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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
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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

INSTRUMENTS

POST OFFICE BOX 855012 ¢ DALLAS, TEXAS 75265

Data Sheets H



N

Data Sheets

2-16



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

necessarily include testing of all parameters. lNSTRUMENTS

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265



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

schematic diagram
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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
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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

XAS “lf
INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265 :



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

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

PRODUCTION DATA documents contain information ‘i Copyright © 1988, Texas Instruments Incorporated

2-37



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 ]
INSTRUMENTS 247
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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 =<
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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

2-52

Texas {?
INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265



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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POST OFFICE BOX 655012 *» DALLAS, TEXAS 75265



N

Data Sheets

2-58



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 8 300 \
s 240
» — 2
& 200 <
- =3
2 160 g 200
3 S \
S 120 |
i VDD = 5 V. fosc = 5 kHz — ° A\
2 8o 10—~ N
et——T" \~H | \N -——4>»—h-"
40 C1 = C2 = 100 4F
o oL L1iinn 1
-55 -256 0 25 50 75 100 125 0.1 1 10 100
Ta—Free-Air Temperature— °C fosc— Oscillator Frequency —kHz
FIGURE 4 FIGURE 5

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the two devices.
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL CHARACTERISTICSt

OSCILLATOR FREQUENCY
Vs
EXTERNAL CAPACITOR

100
== t i Vpp = 5V
L Ta = 25°C
< | ]
s T
10 » PIN 1 at Vpp ==
[ <
T 11|
PIN 1 OPEN

fosc— Oscillator Frequency —kHz
-

0.01
1 pF 10 pF 100 pF 1 nF 10 nF
Cosc—External Capacitor
(Pin 7 to Ground)
FIGURE 6
OSCILLATOR FREQUENCY
Vs
FREE-AIR TEMPERATURE
15 T T
Vpp =5V
14 —PIN 1 OPEN
Cosc = 0
13
12 \

-
-

o ©

fosc—Oscillator Frequency —kHz
-
o

N

5
-65 -25 O 25 50 75 100 125

Tpa—Free-Air Temperature — °C

FIGURE 8

np—Power Conversion Efficiency —%

fosc— Oscillator Frequency —kHz

OSCILLATOR FREQUENCY

Vs
SUPPLY VOLTAGE
100 —
EPIN 1 OPEN
Cosc = 0
[TA = 25°C
10
2
/
/
1
0.1
0 1 2 3 4 5 6 7 8 910
Vcc—Supply Voltage—V
FIGURE 7
POWER CONVERSION EFFICIENCY
Vs
OSCILLATOR FREQUENCY
100 —1—
VoD = 5V
og [ 100 A7 c1=c2
s -~ MTA = 25°C
96 s o
Py W \\
94 7 7 RYK
4 1 uF‘ o =1mA \
92 4 7 |
90 7
II A ) d’-;ﬁ\
8T T 00 o 10 = 15 ma [-hN
» (o] m,
g6 1A 1| |/
T | /
84 I
J |/ 10F 1 4F
- 111 il
80 Lo /
0.1 1 10 100

fosc— Oscillator Frequency —kHz

FIGURE 9

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

Data Sheets H

XAS {?
INSTRUMENTS

POST OFFICE BOX 665012 * DALLAS, TEXAS 75265

2-63



LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL CHARACTERISTICS

POWER CONVERSION EFFICIENCY
and SUPPLY CURRENT

Vs

OUTPUT CURRENT

100

POWER CONVERSION EFFICIENCY
and SUPPLY CURRENT
vs
OUTPUT CURRENT

100 10 100
£ 9 N~ M A DN ™ %0
I>~80 8 > 80 IS, 80
2 2 < < N <
270 N\ 7 E g 70 AN 70 $
£ \ L E L
o 60 “\ 65 = 60 60 8
t ] £
® 50 \ 53 250 \ 3
5 2 ' > 3 D %0 >
£ 20 4% 5§ a0 40 &
S a
»w S Ibp a © DD @
> 530 3 2 30 30 |
® % Vpp = 2V 8 § Vpp =5V 8
g ¢ 20 fosc = 1 kHz 2= 2 fosc = 5 kHz 207
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

theory of operation

To understand the theory of operation of the LTC1044, a review of a basic switched-capacitor building block is
helpful. In Figure 14, when the switch is in the left position, capacitor C1 charges to voltage V1. The total
charge on C1is q1 = C1 « V1. The switch then moves to the right, discharging C1 to voltage V2. After this
discharge time, the charge on C1 is g2 = C1 + V2. Note that charge has been transferred from the source, V1,
to the output, V2. The amount of charge transferred is calculated as follows:

Aq =ql — g2 = C1(V1 — V2).

If the switch is cycled f times per second, the charge transfer per unit time (i.e., current) is calculated as
follows:

I=fx Ag=fx C1(Vl1 - V2).
Rewriting in terms of voltage and impedance equivalence,
Vi-V2 Vi-WV2
') T TFeg

where Regq is defined as Req = 1/fC1. The equivalent circuit for the switched-capacitor network is shown in
Figure 15.

V1 v2
Req
v v2 c2 R
f
RL L
c1 c2 B -
’-__E ’-l: L NOTE: Req = R1:T
FIGURE 14. SWITCHED-CAPACITOR FIGURE 15. SWITCHED-CAPACITOR
BUILDING BLOCK EQUIVALENT CIRCUIT

Examination of Figure 16 shows that the LTC1044 has the same switching action as the basic switched-
capacitor building block, with the addition of finite switch on-state resistance and output voltage ripple.

The simple theory, although not exact, helps illustrate how the device operates. For example, it explains how
the LTC1044 behaves in Figure 9. The loss, and hence the efficiency, is determined by the output impedance.
As frequency is decreased, the output impedance is eventually dominated by the 1/fC1 term, and power
efficiency drops. Figure 9 shows this effect for various capacitor values.

Note also that power efficiency decreases as frequency increases. This is caused by internal switching losses
that occur because some finite charge is lost in each switching cycle. This charge loss per unit cycle, when
multiplied by the switching frequency, becomes a current loss. At high frequency, this loss becomes
significant, and the power efficiency starts to decrease.

Data Sheets H

TExAs e 2.65

INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

sjaayg eleq m

TYPICAL APPLICATION DATA

Vpp
SwW1 sw2
(8) CAP+
(2) 4

I |

(1) [ | +c1 I
—

BOOST —— | |

(7)

osc «2 |3 3
0sC—— O——L —O} ) —O/l/ ‘—@ivo
c2
I

6) [
Lv |
CLOSED WHEN
Vpp =3V

(3)
GND

—o—e

FIGURE 16. LTC1044 SWITCHED-CAPACITOR VOLTAGE CONVERTER BLOCK DIAGRAM

LV (pin 6)

The internal logic of the LTC1044 runs between Vpp and LV (pin 6). For Vpp = 3V, an internal switch shorts

LV to GND (pin 3). The LV pin can be tied to ground or left floating. For Vpp < 3V, the LV pin should be tied to
GND.

OSC (pin 7) and BOOST (pin 1)

The switching frequency can be raised, lowered, or driven from an external source. Figure 17 shows a
functional diagram of the oscillator circuit. By connecting the boost pin (pin 1) to Vpp, the charge and
discharge current is increased, thereby increasing the frequency by a factor of approximately 7. Increasing
the frequency decreases output impedance and ripple for higher load currents. Loading pin 7 with more
capacitance lowers the frequency. Using the boost pin (pin 1) in conjunction with external capacitance on
pin 7 allows the user to select the frequency over a wide range.

Driving the LTC1044 from an external frequency source can easily be achieved by driving pin 7 and leaving
the boost pin open, as shown in Figure 18. The output current from pin 7 is small, typically 0.5 A, so a logic
gate can drive this current. Using a CMOS logic gate is preferable because it can operate over a wide supply
voltage range (3 V to 15 V) and has enough voltage swing to drive the internal Schmitt trigger shown in
Figure 17. For 5-V applications, a TTL logic gate can be used by simply adding an external pull-up resistor
(see Figure 18).

2-66

EXAS ‘QP
INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

VoD
(8)

1
BOOST (—-)—-0—5

(7) SCHMITT
0osc  TRIGGER

\

< =14 pF

‘.—
Data Sheets H

b o)

FIGURE 17. OSCILLATOR

(6)
Lv @

VDD(+)

REQUIRED FOR
TTL LOGIC

3 N\

OSC INPUT

rips E
i

LTC1044
Cc17

11—

FIGURE 18. EXTERNAL CLOCKING

external diode (Dx)

Previous circuits of this type have required a diode between VQ (pin 5) and the external capacitor C2 for
voltages above 6.5V (5 V for military temperature range). The improvements in the LTC1044 circuit design
and Texas Instruments LinCMOS™ silicon-gate process have eliminated the need for this diode. The
LTC1044 operates from 1.5 V to 9 V without the protection diode over all temperature ranges. The LTC1044
will operate without any problems in existing LTC7660 designs that use the protection diode as long as the
maximum recommended supply voltage of 9 V is not exceeded.

LinCMOS is a trademark of Texas Instruments Incorporated.
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

capacitor selection

External capacitors C1 and C2 are not critical. They do not have to be high quality or have tight tolerance, nor
is matching required. Aluminum or tantalum electrolytics are excellent choices, with cost and size being the
only consideration.

negative voltage converter

sjoays ejeQ u

Figure 19 shows a typical connection that provides a negative supply from an available positive supply. This
circuit operates over full temperature and power supply ranges without the need for external diodes. The LV
pin (pin 6) is shown grounded, but for Vpp = 3V, it may be floated, since LV is internally switched to ground
(pin 3) for Vpp = 3 V.

The output voltage (pin 5) characteristics of the circuit are those of a nearly ideal voltage source in series with
an 80-() resistor. The 80-() output impedance is composed of two terms —the equivalent switched-capacitor
resistance (see Theory of Operation) and a term related to the on-state resistance of the MOS switches. At an
oscillator frequency of 10 kHz and C1 = 10 uF, the first term is:
R ! ! 200
®97 fosc/2) xC1  5x 108 x 10 x 10-6

Notice that the equation for Req is not a capacitive reactance equation (XG = 1/wC) and does not contain a 21
term. While the exact expression for output impedance is extremely complex, the dominant effect of the
capacitor is clearly shown in the typical curves of output impedance and power efficiency versus frequency.
For C1 = C2 = 10 uF, the outputimpedance goes from 60 Q at fogc = 10 kHz t0 200 Q at fogc = 1 kHz. As the
1/fC term becomes large compared to the switch on-state resistance term, the output resistance is
determined by 1/fC only.

Vpp (1.5 VTO 9 V)

E -/ EJ
—2 7
¥ LTC1044 7]
10 uF == 3 [6]- 4 REQUIRED FOR Vpp < 3V
4 5|—1:’- Vo = -VDbD
= + 10 uF

FIGURE 19. NEGATIVE VOLTAGE CONVERTER

voltage doubling

Figure 20 illustrates two methods of voltage doubling. In Figure 20(a), doubling is achieved by simply
rearranging the connection of the two external capacitors. When the input voltage is less than 3 V, an external
1-MQ resistor is required to ensure that the oscillator starts; it is not required for higher input voltages.

In this application, the ground input (pin 3) is taken above VpD (pin 8) during power-on, making it prone to
latch-up. The latch-up, while not destructive, prevents the circuit from doubling. Resistor R1 is added to
eliminate this problem; in most cases, 200 Q is sufficient. It may be necessary in a particular application to
increase this value to guarantee start-up. The voltage drop across R1 is VR1 = 2 X I0 x R2. If this voltage
exceeds two diode drops (1.4 V for silicon, 0.8 V for Schottky), the circuit in Figure 20(a) is recommended
because it will never have a start-up problem.
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

Vi (1.5VTO9 V)
1N914

Data Sheets H

lo
—_—
200 @ ~ 5] » 2V, (3V TO 18 V)
7]
LTC1044
1= E“ - —] = c2
10 uF Sama | TOKF
4] 5 i «——{—— REQUIRED FOR
V<3V
(a)
Vi
(1.5VTO 9 V)
3 N B l
—2 7] v
LTC1044 © Vo
3 6} ] REQUIRED FOR Vo = 20V - 1)
Vpp <3V o= -
[ 5] | .

+
L T1o uF To uF

(b)
FIGURE 20. VOLTAGE DOUBLER

ultra-precision voltage divider

An ultra-precision voltage divider is shown in Figure 21. To achieve the 0.0002% accuracy indicated, the load
current should be kept below 100 nA. However, with a slight loss in accuracy, the load current can be
increased.

Vpp (3V TO 18 V)

o
—2 7
c1 |+ LTC1044 o
10 4F 7] 3 61
—
Vbp L 8 |
—— +0.002% ¢—@
2 > — ————
+] c2 =
j"qu

= REQUIRED FOR Vpp < 6 V

NOTE: Ta = MIN to MAX, Ig = 100 nA

FIGURE 21. ULTRA-PRECISION VOLTAGE DIVIDER
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

battery splitter

Obtaining positive and negative supplies from a single battery or single power supply is a common need in
many systems. Where current requirements are small, the circuit shown in Figure 22 is a simple solution. It
provides symmetrical positive and negative output voltages, both equal to one half the input voltage. The
output voltages are both referenced to pin 3 (output common). If the input voltage between pin 8 and pin 5 is
less than 6 V, pin 6 should also be connected to pin 3, as shown by the dashed line.

it o~

—=vg(aV

"

Vp/2 (4.5 V)

LTC1044 REQUIRED FOR Vg < 6 V

c1
=
10 uF

i
iyl
5»< &

p—> Vp/2 (-4.5V)

]

) c2
| 310w

*

s}99ys eieq !

ct————-b OUTPUT COMMON
_4

NOTE: Vg = 3V to 18 V =
FIGURE 22. BATTERY SPLITTER

paralleling for lower output resistance

Figures 23, 24, and 25 illustrate the flexibility of the LTC1044. Figure 23 shows two LTC1044s connected in
parallel to provide a lower effective output resistance. If, however, the output resistance is dominated by
1/fC1, increasing the size of C1 or increasing the frequency is more beneficial than the paralleling circuit

shown.
Vop
E —/ 3 E — E_I
3] 3]
12] 7] 12] 71—
e I+ - LTC1044 . c1 |+ " LTC1044 el
10xF T 6] 10 uF 7] |—'|:
T 4] E—l {4] 5] »Vo = ~(Vpp)
1/4 CD4077 c2
==
ST 20 uF
7 =
(See Note)

NOTE: The exclusive NOR gate synchronizes both LTC1044s to minimize ripple.

