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IMPORTANT NOTICE

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

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

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

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

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



INTRODUCTION

Texas Instruments offers an extensive line of industry-standard integrated circuits designed to provide highly reliable
power supply regulators, supervisors, comparators, special functions, and building blocks. These circcuits represent
processes from standard bipolar through BIDFET, BIFET, IMPACT™, LinCMOS™, Advanced LinCMOS™, and
Schottky technologies.

This data book (Volume 3 of 3) provides information on the following types of products:
* Supervisory Circuits
* Switch-Capacitance Voltage Converters
* Shunt Voltage Regulators and Voltage References
* Adjustable Series-Pass Voltage Regulators
¢ Switching Power Supply and Pulse-Width-Modulated (PWM) Controllers and Regulators
* Fixed Output Series-Pass Voltage Regulators (Positive and Negative)
* Voltage Comparators, Timers, Disk Drive Circuits
¢ Current Mirrors, Sonar Circuits, Sound Generators
* Video Amplifiers
These products provide critical functions in analog and digital systems that:

* Utilize a wide range of voltages
* Require a constant output voltage regardless of changes in input voltage, output current, and
ambient temperature
¢ Demand high input-output isolation where analog circuitry must be connected independently of
digital ground
* Need low voltage (i.e., battery) regulation
New surface-mount packages (3 to 20 leads) include the thin, small-outline packages (PW) and SOT-89 (PK) plastic
packages that optimize board density with minimum impact of power dissipation capabilities. Test equipment with
handlers and automated assembly bonders strengthen the production capabilities that provide a lower
cost-to-performance ratio. Tl continues to enhance quality and reliability of integrated circuits by improvements in
materials, processes, test methods, and test equipment. In addition, specifications and programs are continuously
updated. Qualilty and performance are monitored throughout all phases of manufacturing.

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

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

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

Dallas, Texas 75380-9066

We sincerely feel that this new 1992 Linear Circuits Data Book, Volume 3, will be a significant addition to your technical
literature from Texas Instruments.

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

AD7524 .+ oo voL2
ADZ524M oo, voL2
AD7528 .o eeeerananns. voL2
AD7528M oo, VoL 2
AD7628 v oo, VoL 2
ADCOBO3 . vvvverrrnnns VoL 2
ADCOBO4  + v v VoL 2
ADCOBO5 e vvveeeennns VoL 2
ADCOBO8  + v vvvvvnnn VoL 2
ADCOBOBM v v v eeeennn VoL 2
ADCOBOD e vveeennns VoL 2
ADCOB20B  + v vvvevnnnn. VoL 2
ADCOB20C .« vvvvrennn. VOL 2
ADCOBBIA .+ v VoL 2
ADCOB31B  +ovvvnnnn.. VOL 2
ADCOB32A .+ evnnnns. VoL 2
ADCOB32B +.evnnn.. VoL 2
ADCOB34A . ooeeeeeennnn.. VoL 2
ADCOBB4B o evveeeennnn.. VoL 2
ADCOB38A .+ vvevnenn.. VoL 2
ADCOB38B . 'vvvennn.. VoL 2
ICL7AB5  +veeeeennnnnn. VoL 2
LFBA7 o eeeeeeeennn, VOL 1
LFB47B wveeeeeeennn. VoL 1
LFBE1 vveeeeeenenn, VOL 1
o T VOL 1
LEA11C veeeeeeeeeeeenn, VOL 1
LFA12C e, VOL 1
LMAOTA wveeeeeennns, VoL 1
LMIO7  weeeeeeeeeeeeenn, VOL 1
LMIOB  wveeeeeeeeennn, VOL 1
LMAOBA  +vveeeennnnnn. VOL 1
EMITT  eeeeeeeeeeaennns . 33
LMITB « e, VOL 1
LMI24 oo, VOL 1
LMI39 +errnnnannnnns cee. 319
LMI139A «nneeeeannns. 319
LMI4B  oeeeeeeeeeeens, VOL 1
LMIBE  «veeeeeeeeeens, VOL 1
LMABBA v seeernns. VoL 1
LM185-1.2 ... 0 23
LM185-2.5 «evuveeeennnnn. 2-9
LMA93  neeeeeeneenennn, 3-27
LM20TA  «vveeeeeeeenns. VOL 1
LM207 v eveeeeernnnn, VOL 1
LM208 .« vveeeeeeeenn, VOL 1
Y VOL 1
LM2TT  eeeeeeeeaeeenns 3-3
LM218  eeeeeeeeeenenn, VOL 1
LM224 0o, VOL 1
LM224A oo eeeeeeenns, VOL 1
LM236-25 «nnuleeeeeennns. 217
LM237 oeeeeeeeneennnnnn. 2-21
I R . 319

TNew devices added to this volume.

LT1037A ....

LM239A +oneerrerennnnns 3-19
LM248 o eeeeeen VOL 1
LM258 o oeeeeeennnns, VOL 1
LM25BA oo, VOL 1
m2ss1.2 L Fo L 2-3
tmass-25 ...l 2-9
LM293 oevnnnrennnn. .. 327
LM293A +vuerrrnnn.. ceee. 3227
LM30TA wvseee e, VOL 1
LM306 ...t i, 3-33
LM307 o vveeeeeeeenns, VOL 1
LM308 «vvoeeeeennnnn.. VOL 1
Y T VOL 1
LM3T1 oeeeeneenannnnns 3-3
M3Y .. 33
LMBHB oo, VOL 1
LM324 oo, VOL 1
LMB24A oo, VOL 1
LM324Y oo, VOL 1
LM336-25 .« eeeeereennnns 2-17
LM337 weveeeenanennnnes 2-21
LM339 oernnrernneennnnes 319
LM339A «eunreennneennnn. 319
LM339Y ... 3-19
LMB48 o vveeeeeeennnns. VOL 1
LM358 .« voeeeeeennns. VOL 1
LM358A « e, VOL 1
LM358Y .+ vvoevneenannns VOL 1
LM3851.2 o heeneennennn, 23
LM385B-1.2 ovnnrernnns.. 23
LM385-2.5 «uvevnnerennens 2-9
LM385B25 . .evnuneennnes 29
LM383 \evnnrrrnnnennnnns 3-27
LM393A +rserrnnnrnnnnes 3-27
LM393Y .ot 3-27
LM2900 + v vveeeneeennns. VOL 1
LM290T +everennnnennnn. 3-19
LM2901Q ... ittt 3-19
LM2902 .+ e, VOL 1
LM2902Q .+ evreeeenn.. VOL 1
LM2903 «euoeeeennnnnns 327
LM2903Q ... oo, 3-27
LM2904 oo oereiaenns, VoL 1
LM2904Q .+« e, VOL 1
LM2907 «vneemaernnnnnns 4-3
LM2917 tenernaneennnnes 43
LM29305 «nneernrernnnns 2-25
LM2930-8 +ruvvrnnrennnnes 2-25
LM3302 +rnnernnnrrnnnnns 3-41
LM3900 .+ eeeennnnns. VOL 1
LPI11 oeennn. e 3-45
LP211  teeneeernerennnnes 3-45
LP239 ...... e 3-49
LIP3 tevnerennerennnnns 3-45
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.................. 3-49
................. 3-49
........... cerens 2-35
................. VOL 1

LT1I007A ... ..o, VOL 1
................. 2-47
................. VOL 1

LTIO18A . ... i VOL 1

LT1013D .......covinn.. VOL 1

LT1013Y ... . i VoL 1
................. VOL 1

g VOL 1
..... g 2-55
..... g 2-77

LT1070HV ............... 2-77
..... T 2-101

LT1071HV .. T ........... 2-101
..... T 2-117

LT1072HV .. T ........... 2-117

LT1084C ... T ........... 2-133

LTC1052 ........cvvvnnn VOL 1

MC1445 ................. 4-9

MC1458 ................. VoL 1

MC1558 ................. VOL 1

MC3303 ................. VOL 1

MC3403 ................. VOL 1

MC3423 .............chts 2-147

MC34060 ................ 2-149

MC79L05C  .............. 2-157

MC79LOSAC  ............. 2-157

MC79L12C .............. 2-157

MC79L12AC ............. 2-157

MC79L15C ......cccvuuun 2-157

MC79L15AC ............. 2-157

MF4A-50 ................ VoL 2

MF4A-100 ............... VOL 2
................. VOL 2
................. VOL 2

.................. 4-1

NE5S55Y ..... T ........... 4-11

.................. 4-33

.................. 4-25
................. VOL 1

NES532l ................ VOL 1

NES532A ................ VOL 1

NE5S532AI ............... VOL 1
................. VOL 1

NEBS534A ................ VOL 1
................. VOL 1
................. VOL 1
................. VOL 1
................. VoL 1
................. VOL1
................. VOL 1
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OP27G ... .ovvvvnnnnnn VOL 1
OP37A ... ittt VOL 1
OP37C ... iiiiiiiiiinenns VOL 1
OP37E ......iiivivvnnnns VOL 1
OP37G ....iiviivinnnennn VOL 1
RC4136 ........cvvvvnnnn VOL 1
RC4558 .........ccvvnnnn VOL 1
RC4558Y ...........00nn VOL 1
RC4559 .............uuun VOL 1
RM4136 ................. VOL 1
RM4558 ...........cc0unn VOL 1
RV4136 ..............0ven VOL 1
RV4558 ...........c0vvunn VOL 1
SAS555 ...ieiievininanaans 4-11
SA556 ...ieiciiiinnenans 4-33
SE555 ......cieieinennnn 4-11
SES55C ........... vesens 411
SES56 ......... teeesaaas 4-33
SES56C ........... ceeann 4-33
SES92 .......ciinnnnn vee 425
SE5534 .........0iiiiinnn VOL 1
SEB534A ........ciiiiinen VOL 1
SG2524 ........ccievnnnnn 2-161
SG3524 .....ieivennean.. 2-161
SN76494 ........ ceesanees 437
SN76494A ...... ferensans 4-37
SN76496 ........... ceeeas 437
SN76496A ............... 4-37

TLOIOC ......vvuvenensnss 4-45

TLOOl +uevvvencennennea. 4-45
TLOM vervnnninnenns ve. 449
TLOI2 veveeinvnnnnnnane.. 4-49
TLOMAA vovvnrernnnnnnnns 4-49
TLO21 vevenveeennanennns a-49
TLO22C v vvviirt it VoL 1
TLO22M  tiint i VOL 1
TLO26C vvvvveernrnannnnss 4-55
TLO27C wuvevnvinennns vee.. 4-63
TLO27M veevrevvrnnneen.. 4-63
TLOBT v veieieee i VOL 1
TLOBTA ©'vvvvreieennnn.s VOL 1
TLOB2 vvveerieiens. VOL 1
TLOB2A vt VOL 1
TLOBA \oveerinaneans VoL 1
TLOB4A ©vvririirennenn, VoL
TLOAOC +.vvvreernnenranns 47
TLOAIAC oevvrnnennnnn. .. 477
TLO44C . .vviinniann VOL 1
TLO44M ... VOL 1
TLOST vvveerevennnennnn VOL 1
TLOSTA tvvvvrinnneenns VOL 1
TLO52 vivvinet e VOL 1
TLOS2A \iuverevrnnnnennss VOL 1
TLOS4 v'vvvrirennneenns VOL 1

tNew devices added to this volume.

TLOS4A ', VOL 1
L 5 3 VOL 1
TLOBTA uevvreerrnnnnnn. VOL 1
TLOBTB \''vvvrerrnnnnn. VOL 1
TLOB2 vvrrineniinnnnn, VOL 1
TLOB2A ''rvrneiinnnnnn, VoL 1
TLOB2B ..vvvivvvvnnnnennn VOL 1
TLOB4A .. iiiiiiiineiaaa VOL 1
TLOBAA \\'evreinnnnnn. voL1
TLOBAB .\erriinnnnnns VoL 1
TLOBEC +evvvvneernnnnn.. VoL 1
TLOBB! +vveeevreeennnnnns VoL 1
TLOBEM . .eevrneerrnnnns VOL 1
TLOBBAC .. .vvvvnnnnennnn VOL 1
TLOTOC ©vneveernnnnn. VoL 1
L0 7 VOL 1
TLO71A . it VOL 1
TLOTIB o, VoL 1
TLO72 it i et VOL 1
TLO72A .. ittt it i e VOL 1
TLO72B . viviiiiinnnnnnn VOL 1
TLO74 ... VOL 1
TLOTAA o'ivvreeinnennn. VoL 1
TLO74B ... viiiiiiiinn VOL 1
TLOBOC ©u'evvverrnnnnns VoL 1
0 3 VOL 1
TLOBTA wuevvrerrnnnnns VOL 1
TLO8BIB ......coiivinanns VOL 1
TLOB2 \vreriieiiinanns VoL 1
TLOB2A wv''rvrnrirnnnns VOL 1
TLOBZB vt VOL 1
TLOBA ', VOL 1
TLOBAA \.'errrerrrnnnns VOL 1
TLO84B  ........... ... VOL 1
TLOB7 v, VOL 1
TLO8B8 ... .iiiiiiiiiin VOL 1
TLIB2 i, VoL 2
TLIB5 oeiieriiaeeiinn. VoL 2
TLI88 ... iiiiiiiii i VOL 2
LI B VoL 2
TLSCSI285 ..\........ eer. 24179
TL287 et VOL 1
TL2BB i VoL 1
TLII7C .. ciiiennnnns . 2-173
TLA30C ...cevvvennannnns 2-185
TLA30I ....cvinvncennoass 2-185
TLA31C .....ennnnn seses.. 2-189
TLAB crernieeenaneann. 2-189
TLAZIM ..ieennnn.. e 2-189
TL431AC ..... e 2-189
TLA3MIAl .. iiivencsnnnnes 2-189
TL441AM ..... R vev. 4-85

TLA94 .....jeuvennscnnss 2-207
TLAGAM evnnnrianneen.. 2-215

TLA96C ....ccvcvnnnnnnns
TL497AC ......
TLA97Al .....cevnunnn
TL499AC T
TL500

TLS05C ...vvviiiinnn,
TL507
TL592 ...ciivnennnnnns ..
TL592B ....ivivnvnvcnnnnes
TL594C .....ccivnerennnnn
TLS9Al . .icvevnnnnnannnns

TLSOBM ... .........
TLEOT tovevinrneeiinnn.
TLE04 vvvrriiiiiinnas
TLE07 vvveevirennnnnnns
TLE1O vvvvvnrrevnnnnnnns
TL712 veervnnrnennnnnnns
TL7H4C vevennvrennnnnnns
TL721 vieeerernenns eees
TL750L05 +vevvvvennnenns
TL750L08 +.evvvvvnvnnnns
TL750L10 evvvvvnnnnn
TL750L12 ..... frreaeeeas
TL750M05 ...... cerene
TL750MO8 «vvvvernncnnnns
TL750M10 ...vvvnnnnn.

