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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products
or to discontinue any product or service without notice, and advise customers to obtain the latest
version of relevant information to verify, before placing orders, that information being relied on
is current and complete. All products are sold subject to the terms and conditions of sale supplied
at the time of order acknowledgement, including those pertaining to warranty, patent
infringement, and limitation of liability.

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

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE
POTENTIAL RISKS OF DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR
ENVIRONMENTAL DAMAGE (“CRITICAL APPLICATIONS”). TI SEMICONDUCTOR
PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR WARRANTED TO BE SUITABLE FOR
USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.
INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY
AT THE CUSTOMER'S RISK.

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

Tl assumes no liability for applications assistance or customer product design. Tl does not
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. TI's publication of information regarding any third party’s products or services does
not constitute TI's approval, warranty or endorsement thereof.

Copyright © 1999, Texas Instruments Incorporated

Printed in U.S.A. by
Von Hoffmann Graphics
Owensville, Missouri



INTRODUCTION

The Texas Instruments 1999 Power Management Products Data Book Set showcases TI's broad
portfolio of analog components for power supply designs. Featured in this set are most of the
components previously found in the 1996 Power Supply Circuits Data Book, the new and exciting power
management products introduced since then, and other components useful for power supply designs.

The set consists of three product area specific volumes:
® Power Management Products, Volume 1:

Linear voltage regulators

— Shunt regulators

Voltage references

Precision virtual grounds
® Power Management Products, Volume 2:

Processor power supply controllers (DSP and CPU)
—  Switching power supply controliers and DC/DC charge pump converters
MOSFET drivers

Supervisory circuits

® Power Management Products, Volume 3:
— Power distribution switches

LED drivers

Voltage Rail splitters

Special Functions

More than a collection of data sheets, this data book setis a tool for locating the best power management
components for a successful design effort. It is structured to help you quickly find the devices best suited
to your application. The set contains:

® An alphanumeric index at the beginning of each book to make finding known part numbers simple.

® Product selection guides with a condensed view of parametric information organized to help you
choose the devices that most closely fit your needs.

Key specifications and features presented for easy comparison.

® A section on mechanical specifications for all packages used with Texas Instruments power
management devices.

While this data book offers design and specification data only for power management products,
complete technical data for any Tl semiconductor product is available from your nearest Tl Field Sales
Office, local authorized Tl distributor, or from the Tl web site at:

http://www.ti.com/sc

We believe you will find the 1999 Power Management Data Book set to be a valuable addition to your
collection of technical literature.
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FIXED-VOLTAGE LOW DROPOUT (LDO) VOLTAGE REGULATORS

Device (yy?;) w90 | o8 | ws%) | o) Tolerarce ) | shutdown | svs | pescription Page No.
(U] (mA) (\J] V) (mA)
TPS76912 1.224 100 0.122 | 0.245 | 0.017 3 13.5 Yes No Fixed, LDO, Positive Output, SOT-23 2-345
TPS77012 1.224 50 0.06 0.125 | 0.017 3 135 Yes No Fixed, LDO, Positive Output, SOT-23 2-359
TPS76515 15 150 0.19 0.33 0.038 3 135 Yes No Fixed, LDO, Positive Output 2-261
TPS76615 15 250 0.31 0.54 0.038 3 135 Yes No Fixed, LDO, Positive Output 2-277
TPS76715 15 1000 0.5 0.825 | 0.085 2 10 Yes Yes Fixed, LDO, Positive Output 2-293
TPS76815 1.5 1000 0.5 0.825 | 0.085 2 10 Yes No Fixed, LDO, Positive Output 2-329
TPS76915 15 100 0.122 | 0.245 | 0.017 3 135 Yes No | Fixed, LDO, Positive Output, SOT-23 2-345
TPS77015 1.5 50 0.06 0.125 | 0.017 3 135 Yes No Fixed, LDO, Positive Output, SOT-23 2-359
TPS77515 15 500 0.169 | 0.287 | 0.085 2 135 Yes Yes | Fixed, LDO, Positive Output 2-373
TPS77615 15 500 0.169 | 0.287 | 0.085 2 135 Yes No | Fixed, LDO, Positive Output 2-373
TPS77715 15 750 0.26 0.427 | 0.085 2 135 Yes Yes Fixed, LDO, Positive Output 2-391
TPS77815 15 750 0.26 0.427 | 0.085 2 13.5 Yes No Fixed, LDO, Positive Output 2-391
TPS76316 16 150 0.36 0.6 0.085 4 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-231
TPS76318 18 150 0.3 0.5 0.085 37 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-231
TPS73HD318 18 750 0.353 0.55 2 10 Yes Yes | Adjustable, Dual, Fixed, LDO, Positive Output 2-185
TPS76518 18 150 0.19 0.33 0.038 3 135 Yes No Fixed, LDO, Positive Output 2-261
TPS76618 18 250 0.31 0.54 0.038 3 135 Yes No Fixed, LDO, Positive Output 2-277
TPS76718 1.8 1000 0.5 0.825 | 0.085 2 10 Yes Yes Fixed, LDO, Positive Output 2-293
TPS767D318 1.8 1000 0.35 0.825 | 0.085 2 10 Yes Yes Dual, Fixed, LDO, Positive Output 2-311
TPS76818 1.8 1000 0.5 0.825 | 0.085 2 10 Yes No | Fixed, LDO, Positive Output 2-329
TPS76918 1.8 100 0.122 | 0.245 | 0.017 3 135 Yes No Fixed, LDO, Positive Output, SOT-23 2-345
TPS77018 1.8 50 0.06 | 0.125 | 0.017 3 135 Yes No | Fixed, LDO, Positive Output, SOT-23 2-359
TPS77518 18 500 0.169 | 0.287 | 0.085 2 135 Yes Yes Fixed, LDO, Positive Output 2-373
TPS77718 1.8 750 0.26 | 0.427 | 0.085 2 135 Yes Yes | Fixed, LDO, Positive Output 2-391
TPS77618 1.8 500 0.169 | 0.287 | 0.085 2 135 Yes No | Fixed, LDO, Positive Output 2-373
TPS77818 1.8 750 0.26 0.427 | 0.085 2 135 Yes No Fixed, LDO, Positive Output 2-391
TPS76325 25 150 0.36 0.6 0.085 37 10 Yes No | Fixed, LDO, Positive Output, SOT-23 2-231
TPS71025 25 500 0.33 0.5 0.29 2 10 Yes No Fixed, LDO, Positive Output 2-59
TPS7225 25 250 0.18 2 10 Yes No Fixed, LDO, Positive Output 2-113
TPS7325 25 500 0.27 0.6 0.34 2 10 Yes Yes | Fixed, LDO, Positive Output 2-145
TPS73HD325 25 750 0.353 0.55 2 10 Yes Yes | Adjustable, Dual, Fixed, LDO, Positive Output 2-185
TPS76425 25 150 0.36 0.6 0.085 37 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-247
TPS76525 25 150 0.19 0.33 | 0.038 3 135 Yes No | Fixed, LDO, Positive Output 2-261

SHOLVINO3H FOVLIOA HVANIT

3aiNO NOILOT13S



5925 SYXIL'SVTIVA e€0ESS9 XO8 301440 1SOd

|

SVXAL g

SINIWNAILSN

FIXED-VOLTAGE LOW DROPOUT (LDO) VOLTAGE REGULATORS (continued)

Device (t‘;(?a) (n’12x) (Vtﬂ‘a’) (m?() (tlfp) T°"(’,,’Z)“°° (3,'.21) Shutdown | SVS | Description Page No.
V) (mA) | (V) (V) | (mA) V) .
TPS76625 25 250 0.31 054 | 0.038 3 13.5 Yes No | Fixed, LDO, Positive Output 2-277
TPS76725 25 1000 0.5 0.825 | 0.085 2 10 Yes Yes Fixed, LDO, Positive Output 2-293
TPS767D325 25 1000 0.35 0.825 | 0.085 2 10 Yes Yes Dual, Fixed, LDO, Positive Output 2-311
TPS76825 25 1000 0.5 0.825 | 0.085 2 10 Yes No Fixed, LDO, Positive Output 2-329
TPS76925 25 100 0.122 | 0.245 | 0.017 3 13.5 Yes No Fixed, LDO, Positive Output, SOT-23 2-345
TPS77025 25 50 0.06 0.125 | 0.017 3 13.5 Yes No Fixed, LDO, Positive Output, SOT-23 2-359
TPS77525 25 500 0.169 | 0.287 | 0.085 2 135 Yes Yes Fixed, LDO, Positive Output 2-373
TPS77625 25 500 0.169 | 0.287 | 0.085 2 13.5 Yes No Fixed, LDO, Positive Output 2-373
TPS77725 25 750 0.26 0.427 | 0.085 2 13.5 Yes Yes Fixed, LDO, Positive Output 2-391
TPS77825 25 750 0.26 0.427 | 0.085 2 13.5 Yes No Fixed, LDO, Positive Output 2-391
TPS76327 2.7 150 0.36 0.6 0.085 3.75 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-231
TPS76427 2.7 150 0.36 0.6 0.085 3.7 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-247
TPS76527 27 150 0.19 0.33 0.038 3 135 Yes No Fixed, LDO, Positive Output 2-261
TPS76627 27 250 0.31 0.54 0.038 3 13.5 Yes No Fixed, LDO, Positive Output 2-277
TPS76727 27 1000 0.5 0.825 | 0.085 2 10 Yes Yes Fixed, LDO, Positive Output 2-293
TPS76827 27 1000 0.5 0.825 | 0.085 2 10 Yes No Fixed, LDO, Positive Output 2-329
TPS76927 27 100 0.122 | 0.245 | 0.017 3 135 Yes No | Fixed, LDO, Positive Output, SOT-23 2-345
TPS77027 27 50 0.06 0.125 | 0.017 3 135 Yes No Fixed, LDO, Positive Output, SOT-23 2-359
TPS76928 2.784 100 0.122 | 0.245 | 0.017 3 135 Yes No Fixed, LDO, Positive Output, SOT-23 2-345
TPS77028 2.784 50 0.06 0.125 | 0.017 3 13.5 Yes No Fixed, LDO, Positive Output, SOT-23 2-359
TPS7228 28 250 0.18 2 10 Yes No Fixed, LDO, Positive Output 2-113
TPS76328 28 150 0.35 0.55 0.085 3.75 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-231
TPS76428 2.8 150 0.36 0.6 0.085 3.8 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-247
TPS76528 2.8 150 0.19 0.33 | 0.038 3 135 Yes No | Fixed, LDO, Positive Output 2-261
TPS76628 28 250 0.31 0.54 0.038 3 135 Yes No Fixed, LDO, Positive Output 2-277
TPS76728 2.8 1000 0.5 0.825 | 0.085 2 10 Yes Yes Fixed, LDO, Positive Output 2-293
TPS76828 2.8 1000 0.5 0.825 | 0.085 2 10 Yes No Fixed, LDO, Positive Output 2-329
TPS7230 3 250 0.39 0.9 0.18 2 10 Yes No | Fixed, LDO, Positive Output 2-113
TPS7330 3 500 0.052 | 0.075 | 0.34 2 10 Yes Yes | Fixed, LDO, Positive Output 2-145
TPS76030 3 50 0.12 0.18 0.85 3 16 Yes No | Fixed, LDO, Positive Output, SOT-23 2-211
TPS76130 3 100 0.17 0.28 26 3.6 16 Yes No | Fixed, LDO, Positive Output, SOT-23 2-221
TPS76330 3 150 0.35 0.55 | 0.085 3.76 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-231
TPS76430 3 150 0.36 0.6 0.085 3.8 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-247
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FIXED-VOLTAGE LOW DROPOUT (LDO) VOLTAGE REGULATORS (continued)

Device (:Iy?)) (n!lgx) (‘(%’) (.‘4.%‘;) (t|yqp) T°":%“°° (r\vl"a'i) Shutdown | SVS | Description Page No.
V) (mA) v) v) (mA) v)

TPS76530 3 150 0.16 0.28 0.038 3 13.5 Yes No Fixed, LDO, Positive Output 2-261
TPS76630 3 250 0.31 0.54 0.038 3 135 Yes No Fixed, LDO, Positive Output 2-277
TPS76730 3 1000 0.45 0.675 | 0.085 2 10 Yes Yes Fixed, LDO, Positive Output 2-293
TPS76830 3 1000 0.45 0.675 | 0.085 2 10 Yes No Fixed, LDO, Positive Output 2-329
TPS77030 3 50 0.048 0.1 0.017 3 135 Yes No Fixed, LDO, Positive Output, SOT-23 2-359
TPS76930 3.09 100 0.115 | 023 | 0.017 3 13.5 - Yes No Fixed, LDO, Positive Output, SOT-23 2-345
TPS76032 32 50 0.12 0.18 0.85 3.1 16 Yes No Fixed, LDO, Positive Output, SOT-23 2-211
TPS76132 3.2 100 0.17 0.28 2.6 3 16 Yes No Fixed, LDO, Positive Output, SOT-23 2-221
TPS7133QPWP 3.3 500 0.047 0.06 0.285 2 10 Yes No Fixed, LDO, Positive Output 2-3

TPS7133 3.3 500 0.047 0.06 0.285 2 10 Yes No Fixed, LDO, Positive Output 2-29
TPS71H33 33 500 0.047 0.06 0.285 2 10 Yes No Fixed, LDO, Positive Output 2-75
TPS7233 3.3 250 0.14 0.18 0.155 2 10 Yes No Fixed, LDO, Positive Output 2-113
TPS7333 3.3 500 0.044 0.06 0.34 2 10 Yes Yes | Fixed, LDO, Positive Output 2-145
TPS76033 33 50 0.12 0.18 0.85 3 16 Yes No Fixed, LDO, Positive Output, SOT-23 2-211
TPS76133 3.3 100 0.17 0.28 2.6 3 16 Yes No Fixed, LDO, Positive Output, SOT-23 2-221
TPS76333 3.3 150 0.3 05 0.085 37 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-231
TPS76433 3.3 150 0.3 0.5 0.085 3.7 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-247
TPS76533 3.3 150 0.14 024 | 0.038 3 13.5 Yes No Fixed, LDO, Positive Output 2-261
TPS76633 33 250 0.23 0.4 0.038 3 135 Yes No Fixed, LDO, Positive Output 2-277
TPS76733 3.3 1000 0.35 0.575 | 0.085 2 10 Yes Yes Fixed, LDO, Positive Output 2-293
TPS76833 33 1000 0.35 | 0.575 | 0.085 2 10 Yes No | Fixed, LDO, Positive Output 2-329
TPS76933 3.3 100 0.098 0.2 0.017 3 135 Yes No | Fixed, LDO, Positive Output, SOT-23 2-345
TPS77033 33 50 0.048 0.1 0.017 3 135 Yes No | Fixed, LDO, Positive Output, SOT-23 2-359
TPS77533 3.3 500 0.169 | 0.287 | 0.085 2 135 Yes Yes Fixed, LDO, Positive Output 2-373
TPS77633 33 500 0.169 | 0.287 | 0.085 2 135 Yes No Fixed, LDO, Positive Output 2-373
TPS77733 3.3 750 0.26 0.427 | 0.085 2 135 Yes Yes | Fixed, LDO, Positive Output 2-391
TPS77833 3.3 750 0.26 0.427 | 0.085 2 13.5 Yes No Fixed, LDO, Positive Output 2-391
TLV2217-33 33 500 0.4 0.5 19 1 12 No No LDO 2461
TPS76038 3.8 50 0.12 0.18 0.85 2.6 16 Yes No Fixed, LDO, Positive Output, SOT-23 2-21
TPS76138 38 100 0.17 0.28 26 3 16 Yes No Fixed, LDO, Positive Output, SOT-23 2-221
TPS76338 38 150 0.36 0.6 0.085 3.5 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-231
TPS7148 4.85 500 0.03 0.037 | 0.285 2 10 Yes No Fixed, LDO, Positive Output 2-29
TPS71H48 4.85 500 0.03 0.047 | 0.285 2 10 Yes No Fixed, LDO, Positive Output 2-75
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FIXED-VOLTAGE LOW DROPOUT (LDO) VOLTAGE REGULATORS (continued)

