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IMPORTANT NOTICE

Texas Instruments (T1) 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 placing orders, that the information being relied
on is current.

Tlwarrants performance of its semiconductor products and related software to the specifications
applicable at the time of sale in accordance with Tl’s standard warranty. Testing and other quality
control techniques are utilized to the extent Tl deems necessary to support this warranty.
Specific testing of all parameters of each device is not necessarlly 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 Pnntm%/I 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 atthe 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
TI 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

PWM 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
Tl 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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fixed output voltage series pass regulators

v o | yoL I Voo

DEVICE | om mﬁg (f/: y | A)qTYP N P(Y:ll . v'("',';’x LDO :gx; svst TA DESCRIPTION
POSITIVE OUTPUT VOLTAGE
TPS7233 250 2 155 pA 0.14-0.18 10 X X —40°C to 125°C | Very low dropout PMOS
TPS7333 33 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 0.4-0.5 12 X 0°C to 125°C | Low dropout pnp
TPS7133 2 285 A 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 285 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 uA 0.03 - 0.037 10 X X —40°C to 125°C | Lowest dropout PMOS
UA78LOSA 100 5 380 25-3 20 —40°C to 125°C | General purpose, low current
uA78L05 10 3.8 2-3 20 —40°C to 125°C | General purpose, low current
TL750L05 4 10 02-0.6 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 2 155 pA 0.76 — 0.85 10 X X —40°C to 125°C | Very low dropout PMOS
TPS7350 2 340 A 0.27 - 0.035 10 X X X ~40°C to 125°C | Lowest dropout PMOS with SVS
TL75LPO5 5 300 2 4 0.12-0.2 23 X X —40°C to 125°C | Low dropout pnp
TPS7150 2 285 uA 0.27 - 0.033 10 X X ~-40°C to 125°C | Lowest dropout PMOS
nA78M05 500 5 4.5 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 uA7805
uA7805 10 42 2-3 25 —40°C to 125°C | General purpose, high current
uA78LOBA 100 5 3.9 25-3 20 0°C to 125°C | General purpose, low current
HA78LO6 B 10 3.9 25-3 20 0°C to 125°C | General purpose, low current
HA78M06 500 5 45 2-3 25 0°C to 125°C | General purpose, medium current
nA7806 1500 10 4.3 2-3 25 0°C to 125°C | General purpose, high current

1 Supply-voltage supervisor

SHOLVIND3H 3DVLI0A HYANIT
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fixed output voltage series pass regulators (continued)

v o | toL I Vo Vjmax SHUT

DEVICE v I?OM gm() ©) | m A)qTVP v P(Y:IIAX I(V) LDO DOWN svst Ta DESCRIPTION
POSITIVE OUTPUT VOLTAGE (CONTINUED)
uA78LOSA 100 5 4 25-3 23 0°C to 125°C | General purpose, low current
nA78L08 10 4 25-3 23 0°C to 125°C | General purpose, low current
TL750L08 4 10 0.2-0.7 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 05-07 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
HA7885° 8.5 10 4.3 2-3 25 0°C to 125°C | General purpose, high current
UA78LOBA 100 5 4.1 25-3 24 0°C to 125°C | General purpose, low current
nA78L09 9 10 4.1 25-3 24 0°C to 125°C | General purpose, low current
HA78M09 500 5 46 25-3 26 0°C to 125°C | General purpose, medium current
HA78L10A 100 5 4.2 25-3 25 0°C to 125°C | General purpose, low current
HA78L10 10 4.2 25-3 25 0°C to 125°C | General purpose, low current
TL750L10 150 4 10 0.2-0.8 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
nA78M10 500 5 4.6 25-3 28 0°C to 125°C | General purpose, medium current
TL750M10 750 1 60 05-0.8 26 X —40°C to 125°C | Low dropout pnp, high current
TL751M10 1 60 0.5-0.8 26 X X —40°C to 125°C | Low dropout pnp, high current, shutdown
uA810 1500 10 4.3 25-3 28 0°C to 125°C | General purpose, high current

T Supply-voltage supervisor

3aIND NOILI3T3S
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fixed output voltage series pass regulators (continued)

lo 1 Vpo

DEVICE (V)vr?om m\} 1(2 ')' - A)qu o P(Y:n . .V|(r3;|x LDO g‘g‘:’v‘,; svst TA DESCRIPTION
POSITIVE OUTPUT VOLTAGE (CONTINUED)
HA78L12A 100 5 4.3 25-3 27 —40°C to 125°C | General purpose, low current
uA78L12 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 0.2-0.9 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
nA78M12 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 uA7812
uA7812 10 4.3 25-3 30 —40°C to 125°C | General purpose, high current
UA78L15A 100 5 4.6 25-3 30 0°C to 125°C | General purpose, low current
uA78L15 1 10 4.6 25-3 30 0°C to 125°C | General purpose, low current
HA78M15 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
pA7815 1500 10 4.4 25-3 30 0°C to 125°C | General purpose, high current
nA7818 18 10 4.5 3-3 33 0°C to 125°C | General purpose, high current
HA78M20 20 500 5 4.9 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
nA7824 1500 10 4.6 3-3 38 0°C to 125°C | General purpose, high current

T Supply-voltage supervisor

SHOLVINOD3H FIVLIOA HVANIT
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fixed output voltage series pass regulators (continued)

lo | ¢ I Vpo
DEVICE (V)VI?OM (md) (,'f/:')' (malTYP U V'g;”‘ oo | sout | svst Ta DESCRIPTION

NEGATIVE OUTPUT VOLTAGE

MC79LO05A 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

HA79MO05 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
HA79MO08 -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 15 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

HA79M15 500 5 15 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
nA79M24 —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 03 (m?\) ':f/: ')' ™ AI)qTYP V(I\)l)o V'(v)a" LDO :ngvL svst TA DESCRIPTION
MIN-MAX | MAX TYP-MAX
TL317 12-32 100 4 15 25-3 35 0°C to 125°C | General purpose low current adjustable
TPS7201 1.2-9.75 250 3 155 uA 0.16-0.27 10 X X —40°C to 125°C | Very low dropout PMOS adjustable
TPS7301 12-9.75 250 3 340 uA 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
Vret iz Vo TOL Vjmax TEMP CO
DEVICE (‘f,e) (mA) ) %) W) (PpmI°C) TYP DESCRIPTION
. MIN-MAX MIN-MAX
TLV431 1.24 0.1-15 Vref— 6 1 6 46 Low voltage adjustable shunt reference
TL1431 2.5 1-100 Vref — 36 0.40 36 30 Precision adjustable shunt reference
TL431 25 1-100 Vyef — 36 2 36 30 Adjustable shunt reference
TL431A 25 1-100 Vref — 36 1 36 30 Precision adjustable shunt reference
TL430 2.75 2-100 Vref — 30 9 30 120 Adjustable shunt reference
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voltage references

SIONIYITY IOVLIO0A

DEVICE ‘:{f)' 1(2 ')' 'ﬁ::')“ '%r:':)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 grades 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 15 20 20 Micropower precision reference
LT1009 2 400 20 Voltage reference
LM385-2.5 20 20 Micropower reference (LM185/285 temperature grades also available)
LM336-2.5 400 10 Voltage reference (LM236 temperature grade also available)
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supply voltage supervisors

Vi TOL Icc V| min PROGRAMMABLE | COMPLEMENTARY
DEVICE | ) | ) | maymax | ) |°VS*| Time DELAY OUTPUTS DESCRIPTION

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

Single SVS with programmable undervoltage threshold and
TL7702B | pgmt 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 nA 1 3-terminal SVS for 5 V systems
TL7759 4.55 3 40 uA 1 X 4-terminal SVS for 5 V systems
TL77705 455 1 5 1 X X X dD;:Iy SVS, 5 V 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 4 5 1 X X X Eszlysvs, 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 S:I:IySVS, 15V and programmable with programmable time

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

S301A30

TL494, 494M
SG2524
TL594

TL598, 598M
TL1451A
TL1454
TL5001

TL496C

TL499A

TL497A

8sUss) 351nd-AG-3SINd

Y | TPS6734
Y |UC284X
Y | UC384X

Y [uA723

SHAIHAINdWY ISNIS-LNIHHND

1
1
1
1
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OUTPUTS

TYPE

370d W3101

S1NdLNO HOLIMS 3TONIS

MODE

TINd-HSNd A3XId

d3AN3 aITONIS

Y
Y

switching power supply controllers

(%) 310A0 ALNA XVIN

90
20

90
100
100]Y
97

100

97

“TOHLNOD ANIL avaa

Y
Y

(vw) INIHHND
ASANVLS/ONILYHIJO

78| N
1249 | Y

15/NA | Y
1713 Y
1.11
23/NA | N
1.2/0.003 | N
11I/NA| N

3.5/3.1

11I/NA| N

08NA| N

11/6 | N

NMOAQLNHS

Y

Y

Y

(%) 3ONVHI10L3THA

4

2.5
4

10
5

(A) 39VLIOA IONIHISIH

5

2.5
1.25
7.15
1.23

1.26

1.2

(zHM) AONINDIYL XYIN

300

300
300
500
170
500
500

400

40

40

50

(vw) LN3HHND LNd.LNO

200

100 | 1000

200
+250

20

+40 | 2000
20

150

225

+200

1200

500

500

(9an) 3oNvH Nip

7-40
8-40
7-40
7-40
3.6-50
3.6-20
3.6—-40
9.5-40

5-12
30t

30t | +200

1.1-20
1.1-35

4.5-12

AD0T0dOL TOHLINOD

Current-Mode
PWM

Voltage-Mode PWM

Fixed

On-Time

V-Mode
T Low-level voltage varies with UVLO value.

¥ Fixed 9-V output.
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SELECTION GUIDE

OPTOISOLATORS
optoisolators
t FALLT
cevce | ono | e | mn” | e | e | oo [ e
(kV) (V) V) (us) (us)
4N25 25 1.5 0.5 2t P Yes 20 6 Pin DIP
4N26 15 1.5 0.5 2t 2t Yes 20 6 Pin DIP
4N27 1.5 1.5 05 2t ot Yes 10 6 Pin DIP
4N28 0.5 1.5 0.5 2% 2% Yes 10 6 Pin DIP
4N35 35 15 0.3 10 10 Yes 100 6 Pin DIP
4N36 25 1.5 0.3 10 10 Yes 100 6 Pin DIP
4N37 1.5 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 17 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 1.5 0.4 5t 5% Yes 20 6 Pin DIP
MCT2E 3.5 15 0.4 5t 5% 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 14 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 1.4 0.4 6 6 No 20 16 Pin DIP
TIL193A 35 1.4 0.4 6 6 No 50 16 Pin DIP
TIL193B 3.5 1.4 0.4 6 6 No 100 16 Pin DIP
TAt10mA
¥ Phototransistor operation
; ‘W TEXAS
INSTRUMENTS
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SELECTION GUIDE
OPTOISOLATORS

optoisolators With triac output

Vi IFT vidt VM
DEVICE (PESA?() "(fn%(’; (MAX) (("I'\;P) (MAX) V'(’\zM . PACKAGE
(kV) (mA) (Vius) (V)
MOC3009 75 15 30 12 3 250 |6 PinDIP
MOC3010 75 15 15 12 3 250 |6PinDIP
MOC3011 75 15 10 12 3 250 | 6PinDIP
MOC3012 75 15 5 12 3 250 |6 PinDIP
MOC3020 75 | 15 30 100 3 400 |6 PinDIP
MOC3021 75 15 15 100 3 400 .|6PinDIP
MOC3022 75 15 10 100 3 400 |6 PinDIP
MOC3023 75 15 5 100 3 400 |6PinDIP
TIL3009 35 15 30 12 3 250 |6PinDIP
TIL3010 3.5 1.5 15 12 3 250 6 Pin DIP
TIL3011 35 15 10 12 3 250 | 6PinDIP
TIL3012 35 15 5 12 3 250 | 6PinDIP
TIL3020 35 15 30 100 3 400 . |6PinDIP
TIL3021 35 15 15 100 3 400 |6PinDIP
TIL3022 35 1.5 10 100 3 400 6 Pin DIP
TIL3023 35 15 5 100 3 400 |6PinDIP

“'P TeEXAS
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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 véltage 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 expfessed 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 f=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.

” 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
indB. This is 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.

{’P TEXAS
INSTRUMENTS
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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 (Zka)

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 =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 (Vef) (of an adjustable shunt regulator)

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

Regulator Current (i)

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 &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 (0 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.

*5‘ TEXAS
INSTRUMENTS

1-20 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




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, terminal 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

Atechnique 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 gain 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 pdwer 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 ampiifier (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 voItagve 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 aterm 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 regulator technique in which regu|at|on 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.

TUuv

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 voltage 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.

Variable Frequency Control

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

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 uA to 20 mA (TOP VIEW)
— LM285...10 pA to 20 mA J
— LM385.. .15 uA to 20 mA NCE 1~ 8]] CATHODE
— LM385B... 15 uA to 20 mA mgcz ;%Eg
® 1% and 2% Initial Voltage Tolerance ANODEQ ‘31 sfinc
® 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 r ANODE
® Very Low Power Consumption :
® Applications: L1 |CATHODE
- Portable Meter References 1 INnc
— Portable Test Instruments :
- Battery-Operated Systems NC-No internal connection
— 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

description

These micropower two-terminal band-gap voltage references operate over a 10-uA to 20-mA current range and
feature exceptionally low dynamic impedance and good temperature stability. On-chip trimming provides tight
voltage tolerance. The LM185-1.2 series band-gap reference has low noise and 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 vz 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 “-1-27).
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.

Pm::rt: cmf:r;n to specifications per the d:’esrsm z:f Texas In'stryn&e:c;s i
Sapdard varany. ok o e TEXAS
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
* * * * CATHODE
Qi3
7.5kQ 600 kQ P
Q12 g
@ 200 kQ
Q4
an
[
p
a1 3 +—]
20 pF
as p )
Q6 Q8
100 kQ % 500 Q 60 kQ
® 2 S . . * ® ANODE
NOTE A: Component values shown are nominal.
absolute maximum ratings over operating free-air temperature ranget
Reverse current, Ig ... oo e 30 mA
FOrward CUITENt, I . ...t e e et et et e e e e e 10 mA
Operating free-air temperature range, TA:LM185-1.2 . ... ... ... . ... oiiiiiii.a.. —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, Tgt,

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

-65°C to 150°C

........... 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.

recommended operating conditions

MIN MAX | UNIT
Reference current, 17 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

‘E’ TEXAS
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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

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

[
»

ANODE CATHODE
m (@]

— CHIP THICKNESS:
15 MILS TYPICAL
BONDING PADS:
4 x 4 MILS MINIMUM
! Tymax = 150°C
]I TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

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

LM185-1.2

G664 LSNONY GISIAIY — 6861 HdV — 95L0SATS

TEST LM385-1.2 LM385B-1.2
LM285-1.2
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] 1.223 1.235 1.247 \
avz' Averagg temperature coefficient of reference Iz= I minto20 mA% 255G +20 +20 +20 ppm/C
voltage
- At 25°C 1 1 1
. _ Z=minto 1 mAT I nge 15 15 15
AVZz Change in reference voltage with current Py PPy 20 P mv
Iz=1mAto20 mA -
Full range 30 30 30
AVZz/At  Long-term change in reference voltage 17 =100 pA 25°C +20 +20 +20 ppm/khr
Izmin Minimum reference current Full range 8 10 8 15 8 15 uA
) Iz =100 pA, 25°C 02 06 0.4 1 0.4 1
zz Reference impedance f= 25 Hz Full range s 5 r Q
Vn Broadband noise voltage Zj 3?_?;:’1 0kHz 25°C 60 60 60 v

1 Full range is -55°C to 125°C for the LM185-1.2, ~40°C to 85°C for the LM285-1.2, and 0°C to 70°C for the LM385-1 .2 and LM385B-1.2.
$1 min = 10 pA for the LM185-1.2 and LM285-1.2. Imin = 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.

S30ON3H343H FOVLTOA HIMOdOHIIN

T 1-ASSEINT ‘T'1-aS8EINT ‘T 1-G8EN ‘C"1-G82INT ‘T 1-G8LINT



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

f=10Hz to 10 kHz

LM385Y-1.2
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vz Reference voltage Iz=15pAt0o 20 mA 121 1235 1.26 Vv
ayz Average temperature coefficient of reference voltageT Iz=15pAt020 mA +20 ppm/°C
. . Iz=15puAto 1 mA 1
AVZz Change in reference voltage with current mV
Iz=1mAto 20 mA 20
AVz/At  Long-term change in reference voltage Iz =100 pA +20 ppm/khr
Izmin Minimum reference current 8 15 uA
2z Reference impedance Iz =100 pA 0.4 1 Q
Vn Broadband noise voltage Iz =100 pA, 60 nv

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

range.

‘4‘ TexAas
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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 L T T
Ta =-55°Cto 125°C Ta =-55°C to 125°C
>
; I
/
< o 12 ,
3 o
L 10 £
£ o
E g 8
3 )
(%] |t =
] L S M
[
: 7 g,
T o e 2 A
[} v .-
o« ) V1
L & Jiiig
>N 0
<
0.1 -4 1)
0 02 04 06 08 1 1.2 14 0.01 0.1 1 10 100
VR - Reverse Voltage - V IR — Reverse Current - mA
Figure 1 Figure 2
FORWARD VOLTAGE REFERENCE VOLTAGE
vs vs
FORWARD CURRENT FREE-AIR TEMPERATURE
12T T 1.245
Ta =25°C
>| r S 1.24
1
] [
g% Pt g
2 TII»/ S 1235 —
= - o
et 2 /
o ]
u T
' 04 123
uw |
> ~N .
>
1.225
0 1.220
0.01 0.1 1 10 100 -556 -35 -15 5 25 45 65 85 105 125
I — Forward Current - mA TA — Free-Air Temperature - °C
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.

"4‘ TeExAas
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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 1T 700
o T
Ta =-55°C to 125°C Z =190U
600 [~ Tp =25°C
9 "
8 }EE 500 N
S 10 \ S
H 2 N
g \\ o 400 i
= =] muadl
[ [
3 N\ = N
5 \ 2 300
3 h 2 N
8 4 N\ 3 \
] \\ < 200
¥ ™ £ \
\~L
\ 100
\\’~ : \\“#J
0
0'}3.01 0.1 1 10 100 10 100 1k 10k 100 k
Iz — Reference Current — mA f -~ Frequency — Hz
Figure 5 Figure 6
OUTPUT NOISE VOLTAGE
Vs
CUTOFF FREQUENCY TRANSIENT RESPC}\'{'SE
“rC T R |
Iz=100 uA RC Low Pass
60 [~ Ta=25°C TR 15 Output
ol >
= LT P ; Ve
o 5017 100uA e g 1 36 ko
g VR /4 % / Vv A9 Vg
S sf—& > 05
] 2
‘© = [/ 5 =
Z 30 6 o
- vV
5 / 2 o <
5 ) s
° 2 p H
o
e s
10 Input
00.1 1 10 100 0 [} 100 /\ﬁsoo 600
f - Cutoff Frequency — kHz t-Time —us
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.

‘R'? Texas
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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

APPLICATION INFORMATION

lp =58 pA
+ 5.1 kQ . V+
Mercury Cell —— 100 kQ +1% R 2.00kQ +1%
1345V —— LM334 P

- \J

V-
A d 500 Q
) X3
LM385-1.2 g %/oﬂ

1 Adjust for 11.15 mV at 26°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

499 kQ

1.2V
274 kQ

12V LM385-1.2

LM385-1.2 =
Figure 11. Reference From a 9-V Battery

e

Figure 10. Operation Over a
Wide Supply Range

¥ 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 A D PACKAGE

to 20 mA (TOP VIEW)
1.5% and 3% Initial Voitage Tolerance Ua
Reference Impedance NCf} 1 8 [] CATHODE
— LM185... 0.6 Q Max at 25°C NC[l2  7[INC
- LM385...1Q Max at 25°C NC[la  sfINC
— All Devices . . . 1.5 Q Max Over Full ANODET[] 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 NC

~ Panel Meters

Designed to be Interchangeable With

National LM185-2.5, LM285-2.5, and :
LM385-2.5 symbol

NC-No internal connection

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 P FORM
TA z SMALL OUTLINE PLASTIC
TOLERANCE
©) Lp) o
0°C o 70°C 3% LM385D-2.5 LM385LP-2.5
9, =, .,
T5% LM385BD-2.5 LM3BSBLP25 | |\ 1o o
T40°:C1085°C 15% IM285D2.5 [M285LP2.5
—55°C to 125°C 1.5% 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

Products conform to specifications per the terms of Texas Instruments

m;rgtmﬁyﬁmers. " g does not incluce . % 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

schematic
- *—o 3 *® CATHODE
600 kQ a13
7.5kQ J
Q12
04 Qﬁ 200 kQ
If
AN
20 pF
3
Q6
% 500 Q 60 kQ
® ® * ANODE
NOTE A: All component values shown are nominal.
absolute maximum ratings over operating free-air temperature ranget
Reversecurrent, IR ..ot e B0 MA
Forward current, IE ... e .. 10mA
Operating free-air temperature range, TaA: LM185-2.5 ............... ... ...l —55°C to 125°C
LM285-2.5 ... it —40°C to 85°C
LM385-2.5,LM385B-2.5 ............ciiiiiinnnn 0°C to 70°C
Storage temperature range, Totg v —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from cases for10seconds .................c.covviinnnn. 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

{’i TeExAas
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

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
U] )
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

[=¢]
~

Lbnbnnnnnten bt b bt Lo

[P

4

¢ 57 »
IIII'I'II!IIIIIII||||III|I|I|I|I|I|Il|Illlllllllllll,llll
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electrical characteristics at specified free-air temperature

LM185-2.5 LM385-2.5 LM385B-2.5
PARAMETER TEST CONDITIONS | Tat LM285-2.5 UNIT
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
vz Reference voltage Iz=20 pAto 20 mA 25°C 2.462 25 2538] 2425 25 2575] 2462 25 2538 Vv
oz g‘;::gz;z’;‘;’:;’;’e coefficient of Iz=20pAt020mA | 25°C +20 +20 +20 ppm/°C
l ;20 pAto 1 mA 25°C ! 2 2
. i z= Full range 1.5 2 2
AVZz 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 pA
Rei . " Iz = 100 pA 25°C 0.2 0.6 04 1 0.4 1 a
zz eference impedance =
z P z Full range 1.5 15 15
! I7=100 uA,
Vn Broadband noise voltage f=10'Hz to 10 kHz 25°C 120 120 120 v

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 LSNONV G3SIAIY - 6861 AHYNNVI — AEZOSATS
S3ON3HI43H FOVLT0A HIMOJOHIIN

§2-ASBENT ‘G2-AS8ENT ‘GC-582INT ‘G2-G8LINT



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 Tp = 25°C

f=10Hz to 10 kHz

LM385Y-2.5
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vz Reference voltage Iz=20pnAto20mA | 2.462 25 2575 Vv
ayz Average temperature coefficient of reference voltageT Iz=20 pAto 20 mA +20 ppm/°C
AVz/At  Long-term change in reference voltage Iz=100 pA +20 ppm/khr
2y Reference impedance Iz =100 A 0.4 1 Q
Vn Broadband noise voltage Iz =100 pA, 120 uv

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

range.

‘!’f TEXAS
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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?

REVERSE CURRENT REFERENCE VOLTAGE CHANGE
vs vs
REVERSE VOLTAGE REVERSE CURRENT
100 | | 16 TTTIm T 1777
Tp =-55°C to 125°C TA =-55°C to 125°C
%
< = 12
T g
€ 10 s
—T S
° v s
g >
8 g 4 )
1 1 g P
-5 2 -
- < L
o
N
>
<«
0.1 -4
0 0.5 1 15 2 2.5 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
18 T Sl P
TA = 25°C Iz =20 uA to 20 mA
14 2.52
> 12 > 2515
® 8
o 2,51
g ]
] =
= g 2505
E os g
1
4 LT 8 25
L 06 oy & j/ N
| |+ I 2495 ™
> o4 | ] = / 4 \\
2.49 / N
0.2 2.485
] .48
0.01 0.1 1 10 100 -55-35 -15 5 25 45 65 85 105 125
Ip - Forward Current - mA Ta — Free-Air Temperature — °C
Figure 3 Figure 4

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

“9 TeEXAS
INSTRUMENTS

2-16 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

TYPICAL CHARACTERISTICSt

REFERENCE IMPEDANCE REFERENCE IMPEDANCE
vs vs
REFERENCE CURRENT FREQUENCY
1000
FETHm 1 10k !
f=25Hz Iz=100 pA
TA = MIN to MAX¥ Ta =25°C
C;f a 1k
2 100 é
] ] p
o °
g g 100
E E
8 10 2
8 \T 8 10 /
e e /
[ Q
4
1 \\ ul:
N 1 N\ n 1
\\_.‘ f— r
0.1 m 0.1
0.01 0.1 1 10 100 0.01 0.1 1 10 100 1000
Iz — Reference Current - mA f - Frequency - kHz
Figure 5 Figure 6
NOISE VOLTAGE FILTERED RMS OUTPUT NOISE VOLTAGE
vs vs
FREQUENCY ' FREQUENCY
1400 'I |1|0|0|n;|\ 120 T T TTTTIm T T
Z= K Ta = 25°C
1200 | TAZ2C > l 100KA —I A
TL 100 |- RC Low Pass
R M
N Q 1
T -] 4
lz 1000 \ k] ¢ //’
2z N S 80 = 7
, \.‘h 3 /
g 800 ~{ 3 Y
g N Z 60
] ) - Y
> 600 £ /]
3 P
2 » g ®
1 400 \ ic : ,/
>= B /"‘
g 20
200 £ |+
N
N
0 0
10 100 1k 10k 100 k 0.1 1 10 100
f - Frequency - Hz f - Frequency — kHz
Figure 7 . Figure 8

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
¥ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
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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?

TRANSIENT RESPONSE
4
>
I
g&’ 3 Output
£
o
; 2 7 24 kQ
H \/] Vo
3 1
°
[
© =
5 0
R <
5 A
|np|ul
° 0 100 /\' 500 600
t—-Time-yus
Figure 9

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

SLVS023D - JANUARY 1989 — REVISED AUGUST 1995

APPLICATION INFORMATION

lo ~60 uA
+] 33k V+
2 Mercury —— 200 kQ +1% R 2.00 kQ +1%
Cells —/— LM334
26V~
V-
20 kQ
o 500 Q
T
LM385-2.5 ﬂ Z%Q
+
Type K o _
1 T
Meter
‘fAdjust for 12.17 mV at 25°C across 412 Q
Figure 10. Thermocouple Cold-Junction Compensator
V+ 37VsV+<30V
9V
LM334 221kQ
V- 2.74kQ
< 25V LM385-2.5
LM385-2.5 -
Figure 12. Reference From a 9-V Battery

Figure 11. Operation Over a
Wide Supply Range
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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-Q 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 timmed.

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

D PACKAGE
(TOP VIEW)

U

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

8|} CATHODE
7[INC
s[INC

5[] ADJ

HWwND =

NC-No internal connection

LP PACKAGE
(TOP VIEW)

ANODE
CATHODE

ADJ

ANooe—T[— 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 W
(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.
Products conform to specifications per the d:;":o‘{ Texas Instruments

standard warranty.
testing of all parameters.

e “? TEXAS

Copyright © 1995, Texas Instruments Incorporated

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-21



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 —{3;11

kg kos se8k0

Q8
o7j , .
20 pF
) \
10k )
Q2 ? 30 pF

Ali 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
) H ﬂ 2
ADJ
3)

CHIP THICKNESS:
15 MILS TYPICAL

BONDING PADS:
4 x 4 MILS MINIMUM

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

Lt bbb

P
N

|« — 55 »
| |

|I|I|I|I|||I|||l|lll||ll|l|l|l|I|I|I|||||Iil|l‘!|lllll

“Z’ TeEXAS
INSTRUMENTS

2-22 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



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 CUITeNt, IR ... ..o i i e 20 mA
Forwardcurrent, IE ... oo e e 10 mA
Operating free-air temperature range, To: LM236-2.5 ... ...t —-25°C to 85°C

LM336-2.5 ...t 0°C to 70°C
Storage temperature range, Tgtg -« ..o vvenriii 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

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 (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 .
AVZ(AT) voltage with :;Z=afj;ied 02490V, Full range 3.5 9 1.8 6 mV
temperature§
Change in reference |,_ _ 25°C 26 6 26 10
AVZ(al) voltage with current Iz=400 pA to 10 mA Full range 3 10 3 12 mv
Long-term change _ o
AVZ(A‘) in reference voltage iz=1mA 25°C 20 20 ppm/khr
Reference 25°C 0.2 0.6 0.2
Z; . Iz=1mA, f=1kHz Q
z impedance z Full range 0.4 1 04 14

$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(al) Change in reference voltage with current 17 =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

AVz —Change in Reference Voltage - mV

TYPICAL CHARACTERISTICS

CHANGE IN REFERENCE VOLTAGE NOISE VOLTAGE
vs ' vs
REFERENCE CURRENT FREQUENCY
25 250 T
. | Iz=1mA
Ta=25°C Ta =25°C
2
lﬁ 200
2 1\
c
15 :
& \
£ 150 \
]
>
1 _2 \
<] —
z
[
c 100
0.5 >
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 T
[ 1z=1mA
. TA =—55°C to 125°C
a
|
@Q
§ 10 —F
- y A
g 7
E 7
8 /
!, /
% =
[+ 7
1 7
N e
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 ' Vi=35-40V
2.49 kQ 2.49 kQ
25V 25V
68.1Q
IN457T
LM236-2.5 NC
Vo=25V
= LM236-2.5 10 kQ¥ NC
LM336-2.5

IN4s7t =

Figure 3. 2.5-V Reference

Figure 5. Wide Input Range
Reference

T Any silicon signal diode
¥ Adjust to 2.49 V

Figure 4. 2.5-V Reference With
Minimum Temperature Coefficient

‘t? 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

Micropower Operation
Operates up to 20 mA
Very Low Reference Impedance

Applications:
Portable Meter Reference
Portable Test Instruments

Battery-Operated Systems
Current-Loop Instrumentation

. description

The LT1004 micropower voltage reference is a

D PACKAGE
(TOP VIEW)

)

NC(]
NCf]
NC[]
. ANODE(]

CATHODE
] NC
] CATHODE
] NC

bW N =
o o N ®

Terminals 6 and 8 are internally connected.

LP PACKAGE
(TOP VIEW)

ANODE
CATHODE
NC

two-terminal band-gap reference diode designed

to provide high accuracy and excellent

NC-No internal connection

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.

symbol

ANODE P 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 DEVICES#
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
25V LT1004CD-2.5 LT1004CLP-2.5 | LT1004Y-2.5
1.2V | - LT1004MD-1.2 LT1004MLP-1.2
—55°C to 125°C —
25V LT1004MD-2.5 LT1004MLP-2.5

1 For 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 publication date.

standard wai

Products conform to specifications per the terms of Texas In:
rranty. P does not

testing of all parameters.

struments
include

"‘i? TEXAS
INSTRUMENTS

Copyright © 1995, Texas Instruments Incorporated

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-27



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

schematic

LT1004-1.2
* - CATHODE

ANODE
CATHODE
Q4
= $ 500 k
20 pF
600ka 3
Qs
500 kQ2
60 kQ
ANODE

NOTE A: All component values shown are nominal.

{'f TeExAS
INSTRUMENTS
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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

—»
»

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

2]
~

Lntnnnnn bt bt L

[P

4

¢ 57 q
Illl'I|I|l'I‘Illl||Illllllll|I|I|||||I'I!l|||l|l|l|l|l|l|
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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 CUIment, IR ... ..ot e i s 30 mA
Forward current, [E . ... e i i 10 mA
Operating free-air temperature range, TA:LT1004C . ... ... .ot 0°C to 70°C

LT1004M ... o -55°C to 125°C
Storage temperature range, Ttg -« - -« v vuerennete i —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ................coviiiiineinnn. 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 + 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 17 =100 pA Full | LT1004C | 1.225 1.245 | 247 2.53 \
: range | LT1004M | 1.22 1.245| 246 2.535
Average temperature Iz=10pA 20
oyz coefficient of reference - 25°C ppm/°C
voltage§ Iz=20pA 20
25°C 1 1
Iz =Izminto 1 mA -
AV Change in reference Full range 1.5 1.5 mv
z voltage with current 25°C 10 10
I7=1mAt0 20 mA
Full range 20 20
Long term change in _ o '
AVz/At reference voltage I7 =100 pA 25°C 20 20 ppm/khr
Izmin  Minimum reference current Full range 8 10 12 20 pA
' - 3 25°C 0.2 0.6 0.2 0.6
2z Reference impedance Iz =100 pA Full range 15 s Q
r . .
) Iz =100 pA, .
Vn Broadband noise voltage f= 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, Tp = 25°C

TEST LT1004Y-1.2 LT1004Y-2.5

PARAMETER UNIT
CONDITIONS MIN TYP MAX| MIN TYP MAX
Vz Reference voltage 17 =100 nA 1231 1235 1.239| 248 25 252 \
Average temperature coefficient of reference Iz=10pA 20 N
avz okt ! ppm/°C
voltag I7=20pA 20
AVz/At  Long-term change in reference voltage Iz =100 pA 20 20 ppm/khr
Izmin.  Minimum reference current 8 12 pA
zz Reference impedance Iz =100 uA 0.2 0.6 0.2 0.6 Q
Vn Broadband noise voltage :Z= =1 (1)0:2‘12’1 0 kHz 60 120 nv

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

‘U TeExAs
INSTRUMENTS
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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 T 1 eI T
TA =-55°C to 125°C TA =-55°C to 125°C
>
E
/
< 112
< ) /
L § M m
§ 10 5
3 - I
- =
—
£ | : .
- 2 y
1 1 7 2 ”
[+ 7} /!
£ nl: LA
/ N O i
>
/! q m
0.1 —4
0 02 04 0.6 0.8 1 1.2 1.4 . 0.01 0.1 1 10 100
VR - Reverse Voltage - V IR — Reverse Current — mA
Figure 1 Figure 2
LT1004x-1.2 LT1004x-1.2
FORWARD VOLTAGE REFERENCE VOLTAGE
vs vs
FORWARD CURRENT FREE-AIR TEMPERATURE
1.2 "_' | ! | “ 1.245 T T
Ta =25°C ”I Iz =100 pA
1
S 5 124
1 1
[}
o 08 [
g A £
= (<]
% o A 2 1285 — g
! Q
g I [~ E / L~ \
¢ ™
" 0.4 ‘f 1.23
> N
>
0.2
m 1.225
; L |
0.01 0.1 1 10 100 -56 -36 -15 5 25 45 65 85 105 125

I - Forward Current - mA

Figure 3

Ta —Free-Air Temperature - °C

Figure 4

1t 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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INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-31



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

Filtered Output Noise Voltage — uV

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

z,- Reference Impedance - Q

TYPICAL CHARACTERISTICST

LT1004x-1.2

100

Cutoff Frequency — kHz

Figure 7

REFERENCE IMPEDANCE
vs
REFERENCE CURRENT
100 TTTIT T 110
f=25Hz
Ta = -55°C to 125°C
10 \\
\\
\
1 \\
N
\\w
\\\
0.1
0.01 0.1 1 10
Iz — Reference Current - mA
Figure 5
TL1004x-1.2
FILTERED OUTPUT NOISE VOLTAGE
Vs
CUTOFF FREQUENCY
70 -
[T m | IH
Iz =100 pA
60 |- Tp =25°C RC Low P:_s_ :
50 100 A ’
LR /|
40— x CI
—— /
30— /,A
A
20 ) p’
LA
10
0
0.1 1 10 100

Vp, — Noise Voltage — nV/ VHz

input and Output Voitages - V

LT1004x-1.2
NOISE VOLTAGE
vs
FREQUENCY
700 T
Iz =100 pA
600 [ Tp =25°C
500 ‘\
\\
400 ] \____w
N
300 Y
\
200
100 \
-P-h
0
10 100 1k 10k 100 k
f - Frequency — Hz
Figure 6
LT1004x-2.5
TRANSIENT RESPONSE
A,
15 Output
1 / ’
/ 36 kQ
V| vV
05 ! % o
0
5
Input
0 : A,
(] 100 500 600
t-Time - s
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 \'S
REVERSE VOLTAGE FORWARD CURRENT
100 1.2
I IR
TA =-55°C to 125°C ‘Ta=25°C
1
< >
4. )
s 10 & o8 j g
[ = e
; vd :
o b P
[] E 0.6 ) I~
g 5 1 dl
3 s L=
o L oa— T
1 w O
o« >
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
2.52 T T
Iz =100 A
2,515
> 2.51
S 2505
S
S
> 25
@ L~
§ 2.495 ] ™.
= - e
$ \
- 2.49 / ™
LY N
2.485
2.48
2.475

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

Figure 11
1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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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
1000 1400
BRI I
t=25Hz Iz =100 pA
Ta =-55°C to 125°C 1200 [— TA =25°C
G 1o |2£ 1000 \\
8 ‘ S ™
g = \Nh.
] \ T 800
E 10—y g \\\
] \ S 600
5 \ [ \
3 \ 2
5 \ 2 400 \
c N, : \
1 N
N \\\ = \
n 200 A
\
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 pA 4 i
Tp =25°C
2 100 )
o el > 3
2 RC Low Pass | |/ ® »~\ Output
= /| Q
(] 80 4 2 4 /
> S 4 !
@ 100 pA ] 24 kQ
g ] i R /! ; 1 VI vo
; 60 2 ¢ // % i
§' $—T / o o hl \.
3 = 2
- 40 g < <
e 5
2 L 2
i T = .
20 -~
1 5 /\/
Input
0 0 LA,
0.1 1 10 100 0 100 - 500
Cutoff Frequency — kHz t-Time-pus
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
2ka Output
12kQ ” T2av_
q .9 kQt
LT1004-1.2 . 16.9ka
0.05 uF

/_L\ 1.05 kQt

10kQ N 1

l—l TTL Input 2N3904 -

56 kQ
-5V

1t 1% metal-film resistors

Figure 16. V|(pp) Generator for EPROMs (No Trim Required)

Network Detail
YSI 44201

RT Network

YSI 44201
15V

2.7 kQ
5%

LT1004-1.2
0°C - 100°C

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|=65Vto15V

|V+

LM334

LT1004-1.2
Figure 18. Micropower 5-V Reference
Viz5V 9V )
100KA l ' 10 kQ
220 510
R Output 1235V
LT1004-1.2
SO uF LT1004-1.2
Figure 19. Low-Noise Reference Figure 20. Micropower Reference
From 9-V Battery

3V, =

: 5 kQ at 25°C¥
Lithium -

LT1004-1.2 +

Thermocouple R1
Type

® ® J 232 kQ
K 298 kQ

+ 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

viz8vVv IN
50 kQ ADJ

+
T 106F< 3010

+
10 yF = 1%
25V * LT1004-2.5
LT1004-2.5

= = 100 @
1%

Figure 22. 2.5-V Reference Figure 23. High-Stability 5-V Regulator
15V
A d 4 Vee+ 25V
%m«n‘ %%OKQ gzsom

% LT1004-1.2 "— Output
Note A) _ Input
(see Note A) TLE2027 npu

g (7

lo(seeNoteA) _s5y 2N3904
t May be increased for small output currents
200 ka2 LT1004-1.2 60 kQ
. 2V _ 1235V
NOTEA,R1~IO+10M Jlo="31" Vee-<-5V
Figure 24. Ground-Referenced Figure 25. Amplifier With Constant Gain
Current Source Over Temperature

1.5V (see Note A)

3kQ

- 1235V

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
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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

Battery Output

Rit

% 12V

LO = Battery Low

133 kQ
1%

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

Vi ‘I—— Vi Vo Vo
+ Al R
10 uF DJ 120 @
. .

I 10 uF

LT1004-1.2

Vee-1V
0.015

R1<

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 oy;.

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 —T}— CATHODE

ADJ

D PACKAGE
(TOP VIEW)

U

NC[]
NC]
NC
ANODE

] CATHODE
] NC

] CATHODE
] ADJ

SO N =
O o N ®

JG PACKAGE
(TOP VIEW)

)

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

] ADJ

] NC

] ANODE
]NC

a o N o

LP PACKAGE
(TOP VIEW)

ANODE
CATHODE
ADJ

FK PACKAGE
(TOP VIEW)

ogdo
=23z

CATHODE

[&]
2

3 2 1219 NC

NC 18[]
NC 17E NC
NC 16} NC
NC 15[
14[]

NC

ANODE
NC

® N o oA

9 10 11 12 13
rrrg

OO NONONG]
Z2zzzZz

NC-No internal connection

PK PACKAGE
(TOP VIEW)

\

IR

CATHODE ANODE ADJ

PRODUCTION DATA information is current as of lication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. F i not i

testing of all parameters.

REEEE W
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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LT1009, LT1009Y |
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS013E — MAY 1987 — REVISED AUGUST 1995

schematic

* * CATHODE

Q14 (¢} )]

24m£ 24k§2% § 6.6 kQ
<

Q1Q——4l

Q9
ADJ
Q12
720 Q
- L * 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 — 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.

Q’ TEXAS
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LT1009, LT1009Y
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVSO013E — 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

»
L

ANODE CATHODE
@ H 1 ®
ADJ
®)

a
-

CHIP THICKNESS:
15 MILS TYPICAL

BONDING PADS:
4 x 4 MILS MINIMUM

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

Lo o

@
<

|a 55 »
|I

|Illllll'lll'l'lllllll'llll([l,Illllllllllll'lll[lllll

absolute maximum ratings over operating free-air temperature ranget

Reversecurrent, Ig ...ttt e 20 mA
FOrWard CUITENE, T oottt ettt e et ettt e e e et e e e 10 mA
Continuous total power dissipation ............................. See Dissipation Rating Tables 1 and 2
Operating free-air temperature range, TA:LT1009C ..........ooiiiiiiiiiiii it 0°C to 70°C

LT10091 ... e —-40°C to 85°C

LT1009M ... —-55°C to 125°C
Storage temperature range, Tatg - - -« -« evvvrrin et —-65°C to 150°C
Case temperature for 60 seconds, Tc: FKpackage .............ccoiiiiiiiiiiiiiiiiiiiiinnn, 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.
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DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE

PACKAGE Ta <25°C DERATING FACTOR Ta =70°C Tp =85°C Ta =125°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 377 mW —
FK 1375 mW 11.0 mW/°C 880 mwW 715 mW 275 mwW
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 Tc<25°C DERATING FACTOR Tc=70°C
POWER RATING ABOVE Tg = 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 Tat UNIT
i MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
FK, JG, LP package 26°C 2.495 25 2.505|2.495 2.5 2505|2495 25 2505
D, PK package 2.49 25 251 | 249 25 251
Vz Reference voltage Iz=1mA v
FK, JG, LP package Full range 2.491 2.509 | 2.48 252 246 2.535
D, PK package 9 2.485 2.5615 | 2.475 2.525
VE Forward voltage IF=2mA 25°C 0.4 1 0.4 1 0.4 1 \
Iz=1mA, Vapy=GNDtoVz 125 125
Adjustment range Iz=1mA, 25°C ' mv
VADY =0.6 Vo Vz—06V 45 45 15
Change in reference FK, JG, LP package 4 15 15"
AVZ(temp) yoltage with temperature D, PK package Full range 5 = mv
Average temperature 0°C to 70°C 15 25
oz coefficient of —40°C to 85°C 20 ppm/°C
reference voltaget —55°C 10 125°C 25 35
AV Change in reference I = 400 A 0 10 mA 25°C 26 10 26 6 2.6 6 v
vz voltage with current 4 Full range 12 10 10
Long-term change in _ o
AVz/At reference voltage Iz=1mA 25°C 20 20 20 ppm/khr
Reh imped Iy =1 mA 25°C 0.3 1 0.3 1 03 06 o
z eference impedance =1im n
z z Full range 14 14 1

*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 change in reference voltage divided by the specified temperature range.
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LT1009, LT1009Y
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS013E — MAY 1987 — REVISED AUGUST 1995

electrical characteristics at Ty = 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-0.6V 45
AVztemp) Change in reference voitage with temperature 25 mV
Average temperature coefficient of o
vz reference voltaget 15 ppm/°C
AVZz Change in reference voltage with current Iz =400 pAto 10 mA 2.6 mvV
AVZ/At Long-term change in reference voltage Iz=1mA 20 pprmv/khr
zz Reference impedance Iz=1mA 0.3 1 Q

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

range.
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LT1009, LT1009Y
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS013E — MAY 1987 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS?

REFERENCE VOLTAGE CHANGE IN REFERENCE VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE REFERENCE CURRENT
2.53 5
lp=1mA /
z
2.52 T . /
> S
2 2.51 %
g - > y
s g 3
= 5
& 25 ~— s
5 ] N «
5 pd . £ 2
€ 249/ g
! ~ £
N =
S ,
2.48 N /
>
<
247 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=25C
1
< 10-2 >
1
€ o 08
: g v
3 (<]
o > /
2 10-3 T 0.6 —
% g /
T Ty=125°C T eaE——]
1 = © W
= S = = *
= 10-4 - v
// TJI =-55°C 02
™~
10-5 / [ Ty=2°C 0
0.6 1 1.4 1.8 2.2 2.6 0.001 0.01 0.1 1 10

VR - Reverse Voltage - V

Figure 3

I - Forward Current—- mA

Figure 4

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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LT1009, LT1009Y
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS013E — MAY 1987 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS

REFERENCE IMPEDANCE NOISE VOLTAGE
Vs vs
FREQUENCY FREQUENCY
100 S 20 =TT
[~ L=1mA Iz=1ll'!'lﬂ
[~ Ty=-55°Cto 125°C \Td:zsoc
a
1 200 \
@
g 1 J £ \
f -~
- 3 \
i H = \
- / o 150 \
8 / g N
s 7 3 ™
'2 > Moty
s 1 @
i = §
100
i —= 2 m
"] =
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 RESP(ONSE
))
A |
\ Output
2.5 \ / V J(I
> 2
I
g 15
£
S
§_ 0.5 5kQ
3‘ 0: N Input i
° >
& Output
H
£ [y
lnput ”
] |
[ [ 1
0 1 20
t-Time —pus
Figure 7
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LT1009, LT1009Y
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS013E — MAY 1987 — REVISED AUGUST 1995

APPLICATION INFORMATION

5Vto35V

3.6 kQ

Output

1
LT1009 m

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

Figure 8. 2.5-V Reference

3.6VtodoV
1
V+
LM334 R
V-
62 Q
q
LT1009 10 kQ

Figure 9. Adjustable Reference With Wide Supply Range

LT1084

vi -_I— IN oy OUT

Figure 10. Power Regulator With Low Temperature Coefficient
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LT1009, LT1009Y
2.5-V INTEGRATED REFERENCE CIRCUITS

SLVS013E — MAY 1987 — REVISED AUGUST 1995

APPLICATION INFORMATION

5V

% 5.1 kQ

5V 5.1kQ } 10 kQ
I l A LT1009 < 4o,
-5V
Output
= 9.76 kQ
1%
500 Q

-5V

Figure 11. Switchable +1.25-V Bipolar Reference

1uF

>HL___ 25v

LT1001C

|[‘[

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

® QOutput 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 Y s[INC
® Input Regulation Typically 0.01% Per 'OUTPUT[] 2 7[] OUTPUT
Input-Voltage Change OUTPUT[} 3 6 [] OUTPUT
® Output Regulation Typically 0.5% ADJUSTMENT(] 4 5[] NC

® Ripple Rejection Typically 80 dB
' NOTE: OUTPUT terminals are all internally connected.

description
The TL317C is an adjustable 3-terminal positive- L(:_ g: 3::;5
voltage regulator capable of supplying 100 mA
over an output-voltage range of 1.2 Vto 32 V. Itis N
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 "
(D) (LP)
0°C to 125°C TL317CD TL317CLP TL317Y
—40°C t0 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

roduc’tﬂt mfo;mtyto specifications per lhems&f exas Instnlamle"ndt: %
warranty. p g does nc
W TEXAS

testing of
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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

»l
Ll

INPUT OUTPUT
(1) lI ] (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

Lt b n oo
&

'@
¥

< 61 »
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TL317C, TL317Y
3-TERMINAL ADJUSTABLE REGULATORS

SLVS004B — APRIL 1979 — REVISED AUGUST 1995

schematic
»> * *- v » INPUT
%3100 %3109 % 190 Q 251 Q T 5.6 kQ
k.f———-ﬂ
q » 2.1 kQ
° 360 Q
L
200 kQ2 140
[ b
L p
30
pF 2.12kQ
¢
30
195 Q 5.3kQ<5.7kQ<S 70Q 5.1 kQ pF 10.8 kQ 670 Q
’ l
L g ! L L L L 4 -—&- L 4 . L 2 OUTPUT
ADJUSTMENT
40Q

NOTE A. All component values shown are nominal.

absolute maximum ratings over operating temperature range (uniess otherwise noted)t

Input-to-output differential voltage, Vi—= Vo ... ..o 35V
Continuous total power dissipation ....................... ... ... See Dissipation Rating Tables 1 and 2
Operating free-air, case, Ty, or virtual-junction temperature range, T;: C Version ........... 0°C to 150°C

Q Version ........ —-40°C to 150°C
Storage temperature range, Totg everr e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .......... ... ..cciiiiiiiinnunn.. 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.

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

tThe LP package dissipation rating is based on thermal resistance measured in still air with the
device mounted in an Augat socket. The bottom of the package 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 T¢ POWER RATING
D 1600 mW 29.6 mW/°C 96°C 742 mW
LP 1600 mW 28.6 mW/°C 94°C 713 mW

{’f TeEXAS
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, V| - Vo 35 \
Output current, Io 2.5 100 mA
Operating virtual-junction temperature, T 0 125 °C

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

otherwise noted)

TL317C, TL317Q

P < rated dissipation

PARAMETER TEST CONDITIONST N NP MAX UNIT
Input voltage regulation (see Note 1) Vi-Vo=5Vt035V Ty=257C ool 0% %V
lo =2.5 mAto 100 mA 0.02 0.05
Vo=10V, f=120Hz 65
Ripple regulation Vo=10V, 6 50 dB
10-uF capacitor between ADJUSTMENT and ground
Vi=5Vto35V, Vo<5V 25 mV
lp =2.5mAto 100 mA,
Output voltage regulation Ty=25°C Vo=5V ° mvv
Vi=5Vto 35V, Vos5V 50 mV
lp=2.5mAto 100 mA Vo=5V 10 mV/V
Output voltage change with temperature Ty=0°Cto 125°C 10 mV/V
Output voltage long-term drift (see Note 2) After 1000 hours at Ty = 125°C and V|-V =35V 3 10| mvv
Output noise voltage f=10Hzto 10 kHz, Ty =25°C 30 uwnv
Minimum output current to maintain regulation |V|-Vo=35V 1.5 25| mA
Peak output current Vi-Vg<35V 100 200 mA
ADJUSTMENT current 50 100 pA
Change in ADJUSTMENT current Vi-Vp=25Vt035YV, lo=2.5mAto 100 mA 0.2 5 pA
Reference voltage (output to ADJUSTMENT) | VI ~VO=5V 1035V, l0=25mAt100mA |45 425 13| v

1 Unless otherwise noted, these specifications apply for the following test conditions: V|~ Vo = 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 o

perating conditions, Tj = 25°C (unless otherwise

noted)
PARAMETER TEST CONDITIONST LA UNIT
MIN TYP MAX
Input voltage regulation (see Note 1) V|-Vpo=5Vto35V 0.01 %V
Vo=10V, f=120 Hz 65
Ripple regulation Vo=10V, 80 dB
10-uF capacitor between ADJUSTMENT and ground
) Vos<5V 25 mvV
Output voltage regulation lo=2.5mAto 100 mA VoS5V 3 py7Y
Output noise voltage f=10Hz to 10 kHz, 30 uvv
Minimum output current to maintain regulation |V|-Vo=35V 1.5 mA
Peak output current Vi-Vpo<35V 200 mA
ADJUSTMENT current 50 HA
Change in ADJUSTMENT current VI-Vo=25Vto 35V, lp =2.5mA to 100 mA 0.2 uA
Reference voltage (output to ADJUSTMENT) \Plls_r\a/tg d= d?s\s,i:)c;gfnvy lo=2.5mAto 100 mA, 1.25 \"

T Unless otherwise noted, these specifications apply for the following test conditions: V| -V = 5 V and Ig =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.

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

¢ Texas
INSTRUMENTS
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TL317C, TL317Y
3-TERMINAL ADJUSTABLE REGULATORS

SLVS004B — APRIL 1979 — REVISED AUGUST 1995

APPLICATION INFORMATION

TL317C

INPUT OUTPUT]

Vi Vo
(see Note B)

ADJUSTMENT

C1=01pF

(see Note A) - C2=1,F

(see Note C)

e
<

Figure 1. Adjustable Voltage Regulator

TL317C
Vi INPUT OUTPUT Vo
ADJUSTMENT (see Note C)
ci
0.1 uF ‘'es

1t D1 discharges C2 if output is shorted to ground.

Figure 3. Regulator Circuit
With Improved Ripple Rejection

NOTES: A.

TL317C

INPUT OUTPUT] Vo
(see Note D)

ADJUSTMENT

120 Q
Cci
0.1 pF R2
3 kQ

1N4002

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

TL317C

Vi INPUT OUTPUT —E ;$HH himit = 12
) R1 R1
‘ ADJUSTMENT

Figure 4. Precision Current-Limiter Circuit

Use of an input bypass capacitor is recommended if regulator is far from the filter capacitors

B.: Output voltage is calculated from the equation:V0 = Vref (1 + E—f—)

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

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

D. Output voltage is calculated from the equation:Vy = V¢ (1 +

R2 + R3
T )—10V

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

‘@' TEXAS
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, TL317C, TL317Y
3-TERMINAL ADJUSTABLE REGULATORS

SLVS004B — APRIL 1979 — REVISED AUGUST 1995

Vi

APPLICATION INFORMATION

R2
1.5 kQ
4 4%\%%
R1
ADJUSTMENT 470 Q
INPUT OUTPUT|
TL317C
TL317C
INPUT OUTPUT
-1 C1 ADJUSTMENT
T~
0.1 uF c2
1pF
Output
Adjust

e
[

Figure 5. Tracking Preregulator Circuit

TL317C
24Q
V| —INPUT OUTPUTF——VW\
ADJUSTMENT

I

Figure 7. 50-mA Constant-Current
Battery Charger Circuit

Vo

R3
240 Q

R4
2kQ

TL317C
Vi —]INPUT OUTPUT] Vo=15V
ADJUSTMENT
1N4002
q
R2 4
5.1 kQ
2N2905 = C1
T 25 pF

t *

Figure 6. Slow-Turn-On 15-V
Regulator Circuit

TL317C
V| —]INPUT OUTPUT *
ADJUSTMENT
2400
. =
11kQ l ICHG

N
y VBE ?R=LBE—

lcHa

V- L

Figure 8. Current-Limited 6-V Charger

{5’ TeExAs
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TL317C, TL317Y

3-TERMINAL ADJUSTABLE REGULATORS

SLVS004B - APRIL 1979 — REVISED AUGUST 1995

TIP73

APPLICATION INFORMATION

AY|

2N2905 Q}ﬁ 5000
‘ AN

22Q

~ 10 uF

TL317C

ADJUSTMENT

INPUT OUTPUT| %

120Q %1N4002

<

= 10pF#

5m/f'_
-

R |_1'

Al

Vo

~ 47 pF

1

t Minimum load current is 30 mA.
% Optional capacitor improves ripple rejection

Figure 9. High-Current Adjustable Regulator

3-10
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TL430C, TLA430I, TL430Y
ADJUSTABLE SHUNT REGULATORS

SLVS050A - JUNE 1976 — REVISED AUGUST 1995

® Temperature Compensated 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 30 V. 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 ﬁij— CATHODE

AVAILABLE OPTIONS
PACKAGED DEVICEST
CHIP FORM

TA PLASTIC ™
(LP)

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

Copyright © 1995, Texas Instruments Incorporated
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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

»i
»

ANODE CATHODE
m ‘ i @)
REF
@)

CHIP THICKNESS:
15 MILS TYPICAL

BONDING PADS:
4 x 4 MILS MINIMUM

Tygmax = 150°C

TOLERANCES
ARE +10%.

ALL DIMENSIONS
ARE IN MILS.

L b b oo
2

>
L)

|« 52 »|
"

|I|I|I|III|I‘I|I[I|I|l|I|IlllllllllI|||I|I|I|||I|I|

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

Regulator voltage (see Note 1) ... ... . i e 30V
Continuous regulator CUITENt .. ... ... . e i 150 mA
Continuous total power dissipation at (or below) Ty =25°C (see Note2) ...................... 775 mW
Operating free-air temperature range, TA: TL430C ... ... i 0°C to 70°C

TLAB0L e —40°C to 85°C
Storage temperature range, Ttg .« .. .vevveeienii —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds .................. ... ..oin.t. 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 Vref 30 \
Regulator current, Iz 2 100 mA
TL430C 0 70
Operating free-air temperature range, Tp °C
TL430! —-40 85

"":‘ TeEXAS
INSTRUMENTS
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TL430C, TL430l, 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 TLas0C TLasol UNIT
FIGURE MIN TYP MAX|MIN TYP MAX
Virefy  Reference input voltage 1 Vz = Vi(ref), Iz=10mA 25 275 3| 26 275 29 \
Temperature coefficient of Vz = Vi(ref), Iz=10mA, o
aVi(re) reference input voltage ! Ta = full range T 120 120 200 | ppm/°C
li(ref) Reference input current 2 :%;___12 mA, R1=10kQ, 3 10 3 10 RA
Regulator current near lower
K knee of regulation range 1 VZ =Vi(ref) 05 2l 05 2| mA
| Regulator current at maximum 1 Vz = V|(ref) 50 50 A
ZK limit of regulation range 2 Vz=5Vto30V, See Note3 | 100 100
Differential regulator resistance VZ = Vy(ref),
z (see Note 4) 1 Alz = (52-2) mA 5 3 15 8 o
Vz=3V 50 50
Vn Noise voltage 2 f=0.1Hzto10Hz |VZz=12V 200 200 uv
Vz=30V 650 650

1 Full temperature range is 0°C to 70°C for the TL430C and —40°C to 85°C for the TL430I.
NOTES: 3. The average power dissipation, Vz e |7 e duty cycle, must not exceed the maximum continuous rating in any 10-ms interval.
4. The regulator resistance for Vz > V|(ref), rz, is given by:

ry' =rz(1+%)

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

noted)
TEST ‘ TL430Y
PARAMETER FIGURE TEST CONDITIONS MIN_ TYP MAX UNIT
Vi(refy Reference input voltage 1 Vz = Vi(ref), Iz=10mA 25 275 3 \
lirefy  Reference input current 2 ::%2::12 mA, R1=10ka, 3 10 MA
2k zi%télator current near lower knee of regulation 1 Vz = Viret 05 ol ma
2K Regulator current at maximum limit of regulation 1 Vz =Vi(ref) 50 mA
range 2 Vz=5Vto30V, See Note 3 100
rz Differential regulator resistance (see Note 4) 1 VZ=Vifref), .- 15 3 Q
Alz = (52 - 2) mA

Vz=3V 50
Vn Noise voltage 2 f=0.1Hzto 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 > Vi(ref), rz is given by:

%)

r; =12 (1 + Ro

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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TL430C, TL430l, TL430Y
ADJUSTABLE SHUNT REGULATORS

SLVS050A - JUNE 1976 — REVISED AUGUST 1995

PARAMETER MEASUREMENT INFORMATION

Input —VW\—@—— Vz
v

T:" TL430

Vi(ref)

Figure 1. Test Circuit for Vz = Vi(ref)

Input—AW——9—— Vg

R1
VZ = vl(ref) (1 + ﬁ) + Il(ref) x R1

Figure 2. Test Circuit for Vz > Vi(ref)

TYPICAL CHARACTERISTICS

3-14

SMALL-SIGNAL REGULATOR IMPEDANCE CATHODE CURRENT
Vs Vs
FREQUENCY CATHODE VOLTAGE
3 i 160 i
G Vz = Vi(ref Vz =V(ref)
é 28— Tp= 25("3 ) 140 |— Tp =25°C
(-
’g 2.6 < 120 Izm
E €
5 24 £ 100
s e
1 -
g 22 3 8o
: [ % ;
& 2 £ 60
7]
T 18 L)
5 /
'« 16 / 20
N . /
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
¥ 7
EXAS
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TL430C, TL430l, TL430Y
ADJUSTABLE SHUNT REGULATORS

SLVS050A - JUNE 1976 — REVISED AUGUST 1995

APPLICATION INFORMATION

Vi 4

ReL
V+ p—— _$_ Vo 300 ] Vi IO
| ,

R1
1
Vigref) /‘\ # 4.7 kQ

R2 : R1 Yo
R2
Vo = (1+ B v ) it . et
o ~ ! * R2) Vigen) ‘ Vo = (1 + &) Vigen © ~ Re.
Figure 5. Shunt Regulator Figure 6. Series Regulator Figure 7. Current Limiter
v+ T | wA7805 Regulator Va Vo
IN
ouT Vo
GND R1
R1 ’ '@
P _T
R2
R2
R1 R1
Vo = (' + ﬁ) Vigret) Vo = (‘ + ﬁ) Vitret)
Min Vo = Vipep + 5V
Figure 8. Output Control of a 3-Terminal Figure 9. Higher-Current Applications

Fixed Regulator

'.“i) TEXAS
INSTRUMENTS
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TL430C, TL430l, TL430Y
ADJUSTABLE SHUNT REGULATORS

SLVS050A - JUNE 1976 — REVISED AUGUST 1995

" APPLICATION INFORMATION

Vce
R1B
R1A x
,——0
")
R2A S R2B A
R1 - R1B
Viimit = (1 + ﬁ'i) (vl(ref) + VBE(Q1)) Low limit ~ vl(ref) (1 + ﬁ?B_) +V,
High limit ~ Vy oo (1‘ + g—;ﬁ-)
Figure 10. Crowbar Figure 11. Vgc Monitor

*ﬂ’ TeExAs )
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TL431C, TL431AC, TL431l, TL431Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005E — JULY 1978 — REVISED AUGUST 1995

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.

