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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 controllers 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 set is 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 TI 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 (X,op) (n|12x) (‘{y%") (r‘ll'g?() (tlyqp) T°'f.,’;“°° (X';i) Shutdown | SVS | Description Page No.
V) (mA) | (V) V) | (mA) v)
TPS76912 1.224 100 0.122 | 0.245 | 0.017 3 135 Yes No | Fixed, LDO, Positive Output, SOT-23 2-345
TPS77012 1.224 50 0.06 0.125 0.0i 7 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 13.5 Yes No Fixed, LDO, Positive Output, SOT-23 2-345
TPS77015 15 50 0.06 0.125 | 0.017 3 13.5 Yes No Fixed, LDO, Positive Output, SOT-23 2-359
TPS77515 15 500 0.169 | 0.287 | 0.085 2 13.5 Yes Yes Fixed, LDO, Positive Output 2-373
TPS77615 1.5 500 0.169 | 0.287 | 0.085 2 135 Yes No Fixed, LDO, Positive Output 2-373
TPS77715 1.5 750 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 1.6 150 0.36 0.6 0.085 4 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-231
TPS76318 1.8 150 0.3 0.5 0.085 37 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-231
TPS73HD318 1.8 750 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 1.8 250 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 1.8 500 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 13.5 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 3.7 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 3.7 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
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FIXED-VOLTAGE LOW DROPOUT (LDO) VOLTAGE REGULATORS (continued)

Device (:’yop) (n!gx) (‘{y".‘,’) (r‘r,g?() (tlyqp) T°'f%““ (r:'a'i) Shutdown | SVS | Description Page No.
V) mA) | (V) V) | (mA) V)
TPS76625 25 250 0.31 0.54 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 3 135 Yes No | Fixed, LDO, Positive Output, SOT-23 2-359
TPS77525 25 500 0.169 | 0.287 | 0.085 2 13.5 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 2 135 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 27 150 0.36 0.6 0.085 37 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-247
TPS76527 27 150 0.19 0.33 | 0.038 3 13.5 Ye; No | Fixed, LDO, Positive Output 2-261
TPS76627 2.7 250 0.31 0.54 | 0.038 3 135 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 2.7 1000 0.5 0.825 | 0.085 2 10 Yes No Fixed, LDO, Positive Output 2-329
TPS76927 2.7 100 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 13.5 Yes No Fixed, LDO, Positive Output, SOT-23 2-359
TPS76928 2.784 100 0.122 | 0.245 | 0.017 3 13.5 Yes No Fixed, LDO, Positive Output, SOT-23 2-345
TPS77028 2.784 50 0.06 | 0.125 | 0.017 3 135 Yes No [ Fixed, LDO, Positive Output, SOT-23 2-359
TPS7228 238 250 0.18 2 10 Yes No | Fixed, LDO, Positive Output 2-113
TPS76328 2.8 150 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 28 150 0.19 0.33 0.038 3 135 Yes No Fixed, LDO, Positive Output 2-261
TPS76628 2.8 250 0.31 0.54 | 0.038 3 135 Yes No | Fixed, LDO, Positive Output 2-277
TPS76728 28 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 2.6 3.6 16 Yes No Fixed, LDO, Positive Output, SOT-23 2-221
TPS76330 3 150 0.35 0.55 0.085 3.75 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 (t‘(fop) (nllgx) (‘t’%’) (m?o (tlfp) Tol?ranoe (r‘rlnlari) Shutdown | SVS | Description Page No.
V) (mA) v) V) (mA) V)

TPS76530 3 150 0.16 0.28 0.038 3 135 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 13.5 Yes No | Fixed, LDO, Positive Output, SOT-23 2-359
TPS76930 3.09 100 0.115 0.23 0.017 3 13.5 Yes No Fixed, LDO, Positive Output, SOT-23 2-345
TPS76032 3.2 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 33 500 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 33 250 0.14 0.18 0.1556 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 2-21
TPS76133 3.3 100 0.17 0.28 26 3 16 Yes No Fixed, LDO, Positive Output, SOT—23 2-221
TPS76333 3.3 150 0.3 0.5 0.085 3.7 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-231
TPS76433 33 150 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 0.24 0.038 3 135 Yes No Fixed, LDO, Positive Output 2-261
TPS76633 3.3 250 0.23 0.4 0.038 3 135 Yes No Fixed, LDO, Positive Output 2-277
TPS76733 33 1000 0.35 0.575 | 0.085 2 10 Yes Yes | Fixed, LDO, Positive Output 2-293
TPS76833 3.3 1000 0.35 0.575 | 0.085 2 10 Yes No Fixed, LDO, Positive Output 2-329
TPS76933 33 100 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 33 500 0.169 | 0.287 | 0.085 2 135 Yes Yes | Fixed, LDO, Positive Output 2-373
TPS77633 3.3 500 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 13.5 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 3.3 500 04 0.5 19 1 12 No No LDO 2-461
TPS76038 3.8 50 0.12 0.18 0.85 2.6 16 Yes No Fixed, LDO, Positive Output, SOT-23 2-211
TPS76138 3.8 100 0.17 0.28 2.6 3 16 Yes No Fixed, LDO, Positive Output, SOT-23 2-221
TPS76338 38 150 0.36 0.6 0.085 35 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

SHOLYINO3H JOVLTOA HVANI

3diN9D NOILOIT3S



019

I

SVXdAL &

SINFNMILISN

$92S. SYXIL 'SVTIVA e€0E5S9 XO8 301440 1SOd

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

) Vo lo | Vdo | Vdo | lg | tolerance | VIN | . -
Device (typ) (max) | (typ) | (max) | (typ) (%) (max) | Shutdown | SVS | Description Page No.
() ma) | (V) (mA)

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 Qutput 2-29

TPS71H50 5 500 0.027 | 0.033 | 0.285 2 10 Yes No | Fixed, LDO, Positive OQutput 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 Qutput, 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 03 0.085 4 10 Yes No Fixed, LDO, Positive Output, SOT-23 2-231
TPS76550 5 150 0.085 0.15 0.038 3 13.5 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 2-421
TL750M05 5 750 0.5 0.6 60 2 26 No No Fixed, LDO, Positive Output 2-429
TL751L05 5 150 0.2 0.6 10 4 26 Yes No Fixed, LDO, Positive Output 2-421
TL751MO05 5 750 0.5 0.6 60 2 26 Yes No | Fixed, LDO, Positive Qutput 2-429
TL750L08 8 150 0.2 0.7 10 4 26 No No | Fixed, LDO, Positive Output 2421
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 2-421
TL751M08 8 750 0.5 0.7 60 2 26 Yes No Fixed, LDO, Positive Output 2-429
TL750L10 10 150 0.2 0.8 10 4 26 No No | Fixed, LDO, Positive Output 2-421
TL750M10 10 750 0.5 08 60 2 26 No No Fixed, LDO, Positive Output 2-429
TL751L10 10 150 0.2 08 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 Qutput 2-421
TL751M12 12 750 0.5 09 60 2 26 Yes No Fixed, LDO, Positive Output 2-429
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ADJUSTABLE OUTPUT-VOLTAGE REGULATORS

; Vo
Device “"('n“:’nf;’" ((:é'axi)) (‘::g,;;’) (.‘,'%3) zéqx)) T°"(’§A;")“°e (r‘:lula'i) Shutdown | SVS | Description Page No.
(\)

TPS76501 1.2-55 150 0.16 0.33 0.038 3 135 Yes No Adjustable, LDO, Positive Output 2-261
TPS76601 12-55 250 0.23 0.54 | 0.038 3 135 Yes No | Adjustable, LDO, Positive Output 2-277
TPS76701 15-5.5 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 1.5-55 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 13.5 Yes No Adjustable, LDO, Positive Output, SOT-23 2-345
TPS77001 12-55 50 0.035 | 0.125 | 0.017 3 135 Yes No Adjustable, LDO, Positive Output, SOT-23 2-359
TPS77501 1.2-55 500 0.169 | 0.287 | 0.085 2 135 Yes Yes | Adjustable, LDO, Positive Output 2-373
TPS77601 1.2-55 500 0.169 | 0.287 | 0.085 2 13.5 Yes No Adjustable, LDO, Positive Output 2-373
TPS77701 12-55 750 0.26 0.427 | 0.085 2 135 Yes Yes | Adjustable, LDO, Positive Output 2-391
TPS77801 1.2-55 750 0.26 0.427 | 0.085 2 13.5 Yes No Adjustable, LDO, Positive Output 2-391
TPS76301 1.56-6.5 150 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 12-9.75 500 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 12-9.75 500 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 15 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 -12--37 1500 2.2 No NO | 3-Terminal Adjustable Regulator 2-409
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FIXED POSITIVE-OUTPUT VOLTAGE VOLTAGE REGULATORS

Device 09 |« | ol | wd, oh) Tolerance .. N svs | Descrip Page No.
V) (mA) ) V) (mA)
RA78LO2A 2 100 17 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 1.5 55 No Fixed Reg. for SCS| Active Termination 2-533
nA7805 5 1500 2 3 4.2 4 25 No No Fixed, Positive Output 2-479
nA78L05 5 100 2 3 3.8 10 20 No No Fixed, Positive Output 2-493
pHA78LO5A 5 100 1.7 3 3.8 5 20 No No Fixed, Positive Output 2-493
HA78M05 5 500 2 3 45 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
pnA7806 6 1500 2 3 4.3 4 25 No No Fixed, Positive Output 2-479
HA78LO6 6 100 1.7 3 3.9 10 20 No No Fixed, Positive Output 2-493
pHA78LOBA 6 100 1.7 3 39 5 20 No No | Fixed, Positive Output 2-493
HA78M06 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
pA78LO8 8 100 1.7 3 4 10 23 No No Fixed, Positive Output 2-493
HA78LOBA 8 100 1.7 3 4 5 23 No No Fixed, Positive Output 2-493
RA78M08 8 500 25 3 4.6 4 25 No No Fixed, Positive Output 2-505
pA78LO9 9 100 17 3 4.1 10 24 No No Fixed, Positive Output 2-493
HA78LO9A 9 100 1.7 3 4.1 24 No No Fixed, Positive Output 2-493
HA78MO9 9 500 25 3 46 26 No No Fixed, Positive Output 2-505
RA7810 10 1500 25 3 4.3 28 No No Fixed, Positive Output 2-479
WA78L10 10 100 17 3 42 10 25 No No | Fixed, Positive Output 2-493
pA78L10A 10 100 1.7 3 42 25 No No | Fixed, Positive Output 2-493
pA78M10 10 500 25 3 4.6 28 No No Fixed, Positive Output 2-505
TL780-12 12 1500 25 3 55 1 30 No No Fixed, Positive Output 2-441
pA7812 12 1500 25 3 43 4 30 No No Fixed, Positiye Output 2-479
pA78L12 12 100 1.7 3 4.3 10 27 No No Fixed, Positive Output 2-493
RA78L12A 12 100 1.7 3 43 27 No No | Fixed, Positive Output 2-493
pA78M12 12 500 25 3 4.8 30 No No Fixed, Positive Output 2-505
TL780-15 15 1500 25 3 55 1 30 No No Fixed, Positive Output 2441
uA7815 15 1500 25 3 44 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
RA78L15A 15 100 17 3 4.6 5 30 No No Fixed, Positive Output 2-493
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FIXED POSITIVE-OUTPUT VOLTAGE VOLTAGE REGULATORS (continued)

Device (X/?)) (r.'.gx) (‘{;’& (X.%?q (tl;?p) T°'f;;"°° (:121) Shutdown | SVS | Description Page No.
v) mA) | (V) (V) | (mA)
PA78M15 15 500 25 3 4.8 4 30 No No Fixed, Positive Output 2-505
pA7818 18 1500 3 3 4.5 4 33 No No Fixed, Positive Output 2-479
HA78M20 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
HA78M24 24 500 3 3 5 4 38 No No Fixed, Positive Output 2-505
FIXED NEGATIVE-OUTPUT VOLTAGE VOLTAGE REGULATORS
Device (t‘((?)) (nllgx) (‘{;’5 <r‘.’123) (tlyqp) T°'?:/3"°° (n‘xl\'a'i) Shutdown | SVS | Description Page No.
v) (mA) v) v) (mA) (/]
RA79MO5 -5 500 2 3 1 4 -25 No No Fixed, Negative Output 2-517
pA79M06 -6 500 2 3 1 4 -25 No No Fixed, Negative Output 2-517
pA79M08 -8 500 25 3 1 4 -25 No No Fixed, Negative Output 2-517
uA79M12 -12 500 25 3 1.5 4 -30 No No Fixed, Negative Output 2-517
HA79M15 -15 500 25 3 1.5 4 -30 No No Fixed, Negative Output 2-517
HA79M20 -20 500 3 3 15 4 -35 No No Fixed, Negative Output 2-517
HA79M24 -24 500 3 3 15 4 -38 No No Fixed, Negative Output 2-517

SHOLVINO3H 3DVLIOA HVINIT
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SHUNT REGULATORS

Device Vref Iz I Vo Vo Tolerance Vi Temp Description Page No.
) (min) (max) (min) (max) (%) (max) Coeff
(nA) (mA) v) v) V) (typ)
(ppm/°C)
TLV431A 1.24 100 15 Vref 6 1 6 46 Adjustable Shunt 3-45
TL1431 25 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 2.5 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 275 2000 100 Vref 30 9 30 120 Adjustable Shunt 3-3
PRECISION VIRTUAL GROUNDS
lo Output Regulation Vo Vo Vi g)‘:ﬁ
Device (typ) (typ) (min) (max) (max) (typ) Description Page No.
(mA) (uA) ) () (PpI°C)
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 gz::": ocp C?J:ir‘;ent Outputs | OVP Z‘Lﬁr Sst:':t uvLO ‘(’\'/')' (t‘;%) x::i; Description Page No.
A V) (%)
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-Vee 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 24 1 Yes Yes Yes Yes 5,12 pgm 1.3t0 3.5 15 Pentium class 7-69
TPS5602 No Yes 1 2 No No Yes Yes 45-25 1.2-Vce 2 DSP 7-149
TPS56100 No Yes 2 1 Yes Yes Yes Yes 5 0.9-Vce 1.5 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 3.3 1 DSP 7-99
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SWITCHING POWER SUPPLY CONTROLLERS

