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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to 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.

TI 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 Tl| 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 that any license,
either express or implied, 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.

Information contained in this data book supersedes all data for this
technology published by Tl in the United States of America before
January 1989.

Copyright © 1989, Texas Instruments Incorporated



INTRODUCTION

Texas Instruments offers an extensive line of industry-standard integrated circuits designed to provide highly-
reliable power supply controllers and regulators, voltage references, and voltage converters for system operations.

Tl voltage regulators and supervisory circuits represent processes from standard bipolar through BIDFETT and
Schottky technologies.

This data book (Volume 3 of 3) provides information on the following types of products:

Supervisory circuits

Switched-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)

These products provide critical functions for power conversion in analog and digital systems that:

e 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 independent of digital
ground

* Need low-voltage (battery) regulation.

New surface-mount packages (8 to 20 leads) include plastic chip carriers and the small-outline (D) plastic packages
that optimize board density with minimum impact on power-dissipation capability. Test equipment with handlers
and automated assembly bonders strengthens the production capabilities to provide a lower cost-to-performance
ratio. Tl continues to enhance quality and reliability of integrated circuits by improving materials, processes,
test methods, and test equipment. In addition, specifications and programs are continuously updated. Quality
and performance are monitored throughout all phases of manufacturing.

The alphanumeric listing in this data book includes all devices in Volumes 1, 2, and 3. Products in this data
book are shown in bold type. The alphanumeric index provides a method of quickly locating the correct device
type. The selection guide includes a functional description of each device providing key parameter information
and packaging types. Ordering information and mechanical data are in the last section of the data book.

While this volume offers design and specification data only for voltage regulators and supervisory circuit
components, complete technical data for any Tl semiconductor product is available from your nearest Tl Field
Sales Office, local authorized TI distributor, or by writing directly to:

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

Dallas, Texas 75380-9066

We sincerely feel that the new 1989 Voltage Regulators and Supervisors data book will be a significant addition
to your library of technical literature from Texas Instruments.

TBIDFET-Bipolar, double-diffused, N-channel and P-channel MOS transistors on the same chip — Patented Process
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ALPHANUMERIC INDEX

MF10A . ............ VoL 2
MF10C ............. VOL 2
NES55 ............. VOL 1
NES56 ............. VOL 1
NES92 ............. VOL 1
NES532 ............ VOL 1
NEB534 ............ VOL 1
OPO7 .............. VOL 1
OPO7C . ............ VOL 1
OPO7D ............. VOL 1
OPO7E ............. VOL 1
OP27A ... .......... VOL 1
OP27C ............. VOL 1
OP27E ............. VOL 1
OP27G ............. VOL 1
OP37A ............. VOL 1
OP37C ............. VOL 1
OP37E ............. VOL 1
OP37G ............. VOL 1
RC4136 ............ VOL 1
RC4558 ............ VOL 1
RC4559 ............ VOL 1
RM4136 ............ VOL 1
RM4558 . ........... VOL 1
RV4136 ............ VOL 1
RV4558 ............ VOL 1
SAB55 . ... ... VOL 1
SA556 ............. VOL 1
SE555 ............. VOL 1
SE555C ............ VOL 1
SE556 . ............ VOL 1
SE556C . ........... VOL 1
SE592 . ............ VOL 1
SE5534 ............ VOL 1
S§G2524 ............ 2-89

SG3524 ............ 2-89

SN28827 . .......... VOL 1
SN28828 . .......... VOL 1
SN76494/A ... ....... VOL 1
SN76496/A .. ........ VOL 1
TLO1OI ... oo VOL 1
TLO1OC ............ VOL 1
TLOW .o VOL 1
TLO12. ... VOL 1
TLOT4A .. ... ... VOL 1
TLO21 . ... VOL 1
TLO22M . ... VOL 1
TLO22C ............ VOL 1
TLO26C ............ VOL 1
TLO27C . ........... VOL 1
TLO31.............. VOL 1
TO32.............. VOL 1
TLO34 . ............. VOL 1
TLO40C ............ VOL 1
TLO41C ............ VOL 1
TLO44M . ... ... VOL 1
TLO44C ............ VOL 1
TLOST ... ..o VOL 1

LM339 ............. VOL 1
LM348 ............. VOL 1
LM358 ............. VOL 1
LM385-25 .......... 2-3
LM393 ............. VOL 1
LM2900 ............ VOL 1
LM2901 . ........... VOL 1
LM2902 ............ VOL 1
LM2903 ............ VOL 1
LM2904 . ........... VOL 1
LM2907 ............ VOL 1
LM2917 . ........... VOL 1
LM2930-5 .......... 2-29
LM2930-8 .......... 2-29
LM2931-5AQ ........ 2-37
LM3302 ............ VOL 1
LM3900 ............ VOL 1
LP111 .. . VOL 1
LP211 ... ... ... ..., VOL 1
LP239 ............. VOL 1
LP311 ... VOL 1
LP339 ............. VOL 1
LP2901 . ........... VOL 1
LT1001 . ............ VOL 1
LT1004 ............ 2-39
LT1007 ... .......... VOL 1
LT1008 . ............ VOL 1
LT1009 ............ 2-51
LT1011 . ... ... ..... VOL 1
LT1012.. . ... ... ..... VOL 1
LT1013............. VOL 1
LT1016 . ............ VOL 1
LT1028 . .. .......... VOL 1
LT1036M ....... cees 33
LT1036C ........... 33
LT1037 . ... ... ... VOL 1
LT1054 ............ 3-5
LT1070 ........ .. 39
LT1084 ............ 3-11
LTC1044 ........... 2-59
LTC1052 ........... VOL 1
LTC7652 ........... VOL 1
MC1445 . .. ......... VOL 1
MC1458 . ........... VOL 1
MC1558 . ........... VOL 1
MC3303 ............ VOL 1
MC3403 ............ VOL 1
MC3423 ........... 2-75
MC3470 ............ VOL 1
MC34060........... 2-81
MC79L05........... 2-77
MC79L05A ......... 2-77
MC79L12........... 2-77
MC79L12A ......... 2-77
MC79L15........... 2.77
MC79L15A ......... 2-77
MF4A-50 ........... VOL 2
MF4A-100 . .. ........ VOL 2
i
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ALPHANUMERIC INDEX

TLO52 ............. VOL 1 TL499A ..... ve.. 3-13 TL7712A ...... . .. 2-191
TLO54 ............. VOL 1 TLS0O ............. VOL 2 TL7715A ........... 2-191
TLO6O ............. VOL 1 TLSOt ... VOL 2 TL7770-5 . ......... . 2-199
TLOBT ... ........... VOL 1 TLS02 ... .. VOL 2 TL7770-12 .......... 2-199
TLO62 . ............ VOL 1 TLS03 ............. VOL 2 TL7770-15 ........ .. 2-199
TLO64 ............. VOL 1 TLSOS ............. VOL 2 TL7780-5 ........... 2-205
TLOG6M . ........... VOL 1 TL507 ............. VOL 2 TL7780-12 .......... 2-205
TLOB6L . .. ... VOL 1 TL514M ... ... ... .. VOL 1 TL7780-15 .......... 2-205
TLOB6C ............ VOL 1 TL592 . ... .. ..., VOL 1 TLCO4 ............. VOL 2
TLO70 . oo ool VOL 1 TL592B . ........... VOL 1 TLCO820A .. ......... VOL 2
TLO71 ... .. VOL 1 TL594!1.......... . 2-143 TLCO820B .. ......... VOL 2
TLO72 ............. VOL 1 TL594C ............ 2-143 TLCIO ... VOL 2
TLO74 ............. VOL 1 TL595C ........... . 2-143 TLC14 . ... ... ... VOL 2
TLO75 ............. VOL 1 TL598 .. feaaeas .. 2-153 TLC20 ............. VOL 2
TLOBO ............. VOL 1 TLEO1 ............. VOL 2 TLC251C . ....... ... VOL 1
TLO8T .......... ... VOL 1 TL604 ............. VOL 2 TLC252C ........... VOL 1
TLO82 ............. VOL 1 TW607 ............. VOL 2 TLC254C ........... VOL 1
TLO83 ............. VOL 1 TL610 .......... ... VOL 2 TLC25L2C .. ......... VOL 1
TLO84 ............. VOL 1 TL712 ..o VOL 1 TLC25L4C . . ......... VOL 1
TLO8S ............. VOL 1 TL714C ... ... .. ..., VOL 1 TLC25M2C . ......... VOL 1
TLO87 ............. VOL 1 TL721 ... . VOL 1 TLC25M4C . ......... VOL 1
TLO8B8 ............. VOL 1 TL750L05 .......... 2-159 TLC271 ... .. ... VOL 1
TLOBOS ............ VOL 2 TL750L08 .......... 2-159 TLC272 ... ... ... VOL 1
TLOBO9 ............ VOL 2 TL750L10 .......... 2-159 TLC274 . ... ..., ... VOL 1
TL136C ............ VOL 1 TL750L12 .......... 2-159 TLC277 . ... .. ... VOL 1
TL170C . ........... VOL 1 TL750MO05 .......... 2-163 TLC279 . ........... VOL 1
TL172C . ...... .. ... VOL 1 TL750M08 .......... 2-163 TLC27L2 . . ... ... VOL 1
TLA73L ... o VOL 1 TL750M10 .......... 2-163 TLC27L4 . ... ... ... VOL 1
TLI73C . ........... VOL 1 TL750M12 .......... 2-163 TLC27L7 . ... ... ... VOL 1
TL182 ... ... VOL 2 TL751L05 .......... 2-159 TLC27L9 . ........... VOL 1
TLI8S ... ... ... VOL 2 TL751L08 .......... 2-159 TLC27TM2 .. ... ... ... VOL 1
TLi88 ............. VOL 2 TL751L10 .......... 2-159 TLC27M4 ... ........ VOL 1
TL191 ... VOL 2 TL751L12 .......... 2-159 TLC27TM7 . ... ..., ... VOL 1
TL287 .. .. VOL 1 TL751MO05 .......... 2-163 TLC27TM9 . ... ... ... VOL 1
TL288 ... .......... VOL 1 TL751MO08 .......... 2-163 TLC339M ........... VOL 1
TL317M.......... . 2-101 TL751M10 .......... 2-163 TLC339l ............ VOL 1
TL317C .. .. ci e i et 2-101 TL751M12 . ......... 2-163 TLC339C ........... VOL 1
T2 ... VOL 1 TL780-05........... 2-169 TLC352M ........... VOL 1
TL321C . ........... VOL 1 TL780-12 .......... . 2-169 TLC3521 . ... . VOL 1
TL3221 .. ... VOL 1 TL780-15 ........... 2-169 TLC352C ........... VOL 1
TL322C ............ VOL 1 TL783C ............ 2173 TLC354M . .......... VOL 1
TL331 ... VOL 1 TL851 .. ... ... VOL 1 TLC3541 ............ VOL 1
TL33IC ... ... ... VOL 1 TL852 ............. VOL 1 TLC354C ........... VOL 1
TL430l ............ 2-107 TL853 ............. VOL 1 TLC372M .. ......... VOL 1
TL430C ............ 2-107 TL1451AC ......... . 2185 TLC3721 ... ... ... VOL 1
TL431Al ........... 2-111 TL3013C ........... VOL 1 TLC372C ........... VOL 1
TLA31AC ........... 2-111 TL3019C ........... VOL 1 TLC374M . .......... VOL 1
TLA31M...... peenee 2-111 TL3020C ........... VOL 1 TLC374] . ........... VOL 1
TLA31 ......... cee 2111 TL3101 ... ... . VOL 1 TLC374C ........... VOL 1
TLA31C ............ 2-111 TL3101C ........... VOL 1 TLC393M ........... VOL 1
TL441AM .. ... ...... VOL 1 TL31031 ............ VOL 1 TLC393I ............ VOL 1
TL493 ............. 2-123 TL3103C ........... VOL 1 TLC393C ........... VOL 1
TL494 ....... ceee.. 2-123 TLSS01 . . ... oL VOL 2 TLCS32A ........... VOL 2
TL495 ........ ... 2-123 TL5601 . ............ VOL 2 TLC533A ........... VOL 2
TL496C .......... .. 2131 TL5602 . ............ VOL 2 TLC540 . ........... VOL 2
TLAO7ZAM .......... 2-135 TL7702A ........... 2-191 TLCB41 . ........... VOL 2
TL497Al ........... 2-135 TL7705A ........... 2-191 TLCB42 . ........... VOL 2
TL497AC ........... 2-135 TL7709A ..... feeaae 2-191 TLCB543 ............ VOL 2
i
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ALPHANUMERIC INDEX

TLC544 . ........... VOL 2 UA748C . ........... VOL 1 uA79M24C.......... 2-253
TLC545 .. .......... VOL 2 uA2240C ........... VOL 1 UC1846 ............ 2-263
TLC546 ............ VOL 2 uA7805 ...... e e. 22221 uc1847 ......... ... 2-263
TLC548 . ........... VOL 2 uA7806 ..... crenees 2-221 Uuc2g842 ......... cee 321
TLC549 . ........... VOL 2 uA7808 ............ 2-221 Uuc2843 ............ 3-21
TLC551C ........... VOL 1 uA7810 ............ 2-221 uc2s44 ..... craeees 321
TLC552C . .......... VOL 1 uA7812 ............ 2-221 uUcas4s ......... ce. 321
TLCS55M . .......... VOL 1 UA7815 ... .....0vu 2-221 UC2846 .......... .. 2-263
TLC555! . ... ... ... VOL 1 uA7818 ............ 2-221 Uuc2847 ............ 2-263
TLCS55C . .......... VOL 1 uA7824 ............ 2-221 Ucsga2 ............ 3-21
TLC556M . .......... VOL 1 uA7885 ......... v 2-221 UCc3s43 ............ 3-21
TLCS561 .. ... .. ... VOL 1 uA78L02AC ......... 2229 UC3844 ............ 3-21
TLC556C . .......... VOL 1 uA78L02C ..... cees 2229 UC3845 ............ 3-21
TLC1078 ........... VOL 1 uA78LO5AC ......... 2-229 UC3846 ..... veress. 2-263
TLC1079 . .......... VOL 1 uA78L05C ...... ce.. 2-229 Uc3sa7 .......... .. 2-263
TLC1225A .. ........ VOL 2 uA78LO06AC ...... ce. 2-229

