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IMPORTANT NOTICES

Texas Instruments reserves the right to make changes at any time in

order to improve design and to supply the best product possible.

TI any responsibility for any circuits shown or
represent that they are free from patent infringement.

Information contained herein supersedes previously published data
on Linear Control Circuits, including data book CC-415,

Copyright © 1976
Texas Instruments Incorporated
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INTRODUCTION

In this 368-page data book, Texas Instruments is pleased to present important technical information on a broad line of
Linear Control Integrated Circuits.

You will find complete specifications on TI’s TL series and second source Linear Control circuits including operational
amplifiers, comparators, voltage regulators, analog switches, and special functions.

The functional indexes, selection guides and cross-references are designed for ease of circuit selection. There are margin
tabs to guide you quickly to general circuit categories, and the alphanumeric index will let you locate specific type
numbers quickly.

A military products section covers process screening requirements for JAN, JAN-processed, 883 Class B, and standard
products. Test conditions and environmental levels are detailed for the product categories.

Although this volume offers design and specification data only for Linear Control Integrated Circuits, complete
technical data for any T semiconductor/component product is available from your nearest Tl field sales office, local
authorized TI distributor, or by writing directly to: Marketing and Information Services, Texas Instruments
Incorporated, P.O. Box 5012, MS 308, Dallas, Texas 75222.

TEXASI lNSTRuy ENTS

NCORPORATE
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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CROSS-REFERENCE
Old TI Type Numbers to New Tl Type Numbers

OLD NUMBER NEW NUMBER OLD NUMBER NEW NUMBER
SN52L022 TLO22M SN72088* TLO89CT
SN52L044 TLO44M SN72301A LM301A
SN52101A LM101A SN72304 LM304
SN52104 LM104 SN72305 LM305
SN52105 LM105 SN72305A LM305A
SN52106 LM106 SN72306 LM306
SN52107 LM107 SN72307 LM307
SN52108* TLO8IMT SN72308* TLO81Ct
SN52108A* TL8OIMT SN72308A* TLO81Ct
SN52109 LM109 SN72309 LM309
SN52110* SN72310*

SN52111 LM111 SN72311 LM311
SN52118 LM118 SN72318 LM318
SN52506 TL506M SN72376 LM376
SN52510 TL510M SN72440 TL440C
SN52514 TL514M SN72506 TL506C
SN52555 SE555 SN72510 TL510C
SN52558 MC1558 SN72514 TL514C
SN52660* TLO81t SN72555 NE555
SN52702 TL702M SN72558 MC1458
SN52702A uA702M SN72560 TL560C
SN52709 uA709M SN72660* TLO81CT
SN52709A uA709AM SN72702 TL702C
SN52710 TL710M SN72709 uA709C
SN52711 uA711M SN72710 TL710C
SN52723 uA723M SN72711 uA711C
SN52733 uA733M SN72720 TL720C
SN52741 uA741M SN72723 uA723C
SN52747 uA747M SN72733 uA733C
SN52748 uA748M SN72741 uA741C
SN52770* TLO8IMT SN72747 uA747C
SN52771* TLOBIMT SN72748 uA748C
SN52777 uA777M SN72770* TLO81C?
SN52810 TL810M SN72771* TLog1Ct
SN52811 TL811M SN72777 uA777C
SN52820 TL820M SN72810 TL810C
SN5510* SN72811 TL811C
SN5511* SN72820 TL820C
SN5512* SN7510*

SN5514* SN7511*

SN56502 TL441M SN7512*

SN56514* SN7514*

SN62088* TLO8OIT SN76502 TL441C
SN72L022 TLO22C SN76514*

SN72L044 TLO44C

*Not recommended for new design.

t Recommended as replacement



FUNCTIONAL INDEX

OPERATIONAL AMPLIFIERS

 OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE

FUNCTION —85°C10125°C_| —40°C1085°C | —25°C1085°C | 0°Cto70°C TYPES PAGE
TL702M ] 113
TL702C LU N U
UA702M 3L 118
UA709AM J.3G, L, U
Single uA709M J,JG, L, U 123
uA709C J,JG,L,N,P,U
UA741M LIG, LU o
= WA741C 5,96, LN, P, U e
ﬁ uA748M J,JG, LU 137
General-Purpose - uA748C J.JG, L, N, P U
Operational LM158 JG, L
Amplifiers LM258 JG, L, P 85
LM358 JG,L,P
Dual LM2904 JG,L,P 89
MC1568 G, L o1
MC1458 JG, L,P
UATATM LLW 133
uA747C J, LN W
LM124 J
LM224 LN
Quad LM324 J,N 83
LM2902 3N 87
LF155 G, L
LF155A JG, L
LF255 JG,L,P 63
LF355 JG,L,P
LF355A JG,L,P
LF156 1G, L
LF156A G, L
LF256 JG,L,P 63
Single LF356 JG, L, P
LF356A JG,L,P
LF157 1G, L
LF157A JG, L
JFET-Input Hreet LF357 jg t': .
Operational LF357A JG,L.P
Amplifiers TLOB1AC* G, L.P
TLOBIC* JG,L,P 105
LF2155 JG, L
LF2155A JG, L
LF2255 JG,L,P 69
LF2355 JG,L,P
Dual LF2355A JG, L, P
LF2156 G, L
LF2156A JG, L
LF2256 JG,L,P 69
LF2356 JG,L,P
LF2356A JG,L,P
Quad TLOB4aC* IN 107
*Future product, to be announced.
12 TEXAS INSTRUMENTS
INCORPORATED

POST OFFICE BOX 5012 « DALLAS., TEXAS 75222




FUNCTIONAL INDEX
OPERATIONAL AMPLIFIERS
FUNCTION OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE PAGE
—55°C to 125°C —25°C to 85°C 0°C to 70°C TYPES
Wide-Band LM118 JG, L, U
Operational Amplifiers Single LM218 JG,L,P,U 80
LM318 JG,L,P, U
LM101A J,JG, L, U
LM201A J,JG,L,N,P, U 74
LM301A J,JG,L,N,P,U
LM107 J,JG, L, U
Single
LM207 J,JG,L,N,P, U 77
High-Performance LM307 J,JG,L,N,P, U
Operational Amplifiers uA777M J,JG, L, U 141
uA777C J,JG,L,N,P, U
Dual RM4558 JG, L a7
RC4558 JG, L, P
Quad RM4136 J 05
RC4136 J,N
Dual TLO22M JG, L 0
Low-Power TLO22C JG,L,P
Operational Amplifiers TLO44M J
Quad TLO44C N 102
Chopper-Stabilized ) TLO89I L
N . Single 108
Operational Amplifiers TLO89C L

TEXASI lNSTRUg\A ENTS

NCORPORATE
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222
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FUNCTIONAL INDEX

DIFFERENTIAL COMPARATORS

OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE
FUNCTION - = = - - " = ~ PAGE
—~55°C to 125°C —40°C to 85°C —25°C to0 85°C 0°C to 70°C TYPES
TL710M 3,4G, L, U
185
TL710C J,JG,L,N,P, U
Single uA710M J,JG, L, U 203
TL810M J,JG, L, U
TL810C J,JG,L,N,P,U 191
£ M193 4G, L
LM293 JG, L,P 167
Differential LM393 JG, L, P
Comparators Dual LM2903 JG, L, P 171
TL720C J,N 189
TL820M J 201
TL820C J,N
LM139 J
Quad LM239 J, N 165
LM339 J,N
LM2901 J,N 169
LM106 J,JG, L, U
LM206 J,JG,L,N,P,U 151
LM306 J,JG,L,N,P, U
Single LM111 J.JG, L, U
Differential LM311 J,JG,L,N,P, U 157
Comparators TL510M J,JG, L, U
with Strobes TL510C J,JG,L,N,P,U 179
TL506M 3, W
TL506C J,N, W 173
Dual
TL514M J
TL514C J,N 183
uA711M J, LU
Dual-Channel Differential uA711C J,L,N,U 207
Comparators with Strobes TL811M J LU
TL811C J,L,N, U 195

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222



FUNCTIONAL INDEX

VOLTAGE REGULATORS
PERATING VIRTUAL TION
OPERA 1 JUNCTI0 ACKAGE
FUNCTION TEMPERATURE RANGE PAGE
<J O O O o 0 TYPEs
_55°C 10 150°C | —25°Ct0125°C | 0°C to 125°C
LM117 KA
Adj Positive-V
Rd]u.';table ositive-Voltage LM217* KA, KC 229
egulators LM317* KA, KC
A78L02C G, LP
2.6 Volts Y 255
UA78LO2AC JG, LP
TM109 A
LM209 LA 225
LM309 LA
GAT806M KA s
5 Volts uA7805C KA, KC
GA78L05C G, LP
255
uA78LOBAC JG, LP
GATEMOBM A o1
uA78MOSC KC, KD, LA
ATE06M KA
Y 245
uA7806C KA, KC
6 Volts
GA78MOBM LA o1
uA78MO6C KC, KD, LA
WA78LO6C G, LP
2 Vol
6.2 Volts uA78LOBAC JG, LP 25
uA7808M KA
uA7808C KA, KC 248
& Vel uA78L08C G, LP s
olts uA78LOBAC 4G, LP
A78M0BM LA
Positive Fixed-Voitage " 261
uA78MO8C KC, KD, LA
Regulators
a5 vor GA7885M KA s
-5 Vol uA7885C KA, KC
GATBIZM KA, KA
245
uA7812C KA, KC
12Vl uA78L12C G, LP s
S
° uA78L12AC JG, LP
UATBM12M LA w51
uA78M12C KC, KD, LA
uA7815M KA s
uA7815C KA, KC
uA78L15C G, LP
v
15 Volts uA78L15AC G, LP 28
GATEMTEM LA o1
uA78M15C KC, KD, LA
UATB1BM KA
18 Volts uA7818C KA, KC 248
GA78M20M LA
20 Volts uA78M20C KC, KD, LA 21
UA7824M KA
245
28 Vals uA7824C KA, KC
° GA78M24M LA .
UA78M24C KC, KD, LA <!

*Future product, to be announced.

NCORPORATE
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

TEXASI lNSTRUr;w ENTS
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FUNCTIONAL INDEX

VOLTAGE REGULATORS

OPERATING VIRTUAL-JUNCTION

PACKAGE
FUNCTION TEMPEHAOTURE RANGE TYPES PAGE
-55°C o 150°C -25°C iv i125°C $°C 10 125°C
uA7905M KA o1 ]
uA7905C KA, KC
8 Volts uA79MOEM LA 1
uA79M05C KC, KD, LA
uATIOBM KA o
6 Vorts uA7906C KA, KC <
uA79M06M LA 281
uA79M06C KC, KD, LA
uA7908M KA 271
uA7908C KA, KC
8 Volts uA79MOBM LA .
uA79M08C KC, KD, LA
uA7912M KA 27
Negative Fixed-Voltage 12 Volts uA7912C KA, KC
Regulators uA79M12M LA 281
uA79M12C KC, KD, LA
uA7915M KA
uA7915C KA, KC m
15 Volts
uA79M15M LA
uA79M15C KC, KD, LA 21
18 Volts uATI1EM KA n
uA7918C KA, KC
vATGNMZ0VI La
20 Volts uA79M20C KC, KD, LA 1
uA7924M KA
2Nn
24 Volts uA7924C KA, KC
uA79M24M LA
uA79M24C KC, KD, LA 1
FUNCTION OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE PAGE
-55°C to 125°C —25°C to 85°C 0°C to 70°C TYPES
uA723M J, LU
Precision Voltage Regulators WAT23C LLN,U 239
LM105 JG, L
LM205 JG, L, P
Positive-Voltage Regulators LM305 JG,L,P 221
LM305A JG,L,P
LM376 JG, L, P
LM104 J, L
Negative-Voltage Regulators LM204 J LN 217
LM304 J, LN
Shunt Regulator TL430C JG, LP 233
TL497M J
Switching Voltage Regulators TL497I J,N 236
TL497C J,N

16

TEXAS INSTRU

INCORPORATE
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222
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FUNCTIONAL INDEX

SPECIAL FUNCTIONS

OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE
FUNCTION = S < = = ~ PAGE
-~55°C to 125°C -25°C t0 85°C 0°Cto70°C TYPES
TL610OM JG
SPST TL610! JG, P 339
TL610C JG,P
TL182M L
TL182I LN 305
Dual SPST TL182€ LN
TLE0AM JG
TLE041 JG,P 339
TLEO4C JG, P
TL188M L
TL188I LN 311
X TL188C LN
Analog Switches TL60IM G
SPDT TL601I JG, P 339
TL601C JG, P
TL6O7M JG
TL607! JG,P 339
TL607C JG, P
TL191M J
Dual SPDT TL191I J, N 314
TL191C J,N
TL185M J
Dual DPST TLi85i J, N 308
TL185C 3N
Precision Timers SESSS JG. L 295
NES555 JG,L,P
Precision Level Detector TL560C JG, L, P 333
Zero-Voltage Switch TL440C J N 317
Logarithmic Amplifiers TLanm J 323
TL441C J N
Differential Video Amplifiers uA733M J, LU 245
with Gain Select uA733C J LN U
Analog Processor TL500C* N 330
Digital Panel Meter Logic Control Device TL502C* N 331

*Future product, to be announced.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



INTERCHANGEABILITY GUIDE
{ALPHABETICALLY BY MANUFACTURERS)

Direct replacements were based of

guaranteed, Before using a device as a subsiiiute, the

put
user should compare the specifications of the substitute device with the specifications of the original.

Several of the popular Linear Interface circuits, not included in this book, are included in the interchangeability guides
for vour reference.

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

FAIRCHILD ORDER INFORMATION
EXAMPLE OF ORDER CODE:

XXX D [
[Device Type] [ Package Type] Temperature Range

I D = C-DIP C = Commercial/Inductrial Consumer ] M = Military ]
F = FLAT PACK l 0°C to 70°C or 75°C —55°C to 125°C
P =PLASTICDIP
T = MINI DIP
H=METAL CAN

FAIRCHILD TI DIRECT T1 CLOSEST FAIRCHILD TI DIRECT T1 CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT

uA101A LM101A uA747 uA7AT7
uA104 LM104 1A748 uA748
uA105 LM105 rA776 uA777
uA107 LM107 wA777 uA777
#A109 LM109 8T13 SN55121
rA111 LM111 8T14 SN55122
uA139 LM139 8T23 SN75123
nA201A LM201A 8724 SN75124
uA204 LM204 1458 MC1458
uA205 LM205 1558 MC1558
uA207 LM207 7524 SN7524
uA209 LM209 7525 SN7525
HA301A LM301A HA7805 uA7805
nA304 LM304 wA7806 uA7806
#A305 LM305 wA7808 uA7808
#A305A LM305A HA7812 uA7812
uA307 LM307 MA7815 uA7815
RA309 LM309 HA7818 uA7818
uA311 LM311 nA7824 uA7824
uA376 LM376 #A78LO5 uA78L05
HABB5 SE555 LA78LO6 uA78L06
#A702 uA702 #A78L08 uA78L08
#A709 uA709 HA78L12 uA78L12
HAT09A uA709A uA78L15 uA78L15
#A710 uA710 HA78L26 uA78L26
rAT11 uA711 MA78LOSA uA78LO5A
#A715 LM118 nA78LOGA uA78LO6A
uA723 uA723 uA78LOSA uA78LO8A
uA733 uA733 BAT8L12A uA78L12A
uA734 LM111 HAT78L15A UuA78L16A
uA741 uA741 UAT8L26A uA78L26A
rA742 TL440 #A78M05 uA78M05




FAIRCHILD TI DIRECT TI CLOSEST FAIRCHILD TI DIRECT T1 CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT
1A78M06 uA78M06 SN75189
nA78M08 uA78M08 9617 SN75189A
uA78M12 uA78M12 SN75152
HA78M15 uA78M15 SN75154
HAT8M20 uA78M20 9627 SN75152
nA78M24 uA78M24 56107 SN55107A
1A7905 uA7905 55108 SN55108A
1A7906 uA7906 55109 SN55109
uA7908 uA7908 55110 SN55110
uA7912 uA7912 75325 SN75325
rA7915 uA7915 75450 SN758450
uA7924 uA7924 75451 SN75451
rA79MO5 uA79M05 75452 SN75452
#A79MO6 uA79M06 75453 SN75453
LA79MO8 uA79M08 75454 SN75454
HATOM12 uA79M12 75460 SN75460
KATOM15 uA79M15 75461 SN75461
RAT9M20 uA79M20 75462 SN75462
uA79M24 uA79M24 75463 SN75463
9614 SN75114 75491 SN75491
9615 SN75115 75492 SN75492
SN75160
9616 SN75188
MOTOROLA ORDER INFORMATION
EXAMPLE OF ORDER CODE:
mcC XXX P
Type Number Package
Different Numbers F = Flat Package
Are Used For Variations G = Metal Can
In Operating Temperatures L = C-DIP
P = Plastic
MOTOROLA TiI DIRECT T1 CLOSEST MOTOROLA Ti DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT
MLM101A LM101A MC1433 LM301A
MLM107 LM107 MC1439 LM301A
MLM109 LM109 MC1455 NES55
MLM111 LM111 MC1458 MC1458
MLM201A LM201A MC1460 uA723
MLM207 LM207 MC1461 uA723
MLM209 LM209 MC1463 uA723
MLM211 LM211 MC1466 uA723
MLM301A LM301A MC1469 uA723
MLM304 LM304 MC1510 SN5510
MLM305 LM305 MC1514 SN52514
MLM307 LM307 MC1520 SN5511
MLM309 LM309 MC1530 uA702
MLM311 LM311 MC1531 uA702
MC1414 TL514 MC1533 LM101A
MC1420 uA733 MC1539 LM101A
MC1430 uA702 MC1555 SEBSS
MC1431 uA702 MC1558 MC1558
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MOTOROLA TI DIRECT TYCLOSEST MOTOROLA TI DIRECT TI CLOSEST

REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT

MC1560 uA723 H 2
MC1561 uA723 MC770 jE
MC1583 UA723 MC7706 uA78M06
MC1566 uA723 MC7708 uA78M08
MC1569 uA723 MC7712 uA78M12

MC7715 uA78M15
MC1709 uA709 MC7720 uA78M20
MC1710 uA710 MC7724 uA78M24
MC1711 uA711 MC7805 uA7805
MC1712 uA702 MC7806 uA7806
MC1723 uA723 MC7808 uA7808
MC1733 uA733 MC7812 uA7812
MC1741 uA741 MC7815 uA7815
MC1747 uA747 MC7818 uA7818
MC1748 uA748 MC7824 uA7824
MC3302P LM339

NATIONAL ORDER INFORMATION

EXAMPLE OF ORDER CODE:

LM 1 XXXX N
Prefix Temperature Range [ Type Numb;l Package
1or7=55Ctn126°C D =cC.pip
3or8=0°Cto 70°C or 75°C N = Plastic DIP
F = Flat Pack
LM, LH = Linear H = Metal Can
DM = Line Ckts N = Mini-DIP
NATIONAL TI DIRECT TI CLOSEST NATIONAL TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT

LF155 LF155 LM120-5 uA7905M

LF155A LF155A LM120-6 uA7906M

LF255 LF255 LM120-8 uA7908M

LF355 LF355 LM120-12 uA7912M

LF355A LF355A LM120-15 uA7915M

LF2155 LF2155 LM120-24 uA7924M

LF2155A LF2155A LM122 LM122

LF2156 LF2156 LM123 LM123

LF2156A LF2156A LM124 LM124

LF2255 LF2255 LM139 LM139

LF2256 LF2256 LM158 LM158

LF2355 LF2355 LM193 LM193

LF2356 LF2356 LM201A LM201A

LM101A LM101A LM205 LM205

LM102 LM102 LM206 LM206

LM104 LM104 LM207 LM207

LM105 LM105 LM209 LM209

LM106 LM106 LM211 LM211

LM107 LM107 LM217 LM217

LM109 LM109 LM218 LM218

LM110 LM110 LM224 LM224

LM111 LM111 LM239 LM239

LM112 LM112 LM258 LM258

LM117 LM117 LM293 LM293

LM118 LM118 LM301A LM301A




NATIONAL TI DIRECT TI CLOSEST NATIONAL TiI DIRECT T1 CLOSEST

REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT
LM304 LM304 LM710C uA710C
LM305 LM305 LmM711 uA711
LM306 LM306 LM711C uA711C
LM307 LM307 LM723 uA723
LM309 LM309 LM723C uA723C
LM311 LM311 LM733 uA733
LM317 LM317 LM733C uA733C
LM318 LM318 LM741 uA741
LM320T-6 uA7905C LM741C uA741C
LM320T-6 uA7906C LmM747 uA747
LM320T-8 uA7908C LM747C uA747C
LM320T-12 uA7912C LM748 uA748
LM320T-15 uA7915C LM748C uA748C
LM320T-24 uA7924C LM1414N TL514C
Lm324 LM324 LM1458 SN72558
LM339 LM339 LM1514 TL514M
LM340T-56 uA7805C LM1558 MC1558
LM340T-6 uA7806C
LM340T-8 uA7808C LM2901 LM2901
LM340T-12 uA7812C LM2902 LM2902
LM340T-156 uA7815C LM2903 LM2903
LM340T-18 uA7818C LM2904 LM2904
LM340T-24 uA7824C LM3302 LM3302
LM341-56 uA78M05C LM3900 TLO44
LM341-6 uA78M06C LM3905 NEG55
LM341-8 uA78M08C LM5520 SN5520
LM341-12 uA78M12C LM5521 SN5521
LM341-15 uA78M15C LM5522 SN5522
LM341-24 uA78M24C LM5523 SN5523
LM358 LM358 LM5524 SN5524
LM376 LM376 LM5525 SN5525
LM393 LM393 LM5528 SN5528
LM555M SE555 LM5529 SN5529
LMB55C NE5S55 LM78L0O5C uA78L05C
LM709 uA709 LM78L.08C uA78L08C
LM709A uA709A LM78L12C uA78L12C
LM709C uA709C LM78L15C uA78L15C
LM710 uA710




RAYTHEON ORDER INFORMATION

EXAMPLE OF ORDER CODE:

l Prefix I Temperature Range Type Number Package
M = Military DC = c-DIP
C = Consumer DP, ND = Plastic DIP
Q, J = Flat Pack
smt—— PO = Metat Can
RAYTHEON TI DIRECT TI CLOSEST RAYTHEON TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT
LM101A LM101A RC7815 uA7815C
LM106 LM106 RC7818 uA7818C
LM107 LM107 RC7824 uA7824C
LM109 LM109 RC555 NE555
LM111 LM111 RC702 uA702C
LM118 LM118 RC709 uA709C
LM124 LM124 RC710 uA710C
LM139 LM139 RC711 . uA711C
LM158 LM158 RC723 uA723C
LM201A LM201A RC733 uA733C
LM206 LM206 RC741 uA741C
LM207 LM207 RC747 uA747C
LM209 LM209 RC748 uA748C
LM211 LM211 RC1458 MC1458
LM218 LM218 RC3302 LM3302
LM224 LM224 RC4136 RC4136
LM239 LM239 RC4558 RC4558
LM258 LM258
LM301A LM301A RC78XX uA78XXC
LM304 LM304 RM555 SE555
LM305 LM305 RM702 uA702M
LM306 LM306 RM709 uA709M
LM307 LM307 RM710 uA710M
LM309 LM309 RM711 uA711M
LM311 LM311 RM723 uA723M
LM318 LM318 RM733 uA733M
LM324 LM324 RM741 uA741M
LM339 LM339 RM747 uA747M
LM358 LM358 RM748 uA748M
RC7805 uA7805C RM1514 TL514M
RC7806 uA7806C RM1558 MC1558
RC7808 uA7808C RM4136 RM4136
RC7812 uA7812C RM4558 RM4558
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EXAMPLE OF ORDER CODE:

SIGNE TICS UKDEH INFORMA TION

NE XXXX B

{ Tempera‘tiure Range |

NE = 0°C to 70°C or 75°C F,1 =C-DIP

SE = —55°C to 125°C A,B,N,V =Plastic DIP

Q, W = Flat Pack
SIGNETICS TI DIRECT TI CLOSEST SIGNETICS TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT
LM101A LM101A NE78L06 uA78LO6C
LM107 LM107 NE78LO08 uA78L08C
LM109 LM109 NE78L12 uA78L12C
LM111 LM111 NE78L15 uA78L15C
LM124 LM124 NE78MO05 uA78MO5C
LM139 LM139 NE78M20 uA78M20C
LM201A LM201A NE78M24 uA78M24C
LM207 LM207 SE532 LM158
LM209 LM209 SE555 SE555
LM211 LM211 SE5733 uA733M
LM224 LM224 SE7805 uA7805M
LM239 LM239 SE7806 UA7806M
LM301A LM301A SE7808 uA7808M
LM307 LM307 SE7812 uA7812M
LM309 LM309 SE7815 uA7815M
LM311 LM311 SE7824 uA7824M
LM324 LM324 SE78MO05 uA78MO5M
LM339 LM339 uA709 uA709
NE532 LM358 uA709A uA709A
NE555 NE556 uA710 uA710M
NE5733 uA733C uA710C uA710C
NE7805 uA7805C uA711 uA711M
NE7806 uA7806C uA711C uA711C
NE7808 uA7808C uA723 uA723M
NE7812 uA7812C uA741 uA741M
NE7815 uA7815C uA741C uA741C
NE7824 uA7824C uA747C uA747C
NE78L05 uA78LO5C uA748 uA748M
uA748C uA748C

TEXASI INSTRUMENTS
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676

THERMAL INFORMATION

THERMAL RESISTANCES FOR LINEAR INTEGRATED CIRCUITS

JUNCTION-TO-CASE JUNCTION-TO-AMBIENT
PACKAGE PINS THERMAL RESISTANCE THERMAL RESISTANCE
Rggc (°C/W) RgJa (°C/W)
. . 14 56 122
J ceramic dual-in-line
16 60 116
) L 14 25T 911
J ceramic dual-in-linet
16 291 85T
JG ceramic dual-in-line 8 45 135
JG ceramic dual-in-linet 8 201 1107
L plug-in 8,10 51 195
LA plug-in, steel header 3 15 210
LP plastic plug-in 3 35 160
. o 14 45 108
N plastic dual-in-line
16 42 102
P plastic dual-in-line 8 45 125
U ceramic flat 10,14 55 185
. 14 60 126
W ceramic flat
16 59 124

tThese ratings apply only for devices having a type number prefix of “SNC’* or “SNM’’, or a suffix of *//883.""
For thermal resistances of KA, KC, and KD power packages, see individual product data sheets.

J PACKAGES JG L PACKAGES LA LP
PACKAGE PACKAGE PACKAGE
14-PIN 16-PIN 8-PIN 10-PIN
N PACKAGES P U PACKAGES W PACKAGES
PACKAGE
14-PIN 16-PIN 10-PIN 14-PIN 14-PIN 16-PIN
TEXAsS INSTRUMENTS 27
INCORPORATED

POST OFFICE BOX 5012 e DALLAS, TEXAS 75222



THERMAL INFORMATION

CERAMIC DUAL-IN-LINE PACKAGES

These curves are Tor use with thecontinuous dissipation ratings specitied on the individual datasheets. Those ratings apply up to the temperature
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature,

DISSIPATION DERATING CURVE
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/
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4
/

400

V/
/A
7
v 4

300

200

100

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

TThe dashed lines apply only for devices having a type number prefix of “SNC'’ or “SNM"’, or a suffix of ‘/833."
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676

THERMAL INFORMATION

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those ratings apply up to the temperature
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature.

DISSIPATION DERATING CURVE

800
N
N\
700 \
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L
N
2 500 D>
L A\
2
'g \\ \\‘b _\
2 400 \ ™
o
£ NN \
8 N N
£ N\ b
E 300
= N
N
200
100
0
25 50 75 100 125
Ta—Free-Air Temperature—°C

tThis rating for the L package requires a heat sink that provides a thermal resistance from case to free-air, Rgca, of not more than 105°C/W.

TEXASI lNSTRUDM ENTS

NCORPORATE
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THERMAL INFORMATION

PLASTIC DUAL-IN-LINE PACKAGES

These curves are for use with the continuous dissipation ratings spacified on the individual data sheets. Those ratings apply up to the temperature

DISSIPATION DERATING CURVE
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Tp—Free-Air Temperature—°C
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THERMAL INFORMATION

FLAT PACKAGES

These curves are for use with the continuous dissipation ratings specified on the individuel data sheets. Those ratings apply up to the temperature
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature.
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical outline
drawing shown in this section.

Factory orders for cirucits described in this data book should include a five-part type number as explained in the
following example.

EXAMPLE: TL 022M JG /883B -00
1. Prefix G Instructions (Dash No.D
MUST CONTAIN TWO OR THREE LETTERS
TL TI Linear Control Products MUST CONTAIN TWO NUMBERS
SN TI Interface Products (From Dash No. Column of Following Table)
SNM Mach 1V, Level |
SNC Mach IV, Level 111 SOLDER- ORDER
STANDARD SECOND-SOURCE PREFIXES PACKAGES | DIPPED |INSULATOR| DASH
LForLM  National MmC Motorola LEADS NO
NE or SE Signetics uA Fairchild
RMor RC Raytheon DUAL-IN-LINE PACKAGES
2. Unique Circuit D \ J,JG,
No No 00
Including Temperature Range / N, ND, P
J,N,P,JG Yes No 10
MUST CONTAIN THREE TO SEVEN CHARACTERS
(From Individual Data Sheets) CERAMIC FLAT PACKAGES
uU,w No No 00
Examples: 022m 1414 u,w Yes No 10
101A 754508
107 78LOSAC PLUG-IN PACKAGES
3. Packag L, LA, LP No No 00
MUST CONTAIN ONE OR TWO LETTERS L LA LP Yos No 70
J, JG, KA, KC, KD, L, LA, LP,ND, P, U, or W
(From Pin-Connection Diagram on Individual Data Sheet) POWER PACKAGES
4. MIL-STD-883B N\ KA No No N/A
Method 5004, Class B/ KC No No N/A
KD No No N/A

NOT USED WITH PART NUMBERS HAVING AN SN PREFIX

Circuits are shipped in one of the carriers shown below. Unless a specific method of shipment is specified by the
customer (with possible additional costs), circuits will be shipped in the most practical carrier.

Plug-In (L, LA, LP)

—Barnes Carrier

Flat (U, W) Dual-In-Line (J, JG, N, ND, P)

—Barnes Carrier
—Milton Ross Carrier

—Slide Magazines
—A-Channel Plastic Tubing
—Barnes Carrier
—Sectioned Cardboard Box
—Individual Plastic Box

—Sectioned Cardboard Box
—Individual Cardboard Box

276
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LINEAR CIRCUITS

ORDERING INSTRUCTIONS AND MECHANICAL DATA

J ceramic dual-in-line package (inch dimensions, see page 46 for metric dimensions)

These hermetically sealed dual-in-line packages consist of a ceramic, ceramic cap, and a 14-or 16-lead frame. The circuit
bar is alloy-mounted to the base and hermetic sealing is accomplished with glass. The packages are intended for

are G

Coimipressed and inserte . ficient tension is

ed {“bright-dipped’) leads (—00) require no

.l\;ui.uiig hole rows on 8.300
provided to secure the package in the board during soldermg Tin-plat:
additonal cleaning or processing when used in soldered assembly.

14-PIN J CERAMIC 16- PIN J CERAMIC
(INCH) {INCH)
o pa—
FEIAOR01 AR Dmanion PO DOPOOOO®
ANAANND R
0,025 R NOM A\ 0025 RNOM~
e 0310
'y 0.290
le 0310 | VUVLUUYY 0280 [T VATATATAY]
1 ase Zieielololofd) lelelokelotolo
0248 —af Fa—}- 0.050 NOW - 0.070 MAX 16 PLACES
) Now —»{ | 0070 MAX 14 PLACES )
], GLASS a.z‘na S— seillﬁxsrfr
SEALANT f MAX )
- SEATING PLANE
- SEATING PLANE e 0.020 t 0.
4 PLACES 0014 3 0023
’“‘; PLOAOgEs 0130 070 > —."‘- %%ﬁ 1pLaces b gfxéis nM":“‘? 0.012MIN ’] ‘ oots 10PLACES ;-|-lt
MIN 4 PLACES
Pil SPACING 0,100 7.7 ;
(Ses Note o) PIN SPACING 0.100 T.P. ﬁ 4PLACES
Se0 Note
Falls Within JEDEC TO-116 and
MO-001 AA Dimensions

NOTES: a. Each pin center line is located within 0.010 of
its true longitudinal position.
b. All dimensions are in inches unless otherwise

noted.

TEXAS lcN STRUMENTS

ORPORATE
POST OFFICE BOX 5012 o DALLAS, TEXAS 75222
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

JG ceramic dual-in-line package (inch dimensions, see page 47 for metric dimensions)

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and 8-lead frame. The package is
intended for insertion in mounting-hole rows on 0.300-inch centers. Once the leads are compressed and inserted,
sufficient tension is provided to secure the package in the board during soldering. Tin-plated (“‘bright-dipped”’) leads
require no additional cleaning or processing when used in soldered assembly.

8-PIN JG CERAMIC

(INCH)
le——0400 |
o588
I6Y0Y010) NOTES: a. Each center line is located within 0.010 of its
ANAN true longitudinal position.
. imensions are in inches unless otherwise
0.025 R NOM b. All di i in inch | h i
N noted.
[ (3
e 0310 | VUV
o 0.280 @ ® @ @
0.245
—{ |@—0.070 MAX 8 PLACES

| =i 0.050 NOM

], GLASS
SEALANT

- SEATING PLANE —

0.200
MAX _i ]-r

105° . " 0.030 MIN
50° aote MmN | 8PLACES
8 PLACES 0014
w5008 0065 | -o{f- 2022 g paces
2 X

8PLACES 0.130 0.01
MIN 4 PLACES
PIN SPACING 0.100 T.P.
(See Note a)

KA (TO-3) package (inch dimensions, see page 47 for metric dimensions)

ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE
(INCH)

1.573MAX

0312MIN uz
aas0 - 0675 1177
450 0.655
0525 R MAX 0.250 0.043 1 2 LEADS IV

0.038

S S
0875 £
1050MAX  MAX
i T oo oA
4 1 0151
0.188 R MAX 2HOLES
BOTH ENDS 0.135 MAX

SEATING PLANE CASE TEMPERATURE
MEASUREMENT POINT

All dimensions are in inches

TEXASl INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

KC (TO-220AB) package (inch dimensions, see page 48 for metric dimensions)

THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB

FALLS WITHIN JEDEC TO-220AB DIMENSIONS

{INCH)
0.032 + 0.003 0.025 R NOM
3PLACES 2PLACES
(SEE NOTE) 0147 0
2070 /Toa3s
0.110 0.045 A\ ;
0.090 ‘ ]
3 = — | !
2 R N VGRS v H
3 T L) ; |
6538 '# = 4} oax
0.190 o

—

—> 0.120
0.100

0.562
0.500 ¥
0.625
0.560
0270
0.018 0230
0.012
L::: 0.190
¥ t 0.140
i ] v
0.115 (?055
S0
vvvvv 5.020

All dimensions are in inches

NOTE: Notches may or may not be present.

KD (TO-202AB) package (inch dimensions, see page 48 for metric dimensions)

FALLS WITHIN JEDEC TO-202AB DIMENSIONS

0.127 o CASE TEMPERATURE 0.060 MAX
0.123 MEASUREMENT POINT
—0.050 MIN 0.105
r 0.095
| —
0310 %\ \
0.270
0.155 \y ms—t—- KR
0135
0.155 0.045
0.095 0.035
0.520 0320
0.480 0280 ™|
0.840 0.420
0.760 0380

All dimensions are in inches

THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB

0.050 d——g':—gg——

NOM
™ _[*nom

0.050

t lao %7

o
w
b
=}

o)
wl
=]
3l

0.060
0.040

TexAs IN
INCO

RPORATED
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

L and LA plug-in packages (inch dimensions, see page 49 for metric dimensions

These hermetically sealed plug-in packages each consist of a welded metal base and cap with individual leads secured by

an insulating glass sealant. The gold-plated leads (—00) require no additional cleaning or processing when used in
soldered assembly.

8-PINL 10-PINL
(INCH) (INCH)
o oo /002 o rEE L oo
= [*max e
4 7 0230 7p.
—3 3 I &= -
038 o0 o 0335 0370
e =033 020 53004 — 03"
= —
I l o5 Te.
0010 0040
o510 o010 "]
F— oo 1 e
All dimensions are in inches unless otherwise noted. All dimensions are in inches inless otherwise noted.
Same as JEDEC TO-99 and Same as JEDEC TO-100 and
MO-002AK except for MO-006AD except for
diameter of standoff diameter of standoff

%

3PINLA
(INCH)

0.185
. ) 0.200
CASE TEMPERATURE -
ME, POINT 0100
i T &
0.37,
[EL I |
2 o, I - pem
O30 Gan L 205

208 o

-~ [u,w Max Jukans

SEATING

Same as JEDEC TO-39
except for reduced can height

All dimensions are in inches unless otherwise noted.

I
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

LP silect plastic package (inch dimensions, see page 50 for metric dimensions)

package will

PRTR) & sedies
Ct :r!uuuuﬁy

e exhibits stable charact

0205  0.135
0178 MIN - = = = - +—
A A ] -
L o.mogo.oosjr—
0.210 _’L_
0.210 0.500 MIN
070 0.050 40.005 - 3LEADS

0.017 £ 0.003 WIDE
0.015 £ 0.0005 THICK

NOTES: A. Lead dimensions are not controlled in this area.
B. All dimensions are in inches.

P plastic dual-in-line package (inch dimensions, see page 50 for metric dimensions)

This dual-in-line package consists of a circuit mounted on an 8-lead frame and encapsulated within a plastic compound.
The compound wili withstand soldering temperature with no deformation and circuit performance characteristics
remain stable when operated in high-humidity conditions. The package is intended for insertion in mounting-hole rows
on 0.300-inch centers. Once the leads are compressed to 0.300-inch separation and inserted, sufficient tension is
provided to secure the package in the board during soldering. Silver-plated leads require no additional cleaning or

processing when used in soldered assembly.

8-PINP PLASTIC
(INCH)
le—— o40omax ——of
ararirm
INDEX DOT
b NOTES: a. Each pin is within 0.005 radius
t o OO B e T e
u i aximu
(Sea N ;
ous @ @ @ @ material condition and unit
0.250 £ 0.010: 8 PLACES installed.
b. All dimensions are in inches
unless otherwise noted.
0.200 MAX
J—s ING PLANE —
EATING
GAUGE PLANE o 10,,,,, _.i :.g:a‘zg;
‘°o0* 3030 (sea Note ) mm MIN
8PLACES
0,018 £ 0.003
0011+ 0,003 e“,[“,{'gzg * " ‘“’ BPLACES
8PLACES (See Nota 2}

40 TEXAS INSTRUMENTS
INCORPORATED
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222



LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

1 for metric dimensions)

[$)]

N plastic dual-in-line package (inch dimensions, see page

=

[

These dual-in-line packages consist of a circuit mounted on a 14-or 16-lead frame and encapsulated within an
electrically nonconductive plastic compound. The compound will withstand soldering temperature with no deformation
and circuit performance characteristics remain stable when operated in high-humidity conditions. The packages are
intended for insertion in mounting-hole rows on 0.300-inch centers. Once the leads are compressed and inserted,
sufficient tension is provided to secure the package in the board during soldering. Silver-plated leads (—00) require no
additional cleaning or processing when used in soldered assembly.

14-PIN N PLASTIC 16-PIN N PLASTIC
0,870 MAX
OOOOO®OO
0770 NAYATAVATAVAVAYA
0710 s
@@@ @@@ 0300 | n.m)awNDm-—«E
FaPaRPaPaPaPaPal oo 0160 NOM |
- 0.250 £ 0.010
€ 00 0093 & NOW—F%) - 0.080 NOM OOOOOOO®
Pred 0110 NOM. > [« 0.070MAX 16 PLACES
=% ¥ [N
10250 £ 0010 0,010 NOM 0.020MIN
lolelo]olelolo; oz
—SEATING PL
4’1 "‘ ooso Nom -»| je-0070 MAX 14 PLACES 1058 ¥ 0033 MIN
it ¥ T 3 o »%ss_,“, 16 PLACES
I 0.011 £ 0.003
0010 NOM o.zno'MAxnmoimN 16 PLACES 0125 MIN L +fle-oome. 0003
o o 0095 |
% ongmm T ﬁ‘ii”-ﬂé‘é‘ sPLAGES P N
o £ -
1 Puaces o‘o‘“"uocgga L | _L i |"ql“‘“o.omto,oo: ) ALTERNATE SIDE VIEW
F3 :::: L0078 | R T T 1 PLaces ':;::;::g';":z of —»| e 0070 MAX 16 PLACES
: 7 PLACES ¢ _4:'3\2:5 altorative sideviews) is “wfmx 0,020 MIN
PIN SPACING 0100 TP . - I
vt at the option of T 1 HJ_ H HJ{‘
1 “ { i 0.033 MIN
* Ui U 12ptaces
0.126 MIN [ 0.018 £ 0.003
16 PLACES
0% = pin sPACING 0100 T
4PLACES (Sos Nota a)

Falls Within JEDEC TO-116 and
MO-001AA Dimensions

QUAD-IN-LINE LEAD CONFIGURATION

< 0]

® [ ®

®<q O]

® > NOTES: a. Each pin center line is located within 0.010 of

@] 0o its true longitudinal position.

q ﬂ :?8 b. All dimensions are in inches unless otherwise
noted.

& 0.300 2
mej

0210 MAX

SEATING
PLANE

0.100 mi
N

0.100

0.100

+0015 <0018
0.200_ {,. 0200
2001510015

z
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

ND plastic package (inch dimensions, see page 52 for metric dimensions)

This dual-in-line package consists of a circuit mounted onan 8-lead, 2-tab frame and encapsulated within a plastic

compound. The compound will withstand soldering temperature with no deformation and circuit perfor
characteristics remain stable when nnnraf’—\rﬁ in Hmh hum:.—\hh;

paciage is intende

inGuiiing rows on 0.300-inch centers. Once the ieads are compressed to 0 300-inch separation and inserted, sufficient
tension is provided to secure the package in the board during soldering. Pin positions 3, 4, 5, 10, 11, and 12 are
occupied by two tabs which facilitate attachment of heat sinks. Silver-plated leads require no additional cleaning or
processing when used in soldered assembly.

ND PLASTIC
(INCH)
P® 00
aa— 18408
€ o0300__ ¢
i oo =)
nom S E—J9F
®® @0
t(7.!‘)‘!(2 NOM 0.200 MAX ] Ev’LACES
SEATING PL, ‘ ”.MOM‘L _]
D.IZS’MIN , = ”‘GG&'M
4 U UL | 'U" 8PLACES

0.011+ 0.003 0.075. Lucsl o m-' _’I I"
10 PLACES 0,020 — 2 0.018 : 0.003
‘-',“L:ZgEs 2PLACES 8 PLACES
0.100 TP t—n.soo TP
4PLACES TABg

NOTES: a. Each pin (or tab) center line is located within
0.005 of its true longitudinal position (T.P.)
b. All dimensions are in inches unless otherwise
noted.

QUAD-IN-LINE LEAD CONFIGURATION

® 1J0)
® 1O]
® [ 10O)
O 1230}

SEATING
PLANE

0.100 MiN

i

0.100, 0100

10018 10015
0200 L, 0200
1001810015

All dimensions are in inches

TEXAS lNSTRUMENTS

INCORPORA
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

U ceramic flat packages (inch dimensions, see page 53 for metric dimensions)

These flat packages consist of a ceramic base, ceramic cap, and 10- or 14-lead frame. Circuit bars are alloy-mounted.
Hermetic sealing is accomplished with glass. Tin-plated leads require no additional cleaning or processing when used in

soldered assembly.

10-PIN U 14-PIN U
(INCH) (INCH)
@O, .. OEEOEOE
—wffe—0% 10 LEADS 10 LEADS D012 | ja— l‘"f_?sff"’vlfa " . !‘1[:00‘% ;: LEADS 1 s
0350 o.:]so
0.200 0.200
_____________ = DATE CODE e e e e e -l FA FA FA F{F 4] DATE cODE
1
A
0. XXXX 0250 0.300 __-,j XXXX IJ
1.000 2.2% .000
9 (ee Note c) 0235 05 NS:‘;] e g.;g:
ALTERNATE
L
(5 AP — 0080 e R N R 8

[k .
0.350 0.350
0.21 0.200

0.050 L Y y _L L U

[t - b—(s“n,f": b ___"‘% %-—1 == - '—3;3?5‘ 14 LEADS

Falls Within 00000 Faswithin ~ O@OOOO®
JEDEC MO-004AE Dimensions JEDEC MO-004AA Dimensions

NOTES: a. All dimensions are in inches.
b. Leads are within 0.005 radius of true position (TP) at maximum material condition.
C. These dimensions determine a zone within which all body and lead irregularities lie.
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LINEAR CIRCUITS

ORDERING INSTRUCTIONS AND MECHANICAL DATA

W ceramic flat packages (inch dimensions, see page 54 for metric dimensions)

These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap, and a 14-
16-lead frame. Hermetic sealing is accomplished with glass. Tin-plated {“bright- ed””) leads {—00)} require no
cleaning or processing when used in soidered assembiy.
14-PIN W CERAMIC 16-PIN W CERAMIC
(INCH) (INCH)
OOOE@O®E
DEG@HO@EE oans Il L1 oma
e 0050 TP !EnL:‘;:Ds T
14 LEADS 12 PLACES
0350
0315 0310
0.270 J
BASE AND 0019
SEATING 0019 [+ o015
PLANE \ 1\_ —_——]— e — = | 10 emDs g::;ﬁgovuws\_‘ A B N —— = LI 6 tERos
I ]
0.275 (See Ng?n d)|  (see
0860 (Noted)|  note ) ) b Note b ™)
0.840 0.265 0.285
023 0.247
| I !
IR I S | D QAN NS R - 0 L
358+ F I LI JF T
0315
0.270 %%
some b 0350 "F% LJ HH“HH' 0.025
0.020 0.350 5 0.040 - by
@@@0(357@@@ 4PLACES 0.020'.‘ j— g;—;ﬂ: 4'9._113!5
0/0]0/0/0/00]0;
Falls Within ) ) Faiis Within
JEDEC MO-004AA Dimensions JEDEC MO-004AG Dimensions

NOTES:

a. All dimensions are in inches,

b. Index point is provided on cap for
terminal identification only.

c. Leads are within 0,005 radius of
true position (TP) at maximum
material condition.

d. This dimension determines a zone
within which all body and lead
irregularities lie.