TL750M12 . .eveevncennnns
TL751L05 . .cvcevnnnnnnns
TL751L05M ...covnennens .
TL751L08 cuvvnncenen.
TL7Z51L10 «vceevvnnennnns
TL751L12 cvvvvvnennnnnns
TL751L12M . eeevieennnns
TL751MO5 . .evennnnnnnn
TL751MO8 ..vveuvnnnnnns .
TL75IM10 «evveevnnnnnnns
TL751M12 . .oiinnnnnnnns
TL780-05 «vvvvunnnnnns
TL780-12 vvvvvnnnnnnnnns
TL780-15 .....icennceanns
TL782C vevvcecennnncnnns
TL782Q .evvvrvernennnnns
TL783C +vvvecrcnnnnnnnnn

TLOBO8 ..........e.iunn
TLOBO9 .........c...eu.nn
TL85T ..icvvvnnenns
TL852 .....cvcencnnannns
TL853 ..icvsencnnnans

TL1a31C ...5....
TL1431Q .. it
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ALPHANUMERIC INDEX

TL1431Y i vnieinicnnennas 2-303 TLC25L2Y .. iviivinnnnns VOL 1 TLC374M .......cvnvnnus . 3119
TL1451AC ... ..cnnnen . 2-319 TLC25L4C ....ovviinnnnn VOL 1 TLC374Q ... .cvervnnnnns 3-119
TL2217-285 ........ P 2-337 TLC25L4Y .. ..iviiiinn VOL 1 TLC393C ....... cassseses 3-129
TL2828Y ..ttt voL 1 TLC25M2C .. viiiiiininnnn VOL 1 TLC393l .uvvvvenenannnns 3-129
TL2828Z .. iiiiiie i VOL 1 TLC25M2Y .. ..vviiiennnnn VOL 1 TLC393M ......vunvnnnnns 3-129
TL28B29Y .. VOL 1 TLC25M4C ...t VOL 1 TLC532A . ..vviiininnnnnn VOL 2
TL2829Z ... iiiiii i VOL 1 TLC25M4Y ... ..........uus VOL 1 TLC533A ... iiiiiiinennn VOL 2
TL5501 v iii i VOL 2 TLC271 i VOL 1 TLC540 ..ovviivi i VOL 2
TLS601 .ot VoL 2 TLC271A . VOL 1 TLC541 .. ii i VoL 2
TL5602 .o iiiiiiie s VOL 2 TLC271B ..t vii i VOL 1 TLC542 ... it VoL 2
TL7702A .. .iiivvinnannnns 2-343 TLC272 ..o VOL 1 TLC545 ...oivviiiiinnnn VoL 2
TL7702B ... .* ............. 2-351 TLC272A ... i VOL 1 TLC546 ......covvvnninnn VOL 2
TL7705A .« ivvieernnnnnnass 2-343 TLC272B ... . i VOL 1 TLC548 ...t VOL 2
TL7705B ... .f ............. 2-351 TLC274 .. VOL 1 TLC549 . ..iviiininiinn VoL 2
TL7709A .. .viviinnnannns 2-343 TLC274A ... VOL 1 TLC551C .vvvvvnennnnnans 4-123
TL7712A (..o et 2-343 TLC274B ... VOL 1 TLC551Y ... L, 4-123
TL7715A o .vieevnnnnns ... 2-343 TLC277 v v ittt i VOL 1 TLC552C .....vivvvnnnnn . 4-135
TL7757 .... .f ....... cereas 2-359 TLC279 .o ivii i VOL 1 TLC555C c.vnvrvnnnnnsnnn 4-143
TL7759C ... .f. ............ 2-373 TLC27L2 ... viiiiii i VoL 1 TLC5551 ...vvvvnennnenns 4-143
TL7770-5 ..voevnens P 2-377 TLC27L2A . ... viiiiiin VOL 1 TLC555M . vvivinnnnannns 4-143
TL7770-12 o oivvivivvnnennns 2-377 TLC27L2B ... iviviivvnnnn VOL 1 TLC555Y ... .1 ........... . 4-143
TL7770-156 ......... . 2-377 TLC27L4 .. i VOL 1 TLC556C ..vvnvnnnsnnss .. 4-153
TL33071 vvveniinneine VOL 1 TLC27L4A .. v ivii e VOL 1 TLC556] ...vivenevnnnns . 4-153
TL33071A . iiiiiiiiinnen VOL 1 TLC27L4B .. ..vvviivnnnn VOL 1 TLC556M ....... ceeenae .. 4-153
TL33072 vvviiiiniii VOL 1 TLC27L7 i iviiiiiennn VOL 1 TLC556Y .uvveerrnnnnnnns 4-153
TL33072A ..o viiiii e VOL 1 TLC27L9 ... vviiviinnns VOL 1 TLCO820A ......vvvenunnn VOL 2
TL33074 . .vviiviiiiniinn VOL 1 TLC27TM2 ... viiiiiennnnn VOL 1 TLCOB20B .......ov0vuunn VOL 2
TL33074A .. vivr i VOL 1 TLC27M2A ... .viivnnnn. VOL 1 TLC1078 ..o iiiiiininnnnn VOL 1
TL34071 «.vviiiiiiinenns VOL 1 TLC27M2B . ... .vveviennnnn VOL 1 TLC1079 . ..cvviiiinnnnnn VOL 1
TL34071A ..o VOL 1 TLC27TM4 ... i iiiiiiia VOL 1 TLCT125 ..iiviiivinennn VOL 2
TL34072 .. viiiiieiiaae VoL 1 TLC27TM4A .. ... vivenn VOL1 TLC1225 ... .vviivnnnnnnn VoL 2
TL34072A .. ..ivviniinnnn VoL 1 TLC27M4B . ......c.vuvnnn VOL 1 TLC1540 ....ovvvvnnnnnnn VOL 2
TL34074 ... .iiiiiiiinn VOL 1 TLC27TM7 . iiiiiieennns VOL 1 TLC1541 ... iiiiiiinnnnn VoL 2
TL34074A .. ivviini i VOL 1 TLC27M9 . v vii i VOL 1 TLCIS501 .. vvvvinnvnnennn VOL 2
TL35071 o .vviiiini i VOL 1 TLC339C ...vvvvnernnnnss 3-65 TLCI5511 . vviiii i VoL 2
TL35071A .. vii i VOL 1 TLC339l ...vvivvvernnnnns 3-65 TLC2201 .. .vviv i VOL 1
TL35072 v ivvviieiennnnnn VoL 1 TLC339M ......vvennnnnnn 3-65 TLC2201A .. iiinnnnns VOL 1
TL35072A ... oviiiinn VOL 1 TLC339Q ...cinevvvnenansns 3-65 TLC2201B ...vvvviinnnnnn VOL 1
TL35074 o .vvviiiiiienn VOL 1 TLC352C ..vvevennrnnnaes 3-81 TLC2201Y .. ..vviviinnnnn VOL 1
TL35074A .o vvii i VOL 1 TLC352l ..vvvninnnnnaanns 3-81 TLC2202A ... iiviv v VOL 1
L O VOL 2 TLC352M . ..vicvvnnnnenns 3-81 TLC2202B .........cu..nn VOL 1
TLC1O0 vvvii i VoL 2 TLC354C ... groneeeeeeees 3-89 TLC2202Y . ....iivvinnnnn VOL 1
TLC14 i VOL 2 TLC354l ........ Careaanen 3-89 TLC2272 ... iiiiiiiiie VOL 1
TLC20 v iviiiiii i VoL 2 TLC354M .....vvvvnnnnnns 3-89 TLC2272A ......... A VOL 1
TLC139M .. .f ....... - 3-65 TLC371C ...vvvvvnnnn cee. 3297 TLC2272Y ...vviviiiinnn VoL 1
TLC251C .. iiiiiiiiinnns VOL 1 TLC371l v iiiviiinneenenns 3-97 TLC2652 ...vvvvvivvvnnnnn VOL 1
TLC251AC .. ivvviv e VOL 1 TLC37IM ..iviieiinnnnnss 3-97 TLC2652A . ...vvvvinnnnn VOL 1
TLC251BC .. .vvvviinnnnnn VOL 1 TLC371Y ....... Cereeaas . 3-97 TLC2652Y .ivvvvvnvnnnnnn VoL 1
TLC251TY v vviniieiiinnns VoL 1 TLC372C .. .vevvnnrnnsnns 3-109 TLC2654 ......cvvvvnnnnn VoL 1
TLC252C ....vvvievnnnnns VOL 1 TLC372] ......un erenens 3-109 TLC2654A ... ..cvvvvnnnnn VOL 1
TLC252Y v viiiiiiiie e VOL 1 TLC372M ..... feesienaans 3-109 TLC2654Y .....civvninnnnn VOL 1
TLC254C .. .viveiivinnnnn VOL 1 TLC372Q ...vvvcnarnnsna. 3-109 TLC3702C ..... feeeenennn 3-145
TLC254Y ..vvviiiiiiiin VOL 1 TLC374C ....cvnvevnnnnns 3-119 TLC3702l .uvveeennnnnnn .. 3-145
TLC25L2C .. .vvviiivvinnn VOL 1 TLC374l ....vvvvnnnns . 3-119 TLC3702M ..... cressaenan 3-145
tNew devices added to this volume.
i
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TLearoza LTl ..

3-145
TLC3704C .......ccvuvuee. 3167
TLC37041 .......cvvnne .o 3-167
TLC3704M ............... 3-167
TLC3704Q ..........n. .. 3-167
TLC4016 .....ovvvvnvnnnnn VOL 2
TLC4066 ........cvvvevnnnn VOL 2
TLC5502-6 .........0vuunn VOL 2
TLC5503-2 ...vvvvniinnnnnn VOL 2
TLC5503-5 ...vvvvnvnninnn VOL 2
TLCS602 . ..vvvvivnnnnnnn VOL 2
TLCS602A . .....cvvvevnnnn VOL 2
TLC7135 . vvivvnieiiennnn VOL 2
TLC7524 ...t VOL 2
TLC7528 .'ivvviveiinnnnns VOL 2
TLC7628 . ...ovvvvivnnennn VOL 2
TLC32040 ...........0vunn VOL 2
TLC32041 .......covvvinnn VOL 2
TLC32042 ........cvvvunns VOL 2
TLC32044 ...........c00nn VoL 2
TLC32044M . ............0 VoL 2
TLC32045 .........0vvnnnn VoL 2
TLC32046 ......ovvvnnnnn VOL 2
TLC32047 .. ..vvvviiinnnnn VOL 2
TLC32071 . vvvvieniinnnnnn VOL 2
TLC34058 .......vvvuvnnnn VOL 2
TLC34075 .....vvvivvnnnnn VOL 2
TLE2021 .. .viivvnvnnnnnn VOL 1
TLE2021A ......cvvvivnnnn VOL 1
TLE2021B ........v0vvunn. VOL 1
TLE2021Y .....vvvevinne, VOL 1
TLE2022 ........covvvnnnn VOL 1
TLE2022A ... cvvivivnnn VoL 1
TLE2022B ..........c00uns VOL 1
TLE2022Y .. ..vvvvnvinnnnn VOL 1
TLE2024 ................. VoL 1
TLE2024A ........cvvunnnn VoL 1
TLE2024B .......... .. .00 VOL 1
TLE2024Y .....ccvvvinnnn VOL 1
TLE2027 .....vvvniinnnnn VOL 1
TLE2027A ........covivinn VOL 1
TLE2037 . ovviviiniinnnns VOL 1
TLE2037A .......covivnnnn VOL 1
TLE2061 .......cc0vvnnnn VOL 1
TLE2061A .........iivennn VOL 1
TLE2061B ................ VOL 1
TLE2061Y .. .oivviiiinennn VoL 1
TLE2062 .......cvvvnvnnnn VOL 1
TLE2062A .......covvuunnn VOL 1
TLE2062B ...............n VOL 1
TLE2062Y ........0vvvennn VOL 1
TLE2064 ................. VOL1
TLE2064A .. .....cccvvvvnnn VoL 1

tNew devices added to this volume.

