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VOLTAGE REGULATOR DATA BOOK
1984

Voltage regulation is a basic function in the majority of today’s electronic systems. In this data book, Texas Instruments
is pleased to present important technical information on a broad line of voltage regulator and voltage controller circuits that
will assist the designer in selecting components for the complete power system.

ntrollers

voltage ¢

tage ¢

This data book includes series pass regulators (both fixed and adjustable), shunt regulators,
(fixed on-time variable frequency, PWM, single-ended, and dual-ended), DC-to-DC converters, over voltage and under voltage
protection circuits.

A functional index, selection guide and alternate source index are included to provide the designer with rapid access to
the desired technical information.

While this data book offers design data and specifications only for voltage regulators and voltage regulator-related products,
complete technical data on any Texas Instruments semiconductor component is available from your nearest TI field sales
office or local Tl distributor.
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ALPHANUMERIC INDEX

DEVICE TYPE PAGE DEVICE TYPE PAGE DEVICE TYPE PAGE
LM217 2-3 TL494! 297 uA78L08C 2-157
LM237 2-9 TL494AM 2-97 UA78LO9AC 2-157
LM317 2-3 TL495C 297 uA78L09C 2-157
LM320-5 2-13 TL495! 2-97 uA78L10AC 2-157
LM320-12 2-13 TL496C 2-105 uA78L10C 2-157
LM320-15 2-13 TL497AC 2-109 uA78L12AC 2-157
LM330 2-19 TLA97Al 2-109 uA78L12C 2-157
LM337 2-9 TL497AM 2-109 uA78L15AC 2-157
LM340-5 2-25 TL580C 2-113 uA78L15C 2-157
LM340-12 2-25 TL593C 2-115 uA78MO5C 2-163
LM340-15 2-25 TL593) 2-115 uA78MO5M 2-163
LM350 2-33 TL593M 2-115 uA78M06C 2-163
LM2930-56 2-39 TL594C 2-115 uA78MO6M 2-163
LM2390-8 2-39 TL594I 2-115 uA78M08C 2-163
MC3423 2-45 TL594M 2-115 uA78M08M 2-163
MC34060 2-47 TL595C 2-115 uA78M10C 2-163
‘MC35060 2-47 TL595]| 2-115 uA78M10M 2-163
MC79LO05AC 2-53 TL780-05C 2-125 uA78M12C 2-163
MC79L05C 2-53 TL780-12C 2-125 uA78M12M 2-163
MC79L12AC 2-53 TL780-15C 2-125 uA78M15C 2-163
MC79L12C 2-53 TL783C 2-129 UA78M15M 2-163
MC79L15AC 2-53 TL1451C 2-137 uA78M20C 2-163
MC79L15C 2-53 TL7702 2-139 uA78M20M 2-163
RM4193 2.57 TL7705 2-139 uA78M24C 2-163
RC4193 2.57 TL7712 2-139 uA7905C 2-175
SG1524 2-59 TL7715 2-139 uA7906C 2-175
SG2524 2-59 uA723C 2-143 uA7908C 2-175
SG3524 2-59 UA723M 2-143 uA7912C 2-175
SG1525A 2-71 uA7805C 2-149 UA7916C 2-175
SG1527A 2-71 uA7806C 2-149 uA7918C 2-175
SG2525A 2-71 uA7808C 2-149 uA7924C 2-175
SG2527A 2-71 uA7810C 2-149 uA7925C 2-175
SG3525A 2-71 uA7812C 2-149 uA79MQ5C 2-181
SG3527A 2-71 uA7815C 2-149 uUA79MO5M 2-181
TL317C 2-81 uA7818C 2-149 uA79M06C 2-181
TL317M 2-81 uA7824C 2-149 UA79MOEM 2-181
TL430C 2-85 uA7885C 2-149 uUA79M08C 2-181
TL430! 2-85 uA78L02AC 2-157 uA79MO8M 2-181
TL431C 2-89 uA78L02C 2-157 uA79M12C 2-181
TL4A31] 2-89 uA78LOSAC 2-157 UA79M12M 2-181
TL431M 2-89 uA78L05C 2-157 uA79M15C 2-181
TL493C 2-97 UA78LOBAC 2-157 uA79M15M 2-181
TL494C 2.97 uA78L06C 2-157 uA79M20C 2-181

uA78L0OBAC 2-157 uA79M24C 2181
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SELECTION GUIDE

positive output regulators

FIXED OUTPUT VOLTAGE REGULATORS

DEVICE OUTPUT VOLTAGE | MINIMUM DIFFERENTIAL | OUTPUT CURRENT | AVAILABLE VOLTAGE
SERIES TOLERANCE VOLTAGE RATING SELECTIONS PACKAGES
LM2930-0 £10% t 06V 150 mA 2@5Vt08V KC
LM330-0 + 4%+ 06V 150 mA 1@5V KC
LM340-00 + 4% t 20V 15A 3@5Vto 15V KC
TL780-00C 1% ¢ 20V 15A 3@5Vto15V KC
uA7800C + 4%} 2.0V-3.0V 15A 9@5Vt024V KC
uA78LO0AC + 5% 20V 100 mA 8@26Vto15V LP
uA78L00C £10% ¢ 20V-25V 100 mA 8@26Vto 15V LP
uA78M00C* + 6% F 2.0V-3.0V 500 mA 8@5Vto24V KC
TOverrange —40°C to0 25°C
@ 25°C
negative output regulators
DEVICE OUTPUT VOLTAGE [ MINIMUM DIFFERENTIAL | OUTPUT CURRENT | AVAILABLE VOLTAGE
SERIES TOLERANCE VOLTAGE RATING SELECTIONS PACKAGES
LM320-00 + 4% 20V 15 A 3@5Vto16V KC
MC79L00AC + 5% 1.7V 100 mA 3@5Vto15V Le
MC79L00C +10% 1.7V 100 mA 3@5Vto 15V LP
uA7900C + 6% 20V-3.0V 15A 8@5V1t024V KC
uA79M00C* + 5% 20V-3.0V 15 A 7@5Vto24V KC
available output voltages for above regulator series
VOLTAGE SELECTIONS
DEVICE
SERIES |56 | 50 | 52| 60 | 62| 80 | 85 | 90 | 100 | 120 | 150 | 180 | 200 | 240
LM2930-0 X X
LM320-00 X X X
LM330-0 X
LM340-00 X X X
MC79LO0AC X X X
MC79L00C X X X
TL780-00C X X X
UA7800C X X X X X X X X X
uA78LOOAC | X X X X X X X
uA78L00C | X X X X X X X X
uA78M00C* X X X X X X X X
UA7900C X X X X X X X X
uA7900C* X X X X X X X

*Also available in military temperature range (M Suffix)
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SELECTION

GUIDE

VARIABLE OUTPUT VOLTAGE REGULATORS

positive output series regulators

-

{ DEVICE OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE OUTPUT CURRENT

NUMBER MIN MAX MAX RATING PACKAGES

LM217 1.2V 37V V)—1.2V 15A KC

LM317 1.2V 37V Vi—-1.2V 15 A KC

LM350 1.2V 33V Vi-1.2 v 3A KC

TL317 12V 32V V)-1.2V 100 mA LP

TL783C 10V 125V 37V 700 mA KC

uA723C* 3V 38V 37V 25 mA LN, U J

negative output series regulators

DEVICE OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE OUTPUT CURRENT

NUMBER MIN MAX MAX RATING PACKAGES

LM237 12V 37V Vi+1.2V 15A KC

LM337 1.2V 37V Vi+1.2 Vv 1.5A KC

positive shunt regulators

DEVICE SHUNT VOLTAGE SHUNT CURRENT TEMP COEFFICIENT

NUMBER MIN MAX MIN MAX MAX PACKAGES

TL430C* 3V 30V 2 mA 100 mA 200 ppm /°C LP

TL431C* 3v 30V 0.5 mA 100 mA 100 ppm/°C LP, P

TL431I* 255V 36V 1 mA 100 mA 100 ppm/°C LP,P

*Also available in Military Temperature Range (M Suffix)
**1—Suffix for Industrial Temperature Range

undervoltage protection circuits

PROTECTION CIRCUITS

DEVICE
NUMBER TEMP RANGE | PACKAGES FEATURES
TL7702 Power-up and voltage drop reset generator specifically for
TL7705 0°Cto 70°C P microcomputer control supervision. These devices operate over
TL7712 a wide supply voltage range (3 V to 18 V) and have externally
TL77156 adjustable pulse width to ensure system reset.
overvoltage protection circuit
DEVICE
NUMBER TEMP RANGE | PACKAGES FEATURES
Separate outputs for “‘crowbar’’ and logic circuitry, programmable
MC3423 0° to 70°C JG, P time delay, TTL-level activation isolated from voltage-sensing
inputs.
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SELECTION GUIDE

SWITCHING VOLTAGE REGULATOR/CONTROLLERS

BASE DEVICE NUMBERS

SG3524 SG3525A
MC35060 $SG2524 SG2525A
FEATURES MC34060 RC4193 SG1524 SG1525A TLA93 TL494 TL495

General Features
General Purpose X X X X X X X
Special Purpose - - — - — — —
Dual Independent PWM Control ~ — - - — — —
Fixed On Time - — - - — — —
Fixed Frequency PWM X X X X X X X
Adjustable Frequency PWM - - — - — - —
Low Bias Current Requirements — 135 uA - — — — —
High Efficiency - 80% - - —

Expandable X —

|
!

x
x
x
x
x

Control Features
On Chip Reference
Precision On Chip Reference
Dead Time Adjust
Current Sense Amplifier
Error Amplifier
Operates to 40 V
Operates above 40 V - - - - — —
Feed Forward Line Regulator - - - — — — -

XN X | X
N
S
20X
&
x
SN
&
I X X X
<
X = = X | X
XN X X
X XN | X | X

Protection Features
On Chip Regulator X -
Internal Soft Start -
Under Voltage Lockout - -
Inhibit Control - X
Double Pulse Protection - -

X X X X |
X X X X
xX X
X X

xX X

Output Features
Single-ended Output X X -
Double-ended Outputs - - X
Totem-Pole Outputs - - -
Parallelable Outputs — - - —
Adjustable Output - X — — - — _

(25 Vto 24 V)
Output Current Capability - X - - — — —_
(150 mA)
Isolated Power and Ground to - - - - — - —
Output
High Noise Immunity - - — — - — -
External Output Trigger - - - - - - X

X X |
x|
x|
x

x
x
x

Part Number Ordering

Information

Commercial Temp Range
Plastic MC34060N RC4193P S$G3524N SG3525AN |TL493CN TL494CN TL495CN
Ceramic MC34060J RC4193JG SG3524J SG3525AJ T1493CJ TL4A94CY

Industrial Temp Range
Plastic SG2524N SG2525AN TL494IN
Ceramic $G2524J $G2525A4 TL4941J

Military Temp Range
Ceramic MC35060J | RM4193JG | SG1524) SG1525AJ | TL493MJ TL494AMJ
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SELECTION GU!DE

SWITCHING VOLTAGE REGULATOR/CONTROLLERS

FEATURES

BASE DEVICE NUMBERS

TLA9%%

TLA97A

TL593

TL594

TL595

TL1451

General Features
General Purpose
Special Purpose

Fixed On Time
Fixed Frequency PWM

High Efficiency
Expandable

Control Features
On Chip Reference

Dead Time Adjust

Error Amplifier
Operates to 40 V
Operates above 40 V

Protection Features
On Chip Regulator
Internal Soft Start

Inhibit Control

Output Features
Single-ended Output
Double-ended Outptus
Totem-pole Outputs
Parallelable Outputs
Adjustable Output

(25 Vto 24 V)

(150 mA)

Output
High Noise Immunity

Part Number Ordering
information

Plastic
Ceramic

Industrial Temp Range
Plastic
Ceramic

Military Temp Range
Ceramic

Dual Independent PWM Control
Adjustable Frequency PWM

Low Bias Current Reguirements

Precision On Chip Reference

Current Sense Amplifier

Feed Forward Line Regulator

Under Voltage Lockout

Doublt Pulse Protection

Qutput Current Capability

Isolated Power and Ground to

External Output Trigger

Commercial Temp Range

I X X x

TL496CP

TL4G7ACN
TL497ACJ

TL497AIN
TL497AL

TL497AMJ

X = = X X X

X X X |

x|

x

TL593CN
TL593CJ

TLS93MJ

X X X | | XN X XX

boxo

x

TL594CN
TL694CJ

TL594IN
TL5941J

TL594MJ

X X X | x X XN | X X X

I %1

x

TL595CN

X I X x

xX N

TL1451CN
TL1451CJ
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VOLTAGE REGULATOR ALTERNATE SOURCE INDEX

AMD
723C

Exar
XR2524
XR3524

Fairchild
rA78LO2AC
#A78LOBAC
rA78LO9AC
rA78L12AC
rA78L15AC
uA78L6.2AC
rA78MO5C
rA78MO6C
rA78M08C
uA78M12C
wA78M15C
wA78M24C
nA79MOBC
rA79MO8C
wA79M12C
wA7IM15C
pA217
rA317
rA431
rA494
uA723C
uA7805C
rA7806C
nA7808C
uA7812C
uA7815C
nA7818C
uA7824C
wA7885C
#A7905C
#A7908C
uA7912C
nA7915C

Fujitsu
MB3759

T
TDD1605
TDD1606
TDD1608
TDD1610
TDD1612
TDD1615
TDD1624

Lambda
LAS1505
LAS1506
LAS1508
LAS1510
LAS1512
LAS1515
LAS1518
LAS1524
LAS1805
LAS1806
LAS1808
LAS1812
LAS1815
LAS1818
LAS1824
LAS18052

Motorola
LM217
LM317L
LM317
LM340-5
LM340-12
LM340-15
MC78LO5AC
MC78LO5C
MC78LO8AC
MC78L0O8C
MC78L12AC
MC78L12C
MC78L15AC
MC78L15C
MC78MO5C
MC78M06C
MC78M08C
MC78M12C
MC78M15C
MC78M20C
MC78M24C
MC79LO5AC
MC79L05C
MC79L12AC
MC79L12C
MC79L15AC
MC79L15C
MC1723C
MC3423
MC7805C
MC7806C
MC7808C
MC7812C
MC7815C

Motorola
MC7818C
MC7824C
MC7905C
MC7906C
MC7908C
MC7912C
MC7915C
MC7918C
MC7924C
MC7905.2C
MC34060
MC35060
TL431C
TL4A94C

National
LM78LO5C
LM78L12C
LM78L15C
LM78MO05
LM78M12
LM78M15
LM79L0O5A
LM79L05
LM79L12A
LM79L12
LM79L15A
LM79L15
LM79MO05
LM79M12
LM79M15
LM217
LM237
LM317L
LM317
LM320
LM323
LM330-5.0
LM337
LM340A-5.0
LM340A-12
LM340A-15
LM340-5.0
LM340-12
LM340-15
LM350
LM723C
LM2524
LM2930-5.0
LM2930-8.0
LM3524
LM7805
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VOLTAGE REGULATOR ALTERNATE SOURCE INDEX

National
LM7812
LM7815
LM7905
LM7912
LM7915

NEC
UPC78L0O5
UPC78L08
UPC78L12
UPC78L15
UPC78MO05
UPC78MO08
uPC78M12
UPC78M15
UPC494C
UPC7805
UPC7808
UPC7812
UPC7818
UPC7824

RCA
CA723
CA2524
CA3524

Raytheon
RC723
RC4193

Signetics
SG2524
SG3524
SG3525A
SG3527A
nA723C

Silicon

General
SG217
$G237
SG317
SG323
SG337
SG340-5
SG340-12
SG350
SG723C
SG1525A
SG1527A
SG2524
SG2525A

Silicon

General
SG2527A
SG3423
SG3524
SG3525A
SG3527A
SG7805C
SG7806C
SG7808C
SG7812C
§G320-05T
SG320-08T
SG320-20T
SG7815C
SG7818C
SG7805CT
SG7806CT
SG7808CT
SG7812CT
SG7815CT
SG7820CT
SG7824CT
SG7824C
S5G7905.2C
SG7905C
SG7908C
SG7912C
SG7915C
5G7918C

T

Toshiba
TA78LOO5A
TA78L005
TA78LO08A
TA78L008
TA78LO0SA
TA78L009
TA78LO10A
TA78L010
TA78LO12A
TA78L012
TA78LO15A
TA78L0O15
TA7316

Unitrode
uc217
uc237
uc317
uCca337
UC350

Unitrode
uC2524
UC3524
UC3525A
UC3527A
UC493AC
UC494AC
UC495AC
UC7805AC
UC7805C
7812AC
uc7812C
UC7815AC
UC7815C
UC7905C
uc7912C
UC7915C

110
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GLOSSARY
VOLTAGE-REGULATOR TERMS AND DEFINITIONS

SERIES REGULATORS

Input Regulation
The change in output voltage, often expressed as a percentage of output voltage, for a change in input voltage from one

level to another level.
NOTE: Sometimes this characteristic is normalized with respect to the input voltage change. n

Ripple Rejection
The ratio of the peak-to-peak input ripple voltage to the peak-to-peak output ripple voltage.
NOTE: This is the reciprocal of ripple sensitivity.

Ripple Sensitivity
The ratio of the peak-to-peak output ripple voltage, sometimes expressed as a percentage of output voltage, to the
peak-to-peak input ripple voltage.
NOTE: This is the reciprocal of ripple rejection.

Output Regulation
The change in output voltage, often expressed as a percentage of output voltage, for a change in load current from one
level to another level.

Output Resistance
The output resistance under small-signal conditions.

Temperature Coefficient of Output Voltage (ayQ)
The ratio of the change in output voltage, usually expressed as a percentage of output voltage, to the change in
temperature. This is the average value for the total temperature change.

Vpat Ty —VpatTy 100%
ayo = % g
Vpoat25°C To-Tq

Output Voltage Change with Temperature
The percentage change in the output voltage for a change in temperature. This is the net change over the total
temperature range.

Output Voltage Long-Term Drift
The change in output voltage over a long period of time.

Output Noise Voltage
The rms value of the ac component of the output volitage, sometimes expressed as a percentage of the dc output voltage,
with constant load and no input ripple.

Current-Limit Sense Voltage
The current-sense voltage at which current limiting occurs.

Current-Sense Voltage
The voltage that is a function of the load current and is normally used for control of the current-limiting circuitry.

Dropout Voltage
The low input-to-output differential voltage at which the circuit ceases to regulate against further reductions in input
voltage.
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GLOSSARY
VOLTAGE-REGULATOR TERMS AND DEFINITIONS

Feedback Sense Voltage
The voltage that is a function of the output voltage and is used for feedback controi of the regulator.

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

Bias Current
The difference between input and output currents.
NOTE: This is sometimes referred to as quiescent current.

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

Short-Circuit Output Current
The output current of the regulator with the output shorted to ground.

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

Overvoltage Shutdown Voltage
The input voltage applied to a regulator having overvoltage shutdown protection that will cause the output voltage to
go nearly to zero.

Junction Temperature, Virtual Junction Temperature
A temperature representing the temperature of the junction(s), field-effect transistor channel(s) or other internal
point(s) of heat generation calculated on the basis of a simplified mode! of the thermal and electrical behavior of the
semiconductor device.

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

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

Anode
The electrode to which the regulator current flows within the regulator when it is biased for regulation.

Cathode
The electrode from which the regulator current flows within the regulator when it is biased for regulation.

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

Temperature Coefficient of Reference Voltage (ayyef)
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 avalue in ppm/OC:

WVref - Vyefat Tg — Vyef at Tq 106
e Vyef at 26°C To-Ty
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GLOSSARY
VOLTAGE-REGULATOR TERMS AND DEFINITIONS

Regulator Voltage (V2)
The dc voltage across the regulator when it is biased for regulation.

Regulator Current (17)
The dc current through the regulator when it is biased for regulation. u

Regulator Current near Lower Knee of Regulation Range (Iz)
The regulator current near the fower 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 {1z)
The regulator current above which the differential resistance of the regulator significantly increases.

Differential Regulator Resistance (rz)
The quotient of a change in voltage across the regulator and the corresponding change in current through the regulator
when it is biased for regulation.

Noise Voltage (Vpz)
The rms value of the ac component of the voltage across the regulator with the regulator biased for regulation and with
no input ripple.
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LINEAR TYPES LM217, LM317

INTEGRATED J-TERMINAL ADJUSTABLE REGULATORS
CIRCUITS D2212, SEPTEMBER 1977 — REVISED DECEMBER 1982
@ Output Voltage Range Adjustable ® Peak Output Current Constant Over
from 1.2 Vto 37V Temperature Range of Regulator
© Guaranteed Output Current ® Popular 3-Lead TO-220AB Package

Capability of 1.5 A Ripple Rejection Typically 80 dB

® Input Regulation Typically 0.01%

Per Input-Volt Change Direct Replacement for National

LM217 and LM317
® Output Regulation Typically 0.1%

terminal assignments
KC PACKAGE

{TOP VIEW)

O = Ot

[——=== ADJUSTMENT

THE OUTPUT TERMINAL IS IN

ELECTRICAL CONTACT WITH

THE MOUNTING BASE
TO-220A8

7

<

description

The LM217, and LM317 are adjustable 3-terminal positive-voltage regulators capable of supplying 1.5 amperes over
a differential voltage range of 3 volts to 40 volts. They are exceptionally easy to use and require only two external
resistors to set the output voltage. Both input and output regulation are better than standard fixed regulators. The
devices are packaged in 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. Normaily,
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 or TL783A is recommended for output voltages exceeding 37
volts. Supplies with electronic shutdown can be achieved by clamping the adjustment terminal to ground, which
programs the output to 1.2 volts where most loads draw little current.

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

Copyright © 1982 by Texas Instruments Incorporated
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TYPES LM217, LM317
3-TERMINAL ADJUSTABLE REGULATORS

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

PARAMETER TEST CONDITIONS Lm217 Lm317 UNIT
MIN TYP MAX MIN TYP  MAX
Input regulation Vi - Vg = 3V to40 V,[TJ = 25°C 0.01  0.02 0.01 0.04 %IV
b
(See Note 2) See Note 3 |I0 =10mAto1.5A 0.02 0.05 0.02 0.07
Vo =10V, f =120 Hz 65 65
Ri jecti Vg = 10V, f=120H dB
ipple rejection [o) . z 66 80 66 80
10-pF capacitor between ADJ and ground
lo = 10mAto 1.5 A, Vp=5V 5 15 5 25 mV
. Ty = 25°C, See Note 3 {Vg > 5V 0.1 0.3 0.1 0.5 %
Output regulation
o =10mAto 1.5A, Vo =5V 20 50 20 70 mV
See Note 3 Vo > 5V 0.3 1 0.3 1.5 %
Output voltage change
e 99 Change || — MIN to MAX 1 1 %
with temperature
Output voltage
P v After 1000 h at T = MAX
long-term drift 0.3 1 0.3 1 %
and V| - Vg = 40V
(see Note 4)
Output noise voltage f =10Hzto 10 kHz, Tj = 25°C 0.003 0.003 %
Minimum output t
inimUm output eurrent) -y < a0 v 3.5 5 35 10 | mA
to maintain regulation
Peak output ¢ V| - Vg =15V 1.5 2.2 1.5 2.2 A
r
eak output cdrren Vi — Vg <40V 0.4 0.4
Adjust t-t inal
Justment-termina 50 100 50 100 | A
current
Char?ge in adjustment- | V| - Vg = 26 Vto 40V, 0.2 5 0.2 5 uA
terminal current o =10mAto1.5A
Referenc: It Vi-Vg=3Vto40V,
ererence vottage r-Yo ° 12 125 13| 1.2 125 134 Vv
(output to ADJ) o =10mAto 1.5 A, P<20W

t Unless 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.

NOTES: 2.
3.

4.

Input regulation is exp here as the p ge change in output voltage per 1-volt change at the input.

Input regulation and output regulation are measured using pulse techniques (t,, < 10 us, duty cycle < 5%) to limit changes in average internal
dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account separately.

Since long-term drift cannot be d 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

2-4
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TYPES LM217, LM317
3-TERMINAL ADJUSTABLE REGULATORS

schematic

—0 INPUT
310 310 190 82 56k
370
67k 12k 130 [y
200k (
¢ 18k
5pF
e 150 it
150
180
3
8.1
¢ ~0 OUTPUT
O ADJUSTMENT

All resistor values shown are nominal and in ohms,

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

LmM217 LM317 UNIT
Input-to-output differential voltage, V| — Vg 40 40 \2
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 20 %
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° free-air or case temperature, refer to Figures 15 and 16, Page 2-8. To avoid 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 activitated at power levels slightly above or below the rated dissipation

recommended operating conditions

LM217 LM317 UNIT

MIN  MAX | MIN MAX
Output current, Ig 5 1500 10 1500 mA
Operating virtual junction temperature, T4 -25 150 0 125 °C
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TYPES LM217, LM317
3-TERMINAL ADJUSTABLE REGULATORS

TYPICAL APPLICATION DATA

REG
vy —¢—o0 Vo
(see Note C
) REG
v+ N out —$—OVo
P Lc2-1.F , . t
Ci=01uF ADJ D1
(see Note A) o | tseeNowe Bl 01.F Q R2 R13  Finaooz
AR2 R3 3k ct - 24022
680 A 0.1,F ¢ 3 1t
t c2 1.F
1 e i g >
= "D1discharges C2 =
if output is shorted to ground.
FIGURE 1-ADJUSTABLE FIGURE 2—-0-V to 30-V REGULATOR FIGURE 3—ADJUSTABLE REGULATOR
VOLTAGE REGULATOR CIRCUIT CIRCUIT WITH IMPROVED
RIPPLE REJECTION
1.2
Himit = T
p—O
: e
1hF OuTPUT R4
T ADJUST Tk
FIGURE 4—PRECISIONCURRENT FIGURE 5-TRACKING PREREGULATOR FIGURE 6--1.2t0 20-V REGULATOR
LIMITER CIRCUIT CIRCUIT CIRCUIT WITH MINIMUM

PROGRAM CURRENT

1kt

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

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

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.
R2
c. i ion: = 1+®Y
Output voltage is calculated from the equation: VO V’ef( "1 )

Vref equals the difference between the output and adjustment terminal voltages.
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TYPES LM217, LM317
3-TERMINAL ADJUSTABLE REGULATORS

TYPICAL APPLICATIONS

240
v+ IN out

ADJ

)

R2
TRg controls output impedance of charger 2.4 ko

)

|;;"—;’l'

R2
ZouT =Rs {1+ =)

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

FIGURE 8-BATTERY CHARGER CIRCUIT FIGURE 9-50-mA CONSTANT-CURRENT
BATTERY CHARGER CIRCUIT

REG REG REG
Vo 15V
v+o-—din ) N out o v+ N ou, p-
R1 gk 1N4002 ADJ {1201 ADJ
2401 480 42 6Von 2401
- A 2 W Average =
R3 12Vpp
1k
R2
27k 480
4
° 1ol
<
= - p
¥ This resistor sets peak current (0.6 A for 1 §2).
FIGURE 10—-SLOW-TURN-ON 15-V FIGURE 11-A-C VOLTAGE REGULATOR FIGURE 12-~CURRENT-LIMITED

REGULATOR CIRCUIT CIRCUIT 6-V CHARGER

TIP73
2N2905 Qﬁ
500 ¢
45Vto25V 90 Vo
& 1N4002
a7 ,F
5k F /]\
5 ke
L
150 ¢
Y Minimum load current is 30 mA.
I—";\ 5 ket SOptional capacitor improves ripple rejection
FIGURE 13—ADJUSTABLE 4-A REGULATOR FIGURE 14—HIGH-CURRENT ADJUSTABLE REGULATOR
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TYPES LM217, LM317
3-TERMINAL ADJUSTABLE REGULATORS

THERMAL INFORMATION

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
2000 T T T 22
Derating factor = 16 mW/°C
= : 20
: 1800 RoJA ~ 62.5°C/W z \
| } 8
£ o0 — g \
- b= —d
& 1400 ] g 1
2 | 2 a1 ;
a 1200 T =) !
E] s 12 T N
2 1000 — S
£ E 10 ——
£ 800 £
§ g @
00 b
£ § 6
£ 400 % 4 | Derating factor = 250 mW/°C..
© T o
s 200 s oL abo~ve ZO C
ROJC ~ 4 C/W
0 0 1 1 1
25 50 75 100 125 150 25 50 75 100
TA—Free-Air Temperature—sc Tc—Case Temperature—oC

- FIGURE 15 FIGURE 16
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LINEAR TYPES LM237, LM337
INTEGRATED CIRCUITS 3-TERMINAL ADJUSTABLE REGULATORS

D2640, NOVEMBER 1981

o Output Voltage Range Adjustable LM237, LM337 .. . KC PACKAGE
from —1.2V to -37 V (TOP VIEW)

e Guaranteed |Q Capability of 1.5 A OUTPUT

e Input Regulation Typically 0.01% per EE lANDPJLiJgTMENT
Input-Volt Change THE INPUT TERMINAL IS IN

ELECTRICAL CONTACT WITH
THE MOUNTING BASE

e Peak Output Current Constant Over TO-220AB
Temperature Range of Regulator

e Output Regulation Typically 0.3%

e Ripple Rejection Typically 77 dB

e Direct Replacement for National
Semiconductor LM237, LM337

description

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

The LM237 and LM337 serve a wide variety of applications including local on-card regulation, programmable output
voltage regulation, or precision current regulation. They are ideal complements to the LM217 and LM317 adjustable

positive-voltage regulators.
60::

schematic diagram L

1 —jl
’ ’ out

-~

e
_{;

el

—4 b 4,
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TYPES LM237, LM337
3-TERMINAL ADJUSTABLE REGULATORS

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

Input-to-output differential voltage, Vi — VO .. .. —-40V
Continuous total dissipation at 25°C free-air temperature (see Note 1) . .. ... ... i 2w
Continuous total dissipation at (or below) 25°C case temperature (see Note 1) .. ... ... .. .......... 20W
Operating free-air, case, or virtual junction temperature range: LM237 .. ... ........... ~25°C to 150°C

LM337 . 0°C t0 125°C
Storage teMPErature raNGE . . ..ot v ittt e e —65°C to 150°C
Lead temperature 1/16 inch from case for 10 seconds . . . . . .. oottt e 260°C

o . . . .

NOTE 1: For operation above 25 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 thermal resistance, the built-in thermal overload
protection may be activitated at power levels slightly above or below the rated dissipation.

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
2000 T T T 22
KC (TO220AB) package
S N B — — 20
% 1800 Derating factor = 16 mW/°C ;1
‘g 1600 ———N—— Rgua ~ 62.5°C/W - 5 '8 \
= | 5 16 —
g 1400 — 2 \
8 2 14
& 1200 2 1
v 3 S —
3 °
§ 1000 2 10 . \ —
= o €
< 800 - 8 8 o o
© £
¢ 600 — E & . - |
2 E
,§< 400 ‘% 4 |- Derating factor = 250 mw/C
S = |  above 70°C ,,,,,ALQ
200 - RgJc = 4°C/W
O 0 1 L 1
25 50 75 100 125 150 25 50 75 100 125 150
o
Ta-~Free-Air Temperature- C Tc—Case Temperature—"C
FIGURE 1 FIGURE 2
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TYPES LM237, LM337
3-TERMINAL ADJUSTABLE REGULATORS

recommended operating conditions

LM237 LM337
UNIT
MIN MAX MIN  MAX
Vi — Vol <40V, 10 1500 | 10 1500
P<15W
A
Output current, g ~ P m,
Vi=Vol<10V, 6 1500 6 1500
P<15W
Operating virtual junction temperature, T -25 150 0 125 °c
electrical characteristics over recommended ranges of operating virtual junction temperature
(unless otherwise noted)
LM237 LM337
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX MIN TYP  MAX
. Vi—Vg=-3Vto-40V, | T;=25C 0.01 0.02 0.01 0.04
Input regulation® %IV
See Note 2 TJ=MIN to MAX 0.02 0.05 0.02 0.07
Vg=-10V, f=120 Hz 60 60
Ripple rejecti Vo=-10V, f=120H dB8
ipple rejection fo) z 66 7 o6 77
Capy=10uF
lg=10mAto 1.5A, Vol <6V 25 50 | mV
° \ Ty =25"C, See Note 2 Vol > 5V 0.5 1T %
tput re tion
utput regulatio lo=10mAt0 15 A, Vo <5V 50 0] mv
See Note 2 Volz56V 1 1.5 %
Output volit
utput voltage Ty = MIN to MAX 06 06 %
change with temperature
Output voltage
long-term drift After 1000 h at Ty = MAX and V| — Vg = =40 V 03 1 0.3 1 %
{see Note 3)
Output noise voltage f=10Hz to 10 kHz, Ty= 25°C 0.003 0.003 %
Mini t
fnimum out?u . V] —~Vgl <40V 25 5 25 10
current to maintain v Vo <70V - mA
regulation ! o= 1.2 3 1.5 6
Peak V| — Vol < 15V 15 22 15 22 A
t t
eak output curren Vi —=Vpl<40vV, Ty=25°C 0.24 0.4 0.15 0.4
Adj )
justment 65 100 65 100 | HA
terminal current
Change in adjustment Vi—-Vpg=-25Vto-40V, . 2 5 2 5 uA
terminal current 1o = 10 mA to MAX, Ty=25C
Reference voltage Vi=Vo=-310-40V, | 1 _ggc 1225 ~1.250 ~1275 |-1.213 125 —1.287
loutput to ADJ) I0=10mAto 15A, \Y
output to = _ _ _ — — -
P P < rated dissipation Ty = MIN to MAX 1.2 1.25 1.3 1.2 1.26 1.3
Thermal regulation Initial T) = 25°C, 10-ms puise 0.002 0.02 0.003 0.04 | %/W

tUnless otherwise noted, these specifications apply for the following test conditions IV, -~ Vgl=5V and Ig = 0.5 A. For conditions shown as

MIN or MAX, use the appropriate value specified under recommended operating conditions.

Finput regulation is expressed here as the percentage change in output voltage per 1 volt change at the input.

NOTES: 2. Input regulation and output regulation are measured using pulse techniques (t,, < 10 us, duty cycle < 5%) to limit changes in

average internal dissipation. Output veltage changes due to large changes in internal dissipation must be taken into account

separately.

3. Since long-terim 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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TYPES LM237, LM337
3-TERMINAL ADJUSTABLE REGULATORS

TYPICAL APPLICATION DATA

LM237
OR
LM337
V| ————@—]|IN ouT
I ADJ
R1
Cc1 \l/ c2
= p
| R2
|
—

R1is typically 120 §2.

-Vo
R2 R1< -1> where V is the output in volts.
-1.25

power supply filter capacitor

C1isa 1-uF solid tantalum required only if the regulator is more than 10 ¢cm (4 in.) from the

C2isa 1-u4F solid tantalum or 10-4F aluminum electrolytic required for stability.

Vi

FIGURE 3 — ADJUSTABLE NEGATIVE-VOLTAGE REGULATOR

LM237
OR
LM337
Rs
N OUT f——AAAN—§—— Vo
ADJ
1.25V
57
LIMIT

FIGURE 4 — CURRENT-LIMITING CIRCUIT

Vo
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LINEAR

INTEGRATED CIRCUITS

TYPE SERIES LM320

3-TERMINAL NEGATIVE-VOLTAGE REGULATORS

D2334, APRIL 1983

3-Terminal Regulators

Internal Thermal Overload Protection
Internal Short-Circuit Current Limiting
Easily Adjustable to Higher Output Voltage

Interchangeable with National

Semiconductor LM320 Series

NOMINAL
OUTPUT
VOLTAGE

MAXIMUM
OUTPUT
CURRENT

REGULATOR

-5V
-12V
~-15V

15A
1A
1A

LM320-5
LM320-12
LM320-15

description

KC PACKAGE

(TOP VIEW)

QUTPUT
INPUT
COMMON

THE INPUT TERMINAL IS IN
ELECTRICAL CONTACT WITH
THE MOUNTING BASE

T0-220AB

The LM320 series of three-terminal, fixed-negative-voltage monolithic integrated circuit voltage regulators are designed
to provide a fixed output voltage of —5 volts, — 12 volts, and — 15 volts with up to 1.5 amperes of output current.
Each is designed for a wide range of applications which includes on-card regulation for elimination of noise and distribution
problems associated with single-point regulation.

The internal current limiting and thermal shutdown features of these regulators make them essentially immune to
overload. The LM320, when used as a fixed-voltage regulator, needs only one external component: a compensation
capacitor at the output terminal. In addition, these devices can be used with external components to obtain adjustable
output voltages and currents or as the power-pass element in precision regulators.

schematic diagram

LM320-5

LM320-12
LM320 15

-

?1 A4k
7k
15 k2

COMMON

4k 5k

g

4.6

750 2 3 1k 3k0

‘ ha
ouTPUT
' [ 62V
20 3kNLI10kD 32
pF k.
20 600
s Q 15 k2 20 kQ
20 k2 My
20 kS2 5kQ R”
0.05

INPUT

INPUT

For LM320-5, R* = 50 Q. For LM320-12 and LM320-15, R* = 150 @
All component values are nominal.

Copyright © 1983 by Texas Instruments Incorporated
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TYPE SERIES LM320
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS

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

Input voltage: LM320-5 . . .. ..

LM320-12 .....

LMB320-15 .o
Input-output voltage differential
Continuous total dissipation at 25°C free-air temperature (see Note 1) .. ........................ 2 W
Continuous total dissipation at (or below) 25°C case temperature (see Nate 1) .. ................. 15 W
Operating free-air, case, or virtual junction temperaturerange . ...................... -55°C to 150°C
Storage temperature range . . ... ... ...ttt —-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 char istics and thermal resi the built-in thermal overload
protection may be activated at power levels slightly above or below the rated dissipation.

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
2000 16
2 1800 = 1 \
' \
g 1600 Ag 12 A
2 Z
8 1400 2
3 g
£ 1200 a "
2 ]
o 1000 g 8
3
< £
£ =
£ 800 S 6
(s ()
£ 600 £
3 . 3 4
E 400 |- Derating factor = 16 mw/c E .
% ROJA ~ 62.5°C/W % Derating factor: 0.25 W/°C
= 200 ! 1 1 = above 90°C
l I 1 RgJC ~ 4°C/W
0 0
25 50 75 100 125 150 25 50 75 100 125 150
Ta—Free-Air Temperature—"C Tc—Case Temperature—°C
FIGURE 1 FIGURE 2
recommended operating conditions
MIN MAX UNIT
LM320-5 -7.5 -25
Input voltage, V| LM320-12 -14.5 -32 2
LM320-15 ~-17.5 -35
LM320-5 1.5
Output current, Ig LM320-12 1 A
LM320-15 7
Operating virtua} junction temperature, T 0 125 °C
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TYPE SERIES LM320
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS

LM320-5 electrical characteristics at specified virtual junction temperature, Ig = 5 mA, V| = =10V,
(unless otherwise noted)
PARAMETER TEST CONDITIONS T MIN TYP  MAX UNIT
Ty = 25°C ~-4.8 -5.2
Output voltage Vi = -7.5Vto -25V, io=5mAto15A, _4.75 _56.25 \
P<15W, Ty = 0°Cto 125°C
Input regulation Vp = -7.5Vto -25V, Ty = 25°C 10 40 mV
Ripple rejection f = 120 Hz, Ty = 0°Cto 125°C 54 64 dB
Output regulation lo =5mAto15A, Ty = 25°C 50 100 mV
Output noise voltage CL = 1uF, f =10Hzto 100 kHz, Ty = 25°C 150 n%
Output voltage long-term
drift (see Note 2) After 1000 hat Ty = 125°, Ty = 25°C 10 mV
Bias current Vi=-75Vto -25V, Ty = 0°Cto 125°C 1 2 mA
. V= -75Vto -25V 0.1 0.4
Bias current change O “EmATo 15 A —IITJ = 25°C o1 04 mA
LM320-12 electrical characteristics at specified virtual junction temperature, o = 5 mA, Vj = —-17 V,
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Ty = 25°C -11.6 -12 -12.4
Output voltage Vp = -145Vto -32V, lo=5mAto1A, 1.4 ~12.6 \
P<15W, Ty = 0°Cto 126°C
Input regulation Vi = -145Vto -32V, Ty = 25°C 4 20 mV
Ripple rejection f = 120 Hz, Ty = 0°Cto 125°C 56 80 dB
Output regulation lg=5mAto1A, Ty = 25°C 30 80 mV
Qutput noise voltage CL = 1pF, f=10Hz1to 100 kHz, T, = 25°C 400 n
Qutput voltage long-term |\ ¢ 0650 1 4t T, = 125°€, Ty = 25°C 24 mv
drift (see Note 2)
Bias current Vp= -145Vto ~32V, Ty = 0°Cto 126°C 2 4 mA
Bias current change Vi= -145Vto -32V ] Ty = 25°C 01 04 mA
Io=5mAto1A ] 0.1 0.4
LM320-15 electrical characteristics at specified virtual junction temperature, Ig = 5 mA, V) = =20V,
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Ty = 25°C -145 -15 -15.5
Output voltage V= -175Vto -35V, o =5mAto 1A, 143 —15.7 v
P < 156 W, Ty = 0°Cto 125°C
Input regulation V= -1756Vto =35V, Ty = 25°C 5 20 mV
Ripple rejection f = 120 He, Ty = 0°Cto 125°C 56 80 dB
Output regulation lo=5mAto1A Ty = 25°C 30 80 mV
Output noise voltage Cp = 1pF, f=10Hz210 100 kHz, T, = 25°C 400 nVv
Output voltage long-term .
drift (see Note 2) After 1000 h at Ty = 125°C, Ty = 25°C 30 mV
Bias current Vi = -175V1to -35V, Ty = 0°Cto 125°C 2 4 mA
Bias current change Viz 175Vt -35V, ]TJ = 25°C 0.1 0.4 mA
0 =5mAto1A ] 0.1 04

T All characteristics are measured with a 1-uF capacitor across the input and a 2-uF solid-tantalum capacitor across the output. All characteristics except ripple
rejection and output noise voltage are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal
temperature must be taken into account separately.

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.
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TYPE SERIES LM320
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS

TYPICAL CHARACTERISTICS

NORMALIZED OUTPUT VOLTAGE RIPPLE REJECTION
Vs Vs
VIRTUAL JUNCTION TEMPERATURE FREQUENCY
T
i
I T
100 LM320-12 AND LM320-15 50 | LM32012, LM320.15
-] ! =
E’ —1 — © ] I \\
S T 17 4* TLM320-5 N
- N
g 099 § 6o | P il
] I 8 N
3 | 2 N
N 101 S — ® 40
= [=%
E | -
s tms20s | _f—T | =
1.00 - — 20-Vy-Vg=5V
1 | CL=1uF SOLID TANTALUM
Ty=25°C
0.99 0 Lol Ll IR LIl
50 —25 0 25 50 75 100 125 150 10 100 1k 10k 100 k
Ty—Virtual Junction Temperature—°C f—Frequency—Hz
‘ FIGURE 3 FIGURE 4
BIAS CURRENT BIAS CURRENT
Vs Vs
INPUT VOLTAGE OUTPUT CURRENT
1.30 /
1.3
1.25
Ty=-55°C | —"
1.20 Ty=-55°C L —]
< 7 a 12 /
E 1.15— — £
i Ty=25°C L~ : Ty=25°C
€ 1.10 L s L
3 7 3 1
& 1.05— “
@ o
1.00
. 1.0
0.95 Ty=150°C g Ty=150°C [
e
0.90L— 0.9
0 -5 -10 -15 -20 -25 -30 -35 —40 0 025 05 075 1 1.25 150
Vi—Input Voltage—V 10—Output Current—A
FIGURE 5 FIGURE 6
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TYPE SERIES LM320
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS

TYPICAL CHARACTERISTICS

Short-Circuit Output Current—A

SHORT-CIRCUIT OUTPUT CURRENT DROPOUT VOLTAGE
Vs Vs
INPUT-OUTPUT VOLTAGE DIFFERENTIAL OUTPUT CURRENT

2.6
24
22 /

— Ty=-55°C

. > 20

= ° D
__\\%TJ 25C E, 18
\\\Q S 16 ,/ //
=150° 5
Ty =150 §§ 2 14 /| A
o . s
Q q2LT= 1—55 c 7 Ty=25°C
1.0 ! pZd
T1-150°
o8 T4 180°C_|
0.6
0 3 6 9 12 15 18 21 24 0 0.25 05 0.75 1.0 1.25 15
Input-Output Voltage Differential—V 10—Output Current—A

FIGURE 7 FIGURE 8 .

