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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.

Tl cannot assume 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



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 T1 distributor, or by writing directly to: Marketing and Information Services, Texas Instruments
Incorporated, P.O. Box 56012, MS 308, Dallas, Texas 75222.

TEXASI INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222
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CROSS-REFERENCE
Old Tl Type Numbers to New Tl Type Numbers

OLD NUMBER NEW NUMBER OLD NUMBER NEW NUMBER
SN52L.022 TLO22M SN72088* TLosgct
SN521L.044 TLO44M SN72301A LM301A
SN52101A LM101A SN72304 LM304
SN52104 LM104 SN72305 LM305
SN52105 LM105 SN72305A LM305A n
SN52106 LM106 SN72306 LM306
SN52107 LM107 SN72307 LM307
SN52108* TLO8IMT SN72308* TLos1Ct
SN52108A* TLBOIMT 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 NEB55
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* TLO81CT
SN52810 TL810M SN72771* TLO81Ct
SN52811 TL811IM SN72777 uA777C
SN52820 TL820M SN72810 TL810C
SN5510* SN72811 TL811C
SN5511* SN72820 TL820C
SN5512* SN7510*

SN5514* SN7511*

SN56502 TL441M SN7512*

SN56514* SN7514*

SN62088* TrLogolt SN76502 TL441C
SN72L022 TLO22C SN76514*

SN72L044 TLO44C

*Not recommended for new design.

T Recommended as replacement

11
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FUNCTIONAL INDEX

OPERATIONAL AMPLIFIERS

OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE
FUNCTION —55°C to 125°C —40°C 10 85°C ~25°C to 85°C 0°C to 70°C TYPES PAGE
TL702M J, LU 13
TL702C J,L,N, U
uA702M J, L 118
uA709AM J,JG, L, U
" uA709M J,JG, L, U 123
Single uA709C 4G, LN, P,U
uA741M J,JG, L, U 129
uA741C ,JG,L,N,P, U
uA748M J,JG, L,V 137
General-Purpose uA748C ,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
MC1558 JG, L 91
MC1458 JG, L, P
uA747M J LW 133
uA747C J,L,N,W
LM124 J
LM224 J.N
Quad LM324 J.N 83
LM2902 JN 87
LF155 JG, L
LF155A JG, L
LF255 JG,L,P 63
LF355 JG, L, P
LF355A JG, L, P
LF156 JG, L
LF156A JG, L
LF256 JG, L, P 63
Single LF356 JG, L,P
LF356A JG, L,P
LF157 JG, L
LF157A JG, L
LF257 JG, L, P 63
JFET-Input . L,
opemio‘:‘al LF357 JG,L,P
Amplifiers LF357A JG, L, P
TLOB1AC* JG,L,P 105
TLO8IC* JG, L, P
LF2155 JG, L
LF2155A JG, L
LF2255 JG,L,P 69
LF2355 JG,L,P
Dual LF2355A JG, L, P
LF2156 JG, L
LF2156A JG, L
LF2256 JG, L,P 69
LF2356 JG, L, P
LF2356A JG,L,P
Quad TLO84C* J,N 107

* Future product, to be announced,

TEXAS INSTRUMENTS

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

INCORPORATED




FUNCTIONAL

INDEX

OPERATIONAL AMPLIFIERS

FUNCTION OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE PAGE
—55°C to 125°C —25°C1085°C 0°C to 70°C TYPES
Wide-Band LM118 JG, LU
Operational Amplifiers Single LM218 %6.L.PU 8
LM318 JG,L,P,U
LM101A J,JG, L,V
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
RM4558 JG, L
Dual RCA558 JG,L,P o7
RM4136 J
Quad 95
RC4136 J, N
Dual TLO22M JG, L 99
Low-Power TLO22C JG,L,P
Operational Amplifiers TLO44M J
Quad TLOo44C LN 102
Chopp(.er-Stablllzefi. Single TLO891 L 108
Operationat Amplifiers TLOBSC L

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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FUNCTIONAL INDEX

DIFFERENTIAL COMPARATORS

FUNCTION _ OPERATING I:REE-AIOR TEMPERGATUREQRANGED _ PACKAGE PAGE
—55°C to 125°C —40°C to 85°C —25°C to 85°C 0°C to 70°C TYPES
TL710M J,JG, LU 185
‘ TL710C J,JG, L,N, P, U
Single uA710M J,JG, LU 203
TL810M J,JG, L, U
TL810C J,JG,,N,P,U 19
LM193 JG, L
LM293 JG, L, P 167
Differential LM393 JG,L,P
Comparators Dual LM2903 JG,L,P 17m
TL720C J N 189
TLB20M J
TL820C J,N 201
LmM139 J
Quad LM239 4N 165
LM339 J,N
LM2901 J,N 169
LM106 J,JG, L, U
LM206 J,JG,L,N,P, U 151
LM306 JJG,L,N,P, U
Single LM111 J,JG, L,V
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 J,W
173
Dual TL506C J,N, W
TL514M J
TL514C J,N 183
uA711M J.L U
Dual-Channel Differential uA711C J, LN U 207
Comparators with Strobes TL81IM J, LU 195
TL811C J,L,N,U

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 ¢« DALLAS. TEXAS 75222




FUNCTIONAL INDEX

VOLTAGE REGULATORS

OPERATING VIRTUAL-JUNCTION ACKAGE
FUNCTION TEMPERATURE RANGE TYpES PAGE
_55°C10150°C | -25°C10125°C | 0°Cto125°C
Adjustable Positive-Volta Lmn7* KA
; ]U:ta e Fositive-Voltage LM217* KA, KC 229
egulators LM317* KA, KC
26 Vo WA78L02C 16, LP -
6 Volts UATBLO2AC G, LP
TMi09 A
LM209 LA 225
LM309 LA
GAT805M KA
245
5 Volts uA7805C KA, KC
ATBU G, P
WA7BLOBC 1G, L o5
UA7BLOSAC 3G, LP
GATBNIO5M LA o1
uA78MO5C KC,KD, LA
™ A
GATB06 R s
6 Vot UA7806C KA, KC
ors uA78MOBM LA 1
uA78MOEC KC,KD, LA
GATBLOBC G, LP
6.2 Volts UATBLOBAC 3G, LP 2565
uA7808M KA
2
uA7808C KA, KC 45
uA78LOBC 1G, LP
2
8 Volts UA7BLOBAC 4G, LP 55
CA7BMOBM LA
Positive Fixed-Vol 261
ositive Fixed-Voltage WA78MOSC KC,KD, LA 6
Regulators A7885M KA
u
; 2
8.5 Volts uA7885C KA, KC 45
AT812M KA, KA
uA? 245
uA7812C KA, KC
WA78L12C G, LP
12 Vol 2
ol WATBL12AC 4G, LP 55
GA7BM1ZM LA 251
uA78M12C KC,KD, LA
UA7B15M KA
uA7815C KA, KC 28
GA7BLISC G, LP
15V
olts UATBL15AC G, LP 255
GATEMTGM LA 251
uA78M15C KC, KD, LA
uA7818M KA
18 Volt 245
o uA7818C KA, KC
GATEMZOM LA
20 Vol
olts uA78M20C KC, KD, LA 261
UA7824M KA
28 Volts uA7824C KA, KC 245
° UATBM24M LA 1
uA78M24C KC, KD, LA
*Future product, to be announced.
TEXASI INSTRUMENTS 15

NCORPORATED
POST OFFICE BOX 5012 s DALLAS, TEXAS 75222



16

FUNCTIONAL INDEX

VOLTAGE REGULATORS

OPERATING VIRTUAL-JUNCTION

PACKAGE

FUNCTION TEMPERATURE RANGE PAGE
s o 5 S 3 S TYPES
—55°C to 150°C —25°C to 125°C 0°C to 125°C
uA7905M KA 271
uA7905C KA, KC
5 Volts uA79MO5M LA .
uA79M05C KC, KD, LA
uA7906M KA 7
uA7906C KA, KC
6 Volts UATOMOGM TA .
uA79M06C KC, KD, LA
uA7908M KA 271
uA7908C KA, KC
8 Volts
uA79M08BM LA 281
uA79M08C KC, KD, LA
uA7912M KA 271
Negative Fixed-Voltage 12 Valts uA7912C KA, KC
Regulators uA79M12M LA 281
uA79M12C KC,KD, LA
uA7915M KA 271
uA7915C KA, KC
15 Volts
uA79M15M LA 281
uA79M15C KC, KD, LA
18 Volts uATIIEM KA n
uA7918C KA, KC
uA79M20M LA
20 Volts uA7IM20C KC, KD, LA 81
uA7924M . KA 271
uA7924C KA, KC
24 Volts
uA79M24M LA
uA79M24C KC, KD, LA 1
OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE
FUNCTION —55°C to 125°C —25°C t0o 85°C 0°C to 70°C TYPES PAGE
. uA723M J, LU
Precision Voltage Regulators wA723C 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,L,N
Shunt Regulator TLA430C JG, LP 233
TL4A97M J
Switching Voltage Regulators TL4971 J. N 236
TL497C J,N

TEXASl INSTRUMENTS

NCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222




FUNCTIONAL INDEX

SPECIAL FUNCTIONS

FUNCTION OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE PAGE
—55°C to 125°C —25°C t0 85°C 0°C to 70°C TYPES
TL61OM . JG
SPST TL610I JG, P 339
TL610C JG, P
TL182M L
TL182I LN 305
TL182C L, N
Dual SPST TLE0M G
TLE04I JG,P 339
TL6E04AC JG,P
TL188M L
TL188I L N 31
TL188C L, N
Analog Switches TLe0IM 76
SPDT TL601I JG, P 339
. TL601C JG, P
TL607M JG
TL6071 JG,P 339
TL607C JG, P
TL19IM J
Dual SPDT TL191) J N 314
TL191C J, N
TL185M J
Dual DPST TL185) J,N 308
TL185C J, N
. . SES55 JG, L
Precision Timers NESES 6. LP 295
Precision Level Detector TLS60C JG, L,P 333
Zero-Voltage Switch TL440C J,N 317
Logarithmic Amplifiers TLaam ! 323
TL441C J N
Differential Video Amplifiers uA733M J, LU 345
with Gain Select uA733C J,L,NU
Analog Processor TL500C* N 330
Digital Panel Meter Logic Control Device TL502C* N 331
*Future product, to be announced.
TEXAS INSTRUMENTS 17
INCORPORATED

POST OFFICE BOX 5012 » DALLAS. TEXAS 75222
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INTERCHANGEABILITY GUIDE
(ALPHABETICALLY BY MANUFACTURERS)

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

Several of the popular Linear Interface circuits, not included in this book, are included in the interchangeability guides
for your 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 c
[Device Type]  [Package Type]
)
D =C-DIP C = Commercial/lInductrial Consumer M = Military ]
F = FLAT PACK 0°C t0 70°C or 75°C —55°C to 125°C

P =PLASTIC DIP
T =MINI DIP
H=METAL CAN

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

KAT01A LM101A nA747 UA747
BA104 LM104 rA748 UA748
B#A105 LM105 uA776 uA777
rA107 LM107 HA777 uA?777
BA109 LM109 8T13 SN55121
BATTY LM111 8T14 SN55122
BA139 LM139 8723 SN75123
BA201A LM201A 8T24 SN75124
HA204 LM204 1458 MC1458
HA205 LM205 1558 MC1558
BA207 LM207 7524 SN7524
HA209 LM209 7525 SN7525
KA301A LM301A uA7805 uA7805
MA304 LM304 1AT7806 uA7806
HA305 LM305 uA7808 uA7808
BA305A LM305A uA7812 uA7812
KA307 LM307 uA7815 uA7815
HA309 LM309 uA7818 uA7818
MA311 LM311 1A7824 uA7824
#A37S LiMi376 BA78LOS uA78L05
HAB55 SE555 #AT8LO6 UA78L06
uA702 uA702 MA78LO8 uA78L08
uA709 uA709 KA78L12 . uA78L12
HATO9A UA709A HA78L1S uA78L15
KA710 uA710 uA78L26 UA78L26
[PLYAR uA711 KA7BLOSA uA78LOSA
MAT715 LM118 #A78LOGA UA78LO6A
HA723 UA723 nA78LOBA uA78L08A
MA733 UA733 BA78L12A UA78L12A
HA734 LM111 HA7BL15A UA78L15A
HAT741 uA741 BATBL26A UA78L26A
uA742 TL440 uA78M05 UA78M05




FAIRCHILD TI DIRECT TI CLOSEST FAIRCHILD TI DIRECT TI CLOSEST

REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT
HATBMO6 uA78M06 SN75189
uA78M08 uA78M08 9617 SN75189A
HATBM12 uA78M12 SN75152
HATBM15 uA78M15 SN75154
rA78M20 uA78M20 9627 SN75162
uA78M24 uA78M24 55107 SN55107A
#A7905 uA7905 55108 SNE5108A
nA7906 uA7906 55109 SN55109
HAT908 uA7908 55110 SN55110
HA7912 uA7912 75325 SN75325
uA7915 uA7915 75450 SN75450
nA7924 uA7924 75451 SN75451
#A79MO5 uA79MO05 75452 SN75452
HATIMO6 uA79MO06 75453 SN75453
LA79MO8 uA79M08 75454 SN75454
pATIM12 uA79M12 75460 SN75460
rAT9IM15 UuA79M15 75461 SN75461
HATIM20 uA79M20 75462 SN75462
#A79M24 uA79M24 75463 SN75463
9614 SN75114 75491 SN75491
9615 SN751156 75492 SN75492

SN75150

9616 SN75188

MOTOROLA ORDER INFORMATION

EXAMPLE OF ORDER CODE:

MC 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 TI DIRECT TI CLOSEST MOTOROLA T! 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 SESBS55
MC1431 uA702 MC1558 MC1558
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MOTOROLA TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT

MC1560 uA723
MC1561 uA723
MC1563 uA723
MC1566 uA723
MC1569 uA723
MC1709 uA709

MC1710 uA710

MC1711 uA711

MC1712 uA702

MC1723 uA723

MC1733 uA733

Mc1741 uA741

MC1747 uA747

MC1748 uA748

MC3302P LM339

EXAMPLE OF ORDER CODE:

NATIONAL ORDER INFORMATION

LM 1
I Prefix ] Temperature Range
10r7=55"Cto 125°C
30r8=0°Cto 70°C or 75°C
LM, LH = Linear
DM = Line Ckts
NATIONAL TI DIRECT T1 CLOSEST
REPLACEMENT REPLACEMENT

LF155 LF155
LF155A LF155A
LF255 LF255
LF355 LF355
LF355A LF355A
LF2165 LF2155
LF2155A LF2155A
LF2156 LF2156
LF2156A LF2156A
LF2255 LF2255
LF2256 LF2256
LF23E8 LF2268!
LF2356 LF2356
LM101A LM101A
LM102 LM102
LM104 LM104
LM105 LM105
LM106 LM106
LM107 LM107
LM109 LM109

.LM110 LM110
LM111 LM111
LM112 LM112
LM117 LM117
LM118 LM118

MOTOROLA TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT
MC3302 LM3302
MC7705 uA78M05
MC7706 uA78M06
MC7708 uA78M08
MC7712 uA78M12
MC7715 uA78iMi5
MC7720 uA78M20
MC7724 uA78M24
MC7805 uA7805
MC7806 uA7806
MC7808 uA7808
MC7812 uA7812
MC7815 uA7815
MC7818 uA7818
MC7824 uA7824
XXXX N
[ Type Num;l Package
D =C-DIP
N = Plastic DIP
F = Flat Pack
H = Meta! Can
N = Mini-DIP
NATIONAL TI DIRECT T1 CLOSEST
REPLACEMENT REPLACEMENT
LM120-5 uA7905M
LM120-6 uA7906M
LM120-8 uA7908M
LM120-12 uA7912M
LM120-156 uA7915M
LM120-24 uA7924M
LM122 LM122
LM123 LM123
LM124 LM124
LM139 LM132
LM158 LM158
Lvii93 LM193
LM201A LM201A
LM205 LM205
LM206 LM206
LM207 LM207
LM209 LM209
LM211 LM211
LM217 LmM217
LM218 LM218
LM224 LM224
LM239 LM239
LM258 LM258
LM293 LM293
LM301A LM301A



NATIONAL TI DIRECT TICLOSEST NATIONAL TI DIRECT T1 CLOSEST

REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT
LM304 LM304 LM710C uA710C
LM305 LM305 LM711 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-5 uA7905C LM741C uA741C
LM320T-6 uA7906C LM747 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-5 UuA7805C LM1558 MC1558
LM340T-6 uA7806C
LM340T-8 uA7808C LM2901 LM2901
LM340T-12 uA7812C LM2902 LM2902
LM340T-15 uA7816C LM2903 LM2903
LM340T-18 uA7818C LM2904 LM2904
LM340T-24 uA7824C LM3302 LM3302
LM341-5 uA78M05C LM3900 TLO44
LM341-6 uA78MO06C LM3905 NESB55
LM341-8 uA78M08C LM5520 SN5520
LM341-12 uA78M12C LM5521 SN&521
LM341-15 uA78M15C LM5522 SN5522
LM341-24 uA78M24C LM5523 SN5523
LM358 LM358 LM5524 SN5524
LM376 LM376 LME525 SN&525
LM393 LM393 LM5528 SN6528
LM555M SEB55 LM5529 SN5529
LMB55C NE555 LM78L05C uA78L05C
LM709 uA709 LM78L08C uA78L08C
LM709A uA709A LM78L12C uA78L12C
LM709C uA709C LM78L15C uA78L156C
LM710 uA710
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RAYTHEON ORDER INFORMATION

EXAMPLE OF ORDER CODE:

R m XXX L
| Prefix | Temperature Range |Tvpe Numbi] Package
M = Military ne =Cc-np
C = Consumer DP, ND = Plastic DIP
Q, J = Flat Pack

n TO = Metal Can

RAYTHEON TI DIRECT TI CLOSEST RAYTHEON TI DIRECT T1 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 LMm239 RC4558 RC4558
LM258 LM258
LM301A LM301A RC78XX uA78XXC
LM304 LM304 RM555 SES55
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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SIGNETICS ORDER INFORMATION

EXAMPLE OF ORDER CODE:

NE XXXX B
[ Temperature 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 BIP
Q, W = Flat Pack
SIGNETICS TiI DIRECT Tl CLOSEST SIGNETICS TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT
LM101A LM101A NE78L06 uA78L06C
LM107 LM107 NE78LO8 uA78L08BC
LM109 LM109 NE78L12 uA78L12C
LM111 LM111 NE78L15 uA78L15C
LM124 LM124 NE78M05 uA78M05C
LM139 LM139 NE78M20 uA78M20C
LM201A LM201A NE78M24 uA78M24C
LM207 LM207 SES32 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 uA78M05M
L M339 LM339 uA709 uA709
NES32 LM358 uA709A uA709A
NES555 NES55 uA710 uA710M
NE5S733 uA733C uA710C uA710C
NE7805 uA7805C uA/11 uA711M
NE7806 uA7806C uA711C uA711C
NE7808 uA7808C uA723 uA723M
NE7812 uA7812C uA741 uA741M
NE7815 uA7815C uA741C uA741C
NE7824 uA7824C uA747C uA747C
NE78L05 uA78L05C uA748 uA748M
uA748C uA748C
TEXAS INSTRUMENTS 23
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Thermal Information
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THERMAL INFORMATION

THERMAL RESISTANCES FOR LINEAR INTEGRATED CIRCUITS

JUNCTION-TO-CASE

JUNCTION-TO-AMBIENT

PACKAGE PINS THERMAL RESISTANCE THERMAL RESISTANCE
Rgyc (°CW) Rgya (°C/W)
o 14 56 122
J ceramic dual-in-line
16 60 116
: ! 14 25t 9t
J ceramic duat-in-inet
16 297 8st
JG ceramic dual-in-line 8 45 135
JG ceramic dual-in-line® 8 20t 110t
L plug-in 8,10 51 195
LA plug-in, steel header 3 15 210
LP plastic plug-in 3 35 160
N olastic dual-indi 14 45 108
ic dual-in-line
prastie duaint 16 42 102
P plastic dual-in-line 8 45 125
U ceramic flat 10,14 55 185
i 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

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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THERMAL INFORMATION

CERAMIC DUAL-IN-LINE PACKAGES

These curves are for use with the continuous dissipation ratings specified 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

1400 \
1300 By
N
.
1200 N

1100 P > 3
N Jt
1000 \ \\ J‘~

. \ \ JGT .‘
N \

800 J

[ 4

717
/Y /
,/

,/

700

600

500 "

Maximum Continuous Dissipation—mW

400

300

VL8
/d:

25 50 75 100 125
T a—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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THERMAL INFORMATION

AXIAL-LEAD PACKAGES

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Thoseratings 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 Q\
\\ N Lt
J
600 % LP \Q
NN \
NN\ NN
32 g0 L AN
: N
NN N
g NN\ N
2 400 \ \\
S
5 \§ ASS
£ \ !
E 300
g A AN
AN
200
100
025 50 75 100 125

T p—Free-Air Temperature—°C

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

TeExASs lNSTRUg\d ENTS 29
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THERMAL INFORMATION

PLASTIC DUAL-IN-LINE PACKAGES

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

1200
1100

1000 \

900

800

700

600

500

Maximum Continuous Dissipation—mW

400

300

[
[+]
(]
i
|

100

25 50 75 100 125

Ta—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 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-alr temperature.

1000 \

900

DISSIPATION DERATING CURVE
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200
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

ORDERING INSTRUCTIONS

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 ) (5. Instructions (Dash N@
MUST CONTAIN TWO OR THREE LETTERS

MUST CONTAIN TWO NUMBERS

TL TI Linear Control Products
SN Tl Interface Products (From Dash No. Column of Following Table)
SNM Mach IV, Level |
SNC Mach 1V, Level 111 SOLDER- ORDER
STANDARD SECOND-SOURCE PREFIXES PACKAGES | DIPPED [INSULATOR| DASH
LFor LM  National MC Motorola LEADS NO
NE or SE Signetics uA Fairchild
RMor RC Raytheon DUAL-IN-LINE PACKAGES
2. Unique Circuit Desig M\ J.3G,
No No 00
Including Temperature Rangs/ N, ND, P
J,N,P,JG Yes No 10
MUST CONTAIN THREE TO SEVEN CHARACTERS
(From Individual Data Sheets) CERAMIC FLAT PACKAGES
U,w No No 00
Examples: 022Mm 1414 u.w Yes No 10
101A 754508
107 78LOSAC PLUG-IN PACKAGES
( 3. Pacl ) L, LA, LP No No 00
MUST CONTAIN ONE OR TWO LETTERS L LA Lp Yes No 10
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-8838 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.

Flat (U, W) Dual-In-Line (J, JG, N, ND, P) Plug-In (L, LA, LP)
—Barnes Carrier —Slide Magazines —Barnes Carrier
—Milton Ross Carrier —A-Channel Plastic Tubing —Sectioned Cardboard Box
—Barnes Carrier —Individual Cardboard Box

—Sectioned Cardboard Box
—Individual Plastic Box

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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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
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 (—00) require no

additonal cleaning or processing when used in soldered assembly.

14-PIN J CERAMIC

(INCH)
el [o¥eleloYelolc)
ANABAN

unzsnuom\
-_U.f VUV VYY
2% L ozme [oJeelofelolo}

—»{ |& 0070MAX 14 PLACES

-+ le—il- 0050 NOM
GLass
oo J de seacant
MAX _H:l
- seaTing pLane — L 3
0.020 0.030 MIN
s . MIN ” 14 PLACES
4 PLACE! 0014
w5008 o{fe- 2923 1epiaces

0,100
020 >

4 PLACES 0130
MIN 4 PLACES

PIN SPACING 0.100 TF.
(Ses Note s

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

(3 [

0210
™ oz90 ™

i

9.200
0245

- 0.050 NOM

¥
05
90°
16 PLACES

- SEATING PLANE

|- oo1
0.008
18 PLACES

16- PIN J CERAMIC

(INCH)

- 0795
0.755

DOOOOOOQE
PPV

0025 RNOM N

[RATATATATAY]
00O OGOO

—b] r 0.070 MAX 16 PLACES
0.030 MIN

o. zon
i BR
oozn
12 PLACES

0.02;
o 130 'n‘ng 1 ruczsjt

GLASS
SEALANT

MIN g1 MIN
4PLACES
0.059
PIN SPACING 0.100 T.P. 015 4 PLACES
{See Note sl

NOTES:

its true longitudinal position.
b. All dimensions are in inches unless otherwise

noted,

a. Each pin center line is located within 0.010 of

36
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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

. .4
0.355
IoYolole) NOTES: a. Each center line is located within 0.010 of its
ANA N true longitudinal position.
ousﬁnom_\ b. All dimensions are in inches unless otherwise
noted,
(3 L3
o 0.310 VYUY
020 0.280 @ @ @ @
0245
— |@— 0.070 MAX 8 PLACES
— I~ 0.050 NOM
T ], GLASS
0.200 SEALANT
MAX _i
- SEATING PLANE Y 5
105° 0.020. 0.030 MIN
90° o01e MIN | B8 PLACES
8 PLACES
w9008 0065 0023 gpraces
8places 01304 0015 N
MIN

4PLACES
PIN SPACING 0.100 T.P.
{Ses Note a)

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

ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE

1573MAX —] 2
0.312MIN 119
0450 e ogrs 1177
0525 R MAX 0.250 0.043 0655
,’___J, 0038 DA 2LEADS
-
odrs £ J
1050MAX  MAX 0225 @ 1= T
DlA 0205 0.161
P MS— 0.440 oA
0.188 R MAX 420 2HoLES
BOTH ENDS 0135 MAX
SEATING PLANE CASE TEMPERATURE

MEASUREMENT POINT

All dimensions are in inches
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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-220A8 DIMENSIONS

0.032 + 0,003 0.025.8 NoM
3PLACES
{SEE NOTE) 0.147 oiA
0070 55
0.110 0.045
0.090 X% T
210 Y _f 3 ™ o
0.190 =] 0420
c——rC — — ]
N

—
0.120
0.100

NOTE: Notches may or may not be present.

o500
0625
¢ 0.560
0270
0018 [*0.230
0.012
‘L:: 0.190
? 1 0.140
0115 o.o?ss
8.080 0.020

All dimensions are in inches

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

THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB
FALLS WITHIN JEDEC TO-202AB DIMENSIONS

oo
|t
[atie
Sio

L.

0.050 0.190__,
0.127 o CASE TEMPERATURE 0.060 MAX NOM 0.160
0123 MEASUREMENT POINT 0.050
'r»-o.oso MIN 0105 f=-Now
.095 ]
S 1
0.310
L a I — AT 2§
| 0.155 \ 1/16 ._L j_
\ 5138 e ——— —L 18
y § 0.027
0.155 0.045 0023
0095 0520 0.320 0.035
) 0. —»f
o480 0.840 280 0.420
0.760 0.380
0.022 0.022
oois 0.018
3 41_?

—-I

All dimensions are in inches

F

ol¢
=]
&
S
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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-PIN L
0185 K 0.165 +0.002
=57 oo 0017’02 ot = 0017 10y O1A
A ] [ max
/ 0230 TP 0160 MAX DIA
‘ - —
X5 PN PR oms oam
T3 233 0200t 2 om — Som
— ——
[——= £ ¥ 1]
' 0315Tp. 0029
0040 o 0.040.
0017 o sonmn—d -
le— oscomn

All dimensions are in inches unless otherwise noted. All dimensions are in inches inless otherwise noted.

Same as JEDEC TO-100 and
MO-006AD except for
diameter of standoff

Same as JEDEC TO-99 and
MO-002AK except for
diameter of standoff

3PINLA
(INCH)

o188 1
[Ard
CASE TEMPERATURE
MEASUREMENT POINT
o0
ok 2o ==
DIA |

229 oia

SEATING
PLANE

~ [n.mﬂ wax 3 o‘!"”

Same as JEDEC TO-39
except for reduced can height

All dimensions are in inches unless otherwise noted.
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LINEAR CIRCUITS

ORDERING INSTRUCTIONS AND MECHANICAL DATA

LP silect plastic package (inch dimensions, see page 50 for metric 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 package exhibits stable characteristics under high-humidity
conditions and is capable of meeting MIL-STD-202C, Method 1068.

B. All dimensions are in inches.

(INCH)
0.165
_T r 0.100 (NOTE A} > 0.125
0105 0.105
0.080 0.080
— | , AL N
0.205 0.135 A
o MIN - = = _D—- #—
¢ 2 | | AN
0.100 1 0.005 r
0210 0500MIN
0.170 0.050 £.0.005 - 3 LEADS

0.017 + 0.003 WIDE
0.015 £ 0.0005 THICK

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

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 will 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.

[
I

0.300 T.P.
{See Note 2}

0.250 £ 0.010

o
BPLACES

—Lsznmc PLANE
GAUGE PLANE

9050 (saaNota sl min

k BPLACES

0.011£0.003

8-PIN P PLASTIC
(INCH)

0.400 MAX ——

INDEX DOT

- -y
(ONONONO]

0.200 MAX

i
oz Lom:

-

0.100 T.?.H
6 PLACES

(See Note a)

fe—a4-0.070 MAX 8 PLACES

NOTES:

0.033MIN
BPLACES

0.018 £ 0.003
BPLACES

Each pin is within 0.005 radius
of true position (T.P.) at the

freamn nlana asith masimoam
guage plane  with aximum
material condition and unit
installed.

b. All dimensions are in inches

unless otherwise noted.

™

a0
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

N plastic dual-in-line package (inch dimensions, see page 51 for metric 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 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
OOOOOOE
0770 AVAVAYAYAVATATAN
oYooYolcloto b =
0300 0,093 R NoM —]
ANANAAN oo 0.160 Now —f—»d
[os0s 00t I ITITIIT T
g " ron o ppeseen PO2RERO®
+000%] o110 NOM: - o
\ L)
1-0250 £ 0010 lolole]olo]o]o) T o010n0m 0200 max “IOHN [l
1
+0. M ——SEATING PL.
080 N —»{ [e-0070 mAX 14 PLACES 3 \ ¥ 0033 MIN
=t 16 PLACES
L) P ooromnf! | 18 PLACES 0,011 0063
h 0.010 NOM 0200 MAX ] b 18 PLACES 0125 MIN L - boi:‘:tkl%gg:
P ¥
) ¥ 0033 MIN 43— PIN SPACING 0.100 ..
0125 MIN # (e paces 4PLACES
+ 0,003 —
" ":Z[; \“oﬂlrlfus >+ Too18 0003 ALTERNATE SIDE ViEW
+0025 0078 ) 1 rAces ::“"Nz'x":;:' o ~» e~ 0.070MAX 16 PLACES
+0020 pin
7 PLACES q- 4 PLACES vV slternative sideviews) is * 0.020 MIN
& PIN SPACNG 0100 TP at the option of Th. 0200 MAX J‘M
¥ [ o
? " Il 12PLACES
nazsMIN - F—n‘?:&g.gu
3o 1 L‘ PIN SPACING 0.100 TP,
4 PLACES Sea Note

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

QUAD-IN-LINE LEAD CONFIGURATION

®< ®

® 0 ®

e p ®

© 0 O} NOTES: a. Each pin center line is located within 0,010 of

o< D ® its true longitudinal position.

g(l[_; o b. All dimensions are in inches unless otherwise
p o noted.

0.300,
rmmnj

0210 MAX

SEATING
PLANE

0.100 v
- [

0.100, 0.100

10015 10,016
o zwl‘ 0200
10015 +0.015'
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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 performance
characteristics remain stable when operated in high-humidity conditions. The package is intended for insertion in
mounting 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. 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)
0770
9770
® @ ® 06
AT [ tsum— L
€ )
X 10,010~ 2501 2010 0.093R NOM—E
0.110 NoM—Te—]
080 NOM VI Y ) e— 3
©06 ©0
fe— 0070 MAX
? ' B PLACES
tu_.,m NOM n.m‘mu 0020 M,N—L— _]
PL
¥ ¥
0.125MIN oodo MmN
i 8PLACES
00111 0,003 y 0245 0.0%0.
BRI ] izl ~llopn o
0.100 7., ~1 t_”” T
APLACES TAB G
p—————— 0.600 T.P.

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

odf [roe
ofd o
® [ ®
odq| []|e

- L::::-L::‘:':J -

All dimensions are in inches
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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)
00000 ®WEGE®O®
PIN SPACING
238 10 LeADS 10 LEADS 212 ad fa— oosore — g.%[._. LEADS ( i
0.350 0.350
0.200 0200
___-ﬁ _____________ DATE CODE S L L RS ASE S  a DATE CODE
—~ - ~t 1
/ §
\ 0.300 XXXX 050 00 ?3:“ Ly XXXX /I_J s
b (See Note c} 0235 8750 Mool ﬁrl o35
ALTERNATE INADLg;a'gIAJ!ES ﬂ
—i <r7-INDEX POINTS ]
} o
LI k- 00 |
0.350 0.350
0200 0.2
0050 | 1= '[J 0250 Lms_ 0050 | 1o LJ 0013
0.005 e 0 ot b1 o+ 0.000 0565 | k- 37 14 LEADS
Falls Within @@@@@ Falls Within @@@@@@@
JEDEC MO-004AE Dimensions JEDEC MO-004AA Dimensions

NOTES: a. Alldimensions 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- or
16-lead frame. Hermetic sealing is accomplished with glass. Tin-plated (‘‘bright-dipped”) leads (—00) require no
additional cleaning or processing when used in soldered assembly.

44

14-PIN W CERAMIC 16-PIN W CERAMIC
(INCH) (INCH)
OOGEOVEE
50 TP
- EEROAE® som I,
008 _.‘. 0050 TP 16 LEADS T
14 LEADS 12 PLACES
03%
0315 0310
0270 J
BASE AND 0019
SEATING 0019 =11 oo
R N\ b - |- = = ==t A R [ AN Gobly e = wiehos
0ars I oo (Son Note g1 (See
:_:”;g Nowe :’255 wa"p 200 o kes th)\?
02135 o l
0315
o I~ 5% L oo 002
5020 0350 0010 0.040 > o Q028
@@@057@@@ 4PLACES o0 ™ [+ g% @@ ‘:ioA‘g:s
Falls Within ) Falls 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 14 PIN 16 PIN
within which all body and lead
irregularities lie,
INCORPORATED
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

PIN1
DIP

LAYOUT

@ TYPICAL
i P.C. BOARD

0.100 in (2.54 mm) 32— 0.050 in (1.27 mm)

0.050 in (1.27 mm)

0.200 in 0.300 in

(5.08 mm) 014 (7.62 mm) 1A

STD LEAD CIRCLE SPREAD LEAD
FOR TO-99 PATTERN FOR
{7.62 mm) {7.62 mm) 1099
STD MOUNTING STD MOUNTING
PATTERN FOR PATTERN FOR
8-PIN DIP 8-PIN DIP
0.200-DIAMETER STANDARD 0.300-DIAMETER SPREAD
LEAD CIRCLE FOR T0-99 LEAD CIRCLE FOR TO-99

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

These 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 glass. 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. Tin-plated (“bright-dipped”’) leads (—00) require no
additional cleaning or processing when used in soldered assembly.

14-PIN J CERAMIC

(METRIC)
"
(ololelofolofo)
NANADAR
O.CJRNOM-\
le 220 UUVTYYY
Sl 2 loJeJolojololo)

o e 1.77MAX 14PLACES
—{ te—{1-1.27NOM

T ], GLASS
5.08 SEALANT
MAX

- seating pLane — T
105, o1} 0.ITMIN
54 PLACES MIN 14 PLACES
i 0200 54 | w{fe- 9354 14 pLaces
14PLACES 330~ 177 -
MIN  4PLACES

PIN SPACING 254 9,
(See Note s}

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

<

-1+

m
82

——‘ - 1.27 Nom

f

L] - seaTING PLANE

105

%’
16 PLACES

- 33

18 PLACES

16-PIN J CERAMIC
(METRIC)

fe——

H
CYOROLE)
FOWLN.Y

0O
ASAAA

083RNOM~ |

EAATATATATAY
[oJexeloJoJoROJO)

—-I [. 177 MAX 16 PLACES
—1T

h e 5

5.08 EAL
i m

051 -4 0.77 MIN

MIN [ U [fr2rraces
3.30 £584 16 pLaces -»f
MIN 0304 MIN ——I 0381

4 PLACES
PIN SPACING 254 TP, 322 araces
(Sea Note o) -

NOTES: a, Each pin center line 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.
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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
(METRIC)

3
g

NOTES: a. Each center line is located within 0.26-mm of its
true longitudinal position

064 RNOM AL b. All dimensions are in millimeters unless other-

wise noted. These dimensions are for reference

>
IO
>®
o)

13 ¢ N
le 288 VUV only. Inch dimensions govern.
Tl e 0J6J6XO)
622
[#— 1.78 MAX 8 PLACES
- |a—t 1.27n0M
I Y GLASS
5.08 SEALANT
MAX i
A J
- SEATING PLANE
105° os1 ¥ 0.76 MIN
90° 036 MIN 8PLACES
8 PLACES 036 059
= o2 165 ) -+{|e- 53 BPLACES
8pPLACES 330< 038

MIN
GPLACES  binSPACING 254 TP,

(See Note a)

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

ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE

95M,
3 Ax 3041
7.92MIN 7985
11.43
13.34 R MAX 6.35 109
Sog DIAZLEADS
I o— £
2223 = |
26,67 MAX - — -
MAX 572 -+ @ — 1y
DIA 520 400 00 ‘
k i A 118 ) 383
478 AMAX 1067 2HOLES
BOTH ENDS 343IMAX
SEATING PLANE CASE TEMPERATURE

MEASUREMENT POINT

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

ORDERING INSTRUCTIONS AND MECHANICAL DATA

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

FALLS WITHIN JEDEC TO-220AB DIMENSIONS

THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB

These dimensions are for reference only. Inch dimensions govern.

NOTE: Notches may or may not be present.

05812 0.08 0.635 R NOM
PLACE -
3PLACES 2 PLACES 374 i
178 (SEE NOTE) 353
2.80 1.14
228 l R X T
v = —
534 t L J— 4 10.67
4£2 [ — 3 9.65
c=—" — —|
280 P Y 1
228 6.35
MAX - 3.05
1. 254
12.70 gl
15.88
‘ 1422
6.86
3 pEE
)
¢ x | =
355
1] v
293 1.40
203 All dimensions are in millimeters, 0.51

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

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

127 4.83
a3, CASE TEMPERATURE 1.53 MAX NOM 4.06
312 MEASUREMENT POINT 1.27
—1.27 MIN 267 — NOM
241
¥ \ 7 o8 |
7.88
6.86 T [————— 1 2f | 240
+ L T K7 7] .38
e | NV 16—fas] ¥ 3 |
343 18
3.94 114 Tg%
241 1321 B13_ | 089 - 15
1219 513 mn 10.67 ey
19.30 9.65
056 358
045 045 1. Emitter
L —E 2. Base
"f— T 3. Callector
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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.

SPINL 10PINL
(METRIC) (METRIC)
jo— 2—;3 4,‘0‘ /-% oA r :‘;nj._‘ﬂ‘ /:+:; o
AX — L 7 SMTP. 408 MAX DIA
= k l — I
35 on i = i
> == sa FRom — ™
| ——
l — \:l 4 [ 29210 /\' o
e 1 o o
e 127 ~—el — 27mw

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-002AK except for MO-006AD except for
diameter of standoff diameter of standoff

3-PINLA
(METRIC)
e n7Mn
‘CASE TEMPERATURE 808 7
& | MEASUREMENT POINT
. 7 F———— =
i on e
DIA . _
JE—
Y 3LEADS
=] |- 1.62 X 3t
SEATING

PLANE

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.
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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 package exhibits stable characteristics under high-humidity
conditions and is capable of meeting MIL-STD-202C, Method 106B.

(METRIC)
419
—» 254 (NOTE A) - 3.7
I._ 267 267
2.03 2.03
F ) Py
5.21 343 _ _ — — _
338 MIN

254+013
234 —-l"— 12.7 MIN _J r
232 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 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 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.

8PIN P PLASTIC
(METRIC)

k— 10161025 —
®006006
Ararim

NOTES: a. Each pin is within 0.127 mm
INDEX DOT radius of true position (T.P.) at

e the guage plane with maximum
material condition and unit

14

L
e, —d ®

y

;

@ b Al dimension are in millimeters
unless otherwise noted. These
dimensions are for reference
only. Inch dimensions govern,

6.35: 028
1.77 MAX 8 PLACES

10

"
|

5.08 MAX

4 +
SEATING PLANE

‘GAUGE PLANE Tost _,,I 0.84 MIN

397
33 (seeNows) MiN  MIN 8 PLACES

saTp. }‘0457 0076
0279:007  goraces 8PLACES

8PLACES (See Note a)

80"
BPLACES
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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)
221 MAX
OOEOOEE
ATATATAVATAVATA!
(3 [
" ReR v ==
1o [ 354028 Hommon g
OOOOOO® o QOO ®
lAvAYAVAN IANA] _1 r- iNDM P'JQAX |gg§®
. 236 R NOM—] ”l " K25 nom ostMN [ !
7.62 —
1026 *| i VAVAVAVAVAVAV] — SEATING PLANE -
108°
- 6358028 [0]0) @@@@ “EES’“‘“ a0 L VAPACES
| 203 nom o ‘6 PuACES 3TMIN o
r-— 1.77 MAX 14 PLACES 241
—r * 051 MIN I ﬁ — PIN SPACING 254 TP,
0.25 NOM BO0BMAX APLACES {See Note 2)
\ r“AYING PLANE ALTERNATE SIDE VIEW
05% 0.083 MIN Package configuration of 1.77MAX 16 PLACES
1= 14 PLACES 16.pin N packsga (see i o
WPLACES {le—02791 076 - | |- 0.4572 0078 .Il.:unn ..4::.-:1 i ¥ 051MIN ! ]
14 PLACES 317MIN 14 PLACES at the option of T1. [
(Sea Notes ¢ snd o) 150 | (Sea Notws ¢ and o)
4"::(:55 PIN SPACING 2.54 TP, "l 0.083 MIN
el U
—o|fa- 0457+ 0.076
16 PLACES
35—+l pnseacinG 254 Tr.
4PLACES (See Note s}
Falls Within JEDEC TO-116 and
MO-001 AA Dimensions
QUAD-IN-LINE LEAD CONFIGURATION
8 <E §> 8 NOTES: a. Each pin centerline is focated within 0.26 mm
b ) of its true longitudinal position.
® [ INT0] b. All dimensions are in millimeters unless
@ h o otherwise noted. These dimensions are for
® CE IN10) reference only. Inch dimensions govern.
edq|[]h o
¢ 162 &
r 028 1
533 MAX
SEATING
PLANE
2B4MIN
J.
254 250
10.38 1038
M3
1038 T 1038
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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
characteristics 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. 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)
198
8.0
@ O ® O
80 a0
=i -
f ) 35028 236 R NOM —
279 NoM —fe—w]
L 203 vow TR vl e— T AT
4] [" ®d ®
— i B g oY
ozsnow oy ! _I
} P ”4 e
B PLACES
T ",L;;:;.’“__-- l-;-gﬁg-;;-' -Oll-a::ucoéosn
254 TP ~¢ 76271
4PLACES TaBg
NOTES: a. Each pin (or tab) center line is located within AT
0.127 mm of its true longitudinal position

(T.P.)

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

QUAD-IN-LINE LEAD CONFIGURATION

o

A ’

533 MAX

SEATING
PLANE

254M
—_
254

250
1038 103
L sos | s.osJ
1038 T 1038

All dimensions are in millimeters,

H
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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.

127

10-PIN U
. . . . : PIN SPACING
0.152 0.482 0.152
2210 LEADS 10 LEADS 5= - [e— 127 TP, 2152 14 LEADS
" oom 0.381 (Seq Nate b} —f- 77
889
5.08
______________ I3 DATE CODE PR PR
%a 762 XXX 635 254
9.0 {See Note c) 5.96 5
ALTERNATE
INDEX POINTS
< L

oz~ =

Falls W

JEDEC MO-004AE Dimensions

]

|
i3
%

:
T

|
I
T

063 127
635
Fe— (See Nots qu 0.00 012

000

ithin

14PIN U
(METRIC)
®®®®®PIN SPACING
2 (sﬁ;:m b}
1]
5.08
RPN ZSUP [ O [ DR | O ) N | - DATE CODE

____l_- - ]--[]--

JEDEC MO-004AA Dimensions

xxxx +” ]

L 4
(See Note c) X
ALTERNATE F—
INDEX POINTS

o
o
o

o
®
&

8
| | g30r 14 LEADS

0/0/0/0/0/0.0,

Falls Within

NOTES: a.

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

dimensions govern.

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

condition,

. 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 (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
16-lead frame. Hermetic sealing is accomplished with glass. Tin-plated (“bright-dipped”) leads (—00) require no
additional cleaning or processing when used in soldered assembly.

14-PIN W CERAMIC 16-PIN W CERAMIC
{METRIC) (METRIC)
EEEEGO®
PEOOOOO o OO0
0152 0077 ¥ I-.L 1277
0.077 ’”" l-cL 127 TP 16 LEADS 14PLACES
14 LEADS 12 PLACES (See Nots ¢}
(See Note c)
. 889
8.00 787
85
:::zng o482 BASE AND J |l 0482
A SEATING
PLANE \ HtHt——-—F— ——"— - Mo_i?:ns PLANE \_# ______ T‘ P i - '156;?105
T i 762
0 e (&'Nolnd)[ (e
% Nated) Ng:eb)\’; 24 254 Nenb»\?
673 621
‘ ﬁiﬂ J
S S SR | 1 -_— = - —f
I Ti
102 l l. 063 102 l. o8
651 "] l‘ % " lPLAgES o517 [ 13%:; 4?2%355
0660101010 OOOOEEROE
Falls Within Falls Within '
JEDEC MO-004AA Dimensions 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.

14PIN 16 PIN
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OPERATIONAL AMPLIFIER SELECTION GUIDE

OPERATIONAL AMPLIFIERS

Input Offset Input Offset Input Bias 5 Slew Rate at
Bandwidth
Voltage Current Current Unity Gain
MAX MAX MAX TYP TYP
(mV) (nA) (nA) (MHz) (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
bual 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 ) Slew Rate at
Bandwidth
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 2,6 5
Single LF156, LF356 10 0.05 0.2 4.5 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 .2 50
LF2155, LF2355 10 0.05 0.2 25 5
Dual 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
TEXAS INSTRUMENTS 57
INCORPORATED
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

Input Offset Voltage (V|Q)

The d-c voltage that must be applied between the input terminals to force the quiescent d-c output voltage to zero.
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 (ayQ)

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) —{Vio @ TA(2)
TA() —TA(2)

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

Input Offset Current (10}
The difference between the currents into the two input terminals with the output at zero volts.
Average Temperature Coefficient of Input Offset Current (o)

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

specified temperature range.

o @Ta(1)) — (ho @ Ta(2))
TA(1) —TA(2)

o110 where T A(1) and TA(2) are the specified temperature extremes.

Input Bias Current (1))
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 (Vic)

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 amplifier to cease functioning properly.
Differential Input Voltage {V|p)

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

The maximum positive or negative peak output voltage that can be obtained without waveform clipping when the
quiescent d-c output voltage is zero.

Maximum Peak-to-Peak Output Voltage Swing (Vopp)

The maximum peak-to-peak output voltage that can be obtained without waveform clipping when the quiescent d-c
output voltage is zero.
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

Large-Signal Voltage Amplification (Ay)

The ratio of the peak-to-peak output voltage swing to the change in input voltage required to drive the output.
Differential Voltage Amplification (Ayp)

The ratio of the change in output voltage to the change in differential input voltage producing it.
Maximum-Output-Swing Bandwidth (Bow)

The range of frequencies within which the maximum output voltage swing is above a specified value.
Unity-Gain Bandwidth (B1)

The range of frequencies within which the open-loop voltage amplification is greater than unity.
Phase Margin (¢m)

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

Gain Margin (Am)

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

Input Resistance (rj)

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

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

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

The capacitance between the input terminals with either input grounded.
Common-Mode Input Impedance (zj¢)

The parallel sum of the small-signal impedance between each input terminal and ground.
Output Impedance (zo)

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

TEXAS INSTRUMENTS
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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 (kgvs, AVio/AVce)
The absolute value of the ratio of the change in input offset voltage to the change in supply voltages producing it.
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically.
2. This is the reciprocal of supply voltage sensitivity.
Supply Voltage Rejection Ratio (ksyR, AVcc/AVig)
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 (lj,)
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 (10s)

The maximum output current available from the amplifier with the output shorted to ground, to either supply, or to a
specified point.

Supply Current (icc)
The current into the Vg or Voc+ 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: Atno load: Pp =Vge+ * lcc+ + Vee— Icc—

Channel Separation (Vg1/Vg2)

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.

Total Response Time (Settling Time) (t¢ot)

The time between a step-function change of the input signal level and the instant at which the magnitude of the output
signal reaches for the last time a specified level range (€) containing the final output signal level.

Overshoot Factor

The ratio of (1) the largest deviation of the output signal value from its final steady-state value after a step-function
change of the input signal, to (2) the absolute value of the difference between the steady-state output signal values
before and after the step-function change of the input signal.

Slew Rate (SR)

The average time rate of change of the closed-loop amplifier output voltage for a step-signal input.
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TYPES LF155, LFI55A, LF156, LFI56A, LF157,
i 8 5 2
INTEGRATED CIRCUITS JEET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612387, JUNE 1976

¢ 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 Offset Adjustment Does Not Degrade i L .
« V10 or Common-Mode Rejection e High Common-Mode Rejection Ratio

as in Most Bipolar Amplifiers o High DC Voltage Gain . . .200 V/mV Typ
® Low Input Bias Current .. .30 pA Typ ¢ No External Frequency Compensation Required
® Low Input Offset Current...3pATyp e Low Equivalent Input Noise Current

e High Input Impedance . .. 102 Q Typ

quick selection guides

TYPES OPERATING FREE-AIR TEMPERATURE RANGE MAX OFFSET VOLTAGE
—55°C to 125°C | -25°C 10 85°C | 0°C1070°C [23mV | 25mV| 6.5mV| 7mV | 13mV
LF1__A . .
LF1__ . .
LF2__ . .
LF3__A . .
LF3__ . .
TYP BANDWIDTH TYP V, TYP TYP SLEW RATE
TYPES [Ay=5 Ay =1 f =100 Hz Icc Ay =5 Ay =1
20 MHz [4.5MHz [ 25MHz | 156 nV/\/Hz [ 25 nV/\/Hz | 2mA | 5mA |50 V/us 12 V/us | 5 Vius
‘65, 'BBA . O . O
‘56, ‘56A O . . .
'67,'57A L] . 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 N
bipolar transistors). The devices feature low input NC_ Vece PUT ANCE
bias and offset currents, low offset voltage and offset 8T 6LfS5
voltage temperature coefficient, coupled with offset
adjustment that does not degrade temperature co-
efficient or common-mode rejection. The devices are »
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. 1HzH3 0 a
BAL NV NON. vcc_
The LF155, LF155A, LF156, LF156A, LF157, and ANCE NPT pyr PIN 4 1S IN ELECTRICAL
! ! ' o ! CONTACT WITH THE CASE
LF157A are characterized for operation over the full
military temperature range of —55°C to 125°C; the NC—No internal connection

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.
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TYPES LF155, LF1565A, LF156, LF156A, LF157, LF157A, LF255,
LF256, LF257, LF355, LF355A, LF356, LF356A, LF357, LF357A
JFET-INPUT OPERATIONAL AMPLIFIERS

schematic

BALANCE

[ .

E OVvees

0

oF

) ——0 OUTPUT
INV 10 pFt X"‘ZS

NPUTOT] v 3 )
NONINY, I
INPUT —i¢-
v 4 |
300 300
| N
n T h :
T 1% 5ka r 5ka Yy 3. $s0n

o ——8 2 -0 Vee—-
Component values shown are nominal, %
tc1=2 pF on LF157, LF157A, LF257, LF357, and LF357A.

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

LF1—— LF3——
LF2—— UNIT

LF1——A LF3——A
Supply voltage Voo (see Note 1) 22 22 18 \
Supply voltage Voc— (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 v
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 mwW
Operating free-air temperature range —55t0 125 | —2510 85 0to70 °c
Storage temperature range —6510 160 | —65t0 150 | —651t0 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 Vgt 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 supply. 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, 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.

64 TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TYPES LF155, LF156, LF157, LF255,
LF256, LF257, LF355, LF356, LF357
JFET-INPUT OPERATIONAL AMPLIFIERS

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

PARAMETER TEST CONDITIONS T . LF1_— LF2__ LFS_— UNIT
MIN TYP MAX |[MIN TYP MAX |MIN TYP MAX
Rg =50 2 3 5 3 5 3 10
Vio Input offset voltage S mV
Rg =50, Ta = full range 7 65 13
Temperature coefficient
: Rg =50 £, Ta = full 5 5 5 v/re
avio of input offset voltage s A = full range 4
Change in temperature
A Vv/°C
LoVIO . oetficient with offset | Rg =50 @ 0.5 05 0.5 wvre
AVio i mV
voltage adjustment
| i ¢ offset " 3 20 3 20 3 50 pA
nput offset curren
10 pu TA = full range 20 1 2 nA
| | ¢ bi " 30 100 30 100 30 200 PA
n| 1as curren
1B Py TA = full range 50 5 8| nA
+11  +15 +11  +15 +10 +15
Common-mode input
VicR tage range to to to to to to \
voltage rang -1 -12 -1 -12 10 —12
Maximum peak-to-peak
\/ A\ =15V, RL=10kQ 24 26 24 26 24 26 \"
opp output voltage swing CCx L
\ =x15V,
Large-signal differential CC: Ta =25°C 50 200 50 200 25 200
AVD  oitage amplificatio AL=2ka, ey 25 25 15 Vimv
i .
voltage amplification Vo = £10V A = full range
‘65 2.5 2.5 2.5
B4 Unity-gain bandwidth '56 4.5 4.5 4.5 MHz
‘57 20 20 20
T Input resistance 1012 1012 1012 Q
C; Input capacitance 3 3 3 pF
C -mode rejecti
CMRR _ommen-moderejection| oo 0 85 100 85 100 80 100 dB
ratio
S ly volt: jecti
kgyR® PPl voitage rejection 85 100 85 100 80 100 B
ratio
Rg=100%, ‘65 25 25 25
Equivalent input noise =100 Hz ‘56, ‘67 156 15 15
Vv V//H
" Joltage Rg= 1000, 55 20 20 20 nV//Hz
f=1kHz ‘56, '57 12 12 12
Equivalent input noise f=100Hz 0.01 0.01 0.01
| VH
n current =11z 0.01 0.01 0.01 pAIVHz
| s ly current No load, ‘65 2 4 2 4 2 4 mA
U
ce PRy No signal 66, '57 5 7 5 7 5 10

*ksvR = AVcci/AVio-

tAll characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, Vccs = 15 V to +20 V for
LF1__ and LF2__, Vggt = £16 V for LF3__. Full range for Tp is —55°C to 1256°C for LF1__, —25°C to 85°C for LF2__, and 0°C to

70°C for LF3__.

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

LF1__ LF2__ LF3__

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

. Avg=10V, - 55 4 4 4
trot ZZ::'.:;SE:’: time e z00%, |AVTT! [Tee 15 15 15 us

Seo Figure 1 [Av=—5 | 57 15 15 15
55 5 5 5

SR Slewrate AVp=10V/ VI eTIs a2 75 12 12 V/us
See Figure 2 [ %7 30 50 30 50 50

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

65




TYPES LF155A, LF156A, LF157A,
LF355A, LF356A, LF357A
JFET-INPUT OPERATIONAL AMPLIFIERS

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

PARAMETER TEST CONDITIONSt LF1__A LF3__A UNIT
MIN TYP MAX |[MIN TYP MAX

Rg=50Q 1 2 1 2

\Y | t offset volta \Y
10 nput otiset voltage Rg =50,  Ta = full range 75 23| "
Temperature coefficient of .

Rg=50Q, Ta = full range 3 5 3 5 v/°C
avIo input offset voltage S A 9 ®
Aav|0 Change in tempera\urfa coefficient Rg =50 9 05 05 uV/°C
AVio with offset voltage adjustment mV
| | t offset ent 3 0 3 10 PA

npu et curr
10 P s " TA = full range 10 1 nA
| Input bi . 30 50 30 50 pA
n
18 nput bias curre TA = full range 25 5 nA
., +11  +15 +11  +15
VicR Common-mode input voltage to o t© 10 v
range -1 -12 -1 -12

Maxi k-to-peak
VoPp aximum peak-to-pea Veey=$15V, RL=10kQ 2% 2% 24 2% v
output voltage swing

. . . Veee =15V, o
Large-signal differential TA=25°C 50 200 50 200
Avop voltage amplification RL=2ka, TA = full range 25 25 Vimv
. Vo=t10V
‘B5A 2.5 2.5
B4 Unity-gain bandwidth ‘B6A 4 4.5 4 4.5 MHz
'B57A 15 20 15 20
fi Input resistance 1012 1012 Q
C; Input capacitance 3 3 pF
CMRR Common-mode rejection ratio Rs =500 85 100 85 100 dB
ksvr* Supply voltage rejection ratio 85 100 85 100 dB
Rg =100 Q, '55A 25 25
Vi Equivalent input noise voltage ;; lo:')o:zg' 56,2;:7A ;2 ;2 nV/\/Az
f=1kHz ‘B6A, '57A 12 12
In Equivalent input noise current : ; :USHTZ gg: zg: pA/\/FZ
lec Supply current No load, S5A 2 4 2 4 mA
No signal ‘B6A, 'B7A 5 7 5 10

=
ksvR = AVcci/AVio.

tAll characteristics are specified under open-loop operation, unless otherwise' noted, Also unless otherwise noted, Voc:= 316 V to 20 V for

LF1——A and LF3——A, Full range for T Is —55°C to 125°C for LF1——A and 0°C to 70°C for LF3—A.

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

PARAMETER TEST CONDITIONS LF1__A LF3__A UNIT
MIN TYP MAX | MIN TYP MAX
avo=tov| =~ |s55A 4 4
tiot Total response time {settling time) | € = +0.01%, M '66A 1.5 15 s

See Figure 1{ Ay = -5 ‘57A 1.5 1.5
'65A 3 5 3 5

SR Slew rate AVo =10V AV =T T 12 0 12 Vs
SeeFigure 20— "s  [57a| 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 Vi

AV‘VA'
Veegs =+15V

INPUT ForAy=—1, v|=10V
For Ay =-5, V=2V

INPUT (O VWA -

OUTPUT —-J

+
| 100 pF T

Vee-=-18V ouTPUT
_ R2
VTR
For Ay =-1, R1=2kQ
For Ay =-5, R1=400% 100% =
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 1-TOTAL RESPONSE TIME
R2=2kQ
M gaam V)
\ =+15V = =
cc+ iweuT | ForAv=-1, vi=10v
R For Ay =—5, Vvy=2V
INPUT (O VWV - —0ovVv
OUTPUT
| +
100 pF
] ——10V
- " Vee—=-15V = = OUTPUT
g2  e—— == ov
Ay = —m— ]
o -
t
ForAy=—1, R1=2kQ SR=AVO
ForAy=-5 R1=4000 ft
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 2-SLEW RATE
6 PRINTED IN US.A.
Ti connot assume any responsibility for any circuits shown
. or represent that they are free from patent intringement. TEXAS lN ST RUM EN TS 67
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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 OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612420, JUNE 1976

e 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
® Low Input Offset Current . .. 3 pA Typ e No External Frequency Compensation Required
* High Input Impedance ... 1072 Q Typ e Low Equivalent Input Noise Current

quick selection guides

TYPES OPERATING FREE-AIR TEMPERATURE RANGE MAX OFFSET VOLTAGE
—55°C t0 125°C | —=25°C t0 85°C | 0°C1070°C [23mV | 26mV| 65mV| 7mV [ 13mVv
LF21——A . .
LF21—— L] .
LF22—— ° O
LF23——A . .
LF23—— ° °
TYP BANDWIDTH TYP V, TYP TYP SLEW RATE
TYPES [Ay=5 Ay =1 =100 Hz Ice Ay =5 Ay=1
20 MHz [ 4.5MHz | 2.5 MHz [ 15nV/\/Hz [ 26 nV//Hz [ 2mA [ 5 mA |50 V/us [12 V/ps | 5 Vips
‘65, ‘65A . L L] o
‘66, ‘66A Y [ L3 3
'67,'57A . . . .
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 AMPLFIERZ - NON aveurier 1 VOO AMPLIFIER2
bipolar transistors). The devices feature low input Vece PUT INPUT INPUT

bias and offset currents, low offset voltage, and low
offset voltage temperature coefficient. The devices
are alse designed for wide bandwidths, high slew rate,
extremely fast settling time, low equivalent input
noise voltage and current, and a low 1/f corner.

The LF2155, LF2155A, LF2156, LF2156A, n n -
LF2167, and LF2157A are characterized for ST T WOV voo- «
operation over the full military temperature range of e R PIN 41S IN ELECTRICAL

CONTACT WITH THE CASE

—56°C to 125°C; the LF2255, LF2256, and LF2257
are characterized for operation from —25°C to 85°C;
the LF2355, LF2355A, LF2356, LF2356A, LF2357,
and LF2357A are characterized for operation from
0°C to 70°C.
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TYPES LF2155, LF2165A, LF2156, LF2156A, LF2157,
LF2157A, LF2255, LF2256, LF2257, LF2355,
LF2355A, LF2356, LF2356A, LF2357, LF2357A
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier)

TO OTHER
¥ AMPLIFIER
\I/ -oVees

oF N\

c1 ———0 OuTPUT
10pFt

INV
O 250
INPUT 2 A

] <
NONINV l_.
INPUT —i¢

4 (.
E 10 pF
ke ska 5k Yy 3. 3s0n

2 g o Vee-
Component values shown are nominal. % TO OTHER

TC1 =2 pF on LF2157, LF2157A, LF2257, LF2357, and LF2357A. AMPLIFIER
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
LF21-- trzz— | P2y
LF21——A LF23——A

Supply voltage Vci+ (see Note 1) 22 22 18 v
Supply voltage V- (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 +15 \Y
Duration of output short<circuit (one amplifier, see Note 4) unlimited unlimited uniimited
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 5) 670 670 670 mW
Operating free-air temperature range —55to 125 | —25to 85 0to70 °c
Storage temperature range —65 to 150 | —65to 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 Vot 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.

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.

. For operation above 25°C free-air temperature, refer to the Dissipatlon Deratlng 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——
t UNIT
PARAMETER TEST CONDITIONS MIN TYP MAX [MIN TYP MAX [MIN TYP MAX
Rs = 50 3 5 3 5 3 10
v Input offset volt mV
1o Inputoliset voliage Rg =505,  Ta = full range 7 65 13
Temperature coefficient
Rg =50, TA = full range 5 5 5 v/e
avio of input offset voltage S A 9 #
Change in temperature °
A v/°Cc
L2vio, coefficient with offset Rg=50Q 0.5 0.5 0.5 LS
AVio ) mV
voltage adjustment
| | ¢ offset ¢ 3 20 3 20 3 50 PA
offset curren:
10 neut oftset cur Ta = full range 20 1 2| A
| Input bias " 30 100 30 100 30 200 pA
u 1as curren
18 P TA = full range 50 5 8 nA
A +11  +15 +11  +15 +10 +15
Common-mode input
VICR oltage range to to to to to to v
voltage rang 11 12 11 -12 -10_ —12
Maxi k-to-peak
Vopp | \MUM PeaK-topeak |y er =215V, RL =10 ke 24 26 24 2 24 2 v
output voltage swing
Vees: = #15 V,
Ay Lersesisnal differeniol RCCiz :n Tpa=25°C 50 200 50 200 25 200 Vimv
D P L= .
= 15
voltage amplification Vo =10V Ta =fullrange| 25 25
‘55 2.5 2.5 2.5
B4 Unity-gain bandwidth ‘56 4.5 4.5 4.5 MHz
57 20 20 20
ri Input resistance 1012 1012 1012 Q
Cj Input capacitance 3 3 3 pF
T - ——
cMRR Common-mode rejection) o o _ oo 0 85 100 85 100 80 100 )
ratio
Supply volt: jecti
kgvR® PPlyvoltage rejection 8 100 8 100 80 100 dB
ratio
Rs =100 %, ‘55 25 25 25
v, Equivalent input noise f=100Hz ’'56, '57 15 15 15 nV/\/H_z
voltage Rg =100 %, ‘565 20 20 20
f=1kHz ‘56, '57 12 12 12
Equivalent input noise f=100Hz 0.01 0.01 0.01
| JH
n current f=1kHz 0.01 0.01 0.01 pAI/Hz
| s | " No load, ‘65 4 8 4 8 4 8 A
u curren m
cc PRl No signal 56, '57 10 14 10 14 10 20
*ksvR = AVcci/AVio.

tAll characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, Vgt = 156 V to 220 V for
LF21_._ and LF22__, Voct = +15 V for LF23__. Full range for Tp is —55°C to 125°C for LF21__, —25°C to 85°C for LF22__,
and 0°C to 70°C for LF23__.

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

LF21—— LF22—— LF23——
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX|MIN TYP MAX|MIN TYP MAX
- 55 a
Total response time Avp=10v, Ay=-1 4 4
MOt (cettling time) €= 20.01%, 56 15 1.5 1.5 us
9 See Figure 1 [Ay=—5 | 57 1.5 1.5 1.5
Av-1 LB 5 5 5
SR Slewrate gVOf L i 56| 7.5 12 75 12 12 Vius
ee Figure 2 I s [57| 30 50 30 50 50
76
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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? LF1-.A LF3__A UNIT
MIN TYP MAX [MIN TYP MAX
Rg = 50 £ 1 2 1 2
vV f ) mV
10 Input offset voltage Rg=50%, T = full range 25 23
— 7
avio Temperature coefficient o Rs=50%,  Ta = full range 3 5 3 5| avec
input offset voltage
- — V/°C
AaviO Change in temperaturfa coefficient Rs = 50 2 05 0.5 uVv/ye
aAVio with offset voltage adjustment mV
| ' " 3 10 3 10| pA
10 nput offset current TA = full range 10 1| A
| | <bi . 30 50 30 50 pA
npu as curren
1B puthi Ta = full range 25 5| nA
c ode inbut volt +11  +15 +11  +15
ommon-mode input vol e
VICcR P *d to to to to v
range -1 -12 -1 -12
Maxi k- k
Vopp aximum peal-to-pea Vece =15V, RL =10 kQ 24 26 24 26 v
output voltage swing
Vi =315V,
Av Large-signal differential RfCt2 A Ta=25°C 50 200 50 200 VimV
D P = '
fi Ta=f 25 25
voltage amplification Vo =10V A = full range
‘65A 2,5 2.5
By Unity-gain bandwidth ‘56A 4 45 4 4.5 MHz
‘57A 15 20 15 20
N Input resistance 1012 1012 Q
C; Input capacitance 3 3 pF
CMRR Common-mode rejection ratio Rs=509 85 100 856 100 dB
ksvR" Supply voltage rejection ratio 85 100 85 100 dB
Rg =100 Q, '65A 25 25
f=100 Hz ‘66A, 'B7A 15 15
Y Equivalent input noi It - V/\/H
n qutivalent input noise voltage HS ~100 Q, '55A 20 20 n / z
f=1kHz ‘66A, '67A 12 12
f=100 Hz 0.01 0.01
| Equivalent input noise current VH
n ad [NPUt NOIse curren =1 khz 0.01 0.01 pA/VHz
| Suopl ent No load, ‘55A 4 4 8 A
u curren
cc PRl No signal "56A, '5TA 0 14 0 1w ™

“ksvR = AVcci/AVio

T All characteristics are specified under open-loop operation, unless otherwise noted

LF21——A and LF23——A. Full range for T, is —55°C to 125°C for LF21——A and 0° to 70°C for LF23——A.

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

. Also unless otherwise noted, Vgcs= t15 V to 20 V for

PARAMETER TEST CONDITIONS LF21—-A LF23--A UNIT
MIN _ TYP MAX | MIN TYP MAX
AV =10V, Ay =1 ‘55A 4 4
tiot Total response time (settling time) [ € = +0.01%, '56A 1.5 1.5 us

See Figure 1| Ay = -5 ‘67A 1.5 15
"55A 3 5 3 5

SR Slew rate AVo =10V AV=—1 el 10 12 Vs
See Figure 2 [ 8 [57a| 40 50 40 50

12
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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
"‘VA'
Vee+ =+15V INPUT For Ay =—1, V=10V
R1 For Ay =-5, V=2V
INPUT (O VWA— -
OUTPUT
+ —— e e 0
| 100 pF T e— t10¢ —o|
Vee-=-18V OUTPUT
A R2
AT
For Ay=~—1, R1=2kQ e — e
For Ay =—-5 R1=400% 100% — M
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 1-TOTAL RESPONSE TIME
R2=2kQ
‘VAV" — Vl
\ =+15V = =
CC+ INPUT For Ay 1, Vi=10v
A1 For Ay =5, V=2V
INPUT (O, VWA - —0V
OUTPUT
+
100 pF
| —— 10V
- T Vee_=-15V = = ouTPUT
R e—TTT ov
Ay = __R_'I | :
=t AVg
ForAy =—1, R1=2kQ SR = T
ForAy=-5, R1=4009 !
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 2-SLEW RATE
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LINEAR TYPES LM101A, LM201A, LM301A
INTEGRATED CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

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

FORMERLY SN52101A, SN72301A

. Low Input Currents .
Low Input Offset Parameters

L4 Frequency and Transient Response
Characteristics Adjustable

®  Short-Circuit Protection
®  Offset-Voltage Null Capability *
description

Designed to be Interchangeable with
National Semiconductor LM101A and LM301A

No Latch-Up

Wide Common-Mode and
Differential Voltage Ranges

Same Pin Assignments as uA709

The LM101A, LM201A, and LM301A are high-performance operational amplifiers featuring very low input bias
current and input offset voltage and current to improve the accuracy of high-impedance circuits using these devices.
The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for
voltage-follower applications. The devices are protected to withstand short-circuits at the output. The external
compensation of these amplifiers allows the changing of the frequency response (when the closed-loop gain is greater
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 —25°C to 856°C, and the LM301A is characterized for operation from 0°C to 70°C.

terminal assignments

JOR 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)

OFFSET
ouT.  NULL
COMP  veeo  PUT N2y NC

OFFSET

cowr Vee, MUY iwny

8[l71]6

OFFSET
5 NULL/COMP
~ N1 Veeo

] NON-
(KRR EN] Y1 EN] 310 oy 11 310 R

NC  NC  OFFSET NV

NULL L L] L) L) L]

vee-

NON. Vec-  NC

Wil ror e e = Vec- PIN 4 1S IN ELECTRICAL o W N e
ow ot T " e CONTACT WITH THE CASE o wear B
i

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 \Y
Supply voltage Vco— (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 \
Voltage between either offset null terminal (N1/N2) and Voo— —-0.5t02| —05t02 | —05t02 \'
Duration of output short-circuit {see Note 4} uniimited | uniimiled uniimiled
Continuous total power dissipation at {or below) 25°C free-air temperature {see Note 5) 500 500 500 mwW
Operating free-air temperature range -55t0125 [-25 to 85 Oto 70 °C
Storage temperature range -65 t0150| —65 to 150 | —65 to 160| °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 Voc+ 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 LM101A only, the unlimited duration of the short-circuit
applies at {or below) 125°C case temperature or 756°C free-air temperature. For the LM201A 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.
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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
vVee-—-

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

LM101A, LM201A LM301A
PARAMETER TEST CONDITIONSt v UNIT
MIN TYP MAX MIN TYP MAX
25°C 0.6 2 20 7.5
v Input offset volt Rg =50 k2 mV
10 npu setvoltage s Full range 3 10
ffici
V10 Av?rage temperature coefficient Full range 3 15 6 30 | pvrc
of input offset vol tage
25°C 1.5 10 3 50
o Input offset current nA
Full range 20 70
Ta =—55°Cto25°C 0.02 0.2
Average temperature coefficient Ta= 25°C to MAX 0.01 01
a0 i - o nA/°C
of input offset current TA=0"Cto25°C 0.02 0.6
TA=25°Cto 70°C 0.01 0.3
| Input bias current 25°C 30 75 70 250 oA
nput bi n
I8 P e Full range 100 300
\1 Input voltage range See Note 7 Full range 15 +12 \4
Vee: =215V, [25°C 24 28 24 28
v Maximum peak-to-peak Ry =10k§2 Full range 24 24 v
oppP output voltage swing Vee: =315V, |25°C 20 26 20 26
R =2kQ Full range 20 20
\Y =215V, |0
Large-signal differential ccx 25°C 50 200 25 200
Avp - Vg=%10V, ViV
voltage amplification RL> 2k Full range 25 15
I 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
AVcc/AV)o Supply voltage rejection ratio | Rg =50 kQ dB
cc 10 Supply ge reject! : 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 2.5

T All 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, Vcct = £5 V t0 £20 V for LM101A and LM201A, and Vgoe: = 25 V to 16 V for LM301A. All typical
values are at Vgos = £15 V.
7. For LM101A and LM201A, Ve = £20 V., For LM301A, Vet = $15 V.
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TYPES LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

INPUT OFFSET CURRENT
vs
FREE-AIR TEMPERATURE

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT
vs
FREE-AIR TEMPERATURE

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE (WITH
SINGLE-POLE COMPENSATION)
vs FREQUENCY

@
<

4 T 100 — > T T T 7T
Vees = t15V Veer =#15V ! Vees =15V
2 28 Ry = 10k8
e \ § Ta=25°C
%3 Fl i il
4 LM301A g L -
g - § o \ LM301A ?, 2 R
o 3 .
¥ % 5
g €
£ = LM101A 3 \
o, RTT T — 8 LM201A HE
= LM201A 20 = Cc = 30 pF
[~ L [Nt
5 CIMICTIET
%% 50 3 o 25 50 75 100 125 975 50 25 0 25 50 75 100 125 En 10k 100k ™ 10M
Ta-Free-Air Temperature—°C Ta-Free-Air Temperature—°"C f - Frequency — Hz
FIGURE 1 FIGURE 2 FIGURE 3
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
Vs 'H VOLTAGE-FOLLOWER
> a0 SUPPLY VOLTAGE FREQUENCY LARGE-SIGNAL PULSE RESPONSE
€ 107 T T 8
E T T T
> FRL = Vege = £15V
L ?; . 3;2 | // c 106 Rs%z ko o 6 vees = 215V _|
£ e - o
§ // : g s Ta=25°C 7 7 3 CE-:pr |
3 3 g Ta=25°C
< 100 } % 104 ._E‘ 2 oUTPUT i
% i £ 3 ]
K] " s 10 g o 1
o T > 5 )
> s
g 4 LM301A —: S %’_, S \
€ ~ 5 2 ]
4 £ 32 1
£ LMI101A o a 1o 2 -a
7 LM201A +— o A
2 < -6
<
10 10-1 -8
2 4 6 8 10 12 14 16 18 20 10 100 1k 10k 100k 1M 10M 100M 0O 10 20 30 40 S50 60 70 B8O 90
IVees | -Supply Voltage—v 1-Frequency—Hz t-Time—us
FIGURE 4 FIGURE S FIGURE 6
TYPICAL APPLICATION DATA
R2
v Yo __PR2
v, R1
R1-30 pF
Cc>——
R1+R2
R1-R2
R3 =
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

® | ow 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 LM 107 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

J OR N DUAL-IN-LINE DU"AC:_?S&NE L PLUG-IN PACKAGE U FLATPACKAGE
PACKAGE (TOP VIEW oy T 1
( ) PAKCAGE (TOP VIEW) {TOP VIEW) (TOP VIEW)
our. our- L2 NC NC NC Vees  OUTPUT NC N
NC N NC  Vees PUT NC NC NG Vees PUT NC
wljsfrl{uljwo|{s]|s @@@@@@
L L ' b b | J
1 ] 3 4 5 5 7 r 1 L] L] L] L) 1
Vee-
NE M Ne r o Veo- Ne PIN 4 IS IN ELECTRICAL (,P ot @ (.9 Nou @ (P
iweur CONTACT WITH THE CASE WPUT it
NC—No internal connection
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
LM107 LM207 LM307 UNIT
Supply voltage Ve + (see Note 1) 22 22 18 \]
Supply voltage Voc— (see Note 1) —22 —22 —18 \
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 uniimited unlimited
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 5) 500 500 500 mwW
Operating free-air temperature range —5510125 | —25t0 85 01070 °C
Storage temperature range —651t0 150 | —65 to 150 | —65 10 150] °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 Voo and Vg —.

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 power supply. For the LM107 only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75°C free-air temperature. For the LM207 only, the unlimited duration of the
short-circuit applies at (or below) 85°C case temperature or 75°C free-air temperature,

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2,
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TYPES LM107, LM207, LM307
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 (see note 6)

PARAMETER TEST CONDITIONST LM107, LM207 LM307 UNIT
MIN TYP MAX MIN TYP MAX
Vio Input offset voltage Rg = 50 k2 2°C 96 2 2 LE- iy
Full range 3 10
vio Avtlerage temperature coefficient Full range a 15 6 30 | wvrc
of input offset voltage
lio Input offset current 25°C 15 10 3 50 nA
Full range 20 70
Ta=-55Cto25°C 0.02 0.2
. Average temperature coefficient Ta =25°C to MAX 0.01 0.1 nA/°C
of input offset current Ta =0°C to 25°C 0.02 0.6
Ta=25°Cto70°C 0.01 0.3
) 25°C 30 75 70 250
g Input bias current nA
Full range 100 300
Vi Input voltage range See Note 7 Full range +15 +12 v
Vees: =315 V,{25°C 24 28 24 28
Vop Maximum peak-to-peak R =10k Full range 24 24 v
output voltage swing Vee: =315V, [ 25°C 20 26 20 26
R =2k Full range 20 20
Large-signal differential Vee: =218V, 25°C 50 200 25 200
Avp voltage amplification Vo==*10V, E Vimv
RL > 2k ull range 25 15
[ Input resistance 25°C 1.5 4 05 2 MQ
CMRR Common-mode rejection ratio | Rg = 50 k2 25°c 80 %8 70 % dB
Full range 80 70
AVgc/AV|o Supply voltage rejection ratio Rg =60 k2 25°C g 98 Ll % dB
Full range 80 : 70
No load, 25°C 1.8 3 18 3
Ice Supply current No signal, mA
See Note 7 MAX 12 25

TAll characteristics are specified under open-loop operation. Full range for LM107 is ~55°C to 125°C, for LM207 is —25°C to 85°C, and for

LM307 s 0°C 15 70°C.