16 PIN

TEXAS lcNSTRUMENTS

ORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

0.100 in (2.54 mm)
0.050 in (1.27 mm)

0.200-DIAMETER STANDARD
LEAD CIRCLE FOR TO-99

PIN 1
Dip

TYPICAL
P.C. BOARD
LAYOUT
0.050 in (1.27 mm)
0.200in 0.300 in
(5.08 mm) DA (7.62 mm) P'A
STD LEAD CIRCLE SPREAD LEAD

PATTERN FOR
TO-99

FOR TO-99

(7.62 mm)
STD MOUNTING
PATTERN FOR

8-PIN DIP

(7.62 mm)
STD MOUNTING
PATTERN FOR

8-PIN DIP

0.300-DIAMETER SPREAD
LEAD CIRCLE FOR T0O-99

PRINTED CIRCUIT BOARD PATTERN THAT ALLOWS
INTERCHANGEABILITY OF 8-PIN DUAL-IN-LINE
PACKAGE WITH TO-99 PLUG-IN PACKAGE

676
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS

AND MECHANICAL DATA

J ceramic dual-in-line packages (metric dimensions, see page 36 for inch dimensions)

T hese hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 14-or 16-lead frame. The

circuit bar is alloy-mounted to the base and hermetic sealing is accomplished with alass. The packages are intended ‘for
in mounting-hole rows on 7 62-mm centers, i

inserti

provided io secure the package in the board during soidering.

(\nna the h-:v#.-

additional cleaning or processing when used in soldered assembly.

lin-plated {“bright-dipped’’) leads {—00) require no

14-PIN J CERAMIC 16-PIN J CERAMIC
(METRIC) {METRIC)

POOOOOQ

(ofeleloleo)O)
ARNARNARA IEVLVLVLVLY-LY

0.63R NOM ¢ ¢ 063 R NOM~]
Y s >
le- 288 VUV UTYY m RATATATATS
™ m [oJejoJolelo]u] o (0JoJoloJ6XOX0J0)
| | [ 177 max 1apLaces _'1 [+ 2o _.l I‘"n MAX T6pLACES
& L e s S
o d 051 0.77 MIN
u‘l’%?;c:s 0356 :MEI:’ lr "J:KZ'?; |SP9I?N:ES/J o356 LL.) ot l U1 Urzpraces
—\\‘:‘%3.0 s ol 2 e >{}e- 3524 1apraces "0 5 oa0 MIN o581 Pw:ss-u“lt—
MIN  4PLACES 4PLaces i
PIN SPACING 2.54 T.P.
(St PIN SPACING 254 T.9. 127 s praces
(Soa Note )
Falis Within JEDEC TO-116 and
MO-001 AA Dimensions

NOTES: a.

. All dimensions are in

Each pin center line is located within 0.26 mm
of its true longitudinal position.

millimeters uniess
otherwise noted. These dimensions are for
reference only. Inch dimensions govern.

TEXAS lcN STRUMENTS
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LINEAR CIRCUITS

ORDERING INSTRUCTIONS AND MECHANICAL DATA

JG ceramic dual-in-line package (metric dimensions, see page 37 for inch dimensions)

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and 8-lead frame. The package is
intended for insertion in mounting-hole rows on 7.62-mm centers. Once the leads are compressed and inserted,
sufficient tension is provided to secure the package in the board during soldering. Tin-plated (“bright-dipped”’) leads

require no additional cleaning or processing when used in soldered assembly.

8-PIN JG CERAMIC

MIN - 4PLACES b\ SPACING 254 T.P.

(See Note a)

o102 |
9.0
QG NOTES: a. Each center line is located within 0.26-mm of its
IAWAWANA) true longitudinal position
064 R NOM N b. All dimensions are in millimeters unless other-
. wise noted. These dimensions are for reference
¢ 7388 ,1 VUV only. Inch dimensions govern.
N (0J6J6JO)
622
—‘ﬂ 1.78 MAX 8 PLACES
— i 1.27 NOM [
], GLASS
5.08 SEALANT
M;X ,j_
&5” - SEATING PLANE U.5|5 0.76 MIN
90° 036 MIN 8PLACES
8 PLACES == .
> 520 165 ) |- 552 arLaces
8PLACES 330~ 038

KA (TO-3) package (metric dimensions, see page 37 for inch dimensions)

ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE
(METRIC)

7.92MIN

1143
13.34 R MAX 635 109 ADS
096 DIA 2 LE,
U S |
5.

2223 A
C—

MEASUREMENT POINT

All dimensions are in millimeters
These dimensions are for reference only. Inch dimensions govern.

2667MAX  max 7
[T 520 t
i A n.18
4.78 R MAX 10,67
BOTH ENDS 343 MAX —.‘
SEATING PLANE CASE TEMPERATURE

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222
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LINEAR CIRCUITS

ORDERING INSTRUCTIONS AND MECHANICAL DATA

KC (TO-220AB) package (metric dimensions, see page 38 for inch dimensions)

THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WiTH THE MOUNTIN
FALLS WITHIN JEDEC TO-220A8 DIMENS!

N
@
=]
=
>

228 ! 7 F
Y ———— ' H
T 1 |
5.34 10.67
T X = + e
c—— — — |
2.80 | l A l
228 Je— 635 _y)
MAX 3.05
254
14.28 .
12.70
15.88
14.22
6.86
g_-;_g 582>
> :
———————— | 4.83
? I 3.55
11 )
| ¥
293 1.40
203 All dimensions are in millimeters. 0.51

These dimensions are for reference only. Inch dimensions govern.

NOTE: Notches may or may not be present.

{(METRIC)
0.81£0.08
3PLACES 0.635 R NOM
2PLACES 374 5ia
178 (SEE NOTE) 353

KD (TO-202AB) package (metric dimensions, see page 38 for inch dimensions)

FALLS WITHIN JEDEC TO-202AB DIMENSIONS

THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB

4.83
4.06

1.27
NOM

127
3.23 DIA CASE TEMPERATURE 1.563 MAX NOM
3.12 MEASUREMENT POINT
— —1.27 MIN 2.67 —»
241
! —
7.88 }\ \ ’
586 1: [ ———— 1
394 13} 16 | i ]
l 343 ?i
3.94 1.14 g%:‘
2.4 13.21 8.13 .89 )
1219 7n |
g 21.34 : 10.67
19.30 9.
056 056
0.45 i 0.45
-T]: — ———————— T

All dimensions are in millimeters

These dimensions are for reference only. Inch dimensions govern.

Els|
2§

9.40
8.38
18 _l

e | ]

1. Emitter
2, Base
3. Collector

s—]
o]

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

L and LA plug-in packages (metric dimensions, see page 39 for inch dimensions)

These hermetically sealed plug-in packages each consist of a welded metal base and cap with individual leads secured by
an insulating glass sealant. The gold-plated leads (—00) require no additional cleaning or processing when used in
soldered assembly.

8PINL 10PINL
(METRIC) (METRIC)

a2 0482
o 428 oy 0482 i [N
420 fe 101 0.407 oA 101 04z
maX | I max
i s 4odMAXDIA
—— é
=]
850 bl 850 939,
735 o =3 sure * ) 78 O I=—1F =
] —_
I:v [— = 120
7

5
4
Tl

b 127 MIN ——

All dimensions are in millimeters unless otherwise noted. All dimensions are in millimeters unless otherwise noted.
These dimensions are for reference only. Inch dimensions govern. These dimensions are for reference only. Inch dimensions govern,
Same as JEDEC TO-99 and Same as JEDEC TO-100 and
MO-B02AK except for MO-006AD except for
diameter of standoff diameter of standoff

3-PINLA
(METRIC)

420

a0 127N

‘ - CASE TEMPERATURE 5087

—— 'MEASUREMENT POINT

839 a‘&a 1
W Gon e
} )

| [+ 1.52mAx 3LEADS
s
P

EATING
LANE

Same as JEDEC TO-39
except for reduced can height

All dimensions are in millimeters unless otherwise noted.
These dimensions are for reference only. Inch dimensions govern.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX S012 « DALLAS, TEXAS 75222
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

LP silect plastic package (metric dimensions, see page 40 for inch dimensions)

The silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will
withstand soldering temperatures without deformation. The oackaqe exhibits stable characteristics under high-humidity

ng MIL-STD-202C, Methiud 1

(METRIC)
— 2.54 (NOTE A) ’
r— 2.87
2.03
T ' . K
5.21 3.43 _ — — - _ Y
244 MIN =
¢ 7 | AN
2.54 +0.13
5.34 r
l¢ S5 —>le—— 127MIN
4.32 1.27 +0.13 3 LEADS

0.43 £ 0.08 WIDE
0.38 + 0.014 THICK

NOTES: A. Lead dimensionsare not controlled in this area.
B. All dimensions are in millimeters. These
dimensions are for reference only. Inch

dimensions govern.

P plastic dual-in-line package (metric dimensions, see page 40 for inch dimensions)

This dual-in-line package consists of a circuit mounted on an 8-lead frame and encapsulated within a plastic compound
The compound will withstand soldering temperatuie wiilh no deformation and circuit perform S
remain stable when operated in high-humidity conditions. The package is intended for insertion in mounting-hole rows
on 7.62-mm centers. Once the leads are compressed to 7.62-mm separation and inserted, sufficient tension is provided
to secure the package in the board during soldering. Silver-plated leads require no additional cleaning or processing
when used in soldered assembly.

8-PIN P PLASTIC
(METRIC)
F— 1016 026 ——sf
| M
NOTES: a. Each pin is within 0.127 mm
INDEX DOT radius of true position (T.P.) at
4 the guage plane with maximum
< material condition and unit
76271 LTI T i
(See Note a) installed.
@ @ @ @ b All dimension are in millimeters
6351 0.26 1.77 MAX 8 PLACES unless otherwise noted. These
dimensions are for reference
I I only. Inch dimensions govern.
5.08MAX
4 =
SEATING PLANE
GAUGEPLANE 7. L og _.l g.:t ré:s

330 (SoeNotes) MiIN  MIN

! E—
X\e- 0279+ 0078 ..z ‘.E‘.EELH "l |" oB“P’L:gE"s, °

- 'y
8PLACES (Soe Note a)

'90°
8 PLACES

TEXASl INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

N plastic dual-in-line packages (metric dimensions, see page 41 for inch dimensions)

These dual-in-line packages consist of a circuit mounted on a 14- or 16-lead frame and encapsulated within an
electrically nonconductive plastic compound. The compound will withstand soldering temperature with no deformation
and circuit performance characteristics remain stable when operated in high-humidity conditions. The packages are
intended for insertion in mounting-hole rows on 7.62-mm centers. Once the leads are compressed and inserted,
sufficient tension is provided to secure the package in the board during soldering. Silver-plated leads (—00) require no
additional cleaning or processing when used in soldered assembly.

14-PIN N PLASTIC 16-PIN N PLASTIC
(METRIC) (METRIC)
PO EODOO
AYATAVAVAVAVANA
i1 ¢
2 S o ==
RRRRRRR o e LORPRR0Y

¥
¢ ¢ 2.36 R NOM —_—l% E, ostmn |||
e 2.79 NOM F n omtom " E'”'M g T
X . ¥
|- 6354026 OOOOOOO® A “ \ ; T2PeacEs

16 PLACES 2794 0.076 -
- 2.03 Nom Sulle 16 PLACES 217N - ods7.+ 0076
«-i i-— 1.77 MAX 14 PLACES 6 PLACES
. 241
e

—[ 1 I l . PIN SPACING 2.54 T.P,
0.51 MIN
0.25 NOM 6.08 MAX 4 PLACES (See Note a)
|— SEATING PLANE ALTERNATE SIDE VIEW
108° 0,083 MIN Package configuration of 1.77MAX 16 PLACES
a0 14PLACES 16:pin N package (100 il

14PLACES lle—0.2704076 ]

0.457 £ 0.076 altemative sideviews) is * 0.51 MIN
ls-.Ir::::AcC.E,: d) 37N b 14 PLACES at the option of T1. S-W&MAX '
5 (See Notes ¢ and d) T
20
4PLACES PIN SPACING 254 TP. ; | P
(See Note a) ' 12 PLACES

3A7TMIN —wf |- 04572 0.076
16 PLACES

241

033 1 PN sPACING 254 TP,
4PLACES (See Note a)

Falls Within JEDEC TO-116 and
MO-001 AA Dimensions

QUAD-IN-LINE LEAD CONFIGURATION

NOTES: a. Each pin centerline is located within 0.26 ' mm
of its true longitudinal position.
b. All dimensions are in millimeters unless
otherwise noted. These dimensions are for
reference only. Inch dimensions govern.

efelelelololo)

[OJoJoXoJoJole]

13 762 &
T w02 ‘1

533 MAX

SEATING
PLANE

288 M1
4

254 54

. 2
038 1038
508 | 508
+038 T 1038

H
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

ND-package (metric dimensions, see page 42 for inch dimensions)

This dual-in-line package consists of a circuit mounted onan 8-lead, 2-tab frame and encapsulated within a plastic
compound, The compound will withstand soldering temperature with no deformation and circuit performance
tics remain stabie when operated ir

character o

e 5. The Pﬁur\auu is int

mouniing-hole rows on 7.62-mm centers. Once the ieads are compressed to 7.62-mm separation and inserted, sufficient
tension is provided to secure the package in the board during soldering. Pin positions 3, 4, 5, 10, 11, and 12 are
occupied by two tabs which facilitate attachment of heat sinks. Silver-plated leads require no additional cleaning or
processing when used in soldered assembly.

ND PLASTIC
(METRIC)
196
180
® ® ®
AT ) S— LR L
nz_,
04 236 RNOM ——t
6351 0.26 2-79"0”_?4
| —— P EdR Y
7 ] ©° @
L =R
a ozsnoM SOBMAX  ggimin '3 | [
o 7 ﬁﬁ
397 MIN Jormin
o pLAcEs BPLACES
e g | b o

264 Te. —fa—n] 7627TP.
4PLACES TABG

fa——— 1524 TP,

NOTES: a. Each pin (or tab) center line is located within
0.127 mm of its true longitudinal position
(T.P.)
b. Ail dimensions are in millimeters uniess
otherwise noted. These dimensions are for
reference only. Inch dimensions govern.

QUAD-IN-LINE LEAD CONFIGURATION

]

[f
10

¢ 7862 &
{* w02 “I

533 MAX

@6
@0

i w——

®6
(©]0)]

SEATING
PLANE

254 MIN

b

254 254
1038 L J 038
5.08 5.08
<038 T 038

All dimensions are in millimeters.

TEXAS INSTRUMENTS
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

U ceramic flat packages (metric dimensions, see page 43 for inch dimensions)

These flat packages consist of a ceramic base, ceramic cap, and 10- or 14-lead frame. Circuit bars are alloy-mounted.
Hermetic sealing is accomplished with glass. Tin-plated leads require no additional cleaning or processing when used in
soldered assembly.

10-PIN U 14-PIN U
(METRIC) (METRIC)
@000, PEEOEEO,
0162 10 e aps 0482 127 TP, 0152 44 LeADS 27T,
oo 10 LEADS 5381 M [+ (See Note b} g X771 n (15:: vIoPm b
889 889
.08 508
_____________ L DATE CODE —--—-‘—~—-————-—{L-- -l - A R A DATE CODE
B |
/ I | /I
254 762 00 635 254 76 L x| 603
2 (See Note c) 5.96 b (See Note ) :43 ’&_ 596
ALTERNATE
i < INDEX POINTS 1 L INDEX POINTE l
203 'l::' """"""" il 203 _L__- __________ F e
T i 727 7|
8.89 889
T05 08
127 -L 063 127 _| ‘l- - ¥
o e e 525, 0 Tl 000 o -] -—% 14 LEADS
Falls Within Falls Within
JEDEC MO-004AE Dimensions JEDEC MO-004AA Dimensions

NOTES: a. All dimensions are in millimeters. These dimensions are for reference only. Inch
dimensions govern,
b. Leads are within 0.13 mm radius of true position (TP) at maximum material
condition,
c. These dimensions determine a zone within which all body and lead irregularities
lie.

TEXAS lNSTRUDM ENTS 53
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

W ceramic flat packages (metric dimensions, see page 44 for inch dimensions)

These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap, and a 14- or
with glass.

16-lead frame.

Hermetic sealing is accompllshed

Tin-plated

(“bright-dipped”’) leads {—00) req

SEATING
PLANE

14-PIN W CERAMIC
(METRIC)

ceeloloo

6077 =i k—-f— 12770
14 LEADS - 12 PLACES
(See Note c)

e L e

7.0
(See (see 4
218
373 Note d) Note b) ;
673
597

g5
L]
—f
T
I
Il
I
|
!
i
o \
E—
als J
: 1
::]
—————
——————

” 0.63

gl
1 ]

-

Iz

4PLACES

Falls Within
JEDEC MO-004AA Dimensions

16-PIN W CERAMIC
(METRIC)
@@@@@@O

vo77 I [

| i.2i TP
16 LEADS T abuaces
(See Note c)
889
7"37
BASE AND
PeANE . - _ J iuu““ﬂ “ﬂ el
PLANE B — % LEADS
e (Ses Nte ) (See
2a . Noz-hr\g
_7
— — - - A
203
127
889
787
102 - J “ ” ” H 0.63
051 }“ 10.16 =1 oz
W—J 4PLACES
OO 0000010
Falls Within

JEDEC MO-004AG Dimensions

NOTES:

a. All dimensions are in millimeters.
These dimensions are for reference
only. Inch dimensions govern,

b. Index point is provided on cap for
terminal identification only.

c. Leads are within 0,13 mm radius of
true position (TP) at maximum
material condition,

d. This dimension determines a zone
within which all body and lead
irregularities lie.

16 PIN

TEXASININSTRUMENTS

CORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

676



Operational
Amplifiers



56



676

OPERATIONAL AMPLIFIER SELECTION GUIDE

OPERATIONAL AMPLIFIERS

A

Input Offset Input Offset Input Bias . Slew Rate at
Bandwidth . B
Voltage Current Current Unity Gain
MAX MAX MAX TYP TYP
(mV) (nA) (nA) (MHz2) (V/us)
LM101A, LM301A 7.5 50 250 1 0.5
LM107, LM307 7.5 50 250 1t 0.5t
LM118, LM318 10 200 500 15 70
LM2902 10 50 —500 1 0.5
TLO89 0.15 0.6 1 3 10
Single TL702 10 5,000 15,000 30 1.7
uA702 2 500 5,000 30 1.7
uA709 7.5 500 1,500 10 0.3
uA741 6 200 500 1 0.5
uA748 6 200 500 1 0.5
uA777 5 20 100 1 0.5
LM158, LM358 7 50 —250 1 0.5
LM2904 10 50 —500 1 0.5
Oust MC1458 6 200 500 1 0.5
RC4558 6 200 500 3 1
TLO22 5 80 250 0.8 0.5
uA747 6 200 500 1 0.5
LM124, LM324 7 50 —250 1 0.5
Quad RC4136 6 200 500 3 1
TLO44 5 80 250 0.8 0.5
OPERATIONAL AMPLIFIERS WITH JFET INPUTS
Input Offset Input Offset Input Bias Bandwidth Slew Rate at
Voltage Current Current Unity Gain
MAX MAX MAX TYP TYP
(mV) (nA) (nA) (Hz) (V/us)
LF155, LF355 10 0.05 0.2 2.5 5
LF155A, LF355A 2 0.01 0.05 2.5 5
Single LF156, LF356 10 0.05 0.2 45 12
LF156A, LF356A 2 0.01 0.05 4.5 12
LF157, LF357 10 0.05 0.2 20 50
LF157A, LF357A 2 0.01 0.05 20 50
LF2155, LF2355 10 0.05 0.2 25 5
Dbual LF2155A, LF2355A 2 0.01 0.05 2.5 5
LF2156, LF2356 10 0.05 0.2 4.5 12
LF2156A, LF2356A 2 0.01 0.05 4.5 12
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

Input Offset Voltage (V}0)

The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to zero.
NOTE: The input offset voltage may also be defined for the case where two equal resistances (Rg) are inserted in series
with the input leads.

Average Temperature Coefficient of Input Offset Voltage (ay/|Q)

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)) — (Vi @ TA(2)
TA() —TA(2)

avio = where T (1) and TA(2) are the specified temperature extremes.

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 (a|0)

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.

(ho@Ta() —(ho@Ta(2))

where Ta(1) and Ta(2) are the specified temperature extremes.
Ta( —TA@2)

a0

Input Bias Current (I|g)
The average of the currents into the two input terminals with the output at zero volts.
Input voltage Range (V))

The range of voltage that if exceeded at either input terminal will cause the amplifier to cease functioning properly.
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 (Vip)

The voltage at the noninverting input with respect to the inverting input.
Maximum Peak Output Voltage Swing (Vonm)

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.
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

Large-Signai Voitage Ampiification {Ay)

The ratio of the peak-to-peak output voitage swing t

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.
Viaximum-Ouiput-Swing Bandwidth {Bowm)

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 voljcage 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 (Ap)

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 (rj)

The resistance between the input terminals with either input grounded.
Differential Input Resistance (riq)

The small-signal resistance between the two ungrounded input terminals.
Output Resistance (rg)

The resistance between the output terminal and ground.
Input Capacitance (C;)

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.
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

Common-Mode Rejection Ratio (kcpmRr, 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 (kgys, AVi0/AVee)
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 sensitivity.
Supply Voltage Rejection Ratio (ksyR, AVCG/AVio)
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 rejection ratio.

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 (i)
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.

Short-Circuit Output Current (1gg)

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 V¢ ¢ or VCC+ 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: At no load: Pp = Vge+ * lcc+ + Vee- - lce—

Channel Separation (Vg1/Vo2)

The ratio of the change in output voltage of a driven channel to the resulting change in output voltage of another
channel.
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

Rise Time (t,)

The time required for an output voltage step to change from 10% to 90% of its final value.
Totai Response Time {Settiing Time) (tyo¢)

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 (t€) 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 steﬁ-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.

TEXAS INSTRUMENTS
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TYPES LF155, LF155A, LF156, LF156A, LF157,
LF157A, LF255, LF256, LF257, LF355,
LF355A, LF356, LF356A, LF357, LF357A
JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612387, JUNE 1976

LINEAR
INTEGRATED CIRCUITS

' II-I-TI A .

Rugged JFET's Aliow Biow-Out-Free °
Handling Compared with
MOSFET-Input Devices

e Offset Adjustment Does Not Degrade . Lo .
a V10 or Common-Mode Rejection e High Common-Mode Rejection Ratio

as in Most Bipolar Amplifiers e High DC Voltage Gain . .. 200 V/mV Typ

No External Frequency Compensation Required

Low Input Offset Voltage Temperature
Coefficient .. .5 uV/°C Typ

e High Input Impedance . . . 1012 @ Typ

e Low Input BiasCurrent . . . 30 pA Typ °
¢ Low Input Offset Current...3pATyp e Low Equivalent Input Noise Current

quick selection guides

TYPES OPERATING FREE-AIR TEMPERATURE RANGE MAX OFFSET VOLTAGE
—55°C to 125°C | —25°C t0 85°C | 0°Ct070°C |23 mV | 25mV| 65mV| 7mV | 13 mV
LF1__A ° °
LF1__ . O
LF2__ ’ . .
LF3__A . .
LF3__ . .
TYP BANDWIDTH TYPV, TYP TYP SLEW RATE
TYPES [Ay=5 Ay =1 =100 Hz Ice Ay=5 Ay =1
20 MHz | 4.5 MHz | 2.6 MHz | 15 nV/\/Hz | 25 nV/\/Hz | 2mA | 5 mA |50 V/us [12 V/us [ 6 V/us
‘65, ‘55A ) ° . .
'56, '56A . . ° °
'57,'57A L] . L] .
description IGORP L
DUAL-IN-LINE PACKAGE PLUG-IN PACKAGE

These monolithic JFET-input operational amplifiers (TOP VIEW) (TOP VIEW)
incorporate  well-matched, high-voltage BI-FET
technology (JFET's on the same chip with standard
bipolar transistors). The devices feature low input
bias and offset currents, low offset voltage and offset BT 65
voltage temperature coefficient, coupled with offset
adjustment that does not degrade temperature co-

efficient or common-mode rejection. The devices are L
also designed for wide bandwidths, high slew rate,
extremely fast settling time, low equivalent input
noise voltage and current, and a low 1/f corner. 1H2H3Ha

BAL. INV NON- Vgo_
ANCE INPUT NV
INPUT

OuUT- BAL-
NC_ Vecs PUT ANCE

PIN 4 1S IN ELECTRICAL
CONTACT WITH THE CASE

The LF155, LF155A, LF156, LF156A, LF157, and
LF157A are characterized for operation over the full
military temperature range of —55°C to 125°C; the
LF255, LF256, and LF257 are characterized for
operation from —25°C to 85°C; the LF355, LF355A,
LF356, LF356A, LF357, and LF357A are
characterized for operation from 0°C to 70°C.

NC-—No internal connection

676
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TYPES LF155, LF155A, LF156, LF156A, LF157, LF157A, LF255,

LF256, LF257, LF355, LF355A, LF356, LF356A, LF357, LF357A

JFET-INPUT OPERATIONAL AMPLIFIERS

schematic
BALANCE
{1 ,
f T 1 T T H
L L L
Ch \
4
>
ha,
b 0—————‘
mmFt ﬁ \-
Pl
qu';XT‘"' R >_‘Ie__ ¥ 1( 259
o] 1 B e
VY 1
300 300

e

—O OUTPUT

-0 Vee—
Component values shown are nominal, ‘\11—7
tC1 =2 pF on LFi57, LF157A, LF257, L F357, and LF35874, 4
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
LF1—- tr— | Y27 lunir
LF1——A LF3——A
Supply voltage Vcc+ (see Note 1) 22 22 18 Y
Supply voltage Vcc— (see Note 1) -22 -22 —-18 v
Differential input voltage (see Note 2) +40 +40 +30 \
Input voltage (see Notes 1 and 3) +20 +20 +15 \
Duration of output short-circuit (see Note 4) unlimited unlimited unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 670 670 670 mW
Operating free-air temperature range —55t0 125 | —25 to 85 0to 70 °c
Storage temperature range —65 to 150 | —65t0 150 | —65t0 150 | °C
Lead temperature 1/16 inch from case for 60 seconds JG or L package 300 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds P package 260 260 260 °C

NOTES: 1. All voltage values, except differential voltages, are with respect to the zero reference level (ground) of the supply voltages where
the zero reference level is the midpoint between Voot and Voo—.

AWON

dissipation rating is not exceeded.

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
. The output may be shorted to ground or either supply. Temperature and/or supply voltages must be limited to ensure that the

5. For operation above 25°C, free-air temperature, refer to Dissipation Derating Curves, Section 2. This rating for the L package
requires a heat sink that provides a thermal resistance from case to free-air, Rgca, of not more than 105°C/W.
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TYPES LF155, LF156, LF157, LF255,
LF256, LF257, LF355, LF356, LF357
JFET-INPUT OPERATIONAL AMPLIFIERS

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

PARAMETER TEST CONDITIONSt - Lh_ LF2_— LFS_— UNIT
MIN TYP MAX [MIN TYP MAX [MIN TYP MAX
\ Input offset voltage Rs=500 3 5 3 5 2 10 mV
et vi
0 [Inputolis 9 Rg=50,  TA = full range 7 65 13
Temperature coefficient
Rg =50 Q, Ta = full e 5 5 5 v/°C
avio of input offset voltage s A = Jullrang k
Change in temperature
ayig _onoen temb uvre
——-—-AV coefficient with offset Rg=50Q 0.5 0.5 0.5 —
m
10 voltage adjustment
3 20 3 20 3 50 pA
ho Input offset current
TA = full range 20 1 2 nA
| | ¢ bi " 30 100 30 100 30 200 pA
rren’
'8 nput bias curre TA = full range 50 5 8| nA
) +11  +15 +11  +156 +10 +16
Common-mode input
ViCcR oitage ram to to to to to to \
\'
9¢ range -1 -12 -1 -12 10 —12
Maximum peak-to-peak
VoPp ” Vees: =#15V, R =10 ke 24 2 24 26 24 26 v
output voltage swing
\ =+15V,
Large-signal differential CCx Ta=25°C 50 200 50 200 25 200
AVD i lificati RL=2ka, o range | 25 % 5 Vimv
voltage amplification Vo = +10 V A = full rang
‘65 25 2.5 2.5
B4 Unity-gain bandwidth '56 4,5 4.5 4,5 MHz
‘57 20 20 20
[ Input resistance 1012 1012 1012 Q
Ci Input capacitance 3 3 3 pF
C -mode rejecti
CMRR _ommen-mocde relection) g _s0q 85 100 8 100 80 100 dB
ratio
S | jecti
ksyg® UPPIV voltage rejection 85 100 85 100 80 100 dB
ratio
Rs =100 £, ‘65 25 25 25
vy Equivalent input noise f=100Hz '5?, '57 15 15 15 nV/\/H—z
voltage Rg =100 &, 55 20 20 20
f=1kHz '66, '67 12 12 12
Equivalent input noise f=100 Hz 0.01 0.01 0.01
I VH
n current T=1knz 0.01 0.01 0.01 PA/VHz
| Suppl rrent No load, ’55 2 4 2 4 2 4 A
n
cc UpPly cu No signal 56, '57 5 7 5 7 5 10| "

*ksvR = AVcci/AV)o.

T All characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, Vcci+ = +15 V to +20 V for
LF1__ and LF2__, Vccs =215 V for LF3__. Full range for T is —56°C to 125°C for LF1__, —25°C to 85°C for LF2__, and 0°C to
70°C for LF3__.

operating characteristics, Vcc+ =15V, Veec—=—-15V, Ta = 25°C

LF1__ LF2__ LF3__

PARAMETER TEST CONDITIONS MIN TYP MAX|MIN TYP MAX|MIN TYP MAX | "V10

3 AV =10V, _ ‘55 a4 4 4
trot L‘:::ll';:s'::‘:)e time e=2001% |AV=T1 [Tee 15 15 15 us

See Figure 1 [ Ay =—-5 67 1.5 1.5 15
Y PP Ay = —1 ‘85 5 5 5

SR Slew rate AV =IO VATV 56l 75 12 75 12 12 V/us
See Figure 2 1o s [57| 30 50 30 50 50
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TYPES LF155A, LF156A, LF157A,
LF355A, LF356A, LF357A
JFET-INPUT OPERATIONAL AMPLIFIERS

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

[N -+] A 2 "
E TEST CONDITIONS e ==t UNIT
FARAMETER MIN @ TYP MAX [MIN TYP MAX
Rs =50 Q 1 2 z
Vig input offset voit: Y
10 put oniset voltage Rs =508,  Ta = full range 25 23
Temperature coefficient of =
Rg=50Q, Ta = full range 3 5 3 5 v/°C
avio input offset voltage S AT 9 u
Ch: in t t fficient v/°C
Aayv|0 .ange in tempera urfe coefficien Rs = 50 @ 05 05 uV/
AVio with offset voltage adjustment mV
i 3 10 3 ie] pA
i Off t
1o input oTTset curren TA —full range 10 1 A
| | ¢ bi rrent 30 50 30 50 pA
npu I n
18 put Bias cu T = full range 25 5| nA
Common-mode input voltage My 15 s
= I
VICR range P ag to to to to \
ang -1 -2 -1 12
Maximum peak-to-peak
Vopp aximum peai-to-pe Veer =15V, Rp =10k 2 26 24 2 v
output voltage swing
. ) . Veex =15V, o
Large-signal differential Ta =25°C 50 200 50 200
Avp It Jificati RL=2ka, = 25 25 V/mv
voitage amplification Vo =110 Vv A = tull range
‘65A 2.5 2,5
B4 Unity-gain bandwidth ‘66A 4 45 4 4.5 MHz
'57A i5 20 15 20
ri Input resistance 1012 1012 Q
C; Input capacitance 3 3 pF
M—
CMRR Common-mode rejection ratio Rg =50 85 100 85 100 dB
€SVYR” Supply voltage rejection ratio T 86 100 85 100 B |
Rg =100 2, ‘65A 25 25
f=100 Hz ‘66A, '67A 15 15
V, Equivalent input noise voltage . V/H
n quivalent input nose voltag Rs =100 2, 55 20 20 nViVHz
f=1kHz ‘B66A, '67A 12 12
f=100Hz 0.01 0.01
In Equivalent input noise current Py 001 000 pA/\/Hz
I Supply current No load, 55A 2 4 2 4 A
cc pply No signal "56A, '57A 5 7 5 10

“ksvR = AVcct/AVio.

T Al characteristics are specified under open-loop operation, unless otherwise’ noted. Also unless otherwise noted, Vo= 15 V to 20 V for

LF1——A and LF3——A. Full range for T is —65°C to 125°C for LF1——A and 0°C to 70°C for LF3—A.

operating characteristics, Voc+ =15V, Vee—=—-15V, TA =25°C

PARAMETER TEST CONDITIONS LF1__A LF3_—A UNIT
MIN _ TYP MAX | MIN TYP MAX
AVp =10V, Ay = —1 '65A 4 4
trot Total response time (settling time) | € = £0.01%, ‘B56A 1.5 1.5 us

See Figure 1| Ay = =5 'B7A 1.5 1.5
AVO =10 V| Ay = -1 ‘B5A 3 5 3 5

SR Slew rate ‘see Figure 2'“ ‘66A 10 12 10 12 V/us
Ay =-5 ‘B7A 40 50 40 50
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TYPES LF155, LF155A, LF156, LF156A, LF157, LF157A, LF255,
LF256. LF257, LF355, LF355A, LF356, LF356A, LF357, LF357A
JFET-INPUT OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

R2 =2kQ V)

AAA

YCC:; +15V

INPUT | ForAy=-1, vi=10V
ForAy =-5, V|=2V

R1
INPUT (O VW~ -

OUTPUT -J

+
| 100 pF T

OuUTPUT
_ R2
VTR
For Ay =—1, R1=2kQ
For Ay =—5, R1=400Q 100% ——
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 1-TOTAL RESPONSE TIME
R2=2kQ
v A,A'A: e e \/|
cc+=+15V puT | ForAv=—1, vi=10v
R1 For Ay =-5, Vi=2V
INPUT (O VWA - — 0V
QUTPUT
+
l 100 pF
= = T 90% ~—A"% 1oV
Vee— =—15V = = OUTPUT : AVO
o+ %
Ay = _..R_2 - = === ov
R1 :‘_t |
For Ay =—1, R1=2kQ e SR ——vO
For Ay =5, R1=4009 t
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 2—-SLEW RATE
676 PRINTED IN U.S.A.
Tl cannot assume any responsibility for any circuits shown
or represent that they are free from potent infringement. TEXAS lNST RUM ENTS
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TYPES LF2155, LF2155A, LF2156, LF2156A, LF2157,

LINEAR LF2157A, LF2255, LF2256, LF2257, LF2355,
INTEGRATED LF2355A, LF2356, LF2356A, LF2357, LF2357A
CIRCUIT DUAL JFET-INPUT OPEQLAEILQ.QQ}SQM;Q,L!E.JgEgg
® Rugged JFET's Allow Blow-Out-Free e Low Input Offset Voltage Temperature

Handling Compared with Coefficient . .. 5 uV/°C Typ

MOSFET-Input Devices

e High Common-Mode Rejection Ratio
® Low Input Bias Current . .. 30 pA Typ e High DC Voltage Gain ... 200 V/mV Typ
e Low Input Offset Current . . . 3 pA Typ e No External Frequency Compensation Required
e High Input Impedance . . . 1012 Q Typ e Low Equivalent Input Noise Current

quick selection guides

are characterized for operation from —25°C to 85°C;
the LF2355, LF2355A, LF2356, LF2356A, LF2357,
and LF2357A are characterized for operation from
0°Cto70°C.

TYPES OPERATING FREE-AIR TEMPERATURE RANGE MAX OFFSET VOLTAGE
—55°C 10 125°C | —25°C t0 85°C | 0°C1070°C [23mV | 25mV | 65mV| 7mV | 13 mV
LF21——A ° .
LF21—— . .
LF22—— ° L]
LF23——A . .
LF23—— . .
TYP BANDWIDTH TYPV, TYP TYP SLEW RATE
TYPES |Ay=5 Ay =1 f=100 Hz Icc Ay =5 Ay =1
20 MHz |4.5MHz [ 25 MHz | 15nV/\/Hz | 26 nV/\/Hz | 2mA | 5mA |50 V/us |12 V/us | 5 V/us
‘65, '65A . L] . °
'56, '56A 3 . . °
'57,'67A . o O °
description JGORP L
DUAL-IN-LINE PACKAGE PLUG-IN PACKAGE
These monolithic JFET-input operational amplifiers (TOP VIEW) (TOP VIEW)
incorporate  well-matched, high-voltage BI-FET
technology (JFET’s on the same chip with standard AMPLIFIERZ - NON
bipolar transistors). The devices feature low input Vecr PUT INPUT INPUT
bias and offset currents, low offset voltage, and low SHTHG6HS
offset voltage temperature coefficient. The devices
are alse designed for wide bandwidths, high slew rate,
extremely fast settling time, low equivalent input b
noise voltage and current, and a low 1/f corner.
The LF2155, LF2155A, LF2156, LF2156A, TH2H3 o
LF2157, and LF2157A are characterized for GUT WV NON voo-
operation over the full military temperature range of AM.,:‘.’:.E.;N,PUT&':& PIN 4 1S IN ELECTRICAL
—55°C to 125°C; the LF2255, LF2256, and LF2257 CONTACT WITH THE CASE
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TYPES LF2155, LF2155A, LF2156, LF2156A, LF2157,
LF2157A, LF2255, LF2256, LF2257, LF2355,
LF2355A, LF2356, LF2356A, LF2357, LF2357A
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier)

TO OTHER
AMPLIFIER

— oveeH

£

o
N
T_—‘i
c1 HOUTPUT
whino——1 1 I;‘Eﬁ ! 5 T

4 .
NONINV. L_
INPUT ¢

E AN10pF r{ } _
1 “mi sk f 5k $ Yy ‘l %Eﬂ soa

. . ; 'S —oVee-
Component values shown are nominal. %E’ TO OTHER

tCi 2 uF on LF2157, LF21567A, LF2267, LF2357

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

LF21—— LF23——
LF22—— UNIT
LF21——A LF23——A
Supply voltage Vcc+ (see Note 1) 22 22 18 \
Supply voltage Vcc— (see Note 1) —22 —22 —18 v
Differential input voltage (see Note 2) +40 +40 +30 Y
input voltage (see Notes 1 and 3) +20 +20 +16 \Y
Duration of output short-circuit (one amplifier, see Note 4) unlimited unlimited unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 670 670 670 mwW
Operating free-air temperature range —55t0 125 | —25 to 85 0to 70 °c
Storage temperature range —65to 150 | —65to 150 | —65to 150 | °C
Lead temperature 1/16 inch from case for 60 seconds JG or L package 300 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds P package 260 260 260 °c
NOTES: 1. All voltage values, except differential voltages, are with respect to the zero reference level (ground) of the supply voltages where
the zero reference level is the midpoint between Voot and Vogo—.-
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.

. The output may be shorted to ground or either supply. Temperature and/or supply voltages must be limited to ensure that the
dissipation rating is not exceeded.

»

- For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves, Section 2, This rating for the L package
requires a heat sink that provides a thermal resistance from case to free-air, Rgca, of not more than 105°C/W.
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TYPES LF2155, LF2155A, LF2156, LF2156A, LF2157,
LF2157A, LF2255, LF2256, LF2257, LF2355,
LF2355A, LF2356, LF2356A, LF2357, LF2357A
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS

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

LF21—-— LF22—~— LF23——
ER ITIONST UNIT
PARAMET TEST CONDITIO MIN TYP MAX |[MIN TYP MAX |[MIN TYP MAX '
Rg =50 @ 3 5 3 5 3 10
\" ] ff | \
10 nput offset s Rg =50, TA = full range 7 65 13 m
Temperature coefficient
Rg = 50 2, TA = full ran 5 5 5 Vv/°C
avio of input offset voltage S A 9 *
Change in temperature
A Vv/°C
Z2VIO_ sefficient with offset | Rg =502 05 05 05 £
AVio \ mv
voltage adjustment
1 Input offset current 3 20 3 2 3 50 pA
npu Ci
10 s Ta = full range 20 1 2| nA
| Input bias current - 30 100 30 100 30 200 pA
18 P TA = full range 50 5 8 nA
+11  +15 +11  +15 +10 +15
Common-mode input
ViCR voltage ran to to to to to to \
00 range -1 -12 -11_-12 10 _-12
Maximum peak-to-peak
Vi V, =+16V, Rp=10kQ 24 26 24 26 24 26 \'
OoPP output voltage swing CCx L .
. " | Vecz=#18V, o
AvD Large-signal differential RL = 2 ka2 Ta=25°C 50 200 50 200 25 200 V/mv
s g: . = . =f 25 5
voltage amplification Vo =410V TA = full range 2 15
‘65 2.5 2.5 2.5
B1 Unity-gain bandwidth 66 4,5 4.5 4.5 MHz
‘67 20 20 20
n Input resistance 1012 1012 1012 Q
9] Input capacitance 3 3 3 pF
3 ~—de relecti
CMRR ommon-mode rejection| oo _s0q 8 100 85 100 80 100 a8
ratio
Suppl It jecti
KgVR*  pPly voltege rejection 85 100 85 100 80 100 d8
ratio
Rg =100 £, ‘65 25 25 25
Equivalent i t noi f=100H ‘66, '67 15 15 15
Vo quivalent input noise z : VIR
voltage Rg = 100 £, 55 20 20 20
f=1kHz '56, '57 12 12 12
Equivalent input noise f=100 Hz 0.01 0.01 0.01
| A/H
n current T=1kHz 0.01 0.01 0.01 pA/VHz
| Supply current No load, ‘55 4 8 4 8 4 8 A
cc PPl No signal 56, '57 0 14 10 14 0 20 "
*ksvR = AVcei/AVo.

T ANl characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, Vet =15 V to $20 V for
LF21__ and LF22__, Vges = #1656 V for LF23__. Full range for Tp is —=66°C to 126°C for LF21__, —25°C to 85°C for LF22__,
and 0°C to 70°C for LF23__.

operating characteristics, Vcc+ = 15V, Vge—=—-15V, Ta = 25°C

PARAMETER TEST CONDITIONS LE21—— LAz LF23—- UNIT
MIN TYP MAX|MIN TYP MAX|MIN TYP MAX
) AVo=10V 55 2 a "
T ’ = -
ttot (s:::'li;es:l’):;e time e z00% |AV™T' [T 15 1.5 1.5 us
g time} See Figure 1 [ Ay=-5 | 57 15 1.5 15
... L% 5 5 5
SR Slewrate :‘*’f; =Vt 56| 7.5 12 78 12 12 Vius
o0 Figure 2 1 s |57 50 30 50 50
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TYPES LF2155, LF2155A, LF2156, LF2156A, LF2157,
LF2157A, LF2255, LF2256, LF2257, LF2355,

LF2355A, LF2356, LF2356A, LF2357, LF2357A
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS

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

PARAMETER TEST CONDITIONS T YT LF;‘;;AMA)( T LF:;:AMAX UNIT
Vio Input offset voltage =504 - ! £ ! z mV
"~ v Rs=50Q, TA = fuli range 25 2.3
VIO Temperature coefficient of Rs =50 2, Ta = full range 3 5 3 5| uvrc
input offset voltage
Aavio Change in temperatur-e coefficient Rs =500 05 0.5 uVv/°C
AVio with offset voitage adjustment mV
- 3 10 3~ 10| pA
ho Input offset current TA = full range 0 7 vy
) 30 50 30 50| pA
hB Input bias current TA = full range 25 5 oA
+11 +15 +11  +15
Common-mode input voltage
VICR range to to to to \
-1 -12 -1 =12
Vopp :n;’:l"'t“:::’;:k;::i*::ak Vecs=#15V, RL=10kQ 24 2 2 2 v
Large-signal differential Vecs =18V, | _ oeec 50 200 50 200
Avp voltage amplification RL=2ka, Ta=fullrange [ 25 25 V/mV
Vo =10V
'65A 2.5 2,
B4 Unity-gain bandwidth 'B6A a4 45 4 A8 MHz
‘57A 15 20 15 20
ri Input resistance 1012 1012 Q
C; Input capacitance 3 3 of
TCMBR Common-mode rejection ratio Rg = 50 85 100 88 100 dB
ksvR* Supply voltage rejection ratio 85 100 85 100 dB
Rg =100 2, ‘56A 25 25
Vp Equivalent input noise voltage ;S lo‘?o:;' 56:‘;;:7,\ ;2 ;: nV/\/Hz
f=1kHz '66A, ‘B67A 12 12
In Equivalent input noise current :; :O:JH:z gg: gg: pA/\/Hz
lcc Supply current No load, 554 4 8 4 8 mA
No signal ‘66A, '67A 10 14 10 14

“ksvR = AVcct/AV)o-

T All characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, Vcgi= £15 V to 20 V for

LF21——A and LF23——A. Full range for Tp is —556°C to 125°C for LF21——A and 0° to 70°C for LF23——A.

operating characteristics, Vcc+ = 15V, Vee—=-15V, Ta = 25°C

POST OFFICE BOX 5012 o DALLAS, TEXAS 75222

p— F23——
PARAMETER TEST CONDITIONS LF21——A LF23——A UNIT
MIN TYP MAX | MIN TYP MAX
AVp=10V, Av = —1 '65A 4 4
tiot Total response time (settling time) | € = $0.01%, v '56A 1.5 1.5 us
See Figure 1| Ay = 5 ‘67A 1.5 1.5
'65A 3 5 3 5
AV =10V Ay =—1
SR Slew rate s (; 10 2' v ‘56A 10 12 10 12 V/us
e e
eriurefay=—-6 [B7a| 40 50 40 50
TEXAS INSTRUMENTS
INCORPORATED
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TYPES LF2155, LF2155A, LF2156, LF2156A, LF2157,
LF2157A, LF2255, LF2256, LF2257, LF2355,
LF2355A, LF2356, LF2356A, LF2357, LF2357A
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

Vi
R2=2kQ
Vee+=+15V INPUT For Ay =—1, V|=10V
a1 For Ay =-5, V| =2V
iNPUT (0)—Ar -
OUTPUT
. —
100 pF
T -
Vee-=-18V OUTPUT
Ay -2
AT

For Ay =—1, R1=2kQ

For Ay =—5, R1=400% 100% w———

TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 1-TOTAL RESPONSE TIME
R2=2kQ
M~ pr— V|
Vee+=+15V INPUT For Ay =-1, V=10V
R1 For Ay =-5, V|=2V
iNPUT (O)—wW - —0ovV
OUTPUT
+
100 pF
A _l ] 90% ~ A% ——10V
Vee—=-15V = = OUTPUT : AVo
-1t
R2 -— - - == ov
AVTTm R
-t AVg
For Ay =—1, R1=2kQ SR =——
t

For Ay = -5, R1=400%

VOLTAGE WAVEFORMS

TEST CIRCUIT
FIGURE 2—-SLEW RATE
676 PRINTED IN U.S.A
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INTEGRATED CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7611432, JANUARY 1971—-REVISED JUNE 1976

LINEAR TYPES LM101A, LM201A, LM301A
FORMERLY SN52101A, SN72301A

®  Low input Currents ° Deéigned to be Interchangeable with
e  Low Input Offset Parameters National Semiconductor LM101A and LM301A
2 Frequency and Transient Response No Latch-Up
Characteristics Adjustable e  Wide Common-Mode and
e  Short-Circuit Protection Differential Voltage Ranges
e  Offset-Voltage Null Capability e  Same Pin Assignments as uA709

description

naara A3

The LMViT0TA, 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
than 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 —26°C to 86°C, and the LM301A is characterized for operation from 0°C to 70°C.

terminal assignments

JGORP
J OR N DUAL-IN-LINE DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW)
ur ot come NC NC COWP  Vece  ouTeur e

COMP Vo, PUT Nz

LG | <8 ~® ®

@
®
@1

@
©

1 1\ N
'Y e @] ovor ~
+,
o b | 1
v it F—
1L [ I EVEVIEN Y i ofc¥e¥o¥oxoke
NN it ey Voo e OFFsEr W NOR- Vec PIN 4 1S IN ELECTRICAL W oW o W MM L o
G cour weor CONTACT WITH THE CASE oy wer W
et

~N1)

NC—No internal connection

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

LM101A | LM201A LM301A | UNIT
Supply voltage Voc+ (see Note 1) 22 22 18 v
Supply voltage Voo (see Note 1) —-22 -22 -18 Vv
Differential input voltage (see Note 2) +30 +30 +30 \"
Input voltage (either input, see Notes 1 and 3) +16 15 *15 \'
Voltage between either offset null terminal (N1/N2) and Vco— —-05t02| —0.5t02 | —05t02 | V
Duration of output short-circuit (see Note 4) unlimited | unlimited | unlimited
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5)] 500 500 500 mW
Operating free-air temperature range -55 t0125 | -25 to 85 0to 70 °C
Storage temperature range -65 to150 | ~65 to 150 | —65t0 150 °C
Lead temperature 1/16 inch from case for 60 seconds | J, JG, L, or U package 300 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds | N or P package 260 260 260 °C
NOTES: 1.