F:gls;e VIN Output Freq Ospte;:;il;\g/ Reference | Vief g;’%
Device SHDN Y Range | Output Type | Current (max) Y Voltage Tol UVLO | Description Page No.
Pulse Current o (max)
(VDC) (mA) (kHz) V) (%) o
Isense (mA) (%)
SG2524 | Yes | No | 840 |SingleSwitch | 100 500 NA/S 5 4 90 No |pottage-Mode 8-97
SG3524 Yes No | 8-40 |SingleSwitch | 100 500 NA/8 5 8 % No ‘éw;ge""me 8-97
TL494 No No | 740 |single Switch | 200 300 7.5/6 5 5 90 No m‘ag"""me 8111
TL497A Yes No | 45-12 | Single Switch | 500 50 11/6 1.2 5 No |Fixed On-Time 8-121
’ ’ Voltage-Mode
: i Fixed On-Time
TL499A No No | 1.1-35 | Single Switch | 500 40 1.8/NA 1.26 5 No | os 8-129
TL594 No No | 7-40 [sSingleSwitch | 200 300 12.4/9 5 1 90 Yos | potage-Mode 8137
TL598 No No | 7-40 | TotemPole | -250 300 15/NA 5 1 90 Yes | povage-Mode 8-149
UC2842 No | Yes | 30 | TotempPole | —200 500 11/NA 5 1 97 Yes | Gurrent-Mode 8-159
UC2843 No | Yes 30 | TotemPole | -200 500 11/NA 5 1 97 Yes | Surrent-Mode 8-159
UC2844 No | Yes Totem Pole | 200 500 11/NA 5 1 o7 Yes | Curent-Mode 8-159
UC2845 No Yes Totem Pole | 200 500 11/NA 5 1 97 Yes gw;:“"""“e 8-159
ucas42 No | Yes 30 | TotemPole | —200 500 11/NA 5 2 97 Yes | Guant-Mode 8-159
UC3843 No | Yes 30 | TotemPole | -200 500 11/NA 5 2 97 Yes | SurentMode 8-159
UC3844 No Yes 30 | TotemPole | —200 500 11/NA 5 2 97 Yes gwﬁ"“mwe 8-159
UC3845 No Yes 30 | TotemPole | -200 500 11/NA 5 2 97 Yes g\‘,’v';:""""we 8-159
TL5001 No No | 3.6-40 | Single Switch | 20 400 1140 1 5 100 Yes ‘F{whange""'“’e 879
TL5001A | No No | 3.6-40 | Single Switch | 20 400 1144 1 3 100 Yes ‘F{%’;ge'mde 879
Dual Channel-
LT1054 No No |36-15| TotemPole | +100 | 2000 3.5/3.1 125 25 100 Yes | pua Chane 8171
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DC/DC CHARGE PUMP CONVERTERS

VO | o erance VIN Output Freq Quiescent g:;'fl;
Device SHDN (typ) %) Range | Current (max) Current Current UVLO | Description Page No
V) (vDC) (mA) (kHz) (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 27-54 300 300 60 0.05 Yes | Charge Pump DC/DC Converter, 5-V 8-43
TPS60111 Yes +4 27-5.4 150 300 60 0.05 Yes | Charge Pump DC/DC Converter, 5-V 8-61
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MOSFET DRIVERS

Output

Rise/Fall

Device :EIS Rlzézl;:?;r c(';::;i')“ (.:1'::) Vfl?(a:g:ﬂ{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 v5 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 —40 V) 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 —40 V) 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 949
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

30INS NOILO3T13S
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SUPERVISORY CIRCUITS

Device (xgrg) (\l,t) Tok(a;z)nce (L?g() (x:iﬁ) Vgl‘t,aese Oct::t):'u':s ':'}'gsgr WDI | Description Page No.
v) (mA) v) 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 1.5 14 2 0.03 0.75 No No 1 Yes Fixed Delay, Micropower 10-21
TPS3124G15 1.5 14 2 0.03 0.756 No Yes 1 Yes Fixed Delay, Micropower 10-21
TPS3125G15 15 14 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 25 225 2 0.012 2 No No 1 No Fixed Delay, Micropower 10-63
TPS3305-25 25 2.25 2 0.04 2.7 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
TPS3820-25 25 2.25 18 0.025 No Yes 1 Yes Fixed Delay, Micropower 10-71
TPS3823-25 25 225 1.8 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3824-25 25 2.25 2 0.025 11 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 2.25 2 0.025 11 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3307-25 25 2.25 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 15 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3823-30 3 2.63 1.5 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)

Device (Xgrg) (“’,!) T°'f;z)“°° (;?a?() (r\:':i'r‘\) Vg‘t’ae;e O?:t’:l':,s e | WDI | Description Page No.
V) (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 33 2.93 24 0.016 1 No Yes 1 No Micropower, Programmable Delay 10-9
TPS3705--33 33 2.93 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 2.93 2 0.012 2 No No 1 No Fixed Delay, Micropower 10-63
TPS3809K33 33 293 2 0.012 2 No No 1 No Fixed Delay, Micropower 10-3
TPS3820-33 33 293 1.7 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3823-33 33 293 1.7 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3824-33 33 2.93 2 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3825-33 3.3 2.93 2 0.025 1.1 No Yes 1 Yes | Fixed Delay, Micropower 10-71
TPS3828-33 3.3 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 4.55 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 1.1 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)

Device (‘lf(g)g) (“,}) Tol?:z)nce ((fl'n:al%) (r‘({l:;';‘!) ‘g)cz‘tln:é: oi':;:}:s 'i‘;'gsg’ WDI | Description Page No.
TL7712A 12 10.8 2 3 3.6 No Yes 1 No Programmable Delay 10-91
TL7770-12 12 10.9 1 5 1 Yes Yes 2 No Programmable Delay 10-139
TL7715A 15 13.5 2 3 3.6 No Yes 1 No Programmable Delay 10-91
TPS5510 3 1 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 1.1 54 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 | VyN Range Over Over L
Device of FETs (typ) (max) (typ) (typ) Current Temp Enable | Description Page No.
(mQ) (A) (A) V) 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 13-563
TPS2011 1 75 0.6 1.2 2.7-55 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 1325
TPS2012A 1 30 1 1.5 27-55 No Yes Neg Current-Limited 13-53
TPS2013 1 75 1.5 2.6 2.7-55 No Yes Neg Current-Limited 13-25
TPS2013A 1 30 1.5 2.2 2.7-55 No Yes Neg Current-Limited 13-53
Vaux SWITCHES
IN1 IN2 IN1 IN2 st 2, I, IN2
upply upply npu
Device ::‘::;,ﬁ; r%sy(g)“) r'%tsy(g)") gﬁ:l’,’:l:t g:#;'::t Current Current Voltage Enable | Page No.
Q) (typ) (typ) Range
(m©) ©@ (mA) (mA) o) P W)
TPS2100 250 13 500 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 "%‘sy@)“) Control Inputs Temperature Vggﬁi"ogﬁaﬂ"ﬂ Description Page No.
Required (ma) Protection porting
TPS2205 No 110/140 8 Line Parallel Yes NIY 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 NY 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 NY Dual Channel 13413
TPS2216 No 60 3 Line Serial, w/independent VCC/VPP Yes NY Dual Channel 13-437
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USB SWITCHES

Current

VIN

Device ::fu?Ebg r?tsy(g)n) (nl12x) I('t';,';:)t 1:;}?;5 CSI":;?ﬂ %v':'; Enable | Description Page No.
(mQ) (A) A) ) Reporting | Reporting
TPS2014 1 95 0.6 1.2 40-5.5 Yes No Neg Current-Limited, UL Listed, USB 13-73
TPS2015 1 95 1 2 40-55 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 15 27-5.5 Yes Yes Neg Current-Limited, USB 13-93
TPS2023 1 15 2.2 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 Current-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 15 22 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 09 27-55 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 27-5.5 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 27-55 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) ) (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 15 117 Yes High-Side PMOS 13-23
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LED DRIVERS

Device Vref Iz Iz Vo Vo Tolerance Vi Temp Description Page No.
V) (min) (max) (min) (max) (%) (max) Coeff
(uA) (mA) v) v) W) (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 i Coeff
Device WA ) (mA) (TVI;) (T\7)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 ‘({f)f (min) (max) (min) é:‘:fzﬁt Time Description Page No.
(1A) (uA) ) (mA) (us)
TL7726 4.5 60 25 30 Hex Clamping Circuit 16-3
TL2218-285 —20.5 25 Excalibur Current-Mode SCSI Terminator 16-7
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TPS5102

DUAL, HIGH-EFFICIENCY CONTROLLER FOR NOTEBOOK PC POWER

SLVS239 - SEPTEMBER 1999

Dual, Step-Down for Notebook System
Power

4.5V to 25 V Input Voltage Range
Adjustable Output Voltage
95% Efficiency Achievable

PWM/Skip Mode Control Maintains High
Efficiency Under Light Load Conditions

Fixed-Frequency Operation
Resistorless Current Protection
Fixed High-Side Driver Voltage

Low Quiescent Current (0.6 mA, <1 uA for
Standby)

Small 30-Pin TSSOP
EVM Available (TPS5102EVM-135)

description

DBT PACKAGE
(TOP VIEW)
INV1 ]+ v 30[] LH1
FB1[|2 29[] OUT1_u
SOFTSTART1 [} 3 28[] LL1
PWM_SKIP [] 4 27[] OUT1_d
Cr(ls 26[] OUTGND1
Rr[le 25[] TRIP1
GND[]7 24[] VCC_CNTP
REF [} 8 23[] TRIP2
STBY1[}9 22[] VREF5
STBY2[J10  21|] REG5V_IN
Vee [ 11 20[] OUTGND2
COMP[|12  19[joUT2_d
SOFTSTART2[|13  18[JLL2
FB2[|14 17[JOUT2_u
INV2[J15 16 LH2

The TPS5102is a dual, high efficiency controller designed for notebook system power requirements. Under light
load conditions, high efficiency is maintained as the controller switches from the PWM mode to the lower

frequency Skip mode.

These two operating modes, along with the synchronous-rectifier drivers, dead-time, and very low quiescent
current, allow power to be conserved and the battery life extended, under all load conditions.

The resistor-less current protection and fixed high-side driver voltage simplify the system design and reduce
the external parts count. The wide input voltage range and adjustable output voltages allow flexibility for using
the TPS5102 in notebook power supply applications.

5V.—y
s R3
C1 WA M
R7 Q1
GND \ [
< W L1
cq 2R3 9)] R8 =
c7 TPS5102DBT D1 — Vo1
—l—k_{ s LHt 1 ¢ - Q2
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C4é18 4] pww/skip ourip |-4Z l 1
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__(3_2_}} 81 cer ez |22 A R10 _'l:—;
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cy' 12
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S D2 R11 =
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R W E,
Q4
R1 R6
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PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. F i does not y include
testing of all parameters.
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TPS5102
DUAL, HIGH-EFFICIENCY CONTROLLER FOR NOTEBOOK PC POWER

SLVS239 - SEPTEMBER 1999

functional block diagram

Vee

To Channel 2

STNBY2 * D VREFS
STNBY1 -
VREFS ‘T' REGSV_IN
O 9 -
REF 1.185V [Rer | l
— 45V |
OSiI RT

cT
@—>» To Channel 2

r C“"—_— LH
COMP — To h 12 OouT_U
E’ Channel 24 LT W

i’”v : |1Shot|

PWM/SKIP Do——o
3
SOFTSTART SOFTSTART out.0
i I OUTGND
) q
K Sync.
Skip Comp Signal
To
Channel 2

i I VCC_CNTP
INV + 2“PWM Comp * TRIP
Arror Amp l ‘

FB A

= 1185V
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?
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TPS5102

DUAL, HIGH-EFFICIENCY CONTROLLER FOR NOTEBOOK PC POWER

SLVS239 - SEPTEMBER 1999

AVAILABLE OPTIONS
TAa PACKAGE EVM
TSSOP(DBT)
—40°C to 85°C TPS5102IDBT TPS5102EVM-135
TPS5102IDBTR
Terminal Functions
TERMINAL
/0 DESCRIPTION
NAME NO.
COMP 12 110 Voltage monitor comparator input
Ct 5 110 External capacitor connection for switching frequency adjustment
FB1 2 (o] CH1 error amp output
FB2 14 (o] CH2 error amp output
GND 7 Control GND
INV1 1 | CH1 inverting input
INV2 15 | CH2 inverting input
LH1 30 l[e} CH1 boost capacitor connection
LH2 16 /0 CH2 boost capacitor connection
LL1 28 I} CH1 boost circuit connection
LL2 18 I} CH2 boost circuit connection
ouT1_d 27 l{e} CH1 low-side gate-drive output
ouT2_d 19 o CH2 low-side gate-drive output
OUT1_u 29 o CH1 high-side drive output
ouT2_u 17 o CH2 high-side drive output
OUTGND1 26 Output GND 1
OUTGND2 20 Output GND 2
PWM_SKIP 4 | PWM/SKIP mode select
L:PWM mode H:SKIP mode
REF 8 o 1.185-V reference voltage output
REGS5V_IN 21 | External 5-V input
Rt 6 l[e} External resistor connection for switching frequency adjustment
SOFTSTART1 3 /10 External capacitor connection for CH1soft start timing.
SOFTSTART2 13 l[e} External capacitor connection for CH2 soft start timing.
STBY1 9 | CH1 stand-by control
STBY2 10 | CH2 stand-by control
TRIP2 23 | External resistor connection for CH2 over current protection.
TRIP1 25 | External resistor connection for CH1 over current protection.
Vece 1 Supply voltage input
Vrefd 22 (¢} 5-V internal regulator output
VCC_CNTP 24 | Supply voltage sense input

Q’ TEXAS
INSTRUMENTS
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TPS5102
DUAL, HIGH-EFFICIENCY CONTROLLER FOR NOTEBOOK PC POWER

SLVS239 - SEPTEMBER 1999

detailed description

Vref (1.185 V)
The reference voltage is used to set the output voltage and the overvoltage protection (COMP).
Vref5 (5 V)

The internal linear voltage regulator is used for the high-side driver bootstrap voltage. Since the input voltage
range is from 4.5 V to 25 V, this feature offers a fixed voltage for the bootstrap voltage greatly simplifying the
drive design. It is also used for powering the low side driver. The tolerance is 6%.

5-V Switch

If the internal 5 V switch senses a 5-V input from REG5V_IN pin, the internal 5-V linear regulator will be
disconnected from the MOSFET drivers. The external 5 V will be used for both the low-side driver and the high
side bootstrap, thus increasing the efficiency.

