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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to obtain the latest
version of relevant information to venfy, before placing orders, that the information being relied
on is current.

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

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

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

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

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

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

Copyright © 1996, Texas Instruments Incorporated

Printed in U.S. A by
Custom Pnntln%/| ompany
Owensville, Missouri



INTRODUCTION

Texas Instruments offers an extensive line of the industy-standard integrated circuits designed to provide
highly reliable circuits for switching inductive loads such as lamps, solenoids, motors, valves, and relays..

TI power devices represent technologies from the classic bipolar process to the Texas Instruments PRISM
process, which offer improvements in power consumption and temperature stability.

This data book provides information on the following types of products:

Power+ Arrays™ — integrated multiple, rugged power FETs in surface-mount packaging
Power+ Logic™ — control logic integrated on same substrate with multiple power FETs

Power+™ Control —integrated power ICs and pre-FET drivers to complement the Power+ Array
family
® Peripheral drivers/actuators

Tl continues to enhance quality and reliability of integrated circuits by improving materials, processes, test
methods, and test equipment. Quality and performance are monitored throughout all phases of
manufacturing; quality specifications and programs are continuously enhanced.

The Alphanumeric Index provides a method of quickly locating the correct device type. The Selection Guide
includes a functional description of each device providing key parameter information and packaging types.
Ordering Instructions and Mechanical Data are in the last section of this data book.

While this data book offers design and specification data for Tl power integrated circuits, complete technical
data for any Tl semiconductor product is available from your nearest Tl field sales office, local authorized Tl
distributor, or by writing directly to:

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

DALLAS, TEXAS 75380-9066

We believe the new 1996 Linear Circuits Data Book is a significant addition to your library of technical
literature from Texas Instruments.

Power+ Arrays, Power+ Logic, and Power+ are trademarks of Texas Instruments Incorporated.
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POWER+ PRODUCTS

SELECTION GUIDE
Power+ Arrays™
) Vps MAX | IconT | IPEAK | rDS(on) TYP | t TYP Qg TYP
DEVICE DESCRIPTION g PKG PAGE
: (V) (A) (A) Q) (ns) (nC)
TPIC1301T | 3-Half H-bridge 60 2.25 1.25 0.23 50 6.2 DW 2-3
TPIC1321LF | 3-Half H-bridge 60 1.25 4 0.35 45 4.6 DW 2-15
TPIC1501A8 l';'r'ig;gge & 3-phase 20 3&15 |12&6 01804 | 70860 [56&16 |DW 2-27
2-Channel
TPIC2202 common-source 60 7.5 15 0.09 200 13.6 KC 2-51
3-Channel : '
TPIC2301 COMMON-SOUrce 60 7.5 15 0.09 200 13.6 KV 2-61
3-Channel
TPIC2302 CommMOn-source 60 1 5 0.4 65 3.1 D 2-69
3-Channel : ' ;
TPIC2322L1 CoMMOn-source , 60 0.75 2.25 0.6 85 1.8 D 2-79
7-Channel
TPIC2701 common-source 60 0.5 3 0.5 165 2.8 N 2-95
3-Channel
TPIC3302 common-drain 60 1 5 0.4 35 3.1 D 2-105
3-Channel
TPIC3322L" common-drain 60 0.75 2.25 0.6 30 1.8 D 2-115
2-Channel .
TPIC5201 independent 60 ’ 7.5 15 0.09 200 13.6 KV 2-125
2-Channel
TPIC5203T independent 60 1.6 8 0.26 50 4.7 D 2-133
2-Channel |
TPIC5223LF independent 60 1 3 0.38 50 3.1 D 2-143
3-Channel
TPIC5302 independent 60 14 7 03 35 8 D 2-153
3-Channel . .
TPIC5303t independent 60 1.4 5 0.4 92 2.1 D 2-163
3-Channel :
TPIC5322L" independent 60 1 3 0.45 35 3.1 D 2-173
3-Channel
TPIC5323LF independent 60 1 3 0.6 75 2 D 2-183
TPIC5401T H-Bridge 60 1.7/2 10 0.3 120 6.6 DW/NE |2-193
4-Channel )
TPIC5403t independent 60 2.25 11.25 0.23 80 6.6 DW 2-205
TPIC5404 H-Bridge 60 1.7/2 10 0.3 120 6.6 DW/NE |2-217
TPIC5421LF H-Bridge 60 11.5 3 0.4 55 3.9 DW/NE |2-229
4-Channel
TPIC5423LF independent 60 1.25 4 0.32 80 6.6 DW 2-241
TPIC5424L1 H-Bridge 60 1 3 0.4 55 3.9 DW/NE | 2-251
TPIC5601 3-Phase bridge 60 1.7 8 0.3 65 5 DW 2-263
TPIC5621LTY | 3-Phase bridge 60 1 3 0.4 65 3.1 DW 2-273
T Gate-protected )
¥ Gate-protected and 5-V logic-level interface
§ Preliminary data only
15-V Logic-level interface
{i’
TEXAS
INSTRUMENTS
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" POWER+ PRODUCTS
SELECTION GUIDE

" Power+ Logic™

' Vps MAX | IcoNT | IPEAK | 'DS(on) TYP | tpLH TYP [ INPUT
DEVICE DESCRIPTION V) (mA) Irs) ©@ . (ns) COMP. PKG PAGE
TPIC6259 8-Bit addressable latch 45 250 1.5 1.3 625 CMOS |DW,N 2-283
TPIC6273 Octal D-type latch 45 250 1.5 1.3 625 CMOS |[DW,N |2-293
TPIC6595 8-Bit shift register 45 250 15. 1.3 650 CMOS [DW,N |2-301
TPIC6A259T | 8-Bit addressable latch 50 350 1.1 1 125 CMOS | DW, NE | 2-309
TPIC6A595T | 8-Bit shift register 50 350 1.1 1 125 CMOS |DW,NE [2-319
TPIC6B259% | 8-Bit addressable latch 50 150 0.5 5 150 CMOS |DW,N 2-331
TPIC6B273% | Octal D-type latch 50 150 0.5 5 150 CMOS |DW, N 2-341
TPIC6B595F | 8-Bit shift register 50 150 0.5 5 150 CMOS |DW,N |2-349
TPIC6E1751 | Quad D-type latch 40 § 1 1 650 CMOS | NE 2-359
TPIC6E2611 | 4-Bit addressable latch 40 § 1 1 650 CMOS | NE 2-375
TPIC6E5851 | 4-Bit shift register 40 § 1 1 650 CMOS | NE 2-391
T Short-circuit and current-limit protection
1 Current-limit capability
User-programmable from 300 mA -1 A
1 Preliminary data only
Power+™ Control
Vpat Ipat TYP flosc) | lGD MAX |t /tf MAX Fault
DEVICE DESCRIPTION W (mA) (kHz) (mA) (us) Protection PKG PAGE
Single-phase low-side .
TPIC2101 pre-FET 8-16 4 20 50 1/0.8 Yes D,N 2-33
Vbat fTYP | Vps MAX | ID/lpEAK | rDS(on) TYP | 1.
DEVICE DESCRIPTION ) (MHz) ™) ) © Diagnostics | PKG PAGE
6-Channel serial
TPIC2603" interface low-side 55-25 4 70 0.35/2.25 1.7 Yes DW, NE |2-89