All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the

zero reference level is the midpoint between Vo4 and Veg—.

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

. 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 LM101A only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 76°C free-air temperature. For the LM201A only, the unlimited duration of the
short-circuit applies at (or below) 85°C case temperature or 756°C free-air temperature.

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.

WwN
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TYPES LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

voltages specified
Throughout this data sheet, supply voltages are specified either as a range or as a specific value. A positive voltage

within the specified range (or of the specified value) is applied to Vcc+, and an equal negative voltage is applied to
Vee--

electrical characteristics at specified free-air temperature, Cc = 30 pF (see note 6)

M101A, LM301A
PARAMETER TEST CONDITIONSt LM1014, LM201A UNIT
MIN TYP MAX MIN TYP MAX
25°C 0.6 2 20 7.5
Vio Input offset voltage Rs = 50 k2 mV
Full range 3 10
Average temperature coefficient o
ayv|o i Full range 3 15 6 30 | uv/°C
of input offset voltage
25°C 1.5 10 3 50
o Input offset current nA
Full range 20 70
Tp = —55°C t0 25°C 0.02 0.2
Average temperature coefficient Ta= 25°C to MAX 0.01 0.1 APC
a g
1o of input offset current TA=-0°Ct025C 002 06 | "
Ta=25°Cto70°C 0.01 0.3
X 25°C 30 75 70 250
T} Input bias current nA
Full range 100 300
V) Input voltage range See Note 7 Full range +15 +12 \Y
Vees =15V, |25°C 24 28 24 28
v Maximum peak-to-peak R =10kQ Full range 24 24 v
opP output voltage swing Vee: =18V, [25°C 20 2 20 2
R =2k& Full range 20 20
\" =15V o
Large-signal differential CCx '125°C 50 200 25 200
AvD I Vo =#10V, VimV
voltage amplification RL > 2kQ Full range 25 15
fj Input resistance 25°C 1.5 4 0.5 2 MQ
o . 25°C 80 98 70 90
CMRR Common-mode rejection ratio | Rg = 50 k2 dB
Full range 80 70
25°C 80 98 70 96
AVec/AV Supply voltage rejection ratio Rg =50 k2 dB
Ccc/aVio Supply voltage el s Full range | 80 70
No load, 25°C 1.8 3 1.8 3
Icc Supply current No signal, mA
See Note 7 MAX 1.2 25

tAll characteristics are specified under open-loop operation. Full range for LM101A is —55°C to 125°C, for LM201A is —25°C to 85°C, and
for LM301A is 0°C to 70°C.
NOTES: 6. Unless otherwise noted, Vcoc+ = 5 V to +20 V for LM101A and LM201A, and Vet = 5 V to £15 V for LM301A. All typical
values are at Voot = £16 V.
7. For LM101A and LM201A, Vs = #20 V. For LM301A, Voo = 15 V.

TEXAS INSTRUMENTS
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TYPES LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

INPUT OFFSET CURRENT

FREE-AIR TEMPERATURE
4 T T
Vees = £15V
{
%3 '
L LM301A
§
£ ING
3 AN
3 N
5
g
T ~l
o, | LM101A
= ] LM201A
0
-7 -50 -26 O 25 50 75 100 125

TA—Free-Air Temperature—°C

FIGURE 1

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
SUPPLY VOLTAGE

>
z 400
> FRL=2ko 4
1 L
H Ta=25°C =
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g ,///‘ !
< 100 t
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3 t
z T
E 4
H LM301A el
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FIGURE 4

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT
vs
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100 I
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FIGURE 2

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL
VOLTAGE AMPLIFICATION
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FIGURE 3

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE
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FIGURE 6

TYPICAL APPLICATION DATA

RL>
2k

R2

R

1

R1-30 pF

R1+R2

R1-R2

R1+R2

FIGURE 7—INVERTING CIRCUIT WITH ADJUSTABLE GAIN,
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT
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LINEAR TYPES LM107, LM207, LM307
INTEGRATED CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO.DL-S 7611426, DECEMBER 1970—REVISED JUNE 1976

FORMERLY SN52107, SN72307

® Low Input Currents Short-Circuit Protection

°

® No Frequency Compensation Required ® No Latch-Up

® Low Input Offset Parameters ® 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.

terminal assignments
JGORP
J OR N DUAL-IN-LINE DUALIN.LINE L PLUG-IN PACKAGE U FLAT PACKAGE
PACKAGE (TOP VIEW Syl TOP VIEW
{ ) PAKCAGE (TOP VIEW) { ) (TOP VIEW)
Ne N NC Voo, it NE . Ne N Voo st ne i Neme o Ne Voo outur N N
wlfal[ul{ul{w][s]]s s 76l / W®®MmwO®
I T — Ir T 763 AN [ a [ a a .
(O] @ 1]

NV 1] L ¥ L L]
DOOO®OO®O
e MO we v Mo Veg- NG e IRV ONON- veg- PIN 4 IS IN ELECTRICAL Ne Ne Ne INV - NON- yee.  NC
weuT weuT CONTACT WITH THE CASE NPUT VR

NC—No internal connection

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
LM107 LM207 LM307 | UNIT

Supply voltage Vcc+ (see Note 1) 22 22 18 \
Supply voltage Vcc— (see Note 1) —-22 -22 -18 v
Differential input voltage (see Note 2) +30 +30 +30 v
Input voltage (either input, see Notes 1 and 3) +15 15 +15 \
Duration of output short-circuit (see Note 4) unlimited unlimited unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 500 500 500 mW
Operating free-air temperature range —55t0 125 | —25 to 85 0to 70 °C
Storage temperature range —65 to 150 | —65 to 150 | —65 to 150 °C
Lead temperature 1/16 inch from case for 60 seconds J, JG, L or U package 300 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds N or P package 260 260 260 °c

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the

zero reference level is the midpoint between Vg4 and Vee—-

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 LM 107 only, the u ed duration of the shori-circuit
applies at (or below) 125°C case temperature or 75°C free-air temperature. For the LVi207 oniy, the uniimited duration of the
short-circuit applies at (or below) 85°C case temperature or 75°C free-air temperature,

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2,

TEXASl INSTRUMENTS
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TYPES LM107, LM207, LM307
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

voltages specified

d to Ve

, and an equal negative voltage is

Throughout this data sheet supply voltages are specified either as a range or as a specific value. A positive voitage

of the spe

ed vaiuej is appiied to Vor:

racteristics at specified free-aiv temperature {(see noie 8}

PARAMETER TEST CONDITIONST LM107. LM207 LM307 UNIT
MIN TYP MAX MIN TYP MAX
Vio Input offset voltage Rg = 50 kQ 25°¢ 98 2 2 7.5 mv
Full range 3 10
vio :f"::iet Z:l':':’;:’t;z:°e“'°'e"t Full range 3 15 6 30 |uvrc
25°C 1.5 10 3 50
o Input offset current Full range 2 70 nA
Ta=-55"Cto 25°C 0.02 0.2
Average temperature coefficient Ta = 25°C to MAX 0.01 0.1 R
Cll{e} . S g nA/°C
of input offset current TA=0"Cto25°C 0.02 0.6
Ta=25Cto 70°C 0.01 0.3
25°C 30 75 70 250
hig Input bias current — nA
Fuii range 100 300
V) Input voltage range See Note 7 Full range +15 +12 v
Vee: =+16V,[25°C 24 28 24 28
N_— Maximum peak-to-peak R =10kQ Full range 24 24 v
. ouiput voitage swing Vee: =16 25°C 20 26 20 26
RL =2k Full range 20 20
Large-signal differential Vee: =18V, | g5°c 50 200 25 200
AvD - Vo =%10V, V/mv
voltage amplification R, > 2kQ Full range 25 15
ri Input resistance 25°C 1.5 4 0.5 2 M
CMRR Common-mode rejection ratio | Rg = 50 kQ2 25°¢ 8 98 70 90 dB
Full range 80 70
L . 25°C 80 98 70 96
AVge/AVio Supply voltage rejection ratio Rg =50 kQ Full range 20 70 dB
No foad, 25°C 1.8 3 1.8 3
Ice Supply current No signal, mA
See Note 7 MAX 12 25

T All characteristics are specified under open-loop operation. Full range for LM107 is —565°C to 125°C, for LM207 is —25°C to 85°C, and for
LM307 is 0°C to 70°C.

NOTES: 6.

Unless otherwise noted Vcct =+5 V to +20 V for LM 107 and LM207, and Voot =
areat Voo+ = 15 V.
7. For LM107 and LM207, Vggs =

+*5 V to 15 V for LM307. All typical values

+20 V. For LM307, Vcg+ = £15 V.
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TYPES LM107, LM207, LM307

HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT
vs

FREE-AIR TEMPERATURE

T
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I
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FIGURE 1
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vs
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FIGURE 5

1'Data for free-air temperatures below—25°C and above 85°C is applicable for LM107 only.
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FIGURE 6

Data for supply voltages greater than 15 V is applicable to LM107 and LM207 circuits only.
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LINEAR

INTEGRATED
CIRCUITS

TYPES LM118, LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO, DL-S 7612410, JUNE 1976

Ccy
e Input and Output Overload Protection

2

e Same Pin Assignments as Gene

Operational Amplifiers

=~ T
(]

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

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 will boost the slew rate to over 150 V/us and almost double the bandwidth.
Overcompensation may 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% to under 1 us.

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 amplifiers.

The LM118 is characterized for operation over the full military temperature range of —55°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.

terminal assignments

JGORP
DUAL-IN-LINE PACKAGE L PLUG-IN PACKAGE N DUAL-IN-LINE U FLAT PACKAGE
(TOP VIEW) (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW)
comp ouT- BAL/
2 Vect PUT COMP3 N ne ot Vee+ GUT comes e NC COMP2 Vgg+ OUTPUT coms
SUTLELS wi[u][u]{n][w][s]s
A 3
1T|]2]]3]]4 T ] T ¥
1[l2f{3[]4[|5]|6(]7
BAL/ 1NV NON. Vo Ve !
COMP 1INPUT IV e NG NG Bmet INpUT NV CC- e @ g?/ @ NON INV Vggo—
INPUT COMP 1 INPUT  INPUT
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TYPES 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, Vcc+ (see Note 1) 20 20 20 v
Supply voltage, Vcc— (see Note 1) —-20 -20 —20 \
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
Co:\tlnuous. total power dissipation at (or below) 500 500 500 -
25°C free-air temperature (see Note 5)
Operating free-air temperature range —55 to 125 | —25 to 85 Oto 70 °C
Storage temperature range —65 to 150 | —65 to 150 [—65 to 150 | °C
Lead temperature 1/16 inch from case for 60 seconds: J, JG, L, or U package 300 300 300 °Cc
Lead temperature 1/16 inch from case for 10 seconds: N or P package 260 260 260 °C

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the
zero reference level is the midpoint between Vet and Vee—.

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

3. The inputs 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 1V is applied between the inputs unless some limiting resistance is
used.

4. The output may be shorted to ground or either power supply. For the LM118 only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75°C free-air temperature. For the LM218 only, the unlimited duration of the
short-circuit applies at (or below) 85°C case temperature or 75°C free-air temperature,

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2,

electrical characteristics at specified free-air temperature (see note 6)

Lm118
LM318
PARAMETER TEST CONDITIONST LM218 UNIT
MIN TYP MAX MIN TYP MAX
v . ¢ offset volt 25°C 2 4 4 10 mv
et voltage
10 nput otiset voltag Full range 6 15
25°C 6 50 30 200
lio Input offset current nA
Full range 100 300
. 25°C 120 250 150 500
hg Input bias current nA
Full range 500 750
\7E Input voltage range Vee: =15V | Fullrange |+11.5 +11.5 \Y
Maxi k-t k V =+15V,
Vopp aximum peak-to-pea cex Fullrange | 24 26 24 2 v
output voltage swing RL=2kQ
V =15V,
Large-signal differential ces 25°C 50 20 25 200
Avp oltage amplification Vo=#10V, e | 25 20 v/my
v
9¢ amp R > 2 kQ 9
B4 Unity-gain bandwidth Veex=+15V | 25°C 15 15 MHz
r Input resistance 25°C 1 3 0.5 3 mMQ
CMRR Common-mode rejection ratio Full range 80 100 70 100 dB
AVcc/AVIO  Supply voltage rejection ratio Full range 70 80 65 80 dB
25°C 5 8 5 10
| S t No load
cc . upply curren o loal MAX a5 z mA

tAll characteristics are specified under open-loop operation. Full range for LM118 is —55°C to 125°C, for LM218 is —25°C to 85°C and for
LM318 is 0°C to 70°C.
NOTE 6: Unless otherwise noted, Vcct = #5 V to £20 V. All typical values are at Vgt = +15 V. Throughout this data sheet, supply voltages
are specified either as a range or as a specific value. A positive voltage within the specified range (or of the specified value) is applied
to Vcc+, and an equal negative voltage is applied to Voo
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TYPES LM118, LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

operating characteristics, Voc+ = 15V, Vcc—-=-15V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT

Slevv rate at unity gain AVp =10V, Cy = 100 oF, See Figure 1 50 ¢

0

o

parameter measurement information

2kQ2
1 — iV
INPUT
2kQ
INPUT O—AM——4 -—ov
p——O QUTPUT
90% — — - -=--10V
1~ 100 pF QUTPUT |
1k o
T A N
|
=+ AV
= = wus o AV0
TEST CIRCUIT t
VOLTAGE WAVEFORMS
FIGURE 1-SLEW RATE
schematic
BALANCE
COMPENSATION-3
ALANCE
COMPENSATION-1 COMPENSATION-2
? Y -y Vees
! ! g
& 2k 150 kD 328 i
100 pF ;‘= B—— 5k ‘5
}‘ 5k
20k 20 k2 H > 130
r
g %0
}\ OUTPUT
— ¥
INVERTING :( v M 35 S 330
INPUT 6pF { k2 >
28 pF 5k /|
Yy x B_]
1! X
NONINVERTING ’_{:
INPUT
[ 30 2
500 2
3 12ka é—rﬁ
5.6k 20k § 100 12kQ 30 Q2!
Vee—
‘Component values shown are nominal,
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LINEAR
INTEGRATED CIRCUITS

TYPES LM124, LM224, LM324
QUADRUPLE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612248, SEPTEMBER 1975—REVISED JUNE 1976

e Wide Range of Supply Voltages
Single Supply ...3V to 30V
or Dual Supplies

e Low Supply Current Drain
Independent of Supply Voltage
. 0.8 mA Typ

e Common-Mode Input Voltage
Range Includes Ground Allowing
Direct Sensing near Ground

schematic (each amplifier)

e Low Input Bias and Offset Parameters
Input Offset Voltage .. .2 mV Typ
Input Offset Current . .
Input Bias Current . . . 45 nA Typ

e Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage ... +32V

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

e Internal Frequency Compensation

- 3nA Typ (LM124)

~GuA
CURRENT

~6uA uA
CURRENT
aecurator! | Laca

Vee

DUAL-

AMPLIFIER NO. 4 AMPLIFIER NO. 3
4 INVERT- NONIN- 7 NONIN- INVERT- A
ING VERTING VERTING ING
OUTPUT INPUT INPUT GND INPUT INPUT OUTPUT
Iad “ 13 12 n 9 8
]
CURRENT
EGULATOR
jv m :Awunzus b
description
These devices consist of four independent, high-gain,
frequency-compensated operational amplifiers that
were designed specifically to operate from a single 2 3 2 P 7
supply over a wide range of voltages. Operation from !
. . N . . OUTP!
split supplies is also possible so long as the difference T T ERTING CC iy INVERT- OUTPUT
between the two supplies is 3 volts to 30 volts and — “"i‘f INPUT _, (INPUT 'Nf,UT /
Pin 4 is at least 1.5 volts more positive than the input AMPLIFIER NO. 1 AMPLIFIER NO. 2
common-mode voltage. The low supply current drain

is independent of the magnitude of the supply

voltage.

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, the LM124 can be
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required
interface electronics without requiring additional = 15-volt supplies.

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

Supply voltage, V¢ (see Note 1)
Differential input voltage (see Note 2)
Input voltage range (either input)

Duration of output short-circuit (one ampllfler) to ground at (or below) 25 C
free-air temperature (Ve < 15 V) (see ote 3) .

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4)

Operating free-air temperature range: LM124
LM224
LM324

Storage temperature range

Lead temperature 1/16 inch fror-n case for 60 seconds J package
Lead temperature 1/16 inch from case for 10 seconds: N package

NOTES:

1. All voltage values, except differential voltages, 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 oumuts to V¢ can cause excessive heating and eventual destruction.
4

. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.

32V
32V
~03Vt032V

unlimited
900 mW

—55°C to 125°C

—25°C t0 85°C
0°C to 70°C

" 65°C to 150°C

300°C
260°C

TEXAS INSTRUMENTS
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TYPES LM124, LM224, LM324
QUADRUPLE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted)

. LM124 LM224_ | M224
PARAMETER TEST CONDITIONS® UNIT
MIN TYP MAX MIN TYP MAX
Vo=14V, 25°C 2 5 2 7 .
Vig tnput offset voltage Veg =5V 1030V | Fall rangs - 5 mV
25°C 3 30 5 50
HO Input offset current Vo=14V A
io P curren o Full range 100 150 "
. Vo=14V, 25°C —45 —150 —45 —250
hB Input bias current nA
See Note 5 Full range —300 —500
o Oto Oto N
C je i 2 vee-15 Vee—15
-mode input —1. —1.
V|CR Lommon-m p VCC =30V cC cc v
voltage range Oto 0to
Full range
Vee—2 Vee—2
Ve =30V,
cc Full range 26 26
. R =2kQ
VoH High-level output voltage \
Ve =30V,
Full range 27 28 27 28
RL > 10 kQ
VoL Low-level output voltage R <10kQ Full range 5 20 5 20 | mV
Large-signal differential Vec=15V, 25°C 50 100 2% 100
Avp Vo=1Vto11V, V/imV
voltage amplification RL > 2k Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 k2 25°C 70 85 65 85 dB
AVcc/AV o Supply voltage rejection ratio Rg < 10k& 25°C 65 100 65 100 dB
Ampilifier-to-amplifier coupling| f =1 kHz to 20 kHz 25°C —120 —-120 aB
Vee =15V, 25°C —20  —40 -20 -4
Vip=1V,
- Full range -10 —20 —-10 -20
Vo=0V mA
\/ =15\
Ve =135V, 2500 i0 20 5
'c Qutput current Vip= -1V, 25°C i0 20 10 20
V=25V Full range 5 8 5 8
Vip=-1V, 25°C 12 50 12 50 A
V@ = 200 mV b
Supply current No load, 25°C 0.8 0.8
lcc L ) mA
(four amplifiers) No signal Full range 2 2

TAIIQL:ha\racteristics are specified under open-loop conditions. Full range is -55°C to 125°C for LM124, —25°C to 85°C for LM224, and 0°C to
70°C for LM324.

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines.

TYPICAL APPLICATION DATA

. O OUTPUT A
1m0
- ' O OUTPUT B
AUDIO _ |/
ineut &€ >
100 k2 3 100 k2
) 10 kQ
M~ p—O OUTPUT C
.
100 4F 3100k
™ &
AUDIO DISTRIBUTION AMPLIFIER
PRINTED IN U.S.A 676
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LINEAR

INTEGRATED CIRCUITS

TYPES LM158, LM258, LM358

DUAL OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612413, JUNE 1976

Wide Range of Sunply Voltages
Single Supply...3V 1030V
or Dual Supplies

Low Supply Current Drain
Independent of Supply Voltage
.05 mA Typ

Common-Mode Input Voltage

Range Includes Ground Allowing °

Direct Sensing near Ground

schematic (each amplifier)

INVERTING,
INpUT  ©

NON-
INVER'

e Low Input Bias and Offset Parameters

Input Offset Voltage . . .
Input Offset Current. ..
Input Bias Current . .

2mV Typ
3 nA Typ (LM158)
.45 nA Typ

e Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage ... +32V

Open-Loop Differential Voltage
Amplification . . .

100 V/mV Typ

e Internal Frequency Compensation

~6uA ~EuA
CURRENT CURRENT
REGULATOR REGULATOR

~T00 A
CURRENT
REGULATOR|

Vveer

JGORP

DUAL-IN-LINE
PACKAGE (TOP VIEW)

L
PLUG-IN
PACKAGE (TOP VIEW)

AMPLIFIER NO. 2

description

absolute maximum ratings over operatmg free-alr temperature range (unless otherw:se noted)

These devices consist of two indepe!
frequency-compensated operational

supply over a wide range of voltages.

split supplies is also possible so long
between the two supplies is 3 volts

81/ 7}I6[]5

ouT- v
Veer  PUT INPUT INPUT

ndent, high-gain,

amplifiers that 1H2H30s
were designed specifically to operate from a single U

ST weuT “.'33‘ e
Operation from INPU
as the difference

to 30 volts and

AMPLIFIER NO. 1

AMPLIFIER NO. 1

2°ON ¥31311dWY

N =/
NON.INV \@/ﬂoumv
INPUT INPUT

GND

PIN 4 1S IN ELECTRICAL CONTACT
WITH THE CASE.

Pin 4 is at least 1.5 volts more positive than the input

common-mode voltage. The low sup
is independent of the magnitude
voltage.

ply current drain
of the supply

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, the LM158 can be
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required

interface electronics without requirin

Supply voltage, V¢ (see Note 1)

g additional +15-volt supplies.

Differential input voltage (see Note 2)

Input voltage range (either input)

Duration of output short-circuit (one ampllfler) to ground at (or below) 25 C

free-air temperature (Vcg < 15

Continuous total dissipation at (or below) 256°C free-a|r temperature (see Note 4)

JG or P package
L package
Operating free-air temperature range

Storage temperature range

V) (see Note 3) .

" Lm1s8
LM258
LM358

Lead temperature 1/16 inch fror'n case for 60 seconds JG or P package ’

Lead temperature 1/16 inch from case for 10 seconds:
NOTES: 1.

N package

32V
..o X232V
——03Vto32V

unlimited

. 900 mW

. 625 mW
. _58° Ct0125°C
—25°C to 85°C

. . 0°Cto70°C
. —65°C to 150°C
. 300°C

. 260°C

All voltage values, except differential voltages, 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. Shortcircuits from outputs to Ve can cause excessive heating and eventual destruction.
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2,
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TYPES LM158, LM258, LM358
DUAL OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, V¢ = 5 V (unless otherwise noted)

LM158 LM258, LM358
PARAMETER TEST CONDITIONST - UNIT
MiN TYP MAX MiN TYP MAX |
Vg=14V, 25°C 2 [ 2 7
Vio — mV
Voo =8 Vto 30V | Full iange 7 9
Average temperature coefficient .
Full e 7 7 v/°C
avio of input offset voltage uitrang wv/
| Input offset ent \Y 14V 25°C 3 30 5 0 A
nput offset curren =1. n
10 P urr 0 Full range 100 150
Average temperature coefficient Full 10 10 APC
u e
“1o of input offset current rang P
. Vo=14V, 25°C —45 —150 —45 —250
B Input bias current nA
See Note 5 Full range —-300 —500
o 0to 0to
C de input »c Y 1.5 \Y 1.5
ommon-mode inpu —1. —1.
Vicr ° Vee=30V cc cc v
voltage range 0to 0 to
Full range
Vee—2 Vee—2
Vee =30V,
cc Full range | 26 26
) RL =2kQ
VoH High-level output voltage \Y
Vee=30V,
Full range 27 28 27 28
RL > 10kQ
VoL Low-level output voltage R <10kQ Full range 5 20 5 20| mv
v Maximum peak-to peak R 9 kO RO . o v
Ry =2kQ 25°C Vee—1.5 Vee—i6
orp output voltage swing = cemie cc
Vee=156V,
Large-signal differential cc 25°C 50 100 25 100
Avp . Vo=1VtollV, V/imV
voltage amplification Rl 2Kk Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 k& ~ 25°C 70 85 70 85 dB
AV(c/AV|o Supply voltage rejection ratio Rg <10k 25°C 65 100 65 100 dB
Amplifier-to-amplifier coupling | f = 1 kHz to 20 kHz 25°C —120 —120 dB
Vee=15V, 25°C —20 —40 —20 —40
Vip=1V,
Vo=0V Full range | —10 —-20 -10 —20
Vec=15V mA
cc= ’ 25°C 10 20 10 20
| Output ent
o) utput curr Vip =1V,
Vo =200 mV Full range 5 8 5 8
Vip=-1V,
25°C 12 50 12 50 MA
Vo =200 mV
Supply current No load, 25°C 0.5 0.5
lcc . ) mA
(two amplifiers) No signal Full range 1.2 1.2

tAll characteristics are specified under open-loop conditions. Full range is —55°C to 125°C for LM158, —25°C to 85°C for LM268, and 0°C to

o
70°C for LM358.
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines,

TEXASI lNSTRUDM ENTS
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LINEAR
INTEGRATED CIRCUITS

TYPE LM2902
QUADRUPLE OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 7612291, MARCH 1976—REVISED JUNE 1976

o Wide Range of Supply Voltages
Single Supply ... 3V to 26 V
or Dual Supplies

e Low Supply Current Drain
Independent of Supply Voltage
. 0.8 mA Typ

e Common-Mode Input Voltage

Range Includes Ground Allowing

Direct Sensing near Ground

schematic (each amplifier)

INVERTH
INPUT

NON-

~1004A
CURRENT
REGULATOR)

=6uA
CURRENT
REGULATOR]

e Low Input Bias and Offset Parameters
Input Offset Voltage . .. 2 mV Typ
Input Offset Current .. .5 nA Typ
Input Bias Current . .. 45 nA Typ

e Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage ... +26 V

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

o Maximum Peak-to-Peak Qutput
Voltage Swing...Vcc—15V Typ

o [nternal Frequency Compensation

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

AMPLIFIER NO. 4 AMPLIFIER NO. 3
A\ N
4 INVERT- NONIN- /NONIN- INVERT- A

ING

INPUT

descri

Sha e

intion
intion

This device consists of four independent, high-gain,
frequency-compensated operational amplifiers that
were designed specifically to operate from a single
supply as in automotive systems. Operation from split

Al

AY!
Al
13
3|

TOOTHER
AMPLIFIERS

ING VERTING VERTING ING
OUTPUT INPUT INPUT GND INPUT  INPUT QUTPUT

1.3 13 12 1 10 9 8

;<lf— L 1>

1 2 3 4 5 6 7

. . . . OUTPUT INVERT- NONIN-
supplies is also possible so long as the difference WG VERIING TEC VainG reRT- OUTPUT
between the two supplies is 3 volts to 26 volts and \ INPUT_INPUT_, \INPUT _INPUT /

. A4 vV
Pin 4 is at least 1.5 volts more positive than the input AMPLIFIER NO. 1 AMPLIFIER NO. 2

common-mode voltage. The low supply current drain
is independent of the magnitude of the supply

voltage,

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, the LM2902 can be
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required
interface electronics without requiring additional + 15-volt supplies.

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

Supply voltage, V¢ (see Note 1)
Differential input voltage (see Note 2)
Input voltage range (either input)

. 2%V
+26 V

-03Vto26V

Duration of output short-circuit (one ampllfler) to ground at (or below) 25 C

free-air temperature (Vgc < 15 V) (see Note 3) . . .
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 4)

Operating free-air temperature range
Storage temperature range

unlimited

900 mW

"_40°C t0 85°C
—65°C to 150°C

Lead temperature 1/16 inch from case for 60 seconds J package
Lead temperature 1/16 inch from case for 10 seconds: N package .

NOTES: 1. All voltage values, except differential voitagss, are with respect to the network ground terminal.

;PON

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
Short circuits from outputs to VCC can cause excessive heating and eventual destruction.
For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2,

300°C
260°C
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TYPE LM2902
QUADRUPLE OPERATIONAL AMPLIFIER

electrical characteristics at 25°C free-air temperature, VCC = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYP MAX| UNIT
Vio input offset voitage Vo=14V 2 10f mVv
o input offset current Vg=14V i B A
hp t Vo=14V Seg Note § nA
Common-mode input Oto
Vicr voltage range Ve =24V Vee—-1.5 v
VoH High-level output voltage :llgg ; ;: \\:' :t ;21;129 z? \
VoL Low-level cutput voltage RL<iCka 5 200 mv
AvD "I‘:I'ti:':':;‘:f':::::'a' Vee =15V, RL>2k2, Vo=1Vtol1V 100 V/imv
CMRR Common-mode rejection ratio | Rg < 10 kQ 85 dB
AVgo/AVig Supply voltage rejection ratio Rg<10kQ 100 dB
Amplifier-to-amplfiier coupling | f = 1 kHz to 20 kHz -120 dB
Ve =15V, Vip=1V, Vo=0V —-20 —40
o Output current Ve =15V, Vip=-1V, V=25V 12 30 mA
Vip=-1V, Vo =200 mV 8 20
lcc Supply current (four amplifiers)| No load, No signal 08 2| mA

T All characteristics are specified under open-loop conditions.
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regard less of
the state of the output, so no loading change is presented to the input lines.

TYPICAL APPLICATION DATA

1MQ
A
AUDIO ¢ .
INPUT €
>
100k 2100k
{ 1 roxe

AUDIO DISTRIBUTION AMPLIFIER

OUTPUT A

OUTPUT B

—O OUTPUT C

INSTRU

NCORPORATE

TEXAq
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LINEAR
INTEGRATED CIRCUITS

TYPE LM2904
DUAL OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 7612402, JUNE 1976

e Wide Range of Supply Voltages
Single Supply ... 3V to 26 V
or Dual Supplies

e Low Supply Current Drain
Independent of Supply Voltage
...05mA Typ

e Common-Mode Input Voltage
Range Includes Ground Allowing
Direct Sensing near Ground

schematic (each amplifier)

veer

~100,A
CURRENT
REGULATOR

~6uA
CURRENT
REGULATOR

INVERTING
INPUT

Al
7

o
CURRENT
[REGULATOR
GND
1 (OR V)
/J TO OTHER

h AMPLIFIERS

NON-
INVERTING O
INPUT

description

This device consists of two independent, high-gain,
frequency-compensated operational amplifiers that
were designed specifically to operate from a single
supply as in automotive systems. Operation from split
supplies is also possible so long as the difference
between the two supplies is 3 volts to 26 volts and
Pin 8 is at least 1.5 volts more positive than the input
common-mode voltage. The low supply current drain
is independent of the magnitude of the supply
voltage.

Applications include transducer amplifiers, d-c ampli-
fication blocks, and all the conventional operational
amplifier circuits that now can be more easily
implemented in single-supply-voltage systems. For
example, the LM2904 can be operated directly off of
the standard five-volt supply that is used in digital
systems and will easily provide the required interface
electronics without requiring additional *15-volt
supplies.

Low Input Bias and Offset Parameters
Input Offset Voltage ... 2 mV Typ
Input Offset Current ... 5nA Typ
Input Bias Current . .. 45 nA Typ

Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage...+t26 V

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

Maximum Peak-to-Peak Output
Voltage Swing ... Vcc—15V Typ

Internal Frequency Compensation

JGORP
DUAL-IN-LINE PACKAGE (TOP VIEW)

AMPLIFIER NO. 2

NON-
OuUT- INV  INV
Vee+ PUT INPUT INPUT

8l|7]]6]]5

|
Tf{j2({3](]|4
OUT- INV_ NON- GND

PUT INPUT INV
INPUT

AMPLIFIER NO. 1

L
PLUG-IN PACKAGE (TOP VIEW)

Vee+

é ouTPUT OUTPUT
S 2
E 2
< INV INV 3
T § INPUT INPUT P ]
z z
= o
< N
NON-INV NON-INV
INPUT INPUT P

GND

PIN 4 iS IN ELECTRICAL CONTACT
WITH THE CASE.
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TYPE LM2904

OPERATIONAL AMPLIFIER

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

Supply voltage, VCC (see Note 1)
Usfferﬂntlal input voltage (see Note 2)

ge range

uurauon of output short mrcmt (one amoln‘ler) to uround aT (nr hnlnw\ ')R (‘

26V
. 126V

03Vte28V

INPUT

free-air temperature (Voo < 15 V) (see Note 3) . unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) JG or P package . 680 mW
L package . : 625 n’gW
Operating free-air temperature range . e e e e e —-40Cto85 C
Lead temperature 1/16 inch from case for 60 seconds JG or L package . . 300°C
Laad temperature 1/16 inch from case for 10 seconds: P package . 260°C
NOTES: 1. All voltage values, except differential voltages, 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.
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.
electrical characteristics at 25°C free-air temperature, V¢ = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS? MIN TYP MAX| UNIT
Vio Input offset voltage Vo=14V 2 10| mVv
lio Input offset current Vo=14V 5 50| nA
Iig Input bias current Vo=14V See Note 5 —45 -500{ nA
Common-mode input 0to
VicR P Veg =24V v
voltage range Vee-1.5
Vec=24V, R =2k&Q 20
Vi High-level output volta \%
OH o P 9 Veo=24V, RL > 10kQ 2
VoL Low-level output voltage R <10kQ 5 20 mV
Large-signal differential
A Vee =15V, RL>2k2, Vpo=1Vtol1V 100 V/mV
vD voltage amplification cc L o 0 m
CMRR Common-mode rejection ratic | Rg <10k 85 dB8
AVcc/AVio Supply voltage rejection ratio Rg <10 kQ 100 dB
Amplifier-to-amplfiier coupling | f = 1 kHz to 20 kHz -120 dB
Vce =15V, Vip=1V, Vg=0V —20 —40
o Output current Vee =15V, Vip=-1V, Vg=25V 12 30 mA
Vip=-1V, Vo=200mv 8 20
lcc Supply current (both amplifiers) | No load, No signal 0.5 1.2| mA

t All characteristics are specified under open-loop conditions.
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading ¢hange is presented to the input lines.

R4

TYPICAL APPLICATION DATA

Vee+
o

RS

L

T

~N
-

%RG
OUTPUT
-

T

6

il
o

[

Vee-

SELECT VALUES FOR:

Q
C1 and C2
where C1 = C2
wo = 2nf0

K

K is selected to
optimize sensitivity
and is typically
between 1 and 10.

MULTIPLE-FEEDBACK ACTIVE BANDPASS FILTER

CALCULATE:
R1 =R3=H5=_3—c
R2 = B
0_1—T<-+FQ
R1-K-Q
R4 =0
R6 =K - R1
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TYPES MC1558, MC1458

LINEAR INTEGRATED DUAL GENERAL-PURPOSE
CIRCUITS OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7611457, FEBRUARY 1971—REVISED JUNE 1976

FORMERLY SN52558, SN72558 jsonre
. . DUAL-IN-LINE
e Short-Circuit Protection PACKAGE
®  Wide Common-Mode and (TOP VIEW)
Differential Voltage Ranges ANpLIFieR .2
NON-
o No Frequency Compensation Required Veoe SUT INPUT INPUT

e Low Power Consumption
o No Latch-up

o Designed to be Interchangeable with
Motorola MC1558/MC1458 and Signetics
S5558/N5558

description

The MC1558 and MC1458 are dual general-purpose

OUT- INV_ NON- Vce—
PUT INPUT INV
INPUT

AMPLIFIER NO. 1

operational amplifiers with each half electrically sim- L PLUG-IN PACKAGE
ilar to uUA741 except that offset null capability is not (TOP VIEW)
provided.
The high common-mode input voltage range and the
absence of latch-up make these amplifiers ideal for N .
valtage-follower applications. The devices are short- g 2
circuit protected and the internal frequency compen- § g
sation ensures stability without external components. %’ §
The |‘v’i_\’3_‘|558 is characterized for opérajion over Zhe I\ NoNINY Nm%,:v J
full military temperature range of —55 C to 125°C; Vee-
the MC1458 is characterized for operation from PIN 4 IS IN ELECTRICAL CONTACT
ODC to 75°C. WITH THE CASE.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
MC1558 MC1458 UNIT
Supply voltage Voc+ (see Note 1) 22 18 \%
Supply voltage Voc— (see Note 1) —-22 —18 \%
Differential input voltage (see Note 2) +30 +30 \Y
Input voltage (any input, see Notes 1 and 3) +15 +15 \"
Duration of output short-circuit (see Note 4) unlimited unlimited
. ° Each amplifier 500 500
Continuous total dissipation at (or below) 25°C G or P package 580 580 mW
free-air temperature (see Note 5) Total package [ package 575 575
Operating free-air temperature range —55 to 125 0to75 °c
Storage temperature range —65 to 150 —65 to 150 °c
Lead temperature 1/16 inch from case for 60 seconds JG or L package 300 300 °c
Lead temperature 1/16 inch from case for 10 seconds P package 260 260 °c
NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the
zero reference level is the midpoint between Vcc+ and Voo
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.

o

" n AnO e Alr tamAEeratiire e
. For operation above 25 C free-air temperatuia, e

. The output may be shorted to ground or either power supply. For the MC1558 only, the unlimited duration of the short-circuit

applies at (or below) 1256°C case temperature or 75°C free-air temperature.

Nissination Darati
Ta

er to Dissipation Derating Curves, Section 2.

676

TEXAS INSTRUMENTS 91

INCORPORATED
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222



92

TYPES MC1558, MC1458
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+ =15V, Vec—-=-15V
MC1558 MC1458
PARAMETER TEST CONDITIONST UNIT
MiN TYP MAX MiN TYP MAX .
" ... l25°C 1 5 1 s
“ic S TR Full range € 7.5 mv
\ Input offset " 25°C 20 200 20 200 A
set curren
10 P Full range 500 300 "
. 25°C 80 500 80 500
IT:] Input bias current nA
Full range 1500 800
25°C +12 +13 +12 +13
V) input voitage range e v
- Full range +12 12
R =10k | 25°C 24 28 24 28
Vopp Maximum peak-to-peak R = 10k | Full range 24 24 v
o output voltage swing R =2kQ | 25°C 20 26 20 26
Ry > 2kQ | Full range 20 20
Large-signal differential RL > 2kQ, | 25°C 50 200 20 200
Avb - _ V/mV
voltage amplification Vo =+10V | Fullrange 25 15
R =2kQ,
Maxi -output-swi Vpo=£10V, °
Bom aX|m'um utpu ‘"9 o 25°C 14 14 kHz
bandwidth (closed-loop) Ayp =1,
THD < 5%
Bq Unity-gain bandwidth 25°C 1 1 MHz
dm Phase margin Ayp =1 25°C 65° 65°
Am Gain margin 25°C 1 11 dB
T Input resistance 25°C 0.3 2 0.3 2 MQ
Output resistance Vo = . 25°C 75 75 Q
Ly u i
° put resistand See Note 6
C; Input capacitance 25°C 1.4 1.4 pF
Common-mode o
Zjc . . f=20Hz 25°C 200 200 mMQ
input impedance e
L . 25°C 70 90 70 90
CMRR Common-mode rejection ratio | Rg < 10k§2 dB
Full range 70 70
25°C 30 150 30 150
A\ Vi Supply voltage sensitivity Rg < 10kQ VIV
aVio/aVec Supely voltage sensitivi S Full range 150 w0 | MY/
Ayp=100,
Equivalent input RV[E 0
Vi noise voltage p E" 1 kl-;z 25°C 45 45 nV/\/Hz
) ! 3
{closed-loop) BWI= 1 Hz,
los Short-circuit output current 25°C +25 +40 +25 +40 mA
\ Supply current No load, 25°C 3.4 5 3.4 5.6 mA
cc (Both amplifiers) No signal Full range 6.6 6.6
P Total power dissipation No load, 25°C 100 150 100 170 W
m
D (Both amplifiers) No signal Full range 200 200
Vo1/Vo2 Channel separation 25°C 120 120 dB

t All characteristics are specified under open-loop operation, uniess otherwise noted. Full range for MC1558 is —55°C to 125°C and for
MC1458 is 0°C to 75°C.

