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IMPORTANT NOTICE

Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to obtain the latest
version of relevant information to verify, before placmg orders, that the information being relied
onis current.

Tl warrants performance of its semiconductor products and related software to the specifications
applicable at the time of sale in accordance with TI’s standard warranty. Testing and other quality
control techniques are utilized to the extent Tl deems necessary to support this warranty.
Specific testing of all parameters of each device is not necessarily performed, except those
mandated by government requirements.

Certain applications using semiconductor products may involve potential risks of death,
personal injury, or severe property or environmental damage (“Critical Applications”).

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer.
Use of Tl products in such applications requires the written approval of an appropriate Tl officer.
Questions concerning potential risk applications should be directed to Tl through a local SC
sales office.

In order to minimize risks associated with the customer’s applications, adequate design and
operating safeguards should be provided by the customer to minimize inherent or procedural
hazards.

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

Copyright © 1995, Texas Instruments Incorporated

Printed in U.S.A. by
Custom Pnntlncl;ﬁ ompany
Owensville, Missouri



INTRODUCTION

The Texas Instruments 1996 Power Supply Circuits Data Book has been created to showcase our growing
line of analog components for power-supply designs. Featured in this data book are most of the components
previously found in the 1992 Linear Circuits Data Book, Volume 3, the many new and exciting power supply
products introduced since then, and other components useful for power-supply designs.

This new data book is more than a collection of data sheets; it is a tool for locating the best power supply
components for a successful design effort. It has been completely restructured to help you quickly find the
devices best suited to your application.

A complete alphanumeric index at the beginning of the book makes finding specifications for known part
numbers simple. You no longer have to search through chapter indexes when you don’'t know a device
function.

The new device index includes a description to highlight TI’'s newest devices. These products include new
families of PMOS high-side switches and personal computer memory card international association
(PCMCIA) power distribution switches, extremely low dropout (LDO) voltage regulators, advanced
pulse-width-molulation (PWM) controllers, and integrated power supply building blocks. Product-preview
data sheets are included for devices not completely released when this book was printed. Contact your local
Tl sales office for complete data sheets and product availability.

Redesigned product selection guides give a condensed view of parametric information, organized to help
you choose the devices that most closely fit your needs. Key specifications and/or features are presented
for easy comparison.

An extensive glossary is provided for reference, defining and clarifying terms used by Texas Instruments and
the semiconductor industry that might be new or unfamiliar.

The data sheets have been organized into several chapters by product function.

® \/oltage references

® \Voltage regulators

® PWAM controllers and dc-to-dc converters

® Supply voltage supervisors

® PMOS and PCMCIA power distribution switches
® Optoisolators

® Building blocks and special functions

Each chapter has its own table of contents that includes descriptions of the devices, which makes finding a
specific device much easier to find.

For convenience, a chapter for optoisolators is included in the 1996 Power Supply Circuits Data Book.
This eliminates the need to flip back and forth between two data books for your total power-supply solution.

In section 9 of this data book there is a collection of application notes. Texas Instruments is committed to
providing designers with detailed application notes for our newest power-supply components. This section
represents the beginning of this effort. These applications are fully tested and, in some cases, evaluation
boards may be available (contact your local Tl sales office). More applications notes will be available from
the factory soon.

The last section of this data book contains complete mechanical specifications for all packages used with
Texas Instruments power supply circuits. This includes the latest innovations in surface-mount power
packages. Designers of space-critical systems may want to investigate new products offered in SOT-23 (DBV
suffix), power TSSOP (PWP suffix), and the PowerFlex™ (KTD, KTG, and KTP suffixes) packages.

PowerFlex is a trademark of Texas Instruments Incorporated.



While this data book offers design and specification data only for power-supply products, complete technical
data for any Tl semiconductor product is available from your nearest Tl Field Sales Office, local authorized
TI distributor, or by writing directly to: ‘

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

DALLAS, TEXAS 75380-9066

or telephone the Tl Literature Response number: 1-800-477-8924.

We sincerely believe the new 1996 Power Supply Circuits Data Book will be a valuable addition to your
collection of technical literature.
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1 This is a product preview data sheet.
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fixed output voltage series pass regulators

v o | roL | VDo v

DEVICE | ) o mt;() (:Z v | marrve o P(Y:n . '("',‘;‘x LDO sgm', svst TA DESCRIPTION
POSITIVE OUTPUT VOLTAGE
TPS7233 250 2 155 uA 0.14-0.18 10 X X —40°C to 125°C | Very low dropout PMOS
TPS7333 a3 2 340 pA 0.044 - 0.06 10 X X X —40°C to 125°C | Lowest dropout PMOS with SVS
TLV2217-33 500 1 19 04-0.5 12 X 0°C to 125°C | Low dropout pnp
TPS7133 2 285 uA 0.047 - 0.060 10 X X —-40°C to 125°C | Lowest droput PMOS
TPS7248 250 2 155 pA 0.09-0.1 10 X X —40°C to 125°C | Very low dropout PMOS
TPS7348 485 2 340 pA 0.028 - 0.037 10 X X X —~40°C to 125°C | Lowest dropout PMOS with SVS
TL75LP48 300 2 4 0.12-0.2 23 X X —-40°C to 125°C | Low dropout pnp
TPS7148 500 2 285 pA 0.03-0.037 10 X X —40°C to 125°C | Lowest dropout PMOS
HA78LO5A 100 5 380 25-3 20 —40°C to 125°C | General purpose, low current
HA78LO5 10 3.8 2-3 20 —40°C to 125°C | General purpose, low current
TL750L05 4 10 0.2-0.6 26 X —40°C to 150°C | Low dropout pnp, low current
TL751L05 150 4 10 0.2-0.6 26 X X —40°C to 150°C | Low dropout pnp, low current, shutdown
LM2930-5 10 18 0.32-0.6 26 X —40°C to 150°C | 3-terminal low-dropout pnp
TPS7250 250 2 155pA 0.76 - 0.85 10 X X —40°C to 125°C | Very low dropout PMOS
TPS7350 5 2 340 pA 0.27 - 0.035 10 X X X —40°C to 125°C | Lowest dropout PMOS with SVS
TL75LPO5 300 2 4 0.12-0.2 23 X X —40°C to 125°C | Low dropout pnp
TPS7150 500 2 285 pA 0.27-0.033 10 X X —40°C to 125°C | Lowest dropout PMOS
pA78MO5 5 45 2-3 25 0°C to 125°C | General purpose, medium current
TL750M05 750 1 60 05-0.6 26 X —40°C to 125°C | Low dropout pnp, high current
TL751M05 1 60 05-0.6 26 X X —40°C to 125°C | Low dropout pnp, high current, shutdown
TL780-05 1500 1 5 2-3 25 0°C to 125°C | High current, upgrade for tA7805
HA7805 10 4.2 2-3 25 —40°C to 125°C | General purpose, high current
HA78LO6BA 100 5 3.9 25-3 20 0°C to 125°C | General purpose, low current
uA78L06 10 39 25-38 20 0°C to 125°C | General purpose, low current
uA78M06 6 500 5 45 2-3 25 0°C to 125°C | General purpose, medium current
uA7806 1500 10 4.3 2-3 25 0°C to 125°C | General purpose, high current

t Supply-voltage supervisor
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fixed output voltage series pass regulators (continued)

v o | oL I Vbo
DEVICE |\, oM m;z @ | A)‘"TYP Tqulzn " V"“Ma" LDO :gm svst TA DESCRIPTION

POSITIVE OUTPUT VOLTAGE (CONTINUED)

HA78LOBA 100 5 4 25-3 23 0°C to 125°C | General purpose, low current

HA78L08 10 4 25-3 23 0°C to 125°C | General purpose, low current

TL750L08 4 10 02-07 26 X —40°C to 150°C | Low dropout pnp, low current

TL751L08 150 4 10 0.2-0.7 26 X X —40°C to 150°C | Low dropout pnp, low current, shutdown
LM2930-8 8 10 18 0.32-0.6 26 X —40°C to 150°C | 3-terminal low-dropout pnp

TL75LP08 300 2 4 0.12-0.2 23 X X —40°C to 125°C | Low dropout pnp

uA78M08 500 5 4.6 25-3 25 0°C to 125°C | General purpose, medium current
| TL750M08 750 1 60 05-0.7 26 X -40°C to 125°C | Low dropout pnp, high current
TL751M08 1 60 05-0.7 26 X X —40°C to 125°C | Low dropout pnp, high current, shutdown
uA7808 1500 10 4.3 25-3 25 0°C to 125°C | General purpose, high current

nA7885 8.5 10 4.3 2-3 25 0°C to 125°C | General purpose, high current
HA78LOBA 100 5 41 25-3 24 0°C to 125°C | General purpose, low current

uA78L0O9 9 10 4.1 25-3 24 0°C to 125°C | General purpose, low current

pA78M09 500 5 4.6 25-3 26 0°C to 125°C | General purpose, medium current
RHA78L10A 100 5 4.2 25-3 25 0°C to 125°C | General purpose, low current

nA78L10 10 4.2 25-3 25 0°C to 125°C | General purpose, low current

TL750L10 150 4 10 02-038 26 X —40°C to 150°C | Low dropout pnp, low current

TL751L10 4 10 0.2-0.8 26 X X —40°C to 150°C | Low dropout pnp, low current, shutdown
TL75LP10 10 300 2 4 0.12-0.2 23 X X —40°C to 125°C | Low dropout pnp

HA78M10 500 5 4.6 25-3 28 0°C to 125°C | General purpose, medium current
TL750M10 750 1 60 0.5-0.8 26 X —40°C to 125°C | Low dropout pnp, high current ’
TL751M10 1 60 05-0.8 26 X X | —40°C to 125°C | Low dropout pnp, high current, shutdown
nA810 1500 10 4.3 25-3 28 0°C to 125°C | General purpose, high current

t Supply-voltage supervisor

30iNO NOILOT13S
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fixed output voltage series pass regulators (continued)

v o | voL I Vbo

DEVICE |\, o s\mz (f/: > | A)qup o Jm . V'(“‘;)ax LDO .fcm svst Ta DESCRIPTION
POSITIVE OUTPUT VOLTAGE (CONTINUED)
HA78L12A 100 5 4.3 25-3 27 —40°C to 125°C | General purpose, low current
HA78L12 10 4.3 25-3 27 —40°C to 125°C | General purpose, low current
TL750L12 150 4 10 0.2-0.9 26 X —40°C to 150°C | Low dropout pnp, low current
TL751L12 4 10 02-09 26 X X —40°C to 150°C | Low dropout pnp, low current, shutdown
TL75LP12 12 300 2 4 0.12-0.2 23 X X —40°C to 125°C | Low dropout pnp
HA78M12 500 5 4.8 25-3 30 0°C to 125°C | General purpose, medium current
TL750M12 750 1 60 09-0.9 26 X —40°C to 125°C | Low dropout pnp, high current
TL751M12 1 60 0.9-0.9 26 X —40°C to 125°C | Low dropout pnp, high current, shutdown
TL780-12 1500 1 5.5 25-3 30 0°C to 125°C | High current, upgrade for nA7812
nA7812 10 4.3 25-3 30 —40°C to 125°C | General purpose, high current
HA78L15A 100 5 4.6 25-3 30 0°C to 125°C | General purpose, low current
pA78L15 10 4.6 25-3 30 0°C to 125°C | General purpose, low current
uA78M15 15 500 5 4.8 25-3 30 0°C to 125°C | General purpose, medium current
TL780-15 1 5.5 25-3 30 0°C to 125°C | High current, upgrade for pA7815
uA7815 1500 10 4.4 25-3 30 0°C to 125°C | General purpose, high current
uHA7818 18 10 4.5 3-3 33 0°C to 125°C | General purpose, high current
HA78M20 20 500 5 49 3-3 35 0°C to 125°C | General purpose, medium current
nA78M24 24 5 5 3-3 38 0°C to 125°C | General purpose, medium current
HA7824 1500 10 4.6 3-3 38 0°C to 125°C | General purpose, high current

1 Supply-voltage supervisor

SHOLVIND3Y IOVII0A HVINIM
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fixed output voltage series pass regulators (continued)

lo | Vbo
DEVICE (V)V,?OM m }f/: ')' ™ A)qu o P(ll:n . V'&;‘" LDO gg‘% svst TA DESCRIPTION

NEGATIVE OUTPUT VOLTAGE

MC79L05A 100 5 5 2-3 -20 0°C to 125°C | Negative low current

MC79L05 -5 10 10 2-3 -20 0°C to 125°C | Negative low current

HA79MO5 500 5 1 2-3 -25 0°C to 125°C | Negative general purpose, medium current
HA79M06 -6 500 5 1 2-3 -25 0°C to 125°C | Negative general purpose, medium current
HA79M08 -8 500 5 1 25-3 -25 0°C to 125°C | Negative general purpose, medium current
MC79L12A 100 5 5 25-3 -27 0°C to 125°C | Negative low current

MC79L12 -12 10 10 25-3 -27 0°C to 125°C | Negative low current

HA79M12 500 5 1.5 25-3 -30 0°C to 125°C | Negative general purpose, medium current
MC79L15A 100 5 5 25-3 -30 0°C to 125°C | Negative low current

MC79L15 -15 10 10 25-3 -30 0°C to 125°C | Negative low current

pA79M15 500 5 1.5 25-3 -30 0°C to 125°C | Negative general purpose, medium current
HA79M20 -20 500 5 1.5 3-3 -35 0°C to 125°C | Negative general purpose, medium current
uA79M24 —24 500 5 1.5 3-3 —38 0°C to 125°C | Negative general purpose, medium current

T Supply-voltage supervisor
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adjustable series pass regulators

\'/ | V| :
DEVICE 08 (m% 1(2 ')' m Al)qTYP (I\)l? V'(“‘;;‘x LDO Dsg\lvaIa svst TA DESCRIPTION
MIN-MAX | MAX TYP-MAX
TL317 1.2-32 100 4 15 25-3 35 0°C to 125°C | General purpose low current adjustable
TPS7201 1.2-9.75 250 3 155 pA 0.16-0.27 10 X X —40°C to 125°C | Very low dropout PMOS adjustable
TPS7301 1.2-9.75 250 3 340 pA 0.052-0.085 10 X X X —40°C to 125°C | Lowest dropout PMOS with SVS
TPS7101 1.2-9.75 500 3 285 pA 0.052-0.085 10 X X —40°C to 125°C | Lowest dropout PMOS adjustable
TL783 1.2-125 700 6 15 10-15 125 0°C to 125°C | High voltage high current adjustable
t Supply-voltage supervisor
adjustable shunt regulators
Vref 'z Vo TOL Vimax TEMP CO
DEVICE (‘r’e) (mA) V) (%) v (PPmI°C) TYP DESCRIPTION
MIN-MAX MIN-MAX
TLV431 1.24 0.1-15 Vref— 6 6 46 Low voltage adjustable shunt reference
TL1431 25 1-100 Vref — 36 0.40 36 30 Precision adjustable shunt reference
TL431 25 1-100 Vref —~ 36 2 36 30 Adjustable shunt reference
TL431A 2.5 1-100 Vief — 36 1 36 30 Precision adjustable shunt reference
TL430 2.75 2-100 Vyef — 30 9 30 120 Adjustable shunt reference