Device (tvyop) (r:lax) (‘t’ypd% (-‘1’1%?() (t'y'};) T°"(’.,'2)“°° (r‘v’-'a'i) Shutdown | SVS | Description Page No.
(V] (mA) | (V) V) | (mA) V)
TPS7248 4.85 250 0.09 0.1 0.155 2 10 Yes No | Fixed, LDO, Positive Output 2-113
TPS7348 4.85 500 0.028 | 0.037 0.34 2 10 Yes Yes Fixed, LDO, Positive Output 2-145
TPS7150 5 500 0.027 | 0.033 | 0.285 2 10 Yes No Fixed, LDO, Positive Output 2-29
TPS71H50 5 500 0.027 | 0.033 } 0.285 2 10 Yes No Fixed, LDO, Positive Output 2-75
TPS7250 5 250 0.76 0.85 0.155 2 10 Yes No Fixed, LDO, Positive Output 2-113
TPS7350 5 500 0.027 | 0.035 | 0.34 2 10 Yes Yes | Fixed, LDO, Positive Output 2-145
TPS76050 5 50 0.12 0.18 0.85 2 16 Yes No Fixed, LDO, Positive Output, SOT-23 2-211
TPS76150 5 100 0.17 0.28 26 28 16 Yes No | Fixed, LDO, Positive Output, SOT-23 2-221
TPS76350 5 150 0.18 0.3 0.085 4 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-231
TPS76550 5 150 0.085 | 0.15 | 0.038 3 135 Yes No | Fixed, LDO, Positive Output 2-261
TPS76650 5 250 0.14 0.25 0.038 3 135 Yes No Fixed, LDO, Positive Output 2-277
TPS76750 5 1000 | 0.23 0.38 | 0.085 2 10 Yes Yes | Fixed, LDO, Positive Output 2-293
TPS76850 5 1000 0.23 0.38 | 0.085 2 10 Yes No | Fixed, LDO, Positive Output 2-329
TPS76950 5 100 0.071 0.17 0.017 3 135 Yes No Fixed, LDO, Positive Output, SOT-23 2-345
TPS77050 5 50 0.035 | 0.085 | 0.017 3 135 Yes No Fixed, LDO, Positive Output, SOT-23 2-359
TL750L05 5 150 0.2 0.6 10 4 26 No No | Fixed, LDO, Positive Output 2421
TL750M05 5 750 0.5 0.6 60 2 26 No No Fixed, LDO, Positive Output 2-429
TL751L05 5 150 0.2 06 10 4 26 Yes No Fixed, LDO, Positive Output 2-421
TL751M05 5 750 0.5 06 60 2 26 Yes No Fixed, LDO, Positive Output 2-429
TL750L08 8 150 0.2 0.7 10 4 26 No No | Fixed, LDO, Positive Output 2-421
TL750M08 8 750 0.5 0.7 60 2 26 No No | Fixed, LDO, Positive Output 2-429
TL751L08 8 150 0.2 0.7 10 4 26 Yes No | Fixed, LDO, Positive Output - 2421
TL751M08 8 750 0.5 07 60 2 26 Yes No Fixed, LDO, Positive Output 2-429
TL750L10 10 150 0.2 08 10 4 26 No No Fixed, LDO, Positive Output 2421
TL750M10 10 750 0.5 0.8 60 2 26 No No | Fixed, LDO, Positive Output 2-429
TL751L10 10 150 0.2 0.8 10 4 26 Yes No | Fixed, LDO, Positive Output 2-421
TL751M10 10 750 0.5 08 60 2 26 Yes No Fixed, LDO, Positive Output 2-429
TL750L12 12 150 0.2 0.9 10 4 26 No No Fixed, LDO, Positive Output 2421
TL750M12 12 750 0.5 0.9 60 2 26 No No Fixed, LDO, Positive Output 2-429
TL751L12 12 150 0.2 0.9 10 4 26 Yes No Fixed, LDO, Positive Output 2-421
TL751M12 12 750 0.5 0.9 60 2 26 Yes No Fixed, LDO, Positive Output 2-429
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ADJUSTABLE OUTPUT-VOLTAGE REGULATORS

Vo
Device Ad(';'f,:)b'e (n!lgx) (‘t’§‘;§') (Xg?() (tlyqp) T°'?;f)“°° (.‘r'.L'i) Shutdown | SVS | Description Page No.
W) (mA) V) V) (mA)
TPS76501 12-55 150 0.16 0.33 0.038 3 13.5 Yes No Adjustable, LDO, Positive Output 2-261
TPS76601 12-55 250 0.23 0.54 0.038 3 13.5 Yes No Adjustable, LDO, Positive Output 2-277
TPS76701 15-55 1000 0.5 0.825 | 0.085 2 10 Yes Yes | Adjustable, LDO, Positive Output 2-293
TPS767D301 1.2-55 1000 0.35 0.825 | 0.085 2 10 Yes Yes | Adjustable, Dual, Fixed, LDO, Positive Output 2-311
TPS76801 15-55 1000 0.5 0.825 | 0.085 2 10 Yes No Adjustable, LDO, Positive Output 2-329
TPS76901 1.2-55 100 0.071 0.245 | 0.017 3 135 Yes No Adjustable, LDO, Positive Output, SOT-23 2-345
TPS77001 12-55 50 0.035 | 0.125 | 0.017 3 13.5 Yes No | Adjustable, LDO, Positive Output, SOT-23 2-359
TPS77501 12~55 500 0.169 | 0.287 | 0.085 2 13.5 Yes Yes | Adjustable, LDO, Positive Output 2-373
TPS77601 12-556 500 0.169 | 0.287 | 0.085 2 135 Yes No Adjustable, LDO, Positive Output 2-373
TPS77701 1.2-55 750 0.26 0.427 | 0.085 2 135 Yes Yes | Adjustable, LDO, Positive Output 2-391
TPS77801 12-55 750 0.26 | 0427 | 0.085 2 135 Yes No | Adjustable, LDO, Positive Output 2-391
TPS76301 15-6.5 150 0.6 0.6 0.085 3 10 Yes No Adjustable, LDO, Positive Output, SOT-23 2-231
TPS7101 1.2-9.75 500 0.052 | 0.085 | 0.285 3 10 Yes No Adjustable, LDO 2-29
TPS71HO1 1.2-9.75 500 0.052 | 0.085 | 0.285 3 10 Yes No Adjustable, LDO 2-75
TPS7201 1.2-9.75 250 0.16 0.27 0.155 3 10 Yes No Adjustable, LDO 2-113
TPS7301 1.2-9.75 500 0.052 | 0.085 0.34 3 10 Yes Yes | Adjustable, LDO 2-145
TPS73HD301 1.2-9.75 750 0.353 0.6 1.1 3 10 Yes Yes | Adjustable, Dual, Fixed, LDO, Positive Output 2-185
TL317 1.2-32 100 25 3 1.5 4 35 No No Adjustable 2-415
pA723 2-37 150 3 23 1 40 No No Adjustable 2-467
TL783 1.25-125 700 10 15 15 6 125 No No Adjustable 2-449
LM237 -1.2--37 1500 22 No No 3-Terminal Adjustable Regulator 2-409
LM337 -1.2--37 1500 22 No NO | 3-Terminal Adjustable Regulator 2-409
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FIXED POSITIVE-OUTPUT VOLTAGE VOLTAGE REGULATORS

Device (X,?a) (nllgx) (‘f';’& (x:g?() (tlyqp) T°'?:/f)“°° (nmjo Shutdown | Svs | Description Page No.
V) (mA) | (V) V) | (mA)
HA78LO2A 2 100 1.7 3 3.6 5 20 No No Fixed, Positive Output 2-493
TL-SCSI285 2.85 500 0.7 26 1 55 No Fixed Reg. for SCSI Active Termination 2-527
TL2217-285 2.85 500 1 26 15 5.5 No Fixed Reg. for SCSI Active Termination 2-533
HA7805 5 1500 2 3 42 4 25 No No Fixed, Positive Output 2-479
uA78LO5 5 100 2 3 3.8 10 20 No No Fixed, Positive Output 2-493
HA78LO5A 5 100 1.7 3 3.8 5 20 No No Fixed, Positive Output 2-493
pHA78M05 5 500 2 3 4.5 4 25 No No Fixed, Positive Output 2-505
TL780-05 5 1500 2 3 5 1 25 No No Fixed, Positive Output 2-441
uA7806 6 1500 2 3 4.3 4 25 No No Fixed, Positive Output 2-479
nA78L06 6 100 1.7 3 3.9 10 20 No No Fixed, Positive Output 2-493
HA78LOBA 6 100 1.7 3 3.9 5 20 No No Fixed, Positive Output 2-493
pA78M06 6 500 2 3 45 25 No No Fixed, Positive Output 2-505
HA7808 8 1500 25 3 43 25 No No Fixed, Positive Output 2-479
nA7885 8 1500 2 3 4.3 25 No No Fixed, Positive Output 2-479
RA78L08 8 100 17 3 4 10 23 No No | Fixed, Positive Output 2-493
pPA78LOBA 8 100 1.7 3 4 5 23 No No | Fixed, Positive Output 2-493
HA78M08 8 500 25 3 4.6 4 25 No No Fixed, Positive Output 2-505
RA78L09 9 100 1.7 3 41 10 24 No No Fixed, Positive Output 2-493
HA78LO9A 9 100 1.7 3 41 24 No No Fixed, Positive Output 2-493
pA78M09 9 500 25 3 46 26 No No Fixed, Positive Output 2-505
pnA7810 10 1500 25 3 4.3 28 No No Fixed, Positive Output 2-479
PA78L10 10 100 1.7 3 42 10 25 No No Fixed, Positive Output 2-493
HA78L10A 10 100 1.7 3 4.2 5 25 No No Fixed, Positive Output 2-493
pA78M10 10 500 25 3 4.6 4 28 No No Fixed, Positive Output 2-505
TL780-12 12 1500 2.5 3 55 1 30 No No Fixed, Positive Output 2-441
HA7812 12 1500 25 3 4.3 4 30 No No Fixed, Positive Output 2-479
pA78L12 12 100 17 3 43 10 27 No No | Fixed, Positive Output 2-493
RA78L12A 12 100 1.7 3 4.3 5 27 No No | Fixed, Positive Output 2-493
pA78M12 12 500 25 3 4.8 4 30 No No Fixed, Positive Output 2-505
TL780-15 15 1500 25 3 55 1 30 No No Fixed, Positive Output 2-441
pA7815 15 1500 25 3 4.4 4 30 No No Fixed, Positive Output 2-479
pA78L15 15 100 1.7 3 4.6 10 30 No No Fixed, Positive Output 2-493
HA78L15A 15 100 1.7 3 4.6 5 30 No No Fixed, Positive Output 2-493
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FIXED POSITIVE-OUTPUT VOLTAGE VOLTAGE REGULATORS (continued)

Device (t‘;'op) (r:lgx) (‘tl;’:) (xgg) (tlyqp) Tol?’r;nce (r‘llnla':() Shutdown | SVS | Description Page No.
\J] (mA) V) (mA) v)
pA78M15 15 500 25 3 48 4 30 No No Fixed, Positive Output 2-505
nA7818 18 1500 3 3 45 4 33 No No Fixed, Positive Output 2-479
uA78M20 20 500 3 3 4.9 4 35 No No Fixed, Positive Output 2-505
nA7824 24 1500 3 3 4.6 4 38 No No Fixed, Positive Output 2-479
pA78M24 24 500 3 3 5 4 38 No No Fixed, Positive Output 2-505
FIXED NEGATIVE-OUTPUT VOLTAGE VOLTAGE REGULATORS
Device (t‘;g) (nllgx) (‘t’fy’.?) (X‘:ﬁ) (tlyqp) T"'?;’)"” (.1’121) Shutdown | SVS | Description Page No.
V) (mA) | (V) (V) | (mA) V)
RA79MO5 -5 500 2 3 1 4 -25 No No Fixed, Negative Output 2-517
HA79M06 -6 500 2 3 1 4 -25 No No Fixed, Negative Output 2-517
HA79MO8 -8 500 25 3 1 4 -25 No No Fixed, Negative Output 2-517
pA79M12 -12 500 25 3 15 4 -30 No No Fixed, Negative Output 2-517
pA79M15 -15 500 25 3 15 4 -30 No No Fixed, Negative Output 2-517
HA79M20 -20 500 3 1.5 4 -35 No No Fixed, Negative Output 2-517
HA79M24 -24 500 3 15 4 -38 No No Fixed, Negative Output 2-517
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SHUNT REGULATORS

Device Vref iz Iz Vo Vo Tolerance Vi Temp Description Page No.
V) (min) (max) (min) (max) (%) (max) Coeff
(uA) (mA) v) v) ) (typ)
(ppm/°C)
TLV431A 1.24 100 15 Vref 6 1 6 46 Adjustable Shunt 3-45
TL1431 2.5 1000 100 Vref 36 0.4 36 30 Adjustable Shunt 3-27
TL431 25 1000 100 Vref 36 2 36 30 Adjustable Shunt 3-9
TL431A 25 1000 100 Vref 36 1 36 30 Adjustable Shunt 3-9
TLV431 25 1000 100 Vref 36 2 36 30 Adjustable Shunt 3-45
TL430 2.75 2000 100 Vref 30 9 30 120 Adjustable Shunt 3-3
PRECISION VIRTUAL GROUNDS
lo Output Regulation Vo Vo \/| E:;#
Device (typ) (typ) (min) (max) (max) {typ) Description Page No.
(mA) (uA) ) ) (oPC)
TLE2425 20 -45-15 2.48 2.52 40 20 Precision Virtual Ground 4-3
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PROCESSOR POWER SUPPLY CONTROLLERS

Output
Device gmg ocP c?l':r‘:“ Outputs | OVP z°o“$’ Sst:?t UvLO ‘(I",')‘ (:I()‘/’og) (2?:5; Description Page No.
(A) %)
TPS5102 No Yes 1.5 2 No No Yes Yes 45-25 1.2-Vce 15 Notebook 7-3
TPS5103 No Yes 1.5 1 No No Yes Yes 45-25 1.2-Vce 1.5 Multipurpose 7-33
TPS5210 Yes Yes 2 1 Yes Yes Yes Yes 5,12 pgm 1.3t0 3.5 1 Pentium class 7-123
TPS5211 Yes Yes 2.4 1 Yes Yes Yes Yes 5,12 pgm 1.3t0 3.5 1.5 Pentium class 7-69
TPS5602 No Yes 1 2 No No Yes Yes 45-25 1.2-Vgce 2 DSP 7-149
TPS56100 No Yes 2 1 Yes Yes Yes Yes 5 09-Vce 15 DSP 7-171
TPS5615 No Yes 2 1 Yes Yes Yes Yes 5,12 15 1 DSP 7-99
TPS5618 No Yes 2 1 Yes Yes Yes Yes 5,12 1.8 1 DSP 7-99
TPS5625 No Yes 2 1 Yes Yes Yes Yes 5,12 2.8 1 DSP 7-99
TPS5633 No Yes 24 1 Yes Yes Yes Yes 5,12 33 1 DSP 7-99
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SWITCHING POWER SUPPLY CONTROLLERS

I'»::Is;e VIN Output Freq Osp;r:ctlltl:g/ Reference | Vief g;:tlye
Device SHDN Y Range | Output Type | Current (max) y Voltage Tol UVLO | Description Page No.