OUTPUT IMPEDANCE
Vs

FREQUENCY
1°Ev|—v0=5v =
[ 10 =100 mA
4r1y=25°C
|
T CL=1uF A
8 F————SOLID TANTALUM=Z
c y A
3 o
g 04 L CL=25uF —
E 7 | ALUMINUM ~]
- /
3
£ 01 A
o —7
Z_
0.04 =
0.01

100 1k 10k 100 k ™ oM
f—Frequency—Hz
FIGURE S
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TYPE SERIES LM320
3-TERMINAL NEGATIVE-VOLTAGE REGULATORS

TYPICAL APPLICATION INFORMATION

LM3205
IL=1ma+ oY
L=1mAT gy

! 1 LM320 o -Vo -Vy- I LmM320 O
4 c
C1= C2=2uF Cc1=1uF

R LM320-12KC
- 12V
1uf See Note B See Note A ¢ IL_ZmA“._I-H
See Note A N RL
T LM320-15KC
S —— 1BV
= I e IL=2mA+ "1
FIGURE 10 — FIXED-VOLTAGE REGULATOR FIGURE 11 — CURRENT SOURCE REGULATOR

I LM320 O

¢ R2
C1=1uF C2=2uf
See Note A See Note B
~Lc3=25uF
FIGURE 12 — ADJUSTABLE OUTPUT REGULATOR
INPUT I LM320 O 5k — OUTPUT
C2=10uF
See Note B

Sée Notes A
and C

FIGURE 13 — HIGH-STABILITY REGULATOR

NOTES: A. Capacitor C1 is required if the regulator is not located within 76 mm (3 inches) of the power supply filter.
B. Capacitor C2 is required for stability. For the value given, the capacitor must be solid tantalum but a 25-xF aluminum electrolytic may be substituted.
Values given may be increased without limit.
C. In Figure 13 capacitor C1 is solid tantalum
D. This resistor determines zener current. Adjust to minimize thermal drift.
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LINEAR
INTEGRATED
CIRCUITS

TYPE LM330
3-TERMINAL POSITIVE REGULATOR

D2700, APRIL 1983

description

The LM330 3-terminal positive regulator features an ability to source 150 milliamperes of output current with an input-
output differential of 0.6 volt or less. Familar regulator features such as current limit and thermai overload protection

are also provided.

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 falis out of regulation, a battery supplying the regulator
input voltage may discharge to 5.6 volts and still properly regulate the system and load voltage. The LM330 protects

Output Current of 150 mA
Reverse Polarity Protection

Line Transient Protection

Mirror-image Insertion Protection

Internal Short-Circuit Current Limiting

Internal Thermal Overload Protection

Input-Output Differential Less than 0.6 V

Direct Replacement for National LM330T-5.0

KC PACKAGE

(TOP VIEW)

THE COMMON TERMINAL IS IN

E——— ouTpPUT
O ———=—> COMMON
F——— |NPUT

ELECTRICAL CONTACT WITH

THE MOUNTING BASE
TO-220AB

|

N

both itself and the regulated system from reverse installation of batteries.

Other protection features include line transient protection above 40 volts, 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

1k

68k

k8

150 0 2 ki 500 2

as:

360 2

e

44K

150 Q1

VAR

-OUTPUT

900 2

Al

3k

540 (2

13k

1.8kQ2

620 §2

109 109

Tk

cor

Copyright © 1983 by Texas Instruments Incorporated
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TYPE LM330
3-TERMINAL POSITIVE REGULATOR

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

Continuous INPUt VOIAGE . . . . o . oo 26V
Transient input voltage t = 1S ... .. ... 50 V

t =100 MS ... 60 V
Continuous total dissipation at 25°C free-air temperature (see Note 1) . ..... ... ... ... . ....... 2w
Continuous total dissipation at (or below) case temperature {(see Note 1) ... ..................... 20 W
Operating free-air, case, or virtual junction temperature .. ......................... -55°C to 150°C
Storage temMPerature . ... ... ... ... -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 virtuai 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.
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o0 N |

e

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
2000 T T - 22
Derating factor = 16 mW/°C 20 L
1800 — RoJA ~ 625°C/W 1 = )
1600 — R L 18 — N
£
1400 8 \
8 14 R —
1200 )
‘5 12 — N
1000 8
\ E 10+—— | — N .1_ ]
800 €
Q
[&]
£
3
£
3
=

Maximum Continuous Dissipation—mW

8
6
4} Derating factor = 250 mW/°C ——- —
2
0

400 1
200 1 ] above 70°C = mjri N
RgJc ~ 4°C/W 1
0 . L .
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
recommended operating conditions
MIN MAX UNIT
lo Output current 5 150 mA
Ta Operating virtual junction temperature 0 100 °C
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TYPE LM330

J-TERMINAL POSITIVE REGULATOR

electrical characteristics at 25 °C virtual junction temperature, V| = 14V, Ig = 150 mA,
(unless otherwise noted) )
PARAMETERS TEST CONDITIONS T MIN TYP MAX UNIT
Vi =6Vto26V, 10 = 5 mA to 150 mA, 4.8 5 52
Output voltage T, = 0°C to 100°C 475 5.25 v
V=9Vt 16V 7 25
Input regulation log = 5mA V: V36V 30 50 mV
Ripple rejection f=120Hz 56 dB
Output regulation lo = 5mA to 150 mA 14 50 mV
Output ‘V°fage long- After 1000 h at Ty = 100°C 20 mv
term drift
Dropout voltage lo = 150 mA 0.32 0.6 A
Output noise voltage f = 10 Hz to 100 kHz 50 wv
-Outpu( volfage with RL = 1000 | Vi = -30V,t =100 ms >-0.3 v
input polarity reversed [ 'vi=-12v,DC >-0.3
Output voltage with Vi =60V, t =100 ms <5.5 v
input transient V) =50V, t=1s <5.5
Bias Furrent with input RL = 100 0 Lv| =40V, t=1s 14 A
transient I V= -6V, t=1s -80
Overvoltage shutdown 26 45 v
voltage
QOutput impedance lo = 100 mA, 15 = 10 mA (rms), f = 100 Hz to 10 kHz 200 mQ
o = 10 mA 35 7
Bias current lo = 50 mA 5 1" mA
lo = 150 mA 18 40
Bias current change V| =6Vt 26V 10 %
Peak output current 150 420 700 mA

tUnless otherwise specified, all characteristics except ripple rejection and noise voltage measurements are measured using pulse techniques
{tw = 10 ms, duty cycle < 5%) with a capacitor of 0.1 uF across the input and a capacitor of 10 uF across the output. Output voltage changes due to

changes in internal temperature must be taken into account separately.

*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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TYPE LM330
3-TERMINAL POSITIVE REGULATOR

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE OUTPUT VOLTAGE QUTPUT VOLTAGE
Vs Vs Vs
VIRTUAL JUNCTION TEMPERATURE INPUT VOLTAGE INPUT VOLTAGE
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TYPE LM330
3-TERMINAL POSITIVE REGULATOR

Bias Current—mA

11—Input Current—mA

35

25

20

TYPICAL CHARACTERISTICS
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TYPE LM330
3-TERMINAL POSITIVE REGULATOR

TYPICAL APPLICATION DATA

LM330

T INPUT OUTPUT
C1=0.1uF
(See Note A) GND

l Ih—lo

Use of C1 is required if the regulator is not located in close proximity to the supply

NOTES: A.
B.

stability to that extreme.

FIGURE 20

I
I

filter

=10 uF
See Note 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 uF. The capacitor must be rated for operation at —40°C to guarantee
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LINEAR SERIES LM340

RATED
INTEG POSITIVE-VOLTAGE REGULATORS
CIRCUITS
D2332, SEPTEMBER 1977 —REVISED MARCH 1983
® 3-Terminal Regulators NOMINAL
® Output Current up to 1.5 A OuTPUT REGULATOR
VOLTAGE
® No External Components 5V LM340-5
® Internal Thermal Overload 12V LM340-12
15 V LM340-15
® High Power Dissipation Capability
® Internal Short-Circuit Current Limiting
@ Output Transistor Safe-Area Compensation KC PACKAGE
. (TOP VIEW
@ Output Load Regulation . . . 0.3% Typ ) !
: : ————— ouTPUT
® Direct Replacements for National LM340 'O E 8OMMON
Series INPUT
o THE COMMON TERMINAL IS IN
description ELECTRICAL CONTACT WITH
) ) ) L THE MOUNTING BASE
This series of fixed-voltage monolithic integrated- 1022088

circuit voltage regulators is designed for a wide range
of applications. These applications include on-cara
regulation for elimination of noise and distribution
problems associated with single-point regulation. Any
of these regulators can deliver up to 1.5 amperes of
output current. The internal current limiting and
thermal shutdown features of these regulators make
them essentially immune to overload. In addition to
use as fixed-voltage regulators, these devices can be
used with external components to obtain adjustable
output voltages and currents and also as the power-
pass element in precision regulators.

schematic

~0 INPUT
2k 500 % * 96k

-

160

ouTPUT

0t022%

3
12k
53k
&t —ocommon

Copyright © 1983 by Texas Instruments Incorporated

Resistor values shown are nominai and in ohms.
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SERIES LM340
POSITIVE-VOLTAGE REGULATORS

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

Input voltage . . ... ... 35V
Continuous total dissipation at 25°C free-air temperature (see Note 1) . ......................... 2 W
Continuous total dissipation at (or below) 25°C case temperature (see Note 1) ................... 15 W
Operating free-air, case, or virtual junction temperature range ... .................... -55°C to 150°C
Storage temperature range . . . . . ... ...t ee e —-65°C to 150°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ... .. e 260°C

NOTE 1: For operation above 25° 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 thermal resistance, the built-in thermal overload
protection may be activitated at power levels slightly above or below the rated dissipation.

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
2000 S 16
= 1800 14 \
e 3
1600 c
5 2 12 .
g 1400 2 \
a 210
a5 1200 Om \
@ 3
3 1000 S 8
3 [
£ k=
= 800 S 6
3 &}
600 £
:E> ° 3 4
£ 400} Derating factor = 16 mW/"C £ Derating factor = 0.25 W/°C \
X RgJA ~ 62.6°C/W S 5l 9 Tactor = .
= 200 t : 4 = above 90°C
R ~4 C/W
. | | ] o LRouc
25 50 75 100 125 150 25 50 75 100 125 150
°
Ta—Free-Air Temperature—°"C Tc—Case Temperature—'C
FIGURE 1 FIGURE 2
recommended operating conditions
MIN  MAX | UNIT
LM340-5 7 25
Input voltage, V| LM340-12 14.5 30 v
LM340-15 17.5 30
Output current, Ig 1.5 A
Operating virtual junction temperature, T o] 125 °C
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SERIES LM340
POSITIVE-VOLTAGE REGULATORS

LM340-5 electrical characteristics at specified virtual junction temperature, Vj = 10V, lgp = 1A
{unless otherwise noted)

PARAMETER TEST CONDITIONS T MIN TYP MAX | UNIT
lo=5mAto1lA 25°C 4.8 5 5.2
Output voltage Vi =7Vto20V, lo=5mAto1A, 09C to 126°C 495 5.25 \
P=<15W
Vi=7Vto25V 25°C 3 50
Input reguiation 'o = 500 mA Vi=8Vt020V | 0°Ct0125°C 8
o=1A V| =73Vto20V 25°C 50
V=8Vt 12V 0°C to 125°C 25
Ripple rejection Vi =8Vto 18V, lo=1A 25°C 62 80 a8
f =120 Hz Iop = 500 mA 0°C to 125°C 62
lo = 250 mA to 750 mA 25°C 25
Output regulation lo=5mAto15A 10 50 mV
lo=5mAto1A 0°C to 125°C 50
Output noise voltage f = 10 Hz to 100 kHz 25°C 40 W
Dropout voltage lo=1A 25°C 2 \
Temperature coefficient
o = 5mA 0°C to 125°C -0.6 mV/°C
of output voltage
Output impedance f =1kHz 25°C 8 mQ
. 25°C 8
Bias current lo<1A 5°C 10 725°C 55 mA
Vi=75Vto20V, lo=1A 25°C 1
Bias current change V=7Vt 25V, 1o = 500 mA 0°C to 125°C 1 mA
Io=5mAto1A 0.5
Peak output current 25°C 2.4 A
Short-circuit current 25°C 2.1 A

t All characteristics are measured with a capacitor across the input of 0.22 4F and a capacitor across the output of 0.1 uF. All characteristics except noise
voltage rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature
must be taken into account separately.
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SERIES LM340
POSITIVE-VOLTAGE REGULATORS

LM340-12 electrical characteristics at specified virtual junction temperature, Vi = 19V, lg = 1A
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
i =5mAto1A 25°C 11.5 12 125
t: Vi=145Vt027V, Ilg=5mAtolA,
Output voltage I © 0= 5mAte 0°Ct0 125°C | 11.4 126 v
P<15W
Vi =145Vt 30V 25°C 4 120
) Io = 500 mA J
input regulation Vj'=16Vito 27V 0°C to 125°C 120 mV
o= 1A Vi =146 Vto 27V 25°C 120
0= Vi = 16 Vto 22V 0°C to 125°C 120
. o Vy=15Vto 25V, lp=1A 25°C 55 72
Ripple rejection
f =120 Hz Ig = 500 mA 0°C to 125°C 55 dB
lo = 250 mA to 750 mA 250 60
Output regulation lp=5mAto1.5A 12120 mV
lp=5mAto1A 0°C to 125°C 120
Output noise voltage f = 10 Hz to 100 kHz 25°C 75 wVv
Dropout voltage lo=1A 25°C 2 \
Temperature coefficient o = 5mA 0°C to 125°C -15 mv/eC
of output voltage
Output impedance f=1kHz 25°C 18 mQ
. 25°C 8
Bias current lp=<1A mA
0°C to 125°C 8.5
Vi =148V1to27V, Ig=<s1A 25°C 1
Bias current change V) =145Vt 30V, Ig =< 500mA 1 mA
0°C to 125°C
lop=5mAto1A 0.5
Peak output current 25°C 2.4 A
Short-circuit current 25°C 1.5 A

1 All characteristics are measured with a capacitor across the input of 0.22 uF and a capacitor across the output of 0.1 uF. All characteristics except noise
voltage and ripple rejection ratio are measured using pulse techniques (t,, = 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal
temperature must be taken into account separately.

2.28 TEXAS INSTRUMENTS



SERIES LM340
POSITIVE-VOLTAGE REGULATORS

LM340-15 electrical characteristics at specified virtual junction temperature, V| = 23 V,lg = 1 A
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
lo=5mAto1 A 25°C i4.4 15 15.6
=175V =
Output voltage , \ 5Vt 30V, Ig 5mAto 1A, 0°C 10 125°C 14.25 15.75 \"
P<15W
Vi =175V v 25° 4 150
Io = 500 mA I 5V to 30 ¢
. V| =185Vt 30V | 0°Cto 125°C 150
Input regulation mV
o= 1A Vi =17.7Vto 30V 25°C 150
0 V=20Vt 26V | 0°C 10 125°C 75
. o Vi =185Vt 285V, Ilg<1A 25°C 54 70
Ripple rejection dB
pple reject! f = 120 Hz lo < 500 mA 0°C to 125°C 54
o = 250 mA to 750 mA 250¢ 75
Output regulation lop=5mAto1.56A 12 150 mV
lop=5mAto1A 0°C to 125°C 150
Output noise voltage f = 10 Hz to 100 kHz 25°C 90 wVv
Dropout voltage lo=1A 25°C 2 \4
Temperature coefficient Io = 5mA 0°C t0 125°C 18 mv/oC
of output voltage
Output impedance f =1kHz 25°C 19 mQ
25°C 8
Bias current lo<1A mA
0°C to 126°C 8.5
V) =179Vto30V, Ilp=<1A 25°C 1
Bia t change V=175Vt 30V, Ip = 500mA 1 mA
ias current chang \ o 0 m 0°C to 125°C
o =5mAto1A 0.5
Peak output current 25°C 2.4 A
Short-circuit current 25°C 1.2 A

t All characteristics are measured with a capacitor across the input of 0.22 xF and a capacitor across the output of G.1 uF. All characteristics except noise
voltage and ripple rejection ratio are measured using pulse techniques (t,y, < 10 ms, duty cycle < 5%). Output voltage changes due to changes in interr.al
temperature must be taken into account separately. N
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SERIES LM340
POSITIVE-VOLTAGE REGULATORS

TYPICAL CHARACTERISTICS

NORMALIZED OUTPUT VOLTAGE RIPPLE REJECTION
Vs Vs
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SERIES LM340
POSITIVE-VOLTAGE REGULATORS

TYPICAL CHARACTERISTICS

LM340-5 LM340-5
BIAS CURRENT BIAS CURRENT
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SERIES LM340
POSITIVE-VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

Vi o LM340-5 —oVo
R1
3 Vo~ (H‘—)Vref
R12 R2
b3
TL430 Vref ~ 275V
R2Q
1

FIGURE 11-ADJUSTABLE SUPPLY WITH STABLE
OUTPUT FROM 8 VOLTS TO 35 VOLTS

The boost circuit takes bver at

ReL TIP34 a level determined by Rg.
—" W\ .6 V
Rg ~ 28V
]
vVio—e
where Ig is the LM340 operating
Rp :E level.
<
TiP32 Maximum current limit g is
determined by Rc|.
0.6 V
ReL =~ ,
CL
*— LM340 -0 Vo
Example: If Ig is selected to be

—r 0.5 A, then
1 ufF
l Rg=1.2%Q.
= If icL is 3 A, then

RcL=0.29.

FIGURE 12—-0OUTPUT CURRENT BOOST CIRCUIT
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LINEAR TYPE LM350
INTEGRATED CIRCUITS 3-AMP ADJUSTABLE REGULATOR

D2716, MARCH 1983

Adjustable Output . . . 1.2 V to 33 V
3-A Output Current Capability

Line Regulation . . . 0.005 %/V Typ
Load Regulation . . . 0.1% Typ

Current Limit Constant with Temperature

Guaranteed Thermal Regulation

Direct Replacement for National
Semiconductor LM350

description

The LM350 is an adjustable 3-terminal positive-
voltage regulator capable of supplying 3 amperes over
an output voltage range of 1.2 volts to 33 volts. The

P . KC PACKAGE
device is easy to use and requires only two external
resistors to set the output voltage. Both input and (TOP VIEW)
output regulation are better than standard fixed F——— INnPUT
regulators. O [—=—> OUTPUT
=== ADJUSTMENT

In addition to higher performance than fixed THE OUTPUT TERMINAL IS IN
) 1
, full rload
regL_JIators the.LMSSO offers' ul F)ve protection ELECTRICAL CONTACT WITH
available only in integrated circuits. Included on the THE MOUNTING BASE
chip are current limit, thermal overload protection, and TO-220AB

safe-area protection. All overload protection circuitry i
/ Oa

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 terminai can be
bypassed to achieve very high ripple rejection, which
is difficult to achieve with standard 3-terminal
regulators.

=

Besides replacing fixed regulators, the LM350 is useful in a wide variety of other applications. Even though the regulator
is floating and sees only the input-to-output differential voltage, use of these devices to regulate 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 33 volts. The primary application
of the LM350 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, which programs the output.to 1.2 volts
where most loads draw little current.

The LM350 is characterized for operation from 0°C to 125°C.

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated
This document contains information on a new product.
Specifications are lub;oct to cMng:":nhom notice. TEXAS l NSTRUMENTS 2-33



TYPE LM350
3-AMP ADJUSTABLE REGULATOR

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

Input-to-output voltage differential . .. .. ... ... ... 35V
Continuous total power dissipation at 25°C free-air temperature (see Note 1):

KC package . ........... 2W
Continuous total power dissipation at (or below) 25°C case temperature (see Note 1) . .............. 30 W
Operating free-air, case, or virtual junction temperature range . . . ..................... ~55°C to 150°C
Storage temperature range . . ... ........... i L —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds .. ......... ... ........ ... ...... 260C

NOTE 1: For operation above 25° 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 thermal resistance, the built-in thermal overload
protection may be activitated at power levels slightly above or below the rated dissipation.

recommended operating conditions

MIN MAX UNIT
Output current, Ig 3 A
Operating virtual junction temperature, T [¢] 125 °C

electrical characteristics over recommended ranges of operating virtual junction temperature,
Vi = Vo = 5V, g = 1.5 A (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
Input regulation V- Vo =3Vto35V Ty = 256°C 0.005 0.03 %V
(see Note 2) See Note 3 Ty = 0°Cto 125°C 0.02 0.07
Vo = 10V, f = 120 Hz 65
Ripple rejection Vo = 10V, f = 120 Hz, 66 @8
10-uF capacitor between ADJ and ground
'0 - 10mAto3A, Vo <5V 5 25 | mv
Output regulation Ty = 25°C, See Note 3 Vo >5V 0.1 0.5 %
lp = 10mAto 3 A, Vo =5V 20 70 mV
See Note 3 Vo >5V 0.3 1.5 %
Output voltage change T, = 0°C to 125°C 1 %

with temperature
Thermal regulation tw = 20ms 0.002 0.03 %IW
Output voltage long-term
drift (see Note 4)

Output noise voltage f = 10 Hz to 10 kHz, Ty = 256°C 0.003 %
Minimum output current

After 1000 hat Ty = 125°C 0.3 1 %

L R V| - Vg =35V 3.5 10 mA
to maintain regulation
V|- Vg =10V 3 4.5
Peak output current ] 0 A
V) - Vg =30V, Ty = 25°C 0.25 1
Adjustment-terminal current 50 100 pA
Change in adjustment- Vi - Vg =3Vto35V, 0.2 5 A
terminal current lp =10mAto 3A ¥
Reference voltage V- Vg =3Vt3sV, b — 20 W 19 198 12 v
{output to ADJ) o = 10mAto 3 A, s e )

NOTES: 2, Input regulation is expressed as the percentage change in output voltage per 1-voit change at the input.
3. Input regulation and output regulation are measured using pulse techniques (t,, < 10 s, duty cycle < 5%) to limit changes in average internal
dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account separately.
4. 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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TYPE LM350
3-AMP ADJUSTABLE REGULATOR

Maximum Continuous Dissipation—mW

Output Voltage Deviation—%

THERMAL INFORMATION

KC PACKAGE
KC PACKAGE POWER
FREE-AIR TEMPERATURE Vs
DISSIPATION DERATING CURVE CASE TEMPERATURE
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FIGURE 1 FIGURE 2
OUTPUT VOLTAGE DEVIATION OUTPUT CURRENT
vs Vs
VIRTUAL JUNCTION TEMPERATURE INPUT-OUTPUT DIFFERENTIAL VOLTAGE
0.2 — 8
Vi=15V
Vo=10V 7
0 1o =500 mA —
[
T~ < 6
-0.2 =
10 =15 A~ I \I\ § 5
5 |
Ip=3A 3 r \
~04 0 ‘,‘_,’ 4 =3 A\
2 /
g I ]
3 J
o 3
-0.6 S l.'
- \\
2 7 [ Ty=55°C |
-0.8 | Ty =25°C ~]=
1 \'1."\2‘ —
Ty=150°C
-1 0 ! |
-75 -25 25 75 125 175 0 5 10 15 20 25 30 35 40
Tj—Virtual Junction Temperature—"C V| — Vo—Input-output Differential Voltage—V
FIGURE 3 FIGURE 4
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TYPE LM350
3-AMP ADJUSTABLE REGULATOR

TYPICAL CHARACTERISTICS

ADJUSTMENT CURRENT REFERENCE VOLTAGE
vs vs
VIRTUAL JUNCTION TEMPERATURE VIRTUAL JUNCTION TEMPERATURE
70 1.28
65 1.27
g 60 1.26
) e >
o
H e 1.25
5 % g 4+ \1\4
° K N
€ 50 > 124 !
s 3 N
% 45 / § 123
3 4 B
] /| 2
40— €122
A
35 1.21
30 1.2
-75 -25 25 75 125 175 -75 -25 25 75 125 175
T j—Virtual Junction Temperature—°C T j—Virtual Junction Temperature—"C
FIGURE 5 FIGURE 6

236 TEXAS INSTRUMENTS



TYPE LM350
3-AMP ADJUSTABLE REGULATOR

vi

C1
0.1 4F
(see Note 5)

TYPICAL APPLICATION DATA

—1IN ouT Vo = 1.25 V (1 + R2/R1)
ADJ

R2
ANA
VWA c2

R13 RO

9 (see Note 6)
L

NOTES: 5. Capacitor C1 is required if regulator is not located in close proximity to the power supply amplifier.

6. Capacitor C2 may be used to improve transient response.
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LINEAR TYPES LM2930-5, LM2930-8
INTEGRATED 3-TERMINAL POSITIVE REGULATORS
CIRCUITS D2733, APRIL 1983

Input-Output Differential Less than 0.6 V KC PACKAGE

Output Current of 150 mA (TOP VIEW)

Reverse Battery Protection ISD —'“—': Qv

Line Transient Protection === INPUT

40-Volt Load-Dump Protection

Internal Short-Circuit Current Limiting

THE COMMON TERMINAL IS IN
ELECTRICAL CONTACT WITH
THE MOUNTING BASE

TO-220AB

Iinternal 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-volt and 8-volt regulated outputs.
Each features the ability to source 150 milliamperes of output current with an input-output differential of 0.6 volt

or less. Familiar regulator features such as current limit and the

rmal overload protection are also provided.

The LM2930 series has low voltage dropout making it useful for certain battery applications. For example, the low

voltage dropout feature allows a longer battery discharge before th

e output falls out of regulation; the battery supplying

the regulator input voltage may discharge to 5.6 volts 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 two-

battery jumps.

Other protection features inciude line transient protection for load-dump of up to 40 volts. 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.

schematic diagram

INPUT
1kQ 1kQ 150Q 32k 500 Q
45
[~OUTPUT
360 2 (
F“K;
900
3k FORS V
52k2FORBV
150 2
K 540 2 I
1.3k 620 2
68k 44kQ 18kQ w0 02 1kQ

All component values are nominal.

ez
Copyright © 1983 by Texas Instruments Incorporated
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TYPES LM2930-5, LM2930-8
3-TERMINAL POSITIVE REGULATORS

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

Continuous INPUt VOIAGE . . . . . . ..ot
Transient input voltage: t=1s
Continuous reverse input voltage

Transient reverse input voltage: t = 100 mMs .. ... ... ... ...
Continuous total dissipation at 25° C free-air temperature (see Note 1) ...

Continuous total dissipation at (or below) 25°C case-temperature (see Note 1) .................. ..ot 20 W
Operating free-air, case, or virtual junction temperature .. ......................... —-40°C to 150°C
Storage temperature range . .. ... ....o. ittt -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case to 10 seconds .. .................coiun.... 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 variation in individual device elecrical characteristics and thermal resistance, the bult-in thermal overload
protection may be activated at power levels slightly above or below the rated dissipation.

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
2000 — T T 22
Derating factor = 16 mW/°C 20
% 1800 RgJA ~ 62.5°C/W 7 =
L 1600 £ B N\
.2 S 16 1
§ 1400 b3 \
‘3 2 14
a 1200 a 12 |
« s - I §
3 1000 g ]
3 £ 10 [ \ !
og 800 Lg) 8 | N :
S 600 E L L
3 g |
E 400 '5 4| Derating factor = 250 mW/°C ———x¢—
s 200 2 ,| sbower0C o
RgJc =~ 4 C/W
0 0 N . L
25 50 75 100 125 150 25 50 75 100 125 150
TAa—Free-Air Temperature—"C Tc—Case Temperature—"C
FIGURE 1 FIGURE 2
recommended operating conditions
MIN MAX UNIT
lo Output current 160 mA
Ty Operating virtual junction temperature -40 125 °C
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TYPES LM2930-5, LM2930-8
3-TERMINAL POSITIVE REGULATORS

LM2930-5 electrical characteristics at 25 °C virtual junction temperature, V| = 14 V, Ig = 150 mA,
(unless otherwise noted)
PARAMETER TEST CONDITIONS | MIN  TYP MAX | UNIT
Vi =6Vto26V, o = 5 mA to 160 mA,
Output voltage T, = -40°C to 125°C 4.5 5 5.5 \%
Input regulation Ip = 5mA ViZ9Vto16V 7 25 mV
VI =6Vto26V 30 80
Ripple rejection f =120 Hz 56 dB
Qutput regulation Io0 = 5 mA to 150 mA 14 50 mV
Output voltage long-term drift? After 1000 h at T) = 125°C 20 mV
Dropout voltage lo = 150 mA 0.32 0.6 \%
QOutput noise voltage f = 10 Hz to 100 kHz 60 %
Output voltage during Vi = -12V1t0 40V, R_ = 100 @ -0.3 55 | v
line transients
Qutput impedance lo = 100 mA, lp = 10 mA (rms), f = 100 Hz to 10 kHz 200 mQ
) o = 10 mA ) 7
Bias current mA
lo = 160 mA 18 40
Peak output current 150 300 700 mA
LM2930-8 electrical characteristics at 25 °C virtual junction temperature, Vi = 14 V, Ig = 150 mA,
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
V) =94Vto 26V, o = 5 mA to 150 mA,
Output voltage T, = -40°C to 125°C 7.2 8 8.8 \2
1 ) [Vi=94Vio16V 12 50
nput regulation o = 5mA \%
[Vi=94Vto26V 50 100
Ripple rejection f = 120 Hz 52 dB
Qutput regulation 0 = 5 mA to 150 mA 25 50 mV
Output voltage long-term drift} After 1000 hat Tj) = 125°C 30 mV
Dropout voltage g = 150 mA 0.32 0.6 \%
Output noise voltage f = 10 Hz to 100 kHz 90 %
Output voltage during Vi = =12V 40V, R = 100 @ -0.3 88 | v
line transients
Output impedance Io = 100 mA, Ip = 10 mA (rms), f = 100 Hz to 10 kHz 300 mQ
Bias current lo = 10 mA 4 ’ mA
lo = 150 mA 18 40
Peak output current 150 300 700 mA

T Unless otherwise specified, all characteristics, except ripple rejection and noise voltage measurements, are measured using pulse techniques (t,, < 10 ms,
duty cycle < 5%) with a capacitor of 0.1 uF across the input and a capacitor of 10 xF across the output. Output voltage ghanges due to changes in internal

temperature must be taken into account separately.

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

TYPICAL CHARACTERISTICS

LM2930-5 LM2930-5
NORMALIZED OUTPUT VOLTAGE OUTPUT VOLTAGE OUTPUT VOLTAGE
Vs vs Vs

VIRTUAL JUNCTION TEMPERATURE INPUT VOLTAGE INPUT VOLTAGE

1.005 8 S . 6 !

, Ry =100 ] }—10 = 150 mA

1.000 5
- - >° 3
3 1
3 0ses A4t gs g 4
g 2 I z
<] 54 2
% 0.990 | ——+ £ 33
3 33 3
: ¢, $ o
Z 0985 2 2

bvy=14 1
ool 0 1 /

-60-40 -20 0 20 40 60 80 100 120 140

0 i 30 '3 60 2 3 4 5 [
Ty-Virtual Junction Temperature—"C Vi—Input Voltage—V V|-input Voltage~V
FIGURE 3 FIGURE 4 FIGURE 5
RIPPLE REJECTION RIPPLE REJECTION
vs vs
FREQUENCY OUTPUT CURRENT
80 T T 80
10 =50 mA Vo =
Vv v ro=0ke.
60 60
8 g
150 i
g / H]
3 g
£ AV g
ju i
« z
20 20
10
0 0
110 100 1k 10k 100k 1M ) 50 100 150
f~Frequency—Hz 10-Output Current—mA
FIGURE 6 FIGURE 7
DROPOUT VOLTAGE DROPOUT VOLTAGE OUTPUT IMPEDANCE
vs vs vs
VIRTUAL JUNCTION TEMPERATURE OUTPUT CURRENT FREQUENCY
06 06 1
1T Elo =50 mA
Tyr25C FTy=25°C
05 |—— 05
z, o4 [— 0 = 150 mA | >.‘, 04 z ! 7
H | g H £
So3 = Sos g 7
H H L] H
o2 202 g o
| ——T1 10 =50 mA Q 3
01 ] 0.1
L 10 = 10 mA
0 [ 001
0 25 50 75 100. 125 150 0 50 100 150 200 110 100 1k 10k 100k 1M
TJ-Virtual Junction Temperature~°C 10~Output Current—mA f—Frequency—Hz
FIGURE 8 FIGURE 9 FIGURE 10
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TYPES LM2930-5, LM2930-8
3-TERMINAL POSITIVE REGULATORS

1j—Input Current—mA

TYPICAL CHARACTERISTICS

INPUT CURRENT

Bias Current—mA

Vs
INPUT VOLTAGE LINE TRANSIENT RESPONSE
30 -
RL =100 Ty=25°C [ ]
T)=25°C g 20 -1 = 150 mA CL =10 uF—
25 % ;° >?
£ | Q. \ [/ \ 1/
S R £ Y
iv = T i
| sl
s l i3
. | 1] i,
3 a0 45 50 55 ) 15 30 a5
V)-Input Voltage—V t=Time—ps
FIGURE 11 FIGURE 12
INPUT CURRENT OUTPUT VOLTAGE
vs vs
REVERSE INPUT VOLTAGE REVERSE INPUT VOLTAGE LOAD TRANSIENT RESPONSE
50 T T Y T T ]
| e B, ol
zl N
1’ £ °
-50 _-% / cég AV
s ~
-100 ?5 _04 = A L4
P § L
T 150 i il W € d r
.02 &
_200 £150
o
} -
—250 -03 S o
-2 10 8 -6 -4 -2 0 Z1z2 10 8 -6 -4 -2 0 [) 15 30 45
Vi-Input Voltage—V Vi-Input Voltage—V t=Time—us
FIGURE 13 FIGURE 14 FIGURE 15
LM2905-5
BIAS CURRENT BIAS CURRENT BIAS CURRENT
vs Vs vs
OUTPUT CURRENT VIRTUAL JUNCTION TEMPERATURE INPUT VOLTAGE
35 24 7T a0 T
) I vi=1av J Ty=25°C
oftiry 1
» 16 | J0= 150 mA - 30
5 ? = <
20 15 .
D I L £ ok ]
. L1 5 9. ém / ) — 10 = 150 mA
A 3 10 = 50 mA 3
10 L] I a
B = " i
o L)t == -
0 ° —li ) bl
[] 30 60 90 120 150 -60 -40 0 L 80 120 160 L] 5 10 15 20 2% 30
l0—Output Current-mA T4—Virtual Junction Temperature—°C Vy—input Voltage—V
FIGURE 16 FIGURE 17 FIGURE 18
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TYPES LM2330-5, LM2930-8
3-TERMINAL POSITIVE REGULATORS

TYPICAL APPLICATION DATA

LM2930

Vi ——I—— INPUT OUTPUT —T— Vo
C1=0.1uF C2=10uF
(See Note A) 1\ COMMON I (See Note B)

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 19
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LINEAR
INTEGRATED
CIRCUITS

TYPE MC3423
OVERVOLTAGE-SENSING CIRCUIT

D2439, APRIL 1978—REVISED JANUARY 1983

@ Separate Outputs for “’Crowbar’’ and Logic

Circuitry

® Programmable Time Delay to Eliminate

Noise Triggering

® TTL-Level Activation Isolatec from Voltage-

Sensing Inputs

® 2.6-Volt Internal Voltage Reference with

Temperature Coefficient Typically

0.08%/°C

description

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 regulation. The protective
mechanism may be activated by an overvoltage condition at the Sense 2 input 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 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 and the Sense 2 input. This protects against false triggering due to noise at the

Sense 1 input.

The MC3423 is characterized for operation from 0°C to 70°C.

functional block diagram

MC3423..... JGORP
DUAL-IN-LINE PACKAGE
(TOP VIEW)
INDICATOR
OUT- REMOTE
OUTPUT VEE  PUT_ACTIVATE
8il7jo6d>5
1f]21131]]4
Vee SENSE SENSE CURRENT
1 2 SOURCE

vee
m
X 2 o
CURRENT
SOURCE
(4) _CURRENT
— SOURCE
IVREF =26V [‘
SEnsEe 12
3
sense 22 ¢ )
o
S
b3
8
p-&_oureur
Tm (5) ®)
VEg  REMOTE INDICATOR
ACTIVATE OuTPUT

Copyright © 1983 by Texas Instruments Incorporated
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TYPE MC3423
OVERVOLTAGE-SENSING CIRCUIT

absolute maximum ratings

Supply voltage, Vg (see Note 1)
Sense 1 voltage
Sense 2 voltage
Remote activate input voltage
Output current, Ig

Continuous dissipation at (or below) 25°C free-air temperature (see Note 2): JG package
P package

Operating free-air temperature range
Storage temperature range

NOTES: 1.

Voltage values are measured with respect to the Vgg terminal.

1000 mW
0°C to 70°C
—-65°C to 1560°C

2. For operating above 25 °C free-air temperature, refer to the Dissipation Derating Table. In the JG package, MC3423 chips are glass-mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
JG (Glass-Mounted Chip) 825 mW 6.6 mw/°C 25°C
P 1000 mW 8 mW/°C 25°C

recommended operating conditions

Supply voltage, Ve
High-level input voltage, remote activate input
Low-level input voltage, remote activate input

MAX
40

0.5

UNIT

electrical characteristics over operating free-air temperature range, VCC = 5 V to 36 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Output voltage F(:":t:og":r"‘rm a2V lyee-22  Vee-18 v
Indicator low-level output voltage Remote Activate at 2 V, 0.1 0.4 \%

1o = 1.6 mA

Threshold voitage of either sense input Ta = 25°C 2.45 2.6 2.75 \2
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 Ve =5V, Vi=2V 5 40| pA
Low-level input current, Remote Activate input Tcc =5V, Vi=08YV -120 -180| uA
Supply current Outputs open 6 10| mA
Propagation delay time, Remote Activate input to QutputiTA = 25°C 0.5 us
Output current rate of rise Ta = 256°C 400 mA/us
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LINEAR
INTEGRATED
CIRCUITS

TYPES MC35060, MC34060
PULSE-WIDTH-MODULATION CONTROL CiRCUITS

D2726, MARCH 1983

® Complete PWM Power Control Circuitry JORN
. . DUAL-IN-LINE PACKAGE
Uncommitted Output for 200-mA Sink or
(TOP VIEW)
Source Current
. 5 N eRROR J NONINV INPUT 1 UU14]] NONINV INPUT | ERROR

@ Variable Dead-Time Provides Contro! Over AMP 1{ v INeUTOz 1300 iNv INPUT } AMP 2

Total Range FEEDBACK[]3  12[JREF OUT

. DEAD-TIME CONTROL NC

® Internal Regulator Provides a Stable 5-V gTE; :;% Vee

Reference Supply RT[s sf]c
® Circuit Architecture Provides Easy GND L7 sHe

Synchronization

® Direct Replacements for Motorola MC35060
and MC34060

NC—No internal connections

description

The MC35060 and MC34060 incorporate 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, each of the devices contains
an on-chip 5-volt 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 voltto Vcc — 2 volts. 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 MC35060 or MC34060 circuitry and provide a sawtooth input for associated control

circuitry in multiple rail power supplies.

The MC35060 is characterized for operation over the full military temperature range of — 55°C to 125 °C. The MC34060 [Po Sl

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

functional block diagram

12
Voo by 12 perenence
REGULATOR
(6)
Rt
o 18 OSCILLATOR DEAD TIME
T—%— COMPARATOR
(4)

DEAD-TIME CONTROL

]
0.12V

GND

(%))
NONINVERTING INPUT j
2
INVERTING INPUT -(—, > COMPARATOR
ERROR lo.7 mA
14) AMPLIFIERS
NONINVERTING INPUT (7)
13
INVERTING INPUT a3
3)

FEEDBACK

All voltage and current values shown are nominal.

Copyright © 1983 by Texas Instruments Incorporated
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TYPES MC35060, MC34060
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

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

MC35060 MC34060 UNIT
Supply voltage, Vcc (see Note 1) 42 42 \
Amplifier input voltages Ve +0.3 Vce+0.3 \
Collector output voltage 42 42 Vv
Coilector output current 250 250 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) 1000 1000 mW
Operating free-air temperature range -551t0 125 Oto 70 °C
Storage temperature range —-65t0 150 [ —65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 260 °C

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the J package, MC35060 chips are alloy-mounted and
MC34060 chips are glass-mounted.

DISSIPATION DERATING TABLE
POWER DERATING ABOVE
RATING FACTOR TA
J (Alloy-Mounted Chip} 1000 mW 11.0 mW/°C 59°C
J (Glass-Mounted Chip) 1000 mW 8.2 mw/°C 28°C

PACKAGE

N 1000 mW 9.2 mW 41°C
recommended operating conditions
MC35060 MC34060
UNIT
MIN MAX | MIN MAX

Supply voltage, Vcc 7 40 7 40 \"
Amplifier input voltages, V| ~0.3 Vcc-2 |-0.3 Vge-2 v
Coliector output voltage, Vo 40 40 \
Collector output current (each transistor) 200 200 mA
Reference output current 10 10 mA
Current into feedback terminal 0.3 0.3 mA
Timing capacitor, Cy 0.47 10000 | 0.47 10 000 nF
Timing resistor, RT 1.8 500 1.8 500 kQ
Oscillator frequency 1 200 1 200 kHz
Operating free-air temperature, Ta -55 125 0 70 °C
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TYPES MC35060, MC34060
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

electrical characteristics over recommended operating free-air temperature range, Vgc = 15V, f = 10 kHz

{unless otherwise noted)
reference section

MC35060 MC34060
PARAMETER TEST CONDITIONS t MIN TYP MAX | MIN TYPF MAX UNIT
Output voltage (V,ef) o = 1mA 4.75 5 5.25 | 4.75 5 5.25 \4
Input regulation Vee =7Vto40V, Ta = 256°C 2 25 2 25 mV
Output regulation ljo = 1to 10 mA, Ta = 25°C 1 15 1 15 mV
Output voltage change
R ATA = MIN to MAX 0.2 2 0.2 2.6 %
with temperature
Short-circuit output current3 Vief = 0 10 35 50 35 mA
oscillator section
MC35060 MC34060
PARAMETER TEST CONDITIONS MIN_ TYPE WMAX | WIN TYPT  MAX UNIT
Frequency Ct = 0.001 4F, RT = 47 k@ 25 25 kHz
Standard deviation of frequency1 Ct = 0.001 uF, RT = 47 k@ 3 3 %
Frequency change with voltage Vecc =7Vto40V, Tp = 25°C 0.1 0.1 %
Frequency change with Ct = 0.001 4F, Rt = 47 kQ, 4 2 %
temperature ATa = MIN to MAX
dead-time control-section (see figure 1)
PARAMETER TEST CONDITIONS MIN_TYPT MAX | UNIT
Input bias current (pin 4) V| = 01t05.26 V -2 -10 pA
Maximum duty cycle Vi (pin 41 = 0 [er i 0.14F, Ry =12kQ 90 96 100 %
[CT =0.14F, Ry = 47kQ 92 100
Input threshold voltage (pin 4) Zer?, duty cycle 3 3.3 Vv
Maximum duty cycle 0
error-amplitier sections
PARAMETER TEST CONDITIONS MIN_ TYPT MAX | UNIT
Input offset voltage Vo lpin 3) = 25V 2 10 mV
Input offset current VO (pin 3) = 25V 25 250 nA
Input bias current Vo (pin3) = 25V 0.2 1 A
-0.3
Common-mode input voltage range Veeg =7Vto40V to \
Vee-2
Open-loop voltage amplification AVo =3V, R =2k Vg=05Vto35V 70 95 dB
Unit-gain bandwidth 800 kHz
Common-mode rejection ratio Ve =40V 65 80 dB
Output sink current (pin 3) Vip= -15mVto -5V, Vpin3) =05V 03 0.7 mA
Output source current (pin 3) Vip=15mVto5V, Vipin3) = 3.5V -2 mA
output section
PARAMETER TEST CONDITIONS YT Mg:t’;gGO MAX | min M?::?GDMAX UNIT
Collector off-state current VCcg = 40V, Vee = 40V 2 100 2 100 A
Emitter off-state current Vcec = Vg =40V, Vg = 0 - 150 -100 A
Collector-emitter ICommun-emittar VE =0, Ic = 200 mA 1.1 1.5 1.1 1.3 v
saturation voltage [Emitter follower | Vo = 16V, lg = —200 mA 1.5 2.5 1.5 2.5
tFor conditions shown as MIN or MAX, use the ppropri value ified under conditions.