SHOLYIND3H FOVLIO0A HVANI
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voltage references

V, TOL Izmi

DEVICE (v; (f/i) %u A')" '%::)x DESCRIPTION
LT1004-1.2 0.30 10 20 Micropower precision reference
LM385B-1.2 1.2 1 10 20 Micropower reference
LM385-1.2 2 10 20 Micropower reference (LM185/285 temperature gi:ades also available)
LT1004-2.5 0.80 20 20 Micropower precision reference
LM336B-2.5 01 400 10 Precision voltage reference (LM236 temperature grade also available)
LM385B-2.5 25 1.5 20 20 Micropower precision reference
LT1009 2 400 20 Voltage reference
LM385-2.5 3 20 20 Micropower reference (LM185/285 temperature grades also available)
LM336-2.5 4 400 “10 Voltage reference (LM236 temperature grade also available)
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supply voltage supervisors

A

Vi TOL Icc Vi min PROGRAMMABLE | COMPLEMENTARY
DEVICE | v % | maymax | v |[°VS*|  TimE pELaY OUTPUTS DESCRIPTION

Single SVS with programmable undervoltage threshold and
TL7702A | pgmt 2 3 3.60 X X reset time delay

Single SVS with programmable undervoltage threshold and
TL77028 png 2 3 1 X X reset time delay

Single micropower SVS (5 V) with programmable time delay
TLC7705 4.55 1.5 25 pA 1 X X and push-pull outputs
TL7705A 4.55 2 3 3.60 X X Single SVS for 5 V systems with programmable time delay
TL7705B 4.55 2 3 1 X X Single SVS for 5 V systems with programmable time delay
TL7757 4.55 3 40 pA 1 3-terminal SVS for 5 V systems
TL7759 4.55 3 40 pA 1 X 4-terminal SVS for 5 V systems
TL77705 455 1 5 1 X X X C[’):'i.::/SVS, 5V and programmable with programmable time
TL7709A 7.60 2 3 3.60 X X Single SVS for 9 V systems with programmable time delay
TL7712A 10.80 2 3 3.60 X X Single SVS for 12 V systems with programmable time delay
TL7770-12 | 10.90 1 5 1 X X X g:lzly SVS, 12 V and programmable with programmable time
TL7715A 13.50 2 3 3.60 X X Single SVS for 15 V systems with programmable time delay
TL7770-15 | 13.64 1 5 1 X X X (I;):;lySVS, 15 V and programmable with programmable time

T Programmable using external resistor divider.
¥ Overvoltage sense (programmable)
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SELECTION GUIDE
SWITCHING POWER SUPPLY CONTROLLERS

switching power supply controllers
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T Low-level voltage varies with UVLO value.

¥ Fixed 9-V output.
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SELECTION GUIDE

OPTOISOLATORS
optoisolators
Vi LED VI v AT) | RISETIME | FALL TIME '
DEVICE (Psi?() (MAX';t ﬁf&) ) IS(EYP) A:-TYP) c oumignon CT F(! ogilN) PACKAGE
(kV) (us) (us)
4N25 25 1.5 0.5 of of Yes 20 6 Pin DIP
4N26 15 1.5 0.5 2t of Yes 20 6 Pin DIP
aN27 1.5 1.5 0.5 2t ot Yes 10 6 Pin DIP
4N28 05 1.5 0.5 oF 2t Yes 10 6 Pin DIP
4N35 35 1.5 0.3 10 10 Yes 100 6 Pin DIP
4N36 25 15 0.3 10 10 Yes 100 6 Pin DIP
4N37 15" 15 0.3 10 10 Yes 100 6 Pin DIP
6N135 3 1.7 0.4 1 0.7 Yes 7 8 Pin DIP
6N136 3 1.7 0.4 0.6 0.6 Yes 19 8 Pin DIP
HCPL4502 3 1.7 0.4 0.6 0.6 No 19 8 Pin DIP
MCT2 15 15 0.4 5% 5% Yes 20 6 Pin DIP
MCT2E 35 1.5 0.4 st st Yes 20 6 Pin DIP
TIL191 35 1.4 0.4 6 6 No 20 4 Pin DIP
TIL191A 35 1.4 0.4 6 6 No 50 4 Pin DIP
TIL191B 35 1.4 0.4 6 6 No 100 4 Pin DIP
TIL192 35 1.4 0.4 6 6 No 20 8 Pin DIP
TIL192A 35 1.4 0.4 6 6 No 50 8 Pin DIP
TIL192B 35 1.4 0.4 6 6 No 100 8 Pin DIP
TIL193 35 14 0.4 6 6 No 20 16 Pin DIP
TIL193A 3.5 1.4 04 . 6 6 No 50 16 Pin DIP
TIL193B 35 1.4 0.4 6 6 No 100 16 Pin DIP
T At 10 mA
¥ Phototransistor operation
I}
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SELECTION GUIDE
OPTOISOLATORS

optdisolators'with triac output

IS ' IFT dv/dt VTM
DEVICE (I:’IEA?() L(ﬁl?l\;(,)F (MAX) (TY/P) (MAX) V[(’\RM PACKAGE
‘ (kV) (mA) (Vius) (V)
MOCSQOQ 7.5 15 30 12 3 250 6 Pin DIP
MOQ301O 7.5 " 15 15 12 3 250 6 Pin DIP
MOC3011 7.5 1.5 10 12 3 250 6 Pin DIP
MOC3012 7.5 1.5 5 12 3 250 6 Pin DIP
MOC3020 75 1.5 30 100 3 400 6 Pin DIP
MOC3021" 7.5 1.5 15 100 3 400 6 Pin DIP
MOC3022 7.5 1.5 10 100 3 400 6 Pin DIP
MOC3023 75 1.5 5 100 3 400 6 Pin DIP
TIL3009 3.5 1.5 30 12 3 250 6 Pin DIP
TIL3010 3.5 15 15 12 3 250 6 Pin DIP
TIL3011 3.5 1.5 10 12 3 250 6 Pin DIP
TIL3012 3.5 15 5 12 3 250 6 Pin DIP
TIL3020 3.5 15 30 100 3 400 6 Pin DIP
TIL3021 3.5 1.5 15 100 3 400 6 Pin DIP
TIL3022 3.5 1.5 10 100 3 400 6 Pin DIP
TIL3023 3.5 1.5 5 100 3 400 6 Pin DIP
=
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GLOSSARY
VOLTAGE REGULATOR TERMS AND DEFINITIONS

SERIES REGULATORS

Bias Current

The operating current of the device; the difference between input and output current. This current is usually the
current that flows in the ground or reference terminal of the regulator and may be load dependent. Also referred
to as quiescent current.

Current-Limit Sense Voltage

A voltage proportional to the load current that controls the current-limit circuitry.

Dropout Voltage

The input-to-output differential voltage at which the circuit ceases to regulate against further reductions in input
voltage.

Feedback Sense Voltage

A voltage proportional to the output voltage that controls the regulator.

Input Regulation (Line Regulation)

The change in output voltage due to a change in input voltage, often expressed as a percentage of the output
voltage.

Low Dropout Regulator (LDO)

A voltage regulator that can operate with an input-to-output differential voltage that is lower than the typical
series regulator (approximately 2 V). Operation at lower differential voltages allows for the use of lower voltage
inputs and better efficiency.

Output Noise Voltage

The RMS output voltage with constant output current and constant input voltage, often expressed as a
percentage of the output voltage. Output noise voltage is always specified over a given range of frequencies.

Output Impedance

The ratio of the change in output voltage to the change in output current during normal operation. A lower value
indicates better regulation of the output voltage. Output impedance is a function of frequency; at =0, this
becomes output resistance.

Output Regulation (Load Regulation)

The change in output voltage due to a change in load current, often expressed as a percentage of the output
voltage.

Output Voltage Change With Temperature

The change in the output voltage due to a change in temperature, often expressed in parts per million per °C.

Output Voltage Long-Time Drift

The change in output voltage over a given long period of time, such as 100 hours or one year.

Q‘ TeEXAS
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GLOSSARY
VOLTAGE REGULATOR TERMS AND DEFINITIONS

Peak Output Current

The maximum output current that can be obtained from the regulator due to the limits of the circuitry within the
regulator.

Reference Voltage

The voltage (usually fixed) that is compared with the feedback voltage to control the regulator. The output
tolerance of the regulator is determined primarily by the tolerance of this voltage.

Ripple Rejection

The ratio of the peak-to-peak input ripple voltage to the peak-to-peak output ripple voltage, usually expressed
in dB. Thisis the reciprocal of ripple sensitivity. Ripple rejection is a function of frequency and typically decreases
as frequency increases.

Ripple Sensitivity

The ratio of the peak-to-peak output ripple voltage to the peak-to-peak input ripple voltage usually expressed
in dB. This is the reciprocal of ripple rejection.

Series Regulator

A circuit that regulates the output voltage by controlling the impedance of an active device, operating in a linear
mode, in series with the output.

Short-Circuit Output Current

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

Standby Current

The input current drawn by a regulator, with a shutdown or enable terminal, when the output voltage is disabled
and with no reference voltage load.

Temperature Coefficient of Output Voltage (=<V,g)

The average value of the ratio of the change in output voltage to the change in temperature over the total
temperature range, often expressed as parts per million per °C.

{if TEXAS
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GLOSSARY
VOLTAGE REGULATOR TERMS AND DEFINITIONS

SHUNT REGULATORS

Anode

The terminal of the regulator from which load current flows when the regulator is biased for regulation.

Cathode

The terminal of the regulator that sinks external load current when the regulator is biased for regulation.

Dynamic Impedance (Zkp)

The ratio of a change in voltage across the regulator to the corresponding change in current through the
regulator when biased for regulation. This is a function of frequency; at f=0, this becomes dynamic resistance.

Noise Voltage (V)

The RMS output voltage with constant output current and constant input voltage, often expressed as a
percentage of the output voltage. Output noise voltage is always specified over a given range of frequencies.

Reference Input Voltage (Vyef) (of an adjustable shunt regulator)

The voltage at the reference input terminal with respect to the anode terminal.

Regulator Current (Iz7)

The allowable range of dc current through the regulator when it is biased for regulation.

Regulator Voltage (Vz)

The dc voltage from cathode to anode of the regulator.

Shunt Regulator

A device that has a voltage-current characteristic similar to that of a voltage-regulator diode. The device controls
the output voltage by sinking excess current, flowing through a series resistance, away from the load. It is
normally biased to operate in a region of low differential resistance (corresponding to the breakdown region of
a regulator diode) that varies so as to control the voltage across the device to a constant value.

Temperature Coefficient of Reference Voltage (<Vyef)

The ratio of the average change in reference voltage to the change in temperature over the total temperature
range. This value can be stated in parts per million per °C (ppm/°C) or as a percentage of the reference voltage.
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GLOSSARY
VOLTAGE REGULATOR TERMS AND DEFINITIONS

SWITCHING REGULATORS

Bode Plot

A design aid used to visualize a transfer function consisting of a logarithmic horizontal scale for frequency and
a linear vertical scale for gain in dB or phase in degrees.

Charge Pump

A converter topology that uses the transfer of charge through one or more capacitors to generate an output
voltage that is higher than the input voltage.

CSA

Canadian Standards Association, an independent organization that establishes and tests safety standards for
electronic systems and components in Canada.

Compensation Network

The components connected around the error amplifier of a switching regulator which tailor the frequency
response of the control loop. The compensation network reduces phase shift around the control loop so as to
achieve sufficient phase margin for stability.

Conditionally Stable

Description of a control loop that has a phase shift of 360° at some frequency less than the unity-gain frequency,
but has a phase shift of less than 360° at unity gain. This loop oscillates when the gain is reduced to unity at
the frequency where the phase shift is 360°. A reduction in gain is possible at startup, under abnormal load
conditions, or as the components age.

Continuous Mode

A conduction mode in which current in the inductor or transformer of the converter flows during the entire cycle.

Converter (dc-dc)

A network of reactive components and switching elements that transforms power from one dc voltage level to
another. The circuit may or may not provide isolation from the input to the output.

Crossover Frequency

The frequency at which the loop response of the regulator drops to unity gain (O dB). Also known as the
unity-gain bandwidth of the converter or unity-gain frequency. This frequency determines the response time for
transient recovery.

Cross Regulation

The change in output voltage of one output of a multiple output power supply caused by a load change on
another output; usually expressed in percent.

Crow Bar Circuit

A protection circuit the prevents excessive output voltage from reaching the load by shorting the output to
ground. Typically, a crow bar circuit employs an semiconductor-controller rectifier (SCR) to short the output to
ground and a series fuse to break the circuit before the regulator is damaged.
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GLOSSARY
VOLTAGE REGULATOR TERMS AND DEFINITIONS

Current-Mode PWM Control

A PWM control technique consisting of two feedback loops; an inner loop that senses the inductor current and
an outer loop that senses the output voltage and is used as a reference for the inner loop control. Current-mode
control improves the stability of the control loop of many converter topologies, and provides various other
benefits such as pulse-by-pulse current limiting.

Dead Time

A fixed, load-independent off-time between output pulses of a switching regulator, sometimes referred to as
blanking time. Dead time control is employed to limit the maximum duty cycle of a converter to prevent damage
caused by such occurrences as crossover conduction.

Discontinuous Mode

A conduction mode in which current in the inductor or transformer of the converter drops to zero and remains
at zero for a finite period of time during each cycle.

Duty Cycle

The ratio of on-time of the switching element to the operating period of this element.

Dynamic Response (Transient Response)

Output voltage change that occurs in response to a step change in load current or line voltage.

Efficiency

Ratio of the total output power divided by the total input power of a power supply, usually expressed as a
percentage and measured at full-rated load current and at nominal input voltage.

ESL

Equivalent Series Inductance, the parasitic inductance in series with the ideal capacitance within a real
capacitor.

ESR

Equivalent Series Resistance, the parasitic resistance in series with the ideal capacitance within a real capacitor,
originating from the lead resistance, terminali losses, etc.

Faraday Shield

An electrostatic shield within transformers that reduces both coupling capacitance between windings and output
common-mode noise. This shield is placed between the primary and secondary windings.

(Input Voltage) Feedforward Compensation

A technique to increase the loop response to supply voltage changes by controlling the ramp level as a function
of the input voltage.
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GLOSSARY
VOLTAGE REGULATOR TERMS AND DEFINITIONS

Gain Margin

The amount that loop gain is reduced below zero dB at the frequency where there is exactly 360° of phase shift
around the control loop. This is the amount of galn that would need to be added to the loop in order for it to
oscillate.

Holdup Time

The period of time that a power supply output voltage remains within its specified operating conditions after loss
of input power.

Input Transient (Line Transient)

A voltage spike or step change in the input of a power supply.

Inverter

A type of switching converter that accepts dc input power and changes it to ac power.

Line Transient

See input transient.

Load Regulation

The dc change in output voltage caused by a change in output load, often express as a percentage of the
nominal output voltage.

Loop Response :

The frequency response of the regulator, often expressed as a Bode plot. The total loop response is the
small-signal, open-loop transfer function around the control loop and is determined by the total gain and the
phase shift of the output filter, output sensing network, error amplifier (with its compensation network), and the
power modulator stage.

