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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 Tl's TL series and second source Linear Control circuits including operational 
amplifiers, comparators, voltage regulators, analog switches, and special functions. 

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

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

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

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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ALPHANUMERIC INDEX 

PAGE PAGE PAGE 
LF155 63 LM305A 221 TL820 201 
LF155A 63 LM306 151 uA78L02 255 
LF156 • 63 LM307 • 77 uA78L02A 255 
LF156A 63 LM309 • 225 uA78L05 255 
LF157 63 LM311 • 157 uA78L05A 255 
LF157A 63 LM317* 229 uA78L06 255 
LF255 63 LM318 80 uA78L06A 255 
LF256 63 LM324 03 uA70LOO 255 
LF257 63 LM339 165 uA78L08A 255 

• LF355 63 LM358 85 uA78L 12 255 
LF355A 63 LM376 221 uA78L12A 255 
LF356 • 63 LM393 167 uA78L15 255 
LF356A 63 LM2901 169 uA78L 15A 255 
LF357 63 LM2902 87 uA78M05 261 
LF357A 63 LM2903 171 uA78M06 261 
LF2155 69 LM2904 89 uA78M08 261 
LF2155A 69 MC1458 91 uA78M12 261 
LF2156 69 MC1558 91 uA78M15 261 
LF2156A 69 NE555 • 295 uA78M20 261 
LF2255 69 RC4136 95 uA78M24 261 
LF2256 69 RC4558 97 uA79M05 281 
LF2355 69 RM4136 95 uA79M06 281 
LF2355A 69 RM4558 97 uA79M08 281 
LF2356 69 SE555 295 uA79M12 281 
LF2356A 69 TL022 99 uA79M15 281 
LM101A 74 TL044 102 uA79M20 281 
LM104 217 TL081 *. 105 uA79M24 281 
LM105 221 TL081A* 105 uA702 118 
LM106 151 TL084*. 107 uA709 123 
LM107 77 TL089 108 uA709A 123 
LM109 225 TL182 305 uA710 203 
LM111 157 TL185 308 uA711 207 
LM117* 229 TL188 311 uA723 239 
LM118 80 TL191 314 uA733 345 
LM124 83 TL430 233 uA741 129 
LM139 165 TL440 317 uA747 133 
LM158 85 TL441 323 uA748 137 
LM193 167 TL497 236 uA777 141 
LM201A 74 TL500*. 330 uA7805 245 
LM204 217 TL502*. 331 uA7806 245 
LM205 221 TL506 173 uA7808 245 
LM206 151 TL510 179 uA7812 245 
LM207 77 TL514 183 uA7815 245 
LM209 225 TL560 333 uA7818 245 
LM217* 229 TL601 339 uA7824 245 
LM218 80 TL604 339 uA7885 245 
LM224 • 83 TL607 339 uA7905 271 
LM239 165 TL610 339 uA7906 271 
LM258 • 85 TL702 113 uA7908. 271 
LM293 • 167 TL710 185 uA7912. 271 
LM301A 74 TL720 189 uA7915 271 
LM304 • 217 TL810 191 uA7918 271 
LM305 • 221 TL811 195 uA7924 271 

•Future product, to be announced 
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CROSS-REFERENCE 
Old Tl Type Numbers to New Tl Type Numbers 

OLD NUMBER NEW NUMBER OLD NUMBER NEW NUMBER 
SN52L022 TL022M SN72088* noagct 
SN52L044 TL044M SN72301A LM301A 
SN52101A LM101A SN72304 LM304 
SN52104 LM104 SN72305 LM305 II SN52105 LM105 SN72305A LM305A 
SN52106 LM106 SN72306 LM306 
SN52107 LM107 SN72307 LM307 
SN52108* TL081Mt SN72308* TL081Ct 
SN52108A * TL801Mt SN72308A* TL081Ct 
SN52109 LM109 SN72309 LM309 
SN52110* SN72310* 
SN52111 LM111 SN72311 LM311 
SN52118 LM118 SN72318 LM318 
SN52506 TL506M SN72376 LM376 
SN52510 TL510M SN72440 TL440C 
SN52514 TL514M SN72506 TL506C 
SN52555 SE555 SN72510 TL510C 
SN52558 MC1558 SN72514 TL514C 
SN52660* TLoa1t SN72555 NE555 
SN52702 TL702M SN72558 MC1458 
SN52702A uA702M SN72560 TL560C 
SN52709 uA709M SN72660* TL081ct 
SN52709A uA709AM SN72702 TL702C 
SN52710 TL710M SN72709 uA709C 
SN52711 uA711M SN72710 TL710C 
SN52723 uA723M SN72711 uA711C 
SN52733 uA733M SN72720 TL720C 
SN52741 UA741M SN72723 uA723C 
SN52747 uA747M SN72733 uA733C 
SN52748 uA748M SN72741 uA741C 
SN52770* TL081Mt SN72747 uA747C 
SN52771 * TL081Mt SN72748 uA748C 
SN52777 ·uA777M SN72770* TL081Ct 
SN52810 TL810M SN72771* TL081Ct 
SN52811 TL811M SN72777 uA777C 
SN52820 TL820M SN72810 TL810C 
SN5510* SN72811 TL811C 
SN5511* SN72820 TL820C 
SN5512* SN7510* 
SN5514* SN7511 * 
SN56502 TL441M SN7512* 
SN56514 * SN7514* 
SN62088* TL0891t SN76502 TL441C 
SN72L022 TL022C SN76514* 
SN72L044 TL044C 

•Not recommended for new design. 

t Recommended as replacement 
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FUNCTIONAL INDEX 

OPERATIONAL AMPLIFIERS 

FUNCTION 
OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE 

PAGE 
-55°C to 125°C -40°C to 85°C -25°C to 85°C 0°C to 70°C TYPES 

TL702M J, L, U 
113 

TL702C J,L,N,U 
uA702M J, L 118 

uA709AM J, JG, L, U 
uA709M J, JG, L, U 123 

Single 
uA709C J, JG, L, N, P,U 

II 
uA741M J, JG, L, U 

129 
uA741C J, JG, L, N, P, U 

uA748M J, JG, L, U 
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 JG,L 
91 

MC1458 JG, L,P 
uA747M J, L,W 

133 
uA747C J, L,N,W 

LM124 J 

Quad 
LM224 J, N 

83 
LM324 J, N 

LM2902 J, N 87 
LF155 JG,L 

LF155A JG,L 
LF255 JG, L, P 63 

LF355 JG, L, P 
LF355A JG,L,P 

LF156 JG,L 
LF156A JG,L 

LF256 JG,L,P 63 
Single LF356 JG, L, P 

LF356A JG,L,P 
LF157 JG,L 

LF157A JG,L 

JFET-lnput 
LF257 JG, L, P 63 

Operational 
LF357 JG, L, P 

LF357A JG, L, P 
Amplifiers 

TL081AC* JG, L,P 
TL081C* JG, L, P 

105 

LF2155 JG,L 
LF2155A JG,L 

LF2255 JG,L,P 69 
LF2355 JG, L, P 

Dual 
LF2355A JG, L, P 

LF2156 JG,L 
LF2156A JG,L 

LF2256 JG, L, P 69 
LF2356 JG, L, P 

LF2356A JG LP 
Quad TL084C* J, N 107 

•Future product, to be announced. 

12 TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



FUNCTIONAL INDEX 

OPERATIONAL AMPLIFIERS 

OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE 
FUNCTION 

-55°C to 125°C -25°C to 85°C 0°C to 70°C 
PAGE 

TYPES 

LM118 JG, L, U 
Wide-Band 

Single LM218 JG,L,P,U 80 
Operational Amplifiers 

LM318 JG, L, P, U 

LM101A J, JG, L, U 

LM201A J, JG, L, N, P, U 74 

LM301A J,JG,L,N,P,U 

LM107 J,JG,L,U 
Single 

LM207 J, JG, L, N, P, U 77 II 
High-Performance LM307 J, JG, L, N, P, U 

Operational Amplifiers uA777M J, JG, L, U 
141 

uA777C J, JG, L, N, P, U 

RM4558 JG,L 
Dual 97 

RC4558 JG,L,P 

RM4136 J 
Quad 95 

RC4136 J, N 

TL022M JG,L 
Dual 99 

Low-Power TL022C JG, L, P 

Operational Amplifiers TL044M J 
Quad 102 

TL044C J, N 

Ch opper-Stabi I ized 
Single 

TL0891 L 
108 

Operational Amplifiers TL089C L 

TEXAS INSTRUMENTS 13 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



FUNCTIONAL INDEX 

DIFFERENTIAL COMPARATORS 

OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE 
FUNCTION 

-55°C to 125°C -40°C to 85°C -25°C to 85°C 0°C to 70°C 
PAGE 

TYPES 

TL710M J, JG, L, U 
185 

TL710C J, JG, L, N, P, U 

Single uA710M J,JG, L, U 203 

TL810M J, JG, L, U 
191 

TL810C J, JG, L, N, P, U 

a LM193 JG,L 

LM293 JG, L, P 167 

Differential LM393 JG, L, P 

Comparators Dual LM2903 JG, L, P 171 

TL720C J, N 189 

TL820M J 

TL820C J, N 
201 

LM139 J 

Quad 
LM239 J, N 165 

LM339 J, N 

LM2901 J, N 169 

LM106 J, JG, L, U 

LM206 J, JG, L, N, P, U 151 

LM306 J, JG, L, N, P, U 

Single LM111 J,JG, L, U 
157 

Differential LM311 J, JG, L, N, P, U 

Comparators TL510M J, JG, L, U 
179 

with Strobes TL510C J, JG, L, N, P, U 

TL506M J,W 
173 

TL506C J,N,W 
Dual 

TL514M J 

TL514C J, N 
183 

uA711M J, L, U 
207 

Dual-Channel Differential uA711C J, L, N, U 

Comparators with Strobes TL811M J, L, U 
195 

TL811C J,L,N,U 

14 TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



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 

LM117" KA 
Adjustable Positive-Voltage 

LM217" KA,KC 229 
Regulators 

LM317" KA.KC 

uA78L02C JG, LP 
255 2.6 Volts 

uA78L02AC JG,LP 

LM109 LA 

LM209 LA 225 • LM309 LA 

uA7805M KA 

5 Volts uA7805C KA,KC 
245 

uA78L05C JG, LP 
255 

uA78L05AC JG, LP 

uA78M05M LA 
261 

uA78M05C KC,KO, LA 

uA7806M KA 

uA7806C 
245 

6 Volts 
KA,KC 

uA78M06M LA 

uA78M06C KC,KO, LA 
261 

uA78L06C JG, LP 
255 6.2 Volts 

uA78L06AC JG,LP 

uA7808M KA 

uA7808C 
245 

KA.KC 

uA78L08C JG, LP 
255 8 Volts 

uA78L08AC JG, LP 

Positive Fixed-Voltage 
uA78M08M LA 

uA78M08C KC,KO, LA 
261 

Regulators 
uA7885M KA 

8.5 Volts 
uA7885C KA,KC 

245 

uA7812M KA, KA 
245 

uA7812C KA,KC 

12 Volts 
uA78L12C JG,LP 

uA78L12AC JG,LP 
255 

uA78M12M LA 

uA78M12C KC,KD, LA 
261 

uA7815M KA 

uA7815C KA,KC 
245 

uA78L15C JG, LP 
15 Volts 255 

uA78L15AC JG, LP 

uA78M15M LA 

uA78M15C KC,KO, LA 
261 

uA7818M KA 
18 Volts 

uA7818C 
245 

KA,KC 

20 Volts 
uA78M20M LA 

uA78M20C KC, KO, LA 
261 

uA7824M KA 

uA7824C KA,KC 
245 

24 Volts 
uA78M24M LA 

uA78M24C KC, KO, LA 
261 

•Future product, to be announced. 

TEXAS INSTRUMENTS 
INCORPORATED 
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f UNCTIONAL INDEX 

VOLTAGE REGULATORS 

OPERATING VIRTUAL-JUNCTION 
PACKAGE 

TEMPERATURE RANGE FUNCTION PAGE 

-55°C to 150°C -25°C to 125°C 0°C to 125°C 
TYPES 

uA7905M KA 
271 

uA7905C KA.KC 
5 Volts 

uA79M05M LA 
281 

uA79M05C KC, KD, LA 

II 
uA7906M KA 

271 
uA7906C KA,KC 

6Volts 
uA79M06M LA 

281 
uA79M06C KC, KD, LA 

uA7908M KA 

uA7908C 
271 

8 Volts 
KA,KC 

uA79M08M LA 
281 

uA79M08C KC, KD, LA 

uA7912M KA 
271 

Negative Fixed-Voltage uA7912C KA,KC 
12 Volts 

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 271 

uA7918C KA,KC 

20 Volts 
uA79M20M LA 

281 
uA79M20C KC, KD, LA 

uA7924M KA 

uA7924C 
271 

KA,KC 
24 Volts 

uA79M24M LA 

uA79M24C 
281 

KC, KD, LA 

FUNCTION 
OPERATING FREE-AIR TEMPERATURE RANGE 

-55°C to 125°C -25°C to 85°C 0°C to 70°C 

PACKAGE 

TYPES 
PAGE 

Precision Voltage Regulators 
uA723M J,L,U 

239 
uA723C J, L, N, U 

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, L,N 217 

LM304 J, L,N 

Shunt Regulator TL430C JG, LP 233 

TL497M J 

Switching Voltage Regulators TL4971 J, N 236 

TL497C J, N 

16 TEXAS INSTRUMENTS 
INCORPORATED 
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FUNCTIONAL INDEX 

SPECIAL FUNCTIONS 

FUNCTION 
OPERATING FREE-AIR TEMPERATURE RANGE PACKAGE 

-55°C to 125°C -25°C to 85°C 0°C to 70°C TYPES 
PAGE 

TL610M JG 

SPST TL6101 JG,P 339 

TL610C JG,P 

TL182M L 

TL1821 l, N 305 

Dual SPST 
TL182C l,N 

TL604M JG 

TL6041 JG,P 339 a 
TL604C JG, P 

TL188M L 

TL1881 l, N 311 

Analog Switches 
TL188C l, N 

TL601M JG 

SPOT TL6011 JG, P 339 

TL601C JG, P 

TL607M JG 

TL6071 JG, p 339 

TL607C JG, p 

TL191M J 

Dual SPOT TL1911 J, N 314 

TL191C J, N 

TL185M J 

Dual DPST TL1851 J, N 308 

TL185C J, N 

Precision Timers 
SE555 JG, L 

295 
NE555 JG, L, P 

Precision Level Detector TL560C JG, L, P 333 

Zero-Voltage Switch TL440C J, N 317 

Logarithmic Amplifiers 
TL441M J 

TL441C 
323 

J, N 

Differential Video Amplifiers uA733M J, L, U 
345 

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. 

EXAMPLE OF ORDER CODE: 
xxx 

I Device Type I 

FAIRCHILD ORDER INFORMATION 

D 

Package Type] 

• D = C·DIP 
F =FLAT PACK 
P =PLASTIC DIP 
T =MINI DIP 
H =METAL CAN 

c 
Temperature Range 

C = Commercial/lnductrial Consumer 
0°C to 70°C or 75°C 

FAIRCHILD Tl DIRECT Tl CLOSEST FAIRCHILD 

M =Military 
-55°C to 125°C 

Tl DIRECT Tl CLOSEST 
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 

µA101A LM101A µA747 uA747 
µA104 LM104 µA748 uA748 
µA105 LM105 µA776 uA777 
µA107 LM107 µA777 uA777 
µA109 LM109 8T13 SN55121 
µA111 LM111 8T14 SN55122 
µA139 LM139 8T23 SN75123 
µA201A LM201A 8T24 SN75124 
µA204 LM204 1458 MC1458 
µA205 LM205 1558 MC1558 
µA207 LM207 7524 SN7524 
µA209 LM209 7525 SN7525 
µA301A LM301A µA7805 uA7805 
µA304 LM304 µA7806 uA7806 
µA305 LM305 µA7808 uA7808 
µA305A LM305A µA7812 uA7812 
µA307 LM307 µA7815 uA7815 
µA309 LM309 µA7818 uA7818 
µA311 LM311 µA7824 uA7824 
;.;.A375 Livi3i6 µA78L05 uA78L05 
µA555 SE555 µA78L06 uA78L06 
µA702 uA702 µA78L08 uA78L08 
µA709 uA709 µA78L12 uA78L12 
µA709A uA709A µA78L15 uA78L15 
µA710 uA710 µA78L26 uA78L26 
µA711 uA711 µA78L05A uA78L05A 
µA715 LM118 µA78L06A uA78L06A 
µA723 uA723 µA78L08A uA78L08A 
µA733 uA733 µA78L12A uA78L12A 
µA734 LM111 µA78L15A uA78L15A 
µA741 uA741 µA78L26A uA78L26A 
µA742 TL440 µA78M05 uA78M05 



FAIRCHILD Tl DIRECT Tl CLOSEST FAIRCHILD Tl DIRECT Tl CLOSEST 
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 

µA78M06 uA78M06 SN75189 
µA78M08 uA78M08 

9617 
SN75189A 

µA78M12 uA78M12 SN75152 
µA78M15 uA78M15 SN75154 
µA78M20 uA78M20 9627 SN75152 
µA78M24 uA78M24 55107 SN55107A 
µA7905 uA7905 55108 SN55108A 
µA7906 uA7906 55109 SN55109 a µA7908 uA7908 55110 SN55110 
µA7912 uA7912 75325 SN75325 
µA7915 uA7915 75450 SN75450 

I 

µA7924 uA7924 75451 SN75451 
µA79M05 uA79M05 75452 SN75452 
µA79M06 uA79M06 75453 SN75453 
µA79M08 uA79M08 75454 SN75454 
µA79M12 uA79M12 75460 SN75460 
µA79M15 uA79M15 75461 SN75461 
µA79M20 uA79M20 75462 SN75462 
µA79M24 uA79M24 75463 SN75463 
9614 SN75114 75491 SN75491 
9615 SN75115 75492 SN75492 

9616 
SN75150 
SN75188 

MOTOROLA ORDER INFORMATION 

EXAMPLE OF ORDER CODE: 

MC xxx p 

I Prefix I Type Number Package 

Different Numbers F = Flat Package 
Are Used For Variations G =Metal Can 
In Operating Temperatures L = C-DIP 

P =Plastic 

MOTOROLA Tl DIRECT Tl CLOSEST MOTOROLA Tl DIRECT Tl CLOSEST 
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 

MLM101A LM101A MC1433 LM301A 
MLM107 LM107 MC1439 LM301A 
MLM109 LM109 MC1455 NE555 
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 SE555 
MC1431 uA702 MC1558 MC1558 
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MOTOROLA Tl DIRECT 
REPLACEMENT 

MC1560 
MC1561 
MC1563 
MC1566 
MC1569 

MC1709 uA709 
MC1710 uA710 a MC1711 uA711 
MC1712 uA702 
MC1723 uA723 
MC1733 uA733 
MC1741 uA741 
MC1747 uA747 
MC1748 uA748 
MC3302P LM339 

EXAMPLE OF ORDER CODE: 

LM 

LM, LH = Linear 
DM = Line Ckts 

NATIONAL Tl DIRECT 
REPLACEMENT 

LF155 LF155 
LF155A LF155A 
LF255 LF255 
LF355 LF355 
LF355A LF355A 
LF2155 LF2155 
LF2155A LF2155A 
LF2156 LF2156 
LF2156A LF2156A 
LF2255 LF2255 
LF2256 LF2256 
LF2355 LF23S5 
LF2356 LF2356 
LM101A LM101A 
LM102 LM102 
LM104 LM104 
LM105 LM105 
LM106 LM106 
LM107 LM107 
LM109 LM109 
LM110 LM110 
LM111 LM111 
LM112 LM112 
LM117 LM117 
LM118 LM118 

20 

Tl CLOSEST MOTOROLA Tl DIRECT Tl CLOSEST 
REPLACEMENT REPLACEMENT REPLACEMENT 

uA723 MC3302 LM3302 
uA723 MC7705 uA78M05 
uA723 MC7706 uA78M06 
uA723 MC7708 uA78M08 
uA723 MC7712 uA78M12 

MC7715 uA78ivi15 
MC7720 uA78M20 
MC7724 uA78M24 
MC78.05 uA7805 
MC7806 uA7806 
MC7808 uA7808 
MC7812 uA7812 
MC7815 uA7815 
MC7818 uA7818 
MC7824 uA7824 

NATIONAL ORDER INFORMATION 

Temperature Range 
1 or 7 = 55°C to 125°C 
3 or 8 = 0°C to 70°C or 75°C 

Tl CLOSEST 
REPLACEMENT 

xx xx N 

I Type Number I Package 

NATIONAL 

LM120-5 
LM120-6 
LM120-8 
LM120-12 
LM120-15 
LM120-24 
LM122 
LM123 
LM124 
LM139 
LM158 
Uvii93 
LM201A 
LM205 
LM206 
LM207 
LM209 
LM211 
LM217 
LM218 
LM224 
LM239 
LM258 
LM293 
LM301A 

D = C-DIP 
N = Plastic DIP 
F = Flat Pack 
H =Metal Can 
N =Mini-DIP 

Tl DIRECT Tl CLOSEST 
REPLACEMENT REPLACEMENT 

uA7905M 
uA7906M 
uA7908M 
uA7912M 
uA7915M 
uA7924M 
LM122 
LM123 
LM124 
LM139 
LM158 
LM1!:!3 
LM201A 
LM205 
LM206 
LM207 
LM209 
LM211 
LM217 
LM218 
LM224 
LM239 
LM258 
LM293 
LM301A 



NATIONAL Tl DIRECT Tl CLOSEST NATIONAL Tl DIRECT Tl CLOSEST 
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 

LM304 LM304 LM710C uA710C 
LM305 LM305 LM711 uA711 
LM306 LM306 LM711C uA711C 
LM307 LM307 LM723 uA723 
LM309 LM309 LM723C uA723C 
LM311 LM311 LM733 uA733 
LM317 LM317 LM733C uA733C 
LM318 LM318 LM741 uA741 a LM320T-5 uA7905C LM741C uA741C 
LM320T-6 uA7906C LM747 uA747 
LM320T-8 uA7908C LM747C uA747C 
LM320T-12 uA7912C LM748 uA748 
LM320T-15 uA7915C LM748C uA748C 
LM320T-24 uA7924C LM1414N TL514C 
LM324 LM324 LM1458 SN72558 
LM339 LM339 LM1514 TL514M 
LM340T-5 uA7805C LM1558 MC1558 
LM340T-6 uA7806C 
LM340T-8 uA7808C LM2901 LM2901 
LM340T-12 uA7812C LM2902 LM2902 
LM340T-15 uA7815C LM2903 LM2903 
LM340T-18 uA7818C LM2904 LM2904 
LM340T-24 uA7824C LM3302 LM3302 
LM341-5 uA78M05C LM3900 TL044 
LM341-6 uA78M06C LM3905 NE555 
LM341-8 uA78MOBC LM5520 SN5520 
LM341-12 uA78M12C LM5521 SN5521 
LM341-15 uA78M15C LM5522 SN5522 
LM341-24 uA78M24C LM5523 SN5523 
LM358 LM358 LM5524 SN5524 
LM376 LM376 LM5525 SN5525 
LM393 LM393 LM5528 SN5528 
LM555M SE555 LM5529 SN5529 
LM555C NE555 LM78L05C uA78L05C 
LM709 uA709 LM78L08C uA78LOBC 
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 

I Prefix I Temperature Range I Type Number I Package 

M""" MilitiJIY nc = c.niP 

C =Consumer DP, ND= Plastic DIP 
0, J = Flat Pack 

a TO = Metal Can 

RAYTHEON Tl DIRECT Tl CLOSEST RAYTHEON Tl DIRECT Tl CLOSEST 
REPLACEMENT REPLACEMENT REPLACEMENT REPLACEMENT 

LM101A LM101A RC7815 uA7815C 
LM106 LM106 RC7818 uA7818C 
LM107 LM107 RC7824 uA7824C 
LM109 LM109 RC555 NE555 
LM111 LM111 RC702 uA702C 
LM118 LM118 RC709 uA709C 
LM124 LM124 RC710 uA710C 
LM139 LM139 RC711 uA711C 
LM158 LM158 RC723 uA723C 
LM201A LM201A RC733 uA733C 
LM206 LM206 RC741 uA741C 
LM207 LM207 RC747 uA747C 
LM209 LM209 RC748 uA748C 
LM211 LM211 RC1458 MC1458 
LM218 LM218 RC3302 LM3302 
LM224 LM224 RC4136 RC4136 
LM239 LM239 RC4558 RC4558 
LM258 LM258 
LM301A LM301A RC78XX uA78XXC 
LM304 LM304 RM555 SE555 
LM305 LM305 RM702 uA702M 
LM306 LM306 RM709 uA709M 
LM307 LM307 RM710 uA710M 
LM309 LM309 RM711 uA711M 
LM311 LM311 RM723 uA723M 
LM318 LM318 RM733 uA733M 
LM324 LM324 RM741 uA741M 
LM339 LM339 RM747 uA747M 
LM358 LM358 RM748 uA748M 
RC7805 uA7805C RM1514 TL514M 
RC7806 uA7806C RM1558 MC1558 
RC7808 uA7808C RM4136 RM4136 
RC7812 uA7812C RM4558 RM4558 

22 



SIGNETICS ORDER INFORMATION 

EXAMPLE OF ORDER CODE: 

SIGNETICS 

LM101A 
LM107 
LM109 
LM111 
LM124 
LM139 
LM201A 
LM207 
LM209 
LM211 
LM224 
LM239 
LM301A 
LM307 
LM309 
LM311 
LM324 
LM339 
NE532 
NE555 
NE5733 
NE7805 
NE7806 
NE7808 
NE7812 
NE7815 
NE7824 
NE78L05 

NE 

Temperature Range 

NE = 0°C to 70°C or 75°C 
SE= -55°C to 125°C 

Tl DIRECT 

xx xx 

I Type Number I 

Tl CLOSEST SIGNETICS 
REPLACEMENT AEPLACEMENT 

LM101A NE78L06 
LM107 NE78L08 
LM109 NE78L12 
LM111 NE78L15 
LM124 NE78M05 
LM139 NE78M20 
LM201A NE78M24 
LM207 SE532 
LM209 SE555 
LM211 SE5733 
LM224 SE7805 
LM239 SE7806 
LM301A SE7808 
LM307 SE7812 
LM309 SE7815 
LM311 SE7824 
LM324 SE78M05 
LM339 uA709 
LM358 uA709A 
NE555 uA710 
uA733C uA710C 
uA7805C uA'/11 
uA7806C uA711C 
uA7808C uA723 
uA7812C uA741 
uA7815C uA741C 
uA7824C uA747C 
uA78L05C uA748 

uA748C 

B 

Package 

F, I = C-DIP 
A, B, N, V =Plastic DIP 
0, W = Flat Pack 

Tl DIRECT 
REPLACEMENT 

uA78L06C 
uA78L08C 
uA78L12C 
uA78L15C 
uA78M05C 
uA78M20C 
uA78M24C 
LM158 
SE555 
uA733M 
uA7805M 
uA7806M 
uA7808M 
uA7812M 
uA7815M 
uA7824M 
uA78M05M 
uA709 
uA709A 
uA710M 
UA710C 
uA711M 
uA711C 
uA723M 
uA741M 
uA741C 
uA747C 
uA748M 
uA748C 
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THERMAL INFORMATION 

THERMAL RESISTANCES FOR LINEAR INTEGRATED CIRCUITS 

JUNCTION-TO-CASE JUNCTION-TO-AMBIENT 

PACKAGE PINS THERMAL RESISTANCE THERMAL RESISTANCE 

ReJC (°C/W) ReJA (°C/W) 

14 56 122 
J ceramic dual-in-line 

16 60 116 

J ceramic dual-in-line t 
14 25t 91t 

16 29t 85t 

JG ceramic dual-in-line 8 45 135 

JG ceramic dual-in-line t 8 20t 11ot 

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 
II 

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 KO power packages, see individual product data sheets. 

J PACKAGES JG L PACKAGES LA LP 
PACKAGE PACKAGE PACKAGE 

~ • ' I ~ ~ 
14-PIN 16-PIN 8-PIN 10-PIN 

N PACKAGES p U PACKAGES W PACKAGES 
PACKAGE 

14-PIN 16-PIN 10-PIN 14-PIN 14-PIN 16-PIN 
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THERMAL INFORMATION 

CERAMIC DUAL-IN-LINE PACKAGES 
These curves ere 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 deratlng curve or the maximum operating free-air temperature. 

DISSIPATION DERATING CURVE 
1400 

~ 
1300 ~ 

~ 

·~ 
1200 

1100 

1000 

900 
~ 
E 
I 
c: 800 0 

·.:; 
<ti 

·~ 
i5 700 
"' ::I 
0 
::I 
c: 

·.:; 600 c: 
8 
E 
::I 500 E ·;c 
<ti 

:: 
400 

300 

'111.. 

'~ 
f' ~ ~ .... 

~ I"'' 
~ "Jt 

"'" 
.... 

"""'Iii 

~ "4 ""'lllli. 

~ f' ' ~ __.. b..... JGt 

1' ~ ""'1lii 
~, 

"' K ~ 
h.. ho.. ~~ 

"""" " "' "' 
~ ' "'- ~ 
,, 

'!!._ JG -
~ f'J ~ I~ ' ~ N ~~ ~ ho.. "'" N ~ N ~ ~ 

~ ~ ' 
~, 

~ ~ II"~ ~, II"' ~"" N 
~ 

~ 
~._ 

~. 
1a, 

~ ~ ... Iii... 

~ ~ ~ 

~:111111111111111111111 
25 50 75 100 125 

T A-Free·Air Temperature-° C 

tThe dashed lines apply only for devices having a type number prefix of "SNC" or "SNM", or a suffix of "/833." 
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THERMAL INFORMATION 

AXIAL-LEAD PACKAGES 

These curves are for use with the continuous dissipation ratings specified on the individual data sheets. Those ratings apply up to the temperature 
at which the rated level intersects the appropriate derating curve or the maximum operating free-air temperature. 
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tThis rating for the L package requires a heat sink that provides a thermal resistance from case to free-air, Rec A• of not more than 105°C/W. 
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THERMAL INFORMATION 

PLASTIC DUAL-IN-LINE PACKAGES 

These curves ere for use with the continuous dissipation ratings specified on the Individual date sheets. Those ratings apply up to the temperature 
et which the rated level Intersects the appropriate deratlng curve or the maximum operating free-air temperature. 
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THERMAL INFORMATION 

FLAT PACKAGES 

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

ORDERING INSTRUCTIONS 

Electrical characteristics presented in th is 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 

( 1. Prefix) ~ 
MUST CONTAIN TWO OR THREE LETTERS 

TL Tl Linear Control Products 
SN Tl Interface Products 
SNM Mach IV, Level I 
SNC Mach IV, Level Ill 

STANDARD SECOND-SOURCE PREFIXES 

LF or LM National MC 
NE or SE Signetics uA 
RM or RC Raytheon 

2. Unique Circuit Designator 
Including Temperature Range 

MUST CONTAIN THREE TO SEVEN CHARACTERS 

(From Individual Data Sheets) 

Examples: 

3. Package 

022M 
101A 
107 

1414 
75450B 
78L05AC 

MUST CONTAIN ONE OR TWO LETTERS 

J, JG, KA, KC, KO, L, LA, LP, ND, P, U, or W 
(From Pin-Connection Diagram on Individual Data Sheet) 

4. MIL·STD-883B 
Method 5004, Claa B 

NOT USED WITH PART NUMBERS HAVING AN SN PREFIX 

022M JG /8838 

MUST CONTAIN TWO NUMBERS 

(From Dash No. Column of Following Table) 

SOLDER- ORDER 

DIPPED INSULATOR DASH 

LEADS NO 

DUAL-IN-LINE PACKAGES 

J, JG, 
No No ()() 

N, ND,P 

J, N, P, JG Yes No 10 

CERAMIC FLAT PACKAGES 

u,w 

I 
No 

I 
No ()() 

U,W Yes No 10 

PLUG-IN PACKAGES 

L, LA, LP 

I 
No No ()() 

L, LA, LP Yes No 10 

POWER PACKAGES 

KA No No NIA 

KC No No NIA 

KO No No N/A 

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) 

-Barnes Carrier 
-Milton Ross Carrier 

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

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

TEXAS INSTRUMENTS 
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Plug-In (L, LA, LP) 

-Barnes Carrier 
-Sectioned Cardboard Box 
-Individual Cardboard 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 ("bright-dipped") leads (-00) require no 
additonal cleaning or processing when used in soldered assembly. 

14-PIN J CERAMIC 

(INCH) 

Falls Within JEDEC T0-116 and 

M0-001 AA Dimensions 

16- PIN J CERAMIC 

(INCH) 

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

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

noted. 

TEXAS INSTRUMENTS 
INCORPORATED 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 

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

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

'i. 'i. 

8-PIN JG CERAMIC 

(INCH) 

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

true longitudinal position. 

b. All dimensions are in inches unless otherwise 

noted. 

~~ 
IRRt0245 -1 ·~·~ ~~~;~X~~:ACES 

- SEATING PLANE 
• 0.020 OJOMIN 
• MIN PLACES 

&PLACES ..1r---~:~ 0.065 ~--11---0.023 BPLACES 
BPLACES 0.130 0.015 O.OlS 

MIN 'PLACES 
PIN SPACING 0.100 T.P. 

(SeeNote1) 

KA (T0-3) package (inch dimensions, see page 47 for metric dimensions) 

ALL JEDEC T0-3 DIMENSIONS AND NOTES ARE APPLICABLE 

(INCH) 

All dimensions are in inches 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

II 

37 



II 

38 

LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 

KC (T0-220AB) package (inch dimensions, see page 48 for metric dimensions) 

THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
FALLS WITHIN JEDEC T0-220AB DIMENSIONS 

0.110 
o:li9li 

0.110 
o:Osii 

0.032 • 0.003 
3 PLACES 

(INCH) 

L L~.250 MAX 

0.562 
0.500 

g: ~~~ DIA 

14--QnQ r
g:~~~ 

o.01s I 0.230 

'1=-===:~~~=1 ===~_._1:-=-~:=+-I _L-f -g--.-:;g 
0.115 0.055 
D.080 M20 

All dimensions are in inches 

NOTE: Notches may or may not be present. 

KO (T0-202AB) package (inch dimensions, see page 48 for metric dimensions) 

THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
FALLS WITHIN JEDEC T0-202AB DIMENSIONS 

(INCH) 

CASE TEMPERATURE 
MEASUREMENT POINT 4::==~: ~l ~~:r;i11 

0.2T : ~ 0.370 
0.190 bl 0.330 

r---=j_=------. ::l_l_ , A I 

I 
l: ~lg:g~~ \ 'i IL_l 
0.035 --rl 

i.----g:~~g--0-.8-40-i_·::· ==-g_:~~_g __ ~ ___ 0.420 ~ g:g~g 
~------0.760 .. 0.380 

0.022 ,..--------.! 0.022 

o.0TB"]_ t::=:=:=:=:=:=::::::i _[ O.Q18 

f~1 ========~ · 'T 
All dimensions are in Inches 

TEXAS INSTRUMENTS 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 

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

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

8-PIN L 10-PIN L 

{INCH} {INCH} 

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

Same as JED EC T0-99 and 
M0-002AK except for 
diameter of standoff 

3-PIN LA 

{INCH} 

Same as JEDEC T0-100 and 
M0-006AD except for 

diameter of standoff 

~~CIA 

3LEAOS 

W,S CIA 

Same as JEDEC T0-39 

except for reduced can height 

All dimensions are in inches unless otherwise noted. 

TEXAS INSTRUMENTS 
INCORPORATED 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 

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

The silect package is an encapsulation in a plastic compound specifically designed for this purpose. The package will 
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity 
conditions and is capable of meeting MIL-STD-202C, Method 1068. 

(INCH) 

1 r 0.100(NOTEA) 
0.105 
o:OaO 

~,:~-~---0-~-~~-5-~·r---------~1==~:===:=:::=::::=:=:===i 

I -+-- __j 0.100±0.005 
~ 00 .. 217100 0.500 MIN 

0.050:1:.0.005 

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

B. All dimensions are In Inches. 

3 LEADS 
0.017 ± 0.003 WIDE 
0.015.t 0.0005 THICK 

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) 

~0©~ 
,,~,000 

NOTES: a. Each pin is within 0.005 radius 

0000 
0.070 MAX 8 PLACES 

0.033MIN 
8 PLACES 

. I I O.DTB • 0.003 
j r- &PLACES 

of true position (T.P.) at the 

material condition and unit 
installed. 

b. All dimensions are In inches 

unless otherwise noted. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 o DALLAS, TEXAS 75222 
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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. 

10s• 

900 

~
PLACES 1-0.011.± 0.003 

14 PLACES 0.325 
±0.025 
1 PLACES 

'i 'i 

14-PIN N PLASTIC 

(INCH) 

_, t4-0.070 MAX 14 PLACES 

'0.020MIN~n 0.200 MAX __i_ 

l f 0.033 MIN 
0.125 MIN 14 PLACES 

bl I I l +ll~0.018±0.003 o.01s•••. •• •• 14 PL.ACES 

± 0.020 
4PlACES~ 

PIN SPACING 0.100 TP 
(SH Not• a) 

Falls Within JEDEC T0-116 and 
M0-001 AA Dimensions 

QUAD-IN-LINE LEAD CONFIGURATION 

©D0 © © 
® © 
@ © 
@ 0 
@) 0 
® 0 

0.200 
t0.015 

0200 
t0015 

16-PIN N PLASTIC 

(INCH) 

~0870MAX~ 

lj_8]~.~ lj_ o.="·'" ·::d;:::::::1 
~ OOBONOM 000©0©0© 

too10NOM • 0.020MIND 
· 0.200 MAX ____t_ 

0.033MIN 
16PLACES 

1._L ~ 
-SEATING PLANE~ 

16PLACES 0011:t0.003 ~\.- iaPLACES o.1zsM1N LI I ~~0;~1:L~~~3 
2.m i-t--i 
0.015 PINSPACING0.100T.P. 

P1ek•configur1tionof 

16-pinNJ*dl,1g1I .. 

•ltem•ti¥t11tdeview1li1 

•tthlloptionofTI. 

4PLACES ISMNot11I 

ALTERNATE SIDE VIEW 

_.., \- 0.070 MAX 18 PLACES 

'0.020MIN~o 0200MAX _t_ 

~ 1°2~3CA~~NS 

LI I ~l-o.01a.o.00l 
~ 1SPLACES 

0.015 PIN Sl'ACING 0.100 T.P. 
4 PLACES IS. Notti 11 

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

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

noted, 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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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 on an 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) 

O.o.u>MIN 
8PLACES 

j:o.24s~o.010~~l-o.01a, 0.003 
2PLACES 8PLACES 

~0.300T.P. 
LTAB'i. 

0.600T.P. 

NOTES: a. Each pin (or tab) center line is located within 
0,005 of its true longitudinal position (T.P.) 

b. All dimensions are in inches unless otherwise 

noted. 

QUAD-IN-LINE LEAD CONFIGURATION 

®D© © © 

@> © 
@) (i) 

OlOO UOO 
t0.011 t0.011 

All dimensions are In Inches 

TEXAS INSTRUMENTS 
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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 
(INCH) 

@~©PIN SPACING 

-·u-g~ 10 LEADS 10 LEADS~~::.., r-- IT?S:~!;. bl 

I 

~--- ---------l- H H H ~/ t=' 
0 JOO xxxx 0 250 

1 000 
0750 

(See Note c) 0235 

~ALTERNATE _L 

14-PIN U 

(INCH) 
@@@@@©© 

f--+ ul!o~~Pbl T~LEADS 

T 
0.350 

--------l- ---- - '""00' ,_.:; n~~n . 
1 000 
0750 

• 
INDEX POINTS 

:~' '"""~'"" ::::::1 i:' ~-

1s..0N~~bl --t g~ ~:: ~ 

Notl~cl F?i~I ALTERNATE tii _J~;: 

Q..Q!!Qj 
0050 

g~ ~ -l f.. g:g~: 14 LEADS 

Falls Within 00000 Falls Within 00©©0©0 
JEDEC M0-004AE Dimensions JEDEC M0-004AA 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. 

TEXAS INSTRUMENTS 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 

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

These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap, and a 14· or 
16-lead frame. Hermetic sealing is accomplished with glass. Tin-plated ("bright-dipped") leads (-00) require no 
additional cleaning or processing when used in soldered assembly. 

14-PIN W CERAMIC 

(INCH) 

@®@@@0© 

Falls Within 
JEDEC M0·004AA 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 (Tr) at maximum 
material condition. 

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

g:~~~~ 
16 lEAOS 

BASE AND 
SEATING PLANE 

16-PIN W CERAMIC 

(INCH) 

r 
__ r __ I _ 

0.940 0285 'P' 
irn7 

I- I- I- I~ ~6~DS 

L_ ............... ~ ............. 

o 960 I~ ~1~• dl.1 :::;._, h 

gg~gj ~ - -- --I -
I 

o04o L ~ f.- o.02s 
0.020 I 1------g:;~____., 4~c~'6'es 

I- -

Falls Within 
JEDEC M0-004AG Dimensions 

14 PIN 16PIN 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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76 

LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 

PIN 1 PIN 1 

TYPICAL 
P.C. BOARD 

LAYOUT 

DIP~T0-99 r.., -., - _., 
I I • __ ,., 

8-PIN DIP 

0.050 in (1.27 mm) 

0.300 in 
(7.62 mm) DIA 

SPREAD LEAD 
PATTERN FOR 

T0-99 

0.200-DIAMETER STANDARD 
LEAD Cl RCLE FOR T0-99 

0.300-DIAMETER SPREAD 
LEAD Cl RCLE FOR T0-99 

PRINTED CIRCUIT BOARD PATTERN THAT ALLOWS 
INTERCHANGEABILITY OF 8-PIN DUAL-IN-LINE 

PACKAGE WITH T0-99 PLUG-IN PACKAGE 

TEXAS INSTRUMENTS 
INCORPORATED 

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

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

These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 14-or 16-lead frame. The 
circuit bar is alloy-mounted to the base and hermetic sealing is accomplished with glass. The packages are intended for 
insertion in mounting-hole rows on 7.62-mm centers. Once the leads are compressed and inserted, sufficient tension is 
provided to secure the package in the board during soldering. Tin-plated ("bright-dipped") leads (-00) require no 
additional cleaning or processing when used in soldered assembly. 

14-PIN J CERAMIC 

(METRIC) 
16-PIN J CERAMIC 

(METRIC) 

Falls Within JEDEC T0-116 and 

M0-001 AA Dimensions 

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

of Its true longitudinal position. 

b. All dimensions are in millimeters unless 

otherwise noted. These dimensions are for 

reference only. Inch dimensions govern. 

TEXAS INSTRUMENTS 
INCORPORATED 
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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) 

. . ···oo·B 
~712 000© 

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

true longitudinal position 

b. All dimensions are in millimeters unless other­

wise noted. These dimensions are for reference 

only. Inch dimensions govern. 

\R,qf ill 

ffi
-j rn•~ :::-::;~78MS~~;;:CES 

- SEATING PLANE +--o..;+ 0 76 MIN 

~ BPLACES 

8 PLACES ..1.....- ~ I ~ _J I.. I -H-~ 8 PLACES 

3 30 J 0 38 r---+--i 
MIN 4 PLACES PIN SPACING 2 54 T P 

(See Note al 

KA (T0-3) package (metric dimensions, see page 37 for inch dimensions) 

ALL JEDEC T0-3 DIMENSIONS AND NOTES ARE APPLICABLE 

(METRIC) 

~ 
4.78AMAX 
BOTH ENDS 

All dimensions are in millimeters 

CASE TEMPERATURE 
MEASUREMENT POINT 

These dimensions are for reference only. Inch dimensions govern. 

TEXAS INSTRUMENTS 
INCORPORATED 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 

KC (T0-220AB) package (metric dimensions, see page 38 for inch dimensions) 

THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
FALLS WITHIN JEDEC T0-220AB DIMENSIONS 

2.80 
2.28 

0.81±0.08 
3PLACES 

(METRIC) 

L L~.35 MAX 

14.28 
12.70 

~DIA 
3.53 

rii~l.-·86 
o.4s I 

Ott*' c:::::====~1 I ... _l_ ~:: 
~ . . I I I + 

t 
~ 1.40 
2.03 All dimensions are in millimeters. o.51 

These dimensions are for reference only, Inch dimensions govern. 

NOTE: Notches may or may not be present. 

KD (T0-202AB) package (metric dimensions, see page 38 for inch dimensions) 

THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
FALLS WITHIN JEDEC T0-202AB DIMENSIONS 

(METRIC) 

CASE TEMPERATURE 

j_ 

T 
1.14 
0.89 

1. Emitter 
2. Base 
3. Collector 

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

TEXAS INSTRUMENTS 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 

Land 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. 

8-PIN L 

(METRIC) 
10-PIN L 

(METRIC) 

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

Same as JEDEC T0-99 and 
M0-002AK except for 

diameter of standoff 

3-PIN LA 

(METRIC) 

Same as JED EC T0-39 
except for reduced can height 

Same as JEDEC T0-100 and 
M0-006AD except for 
diameter of standoff 

i 

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

TEXAS INSTRUMENTS 
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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 1068. 

(METRIC) 

1 r 2.54 (NOTE A) 

NOTES: A. Lead dimensionsare not controlled in this area. 

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

0.43 ± 0.08 WIDE 
0.38 ± 0.014 THICK 

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

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

8-PIN P PLASTIC 

(METRIC) 

1.n MAX 8 PLACES 

. I I 0.451 • o.01a 
j ~ I PLACES 

NOTES: a. Each pin is within 0.127mm 

radius of true position (T.P.) at 
the guage plane with maximum 
material condition and unit 
in:t::!!:::d. 

b All dimension are In millimeters 
unless otherwise noted. These 
dimensions are for reference 
only. Inch dimensions govern . 

TEXAS INSTRUMENTS 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 

N plastic dual-in-line packages (metric dimensions, see page 41 for inch di1mensions), 

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) 

Falls Within JEDEC T0-116 and 
M0-001 AA Dimensions 

QUAD-IN-LINE LEAD CONFIGURATION 

©D® © © 
@) 0 
@ © 
@ 0 
@ 0 
@ 0 

2.54 2.S4 
10.38 t0.38 

5.08 5.08 
10.38 10.38 

Pack9conf1gur1tionot 

16-pin N PK't• {IM 

•l1em11t1velidftiewslis 

•ttMoptionofTI. 

16-PIN N PLASTIC 

(METRIC) 

AL TEFINATE SIDE VIEW 

----i t--1.77MAX 16PLACES 

5.0 .. MAX o_:r:_~ 
~-~-1~ ~ ~ H~H-l-,~~A~~~ 

I I I -11- o ... ,, 0.01• 

i.-~2.&4T.P. 16PLACES 

IS..Note•I 

NOTES: a. Each pin centerline is located within 0.26 mm 

of its true longitudinal position. 
b. All dimensions are in millimeters unless 

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

TEXAS INSTRUMENTS 
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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 t\NO tabs which facilitate attachment of heat sinks. Silver-plated leads require no additional cleaning or 
processing when used in soldered assembly. 

ND PLASTIC 

(METRIC) 

NOTES: a. Each pin (or tab) center line is located within 

0.127 mm of its true longitudinal position 

(T.P.) 

b. All dimensions are in millimeters unless 

otherwise noted. These dimensions are for 

reference only, Inch dimensions govern. 

QUAD-IN-LINE LEAD CONFIGURATION 

©D© ® © 
@ © 
@) 0 

508 5.08 
t0.38 10.38 

All dimensions are in millimeters. 

TEXAS INSTRUMENTS 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS ANO 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 

(METRIC) 

G~© PIN SPACING 

14-PIN U 

(METRIC) 

@@@@800 
-•1t•-- O. lS

2 
10 LEADS 10 LEADS 

0
·
481-.. I+- i-T 1.27 T.P. ---.j~4 LEADS 

i~ t !See Noto bl T H-
PIN SPACING 
1.27 T.P. 
(See Note b) 

~j 1.27 

1.27 
ii:12 

8~ L~ 

;:,--- --------+- H >- >- >- Too" ;_--- --------+-- -- --- - M'®' 
254 762 xxxxl'i 635 254 762 ~ xxxx~ 6.L 

lsO (Seo Note cl 5.96 T9ii !Seo Noto cl t 
1 

~ 5.96 

f--J ~1~~i~~~J:s _l I- l .! 1~~g~~J:s _ ~ 
l<1i 'rl ~~~ 1-r.:-- --------T -- --- --- --

889 889 
508 508 

~ .,, >i O~ !_!! ~ 1 -' L e__._·
4
38

82 14 LEADS 
(Seo Note bl 000 0.12 -Jr-"·""' 

00000 8000000 
Falls Within Falls Within 

JEDEC M0-004AE Dimensions JEDEC M0-004AA Dimensions 

NOTES: a. All dimensions are in millimeters. These dimensions are for reference only. Inch 

dimensions govern. 

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

condition. 

c. These dimensions determine a zone within which all body and lead irregularities 

lie. 
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LINEAR CIRCUITS 
ORDERING INSTRUCTIONS AND MECHANICAL DATA 

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

These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap, and a 14- or 
16-lead frame. Hermetic sealing is accomplished with glass. Tin-plated ("bright-dipped") leads (-00) require no 
additional cleaning or processing when used in soldered assembly. 

~.~~~ + 
14LEADS 

BASE AND 
SEATING 
PLANE 

14-PIN W CERAMIC 

(METRIC) 

Falls Within 

1.--1- 1.27 TP 
12PLACES 
(See Note cl 

g:~~:~~ 
16LEAOS 

BASE AND 
SEATING 
PLANE 

2.03 
m 

1.02 
if.51 

16-PIN W CERAMIC 

(METRIC) 

Falls Within 

JEDEC M0-004AA Dimensions JEDEC M0-004AG Dimensions 

NOTES: 

a. All dimensions are in millimeters. 
These dimensions are for reference 

only. Inch dimensions govern. 

b. Index point is provided on cap for 

terminal identification only. 

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

material condition. 

d. This dimension determines a zone 

within which all body and lead 

irregularities lie. 
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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/µ.s) 

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 

TL089 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 

MC1458 6 200 500 1 0.5 
Dual 

RC4558 6 200 500 3 1 

TL022 5 80 250 0.8 0.5 

uA747 6 200 500 1 0.5 

LM124, LM324 7 50 -250 1 0.5 

Ouad RC4136 6 200 500 3 1 • TL044 5 80 250 0.8 0.5 

OPERATIONAL AMPLIFIERS WITH JFET INPUTS 

Input Offset Input Offset Input Bias Slew Rate at 
Bandwidth 

Voltage Current Current Unity Gain 

MAX MAX MAX TYP TYP 

(mV) (nA) (nA) (Hz) (V/µs) 

LF155, LF355 10 0.05 0.2 2.5 5 

LF155A, LF355A 2 O.Q1 0.05 2.5 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 (V1ol 

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 (R5) are inserted in series 
with the input leads. 

Average Temperature Coefficient of Input Offset Voltage (ov1ol 

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. 

l

(V10 @TA(1)l - (V10@ TA(2)ll 
ov1 o = where TA( 1) and T A(2) are the specified temperature extremes. 

TA(1) -TA(2) 

Input Offset Current U1ol 

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

Average Temperature Coefficient of Input Offset Current (a11ol 

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. 

a110 
= 1!11o@TA(1)l-(11o@TA(2)ll 

TA(1) -T A(2) 

Input Bias Current 01 Bl 

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

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

Input voltage Range (Vi) 

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

Common-Mode Input Voltage (V1cl 

The average of the two input voltages. 

Common-Mode Input Voltage Range (V1cRl 

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

Differential Input Voltage (V1 ol 

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

Maximum Peak Output Voltage Swing (VoMl 

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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GLOSSABY 
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS 

Large-Signal Voltage Amplification (Av) 

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

Differential Voltage Amplification (Avol 

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

Maximum-Output-Swing Bandwidth (BQMl 

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

Unity-Gain Bandwidth (B1) 

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

Phase Margin (cf>ml 

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 (Aml 

The reciprocal of the open-loop voltage amplification at the lowest frequency at which the open-loop phase shift is such 

that the output is in phase with the inverting input. 

Input Resistance (rj) 

The resistance between the input terminals with either input grounded. 

Differential Input Resistance (ridl 

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

Output Resistance (r0 ) 

The resistance between the output terminal and ground. 

Input Capacitance (Cil 

The capacitance between the input terminals with either input grounded. 

Common-Mode Input Impedance (Ziel 

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

Output Impedance (z0 ) 

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

TEXAS INSTRUMENTS 
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GLOSSARY 
OPERATIONAL AMPLIFIER TERMS AND DEFINITIONS 

Common-Mode Rejection Ratio (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 (ksvs. AV10/AVccl 

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 (kSVR· AVcc/AV1ol 

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 (Vnl 

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

Equivalent Input Noise Current Unl 

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 (I osl 

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

Supply Current Uccl 

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

Total Power Dissipation (Pol 

The total d-c power supplied to the device less any power delivered from the device to a load. 

NOTE: At no load: Po= Vee+· Ice++ Vee-· ICC-· 

Channel Separation (V0 1IV02l 

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 (tr) 

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

Total Response Time (Settling Time) ht0 t) 

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 (±e) 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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LINEAR 
INTEGRATED CIRCUITS 

TYPES LF155, LF155A, LF156, LF156A, LF157, 
LF157A, Lf 255, LF256, Lf 257, LF355, 

LF355A, LF356, LF356A, LF357, LF357A 
JFET-INPUT OPERATIONAL AMPLIFIERS 

• Rugged J FET's Allow Blow-Out-Free 
Handling Compared with 
MOSFET-lnput Devices 

• Offset Adjustment Does Not Degrade 
cxVIO or Common-Mode Rejection 
as in Most Bipolar Amplifiers 

• Low Input Bias Current ... 30 pA Typ 

• Low Input Offset Current ... 3 pA Typ 

quick selection guides 

BULLETIN NO. DL-S 7612387, JUNE 1976 

• Low Input Offset Voltage Temperature 
Coefficient ... 5 µ V /° C Typ 

• High Input Impedance ... 1012 n Typ 

• High Common-Mode Rejection Ratio 

o High DC Voltage Gain ... 200 V/mV Typ 

• No External Frequency Compensation Required 

• Low Equivalent Input Noise Current 

OPERATING FREE-AIR TEMPERATURE RANGE MAX OFFSET VOLTAGE 
TYPES 

-55°C to 125°C -25°C to 85°C 0°C to 70°C 2.3mV 2.5mV 

LFL_A • • 
LFL_ . 
LF2 __ . 
LF3 _ _A • . 
LF3 __ . 

TYP BANDWIDTH TYPVn TYP 

TYPES Av=5 Av= 1 f = 100 Hz Ice 

20MHz 4.5MHz 2.5MHz 15nVl{Hz 

'55, '55A • 
'56, '56A • • 
'57, '57A . • 

description 

These monolithic JFET-input operational amplifiers 
incorporate well-matched, high-voltage 81-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. 

25 nV0/_Hz 2mA 5mA . . . 
• 

JG OR P 
DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

OUT· BAL· 
NC 

BAL· INV NON- Vcc­

ANCE INPUT l~~~T 

6.5mV 7mV 13 mV 

• 
• 

• 

TYP SLEW RATE 

Av= 5 

50 V/µs 

• 

Av= 1 

12 V/µs 5 V/µs 

• 
• 

L 
PLUG-IN PACKAGE 

(TOP VIEW) 

NC 

PIN 4 IS IN ELECTRICAL 

CONTACT WITH THE CASE 
The LF155, LF155A, LF156, LF156A, LF157, and 
LF 157 A are characterized for operation over the full 
military temperature range of -55°C to 125°C; the 
LF255, LF256, and LF257 are characterized for 
operation from -25°C to 85°C; the LF355, LF355A, 
LF356, LF356A, LF357, and LF357A are 
characterized for operation from 0°C to 70°C. 

NC-No internal connection 
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TYPES LF155, LF155A, LF156, LF156A, LF157, LF157A, Lf 255, 
LF256, LF257, LF355, LF355A, LF356, LF356A, LF357, LF357A 
JFET-INPUT OPERATIONAL AMPLIFIERS 

schematic 

INV 
INPUTo-------1~---. 

BALANCE 

~ 

Component values shown are nominal, 
tc1=2 pF on LF157, LF157A, LF257, LF357, and LF357A. 

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

LF1--
LF2--

LF3--

LF1--A LF3--A 

Supply voltage Vee+ (see Note 1) 22 22 18 

Supply voltage Vee- (see Note 1 I -22 -22 -18 

Differential input voltage (see Note 21 ±40 ±40 ±30 

Input voltage (see Notes 1 and 31 ±20 ±20 ±15 

Duration of output short-circuit (see Note 4) unlimited unlimited unlimited 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 51 670 670 670 
Operating free-air temperature range -55 to 125 -25 to 85 0 to 70 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 

Lead temperature 1 /16 inch from case for 60 seconds l JG or L package 300 300 300 

Lead temperature 1 /16 inch from case for 10 seconds JP package 260 260 260 

UNIT 

v 
v 
v 
v 

mW 
oc 
oc 
oc 
oc 

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 Vcct and Vee-· 

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

dissipation rating is not exceeded. 

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

requires a heat sink that provides a thermal resistance from case to free-air, ROCA· of not more than 105°C/W. 
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TYPES LF155, LF156, LF157, LF255, 
LF256, LF257, LF355, LF356, LF357 

JFET-INPUT OPERATIONAL AMPLIFIERS 

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

PARAMETER TEST CONDITIONSt 
LFL_ LF2-_ LF3 __ 

TYP 
UNIT 

MIN MAX MIN TYP MAX MIN TYP MAX 

Rs= 50 .n 3 5 3 5 3 10 
V10 Input offset voltage mV 

Rs= 50 .n, TA= full range 7 6.5 13 

O!VIO 
Temperature coefficient 

Rs= 50 .n, TA = full range 5 5 5 µV/°C 
of input offset voltage 

Change in temperature 
µV/°C 

Aavio coefficient with offset Rs= 50 .n 0.5 0.5 0.5 
AV10 mV 

voltage adjustment 

3 20 3 20 3 50 pA 
110 Input offset current 

TA = full range 20 1 2 nA 

l1B 
30 100 30 100 30 200 pA 

Input bias current 
TA= full range 50 5 8 nA 

+11 +15 +11 +15 +10 +15 

V1cR 
Common-mode input 

v to to to to to to 
voltage range 

-11 -12 -11 -12 -10 -12 

Vo pp 
Maximum peak-to-peak 

Vee±= ±15 v. RL = 10 k.n 24 
output voltage swing 

26 24 26 24 26 v 

Large-signal differential 
Vee±= ±15 v. 

TA= 25°C 50 200 50 200 25 200 
Ava 

voltage amplification 
RL=2k.n, 

TA = full range 25 25 15 
V/mV 

Vo= ±10 V 

'55 2.5 2.5 2.5 

B1 Unity.gain bandwidth '56 4.5 4.5 4.5 MHz 

'57 20 20 20 

rj Input resistance 1012 1012 1012 .n 

Ci Input capacitance 3 3 3 pF 

CMRR 
Common-mode rejection 

ratio 
Rs= 50 .n 85 100 85 100 80 100 dB 

ksvR* 
Supply voltage rejection 

ratio 
85 100 85 100 80 100 dB 

Rs= 100 .n, '55 25 25 25 

Vn 
Equivalent input noise f=100Hz '56, '57 15 15 15 

nV/.jHZ. 
voltage Rs= 100 .n, '55 20 20 20 

f = 1 kHz '56, '57 12 12 12 

In 
Equivalent input noise f = 100 Hz 0.01 0.01 0.01 

pA/.jHZ 
current f = 1 kHz 0.01 0.01 0.01 

No load, '55 2 4 2 4 2 4 
Ice Supply current 

No signal '56, '57 5 7 
mA 

5 7 5 10 

•ksvR = AVcc±IAV10· 
t All characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, V CC± = ±15 V to ±20 V for 

LF1 __ and LF2 __ , Vee±= ±15 V for LF3 __ • Full range for TA is -55°C to 125°C for LF1 __ , -25°C to 85°C for LF2 __ , and o 0 c to 
70°C for LF3 __ • 

operating characteristics, Vee+= 15 V, Vee-= -15 V, TA= 25°e 

PARAMETER TEST CONDITIONS 
LFL_ LF2-_ LF3 __ 

UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Total response time 
AVo= 10V, '55 4 4 4 

Av= -1 
ttot 

(settling time) 
e = ±0.01%, '56 1.5 1.5 1.5 µs 

See Figure 1 Av= -5 '57 1.5 1.5 1.5 

Av=-1 
'55 5 5 5 

SR Slew rate AVo=10V, '56 7.5 12 7,5 12 12 V/µs 
See Figure 2 

Av=-5 '57 30 50 30 50 50 
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TYPES LF155A, LF156A, LF157A, 
LF355A, LF356A, LF357A 
JFET-INPUT OPERATIONAL AMPLIFIERS 

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

PARAMETER TEST CONDITIONst 

Rs= 50 n 
V10 Input offset voltage 

Rs= 50 n, TA = full range 

Temperature coefficient of 
Rs= 50 n. TA = full range a:v10 

input offset voltage 

Aa:v10 Change in temperature coefficient 
Rs= 50 n 

AV10 with offset voltage adjustment 

110 Input offset current 
TA = full range 

l1B Input bias current 
TA = full range 

V1cR 
Common-mode input voltage 

range 

Vo PP 
Maximum peak-to-peak 

Vee±= ±15 v. AL= 10 k.!1 
output voltage swing 

Large-signal differential 
Vee±= ±15 v, 

TA= 25°C 
Avo 

voltage amplification 
AL= 2 kn, 

TA = full range 
Vo= ±10 V 

'55A 

B1 Unity-gain bandwidth '56A 

'57A 

ri Input resistance 

Ci Input capacitance 

CMRR Common-mode rejection ratio Rs= 50 n 

ksvR· Supply voltage rejection ratio 

Rs= 100 n. '55A 

Vn Equivalent input noise voltage 
f = 100 Hz '56A, '57A 

Rs= 100 n. '55A 

f = 1 kHz '56A, '57A 

In Equivalent input noise current 
f = 100 Hz 

f = 1 kHz 

Ice 
No load, '55A 

Supply current 
No signal '56A, '57A 

ksvR - AVee±/AV10· 

MIN 

+11 

to 

-11 

24 

50 

25 

4 

15 

85 

85 

LFL_A LF3 __ A 
UNIT 

TYP MAX MIN TVP MAX 

1 2 1 2 
mV 

2.5 2.3 

3 5 3 5 µV/°C 

0.5 0.5 
µV/"C 

mV 

3 10 3 10 pA 

10 1 nA 

30 50 30 50 pA 

25 5 nA 

+15 +11 +15 

to to to v 

-12 -11 -12 

26 24 26 v 

200 50 200 

25 
V/mV 

2.5 2.5 

4.5 4 4.5 MHz 

20 15 20 
1012 1012 n 

3 3 pF 

100 85 100 dB 

100 85 100 dB 

25 25 

15 15 
nV/.jHz 

20 20 

12 12 

0.01 0.01 
pA/.jHz 

0.01 0.01 

2 4 2 4 

5 7 5 
mA 

10 

t All characteristics are specified under open-loop operation, unless otherwise· noted. Also unless otherwise noted, Vee±= ±15 V to 20 V for 

LF1--A and LF3--A. Full range for TA is -55°e to 125°e for LF1--A and 0°e to 70°e for LF3-A. 
operating characteristics, Vee+= 15 V, Vee-= -15 V, TA= 25°e 

PARAMETER TEST CONDITIONS 
LFL_A LF3 __ A 

UNIT 
MIN TVP MAX MIN TVP MAX 

AVo=10V, '55A 4 4 

ttot Total response time (settling time) € = ±0.01%, 
Av= -1 

'56A 1.5 1.5 µs 

See Figure 1 Av=-5 '57A 1.5 1.5 

Av=-1 
'55A 3 5 3 5 

SR Slew rate 
AVo=10V, 

'56A 10 12 10 12 V/µs 
·see Figure 2 

Av=-5 '57A 40 50 40 50 
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TYPES LF155, LF155A, LF156, LF156A, LF157, LF157A, Lf 255, 
Lf 256. LF257, LF355, LF355A, LF356, LF356A, LF357, LF357A 

JFET-INPUT OPERATIONAL AMPLIFIERS 
PARAMETER MEASUREMENT INFORMATION 

R2 =2 kn 

Vee+ =+15 v 

Al 
INPUT 0 >-VV'l.r--....... --f 

100 pF 

Vee- =-15 v 

R2 
Av =-m 

ForAv=-1, Al =2kn 

For Av = -5, Al = 400 n 

TEST CIRCUIT 

OUTPUT 

INPUT 

--------v, 
ForAv=-1, V1=lOV 

ForAv=-5, V1=2V 

-------0 
I+-- ttot --+j 

I 
OUTPUT I 

I 
I 

VOLTAGE WAVEFORMS 

FIGURE 1-TOTAL RESPONSE TIME 

R2 = 2 kn 

Vee+= +15 v 

Vee- =-15 v 

Av=-~ 
Al 

For Av= -1, Rl =2 kn 

For Av= -5, Al= 400 n 

TEST CIRCUIT 

PRINTED IN U.SA. 

Tl cannot assume any responsibility for any circuits shown 
. or represent that they are free from patent infringement. 

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

OUTPUT 

INPUT 

OUTPUT 

10% 

ForAv=-1, V1=10V 

For Av= -5, V1=2 V 

-------..... --0 v 

90 ~----.....,--lOV 
%-- -, 

:Ava 

- -+ .i -----""I, - -:- - - - - - --ov 

FIGURE 2-SLEW RATE 

~tt-.i AVo 
SR=-­

lt 

VOLTAGE WAVEFORMS 
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LINEAR 
INTEGRATED 
CIRCUIT 

TYPES LF2155, LF2155A, Lf 2156, LF2156A, Lf 2157, 
LF2157A, LF2255, Lf 2256, Lf 2257, LF2355, 

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

• Rugged JFET's Allow Blow-Out-Free 
Handling Compared with 
MOSFET-lnput Devices 

• Low Input Bias Current ... 30 pA Typ 

• Low Input Offset Current ... 3 pA Typ 

• High Input Impedance ... 1012 n Typ 

quick selection guides 

BULLETIN NO. DL-S 7612420, JUNE 1976 

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

• High Common-Mode Rejection Ratio 

• High DC Voltage Gain ... 200 V /mV Typ 

• No External Frequency Compensation Required 

• Low Equivalent Input Noise Current 

TYPES 
OPERATING FREE-AIR TEMPERATURE RANGE MAX OFFSET VOLTAGE 

-55°C to 125°C -25°C to 85°C 0°C to 70°C 2.3mV 2.5mV 

LF21--A • • 
LF21-- • 
LF22-- • 
LF23--A • • 
LF23-- • 

TYP BANDWIDTH TYPVn TYP 

TYPES Av= 5 Av= 1 f = 100 Hz Ice 
20Mfiz 4.5MHz 2.5MHz 15nV~Hz 

'55, '55A . 
'56, '56A . . 

I '57, '57A • • 

description 

These monolithic JFET-input operational amplifiers 
incorporate well-matched, high-voltage Bl-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 low 
offset voltage temperature coefficient. The devices 
are als6 designed for wide bandwidths, high slew rate, 
extremely fast settling time, low equivalent input 
noise voltage and current, and a low 1/f corner. 

The LF2155, LF2155A, LF2156, LF2156A, 
LF2157, and LF2157 A are characterized for 
operation over the full military temperature range of 
-55°C to 125°C; the LF2255, LF2256, and LF2257 
are characterized for operation from -25°C to 85°C; 
the LF2355, LF2355A, LF2356, LF2356A, LF2357, 
and LF2357 A are characterized for operation from 
0°C to 70°C. 

25nV~Hz 2mA 5mA 

• • . 
• 

JG OR P 
DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

AMPLIFIER 2 NON 
OUT INV INV 

Vee+ PUT INPUT INPUT 

~~j 1~~~T 7~~ Vcc-

AMPLIFIEA 1 INPUT 

TEXAS INSTRUMENTS 
INCORPORATED 
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l 

6.5mV 7mV 13mV 

• 
• 

• 

TYP SLEW RATE 

Av=5 

50 V/µ.s 

• 

Av=1 

12 V/µs 5 V/µs 

• . 

L 
PLUG-IN PACKAGE 

(TOP VIEW) 

PIN 4 IS IN ELECTRICAL 

CONTACT WITH THE CASE 

• 
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TYPES LF2155, LF2155A, Lf 2156, LF2156A, Lf 2157, 
LF2157A, LF2255, LF2256, LF2257, LF2355, 
LF2355A, Lf 2356, LF2356A, LF2357, LF2357A 
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS 
schematic (each amplifier) 

TO OTHER 
AMPLIFIER 

,__ ______ .,__ ___ ..... ____ ,.__.._--<>Vee+ 

INV 6----+--~ 
INPUT 

Component values shown are nominal. 

tc1 • 2_pF on LF2157, LF2157A, LF2257, LF2357, and LF2357A. 

TO OTHER 
AMPLIFIER 

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

LF21--
LF22--

LF23--

LF21--A LF23--A 

Supply voltage Vee+ (see Note 11 22 22 18 

Supply voltage Vee- (see Note 11 -22 -22 -18 

Differential input voltage (see Note 21 ±40 ±40 ±30 
Input voltage (see Notes 1 and 3) ±20 ±20 ±15 

Duration of output short-circuit (one amplifier, see Note 4) unlimited unlimited unlimited 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 51 670 670 670 
Operating free-eir temperature range -55 to 125 -25 to 85 0 to 70 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 

Lead temperature 1 /16 inch from case for 60 seconds l JG or L package 300 300 300 

Lead temperature 1 /16 inch from case for 10 seconds l P package 260 260 260 
-

UNIT 

v 
v 
v 
v 

mW 
oc 
oc 
oc 
oc 

NOTES: 1. All voltage values, except differential voltages, are with respect to the zero reference level (ground) of the supply voltages where 
the zero reference level is the midpoint between V CCt and V CC-· 

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

dissipation rating is not exceeded. 

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

requires a heat sink that provides a thermal resistance from case to free-air, ROCA• of not more than 105° C/W. 
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TYPES LF2155, LF2155A, Lf 2156, LF2156A, Lf 2157, 
LF2157A, LF2255, LF2256, LF2257, LF2355, 

LF2355A, Lf 2356, LF2356A, LF2357, LF2357A 
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS 

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

PARAMETER TEST CONDITIONSt 
LF21-- LF22-- LF23--

UNIT 
MIN TYP MAX MIN TVP MAX MIN TVP MAX 

Rs= 50 n 3 5 3 5 3 10 
V10 Input offset voltage mV 

Rs= 50 n, TA= full range 7 6.5 13 

Temperature coefficient 
Rs= 50 n, TA = full range 5 5 5 µ.V/°C o:v10 

of input offset voltage 

Change in temperature 
µ.V/°C Aav10 ff . . ff Rs= 50 n 0.5 0.5 0.5 A Vio coe 1c1ent with o set 

mV 
voltage adjustment 

3 20 3 20 3 50 pA 
110 Input offset current 

TA = full range 20 1 2 nA 

30 100 30 100 30 200 pA 
119 Input bias current 

TA = full range 50 5 8 nA 

+11 +15 +11 +15 +10 +15 

V1eR 
Common-mode input 

v to to to to to to 
voltage range 

-11 -12 -11 -12 -10 -12 

Vo pp 
Maximum peak-to-peak 

Vee±= ±15 v, RL = 10 kn 24 26 24 26 24 26 v 
output voltage swing 

Large-signal differential 
Vee±= ±15 v, 

TA= 25°C 50 200 50 200 25 200 
Avo 

voltage amplification 
RL=2kn, 

TA = full range 25 25 15 
V/mV 

Vo= ±10 V 

'55 2.5 2.5 2.5 

B1 Unity-gain bandwidth '56 4.5 4.5 4.5 MHz 

'57 20 20 20 

rj Input resistance 1012 1012 1012 n 

ei Input capacitance 3 3 3 pF 

eMRR 
Common-mode rejection 

Rs= 50 n 85 100 85 100 80 100 dB 
ratio 

ksVR* 
Supply voltage rejection 

85 100 85 100 80 100 dB 
ratio 

Rs= 1oon. '55 25 25 25 

Vn 
Equivalent input noise f= 100Hz '56, '57 15 15 15 

nV !-./HZ. 
voltage Rs= 100 n, '55 20 20 20 

f = 1 kHz '56, '57 12 12 12 

Equivalent input noise f = 100 Hz 0.01 0,01 0.01 
pA/.,/Hl. In 

current f = 1 kHz 0.01 0.01 0,01 

No load, '55 4 8 4 8 4 8 
Ice Supply current 

No signal '56, '57 14 
mA 

10 14 10 10 20 

"ksvR = AVeetlAV10· 
t All characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, Vee±= ±15 V to ±20 V for 

LF21 __ and LF22 __ , Vee±= ±15 V for LF23 __ , Full range for TA is -55°e to 125°e for LF21 __ , -25°C to 85°e for LF22 __ , 
and 0°e to 70°e for LF23 __ , 

operating characteristics, Vee+= 15 V, Vee-= -15 V, TA= 25°e 

LF21-- LF22-- LF23--
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Total response time 
AVo= 10V, '55 4 4 4 

ttot E = ±0.01%, 
Av= -1 

'56 1.5 1.5 1.5 
(settling time) 

µ.s 
See Figure 1 Av=-5 '57 1.5 1.5 1.5 

Av =-1 
'55 5 5 5 

SR Slew rate AVo= 10 V, '56 7.5 12 7.5 12 12 V/µ.s 
See Figure 2 

Av=-5 '57 30 50 30 50 50 
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TYPES LF2155, LF2155A, Lf 2156, LF2156A, Lf 2157, 
LF2157A, LF2255, LF2256, LF2257, LF2355, 
LF2355A, Lf 2356, LF2356A, LF2357, LF2357A 
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS 

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

PARAMETER TEST CONDITIONSt 
MIN 

Rs= 50 .n 
V10 Input offset voltage 

Rs= 50 .n, TA = full range 

Temperature coefficient of 
Rs= 50 .n, TA= full range av10 

input offset voltage 

.1av10 Change in temperature coefficient 
Rs= 50 .n 

.1V10 with offset voltage adjustment 

110 Input offset current 
TA = full range 

I 1B Input bias current 
TA = full range 

+11 

V1cR 
Common-mode input voltage 

to 
range 

-11 

Vo PP 
Maximum peak-to-peak 

Vee±= ±15 v. RL = 10 k.n 24 
output voltage swing 

Large-signal differential 
Vee±= ±15 v. 