FIGURE 23. PARALLELING FOR LOWER OUTPUT RESISTANCE
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

Figures 24 and 25 "stack" two LTC1044s to provide even higher voltages. As shown schematically in
i Igure 24, a negative voltage doubler or tripler can be achieved depending upon how pin 8 of the second
LTC1044 is connected. Figure 25 illustrates a similar circuit that can be used to obtain positive tripling, or even
quadrupling [the doubler circuit appears in Figure 20(a)]. In both of these circuits, the available output current
is a function of the product of the individual power conversion efficiencies and the voltage step-up ratio.

Vbp
L FORVQ = -3Vgc—s <—— FORVg = -2 Vge
)
u V )
E 8 10 uF 1 8
2] Lrcroas [ 12 ircroee [ ]
.
e R 5 : [ 9
ral B vy L
4 5 4 5 V
14 [ 5f TVopl & DT o 77)
10 puF [+
=110 4F
1 T gl 3
- = - o
FIGURE 24. STACKING FOR HIGHER VOLTAGE
1N914
7
Vpp (5 V) 10 4¢ (] 8 Vo
1N914 +
2] ircroae [
~ 1 262?941_ - ’ e}ty +
20003 1 8 4 | 10 4F
2Vee 4 5 - s
2] 7] 1Mo
. 21 LTC1044 See Note) + 9
10 uF =< ¢—{3] 1 6 :—"-Mé’le =10 uF L L
4] I - B
11 5 ::
i FOR Vg = 3V FORVQ = 4V
= = = 15V) o/ o 20V)

NOTE: Required for Vpp < 3V

FIGURE 25. VOLTAGE TRIPLER/QUADRUPLER
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LTC1044

SWITCHED-CAPACITOR VOLTAGE CONVERTER

1.2-V REFERENCE TO

A/D CONVERTER FOR
RATIOMETRIC OPERATION
(1 mA MAX)

LT1004
1.2V

sj99ysg eleQ !

TYPICAL APPLICATION DATA

220 @

10 kQ

o ~ [E————9sv
—2 7
R LTC1044 7]
100 pF == 3 6]
“BV, 4
el
= 100 uF L
4 8
I OUTPUT
0.33 4F [ — OV TO35V
ﬁ 0 psi TO 350 psi
@ = _ 2 kQ
100 ke J GAIN

301 kQ

TRIM

46 kQ
(See Note)

=

20.047 uF

ZERO 2€VW\
TRIMI {See Note)

oV

-1.2V

|
1
|
| LT1013 _
- T
(®)| 3500 pressure |
TRANSDUCER |
® !
} + [
o et L
>
e —
@ = A<1.0 puF

NOTE: 1% film resistor pressure transducer BLH/DHF-350 (Circled letter is pin number)

FIGURE 26. SINGLE 5-V STRAIN GAUGE BRIDGE SIGNAL CONDITIONER

2-1.2 V CELLS —

T

a8V
E -/ 3 Vo
—2 7 Lol]
c1 1+ LTC1044 7] (See Note) cmos
10 kTR _@ LOGIC
K NETWORK
[2] 5]
=] 1 l
+i
—e
Cc2 =
10 uF

NOTE: Supply current Ipp = 3 pA.

FIGURE 27. GENERATING CMOS LOGIC SUPPLY FROM 2 MERCURY BATTERIES

100 Q (See Note)
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

Data Sheets H

v
° -
200 0 %msm
0 ~ [Etee —5 V OUTPUT
- +[ 100
= LTC1044 1 T
+ —{3] 6 - 4.8 M0
A1~10 puF 1 MQ <
4] 514
) Taer |
1kQ 1! AMP = !
EVEREADY EXP-30 —. Y ! I
T | N i
et I LM10 = I
| |
| op |
1 ke I "“V +
330 kO Wy —1 \ |
| f
| I |
%msm 150 k0
* M,—fy&—

100 kQ

—e

FIGURE 28. REGULATED OUTPUT 3-V TO 5-V CONVERTER

AMA
200 k2
vt 8.2 k@
+

Vo ADJ
/> 50 kQ
I frlw outpuT
+ rz‘ﬂ 7] [6] [5
39 I‘(\ﬂ 1100 WF J_l 'EE1O uF
- ) LTC1044
e lj__l Z

vz |-Vo |+ 05V
NOTE: Load regulation £0.02%, 0 to 15 mA. 10 uF

FIGURE 29. LOW-OUTPUT-IMPEDANCE VOLTAGE CONVERTER
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA
2N2219

° ° N
N914 %ﬁ
wkws O ~ [B 12v
6]
LTC1044
< 3 7] |10 4F L
10 uF L 2120
—2] 8 100 2 % Ska
100 k@ =
E SHORT CIRCUIT FEEDBACK AMP
1MaS PROTECTION 8 |5
4 EVEREADY —- 1.0 1
E-91 CELLS t |
3
T
LT1004 Ng14 <
12V 1.2 k2 30 k@
50-ke2
OUTPUT
0.019 ADJUST

VWV

Vdropout at 1 mA = 1 mV

Vdropout 8t 10 mA = 15 mV

Vdropout 8t 100 mA = 95 mA
FIGURE 30. LOW-DROPOUT 5-V REGULATOR

Vo =5V

v
LOAD
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MC3423
OVERVOLTAGE-SENSING CIRCUIT

D2439, APRIL 1978 —REVISED MARCH 1988

@ Separate Outputs for “‘Crowbar’’ and Logic D, JG, OR P PACKAGE
Circuitry (TOP VIEW)

® Programmable Time Delay to Eliminate vecr Us[Jour
Noise Triggering SENSE 1[]2 7 VEE

SENSE 2[]3 6[]IND OUT

® TTL-Level Activation Isolated from Voltage- CURR SOURCE {4 5[] REMOTE ACTIVATE

Sensing Inputs

® 2.6-Volt Internal Voltage Reference with
Temperature Coefficient Typically 0.08%/°C

description

N

The MC3423 overvoltage-sensing circuit is designed to protect sensitive electronic circuitry by monitoring
the supply rail and triggering an external “‘crowbar’’ SCR in the event of a voltage transient or loss of

N
regulation. The protective mechanism may be activated by an overvoltage condition at the Sense 2 input "d";
or by application of a TTL high level to the Remote Activate terminal. Separate outputs are available to @
trigger the crowbar circuit and to provide a logic pulse to indicator or power supply control circuitry. The é:)
Sense 2 input provides a direct control of the output circuitry. The Sense 1 input controls an internal current
source that may be utilized to implement a delayed trigger by connecting its output to an external capacitor s
and the Sense 2 input. This protects against false triggering due to noise at the Sense 1 input. o
The MC3423 is characterized for operation from 0°C to 70°C. o
functional block diagram
Vee
_ JG
- &
CURRENT
SOURCE
(4) CURRENT
— SOURCE
VREF = 2.6 Vi@
E_[
2) ) *
SENSE 1 { d LN
SENSE 2 3 4
L
3
(8)
OUTPUT
(7) (5) (6)
VEE REMOTE INDICATOR
ACTIVATE OUTPUT
PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated
current as of publication date. Products conform to y ]
specications por e arms of Yos Istrumante TE 2.75
an rrai . Froducti roc -
necessarily include testing of :II plnmgters. lNST RUMENTS
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MC3423
OVERVOLTAGE-SENSING CIRCUIT

absolute maximum ratings

Supply voltage, Vcc (see Note 1)
Sense 1 voltage
Sense 2 voltage
Remote activate input voltage
Output current, 10
Continuous total dissipation:
Operating free-air temperature range
Storage temperature range

300 mA
See Dissipation Rating Table
0°C to 70°C
—-65°C to 150°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package......... 260°C
2 Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ........... 300°C
NOTE 1: Voltage values are measured with respect to the Vgg terminal.
QU, DISSIPATION RATING TABLE
~+
Q PACKAGE Ta = 25°C DERATING FACTOR Ta = 70°C
(7)) POWER RATING ABOVE Tp = 25°C POWER RATING
o D 725 mW 5.8 mw/°C 464 mW
g JG 825 mW 6.6 mwW/°C 528 mW
=3 P 1000 mW 8.0 mw/°C 640 mW
7]
recommended operating conditions
MIN MAX UNIT
Supply voltage, Vcc 4.5 40 \4
High-level input voltage, remote activate input 2 \4
Low-level input voltage, remote activate input 0.5 \Y
electrical characteristics over operating free-air temperature range, VCC = 5 V to 36 V (unless otherwise
noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Remote Activate at 2 V,
Outy It Vec—2.2 Vee-1.8 v
utput voltage Io = 100 mA cc cc
te Activate at 2 V,
Indicator low-level output voltage Remote Activate a 0.1 0.4 \Z
lop = 1.6 mA
Threshold voltage of either sense input Ta = 256°C 2.45 2.6 2.75 \
Temperature coefficient of input threshold voltage 0.06 %/°C
Source current (pin 4) Sense 1at3V,Pin4at1.3V 0.1 0.22 0.3 mA
High-level input current, Remote Activate input Vcg =5V, V=2V 5 40 nA
Low-level input current, Remote Activate input Vcc =5V, V=08V -120 -180 pA
Supply current Outputs open 6 10 mA
Propagation delay time, Remote Activate input to output | Ta = 25°C 0.5 s
Output current rate of rise Ta = 26°C 400 mA/us
Texas WP
2-76 l
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SERIES MC79L00
NEGATIVE-VOLTAGE REGULATORS

D2565, OCTOBER 1982 —REVISED APRIL 1988

® 3-Terminal Regulators NOMINAL 5% 10%
@ Output Current Up to 100 mA OUTPUT OUTPUT VOLTAGE OUTPUT VOLTAGE
VOLTAGE TOLERANCE TOLERANCE
® No External Components Required -5V MC79LO5AC MC79L05C
® Internal Thermal Overload Protection -2y MC79L12AC MC79L12C
-15V MC79L15AC MC79L15C
® Internal Short Circuit Current Limiting
® Direct Replacement for Motorola D PACKAGE
MC79L00 Series (TOP VIEW)
® Available in 5% or 10% Selections output [J1 U] NC
INPUT []2 7 :] INPUT
description INPUT []3 &[] INPUT
NC[]a 5[] COMMON

This series of fixed-voltage monolithic
integrated-circuit voltage regulators is designed
for a wide range of applications. These include
on-card regulation for elimination of noise and
distribution problems associated with single-

LP SILECT PACKAGE
(TOP VIEW)

Data Sheets E\®

point regulation. In addition, they can be used OUTPUT
to control series pass elements to make high- INPUT
current voltage-regulator circuits. One of these

regulators can deliver up to 100 mA of output COMMON

current. The internal current-limiting and
thermal-shutdown features make them
essentially immune to overload. When used as NC-No internal connection
a replacement for a Zener-diode and resistor
combination, these devices can provide an
effective improvement in output impedance of
two orders of magnitude and lower bias current.

schematic
@ & GND
e
b3
1 3
)8 S s
2 1’
2 ] s
<
Yy
N A 1
S
< °
0-——‘ ;: 1Ph J
1 ¢— ouTPUT
S oo
> \
x ~
>
<
b3
1 l" IR
L g 00— INPUT
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

standard warranty. Production processing does not INSTRUMENTS 277
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SERIES MC79L00
NEGATIVE-VOLTAGE REGULATORS

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

s199ys ejeq N

MC79L12
MC79L05 UNIT
9 MC79L15
Input voltage -30 -35 \
Continuous total dissipation See Dissipation Rating Tables 1 and 2
Operating free-air, case, or virtual junction temperature range 0 to 150 0 to 150 °C
Storage temperature range —65 to 150 | —65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 260 °C
DISSIPATION RATING TABLE 1—FREE AIR TEMPERATURE
= ° T Ta = 70°
PACKAGE Ta = 25°C DERATING DERATE A 0°C
POWER RATING FACTOR ABOVE Tp  POWER RATING
D 825 mwW 6.6 mw/°C 25°C 528 mW
Lpt 775 mW 6.2 mwW/°C 25°C 496 mW
TThe LP package dissipation rating is based on thermal resistance measured in still air
with the device mounted in an Augat socket. The bottom of the package was 10 mm
(0.375 in.) above the socket.
DISSIPATION RATING TABLE 2—CASE TEMPERATURE
Tg = 25°C DERATING DERATE Tc = 125°C
PACKAGE
POWER RATING FACTOR ABOVE Tc POWER RATING
D 1600 mW 29.0 mW/°C 95°C 725 mW
LP 1600 mW 28.6 mW/°C 94°C 715 mW
recommended operating conditions
MIN MAX | UNIT
MC79L05 -7 =20
Input voltage, V| MC79L12 -145 -27 \
MC79L15 -17.56 -30
QOutput current, Ig 100 mA
Operating virtual junction temperature, T [0] 125 °C
1/
2.78 I EXAS
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SERIES MC79L00
NEGATIVE-VOLTAGE REGULATORS

MC79LO05 electrical characteristics at specified virtual junction temperature, V| = =10V, 10 = 40 mA
(unless otherwise noted)