PWM/SKIP

This pin is used to change between PWM and Skip mode. If the pin is lower than 0.5-V, the IC is in regular PWM
mode; if a minimum 2-V is applied to this pin, the IC works in Skip mode. In light load condition (<0.2 A), the
skip mode gives a short pulse to the low-side FET instead of a full pulse. By this control, switching frequency
is lowered, reducing switching loss; also the output capacitor energy discharging through the output inductor
and the low-side FET is prevented. Therefore, the IC can achieve high efficiency at light load conditions
(<0.2 A).

err-amp

Each channel has its own error amplifier to regulate the output voltage of the synchronous-buck converter. It
is used in the PWM mode for the high output current condition (>0.2A). Voltage mode control is applied.

skip comparator

In Skip mode, each channel has its own hysteretic comparator to regulate the output voltage of the
synchronous-buck converter. The hysteresis is set internally and typically at 8.5 mV. The delay from the
comparator input to the driver output is typically 1.2 us.

low-side driver

The low-side driver is designed to drive low-Rds(on) n-channel MOSFETs. The maximum drive voltage is 5 V
from Vref5. The current rating of the driver is typically 1 A, source and sink.

high-side driver

The high side driver is designed to drive low-Rds(on) n-channel MOSFETs. The current rating of the driver is
1 A, source and sink. When configured as a floating driver, the bias voltage to the driver is developed from Vref5,
limiting the maximum drive voltage between OUT_u and LL to 5 V. The maximum voltage that can be applied
between LHx and OUTGND is 30 V.

deadtime control

Deadtime prevents shoot-through current from flowing through the main power FETs during switching
transitions by actively controlling the turn-on time of the MOSFETs drivers. The typical deadtime from
low-side-driver-off to high-side-driver-on is 70 ns, and 85 ns from high-side-driver-off to low-side-driver-on.

“{’ TeExXAS
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TPS5102
DUAL, HIGH-EFFICIENCY CONTROLLER FOR NOTEBOOK PC POWER

SLVS239 - SEPTEMBER 1999

detailed description (continued)

current protection

Current protection is achieved by sensing the high-side power MOSFET drain-to-source voltage drop during
on-time at VCC_CNTP and LL. An external resistor between Vin and TRIP pin in serial with the internal current
source adjusts the current limit. When the voltage drop during the on-time is high enough, the current
comparator triggers the current protection and the circuit is reset. The reset repeats until the over-current
condition is removed.

COMP

COMP is an internal comparator used for any voltage protection such as the output under-voltage protection
for notebook power applications. If the core voltage is lower than the setpoint, the comparator turns off both
channels to prevent the notebook from damage.

SOFT1, SOFT2
Separate softstart terminals make it possible to set the start-up time of each output for any possibility.
STBY1, STBY2

Both channels can be switched into standby mode separately by grounding the STBY pin. The standby current
is as low as 1 pA.

uLvo

When the input voltage goes up to about 4 V, the IC is turned on, ready to function. When the input voltage is
lower than the turn-on value, the IC is turned off. The typical hysteresis is 40 mV.

{’P TEXAS
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TPS5102

DUAL, HIGH-EFFICIENCY CONTROLLER FOR NOTEBOOK PC POWER

SLVS239 - SEPTEMBER 1999

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

Supply voltage, Vec (see NOte 1) ...ttt e e e i -0.3Vto27V
Input voltage, INV .o e -03Vto7V
SOFT ST ART i e e e -03Vto7V
COMP e -0.3Vto6V
REGS _IN .o e e -0.3Vto6V
ST BY ot s -0.3Vto15V
DHVer CUIT BNt . .o e 3A
LI -0.3Vto27V
[0 -0.3Vto7V
P -0.3Vto7V
L -03Vto27V
LH e -0.3Vto32V
10 -0.3Vto32V
OUT L oo e e -0.3Vto7V
PWM/SKIP e -03Vto7V
R0 0 = - T -0.3 Vto 27V
Power dissipation (TA = 25°C) ......ciiriii et e 874 mW
Operating temperature (Ta) ... vvnei it e i -40°C to 85°C
Operating temperature (Tg) ... ..oneiri i e e -40°C to 125°C
Storage temperature (TSTG) - -+ v vvv et remni i -55°C to 1560°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.

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

2. This rating is specified at duty < 10% on output rise and fall each pulse. Each pulse width (rise and fall) for the peak current should

not exceed 2 ps.

3. See Dissipation Rating Table for free-air temperature range above 25°C.

DISSIPATION RATING TABLE

PACKAGE Ta<25°C DERATING FACTOR Ta=85°C
POWER RATING | ABOVE Tp =25°C | POWER RATING
DBT 874 mW 6.993 mW/°C 454 mW
recommended operating conditions
PARAMETERS MIN | NOM | MAX | UNIT
Supply voltage, Vcc 4.5 25 v
INV1/2CTRT, PWM/SKIP, SOFTSTART 6
5V_IN -0.1 5.5
Input voltage, V| \'
STBY1, STBY2 12
TRIP1/2 VCC_SENSE -0.1 25
Cr 100 pF
Oscillator frequency RT 82 kQ
fosc | PWM 200 KHz
Operation temperature range, Ta -40 85 °C

7-8
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TPS5102
DUAL, HIGH-EFFICIENCY CONTROLLER FOR NOTEBOOK PC POWER

SLVS239 - SEPTEMBER 1999

electrical characteristics over recommended operating free-air temperature range, Voc =7 V

(unless otherwise noted)

reference voltage

PARAMETER TEST CONDITIONS MIN| TYP| MAX | UNIT
Wit Refersnce votage Ta = 25°C, Iyref = 50 pA 1.167 | 1.185 | 1.203 v
lyref = 50 pA 1.155 1.215
Regin Line regulation Vce = 4.5, 25V, | =50 pnA 0.2 12 mV
Regl  Load regulation I=0.1pAto 1T mA 0.5 10 mV
quiescent current
PARAMETER TEST CONDITIONS MIN| TYP| MAX| UNIT
lcc Operating current without switching Elgﬂs]vi;ir'ag, 25 V'Vin —45-25V 0.6 15| mA
Iccs  Stand-by current Both STBY <0.5V,Vin=4.5-25V 1| 1000 nA
oscillator
PARAMETER TEST CONDITIONS MIN| TYP| MAX| UNIT
fosc Frequency PWM operation 500 | kHz
RT Timing resistor 56 kQ
fdv Vec=45Vto25V 0.1%
fosc change
fdt TA = -40°C to 85°C 2%
DC, includes internal comparator error 1 1.1 1.2
VoscH  H-level output voltage - A
Fosc = 200 kHz, Includes internal comparator error 117
Includes internal comparator error 0.4 0.5 0.6
VoscL  L-level output voltage - A
Fosc = 200 kHz, Includes internal comparator error 0.43
error amp
PARAMETER TEST CONDITIONS MIN| TYP| MAX| UNIT
Vio Input offset voltage Ta=25°C +2 +10 mV
Av Open-loop voltage gain 50 dB
GB Unity-gain bandwidth 0.8 MHz
Isnk  Output sink current Vo=04V 30 45 A
Isrc Output source current Vo=1V 300 pA
skip comparator
PARAMETER TEST CONDITIONS MIN| TYP| MAX | UNIT
Vhyst Hysteresis window 6| 95 13| mv
Vhoff Offset voltage 2 mV
Ihbias Bias current 10 pA
TLHT Propagation delay¥ from INV to OUTxU | TTL input signal 0.7 us
TiH 10 mV overdrive on hysteresis band signal 1.2 us
1 Vhys is assured by design.
1 The total delay in the table includes the driver delay.
'ﬁ‘ TEXAS
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TPS5102
DUAL, HIGH-EFFICIENCY CONTROLLER FOR NOTEBOOK PC POWER
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electrical characteristics over recommended operating free-air temperature range, Voc =7 V
(unless otherwise noted) (continued)

driver deadtime

PARAMETER TEST CONDITIONS MIN| TYP| MAX| UNIT
TDRVLH Low side to high side 70 nS
TprvHL  High side to low side 85 nS
standby
PARAMETER TEST CONDITIONS MIN | TYP| MAX| UNIT
\" H-level input volt 25
H vo P oege STBY1, STBY2 v
ViL L-level input voltage 0.5
T " Propagation dela; 1.5
turnon P39 - Y STBY to driver output us
Tiurnoff ~ Propagation delay 1.8
5V regulator
PARAMETER TEST CONDITIONS MIN| TYP| MAX| UNIT
Vo Output voltage I=10mA 4.7 5.3 \
Regin Line regulation Vec=5.5V,25V, I=10mA 20 mV
Regl Load regulation =1V, 10 mA, Vec=55V 40 mV
los Short-circuit output current Vref= 0V 80 mA
5-V internal switch
PARAMETER TEST CONDITIONS MIN | TYP| MAX| UNIT
V 4.2 4.8 \
TLH Threshold voltage
VTHL 41 47 Vv
Vhys Hysteresis 30 150 | mv
uvLoO
PARAMETER TEST CONDITIONS MIN| TYP| MAX| UNIT
V- 3.7 4.2 \Y
TLH Threshold voltage
VTHL 36 41) v
Vhys Hysteresis 10 40 150 | mv
current limit
PARAMETER TEST CONDITIONS MIN| TYP| MAX| UNIT
PWM mode 10 15 20
Internal current source - pA
Skip mode 3 5 7
Input offset voltage 25 mV
driver output
PARAMETER TEST CONDITIONS MIN| TYP| MAX| UNIT
OUT_u sink current 0.5 1.2
Vo=3V A
OUT_d sink current 0.5 1.2
OUT_u source current -1 17
Vo=3V A
OUT_d source current -1] -15
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TPS5102
DUAL, HIGH-EFFICIENCY CONTROLLER FOR NOTEBOOK PC POWER

SLVS239 - SEPTEMBER 1999

electrical characteristics over recommended operating free-air temperature range, Vcc =7 V
(unless otherwise noted) (continued)

softstart
PARAMETER TEST CONDITIONS MIN| TYP| MAX | UNIT
ICTRL Soft-start current 1.8 2.5 3 pA
Maximum discharge current 0.92 mA
VTLH . 3.4 3.9 4.7
Threshold voltage (skip mode) v
VTHL 1.8 2.6 34

output voltage protection (COMP)

PARAMETER TEST CONDITIONS MIN| TYP| MAX | -UNIT
Threshold voltage 0.9 1.1 1.3 \'
Progagation delayT, 50% duty cycle,
No capacitor on COMP or OUT_u pin, Turnon 900 ns
Frequency = 200 kHz
Turnoff (with channel on) 400 ns
tThe delay time in the table includes the driver delay.
PWM/SKIP
PARAMETER TEST CONDITIONS MIN| TYP| MAX| UNIT
High to low 0.5
Threshold \%
Low to high 2
High to low 550
Delay J - ns
Low to high 400
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TYPICAL CHARACTERISTICS

QUIESCENT CURRENT (BOTH CHANNELS ON)

QUIESCENT CURRENT (BOTH CHANNELS STANDBY)
vs

vs
INPUT VOLTAGE INPUT VOLTAGE
800 160
700 Ty=125°C 140 /:
< 600 /— — /
T 7 3
£ % /
500 = Ty =-40°C g 100 A
§ Ty=25°C J E Ty= 125°(/
- o
P i
S 300 £
8 8
2 200 E 40 >
= Ty =-40°C
100 20 Ty=25°C
0 0 s |
(] 10 20 30 45 7 10 15 20 25
Ve - Supply Voltage - V Ve - Supply Voltage - V
Figure 1 Figure 2
DRIVE CURRENT (SOURCE) DRIVE CURRENT (SINK)
vs vs
DRIVE VOLTAGE DRIVE VOLTAGE
6 35
5 3
>' TJ =-40°C >| /
('] (]
g 4 g 25
8 P Ty =125°
g 1{l A \'Q ] J 5°C
5 Ty=125°C 5 2
g 3 / /
S Ty=25C
5 E; 15 V4
8 2 a
IS L1
3 E :
8 8 Ty =-40°C
> 1 > Z
0.5 %7
0 0
0.1 0.5 1 0.1 0.5 1
I(src) - Driver Source Current - A I(snk) - Driver Sink Current - A
Figure 3 Figure 4
3 1,
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'(protec)‘ Source Current —u A

VT~ Threshold Voltage — V

5.2

5.1

4.9
4.8
4.7
4.6
4.5
44

43
4.2

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

CURRENT PROTECTION SOURCE CURRENT

TYPICAL CHARACTERISTICS

CURRENT PROTECTION SOURCE CURRENT

(SKIP MODE) (PWM MODE)
vs vs
INPUT VOLTAGE INPUT VOLTAGE
- 14 T
- Ty =125°C
Ty=125°C
J = 138
— r 2
? 13.6
- Ty=25C
o
3 134
g
=
8 132 Ty =-40°C
1
Ty=25C s
= 13
Ty =-40°C
— 12.8
12.6
0 10 20 30 45 7 10 15 20 25
Vce - Supply Voltage - V Vee - Supply Voltage - V
Figure 5 Figure 6
PWM/SKIP THRESHOLD VOLTAGE Viets VOLTAGE
vs vs
INPUT VOLTAGE CURRENT
Ty =-40°C 51
o s ~ Ty=125°C
Va4 Ty =125° —_— \\
Ty=25°C J 5¢ \\t\ —
— \
> 4.9 Vi ~] ‘\
A Ty=25C | N
g N\
E 4.8
f Ty= -40°c\
2 \
[ %
>
4.6
4.5
0 10 20 30 0 -10 20 -30 40 -50
V| - Supply Voltage - V Iy - Current - mA
Figure 7 Figure 8

‘ii TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

7-13



TPS5102
DUAL, HIGH-EFFICIENCY CONTROLLER FOR NOTEBOOK PC POWER

SLVS239 - SEPTEMBER 1999

TYPICAL CHARACTERISTICS

MAXIMUM OUTPUT VOLTAGE SOFT START CHARGE CURRENT
vs vs
SWITCHING FREQUENCY JUNCTION TEMPERATURE
25 -3
) -25

) ]
o
2 15 ©
H 2
g 2 s
: :
E
E \ &
% =
= \ A
0.5 ‘ -0.5
0 M 0
1 10 100 1000 -40 -20 O 25 50 70 95 125
Switching Frequency — kHz Ty - Junction Temperature - °C
Figure 9 Figure 10
SWITCHING FREQUENCY
vs
TIMING RESISTOR
1000
Ct=47pF
M
N
>
AN
3 N
: >EN\ N
L 100} Cy=100 pF Q
= I — NSNS
5 [ Ct=150 pF ANER N
= | 1 1 \
2 1 T RS
o - Cy=220pF N
Ct =330 pF ‘\
10
10 100 1000

Timing Resistor - kQ
Figure 11
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TYPICAL CHARACTERISTICS

timing diagram

——1.17 V Typ.
Err. Amplifier Output W
| | |
Osclllator Output 7 | | | | ! l | | I\Z.l___.]-— .43 V Typ.
Delay | 1 High
outxu | [ | “ L1 /‘L' i 1 |r_|_°w
(Iwo nS Typ.)u | | | Duty | | il I | | ]
elay | High
omes [, iy 1 [FA I VY I
T T T T T T I T
I 1 I
T | I
[ ! ll | Il | l ! l l Detected Over Current ! l I
Over-Current | i || | ' ! | ] | | | | | High
Protection | | I| | |l | | Current Limit | | | | | Low
1A
I | I | !
Inductor Current |: I | [ | | |
I | T N
[ ] A L I I I =0
TR IR
I | | I | TRIPX Voitage | | |
| | | | s ) | |
LLx Voltage | | | | [ | r \I I
| . | | | I | GND
= n T oo (m) = it = it = = e
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APPLICATION INFORMATION

The design shown in this application report is a reference design for notebook applications. An evaluation
module (EVM), TPS5102EVM-135 (SLVP135), is available for customer testing and evaluation. The intent is
to allow a customer to fully evaluate the given design using the plug-in EVM supply shown here. For subsequent
customer board revisions, the EVM design can be copied onto the users’ PCB to shorten design cycle.