® Equivalent Full-Range Temperature D OR PW PACKAGE
Coefficient . . . 30 ppm/°C (TOP VIEW)
® 0.2-Q Typical Output Impedance U
AT E REF
® Sink-Current Capability . . . 1 mA to 100 mA c AzggEE ; 3 % ANODE
® Low Output Noise ANODE[] 3 6 [] ANODE
® Adjustable Output Voltage . . . Vj(ef) to 36 V NC[] 4 5[] NC
® Available in a Wide Range of High-Density
Packaging Options:
— Small Outline (D) L op e
— TO-226AA (LP)
- SOT-89 (PK) catHoDE[[ 1 7 s[] REF
. NC[| 2 7[INC
description el s 6 [] ANODE
The TL431 and TL431A are 3-terminal adjustable NC (] 4 s[INC
shunt regulators with specified thermal stability
over applicable automotive, commercial, and
military temperature ranges. The output voltage ng:%'f;f:f
can be set to any value between Ve
(approximately 2.5 V) and 36 V with two external yammnN

ERNEE

REF ANODE CATHODE

LP PACKAGE
The TL431 is offered in a wide variety of high- (TOP VIEW)
density packaging options that includes an
SOT-89-type package (suffix PK). CATHODE
The TL431C and TL431AC are characterized for ANODE
operation from 0°C to 70°C, and the TL431l and
TL431Al are characterized for operation from REF
—40°C to 85°C. The TL431M is characterized for
operation over the full military temperature range FK PACKAGE
of =55°C to 125°C. (TOP VIEW)
a
¢
okolio
zZzo0zcx Z

Ne [a® 2 T 2 ¥ Ne
NC []s 17[J NC
NC[]e 16[] NC
NC 17 15[] ANODE
NC []8 14[] NC
9 10 11 1213
aaoracl
QLOLLO
2Z2zZ2Z2Z2

NC - No internal connection

Copyright © 1995, Texas Instruments Incorporated

On products compliant to MIL-STD-883, Class B, all parameters are
tested unless otherwise noted. On ali other products, production
processing does not necessarily include testing of all parameters.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. p does not include
testing of all parameters.
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TL431C, TL431AC, TL431], TL431AI, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVSO005E - JULY 1978 — REVISED AUGUST 1995

AVAILABLE OPTIONS
PACKAGED DEVICES -
SMALL CHIP | CERAMIC - PLASTIC SHRINK FORM
™ OUTLINE | CARRIER | Dip | TOZZAR | i S | swaLLoutuie | Ty
(D) (FK) (JG) (P) (PW)
i N "TL431CD » TL431CLP | TLaaICP
0°Ct070°C TL431ACD TL431ACLP | TLaa1ACP | TL431CPK TL431CPW

i - TL431D TL431LP | TL431IP TL431Y
—40°C1085°C | 3y 431A1D TL431AILP | TLaz1aip | TLAS1IPK
_55°C to 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 Tp = 25°C.

application schematic

5-V Precision Regulator

V+ Vo=5V
Rp 27.4kQ
(see Note A) 0.1%
27.4 kQ
0.1%

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

symbol ' functional block diagram
REF ' CATHODE

ANODE ‘L}_ CATHODE

"5‘ 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

REF

ANODE

—

2.4 kQ

4kQ

1kQ

800 800 Q
20 pF

150 Q

10 kQ

NOTE A: All component values are nominal.‘

{'f Texas
INSTRUMENTS
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TLA431C, TL431AC, TL431], TL431Al, TL431M, TLA31Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005E — 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
E A
= CATHODE UM 3)
= @ TLA3TY — REF
— ANODE ——
= 66 CHIP THICKNESS: 15 MILS TYPICAL
= BONDING PADS: 4 x 4 MILS MINIMUM
= Tymax = 150°C
= TOLERANCES ARE +10%.
E - ALL DIMENSIONS ARE IN MILS.
= (. |__]-  — _r- =1 Pins 2,3,6, and 7 are connected
= A I I—I rd \___/_ — together
—E Pins 4 and 5 are not connected
= v
le 46 >
g

'Q‘ TeEXAS
INSTRUMENTS
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TL431C, TL431AC, TL431l, TL431Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVSO005E — JULY 1978 — REVISED AUGUST 1995

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

Cathode voltage, Vka (see Note 1) ... . e e 37V
Continuous cathode current range, IKA ... v ovviii i —100 mA to 150 mA
Reference input current range ......... ..ottt e -50 yAto 10 mA
Continuous total power dissipation ....................... ... ... See Dissipation Rating Tables 1 and 2
Operating free-air temperature range, Ta: C-suffix ... . ... ... ... ... .o 0°C to 70°C

A-suffix . —40°C to 85°C

M-suffix ....... ... -55°C to 125°C
Storage temperature range, Tpg -« -« cvvvniiit —-65°C to 150°C
Case temperature for 60 seconds: FKpackage .............uuiirieinnnnniinnnnnnianinnnnnns 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 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.

NOTE 1: Voltage values are with respect to the anode terminal unless otherwise noted.

DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE

PACKAGE Ta =25°C DERATING FACTOR Ta =70°C Ta =85°C Ta =125°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 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 mwW
LP 775 mW 6.2 mW/°C 496 mW 403 mW —
P 1000 mW 8.0 mW/°C 640 mW 520 mW —_
PK 500 mW 4.0 mW/°C 320 mW 260 mW -
PW 525 mW 4.2 mW/°C 336 mW — —_
DISSIPATION RATING TABLE 2 —- CASE TEMPERATURE
PACKAGE Tc=25°C DERATING FACTOR Tc=70°C Tc=85°C
POWER RATING ABOVE T¢ = 25°C POWER RATING POWER RATING
PK 3125 mW 25 mW/°C 2000 mW 1625 mW

recommended operating conditions

MIN MAX | UNIT

Cathode voltage, VKA Vi(ref) 36 Vv

Cathode current, Ika 1 100 mA

*@ TeExas
INSTRUMENTS
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electrical characteristics over recommended operating conditions, Ta = 25°C (unless otherwise noted)

TEST . TL431C TL4311 TL431M
PARAMETER TEST CONDITIONS UNIT
CIRCUIT MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
Vi(ref) Reference input voltage 1 VKA = Vi(ref) IKkA=10mA 2440 2495 2550 | 2440 2495 2550 | 2400 2495 2600 mV
Deviation of reference
Videv) input voltage over full : 1 VKA = Vi(ref), IKa=10mA, 4 17 5 30 22 mv
Ta = Full range t
temperature range
Ratio of change in refer- AVKA =10V — V(ref -14 -27 -14 -27 -1.4 -3
%l('—ef) ence input voltage to the 2 Ika=10mA (reh mTV
KA change in cathode voltage AVKA=36V-10V -1 -2 -1 -2 -1 -23
li(ref) Reference input current 2 Ikn=10mA, R1=10kQ, R2=c T2 4 2 4 2 8* I
Deviation of reference
h IkKA=10mA, R1=10kQ, R2=-c,
li(dev) input current over full 2 TA = Full range t 0.4 1.2 0.8 25 1 uA
temperature range ¥
Minimum cathode current
Imin for regulation 1 VKA = Vi(ref) 0.4 1 0.4 1 04 15| mA
loff Off-state cathode current 3 VKA =36V, Vi(ref) =0 k 0.1 1 0.1 1 0.1 3| dA
_ IKA =1 mAto 100 mA, "
lzkal Dynamic |mpedance§ 1 VKA = Vigre)y 1< 1KHz 0.2 0.5 0.2 0.5 02 0.9 Q

* On products compliant to MIL-STD-883, Class B, this parameter is not production tested.

1T Full temperature range is 0°C to 70°C for the TL431C, —40°C to 85°C for the TL431l, ahd —55°C to 125°C for the TL431M.

¥ The deviation parameters Vrefl(dev) and Irefi(dev) are defined as the differences between the maximum and minimum values obtained over the rated temperature range. The average
full-range temperature coefficient of the reference input voltage, avj(ref), is defined as:

Vi(dev) « 106 Max Vi(ref)
\ at 25°C
ppm I(ref) )
lo, | (o—) = .
Vi(ref)' \C AT, Min Vi(ref) |
where AT is the rated operating free-air temperature range of the device. |‘_ ATA _’I

ay|(ref) can be positive or negative depending on whether minimum Vj(ref) or maximum Vj(ref), respectively, occurs at the lower temperature.
Example: Max V|(ref) = 2496 mV at 30°C, Min V|(ref) = 2492 mV at 0°C, V|(ref) = 2495 mV at 25°C, ATp = 70°C for TL431C
_4mV_ 6
| I_(2495mv) <100 23 oG
ety = 700c — ~ 23 pem/

Because minimum V/(ref) occurs at the lower temperature, the coefficient is positive.

. . ) AVia

§ The dynamic impedance is defined as: |z, | = —2
KA Al KA

When the device is openjating with two external resistors (see Figure 2), the total dynamic impedance of the circuit is given by: 1z'| = i_l ~ IZKA‘ (1 + %)
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electrical characteristics over recommended operating conditions, Tp = 25°C (unless otherwise noted)
TEST i TL431AC TL431Al

PARAMETER TEST CONDITIONS UNIT
CIRCUIT MIN TYP MAX| MIN TYP MAX
Vi(ref) Reference input voltage ) 1 VKA = Vi(ref), KA =10mA 2470 2495 2520 | 2470 2495 2520 mV
Deviation of reference input voltage over full VKA = Vi(ref), IKA=10mA,
Vi(dev) temperature range ¥ 1 TA = Full range T 4 15 5 25| mv
AVy(ref) Ratio of.change in reference input voltage to the 2 Ica = 10 mA AVKA = 10V - Vj(ref) -14 -27 -14 =27
AVKA change in cathode voltage AVKA=36V-10V -1 -2 -1 -2

li(ref) Reference input current 2 Ikan=10mA, R1=10kQ, R2=c 2 4 2 4

Deviation of reference input current over full IkA=10mA, R1=10kQ, R2=co,

5 [3[<2

li(dev) temperature range ¥ 2 Tp = Full range T 08 12 08 25

Imin Minimum cathode current for regulation 1 VKA = Vi(ref) - 04 0.6 0.4 0.7 mA

lof Off-state cathode current 3 VKA =36V, Vi(ref) =0 0.1 0.5 0.1 0.5 nA
VKA = Vi(ref), .

Izkal Dynamic impedance § 1 IKA =1 MAto 100 mA, 02 05 02 05| @
f<1kHz

T Full temperature range is 0°C to 70°C for the TL431AC and —40°C to 85°C for the TL431Al.
¥ The deviation parameters Vrefl(dev) and Irefi(dev) are defined as the differences between the maximum and minimum values obtained over the rated temperature range. The average
full-range temperature coefficient of the reference input voltage, avi(ref), is defined as:

V
e ) o S
o | (ppm) _ I(ref) | Vi(dev)
VI(ref) °C ATA Min Vl(ref) _— _:_ ¥y
where AT is the rated operating free-air temperature range of the device. “_ ATA ‘—"'

ayi(ref) can be positive or negative depeﬁding on whether minimum V|(,-eg or maximum V[(ref), respectively, occurs at the lower temperature.
Example: Max V|(ref) = 2496 mV at 30°C, Min V|(ref) = 2492 mV at 0°C, V|(ref) = 2495 mV at 25°C, ATp = 70°C for TL431AC

(‘”“V )x106

2495 mV .
Because minimum V|(ref) occurs at the lower temperature, the coefficient is positive.
. - AVia
§The dynamic impedance is defined as: {z,,| = —2
KA Ala
When the device is operating with two external resistors (see Figure 2), the total dynamic impedance of the circuit is given by: 1z'| = AA—Y =~ IzK AI (1 + %;—)

—
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TL431C, TL431AC, TL431l, TL431 Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005E — JULY 1978 — REVISED AUGUST 1995

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

TEST TL431Y
PARAMETER TEST CONDITIONS UNIT
CIRCUIT MIN  TYP MAX
Virefy  Reference input voltage 1 VKA = Vi(ref) Ika=10mA 2495 ) mV
Ratio of change in reference input AVKA =10 V = Vi(ref -1.4
AV(ref) voltage to the change in cathode 2 IKA = 10 mA (ref) mTV
AVKA  yoltage AVKA =36V —10V -1
li(ref) Reference input current 2 IKA=10mA, R1=10KkQ, R2=co 2 pA
Imin Minimum cathode current for regulation 1 VKA = Vi(ref) 0.4 mA
loff Off-state cathode current 3 VKA =36V, Vi(ref) =0 0.1
lzgkal'  Dynamic impedanceT 1 ;/f? sz\;'(ref)‘ IkA =1 mA to 100 mA, 0.2 Q
L : : AVKA
tThe dynamic impedance is defined as: |zk | = —20
a Al
KA
When the device is operating with two external resistors (see Figure 2), the total dynamic impedance of the circuit is given by:

o AV R1
1z'| = Al IzKAI (1 +H2)

PARAMETER MEASUREMENT INFORMATION

Input —VWA—@——— VKa Input ——VW—@——— VKA
» l'KA

l'KA

A

=<
=
&

- BR1
Via = Vet (1 + nz) + Yirefy X A1

||'(—
||§~
1]

Figure 1. Test Circuit for Vi = Vi(ref) Figure 2. Test Circuit for Vka > Vi(ref)

Input —VW—@——— VKA

Figure 3. Test Circuit for Iy
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TL431C, TL431AC, TL431l, TL431Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005E — JULY 1978 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE

Vi(refy  Reference input voltage vs Free-air temperature 4
li(ref) Reference input current vs Free-air temperature 5
IKA Cathode current vs Cathode voltage 6,7
loff Off-state cathode current vs Free-air temperature 8
AVi(refy Change in reference voltage to change in cathode voltage | vs Free-air temperature 9
Vn Equivalent input noise voltage vs Frequency over a 10-second time-period 10, 11
Ay Small-signal voltage amplification vs Frequency 12
lzgka!  Reference impedance vs Frequency 13

Pulse response 14

Stability boundary conditions 15

Table of Application Circuits

FIGURE
Precision shunt regulator 16
Single-supply comparator with temperature-compensated threshold 17
Precision high-current series regulator 18
Output control of a 3-terminal fixed regulator 19
High-current shunt regulator 20
Crowbar circuit ’ 21
Precision 5-V, 1.5-A regulator 22
Efficient 5-V, precision regulator 23
PWM down converter with reference 24
Voltage monitor 25
Delay timer 26
Precision current limiter 27
Precision constant-current sink 28

{'? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

3-25



TL431C, TL431AC, TL431l, TL431Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

¥

SLVS005E — JULY 1978 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICSt

REFERENCE INPUT VOLTAGE REFERENCE INPUT CURRENT
vsS Vs
FREE-AIR TEMPERATURE' FREE-AIR TEMPERATURE?
2600 ' ' s R1 ' 10 k'n
VKA = Vi(re =
> 258°-|KA=1o(mA{) < |R2=°°10mA
- KA =
'IE 2560 Vi(ref) = 2550 mv# 3 4
g’ | — | g
S 2540 — E
S 4 o
§ 2520 - 'g 3
c
';; 2500 Virer) =2495 mV# __ | r ~—
£ T~ 2 N ~——
2 2480 - 2 2 =
g A % \\
T 2460 & ——
% 2440 vm{ 2440 mv# | g 1
> 2420 ~
2400 . 0
-75 ~-50 -25 O 25 50 75 100 125 -75 -50 -25 O 25 50 75 100 125
Tp — Free-Air Temperature - °C TA - Free-Air Temperature - °C
Figure 4 Figure 5
CATHODE CURRENT CATHODE CURRENT
Vs Vs
CATHODE VOLTAGE CATHODE VOLTAGE
150 T 800 T
VKA = VKA =
- T eec
A= ° . | TA= f
‘é 100 < 600
! 75 M Imin <
€ 13
2 50 £ 400
=3 -3
e 2 H
[
-E- 0 § 200 7
S Wl :
N g
i
-75 /
~-100 ~-200 l
-2 -1 0 1 2 3 -1 0 1 2 3
VKA - Cathode Voltage - V VKA - Cathode Voltage - V
Figure 6 Figure 7

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
% Data is for devices having the indicated value of Vi(ref) atIka = 10 mA, Tp = 25°C.
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TL431C, TL431AC, TL431l, TL431Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005E - JULY 1978 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICSt

RATIO OF DELTA REFERENCE VOLTAGE TO

OFF-STATE CATHODE CURRENT DELTA CATHODE VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
25T ] -0.85 T
VKA=36V N VKA=3V1036V
Vi(ref) =0
2 -0.95 \\\
-1.05 AN
15 / \\
-1.15

-1.25 \,\
05 / -1.35

Avl(ref) 1AVKA —mVNV

loff - Off-State Cathode Current — p A

0 -1.45
-75 -50 -25 O 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125
TA — Free-Air Temperature - °C TA — Free-Air Temperature - °C
Figure 8 Figure 9
EQUIVALENT INPUT NOISE VOLTAGE
Vs
FREQUENCY

260

N lo=10mA
|> TA =25°C

5 240
c
oly 220
-]
]
2 200
A
(-]
Z 180
% \
a
£ 160
£ \
°
S 140 ™
&
Y 120
=3

100

10 100 1k 10k 100 k

f - Frequency — Hz

Figure 10

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TL431C, TL431AC, TL431I, TL431Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVSO005E — JULY 1978 — REVISED AUGUST 1995

191V

Vi, — Equivalent Input Noise Voltage — uV

_TYPICAL CHARACTERISTICS

EQUIVALENT INPUT NOISE VOLTAGE

TEST CIRCUIT FOR EQUIVALENT INPUT NOISE VOLTAGE

To Oscilloscope

22 F

OVER A 10-SECOND PERIOD
6
5
4 M i
3 |
2
1 I I
o -
-1 —‘#
-2 ! U '
-3
-4 f=0.1to 10 Hz
5k Ika=10mA
3 Tp=25C
_6 1 1 1
0.1 2 3 4 5 6 7 8.9 10
t-Time-s
Vee
1pF Vce
It
TLE2027 i
Ay =10 V/mV
P AA—O—ANA I\ TLE2027
16 kQ 16 kQ N
-
L ]
1uF == 33kQ
T [ ay=2ww
33kQ
VEE
= VEE

Figure 11

IL
A I
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TL431C, TL431AC, TL431I, TL431Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005E — JULY 1978 — REVISED AUGUST 1995

Ay - Small-Signal Voltage Amplification — dB

Izk Al - Reference Impedance - Q

TYPICAL CHARACTERISTICS

SMALL-SIGNAL VOLTAGE AMPLIFICATION

vs

FREQUENCY
Go LELRLALS 1 LI
|KA =10
mA
50 Ta=25C ||| Output
\ 15 kQ l‘KA 2320
40 A 9uF
N\ . A
\ +
% M\ 8.25 kQ -
20 \\
N\ GND
N\
10 <
N
\ TEST CIRCUIT FOR VOLTAGE AMPLIFICATION
0
1k 10k 100 k 1M 10M
f - Frequency - Hz
Figure 12
REFERENCE IMPEDANCE
vs
FREQUENCY
100 ———7rmm
- Ixa=10
- mA
— Tp =25°C
p————— Output
10 =
/
1
a GND
/
y TEST CIRCUIT FOR REFERENCE IMPEDANCE
0.1
1k 10k 100 k 1M 10M
f - Frequency — Hz
Figure 13

{" Texas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 - ' 3-29



TL431C, TL431AC, TL431], TL431Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVSO005E — JULY 1978 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS

PULSE RESPONSE
6 T
Ta =25°C
Input .
5 ey 220 Q
> ’ - p—— Output
g 4
2 4
S Pulse {l
‘g 3 Generator 50 Q
g Output f =100 kHz
- V4
| A A 4 GND
£ M
1 ) =
TEST CIRCUIT FOR PULSE RESPONSE
0
0 1 2 3 4 5 6 7
t-Time-ps
Figure 14
150 Q
STABILITY BOUNDARY CONDITIONS l'KA
100 T .
AVika =V IKa =10 L
0fg vx sy mA CL N 7 Vpart
CvVka=10V TA =25°C
« O bvka=15V¢
£ Bt °
] 70 l
E Stable =
6 60 Stable ct ' TEST CIRCUIT FOR CURVE A
] 50 t A\ _
] at I / \
£ 40 !
<? l/ / R1=10kQ l“ 150 Q
: /7
- 20 / / / / \ T~ CL 'T .
\
10 / / R2 Z= VBATT
/8 SR\\A\ T

0.001 0.01 0.1 1 10 A
CL - Load Capacitance - pF

e

TEST CIRCUIT FOR CURVES B, C, AND D

Figure 15

1t The areas under the curves represent conditions that may cause the device to oscillate. For curves B, C, and D, R2 and V+ were adjusted to
establish the initial Vi and IKa conditions with C|_ = 0. VBATT and C(_ were then adjusted to determine the ranges of stability.
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TL431C, TL431AC, TL431l, TL431Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005E — JULY 1978 — REVISED AUGUST 1995

APPLICATION INFORMATION

R (see Note A)
VBATT Vo VBATT
—— Vo
TL431 e 2y
TLA31 on =
input — A\ —-2 | Voff = VBATT
Vin ~25V
RETURN th

Tﬂ—— GND

Figure 17. Single-Supply Comparator With

: i >1- N
NOTE A: Rshould provide cathode current> 1-mA Tem peratur e-Com pensate d Threshold

to the TL431 at minimum VBATT.

Figure 16. Shunt Regulator

VBATT
R 2N222 ’
.(see Note A)
L 2N222
TL431 _0.01 uF
L
4 — Vo
R1
R2 0.1%
0.1%

= R1
Vo = (1 + Bl vig

NOTE A: R should provide cathode current > 1-mA to the TL431 at
minimum VBATT.

Figure 18. Precision High-Current Series Regulator
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TL431C, TL431AC, TL431l, TL431Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS005E — JULY 1978 — REVISED AUGUST 1995

APPLICATION INFORMATION

V|
BATT VBATT Vo

Common

R2 TL431

- R1
Vo = (1 + nz) Vet

Figure 20. High-Current Shunt Regulator

- R1
Vo = (1 + B Vi
Min Vo = Vie + 5V

Figure 19. Output Control of a Three-Terminal
Fixed Regulator

VBATT —C \0O—¢ Vo

R1

SNN—@

TLA431

(o]
/J\ (see Note A)
R2

NOTE A: Refer to the stability boundary conditions in Figure 15 to determine
allowable values for C,

Figure 21. Crowbar Circuit

‘!':‘ Texas
INSTRUMENTS

3-32 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TL431C, TL431AC, TL431l, TL431Al, TL431M, TL431Y
ADJUSTABLE PRECISION SHUNT REGULATORS

SLVSO005E ~ JULY 1978 — REVISED AUGUST 1995

APPLICATION INFORMATION

IN out v
Vo=5V,15A BATT Vo-=5vV
Rp
243Q (see Note A) 27.4kQ
0.1% 0.1%
243 Q 27.4kQ
0.1% 0.1%
* |

NOTE A. Rpshould provide cathode current>1-mA to the

Figure 22. Precision 5-V, 1.5-A Regulator TLA31.

Figure 23. Efficient 5-V Precision Regulator

12V

é 6.8kQ % Vee
(
5V 10 kQ '*\
[ L 2 -
’_—
10 kQ +
0.1% TL598

X —
Not }
Used
10 kQ
0.1%

= Feedback

TL431

Figure 24. PWM Converter With Reference
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TL431C, TL431AC, TL431l, TL431Al, TL431M, TL431Y

ADJUSTABLE PRECISION SHUNT REGULATORS

SLVSO005E — JULY 1978 — REVISED AUGUST 1995

APPLICATION INFORMATION

R3 (see Note A)

i RiB
Low Limit = (1 + _R2B) Vl(ref)
. [ R1A
High Limit (1 + R A) Vl(ref)

LED on when
Low Limit < Vgart < High Limit

NOTE A: R3 and R4 are selected to provide the desired LED intensity
and cathode current > 1 mA to the TL431 at the available

VBATT--

Figure 25. Voltage Monitor

RcL lo
0.1% >

VBATT — \NN——————

TL4a31

~ Vigren) .

lout =

KA

Figure 27. Precision Current Limiter

2v

Off?

Delay = R x C x I, (#\\;I(ref))

Figure 26. Delay Timer

\

VBATT

Tl

TL431

Rg
0%

- Vl(ref)
(o} RS

Figure 28. Precision Constant-Current Sink
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TL75LPxxQ SERIES
TL75LPxxY SERIES
LOW-DROPOUT VOLTAGE REGULATORS

SLVS073A- SEPTEMBER 1992 — REVISED AUGUST 1995

® Very Low-Dropout Voitage . . . Less Than
400 mV at 300 mA

® Standby Mode Reduces Current to a
Maximum of 150 pA

® Gutput Regulated to Within +2% Over Full
Temperature Range

® Packaged in Thin Shrink Small-Outline
Package

® Only 10-uF Load Capacitor Required to
Maintain Regulation at Ig = 300 mA

description

The TL75LPxxQ devices are low-dropout voltage
regulators specifically targeted for use in portable
applications. These devices generate fixed output
voltages at loads of up to 300 mA with only
400-mV dropout over the full temperature range.

Low-dropout voltage regulators are commonly
used in battery-powered systems such as analog
and digital cellular phones. The TL75LPxx family
of regulators feature a TTL/CMOS-compatible
enable terminal, which can be used to switch the
device into standby mode. This feature reduces
power consumption when the instrument is not
active. Less that 150 pA is required when the unit
is disabled.

A concern in many new designs is conservation of
board space and overall reduction in equipment
size. The thin shrink small-outline package
(TSSOP) minimizes board area and reduces

PW PACKAGE
(TOP VIEW)
GND/HEAT SINK [] 1 / 20[] NC
GND/HEAT SINK [] 2 19[] NC
GND/HEAT SINK [} 3 18[] NC
NC[] 4 17 a NC
NC[]s 16]] NC
ENABLE [] 6 15[] OUTPUT
NC]7 14[]] OUTPUT
INPUT [} 8 13[INC
INPUT[] @ 12f] NC
INPUT[} 10 11[INC

GND/HEAT SINK — These terminals have an internal
connection to ground and must be grounded.
NC - No internal connection

T The PW package is only available in left-end taped
and reeled (order device TL75LPxxQPWLE).

typical application schematic

INPUT OUTPUT Vo +2%
at 300 mA
TL75LPxxQ

VBAT —
BA T 0.1 HFI GND/ Co=10uF
1 | |ENABLE HEAT SINK
DISABLE

ENABLE I

2V —

component height. This package has a maximum height of less than 1.1 mm (compared to the 1.75 mm of a
standard 8-pin SO package) and dimensions of only 6.5 mm by 4.4 mm.

All low-dropout regulators require an external capacitor at the output to maintain regulation and stability. To
further reduce board area and cost, the TL75LPxx devices are designed to require a minimum capacitor of only
10 pF. This is 1/10 the typical value used by many other low-dropout regulators. To simplify the task of choosing
a suitable capacitor, Tl has included in this datasheet a list of recommended capacitors for use with these

devices.

The TL75LPxxQ devices are characterized for operation over Ty = —40°C to 125°C.

AVAILABLE OPTIONS
v PACKAGED DEVICES
o CHIP FORM
T TSSOP v
MIN | TYP | MAX (PW)
475 | 485 [ 495 | TL75LP48QPWLE TL75LP48Y
49 | 5 |51 TL75LPO5QPWLE TL75LPO5Y
-40°Cto125°C [ 7.84 [ 8 [ 816 | TL75LP0OSQPWLE TL75LP08Y
98 | 10 [102 | TL75LP10QPWLE TL75LP10Y
1176 | 12 [12.24 | TL75LP12QPWLE TL75LP12Y

The PW package is available only in tape and reel. Chip forms are tested at 25°C.

PRODUCTION DATA Information is current as of publication date.
Produ:l: conform to specifications wmmms nc:' exas Instruments

. F include
testing of all parameters.

{"P TEXAS
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TL75LPxxQ SERIES
TL75LPxxY SERIES
LOW-DROPOUT VOLTAGE REGULATORS

SLVS073A - SEPTEMBER 1992 — REVISED AUGUST 1995

functional block diagram

INPUT
Current
Limiting
ENABLE Enable

Ol i

Y r N OUTPUT

Bandgap —A/v\,-T— p/
Overvoltage/

—O/' O-| Thermal

Shutdown

/77 GND/HEAT SINK

TL75LPxxY chip information

This chip, when properly assembled, displays characteristics similar to the TL75LPxx. 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 nput L L O)oyrpur
TL75LPxxY SUTPUT

SENSE

@ |® |@

ENABLE POWER SIGNAL
GND GND

CHIP THICKNESS: 11 MILS TYPICAL
BONDING PADS: 7X7 MILS MINIMUM
Ty max = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

NOTE A. NOTE: SIGNAL GND and POWER
GND must be tied together as close to

¢ 123 P device as possible. OUTPUT and
||||||n||||||||Hl||||||[||||llI|I|II||[n||[|I'N'I'W'm'l'm'm'l' OUTPUT SENSE should be tied
together.
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TL75LPxxQ SERIES
TL75LPxxY SERIES
LOW-DROPOUT VOLTAGE REGULATORS

SLVS073A - SEPTEMBER 1992 — REVISED AUGUST 1995

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

Supply voltage, Vog, (SeeNote 1) ... 25V
OUIPUL CUITENE, 10 . .ot i e it i et 400 mA
Operating virtual junction temperaturerange, Ty ...t iiian.. —55°C to 150°C
Continuous total power dissipation (see Note2) .......................... See Dissipation Rating Table
Storage temperature range, Tstg - ..vvvvt it —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for10seconds ..................cciiiine... 260°C

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

2. Referto Figures 1 and 2 to avoid exceeding the design maximum virtual junction temperature; these ratings should not be exceeded.
Due to variation in individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may
be activated at power levels slightly above or below the rated dissipation.

DISSIPATION RATING TABLE
PACKAGE POWER RATING T<25°C DERATING FACTOR T=70C T=85°C T=125°C
AT POWER RATING ABOVE T = 25°C POWER RATING POWER RATING POWER RATING
TA 828 mW 6.62 mW/°C 530 mW 431 mW 166 mW
PW Tc 4032 mW 32.2 mW/°C 2583 mW 2100 mW 812 mW
Tpt 2475 mW 19.8 mW/°C 1584 mW 1287 mwW 495 mw

¥ Rgyp is the thermal resistance between the junction and the device pin. To determine the virtual junction temperature (T ) relative to the device
pin temperature, the following calculations should be used: Ty = Pp x Rgyp + Tp, Where Pp is the internal power dissipation of the device and Tp
is the device pin temperature at the point of contact to the printed wiring board. The Rg p for the TL75LPxx series is 50.5°C/W.

Maximum Continuous Dissipation ~ mW

MAXIMUM CONTINUOUS DISSIPATION MAXIMUM CONTINUOUS DISSIPATION
') vs
FREE-AIR TEMPERATURE CASE TEMPERATURE
2400 4800
2200 4400
2000 E 4000
1800 é 3600
1600 T 3200
1400 g 2800
1200 2 2400
o
1000 2 2000
800 [~ § 1600
600 i £ 1200
T~ 5 RgJc = 31°C/W
400 \)~ £ 800
200— . \‘ 2 40
RoJa = 151°C/W
0 ' ' 0
25 50 75 100 125 150 25 50 75 100 125 150
Ta - Free-Air Temperature — °C T¢ ~ Case Temperature — °C
Figure 1 Figure 2
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TL75LPxxQ SERIES
TL75LPxxY SERIES
LOW-DROPOUT VOLTAGE REGULATORS

SLVS073A - SEPTEMBER 1992 — REVISED AUGUST 1995

recommended operating conditions.

MIN MAX | UNIT
TL75LP48 5.15 23.0
TL75LP05 53 230
Input voltage, V| TL75LP08 84 23.0 v
: TL75LP10 . 104 230
TL75LP12 125 230
High-level input voltage, ENABLE, V| - 20 150 \%
Low-level input voltage, ENABLE, Vi : 0 0.8 Vv
Output current range, 1o ) 5 300 mA
Operating virtual junction temperature range, Ty -40 125 °C

electrical characteristics over operating virtual junction température range, V=10V, lg =300 mA;
ENABLE = 0 V (unless otherwise noted)

TL75LP48Q
PARAMETER TEST CONDITIONSt N TYP WAX UNIT
Output voltage V|=535Vto10V 475 485 4.95 \
Input voltage regulation V=535Vt 10V, Ty=25°C . 10 25 mV
Ripple rejection Vi=56Vto156V, f=120Hz, Tj=25°C 50 55 dB
Output voltage regulation lo=5mAto 300 mA, Tj=25°C 12 30| mv
lo =100 mA 0.12 0.2
Dropout voltage lp =200 mA 0.17 0.3 \
‘ 1o = 300 mA 022 04
Output noise voltage f=10Hzto 100 kHz, Ty=25°C 500 nv
lo=10mA 25 4
. lo =100 mA 4 10
Bias current mA
10 =200 mA 6 20
lp =300 mA 9 30
High-level input current, ENABLE ENABLE=0.8V 7 25| pA
Low-level input current, ENABLE ENABLE=2V 0.05 6| uA
Standby current ENABLE =2 V 100  150| pA

T Pulse-testingtechniques maintain the virtual junctiontemperature as close to the ambient temperature as possible. Thermal effects mustbe taken
into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF capacitor with equivalent series
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor.
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low
temperatures.
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electrical characteristics over operating virtual junction temperature range, Vi =10V, lg = 300 mA,
ENABLE = 0 V (unless otherwise noted)

PARAMETER TEST CONDITIONST TL75LPosQ UNIT
y MIN  TYP MAX
Output voltage Vi=55Vto10V 4.9 5 5.1 v
Input voltage regulation =55Vto10V, Ty=25°C 10 25 mvV
Ripple rejection Vi=6Vto16V, f=120Hz, Ty=25°C 50 55 dB
Output voltage regulation lo=5mAto300mA, Ty=25C 12 30 mV
. 10 =100 mA 012 02
Dropout voltage lo =200 mA 0.17 0.3 \
lp =300 mA 0.22 0.4
Output noise voltage f=10Hzto 100 kHz, Ty=25°C 500 nv
10 = 10 mA 2.5 4
Bias current lo = 100 mA 4 10 mA
lo =200 mA 6 20
o =300 mA 9 30
High-level input current, ENABLE ENABLE =0.8V 7 25| pA
Low-level input current, ENABLE ENABLE =2V 0.05 6| upA
Standby current ENABLE=2V 100 150 | pA

t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken
into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF capacitor with equivalent series
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor.
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low

temperatures.

electrical characteristics over operating virtual junction temperature range, V| 10V,1lg =300 mA,
ENABLE = 0 V (unless otherwise noted)

PARAMETER TEST CONDITIONS TL75LPOSQ UNIT
MIN TYP MAX
Output voltage V|=86Vtg15V 7.84 8 8.16 \
Input voltage regulation Vi=86Vto15V, Ty=25°C 12 40| mv
Ripple rejection Vi=9Vto19V, f=120Hz, Ty=25°C 50 55 dB
Output voltage regulation lo=5mAto 300 mA, Ty=25°C 12 40| mv
lo =100 mA 0.12 0.2
Dropout voltage lp =200 mA 0.17 0.3 \
I0 = 300 mA 022 04
Output noise voltage f=10Hzto 100 kHz, Ty=25°C 500 uv
Io=10mA 25 4
e Io = 100 mA 4 10
Bias current mA
I0 = 200 mA 6 20
lo =300 mA 9 30
High-level input current, ENABLE ENABLE=0.8V 7 25| pA
Low-level input current, ENABLE [ENABLE =2V 0.05 6| pA
Standby current ENABLE=2V 100 150 | pA

t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken
into account separately. All characteristics are measured with a 0.1-puF capacitor across the input and a 10-uF capacitor with equivalent series
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor.
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low

temperatures.
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electrical characteristics over operating virtual junction temperature range, Vi =14V, g = 300 mA,
ENABLE = 0 V (unless otherwise noted)

TL75LP10Q
PARAMETER TEST CONDITIONST N TP WAX UNIT
Output voltage Vi=106Vto 17V 9.8 10 10.2 \
Input voltage regulation VI=106Vto 17V, Ty=25°C 15 43| mv
Ripple rejection Vi=11Vto21V, f=120Hz, Ty=25°C 50 55 dB
Output voltage regulation lo=5mAto 300 mA, Tj=25C 15 50 mV
lp =100 mA 0.12 0.2
Dropout voltage lo =200 mA 0.17 0.3 \
lo =300 mA 0.22 0.4
Output noise voltage f=10Hzto 100 kHz, Tj=25°C 1000 . uv
lo=10mA 25 4
Bias current lo =100 mA 2 10 mA
lo =200 mA 6 20
lp =300 mA 9 30
High-level input current, ENABLE ENABLE=0.8V 7 25| pA
Low-level input current, ENABLE ENABLE=2V 0.05 6| pA
Standby current ENABLE=2V 100 150 | pA

T Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken
into account separately. All characteristics are measured with a 0.1-pF capacitor across the input and a 10-uF capacitor with equivalent series
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor.
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low
temperatures. 4

electrical characteristics over operating virtual junction temperature range, Vy= 14V, Ig =300 mA,

ENABLE = 0 V (unless otherwise noted)

TL75LP12Q
PARAMETER TEST CONDITIONST WN__TYP  MAX UNIT
Output voltage Vi=127Vto 18V 11.76 12 12.24 v
Input voltage regulation V=127Vt 18V, Ty=25°C 15 43| mv
Ripple rejection Vi=13Vto 23V, f=120Hz, Ty=25°C 50 55 dB
Output voltage regulation lo=5mAto300mA, Ty=25°C 15 60 mv
- lo =100 mA 0.12 0.2
Dropout voltage lo =200 mA 0.17 0.3 \'
lo =300 mA 0.22 0.4
Output noise voltage f=10Hzto 100 kHz, Ty=25°C 1000 uv
I0=10mA 25 4
) Io =100 mA 4 10 ’
Bias current mA
lo =200 mA 6 20
lo =300 mA 9 30
High-level input current, ENABLE ENABLE=0.8V 7 25| pA
Low-level input current, ENABLE ENABLE =2V 0.05 6| pA
Standby current ENABLE =2V 100 150 pA

t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken
into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-pF capacitor with equivalent series
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor.
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low
temperatures.
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electrical characteristics at V=10V, 1o =300 mA, ENABLE =0V, T; = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONST TL75LPABY UNIT
MIN TYP MAX

Output voltage 4.85 \

Input voltage regulation 10 mvV
Ripple rejection f=120Hz 55 dB
Output voltage regulation 12 mV
Dropout voltage 0.22 \

Output noise voltage f=10 Hz to 100 kHz 500 uv
Bias current 9 mA
High-level input current, ENABLE ENABLE=0.8V 7 HA
Low-level input current, ENABLE ENABLE=2V 0.05 uA
Standby current ENABLE=2V 100 pA

T Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken
into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF capacitor with equivalent series
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor.
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low

temperatures.

electrical characteristics at V=10V, |9 =300 mA, ENABLE =0V, T; =25°C (unless otherwise noted)

PARAMETER TEST CONDITIONST TL75LPOSY UNIT
MIN TYP MAX

Output voltage 5 \

Input voltage regulation 10 mV
Ripple rejection f=120 Hz 55 dB
Output voltage regulation 12 mV
Dropout voltage 0.22 \

Output noise voltage f=10 Hz to 100 kHz 500 uv
Bias current 9 mA
High-level input current, ENABLE ENABLE=0.8V 7 pA
Low-level input current, ENABLE ENABLE=2V 0.05 pA
Standby current ENABLE=2V 100 pA

t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken
into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF capacitor with equivalent series
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor.
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low

temperatures.
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electrical characteristics at Vj=10V, g =300 mA, ENABLE =0V, Tj =25°C (unless otherwise noted)

PARAMETER TEST CONDITIONST TLTSLPOSY UNIT
MIN TYP MAX

Output voltage 8 Vv

Input voltage regulation 12 mV
Ripple rejection f=120 Hz 55 dB
Output voltage regulation 12 mV
Dropout voltage 0.22 \Y

Output noise voltage f=10 Hz to 100 kHz 500 pv
Bias current 9 mA
High-level input current, ENABLE ENABLE=0.8V . 7 HA
Low-level input current, ENABLE ENABLE=2V 0.05 pA
Standby current ENABLE =2V 100 LA

t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken
into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF capacitor with equivalent series
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor.
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low
temperatures.

electrical characteristics at Vi =14 V,10 =300 mA, ENABLE =0V, Tj = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONST TL7SLPIOY UNIT
MIN TYP MAX

Output voltage 10 \

Input voltage regulation 15 8\
Ripple rejection f=120 Hz 55 dB
Output voltage regulation 15 mv
Dropout voltage 0.22 \%

Output noise voltage f=10Hzto 100 kHz 1000 nv
Bias current 9 mA
High-level input current, ENABLE ENABLE =0.8V 7 pA
Low-level input current, ENABLE ENABLE=2V 0.05 HA
Standby current ENABLE =2V 100 uA

t Pulse-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken
into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF capacitor with equivalent series
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor.
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low
temperatures.
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electrical characteristics at V|=14V, 19 =300 mA,ENABLE =0V, Tj = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONST TL7SLP12Y UNIT
MIN TYP MAX

Output voltage 11.76 12 1224 \

Input voltage regulation : 15 43 mV
Ripple rejection f=120Hz 55 dB
Output voltage regulation 12 60 mV
Dropout voltage 0.22 0.4 \

Output noise voltage f=10 Hz to 100 kHz 500 nv
Bias current ' 9 30 mA
High-level input current, ENABLE ENABLE=0.8V 7 25| pA
Low-level input current, ENABLE ENABLE=2V . 0.05 6| pA
Standby current ENABLE=2V 100 150] pA

tPu Ise-testing techniques maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects must be taken
into account separately. All characteristics are measured with a 0.1-iF capacitor across the input and a 10-uF capacitor with equivalent series
resistance within the guidelines shown in Figures 3 and 4 on the output. All measurements are taken with a tantalum electrolytic capacitor.
Although not normally recommended, an aluminum electrolytic capacitor can be used. Attention must be given its ESR value, particularly at low
temperatures.
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PARAMETER MEASUREMENT INFORMATION

The TL75LPxx series are low-dropout voltage regulators. This means that the capacitance is important to the
performance of the regulator because it is a vital part of the control loop. The capacitor value and the equivalent series
resistance (ESR) both affect the control loop and must be defined for the load range and the temperature range.
Figures 3 and 4 can establish the capacitance value and ESR range for optimum regulator performance.

Figure 3 shows the recommended range of ESR, measured at 120 Hz, for a given load with a 10-uF capacitor on the
output. In addition, it shows a maximum ESR limit of 2 Q and a load-dependent minimum ESR limit. -

For applications with varying loads, the lightest load condition should be chosen since it is the worst case. Figure 4
shows the relationship of the reciprocal of ESR to the square root of the capacitance with a minimum capacitance
limit of 10 uF and a maximum ESR limit of 2 Q. Figure 4 establishes the amount that the minimum ESR limit of Figure
3 can be adjusted for different capacitor values. For example, when the minimum load needed is 200 mA,
Figure 3 suggests an ESR range of 0.8 Q to 2 Q for 10 uF. Figure 4 shows that changing the capacitor from
10 uF to 400 pF can change the ESR minimum by greater than 3/0.5 (or 6). Therefore, the new minimum ESR value
is 0.8/6 (or 0.13.Q). This now allows an ESR range of 0.13 Q to 2 Q. This expanded ESR range is achieved by using
a larger capacitor at the output. For better stability in low-current applications, it is recommended that a small
resistance be placed in series with the capacitor (see Table 1) so that the ESR" better approximates those in
Figures 3 and 4.

Table 1. Compensations for Increased Stability at Low Currents Applied AlL
Load ‘E
MANUFACTURER | CAPACITANCE | 558 NomoEg O er | Current
AVX 15 uF 09Q |TAJB156MO010S 10 Vohaa
KEMET 33 uF 06Q | T491D336MO10AS 050 AvL || avi=anxEsR
H : : v_
OUTPUT CAPACITOR OUTPUT CAPACITOR
EQUIVALENT SERIES RESISTANCE i STABILITY
Vs Vs
LOAD CURRENT EQUIVALENT SERIES RESISTANCE
e 0.04 T T 1
a s
\ egion N 2 Not Recommended
N Recommended 0.035 IXSE Potential Instability
o i ®  Recommended Min ESR
s I 10001F o
% 0.03 T 1
8 Region of
é Max ESR Boundary &' 0.025 Best Stability I&\\\
B2 I — | NN
g 16[7 . . | a00pF _ QNN
- 772N Region of Best Stability __| 2 002 Q NN
77 £ I \\ N
S 12f/ s ANANNNNANWN
» 77/ o 0015 200 pF NN
1 1 (7 7 \ \\ \
% /144, u SNNNNRN k AN t\
[ 0.8 P/ Min ESR 100 uF
s B oo ! nhnna
5 o0sf 77 / b Boundary | \\\\\ N \ N
V04 Pé{él/lfsi/aﬁﬁ/n/e jon 77, 0.005 \\\\ N k
% 0.2 IIIIIIIIIIIXIIIgI / //// 10|,lF : 22}{'F~ \ \ N\ \
8 V0000 SO
0 0.1 0.2 03 0.4 05 0 05 1 15 2 25 3 35 4 45 5
I - Load Current- A ) 1/ESR
Figure 3 Figure 4
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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IQ~ Quiescent Current - mA

10~ Input Current — mA Vg — Output Voltage - mV

TYPICAL CHARACTERISTICS

TL75LP05
SHORT-CIRCUIT PROTECTION CONDITIONS
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® Reverse Transient Protection to -50 V
® [nternal Thermal Overload Protection
® Overvoltage Protection

® |nternal Overcurrent Limiting Circuitry

® | ess Than 500-uA Disable (TL751L Series,
TL75L05M, and TL75L12M)

® Very Low Dropout Voltage, Less Than 0.6 V
at 150 mA

® Very Low Quiescent Current

® TTL- and CMOS-Compatible Enable on
TL751L Series, TL751L05M, and
TL751L12M

® 60-V Load-Dump Protection
description

The TL750L and TL751L series and the TL751LO5M and TL751L12M are low-dropout positive voltage
regulators specifically designed for battery-powered systems. These devices incorporate overvoltage and
current-limiting protection circuitry along with internal reverse-battery protection circuitry to protect both itself
and the regulated system. Both the series and the TL751L05M and TL751L12M are fully protected against 60-V
load-dump and reverse-battery conditions. Extremely low quiescent current during full-load conditions makes
these devices ideal for standby power systems.

The TL750L series of fixed-output voltage regulators offer 5-V, 8-V, 10-V, and 12-V options. They are available
in TO-226AA (formerly TO-92) (LP) packages, TO-220AB (KC) packages, 8-pin small-outline plastic packages
(D), and 8-pin plastic dual-in-line packages (P).

The TL751L series of fixed-output voltage regulators offer 5-V, 8-V, 10-V, and 12-V options with the addition of
an enable input. The enable input, when taken high, places the regulator output in a high-impedance state. This
gives the designer complete control over power up, power down, or emergency shut down. This series is offered
in the 8-pin small-outline plastic package and the 8-pin plastic dual-in-line package.

The TL751L05M and TL751L12M fixed-output voltage regulators also offer 5-V and 12-V options with an enable
input. The enable input, when taken high, places the regulator output in a high-impedance state. This gives the
designer complete control over power up, power down, or emergency shut down. The TL751LxM is offered in
the FK and JG package.

AVAILABLE OPTIONS
PACKAGED DEVICES CHIP
Votyp SMALL CHIP CERAMIC CERAMIC
T o - - FORM
A AT25°C | OUTLINE CARRIER - DIP To(i";gAB To(fjg“ FLATPACK )
(D) (FK) (JG) (P)
TL750L05CD TL750L05CP
5 | 1751L050D — - TL750L05CKC | TL750L05CLP | 1 20 osrs | TL750L05Y
TL750L08CD TL750L08CP
0Cio 8V |11 751L08CD — — TL750L08CKC | TL750L08CLP | 1 20 oo | TL750L08Y
125°C TL750L10CD TL750L10CP
10V | 1 7510100D — — TL750L10CKC | TL750L10CLP | 120t 0 | TL750L10Y
TL750L12CD TL750L12CP
12V | ot 120D - — TL750L12CKC | TL750L12CLP | 1 701 1ocp | TL750L12Y
TL750L05QD TL750L05QP
5V | 1i751L05QD — — TL750L05QKC [ TL750L05QLP | 1 72 osp -
TL750L08QD TL750L08QP
—scto| 8 |TizsiLosap - — TL750L08QKC | TL750L08QLP | 1 7\ oaqp -
125°C TL750L10QD TL750L10QP
10V 1175111000 — — TL750L10QKC [ TL750L10QLP | 1 71\ 10qp —
TL750L12QD TL750L12QP
12V |1 781 120D — - TL750L12QKC [ TL750L12QLP | 120000 -
-55°Cto | 5V — TL751LO5MFK | TL751L05MJG — — — —
125°C 12V — TL751L12MFK_| TL751L12MJG — — — —

Copyright © 1995, Texas Instrumients 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.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. P i ing does not ily include
testing of all parameters.
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- TL750L...D TL750L ... KC TL750L...LP
SMALL-OUTLINE PACKAGE HEAT-SINK-MOUNTED PACKAGE SILECT™ PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
outputlf1 ¥ s ] INPUT | —— output INPUT
commonf]2  7[] commoN @) [————= commoN COMMON
COMMON[]3 &[] COMMON |————" INPUT
NC[ 4 5 ]NC The common terminal is in electrical OUTPUT
contact with the mounting base.
TO-220AB TO-226AA
TL750L...P ~ TL751L...D TL751L...P
DUAL-IN-LINE PACKAGE SMALL-OUTLINE PACKAGE DUAL-IN-LINE PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
OUTPUT[] 1 Y 8 [] INPUT OUTPUT[] 1 J 8] INPUT OUTPUT[] 1 Y 8[] INPUT
NC[] 2 7lINC COMMONT] 2 7J COMMON NC[] 2 7[INC
NC[] 3 6 [] COMMON COMMON(]} 3 6] COMMON NC[| 3 6 [] COMMON
NC[] 4 5[]NC NC[] 4 5[] ENABLE NC[] 4 5[] ENABLE
TL751L05M, TL751L12M . . . FK PACKAGE TL751L05M, TL751L12M.. . . JG PACKAGE
(TOP VIEW) (TOP VIEW)
|_
2
& 5 OUTPUT(] 1 S ] INPUT
0o20% 0 NC[] 2 7[INC
zZ0zZ2 =z
NC[] s 6 [] COMMON
NC ENABLE
e a2 ' 2% Ne fj 4 5]]
NC [15 17[ NC
NC [Js 16[] NC
NC []7 15[] COMMON
NC [] 8 14[] NC
9 10 11 12 13
e 1 o o ot s |
0 OoWo
2 Z 22 c—d P4
<
P4
w
NC—-No internal connection ‘
ACTUAL DEVICE
COMPONENT COUNT
Transistors 20
JFET 2
Diodes
Resistors 16

SILECT is a trademark of Texas Instruments Incorporated.
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TL750L, TL751L SERIES
- TL751LO5M, TL751L12M, TL750LxxY
LOW-DROPOUT VOLTAGE REGULATORS
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TL750LxxY chip information

These chips, when properly assembled, display characteristics similar to the TL750LxxC. Thermal compression
or ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

£
outpur (1| L@ nput
2 7
COMMON i)_.. TL750LxxY __(_)_ COMMON
COMMON 8 | ©) COMMON

-3
-~

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tygmax= 150°C

TOLERANCES ARE +10%

ALL DIMENSIONS ARE IN MILS

TERMINAL NUMBERS ARE FOR THE
TL750 D AND P PACKAGES

TERMINALS 2, 3, 6, AND 7 ARE CON-
NECTED TOGETHER

TERMINALS 4 AND 5 ARE NOT CON-
NECTED
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TL750L, TL751L SERIES
TL751L05M, TL751L12M, TL750LxxY .
LOW-DROPOUT VOLTAGE REGULATORS

SLVS017B — SEPTEMBER 187 — REVISED AUGUST 1995

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

TL751L
TL750L TL751L_M UNIT
Continuous input voltage 26 26 "
Transient input voltage, Ta = 25°C (see Note 1) 60 60 v
Continuous reverse input voltage -15 -15 \'
Transient reverse input voltage: t < 100 ms -50 -50 \
Continuous total power dissipation See Dissipation Rating Table
Operating virtual junction temperature range, T —-401t0 150 | —40to 150 °C
Storage temperature range, Tstg ) —-65to 150 —-65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) for 10 seconds . 260 260 °C
NOTE 1: The transient input voltage rating applies for the waveform described in Figure 1.
DISSIPATION RATING TABLE
PACKAGE Ta<25°C DERATING FACTOR Ta =70°C Ta =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
D 825 mwW 6.6 mW/°C 528 mW 429 mW
FK 1375 mW 11.0 mW/°C 880 mW 715 mW
JG 1050 mW 8.4 mW/°C 672 mW ‘546 mW
KC 2000 mW " 15.2mwW/°C 1316 mW 1088 mW
LP 775 mW 6.2 mMW/°C 496 mW 403 mwW
P 1000 mW 8.0 mW/°C 640 mW 520 mW

recommended operating conditions over recommended operating junction temperature range
(unless otherwise noted)

MIN MAX | UNITS
TL75_L05 and TL751L05M 6 26
TL75_L08 9 26
Input voltage, V| . TL75 110 T % \
) TL75_L12 and TL751L12M 13 26 |
High-level ENABLE input voltage, Vi4 TL751L and TL751L_M 2 15 \%
. Ta=25°C TL751L and TL751L_M -0.3 0.8
Low-level ENABLE Input voliage, ViL¥ Ta = Full range TL751L and TL751LM o5 o8]
Output current range, Ig TL75_L and TL751L_M 0 150 mA
TL75_L_C 0 125
Operating virtual junction temperature, Ty TL75_L_Q -40 125 °C
TL751L_M —55 125

T The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for ENABLE voltage
levels and temperature only.
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TL750L, TL751L SERIES
TL751LO5M, TL751L12M, TL750LxxY
LOW-DROPOUT VOLTAGE REGULATORS

SLVS017B — SEPTEMBER 1987 — REVISED AUGUST 1995

electrical characteristics, V=14 V, Ig = 10 mA, Tj = 25°C (unless otherwise noted)

TL750L05, TL751L05
PARAMETER TEST CONDITIONS¥ TL751LO5M UNIT
MIN TYP MAX
Ty=25°C 4.80 5 5.2
Output voltage Vi=6Vto26V lo=0to 150 mA T, =T,mint0 125°C 275 555 \
Input regulation voltage Vi=9Vio16V > 10 mv
Vi=6Vto26V 6 30
Ripple rejection Vi=8Vto18V, f=120 Hz 60" 65 dB
Output regulation voltage lo =5mAto 150 mA 20 50 mV
Dropout vol lo=10mA 0.2 v
pout voltage 10 =150 mA 06
Output noise voltage f=10 Hz to 100 kHz 500 uv
Io = 150 mA 10 12
Input bias current VI=6Vto26V, 10 =10mA, TJ = Tymin to 125°C 1 2| mA
ENABLE > 2V 0.5

*On products compliant to MIL-STD-883, Class B, this parameter is not production tested.

¥ Pulse-testing techniques are used to maintain the junction temperature as closes to the ambient temperature as possible. Thermal effects must
betaken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF capacitor, with equivalent
series resistance of less than 1 Q across the output.

electrical characteristics, Vj= 14V, g = 10 mA, Ty = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS# TL780L08, TL751L08 UNIT
MIN TYP MAX
Output voltage V|=9Vto26V Io=0t0 150 mA Ty=250 768 8 8% v
Ty = Tymin to 125°C 7.6 8.4
) Vi=10Vto 17V 10 20
Input regulation voltage VI=9V1026V 25 50 mV
Ripple rejection Vi=11Vto21V, f=120 Hz 60" 65 dB
Output regulation voltage lo=5mAto 150 mA 40 80| mV
Dropout voltage 0= 10mA 021y
1o = 150 mA 0.6
Output noise voltage f=10Hz to 100 kHz 500 uv
lp =150 mA 10 12
Input bias current Vi=9Vto26V, lo=10mA, Ty =Tymin to 125°C 1 2] mA
ENABLE>2V 0.5

*On products compliant to MIL-STD-883,

Class B, this parameter is not production tested.
¥ Pulse-testing techniques are used to maintain the junction temperature as closes to the ambient temperature as possible. Thermal effects must
be taken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF capacitor, with equivalent

series resistance of less than 1 Q across the output.
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TL750L, TL751L SERIES
TL751LO5M, TL751L12M, TL750LxxY
LOW-DROPOUT VOLTAGE REGULATORS

SLVS017B — SEPTEMBER 187 — REVISED AUGUST 1995

electrical characteristics, V=14V, Ig = 10 mA, Tj = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS¥ TL750L10, TL7B1L10 UNIT
MIN  TYP MAX
Ty=25°C 9.6 10 104
Output voltage Vi=11Vto26V lp=0to 150 mA T, =Tymin o 125°C o5 105 Vv
Input regulation voltage Vi=12Vio 19V 10 e mV
Vi=11Vto26V 30 60
Ripple rejection Vi=12Vto22V, f=120 Hz 60 65 dB
Output regulation voltage 10 =5mAto 150 mA 50 100 mV
Dropout voltage o= 10 mA 02 \
lo =150 mA 0.6
Output noise voltage f=10 Hz to 100 kHz 700 nv
lp =150 mA 10 12
Input bias current : Vi=11Vto 26V, lo=10mA, Ty = Tymin to 125°C 1 2] mA
ENABLE > 2V 0.5

T Pulse-testing techniques are used to maintain the junction temperature as closes to the ambient temperature as possible. Thermal effects must
be taken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF capacitor, with equivalent
series resistance of less than 1 Q across the output.

electrical characteristics, V| = 14V, Ig = 10 mA, Tj = 25°C (unless otherwise noted)

TL750L12, TL751L12
PARAMETER TEST CONDITIONS¥ TL751L12M UNIT
MIN TYP MAX
Ty=25°C 11.52 12 12.48
Output voltage Vi=13Vto26V lo=0to 150 mA T, =Tyminto 125°C T2 126 \'
Input regulation voltage Vi=14Vio19V = %0 mv
V=13Vt 26V 20 40
Ripple rejection V|=13Vto23YV, f=120Hz 50" 55 dB
Output regulation voltage lo=5mAto 150 mA 50 120 mVv
Dropout voltage lo=10mA 02 v
lo =150 mA 0.6
Output noise voltage f=10 Hz to 100 kHz 700 uv
lp =150 mA 10 12
Input bias current V|=13Vto26V, lo=10mA, Ty = Tymin to 125°C 1 2| mA
ENABLE>2V 0.5

*On products compliant to MIL-STD-883, Class B, this parameter is not production tested.

t Pulse-testing techniques are used to maintain the junction temperature as closes to the ambient temperature as possible. Thermal effects must
be taken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF capacitor, with equivalent
series resistance of less than 1 Q across the output.
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TL750L, TL751L SERIES

TL751L05M, TL751L12M, TL750LxxY
LOW-DROPOUT VOLTAGE REGULATORS

SLVS017B - SEPTEMBER 1987 — REVISED AUGUST 1995

electrical characteristicsV) =14 V, Ig = 10 mA, T, = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS# TL750L05Y UNIT
MIN TYP MAX
Output voltage Vi=6Vto26V Ip=0to150mA 5 \
Input regulation voltage Viz9Vto16V > mV
Vi=6Vto26V 6
Ripple rejection V|=8Vto18V, {=120Hz 65 dB
Output regulation voltage lo =5 mAto 150 mA 20 mV
Output noise voltage f=10 Hz to 100 kHz 500 uv
Input bias current lo = 150 mA 0 mA

V|=6V1026V, Ig=10mA

1

1 Pulse-testing techniques fire used to maintain the junction temperature as closes to the ambient temperature as possible. Thermal effects must
be taken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-u1F capacitor, with equivalent
series resistance of less than 1 Q across the output.

electrical characteristics, Vi = 14 V, Ig = 10 mA, T, = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS¥ TL750L08Y UNIT
. MIN TYP MAX
Output voltage V|=9Vto26V lo=0to 150 mA 8 Vv
] Vi=10Vto 17V 10
Input regulation voltage V=9V 26V 25 mV
Ripple rejection Vi=11Vto21V, =120 Hz 65 dB
Output regulation voltage lo=5mAto 150 mA 40 mV
Output noise voltage f=10 Hz to 100 kHz 500 nv
Input bias current lo = 150 mA 10 mA
Vi=9Vto26V, lo=10mA 1

¥ Pulse-testing techniques are used to maintain the junction temperature as closes to the ambient temperature as possible. Thermal effects must
be taken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF capacitor, with equivalent
series resistance of less than 1 Q across the output.
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TL750L, TL751L SERIES

TL751L05M, TL751L12M, TL750LxxY
LOW-DROPOUT VOLTAGE REGULATORS

SLVS017B — SEPTEMBER 187 — REVISED AUGUST 1995

electrical characteristics, V=14 V, Ig = 10 mA, T = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS# TL7S0L10Y UNIT
MIN TYP MAX
Output voltage Vi=11Vto26V I0=0t0 150 A 10 \
) Vi=12Vto 19V 10
Input regulation voltage V=11 V26V 30 mVv
Ripple rejection Vi=12Vto22V, f=120 Hz 65 dB
Output regulation voltage lo=5mAto 150 mA 50 mV
Output noise voltage f=10 Hz to 100 kHz 700 nv
Input bias current lo = 150 mA 10 mA
Vi=11Vto26V, lo=10mA 1

1 Pulse-testing techniques are used to maintain the junction temperature as closes to the ambient temperature as possible. Thermal effects must
be taken into account separately. All characteristics are measured with a 0.1-pF capacitor across the input and a 10-puF capacitor, with equivalent

series resistance of less than 1 Q across the output.

electrical characteristics, V=14 V, Ig = 10 mA, T = 25°C (unless otherwise noted)

Vi=13Vto 26V,

lo=10mA

1

PARAMETER TEST CONDITIONS# TL7S0L12Y UNIT
MIN TYP MAX
Output voltage Vi=13Vto26V lo=0t0 150 mA 12 \
) Vi=14Vto 19V 15
Input regulation voltage V=13V 26V 20 mV
Ripple rejection Vi=13Vto23V, f=120 Hz 55 dB
Output regulation voltage lo=5mAto 150 mA 50 mVv
Output noise voltage f=10 Hz to 100 kHz 700 pv
Input bias current lo = 150 mA 10 mA

T Pulse-testing techniques are used to maintain the junction temperature as closes to the ambient temperature as possible. Thermal effects must
be taken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF capacitor, with equivalent

series resistance of less than 1 Q across the output.
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TL750L, TL751L SERIES
TL751L05M, TL751L12M, TL750LxxY
LOW-DROPOUT VOLTAGE REGULATORS

SLVS017B — SEPTEMBER 1987 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS
TL750L05
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TL750M, TL751M SERIES
LOW-DROPOUT VOLTAGE REGULATORS

SLVS021D — JANUARY 1988 — REVISED AUGUST 1995

® Very Low Dropout Voltage, Less Than 0.6 V
at 750 mA

® Low Quiescent Current

® TTL- and CMOS-Compatible Enable on
TL751M Series

® 60-V Load-Dump Protection

® Overvoltage Protection

® Internal Thermal Overload Protection
® Internal Overcurrent Limiting Circuitry

description

The TL750M and TL751M series are low-dropout positive voltage regulators specifically designed for
battery-powered systems. The TL750M and TL751M incorporate on-board overvoltage and current-limit
protection circuitry to protect both themselves and the regulated system. Both series are fully protected against
60-V load-dump and reverse battery conditions. Extremely low quiescent current, even during full-load
conditions, makes the TL750M and TL751M series ideal for standby power systems.

The TL750M series of fixed-output voltage regulators offer 5-V, 8-V, 10-V, and 12-V options available in 3-lead
KC (TO-220AB) and KTE plastic packages.

The TL751M series of fixed-output voltage regulators also offer 5-V, 8-V, 10-V, and 12-V options with the addition
of an enable input. The enable input gives the designer complete control over power up, allowing sequential
power up or emergency shutdown. When taken high, the enable input places the regulator output in a high-
impedance state. It is completely TTL- and CMOS-compatible. The TL751M series is offered in 5-lead KC and
KTG plastic packages.

The TL750MxxC and TL751MxxC are characterized for operation from 0°C to 125°C virtual junction
temperature, and the TL750MxxQ and TL751MxxQ series are characterized for operatlon from-40°Cto 125°C
virtual junction temperature.

