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INTRODUCTION

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

You will find complete specifications on Ti's TL series and second source Linear Control circuits including opera-
tional amplifiers, comparators, voltage regulators, analogue switches and special functions.

The functional indexes, selection guides and cross-references are designed for ease of circuit selection, whilst the
alphanumeric index will enable you to 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 environmeéntal 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 Tl semiconductor/component product is available from your nearest Tl field sales office or
local authorized T distributor.
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*Future product, to be announced
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CROSS-REFERENCE
Old Tl Type Numbers to New TI Type Numbers

OLD NUMBER NEW NUMBER OLD NUMBER NEW NUMBER
SN521.022 TLO22M SN72088* TLO89Ct
SN52L044 TLO44M SN72301A LM301A
SN52101A LM101A SN72304 LM304
SN52104 LM104 SN72305 LM305
SN52105 LM105 SN72305A LM305A
SN52106 LM106 SN72306 LM306
SN52107 LM107 SN72307 LM307
SN52108* TLOBIMT SN72308* TLO81CT
SN52108A* TLBOIM? SN72308A* TLOB1Ct
SN52109 LM109 SN72309 LM309
SN52110* SN72310*

SN52111 LM111 SN72311 LM311
SN52118 LM118 SN72318 LM318
SN52506 TL506M SN72376 LM376
SN52510 TL510M SN72440 TL440C
SN562514 TL514M SN72506 TL506C
SN52555 SE555 SN72510 TL510C
SN52558 MC1558 SN72514 TL514C
SN52660* TLO81T SN72555 NE555
SN52702 TL702M SN72558 MC1458
SN52702A uA702M SN72560 TL560C
SN52709 uA709M SN72660* TLO81C?
SN52709A uA709AM SN72702 TL702C
SN52710 TL710M SN72709 uA709C
SN62711 uA711M SN72710 TL710C
SN52723 uA723M SN72711 uA711C
SN52733 uA733M SN72720 TL720C
SN52741 uA741M SN72723 uA723C
SN52747 uA747M SN72733 uA733C
SN52748 uA748M SN72741 uA741C
SN52770* TLO8IM?T SN72747 uA747C
SN52771* TLO8IMT SN72748 uA748C
SN52777 uA777M SN72770* TLO81Ct
SN52810 TL81OM SN72771* TLO81CY
SN52811 TL811IM SN72777 uA777C
SN52820 TL820M SN72810 TL810C
SN5510* SN72811 TL811C
SN5511* SN72820 TL820C
SN5512* SN7510*

SN5514* SN7511*

SN56502 TL441M SN7512*

SN56514™ SN7514*

SN62088* TLO89It SN76502 TL441C
SN72L022 TLO22C SN76514*

SN72L044 TLO44C

*Not recommended for new design.

TRecommended as replacement



FUNCTIONAL INDEX

OPERATIONAL AMPLIFIERS

OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE
FUNCTION —55°C t0 125°C_| —40°C t085°C | —25°C 1085°C | 0°Cto70°C TYPES PAGE
TL702M LU 113
TL702C JLNU
uA702M 3, L 118
UAT09AM J.3G, L, U
. UAT09M 3G, L, U 123
Single uA709C J,JG,L,N,P,U
UATATM JJG, LU 129
UA741C J,JG,L,N,P,U
UATA8M 3.JG, LU 137
General-Purpose uA748C J,JG,L,N,P, U
Operational LM158 JG, L
Amplifiers LM258 JG, L, P 85
LM358 JG, L, P
Dual LM2904 JG, L, P 89
MC1558 G, o1
MC1458 JG, L,P
UA747M LLW 133
uA747C J, LN W
LM124 J
LM224 N
Quad LM324 LN 83
LM2902 JN 87
LF166 JG, L
LF155A JG, L
LF255 JG,L,P 63
LF356 JG, L, P
LF355A JG, L, P
LF156 1G, L
LF156A JG, L
LF256 JG,L,P 63
Single LF356 JG, L, P
LF356A JG,L,P
LF157 1G, L
LF157A JG, L
LF257 JG, L,P 63
JFET-Input o
Operations! LF357 JG,L,P
Amplifiers LF357A JG, L, P
TLOBI1AC® 3G, L, P 105
TLOBIC® JG, L, P
LF2156 3G, L
LF2165A JG, L
LF2255 JG,L,P 69
LF2356 JG,L,P
Oual LF2355A JG, L, P
LF2156 3G, L
LF2156A JG, L
LF2256 JG, L, P 69
LF2356 JG,L,P
LF2356A JG, L, P
Quad TLOB4C*® SN 107

*Future product, to be announced.

TEXAS INSTRUMENTS



OPERATIONAL AMPLIFIERS
OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE
FUNCTION - = - - - 0 PAGE
—55°C t0 125°C —25°C 0 85°C 0°C to 70°C TYPES
WideBama LM118 JG. LU
n
0' 2 — Single LM218 JG,L,P,U 80
perational mplifiers LM318 JG, L, P, u
LM101A J,JG, LU
LM201A J,JG,L,N, P, U 74
LM301A 4G, LN, P,U
Sinal LM107 JJG, LU
inge LM207 J4,JG,L,N,P,U 77
High-Performance LM307 J,JG,L,N,P, U
Operational Amplifiers uA777M J,JG, LU 141
UA777C J,JG,L,N,P, U
oot RM4558 JG, L o
u RC4558 JG,L,P
RM4136 J
Q
uad RC4136 LN 9
TLO22M JG, L
Dual
Low-Power |8 TLO22C JG,L,P 99
Operational Amplifiers TLO44M J
Quad 102
ua TLO44C IN
Chopper-Stabili TLO89! L
opptar tal ||zet-i‘ Single 108
Operational Amplifiers TLO89C L

TEXAS INSTRUMENTS
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FUNCTIONAL INDEX

DIFFERENTIAL COMPARATORS

FUNCTION OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE PAGE
—55°C t0 125°C —40°C 10 85°C —25°C t0 85°C 0°C t0 70°C TYPES
TL710M J, G, LU 185
TL710C J,JG, LN, P, U
Single uA710M J,JG, LU 203
TL81OM J,JG, LU 191
TL810C J,JG,L,N,P, U
LM193 JG, L
LmM293 JG, L, P 167
Differential LM393 JG,L,P
Comparators Dual LM2903 JG, L, P m
TL720C J N 189
TL820M J
TL820C J, N o
iM139 J
Quad imM239 JN 165
LM339 J, N
1M2901 N 169
LM106 J, 4G, LU
1LM206 J,JG, L ,N,P, U 151
LM306 J,JG, L, N, P, U
Single LM111 J,JG, LU 157
Differential LM311 J,JG, L, N, P U
Comparators TL510M 3,JG,L,U
with Strobes TL510C J,JG, LN, P, U 179
TL506M W
TL506C J,N W 73
Dual
TL514M J
TL514C J N 183
uA711M J,Lu
Dual-Channel Differential uA711C J,L,N, U 207
Comparators with Strobes TL81IM J, LU
TL811C J, LN U 198

TEXAS INSTRUMENTS




FUNCTIONAL INDEX

VOLTAGE REGULATORS

OPERATING VIRTUAL-JUNCTION
PACKAGE
FUNCTION TEMPERATURE RANGE Tvpes PAGE
—55°C10150°C | —-25°Ct0125°C | 0°Cto125°C
Adjustable Positive-Volta a7 KA
VI Of
Justable Fositive-Voltage Lm217+ KA, KC 229
Regulators
LM317* KA, KC
uA78L02C 3G, P
6 Voits 55
26Vo UA7BLO2AC 3G, LP 2
TM109 iA
LM209 LA 225
LM309 LA
AT805M KA
Y 245
5 Volts UA7805C KA, KC
UATBLOBC G, P
255
UA7BLOSAC 16, LP
GATEMOSM 1A o
UA78MO5C KC, KD, LA
UA7806M KA
245
& Voir uA7806C KA, KC
° UA7BMOBM LA 21
uA7BMOGC KC, KD, LA
o2 vor WA7BLOGC 1G,LP s
-2 Ve uA78LOBAC JG, LP
UA7808M KA
4!
uA7808C KA, KC 25
8vor UA7BLOBC G, LP s
ol uA7BLOBAC 4G, LP
Pasitive Fixed-Volt uATBMOEM LA 261
R"" 'I": {xec-Voltage uA78MOSC KC, KD, LA
e 8.5 Vot uA7885M KA 245
-5 Volts uAT7885C KA, KC
A
UATBIZM KA, KA s
uA7812C KA, KC
GATBLIZC G, P
) 255
12 Volts UATBL12AC JG, LP
UATEM12M LA w1
uA7BM12C KC, KD, LA
UA7815M KA s
UA7815C KA, KC
GATBL1SC 3G, LP
v 255
16 Volts UA7BL1SAC 4G, LP
GATEMI5M LA 261
UA7BM15C KC,KD, LA
GATB1BM KA
8V 45
18 Vols uA7818C KA, KC 2
GA7BM20M LA
1
20 Vols . UATBM20C KC, KD, LA *
A7824M KA
uAT7824 8
28 Vo uA7824C KA, KC
° GATEM24M LA
21
uA78MZ4C KC, KD, LA

*Future product, to be announced.
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FUNCTIONAL INDEX

VOLTAGE REGULATORS

OPERATING VIRTUAL-JUNCTION

PACKAGE
FUNCTION TEMPERATURE RANGE TYPES PAGE
—55°C to 150°C —25°C to 125°C 0°C to 125°C
uA7905M KA 27
uA7905C KA, KC
8 Volts WA79MOEM LA 281
uA79M05C KC, KD, LA
uA7906M KA 71
uA7906C KA, KC
6 Volts UATIMOBM A -
uA79M06C KC, KD, LA
uA7908M KA —
uA7908C KA, KC
8 Volts GATIMOBM LA 01
uA79M08C KC, KD, LA
uA7912M KA 271
Negative Fixed-Voltage 12 Volts 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
uA7918M KA
18 Volts 2n
uA7918C KA, KC
uA79M20M LA
20 Volts uA79M20C KC, KD, LA 1
uA7924M KA
uA7924C KA, KC m
24 Volts
uA79M24M LA 281
uA79M24C KC, KD, LA
OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE
FUNCTION —55°C to 125°C —25°C t0 85°C 0°C to 70°C TYPES PAGE
. uA723M JLu
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, LN
Shunt Regulator TL430C JG, LP 233
TL49TM J
Switching Voltage Regulators TL497! J N 236
TL497C, J,N

TEXAS INSTRUMENTS




FUNCTIONAL INDEX

SPECIAL FUNCTIONS

OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE
FUNCTION ~55°C to 125°C —25°C to0 85°C 0°C 10 70°C TYPES PAGE
TL61OM JG
SPST TL610I JG,P 339
TL610C JG, P
TL182M L
TL182I L.N 305
TL182C LN
Dual SPST TLoom S
TLEO4! JG,P 339
TL604C JG, P
TL188M L
TL188I LN 311
Analog Switches TL188C LN
TL6OIM JG
SPDT TL6O1! JG, P 339
TL601C JG, P
TL6O7M JG
TLEO7! JG, P 339
TL607C JG, P
TL191M J
Dual SPDT TL191I 3N 314
TL191C J, N
TL185M J
Dual DPST TL18SI J. N 308
TL185C N
Precision Timers SESSS 16, L 295
NE555 JG, L, P
Precision Level Detector TL560C JG, L,P 333
Zero-Voltage Switch TL440C I N 317
Logarithmic Amplifiers TLA4TM g 323
TL4a41C I N
Differential Video Amplifiers uA733M JLu 245
with Gain Select uA733C J,L,N U
Analog Processor TL500C* N 330
Digital Panel Meter Logic Control Device TL502C* N 331

*Future product, to be announced.
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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 [
[Dovice Type]  [Packase Tvpe]
—

D = C-DIP C = Commercial/Inductrial Consumer l M = Military

F = FLAT PACK 0°Cto 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 T1 DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT

uA10tA LM101A kAT47 uA747
#A104 LM104 HA748 uA748
KA105 LM105 HA776 uA777
kA107 LM107 BAT77 uA?777
KA109 LM109 8T13 SN55121
uAITY LM111 8T14 SN55122
uA139 LM139 8723 SN75123
nA201A LM201A 8724 SN75124
uA204 LM204 1458 MC1458
nA205 LM205 1558 MC1558
uA207 LM207 7524 SN7524
uA209 LM209 7525 SN7525
#A301A LM301A HA7805 uA7805
nA304 LM304 uA7806 uA7806
uA305 LM305 #A7808 uA7808
HA305A LM305A HA7812 uA7812
®A307 LM307 #A7815 uA7815
#A309 LM309 BAT818 uA7818
nA311 LM311 uA7824 uA7824
uA376 LM376 HAT8LOS uA78LO5
HA555 SE555 RA78LO6 uA78L06
uA702 uA702 nAT8LOB uA78L08
HA709 uA709 HA78L12 uA78L12
BAT09A UA709A nA78L1S uA78L15
HAT10 uA710 KATBL26 UA78L26
HAT1Y uA711 HATBLOSA UA78LOSA
HA715 LM118 HAT8LOGA UA78LO6A
#A723 uA723 HATBLOBA uA78LO8A
HA733 uA733 BATBLI2A UA78L12A
uA734 LM111 HAT8L15A uA78L15A
rA741 uA741 HAT8L26A UA78L26A
rA742 TL440 MA78MOS uA78M05




FAIRCHILD TI DIRECT Ti CLOSEST FAIRCHILD TI DIRECT T CLOSEST

REPLACEMENT  REPLACEMENT REPLACEMENT  REPLACEMENT
WA7BMOG GATBMOG SN75189
LATBMO8 uA78MO8 0617 SN75189A
LATBM12 UATBMI2 SN75152
LATBM15 UATBM15 SN75154
WATEM20 wA78M20 9627 SN75152
uATBM24 UATBM24 56107 SNS5107A
HAT7905 uA7905 55108 SN55108A
4AT906 uA7906 55109 SN55109
wAT7908 4A7908 55110 SNS5110
wA7912 uAT912 75325 SN75325
LAT915 uA7915 75450 SN75450
©A7924 uAT7924 75451 SN75451
wA79M0S5 uATIMOS 75452 SN75452
nA79MO6 UATIMOB 75453 SN75453
#A7IMO8 uA79MO8 75454 SN75454
WATOM12 uATIM12 75460 SN75460
KATOMI5 UATOM15 7546+ SN75461
wATIM20 UATIM20 75462 SN75462
HATIM24 UATIM24 75463 SN75463
9614 SN75114 75491 SN75491
9615 SN75115 75492 SN75492

SN75150

9616 SN75188

MOTOROLA ORDER INFORMATION

EXAMPLE OF ORDER CODE:

L. 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 Tt DIRECT Ti CLOSEST MOTOROLA TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT
MLM101A LM101A MC1433 LM301A
MLM107 LM107 MC1439 LM301A
MLM109 LM109 MC1455 NESS5
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 SES55
MC1431 uA702 MC1558 MC1658




MOTOROLA TI DIRECT T1 CLOSEST MOTOROLA TI DIRECT T1 CLOSEST

REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT

MC1560 uA723 MC3302 LM3302
MC1561 uA723 MC7705 uA78M05
MC1563 uA723 MC7706 uA78M06
MC1566 uA723 MC7708 uA78MO08
MC1569 uA723 MC7712 uA78M12

MC7715 uA78M15
MC1709 uA709 MC7720 uA78M20
MC1710 uA710 MC7724 uA78M24
MC1711 uA711 MC7805 uA7805
MC1712 uA702 MC7806 uA7806
MC1723 uA723 MC7808 uA7808
MC1733 uA733 MC7812 uA7812
MC1741 uA741 MC7815 uA7815
MC1747 uA747 MC7818 uA7818
MC1748 UA748 MC7824 uA7824
MC3302P LM339

NATIONAL ORDER INFORMATION

EXAMPLE OF ORDER CODE:

(L] 1 XXXX N
| Prefix l Temperature Range I Type NumberJ Package
10r7=55°Cto0125°C D =C-DIP
3or8=0°Cto 70°C or 75°C N = Plastic DIP

F = Flat Pack
H = Metal Can
N = Mini-DIP

NATIONAL TI DIRECT TI CLOSEST NATIONAL TI DIRECT Ti CLOSEST

REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT

LF155 LF155 LM120-6 UA7905M

LF155A LF1865A LM120-6 uA7906M

LF255 LF255 LM120-8 uA7908M

LF355 LF355 LM120-12 UA7912M

LF355A LF355A LM120-16 uA7915M

LF2155 LF2165 LM120-24 uA7924M

LF2155A LF2156A LM122 LM122

LF2156 LF2156 LM123 LM123

LF2166A LF2156A Lm124 LM124

LF2255 LF2255 LM139 LM139

LF2256 LF2256 LM158 LM158

LF2355 LF2355 LM193 LM193

LF2356 LF2356 LM201A LM201A

LM101A LM101A LM205 LM205

LM102 LM102 LM206 LM206

LM104 LM104 LM207 LM207

LM105 LM105 LM209 LM209

LM106 LM106 LM211 Lm211

LM107 LM107 Lm217 Lm217

LM109 LM109 Lm218 Lm218

LM110 LM110 LM224 LM224

LM LM111 LM239 LM239

LM112 LM112 LM258 LmM2s8

m117 LM117 LM293 LM293

Lm118 LM118 LM301A LM301A




NATIONAL TI DIRECT T1CLOSEST NATIONAL TLDIRECT TI 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 LM3n LM733 uA733

LM317 LM317 LM733C uA733C

LM318 LmM318 LM741 uA741

LM320T-5 uA7905C LM741C uA741C

LM3207-6 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 uA7805C LM1558 MC1558

LM3407-6 uA7806C

LM3407-8 UuA7808C LM2901 LM2901

LM340T-12 uA7812C LM2902 LM2902

LM340T-15 uA7815C LM2903 LM2903

LM3407-18 uA7818C LM2904 LM2904

LM340T-24 uA7824C LM3302 LM3302

LM3415 uA78M05C LM3900 TLO44

LM341-6 uA78M06C LM3905 NES555

LM341-8 uA78M08C LM5520 SN5520

LM341.12 uA78M12C LM5521 SN5521

LM341-15 UA78M15C LM5522 SN5522

LM341-24 uA78M24C LM5523 SN5523

LM358 LM358 LM5524 SN6524

LM376 LM376 LM5525 SN5525

LM393 LM393 LM5528 SN5528

LM555M SE555 LM5529 SN5529

LMS55C NES55 LM78L05C uA78L05C

LM709 uA709 LM78L08C uA78L08C

LM709A UA709A LM78L12C UA78L12C

LM709C uA709C LM78L15C uA78L15C

LM710 uA710
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RAYTHEON ORDER INFORMATION

EXAMPLE OF ORDER CODE:

R M XXX L
[ Prefﬂ Temperature Range {Type Number] Package
M = Military DC = C-DIP
C = Consumer DP, ND = Plastic DIP
Q, J = Flat Pack

TO = Metal Can

RAYTHEON Ti DIRECT TI CLOSEST RAYTHEON TI DIRECT TI CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT

LM101A LM101A RC7815 uA7815C
LM106 LM106 RC7818 uA7818C
LmM107 LM107 RC7824 uA7824C
LM109 LM109 RC555 NE555
M1 LM111 RC702 uA702C
tm118 m118 RC709 uA709C
LM124 mM124 RC710 uA710C
LM139 LM139 RC711 uA711C
LM158 LM158 RC723 uA723C
LM201A LM201A RC733 uA733C
LM206 LM206 RC741 uA741C
LM207 LM207 RC747 uA747C
LM209 LM209 RC748 uA748C
LM211 LM211 RC1458 MC1458
Lm218 LM218 RC3302 LM3302
Lm224 LM224 RC4136 RC4136
LM239 LM239 RC4558 RC4558
Lm258 Lm258
LM301A LM301A RC78XX uA78XXC
LM304 LM304 RM555 SEB55
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 RM1614 TL514M
RC7806 uA7806C RM1558 MC1558
RC7808 uA7808C RM4136 RM4136
RC7812 uA7812C RM4558 RM4558




SIGNETICS ORDER INFORMATION

EXAMPLE OF ORDER CODE:
NE XXXX B

Temperature Range Type Number

F,1 =CDIP

0°C to 70°C or 76°C
5°C to 125°C A,B, N,V = Plastic DIP
Q, W = Flat Pack

SIGNETICS TI DIRECT TI CLOSEST SIGNETICS Ti DIRECT T1 CLOSEST
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT
LM101A LM101A NE78L06 uA78L06C
LM107 LM107 NE78L08 uA78L08C
LM109 LM109 NE78L12 uA78L12C
LM111 LM111 NE78L15 uA78L15C
m124 LM124 NE78MO05 uA78M05C
LM139 LM139 NE78M20 uA78M20C
LM201A LM201A NE78M24 uA78M24C
LM207 LM207 SE532 LM158
LM209 LM209 SE555 SE555
LM211 LM211 SE5733 UA733M
LM224 LM224 SE7805 uA7805M
LM239 LM239 SE7806 uA7806M
LM301A LM301A SE7808 uA7808M
LM307 LM307 SE7812 uA7812M
LM309 LM309 SE7815 UA7815M
LM311 LM311 SE7824 uA7824M
LM324 LM324 SE78M05 uA78M0O5M
LM339 LM339 uA709 uA709
NES32 LM358 UA709A uA709A
NES555 NES555 uA710 uA710M
NE5733 uA733C uA710C uA710C
NE78058 uA7805C uA/11 UA71IM
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
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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
: Rpuc ("CMW) Rgya (°C/W)
. - 14 56 122
J ceramic dual-in-line
16 60 116
) 14 251 91t
J ceramic dual-in-linet
16 291 85"
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
] 14 45 108
N plastic dual-in-line
16 42 102
P plastic dual-in-line 8 45 125
U ceramic flat 10,14 55 185
) 14 60 126
W ceramic flat
16 59 124

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

J PACKAGES JG L PACKAGES LA LP
PACKAGE PACKAGE PACKAGE
J m
| [[ |
14-PIN 16-PIN 8-PIN 10-PIN
N PACKAGES P U PACKAGES W PACKAGES
PACKAGE
14-PIN 16-PIN 10-PIN 14PIN 14-PIN 16-PIN
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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

N

1300

1200 ) N

1100

N
\ \ N Jt
1000 A\
‘4; N b N
N h
N

JGt
900 \

800 N

N
N N
w ANRNRE
N

/
s/ /17
y

/
i
/

Maximum Continuous Dissipation—mW

h
600 ~
N
: RN
NN
TN

" N

200

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

*The 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. Those ratings apply up to the temperature
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature.

DISSIPATION DERATING CURVE
800

700

600

500

400

/7
H—H

y/4

v

MaximumContinuous Dissipation—mW

300 AN .§ \
200
100
0
25 50 75 100 125

Ta—Free-Air Temperature—°C

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

Maximum Continuous Dissipation—mW

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 darating curve or the maximum operating free-air temperature.

DISSIPATION DERATING CURVE

1200

1100

1000 \

900

800

700

/
/

600

/

500

y 4
/

400

300

7/ |

200

100

25

50 75

Tp—Free-Air Temperature—°"C

100

125
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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-air temperature.

DISSIPATION DERATING CURVE

1000
900 \\\
N
800
700 \\

w
600 N

/
a
/

500

400

Maximum Continuous Dissipation—mW

200 \#\

100

VA4

25 50 75 100 125
T a—Free-Air Temperature—°C
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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 UG 883C -00

5. Instructions (Dash No.)

MUST CONTAIN TWO NUMBERS

MUST CONTAIN TWO OR THREE LETTERS

TL Ti Linear Control Products

SN TI Interface Products (From Dash No. Column of Following Table)

SNM Mach IV, Level |

SNC Mach IV, Level 11} SOLDER- ORDER
STANDARD SECOND-SOURCE PREFIXES PACKAGES | DIPPED |INSULATOR | DASH

LForLM  National MC Motorola LEADS NO

NE or SE Signetics uA Fairchild

RMor RC  Raytheon DUAL-IN-LINE PACKAGES

2. Unique Circuit Designator J,JG, No No o0
Including Temperature Range N, ND, P
J, N, P, 4G Yes No 10

MUST CONTAIN THREE TO SEVEN CHARACTERS
CERAMIC FLAT PACKAGES

(From Individual Data Sheets)

[ uw T N ] N T o ]
Examples: 022m 1414
101a 754508 Louw [ Yo [ % T[]
107 78LOSAC PLUG-IN PACKAGES
3. Package [Liap [ No [ No [ o0 ]
MUST CONTAIN ONE OR TWO LETTERS [Ltarr [ 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-883B or C KA No No N/A
Method 5004, Class Bor C 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
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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
additonal cleaning or processing when used in soldered assembly.

(“"bright-dipped”’) leads (—00) require no

14-PIN J CERAMIC

(INCH)
m—
R Ay fo¥e¥etoYololo!
o rom .
. g
i fofeleloYolote) =
o - |- 0.050 NOM

TAPLACES o 001
14PLACES 0,130
N

0014
o 928 vapuaces S 85

L 16 PLACES

0070
4pLaces
PIN SPACING 0.100 T
(Sos Note a)

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

| ol e 0070 mAX 16PLACES gl 1
T GLASS
o GLASS 200
5
Vax _dl seaTiNG PLANE ———p T
- scarmariane g1~ w 5 ATATAIE I
= } g sz irthees i oo

16- PIN J CERAMIC

(INCH)

. ms
0785

f®©@®®®@

0,025 7 NOM -

[oJeJeloXoJoJe)o]

e 0070 MAX 18 PLACES

L LI LAS
o SEALANT

0.130 0923 15 pLaces
4pLaces

] 0050
PIN SPACING 0.100 T P. 0018 4PLaces
(SN

its true longitudinal position.

noted.

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

b. All dimensions are in inches unless otherwise
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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,
intended for insertion in mounting-hole rows on 0.300-

and 8-lead frame. The package is
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

0400
0355
[‘®®@® NOTES: a. Each center line is located within 0.010 of its
true longitudinal position.
0.025 R NOM
N noted.
L]

0310
e 0310 4

e foYeJelo!

0.245
—| ja— 0,070 MAX 8 PLACES
>
Y Y ], GLAss
0200 SEALANT
Max _§
- SEATING PLANE -

108" 00208 0,030 MIN

90 01e m J_ 8PLACES.
BPLACES 2014 0.023

i 5,008 3552 BPLACES
sPLACEs a3 Tots s

MIN 4 PLACES
PIN SPACING 0.100 TP,
(See Note a)

b. All dimensions are in inches unless otherwise

=

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

o
00
iy S £ +
0875 =
1050MAX  MAX 025 ¥
DA 0206
¥ oas0

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

1.573MAX
0312MIN

0450
0525 A MAX 0.260 DA ZLEADS

0,188 R MAX
BOTH ENDS

s
I
e

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 1S IN ELECTRICAL CONTACT WITH THE MOUNTING TAB
FALLS WITHIN JEDEC TO-220AB DIMENSIONS

(INCH)

0.032 + 0.003
3PLACES

0.025 R NOM
2 PLACES
(SEE NOTE)

o
3
=

b
8

All dimensions are in inches

NOTE: Notches may or may not be present.

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

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

(INCH)

0.050 0.190

0127 o CASE TEMPERATURE 0.060 MAX NOM 0.160
ANCAEA MEASUREMENT POINT 0.050
0 050 MIN 0.108 HNOM

\ 0.095
r \ — —T }

0.210 2
o 8
a
-

N

All dimensions are in inches

2
8i3
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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.

8PINL 10PIN L
(INCH) (INCH)
l"g:_ﬁ;-m Yo |—~°—2 o
o B
=]
£ on z\::::;gomu om ==} s
——
 mem— e— l l E 4
o

5
L

All dimensions are in inches unless otherwise noted.

All dimensions are in inches inless otherwise noted.
Same as JEDEC TO-99 and
MO-002AK except for

Same as JEDEC TO-100 and
diameter of standoff

MO-006AD except for
diameter of standoff

3PINLA
(INCH)

— 0,500 MIN-
ST ast remnenarone
———— MEASUREMENT POINT

~|feooomax  3LEADS
X
232 o
seanina

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 106B.

(INCH)
0.165
— 0.100 (NOTE A) “I 0125
0.105 0.105
T r 0. ‘ ~ 0.080
0206 0% =]
0175 MIN-'___'—--_—-—— - - ‘m_—
l ' 8 —

010010005 r'_
0210 | 'i
0.500 MIN
0170 0.050 40,005 - 3 LEADS

0.017 £ 0.003 WIDE
0.015 £ 0.0005 THICK

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

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

This dual-in-line package consists of a circuit mounted on an 8-lead frame and encapsulated within a plastic compound.
The compound 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.

8-PIN P PLASTIC
(INCH)
0400 MAX  ——]
Aaracrir
INDEX DOT
NOTES: a. Each pin is within 0.005 radius
[3 [ TJ71 J of true position. (T.P) a,' the
guage plane with maximum
(ONONONO] meterial condition and unit
8 PLACES installed.
b. All dimensions are in inches
unless otherwise noted.
0200 MAX
—Lst ING PLANI L=
ATING PLANE —]
GAUGE PLANE 1 Yooz0) __{ 2033 MIN
000 (soaNowsl v MIN
8 PLACES
0018 10003
0.100T.P.
0.01120.003 6 PLACES. ‘”“ PLACES
SPLACES (e Note s}
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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.

(3

%
14 PLACES \_Vnw: 0003 r—
oo 14 PLACES e Toms 10003
L, +.|_ ++.F: 14 PLACES
0075
+ 0028 .
7 ekces + 0020
¢

14-PIN N PLASTIC

(INCH)
o770
70
OOOOOOO®
JAVAVAVYAVAVAVAY
P 0093 & Now—]
¢ 1003”]0:. ono MOM——ﬁ
ol S fofototototols
.' ]- fxnom | 0070 mAx 14 riaces
| Fooonon ooy
— stATNG PLANE — = 0032

o125 MIN 14 PLACES

n
LACES PIN SPACING 0100 TP
(See Note o)

Falls Within JEDEC TO-116 and
MO 001AA Dimensions

16-PIN N PLASTIC

S
PEEOOPEO
AWAY AN
i =)
oo —
root0 0,160 NOM —fm—ed.
sroroon = I
- BEEB0 006
o tom 0,070 MAX 16 PLACES
el
_1 ¥
0,010 NOM oczommll |
f o
TP sl
108 0.033 MIN
BPK’:‘CES"“‘, 16 PLACES
1 0011+ 000 — . N
P et | L Seageem
mramenberts
i s
e e
I
ek e —e{ |a- 0070 MAX 16 PLACES
sitornative sideviews) s ¥ 0020 MIN [l
at the option of T, 0.200 MAX '
-
s
o wolle-0a11 000
s
209 _of PIN SPACING 0.100 T.9.

i
4PLACES (500 Notw a)

QUAD-IN-LINE LEAD CONFIGURATION

[eleJelelololo]
QOO

$ooxo §
Fmaml

0210 MAx

SEATING
PUANE

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

noted.

b
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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)
oo
@ ® [ONO]
ALY s— L LY
€ 0.300
wm somnon—9)
I o110 now—fo—e]
- TE9E—JUFY
*l { ® 0 ©0
N Sakies]
o [nowuou N 0.200 MAX amm'j_
{Q; 0.128 MIN i
70 PLACES ] BPLACES
Jemem o] foorstaooe]  —elflasom: ooos
S vt
Py fomrr—
s Tang
e 0,600 TP |

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

® (9]
® ®
@ 0]
@ O]

C oo b
i
T
o210 wax
s

0100
o

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 14PIN U
(INCH) (INCH)

OOEO® ®EEOOE®

PIN SPACING
050 TP

0008 0019 i, 0008 [RNEYY. 3
== G0 10 1EA0S 10 LEADS g o |- (See Note b) 'ﬂ:m‘r‘ LEADS (800 Note b}
0.3%0 0.350 W
0.200 0256

_______________ - | DATE CODE S e it = --l- LA A DATE CODE

7 s 77
/d
0:300 XXXX 0250 0300 | ] XXxx 47y |
1.000 . 1000 0288
Ly (So0 Mot o2% 0780 Noreel JE b 023%
ALTERNATE ALTERNATE
INBEX POINTS INDEX POINTS
0.080_ 4 _t_ __________ F‘_A 0080 | AL:: vvvvvvvvvv NIninInInInIn
0.050 0.060
3 2350
3% i
J_ K] l J
[J 3 0050 — u u
3 o P‘s—o"ﬁml-‘a-%g 20580 o - | b 2218 14 LERDSE
Falls Within (00000] Falls Within OOOOEEE®
JEDEC MO-004AE Dimensions JEDEC MO-004AA Dimensions

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

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

These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap, and a 14- or
161ead 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
(INCH) (INCH)
EOOEEOOE
@EEEEOE " o 2,
0008 A
5508 ol feel- 005010 16LEADS s T
wiERbs | — 12 PeACES
| 0.350
0315 0370
e l
Base AND o019
SEATING 001 [ Soit
BAR \ \,, | T, N i ST e\ T *T =k LI w6 Enos
300
07 e )| (sen
asss miﬁ:x o D asen L ey
" B I SRp— § f I —-t o TTHH a
0050 ] 5% (
0315
o2 8%
000 ,| [0 ko 002 J 1._ uu L
G020 e om0 L oo oo | | - e 3
oo oo oo R By o 3490 e] 4plncEs
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 14PIN 16 PIN
within which all body and lead
irregularities lie.
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

PIN 1 PIN1
pIP T0-99
™

— -
(X
TYPICAL ’\
P.C. BOARD

p
@ .
\’ LAYOUT ’ °I
by 7
~

0.050 in (1.27 mm)

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

0.200 in 0.300 in DIA
(7.62 mm)

STD LEAD CIRCLE SPREAD LEAD
FOR T0-99 PATTERN FOR
. TO-9
(7.62 mm) (7.62 mm) 099
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 TO-99 LEAD CIRCLE FOR T0O-99

PRINTED CIRCUIT BOARD PATTERN THAT ALLOWS
INTERCHANGEABILITY OF 8-PIN DUAL-IN-LINE
PACKAGE WITH T0O-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)

T hese hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 14-or 16-lead frame. The
circuit bar is alloy-mounted to the base and hermetic sealing is accomplished with 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)
S m e
|0000000
cnnon
¢ 7.
‘ﬁ’}% foYeJoYcYelolo)
’{ |$ armom —»{ | 177MAX 14 PLACES
! A e
B PV e
Taraces Ly, o386 T d ol 959 wupiaces

204
14PLACES 330 T
MIN  4PLACES

1
PIN BPACING 264 1.
Som Nota o1

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

16-PIN J CERAMIC

PIN SPACING 254 T,
(Sea Note 8)

(METRIC)
—— B —
PEEOOO O
LAMNANA
LS LS 083 ANOM~ ]
-;‘gq
1 ravAvATATAT
) 0RO
“ P[""W o o wnaces
S S
u} - seainG PLANE 57‘ *}LI a&&
ous 0.77 MIN.
! ot 55028
. Y
A 3 e o] | 28 o
sz i
-
1 arnces

NOTES: a. Each pin center line is located within 0.26 mm

of its true longitudinal position.
are in unless

b. All

otherwise noted. These dimensions are for

i govern,

U only. Inch

ﬂ%m?
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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)

i
i [0JOJOIO) NOTES: a. Each center line is located within 0.26-mm of its

true longitudinal position
064 R NOM

b. All dimensions are in millimeters unless other-
N wise noted. These dimensions are for reference
Lo 788 ] only. Inch dimensions govern.
e OOOO®
522
> e 178 MAX 8 PLACES
> et 127 N0m
o GLass
508 b o seaLaNT
max 4
o SEATING PLANE F‘ U oremN
W N 8PLACES
GrLaces 036 o 059
= 02 168 [l o5 oruaces
8pLACES 330 038

W e
4pLaces PIN SPACING 254 T ¢

(See N

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

ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE

3 osmAx
792 MIN
L4
1334 R MAX 63 100 [ enos
5 12 biazeno:
¥ £ 1
2223 =< -
BEIMAX  pax s
DIA 5. T—;—:ED\A
478 ARMAX ‘ 2HOLES
80TH ENDS 343Max
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)

THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB

FALLS WITHIN JEDEC TO-220AB DIMENSIONS

(METRIC)
081+ 0.08
3PLACES 0.635 R NOM
2PLACES 374 oA
(SEE NOTE) 353
\\tl
106
B 9.65
2N l
L..L 205
254
15.88
1422
6.86
%g [*58a "
¥ :
¥ I 355
i | 1]
293 1.40
203

All dimensions are in millimeters,

(3

These dimensions are for reference only. Inch dimensions govern

NOTE: Notches may or may not be present.

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

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

(METRIC)
127 483
323 CASE TEMPERATURE 1.63 MAX NOM 4.06
XThdal MEASUREMENT POINT 127
1.27 MIN 267 NbM
‘ a1
T >€ — f 38
7.88 ’\4
686 ipvee— - 2f
394 \Sj 16 KR i
b 4 4 0
304 118 %
24 13.21 813 089 :
129 kAN
- 21.34 : 10.67 e
19.30 9,65
086 _os6
045 045 1. Emitter
1 £ 2 b
‘f_‘ T 3. Collector

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

©
Y
S

®
8
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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.

BPINL 10PIN L
(METRIC) (METRIC)

& EEN
: 3 o
r :' P
—1 _T 584 4.08 MAX DIA
= ¢ k
1 .‘
==

127 M

All dimensions are in millimeters unless otherwise noted.

All dimensions are in millimeters uniess otherwise noted.

| only. Inch di i govern, These dimensions are for reference only. Inch dimensions govern.

These di i are for r
Same as JEDEC T0O-99 and

MO-002AK except for

diameter of standoff

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

3-PINLA
(METRIC)
2 127w
- ia;‘:,::::z::'.z-.:. *
LG - e
o v
FR

8o

jj
~ffersmax  3LEADS
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 1068B.

(METRIC)
419
—» 254 (NOTE A) > 317
F 260 267
203 2.03
¥ , 1y
5.21 343 _
144 MIN = = - -
y 7 — ¥
254 +0.13 r—

o

.34
M am 127 MiN 1.27+0.13 4

NOTES: A. Lead dimensionsare not controlled in this area.
B. All i i are in il These

3 LEADS
0.43 ¢ 0.08 WIDE
0.38 + 0.014 THICK

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 onan 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.

8-PIN P PLASTIC

(METRIC)
l—— 1016: 028 ——of
r1 I
NOTES: a. Each pin is within 0.127 mm
INDEX DOT radius of true position (T.P.) at
the guage plane with maximum
¢ . . ;
. 13 OCJTCJJ ::::Ivln:; condition and unit
(Ses Note a) "
n OO0 O I y—
6361028 1,77 MAX 8 PLACES unless otherwise noted. These

are for
only. Inch dimensions govern.

5.08MAX

4 ceprmaroane 4=
GAUGE PLANE T, _.I l__ 0.84 MIN
T 3 TN 8PLACES

528 (SoeNow e MiN

| M—
gt Ak

— 0779+ 0078
orLACES (Sen Note a)

8 PLACES
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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

(METRIC)
fomme 88—
Slelololelolol
. . rmnnon 59)
182 ronoM-feml
2026 RVEvAvAvAvS
S R loJolelololole!
..1 r-q;i»ou -+ e 177 MAX 1epLacES
“Fozsnom conu P E]
_ —_—— =
7 seamorian e -
3
14 PLACH T
A e amanne Rt
S oo | Py
Soes T pnsacma st

(Saa Note s)

16-PIN N PLASTIC
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R

83102
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4"1 fo4t- 203 vom

[l
¥om now
,

e o

(METRIC)

2e8p9087
N~ iz,)
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¥
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i Iﬁ
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U 12eiaces

~iie 045710076
1

| AR,
241 fe o
n -
0w = PIN SPACING 254 1¢
aplaces
"ALTERNATE SIDE VIEW
Package conhguration of o w177 MAX 16 PLACES
16,500 N pwckoe (10e ¥ — il °
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1 { o003 iy
) ! ! +lbe 0457 0078
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o
4places

[
M piNsPACING 254 TP
(500 Note

Falls Within JEDEC TO 116 and
MO-001AA Dimensions

[Slejolelelolo)]
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QUAD-IN-LINE LEAD CONFIGURATION

CEEO®EG

NOTES:

of its true longitudinal position.

a. Each pin centerline is located within 0.26 mm

unless

b. Al di

are in

otherwise noted. These dimensions are for

reference only. Inch dimensions govern.
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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)
—— 18
® 0 ©®
AR
i
gl =)
| o nom v — T v
1 GRS 63
N i
o 0.25 NOM. 508 MAX 081 muj— ]
- sl !
ToPLAGES I i
A A | R e
fri .

NOTES: a. Each pin (or tab) center line is located within
0.127 mm of its true longitudinal position

(T.P.)
b. All i i are in  milli unless
otherwise noted. These dimensions are for

ref only. Inch di ions govern.

QUAD-IN-LINE LEAD CONFIGURATION

®
®

00

®0e
Qe

_ e d
o0
[ L"'

533 MAx

_SeATNG
PUANE

254min
B

2 254
o038 o3

All dimensions are in millimeters.
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LINEAR CIRCUITS
ORDERING INSTRUCTIONS AND MECHANICAL DATA

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

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

soldered assembly.

10-PIN U 14-PIN U
(METRIC) (METRIC)
_ O0000,,,... PEEOEOO,
315249 LeaDs o482 127 7P, fa— 2152 14 LEADS ]--|— 277P,
T oan 10L€ADS o397 ’1 '.. (Sea Note b) - — 0077, T’— n (‘s-- Note bl
889 889
508 508
g F__ DATE CODE -»”-—-»»v..v-.]l_» - DATE CODE
/ I 1
%4 1»:463- o xxxx g_:% % 5“7 62 ’—T XXX & 673
T90 See Note 506
i 5 = .
ALTERNATE
i tg# 'NOEX POINTS J oo TS
e LT sog | Lt P
[ =2
88 899
5.08 508
127 J_ 08 v L. u
g e oo 55 o Tl 000 ExH - | l—%gumns
0/0/0/0/0/0/0]
Falls Within Falls Within
JEDEC MO-004AE Dimensions JEDEC MO-004AA Dimensions
NOTES: a. All di are in . These are for reference only. Inch

dimensions govern.

b. Leads are within 0.13 mm radius of true position (TP) at maximum material

condition,

c. These dimensions determine a zone within which all body and lead irregularities
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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-tead 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)
OOEEEOO®
HEEOOO® T
2052 ol ook 12770 8lesos |——F" — 14 PLACES
14 LEADS [} - 12 PLACES 1Soe Note ¢)
: u:ou 889
[ 7];1
i
BASE AND | |
e : s | i -
PLANE | L CE PLane - : 16 LEADS
N ) - 14 LeADs f 1
(1 [ i
762
’s“ I B iSee Noted) | |
" See (see 20 [
28 Nowal  Nown P bl “ 120 ote &)™)
| 673 | &7
| 557 ! 1
| |
0o | |
! b ‘- | { St -
203 1 203 T
iEzhe! t‘ ! } i i I~ ‘
i i 889
i i a b
; o |
1 ' ) -
gk R TR - - o
o517 o R Ll . e
156/0/0]01010) O@@@@@@@
Falls Within Falls Within
JEDEC MO-004AA Dimensions JEDEC MO-004AG Dimensions
NOTES:
a. All dimensions are in millimeters,
These dirnensions 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.
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OPERATIONAL AMPLIFIER SELECTION GUIDE

OPERATIONAL AMPLIFIERS

Input Offset Input Offset Input Bias . 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
Dual MC1458 6 200 500 1 0.5
RC4558 6 200 500 3 1
TLO22 5 80 250 0.8 0.5
uA747 6 200 500 1 0.5
LM124, LM324 7 50 —250 1 0.5
Quad RC4136 6 200 500 3 1
TLO44 5 80 250 0.8 0.5
OPERATIONAL AMPLIFIERS WITH JFET INPUTS
Input Offset Input Offset Input Bias Bandwidth Slew Rate at
Voltage Current Current Unity Gain
MAX MAX MAX TYP TYP
(mV) (nA) (nA) (Hz2) (V/us)
LF155, LF355 10 0.05 0.2 2.5 5
LF155A, LF355A 2 0.01 0.05 25 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 20 50
LF2155, LF2355 10 0.05 0.2 2.5 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
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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 (ay0)

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() — (VI @TA(2))
TA(1) —TA(2)

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

Input Offset Current (1]Q)
The difference between the currents into the two input terminals with the output at zero volts.
Average Temperature Coefficient of Input Offset Current (a(|0)

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

ho@T -(ho@T
@0 = ho A — o A2)) where TA(1) and TA(2) are the specified temperature extremes.

TA() —TA(2)

Input Bias Current (1;g)
The average of the currents into the two input terminals with the output at zero volts.
Input voltage Range (V)

The range of voltage that if exceeded at either input terminal will cause the amplifier to cease functioning properly.
Common-Mode Input Voltage (V|c)

The average of the two input voltages.
Common-Mode Input Voltage Range (V|CcR)

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 (Bom)

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

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 (Apy)

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

Input Resistance (r;)

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

C Mode Input Imped: (zi¢)
The parallel sum of the small-signal impedance between each input terminal and ground.

Output Impedance (zg)

The small-signal impedance between the output terminal and ground.
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GLOSSARY
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS

Common-Mode Rejection Ratio (kcmr, CMRR)
The ratio of differential voltage amplification to common-mode voltage amplification.
NOTE: This is measured by determining the ratio of a change in input common-mode voltage to the resulting change in
input offset voltage.
Supply Voltage Sensitivity (kgys, AVj0/AVee)
The absolute value of the ratio of the change in input offset voltage to the change in supply voltages producing it.
NOTES: 1. Unless otherwise noted, both supply voltages are varied symmetrically.
2. This is the reciprocal of supply voltage sensitivity.
Supply Voltage Rejection Ratio (kgvR, AVCc/AV|o)
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 (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 voitage
source.

Equivalent Input Noise Current (1)
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 (Igg)

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 VCC or VCC+ terminal of an integrated circuit.
Total Power Dissipation (Pp)

The total d-c power supplied to the device less any power delivered from the device to a load.
NOTE: Atno load: Pp = Vce+ * Icc+ + 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) (tyot)

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

Overshoot Factor
The ratio of (1) the largest deviation of the output signal value from its final steady-state value after a 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, LF155A, LF156, LF156A, LF157,
LF157A, LF255, LF256, LF257, LF355,
LF355A, LF356, LF356A, LF357, LF357A
JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612387, JUNE 1976
— —

LINEAR
INTEGRATED CIRCUITS

e Rugged JFET's Allow Blow-Out-Free °
Handling Compared with
MOSFET-Input Devices

o Offset Adjustment Does Not Degrade
a V10 or Common-Mode Rejection
as in Most Bipolar Amplifiers .

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

High Input Impedance . .. 10'2 @ Typ
High Common-Mode Rejection Ratio
High DC Voltage Gain ... 200 V/mV Typ .

e Low Input BiasCurrent . . . 30 pA Typ e No External Frequency Compensation Required

¢ LowInput OffsetCurrent...3pATyp e Low Equivalent Input Noise Current

quick selection guides

Types | _OPERATING FREE-AIR TEMPERATURE RANGE MAX OFFSET VOLTAGE
—556°C 10 125°C | —25°C t0 85°C | 0°C 10 70°C [2.3mV | 26mV ]| 65mV| 7mV | 13 mv
LF1__A . .
LF1__ . .
LF2__ . .
LF3__A N .
LF3__ . .
TYP BANDWIDTH TYPV, TYP TYP SLEW RATE
TYPES [Ay=5 Ay =1 f =100 Hz Icc Ay =5 Ay =1
20 MHz |[4.5MHz | 2.6 MHz [ 15 nV/\/Hz [ 25 nV/\/Az | 2mA [ 5 mA |50 V/us |12 V/us [ 5 V/us
‘55, '55A . . . .
'56, '56A . . . .
'57,'57A | o . . .
description JGORP L
DUAL-IN-LINE PACKAGE PLUG-IN PACKAGE

These monolithic JFET-input operational amplifiers
incorporate  well-matched, high-voltage BI-FET
technology (JFET's on the same chip with standard
bipolar transistors). The devices feature low input
bias and offset currents, low offset voltage and offset
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.

The LF155, LF155A, LF1566, LF156A, LF157, and
LF157A are characterized for operation over the full
military temperature range of —55°C to 125°C; the
LF255, LF256, and LF257 are characterized for
operation from —25°C to 85°C; the LF355, LF355A,
LF356, LF356A, LF357, and LF357A are
characterized for operation from 0°C to 70°C.

(TOP VIEW) (TOP VIEW)

ouT. BAL
NC  Vgce PUT  ANCE

L'RAVER ]

»

11211314
BAL NV NON. Vec-
ANCE INPUT A'Il'u' PIN 4 IS IN ELECTRICAL

CONTACT WITH THE CASE

NC—No internal connection
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TYPES LF155, LF155A, LF156, LF156A, LF157, LF157A, LF255,
LF256, LF257, LF355, LF355A, LF356, LF356A, LF357, LF357A
JFET-INPUT OPERATIONAL AMPLIFIERS

schematic
BALANCE
5
1
10 pFT N\ A
»la':zv"*—' 1L v 5 34
LA
NONINV
INPUT °—‘d %
V- %
ha
300 | 300
? | N
100
1% ska [‘( ska b 3 ¥ 3. $s0a

Component values shown are nominal.
tC1=2pFon LF157, LF167A, LF267, LF357, and LF357A.

Vee-

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

LF1—— LF3—
LF2—— UNIT
LF1—A LF3——A

Supply voltage Vcc+ (see Note 1) 22 22 18 v
Supply voltage Voc— (see Note 1) -22 —-22 -18 A"
Differential input voltage (see Note 2) +40 140 +30 v
Input voltage (see Notes 1 and 3) +20 120 115 v
Duration of output short-circuit (see Note 4) imi imi imi
Continuous total dissipation at (or below) 26°C free-air temperature (see Note 5) 670 670 670 mwW
Operating free-air temperature range ~551t0 1256 | —25t0 85 0 to 70 °c
Storage temperature range —651t0 150 | —65t0 150 | —65t0 150 | °C
Lead temperature 1/16 inch from case for 60 seconds | JG or L package 300 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds | P package 260 260 260 °c

NOTES: 1

the zero reference level is the midpoint between Voot 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

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

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

. For operation above 25°C, free-air temperature, refer to Dissipation Derating Curves, Section 2. This rating for the L package

TEXAS INSTRUMENTS




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

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

PARAMETER TEST CONDITIONSt - LS LF2_ LF3_- UNIT
MIN TYP MAX |[MIN TYP MAX |[MIN TYP MAX
Rs =500 3 5 3 5 3 10
Vi | ffset vol \%
10 nput oftset voltage Rg=50Q, TA = full range 7 65 13 m
Temperature coefficient
Rs=50Q, Ta = full range 5 5 5 v/°e
avio of input offset voltage S A=l K
Change in temperature
A v/e
ﬁc—’- coefficient with offset | R =50 2 05 05 0.5 “—V
m
10 voltage adjustment
' Input offset " 3 20 3 20 3 50 pA
0f
10 ey set curren TA = full range 20 1 2 nA
| Input bi . 30 100 30 100 30 200| pA
n 1as rren
8 Py v Ta = full range 50 5 8 nA
. +11 +15 +11  +15 +10 +15
Vigp  Commen-mode input o to o to to  to v
t:
voltage range -1 12 -1 12 -10_—12

Maxi K- Kk

Vopp  omum pealetopeak |y, _ 416V, RL=10ke 2 2 24 2 4 2 v
CCt

output voltage swing

Ay ereesional differentia :‘52’;;{:5 Ve Ta=25°C 50 200 50 200 25 200 Vimy
voltage amplification ! TA = full range| 25 25 15
Vo=+10V
‘55 2.5 2.5 2.5
Bq Unity-gain bandwidth ‘56 45 4.5 4,5 MHz
57 20 20 20
[ Input resistance 1012 1012 1012 Q
Cji Input capacitance 3 3 3 pF
cMRrR  Commen-mode refection| o o o 85 100 8 100 80 100 a8
ratio
KsyRe SUPPlY voltage rejection 8 100 85 100 80 100 dB
ratio
Rg =100, ‘65 25 25 25
v, Equivalent input noise =100 Hz ‘56, '57 15 15 15 nV/\fH_z
voltage Rs =100, ‘55 20 20 20
f=1kHz '66, '57 12 12 12
Equivalent input noise f=100 Hz 0.01 0.01 0.01
'n current f=1kHz 0.01 0.01 0.01 pANRz
lcc  Supply current No load, [ '55 2 4 2 4 2 4 A
No signal | "6 '57 5 7 5 7 5 10

*ksvR = AVcci/AV)o.

TAIl characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, Vocs = £15 V to £20 V for
LF1__and LF2__, Voes = £15 V for LF3__. Full range for T is —55°C to 126°C for LF1__, —25°C t0 85°C for LF2__, and 0°C to
70°C for LF3__.

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

LF1__ LF2__ LF3__

PARAMETER TEST CONDITIONS MIN_TYP MAX|MIN TYP MAX|MIN TYP MAx| "7

. AVg=10V, - ‘56 4 4 4
trot :;:::'I;:’:‘:‘: time e=2001%, |2V [T 15 1.5 1.5 s

See Figure 1 [Ay=—5 | 57 5 15 15
55 5 5 5

SR Slewrate avo=tov, JAV=—1 Ll 75 12 12 Vius
See Figure 2 Av -5 57 30 50 30 50 50

TEXAS INSTRUMENTS



TYPES LF1565A, LF156A, LF157A,
LF355A, LF356A, LF357A
JFET-INPUT OPERATIONAL AMPLIFIERS

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

PARAMETER TEST CONDITIONS ' LF__A LF3__A UNIT
MIN TYP MAX [MIN TYP MAX
Rg=50Q 1 2 1 2
Vio Input offset voltage Rs=5600,  Ta - full range 25 73] ™
avio I‘::f:;::i’vz‘l’;:c'”"' of Rg=50Q,  Ta = full range 3 s 3 5| uvrc
Aay|0 Change in lemperatur.e coefficient Rg =500 05 06 uV/eC
aVio with offset voitage adjustment mV
3 10 3 10 PA
ho Input offset current Th = full range 0 7 A
) 30 50 30 50| pA
T input bias current Ta = full range 25 5 A
) +11 +15 +11 +15
VicR Common-mode input voltage o 0 © o v
range —11 12 -1 -12
Vopp Maximum peak-to-pask Vec: =15V, RL=10k2 2 2 24 2 v
output voltage swing
Large-signal differential Vees =218 Vo) o oeec 50 200 50 200
Avo voltage amplification RL=2ka, TA = full range 25 25 VimV
Vo =310V
'65A 2.5 2.5
Bq Unity-gain bandwidth '66A 4 4.5 4 45 MHz
'57A 15 20 15 20
[ Input resistance 1012 1012 Q
C; Input capacitance 3 3 pF
CMRR Common-mode rejection ratio Rg =500 85 100 85 100 dB
ksvR* Supply voltage rejection ratio 85 100 85 100 a8 |
Rg =100, ‘65A 25 25
Vi, Equivalent input noise voltage ;; 10?0:; 56:;’:7A ;Z ;: nV/\Hz
f=1kHz ‘66A, '57A 12 12
In Equivalent input noise current : ; :O:H:z gg: gg: pA//Hz
Icc Supply current No load, 584 2 4 2 4 mA
No signal l '66A, '5TA 5 7 5 10

kgvR = AVcci/AVio:
T All characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, Vgci= 15 V to 20 V for
LF1——A and LF3——A. Full range for T is ~65°C to 126°C for LF1——A and 0°C to 70°C for LF3-—A.

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

PARAMETER TEST CONDITIONS LF1__A LF3__A UNIT
MIN_TYP_MAX | MIN _TYP MAX
avo-tov| = |55 4 4
ttot Total response time (settling time) | € = £0.01%, v ‘'56A 1.5 1.5 Hs

See Figure 1| Ay = -5 ‘B57A 1.5 15
BA| 3 5 36

SR Slew rate AVo =10V, AVl Tea 10 12 10 12 Vius
See Figure 2 0= "6 [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

v
R2=2kQ |
AN
Ve = +15 V INPUT | For Ay =1, vi=10V
at For Ay = -5, V =2V
INPUT
OUTPUT
—
100 pF T
—
Vee-=-18V OUTPUT
Ay = P2
Vi TR
For Ay =—1, R1=2kQ
For Ay =—5, R1=4000 100% —
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 1-TOTAL RESPONSE TIME
R2=2kQ
VWA vi
Vee+ = +15 V weut | ForAv=-1, vi=10v
an For Ay =—5, V) =2V
INPUT d— —ov
OUTPUT
100 pF
- Voo =—15V - =
R2
Ay =12
AT
For Ay =—1, R1=2kq
For Ay =-5, R1=400Q
'TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 2-SLEW RATE
Printed in U.K.
T1 cannot assume any responsibility for any circuits shown
ot teprens hah they are es rom. otent infringement TEXAS INSTRUMENTS

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

® Rugged JFET’s Allow Blow-Out- Free ® 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 ¢ High DC Voltage Gain . . . 200 V/mV Typ
® Low Input Offset Current . . . 3 pA Typ e No External Frequency Compensation Required
® High Input Impedance . . . 1012 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 10 85°C [ 0°C t070°C ({23 mV | 25mV]| 65mV] 7mV | 13mVv
LF21——A . .
LF21—— . .
LF22—— . .
LF23——A . .
LF23—— . .
TYP BANDWIDTH TYPV, TYP TYP SLEW RATE
TYPES [Ay =5 Ay =1 =100 Hz Icc Ay =5 Ay =1
20 MHz [4.5MHz [ 2.6 MHz [ 15nV/\/Hz [ 26 nV/\Hz | 2mA [ 5 mA | 50 V/us [12 V/us | 5 Vins
‘65, '55A . . . .
‘56, '56A . 0 . .
‘67, '57A . . . .
description JG ORP 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 AwpuriERz - Now aweuriEn s Vo' ampurien 2
bipolar transistors). The devices feature low input Vocs PUT INPUT INPUT

bias and offset currents, low offset voltage, and low sjjrife}fs

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 LF2165, LF21556A, LF2156, LF2156A, LELELD —
LF2157, and LF2157A are characterized for GUT NV NON Vo~

operation over the full military temperature range of aperEn | INPUT PIN 4 1S IN ELECTRICAL
—55°C to 125°C; the LF2255, LF2256, and LF2257 CONTACT WITH THE CASE

are characterized for operation from —25°C to 85°C;
the LF2355, LF2355A, LF2356, LF2366A, LF2357,
and LF2357A are characterized for operation from
0°Cto 70°C.
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‘TYPES LF2155, LF2155A, LF2156, LF2156A, LF2157,
LF2157A, LF2255, LF2256, LF2257, LF2355,
LF2355A, LF2356, LF2356A, LF2357, LF2357A
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier)

TO OTHER
AMPLIFIER
vees

v

N\

c1

A S— et E—\ F ‘o
INPUT K 4

NONINV,

INPUT 1¢

300

. o Vvee-
Component values shown are nominal. % L TO OTHER

t AMPLIFIER
C1=2pF on LF2157, LF2157A, LF2257, LF2357, and LF2357A.

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

LF21—— LF23——
LF22—— UNIT
LF21-—A LF23—-A
Supply voltage Vcc+ (see Note 1) 22 22 18 A
Supply voltage Vcc— (see Note 1) -22 -22 -18 \
Differential input voltage (see Note 2) +40 140 +30 v
Input voltage (see Notes 1 and 3) +20 +20 115 v
Duration of output short-ircuit (one amplifier, see Note 4) imited imi imited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 670 670 670 mwW
Operating free-air temperature range —551t0 125 | —25 10 85 0to 70 °c
Storage temperature range —65to 150 | —65t0 150 | —6510 150 | °C
Lead temperature 1/16 inch from case for 60 seconds I JG or L package 300 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds l 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 Vet 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.

. 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-alr temperature, refer to the Dissipation Derating Curves, Section 2, This rating for the L package

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

A WN
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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 = 256°C (unless otherwise noted)

LF21-— LF22— LF23——
PARAMETER TEST CONDITIONS? 1)
MIN TYP MAX |MIN TVP MAX |MIN TvP Max| "
Rg=509 3 5 3 5 3 10
v 1 v
10 Input offset voltage Rs=60%,  Ta = full range 7 65 13 "
‘Temperature coefficient
Rs =50 Q, Ta = full ra 5 5 5 vre
avio of input offset voltege s A noe uvr
Change in temperature
A v/°C
A“T‘”Q coefficient with offset | Rg =500 05 05 05 lm—C—
10 voltage adjustment
3 2 3 20 3 50| pA
| Input offset
10 nput offset current Ta = full range 20 1 2| A
30 100 200
he Input bias current 30 100 30 PA
TA = full range 50 5 8 nA
11 +15 11 +15 +10 +15
Common-mode input
VICR voltage ran to to to to to to v
oge range -1 -12 -11_-12 -10_ 12
Maximum peak- k .
Vopp | oximumpesik-topeak | |, . =316V, RL=10ke | 24 26 4 2 24 2 v
output voltage swing
Vees = £16 V,
ayp  “ereesional differential Rfc*z o [Ta=2°C 50 200 50 200 2% 200 Vimy
D P = . 'm
Ta = ful 26 25
voltage amplification Vo = 10V A = full range 15
‘56 2.5 2.5 2.5
By Unity-gain bandwidth ‘56 4.5 4.5 4.5 MHz
‘57 20 20 20
[ Input resistance 1012 1012 1012 Q
Ci Input capacitance 3 3 3 pF
z : -
CMRR ::""’" mode rejection| o _ g0q 85 100 8 100 80 100 d8
rati
Supply volt jecti
kgyR® _ PPly voltage rejection 8 100 8 100 80 100 d8
ratio
Rs = 100 2, ‘56 26 26 25
Vo Equivalent input noise f=100 Hz ‘5?, ‘67 15 15 16 nV/\/H;
voltage Rg = 100 &2, 56 20 20 20
f=1kHz ‘56, '57 12 12 12
Equivalent input noise f= 100 Hz 0.01 0.01 0.01
[
n current f=1KkHz 0.01 0.01 0.01 palAz
| Suol . No load, [ ‘65 4 8 4 8 4 8 mA
urre
cC  Supplycdrren Nosignat [ 66,57 0 14 014 1020

*ksvR = AVcci/AVio-
1Al characteristics are specified under open-loop operation, uniess otherwise noted. Also unless otherwise noted, Ve = £15 V to £20 V for
LF21__ and LF22__, Vccs = 16 V for LF23__. Full range for Tp is —66°C to 126°C for LF21__, —26°C to 86°C for LF22__,
and 0°C to 70°C for LF23_ _.

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

LF21—— LF22—— LF23——
PARAMETER TEST CONDITIONS v ve T v ] UNIT
) avo=10V, 55 4 4 4
trot :;::::.;:";:':)’ time € -20.01 % |2V e 1.5 1.5 1.5 us
See Figure 1 | Ay = -5 ‘67 1.5 1.6 1.5
55 5 5 5
SR Slew rate avo=tov, | AV -1 FeeTe, 75 12 12 Vius
See Figure 2 Ay -5 571 30 50 30 50 50

TEXAS INSTRUMENTS
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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? LF__A LF3__A UNIT
MIN TYP MAX [MIN TYP MAX
Rs = 50 2 1 2 1 2
| f 3 mV
Vio nput offset voltage Rg=80%,  Ta=full range 75 73
avio Temperature coefficient of Rg =50 9, Ta = full range 3 5 3 5| wvrc
input offset voltage
i ici V/°C
Aavi0 Change in tempoutur? coefficient Rg =50 2 05 05 n
aAVio with offset voltage adjustment mV
I Input offset t 3 10 3 10 PA
10 nput offset curren Ta = full range 10 1 oA
, ' bi . 30 50 30 50 pA
t
18 nputibies curren T = full range 25 51 oA
+11 +15 +11 +15
Common-mode input voltage
VICR range to to to to v
-1 -12 -1 -12

Maxi k-t k
Vorp aximum peai-to-pea Vee: =15V, RL=10ke 24 2 24 2 v
output voltage swing

! ) ) Vees =15V, o
Large-signal differential Ta =25°C 50 200 50 200
Avp voltage amplification AL=2ka, TA = full range 25 25 Vimv
Vo =110V
‘65A 2.5 2.5
B4 Unity-gain bandwidth '56A 4 4.5 4 4.5 MHz
'57A 15 20 15 20
[ Input resistance 1012 1012 Q
C; Input capacitance 3 3 pF
CMRR Common-mode rejection ratio Rs=50Q 85 100 85 100 dB
ksvR* Supply voltage rejection ratio 85 100 85 100 dB
Rg =100 %2, '55A 25 25
Vo Equivalent input noise voltage ;; :0100:zn' 56;;_’:7A ;2 ;2 nV/\Hz
f=1kHz ‘66A, '57A 12 12
In Equivalent input noise current : ; :OI?H:'I gz: gg: pA/\/FE
Icc Supply current No toad, L S5A 4 8 4 8 mA
No signal | '56A,57A 10 14 10 14
ksvR = AVcce/AVio.
] istics are 1 under open-loop operation, unless otherwise noted. Also unless otherwise noted, Vgci= $15 V to 20 V for
LF21——A and LF23——A. Full range for Tp is —55°C to 125°C for LF21—~A and 0° to 70°C for LF23——A.
operating characteristics, Vcc+ =15 V, Vec— =-15V, Ta = 25°C
PARAMETER TEST CONDITIONS LF21--A LF23——A UNIT
MIN _TYP_ MAX | MIN _TYP MAX
AVp =10V, Ay = -1 '65A 4 4
ttot Total response time (settling time) [ € = +0.01%, ‘56A 1.6 1.5 I3
See Figure 1| Ay = 5 ‘'67A 1.5 1.5
‘55A 3 5 3 5
SR Stew rate ;‘:"Fi' 10 ‘2' AV Teeal o w2 012 Vius
e ZAv=-6 |B7a| a0 50 40 50
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TYPES LF2155, LF2155A, LF2156, LF2156A, LF2157,
LF2157A, LF2255, LF2256, LF2257, LF2355,
LF2355A, LF2356, LF2356A, LF2357, LF2357A
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

R2=2kQ

AAA

Veer = +15V

INPUT For Ay =—1, Vi=10V
For Ay = -5, V=2V

R1

INPUT
OUTPUT

100 pF

Vee-=-15V

OUTPUT
A R2
ViR
For Ay =—1, R1=2kQ
For Ay =—5, R1=4009 100% —
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 1-TOTAL RESPONSE TIME
R2=2kN
AMA- vi
vV, =+15V - =
cc+ ineut | ForAv=-1, vi=10v
1 For Ay =-5, V|=2V
INPUT d——ov
OUTPUT
100 pF
! l : ——10V
- T Vee_=-15V = = ouTPUT
10%
e A "
L akite ] Avo
ForAy=-1, R1=2kf SR =——
For Ay = -5, R1=4000 t
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 2—SLEW RATE
Printed in U.K.
Ti cannot assume any responsibility for any circuits shown
o represent ot they are fee from potent inringement. TEXAS INSTRUMENTS

AS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE
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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 e Designed to be Interchangeable with
e  Low Input Offset Parameters National Semiconductor LM101A and LM301A
®  Frequency and Transient Response b Nf’ Latch-Up
Characteristics Adjustable e  Wide Common-Mode and
e  Short-Circuit Protection Differential Voltage Ranges
e Offset-Voltage Null Capability e  Same'Pin Assignments as uA709
description

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 85°C, and the LM301A is characterized for operation from 0°C to 70°C.

terminal assignments JGORP
JOR N DUAL-IN-LINE DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW)
orssey OFFSET OFFSET
e o vee B e cow ver. oy i sl
w][w][2)[w][w][e][s 1161l s ONORONONONONO]
L 4 'y b b 4 J

vee-

!@—1-
x@—T

181151100101l k3 ) ) K g
!