TA= 25°C 50 
Avo AL= 2 k!l, 

voltage amplification TA = full range 25 
Vo= ±10 V 

'55A 

81 Unity-gain bandwidth '56A 4 

'57A 15 

q Input resistance 

Ci Input capacitance 

CMRR Common-mode rejection ratio Rs= 50 .n 85 

ksvR* Supply voltage rejection ratio 85 

Rs= 100 .n, '55A 

Vn Equivalent input noise voltage 
f = 100 Hz '56A, '57A 

Rs= 100 .n, '55A 

f = 1 kHz '56A, '57A 

In Equivalent input noise current 
f = 100 Hz 

f = 1 kHz 

No load, '55A 
ice Supply current 

No signal '56A, '57A 
--.-

ksvR - AVeetlAV10· 

LF1 __ A LF3 __ A 
UNIT 

TYP MAX MIN TYP MAX 

1 2 1 2 
mV 

2.5 2.3 

3 5 3 5 µVfC 

0.5 0.5 
µVfC 

mV 

3 10 3 10 pA 

10 1 nA 

30 50 30 50 pA 

25 5 nA 

+15 +11 +15 

to to to v 

-12 -11 -12 

26 24 26 v 

200 50 200 

25 
V/mV 

2.5 2.5 

4,5 4 4,5 MHz 

20 15 20 

1012 1012 .n 

3 3 pF 

100 85 100 dB 

100 85 100 dB 

25 25 

15 15 
nV/.JHZ 

20 20 

12 12 

0.01 0.01 
pA/.JHz 

0.01 0.01 

4 8 4 8 
mA 

10 14 10 14 

t All characteristics are specified under open-loop operation, unless otherwise noted. Also unless otherwise noted, Vee±= ±15 V to 20 V for 

LF21--A and LF23--A. Full range for TA is -55°e to 125°e for LF21--A and 0° to 70°e for LF23--A. 
operating characteristics, Vee+= 15 V, Vee-= -15 V, TA= 25°e 

LF21--A LF23--A 
PARAMETER TEST COND!T!ONS UN!T 

Mlt.I TYP MAX Mll'J TYP MAX 
AVo= 10V, '55A 4 4 

ttot Total response time (settling time) e = ±0.01%, 
Ay=-1 

'56A 1.5 1.5 µs 

See Figure 1 Av= -5 '57A 1.5 1.5 

Av=-1 
'55A 3 5 3 5 

SR Slew rate 
AVo=10V, 

'56A 10 12 10 12 V/µs 
See Figure 2 

Av=-5 '57A 40 50 40 50 
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TYPES LF2155, LF2155A, Lf 2156, LF2156A, Lf 2157, 
LF2157A, LF2255, Lf 2256, LF2257, LF2355, 

LF2355A, Lf 2356, LF2356A, LF2357, LF2357A 
DUAL JFET-INPUT OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

R2 = 2 kn 

Vee+= +15 v 

R1 
INPUT 0 >--'V\1'1,--.-----i 

R2 
Av=-m 

Vee-= -15 v 

For Av = -1, R 1 = 2 kn 

For Av = -5, R1 = 400 n 

OUTPUT 

INPUT 

--------v, 
ForAv=-1, V1=10V 

ForAv=-5, V1=2V 

-------0 
'4--ttot ~ 

I 
OUTPUT I 

I 
I 

TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 1-TOTAL RESPONSE TIME 

R2 = 2 kn 

Vee+ =+15 v 

R1 
INPUT 0 >--~-----1 

R2 
Av =-Al 

Vee- =-15 v 

For Av= -1, R1 =2 kn 

For Av= -5, R1=400 n 

TEST CIRCUIT 

76 PRINTED IN U.S.A. 

Tl connol 011ume any re1pon1ibilily for any <ircuils shown 
or repmenl that they ore free from potent infringement. 

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

INPUT 

OUTPUT 

For Av= -1, V1 = 10 V 

For Av= -5, V1=2 V ._ ______ __. __ o v 

...-------.,--1ov 
90% -- -, 

OUTPUT : 11Vo 
__ 10_% __ ...., - - + .i 

FIGURE 2-SLEW RATE 

I - -:- - - - - - --ov 
~tt~ 11Vo 

SR=-­
tt 

VOLTAGE WAVEFORMS 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

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

FORMERLY SN52101A, SN72301A 

• 
• 
• 

Low Input Currents 
Low Input Offset Parameters 
Frequency and Transient Response 
Characteristics Adjustable 

• Short-Circuit Protection 
• Offset-Voltage Null Capability 

description 

• 
• 
• 
• 

Designed to be Interchangeable with 
National Semiconductor LM101A and LM301A 
No Latch-Up 
Wide Common-Mode and 
Differential Voltage Ranges 
Same Pin Assignments as uA709 

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

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

terminal assignments 
JORN DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

JG OR P 
DUAL-IN-LINE 

PACKAGE (TOP VIEW) 
OFFSET 

L PLUG-IN PACKAGE 
(TOP VIEW) 

U FLAT PACKAGE 
(TOP VIEW) 

Off SH 
Vee• NULL c::::· NUll 

®®®®®@@ 

NC-No internal connection 

OFFSET IN\I 

NULL/ INl"UT ~:::· "cc-
INl"UT 

Ycc-

PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
LM101A LM201A LM301A 

Supply voltage Vee+ (see Note 1) 22 22 18 

Supply voltage Vee- (see Note 1) -22 -22 -18 

Differential input voltage (see Note 2) ±30 ±30 ±30 

Input voltage (either input, see Notes 1 and 31 ±15 ±15 ±15 

Voltage between either offset null terminal IN 1/N2) and Vee- -0.5 to 2 -0.5 to 2 -0.5 to 2 

Duration of output short-ci"rcuit isee Note 4i uniimited unlirnilt!u unlirnilt!u 

Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 51 500 500 500 

Operating free-air temperature range -55to125 -25 to 85 0 to 70 

Storage temperature range -65 to150 -65 to 150 -65 to 150 

Lead temperature 1/16 inch from case for 60 seconds J J, JG, L, or U package 300 300 300 

Lead temperature 1 /16 inch from case for 10 seconds I N or P package 260 260 260 

UNIT 

v 
v 
v 
v 
v 

mW 
oc 
oc 
oc 
oc 

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

2. Differential voltages are at the noninverting Input terminal with respect to the inverting input terminal. 
3, The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. For the LM101A only, the unlimited 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-circuit applies at (or below) 85°C case temperature or 75°C free-air temperature. 

5. For operation above 25°C free-air temperature, refer to Dissipation Deratlng Curves, Section 2. 
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TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

voltages specified 

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

Vee-. 

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

TEST CONDITIONSt 
LM101A, LM201A LM301A 

UNIT PARAMETER 
MIN TVP MAX MIN TVP MAX 

25°C 0.6 2 2.0 7.5 
V10 Input offset voltage Rs= 50 kn mV 

Full range 3 10 

Average temperature coefficient 
Full range 3 15 6 30 µV/°C av10 

of input offset voltage 

25°C 1.5 10 3 50 
110 Input offset current nA 

Full range 20 70 

TA= -55°C to 25°C 0.02 0.2 

Average temperature coefficient TA= 25°C to MAX 0.01 0.1 
nA/°C a110 

of input offset current TA= 0°C to 25°C 0.02 0.6 

TA= 25°C to 70°C 0.01 0.3 

25°C 30 75 70 250 
11B Input bias current 

Full range 100 300 
nA 

Vi Input voltage range See Note 7 Full range ±15 ±12 v 
Vee±= ±15 v, 25°C 24 28 24 28 

Maximum peak-to-peak RL = 10 kn Full range 24 24 
Vopp 

25°C 
v 

output voltage swing Vee±= ±15 v. 20 26 20 26 

RL = 2 kn Full range 20 20 

Large-signal differential 
Vee±= ±15 v. 25°C 50 200 25 200 

Avo 
voltage amplification 

Vo= ±10V, V/mV 

RL;;:. 2 kn Full range 25 15 

q Input resistance 25°C 1.5 4 0.5 2 Mn 

25°C 80 98 70 90 
CMRR Common-mode rejection ratio Rs= 50 kn dB 

Full range 80 70 

Rs= 50 kn 
25°C 80 98 70 96 

AVcclAV10 Supply voltage rejection ratio dB 
Full range 80 70 

No load, 25°C 1.8 3 1.8 3 
Ice Supply current No signal, mA 

See Note 7 MAX 1.2 2.5 

tAll characteristics are specified under open-loop operation. Full range for LM101A is -55°e to 125°e, for LM201A is -25°e to 85°e, and 
for LM301 A is 0° e to 70° e. 

NOTES: 6. Unless otherwise noted, Vee±= ±5 V to ±20 V for LM101A and LM201A, and Vee±= ±5 V to ±15 V for LM301A. All typical 

values are at Vee±= ±15 V. 
7. For LM101A and LM201A, Vee±= ±20 v. For LM301A, Vee±= ±15 v. 
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TYPES LM101A, LM201A, LM301A 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

> 
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TYPICAL CHARACTERISTICS 

INPUT OFFSET CURRENT INPUT BIAS CURRENT 
VS VS 

FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 

eo >---+--+--r-----.~~-+--+-- - -

'2 \ \ 
I t-----1'<-~--+--+---+--~ ._.____._---+---t 
~ LM301A 
j 60 f----+---'\.-t--+--+-''\"<-+-+--t--1 

00 ~ 
i 

40 LM101A~ 
~ t---+--- LM201A ~~~-+--+--+--t 

20 l l ~ 
t--r-

32 

28 

24 

20 

16 

12 

MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE (WITH 

SINGLE-POLE COMPENSATION) 
vs FREQUENCY 

r~c.:.-;1~1~1 
RL• 10kn 
TA•25"C 

l\Cc•3pF 

ii ll 
~-,~,~pFN N 

O'--~-~~-~~-~~'---' 0 '---+--~-+--~~-~-+-'---' 0 
1k 

][ l::::d t::::d 
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 10k 100 k 1 M 10M 

400 

200 

100 

40 

TA-Fre•Air Temperature-°C 

FIGURE 1 

OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 

VOLTAGE AMPLIFICATION 
vs 

SUPPLY VOLTAGE 

AL• 2kn 
TA• 25°C I~ 

z 
L 

lZ T 

r LM301A -j.I 

107 

10• 

105 

10• 

103 

102 

TA-Free-Air Temperature-"C 

FIGURE 2 

OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL 

VOLTAGE AMPLIFICATION 

b. 

vs 
FREQUENCY 

vcc,-•15V 
AL• 2 k!l 
Cc• 30 pF 
TA• 25"C 

""' ~ LS] 

.., 

l 4 

~ .g 2 
> 

; 0 
0 

i -2 

f - Frequency - Hz 

FIGURE 3 

VOLTAGE-FOLLOWER 
LARGE-SIGNAL PULSE RESPONSE 

T T T 
Vcc:t"':!:15V 

. RL•2kn -
-
f ~ 

CL• 100pF 
Cc• 30pF -

OUTPUT l 
TA• 25°C 

} 
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~ 
I 

~PUT l 
I 
I 
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D. 
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l\_ 
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-6 
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lvcct I-Supply Voltage-V 

FIGURE4 

f-F requency-Hz 

FIGURE 5 

TYPICAL APPLICATION DATA 

Vo R2 

R1·30 pF 
Cc;;. --­

R1+R2 

R1·R2 
R3=-­

R1+R2 

FIGURE 7-INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 
SINGLE-POLE COMPENSATION, AND OFFSET ADJUSTMENT 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

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

description 

FORMERLY SN52107, SN72307 

• Low Input Currents 

• No Frequency Compensation Required 

• Low Input Offset Parameters 

• Short-Circuit Protection 

• No Latch-Up 

• Wide Common-Mode and 
Differential Voltage Ranges 

The LM 107, LM207, and LM307 are high-performance operational amplifiers featuring very low input bias current and 
input offset voltage and current to improve the accuracy of high-impedance circuits using these devices. 

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

The LM 107 is characterized for operation over the full military temperature range of -55°C to 125°C, the LM207 is 
characterized for operation from -25°C to 85°C, and the LM307 is characterized for operation from 0°C to 70°C. 

terminal assignments 

JORN DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

JG ORP 
DUAL-IN-LINE 

PAKCAGE (TOP VIEW) 

L PLUG-IN PACKAGE 
(TOP VIEW) 

U FLATPACKAGE 
(TOP VIEW) 

®®®®@©© 

INV 
INPUT 

Vee-

Vee-

PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 

CD00©©©CD 
INV 

INPUT 

NC-No internal connection 

INV NON~ Vcc-

INPUT l~~~T 

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

LM107 LM207 LM307 

Supply voltage Vee+ (see Note 1) 22 22 18 

Supply voltage Vee- (see Note 1) -22 -22 -18 

Differential input voltage (see Note 2) ±30 ±30 ±30 

Input voltage (either input, see Notes 1 and 3) ±15 ±15 ±15 

Duration of output short-circuit (see Note 4) unlimited unlimited unlimited 

Continuous total dissipation at (or below) 25° C free-air temperature (see Note 5) 500 500 500 

Operating free-air temperature range -55 to 125 -25 to 85 0 to 70 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 

Lead temperature 1 /16 inch from case for 60 seconds } J, JG, Lor U package 300 300 300 

Lead tem_e_erature 1 /16 inch from case for 10 seconds JN or P package 260 260 260 

UNIT 

v 
v 
v 
v 

mW 
oc 
oc 
oc 
oc 

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

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

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

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

voltages specified 

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

Vee-· 

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

TEST CONDITIONSt 
LM107, LM207 LM307 

UNIT PARAMETER 
MIN TYP MAX MIN TYP MAX 

25°C 0.6 2 2 7.5 
V10 Input offset voltage Rs= 50 kn mV 

Full range 3 10 

Average temperature coefficient 
Full range 3 15 6 30 µV/°C 0 v10 of input offset voltage 

25°C 1.5 10 3 50 
110 Input offset current nA 

Full range 20 70 

TA= -55°C to 25°C 0.02 0.2 

Average temperature coefficient TA = 25° C to MAX 0.01 0.1 
nA/°C 0 110 of input offset current TA= 0°C to 25°C 0.02 0.6 

TA= 25°C to 70°C 0.01 0.3 

25°C 30 75 70 250 
118 Input bias current nA 

Full range 100 300 

V1 Input voltage range See Note 7 Full range ±15 ±12 v 
Vee±= ±15 v. 25°C 24 28 24 28 

Maximum peak-to-peak RL = 10 kn Full range 24 24 
Vo pp 

25°C 
v 

output voltage swing Vee±= ±15 v. 20 26 20 26 

RL = 2 kn Full range 20 20 

Large-signal differential 
Vee±= ±15 v, 25°C 50 200 25 200 

Avo Vo=±10V, V/mV 
voltage amplification 

RL;;. 2 kn Full range 25 15 

fj Input resistance 25°C 1.5 4 0.5 2 Mn 

25°C 80 98 70 90 
CMRR Common-mode rejection ratio Rs= 50 kn dB 

Full range 80 70 

25°C 80 98 70 96 
tNcc/t..V10 Supply voltage rejection ratio Rs= 50 kn dB 

Full range 80 70 

No load, 25°C 1.8 3 1.8 3 

Ice Supply current No signal, mA 

See Note 7 MAX 1.2 2.5 

tAll characteristics are specified under open-loop operation. Full range for LM107 is -55°e to 125°e, for LM207 is -25°e to 85°e, and for 
Lr-.. 1307 l: C°C to 7C°C. 

NOTES: 6. Unless otherwise noted Vee±= ±5 V to ±20 V for LM107 and LM207, and Vee±= ±5 V to ±15 V for LM307. All typical values 
are at Vee±= ±15 V. 

7. For LM107 and LM207, Vee±= ±20 V. For LM307, Vee±= ±15 v. 
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TYPES LM107, LM207, LM307 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
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FIGURE 5 
t Data for free-air temperatures below-25°C and above 85°C is applicable for LM107 only. 
:l:oata for supply voltages greater than 15 V is applicable to LM107 and LM207 circuits only. 

FIGURE 6 

16 PRINTED IN U.SA. 
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or represent that they ore free from potent infringement. 

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

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

a 

79 



II 

80 

LINEAR 
INTEGRATED 
CIRCUITS 

TYPES LM118, LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 7612410, JUNE 1976 

• Small-Signal Bandwidth ... 15 MHz Typ • Internal Frequency Compensation 

Input and Output Overload Protection • Slew Rate ... 50 V/µs Min • 

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

• Supply Voltage Range ... ±5 V to ±20 V 

Same Pin Assignments as General Purpose 
Operational Amplifiers 

description 

The LM 118, 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 de 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 /µs 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 fore< 0.1 % to under 1 µs. 

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 

JG ORP 
DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

COMP OUT· BAL/ 
2 Vee• PUT COMP 3 

BAL/ INV NON- Vcc­
COMP I INPUT INV 

INPUT 

L PLUG-IN PACKAGE 
(TOP VIEW) 

COMP2 

Vee-

OUTPUT 

N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

COMP OUT· BAL/ 
NC NC 2 Vee• PUT COMP 3 NC 

TEXAS INSTRUMENTS 
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U FLAT PACKAGE 
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BAL/ 

® C©2 ©OC2Y ©3 
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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, V cc+ (see Note 1) 20 20 20 v 

Supply voltage, Vee- (see Note 1) -20 -20 -20 v 

Input voltage (either input, see Notes 1 and 2) ±15 ±15 ±15 v 

Differential input current (see Note 3) ±10 ±10 ±10 mA 

Duration of output short-circuit (see Note 4) unlimited unlimited unlimited 

Continuous total power dissipation at (or below) 

25°C free-air temperature (see Note 5) 
500 500 500 mW 

Operating free-air temperature range -55 to 125 -25 to 85 0 to 70 oc 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 oc 

Lead temperature 1 /16 inch from case for 60 seconds: J, JG, L, or U package 300 300 300 oc 

Lead temperature 1/16 inch from case for 10 seconds: Nor P package 260 260 260 oc 

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 CC+ and V CC-· 

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
3. The inputs are shunted with two opposite-facing base-emitter diodes for over voltage protection. Therefore, excessive current will 

flow If a differential Input voltage in excess of approximately 1 V is applied between the inputs unless some limiting resistance Is 
used. 

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

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

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

LM118 

TEST CONDITIONSt 
LM318 

PARAMETER LM218 UNIT 

MIN TYP MAX MIN TYP MAX 

25°C 2 4 4 10 
mV V10 Input offset voltage 

Full range 6 15 

25°C 6 50 30 200 
110 Input offset current nA 

Full range 100 300 

25°C 120 250 150 500 
11B Input bias current nA 

Full range 500 750 

V1 Input voltage range Vee±= ±15 v Full range ±11.5 ±11.5 v 

Vo PP 
Maximum peak-to-peak Vee±= ±15 v. 

Full range 24 26 24 26 v 
output voltage swing RL=2kn. 

Large-signal differential 
Vee±= ±15 v. 

25°C 50 20 25 200 
AvD Vo=±10V, V/mV 

voltage amplification Full range 25 20 
RL>2kn. 

B1 Unity-gain bandwidth Vee±= ±15 v 25°C 15 15 MHz 

q Input resistance 25°C 1 3 0.5 3 MD. 

CMRR Common-mode rejection ratio Full range 80 100 70 100 dB 

tJ.Vcc/t:.V10 Supply voltage rejection ratio Full range 70 80 65 80 dB 

25°C 5 8 5 10 
ice Supply current No load 

MAX 
mA 

4.5 7 

t All characteristics are specified under open-loop operation. Full range for LMl 18 is -55° C to 125°C, for LM218 is -25°C to S5°C and for 
LM318 is 0°C to 70°C. 

NOTE 6: Unless otherwise noted, Vee± = ±5 V to ±20 V. All typical values are at Vee±= ±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 V cc+. and an equal negative voltage is applied to V CC-· 
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TYPES LM118, LM218, LM318 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

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

PARAMETER 

SR Slew rate at unity gain 

parameter measurement information 
2kn 

INPUT o--J>N...---e----1 

TEST CONDITIONS 

D.V1 = 10 V, CL= 100 pF, 

>-->-----o OUTPUT 

MIN TYP MAX 

See Figure 1 50 70 

----------lOV 
90%-- I--.-; 

OUT~~o/~ - I D.Vo 

1
100oF 

1k!2 

TEST CIRCUIT 

schematic 

-----; __:- .:.-y...:- .:.t - - - - - - 0 v 

1t-t1-.I SR= !:>Vo 

FIGURE 1-SLEW RATE 

BALANCE 

BALANCE 
COMPENSATION-3 

COMPENSATION-1 COMPENSATION-2 

It 
VOLTAGE WAVEFORMS 

..--------------+----...+----4--.,_--------e------oVcc+ 

100pF 

INVERTING 
INPUT o--e--J-----1 

Component values shown .. nominal. 

UNIT 

V/µs 

PRINTED IN U.S A 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES LM124, LM224, LM324 
QUADRUPLE OPERATIONAL AMPLIFIERS 

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

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

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

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

schematic (each amplifier) 

NON­
INVERTING<>------+--+---~ 

INPUT 

description 

These devices consist of four independent, high-gain, 
frequency-compensated ope'rational amplifiers that 
were designed specifically to operate from a single 
supply over a wide range of voltages. Operation from 
split supplies is also possible so long as the difference 
between the two supplies is 3 volts to 30 volts and 
Pin 4 is at least 1.5 volts more positive than the input 
common-mode voltage. The low supply current drain 
is independent of the magnitude of the supply 
voltage. 

• Low Input Bias and Offset Parameters 
Input Offset Voltage ... 2 mV Typ 
Input Offset Current ... 3 nA Typ (LM124) 
Input Bias Current ... 45 nA Typ 

• Differential Input Voltage Range 
Equal to Maximum-Rated 
Supply Voltage ... ±32 V 

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

• Internal Frequency Compensation 

JORN 

DUAL-IN-LINE PACKAGE (TOP VIEW) 

AMPLIFIER NO. 4 AMPLIFIER NO. 3 

~~ 
ING VERTING VERTING ING 

OUTPUT INPUT INPUT GND INPUT INPUT OUTPUT 

OUTPUT INVERT- NONIN· 
ING VERTING 

~ 
AMPLIFIER NO. 1 

Vee NONIN· INVERT- OUTPUT 
VERTING ING 

~ 
AMPLIFIER NO. 2 

Applications include transducer amplifiers, d-c amplification blocks, and•all the conventional operational amplifier 
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM124 can be 
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required 
interface electronics without requiring additional± 15-volt supplies. 

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

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

32V 
±32 v 

-0.3 V to 32 V 
Duration of .output short-circuit (one amplifier) to ground at (or below) 25°C 

free-air temperature Nee~ 15 V) (see Note 3) . . . . . . . . . . unlimited 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) · 900 mW 
Operating free-a-ir temperature range: LM 124 -55°C to 125°C 

LM224 -25°C to 85°C 
LM324 . 0°C to 70°C 

Storage temperature range -65°C to 150°C 
Lead temperature 1/16 inch from case for 60 seconds: J package . . . . . . . . . . . . . . . . . . 300°C 
Lead temperature 1/16 inch from case for 10 seconds: N package . . . . . . . . . . . . . . . . . 260°C 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to V CC can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES LM124, LM224, LM324 
QUADRUPLE OPERATIONAL AMPLIFIERS 

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

TEST CONDITIONSt 
LM124 LM224, LM324 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

Vo=1.4V, 25°C 2 5 2 7 
V10 Input offset voltage 

V cc = 5 V to 30 V 
mV 

Full range 7 9 

25°C 3 30 5 50 
110 Input offset current Vo=1.4V nA 

Full range 100 150 

Vo=1.4V, 25°C -45 -150 -45 -250 
l1B Input bias current nA 

See Note 5 Full range -300 -500 

25°C 
Oto Oto 

V1cR 
Common-mode input 

Vcc=3ov 
Vcc-1.5 Vcc-1.5 v 

voltage range Oto 0 to 
Full range 

Vcc-2 Vcc-2 

Vee= 3ov. 
Full range 26 26 

VoH High-level output voltage 
AL= 2 kn v 
Vee= 30 v. 

Full range 27 28 27 28 
RL;;;. 10 kn 

VoL Low-level output voltage RL.;; 10 kn Full range 5 20 5 20 mV 

Large-signal differential Vee= 15 v. 25°C 50 100 25 100 
Avo Vo= 1 v to 11 v. V/mV 

voltage amplification 
RL;;;. 2 kn Full range 25 15 

CMRR Common-mode rejection ratio Rs.;; 10 kn 25°C 70 85 65 85 dB 

AVcc/AV10 Supply voltage rejection ratio Rs.;; 10 kn 25°C 65 100 65 100 dB 

Amplifier-to-amplifier coupling f = 1 kHz to 20 kHz 25°C -120 -120 dB 

Vee= 15 v. 25°C -20 -40 -20 -40 
V10=1 V, 

Vo= OV Full range -10 -20 -10 -20 
mA 

lo Output current 
Vee= 15 v. 25°C 10 20 10 20 
V10=-lV, 

Vo= 2.5 V Full range 5 8 5 8 

V10=-lV, 
25°C 12 50 12 50 µA 

Vo= 200 mV 

Supply current No load, 25°C 0.8 0.8 
Ice 

(four amplifiers) No signal 
mA 

Full range 2 2 

t All characteristics are specified under open-loop conditions. Full range is -55°C to 125°C for LM124, -25°C to 85°C for LM224, and Q°C to 
70°C for LM324. 

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

TYPICAL APPLICATION DATA 

~DU,,UTA 

AUDIO DISTRIBUTION AMPLIFIER 

TEXAS INSTRUMENTS 
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OUTPUT B 

OUTPUT C 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES LM158, LM258, LM358 
DUAL OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL-S 7612413, JUNE 1976 

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

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

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

schematic (each amplifier) 

INVERTING 
INPUT 

NON-

IN~~:JiNGO----i>----t----' 

description 

GND 
(OR Vee-I 

TO OTHER 
AMPLIFIERS 

These devices consist of two independent, high-gain, 
frequency-compensated operational amplifiers that 
were designed specifically to operate from a single 
supply over a wide range of voltages. Operation from 
split supplies is also possible so long as the difference 
between the two supplies is 3 volts to 30 volts and 
Pin 4 is at least 1.5 volts more positive than the input 
common-mode voltage. The low supply current drain 
is independent of the magnitude of the supply 
voltage. 

• Low Input Bias and Offset Parameters 
Input Offset Voltage ... 2 mV Typ 
Input Offset Current ..• 3 nA Typ (LM158) 
Input Bias Current ... 45 nA Typ 

• Differential Input Voltage Range 
Equal to Maximum-Rated 
Supply Voltage ... ±32 V 

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

• Internal Frequency Compensation 

JG OR P 
DUAL-IN-LINE 

PACKAGE (TOP VIEW) 

AMPLIFIER N0.2 

~ 
NON-

OUT- INV INV 
Vee+ PUT INPUT INPUT 

OUT· INV NON­
PUT INPUT INV 

~ 
AMPLIFIER NO. 1 

L 
PLUG-IN 

PACKAGE (TOP VIEW) 

Vee+ 

PIN 4 IS IN ELECTRICAL CONTACT 
WITH THE CASE. 

Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier 
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM158 can be 
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required 
interface electronics without requiring additional ±15-volt supplies. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, Vee (see Note 1) 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . 
Input voltage range (either input) . . . . . . . . . . . . . . . . . 
Duration of output short-circuit (one amplifier) to ground at (or below) 25°C 

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

JG or P package . . . . . . 
L package . . ..... . 

Operating free-air temperature range: LM 158 
LM258 
LM358 

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

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to V cc can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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32 v 
±32 v 

-0.3 V to 32 V 

unlimited 

. 900 mW 
. .. 625 mW 

-55°C to 125°C 
-25°C to 85°C 

. 0°C to 70°C 
-65°C to 150°C 
. ... 300°C 
.... 260°C 
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TYPES LM158, LM258, LM358 
DUAL OPERATIONAL AMPLIFIERS 

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

TEST CONDITIONSt 
LM158 LM258, LM358 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

Vo= 1.4 V, 25°C 2 5 2 7 
V10 Input offset voltage mV 

V_c_c_ = 5 V to 30 V Full range 7 9 

Average temperature coefficient 
Full range 7 7 µV/°C CkVIO 

of input offset volt:igc 

25°C 3 30 5 50 
110 Input offset current Vo= 1.4 V nA 

Full range 100 150 

Average temperature coefficient 
Full range 10 10 pA/°C CkllO 

of input offset current 

Vo= 1.4 V, 25°C -45 -150 -45 -250 
l1B Input bias current nA 

See Note 5 Full range -300 -500 

25°C 
0 to 0 to 

V1CR 
Common-mode input 

Vcc=3ov 
Vcc-1.5 Vcc-1.5 

v 
voltage range 0 to Oto 

Full range 
Vcc-2 Vcc-2 

Vee= 30 v. 
Full range 26 26 

VoH High-level output voltage 
RL = 2 kn 

v 
Vee= 30 v. 

Full range 27 28 27 28 
RL;;;.1okn 

Vol Low-level output voltage RL.:;; 10 kn Full range 5 20 5 20 mV 

Vopp 
Maximum peak-to peak 

RL = 2 kn 25°C Vcc-1.5 Vcc-1.5 v 
output voltage swing 

Large-signal differential 
Vcc=15V, 25°C 50 100 25 100 

Avo Vo = 1 v to 11 v. V/mV 
voltage amplification 

RL;;;. 2 kn Full range 25 15 

CMRR Common-mode rejection ratio Rs.;; 10 kn 25°C 70 85 70 85 dB 

.1.Vcc/AV10 Supply voltage rejection ratio Rs.;; 10 kn 25°C 65 100 65 100 dB 

Amplifier-to-amplifier coupling f = 1 kHz to 20 kHz 25°C -120 -120 dB 

Vee= 15 v. 25°C -20 -40 -20 -40 
V10=1 V, 

Vo =O V Full range -10 -20 -10 -20 
mA 

lo Output current 
Vee= 15 v, 25°C 10 20 10 20 
Vio = -1 V, 

Vo= 200 mV Full range 5 8 5 8 

Vio = -1 V. 
VSJ_ = 200 mV 

25°C 12 50 12 50 µA 

Supply current No load, 25°C 0.5 0.5 
Ice 

(two amplifiers) No signal 
mA 

Full range 1.2 1.2 

t All characteristics are specified under open-loop conditions. Full range is -55° C to 125° C for LM 158, -25° C to 85° C for LM258, and 0° C to 
70nC 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 

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

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

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

TYPE LM2902 
QUADRUPLE OPERATIONAL AMPLIFIER 
BULLETIN NO. DL-S 7612291, MARCH 1976-REVISED JUNE 1976 

• 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 

schematic (each amplifier) o Maximum Peak-to-Peak Output 
Voltage Swing ... Vcc-1.5 V Typ 

• Internal Frequency Compensation 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

AMPLIFIER NO. 4 AMPLIFIER NO. 3 

~~ 
INVERTING 

INPUT 
ING VERTING VERTING ING 

OUTPUT INPUT INPUT GND INPUT INPUT OUTPUT 

NON· 

IN~~:J~NG<>----t---+--~ 

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 

OUTPUT INVERT- NONIN- Vee NONIN- INVERT- OUTPUT 
ING VERTING VERTING ING 

~~ 
AMPLIFIER NO. 1 AMPLIFIER NO. 2 

is independent of the magnitude of the supply 
voltage. 

Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational amplifier 
circuits that now can be more easily implemented in single-supply-voltage systems. For example, the LM2902 can be 
operated directly off of the standard five-volt supply that is used in digital systems and will easily provide the required 
interface electronics without requiring additional± 15-volt supplies. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, Vee (see Note 1) 
Differential input voltage (see Note 2) . . . . . . . . . . . . . . . 
Input voltage range (either input) . . . . . . . . . . . . . . . . . 
Duration of output short-circuit (one amplifier) to ground at (or below) 25°C 

free-air temperature (Vee~ 15 V) (see Note 3) . . . . . . . . . . . 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) 
Operating free-air temperature range . . . . . . . . . . . . . . . . . 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . 
Lead temperature 1/16 inch from case for 60 seconds: J package . . . . . . . . . . 
Lead temperature 1/16 inch from case for 10 seconds: N package . . . . . . . . . . . . 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vee can cause excessive heating and eventual destruction. 
4. For operation above 25° C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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26 v 
±26 v 

-0.3 V to 26 V 

unlimited 
. 900mW 

-40°C to 85°C 
-65°Cto 150°C 

300°C 
260°C 

• 

87 



a 

88 

TYPE LM2902 
QUADRUPLE OPERATIONAL AMPLIFIER 

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

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

V10 Input offset voltage Vo=1.4V 2 10 mV 

110 Input offset current Vo= 1.4 V 5 50 nA 

11s Input bias current Vo=1.4V See Note 5 --45 -500 nA 

Common-mode input 0 to 
Y1eR Vee= 24 v v 

voltage range Vcc-1.5 

vcc-24 v, RL = 2 kn 20 
VoH High-level output voltage v 

Vee= 24 v. RL > 10 kn 21 

Vol Low-level output voltage RL.;;; 10 kn 5 20 mV 

Ayo 
Large-signal differential 

Vee= 15 v. RL;;;. 2 kn, v 0 =1vto11 v 100 V/mV 
voltage amplification 

CMRR Common-mode rejection ratio Rs.;;; 10 kn 85 dB 

t.. v cc/t:.v 1 o Supply voltage rejection ratio Rs.;;; 10 kn 100 dB 

Amplifier-to-amplfiier coupling f = 1 kHz to 20 kHz -120 dB 

Vee= 15 v, V10= 1 V, Vo =OV -20 --40 

lo Output current Vee= 15V, V10=-1V, Vo= 2.5 V 12 30 mA 

V10=-1V, Vo=200mV 8 20 

ice Supply current (four amplifiers) No load, No signal 0.8 2 mA 

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

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

TYPICAL APPLICATION DATA 

AUDIO DISTRIBUTION AMPLIFIER 
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LINEAR 
INTEGRATED CIRCUITS 

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

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

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

schematic (each amplifier) 

INVERTING 
INPUT 

NON-

IN~~~J~NGO------+---+---' 

description 

GND 
(OR Vee-) 

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. 

TYPE LM2904 
DUAL OPERATIONAL AMPLIFIER 

BULLETIN NO, DL-S 7612402, JUNE 1976 

• 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-1.5 V Typ 

• Internal Frequency Compensation 

JG OR P 

DUAL-IN-LINE PACKAGE (TOP VIEW) 

AMPLIFIER NO. 2 

~ 
NON-

OUT· INV INV 
Vee+ PUT INPUT INPUT 

OUT· INV NON· GND 
PUT INPUT INV 

INPUT 

~ 
AMPLIFIER NO. 1 

L 
PLUG-IN PACKAGE (TOP VIEW) 

vcc+ 

GND 

PIN 4 IS IN ELECTRICAL CONTACT 
WITH THE CASE. 
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TYPE LM2904 
OPERATIONAL AMPLIFIER 

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

Supply voltage, Vee (see Note 1) 26 v 
±26 v 

-0.3 V to 26 V 
Differential input voltage (see Note 2) 
Input voltage range (either input) . . . . . . . . . . . . . . . . 
Duration of output short-circuit (one amplifier) to ground at (or below) 25°e 

free-air temperature (Vee~ 15 V) (see Note 3) . . . . . . . . . 
Continuous total dissipation at (or below) 25°e free-air temperature (see Note 4): JG or P package 

L package 

unlimited 

· Operating free-air temperature range . . . . . . . . . . . 

. 680 mW 
... 625 mW 
-40°e to 85°e 

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

. ... 300°e 

. ... 260°e 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to V CC 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, Vee= 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYP MAX UNIT 

V10 Input offset voltage Vo=1.4V 2 10 mV 

110 Input offset current Vo=1.4V 5 50 nA 

llB Input bias current Vo=1.4V See Note 5 -45 -500 nA 

V1cR 
Common-mode input 

Vee= 24 v 
0 to 

v 
voltage range Vcc-1.5 

Vee= 24 v, AL= 2 kn 20 
VoH High-level output voltage v 

Vee= 24 v, RL;;.10kn 21 

Vol Low-level output voltage AL.;; 10 kn 5 20 mV 

Avo 
Large-signal differential 

Vee= 15 v. AL;;. 2 kn, Vo= 1vto11 v 100 V/mV 
voltage amplification 

CMRR Common-mode rejection ratio Rs.;; 10 kn 85 dB 

AVcc/AV10 Supply voltage rejection ratio Rs.;;1okn 100 dB 

Amplifier-to-amplfiier coupling f = 1 kHz to 20 kHz -120 dB 

Vee= 15 v. V10= 1 V, Vo=OV -20 -40 

lo Output current Vee= 15v, V10=-1V, Vo=2.5V 12 30 mA 

Vm = -1 V, Vo= 200 mV 8 20 

Ice Supply current (both amplifiers) No load, No signal 0.5 1.2 mA 

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

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

TYPICAL APPLICATION DATA 

R4 

RS 

R6 

OUTPUT 

SELECT VALUES FOR: 

a 
C1 and C2 

where C1 = C2 

w 0 = 2rrf0 

K 

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

CALCULATE: 

a 
R1 = R3 = R5 = -­

woC 

R1 
R2= ------

2 1 
Q-1--+­

K K·O 

R1 · K · Q 
R4=----

20-1 

R6 = K · R1 

MULTIPLE-FEEDBACK ACTIVE BANDPASS Fl L TER 
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LINEAR INTEGRATED 
CIRCUITS 

TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE 

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

FORMERLY SN52558, SN72558 

• Short-Circuit Protection 

• Wide Common-Mode and 
Differential Voltage Ranges 

• No Frequency Compensation Required 

• Low Power Consumption 

• No Latch-up 

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

description 

The MC1558 and MC1458 are dual general-purpose 
operational amplifiers with each half electrically sim­
ilar to uA741 except that offset null capability is not 
provided. 

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

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 
0°C to 75°C. 

JG ORP 
DUAL-IN-LINE 

PACKAGE 
(TOP VIEW) 

AMPLIFIER N0.2 

~ 
OUT- INV INV 

Vee+ PUT INPUT INPUT 

OUT. \NV NON Vcc­
PUT INPUT INV 

~ 
AMPLIFIER NO. 1 

L PLUG-IN PACKAGE 
(TOP VIEW) 

Vee+ 

Vee-

PIN 4 IS IN ELECTRICAL CONTACT 
WITH THE CASE. 

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

MC1558 MC1458 

Supply voltage Vee+ (see Note 1) 22 18 

Supply voltage Vee- (see Note 1) -22 -18 

Differential input voltage (see Note 2) ±30 ±30 

Input voltage (any input, see Notes 1 and 3) ±15 ±15 

Duration of output short-circuit (see Note 4) unlimited unlimited 

Continuous total dissipation at (or below) 25°C 
Each amplifier 500 500 

l JG or P package 680 680 
free-air temperature (see Note 5) Total package l 

625 625 L package 

Operating free-air temperature range -55 to 125 0 to 75 

Storage temperature range -65 to 150 -65 to 150 

Lead temperature 1 /16 inch from case for 60 seconds J JG or L package 300 300 

Lead temperature 1 /16 inch from case for 10 seconds J P package 260 260 

UNIT 

v 
v 
v 
v 

mW 

oc 
oc 
oc 
oc 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vee+ and 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 MC1558 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 Deratlng Curves, Section 2. 
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TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

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

PARAMETER TEST CONDITIONSt 
MC1558 MC1458 

UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 1 5 1 6 
V10 Input offset voltage Rs.;; 1okn 

Full range 6 
mV 

7.5 

25°C 20 200 20 200 
110 Input offset current 

Full range 500 300 
nA 

25°C 80 500 80 500 
lrn Input bias current 

Full range 1500 
nA 

800 

25°C ± 12 ±13 ±12 ±13 
Vi Input voltage range 

Full range 
v 

±12 ± 12 

RL = 10kn 25°C 24 28 24 28 

Vo pp 
Maximum peak-to-peak RL ;;> 10kn Full range 24 24 

output voltage swing 25°C 
v 

RL = 2 kn 20 26 20 26 

RL ;;> 2 kn Full range 20 20 

Large-signal differential RL;;>2kn, 25°C 50 200 20 200 
Avo 

voltage amplification Vo=± 10 V Full range 25 15 
V/mV 

RL = 2 kn, 

BoM 
Maximum-output-swing Vo>±10V, 

25°C 14 14 kHz 
bandwidth (closed-loop) Avo = 1, 

THO.;; 5% 

B1 Unity-gain bandwidth 25°C 1 1 MHz 

c/lm Phase margin Avo = 1 25°C 65° 65° 

a Am Gain margin 25°C 11 11 dB 

ri Input resistance 25°C 0.3 2 0.3 2 Mn 

ro Output resistance 
Vo~ 0, 

25°C 75 75 n 
See Note 6 

Ci Input capacitance 25°C 1.4 1.4 pF 

Common-mode 
25°C Zic f = 20 Hz 200 200 Mn 

input im_p_edance 

25°C 70 90 70 90 
CMRR Common-mode rejection ratio Rs<;;10kn dB 

Full range 70 70 

25°C 30 150 30 150 
AV10/AVcc Supply voltage sensitivity Rs.;; 10 kn 

Full range 150 
µVIV 

150 

Equivalent input 
Avo=100, 

Vn noise voltage 
Rs= 0, 

25°C 45 45 nV/.,/Hz 

(closed-loop) 
f = 1 kHz, 

BWI= 1 Hz, 

I~ Short-circuit output current 25°C ±25 ±40 ±25 ±40 mA 

Supply current No load, 25°C 3.4 5 3.4 5.6 
Ice mA 

(Both amplifiers) No signal Full range 6.6 6.6 

Total power dissipation No load, 25°C 100 150 100 170 
Po 

(Both amplifiers) Full range 
mW 

No signal 200 200 

Vo1IV02 Channel separation 25°C 120 120 dB 

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

MC1458 is 0°C to 75°C. 
I 

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, V CC+ = 15 V, V CC- = -15 V, TA = 25° C 

MC1558 MC1458 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 

tr Rise time V1=20mV, RL=2kn, 0.3 0.3 µs 

Overshoot factor CL= 100pF, See Figure 1 5% 5% 

SR Slew rate at unity gain 
V1=10V, 

CL= 100 pF, 

RL = 2kn, 

See Figure 1 
0.5 0.5 V/µs 

6 
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schematic (each amplifier) 

INVERTING 

TYPES MC1558, MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

TO OTHER 
AMPLIFIER 

INPUT o----------. 
....--.---+---<-----e-----------------41...--<> Vee+ 

NON-
INVERTING 

INPUT 

5on 

COMPONENT VALUES SHOWN ARE NOMINAL 

PARAMETER MEASUREMENT INFORMATION 

Iv, 
_J----ov INPUT 

INPUT VOLTAGE 
WAVEFORM 

CL ~ 100 pf 

'TEST CIRCUITS 

FIGURE 1-RISE TIME, OVERSHOOT, 
AND SLEW RATE 
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25 n 

50 n 

OUTPUT 

Vee-

TO OTHER 
AMPLIFIER II 
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TYPES MC1558,MC1458 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 
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LINEAR INTEGRATED TYPES RM4136, RC4136 
CIRCUITS QUAD HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL·S 7612368, MARCH 1976 

• Continuous-Short-Circuit Protection 

• Wide Common-Mode and 
Differential Voltage Ranges 

• 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 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 
is not provided. 

The high common-mode input voltage range and the 
absence of latch-up make these amp I ifiers ideal for 
voltage-follower applications. The devices are short­
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. 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

AMPLIFIER NO. 4 
--~~--'A~~~~-

1 NV NON-INV OUT·\ 
INPUT INPUT PUT Vee+ 

AMPLIFIER NO. 3 

OUT· NON·INV INV 
PUT INPUT INPUT 

INV NON-INV OUT- OUT- NON·INV INV Vee-
~NPUT IN:UT PUT I ,PUT INP~T INPUT I 

AMPLIFIER NO. 1 AMPLIFIER NO. 2 

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

RM4136 RC4136 UNIT 

Supply voltage V CC+ (see Note 1 I 22 18 v 
Supply voltage V cc- (see Note 1 I -22 -18 v 
Differential input voltage (see Note 2) ±30 ±30 v 
Input voltage (any input, see Notes 1 and 3) ±15 ±15 v 
Duration of output short·drcuit to ground, one amplifier at a time (See Note 41 unlimited unlimited 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 51 800 800 mW 

Operating free.air temperature range -55 to 125 0 to 70 oc 
Storage temperature range -65 to 150 -65 to 150 oc 
Lead temperature 1 /16 inch from case for 60 seconds l J package 300 300 oc 
Lead temperature 1 /16 inch from case for 10 seconds l N package 260 260 oc 

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

zero reference level is the midpoint between Vee+ and Vee-· 
2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 

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

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

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

TEST CONDITIONSt 
RM4136 RC4136 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 0.5 5 0.5 6 
V10 Input offset voltage Rs.;;; 10 kn mV 

Full range 6 7.5 

25°C 5 200 5 200 
110 Input offset current nA 

Full range 500 300 

25°C 40 500 40 500 
l1B Input bias current 

Full range 1500 800 
nA 

V1 Input voltage range 25°C ±12 ±14 ±12 ±14 v 

RL = 10 kn 25°C 24 28 24 28 

Vo pp 
Maximum peak-to-peak 

RL = 2 kn 25°C 20 26 20 26 v 
output voltage swing 

RL;;. 2 kn Full range 20 20 

Large-signal differential RL;;. 2 kn, 25°C 50 350 20 300 
Avo V/mV 

voltage amplification Vo=±10V Full range 25 15 

B1 Unity-gain bandwidth 25°C 2 3.5 3 MHz 

q Input resistance 25°C 0.3 5 0.3 5 Mn 

CMRR Common-mode rejection ratio Rs.;;; 10 kn 25°C 70 90 70 90 dB 

D.V10/AVcc Supply voltage sensitivity Rs.;;; 10 kn 25°C 30 150 30 150 µV/V 

Equivalent input 
Avo = 100. 

Vn noise voltage 
Rs= 1 kn, 

25°C 10 10 nV/$z 

(closed-loop) 
f = 1 kHz, 

BW = 1 Hz 

25°C 5 11.3 5 11.3 

ice 
Supply current No load, 

MINTA 6 13.3 6 13.7 mA 
(All four amplifiers) No signal 

MAX TA 4.5 10 4.5 10 

25°C 150 340 150 340 

Po 
Total povver dissipation No load, 

MINTA 180 400 180 400 mW 
(All four amplifiers) No signal 

MAX TA 135 300 135 300 

Vo1fV02 
l Open loop Rs= 1 kn 25°C 105 105 

Channel separation J 
25°C 

dB 
Avo = 100 f=10kHz 105 105 

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

operating characteristics, Vee+= 15 V, Vee-= -15 V, TA= 25°e 

PARAMETER TEST CONDITIONS 

Rise time 
V1 =20mV, RL = 2 kn, 

tr 
CL=100pF 

SR Slew rate at unity gain 
V1=10V, RL =2 kn, 

CL= 100 pF 

schematic (each amplifier) 

INVERTING 
INPUT o----+--~ 

NONINVERTING 
INPUT 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • OALLAS, TEXAS 75222 

MIN 

RM4136 RC4136 
UNIT 

TYP MAX MIN TYP MAX 

0.13 0.13 µs 

1.5 1.0 V/µs 

PRINTED IN U.S.A. 3 

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

description 

The RM4558 and RC4558 are dual general-purpose 
operational amplifiers with each half electrically 
similar to uA741 except that offset null capability 
is not provided. 

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

The RM4558 is characterized for operation over the 
full military temperature range of -55°C to 125°C; 
the RC4558 is characterized for operation from 0°C 
to 70°C. 

JG OR P 
DUAL-IN-LINE 

PACKAGE 
(TOP VIEW) 

AMPLIFIER N0.2 

~ 
NON· 

OUT· INV INV 
Vee+ PUT INPUT INPUT 

OUT- INV NON· Vcc­
PUT INPUT INV 

~ 
AMPLIFIER NO. 1 

L PLUG-IN PACKAGE 
(TOP VIEW) 

vcc+ 

vcc-

PIN 4 IS IN ELECTRICAL CONTACT 

WITH THE CASE. 

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

RM4558 RC4558 

Supply voltage Vee+ (see Note 11 22 18 

Supply voltage V cc- (see Note 1 I -22 -18 

Differential input voltage (see Note 2) ±30 ±30 

Input voltage (any input, see Notes 1 and 31 ±15 ±15 

Duration of output short-circuit to ground, one amplifier at a time (see Note 41 unlimited unlimited 

Continuous total dissipation at (or below) TL Package 600 600 

25°C free-air temperature (see Note 5) l JG or P Package 680 680 

Operating free-air temperature range -55 to 125 0 to 70 

Storage temperature range -65 to 150 -65 to 150 

Lead temperature 1/16 inch from case for 60 seconds I JG or L package 300 300 

Lead temperature 1/16 inch from case for 10 seconds 1 P package 260 260 

UNIT 

v 
v 
v 
v 

mW 

oc 
oc 
oc 
oc 

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

2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. Temperature and/or supply voltages must be limited to ensure that the dissipation rating is not exceeded. 

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

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

TEST CONDITIONSt 
RM4558 RC4558 

PARAMETER UNIT 
MIN TVP MAX MIN TVP MAX 

25°C 0.5 5 0.5 6 
V10 Input offset voltage Rs~ 10 kn mV 

Full range 6 7.5 

25°C 5 200 5 200 
•10 Input offset current nA 

Full range 500 300 

25°C 40 500 40 500 
l1B Input bias current nA 

Full range 1500 800 

VJ_ Input voltage range 25°C ±12 ±14 ±12 ±14 v 

RL=10kn 25°C 24 28 24 28 

Vopp 
Maximum peak-to-peak 

RL = 2 kn 25°C 20 26 20 26 v 
output voltage swing 

RL;;;. 2 kn Full range 20 20 

Large-signal differential RL;;;. 2 kn, 25°C 50 350 20 300 
Avo 

voltage amplification Vo=±10V Full range 25 15 
V/mV 

B1 Unity-gain bandwidth 25°C 2 3.5 3 MHz 

q Input resistance 25°C 0.3 5 0.3 5 Mn 

CMRR Common-mode rejection ratio Rs.;;;; 10 kn 25°C 70 90 70 90 dB 

AV10/AVcc Supply voltage sensitivity Rs.;;;; 10kn 25°C 30 150 30 150 µVIV 

Equivalent input 
Avo = 100, 

Vn noise voltage 
Rs= 1 kn, 

25°C 10 10 nV/../HZ 

(closed-loop) 
f = 1 kHz, 

BW = 1 Hz 

25°C 2.5 5.6 2.5 5.6 

•cc 
Supply current No load, 

MINTA 3.0 6.6 3.0 6.6 mA 
(Both amplifiers) No signal 

MAX TA 2.0 5 2.3 5 

25°C 75 170 75 170 

Po 
Total povver dissipation No load, 

MINTA 90 200 90 200 mW 
(Both amplifiers) No signal 

MAX T_A 60 150 70 150 

Vo1IV02 
[open loop Rs= 1 kn, 25°C 105 105 

Channel separation J 
f=10kHz 25°C 

dB 
Avo = 100 105 105 

t All characteristics are specifisd under open-loop operation, unless otherwise noted. Full range for RM4558 Is -55°C to 125°C and for 
RC4558 is 0°C to 70°C. 

operating characteristics, Vee+= 15 V, Vee-= -15 V, TA= 25°e 

PARAMETER TEST CONDITIONS 
MIN 

tr Rise time V1=20mV, RL = 2 kn, 

Overshoot CL= 100pF 

SR Slew rate at unity gain 
Vt= 10V, RL = 2 kn, 

CL= 100 pF 

schematic (each amplifier) 

IN~::J~NG 0--_ _. __ _ 

NONl1~~~~TIN0 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

RM4558 RC4558 

TVP MAX MIN TVP MAX 
UNIT 

0.13 0.13 µs 

5% 5% 

1.5 1.0 V/µs 

PRINTED IN U.SA. 

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

TYPES TL022M, TL022C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

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

FORMERLY SN52L022, SN72L022 

• Very Low Power Consumption 

• Typical Power Dissipation with ±2-V 
Supplies ... 170 µW 

• Low Input Bias and Offset Currents 

• Output Short-Circuit Protection 
description 

• Low Input Offset Voltage 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 

• Popular Dual Op Amp Pin-Out 

The TL022 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 TL022M 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 
JP OR P 

DUAL-IN-LINE PACKAGE (TOP VIEW) 

AMPLIFIER NO. 2 

,---A--.. 
NON-

OUT· INV INV 
Vee+ PUT INPUT INPUT 

OUT- INV NON· Vcc­
PUT INPUT INV 

~ 
AMPLIFIER NO. 1 

L 
PLUG-IN PACKAGE (TOP VIEW) 

vcc+ 

vee-

)> ., 
:;; 
;; 
z 
0 

PIN 4 IS IN ELECTRICAL CONTACT 
WITH THE CASE 

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

TL022M TL022C 

Supply voltage Vee+ (see Note 1 I 22 18 

Supply voltage Vee- (see Note 1 I -22 -18 

Differential input voltage (see Note 21 ±30 ±30 

Input voltage (any input, see Notes 1 and 31 ±15 ±15 

Duration of output short-circuit (see Note 4) unlimited unlimited 

Continuous total dissipation at (or below) 25°C 
1 Each amplifier 500 500 l l JG or P package 680 680 

free-air temperature range (see Note 5) Total package J 
625 625 L package 

Operating free-air temperature range -55 to 125 0 to 70 

Storage temperature range -65 to 150 -65 to 150 

Lead temperature 1 /16 inch from case for 60 seconds j JG or L package 300 300 

Lead temperature 1 /16 inch from case for 10 seconds j P package 260 260 

UNIT 

v 
v 
v 
v 

mW 

oc 
oc 
oc 
oc 

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the zero-reference level (ground) of the supply voltage where t!ie 
zero-reference level is the midpoint between V CC+ and V CC-· If the zero-reference level of the system is not the midpoint of the 
supply voltages, all voltage values must be changed accordingly. 

2. Differential voltages are at the non inverting 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 TL022M only, the unlimited duration of the short-circuit 

applies at (or below) 125°C case temperature or 75°C free-air temperature. 
For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES TL022M, TL022C 
DUAL LOW-POWER OPERATIONAL AMPLIFIERS 

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

PARAMETER TEST CONDITIONSt 
TL022M TL022C 

UNIT 
MIN TVP MAX MIN TVP MAX 

25°C 1 5 1 5 
V10 Input offset voltage Rs<: 10 kn mV 

Full range 6 7.5 

25°C 5 40 f5 80 
110 Input offset current nA 

Full range 100 200 

25°C 50 100 100 250 
110 Input bias current nA 

Full range 250 400 

25°C ±12 ±13 ±12 ±13 
V1 Input voltage range v 

Full range ±12 ±12 

Maximum peak-to-peak RL = 10 kn 25°C 20 26 20 26 
Vopp v 

output voltage swing RL~10kn Full range 20 20 

Large-signal differential RL~10kn, 25°C 72 86 60 80 
Avo dB 

voltage amplification Vo= ±10 V Full range 72 60 

Bl Unity-gain bandwidth 25°C 0.8 0.8 MHz 

25°C 60 72 60 72 
CMRR Common-mode rejection ratio Rs<:10kn dB 

Full range 60 60 

25°C 30 150 30 200 
AV 10/t:.V CC Supply voltage sensitivity Rs<: 10 kn 

Full range 150 200 
µV/V 

Avo = 20dB, 

Vn Equivalent input noise voltage B = 1 Hz, 25°C 50 50 nV/,,/Hi. 

f = 1 kHz 

ios Short-circuit output current 25°C ±6 ±6 mA 

Supply current No load, 25°C 130 200 130 250 
Ice 

(Both amplifiers) No signal Full range 200 250 
µA 

Total dissipation No load, 25°C 3.9 6 3.9 7.5 
Po 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 

TL022C is 0°C to 70°C. 

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

PARAMETER TEST CONDITIONS 
TL022M TL022C 

UNIT 
MIN TVP MAX MIN TVP MAX 

tr Rise time V1=20mV, RL=10kn, 0.3 0.3 µs 

Overshoot factor CL= 100 pF, See Figure 1 5% 5% 

SR Slew rate at unity gain 
V1=10V, 

CL=100pF, 

RL = 10 kn, 
0.5 0.5 V/µs 

See Figure 1 

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

PARAMETER MEASUREMENT INFORMATION 

INPUT VOLTAGE 

WAVEFORM 

CL ~ 100 pf 

TEST CIRCUIT 

FIGURE 1-RISE TIME, OVERSHOOT FACTOR, 
AND SLEW RATE 

schematic 

3: 
E 
I 
c 
0 

·.;:::; 
co 
c. 
·~ 

0 

'° 0 
I-
I 
0 

a.. 

TYPICAL CHARACTERISTICS 

TOTAL DISSIPATION 
vs 

SUPPLY VOLTAGE 

10i=:=r===i:==+==+:==:i:==r===i:==::i==+::::::::::::i 
7 No load 

No signal 
4 TA = 25° C-t--+--t--t---jf-::::,.....0::::..--~-~ ...........-

o. 7 1----+---11....,1,.__+----+--+--+----+--+--+----1 

o.4 i----t-I_2_-1'-__ --t---+---+----+-t---1 

L 0.2 t-----f1L---t--+----+--+--+---+--+--+----t 

0.1 ~1~~-~~~~~---­
o 2 4 6 8 10 12 14 16 18 20 

1Vcc±1-Supply Voltage-V 

FIGURE 2 

OUTPUT 

r--------- ----
EACH AMPLIFIER , - co~~~~i~?E~~TH -1 

~---------------41--++-+---a--------+----Vcc+ 

}

TO OTHER 
t--------------.f.---1-lf--J_..--+------+--4-- AMPLIFIER 

NON­
INVERTING 
INPUT --+-~--~---' 

I 
I 
I 
I 
I 
I ..__ __ ....,._---<9----+-----_.----!-<M-----41--_...----4µ__-6---Vcc-L _______________ ~ 

6 PRINTED IN U.S A 

Tl connol assume any responsibility for any circuits 1hown 
or repment that they ore free from polenl infringement. 

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

TO OTHER 
SECTION 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES TL044M, TL044C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 

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

FORMERLY SN52L044, SN72L044 

• Very Low Power Consumption 

• Typical Power Dissipation with ±2-V 
Supplies ... 340 µW 

• Low Input Bias and Offset Currents 

• Output Short-Circuit Protection 

• Low Input Offset Voltage 

• Internal Frequency Compensation 

• Latch-Up-Free Operation 

• Power Applied in Pairs 

description JORN 

DUAL·IN-LINE PACKAGE (TOP VIEW) 

The TL044 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 TL044M is characterized for operation over the 
full military temperature range of -55°C to 125°C; 
the TL044C is characterized for operation from 0°C 
to 70°C. 

Vee+ 
SECT A 

OUT­
PUT 

NON- NON-
OUT- INV INV Vee- INV INV 
PUT INPUT INPUT SECT B INPUT INPUT 

INV NON-
INPUT INV 

INPUT 

Vee- NON-
SECT A INV 

INPUT 

INV 
INPUT 

OUT­
PUT 

OUT­
PUT 

Vee+ 
SECT B 

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) 

TL044M TL044C UNIT 

Supply voltage Vee+ (see Note 1) 22 18 v 
Supply voltage Vee- (see Note 1) -22 -18 v 
Differential input voltage (see Note 2) ±30 ±30 v 
Input voltage (any input, see Notes 1 and 3) ±15 ±15 v 
Duration of output short-circuit (see Note 4) unlimited unlimited 

Continuous total dissipation at (or below) 25°e l Each amplifier 500 500 
mW 

free-air temperature range (see Note 51 J Total package 680 680 

Operating free-air temperature range -55 to 125 Oto 70 oe 

Storage temperature range -65 to 150 -65 to 150 oc 

Lead tempernturc 1 /16 inch frcm c3~c fer 60 seconds l J P<ickage 300 300 oe 

Lead temperature 1 /16 inch from case for 10 seconds } N Package 260 260 oe 

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 Vee+ and Vee-· If the zero-reference level of the system is not the midpoint of the 
supply voltages, all voltage values must be changed accordingly. 

102 

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

4. The output may be shorted to ground or either power supply. For the TL044M only, the unlimited duration of the short-circuit 
applies at (or below) 125° C case temperature or 75° C free-air temperature. 

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

TEXAS INSTRUMENTS 
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TYPES TL044M, TL044C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 

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

PARAMETER TEST CONDITIONst 
TL044M TL044C 

UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 1 5 1 5 
V10 Input offset voltage Rs.;;;; 10 kn mV 

Full range 6 7.5 

25°C 5 40 15 80 
110 Input offset current nA 

Full range 100 200 

25°C 50 100 100 250 
119 Input bias current nA 

Full range 250 400 

Vi 
25°C ±12 ±13 ±12 ±13 

Input voltage range v 
Full range ±12 ±12 

Vopp 
Maximum peak-to-peak RL = 10 kn 25°C 20 26 20 26 

output voltage swing RL;;. 10 kn 
v 

Full range 20 20 

Avo 
Large-signal differential RL;;>10kn, 25°C 72 86 60 80 

dB 
voltage amplification Vo= ±10V Full range 72 60 

B1 Unity-gain bandwidth 25°C 0.8 0.8 MHz 

CMRR 
25°C 60 72 60 72 

Common-mode rejection ratio Rs.;;;; 10 kn dB 
Full range 60 60 

1j.V10/t:.Vcc Supply voltage sensitivity 
25°C 30 150 30 200 

Rs.;;;; 10 kn 
Full range 150 200 

µVIV 

Avo = 2odB, 

Vn Equivalent input noise voltage B = 1 Hz, 25°C 50 50 nV/../Hz. 

f = 1 kHz 

las Short-circuit output current 25°C ±6 ±6 mA 

Supply current No load, 25°C 250 400 250 500 
Ice 

(Four amplifiers) No signal Full range 400 500 
µA 

Total dissipation No load, 25°C 7.5 12 7.5 15 
Po 

(Four amplifiers) 
mW 

No signal Full range 12 15 

t All characteristics are specified under open-loop operation, unless otherwise noted. Full range for TL044M is -55° C to 125° and for 
TL044C is 0°C to 70°C. 

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

TL044M TL044C 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 

tr Rise time V1=20mV, RL=10kn, 0.3 0.3 JJS 

Overshoot factor CL=100pF, See Figure 1 5% 5% 

SR Slew rate at unity gain 
V1=10V, RL=10kn, 

0.5 0.5 V/µs 
CL=100pF, See Figure 1 

TEXAS INSTRUMENTS 
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TYPES TL044M, TL044C 
QUAD LOW-POWER OPERATIONAL AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

INPUT VOLTAGE 
WAVEFORM 

[~ 
"H----tv"'>-------4~-0-:-I OUTPUT 

INPUT~ .:!,. 

CL" 100 pF ~. __ __.1 RL • 10 kO 

L1" J 

TEST CIRCUIT 

FIGURE 1-RISE TIME, OVERSHOOT FACTOR, 

AND SLEW RATE 

schematic (each section) 

~ 
E 
I 
c: 
0 

·.:; 

"' ·~ 
0 
'B 
0 
I-
I 
Cl 

a.. 

TYPICAL CHARACTERISTICS 

TOTAL DISSIPATION 
VS 

SUPPLY VOLTAGE 

1o~~f=::t==l==t:==!=~;?~~ 
7 ~No load .i..--

No signal 2.L. 
4 1- TA = 25 ° c -+----+v___,,~q.v_-+---1---1----4-----1 

21---+--+-~I/7'----+--+---4-+-+'----+-~ 
[7 

0.7 l---+-~~---+---+--1---+--+--+--+--4 

if 0.4 l---+f-+---!---+--i--+--1---+-+----l 

I 0.2 1--.i..+--+--i--+--+---+--+--+----+~ 

0.1 ,_____._ _ _.______,...___._ _ _.____._ _ _,__,_____._____. 

0 2 4 6 8 10 12 14 16 18 20 

!Vee± I-Supply Voltage-V 

FIGURE 2 

OUTPUT 

r-------------
EACH AMPLIFIER r - COM=i!I~IB -1 

--------------14-4---_;;.:.;..;..:.;.:.=:...+--+---Vcc+ 

l------------1--++-H--+----+---+--}TOOTHER AMPLIFIER 

INVERTI 
INPUT 

NON­

:=~:T;;..;IN-=-G +---!----+-----' 

L---------------
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FUTURE PRODUCT 
TO BE ANNOUNCED 

TYPES TL081AC AND TL081C 
JFET-INPUT OPERATIONAL AMPLIFIERS 

JUNE 1976 

• JFET Input Stage • No Frequency Compensation Required 

• High Input Impedance ... 109 n Typ • Continuous-Short-Circuit Protection 

• High Slew Rate Typically 9 V /µs • Unity Gain Bandwidth ... 3 MHz Typ 

o Low Input Bias Current ... 2 nA Typ • No Latch-Up 

• Low Input Offset Current ... 0.2 nA Typ • Low Power Consumption 

description 

This monolithic JFET-input operational amplifier 
incorporates well-matched, high-voltage Bl-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 TL081 C is characterized for operation from 0°C 
to 70°C. 

JG OR P 
DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

OUT- BAL­
NC Vee+ PUT ANCE 

BAL- INV NON- Vcc­
ANCE INPUT INV 

INPUT 

NC-No internal connection 

L 
PLUG-IN PACKAGE 

(TOP VIEW) 

vcc-

PIN 4 IS IN ELECTRICAL 

CONTACT WITH THE CASE 

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

Supply voltage Vee+ (see Note 1) 
Supply voltage Vee- (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 . . . . . . . . . . . . . 
Storage temperature range . . . . . . . . . . . . . 
Lead temperature 1/16 inch from case for 60 seconds: JG or L package 
Lead temperature 1 /16 inch from case for 10 seconds: P package 

18V 
-18 v 
±30V 
±15 v 

unlimited 
. 670 mW 

0°e to 70°C 
-65°C to 150°C 

300°C 
.... 260°C 

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

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

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

4. The output may be shorted to ground or either supply" Temperature a~d/or supply voltages must be limited to ensure that the 

dissipation rating is not exceeded. 

5. For operation above 25°C free-air temperature, refer to Dissipation Oerating Curves, Section 2. This
0
rating for the L package 

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

TENTATIVE DATA SHEET 

This document provides tentative information 
on a product in the developmental stage. Texas 
Instruments reserves the right to change or 
discontinu!: this product without notice. 
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TYPES TL081AC AND TL081C 
JFET-INPUT OPERATIONAL AMPLIFIERS 

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

TEST CONDITIONSt 
TL081AC TL081C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

Rs= 50 n 6 10 15 
V10 Input offset voltage mV 

Rs= 50 n. TA= full range 7.5 13 20 

Temperature coefficient 
Rs= 50 n, TA= full range 10 10 µV/°C av10 of input offset voltage 

0.2 0.5 0.2 0.5 
110 Input offset current nA 

TA= full range 0.4 1 0.4 1 

2 4 2 4 
11B Input bias current 

TA= full range 3 6 3 
nA 

6 

+12 +10 

V1cR 
Common-mode input 

v to to 
voltage range 

-12 -10 

Maximum peak-to-peak RL;;. 10 kn 24 26 24 26 
Vopp TA= full range v 

output voltage swing RL;;. 2 kn 20 20 

Large-signal differential RL = 10 kn, TA= 25°C 25 200 25 200 
Avo 

voltage amplification Vo=±10V TA = full range 15 15 
V/mV 

fj Input resistance 10• 109 n 

CMRR 
Common-mode rejection 

Rs= 10 kn 70 
ratio 

90 70 90 dB 

ksvR* 
Supply voltage rejection 

ratio 
70 80 70 80 dB 

No load, TA= 25°C 2 4 2 4 
Ice Supply current mA 

No signal TA= full range 3 6 3 6 

*ksvR = ~Vcc±l~V10· 
t All characteristics are specified under open-loop operation, unless otherwise noted. Full range for TA is 0°C to 70°C, 

operating characteristics, V CC = ± 15 V, TA = 25° C 

PARAMETER TEST CONDITIONS 
MIN 

SR Slew rate at unity gain 
V1=10V, RL = 2 kn, 

CL= 100 pF 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 o DALLAS, TEXAS 75222 

TL081AC TL081C 

TYP MAX MIN TYP MAX 
UNIT 

9 9 V/µs 

PRINTED IN U.SA. 
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FUTURE PRODUCT 
TO BE ANNOUNCED 

TYPE TL084C 
QUAD JFET-INPUT OPERATIONAL AMPLIFIER 

• High Input Impedance - JFET Input Stage 

• Continuous-Short-Circuit Protection 

• Wide Common-Mode and Differential 
Voltage Ranges 

• No Frequency Compensation Required 

• Low Power Consumption 

• No Latch-Up 

• Gain and Phase Match Between Amplifiers 

• High Slew Rate ... 9 V /µs Typ 

description 

The TL084 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 

JUNE 1976 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

AMPLIFIER NO. 4 AMPLIFIER NO. 3 

~~ 
ING VERTING VERTING ING 

OUTPUT INPUT INPUT Vee- INPUT INPUT OUTPUT 

OUTPUT INVERT· NONIN· Vee• NONIN· INVERT· OUTPUT 
ING VERTING VERTING ING 

~~ 
AMPLIFIER NO. 1 AMPLIFIER NO. 2 

balanced and symmetrically connected to minimize offset. This device is compatible with the 
HA4741 quadruple operational amplifier pinout. 

LM324, MC3403, and 

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

Supply voltage, Vee+ 
Supply voltage, Vcc-
1 nput voltage 
Continuous total dissipation at (or below) 25°C free-air temperature 
Operating free-air temperature range 
Storage temperature range 

electrical characteristics 

Input offset voltage: at 25°C ..... _ . 
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 

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

TENTATIVE DATA SHEET 

This document provides tentative information 
on a product in the developmental stage. Texas 
Instruments reserves the right to change or 
discontinue this product without notice. 

over temperature range 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

18 v 
-18 v 
±15 v 

500mW 
0°C to 70°C 

-65°C to 150°C 

MIN TYP MAX UNIT 
10 

10 
0.2 

2 

24 26 
25 200 
15 
70 90 
70 80 

2 

15 mV 
20 mV 

µV/°C 
0.5 nA 

4 
6 

4 

nA 
nA 
nA 
v 

V/mV 
V/mV 

dB 
dB 
mA 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL0891, TL089C 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 

Very Low Input Offset Voltage ... 25 to 50 µV Typ 

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

Very Low Input Bias Current ... 150 pA Typ 

• 
• 
• 

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

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

BULLETIN NO. DL-S 7612421, JUNE 1976 

Output Short-Circuit Protection 

High Slew Rate ... 10 V/µs Typ 

High Gain-Bandwidth Product ... 
3 MHz Typ 

Wide Common-Mode and Differential 
Voltage Ranges 

Very High Voltage Amplification ... 
175 dB Typ 

description 

The TL089 high-performance chopper-stabilized 
operational amplifier features superior input offset 
voltage, input offset voltage temperature coefficient, 
input bias and offset current characteristics, and ex­
cellent dynamic performance when compared with 
conventional amplifiers. The inputs of the TL089 are 
symmetrical and differential, meaning that the device 
may be operated in any conventional op-amp feed­
back configuration. Applications include high-gain de 
instrumentation, precision integrators, and as a substi­
tute for other operational amplifiers wherever much 
lower errors without external adjustments are re­
quired. The TL089 can replace the Harris HA2900 
series of devices in most applications. It is available in 
an eight-pin hermetic plug-in package with standard 
pin-out and requires only three capacitors for 
operation. 

The TL0891 is characterized for operation from 
-25°C to 85°C and the TL089C from 0°C to 70°C. 

functional block diagram 

FIGURE 1 

INVERTING 
INPUT 

L PLUG-IN PACKAGE 
(TOP VIEW) 

Vee-

PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 
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TYPES TLD891, TLD89C 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 

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

TL0891 TL089C UNIT 

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

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 625 625 mW 

Operating free-air temperature range -25 to 85 0 to 70 oc 
Storage temperature range -65 to 150 -65 to 150 oe 

Lead temperature 1 /16 inch from case for 60 seconds 300 300 oe 

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

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. 
5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 

recommended operating conditions 

TL0891 TL089C 
UNIT 

MIN MAX MIN MAX 

Supply voltage, Vee+ 10 20 10 20 v 
Supply voltage, Vee- -10 -20 -10 -20 v 
Operating free-air temperature, TA -25 85 0 70 oe 

INVERTING_-+---++1 
INPUT OUTPUT 

Vee-

FIGURE 2-TYPICAL GAIN CONFIGURATION SHOWING EXTERNAL COMPONENTS 

TEXAS INSTRUMENTS 
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TYPES TL0891, TL089C 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 

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

TEST CONDITIONSt 
TL0891 TL089C 

PARAMETER 
TVP 

UNIT 
MIN TVP MAX MIN MAX 

25°C 25 50 50 150 
V10 Input offset voltage 

Full range 80 200 
µV 

Average temperature 

oiv10 coefficient of input Full range 0.2 0.2 µV/°C 

offset voltage 

25°C 100 300 200 600 
110 Input offset current 

Full range 600 1000 
pA 

Average temperature 

0:110 coefficient of input Full range 2 2 pA/°C 

offset current 

25°C 150 500 150 1000 pA 
118 Input bias current 

Full range 10 15 nA 

V1CR 
Common-mode input 

voltage range 
25°C ±10 ±10 v 

Vopp 
Maximum peak-to-peak 

RL = 2 kn 25°C 
output voltage swing 

20 24 20 24 v 

Avo 
Large-signal differential RL=2kn, 

25°C 100 175 dB 
voltage amplification Vo= ±10 V 

100 175 

fch Chopper frequency 25°C 400 400 Hz 

81 Unity-gain bandwidth 25°C 3 3 MHz 

fj Input resistance 25°C 100 100 Mn 

ro Output resistance 25°C 200 200 n 

Common-mode 
25°C CMRR Rs.;;; 10 kn 80 80 dB 

rejection ratio 

ksvR* 
Supply voltage 

Rs.;;; 10 kn 25°C 80 80 dB 
rejection ratio 

los 
Short-circuit output 

25°C 10 20 10 20 mA 
current 

ice Supply current 
No load, 

25°C 
No signal 

6 10 6 10 mA 

•ksvR = .6Vccl.6V10· 
tFull range for the TL0891 is -25°C to 85°C and for the TL089C 0°C to 70°C. All characteristics are measured with external components 
connected in the typical gain configuration of Figure 2. 

operating characteristics, Vee+= 15 V, Vee-= -15 V, CT= 1500 pF, CF= CsH = 0.1 µ F, TA= 25°C 

PARAMETER 
TL0891 TL089C 

TEST CONDITIONS UNIT 
MIN TVP MAX MIN TVP MAX 

SR Slew rate Av=l 10 10 V/µs 
Maximum-output-

VoM;;.,±10V BoM swing bandwidth 
160 160 kHz 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • CALLAS, TEXAS 75222 
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TYPES TL0891, TL089C 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 

PRINCIPLES OF OPERATION 

Traditional integrated operational amplifiers have 
inherent problems that cause inaccuracies in many of 
the de 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. 

HIGH FREQ. 
~ 

HIGH PASS 

CHOPPER 
DRIVE 

(d) 

The TL089 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 TL089 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 C>lOO hertz, for 
example) signal components directly. These higher­
frequency components are amplified directly by the 

(a)~ 
INPUT Qt--~~~~~~~~-

<b> ...., n ......._ ,....., n ....._ 
MODULATEDQ LJ LJ l.....rt..J LJ LJ: 

INPUT 

(c) JWUUUl PRIOR TO 0 . 
DEMODU-
LATION . 

(d) 

AFTER 
DEMODU­
LATION 

(e) 

AFTER 

owuum 
LOW-PASS 

FILTERING JV 
AND 

SUMMING 

FIGURE 3-SIMPLIFIED BLOCK DIAGRAM OF TYPICAL DISCRETE CHOPPER STABILIZED OPERATIONAL AMPLIFIER 
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TYPES TL0891, TL089C 
CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS 

wide-band amplifier, A 1. 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 de 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, A 1. 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 A 1 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 TL089 may be explained by 
referring to Figure 1. Amplifier A 1 is a high­
frequency amplifier featuring a unity-gain bandwidth 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 o DALLAS, TEXAS 75222 

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 A 1 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 A 1 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 A 1 
at a 750-Hz rate, thereby effecting an almost con­
tinuous correction of offset. While A2 and A3 are in a 
state of auto-zero, capacitor CF retains the previous 
correction voltage at the input of A4. 