NOTE 6! This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

operating characteristics, Vgg+ =15V, Vec—=-15V, Ta =25°C

PARAMETER TEST CONDITIONS MC1558 Mc1458 UNIT
MIN TYP MAX MIN TYP MAX
te Rise time Vi=20mV, R =2k, 0.3 0.3 us
Overshoot factor Cp =100 pF, See Figure 1 5% 5%
Vi=10V, RL =2k,
te at unit: i 0.5 0.5 \"
SR Slew rate at unity gain CL = 100 pF, See Figure 1 lus

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222
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TYPES MC1558, MC1458
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

schematic (each amplifier)

TO OTHER
—

AMPLIFIER
INVERTING
INPUT
T“ 'I‘ © Vee+
idEh
. r
NON- ML
INVERTING
INPUT 25 Q
o OUTPUT
LL r 250 Q
1 3 3 :J
1kQ 50 m:_ikn 5kQ Eo ka3 3500
. e . . © Vce-—
TO OTHER
COMPONENT VALUES SHOWN ARE NOMINAL > AMPLIFIER

PARAMETER MEASUREMENT INFORMATION

Vi
-—?ouwm
INPUT +
———-ov

INPUT VOLTAGE

CL = 100pF I RL = 2ka
WAVEFORM LI—

‘TEST CIRCUITS

FIGURE 1—-RISE TIME, OVERSHOOT,
AND SLEW RATE
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TYPES MC1558,MC1458

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs vs

FREE-AIR iEMPERATURE FREE-AIR TEMPERATURE

MAXIMUM PEAK-TO-PEAK
QUTPUT VOLTAGE
vs
LOAD RESISTANCE

100 400 28 ——
T T > Ve =15V
zccu.'_s‘\slv_ Vege 15V | é. 2 [-voe-= -18V ]/
80 I\ bl Vec—= -1V S 2 Taz2oe HH
3 < 300 2z /
H : 8 22
£ £ - s L ; RN
':.: \ g 0 \ }&+ MC1458 *-C: %’ s [
5 [ Mc1ase o ® ' -
R S ! H N ! gé 16
= 1 ] 1 3
T o g 14
2 ', o AN T 5 /
20 | ) 32
. ! L 4
— 3 10
>
[\] o 8
60-40 —20 O 20 40 60 80 100 120 140 ~60-40-20 0 20 40 60 8 100 120 140 01 02 04 071 2 a 710
Ta-Free-Air Temperature—"C Ta—Free-Air Temperature~°C A -Load Resistance—k
FIGURE 2 FIGURE 3 FIGURE 4
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK DIFFERENTIAL DIFFERENTIAL
OUTPUT VOLTAGE VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
vs vs vs
FREQUENCY SUPPLY VOLTAGE FREQUENCY
R . 400 107 SE—
Vee+= 15V E Vgg+= 15V
g% Voor - 18V > fu-2ka 106 | vec-=-15Vv |
33 _)_.“LHOK“ é 200 A=25°C s R =2k
> = 25" ° 3 =25"
g 3 - ¢ )
S 2 \ 5 100 % 104
; 20 g 3 0
K s s
< e > £ 102
g2 § 2
H 3 10!
2 8 5 2 ?3
& ] < 1
s 4 =)
S >
<
) 10 ‘ 10—
100 1k 10k 100 k ™ 6 10 12 14 16 18 20 110 100 1k 10k 100k 1M 10M 100M
(=Freuency—Hz Wecs | ~Supply Voltage—v {—Frequency—Hz
FIGURE 5 FIGURE 6 FIGURE 7
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
vs vs VOLTAGE-FOLLOWER
FREQUENCY ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE
100 8
Vi ! H'IV _J zs I I T
3 % I vgg_ =-15V 24 6 :gf:::‘“s‘\;v“
g 80 Rs=|0°kﬂ r-- Ry =2kn
LT e
2 § 90%].[ ¥ OUTPUT ! A
£ 60 3 16 g 2 L
: g /1 2 |
™ N I : g o :
Tw \ H / ' 3 / INPUT 1 \
2 5 8 Vee+= 15V ? -2 L
o ¢ o 1
£ a0 ? ] \ Veo—-=~16V = ,
8 S ; Ru=2ka g
& 20 % | Cy = 100 pF = ] .
3 o Ta=25C o
S 10 0 — J 6
o -4 l -8
1 10 100 1k 10k 100k 1M 10M 100M o 0s 1 15 2 25 0 10 20 30 40 50 60 70 80 90
f—Frequency—Hz t—Time—us 1-Time—us
FIGURE 8 FIGURE 9 FIGURE 10
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LINEAR INTEGRATED TYPES RM4136, RC4136
CIRCUITS QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612368, MARCH 1976

e Continuous-Short-Circuit Protection

e Wide Common-Mode and

JORN
Differential Voltage Ranges DUAL-IN-LINE PACKAGE (TOP VIEW)

® No Frequency Compensation Required

o Low Power Consumption AP R NO.4 AMPLIPRRNO.3
e No Latch-up NPUT INPUT. PUT  Vecr  PUT. INPUT NPT
e Unity Gain Bandwidth 3 MHz Typical Wi {13} 12 [n| j10} 9} |8
e Gain and Phase Match Between Amplifiers l:_l

o Designed to be Interchangeable with
Raytheon RM4136 and RC4136 -

description =

operational amplifiers with each amplifier electrically
similar to uA741 except that offset null capability
is not provided. |1|lz||3|‘4||5||ﬁ||7|

The RM4136 and RC4136 are quad high-performance EI

The high common-mode input voltage range and the INV NON-INV OUT- OUT- NON-INV INV  Vge—
absence of latch-up make these amplifiers ideal for NPUT 'N':IUT PUT , \PUT 'Np\l/” INPUT,
voltage-follower applications. The devices are short- AMPLIFIER NO. 1 AMPLIFIER NO. 2

circuit protected and the internal frequency comp-
ensation  ensures  stability without external
components.

The RM4136 is characterized for operation over the
full military temperature range of —55°C to 125°C;
the RC4136 is characterized for operation from o°’c
to 70°C.

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

RM4136 RC4136 UNIT

Supply voltage Vcc+ (see Note 1) 22 18 v
Supply voltage Vcc— (see Note 1) —-22 -18 Vv
Differential input voltage (see Note 2) +30 +30 v
Input voltage (any input, see Notes 1 and 3) +15 +15 \Y
Duration of output short-circuit to ground, one amplifier at a time (See Note 4) unlimited unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 800 800 mwW
Operating free-air temperature range —55 to 125 Oto 70 °c
Storage temperature range . —65 to 150 —65 to 150 °c
Lead temperature 1/16 inch from case for 60 seconds J package 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds N package 260 260 °c

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the
zero reference level is the midpoint between Vo4 and Voo

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. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded.

5

. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2,
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TYPES RM4136, RCA136
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+=15V,Vgc—-=-15V
RiVi4136 RC4136
PARAMETER TEST conDiTionst UNIT
MIN TYP MaXx MIN TYP MAX
25°C 0.5 5 0.5 6
vVio input offset voitage Rg < i0kiz T = —— my
Full range g 25
| | + offset " 25°C 5 200 5 200 nA
n| rren
10 put ofiset curre Full range 500 300
. Input bias current 25°C 40 500 40 500 A
IVB ) put bias curr Full range 1500 800
\7 input voitage range 25°C iz 14 32 114 v
Maxi et B RL=10kQ | 25°C 24 28 24 28
X1 -to-pe:
Vopp at "t'"'":“ pea RL-2ka2 | 25°C 20 2 20 2 v
utpu n
output voltage swing RL=>2kQ Full range 20 20
Large-signal differential RL>2k&, [25°C 50 350 20 300
AvD P V/imv
voltage amplification Vo =+10V | Full range 25 15
Bq Unity-gain bandwidth 25°C 2 35 3 MHz
ri Input resistance 25°C 0.3 5 03 5 MQ
CMRR Common-mode rejection ratio Rg<10kS [ 25°C 70 90 70 90 dB
AV|0/AVee Supply voltage sensitivity Rg<10k& | 25°C 30 150 30 150 wV/V
A =100,
Equivalent input VD
s Rg =1kQ, °
Vn noise voltage =1 KMz 25°C 10 10 nV/\/Hz
losed-| !
‘ (closed-loop) B =1 Hz
_ Suool " No load 25°C 5 11.3 5 113
o .
lec upply curren. ] ?a MIN TA 6 13.3 6 13.7 mA
(Al four amplifiers) No signal
MAX Ta 45 10 4.5 10
o ) o 25°C 150 340 150 340
Total power dissipation No ioad, e "
Pp (All fo \ifiers) No signal MIN TA 180 400 80 400 mw
ur amplirier: {l
i 9 MAX Th 135 300 135 300
VeIV ch | i Open loop | Rg=1kQ |25°C 105 105 @B
n
01/¥o2 e SO VD = 100| f=10kHz | 25°C 105 105

T ANl characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4136 is —65°C to 125°C and for
RC4136 is 0°C to 70°C.

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

PARAMETER TEST CONDITIONS Rw4136 Rea136 UNIT
Al MIN TYP MAX | MIN TYP MAX

Vi=20mV, R =2kQ,

ise ti 0.13 0.13 S
ty Rise time CL =100pF M
V=10V, RL=2kQ,
SR Slew rate at unity gain CII.. =100 pF L 15 1.0 Vlius

schematic (each amplifier)

Veer i

INVERTING
INPUT

LA
Ed

NONINVERTING
INPUT

ouTPUT

Vee- T
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LINEAR INTEGRATED TYPES RMA4558, RC4558
CIRCUITS DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612365, MARCH 1976

¢ Continuous-Short-Circuit Protection
e Wide Common-Mode and
Differential Voltage Ranges (TOP VIEW)
e No Frequency Compensation Required 0.2
e Low Power Consumption vegs SUT ,E§§;
e No Latch-up ENINE
e Unity Gain Bandwidth 3 MHz Typical EI.
e Gain and Phase Match Between Amplifiers
e Designed to be Interchangeable with
Raytheon RM4558 and RC4558
description n:n l2 N:N v‘
T NPT n';'::r e~
The RM4558 and RC4558 are dual general-purpose ——
operational amplifiers with each half electrically e

similar to uA741 except that offset null capability

. . L PLUG-IN PACKAGE
is not provided.

(TOP VIEW)
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 comp- - 2
ensation ensures  stability  without external g ;
components. £ 3
H 8
The RMA4558 is characterized for operation over the
full military temperature range of —55°C to 125°C: oI
full military temperature range of 128°C; S
the RC4558 is characterized for operation from 0°C vee-
0 PIN 4 1S IN ELECTRICAL CONTACT
to 70 C.
WITH THE CASE,
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
RM4558 RCA4558 UNIT
Supply voltage Vcc+ (see Note 1) 22 18 Vv
Supply voltage Vcc— (see Note 1) —22 -18 v
Differential input voltage (see Note 2) +30 +30 \)
Input voltage (any input, see Notes 1 and 3) +15 +15 \")
Duration of output short-circuit to ground, one amplifier at a time {see Note 4) unlimited unlimited
Continuous total dissipation at (or below) L Package 600 600 W
25°C free-air temperature (see Note 5) JG or P Package 680 680 m
Operating free-air temperature range —55 to 1256 0to 70 °c
Storage temperature range —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch from case for 60 seconds JG or L package 300 300 °c
Lead temperature 1/16 inch from case for 10 seconds P package 260 260 °c

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the
zero reference level is the midpoint between Vgc+ and Voo

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

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

. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded.

a AN

. For operation above 26°C free-air temperature, refer to Dissipation Derating Curves, Section 2.
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TYPES RMA4558, RC4558
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+ =15V, Vegc—=-15V
DAMACEO Rf\ll!:!:h
PARAMETER TEST CONDITIONST e e uNIT
MiN TYP MAX MiN TYP MAX
25°C 0.5 5 0.5 6 T
input offset voitage Rg <10kD I —
) Full range 6 75
| Input offset current ¢ 5 200 5 200 A
n
10 P Full range 500 300
I Input bias current 2°c 40 500 40 500 A
u n
1B P Full range 1500 800
7 input voliage range 25°C 12 14 112 +14 vV
X RL=10kQ |25°C 24 28 24 28
Maximum peak-to-peak =
Vopp : RL=2kQ |25°C 20 26 20 26 v
output voltage swing
RL =2kQ Full range 20 20
R Large-signal differential RL>2kR, [25°C 50 350 20 300 N
AvD voltage amplification Vo =+10V [ Full range 25 15 VimV
Bq Unity-gain bandwidth 25°C 2 3.5 3 MHz
ri Input resistance 25°C 0.3 5 0.3 5 Mo
CMRR Common-mode rejection ratio Rg <10k |25°C 70 920 70 20 dB
AV|0/AVce  Supply voltage sensitivity Rg <10k |25°C 30 150 30 150 uv /v
A =100,
Equivalent input VD
) Rs =1kQ, R
Vn noise voltage £ =1 kHz 25C 10 10 nV/\/Hz
(closed-loop) '
BW =1 Hz
25°C 2.5 5.6 2.5 I
Supply current No load, =2 > =2 2 56
Icc - ) MIN Tp 3.0 66 30 66 mA
(Both amplifiers) No signal
MAX T 2.0 5 2.3 5
° 75 75
Total power dissipation No lnad, ?ff_ — M? > 132
Py MIN T S 20 90 20 _——
= (Both amplifiers) No signal i A il < e
MAX Ta 60 150 70 150
Openloop | Rg=1k®, |25°C 105 105
Vg1/V, Channel separation = dB
01/%o2 P Ayp =100| f=10kHz [25°C 105 105

TAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4558 is —55°C to 125°C and for
RC4558 is 0°C to 70°C.

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

PARAMETER TEST CONDITIONS RM4558 Re4558 uNIT
MIN _TYP MAX | MIN TYP MAX
& Rise time Vi=20mV, RL=2k%, 0413 013 us
Overshoot CpL =100 pF 5% 5%
SR Slew rate at unity gain Vi=10V, - RL=2ka, 15 1.0 Vps
CL =100 pF

schematic (each amplifier)

Veet

4

i

J

e L e
7 B
k]
Vee- T
PRINTED IN U.S.A.
TEXAS INSTRUMENTS
INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



676

LINEAR TYPES TLO22M, TLO22C
INTEGRATED CIRCUITS DUAL LOW-POWER OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612038, SEPTEMBER 1973—REVISED JUNE 1976

FORMERLY SN52L022, SN72L022
e Very Low Power Consumption e Low Input Offset Voltage

o Typical Power Dissipation with +2-V e Internal Frequency Compensation
Supplies . . . 170 uW

e Low Input Bias and Offset Currents

e Latch-Up-Free Operation

e Popular Dual Op Amp Pin-Out
e Output Short-Circuit Protection

description

The TLO22 is a dual low-power operational amplifier designed to replace higher-power devices in many applications
without sacrificing system performance. High input impedance, low supply currents, and low equivalent input noise
voltage over a wide range of operating supply voltages result in an extremely versatile operational amplifier for use in a
variety of analog applications including battery-operated circuits. Internal frequency compensation, absence of latch-up,
high slew rate, and output short-circuit protection assure ease of use.

The TLO22M is characterized for operation over the full military temperature range of —55°C to 125°C; the TL022C
is characterized for operation from 0°C to 70°C.

terminal assignments

JPORP ’ L
DUAL-IN-LINE PACKAGE (TOP VIEW) PLUG-IN PACKAGE (TOP VIEW)

AMPLIFIER NO. 2

NON-

OUT- INV_INV

Vees  PUT INPUT INPUT
BlI71f6][f5

|

T2 34T vee-
o7 e oy Vec- PIN 4 1S IN ELECTRICAL CONTACT
T wpoT WITH THE CASE

AMPLIFIER NO. 1
Z°ON H31411dWY

AMPLIFIER NO. 1

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

TLO22M TLO22C UNIT

Supply voltage Vcc+ (see Note 1) 22 18 \%
Supply voltage Vcc— (see Note 1) —-22 —18 \"
Differential input voltage (see Note 2) +30 +30 \%
Input voltage (any input, see Notes 1 and 3) +15 +15 \%
Duration of output short-circuit (see Note 4) . unlimited unlimited

X L o Each amplifier 500 500
Continuous total dissipation at (or below) 25°C 3G or P package 630 680 .
free-air temperature range (see Note 5) Total package L package 595 525
Operating free-air temperature range —55 to 125 0Oto 70 °c
Storage temperature range —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch from case for 60 seconds JG or L package 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds P package 260 260 °C

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply volitage where the

zero-reference level is the midpoint between Voc+ and V. If the zero-reference level of the system is not the midpoint of the
supply voltages, all voltage values must be changed accordingly.
. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the inj voitage 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 TL022M only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75°C free-air temperature.
For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.

N

TEXAS INSTRUMENTS
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TYPES TLO22M, TL022C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+ =15V, Vgcc—-=-15V
M C
PARAMETER TEST CONDITIONST TL022 TL022 UNIT
MIN TYP MAX| MIN TYP MAX
y 25°C 1 5 1 5 N
vio Full range € 7.5 Y
. 25°C 5 40 15 80
ilo input offset current nA
Full range 100 200
. 25°C 50 100 100 250
hs Input bias current nA
Full range 250 400
. A 25°C 12 13 12 %13 .
¥ inp iia ange v
vl nputvottage rang Full range | 212 112
v Maximum peak-to-peak RL=10kQ | 25°C 20 26 20 26 v
opP output voltage swing R > 10kQ Full range 20 20
A Large-signal differential . R > 10kQ, 25°C 72 86 60 80 dB
vD voltage amplification Vo =10V | Full range 72 60
Bq Unity-gain bandwidth 25°C 0.8 0.8 MHz
L . 25°C 60 72 60 72
CMRR Common-mode rejection ratio Rg < 10kQ dB
Full range 60 60
AV|o/AV S | It: itivit Rg < 10kQ 25°C 30 150 30 200 Vv /v
voltage sensitivi <
107a¥ec Supply voltag v s Full range 150 200 | “
Ayp =20dB,
Vn Equivalent input noise voltage B =1Hz, 25°C 50 50 NV /y/Hz
f=1kHz
los Short-circuit output current 25°C +6 +6 mA
: Supply current No load, 25°C 130 200 130 250 A
cc (Both amplifiers) No signal Full range 200 250 K
Total dissipation No load, 25°C 3.9 6 39 7
Pp o . — mW
H (Both amplifiers) NG signa! Full range & 7.5 i

T All characteristics are specified under open-loop operation, unless otherwise noted. Full range for TLO22M is —55°C to 125°C and for
TLO022C is 0°C to 70°C.

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

PARAMETER TEST CONDITIONS TL022M TLO22C UNIT
MIN TYP MAX | MIN TYP MAX
ty Rise time Vi=20mV, R =10k&, 0.3 0.3 us
Overshoot factor CL=100pF, See Figure 1 5% 5%

o V=10V, RL = 10 k2,

SR Slew rate at unity gain X 0.5 0.5 V/us
Cp=100pF, See Figure 1

676
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TYPES TLO22M, TLO22C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

10

TYPICAL CHARACTERISTICS

TOTAL DISSIPATION
\'H
SUPPLY VOLTAGE

1 T
7 £ No load
[ No signal
v = 4f Ta=25°C
b—?ouwm [ P
INPUT |
————ov = g 2 A
= _J_ .§ //
INPUT VOLTAGE cu - 1005t R | B £
WAVEFORM I o 0.7 v 4
© . 7
= =
L
| 04
TEST CIRCUIT o /
02—
0.1 /
0 2 4 6 8 10 12 14 16 18 20
Vcet|~Supply Voltage—V
FIGURE 1-RISE TIME, OVERSHOOT FACTOR,
AND SLEW RATE FIGURE 2
schematic
ouTPUT
rmr e M T T ComvoN 1o BOTH
i EACH AMPLIFIER [ O oo TH jl
| +—t t Vvee+
| E‘ ! ! ! TO OTHER
| || i AMPLIFIER
| 1 ‘
[ T i
| I |
| S '
' |
| S < 11 l |
verTing | 9 | |
INPUT 0 3 |1
| | | 4 |
NON- l |
INVERTING ’————{ 11
INPUT I
K ,
|1 I
3 |1 |
S I |
$ I |
é & Lot | Ve
b e ) d
TO OTHER
~ SECTION
676 PRINTED IN U.SA.

TI cannat assume any responsibility for any circuits shown
or represent that they are free from patent infringement.
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LINEAR TYPES TL044M, TL044C
INTEGRATED CIRCUITS QUAD LOW-POWER OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612039, SEPTEMBER 1973—REVISED JUNE 1976

FORMERLY SN52L044, SN72L044

Very Low Power Consumption e Low Input Offset Voltage
Ty,
Supp
e Low Input Bias and Offset Currents

ical Power Dissipation with +2-V

S . .. 340 ui

©

][]
® o

e Output Short-Circuit Protection

dascription

The TLO044 is a quad low-power operational amplifier

designed to replace higher-power devices in many Veer OUT-  INV N Voo MWy our.
applications without sacrificing system performance. SECT A PUT INPUT INPUT SECTB INPUT INPUT  PUT
High input impedance, low supply currents, and low 16 15 14 13 12 1" 10 9
equivalent input noise voltage over a wide range of
operating supply voltages result in an extremely
versatile operational amplifier for use in a variety of
analog applications including battery-operated
circuits. Internal frequency compensation, absence of
latch-up, high slew rate, and output short-circuit
protection assure ease of use. Power may be applied
separately to Section A (amplifiers 1 and 4) or
Section B (amy

SECTION B

ifiers 2 and R) while the other pair

] ] ] ]
remains unpowered. 1 2 3 4 5 6 7 8

The TLO44M is characterized for operation over the OUT- INV  NON- Vgc— NON- INV  OUT-  Vges
full military temperature range of —55°C to 125°C: PUT - InRUT mpuy SECTA INPUT IPUT  PUT  SECTE H
the TLO44C is characterized for operation from 0°C

to 70°C.

Pins 4 and 12 are internally connected together in the N package only.

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

TLO44M TLO44C | UNIT
Supply voltage Vcc+ (see Note 1) 22 18 \
Supply voltage Vcc— (see Note 1) -22 —-18 \
Differential input voltage (see Note 2) +30 +30 \%
Input voltage (any input, see Notes 1 and 3) +16 +15 \
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous total dissipation at (or below) 25°C Each amplifier 500 500
free-air temperature range (see Note 5) Total package 680 680 mW
Operating free-air temperature range —55 to 125 0to 70 °C
Storage temperature range —65t0 150 [ —651t0 150 °C
Lead temperature 1/16 inch from case for 60 seconds J Package 300 300 °Cc
Lead temperature 1/16 inch from case for 10 seconds N Package 260 260 °C

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply voltage where the
zero-reference level is the midpoint between Vg4 and Voc—. If the zero-reference level of the system is not the midpoint of the
supply voltages, all voltage values must be changed accordingly.

. 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 TL044M only, the unlimited duration of the short-circuit

applies at (or below) 125°C case temperature or 75° C free-air temperature.

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.

N
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TYPES TLO44M, TLO44C
QUAD LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+=15V, Vcg-=-15V
TLO44|
PARAMETER TEST CONDITIONSt N L':YPM MAX | N T;.-?!?C MAX UNIT
25°C 1 5 1 5
Vio Input offset voltage Rg < 10kQ Full range 5 75 mV
lio Input offset current 25°c 5 40 18 8 nA
Full range 100 200
) 25°C 50 100 100 250
hB Input bias current nA
Full range 250 400
25°C 12 #13 12 %13
Vi Input voltage range \"
Full range +12 +12
v Maximum peak-to-peak RL=10kQ | 25°C 20 26 20 26 v
OFP output voltage swing Ry > 10kQ | Full range 20 20
AVD Large-signal differential Ry > 10k, 25°C 72 86 60 80 4B
voltage amplification Vpo=%10V Full range 72 60
B4 Unity-gain bandwidth 25°C 0.8 0.8 MHz
CMRR Common-mode rejection ratio Rg <10 kQ 25°C 60 2 60 2 dB
Full range 60 60
AV)0/AVcc Supply voltage sensitivity Rg < 10k 25°C 30 150 30200 uV/IV
Full range 150 200
Ayp =20dB,
Vn Equivalent input noise voltage B =1 Hz, 25°C 50 50 nV/\/H_z
f=1kHz
los Short-circuit output current 25°C +6 +6 mA
Supply current No load, 25°C 250 400 250 500
lec (Four amplifiers) No signal Full range 400 500 A
Total dissipation No load, 25°C 7.5 12 7.5 15
Pp . ) mw
(Four amplifiers) No signal Full range 12 15

TAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for TL0O44M is —556°C to 125° and for

TLO44C is 0°C to 70°C.

operating characteristics, Vcc+= 15V, Vcc—=—-15V, Tao =25°C

POST OFFICE BOX 5012 » DALLAS, TEXAS 75222

TLO44M TLO44C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX [MIN TYP MAX
tr Rise time Vi=20mV, RL=10kQ, 0.3 0.3 us
Overshoot factor CL =100pF, See Figure 1 5% 5%

SR Slew rate at unity gai Vi=1oVv, - RL=10ke, 05 05 7

ew rate at unity gain CL =100 pF, See Figure 1 8 R us
TEXAS INSTRUMENTS
INCORPORATED
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TYPES TLO44M, TLO44AC
QUAD LOW-POWER OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS

TOTAL DISSIPATION

W
7 [ No load
[ No signal
4| Ta=25°C o
N e <1
I D T Z~ I
| ——?ouvpur g 2
oy INPUT + = g
= @
il a ya
INPUT VOLTAGE cL = 10008 acwal — 0.7 va
WAVEFORM ;_5
= I 04—
[a]
a
TEST CIRCUIT 0.2
0.1
n 0 2 4 6 8 10 12 14 16 18 20
— Vcet|—Supply Voitage—V
FIGURE 1—-RISE TIME, OVERSHOOT FACTOR,
AND SLEW RATE FIGURE 2
schematic (each section)
ouTPUT
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r EACH AMPLIFIER 1| | Ragrraidodly 1.
| +— T Vees
] Lg‘ 11 ! TO OTHER
| ij‘ t AMPLIFIER
|
] P 1 L[
| b [
[ N |
I It [
| |1 |
| |1 |
| ¥ |
verTing | 11 |
INPUT | | | I
INVERTING (B
INPUT |
| Il l
I I I
| It |
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' I |
| —4——e o— 4 Vvee-
e e N I ]
PRINTED IN U.S.A 676
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FUTURE PRODUCT TYPES TLOB1AC AND TLOS81C
TO BE ANNOUNCED JFET-INPUT OPERATIONAL AMPLIFIERS

JUNE 1976
® JFET Input Stage e No Frequency Compensation Required
e High Input Impedance. . . 109 Q@ Typ e Continuous-Short-Circuit Protection
e High Slew Rate Typically 9 V/us e Unity Gain Bandwidth . .. 3MHz Typ
e Low Input Bias Current ... 2 nA Typ e No Latch-Up
e Low Input Offset Current . .. 0.2 nA Typ e Low Power Consumption
description JGORP L
DUAL-IN-LINE PACKAGE PLUG-IN PACKAGE
(TOP VIEW) (TOP VIEW)

This monolithic JFET-input operational amplifier
incorporates  well-matched, high-voltage BI-FET NG Voor mor ANGE
technology (JFET’s on the same chip with standard

bipolar transistors). The device features low input
bias and offset currents, low offset voltage and offset
voltage temperature coefficient, coupled with offset
adjustment that does not degrade temperature
coefficient or common-mode rejection.

Vee—

The TLO81C is characterized for operation from 0°C
to 70°C. ANCE INPUT "Wr

BAL- INV_ NON. vcc. PIN 41S IN ELECTRICAL
CONTACT WITH THE CASE

NC—No internal connection

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

Supply voltage VCC+ (seeNote 1) . . . . . . . . . . . o . . .. .. 18V
Supply voltage VCG— (seeNote 1) . . . . . . . . . o v v v o o e e e e e e e .. —18Y
Differential input voltage (see Note2) . . . . . « « « « v v v b v e e e e e e . ... . 230V
Input voltage (see Notes 1 and 3) e e e . ¥15V
Duration of output short-circuit (see Note4) . . . . e e e e e e e e unllmnted
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 670 mW
Operating free-air temperature range . . . . . . « .+ ¢+ 4 4 . e e e . a4 e e ... 0 C to 70°C
Storage temperature range . . . . e e ... ......—85Cto150°C
Lead temperature 1/16 inch from case for 60 seconds JG or L package . 300°C
Lead temperature 1/16 inch from case for 10 seconds: P package . 260°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the zero reference level (ground) of the supply voltages where

the zero reference level is the midpoint between Vcc+ and Vec—-
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

w

. 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 supply. Temperature and/or supply voltages must be limited to ensure that the

dissipation rating is not exceeded.

5. For operation above 26°C free-air temperature, refer to Dissipation Derating Curves, Section 2. This ratmg for the L package

requires a heat sink that provides a thermal resistance from case to free-air, RgcA. of not more than 105°C/W.

TENTATIVE DATA SHEET

This document provides tentative information TEXAS lN STRUMENTS
on a product in the developmental stage. Texas INCORPORATED

Instruments reserves the right to change or POST OFFICE BOX 5012 s DALLAS, TEXAS 75222
discontinue this product without notice.
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TYPES TLOS81AC AND TLOS81C
JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, VoC+ =15V, Ta = 25°C (unless otherwise noted)

TLOSTAC
— UNIT
MiN TYP MAX | Wil MAX
v Input offset volt RsZ500 6 Ll Gy
offset voltage m
10 neu 9 Rg = 50 2 TA = full range 75 20
Temperature coefficient
Rg =509, Ta = full range 10 10 v/ Cc
avio of input offset voltage S A 9 BVE
[ Input offset current _ 0.2 05 02 05 A
ut offs r n
10 P Ta = full range 0.4 1 0.4 1
[ Input bias current 2 4 2 4 A
u s n
'8 P Ta = full range 3 6 3 6
. +12 +10
Common-mode input
Vicr to to \
voltage range
—12 —10
Maximum peak-to-peak Ry =10 kQ 24 26 24 26
Vopp peaicto-p TA = full range L v
output voltage swing R > 2kQ 20 20
Large-signal differential RL =10k, Ta= 25°C 25 200 25 200
AvD i V/imVv
voltage amplification Vo=%10V Ta = full range 15 15
[ Input resistance 10° 10° 2
Common-mode rejection
CMRR X Rg =10 kQ 70 90 70 90 dB
ratio
Supply voltage rejection
ksvR* PP 9e rel 70 80 70 80 dB
ratio
| Supoly currant No load, [ Ta=25°C 2 4 2 4 N
cc PRy No signal [ Ta = full range 3 6 2 S m
i
*ksvm = AVcci/AVio.
T All characteristics are specified under open-loop operation, unless otherwise noted. Full range for T p is 0°c to 70°C.
operating characteristics, Vcc =15V, Ta = 256°C
TLOB1AC TLO81C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN  TYP MAX
SR Slew rate at unity gai Vimiov, AL=2ka, 9 9 VI
ew rate at unity gain s
e ve Ci =100 pF b
PRINTED IN U.S.A
TEXAS INSTRUMENTS
INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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FUTURE PRODUCT TYPE TLO84C
TO BE ANNOUNCED QUAD JFET-INPUT OPERATIONAL AMPLIFIER

JUNE 1976

LiZoole fan ek Qs
(g i iput otage JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

e Continuous-Short-Circuit Protection

. . . AMPLIFIER NO. 4 AMPLIFIER NO. 3

e Wide Common-Mode and Differential VA= NS
Voltage Ranges ING VERTING VERTING ING

OUTPUT INPUT INPUT Vgc— INPUT  INPUT OUTPUT

e No Frequency Compensation Required

w| ] Jr] [n] w] [e] s
e Low Power Consumption |I_<r|_l Lﬁ>‘j

e No Latch-Up »
e Gain and Phase Match Between Amplifiers

e High Slew Rate ... 9 V/us Typ |_’_<]:|_ ?Dr]
description

1 2 3 4 5 6 7

. . . . OUTPUTINVERT NONIN- Vpet NONIN- INVERT- OUTPUT
The TLO084 is a monolithic quadruple JFET-input VERTING °C VERTING ING
operational amplifier. The high slew rate, high input \ '”"t” LIV L s /
AMPLIFIER NO. 1 AMPLIFIER NO. 2

impedance, and low input bias and offset currents
make this device excellent for high-speed analog
applications. The output circuitry has been carefully
balanced and symmetrically connected to minimize offset. This device is compatible with the LM324, MC3403, and
HA4741 quadruple operational amplifier pinout.

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

Supply voltage, VCC+ -« « & & & v i e e e e e e e e e e e e e e e e e e e e e oo ..o18Y
Supply voltage, VCC— e LAY
Input voltage . . . - LY
Continuous total d|ss1pat|on at (or below) 25 C free -air temperature I <10 [¢ 0 )1
Operating free-air temperaturerange . . . . . . « « + « v « « v v v v i s v u . . ... 0Cto70°C
Storage temperaturerange . . . . . . . . . . .+ .+ s s 4 e e e . . . . ....—65°Cto150°C

electrical characteristics

MIN TYP MAX UNIT

Input offset voltage: at 25°C . . . . . e e e e e e e e e e e 10 15 mV
over temperature range e e e e e e e e e e e 20 mV
Temperature coefficient of mput offsetvoltage . . . . . . . . . . . .. .. 10 uv/°c
Input offset current: at25°C . . . . . e e e e e e e e e e 0.2 0.5 nA
over temperatu re range e e e e e e e e e e 1 nA
Input bias current:  at25°C . . . . . S 2 4 nA
over temperature range e e e e e e e e e e 6 nA
Maximum peak to peak output voltage swing at 25°C . 26 \%
Large signal differential voltage amplification: at 25° C e e . e . . . .. 25 200 V/mV
over temperature range . . . . . . 15 V/mV
Common-mode rejectionratio . . . . . . . . . . . . .. .. ... ... 10 90 dB
Supply voltage rejectionratio . . . . . . . . . . .. .. .. ...... 170 80 dB
Supply current per amplifier . . . . . . . L L 000 L 2 4 mA

TENTATIVE DATA SHEET

This document provides tentative information
on a product in the developmental stage. Texas TEXAS IN STRUMENTS 107
Instruments reserves the right to change or INCORPORATED

discontinue this product without notice. POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222



TYPES TL089I, TLO8SC

BULLETIN NO. DL-S 7612421, JUNE 1976

.25to 50 1V Typ °

e Very Low Input Offset Voltage Temperature
.0.2uv/°C

@ Very Low input Bias Current . ..

Coefficient . .

e Very Low Input Offset Current . ..

e Very Low Input Offset Current Temperature
Coefficient .. . 2 pA/°C

description

The TLO89 high-performance chopper-stabilized
operationai ampiifier features superior input offset
voltage, input offset voltage temperature coefficient,
input bias and offset current characteristics, and ex-
cellent dynamic performance when compared with
conventional amplifiers. The inputs of the TLO89 are
symmetrical and differential, meaning that the device
may be operated in any conventional op-amp feed-
back configuration. Applications include high-gain dc
instrumentation, precision integrators, and as a substi-

INVERTING

tute for other operational amplifiers wherever much INPUT J 4
lower errors without external adjustments are re-
quired. The TL089 can replace the Harris HA2900, @
series of devices in most applications. It is available in NONINVERTING

INPUT 4 /7 Cen
an aight-nin hermetic plug-in package with standard \;f P2
pin-out and requires only three capacitors for V

CC—

operation.

The TLO89I is characterized for operation from
—25°C to 85°C and the TLO89C from 0°C to 70°C.

functional block diagram

150 pA Tvp

LINEAR
INTEGRATED CHOPPER-STABILIZED OPERATIONAL AMPLI
CIRCUITS LIFIERS
e Very Low Input Offset Voltage
%
i

100to 200 pA Typ e

Output Short-Circuit Protection
e High Slew Rate ... 10 V/us Typ

& High Gain-Bandwidi
IMHz Tyn

S 1
Froquet . . .

Wide Common-Mode and Differential
Voltage Ranges

° Very H|gh Voltage Amplification .

PIN 4 IS IN ELECTRICAL
CONTACT WITH THE CASE

INVERTING
INPUT -
Al OUTPUT
NONINVERTING +
INPUT
i] "
A2 S
+ A3
& CsH
FIGURE 1
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TYPES TL089I, TLO8SC
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS

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

TLO89I TLO89C UNIT

Supply voltage, Vcc+ (see Note 1) 20 20 \%
Supply voltage, Vcc— (see Note 1) —20 —-20 \
Differential input voltage (see Note 2) +15 +15 \
Input voltage (any input, see Notes 1 and 3) +15 +15 v
Duration of output short-circuit (see Note 4) unlimited unlimited

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 625 625 mW
Operating free-air temperature range —25 to 85 0to 70 °C
Storage temperature range —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch from case for 60 seconds 300 300 °C

NOTES: 1.

All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply voltages where the

zero-reference level is the midpoint between Vgt and Vec—. If the zero-reference level of the system is not the midpoint of the

supply voltages, all voltage values must be changed accordingly.

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

abd N

recommended operating conditions

. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.

. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.

TLO89I TLO89C uNIT
MIN MAX MIN MAX
Supply voltage, Voc+ 10 20 10 20 \
Supply voltage, Voo— —-10 -20 -10 -20 \%
Operating free:air temperature, TA - :237 85 07 - 770 °C
——
CF =0.1uF A
INVERTING — OUTPUT

NONINVERTING
INPUT

Vee—

FIGURE 2—-TYPICAL GAIN CONFIGURATION SHOWING EXTERNAL COMPONENTS
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TYPES TLO89I, TLO8SC
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vecc+ =15V, Veg—-=-15V

TLO8S! TLOBSC
PARAMETER TEST CONDITIONST UNIT

MIN  TYP MAX TVE

MAX

25°C 25 50 50 150
input offset voltage — Y
Full range 80 200

Average temperature .
avio coefficient of input Full range 02 0.2’ wv/e
offset voltage !

25°C 166 3066 26e 600G

Full range 600 1000

pPA

Average temperature
1116 coefficient of input Full range 2 2 ) pA/°C
offset current

25°C 150 500 150 1000 pPA
Full range 10 15 nA

hiB Input bias current

Common-mode input o
VIiCR 25°C +10 10 \
voltage range

Maximum peak-to-peak

Voprp output voltage swing RL=2k& 25°C 20 24 20 24 \
Large-signal differential R =2k, o

Avb voltage amplification Vo=210V %°C 100 178 100 175 dB

feh Chopper frequency 25°C 400 {400) Hz

B1 Unity-gain bandwidth 28°C 2 3 MHz

T Input resistance 25°C 100 100 MQ

ro Output resistance 25°C 200 200 Q

Common-mode A
CMRR jecti Rg <10 k2 25°C 80 20 an
rejection ratio 3

Supply voltage - N
ksVR" Pply voltag Rg < 10 k&2 25°C 80 80 dB
rejection ratio

Short-circuit output
los P 25°C 10 20 10 20 mA
current

I Suppl t No toed, 25°C 6 10 6 10 A
curren m
cc upply eur No signal

*kgvR = AVcc/AVo.
TEul range for the TLO89I is —25°C to 85°C and for the TLO89C 0°C to 70°C. All characteristics are measured with external components
connected in the typical gain configuration of Figure 2.

operating characteristics, Vcc+ =15V, Vcc— =—15V, CT = 1500 pF, CF = CSH = 0.1 uF, TA = 25°C

TLO89I TLOB9C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
SR Slew rate Ay =1 10 10 V/us
Maximurm-output- Vom > +10V 160 160 kH
* ¥4
Bom swing bandwidth oM
110 TEXASI INSTRUMENTS
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TYPES TLO89I, TLO8SC

CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS

PRINCIPLES OF OPERATION

Traditional integrated operational amplifiers have
inherent problems that cause inaccuracies in many of
the dc and very-low-frequency applications of these
devices. The major problems are:
1. Input offset voltage
2. Thermally-induced change of input offset
voltage
3. Input offset current
4. Thermally-induced change of input offset
current
6. Gain deficiencies
6. Input resistance effects

Chopper stabilization is a technique that is effective
in substantially reducing the initial and long-term
input offset voltage, input-offset-voltage drift and
gain deficiencies. Other circuit techniques can be
utilized to reduce the effects of offset current,
offset-current drift, and input resistance effects.

Most chopper-stabilized amplifiers feature single-
ended, inverting operation. These are available as
bulky modular devices fabricated by discrete or
hybrid approaches. For space-critical applications, or
for applications requiring the noninverting or
common-mode  configuration, the traditional
chopper-stabilized amplifiers are not suitable.

g

W—

HIGH FREQ. HIGH PASS
—> 1¢
I\
LOW FREQ. 4
(d)
(b)
LOW PASS

e__

CHOPPER
DRIVE

|||-—6

The TLO89 is an effective application of chopper-
stabilization techniques to an integrated circuit
design. It is fabricated in a popular standard package
and incorporates a unique differential-input configu-
ration that permits common-mode input voltages and
application in inverting or noninverting configura-
tions. Circuit techniques and state-of-the-art tech-
nologies have been combined to provide low input
bias current, low input offset current, low offset-
voltage temperature coefficient and drift, and very
high input resistance.

The following discussion is provided to familarize the
user with chopper-stabilization techniques. For
simplicity, the technique will be described first by
reference to a simplified single-ended chopper-
stabilized amplifier. Principles will then be extended
to the TLO89 differential-input integrated-circuit
operation amplifier.

The general approach to chopper stabilization is
accomplished by processing low-frequency signal
components separately from the higher-frequency
components. This is illustrated in Figure 3. The upper
signal path passes higher-frequency (>100 hertz, for
example) signal components directly. These higher-
frequency components are amplified directly by the

(@) T~ —

INPUT 0

(b)
MODULATEDO_U L.I L] I_I U

INPUT

(c)
PRIOR TO Of
DEMODU-

LATION A\

-z

(d)
AFTER
DEMODU-

LATION | Q V

(e)
AFTER
LOW-PASS

FILTERING
AND
SUMMING

FIGURE 3—SIMPLIFIED BLOCK DIAGRAM OF TYPICAL DISCRETE CHOPPER STABILIZED OPERATIONAL AMPLIFIER

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 o

DALLAS, TEXAS 75222



112

TYPES TL0O89I, TLO8SC
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS

wide-band amplifier, A1. The low-frequency
components (<100 hertz in this example) aie
processed through the lower signal path— the

channel. The low-frequency
oenodncallv shunted to around by the a(‘ﬂor\ of fhp
input chopper. The resulting waveform at the output
of this chopper is amplified by applying it to the ac
amplifier, A2. After amplification, the signal is
demodulated in synchronism with the input chopper
switch 10 resiore TnP nrf)per ﬂ(‘ IP\IPI ,-\ In\l\l-pass fll‘.‘:.
smooths the demodulated signal and attenuates any
noise created by the demodulation switch. The
resultant low-frequency signal is finally amplified by
the high-frequency amplifier, A1. The chopper path,
therefore, processes the low-frequency signal
components by converting them to higher-frequency
ac signals, amplifying them, and finally converting
them back to low-frequency components by demodu-
lation. This technique reduces the offset and drift of
amplifier A1 by the gain of the chopper amplifier.
Overall low-frequency gain is a combination of the
gain of the higher frequency and lower frequency
channels.

This chopper-stabilization technique results in
extremely high low-frequency gains and extremely
low voltage offset. Since reduction in offset-voltage
change does not depend on canceilation of change
due to matched components, the chopper-stabilized
amplifier is relatively immune to change due to
thermal effects. Long-term-drift stability is also
excellent. High-frequency characteristics are primarily
a function of the high-frequency amplifier, A1.

The above description is an example of a typical
discrete chopper-stabilized operational amplifier with
a single-ended input stage.

Operation of the TLO89 may be explained by
referring to Figure 1. Amplifier A1 is a high-
frequency amplifier featuring a unity-gain bandwidth

of 3 MHz and a unity-gain slew rate of 10 volts per
miciosecond. Frequency compensation is internai.

ically shoiting
the differential inputs together. During this interval
of time, the offsets of amplifiers A2, A3, and other
system errors are cancelled out. The sample-hold
capacitor, CSH, holds this condition during the next

interval of ¢

sarilo o imeees ol

, WS THT INPpUT Cniopper l.Uu}JIG) ulr:
offset voltage of A1 to the input of A2. After
amplification by A2 and A3, this signal is demodu-
lated by the synchronous demodulator.

The output of amplifier A4 is used to null the initial
offset of amplifier A1. This nulling is accomplished at
a point in the input stage of A1 that is similar to the
external null-offset terminals of a conventional
integrated-circuit operational amplifier. The chopper-
stabilization circuit samples and nulls the offset of A1
at a 750-Hz rate, thereby effecting an almost con-
tinuous correction of offset. While A2 and A3 are in a
state of auto-zero, capacitor CF retains the previous
correction voltage at the input of A4.

Using the basic differential-input chopper stabiliza-
tion technique described above results in inout
voitage offset and drift much superior to conven-
tional integrated-circuit operational amplifiers. A
review and comparison will also reveal input current,
input offset current, bandwidth, slew rate, and
voltage amplification superior to these amplifiers.

The TLO89 represents dramatic increases in perfor-
mance and make possible application in critical
designs where only discrete or modular designs could
be utilized previously. A reduction in cost and
increase in reliability make this device ideal for these
applications in addition to applications where
periodic or initial calibration can now be eliminated.
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LINEAR
INTEGRATED CIRCUITS

TYPES TL702M, TL702C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612407, JUNE 1976

FORMERLY SN52702, SN72702

e Open-Loop Voltage schematic
Amplification . . . 2600 Typ
2 ¢ 2 g O Vee+
8k 8k
e CMRR...80dB T Typ
Zkﬂi 2kq 0'55:,,?,
. e 1’-@ 34k
description oo o
The TL702 is a high-gain, wideband operational it 24 4
amplifier having differential inputs and single-ended NG ouTPUT
emitter-follower outputs. Provisions are incorporated INPUT _Li i
within the circuit whereby external components may Componantvakes hown 2o
be used to compensate the amplifier for stable are nominal 3
operation under various feedback or load conditions. saka o0
Component matching, inherent in silicon monolithic o
< co-

circuit-fabrication techniques, produces an amplifier

with low-drift and low-offset characteristics. The TL702 is particularly useful for applications requiring transfer or

generation of linear and non-linear functions up to a frequency of 30 MHz.