Off-Line Power Supply

A power supply that operates directly from the ac mains. The input voltage is rectified and filtered to a high dc
voltage before any isolation transformer.

Output Regulation

See load regulation.

Overcurrent Protection

A protection circuit that prevents damage to the regulator by sensing an overcurrent condition and limiting
excessive current flow or shutting down the regulator.

Overvoltage

A condition in which the output voltage magnitude is greater than the maximum specified limit. For both positive
and negative regulators, the voltage is farther away from zero.
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GLOSSARY
VOLTAGE REGULATOR TERMS AND DEFINITIONS

Output Impedance

The ratio of the change in output voltage to the change in output current during normal operation. A lower value
indicates better regulation of the output voltage. Output impedance is a function of frequency; at f=0, this
becomes output resistance.

Parallel Operation

A multiple output switching configuration in which two or more output stages supply power to the same load
simultaneously. This configuration is used when one supply cannot meet the power demands of the load or for
redundancy in case of failure of one supply.

Phase Margin

The difference between the phase shift around the control loop at the unity gain frequency and 360°. When the
phase shift is less than 360°, the phase margin is positive. Generally, at least 45° of phase margin is needed
to ensure stability over manufacturing variations and to reduce overshoot.

Pole

A point where the open-loop transfer function of the control loop asymptotically approaches infinity as a result
of a term in the denominator approaching zero. A frequency breakpoint of the loop response that causes 20 dB
per decade reduction in gain and a shift of 90° in phase margin.

Post Regulator

A circuit on the output of the power supply that improves the output regulation and/or reduces ripple or noise.

Power Factor Correction (PFC)

A design technique the changes the input current waveform of a power supply from a pulsed waveform (the
result of charging the input capacitor) to a sinusoidal waveform that reduces EMI injected into the source. Power
factor is proportional to the percentage of time during the cycle that current flows in the input. A power factor
of 1 indicates a sine wave input, while a value less than 1 indicates the presence of harmonic current in the input
circuit.

Power Good Signal

A signal generated within a power supply to indicate that the output of the supply is operating within its specified
tolerances.

Power Modulator Stage

The section of the regulator that processes the power from one dc level to another dc level. This includes the
comparator that converts the error signal to pulse width information, the power switch, and the
transformer/inductor.

Power Modulator Gain

The small-signal gain of the power modulator stage. Because the modulator is a switched circuit, state-space
averaging techniques are required to derive its gain, but the gain can be approximated as the maximum change
in output voltage divided by the maximum change in ramp voltage, usually expressed in dB.
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GLOSSARY :
VOLTAGE REGULATOR TERMS AND DEFINITIONS

Pulse-Width-Modulation (PWM) Control

A switching reguilator technique in which regulation is accomplished by changing the duty cycle of the power
switch.

Push-Pull Operation

A dual output switching configuration in which two power switches conduct alternately.

Ramp

The output voltage of the oscillator stage of a voltage-mode controller that is compared to the error signal in the
comparator to generate the duty cycle control signal. The peak-to-peak level of the ramp determines the gain
of the modulator stage.

Remote Sensing

A design technique to reduce output-voltage error induced by the impedance of the output-load cables by
including the load cables within the feedback loop. This is done by connecting separate voltage sensing cables
at the load that do not carry any load current.

Resonant Mode

A control technique that regulates the output by controlling the operating frequency while turning off the power
switch when the current through it (ZCS) or the voltage across it (ZVS) is zero.

Right-Half-Plane Zero

Afrequency breakpoint of the loop response that causes the gain to rise 20 dB per decade but causes the phase
to fall 90°. This phenomenon is present in continuous-mode boost and flyback converters and is extremely
difficult to compensate for.

Single-Ended Operation

A single output switching configuration.

Soft Start

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

SMPS

Switch-mode power supply. Any of a class of power converters that control the output voltage by switching the
input voltage.

Synchronous Rectification

.

A design technique to increase converter efficiency by reducing the conduction losses in the commutation
rectifier of a converter. This is typically done by replacing the diode with a transistor that is turned on when the
rectifier would be expected to conduct.
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GLOSSARY
VOLTAGE REGULATOR TERMS AND DEFINITIONS

Temperature Coefficient

The average change in a parameter, such as output voltage, per degree of temperature change, usually
expressed as a percentage over the specified temperature range or ppm/°C.

Transient Recovery Time

The time required for the output of a power supply to settle back into its specified tolerance range after a step
change in load current or line voltage. This is also called settling time.

Transient Response

The response of the converter to step changes in load or line variations.

TUV

Technischer Uberwachungs-Verin, a German organization approved for testing products'to VDE standards.

UL

Underwriters Laboratories, the U.S. independent organization that conducts safety testing of products to
established standards.

Unconditionally Stable

Description of a control loop that generally does not oscillate under any line/load conditions or when the loop
gain is reduced. An unconditionally stable loop has less than 360° of phase shift for all frequencies less than
or equal to unity-gain frequency.

Undervoltage

A condition in which the output voltége magnitude is less than the minimum specified limit. For both positive and
negative regulators, the voltage is closer to zero.

Undervoltage Lockout (UVLO)

A protection circuit that prevents switching outputs from turning on until a certain supply voltage threshold is
reached so as to prevent excessive dissipation on the switches and possible damage to the circuit.

Variabie Frequency Control

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

VDE

Verband Deutscher Elektrotechniker, the German organization that sets standards for product safety and noise
emissions and also tests and certifies products to those standards.

Voltage-Mode Control

A PWM control technique consisting of a single feedback loop that controls the output voltage by comparing it
to a fixed reference voltage.
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GLOSSARY
VOLTAGE REGULATOR TERMS AND DEFINITIONS

Zero

A point where the open-loop transfer function of the control loop approaches zero as a result of a term in the
numerator approaching zero. A frequency breakpoint of the loop response where the gain rises 20 dB per
decade and a 90° rise in the phase margin.
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LM185-1.2, LM285-1.2, LM385-1.2, LM385B-1.2, LM385Y-1.2
MICROPOWER VOLTAGE REFERENCES

SLVS075B — APRIL 1989 — REVISED AUGUST 1995

® Operating Current Range D PACKAGE
- LM185...10 puA to 20 mA (TOP VIEW)
 Lhiass. 15 pAto 20 mA neff 1 o catHope
- LM385B.. .15 uA to 20 mA mg[g ;%mg

® 1% and 2% Initial Voltage Tolerance ANODEE 4 s[INC

® Reference Impedance

- LM185... 0.6 Q Max at 25°C LP PACKAGE
- LM385...1 Q Max at 25°C (TOP VIEW)
All Devices . .. 1.5 Q Max Over Full
Temperature Range

- M
ANODE
® Very Low Power Consumption ' :::
® Applications: L1 |CATHODE
— Portable Meter References M INC

(™)

Portable Test Instruments

Battery-Operated Systems

Current-Loop Instrumentation

Panel Meters symbol

® Designed to be Interchangeable With
National LM185-1.2, LM285-1.2, and ANODE —Jpt— cATHODE

LM385-1.2

NC-No internal connection

description

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

The LM185-1.2 series design makes the devices exceptionally tolerant of capacitive loading and thus easier
to use in most reference applications. The wide dynamic operating temperature range accommodates varying
current supplies with excellent regulation.

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

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

AVAILABLE OPTIONS
PACKAGED DEVICEST
T \'/4 CHIP FORM
A TOLERANCE SMALL OUTLINE PLASTIC )
(D) (LP)
2% LM385D-1.2 LM385LP-1.2
0°C to 70°C
1% LM385BD-1.2 LM385BLP-1.2

LM385Y-1.2

—40°C to 85°C 1% LM285D-1.2 LM285LP-1.2

~55°C to 125°C 1% LM185D-1.2 LM185LP-1.2

tFor ordering purposes, the decimal point in the part number must be replaced with a hyphen (i.e., show

the -1.2 suffix as “-1-2").
The D package is available taped and reeled. Add the suffix R to the device type (e.g., LM385DR-1-2).
The chip form is tested at Tp = 25°C.

PRODUCTION DATA information is current as of publication date.

P{od::t: conlnf;n to specifications per thedo terms l:f Texas lqstrymrvgs i
festing of i parameters. eene ene TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-3
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LM185-1.2, LM285-1.2, LM385-1.2, LM385B-1.2, LM385Y-1.2

MICROPOWER VOLTAGE REFERENCES

SLVS075B — APRIL 1989 — REVISED AUGUST 1995

schematic
. 4 *—o L 4 4 CATHODE
Q13
75kQ 600 kQ }
Q12 ]
ar 200 kQ
Q4
lb———i
20 pF
Q5 4
Qs
100 kQ § 500 Q 60 kQ
. . . ANODE
NOTE A: Component values shown are nominal.
absolute maximum ratings over operating free-air temperature ranget
Reverse current, R ... e e 30 mA
Forward current, IE . ..o o i ... 10mA
Operating free-air temperature range, TA:LM185-1.2 ... ... ... ... ..ot —55°C to 125°C
LM285-1.2 ... —40°C to 85°C
LM385-1.2, LM385B-1.2 .......... ... 0°C to 70°C

Storage temperature range, Tgtg -« « -« « v v nrntrtea e
........... 260°C

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

—65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” rﬁéy cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

MIN  MAX | UNIT
Reference current, Iz 0.01 20| mA
LM185-1.2 -55 125
Operating free-air temperature range, Tp , LM285-1.2 —-40 85 °C
LM385-1.2, LM385B-1.2 0 70

b TeExAs
INSTRUMENTS

2-4 ) POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




LM185-1.2, LM285-1.2, LM385-1.2, LM385B-1.2, LM385Y-1.2
MICROPOWER VOLTAGE REFERENCES

SLVS075B — APRIL 1989 — REVISED AUGUST 1995

LM385Y-1.2 chip information

This chip, when properly assembled, displays characteristics similar to the LM385-1.2 (see electrical tables).
Thermal compression or ultrasonic bonding can be used on the doped aluminum bonding pads. The chip can
be mounted with conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

»l
Lgl

ANODE CATHODE
(1) @

CHIP THICKNESS:
15 MILS TYPICAL

BONDING PADS:
4 x 4 MILS MINIMUM

Tgmax = 150°C
TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN MILS.

TERMINAL NUMBERS APPLY
TO LP PACKAGE ONLY
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electrical characteristics at specified free-air temperature

§661 LSNONY AASIAIY — 6861 NHAY — GSLOSATS

TEST a2 LM385-1.2 LM3858-1.2
PARAMETER CONDITIONS Tat - UNIT
MIN TYP MAX|] MIN TYP MAX| MIN TYP MAX
Vz Reference voltage Iz=1minto20 mA¥ 25°C 1223 1235 1.247| 121 1235 1.26] 1223 1.2356 1.247 \4
avz c(\)/;;:gg temperature coefficient of reference lz=Iminto20mat |  25°C +30 +20 +20 ppMIC
R At 25°C 1 1 1
) ) z=Iminto1m Full range 15 15 15
AVz Change in reference voltage with current 250 2 0 % mv
I7z=1mAto20 mA
Full range 30 ) 30 30
AVz/At  Long-term change in reference voltage Iz =100 pA 25°C +20 ) +20 +20 ppm/khr
Izmin Minimum reference current Full range 8 10 8 15 8 15 pA
) Iz = 100 pA, 25°C 02 06 0.4 1 0.4 1
Zz Reference impedance f= 25 Hz Full range 5 s 15 Q
A Broadband noise voltage ;Z= =1 g ??;::1 okHz | 25°C 60 60 60 nv

T Full range is —55°C to 125°C for the LM185-1.2, —40°C to 85°C for the LM285-1.2, and 0°C to 70°C for the LM385-1.2 and LM385B-1.2.
$1 min = 10 pA for the LM185-1.2 and LM285-1.2. Iyjin = 15 pA for the LM385-1.2 and LM385B-1.2.
§ The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified temperature range.

SIONIHIJ3H IDVLIOA HIMOJOHIIN

Z'1-AS8ENT ‘T L-GS8ENT ‘Z 1-G8EINT ‘C'1-S82INT ‘CL-S8LINT



LM185-1.2, LM285-1.2, LM385-1.2, LM385B-1.2, LM385Y-1.2
MICROPOWER VOLTAGE REFERENCES

SLVS075B — APRIL 1989 — REVISED AUGUST 1995

electrical characteristics, Tp = 25°C

LM385Y-1.2
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
Vz Reference voltage 1z =15 pAto 20 mA 121 1235 1.26 \
ayz Average temperature coefficient of reference voItageT Iz =15 A to 20 mA +20 ppm/°C
. ) Iz=15pAto 1 mA 1
AVz Change in reference voltage with current mv
Iz=1mAto 20 mA 20
AVz/At  Long-term change in reference voltage I7z=100 uA +20 ppm/khr
Izmin  Minimum reference current 8 15| uA
2z, Reference impedance Iz =100 A 0.4 1 Q
: 17 =100 pA,
Vh Broadband noise voltage f= 10 Hz to 10 kHz 60 uv

T The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified temperature

range.