A typical values except for temperature coefficients are at Tp =

25°C.

SDuration of the short-circuit should not exceed one second.

Istandard d is a of the

distribution about the mean as derived from the formula *~
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TYPES MC35060, MC34060

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

electrical characteristics over recommended operating free-air temperature range, Vg¢ =

{uniess otherwise noted)

pwm comparator section (see figure 1)

15V, f = 10 kHz

PARAMETER TEST CONDITIONS MIN _TYP!  MAX | UNIT
Input threshold voltage (pin 3) Zero duty cycle 4 4.5 \%
Input sink current (pin 3) V(pin 3) = 0.7V 0.3 0.7 mA
total device
PARAMETER TEST CONDITIONS MIN TYP? MAX | UNIT
Pin 6 at V, \ =15V 6 10
Standby supply current noa .ref, cc mA
All other inputs and outputs open{V¢ce = 40 V 9 15
Average supply current Vipin4) = 2V, See Figure 1 7.5 mA
switching characteristics, Tp = 25°C
PARAMETER TEST CONDITIONS MIN TYP! 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

$All typical values except for temperature coefficients are at Tp = 25°C.

PARAMETER MEASUREMENT INFORMATION

Vee=15V
150 2
(10} 2w
Vee
@) 19
T | DEAD-TIME c ouTPUT 1
TEST ®)
INPUTS @ Er— 1
7] FEEDBACK =
CE N CAPACITOR CT
T
5)
Sl ey
2l f) DEAD-TIME CONTROL <7 | | 1 | T h v h |
(14) ERROR ! ) i ' ' ) ' ) |
) | 1 1 1 ! ' ] 1 ¢
£ a3, i i i i I i i | ]
REef [(12) EMITTER
out
50 ka2 ouTPUT
GND
1(7)
TEST CIRCUIT TIMING WAVEFORMS

FIGURE 1 — DEAD-TIME AND FEEDBACK CONTROL
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TYPES MC35060, MC34060
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

PARAMETER MEASUREMENT INFORMATION

ERROR AMPLIFIER

UNDER TEST
o
O +
FEEDBACK
TERMINAL
" _
o
L —O '
Vl'Ef o.-_— p
OTHER
ERROR
AMPLIFIER

FIGURE 2 — ERROR-AMPLIFIER CHARACTERISTICS

15V

-Q OUTPUT

CL=15pF
(includes probe and

jig capacitance)

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

FIGURE 3 — COMMON-EMITTER CONFIGURATION
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TYPES MC35060, MC34060
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

PARAMETER MEASUREMENT INFORMATION

15V

(OUTPUT CIRCUIT)

OUTPUT
CL=15pF
(includes probe and
jig capacitance)
TEST CIRCUIT QUTPUT VOLTAGE WAVEFORM
FIGURE 4 — EMITTER-FOLLOWER CONFIGURATION
TYPICAL CHARACTERISTICS
OSCILLATOR FREQUENCY and AMPLIFIER VOLTAGE AMPLIFICATION
FREQUENCY VARIATIONT vs vs
TIMING RESISTANCE FREQUENCY
100 k o q 100 T
= Vee=15V 3 —— Vee =15V
H 90 1
40k 7 : Ta=25°C ] \ AVp=3V
2% o o } o 80 Ta=25°C A
n 10k = & a9, ° \
T £—1% 7 @ I 70
=N
I 0 : c
L4k : 0% ‘0, K]
2 i TN &R 5 60
g HERR N | £ N
g 1k s 7 2N = 50
- T 7 N
w NG € \
5 400 ! < 40
5 C, TNRAf=1%" & \
3 N1y N 1 £ 30
S / N °
& 100 &R - 8
20 ¢
40 A
§ . 0 N
S \
10 N 0
1k 4Kk 10k 40k 100k 400k 1M 1 10 100 1k 10k 100k 1M
BT—Timing Resistance-Q f—Frequency—Hz
FIGURES FIGURE 6

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

SERIES MC79L00
NEGATIVE-VOLTAGE REGULATORS

D2656, OCTOBER 1982

tTrademark of Texas Instruments Incorporated.

e 3-Terminal Regulators NOMINAL 5% 10%
P UTP!
e Output Current up to 100 mA OUTPUT | OUTPUT VOLTAGE | OUTPUT VOLTAGE
VOLTAGE TOLERANCE TOLERANCE 5
e No External Components Required -5V MC79LOSAC MC79L05C
e Internal Thermal Overload Protection —12v MC79L12AC MC79L12C
-15V MC79L15AC MC79L15C
e Internal Short Circuit Current Limiting
e Direct Replacement for Motorola
MC79L00 Series
e Available in 5% or 10% Selections
description P SILECT' PACKAGE
This series of fixed-voltage monolithic integrated-
circuit voltage regulators is designed for a wide range (TOP VIEW)
of applications. These include on-card regulation for
elimination of noise and distribution problems
associated with single-point regt,lllatlon. In addition, OUTPUT u
they can be used to control series pass elements to "
make high-current voltage-regulator circuits. One of INPUT f;’
these regulators can deliver up to 100 mA of output COMMON "Jﬂ
current. The internal current-limiting and thermal-
shutdown features make them essentially immune to clo
overload. When used as a replacement for a Zener- TO-226AA
diode and resistor combination, these devices can
provide an effective improvement in output impedance
of two orders of magnitude and lower bias current.
schematic
° ° Py —O GND
‘b
S
9 >
3 !
4: < 3
L3 3
b : ¢
‘P
N 1
b3
e L
S &
4 S p J
k @——O OUTPUT
< © @
b3 ]' H
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$
b3
< S )
<
s b3
L - P> O INPUT
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SERIES MC79L00
NEGATIVE-VOLTAGE REGULATORS

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

MC79L12
MC79L05 UNIT
MC79L15
Input voltage -30 -35 v
Continuous total dissipation at 25°C free-air temperature (see Note 1) 775 775 mW
Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 1600 1600 mW
Operating free-air, case, or virtual junction temperature range 0 to 150 0 to 150 °C
Storage temperature range —65 to 160 |—65 to 150 °c
Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds 260 260 °C
NOTE 1: For operation apove 25°C free-air temperature, refer to Dissipation Derating Curves, Figure 1 and Figure 2.
FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
1000 2000
2
% 900 z 1800
i |
. 800 p 1600
3 AN 5
§ 700 \ § 1400
2 N 2
2 600 \ P 1200 \
5 500 2 1000
o N I}
2 \ 2 LP package
= 400 = 800 ™ Derati = r
e 5 erating factor = 28.6 mW/°C
8 300 O 00 |— above 94°C N
E LP package \ E RgJC ~ 35°C/W \
E 200 [~ Deratiny factor = 6.2 mW/°C ~ g 400 \
x ~ o
S o0 [-Roua~160°CW N £ 200
See Note 2 l
0 L 0
25 50 75 100 125 150 25 50 75 100 125 150
TA — Free-Air Temperature — °C T¢ — Case Temperature — °C
FIGURE 1 FIGURE 2

NOTE 2: This curve for the LP package is based on thermal resistance, Rgja, measured in still air with the device mounted in an Augat socket.
The bottom of the package was 3/8 inch above the socket.

recommended operating conditions

MIN MAX | UNIT
MC79L05 -7 —20
Input voltage, V) MC79L12 —14.5 —27 v
MC79L156 —-17.56 —30
Output current, Io 100 mA
Operating virtual junction temperature, T 0 125 °c
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SERIES MC79L00
NEGATIVE-VOLTAGE REGULATORS

MC79L05 electrical characteristics at specified virtual junction temperature,
Vi= -10V, Ig = 40 mA (unless otherwise noted)

MC79L0SC MC79L0SAC
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX MIN  TYP MAX
25°C —4.6 -5 —5.4 ~4.8 -5 —5.2
Vi=-7Vto-20V, o
! 0°Cto 126°C —4.5 —-55 | -4.75 —5.25
10 =1 mA to 40 mA
Qutput voltage v
V) =-10V, N .
0°Cto 125°C —4.5 —-5.5 | —4.75 —5.26
10=1mAto 70 mA
\nout reaulation Vi=—7Vto-20V o 200 50 |
nput reguliatioi
put res Vi- 8Vt-20V 150 100
) o Vi=-8Vto—18V, N
Ripple rejection 25°C 40 49 41 49 dB
=120 Hz
. 1o = 1 mA to 100 mA ° 60 60
Output regulation 25°C mv
1o =1mA to 40 mA 30 30
Qutput noise voltage f=10 Hz to 100 kHz 25°C 40 40 nv
Dropout voltage 10 =40 mA 25°C 1.7 1.7 \
Bi ent L - 2 mA
1as curren ry
125°C 5.5 5.5
] Vi=-8Vto—20V N . 15 15
Bias current change 0°Cto 125°C mA
1o =1 mA to 40 mA 0.2 0.1
MC79L12 electrical characteristics at specified virtual junction temperature,
Vi = -19, 10 = 40 mA (unless otherwise noted)
McC79L12C MC79L12AC
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX MIN TYP MAX
25°C -11.1 =12 -129 —11.5 12 —12.5
Vi=—185t0 =27V, 0°Ct0125°C 108 13.2 14 126
o bt R =13. —11. - !
10=1mA to 40 mA
Output voltage \"
Vi=-19V, 0°Cto 125°C 10.8 13.2 114 126
o —10. - - - o - o
lIp=1mAto 70 mA
) Vi=-145t0 —27 V . 250 250
Input regulation 25°C mV
Vyi=-16Vto-27V 200 200
Ripple rejection Vi=-15Vio -2V, 25°C 36 42 37 a2 dB
i e Cti
pple rel f=120 Hz
10 =1 mA to 10 A 100
Output regulation 0 mA to 100 m 25°C 100 mVv
lg =1 mA to 40 mA 50 50
Output noise voltage f =10 Hz to 100 kHz 25°C 80 80 uv
Dropout voltage lg =40 mA 25°C 1.7 1.7 v
. 25°C 6.5 6.5
Bias current < mA
125°C 6 6
) V)=—16V to —27 V . ., 15 15
Bias current change 0°Cto 125°C mA
10 = 1 mA to 40 mA 0.2 0.1

TAll characteristics are measured with a 0.33-u4F capacitor across the input and a 0.1-LF capacitor across the output. All characteristics except
noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to

changes in internal temperature must be taken into account separately.
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SERIES MC73L00
NEGATIVE-VOLTAGE REGULATORS

MC79L 15 electrical characteristics at specified virtual junction temperature,
Vi = -23V, Ig = 40 mA (unless otherwise noted)

MC79L15C MC79L15AC
PARAMETER TEST CONDITIONS' UNIT
MIN  TYP MAX MIN TYP MAX
25°C -138 15 -16.2 -144 -15 156
VIm T8V S0V on g rasee 135 165 | —14.25 15.75
to 125 ~13. —16. —14. —15.
lIg=1mAt040mA
Output voltage \"
V)=-23V, , R
0°Cto 125°C ~-13.5 —16.5 -14.25 —-15.75
lg=1mA to 70 mA i
. (ati —-17.5Vto -30V 250 300 300 v
ut regus on m
neut regula 20V t0 30 V 250 250
] - V|=—185Vto—285V, o
Ripple rejection 25°C 33 39 34 39 dB
f=120 Hz
. 1o =1mA to 100 mA ° 150 150
Output regulation 25°C mV
1o =1mA t0 40 mA 75 75
Qutput noise voltage f =10 Hz to 100 kHz 25°C 90 80 Vv
Dropout voltage 10 =40 mA 25°C 1.7 1.7 \
. 25°C 6.5 6.5
Bias current > mA
125°C 6 6
- eh V|=-20Vto—30V 0°C 10 125°C 15 1.5 A
1as current change to om.
o Ig=1mAto40 mA 0.2 0.1

T All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-4F capacitor across the output. All characteristics except
noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to
changes in internal temperature must be taken into account separately.
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LINEAR TYPES RM4193, RC4193
INTEGRATED CIRCUITS MICROPOWER SWITCHING REGULATOR

D2718, DECEMBER 1982

High Efficiency . . . 80% Typ RM4193...JG
RC4193..JG OR P

Low Bias Current . . . 135 yA DUALN-LINE PACKAGE

Adjustable Output . . . 2.5 V to 24 V (TOP VIEW)
Br]r Use[]LBD
cxz Qv

Internal Reference . . . 1.3V +5% Lx (s epjic

Remote Shutdown Capabilities GND[Ja  s[]vce

o
®
®
® Output Current . . . 150 mA
®
[ ]
®

Interchangeable with Raytheon RC4193
FUNCTION TABLE

description PIN FUNCTION DESCRIPTION
The RC4193 is a monolithic micropower switching 1 LBR Low battery resistor
regulator designed to provide all the functions required 2 CX External capacitor
to make a complete low-power switching regulator 3 LX External inductor
primarily for battery operated instruments. The 4 GND Ground
RC4193 offers the system designer the flexibility of 5 Vee Supply voltage
tailoring the circuit to the application. Typical 6 Ic Reference set control
applications include step-up switching regulation, 7 VFB Feedback voltage
step-down switching regulation, and inverting switch 8 LBD Low battery detector

regulation. The RC4193 contains a 1.3-volt
temperature-compensated band-gap reference, an adjustable free-running oscillator, voltage comparator, low battery
detection circuitry, and a 150-milliampere output-switch transistor.

For most applications, the RC4193 can achieve up to 80% efficiency while operating over a wide supply voltage range

from 2.4 volts to 24 volts at an ultra-low bias current drain of 135 microamperes. The RC4193 has an adjustable
100-hertz to 160-kilohertz free-running oscillator that provides the drive circuitry for the on-chip 150-milliampere output- .
switch transistor. An external capacitor on pin 2 determines the oscillator frequency.

The low-battery detection circuitry contains an open-collector output transistor that can be used to activate a liquid
crystal display whenever the battery voltage drops below a programmed level. This programmed level is determined
by the selection of external resistors connected to pin 1.

The RC4193 will shut off when pin 6 (IC) is below-0.5 volt. The shut-off feature is useful in battery-backup applications
requiring operation only when the line power is removed. Another use of this feature is connecting a zener diode between
pin 6 and the battery line to shut down the regulator whenever the battery voltage drops below a predetermined level.

The RM4193 is characterized for operation over the full military temperature range of —55°C to 125°C. The RC4193
| is characterized for operation from 0°C to 70°C.

functional block diagram

LOW-BATTERY
DETECTION (8)

LBR COMPARATOR LBD
vee 8!
6 BlAs || ReFERENCE =
ic 8l VOLTAGE
COMPARATOR
vea!ZL
LX
oxi2
05C ww _‘} GND
June =
PRODUCT PREVIEW Copyright © 1982 by Texas Instruments Incorporated
This  d ins  informati
on a prod\u:t under developmem, Texas TEXAS lN ST R U M EN TS 2'57

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






LINEAR
INTEGRATED CIRCUITS

TYPES SG1524, SG2524, SG3524
REGULATING PULSE WIDTH MODULATORS

D2294, APRIL 1977 — REVISED DECEMBER 1982

e Complete PWM Power Control Circuitry

e Uncommitted Outputs for Single-Ended
or Push-Pull Applications

¢ Low Standby Current ... 8 mA Typ

e |nterchangeable With Silicon General
SG1524, SG2524, and SG3524

description

The SG1524, SG2524, and SG3524 incorporate on
single monolithic 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
applications. The SG15624 family was designed for
switching regulators of either polarity, transformer-
coupled dc-to-dc converters, transformerless voltage
doublers, and polarity converter applications employ-
ing fixed-frequency, pulse-width-modulation tech-
niques. The complementary output allows either
single-ended or push-pull application. Each device
includes an on-chip regulator, error amplifier, pro-
grammable oscillator, pulse-steering flip-flop, two
uncommitted pass transistors, a high-gain comparator,
and current-limiting and shut-down circuitry.

functional block diagram

REFERENCE

SG1524....J
$G2524,5G3524...JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

SHUT

E2 c2 ci E1 DOWN comp

14 13 12 " 10 9

SHUTDOWN

ERROR CURR. OSCILLATOR
AMP [RIMNg
- + - +
1 2 3 4 5 6 17 8
INV. NON-  0SC () (+) RT T  GND
INPUT INV. OUT  CL.  CL
INPUT

The SG1524 is characterized for operation over the
full military temperature range of -55°C to 125°C
The SG2524 is characterized for operation from
—25°C to 85°C, and the SG3524 is characterized
for operation from 0°C to 70°C.

(16}

REGULATOR

REF OUT

6 :(IZ) COLLECTOR 1
O emirren s

13)
COLLECTOR 2

14)
18 emirrenz

(3)

b1
COMPARATOR
verT input L
(2)
NON-INV. INPUT N ERROR
AMPLIFIER

compensaTion' D~ 4

5]
(41 curRenT LimiT L
(- cuRRenT LimiT 2L

ks
SHUTDOWN (.ﬂ_w\,.q

10 k0

TR I —

QSC OUTPUT

Resistor values shown are nominal

Copyright © 1982 by Texas Instruments Incorporated
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TYPES SG1624, $62524, $63524
REGULATING PULSE WIDTH MODULATORS

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

Supply Voltage, Vcc (see Notes 1 and 2) e 40V
Collector OULPUL CUITBNT . . L . it i i et it e e et e e e e e e e e it et et et e e i ea e 100 mA
Reference QUtPUt CUITENT . . .. . ot ittt e et e et e et et e et ettt e e et e 50 mA
Current Through CT Terminal . . . . . L. . i e e et —5mA
Continuous Total Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) e 1000 mW
Operating Free-Air Temperature Range: SG1524 . . . . . . . ... . .. i —55°C to 125°C

SG2524 .. —~25°C1085°C

SG3524 L 0°Cto 70°C

—65°C to 150°C

Storage Temperature Range . . ..............

NOTES: 1. All voltage values are with respect to network ground terminal.
2. The reference regulator may be bypassed for operation from a fixed 5-volt supply by connecting the V¢ and reference output pins both to the
supply voltage. In this configuration the maximum supply voltage is 6 volts.
3. For operation at elevated temperature, refer to Figures 16 and 17. In the J package, SG1524 chips are alloy-mounted; SG2524 and SG3524
chips are glass-mounted.

recommended operating conditions

SG1524 $G2524 $G3524 UNIT
MiN MAX MIN MAX MIN MAX

Supply voltage, Ve 8 40 8 40 8 40 \
Reference output current 0 50 0 50 0 50 mA
Current thru Ct terminal -0.03 -2 -0.03 -2 -0.03 -2 mA
Timing resistor, RT 1.8 100 1.8 100 1.8 100 kQ
Timing capacitor, C1 0.001 0.1 0.001 0.1 0.001 0.1 uF
Operating free-air temperature -55 125 -25 85 (o] 70 °C

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

reference section

TEST SG1524 $G2524 $G3524
PARAMETER ry UNIT
CONDITIONST | MiN TYPT MAX | MIN TYPT MAX |MIN TYPT MAX

Output voltage 4.8 5 52| 48 5 52| 46 5 5.4 \%
Input regulation Vee=81040V 10 20 10 20 10 30 mV
Ripple rejection f=120 Hz 66 66 66 dB
Output reguiation 1p=01t0 20 mA 20 50 20 50 20 50 mV
Output voltage change

) TA = MIN to MAX 0.6 2 0.3 1 0.3 1 %
with temperature
Short-circuit output current § | Vigf =0 100 100 100 mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
tAll typical values except output voltage change with temperature are at Tp = 25°C.
8 Duration of the short-circuit should not exceed one second.
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TYPES SG1524, SG2524, SG3524
REGULATING PULSE WIDTH MODULATORS

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

oscillator section

PARAMETER TEST CONDITIONS? MIN TYPE MAX | UNIT
Frequency Ct = 0.001 uF, RT=2k$2 450 kHz
. All values of voltage, temperature,
Standard deviation of frequency § i . 5 %
resistance, and capacitance constant
Frequency change with voltage Ve =8to40V Ta =25°C 1 %
Frequency change with temperature Ta = MIN to MAX 2 %
Output amplitude at pin 3 3.5 \
Output pulse width at pin 3 Ct=0.01 uF 0.5 us
error amplifier section
SG1524, SG2524 $G3524
PARAMETER TEST CONDITIONS UNIT
MIN TYPE ‘MAX | MIN TYP} MAX
Input offset voltage Vic=25V 0.5 5 2 10 mV
Input bias current Vic=25V 2 10 2 10 MA
Open-loop voltage amplification 72 80 60 80 dB
1.8 1.8
Common-mode input voltage range Ta=25°C to to v
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 TYPf MAX | UNIT
Collector-emitter breakdown voltage 40 \4
Collector off-state current Vcg =40V 0.01 50 A
Collector-emitter saturation voltage {c = 560 mA 1 2 v
Emitter output voltage Vg=20V, g = —250 uA 17 18 \Y
Turn-off voltage rise time Rc=2k8 0.2 us
Turn-on voltage fall time . Rc =2k 0.1 us
comparator section
PARAMETER TEST CONDITIONS MIN  TYPE MAX | UNIT
Maximum duty cycle, each output 45 %
Input threshold voltage at pin 9 Zero duty cycle ! \"
i Maximum duty cycle 3.5
input bias current —1 uA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

iAII typical values except for temperature coefficients are at Ty = 25°C.

§Standard deviation is a measure of the statistical distribution about the mean as derived from the formula ¢ =
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TYPES SG1524, $G2524, SG3524
REGULATING PULSE WIDTH MODULATORS

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

current limiting section

PARAMETER TEST CONDITIONS SG1524, 5G2524 563524 UNIT
MIN  TYPi MAX | MIN  TyPi MAX
-1 -1
Input voltage range (either input) to to \%
+1 +1
Sense voltage at Tp = 25°C V(pin 2) — V(pin 1) = 50 mV, 190 200 210 180 200 220 mV
Temperature coefficient Vipin9) =2V o
of sense voltage 02 02 mv/e
total device
PARAMETER TEST CONDITIONS MIN  TYPE maX |uNiT
Vec=40V, Pins 1,4,7,8,9,11,14 grounded,
Standby current _CC ' X ar 8 10 mA
Pin2at2V, All other inputs and cutputs open

T AN typical values except for temperature coefficients are at Tp = 25°C.

PARAMETER MEASUREMENT INFORMATION

Voo = 81040 V

r 2k | 2ke
15 w w
2ks2
DY Vg — T
Cr
Ay
i 7 13
RT OuTPUTS
6 12
2k
9 3 (OPEN)
1 16
10 ke 2 14
5 "
1k 2E 4
2k0S 10k i
_L..’m uF =

FIGURE 1-GENERAL TEST CiRCUIT

Vee
f 2k
ouTPUT 0%

CIRCUIT
UNDER
TEST

TEST CiRCUIT VOLTAGE WAVEFORMS

OuUTPUT

FIGURE 2—-SWITCHING TIMES
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TYPES $61524, $62524, S63524
REGULATING PULSE WIDTH MODULATORS

Open-Loop Voltage Amplification—dB

TYPICAL CHARACTERISTICS

OPEN-LOOP VOLTAGE AMPLIFICATION

OF ERROR AMPLIFIER OSCILLATOR FREQUENCY
Vs vs
FREQUENCY TIMING RESISTANCE
90 A H”ﬂw l ™M -
F = o0 8 i
80 (&S
Voo =20V 400 k 7"%'0_~___
70 Ta=25°C —H N
N T 100k >~ Nos SN
60 |RF =1 MDY { 7~
Loy TN & = 3 0.00
50 |RF = 300 kKO § 40k oy L ans
L h—- 3 N o5 T PR
RE=100 k ® N
40 oy P:_a & 10k e p LI
RF = 30 kQ 5 C, 07
30 5 4k LS04 A
N 3 NG SR
20 q 8 N_Q N~ N
N 1k Z.lzp
10 |
RF is resistance from pin 9 to ground 400 :VCC =20V
— = 25°
0 \ Ta=25C i
~10 100 i
100 1k 10k 100k 1M  10M 1 2 4 71 20 40 70100

RT—Resistance—k
Frequency—Hz

FIGURE 3 FIGURE 4

OUTPUT DEAD TIME
Vs
TIMING CAPACITANCE VALUE

10 T B N - -
B
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L Ta=25C
@ 4
T
¢ b
E
° 1
3 L~
[a] 1 P
5
g
3
)
04
0.1
0.001 0.004 0.1 0.04 0.1

Ct—Capacitance—uF
FIGURE 5
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TYPES SG1524, SG2524, S63524
REGULATING PULSE WIDTH MODULATORS

PRINCIPLES OF OPERATION

The $G15241 is a fixed-frequency pulse-width-modulation voltage-regulator control circuit. The regulator operates at a
fixed frequency that is,prograrnmed 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 width by the error amplifier. The SG1524 contains an on-board 5-volt regulator that serves
as a reference as well as supplying the SG1524's 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 amp-
lifier as shown in Figure 6, or an external reference may be used. The output is sensed by a second resistor divider net-
work and the error signal is amplified. This voltage is then compared to the linear voltage ramp at CT. The resulcing
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 width 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.

TYPICAL APPLICATION DATA

oscillator

The oscillator controls the frequency of the SG1524 and is programmed by RT and CT as shown in Figure 4.

1.15

where RT is in kilohms Rt CT
C7 is in microfarads
fis in kilohertz

Practical values of CT fall between 0.001 and 0.1 microfarad. Practical values of RT fall between 1.8 and 100 kilohms.
This results.in a frequency range typically from 140 hertz to 500 kilohertz.

blanking

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

synchronous operation

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

If two or more SG1524 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
SG15624's 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 wider pulse width and will subsequently reset the slave regulators.

T Throughout these discussions, references to SG 1524 apply also to SG2524 and SG3524.
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TYPES $G1524, $62524, SG3524
REGULATING PULSE WIDTH MODULATORS

TYPICAL APPLICATION DATA
voltage reference

The 5-volt 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 volts) as shown in Figure 6, or an external reference
may be applied directly to the error amplifier. For operation from a fixed 5-volt supply, the internal reference may be
bypassed by applying the input voltage to bcth the Vo and VREF terminals. In this configuration, however, the input
voltage is limited to a maximum of 6 volts.

REF
ouT TO POSITIVE g?
——OUTPUT
VOLTAGE
5k Ry 5kQ R (see Note B)
P
5Kk R4 (see Note B) 5k Ry
TO NEGATIVE
M — QUTPUT
e VOLTAGE
Vo = 25y A1 A2 R1RZ o0
o= 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 megohms). The gain of the
amplifier is Ay = (0.002 2 'l) 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 hertz, 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 kilohms and 0.001 microfarads. 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 SG1524. Any circuit that can sink 200 microamperes
can pull the compensation terminal to ground and thus disable the SG1524.

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 shutdown terminal.
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TYPES SG1524, SG2524, SG3524
REGULATING PULSE WIDTH MODULATORS

TYPICAL APPLICATION DATA
current limiting

A current-limiting sense amplifier is provided in the SG1524. The current-limiting sense amplifier exhibits a threshold
of 200 millivolts and must be applied in the ground line since the voltage range of the inputs is limited to +1 volt to
—1 volt. Caution should be taken to ensure the —1 volt 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.

E1

= I ..[
R1
3
TL1524
(-1cL. R2 T

+Vour

Rs

(+) C.L.

~®

1 VoR2
10(max) =57 Q/(sense) “RyvRy)
s

V{sense)
10s =

where V(sgnse) = 20 mV

FIGURE 7—-FOLDBACK CURRENT LIMITING FOR SHORTED QUTPUT CONDITIONS

Cp ——d
comp T

COMPARATOR
ERROR CONSTANT-CURRENT
AMPLIFIER SOURCE
I 1
AN
(=) C.L. (+) C.L.

FIGURE 8—CURRENT-LIMIT SCHEMATIC

output circuitry

The SG1524 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 milliamperes
for fast response.
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TYPES SG1524, SG2524, SG3524
REGULATING PULSE WIDTH MODULATORS

TYPICAL APPLICATION DATA
general

There are a wide variety of output configurations possible when considering the application of the SG1524 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

Examgles of these categories are shown in Figures 9, 10 and 11, respectively. Detailed diagrams of specific applications
are shown in Figures 12 through 15.

D1
VN v—/l\—u—- (—~—ﬂ——I— Vo HV ‘-ﬂwxﬁ_ +Vo
VN>V, L
A I INZ Vo x = Vin>Vo

D1
bl
bt
Ve —o—mt *Vo V= Pt Vo
~ |
T Vin<Vo ~©» T Vin<Vo

S

/J‘\ D1
VN Pt (S Vo Wiy — Vo
) 4 IR VN> 1=Vol AItVinE<I=Vol

FIGURE 9—-CAPACITOR-DIODE-COUPLED VOLTAGE-

FIGURE 10-SINGLE-ENDED INDUCTOR CIRCUIT
MULTIPLIER OUTPUT STAGES

j e~y VN ——— -
@l‘ . . -

PUSH PULL FLYBACK

FIGURE 11-TRANSFORMER-COUPLED OUTPUTS
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TYPES SG1524, SG2524, $G3524
REGULATING PULSE WIDTH MODULATORS

TYPICAL APPLICATION DATA

Vee=15V
15 kQ
5.kQ Vee 1Ng16,
INV €1 By
5kQ s 5kQ L 2~05 v
NON:- 1
0.14F 1 ON-INV ¢ 20 uF 1N916 mA
S REF OUT c2 I s |
2kQ Ry £2
0.01 uF
Y [ +C.L.
SHUT 1N916 L so0uF
—{ bown —C.L. }! +
—Joscour compf—
GND
$G1524 1
FIGURE 12—CAPACITOR-D}ODE OUTPUT CIRCUIT
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J_ 5k
25
+
100 L+ o o 300 2
uF 5k cc 1MQ
INV E1
AV NON-INV c1}—se
L Rrerour  c2 | —
2kQ
Ry E2
\| -
S 65 - Cy +C.L.
.02 u SHUT 620 Q
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DOWN 1N916
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$G1524 I T IN2222 19

FIGURE 13 — FLYBACK CONVERTER CIRCUIT
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TYPES SG1524, SG2524, SG3524
REGULATING PULSE WIDTH MODULATORS

TYPICAL APPLICATION DATA

Vee=28V TIP115
S o09mH
- DAl sy
; | 1A
|
! |
5KkQ Vee [y |
5kQ | |
INV E1 | |
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0.1 AFES kQ HOmANY ¢ ’——l Ls"kﬁ_'"hi TowF
)| REF OUT c2l—4&
3xQ Ry E2
0.02 uF
/E Cy +C.L.
___|sHut oL
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FIGURE 14—SINGLE-ENDED LC CIRCUIT
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FIGURE 15—PUSH-PULL TRANSFORMER-COUPLED CIRCUIT
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TYPES SG1524, S62524, S63524
REGULATING PULSE WIDTH MODULATORS

THERMAL INFORMATION

J PACKAGE FREE-AIR TEMPERATURE
DiSSIPATION DERATING CURVE
FOR ALLOY MOUNT:

DERATING FACTOR = 11 mW/°C
ABOVE 58°C

1000 \ wwocm

L
800 ™ \
600

NN

1200

400 =¥ \
TN

-
FOR EPOXY MOUNT:
200 [DERATING FACTOR = 8.2 mW/°C
ABOVE 28°C

RoJA ~ 116°C/W
1

Maximum Continuous Dissipation—mW

0 ,
25 50 75 100 125

TA—Free-Air Temperature—"C

FIGURE 1b

N PACKAGE FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVE

1200

1000

S~

800 ~

600

DERATING FACTOR = 9.2 mW/°C
200 |~ pgove a1°C

RgJa ~ 108°C/W

N R
25 35 45 55 65 75 85

Ta—Free-Air Temperature—"C

Maximum Caontinuous Dissipation—mW

FIGURE 17
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LINEAR
INTEGRATED  TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A

CIRCUITS PULSE-WIDTH MODULATiON CONTROLLERS

D2724, APRIL 1983

® Complete PWM Power Control Circuitry SG1525A, SG1527A .. . J
) $G2525A, SG2527A ... JOR N
® 8-Volt to 35-Volt Operation SGIB25A. SG35274 .. . JORN
® 5.1-Volt Reference Trimmed to +1% DUAL-IN-LINE PACKAGE
TOP VIEW,
® Frequency Range . . . 100 Hz to 500 Hz ! )
. . INVERTING INPUT[J1 U 16| JREFERENCE
@ Adjustable Deadtime Control NONINVERTING INPUT[J2  1s5[]Vce (V)
® Under-Voltage Lockout for Low Vgc sync[]s 14| JOUTPUT B
Conditions OSCILLATOR OUT[Ja  13[]vc
. crds 12flGND
@® Latched PWM Prevents Muitiple Pulses rrde n[JoutpuT A
® Dual Sink or Source Output Drivers DISCHARGE[]7  10[JSHUTDOWN
SOFT-START [ |8 9| |COMPENSATION

Direct Replacements for Silicon
General SG1525/SG1527 Series

output logic

SG1525A, SG2525A, SG3525A . .. NOR
SG1527A,5G2527A,8G3527A . .. OR

description

The SG1525A/SG1527A series of pulse-width modulation integrated circuits are designed to offer improved performance
and lower external parts count when used to implement various types of switching power supplies. Each device includes
an on-chip 5.1-volt reference, error amplifier, programmable oscillator, pulse-steering flip-flop, a latched comparator
under-voltage lockout, shutdown circuitry, and complementary source or sink outputs. The on-chip 5. 1-volt reference
is trimmed to + 1% initial accuracy that serves as a reference output as well as supplying the internal regulator control
circuitry. The input common-mode range of the error amplifier includes the reference voltage, which eliminates the
need for external divider resistors.

The oscillator operates .at a fixed frequency determined by one timing resistor RT and one timing capacitor CT. The
timing resistor establishes the constant charging current for CT, resulting in a linear voltage ramp at C1, which is
fed to the PWM comparator providing linear control of the output pulse duration by the error amplifier. A Sync input
to the oscillator allows for external synchronization or for multiple units to be slaved together. A single external resistor
between the CT pin and the Discharge pin provides a wide range of dead-time adjustment. These devices also feature
built-in soft-start circuitry that requires oniy an external timing capacitor. The Shutdown pin controls both the soft-
start and the output drivers, and provides instantaneous turn-off with soft-start recycle for slow turn-on. The soft-
start and output driver circuitry are also controlled by the under-voltage lockout circuit, which, during low-input supply
voltage of less than that required for normal operation, keeps the soft-start capacitor discharged and the output drivers
off.

Another unique feature is the S/R latch following the PWM comparator. This feature enables the output drivers to
be turned off any time the PWM pulse is terminated; The latch is reset with each clock pulse. However, the PWM
outputs will remain turned off for the duration of the period if the PWM comparator output is in a low-level state.
The SG2525A, and SG3525A output stages feature NOR logic, which results in a low output for an offstate. The
SG1527A. SG2527A, and SG3527A output stages feature OR logic, which results in a high-level output for an off-
state. The output stages are totem-pole designs capable of sourcing or sinking 200 milliamperes of output current.

o
The SG1525A and SG1527A are characterized for operation over the full military temperature range of —55 C to
125°C. The SG2525A and SG2527A are characterized for operation from —25°C to 88°C. The SG3525A and SG3527A
are characterized for operation for 0°C to 70°C.

Copyright © 1983 by Texas lnslrumenté Incorporated
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TYPES 8G1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A
PULSE-WIDTH MODULATION CONTROLLERS

functional block diagram (positive logic)

G
SYNC L E— SYNC

5
vee {15)
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51V 16) g NCE
uvLo O
REF

OSCILLATOR
np 80 Rx UL B GuTRuT
or B . - | a3,
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L - ' ——~f—— OUTPUT A
| |
+ Joutruta [T
| |
P e L I foutPuT B M
i |
compensaTiON 2 3 D s T =] (14)
| ouTPUT B
INVERTING (1) h 15"“‘ T sGis25A !
INPUT | sG2525A !
NONINVERTING (2) |, | 5G3525A" !
INPUT ERROR [ J
®) AW S ——— | T T
sortstarT 8L BT ¥TPeM | e e e
R COMPARATOR r “OR" 'J—' 09 ve
(10) ! [
SHUTDOWN 1AM | —H——outPuTA
. 4 [ !
I loutrura T
anp 21 ¥ | :
pS | jouruTe LI
{ |
| (4 oureuts
| sG1s27a,
| sG2527A,
| SG3527A
e e e - — J

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

Supply voltage, Vgc (see Note 1) ... ... . e 40V
Collector voltage, Vi ..o oottt e 40V
Logic input voltage range sync and shutdown .. ............... .. ... ... .. ..., -0.3Vtob55V
Analog input voltage range error amplifier inputs . .. ... ... ... . . Lo -0.3Vto Ve
Output CUITENT, 10 . ..ot 500 mA
Reference output CUITeNt, IREE -« -« « v ot vttt e et e e e e 50 mA
Current through CT terminal .. ... ... .. . ... -5 mA
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) .............. 1000 mW
Operating free-air temperature range:SG1525A, SG1527A . ... ... ... ... vuinuonn. -65°C to 125°C

SG2525A,8G2527A . ... ... —25°C to 85°C

SG3525A, SG3527A ... .. ........ .. 0°C to 70°C
Operating virtual junction temperature range . ................... ... ..., 0°C to 150°C
Storage teMPErature FANGE . .. . o .o v vttt e et e e e e e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J Package .................... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N Package .................... 260°C

NOTES: 1. All voltage values are with respect to network ground terminal.

2. For operating above 25°C free-air temperature, see Dissipation Derating Curves, Figures 1 and 2. In the J package, SG1525A and SG1527/
chips are alloy mounted; SG2525A, SG2527A, SG3525A, and SG3527A chips are epoxy mounted.
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, $G3527A
PULSE-WIDTH MODULATION CONTROLLERS

J PACKAGE FREE-AIR TEMPERATURE N PACKAGE FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
1200 T T 1200
FOR ALLOY MOUNT:
DERATING FACTOR = 11 mW/°C

ABOVE 58°C

1000 \ RgJA = 91°CW

” \\
600 ‘\ N

400 \
/ \
FOR EPOXY MOUNT:

200 |DERATING FACTOR = 8.2 mW/°C

1000 ~J

800 \\\\
600 .

400

200 L PERATING FACTOR = 6.2 mi/°C
0 I~ aBOVE 41°C

Maximum Continuous Dissipation—mW
Maximum Continuous Dissipation—mW

ABOVE 28°C

Roua ~ 116°CW RgJa ~ 108°C/W

0 | | J 0 | | 1

25 50 75 100 125 25 3% 45 55 6 75 85
Ta—Free-Air Temperature—"C Ta—Free-Air Temperature—°C

FIGURE 1 FIGURE 2

recommended operating conditions

PARAMETER SG1525A, SG1527A | SG2525A, SG2527A | SG3525A, SG3527A UNIT
MIN MAX MIN MAX MIN MAX
Supply voltage, Vcc 8 35 8 35 8 35 Vv
Collector voltage, V¢ 4.5 35 4.5 35 4.5 35 \
Output current, 1o | steady state 0 +100 0 £100 0 x100 |
' | Peak 0 +400 0 +400 0 +400
Reference output current, IRgf 0 20 0 20 0 20 mA
Oscillator frequency range 100 500 100 500 100 500 kHz
Timing resistor, RT 2 150 2 150 2 150 kQ
Timing capacitor, Ct 0.001 0.1 10.001 0.1]0.001 0.1 uF
Dead-time resistor, Rp 0 500 0 500 0 500 Q
Operating free-air temperature range, Ta -55 125( -25 85 0 70 °C

TEXAS INSTRUMENTS 273



2-74

TYPES SG1525A, SG1527A, SG2525A, SG2527A, SG3525A, SG3527A
PULSE-WIDTH MODULATION CONTROLLERS

electrical characteristics over recommended operating free-air temperature range, Vg = 20 V

{unless otherwise noted)

reference section

internal current mirror

SG1525A, SG1527A
PARAMETER TEST CONDITIONS SG 25254, SG25274 | SG3525A, SG3827A |
MIN TYP MAX | MIN TYP MAX
Ty = 256°C 5.05 5.1 5.15 5 5.1 5.2
Output volt Vec =8Vto35V,
utput voltage cc ° 5 5.2 | 4.95 525 | V
Io = 0 to 20 mA
Input regulation Vec = 8Vto35V 14 20 14 20 mV
Output regulation lo = 0to 20 mA 5 50 5 50 mV
Output volt h i
utput voltage change with 2 50 24 50 mv
temperature
Output volt: long-t drift
P age fong-term r After 1000 h at Ty = 125°C 26 50 25 50 | mv
(see Note 3)
Output noise voltage (RMS) f = 10Hzto 10 kHz, Ty = 25°C 40 200 40 200 nv
Short-circuit output current Vo =0V, T)=25° 80 100 80 100 mA
oscillator section
SG1525A, $G1527A
PARAMETER TEST CONDITIONS $G2525A, SG2527A | SCI525A, SGISATA |\
MIN  TYP MAX | MIN TYP MAX
Maximum frequency Ry = 2 kQ, Ct =1nF 400 400 kHz
Minimum frequency RT = 150 kQ, Ct = 0.1 yF 100 100 Hz
RT = 3.6 kQ, Rp = 0,
Initial frequency error Cr = 0.1 4F, f = A0 kHz, +2% +6% +2% +6%
TA = 25°C
Fi h ith
requency change wi Vec = 8V 1035V +0.3% 1% 1% +2%
supply voltage
-F h, ith
requency change wi Ta = MIN to MAX £3% +6% £3% 6%
temperature
Output amplitude at Pin 4 Rr = 3.6k, Rp =04 3 3.5 3 3.5 \Y
CT = 0.1 4F, f = 40 kHz
Rt = 3.5 kQ, Rp =00
Output pulse duration at Pin 4 Ct = 0.1 4F, f = 40 kHz, 0.3 0.5 1 0.3 0.6 1 us
Ty = 25°C
Input threshold voitage at Pin 3 1.2 2 2.8 1.2 2 2.8 \2
Input current at Pin 3 V|(pin3) = 3.5V 1.6 2.5 1.6 2.5 mA
Curre h Pin 5 due t
urrent through Pin § due to Current through Pin 6 = 6 mA 1.7 2 22| 17 2 22 | mA

NOTE

It is an engineering estimate of the average drift to be expected from lot to lot.