1 Preliminary data only

1-6
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POWER+ PRODUCTS

general-purpose drivers and actuators
switching | OFF- PEAK DELAY
VOLTAGE VgI¢IZE OUTPUT | DRIVERS ocllJ.I\PwllJJ INPUT | eynerion | ™E | rvpe | pke | PaGE
MAX CURRENT | PER PKG COMP. TYP
MAX DIODES
v) V) (mA) (ns)
AND 18 | SN55451B | FK, JG | 3-15
NAND 26 | SN55452B | FK, JG | 3-15
OR 18 | SN55453B | FK, JG | 3-15
NOR 27 | sNs5454B | FK, JG | 3-15
20 30 500 2 No TTL
AND 18 | SN75451B 3-15
NAND 26 [sNraaseB | [3-15
OR 18 | SN75453B ’ 3-15
NOR 27 | SN75454B 3-15
2 SN75372 | D,P | 3-29
24 24 500 Yes TTL NAND 40
4 SN75374 | D,N | 3-39
AND 30 |SN55461 3-23
NAND 45 |SNss462 | FK,JG [ 323
OR SN55463 3-23
30 35 500 2 No T 30
AND SN75461 3-23
NAND 45 |sN7s462 | D,P | 3-23
OR 30 |SN75463 3-23
35 70 750 4 Yes TTL, cMos | MYertW | o5y IsN7sas7a | NE | 3-51
Enable
Invert &
40 50 1500 4 Yes TTL,CMOS | Noninvert | 1500 |SN75439 NE | 3-55
w/ Enable
TTL, CMOS ULN2001A 3-93
25-V PMOS _ ULN2002A 3-93
50 500 7 TTL, CMOS Invert 250 |uyLN2003A | D.N |3 93
: P ULN2004A 3-93
50 Yes - .
70 750 4 TTL, oMos | 'MYerW/ 1 o5y | sn7s436 NE | 3-51
Enable
TTL, CMOS SN75468 3-73
100 500 7 CMOS, Invert 250 D,N
157 PMOS SN75469 3-73
AND SN75446 3-67
70 400 Yes TTL, CMOS 300
NAND SN75447 3-67
AND 30 | SN75471 3-81
70 500 No TTL NAND 45 | SN75472 3-81
55 2 D,P
OR 30 |SN75473 3-81
AND SN75476 3-87
100 500 Yes TTL, CMOS NAND 200 |[SN75477 3-87
' OR SN75478 3-87
60 60 100 4 Yes TTL, CMOS RTB'GC"’.“ 1000 | DS3680 D,N | 3-3
elay Driver
¥ 1
EXAS
INSTRUMENTS
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POWER+ PRODUCTS
SELECTION GUIDE

motor drivers and power actuators

OFF- .
s‘%['?:é? vcs;IlT\ZgE OTE":ET DRIVERS %L&I:l: INPUT | cyncTioN Dﬁ:‘-‘év TYPE | PG | PAGE
MAX AGE | CURRENT | PER PKG -COMP. TYP
MAX DIODES
v | em (ns)
1200 Yes 293D a1
TTL Quad
36 36 4 No " 800 |L203 NE |37
2000 alf-H
Yes | TTL,CMOS SN754410 361
¥ 1
EXAS
INSTRUMENTS
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POWER+ ARRAYS
CROSS-REFERENCE GUIDE

Replacements are based on similarity of electrical and mechanical characteristics shown in currently published data.
Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, compare the
specifications of the substitute device with the specifications of the original.

Texas Instruments makes no warranty as to the information furnished and the buyer assumes all risk in the use
thereof. No liability is assumed for damages resulting from the use of the information contained herein.

Manufacturers are arranged in alphabetical order.

: SUGGESTED
HARRIS TI PAGE NO.
REPLACEMENT

IRF121 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125

IRF123 TPIC2202, TPIC2301, TPIQ5201 2-51, 2-61, 2-125

IRFD111 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125

IRFD111R TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125

IRFD113 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125

IRFD113R TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125

IRFD121 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125

IRFD121R TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125

IRFD1Z2 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125

|IRFD1Z3 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125

IRFF111 , TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125

IRFF111R TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125

IRFF113 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125

IRFF113R TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125

RFL1NO8 TPIC2302, TPIC3302, TPIC5302, 2-69, 2-105, 2-153,
TPIC5404, TPIC5601, TPIC5203, 2-217, 2-263, 2-133,
TPIC5303, TPIC5401, TPIC5403, 2-163, 2-193, 2-205,
TPIC1301 2-3

RFL1NO8L . TPIC2322L, TPIC3322L, TPIC5322L, 2-79, 2-115, 2-173,
TPIC5424L, TPIC5621L, TPIC5223L, 2-251, 2-273, 2-143,
TPIC5323L, TPIC5421L, TPIC5423L, 2-183, 2-229, 2-241,
TPIC1321L 2-15

RFL2NO05 TPIC2302, TPIC3302, TPIC5302, 2-69, 2-105, 2-153,
TPIC5404, TPIC5601, TPIC5203, 2-217, 2-263, 2-133,
TPIC5303, TPIC5401, TPIC5403, 2-163, 2-193, 2-205,
TPIC1301 ' 2-3

RFL2NO5L ' TPIC5322L, TPIC5424L, TPIC5621L, 2-173, 2-251, 2-273,
TPIC5223L, TPIC5323L, TPIC5421L, 2-143, 2-183, 2-229,
TPIC5423L, TPIC1321L 2-241, 2-15