NOTES: 6. Unless otherwise noted Voot = £5 V to 20 V for LM 107 and LM207, and Vee+ = 35V to £16 V for LM307. All typical values
are at Voot = £15 V.

7. For LM107 and LM207, Vet = $20 V. For LM307, Voo = $15 V,
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TYPES LM107, LM207, LM307
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
4 100 T T
Vc]c.'A=5V \ Vegs = £15V
|
w \
%3 K
H N Lsor ) \ LM307
£ § 60
b4 3 N
iz z ™
b3 @
i i
5 tiro7 I tmg;'
=1 tmz07t =
20
B
o °
75 50 -25 0 25 5 15 100 125 ~75 -50 -25 0 25 50 75 100 125
Ta~Freo-Air Temperature—"C Ta—Free-Air Temperature-"C
FIGURE 1 FIGURE 2
MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE
vs VOLTAGE-FOLLOWER
FREQUENCY LARGE-SIGNAL PULSE RESPONSE
32 8
N [N T
§ A% | s Veg, = 115V ]
) Th.25°C L] AL=2ka
2 [ I I A A | co-ro0pF |
2 I W\[ Ta=25"C
¢ ) ouTPUT '
QO a9 2 2 :
i 2z 1
3 16 L 1
i 3 / iNeuT 3 \
A \ § - !
£ g .. .
HE = N
L S -
S
s paitll -
1 2 4 710 20 4o 100 0 10 20 0 4 5 6 70 8 9
f-Frequency-kHz
t-Time—us
FIGURE 3 FIGURE 4
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL DIFFERENTIAL
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¥ Data for free-air temperatures below—25°C and above 85°C is applicable for LM107 only.
Data for supply voltages greater than 15 V is applicable to LM107 and LM207 circuits only.
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CIRCUITS

LINEAR
INTEGRATED

TYPES LM118, LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612410, JUNE 1976

e Small-Signal Bandwidth . .. 15 MHz Typ e Internal Frequency Compensation
e Slew Rate...50 V/us Min e Input and Output Overload Protection
e Bias Current ... 250 nA Max (LM118, LM218) e Same Pin Assignments as General Purpose
e Supply Voltage Range...+5V to+20V Operational Amplifiers
description

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

These operational amplifiers have internal unity-gain frequency compensation. This considerably simplifies their
application since no external components are necessary for operation, However, unlike most internally compensated
amplifiers, external frequency compensation may be added for optimum performance. For inverting applications,
feed-forward compensation 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)
compP OUuT- BAL/
2 Vees PUT COMP3 NC NC COZMP Vees 0”‘:}’ 03::;’3 NC NC COMP2 Vcos OUTPUT CD:!LPIS
SHTREYS [w][u] 2] fu][w]{s]]s W ® ® QO
1 [ ] ) | 1

—1 ]

IRIRZIERIR) TH2H3H«Hs5Hs 7 L] T L] L] L]
1 NON- Veo-
o v e Ve NC NC BAU TNV NON- Vec- NC @
INPUT COMP1INPUT INV NC  BAL/ INV. NONINV Vce_
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 \Y
Supply voltage, Voo — (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
Continuous total power dissipation at (or below) 500 500 500 W
25°C free-air temperature {see Note 5)
Operating free-air temperature range —55 to 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 Ve and Veg—.

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 1 V 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.

6. 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
Vio Input offset voltage 25°C 2 4 4 19 1 mv .
Full range 6 15
lo Input offset current 25°¢ & 50 30 200 nA
Full range 100 300
hig Input bias current 25°¢ 120 250 150 500 nA
Full range 500 750
\7 Input voltage range Vec: =+15V | Full range |+11.5 +11.6 \Y
VoOPP Maximum peak-to.-peak Vees = £15V, Full range 24 26 24 26 v
output voltage swing Rp =2k
Large-signal differential Vees =15V, [ g0 50 20 25 200
Avp voitage amplification Vo==10V, Full range 25 20 v/my
Ry > 2k
B4 Unity-gain bandwidth Veer =15V 125°C 15 15 MHz
r Input resistance 25°C 1 3 0.5 3 MQ
CMRR Common-made rejection ratio Full range 80 100 70 100 dB
AVcc/AVIO  Supply voltage rejection ratio Full range 70 80 65 80 dB
Icc Supply current No load 25°C 5 8 5 10 mA
MAX 4.5 7

T All 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, Vot = 5 V to £20 V. All typical values are at Vcct = 215 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 Vce+, and an equal negative voltage is applied to Veo—.
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TYPES LM118, LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

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

PARAMETER . TEST CONDITIONS MIN TYP MAX | UNIT
SR Slew rate at unity gain avy =10V, Cp = 100 pF, See Figure 1 50 70 Vius
parameter measurement information
2kQ
mov
INPUT
2k
INPUT O—wA—4 -=—0Vv
p———0 QUTPUT
== 100 pF
1kQ
= =4
TEST CIRCUIT
VOLTAGE WAVEFORMS
FIGURE 1-SLEW RATE
schematic
BALANCE
COMPENSATION-3
BALANCE
COMPENSATION-1 COMPENSATION-2
? Vees
2kQ 150 k2 20 !
J 5kQ
100 pF —= i___,
71 sk
20k 20k2 1230
W P
o %50
W. ‘lﬁ ouTPUT
INVERTING —¢ v ::52 %130
INPUT 150 6 pF
— oy
] 28pF 5kQ (rT)J
Yy % 500
b A 3 :
| 4k
O 3 A
mm:;‘v'mlwu ’_L
3 o)
5000
3 12k0
56k 20k 108 120 i 09,
o _ Vee-

Component values shown ars nominal.
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676

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 .
3Vto30V

Single Supply ...
or Dual Supplies

e Low Supply Current Drain

Independent of Supply Voltage °

. 0.8 mA Typ

¢ Common-Mode Input Voltage
Range Includes Ground Allowing °

Direct Sensing near Ground

schematic (each amplifier)

Low Input Bias and Offset Parameters
Input Offset Voltage . .
Input Offset Current . .
Input Bias Current . ..

Differential Input Voltage Range

.2mV Typ
-3 nA Typ (LM124)
45 nA Typ

Equal to Maximum-Rated

Supply Voltage .

Open-Loop Differential Voltage
Amplification . ..

L. 232V

100 V/mV Typ

e Internal Frequency Compensation

~6uA
cunasm
REGULATOR]

~6uA
CURRENT
REGULATOR

vee

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

AMPLIFIER NO. 4

AMPLIFIER NO.3
o\

INVERTING,
INeuT @

14 13 12

INVERT- NONIN.

J\
l__. f X N N
|
OUTPUT INPUT INPUT GND INPUT

NG VERTING

NONIN- INVERT- N
VERTING ING
INPUT QUTPUT

.50
CURR
nEGULATOR

description

These devices consist of four independent, high-gain,
frequency-compensated operational amplifiers that

were designed specifically to ope

supply over a wide range of voltages. Operation from
split supplies is also possible so long as the difference
between the two supplies is 3 volts to 30 volts and \
Pin 4 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.

: TOOTHER

AMPLIFIERS

T
el

s
D

rate from a single
1 2 3

OUTPUT INVERT- NONIN-
ING VERTING
INPUT INPUT

4 5 6 7

Vce  NONIN. INVERT- OUTPUT
VERTING ING
\INPUT  INPUT ,

v
AMPLIFIER NO. 1

V
AMPLIFIER NO. 2

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
Input voltage range (either input)

2)

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

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4)
Operating free-air temperature range: LM124

Storage temperature range

LM224
LM324

Lead temperature 1/16 inch from case for 60 seconds J package

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

NOTES:

puno

N package

. 32v
.. I32V
~0.3Vt032V

unlimited

.. 900 mW
—55°C to 125°C
—25°C 10 85°C

. 0°C 10 70°C
—65°C to 150°C
300°C

260°C

All voltage values, except differential voltages, are with respect to the network ground terminal.

Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
. Short circuits from outputs to V¢ can cause excessive heating and eventual destruction.
For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2,
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TYPES LM124, LM224, LM324
QUADRUPLE OPERATIONAL AMPLIFIERS

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

PARAMETER TEST CONDITIONST LM124 L2243, LM324 UNIT
MIN TYP MAX MIN TYP MAX
Vo=14V, 25°C 2 5 2 7
vV Input offset volt. Y
10 nput offset voitage Vec =5V 1030V | Full range 7 | ™
) Input offset current Vv 14V 25°c 3 30 5 0 A
nput o urren =1. n
0 P € o Full range 100 150
| Input bi R Vo=14V, 25°C —45 —150 —45 —250 A
ut bias curre
18 P curren See Note 5 Full range —300 —~500
' 25°C 0to Oto
Common-mode input Vee—-1.6 Vee—1.6
VIcR Vee=30V \
voltage range Oto Oto
Full range
Vee—2 Vee—2
Vec =30V,
y Hichevel outaut vor Rf_(i 2Kk Full range 26 26 v
igh-level output voltage
OH g P ag Voo =30V,
Full range 27 28 27 28
RL > 10kQ
VoL Low-level output voltage RL <10kQ Full range 5 20 5 20| mv
Large-signal differential Vee=18V, 25°C 50 100 25 100
Avp Vo=1Vto 11V, V/mV
voltage amplification RL>2kQ Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 kQ 25°C 70 85 65 85 dB
AVec/AVio 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
Ve =18V, 25°C —20 —40 —20 —-40
Vip=1YV,
_ Full range -10 -20 —-10 —-20
ot -
o Output current cer ! 25°C 10 20 10 20
Vip=-1V,
Vg =25V Full range 5 8 5 8
ViD= -1V, 25°C 12 50 12 50 A
Vo = 200 mV i
Supply current No load, 25°C 0.8 0.8
lcc o ) mA
(four amplifiers} No signal Full range 2 2

TAll characteristics 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 fines.

TYPICAL APPLICATION DATA

OUTPUT A
1M i
' O OUTPUT B
AuDIO 7 .
INPUT y
100 k2 2 100 k0
) 1 1okn
AAA } p—O OUTPUT C
100 uF 7= 2100k 1
DL
AUDIO DISTRIBUTION AMPLIFIER
PRINTED IN U.SA. 67t
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.



876

LINEAR
INTEGRATED CIRCUITS

TYPES LM158, LM258, LM358

DUAL OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612413, JUNE 1976

o Wide Range of Supply Voltages
Single Supply ...3Vto30V
or Dual Supplies

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

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

schematic {each amplifier)

veer

~GuA
CURRENT
REGULATOR

~T004A
CURRENT
REGULATOR|

CURRENT
INPUT REGULATOR
GND
(OR Vee-)
o TOOTHER
.2 AMPLIFIERS

description

These devices consist of two independent, high-gain,
frequency-compensated operational amplifiers that
were designed specifically to operate from a single
supply over a wide range of voltages. Operation from
split supplies is also possible so long as the difference
between the two supplies is 3 volts to 30 volts and
Pin 4 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.

Low Input Bias

and Offset Parameters

Input Offset Voltage ... 2 mV Typ
Input Offset Current. . . 3 nA Typ (LM158)
Input Bias Current ... 45 nA Typ

Differential Input Voltage Range
Equal to Maximum-Rated

Supply Voltage. ..

32V

Open-Loop Differential Voltage

Amplification . .

. 100 V/mV Typ

Internal Frequency Compensation

JGORP
DUAL-IN-LINE

PACKAGE (TOP VIEW)

L
PLUG-IN
PACKAGE (TOP VIEW)

AMPLIFIER NO.2

ON-
QUT- INV_ INV
Vece PUT INPUT INPUT

OUT- INV_ NON- GND
PUT INPUT INV.
INPUT

AMPLIFIER NO. 1

AMPLIFIER NO. 1
Z°ON Y31417dWY

'PIN 4 1S IN ELECTRICAL CONTACT
WITH THE CASE.

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 requiring additional +15-volt supplies.

absolute maximum ratings over operatlng free-alr temperature range (unless otherwrse 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 (Vg <15 V) (see Note 3) .

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

JG or P package
L package e
Operating free-air temperature range LM158
LM258
LM358
Storage temperature range

Lead temperature 1/16 inch fror11 case for 60 seconds JG or P package )

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

N package

. 32V
... 232V
—03Vt032V

unlimited

. 900 mW

C ... 6256mW
. 55° Cto125°C
—25°C t085°C

. 0°C to 70°C
. —65°C to 150°C
. 300°C

. 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 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, Vcc = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONST LM158 LMabs, LiMses UNIT
MIN TYP MAX MIN TYP MAX
v | ¢ offset volta Vo=14V, 25°C 2 5 2 7 m;/
n| et v e
10 put offset voltag Ve =5V to30 V| Full range 7 9
Average temperature coefficient o
Full range 7 7 (7
avIo of input offset voltage ang s
[} 1 ff \Y 14V 25°C 3 30 S 0 A
e =1. n
10 nput offset current 0 Full range 100 150
A fficient °
. v?rage temperature coefficien Full range 10 10 PASC
of input offset current
| 0 + bi ¢ Vo=14V, 25°C —-45 —150 —45 --250 A
n n
18 put biss curren See Note 5 Full range ~300 —500
o Oto 0to
Common-mode input »c Vee—1.6 Vee-1.5
VICR Vec=30V ¢ : ce— \
voltage range 0Oto 0to
Full range
Vee-2 Vee—2
Vee =30V
cc ! Full range 26 26
. RL=2kQ
VOH High-level output voltage \"
Vee =30V,
Full range 27 28 27 28
RL > 10k
VoL Low-level output voltage RL<10kQ Full range 5 20 5 20| mv
v Maximum peak-to peak RL=2ke 25°C  |Vge-15 Vee-15 v
opP output voltage swing L ce=t el
Vee=15V,
Large-signal differential cc 25°C 50 100 25 100
Avp L Vo=1Vtol1V, VimV
voltage amplification RL > 2 ko Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 k2 25°C 70 85 70 85 dB
AVcece/AV|o Supply voltage rejection ratio Rg<10kQ 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 Fullrange | —10 -20 -10 -20
mA
Vee=15V
10 Output current cc ! 25°C 10 20 10 20
Vip=-1V,
Vo =200 mV Full range 5 8 5 8
Vip=-1V,
25°C 12 50 12 50 A
Vg =200 mV K
Supply current No load, 25°C 05 0.5
lcc - - mA
(two amplifiers) No signa! Full range 1.2 1.2

T All characteristics are specified under open-loop conditions. Full range is —55°C to 125°C for LM158, —25°C to 85°C for LM258, and 0°C to
70°C tor 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.
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LINEAR TYPE LM2902
INTEGRATED CIRCUITS QUADRUPLE OPERATIONAL AMPLIFIER

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

e Wide Range of Supply Voltages e | ow Input Bias and Offset Parameters
Single Supply ... 3V to 26 V Input Offset Voltage .. .2 mV Typ
or Dual Supplies Input O_ffset Current .. .5 nA Typ

e Low Supply Current Drain Input Bias Current. .. 45 nA Typ
Independent of Supply Voltage e Differential Input Voltage Range
...0.8 mA Typ Equal to Maximum-Rated

e Common-Mode Input Voltage Supply Voltage ... +26 V
Range Includes Ground Allowing o Open-Loop Differential Voltage
Direct Sensing near Ground Amplification . .. 100 V/mV Typ

schematic (each amplifier) v o [Maximum Peak-to-Peak Output

Voltage Swing...Vcc—15V Typ
e Internal Frequency Compensation

vee

~6A pc e
CURRENT 'URREN CURRENT
REGULATOR necuLaToR| | |nEcuLaToR JORN

DUAL-IN-LINE PACKAGE (TOP VIEW)

?—- AMPLIFIER NO. 4 AMPLIFIER NO. 3
/\ /\
/ INVERT- NONIN- 7 NONIN- INVERT- A

'"V‘:‘J'"G ING VERTING VERTING ING
== OUTPUT INPUT INPUT GND INPUT  INPUT QUTPUT
NON-
R w| il | |n] Jw] 9] |8
INPUT REGULATOR

description

¥/

This device consists of four independent, high-gain, I
frequency-compensated operational amplifiers that

were designed specifically to operate from a single 2 a 5 P 3
supply as in automotive systems. Operation from split ! 3

. . . . TPUT - - . -
supplies is also possible so long as the difference T I T veaTiNG °C Vet e o
between the two supplies is 3 volts to 26 volts and \ 'NPyT INPUT _,  (INPUT INPUT /
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, VGG (see NOte 1) . o . v v v v v v e e e e e e e e e e e e e e .. BY
Differential inputvoltage {seeNote 2) . . . . . . . & & & 4 v v v e e e e e e e e e .. t2BV
Input voltage range (either input) . . . © e s e 44+ .. —03Vto26V
Duration of output short-circuit (one ampllfler) to ground at (or below) 25 C

free-air temperature (Vge < 15 V) (see Note3) . . . e v s v v« « . . unlimited
Continuous total dissipation at {or below) 25° Cfreealrtemperature (see Note4) e e e v e e . . . . 900mW
Operating free-air temperaturerange . . . . . . . . « « + « . 4 « s v v . . .. ... —40°Ct085°C
Storage temperature range . . | Cto150C
Lead temperature 1/16 inch from caseforGOSeconds Jpackage e e e ... ..... 300°%
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.
3. Short circuits from outputs to Vcc 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 LM2902

QUADRUPLE OPERATIONAL AMPLIFIER

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

PARAMETER TEST CONDITIONS? MIN TYP MAX| UNIT
Vio Input offset voltage Vo=14V 2 10| mv
lio Input offset current Vpo=14V 5 50| nA
T Input bias current Vp=14V See Note 5 —45 -500| nA
Common-mode input Oto
VIcR Vec =24V v
voltage range Vee—-15
. Ve =24V, RL =2k 20
VoH High-level output voltage \
Vec =24V, RL > 10 kQ 21
VoL Low-level output voltage RL <10k 5 20| mv
Avp ",‘:I'g:':"ma;:f'if:::o":'a' Vec =15V, RL>2kQ, Vp=1Vtol1V 100 V/mv
CMRR Common-mode rejection ratio | Rg < 10 kQ 85 dB
AVec/AV|o Supply voltage rejection ratio | Rg < 10 kQ 100 dB
Amplifier-to-amplfiier coupling | f =1 kHz to 20 kHz —120 dB
Vee =15V, Vip=1V, Vo=0V -20 —40
lo . Output current Vee =15V, Vip=-1V, Vg=25V 12 30 mA
Vip=-1V, Vo =200 mV 8 20
Ice 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, regardless of
the state of the output, so no loading change is presented to the input lines,

TYPICAL APPLICATION DATA

AUDIO (

1M

AAA

+

INPUT N
)
100k 100k

3

100 uF 7@}

1 1oke

3100k

*Vee

>
>
>

AUDIO DISTRIBUTION AMPLIFIER

O OUTPUT A

O OUTPUT B

—O QUTPUT C
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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 26V
or Dual Supplies

e Low Supply Current Drain
Independent of Supply Voltage
...0.5mA Typ

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

schematic (each amplifier)

INVERTING,
eyt ©

NON.
INVER

~106uA
CURRENT
REGULATOR|

~GuA
CURRENT
REGULATOR

INPUT

GND
10R Vee-)
TOOTHER
AMPLIFIERS

Ea

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 3volts to 26 volits 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 .. .5 nA Typ
Input Bias Current . .. 45 nA Typ

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

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

Maximum Peak-to-Peak Output
Voltage Swing ...Vcc—1.5V Typ

Internal Frequency Compensation

JGORP
DUAL-IN-LINE PACKAGE (TOP VIEW)

AMPLIFIER NO. 2

NON-
OUT- INV_ INV
vce+ PUT INPUT INPUT

-
1{]2]13]]4
OUT- INV_ NON- GND

PUT INPUT INV
INPUT

AMPLIFIER NO. 1

L
PLUG-IN PACKAGE (TOP VIEW)

Vee+

OUTPUT w

< INPUT

AMPLIFIER NO. 1
Z-
£z
2
-
2 "ON HI 14V

NON-INV

L INPUT

PIN 4 IS IN ELECTRICAL CONTACT
WITH THE CASE.

GND
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TYPE LM2904
OPERATIONAL AMPLIFIER

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

Supply voltage, Voo (seeNote 1) . . . . . . . . . . . . . e e e e e e e e e e e e e e . 28V
Differential input voltage (see Note 2) e e e e e e e e e e e e e e e e e e e e .. .26V
Input voltage range (either input) . . e e e e —0 3Vto26V
Duration of output short-circuit (one amphfler) to ground at (or below) 25 C
free-air temperature (Vg < 15 V) (see Note3) . . . . . . unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) JG or P package . . . . 680mw
L package ... . 625 mwW
' Operating free-air temperature range . . e e e e e e . ... ... .. —40°Cto85°C
Lead temperature 1/16 inch from case for 60 seconds JG orlpackage . . . . . . . . . . .. .. . .300°C
Lead temperature 1/16 inch from case for 10 seconds: Ppackage . . . . . . . . . . . . . . . . .. 260°C
NOTES: . All voltage values, except differential voltages, are with respect to the network ground terminal.

1
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 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, VCC = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS? MIN TYP MAX| UNIT
Vio Input offset voltage Vo=14V 2 10 mv
lio Input offset current Vo=14V 5 50 nA
T3 Input bias current Vo=14V See Note & —45 -500] nA
Vicr Common-mode input Ve =24V Oto v
voltage range Vee—-1.56
VOH High-level output voltage vee =24V, AL Z2ka 2 v
Vec =24V, RL =10k 21
VoL Low-level output voltage R <10k 5 20| mv
AvD "I‘;'i:':"ma;?f':::::":'a' Vec =15V, RL>2kQ, Vo=1Vto11V 100 V/mv
CMRR Common-mode rejection ratio | Rg < 10 kQ 85 dB
AVece/aVio Supply voltage rejection ratio | Rg < 10 kQ 100 dB
Amplifier-to-amplfiier coupling | f =1 kHz to 20 kHz —-120 dB
Vee =15V, Vip=1V, Vo=0V -20 —40
1o Output current Vee =15V, Vip=-1V, Vpg=25V 12 30 mA
Vip=-1V, Vo =200 mV 8 20
Ice 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, regardiess of
the state of the output, so no Ioading change is presented to the input lines.

TYPICAL APPLICATION DATA

Vees
R4 9 SELECT VALUES FOR: CALCULATE:
s Q
Ny Q R1=R3=R6 = —
i Ct and C2 weC
ci ' = R1
here C1 = C2 =
R1 "%I ,_lJ. 8 14 " ere_ R2= 2 1
o—e wo = 2nfg Q-1——+ —
- = 9—0 K K-Q
) N I «
R1-K-Q
NPUT R23 M 6 |1 ouTPuT K is selected to R4 = 1
T optimize sensitivity 20 -
5 ° and is typicall
o pically R6 = K - R1
between 1 and 10.
Vee-
MULTIPLE-FEEDBACK ACTIVE BANDPASS FILTER
PRINTED IN U.SA. 6
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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 JGORP
e Short-Circuit Protection D‘;TE:("X;IENE
e  Wide Common-Mode and (TOP VIEW)
Differential Voltage Ranges e
e No Frequency Compensation Required veer SUT mpyT i

e Low Power Consumption

e No Latch-up

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

OUT- INV_ NON. VcC-
PUT INPUT INV
INPUT

description

AMPLIFIER NO. 1

The MC1558 and MC1458 are dual general-purpose

operational amplifiers with each half electrically sim- L PLUG-IN PACKAGE
ilar to uA741 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
valtage-follower applications. The devices are short-
circuit protected and the internal frequency compen-
sation ensures stability without external components.

AMPLIFIER NO. 1
Z°ON ¥31411dWY

The MC1558 is characterized for operation over the
full military temperature range of —~55°C to 125°C;

the MC1458 is characterized for operation from PIN 4 1S IN ELECTRICAL CONTACT
0°Cto 75°C WITH THE CASE.

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

MC1558 MC1458 UNIT

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

X L ° Each amplifier 500 500
Continuous total dissipation at (or below) 26°C 1G or P package 80 580 "
free-air temperature {see Note 5) Total package U package 525 o258
Operating free-air temperature range -55to 125 0to 75 °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 Voot and Ve

N

. 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 voits, whichever is less.

4. The output may be shorted to ground or either power supply. For the MC1558 anly, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 76°C free-air temperature.

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

TEXASl INSTRUMENTS
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TYPES MC1558,

MC1458

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vgc+ =15V, Vgg—-=-15V
MC1558 MC
PARAMETER TEST CONDITIONS? 1458 UNIT
MIN TYP MAX MIN TYP MAX |.
25°C 1 5 1 6
A\ Input offset voltage Rg < 10k2
10 P 29 S Full range 6 7.5 mv
1 Input offset current 25°¢ Ll 200 20 200 A
o P Full range 500 300 | "
X 25°C 80 500 80 500
hg Input bias current nA
Full range 1500 800
v Input voltage ran 25°C +12 13 £12 +13 v
u
! P i 9 Full range 12 12
R =10kQ 25°C 24 28 24 28
v Maximum peak-to-peak R = 10k | Full range 24 24 v
ope output voltage swing Ry =2kf | 25°C 20 26 20 26
RL =2 2k | Fullrange 20 20
A Large-signal differential R >2kQ, | 25°C 50 200 20 200 v
vo voltage amplification Vo =110V | Fullran, 25 Vim
(] ge 15
RL = 2k,
Maximum-output-swi Vo=:10V, o
Bom imum-output-swing o 25°C 14 14 kHz
bandwidth (closed-loop) Ayp =1,
THD < 5%
By Unity-gain bandwidth 25°C 1 1 MHz
dm Phase margin Ayp =1 25°C 65° 65°
Am Gain margin 25°C 1 1 d8
ri Input resistance 25°C 0.3 2 0.3 2 MQ
Output resistance Vo =0 | yeec 75 75 o
r utput res! n
° P s © See Note 6
C; Input capacitance 25°C 14 1.4 pF
Common-mode o
Zic . . f=20Hz 25°C 200 200 MQ
input impedance
25°C 70 90 70 90
CMRR Common-mode rejection ratio | Rg < 10k2 dB
Full range 70 70
25°C 30 150 30 150
AV|p/AV Supply voltage sensitivit 0k v
10/8Vee Supply voltag v Rs<1 Full range 150 150 | »Y/
Ayp=100,
Equivalent input RV? o
Vi noise voltage ) s e 25°C 45 45 nV//Az
= 2,
losed-|
(closed-loop) BWI= 1 Hz,
los Short-circuit output current 25°C +25 140 +25 +40 mA
\ Supply current No load, 25°C 3.4 5 3.4 5.6 mA
cec {Both amplifiers) No signal Fuli range 6.6 6.6
P Total power dissipation No toad, 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

TAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for MC1558 is —55°C to 125°C and for

me i O S0
MC1458 is 0 C to 75 C.

NOTE 61‘ This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

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

Cp = 100 pF, See Figure 1

MC1558 MC1458
PARAMETER TEST CONDITIONS UNIT
MIN TYP  MAX MIN TYP  MAX
e Rise time Vi=20mV, R =2kg, 0.3 0.3 u“s
Overshoot factor CL = 100pF, See Figure 1 5% 5%
o V=10V, R =2kQ,
SR Slew rate at unity gain 0.5 0.5 V/us

TEXASI INSTRUMENTS

NCORPORATED

POST OFFICE BOX 5012 o DALLAS, TEXAS 75222




TYPES MC1558, MC1458
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

schematic (each amplifier)

TO OTHER
AMPLIFIER
INVERTING
INPUT O
1‘ ‘J * * © Vce+
d h
T _—
NON-
45kQ
INVERTING 30pF )
INP
vt o—{ 225 Q
A —o OUTPUT
39kQ 75kn
4 v <
Lﬂ 250
1kQ3 50 kO3 %;n 5k Fo k23 3500 W
. . . o Vce-
TO OTHER
COMPONENT VALUES SHOWN ARE NOMINAL AMPLIFIER

PARAMETER MEASUREMENT INFORMATI

ON

Vi
L—?ouwur
INPUT + 4
———-ov =

INPUT VOLTAGE CL = 100 pF ‘I:
WAVEFORM

'TEST CIRCUITS

FIGURE 1-RISE TIME, OVERSHOOT,
AND SLEW RATE

RL:2kn
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TYPES MC1558,MC1458
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK

INPUT OFFSET CURRENT INPUT BIAS CURRENT OUTPUT VOLTAGE
vs vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE LOAD RESISTANCE
100 T T o T T > “ [vec=myv H
Vege =15V - 26 |-Vig-=-15V
N Ve sy ‘62:_‘_5‘:\,- ._.3' 20 Tf‘i 25°¢C
" 300 :
I E 3 n
E £ S
38 3 e+ MC1458 1ol 3 4
] 2 200 ! s 18
5 e« MC1458 ! @ ! M
o . i \ ! te
£ N ' 5 | HN
° ! = 100 : H
) \\ . ' N ( 32 /
: L L
B — S
) [ 8
—60-40-20 D 20 40 60 B0 100 120 140 60 -40-20 O 20 40 €0 80 100 120 140 01 02 04 071 2 4 70
Ta-Free-Air Temparature—"C Ta—Free-Air Temperature—"C ' Ri~Losd Resistancek
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
%0 400 107 T
3 UL 3 I Vece= 15V
§ % T vee-=-15v > Ru-2kn — 106 Veo—* 15V
3 RL =10kl g RL=2k0
S 32 oL : 200 TaTee :
>§79 Ta=25'C é // :'f 108 2\, Tar25c |
33 2 T i 104
K <
% S 4
& e > £ 102
F] K to!
i \ P ow t
1! o :
> >
0 = < 0 10-1
100 1% 10k 100k ™ 2 406 01z 14 s 18 20 110 100 1k 10k 100k 1M 10M 100M
1-Frequency—Hz IVeee | =Supply Vottage—v 1—F requency—Hz
FIGURES FIGURE 6 FIGURE 7
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
vs vs VOLTAGE-FOLLOWER
FREQUENCY ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE
100 8
T 1 2 T T 7
vecs= 15V Vees =15V
f %0 \ Vee-=-18v 24 6 Veer - S1sv—|
S s = 10 L-d Ry =2k
E Ta-25°C » 3 s 7 :‘- oL - 100pF |
g H 90%/ i 1\| Ta-25'c
g 1 ) OUTPUT
i A\ 3" [ s |
= Sn : o L
%0 \ 3 /; 3 / weut 1 \
] 38 . Vo= 15V ? -2 s L
£ N 9 1 Vee-= -1V : !
2 '
3 \ o, : RL=2kA 3 4
& 2 . ’ € = 100 pF = HERAY
3 . Ta=25°C
3w 0 — 6
o -4 I -8
110 100 1k 10k 100k 1M 10M 100M o 05 1 15 2 25 0 10 20 0 40 S0 60 70 80 90
f—Froquency-Hz 1=Time—us t-Time-us
FIGURE 8 FIGURE 9 FIGURE 10
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LINEAR INTEGRATED

CIRCUITS

TYPES RMA4136, RC4136

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)
e No Frequency Compensation Required
. AMPLIFIER NO. 4 AMPLIFIER NO. 3
e Low Power Consumption , A ; A .
INV_ NON-INV OUT- OUT- NON-INV  INV
e No Latch-up INPUT INPUT PUT  Vcc+ PUT  INPUT  INPUT
e Unity Gain Bandwidth 3 MHz Typical Ml j3f 12| jn}j 10} ]9} |8
e Gain and Phase Match Between Amplifiers E"
e Designed to be Interchangeable with *
Raytheon RM4136 and RC4136 -
description P h
The RM4136 and RC4136 are quad high-performance +
operational amplifiers with each amplifier electrically
similar to uA741 except that offset null capability
is not provided. 1 2 3 4 5 6 17
The high common-mode input voltage range and the INV NON-INV OUT- OUT- NON-INV INV  Vgo—
absence of latch-up make these amplifiers ideal for {NPUT 'N&T PUT , \PUT 'NP“,” 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 0°C
to 70°C.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
RM4136 RC4136 UNIT
Supply voltage V¢ e+ (see Note 1) 22 18 v
Supply voltage Voc— (see Note 1) -22 -18 v
Differential input voltage {see Note 2) +30 +30 v
Input voltage (any input, see Notes 1 and 3) +15 +15 Vv
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 0to 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.

o s WN

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 Vgoo+ 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.

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

TEXASI INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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TYPES RM4136, RC4136
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+ =15V, Veec—-=-15V
PARAMETER TEST CONDITIONS? RM4136 RC4136 UNIT
MIN TYP MAX MIN TYP MAX
Vio Input offset voltage Rg <10kQ S 05 > 95 & mv
Full range 6 75
o Input offset current ¢ 5 200 5 200 nA
Full range 500 300
i Input bias current 25°c 40 299 40 500 nA
Full range 1500 800
V) Input voltage range 25°C +12 14 +12 +14 \Y
Maximum peak-to-peak R =10kQ 25:0 24 28 24 28
Vorpp output voltage swing R_=2ka |[25°C 20 26 20 26 v
RL=2kQ Full range 20 20
Large-signal differential RL >2k$2, | 25°C 50 350 20 300
AvD - V/imVv
voltage amplification Vo =+10V | Full range 25 15
B4 Unity-gain bandwidth 25°C 2 3.5 3 MHz
r Input resistance 25°C 03 5 03 5 me
CMRR Common-mode rejection ratio Rg <10k | 25°C 70 90 70 90 dB
AV|o/AVee  Supply voltage sensitivity Rg<10kQ 25°C 30 . 150 30 150 BVIV
Equivalent input Avp =100,
) Rg =1kQ, °
Vp noise voltage fo1kHz, | BC 10 10 nv//Hz
(closed-loop) BW =1 Hz
25°C 5 113 5 1.3
Ice Supply currenf ) No I?ad, MINTA 5 3.3 5 13.7 mA
(Al four amplifiers) No signal
MAX Ta 4.5 10 4.5 10
25°C 150 340 150 340
Total power dissipation No load,
Po {All four amplitiers) No signal MIN TA 180 400 180 400 mw
MAX Ta 135 300 135 300
Vo1V, Channel separation | 2221100P_| s =1ka2 | 25°C 105 105 dB
01"%02 P Ayp=100| f=10kHz |25°C 105 105

TAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4136 is —55°C to 125°C and for
RC4136 is 0°C to 70°C.

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

P METER TEST CONDITIONS RM4136 RCAT36 UNIT
ARA MIN TYP MAX | MIN TYP MAX

V)=20mV, Ry =2k,

ise ti 0.13 0.13 us
tr Rise time Cy =100 pF
V=10V, RL=2kQ,
SR Slew rate at unity gain C:_ =100 pF L 15 1.0 V/us

schematic (each amplifier)

vees {1 fg
INVERTING
INPUT

NONINVERTING
INPUT
>_( % outeuT

ﬂ x
veo- o— 4L 4

L

PRINTED IN U.S.A. 3
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LINEAR INTEGRATED TYPES RM4558, RC4558
CIRCUITS DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-5 7612365, MARCH 1976

JGORP
Continuous-Short-Circuit Protection DUAL-IN-LINE
e  Wide Common-Mode and ('; A‘;K‘I‘Gv':'
Differential Voltage Ranges OP VIE
e No Frequency Compensation Required o
e Low Power Consumption vee ST v Y
e No Latch-up s[1]fs]ls
e Unity Gain Bandwidth 3 MHz Typical |-_’<‘ﬁ_
e Gain and Phase Match Between Amplifiers b
e Designed to be Interchangeable with
Raytheon RM4558 and RC4558
A i
descrlptlon OUT- INV_ NON- VCC-
PUT INPUT "I::xr
The RM4558 and RC4558 are dua! general-purpose ——
operational amplifiers with each half electrically - _

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 veer

absence of latch-up make these amplifiers ideal for
voltage-follower applications. The devices are short-
circuit protected and the internal frequency comp-

- >
5 2
ensation  ensures  stability without external § w w L5
COmpOnentS. g iNPUT INPUT E
g o
The RM4558 is characterized for operation over the : "
full military temperature range of —55°C to 125°C; T Rt
the RCA4558 is characterized for operation from 0°C vee-
to 70°C. PIN 4 IS IN ELECTRICAL CONTACT

WITH THE CASE,

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

RM4558 RC4558 UNIT
Supply voltage Vee+ (see Note 1) 22 18 \'
Supply voltage Voo— (see Note 1) -22 -18 v
Differential input voltage (see Note 2) +30 +30 v
Input voltage (any input, see Notes 1 and 3) +15 +15 v
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
25°C free-air temperature (see Note 5) JG or P Package 680 680 mwW
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 Vee+ 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.

QO ~AWN

. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2,
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TYPES RM4558, RC4558
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vgc+ =15V, Vge—=-15V
PARAMETER TEST CONDITIONS? RM4558 RC4558 UNIT
MIN TYP MAX MIN TYP MAX
\Y Input offset voltage Rg <10k 25°C 95 5 05 6 \Y
npu et v m
10 put offset voltag s Full range 6 75
| | ¢ offset " 25°C 5 200 5 200 A
nput o rren n
10 put offset curre Full range 500 300
| 1 ¢ bi " 25°C 40 500 40 500 A
n,
1B nput bias curren Full range 1500 800
\Y Input voltage range 25°C +12 14 +12 +14 v
Maxi K " RL =10k | 25°C 24 28 24 28
Vope aximum peaitopea RL=-2ke |25°C 20 2% 20 26 v
output voltage swing
RL =2k | Full range 20 20
Large-signal differential RL>2kR, |25°C 50 350 20 300
AvD P _ Vv/mv
voltage amplification Vo =:10V [ Full range 25 15
Bq Unity-gain bandwidth 25°C 2 3.5 3 MHz
ri Input resistance 25°C 0.3 5 0.3 5 M
CMRR Common-mode rejection ratio Rg <10k |25°C 70 90 70 20 dB
AV|p/AVce Supply voltage sensitivity Rg< 10k |25°C 30 150 30 150 wv/iv
A =100,
Equivalent input RV[—)1 Q2
Vn noise voltage ‘ Sl KHz *128°C 10 10 nV/\/Hz
losed-| g
(closed-loop) BW =1 Hz
Supol . No load 25°C 2.5 5.6 2.5 5.6
u curren ad,
Ice PRIy currer ° MINTA 30 66 30 66 | mA
(Both amplifiers) No signal
MAX Ta 2.0 5 2.3 5
Total power dissipation No load 25'C 5 170 5 170
i i ,
Po power dissip ° MIN TA 90 200 9% 200 | mw
(Both amplifiers) No signal
MAX Ta 60 150 70 150
Openloop | Rs=1kQ, |25°C 105 105
Vo1/Vo2 Channel separation P P S 5 dB
Ayp=100| f=10kHz [25°C 105 105

TAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4568 is —55°C to 125°C and for
RC4558 is 0°C 1o 70°C.

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

RMA4558 RCA4558
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX | MIN TYP MAX
tr Rise time Vi=20mV, Rp=2kQ, 0.13 0.13 Hs
Qvershoot CL =100pF 5% 5%
V=10V, RL=2kQ,
SR Slew rate at unity gain ! L 15 1.0 Vius
Cy, =100 pF

schematic (each amplifier)

-

A

INVERTING
INPUT

NONINVERTING
INPUT

ouTPuT

1 l: ‘R
vee- , T _
PRINTED IN U.S.A.
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LINEAR TYPES TL022M, TLO22C
INTEGRATED CIRCUITS DUAL LOW-POWER OPERATIONAL AMPLIFIERS

BULLETIN NO, DL-S 7612038, SEPTEMBER 1973—REVISED JUNE 1976
FORMERLY SN521.022, SN721.022
e Very Low Power Consumption e Low Input Offset Voltage

e 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

o 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 voitages 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 1256°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

ouT- V.
veee PUT INPUT INPUT

|
]

AMPLIFIER NO. 1
Z°ON B3NV

vee—

INV_ NON- VCC— PIN 4 IS IN ELECTRICAL CONTACT

our-
PUT INPUT 1NV WITH THE CASE

AMPLIFIER NO. 1

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

TLO22M TLO22C UNIT

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

) L ° Each amplifier 500 500
Continuous total dissipation at (or below) 25°C G or P package 630 630 W
free-air temperature range (see Note 5) Total package [ package 525 625
Operating free-air temperature range —55to0 125 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 voltage where the
zero-reference leve! is the midpoint between Vo4 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.

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

. The output may be shorted to ground or either power supply. For the TLO22M 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.

S WN
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TYPES TL022M, TL022C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vgc+=15V, Vcg—-=-15V
i TLO22M TLO22C
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX| MIN TYP MAX
\Y Input offset voltage Rg < 10kQ2 ESC ! 5 ! 5 mVv
10 nputotiset voltag S Full range 6 7.5
25°C 5 40 15 80
o Input offset current nA
Full range 100 200
| Input bias current 25°C 50 100 100 250 nA
18 put bias curre Full range 250 200
25°C +13 *13
Vi Input voltage range A
Full range E E3
v Maximum peak-to-peak RL=10kQ | 25°C 20 26 20 26 v
orP output voltage swing R = 10kQ | Full range 20 20
A Large-signal differential Ry > 10kQ, | 25°C 72 86 60 80 dB
VD voltage amplification Vo =10V Full range 72 60
B Unity-gain bandwidth 25°C 0.8 0.8 MHz
T - 25°C 60 72 60 72
CMRR Common-mode rejection ratio Rg <10k dB
Full range 60 60
AVip/aVv Supply voltage sensitivit Rg < 10kQ 25°C 30150 30 200 V/V
Ui e sensitivi
10/avee supply voltag v S Full range 150 200 | ¥
Ayp =20dB,
Vi Equivalent input noise voltage B =1Hz, 25°C 50 50 nV/\/Hz
f=1kHz
108 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 20 | *
Total dissipation No load, 25°C 3.9 6 39 75
Pp . . mw
(Both amplifiers) No signal Full range 6 7.5

tAIl characteristics are specified under open-loop operation, unless otherwise noted, Full range for TLO22M is —55°C to 125°C and for
TLO22C is 0°C to 70°C.

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

M 2C
PARAMETER TEST CONDITIONS TL022 TLoz UNIT
MIN TYP MAX | MIN TYP MAX
ty Rise time Vi=20mV, R =10k, 03 0.3 us
QOvershoot factor CpL=100pF, SeeFigure1 5% 5%
. V=10V, Ry =10k,
SR Slew rate at unity gain 0.5 0.5 v/
@ nity gal CpL=100pF, See Figure 1 us

TEXAS INSTRUMENTS
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TYPES TL022M, TL022C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS
TOTAL DISSIPATION
Vs
SUPPLY VOLTAGE
10 T T
7 E No load
" No signal
" 41 Ta=25°C
= A //
OUTPUT E
| INPUI?—— + L ‘|: 1/
I 5 2 v
B
L o /
INPUT VOLTAGE CL = 100 pF Ru=10ka a 1 A
WAVEFORM o 4
coe 5 07 7
= 5 s
" 04
TEST CIRCUIT o /
02|
0.1 /
0 2 4 6 8 10 12 14 16 18 20
Vet |-Supply Voltage—V
FIGURE 1—RISE TIME, OVERSHOOT FACTOR,
AND SLEW RATE FIGURE 2
schematic
OuTPUT
_____________ r—-——=———
r EACH AMPLIFIER -= | CONL“:A(;TII?E%(;TH jl
| H—+ T L. Vees
| Lﬂ ! ! ! TO OTHER
| I i AMPLIFIER
I } I "—l:\— AN
| |
| Mo I
l I |
| — [ |
i I |
| s : 11 ;l [
wverTing | 1 I |
INPUT ] > | |
| | 2
NON- I I I
INVERTING ’——< 11
INPUT | |
I 1 11 |
| b I
I 11 |
| [ |
| 1 I
| . s . l ot ) | Veen
s e __ i
TO OTHER
SECTION
6 PRINTED IN U.SA.
TI connot assume any responsibility for ony circuits shown
or ::pnoun‘: ll;m: they are free from patent infringemen?. TEXAS INST RUM ENTS
INCORPORATED 101
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LINEAR TYPES TL044M, TL044C
INTEGRATED CIRCUITS QUAD LOW-POWER OPERATIONAL AMPLIFIERS

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

FORMERLY SN52L.044, SN72L044

e Very Low Power Consumption o Low Input Offset Voltage

e Typical Power Dissipation with £2-V e Internal Frequency Compensation
Supplies . . . 340 uW

e Low Input Bias and Offset Currents

e Latch-Up-Free Operation

e Power Applied in Pairs
e Output Short-Circuit Protection

JORN

descnptlon DUAL-IN-LINE PACKAGE (TOP VIEW)

The TLO44 is a quad low-power operational amplifier

designed to replace higher-power devices in many Vees  OUT- IV o vee. WY our.
applications without sacrificing system performance. SECTA PUT  INPUT INPUT SECTB INPUT INPUT  PUT
High input impedance, low supply currents, and low 16 15 14 13 12 " 10 9
equivalent input noise voltage over a wide range of '1

operating supply voltages result in an extremely - m rl——

versatile operational amplifier for use in a variety of : 1 |
analog applications including battery-operated | |1 |
circuits. Internal frequency compensation, absence of | I SECTION B [
latch-up, high slew rate, and output short-circuit | : ! |
protection assure ease of use. Power may be applied } I : {
separately to Section A (amplifiers 1 and 4) or | |
Section B (amplifiers 2 and 3) while the other pair 1

remains unpowered. 1 2 3 4 5 6 7 8
The TLO44M is characterized for operation over the OUT-  INV_ NON- Vcc— NON- INV - OUT-  Vcee
full military temperature range of —55°C to 125°C; PUT INPUT v SECTA MW INFUT - PUT  SECTS
the TLO44C is characterized for operation from 0°C

10 70°C.

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

TLO44M TLO44C uNnIT
Supply voltage Vcc+ (see Note 1) 22 18 \Y
Supply voltage Vcoc— (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
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 —55to 125 0to70 °c
Storage temperature range —651t0 150 [—65t0 150 °C
Lead temperature 1/16 inch from case for 60 seconds J Package 300 300 °c
L.ead 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 Va4 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,
. 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 756°C free-air temperature.
6. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.

w N
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TYPES TLO44M, TL044C
QUAD LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcg+= 15V, Vggc—=—-15V
TLO44M
PARAMETER TEST CONDITIONST TLO44C UNIT
MIN TYP MAX | MIN TYP MAX
\ ! t offset volt Rg < 10kQ 25°C ! 5 ! 5 \Y
npu v m
10 put otfset voltage S Full range 5 75
25°C 5 40 15 80
Ito Input offset current nA
Full range 100 200
) 25°C 50 100 100 250
lig Input bias current nA
Full range 250 400
25°C 12 #13 12 13
V) Input voltage range v
Full range 12 +12
v Maximum peak-to-peak RL=10kQ 25°C 20 26 20 26 v
OFP output voltage swing RL =10k | Full range 20 20
A Large-signal differential RL =10k, 25°C 72 86 60 80 dB
VD voltage amplification Vpo=+10V Full range 72 60
Bq Unity-gain bandwidth 25°C 0.8 0.8 MHz
. . 25°C 60 72 60 72
CMRR Common-mode rejection ratio Rg < 10 k&2 dB
Full range 60 60
25°C 30 150 30 200
AV|p/AVc Supp! It itivit Rg < 10k VIV
10/2YCC Supply voltage sensitivity S Full range 150 200 w7
Ayp =204dB,
Vn Equivalent input noise voltage B =1Hz 25°C 50 50 nV/\/Hz
f=1kHz
los Short-circuit output current 25°C +6 16 mA
| Supply current No load, 25°C 250 400 250 500 "
cc (Four amplifiers) No signal Full range 400 500 s
P Total dissipation No load, 25°C 7.5 12 7.5 15 W
D (Four amplifiers) No signal Full range 12 15

tAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for TLO44M is —55°C

TLO44C is 0°C to 70°C.

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

to 125° and for

TLO44M TLO44C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX |MIN TYP MAX
ty Rise time Vi=20mV, R =10k, 0.3 0.3 us
Overshoot factor Cp =100pF, See Figure 1 5% 5%
V=10V,  RL=10k%,
SR i i 0.5 .
Slew rate at unity gain CL=100pF, SeeFigure 1 05 Vs

TEXASI INSTRUMENTS

NCORPORAT
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TYPES TLO44M, TL044C

QUAD LOW-POWER OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS
TOTAL DISSIPATION
Vs
SUPPLY VOLTAGE
10 T )
7 E No load
| No signal
4 [ Ta=25°C ~
Z L~
Vi
‘ | /
ouTPUT N 2
INPUT E %
T ) g
N 2 1 )
[a] 7
INPUT VOLTAGE oL 100pF 7T Ao | 07 £
WAVEFORM E 7
e L 04 |—if
[a]
a
TEST CIRCUIT 02
0.1 -
0 2 4 6 8 10 12 14 16 18 20
Vet |—Supply Voltage—V
FIGURE 1-RISE TIME, OVERSHOOT FACTOR,
AND SLEW RATE FIGURE 2
schematic (each section)
OUTPUT
- o R | - S0 D
| +—+ t cc+
' k ! ! ! TO OTHER
| 1 i AMPLIFIER
| [ < |
1 ol I
[ N |
| |1 |
1 i1 |
I || |
I b 1
e ' !
INVERTING l l
INPUT |
o | | |
I b |
! || |
| 11 |
' i :
1 : Il Vee-
L _____~ T __—_—__ il «
PRINTED IN U.S.A .
TI connot assume cny responsibility for any circuits shown
TEXAS lNST RUM ENTS or represent that they are free from patent infringement.
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FUTURE PRODUCT TYPES TLOS1AC AND TLO81C
TO BE ANNOUNCED JFET-INPUT OPERATIONAL AMPLIFIERS

JUNE 1976
JFET Input Stage o No Frequency Compensation Required
High Input Impedance. . . 108 @ Typ e Continuous-Short-Circuit Protection
High Slew Rate Typically 9 V/us ¢ Unity Gain Bandwidth . .. 3MHz Typ
o 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 G ORP 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 [ i vond
technology (JFET’s on the same chip with standard mmmm_
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-
. . . t[12[]31]4
_ The TLO8I1C is characterized for operation from 0°C S v o PIN
10 70°C. mce e |8V, cc- IN 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 Vog+{see Note 1) . . v . v o o o 0 o o h e e e e e e e 18V
Supply voltage VCC— fsee Note 1} . . . . . . o o v vt Lo e e e e e e —18V
Differential input voltage (see Note2) . . . . . . « . « . . o . . a et e e e e e e e +30V
Inputvoltage {see Notes Tand 3) . . . . . . . . . o« o . L. e e e e e e e e e e +15V
Duration of output short-circuit {see Noted4) . . . . . e e e e e e e e+« . . unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note5) . . . .. ... . . . B70mW
Operating free-air teMPErature FaNge . . . « « « « « + & « « o o o o o o o e e e 0°Cto 70°C
Storage temperaturerange . . . . . . . . . . o« - - . e e e . .......—B5Ct0150°C
Lead temperature 1/16 inch from case for 60 seconds: JGor L package e e e ... .. ..300C
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 V¢c+ and Veoo—.
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.
4, The output may be shorted to ground or either supplv Temperature and/or supply voltages must be limited to ensure that the
dissipation rating is not exceeded,

w

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. This vatlng 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 ST RU M ENTS 105
on a product in the developmental stage. Texas INCORPORATED

Instruments reserves the right to change or POST OFFICE BOX 5012 e DALLAS, TEXAS 75222

discontinue this product without notice.



TYPES TLOS1AC AND TLOS81C
JFET-INPUT OPERATIONAL AMPLIFIERS

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

PARAMETER TEST CONDITIONSt TLOBIAC JLO8IC UNIT
MIN TYP MAX |MIN TYP MAX
Rg=50Q 6 10 15
Vio Input offset voltage S mV
Rg=50Q, Ta = full range 7.5 13 20
Temperature coefficient Re =50 0 T =full o 10 10 Ve
avio of input offset voltage 5 ’ A= fullrang K
0.2 0.5 0.2 0.5 .
ho Input offset current nA
TA = full range 04 1 0.4 1
. 2 4 2 4
hg Input bias current nA
TA = full range 3 6 3 6
- 12 +10
Common-mode input
VICcR to to \
voltage range
—12 -10
v Maximum peak-to-peak T full range R >10kQ 24 26 24 26 v
= r
oep output voltage swing A ang RL =2k 20 20
Large-signal differential RL =10 k&, Ta=25°C 25 200 25 200
Avb ge-signal diiters L A Vimv
voltage amplification Vo=210V TA = full range 15 15
ri input resistance 10° 10° 2
Common-mode rejection
CMRR . Rg =10 k2 70 90 70 90 dB8
ratio
Supply voltage rejection
kgyp®  PPly voltage reject 70 80 70 80 dB
ratio
No load, Ta=25°C 2 4 2 4
Icc Supply current ) mA
No signal Ta = full range 3 6 3 6
*ksvR = AVcci/AVio.
t ANl characteristics are specified under open-loop operation, unless otherwise noted. Full range for Ty is 0°c to 70°C.
operating characteristics, Vec =+15 V, Ta = 256°C
TLOS1AC TLO81C
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX MIN TYP MAX
SR Slew rate at unity gai Vi=iov, AL=2ka, 9 9 Vi)
w rate at uni in s
unity ga CL = 100 pF K
PRINTED IN U.S.A. €
106 TEXASl JC§R§IRBT?I)M ENTS
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FUTURE PRODUCT
TO BE ANNOUNCED

TYPE TLO84C

QUAD JFET-INPUT OPERATIONAL AMPLIFIER

JUNE 1976
e High Input Impedance — JFET Input Stage JORN
. N . DUAL-IN-LINE PACKAGE (TOP VIEW)
e Continuous-Short-Circuit Protection -
. . . AMPLIFIER NO. 4 AMPLIFIERNO. 3
e Wide Common-Mode and Differential ’ Ao S e Ao

Voltage Ranges
o No Frequency Compensation Required
e Low Power Consumption
e No Latch-Up
e Gain and Phase Match Between Amplifiers
e High Slew Rate ... 9 V/us Typ
description
The TLO84 is a monolithic quadruple JFET-input

operational amplifier. The high slew rate, high input
impedance, and low input bias and offset currents

ING VERTING

OUTPUT INPUT INPUT  Vee~ INPUT  INPUT QUTPUT

VERTING ING

14 13 12

1 2 3 4 5 6 7
OUTPUT INVERT- NONIN- Vet NONIN. INVERT- OUTPUT
ING  VERTING VERTING ING
\ INPUT INPUT ,  \ INPUT INPUT /

V
AMPLIFIER NO. 1

V
AMPLIFIER NO. 2

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

HAA4741 quadruple operational amplifier pinout.

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

Supply voltage, Veo+
Supply voltage, VoC—
Input voltage

Continuous total dlSSlpatlon at (or below) 25 C free -air temperature

Operating free-air temperature range
Storage temperature range

electrical characteristics

at 25°C
over temperature range
Temperature coefficient of mput offset voltage

Input offset voltage:

Input offset current: at 25°C
over temperature range
Input bias current:  at 25°C

over temperature range .
Maximum peak to peak output voltage swing at 25°C
Large signal differential voltage amplification: at 25°C

over temperature range

Common-mode rejection ratio
Supply voltage rejection ratio
Supply current per amplifier

18V
—18V

. 215V

500 mW

0°C to 70°C

. —65°C to 150°C

MIN TYP MAX UNIT
10 15 mV

20 mV
10 uv/°c

0.2 0.5 nA

1 nA

2 4 nA

6 nA

24 26 A\

25 200 V/mV
15 V/mV

70 90 dB

70 80 dB

TENTATIVE DATA SHEET

This document provides tentative information
on a product in the developmental stage. Texas TEXAS lN ST RTU MENTS

Instruments reserves the right to change or
discontinue this product without notice.

INCORPORA
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222
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INTEGRATED
CIRCUITS

LINEAR

CHOPPER-STABILIZED

TYPES TLO891, TLOBSC
OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612421, JUNE 1976

Very Low Input Offset Voltage . .. 25 to 50 4V Typ e Output Short-Circuit Protection

Very Low Input Offset Voltage Temperature
Coefficient...0.2 uV/°C

Very Low Input Bias Current . .. 150 pA Typ

Very Low Input Offset Current . . . 100 to 200 pA Typ

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

description

The TL089 high-performance chopper-stabilized
operational amplifier 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 TL089 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-
tute for other operational amplifiers wherever much
lower errors without external adjustments are re-
quired. The TLO89 can replace the Harris HA2900
series of devices in most applications. It is available in

e High Slew Rate ... 10 V/us Typ

e High Gain-Bandwidth Product. . .
3 MHz Typ

Wide Common-Mode and Differential
Voltage Ranges

e Very High Voltage Amplification . . .
175 dB Typ

L PLUG-IN PACKAGE
(TOP VIEW)

INVERTING
INPUT

NONINVERTING

FIGURE 1 -

[
an eight-pin hermetic plug-in package with standard INPUT SH
pin-out and requires only three capacitors for v
operation. . ce-
. . . PIN 4 IS IN ELECTRICAL
TheoTL089I° is characterized for opet;atlon frgm CONTACT WITH THE GASE
—25°C to 85 C and the TLO89C from 0°C to 70 C.
functional block diagram
INVERTING
INPUT -
Al OUTPUT
NONINVERTING +
INPUT
A4 | ® CF
| lq
A2 -+
+ A3
L CsH

TEXAS INSTRUMENTS
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TYPES TLO089I, TLO8IC
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS

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

TLOBII TLO89C UNIT

Supply voltage, Vce+ (see Note 1) 20 20 \4
Supply voltage, Voo — (see Note 1) —20 —20 \
Differential input voltage (see Note 2} 15 +15 \4
Input voltage (any input, see Notes 1 and 3} +15 +15 \
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 mwW
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 Vcc+ and Vgg—. 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.

. 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 power supply.

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

abd N

recommended operating conditions

TLO8I!I TLOB9C
UNIT
MIN MAX MIN MAX
Supply voltage, Veo+ 10 20 10 20 \
Supply voltage, Voo— -10 —20 -10 —-20 \2
Operating free-air temperature, TA -25 85 0 70 °C
Vee
Cp=0.1uF ;_
INVERTING —_
INPUT OUTPUT
NONINVERTING ____|
INPUT
CSH =0.1 uF
Vee-
FIGURE 2—-TYPICAL GAIN CONFIGURATION SHOWING EXTERNAL COMPONENTS
i76
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TYPES TLO8YI, TLOBSC
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vec+=15V, Vggc—-=-15V
TLOBYI TLO8IC
P, METER TEST CONDITIONS?
ARA DITIONS MIN_TYP_MAX | MIN _TYP  MAX | N
v Inout offset vor 25°C - 25 50 50 150 v
n set Vi e
10 puto oltag Full range 80 200 #

Average temperature
ayvio coefficient of input Full range 0.2 0.2 rv/°C
offset voltage

| Input offset . 25°C 100 . 300 200 600 A
nput offset curren
10 i : Full range 500 1000 | ©
Average temperature
a0 coefficient of input Full range 2 2 pA/°C
offset current
. 25°C 150 500 150 1000 pPA
g Input bias current
Full range 10 15 nA

Common-mode input o . ’
VICR 25°C +10 +10 A
voltage range

Maximum peak-to-peak

Voprp output voltage swing Ry =2kQ 25°C 20 24 20 24 \
AVD Large-signal differential R =2k, 25°C 100 175 100 195 dB
voltage amplification Vo =10V
fch Chopper frequency 25°C 400 400 Hz
Bq Unity-gain bandwidth 25°C 3 3 MHz
ri Input resistance 25°C 100 100 M
ro Output resistance 25°C 200 200 Q
CMRR Common-mode Rg < 10 kQ 25°C 80 80 dB

rejection ratio

S iy voltage
ksvR" upply voltag Rg <10 k2 25°C 80 ‘ 80 dB
rejection ratio

Short-circuit output o
los ort-eireuit outpu 25°C 10 20 10 20 mA
current

No load, o
lce Supply current ! 25°C 6 10 6 10 mA
No signal

*ksyR = AVeg/AVo.- B . .
TFull range for the TLOBY! 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, Vcgc— =—15V, CT = 1500 pF, CF =CSH = 0.1 uF, Ta = 25°C

TLOBII TLOS!
PARAMETER TEST CONDITIONS 9C UNIT
MIN TYP MAX | MIN TYP MAX
SR Slew rate Ay =1 - 10 10 V/us
Maximum-output-
BoM swing bandwidth Vom = £10V 160 160 kHz
110 TeEXAS INSTRUMENTS
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TYPES TL089I, 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
5. 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.

)

i—

HIGH FREQ. HIGH PASS
—> I
N\
LOW FREQ. L
(d)
(b)
LOW PASS

H

CHOPPER
DRIVE

ll]—b

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

(a) /_\/—\

INPUT 0

(b)
MODULATEDgQ LI |—| L] I—I LJ

INPUT

(c)
PRIOR TO O
DEMODU-
Lation |\ |

-

(d)
AFTER
DEMODU-

LATION ] N e

(e)
AFTER

LOW-PASS
FILTERING
AND
SUMMING

FIGURE 3-SIMPLIFIED BLOCK DIAGRAM OF TYPICAL DISCRETE CHOPPER STABILIZED OPERATIONAL AMPLIFIER
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TYPES TLO89I, TLOBSC
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS

wide-band amplifier, A1. The low-frequency
components (<100 hertz in this example) are
processed through the lower signal path — the
chopper channel. The low-frequency signal is
periodically shunted to ground by the action of the
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 to restore the proper dc level. A low-pass filter
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 cancellation 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 TL0O89 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
microsecond. Frequency compensation is internal.

The low-frequency input signals are ‘’chopped’’ by
the differential input chopper periodically shorting
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, CgH, holds this condition during the next
interval of time, while the input chopper couples the
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 areina
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 input
voltage 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
Amplification . . . 2600 Typ

e CMRR...80dB T Typ

description

The TL702 is a high-gain, wideband operational
amplifier having differential inputs and single-ended
emitter-follower outputs. 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.
Component matching, inherent in silicon monolithic
circuit-fabrication techniques, produces an amplifier

schematic

—O Veer
8ka 8ka
<
2k ; 2k LEAD
¢ COMP
"E 34k
LAG
GND O~ -0 comp
INVERTING { 24
INPUT S ki1
NON- OUTPUT
INVERTING
INPUT
26k
Component values shown 2240 1
are nominal
24k 2400
O Vee~

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 —55°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
PACKAGE (TOP VIEW)

L PLUG-IN PACKAGE
{TOP VIEW)

u

FLAT PACKAGE

(TOP VIEW)

LAG LEAD
NC  Vcc+ NC OUTPUT COMP COMP NC

wilufpjunjjwuljsges

INV
INPUT

+,

\_I

ViJ2[]afle])5](]6[]7 INPUT

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

PIN 4 1S IN ELECTRICAL CONTACT WITH THE CASE

v pd ¥ L
NC GND  INV  NON.  vce-
INPUT  INV
INPUT

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 v
Supply voltage VCcC— (see Note 1) -7 -7 v
Differential input voltage (see Note 2) +5 +5 \
Input voltage (either input, see Notes 1 and 3) —-6to1.5 | -6t01.5 \
Peak output current {ty < 1) 50 50 mA
Continuous total dissipation at {or below) 70°C free-air temperature (see Note 4) 300 300 mwW
Operating free-air temperature range —55to0 125 0to 70 °C
Storage temperature range —65 to 150 | —65 to 160] °C
Lead temperature 1/16 inch from case for 60 seconds | J. L, or U package 300 300 °Cc
Lead temperature 1/16 inch from case for 10 seconds ] N package 260 260 °C

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

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

1
2.
3. The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages.
4

. For operation of TL702M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2.
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TL702M

electrical characteristics at specified free-air temperature

TL702M
PARAMETER TEST CONDITIONS! Vees =12V Vees =6V |y
Vec-=-6V vVee-=-3V
MIN TYP MAX|MIN TYP MAX
25°C 2 5 2 5
Vio Input offset voltage Rg <2k Foll range 5 5 mvV
Average temperature coefficient —55°C to 25°C 10 10
avio of input offs':t voltage Rs=50a iﬁ: to 125°C 5 5 uvre
25°C 0.5 2 0.3 2
ho Input offset current —55°C 1 3 31 uA
125°C 02 3 3
Average temperature coefficient —-55°C to 25°C 6 5 o
o0 ) g g nA/°C
of input offset current 25°C to 125°C 3 2
[IT:] Input bias current 250(,:, 410 25 ! HA
-55°C 65 20 14
v Input voltage range Positive swing 25°C 0.5 1 0.5 1 v
Negative swing -4 -5 -15 =2
Vorp Maximum peak-to-peak R > 100 k2 10 106 5 54 v
output voltage swing R =10k 8 4
. ] C.v LS 1400 2600
Avp "I':i'i“'g"a' differential R >100kn | VO *® Full range 1000
9 amplification Vo-:25V | 25°C 380 700
] 25°C 8 25 12 40
r Input resistance Full range 2 kQ
o Output resistance Vo =0, See Note 3 25°C 200 500 300 700 |
CMRR Common-mode rejection ratio Rg < 2k 25°C 70 80 70 80 dB
AV|o/aVee Supply voltage sensitivity Rg < 2kQ 25°C 60 300 60 300 |uV/V
Icc 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

t 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, Vcc+ =12V, Vgg—-=-6V
TL702C
PARAMETER T CONDITIONST ” UNIT
RA E TESTCO S MIN TYP MAX
\ Input offset volt. Rg < 2kQ 25°C 5 10 \
m
10 nput offset voltage S Full Range 15
Average temperature coefficient o
Rg=50%Q Full Range 5 v/°C
avio of input offset voltage §=5 9 uvi
1 Input offset t 25°¢ 95 A
10 nput ofiset curren Full Range 75 .
Average temperature coefficient 0°C to 25°C 5
a0 . S 5 nA/°C
of input offset current 25Cto70°C 3
| Ieout bi . 25°C 4 15 A
1B nput bias curren o s 0] *
Positive swing 05 1
\ Input voltage range 25°C Y
! put voltag 9 Negative swing -4 -5
Maximum peak-to-peak o
- Voprp i RL = 100 k2 25°C 10 106 \Y
output voltage swing
Large-signal differential 25°C 1000 2600
A R = 100k&, Vo=1t5V
VD voltage amplification L o Full Range | 800
. 25°C 6 25
i Input resistance Full Range | 35 kQ
o Output resistance Vo =0, See Note 3 25°C 200 600 Q
CMRR Common-mode rejection ratio Rg < 2k§2 ' 25°C 65 80 dB
AV|o/AVcc Supply voltage sensitivity Rg< 2k& 25°C 60 300 | uVv/V
Icc Supply current : No load, No signal 25°C 5 7| mA
Pp Total power dissipation No toad, 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 Vec+ = 12V, Vgc—=-6 V, Tao =25°C
TEST BOTH TYPES
PARAMETER TEST CONDITIONS UNIT
FIGURE MIN TYP MAX NI
L 1 Vy=10mV, Cy =0 25 120 ns
ty  Rise time
2 Vi=1mV 10 30 ns
Overshoot fact 1 Vi =10mV, C = 100 pF 10% 50%
vershoot factor 2 Vi=1mV 20% 40%
1 V=6V, CL = 100 pF .
SR Slew rate 1=6 L P L V/us
2 V=100 mV 11
1
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

2 k2
vi 1N916
—i——o—1-
= 0) OUTPUT
INPUT 4=
—T vV 2 kQ2 =
= LEA
COMP LAG
INPUT V
V) OLTAGE 200 pF (OPEN) COMP iry =
WAVEFORM 0.01 uF 1:100 kS ~~CL
20
= = =
FIGURE 1—UNITY-GAIN AMPLIFIER
5 k2
Vi 50 2
—W—e—o0——o—
= »—? OUTPUT
INPUT + =
—_———=0V
= LEAD LAG
INPUT VOLTAGE COMP COMP
WAVEFORM 50 Q 50 pF SRy = 100 kO
l =

FIGURE 2—-GAIN-OF-100 AMPLIFIER
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TYPES TL702M, TL702C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

MAXIMUM PEAK-TO-P

TYPICAL CHARACTERISTICS

EAK OUTPUT VOLTAGE
vi

FREQUENCY
(for various lag compensations)

> M Ve TTTy TR o0kn
} vee- = = TA =25°C
¥ n
s
>
3 10 .
8 O (3] - 9
o 2 . 4
8 }— L i s U4
(=1 [-)

% =\IlE 2\ 2V S
§ o™ L=\ % “\
t "J i "s 2
g 4 P i\ "% )
2 L+ L L1 )
; .%o 2 N

2 )
E \\,.m N \'ﬂ.
> o

100 1k 10k 100k ™

f—Frequency—Hz
FIGURE 3

LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION

LAG
Cq RL
Ry

LAG COMPENSATION CIRCUIT
FOR FIGURES 3,4, AND S5

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vi

v FREQUENCY
FREQUENCY {for various lag compensations)
104 104
AVDI0) = AVD at f =1 Hz Open-Loop, C1 = 0 Vees =12V
§ Open-Loop vee+ =12V 5 xsc_'lso_:nv
k3 vee-=-6V 3 T oes
:‘g 10 C1=0.14F :g 10! i l AN TA=25°C
3 R1=0 8 A - 100 N
3 AL = 100k < voto) N
< L Cq =100 pF, Ry =2 k52 | [N
% 107 TA=26°C 5’ 10?
2 Avp(o) = 100 [[TTh 5 ”m |
K Closed Loop > AvD(0) = 10
3 g J 3 | |c1~1000pF. Ry = 2000
2 10 10 =
i " [Avow+To ] H RALLLU Rl
$ Closed-Loop ] AvD(0) =
e . 2 Cy= oouF Ry=20Q
[=]
2 [aeo < LTI T
< Closed-Loop
o=t 10- AyD(0) = Ayp atf=1Hz
100 10k 10M 100k ™ 1M 100 M
f-Frequency—Hz {—Frequency—Hz
FIGURE 4 FIGURE 5
LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
v
FREQUENCY
(tor various lag compensations) R
100 F
AvD(0) = Avpatf=1Hz e AAA
5 |||| vees =12V M
£ Open-L Vee-=-6V
g 10° %P, €50 C3=50pF
3 Ae] Ta=25°C o
< | [N = |
% 10 I Ca
2 AvDI(0) = 100, C2 = 0, RF = 10kad P —O
o
: \ 2 2|
s 10
§ AVDI(0) = 10,C2=1 \
S it A
g Avp(0) = 1,C2=001 uF
< R2= 200, RF = 10k h
O T AT Il cs
100 ™ 0M 100M
LEAD-LAG COMPENSATION CIRCUIT
t—Frequency—Hz FOR FIGURE 6
FIGURE 6
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LINEAR TYPE uA702M
INTEGRATED CIRCUITS GENERAL-PURPOSE OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 7612408, JUNE 1976

FORMERLY SN52702A

e Open-Loop Voltage schematic
Amplification . .. 3600 Typ
. o » . g O Vee+
o Designed to be Interchangeable With sg o e
Fairchild nA702
e CMRR...100dB Typ 2xa 2k oLEAD
4 COMP
1"{; 34ka
description aNp o — olag
The uA702 is a high-gain, wideband operational T 24
amplifier having differential inputs and single-ended INVERTING outPuT
emitter-follower outputs. Provisions are incorporated INPUT __L: e
within the circuit whereby external components may Companent vlvesshawn Y pon ’
be used to compensate the amplifier for stable ace nominal
operation under various feedback or load conditions. e : ion
Component matching, inherent in silicon monolithic
O Vee-

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.

n terminal assignments
u
J DUAL-IN-LINE L PLUG-IN PACKAGE FLAT PACKAGE

PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW)

LAG LEAD vees
NC Vccs NC QUTPUT COMP COMP  NC

LAG LEAD
Ve NG OUTPUT comp  COMP

INV

. ] T T L] T
INV
wor (ORONONO,
vee- INV. NON -
NC NC GND INV NON- vee- NC c e o INPUT n\?v 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 Voo+ (seeNote 1) . . . . . . . . . . . . ... ... [ [ Y
Supply voltage Voo {seeNote 1) . o . . . L L L L L L L Lo L s s s e e e e . =TV
Differential input voltage (see Note2) . . . . . . . . . . . . . . . . . . ... ... LAY
Input voltage (either input,see Notes1and3) . . . . . . . . . . . . . . .« .. .. —6 V tol5V
Peak output current {tyw <1s) . . s e s e e e o v . . BOMA
Continuous total dissipation at {or below) 70 C free‘a|r temperature (see Note 4) e e e e e e .. . 300mW
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . . .=55Cto125°C
Storage temperature range . . . e v+ . ......-—B5Cto150°C
Lead temperature 1/16 inch from case for 60 seconds J L,or U package e e e . . . . . . . . .300°C

NOTES: 1. All voltage values, unless otherwise noted, 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 lesser of the two supply voitages.
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? Vec—=—-6V Vec-=-3V_ |uNiT
MIN TYP MAX|MIN TYP MAX
25°C 05 2 0.7 3
Vio Input offset voltage Rg < 2kQ2 Full range 3 2 mV
Average temperature coefficient —55°C to 25°C 2 10 3 15
avio of input offset voltage Rs=50a 25°Cto 125°C 25 10 35 s |V
25°C 0.2 05 0.12 05
ho Input offset current -55°C 04 15 03 15| pA
125°C 0.08 05 0.05 0.5
Average temperature coefficient —55°C to 26°C 3 16 2 13 o
10 . S g nA/°C
of input offset current 25°C to 125°C 1 5 0.7 4
hB Input bias current ¢ 25 12 38 KA
—55°C 4.3 10 26 75
Positive swing ° 0.5 1 0.5 1
\7] Input voltage range Negative swing 25°C 2 r 5 2 \Y
25°C 10 106 5 54
v Maximum peak-to-peak Ry > 100ka Full range 10 5 v
opp output voltage swing Ry = 10k 25°C 7 8 3 4
R > 10kQ Full range 7 3
25°C 2500 3600 6000
. . . Vo =%5V
Large-signal differential Full range | 2000 7000
Avp . Ry = 100 k2 Y
voltage amplification Vo =+25V 25°C 600 900 1500
Full range 500 1750
. 25°C 16 40 22 67
r Input resistance Full range P r k2
o Output resistance Vo =0, See Note 3 25°C 200 500 300 700 | Q@
CMRR Common-mode rejection ratio Rg < 2kQ 2%5°C 8 100 80 100 dB
Full range 70 70
25°C 75 75
AV|0/AVGC Supply voltage sensitivity Rg < 2kQ Full range 200 200 uv/iv
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
TAll 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 Vog+ =12V, Vec—=-6V, Ta =25°C
TEST
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
FIGURE
L 1 Vi=10mV, CL=0 25 120 ns
tr  Risetime 2 Vi-1mV 0 30 | ns
Overshoot factor 1 Vi=10mV, Cp =100 pF 10% 50%
2 Vi=1mV 20% 40%
1 V=6V, Cp = 100 pF 1.7
SR Slew rate 2 V=100 mY T Vlius
576
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TYPE uA702M
GENERAL-PURPOSE OPERATIONAL AMPLIFIER

Vi

—_———0vV

INPUT VOLTAGE
WAVEFORM

Vi

—_—0

INPUT VOLTAGE
WAVEFORM

PARAMETER MEASUREMENT INFORMATION

FIGURE 1-UNITY-GAIN AMPLIFIER

5 k
50 O
[ W—e—0——1—
= —? OUTPUT
+ =
= LEAD LAG
COMP comp |
50 nl S0PF  $p; -100kn

FIGURE 2—-GAIN-OF-100 AMPLIFIER
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TYPE uA702M

GENERAL-PURPOSE OPERATIONAL AMPLIFIER

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO PEAK OUTPUT VOLTAGE

v§
FREQUENCY
{for various lag compensations)

> M
1 vees =12V RL =100k
% VGC-=-6V  Ta=25'C
= 12
o
>
2 1w
6 O (2] - 9
£ Bi_ " p p
H - H = S AL
a o o
s g Al BV 2
R S Vi B e
& » 5 ‘9‘ =
£ “\ A A A
S XD
x ) 2
3 \ s} )
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é \\L \-I \\-
> 0

—Frequency-Hz

FIGURE 3

LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
s

v
FREQUENCY
104 —
H‘ AvD(0) = Aypatf=1Hz
1 Open-Loop vee+=12V
] vee—-=-6V
T 2
< 10 Cy=0.1uF
a R1=0
N 1
£ Ny RL = 100 k02
g 107 Ta=25C
z AvD(0) = 100
S Closed-Loop ’
3 o LT | W
& AvD(0) = 10 "‘
2 Closed Loop
a
5 ' 1 w \'||
S AvD(0) = 1 | I
< Closed Loop f " ‘
10-! - .

100 1k 10k 100 k ™ 10M

f~Frequency~Hz

FIGURE 4

LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION

v§
FREQUENCY
(for various lag compensations)

10°
AvD(0) = Avp atf=1Hz
s —Uimlmu
E 108 Open Lagp c, g;:sg(;p—pev
3 H ” . TA=25C
; i
& 07 BN
2 AvD(0) = 100, C2 = 0, Rf »wkn N
o L LU LU
2 0
$ Avmo» =10, C2 = 1000 pF, N
2 22000, RF =10k
g L L
9 Ayp(0) = 1, C2 = 0.01 uF, ~
< R2= 201, RF =10k
sor L L LU I
100 ™ oM 100M
f-Frequency~Hz
FIGURE 6

LAG
Cq
Ry

RL

LAG COMPENSATION CIRCUIT
FOR FIGURES 3,4, AND S

LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION

vs
FREQUENCY

(for various lag compensations)

.
10 T T

L
10? TA
IS
AvD(0) = 100
C1-100pF Ry=2ka |

10?