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.
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TYPES SG1525A, SG1527A, SG2525A, $G2527A, SG3525A, SG3527A
PULSE-WIDTH MODULATION CONTROLLERS

electrical characteristics over recommended operating free-air temperature range, Ve = 20 V

(unless otherwise noted)

error amplifier section

SG1525A, SG1527A -
PARAMETER TEST CONDITIONS S$G2525A, SG2527A SG3525A, SG3527A | iy
MIN  TYP MAX | MIN TYP MAX
High-level output voltage 3.8 5.6 3.8 5.6 \
Low-level output voltage 0.2 0.5 0.2 0.5 \
input offset voltage 0.5 5 2 10 mV
Input bias current 1 10 1 10 A
Input offset current 1 1 uA
Open-loop voltage amplification RL=10M 60 75 60 75 dB
Common-mode rejection ratio Vic=15Vto52V 60 75 60 75 dB
Supply voitage rejection ratio Ve =8Vto35V 50 60 50 60 dB
Gain-bandwidth product
Ay = , Ty = 25° 1 1 2 MHz
(see Note 3) v = 0d8 J sec 2
comparator section
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Rt = 3.6 k1, Duty cycle = 0% 0.6 0.9
Input threshold voltage Rp =09, \
Cy = 10 nF, f = 40 kHz Duty cycle = MAX 3.3 3.6
Input bias current 0.5 1 nA
soft-start section
PARAMETER TEST CONDITIONS MIN  TYP MAX [ UNIT
Sott-start voltage VjatPin10 = 2V 04 06 v
Soft-start current VjatPin10 =0V 25 50 80 uA
Input current, Shutdown V| = Pin"10 = 2.5 V 0.4 1| mA
output section
PARAMETER TEST CONDITIONS MIN TYP MAX |[UNIT
i IoH = —20 mA 18 19 v
High-level output voltage ion = —100 mA 17 18
loi. = 20 mA 0.2 0.4
Low-level output voltage Igt ~00 A 1 2 v
Under-voltage lockout voltage V} at Pins 8 and 9 high 6 7 8 v
Oscillator cutoff current (see Note 4) Ve =35V, 1g = 100 mA 200 | #A
Output pulse rise time CL=1nF, Ty = 25°C 100 600 ns
Output pulse fall time CL = 1nF, Ty = 256°C 50 300 ns
VjatPin 10 = 3V,
i ! 0.2 0.5 ns
Shutdown delay time capacitance at pin 8 = 0, Ty = 25°C
NOTE 4: Collector cutoff current specifications apply only for the SG1525A, 5§G2525A, and SG3625A devices,
total device
PARAMETER TEST CONDITIONS MIN__TYP MAX | UNIT
Minimum duty cycle 0%
Maximum duty cycle 45% 49%
14 20 mA

Standby current

Vg =35V

TEXAs INSTRUMENTS

275



TYPES SG1525A, SG1527A, $G2525A, SG2527A, SG3525A, SG3527A
PULSE-WIDTH MODULATION CONTROLLERS

(16)

REFERENCE
7.4 kQ
Ay -8
Ccr {51 /{ 22k
—» RAMP
TO PWM
2k 25 k
syne 2 L_\t v
peap-Time -2 400 l“‘l 7
5 pF
23 k0
250 Q (4)
———— OSCILLATOR
OUTPUT
1k 1kQ 14 k0 3k
12
GND —=.48 ¢
h
FIGURE 3 — OSCILLATOR SCHEMATIC DIAGRAM
TYPICAL CHARACTERISTICS
CHARGING TIME DISCHARGE TIME
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TYPES SG1525A, SG1527A, SG2525A, SG2527A, $G3525A, SG3527A
PULSE-WIDTH MODULATION CONTROLLERS

TYPICAL CHARACTERISTICS

ERROR AMPLIFIER OPEN-LOOP SG1525A OUTPUT SATURATION VOLTAGE
FREQUENCY RESPONSE vs
OUTPUT CURRENT
100 5 — .
Vi=20V
Ta=25°C
80 \ a
[s)
o s g
@ 60 < ] )
b N g it
€ S £ 3
‘s 3
9 40 \ e /
) —Ri =20 kQ2 E /
£ N 5 2 —
2 2 Q /k e
5 \ o EEns ._——/Source Saturated,
s 1 - Vc-Vou
* etV o L]
Cc_‘ o \ // Sink Saturated, VoL
Ta=25°C |4
-20 ! N 0 =1 L 1]
10 100 1k 10k 100k 1M 10M 0.01 002 +0.04 03 02 04 07 1
f—Frequency—Hz Output Saturation Voltage—V
FIGURE 6 FIGURE 7
15
vee 2L ¢
INVERTING (1)
INPUT
NONINVERTING (2) 4 TO PWM
INPUT COMPARATOR
@ 1k
COMPENSATION M-
ZOOuAl mo"Ali; 58V
GND (12) é o ’L
Values shown are nominal

FIGURE 8 — ERROR AMPLIFIER SCHEMATIC DIAGRAM
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TYPES SG1525A, $G1527A, SG2525A, SG2527A, SG3525A, S63527A
PULSE-WIDTH MODULATION CONTROLLERS

P ? -0 Vi
Vee O * T ¢

@——0 OUTPUT

HET™ =T Y|
| conNEecTIONS : ]
i

A c '
1 |
1 D i
1—&——0———&
] M INTERNAL
Isc1527a, sazs27a) INTERNAL | id
|

AND SGas27a i |CONNECTIONS: ’ L>)
L J

=

AN

|
L
!
|
1

REFERENCE ! sg1s25a,
SG2525A, AND
563525A
cLOCK F/F PWM

FIGURE 9 — OUTPUT CIRCUIT SCHEMATIC DIAGRAM

TYPICAL APPLICATION DATA

shutdown options

1.

Use an external transistor or open-collector comparator to pull down on the Compensation terminal (Pin 9). This
will set the PWM latch and turn off both driver outputs. If the shutdown signal is momentary, pulse-by-pulse protection
will be accomplished as the PWM latch is reset with each clock pulse.

The same results may be accomplished by pulling down on the Soft-Start terminal {Pin 8) with the only difference

being that on this pin shutdown will not affect the amplifier compensation network, but must discharge any soft-
start capacitance.

Application of a positive-going signal to the Shutdown terminal (Pin 10) will provide the most rapid shutdown of
the driver outputs but will not immediately set the PWM latch if there is a capacitor at the Soft-Start terminal. The
capacitor will discharge but at a current twice the charging current. The PWM latch can be set on a pulse-by-pulse
basis by the shutdown terminal if there is no external capacitance on the Soft-start terminal (Pin 8). Slow turn-on

may stjll be accomplished by connecting an external capacitor, blocking diode, and charging resistor to the
Compensation terminal (Pin 9).
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TYPES SG1525A, SG1527A, S62525A, SG2527A, SG3525A, S63527A
PULSE-WIDTH MODULATION CONTROLLERS

TYPICAL APPLICATION DATA

(15}

Vce

R1
S$G1525A

n3 R2
c

Nro

(L] OUTPUT FILTER

B (14)

GND

e

For single-ended supplies, the driver outputs are grounded.
The V¢ terminal is switched to ground by the totem-pole
source transistors on the alternate oscillator cycles.

FIGURE 10 — SINGLE-ENDED CIRCUIT

Vee

R1 J i
SG1525A - I <ct
(15) 13) ©

Vee Ve

A (11) o L1
OUTPUTS 3

8 (14) I
GND

~ C2

AY1

GND

Low-power transformers can be directly driven by the
SG1525A. Automatic reset occurs during deadtime when
both ends of the primary winding are switched to ground.

FIGURE 11 — TRANSFORMER-COUPLED CIRCUIT
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TYPES SG1525A, SG1527A, $G2525A, SG2527A, SG3525A, SG3527A
PULSE-WIDTH MODULATION CONTROLLERS

TYPICAL APPLICATION DATA

Vee
R1
SG1525A
(15)

Vee Ve
A

OUTPUTS
8

GND
GND ——————————4

In conventional push-pull bipolar designs, forward base drive
is controlled by R{ —Rg3. Rapid turn-off times for the power
devices are achieved with speed-up capacitors C1 and Ca.

FIGURE 12 — BIPOLAR PUSH-PULL CIRCUIT

Vee ’
SG1525A }
(13) t
Vee Ve
A fon l "
OUTPUTS
8 (14) l
GND =

GND ———————— ¢

The low source impedance of the output drivers provides

rapid charging of power FET input capacitance while
minimizing external components.

FIGURE 13 — LOW-IMPEDANCE BIPOLAR-DRIVE
PUSH-PULL CIRCUIT
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LINEAR TYPE TL317M, TL317C

INTEGRATED 3-TERMINAL ADJUSTABLE REGULATOR
clnculTs D2527, APRIL 1979—-REVISED JANUARY 1983
e Output Voltage Range Adjustable e Input Regulation Typically 0.01%
from1.2Vto32V Per Input-Volt Change
e Guaranteed Output Current Capability of e Output Regulation Typically 0.5%
100 mA

e Ripple Rejection Typically 80 dB

terminal assignments

TL317M. .. JG PACKAGE TL317C... LP SILECT PACKAGE
(TOP VIEW) {TOP VIEW)
INPUT OUTPUT
INPUT
NC NC
OouUTPUT
NC ADJUSTMENT
ADJUSTMENT
NC NC
Ao,

description

The TL317 is an adjustable 3-terminal positive-voltage regulator capable of supplying 100 milliamperes over an
output-voltage range of 1.2 volts to 32 volts. It is exceptionally easy to use and requires only two external resistors to
set the output voltage. Both input and output regulation are better than standard fixed regulators. The device is pack-
aged in standard packages that are easily mounted and handled.

In addition to higher performance than fixed regulators, this regulator offers full overload protection available only in
integrated circuits. Included on the chip are current limit and 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 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, the 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 graund, which programs the output to 1.2 volts 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.

Copyright © 1983 by Texas Instruments Incorporated
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TYPE TL317M, TL317C
3-TERMINAL ADJUSTABLE REGULATOR

schematic

INPUT
3100 3100 3 1909 2510 5.6k
ZAOO 313 360 0
1403
3
6700
1952 5.1k AN I ST
& O QUTPUT
v -O ADJUSTMENT
40
All component values shown are nominal
absolute maximum ratings over operation temperature range (unless otherwise noted)
Input-to-output differential voltage, Vi — VO ....... ... . s 3BV
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 1): JG package . . . .. 1050 mW
LP package ...... 775 mW
Continuous total dissipation at {or below) 25°C case temperature (see Note 1) ................ 1600 mW
Operating free-air, case, or virtual junction temperature range: TL317M .. .............. -556°C to 1560°C
TL3I7C .o 0°C to 150°C
Storage teMPErature FANGE .. ... .. .....veve e e e et et iaaenn —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, LP package ................... 260°C
NOTE 1: For operation above 25°C free-air or case temperature, refer to Dissipation Derating Table.
DISSIPATION DERATING TABLE
REFERENCE POWER DERATING ABOVE
PACKAGE
POINT RATING FACTOR (TA OR Tg)
56 Free-air 1050 mW 8.4 mW/°C 25°C
Case 1600 mW 38.4 mW/°C 108°C
wp Free-air 775 mW 6.2 mW/°C 25°C
Case 1600 mW 28.6 mW/°C 94°C
recommended operating conditions
TL317M TL317C UNIT
MIN MAX | MIN MAX
Output current, Ig 2.5 100 2.5 100 mA
Operating virtual junction temperature, T J -55 125 o] 125 °C
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TYPE TL317M, TL317C
3-TERMINAL ADJUSTABLE REGULATOR

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

PARAMETER TEST CONDITIONS! MIN. TYP MAX |UNIT
Input regulation (see Note 2) Vi-V0=3Vite3sV, |T,-25°C 001 002 %IV
See Note 3 1o = 25 mA to 100 mA 0.02 0.05
Vo=10V, f=120Hz 65
Ripple rejection Vo=10V, f=120Hz, 6 50 dB
10-uF capacitor between ADJ and ground ]
10=25mAt0100mA, [y<sy 2% mv
Ty=25C,
Output regulation See Note 3 V=5V 0.5 %
10=25mAto100mA, |Vo<5V 50 mV
See Note 3 V=5V 1 %
Output voltage change with temperature Ty=0°Cto125°C 1 %
Output voltage long-term drift (see Note 4) After 1000 h at Ty = 125°C and V| — Vo=35V 0.3 1 %
Output noise voltage f=10 Hz to 10 kHz, Ty=25C 0.003 %
Minimum output current to maintain regulation | Vj—-Vg=35V 1.5 2.5| mA
Peak output current Vi—-Vp<35V 100 200 mA
Adjustment-terminal current 50 100 | wA
Change in adjustment-terminal current V)-Vp=25V1t35V, Ig=25mA to100mA 0.2 5| A
Reference voltage (output to ADJ) V1-Vo :,3 V té 3V, lo=25mAto100mA, 1.2 125 13| V
P < rated dissipation

TUnless otherwise noted, these specifications apply for the following test conditions: V| -Vp=5Vandlg=25mA.
NOTES: 2. Inputregulation is expressed here as the percentage change in output voltage per 1-volt change at the input.

3. Input regulation and output regulation are measured using pulse techniques (tyy < 10 us, duty cycle < 5%) to limit changes in
average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account
separately.

4. 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.

TYPICAL APPLICATION DATA

REG REG
vy Vo 435V 0
(See Note D) v+ W out ——0Vo
R1 ADJ o1t
4700 | 1F1mooz
] c2=1,4F H ot :
C1=014F (soe Note B) 01 ‘Z o ‘ca,: 2
(se¢ Note A) A, FLY £ 17 e I 0,F "
= y =
TD1 discharges C2 if output
is shorted to ground.
FIGURE 1—-ADJUSTABLE FIGURE 2—-0-V to 30-V REGULATOR  FIGURE 3—ADJUSTABLE REGULATOR
VOLTAGE REGULATOR CIRCUIT CIRCUIT W:TH 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. Vet equals the difference between the output and adjustment terminal voltages.

R2
D. Output voltage is calculated from the equation: Vg = V,afCI +?>
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TYPE TL317M, TL317C

3-TERMINAL ADJUSTABLE REGULATOR

TYPICAL APPLICATION DATA

REG 12
himit = 3
v+
ADJ

FIGURE 4—PRECISION CURRENT
LIMITER CIRCUIT

REG
Vo=15V
—0

E 1N4002

V+

47“0‘9 1

FIGURE 6—~SLOW-TURN-ON 15-V
REGULATOR CIRCUIT

V+
ADJ
470

2.2k

: Ly

$This resistor sets peak current (100'mA for 6 Q).

FIGURE 8—-CURRENT-LIMITED
6-V CHARGER

Rl R2
4700 15ka

p—O Vo
S R3
2400
OUTPUT R4
ADwUST & 2ka
pe
FIGURE 5—-TRACKING PREREGULATOR
CIRCUIT

REG

v*o—4 IN
ADJ

249

.||-——|:|'——I

FIGURE 7-50-mA CONSTANT-CURRENT
BATTERY CHARGER CIRCUIT

TIP73

#—o Vo

§ 1N4002

ADJ 4 1

47 uF
104FS

9 Minimum 10ad current is 30 mA.
§Optional capacitor improves ripple rejection

\
7_-
e

9

I I

FIGURE 9—~HIGH-CURRENT ADJUSTABLE REGULATOR
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LINEAR TYPES TL4301, TL430C
INTEGRATED ADJUSTABLE SHUNT REGULATORS

c'Rcu lTs D2165, JUNE 1976 —REVISED DECEMBER 1982

Temperature Compensated LP
P ble Output Volt SILECT PACKAGE
rogrammable Output Voltage TP VIEW)

Low Output Resistance

Low Output Noise
Sink Capability to 100 mA CATHODE
description ANODE
The TL430 is a three-terminal adjustable shunt REF
regulator featuring excellent temperature stability,
RAK

wide operating current range, and low output noise.
The output voltage may be set by two external
resistors to any desired value between 3 volits and
30 volts. The TL430 can replace zener diodes in
many applications providing improved performance.

The TL430l is characterized for operation from
—25°C to 85°C, and the TL430C is characterized
for operating fromi 0°C to 70°C.

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) .. ... .. ... ... .. .. ... . 30V
ContinUoUS reguIator CUMTENT . . . . . . . o ottt et et et e e e s 150 mA
Continuous dissipation at (or below) 25 °C free-air temperature (seeNote 2) . ... .................. 775 mW
Operating free-air temperature range: TLA301 . . . .. o ottt e -40°Cto85°C
TLABOC . oot 0°Cto70°C
Storage temperature FaNGE . . . . . . oo vttt e e e e -65°Cto150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 S€CONAS . . . ... ..o v v e n e 260°C

recommended operating conditions
MIN MAX UNIT
Regulator Voltage, Vz . . ... Vref 30 \
Regulatorcurrent, Iz . ... ... . L 2 100 mA

NOTES: 1. All voltage values are with respect to the anode terminal.
2. For operation above 25 °C free-air ire, refer to Dissipation Derating Curves, Figure 5.

Copyright © 1982 by Texas Instruments Incorporated
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TYPES TL430l, TL430C

ADJUSTABLE SHUNT REGULATORS

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

PARAMETER TEST TEST CONDITIONS L4201 TL43gc uNIT
FIGURE MIN TYP MAX|MIN TYP MAX
Vret  Reference input voltage 1 VZz = Vief, 1I=10mA | 26 275 29| 25 2.75 3 A
avref Temperan‘ne coefficient of 1 Vz= Vnre', X 1z=10mA, 4120 +200 +120 ppmPC
reference input voltage Ta=0°Cto 70°C
Iz=10mA, R1=10kQ,
Iref Reference input current 2 RZZ _ mm 3 10 3 10 HA
Regui;
‘ZK egulator current near lower 1 VZ - Vref 05 2 05 2 mA
knee of regulation range
Izm Regulator current at maximum 1 Vz = Vyef 50 50 mA
limit of regulation range 2 Vz=5V1t0o30V, SeeNote3 100 100
Differential | ist Vz= ,
s ifferential regulator resistance 1 2= Vref 15 3 15 3 Q
(see Note 4) Aalz =(52-2) mA
Vz=3V 50 50
Vnhz  Noise voitage 2 f=01Hzto 10 Hz| Vz=12V 200 200 v
Vz=30V 650 650
NOTES:

3. The average power dissipation, Vz * 1z *duty cycle, must not exceed the maximum continuous rating in any 10-ms interval.
4. The regulator resistance for Vz > Ve, 7, is given by:

R1
r) =+ —
R2

PARAMETER MEASUREMENT INFORMATION

INPUT O—AM——@—————0 V7

Vref

llz

TLA30

FIGURE 1—TEST CIRCUIT FOR Vz = V,gf

INPUT O———VWA——4

R1S

L
R2 3

A

Iref

Vref

TL430

R1
VZ = Vgt (1 +—=) + 1,6 ® R1
re R2 ref

y————O0 Vz

FIGURE 2—TEST CIRCUIT FOR Vz > Vygf
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TYPES TL430I, TL430C
ADJUSTABLE SHUNT REGULATORS

TYPICAL CHARACTERISTICS

TA—Free-Air Temperature—"C

FIGURE 5

SMALL-SIGNAL REGULATOR IMPEDANCE CURRENT
vs Vs
FREQUENCY VOLTAGE
3.0 I 160 I
VZ = Vet VZ = Vref
28—, - 25°C 140—— 1, = 25°C
26 120 — Izm
i :
e 24 T 100
g l g
g 22 £ 80
T / 9 Iz
20 / = 60
1.8 [ 40 4 S—
1.6 / 20— —
’ /
14 0 zx
10 102 103 104 105 106 0 1 2 3 4
f—Frequency—Hz V—Voltage—V
FIGURE 3 FIGURE 4
THERMAL INFORMATION
LP PACKAGE
800 DISSIPATION DERATING CURVE
2 700 \*\
| '\
c
§ 600
§-3 500 \\
7]
a N
3 400
2
£ 300
Q
o
€ 200
£
3 100
=
0
25 35 45 55 65 75 85
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TYPES TL430l, TL430C
ADJUSTABLE SHUNT REGULATORS

TYPICAL APPLICATION DATA

RcL ,
Vi oA —9—0 Vour Vi o v M O tow
|
/W/R" | 300 b
|
Vref ==
L ~
1
R2 l R1
| —O
e Vout
o -0 R2 Vet
“ R‘) v O o
Vour = P =) Vet
Rz Vout =1+ :—;) Veet
IGURE 6 —SHUNT REGULATOR FIGURE 7 —SERIES REGULATOR FIGURE 8 —CURRENT LIMITER
V+ O ——0 Vour Vv, 0—O\ H Vout
v»o‘]
R1 "
IN w1 & A
out O Vout
GND
}r’ R1
1 o
_] R2
g ! Vout = Vit (1 o:—;) R2 H?
' o— o—O
Min Vour =Viet + 5 = ° ) d °
Vour = {1+ %; ) Vet B (1 ';_;”Vn-i ' Vee(Q1)
FIGURE 9—OUTPUT CONTROL OF A FIGURE 10 —HIGHER-CURRENT FIGURE 11—CROW BAR
THREE-THERMAL APPLICATIONS
FIXED REGULATOR
vV, O
OUTPUT ON
R1A 18 WHEN Vee
Low _ HIGH
1 ot <VES Limim R1A e
T ‘
q
R28 [
R2A \
R2A 3 ]E\
R28
IL &
1 >
Low limit = V gy (1 + %I +Vge Low limit = Vyef (1 + :;: )+ Vg =
R1A
High imit = Vgq (1+ 2520 High limig < Vyeq (14 %%l

FIGURE 12 —OVER-VOLTAGE/UNDER-VOLTAGE
PROTECTION CIRCUIT

FIGURE 13—Vgc MONITOR
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TYPES TL431M, TL431I, TL431C

LINEAR
INTEGRATED ADJUSTABLE PRECISION SHUNT REGULATORS
clnculTs D2410, JULY 1978—REVISED DECEMBER 1982

e Equivalent Full-Range Temperature e Fast Turn-On Response
.. 0
Coefficient . ... 30 ppm/°C Typ e Sink Current Capability . .. 1 mA to 100 mA

e Temperature Compensated for Operation Over g .
Full Rated Operating Temperature Range * Low (0.2 Typ) Dynamic Output Impedance

e Adjustable Output Voltage

e Low Output Noise Voltage

description
The TL431 is a three-terminal adjustable regulator series with guaranteed thermal stability over applicable temperature
ranges. The output voltage may be set to any value between V(ef (approximately 2.5 volts) and 36 volts with two
external resistors (see Figure 16). These devices have a typical dynamic output impedance of 0.2 2. Active output
circuitry provides a very sharp turn-on characteristic, making these devices excellent replacements for-zener diodes in

many applications.
The TL431M is characterized for operation over the full military temperature range of —55°C to 125°C. The TL431!is
characterized for operation from —40°C to 85°C, and the TL431C from 0°C-to 70°C.

terminal assignments
TL431I, TL431C ... P

TL431l, TL431C ... LP

TL431M . . JG
DUAL-IN-LINE PACKAGE SILECT PACKAGE DUAL-IN-LINE PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
REF NC A NC

REF NC A NC AAAA

ANAN

CATHODE

ANODE

REF ®
\YAYAY, VY
K NC NC NC K NC NC NC

NC—No internal connection

schematic functional block diagram

CATHODE

‘20 pF R
REFERENCE
F ; 1 REFERENCE (R)
a ‘ﬁ J ANODE ﬂ CATHODE
- 3 (A) gl S (K)

24k 120§ 2%
_T{ X

800 0

)

Component values are nominal. ANBOE

Copyright © 1982 by Texas Instruments Incorporated
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TYPES TL431M, TL4311, TL431C
ADJUSTABLE PRECISION SHUNT REGULATORS

Cathode voltage (see Note 1)

Continuous cathode current range

Reference input current range

Continuous power dissipation at (or below) 25 C free -air temperature (see Note 2) JG package

LP package
P package
Operating free-air temperature range: TL431C
TL431I
TL431M
Storage temperature range .
Lead temperature 1,6 mm (1/16 mch) from case for 60 seconds JG package
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: LP or P package
NOTES: 1. Voitage values are with respect to the anode terminal unless otherwise noted.
2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table
DISSIPATION DERATING TABLE
PCWER DERATING ABOVE
PACKAGE RATING FACTOR TA
JG 1050 MW 8.4 mW/°C 25°C
Lp 775 mW 6.2 mW/°C 25°C
P 1000 mW 80 mW/°C 25°C
recommended operating conditions
MIN
Cathode voltage, VIKA . . - .« . . v v v i e e Vief
Cathode cuirent, Ik, (for regulation) o 1

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

. —100

... 37V
mA to 150 mA

—50 uA to 10 mA

. 1050 mW
775 mW

1000 mW
0°Cto 70°C
—-40°C to 85°C

. —55°Cto0 125°C
. —65°C to 150°C

MAX
36
100

. 300°C
. 260°C

UNIT

mA

TEXAS INSTRUMENTS



TYPES TL431M, TLA431l, TL431C

ADJUSTABLE PRECISION SHUNT REGULATORS
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TYPES TL431M, TL431l, TL431C

ADJUSTABLE PRECISION SHUNT REGULATORS

PARAMETER MEASUREMENT INFORMATION

VKA
% INPUT 0—AN——@——————0 V
INPUT O—AM——@—0 VKA KA INPUT O—AM———§———0
"oﬂ
b
Ik
3 ¢
R1S
1 fref
>
Vet R23 Vref
) Ri =
VKA = Vref (1 +=7 ) +lref® R1
| R
FIGURE 1-TEST CIRCUIT FOR VKA =Vief  FIGURE 2-TEST CIRCUIT FOR VKA > Vyef FIGURE 3—TEST CIRCUIT FOR lggf
TYPICAL CHARACTERISTICS
CATHODE CURRENT CATHODE CURRENT
v
CATHODE VOLTAGE CATHODE VOLTAGE
150 T 800 -
jasl_VKA=Veer | | | | | Vi = Vet
TA=25°C Ta-25°C
100 1 < 600 1
H Iy
f 75 H 1oin
§ 50 5 400 ™
g 3
£ 0 3 200
G . ‘x
1 = =
L
, Eh // ol 1
-175 (
-100 / 200
-2 -1 0 1 2 3 -1 0 1 2 3
VK A-Cathode Voltage~V Vi a~Cathode Voltage-V
FIGURE 4 FIGURE§
NOISE VOLTAGE
OFF-STATE CATHODE CURRENT
Vs FREQUENCY
25 FREE-AIR TEMPERATURE 50
(g T Nl
Vief=0
<‘§ , ref 0
£ ~
3 5] -y
; 3
< 15—t >
3 T [
g §
S S
3 2
3 2 HH
= z
9 os v
3 -——1—J
0 /\ 0 Ll
275 50 ~25 0 25 50 75 100 125 10 40 100 400 1k 4k 10k 40k 100k

Ta~Free-Air Temperature—"C

FIGURE 6

f~Frequency—Hz

FIGURE 7
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TYPES TL4A31M, TL431I, TL43IC
ADJUSTABLE PRECISION SHUNT REGULATORS

TYPICAL CHARACTERISTICS

REFERENCE INPUT VOLTAGE REFERENCE INPUT CURRENT
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
2600 T 5 T 1
VKA = Vyef I\ | I R1=10kQ
2580 |- -
= 10 mA T T T =
2 fk=10m Vref = 2550 mV't g R2=c
I 2560 — L 4}-1K=10mA
> c
S 2540 — | £
o
Q
2 25201 % 3
3 ] 2
C -
= 2500 Ve = 2495 mv1 = ~
$ 2480
§ ~N & —
& 2460 %’ —
<
+ Vyef = 2440 mv1 %
® 2440 ref 4 S q
- \4\ —
2420
2400 0
~75 -0 —25 0 25 50 75 100 125 -75 50 -25 0 25 50 75 100 125
Ta—Free-Air Temperature—°C TA~Free-Air Temperature—°C
FIGURE 8 FIGURE 9
CHANGE IN REFERENCE INPUT VOLTAGE DYNAMIC IMPEDANCE
Vs vs
CATHODE VOLTAGE FREE-AIR TEMPERATURE
> 0 — 0.3 ——
% \ Ik =10 mA VKA = Vref
2 -5 Tp = 25°C — IK=1mA to 100 mA
2 0.25 |- £< 1 kHz
2 i
2 ) \ g 0.2 ) ——
< B
£ 15 = 3
8 \ a
e E
e -2 S o 0.5
& AN §
—25 <
£ \ 3 o1
] L
g -30 \\ E
I 0.05
e »
>
4 -40 : 0
0 5 10 15 20 25 30 35 40 -75 -50 -25 0 25 50 75 100 125
VkA—Cathode Voltage—V TA-Free-Air Temperature—"C
FIGURE 10 FIGURE 11

TData is for devices having the indicated value of V g at I = 10 mA, T4 = 25°C.
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TYPES TLA31M, TL431I, TL431C

ADJUSTABLE PRECISION SHUNT REGULATORS

Ay—-Voltage Amplification—dB Izkal—Dynamic Impedance-Q

Input and Output Voltages—\*

DYNAMIC IMPEDANCE

vs
FREQUENCY

T0fTA=25C
40} Ik = 1 mA t0 100 mA

IR
I mua

S
H
11T

1k 0k 100 k ™ 0M
t-Frequency—Hz

FIGURE 12

SMALL-SIGNAL VOLTAGE AMPLIFICATION

0T
80 - qt
50
01—
30 |-
20 4

o
1ol Ll Ll

1k 10k

{-Frequency—Hz
FIGURE 13
PULSE RESPONSE
6
Ta =25°C
INPUT
5
4
OUTPUT
2
0

o 1 2 3 4 5 6 7
1-Time—ps

FIGURE 14

TYPICAL CHARACTERISTICS

1k

@ EEson

——O OUTPUT

TEST CIRCUIT FOR DYNAMIC IMPEDANCE

. 2 —QOUTPUT

‘P
::15kﬂ 230 R
9uF i’
&—-« +
3825k -
- 0 GND

il

TEST CIRCUIT FOR VOLTAGE AMPLIFICATION

INPUT
MONITOR
220 2
& A © OUTPUT

2

PULSE s l
GENERATOR gs0a -w

f=100 kHz
OGND

W

TEST CIRCUIT FOR PULSE RESPONSE
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TYPES TL431M, TL431I, TL431C
ADJUSTABLE PRECISION SHUNT REGULATORS

TYPICAL CHARACTERISTICS 1500

AAA
WA

AAA
VA

|K‘ 150 Q e s ‘lK
+ 0ke =
=<cCL ﬁ % CL —/-: Vref w 4 v
4 sz,(
1 1

TEST CIRCUIT FOR CURVE A BELOW TEST CIRCUIT FOR CURVES B, C, AND D BELOW

STABILITY BOUNDARY CONDITIONS

100 VA S Vet |
0B VKa=5V@IK=10mA
<« 80"C VKaA=10V@Iig=10mA ’
E [P VKkaZi5Veik-10mA |
g at| [t STABLE
S 60
S & I &
:E’ 20 STABLE [ 1/\
3 30 [
A - 11
ol _TA= 25 /N o \
0 Y L —\I\
10pF 100pF 1000pF 0.01uF O.1pF 1pF  104F

C|—Load Capacitance
FIGURE 15

!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 Vka and Ik conditions with C|_= 0. V+ and C|_ were then adjusted to determine the ranges of stability.

TYPICAL APPLICATIONS

v+ O
V+ 4
Q b
Vout 300 4
V+ O—MA —@—0
T : <
/'K1 I OUTPUT
| ¢
y 4 Ven=2V w0 |
ref -~ uF S
INPUT Voge= V4 $
s | o—-ww—-k off
SR2 | _I R1
| Vith) ~ 25V A &—o0
o P oo ! Vo
R1 ° 'I“_‘ 32
Vout ® (1 + _)Vref
R2, o -0

FIGURE 16—~SHUNT REGULATOR

FIGURE 17—-SINGLE-SUPPLY COMPARATOR

WITH TEMPERATURE-
COMPENSATED THRESHOLD

RY
Vout = |1+ Vref
R

FIGURE 18—SERIES
REGULATOR
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TYPES TL431M, TL431I, TLA31C
ADJUSTABLE PRECISION SHUNT REGULATORS

TYPICAL APPLICATIONS

v+ o——— V+ 0—Wv—1 -0 Vour V+O—O\ 9——1 Vout
<
N ’ Rl/f
uA7805 OUT 0 Vout R1 4
COMMON
/if R1 W
>
:: R2- 1 R2 <
1 R2
Vout = V| (1 MLl = o e —o
out = Vref R2
Min Vout = Veef +5 V Vout = (‘ e )Vrei Viimit = (1 +— ) Vyef
FIGURE 19— OUTPUT CONTROL OF A FIGURE 20—-HIGHER-CURRENT FIGURE 21-CROW BAR
THREE-TERMINAL SHUNT REGULATOR
FIXED REGULATOR
Vi O V+ O—@— AA
< OUTPUT ON
R1AS R1B ¢ 3 WHEN Sris < 1
7 LOW _,, _ HIGH R1A 1 3 §:
4 LMIT S umir
q
: R2B s *k
>
R2A S RZAE: SR8
3
< ' 4 o
= R1B -L
- Low limit = V 1 m— =
Low limit = V o¢ (1 +— )+ VBE ref( )
R2B R28
o R1A B RIA LED ON WHEN

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

v+
3 &\ 1'out

N lout
V+ H M -0

RcL [

FIGURE 23—VOLTAGE MONITOR

V+ O Wy

AAA o

o
m
m
£
2
AYl
/1
o
&z

2 Rs
V+ Vref
Delay = R-C-ln ————— lout =—
(V4 = Ve Y Rey,
FIGURE 24—-DELAY TIMER FIGURE 25—-CURRENT LIMITER OR FIGURE 26—CONSTANT-CURRENT SINK

CURRENT SOURCE
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LINEAR
INTEGRATED
CIRCUITS

TYPES TL493, TL494, TL495
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

D2535, JANUARY 1983

Complete PWM Power Control Circuitry

Uncommitted Outputs for 200-mA Sink or
Source Current

Output Control Selects Single-Ended or
Push-Puli Operation

Internal Circuitry Prohibits Double Pulse at
Either Output

Variable Dead-Time Provides Control Over
Total Range

Internal Regulator Provides a Stable 5-V
Reference Supply Trimmed to 1%

Circuit Architecture Allows Easy
Synchronization

TL493 Has Output Current-Limit Sensing

TL495 Has On-Chip 39-V Zener and
External Control of Output Steering

description

The TL493, TL494, and TL495 each incorporate 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,
these devices offer the systems engineer the flexibility
to tailor the power supply control circuitry to his
application.

The TL493 contains an error amplifier, current-limiting
amplifier, an on-chip adjustable oscilfator, a dead-time
control comparator, pulse-steering control flip-flop, a
5-volt, 1%-precision regulator, and output-control
circuits.

The error amplifier exhibits a common-mode voltage
range from —0.3 volts to VcC — 2 volts. The current-
limit amplifier exhibits a common-mode voltage range
from —0.3 volts to 3 volts with an offset voltage of
approximately 80 millivolts in series with the inverting
input to ease circuit design requirements. The dead-
time control comparator has a fixed offset that
provides approximately 5% dead time when 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 circuits in synchronous
multiple-rail power supplies.

TL493C ... JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

ERROR J NONINV INPUT[]1 {J16[JNONINV INPUT | CURRENT
AMP 1 INV INPUT[2  15[JINV INPUT LIMIT AMP
FEEDBACK[]3  14[JREF OUT
DEAD-TIME CONTROL[J4  13[JOUTPUT CONTROL
crds  1200Vee
RTJe n[jc2
GND[7  10[JE2
cis__ of1E1
TL494M . . . J
TLA94Y, TLA94C . .. JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
ERROR{NONINV inpuT[fT Ul NONINY INPUT}ERROR
AMP 1 INV INPUT[]2  15[JINV INPUT AMP 2
FEEDBACKEB 1a[JREF OUT
DEAD-TIME CONTROL[Ja  13[JOUTPUT CONTROL
crlds 120Vee
RTJe n[Jc2
GND[7  10[JE2
cills _ of1E1

TL495I, TL495C ... JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

errOR J NONINV INPUT [J1 T 18[JNONINV INPUT | ERROR
AMP 1 INVINPUT[J2  17[JINV INPUT AMP 2
FEEDBACK[]3  16[JREF OUT
DEAD-TIME CONTROL[J4  1s[Jvz
CTE5 14[JOUTPUT CONTROL
RT[Je  13[JSTEERING INPUT
eNb[d7 12[JVce
ciJs  nfjc2
ellls  10[]E2

DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES

TL493 | TL494 | TL495
TL49—-M * J *
TL49—I * JN J.N
TL49—C | JN J.N J.N

*These combinations are not defined by this data sheet.

FUNCTION TABLE

INPUTS
OUTPUT STEERING
CONTROL INPUT OUTPUT FUNCTION
(TL495 only)

V<04V Open Single-ended or parallel output
V) z 24V Open Normal push-pull operation
Viz24V | V=04V PWM Output at Q1

Viz 24V V) =24V PWM Output at Q2

TEXAS INSTRUMENTS
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TYPES TL493, TL494, TL495

PULSE-WIDTH-MODULATION CONTROL GCIRCUITS

description (continued)

The uncommitted 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 zener 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.

The TL494M is characterized for operation over the full military temperature range from —55°C to 125°C. The TL494I
and TL495| are characterized for operation from —25°C to 85°C. The TL493C, TL494C, and TL495C are characterized

for operation from 0°C to 70°C.

functional block diagram

’r STEERING INPUT
TL495 ONLY
| (SEE FUNCTION TABLE)

B
-} r OUTPUT CONTROL

| : {SEE FUNCTION TABLE)I
|
I i

Rt I R O [ R PR |
Cy ————¢
c1
DEAD-TIME CONTROL 1D
01V COMPARATOR - E1
DEAD -
TIME ~——f c2
CONTROL
ERROR AMPLIFIER > €2
NONINVERTING PWI PULSE-STEERING
INPUT + X COMPARATOR FLIP-FLOP
INVERTING _
INPUT
PO o
| ERROR AMPLIFIER _} Fe—————— .
NONINVERTING _| | | ] 1 vee
INPUT | -1 ) I
INVERTING _! _ | I rererence
INPUT | | || REGULATOR VREF
L _TL498 AND TLags | & I
[ "CORRENTLIMIT ! | 1 l
NONINVERTING | AMPLIFIER | ,_CD_F A np
INPUT o, 1§ == :
INVERTING _| 1fo7mal .
weur ! ! L s omy !
L. _messomy _ |

FEEDBACK
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TYPES TL493, TL494, TL485
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

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

TL494I TL493C
TL4A94AM TL495! TL494C UNIT
TL495C
Supply voltage, Ve (see Note 1) 41 41 41 v
Amplifier input voltages Vce+0.3 | Vec+0.3 Vee+0.8 \'
Collector output voltage 41 41 41 \"
Collector output current 250 250 250 mA
Continuous total dissipation at {(or below)
25°C free-air temperature (see Note 2) 1000 1000 1000 mw
Operating free-air temperature range -551t0 125 | —251t0 85 Oto 70 °C
Storage temperature range -65to 1560 | -65 to 150| —65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300 300 300 °Cc
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 260 I 260 °C

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Table. In the J package, TL494M chips are alloy-mounted; TL493C,
TL494I, TL494C, TL495!, and TL495I chips are glass mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
RATING FACTOR Ta

J (Alloy-Mounted Chip) 1000 mW | 11.0 mW/°C 59°C
J (Glass-Mounted Chip) 1000 mW 8.2 mw/°C 28°C

PACKAGE

N 1000 mW 9.2 mW 41°C
recommended operating conditions
TL494! TL493C
TL4A94M TL495I TL494C UNIT
TL495C
MIN MAX MIN MAX MIN MAX
Supply voltage, Vce 7 40 7 40 7 40 v
Amplifier input voltages, V| -0.3 Veeg-2 -0.3 Vgg-2 -0.3 Vce-2 \
Collector output voltage, Vo 40 40 40 v
Collector output current {each transistor) . 200 200 200 mA
Current into feedback terminal 0.3 0.3 0.3 mA
Timing capacitor, CT 0.47 10 000 0.47 10 000 0.47 10 000 nF
Timing resistor, Ry 1.8 500 1.8 500 1.8 500 kQ
Oscillator frequency 1 300 1 300 1 300 kHz
Operating free-air temperature, TA -55 125 -25 85 o 70 °C
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TYPES TL493, TL484, TL495
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

electrical characteristics over recommended operating free-air temperature range, Vgc = 15V, f = 10 kHz

{unless otherwise noted)

reference section

TL493C
TL494M TL494l, TL494C
PARAMETER TEST CONDITIONS UNIT
TL495I, TL495C
MIN TYP} MAX | MIN TYP! MAX
Output voltage (Vief) lo = 1 mA 4.75 5 5.25 | 4.75 5 5.256 \2
Input regulation Vec = 7Vto40V 2 25 2 25 mV
Output regulation Io =1t 10mA 1 15 1 15 mV
Output volt: h:
uiput voltage change ATA = MIN to MAX 0.2 1 0.2 1| %
with temperature
Short-circuit output current$ Vief = 0 10 35 50 35 mA
oscillator section
TL493C
TL494M TL494I, TL494
PARAMETER TEST CONDITIONS T 94C UNIT
TL495l, TL495C
MIN TYP! MAX | MIN TYP! MAX
Frequency Ct = 0.01 4F, Rt = 12kQ 10 10 kHz
Standard deviation of frequencyy | All values of Vo, CT, RT, TA constant] 10 10 %
Frequency change with voltage Ve =7Vt040V, Ta = 25°C 0.1 0.1 %
i CT = 0.01 4F, RT = 12 k9,
Frequency ch th temperature 4 2 %
q ¥ change wi peratur ATA = MIN to MAX
- amplifier sections (see figure 1)
PARAMETER TEST CONDITIONS MIN TYPY MAX | UNIT
Error 2 10
Input offset voltage |current-limit- | VQ (pin 3) = 2.5V 80 mV
(TL493 only)
Input offset current Vo (pin3) = 2.5V 25 250 nA
input bias current VO (pin3) = 2.5V 0.2 1 rA
-0.3
Error to
C -mode input Vee-2
ommon-mode inpu Vee = 7Vt0 40V cc v
voltage range o -0.3
Current-limit ‘0
(TL493 only) 3
Open-loop vol Error . 70 95
pen-ioop VOtage I Cumrentdiimit | AVg = 3V, Vo = 0.5Vt 3.5V dB
amplification 90
(TL493 only)
Unity-gain bandwidth 800 kHz
Error 65 80
Common-mod:
OMMONMote  [Cumentiimit | Vcc = 40V, Ta = 25°C d8
rejection ratio 70
(TL493 only)
Output sink current (pin 3) Vip=-15mVto -5V, V(pin 3 =05V 0.3 0.7 mA
Output source current (pin 3) Vip=15mVto5V, ngin 3 =356V -2 mA
tFor conditions shown as MIN or MAX, use the appropriate value ified under d op g

2-100

Al typical values except for

are at Tp = 25°C.

changes with

SDuration 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 o =
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TYPES TL493, TL494, TL485
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

electrical characteristics over recommended operating free-air temperature range, Vcg = 15V, f = 10 kHz
(unless otherwise noted)

output section

TL493C
PARAMETER TEST CONDITIONS TLA94M TLA94), TLA94C UNIT
TL495I, TL495C

MIN TYP! MAX | MIN TYP! MAX

Collector off-state current VCe = 40V, Ve = 40V 2 100 2 100 pA
Emitter off-state current Vec=Vc =40V, VE=0 -150 -100 prA
Collector-emitter [Common-emitter VE =0, Ic = 200 mA 1.1 1.5 1.1 1.3 v
saturation voltage [Emitter»follower Vg =15V, Ig = =200 mA 1.5 2.5 1.5 2.5

Output control input current V| = Vyef 3.5 3.5 mA

dead-time control-section (see figure 2)

PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT
Input bias current (pin 4) V] =0to5.25V -2 -10 pA
Maximum duty cycle, each output Vi (pin 4) = 0 45 %
. Zero duty cycle 3 3.3
Input threshold voltage (pin 4) - \
Maximum duty cycle (4]

pwm comparator section (see figure 2)

PARAMETER TEST CONDITIONS MIN TYP¥ MAX | UNIT
Input threshold voltage (pin 3) Zero duty cycle 4 4.5 \Y
Input sink current (pin 3) V(pin 3) = 0.7V 0.3 0.7 mA

steering control (TL495 only)

PARAMETER TESV CONDITIONS MIN MAX UNIT

V) = 0.4V -200
Input current nA
V) = 24V 200
zener-diode circuit (TL495 only)

PARAMETER TEST CONDITIONS MIN TYP¥ MAX UNIT
Breakdown voltage Vee =41V, Iz =2mA 39 \
Sink current Vipin 15) = 1V 0.3 mA

total device

PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT

Pin 6 at Vief, Vee =15V 6 10
Standby supply current in©a _"’f cc 5 mA
All other inputs and outputs open|Vcc = 40 V 9 15
Average supply current V(pin 4) =2V, See Figures 1 7.5 mA
switching characteristics, TA = 25°C

PARAMETER TEST CONDITIONS MIN TYP} 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 coefficients are at Tp = 256°C.
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TYPES TL493, TL494, TL485
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

PARAMETER MEASUREMENT INFORMATION

AMPLIFIER
UNDER TEST
o— D
FEEDBACK
TERMINAL
O -
O
_E -O- +
Vet Ot —
OTHER
AMPLIFIER

FIGURE 1 — AMPLIFIER CHARACTERISTICS

etz =V CC
vee 18V VOLTAGE
ATCt
s °
]’ w

150 03150 ¢
2w3g2 =z=c-Veo
Vee
VOLTAGE

————— DEAD-TIME c1 ouTRUT 1 ATC2
TEST ’ .
INPUTS € L [

-1 FEEDBACK

12 k0

i =
AT c2 ouTpuT 2
VOLTAGE
E‘_)AQ__ cr €2~ e
Ehadis () STEERING o (OPEN)
ROL [~

(-1 CONTS "| rass
) AMPLIFIERS vz . (OPEN) ONLY

) CEAD-TIME THRESHOLD VOLTAGE — =
REF CONTROL
ouTPUT ouTPUT INPUT
CONTROL
50 k2 ov

.

