TLE2161M | DFKJGP |2-1255

% Decompensated op amps are not unity-gain stable. Gain bandwidth product is specified with Agp = 5.

i
Texas 'b
INSTRUMENTS

1-8 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, single

commercial temperature range

(values specified for Tp = 25°C)

SUPPLY

voLTAGE | Vio | B | Avp B4 SR
DESCRIPTION ™ (mV) | (nA) | (V/mV) | (MH2) | (V/us) TYPE PACKAGES P’I‘\gE
MIN | MAX | MAX | MAX MIN TYP TYP
BIFET +35 | +18 10 0.2 25 3 13 LF351 D,P 2-5
BIFET +£35(+18 2 0.2 25 3 13 LF411C D,P 2-9
High Performance +2 | x18 | 75 250 25 0.5 LM307 D,N,PW 2-19
High Performance +5 |20 | 10 250 25 15 70 LM318 D,P 2-35
Low Noise, High Speed, Precision Input | +2.5 | £+22 | 0.025| 35 7000 1.7 [LT1007AC P 2-69
Low Noise, High Speed, Precision Input | +2.5 | +22 | 0.060 | 55 5000 8 1.7 LT1007C P 2-69
h‘;ﬁ;ﬁ‘:ﬂgggi’fjﬁ; 5 +25|+22 |0025| 35 | 7000 | 60 15 | LT1037AC P 2-69
h‘;":c'iﬁ::‘:n’;'agt';f'f\jf; 5 +25| 222 [0.060| 55 | 5000 | 60 15 | LT1037C P 2-69
Low Noise, High Performance +3 | £22 4 1500 25 10 13 NE5534 D,P 2-135
Low Noise, High Performance +3 | x22 4 1500 25 10 13 NE5534A D,P 2-135
Ultra-Low Offset Voltage +3 | x22 | 0.15 7 120 0.6 0.3 OPQ7C D,P 2-141
Ultra-Low Offset Voltage +3 | +22 | 015 | 12 120 0.6 0.3 OP07D D,P 2-141
BIFET, Low Power, Precision +35|+18 | 0.8 0.2 5 1.1 29 | TLO31AC D,P 2-175
BIFET, Low Power, Precision +35 | £18 1.5 0.2 5 11 29 TLO31C D,P 2-175
BIFET, Precision +3.5 | +18 0.8 0.2 50 3.1 20 TLOS1AC D,P 2-257
BIFET, Precision =35 | =18 15 0.2 50 3.1 20 TLO51C D,P 2-257
BIFET, Low Power +3.5 | +18 6 0.2 4 1 35 | TLO61AC D,P 2-341
BIFET, Low Power +35|+18 0.2 4 1 35 | TLO61BC D,P 2-341
BIFET, Low Power +35| =18 | 15 0.2 3 1 35 TLOB1C D,P 2-341
BIFET, Adjustable, Low Power +1.2 | =18 6 0.2 4 1 3.5 TLO66AC D,P 2-357
BIFET, Adjustable, Low Power £1.2 | £18 3 0.2 4 1 3.5 | TLO66BC D,P 2-357
BIFET, Adjustable, Low Power +12 |18 | 15 0.4 3 1 3.5 TLO66C D,P 2-357
BIFET, Low Noise +3.5 (18 6 0.2 50 3 13 TLO71AC D,P 2-371
BIFET, Low Noise +3.5 | +18 3 0.2 50 3 13 TLO71BC D,P 2-371
BIFET, Low Noise +35(=+18 | 10 0.2 25 3 13 TLO71C D,P 2-371
BIFET, General Purpose +35|+18 6 0.2 50 3 13 TLOB1AC D,P 2-387
BIFET, General Purpose +35 | +18 3 0.2 50 3 13 TLO81BC D,P 2-387
BIFET, General Purpose +35|+18 | 15 0.4 25 3 13 TLO81C D,P 2-387
BIFET, Low Vio +35|x18 | 05 0.2 50 3 13 TLO87C D,P 2-401
BIFET, Low V|0 +35(+18 1 0.2 50 3 13 TLO8BC D,P 2-401
High-Slew Rate, Single Supply +2 | £22 5 1500 25 4.5 10 TL34071 D,P 2-443
TExas
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OPERATIONAL AMPLIFIERS

SELECTION GUIDE

internally compensated, single (continued)

commercial temperature range

(values specified for Tp = 25°C)

supPLY [,
VOLTAGE | VIO | B | AvD | Bi SR
DESCRIPTION s (mV) | (nA) | (V/mV) | (MH2) | (V/us) | Type PACKAGEST PﬁglE
MIN [MAX | MAX |MAX | MIN | TYP | TYP
LinCMOS, Programmable, Low Bias 14 | 18 | 5 ngg |30 0.1 0.04 | TLC251AC DP 2-449
LinCMOS, Programmable, Medium Bias | 1.4 | 18 | 5 ng§1 20 07 0.6 | TLC251AC D,P 2-449
LinCMOS, Programmable, High Bias 14|18 | 5 02’& 10 23 45 | TLC251AC DP 2-449
LinCMOS, Programmable, Low Bias 14 | 18 | 2 Ong1 30 0.1 0.04 | TLC251BC D.P 2-449
LinCMOS, Programmable, Medium Bias | 1.4 | 18 | 2 ng& 20 07 06 | TLC251BC DP 2-449
LinCMOS, Programmable, High Bias 14 | 18 | 2 ng§1 10 23 45 | TLC251BC DP 2-449
LinCMOS, Programmable, Low Bias 14 | 18 | 10 ng§1 30 0.1 0.04 | TLC251C DPY |2-449
LinCMOS, Programmable, Medium Bias | 1.4 18 10 02'81 20 0.7 0.6 TLC251C D,RY 2-449
LinCMOS, Programmable, High Bias 14 | 18 | 10 ng§1 10 23 45 | TLC251C DPY |2-449
LinCMOS, Programmable, Low Bias 3 18 5 02'37 50 0.11 0.04 TLC271AC D,P 2-507
LinCMOS, Programmable, Medium Bias 3 18 5 Ong7 25 0.64 0.56 | TLC271AC DP 2-507
LinCMOS, Programmable, High Bias 3 | 18] s Jg’& 10 2.2 46 | TLC271AC D,P 2-507
LinCMOS, Programmable, Low Bias 3 |18 | 2 02’5’7 50 011 | 0.04 | TLC271BC DP 2-507
LinCMOS, Programmable, Medium Bias | 3 | 18 | 2 o.ng7 25 064 | 056 | TLC271BC D.P 2-507
LinCMOS, Programmable, High Bias 3 | 18| 2 02’& 10 2.2 46 | TLC271BC D.P 2507
LinCMOS, Programmable, Low Bias 3 18 10 ng§7 50 0.11 0.04 TLC271C D,P 2-507
LinCMOS, Programmable, MediumBias | 3 | 18 | 10 o.ng7 25 064 | 0s6 | TLG271C DP 2-507
LinCMOS, Programmable, High Bias 3 |18 | 10 0%’87 10 2.2 46 | TLC271C D,P 2-507
LinCMOS, Precision, Low Noise 46 | 16 | 02 ng& 400 1.9 27 | TLC2201AC DP 2-785
EQEQA% SS;eP(;eCism"' Low Noise, 100% | 46 | 16 | 02 ngg J | 400 1.9 27 |TLC2201BC DP 2-785
LinCMOS, Precision, Low Noise 4.6 16 0.5 0ng1 400 1.9 2.7 TLC2201C D,RY 2-785
LinCMOS, Precision, Chopper-Stabilized | 3.8 | 16 |0.001 ng’g | 5600 | 19 28 |TLcesseac| DNP | 2-86t
tY is chip form.
i
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, single (continued)

commercial temperature range

(values specified for Tp = 25°C)

SUPPLY
voLTAGE | Vio | 1B | Avp | B1 | SR
DESCRIPTION ) (mV) | (nA) | (V/mV) | (MH2) | (V/us) TYPE PACKAGEST! P:I\CG)E
MIN | MAX | MAX | MAX | MIN TYP TYP
LinCMOS, Precision, Chopper-Stabilized | 3.8 16 |0.003 Ong 4 1000 1.9 2.8 TLC2652C D,N,PY 2-861
LInCMOS, Low Noise, Precision, Typ
Chopper-Stabilized 4.6 16 0.01 0.05 5600 1.9 2 TLC2654AC D,N,P 2-885
LinCMOS, Low Noise, Precision, Typ
Chopper-Stabilized 4.6 16 0.02 0.05 1000 1.8 2 TLC2654C D,N,RY 2-885
Excalibur, High Speed, Low Power, Typ
Precision 4 40 0.2 25 1000 2 0.65 | TLE2021AC D,P 2-909
Excalibur, High Speed, Low Power, Typ
Precision 4 40 0.1 25 1000 2 0.65 | TLE2021BC D,P 2-909
Excalibur, High Speed, Low Power,
Precision 4 40 0.5 25 1000 2 0.8 TLE2021C D,RY 2-909
Excalibur, Low Noise, High Speed, Typ
Pracision +4 | £22 |0.025 15 8000 13 2.8 | TLE2027AC D,P 2-991
Excalibur, Low Noise, High Speed, Typ
Precision +4 | +22 | 0.1 15 3500 13 2.8 TLE2027C D,RPY 2-991
Excalibur, JFET-Input, High-Output Typ
Drive, uPower +35| <20 | 15 0.004 30 2 3.4 | TLE2061AC D,P 2-1039
Excalibur, JFET-Input, High-Output Typ
Drive, uPower +35]|+20 | 05 0.004 30 2 3.4 TLE2061BC D,P 2-1039
Excalibur, JFET-Input, High-Output . Typ
Drive, uPower +3.5 | 20 3 0.004 30 2 3.4 TLE2061C D,RPY 2-1039
Excalibur, Low Noise, High Speed, +2 |222| 05 |-700 | 100 6 45 | TLE2141AC DP 2-1181
Precision
Excalibur, Low Noise, High Speed, . . -
Precision +2 | +£22 | 09 |-700 | 100 6 45 TLE2141C D,RY 2-1181
General Purpose +2 | £18 6 500 20 1 0.5 uA741C D,P 2-1305
Ty is chip form.
INSTRUMENTS
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OPERATIONAL AMPLIFIERS

SELECTION GUIDE

internally compensated, single (continued)

industrial temperature range

(values specified for Tp = 25°C)

SUPPLY i
voutage | Vio | B | Avp B4 SR
DESCRIPTION Y mV) | @A) [(vmV) | MHZ) | (Vius) |  TypE PACKAGES PﬁgE
MIN | MAX | MAX | MAX | MIN TYP TYP '

Chopper-Stabilized +1.9| +£8 |0.005| 0.03 1000 1.2 4 LTC1052C D,P 2-117
Low Noise, High Speed +35 | £22 |0.025 | 40 1000 8 2.8 OP27E P 2-149
Low Noise, High Speed +35|x22 | 0.1 80 700 8 2.8 OP27G P 2-149
Low Noise, High Speed, Bipolar,
Noncompensated, AyL = 5 x4 | £22 [0.025} 40 1000 40 17 OP37E P 2-149
Low Noise, High Speed, Bipolar,
Noncompensated, Ay = 5 x4 | £22 | 01 | 80 | 700 40 17 OP37G P 2-149
BIFET, Low Power, Precision +35|=x18 | 0.8 0.2 5 11 29 TLO31Al D,P 2-175
BIFET, Low Power, Precision +35 | =18 15 0.2 5 1.1 29 TLO31I D,P 2-175
BIFET, Precision +35 | +18 | 0.8 0.2 50 3.1 20 TLO51Al D,P 2-257
BIFET, Precision +35|+18 | 15 0.2 50 3.1 20 TLO51I D,P 2-257
BIFET, Low Power +35 | +18 6 0.2 4 1 3.5 TLO611 D,P 2-341
BIFET, Adjustable, Low Power +12 | +18 6 0.2 4 1 3.5 TLO66! D,P 2-357
BIFET, Low Noise +35| =18 6 0.2 50 3 13 TLO711 D,P 2-371
BIFET, General Purpose +35 1| +18 6 0.2 50 3 13 TLO81I DP 2-387
BIFET, Low Offset Voltage +35 | +18 0.5 0.2 50 3 13 TLO87I D,P 2401
BIFET, Low Offset Voltage +35|+18 1 0.2 50 3 13 TLO88I D,P 2-401
High-Slew Rate, Single Supply £2 |+22| 5 |1500| 25 45 10 TL33071 D,P 2-442
LinCMOS, Programmable, Low Bias 4 18 5 Ong7 50 0.11 0.04 TLC271Al D,P 2-507
LinCMOS, Programmable, Medium Bias 4 18 5 ngg7 25 0.64 0.56 TLC271Al D,P 2-507
LinGMOS, Programmable, High Bias 4 | 18] s Jgg, 10 22 46 | TLC271AI DP 2-507
LinCMOS, Programmable, Low Bias 4 18 2 ng87 50 0.11 0.04 TLC271BI D,P 2-507
LinGMOS, Programmable, Medium Bias | 4 | 18 | 2 ng§7 25 064 | 056 | TLC271BI D.P 2-507
LinCMOS, Programmabile, High Bias 4 18 2 ngg7 10 22 4.6 TLC271BI D,P 2-507
LinCMOS, Programmable, Low Bias 4 [ 18] 10 ng§7 50 011 | 004 | TLC271I DP 2-507
LinCMOS, Programmable, Medium Bias | 4 | 18 | 10 ng§7 25 064 | 0s6 | TLC271I D.P 2-507
LinCMOS, Programmable, High Bias 4 18 10 ng§7 10 22 46 TLC271I D,P 2-507
LinCMQS, Precision, Low Noise 4.6 16 0.2 ng81 400 1.9 2.7 TLC2201Al D,P 2-785
LinCMOS, Precision, Low Noise, 100% Typ
Noise Tested 4.6 16 0.2 0.001 400 1.9 27 TLC22018BI D,P 2-785
LinCMOS, Precision, Low Noise 4.6 16 0.5 Jg& 400 1.9 2.7 TLC22011 D,P 2-785
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OPERATIONAL AMPLIFIERS

SELECTION GUIDE
internally compensated, single (continued)
industrial temperature range (values specified for Tp = 25°C)
SUPPLY
voLTAGE | VIO | B | AvD B1 SR
DESCRIPTION Py (mV) | (nA) [(VimV) | (MHZ) | (V/us) | Type | PACKAGES PﬁgE
MIN |MAX | MAX | MAX | MIN | TYP | TYP

LinCMOS, Precision, Chopper- Typ
Statilized 38 | 16 |o0001| b | 5600 1.9 28 | TLC2652Al DNP |2-861
LinCMOS, Precision, Chopper- Typ
Stabilized 38 | 16 |0003| 05 | 1000 | 19 28 | TLC2652! DNP |2-861
gﬂf,)“ﬁgféfa%ﬁilﬂse' Precision, 46 | 16 [ 001 | /% | 5600 | 19 2 | TLc2es4Al | DNP | 2-885
g;gngé;m;:gse' Precision, 46 | 16 | 0.02 g ’6‘; 1000 | 1.9 2 TLC2654I DNP |2-885
ﬁ:‘:;’;?:; High Speed, Low Power, +2 |220| 02 | 50 | 300 2 0.65 | TLE2021Al DP 2-909
Excalibur, High Speed, Precision 4 40 0.5 25 1000 2 0.9 TLE20211 D,P 2-909
i’::;':’;’; Low Noise, High Speed, +4 | =22 |0025| 90 | 10000 | 13 28 | TLE2027Al DP 2-991
g;‘:;g?:; Low Noise, High Speed, =4 |+22| 01 | 90 | 5000 13 28 | TLE20271 DP 2-991
Excalibur, JFET-Input, High-Output Typ
Drive, gPower 35«20 | 15 | 0P | 30 2 | 34 | TLE206IA DP 2-1039
Excalibur, JFET-Input, High-Output Typ
Drive, uPower 35«20 | 05 |ob | 30 2 3.4 | TLE2061BI D,P 2-1039
Excalibur, JFET-Input, High-Output Typ
Drive, Power +35|220 | 3 |00 | 30 2 34 | TLE2061 DP 2-1039
g’r‘::g:’:r: Low Noise, High Speed, £2 | x22 | 005 [-1500 | 100 6 45 | TLE2141AI D,P 21181
E,:‘::'::I: Low Noise, High Speed, +2 | 222 | 09 |-1500| 100 6 45 | TLE21411 DP 2-1181
General Purpose £2 |22 | 5 | 500 | 50 1 0.5 UA741 DP 2-1305

Texas “i’
INSTRUMENTS
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OPERATIONAL AMPLIFIERS

SELECTION GUIDE

internally compensated, single (continued)

automotive temperature range

(values specified for Tp = 25°C)

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

SUPPLY
voLTAGE | VIO | B | AvD | Bj SR
DESCRIPTION v (mV) | (nA) | (V/mV) | (MHz) | (V/us) TYPE PACKAGES PﬁgE
‘ MIN [MAX | MAX | MAX | MIN | TYP | TYP
High Performance +5 |22 2 75 50 1 0.5 LM207 D,N,PRW 2-19
High Perormance =5 | =20 | 4 | 250 | 50 15 70 LM218 D,P 2-35
Chopper-Stabilized £19| =8 |0.005]| 0.03 | 1000 1.2 4 | LTC1052C JNP | 2117
Low Noise, High Speed +35 |22 |0025] 40 | 1000 8 2.8 OP27E P 2-149
Low Noise, High Speed £35|=22| 01 | 80 | 700 8 2.8 0P27G P 2-149
Low Noise, High Speed
Noncompensated., Ay = 5 +4 | =22 |0025| 40 | 1000 40 17 OP37E P 2-149
Low Noise, High Speed . .
Noncompensated. Ay = 5 4 | =22 | 01 | 80 | 700 40 17 OP37G P 2-149
BIFET, Low Power, Precision +35 |18 | 0.8 0.2 1.1 2.9 TLO31Al D,P 2-175
BIFET, Low Power, Precision +35 |18 | 15 | 0.2 1.1 2.9 TLO31I DP 2-175
BIFET, Precision +35| <18 | 08 | 02 50 31 20 TLOS1AIl D,P 2257
BIFET, Precision +35| =18 | 15 | 02 50 3.1 20 TLOS1I D,P 2-257
BIFET, Low Power +35|18| 6 | 02 1 35 TLOG1I D.P 2-341
BIFET, Adjustable, Low Power +1.2 | =18 6 0.2 1 3.5 TLOG6I D,P 2-357
BIFET, Low Noise +35[x18 | 6 | 02 50 3 13 TLO71I DP 2-371
BIFET, General Purpose +35 | 18 6 0.2 50 3 13 TLO81I D,P 2-387
BIFET, Low Offset Voltage +35|+18 | 05 | 0.2 50 3 13 TLO87I D,P 2-401
BIFET, Low Offset Voltage +35| =18 | 1 0.2 50 3 13 TLos8I DP 2-401
LinCMOS, Programmable, Low Bias 4 | 18] 5 ng87 50 011 | 004 | TLC271AI DP 2507
LinCMOS, Programmable, Typ .
Mogium Bias 4 118 | 5 |oo0r| 25 064 | 056 | TLC271Al D,P 2507
LinCMOS, Programmable, High Bias 4 | 18| 5 ng§7 10 2.2 46 | TLC271AI DP 2507
LinCMOS, Programmable, Low Bias 4 18 2 Ong7 50 0.1 0.04 TLC271BI D,P 2-507
LinCMOS, Programmable, Typ
Modium Bias 4 |18 2 |oo0r| 2 064 | 056 | TLC271BI D,P 2-507
LinCMOS, Programmable, High Bias 4 18 2 Ong7 10 22 4.6 TLC271BI D,P 2-507
LinCMOS, Programmable, Low Bias 4 | 18 | 10 ng37 50 011 | 004 | TLC271I DP 2-507
LinCMOS, Programmable, Typ
Mogium Blas a L 1s | 10 | o8 25 064 | 056 | TLC271l D,P 2507
LinCMOS, Programmable, High Bias 4 | 18 | 10 ng§7 10 22 46 | TLC271I DP 2-507
LinCMOS, Low Noise Precision 46 | 16 | 02 Jg& 400 1.9 2.7 | TLC2201Al D,P 2-785
Texas b
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OPERATIONAL AMPLIFIERS

SELECTION GUIDE
internally compensated, single (continued)
automotive temperature range (values specified for Tp = 25°C)
SUPPLY
voLTAGE | VIO | NiB | AvD | B1 SR
DESCRIPTION v (mV) | (nA) [(V/mV) | (MHZ) | (V/us) TYPE PACKAGES Pbll\gE
MIN [ MAX | MAX | MAX MIN TYP TYP
LinCMOS, Low Noise, Precision, 100% Typ
Noise Tested 4.6 16 0.2 0.001 400 1.9 2.7 TLC2201BI D,P 2-785
LinCMQOS, Low Noise, Precision 4.6 16 0.5 ng§1 400 1.9 2.7 TLC22011 D,P 2-785
LinCMOS, Precision, Chopper Typ
Stabilized 3.8 16 | 0.001 0.004 5600 1.9 2.8 TLC2652Al D,N,P 2-861
LinCMOS, Precision, Chopper Typ
Stabilized 3.8 16 |0.003 0.004 1000 1.9 2.8 » TLC26521 D,N,P 2-861
LinCMOS, Low Noise, Precision, Typ
Chopper Stabilized 4.6 16 0.01 0.05 5600 1.9 2 TLC2654Al D,N,P 2-885
LinCMOS, Low Noise, Precision, Typ
Chopper Stabilized 4.6 16 0.02 0.05 1000 1.9 2 TLC2654! D,N,P 2-885
Excalibur, High Speed, Precision 4 40 0.5 25 1000 2 0.9 TLE20211 D,P 2-909

i
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OPERATIONAL AMPLIFIERS

SELECTION GUIDE

internally compensated, single (continued)

military temperature range

(values specified for Tp = 25°C)

UPPLY
voLtage | Vio | B | Avp | By SR
DESCRIPTION v (mV) | (nA) | (V/mV) | (MH2) | (V/us) TYPE PACKAGES PﬁgE
MIN | MAX [ MAX | MAX | MIN TYP TYP

High Performance . +5 | £20 2 75 50 1 0.5 LM107 JJGUW |2-19
Low Noise, High Speed, Precision Input | +25 | =22 |0.025 | 35 7000 8 25 LT1007AM JG 2-69
Low Noise, High Speed, Precision Input | £2.5 | +22 | 0.060 55 5000 8 25 LT1007M JG,P 2-69,
Low Noise, High Speed,
Noncompensated, Ay|_= 5 +25 | £22 | 0.025 35 7000 60 15 LT1037AM JG 2-69
Low Noise, High Speed, .
Noncompensated, Ay|_= 5 +2.5 | £22 | 0.060 55 5000 60 15 LT1037M JG 2-69
Chopper-Stabilized +19] =8 [0.005] 0.03 1000 1.2 4 LTC1052M JJG 2-117
Low Noise, High Speed +3.5 | £22 | 0.025 40 1000 8 2.8 OP27A JG 2-149
Low Noise, High Speed +35 |22 | 0.1 80 700 8 2.8 OP27C JG 2-149
Low Noise, High Speed, .
Noncompensated, Ay = 5 +4 | 22 10.025 40 1000 40 17 OP37A JG 2-149
Low Noise, High Speed, .
Noncompensated, Ay = 5 +4 | +22.| 0.1 80 700 40 17 OP37C JG 2-149
Low Noise, High Performance +3 | x22 2 800 50 10 13 SE5534 FKJG 2-135
Low Noise, High Performance +3 | £22 2 800 50 10 13 SES5534A FKJG 2-135
BIFET, Low Power, Precision 35|18 | 0.8 0.2 1.1 2.9 TLO31AM FKJG 2-175
BIFET, Low Power, Precision +35|+18 | 1.5 0.2 1.1 2.9 TLO31M FKJG 2-175
BIFET, Precision +£35|+18 | 0.8 0.2 50 3.1 20 TLOS1AM FKJG 2-257
BIFET, Precision +35| =18 | 1.5 0.2 50 3.1 20 TLO51M FKJG 2-257
BIFET, Low Power +15 | =18 6 0.2 4 1 3.5 TLOG1M FKJG,U |2-341
BIFET, Adjustable, Low Power 12| =18 6 0.2 4 1 35 TLO66M FKJG 2-357
BIFET, Low Noise +35 | =18 6 0.2 35 3 13 TLO71M FKJG 2-371
BIFET, General Purpose +35| =18 6 0.2 25 3 13 TLOB1M FKJG 2-387
BIFET, Low V|0 +35| =18 3 0.4 50 3 13 TLO88M JG,U 2-387
High-Slew Rate, Single Supply £2 | z22| 5 |-1500| 25 45 10 TL35071 D,P 2-443
LinCMOS, Programmable, Low Bias 4 | 18| 10 07387 50 011 | 0.04 | TLC271M FKJG |2-507
LinCMOS, Programmable, Medium Bias 4 18 10 ng87 25 0.64 0.56 TLC271M FK,JG 2-507
LinCMOS, Programmable, High Bias 4 18 10 ngg7 10 2.2 4.6 TLC271M FKJG 2-507
LiNCMOS, Low Noise, Precision 46 | 16 | 0.2 Jg& 400 19 2.7 | TLC2201AM | D,FKJG,P |2-785

1-16

- Texas ‘t"
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, single (continued)

military temperature range

(values specified for Tp = 25°C)

SUPPLY
VOLTAGE Vio B Avp B4 SR
DESCRIPTION v (mV) | (nA) | (VimV) | (MHz) | (V/ps) TYPE PACKAGES] PﬁgE
MIN [MAX | MAX | MAX | MIN | TYP | TYP
LinCMOS, Low Moise, Precision, a6 | 16 | 02 | ¥ | 400 19 27 | TLC2201BM | DFKJGP |2-785
LinCMOS, Low Noise, Precision 46 | 16 | 05 073’81 400 1.9 2.7 | TLC2201M | D,FK.JG,P |2-785
;zga’i'gﬁ' Precision, Chopper 38 | 16 [0.001 [ WP, | 5600 19 | 28 |TLcoss2aM | DFKSNG, |5 g6
LinCMOS. Precision, Chopper 38 | 16 |0.003| W | 1000 | 19 28 | TLc2esam | D-FKJG 5 gy
Eiﬂfp'ﬁgrs e TCan, a6 | 16 | 001 [ S | s600 [ 19 2 | TLczesaam | DFKING, |5 ggs
g:gmgrsét';mg‘z;se’ Precision, a6 | 16 | 002 | o | 1000 | 22 2 | Tiozesam | DFKIIG, |5 ges
E:‘:;';‘i’:;' High Speed, Low Power, +2 |+20] 02 | 50 | 300 2 0.65 | TLE2021AM | D,FKJG,P |2-909
Excallbur, High Speed, Low Power, | .5 | .20 | 01 | 50 | 300 2 0.65 | TLE2021BM | D,FKJGP |2-909
Excalibur, High Speed, Precision 4 40 0.5 25 1000 2 0.9 TLE2021M | D,FK,JG,P |2-909
E:‘gcai';?:: Low Noise, High Speed, +4 | +22 /0025 90 [10000| 13 28 | TLE2027AM | D,FKJG,P |2-991
E’r‘:;';?;’: Low Noise, High Speed, +4 | =22 01 | 90 | 5000 13 28 | TLE2027M | D,FKJG,P |2-991
E’gﬁ_’gﬂ{;ﬂf S:;\}':p:éower £35 220 | 15 | WP | 30 2 3.4 | TLE2061AM | DFKJGP |2-1039
Eﬁ»f’c’;’ﬂ{bﬂfgﬁ;':":éower +35|+20 | 05 Jg& 30 2 3.4 |TLE2061BM | JGP  |2-1039
Ef;:”gﬂt’pﬂf g;';;':p:f,;ower +35|+20| 3 Jg’& 30 2 3.4 | TLE2061M | DFKJGP |2-1039
Excaiibur, Low Noise, High Speed, | .2 | +22 | 05 [-1500| 100 6 45 | TLE2141AM | DFKJGP |2-1181
Excalibur, Low Noise, High Speed. | .2 | 222 | 09 [-1500| 100 6 45 | TLE2141M | DFKJGP |2-1181
General Purpose +2 | £22 5 500 50 1 0.5 UuA741M FKJ,JG,U |2-1305
TEXas b
INSTRUMENTS
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, dual

commercial temperature range (values specified for Ty = 25°C)
Vs(;JL":TPAIgE Vio | he | Avp | Bi SR
DESCRIPTION W) mV) | (nA) | (VimV) | (MH2) | (V/us) TYPE PACKAGESt Pﬁg.E
MIN [ MAX | MAX | MAX | MIN TYP TYP