RFL2NO6 TPIC2302, TPIC3302, TPIC5302, 2-69, 2-105, 2-153,
TPIC5404, TPIC5601, TPIC5203, : 2-217, 2-263, 2-133,
TPIC5303, TPIC5401, TPIC5403, 2-163, 2—-193, 2-205,
TPIC1301 2-3 ‘

RFL2NO6L TPIC5322L, TPIC5424L, TPIC5621L, 2-173, 2-251, 2-273,
TPIC5223L, TPIC5323L, TPIC5421L, 2-143, 2-183, 2-229,
TPIC5423L, TPIC1321L 2-241, 2-15

RFP2NO08 TPIC2302, TPIC3302, TPIC5302, 2-69, 2-105, 2-153,

. TPIC5404, TPIC5601, TPIC5203, 2-217, 2-263, 2-133,
TPIC5303, TPIC5401, TPIC5403, 2-163, 2-193, 2-205,
TPIC1301 2-3
i
TeEXAS
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POWER+ ARRAYS

CROSS-REFERENCE GUIDE v /
SUGGESTED
HARRIS Ti PAGE NO.
REPLACEMENT
RFP2NOSL TPIC5322L, TPIC5424L, TPIC5621L, 2-173, 2-251, 2-273,
TPIC5223L, TPIC5323L, TPIC5421L, 2-143, 2-183, 2-229, -
TPIC5423L, TPIC1321L 2-241, 2-15
'RFP4NO05 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
RFP4NO5L TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
RFP4N06 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
RFP4NO6L © TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
RFW2NO06RLE TPIC1321L, TPIC5223L, TPIC5323L, 2-15  2-143, 2-183,
TPIC5421L, TPIC5423L 2-229, 2-241,
RRF121 , TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
RRF123 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
RRF131 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
. RRF133 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
RRF513 TPIC5302 2-153
RRF523 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
RRFF133 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
INTERNATIONAL SUGGESTED .
RECTIFIER T PAGE NO.
, REPLACEMENT
IRF121 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
IRF123 TPIC2202, TPIC2301, TPIC5201 - 2-51, 2-61, 2-125
IRF7102 TPIC5302, TPIC5404, TPIC5601, 2-153, 2-217, 2-263,
TPIC5322L, TPIC5424L, TPIC5621L, 2-173, 2-251, 2-273,
TPIC5401, TPIC5403, TPIC1301, 2-193, 2-205, 2-3,
TPIC5223L, TPIC5423L, TPIC1321L, 2-143, 2-241, 2-15,
TPIC5323L, TPIC5421L 2-183, 2-229
IRFDO14 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
IRFD024 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
IRFD123 TPIC1301, TPIC5203, TPIC5303, 2-3, 2-133, 2-163,
TPIC5401, TPIC5403 2-193, 2-205
IRFJ121 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
IRFJ123 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
IRFT002 TPIC2202; TPIC2301," TPIC5201 2-51, 2-61, 2-125
IRFT003 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
IRLDO14 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
IRLDO024 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
IR8200B TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
SUGGESTED
MOTOROLA ) o Ti PAGE NO.
REPLACEMENT
MMDF3C05 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
MMDF4N02 TPIC2202, TPIC2301, TPIC5201° 2-51, 2-61, 2-125
MMDF1NO5SE TPIC5203, TPIC5303, TPIC5401, 2-133, 2-163, 2-193,
' TPIC5403, TPIC1301, TPIC1321L, 2-205, 2-3, 2-15,
TPIC5223L, TPIC5323L, TPIC5421L, 2-143, 2-183, 2-229,

Q‘ TEXAS
INSTRUMENTS
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POWER+ ARRAYS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

CROSS-REFERENCE GUIDE
SUGGESTED
MOTOROLA TI PAGE NO.
REPLACEMENT
TPIC5423L 2-241
MMFT3055EL TPIC5223L, TPIC5323L, TPIC5421L, 2-143, 2-183, 2-229,
TPIC5423L, TPIC1321L, TPIC2322L, 2-241, 2-15, 2-79,
TPIC3322L, TPIC5322L, TPIC5424L, 2-115, 2-173, 2-251,
TPIC5621L 2-273
MMFT3055E TPIC5203, TPIC5303, TPIC5401, 2-133, 2-163, 2-193,
TPIC5403, TPIC1301 2-205, 2-3
MRF162 TPIC5302 2—-153
MTD3055 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
MTD5NO05 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
MTD5N06 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
MTD5NOSL TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
MTP7NO0O6 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
ULN200X TPIC2701 2-95
SUGGESTED
NATIONAL Tl PAGE NO.
REPLACEMENT
IRF511 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
IRF513 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
IRF521 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
IRF523 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
SUGGESTED
SGS-THOMSON TI PAGE NO.
REPLACEMENT
IRF121 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
IRF123 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
ULN200X TPIC2701 2-95
SUGGESTED
SILICONIX TI PAGE NO.
REPLACEMENT
2N7000 TPIC2701 2-95
2N7002 TPIC2701 2-95
IRFD020 TPIC1301, TPIC5401, TPIC5403 2-3, 2-193, 2-205
IRFD123 TPIC5203, TPIC5303, TPIC5401, 2-133, 2-163, 2-193,
TPIC5403, TPIC1301 2-205, 2-3
Si9945DYT TPIC5401, TPIC5404, TPIC54083, 2-193, 2-217, 2-205,
TPIC1301 2-3
Si9955DYT TPIC5404, TPIC5601, TPIC54083, 2-217, 2-263, 2-205,
TPIC1301 2-3
Si9959DYT TPIC5302, TPIC5404, TPIC5601, 2-153, 2-217, 2-263,
TPIC5421L, TPIC5423L, TPIC1321L, 2-229, 2-241, 2-15,
TPIC5203, TPIC5303, TPIC5401, 2-133, 2-163, 2-193,
TPIC5403, TPIC1301, TPIC5223L, 2-205, 2-3, 2-143,
1 Littlefoot
&
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POWER+ ARRAYS