TLE20B4B  .vv'eerennnn.. VOL 1
TLE2064Y «vevrnrennnnn. VOL 1
TLE2082 «veeennnnn.. VoL 1
TLE2082A «.'eevvnnnnns. VOL 1
TLE2082Y  «verennnnnes. VOL 1
TLE214H e, VoL 1
TLE2141A  ©vveeeennnn.. VOL 1
TLE2141Y  wvoeeeennnnn.s. VOL 1
TLE2142 weoneeennnnnn.. VOL 1
TLE2142A ©vnerennnnn... VOL 1
TLE2142Y v, VOL 1
TLE2184 oo, VOL 1
TLE2144Y  ©vveieennnnn. VOL 1
TLE2161 «vveeeennnnnns. VOL 1
TLE2161A ©vveernnnnnns. VoL 1
TLE2161B  ©vveeeennnnnns. VOL 1
TLE2227A v, VOL 1
TLE2237A  +voeeeeennnnn. VOL 1
TLE2425¢ .1 .......... 2-385
TLe2a2st ... oL ... 2-385
TLE2825M ..h....oalall, 2-385
TLe2a2sy ..ol 2-385
TLE2426 ... ... ........ 2-399
TE2a2ey .. ... eeer.. 2-309
UATOSC - eeeveeneennnn, VOL 1
UAZOOM .« oteeenannnnn, VOL 1
UATOIAM o .veeeeennnn, VOL 1
UA723C ...nennn. e 2417
UAT23M eunrernnrennnnnns 2417
UA733C ...... e 4-165
UAT33M o uerenernnnnnnns 4-165
UATAIC o oeeeneeneennnn, VOL 1
UATAEL e VoL 1
UATAIM oo VOL 1
UAZATC e, VOL 1
UATATM o oeeeaeneennn VOL1
UATABC .« 'eeeeeeennnns VOL 1
UATABM oo, VOL 1
UA2240C +''vvnnnrevnnn.. 4-173
UA7805 +uurernnrnnnneens 2-427
UA7805Q ... .. oiii... 2-427
UATBOB «uvvvvnreennrenns 2427
UATBOB «evrevennnnrens .. 2427
UA7810 ......ccvevvcanns 2-427
UATBI2 eeeennerennnnns 2427
uA7812Q ...t ... 2427
UA7815 ...... ieeaean 2427
UA7BTB orevvnneernnnnnn 2427
N e 2-427
UA7885 ...ennenn. eeee.. 2-427
UATBLO2C ..evueennnennn. 2437
UA7BLO2AC «ouuevnnnnnnn. 2437
UATBLOSC +.vvvuvneennnn. 2-437

UA78LO5Q .......c00nennn

uA78LOSAC
uA78LO5AQ
uA78L06C .
uA78LO6AC
UA78L08C .
uA78LOSAC

UA78LO9C .......cv0nnnene

uA78LO9AC

UA78L10C ..........ccuuns

UA78L10AC
uA78L12C ...
UA78L12Q .
UA78L12AC ...
uA78L12AQ

UA78L15C ..............n

uA78L15AC
uA78M05C
UA78MO5M
uA78M06C
uA78M08C
uA78M09C
uA78M10C
uA78M12C
UA78M12M
uA78M15C
uA78M20C
UA78M24C
uA7905C ..... .
UA7906C ...........

UA7908C ................

uA7912C ..

UA7915C ....ivvnennnnnnn

UuA7918C .....
UA7924C ...... ...
UA7952C .........
uA79M05C
uA79MO5M
UA79M06C
uA79M08C
uA79M12C
uA79M12M
uA79M15C
uA79M20C
uA79M24C

Uc2842 .................
UC2843 ..........vevunnn
Uc2844 .................
Uc284s5 .................
UC3842 .............unts
UC3843 ...........cuunn
Ucsg4as ................

uCc3s4s5 .....

1-6
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VOLTAGE REGULATORS/SUPERVISORS AND BUILDING BLOCKS
SELECTION GUIDE

power supply supervisors

(values specified for Ty = 25°C)

SENSE INPUT | SENSE INPUT | THRESHOLD
FUNCTION SUPPLY THRESHOLD | TOLERANCE | OUTPUT TYPE PACKAGE PﬁgE
s1 s2 (VTYP) (%) :
Overvoltage Monitor 1 - 2.6 5 Open Emitter | MC3423 D,JG,P 2-147
- 253 TL7702A
5V - 455 TL7705A
Undervoltage Monitor 9V - 7.6 1 Open Collector | TL7709A D,P 2-343
12V - 10.8 TL7712A
15V - 13.5 TL7715A
] t 7.53 TL7702B
Undervoltage Monitor 5V - 255 1 Open Collector TL77058 D,P 2-351
_ : TL7757 D, LP,PK, Y¥ 2-359
Undervoltage Monitor 5V - 4.55 2.6 Open Collector TL7759C D.P 2373
5V t 4.55 TL7770-5
g:::vLi,T,ieZOI‘aQE/ 12V t 10.9 1 Open Collector | TL7770-12 DW, N 2-377
9 15V 1 13.64 TL7770-15
t Programmable
+Y package is in chip form
switched-capacitor voltage converters (values specified for T = 25°C)
SUPPLY TYPICAL
QUIESCENT | MAXIMUM MAXIMUM
CONTROL | OUTPUT | VOLTAGE CONVERSION PAGE
TOPOLOGY | SwiTCH | Range | CURRENT | CONTINUOUS | FREQUENCY | Lo oo | TYPE | PACKAGE |\
(NO LOAD) /0 (kHz)
V) (%)
Voltage Mode | Single | 3.5-15 150 pA 300 mA 35 90 LT1054 | DW, JG, P | 2-55
shunt voltage regulators/references (values specified for Ty = 25°C)
REGULAR
MINIMUM SHUNT MAXIMUM TEMPERATURE
v;) :inE CURRENT TO SHUNT TOLFZ;‘?NCE COEFFICIENT DEVICE PACKAGE PﬁgE
W MAINTAIN REG CURRENT ° (TYP) :
LM185-1.2
1T 1 LM285-1.2
< hyp 10 pA LM385B-1.2 2-3
2 LM385-1.2
20 mA 1 LT1004-2.5 2-35
LM185-2.5
‘ 1.5 20 PPM/C | LM285-2.5
20uA LM385B-2.5 D,LP 29
25Typ 3 LM385-2.5
> LM236
400 yA Typ LM336 17
10 mA ; LM236A
LM336B
400 pA 0.2 15 PPM/°C [ LT1009 2-47
251030 500 uA Typ 4 120 PPMIC | TL430 LP 2-185
251036 400 pA T 150 mA 2 25 PPM/°C TLast D.JG, LP,
St wATYP m 1 TL431A P, PK 2-189
251036 450 pA Typ 0.4 25 PPM/°C | TL1431 D, LP, PK, Y | 2-303
Y package is in chip form
TeExas ‘b
INSTRUMENTS
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VOLTAGE REGULATORS/SUPERVISORS AND BUILDING BLOCKS

SELECTION GUIDE

adjustable series-pass voltage regulators (values specified over operating temperature range)

OUTPUT OUTPUT OUTPUT VOLTAGE | 1) ppaNcE MAXIMUM PAGE
VOLTAGE CURRENT RANGE ) (Vi-Vo) DEVICE PACKAGE | "\~
: ) DIFFERENCE :
N 100 mA 1.2t0 32 5 35V TL317 D,JG,LP [ 2-173
Positive Output
750 mA 12510125 5 125V TL783 2-291
Positive Output 5A 1.25t0 35 2 30V LT1084 KC 2-133
Negative Output 15A -1.2t0-37 4 -40V LM337 2-21
Positive or
Negative Output 150 mA 21037 5 38V UA723 D,J,N,U | 2-417
virtual grounds (values specified over operating temperature range)
OUTPUT OUTPUT OUTPUT TEMPERATURE
VOLTAGE CURRENT IMPEDANCE T°"E(3‘)‘N°E COEFFICIENT DEVICE PACKAGE P:gE
¢ .
(\4) (mA) Q) (TYP)
25 2 0.0075 08 20 PPM/C TLE2425 o Lp vt 2388
15V * 0.025 ' TLE2426 e 2-399
Y package is in chip form
TEXas b
INSTRUMENTS
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VOLTAGE REGULATORS/SUPERVISORS AND BUILDING BLOCKS
SELECTION GUIDE

switching power supply controllers and regulators

(values specified for Tp = 25°C)

(.;
o
~
)
g
L
I é” a? ~
£ /dle/d /8 & WIIE §/&
s /$/8/£/5)§/5/5/5/5/8/5/8/5/5/8
G G/8)/ & /R] & L/2/8/T/d/S /5 /S/5/§/ TYPE | PKGS |PAGE NO.
X 200 —Ix , MC34060 | D,N 2-149
- X s X | X TL494 |D,FK,J,N| 2-207
Voltage-Mode - SG2524
) _ | =] 250 _- _
Pulse-Width | _ | X 300 . {1 ]|~ |sasses DN 2-161
Modulated -
1 x TL594 2-241
Controllers 1 X| X[ X 2| -
X | - [X| =250 TL598 |D,FK,J,N| 2251
X | — |Dual | - 21500 | 4 —IxTx . TL1451A D,N 2-319
— [uca2sa2
- |ucasas 2475
Current-Mode — {UC3842
Pulse-Width ~ |ucss4s b P
Modulated X| = 7 [ X #0001 800 | 1 [ X} = = = X} =} 1| XS TCogas '
Controllers X {uUC2845 2475
X |ucasas
X |ucasas
5000 LT1070 kG KV 2-77
X|{-| x |- 250040 [2|x|-]|-]=|-]|~{1]x]|- [CTio7 ' 2-101
1250 LT1072 | KC,KV,P | 2-117
0= =-|=1=1=]=111-]- |TLa086 D,P 2-223
Fixed On-Time 1200 | 40
volage Mode | X | = | X |- 5 - |=|=|=1=1=111-]|- |TLagoA D,P 2-35
700] 50 |5 |- | = |- |-1-|=11]-]|~ |TL497A D,J, N 2-227
X Applicable data
— Nonapplicable data
Texas ‘V
INSTRUMENTS
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VOLTAGE REGULATORS/SUPERVISORS AND BUILDING BLOCKS
SELECTION GUIDE

positive fixed output series-pass voltage regulators
(values specified over operating temperature range)

OuTPUT OUTPUT OUTPUT VOLTAGE D'F"'g:‘::m AL PAGE
VOLTAGE CURRENT TOLERANCE VoL TAGE TYPE PACKAGE vy
™ RATING %)
V)
2 T5A 3 25 TL782 KC 287
5 UA7BLO2A
26 100 mA = — aos D,LP
5 2 UATBLOSA 2437
100 mA D, JG, LP
10 UA78L05
10 (M29305 KC, LP 225
150 mA 06 TL750L05 D,KC,LP,P | 2-267
5 5 TL751L05 D, P 2267
500 mA 2 UATBMO5 1G, KC 2247
oA 1 e TL750M05 -
: TL751M05
o 2 TL7805 KC 2-281
UATE05 2427
6 500 mA 5 UATEMOG 2247
100 mA 2 UA7BLOGA D, LP 2-437
6.2 10 UATBLOG
15A UA7806 KC 2427
5 UA7BLOBA
100 mA " o0 D,LP 2437
LM2930-8 KC, LP 225
150 mA 0.6 TL750L08 D.KC,LP,P | 2-267
8 5 TL751L08 D,P 2267
500 mA 2 UA7BMOB : 7447
TL750M08
750mA 1 06 TL751M08 KC z-ars
1.5A UA7808 2-427
85 5 UAT885
UATBLO9A
9 100 mA 10 2 UATBLO9 O.LP 2437
500 mA ; UATEMO9 KC 2447
UATBL10A
100 mA 10 UA78L10 D.LP 2437
TL750L10 K, KC, LP, P
150 mA 5 06 TL751L10 D, P 2267
10 500 mA 2 UATBM10 2447
TL750M10
750 mA 1 0.6 et KC 2273
T5A . UATB10 2427
e : == prrape

1-10
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VOLTAGE REGULATORS/SUPERVISORS AND BUILDING BLOCKS
SELECTION GUIDE

positive fixed output series-pass voltage regulators (continued)
(values specified over operating temperature range)

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

ouTPUT OUTPUT OUTPUT VOLTAGE DIFMF':F:“ém AL PAGE
VOLTAGE CURRENT TOLERANCE CLTAGE TYPE PACKAGE s
) RATING (%) :
v)
TL750L12 D, KC, LP, D

2-267

150 mA 5 0.6 TL751L12 D.P
500 mA 2 GATBM12 JG, KC 2-447
12 . 1 o6 TL750M12 > o7s

m ' TL751M12 c -
Ki
o 2 TL780-12 2281
UATB12 2-227
100 mA ° uATBLISA D, LP 2437
m 10 UAT8L15 :
15 500 mA 5 UA7BM15 JG, KC 2447
2 2 TL780-15 2281
15A UATB15 > 107
18 UATB18
KC
20 00 rA 5 UA78M20 oo
i UA78M24
2 15A UAT824 2427
. 620 mA ] 06 TLSCSI285 oW |27
500 mA 15 1 TL2217-285 2337
INSTRUMENTS
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VOLTAGE REGULATORS/SUPERVISORS AND BUILDING BLOCKS
SELECTION GUIDE

negative fixed output series-pass voltage regulators
(values specified over operating temperature range)

OUTPUT OUTPUT OUTPUT VOLTAGE D'FMF'Q‘F"',:;’.“;" AL » PAGE
VOLTAGE CURRENT TOLERANCE VOLTAGE TYPE PACKAGE o,
™ RATING (%)
V)
100 mA 5 1.7 MC79LOSA D,LP 2157
10 MC79L05
5 500 mA UA79MO5 JG, KC 2-465
UAT905

52 154 UAT7952 2-457
. 500 mA . 2 UATIMOB Ke 2465
T5A UAT906 2457
500 mA UA79MOB JG, KC 2465
8 15A UA7908 KC 2457

MC79L12A
100 mA m 1.7 MCT9L12 D, LP 2-157
12 500 mA ) UATOM12 JG, KC 2-465
T5A 5 UAT912 KC 2-457

MC7SL15A
100 mA 10 17 MG79L15 D.LP 2187
15 500 mA UA79M15 KC 2465

UA7915
= 1.5A ] , —oTe 2457
20 UA79M20 KC

o 500mA uA7OM24 2-465
T5A uA7924 2457

*p
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VOLTAGE REGULATORS/SUPERVISORS AND BUILDING BLOCKS
CROSS-REFERENCE GUIDE

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

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 herein.