W NC OFFSET v NOM- Voo

YOO

S

NULLE INeUT N fec PIN 41S IN ELECTRICAL OFFSET NV NOM. o

cow e T T e CONTACT WITH THE CASE A
- ol

i

NC—No internal connection
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM101A [ LM201A LM301A UNIT

Supply voltage Vcc+ (see Note 1) 22 22 18 v
Supply voltage Vcc— (see Note 1) -22 -22 -18 \
Differential input voltage (see Note 2) +30 +30 +30 \
Input voltage (either input, see Notes 1 and 3) 115 16 15 v
Voltage between either offset null terminal (N1/N2) and Vogo— -05t02| —-05t0 2 —0.5t0 2 v
Duration of output short-circuit (see Note 4) imi imi imi’
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 5) 500 500 500 mW
Operating free-air temperature range -55 10125 |-25 to 85 0to 70 °C
Storage temperature range -65 10160 | ~65to 160 | —65to 150 °C
Lead temperature 1/16 inch from case for 60 seconds I J, JG, L, or U package 300 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds I N or P package 260 260 260 °C

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

4. The output may be shorted to ground or either power supply. For the LM101A only, the uniimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75°C free-air temperature. For the LM201A only, the unlimited duration of the
short-circult applies at (or below) 85°C case temperature or 75°C free-sir temperature.

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

TEXAS INSTRUMENTS



TYPES LM101A, LM201A, LM301A
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

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

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

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

LM101A, LM201 LM301A
PARAMETER TEST CONDITIONS? A UNIT
MIN TYP  MAX MIN TYP _ MAX
25°C 0.6 2 2.0 7.5
Vv i t off: It Rs = 50 k2 vV
0 neut offset voltage S Full range 3 10 m
Ave temperat oefficient
ay|0 V_ rage temperature coetticl Full range 3 15 6 30 | uv/°C
of input offset voltage
25°C 1.5 10 3 50
o Input offset current nA
Full range 20 70
TaA=-55°Cto25°C 0.02 0.2
Average temperature coefficient Ta =25°C to MAX 0.01 0.1 APC
& Y
L of input offset current Ta=0°Ct025°C 0.02 06 | "
TA=25°Cto 70°C 0.01 0.3
\ Jnput bi . 25°C 30 75 70 250 A
n|
8 put biss curren Full range 100 300 | "
\ Input voltage range See Note 7 Full range 15 12 v
Vee: =15V, [25°C 24 28 24 28
v Maximum peak-to-peak R =10kQ Full range 24 24 v
opp output voltage swing Vces =15V, [25°C 20 2% 20 26
RL =2k Full range 20 20
A\ =*15V,
Large-signal differential CCt 25°C 50 200 25 200
Avp - Vo=*10V, V/mV
voltage amplification R, > 2kQ Full range 25 15
i Input resistance 25°C 1.5 4 0.5 2 MQ
L . 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 Rs =50 kQ dB
cc/avio Supply 9e rejectt ! S Full range 80 70
No load, 25°C 18 3 1.8 3
Icc Supply current No signal, mA
SeeNote7 | MAX 2 25
tan istics are ified 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 = 6 V to £20 V for LM101A and LM201A, and Vge: = #5V to #15 V for LM301A. All typical
values are at Voo = 15 V.
7. For LM101A and LM201A, Vcgy = £20 V. For LM301A, Vgg: = 15 V.

TEXAS INSTRUMENTS
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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

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

TEXAS INSTRUMENTS

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

FREE-AIR TEMPERATURE vs FREQUENCY
- 100 — > 2 m TTT
Vees = 215V Vee: 115V .
I -g 28 ||
] 80 \ — 3
€, < 3 2
+ LM301A g I — g
. IR NG i waoia [ S op
5 3 &
¥l 1 (N S S S S 1 . g 16 |
5 N H i
s 3 40 e 12
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= LM201A 2 1 H Cc = 30pF
|- i — o 4l — N
| uilin
B
° o oL L1l
-75 50 -2 0 25 50 75 100 125 75 50 25 0 25 5 75 100 125 1% 10K
Ta-Free-Air Temperature—"C Ta-Free-Air Temperature—"C 1 - Frequency — Hz
FIGURE 1 FIGURE 2 FIGURE 3
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
vs vs VOLTAGE-FOLLOWER
> 400 SUPPLY VOLTAGE FREQUENCY LARGE-SIGNAL PULSE RESPONSE
3 107 T T 8
£ T T
> [ Ve =215V
¢ ?k e | A g 10 Sz 6 :fc’ﬂ;‘;x's"_
g i BN e Cc = 30 pF -
A L Ta- s / i |
s ! H & W\ Ta-2sc
& 100 4 & o g R ouTPU :
= EE= N I i
= — s 10 o i
3 ? H AR
40 £ 102 T 2 \
€ LM301A -l _§ M '
=f LM101A S ot 2. e AV
§ - M201A ° — Li--F
o < -6
>
<
10 101 -8
4 0 12 14 16 18 20 T 10 100 1k 10k 100k 1M 10M 100M 0 10 20 2 40 5 60 70 80 9%
Vs | ~Supply Voltage-v 1-Frequency~Hz t-Time—us.
FIGURE 4 FIGURE 5 FIGURE 6
TYPICAL APPLICATION DATA
~ V, R2
Voot 2o JRp—
vy R1
R
vi A3 R1-30 pF
_L—M—o—‘ N s cc > ——
£ I 2 R1+R2
Vee-
comp ~ N2 R1-R2
smir R3
R1+R2
s1Mu
FIGURE 7—INVERTING CIRCUIT WITH ADJUSTABLE GAIN,
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT
Printed in U.K.



LINEAR

TYPES LM107, LM207, LM307

INTEGRATED CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

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

FORMERLY SN52107, SN72307

® Low Input Currents ® Short-Circuit Protection
® No Frequency Compensation Required ® No Latch-Up
® Low Input Offset Parameters ® Wide Common-Mode and

Differential Voltage Ranges

description

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

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

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

terminal assignments

JGORP
DUAL-IN-LINE
PAKCAGE (TOP VIEW)

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

L PLUG-IN PACKAGE
(TOP VIEW)

U FLAT PACKAGE
{TOP VIEW)

our-
put

tRIRNYKR ]

we

et

CONTACT WITH THE CASE

®®

vee-

® ®

'S 'l

oureut

Q

ouwv

=IO

v Ld L 1
1[1213[]¢ .
o oN: e PIN 4 1S IN Eclc.ECTRlCAL C.? @ @ @ @

w o
INPUT B0y

NC-No internal connection

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

LM107 LM207 LM307 UNIT

Supply voltage Vcc+ (see Note 1) 22 22 18 \
Supply voltage Vcc— (see Note 1) -22 -22 -18 v
Differential input voltage (see Note 2) +30 +30 +30 \
Input voltage (either input, see Notes 1 and 3) +15 +16 +15 \
Duration of output short-circuit (see Note 4) unlimited unlimited unlimited
Continuous total dissipation at (or below) 26°C free-air temperature (see Note 5) 500 500 500 mW
Operating free-air temperature range —55t0 125 | —25t0 85 0 to 70 °C
Storage temperature range —65 to 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:

2.
3.

1.

All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the
zero ref: level is the i Vce+ and Vee—.

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 the LM107 only, the unlimited duration of the short-circuit

applies at (or below) 125°C case umpara(ura or 75°C free- au 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.

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

TEXAS INSTRUMENTS
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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

vVee--

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

LM107, LM207 LM307
PARAMETER TEST CONDITIONS MIN TP MAX MIN VP MAX UNIT
25°C 0.6 2 2 7.5
Vio Input offset voltage Rg = 60 k§2 Full range 3 0 mV
avio :;'::i:’2‘:’:’;:;::“'"“5"' Full range 3 15 6 30 |uvrc
| Input offset current 25°C 5 10 3 50 nA
10 P! Full range 20 70
Ta=-55"Cto25°C 0.02 0.2
Average temperature coefficient TA = 25°C to MAX 0.01 0.1 o
110 . ) g nA/°C
of input offset current Tpa=0°Cto25°C 0.02 0.6
TA =25°Cto 70°C 0.01 0.3
{IT:] Input bias current 25°C 30 5 0 250 nA
Full range 100 300
Vi Input voltage range See-Note 7 Full range +15 12 Vv
Vees = 15V, [25°C 24 28 24 28
Vopp Maximum peak-to-peak R =10kQ Full range 24 24 v
output voltage swing Vees =15V, [25°C 20 26 20 26
RL=2k8 Full range 20 20
Large-signal differential Vee: = £15 V.| 5ge0 50 200 25 200
AvD voltage amplification Vo=210V, F Vimv
RL > 2k ull range 25 15
i Input resistance 25°C 1.5 4 0.5 2 MQ
CMRR Common-mode rejection ratio | Rg = 50 k§2 :’illcrange gg 98 ;g S0 dB
AVcc/aVvio Supply voltage rejection ratio Rg = 50 k2 ii"cvange zg 28 ;g % dB
No load, 25°C 18 3 18 3
icc Supply current No signal, mA
See Note 7 MAX 1.2 25

1Al characteristics are specified under open-loop operation. Full range for LM107 is —55°C to 126°C, for LM207 is —25°C to 85°C, and for
LM307 is 0°C to 70°C.
Unless otherwise noted Voo = 5 V to £20 V for LM107 and LM207, and Vccs = 5 V to £16 V for LM307. All typical values

NOTES: 6.

7.

are at Voor = £15 V.

For LM107 and LM207, Vccs = £20 V. For LM307, Vg = 15 V.

18
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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
. T b y
Vees = 415V Ve =115V
|
| - A
is e s
E < M307
§ fo
3
. ;
H ]
_? -? LM107
o, Lm0, o [T v
= Lm207t 2 .
1]
0 l [
7% -80 -25 0 26 60 75 100 126 75 50 -25 0 25 50 75 100 126
Ta-FreeAir Temperature—"C Ta-Free-Air Tampersture~"C
FIGURE 1 FIGURE 2
MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE
vs VOLTAGE-FOLLOWER
FREQUENCY LARGE-SIGNAL PULSE RESPONSE
2 8
> T |_|t||r |
! » xf"-‘mﬁé’" e J ey
: oy e P g
) = 100 pf
i L 1T ] i r;=25“c i
-4 § ouTey H
3 % Z 2 !
] 4 '
3 e g o +
i % euT
< 12 -2
€ i v
I \ i '
; Ly--}
[ 4o
-3
¥, M
T2 a4 110 22 © 100 0 10 20 2 40 50 6 70 80 90
1-Frequency—kHz
t=Time-us
FIGURE 3 FIGURE 4
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
DIFFERENTIAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
vs vs
SUPPLY VOLTAGE FREQUENCY
400 107 T T
LR -2k x
4 Wi | g vﬂch:“:lsv
> 20 8 Ta=25°C
g // i”
£ o g 104
i ¥
5 0
H P
i 5 o
H ?
2 )
2 <
°© 0 0 12 14 16 18 20 7!

1 10 100 1k 10k 100k 1M 10M 100M
Ve | -Supply Voltage-V 1 1-Frequency~Hz
' FIGURE & FIGURE 6
Data for free-air temperatures below—26°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.

6 Printed in U.K.
T1 cannot ossume any responsibility for any circuits shown
W vt thot they are et o patent nfringement. TEXAS INSTRUMENTS

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



LINEAR TYPES LM118, LM218, LM318

INTEGRATED HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS
c'ncu'Ts BULLETIN NO. DL-S 7612410, JUNE 1976

® Small-Signal Bandwidth . . . 15 MHz Typ o 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 . . . 5 V to +20 V 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)

comp ouT. BAL/
2 Vcce PUT COMP3

ComP OUT- BAL/
NC NC 2 Vcc+ PUT COMP3 NC NC  COMP2 Vgce OUTPUT COMP 3
InioinininininN oXoRoXoKo!
' 'l ' 'l
L »
V[ 2]]3]1¢ vIP2flaflaf]s[lef]? L4 L. L] L LIy
e e Ve~ W W ] T W Voo 0)

COMPY INPUT INV NC  BAL/ INV_ NONINV Vgc_
ineut COMP 1 1NPUT  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 \%
Supply voltage, Vcc— (see Note 1} -20 -20 —-20 Vv
Input voltage (either input, see Notes 1 and 2) +15 +15 115 \Y
Differential input current (see Note 3) +10 +10 +10 mA
Duration of output short-circuit (see Note 4) unlimited unlimited unlimited
C total power dissipation at (or below)
25°C free-air temperature (see Note 5) 500 500 500 mw
Operating free-air temperature range ~55to 125 | —25 to 85 0to 70 °c
Storage temperature range —65t0 150 | —65t0 150 |—651t0 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

2.
3.

5.

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

zero level is the midpoi Vees and Vee—.

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

The inputs are shunted with two opposite-facing base-emitter diodes for over voltage protection. Therefore, excessive current will

flow if a differential input voltage in excess of approximately 1V is applied between the inputs unless some limiting resistance is

used.

. 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.

. 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 CONDITIONS ' LM218 UNIT
MIN TYP MAX MIN TYP MAX
Vio Input offset voltage 25°C 2 4 4 10 mv
Full range 6 15
ho Input offset current ¢ 8 50 30 200 nA
Full range 100 300
T} Input bias current 25°¢ 120 250 150 500 nA
Full range 500 750
\ Input voltage range Vces =+15V | Fullrange [+11.6 +11.5 \
Vorp Maximum peak-to-peak Vee: =15V, | ange | 24 26 2 2% v
output voltage swing RL=2k2
! . . Vees =15V, |,
L | differential 25°C
Avp v;’t::.::p:ﬁcael:)r: ’ Vo=z10V, Full range :2 = ;Z = vimy
Rp > 2kQ
81 Unity-gain bandwidth Voc: =15V | 25°C 15 15 MHz
[ Input resistance 25°C 1 3 0.5 3 mMQ
CMRR Common-mode rejection ratio Full range 80 100 70 100 dB
AVcc/aVio  Supply voltage rejection ratio Full range 70 80 65 80 dB
25°C 5 8 5 10
Icc Supply current No load AX 5 7 mA

1Al 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, Vccs = 5 V to 20 V. All typical values are at Vccs = £15 V. Throughout this data sheet, supply voltages
are specified either as a range or as a specific value. A positive voltage within the specified range (or of the specified value) is applied
to V4, and an equal negative voltage Is applied to Vce—.

TEXAS INSTRUMENTS
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TYPES LM118, LM218, LM318
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

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

| PARAMETER I TEST CONDITIONS [mMiN_ TYP Max] uniT
[ SR Slew rate at unity gain | AV =10V, Cy = 100 pF, See Figure 1 | 50 70 | Vius ]

parameter measurement information

2kQ
v
INPUT
2kQ2
INPUT O—wWA—4 -—0V
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A~ 100 pF
1k§2
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FIGURE 1-SLEW RATE
schematic
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Component valuss shown are nominal.
Printed in U.K. 6
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LINEAR
INTEGRATED CIRCUITS

TYPES LM124, LM224, LM324

QUADRUPLE OPERATIONAL AMPLIFIERS

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

e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters

Single Supply ...3Vto 30V Input Offset Voltage ... 2 mV Typ

or Dual Supplies Input Offset Current .. . 3nA Typ (LM124)
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 . .. +32V

Range Includes Ground Allowing e Open-Loop Differential Voltage

Direct Sensing near Ground Amplification . . . 100,V/mV Typ

[ ]

schematic (each amplifier)

Internal Frequency Compensation

NOTES: 1.

JORN

oy TEA =105
CURRENT CURRENT CURRENT
REGULATOR reutaton| | | negutaton

DUAL-IN-LINE PACKAGE (TOP VIEW)

AMPLIFIER NO. 4

INVERT- NONIN

NONIN- INVERT.:

AMPLIFIER NO. 3

ING VERTING VERTING ING
OUTPUT INPUT INPUT GND INPUT INPUT OQUTPUT
INVERTING "
L “ 13 12 10 9 8
=
Non
INVERTING E‘( :‘:J [:E
INPUT Iod
oano
AwpLiriens
description
These devices consist of four independent, high-gain,
frequency-compensated operational amplifiers that

were designed specifically to operate from a single

o]
supply over a wide range of voltages. Operation from ! 2 3 4 5 6 U

. . . " . OuUTPUT T- NONIN. 8 -
split supplies is also possible so long as the difference T oTING VCC (ONIN: INVERT: OUTPUT

between the two supplies is 3 volts to 30 volts and \ INPUT__INPUT

INPUT

INPUT N

MR . . v
Pin 4 is at least 1.5 volts more positive than the input AMPLIFIER NO. 1

common-mode voltage. The low supply current drain

—
AMPLIFIER NO. 2

is independent of the magnitude of the supply
voltage.

Applications include transducer amplifiers, d-c amplification blocks, and all the convention

al 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.

Supply voltage, Vo (see Note 1) .
Differential input voltage (see Note 2)
Input voltage range (either input)
Duration of output short-circuit (one amphfuer) 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
LM224
LM324
Storage temperature range . .
Lead temperature 1/16 inch from case for 60 seconds J package
Lead temperature 1/16 inch from case for 10 seconds: N package

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

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

32V
. 32V
03V 1032V

unlimited

. 900 mW

—55°C to 125°C

—25°C to 85°C

. . 0°Cto70°C
—65°C to 150°C

... . 300°C
260°C

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

3. Short circuits from out%uts to V¢ can cause excessive heating and eventual destruction.
4. For operation above 25° C free-air temperature, refer to Dissipation Derating Curves, Section 2.

TEXAS INSTRUMENTS
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TYPES LM124, LM224, LM324
QUADRUPLE OPERATIONAL AMPLIFIERS

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

PARAMETER TEST CONDITIONSt LM124 LM224, LM324 UNIT
MIN TYP MAX MIN TYP MAX
Y | " \ Vg=14V, 25°C 2 5 2 LA
m
10 neut offset voltage Vee =5V 1030V | Full range 7 9
1 1 ff t V 14V 26°C 3 30 5 so nA
rren = 1.
10 nputoffset curre o Full range 100 150
| . bi . Vo=14V, 25°C —45 —150 —45 260
n t el
8 put biss curren See Note 5 Full range —300 —500
o 0to 0t
25°C °
Common-mode input Vee-1.56 Vee—-1.56
VicR Vee =30V v
voltage range 0to 0to
Full range
Vee—2 Vee—-2
Vee =30V,
cc=3 Full range 26 26
) R =2kQ
VoH High-level output voltage v
Vcc =30V,
Full range 27 28 27 28
R > 10kQ
VoL Low-level output voltage RL <10k Full range 5 20 5 20 | mV
Large-signal differential Vec =15V, 25°C 50 100 25 100
AvD Vo=1Vtwo 11V, V/imv
voltage amplification RL > 2kQ Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 k2 25°C 70 85 65 85 dB
AVec/AV)o Supply voltage rejection ratio | Rg < 10 k§2 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,
- Full range -10 -20 -10 -20
://0 01\; Vv mA
o Qutput current cc* ’ 25°C 10 20 10 20
Vip=-1V,
Vo=25V Full range 5 8 5 8
Vip=-1V, o
25°C 12 50 12 50 A
Vo = 200 mV H
Supply current No load, 25°C 0.8 0.8
lcc . ) mA
(four amplifiers) No signal Full range 2 2

TAll characteristics are specified under open-loap 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 6: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines.

TYPICAL APPLICATION DATA

AuDIO |t/
eyt ©—1C
100 ke

—te

100 uF ,-l

AUDIO DISTRIBUTION AMPLIFIER

Printed in U.K. [
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LINEAR TYPES LM158, LM258, LM358
INTEGRATED CIRCUITS DUAL OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612413, JUNE 1976

e Wide Range of Supply Voltages e Low Input Bias and Offset Parameters
Single Supply ...3V to 30V Input Offset Voltage . . . 2 mV Typ
or Dual Supplies Input Offset Current . . . 3 nA Typ (LM158)

e Low Supply Current Drain Input Bias Current . . . 45 nA Typ

Independent of Supply Voltage e Differential Input Voltage Range
. 0.5 mA Typ Equal to Maximum-Rated

e Common-Mode Input Voltage Supply-Voltage . .. +32 V
Range Includes Ground Allowing e Open-Loop Differential Voltage
Direct Sensing near Ground Amplification . .. 100 V/mV Typ

e Internal Frequency Compensation
schematic (each amplifier)

[
Teon
CURRENT
REGULATOR

veer

T
<To05R
CURRENT
REGULATOR]
JGORP

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

jzl AMPLIFIER NO. 2
INVERTING,
eor
= our v WV
o Vece POT INPUT INPUT
O s][7][s]]s
H 5
£ 3
. 3
description T § S
These devices consist of two independent, high-gain,
frequency-compensated operational amplifiers that 1H2H3e
were designed specifically to operate from a single OUT- 1NV NON. GND
supply over a wide range of voltages. Operation from T INOT PIN4IS Iwa'll'.:iTHF:E'?:z;: ONTACT
split supplies is also possible so long as the difference AMPLIFIER NO. 1 .
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.

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 operatmg free-alr tempemture range (unless otherwnse noted)

Supply voltage, Vg (see Note 1) . < 7Y
Differential input voltage (see Note 2) e e e e e e e e e e e e e e e e e e .. . 32V
Input voltage range (either input) . . e e e e e -0 3Vto32V
Duration of output short-circuit {(one ampllfler) to ground at (or below) 25 C
free-air temperature (Vg <15 V) (see Note3) . . . © v+« .« . . . . unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4)
JGor P package . . . e e e e e e e e e e e e e e e ... ... 900mW
L package . . . C e e e e e e e e e e e e e e e e . . 625 mW
Operating free-air temperature range LM158 e e e e e e e e e e e e e e e —55 C to 126°C
LM268 . . . ... .. .. ........... —25°Cto85°C
LM388 . . . . ... ............... 0Ct70C
Storage temperature range . ... .. ......-65Cto150°C
Lead temperature 1/16 inch from case for 60 seconds JG or P package e e e e e e e ... .. o.300°C
Lead temperature 1/16 inch from case for 10 seconds: Npackage . . . . . . . . . . . . . . . . . . 260°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal,
3. Short circuits from outpun to Vg can cause excessive heating and eventual destruction.
4. For operation above 26°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 CONDITIONS? LM158 LM258, L M358 UNIT
MIN TYP MAX MIN TYP MAX
v input offset volt Vo=14V, 25°C 2 5 2 Ll
n lage
10 put offset voltag Vec =5V to 30V | Full range 7 9
“vI0 Av.erage temperature coefficient Full range 7 P WVrC
of input offset voltage
I I ffset t V 14V 25°C 3 30 5 50 A
el =1. n
10 nput offset curren 0 Full range 100 150
Average temperature coefficient
110 verag perature coetticien Full range 10 10 pA/°C
of input offset current
, Input bi ent Vo=14V, 25°C —45 -150 —45 —260 A
n| i n
18 put bias cu See Note 5 Full range —300 —500
0to ot
C de i t e \Z 15 \Z o\ 5
ommon-mode inpu —1.! -1
VicR P Vg =30V cc cc v
voltage range 0to 0to
Full range
Vee—2 Vee—2
Vee =30V,
cc Full range 26 26
\7 High-level output voltage RL=2ka v
OH 9 9 Vo= 30V,
Full range 27 28 27 28
RL > 10 kQ
VoL Low-level output voltage RL <10k Full range 5 20 5 20| mVv
v Maximum peak-to peak RL =2 k8 2%°C  |vee-156 Vee-15 v
opp output voltage swing L cc—l- ce=t
Vee=15V,
Large-signal differential cc 25°C 50 100 25 100
AvD . Vo=1Vto11V, V/mv
voltage amplification R >2kQ Full range 25 15
CMRR Common-mode rejection ratio | Rg < 10 k2 25°C 70 85 70 85 dB
AVcc/AV|o Supply voltage rejection ratio | Rg < 10 k2 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
Vec=15V mA
o 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 *
Supply current No load, 25°C 0.5 0.5
lcc . ) mA
(two amplifiers) No signal Full range 1.2 1.2

TAIl characteristics are specified under open-loop conditions. Full range is —55°C to 126°C for LM168, —25°C to 85°C for LM258, and 0°C to
70°C for LM358.
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines.
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LINEAR
INTEGRATED CIRCUITS

TYPE LM2902

QUADRUPLE OPERATIONAL AMPLIFIER

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

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

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

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

schematic (each amplifier)

CURRENT CURRENT
neauraton| | |aecuLaton

INVERTING,
weur ©

description

This device consists of four independent, high-gain,
frequency-compensated operational amplifiers that
were designed specifically to operate from a single
supply as in automotive systems. Operation from split
supplies is also possible so long as the difference
between the two supplies is 3 volts to 26 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...5nA 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—15V Typ

Internal Frequency Compensation

JORN .
DUAL-IN-LINE PACKAGE (TOP VIEW)

AMPLIFIER NO. 4 AMPLIFIER NO. 3

INVERT- NONIN- NONIN- INVERT-
ING VERTING VERTING ING
OUTPUT INPUT INPUT GND INPUT  INPUT OUTPUT

OUTPUT INVERT- NONIN-  vcc  NONIN- INVERT- QUTPUT
ING VERTING VERTING ING
\ INPUT INPUT INPUT  INPUT ,

A vV
AMPLIFIER NO. 1 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 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, Vcc (see Note 1) . 26V
Differential input voltage (see Note 2) . 26V
Input voltage range-(either input) . —0 3Vto26V
Duration of output short-circuit (one ampllfler) to ground at (or below) 25 C

free-air temperature (Vgc < 15 V) (see Note 3) . . e e e e e unlimited
Continuous total dissipation at (or below) 256°C free-air temperature (see Note 4) e e e e e e ... . 900mW
Operating free-air temperature range T —40°C to 86°C

Storage temperature range

" _65°C to 150°C

Lead temperature 1/16|nchfromcasefor60seconds Jpackage . .. . . 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. Dif ges are at the

ting input terminal with respect to the inverting input terminal.

3. Short circuits from output: to Vg can cause excessive heating and eventual destruction,
4, For operation above 26°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
o Input offset current Vo=14V 5 50 nA
hB Input bias current Vo=14V See Note 5 —45 -500| nA
Vicr Common-mode input Vee =24V Oto v
voltage range Vee—-1586
\Y High-level output volta Vec =24V, AL =2k 2 v
OH 9 P % Veo-24V, RL> 10kQ 21
VoL Low-level output voltage RL <10k 6 20 mv
AvD Largesignal differential Vec=15V, RL»2k2, Vo=1Vto11V 100 v /mv
voltage amplification
CMRR Common-mode rejection ratio | Rg < 10 kQ 85 dB
AVcc/AV)o Supply voltage rejection ratio | Rg < 10 k2 100 dB
Amplifier-to-amplfiier coupling | f =1 kHz to 20 kHz -120 dB
Vec =15V, Vip=1V, Vg=0V —20 —40
o Output current Vee =15V, Vip=-1V, Vg=25V 12 30 mA
Vip=-1V, Vg = 200 mV 8 20
Icc Supply current (four amplifiers)| No load, No signal 08 2 mA

T All characteristics are specified under open-loop conditions.
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regard less of

the state of the output, so no loading change is presented to the input lines.

TYPICAL APPLICATION DATA

AUDIO I(

INPUT LAY
100 k2

100 uF

-

)

+vee

AUDIO DISTRIBUTION AMPLIFIER

OUTPUT A

ouTPUT B

ouTPUT C
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LINEAR
INTEGRATED CIRCUITS

TYPE LM2904
DUAL OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 7612402, JUNE 1976

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

® 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)

e

o S
INVERTING Cs"

e

ToOTHER
AMPLIFIERS

description

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

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

Low Input Bias and Offset Parameters
Input Offset Voltage .. .2 mV Typ
Input Offset Current .. .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-
UT- INV_INV
Veet PUT INPUT INPUT
81]7]]6[5
1{l2]]3][]¢4

OUT- INV._ NON- GND
PUT INPUT INV
INPUT

AMPLIFIER NO. 1

L
PLUG-IN PACKAGE (TOP VIEW)

vee+
OUTPUT OUTPUT
) S
S 2
[ INV INV 5
b4 INPUT INPUT m
- )
5
z
H 3
< N
NON-INV NON-INV
INPUT INPUT

GND

PIN 4 1S IN ELECTRICAL CONTACT
WITH THE CASE.
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TYPE LM2904

OPE

RATIONAL AMPLIFIER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VCC (see Note 1) . . . . . . . . . . .o 26V
Differential input voltage (see Note 2) e e e e e e e e e e e e e e e e e e .. . 126V
Input voltage range (either input) . e —0 3Vto26V
Duration of output short-circuit (one amplmer) to ground at (or below) 25 C
free-air temperature (Ve < 15 V) (see Note 3) . . . . . unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) JG or P package ... . 680mW
. L package ..., 625mW
Operating free-air temperature range . e e e e e e e . . . -40°Ct085°C
Lead temperature 1/16 inch from case for 60 seconds: JG orLpackage . . . . . . . . 0. .o 300°C
Lead temperature 1/16 inch from case for 10 seconds: P package . . . . . . . . . . . . . . . . .. 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 cu(pu(s 10 V can cause excessive heating and eventual destruction.

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

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

PARAMETER TEST CONDITIONS! MIN TYP MAX| UNIT
Vio Input offset voltage Vpo=14V 2 10| mVv
ho Input offset current Vp=14V 5 50| nA
lig Input bias current Vp=14V See Note 5 —45 -500| nA
VicR Common-mode input Veg =24V 0to v
voltage range Vee-15
VOH High-level output voltage Ve =24V, AL =2ka 2 \%
Vec=24V, RL > 10 k2 21
VoL Low-level output voltage R <10k§2 5 20| mV
Avp v“:l"g:;':"m"’;::c':"z:”" Voo =15V, RL>2k2, Vp=1Vto11V 100 V/my
CMRR Common-mode rejection ratio | Rg < 10 k2 85 dB
AVce/AV|Q Supply voltage rejection ratio Rg < 10kQ 100 dB
Amplifier-to-amplfiier coupling | f = 1 kHz to 20 kHz -120 dB
Vec =15V, Vip=1V, Vg=0V 20 —40
o Output current Vegc =15V, Vip=-1V, Vg=25V 12 30 mA
Vip=-1V, V( = 200 mV 8 20
Icc Supply current (both amplifiers) | No load, No signal 0.5 1.2| mA
1 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.

INPUT

TYPICAL APPLICATION DATA

Vees
Ae SELECT VALUES FOR: CALCULATE:
RS Q R1=R3=R5= L
C1and C2 woC

where C1 = C2 R2 = R1

‘ 4
wp = 2nfy a-1-2+ 1
7 1 K "o
r:: %" R1-K-Q
6 1 outeuT K is selected to R4 = ——
20 -1

optimize sensitivity

pe— hiJ — and is typically R6 = K - R1

between 1 and 10.

Vee-

MULTIPLE-FEEDBACK ACTIVE BANDPASS FILTER
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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 DL:,:IE:(':Z;NE
®  Wide Common-Mode and (TOP VIEW)
Differential Voltage Ranges Lo
® No Frequency Compensation Required veeo PUT mboT ::ng

® Low Power Consumption
e No Latch-up

e Designed to be Interchangeable with
Motorola MC1558/MC1458 and Signetics

S$5558/N5558
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 3131 TeWy

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 Voo + (see Note 1) 22 18 \
Supply voltage V- (see Note 1) ~22 —-18 \
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

° Each amplifier 500 500
Continuous total dissipation at (or below) 25°C LJG or P package 580 580 W
free-air temperature (see Note 5) Total package I U package 625 625
Operating free-air temperature range —55 to 125 0to75 °C
Storage temperature range —65 to 150 —65 to 150 °C
Lead temperature 1/16,inch from case for 60 seconds I 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 Vg4 and Voo,
. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.

N

3. The magnitude of the input voltage must never exceed the magnitude of the supply voitage or 15 volts, whichever is less.
. The output may be shorted to ground or either power supply. For the MC1558 only, the unlimited duration of the short-circuit
applies at (or below) 125°C case temperature or 75°C free-air temperature.

»

o

. For operation above 25°C free-air temperatura, refer to Dissipation Derating Curves, Section 2.
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TYPES MC1558, MC1458
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+ = 15V, Vcc- = -1V

PARAMETER TEST CONDITIONS? MC1558 mc1458 UNIT
MIN TYP MAX MIN TYP MAX
Vio Input offset voltage Rg < 10k EER ! s ! & mv
Full range 6 7.5
ho Input offset current 25°C 20 200 20 200 nA
Full range 500 300
1 Input bias current 25°¢ 80 500 80 500 nA
'8 P urre Full range 1500 800
v, Input voltage range 25°C 12 13 12 13 v
Full range +12 12
R = 10kQ2 | 25°C 24 28 24 28
Vopp Maximum peak-to-peak R > 10k | Full range 24 24 v
output voltage swing R_=2kn | 25°C 20 26 20 26
RL > 2k2 | Full range 20 20
Large-signal differential RL = 2kQ, 25°C 50 200 20 200
Avp ificati V/mV
voltage amplification Full range 25 15
RL=-2kQ,
Bom Maxnmgm~output»9~-ng Vpo=:10V, 25°C 14 14 KHz
bandwidth (closed-loop) Ayp =1,
THD < 5%
B4 Unity-gain bandwidth 25°C 1 1 MHz
om Phase margin Avp = 1 25°C 65" 65°
Am Gain margin 25°C 11 1 dB
N Input resistance 25°C 0.3 2 03 2 MQ
; Vo = 0, o
fo Output resistance See Note 6 25°C 7% 75 Q
C; Input capacitance 25°C 14 1.4 pF
zic Common-mode f=20H: | 25°C 200 200 mMe
input impedance
o 25°C 70 90 70 90
CMRR Common-mode rejection ratio | Rg < 10k dB
Full range 70 70
5
AV|0/AVCC Supply voltage sensitivity Rg < 10 kQ fz:illcvmge 30 :2‘; 30 ::z v
Equivalent input :VDE_‘;OO'
Vi noise voltage ) s R 45 45 nV/Az
(closed-loop) BWI= 1 Hz
| 'os Short-circuit output current 25°C +25 +40 +25 +40 mA
Supply current No load, 25°C 3.4 5 3.4 5.6
‘cc i N mA
(Both amplifiers) No signal Full range 6.6 6.6
P Total power dissipation No load, 25°C 100 150 100 170 mW
D (Both amplifiers) No signal Full range 200 200
Vo1/Vo2 Channel separation 25°C 120 120 dB

tAIl characteristics are specified under open-loop operation, unless otherwise noted. Full range for MC1558 is —65°C to 125°C and for
MC1468 is 0°C to 75°C.
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

operating characteristics, Vcc+ = 16V, Vec—=—15V, TA = 25°C

MC1558 MC1458
PARAMETER TEST CONDITIONS MIN Ve MAX YT v MAX UNIT
tr Rise time Vi=20mV, R =2k, 0.3 0.3 us
Overshoot factor CL = 100 pF, See Figure 1 5% 5%
SR Slew rate at unity gain Vi=10v, R = 2ka, 05 05 Vius
Cy_ = 100 pF, See Figure 1
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TYPES MC1558, MC1458

DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

schematic (each amplifier)

TO OTHER
AMPLIFIER
INVERTING

INPUT

Yol o

l/' N

r
NON- 30 F—L 45K T\ ™
INVERTING PET -
INPUT
26 Q
© OUTPUT
J k0 7.5k
r
LN 50 2
\t
) E ad
1
1kQ 50 k2 s 5kQ 50 k2 50
. © Vee-
TO OTHER
COMPONENT VALUES SHOWN ARE NOMINAL AMPLIFIER

PARAMETER MEASUREMENT INFORMATION

vi
——-?ouvvuv
INPUT =
———-ov =

INPUT VOLTAGE CL o 100pF 7
WAVEFORM

I

TEST CIRCUITS

FIGURE 1-RISE TIME, OVERSHOOT,
AND SLEW RATE

AL 2xa
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TYPES MC1558,MC1458
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

110-1nput Offset Current—nA

INPUT OFFSET CURRENT

vs
FREE-AIR TEMPERATURE
1 T T 1
Vees =15V _|
Veg- = -15V
80 \
60
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© i
N .
I
2 B I R
'
I
o

60 -40-20 O 20 40 60 B8O 100 120 140

TA-Free-Air Temperature—"C

FIGURE 2
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TYPICAL CHARACTERISTICS
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FIGURE 4
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LINEAR INTEGRATED

CIRCUITS

TYPES RM4136, RC4136

QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BURLETIN NO. DL-S 7612368, MARCH 1976

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

e Continuous-Short-Circuit Protection
o Wide Common-Mode and
Differential Voltage Ranges
e No Frequency Compensation Required
o Low Power Consumption
e No Latch-up
e Unity Gain Bandwidth 3 MHz Typical
® Gain and Phase Match Between Amplifiers
e Designed to be Interchangeable with
Raytheon RM4136 and RC4136
description

The RM4136 and RC4136 are quad high-performance
operational amplifiers with each amplifier electrically
similar to uA741 except that offset null capability

AMPLIFIER NO. 4 AMPLIFIER NO. 3
- A\

"INV NON-INV ouT- " ‘ouT. NON-INV  INV
INPUT INPUT  PUT  Vcc+  PUT  INPUT  INPUT
1

L)
21 <H

is not provided. 1

The high common-mode input voltage range and the INV_ NON-INV OUT-  OUT- NON-INV INV  vVceo
absence of latch-up make these amplifiers ideal for {NPUT INPUT PUT , \PUT  INPUT INPUT,
voltage-follower applications. The devices are short- AMPLIFIER NO. 1 AMP,_;,VER 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 Vcc+ (see Note 1) 22 18 \
Supply voltage V- (see Note 1) -22 -18 v
Differential input voltage (see Note 2) +30 +30 "
Input voltage (any input, see Notes 1 and 3) +15 15 v
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 I N package 260 260 °c

NOTES:

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

. 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 volits, whichever is less.

2
3
4. Temperature and/or supply voltages must be limited to ensure that the di
5.

1 rating is not

. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.
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TYPES RM4136, RC4136
QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+ =15V, Vec—=—15V
PARAMETER TEST CONDITIONS? RM4136 RCA136 UNIT
MIN TYP MAX | MIN TYP MAX
\Y Input offset volt: Rg <10k 25¢ 05 5 95 i mV
npu volta
10 P % s Full range 6 75
| 1 t offset it %°c 5 200 5 200 nA
nput of curren
10 Py urre Full range 500 300
\ Input bias ¢ " 25°C 40 500 40 500 A
nput bias curren n
1B P Full range 1500 800
\4 Input voltage range 25°C 12 +14 12 +14 v
Maximurm peak to-peak RL=10k2 [25°C 24 28 24 28
laximu: ak-to
Vopp — I:’e ) pea RL-2ka | 25°C 20 26 20 26 v
ut volta n
P! 9¢ swing RL>2k§ Full range 20 20
Large-signal differential RL =2k, 25°C 50 350 20 300
Avp I VimV
voltage amplification Vo =10V | Full range 25 15
By Unity-gain bandwidth 25°C 2 3.5 3 MHz
[ Input resistance 25°C 0.3 5 03 5 Mo
CMRR Common-mode rejection ratio Rg <10k 25°C 70 90 70 90 dB
AV|p/AVce  Supply voltage sensitivity Rg <10kQ 26°C 30 150 30 150 HIV
A =100,
Equivalent input vD
N Rg =1kQ, .
Vn noise voltage f=1KHz 25°C 10 10 nV/\V/Hz
(closed-loop) :
BW =1 Hz
Supph . No load 25°C 5 11.3 5 13
upply curren: o load,
| M 6 13.7
cc (Al four amplifiers) No signal INTA 6 13.3 3 mA
MAX Ta 4.5 10 4.5 10
— 25°C 150 340 150 340
Total power dissipation No load,
Po - ) MINTA 180 400 180 400 | mw
(All four amplifiers) No signal
MAX Ta 135 300 135 300
Openloop | Rg=1kQ [25°C 105 105
Vo1/V, Ch: | ti l dB
01Vo2 el PN VD = 100] f=10kHz [ 25°C 106 105

TAIl characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4136 is —55°C to 126°C and for

RC4136 is 0°C to 70°C.
operating characteristics, Vcc+ =15V, Vcc—-=-15V, TA= 25°C

PARAMETER TEST CONDITIONS RMA4136 RC4136 UNIT
MIN TYP  MAX | MIN TYP  MAX

V) =20mV, R =2k,

ise ti 0.13 0.13 us
ty Rise time CL=100pF
Vy=10V, R =2k,
SR Slew rate at unity gain C:_ - 1000F L 15 1.0 V/us

schematic (each amplifier)

veer

i

INVERTING i-
NpuT
NONINVERTING
INPUT

vee-

Printed in U.K.
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LINEAR INTEGRATED

TYPES RM4558, RC4558
CIRCUITS DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612365, MARCH 1976

Continuous-Short-Circuit Protection

Wide Common-Mode and
Differential Voltage Ranges

JGORP
DUAL-IN-LINE
PACKAGE
(TOP VIEW)

No Frequency Compensation Required
Low Power Consumption

No Latch-up

Unity Gain Bandwidth 3 MHz Typical
Gain and Phase Match Between Amplifiers

Designed to be Interchangeable with
Raytheon RM4558 and RC4558

e & 0 0 0 o

description

The RM4558 and RC4558 are dual general-purpose
operational amplifiers with each half electrically

AMPLIFIER NO 2

NON.
OUT. INV NV
Ve PUT INPUT INPUT

Bil7]]8]S5

T

vil2[13[]¢

OUT. INV_ NON. VCC-
PUT INPUT INV
NPUT

AMPLIFIER NO. 1

similar to uA741 except that offset null capability
is not provided.

L PLUG-IN PACKAGE

(TOP VIEW)

The high common-mode input voltage range and the vees

absence of latch-up make these amplifiers ideal for

voltage-follower applications. The devices are short-

circuit protected and the internal frequency comp- - %

ensation  ensures  stability without external 2 -

components. § 2

T‘he RM4558 is characterized for operation over the ! b

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

the RC4558 is characterized for operation from 0°C Vee-

0 70°C. PIN 4 1S IN ELECTRICAL CONTACT

WITH THE CASE.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
RM4558 RC4558 UNIT

Supply voltage Vcc+ (see Note 1) 22 18 Vv
Supply voltage Voc— (see Note 1) -22 -18 v
Differential input voltage (see Note 2) +30 +30 \
Input voltage (any input, see Notes 1 and 3) +15 15 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) I JG or P Package 680 680 mw
Operating free-air temperature range —55 to 125 0 to 70 °C
Storage temperature range —65 to 150 —65 to 150 °C
Lead temperature 1/16 inch from case for 60 seconds I 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 V¢4 and Voo .

O AWN

. 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.

TEXAS INSTRUMENTS
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TYPES RM4558, RC4558
DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+ =15V, Vec—=-15V
PARAMETER TEST CONDITIONS! RAM4558 RC4558 UNIT
MIN TYP MAX | MIN TYP  MAX
\Y 1 ffset volt: Rg < 10 kS ¢ 05 5 05 s mv
10 nput otfsst voliage S Full range 6 75
, \nout off. . 25°C 5 200 5 200 oA
10 nput offset curren Full range 500 300
. \nout bi 25°C 40 500 40 500 A
1B nput bias current Fall range 1500 800
Vi Input voltage range 25°C +12 +14 £12 +14 \
Maxi ot X R =10kQ [25°C 24 28 24 28
{ m k-1
Vopp a"‘ ":" I:" opea RL=2ke |25°C 20 26 0 26 v
swin
output voltage swing RL>2kn |Fullrange | 20 2
Large-signal differential RL=>2kR, |25°C 50 350 20 300
AvD I vimv
voltage amplification Vo =10V | Full range 25 15
B1 Unity-gain bandwidth 25°C 2 35 3 MHz
i Input resistance 25°C 0.3 5 0.3 5 MQ
CMRR Common-mode rejection ratio Rg < 10k§2 25°C 70 90 70 90 dB
AV|o/AVcc  Supply voltage sensitivity Rg <10k 26°C 30 150 30 150 uV/IV
A =100,
Equivalent input vD
" Rg =1k, o
Vn noise voltage f=1KHz 25°C 10 10 nV/\/Hz
(closed-loop) ‘
BW =1 Hz
25°C 25 5.6 25 56
Supply current No load,
Icc . ) MIN Tp 3.0 6.6 30 66 mA
(Both amplifiers) No signal
MAX Ta 2.0 5 2.3 5
Total ¢ dissipati No load 25°C 75 170 75 170
0! we| [l ation load,
Po pover dissip ° MIN TA 90 200 90 200 | mw
(Both amplifiers) No signal
MAX Ta 60 150 70 150
Open loop | Rg =1k, [25°C 105 105
Vo1/V Channel tio
01/Vo2 el separaton [ VD = 100] f=10kHz [25°C 105 105 a8

T All characteristics are specified under open-loop operation, unless otherwise noted. Full range for RM4558 is —55°C to 126°C and for
RC4558 is 0°C to 70°C.

operating characteristics, Vcc+ = 15V, Vgc— = —15V, TA = 26°C
PARAMETER TEST CONDITIONS M558 RCA4s58 UNIT
MIN TYP MAX | MIN TYP  MAX
t Rise time Vi=20mV, Ry =2k, 0.13 0.13 s
Overshoot CL =100 pF 5% 5%
SR Slew rate at unity gain vi=1ov, RL=2ka, 15 1.0 V/us
CL =100 pF

schematic (each amplifier)

vees

L[5 )

INVERTING
NPT

NONINVERTING
INPUT

veo- T

Printed in U.K.
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LINEAR TYPES TLO22M, TLO22C
INTEGRATED CIRCUITS DUAL LOW-POWER OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612038, SEPTEMBER 1973—REVISED JUNE 1976
FORMERLY SN52L022, SN72L022
e Very Low Power Consumption e Low Input Offset Voltage

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

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

description

The TLO022 is a dual low-power operational amplifier designed to replace higher-power devices in many applications
without sacrificing system performance. High input impedance, low supply currents, and low equivalent input noise
voltage over a wide range of operating supply voltages result in an extremely versatile operational amplifier for use in a
variety of analog applications including battery-operated circuits. Internal frequency compensation, absence of latch-up,
high slew rate, and output short-circuit protection assure ease of use.

The TLO22M is characterized for operation over the full military temperature range of —55°C to 125°C; the TL022C
is characterized for operation from 0°C to 70°C.
terminal assignments
JPORP L
DUAL-IN-LINE PACKAGE (TOP VIEW) PLUG-IN PACKAGE (TOP VIEW)

AMPLIFIER NO. 2

ol
oUT- NV INV
Veos PUT INPUT INPUT

BlI7({6|5

E]<IJ_\ : :
3 H

2z s

£ :

& 3

H H

» H 3
ﬁ 3 2

BB vee-
INV. NON V- PIN 4 IS IN ELECTRICAL CONTACT

ourt.
PUT INPUT NV WITH THE CASE

AMPLIFIER NO. 1

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

TLO22M TLO22C UNIT

Supply voltage Vcc+ (see Note 1) 22 18 \
Supply voltage Voo — (see Note 1) —-22 -18 \%
Differential input voltage (see Note 2) . +30 +30 Y
Input voltage (any input, see Notes 1 and 3) +156 +15 Y
Duration of output short-circuit (see Note 4) unlimited unlimited

Each amplifier 500 500
Continuous total dissipation at (or below) 25°C lJG or P package ) 580 "
free-air temperature range (see Note 5) Total package IT_ package 625 625
Operating free-air temperature range —55t0 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 e
Lead temperature 1/16 inch from case for 10 seconds l 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 level is the midpoint between V4 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 TL0O22M 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,

[AEN)
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TYPES TLO22M, TL022C
DUAL LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+ =15V, Vecc—=—15V
M 22C
PARAMETER TEST CONDITIONST TL022) TLO UNIT
MIN TYP MAX| MIN TYP MAX
v | t offset volt: Rg < 10k ¢ ! 5 ! 5 \
o voltage m
10 ey s 9 S Full range 6 7.5
25°C 5 40 15 80
ho Input offset current nA
Full range 100 200
) 25°C 50 100 100 250
hg Input bias current nA
Full range 250 400
25°C 12 #13 12 13
2 Input voltage range v
Full range 12 12
v Maximum peak-to-peak R_=10k2 | 25°C 20 26 20 26 v
opP output voltage swing R > 10kQ | Full range 20 20
A Large-signal differential RL > 10k%, 25°C 72 86 60 80 4B
vD voltage amplification Vp=*10V Full range 72 60
B Unity-gain bandwidth 25°C 0.8 0.8 MHz
L . 25°C 60 72 60 72
CMRR Common-mode rejection ratio Rg < 10k§2 dB
Full range 60 60
AV|o/AV Supp! ltage sensitivit Rg < 10kQ 25°C 30 1%0 30 200 VIV
Ul voltage sensitivi <
10/aVec Supply voltag v s Full range 150 200 | ¥
Avp = 20dB,
Vo Equivalent input noise voltage B =1Hz, 25°C 50 50 nV/\/Hz
f=1kHz
10s Short-circuit output current 25°C +6 +6 mA
, Supply current No load, 25°C 130 200 130 250 A
cc (Both amplifiers) No signal Full range 200 250 s
Total dissipation No load, 25°C 3.9 6 39 75
L) . . mw
(Both amplifiers) No signal Full range 6 7.5

T All characteristics are specified under open-loop operation, unless otherwise noted. Full range for TL022M is —55°C to 125°C and for
TLO22C is 0°C to 70°C.

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

2.
PARAMETER TEST CONDITIONS TL022M TL022¢ UNIT
MIN  TYP MAX | MIN TYP MAX
tr Rise time Vi=20mV, R =10k, 0.3 0.3 Hs
Overshoot factor CL =100 pF, See Figure 1 5% 5%
Vi=10V, RL =10k,

SR Slew rate at unity gain 0.5 0.5 7

v oa Cp=100pF, See Figure 1 K
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TYPES TL022M, TLO22C

DUAL LOW-POWER OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION TYPICAL CHARACTERISTICS
TOTAL DISSIPATION
vs
SUPPLY VOLTAGE
10 —
7 £ No load
[ No signal
w _— Ta=25°C
ouTPUT E
e .umv?—-q. L é
' = .2 2 /’
g L
INPUT VOLTAGE cL 000 I AL 10 k0 @ 1
WAVEFORM o 7
T s 0.7 i
) e
| 04
TEST CIRCUIT o /
0.2 /
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
{_ EACH AMPLIFIER_ - 1! i_ - EMA@{L'O_E?‘(;E _jl v
| — T ccr
| L\| | ! ! L TO OTHER
| i t Iy i AMPLIFIER
| f [ B
| ') |1 :
I W i
I I |
| |1 |
I : | |
| |
INVERTING I | l l :
INPUT ] | |
I |1 |
NON | |
INVERTING | |
INPUT t |
| :Th: I |
| | |
| |1 |
| [ |
| 1 |
| l ot : | vee
L e J
TO OTHER
SECTION

Printed in U.K.

TI cannot assume any responsibility for any circuils shown
or represent that they are free from patent infringement

EXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
{ ORDER T0 IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE

TEXAS INSTRUMENTS

101



"LINEAR

INTEGRATED CIRCUITS

TYPES TL0O44M, TLO44C

QUAD LOW-POWER OPERATIONAL AMPLIFIERS

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

FORMERLY SN52L044, SN72L044

e Very Low Power Consumption

e Typical Power Dissipation with +2-V
Supplies . . . 340 uW

e Low Input Bias and Offset Currents
e Output Short-Circuit Protection

description

The TLO44 is a quad low-power operational amplifier
designed to replace higher-power devices in many
applications without sacrificing system performance.
High input impedance, low supply currents, and low
equivalent input noise voltage over a wide range of
operating supply voltages result in an extremely
versatile operational amplifier for use in a variety of
analog applications including battery-operated
circuits. Internal frequency compensation, absence of
latch-up, high slew rate, and output short-circuit
protection assure ease of use. Power may be applied
separately to Section A (amplifiers 1 and 4) or
Section B (amplifiers 2 and 3) while the other pair
remains unpowered.

The TLO44M is characterized for operation over the
full military temperature range of —55°C to 125°C;
the TLO44C is characterized for operation from 0°C
to 70°C.

e Low Input Offset Voltage
e Internal Frequency Compensation
e Latch-Up-Free Operation
o Power Applied in Pairs
JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
NON NON
Vecs  OUT-  INV INV. Vce-  INV. NV OUT
SECTA PUT INPUT INPUT SECTB INPUT INPUT PUT
13 12 ) 10 9

e
I

ouT

|

SECTION A SECTION B I

|

|

|

N h___l_J U .l
2 3 4 5 6 7 8
INV. NON-  Vgc-  NON INV out Voo

PUT SECTB

INPUT  INV GECTA INV  INPUT
INPUT INPUT

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

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

NOTES: 1.

TLO4AM TLO044C UNIT
Supply voltage Vcc+ (see Note 1) 22 18 v
Supply voltage Voc— (see Note 1) -22 -18 Vv
Differential input voltage (see Note 2) +30 +30 Vv
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 LEach amplifier 500 500 w
free-air temperature range (see Note 5) l Total package 680 680 m
Operating free-air temperature range —55 to 125 0to 70 °C
Storage temperature range —651t0 150 | —65t0 150| °C
Lead temperature 1/16 inch from case for 60 seconds [ J Package 300 300 e
Lead temperature 1/16 inch from case for 10 seconds I N Package 260 260 °c

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 Vet 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.

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 volts, whichever is less.

I

applies at (or below) 125°C case temperature or 76°C free-air temperature.
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.

. The output may be shorted to ground or either power supply. For the TL044M only, the unlimited duration of the short-circuit

102
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TYPES TLO44M, TLO44C
QUAD LOW-POWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+= 15V, Vgc—=—-15V
PARAMETER TEST CONDITIONSt TLO44M TLO44C UNIT
MIN TYP MAX | MIN TYP MAX
25°C 1 5 1 5
Vio Input offset voltage Rg < 10k Full range s 75 mV
o Input offset current 25°¢ s 40 15 8 nA
Full range 100 200
Iig Input bias current 25" 50 100 100 250 nA
Full range 250 400
v, Input voltage range 25°C 12 13 12 13 v
Full range +12 +12
Vorp Maximum peak-to-peak R =10k 25°C 20 26 20 26 v
output voltage swing R > 10k | Full range 20 20
Avd Large-signal differential RL =10k, | 25°C 72 86 60 80 a8
voltage amplification Vg=: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 < 10k Full range 50 50 dB
AV|p/AVcc Supply voltage sensitivity Rg < 10k iillcrange 30 ::g 30 ;gg uVvIvV
Ayp =20dB,
Vn Equivalent input noise voltage B =1Hz, 25°C 50 50 nV/\/H—z
f=1kHz
los Short-circuit output current 25°C +6 +6 mA
e Supply current No load, 25°C 250 400 250 500 A
(Four amplifiers) No signal Full range 400 500
Total dissipation No load, 25°C 75 12 75 15
Pp . . mw
(Four amplifiers) No signal Full range 12 15

tAll characteristics are specified under open-loop operation, unless otherwise noted. Full range for TLO44M is ~56°C to 125° and for
TLO44C is 0°C to 70°C.

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

PARAMETER TEST CONDITIONS TLO44M TLO44C UNIT
MIN TYP MAX [MIN TYP MAX
tr Rise time Vy=20mV, R=10k, 0.3 0.3 us
Overshoot factor Cy =100 pF, See Figure 1 5% 5%
SR Slew rate at unity gain Vi=1o0v, AL =10k, 0.5 0.5 V/us
Ci =100 pF, See Figure 1
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TYPES TL0O44M, TLO44C

QUAD LOW-POWER OPERATIONAL AMPLIFIERS

PARAMETER MEASUREMENT INFORMATION

TYPICAL CHARACTERISTICS
TOTAL DISSIPATION

vs
SUPPLY VOLTAGE
10 T T
7 £ No load
[ No signal »
41 Tp=25°C v
E A L
v ?
l —? H 2
ouTPUT o
INPUT 1 5
———-ov = 2
N 2
il a ya
INPUT VOLTAGE o 1005 movosa | — 07 £
WAVEFORM E 7
1 [ 04—
a
a
TEST CIRCUIT 0.2
0.1
0 2 4 6 8 10 12 14 16 18 20
V¢t |-Supply Voltage—V
FIGURE 1-RISE TIME, OVERSHOOT FACTOR,
AND SLEW RATE FIGURE 2
schematic (each section)
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FUTURE PRODUCT
TO BE ANNOUNCED

TYPES TLOB1AC AND TLO81C

JFET-INPUT OPERATIONAL AMPLIFIERS

JUNE 1976

JFET Input Stage

High Input Impedance. . . 109 @ Typ
High Slew Rate Typically 9 V/us

Low Input Bias Current ... 2 nA Typ

Low Input Offset Current . .. 0.2 nA Typ

description

This monolithic JFET-input operational amplifier
incorporates  well-matched, high-voltage BI-FET
technology (JFET's on the same chip with standard
bipolar transistors). The device features low input
bias and offset currents, low offset voltage and offset
voltage temperature coefficient, coupled with offset
adjustment that does not degrade temperature
coefficient or common-mode rejection.

The TLO81C is characterized for operation from 0°C
to 70°C.

® No Frequency Compensation Required
e Continuous-Short-Circuit Protection

e Unity Gain Bandwidth . .. 3MHz Typ
e No Latch-Up

e Low Power Consumption

JGORP L
DUAL-IN-LINE PACKAGE PLUG-IN PACKAGE
(TOP VIEW) (TOP VIEW)
our saL
NC Voo, PUT ANCE
s|[71[s]]s
BiEiBiD vee-
:?»IACLE A»::l‘l" IS\';‘ Vee- PIN 4 IS IN ELECTRICAL
N CONTACT WITH THE CASE

NC-—No internal connection

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

Supply voltage VCC+ (see Note 1)
Supply voltage Voc—

(see Note 1)

Differential input voltage (see Note 2)

Input voltage (see Notes 1 and 3)

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

R 18V
... ... =18V
. 30V

. *¥15V

unllmlted

670 mW

0°C to 70°C

. —65°C t0 150°C

Storage temperature range e
Lead temperature 1/16 inch from case for 60 seconds JG or L package e e e e e e e e e
Lead temperature 1/16 inch from case for 10 seconds: P package

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

the zero level is the midpoint Vee+ and Voo
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.

> W

dissipation rating is not exceeded.

6. 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.

. 300°C
. 260°C

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

TENTATIVE DATA SHEET

This document provides tentative information TEXAS IN ST RU M ENTS
on a product in the developmental stage. Texas

Instruments reserves the right to change or

discontinue this product without notice.
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TYPES TLOS1AC AND TLOSBIC
JFET-INPUT OPERATIONAL AMPLIFIERS

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

PARAMETER TEST CONDITIONST TLOBIAC TLO8IC UNIT
MIN  TYP MAX | MIN TYP MAX
Rg =50 Q 6 10 15
Vio Input offset voltage mV
Rg =500, Ta = full range 7.5 13 20
Temperature coefficient R 50 0 T ful 10 10 vIC
= , = range
avio of input offset voltage S ATl 9 u
0.2 0.5 0.2 0.5
ho Input offset current nA
Ta = full range 04 1 04 1
. 2 4 2 4
hB Input bias current nA
Ta = full range 3 6 3 6
- 12 +10
Common-mode input
Vicr to to \
voltage range
-12 -10
Maximum peak-to-peak RL > 10k 24 26 24 26
Vorp X T = full range Vv
output voltage swing RL>2kQ 20 20
Large-signal differential R =10k, Ta= 25°C 25 200 25 200
AvD P Vimv
voltage amplification Vo =+10V TAa = full range 15 15
N Input resistance 10° 10° (9]
Common-mode rejection
CMRR . Rg =10 k2 70 90 70 90 dB
ratio
Supply voltage rejection
ksvR* PPy voltage rel 70 80 70 80 dB
ratio
, Supply current No load, Ta=25°C 2 4 2 4 A
u| urr m
ce No signal Ta = full range 3 6 3 6
*ksvr = AVcci/AVio.
1t All characteristics are specified under open-loop operation, unless otherwise noted. Full range for T p is 0°C to 70°C.
operating characteristics, Vcc =15V, Ta = 25°C
TLOB1AC TLO81C
PARAMETER TEST CONDITIONS
- MIN  TYP MAX MIN TYP MAX UNIT
SR Slew rate at unity gai Vim1o0v, AL =2k, 9 9 v
ew rate at unity gain
_ Ve CL =100 pF me
Printed in U.K.
106 TEXAS INSTRUMENTS
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FUTURE PRODUCT

TYPE TLO84C

TO BE ANNOUNCED QUAD JFET-INPUT OPERATIONAL AMPLIFIER

JUNE 1976

® High Input Impedance — JFET Input Stage
e Continuous-Short-Circuit Protection

e Wide Common-Mode and Differential
Voltage Ranges

® No Frequency Compensation Required

e Low Power Consumption

e No Latch-Up

® Gain and Phase Match Between Amplifiers

® 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

make this device excellent for high-speed analog
applications. The output circuitry has been carefully

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

AMPLIFIER NO. 4

INVER' NONIN'
NG VERTING

ouTPUT INPUV INPUT - Veg = INPUT  INPUT OUTPUT

AMPLIFIER NO. 3

NONIN- INVERT
VERTING ING

f<1J_J
<)

e

1 2 3

OUTPUT INVERT. NONIN. v,
ING  VERTING
INPUT  INPUT

4 5 6 7

‘cc* NONIN. INVERT. OUTPUT
VERTING ING
INPUT  INPUT

AMPLIFIER NO. 1

AMPLIFIER NO. 2

balanced and symmetrically connected to minimize offset. This' device is compatible with the LM324, MC3403, and

HA4741 quadruple operational amplifier pinout.

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

Supply voltage, Voot
Supply voltage, Vcc—
Input voltage

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

Operating free-air temperature range
Storage temperature range

electrical characteristics

Input offset voltage: at 25°C R

over temperature range
Temperature coefficient of 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

. 115V

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 \
25 200 V/mV
156 V/mVv

70 90 dB

70 80 dB

TENTATIVE DATA SHEET

This document provides tentative information
onla pv‘::auuct in the developmental stage. Texas TEXAS I NSTRUMENTS

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

INTEGRATED CHOPPER-STABILIZED

CIRCUITS

TYPES TLO8SI, TLO8SC
OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612421, JUNE 1976

e Very Low Input Offset Voltage . . . 25 to 50 uV Typ

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

e Very Low Input Bias Current . . . 150 pA Typ
e Very Low Input Offset Current . . . 100 to 200 pA Typ

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

description

The TLO89 high-performance chopper-stabilized
operational amplifier features superior input offset

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

High Gain-Bandwidth Product . . .
3 MHz Typ

Wide Common-Mode and Differential
Voltage Ranges

Very High Voltage Amplification . . .
175 dB Typ

L PLUG-IN PACKAGE
(TOP VIEW)

voltage, input offset voltage temperature coefficient,
input bias and offset current characteristics, and ex-
cellent dynamic performance when compared with
conventional amplifiers. The inputs of the TLO89 are
symmetrical and differential, meaning that the device
may be operated in any conventional op-amp feed-
back configuration. Applications include high-gain dc
instrumentation, precision integrators, and as a substi-
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
an eight-pin hermetic plug-in package with standard
pin-out and requires only three capacitors for
operation.

The TLO89! is characterized for operation from
—25°C to 85°C and the TLO8IC from 0°C to 70°C.

Vee-

PIN 4 IS IN ELECTRICAL
CONTACT WITH THE CASE

functional block diagram

INVERTING
INPUT -
Al ouTPUT
NONINVERTING +
INPUT
A4 » Cg
A2 -+
+ A3
CsH

FIGURE 1

TEXAS INSTRUMENTS



TYPES TLO89I, TLO89C
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS

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

TLO8II TLO8IC UNIT

Supply voltage, Vcc+ (see Note 1) 20 20 \
Supply voltage, Vcc— (see Note 1) —20 —20 \2
Differential input voltage (see Note 2) +15 15 \
Input voltage (any input, see Notes 1 and 3) 15 15 \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) 625 625 mw
Operating free-air temperature range —25 to 85 0 to 70 °Cc
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 Voc—. If the zero-reference level of the system is not the midpoint of the
supply voltages, all voltage values must be changed accordingly.

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

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 156 volts, whichever is less.

2.

3.

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,

recommended operating conditions

TLO8I! TLO89C
UNIT
MIN MAX MIN MAX
Supply voltage, Vcc+ 10 20 10 20 \%
Supply voltage, Vge... -10 —20 -10" —20 v
Operating free-air temperature, Ta —25 85 0 70 °c
Vee+
Cg=0.1 uF
INVERTING __}
INPUT OUTPUT

NONINVERTING

INPUT

vee-

FIGURE 2—TYPICAL GAIN CONFIGURATION SHOWING EXTERNAL COMPONENTS

TEXAS INSTRUMENTS
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TYPES TLO89i, TLO8IC
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vcc+ =15V, Vec—=—-15V
PARAMETER TEST CONDITIONS? TLOBY) TL089C UNIT
MIN _TYP MAX | MIN TYP MAX
v Input offset volt 25°C 25 50 50 150 v
e’ e
10 nput offset voltag Full range 80 200 | *

Average temperature

ayvio coefficient of input Full range 0.2 0.2 uv/iec
offset voltage
lio Input offset current 257¢ 10 300 200 600 PA
Full range 600 1000
Average temperature
a0 coefficient of input Full range 2 2 pA/°C
offset current
. 25°C 150 500 150 1000 PA
s Input bias current
Full range 10 15 nA

Common-mode input o
VIcR 25°C £10 £10 Y
voltage range

Maximum peak-to-peak

Vopp sutput voltage swing RL=2kQ 25°C 20 24 20 24 v

AV Large-signal differential RL=2kQ, 25°C 100 175 100 175 dB
voltage amplification Vo =10V

[ Chopper frequency 25°C 400 400 Hz

B4 Unity-gain bandwidth 25°C 3 3 MHz

i Input resistance 25°C 100 100 M

o Output resistance 25°C 200 200 Q

Common-mode °
CMRR o . Rg < 10 k2 25°C 80 80 dB
rejection ratio

Supply voltage

ksvR® rejection ratio Rg < 10 kQ 25°C 80 80 dB
Ios Short-circuit output 25°C 10 20 10 20 mA
current
No load, °
Icc Supply current No signal 25°C 6 10 6 10 mA

*kgvR = AVcc/AVo. . .
TFull range for the TLOB9I 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, Vgc— = =15 V, CT = 1500 pF, CF = CSH = 0.1 uF, Ta = 25°C

PARAMETER TEST CONDITIONS TLO89) TLO89C 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

TEXAS INSTRUMENTS



TYPES TLO89I, TLOBSC

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.