MC79L05C MC79LO05AC
PARAMETER TEST CONDITIONS T UNIT
MIN TYP  MAX MIN TYP  MAX
25°C -4.6 -5 -54 ] -4.8 -5 -52
V= ~7Vto -20V,
! to 0 0°C to 125°C | -4.5 -5.5 |-4.75 -56.25
Output voltage¥ 10 = 1 mA to 40 mA \%
Vi =-10V,
0°Cto 125°C | -4.5 -5.5 |-4.75 -5.25
lo = 1 mA to 70 mA
Input Jati Vi = -7Vt -20V 250C 200 150 v
nput regulation m
put reg Vi= -8Vt —20V 150 100 2
Ripple rejection Vi= ~8Vio 18V, 25°C 40 49 41 49 dB
1] T
pple rel f = 120 Hz
o = 1 mA to 100 mA 60 60 ]
Output lati 25°C v -
utput reguiation 10 = 1 mA t0 40 mA 30 0] " )
Output noise voltage f = 10 Hz to 100 kHz 25°C 40 40 wv -2
Dropout voltage o = 40 mA 25°C 1.7 1.7 \% [7,)
Bias current 25°C 6 6 A [4+]
1 urr
125°C 55 55| -
V= -8Vt —20V 15 156 ©
Bia nt change 0°C to 125°C A
as current ehang 1o = 1 mA to 40 mA ° 0.2 o1 | ™ o
MC79L12 electrical characteristics at specified virtual junction temperature, Vi = =19V, g = 40 mA
(unless otherwise noted)
MC79L12C MC79L12AC
PARAMETER TEST CONDITIONS UNIT
MIN TYP  MAX MIN TYP MAX
25°C -11.1 -12 -12.9 |-11.5 -12 -12.5
V= -145Vto -27V,
+ ! 0°C to 125°C |-10.8 -13.2 (-11.4 -12.6
Output voltage o = 1 mA to 40 mA \
V)= -19V,
0°C to 125°C {-10.8 -13.2 |-11.4 -12.6
lop = 1 mA to 70 mA
Vi = -145Vto -27V 250 250
Input lati 25°C \
neut reguiation Vi = 16 V1o ~27V 200 200 "
Vi=~-15V 1t -25V,
. - 250 42 7 42
Ripple rejection f = 120 Hz 5°C 36 3 dB
lo = 1 mA to 100 mA 100 100
tput lati 25°C \
Output regulation 10 = 1 mA to 40 mA 50 50| "
Output noise voltage f = 10 Hz to 100 kHz 25°C 80 80 uv
Dropout voltage lop = 40 mA 25°C 1.7 1.7 \%
Bi ent 25°C 6.5 6.5 mA
ias curr 125°C 5 5
V= -16Vto -27 V o 1.5 1.5
i C to 125°C A
Bias current change o = 1 mA to 40 mA (o] 0 02 X m.
1 All characteristics are measured with a 0.33-4F capacitor across the input and a 0.1-uF capacitor across the output. Pulse testing techniques
are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into account
separately.
*This specification applies only for dc power dissipation permitted by absolute maximum ratings.
b’
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SERIES MC79L00
NEGATIVE-VOLTAGE REGULATORS

MC79L15 electrical characteristics at specified virtual junction temperature, V| = —23V, o = 40 mA
(unless otherwise noted)

MC79L15C MC79L15AC
PARAMETER TEST CONDITIONS T UNIT
MIN TYP MAX MIN TYP MAX
25°C -13.8 -15 -16.2| -14.4 -15 -15.6
Vi = -175Vto -30V,| |
to 125° -13.5 -16.5 |- 14.25 -15.75
Output voltage* 1o = 1 mA to 40 mA 0°C to 126°C 6 Y
V)= -23V,
0°C to 125°C [ -13.5 -16.5 [-14.25 -15.75
lo = 1 mA to 70 mA
V= -175Vto -30V 300 300
Input regulation 25°C mV
2 put regu V) = —20Vto —30 V 250 250
. L V= -185Vto -28.5V, o
. Ripple rejection § = 120 Hz 25°C 33 39 34 39 dB
O 1o = 1 mA to 100 mA 150 150
Output regulation 25°C mV
Q | Puteutregu 10 = 1 mA t0 40 mA 75 75
[+V] Output noise voltage f = 10 Hz to 100 kHz 25°C 90 90 uv
(7)) Dropout voltage lo = 40 mA 25°C 1.7 1.7 \
25°C 6.5 6.5
g Bias current 125°C 6 Py mA
(1]
—* . V= -20Vto -30V 1.5 1.5
Bias current change 0°C to 125°C mA
o [ 9 10 = 1 mA t0 40 mA 0.2 0.1
T All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output. Pulse testing techniques
are used to maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into account
separately.
tThis specification applies only for dc power dissipation permitted by absolute maximum ratings.
Exas W
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MC34060
PULSE-WIDTH-MODULATION CONTROL CIRCUIT

D2714, MARCH 1983 —REVISED FEBRUARY 1988

Complete PWM Power Control Circuitry D OR N PACKAGE
(TOP VIEW)
Uncommitted Output for 200-mA Sink or
Source Current ERROH{NONINV INPUT [+ U1a[] NONINV INPUT}ERROH
AMP 1 INVINPUT[]2  13[JINV INPUT AMP 2
® Variable Dead-Time Provides Control Over FEEDBACK[]3  12[JREF OUT
Total Range DEAD-TIME CONTROL[J4  11[JNC
cr(ds 10:|Vcc
® Internal Regulator Provides a Stable 5-V RTOe ke
Reference Supply GND[]7 8[1E

® Circuit Architecture Provides Easy
Synchronization

® Direct Replacement for Motorola MC34060

NC—No internal connections

2

description

The MC34060 incorporates on a single monolithic chip all the functions required in the construction of
a pulse-width-modulation control circuit. Designed primarily for power supply control, the device contains
an on-chip 5-V regulator, two error amplifiers, an adjustable oscillator, and a dead-time control comparator.
The uncommitted output transistor provides either common-emitter or emitter-follower output capability.
The internal amplifiers exhibit a common-mode voltage range from —0.3 Vto Vcg — 2 V. The dead-time
control comparator has a fixed offset that provides approximately 5% dead time unless externally altered.
The on-chip oscillator may be bypassed by terminating RT (pin 6) to the reference output and providing
a sawtooth input to CT (pin 5), or it may be used to drive the common MC34060 circuitry and provide
a sawtooth input for associated control circuitry in multiple rail power supplies.

The MC34060 is characterized for operation from 0°C to 70°C.

Data Sheets

functional block diagram

10! 12
Vee (10) REFERENCE (12) REFERENCE
REGULATOR
(6)
R —Mm8
c (5) OSCILLATOR DEAD TIME
T COMPARATOR
4
DEAD-TIME CONTROL 4
0.12Vv
(1)
NONINVERTING INPUT
(2)
INVERTING INPUT COMPARATOR
lo.7 mA
(14)
NONINVERTING INPUT
(7)
(13) GND
INVERTING INPUT
FEEDBACK 8)
All voltage and current 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. Production processing does not

necessarily include testing of all parameters. lNSf RUMENE 2-81
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MC34060

PULSE-WIDTH-MODULATION CONTROL CIRCUIT

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

UNIT
Supply voltage, Vcc (see Note 1) 42 \%
Amplifier input voltages Vce+0.3 \2
Collector output voltage 42 \4
Collector output current 250 mA
Continuous total dissipation See Dissipation Rating
Table
Operating free-air temperature range Oto 70 °C
Storage temperature range - 65 to 150 °C
2 Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260 °C
NOTE 1: All voltage values except differential voltages are with respect to the network ground terminal.
QUj DISSIPATION RATING TABLE
8 PACKAGE Ta < 25°C DERATING DERATE Ta = 70°C
7 POWER RATING FACTOR ABOVE Tp  POWER RATING
=5 D 900 mW 7.6 mw/°C 31°C 608 mW
o® N 1000 mW 9.2 mW/°C 41°C 736 mW
e
» recommended operating conditions
MIN MAX | UNIT
Supply voltage, Vcc 7 40 \%
Amplifier input voltages, V| -0.3 Vec-2 \
Collector output voltage, Vo 40 \%
Collector output current (each transistor) 200 mA
Reference output current 10 mA
Current into feedback terminal 0.3 mA
Timing capacitor, CT 0.47 10000 nF
Timing resistor, RT 1.8 500 kQ
Oscillator frequency 1 200 kHz
Operating free-air temperature, Ta 0 70 °C
Texas W
282 INSTRUMENTS
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MC34060
PULSE-WIDTH-MODULATION CONTROL CIRCUIT

electrical characteristics over recommended operating free-air temperature range, Vgc = 15 V,
f = 25 kHz (unless otherwise noted)

reference section

PARAMETER TEST CONDITIONSt MIN TYP¥ MAX | uNnIT
Output voltage (Vyef) lop =1mA 4.75 5 5.25 \
Input regulation Veec =7V1040V, Tp = 256°C 2 25 mV
Output regulation o =1t 10mA, Tp = 25°C 1 15 mV
Output voltas hal
utput voltage change ATA = MIN to MAX 0.2% 2.6%
with temperature
Short-circuit output current$ Vief = 0, Ta = 25°C 35 mA 2
oscillator section
PARAMETER TEST CONDITIONS T MIN TYP! MAX [ unIT 3
Frequency Ct = 0.001 uF, RT = 47 kQ 25 kHz %
Standard deviation of frequency" Ct = 0.001 y4F, RT = 47 kQ 3% <
Frequency change with voltage Vecc = 7Vto40V, Tp = 25°C 0.1% (75]
Frequency change with CT = 0.001 y4F, RT = 47 kQ, 2% ©
temperature ATA = MIN to MAX B “-u'
dead-time control-section (see Figure 1) o
PARAMETER ' TEST CONDITIONS MIN TYPF MAX | uNiT
Input bias current (pin 4) Vy = 0to 5.25 V -2 -10 nA
= 0.1 uF, RT = 12 kQ 9 007
Maximum duty cycle Vi (pin4) = O Cr =01 T 2k 90% 96% 100%
Ct = 0.001 uF, RT = 47 kQ 92% 100%
Zero duty cycl 3 3.3
Input threshold voltage (pin 4) il - Y ovee v
Maximum duty cycle (o]
error-amplifier sections
PARAMETER TEST CONDITIONS MIN TYPE MAX | uNIT
Input offset voltage Vo (pin3) = 2.5V 2 10 mV
Input offset current VO (pin3) = 2.5V 25 250 nA
Input bias current Vo (pin 3) = 2.5V 0.2 1 A
-0.3
Common-mode input voltage range Vecec =7Vto40V to \
Vee -2
Open-loop voltage amplification AVg =3V, R =2k Vg=05Vt356V 70 95 dB
Unity gain bandwidth Vo =05Vt3.5V, R =2k 800 kHz
Phase margin at unity gain Vo =05Vto35V, RL = 2 k@ 65°
Common-mode rejection ratio Vcec =40V 65 80 dB
Output sink current (pin 3) Vip = -15mVto -5V, Vin3) =07V 0.3 0.7 mA
Output source current (pin 3) Vip=15mVtob5V, Vipin3) = 3.5V -2 mA
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values except for ‘’change with temperature’’ characteristics are at Tp = 25°C.
8 puration of the short-circuit should not exceed one second.
9 Standard deviation is a measure of the statistical distribution about the mean as derived from the formula
*3
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MC34060

PULSE-WIDTH-MODULATION CONTROL CIRCUIT

electrical characteristics over recommended operating free-air temperature range, Vgc = 15V,
f = 25 kHz (unless otherwise noted) (continued)

output section

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Collector off-state current Vcg = 40V, Vce = 40V 2 100 prA
Emitter off-state current Veec = Vg =40V, VE = 0 -100 A
Collector-emitter | Common-emitter| VE = 0, Ic = 200 mA 1.1 1.3 v
saturation voltage| Emitter follower Vg =15V, lg = —200 mA 1.5 2.5
pwm comparator section (see Figure 1)
2 PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
Input threshold voltage (pin 3) Zero duty cycle 4 4.5 \
O | Input sink current (pin 3) Vipin 3) = 0.7V 0.3 0.7 mA
2
o total device
w PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
=2 ; -
[52] Standby supply current Pin 6 at Yref, Vee 15V 6 10 mA
D All other inputs and outputs open Vee = 40V 9 15
~*
RT = 47 kQ,
(7] Average supply current Vipin4) =2V, Ct = 0.001 uF, S:e Figure 1 7.5 mA
switching characteristics, TA = 25°C
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Output voltage rise time 5 . . . 100 200 ns
C -emitty f tion, See Fi 3
Qutput voltage fall time ommon-emitter contlguration, See Figure 25 100 ns
Output voltage rise time 5 . . . 100 200 ns
Emitter-foll f tion, See Fi 4
Output voltage fall time mitter-oflower configuration, See Figure 40 100 ns
tAll typical values are at Tp = 25°C.
Exas W
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MC34060
PULSE-WIDTH-MODULATION CONTROL CIRCUIT

PARAMETER MEASUREMENT INFORMATION

Vge = 15V
150 @
(10) 2w
Vce
S—] FYFYE Y c |2 OUTPUT 1
TEST (8)
INPUTS - E—1
FEEDBACK =
RT
5
I :1; er
Ct —(+) [Z]
214 ®
(12) ERROR bt
(+)
L 13y £
REF | (12) »
50 kQ out 8
GND 8
lm
TEST CIRCUIT

CAPACITOR CT\‘

FEEDBACK\‘ //‘7( / //////I

DEAD-TIME CONTROL " | _

EMITTER
OUTPUT

-
;‘
l_’

TIMING WAVEFORMS
FIGURE 1. DEAD-TIME AND FEEDBACK CONTROL
ERROR

AMPLIFIER
UNDER TEST

FEEDBACK
TERMINAL

ERROR
AMPLIFIER

FIGURE 2. ERROR-AMPLIFIER CHARACTERISTICS
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MC34060
PULSE-WIDTH-MODULATION CONTROL CIRCUIT

PARAMETER MEASUREMENT INFORMATION

1BV
r — e o= oy 68 Q,
(OUTPUT CIRCUIT) ! 2w

OUTPUT

—_— CL = 15 pF
(includes probe and
jig capacitance)

r———---

—_————

2 TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
) FIGURE 3. COMMON-EMITTER CONFIGURATION
9& 15V
o 'TE)UTPUT CIRCUIT) -:
n |
-3 |
(1
o I --
~*
(7] | r—OUTPUT
|
L g 3680
—-— —CT-_15 DF 2 W
(includes probe and
jig capacitance)

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
FIGURE 4. EMITTER-FOLLOWER CONFIGURATION
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MC34060

PULSE-WIDTH-MODULATION CONTROL CIRCUIT

TYPICAL CHARACTERISTICS

OSCILLATOR FREQUENCY and
FREQUENCY VARIATIONT vs
TIMING RESISTANCE

100 k 3 100
Vce = 15 VH
40 k =7 : Ta = 25°C | 20
—2% NJ N i =t
] N H=|=l4IN O I I " 80
L Neaz 17BN 0,
prow i 1 0, %
] — z ~F0 <3 c 70
> 4k o ‘0, S
o ! 0% N =
€ N A T 60
g ,' Nl o ™ -4- N 3
g 1x | N7 L LT 3 50
L S NP 5
5 400 N 40
e N
s FC) TN EAf=1%1 %
5 NS ;17 ] N £ 30
& 100 I AN s
20
40 N -
N 10
v {
10 S ] 0
1k 4k 10k 40k 100k 400k 1M

RT—Timing Resistance —Q

FIGURE 5

AMPLIFIER VOLTAGE AMPLIFICATION

Vs
FREQUENCY
. Vee =I 15 V|
\ AVQ = 3V
TA = 25°C
\\
2
S 2
AN 2
N 2
N\ 7]
\\ g
(o)
1 10 100 1k 10k 100k 1M

f—Frequency —Hz

FIGURE 6

TFrequency variation (Af) is the change in oscillator frequency that occurs over the full temperature range.