TLC1225B .......... VOL 2 uA78L06C ....... ce. 2-229

TLC1540 ........... VOL 2 uA78L08AC ......... 2-229

TLC1541 . ... ....... VOL 2 uA78L08C ..... ceee. 2:229

TLC2201 . .......... VOL 1 uA78L09AC ...... ... 2-229

TLC2652 . .......... VOL 1 uA78L09C .......... 2-229

TLC2654 . .......... VOL 1 uA78L10AC ......... 2229

TLC3702M .. ........ VOL 1 uA78L10C .......... 2-229

TLC3702! . .......... VOL 1 uA78L12AC ......... 2-229

TLC3702C .......... VOL 1 uA78L12C .......... 2-229

TLC3704M .. ........ VOL 1 uA78L15AC ...... c.. 2-229

TLC37041 . .......... VOL 1 uA78L15C .......... 2-229

TLC3704C .......... VOL 1 uA78MO5M ......... 2-237

TLC4016 . .......... VOL 2 uA78M05C ......... 2-237

TLC4066 . .......... VOL 2 uA78M06........... 2-237

TLC5502 ........... VOL 2 uA78M08........... 2-237

TLC5602 . .......... VOL 2 uA78M09........... 2237

TLC7135 . .......... VOL 2 uA78M10........... 2-237

TLC7524 . .......... VOL 2 uA78M12M ......... 2-237

TLC7528 ........... VOL 2 uA78M12C ......... 2-237

TLC7533 ........... VOL 2 uA78M15M ...... ... 2-237

TLC77011 .......... 3-15 uA78M15C ......... 2-237

TLC77051 .......... 3-15 uA78M20........... 2-237

TLC77211 .......... 3-15 uA78M24........ ... 2-237

TLC77251 ....... von 315 uA7905 ..... e ee.. 2:247

TLC32040 .......... VOL 2 uA7996 ............ 2-247

TLC32041 .......... VOL 2 uA7908 ............ 2-247

TLC32042 .......... VOL 2 UA7912 . ........... 2-247

TLC32044 .......... VOL 2 uA7915 ......... ... 2-247

TLC32045 .......... VOL 2 uA7918 .......... .. 2-247

TLE2021 ........... VOL 1 uA7924 ............ 2-247

TLE2022 ........... VOL 1 uA7952 ......... ... 2-247

TLE2024 ........... VOL 1 uA79MO5M ......... 2-253

UA709M .. ... VOL 1 uA79M05C ..... V... 2-253

UA709C ............ VOL 1 UA79MO6M ......... 2-253

WwA723M . .......... 2211 uA79M06C ......... 2-253

uA723C........ ee. 2-211 uA79MO8M ......... 2-253

UA733M . . .......... VOL 1 uA79M08C ...... ... 2-253

UA733C ............ VOL 1 uA79MO12M ..... ... 2-253

UA741M . ... .. ... VOL 1 uA79M012C ........ 2-253

UA741C .. .......... VOL 1 UuA79MO15M ...... .. 2-253

UA747M . .. ... ... VOL 1 uA79M015C ....... . 2-253

UA747C ... ......... VOL 1 uA79M20C ...... ... 2-253

%
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VOLTAGE REGULATORS AND SUPERVISORS
SELECTION GUIDE

power supply supervisors (Values specified for TA = 25°C)
SENSE EN
INP:T IsNP:'IE' THRESHOLD PAGE 1
FUNCTION TOLERANCE OUTPUT TYPE PACKAGE
UNCTIO SUPPLY THRESHOLD %) NO.
1vsu [ 2vsu (V TYP) g
Overvoltage . - 26 5 Open-Emitter | MC3423 D.JG,P | 275 -]
Monitor ©
. - 2.53 TL7702A E
Undervoltage 5V - 4.55 TL7705A ‘5
Mon‘tror 9 9V — 7.6 1 Open-Collector TL7709A D, P 2-191 ("4
' 12V - 10.8 TL7712A £
15 V - 13.5 TL7715A —
Open-Drain TLC7701 ©
. - 1.2 1
SnMd(ZS oltage PushPull nie7z21 D.JG, P | 3-15 e
oTvonag Open-Drain TLC7705 e s
Monitor 5V - 4.55 1 V]
Push-Pull TLC7725 (U]
CMOS 5V » 4.55 TL7780-5
Undervoltage 12V * 10.9 1 Open-Collector | TL7780-12 D, N 2-205
Monitor 15 V » 13.64 TL7780-15
Dual 5V . 4.55 TL7770-5
Undervoltage 12v * 10.9 1 Open-Collector | TL7770-12 DW, N 2-199
/Overvoltage* 15 V * 13.64 TL7770-15
*Programmable
switched-capacitor voltage converters (Values specified for TA = 25°C)
PPLY TYPICAL
CONTROL | OUTPUT Vs(‘;‘:.TAGE QUIESCENT |  MAXIMUM | MAXIMUM | o\\ersion PAGE
CURRENT | CONTINUOUS | FREQUENCY TYPE | PACKAGE
TOPOLOGY | SWITCH | RANGE EFFICIENCY NO.
(NO LOAD) 10uT (kHz)
V) (%)
Voltage ! 1.5—9 200 pA 50 mA 10 95 LTC1044 2-59
Single JG, L, P
Mode 3.5—15 150 pA 300 mA 35 90 LT1054 35
shunt voltage regulators/references (Values specified for TA = 25°C)
REGULATOR | MINIMUM SHUNT | MAXIM TEMPE E
S UM | roLeraNcE | TEMPERATUR PAGE
VOLTAGE CURRENT TO SHUNT %) COEFFICIENT | DEVICE PACKAGE NO
RANGE (V) | MAINTAIN REG | CURRENT (TYP) )
10 A 1 LT1004 D, LD, LP  [2-39
20 PPM/°C [ LM185-2.5 L
2.5 (Typ) 20 4A 20 mA 2 V38525 2-3
. D, LD, LP
400 pA 0.2 15 PPM/°C | LT1009 2-51
2.5 to 30 500 pA (Typ) 4 120 PPM/°C | TL430 LP 2-107
2.5 to 36 270 pA (Typ) 180 mA 2 30 PPM/OC o) DG LD LA P 111
e #ATTyP 1 TL431A D, LP, P

TeExas {? 1-7
INSTRUMENTS
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VOLTAGE REGULATORS AND SUPERVISORS

SELECTION GUIDE

adjustable series-pass voltage regulators

(Values specified over operating temperature range)

OUTPUT MAXIMUM
OUTPUT OUTPUT TOLERANCE PAGE
. V|— DEV!
VOLTAGE CURRENT VOLTAGE (%) Vi-Vo! ICE | PACKAGE NO.
RANGE (V) DIFFERENCE
100 mA 1.2 to 32 '5 35V TL317 D, JG, LP | 2-101
. 750 mA 1.25 to 125 5 125 V TL783 2-173
Postive Output Mz17
15 A 1.2 to 37 5 40 v 2-
© LM317 KC 9
LM237
N i . -1. - -40V -
egative Output 1.5 A 1.2to -37 4 0 LM337 2-17
Positive or Negative
150 mA 2 to 37 5 38V uA723 | D, J,N, U | 2-211
Output
Positive Output 5A 3to 28 2 30V LT1084 KA, KK 3-11

Exas WP
INSTRUMENTS
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VOLTAGE REGULATORS AND SUPERVISORS
SELECTION GUIDE

switching power supply controllers and regulators (Values specified for TA = 25°C)

—Y

General Information

PAGE NO.
MC34060 2-81
TL493 DN
TL492 |D,J N| 2123
ulse-vwi — —
M del ted X 300 1)1 S62624 | | N | 289
C:ntu aIle S SG3524 i
roiler:  —
1. ; X [ X[ X[ =|2]|=]=]TL59a o | 2143
XX [X[X|=]2]=]=]TL595
X| — | X| 250]3800] 11— || X |[X|X]|=]2]-|—]Tis98 |D,J, N| 2153
X | — |Dual | — 21 |500| 4] — |—]| = |[X|X]|=|=|X]|—]|TL1451A| D,N | 2185
“[uczeaz
— | ucasas 2t
— | ucas42
— | ucasas
S - | -1- - D, P
X x | £1000 | 800 | 1 |x X 1 | X S5t cseas
x | uc2eas
2-21
g“l":':;vr“:‘de x | ucasaa
M"'Z't'd x | ucasas
c°t" a"e UC1846 J
ontrollers UC1B47
UC2846
=[x | =[x [#1000 500 | 1|x ||~ |- x|=|1[x|=] ear 2-263
FN, N
uC38a6
ucas47
X|—] x |—] s000| a0] 2] X =] = |=|=]=11|X]|=]LTi070 |KJ, KV]| 39
] ] 0= |<1 < 1<|<1=171]1=]=]TLa06 D,P | 2131
f/'xletd O"R'AT':'Q x| x [=] "0 OIS =T=T=T=1=T7 [= = T99a P 313
oltage Nlode 700] 50| 6| = |=]<]<11]|—=]-]|7TL497A |D,J, N| 2135

X Applicable data
— Non-applicable data

\ U
INSTRUMENTS 1-9
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VOLTAGE REGULATORS AND SUPERVISORS

SELECTION GUIDE

uonBWIOJU| [BIBUSK)

positive fixed output series-pass voltage regulators

(Values specified over operating temperature range)

OUTPUT MINIMUM
OUTPUT | OUTPUT
VOLTAGE | DIFFERENTIAL PAGE
VO'ZI:GE c:::;? TOLERANCE | VOLTAGE TYPE PACKAGE | 'no.
(£ %) V)
5 UA78LO2A
26 100 mA 10 2 uA78L02 D, JG, LP | 2229
5 UA7BLOSA
100 mA 5 0.6 IM2931-5A0] D, KC, LP | 237
10 2 uA78LO5 D, JG, LP | 2.229
5 LM330 KC 2-21
10 M2930-5 KC, LP 2-29
150 mA 06 TL750L05 | D,KC.LP.P |
5 5 TL751L05 D. P
500 mA 2 UA78MO5 JG, KC 2237
750 mA 1 0.6 TL750M05 2-163
TL751M05
oA 2 TL780-05 KC 2169
i uA7805 2-247
6 500 mA 5 UA78MO6 2-237
UA7BLOGA
100 mA 2 D, JG, LP | 222
6.2 m 10 UA78LO6 G 9
15A . UA7806 KC 2247
100 mA uA78LOBA D, JG, LP | 2-229
o UA78L08
[M2930-8 KC, LP 229
150 mA 0.6 TL750L08 | D, KC, LP, P | 2-169
8 5 TL751L08 D, P 2-159
500 mA 2 WA78MO8 2.237
TL750M08
750 mA 1 0.6 TR TNIOS ‘e 2-163
oA UA7808 2-221
8.5 5 UA7885 2-221
UA7BLO9A
0 100 mA 5 ) T D, JG, LP | 2229
500 mA . WA78MO09 KC 2.237
UA78L10A
100 mA 5 T D, JG, LP | 2229
10 TL750L10 | D, KC, LP, P | 2-159
180 mA 5 06 TL751L10 D, P 2159
500 mA 2 GA78M10 KC 2-237
Dual|— | 100 mA 4 2.2 LT1036 KJ, KV 33
12 3A 3

*i
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VOLTAGE REGULATORS AND SUPERVISORS
SELECTION GUIDE

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

T
VOLTAGE | CURRENT TYPE PACKAGE
W) | mating | TOLERANCE VOLTAGE NO. c
(+%) V) o
TL750M10 -
5 . -16 ©
10 750 mA ! 0.6 TL751M10 KC 2163 £
15A . UA7810 2-221 5
2 UA78L12A
00 mA D, JG, LP 2-229 =
100 m 10 UA78L12 46 c
TL750L12 | D, KC, LP, D | 2-159
150 mA 0.6 —
5 TL751L12 D, P 2-159 [
12 500 mA 2 UA78M12 JG, KC 2.237 o
TL750M12 c
750 mA 1 0.6 0 2.163 o
TL751M12 . o
2 TL780-12 2-169
15A
. UA7812 2-221
UA78L15A
D, JG, LP 229
100 mA 10 UA78L15 16 2
15 500 mA 5 UA78M15 JG, KC 2.237
2 2 TL780-15 2-169
1.5A UA7815 2-221
18 uA7818 . 2.247
20 500 mA 5 UA78M20 5237
2a UA78M24
15A uA7824 2.221

TEXAS s 11
INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



VOLTAGE REGULATORS AND SUPERVISORS
SELECTION GUIDE

negative fixed output series-pass voltage regulators

uoljewiojuj jeiduan

(Values specified over

operating temperature range)

OUTPUT MINIMU
OUTPUT | OUTPUT vo:.TT:GE DIFFEREN':'\:‘AL PAGE
VOLTAGE | CURRENT TYPE PACKAGE
W aaTiNG | TOLERANCE |  vOLTAGE NO.
(%) V)
5 MC79L05A
7 , LP A
] 100 mA B 1 CTor0s D, L 2.77
500 mA UA79MOB G, KC 2-253
UA7905
. 247
= 15A e KC 2-24
. 500 mA . 2 UA79MO6 G, KC 2253
15A UA7906 KC 2247
. 500 mA UA79MO8 G, KC 2-253
15A UA7908 KC 2247
MC79L12A
100 mA 1.7 D, LP 277
1 ™ 10 MC79L12
500 mA N UATOM12 G, KC 2-253
15A 5 UA7912 KC 2247
MC79L15A
1.7 D, LP 277
s 100 mA 10 MC79L15
500 mA UATOM15 JG, KC 2253
UA7915
. 247
18 154 s 5 uA7918 22
20 UA79M20 KC
22
) 500 mA GATOM24 53
T5A uA7924 2247

U

EXAS
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VOLTAGE REGULATORS
CROSS-REFERENCE GUIDE

Replacements are 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.