W—

HIGH FREQ. HIGH PASS
> ]
I\
)
LOW FREQ. . .
(d)
(b) (c)
LOW PASS

(———Az ol

I“-_b

CHOPPER
DRIVE

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) S
INPUT O}b0—— —
(b) /'| I" r r] I" r
MODULATEDO’_
INPUT
M M
(c)
PRIOR TO O
DEMODU-
te) LATION », »,
= o M —
(d)
AFTER
DEMODU-
LATION \ L
(e) —
AFTER
LOW-PASS
FILTERING
AND
SUMMING

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

TEXAS INSTRUMENTS



12

TYPES TLO89I, TLO8YC
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, CSH, 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 are ina
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.

TEXAS INSTRUMENTS
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LINEAR

INTEGRATED CIRCUITS

TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

BULLETIN NO. DL-S 7612407, JUNE 1976

FORMERLY SN52702, SN72702

e Open-Loop Voltage schematic
Amplification . . . 2600 Typ .
'cc+
Bk 8kn
e CMRR...80dBTyp
2k 2kn LEAD
._| COMP
34k
description
g 5
The TL702 is a high-gain, wideband operational e 24
amplifier having differential inputs and single-ended NVERING $—oourteur
emitter-follower outputs. Provisions are incorporated INPUT _
within the circuit whereby external components may Companat aies shown on i
be used to compensate the amplifier for stable 0 nominal
operation under various feedback or load conditions. e on
Component matching, inherent in silicon monolithic y
circuit-fabrication techniques, produces an amplifier : cc-

termi

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.

nal assignments

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

LAG LEAD
NC_ VcCr NC OUTPUT COMP COMP  NC

NC NC GND INV. NON vcc- NC
INPUT INV
INPUT

u
L PLUG-IN PACKAGE FLAT PACKAGE
(TOP VIEW) (TOP VIEW)
Ve LAG LEAD
QDD G
'l N 4 3 'l
v

©F

®

®H
©=

®

NV NON  vee-
PUT  INV
INPUT

2

PIN 41S IN ELECTRICAL CONTACT WITH THE CASE

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 \
Supply voltage VcC— (see Note 1) -7 -7 Vv
Differential input voltage (see Note 2) +5 +5 \
Input voltage (either input, see Notes 1 and 3) —-61t0 15 | -6t01.5 vV
Peak output current (tw < 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

—551t0125| 0to 70 °Cc

Storage temperature range

—65 to 150 [—65 to 150 °C

Lead temperature 1/16 inch from case for 60 seconds [ J.L, or U package 300 300 °C

Lead temperature 1/16 inch from case for 10 seconds | N package 260 260 °C

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

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

3. The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages.
4. For operation of TL702M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2.

TEXAS INSTRUMENTS 13
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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 veer =8V it
Vec—=-6V | Vee_=-3Vv
MIN TYP MAX|MIN TYP MAX
[ 25°c 2 5 2 5
Vio input offset voltage Rs < 2kQ l Fall range s s mvV
Average temperature coefficient —55°C to 25°C 10 10
avio of sn::: o":x voltage Rs=s0a }25°c t0 125°C 5 5 wVre
25°C 05 2 03 2
ho Input offset current —55°C 1.3 3] WA
125°C 0.2 3 3
Average temperature coefficient I—55°C 10 25°C 6 5 o
oo of input offset current [25°C t0 125°C 3 2 nAre
| Input bias current 25°¢ 4 10 28 ! HA
8 Py —55°C 65 20 14
W e [ R T
v Maximum peak-to-peak R > 100 k2 10 10.6 5 54 v
OPP output voltage swing RL =10k 8 4
i i i ~ 25°C 1400 2600
Avo \':;'::::;;::::";:"" aL>100ke | "0 **Y [Fuiirange [1000
Vg-:25V | 25°C 380 700
. 25°C 8 25 12 40
[ Input resistance Fall range 3 P [31]
o Output resistance Vo =0, See Note 3 25°C 200 500 300 700 [ ©
CMRR Common-mode rejection ratio Rg < 2kQ2 25°C 70 80 70 80 d8
AV,0/AVCC Supply voltage sensitivity Rg < 2k 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| mwW

1t Al characteristics are specified under open-loop operation. Full range for TL702M is —55°C to 1256°C.
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

TEXAS INSTRUMENTS




TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TL702C
electrical characteristics at specified free-air temperature, Vcc+ =12V, Vec—-=—-6V
TL702C
PARAMETER TEST CONDITIONS! UNIT
MIN TYP MAX
v | t offset volt: Rg < 2k 25°¢ 5 10 v
nput offset vo! je m
10 P! 29 S Full Range 15
Average temperature coefficient o
ayvio . Rg =500 Full Range 5 uv/’c
of input offset voltage
1 Input offset t 25°c 05 5 A
nput offset curren
10 Py Full Range 7.5 s
Average temperature coefficient 0°C to 25°C 5
a0 . r 5 nA/°C
of input offset current 25°Ct070°C 3
| \ bi ) 25°C 4 15 A
t
18 nput bias curren °C 25 20 m
Positive swing o 0.5 1
A7 Input voltage range - 25°C v
Negative swing -4 -5
Maximum peak-to-peak °
- Vopp ! RL > 100 k2 25°C 10 106 v
output voltage swing
Large-signal differential 25°C 1000 2600
Avp o RL > 100k, Vo =+5V
voltage amplification Full Range | 800
\ o 25°C 6 25 K
n n tr n
i put resistance Full Range | 3.5
o Output resistance Vo =0, See Note 3 25°C 200 600 (Y
CMRR Common-mode rejection ratio Rg < 2kQ 25°C 65 80 dB
AV|0/AVcc Supply voltage sensitivity Rg < 2kf2 25°C 60 300 | uVv/V
Icc Supply current No load, No signal 25°C 5 7| mA
Pp Total power dissipation No load, No signal 25°C 90 125 | mW

1 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 Vcc+ = 12V, Vcc—-=—-6V, Tao =25°C

PARAMETER TEST TEST CONDITIONS BOTH TYPES UNIT
FIGURE MIN TYP MAX
L 1 Vy=10mV, C_L=0 25 120 ns
ty  Rise time
2 Vi=1mV 10 30 ns
hoot 1 V) =10mV, Cy = 100 pF 10%  50%
Overshoot factor 2 Vi = 1mV 20% 0%
1 V=6V, C( = 100 pF 1.7
SR Sl t /
ew rate 2 V=100 mV K Viks

TEXAS INSTRUMENTS
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

Vi

—_—d———ov

INPUT VOLTAGE
WAVEFORM

Vi

—_—) 0V

INPUT VOLTAGE
WAVEFORM

PARAMETER MEASUREMENT INFORMATION

INPUT

INPUT

FIGURE 1-UNITY-GAIN AMPLIFIER

5 kQ2
50 Q
_‘_—-vw—-Jb—o——— -
+
= LEAD LAG
comp COMP
50 pF

50

FIGURE 2—GAIN-OF-100 AMPLIFIER

»—? OUTPUT

RL = 100 k2

ik

OUTPUT
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TYPES TL702M, TL702C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

MAXIMUM PEAK.TO-PEAK OUTPUT VOLTAGE
v

FREQUENCY
(tor various lsg compensations]

‘.
VCC+ =12V AL =100k0
VCC-= -8V TA=25°C

2

T T
N A
l I

VOPP—Maximum Pesk-to-Pesk Output Voltage—V

LAG COMPENSATION CIRCUIT

o
etk ek FOR FIGURES 3,4, AND &

1-Frequency -Hz
FIGURE 3

LARGE SIGNAL DIFFERENTIAL
LARGE SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION

VOLTAGE AMPLIFICATION v
v FREQUENCY
FREQUENCY (for various lag compensations)
10t T " PR 10* T
VD(0) = AvD at =1 Hz | Open-Loop, C1 = 0 veee =12V
. 2 L =100k
5 100 PR pcriid 3w TA-25'C
H ||| r'“u oo 3 | III‘IO.IJ]I N
. AvD(0) * N
T .ll_,‘ e ‘! 107 |C1=1006F Ry - 260 [N
i Avoio = 100 i H TTIm T
8 Closed: Loop > Avp(0) = 10
30 ‘ .'!..‘ 3o im0k Ry - 2000
§ Avp(0) = 10 ‘ g I ] H]”" I n.
3 Closed-Loop “ £ AvD(0) = \
% Q Cy =001 uF, Ry =200
& o =
S PR [T < LTI T
< Closed Loop ‘ N
| | AVD(0) = AyD at = 1 Hz
10" 4 . 10-" il
100 Tk 10k 100 k ™ 10M 100 k ™ nom 100 M
1-Frequency—Hz f-Frequency ~Hz
FIGURE 4 FIGURE 5
LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
4
FREQUENCY
(for various lag compemsations)
10 Rf
AVD(0] = AvD at f = 1 Hz A
5 Vees =12V v
Open L. VeC- = -6V
g 100 i Corg " C3=50pF
H | “ I Ir.Nl TA=25°C o- N
< —t
| BBl “l Cy
H AVD(0) * 100, C2 = 0, Rf = 10 kR o
: il "
2 1
§ ' [Avow - 10.cam 00 oF, b’
: R2=2000, R = 10kQ2 A
? 1
g AvD(0) = 1. C2 = 0.0V uF, N
< R2= 200, RE =10k
oo L L LI 1 1] c
100 ™ 0™ 100M 3
i " LEAD-LAG COMPENSATION CIRCUIT
reaueney -t FOR FIGURE 6
FIGURE 6
Printed in U.K.
TI cannot assume ony responsibility for ony circuits shown
o repesent hal ey ar Tee fiom patent inringement. TEXAS INSTRUMENTS

XAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE
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LINEAR
INTEGRATED CIRCUITS

TYPE uA702M

GENERAL-PURPOSE OPERATIONAL AMPLIFIER

BULLETIN NO. DL-S 7612408, JUNE 1976

e Open-Loop Voltage
Amplification . . . 3600 Typ

FORMERLY SN52702A

schematic

e Designed to be Interchangeable With e

Fairchild uA702
e CMRR...100dB Typ

description

The uA702 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
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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
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—55°C to 125°C.
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GND NV NON vcc- NC
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PIN 41S IN ELECTRICAL CONTACT WITH THE CASE

NC-No internal connection

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

Supply voltage Vcc+ (see Note 1)
Supply voltage VcC— (see Note 1)

Differential input voltage (see Note 2)

Input voltage (either input, see Notes 1 and 3)

Peak output current (ty < 1s)

Continuous total dissipation at (or below) 70 C free -air temperature (see Note 4)

Operating free-air temperature range
Storage temperature range

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

NOTES: 1.

14V
-7V

BV

" 6Vio15V

50 mA

... . 300mwW
. —55°C to 125°C
. —65°C to 150°C
. 300°C

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

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages.
4. For operation above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2.
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TYPE uA702M

GENERAL-PURPOSE OPERATIONAL AMPLIFIER

electrical characteristics at specified free-air temperature

Vces = 12V Vec+ =8V
PARAMETER TEST CONDITIONS? Vec-=-6V Vec—-=-3V_luniT
MIN TYP MAX|[MIN TYP MAX
Vio Input offset voltage Rg < 2kQ2 I zzllcrange 08 ; 9.7 3 mv
Average temperature coefficient —55°C to 25°C 2 10 3 15
avio of input offset voltage Rs=500 [%5% to 125°C 25 10 TR
25°C 02 05 0.12 05
o Input offset current —55°C 04 15 03 15| pA
125°C 0.08 05 0.05 05
o Average temperature coefficient -55°C to 25°C 3 16 2 13 nAPC
of input offset current [ 25°C t0 125°C 1 5 07 4
T Input bias current 25°E 2 s 12 35 uA
—-55°C 43 10 26 75
Positive swing o 0.5 1 0.5 1
) Input voltage range Negative swing 25°C Ta = ) Y
M . RL > 100 kQ 25°C 10 106 5 5.4
Vore laximum peak-to.-p'l Full range 10 5 v
output voltage swing R =10k 25°C 7 8 3 4 .
R > 10kQ Full range 7 3
) ! ] Vo =15V 25°C 2500 3600 6000
AvD Large-signal (.1l-"cr'enlll| RL > 100 k82 Fu:l range | 2000 7000
voltage amplification Vo=:25V 25°C 600 900 1500
Full range 500 1750
. 25°C 16 40 22 67
i Input resistance Full range s 8 kQ
o Output resistance Vo =0, See Note 3 25°C 200 500 300 700 2
CMRR Common-mode rejection ratio Rg < 2kQ 2%5°C 80 100 80 100 d8
Full range 70 70
AV|Q/AVCC Supply voltage sensitivity Rg < 2kQ 25°C » 5 wVIV
Full range 200 200
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
tan istics are sp under open-loop ion. Full range is ~55°C to 125°C.
NOTE 3: This typical value applies only at f above a few hertz because of the effects of drift and thermal feedback.
operating characteristics Vcc+ = 12V, Vcc—-=—6V, Ta =25°C
TEST
PARAMETER TEST CONDITIONS MIN TYP MAX [ UNIT
FIGURE
L 1 Vy=10mV, CL=0 25 120 ns
tr Rise time 2 Vi=1mv 0 30 | ns
1 Vi =10mV, Ci = 100 pF 10% 50%
Overshoot factor 2 Vi=Tmv 20% 0%
1 V=6V, CL = 100pF 1.7
SR Slew rate 3 V=100 mV T Vlus

TEXAS INSTRUMENTS
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TYPE uA702M

GENERAL-PURPOSE OPERATIONAL AMPLIFIER

Vi

———0v

INPUT VOLTAGE
WAVEFORM

Vi

— e e — 0 V

INPUT VOLTAGE
WAVEFORM

PARAMETER MEASUREMENT INFORMATION

2 kQ

INPUT

FIGURE 1-UNITY-GAIN AMPLIFIER
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50 Q
rﬁm—ir—o_ el
INPUT +
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50 Q 50 pF .

FIGURE 2—-GAIN-OF-100 AMPLIFIER

»—? OUTPUT

2 RL = 100 kQ
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OUTPUT
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TYPE uA702M
GENERAL-PURPOSE OPERATIONAL AMPLIFIER

TYPICAL CHARACTERISTICS

MAXIMUM PEAK TO PEAK OUTPUT VOLTAGE
vs

FREQUENCY
{for various lag compensations)

VCCs =12V RL = 100k$)
VCC-= -6V TA=25°C

LAG
=
[of
1 RL
.
Ry
2 — —3

VOPP—Maximum Peak-to-Peak Output Voltage—V
®

LAG COMPENSATION CIRCUIT
FOR FIGURES 3,4, AND 5
(~Frequency~Hz

FIGURE 3

LARGE SIGNAL DIFFERENTIAL
LARGE SIGNAL DIFFERENTIAL VOLTAGE AMPLIFICATION

VOLTAGE AMPLIFICATION vs
v FREQUENCY
FREQUENCY (for various lag compensations)
0 10¢ YT
AVD(0) = AvD atf =1 Hz Open Loop C1- 0
§ Open Loop S12v B
g oo I
H H AL
< £ Avp(0) = 100 N
% 107 . % 10 C1 =100 pF. Ry = 2 kst
£ oo ! TTTT T
$ Closed Loop s AVOI0) * 10
3 N ‘ 3 fCrn1000pr Ry 2000
§ AvD(0) = 10 ) £ AL N
3 H
$ Closed Loop '. K AVDIO) - 1 \
'i y L 1 .5“" ‘i s ler-0014F Ry - 204
s Avp(0) = ! | ‘ S o
< Closed Loop "“ I < \
10 il i‘_ | ot AVD(0) * AvD 4t = 1 Hz
100 1k 10k 100k 1M 10M 100 k ™ oM 100 M
1-Frequency -Hz 1-Frequency =Mz
FIGURE 4 FIGURE 5
LARGE SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
I
FREQUENCY
(for various lag compensations)
10° Rg
AVO(0) - Ayp at f = T Hz, Aaa
s vees =12V VWA
H Open & vee- = -6V
3 0 = 6l €3+ 50 oF
= D) Ta:
3 2R A=25C o
£ - '
: VT T
§ o 1 Cy
z AvD(0) = 100, C2 = 0, RF = 10k b o
: I "
§ ' Avow) = 10.C2 = 1000 pF. q +
$ R2=20011, RE = 10ke
3 L |
3 AVD(0) * 1. C2 - 00T uF .
a R2= 204, Rf =10kit
o L LLLIE 1T c
100 ™ nom 100 M 3
F " LEAD-LAG COMPENSATION CIRCUIT
—Frequency -
ey FOR FIGURE 6
FIGURE 6

Printed in U.K.
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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

Maximum Peak-to-Peak Output Voltage Swing . . . 28 V Typical with 15 V Supplies

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.

schematic

e Common-Mode Input Range . .. =10 V Typical
e Designed to be Interchangeable with Fairchild uA709A, ©A709, and uA709C
L]

description

WVERTING

NONINVERTING,
ot

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.

—outeut
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L CompEnsATION

In addition,

m

aximum

values of the

JGORP
DUAL-IN-LINE L
JOR N DUAL-IN-LINE PACKAGE PLUG-IN PACKAGE U FLAT PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW)
eyt
FRea Faea’ Faca our “Faeo’ FRea reo
NC  NC COMP A Ve PUT COMP  NC COMP A VCCe PUT COMP NC COMP A Vcge OUTPUT COMP
AIRINIE ®®O0
—h 4 4 ' i

1ff2[13[]4

NC NC INPUT INV_ NON- Vec. NC
FREQ INPUT INV
COMP 8 INPUT

INPUT “INV_ NON. VCC-
FREQ INPUT INV
COMP 8 INPUT

PIN 4 1S IN ELECTRICAL
CONTACT WITH THE CASE

NC-—No internal connection

voltages specified

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

TEXAS INSTRUMENTS
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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 Vcc+ (see Note 1) 18 18 Vv
Supply voltage Voc— (see Note 1) —-18 -18 \
Differential input voltage (see Note 2) +5 +5 \
Input voltage (either input, see Notes 1 and 3) +10 +10 \
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 -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 I J, JG, L, or U package 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds I 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—.

. 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.

o AWN

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

PARAMETER TEST CONDITIONS! v UAZ\?:fMMAx P "':733'“ rea LAl
25'C 0 1
Vio Input offset voltage Rs < 10kS — 6 ; 2 mv
Ull range
N emperatore coetiioom |RS=20%2 Full range 78 10 3
wverage temperatur icien
avio e temp ) [=s5°C 10 25°C 48 25 6 wvre
of input offset voltage Rg = 10 k§2 [ 25°C 10 125°C 2 5 5
to
25°C 1050 50 200
o Input offset current -55°C 40 250 100 500 | nA
125°C 35 50 20 200
R Average temperature coefficient [-55°C 10 25°C 045 28 APC
o, o, n
1o of input offset current [25°C 10 125°C 008 05
| Input bias current 2’ 01 02 02 05 uA
8 u s
-56°C 03 06 05 15
25°C + +10 + +1
v Input voltage range Vees = $15V ol o .g :3 ° v
u , B
° 4
Vece =15V, RLZ 10k RS 2 2 24 cil
vorr Maximum peak-to-peak Full range 24 24 v
output voltage swing Vece - 16V, AL -2k | 25°C 20 26 20 2
Veer =115V, RL 22k Full range 20 20
A Large-signal differential Veer =16V, RL > 2Kk, [25°C a5 45 N
Vo voltage amplification Vo =410V Full range |26 70 | 25 70 V™Y
25°C 350 750 150 400
i Input resistance “65°C 3 185 20 700 k2
o Output resistance Vo = 0, See Note 6| 25°C 150 150 Q
25°C 80 110 70 90
CMRR Common-mode rejection ratio | Rg< 10 kS = m 2 a8
ull range
. 25°C 40 100 25 150
AV|0/AV e Power supply sensitivity Rg < 10 k§2 - 00 e LA
Uil range
v Y. Nolond 25°C 25 36 26 55
=% . 0 load,
Icc Supply current cce ~55°C 27 45 mA
No signal PP Y 3
25°C 75 108 78 165
o ) Vegs = £16 V. No load, -
) Total power dissipation ~55°C 81 135 mwW
No signal 125°C 63 90

T All characteristics are specified under open-loop operation. Full range for UA709AM and UA709M is —55°C to 125°C.
$ AN typical values are at Voos = #15 V.
Note 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

TEXAS INSTRUMENTS



TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

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

PARAMETER TEST CONDITIONST uAT09C UNIT
MIN TYP MAX
Vees =29V to15V, 25°C 2 75
ff =
Vio Input offset voltage Rs < 10 kQ Full range 0 mV
) ) toffset . v 25°C 100 500 A
n offset curren = + n.
10 Py Vees =9 Vo5V Full range 750
! Input bi t \ 9Vio+15V ¢ 03 5 A
n| as curren =t +
'8 put bl CC+ t© Full range 2 K
V) Input voltage range 25°C +8 +10 \Y
25°C 24 28
) RL > 10kQ
v Maximum peak-to-peak Full range 24 v
oPP output voltage swing RL=2kQ 25°C 20 26
RL =22kQ Full range 20
Large-signal differential 25°C 15 45
AvD ge-signal differentt R <2kQ, Vo=1:10V V/mv
voltage amplification Full range 12
, ¢ " 25°C 50 250 e
i r
T nput resistance Foll 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 o/AVce Supply voltage sensitivity Rg < 10k 25°C 25 200 | wV/V
Pp Total power dissipation No load, No signal 25°C 80 200 mW
TAll characteristics are specified under open-ioop 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+ = +9Vto+15V, Ta = 25°C
uA709AM
A709M
PARAMETER TEST CONDITIONS h UNIT
uA709C
MIN TYP MAX
t, Rise ti CL=0 0.3 1 s
r se time Vi =20mV, R_=2kg, See Figure 1 [ L
Overshoot factor [ CL = 100 pF 6%  30%
PARAMETER MEASUREMENT INFORMATION
10 k§2
Vi
OUTPUT
INPUT
-—d = =-0V
CL =100 pF
INPUT VOLTAGE —
WAVEFORM =

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

TYPICAL CHARACTERISTICS
{unless designated maximum or minimum)

INPUT OFFSET CURRENT INPUT BIAS CURRENT INPUT BIAS CURRENT
vs v s
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE SUPPLY VOLTAGE
100 ©o2s0
\l Vees = 115V . \ Vees - £15V Ta = 25°C
< 8 \2, E 400) \ <« 200 — UA709M p—
L . U
1 £ €
H H H
3 ¢ 5 00— 5 1o
] % 2s0l—IN
2 N 2 @ UATO9AM
s 40 — 3 2 3
g \ N 2 ¢
¢ N N 2 ;
=20 ™ = 10 50
m
0 0 0
=75 <50 -25 G 25 5C 75 100 125 <75 -50 -25 0 25 50 75 100 125 0 ! 2 3 “ 5
Ta-Free-Air Temperature-°C TaA-Free-Air Temperature—°C Vel -Supply Voltage—V
FIGURE 2 FIGURE 3 FIGURE 4
uA709AM
INPUT VOLTAGE RANGE INPUT RESISTANCE COMMON-MODE REJECTION RATIO
v v v
SUPPLY VOLTAGE FREE-AIR TEMPERATURE FREE.AIR TEMPERATURE
" ns
Ta = Full Range | Vece =215V 3 Vees - H15V
‘ol & MrRg<iokn
> g m
4 ' <
5 . T 1 §
: i b ;
o g
g s AT H - Rl
H i ki § 10
s H A 2 6 LA
e g ) o §
H < w54 g 108 |4
> < b &
, 200] (_‘y 107
& 108
100 3
’ 0 n 2 3 4 5 =75 =50 -25 0 25 50 75 100 125 275 <50 =25 0 25 50 75 100 125
IVCCsl-Supply Voltage—V Ta-Free Air Temperature—"C Ta-Free Air Temperature—"C
FIGURE 6 FIGURE 6 FIGURE 7
UATO9AM u:’::::”s?ﬁ;mou
TOTAL Diss!
TOTAL POWER DISSIPATION TOTAL POWER DISSIPATION
vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE SUPPLY VOLTAGE
200
o I 120[, - 2s°c Tas25°C I
No losd [
175 | No load.
EIEY % 10C | No signet E No signel T
j L L o
8 s 8
2 a0 l—13 2 g0 2
§ H = pZ H
8 o a
S s S 60 3
H H = H
< & e &
3 70 3 3
2 N i ;
|
O &5 Ve =t15V IS o 2 o
o No foad N o -
No signat
60 F— [
275 50 25 0 25 50 75 100 125 W00 2 1 4 s 510 n a2 s
Ta-Free-Air Temperature—"C Vel -Supply Voltage—V IVCCsl-Supply Voltage—V
FIGURE 8 FIGURE 9 FIGURE 10
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TYPES uA709AM, uA709M, uA709C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

Voltage

Ayp-Differential Voltage Ampli

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

DI

OPEN-LOOP LARGE SIGNAL
FFERENTIAL VOLTAGE AMPLIFICATION

vs
FREE-AIR TEMPERATURE

60 R =2kQ
4
50
40 \
30
]
— Vees <19V
20
=~
10 | uA708C He-

0
<75 =50 -25 0 25 50 75 100 125

T~ Free-Air Temperature- °C

FIGURE 11

OPEN-LOOP LARGE SIGNAL

DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
FREQUENCY

" II ‘
N | ‘
Q, !

Il"l III" i), !=

| | '

‘

100 1k 10k 100k 1M 10M

{-Frequency—Hz

FIGURE 14

MAXIMUM PEAK.TO-.PEAK
OUTPUT VOLTAGE

vs
LOAD RESISTANCE

T
Vees =115V
Ta = 25°C 4

/

02 04071 2 4 710
R -Load Resistance—ks2

FIGURE 16

TYPICAL CHARACTERISTICS

(unless designated maximum or minimum)

70
RL > 2ka
o0 JTA=-85Cro125°C
50 = | /
M Tvpical (T = 25 C)

* a0 ] i
3 —
330 3

20

Minimom L —1

10
: |
>
< o0

Ay p-Closed-Loop Differential Voltage Amphification

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

04
AVDI0) = Ayp atf = 101z

uA709AM, uA709M
‘OPEN-LOOP LARGE:SIGNAL

DIFFERENTIAL VOLTAGE AMPLIFICATION

v
SUPPLY VOLTAGE

9 10 n 12 13 o«
IVees! Supply Voltage V

FIGURE 12

CLOSED-LOOP LARGE SIGNAL

DIFFERENTIAL VOLTAGE AMPLIFICATION

vs
FREQUENCY

Cy = 500 pF, Ry = 1.6 kQ2,
C2 = 20 pF

Cy = 5000 pF, Ry = 1.5k,
2 = 200 pF

100 Tk 10k 100k 1M

f- Frequency Hz

FIGURE 15

MAXIMUM PEAK TO.PEAK
OUTPUT VOLTAGE

SUPPLY VOLTAGE

Ta = Full Range

| |
+

Minimum (R > 10 k§2)
L]

/-/Mm.mum (RL »2ka)

9 10 " 12 13 14
Vel -Supply Voltage -V
FIGURE 17

15

Ayp- Differential Voltage Amplification

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

uA709C
‘OPEN-LOOP LARGE SCALE
DIFFERENTIAL VOLTAGE AMPLIFICATION

v
SUPPLY VOLTAGE

2,000 T T
R, 22kQ
Ta = 0°C 10 70°C 1

8,000 /
‘ =

iim um

0,000

6,000

8

8

9 10 " 12 13 14 15

IVees! Supply Voltage V

FIGURE 13

OUTPUT

When the amplifier is operated with
capacitive loading, Ry = 50 .
FREQUENCY
COMPENSATION CIRCUIT
FOR FIGURES 14, 15, AND 18

MAXIMUM PEAK TO-PEAK
OUTPUT VOLTAGE
s

FREQUENCY

1k 10k 100 k ™ 1om
f-Frequency-Hz

FIGURE 18

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

Vo—Output Voltage—V

TYPICAL CHARACTERISTICS

uA709AM, uA709M uA709C
VOLTAGE TRANSFER VOLTAGE TRANSFER
CHARACTERISTICS CHARACTERISTICS
15 T — 15 T
Vees =15V / Vees = £15V
RL = 10 kQ / RL=10kQ
10 Ta= *55"‘3\ /\ 10
,/ Ta=25°C
/ >
5 A } 1 5
o 8
L Tp = )
A =125°C ]
>
0 < 0
g
5
9
-5 / o -5
7 5
d
/
-10 / -10
/ /
//
-15 -15
~0.6 -04 -0.2 0 0.2 0.4 0.6 -0.6 -0.4 -0.2 0 0.2 0.4 0.6
V|p—Differential Input Voltage—mV V|p-—Differential Input Voltage-mV
FIGURE 19 FIGURE 20
SLEW RATE
RELATIVE OUTPUT SWING il
M CLOSED-LOOP DIFFERENTIAL
ELAPSED TIME 100 VOLTAGE AMPLIFICATION
1z {Crerihoct Vees = $15V
Ny 10f Ta - 25°C
i
s | ¥ (oo 1
I 80 j w
z / S
2 e ==
i i é
g 40 H
F I 2 /
3 2
& 10%; 0 ¢ T 1
Ve - ++H
e Rise Time Tp =
| 1 0
51 15 l « 0 40 100 400 1000
1 — Elopred Time — ps Ay p-Closed-Loop Amplification
FIGURE 21 FIGURE 22
NORMALIZED FREQUENCY CHARACTERISTICS NORMALIZED FREQUENCY CHARACTERISTICS
vs v
FREE.AIR TEMPERATURE SUPPLY VOLTAGE
2.0 — —T 15
" Veer * 19V t0 215 IA:Z.:;‘C
28 K
) - H
g + I“'Fy ;; : T Rise Time
2
Sz ~ v Yo lew Rate
% 1.0 ‘“ Rore +— 50.9/
s 08 gos Open- or Closed-Loop Bandwidth
7;_' 0.6 or Closed-Loop Bandwidth [y 307
= 206
[ S
3 £o0s
Z 02 Zou
0 03
275 -50 -25 0 25 50 75 100 125 N
To — Free-Air Temperature — °C IVeesi-Supply Voltage-V
FIGURE 23 FIGURE 24

Printed in U.K.
T1 cannot assume any responsibility for any circuits shown
or represent thot they are free from patent infringement

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POS
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LINEAR

INTEGRATED CIRCUITS

TYPES uA741M, uA741C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

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

FORMERLY SN52741, SN72741
e Short-Circuit Protection

o Offset-Voltage Null Capability

e Large Common-Mode and
Differential Voltage Ranges

e No Frequency Compensation Required
e Low Power Consumption
e No Latch-up

description schematic
The uA741 is a general-purpose operational amplifier,
featuring offset-voltage null capability.
The high common-mode input voltage range and the M o v
absence of latch-up make the amplifier ideal for T

voltage-follower applications. The device is short-cir-
cuit protected and the internal frequency compensa-

NON
VERTING
o

X o X 30
tion ensures stability without external components. A

low-value potentiometer may be connected between
the offset null inputs to null out the offset voltage as

shown in Figure 2.

The uA741M is characterized for operation over the

oFEsET

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

the uA741C is characterized for operation from 0°C

to 70°C.

terminal assignments

JG OR P DUAL-IN-LINE

COMPENENT VALUES SHOWN ARE NOMINAL

J OR N DUAL-IN-LINE PACKAGE L PLUG-IN PACKAGE U FLAT PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW)
ey
Ut MuLL Ut “Nuty Ne e ~e 3 Vee. outeur  NULL NG
NC NG N Ve m N N vee. PUT w2 oreser e AL
[wl[s) ] [n][w][s][e] s |71 615 W N ver. ® ® ® ®
- - b pio) (D\\ P S SR S 1 J
y \
// \
- - Q } @) ovrrr
— @/
1 _J vy =t .l ¥
BB OER G E N loXoNoXoRONOKO)
N OESET y on- Ve Oy hom: Ve PIN 4 1S IN ELECTRICAL " No OFFSET v NoW.  yoo o C
N weuT CONTACT WITH THE CASE MuEL et RO

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

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

uA741M uA741C  |UNIT
Supply voltage Vcc+ (see Note 1) 22 18 v
Supply voltage Vcc— (see Note 1) -22 -18 "
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 Vcc— +0.5 £0.5 v
Duration of output shortcircuit (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 —56 to 125 0 to 70 'C
Storage temperature range —6510 150 | —6510150| “'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 Ve
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 elther 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, Vcc+ = 15V, Vee- = -15V
741M A741C
PARAMETER TEST CONDITIONS! ul - UNIT
MIN TYP MAX MIN TYP MAX
25°C 1 5 1 6
A Input offset volta Rg < 10kQ mV
10 Py e S Full range 6 7.5
AVjO(adj)  Offset voltage adjust range 25°C +15 115 mv
25°C 20 200 20 200
ho Input offset current nA
Full range 500 300
. 25°C 80 500 80 500
IT:] Input bias current nA
Full range 1500 800
v Input voltage rani 2%°C 212 213 212 13 A
! P! 9 9° Full range 12 12
R =10kQ | 25°C 24 28 24 28
v Maximum peak-to-peak R > 10 k2 | Full range 24 24 v
oPP output voltage swing RL-2kq | 25°C 20 26 20 26
R > 2k Full range 20 20
Large-signal differential RL=>2kQ, | 25°C 50 200 20 200
Avp . V/mV
voltage amplification Vo =+10V | Full range 25 15
[ Input resistance 25°C 0.3 2 0.3 2 MQ
Vo=0V,
o Output resistance o 25°C 75 75 Q
See Note 6
C; Input capacitance 25°C 14 14 pF
25°C 70 90 70
CMRR Common-mode rejection ratio | Rg < 10 kQ 90 dB
Full range 70 70
25°C 30 150 30 150
AV|p/AVce Supply voltage sensitivit Rg < 10k VIV
10 cc Supl 9 v S Full range 150 150 s
los Short-circuit output current 25°C +26 +40 +25 +40 | mA
, Supply current No load, 25°C 1.7 28 1.7 28 | .
L
ce PRy No signal Full range 3.3 3.3
. . No load, 25°C 50 85 50 85
Po Total power dissipation . mwW
No signal Full range 100 100

T All characteristics are specified under open-loop operation. Full range for uA741M is —55°C to 126°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, Vcc—=—-15V, Ta = 25°C

uA741M uA741C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
1, Rise time Vi=20mV, R =2kQ, 0.3 0.3 us
Overshoot factor C =100 pF, See Figure 1 5% 5%
SR sI i Vi=10V, - Ri=2kae, 05 05 v/
t t . .
ew rate at unity gain CL = 100 pF, See Figure 1 us

PARAMETER MEASUREMENT INFORMATION

e \/ |

. INPUT
———-0v

INPUT VOLTAGE -
WAVEFORM

F——?ouwur
+

SRL=2kQ

c =‘00pFi <
L /[_T!

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

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAG
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LINEAR INTEGRATED
CIRCUITS

TYPES uA747M, uA741C
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
t0 70°C.

schematic (each amplifier)

e Wide Common-Mode and
Differential Voltage Ranges

e No Latch-up

e Designed to be Interchangeable with
Fairchild 1 A747 and uA747C

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

AMPLIFIER NO 1 AMPLIFIERNO 2

OFiser orssit

Nocc Note
™

outeyr vec.

INVIRT NONIN OTFS61 vee  OFFST! NONTN INVERT
NG VERTING AULL NULC VERTING NG
WPUT N2 NPUT NPUT

AMPLIFIER NO 1 AMPLIFIER NO 7

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

AMPLIFIER
NO 1

AMPLIFIER
NO 2

INVERTING NC-No internal connection
INPUT
L{ © Vee+
l/‘ N
NON- hay
45 k8 T\
INVERTING 30pFAS
p
INPUT r 50
Lo © OUTPUT
2
39 k62 :
S
ha, 50 2
N
OFFSET .t
NuLL o—4 —{
1k 50 k2 5k 50 k2 50 ©
OFFSET vee-
NULL
N2
L, TOOTHER

Component values shown are nominal.

AMPLIFIER
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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 Vcc+ (see Note 1) 22 18 \
Supply voltage Vg (see Note 1) —22 -18 \
Differential input voltage (see Note 2) +30 +30 \%
Input voltage any input (see Notes 1 and 3) 15 +15 \%
Voltage between any offset null terminal (N1/N2) and Vco— +0.5 +0.5 \
Duration of output short-circuit (see Note 4) unlimited unlimited

o Each amplifier 500 500
Continuous total dissipation at (or below) 25" C I J N, or W package 800 800 mw
free-air temperature (see Note 5) Total package 'Tpackage 595 625_
Operating free-air temperature range —55 t0 1256 0 to 70 ‘c
Storage temperature range —65 to 150 | —65 to 150 °C
Lead temperature 1/16 inch from case for 60 seconds | J, L, or W package 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds | N package 260 260 °C

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voitages where
the zero reference level is the midpoint between VcC+ and VCC—.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4. The output may be shorted to ground or either power supply. For the uA747M only, the unlimited duration of the short-circuit
applies at (or below) 125" C case temperature or 75°C free air temperature.
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, Vcc—-=-15V
uA747M A747C
PARAMETER TEST CONDITIONS! u UNIT
MIN TYP MAX MIN TYP  MAX
% | toffset vol R 10k %°C ! 5 ! 6 2
nput offset voltage < m
10 pu a9 S Full range 6 7.5
AV|Q(adj)  Offset voltage adjust range 25°C +15 €15 mV
25°C 20 200 20 200
ho Input offset current nA
Full range 500 300
25°C 80 500 80 500
hg Input bias current nA
Full range 1500 800
v Inbutvolt 25°C 112 +13 $12 +13 v
utvol e range
! P 29 9 Full range +12 £12
RL =10k | 25°C 24 28 24 28
v Maximum peak-to-peak R > 10 k2| Full range 24 24 v
opp output voltage swing RL=2k2 | 25°C 20 26 20 2%
RL 2 2kQ Full range 20 20
Large-signal differential R_ =2k, | 25°C 50 200 25 200
AvD ) V/mv
voltage amplification Vo = +10V | Full range 25 15
ri Input resistance 25°C 0.3 2 0.3 2 M
lZ Output t Vo-ov, 25°C 75
resis
° vpd ance See Note 6 s <
C; Input capacitance 25°C 1.4 1.4 pF
25°C 70 0 70
CMRR Common-mode rejection ratio Rg < 10kQ 9 0 dB
Full range 70 70
25°C 30 150 30 150
AV|0/AV, Supply voltage sensitivit Rg = 10k§2 VIV
10/aVec Supply voltage sensitivity S Full range 150 150 |
108 Short-circuit output current 25°C 25 +40 +25 +40 | mA
Supply current No load, 25°C 1.7 2.8 1.7 2.8
Icc mA
(each amplifier) No signal Full range 33 3.3
Power dissipation No load, 25°C 50 85 50 85
Pp ) mw
(each amplitier) 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 uA747M is —55°C to 125°C and for uA747C is 0°C to 70°C.
NOTE 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.
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TYPES uA747M, uA747C
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+ =15V, Vcc—=-15V, Ta = 25°C
uA747M uA747C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
t Rise time Vi=20mV, Rp=2kQ, 03 03 us
Overshoot factor Cp = 100 pF, See Figure 1 5% 5%
) Vi =10V, R =2k,
SR Slew rate at unity gain 0.5 0.5 Vius
Cy =100 pF, See Figure 1
PARAMETER MEASUREMENT INFORMATION

INPUT VOLTAGE
WAVEFORM

}——? ouTPUT
INPUT + 1
e ——ov =

~[ R =2kQ

Cp =100 pF

TEST CIRCUIT

FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE

TYPICAL APPLICATION DATA

FIGURE 2-INPUT OFFSET VOLTAGE NULL CIRCUIT

TEXAS INSTRUMENTS

135



136

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
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TYPES uA748M, uA748C
LINEAR GENERAL-PURPOSE
INTEGRATED CIRCUITS OPERATIONAL AMPLIFIERS

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

FORMERLY SN52748, SN72748
e Frequency and Transient Response Characteristics Adjustable

e Short-Circuit Protection o Low Power Consumption
e Offset-Voltage Null Capability e No Latch-up
e Wide Common-Mode and e Same Pin Assignments as uA709

Differential Voltage Ranges

description 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 il
offset null inputs, as shown in Figure 12, to null

out the offset voltage.

COMPENSATION

ot

NONINVERTING
WUt

orestr i
The uA748M is characterized for operation over the '
full military temperature range of —55°C to 125°C;
the UA748C is characterized for operation from 0°C Resistor values shown are nominal and in ohms.
to 70°C.

terminal assignments

JOR 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)
T kst orseT
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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 Vcc+ (see Note 1) 22 18 \Y
Supply voltage Vcc— (see Note 1) -22 -18 \
Differential input voltage (see Note 2) +30 +30 \2
Input voltage (either input, see Notes 1 and 3) 15 +15 \
Voltage between either offset null terminal (N1/N2) and Vo -0.5to 2 -0.5t02 \
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 —55 t0 125 0to 70 °c
Storage temperature range —651t0 150 | —65t0 150 °C
Lead temperature 1/16 inch from case for 60 seconds l 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 Vs and Ve
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 76°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, Vcc—- =—15V, Cc = 30 pF
uA748M uA748C
PARAMETER TEST CONDITIONST MIN P MAX MIN P MAX UNIT
25°C 1 5 1 6
Vio Input offset voltage Rg < 10 kQ Full range P oy mV
, : 25°C 20 200 20 200 A
10 nput offset current Full range 500 300 n
T Input bias current 25°¢ 8 500 80 500 nA
Full range 1500 800
25°C +12 13 +13
Vy Input voltage range Full range 112 N V
R =10kQ | 25°C 24 28 24 28
Vopp Maximum peak-to-peak R > 10 kQ | Full range 24 24 v
output voltage swing Ry =2k 25°C 20 26 20 26
RL > 2kQ Full range 20 20
Large-signal differential RL > 2kQ, | 25°C 50 200 20 200
Avp - Vimv
voltage amplification Vo =+10V | Full range 25 15
T Input resistance 25°C 0.3 2 0.3 2 MQ
. Vo-oV, .
o Output resistance See Note 6 25°C 75 75 2
Ci Input capacitance 25°€ 1.4 1.4 pF
g
CMRR Common-mode rejection ratio | Rg < 10 k2 25°¢ 70 90 0 90 dB
Full range 70 70
AV p/aVcg Supply voltage sensitivity Rg < 10 k2 25°c 30 150 30 150 wV/IV
Full range 150 150
los Short-circuit output current 25°C +25 +40 +25 +40 mA
e Supply current No load, 25°C 1.7 2.8 1.7 28 | A
No signal Full range 3.3 3.3
T 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 uUA748M 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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TYP

ES uA748M, uA748C

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

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

s N uA748M uA748C

PARAMETER TEST CONDITIONS N TYP mMax | min TYP  MAX UNIT

ty Rise time =20mV, Ry =2k, 0.3 0.3 us
CL =100 pF, Cc=30pF,

Overshoot factor See Figure 1 5% 5%

Vi =10V, R_=2kQ,

SR Slew rate at unity gain CL =100pF, Cc=30pF, 0.5 0.5 V/us
See Figure 1

PARAMETER MEASUREMENT INFORMATION

Vi

—— =0V

INPUT VOLTAGE
WAVEFORM

N2 (OPEN)

Cc = 30 pF
TEST CIRCUIT
FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE
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TYPICAL CHARACTERISTICS
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TYPES uA748M, uA748C
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
vs vs VOLTAGE-FOLLOWER
FREQUENCY ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE
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0 -a -8
110 100 1k 10k 100k 1M 10M 100M 1 18 2 26 0 10 20 30 40 S0 60 70 80 90

t-Frequency—~Hz t Time- s t-Time—us

FIGURE 8 FIGURE 9 FIGURE 10
TYPICAL APPLICATION DATA

N1 ON2
- P
vee 30 pF (OPEN)
rj = 400 M, o<1,
Ci=1pF, BW = 1 MHz

FIGURE 11-UNITY-GAIN VOLTAGE FOLLOWER

Vo R2
\7] R1
R1-30 pF
AL Cc = —
B R1+R2
R1-R2
R3 =
R1+R2

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

Printed in U.K. |
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LINEAR TYPES uAT777M, uA771C
INTEGRATED CIRCUITS  HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

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

FORMERLY SN52777, SN72777

e Low Input Currents
e Low Input Offset Parameters

e Frequency and Transient Response ® NoLatch-Up
Characteristics Adjustable o Wide Common-Mode and
Differential Voltage Ranges

e Same Pin Assignments as uA748, uA709,
LM101A/LM301A

e Short-Circuit Protection
e Offset-Voltage Null Capability
description

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

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

The uA777M is characterized for operation over the full military range of —55°C to 125°C; the uA777C is
characterized for operation from 0°C to 70°C.

terminal assignments

J OR N DUAL-IN-LINE JG OR P DUAL-IN-LINE L PLUG-IN PACKAGE U FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) (TOP VIEW) (TOP VIEW)

OFFSET

OFFsET

orEser NULL

COMP Ve, PUTN2)

nninins

outeuT

L
e
TDL? \O ) e

4

OFFSET TV NON
Moc weor wy ¢ PIN 4 1S IN ELECTRICAL R ot WG W Vo
I

@ |

N NC OFFSET WV NON  vee NG WU IRV
NOLL Ut ey comr et CONTACT WITH THE CASE com InPUT
Comr WeUT i

N

NC-No internal connection

schematic

COMPLNSATION

— — e vees
-

»
outeul
2

\l vee—

INVERTING
w1

NONINVERTING
WeUT

OFFsET

NULL SR R G
w2 —4

508 50

OFFSET NULL
comp

Wi

Resistor values shown are nominal and in ohms.

TEXAS INSTRUMENTS 141



142

TYPES uAT7IIM, uA771C
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

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

uA777M uA777C UNIT
Supply voltage Vcc+ (see Note 1) 22 22 \
Supply voltage Ve (see Note 1) -22 —-22 v
Differential input voltage (see Note 2) +30 +30 A
Input voltage (either input, see Notes 1 and 3) 15 +15 \Y
Voltage between either offset null terminal (N1/N2) and Vco— —0.5to0 2 —0.51t0 2 \2
Duration of output short-circuit (see Note 4) unlimited unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 500 500 mwW
Operating free-air temperature range —55to 125 0to 70 °C
Storage temperature range —6510 150 | —65 to 150 °C
Lead temperature 1/16 inch from case for 60 seconds l J,JG, L, or U package 300 300 °C
Lead temperature 1/16 inch from case for 10 seconds I 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 Vo and V. If the zero-reference level of the system is not the midpoint of the

supply voltages, all voitage values must be changed accordingly

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 volitage or 15 volts, whichever is less.

4, The output may be shorted to ground or either power supply. For the uA777M only, the unlimited duration of the short-circuit

applies at (or below) 125°C case temperature or 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, Vcc—-=—-15V, Cc = 30 pF
(unless otherwise noted)
A777C
PARAMETER TEST CONDITIONS? uATITM u UNIT
MIN TYP MAX | MIN TYP  MAX
\Y Input offset volt, Rs < 50 kQ 25°¢ 95 2 97 5 \Y
ol
10 NPt offset voitage S Full range 3 5 m
Average temperature coefficient
avio erage femperatu “ Rs < 50 ks | Full range 25 15 4 30 |uvrc
of input offset voltage
25°C 0.25 3 0.7 20
ho Input offset current nA
Full range 10 40
Average temperature coefficient MIN to 25°C 6.5 150 20 600 o
a0 pA/°C
of input offset current 25°C to MAX 25 30 10 300
- 25°C 8 25 26 100
IT:) Input bias current nA
Full range 75 200
V) Input voltage range Full range | £12 +13 +12 +13 \%
v Maximum peak-to-peak R = 10 k&2 | Full range 24 28 24 28 v
oPP output voltage swing R -2k |Fullrange | 20 26 20 26
Large-signal differential Vp=:10V,[25°C 50 250 25 250
Avp - V/imv
voltage amplification Ry = 2kQ |Full range 25 15
T Input resistance 25°C 2 10 1 2 Mo
o Output resistance 25°C 100 100 Q
Ci Input capacitance 25°C 3 3 pF
CMRR Common-mode rejection ratio Rg = 60 k2 | Full range 80 95 70 95 dB
AVcc/AV o Supply voltage rejection ratio Rg < 60 kQ |Full range 13 100 15 150 | uV/V
los Short-circuit output current 25°C 425 125 mA
25°C 19 28 19 33
No load,
Icc Supply current . MIN 2 3.3 3.3 mA
No signal
MAX 1.5 2.5 3.3

TAll characteristics are specified under open-loop operation. Full range (MIN to MAX) for uA777M is —55°C to 126°C and for uA777C is 0°C

to0 70°C,
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TYPES uA777M, uA771C
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

operating characteristics, Vcc+= 15V, Vcc—=—-15V, Ta = 26°C

uA777M uA777C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
VI=20mV. | A =1, co=30pF 0.3 0.3
tr Rise time RL=2kQ, us
CL=100pF | AV =10, Cc=3.5pF 0.2 02
VIi=20mV, | A\ =1, Cc=30pF 5% 5%
Overshoot factor Ry =2kQ,
CL=100pF | AV =10, Cc=35pF 5% 5%
Rp=2kQ, |Ay=1, Cc=30pF 0.5 0.5
SR Slew rate L v ¢ P Vlius
Cp =100pF [ Ay =10, Cc=3.5pF 5.5 5.5
PARAMETER MEASUREMENT INFORMATION
’ (5) OUTPUT
vy N1
INPUT +

CL =100 pF RL =2k

—_—————0V OPEN

L .

INPUT VOLTAGE Cc
WAVEFORM TEST CIRCUIT

FIGURE 1—RISE TIME, OVERSHOOT, AND SLEW RATE

comp| N2 ,J_\

TeEXAS INSTRUMENTS



TYPES uA777IM, uA771C
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

PULSE RESPONSE WITH
FEED-FORWARD COMPENSATION

6
> 10 k2
&
S .
3 Vees =15V INPUT L
£ 0 | Vcc—-=-15V
L Ay = ] output
>> [ CL=10pF l_
z Cc =5 pF
& o Ta =25°C OPEN| CL = 10 pF
5 See Figure 3 3ka
> =
2 -2
5
8 150 pF Cc =5 pF
5
3 4l i 1
o
> 6
0 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
52
I\ N vo . R2
T vy R1
Vi
R3 R N2 1 _— _ R1:30pF
-l- 2 N1 Vo e Cc > "Rz
= = comp ..L
2 L R1-R2
= = Rs -
R1+R2
5 M0
Cc
51 MQ =

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

Printed in U.K.
T1 connot assume any responsibility for any circuits shown

TEXAS INSTRUMENTS o tepresent ot they are free. from potem mhingement

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY T
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIE
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VOLTAGE COMPARATOR SELECTION GUIDE

DIFFERENTIAL COMPARATORS

—55°C to 125°C operating temperature range

Input Input Input Low-Level Power Supplies
Voltage Response .
Offset Offset Bias . 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)
40
TL710M 6 20 150 500 1.6 12 -6
(Typ)
40
uA710M 2 3 20 1250 2 12 —6
(Typ)
TLB1OM 3 7 2 10,000 05 80 12 6 mproved
Single ’ i TL710M
LM106 3 7 45 40.000 16 40 12 | T3 Strob
rol
(Typ) —12 €
200,000 140
Lm111t 4 0.02 0.15 8 15 —15 Strobe
(Typ) (Typ)
TL510M 3 7 25 10,000 0.5 80 12 —6 Strobe
200,000 1300 Ve range
LM193 5 0.025 -0.1 6 5 )
{Typ) (Typ) 2Vt 36V
Dual
TL8B20M 3 7 2 10,000 05 80 12 -6 e
TL810M
Dual
40,000 -3 to Dual
TL506M 3 7 45 16 40 12
(Typ) -12 LM106
Dual
TL514M 3 7 25 10,000 0.5 80 12 —6
TL510M
Dual uA711M 6 20 150 500 0.5 80 12 —6 Strobes
ual
I d
Channel | TL811M 6 5 30 8,000 0.5 80 12 -6 merove
uA711M
200,000 1300
Quad LM139 5 0.025 -0.1 6 5 0 vec 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 Vottage Output | PesPomse Required
'
DEVICE ! Amplification e Time il
TYPE Voltage | Current Current Current Vee+ Vee-— REMARKS
MAX MAX MAX MIN MIN MAX NOM NOM
(mv) (uA) (uA) (mA) (ns) V) (v)
0,
Dual LM2903 7 0.05 -0.25 200,000 6 1300 5 o] Ve range
(Typ) (Typ) 2Vto36V
200,000 1300 V¢ range
Quad LM2901 7 0.05 -0.25 6 5
(Typ) (Typ) 0 2Vt 36V
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VOLTAGE COMPARATOR SELECTION GUIDE

DIFFERENTIAL COMPARATORS

—25°C to 85°C operating temperature range

Input Input Input Low-Level Power Supplies
| Voltage Response )
Offset Offset Bias . 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)
) 40,000 —3to
Single LM206 3 7 45 16 40 12 Strobe
(Typ) -12
200,000 1300 v,
Dual LM293 5 005 | -0.25 6 5 0 cc range
(Typ) (Typ) 2Vito36V
200,000 1300
Quad LM239 5 0.05 —0.25 6 5 0 vec range
(Typ) (Typ) 2Vto36V
0°C to 70°C operating temperature range
Input Input Input Low-Level Power Supplies
Offset | Offset Bias Voltage Outpur | Hesponse Required
It U equi
DEVICE © Amplification P Time aur
TYPE Voltage Current Current Current Vee+ Vee- REMARKS
MAX MAX MAX MIN MIN MAX NOM | NOM
(mVv) (uA) (uA) (mA) (ns) (V) (V)
TL710C 10 25 150 500 40 12 -6
1 d
TL810C 45 7.5 30 8,000 05 80 12 -6 merove
TL710C
Singl LM306 6.5 7.5 40 40,000 16 2 12 | 3 Strob
. . r
inole (Typ) (Typ) _12 obe
200,000 165
Lm31t 10 0.07 0.3 8 15 -15 Strobe
(Typ) (Typ)
TLE10C 4.5 7.5 30 8,000 0.5 80 12 —6 Strobe
200,000 1300
LM393 5 0.05 —0.25 6 5 0 Ve range
(Typ) (Typ) 2V 1036V
40 Dual
TL720C 10 25 150 500 12 -6 e
(Typ) TL710C
Dual
Dual TL820C 45 7.5 30 8,000 0.5 80 12 -6
TL810C
40,000 28 -3to Dual
TL506C 6.5 7.5 40 16 12
(Typ) {Typ) —12 LM306
Dual
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)
Channel 33 [ d
e rLstac 10 10 50 5,000 05 12 -6 mprove
(Typ) uA711C
200,000 13
Quad LM339 5 0.05 —0.25 6 00 5 0 Ve range
{Typ) (Typ) 2Vto36V

TCapable 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 (av0)

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)

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

Input Offset Current (1)10)
The difference between the currents into the two input terminals with the output at the specified level.
Average Temperature Coefficient of Input Offset Current (ayj0)

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.

10 @TA(1) —(ho @TA(2)
TA(1) —TA(2)

a0 = where TA(1) and TA(2) are the specified temperature extremes.

Input Bias Current (1;g)
The average of the currents into the two input terminals with the output at the specified level.
High-Level Strobe Current (1jH4(s))
The current flowing into or out of ™ the strobe at a high-level voltage.
Low-Level Strobe Current (11| (s))
The current flowing out of * the strobe at a low-level voltage.
High-Level Strobe Voltage (V|H(s))

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

Low-Level Strobe Voltage (Vi (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.
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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 (VoR)

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 (Vo)

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, (IoH)

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, (o)

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 (ro)
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 value,
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GLOSSARY
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS

Supply Current (Icc+, lcc—)
The current into” the Vc+ 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=Vce+* 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
JOR N DUAL-IN-LINE
PACKAGE (TOP VIEW)

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

L PLUG-IN PACKAGE
(TOP VIEW)

U FLAT PACKAGE
(TOP VIEW)

out  sTROBE
w2

STROBE
ksl

PIN 4 1S IN ELECTRICAL
CONTACT WITH THE CASE

out
veee NG PUT STROBE 2

5900

®

NC GND  NON NV NC
NV INPUT
INPUT

Vee. STROBE 1

NC-—No internal connection

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage Vcc+ (see Note 1)
Supply voltage Voo — (see Note 1)

Differential input voltage (s
Input voltage (either input,

ee Note 2)
see Notes 1 and 3)

Strobe voltage range (see Note 1)

Output voltage (see Note 1)

Voltage from output to Voo—
Duration of output short-circuit (see Note 4)

Continuous total power dissipation at (or below) 25° C free -air temperature (see Note 5)

Operating free-air temperature range: LM106 Circuits
LM206 Circuits
LM306 Circuits

Storage temperature range

Lead temperature 1/16 inch fron:n case for 60 seconds J JG L or U package
Lead temperature 1/16 inch from case for 10 seconds: N or P package

NOTES: 1.
terminal.

All voltage values, except differential voltages and the voltage from the output to VCC—

15V

-15V

£V

7V

oV to Vee+
24V

30V

. 10s

.. ... 600 mw
. 55° Ct0125°C
~25°C to 86°C
.. 0°Cto70°C
. —65°C to 150°C
. 300°C

. 260°C

, are with respect to the network ground

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

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

2
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 volts, whichever is less.
a
8.

. 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, Vgc— = =3 V to =12V (unless
otherwise noted)
LM106, LM206 I LM306
1 4 )
PARAMETER TEST CONDITIONS MIN _TVP MAX [MIN _TYP MAX UNIT
25°C 058 2 168 5
Vio Input offset voltage Rg <200 Q, See Note 6 Full range 3 55 mV
Average temperature
ayv|0 coefficient of input Rg =50 2, See Note 6 Full range 3 10 5 20 [uVv/C
offset voltage
25°C 078 3 188 5
o Input offset current See Note 6 MIN 2 7 1 75| pA
MAX 0.4 3 0.5 5
Average temperature MIN to 25°C 15 75 24 100
Q10 coefficient of input See Note 6 A/°C
offset current 25°C to MAX 5 25 15 50
MIN to 25°C 45 40
112} Input bias current Vp=05Vto5V 25°C 10 MAX 75 20 765 25 HA
IjL(s) Low-level strobe current V (strobe) = 0.4 V Full range -1.78-32 ~1.78-32] mA
ViH(s) High level strobe voltage Full range 2.2 2.2 \
ViL(s) Low-level strobe voltage Full range 0.9 0.9 v
Common-mode input B
VICR voltage range Vee—=-7Vito-12V Full range t5 +5
Differential input
Vip voltage range Full range 5 +5 \%
Large-signal differential No load, o
40§ §
AVD voltage amplification Vo =05Vto5V ¢ 0 40 Vimv
High-level _ Full range 2.5 5.5
VoH output voltage loH = —400 kA Full range 25 5.5 M
Vip = -5mV]| 25°C 088 15
I =100 mA
oL " Vip--—7mV]| 25°C 08Y 2
Low-level Vip = =5 mV| Full range 1
\Z | =
oL output voltage oL =50 mA Vip = -8 mV| Full range 1 v
_ ViD 5 mV| Full range 0.4
loL =16mA ViD= —8mV| Full range 04
MIN to 25°C 0028 1
Vip=56mV
High-level v _gv 25" C to MAX 100
loH output current OH=8Vio24V Vip=7mV [ MIN to 25°C 0025 2| *A
Vip =8mV | 25°C to MAX 100
Icc+ Supply current from Vec+ | Vip = =5 mV, No load Full range 6.6% 10 6.6 10] mA
lcc—-  Supply current from Voo | No load Full range -19%-36 -1.9%8-36[ mA

TUnless otherwise noted, all characteristics are measured with the strobe open
§These typical values are at Vocy = 12 V, Voo = —6 V, T = 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 ‘VOL' or
Up to the high range (Vo). Thus these parameters actually define an error band and take into account the worst-case effects of
voltage gain and input impedance.

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

TEST CONDITIONS?! LIM106, LV206 LM306 UNIT
PARAMETER MIN TYP MAX|MIN TYP MAX
Response time, low-to-high-level output R =390921t056V, C_=15pF, 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 O STROBE
1 2

Py o Vee:

63v ¥, ¥o3v

ouTPUT

300|300
NONINVERTING
INPUT
INVERTING O x63V
INPUT
[ 2
17k
Vee- o

Resistor values are nominal in ohms.

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT

Vs

FREE-AIR TEMPERATURE

veer =12V
Vee-=-6V
< 251 Vvp=05Vto5V
T
§ 2 S
3 \ LM306
sl N
S \\
g \
5 LM106, \
o LM206%}
T 05 ]
—
0
75 -50 25 0 25 50 75 100 125

TA—Free-Air Temperature—°C
FIGURE 1

iNPUT BIAS CURRENT
Vs

FREE-AIR TEMPERATURE

Vee+ =12V

Vee— = -6V
\ Vo =05Vto5V

A f |
LM306

LM106,

ljg—Input Bias Current—uA
5]

LM206%

o N & oo ®

-75 ~50 -25 0 25 50 75 100 125

1 Data for free-air temperatures below —25°C and above 85°C is applicable for LM 106 only.

Ta—Free-Air Temperature—°C
FIGURE 2
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

Vs

TYPICAL CHAF!ACTERISTICS:t
HIGH-LEVEL OUTPUT VOLTAGE

FREE-AIR TEMPERATURE

6 +Vip=5mV

1

Vee+ =12V
Veg—=-3Vto -12V

lon =0

loH = —400 uA

VoH—High-Level Output Voltage—V
o

1

-75 50 -25 0 25
TA—Free-Air Temperature—"C

6 Vcc-=-6V

Vo—Output Voltage—V
w

FIGURE 3

50 75 100 125

VOLTAGE TRANSFER CHARACTERISTICS

Vee+ =12V

Z

RL =

L

/

2
TA=0°C/ I Pi\TA=25°C
< 1
] f Ta =70°C

2 T
Ta = -55°C I ™7 - 125°C

aainin

-2 -1 0 1 2

V|p-Differential Input Voltage—mV

FIGURE 5

10—Output Current—A

VoL —Low-Level Output Voltage—V

LOW-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE

1.2
Vee+ =12V
Vee--=-3Vto-12V
Ttvip=-5mV
L L
08 ———1IgL =100 mA
o L1
i loL =50 mA —
0.4 +—t—1
loL =16 mA
0.2 oL =0
0 | |

-75 -50 -25 0 25 50 75 100 125

Ta—Free-Air Temperature—"C
FIGURE 4

OUTPUT CURRENT
Vs
DIFFERENTIAL INPUT VOLTAGE

10 - I l
1}TA=-55°C !
. . Ta=0°C
10—
Ta=125°C N
10-2 :
TaA =70°C
10-3 4 L
Ta = 25°CH Ta =125°C
10-56 .
\TA=7oc
10-6 I |
]
10-7 TA = -55°
10-8} Vec+ =Vp =12V —
Vee—=-3Vto-12V
10— L€€

-5 -4 -3 -2 -1 0 1 2 3
V|p—Differential Input Voltage—mV
FIGURE 6

}Data for tree-air temperature outside the range specified in the absolute maximum ratings for LM206 or L.M306 is not applicable for those types.
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TYPES LM106, LM206, LM306
DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICSI

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE

SHORT-CIRCUIT OUTPUT CURRENT
vs

FREE-AIR TEMPERATURE

80 000 - 0.4
c Vee-=-3Vto—-12V Veer=Vo =12V
2 Vo=1to2V < Vee— = -6V
E R =c é ViD= -5 mv
3 60000 ——+Vcc+=12V i l ! 2 03 / See Note 8 4
~ =
E Vee+ =15V o
) Y 2
£ Ve =10V E N
S 40000 AN © 02
s N 5 ~
5 S
',?: [~— \\ E
& 20000 SN 5 o1
| R |
o) [
> o
Z k=
0 0
-75 66 -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 7 FIGURE 8
OUTPUT RESPONSE FOR OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES
3 ? ] =8 T
c 3 ¥ €3 L B
£2 100 mV -—— e e $> 100,mV —
£ 3 ) ] £ 5 3
a2 - g2
= 1 Vee+ =12V £
Vee—-=-6V
5 CL =15 pF 5
S ) \ RL=390Qto5V > /
L a4 Ta=25°C s 4 20 mv
g 20 mv \ 8
S s , g s
g I\ R/
g 2 5 2 5 mV—~] vVee-=-6V
° 10 mv \5 mv \2mV Q 2‘ v Cp =15 pF
m
o ! (2 e j T~ RL=390Qt05V
> N > . ! 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

fData 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 ¥

SUPPLY CURRENT FROM Vcc+ SUPPLY CURRENT FROM Vcc—
vs vs
SUPPLY VOLTAGE Vcc+ SUPPLY VOLTAGE Vcc—
10 T T T T T I ) " Y
Vee— =-3Vito—12V R < cc+= ( ‘
E 9 R = —1—Ta=-557C ? I RL=c° | +—
L8 Lt -25°C | Ta=-85°C
8 1 e g o -
S 7bz L~ Ta=125°C > LA =25°C
z c | —ra-2s7c = 1 Ta-128%C
:ere S .’ T
£ S E
S 4 ol Ta = 125°C 3 T
> > -
a 3= — a A
3 € 3 1
oLl 7 q
=
S = &
2 13 o
0 0
9 10 11 12 13 14 15 16 17 0 -2 -4 -6 -8 —-10 —12 -14 -16
Vcc+—Positive Supply Voltage—V Vcc——Negative Supply Voltage—V
FIGURE 11 FIGURE 12

TOTAL POWER DISSIPATION
vs
FREE-AIR TEMPERATURE

120
| | | Vees =12V
Vip=-56mV Vee-=-6V
%100 R = .
T ™~~~
s ™
% 80
= Vip=5mV —
2  E—
S g T
3 .
8 —
a.
T 40
o
7
£ 2

0
-75 -50 -25 0 25 50 75 100 125

Ta—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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LINEAR TYPES LM, LM311
INTEGRATED CIRCUITS  DIFFERENTIAL COMPARATORS WITH STROBE

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

FORMERLY SN52111, SN72311
e Fast Response Times &  Maximum Input Bias Current . . . 300 nA

e Strobe Capability ® Maximum Input Offset Current . . . 70 nA

¢ Designed to be Interchangeable with National ® 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, Vce+, or Voe—. 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)
i
NONC Ne vee, Ne o Bs

PINGISINTLECTRICAL
CONTACT WITH THE CASE

NC--No internal connection

schematic
s
00 100
. ——— 1 veer
70 600
13
m
T . 1_ B Balance
- B/S Balance/Strobe
] 1 [: : c Collector Output
3 Emitter Output
N 3 IN+ Noninverting fnput
}—4 a IN- Inverting Input
¥ [ [: 3 NC No Internal Connection
N [ ! Vces  Positive Supply Voltage
w | o Vee . Negative Supply Voltage
2 L
- D S S

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)

tmi11 LM311 UNIT
Supply voltage, Vcc+ (see Note 1) 18 18 \Y
Supply voltage, Vcc— (see Note 1) —-18 -18 \
Differential input voltage (see Note 2) +30 +30 \"
Input voltage (either input, see Notes 1 and 3) +15 £15 A
Voltage from emitter output to Voo — 30 30 \
Voltage from collector output to Voo 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 mw
Operating free-air temperature range —55 to 125 0to 70 °C
Storage temperature range —65 to 150 | ~65t0 150 °C
Lead temperature 1/16 inch from case for 10 seconds I J, JG, L, or U package 300 300 °C
Lead temperature 1/16 inch from case for 60 seconds l 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 Vg .. 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+ =15V (unless otherwise noted)

LM111 LM311
PARAMETER TEST CONDITIONST UNIT
MIN TYPE MAX [MIN TYPE MAX
25°C 0.7 3 2 715
Vio Input offset voltage Rg < 50 k2, See Note 6 mV
Full range 4 10
25°C 4 10 50
1o Input offset current See Note 6 s nA
Full range 20 70
25°C 75 100 100 250
hB Input bias current Vo=1Vto14V nA
Full range 150 300
ljL(s) Low-level strobe current V(strobe) =03V, Vip<—-10mV 25°C -3 -3 mA
Common-made input
ViICR Full range 14 +14 \2
voltage range
Large-signal differential .
AvVD . Vo=5V1t035V, RL=1kS 25°C 200 200 vimv
voltage amplification
High-level (collector) Vip=5mV, Vou = 35 V xc 02 10 nA
10H Full range 0.5 uA
output current -
Vip = 10 mV VoH =35 V. 25°C 02 50| nA
\4 = -5mV 3
oL 50mA 0 m 25°C 075 1.5
Vip=-10mv | 25°¢C 075 15
Low-level (collector-to-emitter) a5
VoL Vees “45Ve Lyip - 6 mV | Full range 023 04 v
output voltage vee. <0V,
IoL -~ 8 mA Vip © 10 mV | Full range 023 04
Supply current from V, B
Ice+ M ce+ Vip=-10mV, Noload 25°C 5.1 6 51 75| mA
output low
Supply current from Vee—., o
lcc— cc Vip =10mV, No load 25°C -4.1 -5 -4.1 -5 | mA
output high

T Unless otherwise noted, all characteristics are measured with the balance and balance/strobe terminals open and the emitter output grounded

Full range for LM111 is ~65°C to 126°C and for LM311 is 0°C t0 70°C
T ANl 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 pullup resistor of 7.5 k{2 to Vccy. 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 LM111,LM31
DIFFERENTIAL COMPARATORS WITH STROBE

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

PARAMETER TEST CONDITIONS MIN  TYP MAX|UNIT
Re: time, low-to-high-level output 115 N
Sponse Tme, ‘owto-nigh-level outey RC =500 2105V, C_ =~ 5pF, SeeNote? o
Response time, high-to-low-level output 165 ns

NOTE 7: The response time specified is for 3 100-mV input step with 5 mV overdrive. The typical values are specified for a nominal threshold
voltage of 1.4 V.