BIFET, General Purpose £35] =18 | 10 0.2 25 3 13 LF353 D,P 2-7
BIFET, Low Offset +35|=«18| 3 02 | 25 3 13 LF412C D,P 2-11
High Gain, Low Power, Bipolar |5 | 8 | 30 | o | o 25 0.6 0.2 LM358 DPUY | 2-51

D/S |z15| =15
High Gain, Low. Power, Bipolar SIS 3 % 3 | -100 25 0.6 0.2 LM358A D,PU 2-51

: D/S |15 | =15

Precision : 4 44 | 015 | 20 1500 0.8 0.4 | LT1013AC P 2-93
precision S/S 4 44 | 03 30 1200 0.8 0.4 LT1013C P 2-93

D/S | x2 | =22 | 03 30 500 0.8 0.4 LT1013C P 2-93
Precision S/S 4 44 | 0.8 30 1200 0.8 0.4 LT1013D D,P 2-93

D/S | =2 | +22 | 0.8 30 500 0.8 0.4 LT1013D D,P 2-93
General Purpose +15| =18 6 500 20 1 0.5 MC1458 D,RU 2-121
Low Noise £3 (=20 | 4 800 25 10 9 NE5532 P 2-131
Low Noise £3 [+20| 4 800 25 10 9 NE5532A P 2-131
High Performance +4 | =18 6 500 20 3 1.7 RC4558 D,RY 2-163
High Performance +4 | =18 | 6 250 20 4 2 RC4559 D,P 2-169
Low Power £2 | =18 | 5 250 0.5 05 TLO22C D,P 2171
BIFET, Low Power, Precision +35| =18 | 0.8 0.2 5 1.1 2.9 TLO32AC D,P 2-202
BIFET, Low Power, Precision +35 |18 | 1.5 0.2 1.1 29 TLO32C D,P 2-202
BIFET, Precision £35|=18 | 15 0.2 50 3 16 TLO52AC D,P 2-283
BIFET, Precision £35 (18| 4 0.2 50 3 16 TLO52C D,P 2-283
BIFET, Low Power +35| =18 | 6 0.2 1 35 TLO62AC D,P 2-341
BIFET, Low Power £35| =18 | 3 0.2 1 35 TLO62BC D,P 2-341
BIFET, Low Power +35| =18 | 15 0.4 1 3.5 TLO62C D,P 2-341
BIFET, Low Noise +35( =18 | 6 0.2 50 3 13 TLO72AC D,P 2-371
BIFET, Low Noise +35]| =18 | 3 0.2 50 3 13 TLO72BC D,P 2-371
BIFET, Low Noise +35| =18 | 10 0.2 25 3 13 TLO72C D,P 2-371
BIFET, General Purpose +35 | +18 6 0.2 50 3 13 TLO8B2AC D,P 2-387
BIFET, General Purpose +35 | =18 3 0.2 50 3 13 TLO82BC D,P 2-387
BIFET, General Purpose +35 | =18 15 0.4 25 3 13 TLO82C D,P 2-387
BIFET, General Purpose +35|+18 | 05 2 50 3 13 TL287C D,P 2-401
BIFET, General Purpose +35 | =18 1 0.2 50 3 13 TL288C D,P 2-401
High-Slew Rate, Single Supply +2 | £22 5 —~ 2000 50 0.2 8 TL34072 D,P 2-443
High-Slew Rate, Single Supply +2 | =22 | 3 |-2000| 50 0.2 8 TL34072A D,P 2-443
LinCMOS, Rail-to-Rail 44 | 16 | 25 0;‘6%1 g‘gp 225 | 36 | TLc2e72C DPY |2-841
LinCMOS, Rail-to-Rail 44 | 16 | 095 0;’(')%1 gysp 225 | 36 |TLC2272AC DP 2841

1Y is chip form.

i
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OPERATIONAL AMPLIFIERS

SELECTION GUIDE
internally compensated, dual (continued)
commercial temperature range (values specified for Tp = 25°C)
vorace | Vio | s | Avp | By | SR
DESCRIPTION v (mV) | (nA) | (V/mV) | (MHz) | (V/us) TYPE | PACKAGESt ch.E
MIN [MAX | MAX | MAX | MIN | TYP | TYP

LinCMOS, High Bias 14 | 18 | s o.ngs 10 2.2 53 | TLC252AC DP 2-467
LinCMOS, High Bias 14 | 18 | 2 nggs 10 2.2 53 | TLC252BC D,P 2-467
LinCMOS, High Bias 14 | 18 | 10 o.ngs 10 22 53 | TLC252C DPY |2-467
LinCMOS, Low Bias 14 | 18 | 2 o.ngs 30 0.1 0.05 | TLC25L2BC D.P 2-467
LinCMOS, Low Bias 14 | 18 | 10 o.ngs 30 0.1 0.05 | TLC25L2C DPY |2-467
LinCMOS, Medium Bias 14 | 18 | 5 0%’85 20 06 0.6 |TLC25M2AC D,P 2-467
LinCMOS, Medium Bias 14 | 18| 2 nggs 20 06 06 |TLC25M2BC DP 2-467
LinCMOS, Medium Bias 14 | 18 | 10 nggs 20 06 06 | TLC25M2C DRY |2-467
LinCMOS, High Bias 3 | 18| s 0%’85 10 22 53 | TLC272AC D,P 2-565
LinCMOS, High Bias 3 | 18] 2 o.ngs 10 22 53 | TLC272BC D,P 2-565
LinGMOS, High Bias 3 | 18 | 10 O_Tg’gs 10 22 53 | TLC272C D,P 2-565
LinCMOS, High Bias 3 | 18 | 05 o.ngs 10 2.2 53 | TLC277C D,P 2-565
LinCMOS, Low Bias 3 | 18| 5 nggs 50 0.1 0.05 | TLC27L2AC DP 2-629
LinCMOS, Low Bias 3 | 18| 2 Ongs 50 0.1 0.05 | TLC27L2BC DP  |2-629
LinCMOS, Low Bias 3 | 18 | 10 o.ngs 50 0.1 0.05 | TLC27L2C DP 2-629
LinCMOS, Low Bias 3 | 18 | o5 nggs 50 0.1 0.05 | TLC27L7C DP 2-629
LinCMOS, Medium Bias 3 | 18| s 0%’85 25 0.6 06 |TLC27M2AC DP 2-693
LinCMOS, Medium Bias 3 | 18| 2 o.ngs 25 06 06 |TLC27M2BC DP 2-693
LinCMOS, Medium Bias 3 | 18 | 10 nggs 25 06 06 | TLC27M2C DP 2-693
LinCMOS, Medium Bias 3 | 18| 05 0.73'85 25 06 06 | TLC27M7C D.P 2-693
LinCMOS, uPower, Precision 14 | 18 | 06 o.ng7 500 0.1 0.05 | TLC1078C D,P 2-757

Y is chip form.

j
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, dual (continued)

commercial temperature range _(values specified for Ty = 25°C)
SUPPLY
VOLTAGE | VIO | B | AvD | By | SR
DESCRIPTION W (mV) | (nA) | (VimV) | (MH2) | (V/us) TYPE PACKAGES? P:ga
MIN | MAX | MAX | TYP MIN TYP TYP
LinCMOS, Low Noise, Precision 4.6 16 0.5 OngS 400 1.9 1.8 TLC2202AC D,P 2-813
LinCMOS, Low Noise, Precision 46 | 16 | 05 nggs 400 19 18 | TLc2202BC DP 2-813
LinCMOS, Low Noise, Precision 4.6 16 1 Ongs 400 1.9 1.8 TLC2202C D,P 2-813
Excalibur, High Speed, Low Power, Typ
Precision 4 40 0.3 a3 1000 2.8 0.65 | TLE2022AC D,P 2-935
Excalibur, High Speed, Low Power, Typ
Precision 4 40 0.15 30 1500 2.8 0.65 | TLE2022BC D,P 2-935
g’“’a."l.’“" High Speed, Low Power, 4 |40 |05 | 35 | s00 | 28 | 065 | TLE2022C DPRY |2-935
recision

Excalibur, JFET-Input, High-Output Typ
Drive, uPower +35 | 20 2 0.004 30 2 3.4 i TLE2062AC D,P 2-1075
Excalibur, JFET-Input, High-Output Typ
Drive, uPower +35 | 20 1 0.004 30 2 3.4 TLE2062BC D,P 2-1075
Excalibur, JFET-Input, High-Output Typ :
Drive, uPower +35 | =20 4 0.004 30 2 3.4 TLE2062C D,RY 2-1075
Excalibur, Low Noise, High Speed, ’
Precision +2 | £22 1.2 —700 100 6 45 TLE2142AC D,P 2-1199
Excalibur, Low Noise, High Speed, +2 | 222|075 | -700 | 100 6 45 | TLE2142C DPY |2-1199

Precision

Excalibur, Low Noise, High Speed,

e4 |22 01 | ™ | 3500 | 13 28 | TLE2227C DPY |2-1289

Precision 15
General Purpose =5 | £22 6 500 25 1 0.5 UuA747C D,N 2-1313
1Y is chip form.
decompensated, dual
commercial temperature range (values specified for Ty = 25°C)
VSOUL:':lgE Vio B Ayp | GBw# SR '
DESCRIPTION s (mV) | (nA) | (VimV) | (MHz) | (V/us) TYPE PACKAGES P'I‘\gg
MIN | MAX | MAX | TYP MIN TYP TYP ‘
Excalibur, Low Noise, High Speed, . Typ
Precision =4 | 222 | 0.1 15 5000 76 75 | TLE2237C DP 2-1295

* Decompensated op amps are not unity-gain stable. Gain bandwidth product is specified with Ag|_ = 5.

Texas "V"
INSTRUMENTS
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, dual

industrial temperature range

(values specified for T = 25°C)

SUPPLY

voLtage | VIO | hB | AvD By SR PAGE

DESCRIPTION v (mV) | (nA) | (V/mV) [ (MHZ) | (V/us) TYPE PACKAGES | no.

MIN |MAX | MAX [ MAX | MIN | TYP | TYP

High Performance, Bipolar 4 | 44 | 015 | 20 | 1500 0.8 04 | LT1013Al 3 2-93

‘ ] SIS | 4 | 44 | 03 | 30 | 1200 0.8 04 LT10131 P 2-93

High Performance, Bipolar D/S | =2 | =22 ] 03 | 30 500 08 04 | LTio1al P 293

) ) S/S | 4 | 44 | 08 | 30 | 1200 0.8 04 | LT1013D! D,P 2-93

High Performance, Bipolar

D/S | =2 | =22 | 08 | 30 500 08 04 | LT1013DI D,P 2-93
BIFET, Low Power, Precision +35(+18 0.8 0.2 5 1.1 29 TLO32Al D,P 2-203
BIFET, Low Power, Precision +35| =18 | 15 | 02 5 1.1 2.9 TLO321 D,P 2203
BIFET, Precision =35 =18 | 08 | 02 50 3 16 TLOS2AI D.P 2-283
BIFET, Precision =35 <18 | 15 | 02 50 3 16 TLOS2I D.P 2-283
BIFET, Low Power =35 =18 6 0.2 4 1 3.5 TLO6B2I D,P 2-341
BIFET, Low Noise +35| =18 | 6 0.2 50 3 13 TLo72I D,P 2-371
BIFET, General Purpose +35|=18 | 6 0.2 50 3 13 TLO82!I D,P 2-387
BIFET, General Purpose +35| =18 | 05 | 02 50 3 13 TL287I D,P 2-401
BIFET, General Purpose +35 (| +18 1 0.2 50 3 13 TL288! D,P 2-401
High-Slew Rate, Single Supply 2 | £22 5 —2000 50 0.2 8 TL33072 D,P 2-443
High-Slew Rate, Single Supply +2 | £22 3 —2000 50 0.2 8 TL33072A D,P 2-443
LinCMOS, High Bias 4 | 18] 5 nggs 10 2.2 53 | TLC272Al D,P 2-565
LinCMOS, High Bias 4 | 18| 2 Ongs 10 2.2 53 | TLC2728I DP 2-565
LinCMOS, High Bias 4 | 18 | 10 oT§§5 10 2.2 53 | TLC272I D.P 2-565
LinCMOS, High Bias 4 | 18 | 05 Ongs 10 2.2 53 | TLC277I DP 2-565
LinCMOS, uPower, Precision 4 18 0.6 ngg7 500 0.11 0.05 TLC1078I D,P 2-757
LinCMOS, Low Noise, Precision 4.6 16 0.5 nggs 400 1.9 1.8 TLC2202Al D,P 2-813
LinCMOS, Low Noise, Precision 4.6 16 0.5 Ongs 400 1.9 1.8 TLC22028BI D,P 2-813
LinCMOS, Low Noise, Precision 46 | 16 | 1 nggs 400 1.9 18 | TLC22021 D,P 2-813
LinCMOS, Low Bias 4 | 18| 5 Ongs 50 0.1 0.05 | TLC27L2Al D,P 2-629
LinCMOS, Low Bias 4 | 18 | 2 nggs 50 0.1 0.05 | TLC27L2BI D.P 2629
LinCMOS, Low Bias 4 | 18 | 10 nggs 50 0.1 005 | TLC27L2I D,P 2-629
LinCMOS, Low Bias 4 | 18 | 05 nggs 50 0.1 005 | TLC27L7I DP 2629
LinCMOS, Medium Bias 4 |18 | 5 nggs 25 06 06 | TLC27M2AI D,P 2-693
LinCMOS, Medium Bias 4 |18 | 2 nggs 25 0.6 06 | TLC27M2BI D,P 2-693
LinCMOS, Medium Bias 4 |18 | 10 nggs 25 0.6 06 | TLC27M2I D,P 2-693
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OPERATIONAL AMPLIFIERS

SELECTION GUIDE

internally compensated, dual (continued)

industrial temperature range

(values specified for Tp = 25°C)

SUPPLY

VOLTAGE | VIO | hB | AvD | B SR
DESCRIPTION Pt (mV) | (nA) | (VimV) | (MHz) | (Vius) | TyPE | PACKAGES PﬁgE
MIN [ MAX | MAX | MAX | MIN TYP | TYP
LinCMOS, Medium Bias 4 | 18 | 05 nggs 25 0.6 06 | TLC27M7I DP 2-693
Excalibur, High Speed, Low Power,
Procision 2 |=20| 03 55 | 1000 2.8 0.65 | TLE2022Al D,P 2-935
Excalibur, High Speed, Precision 4 40 0.5 25 1000 2 0.9 TLE2022] D,P 2-935
Excalibur, JFET-Input, High-Output | o o} 55 | 5 Typ 30 2 3.4 | TLE2062Al DP 2-1075
Drive, uPower 0.004
Excalibur, JFET-Input, High-Output . . Typ .
Drive, uPower 35(=s20 | 1 | o0 | 30 2 3.4 | TLE2062BI D,P 2-1075
Excalibur, JFET-Input, High-Output Typ
Drive, uPower 35(=20 | 4 | oo | 30 2 34 | TLE2062l D,P 2-1075
Exca.'".’“” Low Noise, High Speed, |, | . 55 | 12 | 1500 | 100 6 45 | TLE2142Al DP 2-1199
recision
Excalibur, Low Noise, High Speed,
Procision +2 |x22 | 075 | -1500 | 100 6 45 | TLE2142] D,P 2-1199
extended temperature range (values specified for Tp = 25°C)
SUPPLY
voLTAGE | VIO | hB | AvD B1 SR
DESCRIPTION V) (mV) | (nA) | (V/mV) | MH2) | (Vius) | Type - | packacESt PﬁgE
MIN | MAX | MAX | MAX | MIN TP | TYP
General Purpose, Bipolar 2 |16 7 | -100 | 25 0.4 (')w;'; TL2828Z DPY |[2-421

1Y is chip form.
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, dual (continued)

automotive temperature range

(values specified for Tp = 25°C)

SUPPLY
VOLTAGE | VIO | 1B | Avp | By | SR
DESCRIPTION W mV) | (nA) [ (vimV) | (MHz) | (Vius) TYPE PACKAGES Pﬁgﬁ
MIN [MAX | MAX | MAX | mIN | TYP | TYP
High Gain, Low Power, Bipolar SIS 8 80
, , DI — i
g polar | =T 1s 5 150 50 0.6 0.2 LM258 D,PU | 2-51
High Gain, Low Power, Bipolar |oo—t—r— %0
[ ain, Low Fower, Bipolar - R . —
g polar [ =T s 3 80| 50 0.6 02|  LM258A DPU |2-51
sis| 3 | 2
High Gain, Low Power, Bipolar / 7 | —2s0] TP 0.6 0.2 LM2904 DPU |2-51
D/S |15 | =13 100
High Performance +4 | =18 6 —-500 20 3 1.7 RV4558 D,P 2-163
BIFET, Low Power, Precision +35| 18| 08 | 02 1.1 29 | TLO32Al DP 2-203
BIFET, Low Power, Precision +35 | 18 15 0.2 1.1 2.9 TLO32! D,P 2-203
BIFET, Precision +35| =18 | 08 | 02 50 3 16 TLOS2AI DP 2-283
BIFET, Precision £35|=18 | 15 | 02 50 3 16 TLos2I D,P 2283
BIFET, Low Power +35| +18 6 0.2 4 1 3.5 TLOB2! D,P 2-341
BIFET, Low Noise +35 =18 | 6 0.2 50 3 13 TLO72I D,P 2_371
BIFET, General Purpose +35 | =18 6 0.2 50 3 13 TLO82I D,P 2-387
BIFET, General Purpose +35| +£18 0.5 0.2 50 3 13 TL287I D,P 2-401
BIFET, General Purpose £35| =18 | 1 0.2 50 3 13 TLossI DP 2401
LinCMOS, High Bias 4 | 18 5 Ongs 10 2.2 53 | TLC272Al DP 2565
LinCMOS, High Bias 4 | 18 2 nggs 10 2.2 53 | TLC272BI D,P 2-565
LinCMOS, High Bias 4 | 18| 10 nggs 10 2.2 53 | TLC272I DP 2-565
LinCMOS, High Bias 4 |18 | 05 nggs 10 22 53 | TLC277I DP 2-565
LinCMOS, Low Bias 4 | 18 5 nggs 50 0.1 0.05 | TLC27L2AI D.P 2.629
LinCMOS, Low Bias 4 | 18 2 Ongs 50 01 | 005 | TLC27L2BI D,P 2629
LinCMOS, Low Bias 4 | 18| 10 Ongs 50 0.1 005 | TLC27L2l D,P 2629
LinCMOS, Low Bias 4 | 18 | 05 ng’gs 50 0.1 0.05 | TLC27L7I DP 2629
LinCMOS, Medium Bias a4 | 18 5 nggs 25 06 0.6 | TLC27M2Al DP 2-693
LinCMOS, Medium Bias 4 | 18 2 nggs 25 06 0.6 | TLC27M2BI DP 2693
LinCMOS, Medium Bias 4 |18 ] 10 nggs 25 06 06 | TLC27M2I D,P 2693
LinCMOS, Medium Bias 4 | 18 | 05 nggs 25 0.6 06 | TLC27M7I D,P 2693
TeExas
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, dual (continued)

automotive temperature range (valués specified for Ty = 25°C)
voiTaGe o0 | o |y | o | e PAGE
DESCRIPTION (\/] TYPE PACKAGES | =\
MIN | MAX [ MAX | MAX | MIN TYP TYP
LinCMOS, uPower, Precision 4 18 | 0.6 02’87 500 0.1 0.05 | TLC1078! D,P 2-757
Excalibur, High Speed, Precision 4 40 | 05 25 1000 2 0.9 | TLE2022| D,P 2-935

j
Texas 'b
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, dual (continued)

military temperature range (values specified for Tp = 25°C)
SUPPLY
voLTage | Vio | B | Avp | Bi SR

DESCRIPTION ) (mV) | (nA) [(Vv/mV) | (MH2) | (V/us) TYPE PACKAGES PﬁgE

MIN [MAX |MAX | MAX | MiIN | TYP | TYP )

High Gain, Low Power, Bipol S 18 1018 |- 20 08 o2 LM158 FKJGU | 2-51

gh Lsain, Low Fower, Blpolar - Mys (=15 [ =15 | 5 | —150 | 50 06 | o2 s -

General Purpose +2 [222 | 5 500 50 1 0.5 MC1558 FKJG,U [2-121

Precision +6 | +22 | 015 | —20 | 1200 0.8 0.4 | LT1013AM | D,FKJG,P |2-93

Precision +5 | 222 | 03 | -30 | 1200 0.8 0.4 LT1013M | D,FKJG,P |2-93
High Performance +4 | £22 5 500 50 3.5 1.7 RM4558 JG 2-163
Law Power £2 | 222 | 5 100 1 0.5 0.5 TLO22M u 2-171
BIFET, Low Power, Precision +35(+18 | 0.8 0.2 5 1.1 29 TLO32AM FKJG 2-203
BIFET, Low Power, Precision +35| =18 | 1.5 0.2 5 1.1 2.9 TLO32M FKJG [2-203
BIFET, Precision +35|+18 | 0.8 0.2 50 3 16 TLO52AM FKJG |[2-283
BIFET, Precision +35| =18 | 15 0.2 50 3 16 TLO52M FKJG |2-283
BIFET, Low Power +35 (=18 | 6 0.2 4 1 35 TLO62M FKJGU [2-341
BIFET, Low Noise +35|=218 | 6 0.2 35 3 13 TLO72M FKJG |2-371
BIFET, General Purpose +35 | +18 16 0.2 25 3 13 TLO82M FKJG 2-387
BIFET, General Purpose +35 (=18 3 0.4 50 3 13 TL287M JG,U 2-401
BIFET, General Purpose +3.5 | =18 3 0.4 ‘50 3 13 TL288M JG,U 2-401
High-Slew Rate, Single Supply +2 | £22 5 |-2000 50 0.2 8 TL35072 D,P 2-443
High-Slew Rate, Single Supply +2 | £22 3 |-2000 50 0.2 8 TL35072A D,P 2-443
LinCMOS, High Bias 4 18 | 10 nggs 10 22 5.3 TLC272M FKJG |2-565
LinCMOS, High Bias 4 |18 | o5 nggs 10 22 53 | TLC277M | FKJG | 2-565
LinCMOS, uPower, Precision 4 18 0.6 ngg7 500 0.11 0.5 TLC1078M FK,JG 2-757
LinCMOS, Low Noise, Precision +23| +8 | 05 ng§1 400 1.9 2.7 | TLC2202AM | D,FKJG,P | 2-813
LinCMOS, Low Noise, Precision +23| +8 | 05 ng§1 400 1.9 2.7 | TLC2202BM | D,FKJG,P |2-813
LinCMOS, Low Noise, Precision +23| =8 1 ng§1 400 19 2.7 TLC2202M | D,FKJG,P |2-813
LinCMOS, Low Bias 4 18 | 10 nggs 50 0.1 0.05 | TLC27L2M FKJG |2-629
LinCMOS, Low Bias 4 |18 | 05 nggs 50 01 | 005 | TLce7L7M | FKJG | 2-629
LinCMOS, Medium Bias 4 18 | 10 nggs 25 0.6 0.6 | TLC27M2M FKJG |2-693
LinCMOS, Medium Bias 4 18 | 05 nggs 25 0.6 0.6 | TLC27M7M FKJG | 2-693
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OPERATIONAL AMPLIFIERS

SELECTION GUIDE

internally compensated, dual (continued)

military temperature range

(values specified for Ty = 25°C)

SUPPLY

1-26
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voLtage | Vio | WB | Avp | Bi | SR PAGE
DESCRIPTION v | ™| OA (VimV) | (MHZ) | (VIus) | TYPE | PACKAGES| '\o
MIN |[MAX |MAX | MAX | MIN | TYP | TYP
oo S)S | 4 |44 | 03| 50 | 1200 | 08 02 | LT1013M JG 293
recision D)S | =2 |z22 | 08 | 50 | 500 0.8 02 | LTioiam Ja 293
'E’r‘:;g?;‘r: High Speed, Low Power, 2 |+20| 03 | 55 | 1000 | 28 | 065 |TLE2022AM | D,FKJG,P |2-935
,E:‘:;':,’g’r: High Speed, Low Power, 2 |+20 | 015 | 50 | 1500 2.8 0.65 | TLE2022BM JG 2-935
Excalibur, High Speed, Precision 4 40 0.5 25 1000 2 0.9 TLE2022M FK,JG 2-935
Excalibur, JFET-Input, High-Output Typ
Drive, uPower +35 )220 | 2 | 3P | 30 2 34 | TLE2062AM | D,FK,JG,P | 2-1075
Excalibur, JFET-Input, High-Output . Typ
Drive, uPower £35 =20 | 1 | 2 | 30 2 34 |TLE2062BM | JGP |2-1075
Excalibur, JFET-Input, . . Typ
High Output Drive, pFower =35 =20 | 4 | % | 30 2 34 | TLE2062M | DFKJG,P |2-1075
ﬁf:;';?:r: Low Noise, High Speed, 2 |=z22 | 1.2 |-1500 | 100 6 45 | TLE2142AM | D,FK.JG,P |2-1199
,Ef:;gf’;’r: Low Noise,High Speed, +2 | =22 | 075 | -1500 | 100 6 45 | TLE2142M | D,FK,JG,P | 2-1199
INSTRUMENTS



OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, quad

commercial temperature range

(values specified for Tp = 25°C)

SUPPLY
VOLTAGE | VIO | B | AvD | B SR
DESCRIPTION ) mv) [ (nA) [ (V/mV) | (MHZ) [ (V/us) TYPE PACKAGEST PﬁgE
MIN | MAX | MAX | MAX MIN TYP TYP
BIFET, General Purpose +35 | +18 10 0.2 25 3 13 LF347 DN 2-3
General Purpose 3 30 7 — 250 25 0.6 0.3 LM324 D,NW)Y 2-39
General Purpose 3 30 3 -100 25 0.6 0.3 LM324A NW 2-39
General Purpose x4 | 218 6 200 25 1 0.5 LM348 D.N 2-47
S/S 4 32