Using the basic differential-input chopper stabiliza­
tion technique described above results in 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 TL089 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. 

PRINTED IN U.SA 6i 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

BULLETIN NO. DL·S 7612407, JUNE 1976 

FORMERLY SN52702, SN72702 

• Open-Loop Voltage 
Amplification ... 2600 Typ 

• CMRR ... 80 dB Typ 

description 

The TL702 is a high-gain, wideband operational 
amplifier having differential inputs and single-ended 
emitter-follower outputs. Provisions are incorporated 
within the circuit whereby external components may 
be used to compensate the amplifier for stable 
operation under various feedback or load conditions. 
Component matching, inherent in silicon monolithic 
circuit-fabrication techniques, produces an amplifier 

schematic 

INVERTING 
INPUT 

NON­
INVERTING 

INPUT 

Component values shown 
are nominal 

OUTPUT 

with low-drift and low-offset characteristics. The TL 702 is particularly useful for applications requiring transfer or 
generation of linear and non-linear functions up to a frequency of 30 MHz. 

The TL 702M is characterized for operation over the full military temperature range of -55°C to 125°C. The TL 702C 
is characterized for operation over the temperature range of 0°C to 70°C. 

terminal assignments 

NC 

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

NC 

NC NC GND INV NON- Vee- NC 
INPUT INV 

INPUT 

NC-No internal connection 

L PLUG-IN PACKAGE 
(TOP VIEW) 

vcc• 

vcc-

PIN 4 IS IN ELECTRICAL CONTACT WITH THE CASE 

u 
FLAT PACKAGE 

(TOPVIEWI 

LAG LEAD 
Vee• NC OUTNT COMI' COMP 

@ CD CD CD © 

(i) 0 <D © © 
NC GND IN\/ NON llCC-

INPUT IN\/ 
INPUT 

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

TL702M TL702C 

Supply voltage Vee+ (see Note 11 14 14 
Supply voltage Vee- (see Note 11 -7 -7 
Differential input voltage (see Note 21 ±5 ±5 
Input voltage (either input, see Notes 1 and 31 -6 to 1.5 -6 to 1.5 
Peak output current (tw.;;;; 1 s) 50 50 
Continuous total diss_!Q_ation at (or below) 70°C free-air tem_Rerature (see Note 41 300 300 
Operating free-air temperature range -55 to 125 0 to 70 
Storage temperature range -65 to 150 -65 to 150 
Lead temperature 1 /16 inch from case for 60 seconds ] J, L, or U package 300 300 
Lead temperature 1/16 inch from case for 10 seconds 1 N package 260 260 

NOTES: 1, All voltage values, unless otherwise noted, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the lesser of the two supply voltages. 
4. For operation of TL702M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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UNIT 

v 
v 
v 
v 

mA 
mW 
oc 
oc 
oc 
oc 
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TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

TL702M 

electrical characteristics at specified free-air temperature 

TL702M 

PARAMETER TEST CONDITIONSt 
Vee+• 12 v Vee+ -sv 

UNIT 
Vce-•-6 v Vee-· -3 v 

MIN TYP MAX MIN TYP MAX 

25°C 2 5 2 5 
V10 Input offset voltage Rs" 2 kn mV 

Full range 6 6 

Average temperature coefficient 1-55°C to 25°C 10 10 
µ.VfC cxv10 of input offset voltage 

Rs= 50 n 
J25°C to 125°C 5 5 

25°C 0.5 2 0.3 2 

110 Input offset current -55°C 1 3 3 µ.A 

125°C 0.2 3 3 

Average temperature coefficient 1-55°C to 25°C 6 5 
nA/°C cx110 of input offset current ( 25°e to 125°C 3 2 

25°C 4 10 2.5 7 
l1B Input bias current 

-55°C 6.5 20 14 
µ.A 

Positive swing 
25°C 

0.5 1 0.5 1 
V1 Input voltage range v 

Negative swing -4 -5 -1.5 -2 

Maximum peak-to-peak RL;;. 100 kn 10 10.6 5 5.4 
Vo pp v 

output voltage swing RL=10kn 8 4 

a ~Vo= ±5 V 
25°C 1400 2600 

Avo 
Large~ignal differential 

RL;;. 100 kn Full range 1000 
voltage amplification j Vo= ±2.5 V 25°C 380 700 

25°C 8 25 12 40 
q Input resistance kn 

Full range 3 4 

ro Output resistance Vo= 0, See Note 3 25°C 200 500 300 700 n 
CMRR Common-mode rejection ratio Rs.;; 2 kn 25°C 70 80 70 80 dB 

AV10/AVcc Supply voltage sensitivity Rs" 2 kn 25°C 60 300 60 300 µ.V/V 

ice Supply current No load, No signal 25°C 5 6.7 2.1 3.9 mA 

Po Total power dissipation No load, No signal 25°C 90 120 19 35 mW 

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

TL702e 

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

PARAMETER TEST CONDITIONst 
TL702C 

UNIT -n 
.-· MIN TYP MAX 

25°C 5 10 
V10 Input offset voltage Rs.;;; 2 kn mV 

Full Range 15 

Average temperature coefficient 
Rs= 50 n Full Range 5 µV/°C °'VIO of input offset voltage 

25°C 0.5 5 
110 Input offset current 

Full Range 7.5 
µA 

Average temperature coefficient 0°C to 25°C 5 
nA/°C °'110 of input offset current 25°Cto70°C 3 

25°C 4 15 
llB Input bias current 

0°C 4.5 20 
µA 

Positive swing 
25°C 

0.5 1 
V1 Input voltage range v 

Negative swing -4 -5 

- Vopp 
Maximum peak-to-peak 

RL;. 100 kn 25°C 10 10.6 v 
output voltage swing 

Large-signal differential 25°C 1000 2600 
Avo 

voltage amplification 
RL;. 100 kn. Vo= ±5 V 

Full Range 800 

25°C 6 25 
ri Input resistance kn 

Full Range 3.5 

ro Output resistance Vo =O, See Note 3 25°C 200 600 n 

CMRR Common-mode rejection ratio Rs.;;; 2 kn 25°C 65 80 dB 

AV10/AVcc Supply voltage sensitivity Rs.;;; 2 kn 25°C 60 300 µV/V 

Ice Supply current No load, No signal 25°C 5 7 mA 

Po Total power dissipation No load, No signal 25°C 90 125 mW 

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

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

TL702M, TL702e 

operating characteristics Vee+= 12 V, Vee-= -6 V, TA= 25°e 

TEST BOTH TYPES 
PARAMETER TEST CONDITIONS UNIT 

FIGURE MIN TYP MAX 

1 V1=10mV, CL= 0 25 120 ns 
tr Rise time 

2 V1=1 mV 10 30 ns 

1 V1=10mV, CL= 100 pF 10% 50% 
Overshoot factor 

2 Vt= 1 mV 20% 40% 

SR 
1 Vt =6V, CL= 100 pF 1.7 

Slew rate V/µs 
2 V1=100mV 11 

') 
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TYPES TL702M, TL702C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

,v, 
_J---ov 

INPUT VOLTAGE 

WAVEFORM 

,v, 
_J ___ ov 

INPUT VOLTAGE 

WAVEFORM 

PARAMETER MEASUREMENT INFORMATION 

2 kn 

,_<>--e----4-+o I OUTPUT 

INPUT 

LAG 

200 pF 

FIGURE 1-UNITY-GAIN AMPLIFIER 

s kn 

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

TYPICAL CHARACTERISTICS 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
YI 

100 

-~ 

FREQUENCY 
(for voriou1 1911 componutions) 

1 k 10k 100k 

I-Frequency-Hz 

FIGURE 3 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

YI 
FREQUENCY 
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FIGURE 4 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

YI 
FREQUENCY 

I for v1riou1 lag compel'lS.ltions) 

! 102 1-..................... _ .................... ---l~tt+IH-it 

0 
> 
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! 
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1M 10M 

I-Frequency-Hz 

FIGURE 6 

Tl cannol assume any responsibilily for any circuits shown 
or represenl lhal lhey are free from palent infringement. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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LAG COMPENSATION CIRCUIT 
FOR FIGURES 3, 4, AND 5 

10" 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

YI 
FREQUENCY 

Uor various lag compensations) 

vcc+ • 12 v 
vcc- = -s v 
AL•100kn 

1<>3 t--H-+tttt+P...H-t+ftttt TA = 2s·c 

1()2 

101 

10-• 
100k 1 M 10M lOOM 

f-Frequency-Hz 

FIGURE 5 

C3 

LEAD-LAG COMPENSATION CIRCUIT 
FOR FIGURE 6 
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LINEAR 
INTEGRATED CIRCUITS 

TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

BULLETIN NO. DL-S 7612408, JUNE 1976 

FORMERLY SN52702A 

• Open-Loop Voltage 
Amplification ... 3600 Typ 

• Designed to be Interchangeable With 
Fairchild µA702 

• CMRR ... 100 dB 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 

schematic 

INVERTING 
INPUT 

NON­
INVERTING 

INPUT 

Bkn 

Component values shown 
are nominal 

OUTPUT 

circuit-fabrication techniques, produces an amplifier vcc-

with low-drift and low-offset characteristics. The uA702 is particularly useful for applications requiring transfer or 
generation of linear and non-linear functions up to a frequency of 30 MHz. 

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

terminal assignments 

J DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

LAG LEAD 
NC Vee• NC OUTPUT COMP COMP NC 

NC GND INV NON Vee- NC 
INPUT INV 

INPUT 

NC-No Internal connection 

L PLUG-IN PACKAGE 
(TOP VIEW) 

vcc+ 

Vee-

PIN 4 IS IN ELECTRICAL CONTACT WITH THE CASE 

u 
FLAT PACKAGE 

(TOP VIEW) 

CD CD CD © CD 
NC GND INV NON Vcc-

INPUT INV 
INPUT 

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

Supply voltage Vee+ (see Note 1) 
Supp!y vc!tage Vee- (see f'Jote 1) 

14 v 
-7 v 

Differential input voltage (see Note 2) 
Input voltage (either input, see Notes 1 and 3) 
Peak output current (tw ~ 1 s) . . . . . . 

±5 v 
-6 V to 1.5 V 

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. 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. 

50mA 
... 300 mW 
-55°C to 125°C 
-65°C to 150°C 

. 300°C 

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 

Vcc+·12v Vcc+ •6 v 

PARAMETER TEST CONDITIONSt Vee- ·-sv Vee-· -3 v .UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 0.5 2 0.7 3 
V10 Input offset voltage Rs~ 2 kn mV 

Full range 3 4 

Average temperature coefficient l -55°C to 25°C 2 10 3 15 
µVfC av10 

of input offset voltage 
Rs= son j 25°C to 125°C 2.5 10 3.5 15 

25°C 0.2 0.5 0.12 0.5 

110 Input offset current -55°C 0.4 1.5 0.3 1.5 µA 

125°C 0.08 0.5 0.05 0.5 

Average temperature coefficient l -55°C to 25°C 3 16 2 13 
nA/°C cr110 

of input offset current f 25°C to 125°C 1 5 0.7 4 

25°C 2 5 1.2 3.5 
119 Input bias current 

-55°C 4.3 10 2.6 7.5 
µA 

Positive swing 
25°C 

0.5 1 0.5 1 
Vi Input voltage range v 

Negative swing -4 -5 -1.5 -2 

25°C 10 10.6 5 5.4 

Maximum peak-to-peak 
RL;;.100kn 

Full range 10 5 
Vo pp v 

output voltage swing RJ.. = 10kn 25°C 7 8 3 4 

RL;;. 10kn Full range 7 3 

25°C 2500 3600 6000 

Large-signal differential 
Vo= ±5 V 

Full range 2000 7000 
Avo 

voltage amplification 
RL;;. 100kn 

25°C 600 900 1500 
Vo=±2.5V 

Full range 500 1750 

25°C 16 40 22 67 
q Input resistance kn 

Full range 6 8 

ro Output resistance Vo= 0, See Note 3 25°C 200 500 300 700 n 

25°C 80 100 80 100 
CMRR Common·mode rejection ratio Rs.;;; 2 kn dB 

Full range 70 70 

25°C 75 75 
.::\. V10/.::1. Vee Supply voltage sensitivity Rs~ 2 kn 

Full range 200 200 
µVIV 

25°C 5 6.7 2.1 3.3 

ice Supply current No load, No signal -55°C 5 7.5 2.1 3.9 mA 

125°C 4.4 6.7 1.7 3.3 

25°C 90 120 19 30 

Po Total power dissipation No load, No signal -55°C 90 135 19 35 mW 

125°C 80 120 15 30 

t All characteristics are specified under open-loop operation. Full range is -55°C to 125°C. 
NOTE 3: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 

operating characteristics Vee+= 12 V, Vee-= -6 V, TA= 25°e 

TEST 
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

FIGURE 

1 V1=10mV, CL= 0 25 120 ns 
tr Rise time 

2 V1=1 mV 10 30 ns 

1 V1=10mV, CL= 100pF 10% 50% 
Overshoot factor 

2 V1=1 mV 20% 40% 

1 V1 =6V, CL= 100 pF 1.7 
SR Slew rate V/µs 

2 V1=100mV 11 
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TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

INPUT VOLTAGE 

WAVEFORM 

IV1 
_J ___ ov 

INPUT VOLTAGE 

WAVEFORM 

PARAMETER MEASUREMENT INFORMATION 

2 kn 

.>--0--e-~~-4._-+0 OUTPUT 

INPUT 

LAG 

200 pF 

FIGURE 1-UNITY-GAIN AMPLIFIER 

5 kn 

JAL -100 kU 

FIGURE 2-GAIN-OF-100 AMPLI Fl ER 
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TYPE uA702M 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 

TYPICAL CHARACTERISTICS 

i76 

MAXIMUM PEAK·TO PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 
(for various lag compensations) 

> 14 ~v~c~c~+~=~12~V~~R~L~=~l-OO~k~n"T"M"mr-~ ......... ~ i Vcc-=-6V TA=25"C 
0 121-1H1-++ttll-t-++++tlll-+-+-++tl+!!--4"f+H~ 
> 
~ 101--iH-l+l+!ll-~++l+lll--H-+++AA-4-IH+I~ 

c5 

100 

0 

! 

lk 10 k 100 k 

f-Frequency-Hz 

FIGURE 3 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREQUENCY 

~ 1 o' .................... ...._.olfilllt-
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FIGURE 4 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREQUENCY 

(for various lag compensat1ons) 

l 10' !-,--'-........ ...,...:!1--....,.,,,,.,,.... ...... +i+-.....C::-+l+Hl-Hl 

~ 
c5 
I 
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> 
< 

PRINTED IN U.S A 

1 M 10M 

f-Frequency-Hz 

FIGURE 6 

Tl cannot ossume ony responsibility for ony circuits shown 
or represent thot they ore free from potent infringement. 

lOOM 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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LAG COMPENSATION CIRCUIT 
FOR FIGURES 3, 4, AND 5 

10• 

LARGE SIGNAL OIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREOUENeY 

(for various lag compensat1onsl 

vec• = 12 v 
vec- = -6 v 
RL = lOOkn 

10' 1--+-IH+++l+l-".+-4-++i.+.m TA = 25° C 

10' 

101 

10- • 
100 k lM lOM 100M 

f-Frequency-Hz 

FIGURE 5 

C3 

LEAD-LAG COMPENSATION CIRCUIT 
FOR FIGURE 6 
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76 

LINEAR 
INTEGRATED CIRCUITS 

TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

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

FORMERLY SN52709A, SN52709, SN72709 

• Common-Mode Input Range ... ± 10 V Typical 

• Designed to be Interchangeable with Fairchild µA709A, µA709, and µA709C 

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

description 

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

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

schematic 

IN~~~~~NG ----<--< 

NONINllERTING 
INPUT 

OUTPUT 
FREQUENCY 

COMPENSATION 

and lower power dissipation when compared to the uA709 circuit. In addition, maximum values of the 
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 uA 709C is characterized for operation from 0°C to 70°C. 

JORN DUAL·IN-LINE 
PACKAGE (TOP VIEW) 

INPUT OUTPUT 
FREO OUT· FREO 

NC NC COMP A Vee+ PUT COMP 

NC NC INPUT INV NON· Vee- NC 
FREO INPUT INV 

COMP B INPUT 

NC-No internal connection 

voltages specified 

JG OR P 
DUAL-IN-LINE 

PACKAGE 
(TOP VIEW) 

INPUT OUTPUT 
FR EO OUT FR EO 

COMP A Vee+ PUT COMP 

INPUT INV NON- Vcc­
f REO INPUT INV 

COMP B INPUT 

INV 
INPUT 

L 
PLUG-IN PACKAGE 

(TOP VIEW) 

PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 

U FLAT PACKAGE 
(TOP VIEW) 

INPUT OUTPUT 
FREQ FREO 

NC COMP A Vee+ OUTPUT COMP 

® CD CD CD © 

CD CD CD © © 
NC INPUT INV NON Vcc-

FREC INPUT INV 
COMP B INPUT 

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 Vee+, and an equal negative voltage is applied to Vee-· 
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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 

uA709M 

Supply voltage Vee+ (see Note 1) 18 

Supply voltage Vee- (see Note 1) -18 

Differential input voltage (see Note 2) ±5 

Input voltage (either input, see Notes 1 and 3) ±10 

Duration of output short-circuit (see Note 4) 5 

Continuous total dissipation at (or below) 70°C free-air temperature (see Note 5) 300 

Operating free-air temperature range -55 to 125 

Storage temperature range -65 to 150 

Lead temperature 1/16 inch from case for 60 seconds l J, JG, L, or U package 300 

Lead temperature 1I16 inch from case for 10 seconds l N or P package 260 

uA709C UNIT 

18 v 
-18 v 
±5 v 

±10 v 
5 s 

300 mW 

Oto 70 oc 
-65 to 150 oc 

300 oc 
260 oc 

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 them id point between Vee+ and Vee-. 

2. Differential voltages are at the non inverting 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 10 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. 
5. For operation of uA709AM and uA709M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 

electrical characteristics at specified free-air temperature, Vee± = ±9Vto±15 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA709AM 

MIN TYP:t: MAX MIN 

25°C 0.6 2 
V10 Input offset voltage Rs.;:; 10 kS2 

Full range 3 

Rs= 50 S1 Full range 1.8 10 
Average temperature coefficient 

1-55°C to 25°C 4.8 25 av10 
of input offset voltage Rs= 10 kS1 l 25°C to 125°e 2 15 

25°e 10 50 

110 Input offset current -55°C 40 250 

125°e 3.5 50 

Average temperature coefficient 1-55°C to 25°e 0.45 2.8 
a110 

of input offset current l 25°e to 125°e 0.08 0.5 

25°e 0.1 0.2 
110 Input bias current 

-55°e 0.3 0.6 
25°e ±8 ±10 ±8 

V1 Input voltage range Vee±= ±15 v 
Full range ±8 ±8 

RL;.10kS1 
25°C 24 28 24 

Maximum peak-to-peak 
Vee±= ±15 v. 

Full range 24 24 
Vo pp 

25°e output voltage swing Vee±= ±15 v. RL = 2 kS1 20 26 20 

Vee±= ±15 v. RL;. 2 kS1 Full range 20 20 

Large-signal differential Vee±= ±15 v. RL;;;. 2 kS1, 25°e 45 
Avo 

voltage amplification Vo=±10V Full range 25 70 25 

25°e 350 750 150 
ri Input resistance 

-55°e 85 185 40 

ro Output resistance Vo= 0, See Note 6 25°e 150 

25°e 80 110 70 
CiviRR Curnmun-muUe rejet:Liun rdliu Rs< iO kn 

Full range 80 70 

25°e 40 100 
t. V10/t. Vee Power supply sensitivity Rs.;:;10kS2 

Full range 100 

25°e 2.5 3.6 

Supply current 
Vee±= ±15 v. No load, 

-55°e 2.7 4.5 ice No signal 
125°e 2.1 3 

25°e 75 108 
Vee±= ±15 v. No load, 

-55°e 81 135 Po Total power dissipation 
No signal 

125°e 63 90 

t All characteristics are specified under open-loop operation. Full range for uA 709AM and uA 709M is -55° C to 125° C. 

:j: All ty pica I values are at V CC± = ± 15 V. 

uA709M 
TYP:t: MAX 

1 5 

6 

3 

6 

6 

50 200 

100 500 

20 200 

0.2 0.5 

0.5 1.5 

±10 

28 

26 

45 

70 

400 

100 

150 

90 

25 150 

150 

2.6 5.5 

78 165 

Note 6: This typical value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback. 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

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

TEST CONDITIONSt 
uA709C 

PARAMETER UNIT 
MIN TYP MAX 

Vee±= ±9 v to ±15 v. 25°C 2 7.5 
V10 Input offset voltage 

Rs~ 10 kn 
mV 

Full range 10 

25°C 100 500 
110 Input offset current Vee±= ±9 v to ±15 v nA 

Full range 750 

25°C 0.3 1.5 
l1s Input bias current Vee±= ±9 v to ±15 v 

Full range 2 
µA 

V1 Input voltage range 25°C ±8 ±10 v 

25°C 24 28 

Maximum peak-to-peak 
RL;;. 10kn 

Full range 24 
Vopp 

output voltage swing RL = 2 kn 25°C 
v 

20 26 

RL;;. 2 kn Full range 20 

Large-signal differential 25°C 15 45 
Avo 

voltage amplification 
RL ~ 2 kn, Vo=±10V 

Full range 12 
V/mV 

25°C 50 250 
q Input resistance kn 

Full range 35 

ro Output resistance Vo= 0, See Note 6 25°C 150 n 

CMRR Common-mode rejection ratio Rs~ 10 kn 25°C 65 90 dB 

Li V10/ Li Vee Supply voltage sensitivity Rs~ 10 kn 25°C 25 200 µVIV 

Po Total power dissipation No load, No signal 25°C 80 200 mW 

t All characteristics are specified under open-loop operation. Full range for uA 709C 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 Vee± = ±9Vto±15 V, TA= 25°e 

PARAMETER 

tr Rise time 

Overshoot factor 

INPUT VOLT AGE 
WAVEFORM 

TEST CONDITIONS 

l CL= 0 
V1=20 mV, RL=2kn, See Figure 1 r 

CL= 100 pF 

PARAMETER MEASUREMENT INFORMATION 

10 kn 

INPUT 

FIGURE 1-RISE TIME AND SLEW RATE 
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uA709M 
UNIT 

uA709C 

MIN TYP MAX 

0.3 1 µs 

6% 30% 

OUTPUT 

a 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 
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uA709AM 
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OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
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FIGURE 11 

OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 
(unless designated maximum or minimum) 
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uA709C 

OPEN-LOOP LARGE-SCALE 
DIFFERENTIAL VOLTAGE AMPLIFICATION 

vs 
SUPPLY VOLTAGE 
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When the amplifier is operated with 
capacitive loading, R2 = 50 n. 

FREQUENCY 
COMPENSATION CIRCUIT 

FOR FIGURES 14, 15, AND 18 
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TYPES uA709AM, uA709M, uA709C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

TYPICAL CHARACTERISTICS 

> 

t 
0 
> 
; 
9-
:J 

0 
I 
0 
> 

15 

10 

5 

0 

-5 

-10 
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CHARACTERISTICS 
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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 

• Short-Circuit Protection • No Frequency Compensation Required 

• Offset-Voltage Null Capability • Low Power Consumption 

• Large Common-Mode and 
Differential Voltage Ranges 

• No Latch-up 

description 

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

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

The uA 741 M is characterized for operation over the 
full military temperature range of-55°C to 125°C; 
the uA741 C is characterized for operation from 0°C 
to 70°C. 

terminal assignments 

J OR N DUAL-IN-LINE 
PACK~GE (TOP VIEW) 

our. 
NC Vee· PUT N2 

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

OFFSET 
OUT• NULL 

NC Vee· PUT N2 

schematic 

NULL 
N? 

NULL 
N1 

L PLUG-IN PACKAGE 
(TOP VIEW) 

Vee-

NULL 
N2 

NULL INPUT 

N1 

Vee- NC 

NUll INPUT 
N1 

PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 

NC-No internal connection 

TEXAS INSTRUMENTS 
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U FLAT PACKAGE 
(TOP VIEW) 

®®®®@©@ 

CD CD CD©©© CD 
NC OFFSET INV NON- Vee- NC 

N~~l INPUT l~~~T 
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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 Vee+ (see Note 1) 22 18 v 
Supply voltage Vee- (see Note 1) -22 -18 v 
Differential input voltage (see Note 2) ±30 ±30 v 
Input voltage (either input, see Notes 1 and 3) ±15 ± 15 v 
Voltage between either offset null terminal (N 1/N2) and Vee- ±0.5 ±0.5 v 
Duration of output short-circuit (see Note 4) unlimited unlimited 

Continuous total power dissipation at (or below) 25°C free·air temperature (see Note 5) 500 500 mW 

Operating free-air temperature range -55 to 125 0 to 70 oc 
Storage temperature range -65 to 150 -65 to 150 oc 
Lead temperature 1/16 inch from case for 60 seconds I J, JG, L, or U package 300 300 oc 
Lead temperature 1/16 inch from case for 10 seconds l N or P package 260 260 oc 

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

2. Differential voltages are at the nonlnverting 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 uA 741 M 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 Deratlng Curves, Section 2. 

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

PARAMETER TEST CONDITIONSt 
uA741M uA741C 

MIN TVP MAX MIN TVP MAX 

25°C 1 5 1 6 
V10 Input offset voltage Rs< 1okn 

Full range 6 7.5 

AV1o(adil Offset voltage adjust range 25°C ±15 ±15 

25°C 20 200 20 200 
110 Input offset current 

Full range 500 300 

25°C 80 500 80 500 
119 Input bias current 

Full range 1500 800 

25°C ±12 ±13 ±12 ±13 
Vi Input voltage range 

Full range ±12 ±12 

AL= 10 kn 25°C 24 28 24 28 

Maximum peak-to-peak AL;;. 10 kn Full range 24 24 
Vopp 

25°C output voltage swing AL= 2 kn 20 26 20 26 

AL;;. 2 kn Full range 20 20 

Large-signal differential AL;;. 2 kn, 25°C 50 200 20 200 
AvD 

voltage amplification Vo=±10V Full range 25 15 

q Input resistance 25°C 0.3 2 0.3 2 

Output resistance 
Vo =OV, 

25°C 75 75 ro 
See Note 6 

Ci Input capacitance 25°C 1.4 1.4 

25°C 70 90 70 90 
CMRR Common-moda rejection r::tio Rs< 10 kn 

Full range 70 70 

25°C 30 150 30 150 
AV10/AVcc Supply voltage sensitivity Rs<10kn 

Full range 150 150 

ios Short-circuit output current 25°C ±25 ±40 ±25 ±40 

No load, 25°C 1.7 2.8 1.7 2.8 
Ice Supply current 

No signal Full range 3.3 3.3 

No load, 25°C 50 85 50 85 
Po Total power dissipation 

No signal Full range 100 100 

t All characteristics are specified under open-loop operation. Full range for uA 741 M Is -55°C to 125°C and for uA 741C 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, Vee+= 15 V, Vee-= -15 V, TA= 25°C 

tr 

SR 

PARAMETER 

Rise time 

Overshoot factor 

Slew rate at unity gain 

INPUT VOLTAGE 
WAVEFORM 

uA741M 
TEST CONDITIONS 

MIN TYP MAX 

V1=20mV, RL=2k.11, 0.3 

CL= 100 pF, See Figure 1 5% 

V1=10V, AL= 2 k.11, 
0.5 

CL=100pF, See Figure 1 

PARAMETER MEASUREMENT INFORMATION 

INPUT 

CL= 100 pF 

TEST CIRCUIT 

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE 

TYPICAL APPLICATION DATA 

TO Vee-

FIGURE 2-INPUT OFFSET VOLTAGE NULL CIRCUIT 

TEXAS INSTRUMENTS 
INCORPORATED 
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uA741C 
UNIT 

MIN TYP MAX 

0.3 µs 

5% 

0.5 V/µs 

OUTPUT 

• 
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TYPES uA741M, uA741C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 
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LINEAR INTEGRATED 
CIRCUITS 

TYPES uA747M, uA747C 
DUAL GENERAL-PURPOSE 

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

FORMERLY SN52747, SN72747 

• No frequency Compensation Required 

• Low Power Consumption 

• Short-Circuit Protection 

• Offset-Voltage Null Capability 

description 

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

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

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

schematic (each amplifier) 

INVERTING 
INPUT 

NON­
INVERTING 

INPUT 

OFFSET 
NULL 

N1 

OFFSET 
NULL 

N2 

Component values shown are nominal. 

• Wide Common-Mode and 
Differential Voltage Ranges 

• No Latch-up 

• Designed to be Interchangeable with 
Fairchild µA747 and µA747C 

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

OFF:~~LIFIER NO 1 

NULL 
1N1 

IN~NE;T v~~~:~G o~~~~ T Vee 

~ 
AMPLIFIER NO I 

NC-No internal connection 

A.MPllflERNO 1 

,....---!'---, 
OFFSET 

NULL 
2N1 

L PLUG-IN 
PACKAGE (TOP VIEW) 

NO 1 
AMPLIFIER { 

1 Vee+ 

INVERTING 
INPUT 

NONINVERTING 
INPUT 

2vcc+ 

}

AMPLIFIER 
NO 2 

INVERTING 
INPUT 

NON INVERTING 
INPUT 

NC-No internal connection 

25 n 

50 n 

Vee+ 

OUTPUT 

Vee-

TO OTHER 
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 V CC+ (see Note 1) 22 18 v 
Supply voltage V CC- (see Note 1) -22 -18 v 
Differential input voltage (see Note 2) ±30 ±30 v 
Input voltage any input (see Notes 1 and 3) ±15 ±15 v 
Voltage between any offset null terminal (N1/N2) and Vee- ±0.5 ±0.5 v 
Duration of output short-circuit (see Note 4) unlimited unlimited 

Each amplifier 500 500 
Continuous total dissipation at (or below) 25°C 1 J, N, or W package 800 800 mW 
free-air temperature (see Note 5) Total package l L package 625 625 

Operating free-air temperature range -55 to 125 0 to 70 oc 

Storage temperature range -65 to 150 -65 to 150 oc 

Lead temperature 1 /16 inch from case for 60 seconds l J, L, or W package 300 300 oc 

Lead temperature 1 /16 inch from case for 10 seconds IN package 260 260 oc 

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

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. For the 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, Vee+= 15 V, Vee-= -15 V 

PARAMETER TEST CONDITIONSt 
uA747M uA747C 

UNIT 
Mil\! TYP MAX MIN TYP MAX 

25°C 1 5 1 6 
V10 Input offset voltage Rs<;;;10kn. mV 

Full range 6 7.5 

AV1o(adj) Offset voltage adjust range 25°C ±15 ±15 mV 

25°C 20 200 20 200 
110 Input offset current nA 

Full range 500 300 

25°C 80 500 80 500 
l1s Input bias current nA 

Full range 1500 800 

25°C ±12 ±13 ±12 ±13 
V1 Input voltage range v 

Full range ±12 ±12 

RL = 10 kn. 25°C 24 28 24 28 

Maximum peak-to-peak RL;;.10kD. Full range 24 24 
Vopp 

RL = 2 kn. 25°C 
v 

output voltage swing 20 26 20 26 

RL;;. 2 kn. Full range 20 20 

Large-signal differential RL;;. 2 kn., 25°C 50 200 25 200 
Avo 

voltage amplification Vo=±10V Full range 
V/mV 

25 15 

ri Input resistance 25°C 0.3 2 0.3 2 MD. 

ro Output resistance 
Vo= 0 V, 

25°C 75 75 n. 
See Note 6 

Ci Input capacitance 25°C 1.4 1.4 pF 

25°C 70 90 70 90 
v1v1nn Common-mode rejection ratio Rs~1okn dB 

Full range 70 70 

25°C 30 150 30 150 
AV10/AVcc Supply voltage sensitivity Rs.;;; 10 kn. 

Full range 150 150 
µVIV 

ios Short-circuit output current 25°C ±25 ±40 ±25 ±40 mA 

Supply current No load, 25°C u 2.8 1.7 2.8 
Ice mA 

(each amplifier) No signal Full range 3.3 3.3 

Power dissipation No load, 25°C 50 85 50 85 
Po mW 

(each amplifier) No signal Full range 100 100 

Vo1IV02 Channel separation 25°C 120 120 dB 

t All 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, Vee+= 15 V, Vee-= -15 V, TA= 25°C 

tr 

SR 

uA747M 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 

Rise time V1 = 20 mV, RL=2kfl, 0.3 

Overshoot factor CL= 100 pF, See Figure 1 5% 

Slew rate at unity gain 
V1 = lOV, RL = 2 kfl, 

0.5 
CL= 100 pF, See Figure 1 

PARAMETER MEASUREMENT INFORMATION 

INPUT VOLTAGE 
WAVEFORM 

INPUT 

CL= 100 pF 

TEST CIRCUIT 

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE 

TYPICAL APPLICATION DATA 

TO Vee-

FIGURE 2-INPUT OFFSET VOLTAGE NULL CIRCUIT 

TEXAS INSTRUMENTS 
INCORPORATED 
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uA747C 
UNIT 

MIN TYP MAX 

0.3 µs 

5% 

0.5 V/µs 

OUTPUT 

AL= 2 kfl • 
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TYPES uA747M, uA747C 
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES uA748M, uA748C 
GENERAL-PURPOSE 

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

FORMERLY SN52748, SN72748 

• Frequency and Transient Response Characteristics Adjustable 

• Short-Circuit Protection • Low Power Consumption 

• Offset-Voltage Null Capability • No Latch-up 

• Wide Common-Mode and 
Differential Voltage Ranges 

• Same Pin Assignments as uA709 

description 

The uA748 is a general-purpose operational amplifier. 
It offers the same advantages and desirable features as 
the uA 741 with the exception of internal compensa­
tion. The external compensation of the uA748 allows 
the changing of the frequency response (when the 
closed-loop gain is greater than unity) for applications 
requiring wider bandwidth or higher slew rate. This 
circuit features high gain, large differential and 
common-mode input voltage range, output short­
circuit protection, and may be compensated under 
unity-gain conditions with a single 30-pF capacitor. 
A potentiometer may be connected between the 
offset null inputs, as shown in Figure 12, to null 
out the offset voltage. 

schematic 

NONINVERTING 
INPUT 

OFFSET 

(N2) 

OFFSET NULL/ 

(N1)----~ 

The uA748M is characterized for operation over the 
full military temperature range of -55°C to 125°C; 
the uA 7 48C is characterized for operation from 0°C 
to 70°C. 

Resistor values shown are nominal and in ohms. 

terminal assignments 

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

OUT-
PUT IN21 NC 

NC-No internal connection 

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

OFFSET 

OFFSET 

"cc· :;· NULL 

NULL/ INPUT 

L PLUG-IN PACKAGE 

(TOP VIEW) 

Vee-

PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 o DALLAS, TEXAS 75222 

U FLAT PACKAGE 
(TOP VIEW) 

OFFSET 

®®®®@©© 
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TYPES uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

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

uA748M uA748e UNIT 

Supply voltage Vee+ (see Note 11 22 18 v 
Supply voltage Vee- (see Note 11 -22 -18 v 
Differential input voltage (see Note 21 ±30 ±30 v 
Input voltage (either input, see Notes 1 and 3) ±15 ±15 v 
Voltage between either offset null terminal (N1/N2) and Vee- -0.5 to 2 -0.5 to 2 v 

Duration of output short-circuit (see Note 41 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 to 125 0 to 70 oc 

Storage temperature range -65 to 150 -65 to 150 oc 

Lead temperature 1/16 inch from case for 60 seconds 1 J, JG, L, or U package 300 300 oc 

Lead temperature 1/16 inch from case for 10 seconds 1 N or P package 260 260 oc 

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

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3, The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less. 
4. The output may be shorted to ground or either power supply. For the uA748M only, the unlimited duration of the short-circuit 

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

electrical characteristics at specified free-air temperature, Vee+= 15 V, Vee- =-15 V, Cc= 30 pf 

TEST eONDITIONSt 
uA748M uA748C 

UNIT PARAMETER 
MIN TYP MAX MIN TYP MAX 

25°C 1 5 1 6 
V10 Input offset voltage Rs.;; 10 kn mV 

Full range 6 7.5 

25°C 20 200 20 200 
110 Input offset current nA 

Full range 500 300 

25°C 80 500 80 500 
118 Input bias current nA 

Full range 1500 800 

25°C ±12 ±13 ±12 ±13 
V1 Input voltage range v 

Full range ±12 ±12 

RL = 10 kn 25°C 24 28 24 28 

Maximum peak-to-peak RL;;. 10 kn Full range 24 24 
Vopp 

25°C 
v 

output voltage swing RL = 2 kn 20 26 20 26 

RL;;. 2 kn Full range 20 20 

Large-signal differential RL;;. 2 kn, 25°C 50 200 20 200 
V/mV AvD 

voltage amplification Vo= ±10V Full range 25 15 

fj Input resistance 25°C 0.3 2 0.3 2 Mn 

Output resistance 
Vo= OV, 

25°C 75 75 n ro 
See Note 6 

Ci Input capacitance 25°C 1.4 1.4 pF 

?5°C 70 90 70 90 
CMRR Common-mode rejection rntio Rs.:;; 10 kn us 

Full range 70 70 

D.V10/t:..Vcc Supply voltage sensitivity 
25°C 30 150 30 150 

µV/V Rs.;; 10 kn 
Full range 150 150 

ios Short-circuit output current 25°C ±25 ±40 ±25 ±40 mA 

No load, 25°C 1.7 2.8 1.7 2.8 
ice Supply current mA 

No signal Full range 3.3 3.3 

No load, 25°C 50 85 50 85 
Po Total power dissipation mW 

No signal Full range 100 100 

t All characteristics are specified under open-loop operation. Full range for uA 748M is -55° C to 125° C and for uA 748C 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. 

TEXAS INSTRUMENTS 
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TYPES uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 

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

uA748M uA748C 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 

tr Rise time V1=20 mV, RL = 2 kn, 0.3 0.3 µs 

CL= 100 pF, Cc= 30 pF, 
Overshoot factor See Figure 1 5% 5% 

V1=10V, RL=2kn, 

SR Slew rate at unity gain CL= 100 pF, Cc= 30 pF, 0.5 0.5 V/µs 

See Figure 1 

PARAMETER MEASUREMENT INFORMATION 

Iv, 
_J---ov INPUT 

INPUT VOLTAGE Cc= 30 pf 

WAVEFORM TEST CIRCUIT 

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE 

INPUT OFFSET CURRENT 
vs FREE-AIR TEMPERATURE 
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TYPICAL CHARACTERISTICS 
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OPEN-LOOP LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE 
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VOLTAGE vs LOAD RESISTANCE 
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TYPES uA748M, uA748C 
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS 
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TYPICAL CHARACTERISTICS 
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FIGURE 9 

TYPICAL APPLICATION DATA 

ri = 400 Mn, 

Cj = 1 pF, 

ro< 1 n, 
BW=1 MHz 

FIGURE 11-UNITY-GAIN VOLTAGE FOLLOWER 

Vo R2 
vcc+ 

V1 R1 

v, R1·30 pF 

ir ..... Vo f' Cc ;;, 

i -;-2k'1 R1+R2 

R1•R2 
R3 

R1+R2 

FIGURE 12-INVERTING CIRCUIT WITH ADJUSTABLE GAIN, 

COMPENSATION, AND OFFSET ADJUSTMENT 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES uA777M, uA777C 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

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

FORMERLY SN52777, SN72777 

• Low Input Currents 

• Low Input Offset Parameters 

• Frequency and Transient Response 
Characteristics Adjustable 

• Short-Circuit Protection 

• Offset-Voltage Null Capability 

description 

• No Latch-Up 

• Wide Common-Mode and 
Differential Voltage Ranges 

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

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 
JORN DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

OFFSET 
OUT NULL 

Vee+ PUT (N2) 