Pulse (VvDC) (mA) (kH2) Current ) (%) (max)

Isense (mA) (%)
SG2524 Yes No | 840 |singleSwitch | 100 500 NA/8 5 4 90 No |yoltage-Mode 8-97
SG3524 Yes No | 840 |Single Switch | 100 500 NA/8 5 8 90 No mge'”'“e 8-97
TL494 No No | 7-40 |Single Switch | 200 300 7.5/6 5 5 90 No |petage-Mode . 8111
TL497A Yes | No |45-12 | Single switch | 500 50 11/6 12 5 No |Fixed On-Time 8121

i * Voltage-Mode
TL499A No No | 1.1-35 | Single Switch | 500 40 1.8/NA 1.26 5 No | Fixed On-Time 8129
’ ’ ' Voltage-Mode

TL594 No No | 7-40 |SingleSwitch | 200 300 12.4/9 5 1 90 Yes | yotage-Mode 8-137
TL598 No No | 740 | TotemPole | -250 300 15/NA 5 1 90 Yes | porage-Mode 8-149
UC2842 No | Yes 30 | TotemPole | -200 500 11/NA 5 1 97 Yes | GurentMode 8-159
uC2843 No | Yes 30 | TotemPole | -200 500 11/NA 5 1 97 Yes | Gurant-Mode 8-159
UC2844 No | Yes | 30 | TotempPole | -200 500 11/NA 5 1 97 Yes | Curent-Mode 8-159
UC2845 No | Yes | 30 | TotemPole | —200 500 11/NA 5 1 97 ves | Surrent-Mode 8-159
UC3s42 No Yes 30 | TotemPole | -200 500 11/NA 5 2 97 Yes | Surrent-Mode 8-159
UC3843 No | Yes | 30 | TotempPole | —200 500 11/NA 5 2 97 Yes | Gurent-Mode 8-159
UC3844 No | Yes 30 | TotempPole | -200 500 11/NA 5 2 97 Yes gw;ﬁ""Mwe 8-159
UC3845 No Yes 30 | TotemPole | -200 500 11/NA 5 2 97 Yes g“,'v’ﬁ""""we 8-159
TL5001 No No |3.6-40 |Singeswitch | 20 400 111 1 5 100 Yes | povage-Mode 8-79
TL5001A | No No | 3.6-40 |Single Switch | 20 400 141 1 3 100 Yes | yotage-Mode 879
LT1054 No No |36-15| TotemPole | +t00 | 2000 3.5/3.1 1.25 25 100 Yes |Dual Ghannel- 8171

Mode PWM
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LOW-NOISE CHARGE PUMP DC/DC CONVERTERS

VO Tolerance VIN Output Freq Quiescent | Shutdown
Device SHDN (typ) (%) Range | Current (max) Current Current UVLO | Description Page No.
V) (VDC) | (mA) (kHz) (nA) (HA)
TPS60100 Yes 3.3 +4 1.8-3.6 200 300 50 0.05 Yes | Charge Pump DC/DC Converter, 3.3-V 8-3
TPS60101 Yes 3.3 +4 1.8-3.6 100 300 50 0.05 Yes | Charge Pump DC/DC Converter, 3.3-V 8-23
TPS60110 Yes +4 2.7-5.4 300 300 60 0.05 Yes | Charge Pump DC/DC Converter, 5-V 843
TPS60111 Yes +4 2.7-54 150 300 60 0.05 Yes | Charge Pump DC/DC Converter, 5-V 8-61
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MOSFET DRIVERS
Output Rise/Fall
Device (IEE) F:;‘;Tl::ta;r c(tr';;i';t (.:12')3 Vc?llt%,;{s) Description Page No.
(A) (ns)
TPS2811 5 Yes (8 —40 V) 2 20 4-14 Dual Channel 9-3
TPS2812 5 Yes (8 —40 V) 2 20 4-14 Dual Channel 9-3
TPS2813 5 Yes (8 —40V) 2 20 4-14 Dual Channel 9-3
TPS2814 5 No 2 20 4-14 Dual Channel 9-3
TPS2815 5 No 2 20 4-14 Dual Channel 9-3
TPS2816 150 Yes (8 —40V) 2 25 4-14 Active Pullup, Internal Regulator, Single Channel 9-31
TPS2817 150 Yes (8 —40 V) 2 25 4-14 - | Active Pullup, Internal Regulator, Single Channel 9-31
TPS2818 25 Yes (8-40V) 2 25 4-14 Single Channel 9-31
TPS2819 25 Yes (8 —40V) 2 25 4-14 Single Channel 9-31
TPS2828 25 No 2 25 4-14 Single Channel 9-31
TPS2829 25 No 2 25 4-14 Single Channel 9-31
TPS2830 1 No 2 50/85 4.5-15 Fast Synchronous-Buck With Deadtime Control 9-49
TPS2831 1 No 2 50/85 4.5-15 Fast Synchronous-Buck With Deadtime Control 9-49
TPS2832 1 No 2 50/85 4.5-15 Fast Synchronous-Buck With Deadtime Control 9-61
TPS2833 1 No 2 50/85 4.5-15 Fast Synchronous-Buck With Deadtime Control 9-61
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SUPERVISORY CIRCUITS

Device (xgﬁ) (Vvt) Tol?‘l}'z)nce (rlt?ac):() (r\rl1|i'r‘|) Vg‘t,:;e o?:;'.l‘: s ';lf"gsg WDI | Description Page No.
) (mA) ) Sense
TPS3123J12 1.2 1.08 2 0.03 0.75 No No 1 Yes | Fixed Delay, Micropower 10-21
TPS3124J12 1.2 1.08 2 0.03 0.75 No Yes 1 Yes Fixed Delay, Micropower 10-21
TPS3125J12 1.2 1.08 2 0.03 0.75 No Yes 1 No Fixed Delay, Micropower 10-21
TPS3123G15 15 1.4 2 0.03 0.75 No No 1 Yes | Fixed Delay, Micropower 10-21
TPS3124G15 15 14 2 0.03 0.75 No Yes 1 Yes Fixed Delay, Micropower 10-21
TPS3125G15 1.5 1.4 2 0.03 0.75 No Yes 1 No Fixed Delay, Micropower 10-21
TPS3123J18 1.8 1.62 2 0.03 0.75 No No 1 Yes Fixed Delay, Micropower 10-21
TPS3124J18 1.8 1.62 2 0.03 0.75 No Yes 1 Yes Fixed Delay, Micropower 10-21
TPS3125J18 1.8 1.62 2 0.03 0.75 No Yes 1 No Fixed Delay, Micropower 10-21
TPS3305-18 1.8 1.68 2 0.04 2.7 No Yes 2 Yes Fixed Delay, Micropower 10-33
TPS3307-18 1.8 1.68 2 0.04 2 No Yes 3 No Fixed Delay, Micropower 10-43
TLC7725 25 2.25 3 0.016 1 No Yes 1 No Micropower, Programmable Delay 10-9
TPS3707-25 25 2.25 2 0.05 2 No Yes 1 No Fixed Delay, Micropower 10-53
TPS3801J25 25 2.25 2 0.012 2 No No 1 No Fixed Delay, Micropower 10-63
TPS3305-25 25 2.25 2 0.04 27 No Yes 2 Yes | Fixed Delay, Micropower 10-33
TPS3809J25 25 2.25 2 0.012 2 No No 1 No Fixed Delay, Micropower 10-3
'TPSS820—25 25 2.25 1.8 0.025 No Yes 1 Yes Fixed Delay, Micropower 10-71
TPS3823-25 25 2.25 1.8 0.025 1.1 No Yes 1 Yes Fixed Delay, Micropower 10-71
TPS3824-25 25 2.25 2 0.025 1.1 No Yes 1 Yes Fixed Delay, Micropower 10-71
TPS3825-25 25 2.25 2 0.025 1.1 No Yes 1 Yes Fixed Delay, Micropower 10-71
TPS3828-25 25 225 2 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3307-25 25 225 2 0.04 2 No Yes 3 No Fixed Delay, Micropower 1043
TLC7703 3 2.63 2.7 0.016 1 No Yes 1 No Micropower, Programmable Delay 10-9
TPS3125L30 3 2.64 2 0.03 0.75 No Yes 1 No Fixed Delay, Micropower 10-21
TPS3705-30 3 2.63 2 0.05 2 No No 1 Yes | Fixed Delay, Micropower 10-53
TPS3707-30 3 2.63 2 0.05 2 No Yes 1 No Fixed Delay, Micropower 10-53
TPS3801L30 3 2.64 2 0.012 2 No No 1 No Fixed Delay, Micropower 10-63
TPS3809L30 3 2.64 2 0.012 2 No No 1 No Fixed Delay, Micropower 10-3
TPS3820-30 3 2.63 1.5 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3823-30 3 2.63 15 0.025 11 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3824-30 3 2.63 2 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
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SUPERVISORY CIRCUITS (continued)

Icc

VIN

Over

Device (nom) (‘\’,‘) Tolt(e;:)nce (max) | (min) Voltage O?J‘t,;:ﬂs ';'i"g‘t;g' WDI | Description Page No.
) (mA) v) Sense
TPS3825-30 3 2.63 2 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3828-30 3 2.63 2 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TLC7733 3.3 2.93 2.4 0.016 1 No Yes 1 No Micropower, Programmable Delay 10-9
TPS3705-33 33 293 2 0.05 2 No No 1 Yes | Fixed Delay, Micropower 10-53
TPS3707-33 3.3 2.93 2 0.05 2 No Yes 1 No Fixed Delay, Micropower 10-53
TPS3801K33 33 293 2 0.012 2 No No 1 No Fixed Delay, Micropower 10-63
TPS3809K33 3.3 293 2 0.012 2 No No 1 No | Fixed Delay, Micropower 10-3
TPS3820-33 33 2.93 17 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3823-33 3.3 293 1.7 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3824-33 33 293 2 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3825-33 33 2.93 2 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3828-33 33 2.93 2 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TL7705A 5 4.55 2 3 3.6 No Yes 1 No Programmable Delay 10-91
TL7705B 5 4.55 2 3 1 No Yes 1 No Programmable Delay 10-113
TL7757 5 4.55 3 25 1 No No 1 No No Delay 10-123
TL7759 5 455 3 2 1 No Yes 1 No | No Delay 10-133
TLC7705 5 4.55 1.5 0.016 1 No Yes 1 No Micropower, Programmable Delay 10-9
TL7770-5 5 4.55 1 5 1 Yes Yes 2 No Programmable Delay 10-139
TPS3705-50 5 4.55 2 0.05 2 No No 1 Yes | Fixed Delay, Micropower 10-53
TPS3707-50 5 4.55 2 0.05 2 No Yes 1 No Fixed Delay, Micropower 10-53
TPS3801150 5 4.55 2 0.012 2 No No 1 No | Fixed Delay, Micropower 10-63
TPS3305-33 5 4.55 2 0.04 27 No Yes 2 Yes | Fixed Delay, Micropower 10-33
TPS3809150 5 4.55 2 0.012 2 No No 1 No Fixed Delay, Micropower 10-3
TPS3820-50 5 4.55 1.3 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3823-50 5 4.55 1.3 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3824-50 5 4.55 2 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3825-50 5 4.55 2 0.025 11 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3828-50 5 4.55 2 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3307-33 5 4.55 2 0.04 2 No Yes 3 No Fixed Delay, Micropower 1043
TL7709A 9 7.6 2 3 3.6 No Yes 1 No Programmable Delay 10-91
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SUPERVISORY CIRCUITS (continued)

Vee

VIN

Over

Device (n(t\)ll;l) (‘\I}) Tol?or/:)nce ((':&X)) ('(ﬂ‘;l)") gt:sg: O?:gzs '1‘;’;32’ WDI | Description Page No.
TL7712A 12 10.8 2 3 3.6 No Yes 1 No Programmable Delay 10-91
TL7770-12 12 109 1 5 1 Yes Yes 2 No Programmable Delay 10-139
TL7715A 15 135 2 3 3.6 No Yes 1 No Programmable Delay 10-91
TPS5510 3 1 4 Yes Yes 3 No Fixed Delay 10-79
TPS5511 3 1 Yes Yes 3 No Fixed Delay 10-85
TL7700 adj 0.016 No Yes 1 No Micropower, Programmable Delay 10-101
TL7702A pgm pgm 2 3 3.6 No Yes 1 No Programmable Delay 10-91
TL7702B pgm pgm 3 1 No Yes 1 No Programmable Delay 10-113
TLC7701 adj 11 5.4 0.016 1 No Yes 1 No Micropower, Programmable Delay 10-9
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GENERAL PURPOSE DISTRIBUTION SWITCHES