—

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

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

thereof. No liability is assumed for damages resulting from the use of the information contained herein. g
Manufacturers are arranged in alphabetical order. -
£
LINEAR pIRECT PAGE H
TECHNOLOGY REPLACEMENT NO. '-E
LM317 LM317 2-9 —
LM337 LM337 2-17 -
LM385-2.5 LM385-2.5 2-3 had
LT1004-2.5 LT1004-2.5 2-39 [}
LT1009 LT1009 2-51 c
LT1036 LT1036 3-3 D
LT1070 LT1070 3-9 (O]
SG3524 SG3524 2-89
uC3846 uC3846 2-263
uc3sa7 uc3s47 2-263
DIRECT
MOTOROLA Tl P:gE
REPLACEMENT :
LM217, LM317 LM217, LM317 2-9
LM237, LM337 LM237, LM337 2-17
MC1723 UA723 2-211
MC3423 MC3423 2-75
MC34060 MC34060 2-81
MC78L0O0 Series uA78LOO Series 2-229
MC78MOO Series uA78MOO Series 2-237
MC79L00 Series MC79L00 Series 2-77
TL431 TL431 2-111
TL431A TL431A 2-111
TL4A94 TL494 2-123
TLA9S TL495 2-123
TL780-5 TL780-5 2-169
TL780-12 TL780-12 2-169
TL780-15 TL780-15 2-169
’
.J 1-13
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VOLTAGE REGULATORS
CROSS-REFERENCE GUIDE

DIRECT SUGGESTED
NATIONAL m I P:g‘
1 REPLACEMENT REPLACEMENT :
LM217, LM317 LM217, LM317 2-9
LM237, LM337 LM237, LM337 2-17
() LM317L TL317 2-101
) LM330 LM330 2-21
] LM336-2.5 LT1009 2-51
o LM385-2.5 LM385-2.5 LT1004-2.5 2-39
= LM723 uA723 2-211
o LM2930-5 LM2930-5 2-29
— LM2930-8 LM2930-8 2-29
=2 LM2931-5 LM2931-5A 2-37
3‘ LM3524 $G3524 2-89
- LM7800 Series uA7800 Series 2-221
3 LM78LOO Series UA78LOO Series 2-229
Q LM78MOO Series uA78MOO Series 2-237
(= LM7900 Series uA7900 Series 2-247
(o] LM79L00 Series MC79L00 Series 2-77
- LM79MO0O Series uA79MOO Series 2-253
SILICON DiReCT PAGE
GENERAL REPLACEMENT NO.
SG3524 $G3524 2-89
SG3842/3/4/5 UC3842/3/4/5 3-21
DIRECT
SPRAGUE T o
REPLACEMENT :
ULN8194 TL594 2-143
ULN8195 TL595 2-143
DIRECT SUGGESTED
UNITRODE T Tl P ﬁgs
REPLACEMENT REPLACEMENT '
TL431 TL431 2-111
ucs17 LM317 2-9
uc3s7 LM337 2-17
uc4a94 TL494 2-123
UC494A TL594 2-143
ucags TL495 2-123
UC495A TL595 3-143
UC2842/3/4/5 UC2842/3/4/5 3-21
uC3842/3/4/5 uC3842/3/4/5 3-21
UC3846/UC2846 UC3846/UC2846 2-263
UC3847/UC2847 uC3847/UC2847 2-263
UC7800 Series uA7800 Series 2-221
UC7800A Series TL780-00 Series 2-169
UC7900 Series uA7900 Series 2-247
’
1-14 :
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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. g
Current-Limit Sense-Voltage ‘3
The voltage that is a function of the load current and is normally used for control of the current- ||m|t|ng E
circuitry. This is the current-sense voltage at which current limiting occurs. ‘o'
(*
Dropout Voltage c
The low input-to-output differential voltage at which the circuit ceases to regulate against further reductions <
in input voltage. ‘q-)
Feedback Sense Voltage 5
The voltage that is a function of the output voltage and is used for feedback control of the regulator. (9
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 constant
load and no input ripple.
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 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.
Texas W
EXAS 115
INSTRUMENTS
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GLOSSARY
VOLTAGE-REGULATOR TERMS AND DEFINITIONS

Ripple Sensitivity

‘I 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.

o NOTE: This is the reciprocal of ripple rejection.
@ Short-Circuit Output Current
3 The output current of the regulator with the output shorted to ground.
-
Q Standby Current
5 The input current drawn by the regulator with no output load and no reference voltage load.
-l
2 Temperature Coefficient of Output Volitage (ayQ)
3 The ratio of the change in output voltage, usually expressed as a percentage of output voltage, to the
2 change in temperature. This is the average value for the total temperature change.
o \
3 avo = Vo at T2 — Vp at T4 100%

VQ at 25°C _l T2 - T1

{/
1-16 l
NSTRUMENTS
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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. 1
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 (Vnz)

The rms noise voltage with the regulator biased for regulation and with no input ripple.

General Information

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 (Izpm)

The regulator current above which the differential resistance of the regulator significantly increases.
Regulator Voltage (Vz)

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 (“Vref)

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:

Vref at T2 — Vief at T1][ 106 ]
T

a =
Vref [ Vief at 25°C 2 - Tq

TEXAS + 117
INSTRUMENTS
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5
MICROPOWER VOLTAGE REFERENCES

D3189, JANUARY 1989

e Operating Current Range ... 20 pA to
20 mA

® 1.5% and 3% Initial Voltage Tolerance

Reference Impedance. ..
LM185...0.6 () Max at 25°C
LM385...1 Q Max at 25°C
All Devices . .. 1.5 Q Max Over Full

Temperature Range

Very Low Power Consumption

Applications:
Portable Meter References
Portable Test Instruments
Battery-Operated Systems
Current-Loop Instrumentation
Panel Meters

Designed to be Interchangeable with
National LM185-2.5, LM285-2.5, and
LM385-2.5

description

These micropower terminal bandgap voltage
references operate over a 20-MA 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 bandgap
reference has low noise and good long-term
stability.

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

CATHODE

D PACKAGE
(TOP VIEW)

nc [ U sJ caTHoDE
NC ]2 7[JNC
Nncds  e[INC

ANODE []4 s[INC

LD PACKAGE
(TOP VIEW)

ANODE

The anode is in electrical contact with the case.

symbol

LP PACKAGE
(TOP VIEW)

ANODE

CATHODE
NC

NC—No internal connection

ANODE ————Jp}————— CATHODE

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 1989, Texas Instruments Incorporated

Texas *.’?

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

AVAILABLE OPTIONS

PACKAGE
Vz A IN AL CAN
Ta TOLERANCE SMALL OUTLINE METAL CAl PLASTIC
(D) (LD) (LP)
0°C 3% LM385D-2.5 LM385LP-2.5
1
70G 1.5% LM385BD-2.5 LM385BLP-25
-40°C
to 1.5% LM285D-2.5 LM285LD-2.5 LM285LP-2.5
85°C
-55°C
2 to 1.5% LM185LD-2.5
125°C
U The D package is available taped and reeled. Add the suffix R to the device type (i.e.,
[ LLM385DR-2.5).
~
D schematic
»
-5 s & 4 \ 4 CATHODE
@
o®
-~ Q13
[/
7.5 kQ 600 kQ :E ‘
5 @12 p
Q7 <
Q4 200 k2
] $500 ko
20 pF
Qs 4
Qé
p
‘P
500 O 60 kQ < 500 kO
ANODE
Component values shown are nominal.
EXAS JU’
2-4 l
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5
MICROPOWER VOLTAGE REFERENCES

absolute maximum ratings over operating free-air temperature range

REVEISE CUMTENT . . . o e e e e e e 30 mA
Forward CUITeNt . . . . ..o 10 mA
Operating free-air temperature range: LM185-2.5 .. .. ... ... .. ... .. —55°C to 125°C
LM285-25 ... ... . . —40°C to 85°C
LM385-2.5, LM385B-2.5 . ................... 0°C to 70°C
Storage temperature range . . . . . ... ~65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or LP package ........... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: LD package .............. 300°C
electrical characteristics at specified free-air temperature 2
LM185-2.5,
LM385-2.5 LM385B-2.5
PARAMETER TEST CONDITIONS | Tl LM285-2.5 UNIT »
MIN TYP MAX|MIN TYP MAX|MIN TYP MAX ‘6
Vyz Reference voltage Iz = 20 pA to 20 mA 25°C  |2.462 25 2538|2425 25 2.575[2.462 25 2538 V Q
Average temperature £
ayz coefficient of reference |l = 20 uA to 20 mA 25°C +20 +20 +20 ppm/°C (7]
voltage ©
25°C 1 2 2 -
I, =20pAto 1 mA ©
AV Change in reference Full range 1.5 25 25 - o
z voltage with current l N N 25°C 10 20 20
2= 1mA20mA e 20 25 25
Long-term change in _ o
AVl e voltage Iz = 100 pA 25°C +20 +20 *20 pprmkhr
Iz(min) ﬂj':,'g‘“m reference Full range 8 20 8 20 8 20| pA
25°C 02 06 0.4 1 0.4 1
p2 Ret imped: Iz = 100 pA Q
z elerence impedance | 'z M Full range 15 5 5
Broadband noise Iz = 100 pA, .
Vn voltage f— 10 Hz t0 10 KHz 25°C 120 120 120 uv
1 Full range is ~55°C to 125°C for the LM185M-2.5, —40°C to 85°C for the LM285-2.5, and 0°C to 70°C for the LM385-2.5 and LM385B-2.5.
¥ The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified
temperature range.
i
: 2-5
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5
MICROPOWER VOLTAGE REFERENCES

TYPICAL CHARACTERISTICST

REFERENCE VOLTAGE CHANGE

WITH
REVERSE CHARACTERISTICS REVERSE CURRENT
100 T T T 16 T T
TA = —-55°C to 125°C S TA = —-55°C to 125°C
[3
b o12
< g /
L 10 5
M — [3)
2 5 L ) 8
3 ] £ /
=]
O 3 s
g & g 4 /
B & 11— 8 /
2 V]
» & 5 A
a L °
o 2
(7] 0.1 -4
(V] 0.5 1.0 1.5 20 25 3.0 0.01 0.1 1 10 100
VR—Reverse Voltage—V IR—Reverse Current—mA
FIGURE 1 FIGURE 2
REFERENCE VOLTAGE
vs
FORWARD CHARACTERISTICS FREE-AIR TEMPERATURE
e 2 T 20 A to 20mA
= 250 = 20 uA to 20 m
Ta = 25°C 2,520 z
2.515
712 >
] ]
g g: 2.510
S S 2.508
T 08 ! 2
H By § 2.500
- L—T7 2 2.495 o
| L « 7 N
w |
>04 = 2,490 // AN
2.485
V] 2.480
0.01 0.1 1 10 100 -55-35-15 5 25 45 65 85 105 125
Ig—Forward Current—mA Ta—Free-Air Temperature— °C
FIGURE 3 FIGURE 4

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

2-6
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5
MICROPOWER VOLTAGE REFERENCE

TYPICAL CHARACTERISTICS

REFERENCE IMPEDANCE REFERENCE IMPEDANCE
Vs vs
REFERENCE CURRENT FREQUENCY
1000 10 k ——
[T ﬂ!l” I, = 100 4A
f=25Hz Ta = 25°C
- TA = MIN to MAX o 1k
L 100 It
Q 1]
g §
3 \ ® 100 4
E E
3 10 s e
£ \W £ 10 /
& AN & /
[ [
3 N «©
L Lo /
NN \\__qni‘ N /
0.1 0.1
0.01 0.1 1 10 100 0.01 0.1 1 10 100 1000
I;—Reference Current—mA f—Frequency —kHz
FIGURE 5 FIGURE 6
NOISE VOLTAGE FILTERED RMS OUTPUT NOISE VOLTAGE
Vs Vs
FREQUENCY FREQUENCY
1400 T TTTITT 120
I, = 100 4A > l1oo“A T TT
S
1200 | TA = 25°C T 0ol PovgcLow pass
N o [+ LA
|§ N £ //r
2 19997 N > 80 — A
! it [ %
) 800 S§ Z° o
5 N 5 60
> 6oo I g A
8 3 d
S @ 40
2 400 s I
c « L
> -] L
200 5 2
“ \\ T
0 I hs 0
10 100 1k 10 k 100 k 0.1 1 10 100
f—Frequency —Hz f—Frequency —kHz
FIGURE 7 FIGURE 8
i
TeExas {P
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5
MICROPOWER VOLTAGE REFERENGE

TYPICAL CHARACTERISTICS
TRANSIENT RESPONSE

T a
[’
]
o
s3
5 OUTPUT
AT e
5 2 }
2 2 d 24 k0
3 1 \] Vo
o =
® =
Q
<
o £ . I
[72) nputT V¥
=
o 0 A
@ ) 100 Y 500
~*
» t—Time—pus
FIGURE 9

TYPICAL APPLICATION DATA

1o ~ 50 pA _
v+
2 MERCURY *_L 16K Mo a
CELLS — LM334
- >
26V <E?' 100 kQ W.W. lv_ 22k
LM385-2.5 ZERO ®
3950 @ 450 @ 3 ,‘:’ 10 k@
p ADJUST
¥ FOR
1217 mV
TYPE K & - — AT 25°C
METER ACROSS
450 2

FIGURE 10. THERMOCOUPLE COLD-JUNCTION COMPENSATOR

\[/+
LM334 :.7V5V+ =30V 9V
V- 327k 220 k0
25V 25V
LM385-2.5 LM385-2.5
FIGURE 11. OPERATION OVER FIGURE 12. REFERENCE FROM A 9-V BATTERY
A WIDE SUPPLY RANGE
{/
TeExas
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LM217, LM317
3-TERMINAL ADJUSTABLE REGULATORS

D2212, SEPTEMBER 1977 —REVISED FEBRUARY 1988

® Output Voltage Range Adjustable from ® Peak Output Current Constant Over
1.2Vto 37V Temperature Range of Regulator

® Output Current Capability ® Popular 3-Lead TO-220AB Package:
of 1.5 A Max

Ripple Rejection Typically 80 dB
® Input Regulation Typically 0.01% Per

i ional 17
Input-Volt Change Direct Replacement for National LM2

and LM317
® Output Regulation Typically 0.1%

terminal assignments

N

KC PACKAGE
(TOP VIEW)

——— ADJUSTMENT

THE OUTPUT TERMINAL IS IN
ELECTRICAL CONTACT WITH
THE MOUNTING BASE

Data Sheets

TO-22AB

description

The LM217 and LM317 are adjustable 3-terminal positive-voltage regulators capable of supplying 1.5 A
over a differential voltage range of 3 V to 40 V. 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 a standard transistor package that is 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. The
primary applications of each of these regulators is that of a programmable output regulator, but by
connecting a fixed resistor between the adjustment terminal and the output terminal, each device can be
used as a precision current regulator. Even though the regulator is floating and sees only the input-to-output
differential voltage, use of these devices to regulate output voltages that would cause the maximum-rated
differential voltage to be exceeded if the output became shorted to ground is not recommended. The TL783
is recommended for output voltages exceeding 37 V. Supplies with electronic shutdown can be achieved
by clamping the adjustment terminal to ground, which programs the output to 1.2 V where most loads
draw little current.