Texas "v’f
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S62524, SG3524
REGULATING PULSE-WIDTH MODULATORS

D2294, APRIL 1977 —REVISED OCTOBER 1988

Complete PWM Power Control Circuitry

® Uncommitted Outputs for Single-Ended or
Push-Pull Applications
Low Standby Current . . . 8 mA Typ
Interchangeable with Silicon General
$G2524 and SG3524
description

The SG2524 and SG3524 incorporate on single
monalithic chips all the functions required in the
construction of a regulating power supply,

inverter, or switching regulator. They can also be used as the control element for high-power-output

J OR N PACKAGE

(TOP VIEW)
IN- [ Uie[J REF OUT
IN+ (2 150 Vvce
oscout[]s wa[JeEmiT2
CURRLIM+ [Ja 13[JcoL2
CURRLIM- []s 12[]coL1
Rrs n1[JEMIT1
crd7 10[dJSHUTDOWN
GND [{8 9] comp

N

(2]
applications. The SG2524 and SG3524 were designed for switching regulators of either polarity, ‘5‘
transformer-coupled dc-to-dc converters, transformerless voltage doublers, and polarity converter @
applications employing fixed-frequency, pulse-width-modulation techniques. The complementary output &
allows either single-ended or push-pull application. Each device includes an on-chip regulator, error amplifier, w
programmable oscillator, pulse-steering flip-flop, two uncommitted pass transistors, a high-gain comparator, (@
and current-limiting and shut-down circuitry. '6
The SG2524 is characterized for operation from —25°C to 85°C, and the SG3524 is characterized for (s
operation from 0°C to 70°C.
functional block diagram
(15) REFERENCE - (16)
vee REGULATOR @ REF OUT
v]v 02 o
nn EMIT 1
> 1
| 13 o s
j
t < (14)
EMIT 2
Ay € Jun s @
7 OSCILLATOR @ 0sc ouUT
Cr
INVERTING 4, dd
INPUT IN - ol COMPARATOR —
NONINVERTING +
INPUT IN + \
(9) ~—— ERROR
comp y AMPLIFIER
CURR LIM +
CURR LIM —
SHUTDOWN
GND
Resistor values shown are nominal.
PRODUCTION DATA documents contain information . Copyright © 1982, Texas Instruments Incorporated
current as of publication date. Products conform to 7/ 9
specifications per the terms of Texas Instruments
standard warranty. Production processing does not 2-89
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$G2524, SG3524
REGULATING PULSE-WIDTH MODULATORS

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

Supply voltage, VCC (see Notes 1 and 2) ... .. ... . i 40 V
Collector OULPUL CUITENT . . . . . .ottt it ettt et et et e e ettt 100 mA
Reference outpUL CUMENt . . . ... .. ... . it it et e e et e et e e 50 mA
Current through CT terminal . ... ... ... ... e -5 mA
Continuous total dissipation . . ........... ... ... i, See Dissipation Rating Table
Operating free-air temperature range: SG2524 ........................... —25°C to 85°C
SG3524 . ... ... e 0°C to 70°C
Storage temperature ranNge . . . .. .. v v v vt it it e e e e —-65°C to 150°C
NOTES: 1. All voltage values are with respect to network ground terminal.
2 2. The reference regulator may be bypassed for operation from a fixed 5-V supply by connecting the V¢ and reference output
pins both to the supply voltage. In this configuration, the maximum supply voltage is 6 V.
E DISSIPATION RATING TABLE
8 PACKAGE Ta < 25°C DERATING DERATE Ta = 70°C TA = 85°C
7] POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING
- J 1000 mW 8.2 mw/°C 28°C 656 mW 533 mW
® N 1000 mW 9.2 mW/°C 41°C 736 mW 598 mW
]
(g - eee
 recommended operating conditions
$G2524 $G3524
UNIT
MIN MAX MIN MAX
Supply voltage, Vcc 8 40 8 40 \%
Reference output current [0] 50 [¢] 50 mA
Current thru C1 terminal -0.03 -21-0.03 -2 mA
Timing resistor, RT 1.8 100 1.8 100 kQ
Timing capacitor, CT 0.001 0.1]0.001 0.1 uF
Operating free-air temperature -25 85 [0} 70 °C
electrical characteristics over recommended operating free-air temperature range, VCC = 20 V (unless
otherwise noted)
reference section
$G2524 $G3524
PARAMETER TEST CONDITIONS T UNIT
S o MIN TYP¥ mMAX MIN TYP} MAX
Output voltage 4.8 5 5.2 4.6 5 5.4 \"
Input regulation Vec = 8t040V 10 20 10 30 mV
Ripple rejection f =120 Hz 66 66 dB
Output regulation o = 0to 20 mA 20 50 20 50 mV
Output volt: h
utput voltage change Ta = MIN to MAX 0.3 1 0.3 1] %
with temperature
Short-circuit output current$ Vief = 0 100 100 mA
tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
Al typical values, except output voltage change with temperature, are at Tp = 25°C.
$Duration of the short circuit should not exceed one second.
Texas W
2-90 l E
NSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



$G2524, SG3524
REGULATING PULSE-WIDTH MODULATORS

electrical characteristics over recommended operating free-air temperature range, V¢ = 20 V,
f = 20 kHz (unless otherwise noted)

oscillator section

PARAMETER TEST CONDITIONS MIN TYP¥ MAX | uNIT
Frequency Ct = 0.001 yF, Rt = 2 k@ 450 kHz
Standard deviation of frequency § Al .values of voltage, -temperature, 5 %

resistance, and capacitance constant

Frequency change with voltage Vcc = 8t 40V, Ta = 25°C 1 %
Frequency change with temperature Ta = MIN to MAX 2 %
Output amplitude at pin 3 TA = 25°C 3.5 v
Output pulse duration (width) at pin 3 Ct = 0.01 4F, Ta = 25°C 0.5 us 2

error amplifier section

[72]
©
S$G2524 $G3524
PARAMETER TEST CONDITIONS MIN TYPE WMAX | MIN_ TYPE  MAX UNIT -qc,)
Input offset voltage Vic =25V 0.5 5 2 10 mV (7))
Input bias current Vic =25V 2 10 2 10 A ©
Open-loop voltage amplification 72 80 60 80 dB o
1.8 1.8 ’ 8
Common-mode input voltage range Ta = 26°C to to \
3.4 3.4
Common-mode rejection ratio 70 70 dB
Unity-gain bandwidth 3 3 MHz
Output swing Ta = 25°C 0.5 3.8 0.5 3.8 \
output section
PARAMETER TEST CONDITIONS MIN TYP¥ MAX | UNIT
Collector-emitter breakdown voltage 40 \"
Collector off-state current Vcg = 40V 0.01 50 A
Collector-emitter saturation voltage Ic = 50 mA 1 2 \
Emitter output voltage Vg =20V, Ilg = —250 pA 17 18 \%
Turn-off voltage rise time Rc = 2 k@ 0.2 1S
Turn-on voltage fall time Rc = 2 kQ 0.1 1S

comparator section

PARAMETER TEST CONDITIONS MIN TYP¥ MAX | UNIT
Maximum duty cycle, each output 45 %
Zero duty cycl 1
Input threshold voltage at pin 9 aal - Uty evere \
Maximum duty cycle 3.5
Input bias current -1 pA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ All typical values, except for temperature coefficients, are at Ta = 25°C.
8Standard deviation is a measure of the statistical distribution about the mean as derived from the formula ¢ =

TeEXAs “l‘ 901
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$G2524, SG3524
REGULATING PULSE-WIDTH MODULATORS

electrical characteristics over recommended operating free-air temperature range, Vgcc = 20 V,
f = 20 kHz (unless otherwise noted)

current limiting section

$G2524 $G3524
PARAMETER TEST CONDITION NIT
ST ¢ S MIN_ TYPT MAX | MIN TVPT MAX | °
-1 -1
Input voltage range (either input) to to \Y
+1 +1
Sense voltage at TA = 25°C 190 200 210 180 200 220 mV
Temperature coefficient V(pin 2~ V(pin 1) = 50mv,
Viping) = 2V 0.2 0.2 mV/°C
of sense voltage
total device
PARAMETER TEST CONDITIONS MIN TYPT MAX | uNIT
Vgc =40V, Pins 1,4,7,8,9,11,14 ded,
Standby current _CC "ns . gronde 8 10 mA
Pin 2 at 2 V, All other inputs and outputs open

tAll typical values, except for temperature coefficients, are at Tp = 25°C.

syeoys ereq IS

PARAMETER MEASUREMENT INFORMATION

Vec = 8tod0 V
[

2 ke 15 2 ko 2k
AN o o—]10 1w 1 1w
\
7 13}—e
Ter OUTPUTS
AN 6 12
RT
2k lj 9 3 (OPEN)
1 16
10 ko S« 2 18—
5 1}l—e
1 ke S a
<
8
>
2k0S 10k . +
=L 0.1 4F L

FIGURE 1. GENERAL TEST CIRCUIT

*
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SG2524, SG3524
REGULATING PULSE-WIDTH MODULATORS

PARAMETER MEASUREMENT INFORMATION

Vce
2 kQ

CIRCUIT
UNDER
TEST

1

i+

TEST

CIRCUIT

OUTPUT

OUTPUT

VOLTAGE WAVEFORMS
FIGURE 2. SWITCHING TIMES

Open-Loop Voltage Amplification—dB

TYPICAL CHARACTERISTICS

OPEN-LOOP VOLTAGE AMPLIFICATION

OF ERROR AMPLIFIER

OSCILLATOR FREQUENCY

Data Sheets H

vs vs
FREQUENCY TIMING RESISTANCE
90 7 \I/Illfm TZBII\IIITTI ™ S===:
F = @ cc = C\H
80 y IHL 'Ta = 25°C 400 k — T~ oy
N~
70 S q
INY 2 100 k >
60 |RF = 1 MQ ] = = 0.00,
T > 40 k > 7 men
= 300 kQ )
50 RJ:L I um?xo Il L<'“ § ¥ \t 0,003 T
Rg = N
a0 |RE_~ 100 ko g 10k LG J>1>¢’ h
RF = 30 kQ I =~320; =
30 5§ a4k 07?551\{#{
\\ ] [ 0-03
20 5 i c “F T
N S 1k ! | N\Z\ 0 i
10 = '7»«»
400 “yoe = 20V
o T [ o
RF is resistance from pin 9 to ground ﬂ" TA = 25°C Sy
_10 I AR L L L 100 | JE|
100 1k 10 k 100 k 1M 10M 1 2 4 7 10 20 40 70100
Frequency—Hz RT—Resistance —kQ
FIGURE 3 FIGURE 4
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$G2524, $G3524
REGULATING PULSE-WIDTH MODULATORS

s199ysg eied WL\

TYPICAL CHARACTERISTICS

OUTPUT DEAD TIME
vs
TIMING CAPACITANCE VALUE

10 e
rVcc = 20V
Ta = 25°C
4
2
| ol
g
- /V
| —
[
a
-
3
g
8 0.4
0.1
0.001 0.004 0.01 0.04 0.1
Ct—Capacitance —pF
FIGURE 5

PRINCIPLES OF OPERATION?

The SG2524 is a fixed-frequency pulse-width-modulation voltage-regulator control circuit. The regulator
operates at a fixed frequency that is programmed by one timing resistor RT and one timing capacitor CT.
RT establishes a constant charging current for CT. This results in a linear voltage ramp at CT, which is
fed to the comparator providing linear control of the output pulse duration (width) by the error amplifier.
The SG2524 contains an on-board 5-V regulator that serves as a reference as well as supplying the SG2524
internal regulator control circuitry. The internal reference voltage is divided externally by a resistor ladder
network to provide a reference within the common-mode range of the error amplifier as shown in Figure
6, or an external reference may be used. The output is sensed by a second resistor divider network and
the error signal is amplified. This voltage is then compared to the linear voltage ramp at CT. The resulting
modulated pulse out of the high-gain comparator is then steered to the appropriate output pass transistor
(Q1 or Q2) by the pulse-steering flip-flop, which is synchronously toggled by the oscillator output. The
oscillator output pulse also serves as a blanking pulse to assure both outputs are never on simultaneously
during the transition times. The duration of the blanking pulse is controlled by the value of CT. The outputs
may be applied in a push-pull configuration in which their frequency is half that of the base oscillator, or
paralleled for single-ended applications in which the frequency is equal to that of the oscillator. The output
of the error amplifier shares a common input to the comparator with the current-limiting and shut-down
circuitry and can be overridden by signals from either of these inputs. This common point is also available
externally and may be employed to control the gain of, or to compensate the error amplifier, or to provide
additional control to the regulator.

tThroughout these discussions, references to the SG2524 apply also to the SG3524.
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SG2524, SG3524
REGULATING PULSE-WIDTH MODULATORS

TYPICAL APPLICATION DATAY

oscillator

The oscillator controls the frequency of the SG2524 and is programmed by RT and CT as shown in Figure 4.

1.15
RT CT

f =

where RT is in kQ
Ct is in uF
fis in kHz

Practical values of CT fall between 0.001 and 0.1 xF. Practical values of RT fall between 1.8 and 100 kQ.
This results in a frequency range typically from 140 Hz to 500 kHz.

blanking

The output pulse of the oscillator is used as a blanking pulse at the output. This pulse duration is controlled
by the value of CT as shown in Figure 5. If small values of CT are required, the oscillator output pulse
duration may still be maintained by applying a shunt capacitance from pin 3 to ground.

Data Sheets H

synchronous operation

When an external clock is desired, a clock pulse of approximately 3 V can be applied directly to the oscillator
output terminal. The impedance to ground at this point is approximately 2 k. In this configuration, RT CT
must be selected for a clock period slightly greater than that of the external clock.

If two or more SG2524 regulators are to be operated synchronously, all oscillator output terminals should
be tied together. The oscillator programmed for the minimum clock period will be the master from which
all the other SG2524s operate. In this application, the CT RT values of the slaved regulators must be set
for a period approximately 10% longer than that of the master regulator. In addition, CT (master) = 2 CT
(slave) to ensure that the master output pulse, which occurs first, has a longer pulse duration and will
subsequently reset the slave regulators.