Open Loop, C1 =0 vees =12V

’4

T
Avo(O) =10
Cy = 1000 pF, Ry = 200 2

Ayp-Difterential Voltage Amplification

T TITH
gy aen NN
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(LTI
0 100 k ™ 10M 100M
i-Frequency-Hz
FIGURE 5
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‘V‘V‘T
O >
X
2 b o
R2
+
C3
LEAD-LAG COMPENSATION CIRCUIT

FOR FIGURE 6
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76

LINEAR
INTEGRATED CIRCUITS

TYPES uA709AM, uA709M, uA709C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

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

FORMERLY SN52709A, SN52709, SN72709

e Common-Mode Input Range ... =10 V Typical
e Designed to be Interchangeable with Fairchild nA709A, 1 A709, and ©A709C
e Maximum Peak-to-Peak Output Voltage Swing . . . 28 V Typical with 15 V Supplies

description

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
are particularly useful for applications requiring
transfer or generation of linear or nonlinear
functions.

The uA709A circuit features improved offset
characteristics, reduced input-current requirements,

and lower power dissipation when compared to the uA709 circuit. In addition, maximum

schematic

=]

Wit

7

-

INPUT FREQUENCY
COMPENSATION

28k

2

]

cce
20mt

e

b

10k

INVERTING
weut

NONINVERTING,
INPUT

24m

ouTPuT
FREQUENCY
COMPENSATION

s

10w

50

Component vahuen shawn ars nominal

average temperature coefficients of offset voltage and current are guaranteed.

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.

values of the

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
PUT ouTPUT INPUT ouTPUT FREQUENCY INPUT ouTPUT

OUT- FREQ FREQ

FREQ OUT- FREQ
NC  NC COMP A Vccs PUT COMP  NC

COMP A Vccs PUT  COMP

NC  NC INPUT INV_ NON- Vec— NC INPUT INV_ NON- VCC-
FREQ INPUT INV FREQ INPUT INV
COMP B INPUT

COoMP B INPUT

OuUTPUT
INV FREQUENCY
INPUT Vee- comp

PIN 4 1S IN ELECTRICAL
CONTACT WITH THE CASE

FREQ FREQ
NC COMP A VCcc+ OUTPUT COMP

© 0BT

(ORONONO,

NC INPUT  INV NON. vee-
FREQ INPUT 1NV
COMP B INPUT

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—.
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

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

uA709AM
WA709M uA709C |UNIT
Supply voltage Vce+ (see Note 1) 18 18 v
Supply voltage Voo (see Note 1) —-18 -18 \'
Differential input voltage {see Note 2) +5 +5 \4
Input voltage (either input, see Notes 1 and 3) +10 +10 v
Duration of output short-circuit (see Note 4) 5 5 s
Continuous total dissipation at {or below) 70°C free-air temperature (see Note 5) 300 300 mW
Operating free-air temperature range —551t0125| Oto 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 sLN

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

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

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

PARAMETER TEST CONDITIONS? MIN UA'I-'IgPBIAMMAX MIN u‘:?y(:azm MAX UNIT
25°C 06 2 1 5
Vio Input offset voltage Rg < 10k$2 Full range 3 5 mV
ul
= Rg =508 Full range 1.8 10 3
Average temperature coefficient > >
avio X _ [—55 C1025°C 4.8 25 6 uv/re
of input offset voltage Rg=10kQ2 l 25°C to 125°C 2 P 5
to
25°C 10 50 50 200
ho Input offset current -55°C 40 250 100 500 nA
125°C 35 50 20 200
Average temperature coefficient |—55°C to 25°C 0.45 2.8 nASC
110 of input offset current I 25°C to 125°C 0.08 05
. 25°C 0.1 0.2 0.2 05
1133 Input bias current 55°C 03 06 05 15 uA
25°C +8 10 +8 +10
Vi Input voltage range Vect =*15V Full range pry pr A\
° 24 28 24 28
N Veer=£15V, R =10k 5C
v Maximum peak-to-peak Full range 24 24 v
opp output voltage swing Voot -:15V, RL-2kQ | 25°C 20 26 20 2%
Voot =315V, R >2kQ Fuil range 20 20
A Large-signal differential Voc: =+15V, R =2k, |25°C 45 45 vimv
VO voltage amplification Vo =110V Full range 25 70 25 70
25°C 350 750 150 400
ri Input resistance 55°C 5 185 20 700 k$2
ro Output resistance Vo =0, See Note 6 25°C 150 150 Q
_____ - o . i 25°C 80 110 70 90 R
CWMRA Common-mode rejeclion ratio Rs<i0k82 Full range 0 70 dB
o 25°C 40 100 25 150
AV|Q/AV ¢ Power supply sensitivity Rg < 10 k2 Full range 100 50 uv/IvV
v 15V No load 25°C 2.5 36 2.6 5.5
=% . o load,
Ice Supply current CC.t —55°C 2.7 45 mA
No signa! 125°C 21 3
v 15V, Noload 25°C 75 108 78 165
=% . o load, v
PpD Total power dissipation CC.z -55"C 81 135 mwW
No signal 125°C 63 90

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

Al typical values are at Voot =215 V.

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 uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

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

PARAMETER TEST CONDITIONS? uA703C UNIT
MIN TYP MAX
Vio Input offset voltage ;(S:C: 1—01'(9ﬂv =18V, zillcrange 2 712 mv
ho Input offset current Vee: =t9Vtox15V 25°C 100 500 nA
= Full range 750
g Input bias current Vee: =t9Vto:15V 25°¢ 03 15 uA
+ Full range 2
\ Input voltage range 25°C +8 +10 Y
25°C 24 28
Maximum peak-to-peak R > 10ka Full range 24
Vopp output voltage swing R =2kQ 25°C 20 26 v
R =2kQ Full range 20
L arge-signal differential 25°C 15 45
AvD L R <2k, Vo =10V V/mV
voltage amplification Full range 12
. 25°C 50 250
T Input resistance kQ
Full range 35
o Output resistance Vo =0, See Note 6 | 25°C 150 Q
CMRR Common-mode rejection ratio Rg < 10kQ 25°C 65 90 dB
AV|p/AV e Supply voltage sensitivity Rg < 10kQ 25°C 25 200 | uV/V
Pp Total power dissipation No load, No signal 25°C 80 200 mW
T All 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 VGc: = 29V to 15V, TA =25°C
uA709AM
PARAMETER TEST CONDITIONS uA709M UNIT
uA709C
MIN TYP MAX
fr Rise time Vi=20mV, R_=2kQ, Ses Figure 1| <t =0 98 1 ks
Overshoot factor Cp =100 pF 6% 30%

PARAMETER MEASUREMENT INFORMATION

10 kQ
ANV

Vi
OUTPUT
INPUT ‘
E— Y] 3
CL =100 pF
INPUT VOLTAGE L
WAVEFORM -

5000 pF

FIGURE 1—-RISE TIME AND SLEW RATE
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

-
1

7

INPUT OFFSET CURRENT
vs

FREE-AIR TEMPERATURE

100
\\[ Vees = £15V
< <
i e0 \7,239
< %
3 60
]
S N
5 4 X
1 R \
1
o L o N
= 2 4)09
Ay
0
275 -50 -25 © 25 5C 75 100 125
Ta—Free-Air Temperature-°C
FIGURE 2
INPUT VOLTAGE RANGE
v
SUPPLY VOLTAGE
+12
Ta = Full Range
5 10
I
s
5 8
'3 |
o
g A P
3 N
B
s ]
£ v
L
5
12
910 n 12 13 14 15
IVceil~Supply Voltage—V
FIGURE 5
TOTAL POWER DISSIPATION
vs
FREE-AIR TEMPERATURE
) |
Y
]
¢
S
5 80
8
]
9 s
£
o
3 70 N
o
7 N
b5 a5 fveer=t1sv
o No load \
No signal
1 1

60
-75 <50 -25 0 25 50 75 100 125
Ta~Free-Air Temperature~°C

FIGURE 8

TYPICAL CHARACTERISTICS
{unless designated maximum or minimum)

INPUT BIAS CURRENT
vs

FREE-AIR TEMPERATURE

500,
- ‘\\ Veer =315V
< 400 <
3 N4 i
L a5 \-v,b i
0 \% ¢
3 \ N 3
AN NI :
@ < | N @
- Ny -
5 200 <, H
g %, | N 8
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o
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TaA—Free-Air Temperature—"C

FIGURE 3

INPUT RESISTANCE
vs

FREE-AIR TEMPERATURE
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s
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FIGURE 6
uA709AM
TOTAL POWER DISSIPATION
vs
SUPPLY VOLTAGE
120 Ta = 25°C
No losd
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s s
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g S ] k-3
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(Y 1 e a
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FIGURE 9

INPUT BIAS CURRENT
vs

SUPPLY VOLTAGE

250
Ta=25°C
200 UATOIM et
-

150
100 uA709AM

50

0

o 10 N1z 13 4 s
IVccal—Supply Voltage—V
FIGURE4 .
uA709AM
COMMON-MODE REJECTION RATIO
vs
FREE-AIR TEMPERATURE
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M Fas <10k
3
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m
no ]
w0 ,/
/ ~
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FIGURE 7

uA709M, uA703C
TOTAL POWER DISSIPATION

Vs
SUPPLY VOLTAGE

200 —
Ta = 25°C
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100 /l
75 A |
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50
25 _——’/

¢
3 10 N 1213 14 s

IVCCil-Supply Voltage—V
FIGURE 10
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

VimV

Voltage

Ayp-Di

Ayp-Differential Voltage Amplification

Vopp—Maximum Peak-10-Peak Output Voltage—V

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

60

R, = 2 kO
~
50
Ve =115V
© \\1 Il : =
Vee: =12V
20 S~
T~ ]
Vee: =19V
20 P 1
T
10 1 uA709C
. | |
=75 -50 -25 0 25 50 75 100 125

T a-Free-Air Temperature—°"C

FIGURE 11

OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
FREQUENCY

Veer =15V
Ta=25°C

100 1k 10k 100k 1M 10M
f—Frequency—Hz
FIGURE 14
MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE
vs
LOAD RESISTANCE
=0 T TT
Vegs =15V
2 l1a-25°C A
26
24
A/
22
20
18
16
14 /
12
10
01 02 04 071 2 4 710

Ry ~Load Resistance—k2
FIGURE 16

TYPICAL CHARACTERISTICS

(unless designated maximum or minimum)

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

VimV

Voltage

Avp-D!

3
2

uA709AM, uA70SM
OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs

SUPPLY VOLTAGE
70
RL > 2k
60 [TA=-55Cro125°C //
50 /
Maximum
Typical (T4 = 25°C)
© A ]
//
30 / ]
20
Minimum 1
10
0
9 o n 13 4 15

IVcetl-Supply Voltage -V

FIGURE 12

CLOSED-LOOP LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
vs

FREQUENCY

AvOI(0) = Ayp at f = 10 Hz
Vees =215V
TaA = 25°C

Ayp-Closed-Loop Differential Voltage Amplitication

30

20

10}

C3=100pF, Ry = 1.5kQ,
Cz=3pF

Ct=500pF, Ry =15k,
Cp=20pF

I
Il

M oM

1
Cy = 5000 pF, Ry = 1.5k,
C3 = 200 pF

Tk

8

10k 100k

f-Frequency- Hz

FIGURE 15

MAXIMUM PEAK-TO-PEAK

OUTPUT VOLTAGE
vs

SUPPLY VOLTAGE

T = Full Range

| ]

+

T
Minimum (R > 10 kn)//

L~ Minimum (R >

L1

2x8)

—_

9 10 1 12 13 14 15

IVeeel-Supply Voltage-V
FIGURE 17

Ayp-Differential Voltage Amplification

Vopp-Maximum Peak-t0-Peak Output Voltage-V

uA709C
OPEN-LOOP LARGE-SCALE
DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
SUPPLY VOLTAGE
12,000 T T
Ry 2 2kQ
10,000 Ta = 0°C 10 70°C /
8,000 =
Rnimum
6,000
4,000
2,000
0
9 10 n 12 13 14 15
IVces ! Supply Voltage -V
FIGURE 13
OUTPUT
FREQ C2
comp

When the amplifier is operated with
capacitive loading, Ry = 50 Q.

FREQUENCY
COMPENSATION CIRCUIT
FOR FIGURES 14,15, AND 18

MAXIMUM PEAK-TO-PEAK

OUTPUT VOLTAGE
vs

FREQUENCY
32
Vegr =215V
Ta=25°C
o D RL = 10k
A o
2 11 R s
2 2l
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£ < ) 3
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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 P 15 T ,
Veer =15V / T Veee =15V 1
RL =10 kQ K /| RL=10kS ¥
o
10 TA=-55°C / 10 i/
- 0° /
/\-TA = 25°C Ta=0C p Ta=25°C
> | > |
b 5 b 5 I~ o
2 N o TA=70"C
= FTA=125"C 3
> >
i’ O
5 5
9 9
o -5 le) -5 4
> S /l
I/,
-10 -10 /'
(
/
’
4
—-15 -15
-06 -04 -0.2 0 0.2 0.4 0.6 —-06 -04 0.2 0 0.2 0.4 0.6
n V|p—Differential Input Voltage—mV V|p—Differential Input Voltage—-mV
FIGURE 19 FIGURE 20
SLEW RATE
vs§
RELATIVE °t’,""” SWING CLOSED-LOOP DIFFERENTIAL
ELAPSED TIME 100 VOLTAGE AMPLIFICATION
120 jOveuboel Vee: =t165V == ¥ m
A 40f Ta = 25°C )
100 o
E 1-!,00,, if
| 80 %10 il
4 60 g 4
H | g
3 0 H
s l o L
3 20 ==3
& 10%.
0 : Vegs =215V o H
M PRise Time  Tp=25°C
| ! 0.1
0 0.5 1 5 2 2.5 40 100 400 1000
t — Elopred 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 — 1.5
- Vee: =$9V 10215 ' 1.:1},'5
£ 1.8 g N
1;’ 1.6 T E 1.3 ~_
3 ise Time s
g4 ] ,/ § :f Rise Time
2 .
‘é 1.2 P~ V4 ? 1.0 ;um\>
§ 1.0 Slew Rote 1—— 0.9
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& r N 3 pe »
E 0.6 ——~0pen~oruoscd-Loops-:|w}>~< o 0.7
= 2 0.6
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Z 02 Z o4
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FIGURE 23 FIGURE 24
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LINEAR TYPES uA741M, uA741C
INTEGRATED CIRCUITS GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

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

FORMERLY SN52741, SN72741

e Short-Circuit Protection o No Frequency Compensation Required
e Offset-Voltage Null Capability e Low Power Consumption
e Large Common-Mode and e No Latch-up

Differential Voltage Ranges

description schematic

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

INVERTING

The high common-mode input voltage range and the eyt O
absence of latch-up make the amplifier ideal for
voltage-follower applications. The device is short-cir- “on
cuit protected and the internal frequency compensa- ot
tion ensures stability without external components. A

low-value potentiometer may be connected between

vees

ouTPUT

the offset null inputs to null out the offset voltage as orrser
shown in Figure 2. NuLL
N2 1 50 k12,
. . X orFseT vee.
The uA741M is characterized for operation over the NuLL

N1

full military temperature range of —55°C to 125°C;
the uA741C is characterized for operation from 0°C
to 70°C.

COMPONENT VALUES SHOWN ARE NOMINAL

terminal assignments

JG OR P DUAL-IN-LINE

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
Ne

our. NULL
NG NC NG vee. PUT N2 NC

wipnjinffwo|lsfls

NC Vees  ouTeut ":;l L

m.éé@@m@?

OFFSET
NULL
N

ot ()|} ourrur
Wy
DI Wl (o YoXcXeXo)e
N NG OFISET NV WON. Voc- N OFFSET NV NON- voo- PIN 4 IS IN ELECTRICAL N NC  OFFSET nv  NON- v nc
NULL INPUT NV cc
o iweur 1 puT CONTACT WITH THE CASE et weor G0
NC—No internal connection i
6
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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 Voc+ (see Note 1) 22 18 \
Supply voltage Ve — (see Note 1) -22 -18 v
Differential input voltage (see Note 2) +30 +30 \Y
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 \
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous tota! power dissipation at (or below) 25°C free-air temperature (see Note 5) 500 500 mW
Operating free-air temperature range —55 to 125 0to 70 °C
Storage temperature range —65t0 1650 —651t0150| °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. Ali 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 Vcc4 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 uA741M only, the unlimited duration of the short-
circult 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, Vgc+ =15V, Vgc—-=-15V
A741M A741C
PARAMETER TEST CONDITIONS! = 4 uNIT
MIN TYP MAX MIN TYP MAX
v Input offset volta Rg < 10kQ2 25°¢ ! 5 ! 5 \
n v
10 P 9 S Full range 6 7.5 m
AV|Q(adj)  Offset voltage adjust range 25°C +15 +15 mv
25°C 20 200 20 200
No Input offset current nA
Full range 500 300
X 25°C 80 500 80 500
[IT:} Input bias current nA
Full range 1500 800
25°C +12 +13 +12 +13
A Input voltage range v
Full range +12 12
Ry =10k | 25°C 24 28 24 28
v Maximum peak-to-peak Ry > 10k | Full range 24 24 v
orp output voltage swing RL=-2ka | 25°C 20 26 20 26
Ry > 2k | Full range 20 20
Large-signal differentiat RL>2kQ, | 25°C 50 200 20 200
Avb ge-sianal citferentl L ’ vimv
voltage amplification Vo =+10V | Full range 25 15
T input resistance 25°C 0.3 2 0.3 2 M
Vo=0V,
o Output resistance 0 25°C 75 75 Q
See Note 6
[ Input capacitance 25°C 1.4 1.4 pF
25°C 70 90 70 90
CMRR Common-moda rejection ratio | Rg < 10k dB
Full range 70 70
25°C 30 150 30 150
AVio/AVee Supply voltage sensitivit Rg < 10k VIV
1ofaVee supply voitag ity S Full range 150 150 |*
lgs Short-circuit output current 25°C +25 +40 +25 +40 mA
. Supply ¢ . No load, 25°C 1.7 2.8 1.7 2.8 mA
u urren
cc PRIy No signal Full range 3.3 3.3
N No load, 25°C 50 85 50 85
Pp Total power dissipation . mwW
No signal Full range 100 100

tAll characteristics are specified under open-loop operation, Full range for uUA741M 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, Vcc+ =15V, Veg—==-15V, Ta = 25°C

uA741M uA741C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
ty Rise time Vi=20mV, R_=2kQ, 03 0.3 us
Qvershoot factor CL = 100 pF, See Figure 1 5% 5%
V=10V, RL =2k&,
SR Slew rate at unity gain ! L . 0.5 0.5 Vius
Cp =100 pF, See Figure 1

PARAMETER MEASUREMENT INFORMATION

 —— |

INPUT
————ov

INPUT VOLTAGE =
WAVEFORM r
RL=2kQ

CL =100 pF

P———§ ) OUTPUT
+

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 uA741M, uA741C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

INPUT OFFSET CURRENT
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T
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\
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o
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FIGURE 3
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COMMON-MODE REJECTION RATIO
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‘ 8
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FIGURE 9

TYPICAL CHARACTERISTICS
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VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE
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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 uA747 and uA747C

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

AMPLIFIER NO 1 AMPLIFIER NO 2
OFFSET

7 NuLL

INI  VCCe OUTPUT NC OUTPUT VCCo 2Nt

" 13 1 n 0 L] 1)

! 2 ) 4 3 & 7
INVERT NONIN OFFSET vcr OFFSET NONIN INVERT
ING  VERTING NULL NULL VERTING ING
INPUT  INPUT  INZ N2 INPUTINPUT

WV
AMPLIFIER NO 1 AMPLIFIERNO 2

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

AMPLIFIER
NO. 1

AMPLIFIER
NO. 2

INVERTING NC-No internal connection
INPUT
S
l/‘ LN
L T
NON-
45kQ
INVERTING 30pFR k
INPUT ‘,_{; $25Q
o OQUTPUT
39 kO r’ls kQ
. 250
OFFSET }—
NULL o— ; ——(
N1 1kQ S 50 k23 e 5k 50 k3 50
OFFSET ' 3 —0 Vce-
NULL o
N2 L, TOOTHER

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 \Y
Supply voltage Ve — {see Note 1) —22 —-18 \Y
Differential input voltage (see Note 2) +30 +30 v
Input voltage any input (see Notes 1 and 3) 115 15 \
Voltage between any offset null terminal (N1/N2) and Veo— 0.5 +0.5 \Y
Duration of output short-circuit (see Note 4) unlimited unlimited

Each amplifier 500 500
Continuous total dissipation at {or below) 25°C 1N, or W package 800 800 mw
free-air temperature {see Note 5) Total package L package 525 525
Operating free-air temperature range —55 to 125 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 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 VCcC+ 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 uniimited 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 and for total package ratings, refer to Dissipation Derating Curves, Section 2,

electrical characteristics at specified free-air temperature, Vcc+ =15V, Vee—=—-15V
uA747M uA747C
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX MIN TYP MAX
25°C 1 5 1 6
Vio Input offset voltage Rg < 10k§2 mV
Full range 6 7.5
AVIO(adj) Offset voitage adjust range 25°C +15 +15 mV
25°C 20 200 20 200
lo Input offset current nA
Full range 500 300
i 25°C 80 500 80 500
lig Input bias current nA
Full range 1500 800
25°C 1 +13 12 +13
Vi Input voltage range v
Full range +12 +12
RL =10k | 25°C 24 28 24 28
v Maximum peak-to-peak Ry = 10 kQ| Full range 24 24 v
opp output voltage swing RL=2kQ | 25°C 20 26 20 26
RL =2k Full range 20 20
Large-signal differential RL>2kQ, | 25°C 50 200 25 200
AvD I vimv
voltage amplification Vo =10V | Full range 25 15
ri Input resistance 25°C 0.3 2 0.3 2 mMQ
' Output resist Vo=0V. 1 peec 75 75 2
re
o utput resistance See Note 6
C; Input capacitance 25°C 1.4 1.4 pF
. ] ] 25°C 70 90 70 90
CMRR Common-mode rejection ratic | Rg < 10k dB
Fuli range 70 70
AVipo/aV S I | itivi Rg < 10k 25°C 30 150 30 150 VIV
u voltage sensitivit
10/2TCe Supply voltag Y s Full range 150 150 | ¥
l0s 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
lcc . . mA
(each amplifier} No signal Full range 3.3 3.3
Power dissipation No load, 25°C 50 85 50 85
Pp - ) mw
(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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DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPES uA747TM, uA747C

operating characteristics, Vec+ = 15V, Vgc—=—-15V, Ta = 25°C
PARAMETER TEST CONDITIONS uA747M uA747C UNIT
MIN TYP MAX MIN TYP MAX
ty Rise time V)=20mV, R =2kQ, 03 03 us
Overshoot factor Cp =100 pF, See Figure t 5% 5%

V=10V, RL =2k,

SR Slew rate at unity gain ! L i 0.5 05 Vius
Cy_ =100 pF, See Figure 1

PARAMETER MEASUREMENT INFORMATION

Vi

INPUT +

INPUT VOLTAGE

WAVEFORM

CL =100 pF

TEST CIRCUIT

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE

»———? OUTPUT

RL=2k§

TYPICAL APPLICATION DATA

FIGURE 2—-INPUT OFFSET VOLTAGE NULL CIRCUIT

i76
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TYPES uA747M, uA741C
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS
MAXIMUM PEAK-TO-PEAK

INPUT OFFSET CURRENT INPUT BIAS CURRENT OUTPUT VOLTAGE
vs vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE LOAD RESISTANCE
1® T 11 4o T 1T > ® [Veco- 18V’ CHHA
Vece=18V ] Vees= 18V & 2 [-Veg-= ~18V
Voo = —18V Vee-=-18V ] 2 Ta='C
, oh $ y
300 -
L E g =
| |
0 \ 3 \ e UA747C {f i
g § 200 1 3 1
> uA7a7C o) ° \ ! 3
P \ : £ : SRy
b ) 2 N | g /
= 2 S UOLRD QU ( E 1 N i 12
t——t 10
0 0 g 8 /
-60-40 =20 O 20 40 60 B0 100 120 140 -60 -40-20 O 20 40 60 80 100 120 140 o1 02 04 07 1 2 a 7 10
Ta-Free-Air Tempersture—"C Ta—FrewAir Temperature—"C AL -Losd Resistance—kst
FIGURE 3 FIGURE 4 FIGURE 5
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
MAXIMUM PEAK-TO-PEAK DIFFERENTIAL DIFFERENTIAL
QUTPUT VOLTAGE VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
vs vs vs
FREQUENCY SUPPLY VOLTAGE FREQUENCY
L% > 400 10 Voo = 18V
b i F b .
" Ll m =10kn 200 A ZEC - § AL -2%n
i it . o JEEN
ix § 3
é 1] | 100 / g 104
1 u 1T 13
% % - 3 10
1 1 3 // ;
a 40 § 102
f \ 7 i
# . 9 10!
P 20 ]
13K a <
> Z
0 10 10-1
100 1k 10k 100k ™ 4 1 o1z 14 8 8 20 110 100 Tk 10k 100k 1M 10M 100M
I=Froquency=Hz Ivecs | ~Suppty Voltage—v 1—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 T 28 8 1 7
Veg+= 15V -
g % :cc:'-'"” 24 s 5221-'_":\/—
E =10kn - -
ie TR . » v e = VA
1 - o,
i \ H 90‘*{ § ouThUT 1\ Tawe
{1 e i‘m /' 5 2 L
>
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50 > 12 2 o 1
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i
b
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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

L]
e Short-Circuit Protection L]
e Offset-Voltage Null Capability .
e Wide Common-Mode and L]
Differential VVoltage Ranges
description

Frequency and Transient Response Characteristics Adjustable

Low Power Consumption
No Latch-up

Same Pin Assignments as uA709

schematic

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 WA748C is characterized for operation from 0°C
to 70°C.

terminal assignments

JOR N DUAL:-IN-LINE
PACKAGE (TOP VIEW)

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

COMPENSATION

INVERTING
INPUT

NONINVERTING
nPUT

£ 1Y
outruT

OFFSET

w21

OFFSET NULL!
COMP.

5

[

Resistor values shown are nominal and in ohms.

L PLUG-IN PACKAGE
(TOP VIEW)

U FLAT PACKAGE
(TOP VIEW)

OFFSET
Qur. UL

PUT  N2i NG

comP  vces

comp Ve

8)1]7]}l6l)5

Ut
oF

1{12[13([(4

OFFSET NV NON=
NULL/ INPUT NV
INPUT

NC  OFFSET INV  NON-
NULL/ INPUT NV

Neuy

Vee-  NC Voo

N

NULL/COMP

PIN 4 1S IN ELECTRICAL
CONTACT WITH THE CASE

comp

Ne

FSET

NON-

NV
INPUT

vee-

com

®

veo:  outeut

® @

Ne

l—@s

Q=

L
OFFSET
NuLY

come
N

—
NC NV NON-—

vee-
INPUT

INPUT

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 Voc+ (see Note 1) 22 18 \'
Supply voltage Voo (see Note 1) -22 -18 \
Differential input voltage (see Note 2) +30 +30 \%
Input voltage (either input, see Notes 1 and 3} +15 +16 \
Voltage between either offset null terminal (N1/N2) and Veoeo— ~0.5t0 2 —-05t0 2 \
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 temperature range —55t0 125 0to 70 °c
Storage temperature range —65t0 150 | —651t0 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 Vg4 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, Vge— =—15V, Cc =30 pF

uA748M uA748C
PARAMETER TEST CONDITIONS N P AR N ~F AR UNIT
25°C 1 5 1 6
Vio Input offset voltage Rg < 10 k2 Full range p oy mV
lio Input offset current 25°C 20 200 20 200 nA
Full range 500 300
hig Input bias current 25°C 80 500 8o 500 nA
Full range 1500 800
\7 Input voltage range 25°c >12 13 12 13 v
Full range +12 +12
Rp =10k | 25°C 24 28 24 28
Vopp Maximum peak-to-peak RL = 10kQ Full range 24 24 v
output voltage swing R =2k 25°C 20 26 20 26
R >2kQ Full range 20 20
A Large-signal differential R >2kQ, 25°C 50 200 20 200 VimV
vD voltage amplification Vo =+10V | Full range 25 15
r Input resistance 25°C 0.3 2 0.3 2 M
! Vo=0V, o
o Output resistance See Note 6 25C 75 75 Q
C; {nput capacitance 25°€ 1.4 14 pF
CMRR Common-modg rcjection ratio | Rg < 10 kQ 25°C 70 2 70 90 dB
Full range 70 70
- 25°C 30 150 30 150
AV|o/AVee Supply voltage sensitivity Rg < 10k§2 Full range 150 150 uvIiv
los Short-circuit output current 25°C +25 +40 +25 +40 mA
No load, 25°C 1.7 2.8 1.7 2.8
lcc Supply current No signal Full range 33 3.3 mA
Pp Total power dissipation No foad, 25°C 50 85 50 85 mwW
No signal Full range 100 100

TAIl 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, Vcc+ =15V, Vgc—=—-15V, Ta =25°C

i76

uA748M uA748C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
ty Rise time Vi=20mV, R =2kQ, 0.3 03 Hs
CL=100pF, Cg=30pF,
Overshoot factor See Figure 1 5% 5%
Vi=10V, RL=2k%,
SR Slew rate at unity gain CL=100pF, Cc=30pF, 0.5 0.5 Vius
See Figure 1

PARAMETER MEASUREMENT INFORMATION

Vi

—-——ov

INPUT VOLTAGE

WAVEFORM

N2 {OPEN)

> RL=2

TEST CIRCUIT

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE

——@ ouTPUT

k0

INPUT OFFSET CURRENT
vs FREE-AIR TEMPERATURE

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT
vs FREE-AIR TEMPERATURE
400 T T

MAXIMUM PEAK-TO-PEAK OUTPUT n

VOLTAGE vs LOAD RESISTANCE
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Ta—Free-Air Temperature—"C Ta—Free-Air Temperature—"C A —Load Resistance—k 52
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
. T T T 7T, 400 ERETYE 107 Ves- v
L oag | [{Vecs=15V 2 [ 74-25°C Vee-=-15V,
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FIGURE 6
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FIGURE 7
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TYPES uA748M, uA748C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

COMMON-MODE REJECTION RATIO QUTPUT VOLTAGE

vs Vs VOLTAGE-FOLLOWER
FREQUENCY ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE
100
Veat- 18 v » 8 T
o 90 - 15V .
z \ :Scc |okx‘z§V 2 6 vﬁﬁ-. —15V —|
2 8o Co-30pF -4 RL =2k
3 \ 15 e 2 > I Al c=100pF
§ 70 \ % 90%][ % OUTPUT : :C-gg“p;
g : ' £ Az
$ 60 _§|s /: g 2 E
§ so S - g o \
3w \ 3 /: Vegs= 15V 3 / INPUT 1 \
2 3 8 Vee-= -15V T -2 1
£ 30 Q9 / ' R = 2kf2 < { '
. N NI A\
£ ™ o o : Sa
[T} ° jm—.2 5 I -6
0 -4 | -8
1 10 100 1k 10k 100k 1M 10M 100M o 05 1 15 2 25 0O 10 20 30 40 50 60 70 80 90
f-Frequency~Hz t-Time-us t-Time-us
FIGURE 8 FIGURE 9 FIGURE 10
TYPICAL APPLICATION DATA
Vo
] l
-i— CcompP N2 =
Vee— 30 pF (OPEN)
ri= 400 MQ, ro <182,
Ci=1pF, BW = 1 MHz
FIGURE 11-UNITY-GAIN VOLTAGE FOLLOWER
Vo R2
V) R1
R1-30 pF
AL CC z
e R1+R2
R1-R2
R3 =
R1+R2
FIGURE 12—INVERTING CIRCUIT WITH ADJUSTABLE GAIN,
COMPENSATION, AND OFFSET ADJUSTMENT
PRINTED IN U.S.A 67
14[] T1 cannot assume ony responsibility for any circuits shown
TEXAS lNST RUM ENTS or represent that they are free from patent infringement.
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LINEAR TYPES uATTIM, uA771C
INTEGRATED CIRCUITS  HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

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

FORMERLY SNb52777, SN72777

e Low Input Currents
e | ow Input Offset Parameters
e 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 S anments as uATAS, UATO9,
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
voltage range, output short-circuit protection, and null capability.

The uA777M s 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 JG OR P DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW)
our Wit oFfseT
NC  NC COMP Vcce PUT  (N2)  NC OFFSET
wl {1 2] [n] [w] el ls com vec. Bt oy “’(5 °”;é” =
1 'l [l
Voo L L) T T
eI erere OFFSET N NON.' Vec— PIN 4 1S IN ELECTRICAL @ oQT gv) Q vcc?
NULL/ INPUT INV
NC  NC OFFSET NV NON. Vec-  NC comp INPUT CON NULL/ INPUT NV
NULL/ INPUT NV NY) TACT WITH THE CASE conp INPUT
comp INPUT Y
N1)
NC—No internal connection
schematic

COMPENSATION
vee+

INVERTING
INPUT
NONINVERTING
INPUT
39k 25
ouTPUT

OFFSET I;
NULL
~N2) E
1 80k ik 5k r 50K 50
_ VeC—

OFFSET NULL/
comp

INT)

Resistor values shown are nominal and in ohms.

TEXAS INSTRUMENTS
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TYPES uAT777M, uA777C

HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

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

uA777M uA777C UNIT
Supply voltage Voc+ (see Note 1) 22 22 v
Supply voltage Voo— (see Note 1} —22 -22 \"
Differential input voltage (see Note 2) +30 +30 \"
Input voltage {either input, see Notes 1 and 3) +15 *+15 \%
Voltage between either offset null terminal (N1/N2) and Vgoo— —0.5t0 2 —0.5t0 2 \4
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 500 500 mwW
Operating free-air temperature range —55 to 125 0to 70 °C
Storage temperature range —65to 150 | —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, 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—' 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 votts, whichever is less.
The output may be shorted to ground or either power supply, For the uA777M only, the unlimited duration of the short-circuit

4,

applies at (or below) 125°C case temperature or 75°C free-air temperature,
6. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.

electrical characteristics at specified free-air temperature, Vgcc+= 15V, Vggc—=—15V, Cc = 30 pF
(unless otherwise noted)
A777C
PARAMETER TEST CONDITIONS? UAT77M u UNIT
MIN TYP MAX | MIN TYP MAX
25°C 0.5 2 0.7 5
\ Input offset volt Rg <50k Vv
10 nput offset voltage s<b5 Full range 3 5 m
Average temperature coefficient Re < 50 ke | Eull 25 15 4 30 |uvre
a ull range .
vio of input offset voltage S 9 H
25°C 0.25 3 0.7 20
lio Input offset current nA
Full range 10 40
Average temperature coefficient MIN to25°C 6.5 150 20 600 AFC
[+
1o of input offset current 25°CtoMAX 2.5 30 10 300 P
) 25°C 8 25 25 100
1T} Input bias current nA
Full range 75 200
vy Input voltage range Full range | £12 +13 112 +13 \%
v Maximum peak-to-peak R =10 kQ | Full range 24 28 24 28 v
opp output voltage swing R =2kQ |Full range 20 26 20 26
Large-signal differential Vo =%10V,|25°C 50 250 25 250
AvD o V/mv
voltage amplification Ry > 2kQ |Full range 25 15
T Input resistance 25°C 2 10 1 2 mQ
[ Output resistance 25°C 100 100 Q
C; Input capacitance 25°C 3 3 pF
CMRR Common-mode rejection ratio Rg = 50 k@ | Full range 80 95 70 385 dB
AVece/AVio Supply voltage rejection ratio Rg < 50 k$2 | Full range 13 100 15 150 | uV/V
los Short-circuit output current 25°C +25 25 mA
25°C 1.9 2.8 1.9 3.3
No load,
Ice Supply current ) MIN 2 3.3 3.3 mA
No signal
MAX 1.5 2.5 3.3

T All 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

t0 70°¢C,

TEXAS INSTRUMENTS
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TYPES uATI7M, uAT771C
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+= 15V, Voe—=—-15V, Ta =256°C

uA777M uA777C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX |MIN TYP MAX
VI=20mV, [ A =1, Cg=30pF 03 03
t Rise time R =2kQ, us
CL=100pF | AV=10, Cc=3.5pF 0.2 0.2
VIZ20mVof oy =1, Cg=30pF 5% 5%
Overshoot factor RL=2kQ,
CL=100pF | AV=10, Cc=35pF 5% 5%
RL=2k, |Ay=1, Cc=30pF 0.5 0.5
SR Slew rate L v ¢ P Vl/us
CL=100pF [Ay =10, Cc=3.5pF 55 5.5

PARAMETER MEASUREMENT INFORMATION

\ N
& CUTPUT

-
v
! INPUT + N1 |
COMP{ N2 C =100 pF RL =2k
—_— -0V OPEN l
INPUT VOLTAGE Cc
WAVEFORM TEST CIRCUIT

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE
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TYPES uAT771IM, uAT771C
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

PULSE RESPONSE WITH

FEED-FORWARD COMPENSATION

6
> 10 kQ
T AN
L 4 VWA
g
S 2 —w
t-4 =
5 Vee =15V INPUT
£ 0 Veg-=-15V
L Ay =1 ouTPUT
>> CL=10pF -L-_ 1
1 Cc=5pF .~
& o Ta=25°C open| CL=10pF
g :
= See Figure 3 f 3k A
>, =
5
s \ / 150 pF Cg=5pF
!
T
L L /
> _6
o 1 2 3 4 5 6 7
t—Time—us
FIGURE 3—INVERTING CIRCUIT WITH UNITY GAIN
FIGURE 2 AND FEED-FORWARD COMPENSATION
TYPICAL APPLICATION DATA
R2
"""
AN > Vo_ _R2
t v, R1
Vi
R3 . N2 1 RL> c. > P1:300F
-_L L N1 Vo 3.ka €~ TR1+R2
- = COMP l
2 L R1-R2
T A3~ Rz
| 5 MQ
|
Cc
5.1 MQ =

FIGURE 4-INVERTING CIRCUIT WITH ADJUSTABLE GAIN,
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT
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VOLTAGE COMPARATOR SELECTION GUIDE

—B5°C to 125°C operating temperature range

DIFFERENTIAL COMPARATORS

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

Input Input Input Low-Level Power Supplies
Voltage Response .
Offset Offset Bias . Output ) Required
DEVICE j Amplification Time
TYPE Voltage | Current | Current Current Vee+ Vee- REMARKS
MAX MAX MAX MIN MIN MAX NOM NOMmM
(mV) (uA) {uA) (mA) (ns) v) (v)
40
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
40,000 =3t
LM106 3 7 45 16 40 12 ° Strobe
(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
1300 \Y
LM193 5 0.025 ~0.1 200,000 6 3 5 0 CC range
(Typ) (Typ) 2Vto36V
Dual
TL820M 3 7 25 10,000 0.5 80 12 -6
TL81OM
Dual 40,000 3t Dual
TL506M 3 7 45 ' 16 40 12 ° ua
(Typ) -12 LM106
Dual
TL514M 3 7 25 10,000 0.5 80 12 -6
TL510M
Duat uA711M 6 20 150 500 0.5 80 12 —6 Strobes
| d
Channel | TL811M 6 5 30 8,000 05 80 12 -6 mprove
uA711M
0
Quad LM139 5 0.025 —0.1 200,000 6 1300 5 0 Ve range
(Typ) (Typ) 2Vto36V
TCapable of operating with a single 5-volt'supply.
—40°C to 85°C operating temperature range
Input Input Input Low-Level Power Supplies
Offset | Offset Bias Voltage Output | HesPomse Required
DEVICE ! Amplification P Time aar
TYPE Voltage | Current | Current Current Vee+ | Vee- REMARKS
MAX MAX MAX MIN MIN MAX NOM NOM
{mV) (uA) {uA) {mA) (ns) {v) V)
200,000 1300 Vg range
Dual LM2903 7 0.05 —0.25 6 5 0
i (Typ) (Typ) 2Vt 36V
200,000 1300 Ve range
Quad LM2901 7 0.05 —-0.25 6 5 [¢]
(Typ) (Typ) 2Vto36V
TEXAS INSTRUMENTS
INCORPORATED




VOLTAGE COMPARATOR SELECTION GUIDE

DIFFERENTIAL COMPARATORS

—25°C to 85°C operating temperature range

Input Input input Low-Level Power Supplies
. Voltage Response .
Offset Offset Bias e . Output iy Required
DEVICE Amplification Time
TYPE Voltage | Current | Current Current Vee+ | Vee- REMARKS
MAX MAX MAX MIN MIN MAX NOM NOM
(mV) (pA) (uA) (mA) (ns) v) [\"2]
] 40,000 —3to
Single LM206 3 7 45 16 40 12 Strobe
(Typ) —-12
200,000 1300 Ve range
Dual LM293 5 0.0 -0.25 6 5 o]
u s (Typ) (Typ) 2Vto36V
00,000 1300 \"
Quad LM239 5 0.05 —0.25 2 6 5 o Cc range
(Typ) (Typ) 2Vto36V
0°C to 70°C operating temperature range
Input Input Input Low-Level Power Supplies
. Voltage Response .
Offset Offset Bias e L. 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
Improved
TL810C 4.5 7.5 30 8,000 0.5 80 12 -6
TL710C
40,000 28 -3 to
Singl LM306 6.5 7.5 40 16 12 Strobe
note (Typ) (Typ) —12
00,000 165
Lm311t 10 0.07 0.3 2 8 6 15 —-15 Strobe
(Typ) (Typ)
TL510C 4.5 7.5 30 8,000 0.5 80 12 -6 Strobe
200,000
LM393 5 0.05 —0.25 6 1300 5 o Vg range
(Typ) {Typ) 2Vto36V
40
TL720C 10 25 150 500 12 -6 Dual
(Typ) TL710C
Dual TL820C 45 7.5 30 8,000 05 80 12 -6 Dual
) i ! ) TL810C
TL506C 65 75 a0 40,000 16 8 12 | T3 Dual
(Typ} (Typ) —12 LM306
Duat
TL514C 4.5 7.5 30 8,000 0.5 80 12 —6
TL510C
40
. uA711C 10 25 150 500 0.5 12 —6 Strobe
Dual; (Typ)
Ch 1 )
el rLstic 10 10 50 5,000 05 3 12 -6 Improved
(Typ) uA711C
,000
Quad LM339 5 0.05 -0.25 200,00 6 1300 5 o Ve range
(Typ) (Typ) 2Vto36V

1Capable of operating with a'single 5-volt supply.
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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 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|0)
The ratio of the change in input offset voltage to the change in free-air temperature. This is an average value for the

specified temperature range.

(Vip@Ta(1)) — (Vio @ Ta(2))

avIo = TA() = TA(2)

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

Input Offset Current (lj0)
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.

_ |to@Tany —(lio @ TA(2))
TA —TAQ2)

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

Input Bias Current (1))
The average of the currents into the two input terminals with the output at the specified level.
High-Level Strobe Current (IjH(s))
The current flowing into or out of * the strobe at a high-level voltage.
Low-Level Strobe Current {Ij ()}
The current flowing out of * the strobe at a low-level voltage.
High-Level Strobe Voltage (VH(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 (VL (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.

TEXASI 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 (V|cR)
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 (VoH)

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, (IgH)

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, {IgL)

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 (kcMR. CMRR)
The ratio of differential voltage amplification to common-mode voltage amplification.

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

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

Supply Current (Icc+, Icc-)

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

Total Power Dissipation (Pp)

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

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,
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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

e 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

our.
Vees PUT T2 1

out
NC NC NC vees NC PUT STROBE 2

®©®
i

e DOOO®OO® O

GND NON. NV NG Voo STROBE GND NON. INV Vg
INV_INPUT 1 INV_INPUT NC GND  NON-  INV NC Vv
cc- STROBE 1
INPUT INPUT INV  INPUT
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)

NOTES:

Supply voltage Veg+{seeNote 1) . . . . . . . . . . . . . . .. ... ... ... ... 18V
Supply voltage Veg—(seeNote 1) . . . . . . . . . . . . . . . . .« i i i ... =15V
Differential input voltage (see Note 2) . -~ < V)
Input voltage (either input, see Notes 1 and 3) e e e e e e e e e e e e e s e e e e .. 2TV
Strobe voltage range (see Note 1) . . . . . . . . . . . . . . 0. e e e e e e e 0 V to Vcc+
Output voltage (see Note 1) 2 Y
Voltage from output to Voc— . P 1 Y
Duration of output short-circuit (see Note 4) .o s e e e e o . . . 10s
Continuous total power dissipation at (or below) 25° C free a|r temperature (see Note 5) e e . . 600 mW
Operating free-air temperature range: LM106 Circuits . . . . . . . . . . . . « « v « . . —55 C to 125 (o}
LM206 Circuits . . . . . . . . . . . ... .... —25Cto85°C
LM306 Circuits . . . . . . . . . . . . ... .... 0°Ct70°C
Storage temperature range . . . e e e ... .—B5Cto 150°C
Lead temperature 1/16 inch from case for 60 seconds J JG L or U package e e e e e e e 300 C
Lead temperature 1/16 inch from case for 10 seconds: N or P package . . . . . . . . . . . .260°C
1. All voltage values, except differential voltages and the voltage from the output to VCC—, 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 supply voltage or 7 volts, whichever is less.
4. The Qutput may be shorted to ground ar either power supply.
5,

. For operation above 25°C free-air temperature, refer to Dissipation Curves, Section 2.
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Vcc+ = 12V, Veg— = =3 V to —12 V (unless
otherwise noted)
LM106, LM206 LM306
1 ’
PARAMETER TEST CONDITIONS MIN VP MAX|MIN_ TYP MAX UNIT
25°C 058 2 168 5
Vio Input offset voltage Rg <2009, See Note 6 Full range 3 55 mVv
Average temperature
av|o coefficient of input Rg =509, See Note 6 Full range 3 10 5 20 [uV/°C
offset voltage
25°C 078 3 188 5
ho Input offset current See Note 6 MIN 2 7 1751 uA
MAX 0.4 3 0.5 5
Average temperature MIN to 25°C 15 75 24 100
a0 coefficient of input See Note 6 nA/°C
offset current 25°C to MAX 5 25 15 50
R _ MIN to 25°C 45 40
IT:] Input bias current Vpo=05Vto5V 25°C to MAX 7§ 20 165 25 nA
ljL(s) Low-level strobe current V(strobe) = 0.4 V Full range —1.78-3.2 -1.78-3.2| mA
ViH(s) High level strobe voltage Full range 2.2 2.2 \4
ViL(s) Low-level strobe voltage Full range 0.9 09| Vv
Common-mode input _
VicR voltage range Vec—=-7Vto-12V Full range x5 5 \
Vip Differential input Full range 45 5 v
voltage range
Large-signal differential No load, ° 8 §
AvD voltage amplification Vp=05Vto5V 5°C 40 40 VimV
High-level Vip =5mV Full range 2.5 5.5
\ =
OH output voltage loH 400 uA Vip=8mV Full range 2.5 5.5 v
_ Vip = -5 mV| 25°C 08% 1.5
loL =100mA Vip=—7mV| 25°C 088 2
Low-level V|p = =5 mV| Full range 1
v IoL =50 mA 1D
oL output voltage oL m Vip = -8 mV| Full range 1 v
Vip = =5 mV| Full range 0.4
] ]
oL=16mA Vip = -8 mV]| Full range 0.4
MIN to 25°C 0.028 1
Vip=5mV
High-level _ 25 C to MAX 100
IO utput current VOH =8V 24V g o5 T ™MiN 10 25°C 0025 2| HA
Vip=8mV [ 25°C to MAX 100
Icc+ Supply current from Vee+ | Vip = —5 mV, No load Full range 6.68 10 6.6 10| mA
lce— Supply current from Voe—| No load Full range —-198-36 —1.98-386[ mA

tUnless otherwise noted, all characteristics are measured with the strobe open.
8These typical values are at Vgg+ = 12 V, Vgg—=~-6V, Ta = 25°C. Full range {MIN to MAX) for LM106 is —55°C to 125°C; for LM206 is

—25°C to 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 (Vg ) or

switching characteristics, Voo+ =12V, Vgc—=-6V, Ta =25°C

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.

st LM106, LM206 LM306 UNIT
PARAMETER TEST CONDITION MIN TYP MAX|MIN _ TYP MAX
Response time, low-to-high-level output R =390Qto5V, C_=16pF, See Note 7 28 40 28 ns

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

schematic STROBE O STROBE
1 2
o o Py o Vce+

e
i

v

63v ¥, Y 6.3V

NONINVERTING

INPUT
——0 OUTPUT
INVERTING O—
INPUT
[
GND
Vee-0

Resistor values are nominal in ohms.

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
3 T T T 20
Vee+ =12V Vee+ =12V
Vee— = -6V 18 l Vee-=-6V 1
<« 257 Vvo=05Vto5V 16 Vo=05Vto5V
Iy S ) ‘\ L1306
- \ VY AN
2 2 \ <
3 \ \ LM306 FL
2 15 \ g 10
F= N =
o) o
5 AN 3 8 \\
a 2 LM106, NG
T LM106, \\ T 6 LM206%
@) LM206% @
= I~ - 4
05
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
}Data 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

VoH—High-Level Output Voltage—V
=Y

1

vs

TYPICAL CHARACTERISTICS ¥
HIGH-LEVEL QUTPUT VOLTAGE

FREE-AIR TEMPERATURE
vee+ =12V
Vee—=-3Vto—-12V
FViD=5mV
1
L loH =0
//
_—-—4""’7"1 IoH = —400 uA
-75 -50 -25 0 25 &0 75 100 125

Vo—Output Voltage—V

-1

}Data for free-air temperature outside the range specified in the absolute maximum ratings for LM206 or LM306 is not applicable for those types.

Ta—Free-Air Temperature—"C

FIGURE

3

VOLTAGE TRANSFER CHARACTERISTICS

7
Vee+ =12V
6 Vcc—=-6V
R = P
5 L y [
) g
TA=0°C/ I [\ Ta=25°C
3 haN I 1
Ta=70°C
2 -
s - st [ I ™Ta = 125°C
1:Ta=~— ¥
Bl
0

-2 -1 0 1 2

V1p—Differential Input Voltage—mV
FIGURE 5

lo—Output Current—A

VoL—Low-Level Output Voltage—V

LOW-LEVEL OUTPUT VOLTAGE

Vs

FREE-AIR TEMPERATURE

1.2
Vee+ =12V
Veg—==-3Vto -12V
1rvip=-5mV
d —
08 loL = 100 mA
0.8 loL =50 mA-
04
loL =16 mA
1 1
| I
0.2 loL =0
o ||
-75 -0 —25 0 256 50 75 100 125
Ta—Free-Air Temperature—"C
FIGURE 4
OUTPUT CURRENT
Vs
DIFFERENTIAL INPUT VOLTAGE
10
T [
1}Ta=-55°C +
"~ |Ta=125°C N
10-2 L =
TA =70°CH
1072 1T 2|5°c
A= 7 Ta =125°C
10-4 A
0-s T——
\\TA=7O°C
106 [ \
_‘1\—4\
10-7 Ta = -55°
10-8| Vegr=Vo =12V —|
VeCc—=-3Vito—12V
10-9 cc; —
5 -4 -3 -2 -1 0 1 2 3

V|p—Differential Input Voltage—mV

FIGURE 6
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICSi

LARGE-SIGNAL DIFFERENTIAL

VOLTAGE AMPLIFICATION SHORT-CIRCUIT OUTPUT CURRENT
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
80 000 = 0.4
c ™ Veg—-=-3Vto-12V VCC+=VO=12V
g Vo=1t02V < Vee—=-6V
8 RL == 4 Vip = -5 mv
S 60000 Vee+ =12V ; ,L % £ 03 ‘/ See Note 8 -
E ™ Vee+ =15V 3
< N cc+ -
S N 2 <
2 Vees =10V E] N
S 40000 cer AN S 02 ~
= 3
£ =S 3
3 ~~ £
& 20000 } S E 04
| ¥ S —] ]
o [%}
> o
2 IS
0 0
-75 55 256 0 25 50 75 100 125 -75 50 —26 0 25 50 75 100 125
Ta—Free-Air Temperature—"C Ta—Free-Air Temperature—"C
FIGURE 7 FIGURE 8 n
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES
8 | =5
£3 €5 ¥
52 100 mV g > 100,mV
£ 3 £ 3 -
e c Veer =12V =
Vee—-=-6V
5 C_=15pF 5 —
S \\\x RL =390 Q to5 V S /7
L4 Ta=25°C L4 20 mV
g 20 mv \ g f
S 3 S 3
: A MR/
5 s 5 mV vVee-=-6V
3 |omv}” \5mV 2mv S ) CL =15 pF
| 1 | 1 2 mV\/ L
>O \\ >0 RL =390 to5V
A & 0 S Ta =25°C
0
0 20 40 60 80 100 0 20 40 60 80 100
t—Time—ns t—Time—ns
FIGURE 9 FIGURE 10

}Data 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.
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS'i

SUPPLY CURRENT FROM Vcc+ SUPPLY CURRENT FROM Vce—
Vs Vs
SUPPLY VOLTAGE Vce+ SUPPLY VOLTAGE Vce—
10 T T T T l l 4 v T 1'2 V
Veg—-=-3Vto-12V cC+=
T 9fR e —1—Ta=-55°C T L R =
1 = _BE°
58 ;A!TA =25°C & TA=-55°C
° S, L> L1~  Tp=125°C] 3 A e
> 7% — /|A E Ta=25°C
§ 69 L1 | T Ta=-55°C s —_—
bt N— _ °
§ s L "'2 L] §TA =12500 ;E, ) //////TA— 125°C
£ N £
s o] A= 125° 3 g
> > r g —
g 3L> // g L
3 EY S 1 1
7, L 7
S ) &
L 4 L5 k)
0 0
9 10 1 12 13 14 15 16 17 0 -2 -4 -6 -8 —10 —-12 -14 -16
Vec+—Positive Supply Voltage—V Vcc——Negative Supply Voltage—V
FIGURE 11 FIGURE 12

TOTAL POWER DISSIPATION
vs
FREE-AIR TEMPERATURE

120
] | ] Veer =12V
Vip=-5mv | YCC-=-6V
% 100 Ry =o° -
| \
S ™~
= 80 —
2 Vip =5 mV —
g 60 I~
: T
o
= 40
°
ol
2 20
0

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

FIGURE 13

}Data 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 LM111, LM311
DIFFERENTIAL COMPARATORS WITH STROBE

BULLETIN NO, DL-S 7611797, SEPTEMBER 1973-REVISED JULY 1976

FORMERLY SN52111, SN72311

LINEAR
INTEGRATED CIRCUITS

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, Vgc+, or Voc—. 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)
NC NC NC Vees NC C 8/S vees c NC B/S B
wl [l 2] n] {w|]s (] vees € 8IS 0| {9 [ 7 K
sli7]lel]s
123
1 2 3 4 5 1] 7 E  IN+ IN- VCCo 1 2 3 4 5
N € e N- T vec. 8 C';‘:T‘; 'CST'C‘VIET';'E%FE"SQSLE T me WS N veeo

NC—No internal connection

schematic

8/s

300

° *~— vees
750 600
1.3 k| 13%
L4 70 w
:L— B Balance
™ ' B/S Balance/Strobe
1 l: _r c Collector Output
'\ E Emitter Output
'N"C g 12k IN+ Noninverting Input
J_' ak IN— Inverting Input
j < NC No Internal Connection
1 A v "
m»-—(_‘ ce+ Positive Supply Voltage
400 130 Vee— Negative Supply Voltage
60 [—[:
q 600
o j < N
4
250 200
2k E
vee-

Resistor values shown are nominal and in ohms.
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TYPES LM LM311
DIFFERENTIAL COMPARATORS WITH STROBE

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

LM111 LM311 UNIT
Supply voltage, Vcc+ (see Note 1) 18 18 Vv
Supply voltage, Voo— (see Note 1) -18 —18 \%
Differential input voltage (see Note 2) +30 +30 v
Input voltage (either input, see Notes 1 and 3) +15 +15 \Y
Voltage from emitter output to Voo— 30 30 \%
Voltage from collector output to Voc— 50 40 \
Duration of output short-circuit {see Note 4) 10 10 s
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 5) 500 500 mwW
Operating free-air temperature range —55to 125 0to70 °C
Storage temperature range —651t0 150 | —65t0 1560| °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 Vg4 and Vggo_. If the zero-reference level of the system is not the midpoint of
the supply voltages, all voltage values must be adjusted 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 V, whichever is less.
4. The output may be shorted to ground or either power supply.
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2,
electrical characteristics at specified free-air temperature, Vcc+ =+15 V (unless otherwise noted)
LM111 LM311
PARAMETER TEST CONDITIONS T UNIT
MIN TYPEMAX [MIN TYPI MAX
25°C 0.7 3 2 7.5
Vio Input offset voltage Rg <50k, See Note 6 mV
Full range 4 10
25°C 4 10 6 50
llo Input offset current See Note 6 nA
Full range 20 70
. 25°C 75 100 100 250
I Input bias current Vo=1Vto14V nA
Full range 150 300
liL{s) Lowe-level strobe current Vistrobe) =03V, V|p<-10mV 25°C -3 -3 mA
Common-mode input
VicR Full range 14 14 Vv
voltage range
Large-signal differential °
AvbD L Vo=6V1to35V, RL=1kQ 25C 200 200 V/mv
voltage amplification
25°C 02 10 A
High-level {collector) Vip=5mV, VoH =35V d
IoH - Full range 0.5 rA
output current )
Vip=10mV Voy=35V 25°C 0.2 50 [ nA
Vip=-5mV 25°C 0.75 1.5
IoL = 50 mA D77 .
Vip=-10mV 25°C 0.75 1.5
Low-level {collector-to-emitter) -
VoL Vee+ =45V, Vip=-6mV | Full range 023 04 v
output voltage Vee— =0V,
gL =8 mA Vip = ~10 mV | Full range 0.23 0.4
Supply current from V, . °
Ioge  UPPY cc+ Vip=~10mV, No load 25°C 5.1 6 51 75| mA
output low
Supply current from Vgeo—, o
Icc— . Vip=10mV, No load 25°C -4.1 -5 —4.1 -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 —55°C to 125°C and for LM311 is 0°C to 70°C.
faAn typical values are at Tp = 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 k§2 to Vee+- 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 LM11,LM311
DIFFERENTIAL COMPARATORS WITH STROBE

switching characteristics, Vgc+= 15V, Vec—=-15V, Ta = 25°C

PARAMETER

TEST CONDITIONS

MIN TYP MAX

UNIT

Response time, low-to-high-leve! output

Response time, high-to-low-level output

Rc=500Q1to5V, C_=5pF, SeeNote?

115

ns

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

voitage of 1.4 V.

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT
vs
FREE-AIR TEMPERATURE

ljg—Input Bias Current—nA

20 —————r
\ Voo =115V

18* Vo=1Vio 14V

E 16— ISee l\‘lotea

I, LM311

g LM111

3k < AN

210

£ CONDITION 1 CONDITION 2

S 8

=3

g s ~ / h\ \<L

i LM311

2., ™ — ™~
2 LM111 =
o |

—-60-40-20 0 20 40 60 80 100 120 140

Ta—Free-Air Temperature—"C
FIGURE 1

VOLTAGE TRANSFER CHAR CTERISTICS

60 T
Veee =15V
Ta=25°C
50 LM111
N |
| / \ LM311
% 40
£ EMITTER OUTPUT
a 30} RL=600¢82 ——COLLECTOR—
2 OUTPUT
£ RL = 1k
? 2
o
g 7
00—
0 j [~~~
-1 -05 0 05 1

V|p-Differential Input Voltage—mV

FIGU

RE 3

INPUT BIAS CURRENT

Vs

FREE-AIR TEMPERATURE

500
Vee+ =215V
450 LM311 ~T—Vp=1Vio14 V-
400 See Note 8
LM \l
350
N R
300 —\
~ CONDITION 2
250 \\4 ‘
200 b o ]
[——
150 CONQI\TION 1—
LM311 = i
100 (— — 2y
soL._l LM —
o ||

—-60-40-20 0 20 40 60 80 100 120 140

Ta—Free-Air Temperature—"C

Veg+ =30V

FIGURE 2

+V =50V (LM
40V (LM311)

1k}
QUTPUT

COLLECTOR OUTPUT TRANSFER CHARACTERISTIC

TEST CIRCUIT FOR FIGURE 3

Veer =30V

EMITTER OUTPUT TRANSFER CHARACTERISTIC

TEST CIRCUIT FOR-FIGURE 3

NOTE 8: Condition 1 is with the balance and balance/strobe terminals open. Condition 2 is with the balance and balance/strobe terminals

connected to Voc+-
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TYPES LM111,LM311
DIFFERENTIAL COMPARATORS WITH STROBE

OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES

- I |
g2 |
NI
]
£3 Vees = £16 V
[s]
£ RC=500105V
Ta=25°C
> 5
[}
£ /
] ) 5mv v ||
= / Rl
H
a —
£ 2 20 mV 7/
$ |
L u—— {
[
0 50 100 150 200 250 300 350
t—Time—ns
FIGURE 4
OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
@
- %
B L[] | [ ] 1
g > F100mv Veee =415V
£3 RE=2kS to 15V
S5 TA=25°C
S 20 my
> 40 ; |\‘/ /
[ 1
$ sl smv A
3 /
2 0
3 / ' N—2mv
S -5
7 /
o-10
>
-15
0 0.2 04 0608 1012 14 16 18
t—Time—us
FIGURE 6
OUTPUT CURRENT and DISSIPATION
vs
OUTPUT VOLTAGE
160
Veece =315V 800
140 t<10s
Vip=-10mV 700
< 120 Ta=25c 1 '@
j S
£ 10 I K 500
< Ry
E
i \B -
5
2
ie < 300
.l [
o
L 4
0 I/ 10 (Left Scate) | 20
20 l i 100
0 [
0 5 10 15

Vo-0utput Voltage—V

FIGURE 8

TYPICAL CHARACTERISTICS

Vec+ =15V

Vee—=-15V

TEST CIRCUIT FOR FIGURES 4 AND 5

Vees =15V

Veg—=-15V

TEST CIRCUIT FOR FIGURES 6 AND 7

SUPPLY CURRENT FROM Vces

vs
SUPPLY VOLTAGE Vcg+

6 T
TaA=25C

‘é No Load

I 5
% é Vip=-10mV /
T
g g 4 . L
§ £ L~ L1
a £ 3 Vip =10 mv
: 5
< o
3 z 2 /
-
o 3
& ]

[

Q

o

0
0 5 10
Vce+—Positive Supply Voltage—V
FIGURE 9

V@g-0utput Voltage—V

OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES

3% ]
g2 ——
£ {100 mv
z § Voot =115V
< RC=500Qto5V
Ta=25°C B
> 5
&4
E 3 20 mV: \
5 5 my—>
g 2 ml \ =2mVv
] |
i1 [
o I
>0 1
0 50 100 150 200 250 300 350
t—Time—ns
FIGURE 5
OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
sp[ ] 1]
Z s
§3 {100 mv
5 § Veer =15V
= RE=2kS2to —15 V o
Ta =25°C
. \2rv ]
10
N N\ —{5mv
5 \X
0 AAN
" N
20 mV —1
10 i N
—15
0 0204 060810 1.2 1.4 16 18
t1-Time—us
FIGURE 7
SUPPLY CURRENT FROM V(G-
vs
SUPPLY VOLTAGE Vce—
-6 T T
< Vip = 10mV or —10 mV
§ g Ta=25C
I 77 | Noload
Q
s
T -4
s |
g -3
5
o
2z 2
g /
S
3
Il -1
Q
Lo
0
0 -10 -15

-5
Vce—~Negative Supply Voltage—V

FIGURE 10
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TYPES LM111,LM311
DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL APPLICATION DATA

Vees

SQUARE WAVE
= outeur
(Fan-out to two
Series 54 gates

>  or equivalent)

3

20 k2

FIGURE 11-100-kHz
FREE-RUNNING MULTIVIBRATOR

Vees

<
20 k2

L—— QuUTPUT

MAGNETIC
TRANSDUCER

FIGURE 16—-DETECTOR FOR MAGNETIC TRANSDUCER

FIGURE 18—COMPARATOR AND SOLENOID DRIVER

FIGURE 12
OFFSET BALANCING

TTL
STROBE

<
>
S1x

) outPur

TOTTL

240 k2

INPUT! —AAA—®

1—]'— $
T

tResistor values shown are for a 0-t0-30-V logic swing and a
15-V threshold.

iMay be added to control speed and reduce susceptibility
to noise spikes.

FIGURE 15—TTL INTERFACE WITH HIGH-LEVEL LOGIC

Veee

1048 24
VWA .w—ﬁ
100 kHz 10 pF t

1'{]!—%

C— =T~ 7
: M3

FIGURE 17—-100-kHz CRYSTAL OSCILLATOR

FROM D/A NETWORK

ANALOG
INPUT

TTL STROBE

Typical input current is 50 pA with inputs strobed off.

FIGURE 19-STROBING BOTH INPUT AND
OUTPUT STAGES SIMULTANEOUSLY

TexAs IN STRUMENTS

INCORPORATE
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TYPES LM11,LM311

DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL APPLICATION DATA

vee+

500

AAA

VWA—

N2222

FIGURE 20—LOW-VOLTAGE

ADJUSTABLE REFERENCE SUPPLY

Vees =5V

OUTPUT

B:
o1 k2 31k

a
3
=]

UTPUT

2N2222 {INPUT
FROM
N2222 T

S22 0

t Adjust to set clamp level.

FIGURE 22—-PRECISION SQUARER

[EER)]
3n

Veg-==15V

FIGURE 24— POSITIVE-PEAK DETECTOR

Vee+ =8V

Veg—=-10V

FIGURE 21— ZERO-CROSSING
DETECTOR DRIVING MOS LOGIC

"V
Vees =5V
TiLi02 (WS p: _— b3
- 5K S i 3 1kl
[CETI —
] ouTPUT

FROm 1008 1x0 |
™ AMA- !
GATE 4

sokn S 00 s -

uf 5

FIGURE 23 -DIGITAL TRANSMISSION ISOLATOR

Vees =15V

——

1MG

Veo— =15V

FIGURE 25—~ NEGATIVE-PEAK DETECTOR
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TYPES LM11,LM311
DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL APPLICATION DATA

vee+ =5V

1 vee+
— o

win
LM311

1 k§2
INPUTS |
OUTPUT
2N3708 ¢ TOTTL
? t
TTL
STROBE
2N3708
2N2222 1k
T i i -
R.1 sets the comparision level. A? compans.lon, the photo iTransient voltage and inductive kickback protection.
diode has less than 5 mV across it, decreasing dark current
by an order of magnitude.
FIGURE 26—PRECISION PHOTODIODE COMPARATOR FIGURE 27—-RELAY DRIVER WITH STROBE

\

veee ’ > veee
- 62012 l %
39kt
r-=r—r——n T1P30
I PR I |
300 kit | es : 62031
100 kst : TiP29
o3l I —— 7T p—ouTruT o : o
| B/s iy
10k ll 2 | I( L jree ] —
INPUT + =
[ i | o ; outeuTS
Limsny |1 5101 r
g l 1
4 TP 15k 1
0.1.F aa INPUT ——AA—
200 0t e k% 5101 I
vee- L 620 =
4 2 TIP29
| ”—Q_T
= ; “/‘ \
39 kit ] T I 620 §1
oo™ Lt jvee: | q%
= 36200
FIGURE 28—SWITCHING POWER AMPLIFIER FIGURE 29-SWITCHING POWER AMPLIFIERS
6 PRINTED IN U.SA.
Tl connot assume any responsibility for any circuils shown
or represent that they are free from potent infringement. TEXAS lNSTRUM ENTS 163
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.



164



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 Low Input Offset Voltage . ..2 mV Typ

Wide Range of Supply Voltage
. 2to 36 Volts

e L ow Supply Current Drain
Independent of Supply Voltage
. 0.8 mA Typ

Common-Mode Input Voltage
Range Includes Ground

Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage ... +36 V

Low Input Bias Current .. .. 25 nA Typ Low Output Saturation Voltage
Low Input Offset Current Output Compatible with TTL, DTL,
..3nA Typ (LM139) MOS, and CMOS
. JORN
schematic (each comparator) DUAL-IN-LINE PACKAGE (TOP VIEW)
Vee
{OR COMPARATOR COMPARATOR
Vees) NO.4 NO.3
CURRENT REGULATOR COMP  COMP INV. NV INV NV

NO.3 NO4 GND INPUT INPUT INPUT INPUT

~100.4A
CURRENT REGULATOR 12 13 12 il 10 9 8

NONINVERTINGo
INPUT

OuTPUT L<¢‘
INVERTING
INPUT
GND
" 4 & (OR
L 1 2|3 |&[ |5 |6 7
description

OUTPUT OUTPUT Ve INV_ NON. INV NON-

; ; f COMP  COMP INPUT  INV  INPUT  INV
These devices consist of four independent voltage N0 NO2 INPUT INPUT
comparators that are designed to operate from a Ny ——’

single power supply over a wide range of voltages. cou;gezmoa comrx\g:non

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.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VCC(seeNote 1} .. . . . . . . . . . . . & v v v« v v e e e e e e e e .. 3BV

76

Differential input voltage (see Note 2) .. +36 V
Input voltage range {either input) . . —0 3Vto36V
Output voltage . . . 36V
Output current 20mA
Duration of output short-c:rcunt to ground (sge Note 3) unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see ‘Note 4) . 900 mW
Operating free-air temperature range: LM139 -—55 C to 125 C
LM239 —25nC to 85°C
LM339 .. 9 Cto 70°C
Storage temperature range . P —65Cto150 C
Lead temperature 1/16 inch from case for 60 seconds J package e e e e e e e 300°C
Lead temperature 1/16 inch from case for 10 seconds: Npackage . . . . . . . . . . . . . . . 260°C
NOTES: 1. All voitage 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 destruction.
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, Vgc =5V

LM139 M239, LM339
PARAMETER TEST CONDITIONST L UNIT
MIN TYP MAX MIN TYP MAX
Vee=5Vto30V, 25°C 2 5 2 5
Vio  Input offset voltage cc ° mV
Vic = VicR. Vo = 1.4V Full range 9 9
| Input offset current Vo=14V E 3 25 5 50 nA
10 P o=l Full range 100 150
| Input bias current See Note 5 %5°C —25 100 —25 -~250 nA
1
18 P Full range —300 —400
ot ot
25°C ° °
Vicg Common-mode input Vec=2Vto36V Vee—-158 Vee-15 v
voltage range Full range Oto Oto
Vee—2 Vee—2
Small-signal diffe ial
vq omelisignal differential | o _ 110 vo=14v | 25°C 200 200 Vimv
voltage amplification
VoH= 5V 25°C 0.1 0.1 nA
I High-level t t| Vip=1V
OH igh-level output curren 1D VOH =30V | Full range 1 1 HA
\Y Low-evel output volt: v 1V, | 4mA 25°C 250 500 250 500 \
owdevel outpu e =-1V, = m
OL  towdeveloulputvoltage | VID OL =% MA I"Eull range 700 700
loL Low-level output current { VIp =1V, VgL =15V 25°C 6 16 6 16 mA
Supply current
lcc pely No load 25°C 08 2 08 2| ma
(four comparators)

TEull range (MIN to MAX) for LM139 is ~55°C 10 125°C, for the LM239 is —86°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, regard less of
the state of the output, so no loading change is presented to the input lines.

switching characteristics, Vgc =5V, TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input step
. R connected to 5 V through 5.1 kQ,| i 13
Response time 3+ with 5-mV overdrive us
CpL =15pF, See Note 6 N
TTL-level 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.
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LINEAR
INTEGRATED CIRCUITS

TYPES LM193, LM293, LM393
DUAL DIFFERENTIAL COMPARATORS

BULLETIN NO. DL-57612411, JUNE 1976

e Single Supply or Dual Supplies

o Wide Range of Supply Voltage
...2to0o 36 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)

Vce

Vees)

~100uA
CURRENT REGULATOR

~100.uA
CURRENT REGULATOR

NONINVERTING QUTPUT
INPUT
INVERTING
INPUT
q
GND
L4 2 4 (OR
/J7 vee-)
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

e Low Input Offset Voltage...2 mV Typ

e Common-Mode Input Voltage
Range Includes Ground

Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage ... 36 V

e Low Output Saturation Voltage

Output Compatible with TTL, DTL,
MOS, and CMOS

JGORP
DUAL-IN-LINE PACKAGE (TOP VIEW)

COMPARATOR NO. 2
A\

/7 NON-Y
OUT- INV_ INV
ct PUT INPUT INPUT

—
1112]]13[]4

OUT- INV  NON- GND
PUT INPUT INV
INPUT

COMPARATOR NO. 1

L
PLUG-IN PACKAGE (TOP VIEW)

Veet

/ N

achieve wired-AND relationships. OUTPUT OUTPUT
[«]
S g
:
o INV >
E < 3
% INPUT S
H 8
8 ~
NON-INV
INPUT
GND 7
PIN 4 1S IN ELECTRICAL CONTACT
WITH THE CASE.
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TYPES LM193, LM293, LM393
DUAL DIFFERENTIAL COMPARATORS

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

Supply voltage, Vg (seeNote 1) . . . . . . . . . . . . . . . . L. ... .. ... . 38V
Differential input voltage (see Note 2) e e e e e e e e e e e e e e e e e e e e e .. . 36V
Input voltage range (either input) . . . . . . . . . . . . . . 00 e e e e e —0 3Vto36V
Qutput voltage < :a
Output current ., . . e e e e e e e e e e e s e e e e . 20mA
Duration of output short- cnrcun to ground (see Note 3) R . e v+« « « .« . unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4)
JGorPpackage . . . . . . . . e e e e e e e e e e e e e e e e e e e .. 900 MW
L package . . . e e e e e e e e e e e e e e e e e e e e e e . .625mW
Operating free-air temperature range [ —55 C to 125 C
LM293 . . . . . . . .+ ... ... —25°Cto85°C
LM393......................°0°Cto70:C
Storage temperature range . . . . e v e v+ e .....~65Cto150C
Lead temperature 1/16 inch from case for 60 seconds JG or L package < [0 )4
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 terminat,

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.
a

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

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

LM193 LM293, LM393
PARAMETER TEST CONDITIONS UNIT
MIN TYP__MAX MIN TYP__MAX
v Input offset voltage Vee =5V 30V, 25°C ! > ! 3 v
n €
10 THPUEOHSSE VORas Vic = VicR. Vo = 14 V [Full range 9 9
| Input offset current V 14V 25°¢ 3 25 5 50 nA
ren = 1.
10 put ofiset cu o Full range 100 150
: 25°C —25 —100 —25 —250
IT:] Input bias current ee Note 5 nA
Full range -300 —400
° 0to 0to
Common-mode input ®c \ 1.5 V 1.5
- i —1. —1.
Vich PUU Nec=2Vito36v cc cc v
voltage range 0to 0to
Full range
Vee-2 Vee—2
Small-signal differential [Voc =15V, R =15k, o
Avd L 25°C 50 200 50 200 V/imV
voltage amplification Vo=14V
N Vip=1V, VoH=5V 25°C 0.1 0.1 nA
IoH  High-level output current
Vip=1V, VoH =30 V | Full range 1 1 RA
\ Low-level output voltage Vip =—1V, | =4 mA 25°C 250 400 250 400 mvV
oL P 9e|vio + oL Full range 700 700
loL  Low-level output current|Vip=—-1V, Vg=15V 25°C 6 16 6 16 mA
Vec=5V 25°C 08 1 0.8 1
Ilcc  Supply current No load mA
Vece =30V | Full range 25 2.5

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, Vg =5V, TA =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input ste|
) RL connected to 5 V through 5.1 kQ,| | P p 13
Response time with 5-mV overdrive us
Cp =15pF,* See Note 6 -
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.

PRINTED IN USA 67
TeEXxAs ICNR§0TRRUMENTS
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 TYPE LM2901
INTEGRATED CIRCUITS QUADRUPLE DIFFERENTIAL COMPARATOR

BULLETIN NO. DL-5 7512247, MARCH 1975

o Eliminates Need for Dual Supplies e Common-Mode Input Voltage
. Range Includes Ground Allowing
¢ W'fjg tR: g%e\?&f: pply Voltages Direct Sensing near Ground

e Low Supply Current Drain e Differential Input Voltage Range

Equal to Maximum-Rated

Ind dent of Supply Volt

B mA Typ oY FoTRge Supply Voltage . . . +36 V

e Low Output Saturation Voltage

o L ow Input Bias and Offset Parameters 1mV Typ at 5 A

Input Offset Voltage ...2 mV Typ

Input Offset Current ... .5 nA Typ ... 70 mV Typ at TmA
Input Bias Current ... —25nA Typ e Qutput Compatible with TTL,
DTL, MOS, and CMOS
schematic (each comparator) N

DUAL-IN-LINE PACKAGE (TOP VIEW)

COMPARATOR COMPARATOR
NO.4 NO.3

e e,
(OR OQUTPUTOUTPUT NON NON
Vees) COMP  COMP INV INV NV INV
NO.3 NO.4 GND INPUT INPUT INPUT INPUT

1 13 12 n 10 9 8

<=

~100-uA
CURRENT REGULATOR

-u
CURRENT REGULATOR

OUTPUT

NONINVERTING,
INPUT

INVERTING
INPUT

GND
A 4 & ,% (OR
vee-)

ce 1 23 1al s ]s6[ )7

QUTPUTOUTPUT Vce INV NON- INV NON-

COMP COMP INPUT INV  INPUT INV

NO.1 NO.2 INPUT INPUT

__—/

COMPARATOR COMPARATOR
NO.1

description

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 VCOQ'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 CMQOS—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 (seeNote 1) - . . . . . . . « . . . . .« « v & v i i i e e i i e e e ... 3BV
Differential input voltage (see Note 2) . . . . . . . . . . . . « « « . v e v e 0. 36 V
Input voltage range (eitherinput) . . . . . . . . . . ... .. ........... —03Vto36V
Outputvoltage - . . . . v .t ot e e e e e e e e e e e e e e e e e e e e e e e e ... 3BV
Output current . . O O N 2N
Duration of output short cnrcunt to ground (see Note 3) P e e e v v v e o « . unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) e e e e e e e e .. 900mMW
Operating free-air temperature range . . . + . « + & + « « + 4 + 4 + v+ s s v . ... —40°Cto 85°C
Storage temperature range . . e e e e e e ... ....... -e5Cto150°C
Lead temperature 1/16 inch from case for 16 seconds e e e e e e e oo ... 2e0°C
NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.