Norton Amplifier, Bipola and 200 1.2 2.5 0.5 LM3900 D,N

pien Bipoar DS | =2 | =16 2-61
Low Power, Bipolar 55 3 36 10 - 500 20 1 0.6 MC3403 DN 2-125

D/S |15 | +£18
Quad uA741, High Performance +4 | =18 6 500 20 3 1.7 RC4136 DN 2-159
BIFET, Low Power, Precision +35 | +18 1.5 0.2 5 1.1 2.9 TLO34AC D,N 2-229
BIFET, Low Power, Precision +35 | +18 4 0.2 5 1.1 2.9 TLO34C DN 2-229
General Purpose +2 | =18 5 250 60 0.5 0.5 TL044C N.W 2-253
BIFET, Precision +351x18 | 15 0.2 50 2.7 16 TLO54AC DN 2-311
BIFET, Precision +35| +18 4 0.2 50 2.7 16 TLO54C DN 2-311
BIFET, Low Power +35 ]| +18 6 0.2 4 1 3.5 TLO64AC DN 2-341
BIFET, Low Power +35 | +18 3 0.2 4 1 3.5 TLO64BC D,N 2-341
BIFET, Low Power +3.5 | +18 15 0.4 3 1 3.5 TLO64C D,N 2-341
BIFET, Low Noise +3.5 | +18 6 0.2 50 3 13 TLO74AC DN 2-371
BIFET, Low Noise +35 | =18 3 0.2 50 3 13 TLO74BC D,N 2-371
BIFET, Low Noise +35 | +18 10 0.2 50 3 13 TLO74C DN 2-371
BIFET, General Purpose +35 | +18 6 0.2 50 3 13 TLOB4AC D,N 2-387
BIFET, General Purpose +35| +18 3 0.2 50 3 13 TLO84BC DN 2-387
BIFET, General Purpose +35| +18 15 0.4 25 3 13 TLO84C DN 2-387
High-Slew Rate +2 | £22 5 — 2000 50 0.2 8 TL34074 DW,N 2443
High-Slew Rate +2 | £22 3 — 2000 50 0.2 8 TL34074A DW,N 2-443
LInCMOS, High Bias 1.4 18 5 Ongs 10 2.2 5.3 TLC254AC DN 2-487
LinCMOS, High Bias 14 18] 2 nggs 10 2.2 53 | TLC254BC DN 2-487
LinCMOS, High Bias 1.4 18 10 Ongs 10 2.2 53 TLC254C D,N,Y 2-487
LinCMOS, Low Bias 1.4 18 5 Ongs 30 0.1 0.05 | TLC25L4AC DN 2-487
LinCMOS, Low Bias 1.4 18 2 Ongs 30 0.1 0.05 | TLC25L4BC D,N 2-487
LinCMOS, Low Bias 1.4 18 10 Ongs 30 0.1 0.05 TLC25L4C D.NY 2-487
LInCMOS, Medium Bias 14 | 18 | 5 ng§5 20 06 06 |TLC25M4AC DN 2-487
ty is chip form.
TExas
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, quad (continued)

commercial temperature range (values specified for Ta = 25°C)
V%UL?rZ'f;YE Vio | iB | Avp B1 SR
DESCRIPTION ) (mV) | (hA) | (VimV) | (MHZ) | (Vius) |  typg  |packaGESt ",‘.‘SF
MIN | MAX | MAX | MAX | miN | TYP | TYP
LinCMOS, Medium Bias 14 | 18 | 2 nggs 20 0.6 06 |TLC25M4BC DN 2-487
LinCMOS, Medium Bias 14 | 18 | 10 nggs 20 06 06 | TLC25M4C | DNY |2-487
LinCMOS, High Bias 3 |18 5 o.ngs 10 2.2 53 | TLC274AC DN 2-597
LinCMOS, High Bias ’ 3 | 18] 2 o.ngs 10 22 53 | TLC274BC DN 2-597
LinCMOS, High Bias 3 |18 10 o.ngs 10 2.2 53 | TLC274C DN 2-597
LinCMOS, High Bias 3 | 18 | 09 o.ngs 10 22 53 | TLC279C DN 2-507
LinCMOS, Low Bias 3 (18] s o.ngs 50 0.1 0.05 | TLC27L4AC DN 2-661
LinCMOS, Low Bias 3 | 18] 2 o.ngs 50 04 | 005 | TLcerLaBc DN 2-661
LinCMOS, Low Bias 3 | 18| 10 nggs 50 01 | 005 | TLC27L4C D.N 2-661
LinCMOS, Low Bias 3 | 18 | oo nggs 50 01 | 005 | TLc27L9C DN 2-661
LinCMOS, Medium Bias 3 18] 5 nggs 25 06 06 |TLC27M4AC D.N 2-725
LinCMOS, Medium Bias 3 | 18] 2 nggs 25 06 | 06 |TLC27M4BC DN 2-725
LinCMOS, Medium Bias 3 | 18| 10 nggs 25 06 06 | TLC27M4C DN 2-725
LinCMOS, Medium Bias 3 |18 | 09 nggs 25 07 06 | TLC27M9C DN- |2-725
LinCMOS, pPower, Precision 14 | 18 | 115 02’87 500 | 011 | 005 | TLC1079C DN 2-771
E’r‘::,':’:; High Speed, Low Power, 4 | 40 | o075 1;"5" 800 2.8 07 | TLE2024AC| DWN  |2-963
,E’r‘::,';?;: High Speed, Low Power, 4 |40 | 05 "}g’ 1000 | 28 07 | TLE2024BC| DWN |2-963
Excalibur, High Speed, Precision 2 | 22| 09 |-700 100 6 4.5 TLE2024C DW,N,Y 2-963
[E)’r‘i‘f/ae"ii‘g’o‘i;?""p”t‘ High-Output | 56| .20| 4 ngg .| 30 2 34 | TLE2064AC DN 2-1111
g’(‘i“’:'ft:fg'oi?"“p“” High-Output | 55 l.20| 2 Jg& 30 2 34 | TLE2064BC DN 21111
E’;ﬁi’f?&i’fﬂ"p“" High-Output |=85]| =20 | & Jgg .| %0 2 34 | TLE2064C DNY  |2-1111
Y is chip form.
TExas
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, quad (continued)

industrial temperature range

(values specified for Tp = 25°C)

SUPPLY
voLtage | VIO | B | AvD B4 SR
DESCRIPTION ™ (mV) | (nA) | (V/mV) | (MHZ) | (V/us) TYPE PACKAGES PﬁgE
MIN |MAX | MAX | MAX | MIN | TYP | TYP )
General Purpose, Bipolar 3 30 5 -150 50 0.6 0.3 LM224 DNW 2-39
General Purpose, Bipolar 3 30 3 - 80 50 0.6 0.3 LM224A N,W 2-39
General Purpose, Bipolar +4 | £18 6 200 25 1 0.5 LM248 DN 2-47
] ss| 3 | 32
High Gain, Low Power, Bipolar 5 - 150 50 0.6 0.2 LM258 D,P 2-51
D/S |15 | 22
s sis| 3 | a2
o . _ ' . ‘ e
High Gain, Low Power, Bipolar DS 1215 | =22 3 80 50 0.6 0.2 LM258A D,P 2-5
Norton Amplifier, Bipolar SIS 4 82 M D 2-39
mer, ol —_ . o . ) T
p p o5 =2 Toe 200 1.2 25 05 LM2900 N
BIFET, Low Power +35|=18 | 15 | 0.2 5 1.1 29 | TLO34AI DN 2-229
BIFET, Low Power +35 | 18 4 0.2 5 1.1 2.9 TTLO34I D,N 2-229
BIFET, Precision +35|=18 | 15 | 02 50 27 16 TLOS4AI DN 2-311
BIFET, Precision £35| 18 | 4 0.2 50 27 16 TLOS4I DN 2-311
BIFET, Low Power, Precision +35 (| +£18 6 0.2 4 1 3.5 TLOB4! D,N 2-341
BIFET, Low Noise, Precision +35| 18| 6 0.2 50 3 13 TLO74I DN 2-371
BIFET, General Purpose +35| £18 6 0.2 50 3 13 TLO84I D,N 2-387
High-Slew Rate 2 |=22| 38 |-2000] 50 0.2 TL33074A DWN | 2443
High-Slew Rate 2 |=22| 5 |-2000]| 50 0.2 TL33074 DW,N |2-443
LinCMOS, High Bias 4 |18 s Jg& 10 22 53 | TLC274Al DN |2-597
LinCMOS, High Bias 4 | 18] 2 ng81 10 22 53 | TLC274BI DN 2-597
LinCMOS, High Bias 4 |18 | 10 OT(‘)’& 10 2.2 53 | TLC2741 DN |2-597
LinCMOS, High Bias 4 | 18 | 09 Ongs 10 2.2 53 | TLC279I DN |2-597
LinCMOS, Low Bias 4 | 18| s nggs 50 0.1 0.05 | TLC27L4AI DN 2-661
LinCMOS, Low Bias 4 |18 | 2 nggs 50 0.1 0.05 | TLC27L4BI DN 2-661
LinCMOS, Low Bias 4 {18 | 10 nggs 50 0.1 005 | TLC27L4I DN 2661
LinCMOS, Low Bias 4 | 18 | 09 Ongs 50 0.1 005 | TLC27L9I DN |2-661
LinCMOS, Medium Bias 4 | 18] s nggs 25 06 06 | TLC27M4Al DN [2-725
LinCMOS, Medium Bias 4 |18 | 2 nggs 25 06 06 | TLC27M4BI DN 2-725
LInCMOS, Medium Bias 4 |18 | 10 Ongs 25 0.6 06 | TLC27M4I DN |2725
LinCMOS, Medium Bias 4 | 18 | 09 0%’85« 25 0.6 06 | TLC27Mol DN 2-725
INSTRUMENTS
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, quad (continued)

industrial temperature range (values specified for Ty = 25°C)
SUPPLY
voLTAGE | VIO | MB | AvD | Bi | SR
DESCRIPTION Py (mV) | (nA) [(VimV) | (MH2) | (VAs) | TypE | PACKAGES P:.\gE
MIN |MAX | MAX | max | min | TYP | TYP
LinCMOS, uwPower, Precision 4 | 18 |115] " | s00 | o011 | 005 | TLCI079I DP |27
0.007
g;‘::l';?:r: High Speed, Low Power, 2 |+20| 075 | 55 | 800 2.8 07 | TLE2024A1 | DWN |2-963
E)r(::g?:r: High Speed, Low Power, £2 |=20| 05 | 50 | 1000 | 28 07 | TLE2024B1 | DWN |2-963
Excalibur, High Speed, Precision 4 40 0.5 25 1000 2 0.9 TLE2024| DW,N 2-963
S’;ﬁ:"i”gbﬁf"”p‘"' High-Output | 35] .20 | 4 Ong .| 20 2 34 | TLE2064AI DN | 2-1111
Sﬁt‘:"ﬁggj;?"”"“" High-Outeut | 35|20 | 2 OT&')’ .| 30 2 34 | TLE2064BI N 21111
g’r‘iff:'?:gb SFET-nput, HighOuput .55 | 220 | 6 oop| =0 2 34 | TLE2064 DN |2-1111

*p
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, quad (continued)

automotive temperature range

(values specified for Tp = 25°C)

SUPPLY
voLtage | VIO | B | Avp | B1 | SR
DESCRIPTION s MmV) | (nA) [(vimV) | MH2) | (Vius) | type  |packacEs PﬁgE
MIN | MAX | MAX | MAX MIN TYP TYP
S/S | 45 32 -
Norton Amplifier, Bipolar — 200 1.2 25 0.5 LM2900 N 2-61
D/S |22 | =16
T LM2902
Extended Temperature Range LM324 3 26 7 —250 P 0.6 0.3 90 D,N 2-39
100 LM2902Q
i SIS 3 % 500 0 MC. N
Low Power, Bipolar DS 1215 =18 8 - 2 1 0.6 3303 D, 2-125
Quad uA741 +45 | +18 6 500 20 3 1.7 RM4136 D,NW 2-159
BIFET, Low Power, Precision +3.5 | +18 1.5 0.2 5 1.1 29 TLO34Al D,N 2-229
BIFET, Low Power, Precision +3.5 | «£18 4 0.2 5 1.1 29 TLO34I D,N 2-229
BIFET, Precision +35 | +£18 15 0.2 50 27 16 TLO54Al DN 2-311
BIFET, Precision +3.5 | =18 4 0.2 50 2.7 16 TLO54I D,N 2-311
BIFET, Low Power, Precision +35 | +18 6 0.2 4 1 3.5 TLO64I D,N 2-341
BIFET, Low Noise, Precision +35| =18 6 0.2 50 3 13 TLO74I D,N 2-371
BIFET, General Purpose +35 (=18 6 0.2 50 3 13 TLO84I D,N 2-387
LinCMOS, High Bias 4 | 18] 5 OTg& 10 2.2 53 | TLC274Al DN  |2-597
LinCMOS, High Bias 4 |18 | 2 ng§1 10 22 53 | TLC274BI DN  |2-507
LinCMOS, High Bias 4 18 | 10 ng§1 10 22 5.3 TLC2741 D.N 2-597
LinCMOS, High Bias 4 | 18 | 12 nggs 10 22 53 | TLC279I DN  |2-507
LinCMOS, Low Bias 4 18 5 Ongs 50 0.1 0.05 TLC27L4Al D,N 2-661
LinCMOS, Low Bias 4 18 2 OTgC'))S 50 0.1 0.05 TLC27L4BI DN 2-661
LinCMOS, Low Bias 4 18 10 OTg(’J)S 50 0.1 0.05 TLC27L4l D,N 2-661
LinCMOS, Low Bias 4 18 0.9 Ongs 50 0.1 0.05 TLC27L9l D,N 2-661
LinCMOS, Medium Bias 4 18 5 OTgSS 25 0.6 0.6 TLC27M4Al D.N 2-725
LinCMOS, Medium Bias 4 |18 | 2 nggs 25 0.6 06 | TLC27M4BI DN  |2-725
LinCMOS, Medium Bias 4 | 18 | 10 nggs 25 06 06 | TLC27Mal DN |2-725
LinCMOS, Medium Bias 4 18 0.9 Ongs 25 0.6 0.6 TLC27M9I D,N 2-725
LinCMOS, uPower, Precision 4 18 1.15 Ong7 500 0.11 0.05 TLC1079I D,N 2-771
Excalibur, High Speed, Precision 4 40 0.5 25 1000 2 0.9 TLE20241 DW,N 2-963
TeExas ‘b
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, quad (continued)

extended temperature range (values specified for Ty = 25°C)
SUPPLY
voLTAGE | Vio | B | Avp B4 SR
DESCRIPTION W (mV) | (nA) | (V/mV) | (MH2) | (V/us) TYPE  |PACKAGESt PﬁgE
MIN [ MAX [ MAX | MAX | MIN TYP TYP
High Temperature (- 40°C to 150°C) +2 | £16 7 -100 25 0.4 holhg TL2829Z D,N,Y 2-429

tY is chip form.

internally compensated, quad

military temperature range (values specified for Tp = 25°C)
SUPPLY
voLtage | VIo | WB | Avp | Bi SR
DESCRIPTION P mv) | (A) | (vimv) | MHz) | (Vinus) Tvpe | Packaces PﬁgE
MIN [MAX [MAX | MAX | MiN | TYP | TYP

General Purpose 3 30 5 - 150 50 0.6 0.13 LM124 FKJW 2-39
General Purpose +4 | £22 5 100 50 1 0.5 LM148 FK,J 2-47
Quad uA741, High Performance =4 | 222 | 4 400 50 35 17 RM4136 FKJW |2-159
BIFET, Low Power, Precision +35|=18 | 15 | 02 5 1.1 29 | TLO34AM FKJ  |2-229
BIFET, Low Power, Precision +35| =18 4 0.2 5 1.1 29 TLO34M FK,J 2-229
Low Power 2 |222 | 5 100 72 05 05 TLO44M FKJW |2-253
BIFET, Precision £35|=18 | 15 | 02 50 27 16 | TLO54AM FKJ | 2-311
BIFET, Precision =35 | =18 | 4 0.2 50 27 16 TLO54M FKJ | 2311
BIFET, Low Power £35| =181 9 0.2 4 1 35 TLOG4M FKJW | 2-341
BIFET, Low Noise ‘ +35|=18 | 9 0.2 35 3 13 TLO74M FKJW |2-371
BIFET, General Purpose £35|+18 | 9 0.2 25 3 13 TLO84M FKJW | 2-387
High-Slew Rate =2 |22 | 5 |-2000| 50 0.2 8 TL35074 DWN  |2-443
High-Slew Rate £2 |«22 | 3 |-2000]| 50 0.2 8 TL35074A DWN | 2443
LinCMOS, High Bias 4 |18 | 10 nggs 10 22 53 | TLC274AM FKJ  |2-507
LinCMOS, High Bias 4 | 18 | 12 nggs 10 22 53 | TLC279M FKJ | 2-597
LinCMOS, Low Bias : 4 |18 | 10 nggs 50 0.1 005 | TLC27L4M FKJ | 2-661
LinCMOS, Low Bias 4 | 18 | 09 nggs 50 0.1 0.05 | TLC27LOM FKJ | 2-661
LinCMOS, Medium Bias 4 | 18 | 10 nggs 20 06 06 | TLC27M4M FKJ  |2-725
LinCMOS, Medium Bias 4 | 18 | 09 nggs 20 06 06 | TLC27M9M FKJ | 2-725
LinCMOS, uPower, Precision 4 18 1.156 ngg_, 500 0.11 0.05 TLC1079M DJ,P 2-771

Texas {’?
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OPERATIONAL AMPLIFIERS
SELECTION GUIDE

internally compensated, quad (continued)

military temperature range

(values specified for Ty = 25°C)

SUPPLY
VOLTAGE | VIO | WB | AvD | B1 | SR
DESCRIPTION s mV) | (nA) | (vimV) | (MHz) | (V/us) TYPE PACKAGES Pﬁ\gE
MIN | MAX | MAX | MAX | MIN TYP TYP
g:‘:;';?;’; High Speed, Low Power, +2 |20 | 075 | 55 | 800 2.8 0.7 | TLE2024AM | DW,FKJN |2-963
ﬁ’r‘:g';?;‘r: High Speed, Low Power, +2 [+20| 05 | 50 | 1000 | 28 07 |TLE2024BM | DWJN |2-963
Excalibur, High Speed, Precision 4 40 0.5 25 1000 2 0.9 TLE2024M | DW,FK,J,N | 2-963
Excalibur, JFET-Input, High-Output . Typ
Drive, pPower +35 | +20 4 0.004 30 2 3.4 TLE2064AM D,FKJ,N | 2-1111
Excalibur, JFET-Input, High-Output Typ
Drive, pPower +35 | =20 2 0.004 30 2 3.4 TLE2064BM J,N 2-1111
Excalibur, JFET-Input, High-Output . Typ
Drive, uPower +3.5 | +20 6 0.004 30 2 3.4 TLE2064M D,FK,J,N 2-1111
TeExas
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OPERATIONAL AMPLIFIERS
CROSS-REFERENCE GUIDE

Replacements are based on similarity of electrical and mechanical characteristics shown in currently published data.
Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the user should
compare the specifications of the substitute device with the specifications of the original.

Texas Instruments makes no warranty as to the information furnished and the buyer assumes all risk in the use thereof.
No liability is assumed for damages resulting from the use of the information contained herein.

Manufacturers are arranged in alphabetical order.

ADVANCED SUGGESTED PAGE
LINEAR T No.
DEVICES REPLACEMENT
ALD1701 or TLC271 2-507
ALD1702 or
ALD1703
ANALOG SUGGESTED PAGE
DEVICES Tl NO.
REPLACEMENT
AD510 or AD517 oP-07 2-141
AD712J TLE2082A 2-1147
DIRECT SUGGESTED PAGE
FAIRCHILD Tl TI NO.
REPLACEMENT REPLACEMENT
UA714 OP-07C 2-141
UA714L OP-07D 2-141
uA741 UA741 2-1305
UA747 uA747 2-1313
UA748 UA748 2-1319
uA771 TLO7A 2-371
uA771A TLO71B or TLO81B 2-371/2-387
UA771B TLO71A or TLOB1A 2-371/2-387
uA77IL TLO81 2-387
UAT772 TLO72 2-371
UA772A TLO72B 2-371
UA772B TLO72A or TLOB2A 2-371/2-387
uA772L TLO82 2-387
UA774 TLO74 2-371
UA774B TLO74A or TLO74B 2-371
UA774L TLO84 2-387
SUGGESTED
BURR BROWN T ",’}3_5
REPLACEMENT
OPA111 TLC2201 2-785
OPA211 TLC2202 2-813

EXAS *”
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'OPERATIONAL AMPLIFIERS

CROSS-REFERENCE GUIDE
GENERAL SUGGESTED PAGE
ELECTRIC Tl NO.
REPLACEMENT
ICL7611, or ICL7612, TLC271 2-507
or ICL7613
ICL7621 TLC272 2-565
ICL7641 TLC274 or TLC27L9  2-597 / 2-661
ICL7642 TLC27M9 . 2-725
SUGGESTED PAGE
HARRIS Tl NO.
REPLACEMENT
HA2515 LM318 2-35
HA5127 TLE2027 2-991
HA5135-5 OP-07C 2141
HA5137 TLE2037 2-1015
SUGGESTED PAGE
INTERSIL Tl NO.
REPLACEMENT
ICL7611, or ICL7612 TLC271 2-507
or ICL7613
ICL7621 TLC272 2-565
ICL7641 TLC274 or TLC27L9  2-597 / 2-661
ICL7642 TLC27M9 2-725
ICL7652 TLC2652 or TLC2654  2-861/ 2-885
LINEAR DIRECT SUGGESTED PAGE
TECHNOLOGY Tl Tl NO.
REPLACEMENT REPLACEMENT
LT1001 OP-07C, OP-07D, 2-141/2-149
LT1007 LT1007 TLE2027 2-69 / 2-991
LT1007A LT1007A 2-69
LT1037 LT1037 TLE2037 2-69/2-1015
LT1037A LT1037A 2-69
LTC1052 TLC2652 or TLC2654 2-861 / 2-885
: SUGGESTED PAGE
MAXIM TI NO.
REPLACEMENT
ICL7611, or ICL7612 TLC271 2-565
or ICL7613
ICL7621 TLC272 2-565
ICL7641 TLC274 or TLC27L9  2-597 / 2-661
ICL7642 TLC27M9 2-725
ICL7652 TLC2652 or TLC2654  2-861 / 2-885
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INSTRUMENTS

1-36 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



OPERATIONAL AMPLIFIERS

CROSS-REFERENCE GUIDE
DIRECT SUGGESTED PAGE
MOTOROLA TI Tl NO.
REPLACEMENT REPLACEMENT
MC748 uA748 2-1319
MC1458 MC1458 2-121
MC1558 MC1558 2121
MC1709 uA709 2—-1301
MC1741 uA741 2-1305
MC1747 uA747 2—-1313
MC3303 MC3303 2-125
MC3403 MC3403 RC4136 2-125/2-159
MC4558 RC4558 2-163
MC4741 LM348 247
MC34001 TLO71 or LF351 2-371/2-5
MC34002 TLO72 or LF353 2-371/2-7
MC34004 TLO74 or LF347 2-371/2-3
MC34004B TLO74A or LF347B 2-371/2-3
MC34071 TL34071 TLE2141 2-443 [ 2-1181
MC34072 TL34072 TLE2142 2-443 [ 2-1199
MC34181 TLE2061 2—-1039
MC34182 TLE2062 2—-1075
MC34184 TLE2064 2-1111
DIRECT SUGGESTED PAGE
NATIONAL Tl m NO.
REPLACEMENT REPLACEMENT
LF347 LF347 TLO74 or TLO84 2-3/2-371/2-387
LF347B LF347B TLO74A, TLO74B, 2-3/2-371/2-387
or TLO84A
LF351 LF351 TLO71 or TLOS1A 2-5 [ 2-387
LF353 LF353 TLO72, TLO72A, 2-7 [ 2-371/2-387
or TLO82A
LF411 LF411 TLO81A 2-9/2-387
LF411A TLO71A, TLO71B, 2-371
TLO81A, or TLO81B 2-387
LF412 LF412 TLO72A, TLO82A, 2-9/2-387
or TLO82B
LF412-1A TLE2082 2-1147
LF441 TLO61 or TLE2061 2-341/2-1039
LF441A TLO61A or TLO61B 2-341
LF442 TLO62 or TLE2062 2-341 /21111
LF442A TLO62B 2-341
LF444 TLO64 or TLE2064 2-341 [ 2—-1111
LF444A TLO64A 2-341
LH0044 OP-07C 2—-141
LH0044B OP-07D 2—-141
LM201A LM201A 2-13
LM207 LM207 2-19
LM218 LM218 2-35
——
*p
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OPERATIONAL AMPLIFIERS

CROSS-REFERENCE GUIDE
(Continued)
, DIRECT SUGGESTED PAGE
NATIONAL Tl TI NO.
REPLACEMENT REPLACEMENT
LM224 LM224 2-39
LM248 LM248 2-47
LM258 LM258 2-51
LM301A LM301A 2-13
LM307 LM307 2-19
LM318 LM318 2-35
LM324 LM324 TLE2024 2-39/2-963
LM348 LM348 v 2-47
LM358 LM358 TLE2022 2-51/2-935
LM709 uA709 . 2-1301
LM741 UA741 2-1305
LM883 RCA4558 2-163
LM1458 MC1458 2-121
LM2900 LM2900 2-61
LM2902 LM2902 2-39
LM2904 LM2904 2-51
LM3900 LM3900 2-61
LMC660 TLC274 2-597
umcee2 TLC2202 2-813
SUGGESTED PAGE
NEC Ti NO.
REPLACEMENT
uPC159 : - . LM318 2-35
uPC251 ' MC1458 2-121
uPC354 OP-07 2-141
uPC801 TLO71, TLOS1A, 2-371/2-387/2-5
. " or LF351
DIRECT SUGGESTED PAGE
PMI Tl Ti . NO.
REPLACEMENT REPLACEMENT
OP-02 uA741 2-1305
OP-04 uA747 : 2-1313
OP-07C OP-07C 2-141
OP-07D OP-07D 2-141
OP-07F RC4136 2-159
OP-14C or OP-14E MC1458 2-121
OP-14J ~ MC1558 2-121
OP-15F TLO71, TLOB1A, 2-371/2-387/2-3
or LF351

*p
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OPERATIONAL AMPLIFIERS

CROSS-REFERENCE GUIDE
(Continued)
DIRECT SUGGESTED PAGE
PMI Ti TI NO.
REPLACEMENT REPLACEMENT
OP-27E OP-27E 2-149
OP-27G OP-27G 2-149
OP-37E OP-37E 2-149
OP-37G OP-37G 2-149
- OP-215F TLO72, TLO82A, 2-371/2-387
LF353, or TLE2082
OP-215G TLE2082A 2—-1147
OP-21 TLE2021 2-909
OoP-27 TLE2027 2991
OP-37 TLE2037 2—-1015
OoP-221 TLE2022 2-935
OP-421 TLE2024 2-963
DIRECT SUGGESTED PAGE
RAYTHEON TI TI NO.
REPLACEMENT REPLACEMENT
RC4136 RC4136 2-159
RC4156 LM348 2-47
RC4157 LM348 2-47
RC4558 RC4558 2—-163
RC4559 RC4559 2-169
SUGGESTED PAGE
RCA TI NO.
REPLACEMENT
CAO081A TLO81 2-387
CAO081A TLO81A 2-387
CA082 TLO82 2-387
CA082A TLO82A 2-387
CA084 TLO84 2-387
DIRECT SUGGESTED PAGE
SIGNETICS I TI NO.
REPLACEMENT REPLACEMENT
NE532 LM358 or TL022 2-51/2-171
NE5532 NES5532 2-131
NE5532A NES5532A 2-131
NE5534 NE5534 TLE2037 2-135/2-1015
NE5534A NE5534A TLE2037A 2-135/2-1015
SE5534 SE5534 2-135
SE5534A SES534A 2-135
*
Texas
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L ,G?ERATFONAL AMPLIFIERS

.~ CROSS-REFERENCE GUIDE
P SUGGESTED PAGE
~ 8GS-THOMSON T NO.
REPLACEMENT

TS271 TLC271 2-507
TS271A TLC271A 2-507
TS271B TLC271B 2-507
T8272 TLC272 2-565
TS272A TLC272A 2-565
TS272B - TLC272B 2-565
“TS274 TLC274 2-597
TS274A TLC274A 2-597
TS274B TLC274B 2-597
TS27L2 TLC27L2 2-629

- TS27L2A TLC27L2A 2-629
TS271.2B TLC27L2B - 2-629
TS271L4 TLC27L4 2-661
TS27L4A TLC27L4A 2-661
T$27L4B TLC27L4B 2-661
TS27M2 TLC27M2 2-693
TS27M2A TLC27M2A 2-693
TS27M2B TLC27M2B 2-693
TS27M4 TLC27M4 : 2-725
TS27M4A TLC27M4A 2-725
TS27M4B TLC27M4B 2-725

EXAS .,
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

Input Offset Voltage (V|Q)
The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to zero
or other level, if specified.