Number DS(on) o Current Limit | VjNyRange Over Over
Device of FETs (typ) (max) (typ) (typ) Current Temp Enable | Description Page No.
(mQ) (A) (A) ) Reporting | Protection
TPS2010 1 75 0.2 0.4 27-55 No Yes Neg Current-Limited 13-25
TPS2010A 1 30 0.2 0.3 27-55 No Yes Neg Current-Limited 13-53
TPS2011 1 75 0.6 1.2 27-55 No Yes Neg Current—Limited 13-25
TPS2011A 1 30 0.6 0.9 27-55 No Yes Neg Current-Limited 13-53
TPS2012 1 75 1 2 27-55 No Yes Neg Current-Limited 13-25
TPS2012A 1 30 1 1.5 27-55 No Yes Neg Current-Limited 13-53
TPS2013 1 75 1.5 2.6 27-55 No Yes Neg Current—Limited 13-25
TPS2013A 1 30 1.5 2.2 27-55 No Yes ‘Neg Current-Limited 13-53
Vaux SWITCHES
INT IN2 INT IN2 s-.lf;:,ly s..lu';ily ":;;):::2
Number DS(on DS(on Output Output
Device of Inputs (t%(p) ) (tv(p) ) Current Curvent szt;r;)nt C(Lg::)m \g:;tnagg: Enable | Page No.
(m0) ©@ (mA) (mA) o) o W
TPS2100 2 250 1.3 500 10 10 0.75 27-40 Neg 13-311
TPS2101 250 1.3 500 10 10 0.75 27-40 Pos 13-311
PCMCIA/CARDBUS DISTRIBUTION SWITCHES
3V/5V
12-v Current and
Device Supply rw%") Control Inputs Temperature Vgg ﬁ<:°g‘:t;:|"d Description Page No.
Required (ms) Protection P 9

TPS2205 No 110/140 8 Line Parallel Yes NY Dual Channel 13-325
TPS2206 No 110/140 3 Line Serial w/Reset Yes N/Y Dual Channel 13-349
TPS2211 No 50 4 Line Parallel Yes N/Y Single Channel 13-375
TPS2212 No 160 4 Line Parallel Yes N/Y Single Channel 13-395
TPS2214 No 60 3 Line Serial, w/independent VCC/VPP Yes N/Y Dual Channel 13413
TPS2216 No 60 3 Line Serial, w/independent VCC/VPP Yes NrY Dual Channel 13-437
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USB SWITCHES

Current VIN
Device 2;’2‘;{: r?tsy(g)n) (nllgx) I(-t'x)t F:z:;ng)e Cel",rzr_nt Toe‘::;_) Enable Description Page No.
(mQ) (A) A W Reporting | Reporting

TPS2014 1 95 0.6 1.2 40-55 Yes No Neg Current-Limited, UL Listed, USB 13-73
TPS2015 1 95 1 2 4.0-55 Yes No Neg Current-Limited, USB 13-73
TPS2020 1 0.2 0.3 27-55 Yes Yes Neg Current-Limited, USB 13-93
TPS2021 1 0.6 0.9 27-55 Yes Yes Neg Current-Limited, USB 13-93
TPS2022 1 1 1.5 2.7-55 Yes Yes Neg Current-Limited, USB 13-93
TPS2023 1 15 22 27-55 Yes Yes Neg Current-Limited, USB 13-93
TPS2024 1 2 3 27-55 Yes Yes Neg Current-Limited, USB 13-93
TPS2030 1 30 0.2 0.3 27-55 Yes Yes Pos Curfent—Limited, UsB 13-115
TPS2031 1 30 0.6 0.9 27-55 Yes Yes Pos Current-Limited, USB 13-115
TPS2032 1 30 1 1.5 27-55 Yes Yes Pos Current-Limited, USB 13-115
TPS2033 1 30 1.5 2.2 27-55 Yes Yes Pos Current-Limited, USB 13-115
TPS2034 1 30 2 3 27-55 Yes Yes Pos Current-Limited, USB 13-115
TPS2041 1 80 0.5 0.9 27-55 Yes Yes Neg Current-Limited, Nemko Recognized 13-137
TPS2042 2 80 0.5 0.9 2.7-55 Each Yes Neg Current-Limited, Nemko Recognized 13-157
TPS2043 3 80 0.5 0.9 27-55 Each Yes Neg Current-Limited, Nemko Recognized 13-179
TPS2044 4 80 0.5 0.9 27-55 Each Yes Neg Current—Limited, Nemko Recognized 13-203
TPS2045 1 80 0.25 0.44 27-55 Yes Yes Neg Current-Limited, Nemko Recognized 13-227
TPS2046 2 80 0.25 0.44 27-55 Yes Yes Neg Current-Limited, Nemko Recognized 13-247
TPS2047 3 80 0.25 0.44 27-55 Yes Yes Neg Current-Limited, Nemko Recognized 13-267
TPS2048 4 80 0.25 0.44 27-55 Yes Yes Neg Current-Limited, Nemko Recognized 13-289
TPS2051 1 80 0.5 0.9 27-55 Yes Yes Pos Current-Limited, Nemko Recognized 13-137
TPS2052 2 80 0.5 0.9 27-55 Each Yes Pos Current-Limited, Nemko Recognized 13-157
TPS2053 3 80 0.5 0.9 27-5.5 Each Yes Pos Current-Limited, Nemko Recognized 13-179
TPS2054 4 80 0.5 0.9 27-55 Each Yes Pos Current-Limited, Nemko Recognized 13-203
TPS2055 1 80 0.25 0.44 27-55 Yes Yes Pos Current-Limited, Nemko Recognized 13-227
TPS2056 2 80 0.25 0.44 27-55 Yes Yes Pos Current-Limited, Nemko Recognized 13-247
TPS2057 3 80 0.25 0.44 27-55 Yes Yes Pos Current-Limited, Nemko Recognized 13-267
TPS2058 4 80 0.25 0.44 27-55 Yes Yes Pos Current-Limited, Nemko Recognized 13-289
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PMOS DISTRIBUTION SWITCHES

Device Number rDS(on) Vps Ipp ESD Description Page No.
of FETs (typ) (max) (max) Circuitry
(mQ) v) (A)
TPS1100 1 180 15 1.6 Yes High-Side PMOS 13-3
TPS1101 1 90 15 2.3 Yes High-Side PMOS 13-13
TPS1120 2 180 15 1.17 Yes High-Side PMOS 13-23
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LED DRIVERS

Device Vref Iz Iz Vo Vo Tolerance Vi Temp Description Page No.
) (min) (max) (min) (max) (%) (max) Coeff
(nA) (mA) V) V) (typ)
, (pPm/°C)
TLC5904 25 1000 100 Vref 36 0.4 36 30 LED Driver 14-3
VOLTAGE RAIL SPLITTERS
Temp
Vo Vo
. Icc Vee lo ¥ Coeff .
Device (1A) ) (mA) (l(rc;n) (T\?)x) (typ) Description Page No.
(ppm/°C)
TLE2426 280 4-40 20 1.98 20.2 25 Rail Splitter Precision Virtual Ground 15-3
SPECIAL FUNCTIONS
Input
Iz Iz Vo Settling
Device \:{,e)' (min) (max) (min) gt:?:’:gl Time Description Page No.
©“A) | wA) ) (mA) (us)
TL7726 45 60 25 30 Hex Clamping Circuit 16-3
TL2218-285 -20.5 25 Excalibur Current-Mode SCSI Terminator 167
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TPS7133QPWP, TPS7133Y
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS101A- FEBRUARY 1995 — REVISED AUGUST 1995

® Thermally Enhanced Surface-Mount
Package (PWP)

High-Current (500-mA) LDO Regulator

Very Low-Dropout Voltage . . . Maximum of
60 mV atlg =100 mA

Extremely Low Sleep-State Current
0.5 pA Max

2% Output-Voltage Tolerance Over Full
Range of Load, Line, and Temperature

Output Current Range of 0 mA to 500 mA
Power Good (PG) Status Output

description

The TPS7133QPWP is a micropower low-dropout
(LDO) voltage regulator with a fixed 3.3-V output
voltage, rated for loads up to 500 mA. The device
is ideal for applications that require 3.3 V from a
5-V supply, or a constant output from a battery,
such as alkaline or lithium ion, that drops off
considerably in voltage as it discharges.

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
watts of power (see Figure 1 and Thermal
Information section).

Using a PMOS transistor as the pass element
keeps the quiescent current very low and
constant, independent of output loading (typically
270 uA 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
systems. The LDO also features a sleep mode;
applying a TTL high signal to EN shuts down the
regulator, reducing the quiescent current to

0.5 yA.

GND/HEATSINK
GND/HEATSINK
GND

NC

EN

IN

IN

NC
GND/HEATSINK
GND/HEATSINK

PWP PACKAGE
(TOP VIEW)

- ©ONO TG AN =
(e}

o

HAHAAAAA

20
19
18
17
16
15
14
13
12
11

NC - No internal connection

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

0.25

Thermal
Pad

HHAHAAAAA

HoooHEHHGEE

I
TA:

1
25°C

0.2

0.15

0.1

Dropout Voltage - V

pd

0.05
7

Output

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

Figure 2. Typlcal Drogout Voltage Versus
urrent

[T1 GND/HEATSINK
[ T1 GND/HEATSINK
T3 NC

T3 NC

1] PG

[T SENSE

1] OUT

11 OUT

[T GND/HEATSINK
[T GND/HEATSINK

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of exas Instruments
standard warranty. p g does nof ly include
testing of all parameters.
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TPS7133QPWP, TPS7133Y
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS101A— FEBRUARY 1995 — REVISED AUGUST 1995

AVAILABLE OPTIONST
OUTPUT VOLTAGE PACKAGED DEVICES
T V) CHIP FORM
x Y,
MIN  TyP Max| THERMALLY-ENHANCED TSSOP (A4}
(PWP)
—55°C to 150°C 3.23 33 337 TPS7133QPWPPWPLE TPS7133Y

1The 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
6
Vi * IN PG 16 PG
7 15
IN SENSE
out|12 Vo
0.1 uF = 5| __ 18| pe———
——J EN out
Lo
GND ' g10 uF '
3 ' ESR '
| |
J

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

Figure 3. Typical Application Configuration

functional block diagram

o l%/

PG

out

< SENSES
>—<>—J 3

420 kQ

| Vref=1.178V l ”

233 kQ

¢
2 o

Resistors are nominal values only.

¥ 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.

“i? TEXAS
INSTRUMENTS

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



TPS7133QPWP, TPS7133Y
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS101A - FEBRUARY 1995 — REVISED AUGUST 1995

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

Lidaradaaasnabnanid sttt bt oo

< 92 »
|||I|I'I|Illll|I|I|lIllI|l|l||l||I|I'llI|I|I|I|1|Ill|l|I|l||,l|||l'lll'l|lll'lllll[lllll|l|l|
1 20
GND/HEATSINK — ) 2 GND/HEATSINK
@ CHIP THICKNESS: 15 MILS TYPICAL
GND/HEATSINK —— GND/HEATSINK
(3) (16) BONDING PADS: 4 x 4 MILS MINIMUM
GND ——| - PG
Tgmax = 150°C
e —& () sense J
) TPS7133Y | (14) ouT TOLERANCES ARE +10%
N_D 13 our ALL DIMENSIONS ARE IN MILS
©) (12) TERMINALS 4, 8, 17, AND 18 ARE
GND/HEATSINK ——— -—— GND/HEATSINK NOT CONNECTED
GND/HEATSINK —1%) () GND/HEATSINK
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TPS7133QPWP, TPS7133Y
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS101A - FEBRUARY 1995 — REVISED AUGUST 1995

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

Input voltage ranget, V}, PG, SENSE, EN ...... ..ottt .. -03to10V
OUPUL CUITENE, 10 .« oot e e e et e e s 2A
Continuous total power dissipation ............................. See Dissipation Rating Tables 1 and 2
Operating virtual junction temperature range, Ty .........oviiiiiiiiiiiii i —-55°C to 150°C
Storage temperature range, Tgtg -« -« v u v errrni e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ....................cooiiii.. 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 4)§

PACKAGE _ TAS25°C  DERATINGFACTOR  Ta=70°C TA = 125°C
POWER RATING ABOVE TA=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)8

PACKAGE Tc<625°C DERATING FACTOR Tc=70°C Tc=125°C
POWER RATING ABOVE Tc =62.5°C POWER RATING POWER RATING
PWP 25W 285.7 mW/°C 22.9W 71W
MAXIMUM CONTINUOUS DISSIPATIONS MAXIMUM CONTINUOUS DISSIPATIONS
\L vs
FREE-AIR TEMPERATURE CASE TEMPERATURE
800 30

700

/— RgJa=178°C/W
500 \

N
300 \

- AN
N

25

20 \K
N
10 : \

Measured with the exposed thermal ph
coupled to an infinite heat sink with a

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

\ 5 thermally conducilve compound (the
100 thermal ivity of the p
is 0.815 W/m . °C). The RgJc is 3.5°C/W.
0 0 L _ |
25 50 75 100 125 150 25 50 75 100 125 150
TA — Free-Air Temperature - °C Tc - 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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TPS7133QPWP, TPS7133Y

MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS101A - FEBRUARY 1995 - REVISED AUGUST 1995

recommended operating conditions

MIN MAX | UNIT
Input voltage, Vit 3.77 0] Vv
High-level input voltage at EN, V|4 2 v
Low-level input voltage at EN, Vii_ 0.5 \
Output current range, 1o 0 500 mA
Operating virtual junction temperature range, Ty -40 125 °C

1 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:

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

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

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

(unless otherwise noted)

PARAMETER TEST CONDITIONSS Ty TPST133QPWP UNIT
MIN TYP MAX
. EN<05V, Vi=Vo+1V, 25°C 285 350
Ground current (active mode) 0510 <500 mA 1=Yo T20°C 10 125°C 260 pA
Input current (standby mode) EN=V|, 27V<Vi<i0Vv 25°C 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
:ta;sd s)llerr:;r’\; leakage current in EN=V), 27VEVi<10V e - WA
PG leakage current Normal operation, Vpg=10V 2570 0.02 03 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
—_ 25V<V|<6V 2
EN logic high (standby mode) SV=V; <10V —40°C to 125°C 57 \4
EN logic low (active mode) 27V<ViS10V 25°C 254 v
—40°C to 125°C 0.5
EN hysteresis voltage 25°C 50 mv
EN input current 0<Vi<10V 25°C 08 05 pA
—-40°Cto 125°C | -0.5 0.5
. . 25°C 2.05 25
Minimum V| for active pass element \
—40°C to 125°C 25
Minimum Vi for valid PG IpG = 300 pA 2C 106 154
—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.
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TPS7133QPWP, TPS7133Y
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS101A - FEBRUARY 1995 — REVISED AUGUST 1995

electrical characteristics atlg =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, TPS7133QPWP UNIT
J MIN ___ TYP  MAX
Vi=43V, lo=10mA 25°C 3.3
Output voltage \'
43V<Vi<10V, 5mA<Ip<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 It lo =100 mA 'V 3.23V 25°C 4 & mv
= mA, =3.
ropout voltage 0 ! ~40°C 0 125°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 -Vo)llo, Vi=323V, Q
10 =500 mA —40°C to 125°C 0.8
Input voltage regulatiol Vi=4.3Vto 10V, 50 pA <lp <500 mA 25°C 20 mV
ut vol ulation =4. ] , <lps< m
put vollagereg ! was<lo —40°C to 125°C 27
25°C 21 38
lo=5mAto500mA, 43V<V|<10V mV
X —40°C to 125°C 75
Output voltage regulation
25°C 30 60
lo=50pAto500 mA, 43V<V|<10V mV
—40°C to 125°C 120
0= 50 yA 25°C 43 54
o : 0= —40°C10125°C | 40
Ripple rejection f=120Hz dB
25°C 39 49
lp =500 mA
—40°C to 125°C 36 )
Output noise-spectral density | f= 120 Hz 25°C 2 uVAHz
Co=4.7uF 25°C 274
<f<
Output noise voltage :Eg:% — f1”Q1 00 kHz, Co=10pF 25°C 228 pVrms
Co =100 pF 25°C ' 159
PG trip-threshold voltage Vo voltage decreasing from above Vpg —40°C to 125°C v O?rj)i; V. O(()r.\iamj \
PG hysteresis voltage 25°C 35 mV
PG output low voltage | 1mA Vi=28V 2&C 9022 94 v
utpus =1TmMA, =2.
P 9 PG ! ~40°C to 125°C 04