1

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 eventuat 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, Vg = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

Vio Input offset voltage Vi~14V, Vp=14V 2 71 mv

o Input offset current Vi=~14V, Vp=14V 5 50| nA

IT:} Input bias current See Note 5 —25 250 nA

VicR Common-mode input voltage range Vec=2Vto36V 0t \

Vee—-1.5

Ayd  Small-signal differential voltage amplification |R. =15kQ2, Vpo=1.4V 200 VimV

IoH  High-level output current Vip=1V, VQH=5V 0.1 nA
loL = 5kA 1

VoL Low-level output voltage Vip=-1V loL=1mA 70 mV
loL=3mA 200 400

lor.  Low-level output current Vip=-1V, VgL=15V 6 16 mA

Ilcc  Supply current No load 0.8 2| mA

NOTE 6: 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, TaA = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
R . R connected to 5 V through 5.1 k2, 13 s
esponse time €y = 15 pFt, See Note 6 : K

tC‘_ 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 input
step function and the time when the output crosses 1.4 V.,

TYPICAL APPLICATION DATA

v-0 &

AAA

»3.3 k2

100 k2

BASIC SINGLE-SUPPLY LEVEL TRANSLATOR
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LINEAR
INTEGRATED CIRCUITS

TYPE LM2903
DUAL DIFFERENTIAL COMPARATOR

BULLETIN NO, DL-S 7612412, JUNE 1976

e Eliminates Need for Dual Supplies

e Wide Range of Supply Voltages
. 2 to 36 Volts

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

o Low Input Bias and Offset Parameters
Input Offset Voltage .. . 2 mV Typ
Input Offset Current ... 5 nA Typ
Input Bias Current ... —25nA Typ

schematic (each comparator)

=100-uA
CURRENT REGULATOR

1000
CURRENT REGULATOR

NONINVERTING ouTPUT
INPUT

INVERTING
INPUT

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 VCO'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.

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

e Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage ... +36 V

e Low Output Saturation Voltage
.1TmV Typat5 rA
..70mV Typat TmA

o Output Compatible with TTL,
DTL, MOS, and CMOS

JGORP
DUAL-IN-LINE PACKAGE (TOP VIEW)

COMPARATOR NO. 2
-\

/ NON-
T- INV  INV
Vcc+ PUT INPUT INPUT

oy
)

OUT- INV  NON- GND
PUT INPUT INV
INPUT

L

COMPARATOR NO. 1

L
PLUG-IN PACKAGE (TOP VIEW)

Vect

/
OUTPUT

INV
INPUT

COMPARATOR NO. 1
/\
z
<
€ 'ON HOLVHVJINOD

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, Vec (seeNote 1) . . . . . . . . . . . . . . . .« i i i v e e e ... 3V
Differential input voltage (see Note 2) e e e e e e e e e e e e e e e s e e e e .. . 136V
Input voltage range (eitherinput) . . . . . . . . . . . . . . . o e e e e e e e —03Vt036V
Outputvoltage . . . . . v . i et e e e e e e e e e e e e e e e e e e e e e e e e ... BBV
Output current . ., . . . e e e e e e e e e e e e e e e e .. 20mA
Duration of output short-cnrcunt to ground (see Note 3) . . . . . . unlimited
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 4) JG or P package .. . . 900 mW

L Ipackage e e 625 nLW
Operating free-air temperature range . . . . . « v « 4« e e e e e e e e e e e e —490to 85°C
Storage temperature range . . . . v e e v i e+ .. .—B65Cto150C
Lead temperature 1/16 inch from caseforGOseconds JG oerackage e e e e e e ... ... .300°C
Lead temperature 1/16 inch from case for 10 seconds: Ppackage . . . . . . . . . . . . . . . . . . 260°C

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

1

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

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

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

PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
Vee=5Vto30V 25°C 2 7
CcC .
v t offset volt — - Vv
10 Input offset voltage Vic=Vicr.  Vo=14V Full range B "
I Input offset current V 14V 25°C 5 50 A
n setcurren = 1. n
1o i 0 Full range 200
| Input bias current See Note 5 25°C —25 250 A
! n n
1B P a Full range —500
25°C Oto
Input common-mode Vee =15
VICcR Vec=2Vto36V \
voltage range Oto
Full range
Vee -2
Small-signal differential Vee=15V, RL=15kQ,
Avg signal citterentia ce L 25 100 V/mv
voltage amplification Vo=14V
Vip=1V Vo=5V 25°C 1 A
IoH High-level output current 1D 0 z
Vip=1V Vo =30V Full range 1 | wA
Vi Low-level output voltage v 1V, | 4mA 25°C 400 \
-iev utpu a = - Y =
oL © put voltag D oL=4m Full range 700 | 7
loL Low-level output current Vip=-1V, VoL=15V 25°C 6 16 mA
1 Supply current No load Vec=SV 25°C 08 ! mA
cc PRl Vec=30V Full range 1 2.5

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 st
. R|_connected to § V through 6.1 kQ,| | P ep 1.5
Response time €1 =15pF. * Ses Note 6 with 5-mV overdrive us
L=TopF. TTLevel input step 03

*C,_ 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

FORMERLY SN52506, SN72506

e Each Comparator Identical to LM106or e

LM306 with Common Vcc+, Vee—,
and Ground Connections

e Improved Gain and Accuracy

Fan-Out to 10 Series 54/74 TTL Loads
Strobe Capability

Short-Circuit and Surge Protection
Fast Response Times

description

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 V¢ o+ (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 Vge—

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 b WN

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

STROBE OUTPUT OUTPUT STROBE
1B GND 1 CC+ 2 - NC 2B

Wi jn[jo[j9s

1203 HafsHe 7

STROBE INV  NON-INV Vcg_— 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

15V

Y A/
0V toVec+
24V

30V

. 10s

600 mW

. 800 mW
—55°C to0 125°C
. 0°C to 70°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, Vgg+ =12V, Vggc—=-3V to—-12V
{unless otherwise noted)
PARAMETER TEST CONDITIONS? TL506M TL506C UNIT
MIN TYP MAX | MIN TYP MAX
Vio Input offset voltage See Note 6 25° 058 2 1.68 5 mvV
Full range 3 6.5

Average temperature coefficient o
ayv|0 X See Note 6 Full range 3 10 5 20 |uV/°C
of input offset voltage

25°C 0.7% 3 1.8% 5
ho Input offset current See Note 6 MIN 2 7 1 7.5] wA
MAX 0.4 3 0.5
ano Av?rage temperature coefficient See Note 6 MION t0 25°C 15 75 24 100 nAS'C
of input offset current 25°C to MAX 5 25 15 50
[IT:) Input bias current Vo=05Vtos5V LiRY 7 20 167 28 kA
Full range 45 40
NL(s) Low-level strobe current Vi{strobe) = 0.4 V Full range -1.78 -33 -1.7% 33| mA
VIH(S) High-level strobe voltage Full range 2.5 25 v
ViLis) Low-level strobe voltage Full range 0.9 0.9 v
Common-mode input
Vicr Vee-=-7Vto-12V Full range 35 5 v

voltage range

Differential input
Vip P Full range 5 5 A
voltage range

Large-signal differentia! No load, ° s .
Ayp o 25°C 40 000% 400008
voltage amplification Vo=05Vto5V
VoOH High-level output voltage Vip=5mV, loy=-400uA Full range 25 55| 25 55 v
Vip=-5mV, g =100 mA 25°C 08% 15 0.8% 2
VoL Low-level output voltage Vip =-5mV, IgL = 50 mA Full range 1 1 v
Vip=-5mV, lg =16 mA Full range 0.4 04
10H High-level output current Vip=5mV, VgoH=8Vto24V 25°C 0028 ! 0027 2 HA
Full range 100 100
lcc+ Supply current from Voc+ Vip =-5mV, SeeNote7 Full range 13.9% 20 13.98 20 mA
Icc— Supply current from Voo See Note 7 Full range 32% 72 328 72 mA

tUnless otherwise noted, all characteristics are measured with the strobe open.
8 These typical values are at Vocy = 12 V, Vg, = =6 V, T = 25°C. Full range (MIN to MAX) for TLEO6M is —55°C to 125°C and for the
TLBO6C 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 (VOH). 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, Vec+ =12V, Vgec—=—6V, Ta = 25°C

PARAMETER TEST CONDITIONST TLS0SM TL506C UNIT
MIN TYP MAX|MIN TYP MAX
Response time, low-to-high-level output | R =380 Q2 to 5V, Cp = 16pF, SecNote 8 28 10 28 ns

NOTE 8: The response time specified is for a 100-mV input step with 5-mV overdrive. The typica! 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)

1

o vVee+
i . TO OTHER
5k COMPARATOR

63v ¥, ¥e63v

STROBE T O STROBE
2

b
b

63V
NONINVERTING
INPUT 70
—— 0 OUTPUT

INVERTING OQ—r,
INPUT +

L’ TO OTHER

Vee- o COMPARATOR

Resistor values are nominal in ohms.

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE

Vees =12V o \\;cc+ - 126vv
Vee—=-6V cC—=—
25 yg=05Vto5V 16 \ Vo=05V1ta5V

2 L)

\ TLS06C

N

A EBNERY

TL506M \

TL506M \\

110—Input Offset Current—pA
o
//.'—‘
o
=)
D
[¢]
l)g—Input Bias Current—pA
3 N

05

—~—_]

8

6

N~ 4

2

o 0

—-75 -60 -26 0 25 50 75 100 125 -75 -50 -26 0 256 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
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
7 1.2
Vee+ =12V ‘ Vee+ =12V

>| Veg-=-3Vto-12V > Veg—=-3Vto-12V
% 6 rVip=5mV /’4/ é, T{Vvip=-5mVv
= L —1 IoH=0 ] N ,—-—rf
>O // S
> 5 > 08 loL = 100 mA
3 5
e a
S 4 g 0.6 J
g —’___/—-L-"" I0H = —400 pA 3 : loL = 50 mA
< 4
& 3 % 0.4
JI: _Il loL =16 mA
S 2 8 02 1
> > loL=0

; 0 i

-75 -560 -25 0 25 50 75 100 125 -75 -60 =26 0 25 50 75 100 125

Ta—Free-Air Temperature—"C Ta—Free-Air Temperature—"C
FIGURE 3 FIGURE 4

n OUTPUT CURRENT

vs

DIFFERENTIAL INPUT VOLTAGE
VOLTAGE TRANSFER CHARACTERISTICS

10

7 T 1
Vee+ =12V 1}Ta=-85°C I I
6 lVce—=-6V : I A
Ry =e P i 10-1 — =
y Al Ta=125°C
7 5 7 T 10-2 ' D
S ,/ / € Ta =70°C~
2 4 2 10-3 L -
> Ta=0c—"| [ ‘F_TA=25°C S 1o TA =25°C TA = 125°C
2 3 \f\ I 5
g o 2
5 ! I TA=70°C s 10-5
OI 2 ’ W, ! ! o' —6
g k | NTa=12s%c o1
1}Ta=-55°C .
i
— 1
0 10-8} Vcc+=Vo =12V ]
vVee—=-3Vto—12V
- to-el G-I
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 circults only.

176 TEXAS, INSTRUMENTS

NCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TYPES TL606M, TL506C

DUAL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS:

LARGE-SIGNAL DIFFERENTIAL

VOLTAGE AMPLIFICATION
Vs

FREE-AIR TEMPERATURE

SHORT-CIRCUIT OQUTPUT CURRENT
vs
FREE-AIR TEMPERATURE

80 000 -
. a—— Veg—=-3Vto—-12V 0.4 Veer=Vo =12V
S \ Vo=1t02V < Vee_=—-6V
3 RL=>= & Y VIp = -5 mV l
Z 50000 - Vees =12V A £ 03 ,/ See Note 9
g Vegs =15V 3
& Y 3 <
© >
= Vee+ =10V 3
S 40000 BN S o2 ™~
K] 3 ~
§ n [\ 5
= ~ §
5 20000 SN 5 04
| \. |
[a] [%2}
> o
z <
0 0
—75 65 —25 0 25 50 75 100 125 -75 -50 —25 0 25 50 75 100 125
T a—Free-Air Temperature—°C Ta—Free-Air Temperature—"C
FIGURE 7 FIGURE 8
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES
) £%5 T
52 100 mV 52 100,my
£ 3 £ 3 K2
O Veer =12V e <
Vee—-=-6V
5 CL=15pF 5 -
> w \ RL =390 2 t0 5 V S /7 o
L o4 Ta=25°C é 4 20 mV
BTN s 7/
S 3 G
: L\ 2,4 vy
g 5 Vee—=-6V
ozl’ 10mvE” EmvV \2mv c? 2? mVV_J cfi 15 pE
o 1 o 1 " RL =390 Q
L to5V
> . \ \L N > . Ha 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.

676

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

m



178

TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

Icc+—Supply Current from VCC+—mA

20
18
16
14
12
10

o N O ©

TYPCIAL CHARACTERISTICSt

SUPPLY CURRENT FROM Ve

vs

SUPPLY VOLTAGE Vg

FR| =0 -

Veg-=-6V

I og)
_L /t,‘.)c' ‘
Il

y
7
o

Vip=-5mV

z

5

/TA—25 Cc
7

AN\

Vib

<

L]

]

e
| —

<R

1

9

0 11 12 13 14 15 16 1
Vcc+—Positive Supply Voltage—V

7

SUPPLY CURRENT FROM Vcc—

SUPPLY VOLTAGE Vce—

Vees =12V
< Ry o0
PR
1 o
Se ;/r_,ﬁc'__
> A i
S 5 1A’2§C_
: =
5 °C
4125

S 3 7{ T
3 2
T
&
o 1

0

0 -2 -4 -6 -10 -12 —-14 -16

Vcc——Negative Supply Voltage—V

FIGURE 11
TOTAL POWER DISSIPATION
Vs
FREE-AIR TEMPERATURE
200 —
! Vip=-5mV
180 ——

z ]

£ 160

c

£ 140

8 -+

% 120

5 ™~

5 100

g 80

% Vip=5mV

5 60

N

o T vges=12v

20 + Vec—-=-6V
RL = 00
0 1 1
-75 -50 —25 0 25 60 75 100 125

Ta—Free-Air Temperature—°C

FIGURE 13

}Data for temperatures below 0°C and above 70°C is applicable to

TL506M circuits only.
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LINEAR
INTEGRATED CIRCUITS

TYPES TL510M, TL510C
DIFFERENTIAL COMPARATORS WITH STROBE

BULLETIN NO, DL-S 7611452, MARCH 1971—-REVISED JUNE 1976

description 100

Low Offset Characteristics schematic
High Differential Voltage Amplification a3

Fast Response Times :}
53 43

Output Compatible with Most TTL
and DTL Circuits st $910

Ovces

t——O STROBE

kﬁ 62v
ouTPUT

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. v
Typical voltage amplification is 33,000. Since the 20 68
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.

NONINVERTING,
INPUT —OGND
17k

INVERTING
INPUT

ovce
Renistor values are in ohms.
Component values shown are nominal.

The TL510M is characterized for operation over the full military temperature range of —55°C to 1256°C; the TL510C

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

terminal assignments

JGORP
JOR N DUAL-IN-LINE DUAL-IN-LINE PACKAGE L PLUG-IN PACKAGE U FLAT
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) PACKAGE (TOP VIEW)

out
NC_ NC_ NC  Vcce STROBE PUT NC

wifnregmmijugege

v(Taftafiaris(isqf?

NC GND NON INV. NC VCC  NC
- INPUT

out
vcer PUT STROBE NC

(A'RALA R

'3

1J12]}3]]4

GND NON NV VcC
INV_INPUT
INPUT

PIN 4 1S IN ELECTRICAL
CONTACT WITH THE CASE

out

NC  NC  vgce STROBE PUT

GND NON NV NC Ve
NV INPUT
eyt

NC—No internal connection

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

Supply voltage V¢ c+ (see Note 1) 14V
Supply voltage Vcc— (see Note 1) -7V
Differential input voltage (see Note 2) BV
Input voltage (either input, see Note 1) 7V
Strobe Voltage (see Note 1) . .6V
Peak output current (ty <1 s) L. 10 mA
Continuous total power dissipation at {or below) 70 C free -air temperature (see Note 3) . 300 mW
Operating free-air temperature range: TL510M Circuits —55°C to 125°C
TL510C Circuits . 0°Cto 70°C
Storage temperature range —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 noninvertoing input terminal with respect to the inverting input terminal.
3. For operation of the TL510M above 70 C free-air temperature, refer to Dissipating Derating Curves, Section 2.
TEXAS INSTRUMENTS
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TYPES TL510M, TL510C
DIFFERENTIAL COMPARATORS WITH STROBE

electrical characteristics at specified free-air temperature, Vcc+ =12V, Veg—-=—-6V
(unless otherwise noted)
TL510M TLS10C
+ uNIT
PARAMETER TEST CONDITIONS' MIN v MAX MIN TP MAX
Rg < 200 02, 25°C 06 2 1.6 35
Vv Input offset volt: mv
1o lnpu voltege See Note 4 Full range 3 a5
Average temperature coefficient | Rg =509, MIN to 25°C 3 10 3 20 vPC
VIO ot input offsst vottage See Note 4 26°C 10 MAX 310 s 2 |*
25°C 0.75 3 1.8 5
ho Input offset current See Note 4 MIN 1.8 7 1.5 uA
MAX 0.25 3 7.5
Average temperature coefficient MIN to 26°C 15 75 24 100
See Note 4 nA/°C
«0 of input offset current ote 25°C to MAX 5 25 15 50
| \ bi . See Note 4 25°C 7 15 7 20 A
1B nput bias curren! ee Note MIN 12 25 ) 30 H
V, -
HH(S) High-level strobe current {strobe) =5 V. 25°C 1100 +100 uA
Vip=-5mV
Vistrobe) = =100 mV,
1|L(S) Low-level strobe current ViD= 5mV 25°C -1 -25 -1 -25 mA
Common-mode input
= Full :
Vicr voltage range vee A" ull range 5 15
Vip  Differential input voltage range Full range 15 +5
Large-signal differential No load, 25°C 12.5 33 10 33
Avop . Vimv
voltage amplification Vo=0to25V Full range 10 8
Vip=6mV,
. 10 _ om Full range 4§ 5 4§ 5
VoH High-level output voltage ‘?” SV v
ID =2 mV,
25 368 25 368
lon = —5mA Full range
== V,
Vip=—SmV., Full range -1 05§ of | -1 -0s8 ot [ v
loL=0
VoL Low-level output voltage V(strobe) = 0-3V,
Vip=5mV, Full range -1 ot -1 (133 v
loL=0
v 5mv 25°C 2 24 1.6 2.4
=-6m
1oL Low-level output current vID= o ’ MIN 1 23 05 24 mA
° MAX 05 23 05 24
o Output resistance Vo =14V 25°C 200 200 2
CMRR Common-mode rejection ratio Rs < 20022 Full range 80 1008 70 1008 dB
Icc+  Supply current from Ve v 5 mv Full range 565 9 558 9 mA
= -5mV,
tcc— | Supply current from Vog— le o Full range -35% -7 -358% -7 mA
0 10
Po Total power dissipation Full range 90§ 150 90% 150 mW

tUnless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL510M is —55°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 characteristics are verified by measurements at the following temperatures and output voltage levels: for TL510M, Vpo=18V
at To=—55"C,Vo=1.4VatTa=25°C,and Vg =1V atTa =125°C; for TLE10C, Vo = 1.5 V 2t T4 = 0°C, Vg = 1.4 V a1 25°C,
and Vg =12V atTp = 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, Voo+ =12V, Voe—=—-6V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Response time A ==, C=5pF, See Note 5 30 80 ns
Strobe release time Ry = e, CL=50pF, 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 INSTRUMENTS
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TYPES TL510M, TL510C
DIFFERENTIAL COMPARATORS WITH STROBE

Vg—Output Voltage-V

FIGURE 3
. TL510M
VOLTAGE TRANSFER CHARACTERISTICS
5
Vee+=12V
Vee-=-6
4 Rg =50 2 e
No load
3 0
Ta=—55"C— N-Ta =25°C
rTa =125°C
2
1
: J
-1
-3 -2 -1 o} 1 2

VimV

ial Voltage

VO

Vo—Output Valtage—V

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE

€ T T
Vees =12V
Vee-=-6V
50 r*—* - - r' v;c-o‘o 25V
No taad
© B N
Ry
20— L ,.-\\
2 | _# pb— TLs10C _...: [\
10 —T— —
0
-76 60 -25 0 25 50 75 100 125
TA-Free-Air Tempersture—"C
FIGURE 1
OUTPUT VOLTAGE LEVELS
vs
FREE-AIR TEMPERATURE
* T T T 1
VOH (Vip = 5mV. Ign = 0)
4 - 1
1
V
1
3 - !
Vees - 12V !
ahvec v ey 1. :
— TLs10c
1 -
]
]
]
° R N
|
- N VoL {VIp = -5 mV.IgL = 0}

-75 -50 -25 O 2% & 75 100 125

Ta—Free-Air Temperature—"C

Vip—Differential Input Voltage—mV
FIGURE S5

Vo—Output Voitage—V

LARGE-SIGNAL DIFFERENTIAL

VOLTAGE AMPLIFICATION
vs

SUPPLY VOLTAGE

80 T T
Vo =01025V T
R
3 Vee- = -7vA|
® [
Voo = —
o !cc ; \
Vee-= -5V
L O
3 /
! w =
2 /
Nzt
S 10|
0
10 1" 12 13 "
Ve +—Porltive Supply Voltage-V
FIGURE 2
LOW-LEVEL OUTPUT CURRENT
vs
FREE-AIR TEMPERATURE
250 —
Vegs =12V
Veg-= -6V
T 245 LV.D--smv
é Vo=0
£ 240 e
3
/| ™S
g /7 — Tistoc —
: N
;2%
-
A
o 22
220
-75 -50 -26 0 25 60 75 100 125

Ta—Free-Air Tomparaturs—"C

FIGURE 4
TL510C
VOLTAGE TRANSFER CHARACTERISTICS
5
4
Ta=0°C Ta= 25"°C
3 Ta = 70°C
2
1
Veo+ =12V
Veg-=-6V
0 Rg =509
No load
-1
-3 -2 -1 4] 1 2

V|p—Ditferential Input Voltage—mV
FIGURE 6

T EXAS lCNSTRUDM ENTS

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222




TYPES TL510M, TL510C
DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT OMMON-MODE REJECTION RATIO
vs vs
FREE-AIR TEMPERATURE s FREE-AIR TEMPERATURE
Vclco' ‘IZV Vcc. T2V
Vee-* -ev Vee-= -6V
12 See Note 10—y Vic=-5V 05V

\\ \ Rs < 200 11
105

N

N

ig—Input Bias Current—uA
L)
CMRR-Common-Mode Rejection Ratio—dB

[ 9%
h . b-— Tusioc —
R L Ts10c . %
2 l l 3
276 50 -25 0 25 & 75 100 125
-7 5 -258 0 28 6 75 100 128 P AR Temparre—rC
Ta—Free-Air Tompersture—"C
FIGURE 7 FIGURE 8
OUTPUT RESPONSE FOR STROBE RELEASE TIME
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES
1k } L ! :
§3 | Veee = 12V 2
;' H Raiid Vee-= -6V s> 2 Vees = 12V
58 cL=BpF 3 vcc_-—cv+
Ry == 1 a CL=SpF
TaA=25°C o A== =1
. ll'.-zs‘c -
> 20mvy /A
3 .
é 10mV. / mv ; 3 2mV to5mV
> 2 2 2 va }
- h Smv % ) A omv
] /] g T
? o S o y
o 7177 3 2
-1 g _
0 2 % 6 & 10 120 M0 > 0 5 10 15 20 25 30 35 40
1T . = Time—ns
FIGURE 9 FIGURE 10

TOTAL POWER DISSIPATION

; COMMON-MODE PULSE RESPONSE FREE-AIR TESMPERATURE
S a 110 T T
H Veee = 12V
_§ 3 Veg- - -6V
g 100 —yip = -5mv
3’ B | v
IR :
b, i
5 ° 2 4+ \,.
¢ R RN ey g w —
I vo | vge-=-6V | g
L No Load 3 0
> 1—Ta=25€C A ,=I_'
’ 2 _Vuc b
s ]
$.l Y
3 | -
‘? ! ° 40 80 120 160 -75 -50 -25 0 25 60 75 100 125
>° t-Time—ns Ta-Free-Air Tompersture~"C
FIGURE 11 FIGURE 12

NOTE 4: These charactarlstlcs are verified by measurements at the following tamperatures and output voltage levels: for TL510M, Vg =1 8 v
at Tp = —55°C, Vo=14VatTy= 25°C, and Vg =1V at Tp = 125°C; for TL510C, Vg = 1.6 Vat T4 = 0°C, Vg = 1.4 V at 25°C,
and Vo =12V atTp = 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 TL514M, TL514C

DUAL DIFFERENTIAL COMPARATORS WITH STROBES

BULLETIN NO. DL-S 7611451, MARCH 1971—-REVISED JUNE 1976

FORMERLY SN52514, SN72514

o Fast Response Times

o High Differential Voltage Amplification

schematic (each comparator)

e Low Offset Characteristics

e Outputs Compatible with Most TTL

and DTL Circuits

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

—OVees
_C }——O STROBE
s10 310
62V
|
00 ouTPUT
NONINVERTING
INPUT O GND
INVERTING
INPUT 17k
) 4
240 8
—ovee-
Resistor values e in ohm.
Component values shown ars nominal,
description

AMPLIFIER No. 1
NON-
INV_INV oUT-
VCC- INPUT INPUT GND VCC+STROBE PUT.

wijnpupnpjwfsils

AMPLIFIER NO, 2

L

t(l21{af{af[5[|6[]7

OUT-STROBEVCC+ NC  NON: |NV vee-
PUT INV _INPUT
INPU7
AMPLIFIER NO. 1
AMPLIFIERNO. 2

NC—No internal connection

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

regardiess 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 (unless otherwise noted)

Supply voltage Vcc+ (see Note 1)
Supply voltage Vcio— (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 dissipation at (or below) 70 C free -air temperature (See Note 3)

each comparator
total package

Operating free-air temperature range: TL514M Circuits

Storage temperature range

TL514C Circuits

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:

14V
-7V
5V
7V

.6V
10 mA

300 mW
600 mW

. —55°Ct0 125°C
. 0°C to 70°C
. —65°C to 150°C

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 TL514M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2,

. 300°C
. 260°C
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TYPES TL514M, TL514C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Vecc+ =12V, Vee—=—6V
{unless otherwise noted)
aM L514C
PARAMETER TEST CONDITIONS? LS T UNIT
MIN TYP MAX [ MIN TYP MAX
Rg < , 3 0. 1. .
Vio  Input offset voltage s < 200 2 25°¢ 6 2 d 35 mV
See Note 4 Full range 3 45
Average temperature coefficient Rg =500, MIN to 25°C 3 10 3 20
avio f r uvrc
of input offset voltage See Note 4 25°C to MAX 3 10 3 20
25°C 0.75 3 1.8 5
lio Input offset current See Note 4 MIN 1.8 7 1.5 A
MAX 0.25 3 7.5
A t t fficient M 3 75 24 100
ano v?rage emperature coefficien See Note 4 l.,N to 25°C 15 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 A
8 putBlaseu oo ote MIN 12 2 9 30 | *
B Vistrobe) =5 V. o
| High-level strobe ent 25°C +100 +100 A
‘“'(Sl 9 curr Vip=-5mV #
Vistrobe) = —100mV.f_
1 Low-level strobe t c -1 —2. -1 -25 A
1H(S) ow-level strobe curren Vip = 5 mv 25 25 m,
Common-mode input
VicR voltage range Vee-=-7V Full range 15 45 v
Vip Differential input voltage range Full range 15 +5 \
Large-signal differentiat No load, 25°C 125 33 0 33
Avp P V/imv
voltage amplification Vo=0to25V Full range 10 8
Vip=5mV y .
| lD=o"“ Full range 48 5 4% 5
VoH High-level output voltage OH \
Vip=5mV, 26 36§ 25 368
IoH = =5 mA Full range 8 -6 B -6
Vip=-5mV, < 3
0 m Full range -1 -0.5% ot -1 -058% ot v
loL=0
VoL  Low-level output voltage V(strobe) = 0.3V,
Vip =5mV, Full range -1 o? -1 ot v
loL=0
25°C 2 24 14 2.4
Vip=-5mV, 5
loL  Low-level output current Vo =0 MIN 1 23 05 24 mA
o MAX 05 23 05 24
o Qutput resistance Vo=14V 25°C 200 200 Q0
CMRR Common-mode rejection ratio Rg < 200 2 Full range 80 100% 70 1008 dB
Icc+  Supply current from Voo 1 Vin = -5 mV Full range 553 9 55% 9 mA
lcc—  Supply current from Voo - 1 NlI)DIoad ‘ Full range -35%8 -7 -35% -7 mA
[5) Totat power dissipation 4 Full range 908 150 908 150 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.,

¥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 voitage.

§ These typical values are at T p = 25°C.

1|Suppy 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, Vg = 1.8 V

o

at Ta = ~55°C, Vo = 1.4 V at Tp = 25°C, and Vg = 1 V at T = 126°C; for TL514C, Vo = 1.6 V at TA=0°C, Vo = 1.4V at
25°c, and Vo = 1.2V atTp = 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 R = oo, CL=5pF, See Note 5 30 80 ns
Strobe release time R ==, Cy =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 blas 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 TYPES TL710M, TL710C
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATORS

BULLETIN NO. DL-S 7611441, FEBRUARY 1971-REVISED JUNE 1976

FORMERLY SN52710, SN72710

e Fast Response Tiimes

e Low Offset Characteristics schematic
e Output Compatible with Most TTL and e Jo |
DTL Circuits j
description
The TL710 is a monolithic high-speed comparator :l—

having differential inputs and a low-impedance e

output. Component matching, inherent in silicon _{:l

integrated circuit fabrication techniques, produces nowmvennn | l: v Ferv

a comparator with low-drift and low-offset charac- -~75:;;~ﬁ._£ —
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 = D e,
operation from 0°C to 70°C. Component values shown are nominal.

terminal assignments

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)
Vccs OUTPUT NG NC
NC NC Nc_ VEC+ NC QUTPUT NC 7 6 5 NC NC veeo NC  OUTPUT
wis{njinilollsils § @@@@
b 'l 'y Il '
B
v[j2f]3aflafls(]|e[]? - ; 1
A O T2 ONORORORO)
VERTING  ING viaTinG "
INPUT  INPUT GND NON- INV Vcc— INPUT iNPUT
INV INPUT PIN 4 IS IN ELECTRICAL
INPUT CONTACT W|TH THE CASE

NC—No internal connection

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

TL710M TL710C | UNIT

Supply voltage Vcic+ (see Note 1) 14 14 Vv
Supply voltage Vec— (see Note 1) -7 -7 \
Differential input voltage (see Note 2) 5 15 \%
Input voltage (either input, see Note 1) +7 +7 \%
Peak output current (t,, < 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 —55to 125 0to70 °C
Storage temperature range —65to 150 | 6510 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, 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, TLNOC
DIFFERENTIAL COMPARATORS

electrical characteristics at specified free-air temperature, Vgc+ =12 V,Vgg-=-6V

{unless otherwise noted)

PARAMETER TEST CONDITIONSt TL710M TL710C UNIT
MIN TYP MAX |MIN TYP MAX

Vio Input offset voltage Rg<200Q, See Note 4 25°C 2 5 275 mVv
Full range 6 10

ayio :fv ::et Z::s th’::’t;:oe“'c'em Rg <2005, SeeNoted Full range 5 7.5 (A

lo Input offset current See Note 4 L ! 10 ! 15 nA
Full range 20 25

1T} Input bias current See Note 4 %5°C i 75 % 100 uA
Full range 150 150

V) Input voltage range Veg—=-7V 25°C +5 +5 v

Vip Differential input voltage range 25°C +5 +5 v

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, IoH=-05mA| 25°C 25 3.2 4|25 32 4 \

Vor. Low-level output voltage Vip=-15mV, lgL =0 25°C -1 -05 0f| -1 -05 ot \

oL Low-level output current Vip=—-15mV, Vg =0 25°C 1.6 2.5 mA

7o Output resistance Vo=14V 25°C 200 200 Q

CMRR Common-mode rejection ratio Rg < 200 2 25°C 70 90 65 90 dB

lcc+ Supply current from Voot Vip=—-5Vto5V 25°C 54 10.1 5.4 mA

lcc— Supply current from Voo— (=10 mV for typ}, 25°C -3.8 -89 -3.8 mA

Pp Total power dissipation No load 25°C 88 175 88 mwW

NOTE 4:

These characteristics are verified by measurements at the following tamperatures and output voltage levels: for TL710M, Vo = 1.8 V
atTA——SS C,Vo =14 VatTa =25C,and Vo = 1V at T = 125°C; for TL710C, Vg = 1.5 V at Tp = 0°C, Vg = 1.4 V at
Ta = 25° C,and Vo =12 VatTy = 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.

TFull range for TL710M is —56°C to 125°C and for TL710C 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.

switching characteristics, Veg+ = 12V, Vgg— = -6 V, TA = 25°C

TL710M TL710C
PARAMETER TEST CONDITIONS UNIT
TYP TYP
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

58 f

- x

c

g3 100 mV

& 'é Vee+ =12V

o ¢ Veo— = —6 VT
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Ta = 25°C
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FIGURE 1

COMMON-MODE PULSE RESPONSE
vs

ELAPSED TIME

T
Vee+ =12V
2 Vee— = —6 VA
Ta =25°C

V|c—Common-Mode
Input Voltage—V

Vo

Vg—Output Voltage—V

Vp—Output Voltage—V
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t—Time—ns

FIGURE 3

Differential

Vo—Output Voltage—V

OUTPUT RESPONSE FOR VARIOUS
INPUT OVERDRIVES
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FIGURE 2
OUTPUT VOLTAGE
vs
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FIGURE 4
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TYPES TL710M, TL71OC
DIFFERENTIAL COMPARATORS

TYPICAL CHARACTERISTICS

TL710M TL710C
VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS
AT T R ST T
| Vecs=12V Ta=-55"C | vees=12V
Vge-=-6V AT Vee—=-6V
3 - 3
O e S |

> [l 2T Ta=125°C | | /
. Ia% g I/
[ 3 Vi
g 2 / AN 3 2 /
= AR o > 7
S 1/ M TA =25°C . A
: 17 g /
5 I/’ CI’ 1 1
o 3 4
1 7 o 4
o) i >
> H

0

-~
-1

-5 -4 -3 -2 -1 0 1 2 3 4 5 -3

V|p—Differential Input Voltage—mV

5 —4 2 -1 0 1 2 3 4 5

V|p—Differential Input Voltage—mV

FIGURE & FIGURE 6

TOTAL POWER DISSIPATION
vs
FREE-AIR TEMPERATURE

100

Vee+=12V
Ve =—6V
Vip=0
" No load

95

90

=y

i/

85 le— TL710C

Pp—Total Power Dissipation—mW

AN

80

-7 -50 -26 0 25 50 75 100 125

Ta—Free-Air Temperature—"C

FIGURE 7
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LINEAR
INTEGRATED CIRCUIT

TYPE TL720C
DUAL DIFFERENTIAL COMPARATOR

BULLETIN NO. DL-S 7611440, MARCH 1971—-REVISED JUNE 1976

e Fast Response Times o

FORMERLY SN72720
Low Offset Characteristics

e Output Compatible with Most TTL and DTL Circuits

schematic (each comparator)

28 senst
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5012 500 12
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wommvEnT G
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(R0

10031 i
vee-

Component values shown are nominal.

description

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

COMPARATOR NO. 1

NON COMPARATOR NO. 2
INV N
Vee- INPUT INPUT GND  Vce+

NC OUTPUT

OUTPUT NC Vce+, NC  NON INV Vce-—
INV INPUT
COMPARATOR NO. 1 INPUT

COMPARATOR NO. 2

NC-No internal connection

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 Vcc+ (see Note 1) 14V
Supply voltage Vcc— (see Note 1) -7V
Differential input voltage (see Note 2) 5V
Input voltage (any input, see Note 1) 7V
Peak output current, each comparator (ty < 15s) . 10 mA
Continuous total power dissipation: each comparator 300 mwW

total package 600 mW
Operating free-air temperature range 0°Cto 70°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.
TEXAS INSTRUMENTS
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TYPE

TL720C

DUAL DIFFERENTIAL COMPARATOR

electrical characteristics at specified free-air temperature, Vec+ = 12V, Voe—==—-6V

(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
25°C 2 75

Vio  Inputoffset voitage Rg < 2002, See Note 3 0°C 1o 70°C 0 mvV

avio :f"::ie‘ ZT;:'V::::“"'CWM Rg<2005, SeeNote3  |0°Cto70°C 7.5 wVIrC

lio Input offset current See Note 3 = 25°¢ S LB A
0°Cto 70°C 25

{IT:] Input bias current See Note 3 25°¢ 25 100 HA
0°C to 70°C 150

7 Input voltage range Vee-=-7V 25°C +5 \%

Vip Differential input voltage range 25°C +5 \

Large-signal differential 25°C 700 1500

AvD volti:e :mplification No load, See Note.3 0°C to 70°C | 500

VoH High-level output voltage Vip=15mV, Igy=-05mA 25°C 25 3.2 4 v

VoL Low-level output voltage Vip=-15mV, gL =0 25°C -1 -05 o v

o Output resistance Vo=14V 25°C 200 Q

CMRR Common-mode rejection ratio Rg <2009 25°C 65 90 dB

lcc+  Supply current from Voc+ (each comparator) Vip=-5Vto5V 25°C 5.4 mA

lcc— Supply current from Vce— (each comparator) (=10 mV for typ), 25°C -3.8 mA

Po Total power dissipation {each comparator) No load 25°C 88 mwW

NOTE 3:These characteristics are verified by measurements at the following temperatures and output voltage levels: Vg = 1.5 V at
Ta = o°c, Vo=14VatTp= 25°C, and Vo=12VatTp= 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.

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 voitage.

switching characteristics, Vcc+ =12V, Vog—=—-6V, TA = 25°C

PARAMETER

TEST CONDITIONS TYP UNIT

Response 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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LINEAR TYPES TL810M, TL810C
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATORS

BULLETIN NO, DL-S 7611449, MARCH 1971—-REVISED JUNE 1976

FORMERLY SN52810, SN72810
Low Offset Characteristics schematic
High Differential Voltage Amplification
Fast Response Times
Output Compatible with Most TTL b}-

$—OVvco+

and DTL Circuits

description

The TL810 is an improved version of the TL710 ' \ oureut
high-speed voltage comparator with an extra stage NONINVERTING
. . g . INPUT —OGND
added to increase voltage amplification and accu- INVERTING
. g . . INPUT 1k
racy. Typical amplification is 33,000, Component
matching, inherent in monolithic integrated cir- {‘ 4
240

cuit fabrication techniques, produces a compar-
ator with low-drift and low-offset characteristics. Ovee
These circuits are particularly useful for applica- Resator values are nommnal in ohens
tions requiring an amplitude discriminator, memory sense amplifier, or a high-speed limit detector.

The TL810M is characterized for operation over the full military temperature range of —65°C to 125°C; the TL810C
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
PACKAGE (TOP VIEW) PACKAGE {TOP VIEW) (TOP VIEW) FLAT PACKAGE {TOP VIEW)
outr our our
NC NC NC  vcee NC PUT NC veee PUT NC NC NC NC veee NC PUT
ulfa)[n][w]{s ]l ® ® O)
1 '} ) | 1 |
it LJ )|
tHafsfJefis sl ¥ ¥
0| K3 ENIENIEN Y KAy Gpg KN Y| EX o¥oXoXoXo,
INV INPUT INV INPUT GND NON INV NC vce
neut INPUT PIN 4 IS IN ELECTRICAL —y NPT
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 ..o 1Ay
Supply voltage Voo— (seeNote 1) . . . . . . . . . . L L0 -7V
Differential input voitage (see Note 2) - 1
Input voltage (either input,see Note 1) . . . . . . . . . . . . . . . . . . ... o000 7V
Peak output current (ty <1s) o . e e e e 10 mA
Continuous total power dissipation at {or below) 70 C free -air temperature (see Note 3) .. . . . . . . 300mwW
Operating free-air temperature range: TL810M Circuits . . . . . . . . . . . . . . . . —55°Cto 125°C
TL810C Circuits - - « « « « « « =« « e . . . ... 0Cto70°C
Storage temperature range . . . e . e . .. .. ........ =-65Cto150°C
Lead temperature 1/16 inch from case for 60 seconds J, JG,L,orUpackage . . . . . . ... ... 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 terminat,
3. For operation of the TL810M above 70" C free-air temperature, refer to Dissipating Derating Curves, Section 2,
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TYPES TL810M, TL810C
DIFFERENTIAL COMPARATORS

electrical characteristics at specified free-air temperature, Vec+ = 12 V, Vgg—- = —6 V
(unless otherwise noted)
TL81OM TL810C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
R " . K
Vio  Inputoffset voltage s <200, 25°C 06 2 16 35 mv
See Note 4 Full range 3 45
Average temperature coefficient Rg =50, MIN to 25°C 3 10 3 20
avio .. = uvre
of input offset voltage See Note 4 25°C to MAX 3 10 3 20
25°C 0.75 3 1.8 5
o Input offset current See Note 4 MIN 1.8 7 7.5 HA
MAX 0.25 3 7.5
Average temperature coefficient MIN to 25°C 15 75 24 100 o
10 of input offset current See Note 4 25°C to MAX 5 25 15 O
25°C 7 15 7 20
I Input bias current See Note 4
18 P ee Note MIN 12 25 9 0 | *
Common-mode input
VICR Vee—-=-7V Full range 15 15 \Z
voltage range
Vip Differential input voltage range Full range 15 15 v
Large-signal differential No load, 25°C 12.5 10 33
Avp . == V/imA
voltage amplification Vo=0to25V Full range 10 8
Vip=5mV . .
. 1D -0 Full range a8 5 438 5
Von  High-level output voltage OH v
Vip = 5mV. 25 368 25 368
loH = ~5mA Full range . -0 . -0
Vip=-5mV, N .
VoL Lowlevel output valtage loL - 0 Full range -1 -0.5% ot -1 -0.5% ot \
25°C 2 2.4 1.6 2.4
. Vip=-5mV,
oL Low-level output current Vo =0 MIN 1 2.3 0.5 2.4 mA
0 MAX 05 23 05 24
o Qutput resistance Vo=14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rg < 200 2 Full range 80 1008 70 100% dB
Icc+ Supply current from Vecs v 5 v Full range 558 9 558 9 mA
=-6m' - >
Icc— Supply current from Voc— NIDI " : Fult range —3.5%8 -7 -3.58% -7 mA
o loa - s
PD Total power dissipation Full range 90% 150 908 150 mW

TEull range (MIN to MAX) for TL810M is —65°C to 126°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.

8 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, Vo =
18 VatTp=—55C, Vg=14VatTy =25C,and Vg =1VatTp =125°C;for TLB10C, Vo =15V at To =0°C, Vg =14 V
at 256°C, and Vo=12VatTp= 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 MIN TYP MAX | UNIT

Response time Ry =, 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 TL81OM, TL810C
IFFERENTIAL COMPARATORS

Vo—Output Voltage—V

Ayp-Differential Voltage Amplification—V/mV

Vo—Output Voitage—V

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL

VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE
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TL810C
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TYPES TL810M, TL810C
DIFFERENTIAL COMPARATORS

TYPICAL CHARACTERISTICS
INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO
vs vs
FREE-AIR TEMPERATURE "s FREE-AIR TEMPERATURE
vc:;.- 2v Ve =12V
Veg-= -8V Vec- - -8V
2 Seaoted ] § o N Vic=-BV10BV
‘\ 5 \ Rs <2000
P § s
N g_ 3
N f ol N
1 AN $
i, | -
-
= T~ —TL810C =
. L TLB10C — £ %
3
2 L]
-7 80 - 0 5 80 75 100 128 -7 60 -26 O 26 8 75 100 125
Ta-Fres-Air Tempersture—"C
Ta—F res-Air Tompersture-"C
FIGURE 7 FIGURE 8

COMMON-MODE PULSE RESPONSE

Vic—Common-Mode Input Voitage—V
-~

— vege = 12V ]
| vee-+-6V ]
No Load
} Ta=25C
; .|
"F ) ) 80 120 160
L t-Time—ns
FIGURE 9

TOTAL POWER DISSIPATION
OUTPUT RESPONSE FOR vs

VARIOUS INPUT OVERDRIVES FREE-AIR TEMPERATURE

| [ ] : R g
cce =
3 !‘ — T 1 Veg-= -6V
E s 100mY vees = 12V 100 I vip=-5mv
£3 Vee- = -6V i No Load
3 _§ -~ CL=5pF A L
e £
Ta-25C ] 4+

4 — E 8 \"'\—_.
> P ) !
Nt O 775 £ r—TLB10C
g 2 10 mV. / #va g 70
> [
i, N -smv 5
3 [ T 7T e 60
$ o1 Jl[]
4 v/

-1 50

0O 20 4 60 8 100 120 140 —75 50 —25 0 25 60 75 100 125
1-~Time-ns TA—Free-Air Tempersture—"C
FIGURE 10 FIGURE 11

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vg =
1.8V atTp = —56°C, Vg = 1.4 V at Tp = 25°C,and Vg = 1 V at T = 125°C; for TLB10C, Vg = 1.5 Vat T = 0°C, Vg = 1.4 V
at 25°C, and Vo = 1.2 Vat 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 CIRCUITS

TYPES TL81IM, TL81IC

DUAL-CHANNEL DIFFERENTIAL COMPARATORS

WITH STROBES

BULLETIN NO. DL-S 7611464, MARCH 1971-REVISED JUNE 1976

DUAL-IN-LINE PACKAGE (TOP VIEW)

FORMERLY SN52811, SN72811
®  Fast Response Times
o Improved Voltage Amplification and Offset Characteristics
e  Output Compatible with Most TTL and DTL Circuits

schematic

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-

oumryt
stnose 1 sTaone 3

e

3 vae-

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

L

PLUG-IN PACKAGE (TOP VIEW)

U FLAT
PACKAGE (TOP VIEW)

STROBE STROBE
ne 7% oo veeroutpuT Ne

ujnjjue]jnfiinfisjs

1 1 IMT4f{si1sq?
NC NON- VCC- NON. INV.

lumn NV INV INPUT 2
INPUTY  INPUT2

PIN51S IN ELECTARICAL CONTACT WITH THE CASE

STROBE 1 GND  VCC+ OUTPUT STROBE 2

(ONORONOXO)

1 1

YL YN)

INV  NON- Vg - INV
INPUT Y INV INV INPUT 2
INPUT 1 INPUT 2

NC—No internal connection

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

INC
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

ORPORATED

Supply voltage Vcc+ (see Note 1) 14V
Supply voltage Vcc— (see Note 1) -7V
Differential input voltage (see Note 2) 5V
Input voltage {any input, see Note 1) 7V
Strobe Voltage (see Note 1) . .6V
Peak output current (ty <1 s) 50 mA
Continuous total power dissipation at (or below) 70 C free -air temperature (see Note 3) . 300 mw
Operating free-air temperature range: TL811M Circuits —55°C to 125°C
TL811C Circuits . 0°Cto70°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
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. For operation of the TL811M above 70°C free-air temperature, refer to Dissipating Derating Curves, Section 2,
TEXAS INSTRUMENTS
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TYPES

TL81IM, TL811C

DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Voc+ =12V, Vgg—-=—-6V
(unless otherwise noted)
TL811M TL811C
PARAMETER ST CONDITIONS?
TE o o MIN TYP MAX MIN TYP MAX unNIT
Rg <2004, 25°C 1 35 1 5
Vic=0,
Vio  Inputoffset voltage See Note 4 Full range 4.5 6 mv
Rg < 20092, 25°C 1 5 1 7.5
See Note 4 Full range 6 10
Rg <200 Q2
Average temperature coefficient S ’ o
avio . Vic=0, Full range 5 5 wv/ec
of input offset voitage
See Note 4
25°C 0.5 3 0.5 5
o Input offset current See Note 4 HA
Full range 5 10
| Input bias current See Note 4 25°C L 2 ? 30 A
'8 i Full range 30 50 | “
111.{S) Low-leve! 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 45 ‘5 v
ICR voltage range cc-=-
Differential input °
Vip 25°C +5 15 v
voltage range
Large-signal differential Vo=0to25V, 25°C 125 17.5 10 17.5
Avb o Vimv
voltage amplification No load Full range 8 5
V, =
1D =10mV, 285°C a 5 4 5
. lon=0
VoH High-level output voltage v
Vip=10mV, o
25°C 25 3.6 25 3.6
loH = ~5 mA
A\ -1 Vv,
D= =10mV, 25°C -1 —04 ot | -1 —oa ot
loL=0
VoL Low-level output voltage Vip=10mV, v
V(strobe} = 0.3V,  |25°C -1 ot | -1 ot
loL=0
Vip=-1 Vv,
1oL Low-level output current w s omv, 25°C 05 08 05 08 mA
0=
o Qutput resistance Vg =14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rg < 200 2 25°C 70 90 65 90 dB
Icc+  Supply current from Vec+ Vip=-5to5V 25°C 6.5 6.5 mA
fcc— Supply current from Voo (—10mV for typ),|25°C 2.7 —-2.7 mA
Pp Total power dissipation No load, See Note5 |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 TLB11M s —55°C to 125°C and for the TL811C 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.

NOTES: 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for
Vo=1.8VatTp=-55C, Vg=1.4Vat Tp = 25°C,and Vg = 1 V at T = 125°C; for TL811C, Vg = 1.6 Vat T = 0°C,
Vo=14VatTpa= 25°C, and Vg = 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.
6. The strobes are alternately grounded.

switching characteristics, Vcc+ =12V, Vgg—-=—-6V, TaA =25°C

TL811M TL811C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
Response time R =, CL=6pF, SeeNote6 33 80 33 ns
Strobe release time R =% Cp_=6pF, SeeNote?7 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 voitage 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.

TEXAQ
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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

25
20
|

15 TL811C —*

10
Vees =12V

5 Vee—=-6V
Vp=0to25V |
No load

0 l

-7 -50 -25 O 25 50 75 100 125

T A—Free-Air Temperature—°C

FIGURE 1

TL81IM
VOLTAGE TRANSFER CHARACTERISTICS

5
4 /L‘Z
Ta=-55°C {
Ta=125°C
3 [
2 \
! FTA =25°C
1
J Vee+=12V
0 Vee—=-6VH
Rg=50Q
No load
—1 1
-3 -2 -1 ¢} 1 2 3

V|p—Differential Input Voltage—mV

FIGURE 3

Ayp-—Differential Voltage Amplification—V/mV

Vo—Output Voltage—V

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION

vs
SUPPLY VOLTAGE
40 I I
Vee-=-7V /
35 ‘—l | 0\
Vee—=—-6 V4
30 f/
25 /’ /
20 y4 1 //
15 A A A Vee—=-5v}
) el
10
//// Vg=0t025V
5 a No load —
Ta=25°C
1 1
10 1 12 13 14
Ve +—Positive Supply Voltage—V
FIGURE 2
TL811C
VOLTAGE TRANSFER CHARACTERISTICS
5
4
Ta=0°C
Ta=70°C
3 "
\-Ta=25°C
2
1
Vec+ =12V
0 Vee—=-6V4
Rg =50
No load
-1 1
-3 -2 -1 0 1 2 3

V|p—Differential Input Voltage—mV

FIGURE4
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TYPES TL81IM, TL811C
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

Differential

Input Voltage

Vo—Output Voltage—V

Vic—Common-Mode
Input Voltage—V

Vo—Output Voltage—V

-1

N

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES

STROBE RELEASE TIME
FOR VARIOUS INPUT OVERDRIVES

> 4
g 3 -
t * /
100 mv S 5 Vees =12V
: 2 / Vee—=-6V
e 1 / Ry = 1
@ cL 5 pF
0 L=5Pp
20mvy // Ta=25°C
/
PN
> 3
-5mV %,,’, va.
Vees= 12V g 2 7 2mv
Vee—-=-6V S (-
[ -2mv ce 2 / omv
/ RL= 5
7V 7 CL=5pF 5 0
Ta=25°C ? A ™~
1 L >O 1 =1mV

0 20 40 60 80 100 120 140

t—Time—ns

FIGURE S

COMMON-MODE PULSE RESPONSE

0 5 10 15 20 25 30 35 40

t—Time—ns

FIGURE 6

OPEN

\% 12V E > vo
CC+= T
Vee—=—-6V o 9
No load Vi
TA=25°C Q
~”
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

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT TOTAL POWER DISSIPATION
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
12 — 100 —
Vees =12V Veece =12V
Veg—=—6V 98 Vee—=—6 V E
N B Vip=-10 mV
10 \ See Note 4 =z 9 18} mv- |
— No load
S j 9 e S
| S P ~~]
£ 8 'g —
g W\ £ @ —
3 2
8 6 9 g0
@ b :
T4 ] 5
@ — TL811C — K 86
- o
o
2 84
82
0 80
-75 -50 -26 O 25 50 75 100 125 -7 -50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—"C T aA—Free-Air Temperature—°"C
FIGURE 8 FIGURE 9

NOTE 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811M,
Vo =18V atTa=-55°C, Vg =14V at Ty = 25°C, and Vg = 1 V at T = 125°C; for TL811C, Vo= 1.6 Vat T4 = 0°C,
Vo=14VatTa= 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

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)

COMPARATOR NO. 1
on- COMPARATOR NO. 2
INV INV
VCC— INPUT INPUT GND VCC+ NC QUTPUT
wijsjunyjusgys
910 3910
100
NONINVERTING,
INPUT
INVEATING
INPUT
vyl sffefjsyjef]?
b 4 OUTPUT NC Vcce  NC NON. INV Veo-
9 SRR ——— INV INPUT
INP
e g 68 COMPARATOR NO. 1 ur
O vee- COMPARATOR NO. 2
Resistor values are in ohms. -
NC—No internal connection
Component vatues 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 TL720, these circuits feature high amplification {typi-
cally 33,000) due to an extra amplification stage and increased accuracy because of lower offset characteristics. They
are particularly useful in applications requiring an amplitude discriminator, memory sense amplifier, or a high-speed
limit detector. The TL820M is characterized for operation over the full military temperature range of —55°C to 125°C;
the TL820C is characterized for operation from 0°C to 70°C.

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

Supply voltage Vec+ (seeNote 1) . . . . . . . . . . oL L0 0w s s s e s e e 14N
Supply voltage Vec—(seeNote 1) . . . . . . . . . . . . . .. ... L oo =TV
Differential input voltage {see Note 2) - £ - 1)
Input voltage (any input,see Note 1) . . . . . . . . .« . . . o 0 e e e e e e e e e e 7V
Peak output current (ty, <1 s) . e e 10 mA
Continuous total power dissipation at (or below) 70 C free -air temperature each comparator .. . . . . 300mW
total package, (see Note 3) . . . 600 mW

Operating free-air temperature range: TL820M Circuits . . . . . . . . . . . . . . .. -55°Cto125°C
TL820C Circuits . - « + . « . « .« . . .. .... 0°Cto70°C

Storage temperature range . . . e e e+ ...... =—65°Cto150°C
Lead temperature 1/16 inch from case for 60 seconds J package . e e e e ... .. .... 300C
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.
3. For operation of the TL820M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2.
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TYPES TL820M, TL820C
DUAL DIFFERENTIAL COMPARATORS

electrical characteristics at specified free-air temperature, Vcc+ =12V, Vgg—-=-6V
(unless otherwise noted)

PARAMETER TEST CONDITIONS TLB20M TL820C UNIT
MIN TYP MAX MIN TYP MAX
Rg < X 2 1.6 3.5
Vio  Input offset voltage s < 200 9, 25°C 06 mv
See Note 4 Fult range 3 4.5
« Average temperature coefficient | Rg =60, MIN to 25°C 3 10 3 20 vre
VIO of input offset voltage See Note 4 25°C to MAX 3 10 3 20 |*
25°C 0.75 3 1.8 5
o Input offset current See Note 4 MIN 1.8 7 7.5 uA
MAX 0.25 3 15
Average temperature coefficient MIN to 25°C 15 75 24 100
See Not
a0 input offset current ee Note 4 25°C to MAX 5 25 15 50 nA/C
| Input bias current See Note 4 25°C ? 15 7 20 A
18 P ¢ MIN 12 25 9 30 | *
Vigp Commen-mode input v 7V Full ran, 15 15 v
ICR voltage range cc- Y 98
Vip Differential input voltage range Full range 16 15 v
Large-signal differential No load, 25°C 12.5 33 10 33
Avp . V/mv
voltage amplification Vpo=0to25V Full range 10 8
Vip=56mV
) ‘D -0 Full range 48 5 48 5
Vou High-level output voltage \?H v \
1D = omV,
25 368 25 368
loH = =5 mA Full range
Vip=-5mV,
VoL Low-level output voltage Ic;f -0 Full range -1 -058 ot -1 -058 o} Y;
v 5mV 25°C 2 2.4 1.6 2.4
loL ~ Low-level output current v‘D o mv. MIN 1 23 05 24 mA
° MAX 05 23 05 24
fo Output resistance Vpo=14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rg < 200 Full range 80 1008 70 1008 dB
Supply current from Voc+ <
! Full 5.58 9 558 9 | mA
ce+ (each comparator) v range
Supply current from Vog-- Vip=-5mV, §
lcc- Eull ran -358 -7 -35 -7 | mA
ce {each comparator) No load 98
o Total power dissipation Full range 908 150 008§ 150 Y
(each comparator)

TFull range (MIN to MAX) for TL820M is —55°C to 125°C and for the TL820C 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.9., when 0 V is the maximum, the minimum limit is a more-negative voltage,

§ These typical values are at Tp = 25°C.

NOTE 4: Thege characteristics are verified by measurements at the following temperatures and output voltage levels: for TL820M, Vo =
18 VatTa =—65°C, Vo= 1.4 VatTa =25°C,and Vg =1V at Tp = 125°C; for TL8B20C, Vo = 1.6 V at T = 0°C, Vg = 1.4 V
at 25° C,and Vg =12 VatTp = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the
types ot digital logic clrcults thess comparators are Intended to drive.

switching characteristics, Vcc+ =12 V,Vce—=—6 V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN 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,

For typical characteristic curves, sae the TL810 data sheet on page 193.
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LINEAR TYPE uA710M
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATOR

BULLETIN NO. DL-§ 7612415, JUNE 1976

e Fast Response Times
e Low Offset Characteristics
e Output Compatible with Most TTL and DTL schematic

Circuits PR S B
o Designed to be Interchangeable with Fairchild ;
uA710
AR T
description
500 82 500 §2

The uA710 is a monolithic high-speed comparator

having differential inputs and a low-impedance out- r_g
put. Component matching, inherent in silicon inte- nownverTivg | (
grated circuit fabrication techniques, produces a mverTn

comparator with low-drift and low-offset character- l; \
istics. This circuit is especially useful for applications
requiring an amplitude discriminator, memory sense 174
amplifier, or a high-speed voltage comparator. The
uA710M is characterized for operation over the full
military temperature range of —55°C to 125°C.

Bez2v Feav

ouTPUT

10092 L]

vee-
Component values shown are nominal,

terminal assignments

J JG
DUEL-IN-LINE DUEL-IN-LINE L U FLAT PACKAGE

PACKAGE {TOP VIEW) PACKAGE (TOP VIEW)  PLUG-IN PACKAGE (TOP VIEW) (TOP VIEW)
NC NC NC  VCC+ NC OUTPUT NC Vees OUTPUT NC NC C+ NC OUTPUT N
wl[u]fue][o]fw]ls]]s s][71]e]]s @
vTesdaf{s[{s[]7 J1H2fi3fa[ L]
NC GNDNONIN. INVERT-NC Vcc- NC GND NON- INV Voo

VERTINGING INPUT INV INPUT GND _NONIN- INVERT NC vee-
INPUT INPUT PN (D15 IN ELECTAICAL CONTACT WiTh CASE. VERRUYCING INPUT

NC~—No internal connection

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

Supply voltage Veg+(seeNote 1) . . . . .« . & . . o 4 . L v h e e e e e e e e e . .14V
Supply voltage Vec—(seeNote 1) . . . . . . . . . o . v L v i e e e e s e e e e e e e . =TV

Differential input voltage {seeNote2) . . . . . . . . . . . . . . . . « . « v s .+ . .. . BV
Input voltage (eitherinput,seeNote 1) . . . . . . . . . . . . . . . ... 0. . 7V
Peak output current {tw<<1s) . . . . . e [ T
Continuous total power dissipation at (or below) 25 Cfree‘alrtemperature e e e e e e 300 mW
Operating free-air temperaturerange . . . . . .« « + « + 4 4 4 4 e e e e e e e e —55 Cto 125°C
Storage temperaturerange . . . . . . e e e e e e e e e e e e o .. .. .—85°Ct0150°C
Lead temperature 1/16 inch from case for605econds O 100 M 04

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 above 25°C frae-air temperature, refer to Dissipation Derating Curves, Section 2,
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TYPE uA7IOM
DIFFERENTIAL COMPARATOR

electrical characteristics at specified free-air temperature, Vcc+ =12V, Vgg—-=—6V
(unless otherwise noted)

PARAMETER TEST CONDITIONST MIN  TYP MAX UNIT
Vio Input offset voltage Rg < 200 &2, See Note 4 25°¢ 06 2 mvV
Full range 3
ayjp verage temperature coefficient | o g See Note 4 Full range 3 10 |avrc
of input offset voltage
25°C 0.75 3
lio Input offset current See Note 4 Full range 7 HA
Average temperature coefficient —55°C to 25°C 5 25
1o of input offset current See Note 4 25°C to 125°C 15 75 nASG
T} Input bias current See Note 4 25°¢ 13 20 HA
Full range 45
\2 Input voltage range Veg—=-7V 25°C +6 v
Vip Differential input voitage range 25°C 5 v
AV Large-signal c?iffer'ential No load, See Note 4 25°C 1250 1700
voltage amplification Full range 1000
VoH High-level output voltage Vip= 5mV, IoH = -6 mA 25°C 2.5 3.2 4 \4
VoL Low-level output voltage Vip=-5mV, loL=0 25°C -1 05 6t Vv
25°C 2 2,5
loL Low-level output current Vip=-5mV, Vo=0 —55°C 1 23 mA
125°C 0.5 1.7
o Output resistance Vo=14V 25°C 200 2
CMRR _Common-mode rejection ratio Rg <200 2 25°C 80 100 dB
lcc+ Supply current from Vee+ Vip=-5Vto5V 25°C 6.2 9 mA
lcc— Supply current from Veo— (—10 mV for typ), 25°C —4.6 -7 mA
Pp Total power dissipation No load 25°C 20 150 mwW

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: Vg = 1.8 V at
Ta =-55°C, Vo =1.4 V at T = 26°C, and Vo = 1 V at T 5 = 125°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.

TFull range for uA710M is —55°C to 125°C.

$The algebraic convention where the more-positive (less-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, Vge—=—6 V, Ta = 25°C

PARAMETER
Response time

TEST CONDITIONS UNIT
See Note 5 40 ns

No load,

NOTE 6: The response time specified is for a 100-mV input step with 5-mV overdrive.

TEXAS INSTRUMENTS
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POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

204



TYPE uA710M
DIFFERENTIAL COMPARATOR

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR VARIOUS OUTPUT RESPONSE FOR VARIOUS
INPUT OVERDRIVES INPUT OVERDRIVES
¥ 5k
s t £3
> 100 mV 2> [——100mv
£3 L Voo =12V £3
oc Vee-=-6V ac
No load
Ta=25°C ——1 Veer =12V
a 4 Vee- =-6 VT
> ) 3 R No load [ |
é‘ / g ‘\ Ta=25°C
5 2 g 2
> >, > >
- Ef >, N - " M
g 1 £ 7 v g fa 3 &
-1 Sf of IS 5 \4 L
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o i 3 i I
-1 -1
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t—Time—ns t=Time—ns
FIGURE 1 FIGURE 2
COMMON-MODE PULSE RESPONSE OUTPUT VOLTAGE
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v
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2] ~ Veer =12V VoH (Vip = 15 mV, Igy = 0.5 mA)
§8% 2 Vee- = -6 VA =
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o 1
Le 3
> o $
g 2
—t vo >j &_vcm =12V
H Vee- = -6V
5
L1 g 1
i I3
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3 D] \Y ° VoL Vip = —15mV, 1gL = 0)
I oL Vip =~ 13V, I
e
S ] | [ |
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FIGURE 3 FIGURE 4
TOTAL POWER DISSIPATION
v
VOLTAGE TRANSFER CHARACTERISTICS FREE-AIR TEMPERATURE
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FIGURE 5 FIGURE 6
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76

LINEAR INTEGRATED
CIRCUITS

TYPES uAT1IM, uATIIC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS
WITH STROBES

BULLETIN NO. DL-S 7611442, FEBRUARY 1971-REVISED JUNE 1976

e Fast Response Times
o Low Offset Characteristics

description

FORMERLY SN52711, SN72711

o Output Compatible with Most TTL and DTL Circuits
e Designed to be Interchangeable with Fairchild uA711 and xtA711C

schematic

The uA711 is a high-speed dual-channel comparator

staost

outrur stRoBt2

with differential inputs and a low-impedance output.
Component matching, inherent with silicon mono-
lithic circuit fabrication techniques, produces a
comparator circuit with low-drift and low-offset
characteristics. An independent strobe input is

provided for each of the two channels, which when
taken low, inhibits the associated channel. If both
strobes are simultaneously low, the output will be

ERTING
weury

NONINVERTING
weut2

low regardless of the conditions applied to the
differential inputs. The comparator output pulse

width may be “stretched’” by varying the capacitive
loading. These dual comparators are particularly
useful for applications requiring an amplitude-

oo
Compament veve shomn s acmusl

discriminating sense amplifier with an adjustable threshold voltage. The uA711M is characterized for operation over
the full military temperature range of —55°C to 125°C; the uA711C is characterized for operation from 0°C to 70°C.

terminal assignments

A A

VIJ2]]3TaT|s16f]7

veo NC INV NON. VcC- NON- INV NC

- INPUT 1INV NV INPUT 2
INPUT1  INPUT 2

NONINVERTING'
INPUT 1

L JORN U FLAT PACKAGE
PLUG-IN PACKAGE (TOP VIEW) DUAL-IN-LINE PACKAGE (TOP VIEW) (TOP VIEW)
STROBE STROBE
veer NC_ 1 GND VCCsOUTPUT 2 NC STROBE1 GND  VCC+ OUTPUT STROBE 2
wllnflefinf{fw|{s|ls

ouTRUT ¥

A

STROBE 1 STROBE 2 &

- INV
INPUT 1INV INV INPUT 2
INPUT 1 INPUT 2

PIN 55 IN ELECTRICAL CONTACT WITH THE CASE

NC—No Internal Connection

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

INCORPORATED
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222

uA711M uA711C | UNIT
Supply voltage Vcc+ (see Note 1) 14 14 \
Supply voltage Voc— (see Note 1) -7 -7 \
Differential input voltage (see Note 2) +5 15 \
Input voltage (any input, see Note 1) +7 +7 \
Strobe voltage {see Note 1) 6 6 \
Peak output current (ty, < 1) 50 50 mA
Continuous total power dissipation
at (or below) 70°C free-air temperature (see Note 3) 300 300 mW
Operating free-air temperature range —55to 125 0to 70 °C
Storage temperature range —65t0 160 [—65t0 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: 1. Allvoltage values, axcept differential voltages, are with respect to network ground terminal.
2. Differential voltages are at the noninvarting input terminal with respect to the inverting input terminal,
3. For operation of UA711M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2,
TEXAS INSTRUMENTS
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TYPES uA71IM, uANIC

DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Vec+ =12V, Veg—-=-6V

(unless otherwise noted)

uA711M uA711C
PARAMETER TEST CONDITIONS! UNIT
MIN TYP MAX |MIN TYP MAX
Rg <200 Q, Vic=0, 25°C 1 35 1 5
v | + offset volt See Note 4 Full range 4.5 6 v
1o Inputelisetvoltage Rs <200 %, 25°C 1 s 1 75| "
See Note 4 Full range 6 10
. Av.erage temperature coefficient| Rg < 200 ©2, Vic=0, Full range 5 5 WG
of input offset voltage See Note 4
| Input offset current See Note 4 25°¢ 05 10 05 18 A
10 i urr e Full range 20 25 | Y
) 25°C 25 75 25 100
Iig Input bias current See Note 4 BA
Full range 150 150
lIL(S) Low-level strobe current V(strobe) = 0, Vip =10 mV 25°C -1.2 -25 -1.2 =25 | mA
V) Input voltage range Veg-=-7V 25°C +5 +5 v
Differential input
vip  erentiatinpd 25°C | 15 +5 v
voltage range
A Large-signal differential No load, 25°C 750 1500 700 1500
VD voltage amplification Vo=0to25V Full range | 500 500
Vip=10mVv, | =0 25°C 4.5 5 45 5
VoH High-level output voltage 1D o OH > v
Vip=10mV, Ig4=-5mA 25°C 25 3.5 25 3.5
Vip=-10mV, Ig_ =0 25°C -1 -05 off -1 -o05 ot
Vv Low-level output voltage Vip=10mV, V =03V, v
oL lD_ (strobe) 25°C 1 ot —1 ot
loL=0
loL Low-level output current Vip=-10mV, Vo=0 25°C 0.5 0.8 05 0.8 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 Voo Vip=-5V 105V (-10mV for typ), 25°C 9 9 mA
Icc— Supply current from Voo— Strobes alternately grounded, 25°C —4 —4 mA
Pp Total power dissipation No load 25°C 130 200 130 230 | mW
NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uUA711M, Vo=18V

at Tp = —55°C, Vo = 1.4 V st Ty = 25°C, and Vg = 1 V at Tp = 125°C; for uA711C, Vo = 1.5 V at Tp = 0°C, Vo = 1.4 V at
Ta= 25°c, and Vg = 1.2 V at 70°C. These output yoltage lavels were selected to approximate the logic threshold voltages of the
types of digital logic circuits these comparators are intended to drive.

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 uA711M is —55°C to 125°C and for the uA711C 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.

switching characteristics, Vgc+ = 12V, Veec—==-6V, Ta = 25°C

uA711M uA711C
PARAMETER TEST CONDITIONS N TYP MAX |MIN_ TYP MAX UNIT
Response time No load, See Note 5 40 80 40 ns
Strobe release time No load, See Note 6 7 25 7 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.
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TYPES uA711M, uATIIC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION

Vs

FREE-AIR TEMPERATURE

2000 T
Vee+=12V
c 1800 Vee— = =6V
.g T~ No load
8 1600 o
2 - See Note 4 j
[-%
g€ 1400 4
< T~
% 1200 e UAT11C [~
°
> 1000
2
§ 800
&2
;?- 600
;>’ 400
200
]
—75 -50 -25 (4] 25 50 75 100 125
TA—Free-Air Temperature—°"C
FIGURE 1
INPUT BIAS CURRENT
Vs
FREE-AIR TEMPERATURE
50 T
\ Vees = 12V
Veg—=-6V ™|
w© \ See Note 4
;f't N
5
£ 30
3
o
8
E 1
5 20 g
a )
< e waTiIC |
@
10
o
-75 -50 -25 0 25 50 75 100 125

Ta—Free-Air Temperature—°"C

FIGURE 3

Ayd—Differential Voltage Amplification

Pp—Total Power Dissipation—mW

vs
SUPPLY VOLTAGE
3000
Vo =14V
Ta=25°C
2500 ' No load
R ol
2000 L~
/ Veg—=-6V "
1500 / / Vcc_ = —w;—
1000 = /.f
L
500
0
10 1 12 13 14
Ve +—Positive Supply Voltage—V
FIGURE 2
TOTAL POWER DISSIPATION
vs
FREE-AIR TEMPERATURE
140 T T
Vee+ =12V
138 ~vee—=-6V—T7
No load

136

134

132

130 ‘\F

128 = ! AN

1
1

126 UATI1C— \\
124

122

120

—75 —50 -25 0 25 50 75 125

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION

T A—Free-Air Temperature—"C

FIGURE 4

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uUA711M, Vo = 1.8 V
at Tp = —65°C, Vo = 1.4 V at Tp = 25°C, and Vg = 1 V at Tp = 125°C; for UA711C, Vo = 1.5 V at To = 0°C, Vg = 1.4 V at
Ta= 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,
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TYPES uA71IM, uA7IIC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

Differential
Input Voltage

Vo-Output Voltage-V

Vo—Output Voltage—V

TYPICAL CHARACTERISTICS

uA711M uA711C
VOLTAGE TRANSFER VOLTAGE TRANSFER
CHARACTERISTIC CHARACTERISTICS
5 T T —r 5 T 1
Vees = 12V Vecs =6V { l
Vee-=-6V g Vee—=-6V _ke B
4 |.Rs <2000 aa 4 |_Rg <2009 TaTOeN A
‘ TA = -55°C— I 7 \
. . JPIRS
" J = 125°C j //' TA 070 [
31— AN 1 VN Ta e
gk A
° ’
, 1! g /:
I/ s 2 T
L o A
/ / 8 11
1 ] 5 1
/ 2
’
o 0
bemabmed e e ]
Y R R -
-1 -1 L
-5 -4 -3 - 3 4 5
5 -4 3 2 0 ! 2 -5 -4 -3 -2 -1 0 1 2 3 4 5
Vip-Differential Input Voltage—mV V|p—Differential Input Voltage—mV
FIGURE S FIGURE 6
OUTPUT RESPONSE FOR STROBE RELEASE TIME
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES
4
3 3
i ] L
100 mv g o /] Vee+ =12V |
Vee+ =12V | 5 / ) Veg—=-6V
Vee— = -6V | E 3 / No lfvadoc
No load [ TA=25
TA=25°C | a0
5 [
. 20mVh ]
; NELZ4VE .
10 mV ~ pARP == !
2 X ? 2 5 mV; :
1 71 AN AN = ; 2mV
o VI b2mv O // i
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2
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FIGURE 7 FIGURE 8
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676

VOLTAGE REGULATORS
adjustable voltage regulators
POSITIVE NEGATIVE SWITCHING UNIT
LM105 uA723 LM117 LM376 LM104 TLA97
o £ volt MIN 4.5 2 1.2 5 —0.15 1.2 v
utputvoltage  "MAX 20 37 40 37 —a0 +30, —25
| t volt MIN 8.5 9.5 3.7 9 —8 4.5 v
nput voltage MAX 50 40 40 40 —50 15
| -
vjput to-output voltage 3 3 25 3 05 o v
difference, minimum
Output current, maximum 12 150 1500 25 20 500 mA
Standby current, maximum 2 3.5 5 2.5 5 11 mA
adjustable shunt regulator
Reference Temperature Differential Reference
Regulator
Input Coefficient Regulator Input
Current
Voltage of Viof Resistance Current Range
TYP TVP TYP MAX 9
TLA430 275V 100 ppm/°C 1.5 10 A 0.5mA to 100 mA
fixed voltage regulators
POSITIVE NEGATI|VE
LMm109 uA78XX uA78MXX uA78LXX uA79XX uA79MXX UNIT
SERIES SERIES SERIES SERIES SERIES
Nominal output voltage 5 SEE LISTING BELOW FOR QUTPUT VOLTAGES AVAILABLE \Y
MIN 8
| t vol SEE INDIVIDUA ETS
nput voltage MAX 50 DUAL DATA SHE A\
Input-to-output volt;
iPuT-toroutput voltage 2 2 2 17 14 1.4 v
differential, minimum
Output current, maximum 500 1500 500 100 1500 500 mA
Standby current 10 8 6 6.5 3 1 mA
12 mA to 3.5 mA, depending on individual type
AVAILABLE OUTPUT 26V 5V 6V 6.2V 8V 85V 2v 155V 18V 0V 24
VOLTAGES : 2 M
uA78XX SERIES . . . . . ° . 3
uA78MXX SERIES . ] . . . . .
uA78LXX SERIES . . . . . .
uA79XX SERIES (—) . . . . . ° . .
uA79MXX SERIES (-} 3 [} 3 ° . [} .
TEXAS INSTRUMENTS
INCORPORATED

POST OFFICE BOX 5012 ¢« DALLAS, TEXAS 75222
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GLOSSARY
VOLTAGE-REGULATOR TERMS AND DEFINITIONS

SERIES REGULATORS
Input Regulation
The change in output voltage, often expressed as a percentage of output voltage, for a change in input voltage from one
level to another level.
NOTE: Sometimes this characteristic is normalized with respect to the input voltage change.

Ripple Rejection

The ratio of the peak-to-peak input ripple voltage to the peak-to-peak output ripple voltage.
NOTE: This is the reciprocal of ripple sensitivity.

Ripple Sensitivity
The ratio of the peak-to-peak output ripple voltage, sometimes expressed as a percentage of output voltage, to the
peak-to-peak input ripple voltage.
NOTE: This is the reciprocal of ripple rejection.

Output Regulation

The change in output voltage, often expressed as a percentage of output voltage, for a change in load current from one
level to another level.

Output Resistance
The output resistance under small-signal conditions.
Temperature Coefficient of Output Voltage (o)

The ratio of the change in output voltage, usually expressed as a percentage of output voltage, to the change in
temperature. This is the average value for the total temperature change.