The following key design procedures will aid in the design of the notebook power supply using the TPS5102:

TP27 SLVP135 EVM

c6
i) v R Q1
A% VVV 7 TP26 |~
———W—0
AV R17 ~ c2
2 ut = L1
cs| P8 PS5102 oa ~ W
Lol o1 e TP g a2 =
T ot 2l amofn ored | ¢ y = i !
L — oTP8 3l ik To7 !————‘ K01 ca7s c2z 7K Vot
co oTP4 oum_ok2L_TP22 X Vo1GND
j_ oW oTPE el e BolP2l | R18 E.ﬂ ::
== b OTP7 7lw  wo_sove 2 15, Ci = J8
%Emo B ,cn) o8 sl 2 TP20 MRS GND = Input GND
oTPe o TP19 | lﬂ C19 16, + Input GND
TR 1p10 1 m s;m 0 Rt GND v o= ::’ Vo2GND
P11 1, L Vo2GND
__)(._J__o_.___u.m = 1
P2y SR ci2 TP12 TP18 Vo2
O 12 Jeowp wu_nJ-’—O——|_ cs c23| 13 Vo2
% TP13 13 drsmarz wol8 S 3
= D2 == +
TP14 L cat I Y 3 RS2
o1 gL__O_LL%z m—""L_CTm Q4 1<
——OIR15 15 by w2 | AM
AAAS \AS
L TP16 g =
a1a2 |% mis _W_C ==
. WA _|_ﬂ)|—‘ s |(|¢) [
14 = Q3
W Ww—| P28
= R16 C1g O
Vin lin Vo1 lo1 Vo2 lo2
6Vtoi5V 6 A 33V 4 A 5V 4 A
16Vto25V 3.3V 25A 5V 25A

output voltage setpoint calculation

The output voltage is set by the reference voltage and the voltage divider. In the TPS5102, the reference voltage
is 1.185-V, and the divider is composed of two resistors in the EVM design that are R4 and R5, or R14 and R15.

The equation for the setpoint is: .

_ Rt xwr
2 = Vo-Vr

Where R1 is the top resistor (k€2) ( R4 or R15); R2 is the bottom resistor (kQ) ( R5 or R14);
output voltage (V); Vr is the reference voltage (1.185 V in TPS5102).

Example: R1 =1 kQ; Vr=1.185V; Vo = 3.3 V, then R2 = 560 Q.

Some of the most popular output voltage setpoints are calculated in the table below:

Vo is the required

Vo 1.3V 1.5V 1.8V 25V 3.3V 5V
R1 (top) (kQ) 1V 1V 1V 1V 1V 1V
R2 (bottom) (kQ) 10V 3.7V 19V 09V 056V 031V
‘V TeExAS
INSTRUMENTS
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APPLICATION INFORMATION

output voltage setpoint calculation (continued)

If a higher precision resistor is used, the voltage setup can be more accurate.

In some applications, the output voltage is required to be lower than the reference voltage. With a few extra
components, the lower voltage can be easily achieved. The drawing below shows the method.

Vee Vo

Rz1

TPS5102

Zener

In the schematic, the Rz1, the Rz2, and the zener are the extra components. Rz1 is used to give the zener
enough current to build up the zener voltage. The zener voltage is added to INV through Rz2. Therefore, the
voltage on the INV is still equal to the IC internal voltage (1.185 V) even if the output voltage is regulated at a
lower setpoint. The equation for setting up the output voltage is shown below:

(Vz-Vr )

Rz2 = ey v
Ritop + Rbim

When Rz2 is the adjusting resistor for low output voltage; Vz is the zener voltage; Vr is the internal reference
voltage; Rtop is the resistor of the voltage sensing network; Rbtm is the bottom resistor of the sensing
network;Vg is the required output voltage setpoint.

Example: Assuming the required output voltage setpointis Vo =0.8 V, Vz =5 V; Rtop = 1 kQ; Rbottom = 1 kQ,
Then the Rz2 = 2.43 kQ.

output inductor ripple current

The output inductor current ripple can affect not only the efficiency, but also the output voltage ripple. The
equation is exhibited below:

Vin — Vout — lout x (Rdson + R,)
Lout

Iripple = x D x Ts

Where Iripple is the peak-to-peak ripple current (A) through the inductor; Vinis the input voltage (V); Voutis the
output voltage (V); loutis the output current; Rdsonis the on-time resistance of MOSFET (£2); Dis the duty cycle;
and Ts is the switching cycle (S). From the equation, it can be seen that the current ripple can be adjusted by
changing the output inductor value.

Example: Vin =5 V; Vout = 1.8 V; lout = 5 A; Rdson = 10 mQ; RL =5 mQ; D = 0.36; Ts = 10 uS; Lout = 6 uH
Then, the ripple Iripple = 2 A.
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APPLICATION INFORMATION

output capacitor RMS current

Assuming the inductor ripple current totally goes through the output capacitor to ground, the RMS current in the
output capacitor can be calculated as:

lorms = 4L

12

Where lo(rms) is the maximum RMS current in the output capacitor (A); Al is the peak-to-peak inductor ripple
current (A).

Example: Al =2 A, so lo(rms) =0.58 A

input capacitor RMS current

Assuming the input ripple current totally goes into the input capacitor to the power ground, the RMS current in
the input capacitor can be calculated as:

lirms = ‘/Ioz x D x (1-D) + 75D x Iripple?

Where li(rms) is the input RMS current in the input capacitor (A); /o is the output current (A); Iripple is the
peak-to-peak output inductor ripple current; D is the duty cycle. From the equation, it can be seen that the
highest input RMS current usually occurs at the lowest input voltage, so it is the worst case design for input
capacitor ripple current.

Example: lo =5 A; D = 0.36; Iripple =2 A,
Then, li(rms) =242 A

soft-start

The soft-start timing can be adjusted by selecting the soft-start capacitor value. The equation is

C

soft = 2 % Tsopt

Where Cgoft is the soft-start capacitance (uF) (C9 or C13 in EVM design); Tgept is the start-up time (S).
Example: Tsoft = 5 mS, so Csoft = 0.01 puF.

7-18
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APPLICATION INFORMATION

current protection

The current limit in TPS5102 on each channel is set using an internal current source and an external resistor
(R18 or R19). The sensed high side MOSFET drain-to-source voltage drop is compared to the set point, if the
voltage drop exceeds the limit, the internal oscillator is activated, and it continuously reset the current limit until
the over-current condition is removed. The equation below should be used for calculating the external resistor
value for current protection setpoint:

_ Rds(on) x (ltrip + lind(p-p)/2)

Fel 0.000015
In skip mode,
Rl = Rds(on) x (ltrip + lind(p-p)/2)
- 0.000005

Where Rcl is the external current limit resistor (R10 or R11); Rds(on) is the high side MOSFET (Q1 or Q3)
on-time resistance. Itrip is the required current limit; lind(p-p) is the peak-to-peak output inductor current.

Example for voltage mode: Rds(on) = 10 mQ, ltrip =5 A, lind = 2 A, so Rcl = 4 kQ.

loop-gain compensation

Voltage mode control is used in this controller for the output voltage regulation. To achieve fast, stabilized
control, two parts are discussed in this section: the power stage small signal modeling and the compensation
circuit design.

For the buck converter, the small signal modeling circuit is shown below:

= Z.
Vap 4 m———— q
D

From this equivalent circuit, several control transfer functions can be derived: input-to-output, output
impedance, and control-to-output. Typically the control-to-output transfer function is used for the feedback
control design.

Assuming Rc and RL are much smaller than R, the simplified small signal control-to-output transfer function is:

A

Vod=—‘i\£= (1 + sCRc)
d 1+s[C><(ch+ RL)+LR] + g2LC

Where C is the output capacitance; Rc is the equivalent serial resistance (ESR) in the output capacitor; L is the
output inductor; RL is the equivalent serial resistance (DCR) in the output inductor; R is the load resistance.
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APPLICATION INFORMATION

loop-gain compensation (continued)

To achieve fast transient response and the better output voltage regulation, a compensation circuit is added to
improve the feedback control. The whole system is shown:

Power
Stage

Vref PWM >

Compensation |«

The typical compensation circuit used as an option in the EVM design is a part of the output feedback circuit.
The circuitry is displayed below:

R1 R2 pa ©3
c1
L"
) c2
To PWM
R3 i Vref
This circuit is composed of one integrator, two poles, and two zeros:
Assuming R1 << R2 and C2 << C3, the equation is:
Comp = (1 + sC3R4) x (1 + sC2R2)
P = SC3R2(1 + sC2R4) (1 + sC1R)
Therefore,
=1 =1
Poletl = 52C1R1 Zerol 57CoRD
=1 =—1 =1
Pole2 = 57CoRA Zero2 57CaFa Integrator 5-C3R2

A simplified version used in the EVM design is exhibited below:
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APPLICATION INFORMATION

loop-gain compensation (continued)

Vo
R2 pa ©3
c2
To PWM
R3 Vref

Assuming C2 << C3, the equation is:

Comp = (1 + sC3R4)

P = SC3R2(1 + sC2Rd)

There is one pole, one zero and one integrator:

Zero = 53R Integrator 577C3F0 Pole 572CoRk

The loop-gain concept is used to design a stable and fast feedback control. The loop-gain equation is derived
by the control-to-output transfer function times the compensation:

Loop-gain = Vod x Comp

The amplitude and the phase of this equation can be drawn with software such as MathCad. In turn, the stability
can be easily designed by adjusting the compensation parameters. The sample bode plot is shown below to
explain the phase margin, gain margin, and the crossover frequency.

The gain is drawn as 20 log (loop-gain), and the phase is in degrees. To explain them clearer, 180 degrees is
added to the phase, so that the gain and phase share the same zero.

The crossover frequency is the point at which the gain curve touches zero. The higher this frequency, the faster
the transient response, since the transient recovery time is 1/(crossover frequency). The phase is the phase
margin. The phase margin should be at least 60 degrees to cover all changes such as temperature. The gain
margin is the gap between the gain curve and the zero when the phase curve touches zero. This margin should
be at least 20 dB to guarantee stability over all conditions.
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APPLICATION INFORMATION
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—30 [ L T
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-100
10 100 103 104 105 106
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synchronization

Some applications require switching clock synchronization. There are two methods that can be used for
synchronization: the triangle wave synchronization and the square wave synchronization.

The triangle wave synchronization is displayed below:

740 mV

740 mV

TPS5102

It can be seen that both Rt and Ct are removed from the circuit. Therefore, two components are saved. This
method is good for the synchronization between two controllers. If the controller needs to be synchronized with
a digital circuit such as DSP, the square-type clock signal is usually used. The configuration exhibited below is
for this type of application:

7-22

{'f TExAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TPS5102
DUAL, HIGH-EFFICIENCY CONTROLLER FOR NOTEBOOK PC POWER

SLVS239 - SEPTEMBER 1999

APPLICATION INFORMATION

synchronization (continued)

TPS5102

An external resistor is added into the circuit, but Rt is still removed. Ct is kept to be a part of RC circuit generating
triangle waveform for the controller. Assuming the peak value of the square is known, the resistor and the
capacitor can be adjusted to achieve the correct peak-to-peak value and the offset value.

layout guidelines

Good power supply results will only occur when care is given to proper design and layout. Layout will affect noise
pickup and generation and can cause a good design to perform with less than expected results. With a range
of currents from milliamps to tens or even hundreds of amps, good power supply layout is much more difficult
than most general PCB designs. The general design should proceed from the switching node to the output,
then back to the driver section and, finally, parallel the low-level components. Below are several specific points
to consider before the layout of a TPS5102 design begins.

All sensitive analog components should be referenced to ANAGND. These include components connected
to Vref5, Vref, INV, LH, and COMP.

Analog ground and drive ground should be isolated as much as possible. Ideally, analog ground will connect
to the ground side of the bulk storage capacitors on Vg, and drive ground will connect to the main ground
plane close to the source of the low-side FET.

Connections from the drivers to the gate of the power FETs should be as short and wide as possible to
reduce stray inductance. This becomes more critical if external gate resistors are not being used.

The bypass capacitor for Vo should be placed close to the TPS5102.

When configuring the high-side driver as a floating driver, the connection from LL to the power FETs should
be as short and as wide as possible.

When configuring the high-side driver as a floating driver, the bootstrap capacitor (connected from LH to
LL) should be placed close to the TPS5102.

When configuring the high-side driver as a ground-referenced driver, LL should be connected to DRVGND.

The bulk storage capacitors across V|, should be placed close to the power FETS. High-frequency bypass
capacitors should be placed in parallel with the bulk capacitors and connected close to the drain of the
high-side FET and to the source of the low-side FET.

High-frequency bypass capacitors should be placed across the bulk storage capacitors on V.

LH and LL should be connected very close to the drain and source, respectively, of the high-side FET. LH
and LL should be routed very close to each other to minimize differential-mode noise coupling to these
traces.