‘t’? TeEXAS
INSTRUMENTS
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LM185-1.2, LM285-1.2, LM385-1.2, LM385B-1.2, LM385Y-1.2
MICROPOWER VOLTAGE REFERENCES

SLVS075B ~ APRIL 1989 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICSt

REVERSE CURRENT REFERENCE VOLTAGE CHANGE
vs vs
~ REVERSE VOLTAGE REVERSE CURRENT
100 T 1 T T
Tp = -55°C to 125°C TA = -55°C to 125°C
C |
< o 1 /
=2 o
] 8
£ 10 5
£ 2 8
a | ™ g‘
8 ] S
D
3 ] g .
o« / e %
1 1 e % //
o«
= [
/ . I
N 0
>
/ )
0.1 -
0 0.2 0.4 06 08 1 1.2 14 0.01 0.1 1 10 100
VR ~- Reverse Voltage - V Ir ~ Reverse Current - mA
Figure 1 ‘ Figure 2
FORWARD VOLTAGE REFERENCE VOLTAGE
vs vs
FORWARD CURRENT FREE-AIR TEMPERATURE
Ta = 25°C
1 1.24
>
: / 3
] I <
2 3 1295 —
.g o i g P ™
S I g L~
N D
' 04 T 123
u 1
> N
>
1.225
0 1.220
0.01 0.1 1 10 100 -55 -~35 -15 5 25 45 65 85 105 125
I — Forward Current - mA Ta — Free-Air Temperature - °C
Figure 3 Figure 4

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

*5‘ TEXAS
INSTRUMENTS
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LM185-1.2, LM285-1.2, LM385-1.2, LM385B-1.2, LM385Y-1.2
MICROPOWER VOLTAGE REFERENCES

SLVS075B — APRIL 1989 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICST

REFERENCE IMPEDANCE NOISE VOLTAGE
vs vs
REFERENCE CURRENT FREQUENCY
100 T T T T T T 71T 700
T
Ta =-55°C to 125°C Zz =190u
600 |~ Tp =25°C
5
8 If 500 [N
s 10—\ > \K
RN ;
£ \ o 400 T~
8 \ £ ~
H N\ S 300
H] \ o N
g, \ L N
] N Z 200
N \\ c
h 100 N
S SN
0.1 0
0.01 0.1 1 10 100 10 100 1k 10k 100 k
Iz — Reference Current - mA f - Frequency — Hz
Figure 5 Figure 6
OUTPUT NOISE VOLTAGE
CUTOEF F‘:RSEQUENCY TRANSIENT RESPONSE
T T v
1z=100 A RC Low Pass
60 |- Ta=25°C oA 15 Output
e | 1] ] 7
0 /] @ /
o 501 100pA e s 1 V4 36 kQ
g i R S £ vi Vo
S swf—1% ¢ Z 05
2 / 2 il
2 - / 3 o .
5 0 Y o
2 s 3 S
= -
S 20 » 3
AT £
d 5
10 Input
00.1 1 10 100 0 0 ] 100 A\~ 500 600
f - Cutoff Frequency — kHz t—Time - us
Figure 7 Figure 8
1t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
*3 7
EXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-9



LM185-1.2, LM285-1.2, LM385-1.2, LM385B-1.2, LM385Y-1.2
MICROPOWER VOLTAGE REFERENCES

SLVS075B — APRIL 1989 — REVISED AUGUST 1995

APPLICATION INFORMATION
lo~58pA
+ 5.1 kQ Vs
Mercury Cell —— 100 kQ +1% R 200kQ 1%
1345V LM334
_ cw|
V-
* 500 Q
23
LM385-1.2 ﬂ 2%Q
r
! Meter
T Adjust for 11.15 mV at 25°C across 953 Q
* Adjust for 12.17 mV at 25°C across 412 Q
Figure 9. Thermocouple Cold-Junction Compensator
V+ 23V<V+<30V
9V
LM334 499 kQ
R
: 1.2V
V- 2.74kQ
o 12V LM385-1.2
LM385-1.2 -
Figure 11. Reference From a 9-V Battery

Figure 10. Operation Over a
Wide Supply Range

{'P TEXAS
INSTRUMENTS
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5, LM385Y-2.5
MICROPOWER VOLTAGE REFERENCES

SLVS023D - JANUARY 1989 — REVISED AUGUST 1995

® Operating Current Range . . . 20 pA D PACKAGE
to 20 mA (TOP VIEW)

® 1.5% and 3% Initial Voltage Tolerance U

® Reference Impedance Ngg 1 8 || CATHODE
— LM185... 0.6 Q Max at 25°C NCl2  7[INC
- LM385...10Q Max at 25°C NCla  sfINC
— All Devices . .. 1.5 Q Max Over Full ANODE(] 4 s[INC
- Temperature Range

® Very Low Power Consumption LP PACKAGE

® Applications: (TOP VIEW)
~ Portable Meter References
- Portable Test Instruments ANGDE
— Battery-Operated Systems CATHODE
— Current-Loop Instrumentation NG
- Panel Meters

¢ Designed to be Interchangeable With NC—No internal connection
National LM185-2.5, LM285-2.5, and
LM385-2.5 symbol

description ANODE ———Jp[———  CATHODE

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

The LM185-2.5 series design makes these devices exceptionally tolerant of capacitive loading and thus easier
to use in most reference applications. The wide dynamic operating temperature range accommodates varying
current supplies with excellent regulation.

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

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

AVAILABLE OPTIONS
v PACKAGED DEVICEST I FORM
Ta Z SMALL OUTLINE PLASTIC
TOLERANCE Y
© (L) o
G 1o 70°C 3% LM385D-2.5 LM385LP2.5
) !
15% LM385BD-2.5 M385BLP-2.5 LMOB5Y-2.5
~40°Ct085°C | 15% (M285D-2.5 LM285LP-2.5
~55°C to 125°C 15% LM185D-2.5 LM185LP-2.5

1 For ordering purposes, the decimal point in the part number must be replaced with a hyphen (i.e., show
the -2.5 suffix as “-2-57). :
The D package is available taped and reeled. Add the suffix R to the device type (e.g., LM385DR-2-5).

PRODUCTION DATA information is current as of publication date. Copyright © 1995, Texas Instruments Incorporated

%:5:'“:"5' ﬁ?ﬁ ';‘t:t;:clﬁcations per the d;bgr’m'sw?i exas |nstr:‘m % T S
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-11



LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5, LM385Y-2.5
MICROPOWER VOLTAGE REFERENCES

SLVS023D - JANUARY 1989 — REVISED AUGUST 1995

schematic
* *—o * *® CATHODE
600 kQ £ a13
7.5kQ )
‘ Q12
Q4 a7 200 kQ
Qi1 |—
]
a1 p *
‘ 20 pF § 500 Q
<
Q6 >—K08 1
% 500 Q 60 kQ % 5000
- * . 2 o ' 3 ANODE
NOTE A: All component values shown are nominal.
absolute maximum ratings over operating free-air temperature ranget
Reversecurrent, IR ... i 30 mA
Forward current, IE ... i e e 10 mA
Operating free-air temperature range, To: LM185-2.5 ......... ... ... i, —55°C to 125°C
LM285-2.5 ... e —40°C to 85°C
LM385-2.5, LM385B-2.5 .....................lL 0°C to 70°C
Storage temperature range, Tgtg - -« .. vvveeiiniii i —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from cases for 10seconds ............... . cciiieenn. 260°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

recommended operating conditions

MIN  MAX | UNIT
Reference current, Iz 0.02 20 mA
LM185-2.5 -55 125
Operating free-air temperature range, Ta LM285-2.5 —-40 85 °C
LM385-2.5, LM385B-2.5 0 70

‘,"f TeEXAS
INSTRUMENTS

2-12 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5, LM385Y-2.5
MICROPOWER VOLTAGE REFERENCES

SLVS023D - JANUARY 1989 — REVISED AUGUST 1995

LM385Y-2.5 chip information

This chip, when properly assembled, displays characteristics similar to the LM385-2.5 (see electrical tables).
Thermal compression or ultrasonic bonding can be used on the doped aluminum bonding pads. The chip can
be mounted with conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

»
»

ANODE CATHODE
(1) 2)

CHIP THICKNESS:
15 MILS TYPICAL

BONDING PADS:
4 x 4 MILS MINIMUM

Tgmax = 150°C
TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN MILS.

TERMINAL NUMBERS APPLY
TO LP PACKAGE ONLY

(=]
~

L bbbttt b b Lo

-

4

Ln 57 »
|||I|I|I|I|I|I|I|l]III]I|||l|l|||I|I|l|l’|]l|l|l|l|l|l|||
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electrical characteristics at specified free-air temperature

LM185-2.5
LM385-2.5 LM385B-2.5
PARAMETER TEST CONDITIONS | Tt LM285-2.5 UNIT
MIN ¢ TYP MAX| MIN TYP MAX| MIN TYP MAX
vz Reference voltage 17 =20 pA to 20 mA 25°C 2.462 25 2538 | 2.425 25 2575| 2.462 25 2538 \
Average temperature coefficient of _ o
WZ - reference voltage 17 =20 pA to 20 mA 25°C +20 +20 +20 ppm/°C
7 =20 uAto 1 mA 25°C 1 2 2
= o 1m
3 } z Full range 1.5 2 2
AVz Change in reference voltage with current mv
25°C 10 20 20
Iz=1pAto 20 mA .
Full range 30 30 30
AVz/At  Long-term change in reference voltage Iz =100 pA 25°C +20 +20 +20 ‘| ppm/khr
1Z(min) Minimum reference current Full range 8 20 8 20 8 20 HA
e 25°C 0.2 0.6 0.4 1 0.4 1
2, Reference impedance 1z=100 pA Q
Full range 1.5 15 15
. Iz =100 pA,
Vi Broadband noise voltage f= 10 Hz to 10 KHz 25°C 120 120 120 uv

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

$661 LSNONVY-AISIAIH — 6861 AHVYNNVF — GEZOSATS

S3ION34343H 39VITOA HIMOJOHIIW
G'2-ASBENT ‘'2-8S8ENT ‘6'2-582NT ‘G2-S8LINT
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5, LM385Y-2.5
MICROPOWER VOLTAGE REFERENCES

SLVS023D ~ JANUARY 1989 — REVISED AUGUST 1995

electrical characteristics at Ty = 25°C

LM385Y-2.5
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
vz Reference voltage Iz=20pAto20mA | 2.462 25 2575 Vv
ayz Average temperature coefficient of reference voltage t Iz =20 pA to 20 mA +20 ppm/°C
AVz/At  Long-term change in reference voltage Iz=100 uA +20 ppm/khr
Zz Reference impedance Iz =100 pA 0.4 1 Q
. Iz =100 pA,
Vn Broadband noise voltage f=10 Hz to 10 kHz 120 nv

TThe average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified temperature

range.

{'P TE
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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- LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5, LM385Y-2.5
MICROPOWER VOLTAGE REFERENCES

SLVS023D - JANUARY 1989 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICST

REVERSE CURRENT REFERENCE VOLTAGE CHANGE
vs ) Vs
REVERSE VOLTAGE REVERSE CURRENT
100 T T ‘ 16 T T T 1010
TA =—55°C to 125°C : TA = —-55°C to 125°C
z .
< = 12
7 )
£ 10 §
g / % 8
5] / 4
] 5
g "
g g 4 b
1 1 g P
£ 5 e
o uil
1 0 il
N
>
<
0.1 -4
0 0.5 1 1.5 2 25 3 0.01 0.1 1 10 100
VR — Reverse Voltage - V IR - Reverse Current — mA
Figure 1 Figure 2
FORWARD VOLTAGE REFERENCE VOLTAGE
vs vs
FORWARD CURRENT FREE-AIR TEMPERATURE
16 T TTITm 2825 T T
Tp =25°C Iz =20 uA to 20 mA
1.4 2.52
> 12 > 2515
L é
g 1 % 2,51
o >
: | I 2.
s 0.8 L 5
4 P=q g 25
L o6 T € s el \\
|t 1 ¥
L. Lt N
> 04 > 240 // \\
v
0.2 m‘ 2.485
0 2.48
0.01 0.1 1 10 100 -55-35 -15 '5 25 45 65 85 105 125
I — Forward Current - mA TA - Free-Air Temperature - °C
Figure 3 Figure 4

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

b TEXAS

INSTRUMENTS
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5, LM385Y-2.5
MICROPOWER VOLTAGE REFERENCES

SLVS023D - JANUARY 1989 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS?

REFERENCE IMPEDANCE

REFERENCE IMPEDANCE

vs vs
REFERENCE CURRENT FREQUENCY
1000 1
AR 0k I
f=25Hz Iz=100pA
TA = MIN to MAX¥ Ta =25°C
e a 1k
1 1
g 100 g /
c c
3 3 A
g 2 100
E £
o 10 ®
g \ e /]
5 N 5 10
b -
& N 2 /
1 1 q 1 / .
N NW N 1
L~
0.1 0.1
0.01 0.1 10 100 0.01 0.1 1 10 100 1000
Iz - Reference Current — mA f - Frequency - kHz
Figure 5 Figure 6
NOISE VOLTAGE FILTERED RMS OUTPUT NOISE VOLTAGE
vs vs
FREQUENCY FREQUENCY
1400 — HO:J'LII"\ 120 T 77T T TTT
Iz=1 Ta =25°C
1200 Ta =25°C - l 100 A
< 100 RC Low Pass
N : ‘L R J Ly
T o
l? 1000 \\ il % ¢ ///
z N T S 8= /’
o 800 T 2 J
g Z e /
s N 3 /
> 600 TF £ 1
] 3 V
3 /
2 \ g 40
1 400 \ 4 /
>= © P
$ 20 o
200 g L
'S
\
N
0 0
10 100 1k 10k 100 k 0.1 1 10 100
f - Frequency — Hz f - Frequency — kHz
Figure 7 Figure 8
t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
¥ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
3 1,
EXAS
INSTRUMENTS
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5, LM385Y-2.5
MICROPOWER VOLTAGE REFERENCES

SLVS023D — JANUARY 1989 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICST

TRANSIENT RESPONSE
4
>
1
"3" 3 Output
S
o
> 2 74 24 kQ
H v Vo
3 1
°
] =
I B
£ o <
5 A
InTut
0 0 100 l\' 500 600
t-Time-us
Figure 9

1 Data at high and low temperatures are applicable only within the rated operating free-air tempefature ranges of the various devices.
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LM185-2.5, LM285-2.5, LM385-2.5, LM385B-2.5, LM385Y-2.5
MICROPOWER VOLTAGE REFERENCES

SLVS023D - JANUARY 1989 — REVISED AUGUST 1995

APPLICATION INFORMATION

lo =60 pA _
+ 3.3kQ
2 Mercury e
Cells —/—
26V~
LM385-2.5

200 kQ +1%

V+

LM334

R 2.00 kQ 1%

V-

500 Q

420t
1%

tAdjust for 12.17 mV at 25°C across 412 Q

Figure 10. Thermocouple Cold-Junction Compensator

V+ 37V<V+<30V

2.74 kQ

25V

f LM385-2.5

Figure 11. Operation Over a
Wide Supply Range

9V

221 kQ

LM385-2.5

Figure 12. Reference

From a 9-V Battery

“5‘ TEXAS
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LM236-2.5, LM336-2.5, LM336Y-2.5
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS063A - NOVEMBER 1988 — REVISED AUGUST 1995

® Low Temperature Coefficient

Wide Operating Current. . . 400 pA
to 10 mA

0.27-Q2 Dynamic Impedance

+1% Tolerance Available

Specified Temperature Stability

Easily Trimmed for Minimum Temperature
Drift

Fast Turn-On

Three-Lead Transistor ‘Package

description

The LM236-2.5 and LM336-2.5 integrated circuits
are precision 2.5-V shunt regulator diodes. These
monolithic references operate as low temperature
coefficient 2.5-V zeners with a 0.2-Q dynamic
impedance. A third terminal provided on the circuit
allows the reference voltage and temperature
coefficient to be easily trimmed.

The series are useful as precision 2.5-V
low-voltage references (V) for digital voltmeters,

D PACKAGE
(TOP VIEW)

U

NC[l
NC[]
NC(]
ANODET]

8 [] CATHODE
7[INC
6[] NC
5[] ADJ

AW N -

NC-No internal connection

LP PACKAGE
(TOP VIEW)

ANODE
CATHODE
ADJ

ANODE—Tf—- CATHODE

ADJ

symbol

power supplies, or operational amplifier circuitry. The 2.5-V voltage reference makes it convenient to obtain a
stable reference from 5-V logic supplies. Since the series operate as shunt regulators, they can be used as either

positive or negative voltage references.

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

from 0°C to 70°C.
AVAILABLE OPTIONS
PACKAGED DEVICES
CHIP FORM
TA SMALL OUTLINE PLASTIC )
(D) (LP)
0°C to 70°C LM336D-2.5 LM336LP-2.5 LM336Y-2.5
~25°C to 85°C LM236D-2.5 LM236LP-2.5 —

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

LM336DR-2.5).

PRODUCTION DATA information is current as of publication date.