Average Temperature Coefficient of Input Offset Voltage (ay]0)

The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the
specified temperature range.

Vio @ Ta(1)) - (Vio @ Ta(2))
avio =

where T and T are the specified temperature extremes.
TA(1)-TA(2) ] A(1) A(2)

Input Offset Current (1j0)

The difference between the currents into the two input terminals with the output at zero volts.

Average Temperature Coefficient of Input Offset Current («Q)

The ratio of the change in input offset current to the change in free-air temperature. This is an average value for the
specified temperature range.

[ o @ TA(1) -0 @ TA(2)
o 0 =

where T and T are the specified temperature extremes.
TA() -TA(2) :I A(1) A(2)

Input Bias Current (ljg)

The average of the currents into the two input terminals with the output at zero volts.

Common-Mode Input Voltage (V|C)

The average of the two input voltages.

Common-Mode Input Voltage Range (V|CR)

The range of common-mode input voltage that if exceeded will cause the amplifier to cease functioning properly.

Differential Input Voltage (V|p)

The voltage at the noninverting input with respect to the inverting input.

Maximum Peak Output Voitage Swing (Vom)
The maximum positive or negative peak output voltage that can be obtained without waveform clipping when the
quiescent d-c output voltage is zero.

Maximum Peak-to-Peak Output Voltage Swing (Vopp)
The maximum peak-to-peak output voltage that can be obtained without waveform clipping when the quiescent d-c
output voltage is zero.

Large-Signal Voltage Amplification (Ay)

The ratio of the peak-to-peak output voltage swing to the change in input voltage required to drive the output.

Differential Voltage Amplification (Ayp)

The ratio of the change in output voltage to the change in differential input voltage producing it.

{i’
Texas
INSTRUMENTS
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

Maximum-Ouiput-Swing Bandwidth (Bom)

The range of frequencies within which the maximum output voltage swing is above a specified value.

Unity-Gain Bandwidth (B1)

The range of frequencies within which the open-loop voltage amplification is greater than unity.

Phase Margin (¢m)

The absolute value of the open-loop phase shift between the output and the inverting input at the frequency at which
the modulus of the open-loop amplification is unity.

Gain Margin (Am)

The reciprocal of the open-loop voltage amplification at the lowest frequency at which the open-loop phase shift is
such that the output is in phase with the inverting input.

Input Resistance (r;)

The resistance between the input terminals with either input grounded.

Differential Input Resistance (rjqg)

The small-signal resistance between the two ungrounded input terminals.

Output Resistance (ro)

The resistance between the output terminal and ground.

Input Capacitance (Cj)

The capacitance between the input terminals with either input grounded.

Common-Mode Input Impedance (zj¢)

The parallel sum of the small-signal impedance between each input terminal and ground.

Output Impedance (zq)

The small-signal impedance between the output terminal and ground.

Common-Mode Rejection Ratio (kcmR. CMRR)

The ratio of differential voltage amplification to common-mode voltage amplification.
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change
in input offset voltage.

Supply Voltage Sensitivity (ksys, AV|0/AVce)

The absolute value of the ratio of the change in input offset voltage to the change in supply voltages producing it.
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically.
2. This is the reciprocal of supply voltage rejection ratio.

Supply Voltage Rejection Ratio (ksvR, AVCC/AV]Q)

The absolute value of the ratio of the change in supply voltages to the change in input offset voltage.
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically.
2. This is the reciprocal of supply voltage sensitivity.

{ip
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

Equivalent Input Noise Voltage (Vp)
The voltage of an ideal voltage source (having an internal impedance equal to zero) in series with the input terminals
of the device that represents the part of the internally generated noise that can properly be represented by a voltage
source.

Equivalent Input Noise Current (ip)
The current of an ideal current source (having an internal impedance equal to infinity) in parallel with the input terminals
of the device that represents the part of the internally generated noise that can properly be represented by a current
source.

Average Noise Figure (F)
The ratio of (1) the total output noise power within a designated output frequency band when the noise temperature
of the input termination(s) is at the reference noise temperature, Tq, at all frequencies to (2) that part of (1) caused
by the noise temperature of the designated signal-input termination within a designated signal-input frequency band.

Short-Circuit Output Current (IQs)
The maximum output current available from the amplifier with the output shorted to ground, to either supply, or to
a specified point.

Supply Current (IcC)

The current into the Vg or Vo + terminal of an integrated circuit.

Total Power Dissipation (Pp)
The total d-c power supplied to the device less any power delivered from the device to a load.
NOTE: Atnoload: Pp = Vcc+ ¢« Icc+ + Vec- ¢ lcc--

Crosstalk Attenuation (Vg1/Vo2)

The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of another channel.

Rise Time (t;)

The time required for an output voltage step to change from 10% to 90% of its final value.

Total Response Time (Settling Time) (t¢ot)
The time between a step-function change of the input signal level and the instant at which the magnitude of the output
signal reaches for the last time a specified level range (+¢€) containing the final output signal level.
Overshoot Factor
The ratio of (1) the largest deviation of the output signal value from its final steady-state value after a step-function
change of the input signal, to (2) the absolute value of the difference between the steady-state output signal values
before and after the step-function change of the input signal.

Slew Rate (SR)

The average time rate of change of the closed-loop amplifier output voltage for a step-signal input.

{i’
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LF347, LF3478
WIDE-BANDWIDTH QUAD JFET-INPUT OPERATIONAL AMPLIFIERS

D2997, MARCH 1987 —REVISED SEPTEMBER 1990

® Low Input Bias Current D OR N PACKAGE
Typically 50 pA (TOP VIEW) .
® Low Input Noise Current out 11 Ua[Jout
Typically 0.01 pA/vHz AMP #1 IN- 2 13%IN— AMP #4
— . IN+ 3 120N+
® |ow Total Harmonic Distortion vees s P vec-
® Low Supply Current . . . Typically 8 mA IN+ s 10[JIN+
- . . . AMP #2 IN- e o[]IN- AMP #3
® Wide Gain Bandwidth . . . Typically 3 MHz out (7 sfJouT
® High Slew Rate . . . Typically 13 V/us
® Pin Compatible with the LM348
description

These devices are low-cost, high-speed, JFET-input operational amplifiers. They require low supply current
yet maintain a large gain-bandwidth product and a fast slew rate. In addition, their matched high-voltage
JFET inputs provide very low input bias and offset current.

The LF347 and LF347B can be used in applications such as high-speed integrators, digital-to-analog
converters, sample-and-hold circuits, and many other circuits.

The LF347 and LF347B are characterized for operation from 0°C to 70°C.

symbol (each amplifier)

IN— S
out
IN + —+
AVAILABLE OPTIONS
PACKAGE
Vio MAX
TA SMALL-OUTLINE | PLASTIC DIP
AT 25°C
(D) (N)
o°C 10 mV LF347D LF347N
to
709¢C 5 mV LF347BD LF347BN

D packages are available taped and reeled. Add ‘’R’’ suffix to
the device type, (e.g. LF347DR).

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUpPly VOltage, VO C 4 « -« o o ot e e 18V
Supply voltage, VCC = - - - o -18 V
Differential input voltage, VID . . ... .. ... +30 V
Input voltage (see Note 1) . . . .. ... +15V
Duration of output short circuit . . . .. .. .. .. Unlimited
Continuous total power dissipation . . .. ........................ See Dissipation Rating Table
Operating temperature range . . . . . . v vt vt et e e e e e e e e 0°C to 70°C
Storage temperature range . . . . .. . oo ittt e e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . ... ................ 260°C .

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

current as of publication date. Products conform to
specifications per the terms of Texas Instéuments
dard Producti ing does not

he TEXAS
necessarily include testing of all parameters. INSTRUMEN1S
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LF347, LF347B
WIDE-BANDWIDTH QUAD JFET-INPUT OPERATIONAL AMPLIFIERS

DISSIPATION RATING TABLE

PACKAGE = 25°C DERATING DERATE Ta = 70°C
POWER RATING FACTOR ABOVE Tp  POWER RATING
D 680 mW 7.6 mw/°C 61°C 608 mW
N 680 mW N/A N/A 680 mW

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Vce + 3.5 18 \Y
Supply voltage, Vcc — -3.5 -18 \%
electrical characteristics over operating free-air temperature range, Vcc + =15V, Vg¢c- = =15V
(unless otherwise specified)
LF347
PARAMETER TEST CONDITIONS 34 LF3478 UNIT
MIN TYP MAX | MIN TYP MAX
Vic =0, Ta = 25°C 1
Vio Input offset voltage Ic A 5 5 ° 3 5 mV
Rg = 10 kQ | Full range 13 7
Average temperature coefficient Vic =0, 18 18 V/oC
o
VIO of input offset voltage RS = 10 k2 #
= 25° 2 1 1
llo  Input offset current’ Vic = 0 5°C 5 00 25 00 | pA
Ty = 70°C 4 4 nA
Ty = 26°C 50 200 50 200
B Input bias current’ |lvic=0 J pA
Ty = 70°C 8 8 nA
-12 ~-12
VicR Common-mode input voltage range =11 to +11 to \
15 15
Vom Maximum peak output voltage swing| Ry = 10 kQ +12 +13.5 +12 +13.5 \%
. . . Vo= %10V,[ Tp = 25°C 25 100 50 100
A Large-signal diff tial volt V/imV
VD roe-sign erential votage RL = 2 k@ Full range 15 25 fm
T Input resistance Ty = 26°C 1012 1012 Q
CMRR Common-mode rejection ratio Rg = 10 kQ 70 100 80 100 dB
kgyRr Supply voltage rejection ratio See Note 2 70 100 80 100 dB
Icc Supply current 8 11 8 11 mA
operating characteristics, VcC+ = 15 V. VCcC- = -15V, Tp = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vp1/Vo2 Crosstalk attenuation f=1kHz 120 dB
SR Slew rate 8 13 V/ps
Bq Unity-gain bandwidth 3 MHz
Vp Equivalent input noise voltage f=1kHz, Rg = 100 Q 18 nV/vHz
In Equivalent input noise current f=1kHz 0.01 pA/VHz

T Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techmques
must be used that will maintain the junction temperatures as close to the ambient temperature as possible.
NOTE 2: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously.
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LF351

WIDE-BANDWIDTH DUAL JFET-INPUT OPERATIONAL AMPLIFIER

D2997, MARCH 1987 —REVISED SEPTEMBER 1990

Low Input Bias Current
Typically 50 pA

Low Input Noise Voltage
Typically 18 nV/VHz

Low Input Noise Current

Typically 0.01 pA/vHz
Low Supply Current . . . Typically 1.8 mA

High Input Impedance
Typically 1012

Low Total Harmonic Distortion

Internally Trimmed Offset Voltage
Typically 10 mV

High Slew Rate . . . Typically 13 V/us
Wide Gain Bandwidth . . . Typically 3 MHz
Pin Compatible with Standard 741

description

D OR P PACKAGE
(TOP VIEW)

saL1[]1 Us[Inc
N-[]2  70vee+
IN+[]3 6[JouT

vee - [ 5[] BAL2

NC —No internal connection

This device is a low-cost, high-speed, JFET-input operational amplifier with an internally trimmed input
offset voltage. It requires low supply current yet maintains a large gain-bandwidth product and a fast slew
rate. In addition, the matched high-voltage JFET input provides very low input bias and offset currents.

It uses the same offset voltage adjustment circuits as the 741.

The LF351 can be used in applications such as high-speed integrators, digital-to-analog converters, sample-

and-hold circuits, and many other circuits.

The LF351 is characterized for operation from 0°C to 70°C.

symbol (each amplifier)

IN+

BAL1
BAL2

AVAILABLE OPTIONS

ouT

SYMBOLIZATION OPERATING Vi MAX
PACKAGE 10
DEVICE TEMPERATURE RANGE | at 25°C
SUFFIX
LF351 D, P ~0°C to 70°C 10 mv

The D packages are available taped and reeled. Add the suffix R to

the device type, l(ie.,

LF351DR).

PRODUCTION DATA documents contain mfnrmatmn
current as of date. P

specifications per the terms of Texas Ins\ruments
standard warranty. Production processing does not
necessarily include testing of all parameters.

*p

TeExAs

INSTRUMENTS

POST OFFICE BOX 655303 + DALLAS, TEXAS 75265

Copyright © 1990, Texas Instruments Incorporated

2-5



LF351
WIDE-BANDWIDTH JFET-INPUT OPERATIONAL AMPLIFIER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VCC+ -+« - v v v v v ven . e e 18V
SUPPIY VOIAGE, VG = - - v et ettt et e -18V
Differential input voltage, VID . - - . .« o it +30V
Input voltage (see Note 1) .. .. ... . +15V
Duration of output short circuit . . . . ... .. ... .. .. . Unlimited
Continuous total power dissipation . ... .. .. .. ... . ... .. .. 500 mW
Operating temperature range . . . . . . ..ottt it e e 0°C to 70°C
Storage temperature raNge . . . .. ... vttt e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . ... ................. 260°C

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

recommended operating conditions

MIN MAX UNIT
Supply voltage, Vce + 3.5 18 \
Supply voltage, Vcc — -3.5 -18 Vv
electrical characteristics over operating free-air temperature range, Vcc+ = 15V, Vgg- = =15V
(unless otherwise specified)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Ta = 25°C 5 10
V| Input offset volt Vic = 0, Rg = 10 kQ \
10 nput otfset voltage Ic S Full range 13 m
Average temperature coefficient
Vic = 0, Rg = 1 10 V/°C
avio of input offset voltage ic S 0 ke wvi
1 Input offset tt v 0 Ty = 25%¢ 25 100 eA
n =
10 put offset curren Ic T, = 70°C 7 vy
| ’ Inout bi ot v o Ty = 25°C 50 200 pA
re =
B nput bias curren Ic T, = 70°C 3 A
-12
VicR Common-mode input voltage range +11 to \
156
Vom Maximum peak output voltage swing | R = 10 kQ ) +12 *13.5 \
Ta = 25°C 25 200
A L -signal diff tial Vo = £10V, R = 2kQ V/mV
VD arge-signal differential voltage fo) 0 L Full range 5 3200 m
r Input resistance Ty = 25°C 1012 Q
CMRR Common-mode rejection ratio Rg = 10 kQ 70 100 dB
ksyR Supply voltage rejection ratio See Note 2 70 100 dB
Icc Supply current 1.8 3.4 mA
operating characteristics, Vcc+ = 15V, Vggc- = =15V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SR Slew rate 8 13 Vius
Bq Unity-gain bandwidth 3 MHz
Vn Equivalent input noise voltage f=1kHz, Rg = 1009 . 18 nV/vHz
In Equivalent input noise current f = 1kHz 0.01 pA/vHz

t Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques
must be used that will maintain the junction temperatures as close to the ambient temperature as possible.
NOTE 2: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously.

{i’
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LF353
WIDE-BANDWIDTH DUAL JFET-INPUT OPERATIONAL AMPLIFIER

D2997, MARCH 1987 —REVISED SEPTEMBER 1990

® Low Input Bias Current D OR P PACKAGE
Typically 50 pA (TOP VIEW)
® Low Input Noise Current out [ Us[vee+
Typically 0.01 pA/vHz AMP #1 S IN- ]2 7[Jout
IN 3 IN- > AMP #2
® Low Input Noise Voltage vee " E4 g i N+ M
Typically 18 nV/vHz B

Low Supply Current . . . Typically 3.6 mA

High Input Impedance
Typically 1012 @

Internally Trimmed Offset Voltage
Wide Gain Bandwidth . . . Typically 3 MHz
High Slew Rate . . . Typically 13 V/us

description

This device is a low-cost, high-speed, JFET-input operational amplifier with very low input offset voltage.
It requires low supply current yet maintains a large gain-bandwidth product and a fast slew rate. In addition,
the matched high-voltage JFET input provides very low input bias and offset currents.

The LF353 can be used in applications such as high-speed integrators, digital-to-analog converters, sample-
and-hold circuits, and many other circuits.

The LF353 is characterized for operation from 0°C to 70°C.

symbol (each amplifier)

IN- h
ouTt
IN+ +
AVAILABLE OPTIONS

SYMBOLIZATION OPERATING Vio MAX

pevice | PACKAGE | \IPERATURE RANGE ':0 25°C
SUFFIX a

LF353 D, P 0°C to 70°C 10 mv

The D packages are available taped and reeled. Add the suffix R to
the device type, (i.e. LP353DR).

PRODUCTION DATA documents contain information " Copyright © 1990, Texas Instruments Incorporated
current as of publication date. Products conform to I,

specifications per the terms of Texas Instruments TEXAS

standard warranty. Production processing does not

necessarily include testing of all parameters. INSTRUMENTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265 2-7



LF353
WIDE-BANDWIDTH DUAL JFET-INPUT OPERATIONAL AMPLIFIER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPIY VOItAGE, VO C 4 - - v o v e e e e e e e e e 18V
SUPPlY VOItAGE, VO T = -t o v et e e e -18 V
Differential input voltage, VID ... ... .. ... . +30V
Input voltage (see Note 1) .. ... .. i e e e e e +15V
Duration of output short circuit . . . ... .. ... .. e Unlimited
Continuous total power dissipation . ... ....... ... ...t 500 mW
Operating temperature range . . . . . . ..ot ittt e e e e e e e e 0°C to 70°C
Storage temperature range . . . . . ... o ittt e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . .. .................. 260°C

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

recommended operating conditions

MIN MAX UNIT
Supply voltage, Ve + 3.5 18 \
Supply voltage, Vce - -3.5 -18 \
electrical characteristics over operating free-air temperature range, Vcc+ = 15V, Vggc- = =15V
(unless otherwise specified)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vio Input offset voltage Vic =0, Rg = 10 kQ :ﬁl r=an2958°C 5 :g mV
oy e ve o ns <o 0 [
Ty = 25°C 25 100 pA
llo Input offset current’ Vic=0
Ty = 70°C 4 nA
. Ty = 25°C 50 200 pA
B Input bias current’ Vic=0
Ty = 70°C 8| nA
-12
Vicr Common-mode input voltage range =11 to A\
15
VoM Maximum peak output voltage swing | R = 10 kQ +12 +13.5 \
Ayp Large-signal differential voltage Vo = 10V, R = 2kQ T = 25°C 25 100 V/mV
Full range 15
i Input resistance Ty = 25°C ’ 1012 Q
CMRR Common-mode rejection ratio Rg = 10 kQ 70 100 dB
ksyvR Supply voltage rejection ratio See Note 2 70 100 dB
lcc ~ Supply current 3.6 6.5 mA
operating characteristics, Vgc+ = 15V, Vgc- = -15V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
V01/Vo2 Crosstalk attenuation f =1kHz 120 dB
SR Slew rate 8 13 V/us
B1 Unity-gain bandwidth 3 MHz
Vi Equivalent input noise voltage f =1kHz, Rg = 100Q 18 nV/vHz
In Equivalent input noise current f=1kHz 0.01 pA/VHz

t Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques

must be used that will maintain the junction temperatures as close to the ambient temperature as possible.

NOTE 2: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously.

{i’
TeExas
INSTRUMENTS
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LF411C

JFET-INPUT OPERATIONAL AMPLIFIER

D2997, MARCH 1987 —REVISED SEPTEMBER 1990

® Low Input Bias Current
Typically 50 pA

® Low Input Noise Current
Typically 0.01 pA//Hz

® Low Supply Current . . . Typically 2.0 mA

® High Input Impedance
Typically 1012 @

® Low Total Harmonic Distortion

® Low 1/f Noise Corner . . . Typically 50 Hz

description

D OR P PACKAGE
(TOP VIEW)

BAL1
IN-]
IN + ]

vee-[

1 U8

2
3
4

7

6
)

NC
[Jvee -
[jout

BAL2

NC —No internal connection

This device is a low-cost, high-speed, JFET-input operational amplifier with very low input offset voltage
and a maximum input offset voltage drift. It requires low supply current yet maintains a large gain-bandwidth
product and a fast slew rate. In addition, the matched high-voltage JFET input provides very low input

bias and offset currents.

The LF411C can be used in applications such as high-speed integrators, digital-to-analog converters, sample-

and-hold circuits, and many other circuits.

The LF411C is characterized for operation from 0°C to 70°C.

symbol

ouT

AVAILABLE OPTIONS

PACKAGE
Vio MAX
Ta SMALL-OUTLINE | PLASTIC DIP
AT 25°C
(D) (P)
0°C
to 2 mVv LF411CD LF411CP
70°C

D package is available taped and reeled. Add ‘‘R’’ suffix to device

type. (e.g. LF411CDR)

PRODUCTION DATA documents contain information Copyright © 1990, Texas Instruments Incorporated
current as of publication date. Products conform to i

specifications per the terms of Texas Instruments TEXAS

standard warranty. Production processing does not

necessarily include testing of all parameters. INSTRUMENTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265
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LF411C ,
JFET-INPUT OPERATIONAL AMPLIFIER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SUPPlY VORAGE, VO C 4 - -+ o v v e e e e e e e e P

SUPPLY VOIAGE, Vi =  « v e it i e e e
Differential input voltage, VID . . .. ... ... e
Input voltage (see NOte 1) . . .. .. .. e e e

Duration of output short circuit . . .. . . ... . e

Continuous total power dissipation . . ... .. ... . ... . .
Operating temperature range . . . . . v o v ittt et e e e e e e e e e e

Storage temperature range . . . ... vt ittt i e e e
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. . .. ..................

Unlimited
500 mW
0°C to 70°C
-65°C to 150°C

260°C

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

recommended operating conditions

MIN MAX UNIT
Supply voltage, Vcc + 3.5 18 \%
Supply voltage, Vcc — -3.5 -18 \%
electrical characteristics over operating free-air temperature range, Vcc+ = 15V, Vgg- = =15V
(unless otherwise specified)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vio Input offset voltage Vic =0, Rg = 10 kQ, Ta = 25°C 0.8 2 mV
0ot e
" Ty = 25°C 25 100 pA
llo Input offset current Vic=0 T, = 70°C 2 A
| . + Ty = 25°C 50 200 pA
B Input bias current Vic =0 T, = 70°C 2 Yy
-11.5
VicrR Common-mode input voltage range +11 to \
14.5
VoM Maximum peak output voltage swing | R = 10 kQ +12 +13.5 \"
Ayp Large-signal differential voltage Vo = 10V, RL = 2kQ Ta = 25°C 2 200 VimV
Full range 15 200
ri Input resistance Ty = 25°C 1012 Q
CMRR Common-mode rejection ratio Rg =< 10 k@ 70 100 dB
kgyRr Supply voltage rejection ratio See Note 2 70 100 dB
Icc Supply current 2 3.4 mA
operating characteristics, Vcc+ = 15V, Vgg- = =15V, Ta = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SR Slew rate 8 13 Vius
B4 Unity-gain bandwidth 2.7 3 MHz
Vn Equivalent input noise voltage f = 1kHz, Rg = 100 Q 18 nV/VHz
In Equivalent input noise current f =1kHz 0.01 pA/vHz

T At Jeast 90% of the devices meet this limit for ay|0-

¥ Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques

must be used that will maintain the junction temperatures as close to the ambient temperature as possible.

NOTE 2: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously.

{i’
EXAS
INSTRUMENTS

2-10 . POST OFFICE BOX 655303 + DALLAS, TEXAS 75265



- LF412C
DUAL JFET-INPUT OPERATIONAL AMPLIFIER

D2997, MARCH 1987 —REVISED SEPTEMBER 1990

® Low Input Bias Current D OR P PACKAGE
Typically 50 pA (TOP VIEW)
® Low Input Noise Current outr Us[Ovee+
Typically 0.01 pA/~/Hz AMP #1 SIN-[]2 7 EOUT
"y IN+[J3  6[JIN- 3 AMP #2
Low Supply Current . . . Typically 4.5 mA vee - [a sFIN+

High Input Impedance
Typically 1012 @

Internally Trimmed Offset Voltage
Wide Gain Bandwidth . . . Typically 3 MHz
® High Slew Rate . . . Typically 13 V/us

description

This device is a low-cost, high-speed, JFET-input operational amplifier with very low input offset voltage
and a specified maximum input offset voltage drift. It requires low supply current yet maintains a large
gain bandwidth product and a fast slew rate. In addition, the matched high-voltage JFET input provides
very low input bias and offset currents.

The LF412C can be used in applications such as high-speed integrators, digital-to-analog converters, sample-
and-hold circuits, and many other circuits.