CROSS-REFERENCE GUIDE
SUGGESTED
SILICONIX Tl PAGE NO.
REPLACEMENT
TPIC5323L 2-183
‘SMP7N60 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
TD1004Y TPIC2701 ) 2-95
VN66AD TPIC3302, TPIC2302, TPIC5404, 2-105, 2-69, 2-217,
TPIC5302, TPIC5601 2-153, 2-263
VN66AFD TPIC3302, TPIC2302, TPIC5404, 2-105, 2-51, 2-217,
TPIC5302, TPIC5601 ) 2-153, 2-263
VN67AD TPIC3302, TPIC2302, TPIC5404, 2-105, 2-51, 2-217,
TPIC5302, TPIC5601 2-153, 2-263
VN67AFD TPIC3302, TPIC2302, TPIC5404, 2-105, 2-51, 2-217,
TPIC5302, TPIC5601 2—-153, 2-263 :
VN8SAD TPIC3302, TPIC2302, TPIC5404, 2-105, 2-51, 2-217,
TPIC5302, TPIC5601 ' 2-153, 2-263
VN89AD TPIC3302, TPIC2302, TPIC5404, 2-105, 2-51, 2-217,
TPIC5302, TPIC5601 2-153, 2-263
SUGGESTED )
SPRAGUE TI , PAGE NO.
REPLACEMENT
ULN200X TPIC2701 2-95
: SUGGESTED
SUPERTEX Ti PAGE NO.
REPLACEMENT
TNO606N5 TPIC5302 ) 2-153
"VN1106N2 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
VN1106N5 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
" VN1106ND TPIC2202, TPIC2301, TPIC5201 2-51, " 2-61, 2-125
VN2204N3 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
VN2204ND TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
VN2206N3 TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
VN2206ND TPIC2202, TPIC2301, TPIC5201 2-51, 2-61, 2-125
SUGGESTED ' ’
DARLINGTONS Tl PAGE NO.
REPLACEMENT
ULN2001 TPIC2701 2-95
ULN2002 TPIC2701 2-95
ULN2003 TPIC2701 2-95
ULN2004 TPIC2701 2-95
X
Texas

INSTRUMENTS
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POWER+ ARRAYS

CROSS-REFERENCE GUIDE
) SUGGESTED
FAIRCHILD T PAGE NO.
REPLACEMENT
HA75451 SN75451B 3-15
nA75452 SN75452B 3-15
RA75453 SN75453B 3-15
nA75454 SN75454B 3-15
uA75461 SN75461 3-23
HA75462 SN75462 3-23
MC1412 ULN2002A 3-93
MC1413 ULN2003A 3-93
nA3680 DS3680 3-3
HA9665 ULN2001A 3-93
nA9666 ULN2002A 3-93
nA9667 ULN2003A 3-93
HA9668 ULN2004A 3-93
nA75471 SN75471 3-81
LA75472 SN75472 3-82
nA75473 SN75473 3-81
SUGGESTED
MOTOROLA Ti PAGE NO.
REPLACEMENT
MC1411 ULN2001A 3-93
MC1412 ULN2002A 3-93
MC1413 ULN2003A 3-93
MC1413T SN75468 3-73
MC1416 ULN2004A 3-93
MC1471 SN75476 3-87
MC1473 " SN75478 3-87
SN75451B SN75451B 3-15
SN75452B SN75452B 3-15
SN75453B SN75453B 3-15
SN75454B SN75454B 3-15
ULN2001 ULN2001A 3-93
ULN2002 ULN2002A 3-93
ULN2003 ULN2003A 3-93
ULN2004 ULN2004A | 3-93
SUGGESTED
NATIONAL TI PAGE NO.
REPLACEMENT
DS3611 SN75471 3-81
DS3612 SN75472 3-81
DS3613 SN75473 3-81
DS3658 SN75437A 3-51.
DS3680 DS3680 3-3
DS75361 SN75372 3-29
DS75365 SN75374 3-29
DS75451 SN75451B 3-15
DS75452 SN75452B 3-15
X
TeEXAS
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POWER+ ARRAYS

CROSS-REFERENCE GUIDE -
SUGGESTED
NATIONAL TI PAGE NO.
REPLACEMENT
DS75453 SN75453B 3-15
DS75454 . SN75454B 3-15
DS75461 SN75461 3-23
DS75462 SN75462 3-23
DS75463 SN75463. 3-23
LM3611 SN75471 3-81
LM3612 SN75472 3-81
LM3613 SN75473 3-81
LM75453 SN75453B 3-15
SUGGESTED
RIFA TI PAGE NO.
REPLACEMENT
" PBD352301 ULN2001A 3-93
PBD352302 ULN2004A 3-93
PBD352303 ULN2003A 3-93
PBD352304 ULN2002A 3-93
PBD352312 SN75469 3-73
PBD352313 SN75468 3-73
SUGGESTED
SGS-ATES Tl PAGE NO.
REPLACEMENT
L201 ULN2001A 3-93
L.202 ULN2002A 3-93
L203 ULN2003A 3-93
L204 ULN2004A 3-93
L293 L293 3-7
L293D L293D 3-11
- SN754410 . 3-61
ULN2001 ULN2001A 3-93
ULN2002 ULN2002A 3-93
ULN2003 ULN2003A 3-93
ULN2004 ULN2004A 3-93
SUGGESTED
SILICON GENERAL TI PAGE NO.
REPLACEMENT
SG2001 ULN2001A 3-93
SG2002 ULN2002A 3-93
SG2003 ULN2003A 3-93
SG2004 ULN2004A 3-93
SG2023 SN75468 3-73
SG2024 SN75469 3-73
SG75451 SN75451B 3-15
SG75452 SN75452B 3-15
SG75453 - SN75453B 3-15
X
“ TEXAS
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POWER+ ARRAYS

CROSS-REFERENCE GUIDE
SUGGESTED
SILICON GENERAL Tl PAGE NO.
REPLACEMENT
SG75454 SN75454B 3-15
SG75461 SN75461 3-23
SG75462 - SN75462 3-23
SG75463 SN75463 3-23
SG75473 SN75473 3-81
SUGGESTED
SPRAGUE Ti PAGE NO.
REPLACEMENT
UDN-2541 SN75437A 3-51
UDN-3611 SN75471 3-81
UDN-3612 SN75472 3-81
UDN-3613 SN75473 3-81
UDN-5711 SN75476 3-87
UDN-5713 SN75478 3-87
UDN-5722 SN75477 3-87
ULN-2001 ULN2001A 3-93
ULN-2002 ULN2002A 3-93
ULN-2003 ULN2003A 3-93
ULN-2004 ULN2004A 3-93
ULN-2023 SN75468 3-73
ULN-2024 SN75469 3-73
SUGGESTED
UNITRODE Ti PAGE NO.
REPLACEMENT
L293 L293 3-7
L293D L293D 3-11
SN754410 3-61
e
TeExAS
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