PRODUCTION DATA documents contain information Copyright © 1982, Texas Instruments Incorporated

current as of publication date. Products conform to i
specifications per the terms of Texas Instruments TEXAS
standard warnltJ. Production processing doss not l
necessarily include testing of all parameters. NST RUMENTS
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LM217, LM317
3-TERMINAL ADJUSTABLE REGULATORS

The LM217 and LM317 are characterized for operation from —25°C to 150°C and from 0°C to 125°C,
respectively.

schematic
INPUT
1 Lﬂ w 'y
’ *— (
!
S H H
1
L >—o— ~—3o . ® OUTPUT
ADJUSTMENT
absolute maximum ratings over operating temperature range (unless otherwise noted)
LM217 LM317 UNIT
Input-to-output differential voltage, V; — Vo 40 40 \%
Continuous total dissipation at 25°C free-air temperature (see Note 1) 2000 2000 mwW
Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 20 15 w
Operating free-air, case, or virtual junction temperature range —25 to 150 0 to 125 °C
Storage temperature range —65 to 150 ~65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 260 °C
NOTE 1: For operation above 25°C free-air or case temperature, refer to Figures 15 and 16. To aveid exceeding the design maximum
virtual junction temperature, these ratings should not be exceeded. Due to variations 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.
recommended operating conditions
LM217 LM317
NIT
MIN MAX | MIN MAX v
Output current, Ig 5 1500 10 1500 mA
Operating virtual junction temperature, T -25 150 0] 125 °C
Texas W
2-10 l
NSTRUMENTS
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LM217, LM317
3-TERMINAL ADJUSTABLE REGULATORS

electrical characteristics over recommended ranges of operating virtual junction temperature (unless
otherwise noted) (see Note 2)

PARAMETER TEST CONDITIONSt LM217 LM317 UNIT
MIN TYP MAX | MIN TYP MAX
Input regulation Vi - Vo =3V1t40V,|T) = MIN to MAX 0.01 0.02 0.01 0.04 %V
(See Note 3) See Note 4 lo = 10mAto 1.6 A 0.02 0.05 0.02 0.07
Vo = 10V, f =120 Hz 65 65
Ripple rejecti Vo = 10V, f = 120 Hz, dB
ipple rejection o) ‘ z 66 80 66 %0
10-uF capacitor between ADJ and ground
lo=10mAto15A, |[Vo=5V 5 15 5 25 mV
. Ty = 25°C, See Note 4 (Vg > 5V 0.1 0.3 0.1 0.5 %
Output regulation
lo=10mAto15A, |[Vg=5V 20 50 20 70 mV
See Note 4 Vo >5V 0.3 1 0.3 1.5 %
Output volt h n
\tpUT VOTTage Chande | ¢ _ MIN to MAX 1 1 % -
with temperature 5]
Output voltage Q
, After 1000 h at Tj = MAX z
long-term drift 0.3 1 0.3 1 % 77)
and V| - Vg = 40V
(see Note 5)
Output noise voltage f =10 Hzto 10 kHz, Tj = 25°C 0.003 0.003 % ..‘5
Mini tput t @
nimum OuTpUt Surtent vy _ 40 v 3.5 5 35 10| mA fa)
to maintain regulation
Vi - Vg =15V 1.5 2.2 1.5 2.2
Peak output current A
VI -Vp =40V, Ty = 25°C 0.4 0.15 0.4
Adjust -t inal
justment-termina 50 100 50 100 | A
current
Charjge in adjustment- V| -Vp =25Vtod40V, 0.2 5 0.2 5 WA
terminal current lo =10mAto 1.6 A
Reference voltage V- Vo =3Vto40V, 12 1.25 13 12 1.5 13 v
(output to ADJ) lo = 10mAto 1.5 A, P<15W

tUnless otherwise noted, these specifications apply for the following test conditions; V| — Vo = 5 V and Ig = 0.5 A. For conditions
shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
NOTES: 2. All characteristics are measured with a 0.1-uF capacitor across the input and a 1-pF capacitor across the output.
3. Input regulation is expressed here as the percentage change in output voltage per 1-V change at the input.
4. 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.
5. Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be
a guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot.
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LM217, LM317
3-TERMINAL ADJUSTABLE REGULATORS

TYPICAL APPLICATION DATA

REG REG
Vi IN ouTt 99— Vo +35V IN out Vo
ADJ s R1 (see Note C) ADJ :E ’1
€240 Q | 1 120 Q
b
C1 = 0.1 uF C2 = 14F c1 —10V
(see Note A) < (see Note B) 0.1 uF 2
4.412 R3 2 R2
680 Q 3 k0
2 * |
o =
=4
[ FIGURE 1. ADJUSTABLE FIGURE 2. 0-V to 30-V
) VOLTAGE REGULATOR REGULATOR CIRCUIT
=2
8 REG REG
~- 1.2
(") V+ IN ouT Vo V+—IN ouT Q‘v himit = R7
ADJ R1< p1t ADJ R1
240 09 1N4002
c1 Py +
c3
0.1 uf
¥ R2g _TI c2 1uF 7=
5kQ < D 10 uF
-l- &
D1 discharges C2
if output is shorted to ground.
FIGURE 3. ADJUSTABLE FIGURE 4. PRECISION CURRENT
REGULATOR CIRCUIT WITH LIMITER CIRCUIT
IMPROVED RIPPLE REJECTION
NOTES: A. Use of an input bypass capacitor is recommended if regulator is far from filter capacitors.
B. Use of an output capacitor improves transient response but is optional.
C. Output voltage is calculated from the equation: Vo = Vyef (1 + g%
Vyef equals the difference between the output and adjustment terminal voltages.
XAS Ui
2-12
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LM217, LM317
3-TERMINAL ADJUSTABLE REGULATORS

TYPICAL APPLICATIONS

Data Sheets H

9 AN REG
R2
D) 2400 7209 V+—IN o our Vo
v+ IN out A R1
REG 1.2 kQ
REG
IN our Vo
c1 ADJ :E R3 R2
0.1 uF {1200 20 kQ
c2 OUTPUT t =
1 uF <
¥ T ADJUST %2 R4
_ 1kQ
* ?
= FIGURE 6. 1.2 to 20-V
FIGURE 5. TRACKING REGULATOR CIRCUIT WITH
PREREGULATOR CIRCUIT MINIMUM PROGRAM CURRENT
REG REG REG
v+ IN out Vo V+—IN ouT —Vo V+—IN ouT|—Vvg
ADJ ADJ ADJ
120 @

® Py
1”2%

Minimum load current from each output is 10 mA.
All output voltage will be within 200 mV of each other.

FIGURE 7. ADJUSTING MULTIPLE ON-CARD REGULATORS WITH A SINGLE CONTROL

REG Rgt REG
020 249
v+ IN our V+—IN OUT —A\——4¢
ADJ ADJ
R1 S
<
24002 —

R2 2
>
24k2 S
TRS controls output impedance of charger
R2
Zout = Rs (1 + g7

The use of Rg allows low charging rates
with a fully-charged battery.

FIGURE 8. BATTERY CHARGER
CIRCUIT

—|I

FIGURE 9. 50-mA CONSTANT-
CURRENT BATTERY CHARGER
CIRCUIT

TeExas
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LM217, LM317

3-TERMINAL ADJUSTABLE REGULATORS

TYPICAL APPLICATIONS

REG REG
Vg = 15V
V+ IN ouTH¢ IN ouT|—e
ADJ R1 Z 1N4002 ADJ l 31200
240 @ 48093 3 Gvpp
2WA
9 p 12Vpp DW °
R2 S
2.7 ke 3» p ;:480 a
120 08
2 A1 c ADJ p2
j 25 uF —IN ouTH—e
8 = REG
s FIGURE 10. SLOW-TURN-ON 15-V FIGURE 11. A-C VOLTAGE
w0 REGULATOR CIRCUIT REGULATOR CIRCUIT
=
§ REG
020
» v+ IN ouT
REG ADJ
V+ IN out REG
ADJ
< 0290
240 23 IN out AMA-
— ADJ
3 T ) [ Q48 Ve2sYV
11k REG
0290
S IN out AM
% ADJ
3 S
[ b S
v o ) 100 0 $oK
2N2905 o 5 ka
1 This resistor sets peak current (0.6 A for 1 Q) —
TLOSO =
150 @
\+ T A A4
[—’2; 1.5 k
b
FIGURE 12. CURRENT-LIMITED FIGURE 13. ADJUSTABLE 4-A
6-V CHARGER REGULATOR
TExAs ‘V"
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LM217, LM317
3-TERMINAL ADJUSTABLE REGULATORS

TYPICAL APPLICATIONS

TIP73

2N2905

V+—HA\
ADJ
120 Q 1N4002
¢
3
;IL\- 10 uF 5 k@ ‘y ) 5: 7
A 10 uF$8
IMinimum load current is 30 mA.
§Optional capacitor improves ripple rejection
FIGURE 14. HIGH-CURRENT
ADJUSTABLE REGULATOR
THERMAL INFORMATION
FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
2000 T T T 16
Derating factor = 16 mW/°C
2 1800 RgJa ~ 62.5°C/W 2 14 \
L 1600 c \
2 s 12
2 1400 H \
I3
2 1200 21 \
5 1000 2 8
2
‘€ 800 6
3 [
© 600
E 4
E 400 Derating Factor = 0.25 W/°C \
S 200 € 2fabove 90°C :
RgJc = 4°C/W
(4]
25 50 75 100 125 150 25 50 75 100 125 150
Ta—Free-Air Temperature— °C Tc—Case Temperature— °C
FIGURE 15 FIGURE 16
TEXAs b’.
2-15
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LM237, LM337
3-TERMINAL ADJUSTABLE REGULATORS

D2640, NOVEMBER 1981 —REVISED FEBRUARY 1988

® Output Voltage Range Adjustable from LM237, LM337 ... KC PACKAGE
-1.2Vto -37V (TOP VIEW)
1o Capability of 1.5 A Max ' -—ouTPuT
O F——— INPUT

Input Regulation Typically 0.01% per Input- f———— ADJUSTMENT
Volt Change THE INPUT TERMINAL 1S IN

; ; ELECTRICAL CONTACT WITH
Output Regulation Typically 0.3% THE MOUNTING BASE
Peak Output Current Constant Over TO-220AB

Temperature Range of Regulator

® Ripple Rejection Typically 77 dB

® Direct Replacement for National 2
Semiconductor LM237, LM337 n
]
description g
The LM237 and LM337 are adjustable 3-terminal negative-voltage regulators capable of supplying in excess 5
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. B
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, (a]
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. They are ideal complements to the LM217 and
LM317 adjustable positive-voltage regulators.
schematic diagram
L ADJUSTMENT
%
g =
' —}1 > ouTPUT
% % r‘;
|(
iy
v
/ H
Fg b T
= L4
I¢
fE '{ P €
— 5 )
INPUT
PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated
current as of publication date. Products conform to h;
e o s e TExas 217
necessarily inclu ¢ testing of rll plumgurs. lNST RUMEN-FS
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LM237, LM337
3-TERMINAL ADJUSTABLE REGULATORS

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

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

LM337 ........... 0°C to 125°C
Storage temperature raNge . . ... ... ... vttt et e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. .. ................... 260°C

NOTE 1: For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual
junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and

2 thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated
dissipation.
O FREE-AIR TEMPERATURE CASE TEMPERATURE
E’, DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
[+ 2000 16
3
o E 1800 2 14 \
@ 1600 c
@ | 2 12
» 21400 _%
0
8 1200 a 10 \
]
1000 g 8
800 5 6
© 00 p
. 5 4
400 |-KC (T'0220AB) e o s Derating factor = 0.25 W/°C
2 Lok Derating factoor = 16 mW/°C g 2L above 90°C
RgpJA = 62.5°C/W RgJc ~ 4°C/W
0 1 | | 0 I I 1
25 50 75 100 125 150 25 50 75 100 125 150
Ta—Free-Air Temperature— °C Tg—Case Temperature— °C
FIGURE 1 FIGURE 2
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LM237, LM337
3-TERMINAL ADJUSTABLE REGULATORS

recommended operating conditions

LM237 LM337 oNIT
MIN MAX | MIN MAX
[VI = Vo| =40V,
10 1500 10 1500
Output current, | P =<15W R
p 1o V] = Vol =10V, 6 1500 . _— m
P<15W
Operating virtual junction temperature, T 25 50 5 o5 =

electrical characteristics over recommended ranges of operating virtual junction temperature (unless
otherwise noted)

N

LM237
PARAMETER TEST CONDITIONS T LM337 UNIT
MIN TYP MAX MIN TYP MAX 7))
Ty = 25°C 0.01  0.02 .01 0.04 =
Input regulation ¥ V) - Vg =-3Vto -40V =2 0.0 i P [
TJ = MIN to MAX 0.02 0.05 0.02 0.07 [.T)
Vo = 10V, =120 Hz 60 60 U;D
Ripple rejecti Vo = =10V, f=120H dB
pple rejection ° ? 66 77 66 77
CADJ = 10 uF S
lo =10mAto 1.5 A, |[Vo| =5V 25 50| mV ©
Ty = 25°C Vo|=5V 0.5 1
Output regulation J Vol = % 0
1010 mA to 1.5 A [Vol=5V 50 700 mv
|Vo|=5V 1 1.5 %
Output volt:
utput vottage T4 = MIN to MAX 0.6 0.6 %
change with temperature
Output volt
Io: ”;‘ "°da$'e After 1000 h at T = MAX and 0 . 0 e
-term dri . N
9 Vi - Vo = —40V
(see Note 2)
Output noise voltage f = 10 Hz to 10 kHz, Ty = 25°C 0.003 0.003 %
Minimum output [VI-Vg| =40 V 2.5 5 25 10
current to maintain mA
regulation [VI-Vg|=10V 1.2 3 1.5 6
|VI-Vp|=<15V 1.5 2.2 1.5 2.2
Peak output current A
|V =Vp|=40V, Ty = 25°C 0.24 0.4 0.15 0.4
Adjustment-
Ju,s " 65 100 65 100| pA
terminal current
Ch in adjusti t VI-Vgp=-25Vto-40V,
an-ge in adjustmen | 0 5Vto 2 5 2 5| A
terminal current lo = 10 mA to MAX, Ty = 25°C
Vi-Vg = -3to -40V, - -
Reference voltage I=Vo ° Ty = 25°C -1.225 -1.250 -1.275|-1.213 -1.25 -1.287
(output to ADJ) I0 = 10mA to 1.5 A, Y
P =< rated dissipation Ty = MIN to MAX| -1.2 -1.26 -1.3} -1.2 -1.26 -1.3
Thermal regulation Initial Ty = 25°C, 10-ms pulse 0.002 0.02 0.003 0.04 %/W
TUnless otherwise noted, these specifications apply for the following test conditions |V|~Vg| = 5V 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. Puise 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-volt 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 guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot.