The TL702M is characterized for operation over the full military temperature range of —556°C to 125°C. The TL702C

is characterized for operation over the temperature range of 0°C to 70°C.
terminal assignments

J OR N DUAL-IN-LINE L PLUG-IN PACKAGE

u
FLAT PACKAGE
(TOP VIEW)

PACKAGE (TOP VIEW)

(TOP VIEW)

LAG LEAD
NC Vcc+  NC OUTPUT COMP COMP  NC

INV
INPUT

NON-

INV
INPUT

vee-
NC NC GND INV NON- vec- NC
INPUT INV

INPU'

T
PIN 41S IN ELECTRICAL CONTACT WITH THE CASE

<
8
¢

)
&
S
2
S

@
-@g
r®

LEAD
come
'l

O

L L] 1] L L]
NC GND INV  NON-  vgc-
INPUT  INV

NC~—No internal connection

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

TL702M TL702C |UNIT
Supply voltage VCC+ (see Note 1) 14 14 \4
Supply voltage VCC— (see Note 1) -7 —7 Vv
Differential input voltage (see Note 2) +5 +5 \
Input voltage (either input, see Notes 1 and 3) —61t015 | 6t 1.5 Vv
Peak output current (ty < 15) 50 50 mA
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 4) 300 300 mW
Operating free-air temperature range —55t0125| 0to 70 °C
Storage temperature range —65 to 150 | —65 to 150 °C
Lead temperature 1/16 inch from case for 60 seconds [ J. L, or U package 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds | N package 260 260 °C

NOTES:

. All voltage values, unless otherwise noted, are with respect tc the network ground terminal,

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

. For operation of TL702M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2,

1
2
3. The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages.
4
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TL702M
electrical characteristics at specified free-air temperature
Tiveem
PARAMETER TEST CONDITIONS' Vees =12V Vees =8V it
Vec-=-6V Vee—-=-3V
MIN TYP MAX|MIN TYP MAX
Vio Input offset voltage Rg < 2kQ iz!::range 2 2 2 : mvV
Average temperature coef {—85°C o 25°C 10 10
avIo of input offset voltage Rs=500 izs"c o 125°C 5 5 uvre
25°C 0.5 2 0.3 2
ho Input offset current —55°C 1 3 3| mA
125°C 0.2 3 3
Average temperature coefficient —55°C to 25°C 6 5 °
)10 K = = nA/°C
of input offset current 25°C to 125°C 3 2
. 25°C 4 10 25 7
T} Input bias current 55°C 65 20 T2 BA
v, Input voltage range Positive swing 25°C 0.5 1 0.5 1 v
Negative swing -4 -5 -15 -2
v Maximum peak-to-peak R > 100 k2 10 10.6 5 54 v
oee output voltage swing R =10kQ 8 4
) ! ] 25°C 1400 2600
Avb Large-signal -'1|‘ffer‘ent|al AL > 100 k§ Vo=:5V Full range | 1000
voltage amplification
= i Vp=%25V | 25°C 380 700
) 25°C 8 25 12 40
i Input resistance Full range 3 2 k&
o Output resistance Vo =0, See Note 3 25°C 200 500 300 700 o
CMAR Common-mode rejection ratic | Rg < 2 K& 25°C 70 80 70 80 dB
AV|o/AVce Supply voltage sensitivity Rg < 2kQ 25°C 60 300 60 300 |uV/V
lcc Supply current No load, No signal 25°C 5 6.7 21 39| mA
Pp Total power dissipation No load, No signal 25°C 90 120 19 35| mw

¥ All characteristics are specified under open-loop operation. Full range for TL702M is —55°C to 125°C.
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TL702C
electrical characteristics at specified free-air temperature, Vec+ =12V, Veg—=-6V
TL702C
PARAMETER TIONST UNIT
TEST CONDITIO MIN TYP MAX
Vv 1 t offset volt: Rg <2k 25°C 5 19 \"
offset voltage < m
10 ey votag S Full Range 15
Average temperature coefficient o
3 Rg=50Q Full Range 5 Vv/°C
vio of input offset voltage s 9 #
1 Input offset t 25°¢ 05 5 A
nput offset curre
10 pu curren Full Range 7.5 #
Average temperature coefficient 0°C to 25°C 5 o
@10 . o > nA/°C
of input offset current 25°Cto70°C 3
| \ ) tbi . 25°C 451
B nput bias curren o°C 25 0] 4
Positive swing o 0.5 1
\7 Input voltage range - - 25°C \%
Negative swing -4 -5
Maximum peak-to-peak o
" Vopp i R = 100 kQ 25°C 10 106 \
output voltage swing
Large-signal differential 25°C 1000 2600
Avb o RL>100k2, Vo=t5V
voltage amplification Full Range | 800
] 25°C 6 25
T Input resistance ko
Full Range | 3.5
o Output resistance Vo =0, See Note 3 25°C 200 600 |
CMRR Common-mode rejection ratio Rg < 2kQ 25°C 65 80 dB
AV|0/AVcc Supply voltage sensitivity Rg < 2kQ 25°C 60 300 | uVv/V
Icc Supply current No load, No signal 25°C 5 71 mA
Pp Total power dissipation No load, No signal 25°C 90 125 | mW

t All characteristics are specified under open-loop operation. Full range for TL702C is 0°C to 70°C.

NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

TL702M, TL702C

operating characteristics Voc+ = 12V, Vge—=—6V, Ta =25°C

TEST BOTH TYPES
PARAMETER TEST CONDITIONS
FIGURE MIN TYP MAX unIT
o 1 Vi =10mV, CL=0 25 120 ns
ty  Rise time
2 Vy=1mV 10 30 ns
o . 1 Vi=10mV, C = 100 pF 10% 50%
vershoot factor 2 Vi=1mV 20% 20%
1 V=6V, Cp = 100 pF .
SR Slew rate ! L d 17 V/us
2 Vi =100 mV 11
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

——— V;

—d———ov

INPUT VOLTAGE
WAVEFORM

Vi

———ovV

INPUT VOLTAGE
WAVEFORM

PARAMETER MEASUREMENT INFORMATION

OUTPUT

FIGURE 1-UNITY-GAIN AMPLIFIER

OuUTPUT

FIGURE 2—-GAIN-OF-100 AMPLIFIER
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vi

FREQUENCY
(for various lag compensations)

> WINEETEY RS0k
¥ VCC—=—6V  Ta=25°C
L EP)
S
2 o 3
3 o o S e
8 »—‘l + “ ‘* + ‘a -
R REETE Lhc
i e B By "N c
: AT =\ 1 3R
3 - - . - -
£ TS k-, ‘t F’:‘: Ry
i 2 2
2 = =
g ~~ ‘P N. - -
> 0 " ok 100K ™ LAG COMPENSATION CIRCUIT

FOR FIGURES 3,4, AND 5
f—Frequency—Hz
FIGURE 3

LARGE-SIGNAL DIFFERENTIAL
LARGE-SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION
VOLTAGE AMPLIFICATION

vs
FREQUENCY

v
FREQUENCY (for various lag compensations)
100 T y 100 T ——rrrr
VD(0) = AvD at f =1 Hz Open-Loop, C1=0 | | vece =12V
I Cecirul] | At e
:_:-_! 10° i l Cr=0.1 uF g @ I]” N Ta=25°C
g \ || Ri=0 8 A =100 \L
RL = 100 k@ < VD(0) \
M 10? ..l o Cy=100pF, R1=2ka | [N
¥ i Ta = 25°C § @ .
g Avo(m-lm i ! T T TTH
S Closed: Loop > AvD(0) = 10
3 | | 3 Cq = 1000 pF, R1 = 200 2
2 10 £ 0
§ Avo(m-m § | H””” l
& Closed-Loop H £ AvD(0) = 1
ﬁl ' 1 C1=001uF, R1=200Q
S AvD(0) = 1 Z ] I l ”H" li
< Closed-Loop <
10-1 10-1 AvD(0) = l:\‘lp atf=1Hz
100 1k 10k 100 k ™ 106 100 k ™ oM 100 M
f—Frequency~Hz f—Frequency—Hz
FIGURE 4 FIGURE 5
LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
FREQUENCY
(for various lag compensations)
104 R
AvD(0) = Avp at f = 1 Hz AAA
5 vees =12V hAAA
€ Open.L, vee-=-6V
E 10° o Co C3=50pF
LU s -
$ @ = | N Co -~
£ WVD(0) = 100, C2 = 0, RF = 10 k@ N O
> R2
£ 10
] AvD(0) = 10, C2 = 1000 pF, N
s R2=200Q, RF = 10k N
N AR
] AvD(0) = 1, C2 = 0.01 uF,
< R2= 209, RF=10kQ \
Y 1 A 1 o
LEAD-LAG COMPENSATION CIRCUIT
{~Frequency-Hz FOR FIGURE 6
FIGURE 6
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LINEAR

INTEGRATED CIRCUITS

TYPE uA702M
GENERAL-PURPOSE OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 7612408, JUNE 1976

FORMERLY SN52702A

schematic

B - Open-Loop Voltage
£ Amplification . . . 3600 Typ
§ o Designed to be interchangeabie With
i Fairchild nA702
e CMRR...100dB Typ
description

The uA702 is a high-gain, wideband operational

emitter-follower outputs. Provisions are incorporated

. . . . . IN\IERTING Los 4
,. kQ
amplifier having differential inputs and single-ended mv"é?#mc
within the circuit whereby external components may :;
i : it Iy z P Component values shown 2240 0

be used to compensate the ampiifier for stabie
operation under various feedback or load conditions.

are nominal

2.4k

Component matching, inherent in silicon monolithic
circuit-fabrication techniques, produces an amplifier
with low-drift and low-offset characteristics. The uA702 is particularly useful for applications requiring transfer or
generation of linear and non-linear functions up to a frequency of 30 MHz.

The uA702M is characterized for operation over the full military temperature range of —55°C to 125°C.

terminal assignments

1 % T VGG
cras 3 v
LY Shai
f b3
{
2k0 2k
3 o LEAD
4 comp
< 34k
eno o——] - P > O LAS
ouTPuUT
26k
%480 Q E 2000
O Vee-

v
J DUAL-IN-LINE L PLUG-IN PACKAGE FLAT PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW)
~ LAG LEAD veer Lhe  tEAD I
Viir NG OUTPUT COMP COmPNC 1 vees NG OUTRUT CB'-‘-‘P comp
u lJ 13 n][w][o] ouTeUT ® ®
1 1 1 1
INV
INPUT o
—  F —F
INV
INPUT @ @
NC NC GND INV NON- Voo NC vee- NCoaND e e Vee-
INPUT INV INPUT
INPUT
PIN 41S IN ELECTRICAL CONTACT WITH THE CASE

NC—No internal connection

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

Supply voltage Vcc+ (see Note 1) 14V
Supply voltage Vcc— (see Note 1) -7V
Differential input voltage (see Note 2) 5V
Input voltage (either input, see Notes 1 and 3) —6 V to1.5V
Peak output current (ty < 1s) . 50 mA
Continuous total dissipation at (or below) 70 C free -air temperature (see Note 4) .. 300 mW
Operating free-air temperature range . —55°C to 125°C
Storage temperature range .. . . —65°C to 150°C
Lead temperature 1/16 inch from case for 60 seconds J L or U package . 300°C

NOTES: 1. All voltage values, unless otherwise noted, 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. The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages.
4

. For operation above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2.
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TYPE uA702M

GENERAL-PURPOSE OPERATIONAL AMPLIFIER

electrical characteristics at specified free-air temperature

Vee+ =12V Vec+ =6V
PARAMETER TEST CONDITIONS? Vecc-=-6V | Vec-=-3V _|uNniT
MIN TYP MAX|MIN TYP MAX
Vio Input offset voltage Rg < 2kQ 25°C 05 2 9.7 3 mV
Full range 3 4
Average temperature coefficient —55°C to 25°C 2 10 3 15
“vio of input offset voltage Rs=50a 26°C to 125°C 25 10 35 15 |*V/C
25°C 02 05 0.12 0.5
ho Input offset current —55°C 04 15 03 15| wA
125°C 0.08 05 0.05 05
Average temperature coefficient —55°C to 25°C 3 16 2 13 o
Ll o] . o o nA/°C
of input offset current 25°C to 126°C 1 5 0.7 4
(T} Input bias current 25°¢ 2 5 12 35 HA
—55°C 43 10 26 715
" Input voltage range ::::;:::::::g 25°C gi _; _?: _; v
25°C 10 106 5 54
Maximum peak-to-peak RL>100ke Full range 10 5 v
Voe output voltage swing R = 10kQ 25°C 78 3 4
R > 10kQ Full range 7 3
25°C 2500 3600 6000
. . . Vo =25V
Large-signal differential Full range | 2000 7000
Avb I RL > 100 k2 -
voltage amplification Vo =+25V 25°C 600 900 1500
Full range 500 1750
N 25°C 16 40 22 67
r Input resistance Full range 6 8 kQ
o Output resistance Vo =0, See Note 3 25°C 200 500 300 700 | @
o ] 25°C 80 100 80 100
CMRR Common-mode rejection ratio Rg < 2kQ Full range 70 70 dB
25°C 75 75
AV|0/AVC Supply voltage sensitivity Rg < 2kQ Fall range 200 200 uVv/v
25°C 5 6.7 21 33
Icc Supply current No load, No signal —55°C 5 75 21 39| mA
125°C 44 6.7 1.7 33
25°C 90 120 19 30
Pp Total power dissipation No load, No signal —-55°C 90 135 19 35| mw
125°C 80 120 15 30
T All characteristics are specified under open-loop operation. Full range is —55°C to 125°C.
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
operating characteristics Vcc+ =12V, Vgg—=—6 V, Tao = 25°C
TEST
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
L 1 Vi=10mV, CL=0 25 120 ns
tr Rise time 2 V= 1mV 10 30 | ns
1 Vi=10mV, C = 100 pF 10% 50%
Overshoot factor 5 Visimv 20% 0%
1 V=6V, C = 100 pF 1.7
SR Slew rate > V=100 mV 1 V/us
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TYPE uA702M

GENERAL-PURPOSE OPERATIONAL AMPLIFIER

———

—_—d———ov

INPUT VOLTAGE
WAVEFORM

Vi

—_———0V

INPUT VOLTAGE
WAVEFORM

PARAMETER MEASUREMENT INFORMATION

2 kQ2

. AAA
l VWV
1

FIGURE 1-UNITY-GAIN AMPLIFIER

OUTPUT
INPUT

50 Q 50 pF $RL =100 k2

il

FIGURE 2—-GAIN-OF-100 AMPLIFIER
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TYPE uA702M
GENERAL-PURPOSE OPERATIONAL AMPLIFIER

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
vs

FREQUENCY
(for various lag compensations)
> 14
] vees =12V R = 100kQ
-4 Vec-=-6V  Ta=25"C
£ o2 :
3
>
3 10
5 O o - 9
FRPY M 11111y 11 R V4111 N 1A
H - = U
= [=]
3 2 E\ E 2 LAG
% s a3 R K 7;\-- c
B 2 Al 2\ 12 ! RL
3 4t o 2\ 8
3 T M= T N =
i l ENIRENIR R1
12 S =
$ U.m h h i - N
>
‘100 . rox 100 ™ LAG COMPENSATION CIRCUIT
FOR FIGURES 3,4, AND S
f~Frequency—Hz
FIGURE 3
LARGE SIGNAL DIFFERENTIAL
LARGE SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION
VOLTAGE AMPLIFICATION vs
vs FREQUENCY
FREQUENCY (for various lag compensations)
"
10 18 A T 10¢ T -
VvD(0) = AvD at f =1 Hz 0 en Loop,C1=0 vee+ =12V
P p.C1 =
5 Open-Loop vee+ =12V 5 vee-=-6V
= Vee—=-6V = RL =100 k2
® 3 = o,
ER C1=0.1uF dow mm N Ta =25°C
= R1=0 °
g E A =100
< RL =100 ke < &2 £ Ry =260 |
g 10 ! TA=26C FYRRT G ML N
£ [avow - 100 g CTTTT 1T
S Closed- Loop ]‘. > Avp(0) = 10 N
5 0 : ...,‘ T Ci = 1000 pF, Rq = 200 2
§ |avowo-to LTI T TP
£ Closed: Loop | b4 AvD(0) = 1 \
] . ? . C1=001uF,R1 =200
S AvD(0) = 1 "'N e Sy
< Closed-Loop <
10-1 “ 1o AvD(0) = Ayp at t= 1 Hz
100 1k 10k 100k 1M 10M 100 k ™ 0m 100 M
f~Frequency—Hz 1-Frequency—Hz
FIGURE 4 FIGURE 5
LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
FREQUENCY
(for various lag compensations)
10 R
AvD(0) = AvD atf = 1 Hz
vee+ =12V
Open-Log, vee-=-6V
10° " Casy €3 =50 pF
’9;\ | Ta=25°C
. RTINS o

AvD(0) = 100, C2 = 0, RF = 10kQ2 N

B 1 T R2

AvD-Differential Voltage Amplification

Avmo, =10, C2 = 1000 pF, L\
TR Tl L
! AvD(0) = 1, C2=0.01 uF,
2= 209, RF=10k&2 \
oo LU 1 &
100 ™ i0M 00 M
LEAD-LAG COMPENSATION CIRCUIT
f-Frequency-iz FOR FIGURE 6
FIGURE 6
676 PRINTED IN U.S.A
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676

TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

BULLETIN NO.DL-S 7611447, FEBRUARY 1971-REVISED JUNE 1976

LINEAR
INTEGRATED CIRCUITS

description

FORMERLY SN52709A, SN52709, SN72709

e Common-Mode Input Range ... +10 V Typical
e Designed to be Interchangeable with Fairchild uA709A, 1A709, and uA709C
e Maximum Peak-to-Peak Output Voltage Swing . . . 28 V Typical with 15 V Supplies

schematic

These circuits are general-purpose operational
amplifiers, each having high-impedance differential
inputs and a low-impedance output. Component
matching, inherent with silicon monolithic
circuit-fabrication techniques, produces an amplifier
with  low-drift and low-offset characteristics.
Provisions are incorporated within the circuit
whereby external components may be used to
compensate the amplifier for stable operation under
various feedback or load conditions. These amplifiers A o 1N
are particularly useful for applications requiring .

N

25K

cce
20k

INPUT FREQUENCY
COMPENSATION

\_L

2k i

3k

. 30k

"y

ouTPuT
FREQUENCY
COMPENSATION

NONINVERTING,,
INPUT

transfer or generation of linear or nonlinear
functions.
The uA709A circuit features improved offset e

Component values shown are nominal

characteristics, reduced input-current requirements,
and lower power dissipation when compared to the uA709 circuit.
average temperature coefficients of offset voltage and current are guaranteed.

In addition, maximum values of the

The uA709AM and uA709M are characterized for operation over the full military temperature range of —55°C to

125°C. The uA709C is characterized for operation from 0°C to 70°C. N
JGORP
DUAL-IN-LINE L
J OR N DUAL-IN-LINE PACKAGE PLUG-IN PACKAGE U FLAT PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW)
INPUT
FREQUENCY
Frea  our.Tata" Thta our. Faea’ com, Freq rea
NC NC COMP A Vcc+ PUT COMP  NC COMP A Vcc+ PUT  COMP A NC COMP A vcc+ OUTPUT COMP
8 7
JIEI. (ONONOXNO)
1 'l J |
"“%7 (|| outeut
NIk o FREQUENCY 5 S S L 8
NC  NC Ll\:‘PElg , »::'XT "‘4&« Vee- NC INPUT INV  NON- VcC-— INPUT vee-
comp B INPUT coma™ T eoT NS INPUT WY NON. Voo
PIN 415 IN ELECTRICAL comp 8 INPUT
CONTACT WITH THE CASE

NC—No internal connection

voltages specified

Throughout this data sheet, supply voltages are specified either as a range or as a specific value. A positive voltage with-
in the specified range (or of the specified value) is applied to Vc+, and an equal negative voltage is applied to VcC—.

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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TYPES uA709AM, uA709M, uA709C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

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

uA70AANM
wA709M uA709C |UNIT
o ] —18 18 v

Differential input voltaaéﬂ(“sée Note 2) +5 +5 \
Input voltage (either input, see Notes 1 and 3) +10 +10 \
Duration of output short-circuit (see Note 4) 5 H
Continuous total dissipation at (or below) 70°C free-air temperature (see Note 5) 300 300 mwW
Operating free-air temperature range —55t0 1256¢ Gw 70 °C
Storage temperature range —65 to 150 [ —65 to 150 °C
Lead temperature 1/16 inch from case for 60 seconds J, JG, L, or U package 300 300 °c
Lead temperature 1/16 inch from case for 10 seconds N or P package 260 260 °C

NOTES: 1.
zero reference level is the midpoint between VCC+ and VCC—.

o AN

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

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 10 volts, whichever is less.

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

All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the

For operation of UA709AM and uA709M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2.

electrical characteristics at specified free-air temperature, Vcc+ =+9 V to 15 V (unless otherwise noted)

PARAMETER TEST CONDITIONS? uA709AM uATOIM UNIT
MIN _ TYPi mAX | MIN _TYPI maAx
25°C 0.6 5
Vio Input offset voltage Rg < 10kQ2 5 2 ! mV
Full range 3 6
. Rg =50 2 Full range 1.8 10 3
Average temperature coefficient L55°C 0 25°C 18 % 5 Ve
— o .
avio of input offset voltage Rg =10k S ry u
[ 25°C 10 125°C 2 15 6
25°C 10 50 0 200
WO input offset current —55°C a0 250 100 500 A
125°C 35 50 0 200
Average temperature coefficient [-55°C t0 25°C 0.45 2.8 AFC
n
10 of input offset current l 25°C to 125°C 0.08 0.5
[ Input bias current 25.C 0.1 0.2 0.2 05 A
n
8 P ~55°C 0306 05 15 |
25°C +8 +10 +8 %10
A | t volt Vi =+15V \%
! nput voltage range cc: Full range +8 +8
) Vecr=$15V, RL>10kQ 25°C 24 28 24 28
v Maximum peak-to-peak Full range 24 24 v
opp output voltage swing Vee: =£15 'V, RL =2k 25°C 20 26 20 26
Veet: =215V, RL=2kQ Full range 20 20
Large-signal differential 15V, RL>2kS, |[25°C 45 45
AvD e V/imv
voltage amplification 10V Full range 25 70 25 70
\ . 25°C 350 750 150 400 ‘.
T nput resistance ~55°C a5 185 20 100
ro Output resistance Vo =0, See Note 6 25°C 150 150 Q
25°C 80 110 70 90
x jecti i Rg< 10k dB
CMRR Common-mode rejection ratio s< 10k Foll range 30 70
ViQ/AVee P . Re < 10 kS 25°C 40 100 25 150 vV
AVi0. cC Power supply sensitivity s< Foll range 1700 150 H
v 15V No load 25°C 2.5 3.6 2.6 5.5
=% , o load,
Icc Supply current Csz —55°C 2.7 45 mA
No signal )
125°C 2.1 3
25°C 75 108 78 165
L Veer=+15V,  No load, >
Pp Total power dissipation No signal —55"C 81 135 mW
o 125°C 63 90

tAll characteristics are specified under open-loop operation. Full range for uUA709AM and uA709M is —55°C to 125°C.

tan typical values are at Vo = 15 V.
Note 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

TEXAS INSTRUMENTS
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature (unless otherwise noted Vgg+ = +15 V)

PARAMETER TEST CONDITIONST uA709C UNIT
MIN TYP  MAX
Vee: =t9Vtoxi5V, 25°C 2 7.5
\ Input offset voltage = \
10 pu setvoltag Rg < 10kQ Full range o] "
| Inout offset nt 25°C 100 500 A
offset currel = n
10 npu Vee: =9V tox15V Full range 750
| Inout bi " v oV BY 25°C 0.3 15 A
n| ia ren =1 +
18 pu s cur CC: to Full range 2 #
\ Input voltage range 25°C +8 +10 Y
Rl > 10kR 25°C 24 28
v Maximum peak-to-peak L Full range 24 v
opP output voltage swing Ry =2kQ 25°C 20 26
Ry =22k Full range 20
Large-signal differential 25°C 15 45
AvpD P R <2k, Vo=+10V V/mV
voltage amplification Full range 12
. 25°C 50 250
i Input resistance kQ
Full range 35
fo Output resistance Vo =0, See Note 6 | 25°C 150 Q
CMRR Common-mode rejection ratio Rg < 10k 25°C 65 20 dB
AV|0/AVc Supply voltage sensitivity Rg < 10k 25°C 25 200 | uV/V
Pp Total power dissipation No load, No signal 25°C 80 200 mwW
TAll characteristics are specified under open-loop operation. Full range for uA709C is 0°C to 70°C.
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
operating characteristics Voc: = t9V to+15V, Tao =25°C
uA709AM
A709M
PARAMETER TEST CONDITIONS Y UNIT
uA709C
MIN TYP MAX
t Rise ti C_=0 0.3 1
r <2 tme V) =20mV, Ry =2kQ, See Figure 1 |—= ue
Overshoot factor Cp =100 pF 6% 30%
PARAMETER MEASUREMENT INFORMATION
10k
Vi
OUTPUT
INPUT
-=-=0V
INPUT VOLTAGE
WAVEFORM

FIGURE 1—-RISE TIME AND SLEW RATE

676
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS
da. H

[unlace cianatad mavimum ar \
vuniess Signated maximur ]
INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs A%
FREE-AIR i EMPERATURE FREE-AIR TEMPERATURE
100 g T 500 250
'\l Vees =15V . Vee: = #15 V
%‘ 80 ‘\‘/7) ‘é 400 \ < 200
@ A -3
L %,
§ % L 350 \7»0'9 L
5 £ 300 \& £
3 40 N 3 g z 3 %
8 250 ™ ™, 3
S \ = “ \\ s
5 40 Y 5 200 3 5 100
2 a 2 N a
g £ 4, N =
< \ L 150 —N N L
2 2 N 04 2w NS 2 .
A
0
0

0 0
<75 =50 -25 G 25 5C 75 100 125 <75 =50 -25 0 25 50 75 100 125

TA—Free-Air Temperature—°C

FIGURE 3

TA—Free-Air Temperature—°C

FIGURE 2

INPUT VOLTAGE RANGE INPUT RESISTANCE

vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE

INPUT BIAS CURRENT
vs

SUPPLY VOLIAGE

Ta =25°C
uATOOM —1
T
UATOIAM
9 10 n 12 13 4 15

IVcel—Supply Voltage—V

FIGURE 4 .

uA709AM
COMMON-MODE REJECTION RATIO
vs
FREE-AIR TEMPERATURE

12 40 ns
- [ @© M
TA = Fuil Range / s Vees = 15V
o ) 4 Fag<10kn
= o 200 > e 3
[
£ L8 1 1 s 2
H — 2 1om :
5 ) | = ®
3 Wi & 7% 7 5 g no
3 ] 5 ool > S 2 w09 ,/
g .4 g @7' v s /
= £ IS4 E 108
= = N E
> S o7
12 200 T
& 10
0 5
9 10 11 12 13 14 15 =75 50 -25 0 25 50 75 100 125 =75 -50 =25 0 25 50 75 100 125
IVccl—Supply Voltage—V Ta—Free-Air Temperature—°C Ta—Free-Air Temperature—°"C
FIGURE 5 FIGURE 6 FIGURE 7
UATO9AM TOTA‘I:‘:’:;’\:I’::;ILOSQI:ATION
TOTAL POWER DISSIPATION TOTAL POWER DISSIPATION v
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE SUPPLY VOLTAGE
200
%0 | 1207, 7= 350¢ Ta=25°C ]
No load
° 175 } No load
% 85 % 106 No signat P % No signal T
i 44508420, ] ] ‘ o
¢ 09¢ 0% ¢ £ 150 &
] o S A g K
s 80 Y40 % 500 g 80 — g /
g Aty £ (A A g B
8 A 2 ; P 2
S 75 2 60 L — 5 100
g g // ‘W\c"\ ,/ % 75 ]
o a o
= 70 \ 5 40 s —1 L1
.? \\ ,? T »? 50
o 65| Vec: =15V o 20 o —
[ No load o o 25 ]
No signal
o 1 1 0 [
75 -50 =25 0 25 50 75 100 125 9 10 w12 13 14 15 5 10 N 12 13 14 15

TA—Free-Air Temperature—°C

FIGURE 8

IVcctl—Supply Voltage—V
FIGURE 9

IVcetl—Supply Voltage—V
FIGURE 10

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

126

676



TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

V/imV

Voltage

Ayp—Di

Ayp-Differential Voltage Ampfification

Vopp—Maximum Peak-to-Peak Output Voltage—V

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE

TYPICAL CHARACTERISTICS

(unless designated maximum or minimum)

uA709AM, uA709M
OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs
SUPPLY VOLTAGE

i R
4
50
Vees =15V
40
N 1T ™~
\‘ veer =112V
30 4
] ] ‘[\w\_
I~ Vee: =19V
20 |
T
10 | Twosc he-
=75 =50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—°C
FIGURE 11
OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
FREQUENCY

Tk 10k

|00k ™ 'IOM

f~Frequency—Hz

FIGURE 14

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE

vs
LOAD RESISTANCE

T T
Vees =15V
Ta = 25°C

v

01 02

04 071 2 4 710
RL~Load Resistance—k 2

FIGURE 16

V(ypp—Maximum Peak-to-Peak Output Voltage—V

Z 70 T
s RL > 2k

60 Ta=-55"Cto126°C ]

50 /

Maximumm 2 pical (T p = 25°C)

& 40 ’/ /
&
g
> /,

20

|Minimum | —1
Q0
2 l
>
< o
9 1o 1 12 13 4 15

1

IVce:l-Supply Voltage-V

FIGURE 12

CLOSED-LOOP LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
FREQUENCY
04

AVD(0) = Avp at f = 10 Az
Vees =£15V
Ta=25°C

Avp(0) = 1000

Ayp-Closed-Loop Differential Voltage Amplification

30

20

102

Cy=10pF, Ry=0,Cp= 3pF
[RILIC Y

=100 pF, R = 1.5kR2,
Cp=3pF

Cq=500pF, R1=15kQ,
Cp=20pF

lin
I

™M nom

1
Cq = 5000 pF, Ry = 1.5k,
C = 200 pF

f—Frequency—Hz

f
Tk 10k 100 k

FIGURE 15

MAXIMUM PEAK-TO-PEAK

OUTPUT VOLTAGE
vs

SUPPLY VOLTAGE

Ta = Full Range

+

Minimum (R > 10 km/‘/

=

/ L —1
/

//Minlmum(RL >2kQ)

9 10 i1 12 13 14 15

IVcel-Supply Voltage-V
FIGURE 17

Ayp-Differential Voltage Amplification

Vopp - Maximum Peak-to-Peak Output Voltage-V

uA709C
OPEN-LOOP LARGE-SCALE

DIFFERENTIAL VOLTAGE AMPLIFICATION

12,000

vs
SUPPLY VOLTAGE

10,000

R 22k |
o = 0°C to 70°C

]

8,000

V’

Minimum

6,000

4,000

2,000

10 N 12 13 14 15
IVces! - Supply Voltage-V

FIGURE 13
OuTPUT
FREQ

When the amplifier is operated with

capacitive loading, Rp =

50 Q.
FREQUENCY

COMPENSATION CIRCUIT
FOR FIGURES 14, 15, AND 18

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE

vs
FREQUENCY
32
Vees = £15 V.

28 Ta = 25°C

ol o ) RL =10k
2a b \ W

S e letle
20 -S4 o JHHLS LA

> - AL
16— = z z\1e
2 W TS
12 ke ol o\ —-H
5 BN 15NAS
8 £ < £
q - o ]
P » N v
4 \F% > =
IR
o 0
1k 10k 100 k ™ 1M

f-Frequency—Hz

FIGURE 18
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

uA709AM, uA709M uA709C
VOLTAGE TRANSFER VOLTAGE TRANSFER
CHARACTERISTICS CHARACTERISTICS
15 T ~ 15 T
Vee: =15V K ] Vees =15V 17 —_— =
RL=10kQ K 4 RL =10k W4
10 Ta=-55°C ~7 10 iy
/\_ o Ta=0°C J o
,/ Ta=25C Ta=25°C
> ’, | > P4 i
{ 5+ Ao ,:;A 1 ; 5 74 i
g Y \ . =) Ta=70°C
£ ~Ta=125C =
2 s
'g’ 0 §, 0
S 3
| A
o -5 // -5
> /,’ >° 4
A v ’
/ i’
)y x
-10 77/ -10 v/
/ / ‘ /
/I /4
—-15 -15
—-0.6 -0.4 -0.2 0 0.2 0.4 0.6 —-06 -0.4 -0.2 0 0.2 0.4 0.6
V|p—Differential Input Voltage—mV V|p—Differential Input Voltage—mV
FIGURE 19 FIGURE 20
SLEW RATE
RELATIVE OUTPUT SWING vs
P CLOSED-LOOP DIFFERENTIAL
ELAPSED TIME 100 VOLTAGE AMPLIFICATION
120 = ===
& Overshoot Vegs =tib Vv
J R 10f Ta=26°C i
100 P 1
N ﬂ.‘go% T
| 80 %10 a
§ 60 j ;' ) =
3 40
T § LA mll
3 2 =33 =2
& 10% 0.4
0 d Vegs =15V T
— Ihl-—Rise ime Tp=25°C
| ] 0. [l
0.5 [} 52 2.5 i 4 10 40 100 400 1000
t — Elapsed Time — ps Ayp—Closed-Loop Amplification
FIGURE 21 FIGURE 22
NORMALIZED FREQUENCY CHARACTERISTICS NORMALIZED FREQUENCY CHARACTERISTICS
Vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2.0 —T T T 1.5
" Vg =t9'V to 215 TA=2;°C
RN g4
£ R
gl Rise Tine / I
214 8 Rise Time
2 T~ P’ FRR \]\,\
) ~ r 9o Slew Rote =
H 1.0 Slew Rote {— 2 0.9
H $ —
Lo = P gos Open- or Closed-Loop Bandwidth 1
E 0.6 [——1~ Open- or Closed-Loop Bandwidth ™y 3 0.7
g 0.4 5 0°
3 £ o0s
0.2 Z 0.4
0 0.3
=75 =50 -25 0 25 50 75 100 125 9 0 11 12 13 1415
Tp — Free-Air Temperature — °C IVcc!—Supply Voltage—V
FIGURE 23 FIGURE 24
PRINTED IN U.S.A. 676
T cannot assume any responsibility for any circuits shown
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LINEAR

INTEGRATED CIRCUITS

TYPES uA741M, uA741C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

_BULLETIN NO. DL-S 7611363, NOVEMBER 1970—-REVISED JUNE 1976

FORMERLY SN52741, SN72741
e Short-Circuit Protection

e Offset-Voltage Null Capability

e Large Common-Mode and

Differential Voltage Ranges

description

e No Frequency Compensation Required

e Low Power Consumption

e No Latch-up

The uA741 is a general-purpose operational amplifier,
featuring offset-voltage null capability.

The high common-mode input voltage range and the
absence of latch-up make the amplifier ideal for
voltage-follower applications. The device is short-cir-
cuit protected and the internal frequency compensa-
tion ensures stability without external components. A
low-value potentiometer may be connected between
the offset null inputs to null out the offset voltage as

shown in Figure 2.

The uA741M is characterized for operation over the

schematic
INVERTING
NPUT T ]
NON A
VERTING Rl N
INPUT
9kn 7.5K0)
a
OFFSET
NULL
N2 1k 50 k2 Skt 50 k2. 5092
ks
OFFSET
e o

Ny

full military temperature range of —55°C to 125°C;

the uA741C is characterized for operation from o°c

to 70°C.

terminal assignments

JG OR P DUAL-IN-LINE

COMPONENT VALUES SHOWN ARE NOMINAL

Veer

ouTPUT

vee-

J OR N DUAL-IN-LINE PACKAGE L PLUG-IN PACKAGE U FLAT PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW)
OFFSET OFFSET OFFSET
ouT. NULL oUT- NuLL Ne NE NC NC veee  outeur  NULL NC

NC  NC  OFFSET INV

NON-
NULL INPUT NV
N INPUT

vee-

Ne

OFFSET NV

| NULL INPUT
N1

NON- vec-
NV
INPUT

NULL

oFFsET
NOLL

e N2

| Vee-

PIN 4 1S IN ELECTRICAL

CONTACT WITH THE CASE

©900000

@_r

NC—No internal connection
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TYPES uA741M, uA741C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

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

uA741M | uA741C | UNIT|
Supply voltage Vcc+ (see Note 1) 22 i8 Y
v voltage Voo ... (see Note 1} 22 18 \Y
erentiai input voitage {see Noie 2) +30 <30 v
Input voltage (either input, see Notes 1 and 3) +15 +15 \%
Voltage between either offset null terminal (N1/N2) and Voo +0.5 +0.5 \Y
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5) 500 500 mW
Operaiing free-air iemperature range —55 10 125 01070 e
Storage temperature range —65t0 150 | —65t0 150 | °C
Lead temperature 1/16 inch from case for 60 seconds J,JG, L, or U package 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds N or P package 260 260 °C

NOTES: 1.

zero reference level is the midpoint between Ve and Veoco—.
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 uA741M only, the unlimited duration of the short-
circuit applies at (or below) 125°C case temperature or 75°C free-air temperature.
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2,

All voitage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the

electrical characteristics at specified free-air temperature, Vcc+ =15V, Vggc—=-15V
A741M A741C
PARAMETER TEST CONDITIONSt u 4 UNIT
MIN TYP MAX MIN TYP MAX
v i t offset volt Rg < 10kQ 2°C ! 3 ! 5 \Y
nput offset volta
10 P 9€ S Full range 6 7.5 m
AV|0(adj) Offset voltage adjust range 25°C +15 +15 mV
) 25°C 20 200 20 200
"o input offset current nAa
) Fuli range 500 300
. 25°C 80 500 80 500
hB Input bias current nA
Full range 1500 800
25°C 12 +13 +13
A Input voltage range \
Full range +12 +12
R =10k 25°C 24 28 24 28
v Maximum peak-to-peak R > 10 k2 | Full range 24 24 v
opp output voltage swing R =2kQ 25°C 20 26 20 26
Ry >2kQ | Full range 20 20
Large-signal differential Ry = 2k, 25°C 50 200 20 200
AvD U V/mV
voltage amplification Vo =+10V | Full range 25 15
r Input resistance 25°C 0.3 2 0.3 2 MQ
Vo=0V,
o Output resistance o 25°C 75 75 Q
See Note 6
C; Input capacitance 25°C 1.4 1.4 pF
25°C 70 90 70 90
CMRR Common-mode rejection ratio | Rg < 10 kQ dB
Full range 70 70
25°C 30 150 30 150
AV|o/AVcc Supply voltage sensitivit Rg < 10 k2 VIV
10/aVec Supply volteg v S Full range 150 150 |"
10s Short-circuit output current 25°C +26 +40 +25 40 | mA
| Supol No load, 25°C 1.7 2.8 1.7 2.8 A
u t m
cc pply curren No signal Full range 3.3 3.3
P Total dissipati No load, 25°C 50 85 50 85 w
ot t m
D al power dissipation No signal Full range 100 100

t All characteristics are specified under open-loop operation. Full range for uA741M is —55°C to 125°C and for uA741C is 0°C to 70°C.

NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
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TYPES uA741M, uA741C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

operating characteristics, Vecc+ = 15V, Vgc—=—-15V, Ta =25°C

uA741M uA741C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
ty Rise time Vp=20mV, Rp =2k, 0.3 0.3 us
Overshoot factor Cp =100 pF, See Figure 1 5% 5%

. V=10V, Rp=2kQ,

SR Slew rate at unity gain X 0.5 0.5 V/us
Cp_ =100 pF, See Figure 1

PARAMETER MEASUREMENT INFORMATION
[ \/ |

y————? ouTPUT
+

INPUT
— . — ——QV

INPUT VOLTAGE =

WAVEFORM
1 )
2RL=2k® n
<>

CL =100 pF

TEST CIRCUIT
FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE

TYPICAL APPLICATION DATA

TO Ve —

FIGURE 2—INPUT OFFSET VOLTAGE NULL CIRCUIT
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TYPES uA741M, uA741C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

{NPUT OFFSET CURRENT INPUT BiAS CURRENT MAXIMUM PEAK-TO-PEAK CUTPUT VOLTAGE
vs vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE LOAD RESISTANCE
o T . FTT s P Mo [T 1 T
| Vecs =15 ] Veg+= 15V @ 26 Fvee o =-15v
K Veg— = -15V Vee-=—-15 V| g Ta=125°C
< 80 < 0 s 24
! ) 3
H 5 \ g2
£ 6o g $
5} \ 3 le— uaraic J-—J 'E; 4
E L . . 8 200 - S— ! % 1a £ e
3 je— uA741C 4w @ i L 3
- | 5 ©
Fi A\ 7 g L : 1 &
I ! % ! é 14 /
° [ = 100 ! £
T 20 N ! N i g
: N~ - é o
— r S
o o v
~60 —40 20 0 20 40 60 80 100 120 140 —60 -40-20 0 20 40 60 80 100 120 140 01 02 04 071 2 4 710
Ta~-Free-Air Temperature—°C TA~FreeAir Temperature—"C R|—Load Resistance—ks2
FIGURE 3 FIGUER 4 FIGURE 5
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE DIFFERENTIAL DIFFERENTIAL
FREOVSENCY VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
u vs vs
S T ™ SUPPLY VOLTAGE FREQUENCY
g Vee+= 15V 400 Z 107 —
36 - cc Vo=210V _
k4 Tvec-=-15v FRL-2ka — v ey
S 32 | [1R =10ka ¥ Ta=25C |1 s 100 vVo=t10v ]|
5 Tp=25C > 200 = 5 RL =2k
2 28 £ 108 Ta=25"C—
] 3
$w H 100 // Y N |
£ 2 LI g i
$ % A s 103
$ e 3 3
E 40 5 102
g 12 ; Y g
X a 10!
& b F
(=] 4 >
> <
o 10 101
100 1k 10k 100k ™ 2 46 8 1012 14 16 18 20 110 100 1k 10k 100k 1M 10M 100M
— IVees | —Supply Voltage—v {~Frequency—Hz
FIGURE 6 FIGURE 7 FIGURE 8
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
Vs vs VOLTAGE-FOLLOWER
FREQUENCY ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE
100 28 8
1 [T
Vec+= 15V .
g %0 vggizftsv‘ 24 6 ~5§g,,:,5|\5/v—
2 g Hs:m“kﬂ r=- RL =2k
3 Ta=25"C Lo 4 > 4 : c,_=|oocnr —
s 70 2 sml[ H W\ Ta-25
H 1 H ouTPUT
£ o \ é:s /: 5 2 E
3 2 , z
@ S 2
§ so > 12 / + g o L - !
H s ) ]
S 40 \ g g . Vee+= 15V g —2 —v 7;EALA__.____
£ N 9 / ' Vee- = 15V s |
30 o ' - 3 |
9 \ T CL = 100 pF £ v \
13 | Ta = 25°C 1°°r
: o 0 o -6
0 -4 -8
110 100 1k 10k 100k 1M 10M 100M o 08 ! w2 25 0 10 20 30 40 50 60 70 80 90
f—Frequency—Hz t-Time—us t-Time—ps
FIGURE 9 FIGURE 10 FIGURE 11
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LINEAR INTEGRATED
CIRCUITS

TYPES uA747M, uA747C
DUAL GENERAL-PURPOSE
OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7611446, FEBRUARY 1971—-REVISED JUNE 1976

FORMERLY SN52747, SN72747

e No frequency Compensation Required
e Low Power Consumption

e Short-Circuit Protection

e Offset-Voltage Null Capability

description

The uA747 is a dual general-purpose operational
amplifier featuring offset-voltage null capability. Each
half is electrically similar to uA741.

The high common-mode input voltage range and the
absence of latch-up make this amplifier ideal for
voltage-follower applications. The device is short-
circuit protected and the internal frequency compen-
sation ensures stability without external components.
A low-value potentiometer may be connected be-
tween the offset null inputs to null out the offset
voltage as shown in Figure 2.