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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TPS7133QPWP, TPS7133Y

MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS101A—

FEBRUARY 1995 — REVISED AUGUST 1995

electrical characteristics atlp =10 mA, EN =0V, Cq = 4.7 uF/ESR¥ = 1 Q, Tj = 25°C, SENSE shorted

to OUT (unless otherwise noted)

PARAMETER TEST CONDITIONSS TPS7133Y UNIT
MIN  TYP MAX
Ground current (active mode) 5: ISOO.SSS\(I)‘O mA Vi=Vo+1V, 285 HA
Output current limit Vo =0, V=10V 1.2 A
PG leakage current Normal operation, Vpg =10V 0.02 uA
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 pA 1.06 \

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

PARAMETER TEST CONDITIONS¥ TPS7133Y UNIT
MIN TYP MAX
Output voltage Vi=43V, lo=10mA 3.3 \
lo=10mA, V=323V 0.02
Dropout voltage Io =100 mA, Vj=3.23V 47 mV
lo =500 mA, Vi=3.23V 235
Pass-element series resistance 1(2235\65 r\;/?)/lo’ Vi=323V, 0.47 Q
) lo=5mAto500mA, 43V<V|<10V 21 mvV
Output voltage regulation
lo=50pAto 500 mA, 43V<Vi<s10V 30 mv
Ripple rejection f=120 Hz lo=50pA s dB
1o = 500 mA 49
Output noise-spectral density f=120 Hz 2 uVAHz
Co=4.7uF 274
Output noise voltage :5%:% i ff‘; 00 kHz, Co=10pF 228 uvrms
Co =100 pF 159
PG hysteresis voltage 35 mvV
PG output low voltage IpG =1 mA, V=28V 0.22 \4

TESR 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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TPS7133QPWP, TPS7133Y
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS101A - FEBRUARY 1995 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS
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TPS7133QPWP, TPS7133Y
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS101A - FEBRUARY 1995 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS
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TPS7133QPWP, TPS7133Y

MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS101A - FEBRUARY 1995 — REVISED AUGUST 1995

TYPICAL CHARACTERISTICS
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TPS7133QPWP, TPS7133Y
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS

SLVS101A ~ FEBRUARY 1995 — REVISED AUGUST 1995
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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I|(EN) - Input Current - nA

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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T ESR values below 0.1 © are not recommended.
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TPS7133QPWP, TPS7133Y
MICROPOWER LOW-DROPOUT (LDO) VOLTAGE REGULATORS
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TYPICAL CHARACTERISTICS

RL

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 enhancementis 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.

— [ O AN
Side View (a) Thermal
Pad

BB

End View (b)

HAHAAAAAAS
HEBEd0bbE

Bottom View (c)

Figure 34. Views of Thermally Enhanced PWP Package
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THERMAL INFORMATION

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 cm?
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 pad is directly connected to the substrate of the IC, which forthe TPS7133QPWP is a secondary electrical
connection to device ground. The heat-sink surface that is 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

150
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9 100 ft/min
8
£ 100 150 ft/min
o
3 200 ft/min
4
NN
o \
1
% —~————
L \\\\‘bb\
250 fymin e————r—
——
300 ft/min e
” |
003 1 2 3 4 5 6 7 8

Copper Heat-Sink Area — cm?2

Figure 35
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THERMAL INFORMATION
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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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THERMAL INFORMATION

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. Rg a for this assembly
isillustrated 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 10z
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, Rga for a PWB assembly can be determined and used to calculate the maximum power-dissipation
limit for the component/PWB assembly, with the equation:
b _ T ymax — Ty

D(max)
Where

T max is the maximum specified junction temperature (150°C absolute maximum limit, 125°C recommended
operating limit) and Tp is the ambient temperature.

‘R'GJA(system)

Pp(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:

Pogota = (Vi = Vo) o+ Vi q
Since the quiescent current of the TPS7133QPWP is very low, the second term is negligible, further simplifying the
equation to:

Pototal) = (Vi = Vo) "o

For the case where Tp = 55°C, airflow = 200 ft/min, copper heat-sink area = 4 cm?2, the maximum power-dissipation
limit can be calculated. First, from Figure 35, we find the system Rgya is 50°C/W; therefore, the maximum
power-dissipation limit is:

Tmax-T o o
J A 125°C — 55°C

p = = 2 =14 W
D(max) R ja(system) 50°C/w
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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(tota[) = <V| - Vo) : 'O =(6-33)-05=135W

Comparing Ppytotal) 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 or the 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
the PWP package. The minimum recommended
heat-sink area is also illustrated. This is simply a
copper plane under the body extent of the
package, including metal routed under terminals
1,2,9,10, 11,12, 19, and 20.

reliability information

This section includes demonstrated reliability test
results obtained from the qualification program.
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
accelerated versions of various device-
application environments and allow meaningful
extrapolation to normal operating conditions.

Minimum Recommended Location of Exposed
Heat-Sink Area Thermal Pad on
l PWP Package
/
0.27 mm
v_
L .
-—= ||
|
;—- — |
0.65 mm :
|
|

Figure 38. PWP Package Land Pattern
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THERMAL INFORMATION

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-reflow 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 expressed in 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 INFORMATION

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 Rg A(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 quantify 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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APPLICATION INFORMATION

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 = 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
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 3 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. EN is 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 us.

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
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 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 tantalum
capacitor is less than 1.2 Q over temperature. Capacitors with published ESR specifications such as the
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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 pF, 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 xW)t
T421C226M010AS Kemet 22 uF, 10V 0.5 28x6x3.2
593D156X0025D2W Sprague 15 pF, 25V 0.3 28x%x7.3x43
593D106X0035D2W Sprague 10 uF, 35V 0.3 28x7.3x4.3
TPSD106M035R0300 AVX 10uF, 35V 0.3 28x7.3%x4.3

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 15uF, 20V 1.1 12x7.2%x6
595D156X0025C2T Sprague 15uF, 25V 1 25%x7.1x32
595D106X0025C2T Sprague 10uF, 25V 1.2 25x71x32
293D226X0016D2W Sprague 22 uF, 16V 1.1 28x7.3x43

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

PART NO. MFR. VALUE MAX ESRt SIZE (Hx L xw)t
195D106X06R3V2T Sprague 10uF, 6.3V 15 1.3x35x%x27
195D106X0016X2T Sprague 10 puF, 16V 15 1.3x7x27
595D156X0016B2T Sprague 15uF, 16 V 1.8 1.6x3.8x2.6
695D226X0015F2T Sprague 22 uF, 15V 14 1.8x6.5%x3.4
695D156X0020F2T Sprague 15uF, 20V 15 1.8x6.5x3.4
695D106X0035G2T Sprague 10uF, 35V 1.3 25x76x25

1 Size is in mm. ESR is maximum resistance at 100 kHz and Ta = 25°C. Listings are sorted by height.
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external capacitor requirements (continued)
TPS7133QPWP
6 16

v - IN PG PG
7 15
IN SENSE —1
c1 out|4

9-o—9o— Vo
= — 13
0.1 uF —dJEN ouT c
50V + o]

“T~10pF
GND
3 S ESR

/1
o

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
Fixed-Output and Adjustable Versions

Very Low-Dropout Voltage . . . Maximum of
32 mV at Ig = 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 Specified Conditions
For Fixed-Output Versions
Output Current Range of 0 mA to 500 mA

TSSOP Package Option Offers Reduced
Component Height for Space-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.

D OR P PACKAGE

(TOP VIEW)
GND [] 1 8|l PG
EN[]2 7 [ SENSEt/FBY
IN[] 3 6 [J ouT
IN[] 4 5[ ouT
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[]s 15[] SENSET
NC[]7  1afJouT
IN[] 8 13[] ouT
IN[] o 12[]NC
IN[] 10 1] NC

NC - No internal connection

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

¥ FB - Adjustable version only (TPS7101)

Because the PMOS device behaves as a low-value resistor, the dropout voltage is very low (maximum of 32
mV at an 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.

PRODUCTION DATA information is current as of publication date.

roducts conform to specifications per the terms of Texas Instruments
shndard warranty. F p g does not include
fosting of ai prameters. EXAS

Copyright © 1997, Texas Instruments Incorporated
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description (continued)

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

0.25 ——1—
Ta =25°C
0.2
>
I
g; 0.15 TPS7133 / =
3 TPS7148 %
3 o < 7‘%37150
g =
o /
0.05
7

0
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Io - Output Current - A
Figure 1. Dropout Voltage Versus Output Current

(8 pin), SO (8 pin), and TSSOP (20-pin) packages. The TSSOP has a maximum height of 1.2 mm.

AVAILABLE OPTIONS
OUTPUT VOLTAGE PACKAGED DEVICES
T (V) CHIP FORM
SMALL OUTLINE | PLASTIC DIP TSSOP )
MIN P  MAX
Y ©) ®) (PW)
4.9 5 5.1 TPS7150QD TPS7150QP | TPS7150QPW TPS7150Y
475 485 495 TPS7148QD TPS7148QP TPS7148QPW TPS7148Y
-40°C to 125°C 3.23 33 3.7 TPS7133QD TPS7133QP TPS7133QPW TPS7133Y
Adjustablet

12V109.75V TPS7101QD TPS7101QP TPS7101QPW TPS7101Y

tThe D and PW packages are available taped and reeled. Add R suffix to device type (e.g., TPS7150QDR). The TPS7101Q is
programmable using an external resistor divider (see application information). The chip form is tested at 25°C.
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TPSTIxxt

8

vi N PG
9

IN  SENSE
10

IN out
™~ 6

0AwF T~ “JdEeNn  our

r
|

GND = =

112 I 3 | gcsn |

L J

t TPS7133, TPS7148, TPS7150 (fixed-voltage options)
¥ Capacitor selection is nontrivial. See application information section
for details.

||}

Figure 2. Typical Application Configuration

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 (5)
@ ——— SENSES
IN —= |

M pa

»
"‘

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

-]
o

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

TFB- Adjustable version only (TPS7101)

»] NOTE A. For most applications, OUT and SENSE should

‘I|I|I|I|I[I'I|I[I|III|I|I|l|l|I]III|l|Ill|||l|l|lll'l|l|||l|l|I|Ill|Illlll!'lll‘l'l'l'l'lll] betiedt°getheraSCIos.eaSPOSSibletOthedeVic.e;
for other implementations, refer to SENSE-pin

connection discussion in the Applications

Information section of this data sheet.
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functional block diagram

IN RESISTOR DIVIDER OPTIONS
N DEVICE | Ri R2 UNIT
TPS7101 0 o0 Q
TPS7133 420 233 kQ
PG | tps7148 | 726 | 233 | ko
TPS7150 756 233 kQ
NOTE A. Resistors are nominal values only.
ouTt
COMPONENT COUNT
N SENSE+/FB MOS transistors 464
>——4 Bilpolar transistors 41
| Vref = 1.178 V " R1 Diodes 4
Capacitors 17
=~ Resistors 76
R2
GND

T Switch positions are shown with EN low (active).

¥ 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.

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

Input voltage range", V|, PG, SENSE, EN
OUIPUE CUITENE, [0« o e ettt e i e i i it i i
Continuous total power dissipation .................. ... .. ... ...
Operating virtual junction temperature range, T
Storage temperature range, Tgtg « -« v vrtreeit it i i
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds

-03Vto11V
2A
See Dissipation Rating Tables 1 and 2
-55°C to 150°C
-65°C to 150°C
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.
1 All voltage values are with respect to network terminal ground.

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

PACKAGE Ta<25°C DERATING FACTOR Tp=70°C Ta = 125°C
POWER RATING ABOVE Tpo=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
pwil 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 Te=70°C Tc=125°C
POWER RATING ABOVE Tc=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
pwll 4025 mW 32.2 mW/°C 2576 mW 805 mW

# 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.
Il Refer to Thermal Information section for detailed power dissipation considerations when using the TSSOP packages.
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DISSIPATION DERATING CURVE?
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FREE-AIR TEMPERATURE
1400 4800
4400
1200 \ 4000
P Package
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\ >< D Package
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>
o
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1600
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Figure 3

DISSIPATION DERATING CURVEt

vs

CASE TEMPERATURE

]

PW Package
RgJc =31°C/W

1 P Package
Rgyc = 46°C/W

A

/

Y

\l\

N

AN
D Package—/ \\
RgJc =57°C/'W
| I
25 50 75 100 125 150

Tc - Case Temperature — °C

Figure 4

t 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.

recommended operating conditions

MIN MAX | UNIT
TPS7101Q 2.5 10
TPS7133Q 3.77 10
Input voltage, V¥ Y
TPS7148Q 5.2 10
TPS7150Q 5.33 10
High-level input voltage at EN, V|4 2 \
Low-level input voltage at ﬁl‘ ViL 0.5 v
Output current range, Io 0 500 mA
Operating virtual junction temperature range, T -40 125 °C

¥ 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: V|(min) = VO(max) + YDO(max load)
Becausethe TPS7101 is programmable, rpg(on) should be usedto calculate Vp g before applying the above equation. The equationfor calculating
VDo 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 TPS7101.
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electrical characteristics atlo =10 mA, EN =0V, Co = 4.7 uF/CSRt = 1 Q, SENSE/FB shorted to OUT

(unless otherwise noted)