TYPICAL CHARACTERISTICS

INPUT OF FSET CURRENT INPUT BIAS CURRENT
vs vs
FREE AIR TEMPERATURE FREE AIR TEMPERATURE
pore 500 - - B T
Tl Ve sv 1 A R B B V7S XY
VO =1Vio14 v 80 bkt Mgt VO 1V 014y
< 16 — } DR . Ser Not
T ; i < LM
z 4 e ) [S-.
s ‘ | §
5 e
s " ! H E = —
210 b e Nt ©
5 CONDITION 1 CONDITION 2 =2
~ 8 J F P o
5 i W ! 5
2 i ! a
S 6 H ] . \ £
i i | LM311 ~_| :
o i [
= 4 [ e S S TR T - =
; * i i
! i
24 4 | ! LMI‘H\\'«‘L\H ‘ i
| i | | i N
obod Lo Lo OLJ,JXJIAJ;,L}
60-40-20 0 20 40 60 80 100 120 140 60-40-20 0 20 40 60 80 100 120 140
TA- Free Air Temperature—"C TA- Free Air Temperature-- C
FIGURE 1 FIGURE 2
W50V (LMY
VOLTAGE TRANSFER CHAR (CTERISTICS a0V LM
60 - e & 1 e
Veer - t1s v | — OUTPUT
Ta-25'C . "
so, A LM111
= .
R ——
5 EMITTER QUTPUT | !
> 30 RL 600 ¢ 1| coLLEcToR COLLECTOR OUTPUT TRANSFER CHARACTERISTIC
3 + ! OUTPUT TEST CIRCUIT FOR FIGURE 3
2 | | Ry - 1k§2 Vees S 30V
© 20 |- | .
o |
>
10
0 5= T e ouTPUT
1 05 0 05 1

Vip- Ditferential Input Voltage- mV

FIGURE 3
EMITTER OUTPUT TRANSFER CHARACTERISTIC
TEST CIRCUIT FOR-FIGURE 3

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

TEXAS INSTRUMENTS



160

TYPES LM, LM31
DIFFERENTIAL COMPARATORS WITH STROBE

OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES

Vo-Output Voltage -V

FIGURE 8

P A S A e
= 2| 1 1 J
1] 1 m
g;;_ I v l | L
zé T Vee: - 15V
= RC - 500 105V
TA=25C
> 5 T
. ! /
%4 i :
= 5mV. . 1
2 3 ] i 2mv._ |
5 ) | i ; i
2 9b o 20mV~f M
3 i o
P -t | L .
o | oo
LG S g Looboob
0 50 100 150 200 250 300 350
t- Time-ns
FIGURE 4
OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
[ 11 1T]
g3 Imo mv vee: <118V
23 RE = 2k§l10 16V
s & |
15
20 mv
7 w0 bt
2 sl smv
B i
2 op—t 4
3 I A
S s WA A -
Sl )
Q10 - ] } -~
B
15 ns . O -
0 0204 0608101214 1618
- Time -ps
FIGURE 6
OUTPUT CURRENT and DISSIPATION
vs
QUTPUT VOLTAGE
160
Veg: = 15V ‘ 800
140 p——f 1< 05 —_ .
Vip = -10mV | 700
1 Ta=25°C . &
‘% 20 A T 0800
€ 100 500
5
O 80| 400
3
2
é?’ 60 —-{ 300
i<
£ a0
10 (Left Scater | 220
20 - 1 100
'Y 7S S S - __1_ 0
0 5 10 15

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES

o A N N A
I —l[ I { T i
£3 1
® 3 100 mv |
Zs - bt
3 1 | Veer = H15V
= 1 Re =500 2105V
o Ta=25"C
|| -
3 [
g4 |
Sape !
gop o
o, H
<] ! 1
>0 IR S SN S s p—
0 50 100 150 200 250 300 350
© Time- ns
TEST CIRCUIT FOR FIGURES 4 AND 5 FIGURE 5
OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
S T° T o M
e 0
§3] my [
s Ty T[] [ ]
a3 T veer sV
:] © 14 {Rg-2kQ0 15V
‘ I
>
!
3
>
g
3 1
|
s !
|
Veg- = -15V
0 0204 060810 12 1.4 16 18
- Time s
TEST CIRCUIT FOR FIGURES 6 AND 7 FIGURE 7
SUPPLY CURRENT FROM Veey SUPPLY CURRENT FROM VcC
v v
SUPPLY VOLTAGE Ve SUPPLY VOLTAGE Vce-
6 —— R -6 e A
« ’VYA—zsc ‘ < ViD= 10mVor -10mV |
T NoLoad | € T -25°C
R 3 - R A
H b & 0 oad
£ 8 8
e >
H g 4 £
a2 2
5 £ 3 g
2 3 3
s} é 2 ‘ —§
£ 3 | 3
?
o - ;
4 T 8
S | kel
ob— i
0 5 10 15

Ve +-Positive Supply Voltage-V

FIGURE 9

Negative Supply Voltage-V

Vee

FIGURE 10
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TYPES LM111,LM311
DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL APPLICATION DATA

Vees
20 k§2 1k
L SQUARE WAVE
ouTPuT
(Fanouttotwo pmed e ey e
Series 54 gates
or equivalent) s
STROBE
1K
FIGURE 11-100-kHz FIGURE 12 FIGURE 13-STROBING
FREE-RUNNING MULTIVIBRATOR OFFSET BALANCING
vees
82k 1ke

ouTPUT
TOTTL

240 k82

INPUTT —AAA—@-
1 —L
T 82 k(2

T Resistor values shown are for a 0-t0-30-V logic swing and a

15-V threshold.
fMay be added to control speed and reduce susceptibility

to noise spikes.
FIGURE 15—TTL INTERFACE WITH HIGH-LEVEL LOGIC

Vees

5V
100 kS 2 ksl

100 kHz 10 pF
— 0

T
Lm3an

2k

ouTPUT

TOTTL
p— OuTPUT

100 k2
50 k2

MAGNETIC
TRANSDUCER

FIGURE 16 -DETECTOR FOR MAGNETIC TRANSDUCER FIGURE 17-100-kHz CRYSTAL OSCILLATOR

FROM D/A NETWORK

TTL STROBE

Typical input current is 50 pA with inputs strobed off.
FIGURE 18-COMPARATOR AND SOLENOID DRIVER FIGURE 19—-STROBING BOTH INPUT AND
OUTPUT STAGES SIMULTANEOUSLY
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TYPES LM111,LM31

DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL APPLICATION DATA

vees
38 k(1 500 {1

10k
avaos] T T Tiwim )

T LM311 1 — ouTPUT

1 |

I
| SRS S B N £
Vst i
™22

FIGURE 20— LOW-VOLTAGE
ADJUSTABLE REFERENCE SUPPLY

Veeet SV
39k

1k 1ReL

g non

w2 TINPUT
FROM
— 1 w2222 T
15uF
510 2
22%00

FIGURE 22 -PRECISION SQUARER

w2222

1 Adjust to set clamp level.

Vees =15V

Vee- = -15 V.

FIGURE 24— POSITIVE-PEAK DETECTOR

Veer TSV

FIGURE 21— ZERO-CROSSING
DETECTOR DRIVING MOS LOGIC

wv

Veer+5V

oz (@75 skil

-

FROM 100 6 1k

e

GATE 001 "

o
w T

Rl
outPuT

FIGURE 23-DIGITAL TRANSMISSION ISOLATOR

Vees =15V
. M1 —:

] M3l

W 1

2k | |

INPUT ——aar———] |
-

Vee- = -15V

= Fass 1
ora | LFIE

FIGURE 25— NEGATIVE-PEAK DETECTOR
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TYPES LM, LM31
DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL APPLICATION DATA

Vee+ =5V
Vces
_— -
3 LM111 a_
EXTUE o LM311
\ S 1 kS
\\/\ INPUTS |
hid
2N3708 »¢ L— ouTPuUT
TOTTL J%
1NZ175 1
T
< STROBE
| 9 2N3708

2N2222 1.0

11h

TR1 sets the comparision level. At comparision, the photo- 1
" A M Transient voltage and inductive kickback protection.
diode has less than 5 mV across it, decreasing dark current 29 e

by an order of magnitude,

FIGURE 26—-PRECISION PHOTODIODE COMPARATOR FIGURE 27-RELAY DRIVER WITH STROBE

vees cc:
w20
o A Bt b X @
T i |
300m0 | s : 20 1
H
A T
100 kit | ! Tieze
$——oumrur o !
100k REFERENCE 1 e
3
_ g L —
02,7 == outeuTs
5104 !
. a ™o 5 i |
01 F IR au et — g |
@ soud |
vee- | es
 —
4 4
e !
b 1 Ll e
300 kit e e
FIGURE 28--SWITCHING POWER AMPLIFIER FIGURE 29—SWITCHING POWER AMPLIFIERS
Printed in U.K.
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LINEAR INTEGRATED
CIRCUITS

TYPES LM139, LM239, LM339
QUADRUPLE DIFFERENTIAL COMPARATORS

BULLETIN NO. DL-S 7612236, MARCH 1975—-REVISED JUNE 1976

Single Supply or Dual Supplies
Wide Range of Supply Voltage

Low Input Offset Voltage . . . 2 mV Typ
Common-Mode Input Voltage

. 2to 36 Volts

Range Includes Ground

e Low Supply Current Drain e Differential Input Voltage Range
Independent of Supply Voltage Equal to Maximum-Rated
. 0.8 mA Typ Supply Voltage . .. +36 V
e Low Input Bias Current. .. 25 nA Typ e Low Output Saturation Voltage
e Low Input Offset Current e 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
1004 P ——
oy T e
NO.3 NO4 GND INPUT INPUT INPUT INPUT
cunazultlgggﬁuwn % 13 12 " 10 9 8

NONINVERTING, ouTPUT
INPUT

INVERTING
INPUT .
4
GND
{OR
P Vee-)
e 1 2 3 q [ 6 7
description
OUTPUT OUTPUT Ve INV NON. INV NON-
H H H COMP  COMP INPUT INV INPUT INV
These devices consist of four independent voltage NO1  NOZ INPUT NPT

comparators that are designed to operate from a
single power supply over a wide range of voltages.
Operation from dual supplies is also possible so long
as the difference between the two supplies is 2 volts
to 36 volts and pin 3 is at least 1.5 volts more positive ,
than the input common-mode voltage. Current drain is independent of the supply voltage. The outputs can be
connected to other open-collector outputs to achieve wired-AND relationships.

COMPARATOR COMPARATOR
NO.2 NO.1

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

Supply voltage, VCC (see Note 1) . 36 V
Differential input voltage (see Note 2) . 136V
Input voltage range (either mput) "—03Vto36V
Output voltage . 36V
Output current . 20mA
Duration of output short- c|rcu|t to ground (see Note 3) unlimited

900 mW

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

Operating free-air temperature range: LM139 —55°C t0 125°C

LM239 —25°C to 85°C
LM339 .. 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: . 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 VCC can cause excessive heating and eventual destruction.

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

roN=
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TYPES LM139, LM239, LM339
QUADRUPLE DIFFERENTIAL COMPARATORS

electrical characteristics at specified free-air temperature, VcCc =5V

PARAMETER TEST CONDITIONS? LM139 LM239, LM339 uNIT
MIN  TYP MAX | MIN  TYP MAX
Vec=5Vto30V, 25°C 2 5 2 5
Vio Input offset voltage cc . mV
Vic =VicR. Vo = 1.4V Full range 9 9
1 [ fiset t Vp=14V 25°C 3 25 5 00 A
nput e =1. n
10 put offset curren 0 Full range 100 150
. \ bi . Se0 Note § 25°C -25 -100 —25 —250 oA
1B nput bias curren ee Note Fall range 300 400
o Oto 0to
25°C
VICR Common-mode input Vee=2V 036V Vec-15 Vee-15 v
voltage range Full range Oto Ot
Vee—2 Vee—-2
Small-signal differential
Ay omeltsignal differentiel | o _q540, vo=14v | 25°C 200 200 Vimv
voltage amplification
. High-feval . Jv v [ VoH= 5V 25°C 0.1 0.1 nA
-leve curren’ =
oH outeut curre 0 [Von =30V | Full range 1 T
\Y Lowdevel output volt; v 1V, | 4amA ¢ 250 500 250 500 \Y
vel ou voltage = . = m
oL Lowdeveloutpu 9 | V1D oL =& mA e i range 700 700
loL  Low-level output current | Vip =—1V, Vo =15V 25°C 6 16 6 16 mA
Supp! t N
lcc o Upely curren No load 25°C 08 2 08 2| ma
{four comparators)

tEull range (MIN to MAX) for LM139 is —55°C to 125°C, for the LM239 is —85°C to 125°C, and for the LM339 is 0°C to 70°C.
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines.

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input step
) Ry connected to 5V through 5.1 kQ2,| ) 13
Response time with 5-mV overdrive us
C_L=15pF,*  SeeNote6 -
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 U.K.
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LINEAR
INTEGRATED CIRCUITS

TYPES LM193, LM293, LM393

DUAL DIFFERENTIAL COMPARATORS

BULLETIN NO. DL-S 7612411, JUNE 1976

Single Supply or Dual Supplies

Wide Range of Supply Voltage
...2to 36 Volts

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

Low Input Bias Current . .. 25 nA Typ

Low Input Offset Current
... 3nA Typ (LM193)

schematic (each comparator)

Vee

vees)

~1004A
CURRENT REGULATOR

NONINVERTING ouTPUT
INPUT
INVERTING
INPUT
GND
- (OR
,79 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
achieve wired-AND relationships.

e Low Input Offset Voltage ... 2 mV Typ
e Common-Mode Input Voltage
Range Includes Ground
e Differential Input Voltage Range
Equal to Maximum-Rated
Supply Voltage . .. +36 V
® Low Output Saturation Voltage
e Output Compatible with TTL, DTL, ,
MOS, and CMOS
JGORP
DUAL-IN-LINE PACKAGE (TOP VIEW)
COMPARATOR NO. 2
NON
OUT- INV INV
Veet  PUT INPUT INPUT
OUT- INV NON- GND
PUT INPUT INV
INPUT
COMPARATOR NO. 1
L
PLUG-IN PACKAGE (TOP VIEW)
VCC'
OuUTPUT OUTPUT
Q
S 2
g 3
@ kd
3 w3
: l:‘lhll’\llJT INPUT, 3
E‘ X
i g
[=] N
o
NON-INV NON-INV
INPUT INPUT
GND
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 témperature range (unless otherwise noted)

Supply voltage, Vec (seeNote 1) . . . . . . . . . . . . . . . . . . . ... ... .. ... 3V
Differential input voltage (see Note 2) e e .. 136V
Input voltage range (either mput) s ~0 3Vto36V
Output voltage e < < AV
Output current . . e ... ... 20mA
Duration of output short c:rcunt to ground (see Note 3) L. .. . . . . . . . unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4)
JGorPpackage . . . . . . . . . . ..o .. . . . . . . . . . 9%0mw
L package . . . e e e e e e e e . . 625 mW
Operating free-air temperature range LM193 . . . L —55 C to 125 C
LM293 . . . . . . . . . . ... ........ —25°Ct085C
LM393 . . . . .. .. .. .. .......... 0Ct70°C
Storage temperature range . . .. .. ......-65Cto150°C
Lead temperature 1/16 inch from case for 60 seconds JG or L package ... ... ... ....300C
Lead temperature 1/16 inch from case for 10 seconds: N package . . . . . . . . . . . . . . . . .. 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. Shortcircuits from outputs to Vg can cause excessive heating and eventual destruction.

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

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

LM193 LM293, LM393
PARAMETER TEST CONDITIONS UNIT
MIN TYP _MAX MIN TYP MAX
\ | t offset volt Vec =8V 30 v, 25°¢ ! 5 ! 2 \
n offset vol e
o fnev 9 Vic = Vica. Vo = 14 V [Full range 9 o "
25°C 3 25 5 50
ho Input offset current Vop=14V nA
Full range 100 150
25°C —-25 -100 ~25 —250
I Input bias current See Note 5 nA
Full range -300 —-400
o 0to 0to
Common-mode input ®ce \ 15 IV, 1.5
of - inpu —1.! -1
VicR Vee =2V 1036V ce cc v
voltage range 0to 0to
Full range
Vee-2 Vee-2
Small-signal differential |Vcc =15V, R =15k, °
Avd . 25°C 50 200 50 200 V/imVv
voltage amplification Vo=14V
Vip = = °
lom  High-level output currentl@ =1 V. VOH =5V 25 C 91 01 nA
Vip=1V, VQoH =30V |Full range 1 1] pA
25°C 250 400 250 400
\7 Low-level output voltage [Vip = -1V, | =4 mA mV
oL Yo oL Full range 700 700
loL  Low-level output currentVip = -1V, Vg=15V 25°C 6 16 6 16 mA
Vec=5V 25°C . 1 .
fcc Supply current INo load l ce 08 08 ! mA
[Vce =30V [ Full range 25 25

NOTE 6: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardiess 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 i t st
Response time RL connected to 5 V through 5.1 k2, ith 5 :r/\pu s;? 13
i i
s CL=15pF,*  SeeNote6 wth dany overdine us
TTL-level input step 0.3

*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.

Printed in U.K.
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LINEAR
INTEGRATED CIRCUITS

TYPE LM2901

QUADRUPLE DIFFERENTIAL COMPARATOR

BULLETIN NO. DL-S 7512247, MARCH 1975

e Eliminates Need for Dual Supplies

e Wide Range of Supply Voltages
.. 210 36 Volts

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

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

schematic (each comparator)

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

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

Low Output Saturation Voltage
...1TmV Typatb5uA

.70 mV Typ at 1 mA
Output Compatible with TTL,
DTL, MOS, and CMOS

N
DUAL-IN-LINE PACKAGE (TOP VIEW)

COMPARATOR COMPARATOR
NO.4 NO.3

NONINVERTING
INPUT

INVERTING

NOTES

2100 A
CURRENT REGULATOR

u
CURRENT REGULATOR

INPUT

GND

Vee-)

description

f——-0 OUTPUT

OUTPUTOUTPUT NON

COMP  COMP IV INV. NV INV
NO3 NO4  GND  INPUT INPUT INPUT INPUT
1 13 12 n 10 9 8

[

1 2 3 4 5 [] 7
OUTPUTOUTPUT vee  INV. NON-  INV NON-
COMP  COMP INPUT  INV_ INPUT  INV
NO.1  NO.2 INPUT INPUT
COMPARATOR COMPARATOR
NO.1

The LM2901 consists of four independent voltage comparators designed specifically for automotive and industrial
control systems. They operate from a single power supply over a wide range of voltages and the low supply current
drain is independent of the magnitude of the supply voltage. A unique characteristic of these comparators is that the
common-mode input voltage range includes ground, even though operated from a single supply voltage. Applications
wide-range VCO's, MOS clock timers, multivibrators,
high-voltage digital logic gates, and pulse, square-wave, and time-delay generators. The LM2901 was designed to directly
interface with CMOS—where the low power drain of the LM2901 is a large advantage over standard comparators.

include limit comparators, simple analog-to-digital converters,

The outputs can be connected to other open-collector outputs to achieve wired-AND relationships.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VCC (see Note 1) .
Differential input voltage (see Note 2)
Input voltage range (either mput)
Qutput voltage . .
Qutput current

Duration of output short cnrcun to ground (see Note 3)

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

Operating free-air temperature range
Storage temperature range

Lead temperature 1/16 inch from case for 16 secor\ds

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.

1
2
3. Short circuits from outputs to Vs can cause excessive heating and eventual destruction
a

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

36V

+36 V
-0.3Vto36V
36V

20 mA

unlimited

.. . 900 mW

. —40°C 10 85°C
—-65°C to 150°C
260°C
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TYPE LM2301
QUADRUPLE DIFFERENTIAL COMPARATOR

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

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vio Inputoffset voltage Vi=14V, Vg=14V 2 71 mv
o Input offset current Vi~14V, Vg=14V 5 50| nA
1T} Input bias current See Note 5 -25 -260| nA
Vicr Common-mode input voltage range Vec=2V1to36V Ote Vv
V1.8
Ayd Small-signal differential voltage amplification |R =15k, Vg=14V 200 V/mV
loH  High-level output current Vip=1V, Vgu=5V 0.1 nA
oL = 5 A 1
VoL Low-level output voltage Vip=-1V loL=1mA 70 mV
loL=3mA 200 400
foL  Low-level output current Vip=-1V, VoL=15V 6 16 mA
Icc Supply current No load 0.8 21 mA
NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stange. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines.
switching characteristics, Vgc =5V, TA = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX [UNIT
Ry connected to 5 V through 5.1 k€2,
Response time L =15pFt, See Note 6 13 HS

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
§
233k
100 k2
A
100 k2
»—O OUTPUT
Low-
IMPEDANCE g
TRANSDUCER
<+ 5

VREF

BASIC SINGLE-SUPPLY LEVEL TRANSLATOR

Printed in U.K.
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LINEAR
INTEGRATED CIRCUITS

TYPE LM2903

DUAL DIFFERENTIAL COMPARATOR

BULLETIN NO. DL-S 7612412, JUNE 1976

Eliminates Need for Dual Supplies

Wide Range of Supply Voltages
... 210 36 Volts

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

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

schematic (each comparator)

Vee

Vees)

=100 A
CURRENT REGULATOR
~1004A
CURRENT REGULATOR

NONINVERTING o o OuTPUT
INPUT
INVERTING
INPUT
GND
{OR

Vee-)

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-voitage digital logic gates, and
pulse, square-wave, and time-delay generators. The
LM2903 was designed to directly interface with
CMOS — where the low power drain of the LM2903
is a large advantage over standard comparators.

The outputs can be connected to other open-collector
outputs to achieve wired-AND relationships.

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

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

Low Output Saturation Voltage
...1TmV Typ at5 uA
...70mV Typ at 1 mA

Output Compatible with TTL,
DTL, MOS, and CMOS

JG ORP
DUAL-IN-LINE PACKAGE (TOP VIEW)

COMPARATOR NO. 2

NON-
OUT- INV _ INV
PUT INPUT INPUT

OuT-
PUT INPUT INV
INPUT

INV NON- GND

COMPARATOR NO. 1

L
PLUG-IN PACKAGE (TOP VIEW)

COMPARATOR NO. 1

Veet

OuUTPUT

INV
INPUT

Z 'ON HOLVHVJWOD

NON-INV
INPUT

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, Vc( (see Note 1) 36V
Differential input voltage (see Note 2) .. . t36V
Input voltage range (either input) ~0 3Vto36V
Output voltage 36V
Output current . 20 mA
Duration of output short circuit to ground (see the 3) . unlimited
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) JG or P package 900 mW
. . L Ipackage Ce g 625 mOW
Operating free-air temperature range Lo —40°Cto85 C
3 o
Storage temperature range . . . —65 Cto 150°C
Lead temperature 1/16 inch from case for 60 seconds JG or L package . 30000
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 network ground terminal.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. Shortcircuits from outputs to Vg can cause excessive heating and eventual destruction.
4, For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2.
electrical characteristics at specified free-air temperature, Vgc = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
Vee=5Vto30V 25°C 2 7
CC .
2 Input offset voltage — — mv
10 i o Vic=Vicr, Vo= 14V Full range 5
| Input offset current vV, 14V 25°C 5 50 A
S rr = 1. n
10 o Full range 200
. 25°C -25 -250
IT:] Input bias current See Note 5 nA
Full range —-500
25°C 0to
Input common-mode Vce -1.5
VicR Vec=2V 1036V v
voltage range Full 0to
ran
Y ge Vee —2
Small-signal differential Vec =15V, RL =15k,
Avd I ce L 25 100 Vimv
voltage amplification Vo=14V
Vip=1V Vo=5V 25° 1 A
IoH High-level output current D 0 5 C "
Vip=1V Vo =30V Full range 1 MA
25°C 400
Vi Low-level output voltage Vip=-1V, 1 =4 mA
oL P 9 10 oL m . Full range 700 mv
oL Low-level output current Vip=-1V, VoL=15V 25°C 6 16 mA
Vec =5V 25°C 08 1
I Supply current No load ] A
cc | Vee =30V Full range 1 25 ™
NOTE 6: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of
the state of the output, so no loading change is presented to the input lines.
switching characteristics, Vcc =5V, TA = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
100-mV input st
. R|_ connected to 6 V through 6.1 kQ2,| P! ep 1.5
Response time Cf =15 pF. ¢ See Note 6 with 5mV overdrive us
L pF. TTL-level 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.
Printed in U.K.
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LINEAR TYPES TL506M, TL606C

DUAL DIFFERENTIAL COMPARATORS
INTEGRATED CIRCUITS WITH STROBES

BULLETIN NO. DL-S 7611671, MARCH 1972—-REVISED JUNE 1976

FORMERLY SN52506, SN72506

e Each Comparator Identical to LM106 or e Fan-Out to 10 Series 54/74 TTL Loads
LM306 with Common Vcc+, VCC—, e Strobe Capability
*
[ ]

and Ground Connections Short-Circuit and Surge Protection

e Improved Gain and Accuracy Fast Response Times

description
The TL506 is a dual high-speed voltage comparator,
with each half having differential inputs, a low- J OR N DUAL-IN-LINE PACKAGE OR
impedance output with high-sink-current capability W FLAT PACKAGE (TOP VIEW)
(100 mA), and two s}trgbe inputs. This dew?e dej(s{cts — o - STROBE
low-level analog or digital signals and can drive digital 18 GND 1 cct 2 NC 28
logic or lamps and relays directly. Short-circuit 14113112 " 10 9 8

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.

t[l2f{3[{4f|5(|6]]7

The TL506M is characterized for operation over the

. STROBE INV_ NON-INV Vgc- NON.INV INV  STROBE
full military temperature range of —55°C to 125°C; A INPUTT INPUTY U INPUT2 INPUTZ 24
tl:e TLSODGC is characterized for operation from NG —No internal conmection

0'Cto70°C.

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

Supply voltage Voo (see Note 1) . . . . o o o L L 15V
Supply voltage Voc— (see Note 1) . . . . . . . . . . . . oL oo -15V
Differential input voltage (see Note 2) - 4 2\
Input voltage (any input,see Notes Tand3). . . . . . . . . . . . . . . . ... 7V
Strobe voltage range (see Note 1) . . . . . . . . . . . . . Lo e 0 V to Vee+
Output voltage (see Note 1) P 24V
Voltage from output to VcCc— < A
Duration of output short-circuit (see Note 4) e . e . . . .. . .. 10s
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5} Each amplifier . . . . . 600 mW
Total package - - . . . 800mW

Operating free-air temperature range: TL506M Circuits . . . . . . . . . .. ... ... =—55Ct0126°C
TL506C Circuits . . . . . . « « « .« . . ... ... 0°Cto70°C

Storage temperature range . . . ... . ....... -65°Cto150°C
Lead temperature 1/16 inch from case for 60 seconds J or W package e e e e e e e e e e e 300°C
Lead temperature 1/16 inch from case for 10 seconds: N package . . . . . . . . . . . . . . . . . 260°C

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

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

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

. One output at a time may be shorted to ground or either power supply.

o wN

. 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, Voc+ = 12V, Vgec—-=-3V to -12V
(unless otherwise noted)

TL506M TL506C

PARAMETER TEST CONDITIONS? MIN Tve MAX [N Tve max] UMT
25 05% 2 168 5
Vio Input offset voltage See Note 6 ol range 3 55 mV
ayio Average temperature coeflicent | oo g Full range 3 10 5 20 |uv! C
of input offset voltage
25 C 073 3 18%
o Input offset current See Note 6 MiIN 2 7 1 75| uwA
MAX 04 3 05
o Average temperature coefficient | o MIN to 25 € 15 75 24 100f o
of input offset current 26'C to MAX 5 25 15 50
25'C 7520 6% 25
g Input bias current Vo:=05Vt05V Foll raren 5 vy B
heis) Low-level strobe current V(strobe) = 0.4 V Fuil range -1.7% .33 175 -33] mA
VIH(S) High-level strobe voltage Full range 25 25 Vv
ViL(s) Low:level strobe voltage Full range 0.8 0.9 v

Common-mode input
Vicr Veg-=-7Vito- 12V Full range 5 .5 v
voltage range

Differential input
Vip Full range 15 5 v
voltage range

Large-signal differential No load, .

Avp 25°C 40 000% 40 000%
voltage amplification Vo =05Vt05V
VoH High-level output voltage Vip=5mV, loy = —400 uA Full range 25 55 | 2.5 55| V
Vip=-5mV. IgL = 100 mA 25°C 08Y 15 08'
VoL Low-level output voltage Vip = =5mV, lgL = 50 mA Full range 1 1] v
Vip= -5mV, Ig_ = 16 mA Full range 0.4 0.4
1oH High-leve! output current Vip=6mV, VoH=8V1024V %5C 0021 ! 002t 2 WA
Full range 100 100
lccq Supply current from Vecs Vip = ~5mV, SeeNote 7 Full range 1398 20 1398 20| mA
lcc- Supply current from Voo See Note 7 Full range 328 72 3285 72 mA

TUnless otherwise noted, all characteristics are measured with the strobe open
§These typical values are at Voes = 12 V, Veg. = —6 V, T = 25°C. Full range (MIN to MAX) for TL506M is —55°C to 125°C and for the
TL506C is 0°C to 70°C.

NOTES: 6. The offset voltages and offset currents given are the maximum values required to drive the output down to the low range (Vo )
or up to the high range (Vo). Thus these parameters actually define an error band and take into account the worst-case effects
of voltage gain and input impedance

7. Power supply currents are measured with the respective non-inverting inputs and inverting inputs of both comparators connected
in parallel. The outputs are open

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

TL506M TL506C
METER TEST CONDITIONS' UNIT
PARA MIN _TYP MAX |MIN TYP MAX
Response time, low-to-high-level output | R =390 2to 5V, C = 15pF, See Note 8 28 40 28 ns

NOTE 8: The response time specified is for a 100-mV input step with 5:mV overdrive. The typical value is specified for a nominal threshold
voltage of 1.4 V
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TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

schematic (each comparator)

STROBE j) O STROBE
1 2

- o0 VCCH

TO OTHER

COMPARATOR
63v ¥, ¥o3v

NONINVERTING O

INPUT
ouUTPUT
INVERTING
INPUT
GND
— TOOTHER
vee.. COMPARATOR

Resistor values are nominal in ohms.

TYPICAL CHARACTERISTICS

INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
3 v r v 20
Veer =12V Vee+ =12V
Vee-=-6V 18 ——— 41— Vcc-= -6V

< 251 Vp=05Vto5V ] 16 \| Vp=05Vt5V
3 < N\ T
I T s N TL506C
c -
£ . g
3 3- 12
£ 8 10 g —
o b
< 5 8 AN
3 a TLS0BM N
£ T 6 -
] @
_9 08 N = 4 .

’ i — 2 B I~

0 0

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

Ta—Free-Air Temperature—°C Ta—Free-Air Tempera(ure—"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
> Vee—=-3Vtwo-12V > Veg-=-3Vto-12V
4 6rVip=5mv L 1lvip=-5mv
g —1 $ -
5 //}/ lIoH =0 £ N 1"
2 5 2 08 ———1gL = 100 mA
2 E]
: ] | | |
5 2
O 4 3 0.6
g 14— 10H = —400 A 3 IIOL = 5‘10 mA i —
3 3
g 3 3 o 1
:||: _Il loL =16 mA
5 2 5 0.2 ; I
> > loL=0
) 0 L]
-75 -50 -25 0 256 50 75 100 125 -75 -50 -25 0 25 50 75 100 125
TA-Free-Air Temperature—°C Ta—Free-Air Temperature—°C
FIGURE 3 FIGURE 4
OUTPUT CURRENT
vs
DIFFERENTIAL INPUT VOLTAGE
VOLTAGE TRANSFER CHARACTERISTICS
10
7 \ =12V ! ! ’
CC+ = 1}Ta =-565°C |
6 Vee— =6V - = | s Ta=0°C
R = > 10— -
> 5l - 717 < 100 Ta =125°C @
S L[ = Ta =70°C
£ 4t — S R 2 10-3 L yr:
o 5 = .
s Ta=0C—"] I Ta = 25°C 3 104 Ta=25°C Ta =125°C
5 3o L T T 5
g ° g
5 ] I Ta=70°C S 10-5 —
Q2 2 —1- I 9 “TA S0
) J [ [ ™_Ta = 125°C o 106 Ne——
> 1{TA=-55°C : ° Ta =25°C
J J J 10-7 Ta = -65°C f{TA =25°C
or— 10-8} Vec+ =Vp =12V — Ta =0°C
V- =—3Vito —12V
-1 10-9
) i 0 1 2 -6 -4 -3 -2 -1 0 1 2 3
V|p—Differential Input Voltage—mV V|p—Differential Input Voltage—mV

FIGURE 5 FIGURE 6

}Data for temperatures below 0°C and above 70°C is applicable to TL506M circuits only.
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TYPES TL506M, TL506C

DUAL DIFFERENTIAL COMPARATORS WITH STROBES

Ay p-Differential Voltage Amplification

Differential

V(-—Output Voltage—V

TYPICAL CHARACTERISTICS:

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
FREE-AIR TEMPERATURE

80 000
Veg—=-3Vito -12V
_Vp=1to2V
R =
60 000 |- Vg =12 Ve 7...4_+4777
Veer = 15V
~
Vee+ =10V
40 000 HW*R—” B \( ]
N N
\
20 000 f— — —
]
0
-75 -65 -26 0 25 50 75 100 125
TA~Free-Air Temperature—°C
FIGURE 7
OUTPUT RESPONSE FOR
VARIOUS INPUT OVERDRIVES
o
g 7
£ -
Z Fmv
3 X .
< Vee+ =12V
Veg—-=—-6V
5 CL =15pF
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10s—Short-Circuit Output Current—A

SHORT-CIRCUIT OUTPUT CURRENT
vs
FREE-AIR TEMPERATURE
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FIGURE 10

+Data for temperatures below 0 C and above 70 C is applicable to TLEO6M circuits only.

NOTE 9: This parameter was measured using a single 5 ms pulse.
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TYPES TL506M, TL506C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

TYPCIAL CHARACTERISTICSE

SUPPLY CURRENT FROM Vce+ SUPPLY CURRENT FROM Vo
Vs vs
SUPPLY VOLTAGE Vgg+ SUPPLY VOLTAGE V¢c—
S 8
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FIGURE 11 FIGURE 12
TOTAL POWER DISSIPATION
vs
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FIGURE 13
fData tor temperatures below Q0 C and above 70 C is applicabie to
TLSO6M circuits only
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LINEAR TYPES TL510M, TL510C
INTEGRATED CIRCUITS DIFFERENTIAL COMPARATORS WITH STROBE

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

description

—ovec.

e Low Offset Characteristics schematic
e High Differential Voltage Amplification f
e Fast Response Times
e Output Compatible with Most TTL (
| a0

~osTROBE

{3 o2y
o ——coutuT
The TL510 monolithic high-speed voltage comparator NONVERTING . {\J

is an improved version of the TL710 with an extra :::’:nm. )1 L Yoo
stage added to increase voltage amplification and weur S -
accuracy, and a strobe input for greater flexibility.

and DTL Circuits

I

Typical voltage ampilification is 33,000. Since the 20 8

output cannot be more positive than the strobe, a T Qv
. Rewstor vatum are n hms

low-level input at the strobe will cause the output to Component valuss shown ars nominal

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.

The TL510M is characterized for operation over the full military temperature range of —~55°C to 125°C; the TL510C
is characterized for operation from 0°C to 70°C.

terminal assignments

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)
our
Veg. PUT STROBE NC vee

iu

n
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5 Oy | 29999

AT AT g
0T > g l 7

STROBE PUT NC

Inoininnh!
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inv
e =

L
O

O
@
(D

‘©

GO NNy TR Ve

:
152
itz

i

z

PIN 41S IN ELECTRICAL
CONTACT WITH THE CASE

NC-No

internal connection

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

Supply voltage Vet (seeNote 1) . . . . . . . . . . . L Co ... . . . . 1ayv
Supply voltage Vcc— (see Note 1) . . . . . . . A A L. . . -7V
Differential input voltage (see Note 2) L e LAY
Input voltage (either input, see Note 1) . L P YA
Strobe Voltage (see Note 1) - L L . . o .6V
Peak output current (ty, <1 s) .o . o 10 mA
Continuous total power dissipation at (or below) 70 C free air temperdture 15ee Note 3) L ... 300 mW
Operating free-air temperature range: TL510M Circuits . . . e 557C to 125°C

TL510C Circuits . . e .. .. 0°Cto70°C
Storage temperature range . . .. . ... .. -85°Cto150°C
Lead temperature 1/16 inch from case for 60 seconds J JG L or U package Lo .. 300°C
Lead temperature 1/16 inch from case for 10 seconds: N or P package . . . . . . . . . - . 260°C

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

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. For operation of the 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, Vcc-=-6V
{unless otherwise noted)

TL510M TL510C
PARAMETER NDITIONS UNIT
ETe TESTCol ONS MIN  TYP  MAX [ MIN  TYP  MAX
v Input offset volt Rg < 200 §2, 25°C 0.6 2 1.6 35 v
vo
10 Inputofisstvoltage See Note 4 Full range 3 45
Average temperature coefficient | Rg = 50 §2, MIN 10 25°C 3 10 3 20
avio 5 uvre
of input offset voltage See Note 4 25°C to MAX 3 10 3 20
25°C 0.75 3 18 5
110 Input offset current See Note 4 MIN 18 7 75 wA
MAX 0.25 3 75
Average temperature coefficient MIN to 25°C 15 75 24 100 N
Note 4 A/°C
A0 input offset current See Note 25°C 10 MAX 5 25 15 50 | "
\ Inpot b Soe Note 4 25°C 7 15 7 20 A
t O
8 nput bias current ee Note MIN 2 2% 3 30 M
v, =5V,
HIH(S) High-level strobe current {strobe) 25°C <100 +100 uA
Vip = -5mV
v, =100 mV,
1L (§) Low-level strobe current (strobe) ™asec 1 -2s 1 -25 | mA
Vip = 5 mV.
Common-mode input
% _=-7V Full 5 ‘5 v
'CR  voltage range vee ull range
Vip  Differential input vol!age range Full range ‘5 5 v
Large-signal differential No load, 25°C 12,5 33 10 33
Avp VimV
voltage amplification Vo :0t025V Full range 10 8
Vip - 6mV. A
) noiom Full range 48 5 a8 5
VOH  High-level output voltage OH v
Vio =S mV. Full 25 368 25 368
I - ~5mA ull range . 3
Vip = ~5mV.
10 ~5mV, Full range -1 -05% ot | -1 -os§ of | v
loL=0
VoL  Low-level output voltage Vistrobe) = 03V,
Vip=5mV, Full range -1 ot | -1 of | v
foL=0
25°C 2 2.4 1.6 24
Vip= -5mV, -
loL  Low-level output current Vo -0 MIN 1 23 05 24 mA
° MAX 05 23 05 24
o Output resistance Vo =14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rg « 200 2 Full range 80 100§ 70 100§ dB
Icct Supply current from Vg v Smv Full range 555 9 558 9 mA
= -5m
Icc_ Supply current from Ve me " . Full range —35% -7 35§ =7 mA
0 lo
Po Total power dissipation Full range 90§ 150 908 150 mW

TUnless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TLE10M is —55°C to 125°C and
for the TL510C is 0°C 10 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.
§These typical values are at Tp = 25°C
NOTE 4: These characteristics are verified by measurements at the following temperatures and output vol(age levels: for TL510M, Vg = 1.8 V
atTp = —55°C, Vo=14VatTy - 256°C,and Vg =1 Vat T = 125°C; for TLE10C, Vo = 1.5 Vat Ta = 0°C, Vo = 1.4 V at 25°C,
and Vg = 1.2 Vat Ty = 70°C. These output volitage levels were selected to approximate the |og|c threshold voltages of the types of
digital logic circuits these comparators are intended to drive.

switching charactefistics, Vee+=12V,Vee—-=-6V, Ta = 25°C

_ TESTCONDITIONS ] T MmN Tve wmax [unIT
Response time CL = 5pF, See Note 5 30 80 ns
Strobe release ime CL=5pF, See Note 6 5 25 ns

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

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.

o

TEXAS INSTRUMENTS



TYPES TL510M, TL510C

DIFFERENTIAL COMPARATORS WITH STROBE

Vo—Output Voltage—V

FIGURE 3
TL510M
VOLTAGE TRANSFER CHARACTERISTICS
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TL510C
VOLTAGE TRANSFER CHARACTERISTICS
5
4
TaA=OC- Tac2sC
3 I Ta=7"C_ |
2
|
1 t | E—
Vees =12V
Veg- = -6V
0 Rg=509
_— No load
-1
-3 -2 -1 o 1 2 3

Vip-Differential Input Voltage—mV

FIGURE 6

TEXAS INSTRUMENTS



182

TYPES TL510M, TL510C
DIFFERENTIAL COMPARATORS WITH STROBE

TYPICAL CHARACTER!STICE

INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO
vs vs
FREE-AIR TEMPERATURE s FREE-AIR TEMPERATURE
Veea 12V Voo L 12v
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2 - 3
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FIGURE 7 FIGURE 8
OUTPUT RESPONSE FOR STROBE RELEASE TIME
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES
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FIGURE 9 FIGURE 10

TOTAL POWER DISSIPATION

7 MMON-M [2 RESPONSE vs
§ COMMON-MODE PULSE RESPONS! FREE.AIR TEMPERATURE
§ 10 oy T
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FIGURE 11 FIGURE 12

NOTE 4: These characteristics are veritied by measurements at the following temperatures and output volitage levels: for TL510M, Vo = 1.8 V
atTa= 55 C Vp=1.4VatTa=26"C and Vg~ 1VatTa=125"C.for TLE10C, Vg = 1.5 Vat To = 0°C, Vg - 1.4 V at 25°C,
and Vg = 1.2 Vat Tp = 70 C. These output voltage levels were selected to approximate the logic threshold voltages of the types of
digital logic circuits these corparators are intended to drive,
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LINEAR INTEGRATED TYPES TL514M, TL514C
CIRCUITS DUAL DIFFERENTIAL COMPARATORS WITH STROBES

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

schematic (each comparator)

NONINVERTING

FORMERLY SN52514, SN72514

e Fast Response Times o Low Offset Characteristics
o High Differential Voltage Amplification e Outputs Compatible with Most TTL
and DTL Circuits

JORN
DUAL.IN-LINE PACKAGE (TOP VIEW)

AMPLIFIER No 1
AMPLIFIER NO 2

Vee INPUT INPUY GND VCC: STROBE pUT

[u][n]{n]ln L[ll l[jl

"
wvernve, T

,,,,, 17

nm STROBEVCC. NC NON NV Vcp
IV INPUT
INRUT
AMPLIFIER NO 1
AMPLIFIER NO 2

Roesistor vafus o n ot ;
Comporamt salvms o are nominel, NC No internal connection

description

The TL514 is an improved version of the TL720 dual high-speed voitage comparator. When compared with the TL720,
these circuits feature higher amplification (typically 33,000) due to an extra amplification stage, increased accuracy
because of lower offset characteristics, and greater flexibility with the addition of a strobe to each comparator. Since
the output cannot be more positive than the strobe, a low-level input at the strobe will cause the output to go low
regardless of the differential input.

These circuits are especially useful in applications requiring an amplitude discriminator, memory sense amplifier, or a
high-speed limit detector. The TL514M is characterized for operation over the full military temperature range of -55°C
to 125°C; the TL514C is characterized for operation from 0°C to 70°C.

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

Supply voltage Veo+ (seeNote 1) . . . . . . . . | P P . [ E: AV
Supply voltage Vcc— (see Note 1) . . . . . . . . . e e Ce ... =1V
Differential input voltage (see Note 2) e . RN P e ... ¥V
Input voltage (any input, see Note 1) e e e e P ¥ AV
Strobe voltage (see Note 1) . . . . . . . . L 2
Peak output current (ty <1s) . . . ' L . 10mA
Continuous total dissipation at (or below) 70 C free -air temperature 1See Note 3)

each comparator . . . . . . . . . . . . L. . . . . . . 300mwW

total package . . . . . . . . . . . .. . . ... . . 600 mwW
Operating free-air temperature range: TL514M Circuits . . L e e 55 "Cto125°C

TL514CCircuits . . . . . . . . . . . . ... .. ... 0Cto70°C
Storage temperature range . . . e . ... ... .....-65Cto150°C
Lead temperature 1/16 inch from case for 60 seconds J package R (¢ 0 M o]
Lead temperature 1/16 inch from case for 10 seconds: N package . . . . . . . . . . . . . . . . . .2860°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 TL514M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2

TEXAS INSTRUMENTS



TYPES TL514M, TL514C
DUAL DIFFERENTIAL COMPARATORS WITH STROBES

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

PARAMETER TEST CONDITIONS ! TLS1aM TLS14C uNIT
MIN _ TYP  MAX | MIN __TYP  MAX
Rg < 200 12, 25¢ [ 2 16 35
Vio  Input offset voltage s « 200 6 mv
See Note 4 Full range 3 45
Average temperature coefficient Rg = 5012, MIN to 25"C 3 10 3 20
avio - : wI'C
of input offset voltage See Note 4 25 C 1o MAX 3 10 3 20
25 ¢ 075 3 18 5
110 Input offset current See Note 4 MIN 18 7 75 | wA
MAX 025 3 75
Average temperature coefficient MIN 10 25'C 15 75 24 100 )
a0 See Note 4 nA/'C
of input offset current 25 C to MAX 5 25 15 50
25¢ 7 15 7 20
Wg  Input biascurrent Ses Note 4 uA
MIN 12 25 9 30
v =5V
IIL(S)  High-level strobe current (strobe) * = ¥ 25°C 100 $100 | wA
Vip= 5mV
v = 00mv,
LH(S)  Low-level strobe current (strobe) 25 C 1 25 1 -25 | mA
Vip - 5mV
v Common mode input N v o . . M
- ran, B .
ICR oitage range cc ullrange
Vip  Differential input voltage range Full range i5 5 v
L ! differential No load, 25C 10
ayp Lo sanal diferentia o load, 125 33 33 Vimv
voltage amplification Vo:0t025V Full range 10 8
Vip-5mv N R
oo Full range 4t 5 a3 5
VoM High level output voltage OH v
Vip =8 mv. 3 25 368 25 363
loH - -5 mA ull range
Vip= -5mV,
0 m Full range 1 05 ot 1 053 ot v
oL =0
VoL  Lowlevel output voltage V(strobe) - 0.3V,
Vip = 5mV, Full range 1 ot -1 ot Vv
oL = 0
25C 2 24 16 24
Vip - -5mV,
1oL Low-level output current ws MIN 1 23 05 24 mA
o MAX 05 23 05 24
fo  Output resistance Vo:-14V 25'C 200 200 0
CMRR Common-mode rejection ratio Rg < 200 2 Full range 80  100% 70 1008 dB
Icc+  Supply current from Ve 1 v smv Full range 558 9 558 9 mA
- -5m
Icc. Supply current from Veg 9 N'DI . Full range 358 7 ETH -7 mA
o loa -
P Total power dissipation 4 Full range 90% 150 90% 150 mwW

TUnless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL5§14M 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 O V is the maximum, the minimum limit is a more-negative voltage.

§ These typical values are at T = 25°C.
fSuppy current and power dissipation limits apply for each comparator.

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL514M, Vo = 1.8 V
at Tp =-55°C, Vo = 1.4V at Tp = 25°C, and Vg = 1V at Ta = 125°C; for TL514C, Vg = 1.5 V at Tp = 0°C, Vo = 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.

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

PARAMETER TEST CONDITIONS MIN __ TYP _ MAX | UNIT
Response time R =, CL = 5 pF, See Note § 30 80 | ns
Strobe release time R - CL - 5pF, See Note 6 [ s 2% | 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.

For typical characteristic curves, see the TL510 data sheet on page 181.

Printed in U.K.
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LINEAR
INTEGRATED CIRCUITS

TYPES TL710M, TL7T10C
DIFFERENTIAL COMPARATORS

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

FORMERLY SN52710, SN72710

e Fast Response Times
e Low Offset Characteristics

e Output Compatible with Most TTL and
DTL Circuits

description

The TL710 is a monolithic high-speed comparator
having differential inputs and a low-impedance
output. Component matching, inherent in silicon
integrated circuit fabrication techniques, produces
a comparator with low-drift and low-offset charac-
teristics. These circuits are especially useful for
applications requiring an amplitude discriminator,
memory sense amplifier, or a high-speed voltage
comparator. The TL710M is characterized for opera-
tion over the full military temperature range of
—565°C to 125°C; the TL710C is characterized for
operation from 0°C to 70°C.

terminal assignments

schematic

1
o

Component values shown are nominal.

JORN JGORP
DUAL-IN-LINE DUAL-IN-LINE L U FLAT PACKAGE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW) PLUG-IN PACKAGE (TOP VIEW) (TOP VIEW)
Vee. ouTeUT NC e
R nininic R Mmoo m o
bl [l fwifelfa ][ - wy @ e %
. \ ' R
@)M i \
/ ! l
Y @ @~ ! ‘
¥ F g
[T T s 6T R &
WO NOW WY Voo VIR
NV iNpUT PINa IS INELECTRICAL

INPUT

CONTACT WITH THE CASE

NOTES: 1.

NC—No internal connection

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

TL710M TL710C | UNIT

Supply voltage Vccr (see Note 1) - 14 14 vV
Supply voltage Voo (see Note 1) -7 -7 \
Differential input voltage (see Note 2) 5 15 \Y
Input voltage (either input, see Note 1) +7 7 \Y
Peak output current (ty, < 1 s) 10 10 mA
Continuous total power dissipation

at (or below) 70°C free-air temperature (see Note 3) 300 300 mw
Operating free-air temperature range —55 to 125 0to 70 °c
Storage temperature range —65 to 150 | —65 to 150 C
Lead temperature 1/1G 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 I N or P package 260 260 °C

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

2, Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. For operation of the TL710M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2.
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TYPES TL71OM, TL71OC

DIFFERENTIAL COMPARATORS

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

(unless otherwise noted)

PARAMETER TEST CONDITIONS? TL710M TL710C UNIT
MIN TYP MAX [MIN TYP MAX
25°C 2 5 2 75
Vio Input offset voltage Rg < 200 92, See Note 4 Foil range 5 0 mV
avio :;’::Je‘ :fzzs?;:;::oemmem Rg <2005,  SeeNote4d Full range 5 75 uvre
ho Input offset current See Note 4 25°¢ ! 0 ! 5 HA
Full range 20 25
25°C 2% 75 25 100
he Input bias current See Note 4 A
Full range 150 150
Vi Input voltage range Vee—=-7V 25°C +5 +5 v
Vip Differential input voltage range 25°C +5 +5 \
Large-signal differential 25°C 750 1500 700 1500
AvD L No load, See Note 4
voltage amplification Full range | 500 500
VoH  High-level output voltage Vip=16mV, lon=-05mA| 25°C 25 32 4|25 32 4| V
VoL Low-level output voitage Vip=-15mV, IgL = 0 25°C -1 -05 O0f| -1 -05 0f \Y
loL Low-level output current Vip=-15mV, Vo =0 25°C 16 25 mA
o Output resistance Vo =14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rg < 200 £ . 25°C 70 90 65 90 dB
lcc+  Supply current from Vec Vip=-5Vto5V 25°C 54 101 5.4 mA
Icc—  Supply current from Veo— (=10 mV for typ), 25°C -3.8 -89 -3.8 mA
Pp Total power dissipation No load 25°C 88 175 88 mW

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL710M, Vg = 1.8 V
at Tp = -55°C, Vo = 1.4 Vat Tp = 25°C, and Vg = 1 V at Ta = 125°C; for TL710C, Vg =
Ta =26°C,and Vg = 1.2 V at Tp = 70°C. These output voltage levels were selected to approximate the logic threshold voitages of
the types of digital logic circuits these comparators are intended to drive.

TEull range for TL710M is —55°C to 125°C and for TL710C is 0°C to 70°C.

1.5 Vat Ty =0°C,Vg=14Vat

$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, Vcc+ = 12V, Vgcc— = —6 V, TA = 26°C
71
PARAMETER TEST CONDITIONS TL710M TL710C UNIT
TYP TVYP
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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DIFFERENTIAL COMPARATORS

TYPES TL710M, TL710C

Differential
Input Voltage

Vo—Output Voltage—V

Vic—Common-Mode

Input Voitage—V

Vp—Output Voltage—V

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR VARIOUS
INPUT OVERDRIVES

OUTPUT RESPONSE FOR VARIOUS

INPUT OVERDRIVES

_
T =8
€3
100 mV £> ——t—100mv
Vees =12V 5
B, - ag
Vee—=-6V £
No load [
Ta=25°C Veer =12V
S 4 Vee— = —6 VT
I 3 No load | |
g \\ N Ta=25°C
R / / 3 2 \ ™.
B - 2
N IR 4 3 1 LAY N
VY of 1 S ] 5\3, NS
<
2 2 o S
4/| o
> -1 l
20 40 60 80 100 120 ) 20 40 60 80 100 120
t—Time—ns t—Time—ns
FIGURE1 FIGURE 2

COMMON-MODE PULSE RESPONSE
vs
ELAPSED TIME

OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE

T T 4 T T T T T
r ~ Veer =12V VoH (Vip = 18 mV, IgH = —0.56 mA)
Vee- = —6 VA [ e —
]
TA = 25°C 3 —
>
1
@
-3
g 2
S
I [V > | Vec=12V
3 Ve = -6V
5
I o !
1
N o
>
N 0 VoL IV 15mV, loL - 0)
A oL Vip=-16mV, gL =
e | ] 1 ——
; [ ] ]
0 40 80 120 160 -75 -50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—°"C
t—Time—ns
FIGURE 3 FIGURE 4
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TYPES TL710M, TL710C
DIFFERENTIAL COMPARATORS

TYPICAL CHARACTERISTICS

TL710M TL710C
VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS
AT T T ST T
| Vece=12V Ta=-55C | Vece=12V
Vee-=-6V A—T1" Vee_=—6V
3 3
7
>
| g
§’ =
g 2 s 2
> 5
s g
g 3
E T 1
7 o
o >
>
0 0
Y w,
—1 -1
5 -4 -3 -2 -1 0 1 2 3 4 5§ 5 -4 -3 -2 -1 0 1 2 3 4 5
V) p—Differential Input Voltage—mV Vip—Differential Input Voltage—mV
FIGURE 5 FIGURE 6
TOTAL POWER DISSIPATION
Vs
FREE-AIR TEMPERATURE
100 I
12V
-6V
H
% 95
&
8
]
a
2
S g0
H
&
E |
o / \H
s 1 le— TL710C i
o]
a.
80
-76 -50 -25 0 26 50 75 100 125
Ta—Free-Air Temperature—°"C
FIGURE 7
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LINEAR TYPE TL720C
INTEGRATED CIRCUIT DUAL DIFFERENTIAL COMPARATOR
BULLETIN NO. DL-S 7611440, MARCH 1971-REVISED JUNE 1976
FORMERLY SN72720
e Fast Response Times o Low Offset Characteristics
‘e Output Compatible with Most TTL and DTL Circuits

JORN

schematic (each comparator) DUAL-IN-LINE PACKAGE (TOP VIEW)

20 Jenn

COMPARATOR NO. 1
/oy COMPARATOR NO. 2

[

INV NV
Vce- INPUT INPUT GND “Vec+  NC QUTPUT

w0
sowmutntng ( Feorv Forv

WVERTING
et outeur

OUTPUT NC Vcce, NC NON INV Vee-
INV_INPUT
COMPARATOR NO. 1 INPUT

Component values shown are nominal. COMPARATOR NO. 2

NC-—No internal connection
description

The TL720 is two high-speed comparators in a single package, each electrically identical to the TL710 and having
differential inputs and a low-impedance output. Component matching, inherent in silicon monolithic circuit fabrication
techniques, produces a comparator with low-drift and low-offset characteristics. This circuit is especially useful for
applications requiring an amplitude discriminator, memory sense amplifier, or a high-speed voltage comparator. The
TL720C is characterized for operation from 0°C to 70°C.

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

Supply voltage Vcc+ (see Note 1) . . . . . . . . . . .. I P AV
Supply voltage Voco— (seeNote 1) . . . . . . . . . . . . . . . ...V
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . . . . . . . . . . .. ... 5y
Input voltage (any input, see Note 1) . . . . e e 7V
Peak output current, each comparator (ty, < 1 s) P e e e 10 mA
Continuous total power dissipation: each comparator . . . . . . . . . . . . . . . . . . . . .300mw

totalpackage . . . . . . . . . . . . . . .. .. ... .600mwW
Operating free-air temperature range . . S .. ... ... ..... 0cCt70C
Lead temperature 1/16 inch from case for 60 seconds J package . . . . . . . . . . . . .. ... .300C
Lead temperature 1/16 inch from case for 10 seconds: N package . . . . . . . . . . . . . . . . . .260°C

NOTES: 1. Allvoltage 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, Vcc+ =12V, Vec—-=—-6V
(unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX [UNIT

Vio  Input offset voltage Rg <200 2, See Note 3 - 25°C q 2 75 mV
0°C to 70°C 10

ayyp verage temperature coefficient Rg<2000,  SeeNote3 0°C to 70°C 75 Wv/I°C

of input offset voltage

ho Input-offset current See Note 3 > 25°¢ = ! 15 HA
0°Cto 70°C 25

T} Input bias current See Note 3 = 25°¢ = 25 _100 HA
0°C to 70°C 150

7 Input voltage range Vee-=-7V 25°C v

Vip Differential input voltage range 25°C +5 v

Large-signal differential 25°C 700 1500

AVD s itage amplification No toad. SeeNowe3 157010 70°C | 500

VoH High-level output voitage Vip=15mV, gy =-05mA 25°C 25 3.2 4 \2

VoL Low-level output voltage Vip=-15mV, Ig_=0 25°C -1 -05 ot Vv

o Output resistance Vo=14V 25°C 200 Q

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

Icc+ Supply current from V4 (each comparator) Vip=-5VtosV 25°C 5.4 mA

lcc— Supply current from Vce.. (each comparator) (=10 mV for typ), 25°C —-38 mA

Pp Total power dissipation (each comparator) No load 25°C 88 mw

NOTE 3:These characteristics are verified by at the i [ and output voltage levels: Vo = 1.5 V at

Ta=0°C, Vo =14 Vat Ty =25°C, and Vg = 1.2 V at T4 = 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.

tThe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels
only, e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage.

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

[ PARAMETER [ TEST CONDITIONS | TYP TuniT]
[Response time ] No load, See Note 4 l 40 I ns J

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.

Printed i UK.
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LINEAR

INTEGRATED CIRCUITS

TYPES TL810M, TL810C
DIFFERENTIAL COMPARATORS

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

Fast Response Times

and DTL Circuits

description

The TL810 is an improved version of the TL710
high-speed voltage comparator with an extra stage
added to increase voltage amplification and accu-
racy. Typical amplification is 33,000. Component
matching, inherent in monolithic integrated cir-
cuit fabrication techniques, produces a compar
ator with low-drift and low-offset characteristics.
These circuits are particularly useful for applica-

FORMERLY SN52810, SN72810

Low Offset Characteristics
High Differential Voltage Amplification

Output Compatible with Most TTL

schematic

[ 910

oo {

INVERTING
NPyt O

Resstcr vatues e o

v

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
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)

-55°C to 125°C; the TL810C

U

FLAT PACKAGE (TOP VIEW)

our
PUT N

IuUuMn n jm [slo]

TUTRIAT T |

et

TI ylfll oL

PIN 4 IS IN ELECTRICAL
CONTACT WITH THE CASE

NC No internal connection

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

Supply voltage Vcc+ (see Note 1)
Supply voltage Vi — (see Note 1)
Differential input voltage (see Note 2)
Input voltage (either input, see Note 1)

Peak output current (ty <1's)

Continuous total power dissipation at (or below) 70 C free air !emperature (see Note 3)
Operating free-air temperature range:

Storage temperature range

Lead temperature 1/16 inch from case for 60 seconds
Lead temperature 1/16 inch from case for 10 seconds:

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

TL810M Circuits

TL810C Circuits

J, JG, L, or U package
N or P package .

10 mA

. 300 mwW
—55"C to 125°C
0°C t0 70°C
-65°C to 150°C
300°C

260°C

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. For operation of the TL810M above 70°C free air ternperature, refer to Dissipating Derating Curves, Section 2.

TEXAS INSTRUMENTS

191



TYPES TL810M, TL810C
DIFFERENTIAL COMPARATORS

electrical characteristics at specified free-air temperature, Vcc+ = 12 V, Vgg— = -6 V
(unless otherwise noted)
PARAMETER TEST CONDITIONS! TL810M TL810C uNIT
MIN  TYP  MAX | MIN  TYP  MAX
Rs < 200 2 3 0.
Vio  Input offset voltage s < ' ¢ d 2 16 35 | v
See Note 4 Full range 3 4.5
Average temperature coefficient Rg = 5042, MIN to 25°C 3 10 3 20 o
avio = uv/C
of input offset voltage See Note 4 25°C to MAX 3 10 3 20
25'C 0.75 3 18 5
o Irput offset current See Note 4 MIN 1.8 7 7.5 uA
MAX 0.25 3 75
Average temperature coefficient MIN to 25°C 15 75 24 100 .
10 See Note 4 = nA/"C
of input offset current 25°C to MAX 5 25 15 50
25'C 7 15 7 20
1 Input bias current See Note 4 A
'8 P! MIN 12 25 9 0 | *
v Common-made input v 7v Full 5 v
- : s
'CR voltage range cc- vl range - *5
Vip  Differential input voltage range Full range 5 15 \Z
Large-signal differential No load, 25°C 12,5 33 10 33
Avb . V/mA
voltage amplification Vo=0t025V Full range 10 8
Vip = 5 mV .
) 'D:0 Full range 48 5 4% 5
VOH  High level output voltage oH v
Vip = 5 mV. 25 368 25 36}
IoH = -5 mA Full range i .68 i 8
Vip - -5mV,
VoL  Low-level output voltage L= 0 Full range -1 058 of | -1 -os% ot | v
25°C 2 2.4 16 24
Vip = - 5mV,
oL Low-level output current oo MIN 1 2.3 0.5 24 mA
o [max 05 23 05 24
o Output resistance Vo=14V 25°C 200 200 Q2
CMRR Common-mode rejection ratio Rg = 200 Full range 80 100% 70 100% dB
Iccs Supply current from Voo Vi - B my Full range 558 9 55% 9 mA
IcC_ Supply current from Vo NIDI ’w me Full range 358 7 358 -7 | mA
0 104 q
Pp  Total power dissipation Full range Q0¥ 150 9% 150 | mw

TEull range (MIN to MAX) for TL810M is —55°C to 125°C and for the TL810C is 0°C to 70°C.

1 The algebraic convention where the most positive (least negative) limit is designated as maximum 1s 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.