OFFSET lNV 
NULL/ INPUT 
COMP 
(N1) 

~~~ vcc-
1NPUT 

NC-No internal connection 

schematic 

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

OFFSET 
OUT NULL 

COMP Vee+ PUT (N2) 

OFFSET INV NON Vcc­
NULL/ INPUT INV 
COMP INPUT 

(NlJ 

L PLUG·IN PACKAGE 
(TOP VIEW) 

vcc-

PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 

INVE~~!~~ --+----+-~ 

NONINVERTING 
INPUT 

OFFSET 
NULL 

(N2\ 

OFFSETNULU 
COMP-----~ 

IN1l 

Resistor values shown are nominal and in ohms. 

TEXAS INSTRUMENTS 
INCORPORATED 
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U FLAT PACKAGE 
(TOP VIEW) 

OFFSET 
NULL 

@ 0 ©00T© 

0©00© 
NC OFFSET \NV NON Vcc-

NULL/ INPUT lNV 
COMP INPUT 

IN11 

a 
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TYPES uAn7M, uA777C 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
uA777M uA777C UNIT 

Supply voltage V cc+ (see Note 1) 22 22 v 
Supply voltage Vee- (see Note 1) -22 -22 v 
Differential input voltage (see Note 2) ±30 ±30 v 
Input voltage (either input, see Notes 1 and 3) ±15 ±15 v 
Voltage between either offset null terminal (N1/N2) and Vee- -0.5 to 2 -0.5 to 2 v 
Duration of output short-circuit (see Note 4) unlimited unlimited 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5) 500 500 mW 

Operating free-air temperature range -55 to 125 0 to 70 oc 
Storage temperature range -65 to 150 -65 to 150 oc 
Lead temperature 1 /16 inch from case for 60 seconds J J, JG, L, or U package 300 300 oc 
Lead temperature 1 /16 inch from case for 10 seconds JN or P package 260 260 oc 

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 CC+ and V CC-· If the zero-reference level of the system is not the midpoint of the 
supply voltages, all voltage values must be changed accordingly. 

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

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

applies at (or below) 125°C case temperature or 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, Vee+= 15 V, Vee-= -15 V, Cc= 30 pF 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA777M uA777C 

MIN TYP MAX MIN TYP MAX 

25°C 0.5 2 0.7 5 
V10 Input offset voltage Rs.;; 50 kn 

Full range 3 5 

Average temperature coefficient 
Rs.;; 50 kn Full range 2.5 15 4 30 av10 

of input offset voltage 

25°C 0.25 3 0.7 20 
110 Input offset current 

Full range 10 40 

Average temperature coefficient MINto2!:fC 6.5 150 20 600 
a110 

of input offset current 25°CtoMAX 2.5 30 10 300 

25°C 8 25 25 100 
119 Input bias current 

Full range 75 200 

V1 Input voltage range Full range ±12 ±13 ±12 ±13 

Maximum peak-to-peak RL = 10 kn Full range 24 28 24 28 
Vopp 

output voltage swing RL = 2 kn Full range 20 26 20 26 

Large-signal differential Vo=±10V, 25°C 50 250 25 250 
Avo 

voltage amplification RL;;;. 2 kn Full range 25 15 

q Input resistance 25°C 2 10 1 2 

ro Output resistance 25°C 100 100 

Ci Input capacitance 25°C 3 3 

CMRR Common-mode rejection ratio Rs= so kn Full range 80 95 70 95 

t:.Vcclt::..V10 Supply voltage rejection ratio Rs.;; 50 kn Full range 13 100 15 150 

ios Short-circuit output current 25°C ±25 ±25 

25°C 1.9 2.8 1.9 3.3 

ice Supply current 
No load, 

MIN 2 3.3 3.3 
No signal 

MAX 1.5 2.5 3.3 

UNIT 

mV 

µVfC 

nA 

pAfC 

nA 

v 

v 

V/mV 

Mn 

n 

pF 

dO 

µV/V 

mA 

mA 

t All characteristics are specified under open-loop operation. Full range (Ml N to MAX) for uA777M Is -55°C to 125°C and for uA 777C is 0°C 
to 70°C. 
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TYPES uA777M, uA777C 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

operating characteristics, Vee+= 15 V, Vee-= -15 V, TA= 25°e 
uA777M 

PARAMETER TEST CONDITIONS 
MIN TYP MAX 

V1 = 20 mV, Av= 1, Cc= 30 pF 0.3 
tr Rise time RL=2kil, 

CL= 100 pF Av= 10, Cc= 3.5pF 0.2 

V1 = 20 mV, 
Av= 1, Cc= 30 pF 5% 

Overshoot factor RL=2k.n, 

CL=100pF Av= 10, Cc= 3.5 pF 5% 

SR Slew rate 
RL=2kn, Av= 1, Cc= 30 pF 0.5 

CL= 100 pF Av= 10, Cc= 3.5 pF 5.5 

PARAMETER MEASUREMENT INFORMATION 

INPUT VOLTAGE 
WAVEFORM 

INPUT 

Cc 

TEST CIRCUIT 

FIGURE 1-RISE TIME, OVERSHOOT, AND SLEW RATE 

TEXAS INSTRUMENTS 
INCORPORATED 
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uA777C 
UNIT 

MIN TYP MAX 

0.3 

0.2 
µs 

5% 

5% 

0.5 

5.5 
V/µs 

' 
OUTPUT 

a 
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TYPES uAn7M, uA777C 
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 

6 
> 
b 4 
~ 
0 
> 2 
'5 
c. 
c 0 I 
>> 
> 
l 
~ 0 
0 
:: -2 
;J 
c. 

8 -4 
I 
0 
> -6 

TYPICAL CHARACTERISTICS 

PULSE RESPONSE WITH 
FEED-FORWARD COMPENSATION 

l 

0 

10 kn. 

10 kn. 

Vcc+=15V 
Vee-= -15 v 
Av= 1 

INPUT 

COMP OUTPUT 

CL= 10 pF 
Cc= 5 pF 
TA= 25°C 
See Figure 3 i 

150 pF 

2 3 4 5 6 7 

t-Time-µs 

FIGURE 2 
FIGURE 3-INVERTING CIRCUIT WITH UNITY GAIN 

AND FEED-FORWARD COMPENSATION 

TYPICAL APPLICATION DATA 

R2 

Rl •30 pF 
Cc ;;. Rl+R2 

Rl•R2 
R3 = R1+R2 

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

TEXAS INSTRUMENTS 
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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 

Offset Offset Bias 
Voltage 

Output 
Response 

Required 
DEVICE Amplification Time 

Voltage Current Current Current Vee+ Vee- REMARKS 
TYPE 

MAX MAX MAX MIN MIN MAX NOM NOM 

(mVI (µA) (µAl (mAI (nsl (VI (VI 

40 
TL710M 6 20 150 500 1.6 

(Typl 
12 -6 

40 
uA710M 2 3 20 1250 2 

(Typl 
12 -6 

TL810M 3 7 25 10,000 0.5 80 12 -6 
Improved 

Single TL710M 

40,000 -3 to 
LM106 3 7 45 16 40 12 Strobe 

(Typl -12 

LM111t 
200,000 140 

4 0.02 0.15 
(Typ) 

8 
(Typ) 

15 -15 Strobe 

TL510M 3 7 25 10,000 0.5 80 12 -6 Strobe 

200,000 1300 Vee range 
LM193 5 0.025 -0.1 6 5 0 

(Typl (Typ) 2 V to 36 V 

TL820M 3 7 25 10,000 0.5 
Dual 

80 12 -6 
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 

uA711M 6 
Dual 

20 150 500 0.5 80 12 -6 Strobes 

Channel TL811M 6 5 30 8,000 0.5 80 12 -6 
Improved 

uA711M 

200,000 1300 Vee range 
Quad LM139 5 0.025 -0.1 6 5 0 

(Typ) (Typ) 2 V to 36 V 

tcapable of operating with a single 5-voJt·suppJy. 

-40°C to 85°C operating temperature range 

Input Input Input Low-Level Power Supplies 

Offset Offset Bias 
Voltage 

Output 
Response 

Required 
DEVICE Amplification Time 

Voltage Current Current Current Vee+ Vee- REMARKS 
TYPE 

MAX MAX MAX MIN MIN MAX NOM NOM 

(mV) (µA) (µA) (mA) (ns) (V) (V) 

Dual LM2903 7 -0.25 
200,000 1300 Vee range 

0.05 
(Typ) 

6 
(Typ) 

5 0 
2 V to 36 V 

Ou ad LM2901 7 0.05 -0.25 
200,000 1300 Vee range 

(Typ) 
6 

(Typl 
5 0 

2 V to 36 V 
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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 

Offset Offset Bias 
Voltage 

Output 
Response 

Required 
DEVICE Amplification Time 

Voltage Current Current Current Vee+ Vee- REMARKS 
TYPE 

MAX MAX MAX MIN MIN MAX NOM NOM 

(mV) (µA) (µA) (mA) (ns) (V) (VJ 

40,000 -3 to 
Single LM206 3 7 45 16 40 12 Strobe 

(Typ) -12 

200,000 1300 Vee range 
Dual LM293 5 0.05 -0.25 6 5 0 

(Typ) (Typ) 2 V to 36 V 

200,000 1300 Vee range 
Quad LM239 5 0.05 -0.25 6 5 0 

(Typ) (Typ) 2Vto36V 

0°C to 70°C operating temperature range 

Input Input Input Low-Level Power Supplies 

Offset Offset Bias 
Voltage 

Output 
Response 

Required 
DEVICE Amplification Time 

Voltage Current Current Current Vee+ Vee- REMARKS 
TYPE 

MAX MAX MAX MIN MIN MAX NOM NOM 

(mV) (µA) (µA) (mAJ (ns) (V) (VJ 

TL710C 10 25 150 500 40 12 -6 

TL810C 4.5 7.5 30 8,000 0.5 80 12 -6 
Improved 

TL710C 

Single 7.5 
40,000 28 -3to 

LM306 6.5 40 
(Typ) 

16 
(Typ) 

12 Strobe 
-12 I 

LM311t 10 0.07 
200,000 165 

0.3 
(Typ) 

8 
(Typ) 

15 -15 Strobe 

TL510C 4.5 7.5 30 8,000 0.5 80 12 -6 Strobe 

200,000 1300 Vee range 
LM393 5 0.05 -0.25 6 5 0 

(TypJ (Typ) 2 V to 36 V 

40 Dual 
TL720C 10 25 150 500 12 -6 

(Typ) TL710C 

Dual 
Dual TL820C 4.5 7.5 30 8,000 0.5 80 12 -6 

TL810C 

TL506C 6.5 7.5 
40,000 28 -3to Dual 

40 16 12 
(Typ) (Typ) -12 LM306 

TL514C 4.5 7.5 30 8,000 0.5 
Dual 

80 12 -6 
TL510C 

40 
uA711C 10 25 150 500 0.5 12 -6 Strobe 

Dual (Typ) 

Channel 
1'0 

33 Improved 
TL811C 10 50 5,000 0.5 12 -6 

(Typ) uA711C 

Quad LM339 5 0.05 
200,000 1300 Vee range 

-0.25 6 5 0 
(TypJ (Typ) 2 V to 36 V 

tcapable of operating with a single 5-volt supply. 
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GLOSSARY 
DIFFERENTIAL COMPARATOR TERMS, DEFINITIONS, AND SYMBOLS 

Input Offset Voltage (V1ol 

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 (Rs) are inserted in series 

with the input leads. 

Average Temperature Coefficient of Input Offset Voltage (a:vtol 

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. 

a _ ,(V1o@TA(l)l-(V1o@TA(2)ll 
VIO - TA(1) -TA(2) 

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

Input Offset Current 010) 

The difference between the currents into the two input terminals with the output at the specified level. 

Average Temperature Coefficient of Input Offset Current (a11ol 

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. 

I 
(J1o@TA(1)l -{11o@TA(2)ll 

0:110 = 
TA(1) -TA(2) 

Input Bias Current (lrn) 

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

The average of the currents into the two input terminals with the output at the specified level. 

High-Level Strobe Current 01H(S)l 

The current flowing into or out of* the strobe at a high-level voltage. 

Low-Level Strobe Current 01 L(S)) 

The current flowing out of* the strobe at a low-level voltage. 

High-Level Strobe Voltage (V1H(S)l 

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 (V1L(S)l 

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 (V1) 

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 (V1cl 

The average of the two input voltages. 

Common-Mode Input Voltage Range (V1cRl 

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

Differential Input Voltage (Viol 

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

Differential Input Voltage Range (Viol 

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

Differential Voltage Amplification (AvDl 

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 (VoHl 

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 (VoLl 

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, OoHl 

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, OoLl 

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 (r0 ) 

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 (Ice+, lcc-l 

The current into* the Vee+ or Vee- terminal of an integrated circuit. 

Total Power Dissipation (Pol 

The total d-c power supplied to the device less any power delivered from the device to a load. 

NOTE: At no load: Po= Vee+· ICC++ Vee-· ICC-· 

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 
INTEGRATED CIRCUITS 

TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 

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

FORMERLY SN52106, SN72306 

• Fast Response Times • Strobe Capability 

• Improved Gain and Accuracy • Short-Circuit and Surge Protection 

• Fan-Out to 10 Series 54/74 TTL Loads • Designed to be interchangeable with National 
Semiconductor LM 106, LM206, and LM306 

description 

The LM 106, 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 
JORN 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) 

STROBE 

OUT STROBE 
2 

OUT 
Vee+ PUT ~ Vee+ 

®®®®®ara~r 

vcc- CD0©©©©0 
NC GND NON INV NC Vee- STROBE 1 

NC-No internal connection 

PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 

INV INPUT 
INPUT 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage Vee+ (see Note 1) 
Supply voltage Vee- (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (either input, see Notes 1 and 3) 
Strobe voltage range (see Note 1) 
Output voltage (see Note 1) . . . . . . 
Voltage from output to Vee- . . . . . 
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: LM 106 Circuits 

LM206 Circuits 
LM306 Circuits 

Storage temperature range . . . . _ . . . . . . . . . 
Lead temperature 1 /16 inch from case for 60 seconds: J, JG, L or U package 
Lead temperature 1 /16 inch from case for 10 seconds: N or P package 

15 v 
-15 v 

±5 v 
±7 v 

OVtoVcc+ 
24 v 
30 v 
10 s 

... 600 mW 
-55°C to 125°C 
-25°C to 85°C 

. 0°C to 70°C 
-65°C to 150°C 
. ... 300°C 
.. _ . 260°C 

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

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 7 volts, whichever is less. 
4. The qutput may be shor_ted to ground or either power supply. 

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

electrical characteristics at specified free-air temperature, Vee+ 
otherwise noted) 

12 V, Vee-= -3 V to -12 V (unless 

PARAMETER TEST CONDITIONSt 
LM106, LM206 LM306 

UNIT 
MIN TYP MAX MIN TYP MAX 

V10 Input offset voltage Rs.;; 200 n, See Note 6 
25°C 0.5§ 2 1.6§ 5 

mV 
Full range 3 6.5 

Average temperature 

ov10 coefficient of input Rs= 50 n, See Note 6 Full range 3 10 5 20 µV/°C 
offset voltage 

25°C 0.7§ 3 1.8§ 5 

110 Input offset current See Note 6 MIN 2 7 1 7.5 µA 
MAX 0.4 3 0.5 5 

Average temperature MIN to 25uC 15 75 24 100 
0 110 coefficient of input See Note 6 nA/°C 

offset current 25°C to MAX 5 25 15 50 

11s Input bias current Vo= 0.5 v to 5 v 
MIN to 25°C 45 40 

µA 
25°C to MAX 7§ 20 169 25 

11 L(S) Low-level strobe current V (strobe) = 0.4 V Full range -1.7§-3.2 -1.7§-3.2 mA 

V1H(S) High level strobe voltage Full range 2.2 2.2 v 

V1L(S) Low-level strobe voltage Full range 0.9 0.9 v 

V1eR 
Common-mode input 

V CC- = - 7 V to -1 2 V Full range ±5 ±5 v 
voltage range 

V10 
Differential input 

Full range ±5 ±5 v 
voltage range 

Avo 
Large-signal differential No load, 

25°C 40 § 40§ V/mV 
voltage amplification Vo= 0.5 v to 5 v 

VoH 
High-level 

IOH = -400 µA 
VJ.!2 = 5 mV Full range 2.5 5.5 

v 
output voltage V10=8mV Full range 2.5 5.5 

IOL = 100 mA 
V10 = -5 mV 25'"c o.8li 1.5 
V10 = -7 mV 25'"c o.8§ 2 

Low-level V10 = -5 mV Full range 1 
Vol output voltage 

loL = 50 mA 
V10 = -8 mV Full range 1 

v 

loL = 16mA 
V10 = -5 mV Full range 0.4 
VJ.!2 = -8 mV Full range 0.4 

V10 = 5 mV 
MIN to 25°C 0.02§ 1 

High-level 25'"c to MAX 100 
loH output current 

VoH = 8 v to 24 v 
V10 = 7 mV MIN to 25°C O.D2S 2 

µA 

V10 = 8 mV 25°C to MAX 100 

ice+ Supply current from Vee+ V10 = -5 mV, No load Full range 6.6\i 10 6.6 10 mA 

ice- Supply current from Vee- No load Full range -1.9S-3.6 -1.9S-3.6 mA 

t Unless otherwise noted, all characteristics are measured with the strobe open. 

§These typical values are at Vee+= 12 V, Vee-= -6 V, TA= 25°e. Full range (MIN to MAX) for LM106 is -55°e to 125°C; for LM206 is 

-25° e to 85° e; and for LM306 is 0° e to 70° e. 

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 (VoH ). Thus these parameters actually define an error band and take into account the worst-case effects of 

voltage gain and input impedance. 

switching characteristics, Vee+= 12 V, Vee-= -6 V, TA= 25°e 

TEST CONDITIONSt 
LM106, LM206 LM306 

UNIT PARAMETER 
MIN TYP MAX MIN TYP MAX 

Response time, low-to-high-level output RL=390nto5V, CL=15pF, SeeNote7 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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schematic 

NON INVERTING 
INPUT 

INVERTING 
INPUT 

Vee- tr---o----' 

Resistor values are nominal in ohms. 

TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 

STROBE 
1 

STROBE 
2 

6.3 v 

70 

680 

TYPICAL CHARACTERISTICS II 
INPUT OFFSET CURRENT INPUT BIAS CURRENT 

FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 

20 
Vcc+=12v Vee+= 12 v 

Vee-= -6 v 
Vo= 0.5 v to 5 v 

18 I\ 
\ 

Vee-= -6 v 
Vo= 0.5 v to 5 v <( 2.5 

f e 2 1-----1--~l--~---+---+--+---1 

<( 16 
::t 
.!. 14 

\~ ~ ~M30J 
:; 
u 
...... 
~ 1.5 t---t---c---+---+-~--+--+---4 

5 
...... 
::::l 
a. 
c 
I 
0 

0 ....___..___.___.____.'----'---'-----'-----' 

c e 
:; 
u 
"' ca 

cc 
...... 
::::l 
a. 
c 
I 
CD 

12 

10 

8 

6 

4 

2 

"\ ~ 
~ ~ 
~ 

LM106, "'\ 

~ LM206:j: 

~ 
~ 
~ 

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

TA-Free-Air Temperature-°C TA-Free-Air Temperature-°C 
FIGURE 1 FIGURE 2 

:j:Data for free-air temperatures below -25°C and above B5°C is applicable for LM 106 only. 
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TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS t 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

Vee+= 12 v 
> Vcc-=-3Vto-12v 
~ 6 Vm = 5 mV 

~ ~=O 
:: 5 l---""'li--=----+---+---+----1----1---1---~ 
::i e 
::i 

0 4 l----l---1---+--+-===""'-+--+---t 
~ ~ loH=-400µA 
_J 

~ 3 1---1---+---+--+---+----t---+----1 
:::c 
I 
:c 
~ 2 

> 
I 

C1J 
Cl 

~ 
a 
> .., 
::i s 
::i 
0 
I 
0 
> 

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

TA-Free-Air Temperature-°C 
FIGURE 3 

VOLTAGE TRANSFER CHARACTERISTICS 

7 
Vee+= 12 v 

6 Vee-= -6 v 

5 

4 

3 

RL = oo 

J_ J_ 'CLL I VJ [] z 
l l v "' h TA =25°C TA=0°C

1

~ 
~ "-T T 0 

TA= 70 C 
2 T T 

T.t.. = -55°C _.. 
i'--TA = 125°C 

0 

-1 
-2 -1 0 2 

Vm-Differential Input Voltage-mV 
FIGURE 5 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 

1.2 
Vee+= 12 v 

> V CC- = -3 V to -12 V 
I 

Cl> 
Vm =-5 mV 

C'l 

~ a -+-- J 1 l--~ 
> 0.8 .., IOL = 100 mA 
::i e 
::i 
0 0.6 
a; 
~ 

_J 

~ 0.4 
0 

_J 

I 
_J 

0 0.2 
> 

l 1 l 
IOL = 50 mA --_l _L 

l I 
1 I I 
IOL = 16 mA 
L _L 

! l 
IOL =O 

0 l I 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 
FIGURE 4 

OUTPUT CURRENT 
VS 

DIFFERENTIAL INPUT VOLTAGE 

<t: ~ 10-2 t---t----'--+--+c.,,.,,.,...+--+---+------1 

c: 
~ 10-31---1------.......... ----t;..__ ________ ---t 
::i 

~ 10-41---1---1---+---+-----------+----t 
::i 

~ 10-51---i---1---+---+--H-----~-~ 
0 

b 10-6r---i----f--t----r--+-..-"'d---t--, 

10-7 1----+--+---t 

10-s 

10-s......___.,____.. _ _.."---_.._ _ _....._..__._ _ _.__~ 
-5 -4 -3 -2 -1 0 2 

Vm-Differential Input Voltage-mV 

FIGURE 6 

3 

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

TYPICAL CHARACTERISTICSt 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREE-Al R TEMPERATURE 

80000 .------:::ir:----.----r-~~~-~~~---, 
Vee- = -3 v to -12 v 

1---+--+------'-- Vo = 1 to 2 v 
RL = oo 

0 .___....._~_._~....._~_._ _ _._~--~---~ 
-75 -55 -25 0 25 50 75 100 125 

Q.) 

·~ ~ 
c 0 
e> 
QJ .... 

::: :::l 
·- c. 
0 c 

> 
I 

QJ 
Cl 

!9 
0 
> .... 
:::l 

TA-Free-Air Temperature-°C 

FIGURE 7 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

---, 
100 mV---+----+-----+--~ 

Vee+= 12 v 
Vee-= -6 v 
CL= 15 pF 
R L = 390 Q to 5 V 
TA= 25°C 

s 2 >----+-~--_,.___,__,____.,-+----+----I 
cS lOmV 
I 
0 
> 

0 20 40 

t-Time-ns 
FIGURE 9 

60 80 100 

SHORT-CIRCUIT OUTPUT CURRENT 
vs 

FREE-Al R TEMPERATURE 

Vcc+=Vo=12v 
ct: Vee-= -6 v _ 
~ v ~ V10=-5mV 

~ 0.3 1-----+J. 1+---+--+1--~-k~ Note 8 -

c; ""' :::l 

~ ~ 
~ 0.2 ~ 
~ 

2 a 
~ 0.1 1---+--+--+---+---+---+---+-----i 

I 
(/) 

0 

0 .___.L-,_...___...__....__....__....__.....___, 

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

QJ 
Cl 

~ ~ 
·~ ~ 
c 0 
e> = 5 ·- c. 
0 c 

> 

TA-Free-Air Temperature-°C 
FIGURE 8 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

I 

~ 4 ~--+--
Cl 

!9 
0 
> .... 
:::l 

;- 2 
0 
I 
0 
> 

0 

Vee+= 12 v 
--+-+-1'-+--+-- V CC- = -6 V 

CL= 15 pF 
'""""""'1-4-f---+-- R L = 390 n to 5 V 

20 

TA= 25°C 

40 

t-Time-ns 
FIGURE 10 

60 80 100 

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

NOTE 8: This parameter was measured using a single 5-ms pulse. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • CALLAS, TEXAS 75222 

II 
I 

155 



II 

156 

TYPES LM106, LM206, LM306 
DIFFERENTIAL COMPARATORS WITH STROBES 

10 

<t: 9 
E 
I 
+ 8 u 
(.) 

> 7 
E 

.g 6 
.... 
c: 

5 ~ 
::J 

C.) 4 
>-
ii 

3 a. 
::J 

Ul 
I 2 + 

(.) 

.5:? 

TYPICAL CHARACTERISTICS t 

SUPPLY CURRENT FROM Vee+ SUPPLY CURRENT FROM Vee-
VS VS 

SUPPLY VOLTAGE Vee+ SUPPL y VOLTAGE Vee-

V CC- = -3 V to -12 V 
TA=-55°C <t: vce+ = 12 v 

RL =oo RL = oo E 
I TA= -55°e TA= 25°C I 
u 

> u 
E > 

E 
LO .g I 
II TA= 25°C ..... 
0 c 

~ > :; 
u 
>-

~ 
0.. 
a. 
:::J 

LO '1 II I 0 u > !d 

0 ~-~-~-~-~-~-~-~~ 
9 10 11 12 13 14 15 16 17 0 -2 -4 -6 -8 -10 -1'2 -14 -16 

Vcc+-Positive Supply Voltage-V 

FIGURE 11 

TOTAL POWER DISSIPATION 
VS 

FREE-AIR TEMPERATURE 

Vcc--Negative Supply Voltage-V 
FIGURE 12 

120 .-----ir----rl----r-1---.-1 ~-~----. Vee+= 12 v 
Vm = -5 rnV Vee-= -6 V 

$ 100 .--1---..,"""-:::--;---t--+ R L = oo 

r ~ 
.g ~ 
ca 80 
a. 
·~ 

0 
.... 
QJ 

s: 
0 
a.. 

60 

V10 = 5 rnV 
-~ --t-.. 

-

m 40 1----1f-.---1---+---+---+--+---+---1 

0 
~ 
E 20 

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

TA-Free-Air Temperature-°C 

FIGURE 13 

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

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

PRINTED IN U.SA 6 

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



76 

LINEAR 
INTEGRATED CIRCUITS 

TYPES LM111, LM311 
DIFFERENTIAL COMPARATORS WITH STROBE 

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

• Fast Response Times 
FORMERLY SN52111, SN72311 

• Maximum Input Bias Current ... 300 nA 

• Strobe Capability • Maximum Input Offset Current ... 70 nA 

• Designed to be Interchangeable with National 
Semiconductor LM111 and LM311 

• Can Operate From Single 5-V Supply 

description 

The LM 111 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, Vee+. or Vee-· 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 LM 111 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 
PACKAGE (TOP VIEW) 

vcc-

NC-No internal connection 

schematic 

Resistor values shown are nominal and in ohms. 

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

vcc+ c 

vcc-

L PLUG-IN PACKAGE 
(TOP VIEW) 

vcc+ 

vcc-

PIN 4 IS IN ELECTRICAL 

CONTACT WITH THE CASE 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

U FLAT PACKAGE 
(TOP VIEW) 

Vee+ 

Vee-

B Balance 

B/S Balance/Strobe 

C Collector Output 
E Emitter Output 

IN+ Non inverting Input 
IN- Inverting Input 

NC No Internal Connection 

Vee+ Positive Supply Voltage 

V CC- Negative Supply Voltage 

157 



a 

158 

TYPES LM111 LM311 
DIFFERENTIAL COMPARATORS WITH STROBE 

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

LM111 LM311 UNIT 

Supply voltage, V cc+ (see Note 1) 18 18 v 

Supply voltage, Vee- (see Note 1) -18 -18 v 

Differential input voltage (see Note 2) ±30 ±30 v 

Input voltage (either input, see Notes 1 and 3) ±15 ±15 v 

Voltage from emitter output to Vee- 30 30 v 

Voltage from collector output to Vee- 50 40 v 

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 0 to 70 oc 

Storage temperature range -65 to 150 -65 to 150 oc 

Lead temperature 1 /16 inch from case for 10 seconds J J, JG, L, or U package 300 300 oc 

Lead temperature 1 /16 inch from case for 60 seconds JN or P package 260 260 oc 

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 Vee+ and Vee-· 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 non inverting 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 Deratlng Curves, Section 2. 

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

TEST CONDITIONSt 
LM111 LM311 

PARAMETER 
TYP:j: MAX TYP+ MAX 

UNIT 
MIN MIN 

25°C 0.7 3 2 7.5 
V10 Input offset voltage Rs.;;;5okn, See Note 6 mV 

Full range 4 10 

25°C 4 10 6 50 
110 Input offset current See Note 6 nA 

Full range 20 70 

25°C 75 100 100 250 
118 Input bias current Vo= 1vto14 v nA 

Full range 150 300 

l1L(S) Low-level strobe current V(strobe) = 0.3 V, Vio .;;-10 mV 25°C -3 -3 mA 

V1eR 
Common-mode input 

Full range ±14 ±14 v 
voltage range 

AvD 
Large-signal differential 

Vo= 5 v to 35 v, AL= 1 kn 25°C 200 200 V/mV 
voltage amplification 

25°C 0.2 10 nA 

loH 
High-level (collector) V1D=5mV, VoH = 35 V 

Full range 0.5 µ.A 
output current 

Vio = 10 mV VoH = 35 V 25°C 0.2 50 nA 

V1D = -5 mV 25°C 0.75 1.5 
loL = 50 mA 

V1D = -10 mV 25°C 0.75 1.5 
Low-level (collector-to~mitter) Vee+= 4.5 v, v 

Vol V10 = -6 mV Full range 0.23 0.4 
output voltage Vcc-=OV, 

IQL = 8 mA V1D = -10 mV Full range 0.23 0.4 

Ice+ 
Supply current from Vee+. 

V1D = -10 mV, No load 25°C 
output low 

5.1 6 5.1 7.5 mA 

ice-
Supply current from Vee-. 

V1D = 10 mV, No load 25°C 
output high 

-4.1 -5 -4.1 -5 mA 

t Unless otherwise noted, all characteristics are measured with the balance and balance/strobe terminals open and the emitter output grounded. 
Full range for LM 111 Is -55° C to 125° C and for LM311 Is 0° C to 70° C. 

+All typical values are at TA= 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 

1 V with a pull-up resistor of 7 .5 kn to V CC+· 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, LMJ11 
DIFFERENTIAL COMPARATORS WITH STROBE 

switching characteristics, Vee+= 15 V, Vee-= -15 V, TA= 25°C 
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Response time, low-to-high-level output 115 ns 
Re= 500 n to 5 v. CL= 5pF, See Note 7 

Response time, high-to-low-level output 165 ns 

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

voltage of 1.4 V. 

~ 

i 
u 

QJ 

0 
:l 

g. 
I 
Q 

lYPICAL CHARACTERISTICS 

20 

18 

16 

14 

12 

10 

8 

INPUT OFFSET CURRENT 
VS 

FREE-AIR TEMPERATURE 

Vee±= t1s v 
r--.c-+---+---+--+-----+- Vo = 1 V to 14 V 

0 ~~-~~-~~---'----'-~----''----' 

-60-40-20 0 20 40 60 80 100 120 140 

TA-Free-Air Temperature-°C 

FIGURE 1 

VOLTAGE TRANSFER CHAR ,CTERISTICS 

LM111 

Q_5 

V10-Differential Input Voltage-mV 

FIGURE 3 

I 
co 

100 

50 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

LM111 

0 ~~-~~-~~---'----'-~----'--' 
-60 -40-20 0 20 40 60 BO 100 120 140 

TA-Free-Air Temperature- "c 
FIGURE 2 

COLLECTOR OUTPUT TRANSFER CHARACTERISTIC 
TEST CIRCUIT FOR FIGURE 3 

Vee+= Jo v 

EMITTER OUTPUT TRANSFER CHARACTERISTIC 
TF.ST CIRCUIT FOR-FIGURE 3 

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

connected to V CC+· 
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TYPES LM111, LM311 
DIFFERENTIAL COMPARATORS WITH STROBE 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

~ t ~---..-+--+--+--+--+--+---I 
:"> 100 mV 
~ j f-_..,"-+--+-+--.v"-cc_±_= ... ±-15_v..._-f 

>--+-----'f---+------+- Re = 500 ll to 5 V 
TA= 25°C 

> 5 f--+--l---+--1 
I 

~ 4 >--+--+-----+--~-+--+---
0 
> 3f--+--l---+--l-if----+ 

a. 

0 
b 1 
> 0 f----1--j......<"'1 

50 100 150 200 250 300 350 

15 

=; 10 

E 
0 
> 
0. 
0 -5 
I 
0 -10 
> 

-15 

160 

140 

<.: 120 
E 
.!. 

~ 
100 

u 80 

" 
c5 60 
I 

S? 40 

20 

t-Time-ns 

FIGURE4 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

11oomv Vee±= ±15 v 
Re =2k!!to-15V 
TA= 25°C 

20mV--.., ./ I/ y 
~ l 

~ A" f--5 mVj_ 
_/_ 

l/1 / l-2mV 

'ILY 
17 

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 

t-Time-µs 

FIGURE 6 

OUTPUT CURRENT and DISSIPATION 

OUTPUT VOLTAGE 

Vee±= ±15 v 
800 

t<;; 10 s 
700 

600 

500 

400 

300 

200 

100 

10 15 

Vo-Output Voltage-V 

FIGURE 8 

TYPICAL CHARACTERISTICS 

Vee+= 15v 5V 

Vee-= -15V 

TEST CIRCUIT FOR FIGURES 4 AND 5 

Vee+= 15v 

Vo 

2kll 

Vee-= -15 v 

TEST CIRCUIT FOR FIGURES 6 AND 7 

SUPPLY CURRENT FROM Vee+ 
VS 

SUPPLY VOLTAGE Vee+ 

<.: 
E 

:;: ~ 5 

E 8 

t > 

§ 
o 

0 > 2 
I ~ ~ 

1 
!:} 

10 15 

Vcc+-Positive Supply Voltage-V 

FIGURE 9 
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OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

0 11oomv 
>+-....,_..L+---+-+---+-+---1---1 

Vee+ = ±15 v 
- 1---+--+----+---+-- Re = 500 n to 5 v -

f----+--+----+----1-- TA= 25°C -

50 100 150 200 250 300 350 

t-Time-ns 

FIGURE 5 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

~ ~ 1--r.,..+--+---l-ol--!--+--+---I~ 
_

0

] >_~g-" 1--... 1...._11-oo_m+V--l-+--....&--'----'----l---1 
Vee± = ±15 v 

f----1---+----+---J..---! R E = 2 k!l to -15 V 

15 f---+---+..-+-- 4-~T~A~=~2~5~°C'--,----,---1 
> ~2mV i 10 ~~5mV 
~ ~-+-+1~µ~.._+--+---1--1---+_j 

~ -51---+--+--+---lh..~+~--"-4-+--+--+---I 
I 20mV~ '\!'I. 
~ -10 1---+--+--+---l~f--~---le.-"r-+--+--+---I 
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t-Time-µs 

FIGURE 7 

SUPPLY CURRENT FROM Vce­
VS 

SUPPLY VOLTAGE Vee-

-6 .---,...--,...--.-------,,.----.---, 
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11 -1 f----l---f---~f-----1----!----l 

ti 
-5 -10 -15 

Vce--Negative Supply Voltage-V 

FIGURE 10 
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TYPES LM111. LM311 
DIFFERENTIAL COMPARATORS WITH STROBE 

TYPICAL APPLICATION DATA 

Vee• 
20 kl! lkll 

SQUARE WAVE 
OUTPUT 
(fan-out to two 
Series54gates 
or equivalent, 

FIGURE 11-100-kHz 
FREE-RUNNING MUL TIVIBRATOR 

Vee+ 

20 kll 

_ _,__...__OUTPUT 

Vee-

FIGURE 14-ZERO-CROSSING DETECTOR 

MAGNETIC 
TRANSOUCER 

+5V 

2 kll 

, --=---OUTPUT 
TO TTL 

vcc+ 

FIGURE 12 
OFFSET BALANCING 

FIGURE 13-STROBING 

+5V 

t Resistor values shown are for a O-to-30-V logic swing and a 
15-V threshold. 

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

FIGURE 15-TTL INTERFACE WITH HIGH-LEVEL LOGIC 

Vee• 

2 kl! 

100 krl 

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

FROM 0/A NETWORK 

Vee+ 
1N4001 

INPUT 

Typical input current is 50 pA with inputs strobed off. 

FIGURE 18-COMPARATOR AND SOLENOID DRIVER FIGURE 19-STROBING BOTH INPUT AND 
OUTPUT STAGES SIMUL TANEOUSL V 
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TYPES LM111,LM311 
DIFFERENTIAL COMPARATORS WITH STROBE 

TYPICAL APPLICATION DATA 

Vee+ 

UkO soon 

FIGURE 20-LOW-VOL TAGE 
ADJUSTABLE REFERENCE SUPPLY 

Vee+· s v 
3.9k0 

t Adjust to set clamp level. 

+5V 

Vee+· sv 

3 kO 

Vee-· -10 v 

FIGURE :21- ZERO-CROSSING 
DETECTOR DRIVING MOS LOGIC 

Vee+· sv 

FIGURE 22-PRECISION SQUARER FIGURE23-DIGITAL TRANSMISSION ISOLATOR 

Vee+ -1sv 

1MO 

vee- • -1s v 

OUTPUT 

Vee+• 15V 

Vee-· -1sv 

FIGURE 24- POSITIVE-PEAK DETECTOR FIGURE 25- NEGATIVE-PEAK DETECTOR 

TEXAS INSTRUMENTS 
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TYPES LM111, LM311 
DIFFERENTIAL COMPARATORS WITH STROBE 

TYPICAL APPLICATION DATA 

2N3708 

t R1 sets the comparision level. At comparislon, the photo­
diode has less than 5 mV across it, decreasing dark current 
by an order of magnitude. 

Vee+= 5 v 

FIGURE 26-PRECISION PHOTODIODE COMPARATOR 

0.1,,f 

FIGURE 28-SWITCHING POWER AMPLIFIER 

76 PRINTED IN U.SA. 

Tl <annot a11um• any responsibility for any <ir<uils shown 
or repment lhat they are free from polent infring•ment. 

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

TTL 
STROBE 

Vee+ 

+Transient voltage and inductive kickback protection. 

FIGURE 27-RELAY DRIVER WITH STROBE 

.-----~--+--.----.---vcc+ 

OUTPUTS 

FIGURE 29-SWITCHING POWER AMPLIFIERS 
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LINEAR INTEGRATED 
CIRCUITS 

TYPES LM139, LM239, LM339 
QUADRUPLE DIFFERENTIAL COMPARATORS 

• Single Supply or Dual Supplies 

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

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

• Low Input Bias Current ..• 25 nA Typ 

• Low Input Offset Current 
... 3 nA Typ (LM139) 

schematic (each comparator) 

NON INVERTING 
INPUT 

description 

Vee 
.--~~~~~--4----~~-o(OR 

vcc+I 

OUTPUT 

GND 
,___~-6-~~~~~.._~.._--o(OR 

Vee-I 

These devices consist of four independent voltage 
comparators that are designed to operate from a 
single power supply over a wide range of voltages. 
Operation from dual supplies is also possible so long 
as the difference between the two supplies is 2 volts 
to 36 volts and pin 3 is at least 1.5 volts more positive . 

BULLETIN NO. DL-S 7612236, MARCH 1~75-REVISED JUNE 1976 

• Low Input Offset Voltage ... 2 mV Typ 

• Common-Mode Input Voltage 
Range Includes Ground 

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

• Low Output Saturation Voltage 

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

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

COMPARATOR COMPARATOR 
N0.4 N0.3 

OUTPUT OUTPUT 
r---"-lr---"-. 

NON NON 
COMP COMP INV INV INV INV 
N0.3 N0.4 GND INPUT INPUT INPUT INPUT 

OUTPUT OUTPUT Vee INV NON- INV NON-
COMP COMP INPUT INV INPUT INV 
N0.1 N0.2 ~~ 

COMPARATOR COMPARATOR 
N0.2 N0.1 

than the input common-mode voltage. Current drain is independent of the supply voltage. The outputs can be 
connected to other open-collector outputs to achieve wired-AND relationships. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, Vee (see Note 1) 36 v 

±36 v 
-0.3 V to 36 V 

36 v 
20mA 

unlimited 
... 900mW 
-55°C to 125°C 

Differential input voltage (see Note 2) 
Input voltage range (either input) 
Output voltage . . . . . . . . 
Output current . . . . . . . . . . 
Duration of output short-circuit to ground (see Note 3) . . . . . . . . . . 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) 
Operating free-air temperature range: LM139 

Storage temperature range 

LM239 
LM339 

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

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vee 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 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

-25°C to 85°C 
. 0°C to 70°C 

-65°C to 150°C 
300°C 

.... 260°C 
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TYPES LM139, LM239, LM339 
QUADRUPLE DIFFERENTIAL COMPARATORS 

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

PARAMETER TEST CONDITIONSt 
LM139 LM239, LM339 

UNIT 
MIN TYP MAX MIN TYP MAX 

V cc = 5 V to 30 V, 25°C 2 5 2 5 
V10 Input offset voltage mV 

V1c = V1CR· Vo= 1.4V Full range 9 9 

25°C 3 25 5 50 
110 Input offset current Vo=1.4V nA 

Full range 100 150 

25°C -25 -100 -25 -250 
llB Input bias current See Note 5 nA 

Full range -300 -400 

25°C 
Oto 0 to 

V1cR Common-mode input V cc = 2 V to 36 V 
Vcc-1.5 Vcc-1.5 v 

voltage range 0 to 0 to 
Full range 

Vcc-2 Vcc-2 

Avd 
Small-signal differential 

RL=15kn, Vo=1.4V 
voltage amplification 

25°C 200 200 V/mV 

Hi!ti-level output current 
l VoH= 5V 25°C 0.1 0.1 nA 

loH V10=1 V j VoH = 30V Full range 1 1 µA 

25°C 250 500 250 500 
VoL Low~evel output voltage V10=-1V, loL =4mA mV 

Full range 700 700 

loL Low-level output current V10=-1V, VoL=1.5V 25°C 6 16 6 16 mA 

ice 
Supply current 

No load 25°C O.B 2 O.B 2 mA 
(four comparators) 

tFull range (MIN to MAX) for LM139 is -55°C to 125°C, for the LM239 is -85°C to 125°C, and for the LM339 is 0°C to 70°C. 

NOTE 5: The direction of the bias current is out of the device due to the P-N-P input stage. This current is essentially constant, regardless of 

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

switching characteristics, Vee= 5 V, TA= 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

RL connected to 5 V through 5.1 kn, 
100-mV input step 

1.3 
Response time 

CL=15pF,* 
with 5-mV overdrive µs 

See Note 6 
TTL-level input step 0.3 

*cL Includes probe and jig capacitance. 

NOTE 6: The typical value is for the Interval between the input step function and the time when the output crosses 1 AV_ 

TEXAS INSTRUMENTS 
INCORPORATED 
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LINEAR 
INTEGRATED CIRCUITS 

• Single Supply or Dual Supplies 

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

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

• Low Input Bias Current ... 25 nA Typ 

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

schematic (each comparator) 

Vee ..------------<l (OR 

NON INVERTING 
INPUT 

description 

Vee+ I 

GNO '---------------ci (OR 
vee-1 

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. 

TYPES LM193, LM293, LM393 
DUAL DIFFERENTIAL COMPARATORS 

BULLETIN NO, DL·S 7612411, JUNE 1976 

• Low Input Offset Voltage .•. 2 mV Typ 

• Common-Mode Input Voltage 
Range Includes Ground 

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

• Low Output Saturation Voltage 

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

... 
c:i z 
a: 
0 

~ 
a: 
<C 
0.. 
::!: 
0 
t.) 

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

COMPARATOR NO. 2 

~----__,A ... ._._ 
I 

OUT- INV NON- GND 
PUT INPUT INV 

\ INPUT 
v 

COMPARATOR NO. 1 

L 

I 

PLUG-IN PACKAGE (TOP VIEW) 

GND 

PIN 4 IS IN ELECTRICAL CONTACT 
WITH THE CASE. 

n 
0 
ii: 
"II 
l> 
JJ 

~ 
JJ 
z 
p 
N 
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TYPES LM193, LM293, LM393 
DUAL DIFFERENTIAL COMPARATORS 

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

Supply voltage, Vee (see Note 1) 36 v 
±36 v 

-0.3 V to 36 V 
36 v 

20 mA 
unlimited 

Differential input voltage (see Note 2) 
Input voltage range (either input) 
Output voltage . . . . . . . . 
Output current . . . . . . . . 
Duration of output short-circuit to ground (see Note 3) . . . . . . . . . . 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): 

JG or P package . . . . . . 
L package . . . . . . . . 

Operating free-air temperature range: LM 193 
LM293 
LM393 

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

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

. 900 mW 
... 625 mW 

-55°C to 125°C 
-25°C to 85°C 

. 0°C to 70°C 
-65°C to 150°C 
.... 300°C 
.... 260°C 

2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. Short circu Its from outputs to V cc can cause excessive heating and eventual destruction. 
4. For operation above 25°C free-air temperature, refer to Dissipation Deratlng Curves, Section 2. 

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

LM193 LM293, LM393 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX MIN TYP MAX 

Vee = 5 v to 30 v. 25°C 1 5 1 5 
V10 Input offset voltage 

V1c = V1CR· Vo= 1.4 v mV 
Full range 9 9 

25°C 3 25 5 50 
110 Input offset current Vo=1.4V nA 

Full ran_g_e 100 150 

25°C -25 -100 -25 -250 
119 Input bias current See Note 5 nA 

Full range -300 -400 

25°C 
0 to 0 to 

V1cR 
Common-mode input 

V cc = 2 V to 36 V 
Vcc-1.5 Vcc-1.5 v 

voltage range Oto 0 to 
Full range 

Vcc-2 Vcc-2 

Avd 
Small-signal differential Vee= 15 v. RL = 15 kn, 

25°C 50 200 50 200 V/mV 
voltage amplification Vo=1.4V 

Vm=1 V, VoH = 5 V 25°C 0.1 0.1 nA 
IOH High-level output current 

V10=1 V, VoH = 30 V Full range 1 1 µA 

25°C 250 400 250 400 
Vol Low-level output voltage V10 = -1 V, IOL = 4 mA mV 

Full range 700 700 

IOL Low-level output current Vm = -1 V, Vo= 1.5 V 25°C 6 16 6 16 mA 

1Vee=5 v 25°C 0.8 1 0.8 1 
ice Supply current No load mA l Vee= 30 v Full range 2.5 2.5 

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

switching characteristics, Vee= 5 V, TA= 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

AL connected to 5 V through 5.1 kn, 
100-mV input step 

1.3 
Response time 

CL=15pF,* See Note 6 
with 5-mV overdrive µs 

TTL-level input step 0.3 

*cL includes probe and jig capacitance. 
NOTE 6: The typical value is for the interval between the input step function and the time when the output crosses 1.4 V. 
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LINEAR 
INTEGRATED CIRCUITS 

TYPE LM2901 
QUADRUPLE DIFFERENTIAL COMPARATOR 

BULLETIN NO. DL-S 7512247, MARCH 1975 

• Eliminates Need for Dual Supplies 

• Wide Range of Supply Voltages 
... 2 to 36 Volts 

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

o 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 
.--~~~~~--4,__~~--0(0R 

NONINVERTING 
INPUT 

description 

vee+l 

OUTPUT 

GND 
~~---~~~~~--~----<>(OR 

vee-l 

• 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 
... 1 mV Typ at 5 µA 
... 70 mV Typ at 1 mA 

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

N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

OUTPUT OUTPUT 
COMP COMP 
N0.3 N0.4 GND 

OUTPUT OUTPUT Vee 
COMP COMP 
N0.1 N0.2 

COMPARATOR COMPARATOR 
N0.4 N0.3 

~~ 
INV INV INV INV 

INPUT INPUT INPUT INPUT 

INV NON· INV NON· 
INPUT INV INPUT INV 

~~ 
COMPARATOR COMPARATOR 

N0.2 N0.1 

The LM2901 consists of four independent voltage comparators designed specifically for automotive and industrial 
control systems. They operate from a single power supply over a wide range of voltages and the low supply current 
drain is independent of the magnitude of the supply voltage. A unique characteristic of these comparators is that the 
common-mode input voltage range includes ground, even though operated from a single supply voltage. Applications 
include limit comparators, simple analog-to-digital converters, wide-range 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. 

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, Vee (see Note 1) . . 
Differential input voltage (see Note 2) 
Input voltage range (either input) 
Output voltage . . . . . . . . 
Output current . . . . . . . . 
Duration of output short-circuit to ground (see Note 3) _ . . . . . . . . . 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) 
Operating free-air temperature range . . . _ . . 
Storage temperature range . . . . . . 
Lead temperature 1/16 inch from case for 16 seconds 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3. Short circuits from outputs to Vee 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 
INCORPORATED 
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36 v 
±36 v 

-0.3 V to 36 V 
36 v 

20mA 
unlimited 

... 900 mW 
-40°C to 85°C 

-65°C to 150°C 
260°C 
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TYPE LM2901 
QUADRUPLE DIFFERENTIAL COMPARATOR 

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

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

V10 Input offset voltage V1"'1.4V, Vo=1.4V 2 7 mV 

110 Input offset current V1"'1.4 V, Vo=1.4V 5 50 nA 

119 Input bias current See Note 5 -25 -250 nA 

Oto 
V1cR Common-mode input voltage range V cc = 2 V to 36 V v 

Vcc-1.5 

Avd Small-signal differential voltage amplification RL = 15 kn, Vo=1.4V 200 V/mV 

loH High-level output current V10= 1 V, VoH = 5 V 0.1 nA 

IQL = 5µA 1 

Vol Low-level output voltage Vm = -1 V IQL = 1 mA 70 mV 

loL = 3mA 200 400 

loL Low-level output current V10=-1V, VoL=1.5V 6 16 mA 

Ice Supply current No load 0.8 2 mA 

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

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

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

Response time 
RL connected to 5 V through 5.1 kn, 

CL= 15 pFt, See Note 6 
1.3 /JS 

tcL 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 

LOW­
IMPEDANCE 

TRANSDUCER 

100 kn 

+V 

3.3 kn 

BASIC SINGLE-SUPPLY LEVEL TRANSLATOR 

TEXAS INSTRUMENTS 
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LINEAR 
INTEGRATED CIRCUITS 

• Eliminates Need for Dual Supplies 

• Wide Range of Supply Voltages 
... 2 to 36 Volts 

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

o 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 
~------------<i (OR 

NON INVERTING 
INPUT 

description 

"'100-µA 
CURRENT REGULATOR 

Vee+ I 

OUTPUT 

GND 
"------------19---o(OR 

vcc-1 

The LM2903 consists of two independent voltage 
comparators designed specifically for automotive and 
industrial control systems. They operate from a single 
power supply over a wide range of voltages and the 
low supply current drain is independent of the 
magnitude of the supply voltage. A unique character­
istic of these comparators is that the common-mode 
input voltage range includes ground, even though 
operated from a single supply voltage. Applications 
include limit comparators, simple analog-to-digital 
converters, wide-range VCO's, MOS clock timers, 
multivibrators, high-voltage digital logic gates, and 
pulse, square-wave, and time-delay generators. The 
LM2903 was designed to directly interface with 
CMOS - where the low power drain of the LM2903 
is a large advantage over standard comparators. 

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

TYPE LM2903 
DUAL DIFFERENTIAL COMPARATOR 

BULLETIN NO, DL-S 7612412, JUNE 1976 

• 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 
... 1 mV Typ at 5 µA 
... 70 mV Typ at 1 mA 

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

0 z 
a: 
0 

~ 
a: 
<t 
0-
::i! 
0 
(J 

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

COMPARATOR NO. 2 

..-----..-A•------.. I NO~\ 
OUT- INV INV 

INPUT INPUT 

OUT- INV NON- GND 
PUT INPUT INV 

\ INPUT / 
v 

COMPARATOR NO. 1 

L 
PLUG-IN PACKAGE (TOP VIEW) 

GND 

PIN 4 IS IN ELECTRICAL CONTACT 
WITH THE CASE. 

n 
0 

== 
~ 
:a 

~ 
:a 
z 
p 
N 
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TYPE LM2903 
DUAL DIFFERENTIAL COMPARATOR 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, Vee (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage range (either input) 
Output voltage . . . . . . . . 
Output current . . . . . . . . 
Duration of output short-circuit to ground (see Note 3) 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4): JG or P package 

Operating free-air temperature range . . . . . . . . . . . 
Storage temperature range . . . . . . . . . . . 
Lead temperature 1 /16 inch from case for 60 seconds: JG or L package 
Lead temperature 1 /16 inch from case for 10 seconds: P package 

L !package 

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal. 
2. Differential voltages are at the non Inverting Input terminal with respect to the Inverting Input terminal. 
3. Short circuits from outi;:uts to Vee can cause excessive heating and eventual destruction. 
4, For operation above 25 C free-air temperature, refer to Dissipation Deratlng Curves, Section 2. 

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

PARAMETER TEST CONDITIONS MIN TYP 

v cc= 5 v to 30 v, 25°C 2 
V10 Input offset voltage 

V1c = VICR• Vo=1.4V Full range 

25°C 5 
110 Input offset current Vo= 1.4 V 

Full range 

25°C -25 
l1s Input bias current See Note 5 

Full range 

25°C 
0 to 

V1cR 
Input common-mode 

V cc = 2 V to 36 V 
Vcc-1.5 

voltage range 0 to 
Full range 

Vcc-2 

Avd 
Small-signal differential Vee= 15 v, RL = 15 kn, 

25 100 
voltage amplification Vo=1.4V 

VJD = 1 V Vo= 5 V 25°C 1 
IOH High-level output current 

V10= 1 V Vo= 30 V Full range 

VoL Low-level output voltage V10 = -1 V, 
25°C 

loL =4mA 
Full range 

loL Low-level output current VJD = -1 V, VoL = 1.5 V 25°C 6 16 

L Vee= 5 v 25°C 0.8 
ice Supply current No load l Vee= 30 v Full range 1 

36V 
±36V 

-0.3 V to 36 V 
36V 

20 mA 
unlimited 

. 900 mW 
•. 0 625 IT),W 
-40 C to 85 C 

-65°C to 150°C 
. ... 300°C 
.... 260°C 

MAX UNIT 

7 
mV 

15 

50 
nA 

200 

-250 
nA 

-500 

v 

V/mV 

nA 

1 µA 

400 
mV 

700 

mA 

1 
mA 

2.5 

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

switching characteristics, Vee = 5 V, TA= 25°e 

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

AL connected to 5 V through 5.1 kn, 
100-mV input step 

1.5 
Response time with 5-mV overdrive µs 

CL=15pF,* See Note 6 
TTL-level input step 0.3 

*cL Includes probe and jig capacitance. 
NOTE 6: The typical value is for the Interval between the input step function and the time when the output crosses 1.4 V. 

For typical application data, see LM2901 data sheet on page 170. 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS 

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

FORMERLY SN52506, SN72506 
• Each Comparator Identical to LM 106 or 

LM306 with Common Vee+, Vee-, 
and Ground Connections 

• Fan-Out to 10 Series 54/74 TTL Loads 
• Strobe Capability 
• Short-Circuit and Surge Protection 

• 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
impedance output with high-sink-current capability 
( 100 mA), and two strobe inputs. This device detects 
low-level analog or digital signals and can drive digital 
logic or lamps and relays directly. Short-circuit 
protection and surge-current limiting is provided. 

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

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. 

STROBE OUTPUT OUTPUT 

The TL506M is characterized for operation over the 
full military temperature range of -55°C to 125°C; 
the TL506C is characterized for operation from 
0°C to 70°C. 

STROBE INV NON-INV Vee- NON-INV INV STROBE 
1A INPUT 1 INPUT 1 INPUT 2 INPUT 2 2A 

NC-No Internal connection 

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

Supply voltage V CC+ (see Note 1) 
Supply voltage Vee- (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (any input, see Notes 1 and 3). 
Strobe voltage range (see Note 1) 
Output voltage (see Note 1) . . . . . . 
Voltage from output to Vee- . . . . . 
Duration of output short-circuit (see Note 4) 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 5): Each amplifier . 

Operating free-air temperature range: TL506M Circuits 
TL506C Circuits 

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

Total package 

15 v 
-15 v 

±5V 
±7 v 

o v to Vee+ 
24 v 
30V 
10s 

600mW 
BOO mW 

-55°C to 125°C 
0°C to 70°C 

-65°C to 150°C 
300°C 
260°C 

NOTES: 1. All voltage values, except differential voltages and the voltage from the output to V CC-• are with respect to the network ground 

terminal. 

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

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

4. One output at a time 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. 

TEXAS INSTRUMENTS 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

electrical characteristics at specified free-air temperature, Vee+= 12 V, Vee-= -3 V to -12 V 
(unless otherwise noted) 

TEST CONDITIONSt 
TL506M TL506C 

PARAMETER 
MIN TYP MAX MIN TYP 

25° 0.5§ 2 1.6§ 
V10 Input offset voltage See Note 6 

Full range 3 

Average temperature coefficient 
See Note 6 Full range 3 10 5 av10 

of input offset voltage 

25°C 0.7 § 3 1.8~ 

110 Input offset current See Note 6 MIN 2 7 1 

MAX 0.4 3 0.5 

Average temperature coefficient MIN to 25°C 15 75 24 
°'110 See Note 6 

25°C to MAX of input offset current 5 25 15 

25°C 7§ 20 16§ 
llB Input bias current Vo= 0.5 v to 5 v 

Full range 45 

l1L(S) Low-level strobe current V(strobe) = 0.4 V Full range -1.1§ -3.3 -1.7§ 

V1H(S) High-level strobe voltage Full range 2.5 2.5 

V1L(S) Low-level strobe voltage Full range 0.9 

V1cR 
Common-mode input 

Vcc-=-7Vto-12V 
voltage range 

Full range :t5 :t5 

V10 
Differential input 

voltage range 
Full range :t5 :t5 

Avo 
Large-signal differential No load, 

25°C 40 ooo§ 40 ooo§ 
voltage amplification Vo= 0.5 v to 5 v 

VoH High-level output voltage V10 = 5 mV, loH = -400µA Full range 2.5 5.5 2.5 

V10 = -5 mV, loL = 100 mA 25°C o.a§ 1.5 o.a§ 
Vol Low-level output voltage V10 = -5 mV, loL = 50 mA Full range 1 

V10 = -5 mV, loL=16mA Full range 0.4 

25°C 0.02§ 1 0.02§ 
IOH High-level output current V10 = 5mV, VoH = 8 v to 24 v 

Full range 100 

Ice+ Supply current from Vee+ V10 = -5 mV, See Note 7 Full range 13.9§ 20 13.9§ 

Ice- Supply current from Vee- See Note 7 Full range 3.2 § 7.2 3.2§ 

t Unless otherwise noted, all characteristics are measured with the strobe open. 

UNIT 
MAX 

5 
mV 

6.5 

20 µV/°C 

5 

7.5 µA 

100 
nA/"C 

50 

25 

40 
µA 

-3.3 mA 

v 

0.9 v 

v 

v 

5.5 v 

2 

1 v 

0.4 

2 

100 
µA 

20 mA 

7.2 mA 

§These typical values are at Vee+= 12 V, Vee-= -6 V, TA= 25°C. Full range (MIN to MAX) for TL506M Is -55°C to 125°C and for the 

T L506C 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 (Voll 

or up to the high range (VoHl· 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, V CC+ = 12 V, V cc- = -6 V, TA = 25° C 

TEST CONDITIONSt 
TL506M TL506C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

Rc:;ponse time, low-to-high-level output RL=390!2to5V, CL=15pF, Sec!'Jote8 28 l!O 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. 

TEXAS INSTRUMENTS 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

schematic (each comparator) 
STROBE 

1 
STROBE 

2 
.-------.------'------1-------_,.., Vee+ 

NON INVERTING 
INPUT 

INVERTING 
INPUT 

TO OTHER 
Vee- n------------__. COMPARATOR 

TO OTHER 
COMPARATOR 

Resistor values are nominal in ohms. 

TYPICAL CHARACTERISTICS 

INPUT OFFSET CURRENT 
vs 

FREE-Al R TEMPERATURE 

INPUT BIAS CURRENT 
VS 

FREE-AIR TEMPERATURE 

20r-----i;----,---y-1\""--.--~--.--~----. 

1 
\ Vee+= 12 v 

<( 2.5 

vcc+=12v 
Vee- =-6 v 
Vo=0.5Vto5V 

18 t---t----t--+-'~tr-+-- V CC- = -6 V 
~ Vo= 0.5 v to 5 v 

<( 16 \ "°"' T T 1 
c: 
~ 2 1----llr-----+-~~r-+---+---+---+-----l 

t 14 f\. ~ TL506C 

~ '\ .~ 
::J 12 ~ ~ ::J 

u 
+J 

~ 1.5 1------lf--~-~--+----'l...+---+---+-----l ~ 10 1---i1----+L_'\.. .... ""ii;.+----1-----1~-..>o....+---1--~ 
~ 8 t------1--+--+-~--.+---+---+---+----l 0 

+J 
::J 
a. 
c: 

I 
Q 

0 L----J'----l---L.--'---L---'--......______J 

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

TA-Free-Air Temperature-°C 
FIGURE 1 

~ TL506M ~ 
I 6 1---i1----+---1----+-~--4----+---1-----1 
al ~ 

4 t---t----t---+--+---i~r---~----+---l 

~ 2 I---+----+---+-~--+---+---'"-~ ..... 

0 .___....___. _ __,_ _ _.__......_ _ _,___......____. 

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

TA-Free-Air Temperature-°C 
FIGURE 2 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 o OALLAS, TEXAS 75222 

II 

175 



II 

176 

TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS:j: 

HIGH-LEVEL OUTPUT VOLTAGE 
VS 

FREE-AIR TEMPERATURE 

Vee+= 12 v 
> V CC- = -3 V to -12 V 
~ 6 Vio = 5 mV 

~ ~ a 
1 
~ 10H=o 

:: 5 f-----"'l~::::__--4---1--~-~--1---'"---l 
::J 

fr 
::J 

0 4 1---l--+--+--+=:::i;oo--+---+---t 
I~ 
~ 

a; 
> 
Q) 
_J 

IOH = -400µA 

.g, 3 1-----l---4----1----1--~--+---+---I 
J: 
I 

:::c 
~ 2 

1 .______. _ __,_ _ __._ _ __._ _ _._ _ _.__~__. 

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

> 
I 

Q) 
C> 

:i 
0 
> .... 
::J s-
::J 
0 
I 

I'"\ 

> 

TA-Free-Air Temperature-°C 
FIGURE 3 

VOLTAGE TRANSFER CHARACTERISTICS 

7 
Vee+= 12 v 

6 Vee- =-6 v 

5 

4 

3 

RL = oo 
JLJ.7.. J.. I 1 VJ 71 1 "" r -, v ,........ 

~TA =25°C TA =0°C
1

_/ 

f'""' 1 1 
"'-TA= 70°C 

2 l 1 

TA= -55°C _. 
,............_TA= 125°C 

0 

-1 
-2 -1 0 2 

Vio-Differential Input Voltage-mV 
FIGURE 5 

LOW-LEVEL OUTPUT VOLTAGE 
VS 

FREE-AIR TEMPERATURE 

1.2 
Vee+= 12 v 

> V CC- = -3 V to -12 V 
I 

Q) 
Vio = -5 mV 

C> 

~ 
0 
> 0.8 .... 

~I 1 l -i--
IQL = 100 ~A 

::J 

fr 
::J 

0 0.6 
a; 

I I l 
IOL =50 mA -> 

Q) 
_J 

~ 0.4 
0 
_J 

I 
_J 

0 0.2 
> 

I 

~ 1 .,. I 
IOL = 16 mA 
I 

T 1 
IOL =O 

0 T 1 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 
FIGURE 4 

OUTPUT CURRENT 
VS 

DIFFERENTIAL INPUT VOLTAGE 

<( 
~ 10-21---+---1'----'--+~4+--+--~---I 
c: t 10-3t--+---1---'---41l----4---+--~---I 
::J 

~ 10-4 l---+---1---4---1----a:~-------1 
::J 

5 10-51---t----i--+--+--+41-\-_,__ _ _._---I 
0 

b 10-61---t----i--+--+--+-ii--'lod---+----1 

10-7 1-----1......_--+ _ _. TA = -55° C 
I 

10-a Vee+= Vo= 12 v 
V CC- = -3 V to -12 V 10-9..___.,____. _ _,_ _ __._ _ __.___._~ _ _._____. 

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

V10-Differential Input Voltage-mV 

FIGURE 6 

3 

:!:Data for temperatures below 0°C and above 70°C is applicable to TL506M circuits only. 
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TYPES TL506M, TL506C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICSi: 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
FREE-AIR TEMPERATURE 

Vcc-=-3Vto-12V 
,____.,___--4--__ Vo = 1 to 2 v 

SHORT-CIRCUIT OUTPUT CURRENT 
VS 

FREE-AIR TEMPERATURE 

0.4 .---...--...---.---.--...-~--...----, 
Vee+=Vo=12v 

<( Vee- = -6 v _ 
~ V 1'.. , Vm = -5 mV 
e 0.3 1----fie---+--+I-~~ See Note 9 

~ I ~ 
::::> 

~ 1" 
~ 0.2 ~ 
~ 

2 
0 
~ 0.1 ~-+---1----1---4---+--+--+----1 
I 

Cl) 

0 

0 .____....__....__.___.____..______. _ __. _ __, 0 L--<---'----''----'-__. _ __.__.........._ _ __. 

-75 -55 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 

Cl> 

.~ ~ c 0 
e> 
~ 5 ·- c. 
0 c 

TA-Free-Air Temperature-°C 

FIGURE 7 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

---, 
100 mV---+---1----+----1 

Vee+= 12 v 
Vee-= -6 v 
CL= 15 pF 

C1> 

<ti~ 
·.;::; !:::: 
c 0 
e> 
~ ~ 
·- c. 0 c 

> 

TA-Free-Air Temperature-°C 
FIGURE 8 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

> 
I 

Cl> 
Cl 

R L = 390 D to 5 V 
TA= 25°C ~ 4 >----+--

Cl 

!9 !2 
0 
> ~ 3 I---~--+-~,_,___,<---+----+-~ 
..... 
::::> e 2 1-----+-~1------4--1--4--+-----l--~ 

cS 10 mV 
I 
0 
> 

..... 
::::> 

~ 2 
0 
I 
0 
> 

Vee+= 12 v 
--+-+-+-+----#--vcc- = -6 v 

CL= 15 pF 
~1-+-~-+-- R L = 390 D to 5 V 

TA=25°C 0 .___-L.. __ ...._ _ __,_ __ ~-~--~ 

0 20 40 

t-Time-ns 

FIGURE 9 

60 80 100 

:j:Data for temperatures below 0°C and above 70°C is applicable to TL506M circuits only. 

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

TYPCIAL CHARACTERISTICS:j: 

SUPPLY CURRENT FROM Vee+ SUPPLY CURRENT FROM Vee-
VS vs 

SUPPLY VOLTAGE Vee+ SUPPLY VOLTAGE Vee-

20 ~--~-~-~-~-~-~~ 
Vee-= -6 v 

~ 18 RL=oo 
I 

<( 

f 7 
I 

Vee+= 12 v 
RL =oo 

6 16 t-----+--+--+---h-'"-7""+---:.ool------11----i 

8 6 1----1-~--+----+---+­u 
> 14 
E 
.g 12 
.... 
c: 
~ 10 
:J 
(.) 8 
> c. 
c. 6 
:J 

(/) 

~ 4 
u 

> 
E 5 1----1-~--+----+--,,.f<"-_g 
.... 
c: t 4 
:J 

c;. 3 l---+--..'f--7"''+----:,.._::;,._1--

0. 
c. 
~ 2 1----+---+---+---+---+--+--1-----1 

I 

id 2 1-----le---~---+---+---+--+--1----1 
c) 

.!:? 

9 10 11 12 13 14 15 16 17 0 -2 -4 -6 -8 -10 -12 -14 -16 

Vcc+-Positive Supply Voltage-V 
FIGURE 11 

Vcc--Negative Supply Voltage-V 

TOTAL POWER DISSIPATION 
vs 

FREE·AIR TEMPERATURE 

200 

180 
~ V10=-5mV 

3 
E 160 I 
c: 
.g 140 
ro 
c. 
-~ 120 
Ci 
~ 100 
~ ---+--- -
0 80 c.. 

co Vm = 5 mV 
0 60 
f-

I 
40 b 

c.. Vee+= 12 v 
20 V CC- = -6 V 4---+--1----+---+---l 

RL = oo 

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

TA-Free-Air Temperature- °C 
FIGURE 13 

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

TL506M circuits only. 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 

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

• Low Offset Characteristics 
• High Differential Voltage Amplification 
• Fast Response Times 
• Output Compatible with Most TTL 

and DTL Circuits 

description 

NONINVERTING 
INPUT 

IN~~~J~NGO----+----' 

OUTPUT 

The TL510 monolithic high-speed voltage comparator 
is an improved version of the TL710 with an extra 
stage added to increase voltage amplification and 
accuracy, and a strobe input for greater flexibility. 
Typical voltage amplification is 33,000. Since the 
output cannot be more positive than the strobe, a 
low-level input at the strobe will cause the output to 

Res1stcww1luesar•1nohms 
Component .... 1..,. shown ire nom1NI 

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 

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

NC-No internal connection 

JG OR P 

DUAL-IN-LINE PACKAGE 
(TOP VIEW) 

OUT 
Vee• PUT STROBE NC 

L PLUG-IN PACKAGE 
(TOP VIEW) 

NON 
INV 

INPUT 

vee 

PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 

U FLAT 
PACKAGE (TOP VIEW) 

~ 
000©© 
(;~[l NON INV NC Vee 

l~~~T INPUT 

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

Supply voltage V cc+ (see Note 1) 
Supply voltage V cc- (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (either input, see Note 1) 
Strobe Voltage (see Note 1) 
Peak output current (tw <1 s) 
Continuous total power dissipation at (or below) 70°C free-air temperature (see Note 3) 
Operating free-air temperature range: TL510M Circuits 

TL610C Circuits 
Storage temperature range . . . . . . . 
Lead temperature 1 /16 inch from case for 60 seconds: J, JG, L, or U package 
Lead temperature 1/16 inch from case for 10 seconds: N or P package 

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

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

14 v 
-7V 
±5V 
±7 v 

. 6V 
10mA 

300mW 
-55°C to 125°C 

0°C to 70°C 
-65°C to 150°C 

300°C 
260°C 

3. For operation of the :;rL510M above 7_0°C free-air temperature, refer to Dissipating Deratlng Curves, Section 2. 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 

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

PARAMETER TEST CONDITIONst 
TL510M TL510C 

MIN TYP MAX MIN TYP 

Rs.;; 200 n, 25°C 0.6 2 1.6 
V10 Input offset volt8ge 

SeeNote4 Full renge 3 
Average temperature coefficient Rs· son, MIN to 25°C 3 10 3 

av10 of input offset voltage SHNote4 25°C to MAX 3 10 3 

25°C 0.76 3 1.8 

•10 Input offset current See Note 4 MIN 1.8 7 

MAX 0.26 3 
Average temperature coefficient MIN to 25°C 15 75 24 

a110 SHNote4 
25°C to MAX 15 of input offset current 5 25 

25°C 7 15 7 
119 Input bias current See Note 4 

MIN 12 25 9 

llH(S) High-level strobe current V(strobel = 5 V, 
V10 = -5mV 

25°C 1100 

I 1 L(S) Low-level strobe current 
V(strobe) • -100 mV, 

25°C 
V10=5mV 

-1 -2.5 -1 

V1cR 
Common-mode input 

Vcc-•-7V Full range ±5 ±5 
voltage range 

V10 Differential input voltage range Full range 15 ±5 
Larg&-signal differential No load, 25°C 12.5 33 10 33 

Avo 
voltage amplification Vo= Oto 2.5 v Full range 10 8 

V10 = 6 mV, 
Full range 4§ 5 4§ 

VoH High·level output voltage loH = 0 
V10 • 5mV, 

Full range 2.5 3.6§ 2.5 3.6§ 
IOH = -5mA 

V10 = -5mV, 
Full range -1 

loL = 0 
-o.5§ o+ -1 -o.5§ 

VoL Low·level output voltage V(strobel • 0.3 V, 
V10 = 5mV, Full range -1 o+ -1 

IOL = 0 
25°C 2 2.4 1.6 2.4 

IOL Low-level output current 
V10=-5mV, 

MIN 1 2.3 0.5 2.4 
Vo= 0 

MAX 0.5 2.3 0.5 2.4 

ro Output resistance Vo=1.4V 25°C 200 200 
CMRR Common-mode rejection ratio Rs .. 2oon Full range 80 100§ 70 100§ 

•cc+ Supply current from Vee+ Full range 5.ss 9 5.5§ 

•cc- , Supply current from Vee-
V10 = -5mV, 

Full range -3.5§ -7 -3.5§ 
No load 

Po Total power dissipation Full range 90§ 150 90§ 

UNIT 
MAX 

3.5 
mV 

4.5 

20 
1Nf'C 

20 

6 

7.6 µA 

7.5 

100 
nA/°C 

50 

20 

30 
µA 

±100 µA 

-2.5 mA 

v 

v 

V/mV 

5 

v 

o+ v 

o+ v 

mA 

n 

d8 

9 mA 

-7 mA 

150 mW 

tunless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAXI for TL510M is -55°.C to 125°C and 

for the TL510C 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. 

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

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL51 OM, v 0 = 1.8 V 

at TA= -55°C, Vo= 1.4 vat TA= 25°C, and Vo= 1 vat TA= 125°C; for TL510C, Vo= 1.5 vet TA= 0°C, Vo= 1.4 vat 25°C, 

and Vo = 1.2 V at TA = 1o"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, Vee+= 12 V, Vee-= -6 V, TA= 25°e 

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 
Response time CL= 5 pf, See Note 5 30 80 
Strobe release time CL= 5 pF, See Note 6 25 

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

6, For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 

added to the input bias voltage to produce an output voltage which rises above 1.4 V. The time interval is measured from the 50% 

point of the strobe voltage curve to the point where the overdriven output voltage crosses the 1.4 V level. 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 

TYPICAL CHARACTERISTICS 

50 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

VS 

FREE-AIR TEMPERATURE 

vee+· 12v 

Vee-· -sv 
Vo· o 10 2.5 v 

No load 

-75 -50 -25 25 50 75 100 125 

TA-frff-Air Temperature-°C 

FIGURE 1 

OUTPUT VOLTAGE LEVELS 
VS 

FREE-AIR TEMPERATURE 

VoH lV10 • 5 mV. loH • OI 

=:- 3 !----+----+-----+ 

~ 
0 
> 2 

~ 
9 
0 
> 

Vee•-12v 

Vee " ·6 v 

-50 -25 

TL510C ---: 

VOL lV10 = -5 mV. IOL • 01 

25 50 75 100 125 

FIGURE 3 

TL510M 
VOLTAGE TRANSFER CHARACTERISTICS 

Vee+=12v 

Vee-= -6 

1- Rs= 50 n 

NoT (bl 
TA=-55°e--...,, T f-TA=25°e 

N TA=125°e 

v 
~ 

/ 

> 
I 

t 
0 
> 
:> s-
9 
0 
> 

1 
~ 
J 
i 
c3 

3 
! 
~ 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

VS 

SUPPLY VOLTAGE 

10 11 12 13 14 

Vcc+-Posltlve Supply Voltago-V 

FIGURE 2 

LOW-LEVEL OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 

vee+·12v 

vee-·-sv 
2.45 rv1o • -5 mV -+--+--+--+--+--1 

Vo•O 

2.30 r--+---· +---+---+---+--+---<I---< 

9 2.25 !---·-+-+--+---+-- -+--1---+----I 

2.20 ~_.__...__~ _ _.___,I--~.-.__~ 

-75 -50 -25 25 50 75 100 125 

TA-free-Air T1mper1tur1-°C 

FIGURE 4 

TL510C 
VOLTAGE TRANSFER CHARACTERISTICS 

I . 
TA=0°e~ 

f'-- TA= 25°e 

I'- TA= 70°e 1--1 

4 

3 

I 

I 

Vee+= 12v 

Vee-= -6 v 
0 Rs= 50 n 

No load 

-1 L 
-3 -2 -1 0 -3 -2 -1 0 

V10-Differential Input Voltage-mV 

FIGURE 5 
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TYPES TL510M, TL510C 
DIFFERENTIAL COMPARATORS WITH STROBE 

TYPICAL CHARACTERISTICS 
INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO 

vs 
FREE-AIR TEMPERATURE 

14~~-..-----..-..---.-v~e~~.-.-Jrv---, 

Vee-· -llV 
12 1---+--+--+--+--+-s.. Noto 4 -

h 101---+-___..+--+--+--+--+--t----t 

~ 
l"LJ 

-7& -60 -211 211 llO 71 100 1211 

FIGURE 7 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

t-- 1~L ~~c• • :2 v 
Vee-· -ev 
CL• 5pF 

RL •• 

TA• 25"C 

20mV _a~ 
10m~ 

7fB 
~~mv 

i'-5;rV 

1 rn_ 
.L / 

-1 
20 BO BO 100 120 140 

t-Time-nt 

FIGURES 

i COMMON-MODE PULSE RESPONSE 

~ 4 ~..-~--.-...--r--.---.-.----,---, 

l 3 f---+--t--+---t-+---+--+--+---t--; 

i 2 >---+----+-+--+--+----+--+---< l '1--+--+--+--+----1--+---+>--+-+-1 

: P>-·· 
t 2 ~ 

Vee~. ,, v 
Vee-· -sv 
No Load 

TA•25°C 

~ 1.5 § ~~;;:=~;;t;;;;;;;j:=;j:=~;;;;:;=;;;;:;=~ 

9 1 

~ 
40 80 
1-Time-n1 

FIGURE 11 

120 160 

vs 
FREE-AIR TEMPERATURE 

86 .__~_....____.__....._ ___ .__~_....____, 
-75 -50 -25 0 25 50 75 100 125 

TA-Fr•AirTemperature-.. C 

FIGURE 8 

STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 

> 

t L 0 
> 

j 

> 

Y vee+ • 12v 
r--+_j_-+---+--+--+-+-- Vee-. -6 v -

1---+"'--+--+-+--+--+-~~:~~ -

f---+--+--+-+--+--+-T A• 25"e _ 

I 
I--+--+--+--+ 2 mV to 5 mV---+-+--t L 

~ v O~V 
~ ll:l 
9 1--t-1 

-1 lv-+---+-+--+--t 

~ -1'--....._~~-........ ~~---.__....._~~ 
0 5 10 15 20 25 30 35 40 

t-Time-ns 

FIGURE 10 

TOTAL POWER DISSIPATION 
VS 

FREE-AIR TEMPERATURE 
110 ~-.--..----r--r----.r---.--...--, 

Vee+• 12v 
Vee-· -sv 

100 t- Vm • -5 mv -+---+--+--+---<>----t 1 No Load 

.2 90 1---+--+--+--+---lf---+--+---t 

l }-r ~ --;-...._1 
a 80 1---+-+--+-+---111---i-i ... t--1---=i=1-=-=i I r--- Tl ~,or. --.: 

! 70r--+--+--+--+--+--+--+----t 

~ 
~ 60 1---+--+--+--+--f---+--+---t 

50 .__~_.....___.__.....___,_~_..__~ 
-75 -50 -25 0 25 50 75 100 125 

T A-F-Air TomporotuN-"C 

FIGURE 12 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL510M, v 0 = 1.8 V 
at TA= -55°C, Vo= 1.4 vat TA= 25°C, and Vo= 1 vat TA= 125°C; for TL510C, Vo= 1.5 vat TA= 0°C, Vo= 1.4 vat 25°C, 
and Vo = 1.2 V at TA = 70°C. These output voltage levels were selected to approximate the logic threshold voltages of the types of 
digital logic circuits these comparators are intended to drive. 
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LINEAR INTEGRATED TYPES TL514M, TL514C 
CIRCUITS DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

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

FORMERLY SN52514, SN72514 

• Fast Response Times 
• High Differential Voltage Amplification 

schematic (each comparator) 

NON INVERTING 
INPUT 

IN~~~J~NGO-----+---' 

description 

Rlliator v1lues •• in ohnos. 
Component v1lues shown .,. nominal. 

STROBE 

OUTPUT 

• Low Offset Characteristics 
• Outputs Compatible with Most TTL 

and DTL Circuits 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

AMPLIFIER No. 1 

~ I AMPLIF~ERN:~:.I 
Vee- INPUT INPUT GNO Vcc+STROBE PUT 

OUT·STROBEVcc+ NC 

~ 
AMPLIFIER NO. 1 

NC-No Internal connection 

NON- INV Vcc­
INV INPUT 

~ 
AMPLIFIER NO. 2 

The TL514 is an improved version of the TL720 dual high-speed voltage comparator. When compared witn 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 V CC+ (see Note 1) 
Supply voltage Vee- (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (any input, see Note 1) 
Strobe voltage (see Note 1) . • . . 

Peak output current (tw ~1 s) 
Continuous total dissipation at (or below) 70°C free-air temperature (See Note 3): 

each comparator 
total package 

Operating free-air temperature range: TL514M Circuits 
TL514C Circuits 

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 

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

2. Differential voltages are at the nonlnvenlng Input terminal with respect to the invening Input terminal. 

14 v 
-7V 
±5 v 
±7 v 

. 6V 
10mA 

300mW 
600mW 

-55°C to 125°C 
0°C to 70°C 

-65°C to 150°C 
300°C 

.... 260°C 

3. For operation of the TL514M above 70°C free-air temperature, refer to Dissipation Deratlng Curves, Section 2. 
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TYPES TL514M, TL514C 
DUAL DIFFERENTIAL COMPARATORS WITH STROBES 

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

PARAMETER TEST CONDITIONst 
TL514M TL514C 

MIN TVP MAX MIN TVP MAX 
UNIT 

V10 Input offset voltage 
Rs.;; 200 n. 25°C 0.6 1.6 3.5 
See Note 4 Full range 

mV 
4.5 

Average temperature coefficient Rs= 50 n. MIN to 25°C 10 20 
"VIO of input offset voltage See Note4 25°C to MAX 10 

µVfC 
20 

25"C 0.75 3 1.8 

110 Input offset current See Note 4 MIN 1.8 7.5 µA 

MAX 0.25 7.5 
Average temperature coefficient 

See Note 4 
MIN to 25°C 15 75 24 100 

"110 of input offset current 25°C to MAX 5 25 15 50 
nA/°C 

llB Input bias current See Note 4 
25°C 15 20 

MIN 12 25 g 30 
µA 

llL(S) High-level strobe current 
V(strobel = 5 V, 

V10 = -5mV 
25°C ±100 ±100 µA 

l1H(Sl Low-level strobe current 
V(strobel - -100 mV, 

V10=5mV 
25"C -1 -2.5 -1 -2.5 mA 

V1cR 
Common-mode input 

Vee-= -1 v Full range ±5 voltage range ±5 v 

Vm Differential input voltage range Full range ±5 ±5 v 

Avo 
Large-signal differential No load, 25°C 12.5 33 10 33 
voltage amplification Vo= Oto 2.5 v Full range 10 8 

V/mV 

Vm-5 mV 
Full range 4§ 4§ 

VoH High-level output voltage IOH = 0 
v 

V10 = 5 mV, 
Full range 2.5 3.6§ 2.5 3.6§ 

IOH = -5mA 

V10 = -5mV, 
Full range -1 -0.5§ 

IOL = 0 
ot -1 -o.5§ ot v 

Vol Low-level output voltage V(strobel = 0.3 V, 
Vm = 5 mV. Full range -1 ot -1 o:t: v 

loL = 0 
25°C 2.4 1.6 2.4 

IOL Low-level output current 
Vm = -5 mV, 

MIN 1 2.3 0.5 2.4 mA 
Vo=O 

MAX 0.5 2.3 0.5 2.4 

ro Output resistance Vo= 1.4 V 25°C 200 200 n 
CMRR Common-mode rejection ratio Rs.;;; 200 n Full range 80 100§ 70 100§ dB 

Ice+ Supply current from Vee+ 1 
V10 = -5mV, 

Full range 5.51° 5.5§ g mA 

Ice- Supply current from Vee-, 
No load 

Full range -3.5§ -7 -3.5§ -7 mA 

Po Total power dissipation• Full range gos 150 gos 150 mW 

tUnless otherwise noted, all characteristics are measured with the strobe open. Full range (MIN to MAX) for TL514M is -55°C to 125°C and 
for the TL514C is 0°C to 70°C. 

:l: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 TA= 25° C. 

~Suppy current and power dissipation limits apply for each comparator. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL514M, Vo= 1.8 V 

at TA= -55°C, Vo= 1.4 v at TA= 25°C, and Vo = 1 v at TA = 125°C; for TL514C, Vo = 1.5 v at TA= 0°c. Vo= 1.4 v at 

25° C, and Vo = 1.2 V at TA = 70° C. These output voltage levels were selected to approximate the logic threshold voltages of the 

types of digital logic circuits these comparators are Intended to drive. 

switching characteristics, Vee+= 12 V, Vee-= -6 V, TA= 25°e 

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

Response time CL= 5 pF, See Note 5 30 80 

Strobe release time See Note 6 25 

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. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • CALLAS, TEXAS 75222 

PRINTED IN U.SA 67 

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



76 

LINEAR 
INTEGRATED CIRCUITS 

TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 

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

FORMERLY SN52710, SN72710 

• Fast Response Times 

• Low Offset Characteristics 

• 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 
-55QC to 125QC; the TL 71 OC is characterized for 
operation from OQC to 70QC. 

terminal assignments 
JORN 

DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

JG OR P 
DUAL-IN-LINE 

PACKAGE (TOP VIEW) 

Vee+ OUTPUT NC NC 

schematic 

NONINVERTING 
INPUT ---'!"--; 

INVERTING 

Component values shown are nominal. 

L 
PLUG-IN PACKAGE (TOP VIEW) 

U FLAT PACKAGE 
(TOP VIEW) 

~ 
NC GNO~?~~~NGINl~~RT NC Vee 

CDCD CD© CD 
GNO NONIN INVERT· NC Vee 

VERTING ING INPUT INPUT 

NC-No internal connection 

GNO NON· INV VCC­
INV INPUT 

INPUT 
PIN 4 IS IN ELECTRICAL 

CONT ACT WITH THE CASE 

INPUT INPUT 

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

TL710M TL710C 
Supply voltage V cc+ (see Note 1) 14 14 
Supply voltage Vee- (see Note 1) -7 -7 
Differential input voltage (see Note 2) ±5 ±5 
Input voltage (either input, see Note 1) ±7 ±7 
Peak output current (tw <; 1 s) 10 10 
Continuous total power dissipation 

300 300 at (or below) 70QC free-air temperature (see Note 3) 
Operating free-air temperature range -55 to 125 0 to 70 
Storage temperature range -65 to 150 -65 to 150 
Lead temperature 1/16 inch from case for 60 seconds J J, JG, L, or U package 300 300 
Lead temperature 1/16 inch from case for 10 seconds ] N or P package 260 260 

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 TL71 OM above 70° C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 

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

TEST CONDITIONst 
TL710M 

PARAMETER 
MIN TYP MAX 

25°C 2 5 
V10 Input offset voltage Rs< 200 n. See Note 4 

Full range 6 

Average temperature coefficient 
See Note 4 Full range 5 av10 of input offset voltage Rs~ 200 n. 

25°C 1 10 
110 Input offset current See Note 4 

Full range 20 

25°C 25 75 
I rn Input bias current See Note 4 

Full range 150 

V1 Input voltage range Vee-= -7 v 25°C ±5 

V10 Differential input voltage range 25°C ±5 

Large-signal differential 25°C 750 1500 
Avo No load, See Note 4 

voltage amplification Full range 500 

VoH High-level output voltage Vio = 15 mV, IQH = -0.5mA 25°C 2.5 3.2 4 

Vol Low-level output voltage Vio = -15 mV, loL = 0 25°C -1 -0.5 o:t: 
IOL Low-level output current V10 = -15 mV, Vo =O 25°C 1.6 2.5 

ro Output resistance Vo=1.4V 25°C 200 

CMRR Common-mode rejection ratio Rs~ 200 .n 25°C 70 90 

•cc+ Supply current from Vee+ VI D = -5 V to 5 V 25°C 5.4 10.1 

Ice- Supply current from Vee- (-10 mV for typ), 25°C -3.8 -8.9 

Po Total power dissipation No load 25"c 88 175 

TL710C 
UNIT 

MIN TYP MAX 

2 7.5 
mV 

10 

7.5 µVfC 

1 15 

25 
µA 

25 100 

150 
µA 

±5 v 
±5 v 

700 1500 

500 

2.5 3.2 4 v 

-1 -0.5 o:t: v 
mA 

200 n 
65 90 dB 

5.4 mA 

-3.8 mA 

88 mW 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL710M, v 0 = 1.8 V 
at TA= ,;-55°C, Vo= 1.4 vat TA= 25:c. and Vo= 1 vat TA= 125°C;for TL710C, Vo= 1.5 vat TA= 0°C, Vo= 1.4 Vat 
TA = 25 C, and Vo = 1.2 V at TA = 70 C. These output voltage levels were selected to approximate the logic threshold voltages of 
the types of digital logic circuits these comparators are intended to drive. 

tFull range for TL710M is -55°C to 125°C and for TL710C is 0°C to 70°C. 

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

switching characteristics, Vee+= 12 V, Vee-= -6 V, TA= 25°e 

TEST CONDITIONS 
TL710M TL710C UNIT~ PARAMETER 

TYP TYP 

Response time 'No load, See Note 5 40 40 ns J 
NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive. 
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TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 

TYPICAL CHARACTERISTICS 

OUTPUT RESPONSE FOR VARIOUS 

INPUT OVERDRIVES 

OUTPUT RESPONSE FOR VARIOUS 

INPUT OVERDRIVES 

I-- ~.l~v 1--
J Jf 

t--t-10Jmv 
Vee+= 12 v 

Vee-= -6 v 1--

No load 
t--

TA= 25°C Vee+= 12 v 
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~~ill- IL J:?" 
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FIGURE 3 
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TYPES TL710M, TL710C 
DIFFERENTIAL COMPARATORS 
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TYPICAL CHARACTERISTICS 

TL710M TL710C 

VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS 

4r--1..--1-,--~.1.---.-----.---r--.----1,.--1~0-

I- v CC+ = 12 v _____ __,,_T_A_=_-_5+5-C=' 
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3 l---+--+--+--4----4-~k'~·~~l=--+--•-1--~ 

7V ---=f--1--.. 
1---+--4---l--+--+-1-_j_-1-)_4-j'-"--I-• TA = 125° C 

,lb( I -, 
2 l---+---1---+---1---U-rf./---</~""l-+--T-1---::r-1-----1 
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LINEAR 
INTEGRATED CIRCUIT 

TYPE TL720C 
DUAL DIFFERENTIAL COMPARATOR 

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

FORMERLY SN72720 
• Fast Response Times • Low Offset Characteristics 

• Output Compatible with Most TTL and DTL Circuits 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

COMPARATOR NO. 1 

~ COMPARATORN0.2 

INV INV ~ 
Vee- INPUT INPUT GND Vee+ NC OUTPUT 

NONINYEATING 

INPUT ----I 
INVEATING 

INl'UT 

\OUTPUT :c Vee+ I NC 7~~ l~~~T Vcc-

COMPARATOR N0. 1 ~ 

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) 

Sllpply voltage Vee+ (see Note 1) 
Supply voltage Vee- (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (any input, see Note 1) 
Peak output current, each comparator (tw ~ 1 s) 
Continuous total power dissipation: each comparator 

total package 
Operating free-air 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 

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

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

TEXAS INSTRUMENTS 
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14 v 
-7V 
±5 v 
±7 v 

10 mA 
300mW 
600mW 

0°C to 70°C 
300°C 

... 260°C 
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TYPE TL720C 
DUAL DIFFERENTIAL COMPARATOR 

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

PARAMETER TEST CONDITIONS MIN 

V10 Input offset voltage Rs.:; 2oon. 
25°C 

See Note 3 
0°C to 70°C 

Average temperature coefficient 
Rs.:; 2oon. See Note 3 0°C to 70°C av10 

of input offset voltage 

110 Input offset current See Note 3 
25°C 

0°C to 70°C 

25°C 
118 Input bias current See Note 3 

0°C to 70°C 

V1 Input voltage range Vee-= -1 v 25°C ±5 

V10 Differential input voltage range 25°C ±5 

Large-signal differential 25°C 700 
Avo 

voltage amplification 
No load, See Note.3 

0°C to 70°C 500 

VoH High-level output voltage V10 = 15 mV, loH = -0.5mA 25°C 2.5 

Vol Low-level output voltage V10 = -15mV, IQL = 0 25°C -1 

ro Output resistance Vo=1.4V 25°C 

CMRR Common-mode rejection ratio Rs.:; 2oon 25°C 65 

ice+ Supply current from Vee+ (each comparator) V10 = -5 V to 5 V 25°C 

ice- Supply current from Vee- (each comparator) (-10 mV for typ), 25°C 

Po Total power dissipation (each comparator) No load 25°C 

TVP MAX UNIT 

2 7.5 
mV 

10 

7.5 µV/°C 

1 15 

25 
µA 

25 100 

150 
µA 

v 

v 

1500 

3.2 4 v 

-0.5 o+ v 

200 n 

90 dB 

5.4 mA 

-3.8 mA 

88 mW 

NOTE 3:These characteristics are verified by measurements at the following temperatures and output voltage levels: Vo = 1.5 V at 

TA = 0° C, Vo = 1.4 V at TA c 25° C, and Vo = 1.2 V at TA = 70° C. These output voltage levels were selected to approximate the 
logic threshold voltages of the types of digital logic circuits these comparators are intended to drive. 

+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. 

switching characteristics, Vee+= 12 V, Vee-= -6 V, TA= 25°e 

PARAMETER TEST CONDITIONS TVP UNIT 
Response time No load, See Note 4 40 ns 

NOTE 4: The response time specified is for a 100-mV input step with 5-mV overdrive. 

Typical characteristic curves on the TL710 data sheet, pages 187 and 188, are applicable for the TL720. 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES TL81DM, TL810C 
DIFFERENTIAL COMPARATORS 

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

FORMERLY SN52810, SN72810 

• Low Offset Characteristics 
• High Differential Voltage Amplification 
• Fast Response Times 
• Output Compatible with Most TTL 

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-

schematic 

NON INVERTING 
INPUT 

IN~~~J~NGo----+--~ 

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 -55°C to 125°C; the TL810C 
is characterized for operation from 0°C to 70°C. 

terminal assignments 

JORN DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

GNO NON INV 
INV INPUT 

INPUT 

vee 

NC-No internal connection 

JG OR P 
DUAL-IN-LINE 

PACKAGE (TOP VIEW) 

OUI 
PUT 

NON INV Vee 

l~~~t INPUT 

NON 
INV 

INPUT 

L PLUG-IN PACKAGE 
(TOP VIEW) 

Vee 

PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 

u 
FLAT PACKAGE (TOP VIEW) 

OUT 

~ 
CD 00 © © 
GNO NON INV NC Vee 

l~~~T INPUT 

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

Supply voltage Vee+ (see Note 1) 14 v 
-7 v 
±5 v 
±7 v 

Supply voltage Vee- (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (either input, see Note 1) 

Peak output current (tw .;;;;1 s) 
Continuous total power dissipation at (or below) 70°C free-air temperature (see Note 3) 
Operating free-air temperature range: TL810M Circuits 

TL810C Circuits 
Storage temperature range . . . . . . . 
Lead temperature 1/16 inch from case for 60 seconds: J, JG, L, or U package 
Lead temperature 1 /16 inch from case for 10 seconds: N or P package . . . 

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

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

3. For operation of the TL810M above 70"C free-air temperature, refer to Dissipating Derating Curves, Section 2. 
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lOmA 
300mW 

-55°C to 125°C 
0°C to 70°C 

-65°C to 150°C 
300°C 
260°C 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 

electrical characteristics at specified free-air temperature, Vee+ 
(unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
MIN 

V10 Input offset voltage 
Rs.;; 200 n. 25"C 

See Note 4 Full range 

Average temperature coefficient Rs= 50!1, MIN to 25°C 
av10 

of input offset voltage See Note 4 25°C to MAX 

25°C 

110 Input offset current See Note 4 MIN 

MAX 

Average temperature coefficient MIN to 25°C 
0 110 of input offset current 

See Note 4 
25°C to MAX 

lrn Input bias current 
25°C 

See Note 4 
MIN 

V1cR 
Common-mode input 

voltage range 
Vcc-=-7V Full range ±5 

V10 Differential input voltage range Full range ±5 

Avo 
Large-signal differential No load, 25°C 12.5 

voltage amplification Vo= Oto 2.5 v Full range 10 

v 10 -5 mV 
Full range 

VoH High-level output voltage 
IOH = 0 

V10=5mV, 
Full range 2.5 

loH = -5mA 

V10 = -5mV, 
Full range -1 

Vol Low-level output voltage IOL = 0 

25°C 2 

loL Low-level output current 
Vio = -5 mV, 

MIN 1 
Vo= 0 

MAX 0.5 

ro Output resistance Vo=1.4V 25°C 

CMRR Common-mode rejection ratio Rs.;; 2oon Full range 80 

Ice+ Supply current from Vee+ 
V10 = -5 mV, 

Full range 

Ice- Supply current from Vee- Full range 
No load 

Po Total power dissipation Full range 

12 v, Vee-

TL810M 

TYP MAX MIN 

0.6 2 

3 

3 10 

3 10 

0.75 3 

1.8 7 

0.25 3 

15 75 

5 25 

7 15 

12 25 

±5 

±5 

33 10 

8 

4§ 5 

3.6§ 2.5 

-o.5§ ot -1 

2.4 1.6 

2.3 0.5 

2.3 0.5 

200 

100§ 70 

5.51 g 

-3.5§ -7 

go§ 150 

tFull range (MIN to MAX) for TL810M Is -55°C to 125°C and for the TL810C is 0°C to 70°C. 

-6 v 

TL810C 

TYP MAX 
UNIT 

1.6 3.5 
mV 

4.5 

3 20 
µ.VfC 

3 20 

1.8 5 

7.5 µ.A 

7.5 

24 100 
nA/°C 

15 50 

7 20 

g 30 
µA 

v 

v 

33 
V/mA 

4§ 5 

v 

3.6§ 

-0.5li ot v 

2.4 

2.4 mA 

2.4 

200 12 

100§ dB 

5.5§ g mA 

-3.5§ -7 mA 

go§ 150 mW 

:J: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. 

!:iThcsc typical values are at TA= 25°C. 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vo = 

1.8 Vo at TA= -55°C, Vo= 1.4 v a~ TA= 25°C, and Vo= 1 vat TA= 125°C; for TL810C, Vo= 1.5 vat TA= 0°C, Vo= 1.4 v 
at 25 C, and v 0 = 1.2 Vat TA= 70 C. These output voltage levels were selected to approximate the logic threshold voltages of the 

types of digital logic circuits these comparators are Intended to drive. 

switching characteristics, Vee+= 12 V, Vee-= -6 V, TA= 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Response time See Note 5 30 80 ns 

NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive, 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 

TYPICAL CHARACTERISTICS 

60 
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30 

20 

10 
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VOLTAGE AMPLIFICATION 

VS 

FREE-AIR TEMPERATURE 
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FIGURE 1 
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vs 
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TYPES TL810M, TL810C 
DIFFERENTIAL COMPARATORS 

l 
J 
! 
i 
~ 

TYPICAL CHARACTERISTICS 
INPUT BIAS CURRENT COMMON-MODE REJECTION RATIO 
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NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL810M, Vo = 

1.8 vat TA= -55°C, Vo= 1.4 vat TA= 25°C, and Vo= 1 vat TA= 125°C; for TL810C, Vo= 1.5 vat TA= 0°c. Vo= 1.4 v 

at 25° C, and v 0 = 1.2 V at TA = 70° C. These output voltage levels were selected to approximate the logic threshold voltages of the 

types of digital logic circuits these comparators are intended to drive. 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES TL811M, TL811C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS 

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

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

description 
The TL811 is an improved version of the TL711 high­
speed dual-channel voltage comparator. Voltage 
amplification is higher (typically 17 ,500) due to an 
extra stage, increasing the comparator accuracy. The 
output pulse width may be "stretched" by varying 
the capacitive loading. 

Each channel has differential inputs, a strobe input, 
and an output in common with the other channel. 
When either strobe is taken low, it inhibits the 
associated channel. If both strobes are simultaneously 
low, the output will be low regardless of the 
conditions applied to the differential inputs. 

schematic 

These dual-channel voltage comparators are partic- Component values shown are nominal. 

ularly attractive for applications requiring an amplitude-discriminating sense amplifier with an adjustable threshold 
voltage. 

The TL811M is characterized for operation over the full military temperature range of -55°C to 125°C; the TL811C 
is characterized for operation from 0°C to 70°C. 

terminal assignments 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

L 
PLUG-IN PACKAGE (TOP VIEW) 

U FLAT 
PACKAGE (TOP VI EWI 

STROBE STROBE 
1 GND Vee+ OUTPUT z NC 

Vee+ 

Vee-

PIN 5 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 V CC+ (see Note 1) 
Supply voltage Vee- (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (any input, see Note 1) 
Strobe Voltage (see Note 1) 
Peak output current (tw <1 s) 
Continuous total power dissipation at (or below) 70°C free-air temperature (see Note 3) 
Operating free-air temperature range: TLB 11 M 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 ... 

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 TL811 M above 70°C free-air temperature, refer to Dissipating Deratlng Curves, Section 2. 
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14 v 
-7V 
±5 v 
±7 v 

. 6V 
50mA 

300mW 
-55°Cto 125°C 

0°C to 70°C 
-65°C to 150°C 

300°C 
260°C 

II 

195 



• 

196 

TYPES TL811M, TL811C 

DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

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

PARAMETER TEST CONDITIONSt 
TL811M TL811C 

MIN TYP MAX MIN TVP 

Rs< 2000, 25°C 1 3.5 1 
Vic= 0, 

V10 Input offset voltage See Note 4 Full range 4.5 

Rs< 2000, 25°C 1 5 1 

See Note 4 Full range 6 

Average temperature coefficient 
Rs< 200 o. 

av10 
of input offset voltage 

Vic= 0, Full range 5 5 

See Note 4 

110 
25°C 0.5 3 0.5 

Input offset current See Note 4 
Full range 5 

25°C 7 20 7 
l1e Input bias current See Note 4 

Full range 30 

llL(S) Low-level strobe current V(strobe) = -100 mV 25°C -1.2 -2.5 -1.2 

V1cR 
Common-mode input 

Vee-= -7 v 
voltage range 

25°C ±5 ±5 

V10 
Differential input 

voltage range 
25°C ±5 ±5 

Avo 
Large-signal differential v 0 so to 2.5 v, 25°C 12.5 17.5 10 17.5 

voltage amplification No load Full range 8 5 

V10 = 10mV, 
25°C 4 5 4 

VoH High-level output voltage 
loH = 0 

V10 = 10mV, 
25°C 2.5 3.6 2.5 3.6 

loH = -5 mA 

V10 = -10mV, 
25°C -1 -0.4 o:I: -1 -0.4 

loL = 0 

Vol Low-level output voltage Vm = 10 mV, 

V(strobe) = 0.3 V, 25°C -1 o:i: -1 

loL = 0 

loL Low-level output current 
V10 = -10mV, 

25°C 0.5 0.8 0.5 0.8 
Vo =O 

ro Output resistance Vo=1.4V 25°C 200 200 

CMRR Common-mode rejection ratio As< 2000 25°C 70 90 65 90 

Ice+ Supply current from Vee+ V10 = -5 to 5 V 25°C 6.5 6.5 

ice- Supply current from Vee- (-10 mV for typ), 25°C -2.7 -2.7 

Po Total power dissipation No load, See Note 5 25°C 94 150 94 

UNIT 
MAX 

5 

6 mV 

7.5 

10 

µV/°C 

5 

10 
µA 

30 

50 
µA 

-2.5 mA 

v 

v 

V/mV 

5 

v 

o:i: 

v 

o:I: 

mA 

o 
dB 

mA 

mA 

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 TLS 11 M Is -55°C to 125°C and for the TL811 C is 0°C to 70°C. 

:l: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 Vis 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 TL811 M, 

Vo= 1.8 v at TA = -55° C, Vo= 1.4 v at TA = 25°C, and Vo = 1 v at TA = 125°C; for TL811C, Vo= 1.5 vat TA= 0°C, 