The output voltage sensing trace should be isolated by either ground trace or Vcc trace.
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APPLICATION INFORMATION
PWM AND SKIP MODE EFFICIENCY PWM AND SKIP MODE EFFICIENCY
COMPARISON COMPARISON
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Efficiency - %

Vg - Output Voltage - V
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OUTPUT LOAD REGULATION
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APPLICATION INFORMATION

OUTPUT LOAD REGULATION

I T
Output Load =3.3V

1 2 3 4 5
lo - Output Current - A
Figure 17
OUTPUT LINE REGULATION

¥
Output Line=3.3V

lpo - Output Current - A

Figure 18
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Figure 19
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APPLICATION INFORMATION

OUTPUT LINE REGULATION DIODE VERSION EFFICIENCY
51 T T 95 T [ 1
Output Line =5V Output Diode Version =3.3 V
5.09 , J—
90 - ]
5.08 /
>
é’ 5.07 85
2 £
2 506
S ;, 80
3 505 g
3 / g
S 504 =
I
2 503 70
5.02
65
5.01
5 60
5 10 15 20 25 30 ) 1 2 3 4
V| - Input Voltage - V lp - Output Current - A
Figure 20 Figure 21
3.3-V OUTPUT VOLTAGE RIPPLE 5~V OUTPUT VOLTAGE RIPPLE

Figure 22 Figure 23
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Table 1. Bill of Materials

SLVS239 - SEPTEMBER 1999

REF. PN DESCRIPTION MANUFACTURER SIZE
(03] RV-35V221MH10-R Capacitor, electrolytic, 220 pF, 35 V ELNA 10x10mm
C1 Topt 10TPB220M Capacitor, POSCAP, 220 uF, 10 V Sanyo 7.3x4.3mm
c2 GMK325F106ZH Capacitor, ceramic, 10 uF, 35 V Taiyo Yuden 1210
C3 GMK325F106ZH Capacitor, ceramic, 10 uF, 35 V Taiyo Yuden 1210
C4 4TPB470M Capacitor, POSCAP, 470 uF, 4 V Sanyo 7.3x4.3mm
C5 10TPB220M Capacitor, POSCAP, 220 uF, 10 V Sanyo 7.3x4.3mm
CsTopt 6TPB330M Capacitor, POSCAP, 330 uF, 6.3 V Sanyo 7.3x4.3mm
cet Standard Open, capacitor, ceramic, 0.22 uF, 16 V 805
Cc7 Standard Capacitor, ceramic, 0,01 uF, 16 V 805
c8 Standard Capacitor, ceramic, 220 pF, 16 V 805
(o] Standard Capacitor, ceramic, 0.01 uF, 16 V 805
Cc10 Standard Capacitor, ceramic, 100 pF, 16 V 805
C11 Standard Capacitor, ceramic, 1 uF, 16 V muRata 805
c12 GMK316F2252G Capacitor, ceramic, 2.2 uF, 35 V Taiyo Yuden 1206
C13 Standard Capacitor, ceramic, 0.01 uF, 16 V 805
C14 Standard Capacitor, ceramic, 220 pF, 16 V 805
C15 Standard Capacitor, ceramic, 0.1 uF, 16 V 805
ciet Standard Open, capacitor, ceramic, 0.1 uF, 16 V 805
C17 GMK316F225ZG Capacitor, ceramic, 2.2 uF, 35 V Taiyo Yuden 1206
Cc18 Standard Open 805
c19 Standard Open 805
C20 GMK325F106ZH Capacitor, ceramic, 10 pF, 35 V Taiyo Yuden 1210
c21 GMK316F2252G Capacitor, ceramic, 2.2 pF, 35 V Taiyo Yuden 1206
ceot 7.3x4.3mm
c23t 7.3x4.3mm
D1 MBRS340T3 Diode, Schottky, 40 V, 3 A Motorola SMC
D2 MBRS340T3 Diode, Schottky, 40V, 3 A Motorola SMC
D3 SD103-AWDICT-ND Diode, Schottky, 40 V, 200 mA Digikey 3.5x1.5mm
D4 SD103-AWDICT-ND Diode, Schottky, 40 V, 200 mA Digikey 3.5x1.5mm
L1 DO3316P-682 Inductor, 6.8 pH, 4.4 A Coilcraft 0.5x0.37in
L2 DO3316P-682 Inductor, 6.8 uH, 4.4 A Coilcraft 0.5x0.37in
J1-J16 CA26DA-D36W-OFC | Edge connector, surface mount, 0.040” board, 0.090" | NAS Interplex 0.040in

standoff
JP1 S$1132-2-ND Header, straight, 2-pin, 0.1 ctrs, 0.3” pins Sullins DigiKey # 1132-2-ND
JP1shunt |S1132-14-ND Shunt, jumper, 0.1” Sullins DigiKey #
929950-00-ND

JP2 S$1132-14-ND Header, straight, 2-pin, 0.1 ctrs, 0.3” pins Sullins DigiKey # 1132-2-ND
R1 Standard Resistor, 5.1 Q, 5% 805

R2 Standard Resistor, 5.1 Q, 5% 805

R3t Standard Open 805

R4 Standard Resistor, 1.21 kQ, 1% 805

R5 Standard Resistor, 680 Q, 1% 805

R6 Standard Resistor, 5.1 kQ, 5% 805

R8 Standard Resistor, 1 kQ, 5% 805

T Option table
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APPLICATION INFORMATION
Table 1. Bill of Materials (continued)

REF. PN DESCRIPTION MANUFACTURER SIZE

R9 Standard Resistor, 82 kQ, 5% 805
R10 Standard Resistor, 1 kQ, 5% 805
R11 Standard Resistor, 0 Q, 5% 805
R12 Standard Resistor, 1 kQ, 5% 805
R13 Standard Reistor, 1 kQ, 5% 805
R14 Standard Resistor, 310 k2, 1% 805
R15 Standard Resistor, 1 kQ, 1% 805
Ri6T Standard Open resistor, 5.1 Q, 5% 805
R17 Standard Resister, 15 Q, 5% 805
R18 Standard Resistor, 7.5 kQ, 5% 805
R19 Standard Resistor, 7.5 kQ, 5% 805
R20 Standard Resistor, 15 Q, 5% 805
R21 Standard Open 805

Qi Si4410DY Transistor, MOSFET, n-ch, 30 V, 10 A, 13 mQ, Siliconix SO-8
Q2 Si4410DY Transistor, MOSFET, n-ch, 30 V, 10 A, 13 mQ, Siliconix SO-8
Q3 Si4410DY Transistor, MOSFET, n-ch, 30 V, 10 A, 13 mQ, Siliconix SO-8
Q4 Si4410DY Transistor, MOSFET, n-ch, 30 V, 10 A, 13 mQ, Siliconix S0-8
U1 TPS5102 IC, Dual Controller TI TSSOP

T Option table

This EVM is designed to cover as many applications as possible. For some more specific applications, the circuit
can be simpler. The table below gives some recommendations.

Table 2. EVM Application Recommendations

5V INPUT VOLTAGE <3-A OUTPUT CURRENT DIODE VERSION
Change C1 to low profile capacitor Change Q1/Q2 and Q3/Q4 to dual pack MOS- | Remove Q2 and Q4 to reduce the cost.
Sanyo 10TPB220M (220 uF, 10 V) FET, IRF7311 to reduce the cost.
Or 6TPB330M (330 uF, 6.3 V)
Remove R12
Table 3. Vendor and Source Information
MATERIAL SOURCE PART NUMBER DISTRIBUTORS

MOSFETS (Q1-Q4) In EVM Design Si4410DY (SILICONIX) Local Distributor

Second Source IRF7811 (International Rectifier)
INPUT CAPACITORS (C1) |In EVM Design RV-35V221MH10-R (ELNA) Bell Microproducts

972-783-4191
Second Source 35CV330AX/GX (Sanyo) 870-633-5030
UUR1V221MNR1GS (Nichicon) Future Electronics (Local Office)

MAIN DIODES (D1 - D2) In EVM Design MBRS340T3 (Motorola) Local Distributors

Second Source U3FWJ44N (Toshiba) Local Distributors
INDUCTORS (L1 -L2) In EVM Design DO3316P-682 (Coilcraft) 972-248-3575

Second Source CTDO3316P-682 (Inductor Warehouse) | 800-533-8295
CERAMIC CAPACITORS IN EVM Design GMK325F106ZH SMEC
(C2, C3) (C12,C17, C21) GMK316F225ZG 512-331-1877

(Taiyo Yuden)
Taiyo Yuden, Representative e—mail: mike @millsales.com
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APPLICATION INFORMATION

Top Assembly
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APPLICATION INFORMATION

NOTE: Al wire pairs should be twisted. Test Setup
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APPLICATION INFORMATION

High current applications are described in table . The values are recommendations based on actual test circuits.
Many variations are possible based on the requirements of the user. Performance of teh circuit is dependent
upon the layout rather than the on specific components, if the device parameters are not exceeded. The power
stage, having the highest current levels and greatest dv/dt rates, should be given the most attention, as both
the supply and load can be severly affected by the power levels and edge rates.

Table 4. High Current Applications

REFERENCE
DESIGNATIONS FUNCTION 8-A OUTPUT 12-A OUTPUT 16-A OUTPUT
2x ELNA 3x ELNA 4x ELNA
C1 Input Bulk Capacitor RV-35V221MH10-R RV-35V221MH10-R RV-35V221MH10-R
220 pF, 35 V 220 uF, 35V 220 pF, 35V
2x Taiyo Yuden 3x Taiyo Yuden 4x Taiyo Yuden
C2 (C3) Input Bypass Capacitor GMK325F106ZH GMK325F106ZH GMK325F106ZH
10 uF, 35 V 10 uF, 35V 10 pF, 35V
. . Coiltronics UP4B-1R5 MicorMetals T68-8/90
L1 (L2) Output Filter Indicator ggﬂtr'c_)'mgcszl:\PSB-sz 1.5uH, 13.4 A Core W/TT, #16
< W, 9. 1.0 uH, 25 A
) . 2x Sanyo 4TPB470M 3x Sanyo 4TPB470M 4x Sanyo 4TPB470M
C4 (C22) Output Filter Capacitor 470 uF, 4V 470 uF, 4V 470uF, 4V
) . 2x Sanyo 6TPB330M 3x Sanyo 6TPB330M 4x Sanyo 6TPB330M
C5 (C23) Output Filter Capacitor 330 uF, 6.3V 330 uF, 6.3V 330 uF, 6.3 V
Q13 Power Switch 2x Siliconix Si4410DY 3x Siliconix Si4410DY 4x Siliconix Si4410DY
@s) wel 30V,10A, 13mQ 30V, 10 A, 13mQ 30V, 10A, 13mQ
. 2x Siliconix Si4410DY 3x Siliconix Si4410DY 4x Siliconix Si4410DY
Q2 (Q4) Power Switch 30V, 10 A, 13 mQ 30V, 10 A, 13 mQ 30V, 10 A, 13 mQ
R17 (R20) Gate Drive Resistor 7Q 5Q 4Q
R18 (R19) Current Limit Resistor 10 kQ 15kQ 20 kQ
Switching Frequency 200 kHz 150 kHz 100 kHz
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MULTIPLE MODE SYNCHRONOUS DC/DC CONTROLLER

SLVS240 — SEPTEMBER 1999

® Step-Down DC-DC Converter DB PACKAGE
® Three Operation-Mode (TOP VIEW)
— Heavy Load: »,
- Fixed Frequency PWM SOFTSTART [] 1 20f] LH
— Hysteretic (User Selctable) INV[]2 19[] OUT_u
~ Light Load: FB[]3 18[] LL
- Skip Mode crl4 17]] OUT_d
® 4.5V to 25 V Input Voltage Range Rrls 16]] OUTGND
® Adjustable Output Voltage Down to 1.2 V GND[I6 15[ TRIP
® 95% Efficiency CSSgE ; :; % xgg-SENSE
[ ] Stand-By Contro' PWMSKIP [ 9 12 ] VREF5
©® Over Current Protection stBY[J10  11[] VREG5V_IN
® UVLO for Internal 5 V Regulation
® Low Standby Current. .. 0.5 mA Typical
® Tp =-40°C to 85°C
description

The TPS5103 is a synchronous buck dc/dc controller, designed for notebook PC system power. The controller
has three user-selectable operation modes available; hysteretic mode, fixed frequency PWM control, or SKIP
control.

In high current applications, where fast transient response is advantageous for reducing bulk capacitance, the
hysteretic mode is selected by connecting the Rt pin to Vref5. Selecting the PWM/SKIP modes for less
demanding transient applications is ideal for conserving notebook battery life under light load conditions. The
device includes high-side and low-side MOSFET drivers capable of driving low Rds (on) N—channel MOSFETs.

The user-selectable overcurrent protection (OCP) threshold is set by an external TRIP pin resister in order to
protect the system. The TPS5103 is configured so that a current sense resistor is not required, improving the
operating efficiency.

jr.C4
5VO K
<>
= ut D1
\(C1 TPS5103 at ouTPUT
/i L. ISOFTSTART i (&= L1 ©
—VV\ 2 {inv ouTu [F2—An .
R2 3 {rs w8 R3 c5 ==
4 1
r bl ouTD 1; Q2
sl OUTGND [~ T :
GND TRIP NN _
\| C2 7 14
il 8 REF VCCSENSE 13
o |come vee 45
- o |PWMSKIP  vREFS5 =S
= ——{STBY ____VREGSV IN|—

Figure 1. Typical Design

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Tl is a trademark of Texas Instruments Incorporated.

Pnooucr PHEVIEW mmon n‘tmmm pmdum n the lormoﬂvo or Copyright © 1999, Texas Instruments Incorporated

Characteristic data and
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functional block diagram

R
- [ PWM Comp. L
" > 1 out
b1 Error Amp u
1185V /;g ) /% ° L
:-4) D) ouT_d
“1/ One Shot ON OUTGND
PWMSKIP AA
TRIP
cr
Rt o
VCC_SENSE
1185V T
e |- VREF5
Vee
STBY
- - |- VREGSV_IN
AVAILABLE OPTIONS
T PACKAGE
A SSOP(DB) EVM
40°Cto85 oG |TTS5103DB | TPS5103EVM-136
TPS5103IDBR
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Terminal Functions

TERMINAL
[/[e} DESCRIPTION
NAME NO.
COMP 8 | | Comparator input for voltage monitor
cr 4 1o External capacitor from CT to GND for adjusting the triangle oscillator and decreasing the current limiting
voltage
FB 3 O | Feedback output of error amp
GND 6 Control GND
INV 2 | Inverting input of both error amp and hysteretic comparator
LH 20 I/O | Bootstrap. Connect 1 uF low-ESR capacitor from LH to LL.
LL 18 1o B.ootstrap Iow._High side gate dfiving _return apd ou.tput current protection. Connect to the junction of the high
side and low side FETs for floating drive configuration.
ouT_d 17 /0 | Gate-drive output for low-side power switching FETs
OUTGND 16 Ground for FET drivers
OUT_u 19 O | Gate-drive output for high-side power switching FETs
PWM/SKIP mode select
PWMSKIP 9 I | L:PWM mode
H:SKIP mode
REF 7 O | 1.185-V reference voltage output
Rt 5 I/0 | External resistor connection for adjusting the triangle oscillator.
SOFTSTART 1 | External capacitor from SOFTSTART to GND for soft start control
STBY 10 I | Standby control
TRIP 15 | External resistor connection for output current control
Vce 13 | Supply voltage input
VCC_SENSE 14 | Supply voltage sense for current protection
VREF5 12 O | 5-V-internal regulator output
VREGS5V_IN 11 1 External 5-V input (input voltage range = 4.5 V to 25 V)
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detailed description
REF

The reference voltage is used for the output voltage setting and the voltage protection(COMP). The tolerance
is 1.5% typically.