8 These typical values are at Tp = 25'C

NOTE 4: These characteristics are verified by measur ts at the f ing temperatures and output voltage levels: for TL810M, Vg =
18 VatTa=-55C, Vo=14VatTa=25C,andVo=1VatTa=125"C;for TLBI1OC, Vo = 1.6 VatTp =0°C, Vo= 1.4V
at 25°C, and Vg = 1.2 V at T4 = 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, Vgec—=—-6 V, Ta = 25°C

[ "PARAMETER | TEST CONDITIONS

[ min

TYP

| Response time | R = =, CL = 5pF, See Note 5

30

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

TEXAS INSTRUMENTS



TYPES TL810M, TL810C
DIFFERENTIAL COMPARATORS

Vo —Output Voltage—V

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
vs vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
80 T 80—
Vees =12V V00125V I I
Vee- - -8V 70 |- Notosd L.
80— Vo=01025V Tarmc ch_-Iw
No losd 60 T i
Vee- - -8V
50 « + XA
Vee-= -8V
Py Iy cc 3 ]
2 N T ] s %
3 :\ s pr
20—+ - § . P—TLBI0C = B L ==
i 20 P’
10— g < 9
=] =} 10
< 4)
o o
-7 80 -2 0 % o 7™ 100 128 0 n 2 3 "
TA-Fres-Alr Tempersture—C VoC+—Positive Supply Vorege -V
FIGURE 1 ’ FIGURE 2
OUTPUT VOLTAGE LEVELS LOW-LEVEL OUTPUT CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
5~ 280 —r
T 17T Veee - 12v
VoM (Vip = §mV, oK = O Voo - -8V
P . ——t + ? 248 vip - smv Tt
VooV
> 3 b E 240 —-+- i
! Vee % \
3 2 Vee - [ .. g h
3 g = - Tistoc =
H f N
TV —— ¥ 2301
2 ?
o
0 b —t— b —o 9o a2 - e
ot
o B VoL (Vip * ~5mV. lgL = O 22
~78 -80 -26 0 2% 8 TS5 100 128 -7 50 -28 0 25 80 78 100 128
TA~Free-Air Tempersture—"C Ta-FresAir Temparsture—'C
FIGURE 3 FIGURE 4
TL81OM TL810C
VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS
5 5
Vees =12V
Vee-= -6
4| Rg=5010 A = 4
No losd . Tandie Tas 25:(:
3 . 1 3 Ta=70°C
Ta® —ss'c\I NoTa - 25°C !.
Ta = 125°C 3
>
2 g 2
, :
| T
> Vees =12V
Vee-= -6V
0 o T Rg=500
P— No load
-1 - |
-3 -2 -1 o 1 2 3 -3 -2 -1 o 1 2 3
Vip—Differential input Voltage—mV V)p—Differential Input Voltage—mV

FIGURE 5 FIGURE 6
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TYPES TL810M, TL810C
DIFFERENTIAL COMPARATORS

IYPICAL CHAI’U\(:‘I'ERISTI%So

INPUT BIAS CURREN MMON-MODE REJECTION RATIO
v v
FREE-AIR TEMPERATURE e FREE-AIR TEMPERATURE
voi;'- v Ve v 12v'

Vee- = -8V
See Noted |

12—t

N

v
1O —t— Vic--8ViosV

N

Hip—ingwt Biss Curvemt—pA
5
A

L rieroc_i ™ T

: | |

-
7% 40 -2 0 2 0 T8 100 128 -75 -80 -28 ® 80 75 100 2%
Ta-Fres-An Tempersture—'C

-
CMRR—Common Mode Rejection Astio—d8
8
i

TA—Fres-Alc Tompersture—'C

FIGURE 7 FIGURE 8

COMMON-MODE PULSE RESPONSE

Vi ~Common-Made input Voltage-V

TUvees 12V
Vee- 8V
No Load
TA28C

o © 0 120 160
t-Time-ns

FIGURE 9

VO-Output Vorage-V

TOTAL POWER DISSIPATION
OUTPUT RESPONSE FOR vs

VARIOUS INPUT OVERDRIVES FREE-AIR TEMPERATURE

l }, T 10 —r
1 Vegs = 12V
1k T Vee- = -8V
E 5 - 100 mv —4 L Veor s v 100 b Vip = -5 mV S A -
23 Vee ¢ 6V H No Load
n_§ —e CL - 80F é
AL %
Ta 25¢C } T \\
s — S w
» +
AL LA Ll ! ~—TL810C ~
N ENTS B 3
3 L 70
N f b g
F 5mv s
t &
PPy -
LT
>
' 50
0 20 4 60 8 100 120 140 ~75 50 -26 0 2 60 75 100 126
1-Tume-ns Ta-FreeAir 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 =
1.8 VatTy=-55"C, Vg =1.4VatTy =25C,and Vg =1VatTp=125"C;for TLB10C, Vo = 1.5V atTp =0"C, Vg=1.4V
at 26°C, and Vo=12VatTy = 70°C. These output voltage levels were selected to approximate the logic threshold voitages of the
types of digital logic circuits these comparators are intended to drive.
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Ti cannot assume any responsibility for any circuits shown

194 TEXAS INSTRUMENTS o sepreveni hot they are fee. from potent mhingement
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY °
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSS



LINEAR
INTEGRATED CIRCUITS

TYPES TL81IM, TL811C

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
e 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-

srnomc 1

o

—X

-~

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°Cto 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
N

sTROBE
LT GND VegoOUTPUT 2 NC

WC NV NON. Vcc- NON NV
WeUT1 NV NV NPT
WU NeUT

3

PIN 5 1S IN ELECTRICAL CONTACT WITH THE CASE

STAOBE1 GND  VCC: OUTPUTSTROBE 2

NOTES: 1.

NC-No Internal connection

Supply voltage Vcc+ (see Note 1)
Supply voltage Vcc— (see Note 1)
Differential input voltage (see Note 2)
Input voltage (any input, see Note 1)
Strobe Voltage (see Note 1)

Peak output current (ty <1 s)

Continuous total power dissipation at (or below) 70 C free -air tempera(ure (see Note 3)

Operating free-air temperature range: TL811M Circuits
TL811C 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

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

14V
-7V

5V

17V

.6V

50 mA

. 300 mW
—56°C to 125°C

. 0°C to 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.

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. For operation of the TL811M above 70°C free-air temperature, refer to Dissipating Derating Curves, Section 2.
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TYPES TL81IM, TL81NC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Vcc+ =12V, Vcc—=-6V
(unless otherwise noted)
TL811M TL811C
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX MIN TYP MAX
Rs < 200 2, 25°C 1 35 1 5
Vic=0,
Vio  !nput offset voltage See Note 4 Full range 4.5 6 mv
Rg < 200 Q, 25°C 1 5 1 75
See Note 4 Full range 6 10
Rg < 200 02,
Average temperature coefficient S .
avIo Vic=0, Full range 5 5 wv/'c
of input offset voltage
See Note 4
| Input offset t See Note 4 Likd o8 3 05 ° A
nput offset curren ee Note
10 P v Full range 5 0 | ¥
25°C 7 20 7 30
hg Input bias current See Note 4 uA
Full range 30 50
T1L(S) Low-level strobe current V(strobe) = —100 mV [25°C -12  -25 -12 25 mA
v Common-mode input v, S v 250 5 5 v
ICR  Loitage range cc-*=- : .
Differential input N
Vip 25°C +5 15 v
voltage range
Large-signal differential Vo=0t025V, 25'C 125 175 10 175
AvD Vimv
voltage amplification No load Full range 8 5
Vip = 10mV
) 'o- o e 25°C a 5 4 5
VOH High-level output voltage OoH ~ v
Vip = 10mV, .
25°C 25 36 25 36
IoH = -5 mA
Vip = -10mV, .,
10 m 25°c 1 -04 of | -1 04 ot
oL =0
VoL  Low-level output voltage Vip = 10mV, v
V(strobe) = 0.3 V., 25°C -1 o -1 o#
oL =0
Vip = -10mV, o
oL Low-level output current wo 25°C 05 08 05 08 mA
0= I R -
1o Output resistance Vo=14V 25°C 200 200 Q
CMRR_Common-mode rejection ratio R < 200 25°C 70 90 65 90 dB
Icc+  Supply current from Vg Vip=-5t5V 25°C 6.5 6.5 mA
Icc—_ Supply current from Voo (=10 mV for typ) [26°C “27 27 mA
Pp  Total power dissipation No load, See Note 5 [25°C 94 150 94 200 | mw

tUnless otherwise noted, all characteristics are measured with the strobe of the channel under test open, the strobe of the other channel is
grounded. Full range for TL811M is —55°C to 126°C and for the TL811C is 0°C to 70°C.
$The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels
only, e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage.
NOTES: 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811M,
Vo=18VatTa=-55"C,Vg=1.4Vat Ty = 25°C, and Vo = 1 V at Tp = 125°C; for TL811C, Vg = 1.5 Vat Tp = 0°C,
Vo =14V at T =25°C, and Vg = 1.2 V 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.
5. The strobes are alternately grounded.

switching characteristics, Vcc+ = 12V, Vgc—=-6V, Tao = 25°C

TL811IM TL811C
PARAMETER TEST CONDITIONS uNIT
MIN _ TYP  MAX | MIN _TYP  MAX
Response time RL= *, C_=5pF, SeeNote6 33 80 33 ns
Strobe release time RL=%_ C_=5pF, SeeNote7 5 25 5 ns

NOTES: 6. The response time specified is for a 100-mV input step with 5-mV overdrive.
7. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then
added to the input bias voltage to produce an output voltage which rises above 1.4 V. The time interval is measured from the 50%

point of the strobe voltage curve to the point where the.overdriven output voltage crosses the 1.4 V level.
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TYPES TL81M, TL81C

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
N T

15 f'— TL811C —*

10
Veer =12V

5 Vee—=-6V 7
Vo=0t025V |
No load

0 |

-75 -60 -26 O 26 50 75 100 125

T a—Free-Air Temperature—"C

FIGURE 1
TLB1IM
VOLTAGE TRANSFER CHARACTERISTICS
5
4 A o
Ta=-55C
Ta=125°C
3 I
2
I Ta=25°C
1
J Vee+ =12V
0 Vee-=-6VA
Rg = 50 2
No load
-1 1
-3 -2 -1 0 1 2 3

V|p—Differential Input Voltage—mV

FIGURE 3

Ayp-—Differential Voltage Amplification—V/mV

Vo —Output Voltaye—V

LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
SUPPLY VOLTAGE

40
1]
Vee—=-7V
% 1
Vee—=-6V+
30 >///
25 /
A 4 /
» / / \
* // v (cc_ TV
10 /] /
/// VO=0t025V
5 7 No load B
Ta=25°C
1 1
10 1" 12 13 14
Vcc+—Positive Supply Voltage—V
FIGURE 2
TL811C
VOLTAGE TRANSFER CHARACTERISTICS
5
4
Ta=0°C
Ta=70°C
3 +
\-Ta=25°C
2
1
Vee+ =12V
0 Veec—-=-6V]
Rg =50
No load
-1 |
-3 -2 -1 0 1 2 3

V|p—Differential Input Voltage—mV

FIGURE 4
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TYPES TL81IM, TL811C
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR STROBE RELEASE TIME
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES
4
i
32 g 2 7
§3 2
s3 100 mV s Vegs =12V ]
5 t 3 Vee—=—6V
&g S R j
£ g L=
"
4 0 C_=5pF
20 mVy Ta=25°C
T 3 /
PN
g
= > 3
§ 2 5mV 4 5mV
3 | Veet =12V g 2 /Z.V
- 1 = o
8 2mVv Vee- sV 2 3 [r 0mV
|° R = a / |
> 0 7177 CL=5pF E |
Ta =25°C ? Py,
- i ! >O 1 —-1m
0O 20 40 60 80 100 120 140 0 5 10 15 20 25 30 35 40
t—Time—ns t—Time—ns
FIGURE 5 FIGURE 6
COMMON-MODE PULSE RESPONSE
§ OPEN
3
>
s
é g 2 50 N
£5
33 wn
QE o 1
> [ Vo
Vee+ =12V
> Vee—=-6V
2‘3» No load Vic
ki Ta=26°C ] 9
o
>
5 2
8
‘? 1 =
Lo
[ 40 80 120 140
t—Time—ns
TEST CIRCUIT
FIGURE 7 FOR FIGURE 7
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TYPES TL81M, TL81C

DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT

vs
FREE-AIR TEMPERATURE

TOTAL POWER DISSIPATION
vs
FREE-AIR TEMPERATURE

12 T T 100 T
Vee+ =12V vee+ =12V
Vee_=-6V 98 Vee- = _sy 9
a\ . Vip = —
10 \ See Note 4 % 96 N|°|3|oad10 mV |
T‘ N L o4 e ™~
¢ 8 AV 2 / ~—
£ 2 e
3 \ 8
8 6 N S g
b \ g
2 H \ a 88
a | N pt
T 4 t g
@ b— TLBI1C — " 86
- o
a 84
2
82
0 80
-7 -50 -26 O 25 50 75 100 125 -7 -850 -26 O 26 50 76 100 125
Ta—Free-Air Temperature—°"C Ta—Free-Air Temperature—°"C
FIGURE 8 FIGURE 9
NOTE 4. These characteristics are verified by at the 9 temperatures and output voltage levels: for TLB11M,

Vo=18VatTa=-55°C, Vo =14V at Ty =26C and Vg =1V at Ty = 125°C; for TLBI11C, Vo =15 Vat Tp = 0°C,
Vo =14V at Ty =26°C, and Vg = 1.2 V 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

Printed in U.K.
TI connot assume ony responsibility for any circuits shown
or represent that they are free from patent infringement

EXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
| ORDER TO IMPROVE DESICN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.
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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 o Low Offset Characteristics

o High Differential Voltage Amplification e Outputs Compatible with Most TTL
and DTL Circuits

schematic (each comparator) JOR N

DUAL-IN-LINE PACKAGE (TOP VIEW)

COMPARATOR NO. 1

~on COMPARATOR NO. 2
IV INV

VCC- INPUT INPUT GNO 'Veee NG OUTPUT

winpupnjjwiisfjs

outeur »

hBiOiBRIOl

oGTPUT NG Vce:  NC NON INV Vgc-
INVINPUT
INPUT
COMPARATOR NO 1

COMPARATOR NO. 2

Resistor values e in ohm.

NC—No internal connection
Component values shown are nominal

description

The TL820 is an improved version of the TL720 dual high-speed voltage comparator. Each comparator has differential
inputs and a low-impedance output. When compared with the 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 Vcc+ (seeNote 1) . . . . . . . . . . . . . . . . . .. . . .. ... .... 18V
Supply voltage Vcc— (seeNote 1) . . . . . . . . . . . . . .. .. .. .. ... ... =1V
Differential input voltage (see Note 2) T 1Y)
Input voltage (any input,see Note 1) . . . . . . . . . . . . . . . ... 7V
Peak output current (ty <1 s) . e 10 mA
Continuous total power dissipation at (or below) 70 C free -air temperature each comparator .. . . . . 300mwW
total package, (see Note 3) . . . 600 mW

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

Storage temperature range . . . . . . ... . .... -65Cto150°C
Lead temperature 1/16 inch from case for 60 seconds J package S ... ... .... 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 TL820M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2,

TEXAS INSTRUMENTS
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TYPES TLB20M, TL820C
DUAL DIFFERENTIAL COMPARATORS

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

TL820M TL820C
R, R T ITIONSt UNIT
PARAMETE EST COND MIN TYP MAX | MIN TYP MAX
Rg < 200 0, 25°C 06 2 16 3.5
% Input offset volt mv
10 Py volese See Note 4 Full range 3 4.5
Average temperature coefficient Rg =50 2, MIN to 25°C 3 10 3 20
avio .. 9 wvre
of input offset voltage See Note 4 25°C to MAX 3 10 3 20
25°C 0.75 3 1.8 5
110 Input offset current See Note 4 MIN 1.8 7 1.5 uA
MAX 0.25 3 75
Average temperature coefficient MIN to 25°C 15 75 24 100
See Note 4 A/°C
Mo o input offset current * 25°C to MAX 5 25 15 50 "
' I 1 b ent See Note 4 25°¢ z ik ? 20 A
n 188 curri ee Note
'8 P v MIN 12 25 9 30 | "
Common-mode input
.- v
VICR voltage range Vee- v Full range 16 15
Vip Differential input voltage range Full range 15 5 \
Large-signal differentisl No load, 25°C 12.5 33 10 33
Avp ) V/imv
voltage amplification Vo=0to25V Full range 10 8
Vip =5 mV
) 'D‘um Full range a8 5 48 5
VoW  Highlevel output voitage \?“ v v
ID=5mV,
25 368 25 368
lon = —5mA Full range
Vip = -6 mV,
VoL  Low-level output voltage 'of‘ ° Full range -1 -05% ot -1 -05% [ i} v
v Smv 25°C 2 2.4 16 2.4
oL Low-level output current V'° o me MIN 1 23 05 24 mA
0 MAX 05 23 06 24
o Output resistance Vo=14V 25°C 200 200 Q
CMRR Common-mode rejection ratio Rg < 200 2 Full range 80 1008 70 1008 dB
\cct Supply current from Vgc+ Full range 5.58 9 55§ 9 mA
(each comparator)
lce Supply current from Vcc... Vip=-5mV, Full e 388 ; 358 7| ma
- u -3. - - -
(each comparator) No losd e
Po Total power dissipation Full range 90§ 150 908 150 p
(each comparator)

tFull range (MIN to MAX) for TLB20M is ~55°C to 125°C and for the TL820C Is 0°C to 70°C.
tThe algebraic convantion 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 8 more-negative voltage.

§These typical values are at T4 = 25°C.

NOTE 4: These characteristics are verified by at the f 9 temperatures and output voltage levels: for TLB20M, Vg =
18 Vat Ty = ~56°C, Vo = 1.4V at Ty = 26°C,and Vo = 1V at T4 = 126°C; for TLB20C, Vo = 1.6 V 8t Ta = 0°C, Vo = 1.4 V
at 25°C, and Vg = 1.2 V at T4 = 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, Vcc—-=—-6 V, TA = 25°C

[ PARAMETER T TEST CONDITIONS [ MmN TvP  wmAx JuniT |
l Response time ] R ==, CL=5pF, SeeNote5 ] 30 80 l ns

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

For typical characteristic curves, see the TL810 data sheet on page 193.

Printed in U.K.
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LINEAR
INTEGRATED CIRCUITS

TYPE uA710M

DIFFERENTIAL COMPARATOR

BULLETIN NO. DL-S 7612415, JUNE 1976

e Fast Response Times
o Low Offset Characteristics
o Output Compatible with Most TTL and DTL
Circuits
e Designed to be Interchangeable with Fairchild
uA710
description

The uA710 is a monolithic high-speed comparator
having differential inputs and a low-impedance out-
put. Component matching, inherent in silicon inte-
grated circuit fabrication techniques, produces a
comparator with low-drift and low-offset character-
istics. This circuit is especially useful for applications
requiring an amplitude discriminator, memory sense
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.

terminal assignments

J JG
DUEL-IN-LINE DUEL-IN-LINE
PACKAGE (TOP VIEW) PACKAGE (TOP VIEW)

schematic

bl

5005

39w

NONINVERTING
INPUT

INVERTING :
INPUT

ooy

s2v

outruT

Component values shown are nominal,

L
PLUG-IN PACKAGE (TOP VIEW)

10041

17

vee-

U FLAT PACKAGE
(TOP VIEW)

Veee OUTPUT NG NC

8il7({6]]5

1[12[]3[]4
GND NON

NC GNDNONIN INVERT NC Vo WG
VERTINGING INPUT v
INPUT

WV Vec-
INPUT

vee

c»n/ 20 \\\,‘W"U‘
o> O
)
i 9 -
Vee.
7N ()15 INECECTRICAC CONTACT wiTh CASE

T T
(ONONO)
GND NONIN INVERT NC  vcc.

TINGING INPUT

NOTES: 1.

NC—No internal connection

Supply voltage Vcc+ (see Note 1)
Supply voltage Vcc— (see Note 1)
Differential input voltage (see Note 2)
Input voltage (either input, see Note 1)
Peak output current (ty < 1s)

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

Operating free-air temperature range
Storage temperature range

Lead temperature 1/16 inch from case for 60 seconds

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

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

14V

-7V

5V

7V

“10mA

.. . . 300mwW
. —55°Cto 126°C
. —65°C to 150°C
. 300°C

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

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

.
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TYPE uA71I0M
DIFFERENTIAL COMPARATOR

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

PARAMETER TEST CONDITIONS? MIN TYP MAX UNIT
v Input offset volt Rs <200 Q See Note 4 25°C 08 2 mv
et voltage .
10 neut offset voltag S ° Full range 3
Average t t ficient
ayjp | yerage temperature CosTHCeNt | pe <50 @, See Note 4 Full range 3 10 |wvrc
of input offset voltage
| ! fiset t See Note 4 %°C 0.78 3 A
nput e e
10 put offset curren ee No: Full range 7 n
Average te ture coefficient —55°C to 25°C 5 25
@10 Tage temperatur ol See Note 4 = < nA/°C
of input offset current 25°Ct0 125°C 15 75
| [ t bi t See Note 4 25°¢ 13 20 A
as curren ee Note
8 nput bl Full range 45 s
7 Input voltage range Vee—=-7V 25°C +5 v
Vip Differential input voltage range 25°C t5 \%
Large-signal differential 25°C 1250 1700
Avp arge-sig . No load, See Note 4
voltage amplification Full range 1000
VOH High-level output voltage Vip= 5mV, IoH = -5 mA 25°C 25 3.2 4 \
VoL Low-level output voltage Vip=-5mV, 1oL =0 25°C -1 —05 6% \
25°C 2 25
oL Low-level output current Vip=-5mV, Vo =0 -55°C 1 2.3 mA
125°C 0.5 1.7
o Output resistance Vp=14V 25°C 200 Q
CMRR  Common-mode rejection ratio Rg < 200 O 25°C 80 100 dB
Icc+ Supply current from Vs Vip=-5Vto5V 25°C 5.2 9 mA
Icc— Supply current from Voo - (—10 mV for typ), 25°C —-4.6 -7 mA
Pp Total power dissipation No load 25°C 90 150 mw
NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: Vo = 1.8 V at

Ta=-56°C, Vo =1.4V at Tp = 25°C, and Vo =1 V at T = 125°C. These output voltage levels were selected to approximate the
A o A o A

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.

fThe 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 mini I

imitis a gative voltage.

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

PARAMETER

TEST CONDITIONS

UNIT

Response time

No load, See Note &

40

ns

NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive.
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TYPE uATIOM
DIFFERENTIAL COMPARATOR

TYPICAL CHARACTERISTICS

OUTPUT RESPONSE FOR VARIOUS OUTPUT RESPONSE FOR VARIOUS
INPUT OVERDRIVES INPUT OVERDRIVES
¥ | ¥ Ll
- i £3 [ 1
£> —f 100 mV £> 100 mv
£3 Veer 12V =3
6¢ Vee- = -6V T Qe
No load L
Ta=25"C Vees s 12V
R 4 Vee- < 6 Vi
> > cc.
T, T, No load [ ]
g’ .!_’ Ta=25C
32 NN T s 2 2 T
3 & s, 3 EAPIW R
g1 N BTAPD g 3\, | T 17
?= . ~ of & 1 ﬂ; o ARG \* N
o °
[ S . L > T i
0 2 4 60 8 100 120 0 20 4 60 80 100 120
=Time—ns t=Time-ns
FIGURE 1 FIGURE 2
COMMON MODE PULSE RESPONSE OUTPUT VOLTAGE
v
vs
ELAPSED TIME FREE AIR TEMPERATURE
3. T T - T 4 T ———
27 L ~ Vees 12V VoM (Vip = 15 mV, oy = 0.5 mA)
582 1 “T1Vee- = -6V B .
ES Ta-25°C R
E> 3
S5 +
o2 7
ST ¥,
- Vo S >f [ Vees 12V
H vee- < -6V
1 c? 1
3 o
§2 >
5 0 p— o om b
>, T\ - VoL (Vip = 15 mV, Ig( = 0)
3 | ! —
3 [ 11 ]
) . |
° 0 40 80 120 160 75 -850 26 0 25 S0 75 100 125
Timens Ta-FreeAir Temperature- C
FIGURE 3 FIGURE 4
TOTAL POWER DISSIPATION
v
VOLTAGE TRANSFER CHARACTERISTICS FREE-AIR TEMPERATURE
4 T T b T |
vee-12v L
cc= - Vee- = -6V
3 z Vip =0
96 f— 1D
> ; No load
'Y 8
2 ot H
5 2 ]
2 8 g9
: T ~
5 9 & 4
7 2
o
> L
o j - &£
Y S S U . LA 80
-5 4-3-2-10 1 2 3 45 -75 -50 -26 O 25 50 75 100 125
V)p-Differential Input Voltage-mV Ta—Free-Air Temperature—-°C
FIGURE 5 FIGURE 6
Printed in U.K.
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LINEAR INTEGRATED
CIRCUITS

TYPES uA71IM, uATIC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS

WITH STROBES

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

FORMERLY SN52711, SN72711

e Fast Response Times .
e Low Offset Characteristics o

description

The uA711 is a high-speed dual-channel comparator
with differential inputs and a low-impedance output.
Component matching, inherent with silicon mono-
lithic circuit fabrication techniques, produces a
comparator circuit with lowdrift 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
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

schematic

Output Compatible with Most TTL and DTL Circuits
Designed to be Interchangeable with Fairchild uA711 and uA711C

-~

L
5

SETSS
L

useful for applications

requiring an amplitude-

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
L
PLUG-IN PACKAGE (TOP VIEW)

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

U FLAT PACKAGE
(TOP VIEW)

PIN51SINELECTRICAL CONTACT WITH THE CASE

sTROBE sTROBE
' GND VCC-OUTPUT 2 NC

1L

STROBE ) GNO  VeC: OUTPUT STAOBE 2

NC—-No Internal Connection

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

uA711M uA711C | UNIT

Supply voltage Vcc+ (see Note 1) 14 14 \
Supply voltage Vcc— (see Note 1) -7 -7 \
Differential input voltage (see Note 2) +5 +5 \
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 —55 to 125 0to 70 °C
Storage temperature range —651t0 1560 [ —651t0 160 | °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 lN package 260 260 °c

NOTES:

1. All voltage values, except differential voltages, are with respect to network ground terminal.
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. For operation of uUA711M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2.
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TYPES uA71IM, uATIC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

electrical characteristics at specified free-air temperature, Vcc+ = 12V, Vgg—=—-6V
(unless otherwise noted)
PARAMETER TEST CONDITIONS? uATIIM uATIIC UNIT
MIN TYP MAX |MIN TYP MAX
Rs < 200 2, Vic=0, 25°C 135 15
See Note 4 Full range 45 6
Vio Input offset voltage Rg < 200 32, 25°C ] 5 3 75 mV
See Note 4 Full range 6 10
avio Avt.arage temperature coefficient|Rg < 200 2, Vic=0, Full range 5 5 WVIC
of input offset voltage See Note 4
25°C 0.5 10 0.5 15
ho Input offset current See Note 4 Foll range 20 25 HA
25°C 25 75 25 100
UT:) Input bias current See Note 4 Full range 150 150 uA
lIL(S) Low-level strobe current V(strobe) = 0, Vip =10mV 25°C -1.2 -25 -1.2 =25 | mA
V) Input voltage range Vee—=-7V 25°C +5 15 Vv
Differential input o
Vip 25°C +5 5 v
voltage range
AVD Large-signal differential No load, 25°C 750 1500 700 1500
voltage amplification Vo=0to25V Full range | 500 500
Vip=10mV, Ion =0 25°C 45 5 45 5
VoH High-level output voltage = \2
Vip = 10mV, IOoH = -5 mA 25°C 2.5 3.5 25 3.5
Vip=-10mV, IgL =0 25"C -1 -05 o -1 -05 ot
VoL  Low-level output voltage :/c;LD :—010 mV,  V(strobe) = 0.3V, 5c B ofl 1 ot Y
loL Low-level output current Vip=-10mV, Vg=0 25°C 05 0.8 05 0.8 mA
o Output resistance Vo=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 Voc+ Vip=-5V 105V (-10mV for typ), 25°C 9 9 mA
lcc— Supply current from Vco— 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 uA711M, Vpo=18V
8t Tp = —55°C, Vo = 1.4 Vat Tp = 26°C, and Vg = 1 V at To = 125°C; for UA711C, Vo = 1.5 V at T4 = 0°C, Vo = 1.4 V at
Ta =25°C, and Vg = 1.2 V at 70°C. These output voltage levels were selected to approxi the logic 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 126°C and for the uA711C is 0°C to 70°C.

tThe algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels

only, e.g., when 0 V is the maximum, the minimum limit is a more-negative voltage.

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

uA711M uA711C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX [MIN TYP MAX
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

3

. 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 uATIIM, uATIIC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
vs Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2000 Py 3000 —
Vees = 12V B
s 1800 Ve - -6V Vo-14v
£ +— No load S 2500 | \A 2ds ¢
g 1600 See Note 4 = © loa
L T £ Vee = -7V __4—T |
g 1400 B ] N
P wariic | Y & 2000 P T 1
M b — -
§- 1200 % /vccx—ev —
; 1000 e S 1500 // Vc§5V
£ k3
< =1
: : 1000 — ]
b= o »
5 600 - et =
S 400 }—- L °
< < 500
200
0 0
-7 -850 -25 O 25 50 75 100 125 10 n 12 13 14
Ta—Free-Air Temperature—°C Ve s—Positive Supply Voltage—V
FIGURE 1 FIGURE 2
INPUT BIAS CURRENT TOTAL POWER DISSIPATION
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
50 — 140 —
\ Ve =12V Vees =12V
Vee- = ~6V T 138 v =6V T —
\ See Note 4 No load
40 N - z 136
€
3 1 L3 —
& ks
c -
] - t 8 132
3 2
] —+— 9 130
ki e —
3 ’ | QP '
i 5 & S
< L earnic ] k] b— uA711C — N
@ E—— '2 126
= |
10 S 124
122 —
0 120
75 -60 —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 3 FIGURE 4

NOTE 4:

These characteristics are verified by measurements at the following temperatures and output volitage levels: for uA711M, Vg = 1.8 V
at Tp = —55°C, Vo = 1.4 V at Tp = 26°C, and Vg = 1 V at Tp = 125°C; for uA711C, Vg = 1.5 V at Tp = 0°C, Vg = 1.4 V at
Ta = 25°c, and Vg = 1.2 V at 70°C. These output voltage levels were selected to appr the logic volitages of the
types of digital logic circuits these comparators are intended to drive.
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TYPES uAT1IM, uATIIC
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES

TYPICAL CHARACTERISTICS

uA711M uA711C
VOLTAGE TRANSFER VOLTAGE TRANSFER
CHARACTERISTIC CHARACTERISTICS
S T r T T r" L 5 — T T T
Vees = 12V ! Vees -6V
vee. = BV e Vie.. - -6V
4| s 2000 ! B g 4 | Rs = 20002
LoyTas A !
|
S [ [ Ta=125C S
L3 1 f IR 13
! :
g‘ b Ta-2sc g
S [ °
> | I >
3 ! T T oefTr
g i i g
3 % : 3
o H | t (- Io 1 -
> i | >
.
| |
o + - + -— 0
L2 P T T
~ S s
i i S G ’
5 .4 3 -2 1 0 1 2 3 4 5 5 4 -3 -2
Vip - Differential Input Voitage:-mV V|p—Differentiai Input Voltage—mV
FIGURE § FIGURE 6
OUTPUT RESPONSE FOR STROBE RELEASE TIME
VARIOUS INPUT OVERDRIVES FOR VARIOUS INPUT OVERDRIVES
; L]
®
-8 4 4
£3 1° T
£3 1
ng 100 mV - g Ll / Veer =12V |
58 _Veer =12V 2 4 Vee- = -6V
10 L.l | | Noload ° A=
: ~ Ta=28°C | a 0 .
® 20 mV ) -
T
[ T TTYA 1/ >
g 10 mv 4 1 |
5 21+ 3 e 8 2f- 5 mV.
> 1 A = /2 mv
3 /( N 2mVv S bk Va
g 0 T = ‘//"— omvV
Q - 5 mv g o L
o - N
£ 2 i 9 i
> 0 5 10 15 20 25 30 35 40
0 20 40 60 80 100 120
t-Time—ns t-Time-ns
FIGURE 7 FIGURE 8

Printed in U.K.
Ti cannot assume ony responsibility for any circuits shown
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VOLTAGE REGULATOR SELECTION

GUIDE

adjustable voltage regulators

VOLTAGE REGULATORS

POSITIVE NEGATIVE SWITCHING uNIT
LM105 uA723 LM117 LM376 LM104 TL497
out MIN 4.5 2 1.2 5 —0.15 +1.2 v
putvoltage 7% 40 37 40 37 —40 +30, =25
Input voltage MIN 8.5 9.5 3.7 9 -8 4.5 v
MAX 50 40 40 40 —50 15
IrA\put-to-output voltage 3 3 25 3 05 0 v
difference, minimum
Output current, maximum 12 150 1500 25 20 500 mA
Standby current, maximum 2 3.5 5 2.5 5 1 mA
adjustable shunt regulator
Reference T Diffi Reference
. o Regulator
Input Coefficient Regulator Input
N Current
Voltage of Vief Resistance Current
Range
TYP TYP TYP MAX
TL430 275V 100 ppm/°C 1.5Q 10 uA 0.5mA to 100 mA
fixed voltage regulators
POSITIVE NEGATIVE
LM109 uA78XX uA78MXX l uA78LXX uA79XX uA79MXX UNIT
SERIES SERIES SERIES SERIES SERIES
Nominal output voltage 5 SEE LISTING BELOW FOR OUTPUT VOLTAGES AVAILABLE A%
Input voltage MIN 8 SEE INDIVIDUAL DATA SHEETS \
MAX 50
Ir‘mut-t&.output voltage 2 2 2 1.7 11 1.1 v
differential, minimum
Output current, maximum 500 1500 500 100 1500 500 mA
Standby current 10 8 6 6.5 3 t mA
12 mA to 3.6 mA, depending on individual type
AVAILABLE OUTPUT 26V 5V 6V 62V 8V 85V 2v 15V 18V 20V 24V
VOLTAGES
uA78XX SERIES . . . . . . . °
UA78MXX SERIES . . . . . . .
uA78LXX SERIES . . 3 . . .
uA79XX SERIES (—) . . . . . . . .
UA79MXX SERIES (-) . . . 3 . . [

TEXAS INSTRUMENTS
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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 (ayQ)

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.

VpatTy —VpatTy 100%
VQ at 25°C To-T1

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.

TEXAS INSTRUMENTS



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 Output 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 (avyef)

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:
Vief at Tg — Viefat T1 | 108
Vyef at 26°C To-T

Vref =

Regulator Voltage (Vz)

The dc voltage across the regulator.
Regulator Current (12)

The dc current through the regulator when it is biased for regulation.
Regulator Current near Lower Knee of Regulation Range (I1zK)

The regulator current near the lower limit of the region within which regulation occurs; this corresponds to the
breakdown knee of a regulator diode.

Reg! Current at Maxi Limit of Regulation Range (1zm)
The regulator current above which the differential resistance of the regulator significantly increases.
Differential Regulator Resistance (rz)

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 (Vnz)

The rms noise voltage with the regulator biased for regulation and with no input ripple.

216 TEXAS INSTRUMENTS



LINEAR
INTEGRATED CIRCUITS

TYPES LM104, LM204, LM304
NEGATIVE-VOLTAGE REGULATORS

BULLETIN NO. DL-S 7612052, SEPTEMBER 1973—~REVISED JUNE 1976

schematic

FORMERLY SN52104, SN72104
® Typical Load Regulation... 1 mV
e Typical Input Regulation . . . 0.06%

e Designed to be Interchangeable with National

L PLUG-IN PACKAGE
{TOP VIEW)

Semiconductor LM104, LM204, and LM304 ADJUSTMENT GND
Respectively
REGULATED
L REFERENCE OUTPUT
description

REFERENCE BOOSTER
The LM104, LM204, and LM304 are monolithic SupPPLY OuTPUT
integrated circuit voltage regulators that can be

9 . otag M X . COMPENSATION CURRENT

programmed with a single external resistor to provide LMt
any voltag? betweerT —40 volts ar}d approximately UNREGOLATED
0 volts while operating from a single unregulated INPUT

negative supply. When used with a separate floating

bias supply, these devices can provide regul

the output voltage limited only by the breakdown

characteristics of the external pass transisto

Although designed primarily for applicatio!
series regulators at output

control elements with the output current
the capability of the external pass transi

improvement factor for load regulation is approxi-

mately equal to the composite current g

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
the LM204

operation from 0°C to 70°C.

currents
25 milliamperes, the LM104, LM204, and LM304 can
be used as current regulators, switching regulators, or

is characterized for operation from
—25°C to 85°C; and the LM304 is characterized for

ation with

PIN 5 1S IN ELECTRICAL CONTACT
WITH THE CASE

rs.

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

n as linear
up to

limited by
stors. The

ain of the

to 125°C;

BOOST- CUR-
ER RENT UNREG

REG
NC_ GND OUTPUTOUTPUT LIMIT INPUT NC
" 13 12 n 10 9 8

1 2 3 4 5 L} 7

NC ADJ REF NC REF comp NC
SUPPLY

NC-—No internal connection

o P

Ao N

nrmnct 3

e

L)

800sTEH
outeur

cuRREnT

Gt

UNREGULATED
weut

Aerenenct

compensaTion

Component values shown are nominal.
Resistor values are in ohms,
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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 lJ or N package 1000 1000 1000

free-air temperature (see Note 2) rL package 800 800 800 mw
Operating free-air temperature range —551t0125 | —25t0 86 0to 70 °C
Storage temperature range —651t0 150 | —65to 150 | —65 to 150 °C
Lead temperature 1/16 inch from case for 60 seconds: Jor L package 300 300 300 °C
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, Rgc A, of not more than 106°C/W.

recommended operating conditions

LM104 LM204 LM304 | 0
MIN MAX MIN MAX MIN MAX
Input voltage, V| -8 50 -8 -50 -8  —40 Vv
Output voltage, Vo -0015 40 |-0.015 —40|-0035 30 V
, ) ['o=20mA -2 50 -2 50 -2 —40
Input-to-output voltage differential, V| — Vo \
[lo<s5mA 05 -50| -05 -50| —05 —40
Output current, |g 20 20 20 | mA
Operating free-air temperature, T -56 125 —25 85 ] 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
Vo=-5V to MAX, av| =0.1V,
Input regulat 006 0.1 0.06 0.1 %
neut regulation See Notes 3 and 4
C1=10uF, [vi=-15V o MAX 02 05 02 05
Ripple sensitivity mV/V
f=120Hz [Vi==7Vie-15v 05 1 05 1
Output regulation lo-0to20mA,  Rsc= 154 1 s 1 s | mv
See Note 3
Output voltage scale factor R1 =24k, See Figure 2 1.8 2 22 1.8 2 22 |V/kQ
Output voltage change Ta=MINtoTp=25C 1 1 "
with temperature Tp =25°Cto T = MAX 1 1
Vo=-5VtoMAX,[C1=0 0.007 0.007 %
Output noise voltage
f=10Hzto 10kHz |C1=10uF 15 15 uVv
Vo =0 17 25 1.7 25
Bias current 10 =5mA Vo = ~30 V 36 5 | mA
Vo = —40V 36 5

1t For 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 (ty < 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

J=' R2 dscr = 1+ &
20 k2 T ATuF 5k R 10.F
tantalum % tantalum
ADJ GND ADJ GND
——REF —Rer
R1? REG _R2() R1T REG Vo= -10V
24k0 out ACh 2amt out 0. 24
% REF L |Rer
lsuppLY SUPPLY
B0OSTER [ BOOSTER
out ouT 2N2905
Vi UNREG Vi 12Vt MAX —g UNREG
INPUT  cuRRENT] INPUT  CURRENT 23714
COMP___ LiMIT 2 COMP__ LIMIT
47.uF T
+ 6811
4 021
FIGURE 1-BASIC REGULATOR CIRCUIT FIGURE 2—HIGH-CURRENT REGULATOR
L . o o
¥ 25k 1004F 2R FR804F
tantalum L
- c
R2 ooy L
= TRATuF
AD GNO 50 kit uF “| tentalum
REF
R1t REG Vo: 5V . vo - B2
24k out o 3A 0°75
™ REF
SUPPLY
BOOSTER R1t
our u 24k
UNREG 10M 31540 uH 1%
CURRENT
LiMIT Vous = 10V
3O IN5451 1N3070 2N3789
100 @
470
a 2N3716
Vi
8.5V 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.

Printed in U.K.

FIGURE 4—OPERATING WITH SEPARATE BAIS SUPPLY

TI cannot assume any responsibility for any circuits shown
or represent thal they are free from patent infringement

INSTRUMENTS RESERVES THE RIGHT TO MAKE (HANGES AT ANY TIME
DER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE
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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

schematic

FORMERLY SN52105, SN72305,
SN72305A, SN72376

Low Standby Current . .. 0.8 mA Typ
Adjustable Output Voltage

Load Regulation . . . 0.1% Max
(LM105, LM205, LM305)

Input Regulation . . . 0.06%/V Max

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.

JGORP
DUAL-IN-LINE PACKAGE (TOP VIEW)

REGU- COMP/ REF
LATED SHUT- FEED- BY.
OUTPUT DOWN BACK PASS

8il7]]6}]5

1121314

CUR- BOOST-UNREG GND
RENT ER  INPUT
LIMIT OUT.

L
PLUG-IN PACKAGE (TOP VIEW)

REGULATED
OUTPUT

COMPENSATION/
CURRENT SHUTDOWN

LiMIT

BOOSTER
ouTPUT

PIN 4 IS IN ELECTRICAL

CONTACT WITH THE CASE

UNREGULATED _(3)
INPUT

¢—2_goosTeR OUTPUT

132k )
CURRENT LIMIT

REGULATED OUTPUT

{7 COMPENSATION
SHUTDOWN

FEEDBACK

E BYPASS

Component values shown are nominal.
Resistor values are in ohms.

TEXAS INSTRUMENTS

21



222

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 \4
Input-to-output voltage differential 40 40 40 40 v
Coontinuous. total dissipation at (or below) 800 800 800 800 -
26°C free-air temperature (see Note 2)
Operating free-air temperature range —55 to 126 —251t0 85 0to 70 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 300 300 300 300 oc
for 60 seconds: JP or L package
Lead t u 1/16 inch fi

ead temperature 1/16 inch from case 260 260 20 260 e
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
Input 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 45 40 4.5 30 5 37 v
Input-to-output voltage 3 30 3 30 3 30 3 30 3 30 v
differential, V|—VO
Output current, 10 [ 12 ] 12 0 45 0 12 0 25 mA
Operating free-air 55 125 | -25 85 0 70 0 70 0 70 °c
temperature, TA

LM105, LM205, LM305 electrical characteristics at 256°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS# M|I;JM1015V,?LM2MOZX WIN L_:AY::)S MAX UNIT
V|-Vo <56V 0.025 0.06 . X
Input regulation 1”0 ] See Note 3 5 0025 0.6 %IV
V|-Vo >5V 1 0.015 0.03 0.015 0.03
Ripple sensitivity Cref = 10 uF, =120 Hz 0.003 0.01 0.003 0.01 | %/V
Rgc = 1092, Ta=25C 0.02 0.5 002 0.05
I0=0tolg=12mA, | Rgc=10, Ta = MIN X . . .
Output regulation (see Note 4) o e lo m S¢ A 003 o1 003 01 %
See Note 3 Rgc =109, Tp = MAX 0.03 0.1
Rsc = 15 22, TA = MAX 003 0.1
Output voltage change TA=MINto Tp =25°C 1 1 o
X — 3
with temperature Tp=25CtoTp=MAX 1 1
Cref=0 0. .
Qutput noise voltage f=10Hzto 10 kHz |fcref SoToF o 2(0)2 gggz %
ref 1 N !
Feedback sense voltage 1.63 1.7 1.81 | 1.63 1.7 1.81 \
Current-limit sense voltage Rgc=10Q, Vpo=0, See Note 225 300 375 | 225 300 375 | mV
V) =50 V 0.8 2
Standby current
v eurr V=40V s 2™

TThese specifications apply for input and output voltages within the ranges specified under recommended operating conditions and for a
divider impedance of 2 k2 presented to the feedback terminal, unless otherwise noted.
$For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

) to limit changes in

NOTES: 3. Input regulation and output regulation are measured using pulse techniques (ty, < 10 us, duty cycle < 5%
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.
5. 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)

A
PARAMETER TEST CONDITIONS¥ LM305 LM376 UNIT
MIN  TYP MAX |MIN TYP MAX
V—Vg <5V 0.025 0.06 0.03
Input regulation V|-Vo>5V See Note 3 0.015 0.03 0.03 | %/V
Ta =0°Ct070°C 0.1
Cref = 10 uF, =120 Hz 0.003
Rippl itivit A\
ipple sensitivity =120z o1 %/
Rsc=08, Tp=25C 0.02 0.2 2
) I0=0tolg=MAX, [—S€ AT 0
Output regulation (see Note 4) See Note 3 Rgc=08, Tp=0°C 003 04 05 | %
. e e
Rsc=0%, Tp=70°C 003 04 0.5
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 voltage f=10Hz to 10 kHz %
| Cret > 0.1 4F 0.002
1.65 1.7 1.85
Feedback sense voltage = = A
TA=0"CtoTp =70°C 1.6 1.7 1.8
Current limit sense voltage Rsc =109, Vpo=0V, SeeNote5 225 300 375 300 mV
V) =50V 0.8 2
Standby current mA
Vi =30V 2.5

T These 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.
*For conditions shown as MIN or MAX, use the appropriate value specified under racommended operating conditions.

NOTES: 3.

separately.

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

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.
5. Current-limit sense voltage is measured without an external pass transistor.

TYPICAL APPLICATION DATA

Rsc
CURRENT T1P32
BOOSTER LT
OuTPUT o
REG vo
w UNREG ouTPUT
INPUT R1
comp ERERY
. SHUTOOWN [ L 47 !
T eF
BYPASS  FEEDBACK A
Cm,‘l.\ GND R2
L
R1+R2
Vo = 1.7
o R2
Igc ® —— mA

FIGURE 1-BASIC REGULATOR
WITH CURRENT LIMITING

6!

o 200mA

15V

43
CURRENT
BOOSTER LT
oUTPUT
REG
UNREG ouTPUT
INPUT
comp 51014
aer shuToOWN | —L_a7
— F
BYPASS  FEEDBACK |
GND

Vo
167 ke
+

227 ki

FIGURE 2—-LINEAR REGULATOR
WITH FOLDBACK CURRENT LIMITING
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TYPES LM105, LM205, LM305, LM305A, LM376
POSITIVE-VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

- l wsn
5V
Solid 680
tantalum ==~
a0 0160
2N5301
CURRENT
Tie31 LMIT
ouTPUT REG
. N0 UNREG outPuT eV
' INPUT comp 1600 $555
SHUTDOWN [~ _1_ 47 ke + | 500uF,
—{rer TTNeF 0V
aruf L+ avpass 1 Eectrotytic
Solid
wntalum | GND 315ka
FIGURE 3—10-A REGULATOR WITH
FOLDBACK CURRENT LIMITING
!
¢
T1s94
" 2N3714 680
R
ooster  CURRENT
OUTPUT REG 680 52 02
ouTPUT y 2N3714 BOOSTER CURRENT 2
v UNREG ouTPUT Limir
INPUT 681 2N2905A REG
-Vo=28V
SHUTDOWN [~ L ., of “ UNREG ouTRUT 0
REF T ¢ INPUT
FEEDBACK comp 31k
BYPASS o swutoown| L o L
GND 1,F 1+ X —{REF o ohidad Wf T K8
184 /Y TN BYPASS 3BV
GNO. 213k0
tProtects against 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
8}
1.7 mH
A~ v . .
CURRENT 1N4728 0=5V
3V
BOOSTER LIMIT TIP32 3 TIP32 109
ouTPUT REG ?j < 2Ma CURRENT|
BOOSTER MIT
uyREG OUTPUT = ouTPUT N +
INPUT comp 6200 | 11.1ka b o ;‘:4375‘:7
= sHutoowN [ g, = y-ssv UNREG ouTPUT uf L
—|REF T INPUT comp| s ka
BYPASS  FEEDBACK SHUTDOWN
GND REF
o 244 k0 BYPASS
2w —= 100 pF GND
'7 3.2k
10 € 200 mA
Vi=15V *
Vo=10V = £
FIGURE 6—SHUNT REGULATOR FIGURE 7-SWITCHING REGULATOR |
Printed in U.K.
11 connot assume ony responsibility for any circvits shown
224 TEXAS INSTRUMENTS or represeni that they are free from potent infringement.
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LINEAR TYPES LM109, LM209, LM309
5-VOLT REGULATORS

BULLETIN NO. DL-S 7612056, SEPTEMBER 1973—REVISED JUNE 1976

INTEGRATED CIRCUITS

FORMERLY SN52109, SN72309

LA PLUG-IN PACKAGE
(TOP VIEW)

® No External Components Required for Most Applications
e Output Current . .. 500 mA Max
e Satisfies 5-V Supply Requirements of TTL and DTL

e Virtually Blow-Out Proof Due to Internal Current
Limiting, Thermal Shutdown, and Safe-Operating-
Area Compensation
e Designed to be Interchangeable with National LM109,
LM209, and LM309 Respectively
description

INPUT @

ouTPUT @

@)oo

PIN 3 IS IN ELECTRICAL
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 ’ T I r}

Foav

-

Componant values shown are nominal
Roststor values e 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) 256°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 -55to 150 0to 125 °c
Storage temperature range —65 to 150 —65 to 160 °c
300 300 °c

Lead temperature 1/16 inch from case for 60 seconds

3 i . .
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 temparature, 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, 1o 0 500 0 500 0 500 mA
Operating virtual-junction temperature, T j —55 150 | —25 150 0 125 °c
electrical characteristics at specified virtual junction temperature
PARAMETER TEST CONDITIONS' LM109, LM209 LW309 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 \
Vi=7Vtwo25V, 10 = 5 mMA to 200 mA Full range | 4.6 54 |4.75 5.25
Input regulation V|=7VtoV =25V 26°C 4 50 4 50| mv
Ripple rejection f=120Hz 25°C 85 865 dB
Output regulation 10 = 5mA to Ig = 500 mA, 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=7Vto256V Full range 5 10 5 10 | mA
Bias current change Vi=7VtoV =25V, lo=100mA Full range 05 05 mA
1o =5 mA to Ig = 200 mA 0.8 0.8

TFull range for LM109 is —566°C to 150°C, for LM209 is _26°C to 150°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 .

LM309

400
NN
200 tmaoo [N N\,

200

Maximum Continuous Dissipation—W
w
Maximum Continuous Dissipation—mW

100 ™

0 25 50 75 100 125 150 0 25 50 75 100 1256 150
Tc—Case Temperature—°C Ta—Free-Air Temperature—"C

FIGURE 1 FIGURE 2
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TYPES LM109, LM209, LM309
5-VOLT REGULATORS

TYPICAL CHARACTERISTICSt

OUTPUT VOLTAGE INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL
vs OUTPUT VOLTAGE v
vs
VIRTUAL JUNCTION TEMPERATURE o INPUT VOLTAGE VIRTUAL JUNCTION TEMPERATURE
82TV [0~ 200 ma 320 Vo100 mV
10 =20 mA 54 % 18
5.3 s 16
5.1 £ N~/
> 2 52 S 14 Q= 209
g 1 $ ) \1\ m4
2 2 51 yan s 12 03
2 50 . 2 50 2 10T i ™~
H 37 / e Io~ N~
3 3 a9 3 o8 0.
$ § e ] ] i N
(<] o 48 £ 06
> a9 > /’f{ Ty=25°C 2
47 £ 04
/ / / Ty= -56°C 1
v I A1/
48 45 s 0
~60—40-20 0 20 40 60 80 100120 140 5 6 7 8 -60-40-20 0 20 40 60 BO 100 120 140
T)-Virtual Junction Temperature—°C Vi=Input Voltage—V T~ Virtual Junction Temperature—°C
FIGURE 3 FIGURE 4 FIGURE 5
RIPPLE REJECTION OUTPUT NOISE VOLTAGE OUTPUT IMPEDANCE
v v
FREQUENCY FREQUENCY FREQUENCY
- 10
100 — Vi=10V = —
~ T)=25°C .
80 %
@ 2 a
Yol NV - ,,
o ] = s ——
H [ T T 3 E H -
g i il : : 7
o 40 hi H £
2 R F g o 020 ma §
& | 3 ]
10~ 200 mA g 3 =
20 | Vi=10V : 3 10 - 500 mA —
| [avisveol T TTINE  —
o CLTE_IIIM 0 T oo [
001 0.1 1 10 100 1000 10 100 1k 10k 0 100 1k 10k 100k ™
t-Frequency ~kHz t—Frequency-Hz - Frequency—Hz
FIGURE 6 FIGURE 7 FIGURE 8
STANDBY OR BIAS CURRENT BIAS CURRENT
vs vs
VIRTUAL JUNCTION TEMPERATURE INPUT VOLTAGE
60 V=10V 60 10 = 200 mA
<
% =0 0
£ = =—_7§ e < 55 f— 7,-25C
g ™ j 3
3 < 200ma Y H /1 Tosec
s 3
5 &
2z —— -4 —k»— @ 50
H \ »—-’?J.'Tz;r
3 3
@ - }
asl L asl—1 |
60-40-20 0 20 40 60 80 100 120 140 5 10 15 20 2%
T~ Virtual Junction Temperature-°C Vi-lnput Voltage-V
FIGURE 9 FIGURE 10
TData for virtual junction temperatures outside the ranges specified in the r operating iti for LM209 or LM309 is not

applicable for those types.

TEXAS INSTRUMENTS



TYPES LM109, LM209, LM309
5-VOLT REGULATORS

TYPICAL APPLICATION DATA

LM109/LM209/LM309
INPUT IN OUT OouTPUT
@ GND
0.22 uF |
See Note A

3

NOTE A: C1is required if regulator is not located in close proximity to power supply filter.

FIGURE 11-ADJUSTABLE OUTPUT REGULATOR

LM109/LM209/LM309
/ d LM101A/LM201A/LM301A
/— uA?777
INPUT N ouT » 9 ouTPUT
6k
GND 0.005 %
- Y s00 .
+ 0.2%
2.2 uF See Note B ~ 104F
- +
30k0 4
2N3993 4 1N829
10k
{ 100 pF 0.005 %

NOTES: A. All capacitors are solid tantalum.
B. This resistor determines zener current. Adjust to minimize thermal drift.

FIGURE 12—HIGH-STABILITY REGULATOR

LM109/L.M209/LM309 LM107/LM207/LM307
/_ uA741
INPUT IN  ouT ~ OUTPUT
Vo=7V130V<V| -2V
GND -
022uF 7R 1k § 10ka

FIGURE 13 —HIGH-STABILITY REGULATOR WITH ADJUSTABLE OUTPUT

Printed in U.K.
Ti cannot assume ony responsibility for any circuits shown
228 TEXAS INSTRUMENTS
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FUTURE PRODUCT TYPES LM117, LM217, LM317
TO BE ANNOUNCED 3-TERMINAL ADJUSTABLE REGULATORS

JUNE 1976
o Output Voltage Range Adjustable e Output Regulation Typically 0.1%
from 1.2V to 37V ® Peak Output Current Constant Over
e Guaranteed 1Q Capability of 1.5 A Temperature Range of Regulator
for TO-3 and TO-220AB Packages o Popular 3-Lead Packages
® Input Regulation Typically 0.01% * 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 \
e) O E OuTPUT INPUT
ADJUSTMENT \J
ADJUSTMENT. OuTPUT
T0-3 T0-220A8

o]
"] Il

A AO!

description

The LM117, LM217, and LM317 are adjustable 3-terminal positive voltage regulators capable of supplying in excess of
1.6 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.

In addition to higher perforinance 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 mititary temperature range of —56°C to 126°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 IN ST RU M EN TS

on a product in the developmental stage. Texas
Instruments reserves the right to change or
discontinue this product without notice.
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TYPES LM117, LM217, LM317

3-TERMINAL ADJUSTABLE REGULATORS

schematic

-O INPUT
5.6k
370
_’t * 87k 12k 130 | 3
L { 18k
50F
e 150 L
2
T
% 24k
150
5.1k oF 12k
3
81
¢ -0 OUTPUT
-O ADJUSTMENT
All resistors values shown are nominal and in ohms.
absolute maximum ratings over operating temperature range (unless otherwise noted)
LMm117 LmM217 LM317 UNIT
Input-to-output differential volage, 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 0 to 150 °c
Storage temperature range —65 to 150 —65 to 150 —65 to 150 °c
Lead t ture 1/16 inch o
ead temperature 1/15 Inc KA and LA packages 300 300 300 c
from case for 60 seconds
Lead tes ture 1/16 inch
mperat nc KC package 260 260 °c
from case for 10 seconds
NOTE 1: For operation above 25°C free-alr or case temperature, refer to Dissipation Derating Curves, Figures 1 through 4.
recommended operating conditions
M117 LmM217 LM317
UNIT
MIN MAX MIN MAX MIN MAX
Al packages 5 5 10
KA k
Output current, 10 package 1500 1500 1500 mA
KC package 1500 1500
LA package 500 500 500
Operating virtual junction temperature, T ~56 150 —-25 150 0 125 °c

TEXAS INSTRUMENTS




TYPES LM117, LM217, LM317
3-TERMINAL ADJUSTABLE REGULATORS

electrical characteristics over recommended ranges of operating virtual junction temperature
(unless otherwise noted)

LM117, LM217 LM317
PARAMETER TEST CONDITIONSt UNIT
MIN TYP MAX |[MIN TYP MAX
0.01  0.02 0.01  0.04
Input regulation¥ See Note 2 %IV
nput regulation “10mA o MAX | o0 O 0.02_ 0.05 002007 | "
Vo =10V, f=120Hz 65 65
Ripple rejection Vo=10V, f=120Hg, dB
10 -uF capacitor between ADJ and ground 66 80 66 80
Ip = 10 mA to MAX, Vo<5V 5 15 5 *25 | mV
o ati Ty=25°C,See Note2 [ Vo >5V 01 03 01 05| %
tput regulation
uteut reguiatiol 10-10mA to MAX, | Vo <5V 20 50 2070 | mV
See Note 2 Vo=5V 0.3 1 0.3 1.5 %
Output volt h,
utput voltage change Ty = MIN to MAX 1 1 %
with temperature
Output voltage
utP 9 After 1000 h at Ty = MAX
long-term drift 0.3 1 0.3 1 %
and V| - Vg =40V
(see Note 3)
Output noise voltage f=10Hz1to 10 kHz, T) = 25°C 0.003 0.003 %
Minimum output t
inimum output curren V|~ Vg =40V 35 5 35 10| mA
to maintain regulation
C ki B X | 3
Vi —Vo <15V KA and KC packages 1.5 2.2 1.5 2.2
LA package 0.5 0.8 0.5 0.8
Peak output current A
v Vo <40 V KA and KC packages 0.4 0.4
'-vo LA package 0.07 0.07
Adjustment-terminal 50 100 50 100 | uA
current
Change in adjustment- Vi -Vp=25Vto40V,
.g in adjustmen | fo) 0.2 s 0.2 5| ua
terminal current 10 = 10 mA to MAX
Ref it V| -Vp=3Vto4d0V,
eterence voltage 1= %0 o 1.2 125 13|12 125 13| Vv
(output to ADJ) 10 = 10 mA to MAX, P < rated dissipation

TUnless otherwise noted, these specifications apply for the following test conditions: Vi~ Vp=5VandIg=0.5 A for the KA (TO-3) and KC
(TO-220AB) packages and Ig = 0.1 A for the LA package. For conditions shown as MIN or MAX, use the appropriate value specified under
recommended operating conditions.

1lnput 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 (tyy €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.

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 |°Cw

TEXAS INSTRUMENTS



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
KIA (T0-3)I packageI
derating factor = 28 mwW/°C
RgJa ~35°C/W
3
\1_
2 NI
Q.
ke ¢
0/7‘0_ N
1 | Z
KC (TO-220AB) package

derating factor = 16 mW/°C
Rgya ~ 62.5° C/W |
1 1

0
25 50 75 100 125 150

T a—Free-Air Temperature -°c

FIGURE 1

LA PACKAGE FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVE

800

700

600

500 N

300

200

| Derating factor = 4.8 mW/ C
Rgya = 210°C/W
| | |

Q
25 50 75 100 125 1650

10

o

Ta—Free-Air Temperature—°C

FIGURE 3

Maximum Continuous Dissipation—W

Maximum Continuous Dissipation—W

TO-3 AND TO-220AB CASE TEMPERATURE
DISSIPATION DERATING CURVES

€3
)
«°

'f‘
16 O,/\i
14 < ?

S
1 &
vd
o

L KA (TO-3) package
Derating factor = 333 mW/°C \

above 90°C \\

8

6

4 I KC (TO-220AB) package

) A\
0

2

| Derating factor = 250 mW/°C
abovg 70°C

1

5 50 75 100 126 160

Tg—Case Temperature—°C

FIGURE 2

LA PACKAGE CASE TEMPERATURE
DISSIPATION DERATING CURVE

22
2.0

e \
1.6 \

: |
' \

1.0
0.8 \
0.6 \
04
0.2

| Derating factor = 67 mW/°p above 1.20°C
25 50 75 100 125 150

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

e Temperature Compensated G e

-IN- +
e Programmable Output Voltage DUAL-IN-LINE PACKAGE SILECT! PACKAGE
(TOP VIEW) (TOP VIEW)

e Low Output Resistance
e Low Output Noise REF NC A NC
e Sink Capability to 100 mA

description

CATHODE

ANODE
The TL430 is a three-terminal adjustable shunt
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
30 volts, The TL430 can replace zener diodes in
many applications providing improved performance.

REF

K NC NC NC

The TL430 is characterized for operation from 0°C
to 70°C.

E“ﬁ.

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 (see Note 1) - [ AV
Continuous regulatorcurrent . . . . . . . . . . . .. . . . . . ... ... ... ... 10mA
Continuous power dissipation at (or below) 25°C free-air temperature (see Note2) . . . . . . . . . . 775mW
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . . ... ... 0Cto70°C
Storage temperaturerange . . . . . . . . . . . . . . . . . . . .. ... .....-85Cto150°C
Lead temperature 1/16 inch from case for 60 seconds: JG package . . . . .. . . . . .. ... .300C
Lead temperature 1/16 inch from case for 10 seconds: LP package . . . . . . . . . . . .. ... .260°C

recommended operating conditions

MIN  MAX UNIT

Regulator voltage, Vz . . . . . . . . . L L, Vryef 30 \"
Regulator current, 1z . . . . . . L L L L, 2 100 mA
Operating free-air temperature, T, e e e e e e e e e e e e e 0 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 IN STRUMENTS

on a new product. Texas Instruments reserves
the right to change specifications for this
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
Vref Reference input voltage 1 Vz = Vyef, Iz=10mA | 256 275 3 Vv
Temperature coefficient of Vz = Vief, Iz=10mA, o
ay/ref P 1 27 Mret N z +50 ppm/°C
reference input voltage Ta=0°Cto70°C
1Zz=10 mA, 1=10kQ,
Iref Reference input current 2 A2 = 3 10 HA
Regulator current near lower
1zK i 1 V7 = Vyef 0.6 2 mA
knee of regulation range
Regulator current at maximum 1 VZ = Vyef 50
1zm : mA
limit of regulation range 2 Vz =5V to30V, See Note 3 100
Differential regulator resistance Vz = Vief,
. 9 1 2™ Vref 15 3 a
(see Note 4) Alz =(62-2) mA
Vz=3V 50
Vnz Noise voltage 2 f=0.1Hz to 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 > V ef, 1, is given by:

=g (14 g%),

PARAMETER MEASUREMENT INFORMATION

INPUT O——NW——?————-—O Vz

TL430

FIGURE 1-TEST CIRCUIT FOR Vz = Vgf

INPUT O—WWV—@——0 V7

R1 %; lref
re
q
L
R23  Vref

R1
VZ = Vief (1 +——) + ot @ R1
res R2 ref

FIGURE 2—TEST CIRCUIT FOR Vz > V of

TL430
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TYPE TL430C

ADJUSTABLE SHUNT REGULATOR

TYPICAL CHARACTERISTICS

SMALL-SIGNAL REGULATOR IMPEDANCE

CURRENT
vs vs
FREQUENCY VOLTAGE
80 T 160 o YOLT
2.8 ves Vrs’ Vz = Vief J
S Ta=28°C 140 Tp=25°C 1 L ,_
| i i
g 26— ' 120 } J Izm —
& ‘ < i
g 24 T T 100 i _
H 3 1
g 22} i £ s - - I
T I3}
5 1 ' ¥4
N 20 60 - - { i .
i
18 40 % —
16 oL 1 ) |
!
14 ! o x|
10 102 103 104 106 106 0 1 2 3 4
f—Frequency—Hz V-Voltage—-V
FIGURE 3 FIGURE 4

Vout

R1
Vout = (1 +5) Vref

FIGURE 5—SHUNT REGULATOR

TYPICAL APPLICATION DATA

V+ O
3
< 300 ]
R1
=
< Vout
3 R2
o—4e —0

FIGURE 6~SERIES REGULATOR

A (1 +’~1) \2
~
out R2 ref

FIGURE 7-CROW BAR

On above

v+ Max Ve

On abm:j

Min VCC/:,
C

Vout

Green
LED

= LED

FIGURE 8—-SUPPLY MIN/MAX
DETECTOR

V Vief (14 R1)
~ —
out ref R2

Min Vot = Vief +5 V

FIGURE 9-CONTROLLING OUTPUT
VOLTAGE OF FIXED-VOLTAGE
REGULATOR

Vout

Vreef §

R2

I

ik

FIGURE 10—HIGHER-CURRENT
APPLICATIONS

Printed in U.K.
T1 cannol assume any responsibility for ony circuits shown
or represent that they are free from patent infringement
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LINEAR TYPES TL497M, TL497I, TLA9TC
INTEGRATED CIRCUITS SWITCHING VOLTAGE REGULATORS

BULLETIN NO. DL-S 7612422, JUNE 1976

description

All Monolithic
Hiah Effici 60% or G JORN

igh Efficiency . .. or Greater DUAL-IN-LINE PACKAGE (TOP VIEW)
Output Current . . . 500 mA

Input Current Limit Protection
BASE COL EMIT
Vee CLS DRIVE BASE LECTOR NC TER

e TTL Compatible Inhibit wl Tal [z wl o nEn
e Adjustable Output Voltage ‘J
e Input Regulation . .. 0.2% Typ e

e Output Regulation . .. 0.4% Typ

o 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 7
of a switching voltage regulator. It can also be used as oo INHIBIT FC%E«O ss#&rs GND  CATR ANODE
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 | 196 | 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 TL497 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, RCL, is sensed.
When the voltage at the current-sense terminal is approximately 0.7 volt (one VBE 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



TYPES TL497M, TL497I, TL497C
SWITCHING VOLTAGE REGULATORS

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

Input voltage (see Note 1) . .. 15V
Output voltage N ... ... 3V
Comparator input voltage . .5V
Inhibit input voltage .. . .. .5V
Diode reverse voltage . . . . . . 35V
Power switch current . . . . P . . 750 mA
Diode continuous forward current . .. . . . 750mA
Continuous total dissipation at (or below) 25 C free -air temperature (see Note 2) .o 1000 mW
Operating free-air temperature range: TL497M . =55°Cto 125°C
TL497 —-25°C 10 85°C
TL497C . . 0°Cto70°C
Storage temperature range . . N . . —65°C to 150°C
Lead temperature 1/16 inch from case for 60 seconds J package . 300°C
Lead temperature 1/16 inch from case for 10 seconds: N package . 260°C
NOTES: 1. All voltage values except diode voltages are with respect to network ground terminal.
2. For operation above 25°C free-air e, refer to Di Derating Curves, Section 2.
recommended operating conditions
MIN MAX UNIT
Input voltage, V) 4.5 12 v
Output voltage: step-up conflguratlon (see Flgure 2) V)+2 30 v
step-down configuration (see Figure 3) Viegf ViI—1 v
negative regulator (see Figure 4) —Vyef -25 \
OUEPUL CUITENTt . . v v v v v v e v e e e e e e e 500 mA
electrical characteristics at specified free-air temperature, V| = 6 V (unless otherwise noted)
TLA97M, TL497I TL497C
+ .