The LF412C is characterized for operation from 0°C to 70°C.

symbol (each amplifier)

IN- -
ouT
IN+ +
AVAILABLE OPTIONS
SYMBOLIZATION
PACKAGE OPERATING Vio MAX
DEVICE TEMPERATURE RANGE | at 25°C
SUFFIX
LF412C D, P 0°C to 70°C 3 mVv

The D packages are available taped and reeled. Add the suffix R to
the device type, (i.e. LF412CDR).

current as of publication date. Products conform to
specifications per the terms of Texas Instruments

standard warranty. Production processing does not
necessarily include testing of all parameters. INSTRUMENTS
POST OFFICE BOX 666303 « DALLAS, TEXAS 75265 2-11
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LF412C : 3
DUAL JFET-INPUT OPERATIONAL AMPLIFIER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VcCc+ -+ .- - - - e e e e e e e e e e 18V
SUPPIY VOAGE, VO = « -t v ittt e e e e e e e e e e -18 V
Differential input voOHage, VID . . . -« vttt it e et e +30 V
Input voltage (see NOote 1) . ... ... i i e et et e e +15V
Duration of output ShOMt-CIrCUIt . . . . . . .\ v vttt ittt e et e e e Unlimited
Continuous total power dissipation . ... .. ... ... ..ttt e 500 mW
Operating temperature range . . . . .. ......... e e e e ~0°C to 70°C
Storage temperature range . . .. ... .o v vt i ine it e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . . .. ... ............... 260°C

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

recommended oprating conditions

MIN MAX | UNIT
Supply voltage, Vce + 3.5 18 \2
Supply voltage, Vo - -3.5 -18 \"

electrical characteristics over operating free-air temperature range, Vcc+ = 15V, Vgc- = =15V

(unless otherwise specified)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vio Input offset voltage Vic = 0, Rg = 10 k@, TA = 25°C 1 3 mV
avio :f\'::g:::z;‘a:’:‘gz:“ﬂ'c'em Vic = 0, Rs = 10 k0 10 20t | wvioc
N Ty = 256°C 25 100 pA
lio Input offset current Vic=0 T, = 70°C > vy
| i + _ Ty = 26°C 50 200 pA
B Input bias current Vic = (o] T, = 70°C 2 Y
-11.5
VicR Common-mode input voltage range +11 to \
14.5
Vom Maximum peak output voltage swing | R = 10 k2 +12 +13.5 \Y
Ayp Large-signal differential voltage Vo = % 10 V, RpL =2k2 ::" ;—-an2956°c fg igg V/imV
T Input resistance Ty = 25°C 1012 Q
CMRR . Common-mode rejection ratio Rs < 10 k@ 70 100 dB
ksyR Supply voltage rejection ratio See Note 2 70 100 dB
Icc Supply current 4.5 6.8 mA

operating characteristics, VCC+ = 15V, VcC= = -15V, TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V01/Vo2 Crosstalk attenuation f=1kHz 120 dB
SR Slew rate . 8 13 Vips
B1 Unity-gain bandwidth . 2.7 3 MHz
Vn Equivalent input noise voltage f=1kHz, Rg = 100 Q 18 nV/vHz
In Equivalent input noise current f = 1kHz 0.01 pA/VHz

T At least 90% of the devices meet this limit for ay|Q-

* Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive. Pulse techniques

must be used that will maintain the junction temperatures as close to the ambient temperature as possible.
NOTE 2: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously.

TeExas "9
INSTRUMENTS
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LM101A, LM201A, LM301A

HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

D961, OCTOBER 1979 — REVISED SEPTEMBER 1990

Low Input Currents
Low Input Offset Parameters

Frequency and Transient Response
Characteristics Adjustable

Short-Circuit Protection
Offset-Voltage Null Capability
No Latch-Up

Wide Common-Mode and Differential
Voltage Ranges

Same Pin Assignments as uA709

Designed to be Interchangeable with
National Semiconductor LM101A and
LM301A

description

The LM101A, LM201A, and LM301A are high-
performance operational amplifiers featuring very
low input bias current and input offset voltage and
current to improve the accuracy of high-
impedance circuits using these devices. The high
common-mode input voltage range and the
absence of latch-up make these amplifiers ideal
for voltage-follower applications. The devices are
protected to withstand short circuits at the output.
The external compensation of these amplifiers
allows the changing of the frequency response
(when the closed-loop gain is greater then unity)
for applications requiring wider bandwidth or
higher slew rate. A potentiometer may be
connected between the offset-null inputs (N1 and
N2), as shown in Figure 7, to null out the offset
voltage.

The LM101A is characterized for operation over
the full military temperature range of —55°C to
125°C, the LM201A is characterized for operation
from -25°C to 85°C, and the LM301A is
characterized for operation from 0°C to 70°C.

symbol

Noninverting
Input IN+ + Output
Inverting —————| ~
Input IN-
N2
N1/
COMP

D, JG, OR P PACKAGE
(TOP VIEW)

U

N1/COMP [] 1
IN-[] 2
IN+[]3

Voe-[] 4

8 [] cCOMP

7 ]VCC+

6[j ouT

5[] OFFSET N2

LM101A
W FLAT PACKAGE

(TOP VIEW)
U

NC ]

NC []
N1/COMP ]
IN- ]

IN+ ]
Vee-

NC ]

1a[] NC

13[] NC

12{] comP
]VCC+

joff ouT

o] OFFSET N2
8{l NC

N O O A W N =
-
jury

LM101A
U FLAT PACKAGE

(TOP VIEW)

U
;

NC ]
N1/COMP ]
IN-[]

IN+ ]
Vee- [l

] NC

] comP

] Vees

] ouT

[] OFFSET N2

o s @
o N ® © O

LM101A
FK CHiP-CARRIER PACKAGE

(TOP VIEW)
o
s
o
o

Q O
Z2z2z02

OMP

3 21 20191ENC

8

17‘: Vees
16[] NC
15[J ouT
NC

NC
IN—
NC
IN+
NC

o N O N

14
9 10 11 12 13
o
o logo
z 8z zz
>
NC - No internal connection

PRODUCTION DATA information is current as of Tpubllcutlon date.
Products conform to specifications per muﬂmm <':1 G
oes no

standard warranty.
testing of all parameters.

xas Instruments
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LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

AVAILABLE OPTIONS
PACKAGE
T "s'l?;;"(‘:x SMALL OUTLINE | CHIP CARRIER | CERAMIC DIP | PLASTIC DIP | FLAT PACK | FLAT PACK .
(D) (FK) (JG) (P) V) W)
0°C to 70°C 75my LM301AD - - LM301AP Z Z
Z25°C 10 85°C 2mv LM201AD Z Z LM201AP Z -
55°Ct0125°C | 2mV LM101AD LM101AFK LM101AJG LMI0O1AP | LM10TAU | LMI0TAW

The D package is available taped and reeled. Add the suffix R to the device type, (i.e., LM301ADR).

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM101A | LM201A | LM301A | UNIT

Supply voltage Vo 4+ (see Note 1) 22 22 18 \%
Supply voltage Vcc- (see Note 1) -22 -22 -18 \
Differential input voltage (see Note 2) +30 +30 +30 \
Input voltage (either input, see Notes 1 and 3) +15 +15 =15 \4
Voltage between either offset null terminal (N1/N2) and Vgc— -05t02 | -05t02 | -0.5t02 \
Duration of output short-circuit (see Note 4) unlimited unlimited | unlimited
Continuous total power dissipation See Dissipation Rating Table
Operating free-air temperature range -55t0125 | —25t085 01070 °C
Storage temperature range -65t0150 | -65t0150 | —-65t0150 °C
Case temperature for 60 seconds: FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG, U, or W package 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or P package 260 260 260 °C

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vg4 and Voio—
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.
4. The output may be shorted to ground or either power supply. For the LM101A only, the unlimited duration of the short-circuit applies
: at (or above) 125°C case temperature or 75°C free-air temperature. For the LM201A only, the unlimited duration of the short-circuit
applies at (or below) 85°C case temperatuare or 75°C free-air temperature.

DISSIPATION RATING TABLE

PACKAGE Ta =25°C DERATING DERATE Ta =70°C Ta=85°C Ta=125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING POWER RATING
D 500 mW 5.8 mW/°C 64°C 464 mW 377 mwW 145 mW
FK 500 mW 11.0 mW/°C 105°C 500 mW 500 mwW 275 mW
JG 500 mwW 8.4 mW/°C 90°C 500 mW 500 mW 210 mw
P 500 mW 8.0 mW/°C 87°C 500 mwW 500 mW 200 mwW
u 500 mw 5.4 mW/°C 57°C 432 mwW 351 mw 135 mW
W 500 mW 8.0 mW/°C 87°C 500 mW 500 mW 200 mW

recommended operating conditions

MIN MAX | UNIT
Supply voltage, VCC + 5 18
Supply voltage, Vcc— -5 -18

i
Texas
INSTRUMENTS

2-14 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Cc = 30 pF (see Note 5)

PARAMETER TEST CONDITIONS' LM101A, LM201A LM301A UNIT
MIN TYP MAX| MIN TYP MAX
Vio Input offset voltage Vo=0 25°C 08 2 2 75 mv
Full range 3 10
Average temperature coefficient of o
[<iV/Te) input offset voltage Vo=0 Full range 3 15 6 30| wuv/°C
25°C 1.5 10 3 50
o Input offset current Full range 20 70 nA
Ta =-55°C to 25°C 0.02 0.2
o Average temperature coefficient of TA = 25°C to MAX 0.01 0.1 ARG
input offset current TA =0°Cto 25°C 0.02 0.6
TA =25°C to 70°C 0.01 0.3
B Input bias current 25°C 30 5 70 250 nA
Full range 100 300
VICR Common-mode input voltage range | See Note 6 Full range +15 12 \%
Vege=+15V, 25°C 24 28 24 28
Maximum peak-to-peak output RL =10k Full range 24 24
VOPP  qitage swing VCCe =15V, 25°C 20 26 20 26 v
R =2kQ Full range 20 20
AVD Largt.e-.sigl:\al differential voltage xgc:; g 1/5 v 250 %0 200 2 290 V/mV
amplification RL=2kQ Full range 25 15
fi Input resistance 25°C 1.5 4 0.5 2 MQ
. 25°C 80 98 70 90
CMRR  Common-mode rejection ratio Vic = VICcR min Full range 0 70 dB
Supply voltage rejection ratio 25°C 80 98 70 96
kSVvR dB
(A Vec/AVio) Full range 80 70
lcc Supply current No load, Vo =0, 25°C 1.8 3 1.8 3 mA
See Note 6 MAX 1.2 2.5

t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for
LM101Ais —55°C to 125°C, for LM201A is —25°C to 85°C, and for LM301A is 0°C to 70°C.
NOTES: 5. Unless otherwise noted, VoG = 5 V1o £20 V for LM101A and LM201A, and Vo, = 5 Vto =15 V for LM301A. All typical values
areat Voo =+15V.
6. For LM101A and LM201A, Voo, = 20 V. For LM301A, Voo, = =15 V.

i
Texas 'b
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LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

ljo — Input Offset Current — nA

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT
vs

FREE-AIR TEMPERATURE

T
Ve =15V
8 . LM301A
\\ \‘
21 \\
\
1 LM101A
LM201A

-7 =50 -25 0 25 50 75 100 125
TA — Free-Air Temperature - °C

Figure 1

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

I — Input Bias Current - nA

INPUT BIAS CURRENT
Vs
FREE-AIR TEMPERATURE

80 \
\ \
\ LM301A

60
\C N

100

I |
Ve + =15V

40

20 LMIOIA TS
LM201A

0
-7 -50 -25 0 25 50 75 100 125
Ta — Free-Air Temperature - °C

Figure 2

OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL

2-16

(WITH SINGLE-POLE COMPENSATION) VOLTAGE AMPLIFICATION
VS vSs
FREQUENCY SUPPLY VOLTAGE
> 30 T T1]) 400
J» Vee ; =15V > | R -2K |
@ L=10KQ E T =25°C
S 28 \ Ta = 25°C 5 A I //
S \ L 200 =T
5 5 P
3 24 = |
5 3 / |
° = 400 e |
=3 20 g. t
g < e i
i g 7 |
] 3 4 i
£ g > a0 / _4
£ \ \ co 0 oF 5 / LM301A
E 4 8
® ]
] \ & LM101A—>
= Cc=30p \\ 5 20 LM201A
4
& \\i. \i. g
>C> ] - - < 10
1k 10k 100 k 1M 10M 0 2 4 6 8 10 12 14 16 18 20
f - Frequency — Hz | Vcex | - Supply Voltage - V
Figure 3 Figure 4
i
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LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

OPEN-LOOP LARGE-SIGNAL DIFFERENTIAL

VOLTAGE AMPLIFICATION
vs VOLTAGE-FOLLOWER
FREQUENCY LARGE-SIGNAL PULSE RESPONSE
107 T T 8 — T
Vee =215V Vec 2 =215V
3 106 RL=2kQ 6 2L=2k9
= Cc =30pF L=100pF
§ s Tp=25C T / N\ Ccc=30pF
£ 8 / I\| Ta=25°C
£ s |
< 104 £ 2 I
2 >
o | |
8 5 i / Output
5 103 g o0 4
> 3
: s LY L\
= 2 T _
g_ 10 s 2 Input ! )
g 3 PN
a 1ol £ -4 } \
1 - b
S
Z 1
10-1 -8
1 10 100 1k 10k 100k 1M 10M 100 M 0 10 20 30 40 50 60 70 80 90
f - Frequency — Hz t—Time - us
Figure 5 Figure 6
TYPICAL APPLICATION DATA
R2
AAA-
Yo __R2
Vi Rl
R1
R1 - 30 pF
T % Cc® Rivrz
7 R3 Ry - RL-R2
! “RI+R2
l R =2kQ

cc ‘LVW—L

51MQ =

Figure 7. Inverting Circuit with Adjustable Gain, Single-Pole Compensation,
and Offset Adjustment

EXAS "v"
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LM107, LM207, LM307

HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

D962, DECEMBER 1970—REVISED SEPTEMBER 1990

e Low Input Currents

o No Frequency Compensation Required
o Low Input Offset Parameters

e Short-Circuit Protection

e No Latch-Up

¢ Wide Common-Mode and Differential
Voltage Ranges

description

The LM107, LM207, and LM307 are high-
performance operational amplifiers featuring very
low input bias current and input offset voltage
and current to improve the accuracy of high-
impedance circuits using these devices.

The high common-mode input voltage range and
the absence of latch-up make these amplifiers
ideal for voltage follower applications. The
devices are short-circuit protected and the
internal  frequency compensation ensures
stability without external components.

The LM107 is characterized for operation over
the full military temperature range of —55°C
to 125°C, the LM207 is characterized for
operation from —25°C to 85°C, and the LM307 is
characterized for operation from 0°C to 70°C.

LM107 . .. J OR W PACKAGE

(TOP VIEW)

NC [+ U14a[] NC

NC ]2 13[J NC

NC[s 12[dNC

IN-[Js n[JVeos

IN+[Js 0[] ouT
Voeo- e 9[]NC

Nnedr  sfNC

LM107 . . . JG PACKAGE
LM207, LM307 . .. D OR P PACKAGE

(TOP VIEW)
Ne [ Us[ne
IN-02  70vce+
IN+ 3 6[] ouT
vec-[4___ s[INC

LM107 . . . U FLAT PACKAGE

(TOP VIEW)
Nc [Je1 0[] NC
NC 2 9[] comp
IN-[J3 e[ vee+
IN+ [Ja 7[d ouT
Vce- Us 6] ] NC

NC —No internal connection

symbol
NONINVERTING
INPUT IN+ +
OUTPUT
INVERTING _
INPUT IN -
AVAILABLE OPTIONS
Vio MAX PACKAGE
Ta AT 250c | SWALLOUTLINE [ CERAMIC | CERAMIC DIP | PLASTIC DIP | FLAT PACK | FLAT PACK
D) o) JG) P) ) w)
0°C
to 7.5 mv LM307D - - LM307P - -
70°C
~25°C
to 2 mv LM207D - - LM207P . -
85°C
~559C
to 2 mv - LM107J LM107JG - LM107U LM107W
125°C

The D package is available taped and reeled. Add the suffix R to the device type, (e.g., LM307DR).

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
speci‘ficgtions per tl.l‘e terms of Texas Instruments

ing does not

F pr
necessarily include testing of all parameters.

{i,
Texas
INSTRUMENTS

Copyright © 1990, Texas Instruments Incorporated

POST OFFICE BOX 655303 - DALLAS, TEXAS 75265

2-19



LM107, LM207, LM307
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM107 LM207 LM307 UNIT

Supply voltage Ve + (see Note 1) 22 22 18 Vv
Supply voltage Vcc — (see Note 1) . -22 —-22 -18 \4
Differential input voltage (see Note 2) +30 +30 +30 \
Input voltage (either input, see Notes 1 and 3) +156 +15 +15 \%
Duration of output short-circuit (see Note 4) unlimited unlimited unlimited
Continuous total dissipation See Dissipation Rating Table
Operating free-air temperature range ~55to 125 —25 to 85 Oto 70 °C
Storage temperature range -65 to 150 —65 to 150 —65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J, JG, 300 oc
U, or W package
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P 260 260 oc
package

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc 4+ and Veo —.

1

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.

4. The output may be shorted to ground or either power supply. For the LM107 only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75 °C free-air temperature. For the LM207 only, the unlimited duration of
the short-circuit applies at (or below) 85 °C case temperature or 75°C free air temperature.

DISSIPATION RATING TABLE

PACKAGE Ta = 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING POWER RATING

D 500 mW 5.8 mw/°C 64°C 464 mW 377 mW —

J 500 mW 11.0 mw/°C 105°C 500 mW 500 mW 275 mW
JG 500 mW 8.4 mw/°C 90°C 500 mW 500 mW 210 mW
P 500 mW N/A N/A 500 mwW 500 mW —

U 500 mW 5.4 mW/°C 57°C 432 mW 351 mW 135 mW
w 500 mW 8.0 mW/°C 87°C 500 mW 500 mW 200 mW

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vg + 2 18 \
Supply voltage, Vcc — -2 -18 \'/

TeExas
INSTRUMENTS
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LM107, LM207, LM307
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature (see Note 5)

LM107, LM207 LM307
PA T TEST ITIONS
RAMETER ST CONDITIONS MIN _TvP MAX | MmN Tvp max | UNT
25°C 0.6 2 2 75
\% Input offset volt Vg =0 \%
10 nput otfset voitage o Full range 3 10 m

Average temperature
ayjo coefficeint of Vo =0 Full range 3 15 6 30 | uVv/°C
input offset voitage

[ Input offset current Vg =0 25°C 1.8 10 3 50 nA
o P 0= Full range 20 70
Average temperature TA = —55°C to 25°C 0.02 0.2
r
coeffii’ient ofp Ta = 25°C to MAX o0 0.1 nA/°C
oo Ta = 0°C to 25°C 0.002 0.6
input offset current
TA = 25°C to 70°C 0.001 0.3
| Input bias current 25°C 30 75 70 250 nA
1B P Full range 100 300
C -mod
ViR . _mmon-mode See Note 6 Full range | +15 £12 v
input voltage range
Veect = 215V, 25°C 24 28 24 28
v Maximum peak-to-peak RL = 10 k@ Full range 24 24 v
opp output voltage swing Vcc+ = 215V, 25°C 20 26 20 26
RL = 2kQ Full range 20 20
V = x15V,
Ay \eree-sinal differentil vgc S v 25°C 50 200 25 200 iy
voltage amplification RL = 2 ko Full range 25 15
T Input resistance 25°C 1.5 4 0.5 2 MQ
Common-mode 25°C 80 98 70 90
CMRR Vic = V| i dB
rejection ratio Ic ICR min Full range 80 70
Supply voltage 25°C 80 98 70 96
kgyR rejection ratio dB
(AVCC/AV ) Full range 80 70
No load, 25°C 1.8 3 1.8 3
Icc Supply current Vo =0, mA
See Note 6 MAX 1.2 2.5

1 All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range
for LM107 is —55°C to 125°C, for LM207 is —25°C to 85°C, and for LM307 is 0°C to 70°C.
NOTES: 5. Unless otherwise note Vcc+ = £5V to £20V for LM107 and LM207, and Vcc+ = 5V to £15V for LM307. All typical
values are at Vcc+ = =15 V.
6. For LM107 and LM207, Vcc+ = +20 V. For LM307, Vcc+ = +16V.

TeExas {"
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LM108, LM108A, LM208, LM208A, LM308, LM3G8A

OPERATIONAL AMPLIFIERS

D2808, OCTOBER 1983 — REVISED FEBRUARY 1991

e Input Offset Current ... 200 pA Max at
25°C for LM108, LM108A, LM208, LM208A

e Input Bias Current ... 2 nA Max at 25°C for
LM108, LM108A, LM208, LM208A

e Supply Current ... 600 pA Max at 25°C for
LM108, LM108A, LM208, LM208A

e [nput Offset Voltage ... 500 pV Max at
25°C for LM108A, LM208A, LM308A

e Offset Voltage Temperature Coefficient ...
5 uVv/°C Max for LM108A, LM208A, LM308A

e Supply Voltage Range ... +2Vto £18V

e Applications:
- Integrators
- Transducer Amplifiers
— Analog Memories
- Light Meters

e Designed To Be Interchangeable With
National LM108 Series and Linear
Technology LM108 Series

description

The LM108 series of precision operational
amplifiers is particularly well-suited for high-
source-impedance applications requiring low
input offset and bias currents as well as low
power dissipation. Unlike FET input amplifiers,

symbol

D, JG, OR P PACKAGE
(TOP VIEW)

comp1 [+ U &[] comp2
IN-[2 70 vee s
IN+[3 s[JouT

vec_O+ s[InNc

L PACKAGE
(TOP VIEW)

COMP2

NC - No internal connection
Pin 4 (L package) is in electrical
contact with the case.

IN +
out

COMP2
COMP1

the input offset and bias currents of the LM108 series do not vary significantly with temperature. Advanced
design, processing, and testing techniques make this series a superior choice over previous devices. For
applications requiring higher performance, see the LT1008 and LT1012.

The LM108 and LM108A are characterized for operation over the full military temperature range of —55°C to
125°C. The LM208 and LM208A are characterized for operation from —40°C to 105°C. The LM308 and
LM308A are characterized for operation from 0°C to 70°C.

AVAILABLE OPTIONS

PACKAGE
TA X'Toz':fé SMALL OUTLINE | CERAMIC DIP | METAL CAN | PLASTIC DIP
(D) (JG) (L) (P)
- - 05mV LM30BAD — LM30BAP
0°C70°C ey LM308D p— — [M308P
- —[osmv LM208AD — — [M208AP
—40°C10105°C 7% LM208D [M208P
05mV LM108AD LM108AJG LMT0BAL | LM10BAP
—55°C10125°C 57y LM108D LM108JG LM108L [M108P

The D package is available taped and reeled. Add the suffix R to the device type (e.g., LM308ADR).

PRODUBTION DATA documlnls contain information current as ol
to a par!hnlarm;onuast b
g does no
nncusanly include testing of all pavamlun [ TEXAS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265

Copyright © 1991, Texas Instruments Incorporated

On products compliant to MIL-STD-883, Class B, all parameters
are tested unless otherwise noted. On all other products,
g does not y include testing of all

parameters.
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LM108, LM108A, LM208, LM208A, LM308, LM308A
OPERATIONAL AMPLIFIERS

schematic

COMP1 COMP2

Vee+

20 k 20 k 310k

»%m an

10k Q12

Al Il
'/Q :'
IN— —¢ °®
q
Q27 Q23
50 k
Q25 ]
Q3 Q4 940
v 020
0 k| A
6 / 20k
IN+ Q2 )
$ak 02%
2k
¢ 1.Q28 $820
Q29 b ¢ Q24
64k 60k3500820k |1k
AW A OV Vcc_

All resistor values shown are nominal and in ohms.

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)

Supply voltage, Vo, (see Note 1): LM108, LM108A, LM208, LM208A .. ..................... 20V
LM308, LM30BA ... .. . i e 18V

Supply voltage, Voo — (see Note 1): LM108, LM108A, LM208, LM208A ...................... -20V
LM308, LM308A . ... ... . -18 V

Input voltage range, Vi (see Note 2) .. ... ... .. i 15V
Differential input current (see Notes 3 and 4) ........... ..o, +10 mA
Duration of output short-circuit at (or below) 25°C (see Note 5) ........... ... ... ... ....... unlimited
Operating free-air temperature range, Ta: LM108, LM108A . ....................... -55°C to 125°C
LM208,LM208A . .......... ... —40°C to 105°C

LM308, LM308A . ..... .. ... ... ... 0°C to 70°C

Storage temperature raNge ... ..ottt i —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package .............. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: JG or L package.............. 300°C

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vg, and Vg

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.

3. Theinputs are shunted with two opposite-facing base-emitter diodes for over-voltage protection. Therefore, excessive current will
flow if a differential input voltage in excess of approximately 1 Vis applied between the inputs unless some limiting resistance is used.

4. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

5. The output may be shorted to ground or either power supply.

2-24
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LM108, LM108A, LM208, LM208A, LM308, LM308A
OPERATIONAL AMPLIFIERS

recommended operating conditions

LM108, LM108A LM208, LM208A LM308, LM308A UNIT
MIN NOM MAX MIN NOM MAX MIN NOM MAX
Supply voltage, Voc 5 20 5 20 5 20 \
Supply voltage, Voe- -5 -20 -5 -20 -5 -20 Vv
Operating free-air temperature, Tp - 55 125 -40 85 0 70 °C

electrical characteristics at specified free-air temperature,Vcc+ = £5Vto £20V (unlessotherwise

noted)
LM108A, LM208A LM108, LM208
PARAMETER u 2 >
TEST CONDITIONS TA MIN_ TYP MAX NN TYP MAX UNIT
25°C 0.3 0.5 0.7 2
V Input offset voltage = 50 \
10 P g Rs Q Full range 1 3 m
Temperature coefficient . .
ayio of input offsst voltage Full range 1 5 3 15 uvsec
25°C 0.05 0.2 0.05 0.2
| Input offset current A
10 P Full range 0.4 0.4 n
Temperature coefficient . . N
a0 of input offset current Full range 05 25 05 25 pA/°C
25°C 0.5 2 0.5 2
| Input bias current A
1B P Full range 3 n
v Common-mode input 1, +15V Full +135 +135 v
ICR " yoltage range cCx = = uirange | £13. )
Maximum peak output Veet = 15V,
V i +
OM voltage swing RL = 10kQ Full range 13 *13 v
A Large-signal differential | Voot =+15V, 25°C 80 300 50 300 VimV
VD voltage amplification Vo =+10V,R >210kQ | Fulirange 40 25
i Input resistance 25°C 30* 70 30* 70 MQ
Common-mode
CMRR L ) Full range 96 85 dB
rejection ratio
Supply-voltage rejection
k h
SVR 1410 (AVocs/ AVio) Full range 96 80 dB
| Supply current 25°C 0.3 0.6 0.3 0.6 mA
cc i 105°C, 125°C 04 04
*On products compliant to MIL-STD-883, Class B, these parameters are not production tested.
tFull range is —40°C to 105°C for the LM208 and LM208A and —55°C to 125°C for the LM108 and LM108A.
I
INSTRUMENTS
POST OFFICE BOX 655303 « DALLAS, TEXAS 75265 2-25



LM308, LM308A
OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature,Vgo+ =

+5Vio 15V (unlessotherwise

noted)
LM308A LM308
PARAMETER TEST CONDITIONS t NI
Ta MIN TYP MAX| MIN TP MAX| T
25°C 03 05 2 75
V| Input offset voltage Rg = 50Q
10 nput offset voltag S Full range 0.73 10 mv
Temperature coefficient .
VIO ofinput offset voltage Full range 2 5 6 30| pvre
25°C 0.2 1 0.2 1
l Input offset ent }
1o nput ofiset curren Full range 1.5 1.5 nA
Temperature coefficient o
o of input offset current Full range 2 10 2 10 pAC
: 25°C 1.5 7 1.5 7
[ Input bias current
1B P Full range 10 10 nA
Common-mode input
VicR voltage range Voot = £15V Full range +14 +14 v
Maximum peak output Voct = 215V,
V +
OM voltage swing RL = 10kQ Full range 13 13 v
A Large-signal differential | Voot =%15V, 25°C 80 300 25 300 VimV
VD voltage amplification Vo=%10V,R| 210kQ | Full range 60 15 "
f Input resistance 25°C 10 40 10 40 MQ
Common-mode
CMRR - . Full range 96 80 dB
rejection ratio
Supply-voltage rejection
ksvr ratio (AVGG+/ AV|Q) Full range 96 80 dB
lcc Supply current 25°C 03 08 03 08| mA

TFull range is 0°C to 70°C.
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LM108, LM108A, LM208, LM208A, LM308, LM308A
OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?