VREF5

An internal linear voltage regulator is used for the high-side driver bootstrap voltage. Since the input voltage
range is from 4.5 V to 25 V, this voltage offers a fixed voltage for the bootstrap voltage so that the design for
the bootstrap is much easier. The tolerance is 6%.

hysteretic comparator

The hysteretic comparator is used to regulate the output voltage of the synchronous-buck converter. The
hysteresis is set internally and is typically 9.7 mV. The total delay time from the comparator input to the driver
output is typically 400 ns for going both high and low.

error amplifier

The error amplifier is used to sense the output voltage of the synchronous buck converter. The negative input
of the error amplifier is connected to the Vref voltage(1.185 V) with a resistive divider network. The output of
the error amplifier is brought out to the FB terminal to be used for loop gain compensation.

low-side driver

The low-side driver is designed to drive low-Rds(on) n-channel MOSFETs. The maximum drive voltage is 5 V
from VREFS5. The current rating of driver is typically 1.2 A at sink current, —1.5 A at source current.

high-side driver

The high-side driver is designed to drive low-Rds(on) n-channel MOSFETs. The current rating of the driver is
1.2 Aatsink current, —1.7 A at source current. When configured as a floating driver, the bias voltage to the driver
is developed from the VREF5, limiting the maximum drive voltage between OUT_u and LL to 5 V. The maximum
voltage that can be applied between LH and OUTGND is 30 V.

driver deadtime control

The deadtime control prevents shoot-through current from flowing through the main power FETs. During
switching transitions the deadtime control actively controls the turnon time of the MOSFET drivers. The typical
deadtime from the low-side-driver-off to the high-side-driver-on is 90 ns, and 110 ns from high-side-driver-off
to low-side-driver-on.

comMmP

COMP is designed for use with a regulation output monitor. COMP also functions as an internal comparator
used for any voltage protection such as the input under voltage protection. If the input voltage is lower than the
setpoint, the comparator turns off and prevents external parts from damage. The investing terminal of the
comparator is internally connected to REF(1.185 V).

current protection

Current protection is achieved by sensing the high-side power MOSFET drain-to-source voltage drop during
on-time through VCC_SENSE and LL terminals. An external resistor between Vin and TRIP terminal with the
internal current source connected to the current comparator negative input adjusts the current limit. The typical
internal current source value is 15 pA in PWM mode, 5 pA in SKIP mode. When the voltage on the positive
terminal is lower than the negative terminal, the current comparator turns on the trigger, and then activates the
oscillator. This oscillator repeatedly reset the trigger until the over current condition is removed. The capacitor
on the Ct terminal can be open or added to adjust the reset frequency.
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detailed description (continued)

softstart

SOFTSTART sets the sequencing of the output for any possibility. The capacitor value for a start-up time can
be calculated by the following equation: C = 2xT (uF) where C is the external capacitor value, T is the required
start-up time in (ms).

standby

This controller can be switched into standby mode by grounding the STBY terminal. When it is in standby mode,
the quiescent current is less than 1.0 uA.

uvLo
The under-voltage-lock-out (ULVO) threshold is approximately 3.8 V. The typical hysteresis is 55 mV.
5-V Switch

5-V Switch if the internal 5-V switch senses a 5-V input from REG5V terminal, the internal 5-V linear regulator
will be disconnected from the MOSFET drivers. The external 5 V will be used for both the low-side driver and
the high-side bootstrap, thus increasing the efficiency.

PWM/SKIP switch

The PWM/SKIP switch selects the output operating mode. This controller has three operational modes, PWM,
SKIP, and Hysteretic. The PWM and SKIP mode control should be used for slower transient applications.

oscillator

The oscillator gives a triangle wave by connecting an external resistor to the Ry terminal and an external
capacitor to the Ct terminal. The voltage amplitude is 0.43 V ~ 1.17 V. This wave is connected to the non-
inverting input of the PWM comparator.

Comparison Table Between PWM Mode and Hysteretic Mode

MODE PWM HYSTERETIC
Frequency Fixed Not Fixed
Transient Response Normal Very fast
Feed back compensation Need Needless
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

Supply voltage, Vog (see Note 1) ...t e e e -03Vto27V
Input voltage, Vj, INV, Ct, R, PWM/SKIP, SOFTSTART,COMP ...........c.vieeeernnnn. -0.3Vto7V
Input voltage, VREGSEV_IN .. ... ... e -0.3Vto6V
Input voltage, STBY . ... i e -0.3Vto15V
Input voltage, TRIP, VCC_SENSE . ... .. ... i it -03Vto27V
OUtpUL CUITENE, 10 ..o e e 3A
Low level output voltage, VoL . .coivinii i -03Vto27V
High level output voltage, VoH .. oo e -03Vto32V
Reference voltage, Vigf - . vvvvvne it -0.3Vto3V
Operating free-air temperature range, TA - ... vnveeneneit i iae e eaeaenes —40°C to 85°C
Operating virtual junction temperature range, Ty . .......cirineitiri it eaenns -125°C
Storage temperature range, Ttg -« -« .« v vvrreeeeienann e -55°C to 150°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.

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

2. See Dissipation Rating Table for free-air temperature range above 25°C.

DISSIPATION RATING TABLE
PACKAGE Ta<25°C DERATING FACTOR Ta =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING
DB 801 mW 6.408mW/°C 416 mW
recommended operating conditions
MIN NOM MAX | UNIT
Vce Supply voltage 4.5 25 \
INV, CT, RT, COMP, PWM_SKIP, SOFTSTART 6
VREGS5V_IN 5.5
\Z Input voltage \'
STBY 12
TRIP, VoC_SENCE 25
Rrt Timing register 82 kQ
C-ri Oscillator frequency Timing capacitor 100 pF
f Frequency 200 kHz
Ta Operating temperature range -40 85 °C
¥ Not a JEDEC symbol.
*«” TEXAS
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electrical characteristics over recommended operating free-air temperature range, Vo =7 V
(unless otherwise noted)

reference voltage
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Viet Reference voltage Ta = 25°C, Iyref = 50 pA 1167 1.185 1.203 v
lyref = 50 pA 1.155 1.215
Regin  Line regulationt Vecc=45Vto25V, I= 50 nA 0.2 12 mV
Regl Load regulationt I= 1pAto1mA 0.5 10| mv
1t Not a JEDEC symbol.
oscillator
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
f Frequency PWM mode 500 | kHz
Rt Timing resistor 47 kQ
fdv Vecc=45Vto25V 0.1%
Frequency changeT
fdt TA =—40°C to 85°C 2%
. DC includes internal comparator error 1 1.1 1.2
VHL¥  High-level output voitage - - \
f = 200 kHz, includes internal comparator error 1.17
DC includes internal comparator error 0.4 0.5 0.6
VL Low-level output voltage - - v
f = 200 kHz, includes internal comparator error 0.43
T Not a JEDEC symbol.
tThe output voltages of oscillator (f = 200 kHz) are ensured by design.
error amp
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
\ Input offset voltage TA=25°C 2 10| mv
Av Open-loop voltage gaint 50 dB
GB Unity-gain bandwidtht - 08 MHz
lo Output sink current VO =04V 30 45 uA
Is Output source current VO=1V 300 nA
T Not a JEDEC symbol.
hysteresis comparator$
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vhsy Hysteresis window Hysteretic mode 6 9.7 13 mV
Vp-Vg  Offset voltage 2 mV
| Bias current 10 pPA
tPHL Propagation delay from INV to OUT_U TTL input signal 230 ns
tPLH 10 mV overdrive on hysteresis band signal 400 ns
§ The numbers in the table include the driver delay. All numbers are ensured by design.
control
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ViHA  High-level input voltage STBY 25 v
PWM_SKIP 2
VILA Low-level input voltage STBY 05 \"
PWM_SKIP 0.5
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electrical characteristics over recommended operating free-air temperature range, Voc =7 V
(unless otherwise noted) (continued)

5-V regulator

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vo Output voltage I=10mA 4.7 5.3 \
Regin  Line regulation Vcc=55Vto25V, I=10mA 20| mv
Regl  Load regulationT 1=1mAto 10 mA, Vec=55V 40| mv
los Short-circuit output current Viet=0V 70 mA
t Not a JEDEC symbol.
5-V switch
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ViT(high) Threshold voltageT 42 49 v
VIT(low) 4.1 4.8
Vhsy Hysteresis) 50 150 250| mVv
T Not a JEDEC symbol.
UVLO
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ViT(high) Threshold voltageT 36 42 v
ViT(low) 3.5 4.1
Vhys Hysteresis 10 150 mv
T Not a JEDEC symbol.
output
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
lo OUT_u sink curent Vo=3V 0.5 1.2 A
Is OUT_u source current Vo=2V -1 -7 A
lo OUT_d sink current Vo=3V 0.5 1.2 A
Is OUT_d source current Vo=2V -1 -15 A
. PWM mode, VTRIP=7V 10 15 20
| TRIP terminal current HA
SKIP mode, VTRIP=7V 3 5 7
High side driver is GND referenced.
Input: INV=0-3V
tr Rise time t/tg=10ns, Frequency = 200 kHz ns
CL=2200pF 28
CL = 3300 pF 39
High side driver is GND referenced.
Input: INV=0-3V
t Fall time t/tf=10ns, Frequency = 200 kHz ns
Ci =2200 pF 30
Cy = 3300 pF 38
il
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electrical characteristics over reccommended operating free-air temperature range, Vcc =7 V
(unless otherwise noted) (continued)

softstart
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
(CTRL) Softstart current 1.9 25 3 pA
%ﬁ%g—?_ Threshold voltage (SKIP mode)t ::z v
T Not a JEDEC symbol.
output voltage monitor
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vit Threshold voltage 1.08 1.18 1.28 Vv
driver deadtime section
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
TDRVLH Low-side to high-side 90 ns
TDRVHL High-side to low-side 110 ns
whole device
PARAMETER TEST CONDITIONS MIN TYP MAX]| UNIT
lcc Supply current 0.5 12| mA
| Shutdown current STBY=0V 0.01 10 A
[} sOFTSTART LH[]
T inv outu [
]rs ) |
Cdcer outd| ]
Rt OUTGND | _——]
{]anD TRIP | ]
I} ] ReF VCC_SENSE [
01yF —— | comp vee [ F—
] pwmske VREF5 :i—ﬂ&’LiL
——+—{smy SN[ T—9 /;[; v
5V 77
71 /;';
Figure 2. Test Circuit
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

DRIVE OUTPUT VOLTAGE
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

STANDBY SWITCH THRESHOLD VOLTAGE
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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Maximum Duty Cycle - %

TDRVLH,TDRVHL- Driver Dead Time - ns

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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APPLICATION INFORMATION

overshoot of output rectangle wave

The drivers in the TPS5103 controller are fast and can produce high transients on V¢ or the junction of Q1 and
Q2(shown below). Care must be taken to insure that these transients do not exceed the absolute maximum
rating for the device or associated external component. A low-ESR capacitor connected directly from Q1 drain
to Q2 source can greatly reduce transient pulses on Vgg. Also, Q1 turn-on-speed can be reduced by adding
a resistor (5 — 15 Q) in series with OUT_u. Poor layout of the switching node (V1 in figure) can result in the
requirement for additional snubber circuitry require from V1 to ground.

Vee

OUT_u 4/\/\/\/—-‘ a1

vi
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APPLICATION INFORMATION

application for general power

The design shown in this data sheet is a reference design for a general power supply application. An evaluation
module (EVM), TPS5103EVM-136 (SLVP136), is available for customer testing and evaluation. The intent is
to allow a customer to fully evaluate the given design using the plug-in EVM supply shown here. For subsequent
customer board revisions, the EVM design can be copied onto the users PCB to shorten design cycle time,

component count, and board cost.
To help the customers to design the power supply using TPS5103, some key design procedures are shown
below.

TC14 J3
& ' Input GND

N 4
Input GND
J5
Input GND
+ 4 Vo
D1 19
C3 [ Vo
10,

‘ - S VoGND

E

'—'\/%/\'—4

—o

Figure 36. EVM Schematic
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APPLICATION INFORMATION

output voltage setpoint calculation

The output voltage is set by the reference voltage and the voltage divider. In TPS5102, the reference voltage
is 1.185V, and the divider is composed of two resistors in the EVM design that are R4 and R5, or R14 and R15.
The equation for the setpoint is:

_R1 xVr
Rz_Vo—Vr

Where R1 is the top resistor (kQ) like R4 or R15; R2 is the bottom resistor (kQ) such as R5 or R14; Vo is the
required output voltage (V); Vr is the reference voltage (1.185 V in TPS5103).

Example: R1=1kQ; Vr=1.185V; Vo =1.8V, then R2 = 1.9 kQ.
For your convenience, some of the most popular output voltage setpoints are calculated in the table below:

Vo 13V [ 15V |18V |25V |33V |50V
R1 (top) (kQ) 1 1 1 1 1 1
R2 (bottom) (kQ) 10 | 37 | 19 | 09 | 056 | 031

If higher precision resistor is used, the output voltage setpoint can be more accurate.

In some applications, the output voltage is required to be lower than the reference voltage. With few extra
components, the lower voltage can be easily achieved. The drawing below shows the method.

Vece Vo

Rz1

TPS5103

Zener R(bottom)

In the schematic, the Rz1, Rz1, and the zener are the extra components. Rz1 is used to give zener enough
current to build up the zener voltage. The zener voltage is added to INV through Rz2. Therefore, the voltage
on INV is still equal to the IC internal voltage (1.185 V) even if the output voltage is regulated at lower setpoint.
The equation for setting up the output voltage is shown below:

(Vz-Vr)
(VI’—VO) + Vr
Rtop Rbtm

Rz2 =

Where Rz2 is the adjusting resistor for low output voltage; Vz is the zener voltage; Vr is the internal reference
voltage; Rtop is the top resistor of voltage sensing network; Rbtm is the bottom resistor of the sensing network;
Vo is the required output voltage setpoint.

Example: Assuming the required output voltage setpoint is Vo = 0.8 V, Vz =5 V; Rtop = 1 kQ; Rbottom = 1 kQ,
then the Rz2 = 2.43 kQ.
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APPLICATION INFORMATION .

switching frequency

With hysteretic control, the switching frequency is a function of the input voltage, the output voltage, the
hysteresis window, the delay of the hysteresis comparator and the driver, the output inductance, the resistance
in the output inductor, the output capacitance, the ESR and ESL in the output capacitor, the output current, and
the turnon resistance of high side and low side MOSFET. It is a very complex equation if everything is included.
To make it more useful to the designers, a simplified equation only considers the most influential factors. The
tolerance of this equation is about 30%:

Vout X Vin = Voup) X (ESR = (10 x 10-7 + Td)/Cout)

fs = Vi, X (V;, X ESR x (10 x 10~7 + Td) + 0.0087 x Loy — ESL X V,

|n)

Where fsis the switching frequency (Hz); Voutis the output voltage (V); Vinis the input voltage (V); Coutis the
output capacitance; ESR is the equivalent series resistance in the output capacitor (Q); ESL is the equivalent
series inductance in the output capacitor (H); Loutis the output inductance (H); Tdis output feedback RC filter
time constant (S).