Copyright © 1995, Texas Instruments incorporated

:'éﬁ"g;’;vz%ﬂm m 0 speci '_m“ p‘l’ 9 _mtm ‘exas ", in'::'n I EXAS
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LM236-2.5, LM336-2.5, LM336Y-2.5
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS063A - NOVEMBER 1988 — REVISED AUGUST 1995

schematic diagram

- CATHODE
Q14 “5011

2 koS 266k

Q8
20 pF
E1o ka §)
Q2 » 30 pF

-

All component values are nominal

LM336Y-2.5 chip information

This chip, when properly assembled, displays characteristics similar to the LM336-2.5 (see electrical tables).
Thermal compression or ultrasonic bonding can be used on the doped aluminum bonding pads. The chip can
be mounted with conductive epoxy or a gold-silicon preform. .

BONDING PAD ASSIGNMENTS

ANODE CATHODE
) R ﬂ (2)
ADJ
@)

CHIP THICKNESS:
15 MILS TYPICAL

BONDING PADS:
4 x 4 MILS MINIMUM

Tgmax = 150°C
TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN MILS.

Lnnnnn i b
o

>}
L)

| 55 »
II

|I|I|I|I|lllllll'lllllll'lllllll|l|I|l|I|I|I|III|I|I|I
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LM236-2.5, LM336-2.5, LM336Y-2.5
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS063A — NOVEMBER 1988 — REVISED AUGUST 1995

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

Reverse CUMMENt, IR ...ttt i i i e 20 mA
Forward current, IE ... e e 10 mA
Operating free-air temperature range, To: LM236-25 ... ... ..., —25°C to 85°C

LM336-25 ............... e 0°C to 70°C
Storage temperature range, Teg .- oovvni i —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or LP package ............... 260°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

electrical characteristics at specified free-air temperature (unless otherwise noted)

LM236-2.5 LM336-2.5
PARAMETER TEST CONDITIONS Ta¥ UNIT
MIN  TYP MAX MIN TYP MAX
LM236, LM336 244 249 254 239 249 259
vz Reference voltage Iz=1mA 25°C \
LM236A, LM336B 2465 249 2515| 244 249 254
Change in reference "
AVZz(aT) voltage with :/z_a;ijrl:‘s;ed 02490V, Full range 3.5 9 1.8 6| mv
temperature$ Z=
Change in reference _ 25°C 26 6 2.6 10
AVZ(aN) voltage with current 'z =400 pA to 10 mA Full range 3 10 3 12 mv
Long-term change o ’
AVZ(AY  in reference voltage iz=1mA 25°C 20 20 ppmvkhr
Reference 25°C 0.2 0.6 0.2
. = = Q
4 impedance Iz=1mA, f=1kHz Full range 0.4 1 0.4 1.4

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

§ Temperature stability (change in reference voltage with temperature) for these devices is ensured by design. Design limits are specified over the

indicated temperature and supply voltage ranges. These limits are not used to calculate outgoing quality levels.

electrical characteristics, Tp = 25°C

LM336Y-2.5
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX

Vz Reference voltage Iz=1mA 239 249 259 \
AVz(Aly Change in reference voltage with current ) Iz =400 pA to 10 mA 2.6 10 mV
AVz(at) Long-term change in reference voltage Iz=1mA 20 ppm/khr
Zz Reference impedance Iz=1mA, f=1kHz 0.2 1 Q

3 1,

EXAS
INSTRUMENTS
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LM236-2.5, LM336-2.5, LM336Y-2.5

2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS063A - NOVEMBER 1988 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS

CHANGE IN REFERENCE VOLTAGE NOISE VOLTAGE
vs vs
REFERENCE CURRENT - FREQUENCY
25 250 T
Ta<25°C iz=1mA
> A | Ta=25°C
E
]
o 2 N
o T 200
% £
> =
g 15 ! \
o g '
o 35 150
: 2 N
= 1 ﬁ N
[ [<] —
:
£ c 100
o
[ 0.5 >
N /
>
< |
0 50
0 2 4 6 8 10 10 100 1k 10k
Iz - Reference Current — mA f - Frequency — Hz
Figure 1 Figure 2
REFERENCE IMPEDANCE
vs
FREQUENCY
100 i
Iz=1mA
Ta =-55°C to 125°C
G
1
g 10 ."/
3 ya
S 7
E /
8 /
P, L
o H
[+ Z
o —
N —
N "
0.1
0.01

0.1 1 10 100
f - Frequency — kHz ’

Figure 3

100 k
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LM236-2.5, LM336-2.5, LM336Y-2.5
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS063A ~ NOVEMBER 1988 — REVISED AUGUST 1995

APPLICATION INFORMATION

5V 5V V|=35-40V
249kQ | 2.49kQ
25V : 25V
68.1Q
IN4571
LM236-2.5 NC
Vo=25V
= LM236-2.5 1okat NC
LM336-2.5

INas7t =

Figure 3. 2.5-V Reference

Figure 5. Wide Input Range
Reference

1 Any silicon signal diode
$Adjustto 2.49 V

Figure 4. 2.5-V Reference With
Minimum Temperature Coefficient

{5’ TeEXAS
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2

LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5
MICROPOWER INTEGRATED VOLTAGE REFERENCES

SLVS022D —- JANUARY 1989 — REVISED AUGUST 1995

Initial Accuracy

+4 mV for LT1004-1.2
+20 mV for LT1004-2.5

Applications:

Micropower Operation
Operates up to 20 mA
Very Low Reference Impedance

Portable Meter Reference
Portable Test Instruments

Battery-Operated Systems
Current-Loop Instrumentation

description

The LT1004 micropower voltage reference is a
two-terminal band-gap reference diode designed
to provide high accuracy and excellent
temperature characteristics at very low operating

currents. Optimizing the key parameters in the

design, processing, and testing of the device
results in specifications previously attainable only
with selected units.

NC[] U
NC[]
NC[]
ANODE[]

D PACKAGE

(TOP VIEW)

s W =
O o N ®

CATHODE

] NC
] CATHODE
] NC

Terminals 6 and 8 are internally connected.

LP PACKAGE

(TOP VIEW)

ANODE
CATHODE

NC

NC-No internal connection

symbol

ANODE
(A)

+ CATHODE

(K)

The LT1004 is a terminal-for-terminal replacement for the LM185 series of references with improved
specifications. The LT1004 is an excellent device for use in systems in which accuracy was previously attained
at the expense of power consumption and trimming.

The LT1004C is characterized for operation from 0°C to 70°C. The LT1004M is characterized for operation over
the full military temperature range of —55°C to 125°C.

~ AVAILABLE OPTIONST
PACKAGED DEVICESt
CHIP FORM
Ta Vz SMALL-OUTLINE PLASTIC %
TYP (D) (LP)
0°C 10 70°C 1.2V LT1004CD-1.2 LT1004CLP-1.2 | LT1004Y-1.2
°C to 70°
25V LT1004CD-2.5 LT1004CLP-2.5 | LT1004Y-2.5
12V LT1004MD-1.2 LT1004MLP-1.2
-55°C to 125°C —
2.5V LT1004MD-2.5 LT1004MLP-2.5

tFor ordering purposes, the decimal point in the part number must be replaced with a hyphen
(i.e., show the -1.2 suffix as -1-2 and the -2.5 suffix as -2-5).
$The packages are available taped and reeled. Add the R suffix to the device type (i.e.,

LT1004CDR).

PRODUCTION DATA information is current as of
Products conform to specifications per

cation date.

bl
the terms of Texas Instruments

standard warranty. P
testing of all parameters.

g does not include

{'f TeEXAS
INSTRUMENTS

Copyright © 1995, Texas Instruments Incorporated
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LT1004C-1.2, LT1 004C-2.5, LT1004M-1.2
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5
MICROPOWER INTEGRATED VOLTAGE REFERENCES

SLVS022D — JANUARY 1989 — REVISED AUGUST 1995

schematic
LT1004-1.2
* . CATHODE
Q2
< <
$ 200kQ
Qi1 b 3

-

20 pF

$ 50kQ

600k 3

$ 300 ko

500 98 a7 a13
!
60 kQ
. . . ANODE
LT1004-2.5
* . * . . CATHODE
7.5kQ Q12
q
Q3 an p 200kQ
‘ Q4
Q2 3 L
] % 500 kQ
Q1 20 pF 20 pF <E 50 kQ
] S
600 kQ <
$ 500 kQ
Q5 e
X [ Qi3—e
500 0 96 Q7
<>
S 500 kQ
60 kQ >
ANODE

NOTE A: All component values shown are nominal.
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5
MICROPOWER INTEGRATED VOLTAGE REFERENCES

SLVS022D - JANUARY 1989 — REVISED AUGUST 1995

LT1004Y-1.2 and LT1004Y-2.5 chip information

This chip, when properly assembled, displays characteristics similar to the LT1004C. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

»l
»

ANODE P CATHODE
m @

CHIP THICKNESS:
15 MILS TYPICAL

BONDING PADS:
4 x 4 MILS MINIMUM

Tgmax = 150°C
TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN MILS.

TERMINAL NUMBERS APPLY
TO LP PACKAGE ONLY

[<2]
~

Lsnnnb i bt i b

@

A

¢ 57 q
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5
MICROPOWER INTEGRATED VOLTAGE REFERENCES

SLVS022D —- JANUARY 1989 — REVISED AUGUST 1995

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

Reverse CUMeNt, IR ... e e 30 mA
Forward current, IE ... .o e 10 mA
Operating free-air temperature range, TA:LT1004C . ... ... .o, 0°C to 70°C

LT1004M ... ..o —55°C to 125°C
Storage temperature range, Tatg - -« ... evvvniin i —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ................. ... ... . ... 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. .

electrical characteristics at specified free-air temperature

PARAMETER TEST t LT1004-1.2 LT1004-2.5 UNIT
CONDITIONS - Ta MIN TYP MAX| MIN TYP MAX
25°C 1.231 1235 1.239| 248 25 252
Vz Reference voltage Iz =100 pA Full LT1004C | 1.225 1.245 | 247 2.53 Vv
range | LT1004M | 1.22 1.245 | 2.46 2.535
Average temperature Iz=10pA 20
ayz coefficient of reference 25°C - ppm/°C
voltage$ 17 =20 pA 20
. 25°C 1 1
Iz =Izminto 1 mA
AV Change in reference Full range 1.5 1.5
4 i - mV
voltage with current 25°C 10 10
Iz=1mAto 20 mA -
Full range 20 20
Long term change in _ , '
AVZ/At reference voltage Iz=100 pA 25°C 20 20 pprvkhr
Izmin  Minimum reference current Full range 8 10 12 20 pA
Ref imped: Iz =100 pA 25°C ) 02 06 02 os|
Z, lerence impedance =
z P z Full range 15 15
) Iz =100 pA, .
Vn Broadband noise voltage =10 Hz to 10 kHz 25°C 60 120 uv

$Full range is 0°C to 70°C for the LT1004C and —55°C to 125°C for the LT1004M.
§ The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified temperature
range.

electrical characteristics, Ty = 25°C

' PARAMETER TEST LT1004Y-1.2 LT1004Y-2.5 UNIT
CONDITIONS MIN TYP MAX| MIN TYP MAX
Vz Reference voltage Iz =100 pA 1.231 1.235 1.239| 248 25 252 \)
ay Average temperature coefficient of reference Iz=10pA 20 R
z voltaget 17 =20 pA 20

AVZz/At  Long-term change in reference voltage Iz =100 nA 20 20 . ppm/khr
Izmin  Minimum reference current 8" 12 A
Zz Reference impedance 17 =100 A ) 0.2 0.6 0.2 0.6 Q
Vn Broadband noise voltage :Z= =1 (1)?-?2‘?2 10 kHz 60 120 pv

§ The average temperature coefficient of reference voltage is defined as the total change in reference voltage divided by the specified temperature
range.

*v'? TexAs
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5
MICROPOWER INTEGRATED VOLTAGE REFERENCES

SLVS022D —- JANUARY 1989 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICSt

LT1004x-1.2 LT1004x-1.2
REVERSE CURRENT REFERENCE VOLTAGE CHANGE
vs vs
REVERSE VOLTAGE REVERSE CURRENT
100 16
T I T RN
TA =-55°C to 125°C TA =-55°C to 125°C
: >
£
/
112
<
] ) [
. s
§ 10 5
- ]
§ ] S
Q
£ | g .
]
I 1 / 2 y
v 2 v
[ 7] e
N 0
>
<
0.1 -4
0 02 04 06 08 1 1.2 14 0.01 0.1 1 10 100
VR - Reverse Voltage — V IR — Reverse Current - mA
Figure 1 Figure 2
LT1004x-1.2 LT1004x-1.2
FORWARD VOLTAGE REFERENCE VOLTAGE
vs vs
FORWARD CURRENT FREE-AIR TEMPERATURE
1-2 | l I I I “ 1-245 T 1
TA = 25°C Iz =100 pA
1
r 1.24
>
t:) /1 / >|
o
g 0.8 p” =
S L 3
> L~ > 1.235
1 L1
g 06 "] g ] \’\
H HAT H /
g % \
' 04 c 123
w |
> N
>
0.2
1.225
0 |.|.I»
0.01 0.1 1 10 100 -55 -35 <15 5 25 45 65 85 105 125
I — Forward Current - mA TA — Free-Air Temperature — °C
Figure 3 Figure 4

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5
MICROPOWER INTEGRATED VOLTAGE REFERENCES

SLVS022D — JANUARY 1989 — REVISED AUGUST 1995

z,- Reference Impedance - Q

Filtered Output Noise Voltage — uV

TYPICAL CHARACTERISTICSt

LT1004x-1:2
' REFERENCE IMPEDANCE
vs
REFERENCE CURRENT
100 TTTII T 17T
f=25Hz
Ta = -55°C to 125°C
10 \\
N
\
)
1 \\
\\
N
\\\
01—
0.01 0.1 10 100
Iz - Reference Current — mA
Figure 5
TL1004x-1.2
FILTERED OUTPUT NOISE VOLTAGE
CUTOFF FREQUENCY
70
T ||| HH
Iz =100 pA
60 [~ Tp =25°C RCLowPass || ]
R dl
50 100 uA v
IR /|
40 |— f c
30— 7 /
20 i
A
”
10
0
0.1 1 10 100

Cutoff Frequency — kHz

Figure 7
tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices:

Vp, — Noise Voitage — nV/ ‘J Hz

Input and Output Voltages — V

LT1004x-1.2
NOISE VOLTAGE
vs
FREQUENCY
700 T
Iz =100 pA
600 [ Tp =25°C
500 \
N
400 R
T
300
\\
\
200
100 \
0
10 100 1k 10k 100 k
f - Frequency — Hz
Figure 6
LT1004x-2.5
TRANSIENT RESPONSE
\
15
Output
\ /T T 7]
/ 36 kQ
0.5 Vi i Vo
0
<
5 A
Input
0 av
0 100 500 600
t-Time —pus
Figure 8
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5
MICROPOWER INTEGRATED VOLTAGE REFERENCES

SLVS022D - JANUARY 1989 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICSt

LT1004x-2.5 LT1004x-2.5
REVERSE CURRENT ' FORWARD VOLTAGE
Vs Vs
REVERSE VOLTAGE FORWARD CURRENT
100 1.2
| | LTI
Tp =-55°C to 125°C Ta=25°C
1
< >
= ]
.;_ 10 S os j A
e 3 Wl
5 / > <
o k- P
p 5 06 i
5 £ T
> |2 L1
< 1 | e muil
N w 04
_I >
0.2
0.1 0
0 0.5 1 1.5 2 25 3 0.01 0.1 1 10 100
VR — Reverse Voltage - V I — Forward Current - mA
Figure 9 Figure 10
LT1004x-2.5
REFERENCE VOLTAGE
. Vs
FREE-AIR TEMPERATURE
252 —
Iz =100 pA
2.515
> 2.51
% 2505
£
)
> 25
@ / .
§ 2.495 - AN
P o /
ko \
'%’ 2.49 / N
e A
2.485
2.48
2.475

-55 -35 -15 5 25 45 65 85 105 125
Ta - Free-Air Temperature — °C

Figure 11
1t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
3 1,
EXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-33




LT1004C-1.2, LT1004C-2.5, LT1004M-1 2
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5
MICROPOWER INTEGRATED VOLTAGE REFERENCES

SLVS022D — JANUARY 1989 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICSt

LT1004x-2.5 . LT1004x-2.5
REFERENCE IMPEDANCE NOISE VOLTAGE
vs . . Vs |
REFERENCE CURRENT ) FREQUENCY
10T T 1] T
f=25Hz Iz =100 pA
TA =-55°Cto 125°C 1200 [— Ta =25°C
1
G 10 |§" 1000 [\
8 ‘ S W\
e=u 3 \\
2 \ : 800 - i
E 101\ g \\\
3 \ S 600
e > N
5 N \
= N 3 N
2 \Y °
c N Z 400 \
[ N
NN =
T 200 N
N
\~ \
0.1 0
0.01 0.1 1 10 100 10 100 1k 10k 100 k
Iz — Reference Current — mA f - Frequency - Hz
Figure 12 Figure 13
TL1004x-2.5
FILTERED OUTPUT NOISE VOLTAGE
vs LT1004x-2.5
CUTOFF FREQUENCY TRANSIENT RESPONSE
120 LR /\/
Iz =100 A 4
- TA =25°C
% 100 i - s
o A |
= RC Low Pass /’ : /\O_utpl'n_J\/_
‘;; 80 . % 2 A |
2 1(30 &A / § 24kQ |
G y M| 1 Vi Vo
o X CI Pg H
3 -
g = / S 0 -
S - § < <
5 y H
= ,/' §
'S 20 P
L 5
) Input
0 0 —y
0.1 1 10 100 0 100 500
Cutoff Frequency - kHz ' t-Time -ps
Figure 14 ‘ Figure 15

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5
MICROPOWER INTEGRATED VOLTAGE REFERENCES

SLVS022D — JANUARY 1989 — REVISED AUGUST 1995

APPLICATION INFORMATION

100 pF
24V
24V
600 us RC
22kQ Output
12kQ ' ~Tav
LT1004-1.2 L 16.9 kQt
i ) -5V
0.05 pF
I ’ 1.05 kot
10k = 1
LI TTL Input 2N3904 -
56 kQ
-5V
1 1% metal-film resistors
Figure 16. V|(pp) Generator for EPROMs (No Trim Required)
Network Detail
YSI 44201
RT Network
YSI 44201
Y

2.7kQ
5%
LT1004-1.2

Figure 17. 0°C to 100°C Linear Output Thermometer
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2
LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5
MICROPOWER INTEGRATED VOLTAGE REFERENCES

SLVS022D — JANUARY 1989 — REVISED AUGUST 1995

APPLICATION INFORMATION

®— V|=65Vtoi15V
|V+

LM334

LT1004-1.2

Figure 18. Micropower 5-V Reference

Viz5V 9V
100 pA l
220 510 kQ
L7 Output 1235V
LT1004-1.2 E
: Sou LT1004-1.2
Figure 19. Low-Noise Reference Figure 20. Micropower Reference

From 9-V Battery

3V, —

Lithium -

5 kQ at 25°Ct

LT1004-1.2 +

Thermocouple! R1
Type

232 kQ
298 kQ

J
K
+ . T 301 kQ
( S 2.1 MQ
T Quiescent current = 15 pA

¥ Yellow Springs Inst. Co., Part #44007
NOTE A: This application compensates within +1°C from 0°C to 60°C.

Figure 21. Micropower Cold-Junction Compensation for Thermocouples
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2
~ LT1004M-2.5, LT1004Y-1.2, LT1004Y-2.5
MICROPOWER INTEGRATED VOLTAGE REFERENCES

SLVS022D — JANUARY 1989 — REVISED AUGUST 1995

APPLICATION INFORMATION

5V LT1084
viz8v IN ouT 5V
50 kQ ADJ t
+ T 106F< 3010
25V 10 uF = 1%
g LT1004-2.5
LT1004-2.5
= N 100 Q
‘% 1%
Figure 22. 2.5-V Reference Figure 23. High-Stability 5-V Regulator
15V
+ 4 4 Vee+ 25V
2k % 250 kQ % 250 kQ
% LT1004-1.2 p Output
Not: F}\‘ - Input
(see Note A) TLE202) npu
+
lo (see Note A) -5V B ? 2N3904
T May be increased for small output currents .
200k LT1004-1.2 60 kQ
2v 1.235V
NOTEA.R1=IO+1OM o= "1 = Veg-<-5V
Figure 24. Ground-Referenced Figure 25. Amplifier With Constant Gain
Current Source Over Temperature

1.5V (see Note A)

3kQ
1.235V
LT1004-1.2 R<5kQ
NOTE A: Output regulates down to 1.285 V for Ig = 0. %
Figure 26. 1.2-V Reference From 1.5-V Figure 27. Terminal Current Source
Battery With Low Temperature Coefficient

{i’ TExAs
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LT1004C-1.2, LT1004C-2.5, LT1004M-1.2
LT1004M-2. 5 LT1004Y-1.2, LT1004Y-2.5
MICROPOWER INTEGRATED VOLTAGE REFERENCES

SLVS022D — JANUARY 1989 — REVISED AUGUST 1995

APPLICATION INFORMATION

® i Battery Output
rit
1% % 1MQ % T

12V
133 kQ
1%

LO = Battery Low

LT1004-1.2 T

TR1 sets trip point, 60.4 kQ per cell for 1.8 V per cell

Figure 28. Lead-Acid Low-Battery Voltage Detector

LT1084

+
10 uF ADJ 120 Q .
+

10 pF
LT1004-1.2 /J_\

Vec-1V

R1<—%515

Vee-
Figure 29. Variable Voltage Supply
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LT1009, LT1009Y
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS013E — MAY 1987 — REVISED AUGUST 1995

Excellent Temperature Stability
Initial Tolerance . . . 0.2% Max
Dynamic Impedance.. . . 0.6 Q Max
Wide Operating Current Range
Directly Interchangeable With LM136

Needs No Adjustment for Minimum
Temperature Coefficient

® Surface-Mount 3-Lead Package

description

The LT1009 reference circuit is a precision-
trimmed 2.5-V shunt regulator featuring low
dynamic impedance and a wide operating current
range. A maximum initial tolerance of £5 mV is
available in the FK, JG, or LP package and
+10 mV in the D or PK package. The reference
tolerance is achieved by on-chip trimming, which
minimizes the initial voltage tolerance and the
temperature coefficient a,.

Even though the LT1009 needs no adjustments, a
third terminal (ADJ) allows the reference voltage
to be adjusted £5% to eliminate system errors. In
many applications, the LT1009 can be used as a
terminal-for-terminal  replacement for the
LM136-2.5, which eliminates the external trim
network.

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

The LT1009C is characterized for operation from
0°C to 70°C. The LT1009! is characterized for
operation from —40°C to 85°C. The LT1009M is
characterized for operation over the full military
temperature range of —55°C to 125°C.

logic symbol

ANODE ——TL& CATHODE

ADJ

D PACKAGE
(TOP VIEW)

)

NC[] 1
NC[} 2
NC[] 3
ANODE[] 4

] CATHODE
NG

[] CATHODE
[] ADJ

oo N

JG PACKAGE
(TOP VIEW)

)

CATHODE(] 1
NC[] 2
NC[] 3
NC[] 4

] ADJ
NG

] ANODE
1 NC

a o N ©

LP PACKAGE
(TOP VIEW)

ANODE
CATHODE
ADJ

FK PACKAGE
(TOP VIEW)

odo
22

CATHODE

[@]
P4

3212019
NC 18[]

NC
NC
NC
NC

NC
17[ NC
16[] NC
15[] ANODE

14[J NC
9 10 11 12 13
aarrara

[CRONGNONS)
Z2Z2ZZ2Z

@ N o v s

NC-No internal connection

PK PACKAGE
(TOP VIEW)

I\

U U U

CATHODE ANODE ADJ

PRODUCTION DATA information is current as of publication date.

Products conform to specifications per me mma of Texas Instruments
standard warranty.
testing of all parameters.

p y Include b TEXAS
INSTRUMENTS

Copyright © 1995, Texas Instruments Incorporated
On products compliant to MIL-STD-883, Class B, all parameters are
fested unless otherwise noted. On all other produ

processing does not necessarily include testing of all parammrs
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LT1009, LT1009Y :
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVSO013E — MAY 1987 — REVISED AUGUST 1995

schematic

* * CATHODE

Q14 Q1

24m% 2k 3 66ko

o1
500 Q
9
a 30 kQ
ADJ
6.6 kQ
Q12
Q13
720 Q
—& *® * * ANODE
All component values shown are nominal.
AVAILABLE OPTIONS
PACKAGED DEVICES CHIP
TA SMALL CHIP CERAMIC PLASTIC PLASTIC FORM
OUTLINE CARRIER DIP CYLINDRICAL LEAD-MOUNT )
(D) (FK) (JG) (LP) (PK)
0°C to 70°C LT1009CD — —_ LT1009CLP LT1009CPK
—40°C to 85°C LT1009ID — — LT1009ILP i — LT1009Y
-55°C to 125°C — LT1009MFK LT1009MJG — —_

The D and LP packages are available taped and reeled. Add R suffix to device type (e.g., LT1009CDR). PK device is only available taped and reeled.
No R suffix is required.

“9 TEXAS
INSTRUMENTS
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LT1009, LT1009Y
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS013E — MAY 1987 — REVISED AUGUST 1995

LT1009Y chip information

This chip, when properly assembled, displays characteristics similar to the LT1009C (see electrical tables).
Thermal compression or ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may

be mounted with conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

—
»

ANODE CATHODE
@) R i (8)
ADJ
(5)

3]
-

CHIP THICKNESS:
15 MILS TYPICAL

BONDING PADS:
4 x 4 MILS MINIMUM

Tgmax = 150°C
TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN MILS.

Lt onndbnnn b

71

4

|« - 55 »
|||I|I|I|I|l|||||||||||||||l|l|l|l|I|l|l[|»,l'lll|l|l|l|l

absolute maximum ratings over operating free-air temperature ranget

Reverse CUIrent, IR .. ... e 20 mA
Forward current, IE . ... i 10 mA
Continuous total power dissipation .................ccociiiaa.. See Dissipation Rating Tables 1 and 2
Operating free-air temperature range, TaA:LT1009C . ... i 0°C to 70°C

LT10091 .. .. —40°C to 85°C

LT1009M ... e —-55°C to 125°C
Storage temperature range, Totg v et —65°C to 150°C
Case temperature for 60 seconds, Tc: FKpackage ................ciiiiiiiiiiniiiniin.. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, LP, and PK packages ......... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

".'P TeExAS
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DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE

PACKAGE Ta<25°C DERATING FACTOR TA =70°C Ta =85°C Ta=125°C
POWER RATING ABQVE Ta =25°C POWER RATING POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mwW 377 mW —
FK 1375 mW 11.0 mW/°C 880 mW 715 mW 275 mW
JG 1050 mW 8.4 mW/°C 672 mW 546 mW 210 mW
LP 775 mW 6.2 mW/°C 496 mW 403 mW —
PK 500 mW 4.0 mW/°C 320 mW — —
'DISSIPATION RATING TABLE 2 — CASE TEMPERATURE
PACKAGE Tgc<25°C DERATING FACTOR Tg=70C
POWER RATING ABOVE T¢ =25°C POWER RATING
PK 3125 mW 25 mW/°C 2000 mW ~
electrical characteristics at specified free-air temperature
. . LT1009C LT10091 LT1009M
PARAMETER TEST CONDITIONS Tal UNIT
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
FK, JG, LP package 28°C 2.495 2.5 2505 |2.495 2.5 2.505|2.495 25 2505
D, PK package 2.49 25 251| 249 25 251
vz Reference voltage Iz=1mA - Vv
FK, JG, LP package Full range 2.491 2.509 | 2.48 2.52| 246 2.535
D, PK package 9 2.485 2.51512.475 2.525
VE Forward voltage IF=2mA 25°C 0.4 1 0.4 1 0.4 N 1 \
Iz=1mA, VapJ=GNDtoVz 125 125
Adjustment range Iz=1mA, 25°C mV
' VADY=0.6 Vo Vz—0.6V 45 45 15
Change in reference FK, JG, LP package 4 15 15"
AVZ(temp) voltage with temperature D, PK package Full range 5 15 mv
Average temperature 0°C 0 70°C 25
oz coefficient of —40°C to 85°C 20 ppm/°C
reference voltage¥ —55°C 10 125°C % 3%
Change in reference _ 25°C 26 10 2.6 6 26 6
avz voltage with current 'z=400pAto 10 mA Full range 12 10 10 m
AVZ/At 'r‘;';?;ec?vf)?;gg: in Iz=1mA 25°C 20 20 20 pprmikhr
Rof imped o1 mA 25°C 0.3 1 0.3 03 06 o
=1m, *
2z eference impedance 7 Full range 2 T2 ,

* On products compliant to MIL-STD-883, Class B, this parameter is not production tested.
1 Full range is 0°C to 70°C for the LT1009C, —40°C to 85°C for the LT1009I, and —55°C to 125°C for the LT1009M.
$The average temperature coefficient of reference voltage is defined as the total chagge in reference voltage divided by the specified temperature range.

S661 LSNONV Q3SIATY ~ 2861 AVIN — AELOSATS

S1INJHIO 3ON3H343H ILVHOILNI A-6°C

A60LLT ‘600111



LT1009, LT1009Y
2.5V INTEGRATED REFERENCE CIRCUITS

SLVS013E - MAY 1987 - REVISED AUGUST 1995

electrical characteristics at Tp = 25°C

LT1009Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vz Reference voltage Iz=1mA 249 25 251 \
VE Forward voltage IF=2mA 0.4 1 \
Iz=1mA, Vapy=GNDtoV, 125
Adjustment range Z ADJ Z mV
Iz=1mA, Vaopy=06VtoVz-06V 45
AVZ(temp) Change in reference voltage with temperature 25 mvV
Average temperature coefficient of o
vz reference voltageT 15 ppm/°C
AVz Change in reference voltage with current 1z =400 pA to 10 mA 2.6 mV
AVZ/At Long-term change in reference voltage Iz=1mA 20 ppm/khr
2z Reference impedance Iz=1mA 0.3 1 Q

T The average temperature coefficient of reference voltage is defined as the total.change in reference voltage divided by the specified temperature

range.