THRESHOLD VOLTAGE ~ —,
|
]
1
)

FEEDBACK
07V
DUTY - MAX 0% o
CYCLE 0% —j—am]
TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 2 — DEAD-TIME AND FEEDBACK CONTROL
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TYPES TL493, TL494, TL495
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

PARAMETER MEASUREMENT INFORMATION

15V
68 2,
o= —— = — 2W
(EACH OUTPUT
CIRCUIT)

OUTPUT

CL=15pF
(includes probe and

jig capacitance)

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

FIGURE 3—~COMMON-EMITTER CONFIGURATION

15V

{(EACH OUTPUT |
CIRCUIT)

OouTPUT

(includes probe and
jig capacitance)

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

FIGURE 4—EMITTER-FOLLOWER CONFIGURATION
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TYPES TL493, TL494, TLAY

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

100 k
40 k

10 k
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8

Oscillator Frequency—Hz
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100
90
80
70
60
50

30
20

Voltage Amplification—dB

TYPICAL CHARACTERISTICS

OSCILLATOR FREQUENCY and
FREQUENCY VARIATION® vs
TIMING RESISTANCE

Vee=15V

" Ta=25°C

——2%

a
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17

.

0,
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R
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~
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/

A
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o
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”
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"n\ {l

1k 4k
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FIGURES

AMPLIFIER VOLTAGE AMPLIFICATION
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FREQUENCY

I

V(;(;=15Vﬂ

N\

AVQ=3V

N

Ta=25°C A

N

AN

1 10

100 1k

10k ™

f—Frequency—Hz

FIGURE 6

TFrequency variation (Af) is the change in oscillator frequency that occurs over the full temperature range.
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LINEAR TYPE TL496C
INTEGRATED CIRCUITS 9-VOLT POWER-SUPPLY CONTROLLER

D2486, AUGUST 1978—REVISED DECEMBER 1982

JGORP

e Internal Step-Up Switching Regulator DUAL-IN-LINE PACKAGE

e Fixed 9-Volt Output fropview

e Charges Battery Source During reepack [T U 8[JouTeuT
Transformer-Coupled-Input Operation 2c[2 7 ﬁ GND

o  Minimum External Components Required INPUT < 1C[]3  s[dsW
{1 Inductor, 1 Capacitor, 1 Diode) 7004 s[IGND

e 1- or 2-Cell-Input Operation

Pins 5 and 7 are connected together internally.

description

The TL496 power supply control circuit is designed to provide a 9-volt regulated supply from a variety of input
sources. Operable from a 1- or 2-cell:battery input, the TL496 performs as a switching regulator with the addition of a
single inductor and filter capacitor. When ac coupled with a step-down transformer, the TL496 operates as a series
regulator to maintain the regulated output voltage and, with the addition of a single catch diode, time shares to
recharge the input batteries.

The design of the TL496 allows minimal supply current drain during stand-by operation (125 uA typical). With most
battery sources this allows a constant bias to be maintained on the power supply. This makes power instantly available
to the system thus eliminating power-up sequencing problems.

functional block diagram

(8)

4
T INPUT LN—— oV l OUTPUT

SERIES
REGULATOR

L FEEDBACK

? (6)
SWITCH
3-v) (2)
2C INPUT SWITCHING

VOLTAGE
(1.5-v) (3) REGULATOR
1C INPUT CONTROL

[
(5) SeeNote 1 7
GND GND

NOTE 1: Pins 5 and 7, though connected together internally, must both be terminated to ground to ensure proper circuit operation.

Copyright © 1982 by Texas Instruments Incorporated
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TYPE TL496C
9-VOLT POWER-SUPPLY CONTROLLER

absolute maximum ratings

input voltage:

T Y7 3 VA

Pin3 . . e e e e e e e e . 25V

Pind . . . . . .y 20v
Output voltage (Pin 6) O VY
Diode reverse voltage (Pin8) . . . . . . . . . . . . . . . . . . . . . oo 12y
Switchcurrent (Pin@) . . . . . . . . . . . . . . . . . ... ... ... 12A
Diodecurrent (Pin8) . . . . . . . . . . . . . . .. ..o 12A
Operating free-air temperaturerange . . . . . . . . . . . . . . . . . . . . ... ... 0Cto70°C
Storage temperaturerange . . . . . . . . . . . .+ . e i i e e e .. ... .—65°Ct0150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds - . . . . . . . . . . . . . . . . . .260°C

electrical characteristics at 25°C free-air temperature

series regulator section (input is pin 4)

PARAMETER TEST CONDITIONS MIN TYP MAX{UNIT
Dropout voltage V=5V, lo = -50 mA 1.5 2{ Vv
v =20V lp = 9.6 10.1 11.2
feautated outout vol ! lo--80mA | 90100 110
e output volt
qulated output voltage V=20V, 0= _504A | 85 90 9.7
Pin 1 shorted to0 pin 8 10 = —80 mA 6.7 86 95
Standby current (pin 4) V=20V, Pin8at 12V 400( uA
Reverse current thru pin 4 Vi=-15V, 1 mA into Pin 8 =25} uA
output switch
PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
VCE(sat) Collector-emitter saturation voltage 800 mA into Pin 6, Pin2at225V 035 06| V
diode (pin 6 to pin 8)
PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
Vg Forward voltage lg=156A 16 25| V
IR Reverse current thru pin 6 Pin6at0OV, 1mA into Pin8 —20} uA
control section
PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT
On-state current (pin 2) Pins1and8at0V, Pin2at3V 60 100} mA
Standby current {pin 1) Pin1at865V, Pins 2and 6 at 3 V 40( uA
Standby current (pin 2 and 6) Pin1at865YV, Pins2and 6 at 3 V 400{ upA
Start-up current (current into .
. L Pins1,2,6and8at 225V 16 mA
pin 6 to initiate cycle)
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TYPE TL496C
9-VOLT POWER-SUPPLY CONTROLLER

TYPICAL APPLICATION DATA

CIRCUIT COMPONENT INFORMATION
L D1: 1N4001
Cg: 330 to 470 uF, 10 V, electrolytic
L:40to 50 H, Q ~ 3, R < 0.15 Q2
T1: Vgee = 6.8V RMS typ., Rgee = 11 2 typ.

® ©®

T
T swW
d_—-qy@——l 2¢ outrut|—(8) ouTPUT
‘ = TLa%6
3 @——-7 reeosack—(1)
GND __ GND Cr
o1 & :
——& &— GND

FIGURE 1—ONE-CELL OPERATION

CIRCUIT COMPONENT INFORMATION
D1: 1N4001
[ Cg: 330 to 470 uF, 10 V electrolytic
@ L: 40to50uH, Q= 3, R<0.156Q

sw

T1: Vsee = 6.8 V RMS typ., Rgee = 11 2 typ.
T 1c
» @——1 2c OuTPUT 8 oUTPUT
é TLag6
oy @—— T FEEDBACK —@
GND

GND Ce
o1 &
7 5
>) ; GND
FIGURE 2-TWO-CELL OPERATION
recommended operating conditions
MIN MAX | UNIT
Input voltage, one-cell operation (pins 2 and 3 to ground) 1.1 1.5 \
input voltage, two-cell operation (pin 2 to ground) 2.3 3 \
Input voltage, one-cell or two-cell operation (pin 4 to ground) Vot2 20 \

typical electrical characteristics for circuits above

PARAMETER ONE-CELL OPERATION (FIGURE 1) TWO-CELL OPERATION (FIGURE 2)

Input current No load 125 uA 125 uA

Ry =120Q 525 mA 405 mA

Without T1 7.2V 8.6V
Qutput voltage With T1 86V oV
Output current capability 40 mA 80 mA
Efficiency 66% 66%
Battery life (AA NiCad) no load 60 days 166 days

TExAs INSTRUMENTS
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TYPE TL486C
9-VOLT POWER-SUPPLY CONTROLLER

functional description

The TL496 is designed to operate from either a single-cell or two-cell source. To operate the device from a single cell
(1.1 V to 1.5 V) the source must be connected to both inputs 1C and 2C as shown in Figure 1. For two-cell operation
(2.3 V to 3.0 V), the input is applied to the 2C input only and the 1C input is left open (see Figure 2).

battery operation

The TLA496 operates as a switching regulator from a battery input. The cycle is initiated when a low voltage condition is
sensed by the internal feedback (the thresholds at pin 1 and pin 8 are approximately 7.2 and 8.6 volts respectively). An
internal latch is set and the output transistor is turned ““on.” This causes the current in the external inductor (L) to
increase linearly until it reaches a peak value of approximately 1 ampere. When the peak current is sensed the internal
latch is reset and the output transistor is turned “off.”” The energy developed in the inductor is then delivered to the
output storage capacitor through the blocking diode. The latch remains in the off state until the feedback signai
indicates the output voltage is again deficient.

transformer-coupled operation

The TL496 operates on alternate half cycles of the ac input during transformer-coupled operation to, first, sustain the
output voltage and, second, recharge the batteries. The TL496 performs like a series regulator to supply charge to the
output filter/storage capacitoi during the first half cycle. The output voltage of the series regulator is slightly higher
voltage than that created by the switching circuit;/this maintains the feedback voltage above the switching regulator
control circuit threshold. This effectively inhibits the switching control circuitry. During the second half cycle an
external diode (1N4001) is used to clamp the negative going end of the transformer secondary to ground thus allowing
the positive-going end (end connected to V+ side of battery) to pump charge into the stand-by batteries.
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LINEAR TYPES TL497AM, TLA97AIl, TLA97AC
INTEGRATED CIRCUITS SWITCHING VOLTAGE REGULATORS

D2225, JUNE 1976 —-REVISED JANUARY 1983

All Monolithic

High Efficiency . .. 60% or Greater TLA97AM ... .J
TL497AI, TLA97AC....JOR N
Output Current . . . 500 mA DUAL-IN-LINE PACKAGE (TOP VIEW)
Input Current Limit Protection
e TTL Compatible Inhibit Voo oS ORE BASE LECTOR NC_ TER

% 13 12 n 10 9 8

4

e Adjustable Output Voltage

CURRENT
LIMIT

e Input Regulation . .. 0.2% Typ

e Output Regulation . .. 0.4% Typ
e Soft Start-up Capability »

description

12v
RE
The TL497A incorporates on a single monolithic chip :

all the active functions required in the construction 1 2 3 4 5 6 7

of a switching voltage regulator. It can also be used as TOM. INFIBIT FREQ SUB. GND CATH. ANODE
N PARATOR CON- STRATE ODE

the control element to drive external components for INPUT TROL

high-power-output applications. The TL497A was

designed for ease of use in step-up, step-down, or NC—No internal connection

voltage inversion applications requiring high

efficiency.

A block diagram of the TL497A is shown in the above pinout. The TL497A is a fixed-on-time variable-frequency
switching voltage regulator control circuit. The on time is programmed by a single external capacitor connected
between the frequency control pin and ground. This capacitor, CT, is charged by an internal constant-current generator g
to a predetermined threshold. The charging current and the threshold vary proportionally with Vg, thus the on time
remains constant over the specified range of input vo\tagé (5 to 12 volts). Typical on times for various values of CT are

as follows:
TIMING CAPACITOR, CT (pF) 200 | 250 | 350 [ 400 | 500 | 750 | 1000 | 1500 | 2000
ON-TIME (us) 191 22f 26| 32| 44| 56 80| 120 180

The output voltage is controlled by an external resistor ladder network (R1 and R2 in Figures 1, 2, and 3) that provides
a feedback voltage to the comparator input. This feedback voltage is compared to the reference voltage of 1.2 volts
(relative to the substrate pin) by the high-gain comparator. When the output voltage decays below the value required to
maintain 1.2 V at the comparator input, the comparator enables the oscillator circuit, which charges and discharges CT
as described above. The internal pass transistor is driven on during the charging of CT. The internal transistor may be
used directly for switching currents up to 500 milliamperes. Its collector and emitter are uncommitted and it is current
driven to allow operation from the positive supply voltage or ground. An internal Schottky diode matched to the
current characteristics of the internal transistor is also available for blocking or commutating purposes. The TL497A
also has on-chip current-limit circuitry that senses the peak currents in the switching regulator and protects the inductor
against saturation and the pass transistor against overstress. The current limit is adjustable and is programmed by a
single sense resistor, RCL, connected between pin 14 and pin 13. The current-limit circuitry is activated when 0.7 volt
is developed across Rg|. External gating is provided by the inhibit input. When the inhibit input is high, the output is
turned off.

Simplicity of design is a primary feature of the TL497A. With only six external components (three resistors, two
capacitors, and one inductor), the TL497A will operate in numerous voltage conversion applications (step-up, step-
down, invert) with as much as 85% of the source power delivered to the load. The TL497A replaces the TL497 in all
applications.

The TL497AM is characterized for operation over the full military temperature range of —55°C to 125°C, the TL497AI
is characterized for operation from —25°C to 85°C, and the TL497AC from 0°C to 70°C.

Copyright © 1983 by Texas Instruments Incorporated
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TYPES TL497AM, TL497AI, TL497AC

SWITCHING VOLTAGE REGULATORS

NOTES: 1.
2. Above 28°C free-air temperature, derate the N package at the rate of 9.2 mW/° C. Above 41° C free-air

Input voltage, V¢ (see Note 1) R
Outputvoltage . . . . . . . . . . . . . . .
Comparator input voltage
Inhibit input voltage
Diode reverse voltage
Power switchcurrent . . . . . . . . . . . L L oL Lo
Diode forward current .
Continuous total dissipation at (or below) 25 C free -air temperature (see Note 2)
Operating free-air temperature range: TLA97AM . . .

TLA49TAI

TL497AC
Storage temperature range .
Lead temperature 1,6 mm (1/16 mch) from case for 60 seconds J package
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package

All voltage values except diode voltages are with respect to network ground terminal.

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

15V

35V

.5V

LBV

35V

750 mA

750 mA

.. 1000 mW
. —55°Cto 125°C
—25°C 10 85°C
0°Cto 70°C

. —65°C to 150°C
. 300°C

. 260°C

derate the J gl

package at the rate of 8.2 mW/° C. Above 59°C free-air temperature, derate the J alloy-mounted package at the rate of 11.0 mW/°C. In the J package,

TL497 AM chips are alloy-mounted; TL497AC chips are glass-mounted.

recommended operating conditions

MIN MAX UNIT

Input voltage, V) 45 12 \
Output voltage: step-up conﬁguratmn (see F;gure 1) Vi+2 30 \
step-down configuration (see Figure 2) Vief Vi—1 \"

inverting regulator (see Figure 3) —Vref -25 \

Power switch current 500 mA
Diode forward current 500 mA

electrical characteristics at specified free-air temperature, V| = 6 V (unless otherwise noted)
TLA497AM, TL497AI TL497AC
+ .

PARAMETER TEST CONDITIONS MIN _ Tvpf MAX | MIN _TvpT MAX UNIT
High-level inhibit input voltage 25°C 2.5 2.5 Vv
Low-level inhibit input voltage 25°C 0.8 0.8 Vv
High-level inhibit input current | V() =5V Full range 0.8 1.5 0.8 1.5 mA
Low-level inhibit input current | Vj(j)=0V Full range 5 20 5 10 uA
Comparator reference voltage =45V to6V Fulirange | 1.14 1.20 1.26 | 1.08 1.20 1.32 \
Comparator input bias current Vy=6V Full range 40 100 40 100 BA

; ) [ig=100mA | 25°C 013 02 013 0.2
Switch on-state voltage V=45V [1g =500 mA | Full range 1 0.85 \4
. _ 25°C 10 50 10 50
Switch off-state current V=45V, Vp=30V "Fi range 500 300 uA
Current-limit sense voltage Vi=6V 25°C 0.45 11 0.45 1 v
10 =10mA Full range 0.75 095 0.75  0.85
Diode forward voltage 10 =100 mA Full range 0.9 1.1 0.9 1 \Y
10 = 500 mA Full range 1.33 1.75 1.33  1.55
. 1o = 500 uA Full range 30
Diode reverse voltage 1o = 200 4A Full rangs 30 \"
On-state suppl t BC L 4 1 14 mA
PRIy curren Full range 16 15
25°C 6 9 6 9
Off-state sépply current Full range 7 0 mA

tFun range for TL4A97AM is =55°C to 125° C, for TL497AI is —25°C to 85° C, and for TL497AC is 0°C to 70°C.

T ANl typical values are at T 5 = 25°C.
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TYPES TL497AM, TL497AIl, TL4ASTAC,
SWITCHING VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

o gty v DESIGN EQUATIONS

M| | Vo
W 0 g At ® |pk =2Ip max I:T]
|

Tuaey ik

\%
o L(uH)= G}(’ ton(us)

A2
| ok Lt Choose L (50 to 500 uH), calculate
ton (25 to 150 us)

BASIC CONFIGURATION e CrlpF)= 12 tonlus)

{lpk < 500 mA)
. e R1=(Vg—12)kQ

W s 0 g . RCL:_'_

"‘ ek

4
AL
of
£

TLas7

Vi | |
- +
Vo PK t10

T * CF WF) = ton —————
Panad i P
Lﬁi__F_‘{,_fv__“__ ripple (PK)

EXTENDED POWER CONFIGURATION
(USING EXTERNAL TRANSISTOR)

FIGURE 1-POSITIVE REGULATOR, STEP-UP CONFIGURATIONS

DESIGN EQUATIONS

e lpg =210 max

Vi-Vo
e L (uH) = — toplus)
IpK

Choose L (50 to 500 uH), calculate

BASIC CONFIGURATION ton (10 to 150 us)
1pK < 500 mA)
e Cy(pF) = 12 toplus)
oo . v e R1=(Vg—1.2)kQ
¥ b 05V
1 r e RoL=—
W o O " IPK
TLa9? CF VI
ooipktlo
L2 s 4 s s s 72 . Cr R~ v
= L Flwkl~ton =0
[ lL Tcrl l Vripple (PK)
=2

EXTENDED POWER CONFIGURATION
(USING EXTERNAL TRANSISTOR)

FIGURE 2—POSITIVE REGULATOR, STEP-DOWN CONFIGURATIONS
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TYPES TL497AM, TLA97AI, TL497AC
SWITCHING VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

“O_II 1 Vol
® ipk=2Ilpmax |1+ —

Vi

TLag? e

Vi
® L (uH) = — toplus)
Pk

R
* 1280

- Choose L (50 to 500 uH), calculate
p ton (25 to 150 us)
BASIC CONFIGURATION

(IpK < 500 mA) ® CT1(pF) =12 toplus)
- ® R2=(Vg—1.2)kQ
0.5V
® RoL=—
Tc; IpK
l — lpk+l0
NES 1 e e
T T 0w e CF (uF)~
Vripple (PK)
EXTENDED POWER CONFIGURATION *Use external catch-diode, e.g., 1N4001, when building an
(USING EXTERNAL TRANSISTOR) inverting supply with the TL497A.
FIGURE 3—~INVERTING APPLICATIONS
E " C . O *
CIRCUIT
conTROL
TL497
5
1

EXTENDED IiNPUT CONFIGURATION WITHOUT CURRENT LIMIT

Reu
Vi O—9 -OVvo

DESIGN EQUATIONS
VBE(Q1)

REGM =

Himit (PK)

controL
4 \7
Rl =——
IB(Q2)

R2=(Vrgg —1) 10 k2

CURRENT LIMIT FOR EXTENDED INPUT CONFIGURATION
FIGURE 4—EXTENDED INPUT VOLTAGE RANGE (V| > 15 V)
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LINEAR TYPES TL580C
INTEGRATED CIRCUITS MICRGPOWER DUAL SWITCHING REGULATOR

D2723, MARCH 1983

® High Efficiency . . . 80% Typ JGORP
DUAL-IN-LINE PACKAGE
® Low Bias Current . . . 140 4A

(TOP VIEW)
® Two Channels, Each with Output Voltage Adjustment INpUT B[1 U 8[]ouTtput B
Channel A:  Output Voltage 2.5 V to 24 V cr2 7(] INPUT A
Output Current 100 mA ouTPuT A3 s[]SYNC B
Channel B:  Output Voltage 2.5 V to 24 V GND[]4 s[]Vvce

Output Current 1.8 mA
® Special Multifunctional Operation-Select Pin

description

The TL580 is a monolithic, micropower, dual-switching regulator designed for use in battery applications. The output
voltage of each channel is adjustable. Floating the special pin, SYNC B, causes Channel B to be synchronized to the
oscillator in the same manner as Channel A. Shorting SYNC B to ground blocks the oscillator from Channel B, then
Channel B becomes a single-input comparator for low-battery indicator detection.

Both Channel A and Channel B are referenced to a band-gap generator. An external capacitor on the Ct input (Pin 2)
sets the oscillator frequency between 100 hertz and 160 kilohertz.

The TL580C can attain up to 80-percent efficiency while operating over a supply voltage range of 2.4 volts to 30 volts
at an ultralow bias current of 140 microamperes.

The TL580C is characterized.for operation from 0°C to 70°C,

functional block diagram (positive logic)

(2)

cr ]
5) REF
Vee—1 131v osc —
oo _“__i
3 OUTPUT A
npuT A 2
sync s ¢
(8)
QUTPUT B
INPUT B {
PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated
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LINEAR
INTEGRATED
CIRCUITS

TYPES TL593, TL594, TL595
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

D2712, APRIL 1983

Complete PWM Power Control Circuitry

Uncommitted Outputs for 200-mA Sink or
Source Current

Output Control Selects Single-Ended or
Push-Pull Operation

Internal Circuitry Prohibits Double Pulse at
Either Output

Variable Dead-Time Provides Control Over
Total Range

Internal Regulator Provides a Stable 5-V
Reference Supply Trimmed to 1%

Circuit Architecture allows Easy
Synchronization

Under-Voltage Lockout for Low Vcc
Conditions

TL593 has Output Current-Limit Sensing

TL595 has On-Chip 39-V Zener and External
Control of Output Steering

Improved Direct Replacements for TL493,
TL494, and TL495

description

The TL593, TL594, and TL595 devices, each
incorporate 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, these devices offer the systems
engineer the flexibility to tailor the power supply
control circuitry to his application. The TL593, TL594,
and TL595 are improved direct replacements for the
TL493, TL494, and TL495.

The TL593 contains an error amplifier, current-limiting
amplifier, an on-chip adjustable oscillator, a dead-time
control comparator, pulse-steering control flip-flop,
5-volt regulator with a precision of 1%, an under-
voltage lockout control circuit, and output control
circuitry.

The error amplifier exhibits a common-mode voltage
range from —0.3 volts to Vcc — 2 volts. The current-
limit amplifier exhibits a common-mode voltage range
from —0.3 voits to Vcc —6 voits with an offset
voltage of approximately 80 millivolts in series with
the inverting input to ease circuit design requirements.
The dead-time control comparator has a fixed offset
that provides approximately 5% dead time when
externally altered. The on-chip oscillator may be
bypassed by terminating RT (pin 6) to the reference
output and providing a sawtooth input to Cr
(pin 5), or it may be used to drive the common circuitry
in synchronous multiple-rail power supplies.

TL693M . . . J
TL5931, TLE93C ... JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

ERROH{NONINV iNpUT[ Uss[INONINY INPUT}CURRENT
AMP 1 INV INPUT[J2  15[JINV INPUT LIMIT AMP
FEEDBACK@:& 14{JREF OUT
DEAD-TIME CONTROL[J4  13[JOUTPUT CONTROL
cr(s 12%Vcc
RT[Js mn[Jc2
GND[]7  10[JE2
ci]s  o[JE1
TL594M . . . J
TL594I, TL594C . . . J OR N
DUAL-IN-LINE PACKAGE (TOP VIEW)
EHROR{NONle INPUT[] NONINV INPUT}ERROR
AMP 1 INV INPUT INV INPUT AMP 2
FEEDBACK REF OUT
DEAD-TIME CONTROL OUTPUT CONTROL
Cr Vee
RT C2
GND% E2
aj E1
TL695I, TLE95C . .. J OR N
DUAL-IN-LINE PACKAGE (TOP VIEW)

ERROR J NONINV INPUT]1 {J18[JNONINV INPUT | ERROR
AMP 1 INV INPUT[]2 17§INV INPUT AMP 2
FEEDBACK[]3  16[JREF OUT

DEAD-TIME CONTROL[Ja  1s[]Vz
ct(§s  14[JOUTPUT CONTROL
Ry[J6  13[JSTEERING INPUT
GNDE7 12[JVee
cils  nfdc2
E1Jo  10[JE2

DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES

TL693 | TL594 | TL595
TLS9-M| J J *
TLS9—I | J,N JN JN
TL59—-C| JN JN JN

*These combinations are not defined by this data sheet.

FUNCTION TABLE

Texas IN

INPUTS
STEERING
OuTPUT INPUT OUTPUT FUNCTION
CONTROL
(TL595 only)
V)| <04V Open Single ended or parallel output
V) > 24V Open Normal push-pull operation
V| > 24V V) <04V PWM Output at Q!
V) > 24V V<24V PWM Output at Q2
Copyright © 1983 by Texas Instruments Incorporated
STRUMENTS
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TYPES TL593, TL594, TL695
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

description (continued)
The uncommitted output transistors provide either common-emitter or emitter-follower output capability. Each device
provides for push-pull or single-ended output operation with selection by means of the output-control function. The
architecture of these devices prohibits the possibility of either output being pulsed twice during push-pull operation.
The under-voltage lockout control circuit locks the outputs off until the internal circuitry is operational.

The TL593 and TL594 are similar except that an additional error amplifier is included in the TL594 instead of a current-
limiting amplifier. The TL595 provides the identical functions found in the TL594. In addition, the TL595 also contains
an on-chip 39-volt zener 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.

The TL593M and TL594M are characterized for operation over the full military temperature range from —55°C to
125°C. The TL593I, TL594I, and TL595) are characterized for operation from —25°C to 85°C. The TL593C, TL594C,
and TL595C are characterized for operation from 0°C to 70°C.

functional block diagram

| STEERING INPUT 1 OUTPUT CONTROL
TL595 ONLY |
| (SEE FUNCTION TABLE) |

(SEE FUNCTION TABLE)

RT
OSCILLATOR
Cc7 ————g

DEAD-TIME CONTROL
COMPARATOR

c1

E1

c2
P— >
E2
PULSE-STEERING
FLIP-FLOP

=01V

. DEAD
4 TIME ——-4}-——
S - CONTROL

NONINVERTING

b c1

ERROR AMPLIFIER

INPUT COMPARATOR
INVERTING
INPUT J— g
| ERROR AMPLIFIER ~‘I Fm—————— -
NONINVERTING _| | 1 T UNDER VOLTAGE vee
INPUT | LOCKOUT
INVERTING | || rererence CONTROL
INPUT | | | REGULATOR
v I
L _TL594 AND TL595 _, | |
I CoRRENTLMT ) i P Vher
NONINVERTING | AMPLIFIER | ,__q} 1 A I s
INPUT 1 o7ma !
INVERTING _| If—, vz
INPUT ] J ] ! " rises omy !
L__msssomy _ |

FEEDBACK ——
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TYPES TL693, TL694, TL535
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

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

TLE93! TLE93C
1tggiz TLES4I TLE94C UNIT

TL696I TL6S6C
Supply voltage, Vcc (see Note 10 41 41 41 v
Amplifier input voltages Vee+0.3 | Vee+0.3 | Veg+0.3 \"
Collector output voltage 41 41 41 \
Collector output current 250 250 250 mA
Continuous total dissipation at (or below)
25°C free-air temperature (see Note 2) 1000 1000 1000 mw
Operating free-air temperature range ~-551t0 125/ -251t0 85| O to 70 °C
Storage temperature range -85 to 150|-65 to 150|-65 to 150| °C
Lead temperature 1,6 mm (1/18 inch) from case for 80 seconds: J package 300 300 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package 260 260 °C

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. For operation above 25 °C free-air temperature, refer to Dissipation Derating Table. in the J package, the TL593M and TL594M chips are alloy-
mounted; TL593I, TLE93C, TL594I, TL594C, TL595I, and TLE95C chips are glass mounted.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
RATING FACTOR Ta
J (Alloy-Mounted Chip) 1000 mW  11.0 mW/°C 59°C
J (Glass-Mounted Chip) 1000 mW 8.2 mW/°C 28°C

PACKAGE

N 1000 mW 9.2 mW 41°C
recommended operating conditions
TL593! TLE93C
TLE93M TL594| TL594C
TL594M UNIT
TL59SI TL696C
MIN MAX MIN MAX MIN MAX
Supply voltage, Vo 7 40 7 40 7 40 \Y
Amplifier input voltages, V| -0.3 Vec-2 -0.3 Veeo~-2 -0.3 Vee-2 \
Collector output voltage, Vo 40 40 40 \Y
Collector output current (each transistor) 200 200 200 mA
Current into feedback terminal 0.3 0.3 0.3 mA
Timing capacitor, CT 0.47 10 000 0.47 10 000 0.47 10 000 nF
Timing resistor, RT 1.8 500 1.8 500 1.8 500 kQ
Oscillator frequency 1 300 1 300 1 300 kHz
Operating free-air temperature, TA -55 125 -25 85 0 70 °C

TEXAS INSTRUMENTS 2417



TYPES TL593, TL5694, TL595
PULSE-WIDTH-MODULATION CONTROL CiRCUITS

electrical characteristics over recommended operating free-air temperature range, V¢ = 15V, f = 10 kHz

(unless otherwise noted)

reference section

TL593M TL693I, TL693C
PARAMETER TEST CONDITIONS T TL594M TL8941, TLS94C UNIT
TL595I, TL595C
MIN TYP! MAX | MIN TYP! MAX
Output voltage (Vief) o = 1mA, Ta = 25°C 4.95 5 5.05 | 4.95 5 5.05 \
Input regulation Ve = 7Vt040V, Tp = 25°C 2 25 2 25 mV
Qutput regulation o = 1to 10 mA, Ta = 25°C 14 35 14 35 mV
Output voltage change ATA = MIN to MAX 0.2 1 0.2 1] %
with temperature
Short-circuit output current’ Vief = 0 10 35 60 10 35 50 mA
oscillator section, CT = 0.01 uF, RT = 12 kQ (unless otherwise noted)
TL593M TL593I, TL593C
PARAMETER TEST CONDITIONS TLE94M TLS94I, TLS94C UNIT
TL595I, TL595C
MIN_TYP! MAX | MIN TYP} MAX
Frequency 10 10 kHz
Standard deviation of frequency§ | All values of Vg, CT, RT, TA constant 10 10 %
Frequency change with voltage Vee =7V1040V, Tp = 25°C 0.1 0.1 %
Frequency change with temperature| ATp = MIN to MAX 4 2 %
amplifier sections (see figure 1)
PARAMETER TEST CONDITIONS MIN TYPY MAX UNIT
Error 2 10
Input offset voltage |current-limit Feedback pin at 2.5 V 80 mvV
(TL593 only)
Input offset current Feedback control at 2.5 V 25 250 nA
Input bias current Feedback control at 2.5 V 0.2 1 rA
-0.3
Error to
Cormen e o ‘
Current-fimit to
(TL593 only) Vee-6
Error 70 95
:);:::;Ii:::o:\oltage Currentlimit | AVp = 3V, Vo = 05Vt 3.5V % B
(TL593 only)
Unity-gain bandwidth 800 KkHz
Error 65 80
Common-mede
Current-limit } Vcc = 40V, Ta = 25°C 70 dB
rejection ratio
{TL593 only)
Output sink current (pin 3) Vip = -15mV to -5V, Feedback control at 0.5 V 0.3 0.7 mA
Output source current (pin 3) Vip=15mVto 5V, Feedback at 3.5 V -2 mA

TFor conditions shown as MIN or MAX, use the ppropri:

value under rec

*All typical values except for parameter changes with temperature are at Tq = 25°C.
SDuration of the short-circuit should not exceed one second.

Istandard deviation is a measure of the statistical distribution about the mean as derived from the formula

o=
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TYPES TL593, TL594, TL595
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

electrical characteristics over recommended operating free-air temperature range, Veg = 15V, f = 10 kHz

{unless otherwise noted)

dead-time control section (see figure 2)
PARAMETER TEST CONDITIONS MIN TYP! MmAX | uniT
Input bias current (pin 4) Vi =0to 525V -2 -10 uA
Maximum duty cycle, each output Dead-time control at O V 45 %
Input threshold volt. (pin 4) Zero duty cycle 3 3.3 v
volta i
nput thresho 9¢ fpin Maximum duty cycle 0
output section
Tl 1, TL593C
PARAMETER TEST CONDITIONS TL594M ! UNIT
TL5951, TL595C
MIN TYP! MAX MIN TYP? MAX
Vce = 40V, Vec =40V 2 100 2 100
= VE=0V,
Collector off-state current Ve =15V, E uA
Vee =103V, 4 200 4 200
Dead-time and output control pins at 0 V
Emitter off-state current Vcc =V =40V, VE=0 - 150 -100 A
Collector-emitter ]Common-eminer VE =0, Ic = 200 mA 1.1 1.5 1.1 1.3 v
saturation voltage]Emitter-fullowev Vg =15V, Ig = -200 mA 1.5 2.5 1.5 2.5
Output control input current V) = Viet 3.5 3.5 mA
pwm comparator section (see figure 2)
PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
Input threshold voltage (pin 3). Zero duty cycle 4 4.5 \%
Input sink current (pin 3) V(p;n 3) =05V 0.3 0.7 mA
under-voltage lockout section
TL593I, T
T NDITIONS T ’ UNIT
PARAMETER EST CONDITIONS TL594M TL5951, TLE95C
MIN TYP MAX MIN TYP MAX
TA = 25°C 6 6
Threshold voltage ATA = MIN to MAX 3 69| 35 69| ¥
Hysteresis| 30 100 mv
total device
PARAMETER TEST CONDITIONS MIN TYP¥ MAX | uNnIT
Pin 6 at Vief, Ve = 15V 9 15
Standby supply current All other inputs mA
and outputs open Vee =40V 1 18
Average supply current Deadtime Control t 2 V, 12.4 mA
9 PRIy See Figure 2 :
Ror conditions shown as MIN or MAX, use the value under
LAl typical values except for hanges with e are at T4 = 25°C.

les(eresis is the difference b the p

going input

voltage and the negative-going input threshold voltage.

TExAs INSTRUMENTS
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TYPES TL593, TL594, TL695
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

switching characteristics, Tp, = 25°C

PARAMETER TEST CONDITIONS MIN TYP' MAX UNIT
Output voltage rise time Common-emitter configuration, 100 200 ns
Output voltage fall time See Figure 3 30 100
Output voltage rise time Emitter-follower configuration, 200 400

ns
Qutput voltage fall time See Figure 4 45 100
*All typical values are at Ta = 25°C
PARAMETER MEASUREMENT INFORMATION
AMPLIFIER
UNDER TEST
O
FEEDBACK
TERMINAL
o N
O
_L C’
vfe' O_—
OTHER
AMPLIFIER

FIGURE 1 — AMPLIFIER CHARACTERISTICS
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TYPES TL593, TL594, TL535
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

PARAMETER MEASUREMENT INFORMATION

vee 15V
150 08150 @
d2wg2w
Vee ]
DEAD-TIME c1 OUTPUT 1
TEST e
INPUTS 1
o] FEEDBACK =
—AM—— RT c2 OUTPUT 2
Al
Py =L
=000 STEERING | = oo
= AMPLIFIERCSONTROL Thoos
(+) (open) | ONLY
L
= (-
REF
ouTPUT OUTPUT
L
sok$ CONTROL
1 GND
TEST CIRCUIT
————— Vee
VOLTAGE
ATCY 2
-=-=--0
SR —==--VcC
VOLTAGE
AT C2
- U U,
VOLTAGE
ATCT
DEAD-TIME THRESHOLD VOLTAGE = =
CONTROL |
INPUT X
|
ov | 1
| |
|
: ) THRESHOLD VOLTAGE ~ —
! |
FEEDBACK | | |
| |
| | ;
07V +
DUTY 1 f——e-max few— 0% =
CYCLE 0% —fm—en]

VOLTAGE WAVEFORMS

FIGURE 2 — DEAD-TIME AND FEEDBACK CONTROL
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TYPES TL593, TL594, TL595
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

PARAMETER MEASUREMENT INFORMATION

15V

68 Q,
2w

(EACH QUTPUT |
CIRCUIT)
ouTPUT

CL=15pF
(includes probe and

jig capacitance)

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

FIGURE 3—-COMMON-EMITTER CONFIGURATION

15V

(EACH OUTPUT |
CIRCUIT)

ouTPUT

(includes probe and
jig capacitance)

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

FIGURE 4—-EMITTER-FOLLOWER CONFIGURATION
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TYPES TL593, TL594, TL595
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

TYPICAL CHARACTERISTICS

OSCILLATOR FREQUENCY and
FREQUENCY VARIATIONT vs
TIMING RESISTANCE

100 k EavAsa Ty
s Vee=
40k 7 H TA=25°C ]
».——‘2% 7 I N5 i i 1
7 A= 17 COTRNY
» 10 k =T 00/1,:::
I 0 A
z 4k : 0% <
c 1N NER,
El 1 ™ N1~ \
g 1k by NG, LLLLLC
w R EmER i =
= 400
H cx KFafT=19% PR
3 "NAH N N
5 100 N, N,
40 =
N
10 IN

1k 4k 10k 40k 100k 400k 1M
RT—Timing Resistance-Q

FIGURE 5

AMPLIFIER VOLTAGE AMPLIFICATION
vs

FREQUENCY
100 T
%0 . vVee=15V |
AVp=3V
TA=25°C -
" 80 \ A
L 70 \
S
3 N
= 50
£ \
<
@
o
£ 30 AN
o
$ N\
N
0 \|

1 10 100 1k 10k ™
f—Frequency—Hz

FIGURE 6

tFrequem:y variation (Af) is the change in oscillator frequency that occurs over the full temperature range.
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LINEAR SERIES TL780
INTEGRATED CIRCUITS POSITIVE VOLTAGE REGULATORS

D2643, APRIL 1981

e +1% Output tolerance at 25°C NOMINAL
® +2% Output Tolerance Over Full Operating OUTPUT | REGULATOR
Ran VOLTAGE
ge
5V TL780-05C
e Thermal Shutdown 12V TL780-12C
e |Internal Short-Circuit Current Limiting 5V TL780-15C
e Pinout Identical to uA7800 Series KC PACKAGE
e (TOP VIEW)
description .
. » ) ) ) E——==> OUTPUT
Each fixed-voltage precision regulator in this series O [ ~———— COMMON
is capable of supplying 1.5 amperes of load current. INPUT

A unique temperature-compensation technique THE COMMON TERMINAL IS [N
coupled with an internally trimmed bandgap reference ELECTRICAL CONTACT WITH
has resulted in improved accuracy when compared THE MOUNTING BASE

to other three-terminal regulators. Advanced layout T0-220AB

techniques provide excellent line, load, and thermal
regulation. The internal current limiting and thermal
shutdown features make the devices essentially immune
to overload.

schematic

®- 8- ©— O INPUT
: T 2
x

)
‘ o) oS
D= ™

VW

b >
$ S :»
OUTPUT
()
$
x ]
[

la

AAA

L

A,

W\~

_ _ . _ ——O COMMON

Copyright © 1981 by Texas Instruments Incorporated
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SERIES TL780
POSITIVE VOLTAGE REGULATORS

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

INPUL VOITAGE . . . ot sttt i e e e e s
Continuous total dissipation at 25°C free-air temperature (see Note 1)
Continuous total dissipation at (or below) 25°C case temperature (see Note 1) . ...................
Operating free-air, case, or virtual junction temperature range . .. ..

Storage teMPErature raNGE . . . . .. oot v ittt e e e e

Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds . . .

15W

0 to 150°C
—65 to 150°C

260°C

NOTE 1: For operation above 25° 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 thermal resistance, the built-in thermal overload

N

protection may be activitated at power levels slightly above or below the rated dissipation.

FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVE

CASE TEMPERATURE

DISSIPATION DERATING CURVE

2000
z 1800 \
g gl 14 \
~ c
-§ 1600 § 1
B 1400 2 \
g ]
£ 1200 s \
2 1000 3 8
3 2 \
£ =
§ 800 g 6
[a) o
€ 600 £
5 4
E 400 |- Derating factor = 16 mW/°C E )
F RoJA ~ 62.5°C/W x Derating factoor =0.25 W/°C
= 200 } { 4 = above 90°C
Rgyc =4°C/W
0 [ l l o LReJc /
25 50 75 100 125 150 25 50 75 100 125 150
o
TA—Free-Air Temperature—°C Tc—Case Temperature— C
FIGURE 1 FIGURE 2
recommended operating conditions
MIN  MAX UNIT
TL780-05C 7 25
Input voltage, V| . TL780-12C 145 30 \%
TL780-15C 17.5 30
Output current, lg 1.5 A
Operating virtual junction temperature, Ty [e] 125 °c

2126
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SERIES TL780
POSITIVE VOLTAGE REGULATORS

TL.780-05C electrical characteristics at specified virtual junction temperature,
V=10V, Io =500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYP MAX UNIT
= 1 25°C 4.95 5 5.05
Output voltage lo=5mAto1A, P<15W ~ < v
Vi=7Vto20V 0°Ct0125°C 4.9 5.1
Input fati Vi=7Vto25V 25°¢C 0.5 5 v
nput regulation
putres Vi-8Vi0i2V 05 5] "
Ripple rejection Vi=8Vto18V, f=120 Hz 0°Cto 125°C 70 85 dB
lp=5mAto15A 4 25
Output regulation 25°
put reg 10 = 250 mA to 760 mA ¢ s ] ™
Output resistance f=1kHz 0°C to 125°C 0.0035 Q
Temperature coefficient | 5mA 0°C 10 125°C -
=5m 0
of output voltage o to 0.25 mV/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 75 uV
Dropout voltage lp=1A 25°C 2 A
Bias current 25°C 5 8 mA
Vi=7Vto25V
Bias current change ! 2 0°C to 125°C 0.7 1.3 oA
io=5mAto1A 0.03 0.5
Short-circuit output current | V) =35V 25°C 750 mA
Peak output current 25°C 2.2 A
TL780-12C electrical characteristics at specified virtual junction temperature,
V=19V, 0 = 500 mA (unless otherwise noted)
PARAMETER TEST CONDITIONST MIN TYP MAX | UNIT
Output volta '0=SmAtoi A, P<i5W 25°C 11.88 12 1212 |
P 9 Vi=145V 1027V 0°Cio125°C |11.76 12.24
Vi=145Vto30V 1.2 12
. ° \Y
Input regulation VI=16Vio22V 25°C 2 2 m
Ripple rejection Vi=15Vto 25V f=120 Hz 0°C t0 125°C 65 80 dB
Io=5mAto15A ° 6.5 60
Output lati 25°C mV
Viput reguiation 10 = 250 mA to 750 mA 25 36
Output resistance f=1kHz 0°C 10 125°C 0.0035 Q
Temperature coefficient 10=5mA 0°C 10 125°C 06 mvre
of output voltage
Output noise voltage f=10 Hz to 100 kHz 25°C 180 In%
Dropout voltage lop=1A 25°C 2 v
Bias current 25°C 5.5 8 | mA
Vi=145V 1030V R R 04 13
Bi t ch 0°Ct0125°C mA
as eurrent ehange 10-5mAto1 A 003 05
Short-circuit output current | V) =35V 25°C 350 mA
Peak output current 25°C 2.2 A

1 All characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.22 uF. All characteristics
except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycles < 5%). Output voltage changes
due to changes in internal temperature must be taken into account separately.
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SERIES TL780
POSITIVE VOLTAGE REGULATORS

TL780-15C electrical characteristics at specified virtual junction temperature,
Vi =23V, lg =500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS? MIN TYP MAX UNIT
10=5mAto1A, P<15W 25°C 14.85 15 15.15 v
Output voltage V|=17.5V 1030V 0°Ct0125°C | 14.7 15.3
V=175V to30V 1.5 15
i 25°C mV
input regulation ViS00V BV 5 15
Ripple rejection V=185V t0 285V f=120 Hz 0°Cto 125°C 60 75 dB
I0=-5mAto15A R 7 75
Output regulation 0 25°C mV
10 = 250 mA to 750 mA 25 45
Output resistance f=1kHz 0°C to 125°C 0.0035 Q
Temperature coefficient ° o
P eten 10=5mA 0°C to 125°C 062 mv/PC
of output voltage
Output noise voltage f =10 Hz to 100 kHz 25°C 225 n%
Dropout voltage 10=1A 25°C 2 Vv
Bias current 25°C 5.5 8| mA
5 Cen V| =175V 030 V ] 04 13 N
ias current change ° ° m.
9 I0-5mAt 1A 0'Cro125°C 002 05
Short-circuit output current | V) =35V 25°C 230 mA
Peak output current 25°C 22 A |

due to changes in internal temperature must be taken into account separately.