In the EVM module design, for the 1.8 V output, for example: Vin =5V, Vout = 1.8 V, Cout = 680 uF; ESR =
40 mQ; ESL =3 nH; Lout = 6 uH; Td = 0.5 ps.

Then, the frequency fs = 122 kHz.

output inductor ripple current

The output inductor current ripple can affect not only the efficiency and the inductor saturation, but also the
output voltage capacitor selection. The equation is exhibited as below:

Vin — Vout — lout x (Rdson + RL)

Tout X Dx Ts

Iripple =

Where Iripple is the peak-to-peak ripple current (A) through inductor; Vin s the input voltage (V); Voutis
the output voltage (V); loutis the output current; Rdson is the on-time resistance of MOSFET (Q); Dis the duty
cycle; and Tsis the switching cycle (S). From the equation, it can be seen that the current ripple can be adjusted
by changing the output inductor value.

Example: Vin =5 V; Vout = 1.8 V; lout = 5 A; Rdson = 10 mQ; RL =5 mQ; D = 0.36; Ts = 10 uS; Lout =6 pH
Then, the ripple Iripple = 2 A.

output capacitor RMS current

Assuming the inductor ripple current totally goes through the output capacitor to the ground, the RMS current
in the output capacitor can be calculated as:

Al

4

Where I(orms) is the maximum RMS current in the output capacitor (A); Al is the peak-to-peak inductor ripple
current (A).

Example: Al =2 A, so lo(rms) =0.58 A

lo(rms) =
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APPLICATION INFORMATION

input capacitor RMS current

Assuming the input ripple current totally goes into the input capacitor to the power ground, the RMS current in
the input capacitor can be calculated as:

- 2 _ 1 i 2
Ii(rms) = \/|o xDx(1-D)+ 15 % D x Iripple

Where li(rms)is the input RMS current in the input capacitor (A); /ois the output current (A); Dis the duty cycle.
From the equation, it can be seen that the highest input RMS current usually occurs at the lowest input voltage,
so it is the worst case design for input capacitor ripple current.

Example: lo=5A; D =0.36
Then, li(rms)= 3.36 A

softstart
The softstart timing can be adjusted by selecting the soft-start capacitor value. The equation is

C =2XTsoﬁ

soft
Where Cgof is the softstart capacitance (uF); Tgoft is the start-up time on softstart terminal (S).
Example: Tsoft = 5 mS, so Csoft = 0.01 uF.

current protection

The current protection in TPS5103 is set using an internal current source and an external resistor to set up the
current limit. The sensed high side MOSFET drain-to-source voltage drop is compared to the set point, if the
voltage drop exceeds the limit, the internal oscillator is activated, and it continuously resets the current limit until
the over-current condition is removed. The equation below should be used for calculating the external resistor
value for current protection:

Rds(on) x (Itrip + lind(p-p)/2)

PWM or HYS mode Rcl = 0.000015
_ Rds(on) x (ltrip + lind(p-p)/2)
SKIP mode Rcl = 0.000005

Where Rclis the external current limit resistor (R10,R11); Rds(on) is the high side MOSFET on-time resistance.
Itrip is the required current limit; lind(p-p) is the peak-to-peak output inductor current.

Example: PWM mode or HYS mode

Rds(on) = 10 mQ, ltrip =5 A, lind =2 A, so Rcl = 4 kQ
Example: SKIP mode

Rds(on) = 10 mQ, Itrip =2 A, lind = 1 A, so Rcl = 5 kQ
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APPLICATION INFORMATION

loop gain compensation

Voltage mode control is used in this controller for the output voltage regulation. To achieve fast, stabilized
control, two parts are discussed in this section: the power stage small signal modeling and the compensation
circuit design.

For the buck converter, the small signal modeling circuit is shown below:

i Cj

From this equivalent circuit, several control transfer functions can be derived: input-to-output, output
impedance, and control-to-output. Typically the control-to-output transfer function is used for the feedback
control design.

Assuming Rc and RL are much smaller than R, the simplified small signal control-to-output transfer function is:

Vod (1 + sCRe)
a1+ Cx(R +R)+L+2LC
s c+R)+5|+s

Where C is the output capacitance; Rc is the equivalent serial resistance (ESR) in the output capacitor; L is the
output inductor; RL is the equivalent serial resistance (ESR) in the output inductor; R is the load resistance.

To achieve the fast transient response and the better output voltage regulation, a compensation circuit is added
to improve the feedback control. The whole system is shown below:

Power
Stage

Vref PWM

\4

Compensation |«
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The typical compensation circuit used as an option in the EVM design is a part of the output feedback circuit.

The circuitry is displayed below.

R1 R2 c3

-

"3 i Vref

This circuit is composed of one integrator, two poles, and two zeros:

(7]

c2

— -
@

To PWM

Assuming R1 << R2 and C2 << C3, the equation is:
(1 + sC3R4) x (1 + sC2R2)

Comp = SG3Ra(T + sC2RA)T + SCIRT)
Therefore,

Polel = —1 Pole2 = —1_

2nC1RI 27C2R4
1 1
Zero2 = 5 rama Zerol = 5 EomD
1
Integrator = 52fC3R2

A simplified version used in the EVM design is exhibited below.

Vo
R2 R ©3
c2
R3 Vret
Assuming C2 << C8, the equation is:
Comp = {1+ SC3R4)
P = SC3R2(1 + sC2R4)
I
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there is one pole, one zero and one integrator:

Zero = Pole = Integrator =

1 1 1

2nC3R4 2nC2R4 2nfC3R2

The loop-gain concept is used to design a stable and fast feedback control. The loop-gain equation is derived
by that the control-to-output transfer function times the compensation:

Loop — gain = Vod X Comp

By using a bode plot, the amplitude and the phase of this equation can be drawn with software such as MathCad.
In turn, the stability can be easily designed by adjusting the compensation perimeters. The sample bode plot
is shown below to explain the phase margin, gain margin and the crossover frequency.

The gain is drawn as 20 log (loop-gain), and the phase is in degrees. To explain them clearer, 180 degrees is
added to the phase, so that the gain and phase share the same zero.

Where the gain curve touches the zero is the crossover frequency. The higher this frequency is, the faster the
transient response is, since the transient recovery time is 1/(crossover frequency). The phase to the zero is the
phase margin at the crossover frequency. The phase margin should be at least 60 degrees to cover all the
condition changes such as temperature. The gain margin is the gap between gain curve and the zero when the
phase curve touches the zero. This margin should be at least 20 dB to guarantee the stability over all conditions.

180 T
166 I
152

138 P""I’
124 a
110 i

» ——

82
68 Phase ,HL
20 Log (Loop-Gain) 54 Margin

180 + Phase 40 !

12 1 Q
-2 1 y N
-16 Gain N | I Gain

"'30 T "
44 Crossover Margin

-58 N
-72
-86
-100 ~
10 100 103 104 105 106
f - Frequency — Hz

17 4

N
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synchronization
Some applications require switching clock synchronization. Two methods are used for synchronization:

® Triangle wave synchronization

Ct| TPss103
740 mv ’

® Square wave synchronization

It can be seen that Rt and Ct are removed from the circuit. Therefore, two components are saved. This method
is good for the synchronization between two controllers. If the controller needs to be synchronized with digital
circuit such as DSP, usually the square-type clock signal is used. The configuration exhibited below is for this
type of application:

\4 Ct| Tpss103

An external resistor is added into the circuit, but Rt is still removed. Ctis kept to be a part of RC circuit generating
triangle waveform for the controller. Assuming the peak value of the square is known, the resistor and the
capacitor can be adjusted to achieve the correct peak—to—peak value and the offset value.

layout guidelines

Good power supply results will only occur when care is given to proper design and layout. Layout will affect noise
pickup and generation and can cause a good design to perform with less than expected results. With a range
of currents from milliamps to tens or even hundreds of amps, good power supply layout is much more difficult
than most general PCB designs. The general design should proceed from the switching node to the output, then
back to the driver section and, finally, place the low-level components. Below are several specific points to
consider before layout of a TPS5103 design begins.

® All sensitive analog components should be referenced to ANAGND. These include components connected
to Vref5, Vref, INV, LH, and COMP .

® Analog ground and drive ground should be isolated as much as possible. Ideally, analog ground will connect
to the ground side of the bulk storage capacitors on V, and drive ground will connect to the main ground
plane close to the source of the low-side FET.
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Connections from the drivers to the gate of the power FETs should be as short and wide as possible to
reduce stray inductance. This becomes more critical if external gate resistors are not being used.

The bypass capacitor for Vg should be placed close to the TPS5103.

When configuring the high-side driver as a floating driver, the connection from LL to the power FETs should
be as short and as wide as possible.

When configuring the high-side driver as a floating driver, the bootstrap capacitor (connected from LH to
LL) should be placed close to the TPS5103.

When configuring the high-side driver as a ground-referenced driver, LL should be connected to DRVGND.

The bulk storage capacitors across V) should be placed close to the power FETS. High-frequency bypass
capacitors should be placed in parallel with the bulk capacitors and connected close to the drain of the
high-side FET and to the source of the low-side FET.

High-frequency bypass capacitors should be placed across the bulk storage capacitors on Vq.

LH and LL should be connected very close to the drain and source, respectively, of the high-side FET. LH
and LL should be routed very close to each other to minimize differential-mode noise coupling to these
traces. Ceramic decoupling capacitors should be placed close to where Vg connects to Vi, to reduce
high-frequency noise coupling on Vgc.

The output voltage sensing trace should be isolated by either ground trace or Vg trace.

test results

The tests are conducted at Tp = 25°C, the point voltage is 5 V.
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EFFICIENCY EFFICIENCY
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OUTPUT CURRENT OUTPUT CURRENT
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*J TEXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 7-61



TPS5103

MULTIPLE MODE SYNCHRONOUS DC/DC CONTROLLER

SLVS240 - SEPTEMBER 1999
EFF"""SENCY OUTPUT/VOLTAGE
OUTPUT CURRENT OouTPUT VOLTAGE
95 . T T T T T S . S——
1.8 V Output Diode Type Efficiency o s
50 mVIdlv " lo=05A :
ob—t+ b b SemVidlv lo=05A ]
85| AR N
2 —— o
| 80 —— AV =33mV. - ‘ :
8 T T R s }"H."/"ﬁ
g 75 ! "'\(" H V H .(’ ! V V
70

0 05 1 1.5 2

25 3 35 4

lp — Output Current - A

Figure 41

TRANSIENT RESPONSE (OVERSHOOT)

120”"3 ,,,,,
: L
50 mV/div: AVE3TMV
.......................... L AVESTmY
- Susld
Figure 43

TRANSIENT RESPONSE (UNDERSHOOT)

Figure 42

..... 1D0.ni\l/.dl\?..‘.ﬂ..,_-....,A\I..A4.1.mv.4.f..._
5“8[(’“" i : i l i
Figure 44

7-62

‘V TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TPS5103

MULTIPLE MODE SYNCHRONOUS DC/DC CONTROLLER

SLVS240 - SEPTEMBER 1999

APPLICATION INFORMATION

Table 1. Bill of Materials (see Note 3)

REF PN DESCRIPTION MFG SIZE
Clopt 10TPB220M Capacitor, POSCAP, 220 pF, 10 V Sanyo 7.3x4.3mm
C1 RV-35V221MH10-R | Capacitor, electrolytic, 220 uF, 35 V ELNA 10x10mm
Cc2 GMK325F106ZH Capacitor, ceramic, 10 puF, 35 V Taiyo Yuden 1210
C3 4TPB470M Capacitor, POSCAP, 470 uF, 4 V Sanyo 7.3x4.3mm
c4t std Open, capacitor, Ceramic, 2.2 uF, 16 V 805
C5 std Capacitor, ceramic, 1 uF, 16 V 805
C6 std Capacitor, ceramic, 0.01 uF, 16 V 805
Cc7 std Capacitor, ceramic, 220 pF, 16 V 805
C8 std Capacitor, ceramic, 100 pF, 16 V 805
C9 std Capacitor, ceramic, 1 uF, 16 V 805
C10 GMK316F225ZG Capacitor, ceramic, 2.2 uF, 35 V Taiyo Yuden 1206
ciit std Open 805
C12 GMK316F2252G Capacitor, Ceramic, 2.2 uF, 35 V Taiyo Yuden 1206
C13 GMK325F106ZH Capacitor, Ceramic, 10 puF, 35 V Taiyo Yuden 1210
C14 Open
Ci4topt Open 10x10mm
cist std Open, capacitor, ceramic, 1000 pF, 16 V 805
D1 MBRS340T3 Diode, Schottky, 40V, 3 A Motorola SMC
D1opt MBRS130LT3 Diode, Schottky, 30 V, 1 A Motorola SMB
D2 SD103-AWDICT-ND | Diode, Schottky, 40 V, 200 mA, 400 mW Digikey 3.5x1.5mm
L1 DO3316P-682 Inductor, 6.8 uH, 4.4 A Coilcraft 0.5x0.37 in
J1-J14 CA26DA-D36W-0OFC | Edge connector, surface-mount, 0.040” board, 0.090” standoff NAS Interplex |0.040”

JP1 S§$1132-2-ND Header, straight, 2—pin, 0.1 ctrs, 0.3” pins Sullins DigiKey #
S1132-2-ND

JP1 Shunt | 929950-00-ND Shunt, jumper, 0.1” M DigiKey
#929950-00-ND

JP2 S1132-2-ND Header, straight, 2—pin, 0.1 ctrs, 0.3" pins Sullins DigiKey
#51132-2-ND

R1 std Resistor, 5.1 kQ, 5 % 805

R2t std Open, resistor, 1 kQ, 5% 805

R3 std Resistor, 910 Q, 1% 805

R4 std Resistor, 1.74 kQ, 1% 805

R5 std Resistor, 5.1 kQ, 5% 805

R6A std Resistor, 82 kQ, 5% 805

ReBt std Open, 0 Q, 5% 805

R7 std Resistor, 1 kQ, 5% 805

R9 std Resistor, 1 kQ, 5% 805

R10 std Resistor, 1 kQ, 5% 805

R11 std Resistor, 10 Q, 5% 805

R12 std Resistor, 51 kQ, 5% 805

R13t std Open 805

Q1 Si4410DY Transistor, MOSFET, n-ch, 30-V, 10-A, 13-mQ Siliconix SO-8

Q2 Si4410DY Transistor, MOSFET, n-ch, 30-V, 10-A, 13-mQ Siliconix SO-8

U1 TPS5103 IC, controller T SSOP-20

t Components for optional mode test only.
NOTE 3: This operation mode is PWM mode only.
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Bottom Layer (Top View)
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Top Assembly

¥ ow o ow ow

NOTE: All wire pairs should be twisted.
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Table 2. Test Specifications

PARAMETER CONDITIONS MIN | TYP | MAX | UNITS
Input voltage range 5 25 \
Output voltage range Vi=5-25V lo=0-4A 1.7 1.8 1.9 \"
Output current range Vi=5-10V 0 4 A
Output current limit Vi=5V 4.3 A
Output ripple Vi=5V, lo=4A 50 [ mVp—p
Operating frequency lo=4A 150 250 | KHz
Efficiency Vi=5V, Vo=18V, lo=4A 90 %

Table 3. EVM Operating Specifications

SKIP MODE HYS MODE
Remove JP1 shunt Remove R5, C6 and C7
Remove R6A
Add R6B
Add C15

If it needs the loop-compensation, add R2 and C4

This EVM is designed to cover as many applications as possible. For some more specific applications, the circuit
can be simpler. The table below gives some recommendations.