‘UTEXAS
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LT1009, LT1009Y
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVSO013E - MAY 1987 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICSt

' REFERENCE VOLTAGE v CHANGE IN REFERENCE VOLTAGE

Vs Vs
FREE-AIR TEMPERATURE ) REFERENCE CURRENT
2.53 | T 5
Iz=1mA : /
z
2.52 7 T4 /
> S
3 2.51 %
£ . y
s g 3
2 5
Q 25 — _—— :Ij
] / T~~~ 2
3 / \\ L
o« []
L 2.49 | N g
> . £
. s §
2.48 N /
>
<
2.47 0
-50 -25 0 25 50 75 100 125 0 4 8 12 16 20
TA — Free-Air Temperature - °C Iz - Reference Current — mA
Figure 1 Figure 2
REVERSE CURRENT * FORWARD VOLTAGE
vs vs
REVERSE VOLTAGE FORWARD CURRENT
10-1 1.2
Ty=25°C
1
< 1072 >
I
- 0.8
g )
£ £ /
o > /
g 10-3 T 06 —
- [
2 g
& T 125°C IJ? 0.4 / /
! J= M |t — o
= 10-4 /l/ /7/ >'-L
v e Ty =-55°C 02
d | '
\ o
10-5 / Ty=25C 0 :
0.6 1 1.4 1.8 2.2 26 0.001 0.01 0.1 1 10
VR — Reverse Voltage - V Ig — Forward Current- mA
Figure 3 Figure 4

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

"9 TExXas
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LT1009, LT1009Y
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS013E — MAY 1987 — REVISED AUGUST 1995

z, - Reference Impedance - Q

TYPICAL CHARACTERISTICS

REFERENCE IMPEDANCE NOISE VOLTAGE
VS vs
FREQUENCY FREQUENCY
100 = 20T
[~ Iz=1mA Iz=1mA
[~ Ty=-55°Cto 125°C \TJ =25°C
200 \
10 l E \
A E \
} N
/ g 150 N
7 $ “*H\
o
1 / : Tt
= 2
100
~ ~ z,
o
>
0.1 50
0.01 0.1 1 10 100 10 100 1k 10k 100 k
f - Frequency — kHz f - Frequency — Hz
Figure 5 Figure 6
TRANSIENT RESRONSE
)
A |
\ Output .
25 \ / v4 b6
>| 2 4
% 1.5
= 1
2
:59- 0.5 5kQ
3 0 = Input u
2 = =
-] Output
5
Q.
£ e
ioput
L L[
0 1 20
t—Time-us
Figure 7
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LT1 009 LT1009Y
2.5V INTEGRATED REFERENCE ClRCUITS

SLVS013E — MAY 1987 — REVISED AUGUST 1995

APPLICATION INFORMATION

5Vto35V

3.6 kQ

Output

u
LT1009 L

TThis does not affect temperature coefficient. It provides +5% trim range.

Figure 8. 2.5-V Reference

3.6VtodoV

|

V+
LM334 R
V-

LT1009 10 kQ

Figure 9. Adjustable Reference With Wide Supply Range

LT1084

T IN ADJ OUT |
T

Figure 10. Power Regulator With Low Temperature Coefficient

‘V TeExas
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LT1009, LT1009Y
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS013E — MAY 1987 — REVISED AUGUST 1995

APPLICATION INFORMATION

5V

5V 5.1kQ
1L
-5V

Output

9.76 kQ

500 Q

-5V

Figure 11. Switchable +1.25-V Bipolar Reference

1uF
A}/
il
10 kQ

LT1001C

>——<>——— 25V

|]=

Figure 12. Low-Noise 2.5-V Buffered Reference
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TL317, TL317Y
3-TERMINAL ADJUSTABLE REGULATORS

SLVS004B — APRIL 1979 — REVISED AUGUST 1995

® Output Voltage Range Adjustable From D PACKAGE
1.2V to 32 V When Used With an External (TOP VIEW)
Resistor Divider
® Output Current Capability of 100 mA INPUT[] 1 |\ s[INC
® Input Regulation Typically 0.01% Per OUTPUT[] 2 7 J OUTPUT
Input-Voltage Change OUTPUT(] 3 6 [] OUTPUT
® Output Regulation Typically 0.5% ' ADJUSTMENT[] 4 s[INC
® Ripple Rejection Typically 80 dB
NOTE: OUTPUT terminals are all internally connected.
description
The TL317C is an adjustable 3-terminal positive- L:g:%::;m
voltage regulator capable of supplying 100 mA ( )
over an output-voltage range of 1.2 Vto 32 V. Itis
exceptionally easy to use and requires only two INPUT
external resistors to set the output voltage. OUTPUT
In addition to higher performance than fixed ADJUSTMENT

regulators, this regulator offers full overload
protection available only in integrated circuits.
Included on the chip are current-limiting and
thermal-overload protection. All overload protection circuitry remains fully functional even when ADJUSTMENT
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. ADJUSTMENT can be bypassed to achieve very high ripple rejection, which is difficult to
achieve with standard 3-terminal regulators.

NC-No internal connection

In addition to replacing fixed regulators, the TL317C 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
ADJUSTMENT and OUTPUT, this device can be used as a precision current regulator. Supplies with electronic
shutdown can be achieved by clamping ADJUSTMENT to ground programming the output to 1.2 V where most
loads draw little current.

The TL317C is characterized for operation from 0°C to 125°C. The TL317Q is characterized for operation from
—-40°C to 125°C.

AVAILABLE OPTIONS
PACKAGED DEVICES
CHIP FORM
TA SMALL OUTLINE PLASTIC w
(D) (LP)
0°C to 125°C TL317CD TL317CLP TL317Y
—40°C to 125°C TL317QD TL317QLP —

The D and LP packages .are available taped and reeled. Add R suffix to device type
(e.g., TL317DR).

PRODUCTION DATA information Is current as of publication date.

Copyright © 1995, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments
standard warranty. P g does not include
testing of all parameters. EXAS

lNSTRUMENTS
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TL317C, TL317Y
3-TERMINAL ADJUSTABLE REGULATORS

SLVS004B - APRIL 1979 — REVISED AUGUST 1995
TL317Y chip information

. This chip, when properly assembled, displays characteristics similar to the TL317C. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

»
Ll

INPUT OUTPUT
) H g (6)
ADJUSTMENT
@

CHIP THICKNESS:
15 MILS TYPICAL

BONDING PADS:
4 x 4 MILS MINIMUM

Tgmax = 150°C
TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN
MILS.

TERMINALS 2,3,6, AND 7 ARE
CONNECTED TOGETHER

L bbb b
&

y

[P

|« 61 — »l

'I'lll‘I‘IIIII]III|||I|Ill‘llI’iIl|I‘I‘IlIllllll‘llllll('l[l":
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TL317C, TL317Y
3-TERMINAL ADJUSTABLE REGULATORS

SLVS004B - APRIL 1979 — REVISED AUGUST 1995

schematic
. . . ° . INPUT
%3109 %3109 190 Q 251Q 5.6 kQ
I/./—ib
q ] 2.1 kQ
[ SV .- ) 360 Q2
200 kQ 14Q
2.12kQ
195 Q 10.8 kQ 670 Q
. o OUTPUT -
ADJUSTMENT
40Q

NOTE A. All component values shown are nominal.

absolute maximum ratings over operating temperature range (unless otherwise noted)t
Input-to-output differential voltage, V|- Vo
Continuous total power dissipation
Operating free-air, case, Ta, or virtual-junction temperature range, T;: C Version

Q Version

................................................... 35V
See Dissipation Rating Tables 1 and 2
........... 0°C to 150°C
—40°C to 150°C
—65°C to 150°C
.260°C

Storage temperature range, Tstg
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE

PACKAGE TA<25°C DERATING FACTOR Ta =125°C
POWER RATING ABOVE Tp = 25°C POWER RATING
D 725 mW 5.8 mW/°C 145 mW
LPT 775 mW 6.2 mW/°C 155 mW

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

socket.
DISSIPATION RATING TABLE 2 - CASE TEMPERATURE
PACKAGE Tc<25°C DERATING DERATE Tc=125°C
POWER RATING FACTOR ABOVE Tc POWER RATING
D 1600 mW 29.6 mW/°C 96°C 742 mW
LP 1600 mW 28.6 mW/°C 94°C 713 mW

*!}‘ TeExAas
INSTRUMENTS
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TL317C, TL317Y

3-TERMINAL ADJUSTABLE REGULATORS

SLVS004B — APRIL 1979 — REVISED AUGUST 1995

recommended operating conditions

MIN MAX | UNIT
Input-to-output voltage differential, Vi — Vo 35 \
Output current, Io 25 100 mA
Operating virtual-junction temperature, Ty 0 125 °C

electrical characteristics over recommended operatmg virtual-junction temperature range (unless

otherwise noted)

TL317C, TL317Q

PARAMETER TEST CONDITIONST TN P MAX UNIT
Input voltage regulation (see Note 1) -Vo=5Vto35V Ty =257 001 002 %V
’ i lo =2.5mA to 100 mA 0.02 0.05
Vo=10V, f=120Hz 65
Ripple regulation Vo=10V, 66 80 dB
10-uF capacitor between ADJUSTMENT and ground
Vi=5Vto35V, Vos5V 25 mv
o =2.5mAto 100 mA,
Output voltage regulation Ty=25°C Vo=5V 5 mvv
Vi=5Vto 35V, Vo5V 50 mV
lo=2.5mAto 100 mA Voz5V 10 [V
| Output voltage change with temperature =0°C to 125°C 10 mvivV
Output voltage long-term drift (see Note 2) After 1000 hours at Tj = 125°C and V|-V =35 V 3 10| mviv
Output noise voltage f=10Hz to 10 kHz, Ty =25°C 30 uwnN
Minimum output current to maintain regulation -Vpo=35V 1.5 25| mA
Peak output current -Vpo<35V 100 200 mA
ADJUSTMENT current 50 100 ] pA
Change in ADJUSTMENT current -Vo=25Vto35YV, lo =2.5mA to 100 mA 0.2 5| pA
Reference voltage (output to ADJUSTMENT) | ;ngz d?s\s/i:):t?:n\/’ lo=25mAto100mA, |5 425 13| v

T Unless otherwise noted, these specifications apply for the following test conditions: V|~V =5V and g = 40 mA. Pulse-testing techniques must
be used that maintain the junction temperature as close to the ambient temperature as possible. All characteristics are measured with a 0.1-uF
capacitor across the input and a 1-uF capacitor across the output.

NOTES: 1.

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

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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TL317C, TL317Y
3-TERMINAL ADJUSTABLE REGULATORS

SLVS004B — APRIL 1979 — REVISED AUGUST 1995

electrical characteristics over recommended operatin

g conditions, T = 25°C (unless otherwise

noted)
PARAMETER TEST CONDITIONST L7y UNIT
MIN TYP MAX
Input voltage regulation (see Note 1) Vi-Vp=5Vto35V 0.01 %V
Vo=10V, f=120 Hz 65
Ripple regulation Vo=10V, ) 80 dB
10-pF capacitor between ADJUSTMENT and ground
) Vo<5V 25 mV
Output voltage regulation lo =2.5mA to 100 mA VoS5V 3 N
Output noise voltage f=10 Hz to 10 kHz, 30 uvv
Minimum output current to maintain regulation |V|-Vo=35V 1.5 mA
Peak output current V|-Vp<35V 200 mA
ADJUSTMENT current 50 pA
Change in ADJUSTMENT current VI-Vo=25Vt35YV, lo=2.5mAto 100 mA 0.2 pA
Vi-Vo=5Vto35Y, I0=2.5mAto 100 mA, 1.25 v

Reference voltage (output to ADJUSTMENT)

P < rated dissipation

T Unless otherwise noted, these specifications apply for the following test conditions: V) — Vo =5V and I = 40 mA. Pulse-testing techniques must
be used that maintain the junction temperature as close to the ambient temperature as possible. All characteristics are measured with a 0.1-pF
capacitor across the input and a 1-pF capacitor across the output.

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

“.’f TeExas
INSTRUMENTS
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TL317C, TL317Y
3-TERMINAL ADJUSTABLE REGULATORS

SLVS004B — APRIL 1979 — REVISED AUGUST 1995

APPLICATION INFORMATION

TL317C

TL317C

35V—4 INPUT OUTPUT; Vo
Vi—@—{INPUT OUTPUT] Vo (see Note D)
(see Note B) ADJUSTMENT R1
ADJUSTMENT 1200
Ci=01pF_| Cl1 —<
(see Note A) ™ C2=1pF 0.1 uF R2
(see Note C) 3kQ
1N4002

|”—-||
[

" Figure 1. Adjustable Voltage Regulator

TL317C

Figure 2. 0-V to 30-V Regulator Circuit

TL317C

] INPUT OUTPUT Vo ] INPUT OUTPUT ——E\—/lw——w— Nimit = ——1'::-’
ADJUSTMENT R1 (see Note C) ADJUSTMENT h
c1 )
0.1 uF
w L + c3
1uF

tD1 discharges C2 if output is shorted to ground.

Figure 3. Regulator Circuit
With Improved Ripple Rejection

Figure 4. Precision Current-Limiter Circuit

NOTES: A.

B.

. Output voltage is calculated from the equation: VO = Vref (1 + R

Use of an input bypass capacitor is recommended if regulator is far from the filter capacitors
Output voltage is calculated from the equation: VO = Vief (1 + %12—)

where: Vyef equals the difference between OUTPUT and ADJUSTMENT voltages (= 1.25 V).

. Use of an output capacitor improves transient response but is optional.

H2+R3)_10V

where: Vyef equals the difference between OUTPUT and ADJUSTMENT voltages (~ 1.25 V).