U
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LM237, LM337
3-TERMINAL ADJUSTABLE REGULATORS

TYPICAL APPLICATION DATA

LM237
OR
LM337
\71 ————,—' IN ouT Vo
| ADJ
R1
o c2
T+ +
| R2
i
=

R1 is typically 120 Q.

syeays eieq BN

_VO
R2 = R1 —1] where Vg is the output in volts.
-1.25
C1 is a 1-u4F solid tantalum required only if the regulator is more than 10 cm (4 in.) from the
power supply filter capacitor.
C2 is a 1-4F solid tantalum or 10-xF aluminum electrolytic required for stability.

FIGURE 3. ADJUSTABLE NEGATIVE-VOLTAGE REGULATOR

LM237
OR
LM337

Rs

\7 ——-jvm out A Vo

ADJ

125V

RS = i

FIGURE 4. CURRENT-LIMITING CIRCUIT

9.20 Texas WP
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LM330
3-TERMINAL POSITIVE REGULATOR

D2700, APRIL 1983—REVISED APRIL 1988

® Input-Output Differential Less than 0.6 V KC PACKAGE
® Output Current of 150 mA ) (TOP VIEW)
. . —————— OUTPUT
® Reverse Polarity Protection ‘O F———— COomMMON
. . . ——— INPUT
® Line Transient Protection
- . THE COMMON TERMINAL IS IN
@ Internal Short-Circuit Current Limiting ELECTRICAL CONTACT WITH
® Internal Thermal Overload Protection THE MOUNTING BASE
TO-220AB
® Mirror-Image Insertion Protection
® Direct Replacement for National LM330T-5.0 2
[Z]
]
. ] o
description 2
The LM330 3-terminal positive regulator features an ability to source 150 mA of output current with an ()
input-output differential of 0.6 volt or less. Familar regulator features such as current limit and thermal ©
overload protection are also provided. E
The LM330 has low dropout voltage making it useful for certain battery applications. For example, since (]
the low dropout voltage allows a longer battery discharge before the output falls out of regulation, a battery
supplying the regulator input voltage may discharge to 5.6 V and still properly regulate the system and
load voltage. The LM330 protects both itself and the regulated system from reverse installation of batteries.
Other protection features include line transient protection above 40 V, where the output actually shuts
down to avoid damaging internal and external circuits. The LM330 regulator cannot be harmed by temporary
mirror-image insertion.
schematic diagram
INPUT
1kQ 1k§2 150 2 $2kQ 500 O
I : 49
360 0 (OUTPUY
N ] .l: l
_K 1\ﬁ_‘l’
I/ :
900 O
3kQ
E 150 Q
540 Q ]
1.3k 620
6.8 k2 44 kQ 1.8 k2 100 100 1k
cot o o
Resistor values shown are nominal.
PRODUCTION DATA documents contain information . Copyright © 1983 Texas Instruments Incorporated
current as of publication date. Products conform to y
specifications per the terms of Texas Instruments
standard warranty. Productinn processing does not 2-21
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LM330
3-TERMINAL POSITIVE REGULATOR

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

Continuous INPUL VOItage . . . . . .ottt et i e 26 V
Transient input voltage t = 1 S ... ... . i 40 V
Continuous total dissipation at 25°C free-air temperature (see Note 1) . ................. 2 W
Continuous total dissipation at (or below) case temperature (see Note 1) ............... 15 W
Operating free-air, case, or virtual junction temperature . .................. -55°C to 1560°C
Storage temMpPEerature . .. .. .. .. .u vt it e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .................... 260°C

NOTE 1: For operation above 25 °C free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual
junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and

2 thermal resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated
dissipation.
w] FREE-AIR TEMPERATURE CASE TEMPERATURE
9; DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
o 2000 - - . 16
(75} Derating factor = 16 mW/°C
T T 1800 RgJA ~ 62.5°C/W 7 Z 14 A\
® 7 |
(5] < 1600 g
- 2 s 12
® § 1400 H \
‘% 2
a 1200 g 1o
g g
° 1000 3 8
= £
€ 800 €
3 s ©
g 600 £
3 =E’ 4
£ 400 £ . o
H % Derating factor = 250 mW/°C
S 200 2 2 above 90°C
RgJc=4°C/W
0 0
25 50 75 100 125 150 25 50 75 100 125 150
T A—Free-Air Temperature—"C Tc—Case Temperature—"C
FIGURE 1 FIGURE 2
recommended operating conditions
MIN MAX UNIT
o Output current 5 150 mA
TA Operating virtual junction temperature [¢] 100 °C
E i
2-22 l
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LM330
3-TERMINAL POSITIVE REGULATOR

electrical characteristics at 25 °C virtual junction temperature, V| = 14 V, Ig = 150 mA, (unless
otherwise noted)

PARAMETERS TEST CONDITIONS MIN TYP MAX | UNIT
V| =6Vto26V, lo = 5 mA to 150 mA, 4.8 5 5.2
Output voltage \Y
Ty = 0°C to 100°C
Input regulation Vi=9Vto 16V ’ 26 mV
V) =6Vt 26V 30 60
Ripple rejection f=120Hz 56 dB
Output regulation Ilo = 5 mA to 160 mA 14 50 mV
?”tp”t Voltage long- After 1000 h at Ty = 150°C 20 mv
erm drift 2
Dropout voltage Io = 1560 mA 0.32 0.6 \
Output noise voltage f = 10 Hz to 100 kHz 50 nVv
f)utput voIAtage with RL = 100 0 Vi=-30V,t=100ms >-0.3 v ﬂ
input polarity reversed V= -12V,DC >-0.3 [}
Output voltage with V) =60V, t = 100 ms <5.5 v _2
input transient V) =50V, t=1s <5.5 [7,)
Bias current with input V=40V, t=1s 14
transient AL = 10040 V: = -6V, t=1s -80 mA g
Overvoltage shutdown 26 45 v 0
voltage
Output impedance Io = 100 mA, Ig = 10 mA (rms), f = 100 Hz to 10 kHz 200 mQ
o = 10 mA 3.5 7
Bias current lo = 50 mA 5 11 mA
lo = 150 mA 18 40
Bias current change Vi=6Vto26V 10 %
Peak output current 150 420 700 mA
1 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. All characteristics are measured with a 0.1-uF 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 not intended to be a guarantee
or warranty. It is an engineering estimate of the average drift to be expected from lot to lot.
i
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LM330
3-TERMINAL POSITIVE REGULATOR

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
VIRTUAL JUNCTION TEMPERATURE INPUT VOLTAGE"
5.025 8 I
RL =100 Q
7
g 5.000
-g /// \‘ >I °
= > @
©
2 B4 AN g5
s ]
R N 54
S wn Q
QU; % 54.950 \\ 5 l
-, >> o3
D Zw 5 l
»w = > 2
5 O 4925 I
8 FVi=14V 1
P
» 4.900 0
—60-40-20 0 20 40 60 80 100 120 140 0 15 30 45 60
TJ—Virtual Junction Temperature—°C V—Input Voltage—V
FIGURE 3 FIGURE 4
OUTPUT VOLTAGE PEAK OUTPUT CURRENT
Vs Vs
INPUT VOLTAGE INPUT VOLTAGE
6 600
—10 =150 mA |
5 500 Ty=25°CH
<
> 1/ € —
$ L 400 L Ty=-40°C]
§ g / // .
5 £ 300 / L Ty=125 CH
£ / g /
s 3 7 3 /
! / 1 200
(=}
$ 7 |/
2 / <
/ 100
4
L/ 0
2 3 4 5 6 0 5 10 15 20 25 30
V|—Input Voltage—V Vi—Input Voltage—V
FIGURE 5 FIGURE 6
(]
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LM330
3-TERMINAL POSITIVE REGULATOR

TYPICAL CHARACTERISTICS

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265

RIPPLE REJECTION RIPPLE REJECTION
Vs vs
FREQUENCY OUTPUT CURRENT
80 80
70 10=50 mA | Vi-Vp=9V
V=14V fo =120 Hz
60 60
3 3
5' 50 N % é 2
° 40 K]
ol 2. 40
& Y k3 8
2 2 (]
g% 2 o
[ o <
20 20 ]
)
10 ©
(a]
0 0
1 10 100 1k 10k 100k ™ 0 50 100 150
f—Frequency—Hz 10—Output Current—mA
FIGURE 7 FIGURE 8
DROPOUT VOLTAGE DROPOUT VOLTAGE
Vs vs
VIRTUAL JUNCTION TEMPERATURE OUTPUT CURRENT
0.6 0.6 I I
Ty=25°C
05 05
i 0.4 L — 10 = 150 mA T'» 04
g // ° E
Sos3 Sos e
5 3 /
: g
So2 —— =] 502
// o -|50 mA
0.1 t 0.1
| lo=10mA
L—] o I /
0 0
0 25 50 75 100 125 150 0 50 100 150 200
Tg—Virtual Junction Temperature—°C 10—Output Current—mA
FIGURE 9 FIGURE 10
T {i’
EXAS 2.95
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LM330
3-TERMINAL POSITIVE REGULATOR

TYPICAL CHARACTERISTICS

OUTPUT IMPEDANCE
vs

INPUT CURRENT
Vs

FREQUENCY INPUT VOLTAGE
10 = = 30 . -
Flo=50mA RL =100 Q
ETy=25°C =15°C
2 25 | 1
<
@ y -
o y 4 c
c y 4 @
2 H L
o i / 5 -
o £ J 5
D 24 T 10
- = 4
=
g 5
-
7]
0.01 0
1 10 100 1k 10k 100k 1M 35 40 45 50 55
f—Frequency—Hz V|—Input Voitage—V
FIGURE 11 FIGURE 12
INPUT CURRENT
Vs
LINE TRANSIENT RESPONSE REVERSE INPUT VOLTAGE
T T ° T 50 |
Ty=25C = 28°
& 20r-i1g=150mA CL= “’MFﬂ Ty=27c
= > 0
°E
21 N
g ° / 2
£F § %0
Téamp N \/
> \/ é —100 e
g / 4
& 2 * =
O il
> o 3
-
38
23 —-200
T0
=
0 —250
0 15 30 45 -12 -10 -8 -6 -4 -2
t—Time—us V|—Input Voltage—V
FIGURE 13 FIGURE 14
{f
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LM330
3-TERMINAL POSITIVE REGULATOR

REVERSE INPUT VOLTAGE

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE

Vs

LOAD TRANSIENT RESPONSE

o l T
=00 =3 40 L_VI=14V
S =
"Ty=25°C :‘52 CL=10uF
> 7
0 5E 0
TI’ g E y.
g (ID 3 2
s o B -40
> =
—0.1
§. //, 3
g // & 1 0
ol ] | < “ [+}]
(®] £ c
> -0.2 .é. 75
0
£150 s
bt ©
E a
-0.3 a2 0
-12 -10 -8 -6 -4 -2 0 0 15 - 30 45
V|—Input Voltage—V —Time—us
FIGURE 15 FIGURE 16
BIAS CURRENT
Vs
OUTPUT CURRENT
35
V=14V
30 |- Ty=25°C
€25
A
o
2 20
3
8 e
w15 —
10 ]
//
5 ]
0
0 30 60 90 120 150
|0—Output Current—mA
FIGURE 17
EXAS i
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LM330

3-TERMINAL POSITIVE REGULATOR

TYPICAL CHARACTERISTICS

BIAS CURRENT BIAS CURRENT
vs Vs
VIRTUAL JUNCTION TEMPERATURE INPUT VOLTAGE
24 117 40 T
Vi=14V Ty=25°C
21
18 1o = 150 mA 30
<
2K g
L1s 4
o £ ¥ ¥ £ 20 -
5 o = o =150 mA
® %o [ 3 / —] [ o
-+ 8 lo =50 mA 2
D @ —— &
] 2]
%) 6 —
=2 10=0 10 1o =50 mA
L
& s i
a lo=0
0 0 1
—-60 -40 0 40 80 120 160 0 5 10 15 20 25 30
TJj—Virtual Junction Temperature—°C V|—Input Voltage—V
FIGURE 18 FIGURE 19
TYPICAL APPLICATION DATA
LM330
Vi —T— INPUT OUTPUT T Vo
C1=0.1uF C2=10uF
(See Note A) GND (See Note B)
Jn-1o
= L =
NOTES: A. Use of C1 is required if the regulator is not located in close proximity to the supply filter.

B. Capacitor C2 must be located as close as possible to the regulator and may be an aluminum or tantalum type capacitor. The
minimum capacitance that will provide stability is 10-F. The capacitor must be rated for operation at —40 °C to assure stability
to that extreme.