Vo= 1.4 V at TA= 25°C, and Vo= 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, Vee+= 12 V, Vee-= -6 V, TA= 25°e 

PARAMETER 
TL811M TL811C 

TEST CONDITIONS UNIT 
MIN TYP MAX MIN TVP MAX 

Response time AL= co, CL=5pF, See Note 6 33 80 33 ns 

Strobe release time AL= co, CL= 5 pF, See Note 7 5 25 5 ns 

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

7. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 

added to the input bias voltage to produce an output 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 TLB11M, TLB11C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 

LARGE-SIGNAL DIFFERENTIAL 

VOLTAGE AMPLIFICATION 
vs 

FREE-AIR TEMPERATURE 

~TL811C _j 
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vs 
SUPPLY VOLTAGE 
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FIGURE 1 FIGURE 2 

TL811M TL811C 
VOLTAGE TRANSFER CHARACTERISTICS VOLTAGE TRANSFER CHARACTERISTICS 
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TYPES TL811M, TL811C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

:;J 

9-

9 

TYPICAL CHARACTERISTICS 

OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 

100mV 

Vee+= 12 v 

Vee-= -6 v 
RL = oo 

STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 

::=====j"__============+i-c-Jr=-1~J-v-1 r Vee-= -6V 
f---+--1.H---+--+--+-----;i---RL=oo 

0 +---f""7_~f----+---+--+--+-- CL = 5 pF 
TA= 25°C 

==j 3 1----+---1-----+--+--5-m_V..__--+--+----+--+----1 
II> 

N' 2 >----+--+--+-~- 2 mV 
0 y > ..It.,,___...~-----~---+-~+--~ 

0 
> 0 1--~--..i.1-1--fi----+----4--- CL = 5 pF ~ IZ °fv 

~ 0 ~l'--+-~+--l-~-+--+~+----1 TA= 25°C 
~ _ 1 .___.__..___.__..___.__-_1.._m_V__.__...___._~ -1 .____.. _ __._ _ __._ _ _._ _ __.__ _ _.__..._____. 
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FIGURE 5 

COMMON-MODE PULSE RESPONSE 
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OPEN 

TEST CIRCUIT 
FIGURE 7 FOR FIGURE 7 
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TYPES TL811M, TL811C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 
INPUT BIAS CURRENT TOTAL POWER DISSIPATION 

vs vs 
FREE-AIR TEMPERATURE 

V~c+= b V 

Vee-= -6 v 
See Note 4 

"" ~ "' ~ 
~ 

h ~ J f'.... 
I 

14--- TL811 C -I 

.., 

FREE-AIR TEMPERATURE 

100 .----..----.--....---.......----.---,r----r-----i 
Vee+= 12 v 

98 t----+---+---+--+---1t- V CC-= -6 V 

96 t----+---+---+--+--t- V1 o = -10 ~V 
No load 

88 l---+---+---+---+--t----+---+----1 

86 l---+---+---+---+--t----+---+----1 

84 I----+---+---<~-+---+--+--+--~ 

82 1---+---+---+---1--t----+---+---I 

80 L--..1.--....1..---'---'----'----'-----'----l 

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

TA-Free-Air Temperature-QC 
FIGURE 8 

TA-Free-Air Temperature-QC 

FIGURE 9 

NOTE 4. These characteristics are verified by measurements at the following temperatures and output voltage levels: for TL811 M, 

Vo= 1.8 vat TA= -55QC, Vo= 1.4 vat TA= 25QC, and Vo - 1 vat TA - 125QC; for TL811C, Vo= 1.5 Vat TA= 0°C, 

Vo = 1.4 V at TA= 25°C, and Vo = 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. 
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• Fast Response Times 

TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 

BULLETIN NO. DL-S 7611450, MARCH 1971-REVISED JUNE 1976 

FORMERLY SN52820, SN72820 

• Low Offset Characteristics 
• High Differential Voltage Amplification • Outputs Compatible with Most TTL 

and DTL Circuits 

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

NONINVERTING 
INPUT 

IN~~~J~NGO---i---" 

Resis.tor values are in ohms. 

Component values shown are nominal. 

description 

OUTPUT 

COMPARATOR NO. 1 

~ COMPARATOR NO. 2 

INV INV ~ 
Vee- INPUT INPUT GND Vee+ NC OUTPUT 

OUTPUT NC Vee+ NC 

'----v---' 
COMPARATOR NO. 1 

NC-No internal connection 

NON· INV Vcc­
INV INPUT 

INPUT 

'---v----J 
COMPARATOR NO. 2 

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°e to 125°e; 
the TL820C is characterized for operation from 0°e to 70°C. 

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

Supply voltage Vee+ (see Note 1) 14 V 
Supply voltage Vee- (see Note 1) -7 V 
Differential input voltage (see Note 2) ±5 V 
Input voltage (any input, see Note 1) ±7 V 
Peak output current (tw ~1 s) 10 mA 
ContinuC!us total power dissipation at (or below) 70°e free-air temperature: each comparator. 300 mW 

total package, (see Note 3) . 600 mW 
Operating free-air temperature range: TL820M Circuits 

TL820C Circuits 
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 

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 TLB20M above 70°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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-65°C to 150°e 
300°e 
260°e 

• 

201 



II 

202 

TYPES TL820M, TL820C 
DUAL DIFFERENTIAL COMPARATORS 

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

TEST CONDITIONSt 
TL820M 

PARAMETER 
MIN MIN TYP MAX 

Rs<: 2000, 25°C 0.6 2 
V10 Input offset voltage 

See Note 4 Full range 3 
Average temperature coefficient Rs• 500, MIN to 25°C 3 10 

av10 of Input offset voltage See Note4 25°c to MAX 3 10 

25°c 0.75 3 

110 Input offset current See Note 4 MIN 1.8 7 

MAX 0.25 3 
Average temperature coefficient MIN to 25°C 15 75 

a110 of input offset current 
See Note4 

25°C to MAX 5 25 

25°C 7 15 
119 Input bias current See Note4 

MIN 12 25 

V1cR 
Common-mode input 

Vcc-=-7V Full range :1:5 :1:5 
voltage range 

V10 Differential input voltage range Full range :t5 :t5 

Large.signal differential No load, 25°c 12.5 33 10 
Avo 

voltage amplification Vo= Oto2.5 v Full range 10 8 

V10 • 5 mV 
Full range 4§ 5 

VoH High-level output voltage 
loH •0 

V10 = 5mV, 
Full range 2.5 3.6§ 2.5 

IOH = -5mA 

Vol Low-level output voltage 
V10 = -5mV, 

Full range 
loL = 0 

-1 -o.5§ o:t -1 

25°c 2 2.4 1.6 

loL Low-level output current 
V10 = -5mV, 

MIN 1 2.3 0.5 
Vo=O 

MAX 0.5 2.3 0.5 

ro Output resistance Vo=1.4V 25°c 200 

CMRR Common-mode rejection ratio Rs<: 2000 Full range 80 100§ 70 

•cc+ 
Supply current from Vee+ Full range 5.5§ 9 
(each comparator) 

Supply current from Vee- V10= -5mV, 
-3.5§ -7 Ice-

(each comparator) No load Full range 

Po 
Total power dissipation Full range 90§ 150 
(each comparator) 

tFull range (MIN to MAX) for TL820M Is -55°C to 125°C and for the TL820C Is 0°C to 10°c. 

TL820C 

TYP MAX 
UNIT 

1.6 3.5 

4.5 
mV 

3 20 
µVfC 

3 20 

1.8 5 

7.5 µA 

7.5 

24 100 
nA/°C 

15 50 

7 20 

9 30 
µA 

v 

v 

33 
V/mV 

4§ 5 

v 
3.6§ 

-0.5§ o:t v 

2.4 

2.4 mA 

2.4 

200 o 
100§ d8 

5.5§ 9 mA 

-3.5§ -7 mA 

90§ 150 mW 

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. 

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

NOTE 4: These characteristics are verified by measurements at the following temperatures end output voltage levels: for TL820M, Vo • 

1.8 v at TA - -55° c. Vo - 1.4 v at TA = 25° c, and Vo - 1 v at TA - 125° C; for TL820C, Vo - 1.5 v at TA - 0° c. Vo = 1.4 v 
at 25° C, and Vo • 1.2 V at TA • 70° C. These output voltage levels were selected to approximate the logic threshold voltages of the 
types ot dlgltel Ioele circuits these comp:mitors are Intended to drive. 

switching characteristics, Vee+= 12 V, Vee-= -6 V, TA= 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Response time CL = 5 pF, See Note 5 30 80 ns 

NOTE 5: The response time specified Is for a 100-mV Input step with 5-mV overdrive. 

For typical characteristic curves, see the TL810 data sheet on page 193. 
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LINEAR 
INTEGRATED CIRCUITS 

TYPE uA710M 
DIFFERENTIAL COMPARATOR 

BULLETIN NO. DL-S 7612415, JUNE 1976 

• Fast Response Times 

• Low Offset Characteristics 

• Output Compatible with Most TTL and DTL 
Circuits 

• Designed to be Interchangeable with Fairchild 
µA710 

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. 

schematic 

NONl~N~~~TING --f---l 

INVERTING 
INPUT 

terminal assignments 
------<>vcc-

Component values shown are nominal, 

J 
DUEL-IN-LINE 

PACKAGE (TOP VIEW) 

GNDNONIN· INVERT· NC Vee- NC 
VERTINGING INPUT 
INPUT 

NC-No Internal connection 

JG 
DUEL-IN-LINE 

PACKAGE (TOP VIEW) 

Vee+ OUTPUT NC NC 

NON- Vcc-
INV INPUT 

INPUT 

L 
PLUG-IN PACKAGE (TOP VIEW) 

PIN©ISINELECTFUCALCONTACTW1THCASE 

U FLAT PACKAGE 
(TOP VIEW) 

CD CD CD © © 
GND NONIN· INVERT NC Vcc-

VERTINGING INPUT 
INPUT 

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

Supply voltage Vee+ (see Note 1) 14 v 
-7V 
±5V 
±7 v 

Supply voltage Vee- (see Note 1) 
Differential input voltage (see Note 2) 
Input voltage (either input, see Note 1) 
Peak output current !tw < 1 s) 
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 

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

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 
3, For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. 
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10 mA 
300 mW 

-55°C to 125°C 
-65°C to 150°C 
.... 300°C 
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TYPE uA710M 
DIFFERENTIAL COMPARATOR 

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

- PARAMETER TEST CONDITIONst MIN 

25°C 
V10 Input offset voltage Rs.;; 200 n, See Note 4 

Full range 

Average temperature coefficient 
Rs.;;5on, See Note 4 Full range av10 

of input offset voltage 

25°C 
110 Input offset current See Note 4 

Full range 

Average temperature coefficient -55°C to 25°C 
a110 See Note 4 

25°C to 125°C of input offset current 

25°C 
119 Input bias current See Note 4 

Full range 

V1 Input voltage range Vee-= -7 v 25°C ±5 

V10 Differential input voltage range 25°C ±5 

Large-signal differential 25°C 1250 
Avo No load, See Note 4 

voltage amplification Full range 1000 

VQH High-level output voltage V10 = 5mV, IQH = -5 mA 25°C 2.5 

VoL Low-level output voltage V10 = -5mV, IQL = 0 25°C -1 

25°C 2 

IQL Low-level output current V10 = -5mV, Vo=O -55°C 1 

125°C 0.5 

ro Output resistance Vo=1.4V 25°C 

CMRR Common-mode rejection ratio Rs< 200 n 25°C 80 

Ice+ Supply current from Vee+ VI D = -5 V to 5 V 25°C 

Ice- Supply current from Vee- (-10 mV for tYPI, 25°C 

Po Total power dissipation No load 25°C 

TVP MAX UNIT 

0.6 2 
mV 

3 

3 10 µV/°C 

0.75 3 
µA 

7 

5 25 
nA/°e 

15 75 

13 20 

45 
µA 

v 

v 

1700 

3.2 4 v 

-0.5 6i v 

2.5 

2.3 mA 

1.7 

200 n 

100 dB 

5.2 9 mA 

-4.6 -7 mA 

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 = -55°C, Vo= 1.4 V at TA = 25°C, and Vo= 1 V at TA= 125°C. These output voltage levels were selected to approximate the 
logic threshold voltages of the types of digital logic circuits these comparators are Intended to drive. 

tFull range for uA710M is -55°C to 125°C. 

iThe algebraic convention where the more-positive (less-negative) limit Is designated as maximum ls 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, Vee+= 12 V, Vee-= -6 V, TA= 25°e 

PARAMETER TEST CONDITIONS TVP UNIT 
Response time No load, See Note 5 40 ns 

NOTE 5: The response time specified is for a 100-mV input step with 5-mV overdrive. 
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TYPE uA710M 
DIFFERENTIAL COMPARATOR 

TYPICAL CHARACTERISTICS 
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FIGURE 1 
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ELAPSED TIME 
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FIGURE 3 

VOLTAGE TRANSFER CHARACTERISTICS 

Vcc=12v 
vcc=-sv 

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

V10-Differential Input Voltage-mV 

FIGURE 5 
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FIGURE 6 
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LINEAR INTEGRATED 
CIRCUITS 

TYPES uA711M, uA711C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS 

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

FORMERLY SN52711, SN72711 

• Fast Response Times • Output Compatible with Most TTL and DTL Circuits 

• Low Offset Characteristics • Designed to be Interchangeable with Fairchild µA711 and µA711C 

description schematic 
The uA 711 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 low-drift and low-offset 
characteristics. An independent strobe input is 
provided for each of the two channels, which when 
taken low, inhibits the associated channel. If both 
strobes are simultaneously low, the output will be 
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 

llrW\Jf1 

1---+--oNOfrrUHVlllflNG 

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) 

vcc+ 

YCC-

PIN 5 IS IN E LECTAICAL CONTACT WITH THE CASE 

NC-No Internal Connection 

JOAN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

STROBE STROBE 
NC 1 GND Vee• OUTPUT 2 

INV NON· Vee- NON· INV NC 
INPUT 1 INV INV INPUT 2 

INPUT 1 INPUT 2 

U FLAT PACKAGE 
(TOP VIEW) 

~ 
CD CD CD CD © 

INV NON· VCC- NON- INV 
INPUT 1 INV INV INPUT 2 

INPUT 1 INPUT 2 

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

uA711M uA711C 
Supply voltage Vee+ (see Note 1) 14 14 
Supply voltage Vee- (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 (tw ~ 1 s) 50 50 
Continuous total power dissipation 

300 300 
at (or below) 70°C free-air temperature (see Note 3) 
Operating free-air temperature range -55 to 125 0 to 70 
Storage temperature range -65 to 150 -65 to 150 
Lead temperature 1 /16 inch from case for 60 seconds I J, L, or U package 300 300 
Lead temperature 1/16 inch from case for 10 seconds JN package 260 260 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 
2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 
3. For operation of uA 711 M above 70°C free-air temperature, refer to Dissipation Deratlng Curves, Section 2. 
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TYPES uA711M, uA711C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

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

TEST CONDITIONst 
uA711M 

PARAMETER 
MIN TVP MAX 

Rs.;;; 2oon. V1c = 0, 25°C 1 3.5 

See Note 4 Full range 4.5 
V10 Input offset voltage 

25°C Rs.;;; 2oon. 1 5 

See Note 4 Full range 6 

Average temperature coefficient Rs.;;; 200 .11, V1c = 0, 
Full range 5 av10 

of input offset voltage See Note 4 

25°C 0.5 10 
110 Input offset current See Note 4 

Full range 20 

25°C 25 75 
l1s Input bias current See Note 4 

Full range 150 

l1L(S) Low-level strobe current V(strobe) = 0, V10 = 10 mV 25°C -1.2 -2.5 

V1 Input voltage range Vcc-=-7V 25°C ±5 

V10 
Differential input 

25°C ±5 
voltage range 

Large-signal differential No load, 25°C 750 1500 
Avo 

voltage amplification Vo= o to 2.5 v Full range 500 

V10 = 10 mV, IOH = 0 25°C 4.5 5 
VoH High-level output voltage 

V10 = 10 mV, loH = -5mA 25°C 2.5 3.5 

V10 = -10mV, IOL = 0 25°C -1 -0.5 o:t: 

Vol Low-level output voltage V10 = 10 mV. V(strobe) = 0.3 V, 
o+ 

IQL = 0 
25°C -1 

IQL Low-level output current V10 = -10mV, Vo= 0 25°C 0.5 0.8 

ro Output resistance Vo=1.4V 25°C 200 

CMRR Common-mode rejection ratio Rs.;;; 2oon 25°C 70 90 

ice+ Supply current from Vee+ V10 = -5 V to 5 V (-10 mV for typ), 25°C 9 

ice- Supply current from Vee- Strobes alternately grounded, 25°C -4 

Po Total power dissipation No load 25°C 130 200 

MIN 

±5 

±5 

700 

500 

2.5 

-1 

-1 

0.5 

65 

uA711C 
UNIT 

TVP MAX 

1 5 

6 
mV 

1 7.5 

10 

5 µV/°C 

0.5 15 

25 
µA 

25 100 

150 
µA 

-1.2 -2.5 mA 

v 

v 

1500 

4.5 5 
v 

3.5 

-0.5 o:t: 

o:t: 
v 

0.8 mA 

200 n 

90 dB 

9 mA 

-4 mA 

130 230 mW 

NOTE 4: These charac!erlstlcs are verified by meas~rements at the following tempe~atures and output voltage levels: for uA711 M, v 0 = 1.8 v 
at TA= ;55 c. Vo= 1.4 vat T~ = 25 C, and Vo= 1 vat TA= 125 C; for uA711C, Vo= 1.5 vat TA= o0 c, Vo= 1.4 vat 
TA ~ 25 C, and Vo = 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 int~nded to drive. 

tun less 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 uA 711 M is -55° C to 125° C and for the uA 711 C is 0° C to 70° C. 

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

switching characteristics, Vee+= 12 V, Vee-= -6 V, TA= 25°e 

uA711M uA711C 
PARAMETER TEST CONDITIONS UNIT 

MIN TVP MAX MIN TVP 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. 
6. For testing purposes, the input bias conditions are selected to produce an output voltage of 1.4 V. A 5-mV overdrive is then 

added to the input bias voltage to produce an output voltage which rises above 1.4 V. The time interval is measured from the 50% 
point of the strobe voltage curve to the point where the overdriven output voltage crosses the 1.4 V level. 
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TYPES uA711M, uA711C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 

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

vs 
FREE-AIR TEMPERATURE 

2000 r---"T"""--.---..--~--~-~1--1~~ 
Vcc+=12v 

1soo 1----+---+---+---1--+- Vee-= -6 v-

1---+.. No load 
1600 t--+----'f"-"".....,:J-J------1--~ See Note 4 -

1400 t---t----r----1---tt-----+t--~....i_J_d---+----I ·t--
1----+---+----+I---- uA711 C _..: b--., 1200 

1000 t----+---+---+---1--+----+---+-----l 

BOO 

600 
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FIGURE 1 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 

' 

l 1 
Vee+= 12 v 

1----+Jll.,,..\--+----+-____,1---+- V CC- = -6 V -

_ ~ See Note 4 

~. 
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f.-- uA711C ---11 ~ 
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Oi 

VS 

SUPPLY VOLTAGE 
3000 ~-~--.--~-~--~-~-~-~ 

2500 

Vo=1.4V 
TA= 25°C 
No load --+----+----+--1----+--~ 

500 t----+---+---+-----+--1----+---+--~ 

0 L--..l---'--.....J...-~--L..--..1---'--.....l 

10 11 12 13 14 

Vcc+-Positive Supply Voltage-V 

FIGURE 2 

TOTAL POWER DISSIPATION 
vs 

FREE-AIR TEMPERATURE 

140 l 1 
Vee+= 12 v 

138 f-vcc- = -6 v I 

No load 
136 

134 1-----+---+---J.----l'---+----+---+-----l 

132 1-----1----+---+---I--+----+---+----< 

130 1----+---+--:::::J.----t~--=::!---+---+---

~ ~ 128 1----1----+---+----+---+--~l-l--~,.......4----< 

t-- uA711C__.J ~ 
~ ~ 126 t----+----+---+---+---r--~---+-~ ..... M 

10 

0 .___...._ _ _._ _ _._ _ __. __ ..___...._ _ _._ _ __. 
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FIGURE 3 

0 
~ 

124 l-----+---+---+---1--+----+---+-----< 

122 

120 

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

TA-Free-Air Temperature-°C 

FIGURE 4 

NOTE 4: These characteristics are verified by measurements at the following temperatures and output voltage levels: for uA 711 M, Vo = 1.8 V 

at TA= -55°C, Vo= 1.4 vat TA= 25°C, and Vo= 1 vat TA= 125°C;for uA711C, Vo= 1.5 vat TA= 0°C, Vo= 1.4Vat 
TA = 25° C, and v 0 = 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. 
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TYPES uA711M, uA711C 
DUAL-CHANNEL DIFFERENTIAL COMPARATORS WITH STROBES 

TYPICAL CHARACTERISTICS 
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VOLTAGE TRANSFER 
CHARACTERISTIC 
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OUTPUT RESPONSE FOR 
VARIOUS INPUT OVERDRIVES 
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uA711C 

VOLTAGE TRANSFER 
CHARACTERISTICS 
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STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 
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VOLTAGE REGULATOR SELECTION GUIDE 

VOLTAGE REGULATORS 

adjustable voltage regulators 

POSITIVE NEGATIVE SWITCHING 

LM105 uA723 LM117 LM376 LM104 TL497 
UNIT 

MIN 4.5 2 1.2 5 -0.15 ±1.2 
Output voltage v 

MAX 40 37 40 37 -40 +30, -25 

MIN 8.5 9.5 3.7 9 -8 4.5 
Input voltage v 

MAX 50 40 40 40 -50 15 

Input-to-output voltage 
3 3 2.5 3 -0.5 0 v 

difference, minimum 

Output current, maximum 12 150 1500 25 20 500 mA 

Standby current, maximum 2 3,.5 5 2.5 5 11 mA 

adjustable shunt regulator 

Reference Temperature Differential Reference 

Input Coefficient Regulator Input 
Regulator 

Current 
Voltage of Vref Resistance Current 

TYP TYP TYP MAX 
Range 

TL430 2.75V 100ppmfC 1.5 .n 10µA 0.5mA to 100 mA 

fixed voltage regulators 

POSITIVE ...N.E G_ATI_\LE_ 

uA78XX uA78MXX uA78LXX uA79XX uA79MXX UNIT 
LM109 

SEhlES SERIES SERIES SERIES SERIES 

Nominal output voltage 5 SEE LISTING BELOW FOR OUTPUT VOLTAGES AVAILABLE v 
lMIN 8 

Input voltage SEE INDIVIDUAL DATA SHEETS v 
MAX 50 

Input-to-output voltage 
2 2 2 1.7 1.1 1.1 v 

differential, minimum 
II 

Output current, maximum 500 1500 500 100 1500 500 mA 
Standby current 10 8 6 6.5 3 t mA 

t2 mA to 3,5 mA, depending on individual type 

AVAILABLE OUTPUT 

VOLTAGES 
2.6V 5V 6V 6.2V av 8.5 v 12V 15V 18 v 20V 24V 

uA78XX SERIES • • • • • • • • 
uA78MXX SERIES • • • • • • • 
uA78LXX SERIES • • • • • • 
uA79XX SERIES(-) • • • • • • • • 
uA79MXX SERIES(-) • • • • • • • 
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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 lava) 

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. 

a: = ± ~oat T2 - Vo at T~ 100% 

vo L Vo at 25°C J T2-T1 

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 de output voltage, with constant load and no 
input ripple. 

Current-Limit Sense Voltage 

The current-sense voltage at wich current limiting occurs. 
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Current-Sense Voltage 

GLOSSARY 
VOLTAGE-REGULATOR TERMS AND DEFINITIONS 

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 JED EC and I 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. 
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GLOSSARY 
VOLTAGE-REGULATOR TERMS AND DEFINITIONS 

Reference Input Voltage (Vrefl (of an adjustable shunt regulator) 

The voltage at the reference input terminal with respect to the anode terminal. 

Temperature Coefficient of Reference Voltage (ovrefl 

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 ppmf C: 

OVref = ---
[

Vref at T2 - Vref at T1J 106 

Vref at 25°C T2-T1 

Regulator Voltage (Vzl 

The de voltage across the regulator. 

Regulator Current (I z) 

The de current through the regulator when it is biased for regulation. 

Regulator Current near Lower Knee of Regulation Range (lzKl 

The regulator current near the lower limit of the region within which regulation occurs; this corresponds to the 
breakdown knee of a regulator diode. 

Regulator Current at Maximum Limit of Regulation Range {lzMl 

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 (Vnzl 

The rms noise voltage with the regulator biased for regulation and with no input ripple. 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES LM104, LM204, LM304 
NEGATIVE-VOLTAGE REGULATORS 

BULLETIN NO. DL-S 7612052, SEPTEMBER 1973-REVISED JUNE 1976 

FORMERLY SN52104, SN72104 

• Typical Load Regulation .•. 1 mV 

• Typical Input Regulation ... 0.06% 

• Designed to be Interchangeable with National 
Semiconductor LM 104, LM204, and LM304 
Respectively 

description 

The LM104, LM204, and LM304 are monolithic 
integrated circuit voltage regulators that can be 
programmed with a single external resistor to provide 
any voltage between -40 volts and approximately 
0 volts while operating from a single unregulated 
negative supply. When used with a separate floating 
bias supply, these devices can provide regulation with 
the output voltage limited only by the breakdown 
characteristics of the external pass transistors. 

Although designed primarily for application as linear 
series regulators at output currents up to 
25 milliamperes, the LM104, LM204, and LM304 can 
be used as current regulators, switching regulators, or 
control elements with the output current limited by 
the capability of the external pass transistors. The 
improvement factor for load regulation is approxi­
mately equal to the composite current gain of the 
added transistors. The devices can be used in either 
constant-current or fold-back current-limiting applica­
tions. 

The LM 104 is characterized for operation over the 
full military temperature range of -55°C to 125°C; 
the LM204 is characterized for operation from 
-25°C to 85°C; and the LM304 is characterized for 
operation from 0°C to 70°C. 

schematic 

Component values shown are nominal. 

Resistor values are in ohms. 

AHUUNCf 
SU"'L'Y 

REFERENCE 

REFERENCE 
SUPPLY 

L PLUG-IN PACKAGE 
(TOP VIEW) 

NC 

UNREGULATED 
INPUT 

REGULATED 
OUTPUT 

BOOSTER 
OUTPUT 

PIN 5 IS IN ELECTRICAL CONTACT 

WITH THE CASE 

NC 

JORN DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

BOOST- CUR-
REG ER RENT 

OUTPUT OUTPUT LIMIT NC 

NC ADJ REF NC REF COMP NC 
SUPPLY 

NC-No internal connection 
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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 
Input voltage (see Note 1 I -50 -50 -40 

Input-to-output voltage differential -50 -50 -40 

Continuous total dissipation at (or below) 25°C l J or N package 1000 1000 1000 

free-air temperature (see Note 2) l L package 800 800 800 

Operating free-air temperature range -55 to 125 -25 to 85 0 to 70 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 

Lead temperature 1 /16 inch from case for 60 seconds: J or L package 300 300 300 

Lead temperature 1 /16 inch from case for 10 seconds: N package 260 260 260 

NOTES: 1. Voltage values, except lnput-to·output voltage differential, are with respect to network ground terminal. 

UNIT 

v 
v 

mW 

oc 

oc 

oc 

oc 

2. For operation above 25°C free-air temperature, refer to Dissipation Deratlng Curves, Section 2. This rating for the L package 
requires a heat sink that provides a thermal resistance from case to free-air, RecA• of not more than 105°C/W. 

recommended operating conditions 

LM104 LM204 LM304 

MIN MAX MIN MAX MIN 

Input voltage, V1 -8 -50 -8 -50 -8 

Output voltage, Vo -0.015 -40 -0.015 -40 -0.035 

Input-to-output voltage differential, V1 - Vo 
Llo=20mA -2 -50 -2 -50 -2 

j10.;;5mA -0.5 -50 -0.5 -50 -0.5 

Output current, lo 20 20 

Operating free-air temperature, TA -55 125 -25 85 0 

electrical characteristics over recommended ranges of input and output voltage and operating 
free-air temperature (unless otherwise noted) 

TEST CONDITIONSt 
LM104, LM204 LM304 

PARAMETER 
MIN TYP MAX MIN TYP 

Input regulation 
Vo= -5 v to MAX, AV1 = 0.1 V1. 

See Notes 3 and 4 
0.06 0.1 0.06 

C1=10µF, V1=-15VtoMAX 0.2 0.5 0.2 
Ripple sensitivity 

f=120Hz VI = - 7 V to -15 V 0.5 0.5 1 

Output regulation 
lo = o to 20 mA, Rsc=15n, 

See Note 3 
1 5 1 

Output voltage scale factor R1=2.4kn, See Figure 2 1.8 2 2.2 1.8 2 

Output voltage change TA= MIN to TA= 25°C 1 

with temperature TA = 25° C to TA = MAX 1 

Vo= -5 v to MAX, C1=0 0.007 0.007 
Output noise voltage 

f = 10 Hz to 10 kHz C1=10 µF 15 15 

Vo =O 1.7 2.5 1.7 

Bias current 10 = 5mA Vo= -30 V 3.6 

Vo= -40 V 3.6 5 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

MAX 

-40 

-30 

-40 

-40 

20 

70 

MAX 

0.1 

0.5 

1 

5 

2.2 

1 

1 

2.5 

5 

UNIT 

v 
v 

v 

mA 
oc 

UNIT 

% 

mV/V 

mV 

V/kn 

% 

% 

µV 

mA 

NOTES: 3. Input regulation and output regulation are measured using pulse techniques (tw.;;; 10 µ,s, duty cycle< 5%1 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 VI, the 
output variation determined from the ripple sensitivity must be added to the variation determined from the input regulation to 
·determine the overall line regulation. 
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TYPES LM104, LM204, LM304 
NEGATIVE-VOLTAGE REGULATORS 

TYPICAL APPLICATION DATA 

R2 
20 kll 

ADJ GND 

REF 

Rlt REG 
2.4 kll OUT 

1% REF 
UPPLY 

BOOSTER 

+Cl 
4.7 µF 
tantalum 

Vo= R;~) 
Rlt 

2.4 kll 
1% 

5 kll 
1% 

ADJ GND 

REF 

REF 
SUPPLY 

BOOSTER 
OUT OUT 

V1 UN REG V1 = -12 V to MAX___. _____ UN REG 
INPUT 
COMP 

INPUT CURREN 
COMP LIMIT 

22 II 

FIGURE 1-BASIC REGULATOR CIRCUIT 

2.5 kll 
1% 

ADJ GND 

REF 

Rlt REG 
2.4 k!! OUT 

1% 
REF 
SUPPLY 

BOOSTER 
OUT 

UN REG 
INPUT CURRENT 
COMP LIMIT 

3311 1N3070 

4711 
2N3716 

V1 ° -8.5 V to MAX--..---------------' 

L 1: 60 turns #20 on Arnold Engineering A930157-2 

molybdenum permalloy core, or equivalent 

FIGURE 3-SWITCHING REGULATOR 

tTrim Rl for exact scale factor. 
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4.7µF1 

0.2 ll 

FIGURE 2-HIGH-CURRENT REGULATOR 

Rlt 
2.4 kll 

1% 

Vbias = 10 V 

V1 

R2 
50 kll 

ADJ 

REF 

REF 

0.01 
µF 

+ Cl 
4.7 µF 

- tantalum 

GND 

REG 
OUT 

SUPPLY 
BOOSTER 

OUT 
UN REG 
INPUT CURRENT 

LIMIT 

470 pf 22 !! 

2N3714 

2N378g 

FIGURE 4-0PERATING WITH SEPARATE BAIS SUPPLY 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES LM105, LM205, LM305, LM305A, LM376 
POSITIVE-VOLTAGE REGULATORS 

BULLETIN NO. DL-S 7612057, SEPTEMBER 1973-REVISED JUNE 1976 

FORMERLY SN52105, SN72305, 
SN72305A,SN72376 

• Low Standby Current ... 0.8 mA Typ 

• Adjustable Output Voltage 

o 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 LM 105, 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 LM 105 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. 

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

CUR- BOOST-UNREG GND 
RENT ER INPUT 
LIMIT OUT-

PUT 

L 
PLUG-IN PACKAGE (TOP VIEW) 

REGULATED 
OUTPUT 

GNO 

PIN 4 IS IN ELECTRICAL 
CONTACT WITH THE CASE 

schematic 
UNREGULATED_.:.::;131'------------------+------. 

INPUT 

Component values shown are nominal. 

Resistor values are in ohrns. 

600 

121 BOOSTER OUTPUT 

----
18
-
1 

REGULATED OUTPUT 

t----t----+--
16

-
1 

FEEDBACK 

L-----+------<1....----15
-
1 

REFERENCE BYPASS 

2.2k 

~---<1>----t>----....--------------141 GROUND 
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TYPES LM105, LM205, LM305, LM305A, LM376 
POSITIVE-VOLTAGE REGULATORS 

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

LM105 LM205 LM305A 
LM305 
LM376 

Input voltage (see Note 1) 50 50 50 40 

Input-to-output voltage differential 40 40 40 40 

Continuous total dissipation at (or below) 
800 800 800 800 

25°C free-air temperature (see Note 2) 

Operating free-air temperature range -55 to 125 -25 to 85 0 to 70 0 to 70 

Storage temperature range -65 to 150 -65 to 150 -65 to 150 -65 to 150 

Lead temperature 1/16 inch from case 
300 300 300 

for 60 seconds: JP or L package 300 

Lead temperature 1/16 inch from case 

for 10 seconds: P package 
260 260 260 260 

NOTES: 1. Voltage values, except input-to-output voltage differential, are with respect to network ground terminal. 

UNIT 

v 
v 

mW 

oc 

oc 

oc 

oc 

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, ROCA• 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, V1 8.5 50 8.5 50 8.5 50 8.5 40 9 40 v 
Output voltage, Vo 4.5 40 4.5 40 4.5 40 4.5 30 5 37 v 
Input-to-output voltage 

3 30 3 30 3 30 3 30 3 30 v 
differential, V1-Vo 

Output current, lo 0 12 0 12 0 45 0 12 0 25 mA 

Operating free-air 
-55 125 -25 85 0 70 0 70 0 70 oc 

temperature, TA 

LM105, LM205, LM305 electrical characteristicst at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS:t: 
LM105, LM205 LM305 

UNIT 
MIN TYP MAX MIN TYP MAX 

Input regulation 
V1-Vo.;;; 5V I See Note3 

0.025 0.06 0.025 0.06 

V1-Vo > 5V 0.015 0.03 
%/V 

0.015 0.03 
Ripple sensitivity Cref = 10 µF, f=120Hz 0.003 0.01 0.003 0.01 %/V 

Rsc = 10 n, TA= 25°C 0.02 0.05 0.02 0.05 

Output regulation (see Note 4) 
lo= o to lo= 12 mA, Rsc = 10 n, TA= MIN 0.03 0.1 0.03 0.1 

See Note 3 Rsc = 10 n, TA = MAX 0.03 
% 

0.1 

Rsc = 15 n. TA = MAX 0.03 0.1 
Output voltage change TA= MIN to TA= 25°C 1 1 

% 
with temperature TA = 25°C to TA = MAX 1 1 

Output noise voltage f = 10 Hz to 10 kHz 
l Cref = 0 0.005 0.005 

% l Cref > 0.1 µF 0.002 0.002 

Feedback sense voltage 1.63 1.7 1.81 1.63 1.7 1-81 v 
Current-limit sense voltage Rsc= 10 n, Vo=O, See Note 5 225 300 375 225 300 375 mV 

Standby current 
V1=50V 0.8 2 

V1 =40V 
mA 

0.8 2 

tThese specifications apply for input and output voltages within the ranges specified under recommended operating conditions and for a 
divider impedance of 2 kU presented to the feedback terminal, unless otherwise noted. 

:I: 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 ltw .;;; 10 µs, duty cycle .;;; 5%) to limit changes in 

average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account 
separately. 

4. Load regulation and output current capacity can be improved by the addition of external transistors. The improvement factor will 
be approximately equal to the composite current gain of the added transistors. 

5. Current-limit sense voltage is measured without an external pass transistor. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • CALLAS, TEXAS 75222 



,75 

TYPES LM105, LM205, LM305, LM305A, LM376 
POSITIVE-VOLTAGE REGULATORS 

LM305A, LM376 electrical characteristics tat 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS:t: 
LM305A LM376 

UNIT 
MIN TYP MAX MIN TYP MAX 

V1-Vo.;; 5 V J 0.025 0.06 0.03 

Input regulation V1-Vo > 5V J See Note 3 0.015 0.03 0.03 %/V 

TA= 0°C to 70°C 1 0.1 

Ripple sensitivity 
Cref = 10 µF, f = 120 Hz 0.003 

%/V 
f= 120Hz 0.1 

Rsc =on, TA= 25°C 0.02 0.2 0.2 
Output regulation (see Note 4) 

lo= o to 10 = MAX, 
Rsc = o .n, TA= 0°C 0.03 0.4 0.5 % 

: See Note 3 
Rsc =on, TA= 70°C 0.03 0.4 0.5 

Output voltage change TA = 0° C to TA = 25° C 1 1 

TA= 25°C to TA= 70°C 1 
% 

. with temperature 1 

Output noise voltage 1 Cref = 0 0.005 
f = 10 Hz to 10 kHz % 

l Cref > 0.1 µF 0.002 

1.55 1.7 1.85 
Feedback sense voltage v 

TA = 0° C to TA = 70° C 1.6 ! 1.7 1.8 

Current limit sense voltage Rsc = 10 .n, Vo= OV, See Note 5 225 300 375 300 mV 

V1=50 v 0.8 2 
Standby current 

V1=30V 
mA 

2.5 

tThese specifications apply for input and output voltages within the ranges specified under recommended operating conditions, and for a 
divider impedance of 2 ki1 presented to the feedback terminal, unless otherwise noted. 

+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 ltw .;; 10 µs, duty cycle.;; 5%) to limit changes in 
average Internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into acco~nt 
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. 

TYPICAL APPLICATION DATA 

BOOSTER 
OUTPUT 

UN REG 
INPUT 
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SHUTDOWN 

FEEDBACK -----
GND 
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FIGURE 1-BASIC REGULATOR 
WITH CURRENT LIMITING 

V1=18 V 
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FIGURE 2-LINEAR REGULATOR 
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TYPES LM105, LM205, LM305, LM305A, LM376 
POSITIVE-VOLTAGE REGULATORS 

V1 

BOOSTER 
OUTPUT 

UN REG 
INPUT 

REF 
BYPASS 

TYPICAL APPLICATION DATA 

3.3 µF 
15V 

6.8 !l 

tant~~~#-

4~i~T+ 
tantalum -= -

CURRENT 
LIMIT 

REG 
OUTPUT 

COMP 
SHUTDOWN 

FEEDBACK 

GND 

BOOSTER 
OUTPUT 

REF 
BYPASS 

CURRENTt----• 
LIMIT 

47 ll 0.16!! 

OUT~~~ 1-----+-----------Vo • 5 V 

COMP 5.55 
SHUTDOWN kl! + 500 µ F 

FEEDBACK 1--....._-'--+---.a J ~~~ro;ytic 
___ o.,.N_D __ _. 3.15k.

1 
FIGURE 3-10-A REGULATOR WITH 

FOLDBACK CURRENT LIMITING 

CURRENT 
0.2!! 

BOOSTER 
OUTPUT LIMIT 

REG 

V1 UN REG OUTPUT 
INPUT COMP 31kll 

SHUTDOWN 
1 µF + REF 47 pf 

35V BYPASS FEEDBACK 

GND 2.13 kn 

tprotects against Input voltage reversal. 

Vo• 28 V 

47 + 
µF 
35V 

*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 
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FIGURE 6-SHUNT REGULATOR 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES LM109, LM209, LM309 
5-VOLT REGULATORS 

BULLETIN NO. DL-S 7612056, SEPTEMBER 1973-REVISED JUNE 1976 

FORMERLY SN52109, SN72309 

• No External Components Required for Most Applications 

• Output Current ... 500 mA Max 

• Satisfies 5-V Supply Requirements of TTL and DTL 

• Virtually Blow-Out Proof Due to Internal Current 
Limiting, Thermal Shutdown, and Safe·Operating­
Area Compensation 

• Designed to be Interchangeable with National LM109, 
LM209, and LM309 Respectively 

description 

LA PLUG-IN PACKAGE 
(TOP VIEW) 

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 

Component values shown are nominal. 
Aesistorvaluesareinohms. 

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

LM109, LM209 

Input voltage 35 

Output curr1mt 500 

Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 5 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 600 

Operating case or virtual junction temperature range -55 to 150 

Storage temperature range -65 to 150 

Lead temperature 1 /16 inch from case for 60 seconds 300 

LM309 

35 

500 

4 

480 

0 to 125 

-65 to 150 

300 

NOTES: 1. Above 25°c case temperature, derate lineary at the rate of 40 mW/° C, or refer to Dissipation Derating Curve, Figure 1. 
2. Above 25°c free-air temperature, derate linearly at the rate of 4.8 mW!°C, refer to Dissipation Derating Curve, Figure 2. 
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TYPES LM109, LM209, LM309 
5-VOLT REGULATORS 

recommended operating conditions 

LM109 LM209 

MIN MAX MIN MAX 

Input voltage, Vi 7 25 7 25 

Output current, lo 0 500 0 500 

Operating virtual-junction temperature, T J -55 150 -25 150 

electrical characteristics at specified virtual junction temperature 

PARAMETER TEST CONDITIONSt 
LM109, LM209 

MIN TYP MAX 

Output voltage 
V1=10V, lo= 100 mA 25°C 4.7 5.0 5.3 

V1 = 7 V to 25 V, Io = 5 mA to 200 mA Full range 4.6 5.4 

Input regulation V1 = 7 V to V1 = 25 V 25°C 4 50 

Ripple rejection f = 120 Hz 25°C 85 

Output regulation lo= 5 mA to lo= 500 mA, See Note 3 25°C 20 50 

Output noise voltage f = 10 Hz to 100 kHz 25°C 40 

Standby current V1=7 V to 25 V Full range 5 10 

Bias current change 
V1=7VtoV1=25V, lo= 1oomA 0.5 

Full range 
lo= 5 mA to lo= 200 mA 0.8 

LM309 
UNIT 

MIN MAX 

7 25 v 
0 500 mA 

0 125 oC 

LM309 
UNIT 

MIN TYP MAX 

4.8 5.0 5.2 
v 

4.75 5.25 

4 50 mV 

85 dB 

20 50 mV 

40 µV 

5 10 mA 

0.5 
mA 

0.8 

t Full range for LM 109 is -55°C to 150° C, for LM209 Is -25°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. tw.;;; 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. 

6 

:::: 
I 5 
c: 
0 

·.:; 
co a. 

4 :~ 
0 
en 
:l 
0 3 :l 
c: 
-~ 
c: 
0 
() 2 
E 
::I 
E ·x 
co 
~ 

0 
0 

THERMAL INFORMATION 

CASE TEMPERATURE 

DISSIPATION DERATING CURVE 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
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FIGURE 1 FIGURE 2 
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TYPES LM109, LM209, LM309 
5-VOLT REGULATORS 

TYPICAL CHARACTERISTICSt 

OUTPUT VOLTAGE 
vs 

VIRTUAL JUNCTION TEMPERATURE 

5.2 .-------.---.---,,-.----.-----.-r---i 5.5 

OUTPUT VOLTAGE 
VS 

INPUT VOLTAGE 

V1=10 V lo= 200 mA 

IQ= 20 mA+--+--+--+--+-+--+-~ 

> 5.1 I--+--+--+--+__,>---+--+--+---+__, 
I 

! 
0 ~ 
> 5.0 l--+--+--+--+--11--+--tD.-"<-+---+---1 

" N c5 
I 
0 
> 4.9 l--+--+--t--+--11--+--+--+--+--I 

4.8 ~-+--+--+---+--1>---+-~-+---+--I 

-60-40 -20 0 20 40 60 80 100 120 140 

100 r­

r-

T J-Virtual Junction Temperature-°C 

FIGURE 3 

RIPPLE REJECTION 

FREQUENCY 

N 111111111 ~II 

v-ft'loltttttt-+tttttttt-~ -55 c 

sot-tftttlttt:;:f::t±jlfl!!!"~ffltttt-f;;;t'Httllt-iitt~ ;- .)tf 

60 l-++™'!H!--~-++l+lf-+Tri'Jm=m-2....,5'nc,-ffl!lf\N.+O\.l'llttll 

Ji : 
10 =200mA 

20 r- VI = 10 V f-tiitttttt-ttttttttt--ttttttt'I 
t.V1 =3V P·P 

> 
I 

~ 
0 
> 
5 
~ 
0 
I 
0 
> 

5.4 

5.3 

5.2 

5.1 L 
5.0 
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I 
IL IT 

TJ= 125°C 1 
i n TJ=25°C 

]]_ TJ=-55°C 

1 lil 4.5 
5 

V1-lnput Voltage-V 

FIGURE 4 

OUTPUT NOISE VOLTAGE 
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10 
CL= 0 

~ 
> 
T" 
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FIGURE 6 

STANDBY OR BIAS CURRENT 
vs 

VIRTUAL JUNCTION TEMPERATURE 

6.0 .----~~-.--.,.-~---.~--, 
V1=10 V 

1 
10 Jo j 5.5 ~ J~ 

:/j IO = 200 mA ~ 

r·o 
t--~--+--t---t-+--+--+--+--1----1 

4.5 ~-+--+---+--1-~-+--+---+--I~ 

-60 -40 -20 0 20 40 60 80 100 120 140 

T J-Virtual Junction Temperature-°C 

FIGURE 9 

f-Frequency-Hz 

FIGURE 7 

10 k 

INPUT·TO·OUTPUT VOLTAGE DIFFERENTIAL 

VIRTUAL JUNCTION TEMPERATURE 
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FIGURE 5 

OUTPUT IMPEDANCE 
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FIGURE 8 

BIAS CUA RENT 

INPUT VOLTAGE 

6.0 .--------.-.----.-.---.---, 

<( 5.5 
E 

t 
u 

lo=200mA 

iii 5.0 1---4--1---+--l---+---l=..+---1 

10 15 20 25 

V1-lnput Voltage-V 

FIGURE 10 

t Data for virtual junction temperatures outside the ranges specified in the recommended operating conditions for LM209 or LM309 is not 

applicable for those types. 
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TYPES LM109, LM209, LM309 
5-VDLT REGULATORS 

TYPICAL APPLICATION DATA 

LM109/LM209/LM309 

INPUT 

C1 
0.22 µF 

See Note A 

OUTPUT 

NOTE A: C1 is required if regulator is not located in close proximity to power supply filter. 

FIGURE :11-ADJUSTABLE OUTPUT REGULATOR 

LM 109/LM209/LM309 

INPUT IN 

2.2 µF 

NOTES: A. All capacitors are solid tantalum. 

LM101A/LM201A/LM301A 

510 !1 
0.2% 
See Note B 

1N829 

10µF 

B. This resistor determines zener current. Adjust to minimize thermal drift. 

FIGURE 12-HIGH-STABILITY REGULATOR 

LM107 /LM207 /LM307 

OUT'-~~~--~--~~.a-~ouTPUT 

Vo= 7 v to 30 v.;; V1 - 2 v 

GND 

0.22 µF 1 k!1 
10 k!1 

FIGURE 13-HIGH-STABILITY REGULATOR WITH ADJUSTABLE OUTPUT 
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FUTURE PRODUCT 
TO BE ANNOUNCED 

• Output Voltage Range Adjustable 
from 1.2 V to 37 V 

• Guaranteed IQ Capability of 1.5 A 
for T0-3 and T0-220AB Packages 

• Input Regulation Typically 0.01% 
Per Input-Volt Change 

terminal assignments 

KA PACKAGE 

(TOP VIEW) 

TYPES LM117, LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 

KC PACKAGE 

(TOP VIEW) 

JUNE 1976 

• Output Regulation Typically 0.1% 

• Peak Output Current Constant Over 
Temperature Range of Regulator 

• Popular 3-Lead Packages 

• Ripple Rejection Typically 80 dB 

LA PACKAGE 

(TOP VIEW) 

OUTPU~T:• INPUT 

0 0 
c 

0 OUTPUT I I ~
INPUT 

~-~-~~==::::::==ADJUSTMENT 

ADJUSTMONT • 

'·' INPUT 

:~ :: 

ADJUSTMENT OUTPUT 

T0-3 

OA I 

description 

The LMl 17, LM217, and LM317 are adjustable 3-terminal positive voltage regulators capable of supplying in excess of 
1.5 amperes over a range of output voltage of 1.2 volts to 37 volts. They are exceptionally easy to use and require only 
two external resistors to set the output voltage. Both input and output regulation are better than standard fixed 
regulators. The devices are packaged in standard transistor packages that are easily mounted and handled. 

In addition to higher performance than fixed regulators, these regulators offer full overload protection available only in 
integrated circuits. Included on the chip are current limit, thermal overload protection, and safe-area protection. All 
overload protection circuitry remains fully functional even if the adjustment terminal is disconnected. Normally, no 
capacitors are needed unless the device is situated far from the input filter capacitors in which case an input bypass is 
needed. An optional output capacitor can be added to improve transient response. The adjustment terminal can be 
bypassed to achieve very high ripple rejection, which is difficult to achieve with standard 3-terminal regulators. 

Besides replacing fixed regulators, these regulators are useful in a wide variety of other applications. Since the regulator 
is floating and sees only the input-to-output differential voltage, supplies of several hundred volts can be regulated as 
long as the maximum input-to-output differential is not exceeded. It makes an especially simple adjustable switching 
regulator, a programmable output regulator, or, by connecting a fixed resistor between the adjustment terminal and the 
output, these devices can be used as precision current regulators. Supplies with electronic shutdown can be achieved by 
clamping the adjustment terminal to ground, which programs the output to 1.2 volts where most loads draw little 
current. 

The LMl 17 is characterized for operation over the full military temperature range of -55°C to 125°C. The LM217 and 
LM317 are characterized for operation from -25°C to 150°C and from 0°C to 125°C respectively. 

TENTATIVE DATA SHEET 

This document provides tentative Information 
on a product In the developmental stage. Texas 
I nstrurnents reserves the right to change or 
discontinue this product without notice. 
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TYPES LM117, LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 

schematic 

8.1 

.__ ..... __ ._ __ ....._---1.__...___..___._.__._.__..___--4-----<11--..... ---------4-.._--00UTPUT 

'--------------------OADJUSTMENT 

All resistors values shown are nominal and In ohms. 

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

LM117 LM217 LM317 UNIT 

Input-to-output differential voltage, V1 - Vo 40 40 40 v 
Continuous total dissipation KA (T0-3) package 3.5 3.5 3.5 

at 25"C free-air temperature KC (T0-220AB) 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 -25 to 150 0 to 150 oc 
Storage temperature range -65 to 150 -65 to 150 -65 to 150 oc 
Lead temperature 1/16 inch 

KA and LA packages 300 300 300 oc 
from case for 60 seconds 

Lead temperature 1/16 inch 
KC package 260 260 oc 

from case for 1 0 seconds 

NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Deratlng Curves, Figures 1 through 4. 

recommended operating conditions 

LM117 LM217 LM317 

MIN MAX MIN MAX MIN MAX 
UNIT 

All packages 5 5 10 

Output current, IQ 
KA package 1500 1500 1500 

mA 
KC package 1500 1500 

LA package 500 500 500 
Operating virtual junction temperature, T J -55 150 -25 150 0 125 oc 

TEXAS INSTRUMENTS 
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TYPES LM117, LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 

electrical characteristics over recommended ranges of operating virtual junction temperature 
(unless otherwise noted) 

liARAMETER TEST CONDITIONSt 
LM117, LM217 LM317 

MIN TYP MAX MIN TYP 

Input regulation+ 
TJ = 25°C 

See Note 2 
0.01 0.02 0.01 

lo = 10 mA to MAX 0.02 0.05 0.02 

Vo= 10 V, f = 120 Hz 65 65 

Ripple rejection Vo= 10 V, f = 120 Hz, 

10 -µF capacitor between ADJ and ground 
66 80 66 80 

lo = 10 mA to MAX, Vo.;; 5 V 5 15 5 

T J = 25°C, See Note 2 Vo;;;;. 5 V 0.1 0.3 0.1 
Output regulation 

lo= 10 mA to MAX, Vo <;;5V 20 50 20 

See Note 2 Vo:> 5V 0.3 1 0.3 

Output voltage change 
TJ =MIN to MAX 1 1 

with temperature 

Output voltage 
After 1000 hat T J =MAX 

long-term drift 0.3 1 0.3 

(see Note 3) 
and Vi - Vo = 40 V 

Output noise voltage f= 10 Hz to 10 kHz, TJ_ = 25°C 0.003 0.003 

Minimum output current 
V1-Vo=40 V 3.5 5 3.5 

to maintain regulation 

V1 - Vo.:;; 15 V 
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 

V1 -Vo .:;;40 V 
KA and KC packages 0.4 0.4 

LA package 0.07 0.07 

Adjustment-terminal 
50 100 50 

current 

Change in adjustment- v1 - Vo= 2.5 v to 40 v, 
0.2 5 0.2 

terminal current lo= 10 mA to MAX 

Reference voltage Vi - Vo= 3 v to 40 v, 
1.2 1.25 1.3 1.2 1.25 

(output to ADJ) lo= 10 mA to MAX, P.:;; rated dissipation 

UNIT 
MAX 

0.04 

0.07 
%/V 

dB 

25 mV 

0.5 % 

70 mV 

1.5 % 

% 

1 % 

% 

10 mA 

A 

100 µA 

5 µA 

1.3 v 

tunless otherwise noted, these specifications apply for the following test conditions: Vi - Vo= 5 V and lo= 0.5 A for the KA (T0-3) and KC 

- (T0-220AB) packages and lo= 0.1 A for the LA package. For conditions shown as MIN or MAX, use the appropriate value specified under 

recommended operating conditions. 

:j: Input 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 (tw.:;; 10 µs, 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 engin'eering estimate of the average drift to be expected from lot to lot. 

thermal characteristics 

KA KC LA 
PARAMETER UNIT 

MAX MAX MAX 

RoJC Junction-to-case thermal resistance 3 4 15 oc;w 
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TYPES LM117, LM217, LM317 
3-TERMINAL ADJUSTABLE REGULATORS 

THERMAL INFORMATION 

T0-3 AND T0-220AB FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVES 

KA (T0-3) package 
.,.__ __ ._ __ derating factor= 28 mW/°C 

ROJA:::::: 35°C/W 

KC (T0-220AB) package 
derating factor= 16 mW/°C---".......i----i 
ROJA:::::: 62.5° C/W 0 .__ __ ......__ __ .....__ __ .....__ __ _.._ __ ~ 
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FIGURE 1 
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DISSIPATION DERATING CURVE 

ts: 
h 

" ~ 
"'-~ 

b-... 

1- De rating factor= 4.8 mW!° C ~ 
ROJA :::::: 210DC/W 

0 
25 

l l l 
50 75 100 

~ 
125 150 

TA-Free-Air Temperature-DC 

FIGURE3 
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T0-3 AND T0-220AB CASE TEMPERATURE 
DISSIPATION DERATING CURVES 
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LINEAR 
INTEGRATED CIRCUITS 

TYPE TL430C 
ADJUSTABLE SHUNT REGULATOR 

BULLETIN NO. DL-S 7612414, JUNE 1976 

• Temperature Compensated 

• Programmable Output Voltage 

• Low Output Resistance 

• Low Output Noise 

• Sink Capability to 100 mA 

description 

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 3 volts and 
30 volts. The TL430 can replace zener diodes in 
many applications providing improved performance. 

The TL430 is characterized for operation from 0°C 
to 70°C. 

functional block diagram 

REF 

ANODE~~~~--~ ... l~~~~cATHODE 
(A) (K) 

JG 

DUAL-IN-LINE PACKAGE 

(TOP VIEW) 

REF NC A NC 

K NC NC NC 

NC-No internal connection 

LP 
SILECTt PACKAGE 

(TOP VIEW) 

CATHODE 

ANODE 

REF 

' RAK 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Regulator voltage (see Note 1) 
Continuous regulator current . . . . . . . . . . . . . . . . . . . . 
Continuous power dissipation at (or below) 25°C free-air temperature (see Note 2) 
Operating free-air temperature range . . . . . . . . . . . . 
Storage temperature range . . . . . . . . . . . . 
Lead temperature 1 /16 inch from case for 60 seconds: JG package 
Lead temperature 1 /16 inch from case for 10 seconds: LP package 

recommended operating conditions 

Regulator voltage, Vz 
Regulator current, lz 
Operating free-air temperature, TA 

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 
on a new product. Texas Instruments reserves 
the right to change specifications for this 
product in any manner without notice. 
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MIN 

Vref 
2 
0 

30 v 
lOOmA 
775mW 

0°C to 70°C 
-65°C to 150°C 

300°C 
.... 260°C 

MAX UNIT 
30 v 

100 mA 
70 oC 
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TYPE TL430C 
ADJUSTABLE SHUNT REGULATOR 

electrical characteristics at 25° C free-air temperature (unless otherwise noted) 

PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS MIN 

Vref Reference input voltage 1 Vz = Vref. lz=10mA 2.5 

Temperature coefficient of 
1 

Vz = Vref. lz=10mA, 
°'Vref reference input volt<Jgc TA= 0°C to 70°C 

lref Reference input current 2 
lz = 10 mA, R1 = 10 kn, 

R2 = 00 

lzK 
Regulator current near lower 

1 Vz = Vref 
knee of regulation range 

Regulator current at maximum 1 Vz = Vref 50 
lzM 

limit of regulation range 2 Vz = 5 V to 30 V, See Note 3 100 

Differential regulator resistance 
1 

Vz = Vref. 
rz 

(see Note 4) t:. lz = (52-21 mA 

Vz = 3 V 

Vnz Noise voltage 2 f=0.1Hzto10Hz Vz = 12 V 

Vz = 30 V 

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 > Vref• rz'. is given by: 

rz' = rz ( 1 + =~ ). 
PARAMETER MEASUREMENT INFORMATION 

TVP MAX 

2.75 3 

±50 

3 10 

0.6 2 

1.5 3 

50 

200 

650 

INPUT lNPUT n--..1\11./\,-----411~-----o Vz 

ilz 
R1 

TL430 

TL430 

Vref R2 Vref 

l 
R1 

Vz = Vref (1 +R2) + lref • R1 

FIGURE 1-TEST CIRCUIT FOR Vz = Vref FIGURE 2-TEST CIRCUIT FOR Vz > Vref 
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UNIT 
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ppm/°C 

µA 

mA 

mA 

n 

µV 
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TYPE TL430C 
ADJUSTABLE SHUNT REGULATOR 

TYPICAL CHARACTERISTICS 

SMALL-SIGNAL REGULATOR IMPEDANCE CURRENT 
VS 

3.0 
FREQUENCY 

c: 
I 
fl 
~ 

'O 

~ 
E 

1 

Vz = Jref 
2.8 I-TA= 25°C 

2.6 

2.4 

2.2 

2.0 

1.8 

1.6 

1.4 
10 1o4 

f-Frequency-Hz 

FIGURE 3 

V+ f"YIJV\-----------D Vout 

Al 

Yref ...---n-. 

R2 

I 
I 
I 

_J__ 

"" I 
I 
I 

FIGURE 5-SHUNT REGULATOR 

V+ 

On above 

Max Vee 

FIGURE 8-SUPPL Y MIN/MAX 
DETECTOR 
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TYPICAL APPLICATION DATA 

V+ V+ 

Yout 
R2 

FIGURE 6-SERIES REGULATOR 

uA7805 

vs 
VOLTAGE 

---+--

t--

lzM 

2 
V-Voltage-V 

FIGURE 4 

L v 

z 

lzK 

3 4 

FIGURE 7-CROW BAR 

V+ I o--------0 Vout V+ 

c 

R1 
Vout""' Yref (1+ R

2
l 

R2 

Min Yout = Vref + 5 V ._-------o 

Yout 

= = = 

FIGURE 9-CONTROLLING OUTPUT 
VOLTAGE OF FIXED-VOLTAGE 

REGULATOR 

FIGURE 10-HIGHER-CURRENT 
APPLICATIONS 

TEXAS INSTRUMENTS 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES TL497M, TL4971, TL497C 
SWITCHING VOLTAGE REGULATORS 

• All Monolithic 

• High Efficiency ... 60% or Greater 

• Output Current ... 500 mA 

• Input Current Limit Protection 

• TTL Compatible Inhibit 

• Adjustable Output Voltage 

• Input Regulation ... 0.2% Typ 

• Output Regulation ... 0.4% Typ 

• Soft Start-up Capability 
description 

The TL497 incorporates on a single monolithic chip 
all the active functions required in the construction 
of a switching voltage regulator. It can also be used as 
the control element to drive external components for 
high-power-output applications. The TL497 was 
designed for ease of use in step-up, step-down, or 
voltage inversion applications requiring high 
efficiency. 

BULLETIN NO. DL-S 7612422, JUNE 1976 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

BASE COL- EMIT-
V cc CLS DRIVE BASE LECTOR NC TER 

COM- INHIBIT FREQ SUB- GND 
PARATOR CON- STRATE 

INPUT TROL 

NC-No internal connection 

A block diagram of the TL497 is shown in the pinout. A 1.2-volt precision reference is internally connected between 
the inverting input of the high-gain comparator and the substrate. The output voltage is established using a resistive 
voltage-divider network whose node voltage is sensed by the noninverting input of the comparator. When the voltage at 
the noninverting input is more negative than the 1.2 volt reference, the oscillator is gated on. When the voltage at the 
noninverting input is more positive than the 1.2-volt reference, the oscillator is gated off. The maximum frequency of 
the oscillator is established by the external timing capacitor connected between the frequency control pin and ground . 

TIMING CAPACITOR (pF) 5 10 20 50 100 200 500 1000 
MAX FREQUENCY (kHz) 385 313 238 135 80.6 47.6 19.6 10 

The transistor switch is normally connected to external inductive components and a diode to generate the output 
voltage. The TL497 switching transistor and diode may be used directly for switching currents up to 500 milliamperes, 
or used to drive an external transistor and diode for higher output-power applications. 

The 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 VsE 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. 
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TYPES TL497M, TL4971, TL497C 
SWITCHING VOLTAGE REGULATORS 

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

Input voltage (see Note 1) 15 v 
35V 

. 5V 

. 5V 
35 v 

Output voltage 
Comparator input voltage 
Inhibit input voltage 
Diode reverse voltage 

Power switch current 
Diode continuous forward current 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
Operating free-air temperature range: TL497M 

TL4971 
TL497C 

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 

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

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

recommended operating conditions 

Input voltage, V1 . . . . . . . . . . . . . . 
Output voltage: step-up configuration (see Figure 2) 

step-down configuration (see Figure 3) 
negative regulator (see Figure 4) 

Output current 

MIN 
4.5 

V1 +2 

Vref 
-Vref 

750mA 
750mA 

1000 mW 
-55°C to 125°C 
-25°C to 85°C 

0°C to 70°C 
-65°C to 150°C 

300°C 
.... 260°C 

MAX UNIT 
12 v 
30 v 

V1 -1 v 
-25 v 
500 mA 

electrical characteristics at specified free-air temperature, Vi = 6 V (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
TL497M, TL4971 

MIN TVP:I: MAX 
High-level inhibit input voltage Full range 2 
Low-level inhibit input voltage Full range 0.6 
High-level inhibit input current vw1=5v Full range 0.8 1.5 
Low-level inhibit input current V1(1) = 0 V Full range 5 20 
Comparator reference voltage VI = 4.5 V to 6 V Full range 1.14 1.20 1.26 
Comparator input bias current V1-6V Full range 40 100 

Regulator output voltage 
See Figure 1 

25°C 14.25 15 15.75 
R1 = 11.3 kn, R2 = 1 kn 

Switch on-state voltage V1 =4.5 v 
l !_Q_ = 100 mA 25"c 0.13 0.2 
j !.o_ = 500 mA Full range 1 

Switch off-state current V1 =4.5V 
25°C 10 50 

Full range 500 
Current-limit sense voltage Vee= 6 v 25°C 0.45 1 

IQ= 10 mA Full range' 0.75 0.95 
Diode forward voltage lo=100mA Full range 0.9 1.1 

IQ= 500 mA Full range 1.33 1.7 

Diode reverse voltage 
IQ= 500µA Full range 30 
lo= 200µA Full range 

On-state supply current 
25°C 11 14 

Full ranJ!..e 16 

Off-state supply current 
25°C 6 9 

Full range 11 

t Full range for TL497M is -55° C to 125° C, for TL497 I is -25° C to 85° C, and for TL497C is 0°C to 70° C. 

:J:AJJ typical values are at TA= 25°C, 
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INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

TL497C 
UNIT 

MIN TVP+ MAX 
2 v 

0.8 v 
0.8 1.5 mA 

5 10 µA 

1.08 1.20 1.32 v 
40 100 µA 

13.5 15 16.5 v 

0.13 0.2 
v 

0.85 
10 50 

µA 
200 

0.45 1 v 
0.75 0.85 

0.9 1 v 
1.33 1.55 

30 
v 

11 14 
mA 

15 
6 9 

mA 
10 

• 

237 



II 

238 

TYPES TL497M, TL4971, TL497C 
SWITCHING VOLTAGE REGULATORS 

PARAMETER MEASUREMENT INFORMATION 

__ ,)..-_"P_o .... weRSMTCH - - - - - - - - 181 

1101 
I 
I 

(1311 
I 

: Vee INHIBIT GND SUBST I 
o------~114i ___ - 121-1151 _____ _ 

UNREGULATED 
INPUT 

Rl 
11.5 
k!1 

R2 
1 k!1 

FIGURE 1-TEST CIRCUIT 

TYPICAL APPLICATION DATA 

:--PoweR"sw1reH' - - - - -- --1181 

11011 
I 
I 

I 
im 

DIODE : 
......_ __ 1,_16_1 ___ _.., Vo= I 1 + JH I v,., 

11311 
I 

I 
I Rl 
I 
1111 

R2 

Rel I Vee INHIBIT GND sussT 
.,_ ___ -__,114i___ 121-151 _____ ..J 

UNREGULATED 
INPUT 

FIGURE 2-POSITIVE REGULATOR, 
STEP-UP CONFIGURATION 

-----------------

1'Fl~~~R 

O.OOSµF 

........,__,.>-_PO~WERSWrl~T~eH.:,_ _____ ol~8)1t-n"'tY'\ 

FIGURE 4-NEGATIVE REGULATOR 
(e.g., +5 VOL TS INPUT TO -5 VOL TS OUTPUT) 

OR 
(i.e., POSITIVE INPUT, NEGATIVE OUTPUT) 

0.005µF 

UNREGULATED 
INPUT 

UNREGULATED 
INPUT 
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FIGURE 3-POSITIVE REGULATOR, 
STEP-DOWN CONFIGURATION 

FIGURE 5-POSITIVE REGULATOR 
WITH BUFFERED OUTPUT 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES uA72JM, uA72JC 
PRECISION VOLTAGE REGULATORS 

BULLETIN NO. DL-S 7611533, AUGUST 1972-REVISED JUNE 1976 

FORMERLY SN52723, SN72723 

• 150-mA Load Current without External Power Transistor 

• Typically 0.02% Input Regulation and 0.03% Load Regulation (uA723M) 

• Adjustable Current Limiting Capability 

• Input Voltages to 40 Volts 

• Output Adjustable from 2 to 37 Volts 

• Designed to be Interchangeable with Fairchild µA723 and µA723C 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 
J OR N DUAL-IN-LINE 
PACKAGE (TOP VIEW) 

FREQ 
COMP Vee+ Ve OUTPUT Vz NC 

NC if~~\ ~~~;- l~~~T ~~~- V(ref) Vcc-
LIMIT SENSE INPUT 

NC-No internal connection 

functional block diagram 

TEMPERATURE­
COMPENSATED 
REFERENCE 
DIODE 

L PLUG-IN PACKAGE 
(TOP VIEW) 

CURRENT 
LIMIT 

Vee-

PIN 5 IS IN ELECTRICAL 

CONTACT WITH THE CASE 

Vee+ 

Vee-

INVERTING 
INPUT 

LIMIT 

U FLAT PACKAGE 
(TOP VIEW) 

CURRENT FREQ 
LIMIT COMP Vee+ Ve OUTPUT 

®®©CD© 

CD00©® 
CURRENT INV NON-INV V(refl Vcc-

SENSE INPUT INPUT 

FREQUENCY 
COMPENSATION 

CURRENT 

Ve 

SERIES PASS 
TRANSISTOR 

REGULATED 
OUTPUT 

LIMITER ,- ------- -..., 
I I 
I I 
I I 
I J and N I 

CURRENT I Vz packages I 
SENSE ~- _ -- ___ 0~1~J 
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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 Vee+ to Vee- (tw ~ 50 ms) 50V 
40V 
40 v 
±5 v 

Continuous voltage from Vee+ to Vcc-
lnput-to-output voltage differential 
Differential input voltage to error amplifier 
Voltage between noninverting input and Vcc-
Current from Vz . . . . . . . . . . . . 
Current from V (ref) . . . . . . · · · · 
Continuous total dissipation at (or below 25°C free-air temperature (see Note 1 ): 

J or N package 
L package (see Note 2) 
U package ..... 

Operating free-air temperature range: uA723M Circuits 
uA723C Circuits 

Storage temperature range . . . . . . . . 
Lead temperature 1 /16 inch from case for 60 seconds, J, L, or U package 
Lead temperature 1 /16 inch from case for 10 seconds, N package 

. 8V 
25mA 
15mA 

1000 mW 
. 800 mW 
. 675 mW 

-55°C to 125°C 
. 0°C to 150°C 
-65°C to 150°C 

300°C 
.... 260°C 

NOTES: 1. Power dissipation = [!(standby)+ l(ref)l Vee+ !Ve - Vol lo. For operation at elevated temperature, refer to Dissipation 
Derating Curves, Section 2. 

2. This rati~g for the L package requires a heat sink that provides a thermal resistance from case to free-air, Re CA• of not more 
than 105 C/W. 

recommended operating conditions 

Input voltage, V1 . . . . . . . . . . . 
Output voltage, Vo . . . . . . . . . . 
Input-to-output voltage differential, Ve - Vo 
Output current, IQ . . . . . . . . . . 

electrical characteristics at specified free-air temperature (see note 3) 

PARAMETER TEST CONDITIONSt 
MIN 

V1=12 V to V1=15 V 25°C 

Input regulation V1 = 12 V to V1 = 40 V 25°C 

V1=12 V to Vi= 15 V Full range 

f = 50 Hz to 10 kHz, C(ref) = 0 25°C 
Ripple rejection 

f = 50 Hz to 10 kHz, C(ref) = 5 µF 25°C 

25°C 
Output regulation Io = 1 mA to IO = 50 mA 

Full range 

Reference voltage, V(ref) 25°C 6.95 

Standby current V1=30 V, 10 = o 25°C 

Temperature coefficient of 
Full range 

output voltage 

Short-circuit 
Vo =O 25°C 

output current 
Rsc = 10 n, 

BW = 100 Hz to 10 kHz, C(ref) = 0 25°C 
Output noise voltage 

BW = 100 Hz to 10 kHz, C(ref) = 5 µF 25°C 

tFull range for uA723M is -55°C to 125°C and for uA723C is 0°C to 70°C. 

uA723M 

TYP MAX MIN 

0.01% 0.1% 

0.02% 0.2% 

0.3% 

74 

86 

-0.03% -0. 15% 

-0.6% 

7.15 7.35 6.8 

2.3 3.5 

0.002 0.015 

65 

20 

2.5 

MIN MAX UNIT 
9.5 40 v 

2 
3 

uA723C 

TYP 

0.01% 

0.1% 

74 

86 

-0.03% 

7.15 

2.3 

0.003 

65 

20 

2.5 

37 
38 

v 
v 

150 mA 

UNIT 
MAX 

0.1% 

0.5% 

0.3% 

dB 

-0.2% 

-0.6% 

7.5 v 
4 mA 

0.015 %/°C 

mA 

µV 

NOTE 3: For all values in thL; table the device is connected as shown in Figure 1 with the divider resistance as seen by the error amplifier 
<;;; 10 kn. Unless otherwise specified, V1 =Vee+= Ve= 12 V, Vee-= o, Vo= 5 V, lo= 1 mA, Rsc = 0, and C(ref) = O. 
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schematic 

676 

V(ref) 

20kn 

TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 

1 kn 

150 n 

Vee+ vc 

OUTPUT 

;- -------------, 
I 6.2 v ~:~~;;,ES : 

• Vz ONLY I l _______________ _, 

FREQUENCY 
-------<•COMPENSATION 

CURRENT 
o-------u LIMIT 

CURRENT 
'-------<l SENSE 

NON- Vee- INVERTING 
INVERTING INPUT 

INPUT 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 

TABLE I 

RESISTOR VALUES (k.!1) FOR STANDARD OUTPUT VOL TAG ES 

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)
1 

R1 R2 R1 P1 R2 (VI (SEE NOTE 4) R1 R2 R1 P1 R2 

(k.!1) (k.!1) (k.!1) (k.!1) (k.!1) (k.!1) (k.!1) (k.!1) (k.!1) (k.!1) 

+3.0 1, 5, 6, 9, 11, 4.12 3.01 1.8 0.5 1.2 +100 7 3.57 105 2.2 10 91 

12 (4) 

+3.6 1, 5, 6, 9, 11, 3.57 3.65 1.5 0.5 1.5 +250 7 3.57 255 2.2 10 240 

12 (4) 

+5.0 1, 5, 6, 9, 11, 2.15 4.99 0.75 0.5 2.2 -6 (Note 6) 3, (10) 3.57 2.43 1.2 0.5 0.75 

12 (4) 

+6.0 1, 5, 6,9, 11, 1.15 6.04 0.5 0.5 2.7 -9 3, 10 3.48 5.36 1.2 0.5 2.0 

12 (4) 

+9.0 2,4, (5, 6, 1.87 7.15 0.75 1.0 2.7 -12 3, 10 3.57 8.45 1.2 0.5 3.3 

9, 12) 

+12 2, 4, (5, 6, 4.87 7.15 2.0 1.0 3_.0 -15 3, 10 3.57 11.5 1.2 0.5 4.3 

9, 12) 

+15 2, 4, (5, 6, 7.87 7.15 3.3 1.0 3.0 -28 3, 10 3.57 24.3 1.2 0.5 10 

9, 12) 

+28 2, 4, (5, 6, 21.0 7.15 5.6 1.0 2.0 -45 8 3.57 41.2 2.2 10 33 

9, 12) 

+45 7 3.57 48.7 2.2 10 39 -100 8 3.57 95.3 2.2 10 91 

+75 7 3.57 78.7 2.2 10 68 -250 8 3.57 249 2.2 10 240 

TABLE II 
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 V(ref) R2 - R1 0.65 v 
Vo= V(ref) x--- Vo= -2-X--R-1-; l(limit)""~ R1 + R2 

R3= R4 

Foldback Current Limiting 
Outputs from + 7 to +37 volts Outputs from -6 to -250 volts [Figure 6] 
[Figures 2, 4, (5, 6, 9, 11, 12)) [Figures 3, 8, 10) 

VoR3 + (R3 + R4) 0.65 V 
I (knee) "" RscR4 ; 

Vo= V(ref) 
R1 + R2 V(ref) R1 + R2 x--- Vo = - -2-X -R-1-; 

R2 
0.65 v R3+ R4 

R3= R4 
las ""---x 

Rsc R4 

NOTES: 4. Figures 1 through 12 show the R1/R2 divider across either v 0 or V(ref)· Figure 

numbers in parentheses may be used if the R1/R2 divider is placed across the other 

voltage (V (ref) or Vol 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. 

6. For negative output voltages less than 9 V, V CC+ and V c must trn connectea to a 

positive supply such that the voltage between V cc+ and V CC- is greater than 9 V. 

7. When 10-lead uA 723 devices are used in applications requiring Vz, an external 6.2-V 

regulator diode must be connected in series with the Vo terminal. 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 

TYPICAL APPLICATION DATA 

V1 

Vee+ 

V(ref) 

CL 

cs 
NON· 
INV 
vcc-

R1 • R2 
NOTES; A. R3 = R'i'+R2 for minimum Ci.VO· 

B. R3 may be eliminated for minimum 

component count. Use direct con­

nection (i.e., R3 = O). 

FIGURE 1-BASIC LOW-VOLTAGE REGULATOR 
(Vo= 2 TO 7 VOLTS) 

V1 

(See Note 6) 

R2 Vee+ Ve 2N5001 
OUT 

V(ref) Vz 

CL 
R4 = 
3k!1 cs REGULATED 

NON· (See Note 7) OUTPUT, Vo 
INV 
Vee-

RJ = R1 Jkn 

FIGURE 3-NEGATIVE VOLTAGE REGULATOR 

2N5001 

Vz 

R1 CL 

cs Rsc 
NON-

INV 
REGULATED 

INV OUTPUT, Vo 
Vee- COMP 

R2 
~1000pF 

FIGURE 5-POSITIVE VOLTAGE REGULATOR 
(EXTERNAL P-N-P PASS TRANSISTOR) 

RJ 

Vee+ 

V(ref) 

NON· 
INV 
Vee-

R1 • R2 
NOTES: A. R3 = fi1'""'+R2 for minimum avo-

B. R3 may be eliminated for minimum 

component count. Use direct con­

nection (I.e., R3 = 0). 

FIGURE 2-BASIC HIGH-VOLTAGE REGULATOR 
!Vo= 7 TO 37 VOLTS) 

vcc+ vc 
V(ref) OUT i----~...i 

Vz 

CLi------41 

cs .._ __ Rs_c<l REGULATED 

OUTPUT, Vo 
R1 

R2 

FIGURE 4-POSITIVE VOLTAGE REGULATOR 
(EXTERNAL N-P-N PASS TRANSISTOR) 

V1 

Vee+ Ve Rsc REGULATED 
V(ref) OUT OUTPUT, Vo 

Vz RJ 

CL 

cs R4 
Vo NON· 

INV INV 
Vee-

10 

FIGURE 6-FOLDBACK CURRENT LIMITING 
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TYPES uA723M, uA723C 
PRECISION VOLTAGE REGULATORS 

TYPICAL APPLICATION DATA 
V1 

2 kn 

lN1826 Vee+ Ve 
OUT 2N5241 

V(ref) Vz (See Note 7) 

R4 = CL 
R1 

3kn cs 
NON-
~V INV 

RJ = cc-COMP 
R2 

3kn 500 pF 
REGULATED 
OUTPUT, Vo 

FIGURE 7-POSITIVE FLOATING REGULATOR 

Rl 

1 kn 

R2 1 Mn 

O.lµF * 

Vee+ 
V(ref) 

3 kl! 

L=1.2mH 
(See Note 8) 

1--_...w..J---I-+-._-<> ~~~~~~ Tj~ 

1N4005 

FIGURE 9-POSITIVE SWITCHING REGULATOR 

Rl 

R2 

NON­ cs!------<-~ 

I NV INV 
Vee- COMP 

2kn 

INPUT FROM 
SERIES 54n4 LOGIC 

NOTE A: Current limit transistor may be used for shutdown 
if current limiting Is not required. 

FIGURE 11-REMOTE SHUTDOWN REGULATOR WITH 
CURRENT LIMITING 

R2 

Rl 

10 kn 

Vee+ Ve 
1N759 OUT 2N5241 

V(ref) Vz 
(See Note 7) 

CL 

cs 

R4 = 
Jkn REGULATED 

.__~--~4'---~~._~~-+-~~-+-~~--41.-oouTPU~ Vo 

FIGURE 8-NEGATIVE FLOATING REGULATOR 

(See Note 7) 

2N3997 

0.1 µF 

R1 

lOOµF 1 
(See Note 8) 

REGULATED 
OUTPUT, Vo 

FIGURE 10-NEGATIVE SWITCHING REGULATOR 

V1 

1oon 

Vee+ Ve 
V(ref) OUT 

Vz 
REGULATED 

CL OUTPUT, Vo 
NON- cs 

INV INV 
(See Note 7) 

Vee- COMP 

".1:'5000 
R2 

-= pF 

FIGURE 12-SHUNT REGULATOR 

NOTES: 6. For negative output voltages less than 9 V, Vee+ and Ve must be connected to a positive supply such that the voltage between 
Vee+ and Vee- 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 Vo terminal. 

8. L is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-387 potted core, or equivalent, with 0.009-inch air 
gap. 
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LINEAR 
INTEGRATED CIRCUITS 

• 3-Terminal Regulators 

• Output Current up to 1.5 A 

• No External Components 

• Internal Thermal Overload Protection 

• Direct Replacements for Fairchild µA7800 
Series and National LM340 Series 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

description 

This series of fixed-voltage monolithic integrated­
circuit voltage regulators is designed for a wide range 
of applications. These applications include on-card 
regulation for elimination of noise and distribution 
problems associated with single-point regulation. One 
of these regulators can deliver up to 1.5 amperes of 
output current. The internal current limiting and 
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 

112k 

Resistor values shown are nominal and in ohms. 

SERIES uA7800 
POSITIVE-VOLTAGE REGULATORS 

BULLETIN NO. DL·S 7612386, MAY 1976 

-55°C TO 150°C 0°C TO 125°C 
NOMINAL 

OPERATING OPERATING 
OUTPUT 

TEMPERATURE TEMPERATURE 
VOLTAGE 

RANGE RANGE 

5V uA7805M uA7805C 

6V uA7806M uA7806C 

av uA7808M uA7808C 

8.5V uA7885M uA7885C 

12 v uA7812M uA7812C 

15 v uA7815M uA7815C 

18V uA7818M uA7818C 

24 v uA7824M uA7824C 

packages KA KA and KC 

KA PACKAGE KC PACKAGE 

(TOPVEIW (TOP VIEW) 

CQMMQ~OUTPUT 
t.• 

0 (• 0 

INPUT 

T0-3 T0-220AB 

' ,co 

TEXAS INSTRUMENTS 
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SERIES uA7800 
POSITIVE-VOLTAGE REGULATORS 

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

uA78 __ M 

Input voltage 
uA7824M, uA7824C 40 

All others 35 

Continuous total dissipation at 25°C free-air temperature (see Note 1) 
KA (T0-3) package 3.5 

KC {T0-220AB) package 

Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 15 

Operating free-air, case, or virtual junction temperature range -55 to 150 

Storage temperature range -65 to 150 

Lead temperature 1/16 inch from case for 60 seconds KA (T0-3) package 300 

Lead temperature 1/16 inch from case for 10 seconds KC (T0-220AB) package 

uA78 __ c 
40 

35 

3.5 

2 

15 

0 to 150 

-65to150 

300 

260 

NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figure 1 and Figure 2. 

UNIT 

v 

w 

w 
oc 
oc 
oc 
oc 

T0-3 AND T0-220AB FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVES 

T0-3 AND T0-220AB CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

~ 
c: 

KA (T0-3) package 
Derating factor= 28 mWfC __ ___, 
ReJA ~ 35°C/W 

.g 3 1-------+------+----1-----+------t 

"' ·~ 
i:5 
v> 
::i g 2 ------+-----+-"o-

. g 

s: 
I 
c: 
0 

·.::; 

"' ·~ 
i:5 

v> 
::i 
0 
::i 
c: 

·.::; 
c: 

16 

14 

12 

10 

8 

~ 

\ 
~ 
~ 

\ c: 
0 
u 
E 
::i 
E 
·~ KC (T0-220AB) package 
2 Derating factor= 16 mWfC -~...,-l___,,,.,.-----1 

0 
u 
E 
::i 
E ·x 
"' 2 

6 

4 

2 ~ Derating factor= 0.25 Wf C 
above 90°C ] ReJA-;::;;: 62.5°C/W 0 .__ __ _._ ___ ....._ ___ .__ __ ___.._ __ ~ 

25 50 75 100 125 150 
0 
25 

ReJc ~4°C/W 

50 75 100 125 

TA-Free-Air Temperature-°C Tc-Case Temperature-°C 

FIGURE 1 FIGURE 2 

recommended operating conditions 

MIN MAX 

uA7805M, uA780GC 7 25 

uA7806M, uA7806C· 8 25 

uA7808M, uA7808C 10.5 25 

lnputvoltage, Vi 
uA 7885M, uA 7885C 10.5 25 

uA7812M, uA7812C 14.5 30 

uA7815M, uA7815C 17.5 30 

uA7818M, uA7818C 21 33 

uA 7824M, uA 7824C 27 38 

Output current, lo 1.5 

Operating virtual junction temperature, T J 
uA7805M thru uA7824M -55 150 

uA7805C thru uA7824C 0 125 
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TYPES uA7805M, uA7805C 
POSITIVE-VOLTAGE REGULATORS 

uA7805M, uA7805C electrical characteristics at specified virtual junction temperature, 
Vt = 10 V, IQ= 500 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA7805M 

MIN TYP MAX MIN 

25°C 4.8 5 5.2 4.8 

Output voltage lo= 5 mA to 1 A, 1 VI = 8 V to 20 V -55°C to 150°C 4.65 5.35 

P.;; 15W jv1=7 v to 20 v 0°C to 125°C 4.75 

V1=7 V to 25 V 
25°C 

3 50 
Input regulation 

V1=8 V to 12 V 1 25 

-55°C to 150°C 68 78 
Ripple rejection VI = 8 V to 18 V, f = 120 Hz 

0°C to 125°C 62 

IO = 5 mA to 1 .5 A 
25°C 

15 50 
Output regulation 

lo= 250 mA to 750 mA 5 25 

-55°C to 150°C 0.017 
Output resistance f = 1 kHz 

0°C to 125°C 

Temperature coefficient 0°C to 150°C -1.1 

of output voltage 
lo= 5mA 

0°C to 125°C 

Output noise voltage f=10Hzto100kHz 25°C 40 

Dropout voltage lo= 1 A 25°C 2.0 

Bias current 25°C 4.2 6 

Vi= 8 V to 25 V -55°C to 150°C 0.8 

Vi= 7 V to 25 V 0°C to 125°C 
Bias current change 

-55°C to 150°C 0.5 
lo= 5 mA to 1 A 

0°C to 125°C 

Short-circuit 
25°C 750 

output current 

Peak output current 25°C 2.2 

uA7805C 
UNIT 

TYP MAX 

5 5.2 

v 

5.25 

3 100 
mV 

1 50 

78 
dB 

15 100 
mV 

5 50 

n 
0.017 

mV/°C 
-1.1 

40 µV 

2.0 v 

4.2 8 mA 

1.3 
mA 

0.5 

750 mA 

2.2 A 

t All characteristics are measured withe capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (tw .;;; 10 ms, duty cycles.;;; 5%). Output voltage changes 
due to changes in Internal temperature must be taken into account separately. 
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TYPES uA7806M, uA7806C 
POSITIVE-VOLTAGE REGULATORS 

uA7806M, uA7806C electrical characteristics at specified virtual junction temperature, 
V1:;::; 11 V, lo:;::; 500 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA7806M 

MIN TYP MAX MIN 

25°C 5.75 6 6.25 5.75 

Output voltage lo= 5 mA to 1 A, l V1=9 V to 21 V -55° C to 1 50° C 5.65 6.35 

P ~ 15 W l V1=8 V to 21 V 0°C to 125°C 5.7 

Input regulation 
V1=8 V to 25 V 

25°C 
5 60 

Vi= 9 V to 13 V 1.5 30 

Ripple rejection VI = 9 V to 19 V, 
-55°C to 150°C 65 75 

f = 120 Hz 
0°C to 125°C 59 

Output regulation 
lo= 5 mA to 1.5 A 

25°C 
14 60 

lo= 250 mA to 750 mA 4 30 

Output resistance f = 1 kHz 
-55°C to 150°C 0.019 

0°C to 125°C 

Temperature coefficient 0°C to 150°C -0.8 

of output voltage 
lo= 5 mA 

0°C to 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 45 

Dropout voltage lo= 1 A 25°C 2.0 

Bias current 25°C 4.3 6 

Vi= 9 V to 25 V -55°C to 150°C 0.8 

V1=8 V to 25 V 0°C to 125°C 
Bias current change 

-55°C to 150°C 0.5 
lo= 5 mA to 1 A 

0°C to 125°C 

Short-circuit 
25°C 550 

output current 

Peak output current 25°C 2.2 
'--· 

uA7806C 
UNIT 

TYP MAX 

6 6.25 

v 
6.3 

5 120 
mV 

1.5 60 

dB 
75 

14 120 
mV 

4 60 

n 
O.Q19 

-0.8 
mVfC 

45 µV 

2.0 v 
4.3 8 mA 

1.3 
mA 

0.5 

550 mA 

2.2 A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse te.chniques (tw <::;; 10 ms, duty cycles< 5%). Output voltage changes 
due to changes in Internal temperature must be taken into account separat~l,Y. 
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TYPES uA7808M, uA7808C 
POSITIVE-VOLTAGE REGULATORS 

uA7808M, uA7808C electrical characteristics at specified virtual junction temperature, 
V1 = 14 V, IQ= 500 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA7808M 

PARAMETER 
MIN TYP MAX MIN 

25°C 7.7 8 8.3 7.7 

Output voltage lo= 5 mA to 1 A.1 V1 = 11.5 V to 23 V -55°C to 150°C 7.6 8.4 

P<:;15W l VI = 10.5 V to 23 V 0°C to 125°C 7.6 

Vi= 10.5 V to 25 V 
25°C 

6 80 
Input regulation 

VI = 11 V to 17 V 2 40 

-55°C to 150°C 62 72 
Ripple rejection VI = 11.5 V to 21 .5 V, f = 120 Hz 

0°C to 125°C 56 

IO = 5 mA to 1 .5 A 
25°C 

12 80 
Output regulation 

lo= 250 mA to 750 mA 4 40 

Output resistance f = 1 kHz 
-55°C to 150°C 0.016 

0°C to 125°C 

Temperature coefficient 0°C to 150°C -0.8 

of output voltage 
lo= 5mA 

0°C to 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 52 

Dropout voltage lo= 1 A 25°C 2.0 

Bias current 25°C 4.3 6 

VI = 11 .5 V to 25 V -55° C to 150°C 0.8 

V1=10.5to25V 0°C to 125°C 
Bias current change 

-55°C to 150°C 0.5 
lo= 5 mA to 1 A 

0°C to 125°C 

Short-circuit output 
25°C 450 

current 

Peak output current 25°C 2.2 

uA7808C 

TYP MAX 
UNIT 

8 8.3 

v 
8.4 

6 160 
mV 

2 80 

dB 
72 

12 160 
mV 

4 80 

n. 
0.016 

mV/°C 
-0.8 

52 µV 

2.0 v 
4.3 8 mA 

1 
mA 

0.5 

450 mA 

2.2 A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (tw <:; 10 ms, duty cycles.;;; 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 
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TYPES uA7885M, uA7885C 
P 0 SIT IV E-V 0 LT AGE REG U LAT 0 RS 

uA7885M, uA7885C electrical characteristics at specified virtual junction temperature, 
v1 = 15 V, IQ= 500 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA7885M 

PARAMETER 
MIN TYP MAX MIN 

uA7885C 

TYP 

25°C 8.15 as 8.85 8.15 8.5 

Output voltage lo=5mAto1 A, l V1= 12Vto23.5V -55°C to 150°C 8.1 8.9 

P ~ 15 W J Vi= 11 V to 23.5 V 0°C to 125°C 8.1 

V1=10.5 V to 25 V 
25°C 

6 85 6 
Input regulation 

V1=11Vto17 V 2 40 2 

-55°C to 150°C 60 70 
Ripple rejection V1=11.5 V to 21.5 V, f=120Hz 

0°C to 125°C 54 70 

IO = 5 mA to 1 .5 A 
25°C 

12 85 12 
Output regulation 

lo= 250 mA to 750 mA 4 40 4 

-55°C to 150°C 0.016 
Output resistance f = 1 kHz 

0°C to 125°C 0.016 

Temperature coefficient 0°C to 150°C -0.8 

of output voltage 
lo= 5 mA 

0°C to 125°C -0.8 

Output noise voltage f = 10 Hz to 100 kHz 25°C 55 55 

Dropout voltage lo= 1 A 25°C 2.0 2.0 

Bias current 25°C 4.3 6 4.3 

VI = 11 .5 V to 25 V -55°C to 150°C 0.8 

V1 = 10.5 to 25 V 0°C to 125°C 
Bias current change 

-55°C to 150°C 0.5 
lo= 5 mA to 1 A 

0°C to 125°C 

Short-circuit output 
25°C 450 450 

current 

Peak output current 25°C 2.2 2.2 

UNIT 
MAX 

8.85 

v 
8.9 

170 
mV 

85 

dB 

170 
mV 

85 

H 

mV/"C 

µV 

v 
B mA 

1 
mA 

0.5 

mA 

A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (tw .;;; 10 ms, duty cycles< 5%). Output voltage changes 
due to changes In internal temperature must be taken into account separately. 
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TYPES uA7812M, uA7812C 
POSITIVE-VOLTAGE REGULATORS 

uA7812M, uA7812C electrical characteristics at specified virtual junction temperature, 
V1 = 19 V, lo= 500 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA7812M 

PARAMETER 
MIN TYP MAX MIN 

25°C 11.5 12 12.5 11.5 

Output voltage lo= 5 mA to 1 A, 1 V1 = 15.5 V to 27 V -55°Cto 150°C 11.4 12.6 

P.;;;; 15W . f VI = 14.5 V to 27 V 0°C to 125°C 11.4 

VI = 14 .5 V to 30 V 
25°C 

10 120 
Input regulation 

V1=16 V to 22 V 3 60 

-55°C to 150°C 61 71 
Ripple rejection V1 = 15 V to 25 V, f=120Hz 

0°C to 125°C 55 

IO = 5 mA to 1 .5 A 
25°C 

12 120 
Output regulation 

lo= 250 mA to 750 mA 4 60 

Output resistance f = 1 kHz 
-55°C to 150°C 0,018 

0°C to 125°C 

Temperature coefficient 0°C to 150°C -1.0 

of output voltage 
lo= 5 mA 

0°C to 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 75 

Dropout voltage lo= 1 A 25°C 2.0 

Bias current 25°C 4.3 6 

VI = 15 V to 30 V -55°C to 150°C 0.8 

V1=14.5Vto30V 0°C to 125°C 
Bias current change 

-55°C to 150°C 0.5 
lo= 5 mA to 1 A 

0°C to 125°C 

Short-circuit 
25°C 350 

output current 

Peak output current 25°C 2.2 

uA7812C 
UNIT 

TYP MAX 

12 12.5 

v 
12.6 

10 240 
mV 

3 120 

dB 
71 

12 240 
mV 

4 120 

n 
0.018 

-1.0 
mVfC 

75 µV 

2.0 v 
4.3 8 mA 

1 
mA 

0.5 

350 mA 

2.2 A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (tw.;;; 10 ms, duty cycles.;;; 5%). Output voltage changes 
due to changes in internal temperature must be taken Into account separately. 
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TYPES uA7815M, uA7815C 
POSITIVE-VOLTAGE REGULATORS 

uA7815M, uA7815C electrical characteristics at specified virtual junction temperature, 
V1 = 23 V, IQ= 500 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA7815M 

MIN TYP MAX MIN 

25°C 14.4 15 15.6 14.4 

Output voltage lo= 5 mA to 1 A, lv1=18.5Vto30V -55°C to 150°C 14.25 15.75 

P.;;; 15W 1 VI = 17 .5 V to 30 V 0°C to 125°C 14.25 

VI = 1 7 .5 V to 30 V 
25°C 

11 150 
Input regulation 

VI = 20 V to 26 V 3 75 

-55°C to 150°C 60 70 
Ripple rejection Vi= 18.5 V to 28.5 V,f = 120 Hz 

0°C to 125°C 54 

IO = 5 mA to 1.5 A 
25°C 

12 150 
Output regulation 

lo= 250 mA to 750 mA 4 75 

f = 1 kHz 
-55°C to 150°C O.Q19 

Output resistance 
0°C to 125°C 

Temperature coefficient 0°C to 150°C -1.0 

of output voltage 
lo= 5mA 

0°C to 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 90 

Dropout voltage lo= 1 A 25°C 2.0 

Bias current 25°C 4.4 6 

V1=18.5 V to 30 V -55°C to 150°C 0.8 

Vi= 17.5 V to 30 V 0°C to 125°C 
Bias current change 

-55°C to 150°C 0.5 
lo=5mAto1A 

0°C to 125°C 

Short~ircuit 
25°C 230 

output current 

Peak output current 25°C 2.1 

uA7815C 

TYP 
UNIT 

MAX 

15 15.6 

v 

15.75 

11 300 

3 150 
mV 

dB 
70 

12 300 
mV 

4 150 

n 
0.019 

-1.0 
mVfC 

90 µV 

2.0 v 

4.4 8 mA 

1 
mA 

0.5 

230 mA 

2.1 A 

t All characteristics are measured with a capacitor across the Input of 0.33 µF and a capacitor across the output of 0.1 µF and all characteristics 

except noise voltage and ripple rejection ratio are measured using pulse techniques (tw <: 10 ms, duty cycles.;;; 5%). Output voltage changes 
due to changes In Internal temperature must be taken Into account separately. 
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TYPES uA7818M, uA7818C 
POSITIVE-VOLTAGE REGULATORS 

uA7818M, uA7818C electrical characteristics at specified virtual junction temperature, 
Vt = 27 V, IQ= 500 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA7818M 

PARAMETER 
MIN TYP MAX MIN 

25°C 17.3 18 18.7 17.3 

Output voltage lo= 5 mA to 1 A, l V1 = 22 V to 33 V -55° C to 150°C 17.1 18.9 

P < 15 W J VI = 21 V to 33 V 0°C to 125°C 17.1 

VI = 21 V to 33 V 
25°C 

15 180 
Input regulation 

Vi = 24 V to 30 V 5 90 

-55°C to 150°C 59 69 
Ripple rejection V1 = 22 V to 32 V, f = 120 Hz 

0°C to 125°C 53 

IO = 5 mA to 1 .5 A 
25°C 

12 180 
Output regulation 

lo= 250 mA to 750 mA 4 90 

-55°C to 150°C 0.022 
Output resistance f = 1 kHz 

0°C to 125°C 

Temperature coefficient 0°C to 150°C -1.0 

of output voltage 
lo= 5mA 

0°C to 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 110 

Dropout voltage lo= 1 A 25°C 2.0 

Bias current 25°C 4.5 6 

VI = 22 V to 33 V -55° C to 150°C 0.8 

V1 = 21 V to 33 V 0°C to 125°C 
Bias current change 

-55°C to 150°C 0.5 
lo=5mAto1A 

0°C to 125°C 

Short-circuit 
25°C 200 

output current 

Peak output current 25°C 2.1 

uA7818C 
UNIT 

TYP MAX 

18 18.7 

v 
18.9 

15 360 
mV 

5 180 

69 
dB 

12 360 
mV 

4 180 

n 
0.022 

-1.0 
mVfC 

110 µV 

2.0 v 
4.5 8 mA 

1 
mA 

0.5 

200 mA 

2.1 A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF and all characteristics 

except noise voltage and ripple rejection ratio are measured using pulse techniques (tw.;; 10 ms, duty cycles.;; 5%). Output voltage changes 

due to changes in internal temperature must be taken into account separately. 
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TYPES uA7824M, uA7824C1 
P 0 SIT IV E-V 0 LT AGE REG U LAT 0 RS 

uA7824M, uA7824C electrical characteristics at specified virtual junction temperature, 
V1 = 33 V, IQ= 500 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA7824M uA7824C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 23 24 25 23 24 25 

Output voltage IO = 5 mA to 1 A, 1 V1 = 28 V to 38 V -55°C to 150°C 22.8 25.2 v 
p.;;; 15W l V1 = 27 V to 38 V 0°C to 125°C 22.8 25.2 

VI = 27 V to 38 V 
25°C 

18 240 18 480 
Input regulation mV 

VI = 30 V to 36 V 6 120 6 240 

Ripple rejection V1=28Vto38V, f = 120 Hz 
-55°C to 150°C 56 66 

0°C to 125°C 
dB 

50 66 

lo=5mAto 1.5A 
25°C 

12 240 12 480 
Output regulation mV 

lo= 250 mA to 750 mA 4 120 4 240 

-55°C to 150°C 0.028 
Output resistance f = 1 kHz 

0°C to 125°C 
n 

0.028 

Temperature coefficient 0°C to 150°C -1.5 
mVf'C 

of output voltage 
lo=5mA 

0°C to 125°C -1.5 

Output noise voltage f = 10 Hz to 100 kHz 25°C 170 170 µV 

Dropout voltage lo= 1 A 25°C 2.0 2.0 v 
Bias current 25°C 4.6 6 4.6 8 mA 

V1 =28Vto38V -55°C to 150°C 0.8 

Vi = 27 V to 38 V 0°C to 125°C 1 
Bias current change 

-55°C to 150°C 
mA 

0.5 
lo=5mAto1A 

0°C to 125°C 0.5 

Short-eircuit 
25°C 150 150 mA 

output current 

Peak output current 25°C 2.1 2.1 A 

t All characteristics are measured with a capacitor across the Input of 0.33 µF and a capacitor across the output of 0.1 µF and all characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (tw.;;;; 10 ms, duty cycles.;;;; 5%). Output voltage changes 
due to changes In Internal temperature must be taken Into account separately. 
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LINEAR 
INTEGRATED CIRCUITS 

SERIES uA78LOO 
POSITIVE-VOLTAGE REGULATORS 

BULLETIN NO. DL-S 7612353, JANUARY 1976 - REVISED MAY 1976 

• 3-Terminal Regulators 
NOMINAL 5% 10% 

• Output Current up to 100 mA 
OUTPUT OUTPUT VOLTAGE OUTPUT VOLTAGE 

• No External Components VOLTAGE TOLERANCE 

• Internal Thermal Overload Protection 
2.6V uA78L02AC 

5V uA78L05AC 

• Unusually High Power Dissipation Capability 5_2v uA78L06AC 

• Direct Replacement for Fairchild µA78LOO Series 
av uA78L08AC 

12V uA78L 12AC 

• Internal Short-Circuit Current Limiting 15V uA78L15AC 

JG 
DUAL-IN-LINE PACKAGE 

description 

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. In 
addition, they can be used with power-pass elements 
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 
shutdown features of these regulators make them 
essentially immune to overload. When used as a 
replacement for a Zener-diode-resistor combination, 
an effective improvement in output impedance of 
typically two orders of magnitude can be obtained 
together with lower bias current. 

schematic 

Resistor values shown are nominal and in ohms. 

tTrademark of Texas Instruments 

(TOP VIEW) 

• 
NC - No internal connection 

TEXAS INSTRUMENTS 
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TOLERANCE 

uA78L02C 

uA78L05C 

uA78L06C 

uA78L08C 

uA78L12C 

uA78L 15C 

LP 
SI LECTt PACKAGE 

(TOP VIEW) 

INPUT 

COMMON 

OUTPUT 

' OCI II 
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SERIES uA78LOO 
POSITIVE-VOLTAGE REGULATORS 

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

uA78L02AC,uA78L02C 

uA7BL05AC,uA78L05C uA78L12AC,uA78L12C 
UNIT 

uA7BL06AC,uA78L06C uA78L15AC,uA7BL15C 

uA78LOBAC,uA78LOBC 

Input voltage 30 35 v 
Q lJG package 1125 1125 

Continuous total dissipation at 25 C free-air temperature (see Note 1) J mW 
LP package 775 775 

Continuous total dissipation at (or below) 25QC case temperature (see Note 1) 1600 1600 mW 
Operating free-air, case, or virtual junction temperature range Oto 150 Oto 150 QC 

Storage temperature range -65 to 150 -65 to 150 QC 

Lead temperature 1 /16 inch from case for 10 seconds 260 260 QC 

NOTE 1 :For operation above 25QC free-air or case temperature, refer to Dissipation Deratlng Curves, Figure 1 and Figure 2. 

THERMAL INFORMATION 
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FREE-Al R TEMPERATURE 
DISSIPATION DERATING CURVE 

LP package 
Derating factor= 6.2 mWfC --'---f"lr.----1 

ReJA ~ 160°C/W 
See Note 2 0 ..._ __ _._ ___ _._ ___ .____ __ __._ ___ ~ 

25 50 75 100 125 150 

TA-Free-Air Temperature-QC 
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CASE TEMPERATURE 

DISSIPATION DERATING CURVE 

2000~--~--~--~---...-----, 

18001-----l----4----+----+-----I 

16001--~--1----~1--~~t-~~+------i 

14001----+----+-------Tt-----1 

1200 

1000 

JG package 
Derating factor= 50 mWfC_~-+-~---i 

above 118°C 

ReJc ~ 20QC/W 800 

6001----4----+----+---1-+--+----I 
LP package 

400 Derating factor= 28.6 mWf c--+-'\--'l..........i 

200 
above 94QC 

Ro Jc~ 35°C/W 
0~--~---~---~--~----
25 50 75 100 125 150 

Tc-Case Temperature-QC 

FIGURE 2 

NOTE 2: This curve for the LP package is based on thermal resistance, R(IJA• measured in still air with the device mounted in an Augat socket. 
The bottom of the package was 3/S inch above the ~ocket. 

recommended operating conditions 

uA78L02AC uA78L05AC uA78L06AC uA78LOBAC uA78L12AC uA78L15AC 

uA78L02C uA78L05C uA78L06C uA78LOBC uA78L12C uA78L15C UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

Input voltage, V1 4.75 20 7 20 8.5 20 10.5 23 14.5 27 17.5 30 v 
Output current, lo 100 100 100 100 100 100 mA 

Operating virtual junction 
0 125 0 125 0 125 

temperature, T J 
0 125 0 125 0 125 oc 

TEXAS INSTRUMENTS 
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SERIES uA78LOO 
POSITIVE-VOLTAGE REGULATORS 

uA78L02AC, uA78L02C electrical characteristics at specified virtual junction temperature, 
V1 = 9 V, lo= 40 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA78L02AC uA78L02C 

PARAMETER 
MIN TYP MAX MIN 

25°C 2.5 2.6 2.7 2.4 

Output voltage V1 =4.75Vto20V, Io = 1 mA to 40 mA 
0°C to 125°C 

2.45 2.75 2.35 

Io = 1 mA to 70 mA 2.45 2.75 2.35 

V1=4.75 V to 20 V 
25°C 

40 100 
Input regulation 

Vi= 5 V to 20 V 30 75 

Ripple rejection VI = 6 V to 16 V, f = 120 Hz 25°C 43 51 42 