EQUIVALENT INPUT OFFSET VOLTAGE
vs
MATCHED SOURCE RESISTANCE

100 .,
FVeoes = £15V
[ TA = 25°C
40} Ta A
z /
I / A
& 10 »
2 AV 4
2, - =7
] A
5  |fmios, Lmzosk A
-5 Ll r_—- » //
2  1[LM308A 1 7
1 | —~
o 1
< 0.4 F—TM108A, LM208A
0.1
0.1 04 1 4 10 40 100
Rg — Source Resistance — MQ
Figure 1
LM108, LM108A, LM208, LM208A
INPUT BIAS and OFFSET CURRENTS
VS
FREE-AIR TEMPERATURE
<« 2 I i 1
c Veet = 215V
= 15
§
3 1
] S~
g \\\ 'IB
5 05
Q.
£
0
< f: :"
€ 015
5
g 0.1 \\
3 \\ o
£ 0.05
o
a o
£ .55 -3 -15 5 25 45 65 85 105 125

TA — Free-Air Temperature - °C

Figure 3

TEMPERATURE COEFFICIENT
OF EQUIVALENT INPUT OFFSET VOLTAGE

Vs
MATCHED SOURCE RESISTANCE
1000 —
EVogt = 15V
© 400[-TA = MINto MA
S
2
!
g Al
§ 100
£ 74
2z,
5 40 Lz
® -
g | LM108, LM208 11 L1
5 I 1
?’ 10 -
7 i
o [ M08, LM208A
>
3
1
0.1 04 1 4 10 40 100
Rg - Source Resistance — MQ
Figure 2
SUPPLY CURRENT
vs
SUPPLY VOLTAGE
600
500
§- TA = =55°C
) a00 -
3 Ta = 25°C
> 300 —t
a /
2 C/ TA = 125°C
1 200 >
Q
°0
100
0

5 75 10 %125 15 175 120

Vcet — Supply Voltage — V
Figure 4

TData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LM108, LM108A, LM208, LM208A, LM308, LM308A

OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?

MAXIMUM PEAK OUTPUT VOLTAGE SWING

Vs
FREQUENCY
> 116 T T T T 1T
1 Vecet = 15V
21214 Tp = 25°C
5 \ \ See Figure 13
S +12 \
S
; +10
AL
&
3 i8 \
-§ \Cf=30pF\ Cf = 3pF
a %6
£
g
.5 +4 Y
= \N. \
1 %2 \\ sy
g [\\~.__..\
> 0 T
1k 10k 100 k ™

f - Frequency - Hz

Figure 5

DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
SUPPLY VOLTAGE

120
2]
-l
I
e 115
S
3
T 110}—Tp = 25°C
£l =T |
s TA = -55°C
8 105
o | e
> "] Tp = 125°C
3 /
€ 100 =
o
(=1
) 95
=]
>
<

90

+5 475 £10 1125 %15 1175 120

Vcet — Supply Voltage — V
Figure 7

VoM — Maximum Peak Output Voltage Swing — V

Ayp - Differential Voltage Amplification — dB

+12.5

MAXIM‘UM PEAK OUTPUT VOLTAGE SWING
Vs '
OUTPUT CURRENT
15

f— T T
-55°C

—

™

= 125°C

T
Ta =
.\

TaA = 25°C
Ta
£10 \ \
175

5

Veet = 215V
0

0 1 %2 3 *4 %5 %6 7 +8 9

lo — Output Current — mA

Figure 6

DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE DELAY

Vs
FREQUENCY

I

NN
N

N

N

120

195°
l

Ci= 3pF//

wll]
/

100

165°

A
80 VD

Cg =
Cf=

135°

N

i
30 pF,

AN
AN

AN

60

105°

40

3
N 75

PHASE
DELAY -
NN

[ Cg = 100 pF, \
Ci= 30 pF)\

1 ]
100 1k 10k 100k 1M
f — Frequency - Hz

20

45°

| Vecx = 15V
Ta = 25°C
See Figure 13

15°

-20

1 10 10M

Figure 8

Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

¢ — Phase Delay

ixas W

INSTRUMENTS
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LM108, LM108A, LM208, LM208A, LM308, LM308A

OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

SUPPLY VOLTAGE REJECTION RATIO

CLOSED-LOOP OUTPUT IMPEDANCE

vs vs
FREQUENCY FREQUENCY
120 I | T 1000 T
m Veet = 15V Ay = 1000 Z
° POSITIVE SUPPLY =
; 100\ / Ay =1 | c,=3o7f'k / /
2 Ta = 25°C 100
k] \/ See Figure 13 G /Av = 1000 / Ay =1
g 80 < zlg < / cf=o/ Cy = 30pF
F \ \ § 10
s 60 - \ 3 \/ 4
o
0
s Cg = 100 pF E
S 40 B(\ N s| s /
9 /Y ~N & 1
s 5 4
z NEGATIVE SUPPLY N o
a 20 t |
E; | N \MX K / Veer = 15V
Cf = 30 pF= — 0.1 t ]
o t= —— ' / lo= t1mA
2 A ~— TA = 25°C
= See Figure 13
20 0.01 . .
100 1k 10k 100k 1™ 10M 10 100 1k 10k 100k 1M 10M
f — Frequency ~ Hz f — Frequency — Hz
Figure 9 Figure 10
EQUIVALENT INPUT NOISE VOLTAGE
Vs VOLTAGE FOLLOWER
FREQUENCY PULSE RESPONSE
1000 ——rrrrrr— 10 ey
% "Vees = $15 V. 8 Vcet = 15V
% :TA = 25°C | Ct = 30pF
= 400 . s TA = 25°C
° — __1_
[}
) g 4 l
2 P~ Rs = 1MQ s ;\ INPUT |
H L ° 2 T !
8 L] > ! \ |
2 100 2 o\ 1
2 Rg = 100 kQ 3 oo ! OUTPUT
£ = v 2 \ |
3 - = c |
§ aop— s -4l
] =~ 3 \
2 a =
E Rg=0 = 6
w
]
" -8
>
10 -10
10 100 1k 10k 100 k 0 20 40 60 80 100 120 140 160 180
f — Frequency - Hz t - Time - ps
Figure 11 Figure 12
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LM108, LM108A, LM208, LM208A, LM308, LM308A
OPERATIONAL AMPLIFIERS

APPLICATION INFORMATION

frequency compensation

Figure 13 shows the frequency compensation circuits for standard compensation, alternate compensation, and
feed-forward compensation. The alternate compensation circuit improves supply voltage rejection by a factor

of ten.
Cc2
5pF
IN- IN- .—'IA(
R2
R1 10 kQ
J0kal o LM108
3 — OUT
IN+ IN+
00 pF J p P
100 p c1 c3
f
(see Note A) 1 (see Note B) = 500 pF ;E 10 pF
(a) STANDARD (b) ALTERNATE (c) FEED-FORWARD

NOTES: A. C¢ 2 R1Cq/(R1+ R2), Co = 30 pF, bandwidth and slew rate are proportional to 1/C¢.
B. Bandwidth and slew rate are proportional to 1/Cg.

Figure 13. Frequency Compensation Circuits

input guarding

'

Input guarding is used to reduce surface leakage Y l
(see Figure 14). Both sides of the board must be L
guarded. Bulk leakage reduction is less than OUT\ 78,
surface leakage reduction and depends on the 6
“guard-ring width. The guard ring is connectedto a NC ©O5
low-impedance point at the same potential as the 4
sensitive input leads. Connections for various op- /

amp configurations are shown in Figure 15. Vce-

A A2

Figure 14. Input Guarding

— ouT
£ Im108 R R
Ra oI L len
— ouT j b— ouT
IN 2 1m108 N 2~ 1m108

(a) INVERTING (b) FOLLOWER (c) NONINVERTING

Figure 15. Guard Ring Connections for Various Op Amp Configurations

INSTRUMENTS
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LM108, LM108A, LM208, LM208A, LM308, LM308A
OPERATIONAL AMPLIFIERS

APPLICATION INFORMATION

input protection

Current is limited by R2 even when the input is connected to a voltage source outside the common-mode range
[see Figure 16(a)]. If one supply reverses, current is controlled by R1. These resistors do not affect normal
operation. The input resistor controls the current when the input exceeds the supply voltages, when the power
for the op amp is turned off, or when the output is shorted [see Figure 16(b)].

R3

IN

iR2
$10kQ

— OUuT
+

LM108
R1 R1
10kQ 10kQ — OUT
IN LM108

(a) CURRENT LIMITED BY R1 OR R2 (b) CURRENT LIMITED BY R1
Figure 16. Input Protection

input offset voltage testing

The test circuit for input offset voltage is shown in Figure 17. This circuit is also used as the burn-in configuration
with supply voltages equalto £20 V, R1 = R3 = 10kQ, R2 = 200 Q, AV = 100.

R1
50 kQ
) 15_\I/
R2$ |7 Vo = 1000V,
woaf 3l —Yo= o
A3 -15V
50 kQ 3

NOTE A: Resistors must have low thermoelectric potential.

Figure 17. Test Circuit for Input Offset Voltage

Texas ‘t’f
INSTRUMENTS
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LM108, LM108A, LM208, LM208A, LM308, LM308A

OPERATIONAL AMPLIFIERS

APPLICATION INFORMATION

out

R4 g L C2
20Me3  T1pF a3
1+

NOTE A: Q1 and Q3 should not have internal
gate-protection diodes.

Figure 18. Low-Drift Integrator With Reset

R1 R2 3
2MQ 2MQ 505 Q
e 1% 1%

RS
1MQ

NOTE A: R2 > R1, R2 >> R3,
Ay = R2(R3 + R4)/R1R3.

Figure 20. Inverting Amplifier With High
Input Resistance

NOTES: A Teflon, polyethylene, or polycarbonate

$R1
100 kQ

18
100 kQ

et°

100 kQ

 R2
f102ke  SMQ

NOTE A: R1 = R2R3/(R2 + R3).

Figure 1

9. Amplifier for Bridge
Transducers

1L

L C1
10 uF

- OoUuUT

R2
11 MQ
s R1
T T1IMQ

C1
30 pF

3 TRANSDUCER
L I

Figure 21. Amplifier for Piezoelectric

Transducers

NOTEA: Io = (R3)V/R1R5
dielectric capacitor. R3 = R4 +R5
B. Worst-case drift is less than 2.5 mV/s. R1 = R2

Figure 22. Sample-and-Hold Ampilifier

Figure 23. Bilateral Current Source

Texas “5’
INSTRUMENTS
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LM108, LM108A, LM208, LM208A, LM308, LM308A
OPERATIONAL AMPLIFIERS

APPLICATION INFORMATION

R1
5MQ
0y
2 1%
X S & Vo=10VipA
S1e—3+ 3] LM108
R2
5MQ 00 pF
1%

Figure 24. Amplifier for Photodiode

Sensor

Rs

NOTEA: Rt = R4,R2 = R3,Ay = 1 +RI1/R2

Figure 25. Differential-Input Instrumentation
Amplifier

Cs
(see Nl?te A)
14}

R1g
150 kQ

LM108

NOTES:

moom>

. Power bandwidth =
. Small-signal bandwidth =
. Slew Rate = 10 V/us

. The LM101 increases speed, raises high-

2

3

. C5 = 6x 10-¥/Ry

250 kHz
3.5 MHz

and low-frequency gain, increases output
drive capability, and eliminates thermal
feedback.

Figure 26. Fast Summing Amplifier

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265

TeExas ‘b
INSTRUMENTS

2-33



2-34



LM118, LM218, LM318

HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

D2219, JUNE 1976 —REVISED SEPTEMBER 1990

Small-Signal Bandwidth . . . 15 MHz Typ

® Slew Rate . .. 50 V/us Min

® Bias Current . . . 250 nA Max (LM118,
LM218)

® Supply Voltage Range . . . +5V to +20 V

® Internal Frequency Compensation

® Input and Output Overload Protection

® Same Pin Assignments as General-Purpose
Operational Amplifiers

description

The LM118, LM218, and LM318 are precision,
high-speed operational amplifiers designed for
applications requiring wide bandwidth and high
slew rate. They feature a factor-of-ten increase
in speed over general-purpose devices without
sacrificing dc performance.

These operational amplifiers have internal unity-
gain frequency compensation. This considerably
simplifies their application, since no external
components are necessary for operation.
However, unlike most internally compensated
amplifiers, external frequency compensation
may be added for optimum performance. For
inverting applications, feed-forward
compensation boosts the slew rate to over
150 V/us and almost double the bandwidth.
Overcompensation can be used with the
amplifier for greater stability when maximum
bandwidth is not needed. Further, a single
capacitor may be added to reduce the settling
time for 0.1% error band to under 1 ps.

The high speed and fast settling time of these
operational amplifiers make them useful in A/D
converters, oscillators, active filters, sample and
hold circuits, and general-purpose ampilifiers.

The LM118 is characterized for operation from
—b55°C to 125°C. The LM218 is characterized
for operation from —25°C to 85°C, and the
LM318 is characterized for operation from 0°C
to 70°C.

D, JG, OR P PACKAGE
(TOP VIEW)

BaL/comp [J1 U s]] comp 2

IN- 02  70vee+
IN+ []3 &[] ouT

Vee—- ¢ s[]BAL/COMP 3
FK PACKAGE
(TOP VIEW)
o
2 o
o o
3 2
VUIVOoV
20202
| SR J WS S Sy )
3 2 12019
NC [J4 18[] NC
IN- D5 170 vee +
NC [I6 16[] NC
IN+ 7 15[} ouUT
NC 8 14 NC
9 101112 13
jon W onlon Vsl o
O 1 0OMmMQO
2 oZ2a Z
o 3
> [e}
O
3
<
o0

NC—No internal connection

L PACKAGE
(TOP VIEW)

COMP 2

BAL/COMP, @@ Vee +
IN-{® ® | ourt

N+\®@®/saLcomp 3

vVee -

Pin 4 of the L package is in electrical
contact with the case.
symbol

BAL/COMP 1
COMP 2
BAL/COMP 3

(1)

NONINVERTING _(3)
INPUT IN+
OUTPUT
INVERTING _(2) |
INPUT IN—

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
dard wamnlJ. Production pr ing does not
necessarily include testing of all parameters.

{i’
TeExas
INSTRUMENTS

Copyright © 1990, Texas Instruments Incorporated

On products compliant to MIL-STD-883, Class B, all parameters are tested
uniess otherwise noted. On all other products, production processing does
not necessarily include testing of all parameters.
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LM118, LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

AVAILABLE OPTIONS

PACKAGE
TA X’;_):;t::( SMALL OUTLINE | CHIP CARRIER | CERAMIC DIP | METAL CAN | PLASTIC DIP
(D) (FK) JG) (L) (P)

0°C

to 10 mV LM318D - — - LM318P
70°C
-25°C

to 4 mV LM218D — — - LM218P
85°C
-55°C

to 4 mV LM118D LM118FK LM118JG LM118L LM118P
125°C )

The D package is available taped and reeled. Add the suffix R (e.g., LM318DR).

schematic
BALANCE
COMPENSATION-3
BALANCE
COMPENSATION-1 COMPENSATION-2
2kQ2$ 150 k2 1 !
5kQ
100 pF =< |
5 kQ3
20k 'T 139
WA . >
S Ba— =0
INVERTING -
INPUT e 14 : a5 | SO
k2 1kQ 6 oF ks ]
28 pF 5k
¥y x 5003
Y x ”
1.7kQ |
24kQ
NONINVERTING s
INPUT J—T o9
$500 Q
3 3 $1.2kQ [£
356 kQ| 20kQ3 1100 1

300

Component values shown are nominal.

Vee+

OUTPUT

Vee-

2-36
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LM118, LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM118 LM218 LM318 UNIT
Supply voltage, Ve 4 (see Note 1) 20 20 20 \
Supply voltage, Vcc — (see Note 1) -20 -20 -20 \YJ
Input voltage (either input, see Notes 1 and 2) +15 +15 +15 \"
Differential input current (see Note 3) +10 +10 +10 mA
Duration of output short-circuit (see Note 4) unlimited unlimited unlimited
Continuous total power dissipation See Dissipation Rating Table
Operating free-air temperature range —55to 125 —25 to 85 Oto 70 °C
Storage temperature range —-65 to 150| —65 to 1560 | —65 to 150 °C
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D or P package 260 260 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG or L package 300 °C

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc 4+ and Veg —-

2. The magnitude of the.input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.

3. The inputs are shunted with two opposite-facing base-emitter diodes for overvoltage protection. Therefore, excessive current will flow
if a differential input voltage in excess of approximately 1 V is applied between the inputs uniless some limiting resistance is used.
4. The output may be shorted to ground or either power supply. For the LM118 and LM218 only, the unlimited duration of the short-
circuit applies at (or below) 85 °C case temperature or 75°C free-air temperature.

DISSIPATION RATING TABLE

PACKAGE Ta < 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING POWER RATING

D 500 mW 5.8 mW/°C 64°C 464 mW 377 mW 145 mW
FK 500 mW 11.0 mW/°C 105°C 500 mW 500 mW 275 mW
JG 500 mW 8.4 mW/°C 90°C 500 mW 500 mW 210 mW
L 500 mW 6.6 mW/°C 74°C 500 mW 429 mW 165 mW
500 mW 8.0 mW/°C 88°C 500 mW 500 mW 200 mW

i

EXAS
INSTRUMENTS
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LM118, LM218, LM318 ‘
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature (see Note 5)

LM118, LM218 LM318
PARAMETER TEST CONDITIONSt UNIT
RAME CONDITIONS MIN TYP MAX| MIN TYP MAX
25°C 2 4 4 10
V| Input offset volt Vo =0 mV
10 nput ofiset voltage 0 Full range 6 15
| Input offset current V| 0 25°C 6 50 30 200 nA
ut offset curr =
10 P o Full range 100 300
25°C 120 250 150 500
1 Input bi t Vo = A
18 Inputbias curren 0=0 Full range 500 750 | "
Common-mode
Vv \ = +15V Full +11.5 +11.5 \
ICR input voltage range CCx ufl range
Maximum peak Vece+ = 215,
V - Full +12  +13 +12 +13 \"
oM output voltage swing RL = 2kQ ot range
\ = x15V,
Large-signal differential CCx 25°C 50 200 25 200
AvD I Vo = £10V, V/mV
voltage amplification RL = 2 ke Full range 25 20
B1q Unity-gain bandwidth " | Vegcx = 215V 25°C 15 15 MHz
[ Input resistance 25°C 1" 3 0.5 3 MQ
CMRR Common-mode rejection ratio | Vic = V|cRr min Full range 80 100 70 100 dB
Supply voltage rejection ratio
ki Full range 70 80 65 80 dB
SVR Avee/avio) \ °
Icc Supply current No load, Vo = 0 25°C 5 8 5 10 mA

tAll characteristics are measured under open-loop conditions with common-mode input voltage unless otherwise specified. Full range for
LM118 is —55°C to 125°C, full range for LM218 is —25°C to 85°C, and for LM318 is 0°C to 70°C.
NOTE 5: Unless otherwise noted, Vcc = +£5 V to £20 V. All typical values are at Vcc+ = =15V, Tp = 25°C.

operating characteristics, Vcc+ = 15V, Vgcec = 156V, Ta = 25°C

PARAMETER - TEST CONDITIONS MIN. TYP MAX | UNIT
SR Slew rate at unit gain AVp = 10V, CL = 10 pF, See Figure 1 50" 70 Vlius

*On products compliant to MIL-STD-883, Class B, this parameter is not production tested.

PARAMETER MEASUREMENT INFORMATION

0V
INPUT
2k —ov

INPUT —AM—4

TEST CIRCUIT

VOLTAGE WAVEFORMS

FIGURE 1. SLEW RATE

. ‘{i’
TeExas
INSTRUMENTS
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LM124, LM124A, LM224, LM224A
LM324, LM324A, LM2902, LM29020
QUADRUPLE OPERATIONAL AMPLIFIERS

D1990, SEPTEMBER 1975—REVISED JULY 1991

voltage.

Applications include transducer amplifiers, d-c
amplification blocks, and all the conventional
operational amplifier circuits that now can be

[ ] Wide Range of Supply Voltages: LM124, LM124A . . . J OR W PACKAGE
Single Supply .. .3V to 30 V ALL OTHERS . . . D, DB, J, N, OR PW PACKAGE
{LM2902 and LM2902Q (TOP VIEW)

3 V to 26 V), or Dual Supplies avpL fouT o U1al] ouT AMPL
® Low Supply Current Drain Independent of 41 IN- []2 13[JIN- Py
Supply Voltage . . . 0.8 mA Typ N+ 3 120N+
vVce E 4 11[JGND
® Common-Mode Input Voltage Range
IN+ [Js  10[JIN+
Includes Ground Allowing Direct Sensing AMPL IN- e o[ 1IN= AMPL
Near Ground #2 out [ sf] ouT #3
® Low Input Bias and Offset Parameters:
Input Offset Voltage . . . 3 mV Typ LM124, LM124A
A Versions . . . 2 mV Typ FK PACKAGE
Input Offset Current . . . 2 nA Typ (TOP VIEW)
Input Bias Current . . . 20 nA Typ L5 5
A Versions . . . 15 nA Typ Z0 o0oZ2
-0 9 <
® Differential Input Voltage Range Equal to * o3 Z W ow
Maximum-Rated Supply Voltage . . . 32 V
(26 V for LM2902 and LM2902Q) 44 IN+
® Open-Loop Differential Voltage NC
Amplification . . . 100 V/mV Typ GND
e Internal F c i Ne
nternal Frequency Compensation 43 IN+
description S8A8
O
These devices consist of four independent, high- zl 8 g 8 zl
gain frequency-compensated operational ~ N oo
amplifiers that were designed specifically to o ow
operate from a single supply over a wide range NC—No internal connection
of voltages. Operation from split supplies is also
possible so long as the difference between the symbol (each amplifier)
two suppliesis 3V to 30 V (for the LM2902 and
LM2902Q, 3 V to 26 V), and Vc( is at least INVERT
1.5 V more positive than the input common- INPUT ":‘N_G -
mode voltage. The low su!)ply current drain is NONINVERTING ouTPUT
independent of the magnitude of the supply INPUT IN+ +

more easily implemented in single-supply-voltage systems. For example, the LM 124 can be operated directly
off of the standard 5-V supply that is used in digital systems and will easily provide the required interface
electronics without requiring additional + 15-V supplies.

The LM124 and LM124A are characterized for operation over the full military temperature range of —55°C
to 125°C. The LM224 and LM224A are characterized for operation from —25°C to 85°C. The LM324
and LM324A are characterized for operation from 0°C to 70°C. The LM2902 and LM2902Q are
characterized for operation from —40°C to 105°C.

The LM2902Q is manufactured to demanding automotive requirements.

current as of publication date. Products conform to
specifications per the terms of Texas Instjumenti
dard Producti oes nof

Texas | EXAS
necessarily include 'tosting of ;II parameters. INSTRUMENTS
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LM124, LM124A, LM224, LM224A

LM324, LM324A, LM2902, LM2902Q

QUADRUPLE OPERATIONAL AMPLIFIERS

AVAILABLE OPTIONS

SMALL | VERY SMALL CHIP CERAMIC PLASTIC FLAT CHIP
Vio MAX TSSOP
TA OUTLINE | OUTLINE CARRIER DIP DIP PACK | FORM
AT 25°C (rwW)¥
o)t (DB)¥ (FK) W) (N) W) )
0°C 7 mV LM324D | LM324DBLE — — LM324N | LM324PWLE LM324Y]
to
70°C 3mv . — — - - LM324AN
25°C 5 mV LM224D — — - LM224N
to
85°C 3mv - - - - LM224AN
~40°C LM2902D | LM2902DBLE - — LM2902N | LM2902PWLE
10 7 mV
105°C LM2902QD LM2902QN
—55°C 5 mV - — LM124FK | LM124J — LM124W
to
125°C 2 mv - - LM124AFK| LM124AJ -

T The D package is available taped and reeled. Add the suffix R to the device type (e.g., LM324DR).
* The DB and PW packages are only available left-end taped and reeled.

schematic (each amplifier)

INPUT IN +

INVERTING
INPUT IN -

NONINVERTING

Epi-FET — 1
Diodes — 4
Resistors — 11

[—'—T——-i Vee
~6-5A ~6-4A =100-4A
CURRENT CURRENT CURRENT
REGULATOR REGULATOR REGULATO!
4
<
b
>
<
3
_l_ out
9 ~ 504A 1)7
CURRENT
4 ¢ REGULATOR
[ GND
TO OTHER
VA, AMPLIFIERS

Component count (total device)

Transistors — 95

Capacitors — 4

2-40
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LM324Y
QUADRUPLE OPERATIONAL AMPLIFIERS

chip information
These chips, properly assembled, display characteristics similar to the LM324, (see the LM324Y electrical
table). Thermal compression or ultrasonic bonding may be used on the doped aluminum bonding pads. Chips
may be mounted with conductive epoxy or a gold-silicon preform.

||I|I|I|l|||l|l1||i|||ltll||I|I|l|||l|||]|||||I|l|||l|||lll|[|

g

BONDING PAD ASSIGNMENTS

»
>

< 65 >
[UELEEEEVEEEE U EEE R i

Vee+

(4)
—¥
N+ @) OUT (1)
IN - (2) —-
ouT 7 +— IN + (5)
@ | IN - (6)
IN + (10) —+
> ouT (8)
—— IN + (12)

IN - (9) —
ouT (14
as <_ IN - (13)

+
Vee -
(11)

CHIP THICKNESS:
15 TYPICAL

BONDING PADS:
4 X 4 MINIMUM

Ty max = 150°C

TOLERANCES
ARE *10%

ALL DIMENSIONS
ARE IN MILS

PIN (11) INTERNALLY CONNECTED
TO BACKSIDE OF CHIP

TeExas "?
INSTRUMENTS
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LM124, LM124A, LM224, LM224A,
LM324, LM324A, LM2902, LM29020
QUADRUPLE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM124, LM124A, LM2902,
LM224, LM224A, LM2902Q UNIT
LM324, LM324A
Supply voltage, Ve (see Note 1) 32 26 v
Differential voltage (see Note 2) +32 +26 \
Input voltage range (either input) —-0.3 to 32 -0.3t0 26| V
Duration of output short-circuit (one amplifier) to ground at (or below) Tp = 25°C, - -
unlimited unlimited
(Vcc = 15 V) (see Note 3)
Continuous total dissipation See Dissipation Rating Table
LM124, LM124A -551t0 125 '
Operating free-air temperature range LM224, LM224A ~25 10 85 °C
LM324, LM324A 0to 70
LM2902, LM2902Q —40 to 105
Storage temperature range —65 to 150 —65 to 150 °C
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds| J or W package 300 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds| D, DB, N, or PW package 260 260 °C

NOTES: 1. All voltage values, except differential voltages and V¢ specified for the measurement of igg, are with respect to the network
ground terminal.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.