PARAMETER TEST CONDITIONS MIN _ Typi MAX | MIN _Typi MAX UNIT
High-level inhibit input voltage Full range 2 2 \
Low-level inhibit input voltage Full range 0.6 0.8 v
High-level inhibit input current | Vj(j) =5V Full range 0.8 1.5 0.8 1.5 mA
Low-level inhibit input current | Vj(j) =0V Full range 5 20 5 10 HA
Comparator reference voltage =45V tob6V Fullrange | 1,14 1.20 1.26 | 1.08 1.20 1.32 |
Comparator input bias current Vi=6V Full range 40 100 40 100 HA

See Figure 1 o
Regulator output voltage R1=113k2, R2=1kQ 25°C 14.25 15 15.75 | 13.56 15 16.5 v
K _ [ig=100mA 25°C 0.13 0.2 0.13 0.2
Switch on-state voltage =45V [T =500 mA [Full range 3 3.85 \
- - 26°C 10 50 10 50
Switch off-state current =45V Full range 500 200 KA
Current-limit sense voltage Vee=6V 25°C 0.45 11045 1 \
Io=10mA Full range 0.75  0.95 0.75 _ 0.85
Diode forward voltage Ig = 100 mA Full range 0.9 1.1 0.9 1 \%
10 = 500 mA Full range 1.33 1.7 1.33 155
. 10 =500 uA Full range 30
Diode reverse voltage To = 200 GA Full range 30 v
25°C 1 14 1" 14
On-state supply current Full range 6 15 mA
25°C 6 9 6 9
Off-state supply current Full range m 70 mA

tFull range for TL497M is —55°C to 125°C, for TL4971 is —25°C to 85°C, and for TL497C is 0°C to 70°C.
F Al typlcal values are at Tp = 25°C.
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TYPES TLA97M, TL497I, TL497C
SWITCHING VOLTAGE REGULATORS

PARAMETER MEASUREMENT INFORMATION

[
200 4 §
o R Sp - _Lwo v
15 FlVe
W 3 3ke T“
] JE‘??S R2 -
1kQ
|
LYoo mwer) oNo  _ SUBST |
(14)
o——4 -
UNREGULATED
INPUT
FIGURE 1-TEST CIRCUIT
TYPICAL APPLICATION DATA
__________ |“Fowerswiten ~~ T " T T T
1~ "POWER SWITCH @) ot !
o\ o 10 "
i,_. wl o DIODE
an 4B
| | *moos “ "y na b | Vor (1481 V,yq
et 1" Rz Vier [TIMING ! FILTER
p FILTER OSCILLATOR H R1 CAP
i a e 3 ERROR AMP 1
(1)
ERROR AMP s
(1) ) 1
1 1
! n:)’ LMIT 0 ;o
v o | wrnpe] 1, L
cL
a ! ! ] 1Vec  iNwieiT]  GND SUBST T 0008 uE
cL :_VCC_L”!'_‘_’" ______ Y j\“‘m“‘ I (C A (I (C N .
() UNREGULATED
pa—
UNREGULATED v INPUT
FIGURE 2-POSITIVE REGULATOR, FIGURE 3-POSITIVE REGULATOR,
STEP-UP CONFIGURATION STEP-DOWN CONFIGURATION
L
_________________ ® — A
POWER SWITCH
60 ~ [ PoweRsmren T o)
(7)] Vom (14 %qu uml’ § _t :
m *mon( FILTER (7)
(12) = e o DIODE |
(6) T
12) FILTER ! Y
R cap
ERROR AMP
:Lo.mw
R2 JO.Mu'
—e - e e ] Lt Menl T
UNREGULATED y
INPUT UNREGULATED
INPUT
FIGURE 4—-NEGATIVE REGULATOR FIGURE 5-POSITIVE REGULATOR
(e.g., +5 VOLTS INPUT TO —5 VOLTS OUTPUT) WITH BUFFERED OUTPUT
OR
(i.e., POSITIVE INPUT, NEGATIVE OUTPUT)
Printed in U.K. |

238 TEXAS INSTRUMENTS

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
® Typically 0.02% Input Regulation and 0.03% Load Regulation (uA723M)
e Adjustable Current Limiting Capability

e Input Voltages to 40 Volts

e Output Adjustable from 2 to 37 Volts
® Designed to be Interchangeable with Fairchild u A723 and uA723C 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

L PLUG-IN PACKAGE

U FLAT PACKAGE

PACKAGE (TOP VIEW) (TOP VIEW) {TOP VIEW)
RRENT
fRea Ve oumur Ve Ne CURRENT el Eg:ng Vees Ve OUTPUT
w][n][n][w][w][s ONORONO)
4 'l ' 'l 'l

NC  CUR. CUR. TNV
RENT RENT INPUT
LIMIT SENSE

INV
INPUT

NON- Viren) VeC-

PIN 5 IS IN ELECTRICAL
CONTACT WITH THE CASE

T T T T ¥
CURRENT INV_ NONINV V{ef) VeC—
SENSE  INPUT INPUT

NC-No internal connection

functional block diagram

UENCY

COMPENSATION

SERIES PASS
TRANSISTOR

REGULATED

FREQ
vees
TEMPERATURE-~ INVERTING
COMPENSATED o INPUT
REFERENCE -
©Ol00E Viref) Viren Error
IA/mD re! Amp
+
CURRENT NON.
SOURCE INVERTING
INPUT
I CURRENT
LIMIT
Vee-

CURRENT OUTPUT
UMITER 4 -
| |
| '
I 1
| Jand N |
CURRENT | Vz packages !

SENSE
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TYPES uA723M, uA723C
PRECISION VOLTAGE REGULATORS

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

Peak voltage from Voc+ to VoC— (tw <50ms) . . . . . . . . . . . . . .. ... ... ... B0V
Continuous voltage from VCC+t0 VCC—  « « « « « =« v v v e e e e e e e A0V
Input-to-output voltage differential P A V)
Differential input voltage to error amplifier Y
Voltage between noninvertinginputand VCC— . . . . . . . . . . . . .0 v e o e e ... . 8V
CurrentfromVZz . . . . . . . . . . . . i e e e e e e e e e s .. 25MA
Current from V(ref) . . e e ... ... 1BmMA
Continuous total dlssmatlon at (or below 25 C free -air temperature (see Note 1)
JorNpackage . . . . . . . . . e e e e e e e e e e e e e oo, 1000 mW
L package (see Note 2) . . . . . . . . . . . . . . . . e e e ... . 800mMW
U package . . . P . N P
Operating free-air temperature range: uA723M Crrcuns e e ... ........-85Ct0125°C
UA723C Circuits . . . . . . . . . . . . . . . ... .0Cto150°C
Storage temperature range . . ... .. ......-65Cto150°C
Lead temperature 1/16 inch from case for 60 seconds J L or U package .. . ... ... .....z300C
Lead temperature 1/16 inch from case for 10 seconds, N package . . . . . . . . . . . . . . . . .. 260°C
NOTES: 1. Power dissipation = [l(standby) * !(ref)] Vcc + [V~ Vol lo. For operation at elevated temperature, refer to Dissipation

Derating Curves, Section 2.
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

MIN MAX UNIT

Inputvoltage, V| . . . . . . . . . . . . . . . . .. . .. ... ....... 95 40 V
Output voltage, Vo . . . e e e e e e 2 37V
Input-to-output voltage dlfferentlal Vc Vo e e e e e e e e e 3 38 V
Outputcurrent, 10 . . . . . . . . L. e e e e e 150 mA

electrical characteristics at specified free-air temperature (see note 3)

uA723M A723C
*PARAMETER TEST CONDITIONST = uNIT
MIN_TYP__MAX |MIN _TYP _ MAX
Vi=12Vto V= 15V 25°C 0.01% 0.1% 001% 0.1%
Input regulation V) =12V 1oV, =40V 25°C 002%  0.2% 0.1%  05%
V=12Vt V), =15V Full range 0.3% 0.3%
e =50 Hz to 10 kHz, Clren) =0 25°C 74 74 "
| e rejection
pele rel 7= 50 Hz to 10 kHz, Clref) =B HF| 25°C 86 86
25°C ~0.03% ~0.15% —0.03% —0.2%
i 1o = 1mA to 1o = 50 mA
Output regulation o~=1mAtolg m; Full range ~0.6% —0.6%
g
Reference voltage, V(ref) 25°C 695 7.15 735 |68 7.15 7.5 \
Standby current V=30V, Io=0 25°C 2.3 35 2.3 4 | mA
T Tcient
oe:"p‘:'a::t';?""'c'e" of Full range 0002 0015 0003 0015 |%/°C
utput v
hort-ci it
Short-circui Rsc =10, Vo=0 25°C 65 65 mA
output current
utont mores voltage BW = 100 Hz to 10kHz,  Cref) = O 25°C 20 20 N
u ne
put noise voltag BW =100 Hz to 10 kHz,  C(ref) = 5F| 25°C 25 25 ®

TFull range for uA723M is —55°C to 125°C and for uA723C is 0°C to 70°C,
NOTE 3: 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
< 10 k2. Unless otherwise specified, V| = Vggs = Ve =12V, Vee— =0, Vo =5 V, Ig = 1 mA, Rgc = 0, and Cref) = 0

TEXAS INSTRUMENTS



TYPES uA723M, uA723C
PRECISION VOLTAGE REGULATORS

schematic

Vee Ve

500 Q

25k

1kQ

%lt’ukn

5
ks

N
¢

20 k$2

%MO Q2

—0

L —

Viref)

s

NON-
INVERTING
INPUT

Vee— INVERTING
INPUT

QUTPUT

62V JAND N

PACKAGES
vz onLY

FREQUENCY
COMPENSATION

CURRENT
LMt

CURRENT
SENSE
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TYPES uA723M, uA723C

PRECISION VOLTAGE REGULATORS

TABLE |
RESISTOR VALUES (k2) FOR STANDARD OUTPUT VOLTAGES
FIXED OUTPUT FIXED OUTPUT
OUTPUT | APPLICABLE | OUTPUT ADJUSTABLE OUTPUT | APPLICABLE | OUTPUT ADJUSTABLE
VOLTAGE| FIGURES +5% + 10% (SEE NOTE 5) || VOLTAGE FIGURES +5% + 10% (SEE NOTE 5)
V) (SEE NOTE 4)| R1 R2 R1 P1 R2 (V) (SEE NOTE 4) R1 R2 R1 P1 R2
(k) | (kQ) | (k@) | (kQ) | (kQ) (k) | (kQ)| (k) | (kQ) | (k)
+3.0 1,5,6,9,11, [ 412 | 3.01 1.8 0.5 1.2 +100 7 3.57 106 22 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 1,5,6,9,11, | 2156 | 499 | 0.75 | 05 2.2 ||-6 (Note 6) 3,(10) 357 | 243| 1.2 05 | 0.75
12 (4)
+6.0 1,56,9,11, | 115 | 6.04 0.5 0.5 2.7 -9 3,10 3.48 | 5.36 1.2 0.5 20
12(4)
+9.0 2,4,(5,6, 1.87 | 7.15 | 0.75 1.0 2.7 -12 3,10 357 | 8.45 1.2 0.5 3.3
9,12)
+12 2,4,(5,6, 487 | 7.5 2.0 1.0 3.0 -15 3,10 367 | 1156 1.2 0.5 4.3
9,12)
+15 2,4,(5,6, 787 | 7.15 33 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 56| 1.0 2.0 —45 8 3.67 | 41.2( 2.2 10 33
9,12)
+45 7 3.57 | 48.7 2.2 10 39 —100 8 357 | 963 22 10 91
+75 7 3.57 | 78.7 2.2 10 68 -250 8 357 | 249| 2.2 10 240
TABLE Il
FORMULAS FOR INTERMEDIATE OUTPUT VOLTAGES
Outputs from +2 to +7 volts Outputs from +4 to +250 volts
[Figures 1,5,6,9, 11,12, (4)] (Figure 7] Current Limiting
R2 _ Viref) R2-R1, 0.65 V
Vo = Viret) X 70705 Vo = X gy Htimit) ~ =5
sC
R3 = R4
Foldback Current Limiting
Outputs from +7 to +37 volts Outputs from —6 to —250 volts [Figure 6]
Fi 2,4,(5,6,9, 11,12 Figures 3, 8, 10
[Figures { " [Figur ! VoR3 + (R3 + R4) 0.65V
Hknee) = —_'W—
Vo - v x R1tR2 ve - _ Vien , R1+R2 sc
o (ref) R2 (o] TH CY
0.65 V R3 + R4
log ¥ ——/—— X ————
R3=R4 R R4
NOTES: 4. Figures 1 through 12 show the R1/R2 divider across either Vg or V(ef). Figure
numbers in parentheses may be used if the R1/R2 divider is placed across the other R
voltage (V(rgf) Or V) that it was not placed across in the figures without parentheses. !
5. To make the voltage adjustable, the R1/R2 divider shown in the figures must be replaced
by the divider shown at the right. P
6. For negative output voltages less than 9V, Vcocy and Vc must be connected to a 1
positive supply such that the voltage between Vo4 and Vg 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 Vg terminal.

ADJUSTABLE OUTPUT CIRCUITS
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TYPES uA723M, uA723C

PRECISION VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

Vi

Vee+ Ve
out
- (ref) vzl —
Rsc REGULATED ¢ Rsc REGULATED
OUTPUT, Vg R3 L OUTPUT, Vo
cs
X R3 NON
¢ :‘NOVN INV INV INV R1
rof) VCC- COMP Vec-  COMP
I 100 pF - - R2
T 100pF | L
N R1 - R2 ) _ R1-R2 -
NOTES. A. R3 = co——> for minimum ayo. NOTES: A. R3 = oot for minimum ayo
B. R3 may be eliminated for minimum 8. R3 may be eliminated for minimum
component count. Use direct con- component count. Use direct con
nection (i.e., Rz = 0). nection (i.e., Rz = 0)
FIGURE 1-BASIC LOW-VOLTAGE REGULATOR FIGURE 2—-BASIC HIGH-VOLTAGE REGULATOR
(Vo =2TO 7 VOLTS) (Vo =7 TO 37 VOLTS)
Vi Vi
(See Note 6)
‘,‘-_‘ N3997
R2 Vveer Ve 2kQ 2N5001 Veer Ve
out [— ? Viref)  OUT
Viref) vz vz b—
cLf— % cL
R4 =
3k cs — REGULATED cs Rsc
NON- (see Note 7) $7° 0UTPUT, Vo NON 35 S\Eﬁ:']'?r\fb
—Inv INV —— INV INV f—— R1 o
Vce-  COMP Vce..  COMP
R3= 100 pF L [ o
NaE gm ESLLS| L ]

FIGURE 3-NEGATIVE VOLTAGE REGULATOR

FIGURE 4-POSITIVE VOLTAGE REGULATOR
(EXTERNAL N-P-N PASS TRANSISTOR)

Vi
600
2N5001
Veer \J
Viref)  out
vz —
a1 cL
cs Rsc
NON. I REGULATED
INV OUTPUT,
Ve COMP Vo

"2 l i 1000 pF

FIGURE 5—POSITIVE VOLTAGE REGULATOR
(EXTERNAL P-N-P PASS TRANSISTOR)

Vi
Veet ve Rsc REGULATED
Viref) out OUTPUT, Vo

R1

(l

NON- Vol s l
INV 1 Iknee
Vee- |

R2 o

FIGURE 6—FOLDBACK CURRENT LIMITING

TEXAS INSTRUMENTS



TYPES uA723M, uA723C
PRECISION VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

\' Vi
2kq 1 10k
1 1 £ T T
1N1826 Vcer Ve veer Ve 10ke
ouTH— 2N5241 1N759 ouT — 2N5241
Viref) V2 (See Note 7) Viret) V2 (See Note 7)
Ra=% 3m ol I R2 R3= o
3kQ cs 3kQ cs b—
NON- Rsc=1Q NON-
—e N INV L3 IV INV
{I"c COMP —4 Vcc-—- COMP
;1:; R2 R1 R4 =
< A~ 500 pF REGULATED 3ka eS00eF REGULATED
OUTPUT, Vo OUTPUT, Vo
FIGURE 7—POSITIVE FLOATING REGULATOR FIGURE 8—NEGATIVE FLOATING REGULATOR
Vi
(See Note 7)
v (See Note 6)
£ T ] 1 2N3997
B Veer Ve 2209
3ka 2N5153 ] Vire)  ouTf—
0.1u4F =< 3R2 vz ? 2N5004
CL f—
vee+ Vel 7Ns00s L=12mH 1k csf—
Viret)  OUT “ (See Note 8) o
VZI—lgiq :;‘c\zl: e
R1 cL REGULATED —
- OUTPUT, Vo R12 1M ‘i: 15 pF
1k [NON- -
INV INV meos
VCCc—_COMP L=12mH
R23 1Mn T | (See Note 8)
0.1 uF =~ 1 1N4005 ¢ o
LT 1 <+ REGULATED
L 100 uF < OUTPUT, Vo
FIGURE 9—POSITIVE SWITCHING REGULATOR FIGURE 10—NEGATIVE SWITCHING REGULATOR
vy M
100 @
vcer Ve RSC REGULATED Vee+ Ve 2N3997
Viref) OUT OUTPUT, Vg Viref) OUT|— o
vz |— vz
R1 cL R1 oL b— REGULATED
o L OUTPUT, Vg
NON- | NON- CSp—
INV INV ___T INV INV (See Note 7)
Vcc— comp Vce- _comp
2k - R2
] s
R2 2kQ INPUT FROM ¥ = pF =
SERIES 54/74 LOGIC

NOTE A: Current limit transistor may be used for shutdown

if current Iimiting 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, Vcc+ and V¢ must be connected to a positive supply such that the voltage between

Vg+ and Vg is greater than 9 V.

7. When 10-lead uA723 devices are used in applications requiring Vz, an external 6.2-V regulator diode must be connected in series

with the Vg terminal.

8. 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

9ap.
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LINEAR SERIES uA7800
INTEGRATED CIRCUITS POSITIVE-VOLTAGE REGULATORS

BULLETIN NO. DL-S 7612386, MAY 1976
S

e 3-Terminal Regulators

e Output Currentup to 1.5 A NOMINAL ~85°C 70 150°C °cT0125°C
OUTPUT OPERATING OPERATING
® No External Components VOLTAGE TEMPERATURE TEMPERATURE
¢ Internal Thermal Overload Protection RANGE RANGE
5V uA7805M uA7805C
e Direct Replacements for Fairchild uA7800 6V uA7806M uA7806C
Series and National LM340 Series 8V uA7808M uA7808C
" — . e 3 85M uA7885C
e High Power Dissipation Capabili 8sv uA78
9 pa pability 12V uA7812M uA7812C
e Internal Short-Circuit Current Limiting 15V UAT7815M uA7815C
e Output Transistor Safe-Area Compensation 18v uA781EM uA7B18C
24V uA7824M uA7824C
packages KA KA and KC
. KA PACKAGE KC PACKAGE
description
(TOP VEIW (TOP VIEW)
This series of fixed-voltage monolithic integrated-
circuit voltage regulators is designed for a wide range COMMON: outeut
of applications. These applications include on-card e O F——————outeut
" P . . PR . [ ————o>common
regulation for .ellmmatlonAof nmsf; and dnstAnbunon ————
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 T0-3 T0-220AB
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. T
I
l
schematic
pUT
N2k 500 5 kS 9.6k
¥
- L
] L r
470
160
: > 133 03

- rour
s 1§
28k r{ 1
01022k

% 1o 212k

120 0F

Resistor values shown are nominal and in ohms.
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SERIES uA7800

POSITIVE-VOLTAGE REGULATORS

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

uA78__M uA78__C | UNIT
UAT7824M, uA7824C 20 20
Input voltage v
All others 35 35
Continuous total dissipation at 25°C free-air temperature (see Note 1) Eé :‘:c?j;;:cB';az:ckage 35 3;
Continuous total dissipation at {or below) 25°C case temperature (see Note 1) 15 15
Operating free-air, case, or virtual junction temperature range —55 to 150 0 to 150 °C
Storage temperature range —65to 150 | —65 to 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 . - v 16
KA (TO-3) package
;l o gEFatlrf;;’Et((:Jr =28 mW/°C e z 14 \
< 9JA =35 C/W 1 \
S 3 - 2 12
g N B
3 % 10
o 'f‘,q =} —‘_“ \
@ / -
g 2 2. 5 3 8
c ‘4 3
£ ke £ \
< 747‘0 E
S) ) s 6
o (2 o
E & €
21— S5 4
E l AN £
% KC (T0O-220AB) package % Derating factor = 0.256 w/°e
= Derating factor = 16 mW/°C = above 90°C
Rgya ~ 62.5°C/W Rgyc ~4°C/W
25 50 75 100 125 160 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
Inout voltage, V uA7885M, uA7885C 10.5 25 v
Py 9 Y UA7812M, uA7812C 14.5 30
uA7815M, uA7815C 17.5 30
uA7818M, uA7818C 21 33
uA7824M, uA7824C 27 38
Output current, 1o 1.5 A
. l uA7805M thru uA7824M -55 150 °
Operating virtual junction temperature, T C
[ uA7805C thru uA7824C 0 125
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TYPES uA7805M, uA7805C
POSITIVE-VOLTAGE REGULATORS

uA7805M, uA7805C electrical characteristics at specified virtual junction temperature,
Vi =10V, Ig = 500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS! uA7805M uA7805¢ uNIT
MIN TYP MAX [ MIN TYP MAX
25°C 48 5 52| 48 5 52
Output voltage Ip=5mAto 1A, | Vi =8V1020V | -557Cto 150°C | 4.65 6.35 \Y
P<IBW [Vi=7Vw20v 0°Cto 125°C 4.75 5.25
) V=7Vt 25V e 3 80 3 100
Input regulation 25°C 4 mV
Vi=8Vto 12V 125 1 50
—55°C 10 150°C | 68 78
Ripple rejection V=8Vt 18V, f=120 Hz = dB
ppie el ! 0°Cto0125°C 62 78
i I0=5mAto1.5A N 15 50 15 100
Output ry 25C mVv
10 = 250 mA to 750 mA 5 25 5 50
. —55"C t0 150°C 0.017
Output resistance f=1kHz 5 T Q
0°Ct0 125°C 0.017
Temperature coefficient 0°C to 150°C —1.1 .
lg=5mA — - mV/°C
of output voltage 0°Cto125°C -1.1 .
Output noise voltage f =10 Hz to 100 kHz 25°C 40 40 uv
Dropout voltage lo=1A 25°C 20 20 Y
Bias current 25°C 4.2 6 4.2 8 | mA
Vi=8Vto25V —55°C to 150°C 0.8
Bi ©ch V|=7Vto25V 0°Cto 125°C 1.3 A
rre|
as current change o smAw 1A Z55°C10150 C 05 m
=5 mA to
0 0°Cto125°C 05
hort-circuit .
Short-cirout 25°C 750 750 mA
output current
Peak output current 25'C 22 22 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 (ty, < 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, lo = 500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS uA7806M uA7806C UNIT
MIN _TYP MAX| MIN _TYP MAX
25°C 5.75 6 6.25 | 575 6 6.25
Output voltage lp=5mAto 1A, | V=9Vt 21V —55°C t0 150°C | 5.65 6.35 Y
P<15W [Vi=8Vw21v 0°C 10 125°C 5.7 6.3
Vi=8Vto25V N 5 60 5 120
Input regulati 25°C v
put e V-9Vt 13V 15 30 15 60|
—656°C 10 150°C| 65 75
Ripple rejection V|=9Vto19V, f=120 Hz = dB
ppierel ! ° 0°C10125°C 59 75
10=5mAt015A N 14 60 14 120
Output regul 25°C \Y
P 1o = 250 mA to 750 mA 4 30 2 60| "
—55° 150° k
Output resistance f=1kHz 5? Cto DO ¢ 0019 Q
0°C 10 125°C 0.019
Temperature coefficient 1o = & mA 0°C t0 150°C -038 vrC
= m N o
of output voltage o 0°Ct0 125°C Y m
Output noise voltage f =10 Hz to 100 kHz 25°C 45 45 uv
Dropout voltage lo=1A 25°C 2.0 2.0 \
Bias current 25°C 4.3 [3 43 8| mA
Vi=9Vto25V —55°C to 160°C 0.8
' Vi=8Vto25V 0°C to 125°C 1.3
Bias current change > 9 mA
—55°C to 150°C 05
Ip=5mAto1A = )
0°C t0 125°C 05
Short-circui
ort-circuit 25°C 550 550 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 techniques (t,y < 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 uA7808M, uA7808C
POSITIVE-VOLTAGE REGULATORS

uA7808M, uA7808C electrical characteristics at specified virtual junction temperature,
Vi =14V, 10 = 500 mA (unless otherwise noted)

uA7808M uA7808C
PARAMETER TEST CONDITIONSt uNIT
MIN TYP MAX |MIN TYP MAX
25°C 7.7 8 83| 717 8 83
Output voltage 10=5mAto 1A, [ V| =116V 1t023V|-55"C10150°C | 7.6 8.4 \
P<15W [ Vi=105V023V] 0°Cro126°C 7.6 8.4
) V| =105V 1025V . 6 80 6 160
Input regulation 25°C mV
Vi=11Vtwo 17V 2 40 2 80
Ripple reiecti . f-120H —55°C 10 150°C | 62 72 .
re, non = = ~
ipple rejectio V)=115Vto215V, 2 Cto125°C 56 72
1I0=5mAto1.56A o 12 80 12 160
Output r 25°C mV
10 = 250 mA to 750 mA 4 40 4 80
Output resist f=1kH2 —-55°C to 150°C 0.016 a
I nce =
utput resistanc 0°Cto 125°C 0016
Temperature coefficient 0°C to 150°C —0.8 o
lp=5mA ~ ’ mVv/°C
of output voltage 0°C to 125°C —0.8
Output noise voltage f =10 Hz to 100 kHz 25°C 52 52 nYy
Dropout voltage 1I0=1A 25°C 2.0 20 \
Bias current 25°C 43 6 43 8 | mA
Vi=115Vto 25V —55°C to 150°C 08
8i < ch V| =105t0 25V 0°C to 125°C 1 A
ias curren Ell — m
current change  srAwIA Z55°C 10 150°C 05
= o 5 5
o=>m 0°Ct0125°C 05
Shortcircui
ort-circuit output 25nc 450 450 mA
current
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 uF and all characteristics

except noise voltage and ripple rejection ratio are

d using pulse iq

due to changes in internal temperature must be taken into account separately.

(tyy < 10 ms, duty cycles < 5%). Output voltage changes
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TYPES uA7885M, uA7885C
POSITIVE-VOLTAGE REGULATORS

uA7885M, uA7885C electrical characteristics at specified virtual junction temperature,

V=15V, lo= 500 mA (unless otherwise noted)

A7885M uA7885C
PARAMETER TEST CONDITIONS! = uNIT
MIN TYP MAX | MIN TYP MAX
26°C 815 85 885 815 85 8.85
Output voltage lo=6mAto1A, l Vi=12Vt0 235V —55°C to 150°C 8.1 8.9 \%
P<15W [Vi=11Vw235V]| 0°Cro125°C 8.1 8.9
V, =105V to 25 V . 6 85 6 170
| ! 25°C mv
nput regulation Vi =11Viel7V 2 a0 2 85
Ripple rejecti V)=115V1021.5V, f=120H 55°Cro150°C | 60 0 a8
1 e rejection = . 1 . =
pele rejec ! ° ' : 0°C 10 125°C 54 70
1I0=5mAt015A o 12 85 12170
Output regulati 25°C mv
utput regulation Io = 250 mA to 750 mA 4 40 48
] -65°C to 150°C 0.016
Output resistance f=1kHz 0°C 10 126°C 0016 Q2
Temperature coefficient , 5mA 0°C to 150°C —-08 mVC
= m
of output voltage 0 0°C 10 126°C 08
Output noise voltage f =10 Hz to 100 kHz 25°C 55 55 n%
Dropout voltage log=1A 25°C 20 2.0 \
Bias current 25°C 43 6 43 8| mA
Vi=115V1t025V ~55°C to 150°C 08
V| =105t0 25V 0°C to 125°C 1
Bias current change 55°C 10 160°C o5 mA
| o ]
lo=5mAto1A
o 0°C 10 125°C 05
Short<ircuit output o
o 25°C 450 450 mA
curre
Peak output current 25°C 2.2 22 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 techniques (tyy < 10 ms, duty cycles < 5%). Output voltage changes
dus 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,
Vi =19V, Io = 500 mA (unless otherwise noted)

A7812M A781
PARAMETER TEST CONDITIONS' = uA7812C uNIT
MIN _TYP MAX |MIN TYP  MAX
25°C 115 12 125 | 115 12125
Output voltage 10=5mAto 1A, [ V| =155V to 27 V|-55°Cto 150°C | 11.4 12.6 v
P<15W [ Vi=145Vt027v] 0°Cro125°C 14 126
) Vi =145V 1030V N 10 120 10 240
Input regulation *25°C mV
V|i=16V1t022V 3 60 3 120
Rippl i Vi =15V 1t025V 120 H S5 Ctol50°C| 61 7 dB
[{ on = B = z o o
pple relecti ! ° 0°Cto125°C 55 71
10=5mAto15A N 12 120 12 240
Output ry 2%°C mV
1q = 250 mA to 750 mA 4 60 4 120
. —55°C to 150°C 0.018
Output resistance f=1kHz - = £
0°C 10 125°C 0.018
Temperati fficient 0°C to 160°C -1.0
perature coetficien lo - 5mA _ (o] - mV/QC
of output voltage 0'Cto 126°C -1.0
Output noise voltage f =10 Hz to 100 kHz 25°C 75 75 mv
Dropout voltage Io=1A 25°C 20 2.0 v
Bias current 25°C 43 6 43 8| mA
V=15Vt 30V ~55°C to 160°C 08
i V=145V 1030V 0°C to 125°C 1
Bias current change = - mA
—55°C to 150°C 0.5
10=5mAto1A - =
0°Cto 125°C 05
Short-circuit o
ort-cireut 25°C 350 350 mA
output 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 using pulse hni (ty, € 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, lo = 500 mA (unless otherwise noted)

uA7815M uA7815C
PARAMETER TEST CONDITIONS! UNIT
© MIN TYP MAX| MIN TYP MAX
25°C 14.4 15 156 | 144 15 156
Output voltage lp=5mAto1A, lV =185V to 30 V| -565°C to 150°C[14.25 15.75 \%
P<15W V=175Vt 30V 0°Cto 125°C 1425 15.76
V=175Vt 30V ° 11 150 11 300
Input I: 25°C mV
put req V| =20V 1026V 37 3150
—56°C to 150°C 60 70
Ripple rejecti V=185V to 285V, f=120Hz = 3 dB
ipple rejection ! ° 0°Cto 125°C 54 70
Io=5mAto15A 12 150 12 300
Output reg o=>m = 25°C mv
1o = 2560 mA to 750 mA 4 75 4 150
Output resist ¢ 21 KkHe —55°C to 150°C 0.019 a
ut resista =
put resistance 0°Ct0125°C 0019
Temperature coefficient 1o=5mA 0:C to 150:C -1.0 mVFC
of output voltage 0°Cto 125°C -1.0
Output noise voltage f =10 Hz to 100 kHz 25°C 90 90 Y
Dropout voltage Io=1A 25°C 20 2.0 \Y
Bias current 25°C 44 6 44 8| mA
V=185V to 30V —56°C to 150°C 08
. Vy=175Vto 30V 0°C t0 125°C 1
Bias current change = mA
—55°C t0 150°C 05
lp=5mAto1A = >
0°Cto 126°C 0.5
Short-circuit
otredt 25°C 230 230 mA
output current
Peak output current 25°C 2.1 21 A
tan istics are with a cap: 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 r using pulse i (t,y, < 10 ms, duty cycles < 5%). Output voltage changes

due to changes in internal temperature must be taken into account separately.

TEXAS INSTRUMENTS



TYPES uA7818M, uA7818C
POSITIVE-VOLTAGE REGULATORS

uA7818M, uA7818C electrical characteristics at specified virtual junction temperature,
V| =27V, 10 = 500 mA (unless otherwise noted)

A7818M A781
PARAMETER TEST CONDITIONS! = Y 8¢ UNIT
MIN TYP MAX | MIN TYP MAX
25°C 17.3 18 187 | 17.3 18 18.7
Output voltage lo=5mAto1A, l V}=22Vt033V |-55°Cto150°C | 17.1 189 \
P<15W [ Vi=21Vt033V [ 0°Cto125°C 17 18.9
Vi=21v v
Input 1=21V1to33 25°c 15 180 15 360 ey
V=24Vt 30V 5 90 5 180
—55°C to 150°C 59 69
Ripple rejecti V=22V 2V, f=120H 9 >
ipple rejection | to 3 z °C o 125°C 53 ) dB
Io=5mAt15A o 12 180 12 360
Output lati 25°C \
utput regulation To = 250 mA to 750 mA 7% 7 180 "
—55°C to 150°C 0.022
Output resistance f=1kHz > - Q
0°C t0 125°C 0.022
Temperature coefficient 0°C to 150°C -1.0
lo=5mA ~ < \7uo]
of output voltage o m 0°C t0 125°C -1.0 m
Output noise voltage f =10 Hz to 100 kHz 25°C 110 110 v
Dropout voltage Io=1A 25°C 2.0 20 v
Bias current 25°C 45 6 45 8| mA
V=22Vt 33V —55°C to 150°C 0.8
8i < ch Vi=21Vto33V 0°C to 125°C 1 A
m.
ias current change  emamin T55°C 10 150°C o5
oT=mate 0°C10125°C 05
Short-circuit 285°C 200 200 mA
output current
Peak output current 25°C 2.1 24 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 rejecti: ratio are using pulse hni (tyy < 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, |0 = 500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS! uA7824M uA7624C uNIT
MIN TYP MAX | MIN TYP MAX
25°C 23 24 25 23 24 25
Output voltage 10=6mAto1A, |V;=28Vt038V |-56°Cto150°C | 2238 25.2 \
P<1B8W V=27Vt 38V 0°C to 125°C 228 25.2
] V) =27Vt 38V N 18 240 18 480
Input V) =30V 1036V ®e 6 120 6 240 mv
. _ —55°C 10 150°C | 56 66
Ripple rejection Vi=28Vto38V, f=120Hz °Cto125°C 50 6 dB
. 10=5mAto15A o 12 240 12 480
Output To = 250 mA to 750 mA »c 4 120 20| ™
Output resistance f=1kHz —88°C 10 150°C 0.028 Q
0°C 10 125°C 0.028
Te@uratura coefficient Io=5mA OOC to 1500(.‘, -1.5 JRVS
of output voltage 0°Cto 125°C -15
Output noise voltage  |f = 10 Hz to 100 kHz 25°C 170 170 wV
Dropout voltage Io=1A 25°C 2.0 2.0 \
Bias current 25°C 46 6 46 8| mA
V| =28Vto38V —55°C to 150°C 0.8
. V| =27V 1t038V 0°C to 125°C 1
Bias current change T55°C 10 160°C 05 mA
10=5mAto 1A = 5
0°C t0 125°C 05
Short-circuit o
output current %°C 150 150 mA
Peak output current 25°C 2.1 241 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 techniques (ty, < 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

3-Terminal Regulators

description

schematic

NOMINAL 5% 10%
OUtpUt Current up to 100 mA OUTPUT | OUTPUT VOLTAGE | OUTPUT VOLTAGE
No External Components VOLTAGE TOLERANCE TOLERANCE
. 26V uA78L0O2AC uA78L02C
Internal Thermal Overload Protection sv GATBLOBAC WATBLOSC
e Unusually High Power Dissipation Capability 6.2V UA7BLOBAC UAT78L06C
. . . 8V UA78LOBAC uAT78LO8C
°
Direct Replacement for Fairchild uA78L00 Series 12v UATBL12AC GATBLI2C
e Internal Short-Circuit Current Limiting 1BV 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
problems associated with single-point regulation. In COMMON
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 if
together with lower bias current. )
oci
NC — No internal connection
O INPUT
20k
; [ *
4k 200
100
700 ~O OUTPUT
i 20 pF
F 5000 7 k >—-[ Tkto 14k
300
100 d
1k 2k
4k 14k
1k
O COMMON

Resistor values shown are nominal and in ohms.

TTrademark 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
uA78LOGAC, uA78LO6C [uA78L 15AC, uA78L15C
uA78LOBAC, uA78L08C
Input voltage 30 35 \
- o R ) [yG 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 mwW
Operating free-air, case, or virtual junction temperature range 0 to 150 0 to 150 °c
Storage temperature range —65 to 150 —65 to 150 °Cc
Lead 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

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
1200 T T T 2000
JG package 1800
1000 | Derating factor = 9.0 mW/°C
REJA ~110°C/W 1600 \
1400
800 L \ G
1200

[ JG package \
1000 Derating factor = 50 mw/°C

N\

Maximum Continuous Dissipation—mW
Maximum Continuous Dissipation—mW

600 P o
\ \ above 118°C \ X
LP N 800 Rgyc ~ 20°C/W
400 | | \
\ \ 600 ook } }
LP package package \X
200 | Derating factor = 6.2 mWfN\; 400 - Derating fac:or =28.6 mW/°C
RgJA ~ 160°C/W 200f  @boves4’C
o L.See Note 2 ) ) o Rouc ~35°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

NOTE 2: This curve for the LP package is based on thermal resistance, Rgja, measured in still air with the device mounted in an Augat socket.
The bottom of the package was 3/8 inch above the socket.

recommended operating conditions

uA78LO2AC | uA78LOSAC | uA78LOGAC | uA78LOBAC | uA78L12AC | uA78L15AC
uA78L02C uA78L05C uA78L06C uA78LO8SC | uA78L12C uA78L15C |UNIT
MIN MAX |MIN MAX |MIN MAX [MIN MAX | MIN MAX | MIN MAX
Input voltage, V| 4.75 20 7 20 | 85 20 [ 105 23 | 145 27 {175 30| V
Output current, 10 100 100 100 100 100 100 | mA
Operating virtual junction
temperature, T

0 125 0 125 0 125 0 125 0 125 o 125 °c
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SERIES uA78L00
POSITIVE-VOLTAGE REGULATORS

uA78L02AC, uA78L02C electrical characteristics at specified virtual junction temperature,
V| =9V, 10 =40 mA (unless otherwise noted)

78L02
PARAMETER TEST CONDITIONS? uA78LOZAC uA78L02¢ UNIT
MIN TYP MAX [MIN TYP MAX
25°C 25 26 27 | 24 26 2.8
Output voltage V=475V 1020V, 1g=1mAto40mA 0°C to 125°C 2.45 275 | 235 285 A\
{e]
Io=1mA to 70 mA 245 2.75 | 235 285
V| =475V 1020V R 40 100 40 125
Input regul 25°C mV
Vi=6Vto20V 30 75 30 100
Ripple rejection Vi=6Vto16V, =120 Hz 25°C 43 51 42 51 dB
10 =1mA to 100 mA R 10 50 10 50
Output regulati 25°C \Y
utput regulation 10 = 1 mA t0 0 mA 4 2 N
Output noise voltage f=10Hz to 100 kHz 25°C 30 30 v
Dropout voltage 25°C 1.7 1.7 v
B . 25°C 36 6 36 6 A
as curren ’ m
as curre 125°C 55 55
V)|=5Vto20V R o 25 25
i 0°C 10 125°C A
Bias current change o= T mA 1o 30 mA o K] 03 m
uA78LO5AC, uA78L05C electrical characteristics at specified virtual junction temperature,
Vi =10V, Ip = 40 mA (unless otherwise noted)
A
PARAMETER TEST CONDITIONST uATBLOSAC uA78LOSC uNIT
MIN TYP MAX |MIN TYP MAX
25°C 4.8 5 52 | 46 5 5.4
Output volt Vi=7Vt020V 10 =1 mA to 40 mA . . . !
utput voltage | to20V, le) mA to m 0°C to 126°C 4.75 5.25 45 55 \
10 =1mA to 70 mA 4.75 5.25 45 5.5
Vi=7Vto20V R 25 150 26 200
Input I 25°C mV
P V, =8V 020V 20 100 20 150
Ripple rejection V=8Vt 18V, f=120 Hz 25°C 41 49 40 49 dB
10=1mAto1 A
Outputr 0=1mAto 100 m 25°¢C 17 60 17 60 mv
10 =1 mA to 40 mA 7 30 7 30
Output noise voltage =10 Hz to 100 kHz 25°C 40 40 n%
Dropout voltage 25°C 1.7 1.7 v
Bias current %°c 38 6 38 il A
1
125°C 55 55|
= 20V . I
Bias current change V)1 =8Vto20 0°C to 125°C 1.5 15 mA
10 = 1 MA 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 (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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SERIES uA78L00
POSITIVE-VOLTAGE REGULATORS

uA78LOBAC, uA78LO6C electrical characteristics at specified virtual junction temperature,
V) =12V, 10 = 40 mA (unless otherwise noted)

A78LOBAC uA78L06C
T Tionst - UNIT
PARAMETER TEST CONDITIONS N TvP WAX TRIN TP WAX
25°C 595 62 645 | 57 62 6.7
V| =85V E =1mA Al .. | 59 5 | 5. 8| v
Output voltage 1=85Vto20V 1o =1mA to 40 m. 0°C 1o 125°C 6 6 6.
10=1mA to 70mA 5.9 65 | 56 6.8
V=85V t020V . 25 175 25 200
1 | 25 v
neut V=9V 20V ¢ 20 125 20 150 "
Ripple rejection Vi =10Vtwo20V, f =120 Hz 25°C 40 46 39 46 dB
10 = 1 mA to 100 mA . 20 80 20 80
Output regulation 0 m m 25°C mV
1o =1mA to 40 mA 9 40 9 40
Output noise voltage f =10 Hz to 100 kHz 25°C 50 50 Vv
Dropout voltage 25°C 1.7 1.7 Vv
B . 25°C 39 6 39 61 a
ias curren! ‘ZSOC 55 55
Bias h Vi=9Vto20V 0°Ct0 125°C 1.5 L Y
ias currant ehange I T 0 A to 40 mA X 0.2
uA78LOBAC, uA78L08C electrical characteristics at specified virtual junction temperature,
V| =14V, 10 = 40 mA (unless otherwise noted)
uA78LOBAC uA78L08C
PARAMETER TEST CONDITIONS! UNIT
MIN TYP MAX |MIN TYP MAX
25°C 7.7 8 83 |736 8 864
Output voltage V=105Vt 23V, lg=1mAto40mA 0°C 10 125°C 7.6 8.4 7.2 88| V
10 =1 mA to 70mA © 76 84 | 72 8.8
V| =105V t0 23 V . 26 175 26 200
Input reg 25°C mVv
Vi=11Vt23V 20 125 20 150
Ripple rejection Vi=13Vtwo23V, f=120Hz 25°C 37 44 36 44 dB
10 = 1 mA to 100 mA 25 80 25 80
Output regul 25°C v
utput reg To =1 mA to 40 mA 0 40 0 40| "
Output noise voltage f = 10 Hz to 100 kHz 25°C 60 60 m
Dropout voltage 25°C 1.7 1.7 \
26°C 4 6 4 6
Bi t
ias curren 125°C 55 55 mA
] Vi=11Vto23V Y . 1.5 1.5
B h o 125
ias current change To = TmA 10 40 mA Cto Cc ] 02 mA

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 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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SERIES uA78L00
POSITIVE-VOLTAGE REGULATORS

uA78L12AC, uA78L12C electrical characteristics at specified virtual junction temperature,
V| =19V, IQ = 40 mA (unless otherwise noted)

uA78L12AC uA78L12C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX [ MIN TYP MAX
25°C 115 12125 [ 111 12 129
O | V|i=145Vto 27V, = 40 mA o o 4 K . .
utput voltage | =145V to I0=1mAto40m 0°C t0 125°C 1 126 | 108 13.2 v
1o =1mA to 70 mA 114 126 | 108 13.2
V=145Vt 27V ° 55 250 55 250
1 t lati 25°C \
neut regulation V| =16V 1027V a5 200 a5 200 "
Ripple rejection ratio Vi =156Vto 25V, f=120 Hz 25°C 37 42 36 42 dB
lo=1mAto1 A 100 100
Output regulation o mA to 100 m, 25°C 30 30 mv
1o =1 mA to 40 mA 12 50 12 50
Output noise voltage f =10 Hz to 100 kHz 25°C 80 80 nY
Dropout voltage 25°C 1.7 1.7 \
. 25°C 4.2 6.5 4.2 €.5
Bias current " mA
125°C 6 6
V=16V 1027V R ) 15 15
Bi hy 0°Cto125°C A
fas current change 1o = 1 mA to 40 mA °© 04 02"
uA78L15AC, uA78L15C electrical characteristics at specified virtual junction temperature ,
V| =23V, 0 = 40 mA (unless otherwise noted)
PARAMETER TEST CONDITIONS? UATBLISAC uATBL1SC UNIT
MIN TYP MAX |MIN TYP MAX
25°C 14.4 15 156 |13.8 15 16.2
Output voltage Vy=1756V1t 30V, Ig=1mA to40mA 0°C to 126°C 14.25 16.75 [ 135 16.5 v
10 =1mA to 70 mA 14.25 15.75 | 13.5 16.5
Input Jati Vi=175Vto30V 25°C 70 300 70 300 v
nput ri on m
put regua V=20V t0 30V 55 250 55 250
Ripple rejection ratio V=185V 10285V, f=120 Hz 25°C 34 39 33 39 dB
1o =1mA to 100 mA o 30 150 30 150
Output regul 25°C \
ey Tg=1mA to 40 mA 1275 275 |"
Output noise voltage =10 Hz to 100 kHz 25°C 90 90 nv
Dropout voltage 25°C 1.7 1.7 \
Bias current 25°C 44 65 44 65|
ias cu 125°C 6 6
V=20V to30V N o 15 15
Cto 126 A
Bias current change To=TmA 0 40 mA 0°Cto c X} 2 m

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.

Printed in U.K.

S INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME
RDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.

TEXAS INSTRUMENTS



260



LINEAR
INTEGRATED CIRCUITS

SERIES uA78M00

POSITIVE-VOLTAGE REGULATORS

BULLETIN

NO. DL-S 7612403, JUNE 1976

description

3-Terminal Regulators

Output Current up to 500 mA

No external components

Internal Thermal Overload Protection

Direct Placements for Fairchild uA78MO00 Series

and National LM341 Series

High Power Dissipation Capability

Internal Short-Circuit Current Limiting
Output 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 500 milliamperes
of output current. The internal current limiting and
thermal shutdown features of these regulators make
them essentially immune to overlaod. 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.

terminal assignments

schematic

NOMINAL —55°C TO 150°C 0°C TO 125°C
OuUTPUT OPERATING OPERATING
VOLTAGE |TEMPERATURE RANGE [TEMPERATURE RANGE
5V uA78M0O5M uA78M05C
6V uA78M06M uA78M06C
8V uA78M08M uA78M08C
12V uA78M12M uA78M12C
15V uA78M15M uA78M15C
20V uA78M20M uA78M20C
24V uA78M24M uA78M24C
PACKAGES LA KC, KD, and LA
INPUT
140 k §520 75 213 i
% /(__.
[ -
31K ey
—
L
’_{: 3 88
N

ouTPUT

/1

63k

30 pF

0T0 20k

ot

51 53&}593

e

1k
2.4k

27k

COMMON

Resistor values shown are nominal and in ohms.

KC PACKAGE KD PACKAGE LA PACKAGE

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

OouUTPUT
OUTPUT

———— 0UTPUT _\ INPUT

O COMMON O ~————COMMON
INPUT [>————INPUT \J
COMMON
TO-220AB TO-202AB
|0

5]
f

1¢cO

co

T
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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
uA78M20, uA78M24 40 40
Input voltage All others 35 35 v
KC (TO-220AB) package 2 2
Continuous total dissipation at 25°C free-air temperature (see Note 1) | KD(T0O-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 0 to 150 °c
Storage temperature range —65 to 150 —65 to 150 °Cc
Lead temperature 1/16 inch from case for 10 seconds I KC and KD packages 260 °C
Lead temperature 1/16 inch from case for 60 seconds TLA 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
uA78MO0O5M, uA78MO05C 7 25
uA78M06M, uA78M06C 8 25
uA78M08M, uA78M08C 10.5 25
Input voltage, V| uA78M12M, uA78M12C 145 30 v
uA78M15M, uA78M15C 17.5 30
uA78M20M, uA78M20C 23 35
uA78M24M, uA78M24C 27 38
Output current, | 500 mA
Operating virtual junction temperature, T [ UATBMOSM thru uA78M24M | —55 150 °c
[ uA78MO5C thru uA78M24C 0 125

TEXAS INSTRUMENTS
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uA78MO5M, uA78MO5C electrical characteristics at specified virtual junction temperature,
V)= 0V, '0 = 350 mA (uniess otherwise noted)

uA78MO5M A 78M05C
PARAMETER TEST CONDITIONS? v UNIT
MIN TYP MAX MIN TYP MAX
25°C 48 5 5.2 48 5 5.2
Output volt; V=8V to20V —55° C to 150°C 4.7 5.3 Y
Ut voltage 10 =5 mA to 350 mA ! ad 3 ad -
Vi=7Vto20V 0°Ct0125°C 475 5.25
Vi=7Vto 25V 3 50 3 100
Input regulation 10=200mA V|=8Vto20V 25°C 1 25 mv
Vi=8Vto25V 1 50
—55°C to 150°C 62
. . V=8Vt 18V, 10 =100 mA > -0
Ripple rejection =120 Hz 0°C t0 125€ 62 dB
10 =300 mA 25°C 62 80 62 80
o " . 10 =5 mA to 500 mA 25°C 20 50 20 100 mv
utpu!
i 10 =5 mA to 200 mA 10 25 10 50
Temperature coefficient lo =5 mA —55°C 10 150°C —1 Ve
=5m m
of output voltage o 0°C t0 125°C —1
Output noise voltage f=10Hz to 100 kHz 25°C 40 40 v
Dropout voltage 25°C 2 2 Y
Bias current 25°C 45 6 4.5 6 mA
—55°C to 150°C 0.8
10=200mA,V; =8V 1025V
) 0 ma ° 0°C 10 125°C 08
Bias current change T55°C t0 150°C o5 mA
o -
10 =5 mA to 350 mA
0= 5mAto350m 0°C10125°C 05
Shortcircuit
ort-eireut Vi=35V 25°C 300 300 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 rejaction 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.

SHOLVINI93Y IIVITI0A-IAILISOd
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uA78M06M, uA78MO6C electrical characteristics at specified virtual junction temperature,
"V} =11V, g = 350 mA (unless otherwise noted)

A78MO6M A78MO6C
PARAMETER TEST CONDITIONS? " - uNIT
MIN TYP MAX MIN TYP MAX
25°C 5.75 6 6.25 5.75 6 6.25
Output voltage Vi=9Vto21V —55°C to 150°C 5.7 6.3 \%
10 =5 mA to 350 mA
o OSUMA N 8Vl v 0°C 10 125°C 5.7 63
V;=8Vto25V 5 60 5 100
Input regulation 10 =200 mA Vi=9Vto20V 25°C 15 30 mV
Vi=9Vt025V 15 50
—~55"C to 150°C 59
) o Vi=9Vto 19V, 10 =100 mA = 5
Ripple rejection £ =120 Hz 0°Ct0125°C 59 dB
1o = 300 mA 25°C 59 80 59 80
. 10 = 5 mA to 500 mA ° 20 60 20 120
Output regulation 25°C mV
1o =5 mA to 200 mA 10 30 10 60
Temperature coefficient 1o =5 ma —55°C to 150°C -0.5 vre
of output voltage o=sm 0°C 10 125°C —05 m
Output noise voltage f =10 Hz to 100 kHz 25°C 45 45 my
Dropout voltage 25°C 2 2 \
Bias current 25°C 4.5 6 45 6 mA
—55°C to 150°C 08
10=200mA, V| =9V t0 25V D e n
. 0°C 1o 125°C 0.8
Bias current change 55°C 19 150°C 05 mA
~! o .
10 =5 mA to 350 mA
O~ >mAte30m 0°C 10 125°C 05
Short<circuit o
V=35V 25°C 270 270 mA
output current
Peak output current 25°C 700 700 A
TAn istics are with a 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, uA78MO8C electrical characteristics at specified virtual junction temperature,
V= 14V, lo= 350 mA (unless otherwise noted)

uA78MOSM uA78MOBC
PARAMETER TEST CONDITIONS' uNIT
MIN  TYP MAX | MIN TYP MAX
25°C 7.7 8 83 7.7 8 83
Out Vi=11.6V1023V | 65°C10150°C | 7.6 84 \Y
utput voltage 10=5mA 10350 mA [— = -
Vi =105V 1023V 0°C to 125°C 76 84
Vi =105V t025V 6 60 6 100
Input regulation 10 =200 mA V;=11V1t 20V 25°C 2 30 mV
Vi=11Vtwo25V 2 50
VI=115Vt0 215V, [Ig=100mA —55°C 1o 150°C 56
= o (o] . B = m = o
Ripple rejection . ! 120 0 0°C 10 125°C 56 dB
= z =
1o = 300 mA 25°C 56 80 56 80
10 =5 mA to 500 mA o 25 80 25 160
Output regulation 0 25°C mV
10 = 5 mA to 200 mA 10 40 10 80
Ty rature coefficient —55°C to 150°C -0.5
empe e Io=5mA SRR mv/C
of output voltage 0°C t0 125°C —0.5
Output noise voltage f=10Hzto 100 kHz 25°C 52 52 mv
Dropout voltage 25°C 2 2 Vv
Bias current 25°C 46 6 46 6 mA
0 = 200 mA [vi=115vo2sv [ —55°C 1o 150°C 08
o e o m [Vi=105Viwo2sv | 0Cro125C 08 .
as current chan, = m
fas eur o S350 mA T55°C 10 150°C 05
= T
07>mAtessum Cro125¢C 05
Short-circuit
orteireut Vy=35V 25°C 250 250 mA
OU'DU( 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.

SHOLYIN934 39VLII0A-IAILISOd
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uA78M12M, uA78M12C electrical characteristics at specified virtual junction temperature,
V=19V, ig =350 mA (unless otherwise noted)

uA78M12M uA78M12C
P ETER TEST CONDITIONSY UNIT
ARAMETE EST CONDITIONS MIN  TYP MAX |MIN TYP MAX
25°C 1.5 12 125 | 115 12 125
Output voltage 1o = 5 mA to 350 mA V=155V t027V | —-55°Ct0 150°C | 11.4 126 v
=2 m G m
o V=145Vt 27V | 0°Cto125°C 114 126
V| =145V 1030V 8 60 8 100
Input regulation 10 = 200 mA Vi=16V1to 25V 25°C 2 30 LY
Vi=16V 1030V 2 50
—55°C to 150°C 55
. . V=15Vt 25V, 10 =100 mA - -
Ripple rejection =120 H 0°Cto125°C 55 dB
= z
10 =300 mA 25°C 55 80 55 80
10 = 5 mA to 500 mA 25 120 25 240
Qutput regulation o m 25°C mvV
10 =5 mA to 200 mA 10 60 10 120
Temperature coefficient . SmA —55°C to 150°C —1 mV/C
= m.
of output voltage o 0°C10125°C —1
Output noise voltage f=10Hz to 100 kHz 25°C 75 75 uVv
Dropout voltage 25°C 2 2 v
Bias current 25°C 4.8 6 4.8 6 mA
| 200 mA I V=15V to 30 V —55°C to 150°C 0.8
= m,
) o [Vi=145Vw0 30V 0°C t0 125°C 08
Bias current change = ~ mA
Iy = 5 mA 10 350 mA —55°C to 150°C 0.5
=om. o m,
° 0°C 10 125°C 05
Short-circuit o
Vy=35V 25°C 240 240 mA
output current
Peak output current 25°C 700 700 A

T ANl 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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uA78M15M, uA78M15C electrical characteristics at specified virtual junction temperature,
V| =23V, Ig = 350 mA (unless otherwise noted)

A78M15M A78M15C
PARAMETER TEST CONDITIONS? 4 — UNIT
MIN TYP MAX MIN TYP MAX
25°C 14.4 15 156 | 144 15 156
Output voltage \ & mA to 350 mA V)=185V to 30V —55° C to 150°C 14.25 15.75 v
=5mAto m
o V=175V t0 30V 0°C 10 125°C 14.75 16.75
V=175Vt 30V 10 60 10 100
Input regulation 10 =200 mA ! 25°C mvV
Vi=20V to30V 3 30 3 50
—55°C to 150°C 54
) o V=185V 10 285V,[1g=100mA > -
Ripple rejection £=120H 0°Ct0125°C 54 dB
= z
1o =300 mA 25°C 54 70 54 70
10 =5 mA to 500 mA 25 150 25 300
Output regulation 0~ mAte m 25°C mV
ig=5mA to 200 mA 10 75 10 150
Temperature coefficient I 5 mA —55°C to 150°C —1 VPG
=5m = m
of output voltage o 0°Ct0 125°C -1
Output noise voltage f=10Hz to 100 kHz 25°C 90 90 mvu
Dropout voltage 25°C 2 2 Y
Bias current 25°C 4.8 6 48 6 mA
Lo 200 mA [vi=185v w030V [ —s5°C 10 150°C 08
= m,
) o [Vi=175vw30v 0°Ct0125°C 08
Bias current change = = mA
—55°C 10 150°C 0.5
10 =5 mA to 350 mA = =
0°C 10 125°C 0.5
Shortcircuit
orteireut 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 < 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, Ilg=350mA (unless otherwise noted)

uA78M20M uA78M20C
PARAMETER TEST CONDITIONST UNIT
MIN _TYP  MAX [ MIN _TYP  MAX
25°C 19.2 20 208 | 19.2 20 208
Output voltage V|=24Vto35V —55° C t0 150°C 19 21 v
10 =5 mA to 350 mA = >
Vi=23V135V 0°Ct0125°C 19 21
. Vi =23V 1035V R 10 60 10 100
Input regulat 10 =200 mA 25°C mv
put regulation 0 ™ V| =24V w035V 5 30 50
—55°C 10 150°C 53
. o Vi =24V1034V, [Ig=100mA - =
Ripple rejection =120 H 0°C to 125°C 53 dB
= z
10 =300 mA 25°C 53 70 53 70
outout 10 = 5 mA to 500 mA 25°C 30 200 30 400 v
u
Py 10 = 5 mA t 200 mA 10 100 10 200
Temperature coefficient 10=5mA —5°5°C 0 15?°C -1.1 Ve
of output voltage 0°C 10 125°C -1.1
Output noise voltage , | f=10Hz to 100 kHz 25°C 110 110 uv
Dropout voltage 25°C 2 2 Vv
Bias current 25°C 49 6 49 6 mA
[vi=24vto35Vv —55°C t0 150°C 038
10 = 200 mA = =
Bias current chan [vi=23Viw3sv 0°C t0125°C 0.8 A
L T
Y ange o s A o 350 A —55°C 10 150°C 05
=5m Gl
o m 0°C t0 125°C 05
Short-circuit
ort-ereut V=35V 25°C 240 240 mA
output current
Peak output current 25°C 700 700 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 voitage changes due to changes in internal temperature must
be taken into account separately.
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uA78M24M, uA78M24C electrical characteristics at specified virtual junction temperature,
V| =33V, Ig = 350 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS uATEM2AM uA78M24C uNIT
MIN  TYP MAX [ MIN TYP MAX
25°C 23 24 25 23 24 25
Output voltage V=28V 1038V —55° C to 150°C | 22.8 25.2 v
10 = 5 mA to 350 mA g s
0= mAtIIMA N =27V 038 v 6°C 10 125°C 228 252
V=27V 1038V 10 60 10 100
Input regulation 10 =200mA V=30V to36V 25°C 5 30 mv
V=28V 1038V 5 50
—55°C to 150°C 50
. L V)=28Vto38V, 1o =100 mA > =
Ripple rejection =120 H 0°Cto125°C 50 dB
- 2 >
10 = 300 mA 25°C 50 70 50 70
10 = 5 mA to 500 mA N 30 240 30 480
Output 25°C \Y
uutr 0= 5 mA to 200 mA 0120 0 240 | "
Temperature coefficient —55°C to 150°C —1.2 o
peratd et i =5mA - mv/°C
of output voltage 0°C to 125°C —-1.2
Output noise voltage f=10Hz to 100 kHz 25°C 170 170 n%
Dropout voltage 25°C 2 2 v
Bias current 25°C 5 6 5 6 mA
Vi=28V1t0o38V —55°C to 150°C 08
10 =200 mA [w © & -
8i con [Vi=27vwo3sv 0°C to 125°C 08 N
1as curren N m
drrent change Z55°C 10 150°C 05
10 =5 mA to 350 mA = =
0°C t0 125°C 05
Short-circuit
orteireut 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 < 5%). Output voltage changes due to changes in internal temperature must
be taken into account separately.
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SERIES uA78M00
POSITIVE-VOLTAGE REGULATORS

THERMAL INFORMATION

KC AND KD PACKAGES
FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVES

KC AND KD PACKAGES

CASE TEMPERATURE

DISSIPATION DERATING CURVES

TEXAS INSTRUMENTS

2000 y T 10
KC (TO-220AB) package KC [TO-220A8) package
1800 —Derating factor = 16 mW/°C ™| =z 9 Derating factor = 250 mW/"C 4
=z \ R ~62.5°C/W 1 above 120 C
% 1600 <4 9JA ; T .g 2 — T Rpyc™ 4°Cc/W
& =
£ 1400 ™ - & gt e \ —
2 e a 1
2 1200 25 2
o £ 3 3
5 1000 —— 7073 S E
] % & = B |
c 800 \Jq 3 41—
€ S \ o 3
600 - £ —
‘2 2 KD (TO-202AB) package \
2 400 |- KD (TO-202AB) package % 2 [ Derating factor = 80 mw/ C— \
o
% 900 Derating factor = 12 mwW/C N s 1= above 506 C
2 Rgsp ~833°CW | Rouc = 125°CW
0 1 L 0 |
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 8 T T 1
700 Derating factor 4.8 mW/°C _| = Derating fac‘%’ =40 mW/°C
g Rgya ~ 210°C/W 1 s above 25°C
! S Rgyc ~ 25°C/W
5 600 §
s S
% 500 g
a N 3
o 400 g 3
2 £
g ™ £
§ 300 S ,
N €
g 20 AN E
E 3
x 100 =
=
0
25 50 75 100 125 150 0 25 85 75 100 125 150
Tp—Free-Air Temperature—"C Tg—Case Temperature—°C
FIGURE 3 FIGURE 4
Printed in U.K.