TPS7101Q, TPS7133Q

PARAMETER TEST CONDITIONS$ Ty TPS7148Q, TPS7150Q | yNIT
MIN TYP MAX
i EN<05V, Vi=Vg+1V, 25°C 285 3850
Ground current (active mode) OmA< Ip <500 mA I=Vo Ty o HA
Input current (standby mode) EN=V|, 27V<V|S10V 25 95 pA
—40°C to 125°C 2
Output current limit Vo =0, Vi=10V 25°C 12 2 A
—40°C to 125°C 2
- S
rF:\::l)sdse-eIement leakage current in standby EN=V;, 27V<V|S10V — 55:0(; — 0.&13 uA
PG leakage current Normal operation, Vpg=10V 25°C 0.02 05 uA
~40°C to 125°C | 05
Output voltage temperature coefficient —40°C to 125°C 61 75 | ppm/°C
Thermal shutdown junction temperature 165 °C
_ ] 25V<V|S6V 2
EN logic high (standby mode) BV=V <10V —40°C to 125°C 57 \"
EN logic low (active mode) 27Vsvisiov 25°C 05 \'
—40°C to 125°C 0.5
EN hysteresis voltage 25°C 50 mv
. 25°C -05 0.5
EN input current ovsvi<10v ovsvisiov T20C 1250 | o8 o5 pA
Minimum V| for active pass element 2% 205 25 v
—40°C to 125°C 25
Minimum V| for valid PG IpG =300 pA IpG = 300 pA e 16 1ALy
—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 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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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q

TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y

LOW-DROPOUT VOLTAGE REGULATORS

SLVS092F — NOVEMBER 1994 — REVISED JANUARY 1997

TPS7101 electrical characteristics at lg =10 mA, V|=3.5V, EN=0V, Co=47 uF/CSRt =1 Q,FB
shorted to OUT at device leads (unless otherwise noted)

TPS7101Q
PARAMETER TEST CONDITIONS# Ty MINTYP  MAX UNIT
V=35V, lo=10mA 25°C 1.178 \
Reference voltage (measured at FB SEVZVI=10V A<l <500 A
with OUT connected to FB) Sfe Nsote' s SmA<IO<S00MA, | 400G 10 125°C | 1.143 1213 v
S:;;:Zr:r:: voltage temperature _40°C 1o 125°C 61 75 | ppmec
Vi=24V, 50pA<lo< 150 mA 25°C 97 !
=ea% =0= —40°C to 125°C 1
V=24V, 150 mA < I < 500 25°C 083 13
Pass-element series resistance mA —40°Cto 125°C LECH IS
(see Note 2) 25°C 052 085
V=29V, 50 uA < 10 < 500 mA
~40°C to 125°C 0.85
V=39V, 50 pA < 10 < 500 mA 25°C 0.32
V|=59V, 50 pA < Io < 500 mA 25°C 0.23
! V|=25Vto10V, 50 pA < 10 < 500 mA, 25°C 18
Input regulation mv
putreguat See Note 1 —40°C 10 125°C 25
lo=5mAto500mA, 25V<V|<10V, 25°C ¥l
See Note 1 —40°C to 125°C 25
Output regulation -
lo=50pAto500mA, 25V<Vi<10V, 25°C 21 v
See Note 1 —40°C to 125°C 54
I = 50 uA 25°C 48 59
) o 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 density f=120 Hz 25°C 2 WVAHZ
Co=4.7uF 25°C 95
Output noise voltage éosgfr i f1591 00 kHz, Co=10pF 25°C 89 uvrms
Co=100pF 25°C 74
PG trip-threshold voitage$ VER voltage decreasing from above Vpg —40°C to 125°C | 1.101 1.145 \
PG hysteresis voltage$ Measured at VFg 25°C 12 mv
PG output | itage$ I 400 pA Vi=213V 25°C o1 04 v
output low voltage = , =2.
putiowvoliag PG : ~40°C to 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.

¥ 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 simultaneously, pass element rpg(on) increases (see Figure 27) 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:
Vbo =10 DS(on)
'DS(on) is @ function of both output current and input voltage. The parametric table lists rpg(on) for Vi =2.4V,2.9V, 8.9V, and
5.9 V, which corresponds to dropout conditions for programmed output voltages of 2.5 V, 3V, 4V, and 6 V, respectively. For other
programmed values, refer to Figure 26.
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092F ~ NOVEMBER 1994 — REVISED JANUARY 1997

TPS7133 electrical characteristicsatig=10mA, V|=4.3V,EN=0V, Co=47 uF/CSRt=1Q, SENSE
shorted to OUT (unless otherwise noted)

TPS7133Q
PARAMETER TEST CONDITIONS# Ty MIN—TYP  MAX UNIT
V=43V, lo=10mA 25°C 3.3
Output voltage A\
43VsVi<10V, 5mA<lp<500mA |-40°Cto125°C| 3.23 3.37
lo=10mA V=323V 25°C 45 !
0= ' == —40°C to 125°C 8
D t volt lo =100 mA, V|=3.23V 25°C 4 & mv
ropout voltage 0= ' 1== —40°C 10 125°C 80
25°C 235 300
lo =500 mA, V=323V
. —40°C to 125°C 400
- = °C .47 .
Pass-element series resistance (8.23V-Vollo, Vi=3.23V, 25 ° 06 Q
lo =500 mA —-40°C to 125°C 0.8
Input regulation Vi=43Vto 10V, 50 nA < lp <500 mA 25°C 20 mV
puires = ' =0 -40°C to 125°C 27
25°C 21 38
lo=5mAto500mA, 43V<sVi<10V mV
. ~40°C to 125°C 75
Output regulation
lo=50pAto 500 mA, 4.3V<V;<10V 25°C % & mvV
0= o ETENE -40°C to 125°C 120
| 50 uA 25°C 43 54
o 0= —40°C10125°C | 40
Ripple rejection f=120Hz dB
25°C 39 49
Io = 500 mA
~40°C to 125°C 36
Output noise-spectral density f=120 Hz 25°C 2 uVAHZ
' Co=4.7pF 25°C 274
<
Output noise voltage (1_';os:§ i f1'91 00 kHiz, Co=10pF 25°C 228 uvrms
Co=100uF 25°C 159
PG trip-threshold voltage VQ voltage decreasing from above Vpg —40°C to 125°C | 2.868 3 A"
PG hysteresis voltage : 25°C 35 mvV
PG output low voltage | 1 mA, V=28V 25°C 022 04 v
9 PG =Tm% == —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.

E 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
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TPS7148 electrical characteristics atlg=10mA, V|=5.85V,EN=0V,Co=4.7 uF/CSRt =1 Q, SENSE
shorted to OUT (unless otherwise noted)

TPS7148Q

PARAMETER TEST CONDITIONS# Ty MIN_TYP  MAX UNIT
V=585V, lo=10mA 25°C 4.85
Output voltage \
585V<Vi<10V, 5mA<Ilp<500mA |-40°Cto125°C| 4.75 4.95
25°C 29 6
lo=10mA, Vi=4.75V
—40°C to 125°C 8
D I lo =100 mA Vi=475V 25°C 30 57 mVv
= mA, =4.
ropout voltage 0 ! —40°C to 125°C 54
25°C 150 180
IQ = 500 mA, Vi=475V
—40°C to 125°C 250
, - = 25°C 032 035
Pass-element series resistance (4.75 V- Voo, V=475V, Q
lo =500 mA —40°C to 125°C 0.52
Input lati V|=5.85Vto10V, 50 pA <lp <500 mA 25°C 27 \
nput regulation =5. o , m m
putreg ! o ~40°C to 125°C 37
25°C 12 42
lo=5mAto500mA, 5.85V<V|<10V mv
i —40°C to 125°C 80
Output regulation
! 50 pAto 500 mA, 5.85V<Vi<10V 25°C 42 & mvV
= mA, 5.
0=k : ~40°C 10 125°C 130
| 50 uA 25°C 42 53
) o 0= —40°C to 125°C 39
Ripple rejection f=120 Hz dB
25°C 39 50
I0 = 500 mA
—40°C to 125°C 35
Output noise-spectral density f=120 Hz 25°C 2 uVAHz
Co=47uF 25°C 410
<
Output noise voltage ::OS:? ;11501 00 kHz, Co=10pF 25°C 328 uvrms
Co = 100 uF 25°C 212
PG trip-threshold voltage Vp voltage decreasing from above Vpg | —40°C to 125°C 4.5 47 \
PG hysteresis voltage 25°C 50 mV
PG output | I | 1.2mA Vi=4.12V 25C 02 04 v
=1.2MA, =4.
outputlow voltage PG ! —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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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q

TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y

LOW-DROPOUT VOLTAGE REGULATORS

SLVS092F — NOVEMBER 1994 — REVISED JANUARY 1997

TPS7150 electrical characteristics atlo =10 mA, V;=6 V,EN =0V, Co = 4.7 uF/CSRt =1 Q, SENSE
shorted to OUT (unless otherwise noted)

TPS7150Q
PARAMETER TEST CONDITIONS# Ty WMIN_TYP  MAX UNIT
Vi=6YV, lo=10mA 25°C 5
Output voltage \
6VsVvi<10V, 5mMA<I0<500mA |[-40°C to125°C 4.9 5.1
25°C 2.9 6
lo=10mA, Vi=4.88V
—40°C to 125°C 8
D t volf lp =100 mA Vi=4.88V 25°C z 82 \
= . =4. m
ropout voltage o ! —40°C to 125°C 47
25°C 146 170
lo =500 mA, V=488V
—40°C to 125°C 230
- = 25°C 029 0.32
Pass-element series resistance (4.88 V-Vol/lo, Vi=4.88V, Q
lo =500 mA —40°C to 125°C 0.47
Input regulation Vi=6Vto 10V, 50 pA < 1p <500 mA 25°C 25 \')
ut regulatiol . = (] , < m m
puireg ! © —20°C to 125°C 32
25°C 30 45
lo=5mAto500mA, 6V<V|<10V mv
i —40°C to 125°C 86
Output regulation
25°C 45 65
lo=50puAto 500 mA, 6V<V|<10V mV
—40°C to 125°C 140
25°C 45 55
lo =50 pA
" - -40°C to 125°C 40
Ripple rejection f=120 Hz dB
25°C 42 52
lo =500 mA
—40°C to 125°C 36
Output noise-spectral density f=120 Hz 25°C 2 uVAHz
Co=47pF 25°C 430
. 10 Hz < f< 100 kHz, "
Output noise voltage csRrt=10 Co=10pF 25°C 345 uvrms
Co =100 uF 25°C 220
PG trip-threshold voltage V(o voltage decreasing from above Vpg —40°Cto 125°C | 4.55 4.75 \%
PG hysteresis voltage 25°C 53 mV
PG output low voltage Ipg =1.2mA, V=425V 257C 02 04 Y
P 9 PG = 1M == —20°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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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092F — NOVEMBER 1994 - REVISED JANUARY 1997

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

TPS7101Y, TPS7133Y
PARAMETER TEST CONDITIONS# TPS7148Y, TPS7150Y | ynit
MIN TYP MAX
. EN<05V, Vi=Vo+1V,
Ground current (active mode) 0mA< Io <500 mA 285 nA
Output current limit Vo=0, 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 \
Minimum Vj for valid PG IpG = 300 uA 1.06 v
TPS7101Y
PARAMETER
TEST CONDITIONS* WINTYP  MAX UNIT
Reference voltage (measured at FB with OUT _ _
connected to FB) Vi=35YV, lo=10mA 1.178 \Y
Vi=24V, 50 pA <l <150 mA 07
. Vi=24V, 150 mA < 1g < 500 mA 0.83
Pass-element series resistance (see Note 2) V=29V, 50 uA < lp <500 mA 0.52 Q
Vi=39YV, 50 pA <1p <500 mA 0.32
Vi=59YV, 50 pA <1p <500 mA 0.23
Input regulation gle: 3.05‘;/:0 1oV, 50pA <lo <500 mA, 18| mVv
25VsVi<10V, lo =5 mA to 500 mA,
See Note 1 14 mv
Output regulation
25V<Vi<10V, 1o = 50 uA to 500 mA, 22| mv
See Note 1
. - Vi=35YV, f=120 Hz,
Ripple rejection 10 = 50 pA 59 dB
Output noise-spectral density Vi=35V, f=120 Hz 2 uVAHZ
V=35V, Co=4.7uF 95
Output noise voltage 10Hz <f<100kHz, |Co=10pF 89 uvrms
csRt=1Q Co = 100 uF 74
o= u
PG hysteresis voltage$ Vi=35V, Measured at Vg 12 mv
PG output low voltage$ Vi=2.13V, IpG = 400 pA 0.1 \
FB input current Vi=35V V=35V 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. WhenV|<2.9Vandlg > 150 mAsimultaneously, pass element rpg(on) increases (see Figure 27) 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 'DS(on) forVi=2.4V,29V,3.9V, and
5.9 V, which corresponds to dropout conditions for programmed output voltages of 2.5 V, 3 V, 4 V, and 6 V, respectively. For other

programmed values, refer to Figure 26.
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092F - NOVEMBER 1994 — REVISED JANUARY 1997

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

TPS7133Y
PARAMETER TEST CONDITIONS# N Tve wax] UNT
Output voltage Vi=43V, lo=10mA 3.3 v
Vi=3.23V, lo=10mA 0.02
Dropout voltage Vi=3.23V, Io =100 mA 47 mV
Vi=3.23V, o =500 mA 235
g : . (3.23V-Vo)lo, Vi=3.23V,
Pass-element series resistance o = 500 mA 0.47 Q
_ 43V<sVis10y, lo=5mAto 500 mA - 21 mVv
Output regulation
43V<sVis10V, 10 = 50 pA to 500 mA 30 mV
) - Vi=43V, 10 = 50 pA 54
Ripple rejection } dB
pple rej f=120Hz Io = 500 mA 49
Output noise-spectral density V=43V, f=120 Hz 2 UVAHZ
V=43V, Co=4.7uF 274
Output noise voltage 10Hz<f<100kHz, |Co=10pF 228 uvrms
csRt=10 C
0 =100 uF 159
PG hysteresis voltage Vi=43V 35 mV
PG output low voltage Vi=28YV, lpg=1mA 0.22 Vv
TPS7148Y
PARAMETER TEST CONDITIONS# MIN_TYP MAX UNIT
Output voltage Vi=5.85V, lo=10mA 4.85 \
V=475V, lo=10mA 0.08
Dropout voltage V=475V, lo =100 mA 30 mVv
Vi=4.75V, lo =500 mA 150
g . . (4.75V -Vo)lo, Vi=4.75V,
Pass-element series resistance 10 = 500 mA 0.32 Q
. 585V<sVisioV, lo =5 mA to 500 mA 12 mV
Output regulation
585Vs<V|<10V, 1o = 50 pA to 500 mA 42 mV
. - V|=5.85V, Io =50 pA 53
Ripple rejection ! dB
pple rej f=120 Hz Io = 500 mA 50
Output noise-spectral density V|=5.85V, f=120 Hz 2 UVAHzZ
V=585V, Co=4.7uF 410
QOutput noise voltage 10Hz<f<100kHz, |Co=10pF 328 puvrms
CsRf=10 c
0 =100 uF 212
PG hysteresis voltage V=585V 50 mv
PG output low voltage Vi=4.12V, Ipg=12mA 0.2 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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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092F — NOVEMBER 1994 — REVISED JANUARY 1997

electrical characteristics atlg =10 mA, EN=0V, Co =4.7 uF/CSRt =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 \%
V|=4.88YV, lp=10mA 0.13
Dropout voltage V| =488V, lo =100 mA 27 mV
Vi=4.88YV, 10 = 500 pA 146
Pass-element series resistance %8:85\()(;:112)/'0’ Vi=4.88V, 0.29 Q
) 6VsVi<10V, l0 =5 mAto 500 mA 30 mv
Output regulation
6V<Vi<10V, 10 = 50 pA to 500 mA 45 mv
! - Vi=6V, lo =50 pA 55
Ripple rejection f l 120 Hz 102 500 mA = dB
Output noise-spectral density Vi=6V, f=120 Hz 2 uVAHz
Vi=6V, Co=4.7pF 430
Output noise voltage 10Hz<f<100kHz, |Co=10pF 345 uvrms
CSRT=10 Co = 100 uF 220
PG hysteresis voltage Vi=6V 53 mV
PG output low voltage Vi=425V, pg=12mA 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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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS
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TYPICAL CHARACTERISTICS
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TPS7101Q, TPS7133Q, TPS7148Q, TPS7150Q
TPS7101Y, TPS7133Y, TPS7148Y, TPS7150Y
LOW-DROPOUT VOLTAGE REGULATORS