Manufacturers are arranged in alphabetical order.

LINEAR
TECHNOLOGY

LM185-2.5
LM285-2.5
LM336-2.5
LM337
LM385-2.5
LT1004-2.5
LT1009
LT1070 (HV)
LT1071 (HV)
LT1072 (HV)
LT1004-1.2
LT1054
LT1084
LT1117-285
LT1431
SG3524

MOTOROLA

LM237, LM337
MC1723
MC3423
MC34060
MC34063
MC34064
MC34164
MC78L00 Series
MC78MO00 Series
MC79L00 Series
TL431

TL431A

TL494

TL780-5
TL780-12
TL780-15

DIRECT
Tl
REPLACEMENT

LM185-2.5
LM285-2.5
LM336-2.5
LM337
LM385-2.5
LT1004-2.5
LT1009
LT1070 (HV)
LT1071 (HV)
LT1072 (HV)
LT1004-1.2
LT1054
LT1084

SG3524

DIRECT
Tl
REPLACEMENT

LM237, LM337
uA723
MC3423
MC34060
TL497

uA78L00 Series
uA78MO00 Series
MC79L00 Series
TL431

TL431A

TL494

TL780-5
TL780-12
TL780-15

SUGGESTED
Tl
REPLACEMENT

TL2217-285
TL1431

SUGGESTED
Tl
REPLACEMENT

TL7757
TL7757

PAGE

2-21

2-417
2-147
2-149
2-227
2-359
2-359
2-437
2-447
2-157
2-189
2-189
2-207
2-281
2-281
2-281

Texas
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VOLTAGE REGULATORS/SUPERVISORS AND BUILDING BLOCKS

CROSS-REFERENCE GUIDE
DIRECT SUGGESTED PAGE
NATIONAL T T NO.
REPLACEMENT REPLACEMENT
LM237, LM337 LM237, LM337 2-21
LM317L TL317 2-173
LM336-2.5 LM336-2.5 LT1009 2-17 | 2-47
LM385-2.5 LM385-2.5 LT1004-2.5 2-9/2-35
LM723 uA723 2-417
LM2930-5 LM2930-5 2-25
LM2930-8 LM2930-8 2-25
LM3524 SG3524 2-161
LM7800 Series uA7800 Series 2427
LM78L00 Series UA78L00 Series 2437
LM78MO0O0 Series uA78MO00Q Series 2-447
LM7900 Series uA7900 Series 2-457
LM79L00 Series MC79L00 Series 2-157
LM79MO00 Series UA79MQO0 Series 2465
DIRECT SUGGESTED
SILICON Tl Tl PAGE
GENERAL REPLACEMENT REPLACEMENT NO.
SG3524 SG3524 2-161
SG3842/3/4/5 UC3842/3/4/5 2-475
DIRECT SUGGESTED
SPRAGUE TI T PAGE
REPLACEMENT REPLACEMENT NO.
ULN8194 TL594 2-241
DIRECT SUGGESTED
UNITRODE Ti Tl PAGE
REPLACEMENT REPLACEMENT NO.
TL431 TL431 2-185
UC337 LM337 2-21
UC494 TL494 2-207
UC494A TL594 2-241
uC2842/3/4/5 UC2842/3/4/5 2-475
UC3842/3/4/5 UC3842/3/4/5 2-475
UC7800 Series uA7800 Series 2-427
UC7800A Series TL780-00 Series 2-281
uA7900 Series 2-457

UC7900 Series

Texas
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GLOSSARY
VOLTAGE REGULATOR TERMS AND DEFINITIONS

SERIES REGULATORS

Bias Current

The difference between input and output currents.

NOTE: This is sometimes referred to as quiescent current.

Current-Limit Sense-Voltage

The voltage that is a function of the load current and is normally used for control of the current-limiting circuitry. This is the
current-sense voltage at which current limiting occurs.

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.

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.

Output Noise Voltage

The rms output noise voltage, sometimes expressed as a percentage of the dc output voltage, with constantload and no inputripple.

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 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 the output voltage over a long period of time.

Peak Output Current
The maximum output current that can be obtained from the regulator due to limiting circuitry within the regulator.

Reference Voltage
The voltage that is compared with the feedback sense voltage to control the regulator.

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.

Short-Circuit Output Current

The output current of the regulator with the output shorted to ground.

Standby Current
The input current drawn by the regulator with no output load and no reference voltage load.

Temperature Coefficient of Output Voltage (ayo)
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.

Vo at T — Vg at Tq 100%
ayo = + v °
o at 25°C Ty -Tp

Texas %
INSTRUMENTS
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GLOSSARY
VOLTAGE REGULATOR TERMS AND DEFINITIONS

SHUNT REGULATORS

NOTE: These terms and symbols are based on JEDEC and IEC standards for voltage regulator diodes.

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.

Dynamic Impedance |zka |
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 Voltage (Vp2)
The rms noise voltage with the regulator biased for regulation and with no input ripple.

Reference Input Voltage (Vyef) (of an adjustable shunt regulator)
The voltage at the reference input terminal with respect to the anode terminal.

Regulator Current (I2)
The dc current through the regulator when it is biased for regulation.

Regulator Current near Lower Knee of Regulation Range (Izk)
The regulator current near the lower limit of the region within which regulation occurs; this corresponds to the breakdown knee of
a regulator-diode.

Regulator Current at Maximum Limit of Regulation Range (Izp)
The regulator current above which the differential resistance of the regulator significantly increases.

Regulator Voltage (V2)
The dc voltage across the regulator.

Shunt Regulator

A device having a voltage-current characteristic similar to that of a voltage-regulator diode. It is normally biased to operate in a
region of low differential resistance (corresponding to the breakdown region of a regulator diode) and develops across its terminals
an essentially constant voltage throughout a specified current range.

Temperature Coefficient of Reference Voltage (ayyes)
The ratio of the change in reference voltage to the change in temperature. This is the average value for the total temperature
change.

To obtain a value in ppm/°C:

aVor = Vref at Ty — Vg at Ty 106
ref = Vyet at 25°C T, - Tq

j
TeEXASs ‘b
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GLOSSARY
VOLTAGE REGULATOR TERMS AND DEFINITIONS

SWITCHING REGULATORS

Current-Mode PWM Control
A PWM control technique in which a second feedback loop is incorporated to accomplish pulse-by-pulse switch current control.

Dead Time

A fixed, load independent off time between output pulses of a switching regulator.
NOTE: This is sometimes referred to as blanking time.

Duty Cycle

The ratio of on time to off time of a switching output, usually expressed as a percentage equal to: On Time

On Time + Off Time

Parallel Operation
A dual output switching configuration in which both output stages conduct simultaneously.

Pulse-Width-Modulation (PWM) Control

A switching regulation technique in which a fixed frequency is maintained, and regulation is accomplished by changing the output
pulse width to vary the duty cycle.

Push-Pull Operation

A dual output switching configuration in which each output stage conducts alternately.

Single-Ended Operation
A single output switching configuration.

Soft Start

A protection circuit that prevents current surges during power up and protects against false signals that might be generated by the
control circuit when power is applied.

Undervoltage Lockout (UVLO)

A protection circuit that prevents switching outputs from turning on until a certain supply voltage threshold is reached.

Variable Frequency Control
A switching regulation technique in which a fixed output on time or off time is maintained. Regulation is accomplished by changing
the output frequency to vary the duty cycle.

j
Texas 'IJ
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COMPARATORS
SELECTION GUIDE

commercial temperature range

(values specified at Tp = 25°C)

POWER SUPPLY RESPONSE
Vee s Vee- Vio B loL TIME PAGE
DESCRIPTION NOM NOM MAX MAX MIN TYP TYPE PACKAGE | pno.
(\4] ™) (mV) (nA) (mA) (ns)
single channel
Strobe 12 —6 5 40 100 28 LM306 D,P 3-33
Strobe 4-30 0 7.5 0.25 8 115 LM311 D, P, Y¥ 3-3
Low-Power, Strobe 4-30 0 7.5 0.1 1.6 1200 LP311 D,P 3-45
Output Enable 5 0 =1 - Max 16 25 TL712 D,P 3-53
High-Speed 5 0 - - Max 16 7 TL714C D,P 3-57
High-Speed 0 -5.2 +1 - Max 16 Max 12 TL721 D,P 3-61
High-Speed, LInCMOS 3-16 0 3 T 6 200 TLC371C D, P 3-97
dual channel
. D, DB, P,
Low-Power, Bipolar 4-30 0 5 0.25 6 300 LM393 PW, vt 3-27
Precision Input 4-30 0 2 0.25 6 300 LM393A D,P
Ultra Low-Supply, LInCMOS 1.4-18 0 10 T 6 200 TLC352C D,P 3-81
High-Speed, LInCMOS 3-16 0 5 t 6 200 TLC372C D, P 3-109
Ultra Low-Power,
Open-Drain Output, CMOS 3-18 0 5 t 6 1100 TLC393C D,P 3-129
Ultra Low-Power,
Push-Pull Output, CMOS 3-18 0 5 t 4 1300 TLC3702C D,P 3-145
quad channel
. D, DB, N,
Low-Power, Bipolar 4-30 0 5 -0.25 6 300 LM339 PW, vi 3-19
Precision Input 4-30 0 2 -0.25 6 300 LM339A D,N
Ultra Low-Power, Bipolar 4-30 0 +5 —-0.025 6 8000 LP339 D,N 3-49
Ultra Low-Power,
Open-Drain Output, CMOS 3-18 0 5 T 6 1100 TLC339C D,N 3-65
Ultra Low-Supply, LinCMOS 1.4-18 0 10 1 6 200 TLC354C D,N 3-89
High-Speed, CMOS 3-18 0 10 1 6 200 TLC374C D,N 3-119
Ultra Low-Power,
Push-Pull Output, CMOS 3-18 0 5 1 4 1300 TLC3704C D,N 3-167
T Typically 5 pA
1Y package is in chip form
Texas ‘b
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COMPARATORS

industrial temperature range (values specified at Tp = 25°C)
POWER SUPPLY RESPONSE
Vee+ | Vee- Vio B loL TIME PAGE
DESCRIPTION NOM NOM MAX MAX MIN TP TYPE | PACKAGE | o,
V) (\J] (mV) (nA) (mA) (ns)
single channel
Strobe 4-30 0 3 0.1 8 115 LM211 D,P 3-3
Low-Power, Strobe 4-30 0 7.5 0.1 1.6 1200 LP211 D, P 3-45
dual channel
Industrial LM393 4-30 0 5 0.25 6 300 LM293 D,P 407
Industrial LM393, Low Offset 4-30 0 2 0.25 6 300 LM293A D,P -
Ultra Low-Supply, LinCMOS 1.4-18 0 10 t 6 200 TLC3521 D,P 3-81
High-Speed, LInCMOS 3-16 0 5 t 6 200 TLC371l D,P 3-97
High-Speed, LInCMOS 3-16 0 5 t 6 200 TLC372! D,P 3-109
Ultra Low-Power,
Open-Drain Output 3-18 0 5 t 6 1100 TLC393! D,P 3-129
Ultra Low-Power, 3-18 0 5 t 4 1300 TLC37021 D,P 3-145
Push-Pull Output !
quad channel
Industrial LM339 4-30 0 5 -0.25 6 300 LM239 D,N 319
Industrial LM339, Low Offset 4-30 0 2 -0.25 6 300 LM239A D,N .
Ultra Low-Power,
Industrial LP339, Bipolar 4-30 0 5 | -0.025 20 8000 LP239 D,N 3-49
Ultra Low-Power,
Open-Drain Output | 3-18 0 5 t 6 1100 TLC339l D,N 3-65
Ultra Low-Supply, LInCMOS 1.4-18 0 10 t 6 200 TLC354I D,N 3-89
High-Speed, LInCMOS 3-18 0 10 t 6 200 TLC374l D,N 3-119
Ultra Low-Power,
Push-Pull Output 3-18 0 5 t 4 1300 TLC3704| D,N 3-167

T Typically 5 pA

i
Texas ‘b
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COMPARATORS

SELECTION GUIDE

automotive temperature range

(values specified at Tp = 25°C)