Ciss

COSS

CI'SS

Eas

9fs

Ipm

Ipss

Ipsx

IgssF

Gate-Drain Capacitance )
Capacitance measured between the gate and drain with Vgg = 0 V (Cgq = Crss)

Drain-Source Capacitance
Capacitance measured between the drain and source with Vgg = 0 V (Cgg = Cigg—Crss)

Gate-Source Capacitance
Capacitance measured between the gate and source with Vgqg =0 V (Cgg = Cogs—Crss)

Short-Circuit Input Capacitance
Input capacitance with drain and source shorted (Cigs = Cgq + Cgs, Cys shorted)

Short-Circuit Output Capacitance

Total capacitance between drain and source with gate and source shorted (Cogs = Cds + Cgd, Cgs
shorted)

Short-Circuit Reverse Transfer Capacitance
Gate-drain capacitance with Vgg = 0 (Crsg = Cgq)

Single-Pulse Avalanche Energy

Maximum energy dissipation allowed during avalanche breakdown for a single pulse of avalanche
current

Common-Source Small-Signal Transconductance
Ratio of change in drain current due to a change in gate-to-source voltage

Peak Avalanche Current
Maximum allowable current during avalanche breakdown

Power Supply Current
Total current from the Vg supply

DC Drain Current
Measured dc current into the drain

Peak-Drain Current, Singie Output
Maximum allowable value of drain current

Zero-Gate-Voltage Drain Current
Current into drain when gate-to-source voltage is zero

Off-State Drain Current
See Zero-Gate-Voltage Drain Current (Ipgg)

Clamp Diode Forward Current
Measurement of current through the clamp diode

Forward Gate Current, Drain-to-Source Short Circuited .
Direct current into gate with forward gate-to-source voltage and drain shorted to source

{'f TEXAS
INSTRUMENTS ,
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

lgssr

Reverse Gate Current, Drain-to-Source Short Circuited
Direct current into gate with reverse gate-to-source voltage and drain shorted to source

Input Current
Direct current to the gate

High-Level Input Current
Current the device uses to switch state from low to high

Low-Level Input Current
Current the device uses to switch state from high to low

Continuous Output Current
Direct output current across the drain-to-source junction

Output Chopping Current
Value at which output current changes from continuous current to low duty cycle pulsed current

Maximum Output Current
Maximum output current in the on state

Reverse Current
Current flow across reverse-biased junction at specified applied voltage

Source-Drain Diode Current
Maximum continuous forward diode current

Maximum Off-State Power Dissipation

Amount of power consumed by the die such that maximum junction temperature is not exceeded at held
case temperature

Total Gate Charge
Maximum charge drawn by gate at a specified Vgg

Gate-Drain Charge
Charge between the gate and drain of the device

Gate-Source Charge
Charge between the gate and source of the device

Static Drain-Source On-State Resistance

" Resistance between the drain and source during on state

Input Resistance
Resistance between gate and source

Junction-to-Ambient Thermal Resistance
Thermal resistance (steady state) from the device case to the ambient (air)

‘n” TEXAS
INSTRUMENTS
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

ta(off)

td(on)

t

tPHL

tpLH

Junction-to-Case Thermal Resistance
Thermal resistance (steady state) from the device junction to case

Output Resistance
Resistance between drain and source

Reverse-Recovery-Current Rise Time
Elapsed time for diode current to reach maximum value during reverse recovery

Ambient Operating Temperature (Free Air)
Air temperature measured below a device in an environment cooled only by natural air convention

Cycle Time
Time interval between the start and end of a cycle

Case Operating Temperature
Temperature measured at a specific location on the case of a device

Turn-Off Delay Time
Time interval during which an input pulse falls from 90% of its peak value to 10% of its off-state amplitude

Turn-On Delay Time

Time interval during which an input pulse rises from 10% of its peak value to 90% of its off-state
amplitude

Fall Time
Time interval for signal to change from 90% to 10% of its peak value

Hold Time
Time interval during which a signal is retained at a specified input terminal after an active transition
occurs at another specified input terminal

Virtual Junction Temperature

Calculated value of the silicon junction(s) temperature based on the thermal and electrical behavior of
the device

Turn-Off Time
Time interval between gate turn off and drain-to-source shutdown

Turn-On Time
Time interval between gate turn on and drain-to-source turn on

Propagation Delay Time, High-to-Low Level Output
Time interval for drain-to-source signal to fall from 90% to 10% of its peak value

Propagation Delay Time, Low-to-High Level Output
Time interval for drain-to-source signal to rise from 10% to 90% of its peak value

{" TeEXAS
INSTRUMENTS
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GLOSSARY |
SYMBOLS, TERMS, AND DEFINITIONS

V(eRr)
Vps

Vas

ViH

ViL
VoH
Vok
VoL
Vsp
Vsp(ov)

VtGgs

Rise Time
Time interval for signal to rise from 10% to 90% of its peak value °

Reverse-Recovery Time
Time required to remove excess carriers from a diode after reverse of carrier flow

Setup Time .

Time interval between the application of a signal at a specified input terminal and a subsequent active
transition at another specified input terminal

Valid Time

Delay time from 50% rising edge of serial clock input to 10% change in serial output

Pulse Duration

Active pulse time measured at 50% of steady-state amplitude from leading edge to trailing edge of the
same pulse

Breakdown Voltage
Drain-to-source voltage at which device avalanche multiplication occurs

Drain-Source Voltage
Voltage measured across the drain to source

Gate-Source Voltage
Measurement of the input voltage in reference to the source

Input Voltage
Voltage measured from gate to source

High-Level Input Voltage
Voltage on gate that initiates drain-to-source turn on

Low-Level Input Voltage
Voltage on gate that initiates drain-to-source turn off

High-Level Output Voltage
Voltage measured on the source-to-drain in high state

Output Clamp Voltage
Voltage measured-on the source to clamp input

Low-Level Output Voltage

- Voltage measured on the drain-to-source in low state

Forward On-Voltage
Voltage measured on the source-to-drain in the forward direction