SLVS092F — NOVEMBER 1994 — REVISED JANUARY 1997
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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Vo - Output Voltage - V

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

TPS7101Q TPS7133Q
RIPPLE REJECTION RIPPLE REJECTION
vs vs
FREQUENCY FREQUENCY
70 70
™~
L1 N
\ /M R = 100 kQ
A RL=100ko |\ 50 A i
m 50 o r T m
h-] ™ L -l
. o L a0 s
S 40 2 j \
$ \ s RL =500 Q
) [7) = -1
5 9 i R = 500 Q ° I
2 TA =25°C L= a 2
2 Vj=35V I 2 RL=10Q
20 &
Co=47pF(CSR=10Q) 10} Ta=25°C
No Input Capacitance /\ Vj=35V
10| Vo Programmed to 2.5V \ ol Co=47uF(CSR=19) Vall
[ AR , No Input Capacitance
L=10Q 0
0 L] 1T SRR 1 V1T _1°_LU_LUH|_J_LLLUH| ' ””lm | L
10 100 1K 10K 100K m 10M 10 100 1k 10k 100k 1™ 10N
f - Frequency — Hz f - Frequency ~ Hz
Figure 17 Figure 18
TPS7148Q TPS7150Q
RIPPLE REJECTION RIPPLE REJECTION
Vs vs
FREQUENCY FREQUENCY
70
70 1] L'\
L <l
n 4
60 v X 60 / ’
50 1 T\ RL = 100 kQ
Y = L=
% Wl L Ry =100 kQ e; 50 | il / \
T RL=10Q
% L ~ §  4of RL=t100 I I
8 30 S
& ~ \ 2
* RL =500 O T 30
2 20 == 2 RL = 500 Q
=3 ) =3 411 ~
[ 10l | =t N x 20 #
TA=25°C || N / Ta=25°C
Vi=35V \ put 10| V1=35V || \
°‘co=4.7u|=(cs_n=m) ml Co=47uF(CSR=1Q) \
No Input Capacitance No Input Capacitance ..
-10 I L g 0 | AN
10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M
f - Frequency — Hz f - Frequency - Hz
Figure 19 Figure 20
¥ 1,
EXAS
INSTRUMENTS
2-46 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



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

SLVS092F — NOVEMBER 1994 — REVISED JANUARY 1997

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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CSR - Compensation Series Resistance — Q

CSR - Compensation Series Resistance - Q

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

To Load
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Figure 42. Test Circuit for Typical Regions of Stability (Figures 34 through 41)
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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(4.85V), and the TPS7150 (5 V). The family also offers an adjustable device, the TPS7101 (adjustable
from 1.2V t09.75 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 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
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 us.

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 pF) 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 43). 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 uF of added ceramic load capacitance:

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

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 15uF, 20V 1.1 12x72x%x6
595D156X0025C2T Sprague 15uF, 25V 1 25x7.1x32
595D106X0025C2T  Sprague 10pF, 25V 1.2 25%x71x3.2
293D226X0016D2W  Sprague 22 uF, 16 V 1.1 28x7.3x43

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 10pF 6.3V 1.5 1.3x35x27
195D106X0016X2T Sprague 10 uF, 16 V 1.5 13x7x27
595D156X0016B2T Sprague 15puF, 16V 1.8 1.6x3.8%x2.6
695D226X0015F2T Sprague 22 uF, 15V 14 1.8x6.5%x34
695D156X0020F2T Sprague 15 puF, 20V 1.5 1.8x6.5x3.4
695D106X0035G2T  Sprague 10uF, 35V 1.3 25%x7.6x25

1 Size is in mm. ESR is maximum resistance at 100 kHz and Ta = 25°C. Listings are sorted by height.
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APPLICATION INFORMATION
external capacitor requirements (continued)

TPS71xxt

vi—¢ IN pal2 PG
21N sense2 250 kQ
10 14,
c1 IN  ouT * o Vo

0.1 uF ——dEN OuT
50V

1+ Co
10uF

GND g W
2 csR

T TPS7133, TPS7148, TPS7150 (fixed-voltage options)

Figure 43. Typical Application Circuit
programming the TPS7101 adjustable LDO regulator

Programming the adjustable regulators is accomplished using an external resistor divider as shown in
Figure 44. The equation governing the output voltage is:

- . Ri
Vo = Vi (1 + RZ)
where

Vit = reference voltage, 1.178 V typ
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APPLICATION INFORMATION

programming the TPS7101 adjustable LDO regulator (continued)

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:

OUTPUT VOLTAGE
TPS7101 PROGRAMMING GUIDE
OUTPUT
Vi—e—IN PG Power-Good voLTAgE | R | A2 | UNIT
0.1 pF Indicator 25V 191 | 169 | ko
+ 250 kQ :
>27V =
3.3V 309 | 169 | ke
<0.5V EN - our Vo 36V 348 | 169 | ka
av 402 | 169 | ko
FB 5V 549 | 169 | ko
6.4V 750 | 169 | ko

Figure 44. TPS7101 Adjustable LDO Regulator Programming

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. When 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 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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® 2.5-V Fixed-Output Regulator

® Very Low-Dropout (LDO) Voltage . . . 57 mV
Typical at Ig = 100 mA

® Very Low Quiescent Current, Independent
of Load . .. 292 uA Typ

® Extremely Low Sleep-State Current,
0.5 pA Max

® 2% Tolerance Over Specified Conditions
® Output Current Range . .. 0 mA to 500 mA

® Available in Space Saving 8-Pin SOIC and
20-Pin TSSOP Packages

® 0°C to 125°C Operating Junction
Temperature Range

description

The TPS71025 low-dropout regulator offers an
order of magnitude reduction in both dropout
voltage and quiescent current over conventional
LDO performance. The improvement results from
replacing the typical pnp pass transistor with a
PMOS device.

D OR P PACKAGE
(TOP VIEW)
GND [} 1 8[JNC
EN[]2 7 |] SENSE
IN[] 3 s[jouTt
IN[] 4 5 FIOUT
PW PACKAGE
(TOP VIEW)
GND ] 1 20f] NC
GND[] 2 19[] NC
GND[] 3 18[I NC
NC[}4 17{] NC
NC[l5 16{] NC
EN[|s 15[] SENSE
NC[}7 14[] ouT
IN[] 8 13[] ouT
IN[] o 12[] NC
IN[] 10 11 NC

NC - No internal connection

Because the PMOS device behaves as a low-value resistor, the dropout voltage is very low (maximum of 95 mV
at an output current of 100 mA) 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 292 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
TPS71025 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.

AVAILABLE OPTIONS
°UTPUT“,' OLTAGE PACKAGED DEVICES
T v) CHIP FORM
SMALL OUTLINE PLASTIC DIP TSSOP (Y)
MIN TYP MAX
(D) (P) (PW)
0°C to 125°C 245 25 255 TPS71025D TPS71025P TPS71025PWLE TPS71025Y

The D package is availabe taped and reeled. Add R suffix to device type (e.g., TPS71025DR). The PW package is only available left-end taped
and reeled and is indicated by the LE suffix on the device type.

PRODUCTION DATA information is current as of 1puhlicaiiun date.
€)

Products conform to specifications per the terms of
inda i ing does not

xas Instruments

stal warranty.
testing of all parameters.

include

‘t’? TEXAS
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0.5

[
TA =25°C

0.4 ‘/

03 4

Dropout Voltage - V

o1 / d

/| f
0

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

Figure 1. Dropout Voltage Versus Output Current

functional block diagram

ts

Vref=1.182V out
SENSE

260 kQ

233 kQ

GND
t Switch positions are shown with EN low (active).
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Terminal Functions

TERMINAL
NO. DESCRIPTION
NAME
DorP PW
EN 2 6 Enable input. Logic low enables output
GND 1 1-3 Ground
IN 3,4 8-10 Input supply voltage
ouTt 5,6 13,14 Output voltage
SENSE 7 15 Output voltage sense input

TPS71025Y chip information

These chips, when properly assembled, display characteristics similar to those of the TPS71025. 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.

[tatetatelitatatatelatatatats bttt b bbb betetetetalstatatat sttt b totonsd

»
'l

3

le
I‘

BONDING PAD ASSIGNMENTS

3) (5)

IN — ——— SENSE

@ TPS71025 @
EN —— —— ouT

(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.

| 1
IllI|‘]I’II)‘I|I|I||I)|I'I|l||lI’l|I|Illll'l'l'lllll'l,l'l'l|l'l’|'l|l!l|l|l|lll|l|l|I|||I|l|

Information section of this data sheet.

NOTE A. For most applications, OUT and SENSE should
betied together as close as possible to the device;
for other implementations, refer to SENSE-pin
connection discussion in the Application
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Input voltage range, V|, EN (see Note 1) ........coiuuiiiiii e, -03Vto 11V
Continuous output current, Ig ... ... e 2A
Continuous total power dissipation ................. ... .. ... See Dissipation Rating Tables 1 and 2
Operating virtual junction temperaturerange, Ty ...........ccooiiiiiiiiiii i, —-0°C to 150°C
Storage temperature range, Tgtg -« .« v« eerrrinn ettt —~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.
NOTE 1: All voltage values are with respect to GND

DISSIPATION RATING TABLE 1 - FREE-AIR TEMPERATURE¥

PACKAGE Tao<25°C DERATING FACTOR Ta=70°C Ta =125°C
POWER RATING ABOVE Tpo=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 mwW 140 mW
DISSIPATION RATING TABLE 2 - CASE TEMPERATURE#
PACKAGE Tc<25°C DERATING FACTOR Tgc=70°C Tc=125°C
POWER RATING ABOVE Tc=25°C POWER RATING POWER RATING
D 2188 mwW 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

¥ 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.

recommended operating conditions

MIN MAX | UNIT
Input voltage, V| 2.97 10 \'
High-level input voltage at EN, Vi 2 v
Low-level input voltage at EN, Vi 0 05| V
Output current range, 1o 0 500 mA
Operating virtual junction temperature range, Ty 0 125 °C

{" TeEXAS
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electrical characteristics over recommended operating junction temperature range, Vin) = 3.5V,
lo=10mA, EN =0V, C, = 4.7 uF/CSRt = 1 Q, SENSE shorted to OUT (unless otherwise noted)

PARAMETER TEST CONDITIONS# MIN  TYP MAX| UNIT
Output voltage 35VsViS10V 25°c 23 v
0°C to 125°C 2.45 2.55
25°C 57 7.5
'o=10mA, Vi=245V 0°C to 125°C 10
Dropout voltage lo =100 mA, Vi=245V 250 57 3 mV
0°C to 125°C 105
lo =500 mA, V=245V T f: ;50 S 3% ;gg
Pass-element series resistance 25°C 068 09 Q
0°C to 125°C 1
Input regulation V|=35Vto10V, 25°C 7 23 iy
50 uA <lp <500 mA 0°C to 125°C 12.7 29
lo =5 mA to 500 mA, 25°C 18 38
i 35VsVis10V 0°C to 125°C 75 m
Output regulation 10 = 50 1A 10 500 MA, 25°C 24 60
35VsVi<1oV 0°C 10 125°C 2| ™
f=120 Hz, lo =50 pA 2 48 %
Ripple rejection 0°Clo 125°C 40 dB
f=120 Hz, lo = 500 mA 25°¢ % cd
0°C to 125°C 36
Output noise-spectral density f=120 Hz 25°C 2 uVAHz
Co=4.7uF 25°C 274
Output noise voltage éosgzjf é 100 kHz, Co=10pF 25°C 228 puVrms
Co =100 pF 25°C 159
] ] EN<0.5V, 25°C 292 390
Quiescent current (active mode) 0 mA < Ig < 500 mA °C o125 540 LA
Supply current (standby mode) EN=V|, 27VsVisiov 25°C 18 475 nA
0°C to 125°C 1900
- 25°C 1.07 2
Output current limit Vo=0, Vi=10V G0 125°C 2 A
_ H O,
rFT’]a;l’sz'seelement leakage current in standby EN=V, 27VEVi<10V oocf: 1025°C 0.223 0.&13 uA
Output voltage temperature coefficient 0°C to 125°C 61 75 | ppm/°C
Thermal shutdown junction temperature 165 °C
Logic high input voltage (standby mode), EN 25VsVi<6V 250 \'
6V<V| <10V 0°C to 125°C 27
Logic low input voltage (active mode), EN 27V<Visiov 25°C 05 \4
0°C to 125°C 0.5
Hysteresis voltage, EN 0°C to 125°C 50 mv
_ 25°C -0.5 0.5
Input current, EN ovsvisiov G 101250 Y o5 uA
Input voltage, minimum for active pass 25°C 2 2.5 v
element 0°C to 125°C 2.5

T CSR (compensation series resistance) refers to the total series resistance, including the equivalent series resistance (ESR) of the capagcitor, 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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electrical characteristics at Ty = 25°C, Vjgn) = 3.5 V, Io = 10 mA, EN=0V,Co=4.7uF/CSRt =10,

SENSE shorted to OUT (unless otherwise noted)

TPS71025Y
PARAMETER TEST CONDITIONS# N Tve wAax] UNT
Output voltage 35VsVvisiov 25 \
lo=10mA, Vi=245V 5.7
Dropout voltage lo =100 mA, Vi=245V 57 mV
lo =500 mA, V=245V 330
Pass-element series resistance 0.66 Q
Input regulation Vi=35Vto10V 7 mV
. lo =5 mA to 500 mA 18 mv
Output regulation
lo = 50 pA to 500 mA 24 mVv
Ripple rejection f=120Hz, lo=50pA 53 dB
f=120 Hz, lp =500 mA 51
Output noise-spectral density f=120 Hz 2 WVAHz
Co=4.7uF 274
Output noise voltage ::()S:z:s1f S 100 kHz, Co=10pF 228 uvrms
Co =100 puF 159
Quiescent current (active mode) (E";I:A Z \I/E) <500 mA 292 pA
Supply current (standby mode) EN=V, 27VsVisiov 18 nA
Output current limit Vo=0, V=10V 1.07 A
Pass-element leakage current in standby mode EN=V), 27VsVisiov 0.223 pA
QOutput voltage temperature coefficient 61 ppm/°C
Thermal shutdown junction temperature 165 °C
__ 25V<Vi<6V 2
Logic high input voltage (standby mode), EN GV<VI<10V 27 \
Logic low input voltage (active mode), EN 27V<Vis10V 0.5 \
Hysteresis voltage, EN 50 mv
Input current, EN ovsVis1i0V 0 pA
Input voltage, minimum for active pass element 2 \

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 C.