Io = 1 mA to 1 00 mA 
25°C 

10 50 
Output regulation 

Io = 1 mA to 40 mA 4 25 

Output noise voltage f = 10 Hz to 100 kHz 25°C 30 

Dropout voltage 25°C 1.7 

25°C 3.6 6 
Bias current 

125°C 5.5 

Vt= 5 V to 20 V 
0°C to 125°C 

2.5 
Bias current change 

Io = 1 mA to 40 mA 0.1 

uA78L05AC, uA78L05C electrical characteristics at specified virtual junction temperature, 
V1=10 V, lo= 40 mA (unless otherwise noted) 

TYP MAX 

2.6 2.8 

2.85 

2.85 

40 125 

30 100 

51 

10 50 

4 25 

30 

1.7 

3.6 6 

5.5 

2.5 

0.2 

PARAMETER TEST CONDITIONSt 
uA78L05AC uA78L05C 

MIN TYP MAX MIN TYP MAX 

25°C 4.8 5 5.2 4.6 5 5.4 

Output voltage VI = 7 V to 20 V, Io = 1 mA to 40 mA 
0°C to 125°C 

4.75 5.25 4.5 5.5 

to= 1 mA to 70 mA 4.75 5.25 4.5 5.5 

V1=1Vto20 V 
25°C 

25 150 25 200 
Input regulation 

V1=8 V to 20V 20 100 20 150 

Ripple rejection VI = 8 V to 18 V, f = 120 Hz 25°C 41 49 40 49 

Output regulation 
lo= 1mAto100mA 

25°C 
17 60 17 60 

Io = 1 mA to 40 mA 7 30 7 30 

Output noise voltage f = 10 Hz to 100 kHz 25°C 40 40 

Dropout voltage 25°C 1.7 1.7 

25°C 3.8 6 3.8 6 
Bias current 

125°C 5.5 5.5 

Bias current change 
Vt= 8 V to 20 V 

0°C to 125°C 
1.5 1.5 

Io = 1 mA to 40 mA 0.1 0.2 

UNIT 

v 

mV 

dB 

mV 

µV 

v 

mA 

mA 

UNIT 

v 

mV 

dB 

mV 

µV 

v 

mA 

mA 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF. All characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (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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SERIES uA78LOO 
POSITIVE-VOLTAGE REGULATORS 

uA78L06AC_, uA78L06C;electrical characteristics at specified virtual junction temperature, 
V1=12 V, IQ= 40 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA78L06AC uA78L06C 

MIN TYP MAX MIN TYP 

25°C 5,95 6.2 6.45 5.7 

Output voltage Vi= 8.5 V to 20 V, Io = 1 mA to 40 mA 
0°C to 125°C 

5.9 6.5 5.6 

lo= 1 mA to 70 mA 5.9 6.5 5.6 

V1 = B.5 V to 20 V 
25°C 

25 175 
Input regulation 

Vi= 9 V to 20 V 20 125 

Ripple rejection V1 = 10 V to 20 V, f = 120 Hz 25°C 40 46 39 

Io = 1 mA to 100 mA 
25°C 

20 BO 
Output regulation 

lo= 1 mA to 40 mA 9 40 

Output noise voltage f = 10 Hz to 100 kHz 25°C 50 

Dropout voltage 25°C 1.7 

25°C 3.9 6 
Bias current 

125°C 5.5 

V1 =9 V to 20V 
0°C to 125°C 

1.5 
Bias current change 

Io = 1 mA to 40 mA 0.1 

uA78L08AC, uA78L08C electrical characteristics at specified virtual junction temperature, 
V1=14 V, IQ= 40 mA (unless otherwise noted) 

6.2 

25 

20 

46 

20 

9 

50 

1.7 

3.9 

MAX 

6.7 

6.B 

6.8 

200 

150 

BO 

40 

6 

5.5 

1.5 

0.2 

TEST CONDITIONSt 
uA78LOBAC uA78LOBC 

PARAMETER 
MIN TYP MAX MIN TYP MAX 

25°C 7.7 8 8.3 7.36 8 8.64 

Output voltage Vi D 10,5 v to 23 v. lo= 1 mA to 40 mA 
0°C to 125°C 

7.6 8.4 7.2 8.8 

lo= 1 mA to 70 mA 7.6 8.4 7.2 B.B 

VI = 1 0.5 V to 23 V 
25°C 

25 175 25 200 
Input regulation 

VI = 11 V to 23 V 20 125 20 150 

Ripple rejection VI = 13 V to 23 V, f=120Hz 25°C 37 44 36 44 

lo= 1 mA to 100 mA 
25°C 

25 80 25 80 
Output regulation 

Io = 1 mA to 40 mA 10 40 10 40 

Output noise voltage f=10Hzto100kHz 25°C 60 60 

Dropout voltage 25°C 1.7 1.7 

25°C 4 6 4 6 
Bias current 

125°C 5.5 5.5 

Bias current change 
VI = 11 V to 23 V 

0°C to 125°C 
1.5 1.5 

Io = 1 mA to 40 mA 0.1 0.2 

UNIT 

v 

mV 

dB 

mV 

µV 

v 

mA 

mA 

UNIT 

v 

mV 

dB 

mV 

µV 

v 

mA 

mA 

tAll characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF. All characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (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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SERIES uA78LOO 
POSITIVE-VOLTAGE REGULATORS 

uA78L 12AC, uA78L 12C electrical characteristics at specified virtual junction temperature, 
Vt= 19 V, to= 40 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA78L12AC uA78L12C 

PARAMETER 
MIN TYP MAX MIN 

25°C 11.5 12 12.5 11.1 

Output voltage V1=14.5Vto27V, lo = 1 mA to 40 mA 
0°C to 125°C 

11.4 12.6 10.8 

Io = 1 mA to 70 mA 11.4 12.6 10.8 

V1=14.5 V to 27 V 
25°C 

55 250 
Input regulation 

VI = 16 V to 27 V 45 200 

Ripple rejection ratio VI = 15 V to 25 V, f = 120 Hz 25°C 37 42 36 

lo= 1 mA to 100 mA 
25°C 

30 100 
Output regulation 

Io = 1 mA to 40 mA 12 50 

Output noise voltage f = 10 Hz to 1 00 kHz 25°C 80 

Dropout voltage 25°C 1.7 

25°C 4.2 6.5 
Bias current 

125°C 6 

VI = 16 V to 27 V 
0°C to 125°C 

1.5 
Bias current change 

Io = 1 mA to 40 mA 0.1 

uA78L 15AC, uA78L 15C electrical characteristics at specified virtual junction temperature, 
Vt = 23 V, to= 40 mA (unless otherwise noted) 

TYP MAX 

12 12.9 

13.2 

13.2 

55 250 

45 200 

42 

30 100 

12 50 

80 

1.7 

4.2 6.5 

6 

1.5 

0.2 

TEST CONDITIONst 
uA78L15AC uA78L15C 

PARAMETER 
MIN TYP MAX MIN TYP MAX 

25°C 14.4 15 15.6 13.8 15 16.2 

Output voltage VI = 17 .5 V to 30 V, Io = 1 mA to 40 mA 
0°C to 125°C 

14.25 15.75 13.5 16.5 

Io = 1 mA to 70 mA 14.25 15.75 13.5 16.5 

V1=17.5 V to 30 V 
25°C 

70 300 70 300 
Input regulation 

VI = 20 V to 30 V 55 250 55 250 

Ripple rejection ratio V1=18.5 V to 28.5 V, f = 120 Hz 25°C 34 39 33 39 

lo= 1 mA to 100 mA 
25°C 

30 150 30 150 
Output regulation 

!.Q. = 1 mA to 40 mA 12 75 12 75 

Output noise voltage f = 10 Hz to 100 kHz 25°C 90 90 

Dropout voltage 25°C 1.7 1.7 

25°C 4.4 6.5 4.4 6.5 
Bias current 

125°C 6 6 

Bias current change 
VI = 20 V to 30 V 

0°C to 125°C 
1.5 1.5 

Io = 1 mA to 40 mA 0.1 0.2 

UNIT 

v 

mV 

dB 

mV 

µV 

v 

mA 

mA 

UNIT 

v 

mV 

dB 

mV 

µV 

v 

mA 

mA 

t All characteristics are measured with a capacitor across the input of 0.33 JJ,F and a capacitor across the output of 0.1 µF. All characteristics 
except noise voltage and ripple rejection ratio are measured using pulse techniques (tw.;; 10 ms, duty cycle.;;;; 5%). Output voltage changes 
due to changes in internal temperature must be taken into account separately. 

PRINTED IN U.SA. 

TEXAS INSTRUMENTS 
INCORPORATED 

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

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

• 

259 



• 

260 



676 

LINEAR 
INTEGRATED CIRCUITS 

SERIES uA78MOO 
POSITIVE-VOLTAGE REGULATORS 

• 3-Terminal Regulators 

• Output Current up to 500 mA 

• No external components 

• Internal Thermal Overload Protection 

• Direct Placements for Fairchild µA78MOO Series 
and National LM341 Series 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

description 

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 

NOMINAL 

OUTPUT 

VOLTAGE 

sv 
6V 

av 
12V 

15 v 
20 v 
24 v 

PACKAGES 

BULLETIN NO. DL-S 7612403, JUNE 1976 

-55°C TO 150°C 0°C TO 125°C 

OPERATING OPERATING 

TEMPERATURE RANGE TEMPERATURE RANGE 

uA78M05M uA78M05C 

uA78M06M uA78M06C 

uA78M08M uA78M08C 

uA78M12M uA78M12C 

uA78M15M uA78M15C 

uA78M20M uA78M20C 

uA78M24M uA78M24C 

LA ;KC, KO, and LA 

0.6 

OUTPUT 

COMMON 

Resistor values shown are nominal and in ohms. 

K<:; PACKAGE KD PACKAGE LA PACKAGE 

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

CUTOUT 

•:• INPUT 

n :: 

COMMON 

T0-220AB T0-202AB 

' ,co 
~ 0 

TEXAS INSTRUMENTS 
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SERIES uA78MOO 
POSITIVE-VOLTAGE REGULATORS 

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

uA78M05M 

THRU 

uA78M24M 

uA78M20, uA78M24 40 
Input voltage 

All others 35 

KC IT0-220AB) package 2 
Continuous total dissipation at 25°C free-air temperature (see Note 1) KOIT0-202AB) package 1.5 

LA package 0.6 
Continuous total dissipation at (or below)25°C case temperature KC and KO packages 7.5 

(see Note 1) LA package 5 

Operating free-air, case, or virtual junction temperature range -55 to 150 

Storage temperature range -65 to 150 

Lead temperature 1 /16 inch from case for 10 seconds KC and KO packages 

Lead temperature 1 /16 inch from case for 60 seconds LA package 300 

uA78M05C 

THRU 

uA7BM24C 

40 

35 

2 

1.5 

0.6 
7.5 

5 

Oto 150 

-65 to 150 

260 

300 

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 

uA78M05M,uA78M05C 7 25 

uA78M06M,uA78M06C 8 25 

uA78M08M,uA78M08C 10.5 25 

Input voltage, V1 uA78M12M,uA78M12C 14.5 30 

uA78M15M,uA78M15C 17.5 30 

uA78M20M,uA78M20C 23 35 

uA78M24M, uA78M24C 27 38 

Output current, lo 500 

Operating virtual junction temperature, TJ 
uA78M05M thru uA78M24M -55 150 

uA78M05C thru uA78M24C 0 125 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 o DALLAS, TEXAS 75222 
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w 

w 

oc 
oc 
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oc 

UNIT 

v 

mA 
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uA78M05M, uA78M05C electrical characteristics at specified virtual junction temperature, 
v1=10 V, 10 = 350 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA78M05M 

MIN TVP MAX 

25°C 4.8 5 5.2 

Output voltage 
Io = 5 mA to 350 mA 

V1 =8 V to 20V -55° C to 150°C 4.7 5.3 

V1=7 V to 20V 0°C to 125°C 

V1=7V to 25V 3 50 

Input regulation lo= 2oomA V1 =8 V to 20V 25°C 1 25 

V1 =8 V to 25V 

V1=8Vto18V, lo= 100 mA 
-55....,-C to 150°C 62 

Ripple rejection 
f = 120 Hz 

0°C to 125t 

lo=300mA 25°C 62 80 

Io = 5 mA to 500 mA 20 50 
Output regulation 

Io = 5 mA to 200 mA 
25°C 

10 25 

Temperature coefficient -55°C to 150°C -1 

of output voltage 
lo=5mA 

0°C to 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 40 

Dropout voltage 25°C 2 

Bias current· 25°C 4.5 6 

lo=200mA,V1 =8Vto25V 
-55°C to 150°c 0.8 

0°C to 125°C 
Bias current change 

-55°C to 150°c 
Io = 5 mA to 350 mA 

0.5 

0°C to 125°C 

Short-eircuit 
25°C V1 =35 V 300 

output current 

Peak output current 25°C 700 

uA78M05C 
UNIT 

MIN TVP MAX 

4.8 5 5.2 

v 

4.75 5.25 

3 100 

mV 
1 50 

62 dB 

62 80 

20 100 
mV 

10 50 

-1 
mvrc 

40 µV 

2 v 

4.5 6 mA 

0.8 
mA 

0.5 

300 mA 

700 A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF. All characteristics except noise voltage 

and ripple rejection ratio are measured using pulse techniques ltw-.;;; 10 ms, duty cycle.;;; 5%). Output voltage changes due to changes in internal temperature must 

be taken into account separately. 
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uA78M06M, uA78M06C electrical characteristics at specified virtual junction temperature, 
v1=11V,1 0 = 350 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA78MOGM 

PARAMETER 
MIN TYP MAX 

25°C 5.75 6 6.25 

Output voltage 
Io = 5 mA to 350 mA 

V1=9 Vto 21 V -55°C to 150°C 5.7 6.3 

V1 =8 V to 21 V 0°C to 125°C 

V1 =8 V to 25V 5 60 

Input regulation 10 = 200mA V1 =9V to 20V 25°C 1.5 30 

V1=9 V to 25 V 

-55°C to 150°C 59 

Ripple rejection 
V1=9 V to 19 V, lo= 100mA 

0°C to 125°C 
f=120Hz 

25°C lo= 300 mA 59 80 

lo= 5 mA to 500 mA 
25°C 

20 60 
Output regulation 

lo= 5 mA to 200 mA 10 30 

Temperature coefficient -55°C to 150°C -0.5 

of output voltage 
lo= 5 mA 

0°C to 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 45 

Dropout voltage 25°C 2 

Bias current 25°C 4.5 6 

-55°C to 150°C 0.8 
lo= 200 mA, V1 = 9 V to 25 v 

0°C to 125°C 
Bias current change 

-55°C to 150°C 0.5 
lo= 5 mA to 350 mA 

0°C to 125°C 

Short-<:ircuit 
25°C V1=35 V 270 

output current 

Peak output current 25°C 700 

uA78MOGC 
UNIT 

MIN TYP MAX 

5.75 6 6.25 

v 
5.7 6.3 

5 100 

mV 

1.5 50 

59 dB 

59 80 

20 120 

10 60 
mV 

-0.5 
mVfC 

45 µV 

2 v 
4.5 6 mA 

0.8 
mA 

0.5 

270 mA 

700 A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF. All characteristics except noise voltage 

and ripple rejection ratio are measured using pulse techniques ltw< 10 ms, duty cycle,.;; 5%). Output voltage changes due to changes in internal temperature must 

be taken into account separately. 
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uA78M08M, uA78M08C electrical characteristics at specified virtual junction temperature, 
v1 = 14 V, 10 = 350 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA78M08M 

MIN TYP MAX 

25°C 7.7 8 8.3 

Output voltage VI = 11 .5 V to 23 V -55° C to 150°C 7.6 8.4 
lo= 5 mA to 350 mA 

V1=10.5 V to 23 V 0°C to 125°C 

V1=10.5Vto25V 6 60 

Input regulation lo= 2DD mA VI = 11 V to 2D V 25°C 2 3D 

Vi= 11 V to 25 V 

-55°Cto 15D°C 56 

Ripple rejection 
V1 = 11.5 V to 21.5 V, lo= 10DmA 

D°C to 125°C 
f = 12D Hz 

lo =3DD mA 25°C 56 8D 

Io = 5 mA to 5DD mA 25 8D 
Output regulation 25°C 

Io = 5 mA to 2DD mA 10 4D 

Temperature coefficient -55°C to 15D°C --0.5 

of output voltage 
lo= 5mA 

D°C to 125°C 

Output noise voltage f = 1 D Hz to 1 OD kHz 25°C 52 

Dropout voltage 25°C 2 

Bias current 25°C 4.6 6 

lo= 2DD mA 
V1 = 11.5 V to 25 V -55°C to 15D°C D.8 

V1=1D.5 V to 25 V D°C to 125°C 
Bias current change 

-55°C to 15D°C D.5 
lo= 5 mA to 35D mA 

D°C to 125°C 

Short-circuit 
25°c V1=35 V 25D 

output current 

Peak output current 25°C 7DD 

uA78M08C 
UNIT 

MIN TYP MAX 

7.7 8 8.3 

v 
7.6 8.4 

6 10D 

mV 

2 5D 

56 dB 

56 SD 
25 16D 

mV 
1D 8D 

--0.5 
mV/°C 

52 µV 

2 v 
4.6 6 mA 

D.8 
mA 

D.5 

25D mA 

1DD A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF. All characteristics except noise voltage 

and ripple rejection ratio are measured using pulse techniques (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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uA78M12M, uA78M12C electrical characteristics at specified virtual junction temperature, 
v1 = 19 V, 10 = 350 mA {unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA78M12M 

MIN TYP MAX 

25°C 11.5 12 12.5 

Output voltage 
lo= 5 mA to 350 mA 

V1=15.5 V to 27 V -55° C to 150°C 11.4 12.6 

V1=14.5 V to 27 V 0°C to 125°C 

V1 =14.5Vto30V 8 60 
Input regulation 10 = 200mA V1=16V to 25V 25°C 2 30 

VI = 16 V to 30 V 

-55°C to 150°C 55 

Ripple rejection 
VI = 15 V to 25 V, lo= 1oomA 

0°C to 125° C 
f=120Hz 

lo =300mA 25°C 55 BO 

Output regulation 
Io = 5 mA to 500 mA 

25°C 
25 120 

lo= 5 mA to 200 mA 10 60 

Temperature coefficient -55°C to 150°C -1 

of output voltage 
10 =5mA 

0°C to 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 75 

Dropout voltage 25°C 2 

Bias current 25°C 4.B 6 

lo=200mA 
V1 = 15 V to 30 V -55°C to 150°C 0.8 

V1.= 14.5 V to 30 V 0°C to 125°C 
Bias current change 

-55°C to 150°C 
lo= 5 mA to 350 mA 

0.5 

0°C to 125°C 

Short-circuit 
25°C Vi= 35 v 240 

output current 

Peak output current 25°C 700 

uA78M12C 
UNIT 

MIN TYP MAX 

11.5 12 12.5 

v 

11.4 12.6 

B 100 

mV 

2 50 

55 dB 

55 BO 

25 240 
mV 

10 120 

-1 
mvtc 

75 µV 

2 v 

4.B 6 mA 

0.8 
mA 

0.5 

240 mA 

700 A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF. All characteristics except noise voltage 

and ripple rejection ratio are measured using pulse techniques (tw.;;;; 10 ms, duty cycle.;;;; 5%l 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, 
v1 = 23 V, 10 = 350 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA78M15M 

MIN TYP MAX 

25°C 14.4 15 15.6 
Output voltage VI = 18 .5 V to 3D V -55° C to 15D°C 14.25 15.75 

Io = 5 mA to 350 mA 
VI = 17 .5 V to 3D V D°C to 125°C 

VI = 17 .5 V to 3D V 
25°C 

1D 6D 
Input regulation lo= 2DDmA 

VI = 2D V to 3D V 3 3D 

-55°C to 15D°C 54 

Ripple rejection 
Vi = 18.5 V to 28.5 V, lo= 1DDmA 

D°C to 125°C 
f = 12D Hz 

lo= 3DOmA 25°C 54 70 

lo= 5 mA to 500 mA 
25°C 

25 15D 
Output regulation 

lo= 5 mA to 200 mA 10 75 

Temperature coefficient -55°C to 150°C -1 

of output voltage 
lo= 5mA 

0°C to 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 90 

Dropout voltage 25°C 2 

Bias current 25°C 4.8 6 

V1=18.5 V to 30 V -55°C to 150°C 0.8 
lo =200mA 

V1=17.5 V to 3D V 0°C to 125°C 
Bias current change 

-55°C to 150°C 0.5 
lo= 5 mA to 350 mA 

0°C to 125°C 

Short-<:ircuit 
25°C Vi= 35 v 240 

output current 

Peak output current 25°C 700 

uA78M15C 
UNIT 

MIN TYP MAX 

14.4 15 15.6 

v 
14.75 15.75 

1D 1DD 
mV 

3 5D 

54 dB 

54 70 

25 30D 
mV 

10 150 

mVfC 
-1 

90 µ.V 

2 v 
4.8 6 mA 

0.8 
mA 

0.5 

240 mA 

7DO A 

t All characteristics are measured with a capacitor across the input of 0.33 µ.F and a capacitor across the output of 0.1 µ.F. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques ltw,,;;; 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, 
v1 = 29 V, 10 = 350 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA78M20M 

MIN TYP MAX 

25°C 19.2 20 20.8 
Output voltage VI = 24 V to 35 V -55° C to 150°C 19 21 

lo= 5 mA to 350 mA 
V1 = 23 V to 35 V 0°C to 125°C 

VI = 23 V to 35 V 
25°C 

10 60 
Input regulation lo=200mA 

V1 = 24 V to 35 V 5 30 

-55°C to 150°C 53 

Ripple rejection 
VI = 24 V to 34 V, lo=100mA 

0°C to 125°C 
f=120Hz 

25°C lo= 300 mA 53 70 

lo=5mAto500mA 
25°C 

30 200 
Output regulation 

Io = 5 mA to 200 mA 10 100 

Temperature coefficient -55°C to 150°C -1.1 

of output voltage 
lo= 5 mA 

0°C to 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 110 

Dropout voltage 25°C 2 

Bias current 25°C 4.9 6 

VI = 24 V to 35 V -55°C to 150°C 0.8 
lo=200mA 

VI = 23 V to 35 V 0°C to 125°C 
Bias current change 

-55°C to 150°C 0.5 
Io = 5 mA to 350 mA 

0°C to 125°C 

Short-<:ircuit 
25°C V1=35 v 240 

output current 

Peak output current 25°C 700 

uA78M20C 
UNIT 

MIN TYP MAX 

19.2 20 20.8 

v 
19 21 

10 100 
mV 

5 50 

53 dB 

53 70 

30 400 
mV 

10 200 

mVfC 
-1.1 

110 µV 

2 v 
4.9 6 mA 

0.8 
mA 

0.5 

240 mA 

700 A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF. All characteristics except noise voltage 

and ripple rejection ratio are measured using pulse techniques (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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uA78M24M, uA78M24C electrical characteristics at specified virtual junction temperature, 
v1=33 V, 10 = 350 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA78M24M 

MIN TYP MAX 

25°C 23 24 25 

Output voltage V1 = 28 V to 38 V -55° C to 150°C 22.8 25.2 
lo= 5 mA to 350 mA 

V1 =27Vto38V 
-1 

0°C !O 125°C 

VI = 27 V to 38 V 10 60 

Input regulation lo=200mA VI = 30 V to 36 V 25°C 5 30 

VI = 28 V to 38 V 

V1 = 28 V to 38 V, 
-55°C to 150°C 50 

Ripple rejection 
lo= 100mA 

0°C to 125°C 
f = 120 Hz 

25°C lo =300mA 50 70 

Output regulation 
lo=5mAto500mA 

25°C 
30 240 

Io = 5 mA to 200 mA 10 120 

Temperature coefficient -55°C to 150°C -1.2 

of output voltage 
10 = 5 mA 

0°C to 125°C 

Output noise voltage f=10Hzto100kHz 25°C 170 

Dropout voltage 25°C 2 

Bias current 25°C 5 6 

V1 = 28 V to 38 V -55°C to 150°C 0.8 
10 =2oomA 

V1 = 27 V to 38 V 0°C to 125°C 
Bias current change 

-55°C to 150°C 0.5 
Io = 5 mA to 350 mA 

0°C to 125°C 

Short-circuit 
25°C V1=35 v 240 

output current 

Peak output current 25°C 700 

uA78M24C 
UNIT 

MIN TYP MAX 

23 24 25 

v 
22.8 25.2 

10 100 

mV 

5 50 

50 dB 

50 70 

30 480 
mV 

10 240 

-1.2 
mV/°C 

170 µV 

2 v 
5 6 mA 

0.8 
mA 

0.5 

240 mA 

700 A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF. All characteristics except noise voltage 

and ripple rejection ratio are measured using pulse techniques <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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SERIES uA78MOO 
POSITIVE-VOLTAGE REGULATORS 

THERMAL INFORMATION 

KC AND KD PACKAGES 
FREE-Al R TEMPERATURE 

DISSIPATION DERATING CURVES 

2000----.----.----.----..------. 
KC (T0-220AB) package 

1800 1-----------+--Derating factor= 16 mwfc 

~ 1600 1-----'lo~- ROJA R:: 62.5QC/W --+-----! 

c: 
0 
·~ co 
0. 

"2i 
Q 

1200 

~ 1000 
0 
::I .g 
c: 
8 
E 
::I 
E ·x 
co 
~ 

:J: 
E 
I 
c: .g 
co 
0. 
·~ 
Q 
"' ::I 
0 
::I 
c: 
·~ 
c: 
8 
E 
::I 
E ·x 
co 
~ 

400 

200 

KD (T0-202AB) package 
Derating factor= 12 mWfC --+-..........,......_-l 

Ro JA R:: 83.3Q C/W o.__ __ ....._ __ ....._ __ ..__ __ ..__ _ __.. 
25 

800 

700 

50 75 100 125 150 

TA-Free-Air Temperature-QC 

FIGURE 1 

LA PACKAGE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

_I T I 
Derating factor 4.8 mWfC _ 
ROJA R:: 210QC/W 

600 

500 ~ 
~ 400 

300 

200 

100 

0 
25 

........_ 

~ 
~ 

~ 
~ 

50 75 100 125 150 

TA-Free-Air Temperature-° C 

FIGURE 3 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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KC AND KD PACKAGES 
CASE TEMPERATURE 

DISSIPATION DERATING CURVES 

10 ..---.----K-C-(T-0--2-20_A_B_)_pa-c-ka_g_e _ _, 

g 1-----1---Derating factor= 250 mWf C 
above 120QC 

8 Re Jc~ 4°C/W 

7 !----+--~-+----+-----++-----; 

6 1----t---~'l..----t---------; 

5 !----+----+--~-+----+---+---; 

4 >----+----+---~'!.---+---------< 

3 1----+----+----+---"r--+--------< 

2 
KO {T0-202AB) package 
Derating factor= 80 mWfC 

above 56°C 
ReJc:::::: 12.5°C/W 

0 .___ __ .....__ __ .....__ __ ..__ __ ..__ _ __,, 
25 

6 

5 

4 

3 

2 

0 
0 

50 75 100 

Tc-Case Temperature 

FIGURE 2 

125 150 

LA PACKAGE CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

D J f I I f eratmg actor = 40 mW C 
above 25QC 

~ Ro Jc R:: 25°C/W 

[SJ 
rs: 

N 
N 

25 50 75 100 125 150 

Tc-Case Temperature-QC 

FIGURE4 

PRINTED IN U.SA. 6~ 

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

• 3-Terminal Regulators 

• Output Current up to 1.5 A 

• No External Components 

• Internal Thermal Overload Protection 

• Direct Replacements for Fairchild µA7900 Series 

• Essentially Equivalent to National LM 320 
Series 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

description 

SERIES uA7900 
NEGATIVE-VOLTAGE REGULATORS 

BULLETIN NO. DL..S 7612404, JUNE 1976 

NOMINAL -55°C TO 150°C 0°C TO 125°C 

OUTPUT OPERATING OPERATING 

VOLTAGE TEMPERATURE RANGE TEMPERATURE RANGE 

-5 v uA7905M uA7905C 

-6V uA7906M uA7906C 

-8 v uA7908M uA7908C 

-12V uA7912M uA7912C 

-15V uA7915M uA7915C 

-18V uA7918M uA7918C 

-24 v uA7924M uA7924C 

PACKAGES KA KA and KC 

KA PACKAGE KC PACKAGE 

(TOP VIEW) (TOP VIEW) 

INPU~T ., OUTPUT 

0 ,. 0 

COMMON 

T0-3 TO ·220AB 

This series o~ fixed-negative-voltage monolithic 
integrated-circuit voltage regulators is designed to 
complement Series uA7800 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 1-------------+------------t 
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 

Resistor values shown are nominal and in ohms. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 o DALLAS, TEXAS 75222 
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SERIES uA7900 
NEGATIVE-VOLTAGE REGULATORS 

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

uA7905M 

THRU 

uA7924M 

uA7924M, uA7924C -40 
Input voltage 

All others -35 

Continuous total dissipation at 25QC free-air temperature (see Note 1) 
KA (T0-3) package 3.5 

KC (T0-220AB) package 

Continuous total dissipation at (or below) 25QC case temperature (see Note 1) 15 

Operating free-air, case, or virtual junction temperature range -55 to 150 

Storage temperature range -65 to 150 

Lead temperature 1 /8 inch from case for 60 seconds KA (T0-3) package 300 

Lead temperature 1 /8 inch from case for 10 seconds KC (T0-220AB) package 

uA7905C 

THRU 

uA7924C 

-40 

-35 

3.5 

2 

15 

0 to 150 

-65 to 150 

300 

260 

NOTE 1: For operation above 25QC free-air or case temperature, refer to Dissipation Derating Curves, Figure 1 and Figure 2, 

~ 
c 

T0-3 AND T0-220AB FREE-AIR TEMPERATURE 
DISSIPATION DE RATING CURVES 

·~ 3 f---,,,,_+---+---+---+--~ 
c. 
·~ 

i5 
:; 
g 2 lr---+----P< 

·~ 
0 
u 
E 
:> 
E 
.;( 

~ 

16 

~ 14 
c 
·~ 12 
c. 
-~ 
i5 10 

5 8 
:> 

-~ 
8 
§ 4 
E 

.;( 

~ 

T0-3 AND T0-220AB CASE TEMPERATURE 
DISSIPATION DE RATING CURVE 

\ 
\ 

~ 
\ 

~ Derating factor= 0.25 wt c 
above 90QC 

~ R(IJC ""4QC/W 

50 75 100 125 150 
0 
25 50 75 100 125 150 

TA-Free-Air Temperature-QC Tc-Case Temperature-QC 

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, V1 uA7912M, uA7912C -14.5 -30 v 
uA7915M, uA7915C -17.5 -30 

uA7918M, uA7918C -21 -33 

uA7924M, uA7924C -27 -38 

Output current, lo 1.5 A 

Operating virtual junction temperature, T J uA7905M thru uA7924M -55 150 QC 
uA7905C thru uA7924C 0 125 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

UNIT 
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uA7905M, uA7905C electrical characteristics at specified virtual junction temperature, 
V1 = -10 V, IQ= 500 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA7905M 

PARAMETER 
MIN TVP 

25°C -4.8 -5 

lo = 5 mA to 1 A, t VI = -8 V to -20 V -55°C to 150°C -4.7 
Output voltage 

P.;; 15W j V1 = -7 V to -20 V 0°C to 125°C 

V1 = -7 V to -25 V 
25°C 

3 
Input regulation 

V1=-8Vto-12v 1 

-55°C to 150°C 54 60 
Ripple rejection V1=-8Vto-18V, f=120Hz 

0°C to 125°C 

lo= 5 mA to 1.5 A 
25°C 

15 
Output regulation 

lo= 250 mA to 750 mA 5 

Temperature coefficient 0°C to 150°C -0.4 

of output voltage 
lo= 5 mA 

0°C to 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 125 

Dropout voltage lo= 1 A 25°C 1.1 

Bias current 25°C 1 

V1 = -8 V to -25 V -55°C to 150°C 

Vi= -7 V to -25 V 0°C tO 125°C 
Bias current change 

-55°C to 150°C 
lo= 5 mA to 1 A 

0°C to 125°C 

Peak output current 25°C 2.1 

uA7905C 
UNIT 

MAX MIN TVP MAX 

-5.2 -4.8 -5 -5.2 

-5.3 v 

-4.75 -5.25 

50 3 100 
mv 

25 1 50 

dB 
54 60 

50 15 100 
mV 

25 5 50 

-0.4 
mV/°C 

125 µV 

1.1 v 

2 1 2 mA 

1.3 

1.3 
mA 

0.5 

0.5 

2.1 A 

t All characteristics are measured with a capacitor across the inpu, of 0.33 µF and a capacitor across the output of 0. 1 µF. All characteristics except noise voltage 

and ripple rejection ratio are measured using pulse techniques (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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a 
uA7906M, uA7906C electrical characteristics at specified virtual junction temperature, 

V1 = -11 V, IQ= 500 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA7906M 

PARAMETER 
MIN TYP 

25°C -5.75 -6 

IQ= 5 mA to 1 A, l VI = -9 V to -21 V -55°C to 150°C -5.65 
Output voltage 

P.;;; 15W j Vi= -8 V to -21 V 0°C to 125°C 

V1 = -8 V to -25 V 
25°C 

5 
Input regulation 

VI = -9 V to -13 V 1.5 

-55°C to 150°C 54 60 
Ripple rejection VI = -9 V to -19 V, f=120Hz 

0°C to 125°C 

lo = 5 mA to 1.5 A 
25°C 

14 
Output regulation 

IQ = 250 mA to 750 mA 4 

Temperature coefficient 0°C to 150°C -0.4 

of output voltage 
lo= 5mA 

0°C to 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 150 

Dropout voltage lo= 1 A 25°C 1.1 

Bias current 25°C 1 

V1 = -9 V to -25 V -55°C to 150°C 

V1 = -8 V to -25 V 0°C to 125°C 
Bias current change 

-55°C to 150°C 
lo= 5 mA to 1 A 

0°C to 125°C 

Peak output current 25°C 2.1 

uA7906C 
UNIT 

MAX MIN TYP MAX 

-6.25 -5.75 -6 -6.25 

-6.35 v 
-5.7 -6.3 

60 5 120 
mV 

30 1.5 60 

dB 
54 60 

60 14 120 
mV 

30 4 60 

-0.4 
mV/°C 

150 µ.V 

1.1 v 
2 1 2 mA 

1.3 

1.3 
mA 

0.5 

0.5 

2.1 A 

t All characteristics are measured with a capacitor across the input of 0.33 µ.F and a capacitor across the output of 0. 1 µ.F. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques !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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uA7908M, uA7908C electrical characteristics at specified virtual junction temperature, 
V1 = -14 V, lo= 500 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA7908M 

PARAMETER 
MIN TYP 

25°C -7.7 -8 

lo = 5 mA to 1 A, l V1 = -11.5 V to -23 V -55°C to 150°C -7.6 
Output voltage 

p.;; 15W I V1 = -10.5 V to -23 V 0°Cto125°C 

V1 = -10.5 V to -25 V 
25°C 

6 
Input regulation 

VI = -11 V to -17 V 2 

-55°C to 150°C 54 60 
Ripple rejection VI = -11 .5 V to -21 .5 V, f = 120 Hz 

0°C to 125°C 

lo = 5 mA to 1.5 A 
25°C 

12 
Output regulation 

lo= 250 mA to 750 mA 4 

Temperature coefficient O"C to 150"C -0.6 

of output voltage 
lo= 5 mA 

0°C to 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 200 

Dropout voltage lo= 1 A 25°C 1.1 

Bias current 25°C 1 

Vi= -11.5 V to -25 V -55°C to 150°C 

V1 = -10.5 V to -25 V 0°C to 125°C 
Bias current change 

-55" C to 1 50" C 
lo= 5 mA to 1 A 

0°C to 125°C 

Peak output current 25°C 2.1 

uA7908C 
UNIT 

MAX MIN TYP MAX 

-8.3 -7.7 -8 -8.3 

-8.4 v 
-7.6 -8.4 

80 6 160 
mV 

40 2 80 

dB 
54 60 

80 12 160 
mV 

40 4 80 

-0.6 
mV/°C 

200 µV 

1.1 v 
2 1 2 mA 

1 

1 
mA 

0.5 

0.5 

2.1 A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of O. 1 µF. All characteristics except noise voltage 

and ripple rejection ratio are measured using pulse techniques (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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a 
uA7912M, uA7912C electrical characteristics at specified virtual junction temperature, 

V1 = -19 V, IQ= 500 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA7912M 

MIN TVP 

25°C -11.5 -12 

lo= 5 mA to 1 A, 1 V1=-15.5Vto-27V -55°C to 150°C -11.4 
Output voltage 

P<;;; 15W l Vi= -14.5 V to -27 V 0°C to 125°C 

V1 = -14.5 V to -30 V 
25°C 

10 
Input regulation 

Vi= -16 V to -22 V 3 

-55°C to 150°C 54 60 
Ripple rejection V1 = -15 V to -25 V, f=120Hz 

0°C to 125°C 

lo = 5 mA to 1.5 A 
25°C 

12 
Output regulation 

lo = 250 mA to 750 mA 4 
Temperature coefficient 0°C to 150°C -0.8 

of output voltage 
lo= 5 mA 

0°C to 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 300 

Dropout voltage lo= 1 A 25°C 1.1 

Bias current 25"C 1.5 

VI = -1 5 V to -30 V -55°C to 150°C 

V1 = -14.5 V to - 30 V 0°C to 125°C 
Bias current change 

-55°C to 150°C 
lo= 5 mA to 1 A 

0°Cto125°C 

Peak output current 25°C 2.1 

uA7912C 
UNIT 

MAX MIN TVP MAX 

-12.5 -11.5 -12 -12.5 

-12.6 v 
-11.4 -12.6 

120 10 240 
mV 

60 3 120 

dB 
54 60 

120 12 240 
mV 

60 4 120 

-0.8 
mV/°C 

300 µV 

1.1 v 
3 1.5 3 mA 

1 

1 
mA 

0.5 

0.5 

2.1 A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF. All characteristics except noise voltage 
and ripple rejection ratio are mea!.ured using pulse techniques (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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uA7915M, uA7915C electrical characteristics at specified virtual junction temperature, 
Vt= -23 V, IQ= 500 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA7915M 

PARAMETER 
MIN TYP MAX 

25°C -14.4 -15 -15.6 

lo = 5 mA to 1 A, 1 V1 = -18.5 V to -30 V -55°C to 150°C -14.25 -15.75 
Output voltage 

P<:;; 15W j V.l = -17.5 V to -30 V 0°C to 125°C 

V1 = -17.5 V to -30 V 
25°C 

11 150 
Input regulation 

VI = -20 V to -26 V 3 75 

-55°C to 150°C 54 60 
Ripple rejection V1 = -18.5 V to -28.5 V, f = 120 Hz 

0°C to 125°C 

lo = 5 mA to 1.5 A 
25°C 

12 150 
Output regulation 

lo = 250 mA to 750 mA 4 75 

Temperature coefficient 0°C to 150°C -1 

of output voltage 
to= 5 mA 

0°C to 125°C 

Output noise voltage f=10Hzto100kHz 25°C 375 

Dropout voltage lo= 1 A 25°C 1.1 

Bias current 25°C 1.5 3 

VI = -18.5 V to - 30 V -55°C to 150°C 1 

Vi= -17.5 V to -30 V 0°C to 125°C 
Bias current change 

-55" C to 1 50" C 0.5 
lo= 5 mA to 1 A 

0°C to 125°C 

Peak output current 
. 

25°C 2.1 

uA7915C 

MIN TYP 
UNIT 

MAX 

-14.4 -15 -15.6 

v 
-14.25 -15.75 

11 300 
mV 

3 150 

dB 
54 60 

12 300 
mV 

4 150 

-1 
mV/°C 

375 µV 

1.1 v 
1,5 3 mA 

1 
mA 

0.5 

2.1 A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF. All characteristics except noise voltage 
and ripple rejection ratio are measured using pulse techniques ltw .:,;; 10 ms, duty cycle <:;; 5%). Output voltage changes due to changes in internal temperature 
must be taken into account separately. 
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uA7918M, uA7918C electrical characteristics at specified virtual junction temperature, 

V1 = -27 V, IQ= 500 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA7918M 

PARAMETER 
MIN TVP 

25°C -17.3 -18 

Output voltage 
lo = 5 mA to 1 A, l V1 = -22 V to -33 V -55°C to 150°C -17.1 

P<;;; 15W l VI = -21 V to -33 V 0°C to 125°C 

V1 = -21 V to -33 V 
25°C 

15 
Input regulation 

VI = -24 V to -30 V 5 

-55°C to 150°C 54 60 
Ripple rejection Vi= -22 V to -32 V, f = 120 Hz 

0°Cto 125°C 

lo= 5 mA to 1.5 A 
25°C 

12 
Output regulation 

lo= 250 mA to 750 mA 4 

Temperature coefficient 0°Cto 150°C -1 

of output voltage 
lo= 5mA 

0°Cto 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 450 

Dropout voltage lo= 1 A 25°C 1.1 

Bias current 25°C 1.5 

V1 = -22 V to -33 V -55°C to 150°C 

V1 = -21 V to -33 V 0°C to 125°C 
Bias current change 

-55°C to 150°C 
lo= 5 mA to 1 A 

0°C to 125°C 

Peak output current 25°C 2.1 

uA7918C 
UNIT 

MAX MIN TYP MAX 

-18.7 -17.3 -18 -18.7 

-18.9 v 
-17.1 -18.9 

180 15 360 
mV 

90 5 180 

dB 
54 60 

180 12 360 
mV 

90 4 180 

mVfC 
-1 

450 µV 

1.1 v 
3 1.5 3 mA 

1 

1 
mA 

0.5 

0.5 

2.1 A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0.1 µF. All characteristics except noise voltage 

and ripple rejection ratio are measured using pulse techniques ltw.;;; 10 ms, duty cycle.;;; 5%). Output ~oltage changes due to changes in internal temperature 

must be taken into account separately. 
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uA7924M, uA7924C electrical characteristics at specified virtual junction temperature, 
V1 = -33 V, IQ= 500 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA7924M 

PARAMETER 
MIN TVP 

25°C -23 -24 

lo= 5 mA to 1 A, 1 V1 = -28 V to -38 V -55°C to 150°C -22.8 
Output voltage 

P<;;;15W f VI = -27 V to -38 V 0°Cto 125°C 

V 1 = -27 V to -38 V 
25°C 

18 
Input regulation 

VI = -30 V to -36 V 6 

-55°C to 150°C 54 60 
Ripple rejection V1 = -28 V to -38 V, f=120Hz 

0°C to 125°C 

lo= 5 mA to 1.5 A 
25°C 

12 
Output regulation 

lo= 250 mA to 750 mA 4 

Temperature coefficient 0°C to 150°C -1 

of output voltage 
lo=5mA 

0°C to 125°C 

Output noise voltage f = 10 Hz to 100 kHz 25°C 600 

Dropout voltage lo=1 A 25°C 1.1 

Bias current 25°C 1.5 

V1 = -28 V to -38 V -55°C to 150°C 

VI = -27 V to -38 V 0°C to 125°C 
Bias current change 

-55°C to 150°C 
lo= 5 mA to 1 A 

0°C to 125°C 

Peak output current 25°C 2.1 

uA7924C 
UNIT 

MAX MIN TVP MAX 

-25 -23 -24 -25 

-25.2 v 
-22.8 -25.2 

240 18 480 
mV 

120 6 240 

dB 
54 60 

240 12 480 
mV 

120 4 240 

-1 
mV/°C 

600 µV 

1.1 v 
3 1.5 3 mA 

1 

1 
mA 

0.5 

0.5 

2.1 A 

t All characteristics are measured with a capacitor across the input of 0.33 µF and a capacitor across the output of 0. 1 µF. All characteristics except noise voltage 

and ripple rejection ratio are measured using pulse techniques (tw.;;;; 10 ms, duty cycle.;;;; 5%). Output voltage changes due to changes in internal temperature 

must be taken into account separately. 

II 

z 
m 
C) 

> 
-I 
< -I m< 

I -a 
<m = (/) ,... 
-I c 
>> C) ..._. 
m co 

N 
:a ~ 
m 3: 
C) .. 

Cc ,... > > ..._. 
-I co 
C>N 
:a ~ 
en n 



II 

280 



76 

LINEAR 
INTEGRATED CIRCUITS 

SERIES uA79MOO 
NEGATIVE-VOLTAGE REGULATORS 

BULLETIN NO. DL-S 7612405, JUNE 1976 

• 3-Terminal Regulators NOMINAL -55°C TO 150°C 0°C TO 125°C 

• Output Current up to 500 mA OUTPUT OPERATING OPERATING 

VOLTAGE TEMPERATURE RANGE TEMPERATURE RANGE 
• No External Components 

-5 v 
• Internal Thermal Overload Protection --6 v 
• Direct Placements for Fairchild µA79MOO Series -8 v 

• High Power Dissipation Capability 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

description 

This series of fixed-negative-voltage monolithic 

integrated-circuit voltage regulators is designed to 

complement Series uA78MOO 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 
used with external components to obtain adjustable 
output voltages and currents and also as the power 
pass element in precision regulators. 

-12 v 
-15 v 
-20V 

-24 v 
PACKAGES 

schematic 

uA79M05M uA79M05C 

uA79M06M uA79M06C 

uA79M08M uA79M08C 

uA79M12M uA79M12C 

uA79M15M uA79M15C 

uA79M20M uA79M20C 

uA79M24M uA79M24C 

LA KC, KO, and LA 

terminal assignments 
Resistor values shown are nominal and in ohms. INPUT 

KC PACKAGE KO PACKAGE LA PACKAGE 

(TOP VIEW) (TOPVIEWI (TOPVIEWI 

OUT PA 
INPUT.Li mMMON 

T0-220AB T0-202AB 

i 
Clo 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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SERIES uA79MOO 
NEGATIVE-VOLTAGE REGULATORS 

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

uA79M05M 

THRU 

uA79M24M 

uA79M20, uA79M24 -40 
Input voltage 

All others -35 

KC (T0-220AB) package 2 

Continuous total dissipation at 25°C free-air temperature (see Note 1) KD T0-202AB package 1.5 

LA package 0.6 

Continuous total dissipation at (or below) 25°C case temperature KC and KD package 7.5 

(see Note 1 l LA package 5 

Operating freeilir, case or virtual junction temperature range -55 to 150 

Storage temperature range -65 to 150 

Lead temperature 1/16 inch from case for 10 seconds KC and KD packages 

Lead temperature 1 /16 inch from case for 60 seconds LA package 300 

uA79M05C 

THRU 

uA79M24C 

-40 

-35 

2 

1.5 

0.6 

7.5 

5 

0 to 150 

-65to 150 

260 

300 

NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Deratlng Curves, Figures 1 through 4. 

recommended operating conditions 

MIN MAX 

uA79M05 -7 -25 

uA79M06 -8 -25 

uA79M08 -10.5 -25 

Input voltage, V1 uA70M12 -14.5 -30 

uA79M15 -17.5 -30 

uA79M18 -23 -35 

uA79M24 -27 -38 
Output current, lo 500 

Operating virtual junction temperature, T J 
1 uA79M05M thru uA79M24M -55 150 

l uA79M05C thru uA79M24C 0 125 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 o DALLAS, TEXAS 75222 

UNIT 

v 

w 

w 
oc 
oc 
oc 
oc 

UNIT 

v 

mA 

oc 
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TYPES uA79M05M, uA79M05C 
NEGATIVE-VOLTAGE REGULATORS 

uA79M05M, uA79M05C electrical characteristics at specified virtual junction temperature, 
v1 = -10 V, 10 = 350 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA79M05M uA79M05C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

25°C -4.8 -5 -5.2 -4.8 -5 -5.2 

Output voltage 
lo= 5 mA to 350 mA, V1 = -7 V to -25 V 

-55°C to 150°C -4.75 ·-5.25 v 
0°C to 125°C -4.75 -5.25 

V1 = -7 V to -25 V 
25°C 

7 50 7 50 
Input regulation mV 

V 1 = -8 V to -18 V 3 30 3 30 

-55°C to 150°C 50 

Ripple rejection 
V1 = -8 V to -18 V, lo= lOOmA 

0°C to 125°C 50 dB 
f = 120 Hz 

25°C lo= 300 mA 54 60 54 60 

1 o = 5 mA to 500 mA 
25°C 

75 100 75 100 
Output regulation mV 

Io = 5 mA to 350 mA 50 50 

Temperature coefficient -55°C to 150°C -0.4 
mV/°C 

of output voltage 
lo= 5 mA 

0°C to 125°C 0.4 

Output noise voltage f = 10 Hz to 100 kHz 25°C 125 125 µ.V 

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 
V1 = -8 V to -25 V 

0°C to 125°C 0.4 
Bias current change 

-55°C to 150°C 
mA 

0.4 
lo=5mAto350mA 

0°C to 125°C 0.4 

Short circuit 
25°C V1 = -30V 140 140 mk 

output current 

Peak output current 25°C 650 650 A 

t All characteristics are measured with a 2-µ.F capacitor across the input and a 1-µ.F capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (tw.;;; 10 ms, duty cycle.;;; 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 

TEXAS INSTRUMENTS 
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TYPES uA79M06M, uA79M06C 
NEG A Tl VE -V 0 LT AGE REGULATORS 

uA79M06M, uA79M06C electrical characteristics at specified virtual junction temperature, 
v1 = -11V,10 = 350 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA79M06M uA79M06C 

MIN TYP MAX MIN TYP MAX 

25°C -5.75 -6 --6.25 -5.75 -6 -6.25 

Output voltage -55°C to 150°C -5.7 --6.3 
lo= 5 mA to 350 mA, V1 = -8 V to -25 V 

0°C to 125°C -5.7 --6.3 
I----

V1 = -8 V to -25 V 
25°C 

7 60 7 6D 
Input regulation 

V.1 = -9 V to -19 V 3 40 3 4D 

V1 = -9 V to -19 V, 
-55°C to 15D°C 50 

Flipple rejection 
lo= 1DDmA 

D°C to 125°C 5D 
f = 12D Hz 

lo= 3DDmA 25°C 54 60 54 60 

lo= 5 mA to 500 mA 
25°C 

80 120 80 120 
Output regulation 

Io = 5 mA to 350 mA 55 55 

Temperature coefficient 
lo= 5 mA 

-55°C to 150°C -D.4 

of output voltage 0°c to 125°c --0.4 

Output noise voltage f = 10 Hz to 1DD kHz 25°C 15D 150 

Dropout voltage 25°C 1.1 1.1 

Bias current 25°C 1 2 1 2 

V1 = -9 V to -25 V 
-55°C to 150°C D.4 

D0 c to 125°c D.4 
Bias current change 

-55°c to 150°c 0.4 
lo=5mAto350mA 

0°c to 125°c D.4 

Short circuit 
25°C V1 = -30V 140 140 

output current 

Peak output current 25°C 650 650 

UNIT 

v 

mV 

dB 

mV 

mV/°C 

µV 

v 
mA 

mA 

mA 

A 

t All characteristics are measured with a 2-µF capacitor across the input end a 1-µF capacitor across the output. All characteristics except noise 
voltage end ripple rejection ratio ere measured using pulse techniques (tw.:;;; 10 ms, duty cycle.:;;; 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 

TEXAS INSTRUMENTS 
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TYPES uA79MOBM, uA79MOBC 
NEGATIVE-VOLTAGE REGULATORS 

uA79M08M, uA79M08C electrical characteristics at specified virtual junction temperature, 
v1 = -19 V, 10 = 350 mA (unless noted) 

TEST CONDITIONst 
uA79M08M uA79M08C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

25°C -7.7 -8 --8.3 -7.7 --8 -8.3 

Output voltage -55°C to 150°C -7.6 -8.4 v 
10 = 5 mA to 350 mA, Vi= -10.5 V to -25 V 

0°C to 125°C -7.6 -8.4 

Vi = -10.5 V to -25 V 
25°C 

8 80 8 80 
Input regulation mV 

V1 = -11 V to -21 V 4 50 4 50 

-55°C to 150°C 50 

Ripple rejection 
V1 = -11.5 V to -21.5 V, lo=100mA 

0°C to 125°C 50 dB 
f = 120 Hz 

25°C 54 59 lo= 300 mA 54 59 

lo= 5 mA to 500 mA 
25°C 

90 160 90 160 
Output regulation mV 

Io = 5 mA to 350 mA 60 60 

Temperature coefficient -55°C to 150°C -0.6 
mV/°C 

of output voltage 
lo= 5 mA 

0°c to 125°c -0.6 

Output noise voltage f = 10 Hz to 100 kHz 25°C 200 200 µV, 

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 
V1 = -10.5 V to -25 V 

0°C to 125°C 0.4 
Bias current change 

-55°C to 150°C 
mA 

0.4 
lo= 5 mA to 350 mA 

0°C to 125°C 0.4 

Short circuit 
25°C 140 V1=-30V 140 mA 

output current 

Peak output current 25°c 650 650 A 

t All characteristics are measured with a 2-µF capacitor across the input and a 1-µF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (tw.;;;; 10 ms, duty cycle.;;;; 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 

TEXAS INSTRUMENTS 
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TYPES uA79M12M, uA79M12C 
NEGATIVE-VOLTAGE REGULATORS 

uA79M12M, uA79M12C electrical characteristics at specified virtual junction temperature, 
v1 = -19 V, 10 = 350 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA79M12M uA79M12C 

PARAMETER 
MIN TVP MAX MIN TVP MAX 

25°C -11.5 -12 -12.5 -11.5 -12 -12.5 

Output voltage -55°C to 150°C -11.4 -12.6 
lo= 5 mA to 350 mA, Vi= -14.5 V to -30 V 

0°C to 125°C -11.4 -12.6 

V1 = -14.5 V to -30 V 
25°C 

9 80 9 80 
Input regulation 

V_i_ = -15 V to -25 V 5 50 5 50 

-55°C to 150°C 50 

Ripple rejection 
V1=-15Vto-25V, lo= 100mA 

0°C to 125°C 50 
f=120Hz 

25°C lo=300mA 54 60 54 60 

Output regulation 
Io = 5 mA to 500 mA 

25°C 
65 240 65 240 

IQ_= 5 mA to 350 mA 45 45 

Temperature coefficient -55°C to 150°C -0.8 

of output voltage 
lo= 5mA 

0°C to 125°C --0.8 

Output noise voltage f=10Hzto100kHz 25°C 300 300 

Dropout voltage 25°C 1.1 1.1 

Bias current 25°C 1.5 3 1.5 3 

-55°C to 150°C 0.4 
Vi= -14.5 V to -30 V 

0°C to 125°C 0.4 
Bias current change 

-55°C to 150°C 0.4 
Io= 5 mA to 350 mA 

0°C to 125°C 0.4 

Short circuit 
25°C V1 = -30V 140 140 

output current 

Peak output current 25°C 650 650 

UNIT 

v 

mV· 

dB 

mV 

mvrc 

µV 

v 

mA 

mA 

mA 

A 

t All characteristics are measured with a 2-µF capacitor across the input and a 1-µF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques ltw.;;; 1 Oms, 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, 
v1 = -23 V, 10 = 350 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA79M15M uA79M15C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

25°C -14.4 -15 -15.6 -14.4 -15 -15.6 

Output voltage .lo=5mAto350mA,V1 =-17.5Vto-30V 
-55°C to 150°C -14.25 -;15.75 v 

0°C to 125°C t-14.25 -15.75 

V1 = -17.5 V to -30 V 
25°C 

9 80 9 80 
Input regulation mV 

V1 = -18 V to -28 V 7 50 7 50 

V1 = -18.5 V to -28.5 Vllo = 100 mA 
-55°C to 150"C 50 

Ripple rejection 0°C to 125°C 50 dB 
f = 120 Hz l 

25°C ~=300mA 54 59 54 59 

lo= 5 mA to 500 mA 
25°C 

65 240 65 240 
Output regulation mV 

lo= 5 mA to 350 mA 45 45 

Temperature coefficient -55°C to 150°C -1 
mV/°C 

of output voltage 
lo= 5 mA 

0°C to 125°C -1 

Output noise voltage f=10Hzto100kHz 25°C 375 375 µ.V 

Dropout voltage 25°C 1.1 1.1 v 
Bias current 25°C 1.5 3 1.5 3 mA 

-55°C to 150°C 0.4 
V1 = -17.5 V to -30 V 

0°C to 125°C 0.4 
Bias current change 

-55°C to 150°C 
mA 

0.4 
lo= 5 mA to 350 mA 

0°C to 125°C 0.4 

Short circuit 
25°C V1=-30V 140 140 mA 

output current 

Peak output current 25°C 650 650 A 

t All characteristics are measured with a 2-µ.F capacitor across the input and a 1-µ.F capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (tw.;; 1 Oms, duty cycle.;; 5%). Output voltage changes due to changes 
in internal temperature must be taken into account separately. 
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TYPES uA79M20IVI, uA79M24C20C 
NEGATIVE-VOLTAGE REGULATORS 

uA79M20M, uA79M20C electrical characteristics at specified virtual junction temperature, 
v1 = -29 V, 10 = 350 mA (unless otherwise noted) 

TEST CONDITIONSt 
uA79M20M uA79M20C 

PARAMETER 
MIN TYP MAX MIN TYP MAX 

25°C -19.2 -20 -20.8 -19.2 -20 -20.8 

Output voltage 
lo= 5 mA to 350 mA, V1 = -23 V to -35 V 

-55°C to 150°C -19 -21 

0°C to 125°C -19 -21 

V1 = -23 V to -35V 
25°C 

12 80 12 80 
Input regulation 

VI = -24 V to -34 V 10 70 10 70 

-55°C to 150°C 50 

Ripple rejection 
VI = -24 V to -34 V, lo= 100 mA 

0°C to 125°C 50 
f = 120 Hz 

lo= 300mA 25°C 54 58 54 58 

lo= 5 mA to 500 mA 
25°C 

75 300 75 300 
Output regulation 

Io = 5 mA to 350 mA 50 50 

Temperature coefficient -55°C to 150°C -1 

of output voltage 
lo= 5mA 

0°C to 125°C -1 

Output noise voltage f=10Hzto100kHz 25°c 500 500 

Dropout voltage 25°C 1.1 1.1 

Bias current 25°C 1.5 3.5 1.5 3.5 

-55°C to 150°C 0.4 
V1 = -23 V to -35 V 

0°C to 125°C 0.4 
Bias current change 

-55°C to 150°C 0.4 
Io = 5 mA to 350 mA 

0°C to 125°C 0.4 

Short circuit 
25°c 140 140 

output current 
V1=-30V 

Peak output current 25"c 650 650 

UNIT 

v 

mV 

dB 

mV 

mvrc 

µV 

v 

mA 

mA 

mA 

A 

t All characteristics are measured with a 2-µF capacitor across the Input and a 1-µF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques (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 uA79M24M, uA79M24C 
NEGATIVE-VOLTAGE REGULATORS 

uA79M24M, uA79M24C electrical characteristics at specified virtual junction temperature, 
v1 = -33 V, 10 = 350 mA (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
uA79M24M uA79M24C 

UNIT 
MIN TVP MAX MIN TVP MAX 

25°C -23 -24 -25 -23 -24 -25 

Output voltage 
lo= 5 mA to 350 mA, V1 = -27 V to -38 V 

-55°C to 150°C -22.8 -25.2 v 
o•c to 125°c -22.8 -25.2 

Vi= -27 V to -38 V 
25°C 

12 80 12 80 
Input regulation mV 

V1 = -28 V to -38 V 12 70 12 70 

-55°C to 150°C 50 

Ripple rejection 
V1 = -28 V to -38 V, lo= 100mA 

0°C to 125°C 50 dB 
f = 120 Hz 

25°C lo=300mA 54 58 54 58 

lo= 5 mA to 500 mA 
25°C 

75 300 75 300 
Output regulation mV 

lo=5mAto350mA 50 50 

Temperature coefficient -55°C to 150°c -1 
mVfC 

of output voltage 
lo=5mA 

0°C to 125°C -1 

·output noise voltage f = 10 Hz to 100 kHz 25•c 600 600 µV 

Dropout voltage 25•c 1.1 1.1 v 
Bias current 25°C 1.5 3.5 1.5 3.5 mA 

-55°C to 150°c 0.4 
V1 = -27 V to -38 V 

o•c to 125°c 0.4 
Bias current change 

-55"C to 15o•c 
mA 

0.4 
lo= 5 mA to 350 mA 

0°C to 125°C 0.4 

Short circuit f('' 

V1 = -30V ~ 25°C 140 140 mA 
output current 

Peak output current v 25°c 650 650 A 

t All characteristics are measured with a 2-µF capacitor across the input and a 1-µF capacitor across the output. All characteristics except noise 
voltage and ripple rejection ratio are measured using pulse techniques ltw.;; 1() ms, duty cycle.;; 5%). Output voltage changes due to changes 
in Internal temperature must be taken Into account separately. 
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SERIES uA79MOO 
NEGATIVE-VOLTAGE REGULATORS 

THERMAL INFORMATION 
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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 

• Timing from Microseconds to Hours 

• Astable or Monostable Operation 

• Adjustable Duty Cycle 

• TTL Compatible Output Can Sink or 
Source up to 200 mA 

• 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 Vee. 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
imi:fedance 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. 

functional block diagram CONTROL 

Vee VOLTAGE 

(Bl (51 

GND DISCHARGE 

RESET 

(4) 

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

CONTROL 
DIS· THRES. VOLT· 

VccCHARGEHOLD AGE 

GND TRIG· 
GER 

L PLUG· IN PACKAGE 
(TOPVIEWI 

Vee 

RESET 

PIN 1 IS IN ELECTRICAL 
CONTACT WITH THE CASE 
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TYPES SE555, NE555 
PRECISION TIMERS 

schematic 

Vcc----..---------------4-----------~---------------..-........... --..... 

(2) 
TRIGGER ------+---+------i 

RESET -
1
-
41----t 

(7) 
DISCHARGE ----~ 

100 

Resistor values shown are riominal and in ohms. 

(J) OUTPUT 

220 

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

Supply voltage, Vee (see Note 1) ....... . 
Input voltage (control voltage, reset, threshold, trigger) 
Output current . . . . . . . . . . . . . . . 
Continuous total dissipation at (or below) 25°e free-air temperature (see Note 2) 
Operating free-air temperature range: SE555 

NE555 ........ . 
Storage temperature range . . . . . . . . . . . . . . . . . 
Lead temperature 1/16 inch from case for 60 seconds: JG or L package 
Lead temperature 1/16 inch from case for 10seconds: P package 

NOTES: 1. All voltage values are with respect to network ground terminal. 
2. For operation above 25° C free-air temperature, refer to Dissipation Derating Curves, Section 2. 

recommended operating conditions 

SE555 

MIN NOM MAX 

Supply voltage, Vee 4.5 18 

Input voltage, Vi (control voltage, reset, threshold, trigger) Vee 
Output Current, lo ±200 

Operating free-air temperature, TA -55 125 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

MIN 

4.5 

0 

18 v 
Vee 

±225 mA 
. 600 mW 

-55°eto 125°e 
0°e to 70°e 

-65°e to 150°e 
300°e 
260°e 

NE555 
UNIT 

NOM MAX 

16 v 
Vee v 
±200 mA 

70 oe 
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TYPES SE555, NE555 
PRECISION TIMERS 

electrical characteristics at 25°C free-air temperature, Vee= 5 V to 15 V (unless otherwise noted) 
SE555 NE555 

PARAMETER TEST CONDITIONS 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 0.25 0.1 0.25 µA 

Vee= 15 v 4.8 5 5.2 5 
Trigger voltage level v 

Vee= 5 v 1.45 1.67 1.9 1.67 

Trigger current 0.5 0.5 µA 

Reset voltage level 0.4 0.7 1 0.4 0.7 1 v 

Reset current 0.1 0.1 mA 

Control voltage Vee= 15 v 9.6 10 10.4 9 10 11 
v 

(open-circuit) Vee= 5 v 2.9 3.3 3.8 2.6 3.3 4 

loL=10mA 0.1 0.15 0.1 0.25 

loL=50mA 0.4 0.5 0.4 0.75 
Vee= 15 v 

loL = 100 mA 2 2.2 2 2.5 
Low-level output voltage v 

IOL = 200mA 2.5 2.5 

Vee= 5 v 
loL = 5mA 0.25 0.35 

loL = 8mA 0.1 0.25 

loH = -100mA 13 13.3 12.75 13.3 

High-level output voltage 
Vee= 15 v 

loH = -200 mA 12.5 12.5 v 

Vee= 5 v loH = -100mA 3 3.3 2.75 3.3 

Output low, Vee= 15v 10 12 10 15 

No load Vee= 5 v 3 5 3 6 
Supply current mA 

Output high, Vee= 15v 9 11 9 14 

No load Vee= 5 v 2 4 2 5 

NOTE 3: This parameter influences the maximum value of the timing resistors RA and R9. For example when Vee = 5 V the maximum 
value is R = RA+R 8 ""20 Mn. 

operating characteristics, V CC = 5 V and 15 V 

TEST CONDITIONSt 
SE555 NE555 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

Initial accuracy of 
RA= 1 kn to 100 kn, TA= 25°C 0.5 2 1 % 

timing interval 

Temperature coefficient 
R8 = o to 1 oo kn, 

TA= MIN 
30 100 50 ppm/°C 

of timing interval to MAX 

Supply voltage sensitivity 
C = 0.1 µF TA= 25°C 

of timing interval 
0.05 0.2 0.1 %/V 

Output pulse rise time 
CL=15pF, TA=25°C 

100 100 ns 

Output pulse fall time 100 100 ns 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
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TYPES SE555, NE555 
PRECISION TIMERS 
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SUPPLY VOLTAGE 

> 1.015 
0 ! :., 1.010 
u 
> 

" ; 
1.005 

g 1.000 

·~ 
~ 0.995 

£ 
:2 
!!: 0.990 
~ 

~ 
0.985 

0 

\ i----t----" 

10 15 20 

Vee-Supply Voltage-V 

FIGURE 8 

TYPICAL CHARACTERISTICSt 
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FIGURE 9 

t Data for temperatures below 0°C and above 70° Care applicable for SE655 circuits only. 
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TYPES SE555, NE555 
PRECISION TIMERS 

TYPICAL APPLICATION DATA 

monostable operation 
RA"' 9.1 kH 
C = 0.01 µF 

.,_ RL • 1 kH 
Seef19ure11 

Vee (5 v to 15 VI 

~ ~ ll [ 
u u 

(4) (8) RL RA 
INPUT VOLTAGE 

RESET Vee (3) 
(2) OUTPUT OUTPUT 

INPUT TRIGGER 
t-- r-- r-- .......+-. ,. 

SE555/NE555 
(7) 

DISCHARGE 

OUTPUT VOLTAGE 
(5) CONTROL 

VOLTAGE 
THRESHOLD 

(6) 

L1 L1 _L11 rt 
0.01 µFr 

GND 

re (1) 
v I lL L .L 

CAlCITj VOLrGE 

Time-0.1 ms/div 

FIGURE 11-CIRCUIT FOR MONOSTABLE OPERATION FIGURE 12-TYPICAL MONOSTABLE WAVEFORMS 

The SE555 and NE555 may be connected as shown in Figure 11 for monostable operation producing an output pulse 
width independent of the input waveform and controlled by the RA • C time constant. Prior to the negative-going 
input pulse, capacitor C is held discharged by transistor 01 (see schematic). Application of a negative-going input­
trigger-pulse sets the flip-flop, turns off 01, and drives the output high. Capacitor C is now charged through RA 
with a time constant r == RAC. When the voltage across capacitor C reaches the threshold voltage of the comparator, 
the flip-flop is reset, energizing 01 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 01, the output pulse width is 
approximately tw == 1.1 RAC. Figure 13 is a plot of 
the time constant for various values of RA and C. The 
threshold levels and charge rates are both directly 
proportional to the supply voltage, Vee. The timing 
interval is therefore independent of the supply 
voltage, so long as the supply voltage is constant 
during the time interval. 

el 
"3 
': 10- 2 f--------
::::l 

B-
::::l 
0 
I 
J 

Applying a negative-going trigger pulse simul­
taneously to the reset and trigger terminals during the 
timing interval will discharge C and re-initiate the 
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 
should be connected to V cc to prevent false 
triggering. 10-5 ....__ __ _._ ___ ..__ __ __._ ___ ..__ __ __. 

0.001 0.01 0.1 10 100 

C-Capacitance-µF 

FIGURE 13-0UTPUT PULSE WIDTH vs CAPACITANCE 
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TYPES SE555, NE555 
PRECISION TIMERS 

astable operation 
TYPICAL APPLICATION DATA 

Vee 15 v to 15 Vl 

(4) (8) 

Vee RESET 

(2) TRIGGER 
OUTPUT l-'-'---1f----+-0UTPUT 

SE555/NE555 
DISCHARGE 

RB 
OPEN (5) CONTROL 

(See Note A) VOLTAGE THRESHOLD '""(G-")---<11...____, 

GND 

(1) 

NOTE A: Decoupling the control voltage input (pin 5) to 
ground with a capacitor may improve operation. 
This should be evaluated for individual applications. 

FIGURE 14-CIRCUIT FOR ASTABLE OPERATION 

> 

AA•4kU 
As• 3kU 

t-C • 0.15µF -+--+-+--+-+--+-+--! 
Rt'" 1 kH 
Seefigure14 

~ > t---+-+-1---+-+-l---+-+-l---+-+-I---+-----< 

l 
~ l----l-+-l----l-+-l----l-+-l----l-+-1----1---l 

~ t-•hj--.. 

+•11- OUTPUT VOLTAGE 

Time-0.5 ms/div 

FIGURE 15-TYPICAL ASTABLE WAVEFORMS 

Addition of a second resistor, Rs, 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/NE555 to self-trigger and run as a multivibrator. The capacitor C will 
charge through RA and Rs then discharge through Rs only. The duty cycle may be controlled, therefore, by the values 
of RA and Rs. 

This astable connection results in capacitor C charging and discharging between the threshold-voltage level 
t~0.67·Vccl and the trigger-voltage level (~0.33·Vccl. 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: 

th= 0.693 (RA+ Rs)C, 

output low-level duration, t1, as: 

t1 = 0.693 (RslC. 

The total period is T = th + t1 and frequency is 

f = _!_ or f 
T' 

1.44 
(RA+ 2RslC 

J: 1 o k ........ ---+-'-~---+.--
1 
> u 
c: 
~ 1 k 1-"oc----t-'---­
C" 
Cl) 

..t 
~ 100 ----!-' ... 

·c: 
c: 
:i 
a: a, 10 t-----t-' ... 
Cl) 

..t 

..!. 

The frequency of oscillation may be determined by 
referring to the chart shown in Figure 16, which 
relates free-running freque[l.Cy, f, to the external 
resistors RA and Rs and the external capacitor C. 
Duty cycle, D, is determined by the values selected for 
RA and Rs and may be calculated as: 

0.1 .__ __ _._ ___ ..__ __ __._..._ __ ~ __ ___. 

0.001 0.01 0.1 10 100 

C-Capacitance-µ F 

FIGURE 16-FREE-RUNNING FREQUENCY 
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missing-pulse detector 

Vccl5Vto15VI 

(4) (8) 

INPUT RESET Vee 
OUTPUT (2) 

TRIGGER 

SE555/NE555 
DISCHARGE 

(5) CONTROL 
VOLTAGE THRESHOLD 

O.Q1 µF J 

TYPICAL APPLICATION DATA 

RL RA 

(3) 
OUTPUT 

(7) 

(6) 

A5T3644 

.~ 
"'C 

> 
N 

~ 
0 
> 

vee!sv 
RA• 1kn 

~~·i!:r:d-

l l ] 
L u I 

~ t1 L1 v 

TYPES SE555, NE555 
PRECISION TIMERS 

] ] 1 1 l 
tPUTVOLTA~E l l L 

OUTPUT VOLTAGE 

L1 lL ~ L] Ii v J y 
L.J v v 

eAPlelTCJ. VOLlAGE 

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= s v 
RA= 12501! 

re• 0.02 µF -t--+--t--+--t--+--t--t--t--1 
AL= 1 kH 
See Figure 11 

INPUT VOLTAGE ~ > t---+--t---+----1t---+----1t---+----1t---+----1--+----1 

N --+--+--. .+---+-. .+---+-. t-----
~ l---t---ll-+-f+---11---+--++ll---+---ll-+-f+---l--t---l 

0 
> f---+--l-lo-4---lf---+-........,f---+---lf--"-4---1--+---I 

OUTPUT VOLTAGE 

V1 v v 
Time-0.1 ms/div 

FIGURE 19-DIVIDE-BY-THREE CIRCUIT WAVEFORMS 
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TYPES SE555, NE555 
PRECISION TIMERS 

TYPICAL APPLICATION DATA 
pulse-width modulation 

CLOCK 
INPUT 

MODULATION 
INPUT 

(See Note Al 

Vee (5 v to 15 Vl 

(41 

RESET 

121 TRIGGER 

(Bl 

Vee 
OUTPUT 1-

13
-

1
---11--- OUTPUT 

SE555/N E555 
DISCHARGE l7 l 

(51 CONTROL 
VOLTAGE THRESHOLD 161 

GND 

(11 

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 the bias of the 
SE555/NE555 should be considered. 

FIGURE 20-CIRCUIT FOR PULSE-WIDTH MODULATION 

RAT3•n' 
C• 0.02,iF 

f-RL • 1 kn -+--+--1---+---lf---+-~--+--+---I 
S.F1gure20 

ul!A AlA IUl!_J_ 

Time-0.5 ms/div 

FIGURE 21-PULSE-WIDTH-MODULATION WAVEFORMS 

The operation of the timer may be modified by modulating the internal threshold and trigger voltages. This is 
accomplished by applying an external voltage (or current) to the control voltage pin. Figure 20 is a circuit for 
pulse-width modulation. The monostable circuit is triggered by a continuous input pulse train and the threshold voltage 
is modulated by a control signal. The resultant effect is a modulation of the output pulse width, as shown in Figure 21. 
A sine-wave modulation signal is illustrated, but any wave-shape could be used. 

pulse-position modulation 

Vee (5 v to 15 Vl 

(41 (Bl 

RESET 

121 
TRIGGER 

Vee 
OUTPUT 1-

1
-
31

---if----t-OUTPUT 

SE555/NE555 
(71 

DISCHARGE 

MODULATION (51 CONTROL 
Re 

INPUT VOLTAGE THRESHOLD 
(61 

(See Note Al 
GND Jc ~11 

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 the bias of the 
SE555/NE555 should be considered. 

FIGURE 22-CIRCUIT FOR PULSE-POSITION MODULATION 

RA•3kll 
Re• SOOU 

f-~~ ~~~;,· +---lf---+--+---+--+--+---+--1 
Seef1gure22 

YN 
>v i'¥ 
:§. MODULATION INPUT VOLTAGE'-~--+--! 
> 

OUTPUT VOLT AGE 

Time-0.1 ms/div 

FIGURE 23-PULSE POSITION-MODULATION WAVEFORMS 

The SE555/NE555 may be used as a pulse-position modulator as shown in Figure 22. In this application, the threshold 
voltage, and thereby the time delay, of a free-running oscillator is modulated. Figure 23 shows such a circuit, with a 
triangular-wave modulation signal, however, any modulating wave-shape could be used. 
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TYPES SE555, NE555 
PRECISION TIMERS 

sequential timer 

(41 

o----12
-1
1 

TRIGGER 
SE555/NE555 

0.01 
11F 

DISCHARGE 

5 CONTROL 
VOLTAGE THRES-

HOLD 
GND 

(1) 

S closes momentarily at t = 0. 

TYPICAL APPLICATION DATA 

OUTPUT A 

Vee 

Ce•4.711F 
Re• 100kn 

OUTPUT B 

FIGURE 24-SEOUENTIAL TIMER CIRCUIT 

TRIGGER 
SE555/NE555 111 

DISCHARGE 

GND 

THRES- (6) 
HOLD 

(11 

Cc• 14.711F 
Re• 100kn 

Re 

Cc 

OUTPUTC 

Many appiications, 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. 

See FiJure 24 

OUTPUT A ~twAM! twA = 1.1 RACA 

~ ~twB,..,~ 
I I 

OUTPUT B twB = 1.1 Raes 

OUTPUTC· i--t-twc -Iii twc = 1.1 Rccc 

,.._t=O 

l 
t-Time-1 s/div 

FIGURE 25-SEQUENTIAL TIMER WAVEFORMS 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL182M, TL1821, TL182C 
TWIN SPST Bl-MOS ANALOG SWITCHES 

• 

• 
• 

Functionally Interchangeable with Signetics 
DG182 with Same Terminal Assignments 

Monolithic Construction 

Adjustable Reference Voltage 

description 

The TL182 is a twin, monolithic, high-speed SPST 
analog switch constructed using Bl-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 (V ref). The 
input threshold is related to the reference input by 
the equation Vth = Vref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
bipolar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 

Vref + 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. 

Bl-MOS technology is a major breakthrough in linear 
integrated circuit processing. Bl-MOS has ion im­
planted JFETs, p-channel MOS-FETs, plus the usual 
bi-polar components all on the same chip. Bl-MOS 
allows circuit designs that previously have been 
available only as expensive hybrids to be monolithic. 

For the TL 182, a low level at the input turns the 
switch on. 

The TL 182M is characterized for operation over the 
full military temperature range of -55°C to 125°C, 
the TL 1821 is characterized for operation from 
-25°C to 85°C, and the TL 182C from 0°C to 70°C. 

• 
• 

• 
• 

BULLETIN NO. DL-S 7612416, JUNE 1976 

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) 

2S 

All leads are electrically Insulated from case. 

N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

2S 20 NC NC 2A VEE Vref 

1S 10 NC NC 1A Vee VLL 

NC-No internal connection 

Switch positions shown are A inputs low. 

TENTATIVE DATA SHEET 

This document provides tentative information 
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 TL182M, TL1821, TL182C 
TWIN SPST Bl-MOS ANALOG SWITCHES 

functional diagram 

:-1 '""'f'">----1 s 
I 
I 

1A--Q-C>---J 

2A --Q-C>---j 
I 
I 

SWITCH POSITIONS 
SHOWN ARE FOR 
A INPUTS LOW 

20 x-J...-~...,.--2s 

schematic (each channel) 

l TO OTHER HALF 

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, V cc- VEE 
Positive supply voltage to either drain, Vee - Vo 
Drain to negative supply voltage, Vo - VEE 
Drain to source voltage, Vo - Vs 
Logic supply to negative supply voltage, VLL - VEE 
Logic supply to logic input voltage, VLL - V1 
Logic supply to reference voltage, VLL - Vref 
Logic input to reference voltage, VI - V ref 
Reference to negative supply voltage, Vref - VEE 
Reference to logic input voltage, Vref - V1 
Current (any terminal) . . . . . . . . . . . . . 
Continuous dissipation at (or below) 25°C free-air temperature: N package 

L package (see Note 1) 

36 v. 
33 v 

·33 v. 
±22 v 

36 v 
33 v 
33 v 
33 v 
27 v 
2V 

30mA 
1150 mW 

. 625 mW 
Operating free-air temperature range: TL 182M 

TL1821 
TL182C 

-55°C to 125°C 
-25°C to 85°C 

0°C to 70°C 
Lead temperature 1 /16 inch from case for 60 seconds: L package 300°C 

. 260°C Lead temperature 1 /16 !nch from case for 10 seconds: N package . . . . 
NOTE 1: For operation above 25 C free-air temperature, see Dissipation Deratlng Curves, Section 2. 
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TYPES TL182M, TL1821, TL182C 
TWIN SPST Bl-MOS ANALOG SWITCHES 

electrical characteristics, Vee= 15 V, VEE= -15 V, VLL = 5 V, Vref = 0 V (unless otherwise noted) 

TL 182M TL 1821 TL 182C 
PARAMETER TEST CONDITIONS UNIT 

MIN MAX MIN MAX MIN MAX 

V1H High-level control input voltage TA= MIN to MAX Vref+2 Vref+2 Vret+2 v 
V1L Low-level control input voltage TA= MIN to MAX Vref+0.8 Vref+o.8 Vref+0.8 v 

TA= 25°C 10 10 20 
l1H High-level control input current Vi= 5 v 

TA= MAX 20 20 20 
µA 

l1L Low-level control input current V1 =OV TA= MIN to MAX -250 -250 -250 µA 

Vee= 15 v. TA= 25°C 1 5 5 
Vo=10V, 

VEE=-15V TA= MAX 100 100 100 
lo(off) Off-state drain current Vs=-10V, 

TA= 25°C 
nA 

Vee= 10 v, 1 5 5 
V1 =2 v 

VEE= -20 V TA= MAX 100 100 100 

Vee= 15 v, TA= 25°C 1 5 5 
Vo=-10V1 VEE=-15V TA= MAX 100 100 100 

ls(off) Off-state source current Vs=10V, 
TA= 25°C 

nA 
Vee= 10 v. 1 5 5 

V1=2 v 
VEE= -20 V TA= MAX 100 100 100 

On-state channel Vo= -10 V,Vs = -10 v. TA= 25°C -2 -10 -10 
lo(on)+ls(onl nA 

leakage current Vi= 0.8 v TA= MAX -200 -200 -200 

Drain-to-source on-state Vo= -10 V,ls = 1 mA, TA= MIN to 25°C 75 100 100 
ros(on) n 

resistance Vi= 0.8 v TA= MAX 100 1.50 150 

Ice Supply current from Vee 1.5 1.5 1.5 

IEE Supply current from VEE 
Both control inputs at 0 V, TA= 25°C 

-5 -5 -5 
mA 

ILL Supply current from VLL 4.5 4.5 4.5 

I ref Reference current -2 -2 -2 

Ice Supply current from Vee 1.5 1.5 1.5 

IEE Supply current from VEE 
Both control inputs at 5 V, TA= 25°C 

-5 -5 -5 
mA 

ILL Supply current from VLL 4.5 4.5 4.5 

I ref Reference current -2 -2 -2 

switching characteristics, Vee= 10 V, VEE= -20 V, VLL = 5 V, Vref = 0 V, TA= 25°e 

TL 182M TL 1821 TL182C 
PARAMETER TEST CONDITIONS UNIT 

TYP TYP TYP 

ton Turn-on time 175 175 175 

Turn-off time 
RL =300f2,CL=30pF, See Figure 1 ns 

to ff 350 350 350 

PARAMETER MEASUREMENT INFORMATION 

Vso--s-+-~~~~-0-.......... -+___. ..... ~~----nouTPUT 
INP~" ''j=---3V 

. ~r-Ll------OV 

= Vref = 0 

RL = T CL= 30 pF 

1300 n 
~ -= 

CL includes probe and jig capacitance. 

TEST CIRCUIT 

Vs= 3 V for ton and -3 V for toff· 

Vo=Vs RL 
RL + ros(on) 

ton-~ I 

OUTPUT - - - -y--y~~~~ ~;=--:: 
0.1 Vo 

Vo------------ ---------~V 
VOLTAGE WAVEFORMS 

V 0 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. 

PRINTED IN U.SA. 

Tl cannot assume any reiponsibility for any <ircuil! shown 
or represent that they are free from patent infringement. 

FIGURE 1 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TL185M, TL1851, TL185C 
TWIN DPST Bl-MOS ANALOG SWITCHES 

Functionally Interchangeable with Signetics 
DG185 with Same Terminal Assignments 

Monolithic Construction 

Adjustable Reference Voltage 

• 
• 

• 
0 

BULLETIN NO. DL-57612417, JUNE 1976 

JFET Inputs 

Uniform On-State Resistance for Minimum 
Signal Distortion 

±10-V Analog Voltage Range 

TTL, MOS, and CMOS Logic Control 
Compatibility 

description 

The TL 185 is a twin, monolithic, high-speed DPST 
analog switch constructed using Bl-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 (Vref). 
The input threshold is related to the reference input 
by the equation V th = V ref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 
The JFET input makes the device compatible with 
bipolar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 

Vref+ 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. 

Bl-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. Bl-MOS 
allows circuit designs that previously have been avail­
able only as expensive hybrids to be monolithic. 

For the TL 185, a high level at the input turns the 
switches on. 

The TL 185M is characterized for operation over the 
full military temperature range of -55°C to 125°C, 
the TL 1851 is characterized for operation from 
-25°C to 85°C, and the TL 185C from 0°C to 70°C. 

TENTATIVE DATA SHEET 

JOAN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

1S1. 1A VEE vref VLL Vee 2A 2S2 

101 I NC \ 102 1S2 2S1 201 NC 202 

NC-No internal connection 

Switch positions shown are for A inputs high. 

308 This document provides tentative information TEXAS f N STRUM ENTS 
on a product In the developmental stage. Texas INCORPORATED 
Instruments reserves the right to change or POST OFFICE eox 5012 • DALLAS, TEXAS 75222 

discontinue this product without notice. 
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TYPES TL185M, TL1851, TL185C 
TWIN DPST Bl-MOS ANALOG SWITCHES 

functional diagram 

schematic (each channel) 

2S1 

~201 
I 

~202 
L_f--2s2 

r--_J 

L<J-0--2A 

SWITCH POSITIONS 
SHOWN ARE FOR 
A INPUTS HIGH 

} TO OTHER HALF 

Vref 

FUNCTION TABLE 

(EACH HALF) 

INPUT SWITCHES 
A S1 AND S2 

L OFF (OPEN) 
H ON (CLOSED) 

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

Positive supply to negative supply voltage, Vee - VEE 36V 
33 v 
33V 

Positive supply voltage to either drain, Vee - Vo 
Drain to negative supply voltage, Vo - VEE 
Drain to source voltage, Vo - Vs 
Logic supply to negative supply voltage, VLL - VEE 
Logic supply to logic input voltage, VLL - V1 
Logic supply to reference voltage, VLL - Vref 
Logic input to reference voltage, V1 - Vref 
Reference to negative supply voltage, Vref - VEE 
Reference to logic input voltage, Vref - V1 
Current (any terminal) . . . . . . . . . . 
Continuous dissipation at (or below) 25°C free-air temperature: N package 

Operating free-air temperature range: TL 185M 
TL1851 
TL185C 

J package (see Note 1) . 

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. 

TEXAS INSTRUMENTS 
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±22 v 
36 v 
33 v 
33V 
33 v 
27 v 
2V 

30mA 
1150 mW 
1025 mW 

-55°C to l25°C 
-25°C to 85°C 

0°C to 70°C 
300°C 

.. _ 260°C 
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TYPES TL185M, TL1851, TL185C 
TWIN DPST Bl-MOS ANALOG SWITCHES 

electrical characteristics, Vee= 15 V, VEE= -15 V, VLL = 5 V, Vref = 0 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS 
TL 185M TL 1851 TL185C 

UNIT 
MIN MAX MIN MAX MIN MAX 

V1H High-level control input voltage TA=MINtoMAX Vref+2 Vref+2 Vref+2 v 

V1L Low-level control input voltage TA= MIN to MAX Vref+0.8 Vret+0.8 Vret+0.8 v 

l1H High-level control input current V1=5 V 
TA=25°C 10 10 20 

TA= MAX 20 20 20 
µA 

l1L Low-level control input current V1=0 v TA=MINtoMAX -250 -250 -250 µA 

Vcc=15v, TA= 25°"C 1 5 5 
Vo=10V, 

VEE=-15V TA= MAX 100 100 100 
lo(oftl Off-state drain current Vs= -10 V, nA 

Vee= 10 v. TA= 25°C 1 5 5 
V1=0.8 V 

VEE= -20 V TA= MAX 100 100 100 

Vcc=15v, TA= 25°C 1 5 5 
Vo= -10 V 

VEE=-15V TA= MAX 100 100 100 
ls(offl Off-state source current Vs=10V, 

TA= 25°C 
nA 

Vcc=1ov. 1 5 5 
V1=0.8 V 

VEE= -20 V TA= MAX 100 100 100 

On-state channel Vo= -10 V,Vs = -10 V, TA= 25°C -2 -10 -10 
lo(on)+ls(on) 

leakage current V1=2 V 
nA 

TA= MAX -200 -200 -200 

Drain-to-source on-state Vo= -10 V,ls = 1 mA, TA=MINto25°C 125 150 150 
ros(on) 

resistance V1=2 V 
n 

TA= MAX 250 300 300 

ice Supply current from Vee 1.5 1.5 1.5 

IEE Supply current from VEE 
Both control inputs at 0 V, TA= 25°C 

-5 -5 -5 

ILL Supply current from VLL 
mA 

4.5 4.5 4.5 

I ref Reference current -2 -2 -2 

Ice Supply current from Vee 1.5 1.5 1.5 

IEE Supply current from VEE 
Both control inputs at 5 V, TA= 25°C 

-5 -5 -5 

ILL Supply current from VLL 
mA 

4.5 4.5 4.5 

I ref Reference current -2 -2 -2 

switching characteristics, Vee= 10 V, VEE= -20 V, VLL = 5 V, Vref = 0 V, TA= 25°e 

PARAMETER 
TL185M TL 1851 TL185C 

TEST CONDITIONS UNIT 
TYP TYP TYP 

ton Turn-on time 175 175 175 

Turn-off time 
AL= 300 n, CL= 30 pF, See Figure 1 ns 

to ff 350 350 350 

PARAMETER MEASUREMENT INFORMATION 
tr< 10 ns tf < 10 ns 

Vs S 

INPUTA ~----

~ 7'--ov 
~\;y--FVot-~,::;;- 3V 

OUTPUT ---~---l. OV 0.1 Vo 

___ ..::.<::=-- ------3V 

RL = OUTPUT 

300n 1 c,. '°'' 

D 

CL indludes probe and jig capacitance. 

TEST CIRCUIT VOLTAGE WAVEFORMS 
AL 

Vs= 3 V for ton and -3 V for toff· Vo= Vs _R_L_+_r_o_S_(-on-l 

v 0 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 
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LINEAR 
INTEGRATED CIRCUITS 

• Functionally Interchangeable with Signetics 
DG188 with Same Terminal Assignments 

• Monolithic Construction 

• Adjustable Reference Voltage 

description 

The TL 188 is a monolithic, high-speed dual compli· 
mentary SPST switch constructed using Bl-MOS 
technology. It consists of a JFET-input buffer, 
level translator, and two output JFET switches 
that can easily be connected in SPOT configuration. 

The threshold of the input buffer is determined by 
the voltage applied to the reference input (Vref). 
The input threshold is related to the reference input 
by the equation Vth = Vref + 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 Vth = 

Vref+ 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. 

Bl-MOS technology is a major breakthrough in linear 
integrated circuit processing. Bl-MOS has ion-im­
planted JFETs, p-channel MOS-FETs, plus the usual 
bi-polar components all on the same chip. Bl-MOS 
allows circuit designs that previously have been avail· 
able only as expensive hybrids to be monolithic. 

For the TL 188, a high level at the input turns switch 
S1 on and S2 off. 

The TL 188M is characterized for operation over the 
full military temperature range of -55°C to 125°C, 
the TL 1881 is characterized for operation from 
-25°C to 85°C, and the TL 188C from 0°C to 70°C. 

TENTATIVE DATA SHEET 

• 
• 

• 
• 

TYPES TL188M, TL1881, TL188C 
DUAL COMPLEMENTARY SPST 

Bl-MOS ANALOG SWITCHES 
BULLETIN NO. DL-S 7612418, JUNE 1976 

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) 

02 

VLL 

ALL LEADS ARE 
ELECTRICALLY INSULATED FROM THE CASE 

NC 

N 
DUAL·IN-LINE PACKAGE (TOP VIEW) 

NC 01 

r- ---1 
I I 
I 

S1 A Vee VLL 

NC-No internal connection 

Switch positions shown are for Input A 'high. 

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. 
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TYPES TL188M, TL1881, TL188C 
DUAL COMPLEMENTARY SPST Bl-MOS ANALOG SWITCHES 

functional diagram 

01~ r--02 
FUNCTION TABLE 

SI _sl---'Q_ S2 SWITCH POSITIONS 
SHOWN ARE FOR 
INPUT A HIGH 

INPUT SWITCHES 

I 
I 

A-D-t>--J 
schematic 

VLL Vee 

A 

L 

H 

Vref 

S1 S2 

OFF (OPEN) ON (CLOSED) 

ON (CLOSED) OFF (OPEN) 

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

Positive supply to negative supply voltage, V CC- VEE 36 v 
33V 
33V 

Positive supply voltage to either drain, Vee - Vo 
Drain to negative supply voltage, Vo - VEE 
Drain to source voltage, Vo - Vs . . . . . . . 
Logic supply to negative supply voltage, VLL - VEE 
Logic supply to logic input voltage, VLL - V1 
Logic supply to reference voltage, VLL - Vref 
Logic input to reference voltage, V1 - Vref 
Reference to negative supply voltage, Vref - VEE 
Reference to logic input voltage, Vref - V1 
Current (any terminal) . . . . . . . . . . . . . . . 
Continuous dissipation at (or below) 25°C free~air temperature: N package 

Operating free-air temperature range: TL 188M 
TL1881 
TL188C 

L package (see Note 1) 

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

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

±22 v 
36 v 
33 v 
33 v 
33 v 
27 v 
2V 

30mA 
1150 mW 

625 mW 
-55°C to 125°C 
-25°C to 85°C 

0°C to 70°C 
300°C 

... 260°C 
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TYPES TL188M, TL1881, TL188C 
DUAL COMPLEMENTARY SPST Bl-MOS ANALOG SWITCHES 

electrical characteristics, Vee= 15 V, VEE= -15 V, VLL = 5 V, Vref = 0 V (unless otherwise noted) 

TL 188M TL 1881 TL 188C 
PARAMETER TEST CONDITIONS UNIT 

MIN MAX MIN MAX MIN MAX 

V1H High-level control input voltage TA= MIN to MAX Vref+2 Vref+2 Vref+2 v 

V1L Low-level control input voltage TA=MINtoMAX Vref-0.8 Vref-0.8 Vref-0.8 v 

TA= 25°C 10 10 10 
l1H High-level control input current V1=5 V 

TA= MAX 20 20 20 
µA 

l1L Low-level control input current V1 =O V TA= MIN to MAX -250 -250 -250 µA 

Vo= 10 V, Vee= 15 v. TA= 25°C 1 5 5 

Vs=-10V, Vee=-15V TA= MAX 100 100 100 
lo(off) Off-state drain current 

TA= 25°C 
nA 

V1H=2V, Vcc=1ov. 1 5 5 

V1L = 0.8 V Vee= -20 v TA= MAX 100 100 100 

Vo=-10V Vee= 15 v. TA= 25°C 1 5 5 

Vs= 10 V, Vee=-15V TA= MAX 100 100 100 
ls(offl Off-state source current nA 

V1H = 2 V, Vee= 10 v. TA= 25°C 1 5 5 

V1L = 0.8 V Vee= -20 v TA= MAX 100 100 100 

On-state channel Vo= -10 V, Vs= -10 v. TA= 25°C -2 -10 -10 
lo(on)+ls(on) nA 

leakage current V1H = 2 V, V1L=0.8V TA= MAX -200 -200 -200 

Drain-to-source on-state Vo= -10 V,ls = 1 mA, TA=M1Nto25°C 75 100 100 
ros(on) n 

resistance V1H=2V, V1L=0.8V TA= MAX 150 150 150 

ice Supply current from Vee 1.5 1.5 1.5 

IEE Supply current from Vee 
Both control inputs at 0 V, TA= 25°C 

-5 -5 -5 
mA 

ILL Supply current from VLL 4.5 4.5 4.5 

I ref Reference current -2 -2 -2 

Ice Supply current from Vee 1.5 1.5 1.5 

IEE Supply current from VEE 
Both control inputs at 5 V, TA= 25°C 

-5 -5 -5 
mA 

ILL Supply current from VLL 4.5 4.5 4.5 

I ref Reference current -2 -2 -2 

switching characteristics, Vee= 10 V, VEE= -20 V, VLL = 5 V, Vref = 0 V, TA= 25°C 

PARAMETER TEST CONDITIONS 
TL 188M TL1881 TL 188C 

UNIT 
TYP TYP TYP 

ton Turn-On time 175 175 175 

Turn-Off time 
R L = 300 n, CL = 30 p F, See Figure 1 ns 

toff 350 350 350 

PARAMETER MEASUREMENT INFORMATION 
Vee= 15 v 

INP~:x=~~:10m x=tr<~,n~----- 3V 

,, /1 
I "-----if--" I O V 

ton 111111 •1 I 
-- -- --t-------1-- - --- 3V 

o.svy0 f Vo1 14---+j toff 

OUTPUT I 

--~o-- -- -7Q.1Vo ov 

--- - ------ ------ - - - -3V 

Vref = 0 Vee=-15V 

CL includes probe and jig capacitance. 

TEST CIRCUIT 

Vs= 3 V for t0 n and -3 V for toff· 

RL 

Vo= Vs RL + ros(on) 
Input A: Solid for testing 51, dashed for testing 52. 

VOLTAGE WAVEFORMS 
v 0 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. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Functionally Interchangeable with Signetics 
DG191 with Same Terminal Assignments 

• Monolithic Construction 

• Adjustable Reference Voltage 

description 

Each TL 191 consists of two monolithic, high-speed 
dual complimentary SPST analog switches con­
structed using Bl-MOS technology. Each half consists 
of a JFET-input buffer, level translator, and two 
output JFET switches that can easily be connect­
ed in SPOT configuration. 

The threshold of the input buffer is determined by 
the voltage applied to the reference input (Vref). The 
input threshold is related to the reference input by 
the equation V th = V ref + 1.4 V. Thus, for TTL 
compatibility, the Vref input is connected to ground. 
The JF ET input makes the device compatible with 
bipolar, MOS, and CMOS logic families. Threshold 
compatibility may, again, be determined by Vth = 

Vref + 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. 

Bl-MOS technology is a major breakthrough in linear 
integrated circuit processing. Bl-MOS has ion im­
planted JFETs, p-channel MOS-FETs, plus the usual 
bi-polar components all on the same chip. Bl-MOS 
allows circuit designs that previously have been avail­
able only as expensive hybrids to be monolithic. 

For the TL 191, a high level at the input turns switch­
es S 1 on and S2 off. 

The TL 191 is characterized for operation over the 
full military temperature range of -55°C to 125°C, 
the TL 1911 is characterized for operation from 
-25°C to 85°C, and the TL 191 from 0°C to 70°C. 

TYPES TL191M, TL1911, TL191C 
TWIN DUAL COMPLEMENTARY 

SPST Bl-MOS ANALOG SWITCHES 

• 
• 

• 
e 

BULLETIN NO. DL-S 7612412, JUNE 1976 

JFET Inputs 

Uniform On-State Resistance for Minimum 
Signal Distortion 

±10-V Analog Voltage Range 

TTL, MOS, and CMOS Logic Control 
Compatibility 

Jor N 

DUAL-IN-LINE PACKAGE (TOP VIEW) 

151 1A Vee Vref VLL Vee 2A 251 

NC-No internal connection 

Switch positions showi are for A inputs high. 

TENTATIVE DATA SHEET 

TEXAS INSTRUMENTS 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. 

INCORPORATED 
POST OFFICE BOX 5012 • OALLAS, TEXAS 75222 
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TYPES TL191M. TL1911. TL191C 
TWIN DUAL COMPLEMENTARY SPST Bl-MOS ANALOG SWITCHES 

functional diagram 

1S1 

101~ 
2S1 

~201 INPUT 

A 

FUNCTION TABLE 

(EACH HALF) 

SWITCHES 

S1 S2 

I 
102-~ 

I crL-202 L OFF (OPEN) ON (CLOSED) 

H ON (CLOSED) OFF (OPEN) 

1S2_LJ 
I 

IA-OE>~ 
schematic 

I 2S2 
I 

r----J 
L-<:J-0-- 2A 

SWITCH POSITIONS 
SHOWN ARE FOR 
A INPUTS HIGH 

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, Vee - Vo 
Drain to negative supply voltage, Vo - VEE 
Drain to source voltage, Vo - Vs 
Logic supply to negative supply voltage, VLL - VEE 
Logic supply to logic input voltage, VLL - V1 
Logic supply to reference voltage, VLL - Vref 
Logic input to reference voltage, V1 - Vref 
Reference to negative supply voltage, Vref - VEE 
Reference to logic input voltage, Vref - V1 
Current (any terminal) . . . . . . . 
Continuous dissipation at (or below) 25°C free:air temperature: N package 

Operating free-air temperature range: TL 191 M 
TL1911 
TL191C 

J package (see Note 1) · 

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. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

36 v 
33 v 
33V 

±22 v 
36V 
33 v 
33V 
33V 
27 v 
2V 

30 mA 
1150 mW 
1025 mW 

-55°C to 125°C 
-25°C to 85°C 

0°C to 70°C 
300°C 

... 260°C 
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TYPES TL191M, TL1911, TL191C 
TWIN DUAL COMPLEMENTARY SPST Bl-MOS ANALOG SWITCHES 

electrical characteristics, Vee= 15 V, VEE= -15 V, VLL = 5 V, Vref = 0 V (unless otherwise noted) 

PARAMETER 
TL191M TL 1911 TL191C 

TEST CONDITIONS UNIT 
MIN MAX MIN MAX MIN MAX 

V1H High-level control input voltage TA= MIN to MAX Vref+2 Vref+2 Vret+2 v 

V1L Low-level control input voltage TA= MIN to MAX Vret+0.8 Vret+0.8 Vref+0.8 v 

TA= 25°C 10 10 20 
l1H High-level control input current V1=5 V 

TA= MAX 20 20 20 
µA 

l1L Low-level control input current V1 =O V TA = MIN to MAX -250 -250 -250 µA 

Vo=10V, Vee= 15 v, TA=25°C 1 5 5 

Off-state drain current 
Vs= -10 V, VEE= -15 V TA= MAX 100 100 100 

lo(off) 
TA= 25°C 

nA 
V1H = 2 V, Vee= 10 v, 1 5 5 

V1L=0.8V VEE= -20 V TA= MAX 100 100 100 

Vo=-10V Vee= 15 v, TA= 25°C 1 5 5 

Off-state source current 
V5=10V, VEE=-15V TA= MAX 100 100 100 

ls(off) 
TA= 25°C 

nA 
V1H = 2 V, Vcc=10v, 1 5 5 

V1L=0.8V VEE= -20 V TA= MAX 100 100 100 

On-state channel Vo= -10 V,Vs = -10 V, TA= 25°C -2 -10 -10 
lo(on)+ls(on) nA 

leakage current V1H=2V, V1L = 0.8 V TA= MAX -200 -200 -200 

Drain-to-source on-state Vo=-10V,l5=1 mA TA=M1Nto25°C 125 150 150 
ros(on) 

resistance 
n 

V1H=2V, V1L = 0.8 V TA= MAX 250 300 300 

ice Supply current from Vee 1.5 1.5 1.5 

IEE Supply current from VEE 
Both control inputs at 0 V, TA= 25°C 

-5 -5 -5 

ILL Supply current from VLL 
mA 

4.5 4.5 4.5 

I ref Reference current -2 -2 -2 
Ice Supply current from Vee 1.5 1.5 1.5 

IEE Supply current from VEE 
Both control inputs at 5 V, TA= 25°C 

-5 -5 -5 

ILL Supply current from VLL 
mA 

4.5 4.5 4.5 

I ref Reference current -2 -2 -2 

switching characteristics, Vee= 10 V, VEE= -20 V, VLL = 5 V, Vref = 0 V, TA= 25°e 

PARAMETER 
TL 191M TL 1911 TL 191C 

TEST CONDITIONS UNIT 
TYP TYP TYP 

ton Turn-on time 175 175 175 

Turn-off time 
RL = 300 n, CL= 30 pF, See Figure 1 ns 

to ff 350 350 350 

PARAMETER MEASUREMENT INFORMATION 

INP~~~~:'°°' ~tr<; ... n:.-----3V 

I\ /I 
I '-----if-" I ... ov 

ton 111111 •1 I 
-----+------1--- --- 3V 

o.9v/0 S vo1 
~toff 

OUTPUT I 
Vref=O VEE=-15V - _V_o __ -- -,0.1 Vo ov 

CL includes probe and jig capacitance. 

TEST CIRCUIT 
Vs= 3 V tor tan and -3 V for toff· - - - - - - - - - - - - -- - - - - - -3 V 

VLL = 5 V Vcc=15V 

RL Input A: Solid for testing S1, dashed for testing S2. 

Vo= VsRL + ros(on) VOLTAGE WAVEFORMS 
Vo is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at the leading and trail-

ing edges of the output waveform. FIGURE 1 
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LINEAR 
INTEGRATED CIRCUITS 

TYPE TL440C 
ZERO-VOLTAGE SWITCH 

BULLETIN NO. DL-S 7611595, MAY 1972-REVISED JUNE 1976 

FORM ERL V SN72440 

• Differential Amplifier Inputs 

• A-C Line Operation 

• Capable of Triggering Several 
Types of Triacs 

description 

The TL440 is a combination threshold detector 
and zero-crossing trigger, intended primarily for a-c 
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
trolled, the active elements of a saw-tooth generator, 
and an output section. Also included are resistors 

• Internal Active Elements of Saw-Tooth 
Generator for Proportional Control 

• Wide Variety of Possible Connections of 
Input Section and of Output Section 

JORN 
DUAL·IN-LINE PACKAGE (TOP VIEW) 

SENSOR OUT· 
NC INPUT V(ref) VOA PUT R(high) A(low) 

AC/DC AC 0 DET DC INHIBIT S·T S·T 
INPUT COM INPUT COM GEN GEN 

INPUT OUTPUT 

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 de 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 

ZERO DETECTOR 
INPUT 3 ,....._---+--~ 

Resistor values shown are nominal and in ohms. 

AC COMMON 

R(low) 

SAW TOOTH 
GENERATOR 

INPUT 

SAW TOOTH 
GENERATOR 

OUTPUT 

tpin 11 is usually connected to the AC/DC input, pin 1, unless a control circuit requiring hysteresis is desired. See Figure 4. 
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TYPE TL440C 
ZERO-VOLTAGE SWITCH 

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

Voltage applied to AC/DC input (See Note 1) 
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 . . . . . . . . . . . 
Lead temperature 1 /16 inch from case for 60 seconds: J package 
Lead temperature 1 /16 inch from case for 10 seconds: N package 

NOTES: 1. Voltage values are with respect to the de common terminal unless otherwise specified. 
2. This value applies for a maximum pulse width of 400 µsand for a maximum duty cycle of 2%. 

recommended operating conditions 

15 v 
40mA 
30mA 

250 mA 
. 500 mW 

0°C to 70°C 
-65°C to 150°C 

300°C 
260°C 

MIN NOM MAX UNIT 

D-c voltage applied to AC/DC input (See Note 3) 12 v 
Differential input voltage, V 13 - V 12 ±2 v 
Voltage at sensor or V(ref) input, V13 or V12 6 v 
Peak output current (See Note 4) 200 mA 

Output pulse width 100 400 µs 

Operating free-air temperature, TA 0 70 oc 

NOTES: 3. This is the recommended d-c supply voltage when the voltage across pins 1 and 4 is not being maintained by charging an 
electrolytic capacitor from the line voltage. See typical application data. 

4. This value applies for tw .;;; 400 µs, duly cycle .;;; 2%. 

electrical characteristics at 25°C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

Sensor input voltage hysterysis Pin 11 connected to Pin 1 30 mV 

Voltage required at inhibit input to inhibit output 1 3 v 
Current into sensor input V13=6V, V12 = 4 V 5 µA 

Current into V (ref) input V12=6V, V13 = 4 V 5 µA 

Current into inhibit terminal required to inhibit output 20 µA 

Peak output current (pulsing) V_5._=0 75 100 mA 

Output current (inhibited) V10= 13.5 V 1 µA 

25 kn connected to zero-

Output pulse width into resistive load detector input, 150 µs 

60-Hz power source 

Average temperature coefficient of output pul$C width (0°C to 70°C) 0.7 i1s/°C 

Peak output voltage of saw-tooth generator V1=12V 9 v 
Voltage at AC/DC input(See Note 5) 9 11.5 v 

NOTE 5: This is the voltage across an electrolytic capacitor connected between pins 1 and 4 whose charge is maintained by the a-c line voltage. 
See Figures 1 and 3. 
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TYPICAL APPLICATION DATA 

TYPE TL440C 
ZERO-VOLTAGE SWITCH 

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 05 and 06 is in parallel with the series combination of C1 and 07, 
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 pi.ns 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, 01 is turned on by the current flow through either D 1, 01, 04 or 02, 01, 03, depending 
on the polarity of the a-c voltage between pins 1 and 3. The collector current of 01 turns on 06. With 06 on, base 
drive to 07 and 08 is inhibited, resulting in no output pulse to fire the triac. When the a-c voltage crosses zero, 01 and 
06 are turned off. This enables 07 and 08 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 01 enough to allow 01 to stay on for the complete cycle, thus 
inhibiting the output pulses as explained above. Similarly when the temperature being controlled falls, 01 is allowed to 
turn off during the intervals where the I ine 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 
I 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 I 

OUTPUT 
R20 PULSE 

WIDTH 
5 kll 15 kn 100 s 

22 kO 150 µs 
42 k.n 300 µs 

6 --------.. 

1.5kll 

R(trigger)t .__ ____________________________________ --4.__. 

FIGURE 1-0N-OFF HEATER CONTROL 

t R(trlgge;) 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 09 and 010 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 09 and 010 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 01 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). 