VpoatTo~VpatTq| 100%
VQ at 25°C To-T1q

ayo = *
Output Voltage Change with Temperature

The percentage change in the output voltage for a change in temperature. This is the net change over the total
temperature range.

Output Voltage Long-Term Drift

The change in output voltage over a long period of time.

Output Noise Voltage

The rms output noise voltage, sometimes expressed as a percentage of the dc output voltage, with constant load and no
input ripple.

Current-Limit Sense Voltage

The current-sense voltage at wich current limiting occurs.

TEXASI INSTRUMENTS
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GLOSSARY
VOLTAGE-REGULATOR TERMS AND DEFINITIONS

Current-Sense Voltage

The voltage that is a function of the load current and is normally used for control of the current-limiting circuitry.

Dropout Voltage

The low input-to-output differential voltage at which the circuit ceases to regulate against further reductions in input
voltage.

Feedback Sense Voltage

The voltage that is a function of the output voltage and is used for feedback control of the regulator.
Reference Voltage

The voltage that is compared with the feedback sense voltage to control the regulator.
Bias Current

The differance between input and output current.
NOTE: This is sometimes referred to as quiescent current.

Standby Current

The input current drawn by the regulator with no output load and no reference voltage load.
Short-Circuit Output Current

The output current of the regulator with the output shorted to ground.
Peak Qutput Current

The maximum output current that can be obtained from the regulator due to limiting circuitry within the regulator.

SHUNT REGULATORS
NOTE: These terms and symbols are based on JEDEC and | EC standards for voltage regulator diodes.
Shunt Regulator
A device having a voltage-current characteristic similar to that of a voltage-regulator diode; normally biased to operate
in a'region of low differential resistance (corresponding to the breakdown region of a regulator diode) to develop across
its terminals an essentially constant voltage throughout a specified current range.
Anode
The electrode to which the regulator current flows within the regulator when it is biased for regulation.

Cathode

The electrode from which the regulator current flows within the regulator when it is biased for regulation.

TEXAS INSTRUMENTS
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GLOSSARY
VOLTAGE-REGULATOR TERMS AND DEFINITIONS

Reference Input Voltage (Vyef) (of an adjustable shunt regulator)
The voltage at the reference input terminal with respect to the anode terminal.

Temperature Coefficient of Reference Voltage (ayyef)
The ratio of the change in reference voltage to the change in temperature. This is the average value for the total
temperature change.
To obtain a value in ppm/°C:

Viefat T2 — Vyef at T 106
Vyef at 25°C i| To-Tq

aVref =

Regulator Voltage (Vz)

The dc voltage across the regulator.
Regulator Current (1z)

The dc current through the regulator when it is biased for regulation,
Regulator Current near Lower Knee of Regulation Range (IzK)

The regulator current near the lower limit of the region within which regulation occurs; this corresponds to the
breakdown knee of a regulator diode.

Regulator Current at Maximum Limit of Regulation Range (Izp)
The regulator current above which the differential resistance of the regulator significantly increases.
Differential Regulator Resistance (r;)

The quotient of a change in voltage across the regulator and the corresponding change in current through the regulator
when it is biased for regulation.

Noise Volage (V)

The rms noise voltage with the regulator biased for regulation and with no input ripple.

216 TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 s DALLAS, TEXAS 75222



LINEAR
INTEGRATED CIRCUITS

TYPES LM104, LM204, LM304
NEGATIVE-VOLTAGE REGULATORS

BULLETIN NO. DL-S 7612052, SEPTEMBER 1973-REVISED JUNE 1976

schematic

FORMERLY SN52104, SN72104
e Typical Load Regulation...1mV
e Typical Input Regulation . .. 0.06%

e Designed to be Interchangeable with National
Semiconductor LM104, LM204, and LM304

Respectively

description

The LM104, LM204, and LM304 are monolithic
integrated circuit voltage regulators that can be
programmed with a single external resistor to provide
any voltage between —40 volts and approximately
0 volts while operating from a single unregulated
negative supply. When used with a separate floating
bias supply, these devices can provide regulation with
the output voltage limited only by the breakdown
characteristics of the external pass transistors.

Although designed primarily for application as linear
series regulators at output currents up to
25 milliamperes, the LM104, LM204, and LM304 can
be used as current regulators, switching regulators, or
control elements with the output current limited by
the capability of the external pass transistors. The
improvement factor for load regulation is approxi-
mately equal to the composite current gain of the
added transistors. The devices can be used in either
constant-current or fold-back current-limiting applica-
tions.

The LM104 is characterized for operation over the
full military temperature range of —55°C to 125°C;
the LM204 is characterized for operation from
—25°C to 85°C; and the LM304 is characterized for
operation from 0°C to 70°C.

L PLUG-IN PACKAGE
(TOP VIEW)

REGULATED

REFERENCE OuTPUT

REFERENCE
SUPPLY

BOOSTER
OUTPUT

UNREGULATED
INPUT

PIN5 IS IN ELECTRICAL CONTACT
WITH THE CASE

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

BOOST- CUR-
ER RENT UNREG
NC GND OUTPUT OUTPUT LIMIT INPUT NC

14 13 12 1 10 9 8

1 2 3 4 ] 6 7

NC ADJ REF NC REF  COMP NC
SUPPLY

NC-No internal connection

T
FJ:

merEaEnce X
weut

2 Fne
|_REGULATED
outeuT

800sTER
P outrur

150F on
It
1€

CURRENT

it
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]

INPUT
REFERENCE
surrLY

Component values shown are nominal,
Resistor values are in ohms,

COMPENSATION
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TYPES LM104, LM204, LM304
NEGATIVE-VOLTAGE REGULATORS

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

LM104 LM204 LM304 UNIT

Input voltage (see Note 1) —~50 -50 —40 \
Input-to-output voltage differential —50 -50 ~40 \'
Continuous total dissipation at (or below) 25°C J or N package 1000 1000 1000 W
free-air temperature {see Note 2) L package 800 800 800

Operating free-air temperature range —551t0125 | —25t0 85 0to 70 °c
Storage temperature range —65to 1560 | —65 to 150 | —65 to 150 °C
Lead temperature 1/16 inch from case for 60 seconds: J or L package 300 300 300 °Cc
Lead temperature 1/16 inch from case for 10 seconds: N package 260 260 260 °c

NOTES:

1. Voltage values, except input-to-output voltage differential, are with respect to network ground terminal.

2. 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.

recommended operating conditions

LM104 LM204 LM304 UNIT
MIN MAX MIN MAX MIN MAX
Input voltage, V) —8 —50 -8 —50 -8 40| V
Output voitage, Vo -0.0156 —40 {-0.015 -40|-0.035 -30 \"
) 3 o =20 mA -2 =50 -2 50 -2 40
Input-to-output voltage differential, V| — Vg \"
lp<5mA -05 -50 -05 -50 -05 -—40
Output current, Ig 20 20 20 | mA
Operating free-air temperature, TA —-55 125 -25 85 0 70| °c
electrical characteristics over recommended ranges of input and output voltage and operating
free-air temperature (unless otherwise noted)
LM104, LM204 LM304
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX | MIN TYP MAX
Vg=-5Vto MAX, A =01V,
Input regulation o © Vi ! 006 0.1 006 01 | %
See Notes 3 and 4
. - C1=10uF, Vi=—-15V 1o MAX 02 05 02 0.5
Ripple sensitivity mV/V
f=120Hz Vi=—7Vto-15V 0.5 1 0.5 1
=0to20mA, Rsc =159,
Output regulation lo=0t020m sc 5 1 5 1 5 mV
See Note 3
Output voltage scale factor R1=24kQ, See Figure 2 1.8 2 22 1.8 2 22 |Vvika
Output voltage change Tao=MINtoTp =25C 1 1 N
with temperature Ta=25"CtoTp = MAX 1 1
. Vo=-5VtoMAX,|C1=0 0.007 0.007 %
Output noise voltage
f=10Hzto 10 kHz | C1= 10 uF 15 15 n
Vo=0 1.7 25 1.7 25
Bias current lp=5mA Vo =-30V 3.6 5 | mA
Vg =—-40V 36 5

tFor conditions shown as MIN or MAX, use the appropriate value specitfied under recommended operating conditions.
NOTES: 3. Input regulation and output regulation are measured using pulse techniques (t,, < 10 us, duty cycle < 5%) to limit changes in

average internal dissipation, Output voltages due to large changes in internal dissipation must be taken into account separately.

4. At zero output voltage, the output variation can be determined using the ripple sensitivity. At low voltages (i.e., 0 to —5 V), the
output variation determined from the ripple sensitivity must be added to the variation determined from the input regulation to
‘determine the overall line regulation.
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TYPES LM104, LM204, LM304
NEGATIVE-VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

= R2 1+ = Lo
£ 20k N 4TuF 5ke T 10F
~ tantalum 1% ~ tantalum
ADJ GND ADJ GND
REF |REF
R1t REG Vo - B2 R1Y REG Vo= —10V
24k0 ouT 0~ 500 24 kit out 10<2A
= REF % REF
SUPPLY —{suepLy
BOOSTER |—] BOOSTER —@\mzeos
ouT
v UNREG V|=-12V to MAX —g¢ UNREG
INPUT  cuRRENT] INPUT  CURRENT INIT14
COMP__ LIMIT < COMP__ LIMIT
474F 3 T o
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Za = 020
FIGURE 1-BASIC REGULATOR CIRCUIT FIGURE 2—HIGH-CURRENT REGULATOR
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L
- c1
R2 Loor L
= TR4TuF
ADJ GND Gl uF =| tantalum
REF
R1t REG vVo=-5V + vo - B2l
2.4 ks out 10° 3A 1000
™ REF ADJ  GND
SUPPLY
BOOSTER - REF
out L1 24k REG
UNREG 10 ML 3540 uH 1% ouT
INPUT  CURRENT REF
COMP___ LIMIT Viigs = 10V SUPPLY
o BOOSTER
330 2N54 1N3070 out J2N3789
I UNREG
B INPUT - cygRENT
100 2
47
IN3T16 Tno pF 3220
v
V| : -85V to MAX !

L1

60 turns #20 on Arnold Engineering A930157-2

molybdenum permalloy core, or equivalent

FIGURE 3-SWITCHING REGULATOR

tTrim R1 for exact scale factor,

FIGURE 4—-OPERATING WITH SEPARATE BAIS SUPPLY
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LINEAR
INTEGRATED CIRCUITS

TYPES LM105, LM205, LM305, LM305A, LM376

POSITIVE-VOLTAGE REGULATORS

BULLETIN NO, DL-S 7612057, SEPTEMBER 1973—REVISED JUNE 1976

FORMERLY SN52105, SN72305,
SN72305A, SN72376

e Low Standby Current ... 0.8 mA Typ
e Adjustable Output Voltage

o Load Regulation ... 0.1% Max
(LM105, LM205, LM305)

e Input Regulation ... 0.06%/V Max

e Designed to be Interchangeable with
National LM105, LM205, LM305, LM305A,
and LM376 Respectively

description

The LM105, LM205, LM305, LM305A and LM376
are monolithic positive-voltage regulators designed for
a wide range of applications from digital power
supplies to precision regulators for analog systems.
These devices will not oscillate under conditions of
varying resistive and reactive loads and will start
reliably with any load within the rating of the
circuits.

The LM105 is characterized for operation over the
full military temperature range of —55°C to 125°C;
the LM205 is characterized for operation from
—25°C to 85°C, and the LM305, LM305A, and
LM376 are characterized for operation from 0°C
to 70°C.

schematic

JGORP
DUAL-IN-LINE PACKAGE (TOP VIEW}

REGU- COMP/ REF
LATED SHUT- FEED- BY-
OUTPUTDOWN BACK PASS

sl{l7l{6f]5

1{12[]31(]4

CUR- BOOST-UNREG GND
RENT ER INPUT
LIMIT OUT-

PUT

L
PLUG-IN PACKAGE (TOP VIEW)

REGULATED
QUTPUT

COMPENSATION/

CURRENT SHUTDOWN

LIMIT,

BOOSTER
OUTPUT

FEEDBACK

UNREGULATED

REFERENCE
INPUT BYPASS

PIN 4 IS IN ELECTRICAL
CONTACT WITH THE CASE

UNREGULATED__(3)
INI

28k

600

12)_goosTER OUTPUT

[

186k
132k It
L CURRENT LIMIT

‘—&- REGULATED OUTPUT

{7)_ COMPENSATION
SHUTDOWN

L] FEEDBACK

(5)

FERENCE BYPASS

4

'OUND

Component values shown are nominal.
Resistor values are in ohms.
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TYPES LM105, LM205, LM305, LM305A, LM376
POSITIVE-VOLTAGE REGULATORS

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

LM305
LM105 LM205 LM305A LM376 UNIT

Input voltage {see Note 1) 50 50 50 40 \
Input-to-output voltage differential 40 40 40 40 \'
Conti total dissipation at {or bel

o:\ muous. otal dissipation at (or below) 800 800 800 800 W
25°C free-air temperature (see Note 2)
Operating free-air temperature range —55t0 125 —25 to 85 0to70 0to 70 °c
Storage temperature range —65 to 150 —65 to 150 —65 to 150 —65 to 150 °c
Lead temperature 1/16 inch from case 200 300 300 300 °c
for 60 seconds: JP or L package
Lead t ture 1/16 inch f|

ead temperature 1/16 inch from case 260 260 260 260 ¢
for 10 seconds: P package

NOTES: 1. Voltage values, except input-to-output voltage differential, are with respect to network ground terminal.
2. 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.

recommended operating conditions

LM105 LM205 LM305A LM305 LM376 UNIT

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
tnput voltage, V) 8.5 50 8.5 50 8.5 50 8.5 40 9 40 \"
Output voltage, VO 4.5 40 4.5 40 4.5 40 4.5 30 5 37 \
Input-to-output voltage 3 30 3 20 3 30 3 30 3 30 v
differential, Vi—-Vo
Output current, |Q o 12 0 12 0 45 0 12 0 25 mA
Operating free-air 55 125 | -25 85 0 70 0 70 0 70 °¢
temperature, Tao

LM105, LM205, LM305 electrical characteristicsT at 25°C free-air temperature (unless otherwise noted)

LM105, LM205

LM305

PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX | MIN TYP MAX
V|-Vg <5V 0.025 0.06 0.025 0.06
Input lati See Note 3 %IN
npatregulation Vi—Vo > 5V ee Note 00156 003 0015 003 |
Ripple sensitivity Cref = 10 uF, f=120 Hz 0.003 0.01 0.003 0.01 | %/V
Rgc=10%, Ta=25C 0.02 0.05 0.02 0.05
lo=0tolg=12mA, [ Rgc=10Q, Ta=MIN 003 0.1 003 0.1
t i Note 4 o
Output regulation {see Note 4) | ¢ Note 3 Rsc= 10 %, Ta = MAX 003 01 *
Rsc =15, Ta = MAX 003 0.1
Qutput voltage change TA =MIN to Tp = 25°C 1 1 %
with temperature TA=25CtoTa=MAX 1 1
Cref=0 0.005 0.005
Output noise voltage =10 Hz to 10 kHz ref %
Cref > 0.1 uF 0.002 0.002
Feedback sense voltage 1.63 1.7 181 | 1.63 1.7 1.81 \4
Current-limit sense voltage Rsc=10%, Vo=0, See Note 5 225 300 375 | 225 300 375 | mV
Standby current Vi=50V 0.8 2 A
rel m
v V) =40V 08 2

tThese specifications apply for input and output voltages within the ranges specified under recommended operating conditions and for a
divider impedance of 2 k{2 presented to the feedback terminal, untess otherwise noted.
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
NOTES: 3. Input regulation and output regulation are measured using pulse techniques (t,, < 10 us, duty cycle < 5%) to limit changes in
average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account

separately.

4. Load regulation and output current capacity can be improved by the addition of external transistors. The improvement factor will
be approximately equal to the composite current gain of the added transistors.
6. Current-limit sense voltage is measured without an external pass transistor,
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TYPES LM105, LM205, LM305, LM305A, LM376
POSITIVE-VOLTAGE REGULATORS

LM305A, LM376 electrical characteristicst at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONST LM305A LM376 UNIT
MIN TYP MAX [MIN TYP MAX
V—Vg <5V 0.025 0.06 0.03
Input regulation V|I—-Vo>5V See Note 3 0.015 0.03 0.03 | %/V
Ta=0°Cto70°C 0.1
o Cref = 10 uF, =120 Hz 0.003
Ripple sensitivity =130, o %IV
. lo = 010 Ip = MAX, Rsc=09, Ta= 253"0 002 02 0.2
Output regulation (see Note 4)  See Note 3 Rgc=08Q, Ta=0°C 0.03 04 05 ) %
Rsc=0%, Ta=70°C 003 04 05
Output voltage change TA=0°CtoTp=25°C 1 1 %
_with temperature | TA=25°CtoTp =70°C 1 1
) Cref=0 0.005
Output noise voitage f=10Hzto 10 kHz Crof > 01 1F 5,002 %
Feedback sense voltage 155 17 185 \
Ta =0°CtoTp =70°C 16 117 18
Current limit sense voltage Rgc=10Q, Vpo=0V, SeeNoteb 225 300 375 300 mV
Vi =50V 08 2
Standby current mA
V=30V 25

TThese specifications apply for input and output voltages within the ranges specified under recommended operating conditions, and for a
divider impedance of 2 k{2 presented to the feedback terminal, unless otherwise noted.

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

NOTES: 3. Input regulation and output regulation are measured using pulse techniques (t,, < 10 us, duty cycle < 5%) to limit changes in
average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into accolint
separately.

. Load regulation and output current capacity can be improved by the addition of external transistors. The improvement factor will
be approximately equal to the compaosite current gain of the added transistors.

. Current-limit sense voltage is measured without an external pass transistor.

TYPICAL APPLICATION DATA

»

o

Rsc San
CURRENT 2
BOOSTER Lt s CURRENT Seu
OUTPUT lo BOOSTER LT <
REG . = Vo OUTPUT lo200mA
v UNREG ouTPUT REG *—" Vo 15V
INPUT Sh1 UNREG ouTPUT
omp R
REF sHuTOOWN | L a 2 Vi=iv INPUT comp ‘%5,0 o S16.7 kL_
[T[eYrass  recomack Sl e SHUTDOWN Tl:z: o
Cref GND SR2 BYPASS  FEEDBACK g -
I < GND 3227k
. — l
17 R1+R2 = =
~
Vo R2
] 325 ma
Sc R e—
Rsc
FIGURE 1—-BASIC REGULATOR FIGURE 2—-LINEAR REGULATOR
WITH CURRENT LIMITING WITH FOLDBACK CURRENT LIMITING
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TYPES LM105, LM205, LM305, LM305A, LM376
POSITIVE-VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

334F |* 680
15V
Solid s8a
tantalum —~ [ hd
34719 30160
2N5301 | W
TIP3 BOOSTER CURE,‘J‘,:
OUTPUT REG
e—Vo-
v ° 2N2908A UNREG OuTPUT o=sv
! INPUT comp S0 5555
SHUTDOWN|™ _)_ 47 3 ke +| 5004F,
—|REF “T>oF v
4.570 ,:: + BYPASS FEEDBACK | —e = | Electrolytic
"
tantalum - GND 3.15kQ
FIGURE 3-10-A REGULATOR WITH
FOLDBACK CURRENT LIMITING
& 12 1
¢
TIS94
2N3713 sesn
) |BOOSTER cu"fﬁ:ﬂ p
OUTPUT REG 680 02 020
ouTPUT WA 2N3714 800sTER CURRENT 21
v UNREG | OUTPUT LIMIT
INPUT comp 3 68§ 2N2905A REG > p-Vo =28V
aer sHUTDOWN [~ L, oF v UNREG ouTPUT
— T INPUT
sYpass FEEDBACKI—$ 2kn snutsomn| 2L 51433 .
GND 1uf A+ ]k, —|REF ’P"pF uF N 4
S180 /Y AT BYPASS  FEEDBACK B/Y
2w GND
) 213k <
p— ]
10=1A = = =
tProtects agalnst input voltage reversal.
#protects against shorted input or inductive loads on unregulated supply.
§Protects against output voltage reversal.
FIGURE 4—-CURRENT REGULATOR FIGURE 5-1-A REGULATOR WITH
PROTECTIVE DIODES
L1
1.7 mH
CURRENT s ' ! ' pvorsy
33v
BOOSTER LIMIT P32 | TIP32 o8
OUTPUT REG 32Ma CURRENT|
OUTPUT \t = ROOSTER LIMIT
UNREG |\ = ouUTPUT 04 Floa7pr
INPUT compt 36200 | 11.1ka3 P WF LT3V
= SHUTDOWN 47pF 9 V=85V Py UNREG
u— T INPUT coMP b:
BYPASS ~ FEEDBACK —# sHutoown| S
o 3 Bvp FEEDBACK
= 1 244k g BYPASS )
2w 7 100 pF GND
r VWA A P 3.2 m::
10 € 200mA * 3
Vvi=15V t
vo=10V = = =
FIGURE 6—SHUNT REGULATOR FIGURE 7-SWITCHING REGULATOR|
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LINEAR TYPES LM109, LM209, LM309
INTEGRATED CIRCUITS 5-VOLT REGULATORS

BULLETIN NO, DL-S 7612056, SEPTEMBER 1973—REVISED JUNE 1976

LA PLUG-IN PACKAGE
FORMERLY SN52109, SN72309 roPviEm)

e No External Components Required for Most Applications
e Output Current. .. 500 mA Max NPUT @
e Satisfies 5-V Supply Requirements of TTL and DTL

e Virtually Blow-Out ProofDue to Internal Current
Limiting, Thermal Shutdown, and Safe-Operating-

Area C ati
rea Compensation oo @ @ b
e Designed to be Interchangeable with National LM109,

LM209, and LM309 Respectively
e PIN 3 1S IN ELECTRICAL
description CONTACT WITH THE CASE

These monolithic 5-volt regulators are designed for use as local regulators to eliminate noise and distribution problems
inherent with single-point regulation. They are specified under worst-case conditions to match the power supply
requirements of TTL and DTL logic families. In other applications, these devices can be used with external components
to obtain adjustable output voltages and currents or as the series-pass element in precision regulators,

schematic

INPUT » ﬁ . }}

130

200

ouTeut

?i’ 63V

&
Component values shown ars nominal.
Resistor values are in ohms,

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

LM109, LM209 LM309 UNIT
Input voltage 35 35 \
Output current 500 500 mA
Continuous total dissipation at {or below) 25°C case temperature (see Note 1) 5 4 w
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 2) 600 480 mwW
Operating case or virtual junction temperature range —55 to 150 010125 °c
Storage temperature range —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch from case for 60 seconds 300 300 °c

C P . . .
NOTES: 1. Above 25°C case temperature, derate lineary at the rate of 40 mW/ C, or refer to Dissipation Derating Curve, Figure 1.
2. Above 25°C free-air temperature, derate linearly at the rate of 4.8 mW/°C, refer to Dissipation Derating Curve, Figure 2.
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TYPES LM109, LM209, LM309
5-VOLT REGULATORS

recommended operating conditions

LM109 LM209 LM309 UNIT
MIN MAX | MIN MAX |[MIN MAX
Input voltage, V) 7 25 7 25 7 25 \
Output current, Ig 4] 500 0 500 0 500 mA
Operating virtual-junction temperature, T —-55 150 | —25 150 0 125 °c
electrical characteristics at specified virtual junction temperature '
PARAMETER TEST CONDITIONST LM109, LM209 LM309 UNIT
MIN TYP MAX [MIN TYP MAX
V=10V, 1o = 100 mA 25°C 4.7 5.0 5.3 4.8 5.0 5.2
Output voltage A\
Vi=7Vto25V, Io =5 mA to 200 mA | Full range | 4.6 5.4 4,75 5.25
Input regulation Vi=7VtoV =25V 25°C 4 50 4 50 | mv
Ripple rejection f=120 Hz 25°C 85 85 dB
QOutput regulation 10 =5mA to lg = 500mA, See Note 3 25°C 20 50 20 50 | mV
Output noise voltage | f = 10 Hz to 100 kHz 25°C 40 40 uV
Standby current Vi=7Vto25V Full range 5 10 5 10 [ mA
Bias current change Vi=7VtwoV =25V, lo~ 100mA Full range 05 0.5 mA
lo=5mA to lg =200 mA 0.8 0.8

TFull range for LM109 is —55°C to 150°C, for LM209 Is —25°C to 160°C, and for LM309 is 0°C to 125°C. All characteristics, except output
noise voltage and ripple rejection, are measured using pulse techniques. t,, < 10 ms, duty cycle < 5%.
NOTE 3: Pulse techniques are used in testing to limit the average internal dissipation, Output voltage changes due to large changes in internal
dissipation must be taken into account separately.

THERMAL INFORMATION

CASE TEMPERATURE FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
6 800

700

LM109, LM209 600

LM109, LM209

500 N
400

200 LMS(;Q\ N\ \\

\\\

AN

LM309

N

N

100 N I

200

Maximum Continuous Dissipation—W
w
Maximum Continuous Dissipation—mW

0 25 50 75 100 125 150 0 25 50 75 100 125 150
Tg—Case Temperature—°"C ‘TA—Free-Air Temperature—"C

FIGURE 1 FIGURE 2
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TYPES LM109, LM209, LM309
5-VOLT REGULATORS

TYPICAL CHARACTERISTICS?

OUTPUT VOLTAGE INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL
OUTPUT VOLTAGE vs
VIRTUAL JUNCTION TEMPERATURE INPUT VOLTAGE VIRTUAL JUNCTION TEMPERATURE
5.2 55 T > 20
vi=tov 10 =200 mA a1 AVp =100 mV
tlo =20 mA 5.4 § 1.8
5.3 4 16
3 o 3 52 2 I N Y ~20p
4 1 LY LI D) S
;; 50 ™ z 50 / >; o | b [P ™
§ \ g 49 f / 3 o8 09 B
T ] Ty=125°C / ? ~l_
o O 48 % 06 N
> ag > o7 Ty=25°C :. o4
e i
X 2 o
w A/ 1%
—60-40-20 0 20 40 60 80 100120 140 3 6 7 8 —60-40-20 0 20 40 60 8O 100 120 140
T~ Virtual Junction Temperature—°C V|=Input Voltage—V T - Virtual Junction Temperature—"C
FIGURE 3 FIGURE 4 FIGURE S
RIPPLE nmscnou OUTPUT NOISE VOLTAGE OUTPUT IMPEDANCE
FREOUENCY FREOVCIENCY FHEQ:;ENCV
10 10
“ !Hilﬁl‘lllllllIIIIIIHWIIIII o E P vimiov
~ T,=25°C F Ty=25C
i Scss E
o I;
T e RN I L i _
s ! g £
4 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIINI :'!! s H a
2 40 ] =
IIIlIlIIIIIIIIIIIIIIlIIII\ ll\ %o ! 2o to=20ma ]
ol Jio 7 lIIIIIIIIIIIIIIIIIIIIIIIIIJ :
AV|=3Vpp |||
o IIIIIlllIIIIIIIIIIIIIIIIIIlllIIIIllIIIIlIlI\ 0o 001 I
001 01 1 10 100 1000 10 100 1k 10k 10 100 1k 10k 100k 1M
f—Frequency—kHz f—Frequency—Hz f—Frequency—Hz
FIGURE 6 FIGURE 7 FIGURE 8
STANDBY OR BIAS CURRENT BIAS CURRENT
VIRTUAL JUNCTIV(;N TEMPERATURE INPUT \;SOLTAGE
60 vi=1v 60 10 = 200 mA
£
I I0=0 _eC L
£ 55 < 55 13228
; N f e
g A I0:200m;\\ é ; 1;’*55’0
: N
Z 50 AN @ 50 ———
;S; N ,——'T’J‘ -126°C
45 45
-60-40-20 0 20 40 60 80 100 120 140 5 10 15 20 5
T j-Virtual Junction Temperature"C Vi=nput Voltage—V
FIGURE 9 FIGURE 10

tData for virtual junction temperatures outside the ranges specified in the recommended operating conditions for LM209 or LM309 is not
applicable for those types.
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TYPES LM109, LM209, LM309

5-VOLT REGULATORS

INPUT 9 IN OUT
_L GND

See Note A

TYPICAL APPLICATION DATA

LM109/LM209/LM309

AAA

J S IW A~

[}
0.22 uF

Ll

OUTPUT

NOTE A: C1 is required if regulator is not located in close proximity to power supply filter.

FIGURE 11-ADJUSTABLE OUTPUT REGULATOR

LM109/LM209/LM309

LM101A/LM201A/LM301A
/— uA777
INPUT IN  ouT \ 4 OUTPUT
. 6k
GND 0.005 %

- Y sw00 .

+ 3 02% ~-

2.2 uF 1 See f:loteB P 104F
- . —
b
2N3g93 30D 3 1N829
10k §
100 pF 0.005 %
T NOTES: A. All capacitors are solid tantalum.
B. This resistor determines zener current. Adjust to minimize thermal drift.
FIGURE 12—HIGH-STABILITY REGULATOR’
LM109/LM209/LM309 LM107/LM207/L.M307
uA741
INPUT 4 IN ouTt OuUTPUT
Vo=7Vt30V<<V| -2V

0.22 uF T 1k :E
p:

GND

FIGURE 13—HIGH-STABILITY REGULATOR WITH ADJUSTABLE OUTPUT
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FUTURE PRODUCT TYPES LM117, LM217, LM317
TO BE ANNOUNCED 3-TERMINAL ADJUSTABLE REGULATORS

JUNE 1976
e QOutput Voltage Range Adjustable e QOutput Regulation Typically 0.1%
from 1.2V to 37V ® Peak Output Current Constant Over
o Guaranteed IQ Capability of 1.5 A Temperature Range of Regulator
for TO-3 and TO-220AB Packages e Popular 3-Lead Packages
¢ Input Regulation Typically 0.01% e Ripple Rejection Typically 80 dB
Per Input-Volt Change
terminal assignments
KA PACKAGE KC PACKAGE LA PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
OUTPUT INPUT ADJUSTMENT
INPUT —\
6> O OUTPUT ‘INPUT
ADJUSTMENT \/2
ADJUSTMENT OUTPUT

TO-3 TO-220AB

T

The LM117, LM217, and LM317 are adjustable 3-terminal positive voltage regulators capable of supplying in excess of
1.5 amperes over a range of output voltage of 1.2 volts to 37 volts. They are exceptionally easy to use and require only
two external resistors to set the output voltage. Both input and output regulation are better than standard fixed
regulators. The devices are packaged in standard transistor packages that are easily mounted and handled.

description

In addition to higher performance than fixed regulators, these regulators offer full overload protection available only in
integrated circuits. Included on the chip are current limit, thermal overload protection, and safe-area protection. All
overload protection circuitry remains fully functional even if the adjustment terminal is disconnected. Normally, no
capacitors are needed unless the device is situated far from the input filter capacitors in which case an input bypass is
needed. An optional output capacitor can be added to improve transient response. The adjustment terminal can be
bypassed to achieve very high ripple rejection, which is difficult to achieve with standard 3-terminal regulators.

Besides replacing fixed regulators, these regulators are useful in a wide variety of other applications. Since the regulator
is floating and sees only the input-to-output differential voltage, supplies of several hundred volts can be regulated as
long as the maximum input-to-output differential is not exceeded. It makes an especially simple adjustable switching
regulator, a programmable output regulator, or, by connecting a fixed resistor between the adjustment terminal and the
output, these devices can be used as precision current regulators. Supplies with electronic shutdown can be achieved by
clamping the adjustment terminal to ground, which programs the output to 1.2 volts where most loads draw little
current.

The LM117 is characterized for operation over the full military temperature range of —55°C to 125°C. The LM217 and
LM317 are characterized for operation from —25°C to 150°C and from 0°C to 125°C respectively.

TENTATIVE DATA SHEET

This document provides tentative information TEXAS lN STRU M ENTS 229
on a product in the developmental stage. Texas INCORPORATED

Instruments reserves the right to change or POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

discontinue this product without notice.



TYPES LM117, LM217, LM317
3-TERMINAL ADJUSTABLE REGULATORS

schematic

310 3190 82 5.6k
2

—0 INPUT

200k
200 y
12

150

5.8k372 5.1k oF

—O0 OUTPUT
——O ADJUSTMENT
All resistors values shown are nominal and in ochms,
absolute maximum ratings over operating temperature range (unless otherwise noted)
Lm117 LM217 LM317 UNIT
Input-to-output differential voltage, V| — Vo 40 40 40 v
Continuous total dissipation KA (TO-3) package 3.5 3.5 3.5
at 25°C free-air temperature KC (TO-220AB) package 2 2 w
(see Note 1) LA package 0.6 0.6 0.6
Continuous total dissipation KA package 20 20 20
at (or below) 25°C case KC package 20 20 w
temperature (see Note 1) LA package 2 2 2
Operating free-air, case, or virtual junction temperature range —55 to 150 —25to 150 0to 150 °c
Storage temperature range —65 to 150 —65 to 150 —65 to 150 °c
Lead temperature 1/16 inch KA and LA packages 300 300 300 °c
from case for 60 seconds
17765
Lead temperature 1/16 inch KC package 260 260 °c
from case for 10 seconds

NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figures 1 through 4,

recommended operating conditions

m117 LM217 LM317 UNIT
MIN MAX MIN MAX MIN MAX
All packages 5 5 10
KA ki 1500 1500 1500
Output current, 10 package 50 mA
KC package 1500 1500
LA package 500 500 500
Operating virtual junction temperature, T j —55 150 —-25 150 o] 125 °Cc
230 TEXAS INSTRUMENTS
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TYPES LM117, LM217, LM317
3-TERMINAL ADJUSTABLE REGULATORS

electrical characteristics over recommended ranges of operating virtual junction temperature
(unless otherwise noted)

PARAMETER TEST CONDITIONST LM117, LM217 LM317 UNIT
MIN TYP MAX |[MIN TYP MAX
Ty=25°C 0,01 0.02 0.01 0.04
iont See Note 2 %IV
Input regulation l0=10mA o MAX | o0 o 0.02 005 002 007 |
Vo =10V, f=120Hz 65 65
Ripple rejection Vo =10V, f=120 Hz, dB
10 -uF capacitor between ADJ and ground 66 80 66 80
I0=10mAtoMAX, |Vo<5V 5 15 5 25| mV
o ot Ty=25°C,See Note2 | Vo =5V 0.1 0.3 0.1 05| %
tput tio
utput regulation lo=10mA o MAX, |Vo<5V 20 50 20 70 | mV
See Note 2 Vo=>5V 0.3 1 0.3 1.5 %
Output volt: h
utput voltage change Ty = MIN 10 MAX 1 1 %

with temperature

Output voltage After 1000 h at T) = MAX
tong-term drift 0.3 1 0.3 1 %
(see Note 3) and V) Vo =40V
Output noise voltage f=10Hzto 10 kHz, Ty = 25°C 0.003 0.003 %
Minimum output current

o X Vi —Vg=40V 3.5 5 35 10 | mA
to maintain regulation
Cc ki . 8 . .
V) —Vo <15V KA and KC packages 1.5 2.2 1.5 2.2
Peak outout current LA package 0.5 0.8 0.5 0.8 A
utput curren
P KA and KC packages 0.4 0.4
V| -Vg<40V
LA package 0.07 0.07
Adjustment-terminal
justment-termina 50 100 50 100 | uA
current
Change in adjustment- VI -Vp=25Vt40V,
A 0.2 5 0.2 5| uA
terminal current 10 = 10 mA to MAX
Ref It Vi-Vg=3Vto40V,
eterence voltage I=vo o 12 125 13|12 125 13| v
(output to ADJ) Io =10 mA to MAX, P < rated dissipation

TUnless otherwise noted, these specifications apply for the following test conditions: V) — Vg =5 V and Ig = 0.5 A for the KA (TO-3) and KC

" (TO-220AB) packages and 1o = 0.1 A for the LA package. For conditions shown as MIN or MAX, use the appropriate value specified under

recommended operating conditions.

ilnput regulation is expressed here as the percentage change in output voltage per 1-volt change at the input.

NOTES: 2. Input regulation and output regulation are measured using pulse techniques (t,, < 10 us, duty cycle < 6%) to limit changes in
average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account
separately.

3. Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a
guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot.

thermal characteristics

KA KC LA
PARAMETER UNIT
MAX | MAX [ MAX
RgJc Junction-to-case thermal resistance 3 4 15 |°c/w

TEXASI INSTRUMENTS

NCORPORATED
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TYPES LM117, LM217, LM317

3-TERMINAL ADJUSTABLE REGULATORS

Maximum Continuous Dissipation—W

Maximum Continuous Dissipation—mW

THERMAL INFORMATION

TO-3 AND TO-220AB FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVES

4 T T T
KA (TO-3) package
derating factor = 28 mW/°C |
RgJa =~ 35°C/W

T3

\4_
2 \'q/)b
4
N Ao
/7“0 N
RSN
ds,
1 ).

KC (TO-220AB) package \
lderating factor = 16 mW/°C\ AN
Rgya ~62.5° C/W I N

1 1
125

25 50 75 100 150

T a—Free-Air Temperature—"C

FIGURE 1

LA PACKAGE FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVE

800

700

600

500 <

400 \\\
300 ANy

N

200 AN
100 | Derating factor = 4.8 mW

,C\
Rgja =~ 210°C/W

0 | |
25 50 75 100

125 150

T p—Free-Air Temperatu re—"C

FIGURE 3

Maximum Continuous Dissipation—W

Maximum Continuous Dissipation—W

2.2

2.0
1.8

1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

TO-3 AND TO-220AB CASE TEMPERATURE
DISSIPATION DERATING CURVES

ANEAN

T\
Iy s
NG

o,
2.
oN

<
I
|

s

KA (TO-3) package \s
Derating factor = 333 mW/°C \ \

i above 90°C \\

KC {TO-220AB) package \\
Derating factor = 250 mW/°C

i abovg 70°C

5 50 75

0
25 50 75

100 125 150
Te—Case Temperature—"C
FIGURE 2

LA PACKAGE CASE TEMPERATURE
DISSIPATION DERATING CURVE

\
\

160

i Derating factor = 67 mW/blC above 1‘20°C
100 125

Tc—Case Temperature—"C

FIGURE 4
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LINEAR TYPE TL430C
INTEGRATED CIRCUITS ADJUSTABLE SHUNT REGULATOR

BULLETIN NO. DL-S 7612414,

JUNE 1976

® Temperature Compensated

JG LP
° Programmable Output Voltage DUAL-IN-LINE PACKAGE SILECT? PACKAGE
. (TOP VIEW) (TOP VIEW)

o Low Output Resistance

e Low Output Noise REF NC A NC

e Sink Capability to 100 mA CATHODE
description ANODE

The TL430 is a three-terminal adjustable shunt REF

regulator featuring excellent stability over tempera-
ture, wide operating current range, and low output
noise. The output voltage may be set by two external
resistors to any desired value between 3volts and

K NC NC NC

30 volts. The TL430 can replace zener diodes in
many applications providing improved performance.

The TL430 is characterized for operation from o’c
to 70°C.

functional block diagram

REF RAK

ANODE CATHODE NC—No internal connection
(A) (K}

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

Regulator voltage (seeNote 1) . . . . . . . . . . . . . . ... ... ... . .. 30V
Continuous regulator current . ., . . e e e e e e e e e e e e e e 100 mA
Continuous power dissipation at (or below) 25 C free -air temperature (seeNote2) . . . . . . ., . . . 775mW
Operating free-air temperaturerange . . . . . . . . . . . « « « v v s v v e s . . ... 0Cto70°C
Storage temperaturerange . . . . . . . . . e e e i e ... .. ...-B5Ct0150°C n
Lead temperature 1/16 inch from case for 60 seconds JG package e e e e e e ... .300°C
Lead temperature 1/16 inch from case for 10 seconds: LP package . . 260°C
recommended operating conditions
MIN  MAX UNIT
Regulator voltage, V7 PO Y 30 \"
Regulator current, Iz . . . e e e e e e e e e e e e e e e e e e e 2 100 mA
Operating free-air temperature, TA e e e e e e e e e e e e e e e e 4] 70 °c

NOTES: 1. All voltage values are with respect to the anode terminal.
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2,

TTrademark of Texas Instruments

TENTATIVE DATA SHEET

This document provides tentative information TEXAS l'N STRU MENTS

on a new product. Texas Instruments reserves NCORPORAT

the right to change specifications for this post oFFice Box 5012 « DALLAS, TEXAS 75222
product in any manner without notice.
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TYPE

TL430C

ADJUSTABLE SHUNT REGULATOR

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

TEST
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
FIGURE

Vryef Reference input voltage 1 Vz = Vref, Iz=10mA | 25 275 3 v

Temperature coefficient of - V7 = Vief, I7=10mA,
avref peratt 1 27 Vet z £50 ppm/°C

reference input voltage Tao=0Cto70°C

. Iz=10mA, R1 =10k,

Iref Reference input current 2 A2 = 3 10 RA

Regulator current near lower
Iz . 1 Vz = Vief 0.6 2 mA

knee of regulation range
| Regulator current at maximum 1 Vz = Vyef 50 mA
™ {imit of regulation range 2 Vz=5V1to30V,See Note 3 100
" Differential regulator resistance 1 Vz = Vief, 15 3 Q

(see Note 4) Alz =(52-2) mA

Vz=3V 50
Vnz Noise voltage 2 f=0.1Hzto 10 Hz Vz=12V 200 uv
Vz=30V 650
NOTES: 3. The average power dissipation, Vz * 1z * duty cycle, must not exceed 775 mW in any 10-ms interval,
4. The regulator resistance for Vz > Vi gf, rz', is given by:
r2 = (14 %12-),
PARAMETER MEASUREMENT INFORMATION
INPUT O—AWWA—@—————O0 V7 INPUT O-——'\M———GP—O vz
le l'Z
TL430
TL430

FIGURE 1-TEST CIRCUIT FOR Vz = Vgt

R1
VZz =Vief {1 +—) + I4¢ ¢ R1
ref R2 ref

FIGURE 2—TEST CIRCUIT FOR Vz > Vyef
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TYPE TL430C
ADJUSTABLE SHUNT REGULATOR

TYPICAL CHARACTERISTICS

SMALL-SIGNAL REGULATOR IMPEDANCE CURRENT
vs vs
FREQUENCY VOLTAGE
3.0 T 160 i
Vz = Vret Vz = Vyet
281 Tp=25°C 14011, =25°C /
1
o 26 I 120 zZm
' 3
g 24 T 100
-4 -
3 /
g 22 5 8
1 / 1 z
& 20 / 60
1.8 / 40
/
1.6 J 20
14 0 'zx
10 102 103 104 105 106 0 1 2 3 4
f—Frequency—Hz V—Voltage—V
FIGURE 3 FIGURE 4
TYPICAL APPLICATION DATA
V+ D—?—O Vout| V+ O v+ Vout
l R1
R1 |
|
Vref '? N
| Vref
R2 l R2
|
R1 O R1
Vout = (14 F(—2) Vref Vout = (1 +T?;) Vref
FIGURE 5—SHUNT REGULATOR FIGURE 6—SERIES REGULATOR FIGURE 7-CROW BAR
On above
v+ Max Voo Vout v+ OVout| v+ Vout
On above e
Min Voo 2 R1
Vret §
R1
Vout = Vref (1+—) R2 3
X R2
R Min Vout = Vref +5 V
Green Red e = = =
LED = = LED -
FIGURE 9—CONTROLLING OUTPUT
FIGURE 8—-SUPPLY MIN/MAX VOLTAGE OF FIXED-VOLTAGE FIGURE 10—HIGHER-CURRENT
DETECTOR REGULATOR APPLICATIONS
PRINTED IN U.S.A.
'6 Ti cannot assume any responsibility for any cirtuits shown
or represent thal they are free from patent infringement. TEXAS lNSTRUM ENTS
INCORPORATED

TEXAS INSTRUMENTS RESERVES TRE RIGHT TO MAKE CHANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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LINEAR TYPES TLA97M, TL497I, TLAY7C
INTEGRATED CIRCUITS SWITCHING VOLTAGE REGULATORS

BULLETIN NO. DL-S 7612422, JUNE 1976

description

e All Monolithic
e High Efficiency . . . 60% or Greater
e OQOutput Current . .. 500 mA

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

e Input Current Limit Protection

v BASE COoL- EMIT-
. TTL cOmpatib|e |nhibit cC CLS DORIVE BASE LECTOR NC TER
i (| Jelful jw| {9 |s
e Adjustable Output Voltage 1 _J
. CURRENT
e Input Regulation . .. 0.2% Typ SENeE

e Output Regulation ... 0.4% Typ B
e Soft Start-up Capability >

The TL497 incorporates on a single monolithic chip
all the active functions required in the construction 1 2 3 4 5 | 6 I 17

of a switching voltage regulator. It can also be used as COM- INHIBIT FREQ SUB- GND CATH. ANODE
. PARATOR CON- STRATE ODE

the control element to drive external components for INPUT TROL

high-power-output applications. The TL497 was

designed for ease of use in step-up, step-down, or NC—No internal connection

voltage inversion applications requiring high

efficiency.

A block diagram of the TL497 is shown in the pinout. A 1.2-volt precision reference is internally connected between
the inverting input of the high-gain comparator and the substrate. The output voltage is established using a resistive
voltage-divider network whose node voltage is sensed by the noninverting input of the comparator. When the voltage at
the noninverting input is more negative than the 1.2 volt reference, the oscillator is gated on. When the voltage at the
noninverting input is more positive than the 1.2-volt reference, the oscillator is gated off. The maximum frequency of
the oscillator is established by the external timing capacitor connected between the frequency control pin and ground.

TIMING CAPACITOR (pF) 5 10 20 50 | 100 | 200 ; 500 | 1000
MAX FREQUENCY (kHz) | 385 | 313 | 238 | 135 | 80.6 | 47.6 | 19.6 10

The transistor switch is normally connected to external inductive components and a diode to generate the output
voltage. The TL497 switching transistor and diode may be used directly for switching currents up to 500 milliamperes,
or used to drive an external transistor and diode for higher output-power applications.

The TLA497 also provides current limiting for protection of the switching transistor and the load. With proper current
limiting, saturation of the power inductor may be prevented and soft start-up achieved. Current limiting is accomplish-
ed with the current-limit control provided. The voltage developed across the series current-limit resistor, Rg|, is sensed.
When the voltage at the current-sense terminal is approximately 0.7 volt (one VgBE drop) less than the input voltage, the
power switch transistor is turned off.

External gating is provided by the inhibit control. When the inhibit control is high, the output is turned off.

The TL497M is characterized for operation over the full military temperature range of —55°C to 125°C, the TL4971 is
characterized for operation from —25°C to 85°C, and the TL497C from 0°C to 70°C.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TYPES TL497M, TLA97I, TLA97C
SWITCHING VOLTAGE REGULATORS

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

Input voltage (see Note 1) . . . . . . . . . . o . . L oo e e e e e e e e e e 5V
Outputvoltage . . . . . . . v ot e e e e e e e e e e e e e e e e e e e e e 35V
Comparatorinput voltage . . . . . . . . . . L 0 0 0 e e e e e e e e e e e e e e e .5V
Inhibitinput voltage . . . . . . . . . . . o o e e e e e e e e e e e e e .5V
Diodereverse voltage . . . . . « . .« v o e e e e e e e e e e e e e e e e e e e e 35V
Power switch current O 4T VA
Diode continuous forward current . . . e e e . 750 mA
Continuous total dissipation at (or below) 25 C free -air temperature (see Note 2) e e e e e e e« . . 1000mW
Operating free-air temperature range: TL497M . . . . . . . . . . . . « . « . . . .. .—55°Cto125°C
TL4971 . . . . . . . ... ... .. ..... —25°Cto85°C
TLA97C . . . . L e e e e e e e 0°C to 70°C
Storage temperaturerange . . . . . . e e e e e e e e e e e e e e e . —65°C to 150°C
Lead temperature 1/16 inch from case for 60 seconds Jpackage . . . . . . . . . . . . . .. ...300C
Lead temperature 1/16 inch from case for 10 seconds: N package . . . . . . . . . . . .. . 260°C
NOTES: 1. All voltage values except diode voltages are with respect to network ground terminal.
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.
recommended operating conditions
MIN MAX UNIT
Input voltage, V| . . . . . . . .. e e e e e e e e 4.5 12 \")
Output voltage: step-up conflguratlon (see Flgure 2) e e e e e e e e e e e Vi+2 30 \Y
step-down configuration (see Figure3) . . . . . . . . . . . .. Vief V-1 \
negative regulator (see Figure4) . . . . . . . . . . . .. —Vief -25 \%
Qutputcurrent . . . . . . . . e e et e e e e e e e e e e e e e e 500 mA
electrical characteristics at specified free-air temperature, V| = 6 V (unless otherwise noted)
TL497M, TL497I TL497C
f »

PARAMETER TEST CONDITIONS MIN _ TYPE MAX | MIN Tvpi MAX UNIT
High-level inhibit input voltage Full range 2 2 \4
Low-level inhibit input voltage Full range 0.6 0.8 \
High-level inhibit input current [ Vi) =5V Full range 0.8 1.5 0.8 1.5 mA
Low-level inhibit input current [ V() =0V Full range 5 20 5 10 BA
Comparator reference voltage Vi=45Vtob6V Fullrange | 1.14 1.20 1.26 | 1.08 1.20 1.32 Vv
Comparator input bias current V=6V Full range 40 100 40 100 uA

See Figure 1 o
Regulator output voltage R1=11.3k2, R2=1kQ 25°C 14.25 15 15.75 | 13.5 15 16.5 v
R } _ [10=100mA 25°C 0.13 0.2 0.13 0.2
Switch on-state voltage V=45V [To =500 mA |Full range 1 0.85 v
. _ 25°C 10 50 10 50
Switch off-state current Vi=45V Full range 500 300 HA
Current-limit sense voltage Vec=6V 25°C 0.45 1] 0.45 1 A4
1o =10 mA Full range | 0.75 0.95 0.75  0.85
Diode forward voltage lo = 100 mA Full range 0.9 1.1 0.9 1 v
1o =500 mA Full range 1.33 1.7 1.33 1.55
. lo =500 uA Full range 30
Diode reverse voltage 10 =200 gA Full range 30 A
25°C 11 14 11 14
On-state supply current Full range 6 15 mA
25°C 6 9 6 9
-
Off-state supply current Full rangs T 0 mA

TFull range for TL497M is —556°C to 125°C, for TL4971 is —25°C to 85°C, and for TL497C is 0°C to 70°C.
FAll typlcal values are at T 5 = 25°C.

TEXAs lNSTRUM ENTS
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TYPES TL497M, TLA4971, TLA97C
SWITCHING VOLTAGE REGULATORS

PARAMETER MEASUREMENT INFORMATION

"~ Fowemswitch \(8)
(10) :
1(7)
[ 1
3 !
200 4H b3 (6)
2) [
TIMING B3I T KT
CAP ns 3t uf Vo
_[;(3) OSCILLATOR | ¢ o oR AMP " 1 ke W'BRQT
T -
0.005
1 'LMF < R2 b
iv} i l 1k
o] Lt T !
|' SENSE REFERENCE | |
H (4)
| Ve inHIBIT GND SUBST |
4 () 'I(s)
-
UNREGULATED
INPUT

FIGURE 1-TEST CIRCUIT

TYPICAL APPLICATION DATA

\"Powerswiten ] (8)
oy [Z n
1
i )
a8 R1
3] P___: 3 #DIODE (6 o .81 1 Vo= {14}z Veer
= 1 Vo= (14 P21 Vygy FILTER
i FILTER T CAP
AP
3 ’3 CAP
S
3 1L
' l___l 0,005 4F
ReLty 0.005 uF | T
{1 Lisc_mmer] onp VS H‘ o
(14) ] UNREGULATED
o—d
UNREGULATED h INPUT
INPUT
FIGURE 2—-POSITIVE REGULATOR, FIGURE 3-POSITIVE REGULATOR,
STEP-UP CONFIGURATION STEP-DOWN CONFIGURATION
L
| roweRsmTer _ "~~~ ® —
0 of 1 ~oweRswitcH Tl
R1 0)
1 | (7) oo Vor—1+ 8V [ | £ [
“n 3 ¥D'ODE "(';I,ER ;: (7}
(12) ,m I B b DIODE |
{ < R1
TIMIN U oR23 (1] o 1 Vo= 1+53) Viar
: 3 FILTER
1 g ¢ CAP
i
1 0.005,4F
! nzit—l 0.005 uF
J , T
$ReL |
— 7 LYsc_mmer| ovo  TSURST
UNREGULATED e -
INPUT UNREGULATED
INPUT

FIGURE 4—-NEGATIVE REGULATOR
(e.g., +5 VOLTS INPUT TO -5 VOLTS OUTPUT)

OR
(i.e,, POSITIVE INPUT, NEGATIVE OUTPUT)

FIGURE 5—-POSITIVE REGULATOR
WITH BUFFERED OUTPUT

PRINTED IN US.A.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

238
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIM
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE



LINEAR
INTEGRATED CIRCUITS

TYPES uA723M, uA723C
PRECISION VOLTAGE REGULATORS

BULLETIN NO, DL-S 7611533, AUGUST 1972-REVISED JUNE 1976

FORMERLY SN52723, SN72723

e 150-mA Load Current without External Power Transistor

e Typically 0.02% Input Regulation and 0.03% Load Regulation (uA723M)

e Adjustable Current Limiting Capability

e |nput Voltages to 40 Volts

e Output Adjustable from 2 to 37 Volts

e Designed to be Interchangeable with Fairchild pA723 and pA723C Respectively
description

The uA723M and uA723C are monolithic integrated circuit voltage regulators featuring high ripple rejection, excellent
input and load regulation, excellent temperature stability, and low standby current. The circuit consists of a
temperature-compensated reference voltage amplifier, an error amplifier, a 150-milliampere output transistor, and an
adjustable output current limiter.

The uA723M and uA723C are designed for use in positive or negative power supplies as a series, shunt, switching, or
floating regulator. For output currents exceeding 150 mA, additional pass elements may be connected as shown in
Figures 4 and 5.

The uA723M is characterized for operation over the full military temperature range of —55°C to 125°C; the uA723C is
characterized for operation from 0°C to 70°C.

terminal assignments

JOR N DUAL-IN-LINE
PACKAGE (TOP VIEW)

L PLUG-IN PACKAGE
{TOP VIEW)

U FLAT PACKAGE
(TOP VIEW)

FREQ
NC_ COMP Vccs+ Ve OUTPUT vz

NC

CUR- CUR. INV_ NON- Viref) VCC—
RENT RENTINPUT INV ™0 *C
LIMIT SENSE INPUT

CURRENT
Lt

CURRENT

PIN 5 1S IN ELECTRICAL

CURRENT FREQ
LIMIT COMP Vcc+ Ve OUTPUT

ORONONONO)

CURRENT INV NONANV Viref)
SENSE INPUT  INPUT

vee-

NC—No internal connection

functional block diagram

CONTACT WITH THE CASE

FREQUENCY

Veer COMPENSATION
° ve
TEMPERATURE- INVERTING
COMPENSATED * INPUT
REFERENCE >
Di00E ) Viret) v Error SERIES PASS
Amp b—0 Viret) Amp TRANSISTOR
+
CURRENT NON- REGULATED
SOURCE INVERTING fm?::‘ ouTePuT
INPUT rgooT T ]
1 '
* | 1
| JandN
CURRENT & CURRENTI Vz packages |
umiT
Vee- sense | only_
INCORPORATED 239
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TYPES uA723M, uA723C
PRECISION VOLTAGE REGULATORS

NOTES: 1.

Peak voltage from Vcoc+ to Veo— (tw <

Continuous voltage from Vgc+ to Voo—
Input-to-output voltage differential

Differential input voltage to error amplifier

50 ms)

Voltage between noninverting input and Veg— . .

Current from Vz

Current from V(ref)

Continuous total dissipation at (or below 25 C free -air temperature (see Note 1):

J or N package

L package (see Note 2)

U package

Operating free-air temperature range uA723M Circuits
uA723C Circuits -

Storage temperature range ..
Lead temperature 1/16 inch from case for 60 seconds J L or U package
Lead temperature 1/16 inch from case for 10 seconds, N package

Power dissipation =

Derating Curves, Section 2.
2. This ratlng 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.

recommended operating conditions

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

50V
40V
40V
BV
. 8V
25 mA
15 mA

1000 mW
. 800 mW

675 mW

. —55°Ct0 125°C
0°C to 150°C
. —65°C to 150°C

. 300°C
. 260°C

“(standby) + I(ref)] Vec + [Vc — Vo) lo. For operation at elevated temperature, refer to Dissipation

MIN MAX UNIT

Input voltage, V| . 9.5 0 Vv
Output voltage, Vo 2 37 \Y
Input-to-output voltage d|fferent|a| Vc Vo 3 38 V
Qutput current, 10 e e e . 150 mA
electrical characteristics at specified free-air temperature (see note 3)
PARAMETER TEST CONDITIONSt uA723M uA723C UNIT
MIN TYP MAX |MIN TYP MAX
Vi=12VtoV|=15V 25°C 0.01% 0.1% 0.01% 0.1%
Input regulation Vi=12Vto V=40V 25°C 0.02% 0.2% 0.1%  0.5%
Vi=12V1to V=15V Full range 0.3% 0.3%
Rinple rejection f=50Hz to 10 kHz, Clref) = 25°C 74 74 i
=50 Hz to 10 kHz, Clref) =B KF| 25°C 86 86
Output regulation 1o=1mA to 1o = 50 mA 25°C —0.03% —0.15% —-0.03% —0.2%
Full range —-0.6% —0.6%
Reference voltage, V(ref) 25°C 695 7.15 7.35 |68 7.15 7.5 A\
Standby current V=30V, lo=0 25°C 23 35 2.3 4 | mA
Temperature coefficient of Full range 0002 0015 0003 0015 |%/°C
output voltage
Short-circuit Rgc =10, Vo =0 25°C 65 65 mA
output current
Output noise voltage BW=100Hzt0 10kHz, C{ref) = 0 25°C 20 20 v
BW = 100 Hz to 10 kHz, Ciref) = 5 uF 25°C 2.5 2.5

NOTE 3:

< 10 k2. Unless otherwise specified, V|

TFull range for uA723M is —55°C to 125°C and for uA723C is 0°C to 70°C.
For all values in this table the device is connected as shown in Figure 1 with the divider resistance as seen by the error amplifier
=Vee+=Ve=12V,Vge—=0,Vo =5V, lg=1mA, Rgc =0, and C(ref) = 0

TEXAS INSTRUMENTS
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POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TYPES uA723M, uA723C
PRECISION VOLTAGE REGULATORS

schematic

Vee+ Ve

500 25k 1kQ
3
L

OUTPUT
______________ .
62V JANDN 1
! v, PAckaces |
] ONLY
| S S Jd
. FREQUENCY

p————————O COMPENSATION
3 CURRENT
S20ka 150 Q LIMIT
CURRENT
SENSE
8 v INVERTING
v N- _
{ref) INVERTING ©CC INPUT
INPUT
676
TEXAS INSTRUMENTS 28
INCORPORATED
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TYPES uA723M, uA723C

PRECISION VOLTAGE REGULATORS

TABLE |
RESISTOR VALUES {k2) FOR STANDARD OUTPUT VOLTAGES
FIXED OUTPUT FIXED QUTPUT
OUTPUT | APPLICABLE OUTPUT ADJUSTABLE OUTPUT | APPLICABLE OUTPUT ADJUSTABLE
VOLTAGE| FIGURES +5% + 10% (SEE NOTE 5) || VOLTAGE | FIGURES +5% + 10% (SEE NOTE &)
v) (SEE NOTE 4" R1 R2 R1 P1 R2 (v) (SEE NOTE 4) R1 R2 R1 P1 R2
k) | k) | k) | kQ) | kQ) k) | (k)] k) | (kQ) | (k)
+3.0 1,5,6,9,11, | 412 | 3.01 1.8 0.5 1.2 +100 7 3.57 105 2.2 10 91
12 (4)
+3.6 1,5,6,9,11, | 3.57 | 3.65 1.5 0.5 1.5 +250 7 3.57 255 2.2 10 240
12(4)
+5.0 1,56,9,11, | 215 | 499 | 0.75 0.5 2.2 [|-6 (Note 6) 3, (10) 3.57 | 243 1.2 05 | 0.75
12 (4)
+6.0 1,6,6,9,11, [ 1.15 | 6.04 0.5 0.5 2.7 -9 3,10 3.48 | 5.36 1.2 0.5 2.0
12 (4)
+9.0 2,4,1(5,6, 187 | 7.15 | 0.75 1.0 2.7 —~12 3,10 3.57 | 845 1.2 0.5 3.3
9,12)
+12 2,4,(5,6, 487 | 7.15 2.0 1.0 3.0 —-15 3,10 357 | 1156 1.2 0.5 4.3
9, 12)
+15 2,4,1(5,6, 7.87 | 7.15 3.3 1.0 3.0 —28 3,10 3.57 | 243 1.2 0.5 10
9,12)
+28 2,4,(5,6, 21.0 | 7.15 5.6 1.0 20 —45 8 3.57 | 41.2 22 10 33
9,12)
+45 7 3.57 | 48.7 2.2 10 39 —100 8 3.57 | 95.3 2.2 10 91
+75 7 3.57 | 78.7 2.2 10 68 —250 8 3.57 249 2.2 10 240
TABLE Il
FORMULAS FOR INTERMEDIATE OUTPUT VOLTAGES
Outputs from +2 to +7 volts Qutputs from +4 to +250 volts
[Figures 1, 5,6,9, 11, 12, (4)] [Figure 7) Current Limiting
Vo= Vire) X —FTR+2R_2 Vo = % X iﬁ#; it~ 2o
R3=R4
Foldback Current Limiting
Outputs from +7 to +37 volts Outputs from —6 to —250 volts [Figure 6]
[Figures 2, 4, (5, 6, 9, 11, 12)] [Figures 3, 8, 10] N VOR3+ (R3 + R4) 0,65 V ;
R1+R2 V(ref) , R1+R2 RscR4
Vo =Viref) X — 75— Vo = - =X —pr—
0.65 V R3 +R4
los ® —/—/— X ———
R3=R4 R R4
NOTES: 4. Figures 1 through 12 show the R1/R2 divider across either Vg or V(cef). Figure
numbers in parentheses may be used if the R1/R2 divider is placed across the other
voltage (V(ref) Or V) that it was not placed across in the figures without parentheses. R1
5. To make the voltage adjustable, the R1/R2 divider shown in the figures must be replaced
by the divider shown at the right. Pt
6. For negative output voltages less than 9V, Vcc4 and Vg must be connected to a
positive supply such that the voltage between Vgoc+ and Vo is greater than 9 V.
7. When 10-lead uA723 devices are used in applications requiring Vz, an external 6.2-V R2

regulator diode must be connected in series with the Vo terminal.

ADJUSTABLE OUTPUT CIRCUITS
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TYPES uA723M, uA723C
PRECISION VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

Vi Vi
Vee+ Ve ) Veer o\l’Jc
ouT T
v
Vieth V2 |— (ref) vz l—
oL RsC REGULATED 1 cL Rsc REGULATED
i R1 o OUTPUT, Vo S R3 OUTPUT, Vo
b NON cs 3 NON- cs
I ©INV bV R
Ciref) IN INV INV [——
Vce—- COMP L 1000F Vcc- COMP
~ 0 g R2
R2 ~
I i 1 L3 L | §
R1* R2 R1 -+ R2 -
NOTES: A. R3 = ———— for minimum ay Q. NOTES: A. R3 = R R2 for minimum ayg.

R1 + R2

. R3 may be eliminated for minimum

component count. Use direct con-

B. R3 may be eliminated for minimum

component count. Use direct con-
nection (i.e., Rg = 0).

nection (i.e., Rz =0).

FIGURE 1-BASIC LOW-VOLTAGE REGULATOR
{Vg=2T0 7 VOLTS)

FIGURE 2—-BASIC HIGH-VOLTAGE REGULATOR
(Vo =7 TO 37 VOLTS)

A Vi
(See Note 6) r
L [ T T 2N3997
Vees Ve 32k Veer Ve
R2 2N5001
out — Virefy  OUT
Viret} vz vz — 5
oL fb— cL
Nas cs REGULATED cs Rsc
3 kﬁl — REGULATED
Non. | | (SeeNote?) OUTPUT, Vo NON- L3 OPUT v
- INV INV  R1
Vcc—- COMP Vce—  COMP
L
R3=2 ¢ 100 pF _I_ 500 pF 3
R1 p R2
3kQ T~ ¢ = TP 32

FIGURE 4—-POSITIVE VOLTAGE REGULATOR

FIGURE 3-NEGATIVE VOLTAGE REGULATOR
(EXTERNAL N-P-N PASS TRANSISTOR)

Vi
[
Vi
360 Q
9 2N5001
Vee+ Ve Vee+ Ve Rsc REGULATED
Viref)  ouT Viref) out A OUTPUT, Vg
vz — vz pb— R3
% R1 cL 2R cL . ‘
cs 3R cs 4 1
'SC NON- Vo . \
NON- REGULATED INV INV os
INV OUTPUT, Vg Ve : knce
$n2 Vce—  COMP np | —~ _COMP. -
3
< o
] L e ] T100%F

FIGURE 5-POSITIVE VOLTAGE REGULATOR FIGURE 6—-FOLDBACK CURRENT LIMITING

(EXTERNAL P-N-P PASS TRANSISTOR)
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TYPES uA723M, uA723C
PRECISION VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

Vi V)
2k ? 10k
1 1 L 1 1
91N1826 vee+ Vg vee+ Ve 210k
OUT|— 2N5241 1N759 ouT |— 3 2N5241
' Viref) V2Z > (See Note 7) — Viref)  Vz (See Note 7}
RA=2 2m cL — = R2 R3= et
3kn cs 3kQ CcS b—
—— ‘| Rgc=19 NON-
NNOVN- INV s |r\(|)vN INV
"3 V% comp —4 Ve COMP
=3 $R2 hy
3ke L R1 R4 = L
1 > 500 pF REGULATED 3ka 715500 pF REGULATED
©0UTPUT, Vo 4—0 OUTPUT, Vo
FIGURE 7—POSITIVE FLOATING REGULATOR FIGURE 8—NEGATIVE FLOATING REGULATOR
(See Note 7) M
t
ee Note i
v (See Note 6) 1kQ
I t ] i 2N3997
- vee+ Ve 2200
3kn 2N5153 Viref) OUT(— 1%
0.14F 7 $R2 vz 2N5004
oL f—
veer  VC| oNs00s L=12mH ke |oon Csh— Qﬁ
Viref) 0\‘," I (See Note 8) NV INV
ol |
510 REGULATED Vce COMP
R CL— < OUTPUT, Vo R1% 1Mn 7= 15pF
cs :]__] L
1k NON.
INV.INV GD 1N4005
_I§2< 1mMp 3 LUCCo_COMP L=12mH
0.1 uF 1 T ]D (See Note 8)
T 1L —L L TN4005 REGULATED
J__ 1004 7 OUTPUT, Vo
FIGURE 9—POSITIVE SWITCHING REGULATOR FIGURE 10—-NEGATIVE SWITCHING REGULATOR
Vi
A\ i
[ 1 10080
Vcer Ve _RsC REGULATED Vcer Ve 2N3997
Viref) OUT —©QUTPUT, Vg Viref) OUTI— ., o
vz |— vz
2R1 R1 REGULATED
c; CLi— 2 ouTPUT, vg
c csl—
R N-
e R v INV See Note 7)
Vcc— comp 2k Vce— comp
- T Few| ®
R2 1000 L 2k2 INPUT FROM = = pF =
00 2nea22 SERIES 54/74 LOGIC
4 1 1 hind

NOTE A: Current limit transistor may be used for shutdown

if current limiting is not required.

FIGURE 11—-REMOTE SHUTDOWN REGULATOR WITH

CURRENT LIMITING

FIGURE 12—-SHUNT REGULATOR

NOTES: 6. For negative output voltages less than 9 V, Vco+ and Vi must be connected to a positive supply such that the voltage between

7.

8.

Vee+ and Veg_ is greater than 9 V.,

When 10-lead uA723 devices are used in applications requiring Vz, an externa! 6.2-V regulator diode must be connected in series

with the Vg terminal.

L is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 potted core, or equivalent, with 0.009-inch air

gap.
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LINEAR
INTEGRATED CIRCUITS

SERIES uA7800

POSITIVE-VOLTAGE REGULATORS

BULLETIN NO.

DL-S 7612386, MAY 1976

description

schematic

3-Terminal Regulators

e Output Currentupto 1.5 A

® No External Components

e Internal Thermal Overload Protection

e Direct Replacements for Fairchild 1t A7800
Series and National LM340 Series

e High Power Dissipation Capability
e [nternal Short-Circuit Current Limiting

e Qutput Transistor Safe-Area Compensation

This series of fixed-voltage monolithic integrated-
circuit voltage regulators is designed for a wide range
of applications. These applications include on-card
regulation for elimination of noise and distribution
problems associated with single-point regulation. One
of these regulators can deliver up to 1.5 amperes of
output current. The internal current limiting and

NOMINAL —55°C TO 150°C 0°C TO 125°C
OUTPUT OPERATING OPERATING
TEMPERATURE TEMPERATURE
VOLTAGE

RANGE RANGE

5V uA7805M uA7805C
6V uA7806M uA7806C
8V uA7808M uA7808C
85V uA7885M uA7885C
12V uA7812M uA7812C
15V uA7815M uA7815C
18V uA7818M uA7818C
24V uA7824M uA7824C
packages KA KA and KC

KA PACKAGE KC PACKAGE

(TOP VEIW (TOP VIEW)

COMMON QUTPUT
——————0uTPUT
a O | —————common
[—————INPUT
INPUT
TO-3 TO-220AB

thermal shutdown features of these regulators make
them essentially immune to overload. In addition to
use as fixed-voltage regulators, these devices can be
used with external components to obtain adjustable
output voltages and currents and also as the power-
pass element in precision regulators.

=

M2k 500

O INPUT

/]

133

_r
ha
160

365k

L

28k

212k
[l

1.2k

F

4253

6.5k

—O OUTPUT

01022k

Resistor values shown are nominal and in chms.

-0 COMMON

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

245



246

SERIES uA7800
POSITIVE-VOLTAGE REGULATORS

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

uA78__M uA78__C | UNIT

Input voltage uA7824M, uA7824C 40 40 v

All others 35 35
Continuous total dissipation at 25°C free-air temperature (see Note 1) KA (T0-3) package 35 35

KC ({TO-220AB) package 2
Continuous total dissipation at (or below) 25°C case temperature {see Note 1) 15 15 w
Operating free-air, case, or virtual junction temperature range —55 to 150 0 to 150 °C
Storage temperature range —65t0 150 | —65t0 150 | °C
Lead temperature 1/16 inch from case for 60 seconds KA (TO-3) package 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds KC (TO-220AB) package 260 °c

NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figure 1 and Figure 2,

TO-3 AND TO-220AB FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVES

TO-3 AND TO-220AB CASE TEMPERATURE
DISSIPATION DERATING CURVE

4 T ; r T 16
KA {TO-3) package
= Derating facétor =28mW/°C = 14 \
é Rgya ~ 35°C/W I \
i) 2
.g 3 AN = 12 \
N g
-é o 2 10
=}
8 \40\ E \
g 2 N, 5 8
2 Y g
£ AN £
s ~J0,, q S 6
o 9 o
E & \ £
3 1 3 4
E | A E
% KC (TO-220AB) package N X Derating factor = 0.25 W/°C
= [ Derating factor = 16 mW/°C ~ = 27 above 90°C
0 Rgja ~ 62.5°C/W o Rgyc ~4°C/W
25 50 75 100 125 150 25 50 75 100 125 150
Ta—Free-Air Temperature—"C Tc—Case Temperature—"C
FIGURE 1 FIGURE 2
recommended operating conditions
MIN MAX | UNIT
uA7805M, uA7805C 7 25
uA7806M, uA7806C: 8 25
uA7808M, uA7808C 10.5 25
uA7885M, uA7885C 10.5 25
Inputvoltage, V| \
uA7812M, uA7812C 14.5 30
uA7815M, uA7815C 17.5 30
uA7818M, uA7818C 21 33
uA7824M, uA7824C 27 38
Output current, 1o 1.5 A
Operating virtual junction temperature, T, UA7805M thru uA7824M -85 150 °Cc
perating ! perature. UAT805C thru uA7824C 0 125

TEXASI INSTRUMENTS
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TYPES uA7805M, uA7805C
POSITIVE-VOLTAGE REGULATORS

uA7805M, uA7805C electrical characteristics at specified virtual junction temperature,
V=10V, Ip =500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS! uA7805M UA7805C UNIT
MIN TYP MAX | MIN TYP MAX
25°C 4.8 5 5.2 4.8 5 5.2
Output voltage I0=6mAto1A, |Vi=8Vto20V | -55°Cto150°C | 4.65 5.35 Y
P<15W Vi=7Vto20V 0°C to 125°C 4.75 5.25
i Vi=7Vto25V ° 3 50 3 100
Input regulation 25°C mV
Vy=8Vto12V 1 25 1 50
—55°C10 150°C | 68 78
Ripple rejection Vi=8Vto18V, f=120Hz dB
ppie el ! 0°C to 125°C 6278
lp=5mAto15A 15 50 15 100
Output regulation o 25°C mV
10 = 250 mA to 750 mA 5 25 5 50
—55°C to 150°C 0.017
Output resistance f=1kHz S 5 Q
0'Cto125C 0.017
Temperature coefficient 0°C to 150°C -1.1 o
lp=5mA > S mV/°C
of output voltage 0°Ct0125°C -1
Output noise voltage f=10 Hz to 100 kHz 25°C 40 40 uv
Dropout voltage Ig=1A 25°C 2.0 2.0 v
Bias current 25°C 4.2 6 4.2 8 | mA
Vi=8Vto25V —65°C to 150°C 0.8
) Vi=7Vto25V 0°C to 125°C 1.3
Bias current change = — mA
—55'Cto 150 C 05
lop=5mAto1A 9 o
0'Cto 125 C 0.5
Short-circuit
ort-etred! 25°C 750 750 mA
output current
Peak output current 25°C 2.2 2.2 A
TAll characteristics are measured with a capacitor across the input of 0.33 uF and a capacitar across the output of 0.1 uF and all characteristics ‘
except noise voitage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycles < 5%). Output voltage changes
due to changes in internal temperature must be taken into account separately.
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TYPES uA7806M, uA7806C
POSITIVE-VOLTAGE REGULATORS

uA7806M, uA7806C electrical characteristics at specified virtual junction temperature,
V=11V, Ig =500 mA (unless otherwise noted)

248

uA7806M uA7806C
PARAMETER TEST CONDITIONST MIN_ TYP MAX| MIN TYP MAX UNIT
25°C 5.75 6 6.25 | 5.75 6_6.25
Output voltage lg=56mAto1A, |V)=9Vto21V —55°C to 160°C | 5.65 6.35 Vv
P<15W Vi=8Vto21V 0°C to 125°C 5.7 6.3
Input regulation Vi=8Vto25V 25°C 5 60 5 120 mVv
Vi=9V1to13V 1.5 30 15 60
X . —65°Cto 150°C| 65 75
Ripple rejection Vi=9Vto19V, f=120Hz PG 10 125°C ) 75 dB
Output regulation 'lo-5mAtol15A 25°C 1460 14 120 mvV
10 = 250 mA to 750 mA 4 30 4 60
—55°C to 150°C 0.019
Output resistance f=1kHz C 10 125°C 0019 Q
Temperature coefficient 0°C to 150°C -0.8
of output voltage '0=5mA 0°C 10 125°C —08 mvre
Output noise voltage f =10 Hz to 100 kHz 25°C 45 45 uv
Dropout voltage Ig=1A 25°C 2.0 2.0 \%
Bias current 25°C 43 6 4.3 8| mA
Vi=9Vto25V ~55°C to 150°C 0.8
Bias current change Vi=8Vto25V 0°C to 125°C 131 A
—55°C to 150°C 0.5
lo=5mAto1A S g
0Cto125°C 05
Short-circuit 25°C 5650 550 mA
output current
Peak output current 25°C 2.2 2.2 A

due to changes in internal temperature must be taken into account separately.