POWER SUPPLY "RESPONSE
Vee+ Vee- Vio B loL TIME PAGE
DESCRIPTION NOM NOM MAX MAX MIN TYP TYPE PACKAGE NO.
(\4} (\J) (mV) (nA) (mA) (ns)
dual channel
. LM2903, D, DB,
Automotive LM393 4-30 0 7 0.25 6 300 LM2903Q P, PW 3-27
Ultra Low-Supply, LinCMOS 1.4-18 0 10 1 6 200 TLC352I D,P 3-81
High-Speed, LinCMOS 3-16 0 5 t 6 200 TLC372Q D,P 3-109
Ultra Low-Power,
Open-Drain Output 3-18 0 5 t 6 1100 TLC393I D,P 3-129
Ultra Low-Power,
Push-Pull Output 3-18 0 5 1 4 1300 TLC3702Q JG 3-145
quad channel
. LM2901, D, DB, N,
Automotive LM339 4-30 0 7 -0.25 6 300 LM2901Q PW 3-19
Low-Cost LM2901 4-26 0 20 0.5 300 LM3302 D, N 3-41
Ultra Low-Power,
Automotive LP339, Bipolar 5 0 +5 |[-0.025 20 8000 LP2901 D,N 3-49
Ultra Low-Supply, LInRCMOS 1.4-18 0 10 t 6 200 TLC354l D,N 3-89
Open-Drain Output 3-18 0 5 1 6 1100 TLC339Q D,N 3-65
High-Speed, LinCMOS 3-18 0 10 t 6 200 TLC374Q D,N 3-119
Push-Pull Output 3-18 0 5 1 4 1300 TLC3704Q J 3-167
t Typically 5 pA
INSTRUMENTS
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COMPARATORS

SELECTION GUIDE
military temperature range , (values specified at Tp = 25°C)
POWER SUPPLY RESPONSE
Vee+ Vee- Vio B loL TIME PAGE
DESCRIPTION noM | noMm | max | max | MIN vp TYPE | PACKAGE | yo.
(\2} (\J) (mV) (nA) (mA) (ns)
single channel
Strobe 4-30 0 3 0.1 8 115 LM111 FK, ‘:J 46, 3-3
Low-Power, Strobe 4-30 0 7.5 0.1 1.6 1200 LP111 FK, JG 3-45
dual channel
Low-Power, Bipolar 4-30 0 5 0.1 6 300 LM193 D, F';’ 4G 3-27
Ultra Low-Supply, LInCMOS 1.4-18 0 10 T 6 200 TLC352M FK, JG 3-81
High-Speed, LinCMOS 4-16 0 5 1 6 200 TLC371M D,P 3-97
High-Speed, LinCMOS 4-16 0 5 T 6 200 TLC372M FK, JG 3-109
Ultra Low-Power,
Open-Drain Output 4-18 0 5 t 6 1100 TLC393M FK, JG 3-129
Ultra Low-Power,
Push-Pull Output 4-18 0 5 t 4 1300 TLC3702M FK, JG 3-145
quad channel
Low-Power, Bipolar 4-30 0 5 ~0.1 6 300 LM139 D,FK,J,N 319
Precision Input 4-30 0 2 -0.1 6 300 LM139A D, FK,J,N -
Ultra Low-Power,
Open-Drain Output 4-18 0 5 t 6 1100 TLC339M D,FK,J,N | 3-65
Ultra Low-Supply, LinCMOS 1.4-18 0 10 1 6 200 TLC354M FK, J 3-89
High Speed, LinCMOS 4-18 0 10 1 6 200 TLC374M FK, J 3-119
Ultra Low-Power,
Push-Pull Output 4-18 0 5 T 4 1300 TLC3704M FK, J 3-167

1t Typically 5 pA

j
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COMPARATORS
CROSS-REFERENCE GUIDE

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

Texas Instruments makes no warranty as to the information furnished and the buyer assumes all risk in the use thereof.

No liability is assumed for damages resulting from the use of the information contained herein.

Manufacturers are arranged in alphabetical order.

LINEAR SUGGESTED PAGE
TECHNOLOGY 1L NO.
REPLACEMENT
LT1017 TLC352 or TLC3702  3-81/3-145
LT1018 TLC352, or TLC3702 3-81/3-145
DIRECT SUGGESTED PAGE
NATIONAL Tl Tl NO.
REPLACEMENT REPLACEMENT
LM311 LM311 3-3
LM339 LM339 TLC339 3-19/3-65
LM393 LM393 TLC393 3-27/3-129
LM2901 LM2901 TLC339 3-19/3-65
LM3302 LM3302 3-41
LP339 LP339 TLC339 3-49/3-65
DIRECT SUGGESTED PAGE
PMI TI Ti NO.
REPLACEMENT REPLACEMENT
CMPO4F LM339, LM3302, 3-19/3-41/
LM2901, or TLC339 3-65

j
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GLOSSARY
COMPARATORS

Average Temperature Coefficient of Input Offset Current (oyj0)

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.

(IIO at TA(l)) - (IIO at TA(Z))
Tam) = Ta@)
where Tp(y) and Tp ) are the specified temperature extremes.

alig =

Average Temperature Coefficient of Input Offset Voltage (ayjo)
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.

(VIO at TA(l)) - (VIO at TA(Z))
Taw - Ta@
where Tp(1) and Tp (o) are the specified temperature extremes.

avig =

Common-Mode Input Voltage (Vc)
The average of the two input voltages.

Common-Mode Input Voltage Range (V|cR)
The range of common-mode input voltage that if exceeded will cause the comparator to cease functioning properly.

Common-Mode Rejection Ratio (kcmr, CMRR)

The ratio of differential voltage amplification to common-mode voltage amplification.
NOTE: Thisis measured by determining the ratio of achange in input common-mode voltage to the resulting change ininput offset
voltage.

Differential Input Voltage (V|p)
The voltage at the noninverting input with respect to the inverting input.

Differential Input Voltage Range (Vip)
The range of voltage between the two input terminals that if exceeded will cause the comparator to cease functioning properly.

Differential Voltage Amplification (Ayp)

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

High-Level Output Current (Ioy)

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

High-Level Output Voltage (Vou)

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

High-Level Strobe Current (Ijiy(s))
The current flowing into or out of T the strobe at a high-level voltage.

High-Level Strobe Voltage (Viy(s))
For a device having an active-low strobe, a voltage within that range is guaranteed not to interfere with the operation of the
comparator.

Input Bias Current (Ijg)
The average of the currents into the two input terminals with the output at the specified level.

Input Offset Current (ljo)
The difference between the currents into the two input terminals with the output at the specified level.

1 Current out of a terminal is given as a negative value.
i
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GLOSSARY
COMPARATORS

Input Offset Voltage (Vo)
The dc voltage that must be applied between the input terminals to force the quiescent dc output voltage to the specified level.

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

Low-Level Output Current (Ig)
The current into an output with input conditions applied that according to the product specification will establish a low level at the
output. :

Low-Level Output Voltage (Vo) .
The voltage at an output with input conditions applied that according to the product specification will establish a low level at the
output.

Low-Level Strobe Current (I (s))
The current flowing out of T the strobe at a low-level voltage.

Low-Level Strobe Voltage (Vi s))
For a device having an active-low strobe, a voltage within the range that is guaranteed to force the output high or low, as specified,
independently of the differential inputs.

Output Resistance (rp)
The resistance between an output terminal and ground.

Response Time

The interval between the application of an input step function and the instant 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 valtage. 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.

Supply Current (Icc s Icc-)
The current into the Vg 4 or V- terminal of an integrated circuit.

Total Power Dissipation (Pp)
The total dc power supplied to the device less any power delivered from the device to a load.
NOTE: Atnoload: Pp=Vgg,: ® lcc+ + Voo- * lcc--

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

j
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SPECIAL FUNCTIONS
SELECTION GUIDE

precision timers

commercial temperature range

(values specified for Tp = 25°C)

DESCRIPTION OUTPUT CURRENT TMIFG TYPE PACKAGES PAGE
FROM TO NO.
Single Timer, Bipolar +200 mA 10 us Hours NES555 D,P Yt 411
Dual Timer, Bipolar +200 mA 10 pus Hours NE556 D,N 4-33
LinCMOS, Single High-Speed Timer, 100 mA +
1-V Operation _10mA 1 us Hours TLC551 D,RY 4-123
LinCMOS, Dual High-Speed Timer, 100 mA
1-V Operation —10mA 1 us Hours TLC552C D,N 4-135
) _ . ) 100 mA TLC555C D,P
LinCMOS, Single High-Speed Timer —10mA 1 us Hours TLCE55Y vt 4-143
. . 100 mA
LinCMOS, Dual High-Speed Timer —10mA 1 ps Hours TLC556C D,N 4-153
Programmable Timer/Counter 4 mA 10 us Days uA2240C N 4-173
1Y package is in chip form
automotive temperature range (values specified for Tp = 25°C)
DESCRIPTION OUTPUT CURRENT TIMING TYPE PACKAGES PAGE
FROM TO NO.
Single Timer, Bipolar +200 mA 10 us Hours SA555 D,P 4-11
Dual Timer, Bipolar +200 mA 10 us Hours SA556 D,N 4-33
LinCMOS, Single High-Speed Timer J?g ?2 1 us Hours TLC5551 D,P 4-143
. . 100 mA
LinCMOS, Dual High-Speed Timer _10mA 1 us Hours TLC556! D,N 4-153
military temperature range (values specified for Tp = 25°C)
DESCRIPTION OUTPUT CURRENT TIMING TYPE PACKAGES PAGE
FROM TO NO.
Single Timer, Bipolar +200 mA 1 ps Hours SE555 D, FK, JG, P 11
Single Timer, Bipolar +200 mA 1 us Hours SE555C D, FK, JG, P
Dual Timer, Bipolar +200 mA 1 ps Hours SE556 D,FK,J,N 4-33
Dual Timer, Bipolar +200 mA 1 us Hours SE556C D,FK,J,N
LinCMOS, Single High-Speed Timer j?g 2: 1 us Hours TLC555M D, FK, JG, P 4-143
X . . 100 mA
LinCMOS, Dual High-Speed Timer —10mA 1 us Hours TLC556M D,FK,J,N 4-153
TEXas b
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SPECIAL FUNCTIONS
SELECTION GUIDE

current mirrors

(values specified for Tp = 25°C)

TEMPERATURE CURRENT RATIO INPUT CURRENT PAGE

DESCRIPTION RANGE INPUT TO OUTPUT RANGE TYPE PACKAGES NO.
Programmable 0°C t0.70°C 3:1t0 1:15 Variable TLO10C P 445
Programmable —40°C to 85°C 3:1t0 1:15 Variable TLOtOI P
Fixed 0°Cto 70°C - 1:1 1TpAto 1 mA TLO11C LP

Fixed —40°C to 85°C 1:1 1uAto1 mA TLO11I LP

Fixed 0°Cto 70°C . 1:2 1pAto1 mA TLO12C LP

Fixed —40°C to 85°C 1:2 1uAto 1 mA TLO121 LP 4-49
Fixed 0°C to 70°C 1:4 1pAto1 mA TLO14AC LP

Fixed 0°C to 70°C 1:2 2puAto2mA TLO21C LP

Fixed —40°C to 85°C 1:2 2uAto2mA TLO21! LP

sonar ranging functions

(values specified for Tp = 25°C)

DESCRIPTION TYPE PACKAGES PCgE
Controller Gircuit ngtrol integrated circuit for t.!se in ‘? songr ranging module, capable of TL851 N 4-109
T driving 50-kHz transducers with a simple interface
Receiver Circuit Receiver integrated circuit for use in a sonar ranging module TL852 N 4-113
Control Circuit Control integrated circuit for use in a sonar ranging module, capable of TL853 N 4-119

driving 40-kHz transducers With a simple interface

floppy-disk control circuits

(values specified for Tp = 25°C)

DESCRIPTION TYPE PACKAGES PCSE
Tape-Read Signal Conditioner TLO41AC DW, NT 4-77
Disk-Memory Read-Chain Data Comparator TL712 D,JG, P 3-53
Disk-Memory Read-Chain Data Comparator With MECL Il and MECL 1000 TL721 D, JG,P 3-61

differential video amplifiers

commercial temperature range

(values specified for Tp = 25°C)

1-28
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BANDWIDTH TYPICAL PAGE
DESCRIPTION (MHz) GAIN NOISE, Vp TYPE PACKAGES NO.
Amplifier With 2 Multiplexed Inputs and Wide AGC 60 100 Max 25 v MC1445 AN 49
Range
Amplifier With Internal Frequency Compensation
and Adjustable/Selectable Gain Options 90 600 Max 12wV NES92 D.N 425
Amplifier With a Wide AGC Range 50 100 12wV TLO26C D,P 4-55
Amplifier With a Wide AGC Range 50 400 Max 12uVv TLO27C D,J,N 4-63
2-Channel Multiplexed Video Amp 20 600 Max <5uV TLO40C D,N 4-71
Similar to NE592 but in an 8-Pin Package 920 600 Max 12 uVv TL592 D,P 4-99
Low-Noise Version of NE592 and TL592 90 600 Max 3uv TL592B D,N,P 4-103
Amplifier With Internal Frequency Compensation 200 10, 100, 400 12 pv uA733C D,N . 4-165
military temperature range (values specified for Ty = 25°C)
BANDWIDTH TYPICAL PAGE
DESCRIPTION (MHz) GAIN NOISE, Vpy TYPE PACKAGES NO.
Amplifier With Internal Frequency Compensation
and Adjustable/Selectable Gain Options g0 600 Max 12uv SES92 J 4-25
Amplifier With Internal Frequency Compensation 200 10, 100, 400 12 puv UA733M J, U 4-165
Texas “"
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SPECIAL FUNCTIONS

SELECTION GUIDE
logarithmic amplifiers (values specified for military temperature range)
DESCRIPTION BANDWIDTH GAIN TYPE PACKAGES PﬁgE
Logarithmic Amplifier 40 MHz Logarithmic Curve TL441AM J, FK 4-85
programmable tone/noise generators (values specified for Tp = 25°C)
DESCRIPTION TYPE PACKAGES P:gE
Complex Sound Generators Designed to Provide Low-Cost Digital Tones or Noise SN76494/
Programmable White-Noise and Attenuation Functions, and Simultaneous Sounds SN76494A N 437
Under Microprocessor Control SN76496/
TTL Compatible SN76496A
frequency-to-voltage-converters (values specified for Tp = 25°C)
DESCRIPTION TYPE PACKAGES P;\gE
Output Swings to Ground for Zero-Frequency Input LM2907
Only One RC Network Provides Frequency Doubling for Low Ripple LM2917 D,N,P 4-3
8-Pin Version Interfaces Directly to Variable Reluctance Magnetic Pickups
Texas b
INSTRUMENTS
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SPECIAL FUNCTIONS
CROSS-REFERENCE GUIDE

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

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 herein.