AVAILABLE OPTIONS
PACKAGED DEVICES
T VOTYP [ HEAT-SINK MOUNTED | HEAT-SINK MOUNTED PLASTIC PLASTIC ISOHI;:II
v) (3-PIN) (5-PIN) FLANGE-MOUNT | FLANGE-MOUNT ™)
(KC) (KC) (KTE) (KTG)

TL750MO5CKC TL751MO5CKC TL750MOSCKTG | TL751MO5CKTG | TL750M05Y
0°C 10 125°C TL750M08CKC TL751MO8CKC TL750MO8CKTG | TL751MO8CKTG | TL750MO8Y
10 TL750M10CKC TL751M10CKC TL750M10CKTG | TL751M10CKTG | TL750M10Y
12 TL750M12CKC TL751M12CKC TL750M12CKTG | TL751M12CKTG | TL750M12Y

5 TL750M05QKC TL751M05QKC TL750M05QKTG | TL751M05QKTG —

—40°C 10 125°C 8 TL750M08QKC TL751M08QKC TL750MO8QKTG | TL751MO8QKTG —

10 TL750M10QKC TL751M10QKC TL750M10QKTG | TL751M10QKTG —

12 TL750M12QKC TL751M12QKC TL750M12QKTG | TL751M12QKTG -

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. ing does not y include

testing of all parar;llehrs.
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TL750M, TL751M SERIES
LOW-DROPOUT VOLTAGE REGULATORS

SLVS021D — JANUARY 1988 ~ REVISED AUGUST 1995

TL750M . .. 3-LEAD KC PACKAGE TL750M . . . 3-LEAD KTE PACKAGE
(TOP VIEW) (TOP VIEW)

OUTPUT OUTPUT
O [—————— COMMON COMMON
[————= INPUT , INPUT

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

TO-200AB

TL751M. .. 5-LEAD KC PACKAGE TL750M ... 5-LEAD KTG PACKAGE
(TOP VIEW) ' (TOP VIEW)
[—T3 NC
e 'C\I)STPUT OUTPUT
O ———— COMMON T COMMON
——————— INPUT
f———o—— ENABLE . [/ INPUT
—11 ENABLE

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

TO-200AB

NC - No internal connection

TL751Mxx functional block diagram

INPUT l ACTUAL DEVICE
*>—¢ g COMPONENT COUNT
- >/T Transistors 46
ENABLE Enable Current Diodes 14
Limitin

l Resistors 44

28V 6? Capacitors 4

OUT | JFET 1

Bandgap Tunnels 2

(emitter R)
o~ o—
% l Shutdown

€7c0MM6N
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TL750M, TL751M SERIES
LOW-DROPOUT VOLTAGE REGULATORS

SLVS021D — JANUARY 1988 — REVISED AUGUST 1995

TL750MxxY chip information

This chip, when properly assembled, displays characteristics similar to the TL750MxxC. 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

»!
Ll

3
INPUT Ul ® OUTPUT
TL750Mx

@

COMMON

CHIP THICKNESS: 11 MILS TYPICAL
BONDING PADS: 7 X 7 MILS MINIMUM
Tymax = 150°C

TOLERANCES ARE £10%

ALL DIMENSIONS ARE IN MILS

®1989T] W=Pi\"
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TL750M, TL751M SERIES
LOW-DROPOUT VOLTAGE REGULATORS

SLVS021D — JANUARY 1988 — REVISED AUGUST 1995

absolute maximum ratings over virtual junctioh temperature range (unless otherwise noted)t

ContinuouS INPUE VOIRAGE . .. ... e e e ettt 26V
Transient input voltage (see Figure 5) ...t e 60V
Continuous reverse input voltage ......... ... .. e e -15V
Transient reverse input voltage: t=100MS . ... ... it e -50V
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 1) ............. 2W
Continuous total power dissipation at (or below) 40°C case temperature (see Note 1) ......... e 20W
Operating free-air, Tp, case, Tg, or virtual junction, T, temperaturerange .............. —40°C to 150°C
Storage temperature range, Tggg - -« cvuneeenat i —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ..............ccviviiienennnn.. 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.

NOTE 1: For operation above Tp = 25°C and Tg = 40°C, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction

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

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
2000 25

=

£ 1800

I i

§ 1600 g 20

; 2 N

g 1400 &

2 5 15

a 1200

g g N
- § 1000 2

] i

S 800 8 10 N

9 £

g 600 2

£ =

% 400 S 5

= Derating Factor = 16 mW/°C Derating Factor = 181.8 mW/°C

2001 Above 40°C
R =~ 62.5°
6JA ?2 scw ) RgJc = 5.5°C/W
0 0 ]
25 50 75 100 125 150 25 . 50 75 100 = 125 150
TA — Free-Air Temperature - °C T¢ - Case Temperature - °C
Figure 1 Figure 2

recommended operating conditions over recommended virtual junction temperature range

MIN  MAX | UNIT
TL75xM05 6 26
TL75xM08 9 26
Input voltage range, V| \
TL75xM10 1 26
TL75xM12 13 26
High-level ENABLE input voltage, ViH TL751Mxx 2 15 v
Low-level ENABLE input voltage, V)_ TL751Mxx 0 0.8
Output current range, Ig 750 mA
o ) TL75xMxxC 0 125
Operating virtual junction temperature range, T °C
TL75xMxxQ —-40 125

*’? TeExAs
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TL750M, TL751M SERIES ~
LOW-DROPOUT VOLTAGE REGULATORS

SLVS021D — JANUARY 1988 — REVISED AUGUST 1995

electrical charactenstlcs, V)=
otherwise noted) (see Note 2)

14V, g = 300 mA, ENABLE at 0 V for TL751M05, T = 25°C (unless

TL750MO05, TL751M05
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Ty=25°C 4.9 5 5.1
Output voltage Vi=6Vto26V, lo =0 mA to 750 mA \
Ty = MIN to MAXT 4.9 5.1
. Vi=9Vto 16V, lp =250 mA 10 25
Input voltage regulation mV
V|=6V1to26V, 10 = 250 mA 12 50
Ripple rejection Vi=8Vto18V, f=120Hz 50 55 dB
Output voltage regulation lo=5mAto 750 mA 20 50 mv
1o =500 mA 0.5
Dropout voltage v
lp =750 mA 0.6
Output noise voltage f=10 Hz to 100 kHz 500 uv
. lo =750 mA 60 75
Bias current mA
lp=10mA 5
Bias current (TL751Mxx only) ENABLE V|4 22V 200 pA

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

NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be
taken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-pF tantalum capacitor
on the output with equivalent series resistance within the guidelines shown in Figure 3.

electrical characteristics, V| = 14 V, Ig = 300 mA, ENABLE at 0 V for TL751M08, T, = 25°C (unless
otherwise noted) (see Note 2)

TL750M08, TL751M08
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
Ty=25°C 7.84 8 8.16
Output voltage Vi=9Vto26V, Io =0 mA to 750 mA \
Ty = MIN to MAXT 7.84 8.16
) Vi=10V1to 17V, 1o =250 mA 12 40
Input voltage regulation mv
Vi=9V1026V, 10 = 250 mA 15 68
Ripple rejection Vi=11Vto21V, f=120Hz 50 55 dB
Output voltage regulation lo =5 mAto 750 mA 24 80 mV
1o = 500 mA 0.5
Dropout voltage \
10 = 750 mA 0.6
Output noise voltage f=10 Hz to 100 kHz 500 uv
) 1o =750 mA 60 75
Bias current mA
lo=10mA 5
Bias current (TL751Mxx only) ENABLE V=2V 200 A

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

NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be
taken into account separately. All characteristics are measured with a 0.1-puF capacitor across the input and a 10-pF tantalum capacitor
on the output with equivalent series resistance within the guidelines shown in Figure 3.
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TL750M, TL751M SERIES
LOW-DROPOUT VOLTAGE REGULATORS

SLVS021D — JANUARY 1988 - REVISED AUGUST 1995

electrical characteristics, Vi =14V, g = 300 mA, ENABLE at 0 V for TL751M10, T = 25°C (uniess
otherwise noted) (see Note 2)

TL750M10, TL751M10
PARAMETER TEST CONDITIONS MIN TP MAX UNIT
Ty =25°C 9.8 10 102
Output voltage Vi=11Vito 26V, lp =0mAto 750 mA T,-MIN® AXT Y 102 \
S Vi=12Vto 18V, lo =250 mA 15 43
Input voltage regulation V=11V 26V, Io =250 mA 50 75 mv
Ripple rejection Vi=13Vto 23V, f=120 Hz 50 55 dB
Output voltage regulation lo =5 mAto 750 mA 30 100 mV
Dropout voltage lo = 500 mA 0.5 Y
9 10 =750 mA 06
Output noise voltage f=10 Hz to 100 kHz 1000 uv
Bias current lo=750mA & s mA
lo=10mA 5
Bias current (TL751Mxx only) ENABLE V|4 22V 200 A

 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be
taken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-pF tantalum capacitor
on the output with equivalent series resistance within the guidelines shown in Figure 3.

electrical characteristics, V| = 14V, Ig = 300 mA, ENABLE at 0 V for TL751M12, Ty=25°C (unless
otherwise noted) (see Note 2)

- TL750M12, TL751M12
PARAMETER TEST CONDITIONS MIN TP WAX UNIT
Ty=25°C 11.76 12 1224
Output voltage Vi=13Vto26V, o =0 mA to 750 mA T, = MIN 1o MAXT 176 1504 \
Input voltage regulation Viz14Vio 19V, lo =250mA 15 28 mVv
Vi=13Vto 26V, 1o =250 mA 20 78
Ripple rejection V=13Vt 23V, f=120 Hz 50 55 dB
Output voltage regulation lo =5 mAto 750 mA 30 120 mV
Dropout voltage /0 =500 mA 051 v
lo =750 mA 0.6
Output noise voltage f=10 Hz to 100 kHz 1000 v
. 1o =750 mA 60 75
Bias current mA
lo=10mA 5
Bias current (TL751Mxx only) ENABLE V|22V 200 pA

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be
taken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF tantalum capacitor
on the output with equivalent series resistance within the guidelines shown in Figure 3.

electrical characteristics, V| =

14V, Ig = 300 mA,T = 25°C

PARAMETER TL751Mxx UNIT
MIN TYP MAX
Response time, ENABLE to output = =

/
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TL750M, TL751M SERIES
LOW-DROPOUT VOLTAGE REGULATORS

SLVS021D — JANUARY 1988 — REVISED AUGUST 1995

electrical characteristics, V=14V, Ig = 300 mA, ENABLE at 0 V, T; = 25°C (unless otherwise noted)

(see Note 2)

TL750M05Y
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
Output voltage Vi=6Vto26V, lo =0mAto 750 mA, 5 Vv
) Vi=9Vto16V, lo =250 mA 10
Input voltage regulation : mV
Vi=6Vto26V, lp =250 mA 12
Ripple rejection Vi=8Vto18V, f=120 Hz 55 dB
Output voltage regulation lo =5mAto 750 mA ) 20 mV
Output noise voltage f=10 Hz to 100 kHz 500 uv
Bias current Io =750 mA 60 mA

NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be
taken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF tantalum capacitor

on the output with equivalent series resistance within the guidelines shown in Figure 3.

electrical characteristics, V| =14 V, 1o =300 mA, ENABLE at 0 V, Tj = 25°C (unless otherwise noted)

(see Note 2)
TL750M08Y
PARAMETER TEST CONDITIONS UNIT
' MIN  TYP MAX
Output voltage Vi=9Vto26V, lo=0mAto 750 mA, 8 \%
] Vi=10Vto 17V, lo =250 mA 12
Input voltage regulation mV
Vi=9Vto26V, lp =250 mA 15
Ripple rejection Vi=11Vto21V, f=120 Hz 55 dB
Output voltage regulation lo=5mAto 750 mA 24 mV
Output noise voltage f=10Hz to 100 kHz 500 uv
Bias current Io =750 mA 60 mA

NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be
taken into account separately. All characteristics are measured with a 0.1-pF capacitor across the input and a 10-uF tantalum capacitor

on the output with equivalent series resistance within the guidelines shown in Figure 3.

electrical characteristics, V| =14V, lg =300 mA, ENABLE at 0 V, T = 25°C (unless otherwise noted)

(see Note 2)

. TL750M10Y
PARAMETER TEST CONDITIONS WMN_TYP  WAX UNIT
Output voltage Vi=11Vto26V, 0 =0mAto 750 mA, 10 \
Input voltage regulation Viz12Vio18 Y, l0 =250 mA D mvV
Vi=11Vto 26V, lo =250 mA 20
Ripple rejection Vi=13Vto23YV, f=120 Hz 55 dB
Output voltage regulation lo =5mAto 750 mA 30 mV
Output noise voltage f=10 Hz to 100 kHz 1000 uv
Bias current Ig =750 mA 60 mA

NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be
taken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-pF tantalum capacitor
on the output with equivalent series resistance within the guidelines shown in Figure 3.
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TL750M, TL751M SERIES
LOW-DROPOUT VOLTAGE REGULATORS

SLVS021D ~ JANUARY 1988 — REVISED AUGUST 1995

TL751M12Y electrical characteristics, Vj = 14 V, Ig = 300 mA, ENABLE at 0 V, T = 25°C (unless
otherwise noted) (see Note 2)

PARAMETER : TEST CONDITIONS TL750M1ZY UNIT
. MIN TYP MAX
Output voltage Vi=13Vto26V, lo =0 mA to 750 mA, 12 \
. Vi=14Vto 19V, lo =250 mA 15
Input voltage regulation V=13V 26V, Io = 250 mA 20 mV
Ripple rejection Vi=13Vto23V, f=120 Hz 55 dB
Output voltage regulation lo =5 mAto 750 mA 30 mV
Output noise voltage f =10 Hz to 100 kHz 1000 uv
Bias current o =750 mA 60 mA

NOTE 2: Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be
taken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 10-uF tantalum capacitor
* on the output with equivalent series resistance within the guidelines shown in Figure 3.

PARAMETER MEASUREMENT INFORMATION

The TL751Mxx is a low-dropout regulator. This means that the capacitance loading is important to the performance
of the regulator because it is a vital part of the control loop. The capacitor value and the equivalent series resistance
(ESR) both affect the control loop and must be defined for the load range and the temperature range. Figures 3 and 4
can establish the capacitance value and ESR range for best regulator performance.

Figure 3 shows the recommended range of ESR for a given load with a 10-uF capacitor on the output. This figure -
also shows a maximum ESR limit of 2 Q and a load-dependent minimum ESR limit.

For applications with varying loads, the lightest load condition should be chosen since it is the worst case. Figure 4
shows the relationship of the reciprocal of ESR to the square root of the capacitance with a minimum capacitance
limit of 10 pF and a maximum ESR limit of 2 Q. This figure establishes the amount that the minimum ESR limit shown
in Figure 3 can be adjusted for different capacitor values. For example, if the minimum load needed is 200 mA, Figure
4 suggests an ESR range of 0.8 Q to 2 Q for 10 uF. Figure 4 shows that changing the capacitor from 10 pF to 400
uF can change the ESR minimum by greater than 3/0.5 (or 6). Therefore, thé new minimum ESR value is 0.8/6 (or
0.13 Q). This now allows an ESR range of 0.13 Q to 2 Q , achieving an expanded ESR range by using a larger
capacitor at the output. [For better stability in low-current applications, a small resistance placed in series with the
capacitor (see Table 1) is recommended, so that ESRs better approximate those shown in Figures 3 and 4.]

N
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TL750M, TL751M SERIES

LOW-DROPOUT VOLTAGE REGULATORS

SLVS021D — JANUARY 1988 — REVISED AUGUST 1995

PARAMETER MEASUREMENT INFORMATION

Table 1. Compensations for Increased Stability at Low Currents

ADDITIONAL
MANUFACTURER | CAPACITANCE ESRTYP PART NUMBER RESISTANCE
AVX 15 uF 09Q TAJB156M010S 1Q
KEMET 33 uF 0.6 Q T491D336M010AS 05Q
Applied Load
Current
Load
Voltage
AV AV = Al x ESR
OUTPUT CAPACITOR
EQUIVALENT SERIES RESISTANCE (ESR) STABILITY
vs Vs
LOAD CURRENT RANGE EQUIVALENT SERIES RESISTANCE (ESR)
8 0041 I Y S P
28 F CL=10pF | got ecomr(r‘leggned ESH
C=0.1pF ecommended Min
o] X 1 s Region Not 0.03 - b
7 261 f=120Hz Recom e for = Potential Instability ‘
g 24 Operation , 1000 4F 4
B 55 0.03 |
° Region of
g 2pr " Best Stability @
% 1.8 MTX ESR Bolundary - O 0025 .
D 1.6 | 400 puF .A
r Z 002
14 O, Region of Best Stability —— £ 02}
2 2 = uF
3 : » 0.015
77> 100 ]
5o 7 L aab
2 06 Boundary _| "
0.2 % Potential Instability Region : i3
0 /}/ /{/ /V 0 . .
0 0.1 0.2 0.3 0.4 0.5 1 15 2 25 3 4 45 5
I - Load Current Range - A 1/ESR
Figure 3 Figure 4
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TYPICAL CHARACTERISTICS

table of graphs
} FIGURE
Transient input voltage vs Time 5
Output voltage vs Input voltage 6
lo=10mA vs Input voltage 7
Input current lo =100 mA vs Input voltage 8
Dropout voltage vs Output current 9
Quiescent current vs Output current 10
Load transient response 1
Line transient response 12
TRANSIENT INPUT VOLTAGE OUTPUT VOLTAGE
vs vs
TIME INPUT VOLTAGE
60 T T T 14
Ty=25°C Io=10mA TL75xM12
V| =14V + 46e(~1/0-230) 12 |- Ty=25°C
>| 50 fort>5ms -
) 10
s 4 AN > TL75xM10
g N 3 ||
El ' 2 s
£ w NG = TL75xM08
= 30 \ S
] 5 6
7] tr=1ms s
§ 2 ~_ 3
'T . '\ ,o 4 TL75xM05
= >
10 2 j
0 0
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t-Time -ms

Figure 5

- Input Voltage - V

Figure 6
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I} - Input Current - mA

Dropout Voltage — mV

TYPICAL CHARACTERISTICS
INPUT CURRENT INPUT CURRENT
vs vs
INPUT VOLTAGE INPUT VOLTAGE
200 T T 350 T T
180 |— lo=10mA _ /] lo =100 mA
Ty=25°C ] 300 TJ=25°C
160
<
140 g 250
1
120 5
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8 g |g |8 !
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[ A ©
“ R R TTRT
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0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
V} = Input Voltage - V V| - Input Voitage - V ‘
Figure 7 Figure 8
DROPOUT VOLTAGE QUIESCENT CURRENT
vs vs
OUTPUT CURRENT OUTPUT CURRENT
250 T 12 T T ¢ ¢
Ty=25°C Ty=25°C
225 Vi=14V
/ 10
200 7 E
/ £ 8 /
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Figure 9

Io = Output Current - mA -

Figure 10
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TL750M, TL751M SERIES
LOW-DROPOUT VOLTAGE REGULATORS
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TYPICAL CHARACTERISTICS
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TL780 SERIES
POSITIVE VOLTAGE REGULATORS

SLVS055B — APRIL 1981 — REVISED AUGUST 1995

® 1% Output Tolerance at 25°C KC PACKAGE
® +2% Output Tolerance Over Full Operating (TOP VIEW) -

Range ————— ouTPUT
® Thermal Shutdown O ———— COMMON
® Internal Short-Circuit Current Limiting ————INPUT
® Pinout Identical to ©A7800 Series The common terminal is in electrical

: ; contact with the mounting base.

® Improved Version of pnA7800 Series

A TO-200AB

description

Each fixed-voltage precision regulator in this
series is capable of supplying 1.5 A of load
current. A unique temperature-compensation
technique coupled with an internally trimmed
band-gap reference has resulted in improved
accuracy when compared to other 3-terminal
regulators. Advanced layout techniques provide

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

overload.
AVAILABLE OPTIONS
PACKAGED DEVICES CHIP
oy VOTYP | HEAT-SINK MOUNTED FORM
v) (3-PIN) ™
(KC)

5 TL78005CKC TL78005Y
0°C to 125°C 12 TL78012CKC TL78012Y
15 TL78015CKC TL78015Y

PRODUCTION DATA information is current as of publication date.

mtg conform to specifications per med terms ?f exas Imrrncw i
tesﬁngrof“;ar;:mﬁ;lers. : oesne . g TEXAS
INSTRUMENTS

Copyright © 1995, Texas Instruments Incorporated
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schematic
INPUT

| e
3 _
‘ N l

OUTPUT

e
sl -
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‘ TL780 SERIES
POSITIVE VOLTAGE REGULATORS

SLVS055B — APRIL 1981 — REVISED AUGUST 1995

TL780-05Y, TL780-12Y, and TL780-15Y chip information

These chips, when properly assembled, display characteristics similar to the TL780-xxC Series. Thermal
compression or ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be
mounted with conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

E————

»l

1
INPUT——(s) -——( ) OUTPUT
TL780-xxY

(2)

COMMON

-
(=]
-

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tymax = 150°C

TOLERANCES ARE +10%

ALL DIMENSIONS ARE IN MILS

Lttt bt Lo Lo s o s et e

7
b}

] 71 >
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TL780 SERIES
POSITIVE VOLTAGE REGULATORS

SLVS055B - APRIL 1981 — REVISED AUGUST 1995

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

Input voltage, V| ....... e e e e 3BV
Continuous total dissipation at Ty = 25°C (see Note 1) ...... e e e e 2w
Continuous total power dissipation at (or below) Tc =25°C (see Note 1) ......................o0 15W
Operating free-air, Tp, case, Tg, or virtual junction, T, temperaturerange ................. 0°C to 150°C
Storage temperature range, Tgtg - ..viiit i —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for10seconds ....................ooiiienn, 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.

NOTE 1: For operation above Tp = 25°C or Tg = 25°C, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual junction

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

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
% 2000 = 16
1 1
g 1800 S 1 : A\
3 1600 2 : \
g 12 A
a 1400 a
5 ]
£ 1200 £ 10
a r
g 1000 2 s
S 2 \ '
£ 800 £ 4
c
5 ]
O 600 °
£ 15
3 3 4
E 400 £ .
x
§ 200 | Derating factor = 16 mW/°C % 2 [ Derating factor = 0.25 W/°C above 90°C
I RgJA ~ 62.5°C/W 'a Reyc ~4°C/W
o 1 I o | | | l
o 0 - (1]
25 50 75 100 125 150 25 50 75 100 125 150
TA - Free-Air Temperature - °C T¢ - Case Temperature — °C
Figure 1 : Figure 2
recommended operating conditions
MIN MAX| UNIT
TL780-05C 7 25
Input voltage, V| TL780-12C 145 30 Vv
TL780-15C 175 30
Output current, Ig 1.5 A
Operating virtual junction temperature, Ty 0 125 °C

3-74
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TL780 SERIES

POSITIVE VOLTAGE REGULATORS
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electrical characteristics at specified virtual junction temperature, Vj = 10 V, Ig = 500 mA (unless

otherwise noted)

PARAMETER TEST CONDITIONS TJT TL780-05C UNIT
MIN TYP MAX
Outout vol lo=5mAto1A, P<15W, 25°C 4.95 5 5.05 v
put voltage V|=7V1020V 0°Cto125°C | 4.9 5.1
] Vi=7Vto25V o 0.5 5
Input voltage regulation V=8V 12V 25°C 05 5 mV
Ripple rejection Vi=8Vto18YV, f=120Hz | 0°Cto 125°C 70 85 dB
) lo=5mAto1.5A . 4 25
Output voltage regulation 10 = 250 mA 1o 750 mA 25°C T3 5 mVv
Output resistance f=1kHz 0°C to 125°C 0.0035 Q
Temperature coefficient of output voltage lo=5mA 0°C to 125°C 0.25 | mvreC
Output noise voltage f=10 Hz to 100 kHz 25°C 75 nv
Dropout voltage lo=1A 25°C 2 v
Input bias current 25°C 5 8 mA
. Vi=7Vto25V 0.7 1.3
Input bias current change O—5mAD A 0°C to 125°C 0.003 05 mA
Short-circuit output current 25°C 750 mA
Peak output current 25°C 2.2 A

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.22-uF capacitor across the output.

electrical characteristics at specified virtual junction temperature, V| =

otherwise noted)

19V, Ig = 500 mA (unless

TL780-12C
PARAMETER TEST CONDITIONS Tt N NP WAX UNIT
Output vol lo=5mAto1A, P<15W, 25°C 11.88 12 1212 v
putvoltage Vi=145V1027V 0°Cto 125°C. | 11.76 12.24
. Vi=145Vto30V . 1.2 12
Input voltage regulation V=16Vo 22V 25°C 12 % mV
Ripple rejection Vi=15Vto 25V, f=120Hz | 0°Cto 125°C 65 80 dB
' i lo=5mAto15A . 6.5 60
Output voltage regulation To = 250 mA 0 750 mA 25°C 25 36 mv
Output resistance f=1kHz 0°C to 125°C 0.0035 Q
Temperature coefficient of output voltage lo=5mA 0°C to 125°C 0.6 mV/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 180 uv
Dropout voltage lo=1A 25°C 2 \'
Input bias current 25°C 55 8 mA
. Vi=145Vto30V 0.4 1.3
Input bias current change o=5mAToTA 0°C to 125°C 5:03 o5 mA
Short-circuit output current 25°C 350 mA
Peak output current 25°C 2.2 A

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.22-uF capacitor across the output.
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electrical characteristics at specified virtual junction temperature, V, =

otherwise noted)

23V, g = 500 mA (unless

PARAMETER TEST CONDITIONS TJT TL780-15¢ UNIT
MIN TYP MAX
Output vol lo=5mAto1A, P<15W, 25°C 14.85 15 15.15 v
put voltage V|=175Vt030V 0°Cto125°C | 147 5.3
» ] V|=17.5V1o 30V . 1.5 15
Input voltage regulation V=20Vio26V 25°C 15 5 mV
Ripple rejection Vi=185V1028,5V, f=120Hz | 0°Cto 125°C 60 75 dB
Output voltage regulation lo=5mAto15A ! i mv
10 = 250 mA to 750 mA 25°C 25 45
Output resistance f=1kHz 0.0035 Q
Temperature coefficient of output voltage lo=5mA 0°C to 125°C 0.62 mv/°C
Output noise voltage f=10Hz to 100 kHz 25°C 225 nv
Dropout voltage lo=1A 25°C 2 A
Input bias current 25°C 5.5 8 mA
‘ Vi=175Vt0 30V 04 1.3
Input bias current change O-5mATA 0°C to 125°C 002 05 mA
Short-circuit output current 25°C 230 mA
Peak output current 25°C 2.2 A

T Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.22-uF capacitor across the output.

electrical characteristics, V; = 10 V, Ig = 500 mA, Ty = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONST TL780-05Y UNIT
MIN TYP MAX
Output voltage lo=5mAto 1A, P<15W, 5 Vv
Input voltage .regulation Vi=7Vio25V 05 mvV
Vi=8Vto12V 0.5
. lo=5mAto15A 4
Output voltage regulation T = 250 mA 10 750 mA s mv
Output noise voltage f=10 Hz to 100 kHz 75 uv
Dropout voltage lo=1A 2 \
Input bias current 5 mA
Short-circuit output current 750 mA
Peak output current 2.2 A

1 Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.22-uF capacitor across the output.
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TL780 SERIES
POSITIVE VOLTAGE REGULATORS
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electrical characteristics, V| = 19 V, Ig = 500 mA, T, = 25°C (unless otherwise noted)

t TL780-12Y
PARAMETER TEST CONDITIONS TN TP MAX UNIT
Output voltage lo=5mAto 1A, P<15W, 12 \'
. Vi=145Vto30V 1.2
Input voltage regulation V= 16Vi022V > mV
i lop=5mAto1.5A 6.5
Output voltage regulation 10 = 250 mA 10 750 mA 25 mvV
Output noise voltage - | =10 Hz to 100 kHz 180 nv
Dropout voltage lo=1A : 2 \
Input bias current 5.5 mA
Short-circuit output current 350 mA
Peak output current 2.2 A

T Pulse-testing techniques the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into account
separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.22-uF capacitor across the output.

electrical characteristics, V| = 23 V, Ig = 500 mA, T, = 25°C (unless otherwise noted)

t TL780-15Y
PARAMETER TEST CONDITIONS WIN TP MAX UNIT
Output voltage lo=5mAto1A, P<15W, 15 \"
i Vi=175Vto 30V 1.5
Input voltage regulation Vi=20V1026V 5 mVv
i lo=5mAto1.5A 7
Output voltage regulation T = 250 mA 1o 750 mA 25 mV
Output resistance f=1kHz 0.0035 Q
Output noise voltage f=10 Hz to 100 kHz 225 uv
Dropout voltage lo=1A 2 \
Input bias current 55 mA
Short-circuit output current 230 mA
Peak output current 2.2 A

T Pulse-testing techniques the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into account
separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.22-uF capacitor across the output.

PARAMETER MEASUREMENT INFORMATION

INPUT | TL780 o OUTPUT
(see Note C)
C1=0.33uF C2=0.22 pF

c
(seeNote A) | 1 T (seeNote B)

NOTES: A. C1is required when the regulator is far from the power supply filter.
B. C2is not required for stability; however, transient response is improved.
C. Permanent damage can occur when output is pulled below ground.

Figure 3. Test Circuit
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APPLICATION INFORMATION

INPUT—I— TL780-xx
GND Vo(Reg) S R1

In’

——— TL780- c1
* [ out I 0.33pF |

V' common | =3 = OUTPUT
- L 2 -Vo

lo
lo = (Vo/R1) + lg Bias Current
Figure 4. Positive Regulator in Negative Figure 5. Current Regulator

Configuration (V| Must Float)

operation with a load common to a voltage of opposite polarity

In many cases, a regulator powers a load that is not connected to ground but instead is connected to a voltage
source of opposite polarity (e.g., operational amplifiers, level-shifting circuits, etc.). In these cases, a clamp
diode should be connected to the regulator output as shown in Figure 6. This protects the regulator from output
polarity reversals during startup and short-circuit operation.

Vi TL780-xx Vo
. 1N4001 >
. or <2
Equivalent ‘]
-Vo

Figure 6. Output Polarity Reversal Protection Circuit

reverse-bias protection

Occasionally, the input voltage to the regulator can collapse faster than the output voltage. This, for example,
could occur when the input supply is crowbarred during an output overvoltage condition. If the output voltage
is greater than approximately 7 V, the emitter-base junction of the series pass element (internal or external)
could break down and be damaged. To prevent this, a diode shunt can be employed, as shown in Figure 7.

¢

Vi TL780-xx _I Vo -

Figure 7. Reverse-Bias Protection Circuit
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HIGH-VOLTAGE ADJUSTABLE REGULATORS
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® OQutput Adjustable From 1.25 V to 125 V KC PACKAGE
When Used With an External Resistor (TOP VIEW)
Divider
® 700-mA Output Current ———— INPUT
® Full Short-Circuit, Safe-Operating-Area, and O —— E\)llDJ.-JrUP:';'rMENT

Thermal Shutdown Protection
o i i The output terminal is in electrical

0.001%/V Typlcal Input Voltage Regulation contont fvith the mounting base.

0.15% Typical Output Voltage Regulation T0-220AB

76-dB Typical Ripple Rejection

Standard TO-220AB Package

description

The TL783C is an adjustable 3-terminal high-volt-
age regulator with an output range of 1.25 V to
125 V and a DMOS output transistor capable of
sourcing more than 700 mA. It is designed for use
in high-voltage applications where standard
bipolar regulators cannot be used. Excellent performance specifications, superior to those of most bipolar
regulators, are achieved through circuit design and advanced layout techniques.

As a state-of-the-art regulator, the TL783C combines standard bipolar circuitry with high-voltage
double-diffused MOS transistors on one chip to yield a device capable of withstanding voltages far higher than
standard bipolar integrated circuits. Because of its lack of secondary breakdown and thermal runaway
characteristics usually associated with bipolar outputs, the TL783C maintains full overload protection while
operating at up to 125 V from input to output. Other features of the device include- current limiting,
safe-operating-area (SOA) protection, and thermal shutdown. Even if the adjustment terminal is madver’(ently
disconnected, the protection circuitry remains functional.

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

AVAILABLE OPTIONS
PACKAGED DEVICE CHIP

T HEAT-SINK MOUNTED

J FORM

(3-PIN) )
(KC)
0°C to 125°C TL783CKC TL783Y
PRODUCTION DATA information is current as of publication date. N Copyright © 1995, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments
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TL783Y chip information

This chip, when properly assembled, displays characteristics similar to the TL783C. 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.

Lot bonnnnoennndonnedbonnn oo o oo L

BONDING PAD ASSIGNMENTS

2
INPUT—(1) —-—-—( ) OUTPUT
TL783Y

3)

ADJUSTMENT

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tymax = 150°C

TOLERANCES ARE +10%

ALL DIMENSIONS ARE IN MILS

@

74 —
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functional block diagram

Yl

INPUT
Error

- R2
wpliﬁer l || Vo = Vre (1 + R1)

v
& L d Vo
t Protection OUTPUT T
Circuit
Vref R
ADJUSTMENT . l
% R2

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

Input-to-output differential voltage, Vi— Vo ... .o 125V
Continuous total power dissipation at (or below) To =25°C (seeNote 1) .......................... 2W
Continuous total power dissipation at (or below) Tc =70°C (seeNote 1) ......................... 20 W
Operating free-air, Tp, case, Tg, or virtual junction, Ty, temperaturerange ................. 0°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .......... ... ... ..o, 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.

NOTE

1: For operation above T = 25°C or T = 70°C, refer to Figures 1 and 2, respectively. To avoid exceeding the design maximum virtual
junction temperature, these ratings should not be exceeded. Due to variations in individual device electrical characteristics and thermal
resistance, the built-in thermal overload protection may be activated at power levels slightly above or below the rated dissipation

FREE-AIR TEMPERATURE CASE TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE

2000 24
£ E
€ 1800 Derating Factor = 16 mW/°C _| T
! RgJA = 62.5°C/W c
S 1600 g 2 N~
2 g
2 1400 2
a , B 16
% 1200 [
3 3
< 1000 & 12
@ 3
3
g 800 3 \
g E 8
§ 600 38 A\
E 400 § Derating Factor = 250 mW/°C \
g E 4| Above70°C
® 200 g RgJc = 4°C/IW
=

0 0
25 50 75 100 125 150 25 50 75 100 125 150
Ta — Free-Air Temperature - °C Tc - Case Temperature — °C
Figure 1 Figure 2
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recommended operating conditions

MIN MAX | UNIT
Input-to-output voltage differential, V) — Vo 125 \
Output current, Ig 15 700 | mA
Operating virtual junction temperature, Ty 0 125 °C
electrical characteristics at V|- Vg =25V, g = 0.5 A, Tj = 0°C to 125°C (unless otherwise noted)
PARAMETER TEST CONDITIONST TL783C UNIT
MIN TYP MAX
] o Ty=25°C 0.001  0.01
Input voltage regulation® VI-Vp=20Vto 125V, P <rated dissipation T,=0°C 10 125:C 0004 002 %IV
Ripple rejection AVipp)=10V, Vo=10V, f=120 Hz 66 76 dB
Vos 5V 75 25 mV
' lo=15mAto700mA, Ty=25°C Vo= 5V 015%  05%
Output voltage regulation — Vo< 5V 20 70 P,
lo=15mAto 700 mA, P <rated dlsslpatlon VoS 5V 0% 15%
Z:':;;lejtr a;/L?rI;age change with 0.4%
Output voltage long-term drift | 1000 hours at Ty = 125°C, V|- Vo =125V, See Note 2 0.2%
Output noise voltage f=10 Hz to 10 kHz, Ty=25°C 0.003%
maimainrogugion | V1~Vo =125V 5| ma
V|-Vp=25V, t=1ms 1100
Peak output current VizVo=15V. 1=30ms 715 mA
Vi-Vo=25V, t=30ms 700 900
VI-Vo =125V, t=30ms 100 250
Adjustment-terminal current 83 110 pA
Cnange in adlustment Vi-Vo=15V10125V, Io=15mAto700mA, P<rateddissipation 05 5| pA
Reference voltage VI-Vp=10V1t0 125V, Ip=15mAto700mA, P <rateddissipation, 12 107 13 v
(OUTPUT to ADJUSTMENT) | See Note 3

T Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into

account separately.

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

3. Due to the dropout voltage and output current-limiting characteristics of this device, output current is limited to less than 700 mA

at input-to-output voltage differentials of less than 25 V.
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electrical characteristics at V|- Vg =25V, Ig = 0.5 A, T = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONST TL783Y UNIT‘
) MIN TYP MAX
Input voltage regulation¥ Vi-Vp=20Vto 125V, P <rated dissipation 0.001 %/
Ripple rejection AVypp) =10V, Vo=10V, f=120 Hz 76 dB
Vo< 5V 75 mV
. lo = 15 mA to 700 mA Vo> 5V 5T5%
Output voltage regulation — Vo< 5V >0 =y
lo=15mAto 700 mA, P <rated dissipation Vo> 5V A
gt:r:g:tra;/:rl;age change with 0.4%
Output noise voltage f=10Hz to 10 kHz 0.003%
Vi-Vpo=25V, t=1ms 1100
Peak output current Vi—Vo=15V. t=30ms 715 mA
Vi-Vpo=25YV, t=30ms 900
Vi-Vpo=125V, t=30ms 250
Adjustment-terminal current 83 HA
change in adjustment: V|-Vo=15V10125V, Io=15mAto700mA, P<rateddissipation 05 WA
Reference voltage Vi-Vo=10Vto 125V, Io=15mAto700mA, P <rateddissipation, 107 v
(OUTPUT to ADJUSTMENT) | See Note 3

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into

account separately.

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

NOTES:

guarantee or warranty. Itis an engineering estimate of the average drift to be expected from lot to lot.
3 Due to the dropout voltage and output current-limiting characteristics of this device, output current is limited to less than 700 mA
at input-to-output voltage differentials of less than 25 V.

2 Since long-term drift cannot be measured on the individual devices prior to shipment, this specification is not intended to be a
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TYPICAL CHARACTERISTICS
OUTPUT CURRENT LIMIT OUTPUT CURRENT LIMIT
vs vs
INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL INPUT-TO-OUTPUT VOLTAGE DIFFERENTIAL
2 2
1.8 _‘w=1 ms 1_8_tw=30ms
16 ' 1.6
< / \ <
T 14 =~ U I
.‘E‘ 1.2 \ E 1.2
2 - N Tc= 0°C z /‘
E N DN cq § AN\ Tc= 0°C
£ NI £ 1 \
=~ 08 5 08 Tc = 25°C
g X g A /L
g‘ 0.6 . o~ ]
a8 ¢ Tc= 25°C "~ — o 06 N AN
0.4 i | f \\ 0.4 f \\\\\
\—- !
1 Tc=125°C ' Tc=125°C ~—~—
0.2 H 0217 I —
0 0
0 25 50 75 100 125 0 25 50 75 100 125
V| - Vo — Input-to-Output Voltage Differential - V V| - V@ - Input-to-Output Voltage Differential - V
Figure 3 Figure 4
OUTPUT CURRENT LIMIT RIPPLE REJECTION
vs vs
TIME OUTPUT VOLTAGE
1.6 . 120 T 1777
Vi-Vo= 25V Vi(Aav)-Vo =25V
1.4 [\ Tc=25°C — AVypp)=10V
\ 100 lo =100 mA
f=120 Hz
1.2
<' \\ o \ Co=0
- T 80 \ Tg=25°C
E 1 -
o] 2 \
£ o8 8 0 I~ L
5 e T
o (]
5 06 2
2 £ 40
5 [
© o4
20
0.2
0 0
0 10 20 30 40 0O 10 20 30 40 50 60 70 80 90 100
Time - ms Vo - Output Voltage — V
Figure 5 Figure 6
i
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Ripple Rejection — dB

Zg- Output Impedance - Q

TYPICAL CHARACTERISTICS

RIPPLE REJECTION RIPPLE REJECTION
Vs \'A
OUTPUT CURRENT FREQUENCY
100 100
90
80 80
_-—/ \ % 70 \
) 1 \ Co=10pF
60 § 60 \ f
3 s \ {
g . \
40 @ 40
k-1 7N \
Vi(av) =25V & % Co=0 \
e\él(_lﬁl:‘)) : 1ov Vi(av) =25 vv \
= AV =10
20 t- 120 Hz il EPNY N
Co=0 10 | Ig = 500 mA
. TJ=I2SC ' . Ty=25°C v
0 100 200 300 400 500 600 700 800 0.01 0.1 1 10 100 1000
g - Output Current - mA f - Frequency ~ kHz
Figure 7 Figure 8
OUTPUT IMPEDANCE REFERENCE VOLTAGE
. VS vs
FREQUENCY VIRTUAL JUNCTION TEMPERATURE
102 v.=35'v 1.30 Viz20V
Vo=10V /7 1.29 lo=15mA
10115 =5 ’
0 =500 mA / S
Ty=25°C / 1 128
1 o
/ $
5 127
R > L
10-1 / ] ~N
/ g 126
N\ 2
124 R E-
o
> 124
10-3
1.23
104 1.22
101 102 108 104 105 106 107 -75 -50 -25 0 25 50 75 100 125 150 175
f - Frequency ~ kHz Ty - Virtual Junction Temperature - °C
Figure 9 Figure 10
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TYPICAL CHARACTERISTICS
ADJUSTMENT-TERMINAL CURRENT DROPOUT VOLTAGE
vs vs
VIRTUAL JUNCTION TEMPERATURE VIRTUAL JUNCTION TEMPERATURE
% T 25 T r
Vj=25V AVQ =100 mV
o pr
o =
< 88 / 20
S /
4 / > /
§ 86 / é, 15 /4 /
=
b 3 10 = 700 mA /////
c > —~—— "
E o 5 | lo=tooma —
z / % lp =500 mA - —
< / e I0=250mA —T" |
.'1.,. 82 5| lo=100mA
= / . io=15mA
b0 0 ‘ ‘ -
0 25 50 75 100 125 -75 50 -25 0 25 50 75 100 125
Ty - Virtual Junction Temperature - °C " Ty - Virtual Junction Temperature - °C
Figure 11 Figure 12
OUTPUT VOLTAGE DEVIATION OUTPUT CURRENTT
vs vs
VIRTUAL JUNCTION TEMPERATURE INPUT VOLTAGE
0 12
V| = 24 \ ! :
Vo =5V
Io =15 mA to 700 mA . 10 Tc =0°C —\\‘ /
2 -0.1
1 \ < / /
5 I ! /
3 02 N g .
g S ~ N\
£ N\ 5 3 Te=125°C
L -03 g
5 N 3 4
g |
3 . o
|° 0. 2
>
<
-0.5 0
0 25 50 75 100 126 150 0 25 50 75 100 125
Ty - Virtual Junction Temperature - °C V| - Input Voltage - V
T This is the minimum current required to maintain- voltage
regulation.
Figure 13 Figure 14
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TYPICAL CHARACTERISTICS

LINE TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE
Ty=25°C 6 |-
co=0 > 4 -
> oaf- ¥ e L
5 g
= 02| Co=10uF g 0
k] o=10n H
g o ¥_ 3; -2
>°-0.2 — T 4
_6 -
N e T 7 -
T i = o8- h
> g V=35V
5 Vo=10V
% 1 c Co=1pF
& 3 Ty =25°C
S 05 g J
> o ! L | ? o Tttt
0 1 2 3 4 o o 40 80 120 160 200 240
Time - ps Time — s
Figure 15 Figure 16
DESIGN CONSIDERATIONS

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

Vo = Vret (1 + R2/R1) + log; (R2)
or

Vo ~ Vret (1 + R2/R1).

The TL783C was designed to minimize lagj and maintain consistency over line and load variations, thereby
minimizing the l,q; (R2) error term.

To maintain |5y at a low level, all quiescent operating current is returned to the output terminal. This quiescent
current must be sunk by the externalload and is the minimum load current necessary to prevent the output from
rising. The recommended R1 value of 82 Q provides a minimum load current of 15 mA. Larger values can be
used when the input-to-output differential voltage is less than 125 V (see output current curve) or when the load
sinks some portion of the minimum current. .

bypass capacitors

The TL783C regulator is stable without bypass capacitors; however, any regulator becomes unstable with
certain values of output capacitance if an input capacitor is not used. Therefore, the use of input bypassing is
recommended whenever the regulator is located more than four inches from the power-supply filter capacitor.
A 1-uF tantalum or aluminum electrolytic capacitor is usually sufficient.
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DESIGN CONSIDERATIONS

bypass capacitors (continued)

Adjustment-terminal capacitors are not recommended for use on the TL783C because they can seriously
degrade load transient response as well as create a need for extra protection circuitry. Excellent ripple rejection
is presently achieved without this added capacitor.

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

Co (uWF) =15/Vg
Larger values provide proportionally better transient response characteristics.

protection circuitry

The TL783C regulator includes built-in protection circuits capable of guarding the device against most overload
conditions encountered in normal operation. These protective features are current limiting, safe-operating-area
protection, and thermal shutdown. These circuits are meant to protect the device under occasional fault
conditions only. Continuous operation in the current limit or thermal shutdown mode is not recommended.

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

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

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

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

3-88

_ “'i TExAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TL783C, TL783Y
HIGH-VOLTAGE ADJUSTABLE REGULATORS

SLVS036B — SEPTEMBER 1981 — REVISED AUGUST 1995

DESIGN CONSIDERATIONS
protection circuitry (continued)
<
TL783C
V| INPUT  OUTPUT |—¢ *— Vo
ADJUSTMENT
R1
Co
R2

Figure 17. Regulator With Protective Diode

load regulation

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

To provide remote ground sensing, R2 should be near the load ground.

TL783C Vo Riine
V| INPUT OUTPUT S (Y —
ADJUSTMENT
R1 § RL
R2
* 3 NMN—@

Figure 18. Regulator With Current-Set Resistor
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APPLICATION INFORMATION

- R2
Vo = Vet (1 + B2
TL783C
V=125V INPUT OUTPUT 4
ADJUSTMENT
+ 1+
1 P«FT [ 1~ 10uF
R2
0to 8 kQ

| I

t Needed if device is more than 4 inches from filter capacitor

Figure 19. 1.25-V to 115-V Adjustable Regulator

Vi=701t0 125V

TIP30C

TIPL762

TL783C

INPUT Vo=50V
OUTPUT at0.5 A
ADJUSTMENT

+
50 uF

Figure 21. 50-V Regulator With Current Boost

V| = 14510200 V

75kQ,1W

120V,1.5wW

INPUT
OUTPUT *—¢

125V

ADJUSTMENT
0.1 uF =< TL783C

R1
82Q

\|

R2 = 10 uF

8.2 kQ, 2W

Figure 20. 125-V Short-Circuit-Protected
Off-Line Regulator '

125V

10Q

TIPL762

TL783C
INPUT
OUTPUT
ADJUSTMENT

Figure 22. Adjustable Regulator With Current
Boost and Current Limit

- R2
Vo = Veer (1+E2)

+
50 uF
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APPLICATION INFORMATION

' Vi
3
Load ’
. TL783C
1
| = Vret g I INPUT
l R = OUTPUT
TL783C ADJUSTMENT
INPUT R
OUTPUT Vyet
ADJUSTMENT I=—- l‘
R
p | Load I
.

Figure 23. Current-Sinking Regulator

Figure 24. Current-Sourcing Regulator

Vee Vi=90V
\ TL783C l
TL783C INPUT
o INPUT ADAUSTMENT
OUTPUT ~ 6.250Q
= ADJUSTMENT ouTPUT
820 ¢
TL783C '
¢ INPUT
outPUT|—_o
V+ R2

INPUT TLos1

= R2
VorrseT = Vret (' + sz)
V-

Figure 25. High-Voltage Unity-Gain Offset Amplifier

ADJUSTMENT
820
= 48V
3.9kQ

Figure 26. 48-V, 200-mA Float Charger
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TL1431C, TL1431Q, TL1431Y
PRECISION PROGRAMMABLE REFERENCES

SLVS062B — DECEMBER 1991 — REVISED AUGUST 1995

® 0.4% Initial Voltage Tolerance D PACKAGE
. (TOP VIEW)
® 0.1-Q Typical Output Impedance
® Fast TurnOn...500 ns CATHODE ] 1 “ sl Rer
® Sink Current Capability . . . 1 mA to 100 mA ANODE [] 2 7 [] ANODE
® Low REF Current ANOBE E 3 6 GZODE
® Adjustable Output Voltage . . . Vi to 36 V 4 >
L] Ava.ilable In Two High-Density Packaging NC - No internal connection
Options: ANODE terminals are internally connected.
—~ Small Outline (D)
- TO-226AA (LP) LP PACKAGE
. (TOP VIEW)
description
The TL1431 is a precision programmable reference CATHODE
with specified thermal stability over applicable ANODE
automotive and commercial temperature ranges. REF

The output voltage may be set to any value between
Vi(ref) (approximately 2.5 V) and 36 V with two
external resistors (see Figure 16). These devices
have a typical output impedance of 0.1 Q. Active
output circuitry provides a very sharp turn-on
characteristic, making these devices excellent ‘
replacements for zener diodes and other types of V+
references in applications such as on-board

regulation, adjustable power supplies, and

switching power supplies. 27.4kQ

application schematic

5-V Precision Regulator

Vo=5V

The TL1431 is offered in a wide variety of
high-density packaging options. It is also available
in both the automotive temperature range and the TL1431
commercial temperature range. The TL1431C is

characterized for operation over the commercial

temperature range of 0°C to 70°C. The TL1431Q s

characterized for operation over the automotive —
temperature range of —40°C to 125°C.

27.4kQ
0.1%

NOTE A: Rp should provide cathode current > 1-mA to the

TL1431. .
AVAILABLE OPTIONS
PACKAGED DEVICES CHIP EORM
T SMALL OUTLINE TO-226AA )
A (D) (LP)
0°C to 70°C TL1431CD TL1431CLP
TL1431Y
—40°C to 125°C TL1431QD TL1431QLP

The D and LP packages are available taped and reeled. Add R suffix to device
type (e.g., TL1431CDR). Chip forms are tested at 25°C.

PRODUCTION DATA information is current as of publication date. Copyright © 1995, Texas Instruments Incorporated
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TL1431C, TL1431Q, TL1431Y
PRECISION PROGRAMMABLE REFERENCES
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symbol functional block diagram

CATHODE

REF

ANODE A——l}— CATHODE REF——

. TL1431Y chip information

This chip, when properly assembled, displays characteristics similar to the TL1431. 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
REF

. ®
anopE 2 ) carHooe

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tgmax = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

»
»

bbbt bbb
5

14
g

™1
¥

- 66 - »|
PPEPEP VPO e e rp ey pepryepeprpeperpegrgt
[T
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PRECISION PROGRAMMABLE REFERENCES

SLVS0628 - DECEMBER 1991 ~ REVISED AUGUST 1995

equivalent schematic

CATHODE

1

800 Q 800 Q

REF —B?_K /Jj 20 pF
1500 ’'y
3.28 kQ 4 kQ
10kQ
) 3
24KQ 7.2kQ 20 pF !
}\7 1kQ
% 800 Q
ANODE 2367 ¢ - .

NOTE A: All component values are nominal.
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PRECISION PROGRAMMABLE REFERENCES
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

cathode voltage,Vga (see Note 1) ... .. i 37V
Continuous cathode current range, KA - -« vt v —100 mA to 150 mA
Reference input current range, (REF) -« -« vvvvvnnreeeeiiii -50 pA to 10 mA
Continuous total power dissipation ..............c.ccoiiiiiiiiiiiiie... See Dissipation Rating Table
Operating free-air temperature range, Ta: Csuffix ........... i, 0°C to 70°C

QsuffiXx ..o —40°C to 125°C
Storage temperature range, Tapg -« -« v v e vnrtni e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...............ccoiiiiiinnann.. 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.

NOTE 1: All voltage values are with respect to ANODE unless otherwise noted.

DISSIPATION RATING TABLE
PACKAGE Ta <25°C DERATING FACTOR Ta=70°C TA =105°C Tp =125°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 261 mW 145 mW
LP 775 mW 6.2 mW/°C 496 mW 279 mW 155 mW
recommended operating conditions
C SUFFIX Q SUFFIX
UNIT
MIN MAX MIN MAX
cathode voltage, VKa Vi(ref) 36 | Vi(ref) 36 Vv
cathode current, IKa 1 100 1 100 mA -
Operating free-air temperature, Tp 0 70 —40 125 °C
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TL1431C, TL1431Q, TL1431Y

- PRECISION PROGRAMMABLE REFERENCES

SLVS062B — DECEMBER 1991 — REVISED AUGUST 1995

electrical characteristics at specified free-air temperature, Ixa = 10 mA (unless otherwise noted)

PARAMETER TESTCONDITIONS | Tpt | JEST TLas1c TL1NQ uNIT
A" |CIRCUIT [ MIN TYP MAX| MIN TYP MAX
25°C 2490 2500 2510|2490 2500 2510
\Y Reference input voltage | Vka =V 1 mV
l(ref) putvotage | Yka =Vi(ref) Full 2480 2520 | 2470 2530
range
Deviation of reference Full
Vi(dev) input voltage over full VKA = Vi(ref) 1 4 20 17 55 mv
range
temperature ranget
Ratio of change in
AVirefy  reference input voltage AVKA=3V1036V Full 2 11 ) 11 ol mwv
AVKA to the change in range
cathode voltage
25°C 1.5 2.5 1.5 2.5
||(ref) Reference input current | R1=10kQ, R2=o Full 2 3 3 HA
range
Deviation of reference Full
li(dev) input current over full R1=10kQ, R2=e 2 0.2 1.2 0.5 1.2 pA
temperat + range )
perature range
Minimum cathode
current for regulation VKA = V|(ref) to 36 V 25°C 1 0.45 1 0.45 1 mA
25°C 0.18 0.5 0.18 05
| Off-state cathode Via =36V, Vi =0 3
off current KA =30V, Vi(ref) = Full 2 o| wA
) range
. Vka=V , f<1kHz, N
lzal  Outputimpedance§ ,K’;t 1 e rooma | 25°C 1 01 02 01 02| @

T Full range is 0°C to 70°C for C-suffix devices and —40°C to 125°C for Q-suffix devices.
1 The deviation parameters Vi(dev) and lj(dev) are defined as the differences between the maximum and minimum values obtained over the rated -
temperature range. The average full-range temperature coefficient of the reference input voltage owj(ref) is defined as:

Vl(dev) _],_
Ve @25 | * 1% Max Vi(refj~ [~ — — — — — S ,—T—
ppm\ _
i (28) =~

where AT is the rated operating temperature range of the device.

Min Virer) — 1

Vi(dev)

|
______________ T

»i
|

| ATA
ayref is positive or negative depending on whether minimum V/(ref) or maximum V|(ref), respectively, occurs at the lower temperature.
AVia
§ The output impedance is defined as: ’z | = ——
KA ™ Al KA

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

Izl =

AV which i i R1
R which is approximately equal to |zK A} (1 + R—2)

‘t” TexAS
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TL1431C, TL1431Q, TL1431Y
PRECISION PROGRAMMABLE REFERENCES

SLVS062B — DECEMBER 1991 — REVISED AUGUST 1995

electrical characteristics at Ixa = 10 mA, Tp = 25°C

PARAMETER TEST CONDITIONS TEST TLidsty UNIT
CIRCUIT | MIN TYP MAX
Vi(ref). Reference input voltage VKA = Vi(ref) 1 2490 2500 2510 mvV
AV|(refy Ratio of .change in reference input voltage to the AVKA =3V 1036V 2 11 —o| mwv
KA  change in cathode voltage
l\(ref) Reference input current R1=10kQ, R2 =00 2 1.44 25 nA
Ikamin  Minimum cathode current for regulation VKA = Vi(ref) to 36 V 1 0.45 1 mA
loff Off-state cathode current VKA =36V, Vref =0 3 0.18 0.5 pA
. . VKA =Vi(ref), f<1kHz

lzgkal  Outputimpedance A = 1 mA 16 100 mA 1 0.1 02| @

T The output impedance is defined as: 1z'l = AX\II_

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

AVia R
\ZKAl = m ,which is approximately equal to \ZKA\ (1 + @) .

PARAMETER MEASUREMENT INFORMATION

Input —W\——@——— VKp Input -\ VKA

3
¢ IKA o yKA

—p

R2

=<
=
)

= R1
Via = Vi(ref) (‘ + nz) *+ lirery X R

‘__

liref)
__'
Vlief)

Figure 1. Test Circuit for V(ka) = Vref Figure 2. Test Circuit for V(ka) > Vref

Input —VW\——@———Vgp

Figure 3. Test Circuit for lo¢f
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TL1431C, TL1431Q, TL1431Y
PRECISION PROGRAMMABLE REFERENCES

SLVS062B — DECEMBER 1991 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Virefy  Reference voltage vs Free-air temperature 4
li(ref) Reference current vs Free-air temperature 5
IKA Cathode current vs Cathode voltage 6,7
IKA(off) Off-state cathode current vs Free-air temperature - 8
AV|(ref) Ratio of delta reference voltage to deita cathode voltage vs Free-air temperature 9
. . . vs Frequency 10
Vn Equivalent input noise voltage - -
Over a 10-second time period 11
Ay Small-signal voltage amplification vs Frequency 12
lzkal Reference impedance vs Frequency 13
Pulse response 14
Stability boundary conditions 15
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TL1431C, TL1431Q, TL1431Y
PRECISION PROGRAMMABLE REFERENCES

SLVS062B — DECEMBER 1991 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICSt

REFERENCE VOLTAGE REFERENCE CURRENT
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
2.52 T T 2.5 T T
Vi(ref) = VKA IKA = 10mA
IKA =10 mA R1=10kQ
S . < R2=
2
é 2.51 i‘
: E |
= 3 15 —
8 o ——
g 25 8 : T
8 o
l!‘:’ \ % 1
i \ [
o }
£ 240 ‘ g
> \ o5
2.48 (i}
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
TA — Free-Air Temperature - °C Ta - Free-Air Temperature - °C
Figure 4 Figure 5
CATHODE CURRENT CATHODE CURRENT
Vs ’ vs
CATHODE VOLTAGE CATHODE VOLTAGE
150 T 800 T
VKA = Vi(ref) VKA = Vi(ref)
Ta =25°C TA=25°C
100 600
<
£ b
|
£ 50 ,é
£ g 400
=3
2 o ©
3 o
£ 2 200
© _s0 S /
-100 °
-150 -200
-3 -2 -1 0 1 2 3 -2 A [} 1 2 3 4
VKa - Cathode Voltage - V ‘ VKA - Cathode Voltage - V
Figure 6 Figure 7

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TL1431C, TL1431Q, TL1431Y
PRECISION PROGRAMMABLE REFERENCES

SLVS062B - DECEMBER 1991 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICST

OFF-STATE CATHODE CURRENT

RATIO OF DELTA REFERENCE VOLTAGE TO

DELTA CATHODE VOLTAGE
vs
vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
0.4 T T -0.85 T T
< VKA =36V VKA=3Vto36V
2 035 | Vi(ref) =0
| -0.95 N\
g 03 N
5 2
o > -1.05 N
2 02 & N
e <
£ X
8 0.2 m—— > -1.15
2 — T | < N
- @
7] .15 =
20 = 25 \
(] <
1041
E -1.35
; 0.05
0 -1.45
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Ta — Free-Air Temperature - °C TA — Free-Air Temperature - °C
Figure 8 Figure 9
EQUIVALENT INPUT NOISE VOLTAGE
vs
FREQUENCY
260 T
'é lo=10mA
240 TA =25°C
S
[
1 220
[}
=)
LN
>O 200 \
Q
2
S 180
5
£ 160
g \
= N
g W |
2 -
l-'l-' 120
>=
100
10 _100 1k 10k 100 k
f — Frequency — Hz
Figure 10
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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TL1431C, TL1431Q, TL1431Y
PRECISION PROGRAMMABLE REFERENCES

SLVS062B - DECEMBER 1991 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS

EQUIVALENT INPUT NOISE VOLTAGE
OVER A 10-SECOND PERIOD

6

5
2 "
& 3
. |
2 1 4-He Ll
Gl
Z o
5
g -
E -2 } }
s |
2 -3
]
“Il -4 f=0.1t0 10 Hz
e _ ) IkKa=10mA |
> -5 Ta = 25°C

-6 - 1

0 2 0 4 6 8 10

t-Time-s
Vee Vee

500 uF ~T<

TLE2027

I(
1C
+\ Ay =10 V/imV W
+N\UTLE2027 y
>~
= 160 kQ
q
0.1 pF =
VEE

VEE
TEST CIRCUIT FOR 0.1-Hz TO 10-Hz EQUIVALENT INPUT NOISE VOLTAGE

Figure 11
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TL1431C, TL1431Q, TL1431Y
PRECISION PROGRAMMABLE REFERENCES

SLVS062B — DECEMBER 1991 — REVISED AUGUST 1995

Ay - Smali-Signal Voltage Amplification — dB

Izl - Reference Impedance - Q

TYPICAL CHARACTERISTICS
SMALL-SIGNAL VOLTAGE AMPLIFICATION
vs
FREQUENCY
60 T T TTT
IKA =10 mA
TA = 25°C
50 \ Output
w \
\
\
30 \F\
20
\ GND
\ =
10 \
\ TEST CIRCUIT FOR VOLTAGE AMPLIFICATION
o N
1k 10k 100 k iMm 10M
f - Frequency - Hz
Figure 12
REFERENCE IMPEDANCE
vs
FREQUENCY
100 == A
[ IKA =1 mAto 100 mA
[ Ta=25°C
1kQ
4 A% 9 Output
10 ]
7 laQ)
@ $wq
_|
1 /
/ +
® L 4 L GND
L
A )
0.1 TEST CIRCUIT FOR REFERENCE IMPEDANCE
1k 10k 100 k 1M iMm

f - Frequency - Hz

Figure 13
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TL1431C, TL1431Q, TL1431Y
PRECISION PROGRAMMABLE REFERENCES

SLVS062B — DECEMBER 1991 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS

PULSE RESPONSE
Tp =25°C ]
Vi 220 Q
5 Input p——— Output
>
1
3
o 4
S
° Pulse
.>5 Generator
3 =
% Output f=100 kHz
(o]
2
S 2
3 ® . GND
5 L
1 =
TEST CIRCUIT FOR PULSE RESPONSE
0 \
0 1 2 3 4 5 6 7
t—Time —pus
Figure 14
150 Q
STABILITY BOUNDARY CONDITIONSt
100 AVKA‘VI(re.f) T TTTTTIT
- IKA = 10 mA
g0| Bvka=5vc 1 T':“: 25°0
VKA=10VD
80| Vka=15V
‘é KA
] 70
€ Stable
2 60
g o Stable B c
Q
: T\
1 A
x | D
20 % '
/ N
. s N[\
0.001 0.01 0.1 1 10
CL — Load Capacitance - uF
T The areas under the curves represent conditions that may cause
the device to oscillate. For curves B, C, and D, R2 and V+ are

I

adjusted to establish the initial VK A and Ik A conditions with Ci_=0.

VBATTandCy arethenadjustedtodeterminetheranges of stability. =
TEST CIRCUIT FOR CURVES B, C, AND D

Figure 15
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TL1431C, TL1431Q, TL1431Y
PRECISION PROGRAMMABLE REFERENCES

SLVS062B — DECEMBER 1991 — REVISED AUGUST 1995

APPLICATION INFORMATION

Table of Application Circuits

APPLICATION FIGURE
Shunt regulator 16
Single-supply comparator with temperature-compensated threshold 17
Precision high-current series regulator ' 18
Output control of a 3-terminal fixed regulator 19
Higher-current shunt regulator 20
Crowbar 21
Precision 5-V, 1.5-A, 0.5% regulator 22
Efficient 5-V precision regulator 23
PWM down converter with 0.5% reference 24
Voltage monitor 25
Delay timer 26
Precision current limiter 27
Precision constant-current sink 28
V(BATT)
p—o VO
——Vo
Von=2V
A | TL1431 Voft = V(BATT)

Input ——AMA—A | TL1431

ViT=25V

= R1
VO - (1 + Rz)vl(ref) —I—o-—— GND
NOTE A: R should provide cathode current > 1-mA to the TL1431 =
at minimum V(BATT.)

Figure 16. Shunt Regulator Figure 17. Single-Supply Comparator With
Temperature-Compensated Threshold
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TL1431C, TL1431Q, TL1431Y

PRECISION PROGRAMMABLE REFERENCES

SLVS0628 — DECEMBER 1991 — REVISED AUGUST 1995

APPLICATION INFORMATION

V(BATT) —¢
R £ 2N2222

TL1431

2N2222

—— Vo

Vo = (1 +%)vl(,ef)

NOTE A: R should provide cathode current > 1-mA to the TL1431
at minimum V(BATT).