T AIl characteristics are measured with a capacitor across the input of 0,33 uF and a capacitor across the output of 0.1 gF and all characteristics
except noise voltage and ripple rejection ratio are measured using pulse techniques (t, < 10 ms, duty cycles < 5%). Output voltage changes
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TYPES uA7808M, uA7808C
POSITIVE-VOLTAGE REGULATORS

uA7808M, uA7808C electrical characteristics at specified virtual junction temperature,
V=14V, 1o =500 mA (unless otherwise noted)

uA7808M uA7808C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX | MIN TYP MAX
25°C 7.7 8 83 7.7 8 83
Output voltage lo=5mAto1A, | V|=115V 1023V |-55°Cto150°C | 7.6 84 \%
P<15W V=105V t023V| 0°Cto 125°C 76 8.4
Input regulation Vi=105Vw025V 25°C 6 80 6 160 mV
Vi=11Vto 17V 2 40 2 80
Ripple rejection V|=115Vt021.5V, f=120Hz SoCrolsoc) 62 7 B
T 0Cto125C 56 72
Output regulation lo5mAto15A 25°C 1280 12160 mV
1o = 250 mA to 750 mA 4 40 4 80
Output resistance f=1kHz —E?OC to 15‘900 Q.06 Q
0Cto125°C 0.016
Temperature coefficient 10=5mA 0°C to 150°C —0.8 mv°C
of output voltage 0°C to 125°C —0.8
Output noise voltage  |f = 10 Hz to 100 kHz 25°C 52 52 uv
Dropout voltage lg=1A 25°C 20 20 \Y
Bias current 25°C 43 6 43 8 | mA
V=115Vt 25V —55°C to 150°C 0.8
. Vi =105t0 25V 0°C to 125°C 1
Bias current change e T55°C 10 150°C 05 mA
o=5mAate 0°Cto0125°C 05
i::)r:;:lrcun output 25°C 450 450 mA |
Peak output current 25°C 22 22 A J

tAIl characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 4F and all characteristics
except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycles < 5%). Output voltage changes

due to changes in internal temperature must be taken into account separately.
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TYPES uA7885M, uA7885C
POSITIVE-VOLTAGE REGULATORS

uA7885M, uA7885C electrical characteristics at specified virtual junction temperature,
V| =15V, Ig = 500 mA (unless otherwise noted)

uA7885M uA7885C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
25°C 815 85 8.85| 815 85 885
Output voltage lo=5mAto1A, | Vj=12V10235V|[-55°Cto 150°C | 8.1 8.9 v
P<15W Vi=11V1t235V| 0°Ct0125°C 8.1 8.9
Vyi=105Vto 25V 6 85 6 170
Input regulation ! 0 25°C mV
Vi=11Vto17V 2 40 2 85
Ripple rejecti Vi- 115V 10215V =120 H ~55°C to 150°C 60 70 a8
i ection =11. . =
pple reject! : 1 ’ i 0°C 10 125°C 54 70
lop=5mAto15A 12 85 12 170
Output regulation o 25°C mV
1o = 250 mA to 750 mA 4 40 4 85
Output resist f=1KH —55°C to 150°C 0.016 o
uput resistance ‘ 0°C to 125°C 0.016
Temperature coefficient 0°C to 150°C -0.8 o
P g =5ma . - mv/c
of output voltage 0 Cto 125°C -0.8
Output noise voltage f =10 Hz to 100 kHz 25°C 55 55 Y
Dropout voltage lo=1A 25°C 2.0 20 v
Bias current 25°C 4.3 6 4.3 8 | mA
Vi=115V1t025V —56°C to 150°C 0.8
. Vi =105t0 26 V 0°C to 125°C 1
Bias current change = 3 mA
| EmAtol A —565°C to 150°C 0.5
=5mA to
0 0°C t0 125°C 05
Shortircuit output
orteiredit outpu 25°C 450 as0 mA
current
Peak output current 25°C 22 2.2 A
TAll characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF and all characteristics
except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycles < 56%). Output voltage changes

due to changes in internal temperature must be taken into account separately.
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TYPES uA7812M, uA7812C
POSITIVE-VOLTAGE REGULATORS

uA7812M, uA7812C electrical characteristics at specified virtual junction temperature,
V] =19V, lo = 500 mA (unless otherwise noted)

uA7812M

uA7812C

PARAMETER TEST CONDITIONST UNIT
MIN  TYP MAX | MIN TYP MAX
25°C 115 12 125 [ 115 12 125
Output voltage Io=6mAto1A, | V|=155Vt027V]|-55°Cto 150°C | 11.4 126 \
P<15W V=145V t027V| 0°Cto 125°C 114 126
| . |ati V=145Vt 30V 25°C 10 120 10 240 v
nput regulation m
put reg Vi =16Vt 22V 3 60 3 120
Ripple rejecti V| =16V1t025V, f=120Hz —S5Cro150c] 61 n dB
I reje n = =
pple rejectio ! S 0°Cto 125°C 55 71
. lo=5mAto15A ° 12 120 12 240
Qutput regulation 25°C mV
10 = 250 mA to 7560 mA 4 60 4 120
—55°C to 150°C 0.018
Output resistance f=1kHz = 0 > Q
0°Ct0125°C 0.018
Tem t fficient 0°C to 150°C —1.0
perature coettficien |0 ~5mA _ - mv/‘,c
of output voltage 0'Cto 126°C -1.0
Qutput noise voltage f =10 Hz to 100 kHz 25°C 75 .75 KV
Dropout voltage Io=1A 25°C 20 2.0 v
Bias current 25°C 43 6 4.3 8| mA
V=15V 1030V —55°C t0 150°C 0.8
) V=145Vt 30V 0°C to 125°C 1
Bias current change g = mA
o amA 1A —56°C to 150°C 05
o=smate 0°Cto 125°C 05
Short-circuit '
ort-eireut 25°C 350 350 mA
output current
Peak output current 25°C 2.2 2.2 A

t All characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF and all characteristics
except noise voltage and ripple rejection ratio are measured using pulse technigues {(t,, < 10 ms, duty cycles < 5%). Output voltage changes

due to changes in internal temperature must be taken into account separately.
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TYPES uA7815M, uA7815C
POSITIVE-VOLTAGE REGULATORS

uA7815M, uA7815C electrical characteristics at specified virtual junction temperature,

V=23V, Ig = 500 mA (unless otherwise noted)

uA7815M uA7815C
PARAMETER EST CONDITIONS? UNIT
T MIN TYP MAX| MIN TYP MAX
25°C 14.4 15 15.6 | 144 15 156
Output voltage lo=5mAto1A, [V;=185Vt030V|-55°Cto 150°C[14.25 15.75 \
P<15W V|=175V1030V| 0°Cto 125°C 14.25 15.75
VI=175Vto 30V ° 11 180 11 300
| t lati 25C \
nput reguiation V| =20V 026V 3 75 3 50|
—55°C to 150°C 60 70
i jecti V|=185Vto 285V, f=120H dB
Ripple rejection | ] z 0°C 10 125°C 54 70
lop=6mAto15A 12 150 12 300
Output regulation Q->mAt 25°C mV
1o = 250 mA to 750 mA 4 75 4 150
Output resist £=1KH —55°C to 150°C 0.019 a
utput resistance = z
P 0°C10125°C 0.019
Temperature coefficient 0°C to 150°C —-1.0
Io=5mA v/°C
of output voltage o=sm 0°C t0 125°C -1.0 m
Output noise voltage f=10 Hz to 100 kHz 25°C 90 90 uv
Dropout voltage Ig=1A 25°C 2.0 2.0 v
Bias current 25°C 44 6 44 8| mA
V=185Vt 30V —55°C to 150°C 08
gi ¢ ch V=175V to 30V 0°C to 125°C 1 A
n m
fas current change o emAw1A —55°C 10 150°C 05
=5mAto
o 0°C 10 125°C 05
Short-circuit 25°C 230 230 mA
output current
Peak output current 25°C 241 241 A

tAll characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF and all characteristics
except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycles < 5%). Output voltage changes
due to changes in internal temperature must be taken into account separately.
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TYPES uA7818M, uA7818C
POSITIVE-VOLTAGE REGULATORS

uA7818M, uA7818C electrical characteristics at specified virtual junction temperature,
V| =27V, 10 = 500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONST uA7818M uAT818C UNIT
MIN TYP MAX | MIN TYP_ MAX
25°C 17.3 18 187 | 17.3 18 18.7
Output voltage lo=6mAto1A, | V=22V 1033V |-55°Cto150°C| 17.1 189 \
P<15W V| =21Vto33V 0°C to 125°C 171 18.9
Vi=21Vto 33V 15 180 15 360
Input regulation 25°C \
put reguiatio V, =24V 1030V 5 90 5 180
—55°C to 150°C 59 69
Ri jecti V= \" \Y =120 H
ipple rejection 1=22Vt0 32V, 20 Hz 0°Cto 125°C 53 ) dB
lop=5mAto15A 12 180 12 360
Output regulation o mate 25°C mV
10 = 250 mA to 750 mA 4 9 4 180
—55°C to 150°C 0.022
Out i f=1kHz Q
put resistance 0°Cto 125°C 0.022
T t ffici 0°C to 150°C —-1.0
emperature coefficient 10=5mA A i mVFC
of output voltage 0Cto125°C —-1.0
Output noise voltage f=10Hz to 100 kHz 25°C 110 110 uv
Dropout voltage Ip=1A 25°C 2.0 2.0 v
Bias current 25°C 45 6 45 8| mA
V=22Vt 33V —55°C to 150°C 0.8
Bi ¢ ch Vi=21Vto33V 0°C to 125°C 1 A
1as curi m.
s current change o ErAGIA ~55°C 10 150°C 05
= o
o=>m 0°Cto 125°C 05
Short-circuit
ort-eireul 25°C 200 200 mA
output current
Peak output current 25°C 24 2.1 A

T All characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 #F and all characteristics
except noise voltage and ripple rejection ratio are measured using pulse techniques (tw < 10 ms, duty cycles € 5%). Output voltage changes

due to changes in internal temperature must be taken into account separately.
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TYPES uA7824M, uA7824C.

POSITIVE-VOLTAGE REGULATORS

uA7824M, uA7824C electrical characteristics at specified virtual junction temperature,

V| =33V, Ig = 500 mA (unless otherwise noted)

uA7824M uA7824C
TE ST CONDITIONST NI
PARAMETER TEST CONDITIONS MIN TYP MAX | MIN TYP Max| o0
25°C 23 24 25 23 24 25
Output voltage Iop=6mAto1A, |V{=28V1t038V |-55°Cto150°C |[22.8 25.2 v
P<15W V|=27V1t038V | 0°Cto 125°C 228 25.2
V=27Vt 38V 18 240 18 480
Input regulation ! 3 25°C mv
V| =30V to36V 6 120 6 240
—55°C10 150°C [ 56 66
Ripple rejecti Vi=28Vt038V, f=120H dB
fppie rejection ! o3 i 0°C 10 125°C 50 66
I0=5mAto15A R 12 240 12 480
Out lation 25 mV
utput regulatl 1o = 250 mA to 750 mA ¢ 7 120 2 240
—55°C to 150°C 0.028
i f=1kH Q
Output resistance 1 kHz °C to 125°C 0.028
Temperature coefficient 0°C to 150°C -15
Io=5mA mv/c
of output voltage o=sm 0°C 1o 125°C 15
Output noise voltage f =10 Hz to 100 kHz 25°C 170 170 wv
Dropout voltage lo=1A 25°C 2.0 2.0 \"
Bias current 25°C 4.6 6 46 8| mA
Vy=28Vto38V —55°C to 150°C 08
. V=27Vt 38V 0°C to 125°C 1
Bias current change e C o 150°C 05 mA
lo=5mAto1 -
0=5mAtw 1A 0°C t0 125°C 05
Short-circuit o
25°C 150 150 mA
output current
Peak output current 25°C 2.1 2.1 A

tAll characteristics are measured with a capaclitor across the input of 0.33 uF and a capacitor across the output of 0,1 uF and all characteristics
except noise voltage and ripple rejection ratio are measured using pulse technigues (t,, < 10 ms, duty cycles € 5%). Output voltage changes

due to changes in internal temperature must be taken into account separately.
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LINEAR
INTEGRATED CIRCUITS

SERIES uA78L00
POSITIVE-VOLTAGE REGULATORS

BULLETIN NO. DL-S 7612353, JANUARY 1976 — REVISED MAY 1976

e 3-Terminal Regulators

description

schematic

o c 100 mA NOMINAL 5% 10%
¢ Output Current up to m OUTPUT |OUTPUT VOLTAGE |OUTPUT VOLTAGE
o No External Components VOLTAGE TOLERANCE TOLERANCE
. 26V uA78L02AC uA78L02C
e Internal Thermal Overload Protection 5y UATELOSAC UATBLOSC
e Unusually High Power Dissipation Capability 6.2V uA78LOBAC uA78L06C
. R R R 8V uA78L0OBAC uA78L08C
o Direct Replacement for Fairchild uA78L00 Series 12V UATBLI2AC UATBLA2C
e Internal Short-Circuit Current Limiting 5V UA78L15AC uA78L15C
JG LP
DUAL-IN-LINE PACKAGE SILECT? PACKAGE
(TOP VIEW) (TOP VIEW)
OUTPUT
This series of fixed-voltage monolithic integrated- COMMON
circuit voltage regulators is designed for a wide range
of applications. These applications include on-card INPUT
regulation for elimination of noise and distribution
. . . . . COMMON
problems associated with single-point regulation. In
addition, they can be used with power-pass elements OUTPUT
to make high-current voltage regulators. One of these
regulators can deliver up to 100 mA of output
current. The internal current limiting and thermal INPUT
shutdown features of these regulators make them
essentially immune to overload. When used as a
replacement for a Zener-diode—resistor combination,
an effective improvement in output impedance of
typically two orders of magnitude can be obtained
together with lower bias current.
[o]ed}
NC — No internal connection
A 4 —O INPUT
20k
q
P [ (,500
| L«/w—o
28k 200
100
$700 . 9 0 QUTPUT
2 20 pF I
r q soo:oni >—-r Tkto 14k
S0 ) )
3100
3
<>1,4k
- - * + O COMMON

Resistor values shown are nominal and in ohms.

T Trademark of Texas Instruments
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SERIES uA78L00

POSITIVE-VOLTAGE REGULATORS

absolute maximum ratings over operating temperature range {unless otherwise noted)

uA78L02AC, uA78L02C
uA78LO5AC, uA78LO5C [uA78L 12AC, uA78L12C uNIT
uA78LO6AC, uA78LO6C [uA78L15AC, uA78L15C
uA78LOBAC, uA78L08C
Input voltage 30 35 \4
i L o . JG package 1125 1125
Continuous total dissipation at 25° C free-air temperature (see Note 1) mwW
LP package 775 775
Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 1600 1600 mW
Operating free-air, case, or virtual junction temperature range 0 to 150 0 to 150 °c
Storage temperature range —65 to 150 —65 to 160 °c
L.ead temperature 1/16 inch from case for 10 seconds 260 260 °c

NOTE 1:For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figure 1 and Figure 2,

THERMAL INFORMATION

FIGURE 1

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
1200 T . . 2000
JG package 1800
gg 1000 \ Derating factor = 9.0 mW/°C %
: N RosA ~ 110°C/wW . 1600 \
& 800 AN g 1400 e \46
4] \ \ G a8 1200F ;5 package \
§ 600 A \ § 1000} Derating factgr =50 mW/°C
2 \ \ 2 above 118°C
= S 800} R o
c LP c 6JC ~ 20" C/W \ \
8 400 \\\ 8 600 ! | ! \
£ LP package Q\ E LP package \\
g 200 | Derating factor = 6.2 mw/°C < g 400 (- perating fac:or =28.6 mW/°C
s RgJA ~ 160°C/W S oo} boveddC \\
o |_See Note 2 , o Rosc ~35°C/W
50 75 100 125 150 25 50 75 100 125
Ta—Free-Air Temperature—°C Tc—Case Temperature—°C

FIGURE 2

150

NOTE 2: This curve for the P package is based on thermal resistance, Rgja, measured in stil) air with the device mounted in an Augat socket.
The bottom of the package was 3/8 inch above the socket.

recommended operating conditions

WA7BLO2AC | uA78LOSAC | uA78LOBAC | uA78LOBAC | uA78L12AC | uA78L15AC

uA78L02C | uA78L05C | uA78Lo6C | uA78LOSC | ua7sL12C | ua7BLISC |UNIT

MIN MAX | MIN MAX |MIN MAX | MIN MAX | MIN MAX | MIN MAX
Input voltage, V 475 20 20 | 85 20 | 105 23 | 145 27 |175 30| V
Gutput current, Ig 100 100 100 100 100 100 | mA
3‘:::;’:‘3:".:.‘3' Junction 0 125 125 | o 125 0 1256] o0 125 0 125 | °c
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POSITIVE-VOLTAGE REGULATORS

SERIES uA78L00

uA78L02AC, uA78L02C electrical characteristics at specified virtual junction temperature,
Vi =9V, o =40 mA (unless otherwise noted)

+ uA78LO2AC uA78L02C UNIT
PARAMETER TEST CONDITIONS N TYP VAKX TN TYP WAX
25°C 25 26 27| 24 26 28
Output voltage Vi=475V1020V, lg=1mAtd0mA [~ . 245 275 [ 2.35 285 | V
10=1mA to 70mA 245 275 | 2.35 285
\nbut requtati V=475V 020V 5C 40 100 [ES
nput reguila
put reguiation V=5Vt 20V 30 75 30 100
Ripple rejection Vi=6Vto16V, =120 Hz 25°C 43 51 42 51 dB
I0=1mAto 100 mA N 10 50 10 50
lati 25°C mv
Output regulation o =1mA to 40 mA 2 25 PR
Output noise voltage f=10Hz to 100 kHz 25°C 30 30 uV
Dropout voltage 25°C 1.7 1.7 v
B . 25°C 3.6 6 36 6] A
as curre 125°C 55 55
Vi=5Vto20V R 25 25
Bias current change ! 0°C to 125°C mA
1o =1 mA to 40 mA 0.1 0.2
uA78L05AC, uA78L05C electrical characteristics at specified virtual junction temperature,
Vi =10V, Ig = 40 mA (unless otherwise noted)
A7 A78LO5C
PARAMETER TEST CONDITIONS? uA78LOSAC = uNIT
MIN TYP MAX [MIN TYP MAX
25°C 48 5 52 | 46 5 5.4
Output voltage Vi=7V1020V, to=1mAtodomA [ .. " . [475 525 | 45 55| Vv
I0=1mAto 70mA 4.75 525 | 45 55
Vi=7Vto20V N 25 150 25 200
Input regulati 25°C \"
put regulation Vi -8Vw20V 20 100 20 50|
Ripple rejection Vi=8Vto18V, =120 Hz 25°C 41 49 40 49 dB
10=1mA to 100 mA 17 60 17 60
Output regulatio 25°C \YJ
put regulation To =1 mA to 40 mA 7 30 R
Output noiss voltage f =10 Hz to 100 kHz 25°C 40 40 my
Dropout voltage 25°C 1.7 1.7 v
) 25°C 3.8 6 38 6
Bias current = mA
125°C 55 55
) Vi=8Vto20V N N 15 1.5
Bias current change 0°Cto126°C mA
10=1mA to 40 mA 0.1 0.2

TAll characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics
except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes

due to changes in internal temperature must be taken into account separately.
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SERIES uA78L00
POSITIVE-VOLTAGE REGULATORS

uA78LOBAC, uA78LO6C electrical characteristics at specified virtual junction temperature,
V| =12V, |g = 40 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS? UA7BLOGAC uA78LOGC UNIT
MIN TYP MAX |MIN TYP MAX
25°C 595 6.2 645 57 6.2 6.7
Output voltage V|=85Vto20V, lo=1mAto 40 mA &°C to 125°C 5.9 6.5 5.6 6.8 \%
10=1mA to0 70mA 59 65 | 56 8
Vi=85Vto20V 25 175 25 200
Input regulation v: ~9Viw20V ’c 20 125 20 0] "
Ripple rejection Vi=10Vto20V, f=120 Hz 25°C 40 46 39 46 dB
Output regulation lo=1mA to 100 mA 25°C 2 80 20 80 mV
fo=1mAto40mA 9 40 9 40
Output noise voltage f =10 Hz to 100 kHz 25°C 50 50 uv
Dropout voltage 25°C 1.7 1.7 \
Bias current 25°C 39 5 39 6 mA
125°C 5.5 5.5
Bias current change Vi=9Vto20V 0°C to 125°C 15 15 mA
10=1mA to 40 mA 0.1 0.2

uA78L0O8BAC, uA78L.08C electrical characteristics at specified virtual junction temperature,
V1 =14V, Io = 40 mA (unless otherwise noted)

uA78LOSAC uA78L08BC
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX | MIN TYP MAX
25°C 7.7 8 83736 8 864
Output voltage Vi=105V1023V, Ig=1mA to 40 mA 0°C to 125°C 7.6 8.4 7.2 8.8 \Z
lo=1mAto 70mA 76 8.4 7.2 8.8
\nout reaulati Vi=105V to 23V N 25 175 25 200)
put regiation V=11 Vw023V 20 125 20 150
Ripple rejection Vi=13V1023V, f=120Hz 25°C 37 44 36 44 dB
lo=1mA to 100 mA 25 80 25 80
Out lati 25° \Y
utput regulation To=1mA to 40 mA ¢ 1040 0 a0
Output noise voltage f=10Hz to 100 kHz 25°C 60 60 uv
Dropout voltage 25°C 1.7 1.7 \Y
25°C 4 6 4 6
Bias current S mA
125°C 5.5 6.5
Vi=11Vto23V o 1.5 15
Bias current change ! ° 0°C to 125°C mA
10= 1 mA 10 40 mA 0.1 0.2

T All characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics
except noise voltage and ripple rejection ratio are measured using pulse techniques (1, < 10 ms, duty cycle < 5%). Output voltage changes
due to changes in internal temperature must be taken into account separately.
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SERIES uA78L00
POSITIVE-VOLTAGE REGULATORS

uA78L12AC, uA78L12C electrical characteristics at specified virtual junction temperature,
V| =19V, 10 = 40 mA (unless otherwise noted)

uA78L12AC uA78L12C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX [MIN TYP MAX
25°C 115 12 125 | 111 12 12.9
Output voltage Vi=145Vt027V, lg=1mAto40mA 0°C to 125°C 11.4 12.6 } 108 13.2 \%
lo=1mAto 70mA 114 126 | 108 132
V=145Vt 27V 55 250 55 250
Input regulation 25°C \Y
putreg V=16Vt 27V 45 200 45 200 | "
Ripple rejection ratio Vi=15Vtwo 25V, f=120 Hz 25°C 37 42 36 42 dB
o= A to 100 mA 1
Output regulation o-1mAto i 25°C 0 1% 30 % mv
Io=1mAto 40 mA 12 50 12 50
Output noise voltage f =10 Hz to 100 kHz 25°C 80 80 uVv
Dropout voltage 25°C 1.7 1.7 \
) 25°C 4.2 6.5 4.2 6.5
Bias current S mA
125°C 6 6
- V| =16Vt 27V o . 15 15
Bias current change 0Cto125°C mA
1o =1 mA to 40 mA 0.1 0.2
uA78L15AC, uA78L15C electrical characteristics at specified virtual junction temperature,
V| =23V, |0 = 40 mA (unless otherwise noted)
uA78L15AC uA78L15C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX |MIN TYP MAX
25°C 144 15 156 | 138 15 16.2
Output voltage Vi=175Vto 30V, Ig=1mAto40mA 0°C to 125°C 14.25 15.75 (1356 16.5 v
lo=1mA to 70mA 14.25 16.75 [ 135 165
V|=175Vto 30V
Input regulation ! 03 25°C 70 300 70 300 mV
V=20Vt 30V 55 250 .55 250
Ripple rejection ratio V=185V 10285V, f=120 Hz 25°C 34 39 33 39 d8
1o =1mA to 100 mA 30 150 30 150
Output regulation 25°C \Y
put reguiat 1o =1 mA to 40 mA 12 75 12 75 | "
Output noise voltage =10 Hz to 100 kHz 25°C 90 90 uv
Dropout voltage 25°C 1.7 1.7 \
Bias current 25°C 4.4 6.5 44 6.5 A
125°C 6 6 |™
Vi =20V 1030V 15 15
Bias current change 0°C t0 125°C
¢ To=1mA to 40 mA 0.1 02 ] ™

TAll characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics
except noise voltage and ripple rejection ratio are measured using pulse techniques (t,,, < 10 ms, duty cycle < 5%). Output voltage changes

due to changes in internal temperature must be taken into account separately.
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LINEAR SERIES uA78M00
INTEGRATED CIRCUITS POSITIVE-VOLTAGE REGULATORS

BULLETIN NO. DL-S 7612403, JUNE 1976

e 3-Terminal Regulators NOMINAL —~55°C TO 150°C 0°C TO 125°C
° Output Current up to 500 mA OUTPUT OPERATING OPERATING
N VOLTAGE |TEMPERATURE RANGE |[TEMPERATURE RANGE
¢ No external components 5V UA78MOEM UA78MOSC
o Internal Thermal Overload Protection 6V uA78MOEM UA78MO6C
® Direct Placements for Fairchild uA78MO00 Series 8V uA78MOSM UA7BMOBC
and National LM341 Series 12v UA7BM12M UA78M12C
. issination C il 15V uA78M15M uA78M15C
® High Power Dissipation Capability 20V UATEM20M UA7EM20C
® Internal Short-Circuit Current Limiting 24V uA78M24M uA78M24C
e OQutput Transistor Safe-Area Compensation PACKAGES LA :KC, KD, and LA
. . . INPUT
description schematic Tk vo20 - s ok
. e Y p
This series of fixed-voltage monolithic integrated- ,)
circuit voltage regulators is designed for a wide range L = ,/
of applications. These applications include on-card EAL)
regulation for elimination of noise and distribution m | g: @ foe
problems associated with single-point regulation. One ( ~N
of these regulators can deliver up to 500 milliamperes 35k &l outeuT
of output current. The internal current limiting and 29k ~ 1
thermal shutdown features of these regulators make 63k 61k 07020k
them essentially immune to overlaod. In addition to
) . % 116 21k
use as fixed-voltage regulators, these devices can be 30 pF
used with external components to obtain adjustable o
output voltages and currents and also as the power "‘J«é sS4k
pass element in precision regulators. [:
1k s1 6.3k3693 27k
H H g COMMON
terminal assignments ik r | |
Resistor values shown are nominal and in ohms.
KC PACKAGE KD PACKAGE LA PACKAGE
{TOP VIEW) {TOP VIEW) (TOP VIEW)
OUTPUT
OUTPUT —\
[———— OUTPUT
O [———— COMMON O [~=—————COMMON INPUT
——— INPUT INPUT
COMMON
TO-220AB TO-202AB
= O
\m ﬁ
] ’ coH!
[o}
1¢ €o
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SERIES uA78M00
POSITIVE-VOLTAGE REGULATORS

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

uA78MO5M | uA78MO05C
THRU THRU UNIT
uA78M24M uA78M24C
Input voltage uA78M20, uA78M24 40 40 v
All others 35 35
KC (T0-220AB) package 2 2
Continuous total dissipation at 25°C free-air temperature (see Note 1) KD(TO-202AB) package 15 15 w
LA package 0.6 0.6
Continuous total dissipation at (or below)25°C case temperature KC and KD packages 75 75 W
(see Note 1) LA package 5 5
Operating free-air, case, or virtual junction temperature range —55 to 150 0to 150 °c
Storage temperature range —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch from case for 10 seconds KC and KD packages 260 °c
Lead temperature 1/16 inch from case for 60 seconds LA package 300 300 iE
NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figures 1 through 4.
recommended operating conditions
MIN  MAX | UNIT
uA78M0O5M, uA78M05C 7 25
uA78M06M, uA78M06C 8 25
uA78M08M, uA78M08C 105 25
Input voltage, V| uA78M12M, uUA78M12C 145 30 A\
uA78M15M, uA78M15C 17.5 30
uA78M20M, uA78M20C 23 35
uA78M24M, uA78M24C 27 38
Output current, g 500 mA
Operating virtual junction temperature, T uA7EMOSM thru uA78M24M | —59 150 °c
uA78MO05C thru uA78M24C 0 125
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uA78MO5M, uA78MO05C electrical characteristics at specified virtual junction temperature,
V=10V, lg =350 mA (unless otherwise noted)

A78MOSM MOS5C
PARAMETER TEST CONDITIONS? z 5 uA78M05 UNIT
MIN TYP MAX | MIN TYP MAX
25°C 48 5 52 48 5 5.2
Output voltage lo= 5 mA o 350 ma |1=8V 1020V —55° Cto 150°C | 4.7 53 \Y
o Vi-7Vit 20V 0°Cto125°C 275 5.25
Vi=7Vto 25V 3 50 3 100
Input regulation o =200mA Vi =8Vto20V 25°C 1 25 mv
Vi=8Vto 25V 1 50
—55°C to 150°C 2
) o V|=8V1to 18V, 1o =100mA >~ 10 s
Ripple rejection f=120 H 0°C to 125C 62 dB
= z
1o = 300 mA 25°C 62 80 62 80
10 = 5 mA to 500 mA 20 50 20 100
[o] t lati X v
utput regulation 10 =5 mA to 200 mA %C 0 25 10 50 | "
Temperature coefficient lo=5mA —55°C 1o 150°C —1 vre
of output voltage o 0°C 10 126°C - m
Output noise voltage f =10 Hz to 100 kHz 25°C 40 40 uv
Dropout voltage 25°C 2 2 v
Bias current: 25°C 45 6 45 6 mA
—55°C to 150°C 0.8
10=200mA,V| =8V 1025V =
0°C to 125°C 08
Bias current change 55°C10150°C Y mA
lo =5mA to 350 mA ~ = -
0°C 10 125°C 05
Short-circuit
ou;::::'em V| =35V 25°C 300 300 mA
Peak output current 25°C 700 700 A

t All characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage
and ripple rejection ratio are measured using puise techniques (1, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must
be taken into account separately,
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uA78M06M, uA78MO6C electrical characteristics at specified virtual junction temperature,
V| =11V, Ig = 350 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS? uATBMOSM uA7BMOSC uNIT
MIN TYP MAX MIN TYP MAX
25°C 5.75 6 6.25 5.75 6 6.25
Qutput volta Vi=9Vto21V —55°C to 150°C 5.7 6.3 v
i * '0=5mAto350mA v: =BVt21V 0°C10125°C 5.7 63
V)=8Vto25V 5 60 5 100
Input regulation 10 =200 mA Vi=9Vto20V 25°C 15 30 mv
Vi=9Vto25V 15 50
V|=9Vt019V, lo =100 mA —S5Cto150°C_ | 59
Ripple rejection £ =120 Hz 0°C to 125°C 59 dB
1o =300 mA 25°C 59 80 59 80
Output regulation Io = 5 mA to 500 mA 25°C 20 60 20 120 mV
o =5 mA to 200 mA 10 30 10 60
— 3 5
Temperature coefficient 10=5mA —5;'.» Cto 15:) Cc -0.5 mVFC
of output voltage 0°Cto125°C -0.5
Output noise voltage f =10 Hz to 100 kHz 25°C 45 45 iy
Dropout voltage 25°C 2 2 Vv
Bias current 25°C 4.5 6 45 6 mA
Io=200mA, V| =9 Vt025V —S5C to 150°¢ 08
Bias current ch 0°C 1o 125°C 08 mA
10=5mA to 350 mA —55°C to 150°C 0.5
0°C to 125°C 0.5
Short-circuit V=35V 25°C 270 270 mA
output current
Peak output current 25°C 700 700 A

T All characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage
and ripple rejection ratio are measured using pulse techniques (t,, <10 ms, duty cycle <5%). Output voltage changes due to changes in internal temperature must

be taken into account separately.
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uA78MO08M, uA78MO08C electrical characteristics at specified virtual junction temperature,
V=14V, Iig=350 mA (unless otherwise noted)

A78M0O8M uA78M08C
PARAMETER TEST CONDITIONST u UNIT
MIN TYP MAX MIN TYP MAX
25°C 7.7 8 8.3 7.7 8 8.3
Output voltage Vi=115Vto23V | —55° Cto150°C 76 8.4 v
10 =5 mA to 350 mA
o M IV, -105Vw23V | 0°Cro125°C 76 84
VvV =105Vto25V 6 60 6 100
Input regulation 10 =200 mA V=11Vt 20V 25°C 2 30 mv
Vi=11V1t25V 2 50
—55°C to 160°C 56
) o V=115Vt 215V, 1o =100mA > 210 =0
Ripple rejection £=120 H 0°'Cto125°C 56 dB
= z
10 =300 mA 25°C 56 80 56 80
Output regulation l0 =5mA to 500 mA 25°C ad & » 160 \Y;
ut re a m
put regulati 10 =5 mA 1o 200 mA 0 40 10 80
Temperature coefficient —55°C to 150°C —05
P ! lo=5mA AR mvr°C
of output voltage 0°Ct0125°C —05
Output noise voltage f=10Hzto 100 kHz 25°C 52 52 ny
Dropout voltage 25°C 2 2 v
Bias current 25°C 4.6 6 46 6 mA
Vi=115Vt025V | —55°C to 150°C 08
lo =200 mA = =
R V=105V to25V 0’Cto125°C 0.8
Bias current change o 5 mA
—55"Cto 150°C 05
1o = 5 mA to 350 mA - >
0°Cto125°C 0.5
Short-circuit
ort-afreut V| =35V 25°C 250 250 mA
output current
Peak output current 25°C 700 700 A

TAll characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage
and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must

be taken into account separataly.
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uA78M12M, uA78M12C electrical characteristics at specified virtual junction temperature,
V=19V, Ig =350 mA (unless otherwise noted)

uA78M12M uA78M12C
PARAMETER TEST CONDITIONST UNIT
MIN  TYP MAX |MIN TYP MAX
25°C 115 12 125 115 12 125
Vi=156Vt027V | —55° Cto 150°C 14 126
Output voltage 10 =5 mA to 350 mA 1 o : 0 a v
Vi=145V 1027V 0°C 1o 125°C 114 126
Vi=145Vto30V 8 60 8 100
Input regulation 10 =200 mA Vi=16Vto 25V 25°C 2 30 mV
V=16Vt 30V 2 50
—55°C to 150°C 55
5 A V=15Vt 25V, 1o =100mA ~ =
Ripple rejection £=120 H 0°Cto125°C 55 dB
= z
1o =300mA 25°C 55 80 55 80
10 =5 mA to 500 mA 25 120 240
Output regulation o->ma10 m 25°C 2 2 mV
10 =5 mA to 200 mA 10 60 10 120
Temperature coefficient Io=5mA —5:3"0 to 15°0° [+ —1 mVFC
of output voltage 0'Cto125°C —1
Output noise voltage f=10Hz to 100 kHz 25°C 75 75 »v
Dropout voltage 25°C 2 2 \
Bias current 25°C 4.8 6 438 6 mA
Vi=15V 1030V —55°C to 150°C 0.8 .
10 =200 mA ! 2 > L 10 1>
. V1=145Vto30V 0°C to 125°C 08
Bias current change = mA
16 = 5 mA t0 350 mA —55°C to 150°C 0.5
0 0°C to 125°C 05
Short-circuit
redt Vy=35V 25°C 240 240 mA
output current
Peak output current 25°C 700 700 A

T All characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage
and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%) Cutput voitage changes due to changes in internal temperature must
be taken into account separately.
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uA78M15M, uA78M15C electrical characteristics at specified virtual junction temperature,
V| =23V, Ig = 350 mA (unless otherwise noted)

uA78M15M uA78M15C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX MIN TYP MAX
25°C 14.4 15 15.6 14.4 15 15.6
Output voltage V=185V 1030V | —55° Cto150°C | 14.25 15.75 v
10 =5 mA to 350 mA 9 0
V=175Vt 30V 0°Cto125°C 14.75 15.75
Input regulation ! 200 mA ViZ175V 130V 25°C 0 60 10 100 \4
= m
putreg o V=20V 1030V 3 30 3 50
~55°C to 150°C 54
) o V| =185V 10285V,|1g = 100mA > 10 >
Ripple rejection 0°C to 125°C 54 dB
£=120Hz —
Ip =300 mA 25°C 54 70 54 70
10 =5 mA to 500 mA ° 25 150 25 300
QOutput regulation o) 25°C mV
lo =5 mA to 200 mA 10 75 10 150
Tel t fficient —55°C to 150°C -1
mperature coetiicien’ |o =5mA - - mV/oc
of output voltage 0°Cto125°C -1
Output noise voltage f=10Hz to 100 kHz 25°C 20 90 uv
Dropout voltage 25°C 2 2 A%
Bias current 25°C 48 438 6 mA
I = 200 mA V=185V to30V —55°C to 150°C 0.8
) o m V|=175V1030V | 0Cto125°C 08
Bias current change = - mA
| 5 mA 0 350 mA —55C 10 160°C 0.5
=om
0 0°C 10 125°C 05
Short-circuit
ri-eiredt V=35V 25°C 240 240 mA
output current
Peak output current 25°C 700 700 A

T All characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the cutput of 0.1 uF. All characteristics except noise voltage
and ripple rejection ratio are measured using pulse technigues (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must
be taken into account separately.
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uA78M20M, uA78M20C electrical characteristics at specified virtual junction temperature,
V=29V, Ig =350 mA (unless otherwise noted)

uA78M20M

uA78M20C

PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX MIN TYP MAX
26°C 19.2 20 208 19.2 20 208
Output voltage Vi=24Vto 35V —55° C to 150°C 19 21 v
10 =5 mA to 350 mA = -
Vi=23Vto35V 0'Cto125C 19 21
. V|=23V1to35V ° 10 60 10 100
Input regulat 1o =200mA 25°C \"
putrequiation 0 m V), =24V t0 35 V 5 30 5 ]| ™
—55°C to 150°C 53
) o Vi=24V1034V, |lg=100mA AR
Ripple rejection £=120 Hz 0°C to 126°C 53 dB
10 =300 mA 25°C 53 70 53 70
Output regulati 1o =5 mA to 500 mA 25°C 30 200 30 400 v
[o] m
put reguiation 10 = 5 mA to 200 mA 10 100 10 200
Temperature coefficient 1o = 5 mA —55°C to 150°C —-1.1 mVFC
of output voltage 0 0°Ct0125°C A
Output noise voltage f=10Hz to 100 kHz 25°C 110 110 uv
Dropout voltage 25°C 2 2 v
Bias current 25°C 4.9 6 49 6 mA
10 = 200 mA V=24Vt 35V —55°C to 1560°C 0.8
Bias current chan o V=23Vt 35V 0°C t0 125°C 08 mA
al
o —55°C 10 150°C 05
o =5 mA to 350 mA = 3
0°C to 125°C 05
Short-circuit
freut V=35V 25°C 240 240 mA
output current
Peak output current 25°C 700 700 A

T All characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF, All characteristics except noise voltage
and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 56%). Output voltage changes due to changes in internal temperature must
be taken into account separately.

SHO1VIN93H I9VI10A-IALLISOd
J302IHZNBLYM ‘WOZWSBLYN SIdAL



TTZSL SYX3AL ‘SVIIVA ¢ T10§ XOB 3IDI440 LS0d

SININ

69¢

9.9

uA78M24M, uA78M24C electrical characteristics at specified virtual junction temperature,
V=33V, Ig=350mA (unless otherwise noted)

A78M24M A78M24C
PARAMETER TEST CONDITIONS? 4 u UNIT
MIN TYP MAX MIN TYP MAX
25°C 23 24 25 23 24 25
Output voltage V=28Vt 38V —55° C 10 150°C | 228 25.2 ]
10 =5 mA to 350 mA
0= omATOSImMA N =27V 38 v 0°C 10 125°C 228 252
V|=27V1t038V 10 60 10 100
Input regulation o =200 mA V=30V to36V 25°C 5 30 mv
Vi=28Vto38V 5 50
V|=28V1038V, |lg=100mA S8'Cto 150°C | 50
= ) , = m
Ripple rejection ! o 0°C t0 125°C 50 dB
f=120Hz
1o =300 mA 25°C 50 70 50 70
1o =5 mA to 500 mA 30 240 30
Output regulation o mAto m 25°C 480 mV
10 =5 mA to 200 mA 10 120 10 240
T t fficient —55°C to 150°C -1.2
emperature coefficien 10=5mA - o L mv/°C
of output voltage 0°C to 125°C —1.2
Output noise voltage f =10 Hz to 100 kHz 25°C 170 170 uv
Dropout voltage 25°C 2 2 \
Bias current 25°C 5 6 5 6 mA
I = 200 mA V=28V to38V —55°C to 150°C 08
) o m Vi=27V 1038V 0°C 10 125°C 08
Bias current ch = = mA
16y = 5 mA t0 350 mA —55"C to 150°C 0.5
0 7> mAtosshm 0°C 10 125°C 05
Sh ircuit
ort-cireut V=35V 25°C 240 240 mA
output current
Peak output current 25°C 700 700 A

T All characteristics are measured with a capacitor across the 5nput of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage
and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%}. Output voltage changes due to changes in internal temperature must
be taken into account separately,
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THERMAL INFORMATION

KC AND KD PACKAGES
FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVES

KC AND KD PACKAGES
CASE TEMPERATURE
DISSIPATION DERATING CURVES
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2000 T T T 10
KC (TO-220AB) package KC (T0-220AB) package ol
1800 Derating factor = 16 mW/°C ] = 9 Derating factor = 250 mW/"C
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FIGURE 1 FIGURE 2
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LINEAR SERIES uA7900
INTEGRATED CIRCUITS NEGATIVE-VOLTAGE REGULATORS

BULLETIN NO, DL-S 7612404, JUNE 1976

e 3-Terminal Regulators NOMINAL —55°C TO 150°C 0°C TO 125°C
OUTPUT OPERATING OPERATING
°
Output Current up to 15A VOLTAGE |TEMPERATURE RANGE|TEMPERATURE RANGE
e No External Components -5V uA7905M uA7905C
. -6V uA7906M uA7906C
°
Internal Thermal Overload Protection v UA7908M UATI08C
e Direct Replacements for Fairchild u A7900 Series| -12Vv uA7912M uA7912C
e E iall Equi . —15V uA7915M uA7915C
Ssssantla y Equivalent to National LM320| _,5, wA7918M WAT918C
eries 24V uA7924M uA7924C
e High Power Dissipation Capability PACKAGES KA KA and KC
e Internal Short-Circuit Current Limiting
. . KA PACKAGE KC PACKAGE
e Qutput Transistor Safe-Area Compensation
(TOP VIEW) (TOP VIEW)
deSCl’lpthn INPUT OuTPUT
This series of fixed-negative-voltage monolithic F—————0utpur
integrated-circuit voltage regulators is designed to O i
. . . [—————"5COMMON
complement Series uA7800 in a wide range of common
applications. These applications include on-card regu-
lation for elimination of noise and distribution TO-3 TO - 220AB
problems associated with single-point regulation. One
of these regulators can deliver up to 1.5 amperes of o
output current, The internal current limiting and
thermal shutdown features of these regulators make
them essentially immune to overload. In addition to :
use as fixed-voltage regulators, these devices can be
used with external components to obtain adjustable COMMON ‘ou‘rru‘r
output voltages and currents and also as the power INPUT
pass element in precision regulators.
schematic
COMMON
14k
3 ak I.S;
lf IK :gz‘lo TO83k
vensons
78k 3 /Y '/ N
i 172k |
I 17k
ll To 18K
64 I-pyo
* :u/»;.m !
2el ] $—0ouTPUT
400
420
1 I T
k l 3%
25 6.3k (
‘:s o~ L‘L:pv 23k 17k 0.04
1Bk 5% 6pF T
4Tk 3% 200
800 1% 4: 0.06
INPUT
Resistor values shown are nominal and in ohms,
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INCORPORATED
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SERIES uA7900
NEGATIVE-VOLTAGE REGULATORS

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

uA7905M | uA7905C
THRU THRU UNIT
uA7924M | uA7924C
uA7924M, uA7924C —-40 —40
Input voltage v
All others —35 —35
Continuous total dissipation at 25°C free-air temperature (see Note 1) KA (TO-3) package 35 35 w
KC {TO-220AB) package 2
Continuous total dissipation at (or below) 256°C case temperature (see Note 1) 15 15 w
Operating free-air, case, or virtual junction temperature range -55t0 1560 | 0to 150 °C
Storage temperature range —6510 160 [—65 to 150 °C
Lead temperature 1/8 inch from case for 60 seconds KA {TO-3) package 300 300 °c
Lead temperature 1/8 inch from case for 10 seconds KC (TO-220AB) package 260 °c

NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figure 1 and Figure 2,

TO-3 AND TO-220AB FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVES

TO-3 AND TO-220AB CASE TEMPERATURE
DISSIPATION DERATING CURVE

KA (TO-3) package
= Derating factor =28 mW/°C ______| = 1 \
i Rgya ~ 35°C/W i \
5 S
= 3 = 12
g N g \
2 \ 2 10
Q \4;, o \
E £y Ed
5 2 o] o 8
2 ¥ 1
= ke <
€ /7’0 5 6
8 & S
38,
g \V\’ \ 5
| S 4
E N\ E
% {Kc (TO-220AB) package N % Derating factor = 0.25 W/°C
= Derating factor = 16 mW/°C ~ = above 90°C
Rgya =~ 62.5°C/W 0 Rgyc ~4°C/W
25 50 75 100 125 150 25 50 75 100 125 150
TA—Free-Air Temperature—"C Tc—Case Tempera(ure—°C
FIGURE 1 FIGURE 2
recommended operating conditions
MIN MAX UNIT
uA7905M, uA7905C -7 -25
uA7906M, uA7906C —8 —25
uA7908M, uA7908C -10.5 -25
Input voltage, V} uA7912M, uA7912C —14.5 -30 v
uA7915M, uA7915C -17.5 -30
uA7918M, uA7918C -1 -33
uA7924M, uA7924C —27 -38
Output current, Ig 1.5 A
-55 150
Operating virtual junction temperature, T uA7905M thru uA7924M °
uA7905C thru uA7924C 0 125

TEXAS INSTRUMENTS
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POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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uA7905M, uA7905C electrical characteristics at specified virtual junction temperature,
Vi=-10V, |0 = 500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONST uA7905M uA7905C UNIT
MIN TYP MAX | MIN TYP MAX
25°C —4.8 -5 5.2 —4.8 —5 —5.2
Io=5mAto1A, Vi=-8V1to-20V [ —55°Cto 150°C | —4.7 -5.3 \
Output voitage - =
P<15W Vi=—7Vto-20V 0°C to 125°C —4.75 —5.25
] Vi=-7Vto-25V R 3 50 3 100
Input regulation 25°C mvVv
Vi=—8Vto-12V 1 25 1 50
. - —55°C to 150°C 54 60
Ripple rejection V|=—-8Vto-18V, f=120 Hz > Py dB
0'Cto125°C 54 60
. Ip=5mAto15A . 15 50 15 100
Output regulation 25°C mV
tg = 250 mA to 750 mA 5 25 5 50
Temperature coefficient 0°C to 150°C -0.4 o
1Ip=5mA = mvV/°C
of output voltage 0°Cto125°C —-0.4 .
Output noise voltage f=10 Hz to 100 kHz 25°C 125 125 uv
Dropout voltage lp=1A 25°C 1.1 1.1 v
Bias current 25°C 1 2 1 2 mA
Vi=-8Vto-25V —55°C to 150°C 1.3
‘ Vi=—7V1to -25V 0°Cto 125°C 1.3
Bias current change = = mA
| 5mAto 1A —55°C to 150°C 0.5
=5mA to
° 0°Ct0125°C 05
Peak output current 25°C 2.1 2.1 A

t All characteristics are measured with a capacitor across the inpuw of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage

and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature
must be taken into account separately.
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uA7906M, uA7906C electrical characteristics at specified virtual junction temperature,
V|1 ==11V, |0 = 500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS? uA7906M uA7906C unNIT
MIN  TYP  MAX | MIN TYP MAX
25°C —5.75 —6 -6.25 | —5.75 -6 —B.25
Ip0=5mAto1A, Vi=-9Vto-21V |-55°Cto150°C |-5.65 —6.35 v
Output voltage h -
P<I15W Vi=—-8Vto—21V | 0°Cto125°C -5.7 —6.3
] V|=-8Vto—-25V o 5 60 5 120
Input regulation 25°C mV
Vi=—9Vto—-13V 15 30 15 60
Ripple rejecti Vi=-9V1to—-19V f=120H —55°Cto150°C 34 €0 dB
e re = 0 — . = 2z ~ =
ppie réjection ! 0°C t0 125°C 54 60
- ] 1I0=5mAto15A o 14 60 14 120
Qutput regulation 25°C mV
10 = 250 mA to 750 mA 4 30 4 60
Temperature coefficient 0°C to 150°C -0.4 o
Ig=5mA - - mVv/°C
of output voltage 0°Cto125°C -0.4
Output noise voltage f=10 Hz to 100 kHz 25°C 150 150 uVv
Dropout voltage Io=1A 25°C 1.1 1.1 \Y
Bias current 25°C 1 2 1 2 | mA
Vi=-9Vto-25V —55°C to 150°C 1.3
. V|=-8Vto-25V 0°C to 125°C 1.3
Bias current change > . mA
—55°C to 150°C 0.5
Ip=5mAtol A > >
0°C to 125°C 0.5
Peak output current 25°C 2.1 2.1 A

t All characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage
and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature
must be taken into account separately.
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uA7908M, uA7908C electrical characteristics at specified virtual junction temperature,
V| =-14V, lo = 500 mA (unless otherwise noted)

uA7908M uA7908C
PARAMETER TEST CONDITIONSt MIN_ TYP MAX | MIN TYP MAX UNIT
25°C -77 -8 -83|-77 -8 -83
Output voltage lo=5mAto1A, V|=—115Vto-23V | -55°Cto 150°C | —7.6 —8.4 \
P<15W V| =-105Vto—-23V | 0°Cto125°C -76 -84
Input regulation Viz-105Vio -5V 25°C 6 80 6 160 mV
Vi=-11Vto-17V 2 40 2 80
. L —55°C to 150°C 54 60
Ripple rejection Vi=—115Vto-215V, =120 Hz S 3 dB
0°Ct0125°C 54 60
Output regulation loZ5mAto15A 25°C 12 80 12 160 mv
1o = 2560 mA to 750 mA 4 40 4 80
Temperature coefficient i0=5mA OOC to 15000 —0.6 mV/C
of output voltage 0°'Cto125°C —0.6
Output noise voltage f=10Hz to 100 kHz 25°C 200 200 I
Dropout voltage Ip=1A 25°C 1.1 1.1 \
Bias current 25°C 1 2 1 2 mA
Vi=-115Vto-25V —55°C to 150°C 1
. Vi=-105Vto-25V 0°C t0 125°C 1
Bias current change - = mA
lo-5mAto1 A —5;50m15:)c 0.5
0°Cto 125°C 0.5
Peak output current 25°C 2.1 2.1 A

tAll characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voitage
and ripple rejection ratio are measured using pulse techniques (tyy < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature
must be taken into account separately.
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uA7912M, uA7912C electrical characteristics at specified virtual junction temperature,
Vi=-19 V, 10 =500 mA (unless otherwise noted)

uA7912M uA7912C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX MIN TYP MAX
25°C —-115 -—-12 -125]-115 -12 -125
Output voltage I0=5mAto1A, V|=-155Vt0 —27 V | -55°C t0 150°C | —11.4 -126 v
utput volta:
P 9 P<15W V)=—-145Vt0-27V | 0°Cto125°C -11.4 —12.6
B V|=-145Vto -30V ° 10 120 10 240
Input regulation 25°C mV
Vi=—-16Vto—-22V 3 60 3 120
Ripple rejecti Vi=—16Vto 25V, f=120H —S5Co150C] 54 60 a8
} rejection =— Qo - . = b4 > r
ppierel ! 0°Ct0125°C 54 60
) ip=5mAtc15A ° 12 120 12 240
Output regulation 25C mv
o = 250 mA to 750 mA 4 60 4 120
Temperature coefficient 0°C to 150°C -038 o
1o =5mA - - mv/°C
of output voltage 0°Cto126°C —-0.8
Output noise voltage =10 Hz to 100 kHz 25°C 300 300 uv
Dropout voltage Ip=1A 25°C 1.1 1.1 v
Bias current 25°C 1.5 3 1.5 3| mA
Vi=-156Vto-30V —55°C to 150°C 1
. Vi=-145Vto—-30V 0°C to 125°C 1
Bias current change > = mA
0 5mAto1 A -55"Cto 150°C 0.5
=5mAto =
0 0°Ct0125°C 05
Peak output current 25°C 2.1 2.1 A

T All characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage
and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature
must be taken into account separately.
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uA7915M, uA7915C electrical characteristics at specified virtual junction temperature,
Vi=-23V, 10 =500 mA (unless otherwise noted)

A7915M A7915C
PARAMETER TEST CONDITIONST u Y UNIT
MIN TYP MAX MIN TYP MAX
25°C -144 -15 -156| —144 -—-15 -—-15.6
lp=5mAto1A, V|=-185Vto-30V | —55°C to 150°C [-14.25 —15.75 v
Output voltage - -
P<15W V)=-175Vto-30V 0'Cto125°C —14.25 —15.75
Vi=-175Vto-30V 1 150 1 300
Input regulation ! 25°C mvV
Vi=—-20Vto —-26 V 3 75 3 150
Ripple rejecti V)= —185V 10285V, =120 H —S5°Cro150°C| 54 60 d8
e rejection = —18.! 0—285V, t= z o °
\pple rejectio ! 0°C t0 125°C 54 60
lp=5mAto15A 12 150 12 300
Output regulation o 25°C mV
1o = 250 mA to 750 mA 4 75 4 150
Temperature coefficient 0°C to 150°C —1 .
lp=5mA > S mV/°C
of output voitage 0°Cto125°C -1
QOutput noise voltage =10 Hz to 100 kHz 25°C 375 375 uVv
Dropout voltage Io=1A 25°C 1.1 1.1 v
Bias current 25°C 1.5 3 15 3| mA
V|=-185Vto-30V —55°C to 150°C 1
i Vi=—-175Vto-30V 0°C t0 125°C 1
Bias current change > > mA
—55"Cto 150 C 0.5
lop=5mAto1A = -
0°Cto 125°C 0.5
Peak output current * 25°C 2.1 2.1 A

tAll characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage
and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature
must be taken into account separately.
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uA7918M, uA7918C electrical characteristics at specified virtual junction temperature,
V| = =27V, 10 =500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONSt uA7915M uA7918C UNIT
MIN TYP MAX | MIN TYP MAX
25°C -173 -18 -18.7 [-17.3 -18 -18.7
lo=5mAto1A, V)=—22Vto -33V |-55°Cto 160°C | —17.1 —18.9 \
Output voltage > >
P<ISW Vi=-21Vto—-33V| 0°Cto 125°C —17.1 —189
i Vi=-21V1to -33V ° 15 180 15 360
{nput reguiation 25°C mV
V|=-24Vto-30V 5 90 5 180
Rippl jecti \Y 22V to -32V f=120 Hz =55°C to 180°C 54 60 dB
e rejection = - bt =
‘epierel ! © ' 0°C10125°C 54 60
lp=56mAto15A ° 12 180 12 360
Output regulation 25°C mV
10 = 250 mA to 750 mA 4 90 4 180
Temperature coefficient 0°C to 150°C —1
P ! 10=5mA — . mVeC
of output voltage 0°Cto125°C -1
Output noise voltage f=10Hz to 100 kHz 25°C 450 450 uv
Dropout voltage lo=1A 25°C 1.1 1.1 v
Bias current 25°C 1.5 3 1.5 3 | mA
V|=-22Vto-33V —55°C to 150°C 1
) Vy=-21Vto—-33V 0°Cto 125°C 1
Bias current change S = mA
. EmAto1 A —55°C to 150°C 0.5
=om (o]
° 0°C 10 125°C 05
Peak output current 25°C 2.1 2.1 A

T All characteristics are measured with a capacitor across the input of 0,33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage
and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature
must be taken into account separately.
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uA7924M, uA7924C electrical characteristics at specified virtual junction temperature,
Vi =-33V, |0 =500 mA (unless otherwise noted)

uA7924M uA7924C
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX | MIN TYP MAX
25°C 23 -—24 25| -23 -24 25
lp=5mAto1A, V|=-28Vto-38V |-55°Cto 150°C | —22.8 -25.2 v
Qutput voltage = 5
P<15W Vy=—27Vto -38V| 0°Cto125°C —22.8 2252
] Vi=-27V1to-38V R 18 240 18 480
{nput regulation 25°C mV
Vy=—-30Vto —36V 6 120 6 240
Ripple rejectio Vy= 28Vt 38V, f=120H —55°C 10 150°¢ 4 & d8
i T ion = 0 —. , = z
pete rel ! 0°C 10 125°C 54 60
I0=5mAtc15A 12 240 12 480
Output regulation 0 25°C mvV
10 = 250 mA to 750 mA 4 120 4 240
Temperature coefficient I =5 mA 0°C to 150°C -1 vFe
= m
of output voltage 0 m 0°C to 125°C —1
Output noise voltage f=10 Hz to 100 kHz 25°C 600 600 uv
Dropout voltage Iog=1A 25°C 1.1 1.1 Vv
Bias current 25°C 1.5 3 1.5 3 mA
Vi=-28Vto-38V —55°C to 150°C 1
Bi L eh V= —27Vto-38V 0°C to 125°C 1 mA
1as current change
urre 9 —55°C t0 150°C 0.5
lp=5mAto1A = o
0°C to 125°C 0.5
Peak output current 25°C 2.1 2.1 A

t Al characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics except noise voltage
and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature
must be taken into account separately.
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LINEAR SERIES uA79M00
INTEGRATED CIRCUITS NEGATIVE-VOLTAGE REGULATORS

BULLETIN NO. DL-S 7612405, JUNE 1976

e 3-Terminal Regulators NOMINAL -55°C TO 150°C 0°c TO 125°C
e Output Current up to 500 mA OQUTPUT OPERATING OPERATING
No Ex L ¢ VOLTAGE [TEMPERATURE RANGE| TEMPERATURE RANGE

¢ No External Components 5V UA79MOSM UATIMOSC

e Internal Thermal Overload Protection 6V UA79MOEM UA79MO6C

e Direct Placements for Fairchild uA79MO00 Series -8V UA7IMOBM UA79MOSC

e High P Dissination Capabili —12v uA79M12M uA79M12C
1gh Power Dissipation Capability —15v uA79M15M UA79M15C

e Internal Short-Circuit Current Limiting -20V UA79M20M uA79M20C

e OQutput Transistor Safe-Area Compensation AV UA79M24M UATOM24C

PACKAGES LA KC,KD, and LA
description schematic

COMMON

? -5V T0 4.5 K
-8V TO063k

7.8 k § VERSIONS| L'
b - £ +
| ak

“__:BV{,O 1 1.7 k

400 :}—<_o°uTqu
NI

This series of fixed-negative-voltage monolithic
integrated-circuit voltage regulators is designed to
complement Series uA78M00 in a wide range of ¢
applications. These applications include on-card regu-
lation for elimination of noise and distribution
problems associated with single-point regulation. One
of these regulators can deliver up to 500 milliamperes
of output current. The internal current limiting and
thermal shutdown features of these regulators make
them essentially immune to overload. In addition to :L_<
use as fixed-voltage regulators, these devices can be

VER-
SIONS

I{' 'y
used with external components to obtain adjustable 3k gsox ,_4‘%
35! 1 [%%s9)
output voltages and currents and also as the power oF 21068 1 5%, o201 0
pass element in precision regulators. S A sk T Al 22w .
1% oF 200 202
terminal assignments " Resistor values shown are nominal and in ohms. INPUT
KC PACKAGE KD PACKAGE LA PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
OUTPUT
E=————— OUTPUT =————O0UTPUT \ »
O [———— INPUT O [———INPUT 'COMMON
F————— COMMON [~————=CcoMMON
INPUT

TO-220AB TO-202AB

T

ci1©

TEXAS INSTRUMENTS 281

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



282

SERIES uA79M00
NEGATIVE-VOLTAGE REGULATORS

absolute maximum ratings over operating temperature

range (unless otherwise noted)

uA79MO5M | uA79MO5C
THRU THRU UNIT
uA79M24M uA79M24C
uA79M20, uUA79M24 —40 —40
Input voltage v
All others ~-35 —35
KC (T0-220AB) package 2 2
Continuous total dissipation at 25°C free-air temperature (see Note 1) | KD TO-202AB package 1.5 15 w
LA package 0.6 0.6
Continuous total dissipation at (or below) 25°C case temperature KC and KD package 7.5 75 w
(see Note 1) LA package 5 5
Operating free-air, case or virtual junction temperature range —55 to 150 0 to 150 °c
Storage temperature range —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch from case for 10 seconds KC and KD packages 260 °C
Lead temperature 1/16 inch from case for 60 seconds LA package 300 300 °c
NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figures 1 through 4,
recommended operating conditions
MIN MAX | UNIT
uA79M05 -7 —25
uA79MO06 -8 -25
uA79M08 -105 25
Input voltage, V| uA70M12 —145 -30 \Y
uA79M15 -175 =30
uA79M18 -23 -35
uA79M24 —27 38
Qutput current, Ig 500 mA
Operating virtual junction temperature, T uA7IMOSM thru uA79M24M =55 150 °c
UA79MO5C thru uA79M24C 0 125
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TYPES uA79MO5M, uA79M05C

NEGATIVE-VOLTAGE REGULATORS

uA79M05M, uA79M0O5C electrical characteristics at specified virtual junction temperature,

Vy==10V, Ig = 350 mA (unless otherwise noted)

uA79M05M uA79M05C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX |[MIN TYP MAX
25°C 48 -5 52|48 -5 52
Output voltage Io=5mAto 350 mA, V| = =7 V to —25 V —55°C to 15(3 C |—4.75 --5.25 \Y
0°Ct0 125°C -4.75 -5.25
Input regulation Vizo7Vio -2V 25°C 7 50 ! 50 mVv
put regutati Vi=—8Vto—18V 3 30 30
—55°C to 150°C 50
) o V|=-8Vto—18V, [Ig=100mA 2 -0 =
Ripple rejection f=120 Hz 0'Cto125°C 50 dB
1o =300 mA 25°C 54 60 54 60
1o =5 mA to 500 mA 75 100 75 100
Output regulation o~ >mo b o 25°C mV
o =5 mA to 350 mA 50 50
Temperature coefficient ~55°C to 150°C -04
lo=5mA = = mv/°C
of output voltage 0°C to 125°C 04
Output noise voltage f =10 Hz to 100 kHz 25°C 125 125 uVv
Dropout voltage 25°C 14 14 \Y
Bias current 25°C 1 2 1 2] mA
—55°C to 150°C 0.4
V|=-8Vto—25V - .
. 0°C t0 125°C 0.4
Bias current change S > mA
16 = 5 mA 10 350 mA —55°C t0 150°C 0.4
0 0°C to 125°C 04
Short circuit
T etreut V=30V 25°C 140 140 mA-
output current
Peak output current 25°C 650 650 A

t All characteristics are measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output. All characteristics except noise
voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes

in internal temperature must be taken into account separately.
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TYPES uA79MO6M, uA79MO06C
NEGATIVE-VOLTAGE REGULATORS

uA79M06M, uA79MO6C electrical characteristics at specified virtual junction temperature,

Vi=-11V, g =350 mA (unless otherwise noted)

A79MO6M A79MO6C
PARAMETER _ TEST CONDITIONS? - - UNIT
MIN TYP MAX [MIN TYP_ MAX
25°C -575 —6 —6.25|-5.75 6 —6.25
Output volta —55° 0°C |-5.7 . \
utput voltage 10=5 mA to 350 mA, V{ = —8 V to =25 v |0 ¢ 12 150°C 63
0°Cto125°C -5.7 —6.3
Vi=—8Vto-25V 7 60 7 60
Input regulation L 25°C mv
Vi=-9Vto-19V 3 40 3 40
—55°C to 150°C 50
. o V| =-9V1to—19V, |1g=100mA 2o =
Flipple rejection f=120 He 0°Cto125°C 50 dB
1o =300 mA 25°C 54 60 54 60
10 =5 mA to 500 mA 80 120 80 120
Output lati 25°C \Y
utput regdiation 10 = 5 MA to 350 mA 55 55 m
Temperature coefficient —55°C to 150°C -0.4
lo=5mA
of output voltage o=sm 0°C 10 125°C 04 mv/e
Output noise voltage f=10Hzto 100 kHz 25°C 150 150 uv
Dropout voltage 25°C 1.1 1.1 \Y;
Bias current 25°C 1 2 1 2| mA
—55°C to 150°C 0.4
Vi=-9Vto-25V
) ! ° 0°C 10 125°C 04
Bias current change 5 g mA
\ 5 mA to 350 mA —55"C to 150°C 04
= m.
0 0°C 10 125°C 04
Short circuit
V)=-30V 25°C 140 140 mA
output current
Peak output current 25°C 650 650 A

T All characteristics are measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output, All characteristics except noise
voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes
in Internal temperature must be taken into account separately,
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TYPES uA79M08M, uA79M08C
NEGATIVE-VOLTAGE REGULATORS

uA79M08M, uA79MO08C electrical characteristics at specified virtual junction temperature,
V| =—19V, Ig = 350 mA (unless noted)

uA79MO08M uA79M08C
PARAMETER TEST CONDITIONST uNIT
MIN _TYP MAX|MIN TYP MAX
25°C -77 -8 -83|-7.7 -8 -83
Output voltage lo=5mA t0350 mA, V| = —105 V to —25 V —53 Cto 15(3 C|-76 —8.4 \
0°C to 125°C -76 -84
Vi=—105V to —25 V 8 80 8 80
Input lati 25°C \Y
neut regulation Vi=—1Vie 21V 2 50 4 50| "
V=115Vt -215V,|ig = 100 mA —85°Cro 150°C| 50
=-11. 0~215V, = ~
Ripple rejection . ! 1201 0 m 0°Ct0125°C 50 dB
= z
1o =300mA 25°C 54 59 54 59
to = 5 mA to 500 mA o 90 160 90 160
QOutput regulation 25°C \
put regula To = 6 mA to 350 mA 50 60 m
Temperature coefficient —55°C t0 150°C —0.6
perature ici 1o=5mA = = mV/°C
of output voltage 0°Cto125°C —0.6
Output noise voltage f =10 Hz to 100 kHz 25°C 200 200 Y
Dropout voltage 25°C 1.1 1.1 \
Bias current 25°C 1 1 2| mA
—55°C to 150°C 0.4
Vi=-105Vto—25V = =
Bi ‘eh 0°C to 125°C oaf
ias current chan m
s e change o = 5 mA 1o 350 mA _55°C to 150°C 0.4
= (o]
o=sm m 0°C t0 125°C 04
Short circuit
ciredt V|=-30V 25°C 140 140 mA
output current
Peak output current 25°C 650 650 A

TAIl characteristics are measured with a 2-uF capacitor across the input and a 1-4F capacitor across the output. All characteristics except noise
voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes
in internal temperature must be taken into account separately.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222

285



TYPES uA79M12M, uA79M12C
NEGATIVE-VOLTAGE REGULATORS

uA79M12M, uA79M12C electrical characteristics at specified virtual junction temperature,
V| =-19V, Ig = 350 mA (unless otherwise noted)

uA79M12M uA79M12C
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX |MIN TYP MAX
25°C -115 —12 —125[-115 —12 —125
Output voltage —655°C to 150°C |-11.4 —12.6 \
10=5mA 10350 mA, V| = —14.5 V to —30 V = -
0°C to 125°C —-11.4 -12.6
Input regulatio Vi=-145Vto-30V 25°C 9 80 9 80 v
re on mv-
putres Vi =15V 1o 25V 550 550
Vi=-15V10-25V, [10=100ma —S5’Cro150°c| 50
Ripple rejection ¢ 1 120 Hz 1’0 m 0°C to 125°C 50 dB
lp =300mA 25°C 54 60 54 60
lo= A to 500 mA 240 S 240
Output regulation 0=5mAt0o500m 25°C 65 6 mV
g =5 mA to 350 mA 45 45
Te t ffici —55°C to 150° —0.
mperature coefficient lo=5mA : Cto :) C 8 mVre
of output voltage 0°C to 125°C —0.8
Output noise voltage f=10Hzto 100 kH2 25°C 300 300 uwv
Dropout voltage 25°C 1.1 1.1 \
Bias current 25°C 15 3 1.5 3| mA
—55°C to 150°C 0.4
V|=-145Vto-30V
Bias current chan ! i 0°C 10 125°C o4 mA
® AR —55°C 10 160°C 04
o 0°C t0 125°C 04
Short circuit
clreut V|=-30V 25°C 140 140 mA
output current
Peak output current 25°C 650 650 A

TAll characteristics are measured with a 2-uF capacitor across the input and a 1-uF capacitor across the cutput. All characteristics except noise

voltage and ripple rejection ratio are measured using pulse techniques (t\, < 10 ms, duty cycle < 5%). Output voltage changes due to changes
n in internal temperature must be taken into account separately.

286 TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



TYPES uA79M15M, uA79M15C
NEGATIVE-VOLTAGE REGULATORS

uA79M15M, uA79M15C electrical characteristics at specified virtual junction temperature,
V|=-23V, g =350 mA (unless otherwise noted)

A79M15M A79M15C
PARAMETER TEST CONDITIONS? = - uNIT
MIN _TYP MAX | MIN TYP MAX
25°C —14.4 —15 —-15.6]| —144 —15 —15.6
Output voltage 1= 5mA 10350 mA, V| =—175 Vto—d0 v |85 C1o150°C|-1425 1575 v
0°C to 125°C |-14.25 —15.75
Vi=-175Vto -30V 9 80 9 80
Input regulation ! 25°C mv
Vi=-18Vto -28V 7 50 7 50
V| = —185 V to —28.5 V|10 = 100 mA —56°C10150°C| 50
=-18. —285 V|10 =100m =
Ripple rejection X ! 1201 0 0°C 10 125°C 50 dB
= r4
lo =300 mA 25°C 54 59 54 59
lo =5 mA to 500 mA 65 240 65 240
Output regulation o~>mAto m 25°C mv
10 = 5 mA to 350 mA 25 a5
Temperature coefficient | 5mA —55°C to 150°C —1 Ve
=5m
of output voltage 0 0°Cto 125°C -1 "
Output noise voltage f =10 Hz to 100 kHz 25°C 375 375 uVv
Dropout voltage 25°C 1.1 1.1 \%
Bias current 25°C 1.5 3 1.5 3 [ mA
-55°C to 150°C 0.4
V| =—175Vt0 30V - -
) 0°C 10 125°C 0.4
Bias current change ” o mA
lo = § mA 1o 350 mA —55°C to 150°C 0.4
o=sm ™ 0°C to 125°C 04
Short circuit
eredt V) =-30V 25°C 140 140 mA
output current
Peak output current 25°C 650 650 A

t All characteristics are measured with a 2-uF capacitor across the input and a 1-4F capacitor across the output. All characteristics except noise
voltage and ripple rejection ratio are measured using pulse techniques {t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes
in internal temperature must be taken into account separately. n
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TYPES uA79M20M, uA79M24C20C
NEGATIVE-VOLTAGE REGULATORS

uA79M20M, uA79M20C electrical characteristics at specified virtual junction temperature,
V) =-29V,lg=350mA (unless otherwise noted)

PARAMETER TEST CONDITIONS? uA79M20M uA79M20C UNIT
MIN TYP MAX | MIN TYP MAX
25°C —19,2 -20 —20.8 |-19.2 —20 —-20.8
Output voltage 10 =5 mA to 350 mA, V| = ~23 V to —35 V -5?°c t0 150°C| —19 =21 v
0°C to 125°C -19 -21
Input regulation Vi=-23Vto 35V 25°C 12 80 12 80 mV
Vi=-24V to 34V 10 70 10 70
V)= -24V 10 =34V, |1 =100 mA —55°Co150°C 50
Ripple rejection £ =120 Hz 0°C to 125°C 50 dB
lp =300 mA 25°C 54 58 54 58
R 10 = 5 mA to 500 mA ° 75 300 75 300
Output regulation T0 = 5 mA 10 350 mA 25°C 50 50 mV
Temperature coefficient —55°C to 150°C —1
of output voltage lo=5mA 0°C to 125°C -1 mvre
Qutput noise voltage f =10 Hz to 100 kHz 25°C 500 500 uv
Dropout voltage 25°C 1.4 1.1 Vv
Bias current 25°C 15 35 15 35| mA
Vy=—23V 1035V —5°5°c to 15:)°c 0.4
Bias current change 0 E to 125 S 04 mA
10 =5 mA to 350 mA —55"C to 150°C 0.4
0°C to 125°C 04
Short cireuit V)=-30V 25°C 140 140 mA
output current
Peak output current 25°C 650 650 A

TAll characteristics are measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output. All characteristics except noise
voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%}. Output voltage changes due to changes
in internal temperature must be taken into account separately.
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TYPES uA79M24M, uA79M24C
NEGATIVE-VOLTAGE REGULATORS

uA79M24M, uA79M24C electrical characteristics at specified virtual junction temperature,

V| ==33V, Ig = 350 mA (unless otherwise noted)

A79M24
PARAMETER TEST CONDITIONS? - M UATIM24C UNIT
MIN TYP MAX |MIN TYP MAX
25°C —-23 -24 -265| -23 -24 -25
Out —55° °C|-22 —25. v
uiput voltage I0=5 mA to 350 mA, V| = —27 V to —38 v | o0 C10 180 C}-228 %52
0°C to 125°C —22.8 —25.2
V| =-27Vto-38V ° 12 80 12 80
tnput lation 25°C \%
put regutat Vi=-28V to —38V 12 70 12 70| "
—55°C to 150°C 50
V)=-28V 10 -38V, [lo=100mA =
Ripple rejection ¢ ! 120 Hz |0 m 0°Cto 125°C 50 dB
10 =300 mA 25°C 54 68 54 58
10 =5 mA to 500 mA s 75 300 75 300
Qutput latio 25°C \
put reguiation 10= 5 mA to 350 mA 50 50 m
Temperature coefficient —55°C to 150°C —1
lo=5mA V
of output voltage o=sm 0°C to 125°C —1 mv/C
| Output noise voltage | f = 10 Hz to 100 kHz 25°C 600 600 LV
Dropout voltage 25°C 1.1 1.1 \
Bias current 25°C 1.5 3.5 1.5 35| mA
-55°C to 1560°C 0.4
V| =-27V1to-38V
Bias current ch : il 0°C o 125°C 04 A
1o = 5 mA 10 350 mA —55°C to 150°C 04 m
= m.
0 0°C to0 125°C 04
Short circuit I o
Vi=-30V 25°C 140 140 mA
output current —.
Peak output current i 25°C 650 650 A

TAIl characteristics are measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output. All characteristics except noise
voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voitage changes due to changes
in internal temperature must be taken into account separately.
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SERIES uA79M00
NEGATIVE-VOLTAGE REGULATORS

THERMAL INFORMATION

KC AND KD PACKAGES KC AND KD PACKAGES
FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVES DISSIPATION DERATING CURVES
2000 KC (T0-220AB) pac;<age i 10 KC (T0-220AB) package
1800 Derating factor = 16 mW/°C Bl 9 Derating factgr =250 mW/°C
= R ~62 5°c/w c above 120°C
£ 1600 j r-‘A ' § 8 Rec = 4°C/W T
c
2 1400 AN — g 7 -\ \
g o A \
g 1200 o5 s 6
(=) )
5 1000 407 D 2 s
8 % N £ \
£ 800 %3 g 4
g N E \
8 600 2
e = KD (TO-202AB) package
2 400 |- KD (TO-202AB) package < S 2 [ Derating factor = 80 mW/°C &
R opg L Derating factor = 12 mw/°C K 1 | above 56°C . \
s Rg A =~ 83.3°C/W | . ﬂaJci12-5 C/‘{V
0 1 1
25 50 75 100 125 150 25 50 75 100 125 150
Ta—Free-Air Temperature—"C Tc—Case Temperature
FIGURE 1 FIGURE 2
LA PACKAGE FREE-AIR TEMPERATURE LA PACKAGE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
800
I I & T T 1
Derating factor 4.8 mW/°C Derating factor = 40 mW/°C
g 700 o - ; -]
R ~ 210°C/W 1 5 above 25°C
[ 0JA c 0
1 o Rgyc =25 C/W
5 o g
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LINEAR TYPES SE555, NE555
INTEGRATED CIRCUITS PRECISION TIMERS

BULLETIN NO. DL-S 7612063, SEPTEMBER 1973—REVISED JUNE 1976

JG OR P DUAL-IN-LINE PACKAGE
FORMERLY SN52555, SN72555 (TOP VIEW)
® Timing from Microseconds to Hours CONTROL
DIS- THRES-VOLT-
e Astable or Monostable Operation VCCCHARGEHOLD AGE

® Adjustable Duty Cycle

e TTL Compatible Qutput Can Sink or
Source up to 200 mA

e Designed to be Interchangeable with
Signetics SE555/NE555

description

The SE555 and NEB55 are monolithic timing circuits
capable of producing accurate time delays or oscilla-

GND TRIG- OUT- RESET
tion. In the time-delay or monostable mode of opera- GER  PUT

tion, the timed interval is controlled by a single ex-
ternal resistor and capacitor network. In the astable

L PLUG-IN PACKAGE

mode of operation, the frequency and duty cycle (TOP VIEW)
may be independently controlled with two external
resistors and a single external capacitor. Vce

The threshold and trigger levels are normally two-
thirds and one-third, respectively, of Vcg. These
levels can be altered by use of the control voltage
terminal. When the trigger input falls below the
trigger level, the flip-flop is set and the output goes TRIGGER
high. When the threshold input rises above the
threshold level, the flip-flop is reset and the output

goes low. The reset input can override all other inputs QUTPUT CONTROL
and can be used to initiate a new timing cycle. When VOLTAGE
the reset input goes low, the flip-flop is reset and the RESET

output goes low. When the output is fow, a low-
impedance path is provided between the discharge
terminal and ground.

PIN 1 IS IN ELECTRICAL
CONTACT WITH THE CASE

The output circuit is capable of sinking or sourcing
current up to 200 milliamperes. Operation is specified
for supplies of 5 to 15 volts. With a 5-volt supply,
output levels are compatible with TTL inputs.

1 H CONTROL
functional block diagram Ve JOLTAGE nEsET
(8) \ (8) @)
3n
>
o i
comp ‘w B oureut
‘L [ al-e
S
SR FLIP-FLOP
] s
<
TRIGGER 2) Q
S
SR
P a1
n n
GND DISCHARGE
TEXAS INSTRUMENTS 205
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TYPES SE555, NE555
PRECISION TIMERS

schematic
vec 8o — o * .
47k 3830 47% 21k
/' 1
5k
J ‘ < 39k
1
(6) >
THRESHOLD N 210k & oureur
CONTROL _{(5) ¢
VOLTAGE
1 .._(
S5k ¥ QA
2 |
TRIGGER J )
RESET -(—4)—{ ¢ 3&—{
(7) J
DISCHARGE |
> > >
01;]"" 310k 100k S5k 347k
GRoUND - /J7 . —o
100

Resistor values shown are nominal and in chms.