Manufacturers are arranged in alphabetical order.

SUGGESTED PAGE
INTERSIL TI NO.
REPLACEMENT
ICM7555 TLC555 4-143
DIRECT SUGGESTED PAGE
MOTOROLA Ti TI NO.
REPLACEMENT REPLACEMENT
MC1445 MC1445 4-9
MC1733 UuA733 4—-165
NES55 NE555 4-11
NE592 NE592 4-25
DIRECT SUGGESTED PAGE
SIGNETICS Tl TI NO.
REPLACEMENT REPLACEMENT
NE555 NE555 TLC555 4-11/4-143
NES556 NE5S56 TLC556 4-33/4-153
NE592 NE592 4-25
SA555 SA555 TLC555 4-11/4-143
SA556 SA556 TLC556 4-33/4-153
SE555 SE555 TLC555 4-11/4-143
SE555C SE555C TLC555 4-11/4-143
SE5556 SE556 TLC556 4-33/4-153
SE556C SE556C TLC556 4-33/4-153
uA733 uA733 uA733 4-165
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LM185-1.2, LM285-1.2, LM385-1.2, LM385B-1.2
MICROPOWER VOLTAGE REFERENCES

D3268, APRIL 1989-REVISED AUGUST 1991

* Operating Current Range ... 10 yA D PACKAGE
to20 mA (TOP VIEW)
* 1% and 2% Initial Voltage Tolerance nell+ ~ sf] catHoDE
¢ Reference Impedance :gE ; 7 %:g
LM185 . .. 0.6 Q Max at 25°C ANODE[ 4 : NG
LM385...1 Q Max at 25°C
All Devices . .. 1.5 Max Over Full
Temperature Range LP PACKAGE
OP VIE
® Very Low Power Consumption i )
¢ Applications: ANODE
Portable Meter References
Portable Test Instruments CATHODE
Battery-Operated Systems NC

Current-Loop Instrumentation

Pan t
anel Meters NC—No internal connection

® Designed to Be Interchangeable With symbol
National LM185-1.2, LM285-1.2, and

LM385-1.2 ANODE —Jp}——  CATHODE

description

These micropower terminal band-gap voltage references operate over a 10-uA to 20-mA current range and
feature exceptionally low dynamic impedance and good temperature stability. On-chip trimming provides tight
voltage tolerance. The LM185-1.2 series band-gap reference has low noise and good long-term stability.

Careful design of the LM185-1.2 series has made the device exceptionally tolerant of capacitive loading, making
it easy to use in almost any reference application. The wide dynamic operating temperature range allows its use
with widely varying supplies with excellent regulation.

The extremely low-power drain of the LM185-1.2 series makes it useful for micropower circuitry. These voltage
references can be used to make portable meters, regulators, or general-purpose analog circuitry with battery
life approaching shelf life. Further, the wide operating current range allows them to replace older references with
a tighter tolerance part.

The LM185-1.2 is characterized for operation over the full military temperature range of —55°C to 125°C. The
LM285-1.2 is characterized for operation from —40°C to 85°C. The LM385-1.2 and LM385B-1.2 are
characterized for operation from 0°C to 70°C.

AVAILABLE OPTIONS
v PACKAGE
TA z SMALL OUTLINE PLASTIC
TOLERANCE
(D) (LP)
10y - -
0°C t0 70°C 2% LM385D-1.2 LM385LP-1.2
1% LM385BD-1.2 LM385BLP-1.2
—40°C to 85°C 1% LM285D-1.2 LM285LP-1.2
—55°C to 125°C 1% LM185D-1.2 LM185LP-1.2
The D package is available taped and reeled. Add the suffix R to the device type (e.g.,
LM385DR-1.2).
PRODUCTION DATA is current as of date. Products Copyright © 1991, Texas Instruments Incorporated
:lonform to specifications per !hﬂoo ::r;r;s‘ of Texas '"isrfﬁ';'.'é'.":?s .?rt:'ng’am m
b g ’ ! EXAS
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LM185-1.2, LM285-1.2, LM385-1.2, LM385B-1.2 |
MICROPOWER VOLTAGE REFERENCES

schematic

4

p

7.5 kQ 600 kQ l
Q12

100 kQ % 500 Q 60 kQ

Q7

Qi3

200 k2

—

20 pF

Q6

Component values shown are nominal.

CATHODE

2-4
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LM185-1.2, LM285-1.2, LM385-1.2, LM385B1-1.2
MICROPOWER VOLTAGE REFERENCES

absolute maximum ratings over operating free-air temperature range

Reverse CUrrent, IR ..ot
Forward CUITent, IE ..o e
Operating free-air temperature range: LM185-1.2 ... ... ... i iiiiinnnn.

Storage temperature range . ... ..iti ettt e e e

Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ...............ccoiiiieiai.... 260°C
recommended operating conditions
MIN MAX | UNIT
Reference current, 17 10 20000 nA
LM185-1.2 -55 125
Operating free-air temperature range, TA LM285-1.2 -40 85 °C
LM385-1.2, LM385B-1.2 0 70
electrical characteristics at specified free-air temperature
LM185-1.2
PARAMETER TESTCONDITIONS | Tat LM285-1.2 LM385-1.2 LM3858-1.2 UNIT
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
vz Reference voltage 1z =10 pAto 20 mA 25°C 1.223 1235 1.247 (1210 1.235 1.260 | 1.228 1.235 1.247 \
Average temperature
ayz coefficient of . Iz =10 pAto 20 mA 25°C +20 +20 +20 ppM/°C
reference voltage
25°C 1 1 1
. Iz=10puAto 1 mA
AV Change in reference Fullrange 1.5 1.5 1.5 mv
z voltage with current 25°C 10 20 20
Iz=1mMAto 20 mA
Full range 20 25 25
Long-term change in
AVZz/At reference voltage 17 =100 pA 25°C +20 +20 +20 ppm/khr
1Z(min) x;:;l;m reference Full range 8 10 8 15 8 15 HA
© .2 0. 0.4 1 0.4 1
Zz Reference impedance 17 =100 pA 25°C ° 6 Q
Fullrange 1.5 15 1.5
Broadband noise Iz =100 pA, o
Vn voltage f=10 Hzto 10 kHz 25°C & & 60 w

1 Full range is —55°C to 125°C for the LM185-1.2, —40°C to 85°C for the LM285-1.2, and 0°C to 70°C for the LM385-1.2 and LM385B-1.2.

 The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified temperature range.
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LM185-1.2, LM285-1.2, LM385-1.2, LM385B-1.2
MICROPOWER VOLTAGE REFERENCES

IR — Reverse Current — LA

Vg - Forward Voltage — V

TYPICAL CHARACTERISTICSt

REVERSE CURRENT

REFERENCE VOLTAGE CHANGE

Vs vs
REVERSE VOLTAGE REVERSE CURRENT
10— T T IIIm
Ta = -55°C to 125°C Ta =-55°C to 125°C
>
E
1 12 L
3 /
[
10 5 /
§ 8
I =
/ S }/
// § 4
o
1 5 | M
/ é : A
! Lt
N 0
>
/ )
0.1 -4
0 02 04 06 08 1 1.2 14 0.01 0.1 1 10 100
VR - Reverse Voltage - V IR — Reverse Current - mA
Figure 1 Figure 2
FORWARD VOLTAGE REFERENCE VOLTAGE
Vs VS
FORWARD CURRENT FREE-AIR TEMPERATURE
12T 1.245
Ta =25°C
/' 1.240
7
0.8 i g
A £
L1 S 1235 .y
il [
LU § // N
5 7
®
0.4 € 1.230
N
>
1.225
0 -
0.01 0.1 1 10 100 -55 -35 -15 5 25 45 65 85 105 125

I - Forward Current - mA

Figure 3

TA - Free-Air Temperature - °C

Figure 4

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LM185-1.2, LM285-1.2, LM385-1.2, LM385B1-1.2
MICROPOWER VOLTAGE REFERENCES

TYPICAL CHARACTERISTICST

REFERENCE IMPEDANCE NOISE VOLTAGE
vs vs
REFERENCE CURRENT FREQUENCY

100 T T T 77T 700 T
f=25Hz
Ta = -55°C to 125°C

600 |— Ta =25°C

500 ‘\

400 <a

10 [\

300

200

Zz - Reference impedance — Q
)
Vn - Noise Voltage — nV/v Hz

\ 100 [ \\\

0.1 0
0.01 0.1 1 10 100 10 100 1k 10k 100 k

Iz -~ Reference Current - mA f - Frequency — Hz

Figure 5 Figure 6

OUTPUT NOISE VOLTAGE
Vs
CUTOFF FREQUENCY TRANSIENT RESPONSE

T

lz- 100 pA|

RC Low Pass I

60 — r 25°C /’-Th
LA
I /

50 100 A
! n Y

Output

ST T
1 / Vi 36 kQ Vo

0.5

15

30 v

|

20

Output Noise Voltage — p V
N\
fnput and Output Voltages - V

10 Input

0.1 1 10 100 0 100 500 600
f - Cutoff Frequency — kHz t—Time —us

Figure 7 Figure 8
1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LM185-1.2, LM285-1.2, LM385-1.2, LM385B-1.2
MICROPOWER VOLTAGE REFERENCES

APPLICATION INFORMATION
1o ~50 pA

+ 5.1kQ V+

Mercury Cell — R

1.345V e LM334 |
100 kQ W.W. V- 2kQ
Zero N

LM385-1.2 4500 % %/' 10kQ
. ° ° Adjust for 12.17 mV
+ at 25°C Across 450 Q
Type K -
C —
Meter
Figure 9. Thermocouple Cold-Junction Compensator
V+
9V
23VsV+s30V
LM334 500 ka2
' 1.2V
2.7kQ
s 12V LM385-1.2
T LM385-1.2 =
Figure 10. Operation Over a Figure 11. Reference From a 9-V Battery
Wide Supply Range
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5
MICROPOWER VOLTAGE REFERENCE

D3189, JANUARY 1989-REVISED JANUARY 1992

Operating Current Range . . . 20 uA D PACKAGE
to 20 mA (TOP VIEW)
1.5% and 3% Initial Volt T
% and 3% Initial Voltage Tolerance nef 1 U 8 [] CATHODE
Reference Impedance NC[] 2 7[INC
LM185.. .. 0.6 Q Max at 25°C NC[ls  e{INC
LM385 ... 1Q Max at 25°C ANODE[l4  5[INC
All Devices . .. 1.5 Q Max Over Full
Temperature Range LP PACKAGE
Very Low Power Consumption (TOPVIEW)
Applications: ANODE
Portable Meter References CATHODE
Portable Test Instruments NG

Battery-Operated Systems
Current-Loop Instrumentation
Panel Meters

Designed to Be Interchangeable With
National LM185-2.5, LM285-2.5, and
LM385-2.5

NC-No internal connection
symbol

ANODE Pt

CATHODE

description

These micropower terminal band-gap voltage references operate over a 10-pA to 20-mA current range and
feature exceptionally low dynamic impedance and good temperature stability. On-chip trimming provides tight
voltage tolerance. The LM185-2.5 series band-gap reference has low noise and good long-term stability.

Careful design of the LM185-2.5 series has made these devices exceptionally tolerant of capacitive loading,
making them easy to use in almost any reference application. The wide dynamic operating temperature range
allows their use with widely varying supplies with excellent regulation.

The extremely low power drain of the LM185-2.5 series makes it useful for micropower circuitry. These voltage
references can be used to make portable meters, regulators, or general-purpose analog circuitry with battery
life approaching shelf life. Further, the wide operating current range allows them to replace older references
with a tighter tolerance part.

The LM385-2.5 and LM385B-2.5 are characterized for operation from 0°C to 70°C. The LM285-2.5 is
characterized for operation from —40°C to 85°C. The LM185-2.5 is characterized for operation over the full
military temperature range of —55°C to 125°C.