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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TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE DROPOUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
2.55 T 0.4 T
Vi=35V =
254 1 035 V=245V B //
2.53 // lp =500 mA
0.3
>
l 2.52 >
E 251 g 025
£ 5
5 25 Io=10mA — S o2
- =
=
? 249 g 0.15
o 248 a
= [~ 1o = 500 mA 0.1
2.47 o =100 mA
\ i
2.46 0.05 i
lo=10mA
2.45 0 Eem———
0 25 50 75 100 125 0 25 50 75 100 125
Ta - Free-Air Temperature - °C TA ~ Free-Air Temperature — °C
Figure 2 Figure 3
OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
FREE-AIR TEMPERATURE INPUT VOLTAGE
2.55 . 5[ A 255 T T 1
2.54 o= m 2541 TA =25°C
1o = 500 mA
2.53 2.53
>
7 282 1 252
'y (]
£} o
g 251 £ 251
2 25 :
E . P— f ;.'_ 25
3 249 ? 2.49
1
2.48
Ke) O 248 ———
247 2.47
246 2.46
245 2.45
0 25 50 75 100 125 35 445 555 6 65 7 7.5 8 85 9 9.5 10
Ta - Free-Air Temperature -~ °C Vi - Input Voltage — V
Figure 4 Figure 5
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TYPICAL CHARACTERISTICS

TYPICAL REGIONS OF STABILITY

OUTPUT VOLTAGE COMPENSATION SERIES RESISTANCE
vs vs
OUTPUT CURRENT OUTPUT CURRENT
2.55
o 100 V=35V
2.54 | No Input Capacitance
] Co=4.7F
2.53 5 No Added Ceramic Capacitance
> B Ta = 25°C
& o252 g 0 Region of Instability
-§ 2.51 2
% 3
3 25 — £
g S
8 249 \\\lJ{‘° v -
! c
o V= 3’}\\\ g 4
> 2.48 Al \\\‘ 13
S
2.47 (.I)
&
2.46 [§] Region of Instability
245 0.1
0 100 200 300 400 500 0 50 100 150 200 250 300 350 400 450 500
‘ o — Output Current — mA Io - Output Current - mA
Figure 6 Figure 7
TYPICAL REGIONS OF STABILITY TYPICAL REGIONS OF STABILITY
COMPENSATION SERIES RESISTANCE COMPENSATION SERIES RESISTANCE
vs Vs
OUTPUT CURRENT ADDED CERAMIC CAPACITANCE
100
a Vi=35V a
1 No Input Capacitance 1
8 Co = 4.7 uF + 0.5 F of g:%
§ Ceramic Capacitance 8
3 Ta=25°C a
c 10 i i & _
[ Region of Instability @ Region of Instability
3 3
£
3 ]
[ c
g 1 — g 1
£ g
¢ S
[ '
8 Region of Instability 8 Region of Instability
0.1 0.1
0 50 100 150 200 250 300 350 400 450 500 0 01 02 03 04 05 06 0.7 08 09 1

0 ~ Output Current - mA
Figure 8

Added Ceramic Capacitance - uF
Figure 9
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TYPICAL CHARACTERISTICS

TYPICAL REGIONS OF STABILITY
COMPENSATION SERIES RESISTANCE

TYPICAL REGIONS OF STABILITYT
COMPENSATION SERIES RESISTANCE

Vs Vs
ADDED CERAMIC CAPACITANCE OUTPUT CURRENT
100 100 :

a V=35V . Region of Instability V1=3-5V .
| No Input Capacitance T 5 422 No Input Capacitance
8 lo= 500 mA ® ——+— Co=10F
§ Co=4.7uF 2 - No Ceramic Capacitance
B s L TpA=25°C
3 .E | :}‘(\%:w; §g
c 10 e 10
8 .
0 =
]
c A
g 5
2 =
g g
g 1 £ 1
s £
3 3

o
1
% 5 x
8 Region of Instability 8

0.1

0.
0 01 02 03 04 05 06 07 08 09
Added Ceramic Capacitance — uF

1

0 50 100 150 200 250 300 350 400 450 500
Ip — Output Current - mA

Figure 10 Figure 11
TYPICAL REGIONS OF STABILITYT TYPICAL REGIONS OF STABILITYT
COMPENSATION SERIES RESISTANCE COMPENSATION SERIES RESISTANCE
vs vs
OUTPUT CURRENT ADDED CERAMIC CAPACITANCE
100 =35v s "*[Vi=35v

G No Input Capacitance : | No Input Capacitance

é Co =10 uF + 0.5 uF of — - 3 Co=10uF

c Added Ceramic Capacitance - g lo =100 mA -

3 Ta =25°C et . 2 Ta=25°C e
&) 10 - - . % 10 -

2 _ Region of Instability £ _ Region of Instability L[
§ : £ i
] g

g 1 g 1

o Q.

3 €

o o

o 0

, ]

.~ o

a 8

0.1 .

0 50 100 150 200 250 300 350 400 450 500

lo = Output Current - mA
Figure 12

T CSR values below 0.1 Q are not recommended.

0 01 02 03 04 05 06 07 08 09 1
Added Ceramic Capacitance — pF
Figure 13
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TYPICAL CHARACTERISTICS

TYPICAL REGIONS OF STABILITY 1
COMPENSATION SERIES RESISTANCE
Vs
ADDED CERAMIC CAPACITANCE

V=35V

No Input Capacitance
Co=10pF

lo =500 mA

TA =25°C

100

10
Region of Instability

CSR - Compensation Series Resistance - Q

0.1
0 0102 03 04 05 06 07 08 09 1
Added Ceramic Capacitance — uF
T CSR values below 0.1 Q are not recommended.

Figure 14
— To Load
v IN
ouT ¢ -
+
- SENSE Co 2 Ceor L
GND (see Note A)
CSR
———t

NOTE A. Ceramic capacitor

Figure 15. Test Circuit for Typical Regions of Stability (Figures 7 through 14)
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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

® Introducing airflow in the system

Figure 16 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 Rga for this component/board
system is illustrated in Figure 17. 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 inchx0.062 inch);
the board traces and heat sink area are 1-oz (per square foot) copper.

Figure 16. Thermally Enhanced PWB Layout (Not to Scale) for the 20-Pin TSSOP

Figure 18 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 x °C.
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Rgya— Thermal Resistance, Junction-to-Ambient ~ ‘C/wW

THERMAL INFORMATION
THERMAL RESISTANCE, JUNCTION-TO-AMBIENT THERMAL RESISTANCE, JUNCTION-TO-AMBIENT
vs vs
AIR FLOW AIR FLOW
190 - . . Z 190 . :
Component/Board System o Component/Board System
N 20-Lead TSSOP L 20-Lead TSSOP
170 0.cm2 S 170] Includes Thermally Conductive
1cm2 .Qt\ -E Compound Between Body and Board
150 k——~ ~— < 150
e T UL
130 > \\ £ 130 ocm2 |
e~ \\ 2
] S— E— g mof— 8cm? 4 em? ]
[ — {
7\E: 5 —2em2 m2\
90 |—+~ 2 90 -
s Ny
8cm = —~—
70 E 7 \\ —
£ [ — P—
'T — r—
50 < 50
0 50 100 150 200 250 300 éé 0 50 100 150 200 250 300
Air Flow - ft/min . Air Flow — ft/min
Figure 17 Figure 18

Using these figures to determine the system Rgyp allows the maximum power-dissipation Ppmayj limit to be
calculated with the equation:

Tymax) ~ TA

P =
D(max) R‘eJA(system)

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

This limit should then be applied to the internal power dissipated by the TPS71025 regulator. The equation for
calculating total internal power dissipation of the device is:

Pogota = (Vi = Vo) * 1o + (VI x 'Q)
Because the quiescent current is very low, the second term is negligible, further simplifying the equation to:

PD(total) = (Vi = Vo) x Ig

2-70
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THERMAL INFORMATION

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, and copper heat sink area = 1 cm2, the maximum
power-dissipation limit can be calculated. As indicated in Figure 18, the system Rg a is 94°C/W; therefore, the
maximum power-dissipation limit is:

T -T
Jmax)  "A _ 125°C - 55°C
P = = 5 = 745 mW
D(max) Rgy A(system) 94°C/W

Ifthe system implements a TPS71025 regulator where V| =3.3 V and |o =385 mA, the internal power dissipation
is:

PD(totaI) = (VI - VO) X IO = (3.3 — 2.5) x 0.385 = 308 mW

Comparing Ppytotal) 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.
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APPLICATION INFORMATION

TPS71025t
Vi —e 8 15
9 |y SENSE
10 out|-4 Vo
c1 o™ 18|
0.1 yF —den YT | Lecy |
50 V | OuF |
GND | i
112 |3 | CSR |
r | NN IS —
L

T Capacitor selection is nontrivial. See external capacitor requirements section.

Figure 19. Typical Application Circuit

The TPS71025 low-dropout (LDO) regulator overcomes many of the shortcomings of earlier-generation LDOs,
while adding features such as a power-saving shutdown mode.

device operation

The TPS71025, unlike many other LDOs, features very low quiescent current that remains 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). 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 TPS71025 uses a PMOS
transistor to pass current; because the gate of the PMOS element is voltage driven, operating currents are low
and stable over the full load range. The TPS71025 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
TPS71025 quiescent current remains low even when the regulator drops out, eliminating both problems.

The TPS71025 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 TPS71025 family 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
OUT to filter noise is not recommended because it can cause the regulator to oscillate.
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APPLICATION INFORMATION

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 TPS71025 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 TPS71025 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 11). 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. Figure 7 through Figure 14 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 pF), 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 shown in the ESR graphs (Figure 7 through Figure 14), minimum ESR is not a
problem when using 10-pF or larger output capacitors.

Below is a partial listing of surface-mount capacitors usable with the TPS71025. This information (along with
the ESR graphs, Figure 7 through Figure 14) is included to assist in selection of suitable capacitance for the
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.
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TPS71025
LOW-DROPOUT VOLTAGE REGULATOR

SLVS162A — MAY 1997 — REVISED MAY 1998

APPLICATION INFORMATION

external capacitor requirements (continued)

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

PART NO. MFR. VALUE MAXESRt SIZE (HxLxwW)ft
T421C226M010AS Kemet 22 uF, 10V 0.5 28x6x3.2
593D156X0025D2W  Sprague 15 puF, 25V 0.3 28x7.3x43
593D106X0035D2W  Sprague 10 uF, 35V 0.3 28x7.3x4.3
TPSD106M035R0300 AVX 10 uF, 35V 0.3 28x7.3x43

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

PART NO. MFR. VALUE MAXESRt SIZE (Hx L x W)t
592D156X0020R2T  Sprague 15 puF, 20V 1.1 1.2x72%x6
595D156X0025C2T  Sprague 15uF, 25V 1 25x7.1x32
595D106X0025C2T  Sprague 10puF, 25V 1.2 25x7.1x32

, 293D226X0016D2W  Sprague 22 pF, 16V 11 28x7.3%x43
Load < 100 mA, ceramic load capacitance < 0.2 uF, full temperature range:

PART NO. MFR. VALUE MAXESRt SIZE (Hx L x W)t
195D106X06R3V2T  Sprague 10 pF, 6.3V 1.5 1.3x35x%x2.7
195D106X0016X2T  Sprague 10 uF, 16V 1.5 1.3x7x%x27
595D156X0016B2T  Sprague 15uF, 16V 1.8 1.6x3.8%x2.6
695D226X0015F2T Sprague 22 uF, 15V 1.4 1.8x6.5x3.4
695D156X0020F2T  Sprague 15uF, 20V 1.5 1.8x6.5%x3.4
695D106X0035G2T  Sprague 10 pF, 35V 1.3 25x7.6x25

1 Size is in mm. ESR is maximum resistance at 100 kHz and Ta = 25°C. Listings are sorted by height.
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TPS71H01Q, TPS71H33Q, TPS71H48Q, TPS71H50Q
LOW-DROPOUT VOLTAGE REGULATORS

SLVS152A - NOVEMBER 1996 — REVISED JANUARY 1997

® Power-Good (PG) Status Output

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 Ig = 100 mA (TPS71H50)

Very Low Quiescent Current — Independent
of Load . .. 285 pA Typ

Extremely Low Sleep-State Current

0.5 pA Max

2% Tolerance Over Specified Conditions
For Fixed-Output Versions

Output Current Range of 0 mA to 500 mA

TSSOP Package Option Offers Reduced
Component Height for Space-Critical

Applications

Thermally Enhanced Surface-Mount

Package

description

PWP PACKAGE
(TOP VIEW)

GND/HEATSINK [T} 10 20 T3 GND/HEATSINK
GND/HEATSINK [1}2 19 GND/HEATSINK
GND 13 18 NC
NC % 4 17 [T NC
EN 5 16 [11 PG

IN e 15 11 SENSET/FBY
IN 17 14 13 ouT
NC CI]s 13 |13 ouT
GND/HEATSINK [T} 9 12 T3 GND/HEATSINK
GND/HEATSINK [T 10 11 [TJ GND/HEATSINK
PWP PACKAGE
(BOTTOM VIEW)
Thermal
Pad

The TPS71Hxx integrated circuits are a family of
micropower low-dropout (LDO) voltage regula-
tors. 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 at an output current of
100 mA for the TPS71H50) 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

HAAHARAAAA
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NC - No internal connection
t SENSE - Fixed voltage options only (TPS71H33,

TPS71H48, and TPS71H50)
$FB - Adjustable version only (TPS71HO1)

signal to EN (enable) shuts down the regulator, reducing the quiescent current to 0.5 pA maximum at T; = 25°C.

PRODUCTION DATA information is current as of publication date.

Products confarm to specifications per the terms of
does not

exas instruments

include

standard warranty.
testing of all parameters.
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TPS71H01Q, TPS71H33Q, TPS71H48Q, TPS71H50Q
LOW-DROPOUT VOLTAGE REGULATORS

SLVS152A - NOVEMBER 1996 — REVISED JANUARY 1997

description (continued)
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o — Output Current - A
Figure 1. Dropout Voitage Versus Output Current

Dropout Voltage -V

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

The TPS71Hxx 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 maxi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>