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

Supply voltage, Vo (seeNote 1) . . . . . O £ A
Input voltage (control voltage, reset, threshold, tngger) A Y o ]
Outputcurrent . . . . . . . . e e e e e e .. .. X225mMA
Continuous total dissipation at (or below) 25 C free -air temperature (see Note 2) e e e e e e o . . . 600mW
Operating free-air temperaturerange: SE555 . . . . . . .. . .. .. ... ... . —55°Ct125°C
NEB55 . . . . ... ............... 0Cto70°C
E— Storage temperature range . . . . . . .. ... .. .... —85Ctois0°C
Lead temperature 1/16 inch from case for 60 seconds JG or L package . e e e e+« . . . ... 300°C
Lead temperature 1/16 inch from case for 10 seconds: Ppackage . . . . . . . . . . . . . . . . . 260°C

NOTES: 1. All voltage values are with respect to network ground terminal.
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.

recommended operating conditions

SE555 NES55 UNIT
MIN NOM MAX |MIN NOM MAX
Supply voltage, Vo .| 4.5 18 | 45 16| V
input voltage, V| {control voltage, reset, threshold, trigger) Vece Veel V
Output Current, I +200 $200| mA
Operating free-air temperature, Ta —55 125 0 70| °C
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TYPES SE555, NE555
PRECISION TIMERS

electrical characteristics at 25° C free-air temperature, VCC = 5 V to 15 V (unless otherwise noted)

PARAMET TEST CONDITIONS SESSS NESSS UNIT
ER MIN TYP MAX (MIN TYP MAX

Threshold voltage level as a

66.7 66.7 %
percentage of supply voltage
Threshold current (see Note 3) 0.1 0.25 0.1 0.25 uA
Vee=15V 4.8 5 5.2 5
Tri ttage level \
rlagervoitage feve Vec=5V 145 167 19 167
Trigger current 0.5 0.5 uA
Reset voltage level 0.4 0.7 1 04 0.7 1 Vv
Reset current 01 0.1 mA
Control voltage Vee=15V 9.6 10 104 9 10 11 v
{open-circuit) Vee=5V 29 33 3.8 26 33 4
loL=10mA 01 0.15 0.1 0.25
loL=50mA 0.4 0.5 04 0.75
Veg=15V
loL = 100 mA 2 2.2 2 25
Low-level output voltage \
loL =200 mA 25 2.5
loL=5mA A 0.
Vee=5V oL 0.25 35
loL=8mA 0.1 0.25
loH =—100 mA 13 133 12,75 133
. Vec=15V
High-level output voltage IoH = —200 mA 12,6 125 Vv
Vee=5V loH = —100 mA 3 33 275 33
Output low, Vee=15V 10 12 10 15
No load Vee=5V 3 5 3 6
Supply current 0 o8 - cc mA
Output high, Vec=15V 9 1 9 14
No load Vee=5V 2 4 2 5

NOTE 3: This parameter influences the maximum value of the timing resistors R and Rg. For example when Vgg = 6 V the maximum
value is R = Rao+Rg =~ 20 MQ.

operating characteristics, Vcc =5V and 15V

PARAMETER TEST CONDITIONS? SESSS NESSS UNIT
MIN TYP MAX |MIN TYP MAX

llnlt.la| a.ccuracy of RA =1 k€2 t0 100 ke2,{ Tp = 26°C 0.5 2 1 %

timing interval

Temperature coefficient Ta=MIN
Ri = 100

of timing interval B =010 100 ke, to MAX 30 %0 ppm/°C

Supply voltage sensitivi

pply voltage sensitivity C=0.1uF Tp=25°C 005 02 0.1 %IV

of timing interval

Output pulse rise time ° 100 100 ns
C_=15pF, Tao=25"C

Output pulse fall time L P A 100 100 ns

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

676
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TYPES SE555, NE555
PRECISION TIMERS

LOW-LEVEL QUTPUT VOLTAGE
vs

TYPICAL CHARACTERISTICSt

LOW-LEVEL OUTPUT VOLTAGE
vs

LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
10 =——====z: 10E
7FVec=5V ] N 7EVec=10V i E T = 125°CH
A 1
> 4 i 7 4 1 H
& 2 =oss! g 2 Ta=25°C .:
H . = = F 3 : o
1 Ta =~55" “
3 SRR ===
& F-TA=25°C L ta- 5 ”
3 0.4 [—TA i 1A c—:, 04 7
3 02 ¢ 02
3 A 3
F 3 o1
_,c: 4 oo
0 3 004
o >
> 0.02
001 0.01
1. 2 4 710 20 40 70100 12 4 710 20 40 70100
10L—Low-Level Output Current—mA 1pL—Low-Level Output Current-mA
FIGURE 2 FIGURE 3
DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT SUPPLY CURRENT
vs vs
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
20 TTTI = 10 —
BB, 11 Output low,
18 ——'TAl 55 Ch Il ™ No loa
> af
16 8
X e Ta=2sc]ll 1] < TA=25°C
g 1 )
p L] ] ¢
212 ; — s
5 Ta=125°Cl]] k|
> 10— >
£ i
;ID 08 '% 4 -TA"' _155°c
Q08 g P +—t
o o
< Ta=125°C
> 04 2 A
02 Vc(; =5Vio15V
Il ,
1 2 4 710 20 4 70100 5 6 7 8 9 10 1 1213 14 15
1oH~-High-Leve! Output Current~mA Vcc~Supply Voltage—V
FIGURE 5 FIGURE 6
NORMALIZED OUTPUT PULSE WIDTH NORMALIZED OUTPUT PULSE WIDTH
(MONOSTABLE OPERATION) (MONOSTABLE OPERATION)
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
5 1015 1015 T
e L Vee=10V
o
"g 1010 & 010
> <
® -
1.005 = 1005
S
3 \ il 3 ~—
2 1000 2 1.000
[ ° ]
E 3 T
& 0895 & 0995
£ £
2 h-]
Z 0990 2 0990
2 E]
& 2
05885 0.985
1 0 -75 -50 -25 © 25 50 75 100 125
0 5 0 15 2

Vee—Supply Voitage—-V

FIGURE 8

TA-Free-Air Temperature—"C

FIGURE 9

1 Data for temperatures below 0°C and above 70°C are applicable for SE5S55 clrcuits only.

VoL-Low-Level Output Voltage—V

LOW-LEVEL OUTPUT VOLTAGE

vs
LOW-LEVEL OUTPUT CURRENT

10 =
7EVee=15V
4
2 L
Ta=-65°C
1
0.7
04
0.2
o%; Ta = 125°C3
0.04
==
002
0.01
1 2 4 710 20 40 70100
1ot —~Low-Level Output Current—mA
FIGURE 4
MINIMUM PULSE WIDTH REQUIRED
FOR TRIGGERING
vs
LOWEST VOLTAGE LEVEL OF
TRIGGER PULSE
150
No load
£125
5
2
= 100 -
k] Ta=-65C
3
<
g s Ta=0°C 41—
= /
£ L1 o L
S 50 Ta=25"C
] 1
< / —
E e
B \ FTax 125°CT |
\
tTA =70°C I
° P
o 0.1xVge 0.2xVee 0.3xVec 0.4xVee
Lowest Voltage Level of Trigger Pulse
FIGURE 7
PROPAGATION DELAY TIME
vs
LOWEST VOLTAGE LEVEL
OF TRIGGER PULSE
300
£ 250
v 00 TAROC
k] TA=~-55C
2 | 4
s 150
S =4 o
TA=25C
o 100 \
1 //’R LTA = 70°C
T o
Ta=125°C
o [
(] 0.txVce 02xVee 0.3xVee 0.4xVee

Lowest Voltage Level of Trigger Pulse

FIGURE 10

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 + DALLAS, TEXAS 75222

‘671



TYPES SE555, NE555
PRECISION TIMERS

TYPICAL APPLICATION DATA

. Ra = 9.1 ki

monostable operation g‘:n.muF
L R = 1 ki

See Figure 11

Vec {5Vt 15V)

(4) I (8) RL RA INPUT VOLTAGE

CAPACITOR VOLTAGE

=
RESET  Vce @ §

(2) OUTPUT OUTPUT ~ — —t — -
INPUT —21 TRIGGER 1
SES55/NESSS | g
DISCHARGE S

OUTPUT VOLTAGE
{5) |coNTROL o
VOLTAGE  1REsHOLD /| /| A /
0.01uF GND =c 4 /
I _[.(" / / /

Time—0.1 ms/div
FIGURE 11-CIRCUIT FOR MONOSTABLE OPERATION FIGURE 12—-TYPICAL MONOSTABLE WAVEFORMS

The SES55 and NE555 may be connected as shown in Figure 11 for monostable operation producing an output pulse
width independent of the input waveform and controlled by the Rpa * C time constant. Prior to the negative-going
input pulse, capacitor C is held discharged by transistor Q1 (see schematic). Application of a negative-going input-
trigger-pulse sets the flip-flop, turns off Q1, and drives the output high. Capacitor C is now charged through Ra
with a time constant 7 = RAC. When the voltage across capacitor C reaches the threshold voltage of the comparator,
the flip-flop is reset, energizing Q1 and discharging C; therefore driving the output back to the low level. Figure 12
shows the actual resultant waveforms.

Monostable operation is initiated when the negative-going input pulse reaches the trigger level. Once initiated, the
timing interval will complete even if retriggering occurs during the timing interval. Because of the threshold level and
saturation voltage of Q1, the output pulse width is

approximately tyw = 1.1 RAC. Figure 13 is a plot of 10 N
the time constant for various values of Ra and C. The
threshold levels and charge rates are both directly
proportional to the supply voltage, Vcc. The timing » 1
interval is therefore independent of the supply _é ?,’/
voltage, so long as the supply voltage is constant T 101 A
during the time interval. % / /

3
Applying a negative-going trigger pulse simul- 9'_, 10~2
taneously to the reset and trigger terminals during the § /
timing interval will discharge C and re-initiate the 8 10-3
cycle, commencing on the positive edge of the reset |; /
pulse. The output is held low as long as the reset =
pulse is fow. When the reset input is not used, it 1074 A
should be connected to Vgc to prevent false /
triggering.

1075
0.001  0.01 0.1 1 10 100

C—Capacitance—uF

FIGURE 13—OUTPUT PULSE WIDTH vs CAPACITANCE
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TYPES SEb555, NE555
PRECISION TIMERS

TYPICAL APPLICATION DATA

T T
Ra =4k

astable operation

Rp = 3k
}=-C=0.15u4F
Vee (5Vto15V) ;.;;) kn“
igure
(4)' (®) AL $Ra
RESET Vce N
@2 outeut |12 ouTPUT 3
TRIGGER >
SEB55/NELS5 i1
DIsCHARGE JZ g
°
Rg >
OPEN _ {5) |cONTROL
(See Note A) VOLTAGE  THREsHOLD HE. Jol 0 fe- OUTPUT VOLTAGE
o e ANZANIZAN AN
(1 4 7
= = \ 1TO VOL\T \
NOTE A: Decoupling the control voltage input {pin 5) to | | |

ground with a capacitor may Improve operation,
Thisshould be evaluated for individual applications.

FIGURE 14—CIRCUIT FOR ASTABLE OPERATION FIGURE 15—TYPICAL ASTABLE WAVEFORMS

Time—0.5 ms/div

Addition of a second resistor, R, to the circuit of Figure 11; as shown in Figure 14, and connection of the trigger
input to the threshold input will cause the SE555/NES55 to self-trigger and run as a multivibrator. The capacitor C will
charge through Ra and Rp then discharge through Rp only. The duty cycle may be controlled, therefore, by the values
of Ra and Rp.

This astable connection results in capacitor C charging and discharging between the threshold-voltage level
(~0.67-Vc) and the trigger-voltage level (=~0.33-Vcc). As in the monostable circuit, charge and discharge times (and
therefore the frequency and duty cycle) are independent of the supply voltage.

Figure 15 shows typical waveforms generated during astable operation. The output high-level duration, ty, is calculated
as:

100 k

th = 0.693 (Ra + RBC, \ \

pery
o
=

output low-level duration, t|, as:

1= 0.693 (Rg)C.

1k
The total period is T = th + ty and frequency is
1 1.44
f=— orf=s ——2 .
T'°" = [Ra+2RpIC

The frequency of oscillation may be determined by 10

referring to the chart shown in Figure 16, which
relates free-running frequepcy, f, to the external 1
resistors Rp and RpB and the external capacitor C.
Duty cycle, D, is determined by the values selected for

f—Free-Running Frequency—Hz
2
)

RA and Rp and may be calculated as: 0.1
0.001 0.01 0.1 1 10 100
D=-PB . . .
RA +Rp C—Capacitance—
FIGURE 16—FREE-RUNNING FREQUENCY
67¢
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TYPES SE555, NE5bb
PRECISION TIMERS

TYPICAL APPLICATION DATA

missing-pulse detector o
RA=1kQ
FC=0.14F
Vee (5V o 15V) Soo Flgure 17
(4)[ {8) RL 2RA
INPUT RESET Vvce @) é
(2) OUTPUT OUTPUT > ‘iPUTvoLTAGE
TRIGGER >
I
SE555/NE555 - &
DISCHARGE [ £
>
(5) JcONTROL OUTPUT VOLTAGE
l VOLTAGE  tHResHoLD |6
0.01 uF GND >=c /
T T o /
= = ‘:\:’)TSW CAPACITOR VOLTAGE
= Time—0.1 ms/div
FIGURE 17—CIRCUIT FOR MISSING-PULSE DETECTOR FIGURE 18—MISSING-PULSE-DETECTOR WAVEFORMS

The circuit shown in Figure 17 may be utilized to detect a missing pulse or abnormally long spacing between consecutive
pulses in a train of pulses. The timing interval of the monostable circuit is continuously retriggered by the input pulse
train as long as the pulse spacing is less than the timing interval. A longer pulse spacing, missing pulse, or terminated
pulse train will permit the timing interval to be completed, thereby generating an output pulse as illustrated in Figure 18.

frequency divider

By adjusting the length of the timing cycle, the basic circuit of Figure 11 can be made to operate as a frequency divider.
Figure 19 illustrates a divide-by-3 circuit that makes use of the fact that retriggering cannot occur during the timing

cycle.

Veg=5V "

RA = 1250

C=0.02uF

r RL =1k

See Figure 11
2
el INPUT VOLTAGE
> S —
o~

b
(]
o
aQ
E-]
C)
>
OUTPUT VOLTAGE
// ] ZA
/ / [ / /
CAPACITOR VOLTAGE

Time—0,1 ms/div

FIGURE 19-DIVIDE-BY-THREE CIRCUIT WAVEFORMS
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TYPES SE555, NE555
PRECISION TIMERS

TYPICAL APPLICATION DATA
pulse-width modulation

RA=3kn
Vee 5V 015 V) -E}:.::”.a;
igure
~
| - L
@] (8) RL 3Ra A N
RESET vcc (3) MODULATION INPUT VOLTAGE
>
CLOCK _ )} 7RiGGER ouTPUT OuTPUT 2
INPUT S
SE555/NE555 2
DISCHARGE (7) é’ CLOCK INPUT VOLTAGE
MODULATION (5 CONTROL §
i VOLTAGE  THRESHOLD |(6]
(See Note A} L
N = L] L
GND T\C - OUTPUT VOLTAGE
o 1l
= = ‘ Jla
NOTE A: The modutating signal may be direct or capaci- M IIM 4[1 A A
tively coupled to the control voltage terminal. For | CAPACITOR VOLTAGE
direct coupling, the effects of modulation source Ti 0.5 Tai
ime—0.5 ms/div

voltage and impedance on the bias of the
SES56/NES55 should be considered,

FIGURE 20-CIRCUIT FOR PULSE-WIDTH MODULATION FIGURE 21—-PULSE-WIDTH-MODULATION WAVEFORMS
The operation of the timer may be modified by modulating the internal threshold and trigger voltages. This is
accomplished by applying an external voltage (or current) to the control voltage pin. Figure 20 is a circuit for
pulse-width modulation. The monostable circuit is triggered by a continuous input pulse train and the threshold voltage
is modulated by a control signal. The resultant effect is a modulation of the output pulse width, as shown in Figure 21.
A sine-wave modulation signal is illustrated, but any wave-shape could be used.

pulse-position modulation

Rp=3kil

Vec(5Vto15V) Ra-s0u

(TR = 1k

Figure 22
@] ®  fFL¥ 3Ra e N
RESET Vce @)
2) OUTPUT OUTPUT 2
TRIGGER 2 (ODULATION INPUT VOLTAGE
>
SEB55/NES55 P o~
DISCHARGE )
g
MODULATION _ (5)|conTROL @ RB s
INPUT VOLTAGE
(See Note A) THRESHOLD ||
GND ;:C OUTPUT VOLTAGE
(1)
1 A /] 4
NOTE A: The modulating signal may be direct or capaci- V
tively coupled to the contro| voltage terminal, For
direct coupling, the effects of modulation source CA:’AWORLVOLT ¢

voltage and impedance on the bias of the Time—0.1 ms/div
SE555/NES55 should be considered.
FIGURE 22—CIRCUIT FOR PULSE-POSITION MODULATION FIGURE 23—-PULSE POSITION-MODULATION WAVEFORMS

The SE555/NES55 may be used as a pulse-position modulator as shown in Figure 22. In this application, the threshold
voltage, and thereby the time delay, of a free-running oscillator is modulated. Figure 23 shows such a circuit, with a
triangular-wave modulation signal, however, any modulating wave-shape could be used.
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TYPES SEb555, NEG5D
PRECISION TIMERS

‘ TYPICAL APPLICATION DATA
sequential timer

Vce
@ [ ‘ a1 $ha 33k w[ e Sre 33kn | . l®_ $hc
RESET vee < RESET Vce (3)1’ B RESET vee (3)1'
3 | |
2] 2 ouTPUT
o———2rpiceen  OUTPUT 1T % rRiceer  OUTPUT 1T rnicaen
s SEB55/NE5S55 0.001 SE555/NEB55 0.001 SES55/NES55 [(7)
DISCRARGE |ilg uF DisCHARGE HIlg uF DISCHARGE |——@
5) JCONTROL 15) [conTROL 15) [coNTROL
VOLTAGE THRES- {(6) VOLTAGE THRES-[(6)1 VOLTAGE  THRES-|(6)
T '—T oo MO0 T "]'
001 ZHCa | 0.01 —=cg |0.01 <
WF T TP T 2 T T Ton T
CA=104F L Cc = 14.7 uF
RA =100 ka = Re = 100 k0
OUTPUTA Ca=474F ouTPUT B OUTPUT €
Rg = 100 k2

S closes momentarily att = 0.

FIGURE 24—SEQUENTIAL TIMER CIRCUIT

Many applications, such as computers, require signals for initializing conditions during start-up. Other applications such
as test equipment require activation of test signals in sequence. SE555/NE555 circuits may be connected to provide
such sequential control. The timers may be used in various combinations of astable or monostable circuit connections,
with or without modulation, for extremely flexible waveform control. Figure 24 illustrates a sequencer circuit with
possible applications in many systems and Figure 25 shows the output waveforms.

1
See Figure 24
OUTPUTA  |fetya twA = 1.1 RACA
twB
Ll
2
3 OUTPUT B twB = 1.1 RgCg
9
S
S
G
>
OUTPUTC. ot twc —H twc = 1.1 RcCe
| and t=0
t—Time—1 s/div
FIGURE 25-SEQUENTIAL TIMER WAVEFORMS
676 PRINTED IN U.S.A. !
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LINEAR
INTEGRATED
CIRCUITS

TYPES TL182M, TL1821, TL182C

TWIN SPST BI-MOS ANALOG SWITCHES

BULLETIN NO. DL-S 7612416, JUNE 1976

. Functionally Interchangeable with Signetics

DG182 with Same Terminal Assignments

e  Monolithic Construction
e  Adjustable Reference Voltage

description

The TL182 is a twin, monolithic, high-speed SPST
analog switch constructed using BI-MOS technology.
Each half consists of a JFET-input buffer, level
translator, and output JFET switch.

The threshold of the input buffer is determined by
the voltage applied to the reference input (Vref). The
input threshold is related to the reference input by
the equation Vth = Vyef + 1.4 V. Thus, for TTL
compatibility, the Vyef input is connected to ground.
The JFET input makes the device compatible with
bipolar, MOS, and CMOS logic families. Threshold
compatibility may, again, be determined by Vin =
Vyef+ 1.4 V.

The output switches are junction field-effect transis-
tors featuring low on-state resistance and high off-
state resistance. The monolithic structure ensures
uniform matching.

BI-MOS technology is a major breakthrough in linear
integrated circuit processing. BI-MOS has ion im-
planted JFETs, p-channel MOS-FETS, plus the usual
bi-polar components all on the same chip. BI-MOS
allows circuit designs that previously have been
available only as expensive hybrids to be monolithic.

For the TL182, a low level at the input turns the
switch on.

The TL182M is characterized for operation over the
full military temperature range of —55°C to 125°C,
the TL1821 is characterized for operation from
—25°C to 85°C, and the TL182C from 0°C 1o 70°C.

JFET Inputs

Uniform On-State Resistance for Minimum
Signal Distortion

+10-V Analog Voltage Range

TTL, MOS, and CMOS Logic Control
Compatibility

L
PLUG-IN PACKAGE (TOP VIEW)

All leads are electrically Insulated from case.

N
DUAL-IN-LINE PACKAGE {TOP VIEW)

25 2D NC NC 2A VEE Vref

1S 1D NC NC 1A Vg Vi

NC—No internal connection
Switch positions shown are A inputs low.

TENTATIVE DATA SHEET

INCORPORATED
POST OFFICE BOX 5012 o DALLAS, TEXAS 75222

This document provides tentative information TEXAS lNST RUM ENTS

on a product in the developmental stage. Texas
Instruments reserves the right to change or
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TYPES TL182M, TL1821, TL182C
TWIN SPST BI-M0OS ANALOG SWITCHES

functional diagram

] |

1D

1s

bmm—-

SWITCH POSITIONS
SHOWN ARE FOR

1A_OD_[>--
D>

oA A INPUTS LOW
1
|
2D ,_,L—(',P 2s
schematic (each channel)
Vi Vec

f TO OTHER HALF

M T 1
e

Xj

FUNCTION TABLE
(EACH HALF)

INPUT SWITCH
A S
L ON (CLOSED)
H OFF (OPEN)

S

! ! L 4
4
I W

—-
TO OTHER HALF

Vee Vret

D

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

Positive supply to negative supply voltage, Vee— Vee

Positive supply voltage to either drain, Vcc — VD

Drain to negative supply voltage, VD — VEE

Drain to source voltage, Vp — Vg .

Logic supply to negative supply voltage, V|_|_ VEE

Logic supply to logic input voltage, VL — V|

Logic supply to reference voltage, V| | — Vyef

Logic input to reference voltage, V| — Vyef

Reference to negative supply voltage, Vyef — VEE .
Reference to logic input voltage, Vpef —V| . . . . . . . . .
Current (any terminal)

Continuous dissipation at (or below) 25 C free -air temperature N package
L package (see Note 1)

Operating free-air temperature range: TL182M
TL182I
TL182C

Lead temperature 1/16 inch from case for 60 seconds:

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

L package
N package

For operation above 25°C free-air temperature, see Dissipation Derating Curves, SGctlon 2

3BV
33V
33V

-, 222V
... 3BV
i 33V
33V

33V

27V

2V

30 mA
1150 mW

. 625 mW

. —55°C t0 125°C

—25°C 10 85°C
0°C to 70°C

. 300°C

. 260°C
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TYPES TL182M, TL1821, TL182C
TWIN SPST BI-MOS ANALOG SWITCHES

electrical characteristics, VCcC =15V, VEE=—15V, VLL =5V, Vyef = 0 V (unless otherwise noted)

PARAMETER TEST CONDITIONS TL182M L1821 TL182C UNIT
: MIN MAX [MIN MAX [MIN MAX
ViH High-level control input voltage Ta = MIN to MAX |V e+2 Vreft2 Vyeft2 \
ViL Low-level control input voltage Ta=MINto MAX| Viei+0.8| Vieft0.8| Vieft0.8] V
i . Ta=25C 10 10 20
HH High-level control input current| V| =56 V BA
Ta =MAX 20 20 20
he Low-level control input current [V =0 V Ta =MIN to MAX -250 -250 —250( nA
Vcc =15V, |Ta =25°C 1 5 5
vp=1ov, ['CC A
) VEE = —15 V[TA = MAX 100 100 100
1D (off) Off-state drain current Vg=-10V, = nA
Vie2vV Vee =10V, |Ta=25C 1 5 5
! VEE = —20 V[TA = MAX 100 100 100
Vcc =15V, |Ta=25°C 1 5 5
vp=—-tov/ €€ A
VEE = —15V|TA = MAX 100 100 100
15(0ff) Off-state source current Vg=10V, 3 nA
Vi=2V Vee =10V, |Tao=25"C 1 5 5
! VeE = —20 V[TA = MAX 100 100 100
On-state channel Vp=-10V,Vg=—-10V, |Ta =25°C -2 -10 -10
ID(on)*!s(on) - - nA
leakage current V=08V Ta = MAX —200 —200 —200
Drain-to-source on-state Vp=-10V,Ig=1mA, [Ta=MIN to25°C 75 100 100 Q
"DSton) resistance V=08V Ta = MAX 100 150 150
Icc Supply current from Ve 15 1.5 15
| | t fi Vv -5 -5 =
EE Supply current from VEE Both control inputs at 0 V, Tp =25°C 51 ma
ILL Supply current from V| | 4.5 4.5 4.5
Iref Reference current -2 —2 —2
Icc Supply current from Ve 15 1.5 15
1 Suppl ent from V -5 -5 -5
EE uppPly current Ir EE Both control inputsat 5V, Ta =25°C mA
I Supply current from V| 45 4.5 45
Iref Reference current -2 -2 —2
switching characteristics, Vcc =10V, VEE=-20V, VLL =56V, Vief =0V, TA = 25°C
TL182M TL1821 | TL182C
PARAMETER TEST CONDITIONS UNIT
TYP TYP TYP
ton Turn-on time 175 175 175
R, =300%,Cy =30 pF, ee Figure 1 ns
toff Turn-off time L L=o0e See Figur 350 350 350

PARAMETER MEASUREMENT INFORMATION
VIL=5V vVge=15V :

t<10ns
Vso—> 0
S O—f T OUTPUT INPUT A
1
1300 2 fon—ig—pi

F——o - — —— -3V
_-VO'

R

= Vief=0 VEg=-15V
C includes probe and jig capacitance. OUTPUT
TEST CIRCUIT
Vg =3V for ton and —3 V for t¢s.

R VOLTAGE WAVEFORMS

Vo=Vg— "L
° SRLJ""DS(on)

Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trailing
edges of the output waveform.

FIGURE 1
676 PRINTED IN U.SA.
T cannol assume ony responsibility for any circuits shown
or represent thot they are free from patent infringement. TEXAS INST RUM ENTS 307
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LINEAR TYPES TL185M, TL1851, TL185C

INTEGRATED TWIN DPST BI-MOS ANALOG SWITCHES
cchUITs BULLETIN NO. DL-S7612417, JUNE 1976

. Functionally Interchangeable with Signetics o  JFET Inputs

DG185 with Same Terminal Assignments . Uniform On-State Resistance for Minimum

e Monolithic Construction Signal Distortion
e  Adjustable Reference Voltage e +10-V Analog Voltage Range
e TTL, MOS, and CMOS Logic Control
Compatibility
description

The TL185 is a twin, monolithic, high-speed DPST
analog switch constructed using BI-MOS technology.
Each half consists of a JFET-input buffer, level
translator, and two output JFET switches.

The threshold of the input buffer is determined by
the voltage applied to the reference input (Vyef). JORN

The input threshold is related to the reference input DUAL-IN-LINE PACKAGE (TOP VIEW)
by the equation Vip = Vief + 1.4 V. Thus, for TTL
compatibility, the Vef input is connected to ground. 151 1A VEE Vref VL Voo 2A 282
The JFET input makes the device compatible with wllslwllll2nl{l0]]9
bipolar, MOS, and CMOS logic families. Threshold T
compatibility may, again, be determined by Vih =
Vief+ 1.4 V.

The output switches are junction field-effect tran- P
sistors featuring low on-state resistance and high
off-state resistance. The monolithic structure ensures é

uniform matching.

C—___1
———77
T
|

>lo—
I
I
|

VI{213|4]|5(|6f|7]]8

BI-MQS technology is a major breakthrough in linear

integrated circuit processing. BI-MOS has ion im- D11 NC |1D2 152 281 2D1 NC 2D2
planted JFETs, p-channel MOS-FETs, plus the usual -
bi-polar components all on the same chip. BI-MOS NC-No internal cannection

o . . . . Switch positions shown are for A'i ts high.
allows circuit designs that previously have been avail- P inputs hig

able only as expensive hybrids to be monolithic.

For the TL185, a high level at the input turns the
switches on.

The TL185M is characterized for operation over the
full military temperature range of —55°C to 125°C,
the TL185! is characterized for operation from
—25°C to 85°C, and the TL185C from 0°C to 70°C.

TENTATIVE DATA SHEET

308 This document provides tentative information TEXAS IN ST RUM ENTS
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.



TYPES TL185M, TL185I, TL185C

TWIN DPST BI-M0OS ANALOG SWITCHES

functional diagram

| |
! |

1D2 —7\,o—| l——o,/f—zoz
! !

152 ; t 252
L__—l - —

1A -

schematic (each channel)

FUNCTION TABLE

{EACH HALF)

SWITCH POSITIONS INPUT SWITCHES

SHOWN ARE FOR A S1 AND S2

A INPUTS HIGH L OFF (OPEN)
H ON (CLOSED)

LL Vee
'_I_: TO OTHER HALF
E ;; 1 s1
A L5 majm
+— 1»-
Lh— s2
! Inz
F !
i F:} TO OTHER HALF
Vee Vret

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

Positive supply to negative supply voltage, Vcc — VEE - 36V
Positive supply voltage to either drain, Voc — VD 33V
Drain to negative supply voltage, Vp — VEE 33V
Drain to source voltage, Vp — Vg . . f22V
Logic supply to negative supply voltage, VL|_ VEE 36V
Logic supply to logic input voltage, V| — V| 33V
Logic supply to reference voltage, V| — Vyef 33V
Logic input to reference voltage, V| — Vyef 33V
Reference to negative supply voltage, Vyef — VEE 27V
Reference to logic input voltage, Vief — V) 2V
Current (any terminal) . .. 30 mA
Continuous dissipation at (or below) 25 C free -air temperature N package .o Ce 1160 mW
J package (see Note 1) RN .. . . . 1025 mW

Operating free-air temperature range: TL185M e e e e e . —55°C to 125°C
TL1851 —25°C 10 85°C

TL185C C. 0°C to 70°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

NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Curves, Section 2,
TEXAS INSTRUMENTS

INCORPORAT
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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TYPES TL185M, TL1851, TL185C
TWIN DPST BI-MOS ANALOG SWITCHES

electrical characteristics, Vec =15V, VEE=—-15V, VLL =5V, Vref = 0 V (unless otherwise noted)

TL185M TL185! TL185C
PARAMETER TEST CONDITIONS UNIT
MIN MAX [MIN MAX|MIN MAX
ViH High-level control input voltage TA = MIN to MAX |V eft2 Vreft2 Vieft2 A\
ViL Low-level control input voltage Ta = MIN to MAX Vref+0.8] Vieft0.8] V,et0.8| V
Ta=25°C 10 10 20
| High-level control input ent|V| =5V A
H on-lev ot input current) Vi TA = MAX 20 20 20] #
he Low-level control input current| V) =0 V TA = MIN to MAX —250 —250 —250 | pA
Vcc=15V, [Ta=25"C 1 5 5
VD10V, VCC- 15V TA'MAX 100 100 100
1D{off) Off-state drain current Vg=-10V, EE A 0 nA
Vi=08V Veeg=10V, [TA=256"C 1 5 5
= VEE = —20 V| TA = MAX 100 100 100
Vec =15V, [Ta=25°C 1 5 5
Vp=—10v) CC A
VEE = —15 V[T = MAX 100 100 100
IS(off) Off-state source current Vg=10V, 5 nA
Vi=08V Vee =10V, [Ta=25"C 1 5 5
755 Y vee = —20 v[Ta - MAX 100 100 100
On-state channel Vp=-10V,Vg=-10V, [Tp=25°C -2 —-10 -10
ID(on)*!S(0n) - m nA
leakage current V=2V Ta = MAX —~200 —200 —200
Drain-to-source on-state Vp=-10V,Ig=1mA, TA = MiIN to 25°C 125 150 150 Q
r
DSfon) resistance V=2V Ta = MAX 250 300 300
Icc Supply current from Vg 1.5 1.5 1.5
| Supply current from V ° -5 -5 —5
EE upRly cu EE Both control inputsat0V, Tpo=25C mA
L Supply current from V| | 45 4.5 4.5
Iref Reference current -2 -2 —2
Icc Supply current from Vg 1.5 1.5 1.5
] Supply current from V -5 -5 -5
EE pely curr EE Both control inputsat 5V, Tpa = 25°C mA
fLL Supply current from V| | 45 45 4.5
Iref Reference current -2 -2 -2
switching characteristics, VcCc =10 V, VEE=~-20V, VLL =5V, Vief =0V, Tao = 256°C
PARAMETER TEST CONDITIONS TL185W | TL185] | TL18SC UNIT
TYP TYP TYP
ton Turn-on time ) 175 175 175
n R =300 %, C =30 pF, See Figure 1 ns
toff Turn-off time 350 350 350

PARAMETER MEASUREMENT INFORMATION

t<10ns
vLL=5vT Tvcc=15v t<10ns e
vg o—| ! ov

OUTPUT

Cy =30pF

OUTPUT

oo LT T

Vies=0 Vgg=-15V

= C__indludes probe and jig capacitance.

TEST CIRCUIT VOLTAGE WAVEFORMS

RL
Vg =3V for tgnand =3V for to¢f. VQ=Vg—mmm
s on ° RL* rpg(on)

V@ is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail-
ing edges of the output waveform.

FIGURE 1
PRINTED IN U.S.A 67€
TH connot assume ony responsibility for any circvits shown
310 TEXAS lNST RUM ENTS or represent that they are free from patent infringement.
INCORPORATED
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
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TYPES TL188M, TL188I, TL188C
LINEAR DUAL COMPLEMENTARY SPST
INTEGRATED CIRCUITS BI-MOS ANALOG SWITCHES

BULLETIN NO, DL-S 7612418, JUNE 1976

e  Functionally Interchangeable with Signetics e JFET Inputs

DG188 with Same Terminal Assignments (] Uniform On-State Resistance for Minimum

e  Monolithic Construction Signal Distortion
e  Adjustable Reference Voltage e  +10-V Analog Voltage Range
e TTL, MOS, and CMOS Logic Control
description Compatibility

The TL188 is a monolithic, high-speed dual compli-
mentary SPST switch constructed using BI-MOS L

technology. It consists of a JFET-input buffer, PLUG-IN PACKAGE (TOP VIEW)
level translator, and two output JFET switches
that can easily be connected in SPDT configuration.

The threshold of the input buffer is determined by
the voltage applied to the reference input (Vyef).
The input threshold is related to the reference input
by the equation Vih = Vief + 1.4 V. Thus, for TTL
compatibility, the Vyef input is connected to ground.
The JFET input makes the device compatible with
biploar, MOS, and CMOS logic families. Threshold
compatibility may, again, be determined by V¢, =
Vref+ 1.4V.

VL
The output switches are junction field-effect tran- ALL LEADS ARE

sistors featuring low on-state resistance and high off- ELECTRICALLY INSULATED FROM THE CASE

state resistance. The monolithic structure ensures
uniform matching,

N

. DUAL-IN-LINE PACKAGE (TOP VIEW)
BI-MOS technology is a major breakthrough in linear

integrated circuit processing. BI-MOS has ion-im-

planted JFETS, p-channel MOS-FETs, plus the usual ne . e b2 sz Ne VEE Vref
bi-polar components all on the same chip. BI-MQOS {14 13 12 n 10 9 8
allows circuit designs that previously have been avail-

~ able only as expensive hybrids to be monolithic. - ~=l——=—

For the TL188, a high level at the input turns switch )
S1 on and S2 off. . P

The TL188M is characterized for operation over the
full military temperature range of —55°C to 125°C,
the TL188! is characterized for operation from
—25°C to 85°C, and the TL188C from 0°C to 70°C.

1 2 3 4 5 6 7
NC NC D1 s1 A Vce Vi

NC—No internal connection
Switch positions shown are for input A ‘high.

676 TENTATIVE DATA SHEET -
This document provides tentative information ‘
on a new product. Texas Instruments reserves TEXAS,JCT(){R%;[‘RE'TLEJ.M ENTS : n

the right to -change’ specifications for this post orrice Box s012 + DALLAS, TEXAS 75222
product in any manner without notice.
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TYPES TL188M, TL188I, TL188C

DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES

functional diagram

D1 D2
4 FUNCTION TABLE
————— ]
: SWITCH POSITIONS INPUT SWITCHES
S1 T s2 SHOWN ARE FOR A s1 52
| INPUT A HIGH L | oFF (oPEN) ON {CLOSED)
D—D— ! H ON (CLOSED) OFF (OPEN)
A — -J
schematic
VIL vee
{:I I |32; | )
D1
A—e ® 1>
S2
v D2
[ ] y
Pd <
S S
VEE Vret
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Positive supply to negative supply voltage, Vee- VEE 36V
Positive supply voltage to either drain, Voe — VD 33V
Drain to negative supply voltage, Vp — VEE . 33V
Drain to source voltage, Vp — Vg . . *22V
Logic supply to negative supply voltage, V|_[_ VEE 36V
Logic supply to logic input voltage, Vi | — V) 33V
Logic supply to reference voltage, VL — Vref 33V
Logic input to reference voltage, V| — Vyef 33V
Reference to negative supply voltage, Vyef — VEE 27V
Reference to logic input voltage, Vyef — V| .2V
Current (any terminal) 30 mA
Continuous dissipation at (or below) 25 C free -air temperature N package . 1150 mW
L package (see Note 1) 625 mW

Operating free-air temperature range: TL188M
TL188I
TL188C

Lead temperature 1/16 inch from case for 60 seconds:

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

L package
N package

NOTE 1:

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

. —55°C to 125°C
—25°C t0 85°C
0°C to 70°C

. 300°C

. 260°C

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222



TYPES TL188M, TL188I, TL188C
DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES

electrical characteristics, Vcc =15V, VEE=—15V, VLL =5V, Vyef = 0 V (unless otherwise noted)

PARAMETER TEST CONDITIONS JL185M | TL1881 TL 188C UNIT
MIN MAX|MIN MAX|MIN MAX
ViH High-level control input voltage Ta = MIN to MAX |V ef+2 Vieft2 Vieft2 A
ViL Low-level control input voltage Ta=MIN to MAX| V,ei—0.8| Vief—0.8] V,e—0.8] V
. . Tp=25°C 10 10 10
lIH High-level control input current |V =6 V HA
Ta = MAX 20 20 20
he Low-level control input current V) =0 V Ta = MIN to MAX —250 -250 —250 | A
Vp=10V, [Vec=15V, |Ta=25°C 1 5 5
i Vg =—10 V,|VEg = =15 V[T = MAX 100 100 100
ID{off) Off-state drain current > nA
ViH=2V, |Vcc=10V, |Ta=25°C 1 3 3
ViL =08V |VEE = =20 V|Tp = MAX 100 100 100
Vp=-10V|vec=15V, |Ta=25°C 1 5 5
Vg=10V, [Vgg=-15V[TA = MAX 100 100 100
IS{off) Off-state source current = nA
Viu=2V, |[vgc=10V, [Ta=25C 1 5 5
VIL =08V [VEE =-20V|Ta = MAX 100 100 100
On-state channel Vp=-10V,Vg=—-10V, |Ta~= 25°C -2 -10 —10
IDlon}*!S(on) - - - nA
leakage current VIH=2V, V=08V |Ta=MAX —200 -200 —200
Drain-to-source on-state Vp=-10V,Ig=1mA, |Ta=MINto25°C 75 100 100 Q
v
Dsfon) resistance VIH=2V, V|L=08V [Ta=-MAX 150 750 150
Icc Supply current from Voo 1.5 1.5 1.5
| Suppl tf \ -5 -5 -
EE UPPTy current Tom VEE Both control inputs at O V, Ta = 25°C 5 mA
L Supply current from V| 4.5 4.5 45
Iref Reference current -2 -2 -2
Icc Supply current from Ve 1.5 1.5 1.5
| | f v ! -5 —
EE Supply current from Vg Both control inputs at 5 V, Tp =25°C 5 5 mA
Lo Supply current from V| | 4.5 4.5 4.5
Iref Reference current -2 -2 -2
switching characteristics, Vcc =10V, VEE=—-20V,VLL =5V, Vief=0V, Tao = 25°C
TL188M | TL188] | TL188C
PARAMETER TEST CONDITIONS UNIT
TYP TYP TYP
ton Turn-on time 175 175 175
- R =300¢,C =30pF, See Figure 1 ns
toff Turn-off time 350 350 350
Vit sy PARAMETER MEASUREMENT INFORMATION
= Vee=15V .
LL cc 1, <10 ns
[ 9 e 3V
s D OUTPUT /
Vs o —o-78]
al | 1
]

Vref =0
C includes probe and jig capacitance.
TEST CIRCUIT

Vg= 3V for tg, and =3 V for toff.
RL
= V@ ———
SRL* rDston)

o

VEE=-15V

OUTPUT

Vo Input A: Solid for testing S1, dashed for testing S2.
. VOLTAGE WAVEFORMS
Vs the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail-

ing edges of the output waveform. FIGURE 1

PRINTED IN USA
Tl cannot assume any responsibility for oay circuits shown
or represent thal they ore free from pafent infringement.

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

TYPES TL191M, TL191I, TL191C
TWIN DUAL COMPLEMENTARY
SPST BI-MOS ANALOG SWITCHES

BULLETIN NO. DL-S 7612412, JUNE 1976

L] Functionally Interchangeable with Signétics
DG 191 with Same Terminal Assignments

] Monolithic Construction
e  Adjustable Reference Voltage .

description

Each TL191 consists of two monolithic, high-speed
dual complimentary SPST analog switches con-
structed using BI-MOS technology. Each half consists
of a JFET-input buffer, level translator, and two
output JFET switches that can easily be connect-
ed in SPDT configuration.

The threshold of the input buffer is determined by
the voltage applied to the reference input (Vyef). The
input threshold is related to the reference input by
the equation Vith = Vyef + 1.4 V., Thus, for TTL
compatibility, the Vyef input is connected to ground.
The JFET input makes the device compatible with
bipolar, MOS, and CMOS logic families. Threshold
compatibility may, again, be determined by Vth =
Vief+ 1.4V,

The output switches are junction field-effect tran-
sistors featuring low on-state resistance and high off-
state resistance. The monolithic structure ensures
uniform matching.

BI-MOS technology is a major breakthrough in linear
integrated circuit processing. BI-MOS has ion im-
planted JFETSs, p-channel MOS-FETs, plus the usual
bi-polar components all on the same chip. BI-MOS
allows circuit designs that previously have been avail-
able only as expensive hybrids to be monolithic.

For the TL191, a high level at the input turns switch-
es S1 on and S2 off.

The TL191 is characterized for operation over the
full military temperature range of —55°C to 125°C,
the TL1911 is characterized for operation from
—25°C to 85°C, and the TL191 from 0°C to 70°C,

e JFET Inputs

(] Uniform On-State Resistance for Minimum
Signal Distortion

. +10-V Analog Voltage Range

e TTL, MOS, and CMOS Logic Control
Compatibility

JorN
DUAL-IN-LINE PACKAGE (TOP VIEW)

151 1A VEE Vref VLL Vcc 2A 281

L [O>y
A

VIp 23| 4]s5(I6(|71[]8
1D1° NC 1D2 152 252 2D2 NC 2D1

| I,

NC—No internal connection
Switch positions shown are for A inputs high.

TENTATIVE DATA SHEET

TEXAS IN ST RUM ENTS This document provides tentative information

INCORPORATED
POST OFFICE BOX 5012 o DALLAS, TEXAS 75222

on a new product. Texas Instruments reserves
the right to change specifications for this
product in any manner without notice.
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TYPES TL191M, TL191I, TL191C
TWIN DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES

functional diagram

FUNCTION TABLE

181 281 {EACH HALF)
l I INPUT SWITCHES
1D1 ——W 2D1
O A s1 s2

| H L OFF (OPEN) ON (CLOSED)
1D2 e | —o A—202 H ON (CLOSED)  OFF (OPEN)

| 1

[ 1
182 : 252 SWITCH POSITIONS

L SHOWN ARE FOR

=7 [---"'J A INPUTS HIGH

DB GG

schematic
Vie  Veeo
*~—>
00 F
l r’} TO OTHER HAL
1] s1
|
o1
A .
Yl “
x;ﬁ‘ﬁm
p b 4
; % TO OTHER HALF
Vee Vet

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

Positive supply to negative supply voltage, Vcc — VEE
Positive supply voltage to either drain, Vcc — Vp
Drain to negative supply voltage, VD — VEE

Drain to source voltage, Vp — Vg . .

Logic supply to negative supply voltage, VLL VEE
Logic supply to logic input voltage, V| | — V|

Logic supply to reference voltage, VL — Vref

Logic input to reference voltage, V| — Vyef

Reference to negative supply voltage, Vyef — VEE
Reference to logic input voltage, Vyef — V|

Current {(any terminal)

Continuous dissipation at (or below) 25 C free -air temperature N package

J package (see Note 1)‘

36V
33V
33V
.22V
36V
33V
33V
33V
27V

2V

30 mA
1150 mW
10256 mW

. —55°C to 125°C

Operating free-air temperature range: TL191M
TL191I —25°C t0 85°C
TL191C 0°Cto 70°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
NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Curves, Section 2,
TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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TYPES TL191M, TL191I, TL191C

TWIN DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES

electrical characteristics, Vg =15V, VEE=—15V, VLL =5V, Vref = 0 V (unless otherwise noted)

TL191M TL191 TL191C
PARAMETER TEST CONDITIONS UNIT
MIN MAX (MIN MAX{MIN MAX
ViH High-level control input voltage Ta = MIN to MAX|Vreft2 Vyeft2 Vyeft2 v
ViL Low-level contro! input voltage Ta =MIN to MAX|  Vieft0.8] Vigft0.8] Vi eft0.8( V
] R Ta=25°C 10 10 20
HH High-level control input current [V| =5 V uA
Ta = MAX 20 20 20
L Low-level control input current |[V; =0 V TA = MIN to MAX —250 —250 —250 | uA
Vp=10V, |Vcc=15V, |Ta=25"C 1 5 5
Vg=—-10 V,|VEg = -15 V[T = MAX 100 100 100
ID{off) Off-state drain current s EE A 3 nA
VIH=2V, |Vcc=10V, [Ta=25°C 1 5 5
VIL=08V |VEg = -20 V| Tp = MAX 100 100 100
Vvp=-10Vvlvec=15V, [Ta=25°C 1 5 5
Vg=10V, |[VEg=-15V|Ta=MAX 100 100 100
IS (off) Off-state source current S EE A = nA
VIH=2V, (Vgc=10V, {TaA=25C 1 5 5
VIL=08V [VEg = —20 V[TA = MAX 100 100 100
On-state channel Vp=-10V,Vg=—-10V, |Ta=25°C -2 —-10 -10
ID(on)*IS(on) _ - = nA
- leakage current VIH=2V, VL =08V [Ta=MAX —200 —200 —200
Drain-to-source on-state Vp=-10V,lg=1mA Ta=MINto25°C 125 150 150 a
r
DSfon) resistance VIH=2V, ViL =08V [Ta-=MAX 250 300 300
Icc Supply current from Vg 15 1.5 1.5
| Supply current from V| -5 - -5
EE PPy curr EE Both control inputs at 0 V, Ta =25°C 5 mA
ILL Supply current from V| | 4.5 45 4.5
lref Reference current -2 -2 -2
lcc Supply current from Voo 15 15 15
1 Supply current from V -5 —5 -5
EE uppy EE Both control inputs at 5V, Tp = 25°C mA
Lo Supply current from Vi | 45 45 45
Iref Reference current -2 -2 -2
switching characteristics, VcC =10 V, VEE=—-20V, VLL =5V, Vief =0V, Ta = 25°C
TL191M | TL1911 | TL191C
PARAMETER TEST CONDITIONS UNIT
TYP TYP TYP
t, Turn-on time 17 175 175
on AL RL=30092,C_ =30pF,  See Figure 1 5 ns
toff Turn-off time 350 350 350
PARAMETER MEASUREMENT INFORMATION
- tf < 10ns t, <10 ns
VLL=5V Vgc=15V - ' o=y
T r ouT INPUT A N
PUT
S D 1 ’
VS O Q{‘ 0 | \_-__.‘l"-_f | nv
A Vo lRe-e L ton —g—W !
- 300 o CL=30pF = —— —— — +=——z———|——— ——— 3V
| 0.9Vg Vol
p 3 - = ouTPUT
=  Vief=0 VEg=-15V
C| includes probe and jig capacitance.
TEST CIRCUIT
Vg=3Vfortghand 3Vfortegg. T TOTTTTT TS T oo T TS
v Ry Input A: Solid for testing S1, dashed for testing S2.
o

=V —
SRL+ DS (on)

ing edges of the output waveform. FIGURE 1

VOLTAGE WAVEFORMS
Vo is the steady-state output with the switch on, Feed through via the gate capacitance may result in spikes {(not shown) at the leading and trail-
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LINEAR TYPE TL440C
INTEGRATED CIRCUITS ZERO-VOLTAGE SWITCH

BULLETIN NO. DL-S 7611595, MAY 1972—REVISED JUNE 1976 |

FORMERLY SN72440

e Differential Amplifier Inputs e Internal Active Elements of Saw-Tooth

e A-C Line Operation Generator for Proportional Control

e Capable of Triggering Several o Wide Variety of Possible Cannections of
Types of Triacs Input Section and of Output Section
description JORN

DUAL-IN-LINE PACKAGE (TOP VIEW)

The TL440 is a combination threshold detector Py
and zero-crossing trigger, intended primarily for a-c NC S.Eh.','ff}nv(,,,, VDA PUT Rinigh) Rilow)
power-control circuits. It allows a triac or SCR to be
fired when the a-c input signal crosses through zero
volts, thereby minimizing undesirable electromagnetic
interference. In this manner, the load utilizes full
cycles of line voltage as opposed to partial cycles
typical with SCR phase-control power circuits.

The circuit includes a zero-voltage detector, a differ-
ential amplifier that may be used in conjuction with a
resistance bridge to sense the parameter being con-

Y AC/DC AC ODET DC INHIBIT ST ST
trolled, the active elements of a saw-tooth generator, INPUT COM INPUT COM GEN GEN

INPUT OUTPUT

and an output section. Also included are resistors
which may be used as a voltage divider for the NC—No internal connection.

reference side of the resistance bridge. An external sensor suitable for the application and an external potentiometer
form the input side of the resistance bridge.

The TL440 can be used either as an on-off control with or without hysteresis, or as a proportional control with the
use of the internal saw-tooth generator. Although the principal application of this device is in temperature control, it
can be used for many power control applications such as a photosensistive control, voltage level sensor, a-c lamp flasher,
small relay driver, or a miniature lamp driver.

The inhibit function prevents any output pulses from occurring when the applied voltage at the inhibit input is
typically 1 volt or greater. Conversely, if the inhibit input is shorted to dc common, an output pulse will be obtained
for each zero-crossing of the a-c power input waveform regardless of the sensor input conditions.

The TL440C is characterized for operation from 0°C to 70°C.

schematic
SAW.TOOTH
GENERATOR
vpal AC COMMON INPUT
AC/DC (? (P C%
npuT (0
y
b WO I %
. : : lull' 3k
10k
3 y 3
ZERO DETECTOR
inpuT (3
SENSOR INPUT (13— Q2 @
Q3 Q4
10k
Viret) (12 10k F Tk 15k
4 25
Sdk
inHisiT (5 08
400 3 10k
0C COMMON @
ouTPUT @ é Rihgh)
® Q]
Rilow) SAW TOQTH

GENERATOR
ouTPUT

Resistor vatlues shown are nominal and in ohms,

tPin 11 s usually connected to the AC/DC input, pin 1, unless a control circuit requiring hysteresis is desired. See Figure 4.
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TYPE TL440C
ZERO-VOLTAGE SWITCH

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

Voltage applied to AC/DC input (See Note 1)

15V
Peak current into AC/DC input . . 40 mA
Peak current into zero-detector input . . . . 30 mA
Peak output sink current (See Note 2) 250 mA
Continuous total power dissipation at (or below) 70 C free -air temperature range . 500 mW
Operating free-air temperature range . . 0°Cto70°C
Storage temperature range —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. Voltage values are with respect to the dc common terminal unless otherwise specified.
2. This value applies for a maximum pulse width of 400 us and for a maximum duty cycle of 2%.
recommended operating conditions
MIN NOM MAX | UNIT
D-c voltage applied to AC/DC input (See Note 3) 12 v
Differential input voltage, V13 — V12 +2 Vv
Voltage at sensor or V(ref) input, V93 or V42 6 \
Peak output current (See Note 4) 200 mA
Output pulse width 100 400 us
Operating free-air temperature, Ta 0 70 °C

NOTES: 3. This is the recommended d-c supply voltage when the voltage across pins 1 and 4 is not being maintained by charging an
electrolytic capacitor from the line voltage. See typical application data.

4. This value applies for t,, < 400 us, duty cycle < 2%,

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
Sensor input voltage hysterysis Pin 11 connected to Pin 1 30 mV
Voltage required at inhibit input to inhibit output 1 3 \
Current into sensor input Vi3=6V, Vi2=4V 5 pA
Current into V(yef) input Vi2=6V, Vi3=4V 5 uA
Current into inhibit terminal required to inhibit output 20 BA
Peak output current (pulsing) V=0 75 100 mA
Output current (inhibited) V19=135V 1 nA
25 k2 connected to zero-
QOutput pulse width into resistive load detector input, 150 us
60-Hz power source
Average temperature cocfficient of output pulse width (0°C to 70°C) 0.7 usl°C
Peak output voltage of saw-tooth generator V=12V 9 \"
Voltage at AC/DC input(See Note 5) 9 115 \Y

NOTE 5: This is the voltage across an electrolytic capacitor connected between pins 1 and 4 whose charge is maintained by the a-c line voltage.

See Figures 1 and 3.
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TYPE TL440C
ZERO-VOLTAGE SWITCH

TYPICAL APPLICATION DATA

The circuit shown in Figure 1 provides on-off temperature control. Electrolytic capacitor C1 maintains the d-c
operating voltage. Since the series combination of D5 and D6 is in parallel with the series combination of C1 and D7,
the voltage developed across C1 is limited to approximately 12 V. Because the energy to fire the triac comes from C1,
the voltage across pins 1 and 4 will fluctuate as the triac fires. If a more stable operation of the circuit is desired, a
12-volt d-c supply should be connected between pins 1 and 4 in lieu of C1. The temperature sensor must havea
negative coefficient in this circuit.

During most of the a-c cycle, Q1 is turned on by the current flow through either D1, Q1, D4 or D2, Q1, D3, depending
on the polarity of the a-c voltage between pins 1 and 3. The collector current of Q1 turns on Q6. With Q6 on, base
drive to Q7 and Q8 is inhibited, resulting in no output pulse to fire the triac. When the a-c voltage crosses zero, Q1 and
Q6 are turned off. This enables Q7 and Q8 to turn on, thereby connecting d-c common to the triac trigger and firing the.
triac. This one output pulse per zero crossing is either inhibited or permitted by the action of the differential amplifier
and resistance bridge circuit.

As the controlled temperature begins to rise, the positive voltage applied to pin 13 increases. The differential control
amplifier acts to lower the potential of the base of Q1 enough to allow Q1 to stay on for the complete cycle, thus
inhibiting the output pulses as explained above. Similarly when the temperature being controlled falls, Q1 is allowed to
turn off during the intervals where the line voltage passes through zero, thus generating output pulses.

The width of the output puise at pin 10 can be varied to suit the triggering characteristics of the triac to be used. Table
| shows the output pulse lengths obtained as R20 is changed. For small load currents (less than 4-5 amps) a triac with
high gate sensitivity may be required due to the high value of “latch-up’’ current of medium to high power triacs.

TABLE |
QUTPUT
R20 PULSE
WIDTH
60 Hz Sk 15 kQ 100 ps
HEATER 115V 22 kQ 150 us
LOAD , 22k | 300 us
o
TRIAC -l e o )o-—n--- -
r 1 @r C
1
1]
| yor R14ka
1 1200
S 4 1> o 21,
SENSOR at 10 ke
1 XAD2 A
R20
15ka A ¥ o4 !
Ve { i
1. 1 ]
7 z0u c»———@———ﬁ a2 a5 '
< R
0JuF S 0k Lg% ok
12 o
0—) ’-Q R4 o R525Q
H 10k02 S
< : R310kn @ !
0ka T (; e Q6 08 !
L}
) )
N4 i

Ritrigger)t

FIGURE 1-ON-OFF HEATER CONTROL

*R(trigger) I adjusted so that the peak output is less than 200 mA.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222

319




TYPE TL440C
ZERO-VOLTAGE SWITCH

TYPICAL APPLICATION DATA

The circuit shown in Figure 3 provides proportional control of a heating system. With the exception of the saw-tooth
generator, the circuit of Figure 3 functions the same as that of Figure 1. The sensor of Figure 3 has a negative
temperature coefficient.

Transistors Q9 and Q10 are connected to function as an SCR in order to discharge external capacitor C2 very quickly.
The time constant of the saw-tooth generator can be varied by changing either the external capacitor or the external
resistor. However it is suggested that the capacitor be varied and not the resistor since too low a value of resistance
would allow Q9 and Q10 to stay on continuously. The period of the saw-tooth generator is usually 10 to 100 times the
period of the line voltage.

At the start of the saw-tooth waveform the base of Q1 is high and output pulses occur at pin 10. At the desired
temperature a certain number of output pulses occur during each saw-tooth cycle as shown in Figure 2{a). At a slightly
decreased temperature the resistance of the sensor increases, lowering the d-c potential of pin 13. This lowers the
potential of the entire saw-tooth waveform as shown in Figure 2(b) which causes a few more output pulses to occur. At
greatly decreased temperatures many more pulses occur each saw-tooth cycle as shown in Figure 2(c).

8 8

7 7

© o6 26
< £ 3

< ts %5
5 S 13
k] 3 3

£ i
& K &

3 3 3

2 2 2

1 1 1

(] 0 ]

St LLLLLLL L pue LLLLLLTLELL S LLLLL

Time — o Time ——a Time ——e
(a) (b} {c)
DESIRED TEMPERATURE SLIGHTLY DECREASED TEMPERATURE GREATLY DECREASED TEMPERATURE
FIGURE 2

Similiarly, increases in temperature cause proportionately fewer output pulses than the normal number of Figure 2(a).
Thus the proportional control feature allows a smoother contro! of temperature in this application by always providing
output pulses during some portion of the saw-tooth generator cycle as opposed to the ““full on/full off’ circuit of

Figure 1.
o
80 Ml Sk

HEATER 15 Vi

104D

TRIAC @ - J”\ 2 o)
: T T h

)
[ RY 4kt
'Y
]
H
' ! s SRE
H 1080 3
H os X doe
3 an R
Ao i o2 "y
A~ 2504F
3V
\ o
=) »@ " 10k i 15k
! ?Dkﬂ RS 25 ) ok
3 ! R3 10 kit @ o
108 @_ 06 o8
H S 10ki
&)

2un e d A ' o
i1
Ritrggent

FIGURE 3—PROPORTIONAL HEATER CONTROL

TR(trigger) is adjusted so that the peak output is less than 200 mA.
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TYPE TL440C
ZERO-VOLTAGE SWITCH

TYPICAL APPLICATION DATA

Hysteresis may be added to the TL440 by externally making the differential amplifier appear in Schmitt-trigger
configuration. This is done by applying positive feedback from pin 11 to pin 13 through hysteresis resistors RA and RH.
When the output is enabled, the voltage drop developed across resistor R is fed through RH to the sensor input of the
differential amplifier. This lowers the voltage at this point from the voltage level present when the output is inhibited.
The resistance of the sensor must now decrease enough to overcome this additional (“hysteresis”’) voltage in order to
inhibit the output. RY should have a typical value close to the value of the sensor used. The value of Ra, which
determines the amount of hysteresis, should be approximately one tenth the value of RH. In Figure 4 the 10 k2
potentiometer is adjusted to s2t the voltage at pin 13 to the level at which the output is enabled. When precise control is
not needed, such a circuit eliminates the small ““uncertainity range’’ observed in time-proportioning systems.

wome Sk
HEATER "V Ra

LOAD
v,
TRIAC

G

So

AYakn

1204 a1 0k

0.

L

Ritriogen)?

Tﬁ(mgger) is adjusted so that the peak output is less than 200 mA.

FIGURE 4-ON-OFF HEATER CONTROL WITH HYSTERSIS ADDED

B
A
‘A N\
N
Output inhibited Vh ] - pid
g B ,
o ( /
£ / ] V,
< / | 1 /2
§ )’ ! | i
3 7/ ! 1 /
3 ’ HE ’
s II ) | ] /,
4 = 1 ’/
L Output enabled ,’ 1 ] , /
P - [
~—
AN A
\B/

V13-Voltage at Pin 13

FIGURE 5—HYSTERESIS CURVE FOR FIGURE 4

A—Circuit without added hysteresis (AV 13 ~ 15 to 20 mV residual hysteresis)
B~Circuit with added hysteresis (AV13 =~ 200 /300 mV added hysteresis)
NOTE 1: Dotted lines rep 1t di i h where the differential amplifier changes from inhibit to enable or vice-versa. Solld lines

represent stable states (inhibit or enable) of the differential amplifier.
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LINEAR TYPES TL441M, TLA41C
INTEGRATED CIRCUITS LOGARITHMIC AMPLIFIERS

BULLETIN NO. DL-S 7611427, JANUARY 1971—-REVISED JUNE 1976

JORN
FORMERLY SN56502, SN76502 DUAL-IN-LINE PACKAGES (TOP VIEW)
OUTPUTS
INPUT jemsesAemmsy  INPUT
1.2 7 B2

NC Cp2 CB2 GND B

B 15 {2z jnijuoif9

e Excellent Dynamic Range

e Wide Bandwidth

e Built-In Temperature Compensation

e Log Linearity (30 dBV Sections) ... 1dBV
o Wide Input Voltage Range

t[f2seffss7[]s
Ca2 Vcc- Ca2' INPUT y , INPUT V
AT Y Y, A2 CC+
OUTPUTS

Y« log A1 + log A2; Zx log BT + B2
where: A1, A2, B1,and B2 areindBV, 0dBV =1 V.,
Ca2. Cao'. €2, and Cgo, are detector compensation inputs.
description NC—No internal connection

This monolithic logarithmic amplifier circuit contains four 30-dBV log stages. Gain in each stage is such that the output
of each stage is proportional to the logarithm of the input voltage over the 30-dBV input voltage range. Each half of the
circuit contains two of these 30-dBV stages summed together in one differential output which is proportional to the
sum of the logs of the input voltages of the two stages. The four stages may be interconnected to obtain a theoretical
input voltage range of 120 dBV. In practice, this permits the input voltage range to be typically greater than 80 dBV
with log linearity of £0.5 dBV (see application data). Bandwidth is from dc to 40 megahertz.

These circuits are useful in military weapons systems, broadband radar, and infrared reconnaissance systems. They serve
for data compression and analog compensation. The logarithmic amplifiers are used in log IF circuitry as well as video
and log amplifiers. The TL441M is characterized for operation over the full military temperature range of —55°C to
125°C; the TL441C is characterized for operation from 0°C to 70°C.

schematic .
Veer @—— 7
3 : x -
OUTPUT
ouevu? @ @ z ‘
DULPUT@ @OU;PUT

INKgV@

2
ha

FO—i i il s
)

1
o 9ot 19 o AT

13) GND

RS S L L

Cu’@ 13)Ca2’
CAz@— E ]_ L :: J ‘,__] 15) Ce2
vee- @
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TYPES TL441M, TLA41C
LOGARITHMIC AMPLIFIERS

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

Supply voltages (see Note 1):

VCCH + + v v v e e e e e e e e

vee- - . e
Input voltage (see Note 1) .
Output sink current (any one output) . .
Continuous total dissipation at {or below) 70°C free -air temperature (see Note 2)
Operating free-air temperature range: TL441M Circuits . .

TL441C Circuits

Storage temperaturerange . . . . . . . . . . . .. . .

. 8V
-8V

.. BV

30 mA

500 mW

—55°C to 125°C

. 0°C to 70°C
—65°C to 150°C

NOTES: 1. All voltages, except differential output voltages, are with respect to network ground terminal.

2. For operation of the TL441M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2,

recommended operating conditions

TL4A4TM TL441C uNIT
MIN NOM MAX |[MIN NOM MAX
Input voltage for each 30-dBV stage 0.01 1 10.01 1 Vp_p
Operating free-air temperature, T —55 125 0 70 °C
electrical characteristics, Vec+=6V,Vcc—=-6V, Tao =25°C
TEST TLAAM TLA441C

PARAMETER FIGURE |MIN TYP MAX |[MIN TYP MAX uNIT
Differential output offset voltage 1 +25  +60 +40 mV
Quiescent output voltage 2 545 656 585|545 56 5.85 \
D-c scale factor (differential output),
each 30-dBV stage, —35 dBV to —5 dBV 3 78 100 6 8 12ymV/dBY
A-c scale factor (differential output) 8 8 mV/dBV
D-c error at —20 dBV (midpoint 3 1 2 1 dBY
of —35dBV to —5 dBV range)
Input impedance 500 500 Q
Output impedance 200 200 Q
Rise time, 10% to 90% points, C; = 24 pF 4 20 30 20 30 ns
Supply current from Voco+ 2 145 185 231145 185 23 mA
Supply current from Voo— 2 -6 —-85-105] -6 —-85-105 mA
Power dissipation 2 123 162 201|123 162 201 mwW

IPARAMETER MEASUREMENT INFORMATION

lcc+
5 Vee+
L———O__’ Vee-

L ~ lcc—

543

%

vVeet  Vee—
5 r)iggh
O—
CA2CA2’
Ol O
(7)— A2 ¥—(s) DVM ®—1 Az
(1)—{e1 27— @—®
® ?:faz Cp2’ ? ®_ %faz Cg2’
15 @'_I
FIGURE 1

Pp =Vce+-lcc+ +Vee—lcc—
FIGURE 2
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TYPES TL441M, TL441C

LOGARITHMIC AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

vees  Vee—

18mv oc
100 mV | PCWER
560 mV | SUPPLY

Vout(560 mV) — Vout(18 mv)] mV

DVM

1000 pF

TEKTRONIX
SAMPLING SCOPE|
WITH DIGITAL
® READOUT OR

EQUIVALENT

00Q

Scale Factor =
30dBV

Error =

Vout(100 mv) = 0.5 Vout(560 mv) —0-5 Vout(18 mv)!

Scale Factor

T |

NOTES: A. The input pulse has the following character-
istics: t,, =
PRR =10 MHz.
B. Capacitor C| consists of three capacitors in
parallel: 1 uF, 0.1 uF, and 0.01 uF.
C. Cy includes probe and jig capacitance.

50 ns, t; < 2 ns, tf < 2 ns,

FIGURE 3 FIGURE 4
TYPICAL CHARACTERISTICS
TLA4IM TL4AIM
DIFFERENTIAL OUTPUT OFFSET VOLTAGE  QUIESCENT OUTPUT VOLTAGE D-CSCALE FACTOR
vs vs vs

FREE-AIR TEMPERATURE

N

Diffevential Output Offant Voltags—mV
8

20
Veer =6V \\
10— vee_-—6v
See Figure 1
° |
-75 -50 -25 0 25 50 75 100 125
TA-Free-Air Temperature~"C
FIGURE S
TL44TM
D-C ERROR
vs

FREE-AIR TEMPERATURE

20
% 18
316
2 14
H \
g 12 AN
30 —
£ R T
Zos
H
5 06
H Veer =6V
£ aqj—Veer 3
Q Vee-=-6V
G 0.2 1™ S0 Figure 3
°
-75 50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—°"C
FIGURE 8

FREE-AIR TEMPERATURE

FREE-AIR TEMPERATURE

-

@

b—TL441C ==

«

w

Quiescent Output Voltage—V
-

N

D-C Scale Factor (Differentisl Output) -mV/dBV

Vees=6V
Vees =6V
2 [— vee-= -6V
1 f—veeo=-6V
See Figure 3
See Figure 2' |
1 1 0
~75 -50 -26 0 25 S0 75 100 125 -75 50 -25 0 25 50 75 100 125
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FIGURE 6

OUTPUT RISE TIME
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LOAD CAPACITANCE

2
20 el
i
g ]
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9
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Ses Figure 4, outputs loaded symmetrically
° | 1 Il
0 5 10 5 20 2% N

€y —Load Capacitance—pF

FIGURE 9

Power Dissipation—mwW
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FIGURE 7

POWER DISSIPATION
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TYPES TL441M, TL441C
LOGARITHMIC AMPLIFIERS

TYPICAL APPLICATION DATA

Although designed for high-performance applications
such as broadband radar infrared detection, and
weapons systems, this device has a wide range of
applications in data compression and analog
computation.

basic log function

The basic log response is derived from the
exponential current-voltage relationship of collector
current and base-emitter voltage. This relationship is
given in the equation:

m-Vgg = In [{Ic+ ICES}/ICES]
where: I = collector current

IcES = collector current at VBg = 0

m=q/kT (in V1)

VRBE = base-emitter voltage
The differential input amplifier allows dual-polarity
inputs, is self-compensating for temperature
variations, and is relatively insensitive to noise.

functional block diagram

Four compensation points are made available to allow
slight variations in the gain (slope} of the two
individual 15-dBV stages of input A2 and B2. By
slightly changing the voltage on any of the
compensation pins from its quiescent value, the gain
of that particular 15-dBV stage can be adjusted to
match the other 156-dBV stage in the pair. The
compensation pins may also be used to match the
transfer characteristics of input A2 to Al or B2 to
B1.

The log stages in each half of the circuit are summed
by directly connecting their collectors together and
summing through a common-base output stage. The
two sets of output collectors are used to give two log
outputs, Y and Y (or Z and Z) which are equal in
amplitude but opposite in polarity. This increases the
versatility of the device.

By proper choice of external connections, linear
amplification, linear attentuation, and many different
applications requiring logarithmic signal processing
are possible.

INPUT INPUT .
A1 © log O B1 input levels

OUTPUTS

FIGURE 11

The recommended input voltage range of any one
stage is given as 0.01 volt to one volt. Input levelsin
excess of one volt may result in a distorted output.
When several log sections are summed together, the
distorted area of one section overlaps with the next
section and the resulting distortion is insignificant.
However, there is a limit to the amount of overdrive
that may be applied. As the input drive reaches
+3.5 volts, saturation  occurs, clamping the
collector-summing line and severely distorting the
output. Therefore, the signal to any input must be
limited to approximately 3 volts to ensure a clean
output.

output levels

log sections

As can be seen from the schematic, there are eight
differential pairs, Each pair is a 15-dBV log
subsection, and each input feeds two pairs for a range
of 30 dBV per stage.

Differential-output-voltage levels are low, generally
less than 0.6 volt. As demonstrated in Figure 12, the
output swing and the slope of the output response
can be adjusted by varying the gain by means of the
slope control. The coordinate origin may also be
adjusted by positioning the offset of the output
buffer.
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TYPES TL441M, TL441C
LOGARITHMIC AMPLIFIERS

TYPICAL APPLICATION DATA

circuits

Figures 12 through 19 show typical circuits using these logarithmic amplifiers. Operational amplifiers not otherwise
designated are uA741. For operation at higher frequency, use of uA733 is recommended instead of uA741, with the
differential outputs connected as in Figure 14,

TYPICAL TRANSFER
CHARACTERISTICS

1.4
Al Y
12
172 ORIGIN .
TL4A z 08
INPUT 8
A2 - f 06
ano Y ouUTPUT £,
02
i o
= 02
104 103 102 1071 1 10!
input Voltage=V
FIGURE 12—OUTPUT SLOPE AND ORIGIN ADJUSTMENT
TRANSFER CHARACTERISTICS *
OF TWO TYPICAL INPUT STAGES
2kQ,1% 04
B1
1/2 0a il
TLA441 z -
H
' $ 02
INPUT B2 GND R ﬂ {
o 3 11T 1
2kn’1%% 2kQ, 1% é
01 HH
L LI A 1]
0.001 0.01 0.1 1 10
Input Voltage—V
FIGURE 13—UTILIZATION OF SEPARATE STAGES
TRANSFER CHARACTERISTICS
WITH BOTH SIDES PARALLELED
2k, 1% o4 ST
A1 Y - T
A2 Y 20k - 03
TL441 1 > L n
B1 z " H
INFUT - 2ka, 1% ouTPUT §
B2 Z y
GND 3
2ke, 1% 3 2k2.1% o /
— ot
= o bettrrttlll [ [HIG 141
0.001 0.01 0.1 1 10

FIGURE 14—UTILIZATION OF PARALLELED INPUTS
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TYPES TLA41M, TL441C

LOGARITHMIC AMPLIFIERS

TYPlCAL APPLlCATION DATA

k!

910 ¢

INPUT

Al
Vet =4V 15&&2% 2ka
A2 ¥l
ORIGIN
TLaa1 20ka2
Vec-- -4V B
'al B1 z
) ska veee =4V
groon 1w 2k o
B2 z ‘.
; SLOPE outPuUT
91003
Jee-2Yy 2ka
3
5k
100 2

NOTES:

A. Inputs are limited by reducing the supply voltages for the input amplifiers to 4 V.
B. The gains of the input amplifiers are adjusted to achieve smooth transitions.

TRANSFER CHARACTERISTICS

T T {1 {1
L A AR
[0 100 LT AN
A 0 AT
{0 (e

I [ lilllllﬂlllllllll Il
AT T

FIGURE 15—LOGARITHMIC AMPLIFIER WITH INPUT VOLTAGE RANGE GREATER THAN 80 dBV

Al

INPUT

|||—O >

A2

TL44

See
Bl Note A

INPUT

||}——0 ]

NOTES:

. Connections shown are for multiplication. For division, Z and Z connections are reversed.

B2

<|

-0
OUTPUT W
(See Note B)
A
TLaa1 _ i
A2 YR =

A
B. Output W may need to be amplified to give actual product or quotient of A and B.
C. R designates resistors of equal value, typically 2 k2 to 10 k2.

Multiplication: W = A*B = logW = log A + log B, or W = a(loga A + log, B)

Division: W= A/B=1logW = log A — log B, or W = alloga A — loga B)

FIGURE 16—MULTIPLICATION OR DIVISION
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TYPES TL441M, TL441C
LOGARITHMIC AMPLIFIERS

TYPICAL APPLICATION DATA

A1l

INPUT 1/2
A TLAA

—0
ouTPUT
B1 z|J oul

1/2
TL441
2

A2

| | T[

NOTE: R designates resistors of equal value, typically 2 k{2 to 10 k§2. The power to which the input variable is raised is fixed by setting nR.
Output W may need to be amplified to give the correct value.
Exponential: W=A"=logW =n log A, or W = aln logy A)

FIGURE 17—RAISING A VARIABLE TO A FIXED POWER

2k 2k§2
INPUT o
A RGN \ SLOPE J ouTeuT
4
Q —$320ka ;.4\. * Al v °
+ 1/2
TLaa1 _
A2 Y
2k =
AVA\!Av
S2ka
= = —i— =
NOTE: Adjust the slope to correspond to the base ‘‘a’’.
Exponential to any base: W=a
FIGURE 18—RAISING A FIXED NUMBER TO A VARIABLE POWER
02pF
T 22ka
INPUT A1 v A I\L P
B OUTPUT
[—_— 0.2uF »320 kS 0.2 uF 1
le— Az v AAA [——i ——o
1 22k0 <
< Gan_n L
| OPEN Adj ke S1ke
5003 50 n% $ Gain Ad. TLas
~ 4000
-.L = J } for 30 dB = o 02uF =T =
INPUT - -
T, o 2f— 2% 1 o
h‘_ 02,F »320 k) 0.2uF ouTRuT
Ie_ B2 Z| (o
| AMA o
1 Ca2Ca2 C2 CB2' 22k LI
:Gax_n 9
OPEN _I 3 Adi Tk $1ka
> <
5oni: 509% $ Gain Adi.
[_p. ~ 4000
:l_: = & S for 30dB = = =

o
vee-

FIGURE 19—DUAL-CHANNEL RF LOGARITHMIC AMPLIFIER WITH 50-dB INPUT RANGE PER CHANNEL AT 10 MHz
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FUTURE PRODUCT TYPE TL500
TO BE ANNOUNCED ANALOG PROCESSOR

JUNE 1976

features N

. . DUAL-IN-LINE PACKAGE (TOP VIEW)
e Resolution ... 13 Bits

. . SIGNAL INPUT 1 [ J 18 ZERO CAP
e Linearity ... {+1 Count) 0.05% Full Scale
Max SIGNAL RTN. 2 [ — :I 17 ZERO CAP
. . Vief OU
o True Differential Input rer0UT 3 16 ves
i 8 ViefIN 4 E ] 15 BUFFER AMP OUT
e High Input Impedance ... 10° Ohms Typ
ANALOG GND 5 [: :] 14 INTEGRATOR IN
e Automatic Zero
REF CAP 6 [ ] 13 INTEGRATOR QUT
e Automatic Polarity REF CAP 7 [ ] 12 Vg
e Internal Precision Voltage Reference BINPUT 8 I: :l 11 DIGITAL GND
e 200 Conversions/Second Typ AINPUT 9 |: 10 COMPARATOR OUT

description

The TL500 contains all the active analog elements for an automatic zeroing, 13-bit dual-slope A/D converter that has
true differential inputs and that will automatically indicate the polarity of the applied input signal. The TL500 requires
a total of five external components: three capacitors and two resistors. These components need no special matching nor
special tolerances.

The TL500 is designed to be used with the TL501 or TL502 logic devices to form a complete A/D converter; how-
ever, it can also be used with other logic devices for special purpose applications.