Figure 18. Precision High-Current
Series Regulator

R
V(BATT) Vo

R1

vy

R2 TL1431

Vo= (1 + %)Vl(ref)

Figure 20. Higher-Current Shunt Regulator

VBAT) ™ | IN

- uA7sos |OUT Vo
Common R1
TL1431 R2

Cv= (1 + %)vl(ref)

MinV =Vjref) +5V

Figure 19. Output Control of a 3-Terminal
Fixed Regulator

V(BATT) Vo

TL1431

- R1
Virip = (1 + Rz)vl(ref)

NOTE A: Refer to the stability boundary conditions on
Figure 15 to determine allowable values for the
capacitor.

Figure 21. Crowbar
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TL1431C, TL1431Q, TL1431Y

PRECISION PROGRAMMABLE REFERENCES
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APPLICATION INFORMATION

In Out
V(BATT) LM317 Vo=5V,1.5A,05%
8.2kQ %
Adjust < 243Q
TL1431 l: 0.1%
243Q
0.1%

Figure 22. Precision 5-V, 1.5-A, 0.5% Regulator

V(BATT) Vo=5V

Rp
27.4kQ
0.1%

TL1431

27.4kQ
0.1%

NOTE A: Rpshould provide cathode current > 1-mA to
the TL1431.

Figure 23. 5-V Precision Regulator

12v

6.8 kQ
5V +0.5%

Vee

TL1431
0.1%

10 kQ
0.1%

:+

X —1 TL598
Not
Used

= Feedback

Figure 24. PWM Converter With 0.5% Reference
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TL1431C, TL1431Q, TL1431Y
PRECISION PROGRAMMABLE REFERENCES
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APPLICATION INFORMATION

680 Q

RiB e
S RIB)y -
Low Limit (1 * RZB) I(ref) LED on When o R G e 12V
X . Low Limit < V(gaTT) < High Limit Delay = R X C X || oy
High Limit = (1 + %)vl(mf) (BATT) (12 V) = Vy(epy
NOTE A: R3 & R4 are selected to provide the desired LED intensity Figure 26. Delay Timer
and cathode current > 1 mA to the TL1431.
Figure 25. Voltage Monitor
RcL 0.1% lo—p
v
V(BATT) A ——2 > (BATT) o
R1
TL1431 f_ TL1431
v Rs
I(ref)
=D 0.1%
0~ Rg KA

v
R1 = —(BATD)

7~ \'"/
| _ l(ref)
(EQ) *lka 'o="Rg

FE
Figure 28. Precision Constant-Current Sink
Figure 27. Precision Current Limiter
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TLV431A

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS130 - OCTOBER 1995

® | ow-Voltage Operation...t01.24 V
® 1% Reference Voltage Tolerance
® Adjustable Output Voltage,
Vo=Viesto 6V
® Low Operational Cathode Current. .. 80 pA

0.25 Q Typical Output Impedance
® SOT-23 Package

description

The TLV431A is a low-voltage 3-terminal
adjustable voltage reference with specified
thermal stability. over applicable industrial and
commercial temperature ranges. Output voltage
may be setto any value between V¢ (1.24 V) and
6 V with two external resistors (see Figure 2). The
TLV431A operates from a lower voltage (1.24 V)
than the widely used TL431 and TL1431 shunt
regulator references.

DBV5 PACKAGE
(TOP VIEW)

NC 1 5] ] ANODE

N[ ]2

CATHODE[ |3 4| | REF

NC - No internal connection

LP PACKAGE
(TOP VIEW)

CATHODE

ANODE
REF

When used with an optocoupler, the TLV431A is an ideal voltage reference in an isolated feedback circuit for
3-Vto 3.3-V switching-mode power supplies. This device has a typical outputimpedance of 0.25 Q. Active output
circuitry provides a very sharp turn-on characteristic, making the TLV431A an excellent replacement for
low-voltage zener diodes in many applications, including on-board regulation and adjustable power supplies.

AVAILABLE OPTIONS

PACKAGED DEVICES
CHIP FORM

Ta T0-92 SOT-23 W
(LP) (DBVS)
0°C to 70°C TLV431ACLP TLV431ACDBV5
TLV431AY
-40°C1085°C | TLV431AILP TLV431AIDBVS

The LP package is available taped and reeled. Add R suffix to device type (e.g., TLV431ACLPR).
The DBVS5 is only availabie taped and reeled (no R suffix is required).

symbol

REF

Anode + Cathode

functional block diagram

CATHODE

REF

Vref=124V

ANODE

PRODUCTION DATA information is current as of publication date.

Copyright © 1995, Texas Instruments Incorporated

e s WP TExAs
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-109



TLV431A
LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS130 - OCTOBER 1995

equivalent schematic

Cathode

REF

Anode
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TLV431A
LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS130 - OCTOBER 1995

TLV431AY chip information

This chip, when properly assembled, displays characteristics similar to the TLV431A. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. Chips'may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

catHope & (5)

@ TLV431AY ANODE
REF ——

CHIP THICKNESS: 10 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
Tg max = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

et brrrr bl

i 2 >
|

[TErrp e e el
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TLV431A
LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS130 - OCTOBER 1995

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

Cathode voltage, Vka (see Note 1) ... ..o e e 7V
Continuous cathode currentrange, Ik .......c.ooeiiiiiii ittt —-20 mAto 20 mA
Reference current range, lrgf ..« oovv it e -0.05 mAto 3 mA
Power dissipation, Pp ... See Dissipation Rating Table
Operating free-air temperature range, Ta: C-suffix ............. ..ot 0°C to 70°C

l-suffix ..o —40°C to 85°C
Storage temperature range, Tgpg - .-« . .ehoviiniiii e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds .............ccoiiiiiinn., 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.

NOTE 1: Voltage values are with respect to the anode terminal, unless otherwise noted.

DISSIPATION RATING TABLE

PACKAGE Ta<25°C DERATING FACTOR Tp=170°C Ta = 85°C
POWER RATING ABOVE Tp =25°C POWER RATING POWER RATING
LP 775 mW 6.2 mW/°C 496 mw 403 mW
DBV5S 150 mW 1.2 mW/°C 96 mW 78 mW
recommended operating conditions
MIN MAX | UNIT
Cathode voltage, VKA Vref 6 \
Cathode current, Ik 0.1 151 mA
Operating free-air temperature range, Ta TLV4STAC 0 70 °C
TLV431Al —-40 85

{if TExAs
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TLV431A

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS130 - OCTOBER 1995

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

TLV431AC TLV431Al
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX |[MIN TYP MAX
VKA = Vref, Ta =25°C 1.228 1240 1.252 |1.228 1.240 1.252
Vref Reference voltage Ik =10 mA, v
See Figure 1 Ta = full range 1.221 1.259 | 1.215 1.265
Vyef deviation over full
VKA = Vref: Ik=10mA, )
Vref(dev)  temperature range See Note 2 and Figure 1 4 12 6 20 mv
(see Note 3)
AVret Ratio of Vgf change in IKk=10mA,  AVKA=Viefto 6V, 15 -27 15 -27 mV
AVKA cathode voltage change | See Figure 2 ) ’ : ’ v
Reference terminal Ik =10 mA, R1 =10k,
Iref current R2 = oo, See Figure 2 015 05 015 05 KA
li(ref) deviation over full Ik =10 mA, R1=10kQ,
Iref(dev) temperature range R2 = oo, 0.05 0.3 0.1 0.4 HA
(see Note 3) See Note 2 and Figure 2
. Minimum cathode current .
IK(min) for regulation VKA = Vref See Figure 1 55 80 55 80 HA
VKA=6V, Vrief =0,
loff Off-state cathode current See Figure 3 0.001 0.1 0.001 0.1 uA
_ VKA =Vief,. f<1kHz,
Dynamic impedance AT e .
|zka| (see Note 4) Ik =0.1mAto 15 mA 025 0.4 025 0.4 Q
See Figure 1
NOTES: 2. Full temperature range is —40°C to 85°C for TLV431Al, and 0°C to 70°C for the TLV431AC.

3. Thedeviation parameters Vygf(dev) and Iref(dev) are defined as the differences betweenthe maximumand minimum values obtained
over the rated temperature range. The average full-range temperature coefficient of the reference input voltage, aVyef,

is defined as:

Vv
Ty ) % 10°
ref (Ta= )

}l Vref|(ppm> = (

ATA

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

a\/ref can be positive or negative depending on whether minimum Vygf or maximum Vg, respectively, occurs at the lower

temperature.
4. The dynamic impedance

AVKA
ka' Al

is defined as: |z
K

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

ol =5 = el > (1+ B3

R1
R2
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TLV431A
LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS ot

SLVS130 - OCTOBER 1995

PARAMETER MEASUREMENT INFORMATION

Input —\\\——— Vg Inpyt —VW——@— Vg

llK

T T
\lef
Figure 1. Test Circuit for Vga = Vet Figure 2. Test Circuit for Vka > Vyet
Vo=Vka=Vief Vo = VKA = Vief X (1 + R1/R2)+l1ef x R1

Input —VW\—@—— Vg

Figure 3. Test Circuit for log
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TLV431A

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS
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PARAMETER MEASUREMENT INFORMATION

REFERENCE VOLTAGE REFERENCE INPUT CURRENT
vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
1.254 — 250 1
IK=10mA Ik =10 mA
1.252 R1=10kQ
< R2=o0
o
> 1250 £ 200
é 1.248 g \
3 - o \
" H N
g 1246 £ 150 N
o L~ '
5 2 N
S 1244 g \
1 £
T 1202 4 2 00 ~
- . |
g // s
1.240 =
1.238 50
-50 -25 0 25 50 75 100 125 150 -50 -25 O 25 50 75 100 125 150
Ty - Junction Temperature — °C Ty - Junction Temperature - °C
Figure 4 Figure 5
CATHODE CURRENT CATHODE CURRENT
vs Vs
CATHODE VOLTAGE CATHODE VOLTAGE
15 T 250 -
VKA = Vref VKA = Vret
Ta = 25°C 200~ Ta=25°C
10
150
< <
? 5 T 100
- €
£ g 50
[ £
g 0 s . /
Q
()] °
R} o
o £ =50
£ s 3
s -
(lJ 1 =100
X x
_10 -150
/ -200
-15 -250
-1 -05 0 0.5 1 15 -1 -05 0 0.5 1 1.5
VKA - Cathode Voltage - V VKA - Cathode Voltage - V
Figure 6 Figure 7
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TLV431A
LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS130 - OCTOBER 1995

PARAMETER MEASUREMENT INFORMATION

RATIO OF DELTA REFERENCE VOLTAGE

OFF-STATE CATHODE CURRENT TO DELTA CATHODE VOLTAGE
vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
40 T T 0
VKA =5V )
Vref=0V £ -o1
< > 2
Q —
U T e 2 02 —
S [ \\
5 3 8 N
[3) ¢ g -03
@ 80
E 8 r 0.4
£ 2 53
[$] g £ \
g g3 -05
7] s
; [ 2
5 10 g 8 -0.6
1 > 8
5 < | Ik=10mA
- g 07 AVKA = Vrefto 6 V
3
0 ogb—1 1 |
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
Ty — Junction Temperature - °C Ty - Junction Temperature - °C
Figure 8 Figure 9
EQUIVALENT INPUT NOISE VOLTAGE
Vs
FREQUENCY
3V
L 0T
|§ VKA = Vref
> Ik=1mA 1kQ
z Tp =25°C
& 300
g 750 @
G : 470 uF TLE2027
) 2200 uF
£ N T ] =0
2 TP
S 250
5 820
g W\lu TLV431A
g NG ) = - 160 kQ
S 200 160 Q
5
o
w =
I
o |.|.| Test circuit for equivalent noise voltage
150
10 100 1k 10k 100 k

f- Frequency — Hz

Figure 10
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TLV431A
LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS130 - OCTOBER 1995

PARAMETER MEASUREMENT INFORMATION

EQUIVALENT INPUT NOISE VOLTAGE
OVER A 10-SECOND PERIOD

10

! !
f=0.1 Hzto 10 Hz
8 k=1mA
| Ta=25°C

-]

4 "

N
—
o

Vp, — Equivalent Input Noise Voltage -V
)
p—

-2
-4 ‘
I
-6
-8
-10
0 2 4 6 8 10
t-Time-s

Test circuit for 0.1-Hz to 10-Hz equivalent noise voltage

Figure 11
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TLV431A
LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS130 - OCTOBER 1995

PARAMETER MEASUREMENT INFORMATION

SMALL-SIGNAL VOLTAGE GAIN
/PHASE MARGIN
vs
FREQUENCY
80 0°
™ T 7T ,
T \\J\ || Ik=10mA I
£ 70 Ta=25°C oyl 36° — Output
5 N . B
S 60 \\»___ ] 72 A llK
Q Py
& 50 ‘ \\ e~ 108° g 180 Q
=
N
% a0 > 144° A
©
(&) —
o 30 \\ 180° =5V
= N
£ ™
S 20
©
c 10 N
o
] \\ GND
s 0 =
‘% .
| -10 TEST CIRCUIT FOR VOLTAGE GAIN
> AND PHASE MARGIN
< -20
100 1k 10k 100 k M
f - Frequency — Hz
Figure 12
REFERENCE IMPEDANCE
vs
FREQUENCY
100 e=r=rrrrr———rrrrr
IKk=0.1mAto 15 mA
TA = 25°C
c,: p——— Output
& 10
Q
c
©
©
(]
o
E
@ 1
g 7
Q
4
|
- 01 GND
k3
N =
TEST CIRCUIT FOR REFERENCE IMPEDANCE
0.01
1k 10k 100 k M 0M
f - Frequency — Hz
Figure 13
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TLV431A

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS130 - OCTOBER 1995

Input and Output Voltage — V

Input and Output Voltage - V

3.5

25

35

25

PARAMETER MEASUREMENT INFORMATION

PULSE RESPONSE 1
I R= 18kQ
input TA=25°C
18 kQ
p—— Output
R Output
s
| GND
TEST CIRCUIT FOR PULSE RESPONSE 1
o 1 2 3 4 5 6 7 8
t—Time —pus
Figure 14
PULSE RESPONSE 2
I R=18kQ
Input Ta =25°C
1.8 kQ
r— Output
Ik
Pulse _T ¢
Generator
Output f =100 kHz
- _T_ GND
TEST CIRCUIT FOR PULSE RESPONSE 2
1 2 3 4 5 6 7 8
t-Time - ps

Figure 15
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TLV431A
LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS130 - OCTOBER 1995

PARAMETER MEASUREMENT INFORMATION

STABILITY BOUNDARY CONDITIONt

16 7T
Tp = 25°C
14
VKA = Vret
<
T 12
1
g 10
5 Stable Stable
C s -|Vka=2V
°
2 / \
g ¢
x

JR A R
/

A Vka=3V
L LT \
L
0 ,/" = //
0.001 0.01 0.1 1 10
CL — Load Capacitance - uF
150 Q 150 Q

I v':M] | R1=10ka ! ‘IKW\IZI__

CL 7 A 7_2' LT~ A %v

T Vbat : T Vbat
R2

I

TEST CIRCUIT FOR VKA = Vyef TEST CIRCUIT FOR VKA =2V,3V

T The areas under the curves represent conditions that may cause the device to oscillate. For Vka =2V and 3V curves, R2 and Vp 5t were adjusted
to establish the initial Vika and I conditions with C_ = 0. Vpat and C|_ were then adjusted to determine the ranges of stability.

il

||i———0
[

Figure 16
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TLV431A

LOW-VOLTAGE ADJUSTABLE PRECISION SHUNT REGULATORS

SLVS130 - OCTOBER 1995

APPLICATION INFORMATION

Gate Drive
Vee

Controller
VFB

Current
- Sense

GND

P 33v

TLV431A

p

511,

Figure 17. Flyback with Isolation using TLV431A as Voltage Reference and Error Amplifier.

Figure 17 shows the TLV431A used in a 3.3-V isolated flyback supply. Vo of the TLV431A can be as low as V¢
(1.244 V £ 1%). The output of the regulator plus the forward voltage drop of the optocoupler LED
(1.244 + 1.4 =2.644 V) determine the minimum voltage that can be regulatedin an isolated supply configuration.
Regulated voltage as low as 2.7 Vdc is possible in the above topology.
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TLV2217-33,

TLV2217-33Y

LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATORS

SLVS067B — MARCH 1992 — REVISED OCTOBER 1995

Fixed 3.3-V Output

+1% Maximum Output Voltage Tolerance at
Ty =25°C

500-mV Maximum Dropout Voltage at
500-mA

500-mA Dropout Current

+2% Absolute Output Voltage Variation
Internal Overcurrent Limiting

Internal Thermal Overload Protection
Internal Overvoltage Protection

description

The TLV2217-33 is a low-dropout 3.3-V fixed
voltage regulator. The regulator is capable of
sourcing 500 mA of current with an input-output
differential of 0.5 V or less. The TLV 2217-33
provides internal overcurrent limiting, thermal
overload protection, and overvoltage protection.

The 0.5-V dropout for the TLV2217-33 makes it
ideal for. battery applications in 3.3-V logic
systems. For example, battery input voltage to the
regulator may drop as low as 3.8 V, and the
TLV2217-33 will continue to regulate the system.
For higher voltage systems, the TLV2217-33 may
be operated with a continuous input voltage of
12 V.

The TLV2217-33N and TLV2217-33KC cannot be
harmed by temporary mirror-image insertion. This

N PACKAGE
(TOP VIEW)

NC[]
NC[]
GND[]
GND]
GND]

NC
NC

~ aline

NOoO oA WN =
©

s[] NC

13[] OUTPUT
12[] GND

11[] GND
10[} GND

] INPUT

NC - No internal connection

PW PACKAGE

(TOP VIEW)

HEAT SINK

GND
INPU

HEAT SINK

)
20

19
18
17
16
15
14
13
12

G
Q

| S S S ) — m— — —

© 0 NO U A WD -

-
o

N
}U:

1]

HEAT SINK

D

PUT

HEAT SINK

HEAT SINK — These pins have an internal resistive
connection to ground and should be grounded.

KC PACKAGE

(TOP VIEW)

regulator is characterized for operation from 0°C N [ ———> OUTPUT
to 125°C virtual junction temperature. O ——————> GND
5 [ —> INPUT
application schematic
TLV2217-33
INPUT OUTPUT Vo=33V
GND ‘
-
—fs'BVI 0.1uF - /_[ 22 uF
AVAILABLE OPTIONS
PACKAGE CHIP
Ty PLASTIC POWER | PLASTIC DIP | SURFACE MOUNT FORM
(KC) (N) (;Pw)t (Y)
0°C to 125°C TLV2217-33KC TLV2217-33N | TLV2217-33PWLE TLV2217-33Y
tThe PW package is only available left-end taped and reeled.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per (had terms ?l Texas lnsml.umrrns
o loes n Incl

standard warra

testing of all parameters.

‘W TEXAS

Copyright © 1995, Texas Instruments Incorporated
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TLV2217-33, TLV2217-33Y ;
LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATORS

SLVS067A — MARCH 1992 — REVISED NOVEMBER 1992

TLV2217-33Y chip information

These chips, when properly assembled, display characteristics similar to the TLV221 7-33 (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

»l
L gl

INPUT (1)

Current
Limiting
OUTPUT
(4, 5)%

-
N
©w

GND (2, 3)T

CHIP THICKNESS: 11 TYPICAL
BONDING PADS: 7 x 7 MINIMUM
TyMmax= 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

Lbndhonnendbonnn oo b b e b

71
g

T Must connect pads 2 and 3 together

¢ 92 L] ¥ Must connect pads 2 and 3 together
ll'l‘lll|I|IlilII||III|Illllilllilll!l|lll|l
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TLV2217-33, TLV2217-33Y
LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATORS

SLVS067B — MARCH 1992 — REVISED OCTOBER 1995

absol;lte maximum ratings over operating virtual junction temperature range (uniess otherwise
noted

Continuous input voltage, V| . ... ... . e 16V
Continuous total power dissipation (see Note 1) .......................... See Dissipation Rating Table
Operating virtual junction temperature range, ,TA .. .coiniiiniiiii i —55°C to 150°C
* Storage temperature range, Totg covvvreenennnss e e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for10seconds .............. ... ... iiiiinn.. 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.

NOTE 1: Refer to Figures 1 and 2 to avoid exceeding the design maximum virtual junction temperature; these ratings should not be exceeded.

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

DISSIPATION RATING TABLE
PACKAGE POWER RATING T <25°C DERATING FACTOR T=70°C T=85°C T=125°C
AT POWER RATING ABOVE T =25°C POWER RATING POWER RATING POWER RATING
KC TA 2000 mW 16.0 mW/°C 1280 mW 1040 mW 400 mW
ch 20000 mW - 182.0 mW/°C 14540 mW 11810 mW 4645 mW
N TA 2250 mW 18.0 mW/°C 1440 mW 1170 mW 450 mW
Tc 11850 mW 94.8 mW/°C 7584 mW 6162 mW 2370 mW
PW TA 950 mwW 7.6 mW/°C 608 mW 494 mW 190 mW
Tc 4625 mW 37.0 mW/°C 2960 mW 2405 mW 925 mW
1 Derate above 40°C
MAXIMUM CONTINUOUS DISSIPATION ) MAXIMUM CONTINUOUS DISSIPATION
vs vs
FREE-AIR TEMPERATURE CASE TEMPERATURE
2400 25
Z 2200 ]
3 \ 1
L 2000 g
S £ 20
£ 1800 KC — 1 8§ N
2 I RgJA = 62.5°C/W ‘®
2 1600 2 KC
& = R =5.5°C/W
3 1400 N N g 15 - 8JC —]
<] R =55.6°C/W
§ 1200 ‘ 0JA g ReJc = 10.6°C/W \
£ 1000 N S 10 \\ N
T 800 [~ R E
=
E 600 ~ \ £ \
: g s S
= 400 | PW l \\
cle 200 Rgga = 133°C/W £ PW
l | o L_Resc =27°CIW J>j\
0
25 50 75 100 125 150 25 50 75 100 125 150
TA — Free-Air Temperature — °C Tc ~ Case Temperature —- °C

Figure 1 Figure 2
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TLV2217-33, TLV2217-33Y

LOW-DROPOUT 3.3-V FIXED VOLTAGE REGULATORS

SLVS067A - MARCH 1992 ~ REVISED NOVEMBER 1992

recommended operating conditions

MIN MAX | UNIT
Input voltage, V| 3.8 12 \"
Output current, lo 0 500 mA
Operating virtual junction temperature range, Ty 0 125 °C
electrical characteristics at V| = 4.5V, Ig = 500 mA, T; = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONST TLV2217-33 UNIT
MIN TYP MAX
1o =20 mA to 500 mA, Ty=25°C 3.267 3.30 3.333
Output voltage \
V|=38Vto55V TJ=0°Cto 125°C 3.234 3.366
Input voltage regulation V|=38Vto55V 5 15 mVv
Ripple rejection f =120 Hz, Vyipple = 1 VPP -62 dB
Output voltage regulation lo =20 mA to 500 mA 5 30 mV
Output noise voltage f=10 Hz to 100 kHz 500 uv
. = 4
Dropout voltage lo =250mA 0 mV
1o =500 mA 500
lo=
Bias current 0=0 2 S mA
lo = 500 mA 19 49
electrical characteristics at V| = 4.5V, Ig = 500 mA, Tj = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONST TLV217asY UNIT
MIN  TYP MAX
Output voltage 10 =20 mA to 500 mA, V|=38Vto55V 3267 330 3.333 v
Input voltage regulation Vi=38Vto55V 5 151 mv
Ripple rejection f =120 Hz, Viipple = 1 Vpp -62 dB
Output voltage regulation o =20 mA to 500 mA 5 30 mV
Output noise voltage f=10 Hz to 100 kHz 500 uv
= 4
Dropout voltage o =250 mA 00 mV
Io = 500 mA 500
. lo=0 2 5
Bias current mA
o = 500 mA 19 49

t Pulse-testing techniques are used to maintain the virtual junction temperature as close to the ambient temperature as possible. Thermal effects
must be taken into account separately. All characteristics are measured with a 0.1-uF capacitor across the input and a 22-pF tantalum capacitor
with equivalent series resistance of 1.5 Q on the output.

3-126
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TLV2217-33, TLV2217-33Y
LOW-DROPOUT 3. 3-V FIXED VOLTAGE REGULATORS

SLVS067B — MARCH 1992 — REVISED OCTOBER 1995

COMPENSATION CAPACITOR SELECTION INFORMATION

The TLV2217-33 is a low-dropout regulator. This means that the capacitance loading is important to the performance
of the regulator because it is a vital part of the control loop. The capacitor value and the equivalent series resistance
(ESR) both affect the control loop and must be defined for the load range and the temperature range. Figures 3 and
4 can be used to establish the capacitance value and ESR range for best regulator performance.

ESR OF OUTPUT CAPACITOR
vs
LOAD CURRENT

of ecommende [ 0.035 '

STABILITY
Vs
ESR

T T 1 T T T
L] Not Recommended
Y Potential instability

g
é ® Recommended Min ESR
s ' 1 | | 1000 uF
7} 0.03} T 1 1
| e
ﬁ 1.8 Max ESR Boundary _| 0.025 © 2y | \\
2 16 . : 400 uF \
§ 14 |g 0.02f SR
§ 12 V
R N\N 0.015
FEPTYNNNN Min ESR ;__ @
I TISNNNNAN Boundary 0.01} N
5 0.4 D\ v !
PP NANN NN 0.005
ok AU IO RNV
01 02 03 04 05 0 05 1 15 2 25 3 35 4 45 5
I~ Load Current- A 1/ESR
AlL Figure 4

Applied Load
Current ——I.—‘:r

Load
Voltage

AVL

v

AVL = ESR X Al

Figure 3

b TEXAS
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092C - NOVEMBER 1994 — REVISED AUGUST 1995

Available in 5-V, 4.85-V, and 3.3-V
Fixed-Output and Adjustable Versions
Very Low-Dropout Voltage . . . Maximum of
32 mV at lg = 100 mA (TPS7150)
Very Low Quiescent Current — Independent
of Load . . . 285 uA Typ
Extremely Low Sleep-State Current

0.5 pA Max
2% Tolerance Over Full Range of Load,
Line, and Temperature for Fixed-Output
Versions
Output Current Range of 0 mA to 500 mA
TSSOP Package Option Offers Reduced
Component Height for Critical Applications

Power Good (PG) Status Output

description

The TPS71xx integrated circuits are a family
of micropower low-dropout (LDO) voltage
regulators. An order of magnitude reduction in
dropout voltage and quiescent current over
conventional LDO performance is achieved by
replacing the typical pnp pass transistor with a
PMOS device.

Because the PMOS device behaves as a
low-value resistor, the dropout voltage is very low
(maximum of 32 mV atan output current of 100 mA
for the TPS7150) and is directly proportional to the
output current (see Figure 1). Additionally, since
the PMOS pass element is a voltage-driven
device, the quiescent current is very low and
remains independent of output loading (typically
285 pA over the full range of output current, 0 mA
to 500 mA). These two key specifications yield a
significant improvement in operating life for
battery-powered systems. The LDO family also
features a sleep mode; applying a TTL high signal
to EN (enable) shuts down the regulator, reducing
the quiescent current to 0.5 pA maximum at
Ty =25°C.

D OR P PACKAGE
(TOP VIEW)
GND E 1 s[l PG
EN[]2 7 [] SENSEt/FBY
IN[] 3 s[lout
IN[] 4 s5[JouTt
PW PACKAGE
(TOP VIEW)
GND ] 1 20[] PG
GND [] 2 19[] NC
GND [} 3 18[] NC
NC[| 4 17[] FB
NC[]5 16[] NC
EN[le 15[] SENSET
NC[]7 14[] out
IN} 8 13[] ouT
IN[] o 12]] NC
IN[J10  11{]NC

NC - No internal connection

T SENSE - Fixed voltage options only
(TPS7133,TPS7148,and TPS7150)

$FB - Adjustable version only (TPS7101)

0.25 ———
Ta = 25°C

0.2
>
1
g 015 TPS71?/
©
3 / TPS7148 4/
5 o1 o
g / // TPS7150
& /

0.05 1

0
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
lp — Output Current - A

Figure 1. Dropout Voltage Versus Output Current

Power good (PG) reports low output voltage and can be used to implement a power-on reset or a low-battery

indicator.

The TPS71xx is offered in 3.3-V, 4.85-V, and 5-V fixed-voltage versions and in an adjustable version
(programmable over the range of 1.2 V to 9.75 V). Output voltage tolerance is specified as a maximum of 2%
over line, load, and temperature ranges (3% for adjustable version). The TPS71xx family is available in PDIP
(8 pin), SO (8 pin), and TSSOP (20 pin) packages. The TSSOP has a maximum height of 1.2 mm.

PRODUCTION DATA information is current as of publication date.

Products

rodt conform to specifications per the terms of Texas Instruments i
standard warranty. does not include
testing of all parameters. EXAS

Copyright © 1995, Texas Instruments Incorporated
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092C —NOVEMBER 1994 — REVISED AUGUST 1995

AVAILABLE OPTIONS

°UTPUT“,' OLTAGE PACKAGED DEVICES

T (V) CHIP FORM
SMALL OUTLINE | PLASTIC DIP TSSOP ()
MIN  TYP MAX
(D) (P) (PW)
4.9 5 5.1 TPS7150QD TPS7150QP | TPS7150QPWLE TPS7150Y
475 485 495 TPS7148QD TPS7148QP | TPS7148QPWLE TPS7148Y
-55°C to 150°C 3.23 33 337 TPS7133QD TPS7133QP | TPS7133QPWLE TPS7133Y
Adjustable§

12V 10975V TPS7101QD TPS7101QP | TPS7101QPWLE TPS7101Y

The D package is available taped and reeled. Add R suffix to device type (e.g., TPS7150QDR). The PW package is only available
left-end taped and reeled and is indicated by the LE suffix on the device type (i.e., TPS7150QPWLE). The TPS7101Qis programmable
using an external resistor divider (see application information). The chip form is tested at 25°C.

Vi
TPS71xxPW-20
8
vVi—e IN PG LL PG
9 15
IN SENSE
10
IN  OouT
.1 uF 6| __
014 ——EN  our i‘
GND : =
1 ]2 }3 : ESR {
[ N — |
1 Capacitor selection is nontrivial. See application information section

for details.

Figure 2. Typical Application Configuration

""f Texas
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092C — NOVEMBER 1994 — REVISED AUGUST 1995

TPS71xx chip information

These chips, when properly assembled, display characteristics similar to the TPS71xxQ. Thermal compression
or ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS ﬂ — senset
N —& ©) rpt
i @) TPS71xx _(i)__ out
@D pg

(1
GND
CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tgmax = 150°C
TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN MILS.

t SENSE - Fixed voltage options only (TPS7133, TPS7148,
and TPS7150)

$ FB - Adjustable version only (TPS7101)

92 »| NOTEA. For most applications, OUT and SENSE should
be tied together as close as possible to the device;

Ill'lll'l l|l|l]||l l||'l|l|| ||||I‘|'| !|I|I|||l I|I|I|I‘I ||I|l||ll ||I'I Ul 0|I I|I|I I|

| I l l | ! I frerpry for other implementations, refer to SENSE-pin

connection discussion in " the applications

information section of this data sheet.

functional block diagram

RESISTOR DIVIDER OPTIONS
DEVICE R1 R2 UNIT
TPS7101 0 o0 Q
TPS7133 | 420 | 233 kQ
PG TPS7148 | 726 | 233 kQ
b TPS7150 | 756 | 233 kQ
{ p NOTE: Resistors are nominal values only.
ouTt
SENSES/FB

R2

®-

’

GND

§ For most applications, SENSE should be externally connected to OUT as close as possible to the device. For other implementations, refer to
SENSE-pin connection discussion in applications information section.
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092C — NOVEMBER 1994 — REVISED AUGUST 19956

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

Input voltage ranget, V|, PG, SENSE, EN
Output current, Io

-0.3t010V

Continuous total power dissipation
Operating virtual junction temperature range, T
Storage temperature range, Tgt,
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds

See Dissipation Rating Tables 1 and 2
-55°C to 150°C
—65°C to 150°C
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.
tAn voltage values are with respect to network terminal ground.

DISSIPATION RATING TABLE 1 — FREE-AIR TEMPERATURE (see Figure 3)

PACKAGE Tp <25°C DERATING FACTOR TpA=70°C Ta = 125°C
POWER RATING ABOVE Tp=25°C POWER RATING  POWER RATING
D 725 mW 5.8 mW/°C 464 mW 145 mW
P 1175 mW 9.4 mW/°C 752 mW 235 mW
PW§ 700 mW 5.6 mW/°C 448 mW 140 mW

DISSIPATION RATING TABLE 2 —- CASE TEMPERATURE (see Figure 4)

PACKAGE Tgc<25°C DERATING FACTOR Tc=70C T =125°C
POWER RATING ABOVE Tgc=25°C POWER RATING POWER RATING
D 2188 mW 17.5 mW/°C 1400 mW 438 mW
P 2738 mW 21.9 mW/°C 1752 mW 548 mW
Pw§ 4025 mW 32.2 mW/°C 2576 mW 805 mW
§ Refer to thermal information section for detailed power dissipation considerations when using the
TSSOP package.

DISSIPATION DERATING CURVE

DISSIPATION DERATING CURVE

vs vs
FREE-AIR TEMPERATURE CASE TEMPERATURE
1400 4800 -
Z 2 400 | |
I 1200 ; PW Package
g 5 4000 WL RgJc = 31°C/W
',-E- P Package ’-;; 3600
:g 1000 N J RogJA = 106°C/W B 3200 L p Packageo
a l & ReyC = 46°C/W
P » 2800
2 800 -
g \ g Package i ] 2400 \
£ oJA = 172°C/W £ AN {
£ 600 < £ 2000 >
8 \ o NN
E ‘ N £ 1600 ~
E 400 Z £ 1200 \§\\
o PW Pack S
R B W \ 2 a0 AN
|o 200 OJA = \ |o DPackage—/ \\

&£ | | o 400/— Rgoic=57°CIW

0 0 L L

25 50 75 100 125 150 25 50 75 100 125 150
TA — Free-Air Temperature - °C T¢ - Case Temperature — °C
Figure 3 Figure 4
i
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092C —~ NOVEMBER 1994 — REVISED AUGUST 1995

recommended operating conditions

MIN MAX | UNIT
TPS7101Q 2.5 10
TPS7133Q 3.77 10
Input voltage, V|t v
TPS7148Q 5.2 10
TPS7150Q 5.33 10
High-level input voltage at EN, Vi 2 \
Low-level input voltage at EN, Vi 0.5 \
Output current range, Io 0 500 mA
Operating virtual junction temperature range, Ty -40 125 °C

T Minimum input voltage defined in the recommended operating conditions is the maximum specified output voltage plus dropout voltage at the

maximum specified load range. Since dropout voltage is a function of output current, the usable range can be extended for lighter loads. To
calculate the minimum input voltage for your maximum output current, use the following equation:

Vigmin) = Vo(max) * YDO(max load)

Becausethe TPS7101 isprogrammable, DS(on) shouldbe usedto calculate Vp o before applying the above equation. The equation for calculating
Vpo from rpg(on) is given in Note 2 in the electrical characteristics table. The minimum value of 2.5 V is the absolute lower limit for the
recommended input voltage range for the TPS7101.

electrical characteristics atlg=10maA, EN=0V, Co=4.7 UF/ESRT = 1 Q, SENSE/FB shorted to OUT

(unless otherwise noted)

TPS7101Q, TPS7133Q
PARAMETER TEST CONDITIONS# Ty TPS7148Q, TPS7150Q | yNiT
MIN TYP MAX
. EN<05V, _ ] 25°C 285 350
Ground current (active mode) 5?1‘1;2?0\/5 500m AVI Vo+1V, G o1 C 20 pA
— 25°C 0.5
Input current (standby mode) EN=V 27VEVIS10V [ 5] HA
25°C 1.2 2
Output current limit Vo=0V, Vi=10V A
—40°C to 125°C 2
- __ 25°C 0.5
;a:tfa:éi';‘en:';fkage current EN-=V, 2TVSV|STOV [ — v
PG leakage current Normal operation, Vpg=10V 250 0.0 05 nA
—40°C to 125°C 0.5
Output voltage temperature coefficient —40°C to 125°C 61 75 | ppm/°C
Thermal shutdown junction temperature 165 °C
EN logic high (standby mode) 25V=Vis6Y —40°C 0 125°C 2 v
6VV<10V 2.7
EN logic low (active mode) 27V<Vi<i0V 25°C 05 Y
—40°C to 125°C 0.5
EN hysteresis voltage 25°C 50 mv
EN input current ovsvisiov 25°C -05 05 pA
—40°C to 125°C -0.5 0.5
. . 25°C 2.05 25
Minimum V| for active pass element \
—~40°C to 125°C 25
Minimum V| for valid PG IpG = 300 pA 25°C 106 Ll Y
—40°C to 125°C 1.9

T ESR refers to the equivalent resistance, including intemal resistance and series resistance.
kS Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be

taken into account separately.
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- TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q

TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y

LOW-DROPOUT VOLTAGE REGULATORS

SLVS092C ~ NOVEMBER 1994 — REVISED AUGUST 1995

electrical characteristics atlop =10 mA, V;=3.5 V,EN =0 V, Co = 4.7 uF/ESRT = 1 Q, FB shorted to
OUT at device leads (unless otherwise noted)

PARAMETER TEST CONDITIONS# ‘ T, TPSTI019 UNIT
J MIN __ TYP  MAX
Reference voltage V=35V, |O =10 mA 25°C 1.178 \
(measured at FBwithOUT [25v<v <10V, 5mA <1g <500 mA, N .
connected to FB) See Note 1 —40°C to 125°C 1.143 1.213 \
Reference voltage . o o
temperature coefficient -40°C10125°C 61 75A ppm/°C
Vi=24V, 50 pA < Ig < 150 mA 25°C 07 !
=24V, <lps< m
! o —40°C to 125°C 1
25°C 0.83 1.3
Vi=24YV, 150 mA < lp <500 mA - -
Pass-element series —40°Cto 125°C 1.3 Q
resistance (see Note 2) 25°C 0.52 0.85
Vi=29V, 50 pA <l <500 mA
—40°C to 125°C 0.85
Vi=39V, 50 HA < 1o <500 mA 25°C 0.32
Vi=59V, 50 nA < lp <500 mA 25°C 0.23
= . 25°C 18
Input regulation Vi=25Vto 10V, 50 pA < I <500 mA, mv
See Note 1 —-40°C to 125°C 25
lo=5mAto 500 mA, 25V<V <10V, 25°C 14 mV
, See Note 1 —-40°C to 125°C 25
Output regulation -
10 =50 pA to 500 mA, 25V < V<10V, 25°C 22
mV
See Note 1 —40°C to 125°C 54
: o= 50 uA 25°C 48 59
) e 0= —40°C to 125°C 44
Ripple rejection f=120Hz dB
10 = 500 mA, 25°C 45 54
See Note 1 —40°C to 125°C 44
Output noise-spectral _ o
density f=120 Hz 25°C 2 uVAHZ
Co=4.7uF 25°C 95
; 10 Hz < f< 100 kHz, — 5
Output noise voltage ESRt=10Q . Co=10pF 25°C 89 puVrms
Co =100 uF 25°C 74
. . . 0.98 x
§ | Vg voltage d from above V. —40°Cto125°C |, 0-92% v
PG trip-threshold voltage FB voltage decreasing from above Vpg Cto VEB(nom) VFB(nom)
PG hysteresis voltage$ Measured at Vg 25°C 12 mvV
PG t | itage$ 1 400 pA V=213V 25°C o1 04 '
ow = , =2.
outpu vollage PG ! —40°C to 125°C 0.4
. - 25°C -10 0.1 10
FB input current - nA
—40°C to 125°C -20 20

T ESR refers to the equivalent resistance including internal resistance and series resistance.
$ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.
§ Output voltage programmed to 2.5 V with closed-loop configuration (see application information).
NOTES: 1. WhenV|<2.9Vandlg > 150 mA simuitaneously, pass element rpg(on) increases (see Figure 31) to a point such that the resulting
dropout voltage prevents the regulator from maintaining the specified tolerance range.
2. To calculate dropout voltage, use equation:
Vpo=I0" rDS(on) '
TDS(on) is @ function of both output current and input voltage. The parametric table lists rpg(on) for V| =2.4V, 2.9V, 3.9V, and
5.9 V, which corresponds to dropout conditions for programmed output voltages of 2.5 V, 3V, 4 V, and 6 V, respectively. For other
programmed values, refer to Figure 30.
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092C - NOVEMBER 1994 — REVISED AUGUST 1995

electrical characteristics atlog =10 mA, V| =4.3 V,EN =0V, Co = 4.7 uF/ESRt = 1 Q, SENSE shorted

to OUT (unless otherwise noted)

PARAMETER TEST CONDITIONS* T, TPS7133Q UNIT
J MIN __ TYP  MAX
V=43V, 10 =10 mA 25°C 3.3
Output voltage \
43V<Vy<10V, 5mA<Ilp <500 mA |-40°C to 125°C 3.23 3.37
25°C 0.02 6
lo=10mA, V=323V
—40°C to 125°C 8
Di t volt lo = 100 mA, V=823V 25°C il & mv
= mA, =3.
ropout votage o ! ~40°C to 125°C 80
25°C 235 300
10 = 500 mA, V=323V
—40°C to 125°C 400
- = 25°C 0.47 0.6
Pass-element series resistance (823 V-Voylo, V=323V, Q
lo =500 mA —40°C to 125°C 0.8
Input lati V|=4.3Vto 10V, 50 pA < lp <500 mA 25 2 \Y
nput regulation =4. o , <lps< m m
P 9 ! o —40°C to 125°C 27
. 25°C 21 38
lo=5mAto 500 mA, 43V<V|<10V mv
) —40°C to 125°C 75
Output regulation -
25°C 30 60
lo =50 pAto 500 mA, 4.3V<Vi<10V mv
—40°C to 125°C 120
| 50 uA 25°C 43 54
) o 0= —40°C to 125°C 40
Ripple rejection f=120 Hz dB
25°C 39 49
lo =500 mA
—40°C to 125°C 36
Output noise-spectral density | f= 120 Hz 25°C 2 uwVAHz
Co=47yF '25°C 274
<f<
Output noise voltage :E?Sg‘? ;2‘01 00 khiz, Co=10pF 25°C 228 uVvrms
Co =100 pF 25°C 159
: . 0.92 x 0.98 x
- V(o voltage decreasing from above V —40°C to 125°C \ \
PG trip-threshold voltage O voltage decreasing from above Vpg VO(nom) Vo(nom)
PG hysteresis voltage 25°C 35 mv
PG output low volt 1 1 mA Vj=28V e 022 04 v
output low voltage =1mA, =2.
P ¢ PG ! ~40°C to 125°C 04

T ESR refers to the equivalent resistance including internal resistance and series resistance.
1 Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be

taken into account separately.
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q

TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y

LOW-DROPOUT VOLTAGE REGULATORS

SLVS092C — NOVEMBER 1994 — REVISED AUGUST 1995

electrical characteristics atlg =10 mA, V|=5.85V,EN=0V, Co = 4.7 uF/ESRt = 1 Q, SENSE shorted
to OUT (unless otherwise noted)

PARAMETER ST CONDITIONS¥ T, TPS7148Q UNIT
- TE NI J MIN __ TYP MAX
\ V|=5.85YV, lo=10mA ' 25°C 4.85
Output voltage Vv
585V<V|<10V, 5mA<Ip<500mA |-40°C to 125°C 4.75 4.95
25°C 0.08 6
lo=10mA, Vi=475V
—40°C to 125°C 8
Dropout volt 10 = 100 mA V=475V &C__ 80 3 mv
= mA, =4.
ropout voltage 0 ! —40°C to 125°C 54
25°C 150 180
lo =500 mA, V=475V
—40°C to 125°C 250
- = 25°C 0.32 0.35
Pass-element series resistance (4.75 vV -Vo)lo, V=475V, - Q
10 = 500 mA —40°C to 125°C 0.52
Input lati V|=5.85Vto 10V, 50 pA < 1p <500 mA 25°C 27 mv
nput regulation =5. o , <lp< m
putreg : o ~40°C 1o 125°C 37
25°C 12 42
. lo=5mAto500 mA, 585V<V|<10V mv
X —40°C to 125°C 80
Output regulation
25°C 42 60
lo=50pAto 500 mA, 585V<Vi<10V mV
—40°C to 125°C 130
25°C 42 53
lo =50 pA
. o —40°C to 125°C 39
Ripple rejection f=120Hz dB
25°C 39 50
Io = 500 mA
—40°C to 125°C 35
Output noise-spectral density | f = 120 Hz 25°C 2 uVAHz
Co=4.7uF 25°C 410
. 10 Hz <f < 100 kHz, "
Output noise voltage ESRt =10 Co=10pF 25°C 328 nVrms
Co =100 pF 25°C 212
PG trip-threshold voltage Vo voltage decreasing from above Vpg —40°C to 125°C v, O(zngozmj v, O?nism); \
PG hysteresis voltage 25°C 50 mV
PG output | It; I 1.2mA Vi=4.12V 25C 02 94 v
=1.2mA, =4.
outputlow voliage PG ! —40°C to 125°C 04

t ESR refers to the equivalent resistance including internal resistance and series resistance.
¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092C - NOVEMBER 1994 — REVISED AUGUST 1995

electrical characteristics atlo =10 mA, V;=6 V,EN =0 V, Cg = 4.7 uF/ESRt = 1 Q, SENSE shorted
to OUT (unless otherwise noted)

PARAMETER TEST CONDITIONS# T, TPS71500 UNIT
J MIN _TYP  MAX
Vi=6V, 1o =10 mA 25°C 5
Output voltage v
6V<Vi<10V, 5mA<Io<500mA |-40°C to 125°C 4.9 5.1
I0=10mA Vi=4.88V 25 013 8
=10 mA, =4,
0 ! —40°C to 125°C 8
D t volta ! 100 mA, Vi=4.88V LA 2 32 mV
ropoutveliage 0= : 1= —40°C 10 125°C 47
| 500 mA, V=488V 25 146 - 170
0= ' =% —40°C o 125°C | 230
: - = 25°C 029 032
Pass-element series resistance (4.88V -Vo)llo, Vi=4.88V. - — Q
1o =500 mA —40°C to 125°C 0.47
Input lati Vi=6Vto10V, 50 pA < lp <500 mA 25°C 25 mV
nput regulation = \ <lp< m — -
P 9 ! 0 —40°C to 125°C 32
25°C 30 45
I0=5mAto500mA, 6V<V;<10V mv
) —40°C to 125°C 86
Output regulation - - - e
25°C 45 65
10 =50 pAto 500 mA, BV <V <10V : - mv
—40°C to 125°C 140
o = 50 A 25°C 45 55 o
' - 0= —40°C to 125°C 40
Ripple rejection f=120 Hz - dB
’ 25°C 42 52
10 = 500 mA
—40°C to 125°C 36
Output noise-spectral density | f= 120 Hz 25°C 2 uVAHZ
Co=47uF 25°C 430
<f< ]
Output noise voltage :E%:% _ f1‘91 00 kHz, Co=10pF 25°C 345 puVrms
Co =100 uF 25°C 220
PG trip-threshold voltage Vo voltage decreasing from above Vpg —40°C to 125°C v, 0((),3:; v O(()niem? \
PG hysteresis voitage 25°C 53 mvV
PG output low voltage I 1.2 mA Vi=4.25V 25°C 22 il BV
=1.2mA, =4, -
P % PG ! ~40°C to 125°C 04

TESR refers to the equivalent resistance including internal resistance and series resistance.
¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be

taken into account separately.
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092C — NOVEMBER 1994 — REVISED AUGUST 1995

electrical characteristics at Ig = 10 mA, EN = 0 V, Cg = 4.7 uF/ESRt = 1 Q, T = 25°C, SENSE/FB
shorted to OUT (unless otherwise noted)

TPS7101Y, TPS7133Y
PARAMETER TEST CONDITIONS# TPS7148Y, TPS7150Y |yt
MIN  TYP MAX
Ground current (active mode) (E)';lnls-\(;?ov’s 500 m AVI =Vo+1V, 285 pHA
Output current limit Vo=0V, V=10V 1.2 A
PG leakage current Normal operation, Vpg =10V 0.02 pA
Thermal shutdown junction temperature 165 °C
EN hysteresis voltage 50 mv
Minimum V| for active pass element 2.05 v
Minimum V| for valid PG IpG = 300 pA 1.06 v

TESR refers to the equivalent resistance, including internal resistance and series resistance.
¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.

TPS7101Y
PARAMETER +
TEST CONDITIONS MIN _ TYP  MAX UNIT
Reference voltage (measured at FB with OUT _ _
connected to FB) Vi=35V, lo=10mA 1.178 Vv
Vi=24YV, 50 pA <lp < 150 mA 0.7
V=24V, 150 mA < lp <500 mA 0.83
Pass-element series resistance (see Note 2) V=29V, 50 pA < lp <500 mA 0.52 Q
V=39V, 50 pA <lp <500 mA 0.32
Vi=59YV, 50 pA < 1o <500 mA 0.23
; Vi=25Vto 10V, 50 pA < lp < 500 mA,
Inpgt regulation See Note 1 18| mv
25V<Visi0V, lo =5 mA to 500 mA, 14 mv
, See Note 1
Output regulation
25V<Vi<ioy, lo =50 pA to 500 mA,
22| mv
See Note 1
. - V=35V, f=120 Hz,
Ripple rejection 10 = 50 pA 59 dB
Output noise-spectral density Vi=35V, f=120Hz 2 uVAHz
V=35V, Co=47uF 95
Output noise voltage 10Hz<f<100kHz, {Co=10uF 89 uvrms
‘ ESRT=10 -
Co =100 pF 74
PG hysteresis voltage$ Vi=35V, Measured at VFg 12 mVv
PG output low voltage§ V=213V, IpG =400 uA 0.1 Vv
FB input current Vi=35V 0.1 nA

T ESR refers to the equivalent resistance including internal resistance and series resistance.
¥ Pulse- -testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.
§ Output voltage programmed to 2.5 V with closed-loop configuration (see applxcatlon information).
NOTES: 1 WhenV|<2.9Vandlp > 150 mA simultaneously, pass element rpgon) increases (see Figure 31) to a point such that the resulting
dropout voltage prevents the regulator from maintaining the specified tolerance range
2 To calculate dropout voltage, use equation:
Vpo=10" 'DS(on)
'DS(on) is a function of both output current and input voltage. The parametric table lists rpg(on) for Vi =24V, 2.9V, 3.9V, and
5.9 V, which corresponds to dropout conditions for programmed output voltages of 2.5 V, 3V, 4 V, and 6 V, respectively. For other
programmed values, refer to Figure 30.
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092C - NOVEMBER 1994 — REVISED AUGUST 1995

electrical characteristics atlg =10 mA,EN=0V, Co =4.7 uF/ESRt =1 Q, T = 25°C, SENSE shorted
to OUT (unless otherwise noted) (continued)

PARAMETER TEST CONDITIONS* TPS7133Y UNIT
MIN TYP MAX
Output voltage V=43V, lo=10mA 3.3 \
V=323V, 1o =10 mA 0.02
Dropout voltage V)=323V, lo =100 mA 47 mV
V| =323V, lo =500 mA 235
g ) ) (3.23V - Vo)/lo, Vi=323V,
Pass-element series resistance 10 = 500 mA 0.47 Q
. 43V<Vi<10V, lo =5 mA to 500 mA 21 mvV
Output regulation
43V<Vi<10V, 1o = 50 uA to 500 mA 30 mV
) - Vi=43V, lo =50 pA 54
Ripple rejection dB
ppie rej f=120 Hz 10 = 500 mA 49
Output noise-spectral density V=43V, =120 Hz 2 uVAHz
Vi=43V, Co =47 uF 274
Output noise voltage 10Hz<f<100kHz, |Co=10pF 228 uvrms
ESRT=10 P
0 =100 uF 159
PG hysteresis voltage V=43V 35 mV
PG output low voltage Vi=28YV, Ilpg=1mA 0.22 \

taken into account separately.

T ESR refers to the equivalent resistance including internal resistance and series resistance.
¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient t

emperature; thermal effects must be

PARAMETER TEST CONDITIONS* TPST148Y UNIT
MIN TYP MAX
Output voltage V|=585YV, lo=10mA 4.85 v
V=475V, lo=10mA 0.08
Dropout voltage V=475V, lp =100 mA 30 mV
V=475V, 10 = 500 mA 150
§ ) ) (4.75V =Vo)/lo, Vi=4.75V,
Pass-element series resistance 10 = 500 mA 0.32 Q
' 585V<V|<10V,  lg=5mAto500 mA 12 mv
Output regulation
585V<Vi<10V, Ig=50pAto 500 mA 42 mv
! - V|=5.85V, lo =50 pA 53
Ripple rejection ! daB
pple rej f=120 Hz 10 = 500 mA 50
Output noise-spectral density V| =585V, f=120 Hz 2 uVAHz
V=585V, Co=4.7pF 410
Output noise voltage 10Hz<f<100kHz, |Co=10pF 328 HVrms
ESRt=1Q C
0 =100 uF 212
PG hysteresis voltage V|=5.85V 50 mV
PG output low voltage Vi=4.12YV, Ipg=12mA 0.2 0.4 vV

1T ESR refers to the equivalent resistance including internal resistance and series resistance.
¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be

taken into account separately.
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092C — NOVEMBER 1994 — REVISED AUGUST 1995

electrical characteristics atlg =10 mA,EN =0V, Co = 4.7 uF/ESRT = 1 Q, T = 25°C, SENSE shorted
to OUT (unless otherwise noted) (continued)
PARAMETER TEST CONDITIONS# TPS7150Y UNIT
MIN TYP MAX
Output voltage Vi=6V, lo=10mA 5 \"
Vi=4.88Y, lo=10mA . 0.13
. | Dropout voltage V=488V, lo =100 mA 27 mV
Vi=4.88YV, lo =500 pA 146
] ) (4.88V -Vo)lo, V|=4.88V.
Pass-element series resistance Io = 500 mA 0.29 Q
. 6V<VI<10V, 1o =5 mA to 500 mA 30 mV
Output regulation -
6V<V|<10V, 10 = 50 pA to 500 mA 45 mv
. - Vi=6V, 10 =50 pA 55
Ripple rejection ’ dB
ppie rel f=120 Hz lo = 500 mA 52
Output noise-spectral density Vi=86V, f=120 Hz 2 WAHz
, Vi=6V, Co =47 pF 430
Output noise voltage 10Hz<f<100kHz, |Co=10pF 345 uvrms
ESRt=10Q C
0 =100 uF 220 ‘
PG hysteresis voltage V=6V 53 mV
PG output low voltage Vi=425V, Ipg=12mA 0.2 \

T ESR refers to the equivalent resistance including internal resistance and series resistance.
¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be

taken into account separately.
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092C — NOVEMBER 1994 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL REGIONS OF STABILITY TYPICAL REGIONS OF STABILITY
TOTAL ESR ) TOTAL ESR
vs vs
OUTPUT CURRENT OUTPUT CURRENT
100 : = S
— V| = VO(nom) +1V v
= . =VO(nom) + 1
- gg "_"':“7' S:pacnance No Input Capacitance
- . , | Co = 4.7 uF + 0.5 pF of
No Adgoeg Ceramic Capacitance Ceramic Capacitance
10
e} 10 a
1 I
[+ o«
& 8
] 5
2 2
1 1 |
0.1 0.1 ik i i e
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
1o - Output Current — mA o — Output Current - mA
Figure 34 Figure 35
TYPICAL REGIONS OF STABILITY TYPICAL REGIONS OF STABILITY
TOTAL ESR TOTAL ESR
vs vs
ADDED CERAMIC CAPACITANCE ADDED CERAMIC CAPACITANCE
100 = - - e , -

100 =

= Vi=Vo(nom) +1V
' No Input Capacitance

1= Vo(nom) + 1
No Input Capacitance

lo= 100 mA
Co =47 }lF
Ta = 25°C

10 o e s s
[e] - egion of Instability fe]
[ g 1
[+ [
& @
5 K]
e ©
1 1 I —
0.1 L ' - - o bl — -
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Ceramic Capacitance - pF Ceramic Capacitance — pF

Figure 36 Figure 37

%‘ TeEXAS
INSTRUMENTS

3-150 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092C — NOVEMBER 1994 — REVISED AUGUST 1995
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1ESR values below 0.1 Q are not recommended.
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Figure 42. Test Circuit for Typical Regions of Stability (Figures 39 through 46)
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THERMAL INFORMATION

In response to system-miniaturization trends, integrated circuits are being offered in low-profile and fine-pitch
surface-mount packages. Implementation of many of today’s high-performance devices in these packages requires
special attention to power dissipation. Many system-dependent issues such as thermal coupling, airflow, added heat
sinks and convection surfaces, and the presence of other heat-generating components affect the power-dissipation
limits of a given component.

Three basic approaches for enhancing thermal performance are illustrated in this discussion:
® Improving the power-dissipation capability of the PWB design
® |mproving the thermal coupling of the component to the PWB
® |ntroducing airflow in the system

Figure 43 is an example of a thermally enhanced PWB layout for the 20-lead TSSOP package. This layout involves
adding copper on the PWB to conduct heat away from the device. The Rgya for this component/board system is
illustrated in Figure 44. The family of curves illustrates the effect of increasing the size of the copper-heat-sink surface
area. The PWB is a standard FR4 board (L x W x H = 3.2 inch x 3.2 inch x 0.062 inch); the board traces and heat
sink area are 1-0z (per square foot) copper.

Figure 45 shows the thermal resistance for the same system with the addition of a thermally conductive compound
between the body of the TSSOP package and the PWB copper routed directly beneath the device. The thermal
conductivity for the compound used in this analysis is 0.815 W/m - °C.

Using these figures to determine the system Rgja allows the maximum power-dissipation limit to be calculated with
the equation:
~ Tymax) ~Ta

P =
D(max) F{()JA(system)
Where

Ty(max) is the maximum allowable junction temperature, (i.e., 150°C absolute maximum and
125°C maximum recommended operating temperature for specified operation).

This limit should then be applied to the internal power dissipated by the TPS71xx regulator. The equation for
calculating total internal power dissipation of the TPS71xx is:

PDtotal) = (Vi-Vo) o+ Vi lg

Because the quiescent current of the TPS71xx family is very low, the second term is negligible, further simplifying
the equation to:

Pptotal) = (Vi—Vo) 1o

For a 20-lead TSSOP/FR4 board system with thermally conductive compound between the board and the device
body, where Ta = 55°C, airflow = 100 ft/min, copper heat sink area = 1 cm2, the maximum power-dissipation limit can
be calculated. As indicated in Figure 45, the system Rga is 94°C/W; therefore, the maximum power-dissipation limit
is:

_ Tumax) ~ TA _ 1250 = 55°C _ e
ReJA(sys'(em) 94°C/W

I:’D(max)
If the system implements a TPS7148 regulator where V| = 6 V and | = 385 mA, the internal power dissipation is:

PD(total) = (V| - Vo) “lg = (6 —4.85) - 0.385 = 443 mW
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THERMAL INFORMATION

Comparing Pptetal) With Pp(max) reveals that the power dissipation in this example does not exceed the maximum
limit. When it does, one of two corrective actions can be taken. The power-dissipation limit can be raised by increasing
the airflow or the heat-sink area. Alternatively, the internal power dissipation of the regulator can be lowered by
reducing the input voltage or the load current. In either case, the above calculations should be repeated with the new
system parameters.

Copper Heat Sink
10zCu

Figure 43. Thermally Enhanced PWB Layout (not to scale) for the 20-Pin TSSOP
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APPLICATION INFORMATION

The TPS71xx series of low-dropout (LDO) regulators is designed to overcome many of the shortcomings of
earlier-generation LDOs, while adding features such as a power-saving shutdown mode and a power-good
indicator. The TPS71xx family includes three fixed-output voltage regulators: the TPS7133 (3.3 V), the TPS7148
(4.85 V), and the TPS7150 (5 V). The family also offers an adjustable device, the TPS7101 (adjustable from
1.2V 10 9.75 V).

device operation

The TPS71xx, unlike many other LDOs, features very low quiescent currents that remain virtually constant even
with varying loads. Conventional LDO regulators use a pnp-pass element, the base current of which is directly
proportional to the load current through the regulator (Ig = Ic/B). Close examination of the data sheets reveals
that those devices are typically specified under near no-load conditions; actual operating currents are much
higher as evidenced by typical quiescent current versus load current curves. The TPS71xx uses a PMOS
transistor to pass current; because the gate of the PMOS element is voltage driven, operating currents are low
and invariable over the full load range. The TPS71xx specifications reflect actual performance under load.

Another pitfall associated with the pnp-pass element is its tendency to saturate when the device goes into
dropout. The resulting drop in § forces an increase in Ig to maintain the load. During power up, this translates
to large start-up currents. Systems with limited supply current may fail to start up. In battery-powered systems,
it means rapid battery discharge when the voltage decays below the minimum required for regulation. The
TPS71xx quiescent current remains low even when the regulator drops out, eliminating both problems.

Included in the TPS71xx family is a 4.85-V regulator, the TPS7148. Designed specifically for 5-V cellular
systems, its 4.85-V output, regulated to within + 2%, allows for operation within the low-end limit of 5-V systems
specified to + 5% tolerance; therefore, maximum regulated operating lifetime is obtained from a battery pack
before the device drops out, adding crucial talk minutes between charges.

The TPS71xx family also features a shutdown mode that places the output in the high-impedance state
(essentially equal to the feedback-divider resistance) and reduces quiescent current to under 2 pA. If the
shutdown feature is not used, EN should be tied to ground. Response to an enable transition is quick; regulated
output voltage is reestablished in typically 120 ps.

minimum load requirements .

The TPS71xx family is stable even at zero load; no minimum load is required for operation.

SENSE-pin connection

The SENSE pin of fixed-output devices must be connected to the regulator output for proper functioning of the
regulator. Normally, this connection should be as short as possible; however, the connection can be made near
a critical circuit (remote sense) to improve performance at that point. Internally, SENSE connects to a
high-impedance wide-bandwidth amplifier through a resistor-divider network and noise pickup feeds through
to the regulator output. Routing the SENSE connection to minimize/avoid noise pickup is essential. Adding an
RC network between SENSE and OUT to filter noise is not recommended because it can cause the regulator
to oscillate.

external capacitor requirements

An input capacitor is not required; however, a ceramic bypass capacitor (0.047 pF to 0.1 uF) improves load
transient response and noise rejection if the TPS71xx is located more than a few inches from the power supply.
A higher-capacitance electrolytic capacitor may be necessary if large (hundreds of milliamps) load transients
with fast rise times are anticipated.
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APPLICATION INFORMATION

external capacitor requirements (continued)

As with most LDO regulators, the TPS71xx family requires an output capacitor for stability. A low-ESR 10-uF
solid-tantalum capacitor connected from the regulator output to ground is sufficient to ensure stability over the
full load range (see Figure 46). Adding high-frequency ceramic or film capacitors (such as power-supply bypass
capacitors for digital or analog ICs) can cause the regulator to become unstable unless the ESR of the tantalum
capacitor is less than 1.2 Q over temperature. Capacitors with published ESR specifications such as the
AVX TPSD106K035R0300 and the Sprague 593D106X0035D2W work well because the maximum ESR at
25°C is 300 mQ (typically, the ESR in solid-tantalum capacitors increases by a factor of 2 or less when the
‘temperature drops from 25°C to —40°C). Where component height and/or mounting area is a problem,
physically smaller, 10-uF devices can be screened for ESR. Figures 34 through 41 show the stable regions of
operation using different values of output capacitance with various values of ceramic load capacitance.