TThroughout these discussions, references to the SG2524 apply also to the SG3524.
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$G2524, SG3524
REGULATING PULSE-WIDTH MODULATORS

TYPICAL APPLICATION DATA'

voltage reference

The 5-V internal reference may be employed by use of an external resistor divider network to establish
a reference within the error amplifiers common-mode voltage range (1.8 to 3.4 V) as shown in Figure 6,
or an external reference may be applied directly to the error amplifier. For operation from a fixed 5-V supply,
the internal reference may be bypassed by applying the input voltage to both the Vcc and VREF terminals.
In this configuration, however, the input voltage is limited to a maximum_of 6 V.

REF
out

TO POSITIVE
OUTPUT
VOLTAGE 5 kQ

5 kQ

5 kQ 5 kQ
TO NEGATIVE
OUTPUT
VOLTAGE
R1+R2 R1 R2
Vo =25V ——= = 2.5 kQ
R1 R1+R2

FIGURE 6. ERROR AMPLIFIER BIAS CIRCUITS

error amplifier

The error amplifier is a differential-input transconductance amplifier. The output is available for dc gain
control or ac phase compensation. The compensation node (pin 9) is a high-impedance node (R = 5 MQ).
The gain of the amplifier is Ay = (0.002 2~ 1) R and can easily be reduced from a nominal 10,000 by
an external shunt resistance from pin 9 to ground. Refer to Figure 3 for data.

compensation

Pin 9, as discussed above, is made available for compensation. Since most output filters will introduce
one or more additional poles at frequencies below 200 Hz, which is the pole of the uncompensated amplifier,
introduction of a zero to cancel one of the output filter poles is desirable. This can best be accomplished
with a series RC circuit from pin 9 to ground in the range of 50 k@2 and 0.001 uF. Other frequencies can
be canceled by use of the formula f = 1/RC.

shut-down circuitry

Pin 9 can also be employed to introduce external control of the SG2524. Any circuit that can sink 200 pA
can pull the compensation terminal to ground and thus disable the SG2524.

In addition to constant-current limiting, pins 4 and 5 may also be used in transformer-coupled circuits to
sense primary current and shorten an output pulse should transformer saturation occur. Pin 5 may also
be grounded to convert pin 4 into an additional shut-down terminal.

tThroughout these discussions, references to the SG2524 also apply to the SG3524.
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$G2524, 863524
REGULATING PULSE-WIDTH MODULATORS

TYPICAL APPLICATION DATAT

current limiting

A current-limiting sense amplifier is provided in the SG2524. The current-limiting sense amplifier exhibits
a threshold of 200 mV and must be applied in the ground line since the voltage range of the inputs is
limited to +1 V to —1 V. Caution should be taken to ensure the —1 V limit is not exceeded by either
input, otherwise damage to the device may result.

Fold-back current limiting can be provided with the network shown in Figure 7. The current-limit schematic
is shown in Figure 8.

8 4 +Vour
E2 l l []
R1 -
[+
== V]
SG2524 L
R (7]
(-)C.L. Rs ©
@ A » )
(+)C.L. m 8
1 VoR!
l0(max) = e <V(sense) + R1i:2>
V(sense)
los = R where V(sense) = 20 mV
'S
FIGURE 7. FOLDBACK CURRENT LIMITING FOR SHORTED OUTPUT CONDITIONS
COlMP CT$
D hd COMPARATOR
ERROR CONSTANT-CURRENT
AMPLIFIER I( SOURCE
N\
(-)C.L. (+)C.L.
FIGURE 8. CURRENT-LIMIT SCHEMATIC
output circuitry
The SG2524 contains two identical n-p-n transistors, the collectors and emitters of which are uncommitted.
Each transistor has antisaturation circuitry that limits the current through that transistor to a maximum
of 100 mA for fast response.
TThroughout these discussions, references to the SG2524 also apply to the SG3524.
TeExAs ‘bi
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$G2524, SG3524
REGULATING PULSE-WIDTH MODULATORS

TYPICAL APPLICATION DATAT

general

There are a wide variety of output configurations possible when considering the application of the SG2524
as a voltage regulator control circuit. They can be segregated into three basic categories:

1. Capacitor-diode-coupled voltage multipliers
2. Inductor-capacitor-implemented single-ended circuits
3. Transformer-coupled circuits
Examples of these categories are shown in Figures 9, 10 and 11, respectively. Detailed diagrams of specific

sjeays eieq I

applications are shown in Figures 12 through 15.
D1
p—+V, — +V
+ViN ° +VIN °
== ViN > Vo "": Vin > Vo
— *
D1
g
v
_J +ViN —*Vo
M»—+v 4
+ViN H ° T~ VIN < Vo
R ViN < Vo hd
D1
— —V, -V
+ViN o +VIN — °
K1 +Vinl > -Vo| ==| +Vin| <| ~Vol
FIGURE 9. CAPACITOR-DIODE-COUPLED FIGURE 10. SINGLE-ENDED INDUCTOR CIRCUIT

VOLTAGE-MULTIPLIER OUTPUT STAGES

s

PUSH-PULL FLYBACK
FIGURE 11. TRANSFORMER-COUPLED OUTPUTS

Al

TThroughout these discussions, references to the SG2524 also apply to the SG3524.
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SG2524, SG3524
REGULATING PULSE-WIDTH MODULATORS

TYPICAL APPLICATION DATAt

Vge = 16V
15 kQ é
5 kQ Vee 1N916
—AA NV E1 sV
5ko 5ko c1p— ®20ma
0.1 4F l—w NONINV 20 4F 1N916
o ® REF OUT c2 3
VWA — Ry E2
\ 2k
il Cr +C.L.
0.01 4F SHUT _
DOWN CL
1N916
—oscoutr  compb—
=L 50 4F
GND +
S$G2524 l
I7
FIGURE 12. CAPACITOR-DIODE OUTPUT CIRCUIT
Voo = 5V
ce 1N916
+ g 200 @
= 1°F° 255 g kn% 300 2 S1me 201
#F ke 9 Vee
VW—@ INV E1
5 kQ 0.1
VWA NONINV c1 uF
5 kQ 1N916
L REF OUT c2
2 kO
————— 8y E2 ’ TIP29A
)I Ct +C.L.
0.02 4F SHUT —eL 1 620 Q
DOWN : 1N916 9
—Joscoutr  comp Pt 510 2
GND
=< 0.001 uF
$G2524 T
== |2Nn2222 19
4.7 pF
*

TThrought:out these discussions, references to the SG2524 also apply to the SG3524.

FIGURE 13. FLYBACK CONVERTER CIRCUIT

+15V

20 mA

-15V
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Vee = 28 V
ce _DP115 _ . o9mH
]
5 kQ +5V
5 kQ Vee 1A
INV E1
5 kQ
—A- ® NONINV c1 +
2 0.1 uF %5 KQ “T~ 500 pF
) e REF OUT c2l—e
3kQ 3kQ 1N3880
ANA- R E2
S \ !
E’. 7! Cr +C.L.
o 0.02 uF SHUT oL
g__-, DOWN
—oscour  comp
4 GhD —10.001 uF
po $G2524
« 50 ke
A o1
RETURN ——@—AA\—
FIGURE 14. SINGLE-ENDED LC CIRCUIT
Vece = 28V
1kQ %
5 k2 W TIP31A 0
Vce 1A
KQ fphlily
2 INV E1 ' T 1mH —+
r NONINV c1 20T | | == 5V
100 @ 5'rI [ uF 5A
0.1 uF 5 ka c2 ) 57| |
A P REF OUT 100 0 201 -
1] |
2kQ I |
P N—————
L RT E2 L1
\
o cr +C.L TIP31A
0.01 uF SHUT —C.L.
DOWN
——osc out comp 010
GND j 0.001
SG2524 uF +
<100 4F
20 kQ
m
FIGURE 15. PUSH-PULL TRANSFORMER-COUPLED CIRCUIT
TThroughout these discussions, references to the SG2524 also apply to the SG3524.
Texas ‘bi
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TYPICAL APPLICATION DATA'
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TL317M, TL317C
3-TERMINAL ADJUSTABLE REGULATOR

D2527, APRIL 1979—REVISED MAY 1988

® Output Voltage Range Adjustable from TL317C . .. D PACKAGE
1.2Vto32V (TOP VIEW)
Output Current Capability of 100 mA inpuT (1 U 8] Ne

OUTPUT []2 7[] ouTPUT

Input Regulation Typically 0.01% Per Input- ouTpPUT [3 6] ouTPUT

Volt Change ADJUSTMENT [Ja__ s[INC
Output Regulation Typically 0.5%
Ripple Rejection Typically 80 dB TL317M . . . JG PACKAGE
(TOP VIEW)
description inpuT [T T 8] ouTPuT 2
The TL317 is an adjustable 3-terminal positive- NC (]2 70 NC
voltage regulator capable of supplying 100 mA ne s 6[] ADJUSTMENT
over an output-voltage range of 1.2 V to 32 V. NC [J4 s[]NC 1]
It is exceptionally easy to use and requires only [}
two external resistors to set the output voltage. TL317C . . . LP SILECT PACKAGE _8
Both input and output regulation are better than (TOP VIEW) (75
standard fixed regulators. The device is ©
packaged in standard packages that are easily -
mounted and handled. INPUT g
. . ) OUTPUT
In addition to higher performance than fixed
regulators, this regulator offers full overload ADJUSTMENT
protection available only in integrated circuits.
Included on the chip are current limiting and NC—No internal .
. connection
thermal overload 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 opticnal 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.
In addition to replacing fixed regulators, the TL317 regulator is useful in a wide variety of other applications.
Since the regulator is floating and sees only the input-to-output differential voltage, supplies of several
hundred volts can be regulated as long as the maximum input-to-output differential is not exceeded. Its
primary application is that of a programmable output regulator, but by connecting a fixed resistor between
the adjustment terminal and the output terminal, this device can be used as a precision current regulator.
Supplies with electronic shutdown can be achieved by clamping the adjustment terminal to ground,
programming the output to 1.2 V where most loads draw little current.
The TL317M is characterized for operation over the full military temperature range from —55°C to 125°C.
The TL317C is characterized for operation from 0°C to 125°C.
PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated
st gl B L Exas W
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TL317M, TL317C
3-TERMINAL ADJUSTABLE REGULATOR

schematic
INPUT
3wa 3300 SE 190 2 2519 iE 5.6kQ
21kQ
200 ko
2 o < <
3120 3115ke
5
o 3 ,_1:
[+] 2.12ke
2}
=3 |
g 195 0 5.3kQ S 5.7 kQ X %: 10.8 kQ
-+
(/]
* * - * OUTPUT
ANV ADJUSTMENT
40
All component values shown are nominal
absolute maximum ratings over operating temperature range (unless otherwise noted)
Input-to-output differential voltage, V| — VO . . . . oot e 35V
Continuous total dissipation . ...................c. 00t See Dissipation Rating Table
Operating free-air, case, or virtual junction temperature range: TL317M ....... —-55°C to 150°C
TL317C . ......... 0°C to.150°C
Storage temperature range . . . . ... ... et ettt 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: D or LP package . ....... 260°C

DISSIPATION RATING TABLE 1—FREE-AIR TEMPERATURE

PACKAGE Ta < 25°C DERATING FACTOR Ta = 125°C
POWER RATING ABOVE Tp = 25°C POWER RATING
D 725 mW 5.8 mw/°C 145 mW
JG 1050 mW 8.4 mW/°C 210 mW
Lpt 775 mW 6.2 mW/°C 155 mW

tThe LP package dissipation rating is based on thermal resistance measured in still air
with the device mounted in an Augat socket. The bottom of the package was 10 mm
(0.375 in.) above the socket.

DISSIPATION RATING TABLE 2—CASE TEMPERATURE

PACKAGE Tc = 25°C DERATING DERATE Tc = 125°C
POWER RATING FACTOR ABOVE Tc POWER RATING
D 1600 mW 29.6 mW/°C 96°C 740 mW
JG 1600 mW 38.4 mW/°C 108°C 960 mW
LP 1600 mW 28.6 mW/°C 94°C 715 mW

2102 TeExas *?
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TL317M, TL317C

3-TERMINAL ADJUSTABLE REGULATOR

recommended operating conditions

TL317M TL317C UNIT
MIN MAX |MIN MAX
Output current, g 2.5 100 2.5 100 mA
Operating virtual junction temperature, T j -55 125 (o) 125 °C
electrical characteristics over recommended operating virtual junction temperature range (unless
otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Ty = 25°C 0.01 0.02
Input regulation (see Note 2 ViI-Vg =3Vt 35V %IV
put reg : I-Vo 10 = 2.5 mA to 100 mA 0.02_ 005 2
Vo = 10V, f =120 Hz 65
Ripple rejecti Vo = 10V, f = 120 Hz, dB
ipple rejection fo) : z 66 80 n
10-uF capacitor between ADJ and ground 'E;
lop = 25 mA to 100 mA,| Vg < 5V 25 mV o
Ty = 25°C, Vo =5V 0.5 %
Output regulation J 0 <"=>
Vo =<5V 50 mV
lo = 2.5 mA to 100 mA,
Vo =25V 1 % ©
Output voltage change with temperature Ty = 0°C to 125°C 1 % ?U'
Output voltage long-term drift (see Note 3)| After 1000 hat Tj = 125°C and V|-V = 35 V 0.3 1 % (]
Output noise voltage f = 10 Hz to 10 kHz, Ty = 25°C 0.003 %
Minim tput t t
|'|I um ou pu' current to V|—V0 — 35V 1.5 25 mA
maintain regulation
Peak output current Vj-Vg =35V 100 200 mA
Adjustment-terminal current 50 100 nA
Change in adjustment-terminal current Vi-Vp = 25Vt 35V, Ig =2.5mA to 100 mA 0.2 5 pA
Vi-Vg =3V1t35V, Ig=25mAto 100 mA,
Reference voltage (output to ADJ) I-vo o ° . 0 m m 1.2 1.25 1.3 \
P =< rated dissipation
T Unless otherwise noted, these specifications apply for the following test conditions: Vi—-Vp = 5Vandlg = 40 mA. Pulse testing techniques
must be used that will maintain the junction temperature as close to the ambient temperature as possible. All characteristics are measured
with a 0.1-uF capacitor across the input and a 1-uF capacitor across the output.
NOTES: 2. Input regulation is expressed here as the percentage change in output voltage per 1-volt change at the input.
3. Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to
be a guarantee or warranty. It is an engineering estimate of the average drift to be expected from lot to lot.
:i
2-103
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TL317M, TL317C
3-TERMINAL ADJUSTABLE REGULATOR