The TL500 is a product of T1's BI-MOS process, which incorporates standard bipolar and MOSFET transistors on the
same monolithic integrated circuit.

functional diagram

(10)
(1)£ —a
ANALOG{ | j >—— g |
INPUTS
—@Q—o/ o LoGIC
| P ww—0 | CONTROL
(18) | % | TLSOT
ZERO | A OR
P T (17) LOGIC DECODE —Q——(g TLS02
car TG, FOR !
) | | INTERNAL SWITCHES B
—
REF T [ @)
CAP ) I
TLS00 (16)
+0O— Vs
| g l (5) ANALOG
| < OI GND
VOLTAGE (11) DIGITAL
REFERENCE A0 e
GENERATOR | 12)
40— Vee-
FULL-SCALE ]
ADJUST ————
TENTATIVE DATA SHEET 676
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FUTURE PRODUCT TYPE TL502
Tg BE ANNOUNCED DIGITAL PANEL METER

LOGIC CONTROL DEVICE

JUNE 1976
features functional block diagram
) . rrr———"—F"T"—"7F"—""—"—-— + 20,000
e Compatible with TIL330 and TIL321 | i ouTPuT
Common-Anode Displays, and Other osc L ose + 20,000 2 |
Popular Seven-Segment Common-Anode ! |
Displays | ! « Ve
! |
e Over-Range Indicator : REGISTER | |
. ! \ !
e Internal Segment Drivers S— i
CLOCK-ENABLE ™| MULTIPLEXER| |
o Digit Base-Drive Qutputs iy v |
compaRE/ | BCD -7 !
description LAMP TEST T becooen | |
| |
| |
The TL502 is a 4%-digit Digital Panel Meter Logic : AR AR A Frvasd |
Device. It is designed to interface with the TL500 | % i
analog processor, to provide base drive for the L 15 L
external p-n-p digit drivers, and to drive LED I —=-
segments through external limiting resistors. CONTROL GUTPUTS  OUTRUTS oo
TO THE TL500

The TL502 oscillator input can be driven directly from any TTL output, or a 470-pF capacitor connected between
that input and ground will develop an internal clock frequency.

Figure 1 shows a typical digital panel meter application.

|
1
[
H
|
|
|
|
—
@
<
10—-—5

F= =0 - —O-——— 1
V, TRIGGER/
| i €€ cLock ENaBLE (D1 1
| | ot %27 W
BASE ¢ D.
(0) COMPARE/ ORIVERS ] | N
j>_ TEST Da—— 1§
| o i
| S | N
.
|

H
so @[>
s
|

| N
LOGIC DECODE QA SEGMENT ¢ 4 |
FOR 1 DRIVERS
INTERNAL SWITCHES
: Os
9
TLS02
TL500 (16)
Vees ! % \. L |
l - — - T _——

|
|
& anaos | r - i ﬂI
i GND | | 4 ’ I o F ' . ’
VOLTAGE (11) DIGITAL ol _— I
REFERENCE | | 1 . i e <
GENERATOR Loz, | osc | o famfe [ []
v 0= Vee- GND INPUT ° B d ° !
grseae oy T —————— _________ ] o et B P P ey -
470 pF TIL321 (4)

FIGURE 1- TYPICAL DIGITAL PANEL METER USING TL500 AND TL502
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LINEAR TYPE TL560C
INTEGRATED CIRCUITS PRECISION LEVEL DETECTOR

BULLETIN NO. DL-S 7612400, MAY 1976

e Stable Threshold Level o Threshold Hysteresis
e Low Input Current e Wide Supply Voltage Range
o High Output Sink Current Capability e Formerly SN72560

description

The TL560 is a precision level detector intended for applications that require a Schmitt-trigger function. The detector
has excellent voltage and temperature stability and an internal voltage reference for the input threshold level. The
reference-voltage pin is available for external adjustment of the positive-going threshold voltage level.

The TL560C is characterized for operation from 0°C to 70°C.

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

ALL TERMINALS ARE INSULATED
FROM THE CASE

vecc NC INPUT NC
vec RIEAIIIE
— |

p

1[]2)]3]]4

GND REF NC OUTPUT

OUTPUT

NC—No internal connection

schematic

03k

INPUT
0.2k OUTPUT

3k

5k ‘ 3k

REFERENCE

Resistor values shown are nominal and in ohms.
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TYPE TL560C
PRECISION LEVEL DETECTOR

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

Supply voltage, Voo (seeNote 1) . . . . . . . . . . . . L L . e e e e e e e e .. TV
Inputvoltage (seeNote 1) . . . . . . . . . . . . . . .. ... ... ... .. Ve
Output voltage (see Note 1) .1 A
Output sink current e .. e e e e e e e e . . . 160mA
Continuous total dissipation at (or below) 25 C free -air temperature (see Note 2) e e e e e . . . . . 8OOMW
Operating free-air temperaturerange . . . . . . . . +« « « « v v« v v s v . . . ... 0Cto70°C
Storage temperature range . . . . . . e e e e e e e e ... . ... =—-88°Cto150°C
Lead temperature 1/16 inch from case for 60 seconds L package . . . . . . . ... ... .... 300°C
Lead temperature 1/16 inch from case for 10 seconds: Ppackage . . . . . . . . . . . . . . . . . 260°C

NOTES: 1. All voltage values are with respect to the network ground terminal.
2. For operation above 25°C free-air temperature refer to Dissipation Derating Curve, Figure 3. 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.

recommended operating conditions
MIN NOM MAX UNIT

Supplyvoltage, Vee . . . . . . . . . . e e e e e e e e e e . ... 25 5 7 \4
Low-level output current, 1o e 48 mA
Operating free-air temperature, TA . . . . . . . « « « « « o 0 0 00 0. 0 70 °c

electrical characteristics over recommended operating free-air temperature range, VCC = 5V
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX|UNIT
VT4 Positive-going threshold voltaget 2.8 3 32| v
Ratio of positive-going threshold
V1V Veg=25Vto7V 0.6
T+HYce voltage to supply voltage cc
V- Negative-going threshold voltage$ 0.4 0.6 0.8 \
Input current below
IT+ . ) V=275V, Output on 2 30 [ nA
positive-going threshold voltage
Input current above
[ g ) X Vi=1V, Qutput off 1.2 LA
negative-going threshold voltage
lO(off) Off-state output current V=4V, Vg=25V 10 | uA
Vo(on) On-state output voltage V=0, lo =48 mA 0.2 0.4 \
IcCloff)  Supply current, output off {each detector) Vi=4V 4.8 6.5 | mA
IcClon)  Supply current, output on {each detector) Vi=0 10 15 | mA

TPositive- -going threshold voltage, V4, is the input voltage level at which the output changes state as the input voltage is increased.
iNegat:ve -going threshold voltage, Vy_, is the input voltage level at which the output changes state as the input voltage is decreased.

See data sheet DL-S 7412126, Linear and Interface Circuits Ordering Instructions and Mechanical Data, dated April 1974 and its Supplement,

dated February 1976.
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TYPE TL560C
PRECISION LEVEL DETECTOR

TYPICAL CHARACTERISTICS

POSITIVE-GOING THRESHOLD VOLTAGE ON-STATE OUTPUT VOLTAGE
vs
SUPPLY VOLTAGE ON-STATE OUTPUT CURRENT
5 08
. Ta=25°C I S Vec-sv " I
! I > o7pVi=0
& N A 1 Ta=25C
= o §
5 L~ R " t
3 2 \
El -
% 3 / § 05 T T
s S oaf—te ?f
> E} i
£ 5 = i
7ol £ o — ‘
: 5 Nz |
= T 02
£ L |
3 ;
s T > 01
£ [ 1 |
0 0
2 3 4 5 6 7 0 25 50 75 100 125 150
Vee—Supply Voltage—V 10(on)—On-State Output Voltage—V
FIGURE 1 FIGURE 2

THERMAL INFORMATION

DISSIPATION DERATING CURVE

1000
z 900
800 =2 ;
700 10 <
a 600 \!\ I~
- L {See
3 500 Note 3)
2
S 400
g e
S 100
T PKG  DERATE FROM
200 — L e4mw/’C 25°C
G 74mwSc 42°C
= 100 —| P 8OmW/’C 50°C
o LT 1 — 1

0 10 20 30 40 50 60
T p—Free-Air Temperature—"C

FIGURE 3

NOTE 3: 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.

TYPICAL APPLICATION DATA

The TL560 performs the function of a Schmitt trigger circuit. The logic function is noninverting and has a wide
hysteresis between the positive-going and negative-going threshold voltage levels (see Figure 4).

Operation of the TL560 is specified at a VGG of 5 V, although 2.5-V to 7-V supply operation is possible. The device
can be used with popular logic systems (such as Series 54/74 TTL) and standard battery voltages.

Figure 5 is used to illustrate operation of the TL560 circuit. The input stage is a differential amplifier composed of Q1,
Q2, 03, and Q4. The input signal is applied at the base of Q1 while the base of Q2 is connected to an internal reference
voltage determined by resistors R4 and R5 and VG Vief = Vo R5/(R4+R5).
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TYPE TL560C
PRECISION LEVEL DETECTOR

6 Vee=5V
p— Ve Ta=25°C
VTt 5
PUT
N ! V- :: RL >
0 [} 3 _L,. 4
| HYSTERESIS | £
o
! ] weut—| [T OUTPUT 2k
! 2 ™ VT4
— Vcc s, l—}-HYSTERESIS +—f
5
J_ REFT >
1
OUTPUT =——==V((on) —_— =
OPEN o

TYPICAL APPLICATION DATA

0 05 1 15 2 25 3 35 4
Vi—Input Voltage-V
FIGURE 4—INPUT-OUTPUT TRANSFER FUNCTION

REFERENCE

| | | | |

Vee T T T T I

| | | | |

26
| | 1 | g |
| 1 | | |
as
I 1 $re | as |
| | | |
R3

INPUT @ | s—1 ! I

! | i | R7 ouTPUT
f ;
| I | | I
Q9
| T | | |
a6 $Rs

! R1 | R2 I3 | RS $ |

| | | | |

GND —T T L | |

: DIFFERENTIAL | HYSTERESIS | THRESHOLD | oUTPUT I

INPUT (POSITIVE FEEDBACK) REFERENCE DRIVER
I AMPLIFIER I CIRCUIT | CIRCUIT |  CIRCUIT |

FIGURE 5—FUNCTIONAL CIRCUIT DIAGRAM

If the base of Q1 is less positive than the base of Q2, Q2 conducts and causes Q4, Q5, Q7, Q8, and the output,

transistor, Q9, to conduct. Transistors Q2 and Q5 share the current in emitter resistor R1. Since Q1 does not conduct,
Q3 and Q6 do not conduct. There is no base current in Q1, and therefore no current required from the input source. A
very high input impedance therefore exists. Since Q2 is conducting, a small voltage drop exists across R3 due to Q2
base current.

If the input voltage is increased, Q1 does not conduct until the input voltage (base voltage of Q1) approaches the base
voltage of Q2. Current is then switched from the emitters of Q2 and Q5 to the emitter of Q1. Conduction in Q1 causes
current to flow in Q3 and Q6 which results in additional voltage drop in R3 and therefore a reduction in the base
voltage of Q2. This positive feedback accelerates switching action and causes conduction to rapidly cease in Q2, Q4,
Q5, Q7, Q8, and the output transistor, Q9. Conduction in Q6 causes the base of Q2 to assume a voltage (approximately
0.6 V) much lower than the original reference voltage (approximately 3 V). This results in hysteresis between the
positive-going and negative-going threshold levels.
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TYPE TL560C
PRECISION LEVEL DETECTOR

TYPICAL APPLICATION DATA

After switching occurs, the base current of Q1 increases to a somewhat higher value than just below threshold because
of higher Q1 operating currents. Once the positive-going threshold level (=3 V) has been reached, the input voltage
must be reduced to the negative-going threshold level (~0.6 V) before switching back to the original state will occur.
Figure 4 illustrates the threshold levels of the TL560. Because the input current increases after the positive-going
threshold voltage level has been exceeded, the input voltage will be reduced by an amount dependent on the source
resistance. If the reduced input voltage is not below the negative-going threshold voltage level, a stable state will exist. If
the source resistance is too high, oscillation or periodic switching may occur.

The positive-going threshold voltage level (VT+) is guaranteed to be 3.00 + 0.20 volts at a Vgg of 5 V. It is also
approximately 60% of the supply voltage over the supply voltage range of 2.5V to 7 V. With a resistor-capacitor
network as illustrated in Figure 7, a VT+/VC( ratio of 60% results in a timed interval of approximately RC seconds,
independent of the V¢ level. Since the input current is nominally 2 nA just below the VT+ level, very large values of
R and/or large values of C may be used to achieve long-timed intervals. The duration of the timed interval may be
greatly increased (at the expense of accuracy) by using a P-N-P transistor as shown in Figure 11 in a
capacitance-multiplication technique. The timed interval is, however, sensitive to variations in the hFg of the P-N-P
transistor. Also for any of the timing applications, very-low-leakage capacitors are necessary for accurate operation.

The low input current (30 nA maximum for IT+) and high output sink current (160 mA maximum) make the TL560
excellent in applications of interfacing between low-level systems and TTL systems where precision level detection is
required. The output is capable of sinking up to a maximum of 160 mA with a TTL-compatible on-state voltage of
0.4V maximum guaranteed at a sink current of 48 mA. With an appropriate output pull-up resistor
(R~ 2k to 5 V), a fan-out of approximately 30 Series 74 TTL loads can be accommodated.

In addition to applications interfacing with TTL systems, the TL560 finds application in driving relays, lamps,
solenoids, thyristors {SCRs and triacs), and other peripheral devices.

Vee Vee
" < >
A1 3hL 3Rt 3h
imp Vo IJ Vo

t=0
—» .
R2 Vi cr
‘ REF Ll | Rer
~ OPEN ~ OPEN
~Vce
Output turns off when Vy 2 V1
Output turns on when V| < V1_ OUTPUT
= R2
where V| VCCR——HRZ —_——==V0(on)
l «—f t~R7Cy
FIGURE 6—-BASIC SENSOR CIRCUIT FIGURE 7—BASIC TIMED-INTERVAL CIRCUIT
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TYPE TL560C
PRECISION LEVEL DETECTOR

TYPICAL APPLICATION DATA

vVee

I SINK CURRENT

RL i
vo
v, 4o
iu) TIP29 Vi
| REF .L InzF
= OPEN

FIGURE 8—EXTERNAL N-P-N TRANSISTOR
FOR INCREASING SINK CURRENT

RT RL

2N5447

t=0
> L
~¢r

FIGURE 11-LONG-TIMED-INTERVAL CIRCUIT

Vo

OPEN

FIGURE 9—EXTERNAL P-N-P TRANSISTOR
FOR INCREASING SOURCE CURRENT

vee

TIP30

vo Vi—]

—_—
SOURCE CURRENT

ing
l REF

OPEN

I Vee
At RL
1=0 im) vo
— 4
T
REF
=
OPEN

FIGURE 12—-BOUNCELESS SWITCH

RELAY

FIGURE 10—-RELAY DRIVER

Vee LS400 —Vcc Vee
[
OFF R PHOTO SRL ( R 3R
T 3 TRANSISTOR 1 A 3
_D' vo 0 vo IT Vo
& LEVEL (
ou—-' ADJUSTMENT A
t__ REF '—: REF REF
1 | = oren
OPEN L_‘}__ CONDUCTIVE
Rreedback Liauio
OPEN

NOTE A: This circuit can be used as a touch-
control switch with Rgeedback ™ 10 MS2.
FIGURE 13-SWITCH WITH TWO
STABLE STATES

AC
SOURCE

OPEN

L

FIGURE 16—-THYRISTOR DRIVER CIRCUIT

FIGURE 14—LIGHT-LEVEL SENSOR

FIGURE 15-LIQUID-LEVEL SENSOR

) ¢ Vee

<
R
: LAn
Wl o Yo
REF
=
OPEN

FIGURE 17-SINE-WAVE-TO-SQUARE-
WAVE CONVERTER
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LINEAR
INTEGRATED CIRCUITS

TYPES TL601, TL604, TL607, TL610
P-M0OS ANALOG SWITCHES

BULLETIN NO, DL-S 7612401, JUNE 1976

e  Switches +10-V Analog Signals

e  TTL/DTL Logic Capability

. 5- to 30-V Supply Ranges

e Low (100 Q) On-State Resistance
e High (10'1 Q) Off-State Resistance
e  8-Pin Functions

description

The TL601, TL604, TLE07, and TL610 are a family
of monolithic P-MOS analog switches that provide
fast switching speeds with high roff/ron ratio and no
offset voltage. The p-channel enhancement-type MOS
switches will accept analog signals up to 10 volts and
are controlled by TTL-compatible logic inputs. The
monolithic structure is made possible by BI-MOS
technology, which combines p-channel MOS with
standard bipolar transistors.

These switches are particularly suited for use in
military, industrial, and commercial applications such
as data acquisition, multiplexers, A/D and D/A
converters, MODEMS, sample-and-hold systems, sig-
nal muitiplexing, integrators, programmable oper-
ational amplifiers, programmable voltage regulators,
crosspoint switching networks, logic interface, and
many other analog systems.

The TL601 is an SPDT switch with two logic control
inputs. The TL604 is a dual complementary SPST
switch with a single control input. The TL607 is an
SPDT switch with one logic control input and one
enable input. The TL610 is an SPST switch with
three logic control inputs. The TL610 features a
higher roff/ron ratio than the other members of the
family.

The TL601M, TL604M, TL607M, and TL610M are
characterized for operation over the full military
temperature range of —55°C to 125°C, the TL601I,
TL6041, TL6071, and TL610I are characterized for
operation from —25°C to 85°C, and the TL601C,
TL604C, TL607C, and TL610C are characterized for
operation from 0°C to 70°C.

TYPICAL OF TYPICAL OF
ALL INPUTS ALL SWITCHES
Vee—
S
—I =-Vce+
= Vee-

JG OR P DUAL-IN-LINE PACKAGE (TGP VIEW)
TLE01

Vecs S2 S Veeo

1121314

GND A ENABLE S

TL610

GND

2
A

Switch positions shown are for all inputs high.
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TYPES TL601, TL604, TL607, TL610

P-MOS ANALOG SWITCHES

TLGO1 TLG04
s1 s1 O s1
! )
s : |
|
)
| A——s2 52 04 s2
! !
| S
T 1
A S A -
B eecand
FUNCTION TABLE FUNCTION TABLE
LOGIC INPUTS ANALOG SWITCH LOGIC INPUT ANALOG SWITCH
A 8 s1 s2 A s1 s2
L X OFF (OPEN)  ON (CLOSED) H ON (CLOSED) OFF (OPEN)
X L OFF (OPEN)  ON {CLOSED) L OFF (OPEN)  ON (CLOSED)
H H ON (CLOSED) OFF (OPEN)
TL610
S 4)"‘" 7 3 s

Do
C

| Sy

FUNCTION TABLE

| INPUTS ANALOG SWITCH
== A B [ S
A L X X OFF (OPEN)
X L X OFF (OPEN)
“I-== X X L OFF (OPEN)
ENABLE H H H ON (CLOSED}
FUNCTION TABLE
INPUTS;-E s?NALOG SWIT:: H = high logic level
A ENAB °
L = low logic level
X L OFF (OPEN)  OFF (OPEN) X = irrelevant
L H OFF (OPEN) ON (CLOSED) Switch positions shown are for
H H ON (CLOSED) OFF (OPEN) all inputs high.

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

Supply voltage,
Supply voltage,
Vce+ to Vee—

Vee+ (see Note 1)
vVee- .
supply voltage dlfferentlal

Control input voltage . . .

Switch off-state

voltage

Switch on-state current

Operating free-air temperature range: TL601M TL604M TL607M TLS‘lOM

TL601I, TL604I, TL6071, TL610!
TL601C, TL604C, TL607C, TL610C
Storage temperature range . .
Lead temperature 1/16 inch from case for 60 seconds JG package
Lead temperature 1/16 inch from case for 10 seconds: P package

NOTE 1: All voltage values are with respect to network ground terminal.

30V

. =30V

35V

. Veet

30V

. .10mA
.. Z85°C to 125°C
. . —25°Cto85°C
. . 0°Cto70°C

. —65°C to 150°C

. 300°C

. 260°C

TEXASI INSTRUMENTS

CORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



676

TYPES TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

recommended operating conditions

TL601M, TLE0AM TL6011, TL604I TL601C, TL604C
TLEO7M, TL610M TL6071, TL610I TLE07C, TL610C UNIT
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX

Supply voltage, Voc+ (see Figure 1) 5 10 25 5 10 25 5 10 25 \"
Supply voltage, Vcc— (see Figure 1) -5 =20 —25 -5 =20 —25 -5 20 —25 v
Vee+ to Veoe— supply voltage differential (see Figure 1) 15 30 15 30 15 30 \'
Control input voltage 0 55 0 5.5 0 5.5 \%
Switch on-state current 10 10 10 mA
Operating free-air temperature, Ta -55 125 —25 85 0 70 °C

Figure 1 shows power supply boundry conditions for proper operation of the TL601 Series. The range of operation for
supply Vge+ from 45V to +25 V is shown on the vertical axis. The range of supply Vgg— from -6V to =25V is
shown on the horizonta! axis. A recommended 30-volt maximum voltage differential from Vgt to Vcc— governs the
maximum V e+ for a chosen Vog— {or vice versa). A minimum recommended difference of 15 volts from Vcc+ to
Vcc— and the boundaries shown in Figure 1 allow the designer to select the proper combinations of the two supplies.

RECOMMENDED COMBINATIONS
OF SUPPLY VOLTAGES

25,

20

10

Vce+ —Supply Voltage—V

-30 -26 -20 -15 -10 -5 0
Vcc— —Supply Voltage—V
FIGURE 1
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TYPES TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

electrical characteristics over recommended operating free-air temperature range,
Vee+ =10V, Voo = =20V, analog switch test current = 1 mA (unless otherwise noted)

TLE——M
TL6—--C
PARAMETER TEST CONDITIONS? TLE6——) UNIT
MIN  TYyPf max |[MIN  TYPF mMaAX
Viq High-level control input voltage 2 2 v
ViL Lowdevel control input voltage 0.8 08| V
I}  Highdevel control input current | V| =55V 0.5 10 0.5 10| pA
ljt  Lowdevel control input current V=04V —-50 —250 -50 —250| nA
| Switch oft Vi(sw) = =10V, Ta=25°C —400 —800 —500 —1000 | PA
off  Switch offstate current See Note 2 Ta = MAX ~50 —100 10 —20 | nA
TL601
Visw) =10V, TLBO: 55 100 75 200
10(sw) = —1 mA TL6O
Switch . TL610 40 80 40 100 a
fon Switch on-state resistance TLe01
Vigsw) ==10V, TLEO4 220 400 220 600
10(sw} = =1 mA TL607
TL610 120 300 120 400
roff Switch offstate resistance 1x 101 5X 1010 2
Con Switch onstate input capacitance | Vi(gw) =0V, f=1MHz 16 16 pF
Cotf Switch off-state input cepacitance | Vi(sw) =0V, f = 1 MHz 8 8 pF
TLEOY
X & 5 10 5 10
Logic input(s} TL604
8155 y, .Enable‘ 5 10 5 10
Icc+ Supply current from Voo+ All switch input high TLEO7 mA
terminal |
rminals .Enab ] 3 s 3 5
open input low
TL610 5 10 5 10
TL601
-1.2 =25 -1.2 25
Logic inputls) TL604
t55V
285V, Enable. -25 -5 25 -5
Icc— Supply current from Voc— All switch input high TLEO7 mA
terminals Enable
ermin ) ~005 -05 -005 -05
open input low
TL610 -12 -25 -12 =25
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1Al typical values are at Tp = 25°C.
NOTE 2: The other terminal of the switch under test is at Vogs = 10 V.
switching characteristics, Voo = 10 V, Voo = —20V, Ty = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
totf  Switch turn-off time 400 500
R =1 k82, C = 35 pF, See Fi 2 ns
ton  Switch turnon time L L P e Tigare 100 150
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TYPES TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

PARAMETER MEASUREMENT INFORMATION

24V +10V

PULSE
GENERATOR
{See Note A)

1k

TEST CIRCUIT

NOTES: A, The pulse generator has the following characteristics:
8. C) includes probe and Jig capacitance.

QUTPUT
CL=35pF

- ——=5V
INPUT 50% 50%

R | ov

/_D(See Note B)

]
ton— | o ff —ilm——p

-4 =Vo
OUTPUT 90% ' 0%

VOLTAGE WAVEFORMS

1kQ

vo=1{10V) m

Zout = 50 £, t, = 15 ns, t¢= 15 ns, t,, = 500 ns.

FIGURE 2

TYPICAL CHARACTERISTCS

SWITCH ON-STATE RESISTANCE
Vs
SWITCH ANALOG VOLTAGE

SWITCH ON-STATE RESISTANCE
vs
FREE-AIR TEMPERATURE

1000 | I 1000
700 — Tp=25°C- 700 [ |
o Vifsw) =—12V
T 400 '0(sw) = =10 mA S 400 Vi{ow) = =11 V
© Q
s Io(sw) = —1 mA £ T Viw - “"_l'-——k———
.§ 200 ,‘3 200 — |
: N ; OO
b Vilsw
5 100/1610) = —100 LA § 100 B T
: o 4 v
< 70 — 270 =TV
2 D S e |
S 1 L]
& 40 c 40 =
= °
T
l0(sw) = 1 mA
10t 10
-15 -10 -5 0 5 10 -75 =60 -26 0 25 50 75 100 125
Vi{sw)—Switch Analog Voltage—V Ta—Free-Air Temperature—"C
FIGURE 3 FIGURE 4
676 PRINTED IN US.A.
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LINEAR TYPES uA733M, uA733C
INTEGRATED CIRCUITS DIFFERENTIAL VIDEO AMPLIFIERS

BULLETIN NO. DL-S 7611415, NOVEMBER 1970-REVISED JUNE 1976
FORMERLY SN52733, SN72733
e 200 MHz Bandwidth
e 250 k2 Input Resistance
e Selectable Nominal Amplification of 10, 100, or 400

e No Frequency Compensation Required
e Designed to be Interchangeable with Fairchild uA733 and tA733C

description schematic
2480 240 wokn ARLE AREY 'J

The uA733 is a monolithic two-stage video amplifier g_‘b‘)_] ™
with differential inputs and differential outputs.

wrrof,  Spews | | | ‘
Internal series-shunti feedback provides wide band- w{gr« I F;g}m - 2
width, low phase distortion, and excellent gain i P ]
stability. Emitter-follower outputs enable the device saos w0u ,,
to drive capacitive loads and all stages are current- "
source biased to obtain high common-mode and oo " on won $ aon

supply-voltage rejection ratios.
Component values shown are nominal,

Fixed differential amplification of 10, 100, or 400 may be selected without external components, or amplification may
be adjusted from 10 to 400 by the use of a single external resistor connected between G1A and G1B. No external
frequency-compensating components are required for any gain option.

The device is particularly useful in magnetic-tape or disc-file systems using phase or NRZ encoding and in high-speed
thin-film or plated-wire memories. Other applications include general purpose video and pulse amplifiers where wide
bandwidth, low phase shift, and excellent gain stability are required.

The uA733M is characterized for operation over the full military temperature range of —55°C to 125°C; the uA733C
is characterized for operation from 0°C to 70°C.

terminal assignments
U FLAT PACKAGE

JORN L
DUAL-IN-LINE PACKAGE (TOP VIEW) PLUG-IN PACKAGE (TOP VIEW) {TOP VIEW)
GAIN  GAIN GAIN GAIN
INPUT SELECT SELECT OuUTPUT
Neut szg:rszl.’icrwc’ e OUTRUT GAIN SELECT A a8 G Voo 2
wllal[el{ol{w]ls]ls ONONONONO!
[
N N

>

V{213 ([(4[]5{[6(]17

INPUT NC _GAIN GAIN Vcc- NC OUTPUT
A SELECT SELECT 1
G2A G1A

©
@.-
@.
@-.
2O

INPUT GAIN GAIN Vce-
1 SELECT SELECT
PIN 5 1S IN ELECTRICAL CONTACT WITH THE CASE G2A G1A

NC—No internal connection

676
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TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

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

uA733M uA733C UNIT
Supply voltage Voc+ (See Note 1) 8 8 \"
Supply voltage Vec— (See Note 1) -8 -8 A\
Differential input voltage +5 5 \
Common-mode input voltage +6 +6 \4
Output current 10 10 mA
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 2) 500 500 mw
Operating free-air temperature range —55 to 126 0to 70 °C
Storage temperature range —65 to 150 —65 to 150 °c
Lead temperature 1/16" from case for 60 seconds J,L, or U package 300 300 °C
Lead temperature 1/16" from case for 10 seconds N package 260 260 °C

NOTES: 1.

where the zero reference level is the midpoint between Vo4 and Voo—.
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2,

electrical characteristics, Vee+=6V.Vee_=-6V, Ty =25°C

All voltage values, except differential input voltages, are with respect to the zero reference level (ground) of the supply voitages

TEST GAINT uA733M uA733C
PARAMETER TEST CONDITIONS UN
FIGURE SELECT |MIN TYP MAX|MIN TYP MAX I
. . . 1 300 400 500 [250 400 600
Large-signa! differential
Avp e 1 Vop=1V 2 90 100 110 | 80 100 120
voltage amplification
3 9 10 11 8 10 12
1 50 50
BW Bandwidth 2 Rg =50 2 90 90 MHz
3 200 200
lio Input offset current Any 0.4 3 04 5 A
[T Input bias current Any g 20 9 30 HA
\7] Input voltage range 1 Any 1 *1 A\
Common-mode
Voc 1 Any 24 29 34|24 29 34 A
output voltage
1 06 15 06 15
\Y Output offset voltage 1 \
00 P 9 2&3 035 1 035 15
Maximum peak-to-peak
Vorp ) 1 Any 3 47 3 47 \
output voltage swing
1 4 4
fi Input resistance 3 Vops<1V 2 20 24 10 24 kQ
3 250 250
o Output resistance 20 20 1]
C; Input capacitance 3 Vops1Vv 2 2 2 pF
CMRR Ccfmrrmn-m?de 4 Vic=%1V, < 100 kHz 2 60 86 60 86 o8
rejection ratio Vic=31V, f=5MHz 2 70 70
Supply voltage AV =:05V,
avVcclavig ooPY Ve 1 ce+ 2 |50 70 50 70 d8
rejection ratio AVeec—-=3205V
Broadband equivalent -
Vn neeq 5 |BW=1kHzto 10 MHz Any 12 12 Y
input noise voltage
1 75 7.5
t P ion delay ti 2 As-s02, 2 6.0 10 6.0 10
pd ropagation delay time Output voltage step = 1V X . ns
3 3.6 3.6
1 10.5 10.5
L Rs =504,
tr Rise time 2 Output voltage step = 1V 2 45 10 45 12 ns
w =
utput voltage step 3 25 25
. Maximum output A 26 236 25 36 mA
H n o B . B
sink{max) sink current v
icc Supply current No load, No signal Any 16 24 16 24 mA

tThe gain selection is made as follows:

Gain 1... Gain Select pin G1A is connected to pin G 1B, and pins G2A and G2B are open.

Gain 2. .. Gain Select pin G1A and pin G1B are open, pin G2A is connected to pin G2B.
Gain 3... All four gain-select pins are open.
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TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

electrical characteristics (continued), Vcc+ =6V, Vgc—-=—6V

676

TaA =—55°C to 125°C for uA733M, 0°C to 70°C for uA733C

PARAMETER TEST TEST CONDITIONS GAINT uA733M uAT33C UNIT
FIGURE SELECT| MIN MAX | MIN MAX
Large-signal differential ! 200 500 | 250 600
Avp voltage amplification ! Vop=1V 2 8 120] 80 129
3 8 12 8 12
ho Input offset current Any 5 6| HA
hB Input bias current Any 40 40 | pA
V) Input voltage range 1 Any 1 +1 \"
Voo Qutput offset voltage 1 ! 1.5 1.5 \
2&3 1.2 1.5
Vorp Maximum peak—\o.-peak 1 Any 25 28 v
output voltage swing
ri Input resistance 3 Vop<1V 2 8 8 kQ
CMRR Cc?mn.\on-mc.)de 4 Vic=%1V, f<100kHz 2 50 50 a8
rejection ratio Vic=%1V, f=5MHz 2
AVee/AVio S({pplly voha.ge 1 AVee+ =105V, 2 50 50 @B
rejection ratio AVee-=305V
Isink(max) Maximum output Any 22 25 mA
sink current
lcc Supply current No load, no signal Any 27 27| mA

1The gain selection is made as follows:
Gain 1., .. Gain Select pin G1A is connected to pin G1B, and pins G2A and G2B are open.
Gain 2., . Gain Select pin G1A and pin G1B are open, pin G2A is connected to pin G2B.
Gain 3 ... All four gain-select pins are open.
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TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

DEFINITION OF TERMS
Large-Signal Differential Voltage Amplification (Ayp) The ratio of the change in voltage between the output terminals
to the change in voltage between the input terminals producing it.

Bandwidth (BW) The range of frequencies within which the differential gain of the amplifier is not more than 3 dB
below its low-frequency value.

Input Offset Current (1)) The difference between the currents Into the two input terminals with the inputs grounded.
Input Bias Current (1)) The average of the currents into the two input terminals with the inputs grounded.

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 Output Voltage (Vo) The average of the d-c voltages at the two output terminals.

Output Offset Voltage (VOQ) The difference between the d-c voltages at the two output terminals when the input
terminals are grounded.

Maximum Peak-to-Peak Output Voltage Swing (Vopp) The maximum peak-to-peak output voltage swing that can be
obtained without clipping. This includes the unbalance caused by output offset voltage.

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

Output Resistance (rg) The resistance between either output terminal and ground.

Input Capacitance {C;j) The capacitance between the input terminals with either input grounded.

Common-Mode Rejection Ratio (CMRR) The ratio of differential voltage amplification to common-mode voltage
amplification. 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 Rejection Ratio (AVcG/AV () The absolute value of the ratio of the change in power supply voltages
to the change in input offset voltage. For these devices, both supply voltages are varied symmetrically.

Equivalent Input Noise Voltage (V) 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.

Propagation Delay Time (tpd) The interval between the application of an input voltage step and its arrival at either
output, measured at 50% of the final value.

Rise Time (t,) The time required for an output voltage step to change from 10% to 90% of its final value.

Maximum Output Sink Current (lsink{max)) The maximum available current into either output terminal when that
output is at its most negative potential.

Supply Current (Icc) The average of the magnitudes of the two supply currents Icc1 and Icc2.
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TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

test circuits

0.2 uF
N
o— o
t 1 ¥
Vip Voo  32kQ Vip 0.2 uF
oY - o _
5003 _%509 5003 _%509 1kQ $1kQ
L L X 3 1
FIGURE 1' FIGURE 2
500 0.2 uF
o ™\ e
Voo ::2 kS )
3 f_—‘ 50 2 02HF
/ v - v [AY
; 1k $1kQ
FIGURE 3 FIGURE 4
G2BG18
o
0.2 uF
o [N —o
N\ 0.2 uF
> ° e 1L o
Vop  $2kQ © L1 1€ o
> >
> 350 9‘%50 Q )!'Radi ‘%1 9] §:L1 Q2
= o 0
G2A G1A
VOLTAGE AMPLIFICATION ADJUSTMENT
FIGURE 5 FIGURE 6
TYPICAL CHARACTERISTICS
PHASE SHIFT PHASE SHIFT
%23 vs
FREQUENCY FREQUENCY
5° T T 80° Veer =6V |
Veg+ =6V o cce ™
Vee-= -6V | i Tt
o Ta=25°C 7 = tanz | N
! =100° T TN
z
5 N GAIN 2 % st \
£ ~10° £ -250° \
N -300° t
—15° —-350°
—400°
-20° —450°
0 1 2 3 4 5 6 7 8 9 10 1 4 10 40 100 400
f-Frequency—-MHz f—Frequency—MHz
FIGURE 7 FIGURE 8
676
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TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

TYPICAL CHARACTERISTICS

VOLTAGE AMPLIFICATION
(SINGLE-ENDED OR DIFFERENTIAL)

Vs
TEMPERATURE
1.2 —
Vee+ =6V

JGAIN 1 Vee-=-6V

11
[— uA733C
GAIN 2 GAIN 3

_food

TGAIN 3 \L GAIN 2

09 o

GAIN 1

Voltage Amplification Relative to Value at TA = 25°C
o

08
-75 -50 -256 0 25 50 75 100 125
Ta—Free-Air Temperature—°C

FIGURE 9

DIFFERENTIAL VOLTAGE AMPLIFICATION

VOLTAGE AMPLIFICATION
(SINGLE-ENDED OR DIFFERENTIAL)
vs

> SUPPLY VOLTAGE

b

R E Y

g [Ta-2%c

22 =
%

®

3

s [ ——]
2 101GAIN 3ty

2 =t

£ [cAINZ v

< 08 ]

c

s Emm

g

=06

=3

E

<

M

£o0a

3 3 a 5 6 7 8
= IVCes I-Supply Voltage—V

FIGURE 10

SINGLE-ENDED VOLTAGE AMPLIFICATION

vs - Vs
RESISTANCE BETWEEN G1A AND G1B FREQUENCY
1000 Ty o 90 T
S 700 Vee+ =6V N CGAIN I~
3 Vee-=-6V §
£ 400 Vop=1V g
a o -
£ TA=25°C = F
< 200 ™ See Figure 6 3 GAN \
Py N < 30
z { 5 \
2 100 = \
3 70 3 2of =24
5 o 2 GAIN 3 | 411 N
e ? 10-Vce=6V
e o i \
< i z TA-257C
1 L1
%0 40 100 400 1k 4k 10k 1 4 10 a0 100 400
Radj—Resistance Between G1A and G1B-02 - Frequency-MHz
FIGURE 11 FIGURE 12
SUPPLY CURRENT SUPPLY CURRENT
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
20
BT
\ 18 No Load
16 20 |- No Signal
Ta=25C
‘% 1 = uA733C — "? ]
£ 12 £
£ £ e
S 10 Q12
£ 2 //
3 cc+=6V 3 8
, 61— vgee=-8V N
Q cc- )
L 4 |— No Load °
2 No Signal 4
0 I I J 0
75 50 —25 0 25 50 75 100 125 3 4 5 6 7 8
Tpa—Free-Air Temperature—"C Vet -Supply Voltage—V
FIGURE 13 FIGURE 14
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TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
Vs vs
LOAD RESISTANCE SUPPLY VOLTAGE

5 T 71T S 8
> Vees =6V ) 1 Ta =25°C
& [ Vec-=-6V 27
& TaA =25°C £
o 4 )
> ?_ 6
5 3 P
o / S5 -~
x 3 y k] /

[
& / s A
¢ / $4 -
% y Jl‘u /
22 / & 3 '/
g é ]
E £
= 2
3

21 // 1
|
-8 ) a1
[N
$ H §

Y 0

10 40 100 400 1k 4k 10k 3 4 5 6 7 8

Ry —Load Resistance—2 Wees HSupply Voltage—v

FIGURE 15 FIGURE 16
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE INPUT RESISTANCE
Vs A2
FREQUENCY FREE-AIR TEMPERATURE
6 TTTIT UL 40
> V =6V ! ! I
1 CC+ Vec+=6V L
8 Vee-=—6V 35 |— Vec—=—-8V V4
£y Ta=25°C V
o
2 N 30 /
& \ X |
O=I 4 ‘L // |
N S 25
% £ GAIN 2 _}~ |
o 4 // !
S 3 220 - }
_§ < —+—T [+ uA733C 1™
o _% 15
€2 T
E -
% \ 10
s
[
& 5
o
>
o , 0
1 2 4 7 10 20 40 70100 200 400 —-60-40-20 0 20 40 60 80 100 120 140
f—Frequency—MHz Ta~Free-Air Temperature—°C
FIGURE 17 FIGURE 18
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TYPES uA733M, uA733C

DIFFERENTIAL VIDEO AMPLIFIERS

TYPICAL CHARACTERISTICS

COMMON-MODE REJECTION RATIO
Vs

DIFFERENTIAL INPUT OVERLOAD RECOVERY TIME

vs

FREQUENCY DIFFERENTIAL INPUT VOLTAGE
100 TT——T—T—T T . 40 T T T
VCC+_—GVVL < Veer =6V
L %0 Vee-=-6 g 35 Vgo—=—-6V
& 1 Vic=:1V = Ta=25°C
= 80 TA=25°C > /
e Gcain 2|l N § 30 »
£ 7 §
8 N| GAIN 2
- M, 5% A
@ s /
g 50 g2
= 2 N L s /
c
o o
g E 15
E 3 K]
Q € 10 ]
g:: 20 g
g 10 q 5
Q
o 2 0
001 01 ! 10 100 0 20 40 60 B0 100 120 140 160 180 200
f—Frequency—MHz V|p—Differential Input Voltage—mV
FIGURE 19 FIGURE 20
PULSE RESPONSE
AS A FUNCTION OF PULSE RESPONSE
SUPPLY VOLTAGE AS A FUNCTION OF GAIN
1.4 1.4
. T,
Ta=25C
1.2
1.2 .
> Vee: =48V >
] L\_, cee 5 GAIN 3 -/ )
g 10 - g0 —1
5 / Vece =16V § GAIN 2 —
>
s 08 || 5 08 AN
g // Vee: =#3V g // GAIN 1
3
¢ os 2 o0s
2 / GAIN 2 £
S o
3 0.4 £ O.{
E él' Vec+=6V
‘ln 0.2 8 0.2 Vee—=—~6V—]
S > Ta=25"C
0 o ;
-0.2 -0.2 .
0 5 10 156 20 25 30 35 0 5 10 15 20 25 30 35
t=Time—ns t—Time—ns
FIGURE 21 FIGURE 22
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MILITARY PRODUCTS

MIL-M-38510 AND MIL-STD-883 MILITARY
HIGH REL INTEGRATED CIRCUITS

The Texas Instruments MIL-M-38510 and MIL-STD-883 programs offer a variety of options designed to meet con-
tractual, reliability, and cost goals. MIL-M-38510 and MIL-STD-883 have been fully implemented to provide a broad
product line of control circuits for both military original equipment and logistic requirements, Included in this section
is a complete cross reference from the JAN part number to the corresponding standard catalog part number for ease in

locating the commerical equivalent, The cross-reference from the catalog number to the JAN slash sheet number is also
included.

When system designs utilize control circuits not listed on the current QPL or where no slash sheet specification exists,
the T1 /883 or MIL-M-38510 JAN-processed program is recommended as a cost-effective substitute for non-standard
program drawings or specifications.

As an aid to predicting system reliability performance, the following is the estimated quality factor, I1q, for Texas
Instruments Linear Control Circuits, when processed to the options outlined in Table A.

OPTION Iq
JAN MIL-M-38510 CLASS B 2
JAN-PROCESSED CLASS B
/8838 4
STANDARD HERMETIC 10

The following military documents (see Note 1) establish the processing, quality, and reliability assurance requirements
for JAN integrated circuits. The detail requirements of each individual JAN device are specified in the slash sheets.

MIL-M-38510/XXX, Microcircuits, Digital, TTL,...,..
Monolithic Silicon (Slash Sheets)
MIL-M-38510, Microcircuits, General Specification for
MIL-STD-883, Test Methods and Procedures for Microelectronics
QPL-38510, Qualified Products List for MIL-M-38510

o]

NOTE 1: Copies of these documents may be requested from the Naval Publications and Forms Center, 5801 Tabor Avenue, Philedelphia, Pa,
19120,
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MILITARY PRODUCTS

I.  JAN MIL-M-38510 CLASS B PRODUCT

These devices will be manufactured to the full requirements of the appropriate MIL-M-38510 slash sheet in DESC
approved domestic production facilities. The Tl Linear Department is supplying only Class B product (see Table A,

Column 1).

A.  Ordering Instructions:

Order Entry Code™
Device Type

MILITARY HIGH-REL PRODUCTS

JAN/XXXXXBXX
JAN M38510/XXXXXBXX
7

SLASH SHEET
AND DEVICE
TYPE
SEE TABLES | & 1l

MIL-STD-883 CLASS

(CLASS B ONLY)

BLOCK A

PRODUCT AlB

F

JAN CASE OUTLINE & FINISH FOR TI FAMILIES
GI1]J]

L

SERIES 54
SERIES 54H
SERIES 54L X
SERIES 54LS
SERIES 545
LINEAR CONTROL
SERIES 55

MOS LSI

o
X
X

X
X

X X X X X X X|0

X X X X xim

x

X
X

X
X

J
X

X %

X

x X

LEAD FINISH A
LEAD FINISH B x| x
LEAD FINISH C X

B. Symbolization:

JM38510/XXXXXBXX
T! Symbol (Trade Mark)

4-Digit Date Code

*Order entry code is used because the T| order entry system is limited to 14 digits.

FX" Denotes finish A, B, or C at option of manufacturer. Devices will be marked A, B, or C as applicable.

PACKAGE LEAD FINISH
CASE OUTLINE (SEE BLOCK A LEAD FINISH (SEE BLOCK A}
AN PACKAGE 38510 JAN TYPE
{APP.C) A |SOLDERDIP
A 1/4” X 1/4" FLAT-14 F-1 B |TIN-PLATE
B/T | t/a" x 1/8" FLAT-14 | F3 ¢ |GOLOPLATE
c|Dip14 D41 X |orTiONALY
D] 1/4” X 3/8” FLAT-14 F-2
E|DIP-16 D2
F|1/4” X 3/8" FLAT16 | F5
G[To99 A1
H[1/4" X 1/4" FLAT-10 | F4
1|T0-100 A2
J|Dip-24 D3
K|3/8" X 5/8" FLAT-24 | F6
L|3/8" X 1/2"FLAT-24 | F7
t|Dip-22 k4
1 |DIP-18 1
x| T0-5 -
v|T03 -
Z|1/4" X 3/8” FLAT-24 F-8
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MILITARY PRODUCTS

1. MIL-M-38510 JAN-PROCESSED CLASS B PRODUCT§

These devices will be tested to the electrical requirements of the JAN slash sheet specification and 100% processed to
the MIL-STD-883 Class B requirements of Method 5004 (see Table A, Column I1).

A.  Ordering Instructions: same numbering system as JAN with the omission of the JAN designation (see 1 above)

Order Entry Code™ TL/XXXXXBXX
Device Type M38510/XXXXXBXX

B. Symbolization:
M38510/XXXXXBXX
T1 Symbo! (Trade Mark)
4-Digit Date Code
11l. 883 CLASS B PRODUCT

These devices will be tested to the Data Book full-temperature electrical requirements and 100% processed to the
MIL-STD-883 Class B requirements of Method 5004 (see Table A, Column I11).

A.  Ordering Instructions:

Device Prefix Designator{ Package /883B
Example: TL 497M J /8838

B.  Symbolization:
(Device prefix, designator and package)ﬂ /883B
T1 Symbol (Trade Mark)
4-Digit Date Code
IV. STANDARD HERMETIC PRODUCT

This material will be tested to the Data Book electrical requirements and processed per Table A, Column IV,

A.  Ordering Instructions:
E Device Prefix Designatorl Package

B.  Symbolization

(Device prefix, designator and package)ﬂ
TI Symbol (Trade Mark)
4-Digit Date Code

*Order entry code Is used because the T} order entry system is limited to 14 digits.
§similar to TI SNJ JAN-Processed program.
fsee ordering Instructions on page 35.
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TABLE A
MILITARY PRODUCTS PROCESS FLOW

22TSL SYX3AL 'SY1IvVA * ZI0S XO8 ID1440 1SOd

A3LVHOJ4HODNI

SINIWNYLSN] SVXd ]|

LGE

MIL-STD-883

Visual Pre-Cap
Method 2010

Stabilization Bake
Method 1008

Temp. Cycle
Method 1010

Centrifuge
Method 2001

Fine Leak
Method 1014

Gross Leak
Method 1014

Electrical Test

Burn-In (minimum)
Method 1015

Final Electrical

Quality Conformance
Sample Testing

External Visual
Method 2009

Condition B

Condition C

Condition C

Condition E

Condition A
orB

Condition C

Condition B
orD

Method 5004

Method 5005

JAN JAN-PROCESSED 833 CLASS B
JM38510/XXXXX M38510/XXXXX XXXXX/883B
40X and 40X and 40X and
100X 100X 100X

1 | |
24 hrs/ 24 hrs/ 24 hrs/
+150°C +150°C +150°C
| I I
10 cycles 10 cycles 10 cycles
—65°C 10 +150°C —65°C to +150°C —65°C to +150°C
T T I
30,000 G's 30,000 G’s 30,000 G's
Y1 Plane Y4 Plane Y1 Plane
T I T
5X 108 5X 10-8 5X 10-8
atm cc/sec atm cc/sec atm ccfsec
T T I
CONDC CONDC CONDC
— J/-l\N l
JA °
SLASH S'\:-iEET S"As;}s gEET JAN22LCECT
| I 1
160 hrs 160 hrs 160 hrs
125°C 125°C 125°C
1 1 I
JAN JAN
SLASH SHEET SLASH SHEET DATA SHEET
T T 1
ownses] A [mEan
| | |
3X to 10X 3X to 10X 3X to 10X

v
STANDARD
HERMETIC

40X

24 hrs/
+150°C

1Xx10-7

atm cc/sec

CONDC

DATA
SHEET

=

GROUP A

1

3X to 10X

$13naodd AYVLITIN
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MILITARY PRODUCTS

01312t

5445
54145
5446
5447
5448
5449
54181
54182
54121
54122
54123
9601
95602
5492
5493
54160
54163
54162
54161
5490
54192
54193
54196
54197
54177

TABLE I. JAN INTEGRATED CIRCUITS AND CIRCUIT-TYPE CROSS-REFERENCE

JAN CKT
/NO. TYPE
01401 54150
01402 93124
01403 54153
01404 9309
01405 54157
01406 54151
01501 5475
01502 5477
01503 54116
01504 93144
01601 5408
01602 5409
01701 54174
01702 54175
01703t 54173
01801 54170
01901 54180
02001 54130
02002 54120
02003 54L10
02004 54L00
02005 54L04
02006 54L01/54L03
02101 54L71
02102 54L72
02103 54173
02104 54178
02105 641.74
02201 64H72
02202 54H73
02203 54H74
02204 54H76
02205 54H101
02206 54H103
02301 54H30
02302 54H20
02303 54H10
02304 54H00
02305 54H04
02306 654H01
02307 54H22
02401 54H40
02501 654190
02502 54193
02503 541193
02504 93L10
02505 93L16
02601 541.86
02701 54102
02801 54195
02802 54L164
02803 93L28%
02804 93L00
02805 76L.70
02806¢ 54191
02901 54142
02902 54L43
02903 54L44
02904 64146
02905 54L47
02906 76L42A
02807 93L01
03001 15930
03002 16935
03003 15936
03004 15946
03005 15962
03101 15932
03102 15944
03103 16957
03104 15958
03105 15933
03301 15945
03302 15948

NOTE: Only the basic JAN and commercial numbers are shown,
1Slash sheets not released as of date of this publication.
INot recommended for new designs.

®Class S only,

JAN
/NO.
03303
03304
03501
04001
04002
04003
04004
04005
04101
04102
04103
04104¢

CKT
TYPE
15950
9094
MH0026
54H50
54H51
54H53
54H54
54H55
54L51
54154
54155
54154
54L121
541122
93L18
93L24
93114
93108
93L09
93L12
93L.22
2011A
4012A
4023A
4013A
4027A
4000A
4001A
4002A
4025A
4007A
4019A
4030A
4008A
4009A
4010A
4049A
4050A
4041A
4017A
4018A
4020A
4022A
4024A
4006A
4014A
4015A
4021A
4031A
4035A
4034A
4016A
105011
105023
105051
105061
10507
10509
10531%
106311
10576+
105351
10504
54500
54503
54504
54505
54510
54520
54522
54530
545133
545134
54574

JAN
/NO.
07102
07103
07104
07105
07106
07201
07301
07401
07402
07403
07501
07502
076011
07602t
07701t
07702t
07703t
07801t
07802t
07901
07902
07903

CKT
TYPE

545112
545113
545114
545174
545175
54540
54502
54851
54564
54565
54586
545135
545194
545195
545138
545139
545280
545181
545182
545151
545153
545157
545158
545251
545257
545258
54511
54515
545140
54585
52741
52747
52101A
52108A
LH2101A
LH2108A
52118
52723
52104
52105
52710
52711
52106
52111
55107
55108
55114
55115
55113
7831
7832
52733
LM102t
52110
52109
LM140-12
LM140-15
LM140-24
3018A
3045
52555
52556
5485
5413
5414
54132
54154
54155
54156
8250
8251
8252
54125
54126
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MILITARY PRODUCTS

TABLE 1l. CIRCUIT-TYPE AND JAN INTEGRATED CIRCUITS CROSS-REFERENCE

CKT JAN CKT JAN CKT JAN CKT JAN
TYPE /NO, TYPE INO. TYPE /NO. TYPE /NO,
54LS153 30902t 541164 02802 6423 00402 54163 01304
54L5157 30903t 54L193 02503 5425 00403 54164 00903
5415158 30904+ 54S00 07001 5426 00805 64165 00904
54L5160 31503t 54502 07301t 5427 00404 54166 00910t
5415161 31504t 654503 07002 5428 16201t 54173 017031
541.5164 30605 54504 07003 5430 00101 54174 01701
65415168 31505t 54505 07004 5432 16101t 54175 01702
5415169 31506t 54510 07005 6437 00302 53177 013121
5418174 30106t 54511 08001 5438 00303 54180 01901
54LS17% 30107t 54515 08002 5440 00301 64181 01101
5418181 30801 54520 07006 5442 01001 54182 01102
5415192 31507t 54522 07007 5443 01002 54186 20101
5415193 31508t 64530 07008 65444 01003 54192 01308
54L.5194 30601t 54540 07201 5445 01004 54193 01309
654L.5195 30602t 54551 07401 5446 01006 54194 00905
5415196 32001 54564 07402 5447 01007 54195 00906
54L5197 32002 54565 07403 5448 01008 54196 01310
5415221 31402t 54574 07101 5449 01009 54197 013111
5415251 30905t 54585 08201 5450 00501 54198 009091
54L5253 30908t 54586 07501 5451 00502 5531 230011 (256 RAM)
54LS257 30906t 545112 07102 5453 00503 55107 10401
65415258 30907t 545113 07103 5454 00504 55108 10402
5418261 31801t 545114 07104 5470 00206 55113 10405
5415266 30303 545133 07009 65472 00201 55114 10403
5415279 31602t 645134 07010 5473 00202 55115 10404
6415283 31202t 545135 07502 5474 00205 76L42A 02906
654L5290 32003 545138 07701t 5475 01501 76L70 02805
5415293 32004 545139 07702t 65476 00204 7831 10406
5415295 30606 545140 08101 5477 01502 8250 15204
5415298 30909 545151 07901 64791 00207 8251 15205
5415324 31702t 545153 07902 5482 00601 8252 15206
64L5395 30607t 545157 07903 5483 00602 9093 03304
64L5670 31901 545158 07904 5485 15001 93L.00 02804
54L.00 02004 545174 07105 5486 00701 93L01 02907
54L01 02006 545175 07106 5490 01307 93L08 04502t
54102 02701 545181 07801+t 5492 01301 93L09 04601
54103 02006 545182 07802t 5493 01302 93L10 02504
54L04 02005 645194 07601t 5495 00901 93L.12 04602
54L10 02003 545195 07602t 5496 00902 93L14 045011
54L20 02002 545251 07905 54107 00203 93L16 02505
54L30 02001 545257 07906 54116 01503 93L18 04301
54142 02901 545258 07907 54120 15401t 93L22 04603
54143 02902 - 545280 07703t 54121 01201 93L24 04401
54L44 02903 545387 20201t 54122 01202 93L28% 02803
54146 02904 5400 00104 64123 01203 9300t 00907t
54147 02905 5401 00107 54125 15301 9300 15901t
54L51 04101 5402 00401 64126 15302 93041 00603
54L.54 04102, 04104¢ 5403 00109 54132 15103 9308 01503
54L55 04103 5404 00105 54145 01005 9309 01404
54L71 02101 5405 00108 54147 15601 9312% 01402
54172 02102 5406 00801 54148 15602 93141 01504
541.73 02103 5407 00803 54150 01401 9317 15802
54L74 02105 5408 01601 54151 01406 9318% 15603t
54178 02104 5409 01602 54153 01403 9322 01405
54186 02601 5410 00103 54154 15201 9328 00908
54L90 02501 5412 00106 654155 15202 9334 16001
54L91 02806¢ 5413 15101 54156 15203 9338 15701
54193 02502 5414 16102 54157 01405 93410 23002 (266 RAM)
654195 02801 5416 00802 54160 01303 9601 01204
54L121 04201 5417 00804 54161 01306 9602 01205
541122 04202 5420 00102 54162 01305

NOTE: Only the basic JAN and commercial numbers are shown,
tSlash sheets not released as of date of this publication.

}Not recommended for new designs.

#Class S only.
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MILITARY PRODUCTS

TABLE I. JAN INTEGRATED CIRCUITS AND CIRCUIT-TYPE CROSS-REFERENCE

JAN CKT JAN CKT JAN CKT JAN CKT

/NO. TYPE /NO. TYPE /NO. TYPE /NO. TYPE
15401 54120 30002 541503 30502 541586 31202t 5415283
15501 654H08 30003 541504 30601t 54L.5194 31301t 64L.S13
15502 54H11 30004 54LS05 30602t 54LS195 31302t 654L.S14
15503 54H21 30005 54LS10 30603t 54L.595 31303t 54L.5132
156011 54147 30006 541512 30604t 54L.596 31401t 5415123
15602t 54148 30007 54L520 30605t 54L5164 31402t 5415221
156031 93181 30008 541822 30606t 54L5295 31501t 54L.S90
15701 9338 30009 54L.S30 30607t 5415395 31502t 54L593
15801 9321 30101t 54LS73 30701t 54L.5138 31503t 64L5160
15802 9317 30102t 54L574 30702t 54L.5139 31504t 54L5161
15901t 9300 30103t 54L5112 30703t 541542 31505t 5415168
15902t 9328 30104t 54L5113 30704t 54L.547 31506t 64L5169
16001 9334 30105t 54L5114 30801 54L5181 31507t 5415192
16101t 5432 30106t 541.5174 30901t 54L.8151 31508t 64L.5193
16201t 5428 30107t 654LS5175 30902t 54L5153 31601t 541875
20101 54186 (PROM 512) 30108t 5415107 30903t 54L5157 31602t 5415279
20102 MCM5304 1 30109t 54L5109 309041 54L.51568 31701t 54L5124
20103t IMS603A 30110 54LS76 30905t 54L.5251 31702t 5415324
20201t 545387 (PROM 1024) 30201 54L840 30906t 65415257 31801t 6415261
20202t IM5623 30202 54L.837 30907+ 5415258 31901 54L.S670
23001t 5631 {256 RAM) 30203 541538 30908t 5415253 32001 54L5196
23002t 93410 (256 RAM) 30204 54L.528 30909 54L.5298 32002 5415197
23501t TMS4060 (4K RAM) 30301 541502 31001 54LS11 32003 5415290
23502t TMS4050 (4K RAM) 30302 541527 31002 54L.515 32004 541.5293
23503 TMS4060 (4K RAM) 30303 5415266 31003 64L.521 32101 541822
23504 TMS4050 (4K RAM) 30401 5415851 31004 54LS08 32102 54L526
30001 541.500 30402 654L.854 31101 541885 40001 6800

30501 541532 31201t 654L.S83A 42001 8080A
TABLE Il. CIRCUIT-TYPE AND JAN INTEGRATED CIRCUITS CROSS-REFERENCE

CKT JAN CKT JAN CKT JAN CKT JAN
TYPE /NO. TYPE /NO. TYPE /NO. TYPE /NO.
LH2101A 10105 3018A 10801 52111 10304 541813 31301t
LH2108A 10106 3045 10802 52118 10107 541514 31302t
LM102 10601 4000A 05201 62555 10901t 641515 31002
LM140-12 10702t 4001A 05202 62556 10902t 541520 30007
LM140-15 10703t 4002A 05203 52710 10301 54L521 31003
LM140-24 10704t 4006A 05701 62711 10302 54L.522 32101
MCM53041 20102 4007A 05301 62723 10201 541526 32102
MH0026 03501 4008A 05401 52733 10501t 641527 30302t
TMS4050 23502 (4K RAM) 4009A 05501 52741 10101 541.528 30204
TMS4050 23504 (4K RAM) 4010A 05502 54H00 02304 541L.S30 30009t
TMS4060 23501 (4K RAM) 4011A 05001 54H01 02306 541532 30501
TMS4060 23503 (4K RAM) 4012A 05002 54H04 02305 54L.S37 30202
1M5600 20103 4013A 05101 54H08 16501 541538 30203
1M5603A 20103t 4014A 05702 54H10 02303 541840 30201
1M5623 20202t 4016A 05703 54H11 15502 541.542 30703t
105011 06001 4016A 05801t 54H20 02302 541847 30704t
105021 06002 4017A 05601 54H21 15503 54L.851 30401
10504 062011 4018A 05602 54H22 02307 54L.554 30402
10505% 06003 4019A 05302 54H30 02301 64L.S73 30101t
105061 06004 4020A 05603 54H40 02401 54L.574 30102t
10507+ 06005 4021A 05704 54H50 04001 541875 316011
10509% 06006 4022A 05604 54H51 04002 541876 30110
10531% 06101 4023A 05003 54H53 04003 54L.S83A 31201
10535% 06104 - 4024A 05605 54H54 04004 541585 31101
10576% 06103 4025A 05204 54H55 04005 541586 30502
106311 06102 4027A 05102 54H72 02201 541590 31501t
15930 03001 4030A 05303 64H73 02202 54L.593 31502t
15932 03101 4031A 05705 54H74 02203 541595 30603t
15933 03105 4034A 05706t 54H76 02204 54L.596 30604t
156935 03002 4035A 05707t 54H101 02205 54L.5107 301081
15936 03003 4041A 05505 54H103 02206 541.S109 30109t
15944 03102 4049A 05503 54L.500 30001 5418112 30103t
165945 03301 4050A 05504 541802 30301 6415113 30104t
15946 03004 52101A 10103 54L.503 30002 5415114 30105t
15948 03302 52104 10202t 54L.504 30003 6415123 31401t
15950 03303 52105 10203t 54L.S05 30004 5418124 31701t
15951 03201 52106 10303 54L.S08 31004 5418132 31303t
15957 03103 52108A 10104 54LS10 30005 5415138 30701t
15958 03104 52109 10701 54LS11 31001 54L.5139 30702t
15962 03005 52110 10602 54LS12 30006 54L.8151 30901t

NOTE: Only the basic JAN and commercial numbers are shown.
tSlash sheets not released as of date of this publication.
$Not recommended for new designs,
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1C SOCKETS AND INTERCONNECTION PANELS

Texas Instruments lines of off-the-shelf interconnection products are designed specifically to meet the performance needs of
volume commercial applications. They provide both the economy of a standard product line and performance features
developed after many year’s experience with custom designs. Foremost among these is our ability to selectively bond a
wrought gold stripe at the contact point. No waste. Reduced cost. Reliable contacts.

Wrought Gold Contact

Plate a contact with gold and you get a better contact. More reliable, longer lasting. Increase the gold, you improve the
contact. But gold is precious, so improved performance has to be costly — right? Wrong. Because now you can get the gold
only where it is needed — at the point of contact.

How? With selective metallurgical bonding; a gold stripe inlay. Not porous plating, but durable wrought gold bonded to the
contact by the same technology used to produce clad coins and thermostat metals.

Texas Instruments, Attleboro, Massachusetts, is the world’s largest producer of these multimetal systems. We also know our
way around electronics. The result? A full line of reliable, low cost, interconnection systems featuring an extra measure of
gold where it's needed. Premium performance at no premium in price.

IC Sockets

Texas Instruments family of 1C sockets includes every type and size in common use today, and as wide a choice of contact
materials as you'll find anywhere. Choose from open or closed entry wire-wrappedT sockets, standard or low profile solder
tail sockets, cable plugs, and component platforms. Sizes from 8 to 40 pins.

1C Panels

To match the industry’s broadest line of IC sockets T1 offers one of the industry’s widest selections of off-the-shelf socket
panet products. Logic panels, Logic cards. Accessories. Add Tl’s custom design capability and wire wrapping for full service.

Additional information including pricing and delivery quotations may be obtained from your nearest T Distributor, Tl
Representative, or:

Texas Instruments Incorporated
Connector Systems Department
MS 2-16

Attleboro, Massachusetts 02703
Telephone: (617) 222-2800
TELEX: ABORA927708

tRegistered trademark of Gardner-Denver



LOW PROFILE SOCKETS

SOLDER TAIL

C-93 SERIES GOLD-CLAD CONTACTS
C-83 SERIES TIN-PLATED CONTACTS

Universal mounting and packaging
Anti-wicking wafer
Stand-off tabs on base for solder flush

Redundant contact points for low contact resis-
tance, high reliability and repetitive insertion
Closed entry construction

SOLDER STANDOFF

IDENTIFICATION NOTCH
FOR PIN NO. 1

ECER LR
W
EEET(ETE

TOLERANCE -—I
NON-CUMULATIVE

MATERIAL:

A. Body-gtass filled nylon (GFN)

B. Contact-copper nickel alloy

C. Finish-see part number schedule

NOTES:

A. Sockets meet requirements of Texas Instruments
test specification TS-0005 and test report
TR-0003

B. Operating temperature —65°C to +150°C

C. Contacts have redundant spring elements

D. Accommodates standard.IC leads up to .024"*
square, rectangular, or .024"’ diameter

E. Contact is designed and oriented in the plastic

body to generate maximum possible contact

pressure

Socket is designed to achieve maximum density

on boards

G. Sockets may be mounted end to end on .100"
centers continuous line or on .400" centers
row to row

H. Socket is designed to prevent IC eads from
contacting P.C. board

I. Closed entry feature provided to facilitate
automatic IC insertion and protects the IC
leads against damage

o

w
L v |
A
015 T .350 MAX
| 1150 MA.
| 007
__”__ 025 e o IC LEAD GUARD
8 Pin |14 Pin | 16 Pin | 18 Pin { 20 Pin | 22 Pin | 24 Pin | 28 Pin | 40 Pin
Dimension X +.005 | .300 | .300 .300 .300 .300 .400 .600 .600 .600
Dimension V £.010 | .400 | .700 .800 .900 | 1.000 | 1.100 | 1.200 | 1.400 | 2.000
Dimension W {max) | .400 | .400 .400 .400 .400 .500 .700 .700 .700

PART NO. SCHEDULE

BLACK BODY

NOMEX ANTI-WICKING WAFER

Pins [C-93 SERIES | C-83 SERIES
8 C€930810 €830810
14 C931410 C831410
16 C931610 C831610
18 C931810 C831810
20 C€932010 C832010
22 C932210 C832210
24 C932410 €832410
28 €932810 C832810
40 C934010 C934010
CONTACT FINISH
C-93 SERIES:
100 microinch minimum gold
stripe infay
C-83 SERIES:
200 microinch minimum bright
tin plate
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STANDARD PROFILE SOCKET

SOLDER TAIL

C-82 SERIES PLATED CONTACTS e C-92 SERIES GOLD CLAD CONTACTS

WIRE WRAP

C-81 SERIES PLATED CONTACTS ¢ C-91 SERIES GOLD CLAD CONTACTS

Designed for low cost, reliable, high density production packaging
Universal mounting and packaging capabilities

8 to 40 pin lead configurations

Contacts accommodate .015"" through .024" rectangular or round

dual-in-line leads

Wire wrap posts held to true position of .015" providing a true
position of .020" on boards for efficient automatic wire wrapping

WIRE WRAP

IDENTIFICATION
FOR PIN NO. 1

IDENTIFICATION
l._ Y _.l FOR PIN NI

SOLDER TAIL

“NON-CUMULATIVE [1yp

COVER: TYPICAL LOCKING
TECHNIQUES USED

v

! PRELOADED CONTACT
| C. E

/

i — -

al: ojo alr

—— 100}=—

MATERIAL:

A. Body-glass filled
nylon (GFN)

B. Contact-phosphor
bronze per QQ-B-750
(C-81) copper nickel
alloy (C-91)

C. Finish-see part
number schedule

e oy

A. Sockets meet requirements of Texas
Instruments test specification TS-0003
and test report TR-0001

B. Contacts are replaceable

C. Contacts have redundant spring elements
D. Cover is removeabte
E

. Contact is designed and oriented in the
plastic body to generate maximum
possible contact pressure

TYP NON- CUMULATI TVP I

COVER: TYPICAL LOCKING

SOLDER
STANDOFFS

TECHNIQUES USED
— W .2?0 MAX v " .200 MAX
COVER - COVER -l \__
OPTIONAL OPTIONAL -
D. H. v D.H
. . | \\ ‘ ' ', ¢ -
250 N% T 250
020 OPENENTRY 2 N 020 OPEN ENTRY
i | ONLY ' N NB [ ONLY
. ! = -
! U 840 I 125
690 =025 144
¢ _ i
f—x—] |~— X —=
NOTES:

G. Sockets are designed to achieve maximum
density on boards and may be mounted
400" row to row centers

H. Closed entry cover is provided to facilitate
autcmatic insertion and protect IC leads
against damage

1. Accommodates standard IC leads up to

.024" square, rectangular or .024" dia.

. Contact retention — 7 Ibs. min.

[

F. Operating temperature —65°C to +160°C K. Sockets are capable of being automati-
cally or semiautomatically wire wrapped
8 Pin 14 Pin 16 Pin 18 Pin 20 Pin 24 Pin 28 Pin 36 Pin 40 Pin
Dimension V +0.10 .465 .765 .865 .965 1.065 1.280 1.480 1.845 2.045
Dimension W (max) .400 .400 .400 .400 .400 .700 .700 .700 .700
Dimension X +.005 .300 .300 .300 .300 .300 .600 .600 .600 .600
Dimension Y £0.10 NA .400 400 .400 400 .500 .500 .800 1.000
Dimension Z £.005 .280 .280 .280 .280 .280 .280 .280 325 .325




WIRE WRAP

OPEN ENTRY | CLOSED ENTRY
PART
NUMBER
SCHEDULE
Contact . Black Black
Pins
Finish Body Cover
. 8 C810854 C810804
Series
c-81 14 C811454 C811404
200-400 16 C811654 C811604
L 18 C811854 C811804
microinch
o 20 €812054 €812004
min tin
. 24 C812454 C812404
pe 28 C812854 €812804
MIL-T-10727
36 C813604
40 C814004
. 8 C910850 €910800
Senies 14 €911450 911400
Cc-91
e 16 C911650 C911600
50 microinch
min 18 C911450 C911400
) 20 C912050 C€911800
gold stripe
inla 24 €912450 €912000
v 28 €912850 912800
36 €913600
40 C914000

SOLDER TAIL
OPEN ENTRY | CLOSED ENTRY
PART
NUMBER
SCHEDULE
Contact ) Black Black
. Pins
Finish Body Cover
] 8 €820850 €820800
Series
c.82 14 €821450 €821400
30 microinch 16 C821650 C821600
nM-.in gold per 18 €821850 €821800
MIL-G-45204 | 24 |  cs22450 822400
50 microinch 28 €822850 €822800
e ekeeer | 36 €823600
40 €824000
] 8 C820852 €820802
Series
c.82 14 821452 €821402
50 microinch 16 €821652 C821602
min gold per 18 €821862 €821802
MIL-G45204 | 24 c822452 €822402
100 microinch | 28 C822852 €822802
T nekeleer | 36 823602
40 €824002
] 8 C820854 €820804
Series
c.82 14 C821454 C821404
- 16 C821654 C821604
200-400 18 €821854 €821604
microinch
min tin per 24 C822454 C822404
MIL-T-10727 28 €822854 €822804
36 €823604
40 €824004
] 8 €920850 €920800
Series
c.92 14 €921450 €921400
A 16 €921650 €921600
:n?g-microi nch | 18 €921850 €921800
gold stripe 24 €922450 €922400
inlay 28 €922850 €922800
36 €923600
40 €924000
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SOCKET PANELS

STANDARD

180 position panel or multiples of

D4 SERIES

30 position with 14 or 16 position
socket pattern

1/0 — 4 rows with 13 pins per row

or3-

14 pin sockets

Low cost standard hardware
Available in 98 standard series
Off-the-shelf availability

16.175 (180 PATTERN) P/C BOARD MATERIAL
1/8 thick Glass Epoxy, 2 oz.
15.800 Copper Circuitry both sides,
13.100 Tin Plated
10.400 |
2700 ) _.] ety 290 MAX,
5.000 125
> 00 125 DIA. THRU HOLE 187 | |
7 400 TYP. TP, 187 L
YP, r i
g 3 CF J— T 33 R -
+ + + + - + + + > u_
borrrer it - — - - - - - — - .0
SIRIRIRIN! 5300 ! se
reeares (GRP 1, 11,111 Al
7.100 1
(GRPIV) 3
| 1! I | 11 L I 6.875 ]
(GRP I, 11, 1) =|
7.475 H |
(GRP V) T
. - I— - - —L Jpg— _‘L |-
o ¢ é® \® ¢ @ @& @& @ )
0® Woo® Woo @ Woo® Weoo W, =t
f - —s] |- .545REF.
L_2.575 _4| 400 IC
(30 PATTERN) 1250 SEATING
le—— 5.375 (60 PATTERN) 125 DIA. THRU LANE
le—————— 8.075 (90 PATTERN) e sl ?P;,ﬁ;ggﬁugcnor\j
10.775 (120 PATTERN) TYP. 6 PLACES (COMPONENT SIGE)
125 DIA. THRU HOLE FOR VCC PLANE
13.475 (150 PATTERN) ' CONNECTION TYP. 6 PLACES (WRAP SIDE)
NOTE: Dimensions shown are nominal. Detail information and
tolerances available on request {indicate series and group number).
STANDARD SOCKETS C-81 SERIES SOCKETS C-91 SERIES SOCKETS
C-81 or C-91 series, 14 pin Body......... Glass filled nylon Body......... Glass filled nylon
or Lstp'"- ;‘°§°d en;ry Contact .... Phosphor bronze per QQ-B-750 Contact .... Copper nickel alloy
sockets as designated in - - . - o R
the Part No. Schedule at Finish ....... 30 microinch min. gold per Finish ....... 50 microinch min.

right. See pages 7 and 8
for complete socket
information.

MIL-G-45204 over
50 microinch min. nicket per
QQ-N-290

gold stripe inlay




STANDARD PANEL PART NO. SCHEDULE —D4 Series

Group No.

1/0 Option

Sockets
Per Panel

c-81
Sockets

c-91
Sockets

Group | 14 Pin

PIN 14 ... VCC
PIN7 ..

=
[

SOCKETS

D411211
D411212
D411213
D411214
D4311215
D411216

D411231
D411232
D411233
D411234
D411235
D411236

FEED-THRU
N

180

D411411
D411412
D411413
D411414
D411415
D411416

D411431
D411432
D411433
D411434
D411435
D411436

Group Il 14 Pin

- =
e wawNn Q0

SOCKETS

\

30
60

120
150
180

D434211
D434212
D434213
0434214
D434215
D434216

D434231
D434232
D434233
D434234
D434235
D434236

FEED-THRU
PINS

|
—+

D434411
0434412
D434413
D434414
D434415
D434416

DA434431
D434432
D434433
D434434
D434435

D434436.

Group I 16 Pin

= = = o = = =
* s RGTae
. ue s LN -

SOCKETS

\

D423211
D423212
D423213
D423214
D423215
D423216

D423231
D423232
D423233
0423234
D423235
N423236

FEED-THRU
PINS

|
=+

30

90
120
150
180

D423411
D423412
D423413
D423414
D423415
D423416

D423431
D423432
D423433
D423434
D423435
D423436

Group IV 16 Pin

=
“
TR RN

SOCKETS

"

30
60
20
120
150
180

D444211

D444212
D444213
D444214
D444215
D444216

D444231
D444232
D444233
D444234
D444235
D444236

FEED-THRU
PINS

|
=+

D444411
D444412
D444413
D444414
D444415
D444416

D444431
D444432
D444433
D444434
D444435
D444436
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SOCKET CARDS

STANDARD

DO2 SERIES

® Low Cost

® 14 - 16 pin socket pattern —

60 position
o Standard ground and power pin
commitment
® 8 standard designs

® Mates with dual 60 position edge
connector

P/C BOARD MATERIAL

1/16 and 1/8 thick Glass Epoxy, 2 oz. Copper Circuitry both sides, Tin Plated

2621

559
"una")

< — "%1
! ! 4
| 6.185 s
* | ti/g") i .
6.08 = !
.70 (116 =
ww ] H 7.363(1/87) H
ADAFTOR H | 1 1817167 =
! ' 6.600 il
. A
100 Y
e, r
N e L | il
1125 THRU HOLE POLARIZATION
TYP. & PLACES NOTCH szAv ING 540 REF.

NOTE: Dimensions shown are nominal.

pe— 280 MAX

us

jH

Detail information and tolerances

available on request (indicate series and group number).

175+

125

]

:I-

o0
@
@

le——1,500

ADAPTER
Part no. 2501300

EJECTOR KEYS

Material: Nylon

Part no. 2501200 (1/8")
2501201 (1/16”)

DO Series
MULTIPURPOSE

CARD PART NO.

SCHEDULE

1/0

Board

Thk. Part No.

1/16” |Z012510

1/8” ]Z011510

DO2 Series
STANDARD CARD PART NO. SCHEDULE
Board c81 [oX:] ]
Group No. Thk. | Sockets | Sockets
Group | 14 Pin
PIN 14 .... VCC "
PIN 14... ¥CC | 1716” | D022110 | D022130
ﬂu 1
3 2
2 3
" .
" 1/8” | 0021110 | po21130
. ?
Group Il 14 Pin
PIN V... VCC "
PIN G ¥EC 116 | D022310 | D022330
@' ]
L]
13 1
L
M 18 | D021310] 021330
-
1/16” | D022210 | D022230
1/8* | p021210| D021230
Group IV 16 Pin
N 116" | D022410 | D022430
)
28
.
Al
"
il
u 178~ | po21410 | 021430