T All characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the outputof 0.22 uF. All characteristics
except noise voltage and ripple rejection ratio are measured using pulse techniques (t, < 10 ms, duty cycle < 5%). Output voltage changes

TYPICAL APPLICATION DATA

INPUT

TL780 O

output?

*C1 required if regulator is far from power supply filter.

C1=0.33uF* T

lﬂ-——o

TC2 not required for stability, however transient response is improved

8 Permanent damage can occur if output is pulled below ground.

C2=022uFt T

2128
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LINEAR TYPE TL783C

INTEGRATED HIGH-VOLTAGE ADJUSTABLE REGULATOR
CIRCUITS D2659, SEPTEMBER 1981 —REVISED JANUARY 1983
o Output Adjustable From 1.25 V To KE PACKAGE
125-Volt (TOP VIEW)
e 700 mA Output Current ‘ o L inPUT
[~—— OUuTPUT
e Full Short-Circuit, Safe-Operating-Area, and e ABJUSTMENT

Thermal Shutdown Protection THE OUTPUT TERMINAL 1S IN

e 0.001 %/V Typical Input Regulation ELECTRICAL CONTACT WITH
THE MOUNTING BASE
e 0.15% Typical Output Regulation T0-220AB

e 76 dB Typical Ripple Rejection
e Standard TO-220AB Package

description

The TL783 is an adjustable 3-terminal positive-voltage regulator with an output range of 1.25 volts to 125 volts and a
DMOS output transistor capable of sourcing more than 700 milliamperes. It is designed for use in high-voltage applica-
tions where standard bipolar regulators cannot be used. Excellent performance specifications . .. superior to those
of most bipolar regulators . . . are achieved through circuit design and advanced layout techniques.

As a state-of-the-art regulator, the TL783 combines standard bipolar circuitry with high-voltage double-diffused MOS
transistors on one chip to yield a device capable of withstanding voltages far higher than standard bipolar integrated
circuits. Because of its lack of secondary breakdown and thermal runaway characteristics usually associated with bipolar
outputs, the TL783 maintains full overload protection while operatifig at up to 125 volts from input to output. Other
features of the device include current limiting, safe-operating-area (SOA) protection, and thermal shutdown. Even if
the adjustment pin is inadvertently disconnected, the protection circuitry remains functional.

Only two external resistors are required to program the output voltage. An input bypass capacitor is necessary only
when the regulator is situated far from the input filter. An output capacitor, although not required, will improve
transient response and protection from instantaneous output short-circuits. Excellent ripple rejection can be achieved
without a bypass capacitor at the adjustment terminal.

functional block diagram

Vi
ERROR INP;J_‘IJ
AMPLIFIER R2
Vo~VRer| 1+ ==
1

-

P —0 Vo
OUTPUT
PROTECTION
CIRCUITRY Vet R1
ADJUST] ‘
R2
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M

TYPE TL783C
HIGH-VOLTAGE ADJUSTABLE REGULATOR

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

Input-to-output differential voltage, V) — VO ... ... . 126V
Continuous total dissipation at {or below) 25°C free-air temperature (see Note 1) . .................. 2w
Continuous total dissipation at (or below) 25°C case temperature (see Note 1) . . ... ... ... 20W
Operating free-air, case, Or Virtual junction teMPerature range . ... ......................- 0°C to 150°C
Lead temperature 1/16 inch (1,6 mm) from case for 10seconds ... ............... ... ... ...... 260°C

NOTE 1: For operation above 25° free-air or case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction temperature,

Maximum Continuous Dissipation—mW

these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal resistance, the buiit-in thermal overload
protection may be activitated at power levels slightly above or below the rated dissipation.

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVES
2000 22
1800 = 20 N -
L 18 N
1600 o \
g 16
1400 2 \
2 14
1200 o N
3 12
2
1000 2 \
g 10
800 g g
£ N
600 g 6
) E
400 Derating facno)r 7 16 mW/°C ,’_é 4 Derating factor = 250 mW/°C \
R ~ 62.5 C/W
200 A 4 I L = 2} above 070°C \
—— e
0 0 1 I
25 50 75 100 125 150 25 50 75 100 125 150
Ta—Free-Air Temperature—°"C Tc — Case Temperature — °C
FIGURE 1 FIGURE 2

recommended operating conditions

MIN MAX UNIT

Input-to-output voltage differential, Vi —VQ .......... ... ... .. ... 125 \
Output current, 10 .. ..o e 15 700 mA
Operating virtual junction temperature, TJ . ... ...ttt ettt 0 125 °c

2130
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TYPE TL783C
HIGH-VOLTAGE ADJUSTABLE REGULATOR

electrical characteristics at V| -VQ =25V, Ig=0.5 A, Ty =0°C to 125°C (unless otherwise noted)

{output to ADJ)

PARAMETER TEST CONDITIONS? MIN TYP MAX | UNIT
. Ty=25°C 0.001 0.01
Input regulation ¥ VI-V0=20Vt0 125V [ > . %IV
[T)=0Cro125°C 0004 0.02
Ripple rejection AVi(pp)=10V, V=10V, f=120 Hz 66 76 dB
Vo<5V 7.5 25 mV
10 = 15 mA to 700 mA, Ty=25°C 0<%
) Vo>5V 015 05| %
Output regulation Vo <EV 20 70 v
m
10 = 15 MA to 700 mA o
Vp=5V 0.3 15 %
Output volt h,
.u put voltage change 04 %
with temperature
Output voltage 1000 h at Ty = 125°C, V| -Vpg=125V, 02
long-term drift See Note 2 )
Output noise voltage f=10 Hz to 10 kHz, Ty=25C 0.003 %
Minimum output current
o . V) -Vg=125V 15| mA
to maintain regulation
Vi—-Vpg=25V, t=1ms 1100
Peak output . Vi —Vp=15V, t=30ms 715 A
'eak output curren
" V| -Vg=25V, =30 ms 700 900
Vi-Vpo=125V, t=30ms 100 250
Adjustment-terminal 83 110 uA
current
Change in adjustment- L
) Vi—-Vp=156Vto 125V, lo=15mA to 700 mA, P < rated dissipation 0.5 5 MA
terminal current
Refi It
erence voltage V|—V0=10V10 125V, 1g=15mAto700mA, P<rateddissipation | 1.2 127 13| V

T All characteristics except noise voltage and ripple rejection are measured using pulse techniques (t,y € 10 ms, duty cycle < 5%) to limit changes

in average internal dissipation. Output voltage changes due to large changes in internal dissipation must be taken into account separately.
*lnput 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.
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TYPE TL783C
HIGH-VOLTAGE ADJUSTABLE REGULATOR

Output Current Limit — A

Ripple Rejection — dB

OUTPUT CURRENT LIMIT
vs
INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL
2.0

18 = 1ms—]
16
14
w2 N

» I/\ \\ Te=0°C
1.0 =
I ARNE
06 l I

Tc=25°C
04 T = 125°C =
02
¥
o ||
) 25 50 75 100 125

V| = VQ - Input-to-Output Voltage Differential — V.

FIGURE 3

RIPPLE REJECTION

vs
OUTPUT VOLTAGE
120
17T T7T
Vi{av) -Vo =25V
100 1 [ WVipp =10V .
1o = 100 mA
f=120 Hz
o A\ co-0
N Ty=28°C
60
e s Y S
40
20

0 10 20 30 40 50 60 70 80 90 100
VO - Output Voltage — V.

FIGURE 6

TYPICAL CHARACTERISTICS

Output Current Limit — A

Ripple Rejection — dB

Output Impedance — 2

OUTPUT CURRENT LIMIT
vs
INPUT-TO-QUTPUT VOLTAGE DIFFERENTIAL
2.1

18 f—tw=30

1.6

14

12
1.0 \

Y /4 NI
06 JARNIN Te-25°C
04 \

I —
U

Te=125°C

Tg=0°CT
I I

0.2

0

0 2% 50 7% 100 125
V| = VQ - Input-to-Output Voltage Differential — V

FIGURE 4

RIPPLE REJECTION

OUTPUT CURRENT

100
80
/.,—r-\._-\\{
60
40 —Vi(Av) = 36
AVi(pp) =10V
Vo=10V
20— f=120Hz
Co=0
Ty=25°C
| [
0 100 200 300 400 500 600 700 800
10 — Output Current ~ mA
FIGURE 7
OUTPUT IMPEDANCE
v
FREQUENCY
102
10! Ve
1
101 /
N
102 |4
V=35V
Vg=10V
103 10 = 500 mA
Ty=25°C
104 1 L
100 102 103 104 105 106 107
f~Frequency—Hz
FIGURE 9

Output Current Limit — A

Ripple Rejection — dB

OUTPUT CURRENT LIMIT
vs

TIME
16 T
Vi-Vg=25V
14 \ Tc=25C |
12
10
08
06
0.4
02
0 10 20 30 40
Time — ms
FIGURE 5

RIPPLE REJECTION

FREQUENCY

i
lIIHII

Mt

I

f = Frequency — kHz

FIGURE 8
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TYPE TL783C
HIGH-VOLTAGE ADJUSTABLE REGULATOR

Vet — Reference Voltage — V

TYPICAL CHARACTERISTICS

REFERENCE VOLTAGE

VIRTUAL JUNCTION TEMPERATURE

130 T
1]
1aglVi=20V

lo=15mA <

Y

1.28 1

H

127 £

1 ’\ 3

1.26 €

E

125 2

<

124 1

2

1.23 }— — -

22
~76-50 -25 0

25 50 75 100 125 150 175

Tj — Virtual Junction Temperature — °C

AV(—Output Voltage Deviation— %

V Deviation — V.

Vi Change — V

FIGURE 10

o

I
o
~

!
o
@

L
°
e

-0.5

-0.2

LOAD REGULATION
s
VIRTUAL JUNCTION TEMPERATURE

T I
V=25V
Vos5V
10 = 15 mA to 700 mA

N

0 2% 50 75

100 125 150

Ty - Virtual Junction Temperature — °C

FIGURE 13

LINE TRANSIENT RESPONSE

Ty=25°C
Co-0

Co = 10uF

Time — s

FIGURE 15

90

86

80

ADJUSTMENT-TERMINAL CURRENT

VIRTUAL JUNCTION TEMPERATURE

DROPOUT VOLTAGE
vs
VIRTUAL JUNCTION TEMPERATURE

25
V=25V / AV =100 mV
}—VO = Vref 20
10 = 500 mA o
> |1
! \O_ ol
% 15 ~ &
£ —1 500
g T
- // A
5
g 10 1o 250 ™A
¢ L L 2
e i0 = 100 mA
5 F—10 = 15 ma—|
o ]
0 2 50 75 100 125 ~75 50 -25 0 25 50 75 100 125
Ty - Virtual Junction Temperature — °C TJ = Virtual Junction Temperature — °C
FIGURE 11 FIGURE 12
MINIMUM OUTPUT CURRENT
TO MAINTAIN REGULATION
v
INPUT VOLTAGE
2
10

Tg=0°C—y

10—Output Current-mA
>

=z o
B = 128°C
4
2
0
0 25 50 75 100 125
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FIGURE 14
LOAD TRANSIENT RESPONSE
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2k
0
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-4}
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Time —pus

160 200 240

FIGURE 16
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TYPE TL783C
HIGH-VOLTAGE ADJUSTABLE REGULATOR

DESIGN CONSIDERATIONS

The internal reference (see functional block diagram) is used to generate 1.25 volts nominal (Vyef) between the output
and adjustment terminals. This voltage. is developed across R1 and causes a constant current to flow through R1 and
the programming resistor R2, giving an output voltage of:

VO = Vref. {1 + R2/R1) + Igj (R2)
or
VO = Vyef (1 + R2/R1).

The TL783 was designed to minimize |adi and maintain consistency over line and load variations, thereby minimizing
the ladj (R2) error term.

To maintain 'adj at a low level, all quiescent operating current is returned to the output terminal. This quiescent
current must be sunk by the external load and is the minimum load current necessary to prevent the output from
rising. The recommended R1 value of 82 ohms will provide a minimum load current of 16 milliamperes. Larger values
may be used if the input-to-output differential voltage is less than 125 volts (see minimum operating current curve)
or if the load will sink some portion of the minimum current.

Bypass capacitors

The TL783 regulator is stable without bypass capacitors; however, any regulator will become unstable with certain
values of output capacitance if an input capacitor is not used. Therefore, the use of input bypassing is recommended ,
whenever the regulator is located more than four inches from the power-supply filter capacitor. A 1-microfarad tantalum
or electrolytic capacitor is usually sufficient.

Adjustment-terminal capacitors are not recommended for use on the TL783 because they can seriously degrade load
transient response as well as create a need for extra protection circuitry. Excellent ripple rejection is presently achieved
without this added capacitor.

Due to the relatively low gain of the MOS output stage, output voltage drop-out may occur under large load transient
conditions. Addition of an output bypass capacitor will greatly enhance load transient response as well as prevent
drop-out. For most applications it is recommended that an output bypass capacitor be used with a minimum value of:

Co Wwf)=15/Vo

Larger values will provide proportionally better transient response characteristics.

Protection circuitry

The TL783 regulator includes built-in protection circuitry capable of guarding the device against most overload con-
ditions encountered in normal operation. These protective features are current limiting, safe-operating-area protection,
and thermal shutdown. These circuits are meant to protect the device under occasional fault conditions only. Con-
tinuous operation in the current limit or thermal shutdown mode is not recommended.

The internal protection circuits of the TL783 will protect the device up to maximum rated V| as long as certain pre-
cautions are taken. If V| is instantaneously switched on, transients exceeding maximum input ratings may occur, which
can destroy the regulator. These are usually caused by lead inductance and bypass capacitors causing a ringing voltage
on the input. In addition, if rise times in excess of 10 V/ns are applied to the input, a parasitic n-p-n transistor in parallel
with the DMOS output can be turned on causing the device to fail. If the device is operated over 50 volts and the input
is switched on rather than ramped on, a low-Q capacitor, such as a tantalum or electrolytic should be used rather than
ceramic, paper, or plastic bypass capacitors. A dissipation factor of 0.015 or greater will usually provide adequate
damping to suppress ringing. Normally, no problems will occur if the input voltage is allowed to ramp upward through
the action of an ac line rectifier and filter network.
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TYPE TL783C
HIGH-VOLTAGE ADJUSTABLE REGULATOR

Similarly, if an instantaneous short circuit is applied to the outputs, both ringing and excessive fall times can result. A
tantalum or electrolytic bypass capacitor is recommended to eliminate this problem. However, if a large output capacitor
is used and the input is shorted, addition of a protection diode may be necessary to prevent capacitor discharge through
the regulator. The amount of discharge current delivered is dependent on output voltage, size of capacitor, and fall
time of V. A protective diode (see Figure 17) is required only for capacitance values greater than

Co uf) =3 x 104/(Vp)2.

Care should always be taken to prevent insertion of regulators into a socket with power on. Power should be turned off

before removing or inserting regulators.

14

TL783C
\7 INPUT OUTPUT G—O0 Vo
ADJUST &
SR1
Co
&,
/J’LRZ
]
FIGURE 17—~ REGULATOR WITH PROTECTIVE DIODE u

Load regulation
The current set resistor (R1) should be located close to the regulator output terminal rather than near the load. This
eliminates long line drops from being amplified through the action of R1 and R2 to degrade load regulation. To provide
remote ground sensing, R2 should be near the load ground.

TL783C
Vo Riine
\| INPUT OUTPUT, ﬂ—dwv-l
ADJUST p. P4
- R1 < Rioad
<
R2
5 $—w—=9

FIGURE 18—-REGULATOR WITH CURRENT-SET RESISTOR
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TYPE TL783C

HIGH-VOLTAGE ADJUSTABLE REGULATOR

TL783C

i 125% omg—ururovrrur
1 0.

b

2
Dto Bk

i
-0 Vo« Veer (147

“NEEDED IF DEVICE IS MORE THAN 4 INCHES FROM FILTER CAPACITOR

FIGURE 19— 1.25-V TO 115-V

ADJUSTABLE REGULATOR

100
TIPL762

TL783C
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st vor vai
n
o
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L
by

FIGURE 22—-ADJUSTABLE

REGULATOR WITH CURRENT BOOST

AND CURRENT LIMIT

TYPICAL APPLICATION DATA

Vi 14510 200V

TiP1S0

.
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1

'

L

01.F A

TO783C

FIGURE 20-125-V
SHORT-CIRCUIT-PROTECTED
OFF-LINE REGULATOR

Loap

FIGURE 23 — CURRENT-
SINKING REGULATOR

Vi=7010125V

TL783C
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ADwsT

FIGURE 21-50-V

REGULATOR WITH CURRENT BOOST

vt

TL783C

F
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FIGURE 24 — CURRENT-
SOURCING REGULATOR

Vo V=90V
TL783C
1uF T
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FIGURE 25—-HIGH-VOLTAGE
UNITY-GAIN OFFSET AMPLIFIER

TLost

NPT

FIGURE 26-48-V, 200-mA FLOAT CHARGER
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LINEAR

TYPE TL1451C

INTEGRATED DUAL PULSE-WIDTH-MODULATION CONTROL CIRCUIT
CIRCUITS D2730, FEBRUARY 1983
® Complete PWM Power Control Circuitry JORN
. . DUAL IN-LINE PACKAGE (T!
® Completely Synchronized Operation (TOP VIEW)
cr v Uis[JReFERENCE
® internal Under-Voltage Lockout Protection RIEz :53 scP
® " 1 ERROR _NONINV INPUT[]3  14[JNONINV INPUT ¥ 2 ERROR
Wide Supply Voltage Range AMP INV INPUT[J4  13[JINVER INPUT AMP
® Internal Short-Circuit Protection 1 FEEDBACK[]s  12[]2 FEEDBACK
! 1 DEAD-TIME CONTROL[}6  11|]2 DEAD-TIME CONTROL
@® Oscillator Frequency . . . 500 kHz Max 10UTPUT[]7  10[]2 OUTPUT
® Variable Dead Time Provides Control Over GND (e spivee

Total Range

® Internal Regulator Provides A Stable 2.5-V

Reference Supply

description

The TL1451 incorporates on a single monolithic chip all the functions required in the construction of two pulse-width-
modulation control circuits. Designed primarily for power supply control, the TL1451 contains an on-chip 2.5-volt
regulator, twoe error amplifiers, an adjustable oscillator, two dead-time comparators, under-voltage lockout circuitry,
and dual common-emitter output transistor circuits.

The uncommitted output transistors provide common-emitter output capability for each controller. The internal amplifiers
exhibit a common-mode voltage range from 0.4 volts to 1.5 volts. The dead-time control comparator has no offset

unless externally altered and may be used to provide 0% to 100% dead time. The on-chip oscillator may be operated
by terminating RT (pin 2) and CT (pin 1). During low Vcc conditions, the under-voltage lockout control circuit feature

locks the outputs off until the internal circuitry is operational.

The TL1451 is characterized for operation from —20°C to 85°C.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vo 3.6 40 \
High-level output voltage, VoH 40 v
High-level output current, IgH 20 mA
Error amplifier common-mode input voltage, V|c 0.4 1.5 \
Input voltage range at dead-time terminal 1.4 2.05 \"
Input current at feedback terminal -50 pA
Timing capacitor, CT 0.5 15 uF
Timing resistor, RT 5 50 kQ
Oscillator frequency, fogc 1 500 kHz
Operating free-air temperature, Ta -20 85 °C

PRODUCT PREVIEW

This document contains information on a product unaer
development. Texas Instruments reserves the right to
change or discontinue this product without notice.

Copyright © 1983 by Texas Instruments Incorporated

TEXAS INSTRUMENTS

INCORPORATED

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TYPE TL1451C
DUAL PULSE-WIDTH-MODULATION CONTROL CIRCUIT

TYPICAL APPLICATION DATA

Vee
220 k2 470 2
0.47 ui _50 kS 33;2
33k
VREF

16 1 14 13 12 11 10 9

TL1451

12 345 67 8

c3

470 Q

c4 STEP-DOWN
33k 470 Q OUTPUT
33k

Values for R1 through R7, C1 through C4, and L1 and L2 depend upon individual application.
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LINEAR

INTEGRATED CIRCUITS

TYPES TL7702, TL7705, TL7712, TL7715
SUPPLY VOLTAGE SUPERVISORS

D2722, APRIL 1983

description

Power On Reset Generator

Wide Supply Voltage Range . .

Precision Voltage Sensor

P DUAL-IN-LINE PACKAGE

Automatic Reset Generation After Voitage Drop (TOP VIEW)

.3Vto 18V rer (7 U] vee
RESIN[]2  7[] SENSE INPUT
cr(ds 6] RESET

Temperature-Compensated Voltage Reference GND[Js 5[] RESET

True and Complement Reset Outputs

Externally Adjustable Puise Width

The TL7702 series are monolithic integrated circuit supply voltage supervisors specifically designed for use as reset
controllers in microcomputer and microprocessor systems. During power-up the device tests the supply voltage and
keeps the reset outputs active as long as the supply voltage has not reached its nominal voltage value. Taking RESIN
low has the same effect. To ensure that the microcomputer system has reset, the TL7702 then initiates an internal
time delay that delays the return of the reset outputs to their inactive states. Since the time delay for most
microcomputers and microprocessors is in the order of several machine cycles, the device internal time delay is
determined by an external capacitor connected to the Ct input (pin 3).

tg = 1.3 x 104 X Ct
Where: CT is in farads (F)
td is in seconds (s)

In addition, whén the supply voltage drops below the nominal value, the outputs become active and stay in this state

until the supply voltage returns to the nominal value. An external capacitor (typically 0.1 uF) must be connected to
the REF output (pin 1) to reduce the influence of fast transients in the supply voltage.

The TL7702 series is characterized for operation from 0°C to 70°C.

functional block diagram

8
vce ©-
I
REFERENCE
VOLTAGE | | 100 kA
cr 3 18] peser
SENSE (7)
INPUT R
shR1 15) RESET
< (See Note A}
< R2 g L
- %'(See Note A)
REsIN 2
) er
anp 4

Al resistor and current values shown are nominal.

NOTE A: TL7702: R1 =
TL7705: R1
TL7709: R1
TL7712: R1
TL7715: R1

[l

o

0Q, R2 = open
9 k2, R2 = 10 kQ

20.4 k2, R2 = 10 k@
36.6 kQ, R2 = 10 k@
46.8 k@, R2 = 10 k@

ADVANCE INFORMATION

This document contains information on & new product.
Specifications are subject to change without notice.

Copyright © 1983 by Texas Instruments Incorporated
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TYPES TL7702, TL7705, TL7712, TL7715
SUPPLY VOLTAGE SUPERVISORS

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

Supply voltage, Vcc (see Note 1)
Input voltage range at RESIN
Input voltage range at SENSE: TL7702

TL7705, TL7709, TL7712, and TL7715
Operating free-air temperature range
Storage temperature range

NOTE 1: All voltage values are with respect to the network ground terminal.

recommended operating conditions

20V

-0.3Vto20V
-0.3Vtob6V
-03Vto20V
0°C to 70°C

~65°C to 150°C

MIN NOM MAX | UNIT
Supply voltage 3 18 v
High-level input voltage at RESIN, Viy 2 N
Low-level input voltage at RESIN, V) 0.7 \2
High-level output current at RESET, Iy -1 mA
Low-level output current at RESET, loL 16 mA
Operating free-air temperature range, Ta 0 70 °C
electrical characteristics over recommended ranges of supply voitage, input voltage, output current,
and free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS T MIN  TYP MAX | UNIT
VoH High-level output voltage at RESET IoH = =1 mA Vee-1 \
VoL Low-leve! output voltage at RESET loH = 16 mA 0.4 \2
Vief Reference voltage 2.5 \2
TL7702 Vref
TL7705 4.7 4.75 4.8
Vg Sense voltage TL7709 Vce = 3.5Vto 18V 7.5 7.6 7.7 \
TL7712 11.2 114 116
TL7715 14 142 144
i High-level input current at RESIN Vi = 2.4VtoVce 20 | uA
T Low-level input current at RESIN Vi =04V —-100 | uA
Icc Supply current All inputs and outputs open 1.8 3| mA
switching characteristics over recommended ranges of supply voltage, input voltage,
output current, and free-air temperature {unless otherwise noted)
PARAMETER TEST CONDITIONS ' MIN  TYP MAX | UNIT
Minimum pulse duration at SENSE VIH = Vg typical + 200 mV,
tws input to switch outputs V| = Vg typical — 200 mV 05 ks
tw E\:l_sidurauon at RESET and 0.65 1.3 26 ms
RESET outputs
Propagation delay time from
tpd RESINgto RESET Vec =5V ° e
t Rise time at RESET and RESET Vee = 5V, see Note 2 1 s
tf Fall time at RESET and RESET Vee = 5 V. see Note 2 1 us

TAll characteristics are measured with 0.1-uF capacitors connected at pins 1 and 2 to ground.
NOTE  2: The rise and fall times are measured with a 4.7-kQ load resistor at RESET (pin 5) and RESET (pin 6).
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TYPES TL7702, TL7705, TL7712, TL7715
SUPPLY VOLTAGE SUPERVISORS

PARAMETER MEASUREMENT INFORMATION

VOLTAGE
| orop

fews

| 1
Vs Vs
SENSE
INPUT |
ov

i
I
1
|
1
ViH !
1
|
i
I

£¢
55
RESIN }
pur  'RRELEVANT
Vi

1
|

&
$

2V

tf

RESET
OUTPUT

RESET

OouTPUT ,50%

FIGURE 1 — SWITCHING DIAGRAM

TYPICAL CHARACTERISTICS
TIME DELAY

vs
TIMING CAPACITOR

1 . ; ;
t4(s) = 1.3 X 104 CT(F) /
! e
| Ta=257c )

10— /
10—-2 //

10—4 /

A

10-5 /

10—6
0.0001 0.001 0.01 0.1 1 10 100
CT — Timing Capacitor — uF

td — Time Delay — seconds
-
9
w

FIGURE 2
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TYPES TL7702, TL7705, TL7712, TL7715
SUPPLY VOLTAGE SUPERVISORS

TYPICAL APPLICATION DATA

+5V
+12V l
(8] TL7712 22 k0 (8) TL7705
Vee I vce
SENSE SENSE
RESIN  AEseT |2 Diesm  Aeser IS svsTem reser

(1)

(3)) cr
REF 10k &
4 (3)] 1
cr e {2
GND [ GND

,J\c‘- m‘ 0.4 4F TCT () Tm WF

ov <
13x 104
CTlF) = ————
(8)] TLI792 tglsh
vee
SENSE
20§ —— Frerr=—d ()]
RESIN  RESET
13 (
T cr 1T 0.1 uF
—12v

FIGURE 3 — MULTIPLE POWER SUPPLY SYSTEM RESET GENERATION

vee = 5V .
(aLunz 10 k@ (111] TMS9940
vee Vee

——|is) 200 ——
SENSE  AESET J2L (208 Reset
(1)
GND
TCT TO.I W 140
GND : 6
13x 104 -L—

CriF) =
T tylst

FIGURE 4 — RESET CONTROLLER FOR TMS9940 SYSTEM

Vss = 5V
ml] TL7715 i21l] TMS1000
Vee Vss
SENSE RESET © 9 NT

<
9
°

L.
GND T

(1)
13 %104
CylF) = ———

TO 1 uF (4|
tgls)

FIGURE 5 — RESET CONTROLLER FOR TMS1000

=
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LINEAR TYPES uA723M, uA723C
INTEGRATED PRECISION VOLTAGE REGULATORS

CIRCUITS D1063, AUGUST 1972—REVISED DECEMBER 1982

150-mA Load Current without External e Input Voitages to 40 Volts
Power Transistor e Output Adjustable from 2 to 37 Volts
Typically 0.02% Input Regulation and . N

o - e Direct Replacement for Fairchild
0.03% Load Regulation (uUA723M) wA723M and uA723C

Adjustable Current Limiting Capability

description

The uA723M and uA723C are monolithic integrated circuit voltage regulators featuring high ripple rejection, excellent
input and load regulation, excellent temperature stability, and low standby current. The circuit consists of a
temperature-compensated reference voltage amplifier, an error amplifier, a 150-milliampere output transistor, and an
adjustable output current limiter.

The uA723M and uA723C are designed for use in positive or negative power supplies as a series, shunt, switching, or
floating regulator. For output currents exceeding 150 mA, additional pass elements may be connected as shown in
Figures 4 and 5.

The uA723M is characterized for operation over thz full military temperature range of —~55°C to 125°C; the uA723C is
characterized for operation from 0°C to 70°C.

terminal assignments
uA723M...J PACKAGE

uA723C...J OR N PACKAGE uA723M. ..U PACKAGE
(TOP VIEW) (TOP VIEW)
CURRENT FREQ

FREQ LIMIT  COMP  Vcce Ve OUTPUT

,:!c c(;:vau;;uv v; N'C @ @ @ @

e g b DOOOO
RENT RENT INPUT INV
LIMIT SENSE INPUT CURRENT INV NON-INV V() Vcc-
SENSE  INPUT INPUT

NC—No internal connection

functional block diagram

FREQUENCY
vees COMPENSATION
i b
TEMPERATURE- INVERTING
COMPENSATED 3 INPUT
REFERENCE b
DIODE
& Viret) v Error SERIES PASS
Amp © Virett Amp TRANSISTOR
+
CURRENT NON- REGULATED
SOURCE INVERTING CURRENT ouTPUT
INPUT LIMITER o iR a
| '
I ]
| JandN |
CURRENT CURRENT | Vz packages |
umiT |
vee- sense ! U only_ |

Copyright © 1982 by Texas Instruments Incorporated
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TYPES uA723M, uA723C
PRECISION VOLTAGE REGULATORS

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

NOTE 1:

Peak voltage from Vcc+ to Voo —

Continuous voltage
Input-to-output vol

Differential input voltage to error amplifier

from Vgt to Voo—
tage differential

(tw < 50 ms)

Voltage between noninverting input and Vcc—

Current from Vz

Current from V (ref)
Continuous total dissipation at (or below) 25 C free air temperature (see Note 1)

Jor N package
U package

Operating free-air temperature range: uA723M Crrcuns
uA723C Circuits

Storage temperature range - .
Lead temperature 1,6 mm (1/16 |nch) from case for 60 seconds J or U package .
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds, N package .

Power dissipation =

50 V
40V
40V
5V

8V
25 mA
15 mA

1000 mW

.. 675 mW
-55°C to 125°C

. 0°C to 70°C
. —65°C to 150°C
. 300°C

. 260°C

“(standby) + liref)] Ve + [V — VoLl lo. For operation at elevated temperature, refer to Dissipation Derating Table. In
the J package, uA723M chips are alloy-mounted; uA723C chips are glass-mounted.

recommended operating conditions

MIN MAX UNIT

Input voltage, V| 9.5 40 \Y
Output voltage, VQ .. 2 37V
Input-to-output voltage dlffEl’PnUal VC Vo . 3 38 vV
Output current, 10 150 mA
electrical characteristics at specified free-air temperature (see note 2)
PARAMETER TEST CONDITIONST uATZIM uA723C UNIT
MIN  TYP MAX |[MIN TYP MAX
Vy=12Vto V=15V 25°C 0.01% 0.1% 0.01% 0.1%
Input regulation Vi=12VtoV; =40V 25°C 0.02% 0.2% 0.1% 0.5%
Vi=12Vto V=15V Full range 0.3% 0.3%
] o f=50Hz to 10 kHz, Ciref) = 25°C 74 74
Ripple rejection 5 dB
f=50Hz to 10 kHz, C(ref) = 5 uF 25°C 86 86
o ati | 1mAtol 50 mA 25°C —0.03% —0.15% —-0.03% —0.2%
=1m o = m,
utput regulation ° o Full range Z0.6% ~0.6%
Reference voltage, V(ref) ' 25°C 6.95 7.15 7.35 6.8 7.15 7.5 \
Standby current =30V, Io=0 25°C 23 3.5 2.3 4 | mA
Temperature coefficient of| o
Full range 0.002 0.015 0.003 0.015 |[%/°C
output voltage
Short-circuit °
Rsc=10Q, Vo =0 25°C 65 65 mA
output current .
) BW = 100 Hz to 10 kHz,  Cref) = 0 25°C 20 20"
Output noise voltage 5 uv
BW = 100 Hz to 10 kHz, C(ref) = 5 uF 25°C 25 25

TEull range for UA723M is ~55°C to 125°C and for uA723C is 0°C to 70°C.

NOTE 2:

< 10 k2. Uniess otherwise specified, V| =

Vee+ = Ve =

For all values in this table the device is connected as shown in Figure 1 with the divider resistance as seen by the error amplifie
12V,Vee—=0,Vo=5V,lg=1mA, Rgc = 0, and C(ref) = 0

2144
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TYPES uA723M, uA723C
PRECISION VOLTAGE REGULATORS

schematic

Vee+ Ve

500 0 25kQ 1kQ

15 k0

OuUTPUT

62V JANDN ]
PACKAGES |

vz onLY |
_______________ -

FREQUENCY
4 O COMPENSATION

CURRENT
20 k2 150 2 LiMIT

CURRENT
SENSE

[] o
Viref) NON- Vce- INVERTING
INVERTING INPUT
INPUT

RESISTOR AND CAPACITOR VALUES SHOWN ARE NOMINAL.

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
POWER RATING FACTOR TA
J (Alloy-Mounted Chip) 1000 mW  11.0 mW/°C 59°C
J (Glass-Mounted Chip) 1000 mW  8.2mW/°C 28°C
N 1000mW  9.2mW/°C 41°C
u 675mW 54 mW/C 25°C
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TYPES uA723M, uA723C

PRECISION VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

TABLE |
RESISTOR VALUES (k) FOR STANDARD OUTPUT VOLTAGES
FIXED ouTPUT FIXED ouTPUT
OUTPUT | APPLICABLE OuUTPUT ADJUSTABLE OUTPUT | APPLICABLE OUTPUT ADJUSTABLE
VOLTAGE| FIGURES + 5% + 10% (SEE NOTE 5) || VOLTAGE FIGURES + 5% + 10% (SEE NOTE 5)
v) (SEE NOTE 4)| R1 R2 R1 P1 R2 (v) (SEE NOTE 4) R1 R2 R1 P1 R2
k) | k) | ko) | k) | kQ) (kz) | (k)| (k@) | (kD) | (k)
+3.0 1,5,6,9,11, | 412 | 3.01 1.8 0.5 1.2 +100 7 3.57 105 22 10 91
12 (4)
+3.6 1,5,6,9,11, | 357 | 3.65 1.5 0.5 1.5 +250 7 3.57 255 2.2 10 240
12(4)
+5.0 1,5,6,9,11, | 215 | 499 | 0.75 0.5 2.2 —6 (Note 6) 3, (10) 3.57 | 243 1.2 05 | 0.75
12 (4)
+6.0 1,5,6,9,11, | 115 | 6.04 0.5 0.5 2.7 -9 3,10 3.48 | 5.36 1.2 0.5 20
12 (4)
+9.0 2,4,(5,6, 187 | 7156 | 0.75 1.0 2.7 -12 3,10 3.57 | 845 1.2 0.5 33
9, 12)
+12 2,4,(5,6, 487 | 7.15 2.0 1.0 3.0 —-15 3,10 357 | 1156 1.2 0.5 4.3
9, 12)
+15 2,4,(5,6, 7.87 | 7.15 3.3 1.0 3.0 —28 3,10 357 | 243 1.2 0.5 10
9,12)
+28 2,4,(5,6, 210 | 715 5.6 1.0 2.0 —45 8 3.57 | 41.2 22 10 33
9,12)
+45 7 3.57 | 487 2.2 10 39 —100 8 357 | 953 22 10 91
+75 7 3.57 | 78.7 2 10 68 —250 8 3.57 249 22 10 240
TABLE I

FORMULAS FOR INTERMEDIATE OUTPUT VOLTAGES

Outputs from +2 to +7 volts
[Figures 1, 5,6, 9, 11, 12, (4)]

Ve = Vi X —B2
0= Viref) * 20720

Outputs from +4 to +250 volts

{Figure 7]
\Y R2 - R1
Vo = Viref) o B ;
2 R1
R3=R4

Current Limiting

0.65 V
RSC

Himit) &

Qutputs from +7 to +37 volts
[Figures 2, 4, (5, 6,9, 11,12)]

R1+R2

Vo=V X
0 (ref) R2

Outputs from —6 to —250 volts
[Figures 3, 8, 10]

_ Viren , R1+R2

Vo = ;
o 2 R’

R3=R4

Foidback Current Limiting
[Figure 6]

VoR3 + (R3 + R4) 0.65 V
Hknee) = ——————————

RscR4
R3+R4

0.65V
& —— X
R R4

NOTES:

3. Figures 1 through 12 show the R1/R2 divider across either Vg or V(ref)- Figure
numbers in parentheses may be used if the R1/R2 divider is placed across the other
voltage (V(yef) Or V) that it was not placed across in the figures without parentheses.

4. To make the voitage adjustable, the R1/R2 divider shown in the figures must be replaced

by the divider shown at the right.
5. For negative output voltages fess than 9V, Vgey and V¢ must be connected to a

positive supply such that the voltage between V ey and Vg is greater than 9 V.

6. When 10-lead uA723 devices are used in applications requiring Vz, an external 6.2-V

regulator diode must be connected in series with the Vo terminal.

R2

ADJUSTABLE OUTPUT CIRCUIT!

2-146
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TYPES uA723M, uA723C
PRECISION VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

\ Vi
Vees Ve Vee+ Ve
ouT v out
Viref) Vz b ref) vz l—
oL Rsc REGULATED Rsc REGULATED
R1 OUTPUT, Vg R3 cL OUTPUT, Vo
s NON cs
. R3 -
¢ F mj\;" INV INV INV R1
{ref) VeC— _ COMP Vee-  comp
R2 2K 1006F R2
L LT L e §
NO_TES A R:; B1 B2 ot mini NOTES: A, A3 = ot B2 (o ini
- B1-R2 LA = ————= for minimum ayg.
. A1 v A2 or minimum ay Q. FERCTY ini VO
B. R3 may be eliminated for minimum B. R3 may be eliminated for.minimum
component count. Use direct con- component count. Use direct con
nection (i.e., Rz = 0). nection (i.e., Rz = 0).
FIGURE 1—-BASIC LOW-VOLTAGE REGULATOR FIGURE 2—-BASIC HIGH-VOLTAGE REGULATOR
(Vg =2TO 7 VOLTS) {Vo =7 TO 37 VOLTS)
) vi
(See Note 6)
£ T 1 2N3997
Rr2 |Vees Ve 2k 2N5001 Vee+
out |— Viref)  OUT
Viref) vz vz b—
oLl cL
fea cs REGULATED cs Rsc
3KkQ - ULA
NON- {See Note 7) OUTPUT, Vo NON- L S Rfﬁ:ﬁ:r\fu
—inv INV by INV INV [—— m 0 o
Vee ComP Vce—  COMP
. - T
R3= 100 pF
Nad im R0t | L gwer]  gw

FIGURE 4—-POSITIVE-VOLTAGE REGULATOR

FIGURE 3—-NEGATIVE-VOLTAGE REGULATOR
(EXTERNAL N-P-N- PASS TRANSISTOR)

\
Vi
60Q
9 2N5001
Vee+ S Vee+ 2 Rsc REGULATED
I——— Viref)  out Viret) ouT OUTPUT, Vo
vz b— Vz — 2R3
a1 cL R1 cL
cs RsC cs R4 v, |
NON- REGULATED A j %1 19s [
—JINV OUTPUT, Vo v, ! tknee
Vee—  COMP CC- comp 4
R2 R2 [
_l % 1000 pF 1000 pF °
FIGURE 5-POSITIVE-VOLTAGE REGULATOR FIGURE 6—FOLDBACK CURRENT LIMITING

(EXTERNAL P-N-P PASS TRANSISTOR)
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TYPES uA723M, uA723C
PRECISION VOLTAGE REGULATORS

TYPICAL APPLICATION DATA

\] Vi
2ka 10 k2
. 1 1 £ 1T 1 1
@) 1N1826 Vcer Vo Veer Ve 10 ke
OUTp— 2N5241 k) 1N759 ouT — 1 p 2N5241
o — v
Viref) \éf v—@ (See Note 7) Viref) z (See Note 7)
_ - cLb—
s i o L R2 Sen
— l Rgc=10 non. ST
N INV 3 IV INVE
{/~c_ COMP —9 Vce- comp
3 zm2 R1 R4 =
1 <500 pF REGULATED 3ka 500 pF REGULATE
©QUTPUT, Vg © OUTPUT, V,
FIGURE 7—POSITIVE FLOATING REGULATOR FIGURE 8—NEGATIVE FLOATING REGULATOR
Vi
(See Note 7) ?
vi {See Note 6) 1kQ
L 1 | i 2N3997
- Vee+ Ve 2209
3ka 2N5153 i N I %
— vz
0.1 4F R2 2N5004
wF R ol %
Vees C| 2N5005 L=12mH 10 csp—
Viref) OUT H (See Note 8) :‘;ﬁ;ﬂ
VZ b— INV ]
R oL 519 REGULATED Vec. CoMP
! OUTPUT, Vo R1% 1Mo i— 15 pF
1kQ NON cs =
INV INV GD 1N4005
1MQ {VCC-— COI\?P I L=12mH
(See Note 8)
= = = 1Na008 REGULATED
L 100 uF ,J: OUTPUT, Vo
FIGURE 9—POSITIVE SWITCHING REGULATOR FIGURE 10-NEGATIVE SWITCHING REGULATOR
v
vy ;
1 100 @
Vcer Ve _RSC REGULATED veer Ve
(Ve OUT ©QUTPUT, Vg Viref) OUT
vz L — vz
R1 R1 REGULATED
cL cL L 7°ourrut, v
cs CSp— -
NON- NON-
INVINV }_] INV NV (See Note 7)
Vcec— COMP Vcc— _comp
2ke T R2
l_ 715 5000
R2 1000 - 2k |NPUT FROM = = pF =
oF 7T 2N4422 SERIES 54/74 LOGIC

if current limliting Is not required.

FIGURE 11-REMOTE SHUTDOWN REGULATOR WITH
CURRENT LIMITING

FIGURE 12—SHUNT REGULATOR

NOTES: 6. For negative output voltages less than 9 V, Vcc+ and V¢ must be connected: to a positive supply such that the voltage betweer

Vce+ and V.. is greater than 9 V.