FIGURE 20
i
2-28
INSTRUMENTS

POST OFFICE BOX 656012 * DALLAS, TEXAS 75265



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

D2733 APRIL 1983 —REVISED JUNE 1988

Input-Output Differential Less than 0.6 V KC PACKAGE
(TOP VIEW)

Output Current of 150 mA

Reverse Battery Protection O = QuTPUT

Line Transient Protection
THE COMMON TERMINAL IS IN
40-V Load-Dump Protection ELECTRICAL CONTACT WITH
L THE MOUNTING BASE
Internal Short Circuit Current Limiting

. TO-220AB
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 P

to source 150 mA of output current with an SILECT PACKAGE
input-output differential of 0.6 V or less. Familiar
regulator features such as current limit and
thermal overload protection are also provided.

Data Sheets E\®

(TOP VIEW)

INPUT

The LM2930 series has low voltage dropout COMMON

making it useful for certain battery applications.
For example, the low voltage dropout feature OUTPUT
allows a longer battery discharge before the
output falls out of regulation; the battery TO-226AA ocl
supplying the regulator input voltage may
discharge to 5.6 V and 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.

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 documents contain information .
currg;l_t a(s_ of public;ﬁon date. fl’(ll_;dnclsl conform to #
specifications per the terms of Texas Instruments

sfandard wampm . Production processing does not TEXAS

necessarily include testing of all parameters. IN SFRUMENTS
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All component values are nominal.
absolute maximum ratings over operating free-air temperature rarige (unless otherwise noted)
Continuous INPUt VOItage . . . . .. ..ttt e e 26 V
Transient input voltage: t = 1 8 . ... ...ttt it i e s 40V
Continuous reverse input voltage . . ........... . ittt i e -6V
Transient reverse input voltage: t = TOOMS . ... ... ... .. -12V
Continuous total dissipation (see Note 1) ..................... See Dissipation Rating Table 1
Continuous total dissipation (see Note 1) ..................... See Dissipation Rating Table 2
Operating free-air, case, or virtual junction temperature .................... —40°C to 150°C
Storage temperature TaNgE . . . ... ... v vt e et i it e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ..................... 260°C
NOTE 1: To avoid 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.
DISSIPATION RATING TABLE 1—FREE-AIR TEMPERATURE
PACKAGE Ta =< 25°C DERATING DERATE TA = 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
EXAS !
2-30 l e
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LM2930-5, LM2930-8
3-TERMINAL POSITIVE REGULATORS

schematic diagram

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265



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

DISSIPATION RATING TABLE 2—CASE TEMPERATURE

PACKAGE Tg =25°C DERATING DERATE Tg = 125°C
POWER RATING FACTOR ABOVE Tc POWER RATING
KC 20 W 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| = 14V, 10 = 150 mA, 2
(unless otherwise noted) *
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT 5
Vi =6Vto26V, lp = 5 mA to 150 mA,
Output voltage ! ° o mA to 150 m 4.5 5 5.5 Vv -d:)
Ty = —40°C to 125°C
. V=9Vt 16 V 7 25 2]
Input regulation lo = 5mA mV
V| =6Vto 26V 30 80 S
Ripple rejection f =120 Hz 56 dB [4+]
Output regulation 0 = 5 mA to 150 mA 14 50| mv (=]
Output voltage long-term driftt After 1000 h at Ty = 125°C 20 mV
Dropout voltage lo = 150 mA 0.32 0.6 \%
Output noise volitage f = 10 Hz to 100 kHz 60 uv
Output voltage during Vi = -12V 1040V, R = 100 @ -0.3 55| v
line transients
Output impedance Ilg = 100 mA, |g = 10 mA (rms), 100 Hz to 10 kHz 200 MQ
lop = 10 mA 4 7
Bias current mA
U lo = 150 mA 18 40
Peak output current 150 300 700 mA
TPulse 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. All characteristics are measured with a 0.1-uF 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.
Ti &
l EXAS 931
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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, 10 = 150 mA,
(unless otherwise noted)

PARAMETER TEST CONDITIONS T MIN TYP MAX | UNIT
Vi =6Vto26V, Io = 5 mA to 150 mA,
Output volt: 7. .
utput voltage T) = —40°C to 125°C 2 8 8.8 \"
Vi =94Vto16V 12 50
| it lati o = 5mA mV
nput regulation o=>m Vi = 9.4V 1o 26 V 50 100
Ripple rejection f =120 Hz 52 dB
Output regulation lo = 5 mA to 150 mA 25 50 mV
Output voltage long-term drift¥ After 1000 hat Tj = 125°C 30 mV
2 Dropout voltage lo = 150 mA 0.32 0.6 \]
Output noise voltage f = 10 Hz to 100 kHz 90 wv
N -
Output voltage during Vi = -12V1t0 40V, R = 100 Q -0.3 88| v
lw] line transients
E’. Output impedance lo = 100 mA, Ig = 10 mA (rms), f = 100 Hz to 10 kHz 300 MQ
lop =1
o Bias current 0 0 mA 4 7 mA
(72} o = 150 mA 18 40
- Peak output current 150 300 700 mA
[1]
[+] TPulse testing techniques are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects
a must be taken into account separately. All characteristics are measured with a 0.1-uF 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
LM2930-5
NORMALIZED OUTPUT VOLTAGE OUTPUT VOLTAGE
Vs Vs
VIRTUAL JUNCTION TEMPERATURE INPUT VOLTAGE
1.005 8 T T
RL = 100 @
7
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g e N 7
3 / g
> b
= 0.995 |- =
3 o
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3 \\ 5 4 l
el -
H] 0.990 8 3
© |
£ (]
S > 2
Z 0.985 [
FVi=14V 1
0.980 0
—60—-40-20 0 20 40 60 80 100 120 140 ] 15 30 45 60
TJ—Virtual Junction Temperature—"C V|—Input Voltage—V
FIGURE 1 FIGURE 2
¢
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LM2930-5, LM2930-8

3-TERMINAL POSITIVE REGULATORS

TYPICAL CHARACTERISTICS

LM2930-5
OUTPUT VOLTAGE
Vs
INPUT VOLTAGE

RIPPLE REJECTION
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FIGURE 3 FIGURE 4
RIPPLE REJECTION DROPOUT VOLTAGE
Vs Vs
OUTPUT CURRENT VIRTUAL JUNCTION TEMPERATURE
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s 4 // (o]
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10—Output Current—mA Tg—Virtual Junction Temperature—°C
FIGURE 5 FIGURE 6
T {l’
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LM2930-5, LM2930-8
3-TERMINAL POSITIVE REGULATORS

TYPICAL CHARACTERISTICS

DROPOUT VOLTAGE OUTPUT IMPEDANCE
vs vs
OUTPUT CURRENT FREQUENCY
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FIGURE 7 FIGURE 8
INPUT CURRENT
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FIGURE 9 FIGURE 10
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LM2930-5, LM2930-8
3-TERMINAL POSITIVE REGULATORS

TYPICAL CHARACTERISTICS

INPUT CURRENT OUTPUT VOLTAGE
vs Vs
REVERSE INPUT VOLTAGE REVERSE INPUT VOLTAGE
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LM2930-5, LM2930-8
3-TERMINAL POSITIVE REGULATORS

TYPICAL CHARACTERISTICS

LM2905-5
BIAS CURRENT BIAS CURRENT
Vs VS
VIRTUAL JUNCTION TEMPERATURE INPUT VOLTAGE
24 T T 40 T
Vi =14V Ty = 25°C
21
2 18 10 = 150 mA | +—T 30
< —t—1"] <
i i
O ¢ 15 £
] g by :F g 20 A\ 10 = 150 mA ——
8 S 9 3 / B R i e
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@ 3 = - L
1
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0 0 0=,
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Tg—Virtual Junction Temperature— °C V|—Input Voltage—V
FIGURE 15 FIGURE 16

TYPICAL APPLICATION DATA

LM2930
Vl INPUT ouTPUT vo
c1 =01 ,AF = 10 4F
(See Note A) COMMON (See Note B)

l L

NOTES: A. Use of C1 is required if the regulator is not located in close proximity to the supply filter.

B. Capacitor C2 must be located as close as possible to the regulator and may be an aluminum or tantalum type capacitor. The
minimum value required for stability is 10 uF. The capacitor must be rated for operation at —40°C to guarantee stability to

that extreme.

FIGURE 17

236 Texas {"
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LM2931-5AQ
3-TERMINAL POSITIVE VOLTAGE REGULATOR

D2828, AUGUST 1988—REVISED OCTOBER 1988

® Input-Output Differential Less than 0.6 V @ Internal Short-Circuit Current Limiting
® Output Current of 150 mA ® Internal Thermal Overload Protection
® Reverse Battery Protection ® Mirror-Image Insertion Protection
® Very Low Quiescent Current ® Reverse Transient Protection
® 60-V Load-Dump Protection ® Direct Improved Replacement for National
LM2931-5 and LM2931A-5
LP D
SILECT PACKAGE SMALL-OUTLINE PACKAGE KC PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
———— OUTPUT
INPUT ouTPUT (|1 8! | INPUT l:é [~———> COMMON
COMMON common []2 7{] common F———"InrUT
ouT common [J3 6] common THE COMMON TERMINAL IS IN
OuTPU ne (4 5[] Nc ELECTRICAL CONTACT WITH
THE MOUNTING BASE
TO-226AA TO-220AB
Al
il
i
¥
I
oci

description

The LM2931-5AQ is a 3-terminal positive voltage regulator that provides a 5-V regulated output. It 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.

This device also has a low dropout voltage making it useful for certain battery applications. For example,
because the low dropout voltage allows a longer battery discharge before the output falls out of regulation,
the battery supplying the regulator input voltage may discharge to 5.6 V and still properly regulate the
5-V load voltage. Supporting this feature, the LM2931-5AQ protects both itself and the regulated system
from reverse battery installation or 2-battery jumps. The very low quiescent current feature is especially
useful in battery-powered applications.

Other protection features include line transient protection from load-dump of up to 60 V. In this case, the
regulator shuts down to avoid damaging internal and external circuits. The LM2931-5AQ regulator is virtually
immune to temporary mirror-image insertion.

The Q suffix indicates that the device is characterized for operation from —40°C to 125°C.

N

Data Sheets

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

! EXAS
necessarily include testing of all parameters. INSF RUMEN1S
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LM2931-5A0
3-TERMINAL POSITIVE VOLTAGE REGULATOR

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

Continuous INPUL VOItage . . . . . . o o e e 26 V
Transient input voltage: t = 1 8. .. ... .t e 60 V
Continuous reverse input voltage . .. ... ... ... -15V
Transient reverse input voltage: t = 100 MS . . ... ... .. i -50 VvV
Continuous total dissipation (see Note 1) .. .............. See Dissipation Rating Tables 1 and 2
Operating virtual junction temperature . ... .... .. ... ...t —40°C to 125°C
Storage temperature range . . . .. .. .. vttt —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. . ... ................. 260°C

NOTE 1: To avoid exceeding the design maximum virtual junction temperature, these ratings should not be exceeded. Due to variation
2 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.
lw) DISSIPATION RATING TABLE 1 — FREE-AIR TEMPERATURE
E’t PACKAGE TA = 25°C  DERATING FACTOR Tp = 125°C
o POWER RATING ABOVE Ta = 25°C POWER RATING
»n D 825 mW 6.6 mW/°C 165 mW
g‘ KC 2000 mW 16 mW/°C 400 mW
o LP 775 mW 6.2 mW/°C 1565 mW
-~
(") DISSIPATION RATING TABLE 2 — CASE TEMPERATURE
PACKAGE Tc < 25°C DERATING DERATE Tg = 125°C
POWER RATING FACTOR ABOVE Tc POWER RATING
D 1600 mW 29.4 mW/°C 96°C 735 mW
KC 20w 0.18 w/°C 39°C 4.5 W
LP 1600 mW 28.6 mW/°C 94°C 715 mW
recommended operating conditions
MIN MAX | UNIT
Output current, lg 150 mA
Operating virtual junction temperature, Tj -40 125 °C
electrical characteristics at 25 °C virtual junction temperature, V| = 14 V (unless otherwise noted)
PARAMETER TEST CONDITIONSt MIN TYP MAX [ UNIT
V) =6Vt26V,Ig= 150 mA,
Output voltage ! ° o m 4.75 5 525| V
Ty = —40°Cto 1256°C
Input regulation o = 10 mA Vi=9Vt 16V 2 10 mV
put reg 0= V| =6Vto26V 4 30
Ripple rejection lo =10mA, f = 120 hz 60 80 dB
Output regulation lo = 5 mA to 160 mA 14 50 mV
Output voltage long-term drift} lo = 10 mA, After 1000 hat T = 125°C 20 mV
lo = 10 mA 0.05 0.2
D t volt; \Y
ropout voltage 1o = 150 mA 03 06
Output noise voltage lo = 10 mA, f = 10 Hz to 100 kHz 500 #V rms
Vi =6Vto26V,Ig=10mA, 0.4 1
Bias current Ty = = —40°C to 125°C ) mA
Vi =14V,lg = 160 mA, Tj = 25°C 10 12
T Puise 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. All characteristics are measured with a 0.1-uF capacitor across the input to common and a 100-yF
capacitor, with equivalent series resistance of less then 1 Q, across the output to common.
Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a guarantee
or warranty. It is an engineering estimate of the average drift to be expected from lot to lot.
: U
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LT1004
MICROPOWER INTEGRATED VOLTAGE REFERENCE

D3190, JANUARY 1989

o Initial Accuracy ... LT1004C . . . D PACKAGE
+4 mV for LT1004-1.2 (TOP VIEW)
=20 mV for LT1004-2.5
ne [+ U s]] caTHODE
e Micropower Operation NC (]2 7[JNC
e Operates Up to 20 mA NC[}s  6[]CATHODE

ANODE 4 5[] NC

e Very Low Reference Impedance

e Applications: NC—No internal connection

Portable Meter References

Portable Test Instruments LT1004M, LT1004C . . . LD PACKAGE

Battery Operated Systems (TOP VIEW) 2
Current-Loop Instrumentation
. e CATHODE ANODE n
U'escription ..6
The LT1004 micropower voltage references are 2
two-terminal  bandgap reference diodes The anode is in electrical contact with the case. 7]
designed to provide high accuracy and excellent
temperature characteristics at very low operating LT1004C . . . LP PACKAGE S
currents. Optimizing the key parameters in the (TOP VIEW) 1
design, processing, and testing of the devices o
results in specifications previously attainable ANODE
only with selected units. CATHODE
. . . NC
The LT1004 is a pin-for-pin replacement for the
LM185 series of references with improved CNoi \ )
specifications. The LT1004 is an attractive device NC—No intemal connection
for use in systems in which accuracy was
- : symbol
previously attained at the expense of power
consumption and trimming. ANODE + CATHODE
The LT1004M is characterized for operation over
the full military temperature range of —55°C
to 125°C. The LT1004C is characterized for
operation from 0°C to 70°C.
AVAILABLE OPTIONS
PACKAGE
TA N‘?zM SMALL OUTLINE METAL CAN PLASTIC
(D) (LD) (LP)
0°C 1.2V LT1004CD-1.2 LT1004CLD-1.2 | LT1004CLP-1.2
to
70°C | 25V LT1004CD-2.5 LT1004CLD-2.5 | LT1004CLP-2.5
-55°C | 1.2V LT1004MLD-1.2
to
125°0C | 25V LT1004MLD-2.5
The D package is available taped and reeled. Add suffix R to the device type (i.e.,
LT1004CDRO.
PRODUCTION DATA documents contain information . Copyright © 1989, Texas Instruments Incorporated
current as of publication date. Products conform to v}
hamdard wasranty. Frodurbon processing dogs no EXAS 2-39
necessarily inclu o testing of :II parameters. INST RUMENTS
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LT1004
MICROPOWER INTEGRATED VOLTAGE REFERENCE

schematic
LT1004-1.2
_ _ CATHODE
Q13
q $200 ko

Q12 3 1

2 I T\I
I¢ an
20 pF
P 25 50 kO
v ]
3 Q10
] 600 ko ’
- p
m >
<
n > 300 k2
5 3 q a9
®
e
7 500 o @6 a8 Q14
60 ko
- ® ® ® —
LT1004-2.5
- o o o CATHODE
7.5k Q13
[ :E
a4 Q12 p 20009

<
> 500 k2
1»

2500 k2
>
<

All component values shown are nominal.