Overvoltage Shutdown Voltage :
Specified temperature at which overvoltage shutdown circuit is activated

Gate-Source Threshold Voltage
Gate voltage required to produce a specified amount of drain curren

1-20
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TPIC1301
3-HALF H-BRIDGE GATE-PROTECTED
POWER DMOS ARRAY

SLIS037 - NOVEMBER 1994

® lowr ...023QT DW PACKAGE
. DS(on) P - (TOP VIEW)
® High Voltage Output...60V
® Extended ESD Capability . . . 4000 V OUTPUTT E % aa]JoutPuTi
® Pulsed Current . .. 11.25 A Per Channel oG;gE4 i 2 23 % gg;ﬁl
. SOURCE4 (] 3 22 1
[ ] "
Fast Commutation Speed SOURCE4 | 4 21[] DRAIN
description GND [| 5 20[] DRAIN2
GND [ 6 19[] DRAIN2
The TPIC1301 is a monolithic gate-protected GATE5 [ 7 18[] OUTPUT2
power DMOS array that consists of six electrically SOURCES [] 8 17[] OUTPUT2
isolated N-channel enhancement-mode DMOS SOURCES [] 9 16]] GATE2
transistors configured as three half H-bridges. GATES [] 10 15[] DRAIN3
Each transistor features integrated high-current ouTPUT3 [ 11 - 14]] DRAIN3
zener diodes (Zcxa and Zcxb) to prevent gate OUTPUT3[| 12  13[] GATES
damage in the event that an overstress condition

occurs. These zener diodes also provide up to 4000 V of ESD protection when tested usmg the human-body
model of a 100-pF capacitor in series with a 1.5-kSQ resistor.

The TPIC1301 is offered in a 24-pin wide-body surface-mount (DW) package and is characterized for operation
over the case temperature range of —40°C to 125°C.

schematic
OUTPUT2
7,18
GATE5 | GATE2 DRAIN2
21,22 7 . 14,15
DRAIN1 ’ 3 DRAIN3
|
Q1
G z1 13
GATE1 e GATE3
Zc1b Z
) I D1 C3b
ZC1a Zc3a
1,24
OUTPUT1 b s 1,12 6ytPUTS
—|¢—o
GATE4 z

GATE6
Zc4b

Zceb

ZC4a
3,4

Zcea
8,9

SOURCE4

SOURCES6

~  NOTE: For correct operation, no terminal pin may be taken below GND.

PRODUCTION DATA information is current as of _Ipubl«mion date. Copyright © 1994, Texas Instruments Incorporated .
e

Products conform to specifications per the terms of xas Instruments
standard warranf

testing of all par:%eters i H nclude b TEXAS
INSTRUMENTS
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TPIC1301
3-HALF H-BRIDGE GATE-PROTECTED
POWER DMOS ARRAY

SLIS037 - NOVEMBER 1994

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

~ Single-pule avalanche energy, Eag, Tg = 25°C (see Figures 4, 15, and 16)

" Continuous drain current, each output, Tg = 25°C

Drain-to-GND voltage, Vpg

Drain-to-source voltage, Vpg
Output-to-GND voltage
SOURCE4, SOURCES®6-to-GND voltage
Gate-to-source voltage range, Vgg

Continuous source-to-drain diode current, T¢ = 25°C
Pulsed drain current, each output, Imax, Tg = 25°C (see Note 1 and Figure 15)
Continuous gate-to-source zener-diode current, Tg = 25°C
Pulsed gate-to-source zener-diode current, Tg = 25°C

Continuous total dissipation, Tg = 25°C (see Figure 15)
Operating virtual junction temperature range, T
Operating case temperature range, Tg
Storage temperature range
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds

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

1.39W
-40°C to 150°C
-40°C to 125°C
—-65°C to 150°C
260°C

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

NOTE 1: Pulse duration = 10 ms, duty cycle = 2%

2-4
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TPIC1301

3-HALF H-BRIDGE GATE-PROTECTED

POWER DMOS ARRAY

SLIS037 — NOVEMBER 1994

electrical characteristics, Tc = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V(BR)DSX Drain-to-source breakdown voltage Ip =250 pA, Vgs=0 60 \
Ip=1mA, Vps = Vas,
VGSith) Gate-to-source threshold voltage See Figure 5 156 175 22 \
V(BR)GS Gate-to-source breakdown voltage Igs =250 pA 18 \
V(BR)SG  Source-to-gate breakdown voltage IsG =250 pA 9 \
Reverse drain-to-GND breakdown voltage ) _
V(BR) (across D1~D5) Drain-to-GND current = 250 pA 100 A
) Ip=225A, Vgs=10V, .
VDS(on) Drain-to-source on-state voltage See Notes 2 and 3 052 0.62 \
. Ig=225A,
VF(SD) Forward on-state voltage, source-to-drain Vgs =0 (Z1-26), 1 1.2 )
See Notes 2 and 3 and Figure 12
. Ip=2.25A (D1-D5)
VF Forward on-state voltage, GND-to-drain See Notes 2 and 3 5 \
. Vpg =48V, Tc=25°C 0.05 1
| Drain current-gate shorted to source
DSS g Vgs=0 Tg =125°C 0.5 o]
IGSSF Forward-gate current, drain short circuited to Vgs=15V, Vps=0 20 200 nA
source ]
lassR Reverse-gate current, drain short circuited to Vsg=5V, Vpg=0 10 100 nA
source
Leakage current, drain-to-GND B Tc=25°C - 0.05 1
likg Gate shorted to source Vbanp =48V Tg=125°C 0.5 10 nA
YGS;;:I' Tg =25°C 023 0275
. Pt - . D = Z. y
'DS(on) Static drain-to-source on-state resistance See Notes 2 and 3 S oo o Q
and Figures 6 and 7 c= = :
Vps=15V, Ip=1.125A,
dfs Forward transconductance See Notes 2 and 3 and Figure 9 16 221 S
Ciss Short-circuit input capacitance, common source 200 250
Coss Short-circuit output capacitance, common source Vps =25V, VGgs =0, 175 220 oF
Short-circuit reverse transfer capacitance, common f=1MHz, See Figure 11
Crss 0 75
source
NOTES: 2. Technique should limit Tj — T¢ to 10°C maximum.
3. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts.
source-to-drain and GND-to-drain diode characteristics, Tg = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ter Reverse-recovery time Ig=1.125A, Vps =48V, 50 ns
Vgs =0, di/dt = 100 A/ps, 71,22, and Z3
QRR - Total diode charge See Figures 1 and 14 65 nC
3 15
EXAS
INSTRUMENTS
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TPIC1301