Table 4. EVM Application Recommendations

5-V INPUT VOLTAGE <3-A OUTPUT CURRENT DIODE VERSION
Change C1 to low profile capacitor Change Q1 and Q2 to dual pack MOSFET, Remove Q2 to reduce the cost.
Sanyo 10TPB220M (220 uF, 10 V) IRF7311 to reduce the cost.
Or 6TPB330M (330 puF, 6.3 V)
Remove R10
Table 5. Vendor and Source Information
MATERIAL SOURCE PART NUMBER DISTRIBUTORS
In EVM design Si4410 e
E
MOSFETS (Q1-Q2) Second source IRF7811 (International Rectifier) Local distributor
In EVM design RV-35V221MH10-R (ELNA) Bell Microproducts 972-783-4191
INPUT CAPA( R
UT CAPACITORS (C1) Second source 35CV330AX/GX (Sanyo) 870-633-5030
UUR1V221MNR1GS (Nichicon) | Future Electronics (Local Office)
MAIN DIODES (D1) In EVM design MBRS340T3 (Motorola) Local distributors
Second source U3FWJ44N (Toshiba) Local distributors
INDUCTORS {L1) in EVM design DO3318P-682 (Coilcraft) 972-458-2645
CTDO3316P-682
Second source (Inductor Warehouse) 800-533-8295
GMK325F106ZH
CERAMIC CAPACITORS . SMEC
(C2, C14) (C12, C10) IN EVM design GMK316F2252G 512-331-1877
(Taiyo Yuden)
Taiyo Yuden representative e—mail: mike@millsales.com
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High current applications are described in Table 6. The values are recommendations based on actual test
circuits. Many variations are possible based on the requirements of the user. Performance of the circuit is
dependent upon the layout rather than on the specific components, if the device parameters are not exceeded.
The power stage, having the highest current levels and greatest dv/dt rates, should be given the most attention,
as both the supply and load can be severely affected by the power levels and edge rates.

Table 6. High Current Applications

REFERENCE
DESIGNATIONS FUNCTION 8-A OUTPUT 12-A OUTPUT 16-A OUTPUT
2x ELNA 3x ELNA 4x ELNA
C1 Input bulk capacitor RV-35V221MH10-R RV-35V221MH10-R RV-35V221MH10-R
220 uF, 35V 220 uF, 35V 220 uF, 35V
2x Taiyo Yuden 3x Taiyo Yuden 4x Taiyo Yuden
c2 Input bypass capacitor GMK325F106ZH GMK325F106ZH GMK325F106ZH
10 uF, 35V 10uF, 35V 10uF, 35V
. . Coiltronics UP4B-1R5 MicorMetals T68-8/90
L1 Output filter indicator g‘;‘"’;"gszlfsB'znz 1.5 uH, 13.4 A Core /7T, #16
€ WEL 9. 1.0 uH, 25 A
3x Sanyo 4TPB470M
y y 2x Sanyo 4TPB470M 4x Sanyo 4TPB470M
C3 Output filter capacitor 470 uF, 4V 470 uF, 4V 470 uF, 4V
a1 P itch 2x Siliconix Si4410DY 3x Siliconix Si4410DY 4x Siliconix Si4410DY
ower switc 30V, 10 A, 13mQ 30V, 10 A, 13 mQ 30V, 10 A, 13mQ
Q2 P itch 2x Siliconix Si4410DY 3x Siliconix Si4410DY 4x Siliconix Si4410DY
ower switc 30V, 10 A, 13 mQ 30V, 10 A, 13 mQ 30V, 10A, 13 mQ
R11 Gate drive resistor 7Q 5Q 4Q
R12 Current limit resistor 10 kQ 15 kQ 20 kQ
Switching frequency 200 kHz 150 kHz 100 kHz
i
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® 700 KHz Operation PWP PACKAGE
. - ] (TOP VIEW)
® 1.25 MHz Operation With External Driver
® 1.5% Reference Over Full Operating louT 11 28 T PWRGD
Temperature Range DROOP [T 2 27 713 VIDO
® Synchronous Rectifier Driver for Greater ocp I3 26 £11 VID1
Than 90% Efficiency VHYST CT] 4 25 13 VID2
VREFB I 5 24 17 VID3
® Programmable Reference Voltage Range of VSENSE LT 6 23 F13 viD4
13 Vto35V ANAGND 7 22 T INHIBIT
® User-Selectable Hysteretic Type Control SLOWST 18 21 13 IOUTLO
® Droop Compensation for Improved Load BIAS CIH9 20 [T LOSENSE
Transient Regulation LODRV I 10 19 7T HISENSE
. LOHIB I 11 18 .11 BOOTLO
e Adjustable Overcurrent Protection DRVGND [T 12 17 -3 HIGHDR
® Programmable Softstart LOWDR [T 13 16 [ T] BOOT
® Overvoltage Protection DRV [T 14 15 1 Vee
® Active Deadtime Control
® Power Good Output
® [nternal Bootstrap Schottky Diode
® Low Supply Current. .. 3-mA Typ
® Reduced System Component Count and
Size

description

The TPS5211 is a hysteretic regulator controller which provides an accurate, programmable supply voltage to
microprocessors. An internal 5-bit DAC is used to program the reference voltage to within a range of 1.3 V to
3.5 V. The output voltage can be set to equal the reference voltage or some muiltiple of the reference voltage.
A hysteretic controller with user-selectable hysteresis and programmable droop compensation is used to
dramatically reduce overshoot and undershoot caused by load transients. Propagation delay from the
comparator inputs to the output drivers is less than 250 ns. Overcurrent shutdown and crossover protection for
the output drivers combine to eliminate destructive faults in the output FETs. The softstart current source is
proportional to the reference voltage, thereby eliminating variation of the softstart timing when changes are
made to the output voltage. PWRGD monitors the output voltage and pulls the open-collector output low when
the output drops 7% below the nominal output voitage. An overvoltage circuit disables the output drivers if the
output voltage rises 15% above the nominal value. The inhibit pin can be used to control power sequencing.
Inhibit and undervoltage lockout assures the 12-V supply voltage and system supply voltage (5 V or 3.3 V) is
within proper operating limits before the controller starts. Single-supply (12 V) operation is easily accomplished
using a low-current divider for the required 5-V signals. The output driver circuits include 2-A drivers with internal
8-V gate-voltage regulators. The high-side driver can be configured either as a ground-referenced driver or as
a floating bootstrap driver. The TPS5211 is available in a 28-pin TSSOP PowerPAD™ package. It operates over
a junction temperature range of 0°C to 125°C.

AVAILABLE OPTIONS
PACKAGE
Ty TSSOP
(PWP)
0°C to 125°C TPS5211PWPR

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

A

PRODUCTION DATA information is current as of publication date.
Products i

standard warranty.
testing of all parameters,

Copyright © 1999, Texas Instruments incorporated
conform to specifications per thadmnn;‘:i exas Instruments
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Terminal Functions

TERMINAL
o] DESCRIPTION
NAME NO.

ANAGND 7 Analog ground

BIAS 9 o Analog BIAS pin. A 1-uF ceramic capacitor should be connected from BIAS to ANAGND.

BOOT 16 | Bootstrap. Connect a 1-uF low-ESR capacitor from BOOT to BOOTLO.

BOOTLO 18 (0] Bootstrap low. Connect BOOTLO to the junction of the high-side and low-side FETs for floating drive
configuration. Connect BOOTLO to PGND for ground reference drive configuration.

DROOP 2 | Droop voltage. Voltage input used to set the amount of output-voltage set-point droop as a function of load
current. The amount of droop compensation is set with a resistor divider between IOUT and ANAGND.

DRV 14 o Drive regulator for the FET drivers. A 1-pF ceramic capacitor should be connected from DRV to DRVGND.

DRVGND 12 Drive ground. Ground for FET drivers. Connect to FET PWRGND.

HIGHDR 17 o High drive. Output drive to high-side power switching FETs

HISENSE 19 I High current sense. For current sensing across high-side FETs, connect to the drain of the high-side FETs; for
optional resistor sensing scheme, connect to power supply side of current-sense resistor placed in series with
high-side FET drain.

INHIBIT 22 [ Disables the drive signals to the MOSFET drivers. Can also serve as UVLO for system logic supply (either 3.3 V
or5V).

10UT 1 (o] Current out. Output voltage on this pin is proportional to the load current as measured across the Rds(on) of the
high-side FETs. The voltage on this pin equals 2><Rds(on)xl0UT. In applications requiring very accurate
current sensing, a sense resistor should be connected between the input supply and the drain of the high-side
FETs.

IOUTLO 21 o Current sense low output. This is the voltage on the LOSENSE pin when the high-side FETs are on. A ceramic
capacitor should be connected from IOUTLO to HISENSE to hold the sensed voltage while the high-side FETs
are off. Capacitance range should be between 0.033 uF and 0.1 pF.

LODRV 10 | Low drive enable. Normally tied to 5 V. To activate the low-side FETs as a crowbar, pull LODRV low.

LOHIB " | Low side inhibit. Connect to the junction of the high and low side FETs to control the anti-cross-conduction and
eliminate shoot-through current. Disabled when configured in crowbar mode.

LOSENSE 20 | Low current sense. For current sensing across high-side FETs, connect to the source of the high-side FETs; for
optional resistor sensing scheme, connect to high-side FET drain side of current-sense resistor placed in series
with high-side FET drain.

LOWDR 13 o Low drive. Output drive to synchronous rectifier FETs

OoCP 3 | Over current protection. Current limit trip point is set with a resistor divider between IOUT and ANAGND.

PWRGD 28 o Power good. Power good signal goes high when output voltage is within 7% of voltage set by VID pins.
Open-drain output.

SLOWST 8 (0] Slowstart (soft start). A capacitor from SLOWST to ANAGND sets the slowstart time.

Slowstart current = l\yyREFB/5

vee 15 12-V supply. A 1-uF ceramic capacitor should be connected from V¢ to DRVGND.

VHYST 4 | HYSTERESIS set pin. The hysteresis is set with a resistor divider from VREFg to ANAGND.
The hysteresis window = 2 x (VREFB — VHYST)

VIDO 27 | Voltage identification input 0

VID1 26 | Voltage identification input 1

viD2 25 | Voltage identification input 2

VvID3 24 | Voltage identification input 3

VID4 23 | Voltage Identification input 4. Digital inputs that set the output voltage of the converter. The code pattern for
setting the output voltage is located in Table 1. Internally pulled up to 5 V with a resistor divider biased from Vg .

VREFB 5 (0] Buffered reference voltage from VID network

VSENSE 6 | Voltage sense input. To be connected to converter output voltage bus to sense and control output voltage. Itis

recommended an RC low pass filter be connected at this pin to filter noise.
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detailed description

VREF

The reference/voltage identification (VID) section consists of a temperature-compensated bandgap reference
and a 5-bit voltage selection network. The 5 VID terminals are inputs to the VID selection network and are
TTL-compatible inputs internally pulled up to 5 V by a resistor divider connected to V¢ . The VID codes conform
to the Intel VRM 8.3 DC-DC Converter Specification for voltage settings between 1.8 V and 3.5 V, and they are
decremented by 50 mV, downto 1.3V, forthe lower VID settings. Voltages higher than Vgeg canbe implemented
using an external divider. Refer to Table 1 for the VID code settings. The output voltage of the VID network, VRer,
is within +1.5% of the nominal setting over the VID range of 1.3 V to 2.5V, including a junction temperature range
of 5°C to +125°C, and a V¢ supply voltage range of 11.4 V to 12.6 V. The output of the reference/VID network
is indirectly brought out through a buffer to the VRggg pin. The voltage on this pin will be within 5mV of VRer
Itis not recommended to drive loads with VRgFg, other than setting the hysteresis of the hysteretic comparator,
because the current drawn from VRgpg sets the charging current for the slowstart capacitor. Refer to the
slowstart section for additional information.

hysteretic comparator

The hysteretic comparator regulates the output voltage of the synchronous-buck converter. The hysteresis is
set by 2 external resistors and is centered on VRer. The 2 external resistors form a resistor divider from VRepg
to ANAGND, with the output voltage connecting to the VHYST pin. The hysteresis of the comparator will be
equal to twice the voltage difference between the VREFB and VHYST pins. The propagation delay from the
comparator inputs to the driver outputs is 250 ns (maximum). The maximum hysteresis setting is 60 mV.

low-side driver

The low-side driver is designed to drive low-Rds(on) n-channel MOSFETs. The current rating of the driver is
2 A, source and sink. The bias to the low-side driver is internally connected to the DRV regulator.

high-side driver

The high-side driver is designed to drive low-Rds(on) n-channel MOSFETs. The current rating of the driver is
2 A, source and sink. The high-side driver can be configured either as a ground-referenced driver or as a floating
bootstrap driver. When configured as a floating driver, the bias voltage to the driver is developed from the DRV
regulator. The internal bootstrap diode, connected between the DRV and BOOT pins, is a Schottky forimproved
drive efficiency. The maximum voltage that can be applied between BOOT and DRVGND is 30 V. The driver
can be referenced to ground by connecting BOOTLO to DRVGND, and connecting BOOT to either DRV or V.
The rms current through the drivers output should not exceed 110 mA. Refer to the application information
section to determine how to calculate an operating frequency to meet this requirement.

deadtime control

Deadtime control prevents shoot-through current from flowing through the main power FETs during switching
transitions by actively controlling the turnon times of the MOSFET drivers. The high-side driver is not allowed
to turn on until the gate-drive voltage to the low-side FETs is below 2 V; the low-side driver is not allowed to turn
on until the voltage at the junction of the high-side and low-side FETs (Vphase) is below 2 V.

detailed description (continued)

current sensing

Current sensing is achieved by sampling and holding the voltage across the high-side power FETs while the
high-side FETs are on. The sampling network consists of an internal 60-Q switch and an external ceramic hold
capacitor. Recommended value of the hold capacitor is between 0.033 puF and 0.1 pF. Internal logic controls
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