ANODE
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LT1004
MICROPOWER INTEGRATED VOLTAGE REFERENCE

absolute maximum ratings over operating free-air temperature range

ReVerSe CUITENt . . . . 30 mA
Forward current . . . . 10 mA
Operating free-air temperature range: LT1004M .. .. .. ... ... ... . .. ... —55°C to 125°C

LT1004C . . ... 0°C to 70°C
Storage temperature range . . . ... ... —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or LP package ........... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: LD package .............. 300°C

electrical characteristics at specified free-air temperature

LT1004-1.2 LT1004-2.5 2
PARAMETER TEST CONDITIONS TAf UNIT
MIN TYP MAX | MIN TYP MAX
25°C 1.231 1.235 1.239 2.48 2.5 2.52 (7))
v, Reference voltage 'Sze: &g?e‘;”" 0°Cto70°C | 1.225 1245 | 247 253 | V °
~55°C to 125°C 1.22 1.245 2.46 2.535 (1]
Average temperature  |lz = 10 pA 20 £
ayz coefficient of reference 25°C ppm/°C (72}
voltage¥ lz = 20 uA 20 ©
25°C 1 1 -
I = 10 pAto 1 mA ©
AV. Change in reference Full range 1.5 LECH R [
z voltage with current 25°C 10 10
I =1 mAto20 mA
z 020 Full range 20 20
Long-term change in _ o
AVZIAL  erence voltage I, = 100 pA 25°C 20 20 ppm/khr
IZmin) Animum reference Full range 8 10 12 20| paA
25°C 0.2 0.6 0.2 0.6
Z. Refe i lo} Iz = 100 pA Q
z elerence impeaance 'z M Full range 5 5
Broadband noise Iz = 100 pA,
\Z ° 12 "
n voltage f = 10 Hz to 10 kHz 2C €0 0 K
TFul range is —55°C to 125°C for the LT1004M and 0°C to 70°C for the LT1004C.
+The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified
temperature range.
NOTE 1: The 0°C to 70°C limits apply for both M- and C-suffix devices. The —55°C to 125°C limits apply only for M-suffix devices.
Texas W
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LT1004-1.2
MICROPOWER INTEGRATED VOLTAGE REFERENCE

TYPICAL CHARACTERISTICST

REFERENCE VOLTAGE CHANGE
vs

REVERSE CHARACTERISTICS REVERSE CURRENT
100 T T T 16 —r—rrrmmmr—TTrTrmmr—r
TA = —55°C to 125°C TA = -55°C to 125°C |
>
T
< s 12
X §
2 o 8
3 — g
o 3 ol 3
o ® / 2 a
~* ; / c
Q c 1 v e V
| o 4
»nw = -3
2 4 0
N
© / 3
» 0.1 -4
V] 0.2 04 06 0.8 1 1.2 1.4 0.01 0.1 1 10 100
VR—Reverse Voltage—V IR—Reverse Current—mA
FIGURE 1 FIGURE 2
REFERENCE VOLTAGE
Vs
FORWARD CHARACTERISTICS FREE-AIR TEMPERATURE
1.2 1.245
Ta = 25°C
> > 1.240
' s
g, 0.8 J ?
3 3
S S1.235
‘g LA § // ™
: s P
.? 0.4 S 1.230
3 &
1.225
0
0.01 0.1 1 10 100 -55-356~15 5 25 45 65 85 105 125
If—Forward Current—mA TA—Free-Air Temperature— °C
FIGURE 3 FIGURE 4

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

942 TEXAS +
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LT1004.-1.2
MICROPOWER INTEGRATED VOLTAGE REFERENCE

TYPICAL CHARACTERISTICS

Data Sheets H

REFERENCE IMPEDANCE REFERENCE IMPEDANCE
Vs Vs
REFERENCE CURRENT FREQUENCY
100 LALLL rrrrim LB 1ok [
f-25Hz° . I, = 100 4A
Ta = —-55°C to 125°C Ta = 25°C
s o 1k -
|
[
§ 10 § /
©
3 \ 3 100 =
£ N 2 S
[ -3
§ \ § 10 /
8 1 5 L
2 X 3
| N |
N N N
\h.._
0.1 0.1
0.01 0.1 1 10 100 0.01 0.1 1 10 100 1000
|;—Reference Current—mA f—Frequency—kHz
FIGURE 5 FIGURE 6
NOISE VOLTAGE OUTPUT NOISE VOLTAGE
Vs Vs
FREQUENCY CUTOFF FREQUENCY
700 T 0TI
I, = 100 xA Iz = 100 4A ”" | l IH
600 [TA = 25°C 60 RC LOW PAQQ 4
N L1
1
|§500 3 50 yd
> N & 100 A I'e
| \\ g> +R /‘
o = || : " I A
g 400 Pttedd g 40 ]: c /
° o )
> 300 ™ q 3 30 = /
2 N 2 //
5 -
2 3
| 200 £ 20 ’
= o ,v’
-
100 10
N
o 0
10 100 1k 10 k 100 k 0.1 1 10 100
f—Frequency —Hz f— Cutoff Frequency—kHz
FIGURE 7 FIGURE 8
Texas W 943
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LT1004-2.5
MICROPOWER INTEGRATED VOLTAGE REFERENCE

N

IR—Reverse Current—yuA

sjeays eieq

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

100

10

0.1

REVERSE CHARACTERISTICS

TYPICAL CHARACTERISTICST
FORWARD CHARACTERISTICS

1 1 1
TA = -55°C to 1256°C

12T
TA = 25°C

v

/

0.8

0.4

VF—Forward Voltage—V

0.5 1 1.5

VR—Reverse Voltage—V

FIGURE 9

Vz—Reference Voltage—

2.480

N
&
o

N

AN

2.490 / \

2.485

2 2.5 3 0.01 0.1 1 10
Ir—Forward Current—mA

FIGURE 10

REFERENCE VOLTAGE
vs
FREE-AIR TEMPERATURE

-55-356-15 5 25 45 65 85 105 125
Ta—Free-Air Temperature— °C
FIGURE 11

100

2-44
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LT1004-2.5
MICROPOWER INTEGRATED VOLTAGE REFERENCE

TYPICAL CHARACTERISTICS

REFERENCE IMPEDANCE
vs

REFERENCE IMPEDANCE.
vs

REFERENCE CURRENT FREQUENCY
1000 T T T T 10 k T
f = 25 Hz m I = 100 gA
TA = —-55°C to 125°C TA = 25°C
o e 1k ya
1 100 b L
o o
: : ]
3 3 100 y. 2
E E
g g N &
§ g 10 o
3 £ V ©
@ \ 3
-4 o« L
P | / 77
N N
N F\%L N 1 / ©
ey
©
0.1 0.1 n
0.01 0.1 1 10 100 0.01 0.1 1 10 100 1000
I—Reference Current—mA f—Frequency —kHz
FIGURE 12 FIGURE 13
NOISE VOLTAGE FILTERED OUTPUT NOISE VOLTAGE
Vs Vs
FREQUENCY CUTOFF FREQUENCY
1400 56 A 120 1177
Ta = 25°C I, = 100 pA
1200 >§ 100 '
2 4. H
2 10007\ H o RC LOW PASS |/
I 3
| > /
2 800 © )
] 3 60 100 pA
= N — ®
° 2
> 600 N 5 ] +R //
& g x c
2 g 40—
> 400 2 hd )
c ® »
> s 1
200 S o
N
0 ) 0
10 100 1k 10 k 100 k 0.1 1 10 100
f—Frequency —Hz f—Cutoff Frequency—kHz
FIGURE 14 FIGURE 15
{f
EXAS 245
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LT1004

MICROPOWER INTEGRATED VOLTAGE REFERENCE

sjeays eieq H

TYPICAL CHARACTERISTICS

2-46

LT1004-1.2 LT1004-2.5
TRANSIENT RESPONSE TRANSIENT RESPONSE
I\I
T s T3
A OUTPUT OUTPUT
g /] g N i
g ot £ 2 4 24 ko
g / v|36 Vo § Vi Vo
g 0.5 5 ] 1 E
3 3 o
° 0 ° e
§ < < &
H H
£ £
5 INPUT 5 INPUT v
0 0
0 100 1\'500 600 100 W 500
t—Time—ps t—Time—us
FIGURE 16 FIGURE 17
i
TeExas ‘b
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LT1004
MICROPOWER INTEGRATED VOLTAGE REFERENCE

TYPICAL APPLICATION DATA

100 pF

22 kQ

600 us RC
ouT ;

21v

LT1004-1.2 16.9 kQ
1.05 kaf
10 kQ
LS ineut

-5V

Data Sheets H

T 1% metal film resistors

FIGURE 18. Vpp GENERATOR FOR EPROMS (NO TRIM REQUIRED)

NETWORK DETAIL

YS! 44201
RT Network
15V YSI 44201
2.7 k0
5%
0-10V
LT1004-1.2 0-100°C

FIGURE 19. 0°C TO 100°C LINEAR OUTPUT THERMOMETER

v}
EXAS ]
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LT1004

MICROPOWER INTEGRATED VOLTAGE REFERENCE

sj99ys eied !

TYPICAL APPLICATION DATA

VIN=9Vto15V

Vo =5V

L 3.01 M0
150 pF
SO PT S 99,

FIGURE 20. MICROPOWER 5-V REFERENCE

Vi25V sV
100 pA 510 kQ
1.235 V
P—OUTPUT
T 4-1.
LT1004-1.2 50 4F LT1004-1.2
3 =
= FIGURE 22. MICROPOWER REFERENCE FROM
FIGURE 21. LOW-NOISE REFERENCE 9-V BATTERY
3 v 5 kQ AT
LITHIUM = 25°ct
i +
:d___
THERMOCOUPLE R1
TYPE
1 Quiescent current & 15 pA J 233 k©
* Yellow Springs Inst. Co., Part #44007 K 299 kQ
NOTE: This application compensates within +1°C from 0°C T 300 kQ
to 60°C. S 2.1 MQ

FIGURE 23. MICROPOWER COLD-JUNCTION
COMPENSATION FOR THERMOCOUPLES

2-48
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LT1004
MICROPOWER INTEGRATED VOLTAGE REFERENCE

TYPICAL APPLICATION DATA

LT338A

V=8V N ouT|
v . ADJ 300 0
5 1 uF

50 kQ LT1004-2.5
2.5V
100 @
LT1004-2.5 =
FIGURE 24. 2.5-V REFERENCE FIGURE 27. HIGH-STABILITY 5-V REGULATOR

15V Py PY Vec+ =5V

2 ket 250 m% %250 ke
<

Ps OUTPUT

Data Sheets H

LT1004-1.2

INPUT

lp (See Note)
-5V
t May be increased for small output currents. 200 kQ 60 k@
. _ 2V 1238V _
NOTE: R1 ~|0 T IVY o= o | Veg- = -5V
FIGURE 25. GROUND-REFERENCED CURRENT FIGURE 28. AMPLIFIER WITH CONSTANT GAIN
SOURCE OVER TEMPERATURE

1.5 V (See Note)

3kQ R = 5k0
1.235 V LT1004-1.2
LT1004-1.2 lp (See Note)
= NOTE: 1n = 13V
NOTE: Output regulates down to 1.285 V for Ig = O. TE: lo~—¢
FIGURE 26. 1.2-V REFERENCE FROM 1.5-V FIGURE 29. 2-TERMINAL CURRENT SOURCE
BATTERY WITH LOW TEMPERATURE COEFFICIENT

EXAS @ 2-49
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LT1004

MICROPOWER INTEGRATED VOLTAGE REFERENCE

s198yg eleq !

TYPICAL APPLICATION DATA

BATTERY
OUTPUT

LO = BATTERY LOW

10 MQ

T R1 sets trip point, 60.4 kQ per cell for 1.8 V per cell.
FIGURE 30. LEAD-ACID LOW-BATTERY-VOLTAGE DETECTOR

113384
] \] Vo Vo
1WA ARJ 120 0
S —[__J, 10 4F
= LT1004-1.2 I

R1 2 kQ
(See Note)

Vee -

Vec— 1V
0.015

FIGURE 31. VARIABLE-VOLTAGE SUPPLY

NOTE: R1 =<

2-50

EXAS {'f
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



LT1009
2.5-V INTEGRATED REFERENCE CIRCUIT

D3191, MAY 1987 —REVISED JANUARY 1989

e Excellent Temperature Stability

Initial Tolerance . .. 0.2% Max
Dynamic Impedance . .. 0.6 ) Max
Wide Operating Current Range
Directly Interchangeable with LM136

e o o o

Needs No Adjustment for Minimum
Temperature Coefficient

description

The LT1009 is a precision trimmed 2.5-V shunt
regulator featuring a maximum initial tolerance of
only £5mV, low dynamic impedance, and a
wide operating current range. The 0.2%
reference tolerance is achieved by on-chip
trimming, which minimizes the initial voltage
tolerance and the temperature coefficient ayz.