The uA747M is characterized for operation over the
full military temperature range of —55°C to 125°C;
the uA747C is characterized for operation from 0°C
to 70°C.

schematic (each amplifier)

e Wide Common-Mode and
Differential Voltage Ranges

e No Latch-up

e Designed to be Interchangeable with
Fairchild ©A747 and uA747C

J OR N DUAL-IN-LINE
OR W FLAT PACKAGE (TOP VIEW)

AMPLIFIER NO. 1 AMPLIFIER NO. 2

OFFSET OFFSET
NULL 1 2 NULL
INYT - VCCr OUTPUT NC  OUTPUT Vcc:  2N1

" 3 \H n ] L] ]

1 2 3 4 5 6 1
INVERT NONIN OFFSET Vcc OFFSET NONIN INVERT
ING  VERTING NULL NULL VERTING ING
INPUT  INPUT  IN2 2N2INPUT INPUT

AMPLIFIER NO 1 AMPLIFIER NO 2

NC-No internal connection
L PLUG-IN
PACKAGE (TOP VIEW)

AMPLIFIER
NO. 1

AMPLIFIER
NO. 2

INVERTING NC-No internal connection
INPUT _ _ .o Vee
+
NON- W
INVERTING )
INPUT 2% a
p——o OUTPUT
L 350 O
OFFSET
NULL o—4 ; ———{:
N1 1k 50 kQ Q2 5kQ 50 k2 350
OFFSET ¢ © Vce-
NULL o~
N2 TO OTHER
AMPLIFIER

Component values shown are nominal.
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TYPES uA747M, uA747C
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

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

uA747M uA747C UNIT

Supply voltage Voc+ (see Note 1) 22 18 \%
Supply voltage Voce— (see Note 1) -22 —-18 \
Differential input voltage (see Note 2} +30 +30 v
input voitage any input (see Notes | and 3) +i5 +ib v
Voltage between any offset null terminal (N1/N2) and Voo +0.56 +0.5 \
Duration of output short-circuit (see Note 4) unlimited unlimited

o Each amplifier 500 500
’Conti!-nuous total dissipation at (or below) 25°C 1N, or W package 200 200 W
free-air temperature {see Noie 5} L package 675 1625 —
Operating free-air temperature range —55 to 125 0 to 70 °C
Storage temperature range —65 to 150 | —65 to 150 °c
Lead temperature 1/16 inch from case for 60 seconds J, L, or W package 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds N package 260 260 °C

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where
the zero reference level is the midpoint between VCC+ and VCC—.
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 uA747M only, the unlimited duration of the short-circuit
applies at (or below) 125 C case temperature or 75°C free-air temperature.
For operation above 25°C free-air temperature and for total package ratings, refer to Dissipation Derating Curves, Section 2.

electrlcal charactenstncs at specified free-air temperature, Vcc+ =15V, Vgc—=—-15V
uA747M uA747C
PARAMETER TEST COND!TIONST UNIT
MIN TYP MAX MIN TYP MAX
25°C 1 5 1 6
Vig Input offset voltage Rg < 10kQ mV
Full range 6 7.5
AV|Q(adj)  Offset voltage adjust range 25°C +15 +15 mV
25°C 20 200 20 200
ho Input offset current nA
Full range 500 300
. 256°C 80 500 80 500
g Input bias current nA
Full range 1500 800
v | tvolt 25°C +12 +13 +12 +13 v
nput voltage range
! pu a 9 Full range +12 +12
RL=10kQ | 25°C 24 28 24 28
v Maximum peak-to-peak R = 10 k2| Full range 24 24 v
opp output voltage swing RL-2ke | 25°C 20 26 20 26
RL = 2k&Q Full range 20 20
Large-signal differential RL>2kQ, | 25°C 50 200 25 200
Avbp P V/imv
voltage amplification Vo =t10V | Full range 25 15
ri Input resistance 25°C 0.3 2 0.3 2 M
' Output resist Vo=OV, | g 75 75 Q
u resistance
° put res! See Note 6
Ci Input capacitance 25°C 1.4 1.4 pF
25°C 70 90 70 90
CMRR Common-mode rejection ratio | Rg < 10 kQ dB
Full range 70 70
AVo/AV Si | It itivit Rg < 10k§2 25°¢ 30 150 30 150 VIV
ul oltage sensitivi <
1072¥ce Supply voltage sensitivity S Full range 150 150 | ¥
los Short-circuit output current 25°C +25 +40 +25 +40 mA
Supply current No load, 25°C 1.7 2.8 1.7 2.8
Icc . ) mA
(each amplifier) No signal Full range 3.3 3.3
Power dissipation No load, 25°C 50 85 50 85
P . . mwW
(each amplifier) No signal Full range 100 100
Vo1/Vo2 Channel separation 25°C 120 120 dB

T Al characteristics are specified under open-loop operation., Full range for uUA747M is —55°C to 125°C and for uA747C is 0°C to 70°C.
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
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TYPES uA747M, uA747C
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ =15V, Vgc—=—-15V, Ta =25°C
uA747M uA747C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
t Rise time V)=20mV, Rp =2k, 0.3 0.3 us
Overshoot factor Cp =100 pF, See Figure 1 5% 5%
o V=10V, RL=2k%,
SR Slew rate at unity gain 0.5 0.5 V/us
Cp_ =100 pF, See Figure 1

PARAMETER MEASUREMENT INFORMATION

Vi

INPUT
—— e — — —QV

INPUT VOLTAGE =
WAVEFORM

»—? OUTPUT
+

CL =100 pF RL=2kQ

TEST CIRCUIT
FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE

TYPICAL APPLICATION DATA

FIGURE 2—INPUT OFFSET VOLTAGE NULL CIRCUIT
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TYPES uA747M, uA747C

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

INPUT OFFSET CURRENT

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE

LOAD RESISTANCE

100 400 k2] ——r =
T T > Vee+= 18V 411
vooe-18v \[mj. ,,]v ] é 2 | Voor = ~18V -
N cc- "~ Vee-= ~18V S 2 Ta=26°C
:” $ %0 z h
é i A‘ 3 2
£ H . 3
s “ ‘\\ E r\\ bae UATATC 4ok % ® 7 1
I
g UA747C 0—: é 0 N : i 1
S w0 16
—? \\ : % N | § 1 /
2 N ! = 100 N ! é /
20 AN : —+— ! 12 i/
—1 10
o o > 8
—60-40 -20 0 20 40 60 80 100 120 140 ~60-40-20 0 20 40 60 80 100 120 140 01 02 04 071 2 a 710
Ta-Free-Air Temperature—°C Ta—Free-Air Temperature—"C AL~Load Resistance—ks2
FIGURE 3 FIGURE 4 FIGURE 5
, OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK DIFFERENTIAL DIFFERENTIAL
OUTPUT VOLTAGE VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
vs vs vs
FREQUENCY SUPPLY VOLTAGE FREQUENCY
40 400 107
3 . | {{Vece=18v E b RL-2kn Z“"""’.‘év
Vee-=-18V > . -= -8V |
3! 32 | | lfc' 10k Ta=28°C // § 10 “Ec‘ 2xn
> Ta=26°C 200 // H " Ta=26°C
§= T i g 3 ‘ N ]
; 2 | L] 100 A
§ 20 3 - 3 10
¥ P e 4 P
fn ‘ 4 £
? 10!
i 3 =™ 2
s P a < 1
$ >
0 T 10-1
100 1% 10k 100k ™ 4 6 8 10 12 14 16 18 20 110 100 1k 10k 100k 1M 10M 100M
1—Frequency—Hz IVec, | -Supply Voitage—v —F requency—Hz
FIGURE 6 FIGURE 7 FIGURE 8
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
vs vs VOLTAGE-FOLLOWER
FREQUENCY ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE
100
1 » ¢ 1]
Vec+= 15V -
3 . el u . Veer - iy
P s = - -
5 : Y Ta-2'C ™ b » o7 A gt-'zo'énn#
i \ i 16 m}[ ,§ 2 oureyt | e
$ o0 ) H g ]
k4 ' > |
© \\ 2 / : g o :
H /: 3 INPUT 1
g 3 8 : VegH= 18V -2 L
2 N i l H Vee-=-18V s H \
\ > y AL=2kn -3
& 20 % H Cy = 100 pF = L \
s ' Ta=28°C 1T
10 o  S— -8
0 -4 | -8
110 100 1k 10k 100k 1M 10M 100M o 08 1 16 2 25 0O 10 20 30 40 50 60 70 80 90
1-Frequency—Hz t=Time—us t=Time—us
FIGURE 9 FIGURE 10 FIGURE 11
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LINEAR
INTEGRATED CIRCUITS

TYPES uA748M, uA748C

GENERAL-PURPOSE

OPERATIONAL AMPLIFIERS

BULLETIN NO.DL-S 7611418, DECEMBER 1970—REVISED JUNE 1976

FORMERLY SN52748, SN72748
e Frequency and Transient Response Characteristics Adjustable

e Short-Circuit Protection °
e Offset-Voltage Null Capability ]
e Wide Common-Mode and °

Differential Voltage Ranges

description

The uA748 is a general-purpose operational amplifier.
It offers the same advantages and desirable features as
the uA741 with the exception of internal compensa-
tion. The external compensation of the uA748 allows
the changing of the frequency response (when the
closed-loop gain is greater than unity) for applications
requiring wider bandwidth or higher slew rate. This
circuit features high gain, large differential and
common-mode input voltage range, output short-
circuit protection, and may be compensated under
unity-gain conditions with a single 30-pF capacitor.
A potentiometer may be connected between the
offset null inputs, as shown in Figure 12, to null
out the offset voltage.

The uA748M is characterized for operation over the
full military temperature range of —55°C to 125°C;
the uA748C is characterized for operation from 0°C
to 70°C.

terminal assignments

JOR N DUAL-IN-LINE JG OR P DUAL-IN-LINE

" Low Power Consumption

No Latch-up

Same Pin Assignments as uA709

schematic

[COMPENSATION
Veer

INVERTING
INPUT

NONINVERTING
INPUT

OFFSET
NUL

\J
7%

N2}

OFFSET NULL/
comp
w1

Resistor values shown are nominal and in ohms,

L PLUG-IN PACKAGE

U FLAT PACKAGE

PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW)
OFFSET OFFSET T
N N cow veeo nuT wp ne cowr Vog, oy M cowe W wo cow  veeo oumur AL we
oFFser
e w |®O®®O® OO
! L '] 3 _I

OFFSET INV  NON- Vcc-  NC
NULL/ INPUT NV NV
comp INPUT come NPUT

Ny 3]

OFFSET NV
NULL/ INPUT

NON- Ve

PIN 4 IS IN ELECTRICAL
CONTACT WITH THE CASE

Vee-

@—l

NC—No internal connection
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TYPES

uA748M, uA748C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

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

| | uA748M uA748C UNIT
Supply voltage Voo+ (see Note 1) 22 18 \%
Supply voltage Voc— {see N 1) 22 —-18 v
al input voltage (see Note 2) +30 +30 v
Input voltage (either input, see Notes 1 and 3) +15 +15 \
Voltage between either offset null terminal (N1/N2) and Vco— —0.5t02 —05to?2 \V
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5) 500 500 mw
Operating free-air temperatuie vange —55t0 125 010 70 G
Storage temperature range —651t0 150 | —65t0 150 | °C
Lead temperature 1/16 inch from case for 60 seconds J, JG, L, or U package 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds N or P package 260 260 °C
NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the
zero reference level is the midpoint between Ve and Voo
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 uA748M only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75°C free-air temperature.
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.

electrical characteristics at specified free-air temperature, Vcc+ =15V, Vec—-=—15V, Cc = 30 pF

PARAMETER TEST CONDITIONST uA748M uA748C UNIT
MIN TYP MAX MIN TYP MAX
25°C i 5 1 6
Vio Input offset voltage Rg < 10 kQ Full range P 75 mV-
25°C 20 200 20 200
o Input offset current Full range 500 300 nA
] 25°C ) 500 806 500
hB Input bias current Full range 1500 300 nA
25°C +12 +13 +12 13
V) Input voltage range Full range 212 212 Vv
R =10k | 25°C 24 28 24 28
v Maximum peak-to-peak R = 10 k2 | Full range 24 24 v
OPP output voltage swing RL=-2ke | 25°C 20 26 20 26
R >2kQ | Full range 20 20
Large-signal differential RL >2kQ, | 25°C 50 200 20 200
AvD I V/mV
voltage amplification Vo =+10V | Full range 25 15
T Input resistance 25°C 0.3 2 0.3 2 MQ
: Vo=0V, o
ro Output resistance See Note 6 25°C 75 75 Q
Cj Input capacitance 25°€ 1.4 1.4 pF
CMRR Common-mode rejection ratio | Rg < 10 kQ 25°C 70 9 0 % dB
Full range 70 70
. 25°C 30 150 30 150
AV)o/AV e Supply voltage sensitivity Rg < 10k Full range 150 150 uVv/v
10s Short-circuit output current 25°C +25 +40 125 40 | mA
o Supply current No load, 25°C 1.7 2.8 1.7 2.8 mA
No signal Full range 3.3 3.3
Pp Total power dissipation No load, 25°C 50 85 50 85 mwW
No signal Full range 100 100

T All characteristics are specified under open-loop operation. Full range for uA748M is —55°C to 125°C and for uA748C is 0°C to 70°C.
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
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TYPES uA748M, uA748C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

operating characteristics, Voc+ =15V, Vgc-=—-15V, Ta = 25°C

uA748M uA748C
PARAMETER TEST CONDITIONS MIN VP MAX N ve MAX UNIT
ty Rise time Vi=20mV, RL =2k, 0.3 03 ps
C=100pF, Cc=30pF,
Overshoot factor See Figure 1 5% 5%
Vi=10V, RL=2kQ,
SR Slew rate at unity gain C=100pF, Cc=30pF, 0.5 0.5 V/us
See Figure 1

PARAMETER MEASUREMENT INFORMATION

N2 (OPEN)
\

»——-@ ouTPUT

———ovV INPUT |
100 $RL=2ka

Ty
N1
INPUT VOLTAGE Cc =30 pF

WAVEFORM TEST CIRCUIT
FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT MAXIMUM PEAK-TO-PEAK OUTPUT n
vs FREE-AIR TEMPERATURE vs FREE-AIR TEMPERATURE VOLTAGE vs LOAD RESISTANCE
1% T T 400 T T > Vo= 15v -
Veet= 15V Vee+= 15V J' 26 [Vge—=~15V
Vge—= ~15V Vee-= =15V £ Ta=25°C
80 I\ T Sap
< < 300 — 3
£ 1 \ gz
g 60 § I 1 g 20
5 — uarasc | et s —|  uarasc | - 3
8 200 8 18
8 T 2 : i
5 40 l 2 £ .
g ) ! 1 ! § 1
5 T 2 N ! g /
= L N 1 LIS
| N L /
N >
>
0 o 8
60 40 20 0 20 40 60 80 100 120 140 60 —40-20 0 20 40 60 80 100 120 140 01 02 04 o071 . 4 710
Ta—Free-Air Temperature—C Ta~Free-Air Temperature-*C Ry—Load Resistance—ks2
FIGURE 2 FIGURE 3 FIGURE 4
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK OUTPUT DIFFERENTIAL VOLTAGE DIFFERENTIAL VOLTAGE
VOLTAGE vs FREQUENCY AMPLIFICATION vs SUPPLY VOLTAGE AMPLIFICATION vs FREQUENCY
7 T T
25 Vee-= 15V,
B [T vee- =-18v H AT // s o RfEan T
S x HH AL=10ka L0 H Cc=30pF
z Cc=30pF 2 1 £ 108 Ta-25C
Y] [ 1174 =26°C 8 H [
é " g 100 < 100
H < i
% 20 g 3 109
% 16 '25 40 § 102
] | § g
g 1”2 g 2w
o 3 o :
: - : <o
>
o Yo & 8 10 12 14 16 18 20 w07
100 1k 10k 100k ™ 110 100 1k 10k 100k 1M 10M 100M
f—Frequency—Hz Vec: | -Supply Voltage—v f—Frequency—Hz
FIGURE 5 FIGURE 6 FIGURE 7
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TYPES uA748M, uA748C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

COMMON-MODE REJECTION RATIO QUTPUT VOLTAGE
vs VOLTAGE-FOLLOWER
FREQUENCY IGNAL PULSE RESPONSE
Rl ) Voot =18 28 8 LN
3 % \/ZE 15 v Vec+=15 v
)1 \ Rg = 10 kS 24 3 Ve -=—15V —|
5 80 N Cc=30pF - R =2kQ
3 Ta=25"C > 20 o 7 4 / 2 Cy =100 pF
g € 90% F 1\ cc-30pF
3 \ ] 1 g ouTPUT P\ Ta=25°C
. IR £, A L A
H N e H T 2 11T |
. & ‘ z ; ' MR
y S - m— > 12 i - o oo - s S
2 w© \ 3 / ! Vee+= 15V 3 / INPUT \
H S 8 Veg-=-15V B2 L
£ 9 H R =2kQ s |
£ a0 5 ' z 5 i
: Ly , o i \
20 ' c=30p
E 10% ' Ta=25°C L4
S 10 0 1 ] s
0 -4 I -8
1 10 100 1k 10k 100k 1M 10M 100 M o 05 1 15 2 25 0O 10 20 30 40 50 60 70 80 90

f~Frequency—Hz t-Time—us

FIGURE 8 FIGURE 9 FIGURE 10

t=Time—us

TYPICAL APPLICATION DATA

>

a [ Pl i i .
T o i ! vo
I _l.
—i— comp N1 ON2 =
= _ PEN) =
Vee 30 pF (OPEN)
rj =400 MQ, <1Q,
Ci=1pF, BW = 1 MHz

FIGURE 11—-UNITY-GAIN VOLTAGE FOLLOWER

Vo R2
2 R1
R1-30 pF
RL> Cc =z ——
2k R1+R2
R1-R2
R3 =
R1+R2

FIGURE 12-INVERTING CIRCUIT WITH ADJUSTABLE GAIN,
COMPENSATION, AND OFFSET ADJUSTMENT

PRINTED IN U.S.A 676
T1 connot assume any responsibility for any circuits shown
TEXAS lNST RUM ENTS or represent that they are free from patent infringement.
1

NCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



LINEAR
INTEGRATED CIRCUITS

TYPES uA777M, uA771C
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO, DL-S 7612037, SEPTEMBER 1973—REVISED JUNE 1976

FORMERLY SN52777, SN72777

e Low Input Currents

e Low Input Offset Parameters

e Frequency and Transient Response

Characteristics Adjustable
e Short-Circuit Protection

e Offset-Voltage Null Capability

description

The uA777 is a precision operational amplifier. Low offset and bias currents improve system accuracy when used in
applications such as long-term integrators, sample-and-hold circuits, and high-source-impedance summing amplifiers.
This device is an excellent choice where a performance between that of super-beta and general purpose operational

amplifiers is required.

External compensation of the uA777 may be implemented in either normal or feed-forward configuration to satisfy
bandwidth and slew-rate requirements. This circuit features high gain, wide differential and common-mode input

No Latch-Up

Wide Common-Mode and
Differential Voltage Ranges

Same Pin Assignments as uA748, uA709,
LM101A/LM301A

voltage range, output short-circuit protection, and null capability.

The uA777M is characterized for operation over the full military range of —55°C to 125°C; the uA777C is

characterized for operation from 0°C to 70°C.

terminal assignments

J OR N DUAL-IN-LINE
PACKAGE (TOP VIEW)

JG OR P DUAL-IN-LINE
PACKAGE (TOP VIEW)

L PLUG-IN PACKAGE
(TOP VIEW)

U FLAT PACKAGE
(TOP VIEW)

OFFSET
OUT-  NULL
COMP  Vgee  PUT (N2)  NC

NC NC OFFSET INV  NON- Vcc—  NC
NULL/ INPUT  INV
INPUT
INT)

OFFSET
T NULL
COMP Vcc+ PUT - (N2)

SH7H65

1[12[]3]]4

OFFSET INV_ NON- Vcc—
NULL/ INPUT INV
Ol INPUT
NT)

Vee-—

PIN 41S IN ELECTRICAL
CONTACT WITH THE CASE

OFFSET
NULL
NC  COMP Vcce OUTPUT (N2)

®OHOO

1 [l

L] L L ) L]

® ®

NC OFFSET INV_ NON- Vcec-
NULL/ INPUT  INV
mMP INPUT

(NT)

NC—No internal connection

schematic

INVERTING
INPUT

NONINVERTING
INPUT

OFFSET

COMPENSATION

AL

OFFSET NULL/
comP
(N1}

Resistor values shown are nominal and in ohms.

676
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TYPES uAT77IM, uA777C _
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

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

uA77IM ua777¢ T UNIT

Supply voliage Voot (see Note 1) 22 22

piy voltage Voo (see Note 1) —-22 —22 v
Uiiierential input voitage (see Note 2} +30 +30 \Y
input voltage (either input, see Notes 1 and 3) +15 +15 v
Voltage between either offset null terminal (N1/N2) and Vgoo— —0.5t0 2 —0.5t0 2 \
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 5) 500 mwW
Storage temperature range —65 to 150 | —65 t0 150 °C
Lead temperature 1/16 inch from case for 60 seconds J, JG, L, or U package 300 300 °c
Lead temperature 1/16 inch from case for 10 seconds N or P package 260 260 °c

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply voltages where the
zero-reference level is the midpoint between Vo4 and Voe—. If the zero-reference level of the system is not the midpoint of the

supply voltages, all voltage values must be changed accordingly.

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 uA777M only, the unlimited duration of the short-circuit

applies at (or below) 125°C case temperature or 786°C free-air temperature.

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2,

electrical characteristics at specified free-air temperature, Vgc+= 15V, Vec—=—15V, Cc = 30 pF
(uniess otherwise noted)
PARAMETER TEST cONDITIONST uA777M uA777C UNIT
MIN TYP MAX [ MIN TYP MAX
25°C 0.5 2 0.7 5
\% | t offset volt Rg <50 kQ \
10 nput offset voltage S Full range 3 5 m
Average temperature coefficient _ L
avio X o Rg < 80 kQ | Full range 2.5 15 4 30 {uVv/°C
of input offset voitage
25°C 0.25 3 0.7 20
o Input offset current nA
Full range 10 40
Average temperature coefficient MIN to0 25°C 6.5 150 20 600
o110 . pA/°C
of input offset current 25°C to MAX 2.5 30 10 300
) 25°C 8 25 25 100
T:) Input bias current nA
Full range 75 200
V) Input voltage range Full range | %12 +13 12 +13 \Y
v Maximum peak-to-peak R =10 kQ | Full range 24 28 24 28 v
opP output voltage swing Ry =2k [Full range 20 26 20 26
Large-signal differential Vp=+10V,|25°C 50 250 25 250
AvD I V/mV
voltage amplification R =2k |Full range 25 15
T Input resistance 25°C 2 10 1 2 MQ
o Output resistance 25°C 100 100 Q
Cj Input capacitance 25°C 3 3 pF
CMRR Common-mode rejection ratio Rg = 50 kQ |Full range 80 95 70 95 dB
AVe/AV|o Supply voltage rejection ratio Rg < 50 kQ |Full range 13 100 15 150 | uV/V
los Short-circuit output current 25°C +25 25 mA
25°C 1.9 28 1.9 33
No load,
Icc Supply current . MIN 2 3.3 3.3 mA
No signal
MAX 1.5 2.5 3.3

TAll characteristics are specified under open-loop operation. Full range (MIN to MAX) for uA777M is —55°C to 125°C and for uA777C is 0°C

to 70°C,

TEXASWINSTRUMENTS

CORPORATED
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TYPES uA777IM, uAT771C
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+= 15V, Veg—=—-15V, Ta = 25°C

uA777M uA777C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
VI=20mV, |y =1, co=30pF 03 0.3
tr Rise time Ry =2k, us
CL=100pF | AV=10, Cc=3.5pF 0.2 0.2
VI=20mV, | A\ =1, Cc=30pF 5% 5%
Overshoot factor RL=2kQ,
CL=100pF | AV =10, Cc=3.5pF 5% 5%
Rp=2kQ, |Ay=1, Cc=30pF 0.5 0.5
SR Slew rate L v c P V/us
CL=100pF [Ay =10, Cc=3.5pF 5.5 5.5
PARAMETER MEASUREMENT INFORMATION
OUTPUT
Vi
INPUT
coMP{ N2 CL =100 pF R =2kQ
——— e — OV
INPUT VOLTAGE ce

WAVEFORM

TEST CIRCUIT
FIGURE 1—-RISE TIME, OVERSHOOT, AND SLEW RATE

TEXAS INSTRUMENTS

INCORPORATED
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TYPES uA777M, uA771C
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

[>>]

-4

Vo—Output Voltage—V V)-- nput Voltage—V

—6

TYPICAL CHARACTERISTICS

PULSE RESPONSE WITH

FEED-FORWARD COMPENSATION

Veec+=15V
Veg—=-15V

Ay =1i
CL=10pF

Cc=5pF
Ta=25°C

See Figure 3

0 1 2 3 4 5
t—Time—us
FIGURE 2

10 k2
—AAA

INPUT

3 k2

150 pF

OPEN| CL =10pF

Cc=5pF

FIGURE 3—INVERTING CIRCUIT WITH UNITY GAIN
AND FEED-FORWARD COMPENSATION

R1

R3

tlp— <
"
z

N2

Vo _ R2
7 R1
Vo RL> cc > R1-30 pF
2k R1+R2
'i‘ —3 R1-R2
= = Rg =
R1+R2

FIGURE 4—INVERTING CIRCUIT WITH ADJUSTABLE GAIN,
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

PRINTED IN U.S.A

TI cannot assume any responsibility for any circuits shown
or represeni that they are free from patent infringement.
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VOLTAGE COMPARATOR SELECTION GUIDE

—55°C to 125°C operating temperature range

DIFFERENTIAL COMPARATORS

Input Input Input I ow-1 evel Power Supplics
Voltage Response
Offset Offset Bias o Output ) Required
DEVICE Amplification Time
TYPE Voltage Current | Current Current Vee+ Vee—- REMARKS
MAX MAX MAX MiN MIN MAX NOM NOM
(mV) (nA) (LA) (mA) (ns) (v) (v)
TL710M 6 20 150 500 1.6 - 12 -6
(Typ)
40
uA710M 2 3 20 1250 2 12 —6
(Typ)
Improved
TL810M 3 7 25 10,000 0.5 80 12 —6
Single TL710M
LM106 3 7 45 40,000 16 40 12 —3to Strob
robe
(Typ) -12
200,000 140
Lm111t 4 0.02 0.15 8 15 -15 Strobe
(Typ) (Typ)
TL510M 3 7 25 10,000 0.5 80 12 —6 Strobe
200,000 1300 Ve range
LM193 5 0.025 -0.1 6 5 0
(Typ) (Typ) 2Vt 36V
Dual
TL820M 3 7 25 10,000 0.5 80 12 —6
Dual TL810M
ual 40,000 —3to Dual
TL506M 3 7 45 16 40 12
(Typ) —-12 LM106
an - Dual
TILG14AM 3 7 25 1C,0CC 3.5 30 iz —6
TL510M
Dual uA711M 6 20 150 500 0.5 80 12 —6 Strobes
ua
Improved
Channel TL811M 6 5 30 8,000 0.5 80 12 —6 prove
uA711M
200,000 1300
Quad LM139 5 0.025 —0.1 6 5 0 Ve range
(Typ) (Typ) 2Vt 36V
TCapable of operating with a single 5-volt supply.
—40°C to 85°C operating temperature range
Input Input Input Low-Level Power Supplies
. Voltage Response
Offset Offset Bias L Output Required
DEVICE Amplification Time
TYPE Voltage Current Current Current Vee+ Vee- REMARKS
MAX MAX MAX MIN MIN MAX NOM NOMm
(mV) (uA) (uA) (mA) (ns) v) (V)
200,000 1300 V¢ range
Dual LM2903 7 0.05 —0.25 6 5 0
(Typ) (Typ) 2Vto36V
200,000 1300 Vcc range
Quad LM2901 7 0.05 -0.25 6 5 0
(Typ) (Typ) 2V1t036V

TEXAS INSTRUMENTS
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VOLTAGE COMPARATOR SELECTION GUIDE

DIFFERENTIAL COMPARATORS

—25°C to 85°C operating temperature range

Input Input Input Low-Level Power Supplies
. Voltage Response R
Offset Offset Bias e . Output . Required
DEVICE Amplification Time
TYPE Voltage | Current | Current Current Vee+ | Vec— | REMARKS
MAX MAX MAX MIN MIN MAX NOM | NOM
(mV) (uA) (uA) (mA) (ns) (v) (v)
40,000 —3to
Single LM206 3 7 45 16 40 12 Strobe
(Typ) —-12
200,000 1300 V¢ range
Dual LM293 5 0.05 —0.25 6 5 0
ua (Typ) (Typ) 2V 1036V
200,000 1300 v
Quad LM239 5 0.05 —0.25 6 5 0 CC range
(Typ) (Typ) 2Vto36V
0°C to 70°C operating temperature range
Input Input Input Low-Level Power Supplies
Voltage Response R
Offset Offset Bias I Output . Required
DEVICE Amplification Time
TYPE Voltage | Current Current Current Vee+ Vee—- REMARKS
MAX MAX MAX MIN MIN MAX NOM | NOM
(mV) (uA) (uA) (mA) (ns) (V) (V)
TL710C 10 25 150 500 40 12 -6
1 d
TL810C 45 7.5 30 8,000 0.5 80 12 -6 merove
TL710C
40,000 28 —3to
Singl LM306 6.5 7.5 40 16 12 Strob
ingie (Typ) (Typ) 12 rooe
200,000 165
Lm311t 10 0.07 0.3 8 15 -15 Strobe
(Typ) (Typ)
TL510C 4.5 7.5 30 8,000 0.5 80 12 —6 Strobe
200,000 1300
LM393 5 005 | -0.25 6 5 0 Ve range
(Typ) (Typ) 2V to36V
40
TL720C 10 25 150 500 12 -6 Dual
(Typ) TL710C
Dual
Dual TL820C 45 7.5 30 8,000 0.5 80 12 -6
TL810C
40,000 28 _
TL506C 6.5 7.5 a0 16 12 3to Dual
(Typ) (Typ) —12 LM306
Dual
TL514C 45 7.5 30 8,000 0.5 80 12 —6
TL510C
40
. uA711C 10 25 150 500 0.5 12 -6 Strobe
Dual, (Typ)
Channel 33
annet | TLs11c 10 10 50 5,000 05 12 -6 fmproved
(Typ) uA711C
200,000 1300
Quad LM339 5 0.05 —0.25 6 5 0 Ve range
(Typ) (Typ) 2Vto36V

TCapable of operating with a single 5-volt supply.

TEXAS INSTRUMENTS
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GLOSSARY
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS

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 the
specified level.

NOTE: The input offset v
with the input leads.

Average Temperature Coefficient of Input Offset Voltage (ay|0)
The ratio of the change in input offset voltage to the change in free-air temperatiire. This is an average value for the
specified temperature range.

(Vip@Ta(1) —(Vio@Ta(2))
TA(1) —TA(@2)

ay|o = where TA(1) and TA(2) are the specified temperature extremes.

Input Offset Current (1]0)
The difference between the currents into the two input terminals with the output at the specified level.
Average Temperature Coefficient of Input Offset Current (a)j0)

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.

|
alo =

@T oY

io @ TA{i) — o @ TA@)
TA() —TA@)

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

Input Bias Current (1jg)
The average of the currents into the two input terminals with the output at the specified level.
High-Level Strobe Current (1}H(s))
The current flowing into or out of* the strobe at a high-level voltage.
Low-Level Strobe Current (I} (s))
The current flowing out of * the strobe at a low-level voltage.
High-Level Strobe Voltage (V|H(s))

For a device having an active-low strobe, a voltage within the range that is guaranteed not to interfere with the
operation of the comparator.

Low-Level Strobe Voltage (V|| (s))

For a device having an active-low strobe, a voltage within the range that is guaranteed to force the output high or low,
as specified, independently of the differential inputs.

Input Voltage Range (V)
The range of voltage that if exceeded at either input terminal will cause the comparator to cease functioning properly.

*Current out of a terminal is given as a negative value.

TEXAS INSTRUMENTS
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GLOSSARY
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS

Common-Mode Input Voltage (V)c)
The average of the two input voltages.
Common-Mode Input Voltage Range (VicR)
The range of common-mode input voltage that if exceeded will cause the comparator to cease functioning properly.
Differential Input Voltage (V|p)
The voltage at the noninverting input with respect to the inverting input.
Differential Input Voltage Range (V|p)

The range of voltage between the two input terminals that if exceeded will cause the comparator to cease functioning
properly.

Differential Voltage Amplification (Ayp)

The ratio of the change in output voltage to the change in differential input voltage producing it with the
common-mode input voltage held constant.

High-Level Output Voltage (Von)

The voltage at an output with input conditions applied that according to the product specification will establish a high
level at the output.

Low-Level Output Voltage (VoL )

The voltage at an output with input conditions applied that according to the product specification will establish a low
level at the output.

High-Level Output Current, (loH)

The current into™ an output with input conditions applied that according to the product specification will establish a
high level at the output.

Low-Level Output Current, (lo)

The current into® an output with input conditions applied that according to the product specification will establish a
low level at the output.

Output Resistance (rg)
The resistance between an output terminal and ground.
Common-Mode Rejection Ratio (kgmr, 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.

*Current out of a terminal is given as a negative value.
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GLOSSARY
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS

Supply Current (Icc+. lcc-)

The current into™ the Voo+ or Voc— terminal of an integrated circuit.

o}

e

The total d-c power supplied to the device less any power delivered from the device to a load.
NOTE: Atnoload: Pp=Vce+:* lcc+ + Vee-* lce—-

Response Time
The interval between the application of an input step function and the time when the output crosses the logic threshold
voltage.
NOTE: The input step drives the comparator from some initial condition sufficient to saturate the output (or in the
case of high-to-low-level response time, to turn the output off) to an input level just barely in excess of that required to

bring the output back to the logic threshold voltage. This excess is referred to as the voltage overdrive.

Strobe Release Time

The time required for the output to rise to the logic threshold voltage after the strobe terminal has been driven from its
active logic level to its inactive logic level.

*Current out of a terminal is given as a negative value,

TEXAS INSTRUMENTS
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LINEAR TYPES LM106, LM206, LM306
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATORS WITH STROBES

BULLETIN NO. DL-S 7611586, JANUARY 1972—REVISED JUNE 1976

FORMERLY SN52106, SN72306

® Fast Response Times e Strobe Capability
e Improved Gain and Accuracy e Short-Circuit and Surge Protection
e Fan-Out to 10 Series 54/74 TTL Loads e Designed to be interchangeable with National
Semiconductor LM106, LM206, and LM306
description

The LM106, LM206, and LM306 are high-speed voltage comparators with differential inputs, a low-impedance output
with high-sink-current capability (100 mA), and two strobe inputs. These devices detect low-level analog or digital
signals and can drive digital logic or lamps and relays directly. Short-circuit protection and surge-current limiting is
provided.

The circuit is similar to a TL810 with gated output. A low-level input at either strobe causes the output to remain high
regardless of the differential input. When both strobe inputs are either open or at a high logic level, the output voltage is
controlled by the differential input voltage. The circuit will operate with any negative supply voltage between —3 V and
—12 V with little difference in performance.

The LM106 is characterized for operation over the full military temperature range of —55°C to 125°C, the LM206 is
characterized for operation from —25°C to 85°C, and the LM306 from 0°C to 70°C.

terminal assignments

J OR N DUAL-IN-LINE JG OR P DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW)
STROBE
OUT- STROBE ouT- uT
NC  NC NC Ve NG PUT 2 vees PUT 2 1 NC NC  vger  NC PUT STROBE 2
ENDE @ @ @ @ @
o
123 L§ — 1
NC GND  NON. INV NC  Vcc- STROBE GND NON- INV vge- @ @ @ @ @ @
oy INPUT ! |r|a’:L\J/T INPUT GND Nlt'?‘r;l/ "\:r;“\J/Y NC  Vcc- STROBE 1
PIN 4 1S IN ELECTRICAL INPUT
CONTACT WITH THE CASE
NC—No internal connection
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Voc+ (seeNote 1) . . . . . . . . . . . . . . . . . . . e ... ... 15V
Supply voltage Voc— (seeNote 1) . . . . . . . . . . . . . . . . . . .. .. =15V
Differential input voltage (see Note 2) . - < s AV
Input voltage (either input, see Notes 1 and 3) - = A
Strobe voltage range (see Note 1) . . . . . . . . . . . .. ... ... ........ 0VtoVee+
Output voltage (see Note 1) .2 SV
Voltage from output to Voc— . - (| Y/
Duration of output short-circuit (see Note 4) .. o o . . . . .. 10s
Continuous total power dissipation at (or below) 25° C free -air temperature (see Note 5) e . . 600 mW
Operating free-air temperature range: LM106 Circuits . . . . . . e e e e e e —55 C to 125 Cc

LM206 Circuits . . . . . . . . . .+ . . . . .. . —25°Cto85°C

LM306 Circuits . . . . . « . . . . . . . ... ... 0°Cto70°C
Storage temperature range . . .. . . ......-65°Cto150°C
Lead temperature 1/16 inch from case for 60 seconds: J JG Lor U package e e e e . ... .....300C
Lead temperature 1/16 inch from case for 10 seconds: N orPpackage . . . . . . . . . . . .. .. .260°C

NOTES:

1. All voltage values, except differential voltages and the voltage from the output to VCC—, are with respect to the network ground
terminal.

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

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 volts,

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

. For operation above 26°C free-air temperature, refer to Dissipation Curves, Section 2.

whichaver is less.

o BWN
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TYPES LM106, LM206, LM306
DIFFERENTIAL"COMPARATORS WITH STROBES

otherwise noted)

electrical characteristics at specified free-air temperature, Vec+ = 12 V, Vee—- =

3V to —12 V (unless

]
PARAMETER TEST CONDITIONS T LM106, LM206 FH LMS‘?S AKX UNIT
Vio Input offset voltage Rg <200 Q, Sce Note 6 éZHL;ange 168 6.: mV
Average temperature
ayvio coefficient of input Rg =50, See Note 6 Full range 3 10 5 20 juv/°C
offset voltage
25°C 078 3 188 5
Te) input offset current See Note & VN 2 7 i 7.51 pA
MAX 0.4 3 0.5 5
Average temperature MIN to 25°C 15 75 24 100
@10 coefficient of input See Note 6 nA/°C
offset current 25°C to MAX 5 25 15 50
MIN to 25°C 45 40
. Vp =0, !
B Input bias current 0=05Vto5V 25°C 10 MAX 7§ 20 165 25 KA
liL(s) Low-level strobe current V(strobe) = 0.4 V Full range —1,78-32 -1.78-32] mA
ViH(s) High level strobe voltage Full range 2.2 2.2 \
ViL(s) Low-level strobe voltage Full range 0.9 09| Vv
Common-mode input _
VicR voltage range Vee—=-7Vito—-12V Full range +5 5
Vip Differential input Full range +5 +5 v
voltage range
Large-signal differential No load, ° §
\Y
AvD voltage amplification Vo=05Vto5V %°C 40 408 V/m
High-level Vip=5mV | Full range 25 5.5
\Y = v
OH output voltage loH 400 uA ViDp=8mV Fuli range 2.5 5.5
ViD= -5mV| 25°C 0.8% 15
loL =10t g
OL=100mA g =7 mv] 25°C 08 2
Ve Low-level Io1 = 50 mA Vip = =5 mV| Full range 1 v
oL output voltage oL Vin = -8 mVI Full range 7
Vip = -5 mV| Full range 0.4
| =
oL=16mA V|p = —8 mV] Full range 0.4
MIN to 25°C 0.028 1
Vip=5mV = -
High-level _ 25°C to MAX 100
] =
OH output current VOH =8V 1024V Vip=7mV | MIN to 25°C 0028 2 BA
Vip=8mV [ 25°C to MAX 100
lcc+ Supply current from Vee+ | Vip = —5 mV, No load Full range 6.6% 10 6.6 10] mA
lcc— Supply current from Voc—| No load Full range —198-36 —198-36( mA

tUnless otherwise noted, all characteristics are measured with the strobe open.
§These typical values are at Voot = 12 V, Veoc— = —6 V, T = 25°C. Full range (MIN to MAX) for LM106 is —55°C to 125°C; for LM206 is

—25°C t0 85°C; and for LM306 is 0°C to 70°C.
NOTE 6: The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (Vo) or

switching characteristics, Vcc+ =12V, Vcc—-=—-6V, Ta =25°C

up to the high range (Vgp). Thus these parameters actually define an error band and take into account the worst-case effects of
voltage gain and input impedance.

LM106, LM206 LM306
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX|MIN TYP MAX
28 40 28 ns

Response time, low-to-high-level output

RL=390Qto5V, C_=15pF, See Note 7

NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive. The typical value is specified for a nominal threshold

voltage of 1.4 V.
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

o Vee+

i

NONINVERTING
INPUT

INVERTING o——]
INPUT

Vee- O

Resistor values are nominal in ohms.

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
3 . ——t 20
Vee+ =12V Vee+ =12V
Veg—=-6V 18 \ Vee—=—6V j
< 25} vp=05Vto5V < 16 N \ v[o=o.ISVtosv
3
) \ T N \ Lm306
L 2 \ ]
3 \ LM306 5
g 15 2 10
£ N N o
5 N & N
5 5 8 <
g £ LM108, "N
T LM106, \ T 6 LM206% <
LM206 @

S 05 i ~~ -

B \\ 2 g

0 0

-75 —-b60 —-25 0 25 50 75 100 125 -75 —-50 —-25 0 25 50 75 100 125

TA—Free-Air Temperature—°C Ta—Free-Air Temperature—"C
FIGURE 1 FIGURE 2

fData for free-air temperatures below —25°C and above 85°C is applicable for LM 106 only.
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS ¥

HIGH-LEVEL QUTPUT VOLTAGE LOW-LEVEL OQUTPUT VOLTAGE
' vs
FREF.AIR TEMPERATURE FREE-AIR TEMPERATUHE
7 1.2
Vee+ =12V Veer =12V
> Vee—=-3Vito—-12V > Veg—-=-3Vito—-12V
é’ 6 -Vip=5mV - L Tivip=-5mv
£ P al loH =0 g ~ g i ; —T |
o o
> 5 ] > 08 1oL = 100 mA
a >
S g
9 4 —— O 0.6 —
% ﬂ/_/ IOH = —400 uA ] loL =50 mA —
g 3
5 3 g 0.4
:|I: B loL =16 mA
T L —
(@] .
> 2 >O 0.2 loL =0
: oL T |
—-75 -50 -256 0 25 50 75 100 125 -75 -60 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—"C Ta—Free-Air Temperature—"C
FIGURE 3 FIGURE 4
OUTPUT CURRENT
vs
DIFFERENTIAL INPUT VOLTAGE
VOLTAGE TRANSFER CHARACTERISTICS
10
7 I |
Vee+ =12V 1}Ta =-55°C | |
6 FVcc—-=-6V . . ;i Ta=0°C
R = > 10— =y
L v Ta=125°C N
7 ° r T 10-2 !
o L / / 2 Ta =70°C|
2 4 2 10-3 L L
S Ta=0°c—"| I ‘/\ TA=25°C 3 ., TA=257C Ta = 125°C
- ' P 10 4
5 3 N | [ 2
2 ° a
5 [ ! Ta=70"C 5 10-5
S 2 R Q Ta=70°C
o I l T = 125°C o 10-6
> _ ) -
1TA=-565C T =25°
1 107 Ta=-55"C{{TA = 2% C
J '
0 10-8 VCC+=VO=12V V-— TA=0°C_'
Vee— =-3Vito —12
-1 10-9 Cq M .
2 -1 0 1 2 5 -4 -3 -2 -1 0 1 2 3
V|p—Differential Input Voltage—mV Vip-Differential Input Voltage—mV
FIGURE 5 FIGURE 6
fData for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types.
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TYPES LM106, LM206, LM306

DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICSi

LARGE-SIGNAL DIFFERENTIAL

VOLTAGE AMPLIFICATION
vs

FREE-AIR TEMPERATURE

80 000
- Veg—=-3Vto—-12V
S Vo=1t02V <
§ R = ‘l_‘
ey c
S 60000 Vee+ =12V R — g
™ Vee+ =15V
< CC+ Q
) \ M
g N e
= Vee+ =10V N 3
S N o
> 40000 -
= q D 3
: g
E LL. I~~~ g
5 20000 i S 2
‘5 ¥ N~ t!u
> @]
Z ke
0
-75 55 -25 O 25 50 75 100 125,
T a—Free-Air Temperature—"C
FIGURE 7
OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
€5
£2 100 mV
- 3
= 8
0= Vee+ =12V
Vee—-=-6V
5 CL=15pF
> RL=390Q1t05V
o
L4 Ta=25°C
8 20 mv \
S 3
5
g 2 7
c]) 10 mVv \\5 mV \2mV
o 1
> \ \
0
0 20 40 60 80 100
t—Time—ns
FIGURE 9

IData for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types.

NOTE 8: This parameter was measured using a single 5-ms pulse.

Differential

Vo—Output Voltage—V

SHORT-CIRCUIT OUTPUT CURRENT
vs
FREE-AIR TEMPERATURE

0.4
Vec+=Vp =12V
Vee-=-6V i
Y ViD= =5 mV
0.3 / See Note 8 4
\\
0.2 A
AN
0.1
0
-75 60 26 0 25 50 75 100 125
Ta—Free-Air Temperature—"C
FIGURE 8
VU IFU I REDFUNDE run
VARIOUS INPUT OVERDRIVES
3
g 1
S LI
z 100,mY
a -
£
5 7
4 20 mV /
3 /
“{"‘V\# Vee+ =12V
2 5 mvV=] Veo— = -6V
C_ =15 pF
2 mV\/ L p
1 RL=390Q1to5V
S Ta =25°C
0
0 20 40 60 80 100
t—Time—ns
FIGURE 10
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

Icc+—Supply Current from Vgg-+—mA

}Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types.

(8]

N W s O N

SUPPLY CURRE

TYPICAL CHARACTEFHSTICS':t

NT FROM Vge+

Vs

SUPPLY CURRENT FROM Ve

Vs

SUPPLY VOLTAGE Vce

SUPPLY VOLTAGE Vget
o 3Vie—12" T T Veer-12v
Veg—=-3Vto—-12V cC+=
i REC:w — 1 Ta=-55°C < L R 2o
T = 25°C. h Ta =-56°C
T s g =
> L~ 11 1a=125% S L7 A - 25°C
E / o £ s sl
|9 T Ta=-55°C o '
i L =50 o LT Ta=125°C
o A QTA-‘%C E // A A
S E
V //T‘A=125°C_ 3 ////
_>. >
| > L~ — ] g ]
E P 5 1 ~
Lo L 7
) &
S ks)
0
9 0 1 12 13 14 15 16 17 0 -2 -4 -6 -8 —-10 —-12 —-14 -16
Vce+—Positive Supply Voltage—V Vcc——Negative Supply Voltage—V
FIGURE 11 FIGURE 12
TOTAL POWER DISSIPATION
vs
FREE-AIR TEMPERATURE
120
| | { Vee+ =12V
Vip=-5mV Vee—-=-6V
% 100 RL = -
| ™~
& I~
Z 80
2 Vip=5mV —
g 60
\
5 ——
a
T 40
o
7
£ 20
0

—-75 -50 =25 0 25 50 75

100 125

Ta—Free-Air Temperature—°C

FIGURE 13
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LINEAR TYPES LM111, LM311
INTEGRATED CIRCUITS  DIFFERENTIAL COMPARATORS WITH STROBE

BULLETIN NO. DL-S 7611797, SEPTEMBER 1973—REVISED JULY 1976

FORMERLY SN52111, SN72311
e Fast Response Times e Maximum Input Bias Current ... 300 nA

e Strobe Capability e Maximum Input Offset Current... 70 nA

e Designed to be Interchangeable with National e Can Operate From Single 5-V Supply
Semiconductor LM111 and LM311

description

The LM111 and LM311 are single high-speed voltage comparators. These devices are designed to operate from a wide
range of power supply voltage, including £15-volt supplies for operational amplifiers and 5-volt supplies for logic
systems. The output levels are compatible with most DTL, TTL, and MOS circuits. These comparators are capable of
driving lamps or relays and switching voltages up to 50 volts at 50 milliamperes. All inputs and outputs can be isolated
from system ground. The outputs can drive loads referenced to ground, Vcc+, or Voco—. Offset balancing and strobe
capability are available and the outputs can be wire-OR connected. If the probe input is low, the output will be in the
off state regardless of the differential input. Although slower than the TL506 and TL514,these devices are not as
sensitive to spurious oscillations.

The LM111 is characterized for operation over the full military temperature range of —55°C to 125°C; the LM311 is
characterized for operation from 0°C to 70°C.

terminal assignments

J OR N DUAL-IN-LINE JG OR P DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW)

1{12(13(]4

E  IN+ IN- Vcc-

PIN 4 IS IN ELECTRICAL
CONTACT WITH THE CASE

NC—No internal connection

schematic
B/S
300 300
- Vvee+
750 600
1.3 K 13K
70
ol
1\ ) B Balance
2k v B/S Balance/Strobe
P b g E v [o] Collector Output
ha E Emitter Output
'N*{ g 12k IN+ Noninverting Input
—_—}——'- m IN— Inverting Input
3 ( P NC No Internal Connection
e Vee+ Positive Supply Voltage
[_‘ 00 130 Vee— Negative Supply Voltage
o %
4 600
450 j“‘ b,
r 4
250 200
T 2k E
e Vee—

Resistor values shown are nominal and in ohms.
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TYPES LM LM3N1
DIFFERENTIAL COMPARATORS WITH STROBE

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

LM111 LM311 UNIT
Supply voltage, Voo+ (see Note 1) 18 18 vV
S —18 —12 v
Ditterential input voltage (see Note 2) +30 +30 \4
input volitage (either input, see Notes 1 and 3) *15 15 \%
Voltage from emitter output to Voo— 30 30 \
Voltage from collector output to Voo— 50 40 \4
Duration of output short-circuit (see Note 4) 10 10 s
e ation at {or below) 25°C free-ai 500 500 W
Operating free-air temperature range —55 to 125 0to 70 °C
Storage temperature range —65to 150 | —65to 160| °C
Lead temperature 1/16 inch from case for 10 seconds J, JG, L, or U package 300 300 °C
Lead temperature 1/16 inch from case for 60 seconds N or P package 260 260 °C

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply voltages where the
zero-reference level is at the midpoint between Vge4 and Vg—. If the zero-reference level of the system is not the midpoint of
the supply voltages, all voltage values must be adjusted accordingly.