DISSIPATION RATING TABLE

PACKAGE TA = 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C
POWER RATING FACTOR ABOVE Ta POWER RATING POWER RATING POWER RATING
D 900 mW 7.6 mW/°C 32°C 608 mwW 494 mW N/A
DB 775 mW 6.2 mW/°C 25°C 496 mW 403 mW N/A
FK 900 mW 11.0 mw/°C 1 68°C 880 mW 715 mW 275 mW
J(LM124_) 900 mW 11.0 mW/°C 68°C 880 mwW 715 mW 275 mW
J (all others) 900 mwW 8.2 mW/°C 40°C 656 mW 533 mW N/A
N 900 mW 9.2 mW/°C 52°C 736 mW 598 mW N/A
PW 700 mW 5.6 mW/°C 25°C 448 mW 364 mW N/A
w 900 mW 8.0 mW/°C 37°C 640 mW 520 mW 200 mW

TeExas {'f
INSTRUMENTS
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electrical characteristics at specified free-air temperature, VCC = 5 V (unless otherwise noted)
LM124_, LM224 LM324 LM2902, LM2902Q
PARAMETER TEST CONDITIONS — UNIT
MIN TYPE MAX | MIN TYP! MAX | MIN TYPt MAX
Vce = 5V to MAX, 25°C 3 5 3 7 3 7
Vio Input offset voltage Vic = VicRr min, mV
Vo = 1.4V Full range 7 9 10
| Input offset current Vi 1.4V 28°C 2 30 2 50 2 50 nA
r! = 1.
0 P 5 ° Full range 100 150 200
26°C -20 -150 -20 -250 -20 -250
I Input bias ¢ t Vo = 1.4V nA
8 nput blas curren 0 Full range ~300 ~500 ~500
Common-mode input 28°C \ ° to1 5 V ° tol 5 V, : to1 5
- npu =1. -1 =1.
VICR P Vee = 5 V to MAX cc cc cc v
voltage range 0 to O to 0 to
Full range
Vee -2 Vee-2 Vee-2
RL = 2kQ 25°C Veg-1.5 Vee-1.5
3 RL = 10 k@ 25°C Vee-1.5
7] Vv High-level output voltage \
3 OR  High-level output votag Voc= MAX, RL = 2ke | Full range 26 26 22
§ — Vee = MAX, R = 10 k@] Full range 27 28 27 28 23 24
o Z VoL Low-level output voltage R} = 10 kQ Full range 5 20 5 20 5 100 mV
3 g -
x ) 5 . Vec = 18V,
L - | diff tial 25°C 5 100 25 10 100
R | [ e ol iven i i
1Tl n
8 & 9¢ amp RL = 2k Full range 25 15 15
o Z CMRR Common-mode rejection ratio | Vic = Vjcr min 25°C 70 80 65 80 50 80 dB
> —
¢ m ki Supply voltage rejection 250C 5 100 65 100 50 100 B
& Z SVR ratio (AVc/AV|Q) 6
2 a é Vg1/Vo2 Crosstalk attenuation f = 1 kHz to 20 kHz 25°C 120 120 120 dB
% Vee = 15V, 25°C -20 -30 -60| -20 -30 -60 | -20 -30 -60
~
a Vip =1V,
3 _ Full range -10 -10 -10
a Vo =0 mA
Vee = 15V, 25°C .10 20 10 20 10 20
o Output current
Vip = -1V,
Vg = 15V Full range 5 5 5
ViD= -1V,
25°C 1 A
Vg = 200 mV 2 30 12 30 30 I
Short-circuit VecatsV,
| 25°C +40 +60 +40 +60 +40 = mA
0S output current GND at -5 V,Vg =0 60
Vo =25V,
Full range 0.7 1.2 0.7 1.2 0.7 1.2
Supply current No load
icc - Upply curre Vee = MAX, mA
(four amplifiers)
Vo = 0.5 V¢, Full range 1.1 3 1.1 3 1.1 3
No load
T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. “MAX” V¢ for testing purposes is 26 V
N for LM2902 and LM2902Q, 30 V for the others. Full range is —55°C to 125°C for LM124 and LM124A, -25°C to 85°C for LM224, 0°C to 70°C for LM324, and
L —40°C to 105°C for LM2902 and LM2902Q.
©

YAl typical values are at Ta = 25°C.
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electrical characteristics at specified free-air temperature, VGG = 5 V (unless otherwise noted)

LM124A

LM224A -

LM324A

PARAMETER TEST CONDITIONS t MIN_ TYPE  MAX MIN_ TYPE  MAX MIN_ TYPE  MAX UNIT
Vecc=5Vto30V, 259°C 2 2 3 2 3
Vio Input offset voltage Vic = VICR min, mV
Vo =14V Full range 4 4 5
ho Input offset current Vo = 1.4V 25°C 10 2 15 2 30 nA
Full range 30 30 75
B Input bias current Vo =14V 28°C —5%0 —15 -89 —18 100 nA
Full range -100 -100 -200
' 259C 0to 0 to Oto
VICR Common-mode input Vee = 30V Vec-1.6 Vec-1.5 Vec-1.5 v
voltage range 0 to 0 to 0 to
Full range
Vee-2 Vee-2 Vec-2
RL = 2kQ 25°C Vee -1 Vee-1 Voo -1
VoH High-level output voltage Vce = 30 V,R = 2kQ Full range 26 26 26 \%
Vee = 30 V,RL = 10 k2| Full range 27 27 28 27 28
VoL Low-level output voltage R) < 10 kQ Full range 20 5 20 5 20 mV
Large-signal differential Vee =15V, 25°C 50 50 100 26 100
AvD voltage amplification Vo = 1Vtellv, Vimv
RL = 2kQ Full range 25 25 15
CMRR Common-mode rejection ratio | Vic = V|CR min 25°C 70 70 80 65 80 dB
ksvp  uPPiv.voltage rejection 26°C 65 65 100 66 100 dB
ratio (AVcc/AVQ)
Vo1/Vo2 Crosstalk attenuation f = 1 kHz to 20 kHz 25°C 120 120 120 dB
Vee =15V, 25°C -20 -20 -30 -60|-20 -30 -60
Vip=1V,
Vo = 0 Full range -10 -10 -10
o Output current Vee = 15 V, 25°C 10 10 20 10 20 mA
Vip= -1V,
Vo = 15V Full range 5 5 5
Vip= -1V,
Vo = 200 mV 25°C 12 12 30 12 30 A
los i::’;:'crz:’r:m Zﬁg - s_\é'leO o 25°C £40  +60 £40  +60 +40 +60 | mA
Vg = 25V,
Full range 1.6 2.4 1.6 2.4 1.5 2.4
Supply current No load
lcc (four amplifiers) Vee = 30V, mA
Vo = 15, Full range 1.1 3 1.1 3 11 3
No load

tAll characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is — 55 °C to 125 °C for LM124A,
—25°C to 85°C for LM224A, and 0°C to 70°C for LM324A.

Al typical values are at Tp = 25°C.
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LM324Y
QUADRUPLE OPERATIONAL AMPLIFIERS

electrical characteristics, Vgc = 5 V, TA = 25°C (unless otherwise noted)

LM324Y
PARAMETER TEST CONDITIONSt IN TP MAX UNIT
Vio Input offset voltage 3 7 mV
lio Input offset current Vce = 5V to MAX, V¢ = V|cRrmin, Vo = 1.4V 2 50 nA
1] Input bias current . -20 -250 nA
Common-mode input 0 to
VICR Vee = 5V to MAX v
voltage range Vec —1.5
VoH + High-level output voltage RL = 10 kQ Vee-1.5 \4
AvD t:f:g;:'i’:;;'g::s:’a' Vee = 15V, Vo=1Vto 11V, RL=2k2 | 15 100 Vimv
CMRR Common-mode rejection ratio | Vic = V|CR min 65 80 dB
ksvR Supply-voltage rejection ratio 65 100 dB
(AVce +/ AVig)
Vee = 15V, Vip = 1V, Vo =0 -20 -30 -60
lo Output current Vee = 15V, Vip= -1V, Vg = 156V 10 20 mA
Vip =1V, Vo = 200 mV 12 30
los Short-circuit output current VccatbV, GND at -5V, Vo =0 +40 +60 mA
Icc  Supply current (four amplifiers) xgc—=2}\iA\§((?C/ c:; lo:“:).s Vee, NoToad ?: 1'§ mA

T All characteristics are measured under open-loop conditions with zero common-mode input voltage uniess otherwise specified. ‘MAX"’
V¢ for testing purposes is 30 V.

EXAS “w’?
INSTRUMENTS
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LM148, LM248, LM348

QUADRUPLE OPERATIONAL AMPLIFIERS

D2551, OCTOBER 1979—REVISED SEPTEMBER 1990

uA741 Operating Characteristics
0.6 mA Typ

Low Supply Current Drain . . .
(per amplifier)

Low Input Offset Voltage

Low Input Offset Current

Class AB Output Stage
Input/Output Overload Protection

Designed to be Interchangeable with National
LM148, LM248, and LM348.

description

The LM148, LM248, and LM348 are quadruple,
independent, high-gain, internally compensated
operational amplifiers designed to have operating
characteristics similar to the uA741. These
amplifiers exhibit low supply current drain, and
input bias and offset currents that are much less
than those of the uA741.

The LM 148 is characterized for operation over
the full military temperature range of —55°C
to 125°C, the LM248 is characterized for
operation from —25°C to 85°C, and the LM348
is characterized for operation from 0°C to 70°C.

symbol (each amplifier)

LM148 . . . J PACKAGE

LM248, LM348 . . . D OR N PACKAGE
(TOP VIEW)
T
AMPL ?NU_ ; U::j %UT AMPL
#1
IN+ 03 12[]IN+ #a
Vee+ Qs n1[d Vee-
IN + [:5 10:] IN +
PL
AL IN- s o] IN- > AMPL
#2 #3
ouT []7 8[] ouT
LM148 . . . FK PACKAGE
(TOP VIEW)
==
23 2z
- e Q< <
T I 2 W W
mm
3 2 12019
#1IN+ [Ja 18[] #4 IN+
NC [Is 17 NC
vee+ pe 16[] Vee -
NC 17 18I NC
#2IN+ []8 4[] #3 IN+
1112 13

NC

#2IN- Jo
#2 OUT I3
#3 0UT )
#3 IN- ]

NONINVERTING NC—No internal connection
NPUT ING |
INVERTING OuTPUT
INPUT IN— P
AVAILABLE OPTIONS
PACKAGE
Vig MAX
Ta AT 25°C SMALL OUTLINE CHIP CARRIER CERAMIC DIP PLASTIC DIP
(D) (FK) (J) (N)
o°C
to 6 mV LM348D - — LM348N
70°C
—-25°C
to 6 mV LM248D - — LM248N
85°C
-55°C
to 5 mV — LM148FK LM148J -
125°C

The D package is available taped and reeled. Add the suffix R to the device type, (e.g., LM348DR).

PRODUCTION DATA d.

s g

.

current as of

a
spaclﬁcanons per the terms of Texas Instrumonts

necessarily mchnle testing of all parameters.

does not

TeEXAS b
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LM148, LM248, LM348

QUADRUPLE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

from case for 10 seconds

LM148 LM248 LM348 UNIT
Supply voltage Ve + (see Note 1) 22 18 18 \
Supply voltage Ve — (see Note 1) —22 -18 -18 \
Differential input voltage (see Note 2) 44 36 36 \%
Input voltage (either input, see Notes 1 and 3) +22 +18 +18 \%
Duration of output short-circuit (see Note 4) unlimited unlimited unlimited
Continuous total power dissipation See Dissipation Rating Table
Operating free-air temperature range -551t0 125 —25 to 85 0to 70 °C
Storage temperature range -65 to 150| —65 to 150 | —-65 to 150| °C
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch)
from case for 60 seconds J package 300 °c
Lead temperature 1,6 mm (1/16 inch) D or N package’ 260 260 oc

NOTES: 1.

2. Differential voltages are at the noninverting input terminal with respect to the inverting terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or the value specified in the table,

whichever is less.

All voltage values, except differential voltages, are with respect to the midpoint between Vcc 4+ and Vg —-.

4. The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure

that the dissipation rating is not exceeded.

DISSIPATION RATING TABLE

2-48
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PACKAGE Ta = 25°C DERATING DERATE Ta = 70°C Ta = 85°C Ta = 125°C
POWER RATING FACTOR ABOVE T POWER RATING POWER RATING POWER RATING
D 900 mW 7.6 mW/°C 32°C 608 mW 494 mW N/A
FK 900 mwW 11.0 mw/°C 68°C 880 mW 715 mW 275 mW
J 900 mwW 11.0 mw/°C 68°C 880 mW 715 mW 275 mW
N 900 mW 9.2 mW/°C 52°C 736 mW 598 mW N/A
recommended operating conditions
MIN MAX
Supply voltage, Ve + 4 18 \%
Supply voltage, Voo — -4 -18 v
i
TExAs °
INSTRUMENTS
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electrical characteristics, VCC +

= *15V
LM148 LmM248 LM348
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
25°C 1 5 1 6 1 6
V | t offset volt Vo =0 \
1o nput otfset voltage 0 Full range 6 7.5 7.5 m
25°C 4 25 4 50 4 50
o Input offset current Vo =0 nA
Full range 75 125 100
| Inout bias current v o 25°C 30 100 30 200 30 200 A
1 T =
8 pu N ° Full range 325 500 400 | "
Common-mode
VICR ) Full range +12 *12 +12 \
input voltage range
RL = 10 k@ 25°C +12 =13 +12 13 +12 +13
v Maximum peak output RL = 10 kQ Full range +12 +12 +12 v
OM " yoltage swing RL = 2 ko 25°C +10 12 £10 212 £10  £12
RL = 2 k@ Full range +10 +10 +10
Large-signal differential Vo = =10V, 25°C 50 160 25 160 25 160
AvD I Vimv
. voltage amplification RL = 2 kQ Full range 25 15 15
ri Input resistance ¥ 25°C 08 25 08 25 0.8 25 MQ
B1 Unity-gain bandwidth Ayp = 1 25°C 1 1 1 MHz
oM Phase margin Ayp = 1 25°C 60° 60° 60°
CMRR C?mrr.\on»mt?de Vic = VICR min, 25°C 70 90 70 90 70 90 B
rejection ratio Vo =0 Full range 70 70 70
K Supply voltage rejection Veec+ = 29 Vto £16V, 25°C 77 96 77 96 77 96 dB
SVR  ratio (AVEC £/AV0) Vo =0 Full range 77 77 77
los Short-circuit output current 25°C +25 +25 +25 mA
VA - 0 2.4 4.5 2.4 4.5
cc Supply cur‘r?nt No load 0 : 250C mA
(four amplifiers) Vo = Vom 2.4 3.6
Vo1/Vo2 Crosstalk attenuation f = 1 Hz to 20 kHz, 25°C 120 120 120 dB

T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range for Tp is —~55°C to 125°C

for LM148, —25°C to 85°C for LM248, and 0°C to 70°C for LM348.

$This parameter is not production tested.
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LM148, LM248, LM348

QUADRUPLE OPERATIONAL AMPLIFIERS

operating characteristics, Vocc+ = £15V, Ta = 25°C

PARAMETER

TEST CONDITIONS

TYP MAX

UNIT

SR Slew rate at unity gain RL = 2 kQ, Cp = 100 pF, See Figure 1

0.5

Vips

PARAMETER MEASUREMENT INFORMATION

Vi

4

Cp = 100 pF SRL=2ka
>

FIGURE 1. UNITY-GAIN AMPLIFIER

10k

Ayp = —100

FIGURE 2. INVERTING AMPLIFIER

2-50
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LM158, LM258, LM358, LM158A
LM258A, LM358A, LM2904, LM29040Q
DUAL OPERATIONAL AMPLIFIERS

D2231, JUNE 1976 —REVISED JULY 1991

® Wide Range of Supply Voltages:
Single Supply .. .3V to 30 V
(LM2904 and LM2904Q
3 V to 26 V) or Dual Supplies

® Low Supply Current Drain Independent of
Supply Voltage . . . 0.7 mA Typ

® Common-Mode Input Voltage Range
Includes Ground Allowing Direct Sensing
Near Ground

® Low Input Bias and Offset Parameters:
Input Offset Voltage . . . 3 mV Typ
A Versions . . . 2 mV Typ
Input Offset Current . . . 2 nA Typ
Input Bias Current . . . 20 nA Typ
A Versions . . . 15 nA Typ

® Differential Input Voltage Range Equal to
Maximum-Rated Supply Voltage . . . +32 V
(£26 V for LM2904 and LM2904Q)

® Open-Loop Differential Voltage
Amplification . . . 100 V/mV Typ

® Internal Frequency Compensation

description

These devices consist of two independent, high-
gain, frequency-compensated operational
amplifiers that were designed specifically to
operate from a single supply over a wide range
of voltages. Operation from split supplies is also
possible so long as the difference between the
two suppliesis 3 Vto 30 V (3 V to 26 V for the
LM2904 and LM2904Q), and the VcC pin is at
least 1.5V more positive than the input
common-mode voltage. The low supply current
drain is independent of the magnitude of the
supply voltage.

D, DB, JG, P, OR PW PACKAGE
(TOP VIEW)

AMPL IONUT E; Usedvee+
#1 - 4Y OUT} AMPL

IN+ []3 6[]IN— 42
GND [ |4 5[] IN+

LM158, LM158A

FK PACKAGE
(TOP VIEW)
5
+
© o
0~ 00
Z2x2Z2>2
3 2 12019
NC E“ 180 e
#1IN- 5 170 #2 out
NC [16 16[] NC
#1IN+ )7 15[] #2 IN-
NC if 14q NC
9 1011 12 13
o000 0O
0QV +0
z22z22
o =
~N
I
NC—No internal connection
symbol (each amplifier)
NONINVERTING N
INPUT IN+ OUTPUT
INVERTING _
INPUT IN—

Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational
amplifier circuits that now can be more easily implemented in single-supply-voltage systems. For example,
these devices can be operated directly off of the standard 5-V supply that is used in digital systems and
will easily provide the required interface electronics without requiring additional +15-V supplies.

The LM158 and LM158A are characterized for operation over the full military temperature range of —55°C
to 125°C. The LM258 and LM258A are characterized for operation from —25°C to 85°C, the LM358
and LM358A from 0°C to 70°C, and the LM2904 and LM2904Q from —40°C to 105°C.

The LM2904Q is manufactured to demanding automotive requirements.

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standcrd_mrrnml. Production processing does not
necessarily include testing of all parameters.

Texas ‘tﬁ’
INSTRUMENTS

Copyright © 1991, Texas Instruments Incorporated
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LM158, LM258, LM358, LM158A
LM258A, LM358A, LM2904, LM29040Q
DUAL OPERATIONAL AMPLIFIERS

AVAILABLE OPTIONS

PACKAGE
Vio MAX
Ta AlT(')ZS oc SMALL OUTLINE sSsoP CHIP CARRIER| CERAMIC DIP | PLASTIC DIP TSSOP CHIP FORM
(D) (DB) (FK) (JG) (P) (PW) {Y)
o°C 7 mV LM358D LM358DB l LM358P LM358PW LM358Y
to
70°C 3mVv LM358AP
-25°C 5 mV LM258D LM258P
to R
85°C 3 mV LM258AP
-40°C 7 mV LM2904D LM2904DB LM2904P LM2904PW
to
105°C 7 mV LM2904QD - LM2904QP —
-55°C 5 mV LM158D LM158FK LM158JG LM158P
to
125°C 2 mV LM158AFK LM158AJG
The D package is available taped and reeled. Add the suffix R (e.g., LM358DR).
The DB and PW packages are only available left-end taped and reeled. Add the suffix LE (e.g., LM358DBLE).
schematic (each amplifier)
| .
~6 uA ~6 uA ~100 uA
CURRENT CURRENT CURRENT
REGU!.ATOR REGULATOR REGULATOR
INVERTING OUTPUT
INPUT
NONINVERTING ~50 uA
INPUT CURRENT
REGULATOR
GND (OR Vge-)
TO OTHER
AMPLIFIER

Component count (total device)

Epi-FET — 1
Diodes — 2
Resistors — 7
Transistors — 51
Capacitors — 2

2-52
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LM358Y
DUAL OPERATIONAL AMPLIFIERS

chip information

These chips, properly assembled, display characteristics similar to the LM358. Thermal compression or ultrasonic
bonding may be used on the doped aluminum bonding pads. Chips may be mounted with conductive epoxy
or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

X
IN+ 3
ouT
IN- 2
5
+ IN +
ouT 7 6
a IN -
Vec -

(3]

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 X 4 MINIMUM
Ty max = 150°C

TOLERANCES ARE + 10%

ALL DIMENSIONS ARE IN MILS

NO BACKSIDE METALIZATION

PIN (4) INTERNALLY CONNECTED TO
BACKSIDE OF CHIP

||I|I|I|I|||I|I1I|I|||||I|||l||!I|I|I|I1||I|I|I|l|||l|l|l|

<

|< 47 >
[PV EEEE EE e
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LM158, LM258, LM358, LM158A
LM258A, LM358A, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM158, LM158A

LM2904,
LM258, 258A IT
58, LM258 LM2904Q UN
LM358, LM358A
Supply voltage, Ve (see Note 1) 32 26 \Y
Differential voltage (see Note 2) +32 +26 Y,
Input voltage range (either input) 0.3 to 32 0.3 to 26 \Y,
Duration of output short-circuit (one amplifier) to ground at (or below) . L
) unlimited unlimited
25°C free-air temperature (Vcc < 15 V) (see Note 3)
Continuous total dissipation See Dissipation Rating Table
LM158, LM158A —55to 125
Operating free-air temperature range LM258, LM258A ~251t0 85 °C
- r
perating i 9 M358, LM358A 0 to 70
LM2904, LM2904Q —40 to 105
Storage temperature range —65 to 150 —65to 150 °C
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds | JG package 300 300 °C
X D, DB, P, or
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 260 °C
PW package

NOTES: 1. All voltage values, except differential voltages, and V¢ specified for measurement of Igg, are with respect to the network

ground terminal.

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.

DISSIPATION RATING TABLE

PACKAGE Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 377 mW 145 mW
DB 5256 mW 4.2 mWeC 336 mW 273 mW —
FK 1375 mW 11.0 mW/°C 880 mW 715 mW 275 mW
JG 1050 mw 8.4 mw/°C 672 mW 546 mW 210 mW
P 1000 mwW 8.0 mW/°C 640 mW 520 mW 200 mW
PW 525 mW 4.2 mW/°C 336 mW 273 mW —
X3
TeExas =
INSTRUMENTS
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electrical characteristics at specified free-air temperature, Vgc = 5 V (unless otherwise noted)

. LM158, LM258 LM358 LM2904, LM2904Q
PARAMETER TEST CONDITIONS UNIT
MIN TYP! MAX | MIN TYP¥ MAX [ MIN TYP} MAX
vee = 5V to MAX, 25°C 3 5 3 7 3 7
Vio Input offset voltage Vic = VicR min, mV
Vg = 1.4V Full range 7 9 10
Average temperature coefficient
Full 7 7 7 V/°eC
avio of input offset voltage ufl range #
25°C 2 30 2 50 2 50
I I t offset t Vo = 1.4V A
10 neut otiset curren 0 Full range 100 150 200 | "
Average temperature coefficient
allo V, g P Full range 10 10 10 pA/°C
of input offset current
. 25°C -20 -150 -20 -250 -20 -250
B Input bias current Vo = 1.4V nA
Full range - 300 —-500 —500
0 to Oto 0to
C on-mode 28°C \ 1 V 1
omm: -MO - - -
VICR Vce = 5V to MAX cc ce Vee ! Vv
input voltage range Oto 0 to 0 to
Full range
Vee -2 Vee -2 Vee -2
RL = 2 k@ 25°C Vee-1.5 Vee-1.6
RL = 10 kQ 25°C Vee—1.6
X Vee = MAX,
VOH High-level output voltage R 2k Full range 26 26 22
L =
\%
Vece = MAX,
Full range 27 28 27 28 23 24
RL = 10 kQ
VoL Low-level output voltage Ry = 10 k@ Full range 5 20 5 20 5 100 mV

Dt06ZINT ‘Y06ZINT ‘BSEINT '8GZINT "8G LINT
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V =15V,
Large-signal differential cc 25°C 50 100 25 100 100
Avyp | lificati Vo =1Vto11V, V/imV
voltage amplification RL = = 2kQ Full range 25 15 15
V = 5V to MAX,
CMRR  Common-mode rejection ratio cc ° 25°C 70 80 65 80 50 80 dB
Vic = VicRr min
Supply voltage rejection
3 V = 5V to MAX 25°C 65 100 65 100 50 100 dB
SVR ratio (AVcc/AV|Q) cc - .
V1/Vo2 Crosstalk attenuation f = 1 kHz to 20 kHz 25°C 120 120 120 dB
Vee = 15V, 25°C -20 -30 -20 -30 -20 -30
Vip =1V,
Vg = 0 Full range -10 -10 -10
Veo = 15V mA
o Output current cc = ’ 25°C 10 20 10 20 10 20
Vip= -1V,
Vg = 15V Full range 5 5 5 -
Vip = -1V,
25°C 12 30 12 30 30
Vg = 200 mV #A
N Vecatby,
Short-circuit
los GND at -5V, 25°C +40 +60 +40 *60 . +40 +60 mA
output current
Vo =0
Vg = 25V,
Full range 0.7 1.2 0.7 1.2 0.7 1.2
’ Supply current No load
Icc PRl . Vee = MAX, mA
(two amplifiers)
Vg = 0.5 Ve, Full range 1 2 1 2 1 2
No load

1T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. *“MAX'’ V¢ for testing purposes is 26 V
for LM2904, 30 V for others. Full range is —55°C to 125°C for LM158, —25°C to 85°C for LM258, 0°C to 70°C for LM358, and —40°C to 85°C for LM2904 and

LM2904Q.