Even though the LT1009 needs no adjustments,
a third terminal allows the reference voltage to be
adjusted 5% to eliminate system errors. In many
applications, the LT1009 can be used as a pin-
for-pin replacement for the LM136H-2.5, which
eliminates the external trim network.

The uses of the LT1009 include a 5-V system
reference, an 8-bit ADC and DAC reference, or a
power supply monitor. The LT1009 can also be
used in applications such as digital voltmeters
and current-loop measurement and control
systems.

The LT1009M is characterized for operation over
the full military temperature range of —55°C
to 125°C. The LT1009C is characterized for
operation from 0°C to 70°C.

LT1009M, LT1009C . . . LD PACKAGE
(TOP VIEW)

ADJ ANODE

CATHODE

The anode is in electrical contact with the case.

LT1009C . . . LP PACKAGE
(TOP VIEW)

ANODE
CATHODE
ADJ

ANODE ——T[— CATHODE

ADJ

symbol

Data Sheets H

PRODUCTION DATA documents contain information

current as of publication date. Products conform to l
specifications per the terms of Texas Instruments TEXAS

standard warranty. Production processing does not
necessarily include testing of all parameters. lNS’T RUMENTS
POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

Copyright © 1989, Texas Instruments Incorporated
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LT1009

2.5-V INTEGRATED REFERENCE CIRCUIT

schematic
@)
) ¢
~,
[+]
72]
> Q2
(5]
3 (1]
7]

Q3

< <
24 kQ § 24 kQ T

Q7
20 pF /{

10 kQ

‘/g
W
o
k-]
bl

Q10 )
4 } $500 0
\L b3

A 4 CATHODE

‘D
:: 6.6 kO

Q9

Q12

720 @

30 k@
S VA— ADJ

‘b
36.6ka

All component values shown are nominal.

® ANODE
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LT1009
2.5-V INTEGRATED REFERENCE CIRCUIT

absolute maximum ratings over operating free-air temperature range

Reverse CUIrent . . .. ... e 20 mA
Forward Current . . ... . e 10 mA
Operating free-air temperature range: LT1009M . . ... ... . ... —55°C to 125°C
LT1009C . . . . 0°C to 70°C
Storage temperature range . .. . ... —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or LP package ........... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: LD package .............. 300°C
electrical characteristics at specified free-air temperature
LT1009M LT1009C 2
PARAMETER TEST CONDITIONS TAT UNIT
MIN  TYP MAX | MIN TYP MAX
Vz Reference voltage Iz =1mA 25°C 2.495 25 2505 | 2495 25 2505 \ 7))
Change in reference -
AVz(temp) voltage with temperature MIN to MAX 15 4 mv g;
Ave{r_fage ten}pegature 0°C to 70°C 15 25 15 25 c °~
AN o
vz Sgﬁagg nt ol relerenice —55°C to 125°C 25 35 ppm/ (7]
Change in reference _ 25°C 26 6 286 10 ©
avz voltage with current Iz = 400 pAto 10 mA Full range 10 12 mv ‘6
Long-term change in _ o
AVt e nce voltage I, =1mA 25°C 20 20 ppm/khr (a]
. 25°C 0.3 0.6 0.3 1
Z; Reference impedance |l = 1 mA Full range 1 17 O
1 Full range is —55°C to 125°C for the LT1009M and 0°C to 70°C for the LT1009C.
¥ The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified
temperature range.
{f
I EXAS 2.53
NSTRUMENTS
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LT1009
2.5-V INTEGRATED REFERENCE CIRCUIT

TYPICAL CHARACTERISTICS?

REFERENCE VOLTAGE
Vs

FREE-AIR TEMPERATURE
2.53

T
I = 1mA

2.52

N
a
-

N

N
H
©

Vz—Reference Voltage—V
N
o

N
2.48
2.47
-50 -25 (V] 25 50 75 100 125
TA—Free-Air Temperature— °C
FIGURE 1
REVERSE CHARACTERISTICS

10-1
g 10~ 2
.
c
e
3
o 10-3
4
@
>
& oc
| Ty = 125°C |_—

— "1
F10-4 o~ / i
/ TJ = —-55°C
/ Ty = 26°C
10-5 1 i 1
0.6 1.0 1.4 1.8 2.2 2.6
VR—Reverse Voltage—V
FIGURE 3

VEg—Forward Voltage—V

AVz—Change in Reference Voltage—mV

CHANGE IN REFERENCE VOLTAGE
vs
REFERENCE CURRENT

| /

| /

0
0 4 8 12 16 20
Iz—Reference Current—mA
FIGURE 2
FORWARD CHARACTERISTICS
1.2
Ty = 25°C
1.0
0.8 /
0.6 e
//
0.4
0.2
0
0.001 0.01 0.1 1 10
IF—Forward Current—mA
FIGURE 4

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

Texas
INSTRUMENTS
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LT1009

2.5-V INTEGRATED REFERENCE CIRCUIT

TYPICAL CHARACTERISTICS

INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265

REFERENCE IMPEDANCE NOISE VOLTAGE
Vs Vs
FREQUENCY FREQUENCY
100 T T 250 T
Fl, = 1 mA Iz = 1TmA
Ty = ~55°C to 125°C KTJ = 25°C
S N
b
é E 200 \
g 10 Z 2
H £ o \
E 7 g
- 7 % 150 3
e / > [}
s 2 2
5 2
;6 1 - ZIO o — w
| 7
o // < 100 S
— ©
(a]
0.1 50
0.01 0.1 1 10 100 10 100 1k 10k 100 k
f—Frequency —kHz f—Frequency —Hz
FIGURE 5 FIGURE 6
TRANSIENT RESPONSE
R | ||
‘ OUTPUT
25 Vo L PR
M
2
g 1.5
S
g 0.5
é o]
2 I
©
5
[~}
£
4 T
0 L L
0 1 20
t—Time—us
FIGURE 7
{/
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LT1009
2.5-V INTEGRATED REFERENCE CIRCUIT

TYPICAL APPLICATION DATA

5V—-35V
3.6 kQ
p— OUTPUT
>
< 10 ket
LT1009 S TRIM

T Does not affect temperature coefficient. Provides +5% trim range.

FIGURE 8. 2.5-V REFERENCE

3.6VTO40V
V+

LM334

>
V- 36290
<

*—
<
LT1009 j

FIGURE 9. ADJUSTABLE REFERENCE WITH WIDE-SUPPLY RANGE

sjeays eieq WS

Vv
-
(=]
=
(=]

v

LT317

v)—IN our Vo
ADJ
l:_l [

312k 33750
1 1

LT1009*

‘

A d

N
=
(=)

L] e

FIGURE 10. POWER REGULATOR WITH LOW TEMPERATURE COEFFICIENT

TeExas ‘t’f
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LT1009
2.5-V INTEGRATED REFERENCE CIRCUIT

TYPICAL APPLICATION DATA

5V

+5V
> 10 ko

1%
-5V

—— OouT

9,76 ka -
1% 3
(-]
2
/i?'soo Q (7]
° (1]
®
5 kQ a
-5V

FIGURE 11. SWITCHABLE * 1.25-V BIPOLAR REFERENCE

Vi=z6V 1 uF
A
VAl
10 k@
31k ~
] LT1001C — 25V
10 ki 1 kQ
AAA—@—AAA +
s
20 uF
100 kQ
LT1009
+
,I>20uF

FIGURE 12. LOW-NOISE 2.5-V BUFFERED REFERENCE

TEXAS J@ 957
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

D3193, JANUARY 1989

® Plug-In Compatible with the 7660 with LTC1044M . . . JG PACKAGE
These Additional Features: LTC1044C . .. D, JG, OR P PACKAGE
e Operation to 9 V Over Full Temperature (TOP VIEW)
R:ange with No External Protection goosT (T T sPvop
Diodes . I cap+ 2 7osc
e Boost Pin for Higher Switching oNp (3 sFLv
Frequency CcAP— a s[vo

e 2 1/2 Times Lower Quiescent Power
e Efficient Voltage Doubler

L PACKAGE
o No-Load Supply Current at (TOP VIEW)
5V...200 pA Max VoD

e Open-Circuit Voltage Conversion
Efficiency ... 97% Min

® Power Conversion Efficiency ... 95% Min

e Operating Supply Voltage Range ... 1.5V
to9Vv

o Commercial Device Operates from —40°C
to 85°C

Data Sheets H

description

The LTC1044 is a monolithic CMOS switched-capacitor voltage converter manufactured using CMOS silicon-
gate technology. The LTC1044 provides several voltage conversion functions; the input voltage can be
inverted (Vo = —V|), doubled (Vo = 2V)), divided (VO = V|/2), or multiplied (VO = £nVj).

Designed to be pin-for-pin and functionally compatible with the 7660, the LTC1044 offers significant new
design and performance advantages while still maintaining compatibility with existing 7660 designs.

The LTC1044M is characterized for operation over the full military temperature range of —55°C to 125°C. The
LTC1044C is characterized for operation from —40°C to 85°C.

current as of publication date. Products conform to
specifications per the terms of Texas Instruments

standard warranty. Production processing does not 2-59
necessarily include testing of all parameters. INST RUMENTS
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

absolute maximum ratings over operating free-air temperature ranget

SUPPIY VORAGE, VDD -« « t v v et e e et e e e 95V
Input voltage range (pins 1,6,and7,seeNote 1) . ...................... -0.3VtoVpp + 0.3V
Input current, I} (PINB) . . . . o e e 20 pA
Duration of output short circuit (VCC+ = 8.5V) .. oo oo unlimited
Operating free-air temperature range: LTC1044M . ... ... ... . i —55°C to 125°C
LTC1044C . ... .. —40°C to 85°C
Storage temperature range . ... ..ot e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package . . ... .......... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DorPpackage ............ 260°C
2 Lpackage ................ 300°C
1 Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under “recommended operating
U conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
o
E;’ recommended operating conditions
7] LTC1044M LTC1044C UNIT
= MIN MAX MIN MAX
8 Vpp  Supply voltage (R = 10 kQ, see Note 1) 15 9 1.5 9 \
~ V) Input voltage (pins 1, 6, and 7, see Note 2) -0.3 Vpp+03| -0.3 Vpp+03 \
» TA Operating free-air temperature -55 125 -40 85 °C

NOTES: 1.The LTC1044 operates with alkaline, mercury, or NiCad 9-V batteries, even when the initial battery voitage is slightly higher than 9 V.

2. Connecting any input terminal to voltages substantially greater than Vpp or less than ground may cause destructive latch-up. It is
recommended that no inputs from sources operating from external supplies be applied prior to power-up of the LTC1044.

2-60
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

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

Figure 1)
LTC1044M LTC1044C
PARAMETER TEST CONDITIONS TAf UNIT
MIN TYP MAX|MIN TYP MAX
25°C 100 100
10 = 20 mA, fogc = 5 kH
o Output resistance o mA, fosc z Full range 150 1300 Q
Vpp =2V, I =3mA, fogc = 1 kHz Full range 400 325
: Vpp =5V, Cosc = 1 pF, See Note 3 5 5
f Oscillator fi Full kH.
osc  Oscillator frequency VoD = 2V, Cosc = 1 PF, See Note 3 ull range 1 7 z
Mp  Power efficiency Rl = 5k, fosc = 5 kHz 25°C 95 98 95 98 % -
Voltage conversion _ N o 2
™0 giciency RL=o 25°C 97 99.9 97 99.9 %
illator sink V, =0orVpp, PintatoVv 3 3
losc Oscillator sink or 0sc orVpp fn al Full range A
source current Vosc = 0 or Vpp, Pin 1atVpp 20 20 (7]
: - -
RL = », Pins 1 and 7 no connection 60 200 60 200
Db Supply current : 25°C A i
DD Supply curren RL =, Pins 1and 7 Vpp = 3V 20 20 H o
t Full range is —55°C to 125°C for the LTC1044M and —40°C to 85°C for the LTC1044C. E%
NOTE 3:  fogc is tested with Cogc at 100 pF to minimize the effects of test fixture capacitance loading. The 1-pF frequency is correlated to this
100-pF test point and is intended to simulate the capacitance at pin 7 when the device is plugged into a test socket and no external 2
capacitor is used. «
(a]
PARAMETER MEASUREMENT INFORMATION
Vpp = 5V
LI
E — E}
2 6
L
c1 I+ LTC1044 | EXTERNAL RL l
10 uF T 3 :7]_' | OSCILLATOR
-
4 18 | T
= =L el
C ~
T ese [+ 10 xF
+ +
FIGURE 1. TEST CIRCUIT
:i
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LTG1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL CHARACTERISTICST

SUPPLY CURRENT OUTPUT RESISTANCE
Vs Vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
400 —— 1000 —r—t
RL = o \C lp =3mA
360 AN Ta = 25°C—
g
T 320
¢ / @ A
2 : 280 3 N \\(,osc = 100 pF
(5]
240 & N
H [ 2 \\Cosc =0 B
o £ 200 / & 100 ~
B} -
D 360 2
- -
o ) / 5
2 120 o o
”m // A
I 2 8o <
g - d
@ 40 >
7]
0 10
0o 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Vg —Supply Voltage—V Vpp— Supply Voltage—V
FIGURE 2 FIGURE 3
OUTPUT RESISTANCE OUTPUT RESISTANCE
Vs Vs
FREE-AIR TEMPERATURE OSCILLATOR FREQUENCY
400 T T T 500 r—r
C1 =C2 = 10 4F Vpp = 5V
360 10 = 10 mAf
C1 =C2 = 10 yF Ta = 25°C
220 VDD = 2V, 1, H e 40 \ LURpRRRL
< pD = . = 1 kHz | = =1l
1 280 22 i 3 |
Q c
c 8 3