{’f TeEXAS
INSTRUMENTS
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TL317C, TL317Y
3-TERMINAL ADJUSTABLE REGULATORS

SLVS004B — APRIL 1979 — REVISED AUGUST 1995

APPLICATION INFORMATION

R2
15kQ
o o TL317C
{ R1 v;—]INPUT OUTPUT Vo=15V
ADJUSTMENT 4700 ADJUSTMENT
v INPUT OUTPUT
: TL317C 1N4002
TLs17C
INPUT OUTPUT ®— Vo
c1 ADJUSTMENT R3
0.1 uF c2
¥ 1uF R2
5.1 kQ
2N2905 ¢
25 uF

e
[

Figure 5. Tracking Preregulator Circuit Figure 6. Slow-Turn-On 15-V

Regulator Circuit

TL317C . 2 TL317C
Q
V) —{INPUT OUTPUT—VW\—4 Vi —{INPUT OUTPUT ®
ADJUSTMENT ADJUSTMENT

i—]i

Figure 7. 50-mA Constant-Current

VBE R - 'BE
Battery Charger Circuit v )i Icha

@

Figure 8. Current-Limited 6-V Charger

“5‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-9



TL317C, TL317Y

3-TERMINAL ADJUSTABLE REGULATORS

SLVS004B - APRIL 1979 — REVISED AUGUST 1995

APPLICATION INFORMATION

TIP73
. 2N2005 Qlﬁ 5000
® ® NN—
v —¢
TL317C
22Q
4 INPUT OUTPUT|—e- L 4 4
ADJUSTMENT
% 120 9}1N4002
A~ 10pF hd
T " Rt

d
Ska /f' == 1opF¥

]

&

||}-—1

T Minimum load current is 30 mA.
¥ Optional capacitor improves ripple rejection

Figure 9. High-Current Adjustable Regulator

Vo

47 yF

3-10
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TL430C, TL430I, TL430Y
ADJUSTABLE SHUNT REGULATORS

SLVS050A - JUNE 1976 — REVISED AUGUST 1995

Temperature Compensated

b LP PACKAGE
® Programmable Output Voltage (TOP VIEW)
® Low Output Resistance
® Low Output Noise CATHODE
® Sink Capability to 100 mA
ANODE
description REF

The TL430 is a 3-terminal adjustable shunt
regulator featuring excellent temperature stability,
wide operating current range, and low output

noise. The output voltage may be set by two

external resistors to any desired value between
3 Vand 30V.The TL430 can replace zener diodes
in many applications providing improved perform-
ance

The TL430C is characterized for operation from
0°C to 70°C. The TL430l is characterized for
operation from —40°C to 85°C.

symbol
REF

ANODE —‘j—A CATHODE

AVAILABLE OPTIONS
PACKAGED DEVICEST
CHIP FORM

TA PLASTIC ™
(LP)

0°C to 70°C TL430CLP TL430Y
—40°C to 85°C TL430ILP —

Copyright © 1995, Texas Instruments Incorporated

"'i’ TeExas
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TL430C, TL430l, TL430Y
ADJUSTABLE SHUNT REGULATORS

SLVS050A — JUNE 1976 — REVISED AUGUST 1995

TL430Y chip information

This chip, when properly assembled, displays characteristics similar to the TL430C. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

»
Lg

ANODE CATHODE
m H } 2)
REF
@)

CHIP THICKNESS:
15 MILS TYPICAL

BONDING PADS:
4 x 4 MILS MINIMUM

Tgmax = 150°C

TOLERANCES
ARE +10%.

ALL DIMENSIONS
ARE IN MILS.

bbb o b
2

e
L

|« 52 »
|I|I|l|l|I[I|||||I|III|l|||I|III|I|I|||III|I|I|I|I|I|

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

Regulator voltage (see Note 1) ... 30V
Continuous regulator CUITENt ... ... .t e e et 150 mA
Continuous total power dissipation at (or below) Tp =25°C (seeNote2) ...................... 775 mW
Operating free-air temperature range, ToA: TL430C ... ... it 0°C to 70°C

TLA30l .o e —40°C to 85°C
Storage temperature range, Tatg -« -« e vvvnteeren it —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...............ccoiiiieennnn.. 260°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values are with respect to the anode terminal.

2. For operation above 25°C free-air temperature, derate at 6.2 mW/°C.

recommended operating conditions

- MIN MAX UNIT
Regulator voltage, Vz i Vref 30 v
Regulator current, Iz 2 100 mA
TL: 7!
Operating free-air temperature range, Ta 4300 ° 0 °C
: TL430! -40 85

'ﬂ’ TeEXAS
INSTRUMENTS
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TL430C, TL4301, TL430Y
ADJUSTABLE SHUNT REGULATORS

SLVS050A — JUNE 1976 — REVISED AUGUST 1995

electrical characteristics over recommended operating conditions, Tp = 25°C (unless otherwise

noted)
PARAMETER TEST TEST CONDITIONS TLa30C TLasol J UNIT
FIGURE MIN TYP MAX|MIN TYP WMAX!
Virefy  Reference input voltage 1 Vz = Vi(ref), Iz=10mA | 25 275 3[ 26 275 29| Vv
Temperature coefficient of Vz = Vi(ref), Iz=10mA,
Vi(ref)  reference input voltage 1 Ta = full ranget 120 120 200 | ppm/°C
li(ref) Reference input current 2 g;__jg mA, R1=10ka 3 10 3 10 pA
Regulator current near lower _
lzk knee of regulation range 1 Vz=Vi(ref) 05 2 05 2] mA
| Regulator current at maximum 1 Vz = Vi(ref) 50 50 A
K limit of regulation range 2 |Vz=5V1030V, SeeNote3 | 100 100
Differential regulator resistance Vz = V(ref),
fz (see Note 4) 1 Alz = (52 - 2) mA 15 8 15 31 @
Vz=3V 50 50
Vn Noise voltage 2 f=0.1Hzto10Hz |Vz=12V 200 200 uv
Vz=30V 650 650

T Full temperature range is 0°C to 70°C for the TL430C and —40°C to 85°C for the TL430l.
NOTES: 3. The average power dissipation, Vz e Iz e duty cycle, must not exceed the maximum continuous rating in any 10-ms interval.
4. The regulator resistance for Vz > V|(ref), Iz, is given by:

r =1z (1 +

%)
R2

electrical characteristics over recommended operating conditions, Tp = 25°C (unless otherwise

noted)
PARAMETER TEST TEST CONDITIONS TLA3OY UNIT
FIGURE MIN TYP MAX
Viref) Reference input voltage 1 Vz = Vi(ref), Iz=10mA 25 275 3 \
lirefy  Reference input current 2 g;;g mA, R1=10ka, 3 10 HA
Regulator current near lower knee of regulation
Izk rangge 9 1 Vz = V(ref) 0.5 21 mA
| Regulator current at maximum limit of regulation 1 Vz = Vi(ref) 50 mA
ZK  range : 2 |Vz=5Vi030V, SeeNote3 | 100
ry Differential regulator resistance (see Note 4) 1 Vz=Vigef), - 1.5 3| @
z Alz = (52 -2) mA :
Vz=3V 50
Vn Noise voltage 2 f=01Hzto 10Hz |Vz=12V 200 uv
Vz=30V 650

NOTES: 3. The average power dissipation, Vz e |7  duty cycle, must not exceed the maximum continuous rating in any 10-ms interval.
4. The regulator resistance for Vz > V(ref), Iz, is given by:

r7 =’z(1+%)

*5‘ TeExAS
INSTRUMENTS
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TL430C, TL430I, TL430Y

ADJUSTABLE SHUNT REGULATORS

SLVS050A - JUNE 1976 — REVISED AUGUST 1995

PARAMETER MEASUREMENT INFORMATION

Input —VW\—@——— V7

ni'z '
I: TLA30

li‘igure 1. Test Circuit for Vz = Vj(ref)

Input —W\———4 vz

™

R1
Vz = Vigen (1 + ﬁ) + lyrer) X R1

Figure 2. Test Circuit for‘Vz > Vi(ret)

TYPICAL CHARACTERISTICS
SMALL-SIGNAL REGULATOR IMPEDANCE CATHODE CURRENT
Vs vs
FREQUENCY CATHODE VOLTAGE
3 I 160 |
G Vz=V Vz=V
Z = Vi(ref] 2= Vi(r .

o 28—Ta= Q) 140—Ta= 26"

g /
i 2.6 < 120 Izm
E E

5 24 £ 100

s 8

] =

2 22 3 8o

£ 2 £ 60

o

7 / 8

T 18 LT

5 /

' 16 / 20

N : /

i IzK
1.4 0
10 102 103 104 105 106 0 1 2 3
f — Frequency — Hz V - Cathode Voltage -V
Figure 3 Figure 4
EXAS
INSTRUMENTS
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TL430C, TL430l, TL430Y
ADJUSTABLE SHUNT REGULATORS

SLVS050A — JUNE 1976 — REVISED AUGUST 1995

APPLICATION INFORMATION

v,—®

v+ —9— Vo 30Q
|

R1

Vi(ref) T 't—

R2 I

b RcL
V+ lo

— Vo

L R2 ¢
i Vitret)
Vo = (1 * %) Vigrer) Vo = (‘ + %) Viref) o = —né?_"

Figure 5. Shunt Regulator

V+ ] wAT7805 Regulator
IN

out Vo
GND

R1

R2

R1
Vo = (‘ * E) Vigren)
Min VO = vl(ref) + 5V

Figure 8. Output Control of a 3-Terminal
Fixed Regulator

Figure 6. Series Regulator

Figure 7. Current Limiter

V+ Vo

R1

R2

Vo = (‘ + %) Vire)

Figure 9. Higher-Current Applications

{II’TEXAS

INSTRUMENTS
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TL430C, TL430l, TL430Y
ADJUSTABLE SHUNT REGULATORS

SLVS050A - JUNE 1976 — REVISED AUGUST 1995

APPLICATION INFORMATION

V+ Vo " Vec—® &
R1B§
R1 . RIA x
& cal|
R2 ~ ")
a1 R2A R2B R
R1 R1B
Viimit = (1 + iz') (vl(ref) + VBE(Q1)) Low limit ~ Vy o (1 + ﬁ) + Vp
High timit ~ V.o (1 + B18)
Figure 10. Crowbar : Figure 11. V¢c Monitor

*? Texas
INSTRUMENTS
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TL431C, TL431AC, TL431l, TL431Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005E — JULY 1978 — REVISED AUGUST 1995

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

0.2-Q Typical Output Impedance
Sink-Current Capability . . . 1 mA to 100 mA
Low Output Noise

Adjustable Output Voltage . . . Vj(ref) to 36 V
Available in a Wide Range of High-Density
Packaging Options:

— Small Outline (D)

- TO-226AA (LP)

- SOT-89 (PK)

description

The TL431 and TL431A are 3-terminal adjustable
shunt regulators with specified thermal stability
over applicable automotive, commercial, and
military temperature ranges. The output voltage
can be set to any value between V(ef
(approximately 2.5 V) and 36 V with two external
resistors (see Figure 16). These devices have a
typical output impedance of 0.2 Q. Active output
circuitry provides a very sharp turn-on characteris-
tic, making these devices excellent replacements
for zener diodes in many applications, such as
on-board regulation, adjustable power supplies,
and switching power supplies.

The TL431 is offered in a wide variety of high-
density packaging options that includes an
SOT-89-type package (suffix PK).

The TL431C and TL431AC are characterized for
operation from 0°C to 70°C, and the TL431l and
TL431Al are characterized for operation from
—40°C to 85°C. The TL431M is characterized for
operation over the full military temperature range
of —55°C to 125°C.

D OR PW PACKAGE
(TOP VIEW)

U

CATHODE [|
ANODE ||
ANODE {]

NC ]

] REF

] ANODE
] ANODE
] NC

AW N =
a0 o N o™

JG OR P PACKAGE
(TOP VIEW)

U

] REF

] NC

] ANODE
] NC

CATHODE ﬁ
NC
NC ]
NC ]

AW N =
o o N

PK PACKAGE
(TOP VIEW)

—\

U U u

REF ANODE CATHODE

LP PACKAGE
(TOP VIEW)

CATHODE
ANODE
REF

FK PACKAGE
(TOP VIEW)

CATHODE

@]
z

ouw o
Z@r z

ne g% 2t 2 1918[ NG
NC []s 17[J NC
NC [] s 16[] NC
NC []7 15[] ANODE
NC [] s 14[J NC
9 10 11 12 13
MM

[CRONONONS]
z2zzzZz

NC - No internal connection

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. P [ g does not ily include
testing of all parameters.

KB Texas

INSTRUMENTS

Copyright © 1995, Texas Instruments Incorporated

On products compliant to MIL-STD-883, Class B, all parameters are
tested unless otherwise noted. On all other products, production
processing does not necessarily include testing of all parameters.
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TL431C, TL431 AC, TL431l, TL431Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVSO00SE —~ JULY 1978 — REVISED AUGUST 1995

AVAILABLE OPTIONS
PACKAGED DEVICES i
SMALL CHIP | CERAMIC | . PLASTIC SHRINK FORM
Ta OUTLINE | CARRIER DIP To :_",’,‘;AA DIP sg"l;x)w SMALL OUTLINE | (v
(D) (FK) (JG) (P) (PW)
i i TL431CD TL431CLP | TL431CP
0°Cto70°C TL431ACD TL431ACLP | TL431ACP | THA31CPK TL431CPW
i - TL4311D TL431LP | TL431IP TL43TY
-40°C1085°C | 1y 431A1D TL431AILP | TL4z1Ap | TH48TIPK
~55°C t0 125°C TL431MFK | TL431MJG

The D and LP packages are available taped and reeled. Add R suffix to device type (e.g., TL431CDR). The PK package is only available taped
and reeled (no R suffix required). Chip forms are tested at Ta = 25°C.

application schematic

5-V Precision Regulator

V+ Vo=5V

27.4 kQ
0.1%

Rp
(see Note A)

27.4kQ
0.1%

<

NOTE A: Ry, should provide cathode current > 1-mA to
the TL431.

symbol ’ functional block diagram

CATHODE

REF

ANODE -—Lt—v CATHODE

{i’ TEXAS
INSTRUMENTS
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TL431C, TL431AC, TL431l, TL431Al, TL431M, TL431Y

ADJUSTABLE PRECISION SHUNT REGULATORS

SLVSO005E — JULY 1978 — REVISED AUGUST 1995

equivalent schematic

CATHODE * ® ®
800 O 800 Q
20 pF
REF —¢ —
<
3.28 kQ 4KO
20 pF
2.4 kQ 7.2kQ
’\ﬁ 1kQ
% 800 Q )
ANODE ® ® 2

NOTE A: All component values are nominal.

J@ TEXAS
INSTRUMENTS
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| TL431C, TL431AC, TL4311, TL431Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVSO005E — JULY 1978 — REVISED AUGUST 1995

TL431Y chip information

This chip, when properly assembled, displays characteristics similar to the TL431C. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. The chip may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS
= .
o caTHoDE —1)_| 3)
= @ TL431Y [~ REF
— ANODE —
:: 66 CHIP THICKNESS: 15 MILS TYPICAL
= BONDING PADS: 4 x 4 MILS MINIMUM
— Tymax = 150°C
E TOLERANCES ARE +10%.
E J '-'l ALL DIMENSIONS ARE IN MILS.
= I_T — ..r- 'ﬂ Pins 2,3,6, and 7 are connected
= rd L_/-— — together
"E Pins 4 and 5 are not connected
= ¥
e 46 >
ll[l|||I|l[I|l|l|I[l'|||[||I|l|l|l|l|l|III|||I|

{if TeEXAS
INSTRUMENTS
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TL431C, TL431AC, TL431], TL431Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005E — JULY 1978 — REVISED AUGUST 1995

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

Cathode voltage, VKa (S€e NOte 1) ... i i it 37V
Continuous cathode currentrange, IKa - ... vvvviiiiii i —100 mA to 150 mA
Reference inputcurrent range ............ ittt e -50 pAto 10 mA
Continuous total power dissipation ............................. See Dissipation Rating Tables 1 and 2
Operating free-air temperature range, Ta: C-suffix ............ ... ..o i, 0°C to 70°C

lsuffix ... —40°C to 85°C

M-suffix ... .. —55°C to 125°C
Storage temperature range, Tgtg -« -« .. vveteeni e —65°C to 150°C
Case temperature for 60 seconds: FKpackage ........... .. ... . i 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, P, or PW package ............ 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG, LP, or PK package .......... 300°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are