In applications with little or no high-frequency bypass capacitance (< 0.2 uF), the output capacitance can be
reduced to 4.7 uF, provided ESR is maintained between 0.7 and 2.5 Q. Because minimum capacitor ESR is
seldom if ever specified, it may be necessary to add a 0.5-Q to 1-Q resistor in series with the capacitor and limit
ESR to 1.5 Q maximum. As show in the ESR graphs (Figures 34 through 41), minimum ESR is not a problem
when using 10-uF or larger output capacitors.

Below is a partial listing of surface-mount capacitors usable with the TPS71xx family. This information (along
with the ESR graphs, Figures 34 through 41) is included to assist in selection of suitable capacitance for the
user’s application. When necessary to achieve low height requirements along with high output current and/or
high ceramic load capacitance, several higher ESR capacitors can be used in parallel to meet the guidelines
above.

All load and temperature conditions with up to 1 pF of added ceramic load capacitance:

PART NO. MFR. VALUE MAX ESRT  SIZE (H x L x W)t
T421C226M010AS Kemet 22 uF, 10V 0.5 2.8x6x3.2
593D156X0025D2W Sprague 15uF, 25V 0.3 28x73x43
593D106X0035D2W Sprague 10puF, 35V 0.3 2.8x7.3x43
TPSD106M035R0300 AVX 10 uF, 35V 0.3 28x7.3x4.3

Load < 200 mAf ceramic load capacitance < 0.2 uF, full temperature range:

PART NO. MFR. VALUE MAX ESRt  SIZE (H x L x W)t
592D156X0020R2T Sprague 15 puF, 20V 1.1 12x72x%x6
595D156X0025C2T Sprague 15puF, 25V 1 25x7.1x32
595D106X0025C2T Sprague 10 pF, 25V 1.2 25x7.1x32
293D226X0016D2W Sprague 22 uF, 16V 1.1 28x7.3x4.3

Load < 100 mA, ceramic load capacitance < 0.2 uF, full temperature range:

PART NO. MFR. VALUE MAX ESRT  SIZE (H x L x W)t
195D106X06R3V2T Sprague 10 uF, 6.3V 15 1.3x3.5x2.7
195D106X0016X2T Sprague 10 uF, 16V 15 1.3x7x27
595D156X0016B2T Sprague 15uF, 16V 1.8 1.6x3.8x2.6
695D226X0015F2T Sprague 22 pF, 15V 1.4 1.8x6.5x3.4
695D156X0020F2T Sprague 15uF, 20V 1.5 1.8x6.5x3.4
695D106X0035G2T Sprague 10 uF, 35V 1.3 25x7.6x25

1 Size is in mm. ESR is maximum resistance at 100 kHz and Tp = 25°C. Listings are sorted by height.
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APPLICATION INFORMATION

external capacitor requirements (continued)

vi
TPST1xxPW-20 %
vi—e 81 palZ PG
21N sense>
10 14 l v
o1 . IN  ouT T (¢]
01 F —ede ourfs] %
sov T~10uF
GND L
T |2 Ia S ESR
q

Figure 46. Typical Application Circuit

programming the TPS7101 adjustable LDO regulator

Programming the adjustable regulators is accomplished using an external resistor divider as shown in
Figure 9. The equation governing the output voltage is:

= {4+ R1
Vo = Vo (1 + Hz) A1)
where

Vyef = reference voltage, 1.178 V typ
Resistors R1 and R2 should be chosen for approximately 7-uA divider current. A recommended value for R2
is 169 kQ with R1 adjusted for the desired output voltage. Smaller resistors can be used, but offer no inherent

advantage and consume more power. Larger values of R1 and R2 should be avoided as leakage currents at
FB will introduce an error. Solving equation 1 for R1 yields a more useful equation for choosing the appropriate

resistance: )
\)
R1 = VQ- - -R2 2)
ref
v OUTPUT VOLTAGE
TPS7101 250 kQ PROGRAMMING GUIDE
? OUTPUT | o R2 | UNIT
- IN PG Power-Good VOLTAGE
0.1 pF == Indicator 25V 191 | 169 | ko
>27V = = ouT v 33V 309 169 kQ
‘ o

<0.4V + 36V 348 169 kQ

Ri 4V 402 169 kQ

FB 5V 549 | 169 kQ

GND A2 6.4V 750 | 169 kQ

Figure 47. TPS7101 Adjustable LDO Regulator Programming
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APPLICATION INFORMATION

power-good indicator

The TPS71xx features a power-good (PG) output that can be used to monitor the status of the regulator. The
internal comparator monitors the output voltage: when the output drops to between 92% and 98% of its nominal
regulated value, the PG output transistor turns on, taking the signal low. The open-drain output requires a pullup
resistor. If not used, it can be left floating. PG can be used to drive power-on reset circuitry or as a low-battery
indicator. PG does not assert itself when the regulated output voltage falls outside the specified 2% tolerance,
but instead reports an output voltage low, relative to its nominal regulated value.

regulator protection

The TPS71xx PMOS-pass transistor has a built-in back diode that safely conducts reverse currents when the
input voltage drops below the output voltage (e.g., during power down). Current is conducted from the output
to the input and is not internally limited. If extended reverse voltage is anticipated, external limiting may be
appropriate.

The TPS71xx also features internal current limiting and thermal protection. During normal operation, the
TPS71xx limits output current to approximately 1 A. When current limiting engages, the output voltage scales
back linearly until the overcurrent condition ends. While current limiting is designed to prevent gross device
failure, care should be taken nct to exceed the power dissipation ratings of the package. If the temperature of
the device exceeds 165°C, thermal-protection circuitry shuts it down. Once the device has cooled, regulator
operation resumes.
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® Thermally Enhanced Surface-Mount PWP PACKAGE
_Package (PWP) (TOP VIEW)
® High-Current (500-mA) LDO Regulator GND/HEATSINK 10 20 GND/HEATSINK
® Very Low-Dropout Voltage . . . Maximum of GND/HEATSINK [T 2 19 % GND/HEATSINK
60 mV at Ig = 100 mA : GND 3 18 NC
® Extremely Low Sleep-State Current NC LY+ 17 113 NC
EN s 16 1 PG
0.5 pA Max
IN [(IJe6 15 T SENSE
® 2% Output-Voltage Tolerance Over Full N 7 14 1 ouT
Range of Load, Line, and Temperature NC CLls 13 O out
® Output Current Range of 0 mA to 500 mA GND/HEATSINK [T 9 12 T GND/HEATSINK
® Power Good (PG) Status Output GND/HEATSINK [T 10 11 13 GND/HEATSINK
description NC - No internal connection
The TPS7133QPWP is a micropower low-dropout
(LDO) voltage regulator with a fixed 3.3-V output (mm mm]
voltage, rated for loads up to 500 mA. The device g_ﬂ 1
is ideal for applications that require 3.3 V from a mm
5-V supply, or a constant output from a battery, (- 1]
such as alkaline or lithium ion, that drops off (. Thermal mm|
considerably in voltage as it discharges. (- Pad [T
To maximize the advantage of its high-output- % %
current capability, the TPS7133QPWP is now . ]
offered in a new thermally enhanced surface- - |
mount power package. Designed to the same

dimensions as the 20-pin TSSOP (just 1.2 mm
high), the part has an innovative thermal pad,
which, when soldered to the printed-wiring board
(PWB), enables the device to dissipate several

Figure 1. Bottom View of PWP Package,
Showing the Thermal Pad

watts of power (see Figure 1 and Thermal 0.25 i
Information section). Ta=25°C
Using a PMOS transistor as the pass element 0.2

keeps the quiescent current very low and
constant, independent of output loading (typically
270 pA over the full range of output current, 0 mA
to 500 mA). Because the PMOS device also
behaves as a low-value resistor, the dropout is
very low — maximum of 60 mV at 100 mA. These
two key specifications yield a significant improve-
ment in operating life for battery-powered 0.05 /
systems. The LDO also features a sleep mode;

applying a TTL high signal to EN shuts down the

0.15 /

0.1 A /
/

Dropout Voltage - V

0
regulator, reducing the quiescent current to 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0.5 pA. 1o — Output Current — A
Figure 2. Typical Dropout Voltage Versus
Output Current
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AVAILABLE OPTIONST
OUTPUT VOLTAGE PACKAGED DEVICES ’
T V) CHIP FORM
x Y]
MIN TYP MAX THERMALLY-ENHANCED TSSOP )
(PWP)
~55°C to 150°C 3.23 33 337 TPS7133QPWPPWPLE i TPS7133Y

tThe PWP package is only available left-end taped and reeled (indicated by the LE suffix on the device type; e.g.,
TPS7133QPWPLE). The chip form is tested at 25°C.

TPS7133QPWP

vi

0.1 uF

t Capacitor selection is nontrivial. See application information section
for details.

Figure 3. Typical Application Configuration

i

out

functional block diagram

IN 4

ENd — ¢

SENSES

?7
|
15T

420 kQ

233 kQ

¢ ?
GN

Resistors are nominal values only.

D

¥ switch positions shown with EN active low.

§ For most applications, SENSE should be externally connected to OUT as close as possible to the
device. For other implementations, refer to SENSE-pin connection discussion in applications
information section.
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TPS7133Y chip information

This chip, when properly assembled, displays characteristics similar to the TPS7133QPWP. Thermal
compression or ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be.
mounted with conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

»
»

®.
(=)

A A A A A AR AN A AR

h 4 L
¢ 92 »
|||I|||III|I|I|I|I|l|l||‘l|l|Iil|]|||l|Illllllll'llI|Ill]lll}lllllllll!ill!lIllllll[l!lllllill
1 20
GND/HEATSINK —(L u—— GND/HEATSINK
_ ) (19) CHIP THICKNESS: 15 MILS TYPICAL
GND” ZATSINK ——— ——— GND/HEATSINK
3) (16) BONDING PADS: 4 x 4 MILS MINIMUM
GND ———— —— PG ‘
Tymax = 150°C
EN 6 (15) SENSE J
N ) TPS7133Y | (14) ouT TOLERANCES ARE +10%
ALL DIMENSIONS ARE IN MILS
IN ™ 13 ouT
) (12) TERMINALS 4, 8, 17, AND 18 ARE
GND/HEATSINK ——— GND/HEATSINK NOT CONNECTED
GND/HEATSINK ﬂ— m)—— GND/HEATSINK

“? Texas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-161
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MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Input voltage ranget, Vi, PG, SENSE, EN ........coiuiiiiiiie i -0.3t010V
OUutpUL CUITENE, 1 ..o e e i 2A
Continuous total power dissipation .............. ..., See Dissipation Rating Tables 1 and 2
Operating virtual junction temperaturerange, Ty ...........coiiiiiiii .. -55°C to 150°C
Storage temperature range, Tgtg -« ... vevvrneriin i -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .................coviiiiiiin.. 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.
¥ All voltage values are with respect to network terminal ground.

DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE (see Figure 4)8

PACKAGE Ta < 25°C DERATING FACTOR T =70°C T = 125°C
POWER RATING ABOVE Tp=25°C  POWER RATING POWER RATING
PWP 700 mW 5.6 MW/°C 448 mW 140 mW
DISSIPATION RATING TABLE 2 - CASE TEMPERATURE (see Figure 5)S
PACKAGE _ TC<625°C  DERATINGFACTOR  Tc=70°C Tc=125°C
POWER RATING ABOVE T =62.5°C POWER RATING POWER RATING
PWP 25 W 285.7 mW/°C 22.9W 71W

MAXIMUM CONTINUOUS DISSIPATIONS
vs vs
FREE-AIR TEMPERATURE CASE TEMPERATURE

" MAXIMUM CONTINUOUS DISSIPATIONS

800 30

700

/— Rgya=178°CW

T 1\

600 AN
500 \<\

20 \\

400 ™

300 \

15 \
. A\

200 \
N

coupled to an infinite heat sink with a

Pp- Maximum Continuous Dissipation - mW
Pp - Maximum Continuous Dissipation - W

ed with the exg thermal pk

N

\ 51 thermally conductive compound (the
100 thermal ivity of the p d
is 0.815 W/m - °C). The Rgyc is 3.5°C/W.
0 0 | | |
25 50 75 100 125 150 25 50 75 100 125 150
Ta - Free-Air Temperature - °C T¢ - Case Temperature - °C
Figure 4 Figure 5

§ Dissipation rating tables and figures are provided for maintenance of junction temperature at or below absolute maximum temperature of 150°C.

For guidelines on maintaining junction temperature within recommended operating range, see the Thermal Information section.

.
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MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS
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recommended operating conditions

MIN MAX | UNIT
Input voltage, V|t 3.77 10| V
High-level input voltage at EN, V| 2 v
Low-level input voltage at EN, Vi 0.5 \
Output current range, lo 0 500 mA
Operating virtual junction temperature range, Ty -40 125 °C

T Minimum input voltage defined in the recommended operating conditions is the maximum specified output voltage plus dropout voltage VDOI
at the maximum specified load range. Since dropout voltage is a function of output current, the usable range can be extended for lighter loads.
To calculate the minimum input voltage for your maximum output current, use the following equation:

Vimin) = Yo(max) * YDO(max load)

$This symbol is not currently listed within EIA or JEDEC standards for semiconductor symbology.

electrical characteristics at g = 10 mA, EN = 0 V, Cg = 4.7 uF/ESR¥ = 1 Q, SENSE shorted to OUT

(unless otherwise noted)

PARAMETER TEST CONDITIONSS Ty TPS7133QPWP UNIT
MIN  TYP MAX
' EN<O05YV, Vi=Vo+1V, 25°C 285 350
Ground current (active mode) 0< 1o < 500 mA I=Vo 20010 125C 260 pA
Input current (standby mode) EN=V, 27V<VI<10V il 95 HA
—40°C to 125°C 2
-~ 25°C 1.2 2
Output current limit Vo =0, V=10V A
—40°C to 125°C 2
- i _ 25°C 0.5
PG leakage current | Normal operation, Vpg =10V 25°C 0.02 0.5 pA
—40°C to 125°C 0.5
Output voltage temperature coefficient —40°C to 125°C 61 75 | ppm/°C
Thermal shutdown junction temperature 165 °C
EN logic high (standby mode) 25VsVi<6Y —40°C to 125°C 2 \%
6VsVi<10V 2.7
EN logic low (active mode) 27V<Vi<ioV 25°C 25 \
—40°C to 125°C 0.5
EN hysteresis voltage 25°C 50 mvV
EN input current o<Vi<ioVv 25°C 05 05 uA
—40°Ct0 125°C | -0.5 0.5
. . 25°C 2.05 2.5
Minimum V| for active pass element \'
—40°C to 125°C 2.5
1. ] 25°C 106. 1.5
Minimum V| for valid PG IpG = 300 pA \
—40°C to 125°C 1.9

§ ESR refers to the equivalent series resistance, including internal and external resistance.
1 Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be

taken into account separately.

i
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electrical characteristics atlo =10 mA, V| =4.3V,EN =0V, Co = 4.7 uF/ESRt = 1 Q, SENSE shorted
to OUT (unless otherwise noted)

PARAMETER TEST CONDITIONS¥ T, TPSTI33QPWP UNIT
- MIN __ TYP  MAX
V=43V, lo=10mA 25°C 3.3
Output voltage v
43V<Vi<10V, 5mA<Iip<500mA |-40°Cto 125°C 3.23 3.37
25°C 0.02 6
lo=10mA, V=323V
—-40°C to 125°C 8
D t vol lo =100 mA Vy=3.23V 25°C ail g0 Vv
= mA, =3. m
ropoutvoltage ° : Z40°C to 125°C 80
25°C 235 300
lo =500 mA, V=323V
-40°C to 125°C 400
- = 25°C 0.47 0.6
Pass-element series resistance (8.23V - Voo, Vi=3.23V, Q
lo =500 mA —40°C to 125°C 0.8
Input volt: lati Vi=43Vto10V, 50 pA <1p <500 mA 250 20 vV
nput voltage regulation =4, 0 , <lp< m, m
P geres . ! o —40°C to 125°C 27
25°C 21 38
lo=5mAto 500 mA, 43V<V|<10V mV
! —40°C to 125°C 75
Output voltage regulation
25°C 30 60
lo =50 pAto 500 mA, 4.3V<Vi<10V mV
—40°C to 125°C 120
o = 50 A 25°C 43 54
) o 0= ~40°C to 125°C 40
Ripple rejection f=120 Hz dB
25°C 39 49
10 = 500 mA
—40°C to 125°C 36
Output noise-spectral density | f = 120 Hz 25°C 2 uVAHZz
Co=47uF 25°C 274
. 10 Hz < f < 100 kHz, >
Output noise voltage ESRT=10 Co=10pF 25°C 228 puvrms
Co =100 pF 25°C © 159
PG trip-threshold voltage Vp voltage decreasing from above Vpg -40°C to 125°C VO(()ri?r:; V. O(()n?)?nj \
PG hysteresis voltage 25°C 35 mV
25°C 0.22 0.4
PG output low voltage Ipg =1mA, V=28V \
—40°C to 125°C 0.4

T ESR refers to the equivalent series resistance, including internal and external resistance.

¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.

P
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electrical characteristics atlg =10 mA, EN=0V, Co=4.7 uWF/ESR¥=1Q, T4=25°C, SENSE shorted
to OUT (unless otherwise noted)

PARAMETER . TEST CONDITIONSS TPST133Y UNIT
MIN TYP MAX
Ground current (active mode) 5’: %0555\80 mA Vi=Vo+1V. 285 pA
Output current limit Vo =0, V=10V 1.2 A
PG leakage current Normal operation, Vpg =10V 0.02 A
Thermal shutdown junction temperature 165 °C
EN hysteresis voltage 50 mv
Minimum V| for active pass element 2.05 \
Minimum V| for valid PG IpG = 300 A 1.06 \i

§ ESR refers to the equivalent series resistance, including internal and external resistance.
1 Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.

electrical characteristics atlo=10mA, V|=4.3V,EN=0V, Co = 4.7 uF/ESRt =1 Q, T = 25°C, SENSE
shorted to OUT (unless otherwise noted)

PARAMETER TEST CONDITIONS¥ TPS7133Y UNIT
MIN TYP MAX
Output voltage V=43V, lo=10mA 3.3 \"
1o =10 mA, V=323V 0.02
Dropout voltage Io = 100 mA, V|=323V 47 mV
lo =500 mA, V=323V 235
Pass-element series resistance Eg?_—ss\(/)o_ zg)/lo’ Vi=323V, 0.47 Q
i lo=5mAto500mA, 43V<V| <10V 21 mV
Output voltage regulation
lo=50uAto 500 mA, 4.3V<V <10V 30 mV
Ripple rejection f=120 Hz lo=50uA 54 dB
lo =500 mA 49
Output noise-spectral density f=120 Hz 2 uVAHz
Co=4.7yF 274
Output noise voltage :EOS:% if1591 00 kHz, Co=10pF 228 uVrms
Co =100 pF 159
PG hysteresis voltage 35 mV
PG output low voltage IpGg = 1mA, V=28V 0.22 \Y

T ESR refers to the equivalent series resistance, including internal and external resistance.
¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.
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TYPICAL CHARACTERISTICS
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1q - Quiescent Current -1 A

1q — Quiesent Current — 1 A

TYPICAL CHARACTERISTICS

QUIESCENT CURRENT QUIESCENT CURRENT
vs . vs
OUTPUT CURRENT INPUT VOLTAGE
e ] e
T =250c - =
aas | A7 =T asol. RL=100Q ]
3B vi=10v < 00 //
=5
[ /
325 = /
g 250 /
315 a3 /
€ 200
305 g /
2
205 g w
1
285 S 100 [
2751 Vj=43V 50
Il 1
265 | o
0 50 100 150 200 250 300 350 400 450 500 0 1 2 3 4 5 6 7 8 9 10
o — Output Current — mA V) - Input Voltage - V
Figure 6 Figure 7
QUIESCENT CURRENT DROPOUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE . OUTPUT CURRENT
400 T 0.3 T T
V| =43V TA = 25°C
Io=10mA
/| 0.25
350 7
yd 3
/ g 0.2
300 L k]
(<]
/ Z 015
3
/ 2
250 » &
/ 8 o1
200 0.05
150 o /
-50 =25 0 25 50 75 100 125 0 50 100 150 200 250 300 350 400 450 500
TA - Free-Air Temperature - °C lo — Output Current - mA
Figure 8 Figure 9
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T ESR values below 0.1 Q are not recommended.
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IN To Load

vi

t Ceramic capacitor

Figure 33. Test Circuit for Typical Regions of Stability (Figures 25 through 32)

THERMAL INFORMATION

The thermally enhanced PWP package is based on the 20-pin TSSOP, but includes a thermal pad [see Figure 34(c)]
to provide an effective thermal contact between the IC and the PWB.

Traditionally, surface mount and power have been mutually exclusive terms. A variety of scaled-down TO220-type
packages have leads formed as gull wings to make them applicable for surface-mount applications. These packages,
however, suffer from several shortcomings: they do not address the very low profile requirements (<2 mm) of many
of today’s advanced systems, and they do not offer a pin-count high enough to accommodate increasing integration.
On the other hand, traditional low-power surface-mount packages require power-dissipation derating that severely
limits the usable range of many high-performance analog circuits.

The PWP package (thermally enhanced TSSOP) combines fine-pitch surface-mount technology with thermal
performance comparable to much larger power packages.

The PWP package is designed to optimize the heat transfer to the PWB. Because of the very small size and limited
mass of a TSSOP package, thermal enhancement s achieved by improving the thermal conduction paths that remove
heat from the component. The thermal pad is formed using a lead-frame design (patent pending) and manufacturing
technique to provide the user with direct connection to the heat-generating IC. When this pad is soldered or otherwise
coupled to an external heat dissipator, high power dissipation in the ultrathin, fine-pitch, surface-mount package can
be reliably achieved.

] \

DIE

Side View (a) Thermal

Pad

W sNw =P

End View (b)

HAHAAAHAAHS
HEBOdHbEDED

Bottom View (c)

Figure 34. Views of Thermally Enhanced PWP Package
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Because the conduction path has been enhanced, power-dissipation capability is determined by the thermal
considerations in the PWB design. For example, simply adding a localized copper plane (heat-sink surface), which
is coupled to the thermal pad, enables the PWP package to dissipate 2.5 W in free air (reference Figure 36(a), 8 cm2
of Cu heat sink and natural convection). Increasing the heat-sink size increases the power dissipation range for the
component. The power dissipation limit can be further improved by adding airflow to a PWB/IC assembly (see
Figures 35 and 36). The line drawn at 0.3 cm2 in Figures 35 and 36 indicates performance at the minimum
recommended heat-sink size, illustrated in Figure 38.

The thermal padis directly connected to the substrate of the IC, which forthe TPS7133QPWP is a secondary electrical
connection to device ground. The heat-sink surface thatis added to the PWB can be a ground plane or left electrically
isolated. In other TO220-type surface-mount packages, the thermal connection is also the primary electrical
connection for a given terminal which is not always ground. The PWP package provides up to 12 independent leads
that can be used as inputs and outputs (Note: leads 1, 2, 9, 10, 11, 12, 19, and 20 are internally connected to the
thermal pad and the IC substrate).

THERMAL RESISTANCE
vs
COPPER HEAT-SINK AREA
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Figure 36. Power Ratings of the PWP Package at Ambient Temperatures of 25°C, 55°C, and 105°C
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Figure 37 is an example of a thermally enhanced PWB layout for use with the new PWP package. This board
configuration was used in the thermal experiments that generated the power ratings shown in Figures 35 and 36. As
discussed earlier, copper has been added on the PWB to conduct heat away from the device. Rgya for this assembly
is illustrated in Figure 35 as a function of heat-sink area. A family of curves is included to illustrate the effect of airflow
introduced into the system.

Heat-Sink Area
1 oz Copper
’ Board thickness 62 mils
Board material FR4
Cu trace/heat sink 1oz
Exposed pad mounting 63/67 tin/lead solder

|
|
|
|
|
|
| Board size 3.2in.x3.2in.
|
|
|
|
|
|

Figure 37. PWB‘ Layout (Including Cu Heatsink Area) for Thermally Enhanced PWP Package

From Figure 35, Rgya for a PWB assembly can be determined and used to calculate the maximum power-dissipation
limit for the component/PWB assembly, with the equation:
T Jmax — T A

P =
D(max) R‘eJA(system)

Where

Tymax is the maximum specified junction temperature (150°C absolute maximum limit, 125°C recommended
operating limit) and Ty is the ambient temperature.

PD(max) should then be applied to the internal power dissipated by the TPS7133QPWP regulator. The equation for
calculating total internal power dissipation of the TPS7133QPWP is:

Pogtotal) = (V1 = Vo) "lo + Vi ' Iq
Since the quiescent current of the TPS7133QPWP is very low, the second term is negligible, further simplifying the
equation to:

Pogota = (Vi = Vo) o

For the case where Tp = 55°C, airflow = 200 ft/min, copper heat-sink area = 4 cm2, the maximum power-dissipation
limit can be calculated. First;, from Figure 35, we find the system Rgjp is 50°C/W; therefore, the maximum
power-dissipation limit is:

_ M~ TA _125°C —55°C _ 4,
I:KGJA(system) 50°C/W

PD(max)
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If the system implements a TPS7133QPWP regulator, where V| =6 V and g = 500 mA, the internal power dissipation
is: :

PD(total) = (Vi-Vo) 1g=(6-33)-05=135W

Comparing Pptotal) With Pp(max) reveals that the power dissipation in this example does not exceed the calculated
limit. When it does, one of two corrective actions should be made: raising the power-dissipation limit by increasing
the airflow or the heat-sink area, or lowering the internal power dissipation of the regulator by reducing the input
voltage orthe load current. In either case, the above calculations should be repeated with the new system parameters.

mounting information

Since the thermal pad is not a primary connection for an electrical signal, the importance of the electrical
connection is not significant. The primary requirement is to complete the thermal contact between the thermal
pad and the PWB metal. The thermal pad is a solderable surface and is fully intended to be soldered at the time
the component is mounted. Although voiding in the thermal-pad solder-connection is not desirable, up to 50%
voiding is acceptable. The data included in Figures 35 and 36 is for soldered connections with voiding between
20% and 50%. The thermal analysis shows no significant difference resulting from the variation in voiding

percentage. ,

Figure 38 shows the solder-mask land pattern for Minimum Recommended Location of Exposed
the PWP package. The minimum recommended Heat-Sink Area T"'e"“g' ":d on
heat-sink area is also illustrated. This is simply a l Pyp ackage

copper plane under the body extent of the
package, including metal routed under terminals
1,2,9,10, 11, 12, 19, and 20. 0.27 mm

reliability information L

|
This section includes demonstrated reliability test | {
results obtained from the qualification program. -4 I
Accelerated tests are performed at high-stress |-_'_"|:| |
conditions so that product reliability can be |
established during a relatively short test duration. ‘ '%':’ |
Specific stress conditions are chosen to represent —t—
accelerated versions of various device- —
application environments and allow meaningful
extrapolation to normal operating conditions.

Figure 38. PWP Package Land Pattern
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component level reliability test results

preconditioning )
Preconditioning of components prior to reliability testing is employed to simulate the actual board assembly
process used by the customer. This ensures that reliability test results are more representative of those that
would be seen in the final application. The general form of the preconditioning sequence includes a moisture
soak followed by multiple vapor-phase-refiow or infrared-reflow solder exposures. All components used in the
following reliability tests were preconditioned in accordance with JEDEC Test Method A113 for Level 1 (not
moisture-sensitive) products.

high-temperature life test

High-temperature life testing is used to demonstrate long-term reliability of the product under bias. The potential
failure mechanisms evaluated with this stress are those associated with dielectric integrity and design or
process sensitivity to mobile-ion phenomena. Components are tested at an elevated ambient temperature of
155°C for an extended period. Results are derated using the Arrhenius equation to an equivalent number of unit
hours at a representative application temperature. The corresponding predicted failure rate is expressedin FITs,
or failures per billion device-hours. The failure rate shown in this case is data-limited since no actual failures
were experienced during qualification testing.

PREDICTED LONG-TERM FAILURE RATE
Number of Units | Equivalent Unit Hours at 55°C and 0.7 eV | FiTs at 50% CL
325 24,468,090 36.2

biased humidity test

Biased humidity testing is used to evaluate the effects of moisture penetration on plastic-encapsulated devices
under bias. This stress verifies the integrity of the package construction and the die passivation system. The
primary potential failure mechanism is electrolytic corrosion. Components are biased in a low power state to
reduce heat dissipation and are subjected to a 120°C, 85%-relative-humidity environment for 100 hours.

BIASED HUMIDITY TEST RESULTS
Equivalent Unit Hours at 85°C and 85% RH | Failures
357,000 0

autoclave test

The autoclave stress is used to assess the capabilities of the die and package construction materials with
respect to moisture ingress and extended exposure. Predominant failure mechanisms include leakage currents
that result from internal moisture accumulation and galvanic corrosion resulting from reactions with any present
ionic contaminants. Components are subjected to a 121°C, 15 PSIG, 100%-relative-humidity environment for

240 hours.
AUTOCLAVE TEST RESULTS
Total Unit Hours Failures
54,720 0
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thermal shock test

Thermal shock testing is used to evaluate the capability of the component to withstand mechanical stress
resulting from differences in thermal coefficients of expansion among the die and package construction
materials. Failure mechanisms are typically related to physical damage at interface locations between different
materials. Components are cycled between —65°C and 150°C in liquid mediums for a total duration of 1000

cycles.
THERMAL SHOCK TEST RESULTS
Total Unit Cycles Failures
345,000 0

PWB assembly level reliability results
temperature cycle test

Temperature cycle testing of the PWB assembly is used to evaluate the capability of the assembly to withstand
‘mechanical stress resulting from the differences in thermal coefficients of expansion among die, package, and
PWB board materials. This testing is also used to sufficiently age the soldered thermal connection between the
thermal pad and the Cu trace on the FR4 board and evaluate the degradation of the thermal resistance for a
board-mounted test unit. The assemblies were cycled between temperature extremes of —40°C and 125°C for
a total duration of 730 cycles.

TEMPERATURE CYCLE TEST RESULTS
Total Unit Cycles Failures Average Change in RgjA(system)
36,500 0 -0.41%

solderability test
Solderability testing is used to simulate actual board-mount performance in a reflow process.

Solderability testing is conducted as follows: The test devices are first steam-aged for 8 hours. A stencil is used
to apply a solder-paste terminal pattern on a ceramic substrate (nominal stencil thickness is 0.005 inch). The
test units are manually placed on the solder-paste footprint with proper implements to avoid contamination. The
ceramic substrate and components are subjected to the IR reflow process as follows:

IR REFLOW PROCESS
PREHEAT SOAK REFLOW
Temperature 150°C to 170°C 215°C to 230°C
Time 60 sec 60 sec

After cooling to room temperature, the component is removed from the ceramic substrate and the component
terminals are subjected to visual inspection at 10X magnification.

Test results are acceptable if all terminations exhibit a continuous solder coating free of defects for a minimum
95% of the critical surface area of any individual termination. Causes for rejection include: dewetting,
nonwetting, and pin holes. The component leads and the exposed thermal pad were evaluated against this

criteria.
SOLDERABILITY TEST RESULTS
Number of Test Units Failures
22 0
X-ray test

X-ray testing is used to examine and quéntify the voiding of the soldered attachment between the thermal pad
and the PWB copper trace. Voiding between 20% and 50% was observed on a 49-piece sample.
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The TPS7133QPWP low-dropout (LDO) regulator is designed to overcome many of the shortcomings of
earlier-generation LDOs, while adding features such as a power-saving shutdown mode and a power-good
indicator.

device operation

The TPS7133QPWP, unlike many other LDOs, features very low quiescent currents that remain virtually
constant even with varying loads. Conventional LDO regulators use a pnp-pass element, the base current of
which is directly proportional to the load current through the regulator (Ig = Ig/B). Close examination of the data
sheets reveals that those devices are typically specified under near no-load conditions; actual operating
currents are much higher as evidenced by typical quiescent-current versus load-current curves. The
TPS7133QPWP uses a PMOS transistor to pass current; because the gate of the PMOS element is voltage
driven, operating currents are low and invariable over the full load range. The TPS7133QPWP specifications
reflect actual performance under load.

Another pitfall associated with the pnp-pass element is its tendency to saturate when the device goes into
dropout. The resulting drop in B forces an increase in Ig to maintain the load. During power up, this translates
to large start-up currents. Systems with limited supply current may fail to start up. In battery-powered systems,
it means rapid battery discharge when the voltage decays below the minimum required for regulation. The
TPS7133QPWP quiescent current remains low even when the regulator drops out; eliminating both problems.

The TPS7133QPWP also features a shutdown mode that places the output in the high-impedance state
(essentially equal to the feedback-divider resistance) and reduces quiescent current to under 2 uA. ENiis pulled
down internally, requiring no external connection for continuous operation. Response to an enable transition is
quick; regulated output voltage is reestablished in typically 120 ps.

minimum load requirements

The TPS7133QPWP is stable even at zero load; no minimum load is required for operation.

sense-pin connection

The SENSE pin must be connected to the regulator output for proper functioning of the regulator. Normally, this
connection should be as short as possible; however, the connection can be made near a critical circuit (remote
sense) to improve performance at that point. Internally, SENSE connects to a high-impedance wide-bandwidth
amplifier through a resistor-divider network and noise pickup feeds through to the regulator output. Routing the
SENSE connection to minimize/avoid noise pickup is essential. Adding an RC network between SENSE and
QOUT to filter noise is not recommended because it can cause the regulator to oscillate.

external capacitor requirements

An input capacitor is not required; however, a ceramic bypass capacitor (0.047-pF to 0.1-uF) improves load
transient response and noise rejection if the TPS7133QPWP is located more than a few inches from the power
supply. A higher-capacitance electrolytic capacitor may be necessary if large (hundreds of milliamps) load
transients with fast rise times are anticipated.

As with most LDO regulators, the TPS7133QPWP requires an output capacitor for stability. A low-ESR 10-uF
solid-tantalum capacitor connected from the regulator output to ground is sufficient to ensure stability over the
full load range (see Figure 39). Adding high-frequency ceramic or film capacitors (such as power-supply bypass
capacitors for digital or analog ICs) can cause the regulator to become unstable unless the ESR of the tantalurg
capacitor is less than 1.2 Q over temperature. Capacitors with published ESR specifications such as the
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APPLICATION INFORMATION

AVX TPSD106K035R0300 and the Sprague 593D106X0035D2W work well because the maximum ESR at
25°C is 300 mQ (typically, the ESR in solid-tantalum capacitors increases by a factor of 2 or less when the
temperature drops from 25°C to —40°C). Where component height and/or mounting area is a problem,
physically smaller, 10-uF devices can be screened for ESR. Figures 25 through 32 show the stable regions of
operation using different values of output capacitance with various values of ceramic load capacitance.

In applications with little or no high-frequency bypass capacitance (< 0.2 uF), the output capacitance can be
reduced to 4.7 puF, provided ESR is maintained between 0.7 and 2.5 Q. Because minimum capacitor ESR is
seldom if ever specified, it may be necessary to add a 0.5-Q to 1-Q resistor in series with the capacitor and limit
ESR to 1.5 Q maximum. As shown in the ESR graphs (Figures 25 through 32), minimum ESR is not a problem
when using 10-uF or larger output capacitors.

Below is a partial listing of surface-mount capacitors usable with the TPS7133QPWP. This information (along
with the ESR graphs, Figures 25 through 32) is included to assist in selection of suitable capacitance for the
user’s application. When necessary to achieve low height requirements along with high output current and/or
high ceramic load capacitance, several higher ESR capacitors can be used in parallel to meet the guidelines
above.

All load and temperature conditions with up to 1 uF of added ceramic load capacitance:

PART NO. MFR. VALUE MAX ESRT  SIZE (H x L x W)t
T421C226MO10AS Kemet 22 pF, 10V 0.5 2.8x6x32
593D156X0025D2W Sprague 15uF, 25V 0.3 28x73x4.3
593D106X0035D2W Sprague 10 uF, 35V 0.3 2.8x73x4.3
TPSD106M035R0300 AVX 10 uF, 35V 0.3 28x7.3x43

Load < 200 mA, ceramic load capacitance < 0.2 pF, full temperature range:

PART NO. MFR.  VALUE MAX ESRT  SIZE (H x L x W)t
592D156X0020R2T Sprague 15 pF, 20 V 1.1 12x72%x6
595D156X0025C2T Sprague 15 pF, 25V 1 25%x7.1x32
595D106X0025C2T Sprague 10 pF, 25V 1.2 25%x7.1x32
293D226X0016D2W Sprague 22 uF, 16 V 11 28x7.3x4.3

Load < 100 mA, ceramic load capacitance < 0.2 uF, full temperature range:

PART NO. MFR. VALUE MAX ESRT  SIZE (H x L x W)t
195D106X06R3V2T Sprague 10 uF, 6.3V 1.5 1.3x35x2.7
195D106X0016X2T Sprague 10 uF, 16V 1.5 1.3x7x2.7
595D156X0016B2T Sprague 15uF, 16V 1.8 1.6x3.8x26
695D226X0015F2T Sprague 22 uF, 15V 1.4 1.8x6.5x3.4
695D156X0020F2T Sprague 15uF, 20V 15 1.8x6.5%x34
695D106X0035G2T Sprague 10 uF, 35V 1.3 25x7.6%x25

1 Size is in mm. ESR is maximum 'resistance at 100 kHz and Tp = 25°C. Listings are sorted by height.
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APPLICATION INFORMATION

external capacitor requirements (continued)

TPS7133QPWP
6
Vi IN PG 16 PG
7 15
IN SENSE
14, v
c1 ouT * * o
_ 13
0.1 uF —3dEN  our
sov _£1oc|=°
GND K
3 § ESR

AH—

Figure 39. Typical Application Circuit

power-good indicator

The TPS7133QPWP features a power-good (PG) output that can be used to monitor the status of the regulator.
The internal comparator monitors the output voltage: when the output drops to between 92% and 98% of its
nominal regulated value, the PG output transistor turns on, taking the signal low. The open-drain output requires
a pullup resistor. If not used, it can be left floating. PG can be used to drive power-on reset circuitry or used as
a low-battery indicator. PG does not assert itself when the regulated output voltage falls out of the specified 2%
tolerance, but instead reports an output voltage low, relative to its nominal regulated value.

regulator protection

The TPS7133QPWP PMOS-pass transistor has a built-in back diode that safely conducts reverse currents
when the input voltage drops below the output voltage (e.g., during power down). Current is conducted from
the output to the input and is not internally limited. If extended reverse voltage is anticipated, external limiting
may be appropriate.

The TPS7133QPWP also features internal current limiting and thermal protection. During normal operation, the
TPS7133QPWP limits output current to approximately 1 A. When current limiting engages, the output voltage
scales back linearly until the overcurrent condition ends. While current limiting is designed to prevent gross
device failure, care should be taken not to exceed the power dissipation ratings of the package. If the
temperature of the device exceeds 165°C, thermal-protection circuitry shuts it down. Once the device has
cooled, regulator operation resumes.
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® Available in 5-V, 4.85-V, and 3.3-V : D PACKAGE
Fixed-Output and Adjustable Versions (TOP VIEW)
® Dropout Voltage <85 mV Max at SENSET/FBE [] 1 s[lout
lo = 100 mA (TPS7250) pa [l 2 7flour
® Low Quiescent Current, Independent of GND[]s “s[lIN
Load, 155 pA Typ EN[l4 s[l1IN
® 8-Pin SOIC and 8-Pin TSSOP Package
(Product Preview)
PW PACKAGE
® Output Regulated to +2% Over Full (TOP VIEW)
Operating Range for Fixed-Output Versions
® Extremely Low Sleep-State Current, SENSETFBY[{1  «sllOUT
0.5 uA Max . PG E 2 _svzeflout
® Power-Good (PG) Status Output ‘ GND [ a®c s [IIN
EN 4% s[]IN
description _ )
T SENSE - Fixed voltage options only
The TPS72xx family of low-dropout (LDO) voltage " gBP_sZ%?:S’tzggﬁ‘:g{;“gnﬁlpg{?ss;’z) of)
regulators offers the benefits of low-dropout
voltage, micropower operation and miniaturized 400 T
packaging. These regulators feature extremely Ta=25C /
low dropout voltages and quiescent currents 350
compared to conventional LDO regulators.
Offered in small-outline integrated-circuit (SOIC) 300
packages and (product preview only) 8-terminal :
thin shrink small-outline (TSSOP), the TPS72xx 2 250
series devices are ideal for cost-sensitive designs § TPS723}//
and where board space is at a premium. 5 200 TPS7248 //
A combination of new circuit design and process & 5 A1~
innovation has enabled the usual pnp pass "',‘ //'
tBransistor rtlo g:n éesplaced by a PMOS device. >g 100 Ve - A
ecause the pass element behaves as a
low-value resistor, the dropout voltage is very low / /Asnso
— maximum of 85 mV at 100 mA of load current 50 ~
(TPS7250) — and is directly proportional to the
load current (see Figure 1). Since the PMOS pass °o 50 100 150 200 250
element is a voltage-driven device, the quiescent Io — Output Current - mA
current is very low (300 pA maximum) and is
stable over the entire range of output load current Figure 1. Typical Dropout Voltage Versus
(0 mA to 250 mA). Intended for use in portable Output Current

systems such as laptops and cellular phones, the
low-dropout voltage feature and micropower
operation result in a significant increase in system
battery operating life.

of development. ‘mexsla.tus of each de;le; is In;lcamd.;n the p;;e(s) H
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AVAILABLE OPTIONS
OUTPUT VOLTAGE PACKAGED DEVICES
- v CHIP FORM
SMALL OUTLINE TSSOP.; ™
MIN  TYP MAX
NoTYP ©) Wy,
4.9 5 51| TPS7250QD TPS72600PWEE |  TPS7250Y
475 485 4.95| TPS7248QD TPETRABQRWLE | TPS7248Y
-55°Ct0150°C | 323 33 337| TPS7233QD  [/TRS72@3QPWLE | TPS7233Y
Adijustable§
12V 100,75V TPS7201QD TPE72010PWLE | TPST201Y

The D package is available taped and reeled. Add R suffix to device type (e.g., TPS7250QDR). The PW package
is only available left-end taped and reeled. The TPS7201Q is programmable using an external resistor divider (see
application information). The chip form is tested at 25°C.

description (continued)

The TPS72xx also features a logic-enabled sleep mode to shut down the regulator, reducing quiescent current
to 0.5 A maximum at T j = 25°C. Other features include a power-good function that reports low output voltage

and may be used to implement a power-on reset or a low-battery indicator.

The TPS72xx is offered in 3.3-V, 4.85-V, and 5-V fixed-voltage versions and in an adjustable version
(programmable over the range of 1.2 V to 9.75 V). Output voltage tolerance is specified as a maximum of 2%

over line, load, and temperature ranges (3% for adjustable version).

5
vi
6
4
0.1 pF T~ .

Vi
TPS72xx %
IN pal2 PG
1
IN SENSE ——l
7 &
out * Vo
— 8
EN out F——————— -
C
GND = (sge Note A) :
+
T~ 10 uF
| SESR |
L d

NOTE A. Capacitor selection

is nontrivial. See

information section for details.

application

Figure 2. Typical Application Configuration
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TPS72xx chip information

These chips, when properly assembled, display characteristics similar to the TPS72xxQ. Thermal compression
or ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

N

K-

[3)
~

Lt e b i

le
|"

69

|I'l'|lIIl|III'lli|llI|lll||||Il|||||I|I|l|l|l|l|l|l|||||l|l|l

L SENSE?
N —&) | (C——
- _—(_21- TPS72xx @) out
D pg
To
GND

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tgmax = 150°C
TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

1 Fixed-voltage options only (TPS7233, TPS7248, and

TPS7250)

¥ Adjustable version only (TPS7201)
NOTE A. For most applications, OUT and SENSE should

be tied together as close as possible to the device;
for other implementations, refer to SENSE-pin
the application

connection

discussion
information section of this data sheet.

in

functional block diagram

| Vref=1.188 V |

1

GND

RESISTOR DIVIDER OPTIONS

DEVICE R1 R2 UNIT
TPS7201 0 o0 Q
TPS7233 420 233 kQ

PG TPs7248 | 726 | 233 | ko
TPS7250 756 233 kQ

NOTE : Resistors are nominal values only.
ouT
SENSE1/FB

T For most applications, SENSE should be externally connected to OUT as close as possible to the device. For other implementations, refer
to the SENSE-pin connection discussion in application information section.
¥ Switch positions are shown with EN low (active).
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Input voltage ranget, V|, PG, SENSE,EN ................ccovvennnn e -0.3t010V
OUtPUL CUITENE, IO ..o oo i i e 1.5A
Continuous total power dissipation ................ e See Dissipation Rating Tables 1 and 2
Operating virtual junction temperaturerange, Ty ..., -55°C to 150°C
Storage temperature range, Tayg -+« o vvrnneerii e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ............. ..., 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.

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

. Pp— Maximum Continuous Dissipation - mW

DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE (see Note 1 and Figure 3)

PACKAGE TA<25°C DERATING FACTOR TA =70°C TA =85°C Ta =125°C
POWER RATING ABOVE Tpo=25°C  POWER RATING POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 377 mW 145 mW
PW§ 525 mW 4.2 mW/°C 336 mW 273 mW 106 mW
DISSIPATION RATING TABLE 2 ~ CASE TEMPERATURE (see Note 1 and Figure 4)
PACKAGE Tc<25°C DERATING FACTOR - Tc=70°C Tc=85°C Tc=125°C
POWER RATING ABOVE Tc=25°C ° POWER RATING POWER RATING POWER RATING
D 2063 mW 16.5 mW/°C 1320 mwW 1073 mW 413 mW
PW§ 2900 mW 23.2 mW/°C 1856 mW 1508 mW 580 mW

§ The PW package information is product preview only and is not yet available.

NOTE 1: Dissipation rating tables and figures are provided for maintenance of junction temperature at or below absolute
maximum of 150°C. For guidelines on maintaining junction temperature within the recommended operating range,
see application information section.

MAXIMUM CONTINUOUS DISSIPATION MAXIMUM CONTINUOUS DISSIPATION
Vs vs
FREE-AIR TEMPERATURE ' CASE TEMPERATURE
800 3000
3
700 [\ E
\ 5 2500 \
o0 \\ £ N \ %
8 2000 P
500 PN D Package a8 PW ﬁﬁ’k’gﬁé
\ \ RoJa = 172°CIW ) \ Reé;’qfﬁ@-ﬁcm
400 ™ AN 3 1500 AN =
\ \ g N \
300 AT N o \ N
Ny g 1000
PWg %Bﬁge\\ H D Package™
200 —— Rg = 238°C/W \ % Rgyc = 60.6°C/W \
S N = 500 R
100 a
a
o 0
25 50 75 100 125 150 25 50 ° 75 100 125 150
TA — Free-Air Temperature - °C Tc — Case Temperature - °C
Figure 3 Figure 4
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recommended operating conditions

MIN MAX | UNIT
TPS7201Q 25 10
TPS7233Q 3.98 10
Input voltage, V|t v
TPS7248Q 5.24 10
TPS7250Q 5.41 10
High-level input voltage at EN, V|4 2 \Y
Low-level input voltage at EN, Vi 0.5 v
Output current, Io 0 250 | mA
Operating virtual junction temperature, Ty -40 125 °C

T Minimum input voltage defined in the recommended operating conditions is the maximum specified output voltage plus dropout voltage at the

maximum specified load range. Since dropout voltage is a function of output current, the usable range can be extended for lighter loads. To

calculate the minimum input voltage for the maximum load current used in a given application, use the following equation:

Vi(min) = Yo(max) * VDO(max load)

Because the TPS7201 is programmable, 'DS(on) should be used to calculate Vpo before applying the above equation. The equation for
calculating Vpo from rpgon) is given in Note 3 under the TPS7201 electrical characteristics table. The minimum value of 2.5 V is the absolute

lower limit for the recommended input-voltage range for the TPS7201.
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electrical characteristics, lg=10mA,EN=0V, Co=4.7 uF (CSRT=10), SENSEIFB shorted to OUT
(unless otherwise noted)

TPS7201Q, TPS7233Q
PARAMETER TEST CONDITIONS# Ty TPS7248Q, TPS7250Q | yniT
MIN TYP MAX
EN = 25°C 180 225
Ground current (active mode) EN<05V, V|=Vp+1V,
0mA<lp <250 mA —40°C to 125°C 325
Input current (standby mode) EN=V 27VEVi<10V 25C __ 95
= 7VLV|<
P y b ! . |-40°Cto 125°C 1
o 25°C 06 1
Output current limit threshold Vo=0V, V=10V A
—40°C to 125°C 15
Pass-element leakage current = 25°C 0.5
in standby mode EN=V, 2TV SV 10V 0 1950 1 HA
PG leak t vV 10V, Normal i 25C 95 A
=10V, Normal operation
eakage curren PG pe —40°C 10 125°C 05| "
Output voltage temperature coefficient —40°C to 125°C 31 75 | ppm/°C
Thermal shutdown junction temperature . 165 °C
EN logic high (standby mode) 2oV=Vi=8Y 40°C to 125°C 2 v
ogic high (standby mode) BV<V|<10V 27
EN logic low (active mod 27V<Vi<10V 25°C 051 v
logic low (active mode) JV<Vs 00 10 125°C 05
EN hysteresis voltage 25°C 50 : mVv
EN input t ovVsVi<10V k 25°C —05 05 A
input currem e ~20°C10125°C | -05 os| "
- ] 25°C ' 19 25
Minimum V| for active pass element \'
—40°C to 125°C 25
.. . 25°C 0.95 15
Minimum V| for valid PG IpG =300 pA \
—40°C to 125°C 1.9

T CSR(compensation series resistance) refers to the total series resistance, including the equivalent series resistance (ESR) of the capacitor, any
series resistance added externally, and PWB trace resistance to CQ.

¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.
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TPS7201Q electrical characteristics, o = 10 mA, V|=3.5V,EN=0V, Cg = 4.7 uF (CSRT =1 Q), FB
shorted to OUT at device leads (unless otherwise noted)

PARAMETER TEST CONDITIONS¥ T, TPS7201Q UNIT
J MIN _ TYP  MAX
V|=35V, lo=10mA 25°C 1.188 %
Reference voltage (measured at
FB with OUT connected to FB) |25V sVi<10V, SmA<Io<250mA, | 0ot 125°C | 1.152 1224 v
See Note 2
Refe!'e'nce voltage temperature _40°C to 125°C 31 75 | ppmC
coefficient
25°C 2.1 4.2
V=24V, 50 pA < 1o < 100 mA
—40°C to 125°C 4.8
25°C 2.9 4.4
Vi=24V, 100 mA < I <200 mA - -
Pass-element series resistance —40°C to 125°C 4.6 o
(see Note 3) 25°C 1.6 2.7
V=29V, 50 pA < 1p £250 mA
—40°C to 125°C 4.5
Vi=39V, 50 pA < 1o < 250 mA 25°C 1
V=59V, 50 pA <lp £250 mA 25°C 0.8
- 25°C 23
Input regulation Vi=25Vto 10V, 50 pA < lo < 250 mA, mv
See Note 2 —40°C to 125°C 36
lo=5mAt0250mA, 25V<V|<10V, 25°C 15 25
! See Note 2 -40°C to 125°C 36
Output regulation - mV
I, =50 A to 250 mA, 25V < V<10V, 25°C 17 27
See Note 2 —40°C to 125°C 43
| 50 uA 25°C 49 60
) o ' 0= —40°C to 125°C 32
Ripple rejection f=120 Hz dB
10 =250 mA, 25°C 45 50
See Note 2 —40°C to 125°C 30
Output noise spectral density f=120 Hz 25°C 2 UVAHz
Co=47yF 25°C 235
. 10 Hz < f < 100 kHz, — o
Output noise voltage CcsRt=19 Co=10pF 25°C 190 uVrms
Co =100 pF 25°C 125
PG trip-threshold voltage§ VERB voltage decreasing from above Vpg —40°C to 125°C VFB(()r'i)?n); \
PG hysteresis voltage$ Measured at VFg 25°C 12 mV
PG output I Itage$ I 400 pA. V|=213V 25°C o1 941
output low voltage = y =c.
P 9 PG=T0H : —40°C 1o 125°C 04
) 25°C -10 0.1 10
FB input current nA
—40°C to 125°C -20 20

t CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance
to Co.
1 Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.
§ Output voltage programmed to 2.5 V with closed-loop configuration (see application information).
NOTES: 2. WhenV|<2.9Vandlp> 100 mA simultaneously, pass element DS(on) increases (see Figure 10) to a point such that the resulting
dropout voltage prevents the regulator from maintaining the specified tolerance range.
3. To calculate dropout voltage, use equation:
VDo =10" 'DS(on)
'DS(on) is a function of both output current and input voltage. The parametric table lists rpg(on) for Vi =2.4 V, 2.9V, 3.9V, and
5.9 V, which corresponds to dropout conditions for programmed output voltages of 2.5 V, 3V, 4 V, and 6 V, respectively. For other
programmed values, refer to Figures 10 and 11.
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TPS7233Q electrical characteristics,lg=10mA, V|=4.3V, EN=0V, Co=4.7uF (CSRt=1), SENSE

shorted to OUT (unless otherwise noted)

PARAMETER TEST CONDITIONS# T, TPS7233Q UNIT
J MIN _ TYP  MAX
V=43V, lo=10mA 25°C 3.3
Output voltage \
43V<Vi<10V, 5mA<Ip<250mA |-40°Cto125°C | 3.23 3.37
25°C 14 20
lo=10mA, Vj=3.23V
] ~40°C to 125°C 30
D It lo =100 mA, Vi=3.23V 25°C 140 180 Vv
t = mA, = 3. m
ropoutvoliage ° ‘ —40°C t0 125°C 232
25°C 360 460
lo =250 mA, V=323V
—40°C to 125°C 610
- = 25°C 1.5 1.84
Pass-element series resistance (323 V-Vollo, V=323V, Q
10 =250 mA —40°C to 125°C 25
Input lati Vi=43Vto 10V, 50 pA < 1o <250 mA 25C 8 25 \')
nput regulation =4. 0 f <lps< m m
puires ! 0 -40°C to 125°C 33
25°C 32 42
lo=5mAto250mA, 43V<V|<10V
) —40°C to 125°C 7
Output regulation mV
25°C 41 55
lo=50pAto 250 mA, 43V<V|<10V
—40°C to 125°C 98
25°C 40 52
lo =50 pA
. o —40°C to 125°C 38
Ripple rejection f=120 Hz dB
25°C 35 44
lo =250 mA
—40°C to 125°C 33
Output noise spectral density f=120 Hz 25°C 2 uVAHz
Co=4.7pF 25°C 265
<f<
Output noise voltage éosgi _ 2‘91 00 kHz, Co=10pF 25°C 212 uVrms
Co =100 puF 25°C 135
PG trip-threshold voltage Vo voltage decreasing from above Vpg —-40°C to 125°C 095x \
VO(nom)
PG hysteresis voltage 25°C 32 mV
25°C 0.22 0.4
PG output low voltage IpGg=1mA, Vi=28V
—40°C to 125°C 04 ]

T CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance
to Co.

b Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.
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TPS7248Qelectrical characteristics,lg=10mA, V|=5.85V,EN=0V, Co=4.7 uF (CSRT =1Q), SENSE
shorted to OUT (unless otherwise noted)

PARAMETER TEST CONDITIONS# T, TPS7248Q UNIT
J MIN __ TYP  MAX
V=585V, lo=10mA 25°C 4.85
Output voltage \
585V<Vi<10V, 5 mA <Ip <250 mA —40°Cto 125°C | 4.76 4.95
25°C 10 19
lo=10mA, V=475V
—40°C to 125°C 30
D t volt: lo =100 mA, V|=475V 25°C %0 100 \
= , =4, m
ropout voltage o ! ~40°C to 125°C 150
25°C 216 250
1o =250 mA, V=475V
—40°C to 125°C 285
- = 25°C 0.8 1
Pass-element series resistance (4.75V - Vo)lo, Vi=475V, Q
lo=250mA ~40°C to 125°C 1.4
} 25°C 34
Input regulation Vi=585Vto10V, 50pA<Ip<250mA mv
—40°C to 125°C 50
25°C 43 55
lo=5mAto250 mA, 585V <V <10V
. —40°C to 125°C 95
Output regulation - mV
25°C 55 75
lo=50pAto250 mA, 585V<V|<10V
—40°C to 125°C 135
25°C 42 53
lo=50pA
. I —40°C to 125°C 36
Ripple rejection f=120 Hz dB
25°C 36 46
lo =250 mA
—40°C to 125°C 34
Output noise spectral density | f = 120 Hz 25°C 2 UVAHz
Co=4.7uF 25°C 370
1 <f<
Output noise voltage COS'I;:%' -1 91 00 kHz, Co=10pF 25°C 290 nVrms
Co =100 uF 25°C ’ 168
PG trip-threshold voltage VQ voltage decreasing from above Vpg —40°C to 125°C V, O((’n?;); \
PG hysteresis voltage 25°C 50 mvV
PG output | It I 1.2mA Vi=4.12V 25°C 22 04 v
outputiowvoliage PG = 1.2MmA = _40°C to 125°C 0.4

T CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance
to Co.

¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.
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TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q
TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS102C —~ MARCH 1995 — REVISED AUGUST 1995

TPS72500Q electrical characteristics, g =10 mA, V; =6 V,EN =0V, Co = 4.7 uF (CSRt = 1 Q), SENSE
shorted to OUT (unless otherwise noted)

PARAMETER TEST CONDITIONS# T, TPS7250Q UNIT
J MIN __TYP _ MAX
Vi=6V, 1o =10 mA 25°C 5
Output voltage Vv
6VVI<10V, 5mA<Iip <250 mA —40°C to 125°C 4.9 5.1
25°C 8 12
10 =10 mA, V=488V
—40°C to 125°C 30
D l lp =100 mA V=488V 25°C L 8 \"
= mA, =4, m
ropoutvoltage ° : —40°C 10 125°C 136
25°C 190 206
10 = 250 pA, V| =488V
—40°C to 125°C 312
- = 25°C 0.76 0.825
Pass-element series resistance (4.88 V—Vo)lo, V=488V, Q
lp =250 mA —40°C to 125°C 1.25
25°C 28
Input regulation Vi=6Vto 10V, 50 pA <lp <250 mA mV
—40°C to 125°C 35
25°C 46 61
lo=5mAto250mA, 6V<V|<10V
i —40°C to 125°C 100
Output regulation mV
25°C 59 79
lo=50pAto250 mA, 6V<V|<10V
—40°C to 125°C 150
25°C 4 52
lo =50 pA
. — —40°C to 125°C 37
Ripple rejection f=120 Hz dB
25°C 36 46
lo =250 mA
—40°C to 125°C 32
Output noise spectral density | f = 120 Hz 25°C 2 uWVAHz
Co=4.7uF 25°C 390
. 10 Hz < f < 100 kHz, o
Output noise voltage csrt=10 Co=10pF 25°C 300 uvrms
Co =100 uF 25°C 175
PG trip-threshold voltage V(o voltage decreasing from above Vpg —40°C to 125°C v, O(zngosrr\); \
PG hysteresis voltage 25°C 50 mV
25°C 0.19 0.4
PG output low voltage IpGg=1.2mA, Vi=425V v
—40°C to 125°C 0.4

T CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance

to Co.

¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be

taken into account separately.
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MICROPOWER LOW-DROPOUTg

TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q
TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y

LDO) VOLTAGE REGULATORS

LVS102C — MARCH 1995 — REVISED AUGUST 1995

electrical characteristics, ig = 10 mA, EN=0V, Co=4.7F (CSRt =1 Q), Ty = 25°C, SENSE/FB
shorted to OUT (unless otherwise noted)

TPS7201Y, TPS7233Y
PARAMETER TEST CONDITIONS# TPS7248Y, TPS7250Y | yniT
MIN TYP MAX
Ground current (active mode) gl;lni ng’s P SX":AVO +1V, 180 A
Output current limit threshold Vo=0V, V=10V 0.6 A
Thermal shutdown junction temperature 165 °C
EN hysteresis voltage 50 mv
Minimum V| for active pass element 19 \'
Minimum V| for valid PG Ipg = 300 pA 0.95. \

T CSR(compensation series resistance) refers to the total series resistance, including the equivalent series resistance (ESR) of the capacitor, any
series resistance added externally, and PWB trace resistance to CQ.
¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be

taken into account separately.
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TPS7201Q, TPS7233Q, TPS7248Q, TPSTZSOQ
TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS102C - MARCH 1995 ~ REVISED AUGUST 1995

electrical characteristics,lo=10mA,EN=0V, Cg =4.7 uF (CSRt =1 Q), Ty =25°C, FB shorted to
OUT at device leads (unless otherwise noted)

PARAMETER TEST CONDITIONS# TPS7201Y UNIT
MIN TYP MAX
Reference voltage (measured at FB with OUT _ _ .
connected to FB) Vi=35YV, lo=10mA 1.188 \
Vi=24V, 50 pA <ip <100 mA 21
Vi=24YV, 100 mA < ip <200 mA 2.9
| Pass-element series resistance (see Note 3) Vi=29YV, 50 pA < lp <250 mA 1.6 Q
V=39V, 50 pA < Ig < 250 mA 1
Vi=59YV, 50 pA <l <250 mA 0.8
25V<Vi<ioy, lo =5 mA to 250 mA, 15 -
See Note 2
Output regulation mV
25V<Vi<ioy, o =50 pA to 250 mA, 17
See Note 2
lo =50 60
Ripple rejection V=35 Io 25:A A dB
pple rej f=120 Hz O = 29U MA, 50
See Note 2
Output noise spectral density Vj=35V, f=120 Hz 2 uVAHz
35V Co=47yF 235
Output noise voltage 10Hz<f<100kHz, |Co=10pF 190 uvrms
CSRt=10 Co = 100 yF 125
PG hysteresis voltage$ V=35V, Measured at VFg 12 mV
PG output low voltage§ Vi=2.13YV, IpG = 400 pA 0.1 \
FB input current Vi=3.5V 0.1 nA

T CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance
to Co.
¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.
§ Output voltage programmed to 2.5 V with closed-loop configuration (see application information).
NOTES: 2 WhenV)<2.9VandIigp> 100 mA simultaneously, pass element DS(on) increases (see Figure 10) to a point such that the resulting
dropout voltage prevents the regulator from maintaining the specified tolerance range.
3 To caiculate dropout voltage, use equation:
Vpo=10" 'DS(on)
DS(on) is @ functlon of both output current and input voltage. The parametric table lists rpgon) for Vi =2.4V, 2.9V, 3.9V, and
5.9 V, which corresponds to dropout conditions for programmed output voltages of 2.5 V, 3V, 4 V, and 6 V, respectively. For other
programmed values, refer to Figures 10 and 11.
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TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q
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MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS102C — MARCH 1995 — REVISED AUGUST 1995

electrical characteristics, g =10 mA, EN=0V, Cgo = 4.7 uF (CSRt =1 Q), Tj = 25°C, SENSE shorted
to OUT (unless otherwise noted)

PARAMETER TEST CONDITIONS# TPS7233Y UNIT
MIN TYP MAX
Output voltage V=43V, lo=10mA 3.3 \'
V=323V, lo=10mA 14
Dropout voltage V)=323YV, lo =100 mA 140 mv
V=323V, 10 = 250 mA 360
Pass-element series resistance l(gisz\tlsc; r\nlg)/lo' Vi=323V, 1.5 Q
Input regulation Vi=43Vto10V, 50 uA < 1o <250 mA 8 mV
i 43V<Vi<10V, 1o =5 mA to 250 mA 32
Output regulation mV
43V<V|<10V, lo = 50 pA to 250 mA 41
) . V|=4.3V, 10 =50 pA 52
Ripple rejection f l 1 203Hz |8 = 250 mA oy dB
Output noise spectral density V| =43V, f=120 Hz 2 uVAHz
. V) =43V, Co=4.7uF 265
Output noise voltage 10Hz<f<100kHz, |Co=10uF 212 puvrms
CSRf=10 Co =100 uF 135
PG hysteresis voltage Vi=43V ] 32 mv
PG output low voltage V=28V, Ipg=1mA 0.22 \

T CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance

to Co.

¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be

taken into account separately.

PARAMETER TEST CONDITIONS# TPS7248Y UNIT
MIN TYP MAX
Output voltage V=585V, lo=10mA 4.85 v
' V=475V, lo=10mA 10
Dropout voltage Vi=475YV, lo =100 mA 90 mV
V=475V, lo =250 mA 216
g . . (4.75V-Vo)/lo, V=475V,
Pass-element series resistance 10 = 250 mA 0.8 Q
) 585V<V|<10V 10 = 5 mA to 250 mA 43
Output regulation mv
585V<V|i<10V lo =50 pA to 250 mA 55
! - V;=5.85V, 10 =50 pA 53
Ripple rejection ’ dB
pple re) f=120 Hz 10 = 250 mA 46
Output noise spectral density V|=585V, f=120 Hz 2 uwVAHz
V=585V, Co=4.7uF 370
Output noise voltage 10Hz<f<100kHz, |Co=10pF 290 uvrms
CSRT=1Q P
0 =100 uF 168
PG hysteresis voltage V=585V 50 mv
PG output low voltage Vi=4.12V, lpg =1.2mA 0.2 \

T CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance
to Co. .

1 Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.
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SLVS102C — MARCH 1995 — REVISED AUGUST 1995 .

electrical characteristics, lg =10 mA, EN= 0V, Cg = 4.7 uF (CSRt = 1 Q), T = 25°C, SENSE shorted
to OUT (unless otherwise noted) (continued)

PARAMETER TEST CONDITIONS# TPS72500 UNIT
MIN TYP MAX
Output voltage Vi=6V, lo=10mA 5 \'
Vi=4.88V, lop=10mA K}
Dropout voltage V=488V, lo =100 mA 76 mV
Vi=4.88YV, lo =250 uA 190
g N . (4.88 V-Vo)/lo, V=488V,
Pass-element series resistance 10 = 250 mA 0.76 Q
Input regulation Vi=6Vto10V, 50 pA < 1o <250 mA mVv
) 6VVI<10V, 10 =5 mA to 250 mA 46
Output regulation mV
6V<VI<10V, 10 = 50 pA to 250 mA 59
! — Vi=6V, 10 =50 uA 52
Ripple rejection N dB
pple rej f=120 Hz 10 =250 mA 46
Output noise spectral density Vi=6V, f=120 Hz 2 uVAHHz
Vi=6V, Co=4.7uF 390
Output noise voltage 10Hz<f<100kHz, |Co=10pF 300 uvrms
csrt=10Q c
0 = 100 uF 175
PG hysteresis voltage V=6V 50 mV
PG output low voltage V=425V, lpg=1.2mA 0.19 \

TCSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance

to Co.

¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be

taken into account separately.
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MICROPOWER LOW-DROPOUTg

TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q
TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y

LDO) VOLTAGE REGULATORS

LVS102C — MARCH 1995 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
vs Output current 5
le) Quiescent current

vs Input voltage 6
AIQT Change in quiescent current vs Free-air temperature 7
VDo Dropout voltage vs Output current 8
AVDpo Change in dropout voltage vs Free-air temperature 9
Vpo Dropout voltage (TPS7201 only) vs Output current 10
'DS(on) Pass-element series resistance vs Input voltage 11
AVQ Change in output voltage vs Free-air temperature 12
Vo Output voltage vs Input voltage 13
Line regulation 14
Load regulation (TPS7233) 15
Load regulation (TPS7248) 16
Load reguiation (TPS7250) 17
Vo(PG) Power-good (PG) voltage vs Output voltage 18
'DS(on)PG  Power-good (PG) on-resistance vs Input voltage 19
V) Minimum input voltage for valid PG vs Free-air temperature 20
Output voltage response from enable (EN) 21
Load transient response (TPS7201/TPS7233) 22
Load transient response (TPS7248/ TPS7250) 23
Line transient response (TPS7201) 24
Line transient response (TPS7233) 25
Line transient response (TPS7248/TPS7250) 26
Ripple rejection vs Frequency 27
Output Spectral Noise Density vs Frequency 28
vs Output current (CQ = 4.7 pF) 29
i X X vs Added ceramic capacitance (Cq = 4.7 uF) 30

Compensation series resistance (CSR)
vs Output current (Co = 10 uF) 31
vs Added ceramic capacitance (Co = 10 pF) 32

T This symbol is not currently listed within EIA or JEDEC standards for semiconductor symbology.
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TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q
TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y

MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS102C — MARCH 1995 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS
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TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q
TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y
MICROPOWER LOW-DROPOUT gLDO) VOLTAGE REGULATORS

LVS102C — MARCH 1995 — REVISED AUGUST 1995

AVpo~— Change in Dropout Voltage — V

Y DS(on) — Pass Element Series Resistance - Q

TYPICAL CHARACTERISTICS
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TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q
TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS102C —~ MARCH 1995 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS
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TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q
TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y
MICROPOWER LOW-DROPOUT gLDO) VOLTAGE REGULATORS

LVS102C ~ MARCH 1995 — REVISED AUGUST 1995

AVg- Change in Output Voltage — mV

'DS(on)— Power-Good (PG) On-Resistance — kQ

TYPICAL CHARACTERISTICS
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TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q
TPS7201Y, TPS7233Y TPS7248Y, TPS7250Y

MICROPOWER LOW-DROPOUT (LDO) VOLTAGE-REGULATORS

SLVS102C — MARCH 1995 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS
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LDO) VOLTAGE REGULATORS
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AV - Change in Output Voitage - mV
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TPS7201Q, TPS7233Q, TPS7248Q, TPS7250Q
TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

RIPPLE REJECTION
Vs
FREQUENCY

T T IR

TPS7233 TaA=25°C
No Input

Vi=Vo+1V
1o = 100 mA

y o

Capacitance Added

| Co=4.7uF (ESR=1)

TPS7248/ PHOIE UL 1t
TPS7250 r TPS7201 With
Vo Programmed
| to25V
\
. A
2 ﬁ .q

10 100 1K 10K 100K 1M

f ~ Frequency — Hz

Figure 27

OUTPUT SPECTRAL NOISE DENSITY

Vs
FREQUENCY
10 TP T
Ta =25°C 1
l}i‘ N No Input Capacitance Added 1
z Vi=Vo+1V
2 I RN R
g \ N\ Co=4.7uF (ESR=19)
s 1 NS o e
c N\ P
] ' Co =10 uF (ESR=10)
2 !
2 \
©
S 01 \ A -
% AN \‘
N
5 N
I=)
3 W TR
[ Co =100 uF (ESR=1Q) I
oot L L LU 1 1 LEIim
10 100 1k 10k 100 k

f - Frequency - Hz

Figure 28

"@ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

3-207



TPS7201Q, TPS72330,‘ TPS7248Q, TPS7250Q
TPS7201Y, TPS7233Y, TPS7248Y, TPS7250Y
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TYPICAL CHARACTERISTICS

TYPICAL REGIONS OF STABILITY TYPICAL REGIONS OF STABILITY
COMPENSATION SERIES RESISTANCE (CSR)t COMPENSATION SERIES RESISTANCE (CSR)t
vs vs

OUTPUT CURRENT ADDED CERAMIC CAPACITANCE

100

100
Region of Ta =25°C

Region of Instability Instability £ vy=Vg+1V .
. lp=250mA i
‘ | | Co=47ypF
10 10 No Input Capacitor Added

CSR - Compensation Series Resistance —-Q
CSR - Compensation Series Resistance -Q

0.1
No Added Ceramic Capacitance . -
No Input Capacitance Added - e
o
0 50 100 150 200 250 "0 01 02 03 04 05 06 07 08 09 1
lp — Output Current - mA ; ' Added Ceramic Capacitance — uF
Figure 29 Figure 30
TYPICAL REGIONS OF STABILITY TYPICAL REGIONS OF STABILITY
COMPENSATION SERIES RESISTANCE (CSR)t COMPENSATION SERIES RESISTANCE (CSR)t
. vs vs
OUTPUT CURRENT ADDED CERAMIC CAPACITANCE
100 100
a a Regionof t— Tp=25°C -
. : - Instability Vi=Vo+1V —
3 8 T _lp=250mA .
£ € |  Co=10yF |
% 10 ﬁ 10 == No Input Capacitor Added
4 o
[] [7]
& TA=25°C A 2
] 1 Vi=Vo+1V & 1
5 Co=10pF E 5
= No Added Ceramic Capacitance ] -
§ No Input Capacitor Added ] 2
8_ I l 1 3,
£ £
8 8 0.1
1 1
z 2
4] (4]

. . 001t .
[} 50 100 150 200 250 0 01 02 03 04 05 06 07 08 09 1
1o — Output Current - mA Added Ceramic Cap;cltance —uF
Figure 31 Figure 32

T CSRrefers tothe total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance
to Co.
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APPLICATION INFORMATION

The design of the TPS72xx family of low-dropout (LDO) regulators is based on the higher-current TPS71xx
family. These new families of regulators have been optimized for use in battery-operated equipment and feature
extremely low dropout voltages, low supply currents that remain constant over the full-output-current range of
the device, and an enable input to reduce supply currents to less than 0.5 pA when the regulator is turned off.

device operation

The TPS72xx uses a PMOS pass element to dramatically reduce both dropout voltage and supply current over
more conventional PNP-pass-element LDO designs. The PMOS transistor is a voltage-controlled device and,
unlike a PNP transistor, does not require increased drive current as output current increases. Supply current
in the TPS72xx is essentially constant from no-load to maximum.

Current limiting and thermal protection prevent damage by excessive output current and/or power dissipation.
The device switches into a constant-current mode at approximately 1 A; further load increases reduce the output
voltage instead of increasing the output current. The thermal protection shuts the regulator off if the junction
temperature rises above 165°C. Recovery is automatic when the junction temperature drops approximately 5°C
below the high temperature trip point. The PMOS pass element includes a back diode that safely conducts
reverse current when the input voltage level drops below the output voltage level.

A logic high on the enable input, EN, shuts off the output and reduces the supply current to less than 0.5 pA.
EN should be grounded in applications where the shutdown feature is not used.

Power good (PG) is an open-drain output signal used to indicate output-voltage status. A comparator circuit
continuously monitors the output voltage. When the output drops to approximately 95% of its nominal regulated
value, the comparator turns on and pulls PG low.

A typical application circuit is shown in Figure 33.

vi
TPS72xx PW-8 %
PG 2 PG

5
v IN SENSE ;
61N out Vo
7 rT———"

ct al_ out
0.1 pF EN

GND

Figure 33. Typical Application Circuit
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APPLICATION INFORMATION

external capacitor requirements

Although not required, a 0.047-uF to 0.1-uF ceramic bypass input capacitor, connected between IN and GND
and located close to the TPS72xx, is recommended to improve transient response and noise rejection. A
higher-value electrolytic input capacitor may be necessary if large, fast-rise-time load transients are anticipated
and the device is located several inches from the power source.

An output capacitor is required to stabilize the internal feedback loop. For most applications, a 10-uF to 15-uF
solid-tantalum capacitor with a 0.5-Q resistor (see capacitor selection table) in series is sufficient. The maximum
capacitor ESR should be limited to 1.3 Q to allow for ESR doubling at cold temperatures. Figure 34 shows the
transient response of a 5-mA to 85-mA load using a 10-uF output capacitor with a total ESR of 1.7 Q.

A 4.7-uF solid-tantalum capacitor in series with a 1-Q resistor may also be used (see Figures 29 and 30)
provided the ESR of the capacitor does not exceed 1 Q at room temperature and 2 Q over the full operating
temperature range.

Vo

1 10=85mA

{ lo=5mA

AP PP AT TSI S AT

Ch1 50mv  Ch2 50mA 100 ps/div
Figure 34. Load Transient Response (ESR total = 1.7 Q), TPS7248Q

A partial listing of surface-mount capacitors usable with the TPS72xx family is provided below. This information
(along with the stability graphs, Figures 29 through 32) is included to assist the designer in selecting suitable

capacitors.
CAPACITOR SELECTION
PART NO. MFR. VALUE MAX ESRt  SIZE (H x L x W)t
592D156X0020R2T Sprague 15uF, 20V 1.1 12x72x6
595D156X0025C2T Sprague 15uF, 25V 1 25x7.1x32
595D106X0025C2T Sprague 10 pF, 25V 1.2 25x7.1x32
695D106X0035G2T Sprague 10 puF, 35V 1.3 25x7.6x25

1 Size is in mm. ESR is maximum resistance in ohms at 100 kHz and T = 25°C. Listings are sorted by height.
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APPLICATION INFORMATION

sense-pin connection

SENSE must be connected to OUT for proper operation of the regulator. Normally this connection should be
as short as possible; however, remote sense may be implemented in critical applications when proper care of
the circuit path is exercised. SENSE internally connects to a high-impedance wide-bandwidth amplifier through
a resistor-divider network, and any noise pickup on the PCB trace will feed through to the regulator output.
SENSE must be routed to minimize noise pickup. Filtering SENSE using an RC network is not recommended
because of the possibility of inducing regulator instability.

output voltage programming

The output voltage of the TPS7201 adjustable regulator is programmed using an external resistor divider as
shown in Figure 35. The output voltage is calculated using:

= . Rl
Vo = Vg (1 + R2) (1)
where

Vief = 1.188 V typ (the internal reference voltage)
Resistors R1 and R2 should be chosen for approximately 7-pA divider current. Lower value resistors can be
used but offer no inherent advantage and waste more power. Higher values should be avoided as leakage

currents at FB increase the output voltage error. The recommended design procedure is to choose
R2 = 169 kQ to set the divider current at 7 pA and then calculate R1 using:

V
R1 = V—O -1)-R2 @
ref
OUTPUT VOLTAGE vi
PROGRAMMING GUIDE TPS7201
OUTPUT | DIVIDER RESISTANCE 5 [ 250 kQ
VOLTAGE k)t 6 2 | PowerGood
v) R1 R2 i IN PG ’
0.1F 8 Indicator
2.5 191 169 sazv 0 E . our
33 309 169 L —dEN  our Vo
3.6 348 169 <04v "‘""“i
4 402 169 B 10 uF i
ESR=1
5 549 169 GND ——
64 | 750 169 Ts

t 1% values shown. -

Figure 35. TPS7201 Adjustable LDO Regulator Programming
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APPLICATION INFORMATION

power dissipation and junction temperature

Specified regulator operation is assured to a junction temperature of 125°C; the maximum junction temperature
allowable to avoid damaging the device is 150°C. These restrictions limit the power dissipation that the regulator
can handle in any given application. To ensure the junction temperature is within acceptable limits, calculate the
maximum allowable dissipation, Pp(max), and the actual dissipation, Pp, which must be less than or equal to

PD(max)-
The maximum-power-dissipation limit is determined using the following'equation:
P _ Tymax—Ta

D(max) RoJA
Where

Tymax is the maximum allowable junction temperature, i.e.,150°C absolute maximum and 125°C
recommended operating temperature.

Rgya is the thermal resistance junction-to-ambient for the package, i.e., 172°C/W for the 8-terminal
SOIC and 238°C/W for the 8-terminal TSSOP.

Ta is the ambient temperature.

The regulator dissipation is calculated using:

Pp = (V= Vo) lo

Power dissipation resulting from quiescent current is negligible.

“'r‘ TeExAS
INSTRUMENTS

3-212 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q
LOW-DROPOUT VOLTAGE REGULATORS
WITH INTEGRATED DELAYED RESET FUNCTION

SLVS124A - JUNE 1995 — REVISED SEPTEMBER 1995

® Available in 3.3-V, 4.85-V, and 5-V D PACKAGE
Fixed-Output and Adjustable Versions (TOP VIEW)
® Integrated Precision Supply-Voltage GND [i 1 8[| RESET
Supervisor Monitoring Regulator Output N[l 2 7[] SENSEV/FBE
Voltage N[3  effour
® Active-Low Reset Signal with 200-ms Pulse IN[| 4 5[] ouT
Width .
® Very Low Dropout Voltage . . . Maximum of P PACKAGE
35mV atlg = 100 mA (TPS7350) (TOP VIEW
® Low Quiescent Current — Independent of . GND ] 1 g?a | RESET
Load . ..340 uA Typ EN[]2 & 7[] SENSEl/FBY
® Extremely Low Sleep-State Current, IN ] :%g;; 6 [J ouT
0.5 pA Max IN ] & s[louT
® 2% Tolerance Over Full Range of Load,
Line, and Temperature for Fixed-Output PW PACKAGE

Versions (TOP VIEW)
® Output Current Range of 0 mA to 250 mA

GND ] 1
® TSSOP Package Option Offers Reduced GNDE o /
Component Height For Critical Applications GND[| 3
description NC[j4 &
NC[]5 ﬁ%@
The TPS73xx devices are members of a family EN[l6 <)
of micropower low-dropout (LDO) voltage NC[] 73
regulators. They are differentiated from the IN[]
TPS71xx and TPS72xx LDOs by their integrated IN
delayed microprocessor-reset function. If the INg] 10
precision delayed reset is not required, the
designer should consider the TPS71xx and NC — No internal connection
TPS72xx.T t SENSE - Fixed voltage options only
t(TP37333 TPS7348, and TPS7350)
AVAILABLE OPTIONS FB — Adjustable version only (TPS7301)
NEGATIVE-GOING
OUTPUT VOLTAGE | RESET THRESHOLD
) VOLTAGE PACKAGED DEVICES
) CHIP FORM
Ty )
SMALL OUT-
MIN TYP MAX| MIN TYP MAX LINE PLASTIC DIP TSsop
(P) (PW)
(D) P
4.9 5 51| 455 465 475 TPS73500D | TPS7356QP, TPS7350®,VV§E TPS7350Y
wrClo | 275485 495] 45 46 47| TPS7348QD TPSTAABQE" WLE | TPS7348Y
125°C 323 33 337] 2.868 2.934 3 | TPs7333QD %@‘z;@%bp 2% TPS7333Y
e 1101 1123 1.145 | TPs7301QD | TRS7301QP | TPS¥301QPWLE | TPS7301Y

The D package is available taped and reeled. Add R suffix to device type (e.g., TPS7350QDR). The PW package is only available left-end taped
and reeled. The TPS7301Q is programmable using an external resistor divider (see application information). The chip form is tested at 25°C.

T The TPS71xx and the TPS72xx are 500-mA and 250-mA output regulators respectively, offering performance similar to that of the TPS73xx but
without the delayed-reset function. The TPS72xx devices are further differentiated by availability in 8-pin thin shrink small-outline packages
(TSSOP) for applications requiring minimum package size.

UNLESS OTHERWISE NOTED this document contains PRODUCTION
N ts conform to

speciﬁwlons per m?fé':’m of Texas Instr:ﬁ.::'t‘s; mnd':gl ‘v‘ugarsnzl b TEXAS
P INSTRUMENTS
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q
LOW-DROPOUT VOLTAGE REGULATORS
WITH INTEGRATED DELAYED RESET FUNCTION

SLVS124A - JUNE 1995 — REVISED AUGUST 1995

description (continued)

Dropout Voltage - V

The RESET output of the TPS73xx is designed to initiate a reset in microcomputer and micro-processor systems
in the event of an undervoltage condition. An internal comparator in the TPS73xx monitors the output voltage
of the regulator to detect an undervoltage condition on the regulated output voltage.

If that occurs, the RESET output (open-drain NMOS) turns on, taking the RESET signal low. RESET stays low
for the duration of the undervoltage condition. Once the undervoltage condition ceases, a 200-ms (typ) time-out
begins. At the completion of the 200-ms delay, RESET goes high.

An order of magnitude reduction in dropout voltage and quiescent current over conventional LDO performance
is achieved by replacing the typical pnp pass transistor with a PMOS device.

Because the PMOS device behaves as a low-value resistor, the dropout voltage is very low (maximum of 35 mV
at an output current of 100 mA for the TPS7350) and is directly proportional to the output current (see Figure 1).
Additionally, since the PMOS pass element is a voltage-driven device, the quiescent current is low and remains
constant, independent of output loading (typically 340 pA over the full range of output current, 0 mA to 250 mA).
These two key specifications yield a significant improvement in operating life for battery-powered systems.

The LDO family also features a sleep mode; applying a logic high signal to EN (enable) shuts down the regulator,
reducing the quiescent current to 0.5 pA maximum at Tj = 25°C.

The TPS73xx is offered in 3.3-V, 4.85-V, and 5-V fixed-voltage versions and in an adjustable version
(programmable over the range of 1.2 V to 9.75 V). Output voltage tolerance is specified as a maximum of 2%
over line, load, and temperature ranges (3% for adjustable version). The TPS73xx family is available in PDIP
(8 pin), SO (8 pin) and TSSOP (20 pin) packages. The TSSOP has a maximum height of 1.2 mm.

vi
0.15 I TPS73xxD
Ta =25°C . -
V| IN PG 8 ;o Sytstem
. 4 7 ese!
TPS7333 IN SENSE
0.1 4 ouT Ll
X = 2| __ 5
01 uF —dEN  out
TPS7348
0.05 L 3
// Tesiaso
0 0 0.05 0.1 0.15 0.2 0.25 TCap_acitor sele(:.tion is nontrivial. See application information
section for details.
lp — Output Current - A
Figure 1. Dropout Voltage Versus Output Current Figure 2. Typical Application Configuration
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LOW-DROPOUT VOLTAGE REGULATORS
WITH INTEGRATED DELAYED RESET FUNCTION
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TPS73xxY chip information

These chips, when properly assembled, display characteristics similar to the TPS73xxQ. Thermal compression
or ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS 5)
——— SENSET

=% N —& ] (QJ—

= TPS73xx

= N @] @ our

= (U RESET
z ™

= GND

~;§ CHIP THICKNESS: 15 TYPICAL

= 80 BONDING PADS: 4 x 4 MINIMUM

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

t SENSE - Fixed voltage options only (TPS7333, TPS7348,
and TPS7350)

fFB- Adjustable version only (TPS7301)

f ;ll NOTE A. For most applications, OUT and SENSE should

I L U T TN U U U CT beﬁedtog.etheraSCIOS‘eaSPOSSibletOthedeVic-eQ
for other implementations, refer to SENSE-pin

connection discussion in the -applications

information section of this data sheet.

ditelilils

functional block diagram

* * RESISTOR DIVIDER OPTIONS
I 1 l 1 DEVICE | Rit R2 UNIT
TPS7301 0 o Q
_ TPS7333 | 420 | 233 kQ
RESET TPS7348 | 726 | 233 kQ
9 TPS7350 | 756 | 233 kQ

d P—l_;“ NOTE A. Resistors are nominal values only.
ouT
’.___
< SENSES/FB
—4

Delayed
Reset Ri

R2

GND
§ For most applications, SENSE should be externally connected to OUT as close as possible to the device. For other implementations, refer to
SENSE-pin connection discussion in applications information section.
1 Switch positions are shown with EN low (active).

“? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-215



TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q
LOW-DROPOUT VOLTAGE REGULATORS
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timing diagram

Vi
Vrest— | . —— Vres
| I\t
| "
VO | ¢ Vit ViT+ “
Threshold | | y——————————\ y————— |
Voltage -|r | _ﬁ | Jl |
| vit-— | vit-" |
| { | I
. i 1
RESET | | L
Oulputll j&—>— 200 ms | [ ¢—»— 200ms : |
4, | Delay | | Delay | |
Output 7 N Output
Undefined Undefined

t

»
»

1 Vres is the minimum input voltage for a valid RESET. The symbol Vres is not currently listed within EIA or JEDEC standards for
semiconductor symbology. -

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

Input voltage range$§, V|, RESET, SENSE, EN ........ciiiiiiiiiiiii i -0.3to 10V
OUIPUL CUITENE, 10 e e e e e e 2A
Continuous total power dlss,lpatlon ............................. See Dissipation Rating Tables 1 and 2
Operating virtual junction temperaturerange, Ty ........cooieiiiiiiiii e, -55°C to 150°C
Storage temperature range, Tag -« -« v evvvruiin e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) fromcase for10seconds ..............ccciiieiiiinnnn. 260°C

¥ 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.

§All voltage values are with respect to network terminal ground.
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DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE (see Figure 3)

PACKAGE Ta <25°C DERATING FACTOR Tp =70°C Ta =125°C
POWER RATING ABOVETp =25°C POWER RATING POWER RATING
D 725 mwW 5.8 mW/°C 464 mW 145 mW
pt 1175 mW 9.4 mW/°C 752 mW 235 mW
Pwtt 700 mW 5.6 mW/°C 448 mW 140 mW
DISSIPATION RATING TABLE 2 — CASE TEMPERATURE (see Figure 4)
PACKAGE Tc<25°C DERATING FACTOR Tg=70°C Tc =125°C
POWER RATING ABOVE Tc=25°C POWER RATING POWER RATING
D 2188 mW 9.4 mW/°C 1765 mwW 1248 mW
pt 2738 mW 21.9 mW/°C 1752 mW 548 mW
pwtt 4025 mW 32.2mW/°C 2576 mW 805 mW
t The P and PW packages are product preview only and are not yet available.

¥ Refer to thermal information section for detailed power dissipation considerations when using the

TSSOP package.

MAXIMUM CONTINUOUS DISSIPATION

MAXIMUM CONTINUOUS DISSIPATION

vs vs
FREE-AIR TEMPERATURE CASE TEMPERATURE

1400 - 4800 L
2 2 aa00
? 1200 E h&x
N 5 00N P micie
2 A = RgicE37°CIW
£ 1000 s 2 3600 g
2 N P Pagkage 2 3200
2 s00 \@6‘“ oeew % 2800 N\ &
3 3 PPa
S \ S 1 \
2 3 2400 ‘R cW ——
£ \ \ D Package £ ~N Q%;E{}
c 600 i o, S 2000 \ \ Q"
8 RgJA = 172°C/W 8 \ ¢
£ N g 1600 S
= 3
I X £ 1200 \\\
% W % \
< Rogh'=i78°CW N S D Package N
= foh N = 800

200 o o .
1 % 0 ~ 1 Rgyc = 57°C/W \
P < S 400 -
oL | o |
25 50 75 100 125 150 25 50 75 100 125 150
Ta - Free-Air Temperature - °C T - Case Temperature - °C
Figure 3 Figure 4
¥ 7
EXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-217



TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q

Vi vvuN iV JIuR

LOW-DROPOUT VOLTAGE REGULATORS
WITH INTEGRATED DELAYED RESET FUNCTION
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recommended operating conditions

MIN MAX | UNIT
TPS7301Q 25 10
Input voltage, V| + TPS7333Q 3.77 10 v
TPS7348Q 5.2 10
TPS7350Q 5.33 10
High-level input voltage at EN, Vi 2 Y
Low-level input voltage at EN, V) 0.5 \
Output current range, 1o 0 250 mA
Operating virtual junction temperature range, Ty -40 125 °C

T Minimum input voltage defined in the recommended operating conditions is the maximum specified output voltage plus dropout voltage, Vpo,
at the maximum specified load range. Since dropout voltage is a function of output current, the usable range can be extended for lighter loads.
To calculate the minimum input voltage for the maximum load current used in a given application, use the following equation:

Vimin) = Yo(max) * YDO(max load)

Becausethe TPS7301is programmable, DS(on) should be usedtocalculate Vpobefore applying the above equation. The equationforcalculating
Vpo from rps(on) is given in Note 2 in the electrical characteristics table. The minimum value of 2.5 V is the absolute lower limit for the
recommended input voltage range for the TPS7301.

electrical characteristics atig=10mA,EN=0V, Cqo =4.7 uF(CSR¥ =1 Q), SENSE/FB shorted to OUT
(unless otherwise noted)

TPS7301Q, TPS7333Q
PARAMETER TEST CONDITIONSS Ty TPS7348Q, TPS7350Q | yniT
MIN TYP MAX
Ground current (active mode) EN<05V, Vi=Vo+1V, 25°C 340 4%
0mA<Ip <250 mA —40°C to 125°C 550
Input current (standby mode) EN=V, 27V<sVi<iov 2870 oo 25
—40°C to 125°C 2
- 25°C 1.2 2
Output current limit Vo=0V, V=10V A
—40°C to 125°C 2
- __ 25°C 0.01 0.5
iFr:asStZr?(‘jir;‘::;t'izakage current EN=Vi, 27VsVi<10V —40°C to 125°C 1 wA
R . 25°C 0.02 0.5
RESET leakage current Normal operation, VatRESET=10V [~ 20°C 10 125°C 05 HA
Output voltage temperature coefficient —40°C to 125°C 61 75 | ppm/°C
Thermal shutdown junction temperature 165 °C
. 25V<V|<6V
EN logic high (standby mode) SV=V, <10V —40°C to 125°C Y %
EN logic low (active mode) 27V<Vi<10V 25 03 \Y
—40°C to 125°C 0.5
EN hysteresis voltage 25°C 50 mv
EN input current ovsVi<10V 25°C —05 0001 08}
—40°C to 125°C -0.5 0.5
. 25°C 2.05 25
Minimum V| for active pass element \
—40°C to 125°C 2.5
25°C 1 15
Minimum Vi for valid RESET IO(RESET) =300 pA —40°C to 125°C ol

¥CSR (compensation series resistance) refers to the total series resistance, including the equivalent series resistance (ESR) of the capacitor, any
series resistance added externally, and PWB trace resistance to CQ.
§ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be

taken into account separately.
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q
LOW-DROPOUT VOLTAGE REGULATORS
WITH INTEGRATED DELAYED RESET FUNCTION

SLVS124A - JUNE 1995 — REVISED AUGUST 1995

TPS7301Q electrical characteristics atlg=10mA, V;=3.5V,EN =0V, Co = 4.7 uF(CSRt =1 Q), FB

shorted to OUT at device leads (unless otherwise noted)

PARAMETER + T, TpS73010 IT
TEST CONDITIONS J WIN TYP  MAX UNI
V=35V, lo=10mA 25°C 1.182 Vv
Reference voftage 25V<Vi<10V, 5mA < lp <250 mA
measured at FB S VsVI=10V, mA=lo mA, _40°
( ) Soe Note 1 40°C t0 125°C | 1.147 1.217 v
Reference voltage temperature o o o
coefiicient —40°C to 125°C 61 75 | ppm/°C
25°C 0.7 1
Vi=24YV, 50 pA <lp <150 mA
—40°C to 125°C 1
25°C 0.83 13
Vi=24V, 150 mA < 19 <250 mA - -
Pass-element series resistance —40°C to 125°C 13 a
(see Note 2) 25°C 052 0.85
Vi=29V, 50 pA < o < 250 mA
—40°C to 125°C 0.85
Vi53.9V, 50 pA < I < 250 mA 25°C 0.32
Vi=59V, 50 pA < Ip <250 mA 25°C 0.23
_ 25°C 3 18
Input regulation V|=25Vto 10V, 50 pA < lg < 250 mA, mv
See Note 1 —40°C to 125°C 25
25V<Vi<10V, 10 =5 mA to 250 mA, 26°C 5 14
mV
. See Note 1 —40°C to 125°C 25
Output regulation =
25V<V|<10V, 10 = 50 pA to 250 mA, 25°C 7 22
mV
See Note 1 —40°C to 125°C 54
| 50 uA 25°C 48 59
' - 0= —40°C10125°C | 44
Ripple rejection f=120Hz dB
1o =250 mA, 25°C 45 54 -
See Note 1 —40°C to 125°C 44
Output noise-spectral density f=120 Hz 25°C 2 WAHZz
Co=4.7uF 25°C 95
. 10 Hz << 100 kHz, = "
Output noise voltage CsRt=10 Co=10pF 25°C 89 uvrms
Co =100 pF 25°C 74
RESET trip-threshold voltage§ VO(FB) decreasing —40°C to 125°C | 1.101 1.145 \'
RESET hysteresis voltage$ Measured at VO(FB) 25°C 12 mV
RESET output | ltage$ Vi=243V, I 400 pA e o 04 v
age! =213V, =
output fow voltag ! O(RESET) K —40°C to 125°C 0.4
. .25°C -10 0.1 10
FB input current nA
—40°C to 125°C -20 20

T CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance

to COo.

% Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be

taken into account separately.

§ Output voltage programmed to 2.5 V with closed-loop configuration (see application information).
NOTES: 1. When V| <2.9 V and g > 150 mA simultaneously, pass element rpgon) increases (see Figure 32) to a point where the resulting
dropout voltage prevents the regulator from maintaining the specified tolerance range.

2. To calculate dropout voltage, use equation: Vpo=Ilo - 'DS(on)

DS(on) is a function of both output current and input voltage. The parametric table lists rpg(on) for Vi = 2.4V, 2.9 V, 3.9 V, and
5.9 V, which corresponds to dropout conditions for programmed output voltages of 2.5V, 3V, 4 V, and 6 V respectively. For other
programmed values, refer to Figure 32.
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TPS7333Q electrical characteristics at lg =10 mA, V;=4.3 V,EN =0V, Cg = 4.7 uF(CSRt = 1 Q),
SENSE shorted to OUT (unless otherwise noted)

PARAMETER TEST CONDITIONS# T, - L Q UNIT
J MIN TYP MAX
V=43V, lo=10mA 25°C 3.3
Output voltage Vv
43VsVis10V, 5mA<ip<250mA |-40°Cto 125°C | 3.23 3.37
25°C 4.5 7
1o =10 mA, V|=323V
—40°C to 125°C 8
Di t volt [ 100 mA, V=323V 25°C as & mV
ropout voltage 0= : == ~40°C to 125°C 80
lo =250 mA, V=323V 25°C 108 150
0= ' == —40°C to 125°C 200
) . (3.23V-Vo)lo, V|=323V, 25°C 044 06
Pass-element series resistance Q
lo =250 mA -40°C to 125°C 0.8
Input regulation Vi=43Vto 10V, 50 pA < lp <250 mA 25°C 6 28 mVv
nput re =4. ,
putreg ! n=0 " [a0°C 1o 125°C 29
25°C 21 32
lo=5mAto250 mA, 43V<Vi<10V mV
Outout lation —40°C to 125°C 60
utput regula
= 1o =50 pA to 250 mA, 43V <V <10V 250 391
0= P AEVETE —40°C to 125°C 120
| 50 A 25°C 46 51
) o 0= —40°Ct0125°C | 44
Ripple rejection f=120Hz dB
25°C 39 49
' lo =250 mA
—40°C to 125°C 36
Output noise-spectral density f=120 Hz 25°C 2 uVAHz
Co=47yF 25°C 274
Output noise voltage é%:?iff(; 00 kHz, Co=10pF 25°C 228 uvrms
Co =100 uF 25°C 159
RESET trip-threshold voltage Vo decreasing -40°C to 125°C | 2.868 v
RESET trip-threshold voltage Vo increasing —40°C to 125°C v
RESET hysteresis voltage 25°C 18 mV
RESET output low voltage Vi=28YV, I 1mA 25°C o7 04 v
=28V, =-1m, .
9 ! O(RESET) ~40°C t0 125°C 04

T CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance

to Co.

1 Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be

taken into account separately.
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LOW-DROPOUT VOLTAGE REGULATORS

WITH INTEGRATED DELAYED RESET FUNCTION
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TPS7348Q electrical characteristics at g =10 mA, V;=5.85 V,EN=0V, Co = 4.7 uF(CSRt =1 Q),
SENSE shorted to OUT (unless otherwise noted)

TPS7348Q
PARAMETER +
TEST CONDITIONS' Ty N TP MAX UNIT
V|=5.85V, lo=10mA 25°C 4.85
Output voltage \
585V<V<10V, 5mA<Ig<250mA |-40°Cto 125°C 4.75 4.95
25°C 2.9 6
lo=10mA, Vi=475V
—40°C to 125°C 8
Di tvoltage 10 =100 mA V|=4.75V 25°C 2 3 \Y
= mA, =4. m
ropoutvollage 0 ! —40°C t0 125°C 52
25°C 70 9
lo =250 mA, V=475V
—40°C to 125°C 130
- = 25°C 0.28 0.37
Pass-element series resistance (4.75V -Vo)lo, Vi=475V, Q
l0 =250 mA ~40°C to 125°C 0.52
X 25°C 9 35
Input regulation Vi=5.85Vto10V, 50pA<ip<250mA mV
—40°C to 125°C 37
25°C 28 40
lo=5mAto 250 mA, 5.85V<V|<10V .mV
. —40°C to 125°C 75
Output regulation
25°C 42 65
lo=50pAto 250 mA, 5.85V<V|<10V mvV
—40°C to 125°C 130
| 50 uA 25°C 45 53
) o 0= —40°C to 125°C 39
Ripple rejection f=120 Hz dB
25°C 39 50
10 = 250 mA
—40°C to 125°C 35
Output noise-spectral density | f = 120 Hz 25°C 2 uWVAHz
Co=4.7uF 25°C 410 '
<f<
Output noise voltage éosgi _—__f1'g1 00 kHz, Co=10pF 25°C 328 uvrms
Co =100 uF 25°C 212
RESET trip-threshold voltage | Vo decreasing —40°C to 125°C 45 4.7 \"
RESET trip-threshold voltage Vo increasing —40°C to 125°C Vv
RESET hysteresis voltage 25°C 26 mV
RESET output low voltage I 1.2mA, V| =4.12V 20 02 o2 v
==12MA,V|=4.
P 9 O(RESET) ! ~40°C to 125°C 04
T CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance
to Co.

¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.
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TPS7350Q electrical characteristics atlo=10mA, V|=6 V,EN=0V, Co = 4.7 uF(CSRt =1 Q), SENSE
shorted to OUT (unless otherwise noted)

PARAMETER ST CONDITIONS* T, TPS73500 UNIT
Rkt J MIN _TYP _ MAX
V=6V, lo=10mA 25°C 5
Output voltage Vv
6VsV|<10V, 5mA<Ip<250mA |-40°Cto 125°C 4.9 5.1
25°C 29 6
lo=10mA, Vi=4.88V
—40°C to 125°C 8
D t vol ! 100 mA V=488V 25 z 35 \
= mA, V] = 4. g m
ropout voltage o ! ~40°C t0 125°C 50
25°C 68 88
lp =250 mA, Vi=4.88V
—40°C to 125°C 125
- = 25°C 0.27 0.35
Pass-element series resistance (4.88V -Vo)lo, Vi=488Y, Q
lo =250 mA —40°C to 125°C 0.5
Input lati Vi=6Vto10V, 50 uA <lp <250 mA 25°C 4 2 \'
nput regulation = o s <lp< m m
putreg ! o —40°C t0 125°C 45
25°C ) 28 40
lo=5mAto250mA, 6V<V <10V mv
) —40°C to 125°C 75
Output regulation
25°C 41 65
lo=50pAto250 mA, 6V<Vi<10V mvV
—40°C to 125°C 130
| 50 uA 25°C 43 53
o o= —40°C to 125°C 38
Ripple rejection f=120Hz dB
25°C 41 51
: o =250 mA
—40°C to 125°C 36
Output noise-spectral density =120 Hz 25°C 2 uVAHz
Co=4.7yF 25°C 430
1 <f<
Output noise voltage COS:;E -1 Q1 00 kHz, Co=10pF 25°C 345 uVrms
Co =100 puF 25°C 1 220
RESET trip-threshold voltage Vo decreasing —40°C to 125°C 4.55 4.75 Vv
RESET trip-threshold voltage Vg increasing —40°C to 125°C \"
RESET hysteresis voltage 25°C 28 mv
RESET output low volta I 1.2mA,V|=4.25V 257C 015 941
u W Vi e =-1.2mA,V|=4.
P 9 O(RESET) ! ~40°C 10 125°C 0.4
T CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance
"to Co.

¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately. !
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switching characteristics

TPS7301Q, TPS7333Q
PARAMETER TEST CONDITIONS Ty TPS7348Q, TPS7350Q UNIT
' MIN TYP MAX
__ ] 25°C 140 200 260
RESET time-out delay See Figure 5 ms
—-40°Ct0125°C | 100 300

electrical characteristics at g = 10 mA, EN =0V, Co = 4.7 uF(CSRt = 1 Q), Ty = 25°C, SENSE/FB
shorted to OUT (unless otherwise noted)

: TPS7301Y, TPS7333Y
PARAMETER TEST CONDITIONS# TPS7348Y, TPS7350Y | yniT
MIN TYP MAX
Ground current (active mode) ;:?‘ni 2|50Vs 250m AV' =Vo+1V, 340 pA
Input current (standby mode) EN=V, 27V<Visiov 0.01 uA
Output current limit Vo=0V, V=10V 1.2 A
;a;::;i';'f:;feakage current EN=V, 27VsV<10V 0.01 LA
RESET leakage current Normal operation, V at RESET =10V 0.02 pA
Thermal shutdown junction temperature 165 °C
EN logic low (active mode) 27V<VI<i0V v
EN hysteresis voltage 50 mv
EN input current ovsvisiov 0.001 pA
Minimum V| for active pass element 2.05 \
Minimum Vi for valid RESET I0(RESET) = —300 pA 1 v

TCSR (compensation series resistance) refers to the total series resistance, including the equivalent series resistance (ESR) of the capacitor, any
series resistance added externally, and PWB trace resistance to CQ.
¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be

taken into account separately.
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TPS7301Y electrical characteristics at o =10mA, V;=3.5V,EN=0V, Co =4.7 uF(CSRT=1Q), T,
= 25°C, FB shorted to OUT at device leads (unless otherwise noted)

PARAMETER TEST CONDITIONS# TPSTI0NY UNIT
MIN TYP MAX
?r;“’;r:l:‘r‘:j‘;‘:":gf Vi=35V, Io=10mA 1.182 v
Vi=24YV, 50 pA<Ilp <150 mA 0.7
Vi=24YV, 150 mA < 1p <250 mA 0.83
Pass-element series resistance (see Note 2) V=29V, 50 pA < Ig <250 mA 0.52 Q
V=39V, 50 pA < Ig < 250 mA 0.32 ‘
Vi=59YV, 50 pA <lp <250 mA 0.23
Input regulation gle: ﬁ'gt;/:o v, 50uA<lo <250 mA, 3 mV
25V<Vi<10V, lo =5 mAto 250 mA, 5 mv
See Note 1
Output regulation
25V<Vi<10V, 10 = 50 uA to 250 mA, . mv
See Note 1
10 = 50 pA 59
Ripple rejection f=120 Hz 10 =250 mA, 54 dB
See Note 1
Output noise-spectral density f=120Hz . 2 uVAHz
Co=47pF 95
Output noise voltage z;os:?iffs; 00 kHz, Co=10pF 89 ) pvrms
Co =100 uF 74
RESET hysteresis voltage§ Measured at VO(FB) 12 mv
RESET output low voltage§ Vi=2.13V, IO(RESET) = 400 pA 0.1 Y
FB input current 0.1 nA
T CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance

to Co. )
¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.
§ Output voltage programmed to 2.5 V with closed-loop configuration (see application information).
NOTES: 1. When V| <2.9Vand lp > 150 mA simultaneously, pass element rpg(on) increases (see Figure 32) to a point where the resulting
dropout voltage prevents the regulator from maintaining the specified tolerance range.
2. To calculate dropout voltage, use equation: Vpo =10 - 'DS(on)
rDS(on) is @ function of both output current and input voltage. The parametric table lists rpg(on) for Vi =2.4V,2.9V,3.9V, and -
5.9 V, which corresponds to dropout conditions for programmed output voltages of 2.5V, 3V, 4V, and 6 V respectively. For other
programmed values, refer to Figure 32.
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LOW-DROPOUT VOLTAGE REGULATORS
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TPS7333Y electrical characteristics atlg =10 mA, V| =4.3V,EN =0V, Cg = 4.7 uF(CSRt =1 Q), Ty

= 25°C, SENSE shorted to OUT (unless otherwise noted)

PARAMETER TEST CONDITIONS# TPST333Y - UNIT
MIN TYP MAX
Output voltage V=43V, lo=10mA 3.3 Vv
I0=10mA, V|=323V 45
Dropout voltage lo =100 mA, V=323V 44 mV
10 = 250 A, V|=3.23V 108
Pass-element series resistance |%2=32\5/30— r\;g)/lo’ Vi=3.23V, 0.44 Q
Input regulation [vi=43Vvio10v, 50pA<ig<250mA 6 mv
] lo=5mAt0250mA, 43V<V;<10V 21 mv
Output regulation
: lo=50pAt0250 mA, 4.3V<Vi<10V 31 mV
Ripple rejection f=120 Hz lo=50pA st dB
1o =250 mA 49
Output noise-spectral density f=120 Hz 2 uVAHz
Co=4.7yF 274
Output noise voltage éOSI'Fﬁ iffg; 00kHz, Co=10pF 228 pvrms
Co =100 pF 159
RESET hysteresis voltage 18 mv
RESET output low voltage Vi=28V, I0(RESET) =—1mA 0.17 \

T CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance

to Co.

¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be

taken into account separately.
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TPS7348Y electrical characteristics atlg =10 mA, V;=5:85V,EN=0V, Co =4.7 uF(CSRT =1 Q), -
SENSE shorted to OUT (unless otherwise noted) ‘

PARAMETER TEST CONDITIONS# TPS7348Y UNIT
MIN TYP MAX
Output voltage V|=5.85V, lo=10mA 4.85 \
o =10mA, Vi=4.75V 2.9
Dropout voltage o =100mA, Vi=475V 28 mv
10 =250 mA, Vi=4.75V 70
Pass-element series resistance %152\;0_ ;1/2)"0, Vi=475V, 0.28 Q
Input regulation V|=585Vto10V, 50pA<Ipo<250mA 9 mV
. lo=5mAto250mA, 585V<V|<10V 28 mv
Output regulation
lo=50pAto 250 mA, 585V<V| <10V 42 mvV
Ripple rejection f=120 Hz lo-50uA 33 dB
lo =250 mA 50
Output noise-spectral density f=120 Hz 2 uVAHz
Co=47uF 410
Output noise voltage :;osgi iffé 00 kHz, Co=10pF 328 uVrms
Co =100 pF 212
RESET hysteresis voltage 26 mv
RESET output low voltage IO(RESET) =—1.2MA,V|=4.12V 0.2 \
T CSR refers to the total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance

to Co.
¥ Pulse-testing techniques are used to maintain virtual junction temperature as close as possible to ambient temperature; thermal effects must be
taken into account separately.
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Figure 5. Test Circuit and Voltage Waveforms
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Figure 6. Test Circuit for Typical Regions of Stability (Refer to Figures 28 through 31)
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TYPICAL CHARACTERISTICS
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1Q - Quiescent Current - A

1q - Quiescent Current — p A

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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AV~ Change In Output Voltage - mV

Vo - Output Voltage - V

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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AV - Change in Output Voltage — mV

AVg ~ Change in Output Voitage ~ mV
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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T CSRreferstothe total series resistance, including the ESR of the capacitor, any series resistance added externally, and PWB trace resistance
to Co.

¢ TeExAs
INSTRUMENTS

3-236 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q
LOW-DROPOUT VOLTAGE REGULATORS
WITH INTEGRATED DELAYED RESET FUNCTION

SLVS124A - JUNE 1995 — REVISED AUGUST 1995

"DS(on) — Pass-Element Resistance - Q
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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THERMAL INFORMATION A\

In response to system-miniaturization trends, integrated circuits are being offered in low-prome and fine-pitch
surface-mount packages. Implementation of many of today’s high-performance devices in these packages requires
special attention to power dissipation. Many system-dependent issues such as thermal couplmg, airflow, added heat
sinks and convection surfaces, and the presence of other heat-generating components aﬁectthe power-dnssnpatlon
limits of a given component.

Three basic approaches for enhancing thermal performance are illustrated in thrs drscuss|on‘ ?

® Improving the power-dissipation capability of the PWB design
® Improving the thermal coupling of the component to the PWB
® Introducing airflow in the system

Figure 38 is an example of a thermally enhanced PWB layout for the 20-lead TSSOP package This layout involves
adding copper on the PWB to conduct heat away from the device. The’Rgya. for. thts component/board system is
illustrated in Figure 39. The family of curves illustrates the effect of i mcreasmg the size of the copper-heat-sink surface
area. The PWB is a standard FR4 board (L x W x H = 3.2 inch x 3. 2 |nch X, 0 062 rnch) the board traces and heat
sink area are 1-0z (per square foot) copper.

Figure 40 shows the thermal resistance for the same system with the addttdeﬁ of a thermally conductive compound
between the body of the TSSOP package and the PWB copper routed dlrectly beneath the device. The thermal
conductivity for the compound used in this analysis is 0.815 W/m °C

Using these figures to determine the system Rgja allows the maxlmum power-drssupatlon limit to be calculated with
the equation: P “ .

TJ(max) ~Ta
F"eJA(system) <
Where

T, J(max) is the maximum allowable junctron temperature or 125°C i.e., 150°C absolute maximum and 125°C
maximum recommended operating temperalure for specrfled operation.

Pb(max) =

This limit should then be applied to the rntemal power drssnpated by the TPS73xx regulator. The equation for
calculating total internal power dlssmatron of the TPS71xx is:

Pbtotal) = (Vi=Vo) 1o+ Vi 'Q
Because the quiescent current of the TPS?Sxx ferrrlly is very low, the second term is negligible, further simplifying
the equation to: . .

PDitotal) = (Vl - VO) ‘O

For a 20-lead TSSOP/FR4, board system with thermally conductive compound between the board and the device
body, where Tp = 55°C, airflow= 100ftlmm and copper heat sink area = 1 cm2, the maximum power-dissipation limit
can be calculated. As mg:cated in ngure 40, the system Rgya is 94°C/W; therefore, the maximum power-dissipation
limit is: N

TJ(max) TA _ 125°C — 55°C _ 2,5 1y

P 3
D(max) RG JA(SYStem) 94°C/W

If the system m‘lptements a TPS7348 regulator where V| = 6 V and lg = 385 mA, the internal power dissipation is:

.—\,V o) lg = (6 — 4.85) - 0.385 = 443 mW

P[){(x&tal)::; A\

———
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THERMAL INFORMATION

Comparing PD(totaI) with Pp(max) reveals that the power dissipation in this example does not exceed the maximum
limit. When it does, one of two corrective actions can be taken. The power-dissipation limit can be raised by increasing
either the airflow or the heat-sink area. Alternatively, the internal power dissipation of the regulator can be lowered
by reducing either the input voltage or the load current. In either case, the above calcula’uons should be repeated with
the new system parameters. /

Copper Heat Sink
10zCu

Figure 38. Thermally Enhanced PWB LaYbut (ndt to écale) for the 20-Pin TSSOP
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APPLICATION INFORMATION

The TPS73xx series of low-dropout (LDO) regulators is designed to overcome many of the shortcomings of
earlier generation LDOs, while adding features such as a power-saving shutdown mode and a supply-voltage
supervisor. The TPS73xx family includes three fixed-output voltage regulators: the TPS7333 (3.3 V), the
TPS7348(4.85V), and the TPS7350 (5 V). The family also offers an adjustable device, the TPS7301 (adjustable
from 1.2V 10 9.75 V).

device operation

The TPS73xx, unlike many other LDOs, features very low quiescent currents that remain virtually constant even
with varying loads. Conventional LDO regulators use a pnp-pass element, the base current of which is directly
proportional to the load current through the regulator (Ig = Ic/B). Close examination of the data sheets reveals
that such devices are typically specified under near no-load conditions; actual operating currents are much
higher as evidenced by typical quiescent current versus load current curves. The TPS73xx uses a PMOS
transistor to pass current; because the gate of the PMOS element is voltage driven, operating currents are low
and invariable over the full load range. The TPS73xx specifications reflect actual performance under load.

Another pitfall associated with the pnp-pass element is its tendency to saturate when the device goes into
dropout. The resulting drop in  forces an increase in Ig to maintain the load. During power-up, this translates
to large start-up currents. Systems with limited supply current may fail to start up. In battery-powered systems,
it means rapid battery discharge when the voltage decays below the minimum required for regulation. The
TPS73xx quiescent current remains low even when the regulator drops out, thus eliminating both problems.

Included in the TPS73xx family is a 4.85-V regulator, the TPS7348. Designed specifically for 5-V cellular
systems, its 4.85-V outpu.i, regulated to within = 2%, allows for operation within the low-end limit of 5-V systems
specified to + 5% tolerance; therefore, maximum regulated operating lifetime is obtained from a battery pack
before the device drops out, adding crucial talk minutes between charges.

The TPS73xx family also features a shutdown mode that places the output in the high-impedance state
(essentially equal to the feedback-divider resistance) and reduces quiescent current to under 0.5 pA. When the
shutdown feature is not used, EN should be tied to ground. Response to an enable transition is quick; regulated
output voltage is reestablished in typically 120 us.

minimum load requirements

The TPS73xx family is stable even at zero load; no minimum load is required for operation.

SENSE-piﬁ connection

The SENSE terminal of fixed-output devices must be connected to the regulator output for proper functioning
of the regulator. Normally, this connection should be as short as possible; however, the connection can be made
near a critical circuit (remote sense) to improve performance at that point. Internally, SENSE connects to a
high-impedance wide-bandwidth amplifier through a resistor-divider network, and noise pickup feeds through
to the regulator output. It is essential to route the SENSE connection in such a way as to minimize/avoid noise
pickup. Adding an RC network between SENSE and OUT to filter noise is not recommended because it can
cause the regulator to oscillate.

external capacitor requirements

An input capacitor is not required; however, a ceramic bypass capacitor (0.047 pF to 0.1 uF) improves load
transient response and noise rejection when the TPS73xx is located more than a few inches from the power
supply. A higher-capacitance electrolytic capacitor may be necessary if large (hundreds of milliamps) load
transients with fast rise times are anticipated.
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APPLICATION INFORMATION

external capacitor requirements (continued)

As with most LDO regulators, the TPS73xx family requires an output capacitor for stability. A low-ESR 10-uF
solid-tantalum capacitor connected from the regulator output to ground is sufficient to ensure stability over the
full load range (see Figure 41). Adding high-frequency ceramic or film capacitors (such as power-supply bypass
capacitors for digital or analog ICs) can cause the regulator to become unstable unless the ESR of the tantalum
capacitor is less than 1.2 Q over temperature. Capacitors with published ESR specifications such as the
AVX TPSD106K035R0300 and the Sprague 593D106X0035D2W work well because the maximum ESR at
25°C is 300 mQ (typically, the ESR in solid-tantalum capacitors increases by a factor of 2 or less when the
temperature drops from 25°C to —40°C). Where component height and/or mounting area is a problem,
physically smaller, 10-uF devices can be screened for ESR. Figures 28 through 31 show the stable regions of
operation using different values of output capacitance with various values of ceramic load capacitance.

In applications with little or no high-frequency bypass capacitance (< 0.2 uF), the output capacitance can be
reduced to 4.7 puF, provided ESR is maintained between 0.7 and 2.5 Q. Because capacitor minimum ESR is
seldom if ever specified, it may be necessary to add a 0.5-Q to 1-Q resistor in series with the capacitor and limit
ESR to 1.5 Q maximum. As shown in the CSR graphs (Figures 28 through 31), minimum ESR is not a problem
when using 10-uF or larger output capacitors.

Below is a partial listing of surface-mount capacitors usable with the TPS73xx family. This information, along
with the CSR graphs, is included to assist in selection of suitable capacitance for the user’s application. When
necessary to achieve low height requirements along with high output current and/or high ceramic load
capacitance, several higher ESR capacitors can be used in parallel to meet the guidelines above.

All load and temperature conditions with up to 1 uF of added ceramic load capacitance:

PART NO. MFR. VALUE MAX ESRT SIZE (H x L x W)t
T421C226M010AS = Kemet 22 pF, 10V . 0.5 28x6x3.2
593D156X0025D2W Sprague 15pF, 25V 0.3 28%x7.3x4.3
593D106X0035D2W Sprague 10 puF, 35V 0.3 28%x7.3x4.3
TPSD106M035R0300 AVX 10 pF, 35V 0.3 28x%x7.3x43 S

Load < 200 mA, ceramic load capacitance < 0.2 uF, full temperature range:

PART NO. MFR. VALUE MAX ESRT  SIZE (H x L x W)t
592D156X0020R2T Sprague 15pF, 20V 11 1.2x72x6
595D156X0025C2T Sprague 15puF, 25V 1 25%x7.1%x3.2
595D106X0025C2T Sprague 10 pF, 25V 1.2 25x%x7.1%x3.2
293D226X0016D2W Sprague 22 uF, 16 V 1.1 28x7.3x43

Load < 100 mA, ceramic load capacitance < 0.2 puF, full temperature range:

PART NO. MFR. VALUE MAX ESRt  SIZE (H x L x W)t
195D106X06R3V2T Sprague 10 uF, 6.3V 1.5 1.3x3.5x2.7
195D106X0016X2T Sprague 10 pF, 16 V 1.5 ° 1.3x7x27
595D156X0016B2T Sprague 15puF, 16V 1.8 1.6x3.8x2.6
695D226X0015F2T Sprague 22 pF, 15V 1.4 1.8x6.5x34
695D156X0020F2T Sprague 15pF, 20V 1.5 1.8x6.5x3.4
695D106X0035G2T Sprague 10 uF, 35V 1.3 25x7.6x%x25

T Size is in mm. ESR is maximum resistance at 100 kHz and Tp = 25°C. Listings are sorted by height.
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APPLICATION INFORMATION

external capacitor requirements (continued)

vi
TPS73xxD
3 —
v IN RESET __ia Tnzsse‘zs'e“‘
4 7
IN SENSE
6 _ I, Vv
c1 ouT ® (o]
21 __ 5
0-150l1"l: r——q EN ouT + Co
10 pF
GND
1 ESR

Figure 41. Typical Application Circuit

programming the TPS7301 adjustable LDO regulator

Programming the adjustable regulators is accomplished using an external resistor divider as shown in
Figure 42. The equation governing the output voltage is:

= . Rl
Vo = Vyor (1 + R2) )
where

Vyef = reference voltage, 1.182 V typ
Resistors R1 and R2 should be chosen for approximately 7-pA divider current. A recommended value for R2
is 169 kQ with R1 adjusted for the desired output voltage. Smaller resistors can be used, but offer no inherent

advantage and consume more power. Larger values of R1 and R2 should be avoided as leakage currents at
FB will introduce an error. Solving equation 1 for R1 yields a more useful equation for choosing the appropriate

resistance:
v .
R1=(g2-1) R2 @
ref
v ’ OUTPUT VOLTAGE
TPS7301 250Kka PROGRAMMING GUIDE
OUTPUT | o, R2 | UNIT
IN RESET To System VOLTAGE
A Reset

0.1 pF T~ 25V 191 169 kQ

>27V = _ 33V 309 | 169 kQ

0.5V EN  out Vo 36V 348 | 169 | ko

R1 4V 402 | 169 KQ

FB 5V 549 | 169 kQ

GND R2 64V 750 169 kQ

Figure 42. TPS7301 Adjustable LDO Regulator Programming
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APPLICATION INFORMATION

undervoltage supervisor function

The RESET output of the TPS73xx initiates a reset in microcomputer and microprocessor systems in the event
of an undervoltage condition. Aninternal comparator in the TPS73xx monitors the output voltage of the regulator
to detect the undervoltage condition. When that occurs, the RESET output transistor turns on taking the RESET
signal low.

On power-up, the output voltage tracks the input voltage. The RESET output becomes active (low) as V,
approaches the minimum required for a valid RESET signal (specified at 1.5 V for 25°C and 1.9 V over full
recommended operating temperature range). When the output voltage reaches the appropriate positive-going
input threshold (V|T,.), a 200-ms (typ) timeout period begins during which the RESET output remains low. Once
the timeout has expired, the RESET output become inactive. Since the RESET output is an open-drain NMOS,
a pull-up resistor should be used to ensure that a logic-high signal is indicated.

The supply-voltage-supervisor function is also activated during power-down. As the input voltage decays and
after the dropout voltage is reached, the output voltage tracks linearly with the decaying input voltage. When
the output voltage drops below the specified negative-going input threshold (Vj7— — see electrical
characteristics tables), the RESET output becomes active (low). It is important to note that if the input voltage
decays below the minimum required for a valid RESET, the RESET is undefined.

Since the circuit is monitoring the regulator output voltage, the RESET output can also be triggered by disabling
the regulator or by any fault condition that causes the output to drop below V|1_. Examples of fault conditions
include a short circuit on the output and a low input voltage. Once the output voltage is reestablished, either by

. reenabling the regulator or removing the fault condition, then the internal timer is initiated, which holds the
RESET signal active during the 200-ms (typ) timeout period.

NOTE:
VT4 = V|- +Hysteresis

output noise

The TPS73xx has very low output noise, with a spectral noise density < 2 pV/vHz. This is important when
noise-susceptible systems, such as audio amplifiers, are powered by the regulator.

regulator protection

The TPS73xx PMOS-pass transistor has a built-in back diode that safely conducts reverse currents when the
input voltage drops below the output voltage (e.g., during power down). Current is conducted from the output
to the input and is not internally limited. If extended reverse voltage is anticipated, external limiting might be
appropriate. '

The TPS73xx also features internal current limiting and thermal protection. During normal operation, the
TPS73xx limits output current to approximately 1 A. When current limiting engages, the output voltage scales
back linearly until the overcurrent condition ends. While current limiting is designed to prevent gross device
failure, care should be taken not to exceed the power dissipation ratings of the package. If the temperature of
the device exceeds 165°C, thermal-protection circuitry shuts it down. Once the device has cooled, regulator
operation resumes.

*? TeExASs
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TPS7301Q, TPS7333Q, TPS7348Q, TPS7350Q
LOW-DROPOUT VOLTAGE REGULATORS
WITH INTEGRATED DELAYED RESET FUNCTION

SLVS124A — JUNE 1995 — REVISED AUGUST 1995

APPLICATION INFORMATION

power dissipation and junction temperature

The junction temperature must be held to 150°C or less to ensure proper regulator operation, which limits the
power dissipation the regulator can handle in any given application. To ensure the junction temperature is within
acceptable limits, calculate the maximum allowable dissipation, Pp(max), and the actual dissipation, Pp, which
must be less than or equal to Pp(max)-

The maximum-power-dissipation limit is determined using the following equation:
P _ Tymax -~ Ta

D(max) R-e JA
Where

Tymax is the maximum allowable junction temperature, i.e.,150°C absolute maximum and 125°C
recommended operating temperature.

RgJa is the thermal resistance junction-to-ambient for-the package, i.e., 172°C/W for the 8-terminal
SOIC and 238°C/W for the 8-terminal TSSOP.

Ta is the ambient temperature.