~~~:.~·I 11 I I 11 I I ~~::.~· 11 I 11111 1111 
Time--.. Time___., 

(a) (bl 
DESIRED TEMPERATURE SLIGHTLY DECREASED TEMPERATURE 

FIGURE 2 

0: 
g 5 

;; 

~ 4 
0 
... 3 

~~~~~· 11 11 I 11 I I 11 I I 11 
Time.__... 

(cl 
GREATLY DECREASED TEMPERATURE 

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 . 

FIGURE 3-PROPORTIONAL HEATER CONTROL 

t R (trigger) is adjusted so that the peak output is Jess than 200 mA. 
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TYPICAL APPLICATION DATA 

TYPE TL440C 
ZERO-VOLTAGE SWITCH 

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 RA 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. RH should have a typical value close to the value of the sensor used. The value of RA, which 
determines the amount of hysteresis, should be approximately one tenth the value of RH. In Figure 4 the 10 k.Q 
potentiometer is adjusted to :;.Jt 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. 

t R(trigger) is adjusted so that the peak output is less than 200 mA. 

Output inhibited 

Output enabled 

FIGURE 4-0N-OFF HEATER CONTROL WITH HVSTERSIS ADDED 

B 
/rA~~~~__,/\.-~~~~~~-..\. 

~ 

,' I , 
/ I ,' 

,' I ,' 
/ I , 

J) I , 

/ : ;ti 
,' I ,' 

, I ,' 
,' I , 

---'----------.... ~------..... ----~' '-.,-/ 

"~~~~~~--.. --~~~JA/ v 
B 

V13-Voltage at Pin 13 

FIGURE 5-HVSTERESIS CURVE FOR FIGURE 4 

A-Circuit without added hysteresis (~V13"" 15 ~o 20 mV residual hysteresis) 
8-Circuit with added hysteresis (~V13 ""200 td300 mV added hysteresis) 
NOTE 1: Dotted lines represent discontinuous changes where the dlfferentlal amplifier changes from Inhibit to enable or vice-versa. Solid lines 

represent stable states (inhibit or enable) of the differential amplifier. 
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LINEAR 
INTEGRATED CIRCUITS 

FORMERLY SN56502, SN76502 

• Excellent Dynamic Range 

• Wide Bandwidth 

• Built-In Temperature Compensation 

TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 

BULLETIN NO. DL·S 7611427, JANUARY 1971-REVISED JUNE 1976 

NC 

JORN 
DUAL-IN-LINE PACKAGES (TOP VIEW) 

OUTPUTS 
INPUT~ INPUT 

C92' GND 81 Z Z 82 

• Log Linearity (30 dBV Sections) ... 1 dBV 

• Wide Input Voltage Range 

description 

Vex log Al +log A2; zcx log Bl+ 82 , 

where: Al, A2, Bl, and 82 are in dBV, 0 dBV = 1 V. 

CA2• CA2'. C92, and C92'. are detector compensation inputs. 
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 de 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 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 501:1 • DALLAS, TEXAS 75222 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 

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

Supply voltages (see Note 1): 
Vee+ .... . 
Vee- .... . 

Input voltage (see Note 1) 
Output sink current (any one output) 
,~ontinuous 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. 

. 8V 
-8V 

. 6V 
30mA 

500mW 
-55°C to 125°C 

0°C to 70°C 
-65°C to 150°C 

2. For operation of the TL441 M above 70° C free-air temperature, refer to Dissipation Derating Curves, Section 2. 

recommended operating conditions 

TL441M TL441C 

MIN NOM MAX MIN NOM MAX 

Input voltage for each 30-dBV stage 0.01 1 0,01 1 

Operating free-air temperature, TA -55 125 0 70 

electrical characteristics, V cc+ = 6 V, V CC- = -6 V, TA = 25° C 

TEST TL441M TL441C 
PARAMETER 

FIGURE MIN TYP MAX MIN TYP MAX 

Differential output offset voltage 1 ±25 ±60 ±40 

Quiescent output voltage 2 5.45 5.6 5.85 5.45 5.6 5.85 

D-c scale factor (differential output), 

each 30-dBV stage, -35 dBV to -5 dBV 
3 7 8 10 6 8 12 

A-c scale factor (differential output) 8 8 

D-c error at -20 dBV (midpoint 
3 

of -35 dBV to -5 dBV range) 
1 2 1 

Input impedance 500 500 

Output impedance 200 200 

Rise time, 10% to 90% points, e...L = 24 pF 4 20 30 20 30 

Supply current from Vee+ 2 14.5 18.5 23 14.5 18.5 23 

Supply current from Vee- 2 -6 -8.5-10.5 -6 -8.5-10.5 

Power dissipation 2 123 162 201 123 162 201 

IPARAMETER MEASUREMENT INFORMATION 

Vee+ Vee-

FIGURE 1 

Po ; Vee+· ice+ + vee-· iec­

FIGURE 2 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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18mV 
lOOmV 
560mV 

TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 
Vee+ vee- Vee+ Vee-

lOOOpF 

TEKTRONIX 
SAMPLING SCOPE 

WITH DIGITAL 
READOUT DR 
EOUIVALENT 

Scale Factor = 
[Vout(560 mV) - Vout(18 mV)l mV 

30dBV 

NOTES: A. The input pulse has the following character­

istics: tw = 50 ns, tr .;; 2 ns, tt .:;; 2 ns, 

PAR= 10 MHz. 

Error 1Vout(100 mV) - 0.5 Vout(560 mV) -0.5 Vout(18 mV)I 
Scale Factor 

FIGURE 3 

B. Capacitor c 1 consists of three capacitors in 

parallel: 1 µF, 0.1 µF, and 0.01 µF. 
C. CL includes probe and jig capacitance. 

FIGURE 4 

TYPICAL CHARACTERISTICS 
TL441M 

DIFFERENTIAL OUTPUT OFFSET VOLTAGE QUIESCENT OUTPUT VOLTAGE 

TL441M 

D-CSCALE FACTOR 

FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 

50 1----+-'--+-+---+-+--+--+----i 

40 1-----l-~--->.i---+------+--+---f----j 
30 r---+----i~-----!l"l~----t--1-----! 
201--+--+----+----+t---J~--+---+---i 

Vee+·6V ~ 
t-- Vee- .. -6 v +--+--+-----+---t---t 

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

TA-frH-AirTemperature-°C 

FIGURE 5 

TL441M 

D-C ERROR 

VS 

FREE-AIR TEMPERATURE 

1.8 >--+----+--+---+--+--+--+--< 

1.4 t----+----il---+---+--+---+-+--1 

~ 
1.2 1----+"'"1.---tr--....--+---+-+--+--t---1 

::: :==:=~==::-::r--==:,i--=-~--,:=_ -=:!:+r--=----i-1 
0.6 1---+----ir-----+----+--+----+--+--< 

o.• t- Vcc+•6V 
Vee-·-6V 

0.2 1-- See Figure 3 +---+--1---+----il----i 

0 J_ l 
-75 -50 -25 0 25 50 75 100 

TA-Free.Air Tempereture-°C 

FIGURE 8 

t--+-__, _ __,I--_ T L441 C _--<-'-' +----+----i 

Vee+· sv 
1 t- Vee- - -6 V-+-----+--+---+-+--< 

SeeF1gure2 
o~~--i--+-----+--+---+-~~ 

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

TA-Fre&-AirTemperature-°C 

FIGURE 6 

OUTPUT RISE TIME 

vs 

LOAD CAPACITANCE 

25...---ir--------r--,---,---r--i 

151-----ii---,....-ik---:1---+---+--+--1 

~ 
101-----il----+---+---+--+---1 

t- Vee+ - 6V 

5 I- Vee-· -6 v --+---+---+----1 

0 

I-~~ l-:~:~ 4, outputs loaded symmetncally 

0 10 15 20 25 30 
CL -Load Capacit.-ice-pF 

FIGURE 9 

TEXAS INSTRUMENTS 
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vs 

FREE-AIR TEMPERATURE 

101---+----+--+--+-+--+--+----i 

Vee+"' 6 v 
2 t-- Vee-· -6 v --+---+--+---+-------t 

o :t'TJ1 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-
0 e 

FIGURE 7 

POWER DISSIPATION 

vs 

FREE-AIR TEMPERATURE 

180 1---+----i--+----+-+--+-+--1 

160 ~+==1=*"'_!~-+-lhc-+---i 
140 t--+---+--+-f-_TL441t ~~ 
120 >---+----<--+----+--+--+--+-\-'-I 

100 t---+----i--+---+--+--+--+--< 

801----+----i--+---+--+--+--+--< 

60 t--+---i--+---+---+--+-+--< 

40 t- Vee+~ s v -+---+--+----+--+---< 
vee- = -6V 

20 r See F ,gu•e J -+---+--+---+-+---i 

0 J. J. 
-75 -50 -25 0 25 50 75 100 125 

T A-fr11-Air T~perature-•c 

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·VBE = In [(le+ ICES)/ICES]_ 

where: le= collector current 
ICES =collector current at VBE = 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-----1 

INPUT 
1-----0 B1 

~ 
OUTPUTS 

FIGURE 11 

log sections 

~----CJCB2 

INPUT 
1-----.082 

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 A 1 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. 

TEXAS INSTRUMENTS 
INCORPORATED 
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circuits 

TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 

TYPICAL APPLICATION DATA 

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. 

81 

INPUT 82 

Al 

A2 

81 
INPUT 

82 

1/2 
TL441 

y i-----'V'vv--. 

A2 yt----+---'\IV\,..-.._ _ _,.,1)(/1,,---1 

GND 

j 
s. 
6 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

TYPICAL TRANSFER 

CHARACTERISTICS 

--0.2'-'-'-'-""""----L.l...W.U"---L.. 
t0-4 10-J 10-2 10--1 101 

Input Volt1119-V 

FIGURE 12-0UTPUT SLOPE AND ORIGIN ADJUSTMENT 

2 kn, 1% 
z 

1/2 
TL441 

z 
GND 

-= 

FIGURE 13-UTILIZATION OF SEPARATE STAGES 

2 kn, 1% 
y 

y 
TL441 

z 

z 
GND 

-= 

FIGURE 14-UTILIZATION OF PARALLELED INPUTS 

TEXAS INSTRUMENTS 
INCORPORATED 
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TRANSFER CHARACTERISTICS• 

OF TWO TYPICAL INPUT STAGES 

0.4 

0.3 

0.2 

0.1 

0 
0.001 

t-1-1 

~ f--t-1 
l§v 

~ 

v 
0.01 0.1 10 

Input Voltege-V 

TRANSFER CHARACTERISTICS 

WITH BOTH SIDES PARALLELED 

0.3 

J--

l.2 

0.1 

0 
0.001 

0 
17 

161 
V'. 

0.01 0.1 

lnputVolt1g.-V 

t-1-1 
;--+-1 

t--+-1 

t--+-1 

10 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 

TYPICAL APPLICATION DATA 

Al 
2kn 

15k!! 

A2 

TL441 

Bl 

B2 

5k!! 
lOOn 

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 

0.8 r-

0.1 t-

> t 0.5 

~ 0.4 

t- t-

t- ~ 
t-

I" 
t-

L.3 
0 

I- v H 

0.2 

0.1 

t-

V1 
t-

I- H 

.__ 
~o.... 10-3 10-2 10-1 101 

Input Vottlge-V 

FIGURE 15-LOGARITHMIC AMPLIFIER WITH INPUT VOLTAGE RANGE GREATER THAN 80 dBV 

INPUT 
A 

-i 

INPUT 
B 

1 -= 

NOTES: A. 

B. 
c. 

R· R R 

R 
R 

Connections shown are for multiplication. For division, Z and Z connections are reversed. 
Output W may need to be amplified to give actual product or quotient of A and B. 
R designates resistors of equal value, typically 2 kn to 10 kn. 

Multiplication: W = A•B =>log W =log A+ log B, or W = aUoga A+ loga Bl 

Division: W = A/B =>log W = log A - log B, or W = aUoga A - loga B) 

FIGURE 16-MUL TIPLICATION OR DIVISION 

TEXAS INSTRUMENTS 
INCORPORATED 
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TYPES TL441M, TL441C 
LOGARITHMIC AMPLIFIERS 

TYPICAL APPLICATION DATA 

nR R R 

1/2 
TL441 

-y._,.l/VI,,__,.__..,~ 

81 z OUTPUT 
w 

1/2 
TL441 z r 82 

1 R 

nR R 

-= -= 
NOTE: R designates resistors of equal value, typically 2 kn to 10 kn. 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 loga A) 

FIGURE 17-RAISING A VARIABLE TO A FIXED POWER 

INPUT 
A 

2 kn 2 kn 

NOTE: Adjust the slope to correspond to the base "a". 

Exponential to any base: W = a 

1/2 
TL441 

FIGURE 18-RAISING A FIXED NUMBER TO A VARIABLE POWER 

OUTPUT 
w 

1 k11 1 kn 

OUTPUT 
2 

FIGURE 19-DUAL-CHANNEL RF LOGARITHMIC AMPLIFIER WITH 50-dB INPUT RANGE PER CHANNEL AT 10 MHz 

PRINTED IN U.SA. 

Tl cannol assume any responsibilily for any circuils shown 
or represenl lhal lhey are free from palenl infringement. TEXAS INSTRUMENTS 

INCORPORATED 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPL y THE em PRODUCT POSSIBLE. 
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FUTURE PRODUCT 
TO BE ANNOUNCED 

features 

TYPE TL500 
ANALOG PROCESSOR 

JUNE 1976 

N 

• Resolution ... 13 Bits 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

• Linearity ... (± 1 Count) 0.05% Full Scale 
Max 

o True Differential Input 

• High Input Impedance ... 108 Ohms Typ 

• Automatic Zero 

• Automatic Polarity 

• Internal Precision Voltage Reference 

• 200 Conversions/Second Typ 

description 

SIGNAL INPUT 1 

SIGNAL RTN. 2 

Vref OUT 3 

Vref IN 4 

ANALOG GND 5 

REF CAP 6 

REF CAP 7 

B INPUT 8 

A INPUT 9 

18 ZERO CAP 

17 ZERO CAP 

16 Vee+ 

15 BUFFER AMP OUT 

14 INTEGRATOR IN 

13 INTEGRATOR OUT 

12 vcc-

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 Tl's Bl-MOS process, which incorporates standard bipolar and MOSFET transistors on the 
same monolithic integrated circuit. 

functional diagram 

ZERO 
CAP 

r------
1 

I 
I 

TL500 

LOGIC DECODE 
FOR 

INTERNAL SWITCHES 

(10) 

B 

I (a) 

LOGIC 
CONTROL 

TLG01 
OR 

TL502 

~v 
~CC+ 

""~II 
"' "': 4,--Yf. ~ANALOG 

\J I GND 
VOLTAGE ~DIGITAL (4) 

~EE~:~!~~~ ,;, T GND 

131 I +oi.!& Vcc-
FULL-SCALE 

ADJUST 

TENTATIVE DATA SHEET 

1,_ ___________________ J 

330 This document provides tentative information TEXAS JN STRUM ENTS 
on a product in the developmental stage. Texas INCORPORATED 
1 nstruments reserves the right to change or POST OFFICE eox 5012 • DALLAS. TEXAS 75222 

discontinue this product without notice. 
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FUTURE PRODUCT 
TO BE ANNOUNCED 

features 

• Compatible with TIL330 and TIL321 
Common-Anode Displays, and Other 
Popular Seven-Segment Common-Anode 
Displays 

• Over-Range Indicator 

• Internal Segment Drivers 

• Digit Base-Drive Outputs 

description 

The TL502 is a 41h-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. 

TYPE TL502 
DIGITAL PANEL METER 

LOGIC CONTROL DEVICE 
JUNE 1976 

functional block diagram 

osc 
INPUT 

TRIGGER/ 
CLOCK-ENABLE 

COMPARE/ 
LAMP TEST 

r-------------- .;. 20,000 
I OUTPUT 

CONTROL 
LOGIC 

A B DIGIT 
CONTROL OUTPUTS OUTPUTS 

TO THE TLSOO 

I 
I 

.1-vcc 

7 ~GND 
__ ...J 

SEGMENT 
OUTPUTS 

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. 

FULL-SCALE 
ADJUST 

115) 
r------
1 
I 
I 

r- --l---o----, 
I Vee eL6~~G~~:~LE{D1-l-, --------+--+-+---l--I 
I Dz-T---------+--+--+--1 
I ~~~~ D3---------+--+--1 

'>--..r.p.;::.:.._ ___ _,., COMPARE/ DRIVERS 

>--...... -d/ TEST D4.-+---------l--I 

I Dsi-1--------~ 

,~: l ~'"·"+~ 
TL500L _ __::_:_--_J~f--<;l>i'i11il6l-~-~~-N~·OG--9 '~ '"'""' +=µ1HJL - ~ -7 ' 

113) 

VOLTAGE ~DIGITAL I I I ·I I· ·1=1· f:J. ·Cf· ·CJ I 
1311 ~EE~::!~g~ ~v:;~ I GND 1 ~:3T l I "T1d:1.·0· ·r;.Jd~le : 
'--------------------J L---y-;r---- _J LTli.iio ______________ ...J 

r470pF TIL32114l 

FIGURE 1· TYPICAL DIGITAL PANEL METER USING TL500 AND TL502 

TENTATIVE DATA SHEET 

This document provides tentative Information 
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 
INTEGRATED CIRCUITS 

• Stable Threshold Level 

• Low Input Current 

o High Output Sink Current Capability 

description 

TYPE TL560C 
PRECISION LEVEL DETECTOR 

BULLETIN NO. DL.S 7612400, MAY 1976 

• Threshold Hysteresis 

• Wide Supply Voltage Range 

• Formerly SN72560 

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 

(TOP VIEW) 

ALL TERMINALS ARE INSULATED 
FROM THE CASE 

Vee 

OUTPUT 

NC-No internal connection 

schematic 

Resistor values shown are nominal and in ohms. 

INPUT 

REFERENCE 

JG OR P DUAL-IN-LINE 

PACKAGE (TOP VIEW) 

Vee NC INPUT NC 

GNO REF NC OUTPUT 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 

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

Supply voltage, V cc (see Note 1) 
Input voltage (see Note 1) 
Output voltage (see Note 1) 
Output sink current 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 
Operating free-air temperature range . . . . . . . . . . . 
Storage temperature range . . . . . . . . . . . 
Lead temperature 1/16 inch from case for 60 seconds: L package 
Lead temperature 1/16 inch from case for 10 seconds: P package 

NOTES: 1. All voltage values are with respect to the network ground terminal. 

7V 

Vee 
25V 

160mA 
800mW 

0°C to 70°C 
-65°C to 150°C 

300°C 
260°C 

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, ROCA• of not more than 105°C/W. 

recommended operating conditions 
MIN NOM MAX UNIT 

Supply voltage, Vee . . . . . 
Low-level output current, loL 
Operating free-air temperature, TA 

2.5 

0 

5 

electrical characteristics over recommended operating free-air temperature range, Vee= 5V 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TVP 

VT+ Positive-going threshold voltage t 2.8 3 

VT+IVee 
Ratio of positive-going threshold 

Vee= 2.5 v to 7 v 0.6 
voltage to supply voltage 

VT- Negative-going threshold voltage:J: 0.4 0.6 

IT+ 
Input current below 

v, = 2.75 v, Output on 2 
positive-going threshold voltage 

IT-
Input current above 

negative-going threshold voltage 
v, = 1 v, Output off 1.2 

lo(offl Off-state output current V1 =4V, Vo= 25V 

Vo(on) On-state output voltage v, = 0, lo= 48 mA 0.2 

lce(offl Supply current, output off (each detector) V1 =4 v 4.8 

lee(onl Supply current, output on (each detector) V1=0 10 

7 
48 
70 

MAX 

3.2 

0.8 

30 

10 

0.4 

6.5 

15 

tPositive-going threshold voltage, VT+• is the input voltage level at which the output changes state as the input voltage is increased. 
:J:Negative-going threshold voltage, VT-• is the input voltage level at which the output changes state as the input voltage is decreased. 

v 
mA 
oC 

UNIT 

v 

v 

nA 

µA 

µA 

v 
mA 

mA 

See data sheet DL-S 7412126, Linear and Interface Circuits Ordering Instructions and Mechanical Data, dated April 1974 and its Supplement, 
dated February 1976. 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 

TYPICAL CHARACTERISTICS 

POSITIVE·GOING THRESHOLD VOLTAGE ON.STATE OUTPUT VOLTAGE 

SUPPLY VOLTAGE 

TA= 25°C 

v z y 
v 

z 

V cc-Supply Voltage-V 

FIGURE 1 

5: 
E 

t 
Q 

0 

·;: 

8 
E 

E ·x 
~ 

./ 

ON·STATE OUTPUT CURRENT 

0.8 ~----------~ Vee= 5 v 
> 0.7 V1=0 

-
~ TA= ~5-C 
- 0.6 
0 
> 
c. 

0 0.4 i-------~-

0 0.3 

9 g 0.2 

~ 0.1 '--~l'----+---+----'---i----

25 50 75 100 125 150 

IQ(on)-On-State Output Voltage-V 

FIGURE 2 

THERMAL INFORMATION 

OISSIPATION DE RATING CURVE 
1000 

900 

800 

700 

600 

500 

400 

300 
PKG DERATE 

200 L 6.4 mW/°C 
JG 7.4mW/C 

100 P 8.0 mW/C 

10 20 30 40 50 60 

TA-Free-Air Temperature-°C 

FIGURE 3 

NOTE 3: This rating for the L package requires a heat sink that provides a thermal resistance from case to free-air, RecA. 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 Vee 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 01, 
02, 03, and 04. The input signal is applied at the base of 01 while the base of 02 is connected to an internal reference 

voltage determined by resistors R4 and R5 and Vee; Vref =Vee· R5/(R4+R5). 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 

TYPICAL APPLICATION DATA 

ONPUT 0~ 
HYSTERESIS I 

I r------i- Vee 

OUTPUT __J __ Vo(on) L____. 

INPUT 

------vcc 

.D 1------0UTPUT 

OPEN 

FIGURE 4-INPUT-OUTPUT TRANSFER FUNCTION 

REFERENCE 

I 

> 

~ 
0 
> 

Vee· 5 v 
TA= 25°e 

~ VT- VH 

9 2 1---++-t---+-t-_: IHc.:..:Yc;:S..:...:TE:..::R:;:;ES::..::IS:::..-jj-------if---+--+----1 
0 
> 

0 0.5 1.5 2 2.5 3 3.5 4 

V1-lnput Voltage-V 

Vcc-..-------<11------.-----------.--..... --+-.---------

RG 

R4 

R3 
INPUT 

R7 

R5 
Rl RB 

GND--r-----------r-----------..------..------4,_ _ _, 
DIFFERENTIAL 

INPUT 
AMPLIFIER 

HYSTERESIS 
(POSITIVE FEEDBACK) 

CIRCUIT 
~~~~~~~~~ I 

CIRCUIT I 

FIGURE 5-FUNCTIONAL CIRCUIT DIAGRAM 

OUTPUT 
DRIVER 
CIRCUIT 

OUTPUT 

If the base of 01 is less positive than the base of 02, 02 conducts and causes 04, 05, 07, 08, and the output. 
transistor, 09, to conduct. Transistors 02 and 05 share the current in emitter resistor R 1. Since 01 does not conduct, 
03 and 06 do not conduct. There is no base current in 01, and therefore no current required from the input source. A 
very high input impedance therefore exists. Since 02 is conducting, a small voltage drop exists across R3 due to 02 
base current. 