TYPICAL APPLICATION DATA

REG
+35V IN ouT Vo
REG ADJ R
vy IN Vo $1200
ADJ (see Note D) c1 p
0.1 uF
R2
C1 = 0.1 pF C2 = 1puF 3 kQ
2 (see Note A) T T (see Note B)
R2
i @
E =
s FIGURE 1. ADJUSTABLE VOLTAGE REGULATOR FIGURE 2. 0-V TO 30-V REGULATOR CIRCUIT
»
= REG
(1]
o v+ IN out 9—Vo
a ADJ R1 ‘: p1t
c1 I 47009 & 1naoo2
0.1 uF ® REG
.1 +
At o
R2 ¢ cz 14 1.2
10k 9 N 10 uF fl\- V+ IN our limit = g5
9o ADJ R1
he
TD1 discharges C2 if output is shorted to ground.
FIGURE 3. ADJUSTABLE REGULATOR FIGURE 4. PRECISION CURRENT
CIRCUIT WITH IMPROVED RIPPLE REJECTION LIMITER CIRCUIT
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. V(ef equals the difference between the output and adjustment terminal voltages.
D. Output voltage is calculated from the equation: Vg = Vyef (1 + g—%)
EXAS &
2-104 l
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TL317M, TL317C
3-TERMINAL ADJUSTABLE REGULATOR

TYPICAL APPLICATION DATA

R2
1.5 k@
& AN REG
R1
ADJ 470 @
v+ IN out
REG
REG
IN ouTt Vo
c1 ADJ 3 R3
0.1 4F 2400
c2
1 uF outpuT M R4
ADJUST & 2ko
. 4 w
L

FIGURE 5. TRACKING PREREGULATOR CIRCUIT FIGURE 6. SLOW-TURN-ON 15-V

REGULATOR CIRCUIT

REG REG
24 Q
V+—dIN out v+ IN out ®
ADJ ADJ
I 240 Q
¢ =
_ r
I 1.1 kQ
L )
>
FIGURE 7. 50-mA CONSTANT-CURRENT 31t
BATTERY CHARGER CIRCUIT v T

TThis resistor sets peak current (100 mA for 6 Q).

FIGURE 8. CURRENT-LIMITED 6-V CHARGER

Texas Q’ 2105
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TL317M, TL317C
3-TERMINAL ADJUSTABLE REGULATOR

TYPICAL APPLICATION DATA

TIP73
N

2N2905

L ! S
— { t 3 47 4F
<

sjeayg ejeq !

TMinimum load current is 30 mA.
iOmional capacitor improves ripple rejection

FIGURE 9. HIGH-CURRENT ADJUSTABLE REGULATOR

2-106 XAS Q‘
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TL430l, TL430C
ADJUSTABLE SHUNT REGULATORS

D2165, JUNE 1976 —REVISED MARCH 1988

® Temperature Compensated Lp
SILECT PACKAGE
® Programmable Output Volitage (TOP VIEW)
® Low Output Resistance
® Low Output Noise
® Sink Capability to 100 mA CATHODE
description ANODE
REF

The TL430 is a three-terminal adjustable shunt
regulator featuring excellent temperature
stability, wide operating current range, and low
output noise. The output voltage may be set by
two external resistors to any desired value
between 3 volts and 30 volts. The TL430 can
replace zener diodes in many applications
providing improved performance.

The TL430l is characterized for operation from
-40°C to 85°C, and the TL430C is
characterized for operating from 0°C to 70°C.

Data Sheets lh)\¥

functional block diagram

REF

ANODE CATHODE
(A) (K)

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

Regulator voltage (see Note 1) .. ... ... . ... . . e 30V
Continuous regulator CUMTENt . . . . .. . .ttt 150 mA
Continuous dissipation at (or below) 25°C free-air temperature (see Note 2) ........... 775 mW
Operating free-air temperature range: TL430l ... ....... ... .............. —40°C to 85°C

TLA30C ... 0°C to 70°C
Storage temperature range . ... .. .. ... u vt iu it e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . .................... 260°C

recommended operating conditions

MIN MAX | UNIT
Regulator voltage, Vz Vief 30 \
Regulator current, Iz 2 100 mA

Notes: 1. All voltage values are with respect to the anode terminal.
2. For operation above 25°C free-air temperature, derate at 6.2 mW/°C.

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

currg;lt as of puhlin:tinn datehl’r{_)ductsl conform to T Q‘
specifications per the terms of Texas Instruments
smdard warrr:(l. Production processing does not EXAS

necessarily include testing of all parameters. lNS’T RUMENTS
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TL430I, TL430C

ADJUSTABLE SHUNT REGULATORS

electrical characteristics at 25 °C free-air temperature (unless otherwise noted)

TEST TL430! TL430C
PARAMETER TEST CONDITIONS UNIT
FIGURE MIN TYP MAX | MIN TYP MAX
Vief Reference input voltage 1 Vz = Vief, Iz =10mA | 26 2.756 29| 2.5 2.75 3 \4
Temperature coefficient of Vz = Vief, Iz = 10 mA,
1 120 200 120 o
“Vref reference input voltage Ta = 0°C to 70°C ppm/°C
Iz = 10 mA, R1 =10 kQ,
Iref  Reference input current 2 RZZ o m 3 10 3 10 A
| Regulator current near lower 1 v v 05 2 0.5 2 A
= . 5 m
2K knee of regulation range z ref
2 | Regulator current at maximum 1 Vz = Vief 50 50 A
m
ZM limit of regulation range 2 Vz = 5V to 30V, See Note 3 | 100 100
" - 1 " Vo = -
t Differential regulator resistance 1 7z = Vref 1.5 3 1.5 3 Q
w) (see Note 4) Alz = (62-2) mA
[V Vz =3V 50 50
a Vnhz  Noise voltage 2 f =0.1Hzto 10 Hz|Vz = 12V 200 200 n%
Vz =30V 650 650
2]
= NOTES: 3. The average power dissipation, Vz « |z « duty cycle, must not exceed the maximum continuous rating in any 10-ms interval.
8 4. The regulator resistance for Vz > Vief, 1, is given by:
7]
=1 |1+ Rl
R2
PARAMETER MEASUREMENT INFORMATION
INPUT——MN——?—VZ |NPUT—‘V\N—?—-——VZ
r4
RIS l
TL430 g ref
[ > TL430
Vref R2 Vref
R1
Vz = Vief (1 + ﬁ—i) + lpef - R1
FIGURE 1. TEST CIRCUIT FOR Vz = Vyef FIGURE 2. TEST CIRCUIT FOR VZ >Vyef
T &
2.108 I EXAS
NSTRUMENTS
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TL4301, TL430C
ADJUSTABLE SHUNT REGULATORS

TYPICAL CHARACTERISTICS

Data Sheets H

SMALL-SIGNAL REGULATOR IMPEDANCE CURRENT
VS Vs
FREQUENCY VOLTAGE
3.0 r 160 I
28| VZ = Vref 140 Vz = Vref
Ta = 25°C I~ Ta = 25°C /
o 26 120 Izm
' <
] £
g 24 < 100
L / £
Q -
E 2.2 3 80
I | Iz
N 2.0 ~ 60
1.8 // 40
1.6 / 20
/
1.4 0 L 1zK
10 102 103 104 105 106 Y 1 2 3 4
f—Frequency —Hz V—Voltage—V
FIGURE 3 FIGURE 4
TYPICAL APPLICATION DATA
vV, V+ R
V + ma—q —r (o} Vit CL o
2R : ) 30 Q 4
Vref 4 7;\-
|
2 R1
R : Vo
R2
- ~ Vief
Vo = <1 + ﬂ) Vref T oy o = ﬁa
R2 Vo = <1 + %) Vet
FIGURE 5. SHUNT REGULATOR FIGURE 6. SERIES REGULATOR FIGURE 7. CURRENT LIMITER

{ip
E
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TL430I, TL430C

ADJUSTABLE SHUNT REGULATORS

s198ysg eieq H

TYPICAL APPLICATION DATA

Vi——— v+
IN
ouTt Vo
GND
Ar
$ R2
}

FIGURE 8. OUTPUT CONTROL OF

R1
- + —
Vo = Viyef (1 RZ)

Min Vg = Vyef + 5

A THREE-THERMAL
FIXED REGULATOR

R1A

R2A

R1B

R2B

® *

I

- R1B
Low limit = V, 1+ — | +V,
ow limi ,ef< RZB> BE

High limit = Vyf ( 14+ %)
FIGURE 11. OVER-VOLTAGE/
UNDER-VOLTAGE
PROTECTION CIRCUIT

R1y”

1

R2:

*-

R1
Vo = (1 + ﬁ)‘/,ef

FIGURE 9. HIGHER-CURRENT

APPLICATIONS

OUTPUT ON
WHEN

IGH
umit<V+ <yt

Vo
R1 Ar‘

R2

Q1

R1

Vo

Viimit = (1 * m2 )(Vref + Vas(on)

Vee
R1B
R1A
Y
R2A: N
R2B
=
: R1B
Low limit = Vief (1 + R_2§> + VB
s R1A
= + —
High limit = Vyef (1 RZA)

FIGURE 12. Vcc MONITOR

FIGURE 10. CROW BAR

2-110
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TL431M, TL431], TL431Al, TL431C, TL431AC
ADJUSTABLE PRECISION SHUNT REGULATORS

D2410, JULY 1978—REVISED AUGUST 1988

® Equivalent Full-Range Temperature
Coefficient . . . 30 ppm/°C

® Temperature Compensated for Operation
Over Full Rated Operating Temperature
Range

Adjustable Output Voltage

Fast Turn-On Response

TLA31I, TL431Al, TL431C, TL431AC ... D PACKAGE
(TOP VIEW)

caTHoDE [(J1 U's
ANODE E
ANODE

NC

REF
'] ANODE
[] ANODE
s[JNC

o ~N

2
3
4

TL431M . . . JG PACKAGE

Sink Current Capability . . . 1 mA to (TOP VIEW)
100 mA CATHODE [+ U 8]] REF
. NC[z 7 NC 2
® Low (0.2 Q Typ) Dynamic Output Ne [z 6[] ANODE
Impedance NC s s[] NC »
® Low Output Noise 'q','
. TL431M . . . LD PACKAGE 2
description (TOP VIEW) an
The TL431 and TL431A are three-terminal ©
adjustable shunt regulators with specified REF *6
thermal stability over applicable industrial and a
commercial temperature ranges. The output CATHODE ANODE
voltage may be set to any value between Vyef
(approximately 2.5 V) and 36 V with two
external resistors (see Figure 16). These devices THE ANODE IS IN ELECTRICAL CONTACT WITH THE CASE.
have a typical output impedance of 0.2 . Active
output circuitry provides a very sharp turn-on TL4311, TL431Al, TL431C, TL431AC . . . LP PACKAGE
characteristic, making these devices excellent (TOP VIEW)
replacements for zener diodes in many
applications. CATHODE
The TL431M is characterized for operation over ANODE
the full military temperature range of —55°C REF
to 125°C. The TL431l and TL431Al are
characterized for operation from -40°C
to 85°C, and the TL431C and TL431AC are TL4311, TL431Al, TL431C, TL431AC . .. P PACKAGE
characterized for operation from 0°C (TOP VIEW)
to 70°C. CATHODE (1 U &[] REF
NC2  7[ONC
NC[]z  e[] ANODE
NC[]a s{]NC
NC—No internal connection
symbol
REFERENCE (R)
ANODE CATHODE
(A) (K)
PRODUCTION DATA documents contain information . Copyright © 1982, Texas Instruments Incorporated
current as of publication date. Products conform to v}
spcication o s s of Toras Isumars EXAS 2111
necessarily include testing of ai yaramgters. lNS’T RUMENTS .
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TL431M, TL431], TL431Al, TL431C, TL431AC
ADJUSTABLE PRECISION SHUNT REGULATORS

schematic
CATHODE > *
800 QS 800 Q
20 pF
=S
REFERENCET—l j"\—l
150 Q
3.28 kQ x
4 kQ
20 pF 10 k@
2 2.4 kQ 7.2 kQ
%
w)
5 10
-+
o 800 Q
ANODE: —
n
= Component values are nominal.
o
a absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Cathode voltage (see Note 1) ... ... .. i e e e 37V
Continuous cathode currentrange . ... ..........outiinnnneennn.. —100 mA to 150 mA
Reference input currentrange . . .. ... ... .. ~50 A to 10 mA
Continuous power dissipation . ....................... See Dissipation Rating Tables 1 and 2
Operating free-air temperature range: TL431C, TL431AC . ... ... ... ... ....... 0°C to 70°C
TL4A3T, TLA31Al . . oo —40°C to 85°C
TLA3TM .. —-55°C to 125°C
Storage temperature range . .. . ... ..o vttt e e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: LD or JG package. .. .... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, LP, or P package .. ... 260°C
NOTE 1: Voltage values are with respect to the anode terminal unless otherwise noted.
DISSIPATION RATING TABLE 1—FREE-AIR TEMPERATURE
PACKAGE VA =25°C  DERATING FACTOR  Tp = 70°C Ta = 85°C Ta = 125°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING POWER RATING
D 825 mW 6.6 mW/°C 528 mW 429 mW
JG 1050 mwW 8.4 mW/°C 672 mW 546 mW 210 mwW
LD 275 mW 2.2 mW/°C 176 mW 143 mW 55 mW
LP 775 mW 6.2 mW/°C 496 mW 403 mW
P 1000 mW 8.0 mw/°C 640 mW 520 mW
DISSIPATION RATING TABLE 2—CASE TEMPERATURE
Tc < 25°C DERATING FACTOR Tc = 125°C
PACKAGE
POWER RATING ABOVE Tc = 25°C  POWER RATING
LD 1550 mW 12.4 mW/°C 310 mW
recommended operating conditions
MIN MAX | UNIT
Cathode voltage, VKA Vref 36 v
Cathode current, Ik (for regulation) 1 100 mA
T : i
2-112 L3
INSTRUMENTS
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electrical characteristics at 25 °C free-air temperature (unless otherwise noted)

TEST TL43TM TL431I TL431C
PARAMETER TEST CONDITIONS UNIT
CIRCUIT MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
Vief Reference input voltage 1 VKA = Vief. Ik = 10 mA 2400 2495 2600| 2440 2495 2550| 2440 2495 2550 mV
v Deviation of reference input voltage 1 v v \ omA T full + 22 5 30 4 17 v
= , = mA, = full range m
ref(dev) over full temperature ranget KA ref K A g
AV  Patioof change in reference AVKA = 10V = Vg —14 -3 -14 -2.7 14 -27 | qv
_ input voltage to the change 2 Ik = 10 mA _V
AVKA in cathode voltage AVKa =36V - 10V -1 -23 =1 -2 -1 -2
Iref Reference input current 2 Ik = 10mA, R1 = 10kQ, R2 = » 2 8 2 4 2 4 rA
Deviation of reference input current Ik = 10 mA, Rt = 10kQ2, R2 = o,
Iref(dev) + 2 1 08 25 04 1.2 vA
over full temperature range Ta = full rangeT
. Minimum cathode current 1 v v 0.4 15 0.4 1 0.4 1 A
i = 3 . B . m
min for regulation KA ref
loff Off-state cathode current 3 VKA = 36V, Vet =0 0.1 3 0.1 1 0.1 1 pA
v = Vief, Ik = 1 mA to 100 mA,
| 2kal Dynamic impedance & 1 'KA1 o refr K 02 09 02 05 02 05| @
= z

1 Full temperature range is —55°C to 125°C for the TL431M, —40°C to 85°C for the TL431l, and 0°C to 70°C for the TL431C.
* The deviation parameters Vref(dev) @nd lref(dey) are defined as the differences between the maximum and minimum values obtained over the rated temperature range. The average full-range
temperature coefficient of the reference input voltage, AV op is defined as:

|

_|._
|
-

Vrefidev) \ 6
— =Vl _1X 1

lavref] (22M) = (Vref@25°. °
Vrefl \5g ATA

Vref(dev)

|
Je

where ATy is the rated operating free-air temperature range of the device, 'q— ATA ———.I

ayref can be positive or negative depending on whether minimum Vgf or maximum Ve, respectively, occurs at the lower temperature (see Figure 8).