AVAILABLE OPTIONS

PACKAGE
TA Vz SMALL OUTLINE PLASTIC
TOLERANCE o) (LP)
3% (M385D-2.5 LM385LP-2.5
0°Cto70°C 1.5% LM385BD-2.5 M385BLP-2.5
—40°C 0 85°C 15% (M285D-2.5 [M285LP-2.5
~55°C to 125°C 1.5% LM185D-2.5 [M185LP-2.5

The D package is available taped and reeled. Add the suffix R to the device type (e.g.,
LM385DR-2.5).

Copyright © 1992, Texas Instruments Incorporated

Products perthe terms of
standard warranty. P does not
Include testing of all parameters.

PRODUCTIO!’ DATA information is current as of publication date. ‘ ’
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5
MICROPOWER VOLTAGE REFERENCES

schematic

600 kQ a13

VW———@

7.5kQ

Q12

200 kQ

500 Q 60 kQ

CATHODE

500 Q

All component values shown are nominal.

A d

absolute maximum ratings over operating free-air temperature range

Reverse current, I
Forward current, I

Operating free-air temperature range: LM185-25 ................. ..ol

Storage temperature range

Lead temperature 1,6 mm (1/16 inch) from cases for 10 seconds

recommended operating conditions

ANODE

...... —55°C t0.125°C
....... —40°C to 85°C
......... 0°C to 70°C
...... -65°C to 150°C
......... ..... 260°C

MIN MAX | UNIT

Reference current, Iz

20 20000 uA

LM185-2.5 —-55 125
Operating free-air temperature range, Ta LM285-2.5 -40 85 °C
LM385-2.5, LM385B-2.5 0 70

2-10
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9225 SYX31 'SYT1Iva *210SS9 X08 301440 1S0d
S.LNEINDHJSN[
dyp SV

-2

electrical characteristics at specified free-air temperature

LM185-2.5
PARAMETER TEST CONDITIONS Tat LM285-2.5 LM385-2.5 LM3858-2.5 UNIT
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
Vz Reference voltage Iz =20 uA to 20 mA 25°C 2.462 25 2538 | 2.425 25 2575 2.462 25 2538 \
Average temperature coefficient of _ o . o
ayz reference voltage¥ Iz =20 uA to 20 mA 25°C +20 +20 +20 ppm/°C
I=20 uAto 1 mA 257C ! 2 2
. ) z=<c0pAtodm Full range 15 2 2
AVy Change in reference voltage with current mV
25°C 10 20 20
Iz=1pAto 20 mA
Full range 20 25 25
AVz/At Long-term change in reference voltage |1, =100 uA 25°C =20 =20 +20 ppm/khr
Iz(min) Minimum reference current Full range 8 20 8 20 8 20 A
Z Reference impedance 1z =100 pA 25°C 02 06 04 ! 04 ! Q
Full range 1.5 1.5 15
. Iz =100 pA, o '
Vn Broadband noise voltage 210 Hz to 10 kHz ) 25°C 120 120 120 wv

t Ful range is 0°C to 70°C for the LM385-2.5 and LM385B-2.5, —40°C to 85°C for the LM285-2.5, and —55°C to 125°C for the LM185-2.5.
% The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified temperature range.

S$3ION3H343H IOVLI0A HIMOLOUDIN
6'2-gS8EINT ‘G 2-S8ENT ‘6'2-G82INT ‘S 2-GBLINT



LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5
MICROPOWER VOLTAGE REFERENCES

TYPICAL CHARACTERISTICSt

REVERSE CURRENT

REFERENCE VOLTAGE CHANGE

vs vs
REVERSE VOLTAGE REVERSE CURRENT
100 | 1 T 16 T T T T 1T
TaA =-55°C to 125°C Ta =-55°C to 125°C
%
< = 12
)
‘E 10 2
[ e
3 e | g °
o S
& 5
: :
& e 4 ¥
1 1 [ PY
(3
x S I /A
2 pan
[
N
>
<
0.1 i
0 0.5 1.0 15 20 25 30 0.01 0.1 1 10 100
VR - Reverse Voltage -V IR — Reverse Current - mA
Figure 1 ‘ Figure 2
FORWARD VOLTAGE REFERENCE VOLTAGE
Vs VS
FORWARD CURRENT FREE-AIR TEMPERATURE
18 T TTIT 1 282511 T 1
TA=25°C Iz = 20 pA to 20 mA
1.4 2,520
> 12 H > 2515
| ©
) 2 2510
g 1 ]
o >
= g 2505
5 08 » s
g A 3 2500
L 06 L] @ // N
" T I 2495 7 ‘\
- -l >N .
0.4 2.490 // \\
0.2 m 2.485
0 2.480
0.01 0.1 1 10 100 55 35 -15 5 25 45 65 85 105 125

I - Forward Current - mA

Figure 3

TA — Free-Air Temperature - °C

Figure 4

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5
MICROPOWER VOLTAGE REFERENCES

TYPICAL CHARACTERISTICSt
REFERENCE IMPEDANCE REFERENCE IMPEDANCE
Vs vs
REFERENCE CURRENT FREQUENCY
1000 T T 1T 10k
=25 Hz
_ Iz =100 pA
TA = MIN to MAX Ta=25C
?! a1k
g 100 é /
c c
3 3 /
g g 100
E £
8 10 E)
e N c
g \ g 10 /|
2 2
£ N 2 d
1 1 \\ ] /
NN N \\ NN ; -
e N
0.1 0.1
0.01 0.1 1 10 100 0.01 0.1 1 10 100 1000
Iz — Reference Current - mA f - Frequency - kHz
Figure 5 ‘ Figure 6
NOISE VOLTAGE FILTERED RMS OUTPUT NOISE VOLTAGE
vs . vs
FREQUENCY - FREQUENCY
1400 TTTTT 120 T T T 1T [T TTTH
I =100 pA i 100 uA Ta=25°C
| TaA=25°C > |
1200 ‘A % 100 RC Low Pass
R L
N Q 1
T o Y
lz 1000 \\\ S ¢ //’
z N % 80 = /,
1 ]
o 800 ~g 3z iy
o . /
g N Z e
S N a 9
S 600 £ Y
V1
2 (] /
2 \ 2 a0
1 400 \ T _/
c ° %
> @ /,f
2 20 >
200 = L —"
N w
N
0 [ 0
10 100 1k 10k 100 k 0.1 1 10 100
f - Frequency — Hz f - Frequency - kHz
Figure 7 Figure 8

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5
MICROPOWER VOLTAGE REFERENCES

TYPICAL CHARACTERISTICST

TRANSIENT RESPONSE
a4
> .
2
o 3 Output
g
)
> 2 24 kQ
2 (v Vo
5
o 1
°
& =
N -
£ < <
5 A
Input
0 0 100 /\' 500 600
t-Time-us
Figure 9

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

APPLICATION INFORMATION

10 ~50 pA
+ 16 kQ V+
2Mercury —— R

Cells — LM334

26V -
100 kQ W.W. V- 2kQ
Zero N

LM385-2.5 4500 % %/V 10kQ
Adjust for 12.17 mV

Type K -
< —

Meter

at 25°C Across 450 Q

Figure 10. Thermocouple Cold-Junction Compensator

EXAS "'@
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5
MICROPOWER VOLTAGE REFERENCES

TYPICAL CHARACTERISTICS

V+
[ 9V

3.7VsV+s30V 220 kQ

LM334
R
V- 2.7kQ
25V LM385-2.5

@

T LM385-2.5 =

Figure 11. Operation Over a Figure 12. Reference From a 9-V Battery
Wide Supply Range

j
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LM236-2.5, LM336-2.5
2.5-V INTEGRATED REFERENCE CIRCUITS

D3289, NOVEMBER 1988-REVISED AUGUST 1991

® Low Temperature Coefficient D PACKAGE
(TOP VIEW)
¢ Wide Operating Current. . . 400 uA
to 10 mA NC[] 1 8 |] CATHODE
*  0.2-Q Dynamic Impedance NC] 2 7]INC
NC[] 3 6 {] NC
® +1% Tolerance Available ANODE[] 4 5[] ADJ

® Specified Temperature Stability NC-No internal connection

¢ Easily Trimmed for Minimum Temperature

Drift LP PACKAGE
(TOP VIEW)
¢ Fast Turn-On
ANODE
® Three-Lead Transistor Package CATHODE
ADJ
description
The LM236-2.5 and LM336-2.5 integrated circuits symbol
are precision 2.5-V shunt regulator diodes.
These monolithic references operate as a low- ANODE CATHODE
temperature coefficient 2.5-V zener with a 0.2-Q
dynamic impedance. A third terminal provided on ADJ

the circuits allows the reference voltage and
temperature coefficient to be easily trimmed.

The series are useful as a precision 2.5-V low-voltage reference (V) for digital voltmeters, power supplies, or
operational amplifier circuitry. The 2.5-V voltage reference makes it convenient to obtain a stable reference from
5-V logic supplies. Since the series operate as shunt regulators, they can be used as either positive or negative
voltage references.

The LM236-2.5 is characterized for operation from —25°C to 85°C. The LM336-2.5 is characterized for operation
from 0°C to 70°C.

AVAILABLE OPTIONS

PACKAGE
TA SMALL OUTLINE PLASTIC
D) (LP)
0°C
to LM336D-2.5 LM336LP-2.5
70°C
-25°C
to LM236D-2.5 LM236LP-2.5
85°C

The D package is available taped and reeled. Add the suffix R to the
device type (i.e., LM336DR-2.5).

Products conform to specifications per the terms of Texas
Instruments standard warranty. Production processing does not

PRODUCTION DATA information is current as of publication date. ‘” Copyright © 1991, Texas Instruments Incorporated
necessarily include testing of all parameters.

EXAS
INSTRUMENTS
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LM236-2.5, LM336-2.5
2.5-V INTEGRATED REFERENCE CIRCUITS

schematic diagram

21221 sesko

a8
20 pF
E1o kQ ._)
Q2 } 30 pF

01(;}—4
Qi }-—«
04;1’—' $500Q
as
30kQ
Qi}___ Qs - \— ADJ
$6.6kQ

Q12

Qs Q13
720 Q
¢ ANODE

All component values are nominal

CATHODE
Q14 ‘(‘011

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

REVEISE CUI BNt L. i i ittt e e e i
(0T L o o1 (= o

Operating free-air temperature range:  LM236-2.5 .............c.covvvvnnn..
LM336-25 .......ciiiiiiiiii
Storage temperature range ....... e

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or LP package ................ 260°C
electrical characteristics at specified free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS Tat LM236-2.5 LM336-2.5 UNIT
S MIN TYP MAX| MIN TYP MAX
vy Reference voltage Iz =1mA LM236, LM336 . 244 249 254 239 249 259 v
LM236A, LM3368 2465 249 2515| 244 249 254
Change in reference .
AVZ(AT) voltage with Vz adjusted to 2.490 V, Full range 3.5 9 1.8 6| mv
t Iz=1mA
temperature
Change in reference o
AVz(al  voltage with |7 =400 pA to 10 mA 25°C 26 6 26 10 mvV
current Full range 3 10 3 12
AVo/AL Long-term change
Z in reference voltage Iz=1mA 25°C 20 20 ppm/khr
Zz Reference impedance| Iz =1mA, f=1kHz 25°C 0.2 06 0.2 Q
Full range 0.4 1 0.4 1.4

1 Full range is —25°C to 85°C for the LM236-2.5 and 0°C to 70°C for the LM336-2.5.

 Temperature stability (change in reference voltage with temperature) for these devices is ensured by design. Design limits are specified over the
indicated temperature and supply voltage ranges. These limits are not used to calculate outgoing quality levels.

j
Texas
INSTRUMENTS
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LM236-2.5, LM336-2.5
2.5-V INTEGRATED REFERENCE CIRCUITS

AVZ — Change in Reference Voltage —mV

TYPICAL CHARACTERISTICS
CHANGE IN REFERENCE VOLTAGE NOISE VOLTAGE
Vs vs
REFERENCE CURRENT FREQUENCY
250

Ta= 2ls°c / Iz=1 ‘mA
Ta =25°C

) W
200 \

/
PN

V,— Noise Voltage — nVV Hz

N
100
50
4 8 12 16 20 10 100 1k 10k 100 k
Iz - Reference Current — mA f - Frequency — Hz
Figure 1 Figure 2

REFERENCE IMPEDANCE

vSs
FREQUENCY
100 :
Iz=1mA
Tp = - 55°C to 125°C
[e]

: /
g 10 5
- y A
g v
E /

3 /

[ /
.

@ Z

| Z

N =
N |

0.1
0.01 0.1 1 10 100

f - Frequency — kHz
Figure 3

J
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LM236-2.5, LM336-2.5

2.5-V INTEGRATED REFERENCE CIRCUITS

APPLICATION INFORMATION

2.5-V REFERENCE WITH MINIMUM

2.5-V REFERENCE TEMPERATURE COEFFICIENT WIDE INPUT RANGE REFERENCE
5V 5V V|=35-40V
2.5 kQ 2.5k V+
25V LM334
V-
INas7¥ 80
LM236-2.5
Vo=25V
= LM236-2.5 1okot
LM336-2.5
INa57+ =
t Adjust to 2.49 V =
¥ Any silicon signal diode
TExas
INSTRUMENTS

2-20

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



LM237, LM337
3-TERMINAL ADJUSTABLE REGULATORS

D2640, NOVEMBER 1981-REVISED NOVEMBER 1991

¢ Output Voltage Range Adjustable From LM237, LM337 . . . KC PACKAGE

12Vto-37V (TOP VIEW)
¢ | Capability of 1.5 A Max ——— OUTPUT
o Capability |§ ——— INPUT
* Input Regulation Typically 0.01% Per —— ADJUSTMENT
Input-Voltage Change The input terminal is in electrical
. R contact with the mounting base.
¢ Output Regulation Typically 0.3%
P g ypically 8.3% TO-220AB

® Peak Output Current Constant Over
Temperature Range of Regulator

¢ Ripple Rejection Typically 77 dB

¢ Direct Replacement for National
Semiconductor LM237, LM337

description

The LM237 and LM337 are adjustable 3-terminal negative-voltage regulators capable of supplying in excess
of —1.5 A over an output voltage range of —1.2 V to —37 V. They are exceptionally easy to use, requiring only
two external resistors to set the output voltage and one output capacitor for frequency compensation. The
current design has been optimized for excellent regulation and low thermal transients. In addition, the LM237
and LM337 feature internal current limiting, thermal shutdown, and safe-area compensation, making them
virtually immune to blowout by overloads.