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIM
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBL



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
e Output Curr 1.
P entupto 1.5 A VOLTAGE [TEMPERATURE RANGE|TEMPERATURE RANGE
o No External Components -5V uA7905M uA7905C
. -6V uA7906M UAT7906C
e Intes T
rnal Thermal Overload Protection v 4AT908M SAT908G
o Direct Replacements for Fairchild uA7900 Series| -12V uA7912M uA7912C
. . —15V UA7915M uA7915C
. .
Sssgntnally Equivalent to National LM 320 _18v UA7918M UAT918C
eries 24V UAT924M uA7924C
o High Power Dissipation Capability PACKAGES KA KA and KC
e Internal Short-Circuit Current Limiting
. . KA PACKAGE KC PACKAGE
e Output Transistor Safe-Area Compensation ¢
(TOP VIEW) (TOP VIEW)
description
INPUT QUTPUT
This series of fixed-negative-voltage monolithic [ OUTPUT
integrated-circuit voltage regulators is designed to O ———INPUT
complement Series uUA7800 in a wide range of | COMMON

COMMON

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 1.5 amperes of
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
output voltages and currents and also as the power
pass element in precision regulators.

schematic

COMMON
1ax

a ask
P 4 -5V 10 1063k
sy

Versions

v
T0 18 %

-4 $—0 ouTPUT

2\
1

Yl

y
. 53k
: "
- arm Ix 200

Resistor values shown are nominal and in ohms,

NpuT
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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 \%
All others —35 —35
Continuous total dissipation at 26°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 ~5510 150 | 0to 150 °C
Storage temperature range —65 to 150 | —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

4 16
KA (TO-3) package
2 Derating factor = 28 mW/°C = 14 \
Rgja = 35°C/W i
3 12 \
& % Z 10
2o
2 ] 8
ko |
o, J 6
&
S %4, 3
1 N 4 i —
KC {TO-220AB) package \ Derating factor = 0.25 W/°C \
b Derating factor = 16 mW/°C ~ = 2 above 90°C
Rgja = 62.5°C/W 0 Rgyc = 4°CW
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
uA7905M, uA7905C -7 —25
uA7906M, uA7906C —8 —25
uA7908M, uA7908C —10.5 —25
Input voltage, V| uA7912M, uA7912C —14,5 -30 \
uA7915M, uA7915C —-17.5 —30
uA7918M, uA7918C -21 —33
uA7924M, uA7924C -27 -38
Output current, 1o 15 A
~55 150
Operating virtual junction temperature, T l UAT905M thru uA7924M °c
| uA7905C thru uA7924C 0 125

TEXAS INSTRUMENTS




uA7905M, uA7905C electrical characteristics at specified virtual junction temperature,
Vi =-10V, 0 = 500 mA (unless otherwise noted)

SINIWNHLISN] SVX3 |

€L2

uA7905M uA7905C
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX MIN TYP  MAX
25°C —4.8 5 52 | 48 -5 52
Ip=5mAto1A, l Vi=-8Vto—-20V | -55°Cto 150°C | —4.7 -5.3 v
Output voltage - =
P<15W ’ Vj=-7Vto—-20V 0°C to 1256°C —4.75 —5.25
' " Vi=-7Vto-25V 25°C 3 50 3 100 mv
n|
pu Vi- 8Vio-12V T % 1 50
. o —55°C to 150°C 54 60
Ripple rejection Vi=-8Vto-18V, =120 Hz ~ s dB
0°C to 125°C 54 60
. Ip=56mAtw15A ° 15 50 15 100
Output regulation 25°C mV
10 = 2560 mA to 750 mA 5 25 5 50
Temperature coefficient 0°C to 150°C -0.4 o
Io=5mA mV/°C
of output voltage 0°Cto125°C —0.4
Output noise voltage f=10Hzt0 100 kHz 25°C 125 125 uV
Dropout voltage lo=1A 25°C 1.1 1.1 \
Bias current 25°C 1 2 1 2 mA
Vi=-8Vto-25V —55°C t0 150°C 1.3
. Vi=-7Vto-25V 0°Cto125°C 1.3
Bias current change = - mA
—55°C to 150°C 0.5
I0=5mAto1 A g 0
0°Cto125°C 0.5
Peak output current 25°C 2.1 2. A

T All characteristics are measured with a capacitor across the inpuu 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,
Vi =-11V, 10 = 500 mA (unless otherwise noted)

uA7906M uA7906C
PARAMETER TEST CONDITIONST UNIT
0 MIN TYP  MAX MIN TYP  MAX
25°C —5.75 —6 —6.25 | —5.75 —6 —6.25
10=5mAto 1A, Ui =9Vto-21V [-55°Ct0150°C |-5.65 -6.35 v
Output voltage o =
P<15W I Vi=—-8Vto-21V 0°Ct0125°C —5.7 —6.3
Vi=-8Vto-25V N 5 60 5 120
Input i 25°C mV
Vi=-9Vto —-13V 15 30 15 60
L —55°C to 150°C 54 60
Ripple rejection Vi=-9Vto-19V, f=120 Hz = = dB
0°Ct0125°C 54 60
Io=5mAto15A ° 14 60 14 120
Output regulation 25°C mV
10 = 250 mA to 750 mA 4 30 60
Temperature coefficient I = 5 mA 0°C to 150°C -0.4 mV/eC
of output voltage ° 0°C t0 125°C 04
Output noise voltage f=10 Hz to 100 kHz 25°C 150 150 nY%
Dropout voltage I0=1A 25°C 1.1 1.1 \
Bias current 25°C 1 2 1 2 mA
Vi=-9Vt -25V —55°C t0 150°C 1.3
. Vi= -8Vt -25V 0°Cto 125°C 1.3
Bias current change - - mA
—55°C to i50°C 0.5
Ig=56mAto1A S S
0°'Cto125°C 0.5
Peak output current 25°C 2.1 2.1 A

tan

with a

across the input of 0.33 uF and a capacitor across the output of 0.1 4F. 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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Vi =-14V, 10 = 500 mA (unless otherwise noted)

uA7908M, uA7908C electrical characteristics at specified virtual junction temperature,

uA7908M uA7908C
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
25°C —-7.7 -8 —-83 |-7.7 -8 -83
I0=5mAto1A, [vi=—115Vvt 23V [-65°Cto150°C | ~7:6 —84 v
Output volitage N S S
P<15W IV,=~—10.5V!0—23V 0°Cto125°C -76 -84
R Vi=-105Vto-25V ° 6 80 6 160
Input regulation 25°C mV
Vi=—-11Vto-17V 2 40 2 80
. e —55°C to 150°C 54 60
Ripple rejection Vi=-115Vto-215V, f=120 Hz = ’ dB
0°Cto125°C 54 60
Ip=5mAto15A ° 12 80 12 160
Output r 25°C mV
fp = 250 mA to 750 mA 4 40 4 80
Temperature coefficient 0°Cto 150°C —0.6 A
1o =5mA - = mVv/°C
of output voltage 0°Cto125°C -0.6
Output noise voltage f=10 Hz to 100 kHz 25°C 200 200 uVv
Dropout voitage I0=1A 25°C 1.1 1.1 \
Bias current 25°C 1 2 1 2 mA
Vi=-1156Vto-25V —55°C to 150°C 1
. Vi=-105Vto-25V 0°C to 125°C 1
Bias current change > mA
, 5mAtol A —55Cto150°C 0.5
= )
o 0°Ct0 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 ba taken into account separately.
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uA7912M, uA7912C electrical characteristics at specified virtual junction temperature,
VI =-19V, 10 = 500 mA (unless otherwise noted)

A7912M A7912C
PARAMETER TEST CONDITIONS? - u uNIT
MIN TYP MAX | MIN TYP MAX
25°C —115 12 —125|-115 —12 —125
Output voit I0=5mAto1A, [ Vi=-165Vto -27V | -55°C to 150°C | —11.4 —12.6 v
lutput vol e
P a9 P<15W Vi=—145Vt0—27V | 0°Cto125°C 14 —126
ot V| =145 Vto —30 V I 10 120 10 240 N
n| m
putt Vi=-16Vt -22V 3 60 120
Ripple rejection Vi=—15Vto —25 V f=120H 55 Cro150 ¢ 5460 dB
rejecti =— 0 — . = z
pple rejectio ! 0°Ct0125°C 54 60
Ip=5mAto15A 12 120 12 240
Output regulation o~ >m 25°C mvV
1o =250 mA to 750 mA 4 60 4 120
Temperature coefficient o =5 mA 0°C to 150°C -0.8 vre
=5m, m]
of output voltage o 0°C to 126°C -0.8
Output noise voltage f =10 Hz to 100 kHz 25°C 300 300 n
Dropout voltage I0=1A 25°C 1.1 1.1 v
Bias current 25°C 1.5 3 1.5 3| mA
Vi=-15Vto -30 V —55°C to 150°C 1
. Vi=-145Vto-30V 0°Ct0 125°C 1
Bias current change - — mA
o-BmAt1A —65°C t0 150°C 05
=56m (o}
o 0°Ct0125°C 05
Peak output current 25°C 2.1 21 A

tan istics are

with a

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,
V| =-23V, 10 =500 mA (unless otherwise noted)

uA7915M uA7915C
PARAMETER TEST CONDITIONS WMiIN_ TP wax | min_ Tve max | UN'T
25°C -144 -15 -156| -144 —15 -—156
Output voltage Ip=5mAto1A, [ Vi=-185Vto—-30V | —55°C to 150°C |—14.25 —15.75 v
P<I5W [ V|=-175Vto-30V | 0°Cto125°C —14.25 —15.75
Input Vi=-175Vto —30 V 2°C 1 150 1 300 |
Vi=-20Vto —26V 3 75 3 150
Ripple rejection V|=-185Vto -285V, f=120 Hz —55;"(: to 15?0C 54 80 dB
0°C 10 125°C 54 60
Outputr 10=5mAt15A 25°C 12 150 12 300 |
1g = 250 mA to 750 mA 4 75 4 150
Temperature coefficient 0°C to 150°C —1
of output voltage lo=8mA 0°Cto 125°C -1 mv/°C
Output noise voltage f =10 Hz to 100 kHz 25°C 375 375 mv
Dropout voltage I0=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 Vj=-175Vto-30 V 0°C to 125°C 1
Bias current change = mA
—55°C t0 150°C 0.5
Ip=5mAto1 A > =
0°C to 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 (ty, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature
must be taken into account separately.
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V| =-27V, 10 =500 mA (unless otherwise noted)

uA7918M, uA7918C electrical characteristics at specified virtual junction temperature,

uA7918M

uA7918C

PARAMETER TEST CONDITIONS UNIT
o MIN  TYP MAX | MIN TYP MAX
25°C -173 -18 -187 | -17.3 -18 -187
I0=5mAto1A, Lv.-—fzzwo —33V |-55°C 10 150°C | —17.1 —-18.9 v
Output voltage - =
P<I1SW [ Vi==21V1o-33V] 0°Cro125°C 17 —189
. —21 V1o —33V . 15 180 15 360
Input regulation 25°C mVv
~24 V to —30 V 5 90 180
) L —55°C to0 150°C 54 60
Ripple rejection Vi=-22V1to-32V, f=120 Hz B - dB
0°Cto0 125°C 54 60
. I0=5mAt15A . 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 o =5mA = > mv/°C
of output voltage 0°C to 125°C -1
Output noise voltage f=10Hz to 100 kHz 25°C 450 450 uVv
Dropout voltage Io=1A 25°C 1.1 11 v
Bias current 25°C 1.5 3 15 3| mA
Vj=-22Vto -33V —55°C to 150°C 1
' V|=-21V1t -33V 0°C to 125°C 1
Bias current change = - mA
0 =5 mAto 1 A —55°C to 150°C 0.5
=om 0
o~>m 0°C 10 125°C 05
Peak output current 25°C 2.1 2.1 A

TAIl 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 (tyw < 10 ms, duty cycle < 5%

must be taken into account separately.

). Output voltage changes due to changes in internal temperature
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uA7924M, uA7924C electrical characteristics at specified virtual junction temperature,
V| =-33V, 10 = 500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONSt uA7924M uA7924C UNIT
MIN TYP  MAX MIN TYP MAX
25°C -23 24 —25 -23 24 —-25
Io=5mAto1A, l Vy=-28Vto-38V|-55°Cto 150°C | —22.8 —25.2 v
Output volitage - =
P<15W | Vi=-27V1to -38V] 0°Cro 125°C —228 —25.2
Input ati Vy=-27Vto-38V PR 18 240 18 480 v
ut regulation S m
put ree V1= 30Vt 36V 6 120 & 240
" - —55°C to 150°C 54 60
Ripple rejection V| =-28Vto -38V, f =120 Hz 5 - dB
0°Ct0125°C 54 60
. I0=5mAto15A o 12 240 12 480
Output regulation 25°C mvV
10 = 250 mA to 750 mA 4 120 a4 240
Temperature coefficient 0°C to 150°C —1
mperatu I0=5mA . - mv/C
of output voltage 0°Cto 125°C —1
Output noise voltage f=10 Hz to 100 kHz 25°C 600 600 MY
Dropout voltage Io=1A 25°C 1.1 11 v
Bias current 25°C 15 3 15 3] mA
V|=-28Vto-38V —55°C to 150°C 1
. V= —27Vto-38V 0°C to 125°C 1
Bias current change = = mA
—55°C to 150°C 0.5
Io=5mAto1A = '3
0°Ct0125°C 0.5
Peak output current 25°C 21 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 voitage changes due to changes in internal temperature

must be taken into account separately.
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LINEAR
INTEGRATED CIRCUITS

SERIES uA79M00
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 OUTPUT OPERATING OPERATING
No E o . VOLTAGE |TEMPERATURE RANGE|TEMPERATURE RANGE
¢ No External Components 5V UA7IMOSM LA79MO5C
o Internal Thermal Overload Protection -6V uA79MOBM UA79MO6C
o Direct Placements for Fairchild uA79MO00 Series -8V uA7IMOBM UAT9MOBC
. L . —12v UATIM12M uA79M12C
e High Power Dissipation Capability 15V GATOMISM UATIMIEC
e Internal Short-Circuit Current Limiting ~20V UA79M20M uA79M20C
e Output Transistor Safe-Area Compensation el UATIM24M UAT9M24C
PACKAGES LA KC,KD, and LA
description schematic
common
This series of fixed-negative-voltage monolithic T

integrated-circuit voltage regulators is designed to
complement Series uA78MO00 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
use as fixed-voltage regulators, these devices can be

a5 K
T063k

17k
08k

used with external components to obtain adjustable S L
output voltages and currents and also as the power Lw 5."’2 o don
pass element in precision regulators. 22k -

200 0.2
terminal assignments Resitor vatuss shown are nomina and 1n ohms, NPUT
KC PACKAGE KD PACKAGE LA PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)

OUTPUT
: . > OQUTPUT \
Q > -5 INPUT O ~————INPUT ‘COMMON
= ——= COMMON [>—————=COMMON \J
INPUT
TO-220AB TO-202AB

= OUTPUT

T

TEXAS INSTRUMENTS
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SERIES uA79M00
NEGATIVE-VOLTAGE REGULATORS

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

uA79MO5M | uA79MOSC
THRU THRU UNIT
uA79M24M | uA79M24C
uA79M20, uA79M24 —40 —40
Input voltage v
All others , —35 -35
KC (TO-220AB) package 2 2
Continuous total dissipation at 26°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 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 I 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
uA79M06 -8 25
uA79M08 —10.5 —25
Input voltage, V) uA70M12 —14.5 -30 \Y
uA79M15 -17.5 -30
uA79M18 -23 -35
uA79M24 —27 -38
Output current, |o 500 mA
o [uA79MOSM thru uA79M2aM | -85 150 |
Operating virtual junction temperature, T (o]
| UA79MOBC thru uA79M24C 0_ 125

TEXAS INSTRUMENTS




TYPES uA79MO5M, uA79M05C
NEGATIVE-VOLTAGE REGULATORS

uA79MO5M, uA79MOSC electrical characteristics at specified virtual junction temperature,

V| =-10V, Ig = 350 mA (unless otherwise noted)

A79MO5M A 0!
PARAMETER TEST CONDITIONS? - uA7IMOSC UNIT
MIN  TYP MAX [MIN TYP MAX
25°C 48 -6 -52|-48 -5 -52
Output voltage 10=5mAt0 350 mA, V) = =7 V to 25 V/ —55°C to 152 C|475 -5.25 v
0°Ct0125°C -4.75 -5.25
Vi=-7Vto—25V R 7 50 7 R0
Input regulati 25°C \Y
nput requlation V|- 8Vt -18V 3 30 3 30"
—55°C to 150°C 50
) o Vi=-8V1o-18V, |ig=100mA >~ >
Ripple rejection f=120H 0°C to 125°C 50 dB
= z
10 = 300 mA 25°C 54 60 54 60
10 = 5 mA to 500 mA o 75 100 75 100
Output regulati 25°C \
Hiput reguiation 10 = 5 mA t0 350 mA 50 50 ™
Temperature coefficient —55°C to 150°C -0.4 o
mee coe 10=5mA 8 S mv/°C
of output voltage 0°C to 125°C 0.4
Output noise voltage f=10Hz to 100 kHz 25°C 125 125 %
Dropout voltage 25°C 1.1 1.1 v
Bias current 25°C 1 2 1 2| mA
—55°C to 150°C 0.4
Vi=-8Vto-25V - o
8 e 0°C to 125°C o4]
n
1as current change —55°C I 150°C 04 m.
1o = 5mA to 350 mA - =
0°Cto 125°C 0.4
Short circuit o
ort eireul Vi =-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-uF capacitor across the output. All characteristics except noise

voltage and ripple rejection ratio are measured using pulse techniques (ty < 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 uA79MOGM, uA79M0O6GC
NEGATIVE-VOLTAGE REGULATORS

uA79MO6M, uA79MO6C electrical characteristics at specified virtual junction temperature,
Vi=-11V,lg= 350 mA (unless otherwise noted)

uA79M06M uA79MO6C
EST CONDITIONS? = ] UNIT
PARAMETER T MIN TYP MAX |MIN TYP MAX
25°C -575 —6 —6.25|-575 6 —6.25
—55°C to 150°C |-5.7 3 v
Output voltage 10=5mA to 350 mA, V| = —8 V to =25 V [~ C 2 -
0°C to 125°C —5.7 —6.3
Vj=-8Vto-26V o 7 60 7 60
1 t lati 25°C \Y
nput regulation V- -9Vio-19V 340 T
—55°C to 150°C 50
A _ V|=-9Vto-19V, |[1g=100mA > Tt
Ftipple rejection 0°Cto 125°C 50 dB
£=120 Hz ~
Ig =300 mA 25°C 54 60 54 60
10 = 5 mA to 500 mA 80 120 80 120
Output regul o= mAte SR 25°C mv
10 = 5 mA to 350 mA 55 55
Temperature coefficient —55°C to 150°C —-0.4
10=5mA V.
of output voltage o=5m 0°C t0 125°C —0.4 mv/ e
Output noise voltage f =10 Hz to 100 kHz 25°C 150 150 uVv
Dropout voltage ) 25°C 1.1 1.1 \
Bias current 25°C 1 2 1 2| mA
~55°C 0° K
V)=-9Vito-25V 5°C 1o 150°C 04
Bias current ch: 0Cto125°C 04 A
¢ an
enang —55°C 10 150°C 04 m
10 =5 mA to 350 mA q S
0°C 10 125°C 04
Short circuit
creut Vy=-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 rej ratio are d using pulse (tw < 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 uA79MO8M, uA79M08C
NEGATIVE-VOLTAGE REGULATORS

uA79M08M, uA79MO8C electrical characteristics at specified virtual junction temperature,
V| ==19V, |g = 350 mA (unless noted)

A79MO8SM A79MO8!
PARAMETER TEST CONDITIONSt < = c UNIT
MIN TYP MAX| MIN TYP MAX
26°C -77 -8 -83[-77 -8 -83
o> o
Output voltage 1o = 5mA to 350 mA, V| = —10.5 V to —25 V —5? C to 15? C|-76 —8.4 \
0°Ct0 126°C -76 —8.4
Vi=—-105Vto—-25V 8 80 8 80
Input lati 25°C \
nput regulation Vi=—11V1o 21V 4 50 4 _so| "
—55°C to 150°C| 50
) o Vi=—115Vt0-215V,|Ig = 100mA o -0
Ripple rejection =120 H 0°C to 125°C 50 dB
= 2
10 = 300 mA 25°C 54 59 54 59
= A 90 1 160
Output 10 =5 mA to 500 m. 25°C 60 920 v
10 =5 mA to 350 mA 60 60
Temperature coefficient —55°C to 150°C —0.6 o
lo=5mA ” > v/°C
of output voltage o=>m 0°C 10 125°C -06 "
Output noise voltage f=10Hzto 100 kHz 26°C 200 200 BV
Dropout voltage 25°C 1.1 1.1 \
Bias current 25°C 1 2 1 2| mA
—55°C t0 150°C 04
V)=-105V to —25 V - =
Bi i 0°C t0 125°C 0.4 A
as current chan,
fes current change —56°C to 150°C 04 m
1o =5 mA to 350 mA > "
0°C t0 125°C 04
Short circuit o
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 rejecti

on ratio are

d using pulse

in internal temperature must be taken into account separately.

(tw < 10 ms, duty cycle < 5%). Output voltage changes due to changes
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TYPES uA79M12M, uA79M12C
NEGATIVE-VOLTAGE REGULATORS

uA79M12M, uA79M12C electrical characteristics at specified virtual junction temperature,
V| =-19V,1g=350mA (unless otherwise noted)

uA79M12M uA79M12C
PARAMETER TEST CONDITIONS' UNIT
MIN TYP MAX |MIN TYP MAX
25°C -115 —12 —125|-1156 —-12 —125
Output voltage —55°C 10'150°C |-11.4 -12.6 \2
1o =5mA t0 360 mA, V| = —14.5 V to =30 V — -
0°Cto 125°C —11.4 -12.6
V|=-145V t0 -30V o 9 80 9 80
Input I ! 25°C mV
Vy=-15Vto =26V 5 50 5 50
—55°C to 150°C 50
. L Vi=-15Vto-25V, | Ig =100 mA % >
Ripple rejection ¢ =120 Hz 0°Cto125°C 50 dB
10 =300 mA 25°C 54 60 54 60
10 =5 mA to 500 mA 5 240 5 24
Output regul o->mato m 25°C 8 8 0 mV
1o =5 mA to 350 mA 45 45
Temperature coefficient 10=5mA —505"8 to 15:)°C -0.8 vre
of output voltage 0°Cto 125°C —0.8
Output noise voltage | f = 10 Hz to 100 kHz 25°C 300 300 uv
Dropout voltage 25°C 1.1 1.1 \Y
Bias current 25°C 1.5 3 1.5 3| mA
—55°C to 150°C 04
V) =-145V to -30 V - 5
) 0°C 10 125°C 0.4
Bias current change = - mA
—55°C to 1560°C 0.4
10 =5mA to 350 mA o 3
0°C 10 125°C 04
Short circuit o
Vi=-30V 25°C 140 140 mA
output current
Peak output current 25°C 650 650 A

tAll characteristics are measured with a 2-F 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 (tyw < 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 uA79M15M, uA79M15C
NEGATIVE-VOLTAGE REGULATORS

uA79M15M, uA79M15C electrical characteristics at specified virtual junction temperature,
V) =-23V, '0 = 350 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS' LATIMIEM SATIMISC |\
MIN TYP MAX | MIN_TYP MAX
25°C —14.4 —15 —15.6] —14.4 15 —156]
Output voltage 10=5mA 10350 mA, V| = —17.5 V to =30 V —5:5°C to 15°0°C —14.25 —-16.75 \2
0°Ct0125°C -14.25 —15.75!
] V)=—-175V to —30 V R 9 80 9 80
Input regulation Vi = 18V —28V 25°C 50 7 ) mV
—55°C to 150°C 50
Ripple rejection :’: ;01:3: Ve ~285V)lo = 100 mA 0°Cto125°C 50 8
Ig = 300 mA 25°C 54 59 54 59
) 10 = 5 mA to 500 mA . 65 240 65 240
Output regulation To =5 mA 10 50 mA 25°C s re mV
Temperature coefficient 10=5mA —55°C 10 150°C —1 VPG
of output voltage 0°C to 125°C -1
Output noise voltage if =10 Hz to 100 kHz 25°C 375 375 uV
Dropout voltage 25°C 1.1 1.1 \%
Bias current 25°C 1.5 3 1.5 3 mA
—55°C to 150°C 04
V| ==175V to —30 V = -
Bias current change 0 Cto125°C 04 mA
10 = 5 mA to 350 mA —55°C to 150°C 0.4
0°C t0 125°C 04
Short circuit 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 rej

ratio are

using puise

in internal temperature must be taken into account separately.

(tw < 10 ms, duty cycle < §%). Output voltage changes due to changes
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TYPES uA79M20M, uA79M24C20C
NEGATIVE-VOLTAGE REGULATORS

uA79M20M, uA79M20C electrical characteristics at specified virtual junction temperature,
V| =-29V, lg = 350 mA (unless otherwise noted)

uA79M20M uA79M20C
PARAMETER TEST CONDITIONST UNIT
MIN TYP _MAX |MIN TYP MAX
25°C -19.2 —20 —20.8|-19.2 —20 —20.8
Output voltage I =5 mA 10 350 mA, V| - 23V 10 -35V —56°C to 150°C| —19 —21 \Y
0°Ct0 125°C —19 —21
Vi=-23Vto 35V 12 80 12 80
Input regulati 25°C mv
nput regulation V=24V 0 —34V 10 70 10 70
—55°C to 150°C 50
. e V|=-24V 10 -34V, |Ig =100 mA — =
Ripple rejection f=120 1 0°Ct0 125°C 50 dB
= z
1o = 300 mA 25°C 54 68 54 58
Io =5 mA to 500 mA 75 300 300
Output reg! o-SmAto i 25°C 5 mv
10 =5 mA to 350 mA 50 50
Temperature coefficient 10=5mA —505°C to 1500°C —1 VPC
of output voltage 0°Cto125°C -1
Output noise voltage . |f =10 Hz tg 100 kHz 25°C 500 500 Y
Dropout voltage 25°C 1.1 1.1 Vv
Bias current 25°C 1.5 3.5 15 35| mA
—55° 150° 0.4
V| =-23Vto 35V B5 C o 150°C
. 0°C t0 125°C 0.4
Bias current change S 5 mA
—55°C to 150°C 04
10 = 5 mA to 350 mA S ’y
0°C t0 125°C 0.4
Short circuit °
Vi=-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, g =350 mA (unless otherwise noted)

A79M24M
PARAMETER TEST CONDITIONS! = uATOM2AC__J it
MIN _TYP MAX [MIN TYP MAX
25°C -23 —24 25| -23 —24 25
—55° °C [ —22. —25. \"
Output voltage 10=5 mA to 350 mA, V| = =27 V to —38 v | oo C 10 150°C[ 228 2.2
0°C 10 126°C 228 —25.2
Vi=—27Vto 38V N 12 80 12 80
[ lati 25°C v
nput regulation V- 28V to —38V 12 70 1270 "
—56°C 10 150°C| _ 50
) e V| =-28V 10 -38V, [lg=100mA 210 %
Ripple rejection £ =120 Hz 0°C to 125°C 50 dB
10 = 300 mA 25°C 54 58 54 58
10 = 5 mA to 500 mA 75 300 75 300
Output r o mAte m . 25°C 3 mV
10 = 5 mA to 350 mA 50 50
Temperature coefficient —565°C to 150°C -1
lo=5mA — \7od
of output voltage 0=5m 0°C t0 126°C —1 m
Output noise voltage  |f = 10 Hz to 100 k4z 25°C 600 600 nY
Dropout voltage 25°C 1.1 1.1 \
Bias current 25°C 15 35 15 35| mA
—565°C to 150°C 0.4 :
V)=-27V1to-38V > =10 5
gia Ceoh 0°C 0 125°C oal
1, T chan
s current change 8 mA t0 350 mA —56°C to 150°C 04 m
=5m. (o]
° 0°C to 125°C 04
Short circuit
ort cireul Vy=-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 «#1d ripple rejection ratio are d using pulse (ty < 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 uA79M00
NEGATIVE-VOLTAGE REGULATORS

Maximum Continuous Dissipation—mW

Maximum Continuous Dissipation—mW

THERMAL INFORMATION

KC AND KD PACKAGES
FREE-AIR TEMPERATURE

DISSIPATION DERATING CURVES

2000
1800
1600

KC (TO-220AB) package
Derating factor = 16 mW/°C ]
__Rgya=625°C/W

1400 \ 41_0
£

1200 0%
> e
1000 ——+°7% D,
%3 e,
800 %K
RN
600

400 — KD (TO-202AB) package
| Derating factor = 12 mw/C

200

Rgya =~ 83.3°C/W |
0 L L
25 50 75 100 125 150
T —Free-Air Temperature—°C
FIGURE 1
LA PACKAGE FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVE
800
l 1 |
700 Derating factor 4.8 mW/°C _|
o
Rgya =~ 210°C/W
600 ]
400 AN
300 \\
200 - \\
100
0
25 50 75 100 125 150

T a—Free-Air Temperature—"C

FIGURE 3

MaximumContinuous Dissipation—W

Maximum Continuous Dissipation—W

KC AND KD PACKAGES
CASE TEMPERATURE
DISSIPATION DERATING CURVES

10 KC (TO-220AB) package
9 Derating factor = 250 mW/°C |
above 120°C
8 Rgyc~ 4°C/W 1
7 \\
6
: \
: \
3
KD (TO-202AB) package z
2 [—Derating factor = 80 mW/°C —
1 | above 56°C \
Rgyc = 12.5°C/W
0 L 1
25 50 75 100 125 150
Tc—Case Temperature
FIGURE 2
LA PACKAGE CASE TEMPERATURE
DISSIPATION DERATING CURVE
6 I I [
Derating factor = 40 mW/°C
5 above 25°C
Rgyc =~ 25°C/W
4
3
2
1
0

0 25 50 75 100 126 150
Tc—Case Temperature—°C

FIGURE 4
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SPECIAL FUNCTIONS SELECTION GUIDE

Device

SE555
TL182
TL185
TL188
TL191
TL440
TL441
TL500
TL502
TL560
TL601
TL604
TL607
TL610
uA733

Description

Precision Timer

Twin SPST BI-MOS Analog Switches

Twin DPST BI-MOS Analog Switch

Dual Complementary SPST BI-MOS Analog Switch
Twin Dual Complementary SPST BI-MOS Analog Switch
Zero Voltage Switch

Logarithmic Amplifier .

Analog Processor .

Digital Panel Meter Logic Device

Precision Level Detector

SPDT BI-MOS Analog Switch with Dual AND Inputs .
Dual Complementary SPST BI-MOS Analog Switch
SPDT BI-MOS Analog Switch with Enable

SPDT BI-MOS Analog Switch with Triple AND Inputs
Differential Video Amplifier .

Page

295
305
308
311
314
317
323
330
331
333
339
339
339
339
345
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LINEAR
INTEGRATED CIRCUITS

TYPES SE555, NE555
PRECISION TIMERS

BULLETIN NO. DL-S 7612053, SEPTEMBER 1973—REVISED JUNE 1976

FORMERLY SN52555, SN72555

e Timing from Microseconds to Hours
e Astable or Monostable Operation
e Adjustable Duty Cycle

o TTL Compatible Output Can Sink or
Source up to 200 mA

e Designed to be Interchangeable with
Signetics SE555/NE555

description

The SE555 and NE555 are monolithic timing circuits
capable of producing accurate time delays or oscilla-
tion. In the time-delay or monostable mode of opera-
tion, the timed interval is controlled by a single ex-
ternal resistor and capacitor network. In the astable
mode of operation, the frequency and duty cycle
may be independently controlled with two external
resistors and a single external capacitor.

The threshold and trigger levels are normally two-
thirds and one-third, respectively, of Vcc. 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
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
and can be used to initiate a new timing cycle. When
the reset input goes low, the flip-flop is reset and the
output goes low. When the output is low, a low-
impedance path is provided between the discharge
terminal and ground.

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.

CONTROL

functional block diagram Ve VOLTAGE

8) 15)

THRESHOLD

[comP

2)

TRIGGER

GND DISCHARGE

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

CONTROL
DIS- THRES-VOLT-
Ve CHARGEHOLD  AGE

LIRB I KR R]
1[]2]]3]]4
GND TRIG. OUT- RESET

GER P

L PLUG-IN PACKAGE
(TOP VIEW)

Vee

CONTROL
VOLTAGE

RESET

PIN 1 1S IN ELECTRICAL
CONTACT WITH THE CASE

ouTPUT

R a

FLIP-FLOP
s
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TYPES SE555, NE555
PRECISION TIMERS

schematic
vee Bl ° . °
>
47k 3830 a7k 31k
A 1
b 5k$ E
1 39k$
(6) h| 3
THRESHOLD S0k L outpur
@
CONTROL _(5) %
VOLTAGE
[
r"_{:_‘ Son ¢ T
(2)
T b K
4 [
RESET _f 0_.’: 20 {
DISCHARGE r
}—0 i 10k i,mok 1:51;1 a7k
GROUND ,J, *
100
Resistor values shown are nominal and in ohms.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’
Supply voltage, V¢ (see Note 1) . 18V
Input voltage (control voltage, reset, threshold, tngger) . Vce
Output current +225 mA
Continuous total dlssmanon at (or below) 25 C free -air temperature (gee Note 2) . 600 mW
Operating free-air temperature range: ~ SE555 . —-55°C to 126°C
NE555 . 0°C to 70°C
Storage temperature range . —65°C to 150°C
Lead temperature 1/16 inch from case for 60 seconds JG or L package . 300°C
Lead temperature 1/16 inch from case for 10 seconds: P package 260°C
NOTES: 1. All voltage values are with respect to network ground terminal.
2. For operation above 25°C free-air P , refer to Dissi Derating Curves, Section 2.
recommended operating conditions
SE
555 NE555 UNIT
MIN NOM MAX [MIN NOM MAX
Supply voltage, Voo 4.5 18 4.5 16| V
Input voltage, V| (control voltage, reset, threshold, trigger) Vee Vee| V
Output Current, Ig +200 +200| mA
Operating free-air temperature, T o ~55 125 0 70 °C
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TYPES SE555, NE555
PRECISION TIMERS

electrical characteristics at 25°C free-air temperature, VGG =5 V to 15 V (unless otherwise noted)

PARAMETER TEST CONDITIONS SESSS NESSS UNIT
MIN  TYP MAX |[MIN TYP MAX

Threshold voltage level as a

66.7 66.7 %
percentage of supply voltage
Threshold current (see Note 3) 0.1 025 0.1 025 HA
R Vee=15V 4.8 5 52 5
Trigger voltage level Vo5V 145167 ) 167 Vv
Trigger current 0.5 0.5 uA
Reset voltage level 0.4 0.7 1 0.4 0.7 1 \
Reset current 0.1 0.1 mA
Control voltage Vec=15V 9.6 10 104 9 10 11 v
(open-circuit) Vee=5V 29 33 38 |26 33 4
loL=10mA 0.1  0.15 0.1 025
Veg= 15V 1oL = 50 mA 04 05 04 075
Low-level output voltage loL = 100mA 2 22 2 25 A"
loL = 200 mA 25 25
Veg=5V loL=5mA 0.25 0.35
loL = 8mA 0.1 0.25
. Vee= 16V I0H = =100 mA 13 133 12.756 133
High-level output voltage loH = —200 mA 12,5 12.5 \
Vec=5V I0H = —100 mA 3 33 275 33
Output low, Vee=15V 10 12 10 15
Supply current No load Vee=5V 3 5 3 6 mA
Output high, Vee=15V 9 1" 9 14
No load Veec=5V 2 4 2 5

NOTE 3: This parameter influences the maximum value of the timing resistors R o and Rg. For example when Vg = 5 V the maximum
value is R = Ra+Rg ~ 20 MQ.

operating characteristics, Vcc =5 V and 15 V

SES55 NES55
PARAMETER TEST CONDITIONS? UNIT
MIN  TYP MAX [MIN TYP MAX

PRy
T||Il|a| E.ICCUVBCY of Ra =1k to 100 k.| T4 = 25°C 05 2 f %
timing interval

Temperature coefficient Ta =MIN

Rg = 100 k 30 100 50 c
of timing interval B =010100 ke, to MAX ppm/”
Suppl It itivi

MPPly voltage sensitlvity C=0.1uF Tp=25°C 005 02 0.1 %IV
of timing interval
Output pulse rise tii 100 100

utput pulse rise lnme CL = 15pF, Tp=25°C ns
Output pulse fall time 100 100 ns

For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
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TYPES SE555, NE555
PRECISION TIMERS

Pulse Width Relative to Value at Vee = 10 V

VQL-Low-Level Output Voltage—V.

LOW-LEVEL OUTPUT VOLTAGE

vs
LOW-LEVEL OUTPUT CURRENT

TYPICAL CHARACTERISTICST

LOW-LEVEL OUTPUT VOLTAGE

vs
LOW-LEVEL OUTPUT CURRENT

LOW-LEVEL OUTPUT VOLTAGE
Vs

s
LOW-LEVEL OUTPUT CURRENT

0 ==
TEvec=15V ‘l
HH > A }
18| . > - ]
! H 3 o2 1
3 £ Ta - -55°C
H S e g
S 8 3 o7 HH s
125°c 3 £ oa . -
3 3 25°C
H 3 o2f— iy
5 H i a-
H <4
== 3 % =
7 3
r 2 ? T i
> . <]
i > i
! I
001 Ll BEEEEY -
12 4 710 20 40 70100 12 4 710 20 40 70100 12 4 70 20 40 70100
1oL~ Low-Level Output Current-mA 1oL ~Low-Level Output Current-mA 1oL ~Low-Level Output Current-mA
FIGURE 2 FIGURE 3 FIGURE 4
MINIMUM PULSE WIDTH REQUIRED
FOR TRIGGERING
DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT SUPPLY CURRENT v
v v LOWEST VOLTAGE LEVEL OF
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE TRIGGER PULSE
20 TTTTT 10 150
o !
18l A" s5°C - No load
> al 2128 ——111
T 16 = 8 T
= 26°1 T a o £
S IS : wewe (22| 1T s
S UET :
[T 1 A S ] Ta--55°C_L—]
g Ta=125°CH L ] H 2
> 1.0 3 > e 1 E 75 9
1 | 3 3 Ta=0C
Soa 34 N A s5°C” | | | <
£ i 3 AT £ sk T = 25°C 1
506 g +—} R =
o -] o, 3 —
2 e | <, Ta=125°C E |
4 t £ —
VeC =5V 15V l 1 K \ a5
02 Foo A
LU 1 e |
0 L 0 it
12 4 710 20 40 70100 5 6 7 8 9 10 11 1213 1415 0 OIxvge 02xVee 0.3xVee 04xVee

10H—High-Level Output Current—mA
FIGURE 5

NORMALIZED OUTPUT PULSE WIDTH
(MONOSTABLE OPERATION)
vs

r
\

SUPPLY VOLTAGE

1015

1010

1.005

1.000

] 5 10 15 20
Vec-Supply Voltage—V

FIGURE 8

Vec-Supply Voltage—V
FIGURE 6

NORMALIZED OUTPUT PULSE WIDTH
(MONOSTABLE OPERATION)

vs
FREE-AIR TEMPERATURE

Lowest Voltage Level of Trigger Pulse
FIGURE 7

PROPAGATION DELAY TIME

v
LOWEST VOLTAGE LEVEL
OF TRIGGER PULSE

1015 T T 20
o Vee =10V
8
W 1010 g 250 1
< i
& £ N
5 1008 " 200 Tam0C
2 4 2 TA=-55°C
z ~—— H |
2 1000 - 5 150
§ M~ i —1= X |
& 0995 |— 8 100 Ta 25T _|
£ T ///& Ta=70"C
= 0990 % s O ]
3 Ta = 125°C]
I |-

985 — 0

-76 50 -25 0 26 50 75 100 125 0 0axVge 02xVee 03xVee 04xVec

Ta-Free-Air Temperature—"C

FIGURE 9

1Data for temperatures below 0°C and above 70° C are applicable for SE655 circuits only.

Lowest Voltage Level of Trigger Pulse

FIGURE 10

TEXAS INSTRUMENTS



TYPES SE555, NE555
PRECISION TIMERS

TYPICAL APPLICATION DATA

monostable operation g‘«:‘l‘k‘ ;.“r“
I See Fiowre 11
Vee (5Vto 15V) ” " “
| U U ]
INPUT VOLTAGE
@ 8 RL3 $Ra .
RESET Vee @ §
(2 ouTPUT ouTPUT 2 — —h 1 _
INPUT —=1 TRIGGER N
SE555/NE5S55 @ E
DISCHARGE |~ S

[l

OUTPUT VOLTAGE
(5) |CONTROL

r‘ 6]
VOLTAGE THRESHOLD (6) h
GND -

0.01 uF
T Ig T : {Ulmlm AIIRY;

AY
PA
o

Time—0.1 ms/div

FIGURE 11-CIRCUIT FOR MONOSTABLE OPERATION FIGURE 12-TYPICAL MONOSTABLE WAVEFORMS

The SE555 and NE5655 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 Ra * 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 ty = 1.1 RAC. Figure 13 is a plot of 10
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 107!
during the time interval. E

3
Applying a negative-going trigger pulse simul- ot 1072
taneously to the reset and trigger terminals during the F:}
timing interval will discharge C and re-initiate the 5 10-3
cycle, commencing on the positive edge of the reset |; /
pulse. The output is held low as long as the reset +
pulse is low. When the reset input is not used, it 104
should be connected to Vcc 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 SE555, NE555
PRECISION TIMERS

. TYPICAL APPLICATION DATA
astable operation T

Rp=3ki
[-C=0154F

Ve BV 015 V) e

(4)| (8) RL Ra
RESET  Vce .
() outeut |2 OUTPUT k<)
TRIGGER N
SE555/NE555 1
DISCHARGE |2 8

ne 35 [
OPEN _ (5) [cONTROL
(See Note A) VOLTAGE  THRESHOLD (6) Jefufe- | oureurvoLTAGE
GND =c /\ ’\ /\ /\

o ARARAR

3
¥ VoL,

NOTE A: Decoupling the control voltage input (pin 5) to

ground with a capacitor may improve operation, " "
This should be fori | applicati Time—0.5 ms/div
FIGURE 14—CIRCUIT FOR ASTABLE OPERATION FIGURE 15—TYPICAL ASTABLE WAVEFORMS

Addition of a second resistor, Rg, 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/NESS5 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-Vcg) 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, th, is calculated
as:
100 k

th = 0.693 (Ra + RIC,

output low-level duration, ti, as:

t)= 0.693 (Rp)C.

1k
The total period is T = th + t] and frequency is :
1 1.44
f== f= ————
T %" " [Ra+2RgIC

The frequency of oscillation may be determined by
referring to the chart shown in Figure 16, which
relates free-running frequency, f, to the external 1
resistors RA and Rp and the external capacitor C.
Duty cycle, D, is determined by the values selected for

f—Free-Running Frequency—Hz
2
S

N
N

RA and Rp and may be calculated as: 0.1
0.001  0.01 0.1 1 10 100
D= _E.B_ . .
RA+ RB C—Capacitance—uF

FIGURE 16—FREE-RUNNING FREQUENCY
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TYPES SE555, NE655
PRECISION TIMERS

TYPICAL APPLICATION DATA

missing-pulse detector Ty

Vee (5Vto 15V)

4]
(4) (8) RL RA

INPUT RESET  Vcc @) §
(2) ouTPUT OUTPUT N INPUT VOLTAGE
TRIGGER 3
SE555/NES55 o %
DISCHARGE ‘ £
>

(5) JCONTROL OUTPUT VOLTAGE

] VOLTAGE  tHRESHOLD |6 /l
vourI GND T¢ /

I T 71

= -
A5T3644 vouiace
= 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.

vee=5V
AR 12800
}-C=002uF
o
See Figure 11
2 I
] INPUT VOLTAGE
>
o
)
I
3
g
=
o
s
oUTeuT VoL TAGE
I e A
CAPACITOR VOLTAGE

Time—0.1 ms/div

FIGURE 19-DIVIDE-BY-THREE CIRCUIT WAVEFORMS
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TYPES SE555, NE555

PRECISION

TIMERS

pulse-width modulation

Vee (5V to 15 V)

TYPICAL APPLICATION DATA

(4)[ -(3)

cLock _(2)
INPUT

MODULATION (g,
INPUT —

(See Note A)

RESET  Vce
ouTPUT

Ra

TRIGGER
SE555/NE555
DISCHARGE

CONTROL

VOLTAGE  THRESHOLD

(6)

GND

lu)

~C

NOTE A: The modulating signal may be direct or capaci-
tively coupled to the control voltage terminal. For
direct coupling, the effects of modulation source

voltage and

impedance on

SES555/NES55 should be considered.
FIGURE 20—CIRCUIT FOR PULSE-WIDTH MODULATION

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.

the bias of the

OuUTPUT

Sea Figure 20

OULATION INPUT VOLTAGE

em——

T
| |

CLOCK INPUT VOLTAGE

Voltage—2 V/div

TPUT VOLTAGE

A Il

AGE

l 'l cap cnolivm

FIGURE 21—PULSE-WIDTH-MODULATION WAVEFORMS

Time—0.5 ms/div

A sine-wave modulation signal is illustrated, but any wave-shape could be used.

pulse-position modulation

2)

MODULATION _ (5)
INPUT
(See Note A)

Vee (5V to 15 V)

OUTPUT

@ g RL¥ 3Ra
RESET Vee
output 2L
TRIGGER
SE555/NES55 7
piscHARGE [\
RB
CONTROL )
VOLTAGE  THRESHOLD
GND a<c
T
4 x

NOTE A: The modulating signal may be direct or capaci-
tively coupled to the control voltage terminal. For
direct coupling, the effects of modulation source

voltage and impedance on

SES55/N

E555 should be considered.

the bias

of the

FIGURE 22—CIRCUIT FOR PULSE-POSITION MODULATION

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

Voltage—2 V/div

Figure 22

DULATION INPUT VOLTAGE

OUTPUT VOLTAGE

/1
Y

L1

CAPACITOR VOLTAGE
1 L

Time—0.1 ms/div

FIGURE 23—-PULSE POSITION-MODULATION WAVEFORMS

triangular-wave modulation signal, however, any modulating wave-shape could be used.
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TYPES SE555, NE555
PRECISION TIMERS

TYPICAL APPLICATION DATA
sequential timer

vee
L] (8) 4 wl I (8)
Ra  33ka 4
RESET __ Vce $A RESET  vec | e 33ka RESET _ VCC
(3) | | (3)
2 2 2
o— @lipigeer  OUTPUT 1T 22 rRi66en  OVTPUT 1T % qi66en  OV™YT
s SE555/NE555 0.001 SE555/NE555 0.001 SE555/NES55 |7
DISCHARGE [{L4 uF DISCHARGE }Z)4 uF DISCHARGE uq
5) [conTROL 5) JcontroL (5) JconTROL
VOLTAGE  THRES E)*P VoLTaGe  THRES:[(6) VOLTAGE  THRES. |(6)
oo Moo oD HOLD ono HOLP T_‘
001 =ca [ 001 —=cg [001 L
W T T T =T " T« T T
CA=10uF 1 Cc=14.7 uF
Ra = 100 ka2 = RC = 100 ka2
OUTPUTA Ca=474F ouTPUT B
S closes momentarily at t = 0, Rg = 100 ka

FIGURE 24—-SEQUENTIAL TIMER CIRCUIT

OUTPUT C

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

OUTPUT A  fetwa twA = 1.1 RACA

twBl*T

OUTPUT B twg = 1.1 ReCp

Voltage—5 V/div

OUTPUTC.

fo—t-1,,c — twc = 1.1 RgCc

fe—t=0

t—Time—1 s/div

FIGURE 25—SEQUENTIAL TIMER WAVEFORMS

Printed in U.K.
T1 cannot assume ony responsibility for ony circuits shown
or represent thot they are free from patent infringement
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LINEAR
INTEGRATED
CIRCUITS

TYPES TL182M, TL182I, TL182C

TWIN SPST BI-M0S ANALOG SWITCHES

BULLETIN NO. DL-S 7612416, JUNE 1976

e  Functionally Interchangeable with Siliconix
DG 182 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 (Vyef). The
input threshold is related to the reference input by
the equation Vi = 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 Vih =
Vief+ 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 TL182l is characterized for operation from
—~25°C to 85°C, and the TL182C from 0°C to 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 Vge VL

NC-No internal connection
Switch positions shown are A inputs low.

TENTATIVE DATA SHEET

This document provides tentative information 1 EXAS INSTRUMENTS 305

on a product in the developmental stage. Texas
Instruments reserves the right to change or
discontinue this product without notice.



TYPES TL182M, TL1821, TL182C
TWIN SPST BI-M0OS ANALOG SWITCHES

functional diagram

o
.
1
|
]
1A --J
SWITCH POSITIONS

SHOWN ARE FOR

A INPUTS LOW
2 .
1
I
|

schematic (each channel)

Vie Vee

!

E TO OTHER HALF

S
w1

5
i
1

—ig
4—<¢

TO OTHER H
I »} OTHER HALF

Vee Vret

FUNCTION TABLE
(EACH HALF)

INPUT SWITCH
A S

L ON (CLOSED)
H OFF (OPEN)

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

Positive supply to negative supply voltage, Voo~ VEE 36 V
Positive supply voltage to either drain, Vgc — 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, V| — V| 33V
Logic supply to reference voltage, V| | — Vref 33V
Logic input to reference voltage, V| — Vyef 33V
Reference to negative supply voltage, Vyef — VEE 27V
Reference to logi¢c input voltage, Vief — V) .2V
Current (any terminal) . 30 mA
Continuous dissipation at (or below) 25 C free -air temperature N package . PR 1150 mW
L package (see Note 1) .. . . . . . 625mW

Operating free-air temperature range: TL182M . =55°C t0 125°C
TL182I ~25°C to 85°C

TL182C L 0°Cto 70°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: N package . 260°C

NOTE 1: For operation above 26°C free-air temperature, see Dissipation Derating Curves, Sectnon 2,

306 TEXAS INSTRUMENTS



TYPES TL182M, TL1821, TL182C
TWIN SPST BI-MOS ANALOG SWITCHES

electrical characteristics, VcCc =15V, VEE = =15V, VLL =5V, Vyef = 0 V (unless otherwise noted)

TL182M TL1821 TL182C
PARAMETER TEST CONDITIONS UNIT
MIN MAX |MIN MAX |MIN MAX
ViH High-level control input voltage TA = MIN to MAX |Vyg+2 Vyeft2 Vreft2 \
ViL Low-level control input voltage Ta=MINto MAX| Vief+0.8| Vi eft0.8| V,ef+0.8[ V
Tp=25C 1 10 20
IWH High-level control input current|V| =5V A 0 BA
Ta =MAX 20 20 20
TS Low-level control input current | V| =0 V Ta = MIN to MAX —250 —250 —250| wA
v 15V, [Ta=25°C 1 5 5
VD10V, VCCT 15V TA-MAX 100 100 100
1D (off) Off-state drain current Vg=-10V, EE A - nA
vi-ay [Nec=10V, [Ta-25°C 1 5 5
! VEE = =20 V[T A = MAX 100 100 100
Vec =15V, |[Ta=25°C 1 5 5
vp = —10v) € A
VEE = —15 V|T A = MAX 100 100 100
Is(off) Off-state source current Vg=10V, = nA
vieay  |Vec=10V, [Ta=25°C 1 5 5
! Veg = —20 V[T = MAX 100 100 100
On-state channel Vp=-10V,Vg=-10V, [Ta=25°C -2 -10 -10
ID(on)*IS(on) - - nA
leakage current V=08V TA = MAX —200 -200 —-200
Drain-to-source on-state Vp=-10V,Is=1mA, TA = MIN to 25°C 75 100 100 a
r
DSton) resistance V=08V TA = MAX 100 150 150
Icc Supply current from Voo 1.5 1.5 1.5
| Suppl tf V ° -5 -5 -5
EE upply current from VEE Both control inputs at 0V, Tp =25°C mA
e Supply current from V| | 4.5 4.5 45
Iref Reference current -2 —2 -2
Icc Supply current from Vo 1.5 1.5 1.5
i l} fi \Y -5 -5 —5
EE Supply current from Veg Both control inputsat 5V, Tp = 25°C mA
L Supply current from Vy | 4.5 45 45
Iref Reference current -2 -2 -2
switching characteristics, Vcc =10V, VEE=-20V, VLL =5V, Vyef =0V, Ta = 25°C .
TL182M TL1821 | TL182C
PARAMETER TEST CONDITIONS UNIT
. TYP TYP TYP
t, Turn-on time 175 175 175
on . R, =3009,C_ =30pF,  See Figure 1 ns
toff Turn-off time 350 350 350
PARAMETER MEASUREMENT INFORMATION
ViL=5V Vgee=15V 4 <10 ns 4 <10 ns

S
Vs o——————o 1% ol

A D E ]
.

ouTPUT INPUT A

RL = CL=30pF
1300 Q l

=  Vief=0 VEg=-15V
Cy_ includes probe and jig capacitance.
TEST CIRCUIT

Vg =3V for tonand —3 V for toff.

VOLTAGE WAVEFORMS

Vo=Vg—— Pl
RL*rDs(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
Printed in U.K.
TI cannot assume any responsibility for any circuils shown
o tepesent il hey v e ftom. patet infringement TEXAS INSTRUMENTS

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




LINEAR TYPES TL185M, TL1851, TL185C

INTEGRATED TWIN DPST BI-MOS ANALOG SWITCHES
cIRcUITs BULLETIN NO, DL-S§7612417, JUNE 1976

e  Functionally Interchangeable with Siliconix e JFET Inputs

DG185 with Same Terminal Assignments e  Uniform On-State Resistance for Minimum

o  Monolithic Construction Signal Distortion
e  Adjustable Reference Voltage : e  +10-V Analog Voltage Range
[ 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 jnput DUAL-IN-LINE PACKAGE (TOP VIEW)

by the equation Vih = 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 6115 !l 12 f 10 9

The output switches are junction field-effect tran-

r
|

sistors featuring low on-state resistance and high Il

off-state resistance. The monolithic structure ensures | L

uniform matching. V| ATk T Ty ——

BI-MOS technology is a major breakthrough in linear ! 2 3 4 s 6 7 8

integrated circuit processing. BI-MOS has ion im- 1D1 NC 1D2 1S2 251 2D1 NC 2D2
“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 avail-
able only as expensive hybrids to be monolithic.

bipolar, MOS, and CMOS logic families. Threshold

compatibility may, again, be determined by Vin =

Vigf +1.4Y.  ~
-
I
I

NC—No internal connection
Switch positions shown are for A inputs high.

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 TL185l is characterized for operation from
—25°C to 85°C, and the TL185C from 0°C to 70°C.

TENTATIVE DATA SHEET

308 Tnis document provides tentative information '] EXAS INSTRUMENTS
on a product in the developmental stage. Texas
Instruments reserves the right to change or
discontinue this product without notice.



TYPES TL185M, TL185I, TL185C
TWIN DPST BI-MOS ANALOG SWITCHES

functional diagram

181 281
D1 ——7\|~()—l I—o,/l'—zm FUNCTION TABLE
' ! (EACH HALF)
1D2 2D2
] l l ! SWITCH POSITIONS INPUT SWITCHES
152 1 : 252 SHOWN ARE FOR A 51 AND §2
L —_——— A INPUTS HIGH L OFF (OPEN)
7 H ON (CLOSED)
schematic (each channel)
Vio Vee
1__’} TO OTHER HALF
E: ;J js‘
< 1=
N sl
A —a} I
[ S2
— il zi
y
} TO OTHER HALF
Vee V,t_’

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, Voc — Vp
Drain to negative supply voltage, Vp — VEE

Drain to source voltage, Vp — Vg . .

Logic supply to negative supply voltage, V|_L VEE
Logic supply to logic input voltage, VL — V)|

Logic supply to reference voltage, V| { — Vef

Logic input to reference voltage, V| — Vef
Reference to negative supply voltage, Vyef —
Reference to logic input voltage, Vyef — V)
Current (any terminal) .
Continuous dissipation at (or below) 25 C free -air temperature N package

VEE

Operating free-air temperature range: TL185M
TL1851
TL185C .

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

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

NOTE 1: For operation above 25°C free-air temperature, see Dissipation Derating Curves, Section 2,

J package {see Note 1) .

30 mA

1150 mW

... . 1025mW
. —55°C t0 126°C
—25°C 10 85°C

0°C to 70°C

. 300°C

. 260°C

TEXAS INSTRUMENTS
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TYPES TL185M, TL1851, TLI85C
TWIN DPST BI-MOS ANALOG SWITCHES

electrical characteristics, VCC = 15V, VEE=—-16V, VLL =5V, Vref = 0 V (unless otherwise noted)

TL185M ]
PARAMETER TEST CONDITIONS TL185 TL185C uNnIT
MIN MAX [MIN MAX|MIN MAX
ViH High-level control input voltage Ta =MIN to MAX|V g+2 Vreft2 Vyeft2 \
ViL Low-level control input voltage TA =MINto MAX|  Vief+0.8] Vief+t0.8] Vi(eft0.8[ V
Ta=25°C 10 10 20
| High-level control input current( V=6 V A
IH 9 P! ! Ta = MAX 20 20 20] *
he Low-level control input current| V) =0 V TA = MIN to MAX —250 —250 —250| uA
Vec =16V, [Ta=25"C 1
Vo-10V. vCC- 15V TA»MAx 100 102 102
1D(off) Off-state drain current Vg=-10V, VEE —TRY TA —55°C 7 3 5 nA
vi=08v |CC C A
VEE = —20 V[TA = MAX 100 100 100
Vec =15V =25°
Vp=-10v Vcc_ 15V IA—:IISA(; 10(1) 102 ‘oz
Is(off) Off-state source current Vg=10V, VEE — 1_0 v TA ~55°C 7 s 5 nA
v =08V | cC LS
VEE = —20 V[T A = MAX 100 100 100
, + On-state channel Vp=—-10V,Vg=—10V, [Ta= 25°C -2 -10 -10 A
Dlon)*IS(on) ¢4 age current Vi=2V Ta - MAX 200 —200 200 "
. Drain-to-source on-state Vp=-10V,Ig=1mA, [T =MINto25°C 125 150 150 a
DS(on) resistance vi=2vV Ta = MAX 250 300 300
Icc Supply current from Voo 1.5 15 1.5
| Supply current from V| -5 — —5
EE pPly EE Both control inputs at 0V, T =25°C 5 mA
Lo Supply current from V| 45 4.5 4.5
Iref Reference current -2 -2 -2
Icc Supply current from Voo 1.5 1.5 1.5
1 Supply current from V -5 — —
EE pRly EE Both control inputsat 5 V, T = 25°C i 5 mA
I Supply current from V| 45 45 45
Iref Reference current -2 -2 -2
switching characteristics, VCC =10V, VEE = =20V, VL =5V, Vref =0V, TA = 25°C
TL185M
PARAMETER TEST CONDITIONS 8 TL18SI | TL185C UNIT
TYP TYP TYP
t Turn-on time 17!
t°" aron @ R =300 22, Cf_ =30 pF, See Figure 1 5 175 175 ns
off Turn-off time 350 350 350
PARAMETER MEASUREMENT INFORMATION
15V t, < 10ns t<10ns
vLL=5vT Tvcc— sv. s Emm
Vs oT———————ho/.C—— ! ! ov
OUTPUT [}
i ton —4—l
: =0 ———_—-:———-———SV
- \Y
P-D—-D—J ICL—JMF _os_vy‘_‘_ © f&—t tors
A

PUT el — e e — | ov
4 ouT Fo.1 Vo
l l Vo ,_J
= = —_——e— e e I e . —— v
Viet =0 Vgg=-15V 3
C_ indludes probe and jig capacitance.
TEST CIRCUIT VOLTAGE WAVEFORMS
RL
= Vg —————
RL + rDS(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 trail-

FIGURE 1

Vg =3V fortgnand —3 V for toff. Vo

ing edges of the output waveform,

Printed in U.K.
T connot assume any responsibility for any circuits shown

310 TEXAS INSTRUMENTS o represent thal they are. fiee from potent infringement
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LINEAR
INTEGRATED CIRCUITS

TYPES TL188M, TL188I, TL188C
DUAL COMPLEMENTARY SPST
BI-MOS ANALOG SWITCHES

BULLETIN NO. DL-S 7612418, JUNE 1976

e  Functionally Interchangeable with Siliconix
DG 188 with Same Terminal Assignments

e Monolithic Construction

e  Adjustable Reference Voltage

description

The TL188 is a monolithic, high-speed dual compli-
mentary SPST switch constructed using BI-MOS
technology. It consists of a JFET-input buffer,
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 (Vygf).
The input threshold is related to the reference input
by the equation Vith = Vef + 1.4 V. Thus, for TTL
compatibility, the Vref 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 Vih =
Viegf+ 1.4 V.

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 TL188, a high level at the input turns switch
S1on and S2 off.

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.

e  JFET Inputs

o  Uniform On-State Resistance for Minimum
Signal Distortion

e  +£10-V Analog Voltage Range

e TTL, MOS, and CMOS Logic Control
Compatibility

L
PLUG-IN PACKAGE (TOP VIEW)

Viu
ALL LEADS ARE
ELECTRICALLY INSULATED FROM THE CASE

N
DUAL-IN-LINE PACKAGE (TOP VIEW)

NC NC D2 S2 NC VEE Vret
“ 13 12 n 10 9 8

NC NC D1 s1 A

NC—No internal connection
Switch positions shown are for input A high.

TENTATIVE DATA SHEET

This document provides tentative information TEXAS IN ST RUM EN TS

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 TL188M, TL188I, TL188C
DUAL COMPLEMENTARY SPST BI-M0OS ANALOG SWITCHES

functional diagram

schematic

D2

SWITCH POSITIONS
SHOWN ARE FOR
INPUT A HIGH

Vi Vee

FUNCTION TABLE

INPUT

SWITCHES

S1

s2

OFF (OPEN)
ON (CLOSED)

ON (CLOSED)
OFF (OPEN)

144

4

VEE

Y

Vref

D2

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 voitage, V| — V|

Logic supply to reference voltage, V| | — Vyef

Logic input to.reference voltage, V|

Reference to negative supply voltage, Vief —

= Vref
VEE

Reference to logic input voltage, Vyef — V|

Current (any terminal)

Continuous dissipation at or below) 25 C fvee -air temperature N package

Operating free-air temperature range: TL188M

Lead temperature 1/16 inch from case for 60 seconds:
Lead temperature 1/16 inch from case for 10 seconds:

NOTE 1:

TL188I
TL188C

L package
N package

L package (see Note 1)

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

36V
33V

33v

L #22V

36V

33V

33V

33V

27V

.2V

30 mA

1150 mW

.. 625 mW
. —55°C to 125°C
—25°C to 86°C
0°C to 70°C

. 300°C

. 260°C

TEXAS INSTRUMENTS



TYPES TL188M, TL188I, TL188C
DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES

electrical characteristics, Vcc = 15V, VEE = =15V, VLL =5V, Vef = 0 V (unless otherwise noted)

TL188M TL188I TL188C
PARAMETER TEST CONDITIONS UNIT
) MIN MAX|[MIN MAX [MIN MAX
VIH High-level control input voltage TA = MIN to MAX |V ief+2 Vief+2 Vyef+2 v
ViL Low-level control input voltage TA =MINto MAX| Vef—0.8] V ef~0.8] V,ef—0.8] V
| High-level input Vi=5V Ta=2¢C 10 10 10} 1A
-level ntrol input current =
1H 9 cof P ! T - MAX 20 20 20| “
he 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 = =16 V[T 5 = MAX 100 100 100
ID(off) Off-state drain current > nA
ViH=2V, [Vec=10V, |Ta=25°C 1 5 5
Vi =08V [VEg = 20 V[T A = MAX 100 100 100
Vp=-10V[Vec =15V, [Ta=25°C 1 5 5
Vs =10V, |Vgg=-15V[TA = MAX 100 100 100
1S(off) Off-state source current o) nA
ViH=2V, [Vcc=10V, [Ta=25°C 1 5 5
ViL =08V |Vgg = —20 V|TA = MAX 100 100 100
On-state channel Vp=-10V,Vg=-10V, |Ta=25°C -2 -10 -10
1D(on)*!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 a
T
DS(on) resistance VIH=2V, V| =08V [Ta=MAX 150 150 150
lcc Supply current from Voo 1.5 1.5 1.5
I S 1 ent f \ -5 -5 —
EE upely current from VEE Both control inputs at 0 V, T = 25°C S mA
L Supply current from V| 45 4.5 4.5
Iref Reference current -2 -2 -2
Icc Supply current from Voo 1.5 1.5 1.5
| Suppl t f v -5 -5 -5
EE upply current from Vee Both control inputs at 5V, T = 25°C mA
e Supply current from V| 45 45 45
Iref Reference current -2 -2 -2
switching characteristics, VcCc = 10V, VEE = —=20 V, VLL =5V, V(ef =0 V, Ta =25°C
TL188M | TL188!I | TL188C
PARAMETER TEST CONDITIONS UNIT
TYP TYP TYP
t, Turn-on ti 175 175
on urnon time RL=3000,C=30pF,  See Figure 1 175 ns
toff Turn-off time 350 350 350
PARAMETER MEASUREMENT INFORMATION
vVeL=5v Vee =15V
t < 10 ns ty < 10 ns

o——mmem— 3V

/

ouTPUT

ov

= Vgg=-15V
T Vret=0  Vee ouTPUT
Cy includes probe and jig .
TEST.CIRCUIT
Vg=3V for tgn and —3 V for tys.
® T mm e e e — == —
Vo = V§ =——r—— Input A: Solid for testing S1, dashed for testing S2.
0 'SR+ Dston!

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 U.K.
TI cannot ossume any responsibility for any circuits shown
or represent that they are free from potent infringement

TEXAS INSTRUMENTS

AS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME

ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE

313



314

LINEAR
INTEGRATED
CIRCUITS

TYPES TL191M, TL191I, TL191C
TWIN DUAL COMPLEMENTARY
SPST BI-MOS ANALOG SWITCHES

BULLETIN NO. DL-S 7612412, JUNE 1976

e  Functionally Interchangeable with Siliconix
DG 191 with Same Terminal Assignments
e  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 ouffer, 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 Vi = 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 Vih =
Vief+ 1.4 V.

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 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 avail-
able only as expensive hybrids to be monolithic.

For the TL191, a high level at the input turns switch-
es S1on and S2 off.

The TL191 is characterized for operation over the
full military temperature range of —55°C to 1256°C,
the TL191!l is characterized for operation from
—25°C to 85°C, and the TL191 from 0°C to 70°C.

e  JFET Inputs

e  Uniform On-State Resistance for Minimum
Signal Distortion

e  +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  2st

1D1 NC 1D2 182 282 2D2 NC 2D1

NC—No internal connection
Switch positions shown are for A inputs high.

TENTATIVE DATA SHEET

TEXAS IN ST RUM EN TS This document provides tentative information

on a new product. Texas Instruments reserves
the right to change specifications for this
product in any manner without notice.



TYPES TL191M, TL191I, TL191C
TWIN DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES

functional diagram FUNCTION TABLE

181 281 (EACH HALF)

I | INPUT SWITCHES
101 201
T A S1 S2

L OFF (OPEN) ON (CLOSED)

' [}
1
102 ———elb ) 1 &——2D2 H ON (CLOSED) OFF (OPEN)
) '
182 ! !
|
L

T 282 SWITCH POSITIONS
J SHOWN ARE FOR
A INPUTS HIGH

schematic
T
- ol )
—]: o

> i TO OTHER HALF

Vee Vret

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

Positive supply to negative supply voltage, VEC=VEE . . . . . . . . ... 3BV
Positive supply voltage to either drain, VeC—VD . . . . . . . . . . . . . . . . . .. ... .. =3V
Drain to negative supply voltage, VD = VEE . . . . . . . . . . . . . ... .. . . . .. 33V
Drain to source voltage, VD — Vg . . e e s s s L x22y
Logic supply to negative supply voltage, VLL VEE < - "2
Logic supply to logic input voltage, V| | — V| T < A V]
Logic supply to reference voltage, VLI — Vref . . . . . o o oo .. . . . 33V
Logic input to reference voltage, V| — Vyef L < 2.2
Reference to negative supply voltage, Vief —VEE . . . . . . . . . . . . . . .. e e e e 2TV
Reference to logic input voltage, Vyef — V| LA 2
Current (any terminal) . e e e . .. ... ... 30mA
Continuous dissipation at (or below) 25 C free -air temperature N package L. e e e . ... 1150mW
J package (see Note 1) oo . .. . . 10256 mW

Operating free-air temperature range: TL19IM . . . . . . . . . . . . . . . .. . . . .-55°Cto125°C
TLION L L L L. .. —25°Ct085°C

TLi9IC L L. L ... .. ...... 0Ctw70C

Lead temperature 1/16 inch from case for 60 seconds: J package e e oo ... ... ... ...300C
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



TYPES TL191M, TL191I, TL191C
TWIN DUAL COMPLEMENTARY SPST BI-MOS ANALOG SWITCHES

electrical characteristics, VCC =15V, VEE=—15V,VLL =5V, Vref =0V (unless otherwise npted)

PARAMETER TEST CONDITIONS TL19T™ TL191) TL191C UNIT
MIN MAX [MIN MAX[MIN MAX
ViH High-level control input voltage TA = MIN to MAX|Vref+2 Vrett2 Vyeft2 v
ViL Low-level control input voltage Ta=MINto MAX|  Vieft0.8[ Vieft0.8] Vieft08| V
K Ta=25C 10 10 20
"H High-level control input current V| =5V HA
Ta = MAX 20 20 20
[ITH Low-level control input current [V =0 V Ta = MIN to MAX —250 —250 —250 | A
Vp-10V, Vcc=15V, [Ta=25°C 1 5 5
‘ Vg =-10V,|[Vgg = 15 V[T = MAX 100 100 100
1D(off) Off-state drain current - nA
ViH=2V, [Vcc=10V, [TA=25"C 1 5 5
ViL=08V [Vgg = —20 V[TA = MAX 100 100 100
Vp = -10V]Vcc =15V, |Ta=25°C 1 5 5
Vg=10V, |VEg=-156V|Ta=MAX 100 100 100
IS(off) Off-state source current 3 nA
ViH=2V, Ncc=10V, [Ta=25°C 1 5 5
V)L =08V [Vgg = —20 V[T = MAX 100 100 100
On-state channel Vp=-10V,Vg=-10V, [Ta=25°C —2 ~10 -10
ID(on)*1S(on) - - = nA
feakage current VIH=2V, V|L=08V [Ta=MAX —200 —200 —200
Drain-to-source on-state Vp=-10V,Ig=1 mA TaA=MINt025°C 125 150 150 a
r
DS(on) resistance Vig=2V, V| =08V [Ta=MAX 250 300 300
Icc Supply current from Vcc 15 1.5 1.5
[} Suppl t fi v —! —! -5
EE upply currant from “EE Both control inputs at 0V, Tp =25°C 5 5 mA
L Supply current from V 4.5 45 45
Iref Reference current -2 -2 -2
icc Supply current from Vo 15 15 1.5
I Suppl ent f v -5 -5 -5
EE upply current o™ _EE Botk control inputs at 5V, Tp =25°C mA
L Supply current from V| | 45 45 45
Iref Reference current -2 -2 -2
switching characteristics, V¢C =10V, VEE=—20 V, VLL =5V, Vref = 0V, TaA=25C
TL191M | TL1911 | TL191C
PARAMETER TEST CONDITIONS UNIT
TYP TYP TYP
1, Turn-on ti
on urn-on tme RL-=3000,CL=30pF,  SeeFigure 1 f—tro 178 175 ns
toff Turn-off time 350 350 350

PARAMETER MEASUREMENT INFORMATION
tf < 10ns

ViL=5V Vgc=15V

t T INPUT A

OuUTPUT

- Vief=0 VEg=-15V
Cy includes probe and jig capacitance.
TEST CIRCUIT
Vg=3V for top and —3 V for tff.
RL Input A: Solid for testing S1, dashed for testing S2.