7. WheW 10-lead uA723 devices are used in applications requiring Vz, an external 6.2-V regulator diode must be connected in serie

with the Vg terminal.

8. L is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 potted core, or equivalent, with 0.009-inch ai

gap.
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LINEAR SERIES uA7800
INTEGRATED CIRCUITS POSITIVE-VOLTAGE REGULATORS

D2154, MAY 1976—REVISED DECEMBER 1982

e 3-Terminal Regulators NOMINAL
ouTPUT REGULATOR
®
Output Currentup to 1.5 A VOLTAGE
e No External Components 5V UAT7805C
. €V UA7806C
° P
Internal Thermal Overload Protection gy LATB08C
e High Power Dissipation Capability 85V uA7885C
L Lo 10V A7810C
e Internal Short-Circuit Current Limiting Y
12V uA7812C
e Output Transistor Safe-Area Compensation 15V uA7815C
. Lo . 18V uA7818C
°
Direct replacements for Fairchild uA7800 Series 2av SATBIAC
KC PACKAGE
description (TOP VIEW)
) ) AT F—— ouTpPUT
This series of fixed-voltage monolithic integrated- O [ ~——— COMMON
circuit voltage regulators is designed for a wide range ———— INPUT

of applications. These applications include on-card THE COMMON TERMINAL 1S IN
regulation for elimination of noise and distribution ELECTRICAL CONTACT WITH
problems associated with single-point regulation. Each THE MOUNTING BASE

of these regulators can deliver up to 1.5 amperes of TO-220AB

output current. The internal current limiting and
thermal shutdown features of these regulators make
them essentially immune to overload. In addition to
use as fixed-voltage regulators, these devices can be
used with external components to obtain adjustable
output voltages and currents and also as the power-
pass element in precision regulators.

schematic

0 INPUT

12k 500

TPUT

01022k

4%

Resistor values shown are nominal and in ohms.

Copyright © 1982 by Texas Instruments Incorporated
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SERIES uA7800
POSITIVE-VOLTAGE REGULATORS

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

uA78__C | UNIT
[uA7824C 40
nput voltage [All others 35 v
Continuous total dissipation at 25°C free-air temperature (see Note 1) 2 w
Continuous total dissipation at (or below) 25°C case temperature (see Note 1) 15 W
Operating free-air, case, or virtual junction temperature range 0 to 150 °C
Storage temperature range —65 to 150 °C
Lead temperature 1,6 mm {1/16 inch) from case for 10 seconds 260 °C

NOTE 1: For operation above 25° 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 thermal resistance, the built-in thermal overload
protection may be activitated at power levels stightly above or below the rated dissipation.

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
2000 16
= 1800 \
% ;' 14 \
c
4 1600 5 1
g 1400 § \
8 2 10
2 1200 8 \\
3 1000 3 8
2 c
£ £
g 800 é 6
Q
600 p
> ° 3 4
E  400]- Derating factor = 16 fW/°C E ) - 025 W/ C
% RgJa =~ 62.5°C/W % ) Derating factoor =0.25W/
= 200 } I 1 = above 90°C
Rgjc ~4°C/W
. L] o LReuc
25 50 75 100 125 150 25 50 75 100 125 150
Ta—Free-Air Temperature—°"C Tc—Case Temperature—"C
FIGURE 1 FIGURE 2

recommended operating conditions

MIN  MAX | UNIT

uA7805C 7 25
uA7806C 8 25
uA7808C | 10.5 25

uA7885C | 10.5 25
uA7810C | 12,5 28
Input voltage, Vy \%
uA7812C | 14.5 30

uA7815C | 17.5 30

uA7818C 21 33

uA7824C 27 38
Output current, 1o 1.5 A
Operating virtual junction temperature, T j (4] 125 °C
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TYPES uA7805C, uA7806C
POSITIVE-VOLTAGE REGULATORS

uA7805C electrical characteristics at specified virtual junction temperature,
vVi=10V, g = 500 mA ({unless otherwise noted)

A7805C
PARAMETER TEST CONDITIONS? s UNIT
MIN TYP MAX
25°C 4.8 5 5.2
Output voltage lo=5mAto1A, Vy=7Vto 20V, o A\
P 9 0 ! ° 0°Cto125°C | 4.75 5.25
P<15W
| N Lati Vi=7Vto 25V 25°C 3 100 v
nput regulation
putreg Vi -8Vi12V T 50| "
Ripple rejection Vi=8Vto18V, f=120 Hz 0°Cto 125°C 62 78 dB
) I0=-5mAto15A . 15 100
Output regulation - 25°C mV
1o = 250 mA to 750 mA 5 50
Output resistance f=1kHz 0°Cto 125°C 0.017 i)
Temperature coefficient
perature coethcl i0=5mA 0°Ct0 125°C 11 mV/eC
of output voltage
Output noise voltage f=10 Hz to 100 kHz 25°C 40 uV
Dropout voltage lo=1A 25°C 2.0 \
Bias current 25°C 4.2 8 mA
Vi=?Vto25V o o 1.3
Bias current change 0Ct0125°C mA
lo=5mAtoi1 A 0.5
Short-circuit output current 25°C 750 mA
Peak output current 25°C 2.2 A
uA7806C electrical characteristics at specified virtual junction temperature,
Vi=1yv, '0 =500 mA (unless otherwise noted)
uA7806C
P TES' DITIONS? UNIT
ARAMETER T CON MIN _ TYP  MAX
25°C 5.75 6 6.25
tput volt: lo=56mAto1A, Vi=8Vto21V, o o \%
Output voltage 0=>mAto (=8Vto 0°Ct0125°C | 5.7 6.3
P<i5W
| . ati VI=8Vto25V 2%°C 5 120 v
m
nput reguiation Vi=9Vt13V 15 60
Ripple rejection VI=9Vio19V, f=120 Hz 0°C 10 125°C 59 75 dB
o tati Ip=5mAto15A 25°C 14 120 v
tput t m
utput reguiation 1o = 250 mA to 750 mA 4 60
Output resistance f=1kHz 0°C to 125°C 0.019 2
Temperature coefficient 10 = 5mA 0°C 10 125°C _08 mVeC
of output voltage
Output noise voltage f =10 Hz to 100 kHz 25°C 45 uv
Dropout voltage lo=1A 25°C 2.0 \%
Bias current 25°C 4.3 8 mA
V|=8Vto25V . . 1.3
Bias current change 0°Cto126°C mA
lp=5mAto1 A 0.5
Short-circuit output current 25°C 550 mA
Peak output current 25°C 2.2 A

TAIl characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All character-
istics except noise voltage and ripple rejection ratio are measured using pulse techniques (tyy < 10 ms, duty cycle < 5%). Output voltage
changes due to changes in internal temperature must be taken into account separately.
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TYPES uA7808C, uA7885C
POSITIVE-VOLTAGE REGULATORS

uA7808C electrical characteristics at specified virtual junction temperature,

V=14V, g =500 mA (unless otherwise noted)

uA7808C

PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX
25°C 7.7 8 8.3
It lo=5mAto1A, Vy=105Vto23V, ° \
Output voltage 0=SmAte ! ° 0°Ct0125°C | 7.6 8.4
P<15W
) V| =105V to25V . 6 160
Input regulation 25°C mV
Vi=11Vtol17V 2 80
Ripple rejection V=115V t0215V, f=120 Hz 0°C to 125°C 56 72 dB
lo=5mAto15A 12 160
Output regulation 0=>MAT 25°C mV
lp = 2560 mA to 750 mA 4 80
Output resistance f=1kHz 0°C t0 125°C 0.016 Q
Temperature coefficient o o o
Io=5mA 0°Cto 125°C —0.8 mV/°C
of output voltage
Output noise voltage f =10 Hz to 100 kHz 25°C 52 uV
Dropout voltage lo=1A 25°C 2.0 v
Bias current 25°C 43 8| mA
Bi ¢ ch V=105V to25V o o 1 A
ias current change m.
9 I0-6mAtol A 0'Cro125°C 05
Short-circuit output current 25°C 450 mA
Peak output current 25°C 2.2 A
uA7885C electrical characteristics at specified virtual junction temperature,
V=15V, 15 =500 mA (unless otherwise noted)
uA7885C
PARAMETER TEST CONDITIONST UNIT
MIN  TYP MAX
25°C 8.15 85 885
Output voltage lo=5mAto1A, Vi=11Vto235V, N o \%
P 9 o=>m ! 0°Ct0125°C | 81 8.9
P<15W
_ V=105V to 25V . 6 170
Input regulation 25°C mV
Vi=11Vte 17V 2 85
Ripple rejection Vi=115V 10215V, f=120 Hz 0°C to 125°C 54 70 dB
. lo=5mAto1.5A o 12 170
Qutput regulation 25°C mV
Io = 250 mA to 750 mA 4 85
Output resistance f=1kHz 0°C to 125°C 0.016 Q
Temperature coefficient o o ©
lg=5mA 0°Cto126°C -0.8 mV/°C
of output voltage
Output noise voltage f=10 Hz to 100 kHz 25°C 55 uV
Dropout voltage lo=1A 25°C 2.0 v
Bias current 25°C 4.3 8| mA
V| =105 V1o 25 V R . 1
Bias current change 0°C to 125°C mA
l0=6mAtol A 05
Short-circuit output current 25°C 450 mA
Peak output current 25°C 2.2 A

TAIll characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All character-
istics except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage
changes dué’to changes in internal temperature must be taken into account separately.
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TYPES uA7810C, uA7812C
POSITIVE-VOLTAGE REGULATORS

uA7810C electrical characteristics at specified virtual junction temperature,
V| =17V, Ig =500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS? uA7810C UNIT
MIN  TYP MAX
25°C 9.6 10 104
Output voltage lo=5mAto1A, V=125V to 25V, N ° \%
0°Cto125°C 9.5 10 105
P<15W
i V=125V t0 28V N 7 200
Input regulation 25°C mV
V=14Vt 20V 2 100
Ripple rejection Vi=13Vto 23V, =120 Hz 0°C to 125°C 55 71 dB
) I0-5mAt015A N 12 200
Output regulation 25°C mV
10 = 250 mA to 750 mA 4 100
| Output resistance f=1kHz 0°C t0 125°C 0.018 Q
Temperature coefficient o ° o
lop=5mA 0°Cto125°C -1.0 mV/C
of output voltage
Output noise voltage f =10 Hz to 100 kHz 25°C 70 ny
Dropout voltage lp=1A 25°C 2.0 Y
Bias current 25°C 4.3 8 mA
8i ¢ ch V=125V to28V . o 1 A
I m
as current change TS mAGTA 0°C to 125°C o5
Short-circuit output current 25°C 400 mA
Peak output current 25°C 2.2 A
uA7812C electrical characteristics at specified virtual junction temperature,
V| =19V, o= 500 mA (unless otherwise noted)
uA7812C
PARAMETER TEST CONDITIONST UNIT
MIN  TYP MAX
25°C 11.5 12 125
Output volt lo=5mAto1A, V=145V to27V, o \%
Hiput voltage 0 ! 0°Ct0125°C | 11.4 126
P<15W .
) V| =145V 030V R 10 240
Input regulation 25°C mV
V=16Vt 22V 3 120
Ripple rejection V=15Vt 25V, f=120 Hz 0°C to 125°C 55 71 dB
. lp=5mAtc15A ° 12 | 240
Output regulation 25°C mV
Ip = 250 mA to 750 mA 4 120
Output resistance f=1kHz 0°C to 125°C 0.018 Q
Temperature coefficient °
peratur feen 10 =5mA 0°C 10 125°C 10 mvrC
of output voltage
Output noise voltage f =10 Hz to 100 kHz 25°C 75 nY
Dropout voltage Io=1A 25°C 2.0 \
Bias current 25°C 4.3 8| mA
. V=145V to30V . o 1
Bias current change 0°Cto125°C mA
I0=5mAt01A 05
Short-circuit-output current 25°C 350 mA
Peak output current 25°C 2.2 A

TAll characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All character-
istics except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 6%). Output voltage

changes due to changes in internal temperature must be taken into account separately.
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TYPES uA7815C, uA7818C
POSITIVE-VOLTAGE REGULATORS

uA7815C electrical characteristics at specified virtual junction temperature,
V| =23V, |y =500mA (unless otherwise noted)

1
PARAMETER TEST CONDITIONS? uA7815C uNIT
MIN TYP MAX
25°C 14.4 15 15.6
Output voltage lp=5mAto1A, V=175V to30V, . o \Y
0°Cto 125°C | 14.25 15.75
P<15W
) Vi =175V 1030V . 11 300
Input regulation 25°C mV
V=20V to26V 3 150
Ripple rejection V=185V 10285V, =120 Hz 0°C to 125°C 54 70 dB
. Ip=5mAto15A o 12 300
Output regulation 25°C mV
10 = 250 mA to 750 mA 4 150
Output resistance f=1kHz 0°C to 125°C 0.019 Q
Temperature coefficient o o
1o =5mA 0°C t0 125°C -1.0 mvV/°C
of output voltage
Output noise voltage f=10 Hz to 100 kHz 25°C 90 uVv
Dropout voltage lp=1A 25°C 2.0 \%
Bias current 25°C 4.4 8 mA
o o V| =175V 1030V G 10 125°C oA
ias current change
¢ lp=5mAto1A w© 05
Short-circuit output current 25°C 230 mA
Peak output current 25°C 2.1 A
uA7818C electrical characteristics at specified virtual junction temperature,
’ VI =27V, o= 500 mA (uniess otherwise noted)
i uA7818C
. PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
25°C 17.3 18 187
Output volt l0=5mAto1A, Vi=21Vt033V, N N v
utputvoltage 0=>mAto ! ° 0°Ct0125°C | 17.1 18.9
P<15W
) Vi=21Vto33V . 15 360
Input regulation 25°C mV
Vi =24V 1030V 5§ 180
Ripple rejection Vi=22Vto32V, f=120 Hz 0°C to 125°C 53 69 dB
Output lati lo=5mAto1.5A — 12 360 v
regulation m!
utput reg 10 = 250 mA to 750 mA 7 180
Output resistance f=1kHz 0°C to 125°C 0.022 [9)
T t fficient .
emperature coetlicien Ig=5mA 0°Cto 125°C 10 mv/rC
of output voltage
Output noise voltage f=10 Hz to' 100 kHz 25°C 110 uv
Dropout voltage Io=1A 25°C 2.0 Y
Bias current 25°C 45 8 mA
Vi=21Vto33V 1
Bias current change ! 0°C to 125°C mA
lp=5mAto1A 0.5
Short-circuit output current 25°C 200 mA
Peak output current 25°C 2.1 A

TAll characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All character-
istics except noise voltage and ripple rejection ratio are measured using pulse technigues (t,, < 10 ms, duty cycle < 5%). Output voitage
changes due to changes in internal temperature must be taken into account separately.

-
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TYPES uA7822C, uA7824C
POSITIVE-VOLTAGE REGULATORS

uA7824C electrical characteristics at specified virtual junction temperature,
V= 33V, o= 500 mA (unless otherwise noted)

uA7824C
PARAMETER TEST CONDITIONSt UNIT
MIN TYP MAX
25°C 23 24 25
Output volt: I0=5mAto1A, Vi =27Vt 38V, N N v
vtputvoltage 0=>mAte ! ° 0°Ct0125°C | 22.8 2.2
P<15W
, ati Vi=27Vto38V 25°C 18 480 v
t m
neut reguiation V=30V 1036V 6 240
Ripple rejection Vi=28Vto38V, f=120 Hz 0°Cto 125°C 50 66 dB
Io0=5mAt15A 12 480
Qutput regulation a mAte 25°C mV
iQ = 250 mA to 750 mA 4 240
Qutput resistance f=1kHz 0°Ct0125°C 0.028 Q
Temperature coefficient o °
10=5mA 0°C 10 125°C 15 mvV/PC
of output voltage
Qutput noise voltage f=10 Hz to 100 kHz 25°C 170 nv
Dropout voltage Io=1A 25°C 2.0 \%
Bias current 25°C 46 8 mA
o o V=27V 1038V X e 7 N
ias current change m
9 o SmAGTA 0°C 10 125°C o5
Short-circuit output current 25°C 150 mA
Peak output current 25°C 2.1 A

TAll characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All character-
istics except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage

changes due to changes in internal temperature must be taken into account separately.
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LINEAR
INTEGRATED CIRCUITS

SERIES uA78L00

POSITIVE-VOLTAGE REGULATORS

D2203, JANUARY 1976 -REVISED APRIL 1977

e 3-Terminal Regulators
e Output Current up to 100 mA

e No External Components

description

together with lower bias current.

schematic

NOMINAL 5% 10%
OUTPUT OUTPUT VOLTAGE | OUTPUT VOLTAGE
VOLTAGE TOLERANCE TOLERANCE
26V uA78L02AC uA78L02C
. 5V A78LO5AC A78LO5C
e Internal Thermal Overload Protection 4 N
6.2V uA78LOBAC uA78L06C
e Unusually High Power Dissipation Capability 8V uA78LOBAC uA78L08C
" . v ele 9V A78LO9AC A78L0O9C
@ Internal Short-Circuit Current Limiting 4 Y
v uA78L10AC uA78L10C
e Direct Replacement for Fairchild uA78L00 Series 12V uAT8L12AC uA78L12C
15V uA78L15AC uA78L15C
SILECT PACKAGE
(TOP VIEW)
This series of fixed-voltage monolithic integrated-
circuit voltage regulators is designed for a wide range
of applications. These applications include on-card INPUT
regulation for elimination of noise and distribution
. . . . . COMMON
problems associated with single-point regulation. In
addition, they can be used with power-pass elements OUTPUT
to make high-current voltage regulators. One of these
regulators can deliver up to 100 mA of output
current. The internal current limiting and thermal
shutdown features of these regulators make them TO-226AA
essentially immune to overload. When used as a
replacement for a Zener-diode—resistor combination,
an effective improvement in output impedance of
typically two orders of magnitude can be obtained
oct
——O INPUT
20k
E 500
4k 200
100
700 -0 oUTPUT
‘= 20pF
h ’_1\ 500 to 7k [ 1kto 14k
300
100
2k
ax 14k
1k
o ~O COMMON

Resistor values shown are nominal and in ohms.

Copyright © 1977 by Texas Instruments Incorporated
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SERIES uA78L00
POSITIVE-VOLTAGE REGULATORS

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

uA78LO2AC, uA78L02C WA78L12AC, uA78L12C
THRU UNIT
uA78L15AC, uA78L15C
uA78L10AC, uA78L10C
input voltage 30 35 \
) B [G package 825 825
Continuous total dissipation at 25 'C free-air temperature (see Note 1) mw
[LP package 775 775
Continuous total dissipation at (or below) 25”C case temperature (see Note 1} 1600 1600 mw
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 1/16 inch from case for 10 seconds 260 260 °c
NOTE 1:For operation above 25°C free-air or case temperature, refer to Dissipation Derating Curves, Figure 1 and Figure 2.
FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
1000 2000
2 1800
% 900 €
| |
c 800 . 1600
2 \ k)
® 700 % 1400
a \ 2
2 500 3 £ 1200
2 AN E \
5 500 3 1000
2 ~ g
2 . \ 2 800 |— LP package \
2 00 \ ’S‘ Derating factor = 28.6 mW/°C
8 300 O 00 |—  above 94°C N
g LP package \ g RgJc ~ 35°C/W \
E 200 [~ Derating factor = 6.2 mW/°C T E 400 \
£ g0 [Resa~1807CAY AN £ 200
See Note 2 ’
0 i 0
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

NOTE 2: This curve for the LP package is based on thermal resistance, Ry . measured in still air with the device mounted in an Augat socket.
The bottom of the package was 3/8 inch above the socket.

recommended operating conditions

MIN  MAX | UNIT
uA78L02C, uA78L0O2AC | 4.75 20
uA78L05C, uA78LOSAC 7 20
uA78L06C, uA78LOBAC 8.5 20
uA78LOBC, uA78LOBAC | 10.5 23
Input voltage, V) \
uA78L09C, uA78LO9AC | 11.5 24
uA78L10C, uA7T8L10AC | 125 25
uA78L12C, uA78L12AC | 145 27
uA78L15C, uA78L15AC | 17.5 30
Output current, 1o 100 mA
Operating virtual junction temperature, T 0 125 C
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SERIES uA78L00

POSITIVE-VOLTAGE REGULATORS

uA78L02AC, uA78L02C electrical characteristics at specified virtual junction temperature,
Vi =9V, Ig =40 mA (unless otherwise noted)

78L02AC A78L02
PARAMETER TEST CONDITIONST ult AC uA78L02C UNIT
MIN TYP MAX | MIN TYP MAX
25°C 25 26 2.7 24 26 28
Qutput voltage V=475Vt 20V, I1g=1mAto40mA 0°C 10 125°C 2.45 275 | 235 285 \%
To=1mA to 70 mA © 245 275 | 2.35 285
| " ati Vi=475Vto20V 25°¢C 20 100 20 125 v
nput regulation m
put reg V,=5V1020V % 715 16 100
Ripple rejection Vi=6Vtol6V, f=120Hz 25°C 43 51 42 51 dB
. 10=1mA to 100 mA o 12 50 12 50
Output regulation 25C mV
1o =1mA to 40 mA 6 25 6 25
Output noise voltage f=10Hz to 100 kHz 25°C 30 30 Ny
Dropout voltage 25°C 1.7 1.7 v
] 25°C 3.6 6 36 6
Bias current ’ mA
125°C 5.5 5.5
] Vi=5Vto20V | R 25 25
Bias current change 0'Cto125°C mA
1o = 1 mA to 40 mA 0.1 0.2
uA78LOSAC, uA78L0O5C electrical characteristics at specified virtual junction temperature,
V1 =10V, i0 = 40 mA (unless otherwise noted)
A78LOSA A78L05C
PARAMETER TEST CONDITIONSt = SAC - UNIT
MIN TYP MAX |MIN TYP MAX
25°C 438 5 5.2 46 5 5.4
Output volta: Vi=7Vtwo20V, o =1mA to 40 mA N ° 4.75 5.25 45 55 \%
P * ! o ™ locro125°C
Io=1mA to 70 mA 4.75 5.25 4.5 5.5
Vy=7V.t020V 32 150 32 200
Input regulation 25°C \
put regu V=8Vt 20V 26 100 % 150 |
Ripple rejection Vi=8Vto18V, f=120Hz 25°C 41 49 40 49 dB
Io=1mA to 100 mA 15 0 15
Output regulation o mAto o 25°C 6 60 mV
1o =1 mA to 40 mA 8 30 8 30
Qutput noise voltage f=10 Hz to 100 kHz 25°C 42 42 nv
Dropout voltage 25°C 1.7 1.7 Vv
25° 8 8
Bias current OC 3 i 3 i mA
125°C 65 55
- V=8Vt 20V N ) 15 15
Bias current change 0°C to 125°C mA
1o =1 mA to 40 mA 0.1 0.2

ANl characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics
except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes
due to changes in internail temperature must be taken into account separately.
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SERIES uA78L00
POSITIVE-VOLTAGE REGULATORS

uA78L06AC, uA78LO6C electrical characteristics at specified virtual junction temperature,
Vi =12V, Ig = 40 mA (unless otherwise noted)

uA78LO6AC uA78L06C
TEST CONDITIONSt UNIT
PARAMETER MIN TYP MAX [MIN TYP MAX
25°C 595 6.2 645 57 6.2 6.7
. V=85V v, Io=1mAto4 A o o 59 6.5 5. 8 \Y%
Output voltage 1 to 20 o) mA to 40 m 0°C t0 126°C 6 6
Io=1mA to 70 mA 59 6.5 5.6 6.8
\ " \ati Vy=85Vto20V 25°¢C 35 175 35 200 v
r on m
nput reguiatt Vi=9V 1020V 29 125 29 150
Ripple rejection Vi=10Vto 20V, f =120 Hz 25°C 40 48 39 48 dB
10 =1mA to 100 mA o 80 1 80
Qutput regulation o mAt m 25°C 16 6 mV
10=1mA to 40 mA 9 40 9 40
Output noise voltage f =10 Hz to 100 kHz 25°C 46 46 n%
Dropout voltage 25°C 1.7 1.7 Y,
. 25°C 3.9 6 3.9 6
Bias current ’ mA
125°C 5.5 5.5
. Vy=9Vto20V o o 1.5 15
Bias current change 0°Cto125°C mA
10 =1mA to0 40 mA 0.1 0.2
uA78L0O8BAC, uA78L08C electrical characteristics at specified virtual junction temperature,
V| =14V, Ig = 40 mA (unless otherwise noted)
uA78LOSAC uA78L08C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX | MIN TYP MAX
25°C 7.7 8 8.3 | 7.36 8 864
Output voltage V1=105Vt023V, Ig=1TmAto40mA| o o 7.6 8.4 7.2 8.8 \
0Cto125C
10=1mAto 70mA 76 8.4 7.2 8.8
| " tati V=105V to 23 V 25°c 42 175 42 200 v
nput regulation m
put reguta Vi=11 V23V 36 125 36 150
Ripple rejection Vy=13Vto23V, #=120Hz 25°C 37 46 36 46 dB
lo=1mA to 100 mA o 1 80 18 80
Qutput regulation o mAat m 25°C 8 mV
o =1mA to 40 mA 10 40 10 40
Output noise voltage f=10Hzto 100 kHz 25°C 54 54 v
Dropout voltage 25°C 1.7 1.7 \%
i 25°C 4 6 4 6
Bias current ’y mA
125°C 5.5 5.5
) V=11Vt 23V R N 15 15
Bias current change 0°Cto 125°C mA
10 =1mA to 40 mA 0.1 0.2

T All characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics
except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle € 56%). Output voltage changes
due to changes in internal temperature must be taken into account separately.
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SERIES uA78L00

POSITIVE-VOLTAGE REGULATORS

uA78L09AC, uA78L09C electrical characteristics at specified virtual junction temperature,
V| =16V, I0 = 40 mA (unless otherwise noted)

uA78LOSAC uA78L09C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX | MIN TYP MAX
25°C 8.6 9 94 | 83 9 9.7
Output volt Vi=12Vto 24V, o =1mA to 40 mA o o 8.55 9.45| 8.1 9.9 \4
utput voltage | o o mA to 40 m 0°C 1o 125°C
Io=1mA to 70 mA 8.55 9.45( 8.1 9.9
Vi=12Vto 24V o 45 175 45 225
| t regulation 25°C mV
nput reguiatt V=13Vt 24V 0 125 40 175
Ripple rejection Vi=13Vto24V, f=120Hz 25°C 37 45 36 45 dB
. o =1 mA to 100 mA o 19 90 19 90
Output regulation 25C mV
1o =1 mA to 40 mA 11 40 1" 40
Output noise voltage f=10Hz to 100 kHz 25°C 58 58 nv
Dropout voltage 25°C 1.7 1.7 \Y
B 25°C 4.1 6 4.1 6
. t = A
ias curren 125°C 5.5 5.5 ™
V=13V 1024V R . 15 15
Bias current change 0'Cto125°C mA
10 =1 mA to 40 mA 0.1 0.2
uA78L10AC, uA78L10C electrical characteristics at specified virtual junction temperature,
V| =17 V, 10 = 40 mA (unless otherwise noted)
uA78L10AC uA78L10C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX |MIN TYP MAX
25°C 9.6 10 104 | 92 10 108
Output volt; Vi=13Vto 25V, o =1 mA to 40 mA o 5 10.5 9 10 v
put voltage i o fe) mA to 40 m 0°C to 125°C 9.5
1o =1mA to 70 mA 9.5 10.5 9 10
| ot V|=13Vto25V 5 51 175 s 25|
nput regulation V=14Vt 25V 2 125 a2 a5 | "
Ripple rejection Vi=14Vto25V, f=120 Hz 25°C 37 44 36 44 dB
1o =1mA to 100 mA o 20 90 20 90
Output lation 25°C mV
put regulat 10 =1 mA o 40 mA 1140 11 40
Output noise voltage. f =10 Hz to 100 kHz 25°C 62 62 uv
Dropout voltage 25°C 1.7 1.7 \
25°C 4.2 6 4.2 6
Bias current 125°C 55 55 mA
] Vi=14V 1025V R . 15 15
Bias current change 0'Cto125°C mA
10 =1mA to 40 mA 0.1 0.2

T All characteristics are measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF. All characteristics

except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes
w

due to changes in internal temperature must be taken into account separately.

TEXAS INSTRUMENTS

2-161



SERIES vA78L00
POSITIVE-VOLTAGE REGULATORS

uA78L12AC, uA78L 12C electrical characteristics at specified virtual junction temperature,
V| =19V, I0 = 40 mA (unless otherwise noted)

TEST CONDITIONS! uATBL12AC uA7BLIZC UNIT
PAR
ARAMETER MIN  TYP MAX | MIN TYP MAX
25°C 116 12 125 |11 12129
V| =145V 1027V, Ig=1mAto40mA . . 1.4 126 | 108 13.2 \%
Output voltage | 5V to Ie) mA to m 0'C to 125°C
lo =1 mA to 70 mA 1.4 126 | 108 13.2
| | Vy =145V to27V 25°¢ 55 250 55 250 v
t tion m
nut requiatio Vi =16V to 27V 49 200 49 200
Ripple rejection Vy=15Vto 25V, f=120 Hz 25°C 37 42 36 42 dB
. o =1 mA to 100 mA N 22 100 22 100
Output regulation 25°C mV
1o =1 mA to 40 mA 13 50 13 50
Output noise voltage =10 Hz to 100 kHz 25°C 70 70 nY
Dropout voltage 25°C 1.7 1.7 Vv
. 25 C 4.3 6.5 4.3 6.5
Bias current mA
125 C 6 6
) V| =16V to 27V k . 15 15
Bias current change 0Cto125C mA
10 =1 mA to 40 mA 0.1 0.2
uA78L15AC, uA78L15C electrical characteristics at specified virtual junction temperature,
Vi =23V, Io = 40 mA (unless otherwise noted)
uA78L15AC uA78L15C
PARAMETER TEST CONDITIONS? UNIT
MIN  TYP MAX |MIN TYP MAX
25 C 14.4 15 156 [138 15  16.2
Output voltage V=175V to30V, 1g=1mAt040mA 14.25 1576 [ 135 16.5 v
0 Cto125C
o =1mA to 70 mA 14.25 1575 | 135 16.5
Vi =175Vt 30V 65 300 65 300
Input regulation 25 C mV
Vi =20V to30V 58 250 58 250
Ripple rejection V=185V 10285V, f=120Hz 25 C 34 39 33 39 dB
10 =1mA to 100 mA 25 150 150
Output regulation o mAato m 25 C 25 mV
10 =1 mA to 40 mA 15 75 15 75
Output noise voltage f=10Hz to 100 kHz 25 C 82 82 uV
Dropout voltage 25 C 1.7 1.7 \
25 C 4.6 6.5 4.6 6.5
Bias current mA
125 C 6 6
V=20Vt 30V N 1.5 15
Bias current change 0Cto125 C mA
10 =1 mA to 40 mA 0.1 0.2

tau characteristics are. measured with a capacitor across the input of 0.33 uF and a capacitor across the output of 0.1 uF . All characteristics
except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, = 10 ms, duty cycle < 5%). Output voltage changes
due to changes in internal temperature must be taken into account separately.
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LINEAR SERIES uA78MO00
INTEGRATED CIRCUITS POSITIVE-VOLTAGE REGULATORS

D2214, JUNE 1976 —REVISED MARCH 1983

® 3-Terminal Regulators NOMINAL -55°C to 150°C 0°C to 125°C
® Output Current up to 500 mA OUTPUT OPERATING OPERATING
VOLTAGE |TEMPERATURE RANGE | TEMPERATURE RANGE
® No External Components 5V uA78MO5M uA78MO0O5C
@ Internal Thermal Overload Protection 6v uA78MOGM uA78MO6C
8V uA78MO8M uA78M08C
® High Power Dissipation Capability 10V UA78M10M uA78M10C
® [nternal Short-Circuit Current Limiting 12v UA78M12M uA78M12C
15V uA78M15M UuA78M15C
@® Output Transistor Safe-Area Compensation 20V UA78M20M uA78M20C
® Direct Replacements for Fairchild tA78MO00 24V uA78M24C
Series and National LM78MXX and LM341 PACKAGES Je ke
Series
schematic
description —

This series of fixed-voltage monolithic integrated-
circuit voltage regulators is designed for a wide range

of applications. These applications include on-card I
regulation for elimination of noise and distribution T

problems associated with single-point regulation. Each h_q b

of these regulators can deliver up to 500 milliamperes .
of output current. The internal current limiting and $—11

thermal shutdown features of these regulators make
them essentially immune to overload. In addition to
use as fixed-voltage regulators, these devices can be ®
used with external components to obtain adjustable
output voltages and currents and also as the power
pass element in precision regulators. >¢:

0100,

%0

terminal assignments

Resistor values shown are nominal and in ohms

uA78M_M. .. JG PACKAGE uA78M_C ... KC PACKAGE
(TOP VIEW) (TOP VIEW)
1 ———— OUTPUT
common [+ U s]Jne O F=———— COMMON
e INPUT
Nc[]2 7[InC
NC[]3 6 []JouTPUT THE COMMON TERMINAL IS IN
npuT[Ja s[]neC ELECTRICAL CONTACT WITH
THE MOUNTING BASE
NC - No internal connection. T0-220AB

Copyright © 1983 by Texas Instruments Incorporated
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SERIES uA78M00
POSITIVE-VOLTAGE REGULATORS

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

uA78MO5M | UA78MO5C
THRU THRU UNIT

uA78M24M | uA78M24C

Input voltage uA78M20 thru uA78M24 40 40 v
All others 35 35

Continuous total dissipation at 25°C free-air temperature JG package 1.05 W
{see Note 1) KC (TO-220AB) package 2
Continuous total dissipation at (or below) 25°C case temperature KC package 75 W
(see Note 1)
Operating free-air, case, or virtual junction temperature range —-551t0 150 O to 150 °C
Storage temperature range -65to 150 | —65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds IJG package 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds IKC package 260 °C

NOTE 1: For operation above 25° free-air or case temperature, refer to Figures 1 to 3. To avoid 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 activitated at power levels slightly above or below the rated dissipation.

recommended operating conditions

MIN  MAX UNIT
uA78MO5M, uA78M05C 7 25
uA78MO6M, uA78M0O6C 8 25
uA78MO8M, uA78MOBC 10.5 25
uA78M10M, uA78M10C 12.5 28
Input voltage, V| uA78M12M, uA78M12C 14.5 30 \
uA78M15M, uA78M15C 17.5 30
uA78M20C 23 35
uA78M24C 27 38
Output current, IQ All devices 500 mA
Operating virtual junction temperature, Tj uA78MOSM thry uA78M15M -85 150 °C
uA78MO5C thru uA78M24C 0 125

2164 TEXAS INSTRUMENTS



TYPES uA78M05M, uA78MO05C
POSITIVE-VOLTAGE REGULATORS
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TYPES uA78MO6M, uA78MO6C
POSITIVE-VOLTAGE REGULATORS
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TYPES uA78MO8M, uA78MO8C
POSITIVE-VOLTAGE REGULATORS
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TYPES uA78M10M, uA78M16C
POSITIVE-VOLTAGE REGULATORS
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TYPES uA78M12M, uA78M12C
POSITIVE-VOLTAGE REGULATORS
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TYPES uA78M15M, uA78M15C
POSITIVE-VOLTAGE REGULATORS
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TYPE uA78M20C

POSITIVE-VOLTAGE REGULATOR
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SERIES uA78M00
POSITIVE-VOLTAGE REGULATORS

Maximum Continuous Dissipation—mW

THERMAL INFORMATION

KC PACKAGE KC PACKAGE
FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
2000 T T T 10
Derating factor = 16 mW/°C 9
1800 RoJA ~ 625°C/W T =
1600 , L8
L
1400 g7 \
1200 8 6
3
1000 g 5 \
£
800 £ 4
8 \
600 E 3 \
400 E 2| Derating factor = 250 mW/°C
é above 120°C \
200 1”R0.!C%4°C/W
0 0 | | |
25 50 75 100 125 150 25 50 75 100 125 150
Ta—Free-Air Temperature—"C Tc—Case Temperature—"C
FIGURE 1 FIGURE 2
JG PACKAGE

CASE TEMPERATURE
DISSIPATION DERATING CURVE
1200 I

K Derating factor = 8.4 mW/°C

\ RgJA ~ 119°C/W
800 \\
600 \\

400 BN

-
(=]
[=]
o

Maximum Continuous Dissipation—mW

200
AN

25 50 75 100 125 150
Ta—Free-Air Temperature—°C

FIGURE 3
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LINEAR SERIES uA7300
INTEGRATED CIRCUITS NEGATIVE-VOLTAGE REGULATORS

D2215, JUNE 1976—-REVISED JANUARY 1983

@ 3-Terminal Regulators NOMINAL
OUTPUT REGULATOR
® QOutput Currentupto 15 A VOLTAGE
e No External Components
® Internal Thermal Overload Protection -5V uA7905C
. L - 52V UA7952C
® High Power Dissipation Capability 6V WA7906C
@ |Internal Short-Circuit Current Limiting -8V uA7908C
® Output Transistor Safe-Area Compensation -12v UAT912C
. . . . 15V UA7915C
® Essentially Equivalent to National LM320 Series 18V UATO18C
® Direct Replacements for Fairchild uA7900 Series —24v uA7924C
and National LM79XX Series
description KC PACKAGE
This series of fixed-negative-voltage monolithic (TOP VIEW)
integrated-circuit voltage regulators is designed to T
complement Series uA7800 in a wide range of O :32,3 ?NL:,?.}JT
applications. These applications. include on-card regu- ————= COMMON

lation for elimination of noise and distribution THE INPUT TERMINAL IS IN

problems associated with single-point regulation. Each ELECTRICAL CONTACT WITH
of these regulators can deliver up to 1.5 amperes of THE MOUNTING BASE
output current. The interna[l “current limiting and T0-220AB

thermal shutdown features of these regulators make
them essentially immune to overload. In addition to
use as fixed-voltage regulators, these devices can be
used with external components to obtain adjustable
output voltages and currents and also as the power
pass element in precision regulators.

schematic
5 V—-E v 12v-isv

o - COMMON
1.4kQ 1.4k
4k 5k
1{'
7 kS
g ] N
15kQ 15 kQ

=1

bin ]
JJ OUTPUT
:L-J o :14-4 o ha r 62V

20 10k 32
oF kS

24 15 kQ 20k

kS

20 k2
20kQ R*
750 2 $1kQ 750 2 3 1kQ k; 020
INPUT INPUT

12V-18 V;R* =50
5V-8V;R*=150
All component values are nominal.

Copyright © 1983 by Texas Instruments Incorporated
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SERIES uA7300
POSITIVE-VOLTAGE REGULATORS

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

uA7905C
THRU UNIT
uA7924C
[ ua7924c —40

{nput voltage I All others T35 \
Continuous total dissipation at 25°C free-air temperature (see Note 1) 2 w
Continuous total dissipation at (or below) 25° C case temperature (see Note 1) 15 W
Operating free-air, case, or virtual junction temperature range 0 to 150 °c
Storage temperature range —65 to 150 °C
Lead temperature 3,2 mm (1/8 inch) from case for 10 seconds 260 °C

NOTE 1: For operation above 25° 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 thermal resistance, the buiit-in thermal overload
protection may be activitated at power levels slightly above or below the rated dissipation.