*All typical values are at Tp = 25°C.
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electrical characteristics at specified free-air temperature, V¢ = 5 V (unless otherwise noted)

LM158A LM258A LM358A
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
Vcc =5Vto30V, 250¢ 2 2 3 2 3
Vio Input offset voltage Vic = VicR min, mV
Vg = 1.4V Full range 4 4 5
A t t fficient
aylp | erage temperature Coetriclen Full range 7 15 7 15 7 20 |avioC
of input offset voltage
I Input offset current V 14V 28°C 2 10 2 15 2 30 nA
n| T = "
10 Py s ur 0 Full range 30 30 75
A t t fficient
allo verage temperature coetticien Full range 10 200 10 200 10 300 |pA/eC
of input offset current
| Inout bi " v 14V 25°C -15 -50 -15 -80 -15 -100 oA
r = .
18 nput blas curren o Full range 100 100 ~200
0 to 0 to to
Common-mode 28°C V 1.5 V 1.5
VICR Ve = 30V cc— - cc—I. Vec—-1.5 v
input voltage range O to 0to to
Full range
Vee-2 Ve -2 Vee-2
RL = 2 kQ 25°C Vec—1.5 Vee—1.6 Veec—1.6
Vv =30V,
. cc Full range 26 26 26
VOoH High-level output voltage RL = 2 k@ \%
Vv =30V,
cc Full range 27 28 27 28 27 28
RL = 10 kQ
VoL Low-level output voltage RL = 10 kQ Full range 5 20 5 20 5 20 mV

SH3ldIdWY TYNOILYHIdO 1vNa
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Vee = v,
Large-signal differential cc =15 25°C 50 100 50 100 25 100
Avp lificati Vo=1Vto11ly, V/imV
voltage amplification RL > 2 kO Full range 25 25 15
CMRR Common-mode rejection ratio 25°C 70 80 70 80 65 80 dB
Supply voltage rejection
k 25°C 65 100 65 100 65 100 dB
SVR  ratio (AVee/AVip)
V1/Vo2 Crosstalk attenuation f = 1 kHz to 20 kHz 25°C 120 120 120 dB
Vee =15V, 25°C -20 -30 -60 |-20 -30 -60|-20 -30 -60
Vp=1V,
Vo =0 Full range -10 -10 -10
vgc =15V mA
| t t = ' 25°C 0 20 10 20 10 20
[o) Output curren ViD= -1V,
Vg = 16V Full range 5 5 5
Vip = -1V,
25°C 12 30 12 30 12 30
Vo = 200 mV #A
L. Vecatby, .
- t
lgg  hereireu GND at -5 V, 25°C +40 60 +40 60 +40 60 | mA
output current
Vo =0
Vo =25V,
o Full range 07 1.2 0.7 1.2 0.7 1.2
Supply current No load -
£
lcc (tupp:m lifiers) Vee = 30V, mA
wo amp Vo = 15V, Full range 1 2 1 2 2
No load

1t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is — 55 °C to 125°C for LM158A,
—25°C to 85°C for LM258A, and 0°C to 70°C for LM358A.

*All typical values are at Tp = 25°C.
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LM358Y
DUAL OPERATIONAL AMPLIFIERS

electrical characteristics at Vg = 5V, TA = 25°C (unless otherwise noted)

PARAMETER CONDITIONS MIN TYP MAX | UNIT
Vio Input offset voltage 3 7 mV
[[Te) Input offset current Vce = 5V to MAX,V|c = V|cpmin, Vg = 1.4V 2 50 nA
[11:] Input bias current -20 -250 nA
Common-mode input 0to
\ Vce = 5V to MAX \
ICR voltage range cc ° Vegc—1.5
VoH + High-level output voltage Rp = 10 kQ Vgg—-1.5 \4
Large-signal differential
A Vcc =15V, Vo=1Vto 11y, R 2 kQ 15 100 VimV
VD voltage amplification cc 0 ° L= fm
CMRR Common-mode rejection ratio | Vjc = V|CR min 65 80 dB
Supply-voltage rejection ratio
ki 65 100 dB
SVR (AVce +/AVQ)
Vee = 15V, Vip =1V, Vo =0 -20 -30 - 60
lo Output current Vee = 15V, Vip=-1V, Vg=15V 10 20 mA
Vip =1V, Vo = 200 mV 12 30
los Short-circuit output current VeccatsV, GNDat -5V, Vg =0 +40 +60 mA
Vo = 2.5 Vce, No load 0.7 1.2
Icc Supply current (four amplifiers) 0 cC 0 08 mA
Vce = MAX, Vg = 0.5 Vg, No load 1 2

1t All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. ‘’"MAX"’
V¢ for testing purposes is 30 V.
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LM2900, LM3900
QUADRUPLE OPERATIONAL AMPLIFIERS

D2531, JULY 1979—REVISED SEPTEMBER 1990

o Wide Range of Supply Voltages, Single or
Dual Supplies

o Wide Bandwidth

e Large Output Voltage Swing

e Output Short-Circuit Protection

e Internal Frequency Compensation
o Low Input Bias Current

e Designed to be Interchangeable with
National Semiconductor LM2900 and
LM3900, Respectively

description

These devices consist of four independent, high-
gain frequency-compensated Norton operational
amplifiers that were designed specifically to
operate from a single supply over a wide range of
voltages. Operation from split supplies is also
possible. The low supply current drain is
essentially independent of the magnitude of the
supply voltage. These devices provide wide
bandwidth and large output voltage swing.

The LM2900 is characterized for operation from
—40°C to 85°C, and the LM3900 is characterized
for operation from 0°C to 70°C.

schematic (each amplifier)

INVERTING
INPUT
NONINVERTING
INPUT

N PACKAGE
(TOP VIEW)
#1 N+ 1 YU vee
#2 IN+ [J2 1300 #3 IN+
#2 IN- 3  12[] #4 IN+
#20uUT s 1] #4IN-
#1 OUTES 10[] #4 ouUT
#1IN- e o[] #3 OUT
GND []7 8[] #3 IN-

symbol (each ampilifier)

NONINVERTING
INPUT IN +

INVERTING
INPUT IN—

CONSTANT
CURRENT
'GENERATOR

Vee

PRODUCTION DATA documents contain information . Copyright © 1990, Texas Instruments Incorporated
current as of publication date. Products conform to ¢

sgoc'i‘ﬁc:ﬁons per n;a td“::"t'. of Texas _lnst.;umant: ) E

standard warranty. Production processing does no

necessarily include testing of all parameters. INSTRUMENTS
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LM2900, LM3900

QUADRUPLE OPERATIONAL AMPLIFIERS

“absolute maximum ratings over operating free-air temperature range

(unless otherwise noted)

temperature (see Note 2)

LM2900 LM3900 UNIT
Supply voltage, Vcc (see Note 1) 36 36 \%
Input current 20 20 mA
Duration of output short circuit (one amplifier) to ground at (or below) 25°C free-air L .

unlimited unlimited

Continuous total dissipation

See Dissipation Rating Table

Operating free-air temperature range —40 to 85 0 to 70 °C

Storage temperature range —65 to 150 —65 to 150 °C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 260 °C
NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.

2. Short circuits from outputs to Vg can cause excessive heating and eventual destruction.
DISSIPATION RATING TABLE
PACKAGE Ta < 25°C DERATING FACTOR Ta = 70°C Ta = 85°C
' POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
N 1150 mW 9.2 mWw/°C 736 mW 598 mW
recommended operating comditions
LM2900 LM3900
UNIT
MIN MAX | MIN  MAX

Supply voltage, V¢ (single supply) 4.5 32 4.5 32 \Y

Supply voltage, VCC+ (dual supply) 2.2 16 2.2 16 | \Y

Supply voltage, Vcc — (dual supply) -2.2 -16 |-2.2 -16 \Y

Input current (see Note 3) -1 -1 mA

QOperating free-air temperature, Ta -40 85 [0} 70 °C

NOTE 3: Clamp transistors are included that prevent the input voltages from swinging below ground more than approximately —0.3 V.
' The negative input currents that may result from large signal overdrive with capacitive input coupling must be limited externally
to values of approximately — 1 mA. Negative input currents in excess of —4 mA will cause the output voltage to drop to a low
voltage.These values apply for any one of the input terminals. If more than one of the input terminals are simultaneously driven

negative, maximum currents are reduced. Common-mode current biasing can be used to prevent negative input voltages.

Texas
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LM2900, LM3300

QUADRUPLE OPERATIONAL AMPLIFIERS

electrical characteristics, Vgc = 15V, TA = 25°C (unless otherwise noted)

LM2900 LM3900
PARAMETER TEST CONDITIONS T UNIT
MIN TYP MAX | MIN TYP MAX
Input bias current Ta = 25°C 30 200 30 200
B ) L I+ =0 nA
(inverting input) Ta = Full range 300 300
h—
|I_ Mirror gain I+ = 20 uA to 200 A 0.9 11| oe 1.1 | wAlA
I+
Ta = Full ra , See Note 4
Change in mirror gain A ufl range, see Note 2 5 2 5 %
V =V|_, Ta = Full ,
Mirror current I+ = Vi A = Pl range 10 500 10 500 | uA
See Note 4
Large-signal diff tial Vo = 10V, RL = 10 k@,
Ayp _rgesignal dirierentia 0 L 12 28 12 2.8 Vimv
voltage amplification f =100 Hz
Input resistance
L] . L 1 1 MQ
(inverting input)
o Output resistance 8 8 kQ
Unity-gain bandwidth
By . ygain bandwl 2.5 2.5 MHz
(inverting input)
S | It jecti
KsVR u?py voltage rejection 70 70 B
ratio (AVcc/AViQ)
\ o R = 2 kQ 13.5 13.5
. I+ = U
V High-level output volt V =30V, \%
OH igh-level output voltage - =0 cc 29.5 29.5
No load
I+ =0, lj— = 10 uA,
VoL Low-level output voltage I+ ! # 0.09 0.2 0.09 0.2 \
RL = 2 k@
IoHs Short-cilrcuit output' current| lj; = O, - =0 _6 18 -6 -10 mA
(output internally high) Vo =0
Pull-down current 0.5 1.3 0.5 1.3 mA
oL Low-level output current¥ | Ij_ = 5 uA, VoL =1V 5 5 mA
Suppl t
i o pplycurren No load 62 10 62 10| mA
(four amplifiers)

T All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range for

Ta is —40°C to 85°C for LM2900, and 0°C to 70°C for LM3900.
$The output current-sink capability can be increased for large-signal conditions by overdriving the inverting input.
NOTE 4: These parameters are measured with the output balanced midway between V¢ and ground.

operating characteristics, Vcc+ = *15V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

Low-to-high output Vo = 10V, CL = 100 pF, 0.5
SR Slew rate at unit gain ?w 0-1igh outpu 0 L P Vips

High-to-low output RL = 2kQ 20

i
TExAs
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POST OFFICE BOX 655303 « DALLAS, TEXAS 76265 2-63



LM2900, LM3900
QUADRUPLE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt

INPUT BIAS CURRENT (INVERTING INPUT)
Vs
FREE-AIR TEMPERATURE

2]
o

T T
Vee = 15V
70 Vo =75V
« h+ =0
T 60
5
L 50
3
o
7}
« 40
g N
2 30
£
i
@ 20 ~—L
10
(]
-75-50 -25 0 25 50 75 100 125

TA—Free-Air Temperature—°C

FIGURE 1
LARGE SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs
FREQUENCY
104 ==: EFr R
- ERL = 10 kO [ FVcc =15V
2 f n [ Ta = 25°C
©
2 N
5 103
E
< F R =2k H
o
g
= N
2 102
s
€
e
L
'c? 10
g
<
1
100 1k 10 k 100 k 1M 1i0M
f—Frequency—Hz
FIGURE 3

1} — /I + —Mirror Gain

-
[=]
a

-

°
©
o

o
©
=]

0.85

0.80

Ayp — Differential Voltage Amplification

-75 =50 —-25 O

104

103

102

10

1

MIRROR GAIN
VS
FREE-AIR TEMPERATURE
T T
Ve =15V
Lij+ = 10 pA

25 - 50 75 100 125
Ta—Free-Air Temperature —°C

FIGURE 2

LARGE SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs
SUPPLY VOLTAGE

E

F—RL = 10 kQ
—Ta = 25°C
0 5 10 15 20 25 30
Vce — Supply Voltage—V

FIGURE 4

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LM2900, LM3900
QUADRUPLE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS?

LARGE SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION SUPPLY VOLTAGE REJECTION RATIO
Vs VS
FREE-AIR TEMPERATURE FREQUENCY
_ 108 100 T
o m CC =
2 T 90F 15 = 25°C
£ = 2 80
£ 108 :
< £ 70
[ =
g S 60 T
o Q
> o«
-:_,é 102 :'3, 50
] 3 40
o >
a 2 30
;10 2
o F
z Ve = 15V ul) 20
Vo =10V £ 10
"RL = 10kQ i
1 L 1 0
-75 -50 =25 0 25 50 75 100 125 100 400 1k 4k 10k 40k 100k 400k 1 M
Ta—Free-Air Temperature—°C f—Frequency—Hz
FIGURE 5 FIGURE 6
LM2900
SHORT-CIRCUIT QUTPUT CURRENT
Vs
vs
FREQUENCY SUPPLY VOLTAGE
16 T T T 7710 30 ,
> Vee =15V < Vo =0
114 RL = 2kQ ? ll+ =0
] sy =0 = 25F - =0
5 12 Tap = 25°C g
> 3 Ta = 0°C
‘g‘_ 10 = 20
3 g Ta = 25°C
3 A= ©
5 8 2 15
< 6 o
K \ = 10
£ N 2 |
P8 n
& 0 5
O 2 P o
= N o
0 0
1k 10k 100 k 1M 10M 0 5 10 15 20 25 30
f—Frequency—Hz Vcc —Supply Voltage—-V
FIGURE 7 FIGURE 8

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LM2900, LM3900
QUADRUPLE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST ’

LOW-LEVEL OUTPUT CURRENT

PULL-DOWN CURRENT

Vs Vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
60 T 2.0
g VoL=1V 1.8
h+ =0
£ 50— °C
I Ta = 25°C — 1.6 Ta= —40 —
5 T el ]
£ 40 A 1| =100 pA 1 ]
S / : £ 42 (f"""—‘_ Ta=25C
5 30 O 1.0 —
o / c TA= 85°C
< 3
o o 0.8
8, 3
§ . n:_ 0.6
1 - = 10 pA 0.4
B 10— a
= lil- =5uA 0.2
r | 0
0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Ve —Supply Voltage —V Vcc —Supply Voltage -V
FIGURE 9 FIGURE 10
PULL-DOWN CURRENT TOTAL SUPPLY CURRENT
Vs Vs
" FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2.0 T T 8
Veec =15V
1.8 7
<
1.6 £
< —_— 1 6
? 1.4 £ ]
512 ™~ 35 /
3 1.0 IS 24
g s ]
H n
o 0.8 -
Q ] 3
S 0.6 e
o i 2
0.4 § TA = 25°C
1|~ No signal
02 No load
] 0 ]
-75 -50 —-25 0 25 50 75 100 125 0 5 10 15 20 25 30

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

Ta—Free-Air Temperature—~°C
FIGURE 11

Ve —Supply Voltage -V
FIGURE 12
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LM2900, LM3900
QUADRUPLE OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA

Norton (or current-differencing) amplifiers can be used in most standard general-purpose op-amp applications.
Performance as a dc amplifier in a single-power-supply mode is not as precise as a standard integrated-circuit
operational amplifier operating from dual supplies. Operation of the amplifier can best be understood by noting
that input currents are differenced at the inverting input terminal and this current then flows through the external
feedback resistor to produce the output voltage. Common-mode current biasing is generally useful to allow
operating with signal levels near (or even below) ground.

Internal transistors clamp negative input voltages at approximately —0.3 V but the magnitude of current flow
has to be limited by the external input network. For operation at high temperature, this limit should be
approximately — 100 gA.

Noise immunity of a Norton ampilifier is less than that of standard bipolar amplifiers. Circuit layout is more critical
since coupling from the output to the noninverting input can cause oscillations. Care must also be exercised
when driving either input from a low-impedance source. A limiting resistor should be placed in series with the
input lead to limit the peak input current. Current up to 20 mA will not damage the device but the current mirror
on the noninverting input will saturate and cause a loss of mirror gain at higher current levels, especially at
high operating temperatures.

V+

INPUT

|0 ~ 1 mA per input volt

FIGURE 13. VOLTAGE-CONTROLLED CURRENT SOURCE

V+

100 k2

INPUT

100 k2

lo = 1 mA per input voit

FIGURE 14. VOLTAGE-CONTROLLED CURRENT SINK

{i’
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LT1007, LT1007A, LT1037, LT1037A

LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS

D3195, FEBRUARY 1989 —REVISED JUNE 1991

® Maximum Equivalent Input Noise Voltage:
3.8 nV/VHz at 1 kHz
4.5 nV/JHz at 10 Hz

® Low Peak-to-Peak Equivalent Input Noise
Voltage: 60 nV Typ from 0.1 Hz to 10 Hz

® Slew Rate (LT1037 and LT1037A):
11 Vigs Min

LT1007A and LT1037A Specifications:

® High Voltage Amplification:
7 V/pV Min, RL = 2 kQ
3 V/pV Min, RL = 600 ©

® Low Input Offset Voltage 25 uV Max

® Low Input Offset Voltage Temperature
Coefficient: 0.6 pV/°C Max

® Common-Mode Rejection Ratio: 117 dB Min

description

These monolithic operational amplifiers feature
extremely low noise performance and out-
standing precision and speed specifications.
The typical differential voltage amplification (at
TA = 25°C) of these devices is an extremely
high 20 V/uV driving a 2-kQ load to +12 V and
12 V/uV driving a 600-Q load to -+ 10 V.

In the design, processing, and testing of the
device, particular attention has been paid to the
optimization of the entire distribution of several
key parameters. Consequently, the
specifications of even the lowest-cost grades
(the LT1007C and the LT1037C) have been
greatly improved compared to equivalent grades
of competing amplifiers.

DW SMALL-OUTLINE PACKAGE

(TOP VIEW)
nc [ Uss[Inc
Nc(]2  1s[INC
Vio TRIM[]3  14[JVj0 TRIM
IN-[+  130vee+
IN+[]s 12[Jout
Vee-LJe n[JINC
Nc[]7?  1o[dNC
nc(de  o[]NC
JG AND P
DUAL-IN-LINE PACKAGES
(TOP VIEW)
vio TRM[]1 U 8[Jv|g TRIM
IN-[J2  70vccs+

IN+[]3 s[JouT
Vee-L]a s INC

L PLUG-IN PACKAGE

(TOP VIEW)

Vio

TRIM
Vio
TRIM @@ VCe +
IN-{® (® Jout
IN+ @@@ NC

Vee -

Pin 4 (L Package) is in electrical contact with the case
NC—No internal connection

AVAILABLE OPTIONS

Vio MAX PACKAGE
TA AT 25°C SMALL-OUTLINE CERAMIC DIP METAL CAN PLASTIC DIP
(DW) (JG) (L) (P)

0°C 60 puV LT1007CDW — - LT1007CP
o 25 pV - - - LT1007ACP

70°¢C 60 pV LT1037CDW - — LT1037CP
25 puVv — - — LT1037ACP

_550¢C 60 uV - LT1007MJG LT1007ML LT1007MP
to 25 pVv — LT1007AMJG LT1007AML LT1007AMP

1259¢ 60 pV — LT1037MJG LT1037ML LT1037MP
25 uV — LT1037AMJG LT1037AML LT1037AMP

The DW packages are available taped and reeled. Add the suffix "’R’" to the device type, (e.g.,
LT1007CDWR).

PRODUCTION DATA d

contain infi

current as of publication date. Products conform to
specifications per the terms of Texas Instruments

standard warral

| wal . Production processing does not
necessarily include testing of all parameters.
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LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS

LT1007, LT1007A, LT1037, LT1037A

schematic
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LT1007, LT1007A, LT1037, LT1037A
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VCC + (see Note 1) . ... L. 22V
Supply voltage, VG = - -« ot -22V
INpuUt Voltage . . . .. .. Vce +
Duration of output short-circuit . . . . . ... ... ... .. e Unlimited
Differential input current (see Note 2) . ... .. ... .. ... ... . . +25 mA
Power dissipation. . . .. ... .. ... See Dissipation Rating Table
Operating free-air temperature range:

LT1007C, LT1007AC, LT1037C, LT1037AC . . . . . . . o 0°C to 70°C

LT1007M, LT1007AM, LT1037M, LT1037AM . . . .. ... ... .. ... —-55°C to 125°C
Storage temperature range . . . . . ... ..ottt .... —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW and P packages .. ... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG and L packages . .. ... 300°C

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vcc 4+ and Vg -

2. Theinputs are protected by back-to-back diodes. Current limiting resistors are not used in order to achieve low noise. Excessive
input current will flow if a differential input voltage in excess of approximately +0.7 V is applied between the inputs, unless

some limiting resistance is used.

DISSIPATION RATING TABLE

PACKAGE TA < 25°C DERATING FACTOR Ta = 70°C Ta = 125°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
DW 1025 mW 8.2 mW/°C 656 mW N/A
JG 1050 mW 8.4 mW/°C 672 mW 210 mW
L 825 mwW 6.6 mW/°C 528 mW 165 mW
P 1000 mW 8 mW/°C 640 mW 200 mW

recommended operating conditions

C-SUFFIX M-SUFFIX UNIT
MIN NOM MAX| MIN NOM MAX
Supply voltage, Ve + 4 15 22 4 15 22 \
Supply voltage, Voe — -4 -15 -22 -4 -15 =22 \
Input voltage, V| TA = 25°C +11 +11 \Y
Ta = full range |+10.5 +10.3 \'
Operating free-air temperature, Ta 0 70| -55 125 °C
3
Texas
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LT1007C, LT1007AC, LT1037C, LT1037AC
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS

electrical characteristics, Vcc+ = 15V, Vgc- = =15V

PARAMETER TEST CONDITIONS Ta LT1007C, LT1037C [LT1007AC, LT1037AC UNIT
MIN TYP MAX! MIN TYP MAX
. 25°C 20 60 10 25
Vio Input offset voltage | See Note 3 59C 10 70°C 770 %0 v
Average temperature
avig coefficient of input 0°C to 70°C 1 0.6 uV/°C
offset voltage
o Input offset current - 25°C 12 50 7 30 nA
0°C to 70°C 70 .40
B Input bias current 25°C £15 =55 £10 3% nA
0°C to 70°C +75 +45
RL = 2 k@ 25°C +12.5 +13.5 +13 +13.8
Peak output voltage
Vom swing RL = 600 Q 25°C +10.5 £12.5 +11 £125 \'
RL = 2 kQ 0°Cto 70°C | +12 +12.5
RL=2kQ Vg = 12V 25°C 5 20 7 20
" Large-signal RL=1kQ Vg = 10V 25°C 3.5 16 5 16 !
Ayp differential voltage | R = 600Q, Vg = =10V 25°C 2 12 3 12 V/ipV
amplification RL=2k2 Vg = 10V 0°C to 70°C 2.5 4
RL=1k2 Vg = 10V 0°C to 70°C 2 2.5
HCM) ii:;g::emde i 25°C 5 7 Ge
o Opfan-loop output 250¢C 70 70 Q
resistance
CMRR Cc.)mrf\on-m?de Vic = +11V 25°C 110 126 117 130 dB
rejection ratio Vic = £105V 0°C to 70°C 106 114
KSVR Supply voltage Vec: = £t4Vito £18V 25°C 106 126 110 130 dB
rejection ratio Vec+ = 4.5Vt £18 V| 0°C to 70°C 102 106
LT1007C, LT1007AC 25°C 80 140 80 120
Pp  Power dissipation LT1037C, LT1037AC 25°C 85 140 80 130 mw
0°C to 70°C 160 144

NOTE 3: V|p measurements are performed by automatic test equipment approximately 0.5 seconds after application of power.
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LT1007M, LT1007AM, LT1037M, LT1037AM
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS

electrical characteristics, Vgc+ = 15V, Vgg- = -15V
LT1007M, LT1007AM,
PARAMETER TEST CONDITIONS TA LT1037M LT1037AM UNIT
MIN TYP MAX MIN TYP MAX
Vio Input offset voltage |See Note 3 28°C 20 60 10 25 uv
-55°C to 125°C 160 60
Average temperature
v coefficient of input —~55°C to 125°C 1 0.6 pV/°C
offset voltage
ho Input offset current 25°C 12 50 ! 30 nA
-55°C to 125°C 85 50
. 25°C +15 +55 +10 +£35
iB Input bias current nA
. -55°C to 125°C +95 +60
RL = 2 kQ 25°C +12.5 +13.5 +13 +13.8
Peak output voltage
Vom swing RL = 600 Q 25°C +10.5 £12.5 +11 £12.5 \
RL = 2kQ -55°C to 125°C| +12 +12.5
RL = 2kQ Vg = x12V 25°C 5 20 7 20
Large-signal RL=1kQ, Vg = £10V 25°C 3.5 16 5 16
Ayp differential voltage |R = 600Q, Vg = 10V 25°C 2 12 3 12 ViuV
amplification R = 2kQ Vg = £10V |~55°C to 125°C 2 3
R = 1kQ, Vg = £10V [-55°C to 125°C 1.5 2
Common-mode input
ficm resistance 28°C 5 7 Ga
o Opfen—loop output 2500 70 70 Q
resistance
CMRR CcIerr"non—m?de Vic = =11V 25°C 110 126 117 130 dB
rejection ratio Vic = +10.3V ~-55°C to 125°C| 104 112
KsvR Supply voltage Vec+ = ¥4 Vito £18V 25°C 106 126 110 130 4B
rejection ratio Vec+ =+4.5Vto +18 V| ~55°C to 125°C 100 104
LT1007M, LT1007AM 25°C 80 140 80 120
Pp Power dissipation LT1037M, LT1037AM 25°C 85 140 80 130 mw
-55°C to 125°C 170 150

NOTE 3: V|g measurements are performed by automatic test equipment approximately 0.5 seconds after application of power.
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LT1007, LT1007A, LT1037, LT1037A
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS

operating characteristics VCc+ = * 15V, TaA = 25°C

LT1007, LT1007A LT1037, LT1037A
PARAMET TEST I
ARAMETER EST CONDITIONS MIN_ TYP _MAX | MIN_ TYFP  MAX UNIT
RL = 2kQ, Ayp =1 (LT1007, LT1007A
SR Slew rate L vp =1 (LT100 'l 417 25 11 15 Vips
R = 2kQ, Ayp = 5 (LT1037, LT1037A)
Peak-to-peak ivalent| f = 0.1 Hz to 10 Hz,
VNpp . to-peak equivalen 1o 10 Rz 0.06 0.13 0.06 013 | av
input noise voltage See Note 4
A quxivalent input noise |f = 10 Hz 2.8 4.5 2.8 4.5 RN
noise voltage f =1kHz 2.5 3.8 2.5 3.8
| Equivalent input f = 10 Hz, See Note 5 1.5 4 1.5 4 AL
n noise current f = 1 kHz, See Note 5 0.4 0.6 0.4 0.6 P z
f = 100 kH 5 8
GBW Gain bandwidth product z MHz
f = 10 kHz, Ay = 15 45 60

NOTES: 4. See the test circuit and frequency response curve for 0.1 Hz to 10 Hz noise (Figure 39) in the Applications Information section.
5. See the test circuit for current noise measurement (Figure 40) in the Applications Information section.
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LT1007, LT1007A, LT1037, LT1037A
LOW-NOISE, HIGH-SPEED, PRECISION OPERATIONAL AMPLIFIERS

table of graphs

TYPICAL CHARACTERISTICS

FIGURE
Vio Input offset voltage vs Temperature 1
AVio Change in input offset voltage ve T!me after power on. i 2
vs Time (long-term stability) 3
o Input offset current vs Temperature 4
i vs Temperature 5
B Input bias current
over common-mode range 6
Common-mode limit voltage vs Free-air tempera