Vo= Vsm’ VOLTAGE WAVEFORMS
VQ 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.K.
T1 connot assume any responsibility for any circuits shown
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LINEAR TYPE TL440C
INTEGRATED CIRCUITS ZERO-VOLTAGE SWITCH

BULLETIN NO. DL-§ 7611595, MAY 1972—REVISED JUNE 1976

FORMERLY SN72440

o Differential Amplifier Inputs e Internal Active Elements of Saw-Tooth

o A< Line Operation Generator for Proportional Control

e Capable of Triggering Several e 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 —
and zero-crossing trigger, intended primarily for a-c N Sy Ve VoA PUT Rihigh) Ritow)

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-

M AC/DC AC O0DET DC INHIBIT ST T
trolled, the active elements of a saw-tooth generator, INPUT COM INPUT COM GEN GEn

GE!
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
vpa' AC COMMON INPUT
Ac/DC ?
INPUT @ !
) 4 4k % '
I' 3k
3 L1} 10k
4 3
26RO DETECTOR
INPUT @
L
SENSOR INPUT (13— 2 as
Q3 Q4
10k
Viret) (12 10k X 37« 15k
25
ak
NP S,
N (H———4 a8
400 0k
oc common ()
ournur @ | O fmen
® @
Rilow) SAW TOOTH
GENERATOR

ouTPUT

Resistor values shown are nominal and in ohms.
tPin 11 is usually connected to tha AC/DC input, pin 1, unless a control circuit requiring hysteresis is desired. See Figure 4.

TEXAS INSTRUMENTS



318

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)

Peak current into AC/DC input

Peak current into zero-detector input

Peak output sink current (See Note 2) .

Continuous total power dissipation at (or below) 70 C free air temperature range
Operating free-air temperature range

Storage temperature range

15V
40 mA
30 mA

250 mA
. . 500 mW

. 0°C to 70°C
—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 v
Voltage at sensor or V(ref) input, VizorViz 6 v
Peak output current (See Note 4) 200 mA
Output pulse width 100 400 us
Operating free-air temperature, T a 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 sn

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 HA
Current into V(ref) input Vi2=6V, Vi3=4V 5 uA
Current into inhibit terminal required to inhibit output 20 MA
Peak output current (pulsing) Vg=0 75 100 mA
Output current (inhibited) Vig=1356V 1 A
25 k$2 connected to zero-
Output pulse width into resistive load detector input, 150 Mus
60-Hz power source
Average temperature coefficient of output pulse width (0°C to 70°C) 0.7 us/°C
Peak output voltage of saw-tooth generator Vy=12V 9 A
Voltage at AC/DC input(See Note 5) 9 115 \%

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 voitage.

See Figures 1 and 3.

TEXAS INSTRUMENTS



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 have a
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 Q8is inhibited, resulting in no output pujse 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 pulse 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 |
OUTPUT
° R20 PULSE
WIDTH
60 Hz Sk 15 kQ 100 ps
HEATER nsv 22 k2 150 ps
LOAD 42 kQ 300 us
TRIAC >
r aee(1)=m @r (‘}----.---.
G) '
5 o1 R14ka
]
sxa o .::I' o3 s %
SENSOR ! a1 10 ka2
1 XD2
R20
Bk A ¥oa E’:f
3
‘_L c 12
2T 250 uF /"\,\F [+ Qs
5V T R2 0 o
01uF 3 10k
32 10k
; ?«:m S R5 25 (1 ok
j 2 R310 k2 @
10k @_._ Qs o8
Y
0! 2 ¢
N

Ritrigger)t

FIGURE 1-ON-OFF HEATER CONTROL

T R{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

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).

2 @ 6| Qion o
I3 H £
& & <
s g5 3
) fa H
s H H
® 3 &3 &

2 2

1 1

0 o

Output Output Output
Putses Pulses Puises

Time —e Time ——e Time — =
(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 control 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.
e
ol s
HEATER ns
LOAD —'—ﬁ\
TRIAC &/ ey
T v @r AU
g
bor Mo
s os¥ $he
SENSOR 02 10 kit ey
az0
1$hi o3 da
.
. » an Tl
Lo ) on
Tnor ¢—O— N
17 Y
o1uf | -
)} 10k #Hn 18
ne RS 25 1 073
™
4 2 10m
AL I (6 >Q ) G 0
3
Rttt
"

FIGURE 3—-PROPORTIONAL HEATER CONTROL

1R (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 A 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 RY. 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.

neaten nsv Ra

L] me——

Avaw
o1
~d 03 4
e jos'
SensoR 1204 a1 0n
Rz |07 o4 v
185 M1 jos’
bd L
Ay ” -
&
018 Yo 2%
I om0
R
1ok

"
WB L 2]

\we

Ptggel*

TR(trigger) is adjusted so that the peak output is less than 200 mA.

FIGURE 4—-ON-OFF HEATER CONTROL WITH HYSTERSIS ADDED

B
A\
A \
st <
Output inhibited 4] l I ,'
7 |
/
" 7 | /’
£ 4 ] ’
H , /’ [} | ’/
]
¥ Y 4 ) | ’
3 7 } /
> ’/ : ] ’
> ’ H | Vg
4 H ] ,I
Output enabled P4 P
z - Y
W—/
A
N
8

V13-Voltags at Pin 13

FIGURE 5—HYSTERESIS CURVE FOR FIGURE 4

A—Circuit without added hysteresis (AV413 ~ 16 to 20 mV residual hysteresis)

B—Circuit with added hysteresis (AV 13 ~ 200 to 300 mV added hysteresis)

NOTE 1: Dotted lines represent discontinuous changes where the differential amplifier changes from inhibit to enable or vice-versa. Solid lines
represent stable states (inhibit or enable) of the differential amplifier.

Printed in U.K.

TI cannot assume any responsibility for ony circuits shown
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LINEAR TYPES TLA41M, TL441C
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 A, INPUT
zZ 7z B2

NC_ Cg2 CB2 GND B1
9

Wi M jizynijwe
et
F.‘-

log B2

e Excellent Dynamic Range

e Wide Bandwidth

e Built-In Temperature Compensation

e Log Linearity (30 dBV Sections) ... 1dBV
o Wide Input Voltage Range

l
VT2f{s e fss {1

Ca2 Vcc- Ca2’ INPUT v , INPUT V,
2 Al Y Y A2 CC+

OUTPUTS

Y« log A1 + log A2; Z= log B1 + B2
where: A1, A2, B1, and B2 are indBV, 0 dBV =1 V.
L Ca2. Ca2. Cga, and Cgy, 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
vee: @)
v @) @™
oUTPUT (), 'j_‘ L_L: 4@0u¥uv
. — o
wora O | | 6o R o o T
n A [~ s
c.;’@, 13)Ca2’
g L L b J W — @
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TYPES TL441M, TL44IC
LOGARITHMIC AMPLIFIERS

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

Supply voltages (see Note 1):
Ve
vee- - -
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 temperature range

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

8V
-8V
.. BV
30 mA
500 mW

—55 Cto 125°C

0°Cto 70°C
—65°C to 150°C

TL44TM TL441C UNIT
MIN NOM MAX [MIN NOM MAX
Input voltage for each 30-dBV stage 0.01 110.01 1 Vp-p
Operating free-air temperature, T —55 125 0 70 [9
electrical characteristics, Vcc+ =6V, Vcc—=-6V, Tao =25°C
TEST TLA4ATM TL441C
PARAMETER UNIT
FIGURE [MIN TYP MAX MIN TYP MAX
Differential output offset voltage 1 +25 +60 +40 mV
Quiescent output voltage 2 545 56 585|545 56 5.85 v
D-c scale factor (differential output),
3 7 8 10 6 8 12 |mV/dBV
each 30-dBV stage, —35 dBV to —5 dBV
A-c scale factor (differential output) 8 8 mV/dBV
D-c error at —20 dBV (midpoint
3 1 2 1 dBvV
of —35dBV to —5 dBV range)
Input impedance 500 500 Q
Output impedance 200 200 2
Rise time, 10% to 90% points, C| = 24 pF 4 20 30 20 30 ns
Supply current from Voot 2 145 185 23|145 185 23 mA
Supply current from Voo— 2 -6 -85-105| -6 —8.5-10.5 mA
Power dissipation 2 123 162 201|123 162 201 mwW

PARAMETER MEASUREMENT INFORMATION

DVM

FIGURE 1

PD =Vcesloe+ + Vee—

FIGURE 2

1
‘e
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TYPES TL441M, TL441C
LOGARITHMIC AMPLIFIERS

Scale Factor =

Error

PARAMETER MEASUREMENT INFORMATION

vees  Vee-

Vout(560 mv)
3

dBvV

- Mout(100 mv) = 0.5 Vour(560 mv) =05 Vout(18 m)|

VP!

~ Vout(18 mv)] mV
0

ovM

PULSE

501

NOTES:

Scale Factor

|GENERATOR]

A

1000 pF

TEKTRONIX
SAMPLING SCOPE
WITH DIGITAL
READOUT OR
EQUIVALENT

!

The input pulse has the following character-
istics: t,, = 50 ns, ty < 2 ns, ty < 2 ns,
PRR =10 MHz.

Capacitor C| consists of three capacitors in
parallel: 1 uF, 0.1 uF, and 0.01 uF.

o

. C_ includes probe and jig capacitance.

FIGURE 3 FIGURE 4
TYPICAL CHARACTERISTICS
TLA4IM TLA4IM
DIFFERENTIAL OUTPUT OFFSET VOLTAGE ~QUIESCENT OUTPUT VOLTAGE D-C SCALE FACTOR

D-C Error st Midpoint of 3008V Range—dBY.

Differential Output Offset Voltage—mV
8

vs
FREE-AIR TEMPERATURE

8

8

)
Veee 6V \\
10 veeo - -6V
See Figure 1
oL |
Z1s 50 25 0 25 50 75 100 125
Ta-FroeAir Tomperature="C
FIGURE 5
TL4A4M
D-C ERROR
vs
FREE-AIR TEMPERATURE
20
18
16
14
12
0 —
——1 ]
08
08
04 |— Veer T8V
Vee- = -6V
02 I Se0 Figure 3
oL |1
21 50 -2 0 2 s 75 100 125
Ta-FroeAir Temparature—"C
FIGURE 8

vs
FREE-AIR TEMPERATURE

vs
FREE-AIR TEMPERATURE

8 ”
>
o
36 3
g s P TL441C =i § 8]
H 1
i i
S :’
: . H
3
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Veer 6V i 2_vcc’.75v
v o -
Soa Figors 2 I A
L
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FIGURE 6 FIGURE 7
OUTPUT RISE TIME POWER DISSIPATION
vs vs
LOAD CAPACITANCE FREE-AIR TEMPERATURE
) 200
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0 |~ 60 | T—F— |
i
2 ] 2 w0 b— TLaarc = 1~
i &
ta == i
] 1 H
€ 3'%°
;; 10 E 80
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[ See Figure 4, ourpurs loaaea 20 [ See Figure 3
N i Pl ol 11
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Cy~Load Capacitance—pF TaA-FreeAir Temperature-"C
FIGURE 9 FIGURE 10
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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 V—1).

VBE = 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

INPUT
A1 0

ouTPUTS

FIGURE 11

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.

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 15-dBV stage in the pair. The
compensation pins may also be used to match the
transfer characteristics of input A2 to A1 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 levels

The recommended input voltage range of any one
stage is given as 0.01 volt to one volt. Input levels in
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

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

T8 1 T

14
A1 V——'\/\/vj
12
>

" AL il B BB

i > L B B

_ —— [ b I
2 e Ao 1 T

IlIIII’II'!iI‘I i

'ADJUSTED FOR MINIMUM ”

[SLOPE WITH 2ERO OFFSET)

||||HIIII|I\IIIIII||1\IIIIIINIIIIIIIIH

104 1003 02 a0 100

Input Voltege-V
FIGURE 12—-OUTPUT SLOPE AND ORIGIN ADJUSTMENT

&

TRANSFER CHARACTERISTICS *
OF TWO TYPICAL INPUT STAGES

2kQ, 1% U
B1 z
1/2 20k2g |” 03 L
TL441 < >
. , }
- 2k, 1% $ o2 Ll
B2 3 K OUTPUT oz
INPUT W—4 H
GND S 2k, 1% 3 [T
2k, 1% S ’
o1
—-H
L
= o Lk
Goor 0
FIGURE 13—UTILIZATION OF SEPARATE STAGES
TRANSFER CHARACTERISTICS
WITH BOTH SIDES PARALLELED
2k, 1% os
A1 % AAA
A2 2 20 k2 ¢ - 03
TLagr | ] > 3
1 z b + )
INPUT - 2k0. 1% OUTPUT 352
B2 z AAA—4 H
>
SND 2k, 1% § 2k, 1% S

1nput Voltage—V.

FIGURE 14—-UTILIZATION OF PARALLELED INPUTS
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TYPES TL441M, TL441C
LOGARITHMIC AMPLIFIERS

TYPICAL APPLICATION DATA

A1

Y
vecs =4V 2k
Tki 15 k0
A2 v

0g TLaa ORIGHS 20k
Voo <-4V o

INPUT 1004

N 2u .
Z Sore  ouTPUT

2k

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

072
Input Voltage-V

FIGURE 15-LOGARITHMIC AMPLIFIER WITH INPUT VOLTAGE RANGE GREATER THAN 80 dBV

A1
INPUT +
A + A2
i TLaa1
= Al -
v Y
= ap T o
See
B1 Note A ’T
INPUT
B B2

NOTES: A. Connections shown are for multiplication. For division, Z and Z connections are reversed.

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 = log W = log A + log B, or W = a{l09a A + logg B)

Division: W= A/B = logW = log A — log B, or W = a{loga A — loga B)

FIGURE 16—MULTIPLICATION OR DIVISION

0

OUTPUT W
(See Note B)

1
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TYPES TL441M, TL441C
LOGARITHMIC AMPLIFIERS

TYPICAL APPLICATION DATA

nR R R

Al R

v )
- N
INPUT 12 _J ouTPUT
A TLa41 _ B z w
k2 N o1 4 12

A2 ‘A o TLA41 5 T
R =
M
nR R

NOTE: R designates resistors of equal value, typically 2 k€2 to 10 k2. 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 = AN = log W = n log A, or W = a(n logg A)

FIGURE 17—RAISING A VARIABLE TO A FIXED POWER

2k 2k
A
INPUT e
SLOPE ouTPUT
ORIGIN -
20ke Al Y T
+ 12
+ TLaar |
A2 Y
2k0 =
2k
= = =

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

02,F
22k
INPUT a ; X i/ o
AY ouTPUT
0.2uF 320 ki 0.2uF 1
—K_ A2 7 A 1{—e o
22k I\
Gain |
Adi Tke STk
Gain Adj. TLaat
g = 400
for 30 dB = . 024F = =
NP ke
INUT o1 2 JIlT °
0.2,F »320 k! > 02,F OUTZPUT
]e_ 82 Z| WA |(—o o
ﬁ CA2CA2° CB2 CB2' 22k A
10 10 Gain
OPEN k) ki) Adj Tke S1ke
50 2 50 Gain Adj. = L
% ~ 400
= =+ { for 30 dB = = =
vee-

FIGURE 19—-DUAL-CHANNEL RF LOGARITHMIC AMPLIFIER WITH 50-d8 INPUT RANGE PER CHANNEL AT 10 MHz
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FUTURE PRODUCT
TO BE ANNOUNCED

TYPE TL500

ANALOG PROCESSOR

JUNE 1976

features
e Resolution . .. 13 Bits

e Linearity ... (+1 Count) 0.05% Full Scale
Max

e True Differential Input

e High Input Impedance . . . 108 Ohms Typ
e Automatic Zero

e Automatic Polarity

e Internal Precision Voltage Reference

e 200 Conversions/Second Typ

description

DUAL-IN-LINE PACKAGE (TOP VIEW)

SIGNAL INPUT 1 E
SIGNAL RTN. 2 E
Vet OUT 3 E

Vet IN 4 [:
ANALOG GND 5 E
REF CAP 6 [

REF CAP 7 E

BINPUT 8 E

A INPUT 9 [:

j 18 ZERO CAP

:l 17 ZERO CAP

:] 16 Vees

:] 15 BUFFER AMP OUT
:] 14 INTEGRATOR IN
[] 13nTEGRATOR OUT
:] 12 Ve

:] 11 DIGITAL GND

10 COMPARATOR OUT

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

(1)£| —~ g
(2)¢ — ’_o/]}

() |

ANALOG
INPUTS

ZERO I
capr T (‘7)0

|
(6) i 4
REF

CAP (7) I

FULL-SCALE
ADJUST

I (10)
— I LOGIC
1 | CONTROL
| TLSO1
A OR
LOGIC DECODE (C]] TLS02
INTERNAL SWITCHES B
T @)
TL500 L (16)
+O—Vcer
L6 anaros
VOLTAGE l(”l DIGITAL
REFERENCE 5o
GENERATOR | 121
+O—V¢c-

TENTATIVE DATA SHEET

This document provides tentative information 1 EXAS INSTRUMENTS

on a product in the developmental stage. Texas
Instruments reserves the right to change or
discontinue this product without notice.



FUTURE PRODUCT
TO BE ANNOUNCED

TYPE TL502
DIGITAL PANEL METER
LOGIC CONTROL DEVICE

JUNE 1976

features

e Compatible with TIL330 and T1L321
Common-Anode Displays, and Other
Popular Seven-Segment Common-Anode
Displays

e Over-Range Indicator
e Internal Segment Drivers
e Digit Base-Drive Outputs

description
The TL502 is a 4%-digit Digital Panel Meter Logic
Device. It is designed to interface with the TL500
analog processor, to provide base drive for the

external p-n-p digit drivers, and to drive LED
segments through external limiting resistors.

functional block diagram

e ———— e - 2000
| ouTPUT
osc I
INPUT |
QI—Vcc

MULTIPLEXER

CLOCK-ENABLE
CONTROL
LOGIC

BCD ~7-
SEGMENT
DECODER

COMPARE/
LAMP TEST

DIGIT-TRANSISTORS
BASE-DRIVE BUFFERS

SEGMENT
DRIVERS

|

|

|

TRIGGER/ __| | i

| |
I

| i

i .

l |

! 1'

| 1

DIGIT
OUTPUTS

A B SEGMENT
CONTROL QUTPUTS OUTPUTS

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.

Vees
(5] ANALOG
GNO
Low oigrrac
Ci: GND.
1
ULV

TTNE T Tweew 1 17
! colEe (or-] T
I e el @
COMPARE/ ORIVERS. T __‘:
o5 l:
-
— e T
vald 5 O
| - . L. l . ’ |
o [ o famle foule ble bl |
_GND_ J N E a

470pF TIL32) (@)

FIGURE 1- TYPICAL DIGITAL PANEL METER USING TL500 AND TL502

TENTATIVE DATA SHEET

This document provides tentative information TEXAS IN ST RU M EN TS

on a product in the developmental stage. Texas
Instruments reserves the right to change or
discontinue this product without notice.
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LINEAR TYPE TL560C
INTEGRATED CIRCUITS PRECISION LEVEL DETECTOR

BULLETIN NO. DL-S 7612400, MAY 1976

e Stable Threshold Level e Threshold Hysteresis
e Low Input Current e Wide Supply Voltage Range
e 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

Vce NC INPUT NC
vee BIBINIE
r T

in)
1112[]3]] 4
GND REF NC OUTPUT
OUTPUT
NC-—No internal connection
schematic
cc
03k
1.7k
25k
INPUT
V4 0.2k ‘OUTPUT
3k
13k
5 k 3k
GND
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, Vo (see Note 1) . . . . o . o o L Lo 7V
Inputvoltage {see Note 1) . . . . . . . . . . . L Vee
Output voltage (see Note 1) e e Y
Output sink current . e . .. . . .. . 180mA
Continuous total dussnpatlon at (or be|ow) 25 C free -air tempera(ure (see Note 2) e . ... . . . 800mW
Operating free-air temperature range . . . . . . . . . .+ o . o e e e e 0°C to 70°C
Storage temperature range . . ... . ........ =—85°Cto150°C
Lead temperature 1/16 inch from case §or 60 seconds L package ... ... ....... 3o0cC
Lead temperature 1/16 inch from case for 10 seconds: P package . . . . . . . . . . . . . . . .. 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

Supply voltage, VCC . . .« ¢ v o e e e e e e e e e e e e e e 25 5 7 \%
Low-level output current, |Q| e e e e e e e e e e e e 48 mA
Operating free-air temperature, TA . . . . . . . « - v« o « o oo 0 70 °C

electrical characteristics over recommended operating free-air temperature range, VCC = 5V
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX|UNIT
2 Positive-going threshold voltage' 2.8 3 32| Vv
Ratio of positive-going threshold
VrsiVee positive-going Vee=25Vto7V 06
voltage to supply voltage
V- Negative-going threshold voltage 0.4 0.6 0.8 \2

Input current below
T+ N . V=275V, Output on 2 30 | nA
positive-going threshold voltage

Input current above

- negative-going threshold voltage Vi=1v, Output off 12 HA
10(off) Off-state output current V=4V, Vo =25V 10 MA
VOo(on)  On-state output voltage V| =0, 10 = 48 mA 0.2 0.4 \

Iccloff)  Supply current, output off (each detector) V=4V 4.8 6.5 mA
IcClon)  Supply current, output on (each detector) Vi=0 10 15 | mA

tPositive- -going threshold voltage, V14, is the input voltage level at which the output changes state as the input voltage is increased.
1’Neonwe -going threshold voltage, V1_, 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 ONSTATE OUTPUT VOLTAGE
v w
SUPPLY VOLTAGE ON-STATE OUTPUT CURRENT
08 a1
> Ta 2 C " Vee sV j
s ! > o7pVico0 —
g 4 L+ I TA=25C
3 § 06 1 - {
2 [ > i
2, i 5 05— - ***/
[ I H
£ [ + 3 04 il
E) | g !
2, 1o, 1 i
8 ; 2 03 T
H e |
£ | | z 02 T
& t t s |
: ; S o1 .
£ * - > 1
> |
ol | _ o B —
2 3 4 5 6 7 0 25 50 75 100 125 150
Vee-Supply Voltage- V 10(on1 OnState Outut Voltage V.
FIGURE 1 FIGURE 2

THERMAL INFORMATION

DISSIPATION DERATING CURVE
1000 T I -

900 |- "]L'

PKG  DERATE FROM
L e4amw’C  25°C -
JG  74mwW/C  42°C

100 P 80mw/ C  s0°C |-

Maximum Continuous Dissipation—mW

f0Jy SR Y RN I R S
0 10 20 3 4 50 60

Ta—Free-Air Temperature-°C

FIGURE 3

NOTE 3: This rating for the L package raquires 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 VG 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, Q3, 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 V¢(: Vief = Voo R5/(R4+R5).
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TYPE TL560C
PRECISION LEVEL DETECTOR

TYPICAL APPLICATION DATA

6 [Vec=5V
p— Vo Ta=25°C
VTQ 5 it 1
INPUT 1 Vr_ RL > i
0 | g 4 1T
| HYSTERESIS | H
d
' 1 weut— [T ouTPUT L e T
[} 1 3 T VT+
— Vcc 3 2 P HYSTERESIS}—+ | |
s T
REFT >
R N U N S S S
OUTPUT ==—=a==V0(0n) — =
OPEN 0
0 05 1 15 2 25 3 35 4
V|~Input Voltage—-V
FIGURE 4—INPUT-OUTPUT TRANSFER FUNCTION
REFERENCE
l ! | 1 |
vee T T T T |
| | | | |
R6
| | 1 a7 |
| | | | |
| | $ra | a8 |
| : | | |
R3
INPUT [ 1 1 | !
| r‘ | | [ R? ouTPUT
| | | | |
Q9
| T | | |
Qa6 RS
! R1 bR ! ! R8 !
| | | | |
GND —T T T 1 |
| DIFFERENTIAL | HYSTERESIS | THRESHOLD | ouTPUT |
INPUT (POSITIVE FEEDBACK) REFERENCE DRIVER
| AMPLIFIER | 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, 08, 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. |f 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 Vcg 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 VC 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 hpg 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~ 2 k€ 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.

PY vee Vce
[
>

T I Vo 0 in) vo

—> .
& 7 C1
R2 y.
1 REF REF
= =
OPEN OPEN
~Vcc

Output turns off when V| > Vry

Output turns on when V| < Vr_ OUTPUT

R2

where V| = Voo === V0(on)

R1+R2
|' N ! t~ RyCT

FIGURE 6—-BASIC SENSOR CIRCUIT FIGURE 7—-BASIC TIMED-INTERVAL CIRCUIT
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TYPE TL560C
PRECISION LEVEL DETECTOR

TYPICAL APPLICATION DATA

Vee
SINK CURRENT

FIGURE 8—EXTERNAL N-P-N TRANSISTOR
FOR INCREASING SINK CURRENT

FIGURE 11-LONG-TIMED-INTERVAL CIRCUIT

— Vo Ls400
PHOTO #
—-l R
OFF I t TRANSISTOR #
s IO
LEVEL
on—-{ ADJUSTMENT
i REF
Rieedback
OPEN

NOTE A: This circuit can be used as a touch-
control switch with Rggedback = 10 M.
FIGURE 13-SWITCH WITH TWO
STABLE STATES

LOAD
p-vee

AC
) sounce

OPEN

FIGURE 16—-THYRISTOR DRIVER CIRCUIT

FIGURE 9—EXTERNAL P-N-P TRANSISTOR
FOR INCREASING SOURCE CURRENT

FIGURE 14—-LIGHT-LEVEL SENSOR

—_—
SOURCE CURRENT

FIGURE 10-RELAY DRIVER

Vee

CONDUCTIVE
LiQuio

OPEN

FIGURE 15—LIQUID-LEVEL SENSOR

NaWWal N
vi—)— Vo

OPEN

FIGURE 17-SINE-WAVE-TO-SQUARE-
WAVE CONVERTER
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LINEAR TYPES TL601, TL604, TL607, TL610
INTEGRATED CIRCUITS P-MOS ANALOG SWITCHES

BULLETIN NO. DL-S 7612401, JUNE 1976

®  Switches +10-V Analog Signals JG OR P DUAL-IN-LINE PACKAGE (TOP VIEW)
e TTL/DTL Logic Capability TL601

Vees s2 st Veeo

e 5-to 30-V Supply Ranges

8117

e Low (100 Q) On-State Resistance 2H

®  High (10" Q) Off-State Resistance

e  8-Pin Functions y
description

The TL601, TL604, TL607, and TL6E10 are a family

of monolithic P-MOS analog switches that provide ]

fast switching speeds with high roff/ron ratio and no -LLMBM

offset voltage. The p-channel enhancement-type MOS GND A B S

switches will accept analog signals up to £10 volts and TLE04

are controlled by TTL-compatible logic inputs. The

monolithic structure is made possible by BI-MOS Veer ST S2 Vec-

technology, which combines p-channel MOS with _ |B || 7 I 6 | Sl
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 multiplexing, integrators, programmable oper-
ational amplifiers, programmable voltage regulators, 1 2 3 4
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 TL610OM are
characterized for operation over the full military
temperature range of —55°C to 125°C, the TL601I, W

TL604!, TL6071, and TL610I are characterized for GND A ENABLE S
operation from —25°C to 85°C, and the TL601C,
TL604C, TL607C, and TL610C are characterized for TLE10

operation from 0°C to 70°C. Veer © s Veoo

iniRin'nk

8
TYPICAL OF TYPICAL OF
ALL INPUTS ALL SWITCHES
Vee-
’——Lo S
—I p-Vce+ s

7116
1 |2||3||4|

GND A 8 s

Switch positions shown are for all inputs high.
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TYPES TL601, TL604, TL607, TL610
P-M0S ANALOG SWITCHES

TL6O1 TL60A
s1 s1 __—o\r-—m
] 1
s H :
1
| A—s2 s2 4_;|/A s2
1
“-q :
A S A ~-J
B
FUNCTION TABLE FUNCTION TABLE
LOGIC INPUTS ANALOG SWITCH LOGIC INPUT ANALOG SWITCH
A B 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)
TLE10
s -0 K s
TL607 1
s ]
A ]
s1 ] H As2 B -
| | c
! |
| P, | FUNCTION TABLE
: | INPUTS ANALOG SWITCH
T A B _C s
A | L X X OFF (OPEN)
| X L X OFF (OPEN)
=== X X L OFF (OPEN)
ENABLE H H H ON (CLOSED)
FUNCTION TABLE
IWeuTe ] ANALOS SWITCH H = igh i vl
A )
L = low logic level
X L OFF (OPEN)  OFF (OPEN) X = irrolavant
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, VcC+ (see Note 1) . 30V
Supply voltage, VCC— . =30V
Vce+ to Voo— supply voltage dlfferentnal 35V
Control input voltage . Vee+
Switch off-state voltage . 30V
Switch on-state current e e e e .. . 10mA
Operating free-air temperature range TL601M TL604M TL607M TL610M e e e —55 C to 125°C

TL6011, TL604l, TL6O7I, TLE1OI . . . . . . . . . . . —25°C t0 85°C

TL601C, TL604C, TLEO7C,TL61OC . . . . . . . . . . . 0°C to 70°C
Storage temperature range . . . ... .....-65Cto150°C
Lead temperature 1/16 inch from case for 60 seconds JG package . 300°C
Lead temperature 1/16 inch from case for 10 seconds: P package . 260°C

NOTE 1: All voltage values are with respect to network ground terminal.
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TYPES TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

recommended operating conditions

TL60IM, TL604AM TL601I, TL604I TL601C, TL60AC
TL607M, TL61OM TL6071, TL610I TL607C, TL610C UNIT
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
Supply voltage, Vcc+ (see Figure 1) 5 10 25 5 10 25 5 10 25 \
Supply voltage, Voo (see Figure 1) -5 -20 ~25 -5 -20 —25 -5 -20 ~25 Vv
Vce+ to Vo supply voltage differential (see Figure 1) 15 30 15 30 15 30 \2
| Control input voltage 0 5.5 0 5.5 0 5.5 \4
Switch on-state current 10 10 10 mA
Operating free-air temperature, T —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 Vcc+ from +5V to +25 V is shown on the vertical axis. The range of supply Vce- from =6V to =25V is
shown on the horizontal axis. A recommended 30-volt maximum voltage differential from Vo4 to VoG- governs the
maximum Vcc+ for a chosen Ve (or vice versa). A minimum recommended difference of 15 volts from Voc+ to
Vee- and the boundaries shown in Figure 1 allow the designer to select the proper combinations of the two supplies.

Vce+ —Supply Voltage—V

RECOMMENDED COMBINATIONS
OF SUPPLY VOLTAGES

25—

20—

15

S

S
P
\

feee

i
+

|

1
|

SAFE
AREA

| |

I |

-15  -10

-5 0

Vce— —Supply Voltage—V

FIGURE 1
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TYPES TL6O1, TL604, TL607, TL610
P-M0OS ANALOG SWITCHES

electrical characteristics over recommended operating free-air temperature range,

Vee+ = 10V, Veg— = —20 V, analog switch test current = 1 mA (unless otherwise noted)
TLE~——M
TLE—-C
PARAMETER TEST CONDITIONS? JLe——) uNIT
MIN TYP! MAX [MIN  TYPI MAX
ViH High-evel control input voltage 2 2 \2
ViL Lowdevel control input voltage 0.8 08| Vv
Iy4  High-evel control input current | Vy =55V 0.5 10 0.5 10| WA
i Lowdevel control input current V=04V -50 -250 -50 —250( wA
. Switch oft Vi(sw) = =10V, Ta=26°C —400 -800 —500 —1000 | PA
oft  Switch off4tate current See Note 2 Ta = MAX 56 —100 10 <20 | nA
TL601
Visw] =10V, TL6O4 55 100 75 200
10(sw) = —1 mA TL607
Swi TL610 40 80 40 100 a
fon witch on-state TL601
Vi(sw) = =10V, TL604 220 400 220 600
10(sw) = =1 mA TL607
TL610 120 300 120 400
roff Switch offstate resistance 1% 1011 5 X 1010 Q
Con Switch on-state input capacitance | V() =0V, f=1MHz 16 16 pF
Coff Switch off state input capacitance [ Vi(sw) =0V, f = 1 MHz 8 8 pF
TLEOY
5 10 5 10
Logic input(s) TL604
at5.5 V Fmblu 5 10 s 10
Icc+ Supply current from Vec+ All switch input high TL607 mA
terminal Enabl
erminals . nable 3 5 3 5
open input low
TL610 5 10 5 10
TL601
-12 =25 -12 =25
Logic input(s) TL604
t55V, Enabl
® ) . Q_ -25 -5 -25 -5
Icc— Supply current from Voc— Al switch input high
. TL607 mA
terminals Enable
. -005 -05 —0.05 -05
open input low
TL610 -1.2 -25 -1.2 —2.5
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1Al typical values are at T = 26°C.
NOTE 2: The other terminal of the switch under test is at Voot = 10V,
switching characteristics, Voc = 10 V, Voo = 20V, Tp = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
toff  Switch turn-off time . 400 500
RL =1k, C_ =35 pF, F 2
ton  Switch turn-on time L L oF ., See Figure 100 150 "

342
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TYPES TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

PARAMETER MEASUREMENT INFORMATION

24V +10v

| OR ——0‘:’ ouTPUT - ———5V
) -10v N INPUT 50% %
PULSE ———-——d BL CL=35pF \__..._-/,50 ov

o ]
GENERATOF 1k /_D (See Note B) ton— | toff e

(See Note A) + =V
= = CT-Vo
OUTPUT __/w

TEST CIRCUIT VOLTAGE WAVEFORMS

1kh
1k +ron

Vo=1(10V)

NOTES: A. The pulse generator has the following characteristics: Zoyy = 50 2, t, = 16 ns, t¢ = 16 ns, t,, = 500 ns.
B. C__ includes probe and jig capacitance.

FIGURE 2

TYPICAL CHARACTERISTCS

SWITCH ON-STATE RESISTANCE
vs
SWITCH ANALOG VOLTAGE

SWITCH ON-STATE RESISTANCE
vs
FREE-AIR TEMPERATURE

1000 \\ I - . B E— 1000
700 - Ta =25°Cf 700
l Vifsw) = ~12V
G 400 G ] =1
1 7 400 Vigsw) = 11V
Q @ | —t]
é 200 % 200 ’
4
% [+ I _ sV //—\’"
s 100 2 100 Visw) ~
= © =
2 70 AN s KT v
© S T Ve =Y T
é Y. A N N L 40 T ]
3 S
i
§ 20 20
10(sw) = 1 mA
10 B S — — 10
-15 -10 -5 0 5 10 -75 =50 —26 0 25 50 75 100 125
Vi(sw)—Switch Analog Voltage~V TaA—Free-Air Temperature—°C
FIGURE 3 FIGURE 4
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TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

BULLETIN NO. DL-S 7611415, NOVEMBER 1970—RE VISED JUNE 1976

LINEAR
INTEGRATED CIRCUITS

FORMERLY SN52733, SN72733
e 200 MHz Bandwidth
e 250 kQ2 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 uA733C

description schematic
The uA733 is a monolithic two-stage video amplifier r r—':l—l N
with differential inputs and differential outputs. =
U :
Internal series-shunt feedback provides wide band- w{g‘*_',,, o - )
width, low phase distortion, and excellent gain T Y ‘m__«g}‘““‘
stability. Emitter-follower outputs enable the device 04 01 >
to drive capacitive loads and all stages are current-
source biased to obtain high common-mode and ou o L(;_m L(!m.. 1““

supply-voltage rejection ratios. g
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 uA‘733C
is characterized for operation from 0°C to 70°C.

terminal assignments

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

L
PLUG-IN PACKAGE (TOP VIEW)

U FLAT PACKAGE
(TOP VIEW)

GAIN  GAIN
INPUT SELECT SELECT
2 NC G2 G1B Vcer N

ouTPUT
c 2

I[] 415
INPUT NC_GAIN GAIN Vcc.- NC OUTPUT
" SELECT SELECT O 1
G2A " GIA

GAIN SELECT
2A

PIN 6 1S IN ELECTRICAL CONTACT WITH THE CASE

ouTPUT
2

®
r©
- @2k
rQ
©)

NC—No internal connection
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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 Vcc+ (See Note 1) 8 8 \
Supply voltage Voc— (See Note 1) -8 -8 v
Differential input voltage +5 +5 \Y
Common-mode input voltage +6 +6 \
Output current 10 10 mA
Conti total power dissipation at (or below) 26°C free-air temperature (see Note 2) 500 500 mwW
Operating free-air temperature range —55to 125 0to 70 °c
Storage temperature range —65 to 150 —65 to 150 °c
Lead temperature 1/16"" from case for 60 seconds I J.L, or U package 300 300 °C
Lead temperature 1/16'* from case for 10 seconds I N package 260 260 °c

NOTES: 1. All voltage values, except differential input voltages, are with respect to the zero reference level (ground) of the supply voltages
where the zero r ence level is the midpoint between Vcc4 and Ve —.
2. For operation above 25°C free-air , refer to Dissipation Derating Curves, Section 2.

electrical characteristics, Voo =6 V,Vgg_=-6V,Tp=25°C

TEST GAIN? uA733M uA733C
PARAMETER TEST CONDITIONS UNIT
FIGURE SELECT [MIN TYP MAX|MIN TYP MAX
. . . 1 300 400 500 |250 400 600
Large-signal differential
AvD o 1 |vop=1v 2 90 100 110 | 80 100 120
voltage amplification
3 9 10 1 8 10 12
1 50 50
BW Bandwidth 2 Rg =50 Q2 2 90 90 MHz
3 200 200
o Input offset current Any 0.4 3 04 5 HA
[T input bias current Any 9 20 9 30 ey
\7 Input voltage range 1 Any +1 +1 v

Common-mode
Voc 1 Any 24 29 34|24 29 34 \2
output voltage

\ Output offset volt 1 ! 06 15 06 15 \
00 i a0 2&3 035 1 035 1.5

Maximum peak-to-peak
Vorp peak-tope 1 Any | 3 47 3 47 v
output voltage swing

1 4 4
i Input resistance 3 Vop<1tVv 2 20 24 10 24 ka
3 250 250
o Output resistance 20 20 Q
Cj Input capacitance 3 Vop <1V 2 2 2 pF
CMRR Cf-mrvqn-méde A Vic=#1V, f < 100 kHz 2 60 86 60 86 o8
rejection ratio Vic=41V, f=5MHz 2 70 70
Supply voltage AVec+=+05V,
AvVcec/av 1 70 0 70 dB
cC 10 rejection ratio AVee-=+0.5V 2 50 i
Broadband equivalent
Vn ) N . 5 BW = 1 kHz to 10 MHz Any 12 12 n'
input noise voltage
1 7. 7.5
! Propagation delay ti P I 2 ez 10 60 10| ns
pd ropagation delay time Output voltage step = 1V . -
3 3.6 3.6
1 10.5 10.5
Rg =509,
tr Rise time 2 Ost ¢ voltage st v 2 45 10 45 12 ns
of ep =
utput voltege step 3 25 25
Maximum output
tsi Al . X .| A
sink{max) sink current i 25 36 25 36 mA
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 G1B, and pins G2A and G28B 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), Vocc+ =6V, Veg—=—-6V
TA = —55°C to 125°C for uA733M, 0°C to 70°C for uA733C

TEST GAINt | uA733M uA733C
PARAMETER FIGURE TEST CONDITIONS SELECT [N AKX Wi MAX UNIT
Large-signal differential ! 200 600 1 250 500
Avo voltage amplification ! Vop=1V 2 80 120 | 80 120
3 8 12 8 12
ho Input offset current Any 5 6| uA
(IT3 Input bias current Any 40 40| uA
V) Input voltage range 1 Any %1 1 \
Voo Output offset voltage 1 ! 1.5 15
2&3 1.2 1.5
Vopp Maximum paak-lcrpeak , Any 26 28 v
output voltage swing
Fi Input resistance 3 Vop<1V 2 8 8 kQ
CMRR C?mrr.mmm(?de 4 Vic=%1V, f< 100 kHz 2 50 50 o8
rejection ratio Vic=+1V, f=5MHz 2
Supply voltage AVee+ =+05V,
avec/avio rejection ratio ! AVee— =105V 2 50 50 a8
et Maximum output
sinkimax) Gk current Any 22 25 mA
Icc Supply current No load, no signal Any 27 27| mA

*The gain selection is made as follows:
Gain 1. .. Gain Select pin G1A is connected to pin G1B, and pins G2A and G28B 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 (I|0) The difference between the currents into the two input terminals with the inputs grounded.
Input Bias Current (1)g) 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 (Vo) 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 (ro) The resistance between either output terminal and ground.

Input Capacitance (Cj) 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 Q) 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 Voitage (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 (tpg) 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 tc change from 10% to 90% of its final value.

Maximum Output Sink Current (Isink(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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DIFFERENTIAL VIDEO AMPLIFIERS

TYPES uA733M, uA733C

test circuits

PARAMETER MEASUREMENT INFORMATION
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TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

TYPICAL CHARACTERISTICS

VOLTAGE AMPLIFICATION
(SINGLE-ENDED OR DIFFERENTIAL)

VOLTAGE AMPLIFICATION
(SINGLE-ENDED OR DIFFERENTIAL)
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TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

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

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

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE
Vs ' vs
LOAD RESISTANCE SUPPLY VOLTAGE
8
LURARAL S [T
Vee+ =6V 7 Ta=25°C
- Vce—-=-6V , § 7
Y
Ta=25°C E
§ 6
H L~
o5 /’
-
3 L
& el
e 4 //
¥
/ Np=a
: L1
/ % 2
o
s
/ |
g 1
1 S
1]
10 40 100 400 1k 4k 10k 3 4 5 6 7 8
R|_—Load Resistance—$ Nces HSupply Voltage—v
FIGURE 15 FIGURE 16
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE INPUT RESISTANCE
vs vs
FREQUENCY FREE-AIR TEMPERATURE
LU 40—
= :
- l— Vec—=-6V
Ta=25C 35 |— Yee v
‘\L\
c
N\ ¥ //r
i |
2 25 >
1 GAIN 2 |
b / |
8 20 L 4
‘; " f&— uA733C +*
25
L
10
5
[}
1 2 4 710 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

TEXAS INSTRUMENTS 351



TYPES uA733M, uA733C
DIFFERENTIAL VIDEO AMPLIFIERS

TYPICAL CHARACTERISTICS
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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 apd 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, [lQ, for Texas
Instruments Linear Control Circuits, when processed to the options outlined in Table A.

OPTION Na
JAN MIL-M-38510 CLASS B 2
JAN-PROCESSED CLASS B 3
/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

NOTE 1: Copies of these documents may be requested from the Naval Publications and Forms Center, 5801 Tabor Avenue, Philadelphia, Pa.
19120.
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MILITARY PRODUCTS

MILITARY HIGH-REL PRODUCTS

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 T| Linear Department is supplying only Class B product (see Table A,

Column ).
A.  Ordering Instructions:
Order Entry Code* JAN/XXXXXBXX
Device Type JAN M38510/XXX)(X/BXX
B asasaal
SLASH SHEET MIL-STD-883 CLASS PACKAGE LEAD FINISH
AND DEVICE (CLASS Bor C ONLY)
TYPE
SEE TABLES ] & | ] CASE OUTLINE (SEE BLOCK A LEAD FINISH (SEE BLOCK A)
JAN PACKAGE 8510 JAN TYPE
(APP.C) A |SOLDER DIP
Al1/4” X 1/4" FLAT-14 F1 8 TIN-PLATE
BLOCK A B/T | 1/4” X 1/8" FLAT-14 F-3 c GOLDPLATE
JAN CASE OUTLINE & C|DIP-14 D1 X | OPTIONAL¥
T EPSRS:’UCT AlB D [1/4" X 3/8" FLAT-14 F-2
1 E|DIP-16 D2
:::::: :: X F|1/4" X 3/8" FLAT-16 F5
SERIES 54LS G| TO-99 A
SERIES 545 H|1/4" X 1/4" FLAT-10 F4
LINEAR CONTROL 1 | 10100 A2
f‘Ec:Iig'Sﬁ x J|Dip-24 D3
LEAD FINISH A K|3/8" X 5/8" FLAT-24 | F6
LEAD FINISH B XXX [x XX [X|x L|3/8" X 1/2" FLAT-24 F7
LEAD FINISH C X x|x 1+ |ow22 N
i t|ow1s 1
B. Symbolization: x|T06 -
Y |TO-3 -
Z[1/4" X 3/8" FLAT-24 F8

JM38510/XXXXXBXX
TI Symbol (Trade Mark)
4-Digit Date Code

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
TI Symbol (Trade Mark)
4-Digit Date Code

*Order entry code is used because the T order entry system is limited to 14 digits.

$X"" Denotes finish A, B, or C at option of manufacturer. Devices will be marked A, B, or C as applicable.

TEXAS INSTRUMENTS
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MILITARY PRODUCTS

883 CLASS B/CLASS C PRODUCT

These devices will be tested to the Data Book full-temperature electrical requirements and 100% processed to the
MIL-STD-883 Class B or Class C requirements of Method 5004 (see Table A, Column Il1).

A. Ordering Instructions:

Device Prefix Designator Package /883B
Example: TL 497M J /8838
B. Symbolization:

(Device prefix, designator and package) /883B
Tl Symbol (Trade Mark)
4-Digit Date Code

Group A Conformance

Group A conformance shall consist of the electrical parameters in the manufacturer’s data sheet. If an inspection
lot is made up of a collection of sublots, each sublot shall conform to Group A, as specified.

SUBGROUP LTPD (%)
LEVEL | LEVEL 1i LEVEL {1l LEVEL IV
38510C 385108 38510A
Subgroup 1 5 7 5 5
25°C, dc
Subgroup 2 10 10 7 5
High Temperature, dc
Subgroup 3 . 10 10 7 5
Low Temperature, dc
Subgroup 4 10 10 7 5

Dynamic and Switching Tests @ 25°C,
NOTE: Functional tests included in D.C. tests.

Final Electrical Test (Set I)

Each integrated circuit shall be required to pass the electrical requirements of Subgroup 1 of the detail specification.
The manufacturer shall also perform such additional testing necessary to assure the parts will meet the temperature
extreme limits.

When specifically called outand funded on the purchase order or contract, the manufacturer shall perform subgroups
2,3 and 4 of the above table in accordance with Method 5004 of MIL-STD-883, Notice 3.

STANDARD HERMETIC PRODUCT
This material will be tested to the Data Book electrical requirements and processed per Table A, Column IV.
Ordering Instructions:

Device Prefix Designator § Package

B. Symbolization

(Device prefix, designator and package)
Tl Symbol (Trade Mark)
4-Digit Date Code

9 See ordering instructions on page 35.

TEXAS INSTRUMENTS
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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

TABLE A

MILITARY PRODUCTS PROCESS FLOW

" m v
JAN JAN-PROCESSED 833 CLASS B 833 CLASS C
JM38510/XXXXX M38510/XXXXX XXXXX/883B XXXXX/883C
40X and 40X and 40X and 40X and
100X 100X 100X 100X
I 1 | 1
24 hrs/ 24 hrs/ 24 hrs/ 24 hrs/
+150°C +150°C +150°C +150°C
| | I 1
10 cycles 10 cycles 10 cycles 10 cycles

—65°C to +150°C

—65°C to +150°C

—65°C to +150°C

—65°C to +150°C

I

I

I

SLASH SHEET

SLASH SHEET

30,000 G's 30,000 G’s 30,000 G's 30,000 G’s
Y1 Plane Y1 Plane Y4 Plane Y1 Plane
I T I T
5X10-8 5X 10-8 5X10-8 5X10-8
atm cc/sec atm cc/sec atm cc/sec atm cc/sec
T T I I
CONDC COND C CONDC COND C
I JA!AN I -

JAN 25°C 25°C
SLASH SHEET SLAS;__}‘,S:EET DATA SHEET DATA SHEET

T PR S T
160 hrs 160 hrs 160 hrs
125°C 125°C 125°C
I T I
JAN JAN
DATA SHEET

GROUP A,B,C&D

GROUP A PLUS

GROUP A PLUS

GROUP A PLUS

GENERIC B, GENERIC B, GENERIC B,
PER JAN SPEC cC&D ) caD
| I I I
3X to 10X 3X to 10X 3X to 10X 3X to 10X

v
STANDARD
HERMETIC

24 hrs/
+150°C

1x10-7

atm cc/sec

3X to 10X

S1INAa0dd AHVIITIN
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MILITARY PRODUCTS

01310t
01311t
01312t

TABLE I. JAN INTEGRATED CIRCUITS AND CIRCUIT-TYPE CROSS-REFERENCE

54192
54193
54196
54197
54177

JAN
/NO.
01401
01402

03301
03302

CKT
TYPE
54150
93121
54153
9309
54157
54151
5475
5477
54116

54L04
54L01/54L03
54L71
54172
54173
54178
54L74
54H72
54H73
54H74
654H76

15948

NOTE: Only the basic JAN and commercial numbers are shown,
Slash sheets not released as of date of this publication,
Not recommended for new designs.

#Class S only.

JAN
INO.

CKT
TYPE
15950

JAN
INO.
07102
07103

LM140-12
LM140-156
LM140-24
3018A
3045
52565
52556

TEXAS INSTRUMENTS



MILITARY PRODUCTS

TABLE I1. CIRCUIT-TYPE AND JAN INTEGRATED CIRCUITS CROSS-REFERENCE

CKT JAN
TYPE /NO.
54L81 30902t

54L00 02004
54L01 02006
54L02 02701
54L03 02006
54104 02005
54L10 02003
54L20 02002
54L30 02001
54142 02901
54143 2
54144 02903
654146 02904
54L47 02905
54L.51 04101
54154 04102, 04104¢
54155 10!
54L71 02101
54L72 02102
54L.73 02103
54L74 02105
54L.78 02104
54L86 02601
54190 02501
54L91 02806¢
54193 02502
54195 02801

CKT JAN CKT JAN
TYPE INO. TYPE /NO.
54L1 02802 23 0402
541193 02503 5425 00403
64500 07001 6426 00805
54502 07301t 5427 00404
54503 07002 65428 16201t
54504 07003 5430 00101
54505 07004 5432 16101t
54510 07005 5437 00302
54511 08001 5438 00303
54515 08002 6440 00301
54520 07006 5442 01001
54522 07007 5443 01002
54S30 07008 5444 01003
54540 07201 5445 01004
64851 07401 5446 01006
54564 07402 5447 01007
54565 07403 5448 01008
54574 07101 5449 01009
54585 08201 5450 00501

07501 5451 00502
545112 07102 5453 00503
545113 07103 5454 00504
545114 07104 5470 00206
545133 07009 5472 00201
545134 07010 5473 00202
545135 07502 5474 00205
545138 07701t 5475 01501
545139 07702t 5476 00204
545140 08101 5477 01502
545151 07901 5479t 00207
545153 07902 5482 00601
545167 07903 5483 00602
545158 07904 5485 15001
545174 07105 5486 00701
545175 07106 5490 01307
545181 07801t 5492 01301
545182 07802t 5493 01302
545194 07601t 5495 00901
545195 07602t 5496 00902
548251 07905 54107 00203
545267 07906 54116 01503
545258 07907 54120 15401t
545280 07703t 54121 01201
6545387 202011 54122 01202

00104 54123 01203
5401 00107 54125 15301
5402 00401 54126 15302
5403 00109 54132 15103
5404 00105 £4145 01005
5405 00108 54147 15601
5406 00801 54148 16602
5407 00803 54150 01401
5408 01601 54151 01406
5409 01602 54153 01403
5410 00103 54154 15201
5412 00106 54155 15202
5413 15101 54156 15203
5414 15102 54157 01405
5416 00802 54160 01303
5417 00804 54161 01306
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.

CKT
TYPE
54163

00909t
23001t (256 RAM)
10401

10402
10405
10403
10404
02906
02805
10406
15204
15205
15206
03304
02804
02907

15701
23002 (266 RAM)
01204
01205

TEXAS INSTRUMENTS
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MILITARY PRODUCTS

TABLE I. JAN INTEGRATED CIRCUITS AND CIRCUIT-TYPE CROSS-REFERENCE
J JAN

JAN CKT AN

/NO. TYPE /NO. TYPE /NO. TYPE INO.
15401 54120 30002 541503 30502 541586 31202t
15501 54H08 30003 541504 30601t 5415194 31301t
15502 54H11 30004 541505 30602t 54L5195 31302t
15503 54H21 30005 54LS10 30603t 541595 31303t
156011 54147 30006 541512 30604t 541596 31401t
15602t 54148 30007 54LS20 30605t 54L.5164 31402t
15603t 93181 30008 541522 30606t 5415295 31501t
15701 9338 30 541530 30607t 54L.5395 31502t
15801 9321 30101t 541573 307011 54L5138 31503t
15802 9317 30102t 54LS74 30702t 54L5139 31504+
16901+ 9300 30103t 54L5112 30703t 541542 31505t
15902t 9328 30104t 54LS113 30704t 541547 31506t
16001 9334 30105t 5418114 30801 54L.5181 31507t
161011 5432 30106t 5415174 30901t 54L.5151 31508t
16201t 5428 30107t 54L5175 309021 5415153 31601t
20101 54186 (PROM 512) 30108t 5415107 30903t 654L5157 31602t
20102 MCM53041 01091 54L.5109 30904t 5415158 31701t
20103t IM5603A 0110 54LS76 30905t 5415251 31702t
20201t 545387 (PROM 1024) 30201 6541540 30906t 5415257 31801t
20202t 1M5623 0202 541537 30907t 65415258 31901
23001t 5531 (256 RAM) 30203 54L.538 30908t 5415253 32001
23002t 93410 (256 RAM) 30204 541528 30909 5415298 32002
23501t TMS4060 (4K RAM) 30301 54L502 31001 541511 32003
23502t TMS4050 (4K RAM) 30302 541527 31002 541515 32004
23503 TMS4060 (4K RAM) 30303 5415266 31003 541521 32101
23504 TMS4050 (4K RAM) 30401 541551 31004 541508 32102
30001 541500 30402 541554 31101 541585 40001

30501 541532 31201t 54LS83A 42001
TABLE II. CIRCUIT-TYPE AND JAN INTEGRATED CIRCUITS CROSS-REFERENCE

CKT JAN CKT JAN CKT JAN CKT
TYPE INO. TYPE INO. TYPE /NO. TYPE
LH2101A 10105 3018A 10801 52111 10304 654L.513
LH2108A 10106 3045 10802 52118 10107 54LS14
LM102 10601 4000A 05201 62555 10901t 541515
LM140-12 10702t 4001A 05202 62556 10902t 54L.520
LM140-15 10703t 4002A 05203 52710 10301 54L.821
LM140-24 10704t 4008A 05701. 52711 10302 541522
MCM53041 20102 4007A 05301 52723 10201 541526
MH0026 03501 4008A 05401 62733 105011 541827
TMS4050 23502 (4K RAM) 4009A 05501 52741 10101 541528
TMS4050 23504 (4K RAM) 4010A 05502 54H00 02304 54LS30
TMS4060 23501 (4K RAM) 4011A 05001 54H01 02306 54L832
TMS4060 23503 (4K RAM) 4012A 05002 64H04 02305 541837
1M5600 20103 4013A 05101 54H08 15501 541538
1M5603A 20103t 4014A 05702 54H10 02303 541840
1M5623 20202t 4015A 05703 54H11 156502 541542
105011 06001 4016A 05801t 654H20 02302 6541547
1050231 06002 4017A 05601 54H21 15503 541851
10504 06201t 4018A 05602 54H22 02307 541554
105051 06003 4019A 06302 54H30 02301 541873
105061 06004 4020A 05603 654H40 02401 54L.574
10507% 06005 4021A 05704 54H50 04001 64L575
10509} 06006 4022A 05604 654H51 04002 54L576
106311 06101 4023A 05003 54H53 04003 54LS83A
105351 06104 4024A 05605 54H54 04004 54L.585
105761 06103 4025A 05204 4HE6 04005 541586
106311 06102 4027A 05102 54H72 02201 541.890
15930 03001 4030A 05303 54H73 02202 541893
15932 03101 4031A 05705 654H74 02203 541595
15933 03105 4034A 05706t 54H76 02204 541596
15935 03002 4035A 05707t 54H101 02205 54L5107
16936 03003 4041A 05505 54H103 02206 5415109
15944 03102 4049A 05503 54LS00 * 30001 5418112
16945 Q3301 4050A 5504 541502 30301 54L.5113
15946 03004 52101A 10103 54L503 30002 5415114
15948 03302 52104 10202t 654L504 30003 5415123
15950 03303 52105 10203t 541505 30004 5415124
16951 03201 52106 10303 54L508 31004 5418132
15957 03103 62108A 10104 54LS10 30005 5415138
16958 03104 52109 10701 54LS11 31001 5415139
16962 03005 52110 10602 54L812 30006 54LS151

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.

CKT
TYPE

5415283

30901t

TEXAS INSTRUMENTS
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IC 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.

IC Panels

To match the industry’s broadest line of IC sockets Ti offers one of the industry’s widest selections of off-the-shelf socket
panel 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 Tl Supply Division
Sales Office.

*Registered 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

1 .\00

TYP.

g 4
TOLERANCE
NON-CUMULATIVE

]

MATERIAL:

A. Body-glass 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

. Contact is designed and oriented in the plastic

body to generate maximum possible contact
pressure

F. 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 leads from
contacting P.C. board

I. Closed entry feature provided to facilitate
automatic IC insertion and protects the IC
leads against damage

m

PART NO. SCHEDULE

BLACK BODY

NOMEX ANTI-WICKING WAFER

Pins |C-93 SERIES | C-83 SERIES
8 €930810 €830810
14 €931410 €831410
16 C931610 C831610
18 C931810 €831810
20 C€932010 €832010
22 €932210 €832210
24 €932410 C832410
28 €932810 C832810
40 C934010 C934010
CONTACT FINISH
C-93 SERIES:

100 microinch minimum gold

stripe inlay
C-83 SERIES:

200 microinch minimum bright

tin plate

w
v
H. r
015 T .350 MAX
1150 MAX
-t
.007
__H___ 028 — x i \C ¢ 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 .5600 .700 .700 .700
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STANDARD PROFILE SOCKET
SOLDER TAIL

C-82 SERIES PLATED CONTACTS o C-92 SERIES GOLD CLAD CONTACTS

WIRE WRAP

C-81 SERIES PLATED CONTACTS o C-91 SERIES GOLD CLAD CONTACTS

® Designed for tow cost, reliable, high density production packaging

® Universal mounting and packaging capabilities

@ 8 to 40 pin lead configurations

e C date .015"" through .024"" r or round
dual-in-line leads

® Wire wrap posts held to true p of .015" providing a true

position of .020"" on boards for efficient automatic wire wrapping

WIRE WRAP SOLDER TAIL
DENTIEICATION STANDOFFS

IDENTIFICATION
FOR PIN NO

00]
P

TOL. —~l
NON-CUMULATIVE

364

COVER TYPICAL LOCKING
TECHNIQUES USED

Y

! PRELOADED CONTACT
i C. E

COVER TYPICAL LOCKING
TECHNIQUES USED

COVER
OPTIONAL
| DM

250 MAX
|

4

-

000 QJELEL”ﬁ

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:

U U 2‘90
SN
—r—
NOTES:

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 removeable

E. Contact is designed and oriented in the
plastic body to generate maximum
possible contact pressure

R
COVER -
OPTIONAL - d 1

[} ]

v D.H

250
OPEN ENTRY
ONLY

l)iﬂ
R A R
|=— 025 007 I;l

J—x —|

—

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

automatic insertion and protect IC leads
against damage

. Accommodates standard IC leads up to

.024" square, rectangular or .024" dia.

. Contact retention — 7 Ibs. min.

-

F. Operating temperature —65°C to +150°C K. Sockets are capable of being automati-
cally or i i y wire

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 .280 326 .326




WIRE WRAP

OPEN ENTRY | CLOSED ENTRY
PART
NUMBER
SCHEDULE
Contact N Black Black
Pins
Finish Body Cover
8 C810854 C810804
Series
c-81 14 C811454 C811404
3 16 C811654 €811604
200-400
L 18 C811854 C811804
microinch
L 20 C812054 C812004
min tin
24 C812454 C812404
T
pe 28 €812854 C812804
MIL-T-10727
36 C813604
40 C814004
) 8 €910850 C€910800
Series 14 €911450 C911400
Cc-91
. 16 C911650 C911600
50 microinch
. 18 C911450 C911400
min
"o 20 912050 911800
gold stripe
inl 24 C€912450 €912000
n
o 28 912850 912800
36 C€913600
40 C914000

SOLDER TAIL
OPEN ENTRY | CLOSED ENTRY
PART
NUMBER
SCHEDULE
Contact N Black Black
Pins
Finish Body Cover
8 €820850 €820800
Series
c.82 14 €821450 €821400
30 microinch 16 €821650 €821600
min gold per 18 €821850 €821800
weLr'G'452°4 24 €822450 €822400
50 microinch | 28 €822850 822800
i ke e | 3s 823600
40 €824000
) 8 820852 €820802
Series
c.82 14 €821452 821402
50 microinch 16 €821652 C821602
min gold per 18 821852 €821802
MIL-G-45204 | 54 822452 822402
100 microinch 28 €822852 €822802
min nickel per
QON-590 36 €823602
40 €824002
) 8 €820854 €820804
Series
c.82 14 821454 €821404
: 16 821654 €821604
200-400 18 C821854 C821604
microinch
min tin per 24 €822454 €822404
MIL-T-10727 | 28 €822854 €822804
36 €823604
40 €824004
) 8 €920850 €920800
Series
c.92 14 €921450 €921400
A 16 €921650 €921600
;Qg—microi"ch 18 €921850 €921800
1!
gold stripe 24 €922450 €922400
inlay 28 €922850 €922800
36 €923600
40 €924000
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SOCKET PANELS

STANDARD

D4 SERIES

@ 180 position panel or multiples of
30 position with 14 or 16 position
socket pattern

® /0 — 4 rows with 13 pins per row
or 3 - 14 pin sockets

® Low cost standard hardware

Available in 98 standard series

® Off-the-shelf availability

P/C BOARD MATERIAL

NOTE: Dimensions shown are nominal. Detail information and
tolerances available on request (indicate series and group number).

16.175 (180 PATTEKRN)
1/8 thick Glass Epoxy, 2 nz.
15.800 Copper Circuitry both sides,
13.100 Tin Plated
10.400 |
290 MAX
7.700 el
le————5.000 le— 187 — 125
2.300 125 DIA. THRU HOLE i
"1y 400 TYP, TYP 187
YP r |
(3 (13 e ¥ (33 39 9 a4+
. P . .+ < v - i )
i T ] ) T T | S
terssen e e (GRP 1, 11, 11| H|  sa
'
(GRP 1V) H
| 1 N 1 I N | 6.875 2
(GRP L 11111y Hl
7475 4|
(GRPIV) i _’
. p— p— - R p— _L ‘
o ¢ ¢ ¢ T . ° N
& X 29 ¢ UQO UOO !
] 545 REF
L_ 2.675 _{ 400 Ic
(30 PATTERN) 250 SEATING
l—— 5.375 (60 PATTERN) 125 DIA. THRU PLANE
HOLE FOR GND
|e—————— 8.075 (30 PATTERN) PLANE CONNECTION
10.775 (120 PATTERN) TYP. 6 PLACES (COMPONENT SIDE)
13.475 (150 PATTERN) 125 DIA. THRU HOLE FOR VCC PLANE

CONNECTIOM TYP. 6 PLACES (WRAP SIDE)

STANDARD SOCKETS
C-81 or C-91 series, 14 pin
or 16 pin, closed entry
sockets as designated in
the Part No. Schedule at
right. See pages 7 and 8
for complete socket
information.

C-81 SERIES SOCKETS

Body......... Glass filled nylon

Phosphor bronze per QQ-B-750
30 microinch min. gold per
MIL-G-45204 over

50 microinch min. nickel per
QQ-N-290

C-91 SERIES SOCKETS
Body......... Glass filled nylon
Contact .... Copper nickel alloy
Finish ....... 50 microinch min.
gold stripe inlay




STANDARD PANEL PART NO. SCHEDULE —D4 Series

Group No.

1/0 Option

Per Panel

Sockets

c81
Sockets

c91
Sockets

Group |

PIN 14 ...
PIN7 ..

14 Pin

~ewawwn =

CITTTOR:
(@eeceee) 55
00

-+

SOCKETS

="

30

20
120
150
180

D411211
D411212
D411213
D411214
D411215
D411216

D411231
D411232
D411233
D411234
D411235
D411236

FEED-THRU
PINS

120
150
180

Da11411
D411412
D411413
D411414
D411415
D411416

D411431
D411432
D411433
D411434
D411435
D411436

Group 11

PINV .
PING .

@
"
n
12
n
]
L]

14 Pin

SOCKETS

=

60

120
150
180

D434211
DA434212
D434213
D434214
D434215
D434216

D434231
D434232
D434233
D434234
D434235
D434236

FEED-THRU
PINS

=

30
60

120
150
180

D434411
D434412
D434413
D434414
DA434415
D434416

D434431
D434432
D434433
D434434
D434435

D434436 .

Group 111

I

PIN 16 ...
PIN8 ..

16 Pin

vCcC

-~ e w»aom~

—0
mm
o

;tm

SOCKETS

=

30
60
90
120
150
180

D423211
D423212
D423213
D423214
D423215
D423216

D423231
D423232
D423233
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SOCKET CARDS
STANDARD

DO2 SERIES

® Low Cost

® 14 - 16 pin socket pattern —
60 position

® Standard ground and power pin
commitment

® 8 standard designs
® Mates with dual 60 position edge
connector
DO2 Series
P/C BOARD MATERIAL STANDARD CARD PART NO. SCHEDULE
1/16 and 1/8 thick Glass Epoxy, 2 oz. Copper Circuitry both sides, Tin Plated Group No. Board c-81 c91
oup No. Thk. | Sockets | Sockets
000 Group | 14 Pin
N . PIN14... VCC | 4/16" [ D022110 | D022130
%W*—[—' 202+ {mf.'fg‘) T PIN7 ... GRD
S S = [T
. e HiH b
|———“ -/ ] _—1' o
i H H s o
o |1 o 0105 b= M 178" |p0o21110 | D021130
i (178" |
oo A o
ns ’ ]
win b ! 7631178 H
AoAPTOR X ; | 1780160 H Group Il 14 Pin
1 6.600 ) '
ey H PIN V... VCC .
t ; i PING ... GRD 1/16" | D022310 | D022330
_["’ Hy | 2
T -- N 7 M
X, > . 1T L u o1
v
foge Lo R e suorer . 178" | D021310| D021330
e
NOTE: Dimensions shown are nominal. Detail information and tolerances )
available on request (indicate series and group number). Group |1l 16 Pin
PIN 16.... VCC .
PINS ... GRD 1/16” | D022210 | D022230
DO Series
175~ MULTIPURPOSE
L (sJéRDDPART NO.
HEDULE
116" :DAPTE2201300 1/8” | D021210 | D021230
—-r 'art no. '/o
125 P
.385 @ 1/16” | D022410 | D022430
- EJECTOR KEYS Board
Material: Nylon Thk. Part No.
Part no. 2501200 (1/8"")
2501201 (1/16") 116 |z012510
1/8"” | D021410 | D021430
}——1.500———=
1/8” 2011510
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