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

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

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

. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.

electrical characteristics at specified free-air temperature, Vgc+ = £15 V (unless otherwise noted)

aObWWN

LM111 LM311
PARAMETER TEST CONDITIONS? MIN TYPEMAX |MIN TYPEMAX UNIT

25°C 0.7 3 2 75

Vio Input offset voltage Rg <50 kQ, See Note 6 mV
Full range 4 10
25°C 4 10 6 50

o Input offset current See Note 6 nA
Full range 20 70
) 25°C 75 100 100 250

IT:] Input bias current Vo=1Vto 14V nA
Full range 150 300

liL(s) Low-level strobe current V(strobe) =03V, V|p<-10mV 25°C -3 -3 mA

VicR Common-mode input Full range £14 +14 \%
voltage range

Large-signal differential °
Avp . Vo=5Vto35V, R_=1kQ 25°C 200 200 V/imvV
voltage amplification

] 25°C 0.2 10 nA
loH High-level (collector) Vip=5mV, Vo =35V Full range 05 A
- M
output current
P Vip=10mV VoH =35V 25°C 0.2 50 | nA
Vip=-5mV 25°C .7 .
loL = 50 mA D-—°7 - 978 15
Vip=-10mVv | 25°C 075 15
v  owtevel leallectortoemitter) o =aEV, T [ T g my | Full range 023 04 v
output voltage Vee—=0V
loL=8mA Vip = =10 mV | Full range 0.23 04
Supply current from V , °
Icor PPV CC+  lv|p=—10mV, Noload 25°C 51 6 51 75| mA
output low
Supply current from Vgoo—,
lco UPPY cc Vip=10mV,  No load 25°C 41 -5 41 -5 mA

output high

tUnless otherwise noted, all characteristics are measured with the balance and balance/strobe terminals open and the emitter output grounded.
Full range for LM111 is —65°C to 1256°C and for LM311 is 0°C to 70°C.
TANl typical values are at Tpa=25°C.
NOTE 6: The offset voltages and offset currents given are the maximum values required to drive the collector output up to 14 V or down to
1V with a pull-up resistor of 7.5 k2 to Vgc+. Thus these parameters actually define an error band and take into account the
worst-case effects of voltage gain and input impedance.
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TYPES LM1N, LM3N
DIFFERENTIAL COMPARATORS WITH STROBE

switching characteristics, Vcc+= 15V, Vec—=-15V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
Response time, low-to-high-level output 115 ns
- - Rc=500Q2to5V, C=5pF, SeeNote?7
Response time, high-to-low-level output 165 ns

NOTE 7: The response time specified is for a 100-mV input step with 5-mV overdrive. The typical values are specified for a nominal threshold

voltage of 1.4 V.

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT

Vs

FREE-AIR TEMPERATURE

20 ——
N Vees = £15 V

18 Vo=1Vito14V

g 16 | ?ee Note 8

i LM311

£ 14

@ LM111 \

3 12

g0 N -

3 CONDITION 1| N CONDITION 2

- 8

SNNPRN N

£ 6

| LM311

2, ™ — [~
2 LM111 m—
. L

11g—Input Bias Current—nA

-60-40-20 0 20 40 60 80 100 120 140
T a—Free-Air Temperature—"C
FIGURE 1

VOLTAGE TRANSFER CHAR «CTERISTICS

60 T
Veet =+16V
Ta =25°C
50 LM111
1 a0 LM311
g
= EMITTER OUTPUT
> 3 RL = 600 §2 {{ COLLECTOR—
2 OUTPUT
5 RL = 1kQ2
9
o
>
D —
-1 -0.5 0 05 1

NOTE 8: Condition 1 is with the balance and balance/strobe terminals open. Condition 2 is with the balance and balance/strobe terminals

V|p—Differential Input Voltage—mV

FIGURE 3

connected to VcC+-

COLLECTOR OUTPUT TRANSFER CHARACTERISTIC
TEST CIRCUIT FOR FIGURE 3
Vees =30 V

EMITTER OUTPUT TRANSFER CHARACTERISTIC

INPUT BIAS CURRENT

Vs

FREE-AIR TEMPERATURE

500

[ ‘ Veo: = £15 V
450 || | LM311 T —Vp=1Vto 14V
200 I~ See Note 8
\ ‘
LM111
350 \
300 ™ R
™~ CONDITION 2
250 ||
200 ~
‘ —
150 |— CONDITION 1—
LM311
100 1 /\\L
sol |l M1 |
| |
oL L 1]

~60-40-20 0 20 40 60 80 100 120 140

Ta—Free-Air Temperature—"C
FIGURE 2

Vee+ =30V

+V =50V (LM111)
40V (LM311)

1 k&2
OUTPUT

TEST CIRCUIT FOR.FIGURE 2
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TYPES LM111,LM311
DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
53 F100 mv §% 100 mv
£3 Ve =15V 5V 52
2 Veee £3 Vees = 15V
= Rc=500Q2t05V £ Re = .
o —_ —— e — 500 (2 Cc=500Qto5V
Ta=25°C r | Ta=25°C
vip ™ v 4 ve N
> 5 i ) S5 \
|
g4 - | 2 4
3 Sm 2 2 20 mv \
i /. - Safmm
g o
8 2F—20m — 22 5 mvV—"1
<$ . | 77 Vee—=-15V 3 1 | 21v]1V
b 4 3 -
ot >0 I
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
t—Time—ns t-Time—ns
FIGURE 4 TEST CIRCUIT FOR FIGURES 4 AND 5 FIGURE 5
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES
®
B 1] ] | [ 1] Vocs = 15V sk |
53 Yoo mv Vege=*15V | £2 Tioomy
£3 RE =2 kS to —15 V 1 23
62 Ta=25°C 52 Vecs =15V
= = RE =2k to —15 V o
Ta=25°C
15 15
20 mV — > N2mv ]
> g0l s 10
.y 1 1 / = \ b mv
§ 5}l—5mv /[ £ NS
° >
s V14 T e \
E] / N 2mv 2
S 5 3 -5
o / 7 20 mV — N
F T
-15 Vee-=-15V -18
0 02 04 0608 10 12 14 16 1.8 ce- 0 0204 060810 12 1.4 1.6 18
t—Time—us t—Time—us
FIGURE 6 TEST CIRCUIT FOR FIGURES 6 AND 7 FIGURE 7
OUTPUT CURRENT and DISSIPATION SUPPLY CURRENT FROM Ve SUPPLY CURRENT FROM V(o
vs ) vs
OUTPUT VOLTAGE SUPPLY VOLTAGE Vces SUPPLY VOLTAGE Vgc—
160 - - 800 6 . -6 T T T
o :’2%;“5\/ < |TazzC < ViD= 10 mV or —10 mV
No Load € - 25°
Vip=-10mV 700 £ o -5 'L‘:m:: c
<120 Ta=2sc L& Ao E & Ip=-10my_L—"] 8
§ [\ £ {5 - -
£ 100 @4 s0 £ g ¢ [ g L—
s s
£ l 0 é s / | —1 T: | —1
‘; 80 / > 400 5 § 3 / Vip =10 mV § -3
a ; = 5
8 2 5 3
OT &0 300 3 S 2 / > 2
S 4 wo & |7 g
/ 10 (Left Scale) e q?) ?
| + 1 . =1
20 l I 100 8 8
0 0 0 0
0 5 10 15 0 5 10 15 o -5 -10 =15
Vcc——Negative Supply Voltage—V
VO—Output Voltage—V Vcc+—Positive Supply Voltage—V CC——Negative Supply 9
FIGURE 8 FIGURE 9 FIGURE 10
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TYPES LM111,LM311

DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL APPLICATION DATA

Vee

SQUARE WAVE

P— outeut
1200 pF (Fan-out to two
Series 54 gates
L or equivalent)
< < (’
20 mj: 1

FIGURE 11-100-kHz
FREE-RUNNING MULTIVIBRATOR

Vce+

L
b3
S 20 k2

‘_—. OuUTPUT

- Vee-

FIGURE 14—ZERO-CROSSING DETECTOR

4 >
p: 2k

)___outeur

TOTTL

MAGNETIC
TRANSDUCER

FIGURE 16 —-DETECTOR FOR MAGNETIC TRANSDUCER

FIGURE 18—-COMPARATOR AND SOLENOID DRIVER

FIGURE 12
OFFSET BALANCING

<
‘: 1kQ
OUTPUT
TOTTL

(b
82k :’

40 kS2

®

2
INPUTT ——AAA
J_ 4
b 347 k24
9 <
82kQ S

TResistor values shown are for a 0-to-30-V logic swing and a

||H

15-V threshold.
iMav be added to control speed and reduce susceptibility

to noise spikes.

FIGURE 15—TTL INTERFACE WITH HIGH-LEVEL LOGIC

Vee+

ki 2 k§2
A AN

100 kHz 10 pF
10 ) ¢

[T
LM311 1

‘)
100 k2 $

FIGURE 17—-100-kHz CRYSTAL OSCILLATOR

FROM D/A NETWORK

ANALOG
INPUT

TTL STROBE

Typica! input current is 50 pA with inputs strobed off.
FIGURE 19-STROBING BOTH INPUT AND
OUTPUT STAGES SIMULTANEOUSLY

676

TEXA§

INSTRUMENTS

NCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

161



TYPES LM11,LM3N
DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL APPLICATION DATA

vee+

ouTPUT
OUTPUT
TO MOS
’10 kQ
Vee-=-10V
FIGURE 20—LOW-VOLTAGE FIGURE 21— ZERO-CROSSING
ADJUSTABLE REFERENCE SUPPLY DETECTOR DRIVING MOS LOGIC
Vee+ =5V BV
v Veer =5V
< >
31k 31k
>
._.' W New TiLioz (W5 s«s [T —-mﬁl— —-: i; 160
ou ' | T
mfu T ] L—ouwuf
w2222 @‘y INPUT FRom 109 ll“zi {
FROM
- A MN2222 T GATE $ 001 s L—— -
> 1.5uF 0kQ P> ks
ﬁ —] 2N2222 ‘:E 'i 5100 §‘ e €L
22k =
1'Acl]ust to set clamp level.
FIGURE 22—-PRECISION SQUARER FIGURE 23 -DIGITAL TRANSMISSION ISOLATOR
Veer =15V
Voo =15V
= T
1m0 (M1t
INPUT —AAA——]
| S IS p— OUTPUT
Vee-=-15V
FIGURE 24— POSITIVE-PEAK DETECTOR FIGURE 25— NEGATIVE-PEAK DETECTOR
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TYPES LM111,LM31

DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL APPLICATION DATA

Vee+ =5V

2N2222

TR1 sets the comparision level. At comparision, the photo-
diode has less than 5 mV across it, decreasing dark current
by an order of magnitude.

FIGURE 26—PRECISION PHOTODIODE COMPARATOR

Vee+
\
—o
y —
1 k§2
INPUTS I
OUTPUT
TOTTL
TTL
STROBE
2N3708
1k
ITransiem voltage and inductive kickback protection.
FIGURE 27—-RELAY DRIVER WITH STROBE
vee cc+
- _Lﬁﬁ_ll 620 kst r 4 o é @
Lm3n N TIP30
s Gob & TIP30 | !
1 1 | % 300 kst | sis : 620 5t
= ]
Wk —— — e ——d = ! TIP29
T F—/—J ¢——OuTPUT -
100 kst 6/s
| 2 T4 p S—
IneuT WA + | \y
| tmin | 0224F outeuTs
Liman P 510 5!
0.1uF 1~ a0 ez INPUT Bre |
2000 «on 5100
vee-

FIGURE 28—SWITCHING POWER AMPLIFIER

39 ki

TIP30

300 ks2

FIGURE 29—SWITCHING POWER AMPLIFIERS
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LINEAR INTEGRATED

CIRCUITS

TYPES LM139, LM239, LM339

QUADRUPLE DIFFERENTIAL COMPARATORS

BULLETIN NO.DL-S 7612236, MARCH 1975—REVISED JUNE 1976

Single Supply or Dual Supplies

Wide Range of Supply Voltage
. 2 to 36 Volts

Low Supply Current Drain
Independent of Supply Voltage
. 0.8 mA Typ

Low Input Bias Current . . . 25 nA Typ
Low Input Offset Current
.3nA Typ (LM139)
schematic (each comparator)
Vee

Low Input Offset Voltage . .. 2mV Typ

Common-Mode Input Voltage
Range Includes Ground
Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage ... +36 V

Low Output Saturation Voltage

Output Compatible with TTL, DTL,
MOS, and CMOS

~100-uA
CURRENT REGULATOR
~100uA

CURRENT REGULATOR

NONINVERTING,, OUTPUT

INPUT

INVERTING
INPUT

description

These devices consist of four independent voltage
comparators that are designed to operate from a
single power supply over a wide range of voltages.
Operation from dual supplies is also possible so long
as the difference between the two supplies is 2 volts

to 36 volts and pin 3 is at least 1.5 volts more positive ,

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
COMPARATOR COMPARATOR
NO.4 NO.3
OUTPUT OUTPUT NON NON
COMP  COMP INV. INV. NV INV
NO.3 NO4 GND INPUT INPUT INPUT INPUT
14 13 12 n 10 9 8
1 2 3 4 ] (] 7
OUTPUTOUTPUT Vcc  INV. NON-  INV  NON-
COMP  COMP INPUT  INV_INPUT  INV
NO.1  NO.2 INPUT INPUT
COMPARATOR COMPARATOR
NO.2 NO.1

than the input common-mode voltage. Current drain is independent of the supply voltage. The outputs can be
connected to other open-collector outputs to achieve wired-AND relationships.

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

Supply voltage, VCC (see Note 1) 36V
Differential input voltage (see Note 2) . +36 V
Input voltage range (either input) —0 3Vto36V
Output voltage .. 36V
Output current 20 mA
Duration of output short clrcwt to ground (see Note 3) unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) .. 900 mwW
Operating free-air temperature range: LM139 —55°C to 125°C
LM239 ~25°C to 85°C
LM339 . 0°C to 70°C
Storage temperature range . e —65°C to 150°C
Lead temperature 1/16 inch from case for 60 seconds J package 300°C
Lead temperature 1/16 inch from case for 10 seconds: N package . . 260°C
NOTES: 1. All voltage values, except differential voltages, 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 VCC can cause excessive heating and eventual dss;ruction.
4, For operation above 25 C free-air temperature, refer to Dissipation Derating Curves, Section 2.
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TYPES LM139, LM239, LM339
QUADRUPLE DIFFERENTIAL COMPARATORS

electrical characteristics at specified free-air temperature, Vg =5V

LM139 M239, LM339
PARAMETER TEST CONDITIONST PYTTY VP MAX M!L!\! = Tv'\:s WAY UNIT
o ] Ve =5V 1o 30V, 25°C 2 5 2 b5 R
Vig  lnput offset voitage my
Vic = VICR. VO = 1.4V Full range 9 S
25°C 3 25 5 50
| Input offset current Vo=14V
10 P o Full range 100 150] ™
25°C -25 -100 - —
hig Input bias current See Note 6 = —m % ?f(_) nA
25°C Oto Oto
" P Vce—15 Vee—-1.5
Vicr Cemmon-mode input Vee=2V 1036V Cgt C((J:t v
voltage range Full range © °
Vee—2 Vee—2
Small-signal differential
Avg asignal citierential | g, —15ka, V=14V | 25°C 200 200 Vimv
voltage amplification
VoH= 5V 25°C 0.1 0.1 nA
I High-level output current | Vip =1V
OH  High-level output cu D Von =30V | Full range 7 1| wA
25°C 250 500 250 500
\ Lowevel output voltage | Vip=—1V, logL=4mA \
oL ¢l output voltage | VID OL =% M2 "E Nl range 700 700] "
oL Low-level output current | Vip =1V, VgL =15V 25°C 6 16 6 16 mA
Suppl! t o
Icc pply curren No load 25°C 08 2 08 2| mA
(four comparators)

TFull range (MIN to MAX) for LM139 is —55°C to 125°C, for the LM239 is —85°C to 125°C, and for the LM339 is 0°C to 70°C.

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of

the state of the output, so no loading change is presented to the input lines.

switching characteristics, Voc =5V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input step
A RL connected to 5 V through 5.1 kQ2,| | i 13
Response time C1 =15pF. * See Note 6 with 5-mV overdrive us
L PF TTL-level input step 0.3

*CL includes probe and jig capacitance.
NOTE 6: The typical value is for the interval between the input step function and the time when the output crosses 1.4 V.
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LINEAR
INTEGRATED CIRCUITS

TYPES LM193, LM293, LM393
DUAL DIFFERENTIAL COMPARATORS

BULLETIN NO. DL-S 7612411, JUNE 1976

e Single Supply or Dual Supplies

e Wide Range of Supply Voltage
... 21036 Volts

e Low Supply Current Drain
Independent of Supply Voltage
...0.5mA Typ

e Low Input Bias Current . .. 25 nA Typ

e Low Input Offset Current
...3nA Typ (LM193)

schematic (each comparator)

~100-uA
CURRENT REGULATOR
=100-uA

CURRENT REGULATOR

NONINVERTING, OuTPUT
INPUT

INVERTING
INPUT

description

These devices consist of two independent voltage
comparators that are designed to operate from a
single power supply over a wide range of voltages.
Operation from dual supplies is also possible so long
as the difference between the two supplies is 2 volts
to 36 volts and pin 3 is at least 1.5 volts more positive
than the input common-mode voltage. Current drain
is independent of the supply voltage. The outputs can
be connected to other open-collector outputs to
achieve wired-AND relationships.

e Low Input Offset Voltage ... 2 mV Typ

e Common-Mode Input Voltage
Range Includes Ground

o Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage . .. +36 V

o Low Output Saturation Voltage

Output Compatible with TTL, DTL,
MOS, and CMOS

JG OR P
DUAL-IN-LINE PACKAGE (TOP VIEW)

COMPARATOR NO. 2
-\

/ NON-®
QUT- INV_ INV
Veet PUT INPUT INPUT

T1]6

5
[ =1

112]]3][]4

OUT- INV_ NON- GND
PUT INPUT INV
INPUT y;

V
COMPARATOR NO. 1

L
PLUG-IN PACKAGE (TOP VIEW)

Vect

N\

OUTPUT OUTPUT

COMPARATOR NO. 1
A
z
°
c
5
Z 'ON HO1VHVdJWNO0D
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TYPES LM193, LM293, LM393
DUAL DIFFERENTIAL COMPARATORS

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

Suppiy voitage, Vcc (seeNote 1) . . . . . . . . . . . . . . . . . . e v e ... 36V
Differential input voltage (see Note 2) - ¢ [ A
input voltage range (either input) e e e e e e e oo, —03VTI3BYV
Output voltage O (A
Output current .. O~ ¢ N 11 V2N
Duration of output short cnrcmt to ground (see Note 3) .. . .« « .+« . . . . unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4)

JGorPpackage . . . . . . . . . . . . . . . . . . .o . 900mW

Z25°C 10 85°C

e e 0°Cto70°C
Storage temperature range . . . v . . .+ .. ... .—65Cto 150°C
Lead temperature 1/16 inch from case for 60 seconds JG or L package e e e e e e e e e e SOOOC
Lead temperature 1/16 inch from case for 10 seconds: Npackage . . . . . . . . . . . . . . . . . .20¢C
NOTES: 1. All voltage values, except differential voltages, 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. Shortcircuits from outputs to V¢ can cause excessive heating and eventual destruction.
4, For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2,
electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS LM193 L2983, LM303 UNIT
MIN TYP MAX MIN TYP MAX
Veg=5Vto30V, 25°C 1 5 1 5 v
v input offset voitage m
vio fne 9 Vic =VicRr. Vo = 1.4 V | Full range 9 9
| Input offset ent \Y% 1.4V %°C 3 25 2 20 A
ut offset curren =1. n
10 P o Full range 100 150
25°C —25 —iad 26 _280
iig input bias current See Note 5 A
'° i Full range —300 —a00| "
o 0to 0to
C de input B V| 1.5 vV 15
ommon-mode inpu —1. —1.
VicR P Vee=2V 1036V cc cc v
voltage range 0to 0 to
Full range
Vee—2 Vee—2
Small-signal differential [Vcc =15V, R =15k,
Avd gnal ditiers cc L 25°C 50 200 50 200 V/imV
voltage amplification Vo =14V
Vip=1V, V =5V 25°C 0.1 0.1 A
loH  High-level output current ID OH u
Vip=1V, VQH =30V | Fullrange 1 11 uA
\% Low-level output voltage |V 1v, | 4 mA 25°C 250 400 250 400 \Y
w-level output volta =-1V, = m
oL P e|’io oL Full range 700 700
loL  Low-level output currentVip=—-1V, Vg=15V 25°C 6 16 6 16 mA
Vee =5V 25°C 0.8 1 0.8 1
| Supply current No load mA
cc PRy Vce = 30 V | Full range 25 25

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines.

switching characteristics, Vcc =5V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input ste|
RL connected to 5V through 5.1 kQ,| P p 13
Response time Ci =150F See Note 6 with 5-mV overdrive us
L P, TTL-level input step 0.3

*CL includes probe and jig capacitance.
NOTE 6: The typical value is for the interval between the input step function and the time when the output crosses 1.4 V.
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LINEAR

TYPE LM2901

INTEGRATED CIRCUITS QUADRUPLE DIFFERENTIAL COMPARATOR

BULLETIN NO. DL-S 7512247, MARCH 1975

e Eliminates Need for Dual Supplies °

o Wide Range of Supply Voltages
. 2to 36 Volts

e Low Supply Current Drain
Independent of Supply Voltage
. 0.8 mA Typ

e Low Input Bias and Offset Parameters
input Offset Voitage ... 2 mV Typ
Input Offset Current .. .5 nA Typ
Input Bias Current . . . —25 nA Typ .

schematic (each comparator)

Common-Mode Input Voltage
Range Includes Ground Allowing
Direct Sensing near Ground

Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage . ..+36 V

Low Output Saturation Voltage
.1TmV Typat 5 uA
.70 mV Typ at TmA
Output Compatible with TTL,
DTL, MOS, and CMOS

N
DUAL-IN-LINE PACKAGE (TOP VIEW)

~100-uA
CURRENT REGULATOR

~1004
CURRENT REGULATOR

NONINVERTING OUTPUT
INPUT

INVERTING
INPUT

description

COMPARATOR COMPARATOR

NO.4 NO.3

SR —

OUTPUTOUTPUT NON NON

COMP  COMP INV. INV. INV_ NV
NO.3 NO4 GND INPUT INPUT INPUT INPUT
1 13 12 n 10 9 8
1 2 3 4 5 6 7
OUTPUTOUTPUT Vcc  INV. NON-  INV NON-
COMP  COMP INPUT  INV_INPUT  INV
NO.1  NO.2 INPUT INPUT
COMPARATOR COMPARATOR

NO.2 NO.1

The LM2901 consists of four independent voltage comparators designed specifically for automotive and industrial
control systems. They operate from a single power supply over a wide range of voltages and the low supply current
drain is independent of the magnitude of the supply voltage. A unique characteristic of these comparators is that the
common-mode input voltage range includes ground, even though operated from a single supply voltage. Applications
include limit comparators, simple analog-to-digital converters, wide-range VCQO'’s, MOS clock timers, multivibrators,
high-voltage digital logic gates, and pulse, square-wave, and time-delay generators. The LM2901 was designed to directly
interface with CMOS—where the low power drain of the LM2901 is a large advantage over standard comparators.

The outputs can be connected to other open-collector outputs to achieve wired-AND relationships.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VCC (see Note 1) - 36V
Differential input voltage (see Note 2) . 36 V
Input voltage range (either input) —-03Vto36V
Output voltage .. . 36V
Output current 20 mA
Duration of output short~0|rcu1t to ground (see Note 3) . e e e unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) e e e e e e e e .. 900 mW
Operating free-air temperature range e e e e e e e e e . —40°Cto085°C
Storage temperature range . —65°C to 150°C
Lead temperature 1/16 inch from case for 16 seconds 260°C

NOTES:

. All voltage values, except differential voltages, are with respect to the network ground terminai.

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

1
2
3. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.
4.

. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.
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TYPE LM2901
QUADRUPLE DIFFERENTIAL COMPARATOR

electrical characteristics at 25°C free-air temperature, VcC = 5 V (unless otherwise noted)

PARAMETER T Vi TYP MAX | UNIT

Vio Input offset voltage Vi~1i4V, 2 71 mv

lio input offset current Vimi4dy, g 501 nA

he Input bias current See Note & 28 280! nA

. 0to
Vicr Common-mode input voltage range Vee=2Vto36V \Y
Vee—1.5

Ayd  Small-signal differential voltage amplification |R| =15kQ, Vp=1.4V 200 V/mV

IoH High-level output current Vip=1V, VpH=5V 0.1 nA
ioL = S KA H

VoL Low-level output voltage Vip=-1V loL=1mA 70 mV
loL=3mA 200 400

loL.  Low-level output current Vip=-1V, VoL=15V 6 16 mA

lcc  Supply current No load 0.8 2| mA

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stange. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines.

switching characteristics, Vec =5V, TA = 25°C

PARAMETER

TEST CONDITIONS

MIN

TYP MAX

UNIT

Response time

R connected to 5 V through 5.1 k2,
CL=15pFT, See Note 6

1.3

Hs

1'CL_ includes probe and jig capacitance.

NOTE 6: The response time specified is for a 100-mV input step with 5-mV overdrive. The typical value is for the interval between the in

step function and the time when the output crosses 1.4 V.

TYPICAL APPLICATION DATA

+V
3.3k
100 k2
00 kO
l LM2901 b—OouTPUT
LOW-
IMPEDANCE
TRANSDUCER
= o
VREF

BASIC SINGLE-SUPPLY LEVEL TRANSLATOR
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LINEAR
INTEGRATED CIRCUITS

TYPE LM2903

DUAL DIFFERENTIAL COMPARATOR

BULLETIN NO, DL-S 7612412, JUNE 1976

NONINVERTING
INPUT

INVERTING
INPUT

Eliminates Need for Dual Supplies

Wide Range of Supply Voltages
...21t0 36 Volts

Low Supply Current Drain
Independent of Supply Voltage
...05mA Typ

Low Input Bias and Offset Parameters
Input Offset Voltage . . . 2 mV Typ
Input Offset Current ... 5 nA Typ
Input Bias Current . .. —25 nA Typ

schematic (each comparator)

~100-uA
CURRENT REGULATOR

CURRENT REGULATOR

OUTPUT

description

The LM2903 consists of two independent voltage
comparators designed specifically for automotive and
industrial control systems. They operate from a single
power supply over a wide range of voltages and the
low supply current drain is independent of the
magnitude of the supply voltage. A unique character-
istic of these comparators is that the common-mode
input voltage range includes ground, even though
operated from a single supply voltage. Applications
include limit comparators, simple analog-to-digital
converters, wide-range VCQ's, MOS clock timers,
multivibrators, high-voltage digital logic gates, and
pulse, square-wave, and time-delay generators. The
LM2903 was designed to directly interface with
CMOS — where the low power drain of the LM2903
is a large advantage over standard comparators.

The outputs can be connected to other open-collector
outputs to achieve wired-AND relationships.

Common-Mode Input Voltage
Range Includes Ground Allowing
Direct Sensing near Ground

Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage . .. +36 V

Low Output Saturation Voltage
...TmV Typat5uA
...70mV Typat 1T mA

Output Compatible with TTL,
DTL, MOS, and CMOS

JGORP
DUAL-IN-LINE PACKAGE (TOP VIEW)

COMPARATOR NO. 2
/\

/ NON-®
OUT- INV  INV
Veet  PUT. INPUT INPUT

8i{I7[]61]5

»

I
1{]12(]3]}4
OUT- INV_ NON- GND

PUT INPUT INV
\ INPUT y;

V.
COMPARATOR NO. 1

L
PLUG-IN PACKAGE (TOP VIEW)

COMPARATOR NO. 1

Veet

N
OUTPUT

OUTPUT

INV
S INPUT

2
<
2 'ON HOLVHVdWOD

NON-INV
INPUT

GND

PIN 4 IS IN ELECTRICAL CONTACT
WITH THE CASE.
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TYPE LM2903
DUAL DIFFERENTIAL COMPARATOR

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

Supply voltage, Ve (seeNote 1) . . . . . . . . . . . . L. L L. ... ... ... ... 38Y
Differential input voltage (see Note 2) e < Y
Input voltage range {eitherinput) . . . . . . . . . . . . . . .. .. ... ... .. —03Vio38V
Output voitage - - B 1
Output current . i AP
Duration of output short cwcunt to ground (see Note 3) C . . . unlimited
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 4) JG or P package . . . . 900 mwW
. L Ipackage e 625 mW
Operating free-air temperaturerange . . . . . . . « « « v . v v . . ... ... .. —40°Cto 85 C
Storage temperature range . . . . e e ... ... . —85°C1st

iead temperature i/16 inch from -:ase fc-: bd “ﬁ'ce"'ﬂs; JC or L package
Lead temperature 1/16 inch from case for 10 seconds: P package

NOTES: 1. All voltage values, except differential voltages, 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 Vg can cause excessive heating and eventual destruction.
4

. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2,

electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
v inout off ‘ Vee=5V1to30V, 25°C 2 7 v
n t voltage - - m
o put ofiset voltag Vic=Vicr. _ Vo=14V Full range B
| Input offset current V 1.4V 25°C 2 50 A
o ur = 1. n
10 neu o Full range 200
Iig Input bias current See Note & %C =% 2% nA
e Full range —500
25°C Oto
Input common-mode Vee —1.5
\ Vec=2Vto36V \
ICR voltage range cc o 0to
Fuii range Vee -2
Small-signal differential V, =15V, R =15k,
Avd gnan S1er ce L 25 100 V/mV
voltage amplification Vo=14V
| High-level output ent VipZ1V Vo=5V 25°¢ ! nA
igh-| output curren
OH g P Vip=1V Vo=30V Full range 1 MA
25°C 400
Vv Low-level output voltage Vip=-1V, loL=4mA mV
oL P g 1D oL Full range 700
loL Low-level output current Vip=-1V, VoL=15V 25°C 6 16 mA
Vee=5V 25°C 0.8 1
| Supply current No load A
cc upply curren Voc =30V Full range T 26 | "

NOTE 6: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines.

switching characteristics, Vcc =5V, TA=25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input step
RL connected to 6 V through 5.1 kQ,| | i 1.5
Response time with 5-mV overdrive us
CL=15pF,*  SeeNote6 -
TTL-evel input step 03

*CL includes probe and jig capacitance.
NOTE 6: The typical value is for the interval between the input step function and the time when the output crosses 1.4 V.

For typical application data, see LM2901 data sheet on page 170.
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LINEAR
INTEGRATED CIRCUITS

TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS

WITH STROBES

BULLETIN NO. DL-S 7611671, MARCH 1972—REVISED JUNE 1976

F

e Each Comparator ldentical to L. M106 or °

LM306 W|th Common V¢c+, VCC—,

and Ground Connections

e Improved Gain and Accuracy

description

ORMERLY SN52506, SN72506

Strobe Capability

Fast Response Times

Fan-Qut to 10 Series 54/74 T

TL Loads

Short-Circuit and Surge Protection

NOTES: 1.

The TL506 is a dual high-speed voltage comparator,
with each half having differential inputs, a low-
impedance output with high-sink-current capability
(100 mA), and two strobe inputs. This device detects
low-level analog or digital signals and can drive digital
logic or lamps and relays directly. Short-circuit
protection and surge-current limiting is provided.

The circuit is similar to a TL810 with gated output.
A low-level input at either strobe causes the output
to remain high regardless of the differential input.
When both strobe inputs are either open or at a high
logic level, the output voltage is controlled by the
differential input voltage. The circuit will operate
with any negative supply voltage between —3 V and
—12 V with little difference in performance.

The TL506M is characterized for operation over the
full military temperature range of —55°C to 125°C;
the TL506C is characterized for operation from
0°C to 70°C.

Supply voltage Vcc+ (see Note 1)

Supply voltage Vcc— (see Note 1)
Differential input voltage (see Note 2)

Input voltage (any input, see Notes 1 and 3) .
Strobe voltage range (see Note 1) .

Output voltage (see Note 1)

Voltage from output to Vgo— .

Duration of output short-circuit (see Note 4)

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5)

Operating free-air temperature range: TL506M Circuits

TL506C Circuits
Storage temperature range

Lead temperature 1/16 inch from case for 60 seconds J or W package
Lead temperature 1/16 inch from case for 10 seconds: N package

terminal.

O H WN

JOR N DUAL-IN-LINE PACKAGE OR
W FLAT PACKAGE (TOP VIEW)

STROBE OUTPUT OUTPUT
1B GND 1 CC+ 2 NC

wijB(2{jnijwo||9]]s

STROBE
28

tN203fedsHe[7

STROBE INV  NON-INV Vcc- NON-INV  INV  STROBE
1A INPUT 1 INPUT 1 INPUT 2 INPUT 2 2A

NC—No internal connection

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

15V
—-15V
BV
7V

0 V to Vee+

24V
30V

. 10s

600 mW

. . . 800mW
—55°C to 125°C

. . 0°Cto70°C
—65°C to 150°C
300°C

260°C

Each amplifier .
Total package -

All voltage values, except differential voltages and the voltage from the output to Vcc—, are with respect to the network ground

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

. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 volts, whichever is less. .
. One output at a time may be shorted to ground or either power supply.

. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.
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TYPES TL506M, TL506C

DUAL DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Vcc+ =12V, VcCc—-=-3V to-12V

(unless otherwise noted)

TL506M TL506C
PARAMETER TEST CONDITIONS? ——— — uNIT
TYP MAX TY? Max
25° 0.58 2 1.6% 5
Vio input offset voltage See Note 6 mv
Full range 3 6.5
Average temperature coefficient See Note 6 Full 3 10 5 2 Ve
ote
avio of input offset voltage ee ull range 0 u
25°C 0.78 3 1.8%8 5
oy input offset current See Note § MIN 2 7 1 781 uA
MAX 0.4 3 U.5
Average temperature coefficient MIN to 25°C 15 75 24 100 o
S erage temp ot See Note 6 - nA/’C
of input offset current 25°C to MAX 5 25 15 50
| 1 bi t V 05Vto5V 25°C 78 20 16 2 A
t bias curren =0. to
B nput bt o Full range 45 40 #
hi(s) Low-level strobe current V(strobe) = 0.4 V Full range -1.78 -33 -1.78 -33| mA
VIH(S) High-level strobe voltage Full range 2.5 25 \Y
ViL(s) Low-level strobe voltage Full range 0.9 0.9 A
v Common-mode input v 7Vito—12V Full range 15 15 v
—= - 0 — r kS E
ICR voltage range cc 9
Differential input
Vip Herentl pu Full range +5 +5 v
voltage range
Large-signal diffi tial No load, N .
AvD roe-signal citterentia o o2 25°C 40 0004 400008
voltage amplification Vp=05Vto5V
VoH High-level output voltage Vip=5mV, IgH=—400uA Full range 2.5 55 | 25 5.5 \
Vip = =5 mV, lgL = 100 mA 25°C 08% 15 0.8% 2
VoL Low-level output voltage Vip=-5mV, IgL =50 mA Full range 1 1 \%
Vip=-5mV, IgL =16 mA Full range 0.4 0.4
| High-level Vip=5mV, VoHy=8Vto24V 25°C 0.028 ! 0.02¥ 2 A
OH igh-level output current ID=5mV, OH = v 0 Full range 700 100 M
lcc+ Supply current from Vcc+ Vip=—-5mV, SeeNote7 Full range 13.98 20 13.9% 20 mA
lcc— Supply current from Voo See Note 7 Full range 328 72 3.28% 7.2 mA

tUnless otherwise noted, all characteristics are measured with the strobe open.
§ These typical values are at Voot = 12 V, V. = —6 V, T = 25°C. Full range (MIN to MAX) for TL506M is —55°C to 125°C and for the

TL506C is 0°C to 70°C.

NOTES: 6. The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (Vg )
or up to the high range (Vo). Thus these parameters actually define an error band and take into account the worst-case effects

of voltage gain and input impedance.
7. Power supply currents are measured with the respective non-inverting inputs and inverting inputs of both comparators connected
in parallel. The outputs are open.

switching characteristics, Vgc+ = 12V, Vgg—=—-6V, Ta =25°C

PARAMETER TEST CONDITIONSt TLS0GM TLE06C UNIT
MIN TYP MAX|MIN TYP MAX
Response time, low-to-high-level output R =390 to5V, C__=15pF, See Note 8 28 40 28 ns

NOTE 8: The response time specified is for a 100-mV input step with 5-mV overdrive. The typical value is specified for a nominal threshold

voltage of 1.4 V.
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TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

schematic (each comparator)

STROBE O © STROBE
1 2
- - o—@—o Vcc+
g TO OTHER
S5k 5k COMPARATOR

63v ¥ ¥e63v

NONINVERTING
INPUT

INVERTING O———H
INPUT

[

GND

— TO OTHER

Vee- © COMPARATOR

Resistor values are nominal in ohms.

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
3 e 20
Vee+ =12V Vee+ =12V
Vee—=-6V 18 Vee—-=-6V
25 yg=05Vto5V \ Vo=05Vto5V
q::s. ° ° < 16 N A T T
) T N \ TL506C
s 2 £
= °
3 N TL506C 5 12
< ()
2 15 g 10
£ \ N @ h
o \ AN 5 8 N
a 2 TL506M
c 1 - \
= TL506M \ T 6 -
o
o) = 4
- 05 Po—
— , u
0 0
75 -50 —25 0 25 50 75 100 125 —75 -50 =25 0 25 50 75 100 125
TA—Free-Air Temperature—"C Ta—Free-Air Temperature—"C
FIGURE 1 FIGURE 2
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TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS?

HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
FREE-AIR TEMPERATURE FREE-AIR TEMPE RATURE
7 1.2
Vee+ =12V Vee+ =12V
> Vee—=-3Vto 12V S Vee—=-3Vto—12V
L 8tvip=5mv 1T 1Tl vin=-8mV b
g _//'/ I0H = g N —
g 4 (=]
= 5 > 08 IoL = 100 mA
2 3
3 5
9 4 O 0.6
% ‘/__,_/ 10H = —400 pA 3 loL =50 mA I
= 3
5 3 : 04
= o
3[: - loL =16 mA
| L ,
S 2 3 02 1
> > loL =0
—75 50 —25 0 25 50 75 100 125 -75 50 =25 0 25 50 75 100 12
Ta—Free-Air Temperature—°C Ta—Free-Air Temperature—°C
FIGURE 3 FIGURE 4
OUTPUT CURRENT
Vs
DIFFERENTIAL INPUT VOLTAGE
VOLTAGE TRANSFER CHARACTERISTICS
10
7 \% =12V ! ! I
CC+ - 1}Ta=-55°C } }
6 | Vcc-=-6V . . =+._~TA=0°C
RL =9 o 10-1 t :
FT—7 TA=125°C N
7 8 7 T 10-2 '
3 £ Ta =70°CH
2 a4 -~ £ 10-3 . —
o = - )
> Ta=0°C—"] [ 1\—TA-25°C 3 104 Ta=25°C TaA = 125°C
I ~ 3
5 I I RTA 70 c 5 10-5
? 2 Qe \TA =70°C
S J I I \TA—125 c o 107 —
1[TA=-55°C o Ml TA = 25°C
I ] 10-7 Ta =-55°CH\'A —]
- '
: L T § e
| 10-9 cc-"- - .
2 -1 0 1 2 -5 -4 -3 -2 -1 0 1 2 3
V|p—Differential Input Voltage—mV Vip—Differential Input Voltage—mV

FIGURE 5 FIGURE 6

}Data for temperatures below 0°C and above 70°C is applicable to TL506M circuits only.
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TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICSE

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs

FREE-AIR TEMPERATURE

SHORT-CIRCUIT OUTPUT CURRENT
vs

FREE-AIR TEMPERATURE

80 000 - 0.4
c Vee—=-3Vto-12V Vee+=Vo =12V
2 Vo=1to2V < Vee—=-6V ]
3 Rp=c° L ) VID = -5 mv
= 60000 Vees =12V Jl l ﬁl 2 03 ’/ See Note 9 .
5: Vee+ =15V 3 N
g . g
£ Vees =10V g \
40 000 . -
; 000 < § 0.2 ~
S~ ¢
£ N~ 5
a 20000 f— & 0.1
| — |
a 192}
> @]
z £
0 0
-75 55 -25 0 256 50 75 100 125 -75 =50 =25 O 25 50 75 100 125
T A—Free-Air Temperature—°"C T a—Free-Air Temperature—°C
FIGURE 7 FIGURE 8
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES
@
= T s
c 5 €0 ¥ 1
52 100 mV e 100,mV
52 52 -
£ Vee+ =12V £
Vee—-=-6V
5 CL=15pF 5 -
S T \ RL=390Qt05V S //
Loa Ta=25°C é, 4 20 mV
g 20 mv \ &g /
g 3 S 3
- 5 10 mV —~ =
DAL M IETR /R
5 =
3 10mV-/ 5mV \2mV o 7YY CCE15 E
1 L 2mVa/] L=15p
§> \\ \ g RL=390Qto5V
o N 0 S Ta=25°C
0 20 40 60 80 100 0 20 40 60 80 100
t—Time—ns t—Time—ns
FIGURE 9 FIGURE 10

}Data for temperatures below 0°C and above 70°C is applicable to TL506M circuits only.

NOTE 9: This parameter was measured using a single 5-ms pulse.

TEXASI INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

177



TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

20
18
16
14
12
10

Icc+—Supply Current from Vi o+—mA

o N A OO

TYPCIAL CHARACTERISTICS?

SUPPLY CURRENT FROM Vcc+

SUPPLY CURRENT FROM Vgo—

™

SUPPLY VOLTAGE Voo+ SUPPLY VOLTAGE Veo—
— v l T 8
Vce. = -6 &© [ < Vee+ =12V
FRy =o° — =z - ) | Ry =00
L S  Kaad P
. A f_l‘ G
- -~ 0, (S ¢] = - S
o Ve > ]
| 1.4 T / . E g " C_ |
N Ta=25C = A
o £ o
> °C s 4 -
/@ 5 X / / \/J/'Z‘BTC‘
Z — Q =1\
1k o C 3 - A
> | —_A\7 =
B BTN g g
[T} L1 3 9 ]
L n
> g1
0
10 11 12 13 14 15 16 17 0 -2 -4 -6 -8 -10-12 -14 —-16
Vcc+—Positive Supply Voltage—V Vcc——Negative Supply Voltage—V
FIGURE 11 FIGURE 12
TOTAL POWER DISSIPATION
vs
FREE-AIR TEMPERATURE
200 v gy
B ID=—°om
180 ——
=
£ 160
c
2 140
3 4
‘2 120
o 100 \\
g ’\1\.
L 80
= Vip=5mV
5 60
7
o 40 Fveer=12v
20 + VCC_ =-6V
RL = oo
0 , .
-75 -60 =26 0 25 50 75 100 125

TaA—Free-Air Temperature— °c
FIGURE 13

}Data for temperatures below 0°C and above 70°C is applicable to
TLS506M circuits only.
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676

LINEAR

INTEGRATED CIRCUITS

TYPES TL510M, TL510C

DIFFERENTIAL COMPARATORS WITH STROBE

BULLETIN NO. DL-S 7611452, MARCH 1971—-REVISED JUNE 1976

Low Offset Characteristics

High Differential Voltage Amplification
Fast Response Times
Output Compatible with Most TTL

and DTL Circuits

description

The TL510 monolithic high-speed voltage comparator
is an improved version of the TL710 with an extra
stage added to increase voltage amplification and
accuracy, and a strobe input for greater flexibility.
Typical voltage amplification is '33,000. Since the
output cannot be more positive than the strobe, a
low-level input at the strobe will cause the output to
go low regardless of the differential input. Component matching, inherent in integrated circuit fabrication techniques,
produces a comparator with low-drift and low-offset characteristics. These circuits are particularly useful for applica-
tions requiring an amplitude discriminator, memory sense amplifier, or a high-speed limit detector.

schematic

43k

S

NONINVERTING
INPUT

INVERTING
INPUT

ovcer

——O STROBE

62V
outePuT

—OGND
17k

68

Resistor values are in ohms
Component values shown are nominal

Vee

The TL510M is characterized for operation over the full military temperature range of —55°C to 125°C; the TL510C
is characterized for operation from 0°C to 70°C.

terminal assignments

J OR N DUAL-IN-LINE
PACKAGE (TOP VIEW)

JGORP

DUAL-IN-LINE PACKAGE

(TOP VIEW)

L PLUG-IN PACKAGE
(TOP VIEW)

U FLAT
PACKAGE (TOP VIEW)

out
Vcee PUT STROBE NC

81i7]]6|}5

3

NC  GND NON
INV_INPUT
INPUT

INV. NC Vce

NC

11 2]]3]]4

GND NON 1INV VcC
iy weuY

PIN 4 1S IN ELECTRICAL
CONTACT WITH THE CASE

NC

9

NC

®O

ourt
Vceo STROBE  PUT

¥oJo)

ONORO)

GND

NON

i
INPUT

z(d
O

INV
INPUT

NC-—No internal connection

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

Supply voltage VcC

Supply voltage Vcc—

+ (see Note 1)
(see Note 1)

Differential input voltage (see Note 2)
Input voltage (either input, see Note 1)

Strobe Voltage (see
Peak output current

Note 1)
(tw <15)

Continuous total power dissipation at (or beiow) 70 C free -air temperature (see Note 3)

Operating free-air temperature range:

Storage temperature range
Lead temperature 1/16 inch from case for 60 seconds J JG L or U package

Lead temperature 1/16 inch from case for 10 seconds:

NOTES: 1.

TL510M Circuits
TLB10C Circuits

N o

r P package

All voltage values, except differential voitages, 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. For operation of the .TL510M above ‘7,0°C free-air temperature, refer to Dissipating Derating Curves, Section 2.