The LM237 and LM337 serve a wide variety of applications including local on-card regulation, programmable
output voltage regulation, or precision current regulation.

schematic diagram

ADJUSTMENT

_j_l ‘ OUTPUT

L] i)

INPUT

PRODUCTION DATA information is current as of pubfication date. Copyright © 1991, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas i
Instruments standard warranty. Production processing does not / I X

necessarily include testing of afl parameters, EXAS
INSTRUMENTS
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LM237, LM337
3-TERMINAL ADJUSTABLE REGULATORS

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

Input-to-output differential voltage, Vi =V .....oooviii i —-40V
Continuous total dissipation at (or below) 25°C free-air temperature (seeNote 1) .................. 2w
Continuous total dissipation at (or below) 90°C case temperature (see Note 1) ................... 15W
Operating free-air, case, or virtual junction temperature range: LM237 ................. —25°C to 150°C

' LM337 ettt 0°C to 125°C
Storage temperature range  ..........ioiitttii i i e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ................ccviiiieina... 260°C

NOTE 1: Foroperation above 25°C operating free-air or 90°C case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum

Maximum Continuous Dissipation - mW

virtual junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and
thermalresistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation.

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
2000 16
1800 s 1 \
1600 ‘l: \\
s t2
1400 g \
2 10
1200 g \
(]
1000 3 8
3
oo : \
600 £ \\\
2 4
400 |- KC (TO-220AB) package E .
Derating factor = 16 mW/°C é De; at'“%:aé:m’ =025 W/°C
200 R ~62.5°C/W 2|~ above 90°
BJA | ReJc-r"C/W | |
0
25 50 75 100 125 150 %s 50 75 100 125 150
TA — Free-Air Temperature - °C Tc —~ Case Temperature - °C
Figure 1 Figure 2
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LM237, LM337
3-TERMINAL ADJUSTABLE REGULATORS

recommended operating conditions

LM237 LM337
NIT
MIN MAX MIN MAX v

Vi-Vol =40V, 10 1500 10 1500

Output current, | P=1SW mA
10

M -Vol <10V, 6 1500 6 1500

P<15W
Operating virtual junction temperature, Ty -25 150 0 125 °C

electrical characteristics over recommended ranges

(unless otherwise noted)

of operating virtual junction temperature

A R + LM237 LM337
PARAMET! TEST CONDITIONS MIN TP MAX MIN P MAX UNIT
Ty=25°C 0.01 0.02 0.01 0.04
Input regulation® V|-Vg=-3Vto-40V %N
putres 1=Yo T, = MIN to MAX 002 005 002 007]
Vo=-10V, f=120 Hz 60 60
Ripple rejection Vo=-10V, f=120Hz 66 77 66 77 dB
CaADJ = 10 uF
Io=10mAto 1.5A, Vol <5V 25 50| mv
. Ty=25°C IVolz5V 03% 0.5% 0.3% 1%
Output regulation NVol=5V 50 7001 mv
lo=10mAto15A Nol=5V 1% 15%
Output voltage change | 1 _ yyn 15 max 0.6% 0.6%
with temperature
Output voltage long-term _ RV o o o
drift (see Note 2) After 1000 h at Ty = MAX and V|-Vg =-40V 0.3% 1% 0.3% 1%
Output noise voltage f=10 Hz to 10 kHz, TJ=25°C 0.003% 0.003%
Minimum output current | |[V)-Vp| <40V 25 5 25 10
to maintain regulation | [V{—Vo| = 10V 12 3 15 5| ™
Peak output current Vi-Vol <15V 15 2.2 15 22 A
Vi-Vol =40V, Ty=25°C 0.24 0.4 0.15 0.4
Adjustment-terminal 65 100 65 100 uA
current
Change in adjustment- Vi-Vp=-25Vto-40V, Ty=25°C, 2 5 2 5 uA
terminal current lo = 10 mA to MAX
Reference voltage Vi-Vo=-3VIo—40V, | ¢ _,5c -1.225 —1.250 -1.275[-1.213 -1.25 —1.287
(output to ADJ) lo=10mAt0 1.5A, v
P < rated dissipation Ty = MIN to MAX -12 125 13| -12 -125 -13
Thermal regulation Initial Ty = 256°C, 10-ms pulse 0.002  0.02 0.003 0.04| %W

T Unless otherwise noted, these specifications apply for the following test conditions |V — V| =5 V and Ig = 0.5 A. For conditions shown as MIN
or MAX, use the appropriate value specified under recommended operating conditions. All characteristics are measured with a 0.1-uF capacitor
across the input and a 1-uF capacitor across the output. Pulse-testing techniques are used to maintain the junction temperature as close to the
ambient temperature as possible. Thermal effects must be taken into account separately.

¥ Input regulation is expressed here as the percentage change in output voltage per 1-V change at the input.

NOTE 2: Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a warranty.

It is an engineering estimate of the average drift to be expected from lot to lot.
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LM237, LM337 ‘
3-TERMINAL ADJUSTABLE REGULATORS

APPLICATION INFORMATION

LM237
or
LM337
Vi ———@—INPUT  OUTPUT Vo
' ADJUSTMENT
| R1
|
|
c1 > )
| + +
| R2
|
4 L L

R1 is typically 120 Q.
R2 = R1 (___1\./50.5. - ) where V( is the output in volts.

C1is a 1-pF solid tantalum capacitor required only if the regulator is more than 10 cm (4 in.) from the power supply filter capacitor.
C2is a 1-uF solid tantalum or 10-pF aluminum electrolytic capacitor required for stability.

Figure 3. Adjustable Negative-Voltage Regulator

LM237
or
LM337

Rg
V| — ] INPUT  OUTPUT Vo

ADJUSTMENT

125V

S= iumiT
Figure 4. Current-Limiting Circuit
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LM2930-5, LM2930-8
3-TERMINAL POSITIVE REGULATORS

D2733, APRIL 1983-REVISED AUGUST 1991

Input-Output Differential Less Than 0.6 V
Output Current of 150 mA

Reverse Battery Protection

Line Transient Protection

40-V Load-Dump Protection

Internal Short Circuit Current Limiting
Internal Thermal Overload Protection
Mirror-Image Insertion Protection

Direct Replacement for National LM2930
Series

description

The LM2930-5 and LM2930-8 are 3-terminal
positive regulators that provide fixed 5-V and 8-V
regulated outputs. Each features the ability to
source 150 mA of output current with an
input-output differential of 0.6 V or less. Familiar
regulator features such as current limit and
thermal overload protection are also provided.

The LM2930 series has low voltage dropout,
making it useful for certain battery applications.
For example, the low voltage dropout feature
allows alonger battery discharge before the output
falls out of regulation; the battery supplying the
regulator input voltage may discharge to 5.6 Vand
still properly regulate the system and load voltage.
Supporting this feature, the LM2930 series
protects both itself and the regulated system from
reverse battery installation or 2-battery jumps.

KC PACKAGE
(TOP VIEW)

[ ——— ouTPUT
O ——— common

_— INPUT

The common terminal is in electrical
contact with the mounting base.

TO-220AB

LP
SILECT PACKAGE
(TOP VIEW)

INPUT
COMMON
OUTPUT

TO-226AA [e]e]]

Other protection features include line transient protection for load dump of up to 40 V. In this case, the regulator
shuts down to avoid damaging internal and external circuits. The LM2930 series regulator cannot be harmed

by temporary mirror-image insertion.

PRODUCTION DATA information is current as of publlelllon date.

roducts conform to specifications per the terms of Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 1991, Texas Instruments Incorporated
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LM2930-5, LM2930-8 ,
3-TERMINAL POSITIVE REGULATORS

schematic diagram

INPUT
1k ‘ 1k 1022k 35000
: 40 ¥
360 Q b—v— OUTPUT
" o
: N i
- J/i
y
" . —
52kq | 3ke
b forgv 3 for
| 5V
»—[: 150 Q
540 Q
3 1.3kQ 620 Q
6.8kQ 4.4kQ51.8kQ 109 100 1kQ
COMMON .

All component values are nominal.

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

ContinUOUS INPUL VORAGE . .. .ottt et et i i it 26V
Transientinput voltage: t =1 8 ... .ottt i e 40V
ContinUOUS reverse INPUEVORAGE ... vttt ittt ettt i rnie e ereannnnaness ... =6V
Transient reverse inputvoltage: t =100 MS ... ... ittt ittt ittt —-12V
Continuous total dissipation (seeNote 1) ................. ... ... See Dissipation Rating Tables 1 and 2
Operating free-air, case, or virtual junctiontemperature ............. ..., —40°C to 150°C
Storagetemperature range ... ..ottt e e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) fromcasefor10seconds .............ccovvviiiiiiinnennnn 260°C

NOTE 1: Toavoid exceeding the design maximum virtual junction temperature, these ratings should not be exceeded. Due to variation in individual

device electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated at power levels slightly
above or below the rated dissipation.

2-26
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LM2930-5, LM2930-8
3-TERMINAL POSITIVE REGULATORS

DISSIPATION RATING TABLE 1 ~ FREE-AIR TEMPERATURE

PACKAGE Ta =25°C DERATING DERATE Tp =70°C
POWER RATING FACTOR ABOVE Tp POWER RATING
KC 2000 mW 16 mW/°C 25°C 1280 mW
LP 775 mW 6.2 mW/°C 25°C 496 mW
DISSIPATION RATING TABLE 2 - CASE TEMPERATURE
PACKAGE Ta <25°C DERATING DERATE Tc =125°C
POWER RATING FACTOR ABOVE T¢ POWER RATING
KC 20W 0.25 W/°C 70°C 6.25 W
LP 1600 mW 28.6 MW/°C 94°C 715 mW
recommended operating conditions
MIN MAX | UNIT
lo Output current 150 mA
Ty Operating virtual junction temperature —40 125 °C

LM2930-5 electrical characteristics at 25°C virtual junction temperature, V| = 14 V, Ig = 150 mA

(unless otherwise noted)

PARAMETER TEST CONDITIONSt MIN  TYP MAX| UNIT
Vi=6Vto26V, lp =5 mAto 150 mA,
Output voltage Ty = —40°C 0 125°C 45 5 55 \
Input regulation lo=5mA Vi=9Vto16V 7 25 mV
Vi=6Vto26V 30 80
Ripple rejection f=120Hz 56 dB
Output regulation lo=5mAto 150 mA 14 50 mV
Output voltage long-term drift¥ After 1000 hours at Ty = 125°C 20 mV
Dropout voltage lop=150mA 0.32 0.6 \
Output noise voltage f=10 Hzto 100 kHz ' 60 uv
Output voltage during line transients Vi=-12Vto40V, RL=100Q -03 5.5 \'
Output impedance lo =100 mA, Ig = 10 mA (rms), 100 Hz to 10 kHz 200 mQ
) lo=10mA 4 7
Bias current 10 = 150 mA 18 20 mA
Peak output current 150 300 700 mA

1t Pulse-testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must
betakeninto account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-pF capacitor across the output.
¥ Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is intended to be an engineering estimate
of the average drift to be expected from lot to lot.

j
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LM2930-5, LM2930-8

3-TERMINAL POSITIVE REGULATORS

LM2930-8 electrical characteristics at 25°C virtual junction temperature, V| = 14 V, Ig = 150 mA

(unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYP MAX| UNIT
Vi=6Vio26V, lo =5 mAto 150 mA,
Output voltage Ty =—40°C to 125°C 7.2 8 8.8 \
Input regulation lo=5mA Vi=94Vio 16V 12 S0 1\
V|=9.4Vto26V 50 100
Ripple rejection f=120 Hz 52 dB
Output regulation lo =5mAto 150 mA 25 50 mV
Output voltage long-term drift¥ After 1000 h at Ty = 125°C 30 mV
Dropout voltage lo =150 mA 0.32 0.6 \Y
Output noise voltage f=10 Hzto 100 kHz 90 uv
Output voltage during line transients Vi=-12Vto 40V, R =100Q -0.3 8.8 v
Output impedance lo =100 mA, Ig = 10 mA (rms), f= 100 Hzto 10 kHz 300 mQ
. |O =10mA 4 7
Bias current 0= 150 mA 78 20 mA
Peak output current 150 300 700 mA

t Pulse-testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must
betakeninto accountseparately. All characteristics are measured with a 0.1-pF capacitor across the input and a 10-uF capacitor across the output.
*Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is intended to be an engineering estimate
of the average drift to be expected from lot to lot.

TYPICAL CHARACTERISTICS
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