Example: Max Vigf = 2496 mV @ 30°C, Min Ve = 2492 mV @ 0°C, Vyet = 2495 mV @ 25°C, ATp = 70°C for TL431C

<_4HL) %106
2495 mv

lavrefl = 70°C ~23 ppml"c

Because minimum Vef occurs at the lower temperature, the coefficient is positive.

8 The dynamic impedance is defined as:

_ AVka
lzkal = Al

When the device is operated with two external resistors (see Figure 2), the total dynamic impedance of the circuit is given by:

12| = AV | 7 | 1 R1
A ka R2

Data Sheets )™
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electrical characteristics at 25 °C free-air temperature (unless otherwise noted)

TEST TL431Al TL431AC
Tl
PARAMETER CIRCUIT TEST CONDITIONS MIN  TYF WMAX | MIN _ TYP MAX UNIT

Vref Reference input voltage 1 VKA = Vief. Ik = 10 mA 2470 2495 2520 | 2470 2495 2520| mV

Deviation of reference input voltage
V 1 VKA = Vref, IK = 10mA, Ta = full range® 5 25 4 15 \

ref(dev) over full temperature ranget KA ref: 'K A 9 m

AVyef Ratio of change in reference AVKA = 10V — Vet 1.4 -2.7 1.4 -27| mv

input voltage to the change 2 Ik = 10 mA J—
AVKA in cathode voltage AKya =36V - 10V -1 -2 -1 -2 v
Iref Reference input current 2 Ik = 10mA, R1 = 10k?, R2 = o 2 4 2 4| pA

Deviation of reference input current Ik = 10 mA, R1 = 10k2, R2 = o,

2 0.8 2. R .2

refidev) o yer ful temperature range? TA = full ranget 5 08 1 #A

Minimum cathode current
Imi 1 Vka =V, 0.4 0.7 0.4 0.6 A
min for regulation KA ref m
loff Off-state cathode current 3 VKA = 36V, Vief = 0 0.1 0.5 0.1 0.5| pA

VKA = Vref. IK = 1 mA to 100 mA,

|zkal Dynamic impedance$ 1 ) 'iA1 y Hz’ef K 02 05 02 o5 @

tFull temperature range is —40°C to 85°C for TL431Al and 0°C to 70°C for TL431AC.
#The deviation parameters Vief(dev) and lref(dev) are defined as the differences between the maximum and minimum values obtained over the rated temperature range. The
average full-range temperature coefficient of the reference input voltage, aV ef, is defined as:

|
_I_

|

-+

Vref(dev) \, 106 Vref(dev)
ppm) _ Vref @ 25°C

lavrefl < oC aTA

e

where ATp is the rated operating free-air temperature range of the device.

ayref can be positive or negative depending on whether minimum Vyef or maximum V¢, respectively, occurs at the lower temperature.

AVKA
Alg
When the device is operating with two external resistors, see figure 2, the total dynamic impedance of the circuit is given by:

8The dynamic impedance is defined as: |zkal =

LAV ) R1
1z’| = e which is approximately equal to |zyg| | 1 tos

IVIEVIL ‘IVIEYIL
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TL431M, TL431], TL431Al, TL431C, TLA31AC
ADJUSTABLE PRECISION SHUNT REGULATORS

PARAMETER MEASUREMENT INFORMATION

INPUT =—AN—@— VKA INPUT AAA

VW VKA
4
K
R13 ‘
K Iref
—>
[ 4
Vref R2 i: Vr;f 2
R1
i <+ = VKA = Vryef <1 + n—z >+ lref*R1
FIGURE 1. TEST CIRCUIT FOR VKA = Vref FIGURE 2. TEST CIRCUIT FOR VKA > Vyef %
2
INPUT —AA———@—— VKA
yoﬂ (7]
©
g
x ©
(a]
FIGURE 3. TEST CIRCUIT FOR loff
TYPICAL CHARACTERISTICS
CATHODE CURRENT CATHODE CURRENT
vs vs
CATHODE VOLTAGE 800 CATHODE VOLTAGE
150 T
VKA - Vref VKA = Vref
125 1, = 25°C Ta = 25°C
600
< 100 <
£ < .
| 75 L Imin
g $ 400
2 50 £
a3 o
® 25 ]
3 3
£ o 2 200 y
S _,g ,/ &l’
* / *
~ -50 /
(
-100 / -200
-2 -1 0 1 2 3 -1 0 1 2 3
VKA —Cathode Voltage—V VKA —Cathode Voltage—V
FIGURE 4 FIGURE 5

XAS % 2-115
INSTRUMENTS
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TL431M, TL431l, TL431Al, TL431C, TL431AC
ADJUSTABLE PRECISION SHUNT REGULATORS

TYPICAL CHARACTERISTICS

OFF-STATE CATHODE CURRENT NOISE VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE FREQUENCY
25 — 50 T T 7T
< VKA = 36 V VKA = Vref
2 Vief = 0 N4 Ik = 10 mA
L2 40 H Ta = 25°C
s N \\~
3 T
2 :
S
_§ 1.5 :':, 30
£
O = g
o © 3
~ 2 1 > 20
QO 8 ®
@ 2
n £ 2
2 Jos 10
& 3 S/
(7] L1
0 0
-75-50 -26 0 25 50 75 100 125 10 40 100 4001k 4k10k 40 k 100 k
Ta—Free-Air Temperature— °C f—Frequency—Hz
FIGURE 6 FIGURE 7
REFERENCE INPUT VOLTAGE REFERENCE INPUT CURRENT
Vs VS
FREE-AIR TEMPERATURET FREE-AIR TEMPERATUREY
2600 T T 5 T T
2580 VKA = Vref ‘ i [ R1 = 10 kQ
E TIK = 10 mA Vre'f _ 2‘550 ;th i R2 = »
| 2560 T oallk=10mA
£ 2540 — — s
o 3
2 2520 |—7 S 3
§ 2500 Vyef = 2495 mV¥ é
o
€ 2480 — g 2
© 4 o ~——
o ] |
% 2460 s
& Vief = 2440 mv? «
L 2440 Lo
3 e
> 2420 -
2400 0
-75 -50 -25 0 25 50 75 100 125 -75-50 -256 0 25 50 75 100 125
Ta—Free-Air Temperature— °C TA—Free-Air Temperature— °C
FIGURE 8 FIGURE 9

tFor TL4311, TL431Al, TL431C, and TL431AC, the data applies only for the portions of the curves that lie within their recommended
operating temperature ranges.
*Data is for devices having the indicated value of Vyef at Ix = 10 mA, Tp = 25°C.

Texas Y
INSTRUMENTS
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TL4A31M, TL431l, TL431Al, TL4A31C, TL431AC
ADJUSTABLE PRECISION SHUNT REGULATORS

TYPICAL CHARACTERISTICS

CHANGE IN REFERENCE INPUT VOLTAGE
vs
CATHODE VOLTAGE

z 0 I
| Ik = 10 mA
s -5 TA = 25°C -
g \ <
S -1 é
5 c
]
JJT §_
E
e -20 o
2 £
€ _25 g
£ a8
& _30 <
9 -38 N
®
3 -40
0 5 10 15 20 25 30 35 40
VKA —Cathode Voltage—V
FIGURE 10
DYNAMIC IMPEDANCE
VS
FREQUENCY
100 ) B4 A
70 E1p = 25°C
40 Ik = 1 mA to 100 mA
=}
i 20
4 —
E 10 /]
-
Q
E a
i)
E 2
©
3
g 1 ,
| 0.7 ~
8 04 /
N
0.2 2t
0.1
1k 10 k 100 k 1™ M0M
f—Frequency —Hz
FIGURE 12

DYNAMIC IMPEDANCE

Vs
FREE-AIR TEMPERATURE 1
03 T T T T
VKA = Vref
IK = 1 mA to 100 mA
0.25 - ¢ _ 1 kHe
N
\ /_/
0.2 2
R
0.15 *
-
3
R
° L
(7]
0.05 ©
-t
@
o (a]
-75 -50 —25 0 25 50 75 100 125
TaA—Free-Air Temperature— °C
FIGURE 11
1 kO
AN ouTPUT
"
O &
3 -1
+
4 GND

|||—0

TEST CIRCUIT FOR DYNAMIC IMPEDANCE

TFor TL4311, TL431Al, TL431C, and TL431AC, the data applies only for the portions of the curves that lie within their recommended

operating temperature ranges.

Texas {'P
INSTRUMENTS
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TL431M, TL431I, TL431Al, TL431C, TL431AC
ADJUSTABLE PRECISION SHUNT REGULATORS

TYPICAL CHARACTERISTICS

SMALL-SIGNAL VOLTAGE AMPLIFICATION

vs
FREQUENCY
70 T T T
60 TA = 25°C
I IK = 10 mA TS OUTPUT
50 ™ . l'K
N S 15k 230 @
a0
9 puF
30 e——q +
20 i: 8.25 k@ -
10 N\ 3
* * GND

0 N ,_‘_[..
10 TEST CIRCUIT FOR VOLTAGE AMPLIFICATION

1k 10 k 100 k 1M 0M

f—Frequency—Hz
FIGURE 13
PULSE RESPONSE
6 T T
TA = 25°C
INPUT INPUT
5 MONITOR
220 0
a . Wy OUTPUT
p
3 PULSE e
OUTPUT GENERATOR 3500 -K
/ f = 100 kHz

2

1 1 GND

0 TEST CIRCUIT FOR PULSE RESPONSE

o 1 2 3 4 5 6 17
t—Time—pus

FIGURE 14

2]
©
|
c
E
vl :
£
H
o 3
2 g
w7
(2]
= >
H <
®
-+
[7/] -
>
|
3
g
o
>
5
(=%
5
o
bl
s
5
Q
£
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TL431M, TL431], TL4A31AI, TL431C, TL431AC
ADJUSTABLE PRECISION SHUNT REGULATORS

TYPICAL CHARACTERISTICS

150 Q@ 150 Q

AAA

IKl R1= § ‘IK

<
10k $ +
V+
[ CL A~ Vref ﬁ
L T -

VWA

b
+
<3

- >
R2 j!’
TEST CIRCUIT FOR CURVE A BELOW TEST CIRCUIT FOR CURVES B, C, AND D BELOW

STABILITY BOUNDARY CONDITIONS
A VKA = Vref '
’_BVKA =5V@IK =10 mA
CVKA = 10V@IK = 10 mA
DVKA = 15V@IK = 10 mA

100

90

Data Sheets

80

70

gt STABLE

|

|

| | e
TEA

STABLE /[ /

iy [] ] =

o /AVIANEL

y//4ER\NA\

10 pF 100 pF 1000 pF 0.01 uF 0.1 uF 1 uF 10 pF

At
60

50

40

IK — Cathode Current—mA

30

CL—Load Capacitance

T The areas under the curves represent conditions that may cause the device to oscillate. For curves B, C, and D, R2 and V + were adjusted
to establish the initial Vg and Ig conditions with C| = 0. V+ and C|_ were then adjusted to determine the ranges of stability.

FIGURE 15

EXAS {'f 2119
INSTRUMENTS
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TL431M, TL431l, TL431Al, TL431C, TL431AC
ADJUSTABLE PRECISION SHUNT REGULATORS

s}eays eleq !

<
+

TYPICAL APPLICATIONS v

V+ =MW ? Vout 2
<
2 <
2 |
| ¢——— OUTPUT
Vref T * Von = 2V
Shr2 : INPUT —AM— —k‘ Vott = V+
1 Vith) = 25V
a1 - -—-I—lL—— GND
Vout = (1 + ﬁ)vref =
FIGURE 16. SHUNT REGULATOR FIGURE 17. SINGLE-SUPPLY
COMPARATOR WITH
TEMPERATURE-COMPENSATED
THRESHOLD
S
v
1 300 * |
[ N
) uA7805  OUT Vout
r I COMMON s
0014F ) /iﬂn
1 {
1 s
ﬁ L2 MY ® Vout :: R2
2R2 i

R1
Vout = (1 + 5

FIGURE 18.