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
2000 16 ‘
2 1800 N\
‘E gl 14 \
1 c
5 600 S 12
g 1400 ;& \
2 @
a 1200 e 10 \
@ 3
3 1000 5 8
3 2 \
£ £
5 800 § 6
o
€ 600 £
g Derating f 16 mw/°C g !
erating factor = 16 m
§ 400 ~g o % Derating factor = 0.25 W/°C \
x RpJa =~ 62.5 C/W S 9 o
= 200 It } | = above 90 C
Rgyc ~4°C/W
. L] o LRauc
25 50 75 100 125 150 25 50 75 100 125 150
°
Ta—Free-Air Temperature—°C Tc—Case Temperature—"C
FIGURE 1 FIGURE 2
recommended operating conditions
MIN MAX UNIT
uA7905C -7 —-25
uA7952C -7.2 —25
uA7906C —8 —25
uA7908C —10.5 —=25
Input voltage, V) uA7912C —14.5 -30 Vv
uA7915C —-17.5 -30
uA7918C -21 -33
uA7924C —27 —38
Output current, Ig 1.5 A
Operating virtual junction temperature, T 0 125 °c
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TYPES uA7905C, uA7952C
NEGATIVE-VOLTAGE REGULATORS

uA7905C electrical characteristics at specified virtual junction temperature,
Vi =-10V, Io = 500 mA (unless otherwise noted)

A7905C
PARAMETER TEST CONDITIONST = UNIT
MIN TYP MAX
25°C —4.8 —5 -5.2
Output voltage lo=5mAt0 1A, Vi=—7V1to-20V, o A%
t0 125°C —4.7 —5.25
P<15W 0°Cto 125 5 5
Input regulati Vi=-7Vto-25V 25°C 125 50 v
regulation m
put reg Vi=-8Vto-12V 4 15
Ripple rejection Vi=-8Vto-18V, f=120 Hz 0°Cto 125°C 54 60 dB
) I0=5mAto 1.5 A R 15 100
Output regulation 25°C mV
lo = 250 mA to 750 mA 5 50
Temperature coefficient o o
lp=5mA 0°C to 125°C -0.4 mv/C
of output voltage .
Output noise voltage f=10 Hz to 100 kHz 25°C 125 uVv
Dropout voltage lo=1A 25°C 1.1 Y
Bias current 25°C 1.5 2 mA
Vi=-7Vto-25V 0.15 .
Bias current change ! ° 0°C to 125°C 05 mA
lo=5mAto1A 0.08 0.5
Peak output current 25°C 2.1 A
uA7952C electrical characteristics at specified virtual junction temperature,
Vi =-10V, Ig = 500 mA (unless otherwise noted)
PARAMETER TEST CONDITIONST uA7952C UNIT
MIN TYP MAX
25°C -5 —5.2 —5.4
o It: Ip=5mAto 1A, V| =-72Vto—-20V, Vv
utput voltage o=sm ! © 0°Cto 125°C | —4.95 —5.45
P<15W
] Vi=-72Vto 25V N 125 100
Input regulation 25°C mV
Vi=-82Vto—12V 4 50
Ripple rejection Vi=-82Vto-18V, f=120Hz 0°Cto 125°C 54 60 dB
] 10=5mAt015A ) 15 100
Output regulation 25°C mV
1o = 2560 mA to 750 mA 5 50
Te ture coefficient
mperature €o¢ lo=5mA 0°C to 125°C -04 mv/C
of output voltage
Output noise voltage f=10Hz to 100 kHz 25°C 125 n%
Dropout voltage I0=1A 25°C 1.1 \
Bias current 25°C 1.5 2 mA
Vi=-72V1to-25V 0.15 i.3
Bias current change ! 0°C to 125°C mA
lg=5mAto1A 0.08 0.5
Peak output current 25°C 2.1 A

TAll characteristics are measured with a solid-tantalum capacitor across the input of 2 uF and a solid-tantalum capacitor across the output of 1 xF. All
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes

due to changes in internal temperature must be taken into account separately.
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TYPES uA7906C, uA7908C
NEGATIVE-VOLTAGE REGULATORS

uA7906C electrical characteristics at specified virtual junction temperature,
Vi=-11V, 10 = 500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONST uA7906C UNIT
MIN TYP MAX
25°C —5.75 -6 —6.25
o I I0=6mAt01A, Vi=-8Vto-21V, R . v
uputvoltage o->mAte ! ° 0°Ct0125°C | —5.7 -63
P<15W
: . . Vi=-8Vto—-26V 25°C 125 120 v
5 m
nputregulation Vi--9Vio 13V 4 60
Ripple rejection Vi=-9Vto-19V, =120 Hz 0°Cto 125°C 54 60 dB
- 1I0=5mAto15A R 15 120
QOutput regulation 25°C mV
1o = 250 mA to 750 mA 5 60
Temperature coefficient
. 10=5mA 0°C t0 125°C 0.4 mv/C
of output voltage
Output noise voltage f =10 Hz to 100 kHz 25°C 150 nY
Dropout voltage Ip=1A 25°C 1.1 v
Bias current 25°C 15 2 mA
Vi=—-8Vto—-25V o o 0.18 3
Bias current change 1 8Vio-2 0'Cto125°C L mA
l0=5mAto 1A 0.08 05
Peak output current 25°C 2.1 A
uA7908C electrical characteristics at specified virtual junction temperature,
Vi =—14V, Ip = 500 mA (unless otherwise noted)
uA7908C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX
25°C -7.7 -8 -8.3
Output volt: lp=5mAto1A, Vi=-105V to -23V, o o \%
P e 0 ° ! ° 0°Cto125°C | -7.6 —8.4
P<15W
) V|=-105V to —25 V R 125 160
Input regulation 25°C mV
Vi=—11Vto-17V 4 80
Ripple rejection Vi=-115Vto—-215V, f=120Hz 0°Ctc 125°C 54 60 dB
. lo=6mAto15A o 15 160
Output regulation 25°C mV
lp = 250 mA to 750 mA 5 80
Temperature coefficient o o
lp=5mA 0°Cto 125°C -0.6 mV/C
of output voltage
Output noise voltage f=10Hz to 100 kHz 25°C 200 uVv
Dropout voltage Ip=1A 25°C 1.1 Vv
Bias current 25°C 15 2 mA
Vi=-105V t0-25V o o . 1
Bias current change ! ° 0°C t0 125°C 0.15 mA
lp=6mAto1A 0.08 0.5
Peak output current 25°C 2.1 A

TAll characteristics are measured with a solid-tantalum capacitor across the input of 2 xF and a solid-tantalum capacitor across the output of 1 uF. All
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle = 5%). Output voltage changes
due to changes in internal temperature must be taken into account separately.
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TYPES uA7912C, uA7915C
NEGATIVE-VOLTAGE REGULATORS

uA7912C electrical characteristics at specified virtual junction temperature,
Vi =-19V, Ig = 500 mA (unless otherwise noted)

uA7912C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX
25°C —11.56 —12 —-12.5
Qutput voltage Io=5mAto 1A, Vi=~145V to =27V, " o \
0°Ct0 125°C —-11.4 -12.6
P<15W
\ . rati Vj=-145V to 30V 25°C 5 80 v
nput regulation m
P 9 Vi=-16V to —22V 3 30
Ripple rejection V)=-=16Vto-25V, f=120 Hz 0°Cto 125°C 54 60 dB
. Io=6mAto15A 15 200
Output regulation 25°C Y
put regulat 10 = 250 mA to 750 mA ° 5 751 "
Temperature coefficient o o
l0=5mA 0°C 10 125°C -0.8 mv/C
of output voltage .
Output noise voltage f=10Hzto 100 kHz 25°C 300 nv
Dropout voltage Io=1A 25°C 1.1 v
Bias current 25°C 2 3 mA
) Vi=-145V t0—30 V . . 0.04 05
Bias current change 0°Cto 125°C mA
lp=5mAt1A 0.06 0.5
Peak output current 25°C 2.1 A
uA7915C electrical characteristics at specified virtual junction temperature,
Vi=-23V, Ig =500 mA (unless otherwise noted)
uA7915C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX
25°C -144 -15 -156
Output volt: lo=5mAt 1A, Vy=-175V to ~30 V , o Vv
utputvoltage 0= SmAto ' BV 1030V, | e 128°C | ~14.25 -15.75
P<15W
) V)=—-175Vto —30 V . 5 100
Input regulation 25°C mVv
Vi=—-20V to —26 V 3 50
Ripple rejection Vy=-185V1to—285V, f=120Hz 0°C 10 125°C 54 60 dB
lo=5mAto15A 15 200
Output regulation 25°C mv
put regulatio 10 = 250 mA to 750 mA 75
Temperature coefficient
peratar M g =5ma 0°C 10 125°C -1 mvre
of output voltage
Output noise voltage f=10Hz to 100 kHz 25°C 375 uVv
Dropout voltage lo=1A 25°C 1.1 v
Bias current 25°C 2 3 mA
. Vi=—-175V to =30 V o ° 0.04 0.5
Bias current change 0°Cto 125°C mA
Ig=56mAto 1A 0.06 0.5
Peak output current 25°C 2.1 A

TAll characteristics are measured with a solid-tantalum capacitor across the input of 2 xF and a solid-tantalum capacitor across the output of 1 xF. All
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes

due to changes in internal temperature must be taken into account separately.
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TYPES uA7918C, uA7924C
NEGATIVE-VOLTAGE REGULATORS

uA7918C electrical characteristics at specified virtual junction temperature,
Vi =-27V, 10 = 500 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS? uA7918C UNIT
MIN TYP MAX
25°C -17.3 -18 -18.7
o] | lop=5mAto 1A, Vy=-21Vto-33V, o ° \Y
utput voltage 0=5mAte ! 0°C10126°C | —17.1 ~189
P<15W N
| ati Vy=-21Vto-33V 25°C 5 360 v
t ation m
neut regu Vi=-24V1t0-30V 3 180
Ripple rejection Vi=-22V 10 -32V, f=120 Hz 0°C to 125°C 54 60 dB
lo=6mAto15A o 30 360
Output regulation 25°C mV
1o = 250 mA to 750 mA 10 180
Temperature coefficient
" . I0=5mA 0°C t0 125°C -1 mvV/C
of output voltage
Output noise voltage f =10 Hz to 100 kHz 25°C 450 uv
Dropout voltage lo=1A 25°C 1.1 \
Bias current 25°C 2 3 mA
B ¢ ehanae Vi=-21Vto-33V 0 10 126° 0.04 1 N
las current chan m
g I0-6mAto 1A o 125°C 0.06 05
Peak output current 25°C 2.1 A
uA7924C electrical characteristics at specified virtual junction temperature,
Vi =-33V, |0 =500 mA (unless otherwise noted)
uA7924C
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX
25°C -23 —24 —25
Output volt fo=6mAto 1A, Vy=-27Vto—-38V, N ° \
put voltage 0=>mAte ! ° 0°Cto125°C | —228 —252
P<15W
. V|=-27Vto—38V . 480
Input regulation 25°C mV
Vy=-30Vto-36V 3 240
Ripple rejection V|=-28Vto-38V, f=120 Hz 0°Cto 125°C 54 60 dB
Io=6mAto1.5A ° 85 480
Output regulation 25°C mV
10 = 250 mA to 750 mA 25 240
T ture coefficient
emperature cosTICeNt | | § -5 mA 0°C to 125°C -1 mv/rC
of output voltage
Output noise voltage f=10Hz to 100 kHz 25°C 600 uV
Dropout voltage Ip=1A 25°C 1.1 v
Bias current 25°C 2 3 mA
V|=-27Vto-38V 1
Bias current change ! 0°C to 125°C 0.04 mA
lp=5mAto1A 0.06 0.5
Peak output current 25°C 2.1 A

TAll characteristics are measured with a solid-tantalum capacitor across the input of 2 uF and a solid-tantalum capacitor across the output of 1 uF. All
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t,,, < 10 ms, duty cycle < 5%). Output voltage changes
due to changes in internal temperature must be taken into account separately.
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LINEAR SERIES uA79M00
INTEGRATED CIRCUITS NEGATIVE-VOLTAGE REGULATORS

D2216, JUNE 1976 -REVISED DECEMBER 1982

@ 3-Terminal Regulators NOMINAL —55°C TO 150°C 0°C TO 125°C
OuTPUT Tl OPERATING
® Qutput Current up to 500 mA OPERATING
VOLTAGE |[TEMPERATURE RANGE| TEMPERATURE RANGE
® No External Components 5V uA79MOSM uA79MO5C
. Lo - v MOBM A79MO6C
o High Power Dissipation Capability -6 uA79MO06 uA79
-8V uA79MOBM UA79MO8C
@ internal Short-Circuit Current Limiting —12V uA79M12M UA79M12C
. . —15V ATOM15M A79M15C
® QOutput Transistor Safe-Area Compensation “ 4
-20V UA79M20C
@ Direct Replacements for Fairchild uA79M00 24V uA79M24C
Series PACKAGE | | JG KC
description schematic

COMMON

This series of fixed-negative-voltage monolithic

integrated-circuit voltage regulators is designed to
complement Series uA78MO00 in a wide range of
applications. These applications include on-card regu-
lation for elimination of noise and distribution
problems associated with single-point regulation. Each
of these regulators can deliver up to 500 milliamperes
of output current. The interngl current limiting and
thermal shutdown features of these regulators make
them essentially immune to overload. In addition to
use as fixed-voltage regulators, these devices can be
used with external components to obtain adjustable
output voltages and currents and also as the power
pass element in precision regulators.

a5k
T063k

17k
T 18 k

ouTPUT
o

0.

0.2

Resistor values shown are nominal and in ohms. INPUT

terminal assignments

uA79M_M. . .JG PACKAGE uA79M_C. . .KC PACKAGE
(TOP VIEW) (TOP VIEW)
————— OUTPUT
common[]1 U s[Jnc O C———— INPUT
FF—==—= COMMON
nc 2 7[JNC
NC L3 s[JouTPuT THE INPUT TERMINAL IS IN
iNPUT [4 s[JNc ELECTRICAL CONTACT WITH

THE MOUNTING BASE

NC—No internal connection T0-220AB

Copyright © 1983 by Texas Instruments Incorporated
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SERIES uA79MO00
NEGATIVE-VOLTAGE REGULATORS

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

uA79MO5M | uA79MO5C
THRU THRU UNIT
uA79M15M | uA79M24C
input voltage uA79M20, uA79M24 —40 v
All others -35 —-35
. L o . JG package 1.05
Continuous total dissipation at 25° C free-air temperature (see Note 1) - w
KC (T0O-220AB) package 2
Continuous total dissipation at (or below) 25°C case temperature KC package 75 W
{see Note 1)
Operating free-air, case or virtual junction temperature range —55 to 150 0 to 150 °c
Storage temperature range —65to 150 | —65 to 150 °c
Lead temperature 1,6 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 I KC package 260 °c

NOTE 1: For operation above 25° free-air or case temperature, refer to Figures 1 to 3. To avoid 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 activitated at power levels slightly above or below the rated dissipation.

recommended operating conditions

MIN MAX | UNIT

uA79MO5M, uA79MO5C -7 —25
uA79MO6M, uA79MO6C -8 -25
uA79MO8M, uA79MO8C | —10.5 —25

Input voltage, V| uA79M12M, uA79M12C | —14 5 -30 \%

uA79M15M, UA79M15C | 175  —30
uA79M20C| -23 35
uA79M24C| —27 -38
Output current, 1o 500 mA
[uA79MO8M thru uA7OMI1EM | -85 150
| uUA79MO5C thru uA79M24C 0 125

Operating virtual junction temperature, Ty
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TYPES uA79MO5M, uA79M05C
NEGATIVE-VOLTAGE REGULATORS

uA79MO5M, uA79MO5C electrical characteristics at specified virtual junction temperature,
Vi =-10V, Ig = 350 mA (unless otherwise noted)

PARAMETER TEST CONDITIONS' LATOMOGM uA7EMOSC uNIT
i MIN TYP MAX |MIN TYP MAX
25°C 48 -5 -52|-48 -5 -52
Output voltage 10 -5 mA 10 350 mA, V = ~7 V 1o —25 v | S8 C 10 150°C | -4.75 -5.25 v
0°C to 125°C -4.75 -5.25
\npot reautati Vi=—-7Vto-25V e 7 50 7 sof
nput regula m
put reguiation Vi--8Vto_18V 3 30 3 30
—55°C to 150°C 50
X L Vi=~-8Vto-18V, llg=100mA — =
Ripple rejection £=120H 0°Cto125°C 50 dB
= z
1o =300 mA 25°C 54 60 54 60
. 1o = 5 mA to-500 mA ° 75 100 75 100
Output regulation 25°C mV
1o = 5 mA to 350 mA 50 50
Temperature coefficient —55°C to 150°C —-1.5 o
lop=5mA = 3 mV/°C
of output voltage 0°C to 125°C —0.4
Output noise voltage =10 Hz to 100 kHz 25°C 125 400 125 v
Dropout voltage 25°C 1.1 23 1.1 Y
Bias current 25°C 1 2 1 2| mA
—55°C to 150°C 0.4
Vi=-8Vto—25V - -
0°Cto125°C 0.4
Bias current change ) S mA
—55°C to 150°C 04
10 = 5 mA to 350 mA S 5
0Cto125°C 04
Short-circuit Vj=-30V 25°C 600 140 mA
output current
Peak output current 25°C 0.5 0.65 14 0.65 A

TAIl characteristics are measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output. All characteristics except noise
voltage and ripple rejection ratio are.measured using pulse technigues (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes
in internal temperature must be taken into account separately.
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TYPES uA79MO6M, uA79M06C
NEGATIVE-VOLTAGE REGULATORS

uA79MO6M, uA79MO6C electrical characteristics at specified virtual junction temperature,
Vi=-11V, I =350 mA (unless otherwise noted)

uA79M06M uA79MO6C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX | MIN TYP MAX
25°C -575 —6 —6.25|-5.75 6 —6.25
~55°C to 150°C |-5.7 . \Y%
Output voltage 10 =5 mA 10 350 mA, V| = —8 V to ~25 V " 20 = 63
0°Ct0 125°C —5.7 —6.3
] Vi=-8Vto—25V . 7 60 7 60
Input regulation 25°C mV
V=9Vt -19V 3 40 3 40
—55°C to 150°C 50
) o Vi=—9Vto—19V, |Ig=100mA - -
Ripple rejection =120 H 0'Cto125°C 50 dB
= z
o =300 mA 25°C 54 60 54 60
Output requla 10 = 5 mA to 500 mA sc 80 120 80 120]
egulatio m
put requiation 10 = 5 mA to 350 mA 55 55
Temperature coefficient —55°C to 150°C —-1.5 o
lp=5mA = S mV/°C
of output voltage 0°C 10 125°C —0.4
Output noise voltage f =10 Hz to 100 kHz 25°C 150 480 150 1V
Dropout voltage 25°C 1.1 23 1.1 \Y
Bias current 25°C 1 2 1 2| mA
—55°C to 150°C 0.4
Vi=-9Vto—25V - =
. 0°Cto 125°C 0.4
Bias current change g G mA
—55"Cto 160°C 0.4
1o = 5 mA to 350 mA ~ =
0°C to 125°C 04
Short-circuit o
orteired! V)= -30V 25°C 600 140 mA
output current
Peak output current 25°C 0.5 065 14 0.65 A

TAll characteristics are measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output. All characteristics except noise
voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes

in internal temperature must be taken into account separately.
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TYPES uA79M0O8M, uA79M08C
NEGATIVE-VOLTAGE REGULATORS

uA79M08M, uA79MO8C electrical characteristics at specified virtual junction temperature,
V= -19V, IO = 350 mA (unless noted)

uA79MO08M uA79M08C
PARAMETER TEST CONDITIONST UNIT
MIN TYP_MAX| MIN TYP MAX
25°C -77_ -8 -83|-77 -8 -8.3
Output voltage I0=5MA 350 mA, V| = —10.5 Vo —25 v |00 C10150C|-76 -84 v
0°Ct0125°C -76 -84
' " Jatio Vy=-105Vto-25V 26°C 8 80 8 80 v
nput regulation m
. Vi- 11Vt -21V 4 50 4 50
—55°C to 150°C 50
) o Vi=—-115Vto —215V,|1g = 100 mA AR
Ripple rejection =120 H 0°Cto125°C 50 dB
= 2
lp = 300 mA 25°C 54 59 54 59
) 10 =5 mA to 500 mA o 90 160 90 160
Output regulation 25°C mV
10 =5 mA to 350 mA 60 60
Temperature coefficient —55°C to 150°C —-24
pel I0=5mA - -~ mV/°C
of output voltage 0°Cto125°C —0.6
Output noise voltage f =10 Hz to 100 kHz 25°C 200 640 200 uv
Dropout voltage 25°C 1.1 23 1.1 \
Bias current 25°C 1 2 1 2| mA
—55°C to 156°C 04
V| =-105V to ~25V - ~
) 0°C to 125°C 0.4
Bias current change o S mA
| 5 mA to 350 mA —55"C to 1560°C 04
=5mAto m
0 0°C t0 125°C 04
Short-circuit
etredt Vi=-30V 25°C 600 140 mA
output current
Peak output current 25°C 05 065 14 0.65 A

TAIl characteristics are measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output. All characteristics except noise
voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes
in internal temperature must be taken into account separately.
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TYPES vA79M12M, uA79M12C
NEGATIVE-VOLTAGE REGULATORS

uA79M12M, uA79M12C electrical characteristics at specified virtual junction temperature,
V| =-19V, g = 350 mA (unless otherwise noted)

uA79M12M uA79M12C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX |MIN TYP MAX
25°C —115 —12 —125|-115 —-12 —125
Output voltage —55°C to 150°C [—11.4 —-12.6 \
lo=5mA to350 mA, V| = —14.56 V to —30 V B 3 T
0°Cto 125°C —11.4 -126
- V|=-145V t0 —30 V N 9 80 9 80
Input regulation 25°C mV
Vi==15Vto =25V 5 50 5 50
—55°C to 150°C 50
) o Vi=-15Vt0-25V, | 1g=100mA = >
Ripple rejection f=120H 0°Cto125°C 50 dB
= z =
1o =300 mA 25°C 54 60 54 60
. 10 = 5 mA to 500 mA ° 65 240 65 240
Output regulation 25°C mV
10 =5 mA to 350 mA 45 45
Temperature coefficient lo =5 mA —55°C to 150°C -3.6 vre
of output voltage o=sm 0°Ct0125°C 08 m
Output noise voltage f =10 Hz to 100 kHz 25°C 300 960 300 n%
Dropout voltage 25°C 1.1 23 1.1 \
Bias current 25°C 1.5 3 1.5 3| mA
—55°C to 150°C 0.4
Vi=—145Vto —30 V S 5
. 0°C to 125°C 04
Bias current change g g mA
—55°C to 150°C 0.4
10 =5 mA to 350 mA S o
0°Cto 125°C 0.4
Short-circuit o
Vi=-30V 25°C 600 140 mA
output current
Peak output current 25°C 0.5 0.65 14 0.65 A

TAll characteristics are measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output. All characteristics except noise
voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 6%). Output voltage changes due to changes
in internal temperature must be taken into account separately.
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TYPES uA79M15M, uA73M15C
NEGATIVE-VOLTAGE REGULATORS

uA79M15M, uA79M15C electrical characteristics at specified virtual junction temperature,
V|=-23V, g =350mA (unless otherwise noted)

A79M15M A79M15C
PARAMETER TEST CONDITIONS? = = uNIT
MIN TYP MAX | MIN TYP MAX
25°C —144 —15 —156| —144 —156 —-15.6
Output voltage I0=5mA 10350 mA,V|=—175Vto—30v |95 Ct150°C 1425 1575 v
0°C 1o 125°C 14.25 ~15.75'
Input lati Vy=-175V to —-30 V 25°C 9 80 9 80 v
ut regulation m
9 V) =—-18 V to —28 V 7 50 7 50
—55°C'to 150°C 50
) o V)= —185V to =285 V,|Ig = 100 mA - -
Ripple rejection 0°Cto 125°C 50 dB
f =120 Hz o
1o = 300 mA 25°C 54 59 54 59
10 =5 mA to 5600 mA ° 5 240 65 240
Output regulation o o o 25°C 8 mV
1o =5 mA to 350 mA 45 45
Temperature coefficient —55°C to 150°C —4.5 o
10 =5mA ~ = mV/°C
of output voltage 0°Cto 125°C -1
Output noise voltage f =10 Hz to 100 kHz 25°C 375 1200 375 nY
Dropout voltage 25°C 11 2.3 1.1 \Y
Bias current 25°C 15 3 1.5 3| mA
—55°C to 150°C 0.4
V) =-17.5V to —30 V . -
. 0°Cto125°C .4
Bias current change o o mA
—55"C to 150°C 0.4
lp =5 mA to 350 mA = ’
0'Cto125°C 0.4
Short-circuit o
Vyp=-30V 25°C 600 140 mA
output current
Peak output current 25°C 0.5 065 0.65 A -

tAll characteristics are measured with a 2-uF capacitor across the input and a 1-4F capacitor across the output. All characteristics except noise
voltage and ripple rejection ratio are measured using pulse techniques (t, < 10 ms, duty cycle < 5%). Output voltage changes due to changes
in internal temperature must be taken into account separately.
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TYPE uA79M20C

NEGATIVE-VOLTAGE REGULATORS

uA79M20C electrical characteristics at specified virtual junction temperature
V| =-29V, lg = 350 mA (unless otherwise noted)

uA79M20C
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX
Output volt 10=5mA 10350 mA, V| = ~23 V to —35 V ¢ =192 20 208,
=5mA to mA, Vy= — o — 3
utput voitage o ! 0°Cto 126°C | —19 Y]
] V|=-23Vto—35V R 12 80
Input regulation 25°C mV
V|=—-24Vto 34V 10 70
) e Vi=-24V10-34V, [Ig=100 mA 0°C to 125°C 50
Ripple rejection = dB
f=120 Hz |10 =300 mA 25°C 54 58
. Io =5mA to 500 mA ° 75 300
Output regulation 25°C mV
Ig = 5 mA to 350 mA 50
Temperature coefficient
P eten 10 ="5mA 0°C 10 125°C -1 mv/C
of output voltage
Output noise voltage f=10 Hz to 100 kHz 25°C 500 uV
Dropout voltage 25°C 1.1 \4
Bias current 25°C 1.5 3.5 mA
V|=-23Vto-35V .
Bias current change ! 3 Vto —35 0°C to 125°C 04 mA
Io = 5 mA to 350 mA 0.4
Shortcircuit °
Vy=-30V 25°C 140 mA
output current
Peak output current 25°C 650 A

tAll characteristics are measured with a 2-uF capacitor across the input and a 1-4F capacitor across the output. All characteristics except noise
voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes

in internal temperature must be taken into account separately.
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TYPE uA79M24C
NEGATIVE-VOLTAGE REGULATORS

uA79M24C electrical characteristics at specified virtual junction temperature,

Vi=-33V,lp= 350 mA (unless otherwise noted)

A79M24C
PARAMETER TEST CONDITIONST “ UNIT
MiN TYP MAX
Output volt 10=5mA to 350 mA, V| = =27 V to —38 V zC e~ v
utput voltage = o mA, V=~ 0 — S
° s ° ! 0°Cto 125°C | 228 252
X Vy=-27Vto-38V ° 12 80
Input regulation 25°C mV
V|=-28Vto—-38V 12 70
. L Vyi=-28Vto-38V, {lp=100mA 0°Cto 125°C 50
Ripple rejection el dB
=120 Hz o =300 mA 25°C 54 58
) Io = 5 mA to 500 mA o 75 300
Output regulation 25°C mV
lo =5 mA to 350 mA 50
Temperature coefficient
P 'C lo=5mA 0°Ct0125°C -1 mVrC
of output voltage
Output noise voltage f=10 Hz to 100 kHz 25°C 600 uv
Dropout voltage 25°C 1.1 \Y
Bias current 25°C 1.5 3.5 mA
Vy=-27Vto -38V
Bias current change ! ° 0°Cto 125°C 04 mA
Io = 5 mA to 350 mA 0.4
Short-circuit o
Vy=-30V 25°C 140 mA
output current
Peak output current 25°C 650 A

TAIl characteristics are measured with a 2-puF capacitor across the input and a 1-uF capacitor across the output. All characteristics except noise

voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output voltage changes due to changes

in internal temperature must be taken into account separately.
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SERIES uA78M00
NEGATIVE-VOLTAGE REGULATORS

Maximum Continuous Dissipation—mW
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1200
1000
800
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400
200

0
25

THERMAL INFORMATION

KC PACKAGE

FREE-AIR TEMPERATURE
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T T
Derating factor = 1

ROJA ~ 62.5°C/W

50 75 100

GYmW/DC = 10 Dera’ling 1acu3r =250 mW/°C
- ] 9 above 120°C
5 Rgyc ~ 4°C/W
2 s
Q
g 7 A
[a]
2 6
o
2 s
: \
S 4
E 3
E
2 \
1
0
125 150 25 50 75 100 125 150

TA—Free-Air Temperature—"C

FIGURE 1
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VOLTAGE REGULATOR CIRCUITS
ORDERING INSTRUCTIONS

ORDERING INSTRUCTIONS

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the page
heading regardless of package. The availability of a circuit function in a particular package is denoted by an alphabetical
reference above the pin-connection diagram(s). These alphabetical references refer to mechanical outline drawings shown
in this section.

Factory orders for circuits described in this data book should include a four-part type number as explained in the following
example.

EXAMPLE: TL 497AM JG /883B

(1. Prefix } /

MUST CONTAIN TWO OR THREE LETTERS

TL Ti Linear Products (Excluding Interface)

TLC  TI Linear Silicon-Gate CMOS Products (Excluding Interface)
LM Second Source for National

MC Second Source for Motorola

RC Second Source for Raytheon

SG Second Source for Silicon General

uA Second Source for Fairchild

GUnique Circuit Designator \

Including Temperature Rangy

MUST CONTAIN THREE TO SEVEN CHARACTERS

(From Individual Data Sheets)
Examples: 5941 15624
4193M 78LO5AC

( 3. Package }

MUST CONTAIN ONE OR TWO LETTERS

J, JG, KC, LP, N, P, or U
(From Pin-Connection Diagram on
individual Data Sheet)

C. MIL-STD-883B 1\

Method 5004, Class B/
OMIT /883B WHEN NOT APPLICABLE

Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specified by the customer
(with possible additional costs), circuits will be shipped on the most practical carrier.

Flat (U) Dual-In-Line (J, JG, N, P) Plug-In (LP)
—Barnes Carrier —Slide Magazines —Barnes Carrier
—Milton Ross Carrier —A-Channel Plastic Tubing —Sectional Cardboard Box :
—Barnes Carrier —Individual Cardboard Box .

—Sectioned Cardboard Box
—Individual Plastic Box

TO-220AB (KC)
—Bulk Pack
—Sleeves
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VOLTAGE REGULATOR C
MECHANICAL DATA

J ceramic dual-in-line packages

These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 14- or 16-lead frame.
Hermetic sealing is accomplished with glass. The packages are intended for insertion in mounting-hole rows on 7,62

(0.300) centers (see Note a). Once the leads are compressed and inserted, sufficient tension is provided to secure the
package in the board during soldering.

14-PIN J CERAMIC
19,94 (0.785)
r“AAmatqus] B
}@@@@@@0

0,63 (0.025) R NOM -

¢
7,87 (0.310)
7,37 (0.290) 2 7
7,11 (0.280) ° OGO
6,22 (0.245)
| 107 0,51 (0.020) MIN —»| j= 1,78 (0.070) MAX 14 PLACES
(0.050) NOM 5 - | eLass
5,08 (0.200) SEALANT
MAX q
105° - SEATINGPLANE L} 0,76 (0.030) MIN
90° 14 PLACES
TAPLACES e | ,{ 0,58 (0.023) 101 nces
0,356 (0.014) 3,30 (0.130) 25401001 N 9.38 (0.015)
0,203 (0.008} MiIN .54 (0.
14 :,_(AC“::) 7,78 (0.070) PIN SPACING 2,54 (0.100) T.P.

4 PLACES (See Note a)

Falls Within JEDEC TO-116 and MO-001AA Dimensions
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

16-PIN J CERAMIC
19,94 (0.785)
}‘_ 19,18 (0.755) -"!
DEOOOOE

s
¢ ¢ 0,63 (0.025) R NOM
| 7.87(0.310)
7,37 (0.290)
7,11(0.280) PPV YYY
6,22 (0.245)

(0CXOJOJOJOXOXO;

7.1 | 1.27 10.050) NOM -I “ 1,78 (0.070) MAX 16 PLACES
T

GLASS
SEALANT

[}
5,08 (0.200)
MAX

- SEATING PLANE ————

105°

+0,76 (0.030) MIN

90°
16 PLACES 12 PLACES

\| 0,356 (0.014) n
—»A70,203 (0.008)

30 (0.130) 0,58 (0.023)
08109231 16 pLacEs
16 PLACES ,_..J "‘ 0,38 (0.015)
0,305 (0.012) MIN _
i 4PLACES e |

1,27 (0.050) .
PIN SPACING 2,54 (0.100) T.P. 038 (0.615) 2 PLACES
(See Note a)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE a: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
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VOLTAGE REGULATOR CIRCUITS
MECHANICAL DATA

JG ceramic dual-in-line package

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and 8-lead frame. The package
is intended for insertion in mounting-hole rows 7,62 (0.300) centers (see Note a). Once the leads are compressed
and inserted, sufficient tension is provided to secure the package in the board during soldering.

8-PIN JG CERAMIC

10,2 (0.400)
9,2 (0.355)

0J0J0J0)

i

0,63 (0.025) R NOM —

¢ [
= | 7.87(0.310)
om OOOO®
7,11 (0.280)
6,22 (0.245)
1,78 (0.070) MAX 8 PLACES —
— 1,27 (0.050) NOM
T GLASS
n 5,08 (0.200) SEALANT
fo l
SEATING PLANE
105° 051 umzo;.T 0,76 (0.030) MIN
- 90° MIN 8 PLACES
8 PLACES 0,356 (0.014)
AW 0.203(0008) 330 (b.130) _.”“%00?3)
pRLACES i spLaces
0‘—-—'22 :g'g?:’: —! 4 PIN SPACING
4 PLACES ——2,54 (0.100) TP.

(See Note a)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE a. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
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VOLTAGE REGULATOR CIRCUITS
MECHANICAL DATA

LP plastic package

This package is an encapsulation in a plastic compound specifically designed for this purposes. The package will withstand
withstand soldering temperatures without deformation. The package exhibits stable characteristics under high-humidity
conditions and is capable of meeting MIL-STD-202C, Method 106B.

le 4,19 (0.165)
SEATING PLANE —— 1274013 337 (0.125)

2,67 (0.105)

—— 1,27 (0.050) (0.050 < 0.005) 2.67 (0.105)

(See Note a) 2,03 (0.080)
254:0,13 —

) (0100 0.005)
3,43 (0.135) )
MmN T - ~ = e
i E
5,21 (0.205) 5.34 (0.210) 2,67 (0.105)
2440175 " a320.170) 2,03 (0.080)
5) [ 12,7 (0500) 3LEADS
0,43 +0,13, - 0,03 WIDE
Falls Within JEDEC TO-226AA Dimensions 0,38 + 0,03 THICK
(TO-226AA Replaces T0-92) (0.017 + 0.005, —0.001 WIDE

0.015 + 0.001 THICK)

Falls Within JEDEC TO-226AA Dimensions
(TO-226 AA Replaces TO-92)

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE a: Lead dimensions are not controlled in this area.
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VOLTAGE REGULATOR CIRCUITS

MECHANICAL DATA

KC (TO-220AB) package

THE CENTER TERMINAL IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB
0,64 (0.025) R NOM
2PLACES 3,74 (0.147)
(See Note) 353 (0.139)
1,78 (0.070)
FRgta e [ oo
—r
I = 5
T 7
5,34 (0.210) ~ _ | 1067 (0420)
2,82 (0.190) — | 9,65 (0.380)
L_‘L. ——— |
I H—
2,79 (0.110) 2T™
2,290,090 4
) 6,35 (0.250) |._ 3,05 (0.120)
M 254 (0.100)
14,27 (0.562)
12,70 (0.500)
15,88 (0.625)
14,22 (0.560) 686 (0.270)
0,64 (0.025) 8402301
0,30 (0.012) 5,84 (0.230)
C T 4,83.(0.190)
7 ) 356(0.140)
292 (0.115) 1,40 (0.05)
2,03 (0.080) 51 (0.020)
Falls Within JEDEC TO-220AB Dimensions
ALL DIMENSIONS ARE iN MiLLIMETERS AND PARENTHET ifi iNCHES

NOTE: Notches may or may not be present.
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VOLTAGE REGULATOR CIRCUITS
MECHANICAL DATA

N plastic dual-in-line packages
These dual-in-line packages consist of a circuit mounted on a 14- or 16-lead frame and encapsulated within an electrically
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation and circuit
performance characteristics remain stable when operated in high-humidity conditions. The packages are intended for
insertion in mounting-hole rows on 7,62 (0.300) centers (see Note a). Once the leads are compressed and inserted,
sufficient tension is provided to secure the package in the board during soldering.

38

14-PIN N PLASTIC

19,8 (0.780)
18,0 (0.710)
OOOEO®
AN AT AN ATAYAY
2,4 (0.093) R NOM ~—{—)
G & )
[ 762:025 2,8 (0.110) NOM —|—»l
(0.300 = 0.010) VAVAVAVAVAVAY
\/
| 635:025
{1 t0350- 0010 0]0]6J0]6]0]0)
£ 2,0 (0.080) NOM
"1 k" ' -—1 %-1—1,78 {0.070) MAX 14 PLACES
T 05T (00201 ||
0.25(0.010) 508 (0.200) MaX MIN
NOM g [ ¥ |
K — SEATING PLANE ¥ 0,84 (0.033) MIN
105 =}~ 1arLaces
14PLACES ||, 028 ws: ’ o - 04572 0076
(og;:“ﬁg ) 3.7 (0.125) MIN (0.018 + 0.003)
2032051 14 PLACES
{0.080 £ 0.020) !
4 PLACES PIN SPACING 2,54 (0.100) T.P.

Falls Within JEDEC TO-116 and MO-001AA Dimensions
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

16-PIN N PLASTIC

— 19.8 (0.780) MAX

ICloICIEICIRICIO)
AVAYAVAVAYAY
¢ 620,
762+ 025
- 9 2,4 (0.093) R NOM—¢
(0.300 ¢ 0.010) 'Z' ! Nom 3
A 352025 8 (0.110) Nom—
(0.250 + 0.010) \YAYAYEYEYAYEY
L 2000000 nom OOROOOO
—&{ |@—1.78 (0.070) MAX 16 PLACES
) 5T 0020 ]
0,25 (0.0101 NOM MIN
5,08 (0.200) MAX *
SEATING PLANE
105°, " ': 0,84 (0.033) MIN
g 90° J o u 12 PLACES
16 PLACES 0,28+ 0,08 —
”H""m 0112 0.003) 3,17 (0.125) MIN —o] fa 24571 0076
16 PLACES (0.018 + 0.003)
LA 1,65 10.065) . 16 PLACES
0,38 (0.015)
4PLACES PIN SPACING 2,54 (0.100) T.P.
(See Note a]
ALTERNATE SIDE VIEW
—q - 1,78 (0.070) MAX 16 PLACES
051 (0.070) ]
508 (0.200) MAX Vg
Parts may be supplied in accordance with the : L 8 *HHAHHHP
aiternate side view at the option of Ti piants r 1 g 0.84 (0.033) MIN
. P
located in Europe. In this case, the overall | 16 PLACES
length 4f the package is 22,1 (0.870) max. 3,17 (0.125) MIN —’Ho(t;;?; 10078
2,41 (0.095) 16 PLACES
1.02 {0.040) PIN SPACING 2,54 (0.100) T.P.
4PLACES (See Note a)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE a: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
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VOLTAGE REGULATOR CIRCUITS
MECHANICAL DATA

P dual-in-line plastic package

This dual-in-line package consists c¢f a circuit mounted on an 8-lead frame and encapsulated in an electrically
nonconductive plastic compound. The compound will withstand soldering temperature with-no deformation and circuit
performance characteristics remain stable when operated under high-humidity conditions. This package is intended
for insertion in mounting hole rows on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient
tension is provided to secure the package in the board during soldering.

8-PIN P PLASTIC

le——10,2 (0.400) MAX ———]
INDEX DOT
4
7620300 TP, | I )
(os'zfui%%zveo) 1,78 (0.070) MAX
T 8 PLACES
5,08 (0.200) | l
MAX
GAUGE pLANE . T X o f0et 003
051 (0.020) 8PLACES
0,76 (0.030) MiN
8 PLACES 0,00 {0.000 1
317 (0.125) 0457 £ 0,076
/&\./ 0,28 + 0,08 MIN 4 L-((),Olﬂ +0.003)
(0.011+0.003) 2,54 (0.100) TP. & PLACES
8 PLACES 6 PLACES

(See Note a)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is within 0,13 (0.005) radius of true position at the gauge plane with maximum material condition and unit
installed.
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VOLTAGE REGULATOR CIRCUITS
MECHANICAL DATA

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

assembly.
10-PIN U
0,153 (0.006) 0,483 (0.019) @@@ PIN SPACING
"Hf 0,076 (0.003) 0,381 (0.015) ™ — 1,27 {0.050) T.P.
10 LEADS 10 LEADS (See Note b)
8,89 (0.350)
5,08 (0.200)
7,62 (0.300) 6. %T 250
25,4 (1.000) (See Note c) £ :g ;i;:
19,0 (0.750) A
ALTERNATE
INDEX POINTS
| .
2,03 (0.080) _l::_ __________ “Nr
727 (0050) "
8,89 (0.350)
5,08 (0.200)
12710050 | 1— AU U U U 064 0.025)
0,13(0.005) ja— 6,35 (0.250)——#{ 0,00 (0.000)
Falls Within JEDEC MO-004AE Dimensions
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NTOES: a. Leads are within 0.13 (0.005) radius of true position (TP) at maximum material condition
b. This dimension determines a zone within which all body and lead irregularities lie.

TEXAS INSTRUMENTS



TEXas
INSTRUMENTS

AUSTRIA

Texas Instruments Ges.m.b.H.
IndustriestraBe B/16

A-2345 Brunn am Gebirge
Tel. 02236/84621-0

BELGIUM

Texas Instruments Belgium N.V.
Mercure Centre

Raketstraat 100, Rue de la Fusee
1130 Brussels

Tel. 02/7 208000

DENMARK

Texas Instruments A/S
Marielundvej 46 E
2730 Herlev

Tel. 02/917400

ENGLAND

Texas Instruments Ltd.
Manton Lane

Bedford, MK 41 7 PA

Tel. 0234/67466
Technical Enquiry Service:
Tel. 0234/223000

FINLAND

Texas Instruments Finland OY
P.O. Box 56

Elimaenkatu 14 D

00511 Helsinki 51

Tel. 90/7013133

ESPANA

Texas Instruments Espana S.A.
C/Jose Lazaro Galdiano No. 6
16 Madrid

Telephone: (34) 1-4581458

FRANCE

Texas Instruments France
Boite Postale 5

06270 Villeneuve-Loubet
Tel. 093/200101

GERMANY

Texas Instruments Deutschland GmbH

HaggertystraBe 1
8050 Freising
Tel. 08161/80-0

ITALIA

Texas Instruments
Semiconduttori Italia S.P.A.
Divisione Semiconduttori
Vialle delle Scienze 1
02015 Cittaducale (Rieti)
Telephone: (07 46) 6941
Telex: 611003

NEDERLAND

Texas Instruments Holland BV.
Hogehilweg 19

(Bullewijk)

1101 CB Amsterdam Zuid-Oost
Tel. 020-5602911

NORWAY

Texas Instruments Norway A/S
Kr. Augustsgt. 13

Oslo 1

Tel. 02/206040

PORTUGAL

Texas Instruments Equipamento
Eletronico (Portugal) LDA

Rua Eng. Frederico, Ulrich 2650
4470 Maia

Tel. 948-1003

SWEDEN

Texas Instruments Interational
— Trade Corporation
(Sverigefilialen)

Box 39103

10054 Stockholm

Tel. 08/235480

31












	04273577.tif
	04273578.tif
	04273579.tif
	04273580.tif
	04273581.tif
	04273582.tif
	04273583.tif
	04273584.tif
	04273585.tif
	04273586.tif
	04273587.tif
	04273588.tif
	04273589.tif
	04273590.tif
	04273591.tif
	04273592.tif
	04273593.tif
	04273594.tif
	04273595.tif
	04273596.tif
	04273597.tif
	04273598.tif
	04273599.tif
	04273600.tif
	04273601.tif
	04273602.tif
	04273603.tif
	04273604.tif
	04273605.tif
	04273606.tif
	04273607.tif
	04273608.tif
	04273609.tif
	04273610.tif
	04273611.tif
	04273612.tif
	04273613.tif
	04273614.tif
	04273615.tif
	04273616.tif
	04273617.tif
	04273618.tif
	04273619.tif
	04273620.tif
	04273621.tif
	04273622.tif
	04273623.tif
	04273624.tif
	04273625.tif
	04273626.tif
	04273627.tif
	04273628.tif
	04273629.tif
	04273630.tif
	04273631.tif
	04273632.tif
	04273633.tif
	04273634.tif
	04273635.tif
	04273636.tif
	04273637.tif
	04273638.tif
	04273639.tif
	04273640.tif
	04273641.tif
	04273642.tif
	04273643.tif
	04273644.tif
	04273645.tif
	04273646.tif
	04273647.tif
	04273648.tif
	04273649.tif
	04273650.tif
	04273651.tif
	04273652.tif
	04273653.tif
	04273654.tif
	04273655.tif
	04273656.tif
	04273657.tif
	04273658.tif
	04273659.tif
	04273660.tif
	04273661.tif
	04273662.tif
	04273663.tif
	04273664.tif
	04273665.tif
	04273666.tif
	04273667.tif
	04273668.tif
	04273669.tif
	04273670.tif
	04273671.tif
	04273672.tif
	04273673.tif
	04273674.tif
	04273675.tif
	04273676.tif
	04273677.tif
	04273678.tif
	04273679.tif
	04273680.tif
	04273681.tif
	04273682.tif
	04273683.tif
	04273684.tif
	04273685.tif
	04273686.tif
	04273687.tif
	04273688.tif
	04273689.tif
	04273690.tif
	04273691.tif
	04273692.tif
	04273693.tif
	04273694.tif
	04273695.tif
	04273696.tif
	04273697.tif
	04273698.tif
	04273699.tif
	04273700.tif
	04273701.tif
	04273702.tif
	04273703.tif
	04273704.tif
	04273705.tif
	04273706.tif
	04273707.tif
	04273708.tif
	04273709.tif
	04273710.tif
	04273711.tif
	04273712.tif
	04273713.tif
	04273714.tif
	04273715.tif
	04273716.tif
	04273717.tif
	04273718.tif
	04273719.tif
	04273720.tif
	04273721.tif
	04273722.tif
	04273723.tif
	04273724.tif
	04273725.tif
	04273726.tif
	04273727.tif
	04273728.tif
	04273729.tif
	04273730.tif
	04273731.tif
	04273732.tif
	04273733.tif
	04273734.tif
	04273735.tif
	04273736.tif
	04273737.tif
	04273738.tif
	04273739.tif
	04273740.tif
	04273741.tif
	04273742.tif
	04273743.tif
	04273744.tif
	04273745.tif
	04273746.tif
	04273747.tif
	04273748.tif
	04273749.tif
	04273750.tif
	04273751.tif
	04273752.tif
	04273753.tif
	04273754.tif
	04273755.tif
	04273756.tif
	04273757.tif
	04273758.tif
	04273759.tif
	04273760.tif
	04273761.tif
	04273762.tif
	04273763.tif
	04273764.tif
	04273765.tif
	04273766.tif
	04273767.tif
	04273768.tif
	04273769.tif
	04273770.tif
	04273771.tif
	04273772.tif
	04273773.tif
	04273774.tif
	04273775.tif
	04273776.tif
	04273777.tif
	04273778.tif
	04273779.tif
	04273780.tif
	04273781.tif
	04273782.tif
	04273783.tif
	04273784.tif
	04273785.tif
	04273786.tif
	04273787.tif
	04273788.tif
	04273789.tif
	04273790.tif
	04273791.tif
	04273792.tif
	04273793.tif
	04273794.tif
	04273795.tif
	04273796.tif
	04273797.tif
	04273798.tif
	04273799.tif
	04273800.tif
	04273801.tif
	04273802.tif
	04273803.tif
	04273804.tif