If the input voltage is increased, 01 does not conduct until the input voltage (base voltage of 01) approaches the base 
voltage of 02. Current is then switched from the emitters of 02 and 05 to the emitter of 01. Conduction in 01 causes 
current to flow in 03 and 06 which results in additional voltage drop in R3 and therefore a reduction in the base 
voltage of 02. This positive feedback accelerates switching action and causes conduction to rapidly cease in 02, 04, 
05, 07, 08, and the output transistor, 09. Conduction in 06 causes the base of 02 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 01 increases to a somewhat higher value than just belowthreshold because 
of higher 01 operating currents. Once the positive-going threshold level (:::::::3 V) has been reached, the input voltage 
must be reduced to the negative-going threshold level (:::::::0.6 V) before switching back to the original state will occur. 
Figure 4 illustrates the. threshold levels of the TL560. Because the input current increases after the positive-going 
threshold voltage level has been exceeded, the input voltage will be reduced by an amount dependent on the source 
resistance. If the reduced input voltage is not below the negative-going threshold voltage level, a stable state will exist. If 
the source resistance is too high, oscillation or periodic switching may occur. 

The positive-going threshold voltage level (VT+) is guaranteed to be 3.00 ± 0.20 volts at a Vee of 5 V. It is also 
approximately 60% of the supply voltage over the supply voltage range of 2.5 V to 7 V. With a resistor-capacitor 
network as illustrated in Figure 7, a VT+IVec ratio of 60% results in a timed interval of approximately RC seconds, 
independent of the Vee 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 hFE 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 
0.4 V maximum guaranteed at a sink current of 48 mA. With an appropriate output pull-up resistor 
(RL::::::: 2 kn 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 (Se Rs and triacs), and other peripheral devices. 

A1 

A2 

.rr .,__...,._·vo 

REF 

'::" 
OPEN 

Output turns off when Vi;;;. VT+ 
Output turns on when VI .;;; VT_ 

where V1 = Vcc....!!L 
R1+R2 

Vo 

REF 

'::" 
OPEN 

FIGURE 6-BASIC SENSOR CIRCUIT FIGURE 7-BASIC TIMED·INTERVALCIRCUIT 
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TYPE TL560C 
PRECISION LEVEL DETECTOR 

TYPICAL APPLICATION DATA 

...-------vcc 

REF 

OPEN 

SINK CURRENT 
~ 

Vo 

REF 

OPEN 

---+Vo 
SOURCE CURRENT 

REF 

OPEN 

II RELAY 

i: 

FIGURE 8-EXTERNAL N-P-N TRANSISTOR 
FOR INCREASING SINK CURRENT 

FIGURE 9-EXTERNAL P-N-P TRANSISTOR 
FOR INCREASING SOURCE CURRENT 

FIGURE 10-RELAV DRIVER 

OPEN 

FIGURE 11-LONG-TIMED-INTERVAL CIRCUIT 

OFF-1 

ON--f 

Rteedback 

OPEN 

NOTE A: This circuit can be used as a touch-

control switch with Rteedback ""'10 Mn. 

PHOTO_,, 
TRANSISTOR _,, 

--------Vee 

Vo 

FIGURE 12-BOUNCELESS SWITCH 

Vo 

OPEN 

FIGURE 13-SWITCH WITH TWO 
STABLE STATES 

FIGURE 14-LIGHT-LEVEL SENSOR FIGURE 15-LIQUID-LEVEL SENSOR 

V1 

REF 

OPEN 

AC 
SOURCE 

FIGURE 16-THVRISTOR DRIVER CIRCUIT 
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...---.... --4t---vcc 

RL J1J1. 
Vo 

OPEN 

FIGURE 17-SINE-WAVE-TO-SQUARE­
WAVE CONVERTER 
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LINEAR 
INTEGRATED CIRCUITS 

• 
• 
• 

Switches ± 10-V Analog Signals 

TTL/DTL Logic Capability 

5- to 30-V Supply Ranges 

• Low ( 100 n) On-State Resistance 

• High (1011 n) Off-State Resistance 

• 8-Pin Functions 
description 

The TL601, TL604, TL607, and TL610 are a family 
of monolithic P-MOS analog switches that provide 
fast switching speeds with high r0 ttlron ratio and no 
offset voltage. The p-channel enhancement-type MOS 
switches will accept analog signals up to ±10 volts and 
are controlled by TTL-compatible logic inputs. The 
monolithic structure is made possible by Bl-MOS 
technology, which combines p-channel MOS with 
standard bipolar transistors. 

These switches are particularly suited for use in 
military, industrial, and commercial applications such 
as data acquisition, multiplexers, A/D and DI A 
converters, MODEMS, sample-and-hold systems, sig­
nal multiplexing, integrators, programmable oper­
ational amplifiers, programmable voltage regulators, 
crosspoint switching networks, logic interface, and 
many other analog systems. 

The TL601 is an SPOT switch with two logic control 
inputs. The TL604 is a dual complementary SPST 
switch with a single control input. The TL607 is an 
SPOT 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 r0 tt/ron ratio than the other members of the 
family. 

The TL601M, TL604M, TL607M, and TL610M are 
characterized for operation over the full military 
temperature range of -55°C to 125°C, the TL601 I, 
TL6041, TL6071, and TL6101 are characterized for 
operation from -25°C to 85°C, and the TL601 C, 
TL604C, TL607C, and TL610C are characterized for 
operation from 0°C to 70°C. 

TYPICAL OF 
ALL INPUTS 

TYPICAL OF 
ALL SWITCHES 

l. lT. 
Vee-

TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 

BULLETIN NO, DL-S 7612401, JUNE 1976 

JG OR P DUAL-IN-LINE PACKAGE (TOP VIEW) 
TL601 

Vee+ s2 s1 Vee-

GND A 

TL604 

Vee+ s1 s2 Vee-

GND A S1 S2 

TL607 

Vee+ s2 s1 Vee-

GND A ENABLE S 

TL610 

Vee+ e s Vee-

GND A 

Switch positions shown are for all inputs high. 
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TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 

TL601 TL604 

S1 
I 

s1-----------------~~o 1 --------s1 

s I 

I .___S2 
I 

I 
1s2~------s2 

'---, 
:=L}-c>--J A-[»_J 

FUNCTION TABLE FUNCTION TABLE 

LOGIC INPUTS ANALOG SWITCH LOGIC INPUT ANALOG SWITCH 

A B S1 S2 A S1 S2 

L x OFF (OPEN) ON icLOSEDI H ON (CLOSED) OFF (OPEN) 

x L OFF (OPEN) ON (CLOSED) L OFF (OPEN) ON (CLOSED) 

H H ON (CLOSED) OFF (OPEN) 

TL610 

TL607 
s o-i-:c-..... ---s 

I 
s I 

s1~---s2 
I I 

i=L)-c>--J 
I I 

FUNCTION TABLE 
'-----, I 

_J I INPUTS ANALOG SWITCH 

I 
A I 

I 

FUNCTION TABLE 

INPUTS ANALOG SWITCH 

A ENABLE S1 S2 

x L OFF (OPEN) OFF (OPEN) 

L H OFF (OPEN) ON(CLOSEDI 

H H ON (CLOSED) OFF (OPEN) 

A B 

L x 
x L 

x x 
H H 

c s 
x OFF (OPEN) 

x OFF (OPEN) 

L OFF (OPEN) 

H ON (CLOSED) 

H = high logic level 

L = low logic level 

X = irrelevant 

Switch positions shown are for 
all Inputs high. 

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

Supply voltage, Vee+ (see Note 1) . . . 
Supply voltage, Vee-:- . . . . . . . 
Vee+ to Vee- supply voltage differential 
Control input voltage 
Switch off-state voltage . . . . . . . 
Switch on-state current . . . . . . . 
Operating free-air temperature range: TL601M, TL604M, TL607M, TL610M 

TL6011, TL6041, TL6071, TL610I 
TL601C, TL604C, TL607C, TL610C 

Storage temperature range . . . . . . . . . . . . 
Lead temperature 1 /16 inch from case for 60 seconds: JG package 
Lead temperature 1/16 inch from case for 10 seconds: P package 
NOTE 1: All voltage values are with respect to network ground terminal. 
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30V 
. -30V 

35V 
. Vee+ 

30V 
. 10mA 

-55°C to 125°C 
-25°C to f35°C 

0°C to 70°C 
-65°C to 150°C 

300°C 
.... 260°C 
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TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 

recommended operating conditions 

TL601M, TL604M TL601 I, TL6041 TL601C, TL604C 

TL607M_,_ TL610M TL6071, TL6101 TL607C, TL610C UNIT 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply voltage, Vee+ (see Figure 1 I 5 10 25 5 10 25 5 10 25 v 
Supply voltage, V_c_c_- (see Figure 1) -5 -20 -25 -5 -20 -25 -5 -20 -25 v 
Vee+ to Vee- supply voltage differential (see Figure 11 15 30 15 30 15 30 v 
Control in_E..ut volt~ 0 5.5 0 5.5 0 5.5 v 
Switch on-state current 10 10 10 mA 

Operating free-air temperature, TA -55 125 -25 85 0 70 oc 

Figure 1 shows power supply boundry conditions for proper operation of the TL601 Series. The range of operation for 
supply Vee+ from +5 V to +25 V is shown on the vertical axis. The range of supply Vee- from -5 V to -25 V is 
shown on the horizontal axis. A recommended 30-volt maximum voltage differential from Vee+ to Vee- governs the 
maximum Vee+ for a chosen Vee- (or vice versa). A minimum recommended difference of 15 volts from Vee+ to 
Vee- and the boundaries shown in Figure 1 allow the designer to select the proper combinations of the two supplies. 

> 
I 

Q) 

RECOMMENDED COMBINATIONS 
OF SUPPLY VOLTAGES 

25. r----r----t---+----t------,il----1 

E 201-------1r-----+----+--~:..-C~-1------~ 

0 
> 
-a: 15 t----t-------1~--;i~~-+~~'-1---~ 
c. 
:l 

Cl) 

I 
+ 10 t----+----r-~~~~~:..;.;.;...~~----l 
(.) 
(.) 

> 

0 ...._ _ ___. __ _._ __ _,_ __ ...l.._ __ .!,__ _ _J 

-30 -25 -20 -15 -10 

Vee- -Supply Voltage-V 

FIGURE 1 

-5 
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TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 

electrical characteristics over recommend~d operating free-air temperature range, 
Vee+= 10 V, Vee-= -20 V, analog switch test current= 1 mA (unless otherwise noted) 

TL8--M 

TEST CONDITIONSt TL8--I 
TL8--C 

PARAMETER 

MIN TYP:I: MAX MIN TYP:I: 

VIH High-level control input voltage 2 2 

V1L Low-level control Input voltege 0.8 

l1H High-level control input current V1•5.5 V 0.5 10 0.5 

l1L Low-level control Input current V1 .. 0.4V -50 -250 -50 

Vl(sw) • -10 V, TA .. 25°C -400 -800 -500 
I off Switch off-1tate current 

See Note 2 TA= MAX -50 -100 -10 

TL601 

Vl(sw) = 10V, TL604 55 100 75 

lo(sw) = -1 mA TL607 

TL610 40 80 40 
ron Switch on-ttate resistance 

TL601 
V1(sw) = -10 V, TL604 220 400 220 
lo(swl = -1 mA TL607 

TL610 120 300 120 

raff Switch off-1tate resistance 1x101 1 5 x 1010 

Con Switch on-ttate input capacitance Vl(sw) .. 0 V, f = 1 MHz 16 16 

Coff Switch off-1tate Input capacitance Vl(sw) • OV,f • 1 MHz 8 8 

TL601 

Logic inputhl TL604 
5 10 5 

at 5.5 V, Enable 
5 10 5 

Ice+ Supply current from Vee+ All switch input high 
TL607 

terminals Enable 
3 5 3 

open input low 

TL610 5 10 5 

TL601 

Logic input(s) TL604 
-1.2 -2.5 -1.2 

at 5.5 V, Enable 

Ice- Supply current from Vee- All switch input high 
-2.5 -5 -2.5 

terminals Enable 
TL607 

input low 
-0.05 -0.5 -0.05 

open 

TL610 -1.2 -2.5 -1.2 

t For conditions shown as Ml N or MAX, use the appropriate value specified under recommended operating conditions. 
tAll typical values are at TA = 25° C. 

NOTE 2: The other terminal of the switch under test is at V CC+ = 10 V. 

switching characteristics, Vee = 10 V, Vee-= -20 V, TA = 25°C 
PARAMETER l TEST CONDITIONS MIN TYP MAX 

to ff Switch turn-off time J RL • 1 kn, CL= 35 pF, See Figure 2 
400 500 

ton Switch turn-on time l 100 150 
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UNIT 

MAX 

v 
0.8 v 
10 µA 

-250 µA 

-1000 pA 

-20 nA 

200 

100 
n 

600 

400 

n 
pF 

pF 

10 

10 
mA 

5 

10 

-2.5 

-5 

mA 

-0.5 

-2.5 

UNIT 

ns 
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TYPES TL601, TL604, TL607, TL610 
P-MOS ANALOG SWITCHES 

PARAMETER MEASUREMENT INFORMATION 

2.4V +10V 

PULSE 
GENERATOR 

(See Note A) 

OR---0...-0~ OUTPUT 
-10V IR = _ _____ J L CL-35pF 

1 kn ':]:'(See Note B) 
~

"' ,---5V 
INPUT 50% 50% 

.~----./· ov 
ton-1 ! toff......._.. 

. ~t--_vo - -
TEST CIRCUIT 

OUTPUT___/ -- - ~% 

VOLTAGE WAVEFORMS 

1 kn 
Vo= (10 V) 1 kn+ ron 

NOTES: A. The pulse generator has the following characteristics: Zout a 50 n, tr= 15 ns, tf m 15 ns, tw a 500 ns. 

B. CL Includes probe and Jig capacitance. 

FIGURE 2 

TYPICAL CHARACTERISTCS 

SWITCH ON-STATE RESISTANCE 
VS 

SWITCH ANALOG VOLTAGE 
1000~..-T"-~~--~--~---~--~ 

700 >---++----+-+----+-----+--- TA = 25° C 

1 400,_______._.,IO(sw) = -10 mA ,___ _ __... __ __, 
~ I 
~ lo(sw) = -1 mA 
·~ 2001----~.>o.---+----+---~--+---~ 
Q) 

a: 
~ ro 

0 
c: 
0 

§ 401-----t----+---;---+---~ ·::: 
en 
I B 201-----t----+---;---+---~ 

10...._ __ _._ __ _._ __ ___. ___ _.__ __ ~ 
-15 -10 -5 0 5 

V1 (sw)-Switch Analog Voltage-V 

FIGURE 3 
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10 

SWITCH ON-STATE RESISTANCE 
vs 

FREE-Al R TEMPERATURE 
1000~~~~-~---.---,.-~-~-~ 

7001---t----t---+---+--+--+---t---t 
V1(swl = -12 v 

1 400 t---t---+­
Q) 
u 
c: 

~ 2001--~~=-.+---+--+--+--+---+----I ·;;; 
Q) 

a: 
~ 
ro 

ci5 
C: 
0 

b 40t---+--+--+--+--+---t---t------i 
.? 

lo(sw) = 1 mA 

10....__..___.._ _ _.__ _ _.__ _ _.__ _ __._ _ _.____. 
-75 -50 -25 0 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 4 
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LINEAR 
INTEGRATED CIRCUITS 

TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

BULLETIN NO. DL-S 7611415, NOVEMBER 1970-REVISED JUNE 1976 

FORMERLY SN52733, SN72733 

• 200 MHz Bandwidth 

• 250 kn Input Resistance 

• Selectable Nominal Amplification of 10, 100, or 400 

• No Frequency Compensation Required 

• Designed to be lnterchang~able with Fairchild µA733 and µA733C 

description 

The uA733 is a monolithic two-stage video amplifier 
with differential inputs and differential outputs. 

schematic 

.. ,.{··· SELECT 
G2A 

Internal series-shunt1 feedback provides wide band­
width, low phase distortion, and excellent gain 
stability. Emitter-follower outputs enable the device 
to drive capacitive loads and all stages are current­
source biased to obtain high common-mode and 
supply-voltage rejection ratios. 

Component values shown are nominal 1 

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 G 1 A and G 1 B. 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 N RZ encoding and in high-speed 
thin-film or plated-wire memories. Other applications include general purpose video and pulse amplifiers where wide 
bandwidth, low phase shift, and excellent gain stability are required. 

The uA733M is characterized for operation over the full military temperature range of -55°C to 125°C; the uA733C 
is characterized for operation from 0°C to 70°C. 

terminal assignments 

JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 

GAIN GAIN 
INPUT SELECT SELECT OUTPUT 

2 NC G2B G1B Vee+ NC 2 

INPUT 
1 

NC-No internal connection 

L 
PLUG-IN PACKAGE (TOP VIEW) 

GAIN SELECT 
2A 

Vee-

PIN 5 IS IN ELECTRICAL CONTACT WITH THE CASE 

TEXAS INSTRUMENTS 
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U FLAT PACKAGE 
(TOP VIEW) 

GAIN GAIN 
INPUT SELECT SELECT OUTPUT 

2 G2B G1B Vee+ 2 

® CD © CD CD 

CD 0 CD © CD 
INPUT GAIN GAIN Vee- OUTPUT 

1 SELECT SELECT 1 
G2A G1A 

a 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

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

uA733M uA733C 

Supply voltage Vee+ (See Note 1 I 8 8 

Supply voltage Vee- (See Note 1 I -8 -8 

Differential input voltage ±5 ±5 

Common-mode input voltage ±6 ±6 

Output current 10 10 

Continuous total power dissipation at (or below) 25°C free-air tem....e.erature (see Note 21 500 500 

Operating free-air temperature range -55 to 125 Oto 70 

Storage temperature range -65 to 150 -65 to 150 

Lead temperature 1 /16" from case for 60 seconds t J, L. or U package 300 300 

Lead temperature 1/16" from case for 10 seconds N package 260 260 

UNIT 

v 

v 

v 

v 

mA 

mW 
oc 

oc 

oc 

oc 

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 referenc~ level Is the midpoint between Vee+ and Vee-· 

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

electrical characteristics, Vee+= 6 V, Vee-= -6 V, TA= 2s0 e 

PARAMETER 
TEST GAtNt 

TEST CONDITIONS 
FIGURE SELECT 

Large-signal differential 
1 

Avo 1 Voo = 1 v 2 
voltage amplification 

3 

1 
BW Bandwidth 2 Rs= 50 n 2 

3 

110 Input offset current Any 

l1B Input bias current Any 

V1 Input voltage range 1 Any 

Common-mode 
Voe 1 Any 

output voltage 

Voo Output offset voltage 
1 

1 
2&3 

Vopp 
Maximum peak-to-peak 

1 Any 
output voltage swing 

1 

fj Input resistance 3 v 00 .;; 1 v 2 

3 

ro Output resistance 

Ci Input capacitance 3 v 00 .;; 1 v 2 

Common-mode V1c=±1 V, f.;; 100 kHz 2 
CMRR 4 

rejection ratio Vtc = ±1 V, f = 5 MHz 2 

tNcc/AV10 
Supply voltage 

rejection ratio 
1 

AV cc+=± o.5 v. 

AV cc-=± o.5 v 
2 

Vn 
Broadband equivalent 

5 BW = 1 kHz to 10 MHz Any 
input noise voltage 

Rs= son. 
1 

tpd Propagation delay time 2 2 
Output voltage step= 1 V 

3 

1 

tr Rise time 2 
Rs= 50 n. 

2 
Output voltage step= 1 V 

3 

•sink( max) 
Maximum output 

Any 
sink current 

•cc Supply current No load, No signal Any 

tThe gain selection is made as follows: 
Gain 1 ... Gain Select pin G 1 A is connected to pin G 1 B, and pins G2A and G2B are open. 
Gain 2 •.• Gain Select pin G 1 A and pin G 1 B are open, pin G2A Is connected to pin G2B. 
Gain 3 ..• All four gain-select pins are open. 
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uA733M uA733C 
UNIT 

MIN TYP MAX MIN TYP MAX 

300 400 500 250 400 600 

90 100 110 80 100 120 

9 10 11 8 10 12 

50 50 

90 90 MHz 

200 200 

0.4 3 0.4 5 µ.A 

9 20 9 30 µ.A 

±1 ±1 v 

2.4 2.9 3.4 2.4 2.9 3.4 v 

0.6 1.5 0.6 1.5 

0.35 1 0.35 
v 

1.5 

3 4.7 3 4.7 v 

4 4 

20 24 10 24 kn 

250 250 

20 20 n 

2 2 pF 

60 86 60 86 
dB 

70 70 

50 70 50 70 dB 

12 12 µ.V 

7.5 7.5 

6.0 10 6.0 10 ns 

3.6 3.6 

10.5 10.5 

4.5 10 4.5 12 ns 

2.5 2.5 

2.5 3.6 2.5 3.6 mA 

16 24 16 24 mA 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

electrical characteristics (continued), Vee+= 6 V, Vee-= -6 V 
TA= -55°e to 125°e for uA733M, 0°e to 70°e for uA733e 

TEST 
PARAMETER 

FIGURE 
TEST CONDITIONS 

Avo 
Large-signal differential 

1 v 00 = 1 v 
voltage amplification 

110 Input offset current 

llB Input bias current 

V1 Input voltage range 1 

Voo Output offset voltage 1 

VQpp 
Maximum peak-to-peak 

1 
output voltage swing 

ri Input resistance 3 v 00 .;; 1 v 

Common-mode V1c=±1 v. f.;; 100 kHz 
CMRR 4 

rejection ratio V1c = ±1 v. f = 5 MHz 

D. Vcc/D. V10 
Supply voltage 

1 
D.Vcc+ = ±0.5 v. 

rejection ratio D.Vcc- = ±0.5 v 

lsink(max) 
Maximum output 

sink current 

ice Supply current No load, no signal 

tThe gain selection is made as follows: 

GAINt uA733M 

SELECT MIN 

1 200 

2 80 

3 8 

Any 

Any 

Any ±1 

1 

2&3 

Any 2.5 

2 8 

2 50 

2 

2 50 

Any 2.2 

Any 

Gain 1 ••• Gain Select pin Gl A is connected to pin Gl B, and pins G2A and G2B are open. 
Gain 2 ••• Gain Select pin Gl A and pin Gl B are open, pin G2A is connected to pin G2B. 
Gain 3 •.. All four gain-select pins are open. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • OALLAS, TEXAS 75222 

uA733C 
UNIT 

MAX MIN MAX 

600 250 600 

120 80 120 

12 8 12 

5 6 µA 

40 40 µA 

±1 v 

1.5 1.5 
v 

1.2 1.5 

2.8 v 

8 kn 

50 
dB 

50 dB 

2.5 mA 

27 27 mA 

a 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

DEFINITION OF TERMS 
Large-Signal Differential Voltage Amplification (Avol 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 (1101 The difference between the currents Into the two input terminals with the inputs grounded. 

Input Bias Current (I 1sl The average of the currents into the two input terminals with the inputs grounded. 

Input Voltage Range (V1) The range of voltage that if exceeded at either input terminal will cause the amplifier to cease 
functioning properly. 

Common-Mode Output Voltage (Vocl The average of the d-c voltages at the two output terminals. 

Output Offset Voltage (Vool 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 (VQpp) 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 (q) The resistance between the input terminals with either input grounded. 

Output Resistance (r0 ) The resistance between either output terminal and ground. 

Input Capacitance (Ci) 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 (D.Vcc/D.V1ol The absolute value of the ratio of the change in power supply voltages 
to the change in input offset voltage. For these devices, both supply voltages are varied symmetrically . 

Equivalent Input Noise Voltage (V nl 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 (tpdl 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 (tr) The time required for an output voltage step to change from 10% to 90% of its final value. 

Maximum Output Sink Current Osink(max)l The maximum available current into either output terminal when that 
output is at its most negative potential. 

Supply Current (lccl The average of the magnitudes of the two supply currents lcc1 and ICC2· 

TEXAS INSTRUMENTS 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

PARAMETER MEASUREMENT INFORMATION 

2kn 

FIGURE 1 1 

FIGURE 3 

FIGURE 5 

0.2µF 

5on ~lkn 
FIGURE 2 

~~ 
l ~""i"" 

FIGURE 4 

G2B Gl B 

G2A GlA 

VOLTAGE AMPLIFICATION ADJUSTMENT 

FIGURE 6 

TYPICAL CHARACTERISTICS 

PHASE SHI Fl 

N 

vs 

FREQUENCY 

V~c+~6J 
Vcc-=-sv 
TA =25°C 

I 

~ GAIN 2 

h 
l'L 

-1 

-I 

N 

50° 

o' 

-50° 

-100° 

.::: -150° 
:;: * -200° 
ii: -250° 

-300° 

-350° 

-400° 

-450° 

PHASE SHIFT 

VS 

FREQUENCY 

b Vee+= s v 
Vee-= -6 v 
T A= 25°e 

fTGA1J2 ~ 

1 
I 

0 1 2 3 4 5 6 7 8 9 10 

I-Frequency-MHz 
1 10 40 100 400 

I-Frequency-MHz 

FIGURE 7 FIGURE 8 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

TYPICAL CHARACTERISTICS 
VOLTAGE AMPLIFICATION 

(SINGLE-ENDED OR DIFFERENTIAL) 
vs 

·~ 1.
2 
.---r--.T_E_M-r-P_E~R~A_T_U~R_E~-r~ 

II 

~ 

0 

., 1.0 
~ t-"""'1==='f=~~-'t';:::--t-=::tj::::-t---1 

c 
0 

] 0.9 l---+---+--+--+----cl---'-t-'-+----4 

~ 
cl: 

~ 

~ 0
.:.
8
15 -50 -25 25 50 75 100 125 

TA-Free-Air Temperature-°C 

FIGURE 9 

DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

RESISTANCE BETWEEN G1A AND G1B 

1000 

§ 700 Vee+=6V L 

Vee-= -6v 

Voo = 1 v ~ 400 
Ci. 
E 
cl: 200 ~ 

TA=25°e 
See Figure 6 

~ 100 

l :: 
i5 
I 
0 20 
;f 

10 
10 

Ii' 
::s 

T" 

~ 
'f1--

40 100 400 1 k 4 k 10k 
Radj-Resistance Between G1A and G1B-!1 

FIGURE 11 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 
20.---r-"T"""--.-~-,--.--~~ 

181---+---+--+--+--t--+---'----' 

161----4'.::=::t=:~=--l--==!---rl---+-~ 

~ 14 1---+---+--+.l=~ u~73~ 
~ 121---+---+--+--+--t--+---+--4 
~ 
~ 10 

l 81---+---+--+--+--t--+--+--
-· Vee+= 6 v 
0 61--vee-=-Bv--+--+--+--+--' 

!:? 1-- No Load 

No Signal 

o._____._ _ _..____,_ _ __.____.___._ _ _..____. 
-75 -50 -25 0 25 50 75 100 125 

TA-Free·Air Temperature-
0
e 

FIGURE 13 

VOLTAGE AMPLIFICATION 
(SINGLE-ENDED OR DIFFERENTIAL) 

vs 
~ SUPPLY VOLTAGE 
~I 1.4 1 1 
C'.l r A = 25°e+--+-j-+--+--+-f--I 

~ 1.2 i k'.'.'.'.'. 
~ l ~ 
~1.0GJN3 ·~ 
~v-v-. ., Gr,.... j7 

~ 0.8[71 _L 
§ GAIN 1 ,l/<--+--t--t--j-+--+--+--j 
-~ ·v ! ::[7 F--1+--+--+--+--+--1----1--1----1---j 

-l5 3 
> IVee± I-Supply Voltage-V 

FIGURE 10 

SINGLE-ENDED VOLTAGE AMPLIFICATION 

Ol 
"C 

~ 

50 

] 40 

~ 
cl: 30 

a 
> 
] 20 

g> 10 
u; 
&, 
> 

cl: 0 

vs 
FREQUENCY 

!:I 

1-GAri 
1-t::J 

11 
I-GAIN I 

11 
11 

GAIN 3 

11 
1--Vee+ = 6 v 

Vee-= -6V 

l--TA=25~~ 
111 

l\ 

~ 
~ 

f\ 

1 10 40 100 
I-Frequency-MHz 

FIGURE 12 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 

24 l l l 
No Load 

20 I- No Signal 
TA=25°e 

I I I 

400 

O'----'--'--'-..._--"---'-_J--'---'---' 
3 

IVee± I-Supply Voltage-V 

FIGURE 14 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

TYPICAL CHARACTERISTICS 

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

LOAD RESISTANCE 

VI 1_161Jll 
cc+-

MAXIMUM PEAK·TO-PEAKOUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 
a.---~T__,T~o--.---,.~,.--~-.--r-----.---. 

TA = 25 C 
f- Vee-= -6 v 

IJ 

10 

1 

TA= 25°C 

1 
_l 

7 

lj_ 
iJ v 

~ 
O'---'-~....___..___._~..___.~_._~..__..~~ 

40 100 400 1 k 4k 10 k 3 4 5 6 7 8 

Rt. -Load Resistance-.n lvcc± I-supply Voltage-V 

FIGURE 15 FIGURE 16 

MAXIMUM PEAK·TO·PEAK OUTPUT VOLTAGE INPUT RESISTANCE 

2 

VS 

FREQUENCY 

-rvrr -6TV T , cc+-
Vee-= -6V 
TA"' 25°C 

~ 
~ 

~ 

~ 

.., 

4 7 10 20 40 70 100 200 400 

f-Frequency-MHz 

FIGURE 17 

c: 
.:,;. 

~ 
IJ 
c: 
"' 
·~ 
Ill 
a: 
:; 
a. 
c: 

I-

vs 
FREE·AIR TEMPERATURE 

40 

35 

30 

T T T 
Vcc+=6 v v 

t- V CC- "' -6 V -+--+--+---+--t-c,,,..L-+---1 

~ 
25 

20 

GAIN.2~ I 

Z" I l 

15 

10 

5 I---+---+---+--+--+--+--+--+---+---< 

o---_._~ ............. .___.__..___._..._~...__.___. 
-so -40 -20 o 20 40 60 so 100 120 140 

TA-Free-Air Temperature-°C 

FIGURE 18 
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TYPES uA733M, uA733C 
DIFFERENTIAL VIDEO AMPLIFIERS 

TYPICAL CHARACTERISTICS 

COMMON-MODE REJECTION RATIO 
vs 

FREQUENCY 
100 .--....-,....,....,"""'rr--.-"T""TTTTrTT"""--r--r-inT,..,n:rmVn-c-C...,+-= .... 6-rVTTT"crm~ 

80 1--+-+-1 

-+-+-++ttffir---r-t-+-1- V CC- = -6 V 
V1c=±1V 

-+-+-H-~l'--..f--""o,J-4-H TA = 25° C 
GAIN 2 ~ 

g 701---+-l-l-lf+++H--+-+++++H+--+-+-~f+#--4-f-.~l-++H 

"£ 
·~ 60 l--+-if-+-l~fl---+-+++++H+--+-H+tifl+l'l.--1-t-++t-tttt 

~ 501---t--1-++++t+l--+-!-+-t+tttt--+-1-H-++H~"'--t~~+++tttt 
~ ~ 
C: 40 l--...J......-'~-l-l-IJ>l--+-+++++-~-+--+-l-1-1-lMJ.--4-+-++4-Nl 
0 
E 
~ 30>---+->-+-<f-+++-t+--+--+-+-+++t++--+--+-<~>+++---t-+-.............. 

CJ 

J 201---+-l-l-lf+++H--+-+++++H+--f-.-!-;f.++lfW..-4-f-.-l-H+H-l 
a: 

~ 101---+-l-l-lf+++H--+-+++++H+--f-.-!-;f.++lfW..-4-f-.-l-H+H-l 

> 
I 

Q) 

~ 
0 
> ... 
::l a-
::l 
q 
] 
~ 
£ 
i5 
I 
0 
0 
> 

0L-..J....JL....L...l..u..LJu..__,_..._._.u.LJW-......L....J....1 ........ .L.LI...--'__,_......,, ........ 

0,01 0.1 

1.4 

TI= 2~°C 
1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0 

-0.2 

f-Frequency-MHz 

FIGURE 19 

PULSE RESPONSE 
AS A FUNCTION OF 
SUPPLY VOLTAGE 

N 

t 
~ 

v 

10 100 

Vcc±=±8V 

Vee±= ±6 v 

l l 
Vee±= ±3 v 

111 GAIN 2 

i' 
j)_ 

0 5 10 15 20 25 30 35 

t-Time-ns 

FIGURE 21 
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> 
I 

Q) 

DIFFERENTIAL INPUT OVERLOAD RECOVERY TIME 
VS 

DIFFERENTIAL INPUT VOLTAGE 
Cll 40 .---,-.-----.,,--...-,--.-_,.--....--.----...-""T""----. 

'f Vee+= 6 v 
E 35 1- Vee-= -6 v-4-----<f----+---1--.i.---1--""" 
i= TA= 25°C ./1 
t 30 1---+--+--+---t--+---+--t---+--hl'LJ'--i 

~ GAIN2 v 
a: 251---1---1--.i.--4--l---+--l---A---l---l 

i 201---1---1--+---t--+---+-...L!.._rl<-~~-+--4r---i 
~ I% 
~ 151---+--+--+---+-.....,.~'--+--+---+--l----I 

~ Y1 f 1oi:::::t::::::+::;;::;f:~""l---J--r-r---r--r---i 
Q) 

:i: 9 5 t---+--+--+---t--+---+--t---+--+---1 

'2 
.9 OL-_._ _ __.__.._____. _ __,__....__.___..., _ __.___, 

0 2040 60 80 100 120 140 160 180 200 

V1D-Differential Input Voltage-mV 

FIGURE 20 

PULSE RESPONSE 
AS A FUNCTION OF GAIN 

1.4 

1.2 

L1N
1
3-4 

.§' 1.0 r h. 

dA1N1-[ ~ 0 
> ... 0.8 ::l a-
::l 

9 0.6 
! c 
~ 0.4 
:i: 
0 
I 0.2 0 
0 
> 

0 

-0.2 

JL I\_ GAIN 1 

I 
Vcc+=6V 

] V CC- = -6 V ----1 

TA= 25°C 

0 5 10 15 20 25 30 35 

t-Time-ns 

FIGURE 22 

PRINTED IN U.S.A. 
Tl <annor a11ume any rtspon1ibilily for any circuils shown 
or repmenl Iha! !hey are free from palenl inlringtmenl. 
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MILITARY PRODUCTS 

MIL-M-38510 AND MIL-STD-883 MILITARY 
HIGH REL INTEGRATED CIRCUITS 

The Texas Instruments MIL-M-38510 and MIL-STD-883 programs offer a variety of options designed to meet con· 
tractual, reliability, and cost goals. MIL-M-38510 and MIL-STD-883 have been fully implemented to provide a broad 
product line of control circuits for both military original equipment and logistic requirements. Included in this section 
is a complete cross reference from the JAN part number to the corresponding standard catalog part number for ease in 
locating the commerical equivalent. The cross-reference from the catalog number to the JAN slash sheet number is also 
included. 

When system designs utilize control circuits not listed on the current OPL or where no slash sheet specification exists, 
the Tl /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, no, for Texas 
Instruments Linear Control Circuits, when processed to the options outlined in Table A. 

OPTION no 
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 

I. JAN MIL-M-38510 CLASS B PRODUCT 

These devices will be manufactured to the full requirements of the appropriate MIL-M-38510 slash sheet in DESC 
approved domestic production facilities. The Tl Linear Department is supplying only Class B product (see Table A, 
Column I). 

A. Ordering Instructions: 

Order Entry Code* 
Device Type 

r 
SLASH SHEET 
AND DEVICE 

TYPE 
SEE TABLES I & II 

BLOCK A 

JAN/XXXXXBXX 
JAN M38510/XXXXXBXX\ 

....-----' :1 I .....___. __, 
MIL-STD-~3 CLASS PACkE LEADiFINISH 

(CLASS B ONLY) 

CASE OUTLINE (SEE BLOCK A LEAD FINISH (SEE BLOCK Al 

JAN TYPE 

A SOLDER DIP 
JAN PACKAGE 

38510 

(APP.Cl 

A 1/4'" X 1/4'" FLAT-14 F-1 B TIN-PLATE 

BIT 1/4'" X 1/8'" FLAT-14 F-3 c GOLD~LATE 

JAN CASE OUTLINE & FINISH FOR Tl FAMILIES c DIP-14 D-1 x OPTIONALt 
PRODUCT A B C D E F G I 

SERIES 54 x x x x 
SERIES 54H x x x x 
SERIES 54L x x x 
SERIES 54LS x x x x 
SERIES 545 x x x x 
LINEAR CONTROL x 
SERIES 55 x x 
MOS LSI 
LEAD FINISH A 
LEAD FINISH B x x x x 
LEAD FINISH C x 

B. Symbolization: 

JM38510/XXXXXBXX 
Tl Symbol (Trade Mark) 
4-Digit Date Code 

x x 

x x 

J L D 1/4'" X 3/8'" FLAT-14 F-2 x x 
E DIP-16 D-2 

F 1/4'" X 3/8'" FLAT-16 F-5 

x x G T0-99 A-1 
x x H 1/4"' X 1/4'" FLAT-10 F-4 

I T0-11)0 A-2 

x x J DIP-24 D-3 

K 3/8'" X 5/8'" FLAT-24 F-6 
x x x x 3/8'" X 1/2'" FLAT·24 F-7 

DIP-22 

DIP-18 

x T0-5 
y T0-3 

z 1/4'" X 3/8'" FLAT-24 F-8 

•order entry code is used because the Tl order entry system is limited to 14 digits. 

:l:"X" Denotes finish A, B, or C at option of manufacturer. Devices will be marked A, B, or C as applicable. 
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MILITARY PRODUCTS 

II. 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 Ml L-STD-883 Class B requirements of Method 5004 (see Table A, Column II). 

A. Ordering Instructions: same numbering system as JAN with the omission of the JAN designation (see 1 above) 

Order Entry Code* 
Device Type 

B. Symbolization: 

M38510/XXXXXBXX 
Tl Symbol (Trade Mark) 
4-Digit Date Code 

Ill. 883 CLASS B PRODUCT 

TL/XXXXXBXX 
M38510/XXXXXBXX 

These devices will be tested to the Data Book full-temperature electrical requirements and 100% processed to the 
MIL-STD-883 Class B requirements of Metho~ 5004 (see Table A, Column 111). 

A. Ordering Instructions: 

Devicet:;' Designator~ 

i 
Example: TL 497M J 

B. Symbolization: 

(Device prefix, designator and package)~ 
Tl Symbol (Trade Mark) 
4-Digit Date Code 

IV. STANDARD HERMETIC PRODUCT 

Package 
t 
I 

/883B 

/883B 

/883B 

1 

This material will be tested to the Data Book electrical requirements and processed per Table A, Column IV. 

A. Ordering Instructions: 

Device Prefix Designator~ 

B. Symbolization 

(Device prefix, designator and package)~ 
Tl Symbol (Trade Mark) 
4-Digit Date Code 

Package 

•order entry code ls used because the Tl order entry system is limited to 14 digits. 

§similar to Tl SNJ JAN-Processed program. 
~See ordering instructions on page 35. 
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MIL-STD-883 

Visual Pre-Cap 
Condition B 

Method 2010 

Stabilization Bake 

Method 1008 
Condition C 

Temp. Cycle 

Method 1010 
Condition C 

Centrifuge 
Condition E 

Method 2001 

Fine Leak Condition A 

Method 1014 or B 

Gross Leak 
Condition C 

Method 1014 

Electrical Test 

Burn-In (minimum) Condition B 

Method 1015 or D 

Final Electrical Method 5004 

Quality Conformance 

Sample Testing 
Method 5005 

External Visual 

Method 2009 

II 

TABLE A 

MILITARY PRODUCTS PROCESS FLOW 

I II 
JAN JAN-PROCESSED 

JM38510/XXXXX M38510/XXXX2{ 

40X and 40X and 

100X 100X 

24 hrs/ 24 hrs/ 

+150°C +150°C 

10 cycles 10 cycles 

-65°C to +150"C -65°C to +150°C 

I 
5 x 10-8 

I I 
5 x 10-8 

I atm cc/sec atm cc/sec 

I CONDC I I CONDC I 

I JAN 
SLASH SHEET 

I SLASH SHEET I I SLASH SHEET I 

I GROUP A, B, c & D I I GROUP A PLUS I 
GENERIC B, PER JAN SPEC C&D 

I 3X to 10X I I 3X to 10X I 

Ill IV 

833 CLASS B STANDARD 

XXXXX/8838 HERMETIC 

[JX•od 
OOX 

I I 40X 

oc Gy' 
10 cycles 

-65°C to +150°C 

I 
5 x 10-8 

I 11x10-7 
atm cc/sec atm cc/sec 

I CONDC I I CONDC 

~ I 3: -
I DATA SHEET I r-

I s -t 
> I GROUP A PLUS I 

'GROUP Al I 
:a 

GENERIC B, < 
r. Ri D 

-a 

I I I I I 
:a 
0 3X to 10X 3X to 10X c 
c 
n 
-t 
en 



MILITARY PRODUCTS 

TABLE I. JAN INTEGRATED CIRCUITS AND CIRCUIT-TYPE CROSS-REFERENCE 

JAN CKT JAN CKT JAN CKT JAN CKT 
/NO. TYPE /NO. TYPE /NO. TYPE /NO. TYPE 
00101 5430 01401 54150 03303 15950 07102 54S112 
00102 5420 01402 9312:j: 03304 9094 07103 54S113 
00103 5410 01403 54153 03501 MH0026 07104 54S114 
00104 5400 01404 9309 04001 54H50 07105 545174 
00105 5404 01405 54157 04002 54H51 07106 54S175 
00106 5412 01406 54151 04003 54H53 07201 54S40 
00107 5401 01501 5475 04004 54H54 07301 54S02 
00108 5405 01502 5477 04005 54H55 07401 54S51 
00109 5403 01503 54116 04101 54L51 07402 54S64 
00201 5472 01504 9314:j: 04102 54L54 07403 54565 
00202 5473 01601 5408 04103 54L55 07501 54586 
00203 54107 01602 5409 04104• 54L54 07502 54S135 
00204 5476 01701 54174 04201 54L 121 07601t 545194 
00205 5474 01702 54175 04202 54L 122 07602t 54S195 
00206 5470 01703t 54173 04301 93L18 07701t 54S138 
00207 5479:j: 01801 54170 04401 93L24 07702t 54S139 
00301 5440 01901 54180 04501t 93L14 07703t 54S280 
00302 5437 02001 54L30 04502+ 93L08 07801t 54S181 
00303 5438 02002 54L20 04601 93L09 07802t 54S182 
00401 5402 02003 54L10 04602 93L12 07901 545151 
00402 5423 02004 54LOO 04603 93L22 07902 54S153 
00403 5425 02005 54L04 05001 4011A 07903 54S157 
00404 5427 02006 54L01/54L03 05002 4012A 07904 54S158 
00501 5450 02101 54L71 05003 4023A 07905 54S251 
00502 5451 02102 54L72 05101 4013A 07906 545257 
00503 5453 02103 54L73 05102 4027A 07907 54S258 
00504 5454 02104 54L78 05201 4000A 08001 54S11 
00601 5482 02105 54L74 05202 4001A 08002 54S15 
00602 5483 02201 54H72 05203 4002A 08101 54S140 
00603 9304:j: 02202 54H73 05204 4025A 08201t 54S85 
00701 5486 02203 54H74 05301 4007A 10101 52741 
00801 5406 02204 54H76 05302 4019A 10102 52747 
00802 5416 02205 54H101 05303 4030A 10103 52101A 
00803 5407 02206 54H103 05401 4008A 10104 52108A 
00804 5417 02301 54H30 05501 4009A 10105 LH2101A 
00805 5426 02302 54H20 05502 4010A 10106 LH2108A 
00901 5495 02303 54H10 05503 4049A 10107 52118 
00902 5496 02304 54HOO 05504 4050A 10201 52723 
00903 54164 02305 54H04 05505 4041A 10202t 52104 
00904 54165 02306 54H01 05601 4017A 10203t 52105 
00905 54194 02307 54H22 05602 4018A 10301 52710 
00906 54195 02401 54H40 05603 4020A 10302 52711 
00907t 9300:1: 02501 54L90 05604 4022A 10303 52106 
00908t 9328 02502 54L93 05605 4024A 10304 52111 
00909t 54198 02503 54L 193 05701 4006A 10401 55107 
00910t 54166 02504 93L10 05702 4014A 10402 55108 
01001 5442 02505 93L16 05703 4015A 10403 55114 
01002 5443 02601 54L86 05704 4021A 10404 55115 
01003 5444 02701 54L02 05705 4031A 10405 55113 
01004 5445 02801 54L95 05706t 4035A 10406 7831 
01005 54145 02802 54L164 05707t 4034A 10407 7832 
01006 5446 02803 93L28:j: 05801t 4016A 10501t 52733 
01007 5447 02804 93LOO 06001 10501:1: 10601 LM102:j: 
01008 5448 02805 76L70 06002 10502:1: 10602 52110 
01009 5449 02806• 54L91 06003 10505:j: 10701 52109 

II 01101 54181 02901 54L42 06004 10506:j: 10702t LM140-12 
01102 54182 02902 54L43 06005 10507:1: 10703t LM140-15 
01201 54121 02903 54L44 06006 10509:j: 10704t LM140-24 
01202 54122 02904 54L46 06101 10531:1: 10801 3018A 
01203 54123 02905 54L47 06102 10631:1: 10802 3045 
01204 9601 02906 76L42A 06103 10576:1: 10901t 52555 
01205 9G02 02907 93L01 06104 10535:j: 10902t 52556 
01301 5492 03001 15930 06201t 10504 15001 5485 
01302 5493 03002 15935 07001 54SOO 15101 5413 
01303 54160 03003 15936 07002 54503 15102 5414 
01304 54163 03004 15946 07003 54S04 15103 54132 
01305 54162 03005 15962 07004 54S05 15201 54154 
01306 54161 03101 15932 07005 54510 15202 54155 
01307 5490 03102 15944 07006 54S20 15203 54156 
01308 54192 03103 15957 07007 54S22 15204 8250 
01309 54193 03104 15958 07008 54S30 15205 8251 
01310t 54196 03105 15933 07009 54S133 15206 8252 
01311t 54197 03301 15945 07010 54S134 15301 54125 
01312t 54177 03302 15948 07101 54S74 15302 54126 

NOTE: Only the basic JAN and commercial numbers are shown. 
ts1ash sheets not released as of date of this publication. 
+Not recommended for new designs. 
•crass Sonly. 
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MILITARY PRODUCTS 

TABLE II. CIRCUIT-TYPE AND JAN INTEGRATED CIRCUITS CROSS-REFERENCE 

CKT JAN CKT JAN CKT JAN CKT JAN 
TYPE /NO. TYPE /NO. TYPE /NO. TYPE /NO. 
54LS153 30902t 54L164 02802 5423 00402 54163 01304 
54LS157 30903t 54L193 02503 5425 00403 54164 00903 
54LS158 30904t 54500 07001 5426 00805 54165 00904 
54LS160 31503t 54502 07301t 5427 00404 54166 00910t 
54LS161 31504t 54503 07002 5428 16201t 54173 01703t 
54L5164 30605t 54504 07003 5430 00101 54174 01701 
54L5168 31505t 54S05 07004 5432 16101t 54175 01702 
54L5169 31506t 54510 07005 5437 00302 53177 01312t 
54L5174 30106t 54511 08001 5438 00303 54180 01901 
54L5175 30107t 54515 08002 5440 00301 54181 01101 
54L5181 30801 54S20 07006 5442 01001 54182 01102 
54L5192 31507t 54522 07007 5443 01002 54186 20101 
54L5193 31508t 54530 07008 5444 01003 54192 01308 
54L5194 30601t 54540 07201 5445 01004 54193 01309 
54L5195 30602t 54551 07401 5446 01006 54194 00905 
54L5196 32001 54S64 07402 5447 01007 54195 00906 
54LS197 32002 54565 07403 5448 01008 54196 01310 
54LS221 31402t 54S74 07101 5449 01009 54197 01311t 
54LS251 30905t 54585 08201 5450 00501 54198 00909t 
54L5253 30908t 54586 07501 5451 00502 5531 23001 t (256 RAM) 
54L5257 30906t 545112 07102 5453 00503 55107 10401 
54L5258 30907t 545113 07103 5454 00504 55108 10402 
54L5261 31801t 545114 07104 5470 00206 55113 10405 
54L5266 30303 545133 07009 5472 00201 55114 10403 
54L5279 31602t 545134 07010 5473 00202 55115 10404 
54LS283 31202t 545135 07502 5474 00205 76L42A 02906 
54LS290 32003 545138 07701t 5475 01501 76L70 02805 
54LS293 32004 545139 07702t 5476 00204 7831 10406 
54LS295 30606 545140 08101 5477 01502 8250 15204 
54LS298 30909 545151 07901 5479:1: 00207 8251 15205 
54LS324 31702t 545153 07902 5482 00601 8252 15206 
54LS395 30607t 545157 07903 5483 00602 9093 03304 
54LS670 31901 545158 07904 5485 15001 93LOO 02804 
54LOO 02004 545174 07105 5486 00701 93L01 02907 
54L01 02006 545175 07106 5490 01307 93L08 04502t 
54L02 02701 545181 07801t 5492 01301 93L09 04601 
54L03 02006 545182 07802t 5493 01302 93L10 02504 
54L04 02005 545194 07601t 5495 00901 93L12 04602 
54L10 02003 545195 07602t 5496 00902 93L14 04501t 
54L20 02002 545251 07905 54107 00203 93L16 02505 
54L30 02001 545257 07906 54116 01503 93L18 04301 
54L42 02901 545258 07907 54120 15401t 93L22 04603 
54L43 02902 545280 07703t 54121 01201 93L24 04401 
54L44 02903 545387 20201t 54122 01202 93L28:1: 02803 
54L46 02904 5400 00104 54123 01203 9300:1: 00907t 
54L47 02905 5401 00107 54125 15301 9300 15901t 
54L51 04101 5402 00401 54126 15302 9304:1: 00603 
54L54 04102, 04104• 5403 00109 54132 15103 9308 01503 
54L55 04103 5404 00105 54145 01005 9309 01404 
54L71 02101 5405 00108 54147 15601 9312:1: 01402 
54L72 02102 5406 00801 54148 15602 9314:1: 01504 
54L73 02103 5407 00803 54150 01401 9317 15802 
54L74 02105 5408 01601 54151 01406 9318:1: 15603t 
54L78 02104 5409 01602 54153 01403 9322 01405 
54L86 02601 5410 00103 54154 15201 9328 00908 

II 54L90 02501 5412 00106 54155 15202 9334 16001 
54L91 02806• 5413 15101 54156 15203 9338 15701 
54L93 02502 5414 15102 54157 01405 93410 23002 (266 RAM) 
54L95 02801 5416 00802 54160 01303 9601 01204 
54L121 04201 5417 00804 54161 01306 9602 01205 
54L122 04202 5420 00102 54162 01305 

NOTE: Only the basic JAN and commercial numbers are shown. 
tSlash sheets not released as of date of th is publication. 
:I: Not recommended for new designs. 
•Class Sonly. 
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MILITARY PRODUCTS 

TABLE I. JAN INTEGRATED CIRCUITS AND CIRCUIT-TYPE CROSS-REFERENCE 
JAN CKT JAN CKT JAN CKT JAN CKT 
/NO. TYPE /NO. TYPE /NO. TYPE /NO. TYPE 

15401 54120 30002 54LS03 30502 54LS86 31202t 54LS283 
15501 54H08 30003 54LS04 30601t 54LS194 31301t 54LS13 
15502 54H11 30004 54LS05 30602t 54LS195 31302t 54LS14 
15503 54H21 30005 54LS10 30603t 54LS95 31303t 54LS132 
15601t 54147 30006 54LS12 30604t 54LS96 31401t 54LS123 
15602t 54148 30007 54LS20 30605t 54LS164 31402t 54LS221 
15603t 9318:1: 30008 54LS22 30606t 54LS295 31501t 54LS90 
15701 9338 30009 54LS30 30607t 54LS395 31502t 54LS93 
15801 9321 30101t 54LS73 30701t 54LS138 31503t 54LS160 
15802 9317 30102t 54LS74 30702t 54LS139 31504t 54LS161 
15901t 9300 30103t 54LS112 30703t 54LS42 31505t 54LS168 
15902t 9328 30104t 54LS113 30704t 54LS47 31506t 54LS169 
16001 9334 30105t 54LS114 30801 54LS181 31507t 54LS192 
16101t 5432 30106t 54LS174 30901t 54LS151 31508t 54LS193 
16201t 5428 30107t 54LS175 30902t 54LS153 31601t 54LS75 
20101 54186 (PROM 512) 30108t 54LS107 30903t 54LS157 31602t 54LS279 
20102 MCM5304:j: 30109t 54LS109 30904t 54LS158 31701t 54LS124 
20103t IM5603A 30110 54LS76 30905t 54LS251 31702t 54LS324 
20201t 545387 (PROM 1024) 30201 54LS40 30906t 54LS257 31801t 54LS261 
20202t IM5623 30202 54LS37 30907t 54LS258 31901 54LS670 
23001t 5531 (256 RAM) 30203 54LS38 30908t 54LS253 32001 54LS196 
23002t 93410 (256 RAM) 30204 54LS28 30909 54LS298 32002 54LS197 
23501t TMS4060 (4K RAM) 30301 54LS02 31001 54LS11 32003 54LS290 
23502t TMS4050 (4K RAM) 30302 54LS27 31002 54LS15 32004 54LS293 
23503 TMS4060 (4K RAM) 30303 54LS266 31003 54LS21 32101 54LS22 
23504 TMS4050 (4K RAM) 30401 54LS51 31004 54LS08 32102 54LS26 
30001 54LSOO 30402 54LS54 31101 54LS85 40001 6800 

30501 54LS32 31201t 54LS83A 42001 8080A 

TABLE II. CIRCUIT-TYPE AND JAN INTEGRATED CIRCUITS CROSS-REFERENCE 

CKT JAN CKT JAN CKT JAN CKT JAN 
TYPE /NO. TYPE /NO. TYPE /NO. TYPE /NO. 
LH2101A 10105 3018A 10801 52111 10304 54LS13 31301t 
LH2108A 10106 3045 10802 52118 10107 54LS14 31302t 
LM102 10601 4000A 05201 52555 10901t 54LS15 31002 
LM140-12 10702t 4001A 05202 52556 10902t 54LS20 30007 
LM140-15 10703t 4002A 05203 52710 10301 54LS21 31003 
LM140-24 10704t 4006A 05701 52711 10302 54LS22 32101 
MCM5304:j: 20102 4007A 05301 52723 10201 54LS26 32102 
MH0026 03501 4008A 05401 52733 10501t 54LS27 30302t 
TMS4050 23502 (4K RAM) 4009A 05501 52741 10101 54LS28 30204 
TMS4050 23504 (4K RAM) 4010A 05502 54HOO 02304 54LS30 30009t 
TMS4060 23501 (4K RAM) 4011A 05001 54H01 02306 54LS32 30501 
TMS4060 23503 (4K RAM) 4012A 05002 54H04 02305 54LS37 30202 
1M5600 20103 4013A 05101 54H08 15501 54LS38 30203 
1M5603A 20103t 4014A 05702 54H10 02303 54LS40 30201 
1M5623 20202t 4015A 05703 54H11 15502 54LS42 30703t 
10501:1: 06001 4016A 05801t 54H20 02302 54LS47 30704t 
10502:1: 06002 4017A 05601 54H21 15503 54LS51 30401 
10504 06201t 4018A 05602 54H22 02307 54LS54 30402 
10505:1: 06003 4019A 05302 54H30 02301 54LS73 30101t 
10506:1: 06004 4020A 05603 54H40 02401 54LS74 30102t 
10507:1: 06005 4021A 05704 54H50 04001 54LS75 31601t 
10509:1: 06006 4022A 05604 54H51 04002 54LS76 30110 

II 
10531:1: 06101 4023A 05003 54H53 04003 54LS83A 31201 
10535:1: 06104 4024A 05605 54H54 04004 54LS85 31101 
10576:1: 06103 4025A 05204 54H55 04005 54LS86 30502 
10631:1: 06102 4027A 05102 54H72 02201 54LS90 31501t 
15930 03001 4030A 05303 54H73 02202 54LS93 31502t 
15932 03101 4031A 05705 54H74 02203 54LS95 30603t 
15933 03105 4034A 05706t 54H76 02204 54LS96 30604t 
15935 03002 4035A 05707t 54H101 02205 54LS107 30108t 
15936 03003 4041A 05505 54H103 02206 54LS109 30109t 
15944 03102 4049A 05503 54LSOO 30001 54LS112 30103t 
15945 03301 4050A 05504 54LS02 30301 54LS113 30104t 
15946 03004 52101A 10103 54LS03 30002 54LS114 30105t 
15948 03302 52104 10202t 54LS04 30003 54LS123 31401t 
15950 03303 52105 10203t 54LS05 30004 54LS124 31701t 
15951 03201 52106 10303 54LS08 31004 54LS132 31303t 
15957 03103 52108A 10104 54LS10 30005 54LS138 30701t 
15958 03104 52109 10701 54LS11 31001 54LS139 30702t 
15962 03005 52110 10602 54LS12 30006 54LS151 30901t 

NOTE: Only the basic JAN and commercial numbers are shown. 
tslash sheets not released as of date of this publication. 
:!:Not recommended for new designs. 
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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 IC 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 Tl 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 Distributor, Tl 
Representative, or: 

t Registered trademark of Gardner-Denver 

Texas I nstru men ts Incorporated 
Connector Systems Department 
MS 2-16 
Attleboro, Massachusetts 02703 
Telephone: (617) 222-2800 
TELEX: ABORA927708 



LOW PROFILE SOCKETS 

SOLDER STANDOFF 

~B,~~~~f~j 
D~,,,-,, //_/! 
B 181 l8l Ol 18l B !Bl 

IDENTIFICATION NOTCH 

1r::t'~":lfl 
TOLERANCE~ ~.lOO 

NON-CUMULATIVE TYP. 

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 

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 
E. 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 

8 Pin 14 Pin 16 Pin 18 Pin 20 Pin 22 Pin 24Pin 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 (maxi .400 .400 .400 .400 .400 .500 .700 .700 .700 

PART NO. SCHEDULE 

• BLACK BODY 

NOMEX ANTI-WICKING WAFER 

Pins C-93SERIES 

8 C930810 

14 C931410 

16 C931610 

18 C931810 

20 C932010 

22 C932210 

24 C932410 

28 C932810 

40 C934010 

CONTACT FINISH 
C-93 SERIES: 

C-83 SERIES 

C830810 

C831410 

C831610 

C831810 

C832010 

C832210 

C832410 

C832810 

C934010 

100 microinch minimum gold 
stripe inlay 

C-83 SERIES: 
200 microinch minimum bright 

tin plate 

II 
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STANDARD PROFILE SOCKET 

SOLDER TAIL 
C-82 SERIES PLATED CONTACTS • C-92 SERIES GOLD CLAD CONTACTS 

WIRE WRAP 
C-81 SERIES PLATED CONTACTS • C-91 SERIES GOLD CLAD CONTACTS 

• Designed for low cost, reliable, high density production packaging 
• Universal mounting and packaging capabilities 
• 8 to 40 pin lead configur~tions 
• Contacts accommodate .015" through .024" rectangular or round 

dual-in-line leads 
• Wire wrap posts held to true position of .015" providing a true 

position of .020" on boards for efficient automatic wire wrapping 

WIRE WRAP SOLDER TAIL 

COVER: TYPICAL LOCKING 

-Y-

®®8-,.--q:>- . 0 w 

• • .• • • ii --'-·· --.100 
TYP. 

IDENTIFICATION SOLDER 
FOR PIN NO 1 --=--z. 1-y -J STANDOFFS 

!El!al-tal raJ-raJ-rs!- =-=--1- ci ci I ci =I ci = r-1 
=--4f-=.I. 

1 • m@ ® sv 
!al·rsl·rsl rsi-$-ri!1 . .J-_L g 1:1 ! Cl 1:1 ! ~ Cl 

TOL._J100L -.100-
NON-CUMULATIVE lrYP I TYP 

; I 

COVER TYPICAL LOCKING 
TECHNIQUES USED 

----V---- W-- .250MAX 

I 
TECHNIQUES USED j 

, PRELOADED CONTACT -1'(j~T9~~~L~ 1-~1 i t-v I 1-w-j .2rMAx 

~
. e. /i 0

D.H. Im 
·-.-I 

.020 OPE~~~TRY z 

---'- • OILY I 
-~ - I 

0 0 0 ~~:.. 0 O_ rr 

1~,-~~~,i- -,~! 
.125 

-.025 .144 

---'-
MATERIAL: 
A. Body-glass filled 

nylon (GFN) 
B. Contact-phosphor 

bronze per 00-8-750 
(C-811 copper nickel 
alloy (C-91) 

C. Finish-see part 
number schedule 

Dimension V ±0.10 

Dimension W (max) 

Dimension X ±.005 

Dimension Y ±0.10 

Dimension Z ±.005 

1-x-1 

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 

F. Operating temperature -65° C to +150° C 

8 Pin 14 Pin 16 Pin 18 Pin 

.465 .765 .865 .965 

.400 .400 .400 .400 

.300 .300 .300 .300 

NA .400 .400 .400 

.280 .280 .280 .280 

1-x-1 

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 
::utcm:itic insertion and protect IC leads 
against damage 

I. Accommodates standard IC leads up to 
.024" square, rectangular or .024" dia. 

J. Contact retention - 7 lbs. min. 
K. Sockets are capable of being automati· 

cally or semiautomatically wire wrapped 

20 Pin 24 Pin 28Pin 36~in 40Pin 

1.065 1.280 1.480 1.845 2.045 

.400 .700 .700 .700 .700 

.300 .600 .600 .600 .600 

.400 .500 .500 .800 1.000 

.280 .280 .280 .325 .325 



WIRE WRAP SOLDER TAIL 

OPEN ENTRY CLOSED ENTRY OPEN ENTRY CLOSED ENTRY 

PART 

• I NUMBER 

SCHEDULE 

PART 

NUMBER • -SCHEDULE 

Contact Black Black 
Pins 

Finish Body Cover 

Contact Black Black 
Pins 

Finish Body Cover 

8 C810854 C810804 
Series 

14 C811454 C811404 
C-81 

16 C811654 C811604 
200-400 

18 C811854 C811804 
micro inch 

20 C812054 C812004 
min tin 

24 C812454 C812404 

8 C820850 C820800 
Series 

C-82 
14 C821450 C821400 

30 microinch 16 C821650 C821600 
min gold per 18 C821850 C821800 
Ml L-G-45204 

24 C822450 C822400 over 
50 microinch 28 C822850 C822800 

per 
28 C812854 C812804 

MIL-T-10727 
36 C813604 

min nickel per 
36 C823600 OO-N-290 
40 C824000 

40 C814004 
Series 

8 C820852 C820802 

8 C910850 C910800 
Series 

C-91 
14 C911450 C911400 

16 C911650 C911600 
50 microinch 

18 C911450 C911400 
min 

C-82 
14 C821452 C821402 

50 microinch 16 C821652 C821602 

min gold per 18 C821852 C821802 
Ml L-G-45204 24 C822452 C822402 over 
100 microinch 28 C822852 C822802 

20 C912050 C911800 
gold stripe 

24 C912450 C912000 
inlay 

28 C912850 C912800 

36 C913600 

40 C914000 

min nickel per 
36 C823602 OO-N-290 
40 C824002 

8 C820854 C820804 
Series 

C-82 
14 C821454 C821404 

16 C821654 C821604 
200-400 18 C821854 C821604 
microinch 
min tin per 24 C822454 C822404 
MIL-T-10727 28 C822854 C822804 

36 C823604 

40 C824004 

Series 
8 C920850 C920800 

14 C921450 C921400 
C-92 

16 C921650 C921600 
100-microi nch 18 C921850 C921800 
min 
gold stripe 24 C922450 C922400 
inlay 28 C922850 C922800 

36 C923600 

40 C924000 

II 
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SOCKET PANELS 

STANDARD 
04 SERIES 

• 180 position panel or multiples of 
30 position with 14 or 16 position 
socket pattern 

• 1/0 - 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 

i-------------16.175 (180 PATTEl;Nl -----------~ 

--------------15.800 --------------i 
t-----------13.100------------i 

~~~~~~~-5-.0-0_0_7.-70_0_1~.400-----1-------~1 
125 DIA. THRU HOLE 

:1T~~~1 , .400 TYP. TYP. I 
.187 

P/C BOARD MATERIAL 
1/8 thick Glass Epoxy, 2 oz. 
Copper Circuitry both sides, 
Tin Plated 

fr 
.290MAX. 

,.125 

. i _i_ 
. 187 

11": 
I SQ. 

6.875 
IGRPl, 11.1111 

7.475 
iGRPIVl 

.545 RE~. 

5.375 !60 PATTERN) ---l (30~.g~~ERNTJ I ~ dJ 
125 DIA. THRU 

IC 
SEATING 

PLANE 

---- 8.o75 (90 PATTERN) 

------ 10.775 (120 PATTERN) 

i.----------13.475 (150 PATTERN) 

NOTE: Dimensions shown are nominal. Detail information and 
tolerances available on request (indicate series and group numbed. 

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 
Contact .... Phosphor bronze per OO-B-750 
Finish ....... 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 -04 Series 

:? "! C-81 C·91 Group No. 1/0 Option .:~ 
u .. Sockets Sockets 
JU 

SOCKETS 30 D411211 D411231 
Group I 14 Pin 

60 D411212 D411232 

PIN 14 .... VCC - 90 D411213 D411233 
PIN 7 ...... GAD 

I 1 120 D411214 D411234 
150 D411215 D411235 

~:: ·~ 
180 D411216 D411236 

2 • 
FEED·THRU 

12 3 • PINS 30 D411411 D411431 
11 • • 60 D411412 D411432 
10 5 • 90 D"411413 D411433 
I I • 120 D411414 D411434 

• 
1 ' 

150 D411415 D411435 
180 D411416 D411436 

SOCKETS 30 D434211 D434231 
Group II 14 Pin 

60 D434212 D434232 
PIN V ...... VCC --- 90 D434213 D434233 
PING ...... GAD 

l 1 
120 D434214 D434234 

~,: 
G~ 

150 D434215 D434235 
180 D434216 D434236 

1 • 

13 2 • FEED•THRU 30 D434411 D434431 
12 3 • PINS 

D434412 D434432 60 
11 • • 90 D434413 D434433 
10 I • 

120 D434414 D434434 
I I • 

150 D434415 D434435 • 1~ 180 D434416 D434436. 

16 Pin 
SOCKETS 30 0423211 0423231 

Group Ill 

Iii 
60 D423212 D423232 

PIN 16 : ... VCC 90 D423213 D423233 
PIN 8 ....•. GAD 120 D423214 D423234 

~:: 
1~ 

150 D423215 D423235 
180 D423216 h423236 

2 • ,. 3 • FEED· THAU 30 D423411 D423431 
13 • • PINS 60 D423412 D423432 
12 I • 90 D423413 D423433 ,, 

I • 
10 1 • 

120 D423414 D423434 

• ·~ 
150 D423415 D423435 
180 D4:23416 D423436 

SOCKETS 30 0444211 D444231 
Group IV 16 Pin 60 D444212 D444232 

PIN V ...... VCC -- 90 D444213 D444233 II 
PING ...... GAD I I 120 D444214 D444234 
~ G~ 150 D444215 1;>444235 
~v 180 D444216 D444236 

• 11 1 • 

• II 2 • 
FEED· TH RU 

• 14 3 • PINS 
30 0444411 0444431 

• 13 • • 60 D444412 D444432 
• 12 Ii • 90 D444413 D444433 
• 11 I • 120 D444414 D444434 
• 10 1 • 150 D444415 0444435 

~· ·~ 180 0444416 D444436 
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SOCKET CARDS 

STANDARD 
D02 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 

D02 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 

.559 
11/16"1 

7.35311/8") 
7.718(1118 .. 1 

IC·· 

~~G 

" -+ 
1

.025 

I 
I 

I 
I 

I 

I 

sa. 

· ·L . 5'0REF. 

NOTE: Dimensions shown are nominal. Detail information and tolerances 
available on request (indicate series and group number). 

~ 
~ 1.500_____.;i 

ADAPTER 
Part no. Z501300 

EJECTOR KEYS 
Material: Nylon 
Part no. Z501200 (1/8") 

Z501201 (1/16") 

DO Series 
MUL Tl PURPOSE 
CARD PART NO. 
SCHEDULE 

1/0 -
l 

Board Part No. Thk. 

1/16" Z012510 

1/8" Z011510 

Group No. Board C-81 C-91 
Thk. Sockets Sockets 

Group I 14 Pin 

PIN 14 .... VCC 1/16" D022110 D022130 
PIN 7 ..... GAD 

~" ·~ " •• " , . 
" .. .. I. 1/8" D021110 D021130 
I I. 
I '. 

Group II 14 Pin 

PIN V ....• VCC 1/16'' D022310 D022330 PING ..... GAD 

~ .. ~ L-

~- '. IJ I. 

II J. 
11 •• 

D021310 II I. 1/8" D021330 
I I 0 
I 1. 

Group Ill 16 Pin 

PIN 16 .... VCC 1/16" D022210 0022230 PIN 8 ...... GAD 

~"·~ 
L.. 

11 I. 
14 J. 
n • • 
12 I. 1/8" D021210 0021230 11 •• 

.. '. I If 

Group IV 16 Pin 

PIN V •.... VCC 
1/16" D022410 0022430 PING •.... GRD 

~· 
·f+ 

" .. " •• .. , . 
n • • 
11 I. 1/8" D021410 0021430 
11 I • 

.. '. I I~ 