The regulator dissipation is calculated using:

Po={(Y=Vo) o

Power dissipation resulting from quiescent current is negligible.
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nA723C, uA723M, 1A723Y
PRECISION VOLTAGE REGULATORS

SLVS057B - AUGUST 1972 — REVISED AUGUST 1995

® 150-mA Load Current Without External
Power Transistor

nA723C...D OR N PACKAGE
uA723M...J PACKAGE

® Typically 0.02% Input Regulation and (TOP VIEW)
0.03% Load Regulation (LA723M) Nl U e
. . s . 1 14
: IAdjustable Current Limiting Capability cURR LM 2 1a] FREQ COMP
nput Voltages to 40 V CURR SENS[| 3 12l Vec.
® OQutput Adjustable From 2V to 37 V IN-] 4 1l Vg
® Direct Replacement for Fairchild nA723C IN+[} 5 10[] OUTPUT
and pA723M REF[] 6 o[} Vz
Vee-[1 7 8 ] NC
description
The nA723C and pA723M are precision monolith- MAT23M... U PACKAGE
ic integrated circuit voltage regulators featuring (TOP VIEW)
high ripple rejection, excellent input and load U
regulation, excellent temperature stability, and low CURR SENS[]@1~ 10[] CURRLIM
standby current. The circuit consists of a IN-[] 2 o[] FREQ COMP
temperature-compensated reference voltage am- IN+[] 3 8ll Vecc+
plifier, an error amplifier, a 150-mA output REF[] 4 700 Ve
transistor, and an adjustable output current limiter. Vee-[l s 6] OUTPUT

The pA723C and nA723M are designed for use!in
positive or negative power supplies as a series,

uA723M. .. FK PACKAGE

shunt, switching, or floating regulator. For output (TOP VIEW)
currents exceeding 150 mA, additional pass o
elements may be connected as shown in s 3
Figures 4 and 5. = o

£ 2
The pA723C is characterized for operation from 2000x

Ozzzuw

0°C to 70°C. The pA723M is characterized for

operation over the full military temperature range 3 2 1 2019
of —55°C to 125°C. CURR SENS [] 4 18[] Vec+
NC []5 17[INC
IN-[]s 16[] Vo
NC 07 15[] NC
IN+ []8 14| OUTPUT
9 10 11 12 13
o ¥ o | ¥ o T |
w |
o282 N
=g

NC - No internal connection

PRODUCTION DATA
Products conform to
standard warra does not include

Information is current as of lication date.
ifications

[ specl per the terms of Texas Instruments

Copyright © 1995, Texas Instruments Incorporated
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LAT723C, LAT23M, LAT723Y
PRECISION VOLTAGE REGULATORS

SLVS057B — AUGUST 1972 - REVISED AUGUST 1995

\

functional block diagram

Vee+
l FREQ COMP
Temperature-
Compensated
Reference'Diode IN- E ve
Ref rror Series Pass
> REF
) Amp Amp Transistor
IN+ +
Current Current Regulated
Source Limiter Output
‘ ~ —_———
- T D,FK,J,andN |
Packages Only
Vee- CURR  CURR | vz |
LIM SENS 'R 1
schematic
Vee+ Ve
500Q S 25kQ 1kQ 1kQ
X
15kQ r ]
i——[i T 15k $—— OUTPUT
HF 6.2V
100 Q I D,FK,J,and N
—Vz Packages Only
5 pF L—_—— ——
Y\
30 kQ ~
< p + ¢———— FREQCOMP
1¢
¢ * CURR SENS
Vee-
REF IN+ IN-

Resistor and capacitor values shown are nominal.
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WAT723C, LAT23M, pAT23Y
PRECISION VOLTAGE REGULATORS

SLVS057B — AUGUST 1972 — REVISED AUGUST 1995

nA723Y chip information

This chip, when properly assembled, displays characteristics similar to the pA723C. Thermal compression or
ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

»
gl

Lotvtoretobororororaberorvtvrc bt borororond b

R
¢ a7 »
"lI|I|I|l]llIllII|I[l[||l|l|l|l|l|l|l]l|l|)]lt|

1) 14
Nc o "—(13) NC CHIP THICKNESS: 15 MILS TYPICAL
CURR LIM P _“(12) FREQ COMP BONDING PADS: 4 x 4 MILS MINIMUM
CURR SENS =) vees T max = 150°C
) (11)
IN- E)_ HAT23Y 71—.»— Ve TOLERANCES ARE +10%.
IN+ —— OUTPUT ALL DIMENSIONS ARE IN MILS.
6, 9
rer &) [ ) vz TERMINALS 1, 8, AND 14 ARE NOT
Cm ) CONNECTED
Vee- —— NC

ﬂ’ TeExAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-249



wAT23C, LAT23M, uAT723Y
PRECISION VOLTAGE REGULATORS

SLVS057B - AUGUST 1972~ REVISED AUGUST 1995

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

Peak voltage from Vo o Voo (tw S50 MS) i e 50V
Continuous voltage from Voo . toVEo o ch oo e 40V
Input-to-output voltage differential .......... e e i, 40V
Differential input voltage to error amplifier ........ e e e e e e e 5V
Voltage between noninverting inputand Vo= ..ol 8V
COUMTENt fIOM Vz L e i 25 mA
Current from REF .. ... i e e i e 15 mA
Continuous total dissipation (seeNote 1) ......... ... it iiiinn, See Dissipation Rating Table
Operating free-air temperature range, TA: HA723C .....oiiiiiiiii it 0°C to 70°C

v BA723M -55°C to 125°C

Storage temperature range, Tatg -« v eeiiiii e —-65°C to 150°C

+ Case temperature for 60 seconds, Tc: FKpackage ................cooiiiiiiiiiiii .., 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: Jor U package ................. 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N 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. )

NOTE 1: Power dissipation = [I(standby) + !(ref)] Vcc + V¢ — Vol lo.

DISSIPATION RATING TABLE

prTITY e —
Packace  "A=TT COWER  DERATING FACTOR  \00UIT  poweR RATNG  POWER RATING
D 950 mW 7.6 mW/°C 25°C 608 mW —
FKand J 1000 mW . 1.omwrc 59°C 879 mW 274 mW
N " 1000 MW 9.2mW/°C 41°C 733 mW —
u 675 mW 5.4 mW/°C 25°C 432 mW 135 mW

recommended operating conditions

MIN  MAX | UNIT
Input voltage, V| . 9.5 40 \
Output voltage, Vo 2 37 \
Input-to-output voltage differential, V¢ ~ Vo . o 3 38 \"
Output current, |o 150 mA

*5‘ TeEXAS
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A723C, PA723M, LAT23Y
PRECISION VOLTAGE REGULATORS

SLVS057B —~ AUGUST 1972 — REVISED AUGUST 1995

electrical characteristics at specified free-air temperature (see Notes 2 and 3)

nA723C uA723M
PARAMETER TEST CONDITIONS Tat N P A | N P MAX UNIT
Vi=12Vto V| =15V 25°C 0.1 1 0.1 1
Input regulation Vi=12VtoV| =40V 25°C 1 5 0.2 ] [y
Vi=12VtoV| =15V Full 3 3
range
] o f=50H, 10 10kHz, Cref=0 25°C 74 74
Ripple rejection f-50Hzto 10kHz, Cref=5pF | 25°C 86 86 a8
25°C -0.3 -2 -0.3 -15
Output regulation Full -6 -6 | mvv
range
Reference voltage, Vyef 25°C 6.8 7.15 75| 6.95 715  7.35] V
Standby current Vi=30V, lo=0 25°C 2.3 4 23 35| mA
I;’:ﬂfﬁ‘;‘;:“"’c'em of r::ge 0003 0015 0002 0.015" | %/°C
Short-circuit output current | Rgc=10Q, Vo=0 25°C 65 65 mA
BW = 100 Hz to 10 kHz, 25°C 20 20
Output noise voltage Cref=0 uv
BW = 100 Hz to 10 kHz, 25°C 25 25
Cref =5 uF

*On products compliant to MIL-STD-883, Class B, this parameter is not production tested.
1 Full range for uA723C is 0°C to 70°C and for uA723M is —55°C to 125°C.
NOTES: 2. For all values in this table, the device is connected as shown in Figure 1 with the divider resistance as seen by the error amplifier
<10 kQ. Unless otherwise specified, V)= Voo 4+ =Vg=12V,Voc-=0,Vo=5V,lp=1mA, Rgc =0, and Cref = 0.

3. Pulse-testing techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible.

i
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uA723C, pA723M, nA723Y
PRECISION VOLTAGE REGULATORS

SLVS057B - AUGUST 1972 — REVISED AUGUST 1995 -

electrical characteristics, T = 25°C (see Notes 2 and 3)

nA723Y
PARAMETER TEST CONDITIONS N P WAX UNIT
] Vi=12VtoV] =15V 0.1
Input regulation Vi=12VioV| =40V 7 mv/Vv
Ripple rejection f=50Hzto 10 kHz, Cref=0 74 B
: f=50Hzto 10 kHz, Cgf=5pF © 86
Output regulation ' -0.3 mV/V
Reference voltage, Vyef 7.15 ) \
Standby current V=30V, lo=0 2.3 mA
Short-circuit output current Rgc=10Q," Vo=0 65 mA
BW =100 Hz to 10 kHz, 20
Output noise voltage Cref =0 uv
BW = 100 Hz to 10 kHz, 25
Cref=5uF

NOTES: 2. For all values in this table, the device is connected as shown in Figure 1 with the divider resistance as seen by the error amplifier
<10 kQ. Unless otherwise specified, V| =Vcc4+=Vc=12V,Vcc-=0,Vo=5V,lpo=1mA, Rgc =0, and Cygf = 0.
3. Pulse-testing techniques must be used that will maintain the junction temperature as close to the ambient temperature as possible.
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A723C, LA723M, pA723Y
PRECISION VOLTAGE REGULATORS

SLVS057B — AUGUST 1972 — REVISED AUGUST 1995

APPLICATION INFORMATION

Table 1. Resistor Values (k) for Standard Output Voltages

FIXED OUTPUT FIXED OUTPUT

OUTPUT | APPLICABLE | OUTPUT ADJUSTABLE OUTPUT | APPLICABLE | OUTPUT ADJUSTABLE

VOLTAGE | FIGURES +5% +10% (SEE NOTE 5) | | VOLTAGE | FIGURES +5% +10% (SEE NOTE 5)

v (SEENOTE4) | R1 | R2 | R1 P1 P2 v) (SEENOTE4) | R1 | R2 | R1 P1 R2

(kQ) | (kQ) | (k) | (kQ) | (kQ) (kQ) | (kQ) | (kQ) | (kQ) | (kQ)

3.0 156,911, |4.12 [3.01 18] o5 | 1.2 100 7 357 | 105 | 22 10 91
12 (4)

36 156911, |357]365| 15| 05| 15 250 7 357 | 255 | 22 10 | 240
12 (4)

5.0 156911, |215 499 | 075| 05 | 22 -6 3,10 357 | 243 | 12 05 | 075

12 (4) (Note 6)

6.0 15691, |1.15]|604| 05| 05| 27 -9 3,10 348 | 536 | 12 0.5 2.0
12 (4)

9.0 2,4,(5,6, 187|715 075| 10 | 27 -12 3,10 357 | 845 1.2 0.5 3.3
9,12)

12 2,4,(5,6, 487 |715| 20| 10| 30 -15 3,10 357 | 15| 1.2 0.5 43
9,12)

15 2,4,(5,6, 787|715 33| 10| 30 -28 3,10 357 | 243 | 1.2 0.5 10
9,12)

28 2,4,(5,6, 210|715 | 56| 10| 20 ~45 8 357 | 412 | 22 10 33
9,12)

45 7 357 |487 | 22| 10| 39 -100 8 357 | 95.3 | 22 10 91

75 7 357|787 | 22| 10| 68 —250 8 357 | 249 | 22 10 | 240

NOTES: 4. 4The R1/R2 divider may be across either Vo or V(ref). If the divider is across Vref), use the figure numbers without parentheses.

If the divider is across V(, use the figure numbers in parentheses.

5. To make the voltage adjustable, the R1/R2 divider shown in the figures must be replaced by the divider shown below.

-9V.

R1

P1

R2

Adjustable Output Circuit
6. ForFigures 3, 8, and 10, the device requires a minimum of 9 V between Vg + and Vo —when Vg is equal to or more positive than

Q‘ TEXAS
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uA723C, uA723M, uA723Y

PRECISION VOLTAGE REGULATORS

SLVS057B — AUGUST 1972 - REVISED AUGUST 1995

Table 2. Formulas for Intermediate Output Voltages

APPLICATION INFORMATION

Outputs from2Vto 7V Outputs from 4 V to 250 V Current Limiting
See Figures 1,5,6,9, 11, 12 (4) See Figure 7
and Note 4 and Note 4
A\
- R2 _ _ (ref) R2 — RI1 _ 065V
Vo =Vaeh) X RT+ R2 Vo=—73 *7Ri Limit) = "Rgg
R3 = R4
Outputs from 7 Vto 37V Outputs from -6 V to —250 V -
See Figures 2,4,(5,6,9, 11, 12) See Figures 3, 8, 10 and F°'dbas°'éf,‘:‘i"ﬁ':; (L;'m'""g
and Note 4 Notes 4 and 6 9
VooV xRi+R2 v =_V(reﬂxR1+R21 zVOR?,+(R3+R4)0.65V
o (ref) R2 o 2 R1 (knee) RgcR4
- ~ 065V R3 + R4
R3 = R4 IOS —RSC T

NOTES: 4.

divider is across VQ, use the figure numbers in parentheses.

6.
-9V.

The R1/R2 divider may be across either Vg or V(ref). If the divider is across V/ref), use figure numbers without parentheses. If the

For Figures 3, 8, and 10, the device requires a minimum of 9 V between Ve + and Vg — when Vg is equal to or more positive than

3-254
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wAT723C, uA723M, pAT723Y
PRECISION VOLTAGE REGULATORS

SLVS057B — AUGUST 1972 — REVISED AUGUST 1995

APPLICATION INFORMATION

Vi vi
0—| 0——‘
Vee+ Ve Vee+ Ve
OUTPUT OUTPUT
Rep MA723 vz % . REF MA723 vz
SC_  Regulated Rsc Regulated
Ri CURR LIM Output, R3 CURRLIM Output,
CURR SENS | Vo (see Notes CURR SENS Vo
R3 A and B)
IN+ IN- | IN+ IN- R1
Cref) I vcc- FREQ COMP (see Notes A and B) Vce- FREQ COMP ]
R2 l 100 pF l 1
R2
Figure 1. Basic Low-Voltage Regulator Figure 2. Basic High-Voltage Regulator

(Vo=2Vto7V) (Vo=7Vto37V)

NOTES: A. = R1xR2 ini
R3 R1 + R2 for minimum %o

B. R3 may be eliminated for minimum component count. Use direct connection (i.e., Rg = 0).

\/ Vi
2 »
L
T 2kQ
R2 Vee+ Ve (see Note C) Vees Ve
OUTPUT |~ OUTPUT 2N3997
R4 CURRLIM|- CURRLIM |
3kQ © CURRSENS|~ CURR SENS Rsc
IN+ . IN- —
— IN+ IN- - Regulated Regulated
Vcc-— FREQ COMP Output, Vo Vcc- FREQ COMP Output, Vo
R3 = R1 - 100 pF L 500 pF A
3kQ q
| I T
| R2
Figure 3. Negative-Voltage Regulator Fi%ure 4. Positive-Voltage Regulator
(External N-P-N Pass Terminator)

NOTE C: When 10-lead pA723U devices are used in applications requiring Vz, an external 6.2-V regulator diode must be connected in series
with OUTPUT.
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WAT723C, LAT23M, LAT23Y
PRECISION VOLTAGE REGULATORS

SLVS057B — AUGUST 1972 — REVISED AUGUST 1995

APPLICATION INFORMATION

vi
Py VI
60Q ¢
2N5001
Vee+ Ve R
T A723 utput, Vo
uA723OUTPU — | Ra s
REF VzI— o CURR LIM
a1 CURR LM CURR SENS R4
CURR SENS :] % Rsc IN+ IN- —l
IN+ IN- Regulated
v e Output, Vo Vcc-. FREQ COMP
cC- Q COMP R2 __L los /|
R2 _L l 1000 pF Vo | |
1000 pF L 4 T L lknee
T = = = & ,
= = = (o)
Figure 5. Positive-Voltage Regulator Figure 6. Foldback Current Limiting
(External P-N-P Pass Transistor)
vi
_ _ 2kQ 10 kQ
T
Vee+ Ve 2N5241 Vees Ve
1N1826 ouTPuT - (see Note A) 1N759 pA72?;UTPUT sant
723
REF MA vz a3 REF vz (see Note A)
CURR LIM | R2 CURR LIM
N, CURRSENS Rsc=1Q CURR SENS
IN- | IN+ IN—
Vcc— FREQ COMP Vcg- FREQ COMP
4 R1
= 500pF R4 = s00pF
T P Regulated 3kQ T 300P Regulated
Output, Vo e Output, Vo

Figure 7. Positive Floating Regulator

Figure 8. Negative Floating Regulator

NOTE A: When 10-lead uA723U devices are used in applications requiring Vz, an external 6.2-V regulator diode must be connected in series
with OUTPUT.
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wA723C, uA723M, pA723Y
PRECISION VOLTAGE REGULATORS

SLVS057B — AUGUST 1972 — REVISED AUGUST 1995

NOTES: A.
B.

C.

APPLICATION INFORMATION

v
KQ 2N5005
3 % 2N5153
[
Vee+ Ve
OUTPUT L=1.2mH
REF nA723 Vo — (see Note C)
Z 510
CURR LIM * ° ® Regulated
R Output, Vo
1kQ CURR SENS
IN+ IN- @
1Mo LVcc- FREQComP 1N4005 )
Figure 9. Positive Switching Regulator
Vi
p
(see Note A) R3 1kQ
=11 ! | 3ke § 2N3997
R2 Veer Ve 220 Q
OUTPUT |~ (see Note B)
723
0-1kF REF KA T 2N5004
CURRLIM [—
1kQ CURR SENS |—
IN+ IN-
vgc- FREQ COMP R4
R1 1MQ T 3kQ
15 pF
R
L=1.2mH
14003 @ ” (see Note C)
— P Regulated
) Output, Vo

100 uF _:-E

Figure 10. Negative Switching Regulator

The device requires a minimum of 9 V between Vg4 and Vo — when Vg is equal to or more positive than —9 V.

When 10-lead pA723U devices are used in applications requiring Vz, an external 6.2-V regulator diode must be connected in series
with OUTPUT.

L is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 potted core or equivalent, with a 0.009-inch air gap.
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wA723C, pA723M, pA723Y
PRECISION VOLTAGE REGULATORS

SLVS057B ~AUGUST 1972 - REVISED AUGUST 1995

APPLICATION INFORMATION

vi
Vees Ve
Rsc Regulated
OUTPUT VWA
LAT23 Output, Vo
REF vz |—
R1 CURR LIM
CURR SENS 4
IN+ IN-
R2 Vcc- FREQ COMP
2kQ 2N4422
_‘_ 2kQ Input From
L1 I 1000 pF Series 54/74 Logic

NOTE A: A current-limit transistor may be used for shutdown if current limiting is not required.

Figure 11. Remote Shutdown Regulator With Current Limiting

vi
P

100 Q

Vece+ Ve
OUTPUT
Rer HAT2
R1 CURR LIM
CURR SENS |— = ¢ Regulated

—] IN+ Output, Vo
IN-

_Lsee Note A)

1kQ
2N3997

FREQ COMP

Yee- ‘ R2
l f 5000 pF

NOTE A: When 10-lead pA723U devices are used in applications requiring Vz, an external 6.2-V regulator diode must be connected in series
with OUTPUT.

v

Figure 12. Shunt Regulator
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pA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS056A - MAY 1976 — REVISED AUGUST 1995

o 6 6 o6 0 0 o

description

3-Terminal Regulators
Output Current Upto 1.5 A:
Internal Thermal Overload Protection
High Power Dissipation Capability
Internal Short-Circuit Current Limiting

Output Transistor Safe-Area Compensation

Direct Replacements for Fairchild pA7800
Series

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

KC PACKAGE
(TOP VIEW)

———— OuTPUT
O ————— COMMON

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

TO-220AB

The pA7800C series is characterized for operation over the virtual junction temperature range of 0°C to
125°C. The pA7805Q and uA7812Q are characterized for operation over the virtual junction temperature range
of —40°C to 125°C.

AVAILABLE OPTIONS
v . PACKAGED DEVICES CHIP FORM
Ty O(nom) PLASTIC FLANGE-MOUNT
V) )
(KC)
5 WA7805CKC LA7805Y
6 HA7806CKC HA7806Y
8 HA7808CKC HA7808Y
8.5 UA7885CKC LA7885Y
0°C to 125°C 10 LA7810CKC HA7810Y
12 LA7812CKC HA7812Y
15 pA7815CKC NA7815Y
18 HA7818CKC pA7818Y
24 LA7824CKC HA7824Y
. . 5 LA7805QKC —
40°C10125°C 12 WA7812QKC —

PRODUCTION DATA information Is current as of publication date.
Products conform to specifications per Me terms of Texas Instruments

standard warranty.

testing of all parameters.

ly include
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LA78xxY chip information

These chips, when properly assembled, display characteristics similar to the LA78xxC. Thermal compression
or ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

»l

3
INPUT—‘(-!)ﬂ & OUTPUT
UA78xxY

@)

COMMON

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tgmax = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

Lntnbonnnndbnnen b o ot oo e o
8

l€

[P »!
€ 70 P
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absolute maximum ratings over operating temperature ranges (unless otherwise noted)t

Input voltage, Vi HAT824C ... ... . e e 40V

AlLOthers ... .. et e e .... 35V
Continuous total power dissipation at (or below) 25°C free-air temperature (see Note 1) ............. 2W
Continuous total power dissipation at (or below) 90°C case temperature (see Note 1) .............. 15W
Operating free-air, Tp, case, Tg, or virtual junction, T;, temperaturerange ................. —40to 150°C
Storage temperature range, Totg ceve e —65to 150°C
Lead temperature 1,6 mm (1/16inch) from case for10seconds ..............ccooiiiiiinnn. 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.

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

Maximum Continuous Dissipation - mW

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

FREE-AIR TEMPERATURE . CASE TEMPERATURE

DISSIPATATION DERATING CURVE o ) DISSIPATION DERATING CURVE
2000 16
1800 = 1 \
i \
1600 S \
2 12
1400 g \
g 10
1200 a : \
]
1000 S 8 -
\
800 § 6 ‘ \
600 £
L E 4 :
400 ® ’ ] 1
200 - Derating factor = 16 mW/°C \ = 2 Derating factor = 0.25 W/°C above 90°C
RoJA = 62.5°C/W \ Roa = 4°CIW
o | | | 0 1 1 )
25 50 75 100 125 150 - 25 50 75 100 125 150
Ta — Free-Air Temperature - °C Tc — Case Temperature — °C
Figure 1 Figure 2
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recommended operating conditions

MIN MAX | UNIT
HA7805C 7 25
HA7806C 8 25
uA7808C 10.5 25
nA7885C 10.5 25
Input voltage, Vi uA7810C 12.5 28 \
pnA7812C 145
uA7815C 175 30
nA7818C 21
uHA7824C 27 38
Output current, Io 1.5 A
Operating virtual junction temperature, Ty HA7800C Series 0 125 °C
pA7805Q, tA7812Q -40 125

electrical characteristics at specified virtual junction temperature, Vj = 10 V, Ig = 500 mA (unless
otherwise noted)

PARAMETER TEST CONDITIONS Tyt WATE0SC, ATOSA_ ) uniT
MIN TYP MAX
25°C 4.8 5 5.2
Output voltaget |F9:155 nv':/A 1A, Vi=7Vto20V, FullrangeS | 475 sosl| Vv
Input voltage regulation ViTVio2sy 25°C 3 100 mV
Vi=8Vto12V 1 50
Ripple rejection Vi=8Vto18YV, f=120Hz Full range$ 62 78 dB
Output voltage regulation lo=SmAt 154 25°C 15 1% mv
lo =250 mA to 750 mA 5 50
Output resistance f=1kHz Full rangeS 0.017 Q
Temperature coefficient of output voltage |l =5mA Full range$ -11 mv/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 40 nv
Dropout voltage lo=1A 25°C 2 Vv
Bias current : 25°C 4.2 8|1 mA
, Vi=7Vto25V 1.3
Bias current change O=5mALTA Full range$ 05 mA
Short-circuit output current 25°C 750 mA
Peak output current 25°C 2.2 A

T Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.

¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

§Full range virtual junction temperature is 0°C to 125°C for the uA7805C and —40°C to 125°C for the pA7805Q.
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‘electrical characteristics at specified virtual junction temperature, V| = 11 V, Ig = 500 mA (unless

otherwise noted)

PARAMETER TEST CONDITIONS Tyt nA7806C UNIT
MIN TYP MAX
25°C 5.75 6 6.25
Output voltage? :30:155 r\n;vA to 1A, Vi=8Vto21V, 0°C 1o 125°C 57 6.3 v
Input voltage regulation Vi=8Vio25V 25°C > 120 mV
Vij=9Vto13V 1.5 60
Ripple rejection Vi=9Vto 19V, f=120Hz 0°C to 125°C 59 75 dB
Output voltage regulation lo=5mAto1.3A 25°C 1 120 mVv
10 =250 mA to 750 mA : 4 60
Output resistance f=1kHz 0°C to 125°C 0.019 Q
Temperature coefficient of output voltage | Io =5 mA 0°C to 125°C -0.8 mV/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 45 uv
Dropout voltage lo=1A 25°C 2 \
Bias current 25°C 4.3 8 mA
] Vi=8Vto25V 1.3
Bias current change O—5mAL 1A 0°C to 125°C o5 mA
Short-circuit output current 25°C 550 mA
Peak output current 25°C 2.2 A

T Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junctlon temperature, V| = 14 V, Ig = 500 mA (unless

otherwise noted)

1LA7808C

PARAMETER TEST CONDITIONS Tyt MN_ TYP  MAX UNIT
25°C 77 8 8.3
Output voltage? ::o;f; nV:IA to 1A, Vi=105Vt023V, [ oo ors 76 84 \
Input voltage regulation Vi=105V1025V 25°C 6 160 mV
Vi=11Vto 17V 2 80
Ripple rejection . Vi=115Vto215V, f=120Hz 0°C to 125°C 55 72 dB
Output voltage regulation lo=5mAto1.5A 25°C 12 160 mV
lo =250 mA to 750 A 4- 80
Output resistance f=1kHz 0°C to 125°C 0.016 Q
Temperature coefficient of output voltage | Io=5mA 0°C to 125°C -0.8 mv/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 52 nv
Dropout voltage lo=1A 25°C 2 \
Bias current . 25°C 4.3 8 mA
Bias current change Vi=105V1025V 0°C to 125°C ! mA
lo=5mAto1A 0.5
Short-circuit output current 25°C 450 mA
Peak output current 25°C 2.2 A

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-pF capacitor across the input and a 0.1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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electrical characteristics at specified virtual junction temperature, V)= 15V, Ig = 500 mA (unless

otherwise noted)

PARAMETER TEST CONDITIONS Tt nAT885C UNIT
MIN TYP MAX
25°C 8.15 85 885
Output voltage¥ :9;155 ralA to1A, Vi=11V10235V, | oo\ ores 8.1 8.9 v
Input voltage regulation Vi=105Vto25V 25°C 6170 mv
Vi=11Vto 17V 2 85
Ripple rejection Vi=115Vto215V, f=120Hz 0°C to 125°C 54 70 dB
. lo=5mAto15A o 12 170
Output voltage regulation 10 = 250 mA 0 750 mA 25°C 7 a5 mvV
Output resistance f=1kHz 0°C to 125°C 0.016 Q
Temperature coefficient of output voltage | lo=5mA 0°C to 125°C -0.8 mV/°C
Output noise voltage f=10Hz to 100 kHz 25°C 55 nv
Dropout voltage lo=1A 25°C 2 \
Bias current 25°C 4.3 8 mA
Bias current change Vi=105V1025V 0°C to 125°C ! mA
lo=5mAto1A 0.5
Short-circuit output current 25°C 450 mA
Peak output current 25°C 2.2 ) A

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-pF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, V; = 17 V, Ig = 500 mA (unless

otherwise noted)

PARAMETER TEST CONDITIONS Tyt pA7810C UNIT
MIN TYP MAX
25°C 9.6 10 10.4
Output voltage* |F9$=155 nv':[A 1A Vi=125V05Y, [ oo moec | 95 10 10s] Y
. V|=125Vto28V . 7 200
Input voltage regulation V=12V 20V 25°C > 700 mV
Ripple rejection Vi=13Vto23YV, f=120 Hz 0°C to 125°C 55 71 dB
Output voltage regulation lo=SmAto154 25°C 12 200 mv
lo =250 mA to 750 mA 4 100
Output resistance f=1kHz 0°C to 125°C 0.018 Q
Temperature coefficient of output voltage |lp =5mA 0°C to 125°C -1 mv/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 70 nv
Dropout voltage lo=1A 25°C 2 v
Bias current 25°C 4.3 8 mA
. Vi=125Vto28V 1
Bias current change O—SmATA 0°C to 125°C 05 mA
Short-circuit output current 25°C 400 mA
Peak output current 25°C 2.2 A

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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electrical characteristics at specified virtual junction temperature, V| =

otherwise noted)

19V, Ip = 500 mA (unless

PARAMETER TEST CONDITIONS Tyt parsi20 - UNIT
MIN TYP MAX
25°C 1.5 12 125
Output voltaget ::9;12 r‘?vA to1A, Vi=145Vt027V, Full range$ 114 126 \
Input voltage regulation Vi=145Vo 30V 25°C 0 291 W
Vi=16Vto22V 3 120
Ripple rejection Vi=15Vto25V, f=120 Hz Full range§ 55 7 dB
. lo=5mAto15A . 12 240
Output voltage regulation To = 250 mA 1o 750 mA 25°C 2 120 mVv
Output resistance f=1kHz Full range$ 0.018 Q
Temperature coefficient of output voltage |lp=5mA Full range$ -1 mV/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 75 nv
Dropout voltage lo=1A 25°C 2 \"
Bias current 25°C 4.3 8| mA
) Vi=145Vto30V 1
Bias current change lo=5mA® 1A Full range$ 05 mA
Short-circuit output current 25°C 350 mA
Peak output current 25°C 2.2 A

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.

¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

§Ful range virtual junction temperature is 0°C to 125°C for the uA7812C and —40°C to 125°C for the nA7812Q.

electrical characteristics at specified virtual junction temperature, V; = 23 V, Ig = 500 mA (unless

otherwise noted)

PARAMETER TEST CONDITIONS TJ"' pA7815C UNIT
\ MIN TYP MAX
25°C 144 15 15.6
Output voltage :,0 ;155 ";'VA 1A VI=178VI030V | o0y, 1o50G | 14.25 1575 v
. VI=175Vto 30V N 1 300
Input voltage regulation V=20V 26V 25°C 3 150 mV
Ripple rejection V|=185Vt0285V, f=120Hz 0°C to 125°C 54 70 dB
, lp=5mAto1.5A . 12 300
Output voltage regulation Io = 250 mA to 750 mA 25°C 2 150 mV
Output resistance f=1kHz 0°C to 125°C 0.019 Q
Temperature coefficient of output voltage |lo =5 mA 0°C to 125°C -1 mV/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 90 uv
Dropout voltage lo=1A 25°C 2 \
Bias current 25°C 4.4 8 mA
) Vi=17.5Vt0 30V . . 1
Bias current change lO=5mAOTA 0°C to 125°C 05 mA
Short-circuit output current 25°C 230 mA
Peak output current 25°C 2.1 A

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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electrical characteristics at specified virtual junction temperature, V| = 27 V, Ig = 500 mA (unless

otherwise noted)

PARAMETER TEST CONDITIONS T4t HATB18C UNIT
MIN TYP MAX
25°C 17.3 18 187
Output voltage¥ :9:15; r‘;va 1A, Vi=21V1038Y, | oo | 474 sol Vv
Input voltage regulation Vi=21Vio 33V 25°C 15 360 mV
V|=24Vto30V 5 180
Ripple rejection Vi=22Vto 32V, f=120Hz 0°C to 125°C 53 69 dB
Output voltage regulation lo=5mAto1.3A 25°C 12 360 mV
lo =250 mA to 750 mA 4 180
Output resistance f=1kHz 0°C to 125°C 0.022 Q
Temperature coefficient of output voltage | I =5 mA 0°C to 125°C -1 mV/°C
Output noise voltage f=10Hz to 100 kHz 25°C 110 nv
Dropout voltage lo=1A 25°C 2 v
Bias current 25°C 45 8| mA
) Vi=21Vto33V 1
Bias current change O-5mAGTA 0°C to 125°C 0% mA
Short-circuit output current 25°C 200 mA
Peak output current 25°C 2.1 A

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-pF capacitor across the output.
$This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, V| = 33 V, ig = 500 mA (unless

otherwise noted)

PARAMETER TEST CONDITIONS Tyt nA7824C UNIT
- MIN TYP MAX
25°C 23 24 25
Output voltaget lo=5mAto 1A Vi=27Vi038Y, | .o "o | o0 w2l Y
P<15W
Input voltage regulation Vi=27Vio 38V 25°C 18 480 mVv
V|=30Vto36V 6 240
Ripple rejection V|=28Vto38YV, f=120Hz 0°C to 125°C 50 66 dB
. lo=5mAto1.5A 12 480
Output voltage regulation T = 250 mA t0 750 mA 25°C 7 240 mV
Output resistance f=1kHz 0°C to 125°C 0.028 Q
Temperature coefficient of output voltage |Ip =5 mA 0°C to 125°C -15 mV/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 170 uv
Dropout voltage lop=1A 25°C 2 v
Bias current 25°C 4.6 8 mA
] V|=27Vto38V 1
Bias current change OBmATA 0°C to 125°C 05 mA
Short-circuit output current 25°C 150 mA
Peak output current 25°C 2.1 A

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.
% This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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electrical characteristics at specified virtual junction temperature, Vj =10V, g =500 mA, Ty = 25°Ct

(unless otherwise noted)

PARAMETER TEST CONDITIONS BAT7BO5Y UNIT
MIN TYP MAX
Output voltage¥ 5 v
. Vi=7Vto25V 3

Input voltage regulation V=8V 12V 7 mv
Ripple rejection Vi=8Vto18YV, f=120Hz 78 dB

. lo=5mAto15A 15
Output voltage regulation 1o = 250 MA 1o 750 mA 3 mv
Output resistance f=1kHz 0.017 Q
Temperature coefficient of output voltage lo=5mA -11 mv/°C
Output noise voltage f=10Hz to 100 kHz 40 uv
Dropout voltage lo=1A 2 \
Bias current R 4.2 mA
Short-circuit output current 750 mA
Peak output current 2.2 A

T Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-pF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, V; =11V, 1o =500 mA, Ty = 25°Ct

(unless otherwise noted)

uA7806Y

PARAMETER TEST CONDITIONS N TYP  MAX UNIT

Output voltage¥ 6 v
. Vi=8Vto25V 5

Input voltage regulation V=9V 13V 15 mVv
Ripple rejection Vi=9Vto19V, f=120Hz 75 dB

. lo=5mAto15A 14
Output voltage regulation I = 250 mA 10 750 mA y mv
Output resistance f=1kHz 0.019 Q
Temperature coefficient of output voltage lo=5mA -0.8 mV/°C
Output noise voltage f=10 Hz to 100 kHz 45 uv
Dropout voltage lo=1A 2 \'
Bias current 4.3 mA
Short-circuit output current 550 mA
Peak output current 2.2 A

1 Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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electrical characteristics at specified virtual junction temperature, Vi=14V,lg=500mA, T, = 25°Ct

(unless otherwise noted)

PARAMETER TEST CONDITIONS pA7808Y UNIT
MIN TYP MAX
Output voltage¥ 8 ;
. Vj=105Vto25V 6
Input voltage regulation V=1 Vo7V > mVv
Ripple rejection Vi=115Vto215V, f=120Hz 72 dB
Output voltage regulation lo=SmAto 154 12 mV
lo =250 mAto 750 A 4
Output resistance f=1kHz 0.016 Q
Temperature coefficient of output voltage lo=5mA -0.8 mV/°C
Output noise voltage f=10 Hz to 100 kHz 52 uv
Dropout voltage lo=1A 2 \Y
Bias current 4.3 mA
Short-circuit output current 450 mA
Peak output current 2.2 A

T Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.

¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, V=15V, Ig =500 mA, T = 25°Ct

(unless otherwise noted)

pHA7885Y
PARAMETER . TEST CONDITIONS WIN  TYP  MAX UNIT
Output voltage¥ 8.5 v
. Vi=105Vto25V 6
Input voltage regulation V=TTV 17V > mV
Ripple rejection Vi=115Vto215V, f=120Hz 70 dB
Output voltage regulation lo=5mAto15A 12 mv
10 =250 mA to 750 mA 4
Output resistance f=1kHz 0.016 Q
Temperature coefficient of output voltage lo=5mA -0.8 mV/°C
Output noise voltage f=10Hz to 100 kHz 55 uv
Dropout voltage lo=1A 2 \
Bias current 4.3 mA
Short-circuit output current 450 mA
Peak output current 2.2 A

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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electrical characterlstics at specified virtual junction temperature, V| =17V, 1o = 500 mA, T = 25°Ct
(unless otherwise noted)
PARAMETER TEST CONDITIONS WA7810Y UNIT
MIN TYP MAX
Output voltage¥ 10 v
. Vi=125Vt028V 7
Input voltage regulation V=14V 20V > mV
Ripple rejection Vi=13Vto 23V, f=120Hz 71 dB
Output voltage regulation :g : :52::: :;57:0 — 12 mv
Output resistance ‘ f=1kHz 0.018 Q
) Temperature coefficient of output voltage lo=5mA -1 mv/°C
Output noise voltage f=10 Hz to 100 kHz 70 pv
Dropout voitage lo=1A 2 \Y
Bias current 43 mA
Short-circuit output current 400 mA
Peak output current 2.2 A

T Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, V|=19V, g = 500 mA, Ty =25°Ct

(unless otherwise noted)

pA7812Y

PARAMETER TEST CONDITIONS NN TYP  MAX UNIT

Output voltage¥ 12 Vv
. Vi=145Vto30V 10

Input voltage regulation V=16V 022V 3 mV
Ripple rejection Vi=15Vto25V, f=120Hz 71 dB

. lo=5mAto15A 12
Output voltage regulation To = 250 mA 1o 750 mA 7 mv
Output resistance f=1kHz 0.018 Q
Temperature coefficient of output voltage lo=5mA -1 mv/°C
Output noise voltage =10 Hz to 100 kHz 75 uv
Dropout voltage lo=1A 2 \)
Bias current 4.3 mA
Short-circuit output current 350 mA
Peak output current 2.2 A

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.

 This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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electrical characteristics at specified virtual junction temperature, V| =23V, Ig =500 mA, Ty = 25°Ct

(unless otherwise noted)

PARAMETER TEST CONDITIONS WATSISY UNIT
MIN TYP MAX
Output voltage¥ 15 v
. V=175Vt 30V 1"
Input voltage regulation V=20V 26V 3 mV
Ripple rejection V|=185V1t0285V, f=120Hz 70 dB
Output voltage regulation lo=5mAto15A 12 mv
lo =250 mA to 750 mA 4
Output resistance f=1kHz 0.019 Q
Temperature coefficient of output voltage lo=5mA -1 mV/°C
.| Output noise voltage . f=10 Hz to 100 kHz 90 (%
Dropout voltage lo=1A 2 \
Bias current 4.4 mA
Short-circuit output current 230 mA
Peak output current 2.1 A

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-puF capacitor across the output.

% This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, V; =27 V, g = 500 mA, T = 25°Ct

(unless otherwise noted)

HAT818Y

PARAMETER TEST CONDITIONS MiNTYP  MAX UNIT
Output voltage¥ 18 v
Input voltage regulati Viz21Vio33V 15 Vv

gulation V=24V 1030V 5 m

Ripple rejection Vi=22Vto32V, f=120 Hz 69 dB

] lo=5mAto1.5A 12
Output voltage regulation T = 250 mA 10 750 mA 2 mv
Output resistance f=1kHz 0.022 Q
Temperature coefficient of output voltage lo=5mA -1 mV/°C
Output noise voltage f=10 Hz to 100 kHz 110 nv
Dropout voltage lo=1A 2 \)
Bias current 45 mA
Short-circuit output current 200 mA
Peak output current 2.1 A

t Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.
1 This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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electrical characteristics at specified virtual junction temperature, V=33V, g =500 mA, Ty = 25°CT

(unless otherwise noted)

nA7824Y
PARAMETER TEST CONDITIONS MINTYP  NAX UNIT
Output voltage¥ 24 v
Input voltage regﬁlation Vi=27 V1038 Y 18 mVv
V|=30Vto36V 6
Ripple rejection =28Vto38YV, f=120 Hz 66 dB
Output voltage regulation lo=5mAto1.5A 12 mv
lo =250 mA to 750 mA 4
Output resistance f=1kHz 0.028 Q
Temperature coefficient of output voltage lo=5mA -1.5 mv/°C
Output noise voltage f =10 Hz to 100 kHz 170 nv
Dropout voltage lo=1A 2 v
Bias current 4.6 mA
Short-circuit output current 150 mA
Peak output current 2.1 A

t Pulse-testing technigues maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-pF capacntor across the output.
$This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS056A — MAY 1976 — REVISED AUGUST 1995

APPLICATION INFORMATION

+V, nA78xx +Vo + ] 78xx ———I— G
|T uA out

~ O1vF Vi com| T._l

0.33 pF.
‘ - -Vo

A\

&

Figure 4. Positive Regulator in Negative

Figure 3. Fixed Output Regulator
Configuration (V| Must Float)

Input HA78xx Output
R1
Io+

I 0.33 uF VO(Reg)

Input HAT78xx

0.1 uF Output

0.33 uF
—»< R2 —>
lo
lp = (Vo/R1) + Ip Bias Current

NOTE A. The following formula is used when Vxx is
the nominal output voltage (output to
common) of the fixed regulator.

— VXX
Vo = Vax + [ B +1g ) R2

Figure 5. Adjustable Output Regulator Figure 6. Current Regulator

1N4001
20-V =
Input —4 uA7815C Vo=15V
0.33 uF 1N4001

2yF 1pF

1N4001
Vo=-15V

HAT7915C

1N4001
Figure 7. Regulated Dual Supply
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1A7800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS056A - MAY 1976 — REVISED AUGUST 1995

APPLICATION INFORMATION

+v—] unA78xx +V
! hA 1N4oo1 °

A

l Equlvalent big

T
|
-Vo

Figure 8. Output Polarity-Reversal Protection Circuit

operation with a load common to a voltage of opposite polarity

In many cases, a regulator powers a load that is not connected to ground but instead is connected to a voltage
source of opposite polarity (e.g., op amps, level-shifting circuits, etc.). In these cases, a clamp diode should be
connected to the regulator output as shown in Figure 8. This protects the regulator from output polarity reversals
during startup and short-circuit operation.

Vi uA78xx +Vo

19

Figure 9. Reverse-Bias Protection Circuit

reverse-bias protection

Occasionally, there exists the possibility that the input voltage to the regulator can collapse faster than the output
voltage. This could occur, for example, when the input supply is crowbarred during an output overvoltage
condition. If the output voltage is greater than approximately 7 V, the emitter-base junction of the series pass
element (internal or external) could break down and be damaged. To prevent this, a diode shunt can be
employed as shown in Figure 9.
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uA78L00 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS010D — JANUARY 1976 — REVISED OCTOBER 1995

3-Terminal Regulators

Output Current Up to 100 mA

No External Components

Internal Thermal Overload Protection
Internal Short-Circuit Current Limiting

Direct Replacements for Fairchild pA78L00
Series

description

This series of fixed-voltage monolithic integrated-
circuit voltage regulators is designed for a wide
range of applications. These applications include
on-card regulation for elimination of noise and
distribution problems associated with single-point
regulation. In addition, they can be used with
power-pass elements to make high-current
voltage regulators. One of these regulators can
deliver up to 100 mA of output current. The internal
limiting and thermal shutdown features of these

D PACKAGE
(TOP VIEW)

U

OUTPUT [}
COMMON []
COMMON ]

NG [

] INPUT

] COMMON
] COMMON
] NC

AW N =
o o N ®

NC-No internal connection

LP PACKAGE
_ (TOP VIEW)

INPUT
COMMON
OUTPUT

TO-226AA

regulators make them essentially immune to overload. When used as a replacement for a zener diode-resistor
combination, an effective improvement in output impedance can be obtained together with lower-bias current.

AVAILABLE OPTIONS
PACKAGED DEVICES
PLASTIC DIP PLASTIC CYLINDRICAL
Ty vo(som) (D) (LP) CHIP YFOHM
1\ OUTPUT VOLTAGE TOLERANCE i\
5% 10% 5% 10%
2.6 nA78LO2ACD uA78L02CD uA78LO2ACLP MA78LO2CLP MA78LO2Y
5 RA78LOSACD HA78LO5CD WA78LOSACLP uA78LO5CLP uA78LOSY
6.2 uA78LO6ACD HA78LO6CD uA78LO6ACLP HA78LO6CLP HA78LOBY
0°C to 125°C 8 HA78LOBACD nA78L08CD uA78LOBACLP MA78LO8CLP HA78LO8BY
9 MA78LO9ACD HA78L0O9CD uA78LO9ACLP nA78LO9CLP HA78LO9Y
10 RA78L10ACD uA78L10CD MA78L10ACLP HA78L.10CLP RA78L10Y
12 HA78L12ACD HA78L12CD uA78L12ACLP uA78L12CLP MA78L12Y
15 pA78L15ACD RA78L15CD pA78L15ACLP MA78L15CLP HA78L1BY
_40°C to 125°C 5 HA78LO5AQD uA78L05QD uA78LOSQLP uA78LOSQLP -
12 uA78L12AQD nA78L12QD nA78L12QLP pA78L12QLP —

D and LP packages are available taped and reeled. Add R suffix to devise type (e.g., pA78LO5ACDR).

PRODUCTION DATA information is current as of publication date.

Products conform to specifl

standard warranty, F

ications per the terms of Texas Instruments
does not incl

testing of all pm‘!rmu.
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schematic

. i:"* . — o— INPUT
§ 20kQ

&— OUTPUT
1kQto 14 kQ
A ,
1.4 kQ

L L L ® ® COMMON
Resistor values shown are nominal. )

{’f TeExAs
INSTRUMENTS

3-276 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



nA78L00 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS010D — JANUARY 1976 — REVISED OCTOBER 1995

nA78xxY chip information

These chips, when properly assembled, display characteristics similar to the pA78xxY. Thermal compression
or ultrasonic bonding may be used on the doped aluminum bonding pads. The chips may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

»|

eyt —©& 0
o| vamex |2 — outeur
common —2]

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tygmax = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

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

TERMINALS 4 AND 5 ARE NOT
CONNECTED

Potvtatatebvrotonotebotvrorotebororon e bv oo b

le—

e 45 b
|l'l'lll‘lIllI|D|I|||l‘l|l|l||tl|||l|l|l|l|l|l
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(A78L00 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS010D - JANUARY 1976 — REVISED OCTOBER 1995

pA78LxxC absolute maximum ratings over operating temperature range (unless otherwise noted)

HATBLO2C, LATBLO2AC uA78L12C, pA78L12AC
THROUGH RA78L15C, LATBL15AC UNIT
MA78L10C, nA78L10AC
Input voltage 30 35 \
Continuous total power dissipation (see Note 1) See Dissipation Rating Tables 1 and 2
Operating free-air, Tp, case, Tg, or virtual junction, T, temperature range Oto 125 O0to 125 °C
Storage temperature range, Tstg ~65 to 150 —-65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 260 °C

NOTE 1: To avoid exceeding the design maximum virtual junction temperature, these ratings should not be exceeded. Due to variations in
individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated at power
levels slightly above or below the rated dissipation.

LA78LxxQ absolute maximum ratings over operating temperature range (unless otherwise noted)

nA78L05Q, nA78LO5AQ | nA78L12Q, pA78L12AQ | UNIT
Input voltage 30 35 \
Continuous total power dissipation (see Note 1) See Dissipation Rating Tables 1 and 2
Operating free-air, Ta, case, T, or virtual junction, T, temperature range —40 to 150 —-40to 150 °C
Storage temperature range, Tstg —65to 150 —65to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 260 °C

NOTE 1: To avoid exceeding the design maximum virtual junction temperature, these ratings should not be exceeded. Due to variations in
individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated at power
levels slightly above or below the rated dissipation.

DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE

PACKAGE Ta <25°C DERATING DERATE Ta =70°C
POWER RATING FACTOR ABOVE Tp POWER RATING
D 725 mW 5.8 mW/°C 25°C 464 mW
LPT 775 mW 6.2 mW/°C 25°C 496 mW

1 The LP package dissipation rating is based on thermal resistance Rga 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 TA <25°C DERATING DERATE Tc =125°C
POWER RATING FACTOR ABOVE Tg POWER RATING
D 1600 mW. 19.6 mW/°C 65°C 424 mW
LP 1600 mW 28.6 mW/°C 94°C 713 mW

{'f TeEXxAS
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1A78L00 SERIES
POSITIVE-VOLTAGE REGULATORS
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recommended operating conditions

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

MIN MAX| UNIT
uA78L02C, pA78L02AC 475 20
LA78LO5C, tA78LO5AC, 7 20
PA78LO5Q, pA78LOSAQ
HA78LO6C, pA78LOGAC 85 20
HA78LOBC, pA78LOBAC 105 23
Input voltage, V) WA78L0GC, pA7BLOOAC s 2| Vv
1A78L10C, pA78L10AC 125 25
uA78L12C, nA78L12AC, s 27
PA78L12Q, pA78L12AQ .
WA78L15C, pA78L15AC 175 30
Output current, Ig 100 mA
Operating virtual junction temperature, T HATBLXC thru RATBLXXAC 0 125 °C
1A78LxxQ and pA7BLXXAQ | —40 125
% TEXAS
INSTRUMENTS
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pA78L00 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS010D - JANUARY 1976 — REVISED OCTOBER 1995

electrical characteristics at specified virtual junction temperature, Vj = 9 V, Ig = 40 mA (unless
otherwise noted)

PARAMETER TEST CONDITIONS TJT HA78L02C LATBLO2AC UNIT
MIN TYP MAX| MIN TYP MAX
25°C 24 2.6 2.8 25 2.6 2.7
Output voltagei Vi=475Vto 20V, lo=1mAto40mA 2.35 285| 245 2.75 \
i0=1mAto70 mA Full angeS (—== 2.85| 2.45 2.75
Input voltage V|=4.75Vto 20V 20 125 20 100
regulation g v: TEVR20V 25°C 76 100 % 75 ™
Ripple rejection Vi=6Vto20V, f=120Hz 25°C 42 51 43 51 dB
Output voltage lo=1mAto 100 mA 12 50 12 50
regulation lo=1mA 1040 mA 25°C S 5 2| "
Output noise voltage |f= 10 Hzto 100 kHz 25°C 30 30 nv
Dropout voltage 25°C 17 1.7 v
| 25°C 3.6 6 3.6 6
Bias current 1250 55 55 mA
) Vi=5V1020V 25 25
Bias current change o= TmATo 40 mA Full range$ o3 571 ™A

t Pulse-testing techniques maintain T as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-pF capacitor across the input and a 0.1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
§Ful range virtual junction temperature is 0°C to 125°C for nA78L02, pnA78L02AC, pA78L05C, and uA78LOSAC and —-40°C to 125°C for pA78L05Q

and pA78LO5AQ.

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

HA78LOSC, HAT78LO5SAC,
PARAMETER TEST CONDITIONS T4t HA78LOSQ HA78LOSAQ UNIT
MIN TYP MAX| MIN TYP MAX
25°C 4.6 5 54| 48 5 52
Output voltage¥ V|=7Vto20V, lo=1mAto40 mA 4.5 55| 4.75 5.25 \%
Full range$
: lo=1mAto 70 mA 4.5 55| 475 5.25
Input voltage Vi=7Vto20V 32 200 32 150
N 25°C mV
regulation V|=8Vto20V 26 150 26 100
Ripple rejection Vi=8Vto18YV, f=120Hz 25°C 40 49 41 49 dB
Output voltage lo=1mAto 100 mA 15 60 15 60
. 25°C mVv
regulation lo=1mAto 40 mA 8 30 8 30
Output noise voltage |f= 10 Hz to 100 kHz 25°C 42 42 uv
Dropout voltage 25°C 17 17 \'
Bi : 25°C 3.8 6 3.8 6 A
as ourren 125°C 55 55| ™
Bias current change Vi=8Vio20 ¥ Full § 15 15 mA
9 [o = 1mAto 40 mA Ui range 02 0.1

1 Pulse-testing techniques maintain T as close to T as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
§Ful range virtual junction temperature is 0°C to 125°C for pA78L02, pA78L02AC, nA78L05C, and pA78LO5AC and —40°C to 125°C for pA78L05Q

and pA78L05AQ.
i
EXAS
INSTRUMENTS
3-280 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



uA78L00 SERIES

POSITIVE-VOLTAGE REGULATORS

SLVS010D — JANUARY 1976 — REVISED OCTOBER 1995

electrical characteristics at specified virtual junction temperature, V| = 12V, Ig = 40 mA (unless
otherwise noted)

PARAMETER TEST CONDITIONS Tt RATBLOGC RA7BLOGAC UNIT
J MIN TYP MAX| MIN TYP MAX
25°C 57 6.2 6.7 5.95 6.2 6.45
Output voltaget V|=85Vto20V, lo=1mAto40 mA 5.6 6.8 5.9 6.5 \
Full range$
lo=1mAto 70 mA 5.6 6.8 59 6.5
Vi=85Vto20V 35 200 35 175
Input v9ltage | 0 25°C mv
regulation Vi=9Vto20V 29 150 29 125
Ripple rejection Vi=10Vto20V, f=120 Hz 25°C 39 48 40 48 dB
Output voltage 10 =1 mAto 100 mA 16 80 16 80
. 25°C mv
regulation lo=1mAto40mA 9 40 9 40
Output noise voltage |f=10 Hz to 100 kHz 25°C 46 46 uv
Dropout voltage 25°C 1.7 1.7 \
Bias current 25°C 3.9 6 3.9 6 mA
as ou 125°C 55 55
B tch Vi=9Vto20V Full § 1.5 1.5 A
ias current change o= 1mA o 40 mA ull range o2 o1 m,

T Pulse-testing techniques maintain Ty as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-uF capacitor across the input and a 0.1-pF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
§ Full range virtual junction temperature is 0°C to 125°C for pA78L06C, nA78LOBAC, nA78LO8C, and pA78LOBAC.

electrical characteristics at specified virtual junction temperature, V| = 14 V, Ig = 40 mA (unless
otherwise noted)

PARAMETER TEST CONDITIONS Tt pA78LOBC iATBLOBAC UNIT
MIN TYP MAX| MIN TYP MAX
25°C 7.36 8 864 77 8 8.3
Output voltaget V|=105Vto23V, lo=1mAto 40 mA 7.2 8.8 7.6 . 84 \"
Full range§
lo=1mAto70 mA 72 8.8 7.6 8.4
Input voltage V|=105Vto23V 250G 42 200 42 175 mv
regulation Vi=11Vto23V 36 150 36 125
Ripple rejection Vi=13Vto23V, f=120 Hz 25°C 36 46 37 46 dB
Output voltage lo=1mAto 100 mA 25°C 18 80 18 80 mv
regulation lo=1mAto 40 mA 10 40 10 40
Output noise voltage |f= 10 Hz to 100 kHz 25°C 54 54 uv
Dropout voltage 25°C 1.7 1.7 \
' 25°C 4 6 4 6
Bias current 125G 55 55 mA
. Vi=5Vto20V 1.5 1.5
Bias current change lo= 1 mA 0 40 mA Full range$ 02 o1 mA

1 Pulse-testing techniques maintain T, as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-pF capacitor across the input and a 0.1-uF capacitor across the output.

+ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

§ Full range virtual junction temperature is 0°C to 125°C for uA78LO6C, uA78LOGAC, uA78LO8C, and uA78LOBAC.
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uA78L00 SERIES
POSITIVE-VOLTAGE REGULATORS
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electrical characteristics at specified virtual junction temperature, Vy = 16 V, Ig = 40 mA (unless
otherwise noted)

PARAMETER TEST CONDITIONS T4t RA78LOSC RA7BLOSAC UNIT
MIN TYP MAX| MIN TYP MAX
25°C 8.3 9 9.7 8.6 9 9.4
Output voltagelt Vi=12Vto24V, lo=1mAto 40 mA 8.1 99| 855 9.45 \
Full range$
lo=1mAto 70 mA 8.1 99| 855 9.45
Input voltage Vi=12Vto24V N 45 - 225 45 175
regulation Vi=13Vto24V 25°C 40 175 40 125 mv
Ripple rejection Vi=15Vto 25V, f=120 Hz 25°C 36 45 38 45 dB
Output.voltage lo=1mAto 100 mA 25°C 19 90 19 90 mv
regulation lo=1mAto 40 mA 1 40 11 40
Output noise voltage |f= 10 Hz to 100.kHz 25°C 58 58 uv
Dropout voltage 25°C 1.7 1.7 \
’ 25°C 4.1 6 4.1 6
Bias current 125°C 55 55 mA
. Vi=13Vto24V 15 1.5
Bias current change o= 1mAT0 40 mA Full range§ o2 x| mA

t Pulse-testing techniques maintain T as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-pF capacitor across the input and a 0.1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
§Full range virtual junction temperature is 0°C to 125°C for pA78L09C, uA78L09AC, nA78L10C, and pnA78L10AC.

electrical characteristics at specified virtual junction temberature, V=14V, Ig = 40 mA (unless
otherwise noted)

PARAMETER TEST CONDITIONS Tyt pA78L10C RATBL10AC UNIT
MIN TYP MAX| MIN TYP MAX
25°C 9.2 10 108| 96 10 104
Output voltage¥ Vi=13Vto25V, lo=1mAto40 mA 9 1 9.5 10.5 \
Full range$
lo=1mAto 70 mA 9 " 9.5 10.5
Input voltage Vi=13Vto25V 51 225 51 175
regulation ’ v: ~14Vto25V 25°C 22 175 2 | ™
Ripple rejection Vi=15Vto 25V, f=120 Hz 25°C 36 44 37 44 dB
Output.voltage lo=1mAto 100 mA 25°C 20 90 20 90 mv
regulation 10 =1mAto 40 mA 11 40 1" 40
Output noise voltage |f= 10 Hz to 100 kHz 25°C 62 62 puv
Dropout voltage 25°C 1.7 1.7 \
. 25°C 4.2 6 4.2 6
Bias current 550 55 55 mA
] Vi=14Vto 25V 15 15
Bias current change o =7 mA o 40 A Full range$ o3 o7l ™A

t Pulse-testing techniques maintain T as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
§ Full range virtual junction temperature is 0°C to 125°C for pA78L09C, nA78L0O9AC, pA78L10C, and pA78L10AC.
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LA78L00 SERIES

POSITIVE-VOLTAGE REGULATORS

SLVS010D — JANUARY 1976 — REVISED OCTOBER 1995

electrical characteristics at specified virtual junction temperature, V; = 19 V, Ig = 40 mA (unless
otherwise noted)

uA78L12C, HAT78L12AC,
PARAMETER TEST CONDITIONS T, JT pA78L12Q HA78L12AQ UNIT
MIN TYP MAX| MIN TYP MAX
25°C 1.1 12 129] 115 12 125
Output voltaget V=14Vt 27V, lo =1mAto 40 mA 10.8 1321 114 12.6 \
10=1mA o 70 mA Fullrange$ [—52 B2 14 12.6
Input voltage Vi=145Vto27V 25°C 55 250 55 250 mv
regulation Vi=16V1027V 49 200 49 200
Ripple rejection Vi=15Vto 25V, f=120 Hz 25°C 36 42 37 42 dB
Output voltage lo=1mAto 100 mA N 22 100 22 100
regulation 10 =1 mA to 40 mA % 13 50 B ]| ™
Output noise voltage |f=10 Hz to 100 kHz 25°C 70 70 pv
Dropout voltage 25°C 1.7 1.7 \"
] 25°C 43 65 43 65
Bias current T25°C 5 5 mA
) Vi=16Vto 27V 1.5 1.5
Bias current change o= T mA 1o 40 mA Full range$ 02 5] ™A

t Pulse-testing techniques maintain T as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-pF capacitor across the input and a 0.1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
§ Full range virtual junction temperature is 0°C to 125°C for uA78L12C, pA78L12AC, pA78L15C, and pA78L15AC.

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

PARAMETER TEST CONDITIONS T4t HATBL1SC RATBLISAC UNIT
MIN TYP MAX| MIN TYP MAX
25°C 13.8 15 16.2| 144 15 156
Output voltaget Vi=175V1t030V, Ip=1mAto40mA 13.5 16.5 | 14.25 15.75 \
1O =1mAto 70 mA FullrangeS [—== 165 | 14.25 1575 -
Input voltage Vi=17.5Vto 30V N 65 300 65 300
regulation V|=20V 1030V 25°C 58 250 5 20| "
Ripple rejection Vi=185Vt0285V, f=120Hz 25°C 33 39 34 39 dB
Output voltage lo=1mAto 100 mA . 25 150 25 150
regulation 10=1mAto40mA - 25°C 5 75 s s ™
Output noise voltage | f =10 Hz to 100 kHz 25°C 82 82 uv
Dropout voltage 25°C 17 1.7 \'
Bias current 25°C 46 65 46 65 mA
125°C 6 6
i Vi=10Vto 30V 1.5 1.5
Bias current change To = 1 mA 0 40 mA Full range$ 02 o mA

t Pulse-testing techniques maintain T as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-pF capacitor across the input and a 0.1-pF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
§Ful range virtual junction temperature is 0°C to 125°C for pA78L12C, pA78L12AC, nA78L15C, and pA78L15AC.
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1A78L00 SERIES |
POSITIVE-VOLTAGE REGULATORS
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electrical characteristics at specified virtual junction temperature, Vi =9V, Ig = 40 mA, Tp = 25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST pA76LO2Y UNIT
MIN TYP MAX

Output voltage¥ 2.6 v
Input voltage V|=475Vto20V 20

regulation V|=5Vto20V 16 m
Ripple rejection Vi=6Vto20V, f=120Hz 51 daB
Output voltage lo=1mAto 100 mA 12

regulation lo=1mAto40 mA 6 m
Output noise voltage f=10Hz to 100 kHz 30 uv
Dropout voltage 1.7 \
Bias current 3.6 mA

T Pulse-testing techniques maintain T as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, V) =10V, Ig = 40 mA, Tp = 25°C

(unless otherwise noted)

UAT78LO5Y
PARAMETER TEST CONDITIONST WIN_TYP  WAX UNIT

Output voltage¥ ] 5 v
Input voltage Vi=7Vto20V 32

regulation V|=8Vio20V 26 mv
Ripple rejection V|=8Vto18YV, f=120 Hz 49 dB
Output voltage lo =1mAto 100 mA 15

regulation I0=1mAto 40 mA 8 mv
Output noise voltage f=10Hz to 100 kHz 42 uv
Dropout voltage 1.7 \"
Bias current 3.8 mA

1 Pulse-testing techniques maintain Tj as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.
iThis specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, V; =

(unless otherwise noted)

12V,lp =40 mA, Tp =25°C

PARAMETER TEST CONDITIONST RA7BLOGY UNIT
MIN TYP MAX

Output voltage¥ 6.2 v
Input voltage Vi=85Vto20V 35

regulation V|=9Vto20V 29 m
Ripple rejection Vi=10Vto 20V, f=120Hz 48 dB
Output voltage lo=1mAto 100 mA 16

regulation Io=1mAto 40 mA 9 m
Output noise voltage f=10 Hz to 100 kHz 46 pv
Dropout voltage 17 \
Bias current 3.9 mA

T Pulse-testing techniques maintain T as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-uF capacitor across the input and a 0.1-pF capacitor across the ouitput.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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electrical characteristics at specified virtual junction temperature, Vi=14V, Ig =40 mA, Ty = 25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST HA7BLOBY UNIT
MIN TYP MAX

Output voltage¥ 8 v
Input voltage Vi=105Vto23V 42

regulation Vi=11Vto23V 36 mV
Ripple rejection Vi=13Vto23V, f=120 Hz 46 dB
Output voltage lo=1mAto 100 mA 18

regulation 10=1mA1040 mA 10 mv
Output noise voltage f=10 Hz to 100 kHz 54 pv
Dropout voltage 17 \
Bias current 4 mA

t Pulse-testing techniques maintain T as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-uF capacitor across the input and a 0.1-pF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, V| = 16 V,lo =40 mA, Tp =25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST HATOLOSY UNIT
MIN TYP MAX

Output voltage® ] 9 v
Input voltage Vi=12Vto24V 45

regulation Vi=13Vto24V 40 m
Ripple rejection V=15Vt 25V, f=120Hz 45 dB
Output voltage lo=1mAto 100 mA 19

regulation lo=1mAto 40 mA 1 m
Output noise voltage f=10 Hz to 100 kHz 58 uv
Dropout voltage 1.7 \
Bias current 4.1 mA

t Pulse-testing techniques maintain T as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, Vi=14V, Ig =40 mA, Tp = 25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST pA78L1OY UNIT
MIN TYP MAX

Output voltage¥ 10 v
Input voltage Vi=13Vto25V 51

regulation Vi=14Vio25V 42 m
Ripple rejection Vi=15Vto 25V, f=120Hz 44 dB
Output voltage lo=1mAto 100 mA 20

regulation 10=1mAto40 mA 1 mv
Output noise voltage f=10 Hz to 100 kHz 62 uv
Dropout voltage 1.7 \
Bias current 4.2 mA

t Pulse-testing techniques maintain T as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.
$This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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electrical characteristics at specified virtual junction temperature, V| =19V, Ig = 40 mA, Tp = 25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST pAT8L12Y UNIT
MIN TYP MAX

Output voltage¥ 12 v
Input voltage Vi=145Vto 27V 55

regulation Vi=16Vto27V 49 m
Ripple rejection Vi=15Vto 25V, f=120 Hz 42 dB
Output voltage lo=1mAto 100 mA 22

regulation 10 = 1 mA to 40 mA 13 mv
Output noise voltage f =10 Hz to 100 kHz 70 nv
Dropout voltage 1.7 \
Bias current 4.3 mA

measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.
$This specification applies only for dc power dissipation permitted by absolute maximum ratings.