14V

-7V

BV

7V

.6V

10 mA

300 mW

——55 Cto 125°C
0°Cto 70°C

—65°C to 150°C

300°C
260°C
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TYPES TL510M, TL510C
DIFFERENTIAL COMPARATORS WITH STROBE

electrical characteristics at specified free-air temperature, Vcc+ =12V, Vec—-=-6V
(unless otherwise noted)

TL51oM TL510C
PARAMETER TYE  RAX | AaR o
" Rg < 200 Q, 25°¢C y 2
vio Input offset voltage See Note 4 Full range 3
A ici Rg=50%, MIN to 25°C 3 10
*VI0  of input offset voltage See Note 4 25°C to MAX 3 10
25°C 0.7 3
lic Input offset current See Note 4 MIN 1.8
MAX 0.25 3 75
Average temperature coefficient MIN to 25°C 15 75 24 100
o o input offset current See Note 4 25°C to MAX 5 25 15 50 nA/C
. 25°C 7 15 7 20
T} Input bias current See Note 4 MIN 2 25 9 30 HA
HH(S) High-level strobe current Vistrope) =8V, 000 1100 £100 | wA
Vip = -5mV
Vistrobe) = ~100mV,|_
l{L(S) Low-level strobe current Vi =5 mV 25°C -1 -2.5 -1 -25 mA
VicR f;:"::;:;de fnput Veeo=-7V Full range +5 +5 v
V)p Differential input voltage range Full range +5 +5
Large-signal differential No load, 25°C 12,5 33 10 33
AvDp - Vimv
voltage amplification Vo=0to25V Full range 10 8
I\gz;gmv, Full range 48 5 4§ 5
VoH High-level output voltage Vip=5mV \
g Full range 25 368 2.5 368§
loH -
Vio Full range -1 -05§ of | -1 —o0s§ of | v
loL=0
VoL Low-level output voitage V(strobe) = 0.3V,
Vip=5mV, Full range -1 of -1 ot v
loL=0
25°C 2 24 1.6 24
Vip = -5mV,
loL  Low-level output current Vo-0 MIN 1 23 0.5 24 mA
IMAX 05 23 05 2.4
o Output resistance Vo=14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rg < 200 @ Full range 80 1008 70 100§ dB
Icc+ Supply current from Ve + Vip = —5mV, Full range 558 9 558 9 mA
Icc— Supply current from Vocc— No toad Full range -3.58 -7 35§ -7 mA
Pp Total power dissipation Full range 908 150 90§ 150 mwW

tUnless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL510M is —565°C to 125°C and

for the TL510C is 0°C to 70°C.

fThe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels

only, e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage.

§ These typical values are at Tp = 25°C.

NOTE 4: These characterlstlcs are verified by measurements at the following temperatures and output voltage levels: for TL510M, VO =18V
at Tp =—-55°C, Vg =1 AVatTp= 25°C,and Vg =1V at Tp = 125°C; for TL510C, Vg = 1.5 V at Tp = 0°C, Vg = 1.4 V at 25°C,
and Vo =12 VatTp = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of
digital logic circuits these comparators are intended to drive.

switching characteristics, Voc+ =12V, Vge—=—-6V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Response time CL =5pF, See Note 5 30 80 ns
Strobe release time CL =5pF, See Note 6 5 25 ns

NOTES: 5. The response time specified is for a 100-mV input step with 5-mV overdrive.
6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then
added to the input bias voltage to produce an output voltage which rises above 1.4 V. The time interval is measured from the 50%
point of the strobe voltage curve to the point where the overdriven output voltage crosses the 1.4 V level.

TEXAS lNSTRUMENTS
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TYPES TL510M, TL510C

DIFFERENTIAL COMPARATORS WITH STROBE

Vo—Output Voltage—V

5

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL

VOLTAGE AMPLIFICATION
vs

FREE-AIR TEMPERATURE

€ T T
Vecs =12V
Vee—= -6V

80—t r Vo=0t025V
No Josd

0 4 L

T
) — 4 ,,_N
\

™N

TL510C

3
L
|
I
)
“

10—+ — 1

Ayp-Differential Voltage Amplification—V/mV

0 |

-75 -50 -25 O 25 50 75 100 125

T A—Free-Air Temperature—°C
FIGURE 1

OUTPUT VOLTAGE LEVELS
vs

FREE-AIR TEMPERATURE
5
T T

VOH (Vip = 5mV, gy = 0}

4 -+ } t
i
i

|
H
Vees - 12V !
|
|

| vee. - -6v

Vo—Output Voltage—V

=

[
VoL (Vip = -5 mV, gy = 0)

~1
-7 -50 -26 O % 50 75 100 125

Ta-Free-Air Tempersture—"C

FIGURE 3
TL510M
VOLTAGE TRANSFER CHARACTERISTICS
Vcc:= 172v
Vee—-=-6
— Rg =50 —
No load
Ta =—55°C— Ta =25°C
+Ta=125"C
-3 -2 —i [ 1 2 3

Vp-Differential Input Voltage—mV
FIGURE 5

Vp—Output Voltage—V

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
SUPPLY VOLTAGE

80 T T
Vg=0t025V l I
No load
70
0 " ra=25°C I
Vee- = -7V
. i

I
Vee—= -6V
] A

50 |
Vee_ - -8V ) \
40 —

Ayp-Differential Voltage Amplification—V/mV

o=
Az
10| »é
0
10 n 12 3 14
Vc+~Positive Supply Voltage—V
FIGURE 2
LOW-LEVEL OUTPUT CURRENT
vs
FREE-AIR TEMPERATURE
2,50 . .
Vees =12V
Voe—= -6V
245 —vig=—5mV T
Vo=0

240

f— TLS10C —= \j

230

1oL —Low-Level Output Current—mA
Y
@
8

220
-7 -60 -26 0 25 50 7 100 125

Ta~-Free-Air Tomperature—°"C

FIGURE 4
TL510C
VOLTAGE TRANSFER CHARACTERISTICS
5
4
Tas0°C - Ta-25°C
3 Ta=70°C
2
1
Vee+ =12V
Vee—-=—-6V
o Rg =50 O
ﬁ: No foad
1 |
-2 2 o 1 2 3

V)p—Differential Input Voltage—mV
FIGURE 6
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TYPES TL510M, TL510C
DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL CHARACTERISTICg

INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO
ve VS
FREE-AIR TEMPERATURE s FREE-AIR TEMPERATURE
A VoG =12V
Voo = -8V
2 SeaNoted | 10—

o

ljg—input Biss Current—pA
3
/ .

fe— TL510C weq
‘ u

z ® 100 125
-7 -60 -26 0 26 50 76 100 126 —75—50—2502550?
Ta—Free-Air Temperature—"C

CMRR—Comman-Mode Rejection Ratio—c
8

TA-Fres-Air Temperature—"C
FIGURE 7 FIGURE 8
OUTPUT RESPONSE FOR STROBE RELEASE TIME
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES
[ | >
= o
s | Vees =12V 2
:f 3 ‘wlmv Vee-=-6V > z Vees = 12V
e _§ CL=86pF g 1 Vee- = —6V -
RL== @ / CL=6gF
Ta=25°C o A == -
4 Ta-25C |
b 3 20mvy |
>
g’ 10mv. / /‘\ v {! 3 2mVt05mv
3 2 k5 2 1
% N ¥, .H“""‘" 2 ' i OrrEV
s o[ Jl]] I T
$ 11V ° [
-1 o _
° ™ 4 © ® 100 12 W > 7 0 5 10 15 20 25 30 35 40
t—Time—ns T'
t—Time—ns
FIGURE 9 FIGURE 10
TOTAL POWER DISSIPATION
i N-M RESPONSE vs
g' COMMON-MODE PULSE RESPONS FREE-AIR TEMPERATURE
S a 110 + -
5 Vees = 12V
§ 3 Vee- = -6V
3 2 100 I~ yip = ~5mv
H H No Load
€
0 2 | —
L N =aanNEl
> | T Veer=12v 7 14 b— Tisioc
R . vo | Vc(l:: - -6V | H
No Load s 70
> — +—Ta=25C A e
| BT 2.
sl T
2
‘? ! ° ) 80 120 160 s 50 23 0 2 0 75 100 125
s t-Time—ns TA—Froe-Air Temperature—°"C
FIGURE 11 FIGURE 12

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL510M, Vo=18V
atTp=—565°C,Vg=1.4VatTp=25°C,and Vg =1V at T = 125°C; for TL510C, Vo=16VatTp=0°C, Vo =1.4V at25°C,
and Vg = 1.2 V at Ty = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of
digital logic circuits these comparators are intended to drive.
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LINEAR INTEGRATED TYPES TL514M, TL514C
CIRCUITS DUAL DIFFERENTIAL COMPARATORS WITH STROBES

BULLETIN NO. DL-S 7611451, MARCH 1971—-REVISED JUNE 1976

FORMERLY SN52514, SN72514

e Fast Response Times e Low Offset Characteristics
e High Differential Voltage Amplification e Outputs Compatible with Most TTL
and DTL Circuits
. JORN
schematic (each comparator) DUAL-IN-LINE PACKAGE (TOP VIEW)
O Ve AMPLIFIER No. 1
a3k - AMPLIFIER NO. 2
y INV INV ouT-
62v VCC— INPUT INPUT GND VCC+STROBE PUT
:)_ osTROBE wlfu][e][n][w][s]]e
53 43
k k
9210 910
. 62v
100 \ ouTPUT
c2v e
NONINVERTING [
INPUT -O GND
INVERTING 17k T2 sHefIsHsf7
OUT-STROBEVCC+ NC  NON- INV  Vge-
v PUT INV INPUT
N—— e INPUT
%:n - AMPLIFIER NO. 1 m
Ovee- i
boio oy v NC—No internal connection

Component values shown are nominal.

description

The TL514 is an improved version of the TL720 dual high-speed voltage comparator. When compared with the TL720,
these circuits feature higher amplification (typically 33,000) due to an extra amplification stage, increased accuracy
because of lower offset characteristics, and greater flexibility with the addition of a strobe to each comparator. Since
the output cannot be more positive than the strobe, a low-level input at the strobe will cause the output to go low

regardless of the differential input.

These circuits are especially useful in applications requiring an amplitude discriminator, memory sense amplifier, or a
high-speed limit detector. The TL514M is characterized for operation over the full military temperature range of —~55°C
to 125°C; the TL514C is characterized for operation from 0°C to 70°C,

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

Supply voltage Vcc+ (see Note 1) 14V
Supply voltage Vcc— (see Note 1) P -7V
Differential input voltage (see Note 2) - < Y
Input voltage (any input, see Note 1) . . e 7V
Strobe voltage (seeNote 1) . . . . . . . . . . . . . . . . . . ... . ... ... .. .86V
Peak output current (ty <1 s) .. ' e e e e e e s . 10MA
Continuous total dissipation at (or below) 70 C free-alr temperature (See Note 3)

eachcomparator . . . . . . . . . . . . . . . . . . . ... 300mwW

totalpackage . . . . . . . . . . . . . . . .. ... ... 600mwW
Operating free-air temperature range: TL514M Circuits e e e e e ... .. .....-B5Cto125°C

TL514CCircuits . . . . . . . . « . . . . . . .. ... 0°Cto70°C

Storage temperature range . o . —65°C to 150°C
Lead temperature 1/16 inch from caseforGOSeconds Jpackage e e e e e e e e ... .. ... .300C

Lead temperature 1/16 inch from case for 10 seconds: N package . 260°C
NOTES: 1. All voltage values, except differential voltages, are with raspact to the network ground tarminal,
2, Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. For operation of the TL514M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2,
TEXAS INSTRUMENTS 183
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TYPES TL514M, TL514C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Vgc+ =12V, Vgc-=-6V

(unloce atharwica natad)
% ess otherwice noled)

PARAMETER TEST CONDITIONS? Y - LTS\!?M wax | wm T:,i:llc Az | UNIT
Vin  input offset voltage fig = 260 &2, 5°C u8 2 i8 Py
= . See Note 4 Full range 3
A ] p fficient Rg =50, MIN to 25°C 3 10 3 o
avio of input offset voltage See Note 4 25°C to MAX 3 10 3 wvre
25°C 3 1.8
ho Input offset current See Note 4 MIN 7 nA
MAX ]
alo Avt»arage temperature coefficient See Note 4 MI:\I to 25°C 75 24 hAC
of input offset current 25°C to MAX 5 25 15
{IT:] Input bias current See Note 4 25°C ? 15 ? uA
MIN 12 25 9
; V(strobe) =5 V. o
liL(s) High-level strobe current Vip = -5 mV 25°C +100 +100 uA
HH(S) Low-level strobe current Vistrobe) = ~100mV, 25°C -1 -25 -1 -25 mA
Vip=5mV
VICR Common-mode input Vee-=-7V Full range +5 +5 Vv
voltage range
Vip Differential input voltage range Full range +5 5 v
AV Large-signal rvii'fferAential No load, 25°C 12.5 33 10 33 Vimv
voltage amplification Vo=0t025V Full range 10 8
I\g:;zmv Full range 48 5 a8 5
VOH High-level output voltage Vip=5mv, - - v
1om = =5 mA Full range 25 368 25 368
Vip = ~SmV. Full range -1 -ost ot | -1 —os¥ of | v
loL=0
VoL Low-level output voltage V(strobe) = 0.3V,
Vip=5mV, Full range -1 ot -1 ot \
locL=v
25°C 2 2.4 1.6 24
Vip=-5mV,
oL Low-level output current Vo =0 MIN 1 2.3 0.5 2.4 mA
MAX 0.5 23 05 24
o Output resistance Vo=14V 25°C 200 200 Q2
CMRR Common-mode rejection ratio Rg < 200 Full range 80 100% 70 1008 dB
Icc+  Supply current from Ve 1 Vip = -5 mV Full range 558 9 558 9 mA
Icc— Supply current from Ve 9 N:)Dioad ’ Full range -3.58 —7 -35% -7 mA
Pp Total power dissipation 1 Full range 90% 150 908 150 mw

tUnless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL514M is —55°C to 125°C and
for the TL514C is 0°C to 70°C.

IThe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels
only, e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage.

§ These typical values are at Tp = 25°C.
ﬁSuppy current and power dissipation limits apply for each comparator,

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL514M, Vo = 1.8 V
at Tp =—56°C, Vg = 1.4 V at Tp = 26°C, and Vg = 1 V at Tp = 125°C; for TL514C, Vg = 1.5 V at TA = 0°C, Vo = 1.4 V at
25°C, and Vo = 1.2 V at Ta = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the
types of digital logic circuits these comparators are intended to drive.

switching characteristics, Vcc+ =12V, Vgc—=-6 V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Response time Ry =, CL =5pF, See Note 5 30 80 ns
Strobe release time R = o, CL = 5pF, See Note 6 5 25 ns

NOTES: 6. The response time specified is for a 100-mV input step with 5-mV overdrive.
6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then
added to the input bias voltage to produce an output voltage which rises above 1.4 V. The time interval is measured from the 50%
point of the strobe voltage curve to the point where the overdriven output voltage crosses the 1.4 V level.

For typical characteristic curves, see the TL510 data sheet on page 181.
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LINEAR
INTEGRATED CIRCUITS

TYPES TL710M, TL710C
DIFFERENTIAL COMPARATORS

BULLETIN NO. DL-S 7611441, FEBRUARY 1971—-REVISED JUNE 1976

FORMERLY SN52710, SN72710

e Fast Response Tiimes
e Low Offset Characteristics
e QOutput Compatible with Most TTL and
DTL Circuits
description

The TL710 is a monolithic high-speed comparator
having differential inputs and a low-impedance
output. Component matching, inherent in silicon
integrated circuit fabrication techniques, produces
a comparator with low-drift and low-offset charac-
teristics. These circuits are especially useful for
applications requiring an amplitude discriminator,
memory sense amplifier, or a high-speed voltage
comparator. The TL710M is characterized for opera-
tion over the full military temperature range of
—55°C to 125°C; the TL710C is characterized for
operation from 0°C to 70°C.

terminal assignments

schematic

NONINVERTING
INPUT

INVERTING
INPUT

Component values shown are nominal.

JORN JGORP
DUAL-IN-LINE DUAL-IN-LINE L U FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) PLUG-IN PACKAGE (TOP VIEW) (TOP VIEW)
Vce+ OUTPUT NC - NC
NC_ NC_ NC_ VCCr NC OUTPUT NC 8 7 6 5 NC  vges  NC o OUTPUT
PPPG
| T T T
e e bl ] L T CROBORORO)
ERTING | VERTING N
INPUT INPUT GND NON- INV Veo— INPUTINPUT
INV_INPUT PIN 4 1S IN ELECTRICAL
INPUT CONTACT W|TH THE CASE

NC—No internal connection

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

676

TL710M TL710C | UNIT
Supply voltage Vcc+ (see Note 1) 14 14 \%
Supply voltage Vcc— (see Note 1) -7 -7 \Y)
Differential input voltage (see Note 2) 5 5 Vv
Input voltage (either input, see Note 1) +7 +7 \"
Peak output current (ty, < 1 s) 10 10 mA
Continuous total power dissipation
at (or below) 70°C free-air temperature (see Note 3) 300 300 mW
Operating free-air temperature range —55 to 125 0to 70 °C
Storage temperature range —65 to 1560 | —65 to 160 | °C
Lead temperature 1/16 inch from case for 60 seconds | J, JG, L, or U package 300 300 °c
Lead temperature 1/16 inch from case for 10 seconds | N or P package 260 260 °C
NOTES: 1. All voltage values, except differential voltages, 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. For operation of the TL710M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2.
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TYPES TL710M, TL710C
DIFFERENTIAL COMPARATORS

electrical characteristics at specified free-air temperature, Voc+ =12V, Veo—-=-6V

{unless otherwise noted)

PARAMETER TEST cONDITIONS? - — UNIT
MIN TYP MAX |MIN TYP MAX
25°C 2 5 2 75
Vio Input offset voltage Rg < 200 £, See Note 4 Full range 5 0 mV
“vio /‘\verage temperature coefficient R <200, Sae Note 4 Full range 5 75 LVPC
25°C 1 10 1 15
ho Input offset current See Note 4 Full range >0 > MA
i 25°C 25 75 25 100
hB Input bias current See Note 4 Full rangs 150 %0 ”A
V) Input voltage range Vee—=-7V 25°C +5 +5 v
Vip Differential input voltage range 25°C +5 +5 \"
Large-signal differential 25°C 750 1500 700 1500
Avp } No load, See Note 4
voltage amplification ) Full range | 500 500
VoH High-level output voltage Vip=15mV, IgH=-05mA] 25°C 2.5 3.2 4] 25 3.2 4 \
VoL Low-level output voltage Vip=-15mV, lgL =0 25°C -1 -05 o0f| -1 -05 of v
loL  Low-level output current Vip=-15mV, Vo =0 25°C 1.6 25 mA
o Output resistance Vo =14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rg <200 Q 25°C 70 90 65 90 dB
lcc+  Supply current from Voos Vip=-5VtobV 25°C 54 101 5.4 mA
lcc— Supply current from Vogo— (=10 mV for typ), 25°C -3.8 -89 -3.8 mA
Pp Total power dissipation No load 25°C 88 175 88 mW
NOTE 4:

These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL710M, Vo=18V

1.5 VatTp =0°C,Vg=1.4Vat
Ta = 25° C,and Vo =12 VatTp = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of

at Tp =

the types of digital logic circuits these comparators are intended to drive.

55°C, Vo = 1.4 Vat Tp = 25°C, and Vg =

TFull range for TL710M is —55°C to 125°C and for TL710C is 0°C to 70°C.

1V at Tp = 125°C; for TL710C, Vg =

fThe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels
only, e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage.

switching characteristics, Vcc+ =12V, Vgg—=—-6 V, TA = 25°C

TL710M TL710C
P TEST CONDITIONS UNIT
ARAMETER Ol [o] TYP VP
Response time ‘No load, See Note 5 40 40 ns

NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive,
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TYPES TL710M, TL710C

DIFFERENTIAL COMPARATORS

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR VARIOUS
INPUT OVERDRIVES

OUTPUT RESPONSE FOR VARIOUS
INPUT OVERDRIVES

B =i
€05 R
g3 100 mV g> 100 mv
&y Veer =12V £ 5
6?2 +— o2
£ Veg—=-6V £
No load
Ta =25°C Vee+ =12V
4 St Voo =—6 VT
>I | No load
o 3 g 3 \N o ]
777 RN e
5 2 s 2 L.
S NN $ 3!
5 § AR A 2 ALY &L
g 1 S/ 7T 3 g ©\° J
3 ~ of A& 7 3 5 \3, P2 N
$ > 30 X
(@] - (o]
> >
-1 -1
20 40 60 80 100 120 0 20 40 60 80 100 120
t—Time—ns t—Time—ns
FIGURE 1 FIGURE 2
COMMON-MODE PULSE RESPONSE OUTPUT VOLTAGE
vs vs
ELAPSED TIME FREE-AIR TEMPERATURE
-] 4
3 T T T T T T T
> = = —
=] L~ N Ve =12V VOH (Vip = 15 mV, IgH = —0.5 mA)
55 Vee— = —6 V1 ‘
o8 cC B
E3 Ta =25°C I e e
E>S A 3
3y
08 7
> 3
] 2
°
v i | Vee+ =12V
° 2 Vee-=-6V
5
O 1
|
> = (o]
| >
&
£ 0
s ~ - VoL (Vip=-15mV, Ig = 0)
5
g
3
Ol -1
>0 o 40 80 120 160 -75 —-50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—°C
t—Time—ns
FIGURE 3 FIGURE 4
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TYPES TL710M, TL710C
DIFFERENTIAL COMPARATORS

TYPICAL CHARACTERISTICS

TL710M TL710C
VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS
ST T T T T T
| Veegs=12V Ta=-5C | Vec+=12V | Lo
vee-=—6V AT Vee-=-6V At
8 77 8 :
- P A1 7p=125°C) 7
| Iy SV I =)
[ ©
g 2 [ /\\ | 5 2
S 7 NTa = 25°C 2
yi 3
5 17 g
a l /I 5
3 ! ; ?o 1
/
8 J/ s
> I'
0
>
-1
-5 -4 -3 -2 -1 0 1 2 3 4 5 -5 -4 -3 -2 -1 0 1 2 3 4 5
Vjp—Differential Input Voltage—mV V|p—Differential Input Voltage—mV
FIGURE 5 FIGURE 6
TOTAL POWER DISSIPATION
vs
FREE-AIR TEMPERATURE
100 I i
Vec+ =12V
Vee—=-6V
2 Vvip =
lE 95| VID=0
& No load
S
®
2
8
Q 90
@
2
&
g / \\L
Ty le— TL710C |
£ N
80
-75 -50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—°C
FIGURE 7
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LINEAR TYPE TL720C
INTEGRATED CIRCUIT DUAL DIFFERENTIAL COMPARATOR

BULLETIN NO. DL-S 7611440, MARCH 1971—-REVISED JUNE 1976
FORMERLY SN72720
e Fast Response Times e Low Offset Characteristics
e Output Compatible with Most TTL and DTL Circuits

. JORN
schematic (each comparator) DUAL-IN-LINE PACKAGE (TOP VIEW)

28 sk

COMPARATOR NO. 1

NON COMPARATOR NO. 2
IV INV
Vce— INPUT INPUT GND “VeC+ NG OUTPUT

11k

R

INVERTING
INPUT

LRI

OUTPUT NC Vcc+, NC  NON INV Vce—

1002 LT INV INPUT
vee- COMPARATOR NO. 1 INPUT
Component values shown are nominal. COMPARATOR NO. 2

NC—No internal connection

description

The TL720 is two high-speed comparators in a single package, each electrically identical to the TL710 and having
differential inputs and a low-impedance output. Component matching, inherent in silicon monolithic circuit fabrication
techniques, produces a comparator with low-drift and low-offset characteristics. This circuit is especially useful for
applications requiring an amplitude discriminator, memory sense amplifier, or a high-speed voltage comparator. The
TL720C is characterized for operation from 0°C to 70°C.

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

Supply voltage Vec+ (seeNote 1) . . . . . . . . . . . .. . .. .. . ... ... .. ... 14V
Supply voltage Vcc— (seeNote 1) . . . . . . . . . . . .. .. ... .. ... ... ... =1V
Differential input voltage (seeNote2) . . . . . . . . . . . . . . . . . . ... ... ..... %V
Input voltage -(any input, see Note 1) e PR - AV
Peak output current, each comparator (ty<1s) . . . . . . . . . . . . . . . . . . . ... .. 10mA
Continuous total power dissipation: each comparator . . . . . . . . . . . . . . . . . . . . .300mw

totalpackage . . . . . . . . . . . . . . . . . ... . .600mwW
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . .. .. . ... 0Cto70°C
Lead temperature 1/16 inch from case for 60 seconds: Jpackage . . . . . . . . . . . . . . . . . .300°C
Lead temperature 1/16 inch from case for 10 seconds: Npackage . . . . . . . . . . . . . .. . . .260°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
76
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TYPE

TL720C

DUAL DIFFERENTIAL COMPARATOR

slectrical characteristics at specified free-air temperature, Vcc+ =12V, Vee—-=-6V
{unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX Ui\ii?
25°C 2 75
Vio Input offset voltage Rg < 200 &2, See Note 3 °C 10 70°C 70 mV
ayio verage temperature cogificient Rg<200Q,  SeeNote3 0°C 10 70°C 75 AV
of input offset voltage
_ e N 25°C 1 R
o] input orrset cuirent Qee NGiE o 0°Cto70°C o5 Y=Y
1T} Input bias current See Note 3 — 25°C — 2% 100 uA
0°C to 70°C 150
V) Input voltage range Veg-=-7V 25°C +5 \Y%
Vip Differential input voltage range 25°C +5 \
Avb Large-signal 4.1i-ffer.ential No load, See Note 3 _ 25°C _ 700 1500
voltage amplification 0°C to 70°C | 500
VoH High-level output voltage Vip=15mV, IgH=-0.5mA 25°C 25 3.2 4 \
VoL Low-level output voltage Vip=-15mV, Ig_=0 25°C -1 —0.5 off v
o Output resistance Vo =14V 25°C 200 Q
CMRR Common-mode rejection ratio Rg < 200 25°C 65 90 dB
lcc+ Supply current from Vo4 (each comparator) Vip=-5Vto5V 25°C 5.4 mA
lcc— Supply current from Vcc— (each comparator) (—10 mV for typ), 25°C -3.8 mA
Pp Total power dissipation (each comparator) No load 25°C 88 mw

NOTE 3:These characteristics are verified by measurements at the following temperatures and output voltage levels: Vo = 1.5 V at

Ta=0°C,Vo=1.4VatTp=25C, and Vg =12 Vat Ty = 70°C

iogic ihweshoid voltages of the types of digitai logic circuits these com

. These output voltage levels were selected to approximate the

intended to drive,

fThe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels
only, e.g., when 0"V is the maximum, the minimum limit is a more-negative voltage.

switching characteristics, Vec+ =12V, Vge—=-6V, Ta =25°C

PARAMETER

TEST CONDITIONS TYP UNIT

Respo

nse time

No load, See Note 4 40 ns

NOTE 4: The response time specified is for a 100-mV input step with 5-mV overdrive.

Typical characteristic curves on the TL710 data sheet, pages 187 and 188, are applicable for the TL720.
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TYPES TL810M, TL810C
DIFFERENTIAL COMPARATORS

BULLETIN NO. DL-S 7611449, MARCH 1971—REVISED JUNE 1976

LINEAR
INTEGRATED CIRCUITS

FORMERLY SN52810, SN72810

Low Offset Characteristics schematic
High Differential Voltage Amplification

Fast Response Times

Output Compatible with Most TTL

and DTL Circuits

OVcos

description
The TL810 is an improved version of the TL710
high-speed voltage comparator with an extra stage
added to increase voltage amplification and accu-
racy. Typical amplification is 33,000. Component
matching, inherent in monolithic integrated cir-
cuit fabrication techniques, produces a compar-
ator with low-drift and low-offset characteristics.
These circuits are particularly useful for applica-
tions requiring an amplitude discriminator, memory sense amplifier, or a high-speed limit detector.

ouTPUT

NONINVERTING
INPUT

-0 GND

INVERTING
INPUT 17k

68

-Ovee

Resistor values are nominal in ohms

The TL810M is characterized for operation over the full military temperature range of —55°C to 125°C;the TL810C
is characterized for operation from 0°C to 70°C.

i signments
terminal assig JG OR P

JOR N DUAL-IN-LINE
PACKAGE (TOP VIEW)

DUAL-IN-LINE
PACKAGE (TOP VIEW)

L PLUG-IN PACKAGE
(TOP VIEW)

u
FLAT PACKAGE (TOP VIEW)

out

out

vee. PUT NG NC

NC NC NC_ vcch NC  PUT NC

wijnjjr{{njjwijsfls

IRIEZIERIEIIRR I

NC GND NON NV NC Vcc NC GND NON. NV Ve
e INPUT INV_INPUT GND NON INV. NC  Vce

o PIN 4 IS IN ELECTRICAL wegr
CONTACT WITH THE CASE

NC-—No internal connection

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

Supply voltage Vcc+ (see Note 1) 14V
Supply voltage Vcc— (see Note 1) -7V
Differential input voltage (see Note 2) 5V
Input voltage (either input, see Note 1) 7V
Peak output current (ty <1 s) 10 mA
Continuous total power dissipation at (or below) 70 C free -air temperature (see Note 3) . 300 mW
Operating free-air temperature range: TL810M Circuits —55 Cto 125°C
TL810C Circuits 0°C to 70°C
Storage temperature range . e —65°C to 150°C
Lead temperature 1/16 inch from case for 60 seconds J, JG, L, or U package 300°C
Lead temperature 1/16 inch from case for 10 seconds: N or P package . 260°C
NOTES: 1. All voltage values, except differential voltages, 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. For operation of the TL810M above 70°C free-air temperature, refer to Dissipating Derating Curves, Section 2.
676
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TYPES TL810M, TL810C
DIFFERENTIAL COMPARATORS

TL810M TL810C
PARAMETER TEST CONDITIONST
L MiN TYP MAX MmN TYP MAX
Rg < 200 , 25°C 0.6 2 1. .
Vio Input offset voltage S 6 3.5 iy
See Note 4 Full range 3 45
Average temperature coefficient Rg = 50 2, MIN to 25°C 3 10 3 20 P
VIO 5f input offset voltage See Note 4 25°C to MAX 3 10 3 20 | ¥V
25°C 0.75 3 18 g
WO input offset current See Note 4 MIN 1.8 7 7.5 MA
MAX 0.25 3 7.5
Average temperature coefficient MIN to 25°C 15 75 24 100
@10 X See Note 4 - nA/°C
of input offset current 25°C to MAX 5 25 15 50
25°C 7 15 7 20
| Input bias current See Note 4
18 P MIN 12 25 9 0 | “A
v Common-mode input v, 7v Full +5 15
== rant + +
ICR voltage range cc ulfrange v
Vip Differential input voltage range Full range 5 +5
Large-signal differential No load, 25°C 12.5 33 10 33
Avp I _ V/mA
voltage amplification Vo=0to25V Full range 10 8
Vip =5mV . S
| ID-o Full range a8 5 48 5
VoH High-level output voltage \?H 5mv v
ID= . s s
25 368 25 368
IoH = —5 mA Full range
Vip=-5mV, _— : 58 - \ N .
VoL Low-level output voltage oL =0 Fuil range -1 ~0.55 0+ -1 —0.5% 0% v
25°C 2 2.4 1.6 2.4
Vip =-5mV,
loL  Low-level output current Ve =0 MIN 1 23 0.5 24 mA
o MAX 05 23 05 24

Em——

i o Output resistance Vo =14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rg < 200 © Full range 80 1008 70 1008 dB
Icc+ Supply current from Vocs Vin - —5 mV Full range 558 9 5.5% 9 mA
lcc— Supply current from Voc— N:)DIoad ' Full range -3.5%8 -7 —-3.5%8 -7 mA
Pp Total power dissipation Full range 90} 150 908 150 mw

tEull range (MIN to MAX) for TL810M is —55°C to 1256°C and for the TL810C is 0°C to 70°C.
fThe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels

only, e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage.

¥ These typical values are at Tp = 25”C.
NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vg =
1.8 VatTp=—-55°C, Vo =1.4 VatTp =25°C,and Vo =1Vat Tp=125°C;for TL810C, Vo =16V atTa=0°C, Vg =14V
at 25°C, and Vo =12 VatTp = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the
types of digital logic circuits these comparators are intended to drive.

switching characteristics, Vcc+ = 12V, Vec—-=—-6V, Ta =25°C

PARAMETER

TEST CONDITIONS

TYP

MAX

UNIT

Response time

R =,

CL=5pF,

See Note 5

30

80

ns

NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive,
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TYPES TL810M, TL810C
DIFFERENTIAL COMPARATORS

TYPICAL CHARACTERISTICS

676

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION

vs
FREE-AIR TEMPERATURE

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
SUPPLY VOLTAGE

> 60 T T > 80 T T
I Vees =12V z Vo =01025V
E Vee— = -6V > ol -Nolow
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FIGURE 1 * FIGURE 2
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vs vs
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FIGURE 5
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FIGURE 3 FIGURE 4
TL81OM TL810C
VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS
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vee-=-6
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i 3 < | 3 Ta=70°C
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TYPES TL810M, TL810C
DIFFERENTIAL COMPARATORS

TYPICAL CHARACTERISTICS
INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO
we vs
FREE-AIR TEMPERATURE 15 FREE-AIR TEMPERATURE
" B ch‘._ iz ‘v"
L] Vg = -8 ¥
12 o i® Vgm0V sV
o . N g < 200 0
s s < 700
AN M AN
N § N
} £ N
I s ; 100
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FIGURE 7 FIGURE 8

COMMON-MODE PULSE RESPONSE

Vic—Common-Mode Input Voltage—V
o = 0~

™ Vecs = 12V 7]

| Vee-=-6V |
No Load
>‘ Ta=25C
3
)
3
‘? ° ) 80 120 160
14 t-Time—ns
FIGURE 9

TOTAL POWER DISSIPATION
OUTPUT RESPONSE FOR vs

VARIOUS INPUT OVERDRIVES FREE-AIR TEMPERATURE

110 —
l I l Veer =12V
é! — I 1 VEe-=—6V
[ Vi =12V 100 Vip=-5mV
3 [ 100 mv ng. -6V i | No vosd
L] § — CL=5pF A L
Tlss -
Tas25¢ | k] +1 N
) o g —
> ]
} wov] § F—TL810C ~
+ 1
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g, /Sl 3
i [-snv § !
. Lot £
? o °
o 7
>
-1 50
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Ta—Free-Air Temperature—C
FIGURE 10 FIGURE 11

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vg =

1.8 VatTp=-55"C, Vg =1.4VatTp =25C,and Vg=1VatTp=125°C;for TLB10C, Vo = 1.5V at Tp =0°C, Vg =14V
at 25°C, and Vg = 1.2 VatTp = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the
types of digital logic circuits these comparators are intended to drive.
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LINEAR
INTEGRATED CIRCUITS

TYPES TL81IM, TL8NC

DUAL-CHANNEL DIFFERENTIAL COMPARATORS

WITH STROBES

BULLETIN NO. DL-S 7611464, MARCH 1971—-REVISED JUNE 1976

FORMERLY SN52811, SN72811

® Fast Response Times

e Improved Voltage Amplification and Offset Characteristics
e  Output Compatible with Most TTL and DTL Circuits

description

The TL811 is an improved version of the TL711 high-
speed dual-channel voltage comparator. Voltage
amplification is higher (typically 17,500) due to an
extra stage, increasing the comparator accuracy. The
output pulse width may be “‘stretched’’ by varying
the capacitive loading.

Each channel has differential inputs, a strobe input,
and an output in common with the other channel.
When either strobe is taken low, it inhibits the
associated channel. If both strobes are simultaneously
low, the output will be low regardless of the
conditions applied to the differential inputs.

These dual-channel voltage comparators are partic-

schematic

ourrur

sTnose 1

awo veg-

Component values shown are nominal.

ularly attractive for applications requiring an amplitude-discriminating sense amplifier with an adjustable threshold

voltage.

The TL811M is characterized for operation over the full military temperature range of —55°C to 125°C; the TL811C

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

terminal assignments

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

L
PLUG-IN PACKAGE (TOP VIEW)

U FLAT
PACKAGE (TOP VIEW)

STROBE
ne “T'P% anp vecrouTRUT 2o NG

w2 jnf{wf{o]]s

vt2[{3[]ef15][}6][]?
NG INV NON-Vcc- NON- INV NC
INPUT 1INV INV INPUT 2
INPUT T INPUT2

PIN51S IN ELECTRICAL CONTACT WITH THE CASE

STROBE1 GND  VCC+ OUTPUT STROBE 2

| ) i  § ) | :
INV_ NON-  Vce- N;M INV
INPUT 3 INV INV _INPUT 2
INPUT 1 INPUT 2

NC—No internal connection

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

Supply voltage Vcc+ (see Note 1)
Supply voltage Vcc— (see Note 1)
Differential input voltage (see Note 2)
Input voltage (any input, see Note 1)
Strobe Voltage (see Note 1)

Peak output current (ty <1 s)

Continuous total power dissipation at (or below) 70 C free -air temperature (see Note 3)

Operating free-air temperature range:

Storage temperature range

TL811M Circuits
TL811C Circuits

14V
-7V

BV

7V

.6V

50 mA

300 mW
—565°C to 125°C

. 0°C to 70°C
—65°C to 150°C

NOTES: 1.

Lead temperature 1/16 inch from case for 60 seconds
Lead temperature 1/16 inch from case for 10 seconds:

J, L, or U package .

N package

300°C
260°C

All voitage values, except differentiai voitages, 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. For operation of the TL811M above 70°C free-air temperature, refer to Dissipating Derating Curves, Section 2.
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TYPES TL81IM, TL81IC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Vcc+ =12V, Vec—-=-6V
(unless otherwise noted)

TLBT1IM TLB1IC
PARAMETER TEST CONDITIONSt  |—— e rne | o - - UNIT
. RN TYP MAX MiN TYP MAX L
Rg < 200 ©, 25°C 1 a5 1 5
Vic=0,
Vio  !nput offset voitage See Note 4 Full range 4.5 6 mV
Rs < 200 ©, 25°C 1 5 1 7.5
See Note 4 Full range 6 10
o " Rg <200 Q,
aylo L e T Vic=0, 5 5 Ryt
of input offset voltage
pu 9 See Note 4
[ Input offset nt See Note 4 25°¢ 95 3 05 5 A
npu set currel
10 P Full range 5 10 s
| Input bias current See Note 4 25°C ? 20 ! 30 A
ut bias cu ee Note
18 P Full range 30 50 | “
I)1L(S) Low-level strobe current V(strobe) = —100 mV [25°C ~1.2 —2.5 -1.2 —2.5 mA
v Common-mode input v -7V 25°C 15 5 v
ICR voltage range cc-=- - -
Differential input °
Vip 25°C +5 +5 \
voltage range
Large-signal differential Vp=0to25V, 25°C 12.5 17.5 10 17.5
Avp e V/imv
voltage amplification No load Full range 8 5
Vip=10mV,
ip=10mvy, 25°C 4 5 4 5
. loH=0
VoH High-level output voltage A
Vip=10mV, o
25°C 25 3.6 25 3.6
loy = —5mA
Vip=-1 v,
1D =~10m 25°C -1 -04 of | -1 —o04 of
loL=0
VoL Low-level output voltage Vip=10mV, \%
_ V(strobe) = 0.3V, 25°C -1 of -1 of
ioL=0
Vip=—-10mV, "
loL Low-level output current v o 25°C 0.5 0.8 0.5 0.8 mA
0=
ro Output resistance Vo=14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rg < 200 25°C 70 90 65 90 dB
lcc+ Supply current from Veo+ Vip=-5to5V 25°C 6.5 6.5 mA
lcc— Supply current from Voo — (=10 mV for typ),|25°C ~2.7 —-2.7 mA
Pp Total power dissipation No load, See Note 5 [25°C 94 150 94. 200 mw

TUnless otherwise noted, all characteristics are measured with the strobe of the channel under test open, the strobe of the other channel is

grounded. Full range for TL811M is —55°C to 125°C and for the TL811C is 0°C to 70°C.

The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels

only, e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage.

NOTES: 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811M,
Vo=1.8VatTp = —55°C, Vg=1.4V at Tp = 26°C, and Vg = 1 V at Tp = 125°C; for TLB11C, Vo = 1.6 Vat Tp =0°C,
Vo=14VatTp= 25°C, and Vo=12V at 70°C. These output voltage levels were selected to approximate the logic threshold
voltages of the types of digital logic circuits these comparators are intended to drive.

6. The strobes are alternately grounded.

switching characteristics, Vcc+ =12V, Vec—=—6V, TA =25°C

TL811M TL811C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
Response time RL= %, C|_=5pF, SeeNote6 33 80 33 ns
Strobe release time RL=%, Ci=5pF, SeeNote7 5 25 5 ns

NOTES: 6. The response time specified is for a 100-mV input step with 5-mV overdrive.
7. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then
added to the input bias voltage to produce an output voltage which rises above 1.4 V. The time interval is measured from the 50%
point of the strobe voltage curve to the point where the overdriven output voltage crosses the 1.4 V level.
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TYPES TL81IM, TL811C
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

Ayp—Differential Voltage Amplification—V/mV

Vo—Output Voltage—V

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL

VOLTAGE AMPLIFICATION
vs

FREE-AIR TEMPERATURE

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION

Vs

SUPPLY VOLTAGE

® 0 T ]
Veg—=-7V /
> . R A\
E® 1
20 3 Vee—=—6V4
8 % 7
= " 8
— TL811C —= £ 25 A
15 = / /
: <
P T 7
g \
10 s NN At
> 15 v -
s A//'///
S
Vecr=12V g 10 v
5 Veg—=—-6V 7] £ // Vo=0to 25V
Vo=0to25V | °| 5 o No load e
No load S TA=25°C
0 1 < 1 1
-7% -50 -25 0 25 50 75 100 125 10 1" 12 13 14
T a—Free-Air Temperature—°C Vcc+—Positive Supply Voltage—V
FIGURE 1 FIGURE 2
TL81IM TL811C
VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS
5 5
.-
4 - o 4 - n°
Tp = —55°C Ta=0°C
Ta=125°C > Ta=70°C
3 1 3 /
=4
£
S N\~ Tp = 25°C
2 8 2
I \—*—TA =25°C g
1 o 1
>
J Vee+ =12V Vee+=12V
0 Vee-=—6 VA (] Vee—-=-6V
Rg =50 Rg =50
No load No load
] . -1 L
-3 -2 -1 0 1 2 3 -3 -2 -1 1] 1 2 3

V|p—Differential Input Voltage—mV

FIGURE 3

FIGURE 4

V|p—Differential Input Voltage—mV
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TYPES TL81IM, TL811C
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR STROBE RELEASE TIME
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES
s ¢ nE
i
5§ g
25 f £ /’
2> Hmmv S 2 a Vee+ =12V
=5 4 @ =
5 % / Veo- =8V |
k= £ By -
4 0 CpL=5pF
20 mv oo
Ta=25°C
> 3 -\// /|
3 10 mV W/
©
5 2 TA AR 3 3 =y
> N 5mv S '
5 | Vec+ =12V g 2 2 mv
= 1 Vee = -6V (4 4
3 / amv [ €O T 0mv
L=
;J 0 7V CL=5pF g 0
o ? ——
Ta=25C Tmv
-1 1 1 >O 1 -1m
0 20 40 60 80 100 120 140 0 5 10 15 20 25 30 35 40
t—Time—ns t—Time—ns
FIGURE 5 FIGURE 6
COMMON-MODE PULSE RESPONSE
o OPEN
gz °
s , 50
[
£3
8% 50 ©
| a ¢
Lt o
> J ¢ Vo
Vees =12V {L
Vee—=—6V
> ]
ﬂl’ No load Vic
=) _ Ao 9
8 Ta=25°C
3
3 2
g ~
g :
L o
0 40 80 120 140
t—Time—ns
TEST CIRCUIT
FIGURE 7 FOR FIGURE 7
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TYPES TL81IM, TL811C
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

12

10

l1B—Input Bias Current—uA
o

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT TOTAL POWER DISSIPATION
vs

vs

FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
— 100 ——r
Vee+ =12V Vec+=12V
Veg—=-6V o8 Vee—=-6 V 1
B See Note 4 | Vip=-10mV |
\ % % No load
|
\\ 5 94 p \\‘
\ g o T
. 2
\\ ; %
(=]
™ < 88
f 3
f— TL811C — K 86
£ s
82
80
~75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125

T a—Free-Air Temperature—°"C
FIGURE 9

T a—Free-Air Temperature—°"C
FIGURE 8

NOTE 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811M,

Vo=1.8VatTp=-56°C,Vg=1.4Vat Ty =26°C,and Vg = 1 V at Tp = 126°C; for TL811C, Vg =1.56 Vat T = 0°C,
Vo=14VatTp= 25°C, and Vo = 1.2V at 70°C. These output voltage levels were selected to approximate the logic threshold
voltages of the types of digital logic circuits these comparators are intended to drive.
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TYPES TL820M, TL820C
DUAL DIFFERENTIAL COMPARATORS

BULLETIN NO. DL-S 7611450, MARCH 1971—REVISED JUNE 1976

FORMERLY SN52820, SN72820

o Fast Response Times o Low Offset Characteristics
e High Differential Voltage Amplification e Outputs Compatible with Most TTL
and DTL Circuits

. JORN
schematic (each comparator
( P ) DUAL-IN-LINE PACKAGE (TOP VIEW)
Ovees
COMPARATOR NO. 1
peveeey COMPARATOR NO. 2
INV_INV
VCC— INPUT INPUT GND 'VeCs  NC OUTPUT
wilnjju{fnjjwfjsjis
910 3910
62V
bt ouTPUT
NONINVERTING,
INPUT OGND
[
"
VT2 Te s s T
' OUTPUT NC  VeC+ NC NON- INV_ Vce-
R e— INV_INPUT
240 68 COMPARATOR NO. 1 NPUT
Ovee- COMPARATOR NO. 2
Resistor values are in chms.
NC—No internal connection
Component values shown are nominal.
description

The TL820 is an improved version of the TL720 dual high-speed voltage comparator. Each comparator has differential
inputs and a low-impedance output. When compared with the