3-HALF H-BRIDGE GATE-PROTECTED

POWER DMOS ARRAY

SLIS037 - NOVEMBER 1994

resistive-load switching characteristics, Tg = 25°C

PARAMETER TEST CONDITIONS MIN - TYP MAX| UNIT
td(on) Turn-on delay time ) 25 50
td(offy  Turn-off delay time Vpp=25V, RL=20Q, ten =10 ns, 25 50 ns
t Rise time tdis=10ns, - See Figure 2 15 30|
t Fall time 7 15
Qg Total gate charge ) 6.2 741 .
Qgs(th)  Threshold gate-to-source charge geDeSl;gtar:‘S Ib=1125A, Ves = v, 07 08| nC
Qgd Gate-to-drain charge 2.4 2.9
Lp Internal drain inductance 5 nH
Ls Internal source inductance 5
Rg Internal gate resistance 0.25 Q
thermal resistance

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
RgJA Junction-to-ambient thermal resistance See Notes 4 and 7 90 °C/W
RgJB  Junction-to-board thermal resistance See Notes 5 and 7 45 °C/W
Rggp  Junction-to-pin thermal resistance See Notes 6 and 7 28 °C/W

NOTES: 4. -Package mounted on an FR4 printed-circuit board with no heatsink.
S 5. Package mounted on a 24 in2, 4-layer FR4 printed-circuit board.
6. Package mounted in intimate contact with infinite heatsink.

7. All outputs with equal power

2-6
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TPIC1301
3-HALF H-BRIDGE GATE-PROTECTED
POWER DMOS ARRAY

SLIS037 - NOVEMBER 1994

PARAMETER MEASUREMENT INFORMATION

. . . ) i . . Vgs=0
15 |- < .trr(sD')T'.J.l"‘ﬁ’{.,..AA.:4.‘.:.TJ=2500
S ; . I t . . 21,Z2,and 23
Reverse di/dt = 100 A/us

075 |- :

-0.75

-1.5

-2.25

Ig — Source-to-Drain Diode Current — A

La o AMLTTTTTTITI ]

-3.75

0 50 100 150 200 250 300 350 400 450 500
Time - ns
1 IrRM = maximum recovery current

Figure 1. Reverse-Recovery-Current Waveform of Source-to-Drain Diode

Vpp=25V

ten—> l¢— —l h—tdis

) ||
f=—— 10V
Vps . Vgs | | |
Pulse Generator | oV
Vg

|
ta(on) _” {‘_ —L fq—— td(off)
CL 30 pF t—b Bhi
(see Note A) | | VoD

'
DS — — VDs(on)

VOLTAGE WAVEFORMS

TEST CIRCUIT
NOTE A: Cy includes probe and jig capacitance.

Figure 2. Resistive-Switching Test Circuit and Voltage Waveforms

‘Q’ TEXAS
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TPIC1301
3-HALF H-BRIDGE GATE-PROTECTED
POWER DMOS ARRAY

SLIS037 - NOVEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Current
Regulator ¢ Qg —— P
Same Type |
> as DUT N ovlk--———— -
= 0.3 uF | <—Ogs(th)—ﬂ,4—— Qgq —¥ :

Vps T vVas |
I
0 J—L—{ Ig =100 pA ,_I Gate Voltage
- Time
Ig Current- =  Ip Current- VOLTAGE WAVEFORM
Sampling Resistor Sampling Resistor '
TEST CIRCUIT
Figure 3. Gate-Charge Test Circuit and Voltage Waveform
Vpp=25V
| ¥ tay
ﬁ——— tw —bi |
160}1” _+_____ 15V
Vags |
Pulse Generator Ip L Vbs — b oV
(see Note A) | —_
F—— T q Ves (‘s\ge Note B)
500 | DUT ip
oV
Rgen
500 —_——— V(BR)DSX 60 V Min
L ov
VOLTAGE AND CURRENT WAVEFORMS
TEST CIRCUIT

NOTES: A. The pulse generator has the following characteristics: ty < 10 ns, t < 10 ns, Zg = 50 Q.
B. Input pulse duration (ty) is increased until peak current Iag = 11.25 A.

Iag XV X tay
Energy test level is defined as E AS = AS (BZ)DSX = 17.2 mJ.

Figure 4. Single-Pulse Avalanche Energy Test Circuit and Waveforms

‘UTE XAS
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TPIC1301

3-HALF H-BRIDGE GATE-PROTECTED

POWER DMOS ARRAY
SLIS037 — NOVEMBER 1994
TYPICAL CHARACTERISTICS
GATE-TO-SOURCE THRESHOLD VOLTAGE STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE
vs Vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
- 25 T T 06T T
I Vps =VaGs Ip=225A
&
]
5 2 8
> ~— g
k) [~ I~~~ 3 ¢
_g \ [\ |D =1mA U’? ‘l’ 0.4
2 ™~ \‘ 2 o
g 15 S~ “::' £ Vgs=10V / >
E, SN \r\}\ 5 2 // //
3 T~ g //V/v 15V
o 1 Ip =100 A s g T | Gs=
3 13 02 //r/) :
TS
1 0.5 ‘_8
£
A
S
0 0 -
-40-20 0 20 40 60 80 100 120 140 160 -40-20 0 20 40 60 80 100 120 140 160
Ty - Junction Temperature - °C Ty - Junction Temperature - °C
Figure 5 Figure 6
STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE DRAIN CURRENT
vs vs
DRAIN CURRENT DRAIN-TO-SOURCE VOLTAGE
1 - 10 ™
0.9} Ty=25°C Vas Vas -
0.8 gl = 15V [ if =10V
0.7
8 o 8 / // L
= ’ L Vgs=5V
3 a .. < 7 iz il
A L él AVGS =02V
T 8 o4 S 6 Ty=25°C =
'% 3 £ T (unless otherwise _|
s 2 3 5 noted)
g s 24V
(II> g Vgs=10V ‘_.‘/ gl 4 L~ GS = E
=9 L
55 o2 t—t 2 3
‘-g Vgs=15V 2
1 Vgs=3V T
1 L
0.1 0 ] 1
0.1 1 10 100 o 1t 2 3 4 5 6 7 8 9 10
Ip — Drain Current — A Vps - Drain-to-Source Voltage - V
Figure 7 Figure 8
3 13
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TPIC1301