) Vref

SERIES REGULATOR

Vout = Vref (1

1
+ —

)
R2

Min Voue = Veef + 5V

FIGURE 19. OUTPUT CONTROL OF

A THREE-TERMINAL
FIXED REGULATOR

2-120
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TL431M, TL431I, TL431Al, TL431C, TLA31AC
ADJUSTABLE PRECISION SHUNT REGULATORS

TYPICAL APPLICATIONS

Vout V+—°\9—1
m/:y

X
AN
v

@- \ 4

R1
V, = (1 + — )V,
out ( R2 ) ref

FIGURE 20. HIGHER-CURRENT
SHUNT REGULATOR

V+
e R1BQ <
R1A 2 < S
‘> <
OUTPUT ON WHEN
Low . _ HIGH
LmIT = umir
q s
< R2B L
<
P b3
R2A 3 T
e v L
- R1B
Low limit = Vief <1 * @28 ) +VBE
P R1A
High limit = Vief (1 + m)

FIGURE 22. OVER-VOLTAGE/UNDER-VOLTAGE
PROTECTION CIRCUIT

R1
Viimit = (1 + o )Vref

FIGURE 21. CROW BAR

Vout

Data Sheets ﬁ

Texas Y
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TL431M, TL431l, TL431Al, TL431C, TL431AC
ADJUSTABLE PRECISION SHUNT REGULATORS

syeayg eleq !

TYPICAL APPLICATIONS

v; A'A'A'
S R1B b i\
4’ ‘P
R1AS 7 ~
<
3 3
R2A i: 2R28
R1B
Low limit = Vigf (1 + Rﬁ) LED ON WHEN
HIGH
<VE< i

High limit = Vygf (

R1A
R1A\ |
T RZA)

FIGURE 23. VOLTAGE MONITOR

V+—yg

RcL

lout
—

AA
VW

FIGURE 25. CURRENT LIMITER OR

CURRENT SOURCE

V+ M

VWA

/W

VWA~
A

o ko
o

Delay = R«C-In

||]—0.

v+
V¥] = Vet

FIGURE 24. DELAY TIMER

l lout

V+

W

AAA
v
0
»

o

FIGURE 26. CONSTANT-CURRENT SINK

2-122
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TL493, TL494, TL4AY9S
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

D2535, JANUARY 1983 —REVISED OCTOBER 1988

® Complete PWM Power Control Circuitry TL493C . . . D OR N PACKAGE
Uncommitted Outputs for 200-mA Sink or (TOP VIEW)
Source Current ERROR{NONINV iNpUT [t U6 INONINV INPUT}CURRENT
AMP 1 INVINPUT(]2  15[JINV INPUT LIMIT AMP
® Output Control Selects Single-Ended or FEEDBACK[]3s  14[JREF OUT
Push-Pull Operation DEAD-TIME CONTROL[Ja  13[JOUTPUT CONTROL
TE s 12[JVee
® Internal Circuitry Prohibits Double Pulse at RT[s 11 %Cz
Either Output GNDLJ7  10pJE2
cids_ o[1E1

® Variable Dead-Time Provides Control over
Total Range TL494I, TL494C . . . D, J, OR N PACKAGE
(TOP VIEW)

N

® Internal Regulator Provides a Stable 5-V

Reference Supply, 5% ERF;OR{NONINV INPUT]T 16l NONINY INPUT}ERF;C'R
L . AMP 1 INVINPUT]2  1s[JINV INPUT AMP 2 (7]
® Circuit Architecture Allows Easy FEEDBACK[]3  14[JREF OUT "q';
Synchronization DEAD-TIME CONTROL[J4  13[JOUTPUT CONTROL )
- Crls 12[0Vce =
TLA493 has Output Current-Limit Sensing RT[Je n[Jc2 [7;)
GND[7  1o[JE2
TL495 has On-Chip 39-V Zener and External cilds  ofE s
Control of Output Steering ©
d ipti TL495C . . . N PACKAGE o
escription (TOP VIEW)
The TL493, TL494, and TL495 each incorporate ERROR{NONINV ineuT [T U s NONINY iNPUT L ERROR
on a single monolithic chip all the functions AMP 1 INVINPUT[]2  17[JINV INPUT AMP 2
required in the construction of a pulse-width- FEEDBACK[]3 'GZI\R/EF out
modulation control circuit. Designed primarily for DEAD-TIME CONTR?:';E: :j % OSTPUT cONTROL
power supply control, these devices offer the rRrCle  13[]STEERING INPUT
systems engineer the flexibility to tailor the GND[]7  12[0Vee
power supply control circuitry to his application. cifs  nfjc2
E1l]s  10[JE2
The TL493 contains an error amplifier, current-
limiting amplifier, an on-chip adjustable DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
oscillator, a dead-time control comparator, pulse-
steering control flip-flop, a 5-volt, 5%-precision TL493 | TL494 | TL495
regulator, and output-control circuits. TL49—I| * D,J.N *
. o TL49—-C D,N D,JN N
The error amplifier exhibits a common-mode
voltage range from —0.3 volts to VCC — 2 volts. *These combinations are not defined by this data sheet.
The current-limit amplifier exhibits a common-
mode voltage range from —0.3 volts to 3 volts FUNCTION TABLE
with an .offset voltage of appro>_<imately 80 INPUTS
n?llliv'olts in §eries with the inverting input to e.ase ouTPUT STEERING
circuit design requ1rements.' The dead-time INPUT OUTPUT FUNCTION
control comparator has a fixed offset that CONTROL | ., 195 only)
provides approximately 5%. deaq time when V=0 Open Single-ended or parallel output
externally altered. T.he Qn—chlp osc.lllator may be Vi = Vet Open Normal push-pull operation
bypassed by termlnatlng -RT (pin 6) to_ the Vi = Vyef Vi =0 PWM Output at Q1
reference. output ar)d providing a sawtoot.h input V| = Vet V| = Vet PWM Output at Q2
to CT (pin 5), or it may be used to drive the
common circuits in synchronous multiple-rail
power supplies.
PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated
current as of publication date. Products conform to v}
srec;fic:linns pe‘r t|||,e tl‘erms of Texas Inst;uments TEXAS
standard warranty. Production processing does not -
necessarily inclmx testing of apll paramgters. INST RUMEN1S 2123
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TL493, TL494, TLA85

. PULSE-WIDTH-MODULATION CONTROL CIRCUITS

description (continued)

The uncommited output transistors provide either common-emitter or emitter-follower output capability. Each
device provides for push-pull or single-ended output operation, which may be selected through the output-control
function. The architecture of these devices prohibits the possibility of either output being pulsed twice during

push-pull operation.

The TL493 and TL494 are similar except that an additional error amplifier is included in the TL494 instead of
a current-limiting amplifier. The TL495 provides the identical functions found in the TL494. In addition, it contains
an on-chip 39-volt diode for high-voltage applications where Vc is greater than 40 volts, and an output-steering
control that overrides the internal control of the pulse-steering flip-flop.

N

The TL494l is characterized for operation from —25°C to 85°C. The TL493C, TL494C, and TL495C are
characterized for operation from 0°C to 70°C.

O functional block diagram
[
~
o | I a1 rT TS T = A
(7)) 1 STEERING INPUT r OUTPUT CONTROL
TL495 ONLY I | (SEE FUNCTION TABLE)
a‘ | (SEE FUNCTION TABLE) | | :
2 RT : JI L 1
7 OSCILLATOR ittty e -
cr
c1
DEAD-TIME CONTROL
P COMPARATOR E1
DEAD
TIME —||— c
CONTROL 2
ERROR AMPLIFIER o
NONINVERTING PULSE-STEERING €2
INPUT [t ] COMPARATOR FLIP-FLOP
INVERTING _
INPUT —__ v
r ERROR AMPLIFIER _} F——————n
NONINVERTING _| | | * Vce
INPUT T + > ! i ! 1
INVERTING _! _ | 1| rererence
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TL493, TL494, TL495
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

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

TL493C
TL494I TL494C TL495C UNIT
Supply voltage, V¢ (see Note 1) 41 41 41 \
Amplifier input voltage Vcc+0.3 Vecc+0.3 Vcc+0.3 \
Collector output voltage 41 41 41 \%
Collector output current 250 250 250 mA
Continuous total dissipation See Dissipation Rating Table
Operating free-air temperature range —25 to 85 Oto 70 0to 70 °C
Storage temperature range —65to 150 | —65 to 1560 | —65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) 300 300 300 oc 2
from case for 60 seconds: J package
l.ead temperature 1,6 mm.(1/16 inch) 260 260 260 oc ®
rom case for 10 seconds: D or N package -
NOTE 1: All voltage values, except differential voltages, are with respect to the network ground terminal. g
=
DISSIPATION RATING TABLE \n
PACKAGE Ta = 25°C DERATING DERATE Ta = 70°C Ta = 85°C g
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING a
D 900 7.6 mw/°C 25°C 608 mW 494 mW
J 1000 8.2 mw/°C 28°C 656 mW 533 mW
N 1000 9.2 mW/°C 41°C 736 mW 598 mW

recommended operating conditions

TL493C
TL494l TL494C UNIT
TL495C
MIN MAX MIN MAX

Supply voltage, Vcc 7 40 7 40 \%
Amplifier input voltages, V| -0.3 Vge-2 -0.3 Veg-2 Vv
Collector output voltage, Vo 40 40 \
Collector output current (each transistor) 200 200 mA
Current into feedback terminal 0.3 0.3 mA
Timing capacitor, C1 0.47 10 000 0.47 10 000 nF
Timing resistor, RT 1.8 500 1.8 500 kQ
Oscillator frequency 1 300 1 300 kHz
Operating free-air temperature, TA -25 85 [o] 70 °C
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TL493, TL494, TLASS

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

electrical characteristics over recommended operating free-air temperature range, Vcc = 15 V,
f = 10 kHz (unless otherwise noted)
reference section
TL493C
TL494l, TL494C
T 1
PARAMETER TEST CONDITIONS TLA9EC UNIT
MIN TYP} MAX
Output voltage (Vief) o = 1mA 4.75 5 6.25 v
Input regulation Vec =7Vtod0V 2 25 mV
Output regulation lo = 1to 10 mA 1 15 mvV
Out, It h
2 utput voltage change ATA = MIN to MAX 0.2% 1%
with temperature
U Short-circuit output current$§ Viegf = 0 35 mA
2 oscillator section (see Figure 1)
[+
» TL493C
TLA94I, TL494C
= PARAMETER TEST CONDITIONS UNIT
oD TL495C
2 MIN _TYP¥  MAX
w Frequency Ct = 0.01 4F, Rt = 12 kQ 10 kHz
All val f Vce. Ct. RT, and
Standard deviation of frequency values o Vee. &1, A, an 10%
Ta constant
Frequency change with voltage Vecc =7Vt040V, Tp = 25°C 0.1%
. Ct = 0.01 4F, Rt = 12kQ,
Frequency change with temperature # ATA = MIN to MAX 1%
amplifier sections (see Figure 2)
PARAMETER TEST CONDITIONS MIN TYP¥ MAX UNIT
Error 2 10
Input offset voltage Current-limit | Vg (pin 3) = 2.5 V 80 mV
(TL493 only)
Input offset current Vo lpin 3) = 2.5V 25 250 nA
Input bias current Vo (pin 3) = 2.5V 0.2 1 pA
-0.3to
Common-mode input Error V v
—vec = 7Vit040V cec-2
voltage range Current limit 03103
(TL493 only) )
Open-loop voltage Error 70 98
pen-ioop voltag Currentlimit | AVo = 3V, R_ = 2k Vg = 0.5V t0 3.5 V d8
amplification 90
(TL493 only)
Unity-gain bandwidth Vo =05Vto35V RL = 2 k@ 800 kHz
Common-mode Error 55 80
rejection ratio Current-limit | AVg = 40 V, TaA = 25°C 70 dB
Ll rat
! (TL493 only)
Output sink current (pin 3) Vip = =16 mVto =5V, Vipin 3) = 0.7V 0.3 0.7 mA
Output source current (pin 3) Vip=15mVto5V, Vipin3) =35V -2 mA
1t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
AN typical values except for parameter changes with temperature are at Tpo = 25°C.
§ Duration of the short-circuit should not exceed one second.
{ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula ¢ = n=1
#Temperature coefficient of timing capacitor and timing resistor not taken into account. N - 1
i
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TL493, TLA94, TLA95
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

electrical characteristics over recommended operating free-air temperature range, VCCc = 15 V,
f = 10 kHz (unless otherwise noted)
output section
TL493C
TL , TL4
PARAMETER TEST CONDITIONS 4941, TLA94C UNIT
TL495C
MIN TYPT  MAX
Collector off-state current Vcg = 40V, Vcec = 40V 2 100 A
Emitter off-state current Vec=Vgc =40V, VE=0 -100 A
Collector-emitter | Common-emitter VE =0, Ic = 200 mA 1.1 1.3 v
saturation voltage | Emitter-follower Vg =15V, Ig = =200 mA 1.5 2.5 2
Output control input current V) = Vief 3.5 mA
. . ) fa
dead-time control-section (see Figure 1) 5
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT ‘qc’
Input bias current (pin 4) V) =01t05.25V -2 -10 pA (7,
Maximum duty cycle, each output V) (pin4) = 0, CT = 0.1 uF, RT = 12 kQ 45% ©
. Zero duty cycle 3 3.3 -
Input threshold voltage 4 \2
e ge (pin 4) Maximum duty cycle [} 8
pwm comparator section (see Figure 1)
PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
Input threshold voltage (pin 3) Zero duty cycle 4 4.5 \'
Input sink current (pin 3) Vipin 3) = 0.7V 0.3 0.7 mA
steering control (TL495 only)
PARAMETER TEST CONDITIONS MIN MAX UNIT
Input current V=04V —200 A
P Vi= 24V 200 | ¥
zener-diode circuit (TL495 only)
PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
Breakdown voltage Vece = 41V, Iz =2mA 39 \
Sink current Vi(pin 15) = 1V 0.3 mA
total device
PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
Pin 6 at Vyef, Vee = 15V 6 10
| t mA
Standby supply curren All other inputs and outputs open Vee =40V 9 15
Average supply current Vipin 4) = 2V, See Figure 1 7.5 mA
switching characteristics, TpA = 25°C
PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
Output voltage rise time Common-emitter configuration, 100 200 ns
Output voltage fall time See Figure 3 25 100 ns
Output voltage rise time Emitter-follower configuration, 100 200 ns
Output voltage fall time See Figure 4 40 100 ns
TAN typical values except for temperature coefficient are at Tp = 25°C.
T {I’
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TL493, TL494, TL495
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

PARAMETER MEASUREMENT INFORMATION

Vee=15V
L1500 $1500
2w 3 2w
Vee
DEAD-TIME c OUTPUT 1
TEST
INPUTS E1 1
FEEDBAC