T Pulse-testing techniques maintain T as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are

electrical characteristics at specified virtual junction temperature, V=23 V, Ig =40 mA, T =25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST HA78L1SY UNIT
MIN TYP MAX

Output voltage¥ 15 v
Input voltage Vi=17.5Vto 30V 65

regulation V=20Vt 30V 58 mv
Ripple rejection Vi=185Vt0285V, f=120Hz 39 dB
Output voltage lo=1mAto 100 mA 25

regulation 10 =1 mA to 40 mA 15 mv
Output noise voltage f=10 Hz to 100 kHz 82 uv
Dropout voitage 1.7 v
Bias current 4.6 mA

1 Pulse-testing techniques maintain Tg as close to Ty as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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APPLICATION INFORMATION

AR A Ml 0 AP
0.33 uF: 0.1 pF
[

Figure 1. Fixed Output Regulator

1

Il

Input RAT78LXX Output

0.1 uF

Figure 3. Adjustable Output Regulator

1N4001

<

20V _ g LA78L15

0.33 uF

0.33 pF
-20-v :L« HATOL15

Input

i

1N4001

+ —| pA78Lxx G
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Figure 2. Positive Regulator in Negative
Configuration (V| Must Float)

Input HA78Lxx

R1
T 0.33 uF Vo(Reg)

Output
—>

lo
lp = (Vo/R1) + Ig Bias Current

Figure 4. Current Regulator

Vo=15V

1N4001

1N4001
Vo=-15V

Figure 5. Regulated Dual Supply
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APPLICATION INFORMATION

v — nA78Lxx - Vv
! oot | o
or <
_|_ Equivalent %>

|
-Vo

Figure 6. Output Polarity-Reversal Protection Circuit

operation with a load common to a voltage of opposite polarity

In many cases, a regulator powers a load that is not connected to ground but instead is connected to a voltage
source of opposite polarity (e.g., operational amplifiers, level-shifting circuits, etc.). In these cases, a clamp
diode should be connected to the regulator output as shown in Figure 6. This protects the regulator from output
polarity reversals during startup and short-circuit operation.

¢

Vi LA78LXX . Vo

I T

Figure 7. Reverse-Bias Protection Circuit

reverse-bias protection

Occasionally, there exists the possibility that the input voltage to the regulator can collapse faster than the output
voltage. This could occur, for example, when the input supply is crowbarred during an output overvoltage
condition. If the output voltage is greater than approximately 7 V, the emitter-base junction of the series pass
element (internal or external) could break down and be damaged. To prevent this, a diode shunt can be
employed as shown in Figure 7.
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This series of fixed-voltage monolithic integrated-
circuit voltage regulators is designed for a wide
range of applications. These applications include
on-card regulation for elimination of noise and
distribution problems associated with single-point
regulation. Each of these regulators can deliver
up to 500 mA of output current. The internal
current limiting and thermal shutdown features of
these regulators make them essentially immune
to overload. In addition to use as fixed-voltage
regulators, these devices can be used with
external components to obtain adjustable output
voltages and currents and also as the power pass
element in precision regulators.

® 3-Terminal Regulators KC PACKAGE
e Output Current Up to 500 mA (TOP VIEW)
® No External Components [—————— ouTPUT
® Internal Thermal Overioad Protection O [ ———— COMMON
® High Power Dissipation Capability [ ———— INPUT
® |nternal Short-Circuit Current Limiting The common terminal is in electrical
® OQutput Transistor Safe-Area Compensation contact with the mounting base.
® Direct Replacements for Fairchild pA78MO00 TO-220AB
Series .
description

D

KTP PACKA
(TOP VIEW)

[—13 OUTPUT
COMMON

<
AVAILABLE OPTIONS
PACKAGED DEVICES CHIP
TA vog:;):m) HEAT-SINK MOUNTED | HEAT-SINK MOUNJEDy FORM
(KC) (KTP) & ()

5 WA7BMOSCKGC WATEM HATBMO5Y
6 WA7BMOBCKC HA7BMOBY
8 WA7BMOBCKC WA7BMOBY
0 WA7BMOICKC WA7BMOSY
0°C 10 125°C 10 WA7BM10CKC HATBM10Y
12 WA7BM12CKC WA7BM12Y
15 WA7BM15CKC : WATBM15Y
20 WA7BM20CKC WA7BM20CKTP HA7BM20Y
24 WA7BM24CKC WATBM24CKTP WA7BM24Y

T The KTP package is only available in tape and reel.

UNLESS OTHERWISE NOTED this document contains PRODUCTION .
opeciications pa the eres o Yenas metrament Sndard wianty U
ions per rms warral
Frod processing doss. not include testing of all : IE)(AS

parameters.

Copyright © 1995, Texas Instruments Incorporated
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schematic

]

<$
140 kQ %:

INPUT

AA

AAA
\4

3

39603 060
)

" ouTPUT

3 0to20ka

g s4ka

Resistor values shown are nominal.

COMMON
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LA78MxxY chip information

This chip, when properly assembled, displays characteristics similar to the pA78MxxC. 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.

Lnnnbonnndbonnn b bonnn bonn e b L

BONDING PAD ASSIGNMENTS

»l
Ll

INPUT @

a

e

IllllllllllIllllllllllllllllllllllll'lllll'lllllll'lllll'l

(1)

LA78MxxY

—— OUTPUT

()

COMMON

CHIP THICKNESS: 11 MILS TYPICAL
BONDING PADS: 7 X 7 MILS MINIMUM
Tymax = 150°C
TOLERANCES ARE +10%
ALL DIMENSIONS ARE IN MILS
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absolute maximum ratings over operating temperature range (unless otherwise noted)t

pA78Mxx UNIT
HA78M20, nA78M24 -40
Input voltage, V| Al others % v
Continuous total power dissipation (see Note 1) . See Dissipation Rating Tables 1 and 2
Operating free-air (Ta), case (Tg), or virtual junction (Tj) temperature range 0to 150 °C
Storage temperature range, Tstq —65 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.

NOTE 1: To avoid exceeding the design maximum virtual junction temperature, these ratings should not be exceeded. Due to variations in

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

DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE

PACKAGE Ta $25°C DERATING FACTOR Ta=70°C
POWER RATING ABOVE Tp =25°C = POWER RATING
KC 2000 mW 16 mW/°C 1280 mW
KTPT

tThe KTP package is product preview only and derating information is not yet available.

DISSIPATION RATING TABLE 2 - CASE TEMPERATURE

PACKAGE Tg <50°C DERATING FACTOR Tc=125°C
POWER RATING ABOVE T¢ =50°C POWER RATING
KC 20W 200 mW/°C 5wW
kTPt

T The KTP package is product preview only and derating information is not yet available.

recommended operating conditions

MIN MAX| UNIT
HA78MO05 7 25
RA78M06 8 25
nA78M08 10.5 25
. HA78M09 1.5 26
Input voltage, V| nA78M10 125 28 \
HA78M12 14.5 30
uA78M15 175 30
nA78M20 23 35
nA78M24 27 38
Output current, Io 500 | mA
Operating virtual junction temperature, T 0 125 °C
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electrical characteristics at specified virtual junction temperature, V=10V, lg =350 mA, T =25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST pATAMOSC UNIT
MIN TYP MAX
4.8 5 52
Output vohtage + Vi=7Vio20V, T,=0°Clo 125°C 275 55|
V|=7Vto25V 3 1000
Input voltage regulation lo =200 mA Vi=8Vto20V mV
Vi=8Vto25V 1 50
I0 =100 mA, 62
Ripple rejection ;/I==1280V|-|tg 18V Ty =0°C to 125°C dB
1o = 300 mA 62 80
i 10 =5 mA to 500 mA 20 100
Output voltage regulation 10=5mA 10 200 mA 5 50 mvV
Temperature coefficient of output voltage lo=5mA TJ=0°Cto 125°C -1 mV/°C
Output noise voltage f=10 Hz to 100 kHz 40 200 nv
Dropout voltage i 2 25 v
Bias current 4.5 6 mA
1o =200 mA, Vi=8Vto25V, 0.8
Bias current change Ty=0°Cto 125°C mA
lo=5mAto350mA T =0°Cto 125°C 0.5
Short-circuit output current V=35V 300 mA
Peak output current 0.7 A

T All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output. Pulse-testing techniques
maintain T as close to Tp as possible. Thermal effects must be taken into account separately.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual

(unless otherwise noted)

junction temperature, V|=11V,lg=350mA, Tj=25°C

PARAMETER TEST CONDITIONST RATBMOEC UNIT
MIN TYP MAX
] 5.75 6 625
Output vohage t IO=5mAt0350mA, V|=8Vio21V, T =0Cto125°C | 57 5a]
. Vi=8Vto25V 5 100
Input voltage regulation V|=9V025V 5 50 mVv
lo =100 mA, 59
Ripple rejection Vi=9Vio 19V, f=120 Hz Ty=0°Cto 125°C dB
: Io = 300 mA 59 80
. 1o =5 mA to 500 mA 20 120
Output voltage regulation 1o =5 mA to 200 mA 0 50 mVv
Temperature coefficient of output voltage Tg=0°Cto 125°C -1 | mvieC
Output noise voltage f=10 Hz to 100 kHz 45 uv
Dropout voitage 2 \'
Bias current 4.5 6 mA
Bias current change Vi=9Vto25V, 10 =200 mA, Ty=0°Cto125°C 0.8 A
lo=5mAto 350 mA, Tj=0°Cto125°C 0.5
Short-circuit output current 270 mA
Peak output current 0.7 A

1 All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output. Pulse-testing techniques
maintain T as close to Ta as possible. Thermal effects must be taken into account separately.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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electrical characteristics at specified virtual junction temperature, Vi =14V, Ig =350 mA, T = 25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST RA7EMOBC UNIT
MIN  TYP MAX
7.7 8 8.3
Output voltage ¥ Vi=105V1023V, I =5mA to 350 mA, 8 sal Vv
Ty =0°C to 125°C ’ -
, Vi=105Vto25V 6 100
Input voltage regulation 10 =200 mA V=1 Vio25V > 50 mV
lo =100 mA, 56
Ripple rejection Vi=11.5Vt0215V, f=120Hz Ty=0°Cto 125°C dB
lo =300 mA 56 80
i 10 =5 mA to 500 mA 25 160
Output voltage regulation Io =5 mA 1o 200 mA 0 50 mV
Temperature coefficient of output voltage | Io =5 mA, TJ=0°C to 125°C -1 mV/°C
Output noise voltage f=10 Hz to 100 kHz 52 nv
Dropout voltage 2 \'
Bias current 4.6 6| mA
Bias current change Vi=105Vto25V, Ip=200mA, Ty=0°Cto 125°C 0.8 mA
lo=5mAto 350 mA, Ty=0°Cto125°C 0.5
Short-circuit output current V=35V 250 mA
Peak output current 0.7 A

1 All characteristics are measured with a 0.33-yuF capacitor across the input and a 0.1-uF capacitor across the output. Pulse-testing techniques
maintain T as close to Tp as possible. Thermal effects must be taken into account separately.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, Vj =16 V,Ig = 350 mA, T; =25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST RATBMOSC UNIT
MIN TYP MAX
8.6 9 9.4
Output voltage ¥ Vi=11.5V1024V, Ip=5mAto 350 mA, 85 o5l Vv
Ty=0°Cto 125°C ’ i
) Vi=115Vto26V 6 100
Input voltage regulation lp =200 mA V=12V 1026V > 50 mV
lo =100 mA, 56
Ripple rejection Vi=13V1t0 23V, f=120 Hz Ty =0°C to 125°C dB
1o =300 mA 56 80
X lo = 5 mA to 500 mA 25 180
Output voltage regulation 10=5mA 10 200 mA 0 30 mV
Temperature coefficient of output voltage | lp =5 mA, TJ=0°Cto 125°C -1 mV/°C
Output noise voltage f=10Hz to 100 kHz 58 nv
Dropout voltage 2 \
Bias current 4.6 6| mA
. Vi=115Vto 26V, Io =200 mA, Ty=0°Cto 125°C 0.8
Bias current change 10=5mAto 350 mA, T,=0°Cto125°C 05| ™
Short-circuit output current V=35V 250 mA
Peak output current 0.7 A

T Al characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output. Pulse-testing techniques
maintain T as close to Tp as possible. Thermal effects must be taken into account separately.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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electrical characteristics at specified virtual junction temperature, V=17 V, g =350 mA, Tj =25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST nA78M10C UNIT
MIN TYP MAX
9.6 10 10.4
Output voltage ¥ Vi=125V1025V, Ig=5mA to 350 mA, o5 Y
Ty =0°C to 125°C : ’
. Vi=125Vto28V 7 100
Input voltage regulation lo =200 mA V=14V 28V > 50 mV
lo =100 mA, 59
Ripple rejection Vi=15Vto 25V, f=120 Hz TJ=0°Cto125°C dB
Io =300 mA 55 80
. 10 =5 mA to 500 mA 25 200
Output voltage regulation l0=5mA 10200 mA 0 700 mV
Temperature coefficient of output voltage | lg =5 mA, TJ=0°C to 125°C -1 mV/°C
Output noise voltage f=10 Hz to 100 kHz 64 uv
Dropout voltage 2 Vv
Bias current 47 6 mA
. Vi=125Vto28V, Igp=200mA, Ty=0°Cto125°C 0.8
Bias current change 10 = 5 mA to 350 mA, T, =0°C to 125°C 05| ™
Short-circuit output current V=35V 245 mA
Peak output current 0.7 A

T All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output. Pulse-testing techniques
maintain T as close to Tp as possible. Thermal effects must be taken into account separately.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, V| =9V, Ig = 350 mA, Ty =25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST RA7EM12C UNIT
MIN TYP MAX
1.5 12 12.5
Output voltage £ Vi=145V1027V, Io=>5mAto350 mA, 14 12el Vv
Ty=0°Cto 125°C ’ ’
] Vi=14.5Vto 30 V 8 100
Input voltage regulation lp =200 mA V= 16V130V > 50 mV
Io =100 mA, 55
Ripple rejection Vi=15Vt0 25V, f=120 Hz Ty=0°Cto125°C dB
lo =300 mA 55 80
. i lo =5 mA to 500 mA 25 240
Output voltage ‘regulatlon lo =5 mA 0 200 mA o 20 mV
Temperature coefficient of output voltage | Ig =5 mA -1 mvV/°C
Output noise voltage f=10 Hz to 100 kHz 75 uv
Dropout voltage 2 \
Bias current 4.8 6 mA
. VI=145Vt030V, Ip=200mA, Ty=0°Cto125°C 0.8
Bias current change lo=5mAto350 mA, T =0°Cto125°C 05| ™
Short-circuit output current V=35V 240 mA
Peak output current 0.7 A

1 All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-pF capacitor across the output. Pulse-testing techniques
maintain T as close to Tp as possible. Thermal effects must be taken into account separately.
tThis specification applies only for dc power dissipation permitted by absolute maximum ratings.
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electrical characteristics at speclﬂed virtual junction temperature, Vi=23V,lg=350mA, T;=25°C
(unless otherwise noted) ‘
PARAMETER TEST CONDITIONST RATEMISC UNIT
MIN  TYP MAX
14.4 15 156
Output voltage+ vi= 1075 Z, t102:;c3 Cv 10 = 5 mA to 350 mA, 1425 .
' ) Vi=17.5V10 30V 10 100
Input voltage regulation 1o =200 mA V=20V 30V 3 ) mv
Io =100 mA, 54
Ripple rejection Vi=185V1t0285V, f=120Hz Ty=0°Cto 125°C dB
10 =300 mA 54 70
Output voltage regulation lo =5 mAto 500 mA 2 300 mv
10 =5 mA to 200 mA 10 150
Temperature coefficient of output voltage |10 =5 mA, TJ=0°Cto 125°C -1 mv/°C
Output noise voltage f =10 Hz to 100 kHz 90 uv
Dropout voltage 2 \
Bias current 4.8 6] mA
Bias current change Vi=175Vt030V, |lp=200mA, Ty=0°Cto125°C 0.8 mA
10 =5mAto 350 mA, Tj=0°Cto125°C 0.5
Short-circuit output current V=35V 240 mA
Peak output current 0.7 A

1 All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-F capacitor across the output. Pulse-testing techniques
maintain T as close to Ta as possible. Thermal effects must be taken into account separately.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, V| =29 V, lg =350 mA, T = 25°C
(unless otherwise noted)
PARAMETER TEST CONDITIONST HA78M20C UNIT
MIN TYP MAX
19.2 20 208
Output voltage ¥ V|=23Vto 35V, 1o =5 mA to 350 mA, 19 2 \'
=0°Cto 125°C
. V=23Vt 35V 10 100
Input voltage regulation lp =200 mA V=24V 3BV 5 50 mv
lo = 100 mA, 53
Ripple rejection Vi=24Vto 34V, f=120 Hz =0°C to 125°C dB
lo =300 mA 53 70
Output voltage regulation l0=5mA o 309 mA 3040 mv
10 =5 mA to 200 mA 10 200
Temperature coefficient of output voltage | 1o =5mA, Ty =0°C to 125°C -1.1 mv/°C
Output noise voltage f=10 Hz to 100 kHz 110 nv
Dropout voltage 2 v
Bias current 4.9 6] mA
) V|=23Vto35V, lp=200mA, Ty=0°Cto125°C 0.8
Bias current change 10 =5 mA to 350 mA, T, =0°C to 125°C 05| ™
Short-circuit output current =35V 240 mA
Peak output current 0.7 A

T All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output. Pulse-testing techniques
maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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electrical characteristics at specified virtual junction temperature, V| =33V, Ig = 350 mA; Tyg=25°C
(unless otherwise noted)

PARAMETER TEST CONDITIONST pA7EM24C UNIT
MIN TYP MAX

23 24 25

Output voltage # Vi=27V1038Y,  Ig=>5mAto350 mA, 26 ol Vv
Ty=0°Cto 125°C ! :
! V|=27Vto 38V 10 100
Input voltage regulation lo =200 mA V=28V 38V 3 ) mV
lo =100 mA, 50
Ripple rejection Vi=28Vto38YV, f=120 Hz Tg=0°Cto 125°C dB
1o =300 mA 50 70
. lo =5 mA to 500 mA 30 480
Output voltage regulation 10 =5 mA 10 200 mA 0 240 mv
Temperature coefficient of output voltage | Ip =5 mA, Ty=0°Cto 125°C -1.2 mv/°C
Output noise voltage f=10 Hz to 100 kHz 170 uv
Dropout voltage 2 \
Bias current 5 6| mA
Bias current change Vi=27V1t0 38V, lp=200mA, Ty=0°Cto 125°C 0.8 mA
lo=5mAt0350 mA, Tj=0°Cto125°C 0.5
Short-circuit output current V=35V 240 mA
Peak output current 0.7 A

T All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output. Pulse-testing techniques
maintain T j as close to Tp as possible. Thermal effects must be taken into account separately.
1 This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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electrical characteristics at specified virtual junction temperature, Vi =10V, lg =350 mA, T =25°C
(unless otherwise noted)
PARAMETER TEST CONDITIONST pA7BMOSY UNIT
MIN TYP MAX -
Output voltage ¥ 5 v
) Vi=7Vto25V 3
Input voltage regulation l0 =200 mA V|=8V©25V 3 mV
Ripple rejection Vi=8Vto18YV, lo=300mA, f=120Hz 80 dB
Output voltage regulatioﬁ 0 =5 mA to 500 mA 20 mVv
lo =5 mA to 200 mA 10
Temperature coefficient of output voltage | lo =5 mA -1 mV/°C
Output noise voltage f=10 Hz to 100 kHz 40 pv
Dropout voltage 2 \
Bias current 4.5 mA
Short-circuit output current V=35V 300 mA
Peak output current 0.7 A

T All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output. Pulse-testing techniques
maintain T as close to Tp as possible. Thermal effects must be taken into account separately.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, V| =

(unless otherwise noted)

11V,lp=350 mA, T =25°C

PARAMETER TEST CONDITIONST RA7BMOGY UNIT
MIN TYP MAX
Output voltage ¥ 6 v
] V|=8Vto25V 5
Input voltage regulation lo =200 mA V|=9Vi025V 5 mV
Ripple rejection Vi=9Vto 19V, Ip =300 mA, f=120 Hz 80 dB
Output voltage regulation o =5mAto 500 mA s mV
10 =5 mA to 200 mA 10
Temperature coefficient of output voltage | 1o =5 mA -1 mvV/°C
Output noise voltage f=10 Hz to 100 kHz 45 uv
Dropout voltage 2 \%
Bias current 4.5 mA
Short-circuit output current V=35V 270 mA
Peak output current 0.7 A

T All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output. Pulse-testing techniques
maintain T as close to Tp as possible. Thermal effects must be taken into account separately.
$This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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LA78M00 SERIES
POSITIVE-VOLTAGE REGULATORS
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electrical characteristics at specified virtual junction temperature, V=14 V,1g =350 mA, Tj = 25°C

(unless otherwise noted)

t uA78MO8Y
PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
Output voltage ¥ 8 v

. Vi=105Vto25V 6
Input voltage regulation lo =200 mA V=11V 25V > mVv
Ripple rejection Vi=11.5Vt0215V, Io=300mA, f=120 Hz 80 dB
Output voltage regulation l0 =5 mAto 500 mA 2 mv

lo =5 mA to 200 mA 10

Temperature coefficient of output voltage | I =5 mA -1 mV/°C
Output noise voltage f=10Hz to 100 kHz 52 uv
Dropout voltage 2 \
Bias current 4.6 mA
Short-circuit output current V=35V 250 mA
Peak output current 0.7 A

T All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the eutput. Pulse-testing techniques
maintain T as close to Ta as possible. Thermal effects must be taken into account separately.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, V;=16 V,Ig = 350 mA, Tj = 25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST RA7BMOSY UNIT
MIN TYP MAX
Output voltage ¥ 9 v
] Vi=11.5Vio 26 V 6
Input voltage regulation lo =200 mA V= 12V1e26V > mVv
Ripple rejection V=13Vt 23V, lo=300mA, {=120Hz - 80 dB
Output voltage regulation lo = 5 mAto 500 mA 25 mv
10 =5 mA to 200 mA 10
Temperature coefficient of output voltage | Ig =5 mA, Ty =0°Cto 125°C -1 mvV/°C
Output noise voltage f=10 Hz to 100 kHz 58 uv
Dropout voltage 2 \'
Bias current 4.6 mA
Short-circuit output current V=35V 250 mA
Peak output current 0.7 A

t All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output. Pulse-testing techniques
maintain T as close to Tp as possible. Thermal effects must be taken into account separately.
1 This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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POSITIVE-VOLTAGE REGULATORS

SLVS059A ~ JUNE 1976 — REVISED AUGUST 1995

electrical characteristics at specified virtual junction temperature, Vi =17V, lg =350 mA, Tj=25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST RA7EM10Y UNIT
MIN  TYP MAX
Output voltage ¥ 10 \
. Vi=125Vto28V 7
Input voltage regulation o =200 mA V= 14V128V > mv
Ripple rejection Vi=15Vto25V, lo =300 mA, f=120 Hz 80 dB
, lo =5 mA to 500 mA 25
Output voltage regulation 1o =5 mA to 200 mA 0 mV
Temperature coefficient of output voltage | Ig =5 mA -1 mvV/°C
Output noise voltage f =10 Hz to 100 kHz 64 uv
Dropout voltage 2 \
Bias current 4.7 mA
Short-circuit output current Vi=35V 245 mA
Peak output current 0.7 A

t All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output. Pulse-testing techniques
maintain Tj as close to Ta as possible. Thermal effects must be taken into account separately.
1 This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, V| =9V, Ig = 350 mA, Tj = 25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST HATEM12Y UNIT
MIN TYP MAX
Output voltage ¥ 12 ;
] Vi=145V1030V 8
Input voltage regulation 1o =200 mA VI=16V©030V P mv
Ripple rejection Vi=16Vto25V, lo =300 mA, f=120 Hz 80 dB
Output voltage regulation lo=5mAt 500 mA 25 mvV
lo =5mAto 200 mA 10
Temperature coefficient of output voltage | Io =5 mA -1 mV/°C
Output noise voltage f =10 Hz to 100 kHz 75 uv
Dropout voltage 2 \
Bias current 4.8 mA
Short-circuit output current Vi=35V 240 mA
Peak output current 0.7 A

1 All characteristics are measured with a 0.33-pF capacitor across the input and a 0.1-uF capacitor across the output. Pulse-testing techniques
maintain T as close to Ta as possible. Thermal effects must be taken into account separately.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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POSITIVE-VOLTAGE REGULATORS
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electrical characteristics at specified virtual junction temperature, V|=23 V, |g =350 mA, Tj = 25°C
(unless otherwise noted)
PARAMETER TEST CONDITIONSt RATEMISC UNIT
MIN TYP MAX
Output voltage ¥ 15 v
] Vi=17.5Vt030V 10
Input voltage regulation lp =200 mA V| =20Vi0 30V 3 mvV
Ripple rejection V|=185Vt0285V, Ig=300mA, f=120Hz 70 dB
) 1o =5 mA to 500 mA 25
Output voltage regulation 1o =5 mA 10 200 A o mv
Temperature coefficient of output voltage | lo =5 mA -1 mv/°C
Output noise voltage f=10 Hz to 100 kHz 90 uv
Dropout voltage 2 \'
Bias current 4.8 mA
Short-circuit output current V=35V 240 mA
Peak output current 0.7 A

T All characteristics are measured with a 0.33-yF capacitor across the input and a 0.1-uF capacitor across the output. Pulse-testing techniques
maintain T j as close to Ta as possible. Thermal effects must be taken into account separately.
+This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, V; =29V, g =350 mA, Tj =25°C
(uniess otherwise noted)
PARAMETER TEST CONDITIONSt nA78M20C UNIT
MIN TYP MAX
Output voltage ¥ 20 v
] Vj=23Vt035V 10
Input voltage regulation lo =200 mA V=24V 3BV 3 mV
Ripple rejection Vi=24Vto34V, f=120 Hz, lo =300 mA 70 dB
) lo =5 mA to 500 mA 30
Output voltage regulation To =5 mA (0 200 mA 0 mV
Temperature coefficient of output voltage | I =5 mA -1.1 mV/°C
Output noise voltage f =10 Hz to 100 kHz 110 uv
Dropout voltage 2 \%
Bias current 4.9 mA
Short-circuit output current V=35V 240 mA
Peak output current 0.7 A

maintain T j as close to Ta as possible. Thermal effects must be taken into account separately.
$ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

T All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output. Pulse-testing techniques
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POSITIVE-VOLTAGE REGULATORS
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electrical characteristics at specified virtual junction temperature, V| =33V, 1o =350 mA, Tj = 25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST RA7BM24Y UNIT
MIN  TYP MAX
Output voltage ¥ 24 v
. V=27Vt 38V 10
Input voltage regulation lo =200 mA V=28V 38V 3 mv
Ripple rejection Vi=28Vto38YV, lo =300 mA, f=120Hz 70 dB
Output voltage regulation I =5 mAto 500 mA %0 mv
Io =5 mA to 200 mA 10
Temperature coefficient of output voltage | 1o =5 mA -1.2 mV/°C
Output noise voltage f=10Hz to 100 kHz 170 uv
Dropout voltage 2 \
Bias current 5 mA
Short-circuit output current V=35V 240 mA
Peak output current 0.7 A

1 All characteristics are measured with a 0.33-uF capacitor across the input and a 0.1-uF capacitor across the output. Pulse-testing techniques
maintain T as close to Tp as possible. Thermal effects must be taken into account separately.
+ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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uA79M00 SERIES
NEGATIVE-VOLTAGE REGULATORS

SLVS060A — JUNE 1976 — REVISED AUGUST 1995

® 3-Terminal Regulators KC PACKAGE
® Output Current Up to 500 mA (TOP VIEW)
® No External Components [ —————— OUTPUT
® High Power Dissipation Capability O [—————— INPUT
® Internal Short-Circuit Current Limiting |————— COMMON
® Output Transistor Safe-Area Compensation
® Direct Replacements for Fairchild LA79M00 I{,‘,?g“g:‘;ﬁ.}ﬁ’{;,‘;“ﬁ!;ﬁ:{:,,?'geg‘;f: I
Series
TO-220AB
description

This series of fixed-negative-voltage monolithic
integrated-circuit voltage regulators is designed to
complement the pA78MO0 series in a wide range
of applications. These applications include
on-card regulation for elimination of noise and
distribution problems associated with single-point
regulation. Each of these regulators can deliver
up to 500 mA of output current. The internal
current limiting and thermal shutdown features of
these regulators make them essentially immune

to overload. In addition to use as fixed-voltage (

regulators, these devices can be used with ‘&%T —— OuTPUT
external components to obtain adjustable output COMMON | :gﬁ S

voltages and currents and also as the power pass

element in precision regulators.

AVAILABLE OPTIONS
PACKAGED DEVICES CHIP
TA V°g;')’m) HEAT-SINK MOUNTED | HEAT-SINK MOUNTEDT FORM
(KC) (Y)
5 WA7OMO5CKC WA7OMOBY
-6 WA79MOBCKC LATOMOBY
-8 HA7IMOBCKC LATIMOBY
0°C to 125°C 12 LA7OM12CKC HAZOMA2Y
_15 WATOM15CKC WATOMA5Y
—20 WA7OM20CKC LA7OM20Y
24 LA7OM24CKC LATIM24Y

T The KTP package is only available in tape and reel.

uxLEss OTHERWISE NOTED this documem contains PRODUCTION Copyright © 1995, Texas Instruments Incorporated

ucts conform to
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schematic

® COMMON

A

Resistor values shown are nominal and in Q.
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wA79MO0 SERIES
NEGATIVE-VOLTAGE REGULATORS

SLVS060A — JUNE 1976 — REVISED AUGUST 1995

uA79MxxY chip information

This chip, when properly assembled, displays characteristics similar to the uA79MxxC. 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.

Lt b donnnn o o b

1

B!
»

[}
©

BONDING PAD ASSIGNMENTS

(1)

COMMON -9

PATIMXXY

—— OUTPUT

CHIP THICKNESS: 11 MILS TYPICAL
BONDING PADS: 7 X 7 MILS MINIMUM

2

INPUT

Tgmax = 150°C

TOLERANCES ARE +10%
ALL DIMENSIONS ARE IN MILS

e ' 64 »

I[I‘Ill|III|I|I'llIII|l|ll||l|l|l|l;l|l]Iil||’l|lt|1lll|lllllll|
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wA79MO0 SERIES

NEGATIVE-VOLTAGE REGULATORS

SLVS060A - JUNE 1976 — REVISED AUGUST 1995

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

HA79MxxC UNIT
uA79M20, pA79M24 ~40
Input voltage All others ' -35 Y

Continuous total power dissipation (see Note 1)

See Dissipation Rating Tables 1 and 2

Operating free-air, T, case, Tg, or virtual junction, T j, temperature range 0.to 150 °C
Storage temperature range, Tstg ) -65t0 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.

NOTE 1: To avoid exceeding the design maximum virtual junction temperature, these ratings should not be exceeded. Due to variations in

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

DISSIPATION RATING TABLE 1-FREE-AIR TEMPERATURE

PACKAGE Ta <25°C DERATING FACTOR Ta =70°C Ta =125°C
POWER RATING ABOVE Tp =25°C  POWER RATING POWER RATING
KC 2000 mwW 16 mW/°C 1280 mW 400 mW
KTPt
T The KTP package is product preview only and derating information is not yet available.
DISSIPATION RATING TABLE 2-CASE TEMPERATURE
PACKAGE Tg £120°C DERATING FACTOR Tc =125°C
POWER RATING ABOVE Tg = 120°C POWER RATING
KC 75W 250 mW/°C 6.25 W
KTPt

1t The KTP package is product preview only and derating information is not yet available.

recommended operating conditions

MAX

MIN UNIT
uA79MO5C -7 -25
HA79MO6C -8 -25
HA79MO08C -105 -25
Input voltage, V| HA79M12C -14.5 30 \'
HA79M15C -175 =30
uA79M20C -23 -35
HA79M24C -27 -38
Output current, 1o 500 | mA
Operating virtual junction temperature, Ty 0 125 °C

3-306

‘9 TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




wA79M00 SERIES
NEGATIVE-VOLTAGE REGULATORS

SLVS060A — JUNE 1976 — REVISED AUGUST 1995

electrical characteristics at specified virtual junction temperature, V|=-10V, Ig=350mA, Tj=25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST HA79MOSC UNIT
MIN TYP MAX
-4.8 -5 =52
Output voltaget Vi=-7V1t0-25V, Ig=5 mA to 350 mA, v
TIJ =0°C to 125°C ° 475 —525
] Vi=-7Vto-25V 7 50
Input voltage regulatlon Vi=—8Vto 18V 3 30 mVv
' lo =100 mA,
Ripple rejection :/:12_08:;0 -18V, . 'I% =0°C to 125°C 50 B
lo =300 mA 54 60
. lo =5 mA to 500 mA 75 100
Output voltage regulation 1o =5 mA to 350 mA 50 mv
Temperature coefficient of output voltage lo=5mA, Ty=0°Cto 125°C -0.4 mV/°C
Output noise voltage f=10Hz to 100 kHz 125 uv
Dropout voltage 11 \
Bias current 1 2 mA
] Vi=-8Vto-18V, Ty=0°C to 125°C 0.4
Bias current change 10=5mAt0 350 mA, T,=0°C o 125°C 0a| ™
Short-circuit output current V)=-30V 140 mA
Peak output current 0.65 A

t Pulse-testing techniques maintain T as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output.
1 This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, Vi=—11 V,lg=350mA, Tj=25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST pA7SMOEC UNIT
MIN TYP MAX
-575 -6 -6.25
Output voltage¥ Vi=—8V10-25V, Io=5mAlo350mA, | el V
Ty=0°Cto125°C ! ’
) Vi=-8Vto-25V 7 60
Input voltage regulation Vi=—9Vio-19V 3 70 mV
lo =100 mA,
Ripple rejection :/|==12_09|-\|/zt0 -19V, TOJ =0°C to 125°C 50 dB
lo =300 mA 54 60
. lo =5 mA to 500 mA 80 120
Output voltage regulation lo=5 mA o 350 MA 55 mv
Temperature coefficient of output voltage lo=5mA, Ty =0°Cto 125°C -0.4 mV/°C
Output noise voltage f=10Hz to 100 kHz 150 nv
Dropout voltage 11 \
Bias current 1 2 mA
) Vi=-9Vto-25V, Ty=0°Cto 125°C 0.4
Bias current change 10=5mA 0350 mA, Ty=0°Cto 125°C 0a| ™
Short-circuit output current Vi=-30V 140 mA
Peak output current 0.65 A

t Pulse-testing techniques maintain T as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output.
% This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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wA79M00 SERIES

NEGATIVE-VOLTAGE REGULATORS

SLVS060A - JUNE 1976 — REVISED AUGUST 1995

electrical characteristics at specified virtual junction temperature, Vj=-19V,1g =350 mA, T; =25°C

(unless otherwise noted)

PARAMETER " TEST CONDITIONST HA7IMOBC UNIT
MIN TYP MAX
-7.7 -8 -83
Output voltage¥ Vi=-105Vto-25V, lo=5mAto350mA, | _sal Vv
=0°C to 125°C ’ '
) Vi=-105Vto-25V 8 80
Input voltage regulation V-1V -21V " 50 mv
Vi=-115Vio-215Y, |07 100mA 50
Ripple rejection ; |=—120 o Vi 1 Ty=0°Cto 125°C dB
lp =300 mA 54 59
Output voltage regulation 0 =5mAto 500 mA 30 100 mvV
lo =5 mA to 350 mA 60
Temperature coefficient of output voltage lo=5mA, TJ=0°Cto 125°C -0.6 mV/°C
Output noise voltage f=10 Hz to 100 kHz 200 uv
Dropout voltage lo=5mA 1.1 \
Bias current i 1 2 mA
i Vi=-105Vto-25V, Tyg=0°Cto125°C 0.4
Bias current change lO=5mAto350mA,  T;=0°Cto125°C oa| ™
Short-circuit output current Vi=-30V 140 mA
Peak output current 0.65 A

t Pulse-testing techniques maintain T as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junctlon temperature, Vi=-19V, Ig=350mA, Tj=25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST paTSMI2C UNIT
. MIN TYP MAX
-11.5 -12 -125
Output voltage* Vi=-145V10-30V, [o=5mAt0350mA, | __ 2l Vv
=0°Cto 125°C : :
Input voltage regulation Vi="145Vto 30V 2 80 mVv
Vi=-15Vto-25V 5 50
lp =100 mA,
Ripple rjection Iz asv =25y, T)=0C o 125°C %0 B
. lo =300 mA 54 60
Output voltage regulation o =5 mAto 500 mA 85 240 mv
lo = 5mA to 350 mA 45
Temperature coefficient of output voltage lo=5mA, =0°Cto 125°C -0.8 mvV/°C
Output noise voltage f=10 Hz to 100 kHz 300 uv
Dropout voltage 1.1 \'
Bias current 1.5 3 mA
) Vi=-14.5V10-30V, Ty=0°C to 125°C 0.4
Bias current change 10=5mA 0350 mA, T =0°C o 125°C 0a| ™
Short-circuit output current Vi=-30V 140 mA
Peak output current 0.65 A

measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

1 Pulse-testing techniques maintain T as close to T as possible. Thermal effects must be taken into account separately. All characteristics are
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pA79MO00 SERIES

NEGATIVE-VOLTAGE REGULATORS
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electrical characteristics at specified virtual junction temperature, V|=-23V,lg =350 mA, Tj=25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST RA7IM1SC UNIT
MIN TYP MAX
-144 -15 -156
Output voltage¥ V| =-17. -30V, lo=5mAto 350 mA, v
P 9 TL A f’o\ﬁ;‘;g 0 -14.25 -15.75
X Vi=-175Vt0o-30V 9 80
Input voltage regulation Vi=—18Vio-28V 7 50 mV
lo =100 mA,
Ripple rejection Vli;(; }8125 Vio-28.5V, =0°C to 125°C 50 dB
lp =300 mA 54 59
. lp =5 mA to 500 mA 65 240
Output voltage regulation o= 5 mA to 350 mA 3 mV
Temperature coefficient of output voltage lo=5mA, Ty =0°Cto 125°C -1 mV/°C
Output noise voltage f=10Hz to 100 kHz 375 uv
Dropout voltage lop=5mA 1.1 Vv
Bias current 1.5 3 mA
Bias current change V|=-175Vt0-30V, Ty =0°C to 125°C 0.4 mA
I =5 mA to 350 mA, TJ=0°Cto 125°C 0.4
Short-circuit output current V|=-30V 140 mA
Peak output current 0.65 A

t Pulse-testing techniques maintain T as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 2-pF capacitor across the input and a 1-pF capacitor across the output.
% This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at spec|f|ed virtual junction temperature, V|=-29V,1g =350 mA, Ty =25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONSt pATSM20C UNIT
MIN TYP MAX
-192 -20 -20.8
Output voltage¥ Vj=-23V10-35V, lo=5mAto350 mA, 19 |V
Ty =0°Cto 125°C
] Vi=-23Vto-35V 12 80
Input voltage regulation Vi=—24Vio—34V 0 70 mV
‘ 10 = 100 mA,
Ripple rejection ;/L=1502 ;:;/ to-34V, '8 =0°C to 125°C %0 dB
lo =300 mA 54 58
. lo =5 mA to 500 mA 75 300
Output voltage regulation I = 5 mA 1o 350 mA 50 mV
Temperature coefficient of output voltage lo=5mA, =0°C to 125°C -1 mv/°C
Output noise voltage f=10 Hz to 100 kHz 500 nv
Dropout voltage 1.1 \
Bias current 1.5 35| mA
) Vi=-23Vio-35V, Ty=0°Cto125°C 0.4
Bias current change 10=5mA 10350 mA, T,=0°C to 125°C 04| ™
Short-circuit output current Vi=-30V 140 mA
Peak output current 0.65 A

1 Pulse- -testing techniques maintain T as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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SLVS060A - JUNE 1976 — REVISED AUGUST 1995

electrical characteristics at specified virtual junction temperature, V|=-33V,lg=350mA, Tj=25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST pATSM29C UNIT
MIN  TYP MAX
-23 -24 -25
Output voltaget V|=-27Vt0o-38V, Ilo=5mAto350mA, | 208 _05.2 v
Ty=0°Cto 125°C ! i
Input voltage regulation Viz-27Vio 38V 12 80 mV
V|=-28Vto-38V 12 70
lp=100mA,
Ripple rejection :/|==12_02?_|¥ 0o-38V, 'I(")J =0°Cto 125°C 50 dB
lo =300 mA 54 58
Output voltage regulation lo =5 mAto 500 mA s 800 mvV
lo =5 mA to 350 mA 50
Temperature coefficient of output voltage lo=5mA, Ty=0°Cto 125°C -1 mv/°C
Output noise voltage f=10 Hz to 100 kHz 600 uv
Dropout voltage 1.1 \
Bias current 1.5 3.5 mA
. V|=-27Vt0o-38V, Ty=0°Cto125°C 0.4
Bias current change 10=5mA 0350 mA, T, =0°C to 125°C 0a| ™
Short-circuit output current Vj=-30V 140 mA
Peak output current 0.65 A

1 Pulse-testing techniques maintain Ty as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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wA79M00 SERIES

NEGATIVE-VOLTAGE REGULATORS

SLVS060A — JUNE 1976 — REVISED AUGUST 1995

electrical characteristics at specified virtual junction temperature, Vi=-10V, Ig=350mA, T§=25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST pATIMOSY UNIT
MIN TYP MAX
Output voltage¥ 5 v
Input voltage regulation Vi=—7Vto-25V ! mV
Vi=-8Vto-18V 3
Ripple rejection Vi=-8Vto-18YV, lo=300mA, f=120Hz 60 dB
X 1o =5 mA to 500 mA 75
Output voltage regulation 10=5mA 10 350 mA 50 mVv
Temperature coefficient of output voltage lo=5mA -04 mV/°C
Output noise voltage f=10 Hz to 100 kHz 125 uv
Dropout voltage 1.1 \")
Bias current 1 mA
Short-circuit output current Vi=-30V 140 mA
Peak output current 0.65 A

1 Pulse-testing techniques maintain Ty as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 2-uF capacitor across the input and a 1-puF capacitor across the output.
1 This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, Vi=-11V, 10 =350 mA, T =25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST pATIMOGY UNIT
MIN TYP MAX

Output voltage¥ -6 v

Input voltage regulation Vi=-8Vio-25V ! mV
Vi=-9Vto-19V 3

Ripple rejection Vi=-9Vto-19V, lo=300mA, f=120Hz 60 dB

Output voltage regulation 10 =5 mAto 500 mA 80 mV
lo =5 mA to 350 mA 55

Temperature coefficient of output voltage lo=5mA -0.4 mV/°C

Output noise voltage f=10Hz to 100 kHz 150 uv

Dropout voltage 1.1 v

Bias current 1 mA

Short-circuit output current Vj=-30V 140 mA

Peak output current 0.65 A

T Pulse-testing techniques maintain Tj as close to T as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 2-uF capacitor across the input and a 1-puF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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nA79M00 SERIES

NEGATIVE-VOLTAGE REGULATORS

SLVS060A - JUNE 1976 — REVISED AUGUST 1995

electrical characteristics at specified virtual junction terhperature, Vi=-19V,lg=350mA, Tj=25°C

(unless otherwise noted)

PARAMETER | TEST CONDITIONST LA7IMOSY UNIT
MIN TYP MAX
Output voltage¥ -8 v
] V)=-10.5Vto-25V 8
Input voltage regulation V-1 V21V 7 mV
Ripple rejection Vi=-11.6Vto-215V, Igp=300mA, f=120Hz 59 dB
Output voltage regulation lo =5 mAto 500 mA %0 mV
lo =5 mA to 350 mA 60
Temperature coefficient of output voltage lo=5mA -0.6 mV/°C
Output noise voltage f=10 Hz to 100 kHz 200 nv
Dropout voltage lo=5mA 1.1 \
Bias current 1 mA
Short-circuit output current Vi=-30V 140 mA
Peak output current 0.65 A

t Pulse-testing techniques maintain T as close to T as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, Vi==-19V, Ig=350mA, T j=25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST pATOM1ZY UNIT
MIN TYP MAX

Output voltage¥ -12 v

) Vi=-145Vto-30V 9
Input voltage regulation V=—15Vio-25V 5 mV
Ripple rejection Vi=-15Vt0-25V, Ip=300mA, f=120Hz 60 dB
Output voltage regulation o =5 mAto 500 mA 88 mV

. lpo =5 mA to 350 mA 45
Temperature coefficient of output voltage lo=5mA -0.8 mV/°C
Output noise voltage f=10 Hz to 100 kHz 300 uv
Dropout voltage 1.1 \
Bias current 1.5 mA
Short-circuit output current V|=-30V 140 mA
Peak output current 0.65 A

t Pulse-testing techniques maintain T, as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output.
% This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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wA79M00 SERIES

NEGATIVE-VOLTAGE REGULATORS

SLVS060A — JUNE 1976 — REVISED AUGUST 1995

electrical characteristics at specified virtual junction temperature, Vj=-23V, 1o =350 mA, Tj=25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST RATOMISY UNIT
MIN TYP MAX
Output voltage¥ -15 v
] Vi=-175Vto-30V 9
Input voltage regulation Vi=—18Vio-28V > mv
Ripple rejection Vi=-185Vt0-285V, Ip=300mA, f=120Hz 59 dB
. lo =5 mA to 500 mA 65
Output voltage regulation lo=5mA 10 350 mA e mV
Temperature coefficient of output voltage lo=5mA -1 mV/°C
Output noise voltage f=10 Hz to 100 kHz 375 uv
Dropout voltage lo=5mA 1.1 \
Bias current i 1.5 mA
Short-circuit output current Vi=-30V 140 mA
Peak output current 0.65 A

T Pulse-testing techniques maintain T as close to Ta as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 2-uF capacitor across the input and a 1-pF capacitor across the output.
% This specification applies only for dc power dissipation permitted by absolute maximum ratings.

electrical characteristics at specified virtual junction temperature, Vj=-29V, lg =350 mA, Tj=25°C

(unless otherwise noted)

PARAMETER TEST CONDITIONST pA7IM20Y UNIT
MIN  TYP MAX
Output voltage¥ -20 v
. V|=-23Vto-35V 12
Input voltage regulation Vi=—24Vio—34V 10 mV
Ripple rejection Vi=-24Vt0-34V, Ilp=300mA, f=120Hz 58 dB
. 1o = 5 mAto 500 mA 75
Output voltage regulation 10 =5 mA 1o 350 mA 50 mv
Temperature coefficient of output voltage lo=5mA -1 mv/°C
Output noise voltage f =10 Hz to 100 kHz 500 uv
Dropout voltage 1.1 \
Bias current 1.5 mA
Short-circuit output current Vi=-30V 140 mA
Peak output current 0.65 A

t Pulse-testing techniques maintain T j as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 2-uF capacitor across the input and a 1-uF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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HA79M00 SERIES

NEGATIVE-VOLTAGE REGULATORS

SLVS060A — JUNE 1976 — REVISED AUGUST 1995

electrical characteristics at specified virtual junction tempei'ature, V|=-33V,lp=350mA, T;=25°C

(uniess otherwise noted)

PARAMETER TEST CONDITIONST pATOM22Y UNIT
MIN TYP MAX
Output voltage¥ ‘ -24 v
X V|=-27Vto-38V 12
Input voltage regulation Vi=—28Vio_38V 12 mV
Ripple rejection Vi=-28Vt0-38V, Ip=300mA, f=120Hz 58 dB
. lo =5 mA to 500 mA 75
Output voltage regulation 10 =5mA 10 350 mA 50 mV
Temperature coefficient of output voltage lo=5mA, Ty =0°Cto 125°C -1 mV/°C
Output noise voltage f=10 Hz to 100 kHz 600 nv
Dropout voitage 1.1 \
Bias current 1.5 mA
Short-circuit output current Vi=-30V 140 mA
Peak output current 0.65 A

t Pulse-testing techniques maintain T as close to Tp as possible. Thermal effects must be taken into account separately. All characteristics are
measured with a 2-uF capacitor across the input and a 1-pF capacitor across the output.
¥ This specification applies only for dc power dissipation permitted by absolute maximum ratings.
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$G2524, SG3524, SG3524Y
REGULATING PULSE-WIDTH MODULATORS

SLVS077A - APRIL 1977 — REVISED AUGUST 1995

® Complete PWM Power Control Circuitry

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

® Low Standby Current ... 8 mA Typ

® [nterchangeable With Silicon General
S$G2524 and SG3524

description

The SG2524 and SG3524 incorporate on single
monolithic chips all the functions required in the
construction of a regulating power supply, inverter,
or switching regulator. They can also be used as

D OR N PACKAGE
(TOP VIEW)
IN-[] 1 ~ 16[] REF OUT
IN+ ] 2 15[] Vec
OSCOUT[|3  14]] EMIT2
CURRLIM+[J4  13[] coL2
CURRLIM-[|5  12f] COL1
RT [] 6 1] EMIT 1
CT[]7  10f] SHUTDOWN
GND [} 8 o] cComP

the control element for high-power-output applications. The SG2524 and SG3524 were designed for switching
regulators of either polarity, transformer-coupled dc-to-dc converters, transformerless voltage doublers, and
polarity converter applications employing fixed-frequency, pulse-width-modulation (PWM) techniques. The
complementary output allows either single-ended or push-pull application. Each device includes an on-chip
regulator, error amplifier, programmable oscillator, pulse-steering flip-flop, two uncommitted pass transistors,
a high-gain comparator, and current-limiting and shut-down circuitry.

The SG2524 is characterized for operation from —25°C to 85°C, and the SG3524 is characterized for operation

from 0°C to 70°C.

AVAILABLE OPTIONS
INPUT PACKAGED DEVICES
CHIP FORM
Ta REGULATION | SMALL OUTLINE |  PLASTIC DIP %
MAX (mV) ®) (N)
0°C to 70°C 30 SG3524D SG3524N SG3524Y
—25°C to 85°C 20 SG2524D SG2524N —
PRODUCTION DATA information is current as of publication date. N Copyright © 1995, Texas Instruments Incorporated
) mu::: S:rmrao:rvzny to specifications per thad?:;ns m?f exas lnstr?mci l
testing of all parameters. ) TEXAS
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SG2524, SG3524, SG3524Y
REGULATING PULSE-WIDTH MODULATORS

SLVS077A — APRIL 1977 — REVISED AUGUST 1995

functional block diagram

v, 15 Ref ce - 16
cc Regulator
m Vret
Vret I /._i
| — a1
Vv, > T 13
ref >C P
-
P
AT 2 ann [ + —1 a1
7 Oscillator ®
CT
Vret mooa
iN- - -\k R
IN+ 2 %G\ Comparator
comp 2" ™ Eror Ampliier
4 Vret
CURRLIM+ 4— 1 '
CURR LIM - B
10
SHUTDOWN
1kQ
10 kQ
8
GND

NOTE A. Resistor values shown are nominal.

REF OUT

CoL1

EMIT 1

_CoL2

EMIT 2
0sC ouT

{’? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



$G2524, SG3524, SG3524Y
REGULATING PULSE-WIDTH MODULATORS

SLVS077A— APRIL 1977 — REVISED AUGUST 1995

S$G3524Y chip information

This chip, when properly assembled, displays characteristics similar to the SG3524. 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

»
—»

CHIP THICKNESS:
15 MILS TYPICAL

BONDING PADS:
4 x 4 MILS MINIMUM

~
©

Tygmax = 150°C

TOLERANCES
ARE +10%.

ALL DIMENSIONS ARE IN MILS.

AN A A A A A A A A AT

J =
y =2
o 'cgN
R 89 »] E 8 §§
> w
|I|I|I|I|I|I|I|I|I|I1I|I|||||I|I|I|I|I|Ill'lll]l|l||ll|l|l|l|l|||||||l|||||l|I|I|I|I|I|I|| (16) (15)“14). |(13)
IN——ﬂ g—g)—cou
IN+—(2) ——(11) EMIT1
I 24Y
OSC OuUT ﬂ Sa3s24 (1—0)— SHUTDOWN
CURR LIM + @ Q)—COMP
(5)| (6)‘ (7)[ (8)|
E 6 g
S

CURR LIM-

{’:‘ TEXAS
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SG2524, SG3524, SG3524Y
REGULATING PULSE-WIDTH MODULATORS

SLVS077A - APRIL 1977 — REVISED AUGUST 1995

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

Supply voltage, Voo (see Notes 1and2) ... ... .. i e 40V
Collectoroutput current, o - ..o v 100 mA
Reference output CUITeNt, Io(ref) -+« v vvvnn e ie et 50 mA
Current through CT terminal ... ... ... i i e ettt et aanns -5mA
Continuous total power dissipation ............... .. i i, See Dissipation Rating Table
Operating free-air temperature range, Ta: SG2524 .......... ... ... iviiiiiiinnnnn.n. —-25°C to 85°C

SG3524 . ... 0°C to 70°C
Storage temperature range, Tgtg .. ... ..oiii i —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...............ccoiiiievinnn... 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 condltlons is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

2. Thereference regulator may be bypassed for operation from a fixed 5-V supply by connecting the V¢ ¢ and reference output pin both
to the supply voltage. In this configuration, the maximum supply voltage is 6 V.

DISSIPATION RATING TABLE
PACKAGE  pouh t5TnG  DERATING FACTOR Ag(E)?IéT'I'EA POJ?E;?A%NG poms;: 8:A$ING
N 1000 mW 9.2mW/°C 41°C 733 mW 595 mW
D 950 mW 7.6 mW/°C 25°C 608 mW 494 mW
recommended operating conditions
S$G2524 SG3524
MIN MAX| MIN MAX UNIT
Supply voltage, Voo 8 40 8 40 Vv
Reference output current 0 50 0 50 mA
Current through CT terminal -0.03 -21-0.03 -2 mA
Timing resistor, RT 1.8 100 1.8 100 kQ
Timing capagcitor, CT 0.001 0.1} 0.001 0.1 uF
Operating free-air temperature -25 85 0 70 °C

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

reference section
PARAMETER TEST CONDTIONST SG2524 SG3524 SG3524Y UNIT
MIN TYPf MAX| MIN TYP¥ MAX| MIN TYPF MAX
Output voltage . 4.8 5 5.2 46 5 5.4 5 \
Input regulation Vcc=8Vto40V 10 20 10 30 10 mV
Ripple rejection f=120 Hz 66 66 66 dB
Output regulation 0o =0mAto 20 mA 20 50 20 50 20 mV
Output voltage change with temperature TA = MIN to MAX 0.3% 1% 0.3% 1%
Short-circuit output current§ Vief=0 100 100 100 mA
1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
L typical values, except for temperature coefficients, are at Tp = 25°C
§ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula: N .
> (% — X)2
n=1
¢ = N—1
oscillator section
PARAMETER TEST CONDITIONST SG2524, SGa%24 Sass2Ay UNIT
MIN TYPF MAX| MIN TYPF WmAX
|fosc  Oscillator frequency Ct=0.001 pF, RT=2kQ 450 450 kHz
Standard deviation of frequency$ i:ls;’satgjs;faﬁt:::é;ﬁ:nieeri?;;am 5% 5%
Mose Frequency change with voltage Vcc=8Vto40V, Ta=25°C 1% 1%
Frequency change with temperature TA = MIN to MAX 2%
Output amplitude at OSC OUT Ta=25°C 35 35 \
tw Output pulse duration (width) at OSC OUT CT=0.01pF, Ta=25°C 0.5 0.5 us

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

G661 1SNONV A3SIAIY — LL61 LV — VLLOSATS
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electrical characteristics over recommended operating free-air temperature range, Vgc =20 V, f = 20 kHz

(unless otherwise noted)

error amplifier section
PARAMETER TEST CONDITIONST SG2524 SG3524 SG3s24Y UNIT
MIN TYP¥ MAX| MIN TYPE MAX| MIN TYP} mAX
Vio Input offset voltage Vic=25V 0.5 5 2 10 2 mvV
B Input bias current Vic=25V 2 10 2 10 2 uA
Open-loop voltage amplification 72 80 60 80 80 dB
1.8 1.8
VICR Common-mode input voltage range Ta=25°C -t to \
3.4 3.4
CMMR Common-mode rejection ratio 70 70 70 dB
B4 Unity-gain bandwidth 3 3 3 MHz
Output swing Ta=25°C 0.5 3.8 0.5 3.8 0.5 3.8 Y
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ Al typical values, except for temperature coefficients, are at TA=25°C
output section
PARAMETER TEST CONDITIONS? S$G2534, SG3524 SG3524Y UNIT
MIN TYPt MAX| MIN TYP} MAX
V(BR)CE _Collector-emitter breakdown voltage 40 \
Collector off-state current VCE=40V 0.01 50 0.01 I
Vsat Collector-emitter saturation voltage Ic=50mA 1 2 1 \
Vo Emitter output voltage XEC:_ZZ%X’H A 17 18 18 v
tr Turn-off voltage rise time Rc=2kQ 0.2 0.2 ps
t Turn-on voltage fall time Rc=2kQ 0.1 0.1 us
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ All typical values, except for temperature coefficients, are at Ta=25°C
comparator section
PARAMETER TEST CONDITIONST 562534, 5G3524 Sass4v UNIT
MIN TYP¥ MAX| MIN TYPF MAX
Maximum duty cycle, each output 45%
Zero duty cycle 1 1
viT Input threshold voltage at COMP - \"
Maximum duty cycle 3.5 3.5
B Input bias current -1 -1 pA

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

¥ Al typical values, except for temperature coefficients, are at Tp = 25°C
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electrical characteristics over recommended operating free-air temperature range, Voc =20V, f = 20 kHz

(unless otherwise noted)

current limiting section

IN+at2V, All other inputs and outputs open

‘ §G2524 SG3524 SG3524Y
PARAMETER TEST CONDITIONS UNIT
MiN TYPT mAx| mIN TYPT MAX| MIN TYPT MAX
-1 -1
\| Input voltage range (either input) to to \
1 1
| V(SENSE) _Sense voltage at Ta = 25°C V(IN+) — V(IN-) 250 mV, 176 200 225 176 - 200 225 175 200 225 mV
Temperature coefficient of sense voltage Vicomp) =2V 0.2 0.2 0.2 mV/°C
tAl typical values, except for temperature coefficients, are at Tp = 25°C.
total device
SG2524, SG3524 S$G3524Y
PARAMETER TEST CONDITIONS UNIT
MIN TYPt MAX| MIN TYPT mAX
ls¢  Standby current Vcc =40V, IN—, CURR LIM+, CT, GND, COMP, EMIT 1, EMIT 2 grounded 8 10 s mA

tAl typical values, except for temperature coefficients, are at Tp = 25°C.
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SG2524, SG3524, SG3524Y
REGULATING PULSE-WIDTH MODULATORS

SLVS077A - APRIL 1977 —- REVISED AUGUST 1996

PARAMETER MEASUREMENT INFORMATION

VREF Vee =8VtodoV N
‘ 15
Vece
2kQ < 10kQ < 2kQ SG2524 or SG3524
10 .
O——— SHUTDOWN 2kQ
) osc out [2—— (open) S 2% 32K
10ko 3¢ IN+ 16
[: 0.1 uF
9 1 comp T
1K 4 1CURR LIM+ coL2 |13 .
12 Outputs
L 5 1CURR LIM- coL1
emr2 P4
zm§ 11
cr EMIT 1
0———%[— 7 Cr
MV & IRy GND
RT 3
Figure 1. General Test Circuit
Vee
Circuit Under Test 2kQ et >t
. I (.
| [ =Vce
Output 90% | | 90%
Output : :
1? 10% 1%y oV
TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 2. Switching Times
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$G2524, SG3524, SG3524Y
REGULATING PULSE-WIDTH MODULATORS

SLVS077A - APRIL 1977 — REVISED AUGUST 1996

Open-Loop Voltage Amplification of Error Amplifier — dB

TYPICAL CHARACTERISTICS
OPEN-LOOP VOLTAGE AMPLIFICATION
OF ERROR AMPLIFIER OSCILLATOR FREQUENCY
vs vs
FREQUENCY TIMING RESISTANCE
90 R’L'=”°:” “” M 4)[, BEE
80 i  Yee ZSE%V 400k > Cr=0 Rin
N [ A= | ~ Ct1=0.001 uF _|
n | T 100 k ™| [ T4 Cr=0.0034F
> : =0. E=
60 RL=1MQ Sw:« & C1=0.01 uF =
M T @ 40 k ~
3 11
. 50| RL=300kQ 1 g -
i ™
40 R =100 kQ LU :\ § 10k M ~I —
Ry = 30 kQ N 8 -
30 FERL I A
o 4 N
20 i Cr=0.03 uF . N TN
N o 1k e N h
- 8 E Cr=0.1uF =
10 - T ~
4001~ — -
0 ¥ Vee = 200 \') N
10 Ry is resistance from COMP to ground \ 1 ” Ta =|25 ﬁ N
100 1k 10k 100 k 1M 10M 1 2 4 7 10 20 40 70 100
Frequency - Hz ' Rt - Timing Resistance — kQ
Figure 3 Figure 4
OUTPUT DEAD TIME
vs
TIMING CAPACITANCE
10
4
) Y
T v
g
E //
T 9 -~
a
5
2
-]
o 04
0.1
0.001 0.004 0.01 0.04 0.1

Ct —~ Timing Capacitance — pF

Figure 5
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SG2524, SG3524, SG3524Y
REGULATING PULSE-WIDTH MODULATORS

SLVS077A - APRIL 1977 - REVISED AUGUST 1996

PRINCIPLES OF OPERATIONT

The SG2524 is a fixed-frequency pulse-width-modulation voltage-regulator control circuit. The regulator operates at
a fixed frequency that is programmed by one timing resistor, Ry, and one timing capacitor Ct. Rt establishes a
constant charging current for Ct. This results in a linear voltage ramp at G, which is fed to the comparator providing
linear control of the output pulse duration (width) by the error amplifier. The SG2524 contains an on-board 5-V
regulator that serves as a reference as well as supplying the SG2524 internal regulator control circuitry. The internal
reference voltage is divided externally by a resistor ladder network to provide a reference within the common-mode
range of the error amplifier as shown in Figure 6, or an external reference may be used. The output is sensed by a
second resistor divider network and the error signal is amplified. This voltage is then compared to the linear voltage
ramp at Ct. The resulting modulated pulse out of the high-gain comparator is then steered to the appropriate output
pass transistor (Q1 or Q2) by the pulse-steering flip-flop, which is synchronously toggled by the oscillator output. The
oscillator output pulse also serves as a blanking pulse to ensure both outputs are never on simultaneously during the
transition times. The duration of the blanking pulse is controlled by the value of Ct. The outputs may be applied in
a push-pull configuration in which their frequency is half that of the base oscillator, or paralleled for si