3-HALF H-BRIDGE GATE-PROTECTED

POWER DMOS ARRAY

SLIS037 - NOVEMBER 1994

TYPICAL CHARACTERISTICS

DISTRIBUTION OF

FORWARD TRANSCONDUCTANCE

DRAIN CURRENT
vs
GATE-TO-SOURCE VOLTAGE

25 L 10 T l /
Total Number of Ty =—-40°C —4 //
Units = 2196 9 T 1
Vpg=15V T9=25C — i/ ) )N 1) 2 75C
201 Ip=1.125A 8 /, ]
B Tg=25C < 7 / I ]
® N //// “Ty=125°C )
£ 15 E s L
5 g /// Ty =150°C
] 3
2 S s
8 £ .
g s ¢
o 1
a o 3
5 2
1
0388888"8.‘2888 0012345678910
8 & & = » » A NN ® O 0
NN d NN NN V@Gs — Gate-to-Source Voltage — V
Ofs — Forward Transconductance ~ S
- Figure 9 Figure 10
CAPACITANCE SOURCE-TO-DRAIN DIODE CURRENT
vs vs -
DRAIN-TO-SOURCE VOLTAGE SOURCE-TO-DRAIN VOLTAGE
800 T —— 10 T F
Vs =0 - Vgs=0
720 | f=1MHz < 5 GS
Ty=25°C z
640 Ciss(o) = 307 pF g 4
coss(O) =437 pF 8
i 30| Crss(0)=141pF P
o. B 2
‘:’ 480 a
e £
& 400 [ 1 ik
_.g \ a /5
© (<]
§ 320 . é 0.6 - Ty=125°C ;: - e ]
240 Ciss 3 04 — A
& | 1y=1s50C ] ‘25’ cl il
1 — Tg=25°
160 i c I8 -' U1 "
. , ~0ss w 0.2 (]
80 Crss | Ty=75C
) .
0 I 01 | 1]
0 4 8 12 16 20 24 28 32 36 40 0.1 1 10
Vps - Drain-to-Source Voltage - V Vgp - Source-to-Drain Voltage — V
Figure 11 Figure 12
3 13
EXAS
INSTRUMENTS
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TPIC1301

3-HALF H-BRIDGE GATE-PROTECTED

POWER DMOS ARRAY

SLIS037 - NOVEMBER 1994

Vps - Drain-to-Source Voltage - V

try — Reverse Recovery Time ~ns

60

50

40

30

20

10

50

45

40

35

30

25

TYPICAL CHARACTERISTICS

DRAIN-TO-SOURCE VOLTAGE AND

GATE-TO-SOURCE VOLTAGE

vs
GATE CHARGE

i

Ip=1.125A / 4
Ty=25°C

| See Figure 3 /

12

10

Vpp =30V

1|////

i

T

\
L~
L1

\ | vpp=48v

|
— Vpp=20V
&\ P

0 1 2 3 4 5 6 7

Qg - Gate Charge - nC

Figure 13

REVERSE RECOVERY TIME

vs
REVERSE di/dt

\

N

\\21, Zy,and Z3

Vgs =0
- Ig=1.125
TJ=25°C

i

<
Vps =48V \

See Figure 1

~—

A

0 100

200 300 400 500
Reverse di/dt - A/us

Figure 14

600

Vags - Gate-to-Source Voltage - V
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TPIC1301
3-HALF H-BRIDGE GATE-PROTECTED
POWER DMOS ARRAY

SLIS037 — NOVEMBER 1994

THERMAL INFORMATION

MAXIMUM DRAIN CURRENT
vs
DRAIN-TO-SOURCE VOLTAGE
100

Tc =25°C

<

J

'é 1pust

5 10 =T =

o V4 ‘\ AN

£ 4 N

E N

2 A 10 mst +HH N
5 A Il

E C1INE [N t
£ ) /1 N 1ms g
g > a NG n

- su0jaf
L N 1
0 JA¥ AR
- DC Conditions J \\
oq L LTI NN
0.1 1 10 100
Vps - Drain-to-Source Voltage - V
1 Less than 2% duty cycle

¥ Device mounted on FR4 printed-circuit board with no heatsink.
§ Device mounted in intimate contact with infinite heatsink.

Figure 15
MAXIMUM PEAK AVALANCHE CURRENT .
VS
TIME DURATION OF AVALANCHE
100 0 S O A

< [ See Figure 4

i

=

e

5
o

o

<

2
Kt

©
i 10

3 ' AN
o \‘

£

3 N
;E-é NN Tec=25°C
z Te = 125CN N\ |

N
N
N
1 N
0.01 .01 1 10 100

tay — Time Duration of Avalanche - ms

Figure 16
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TPIC1301
3-HALF H-BRIDGE GATE-PROTECTED
POWER DMOS ARRAY

SLIS037 - NOVEMBER 1994

THERMAL INFORMATION

DW PACKAGE?

JUNCTION-TO-BOARD THERMAL RESISTANCE

vs
PULSE DURATION
100
DC Conditions
L
E L — ’
g',’ d=0.5 Lt //
8 1
€ g
s // Lyt
3 LT A
dc: 10 d=0.2 e L ///
- .
© = -
g — b~
2 d=01 — T
- T
e Lt L LA
§ l I L I // A
: d=0.05 =1 gl
i nill| e’
S 1 e
2 d=002 L~
3 // /”' /
I 1 A :
[+2] 7
3
3 /|
d=0.01
te L
tw —D"‘H—A’l i
Single Pulse — Ip |
/ -——J |-——I I— 0
AN AT
0.0001 0.001 0.01 0.1 1 10 100
tw — Pulse Duration - s
T Device mounted on 24 in2, 4-layer FR4 printed-circuit board with no heatsink
NOTE A. Zgg(t) = r(t) RgyB
tw = pulse duration
ic = cycle time
d = duty cycle = ty/tg
Figure 17
i
‘V TEXAS
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TPIC1321L

3-HALF H-BRIDGE GATE-PROTECTED LOGIC-LEVEL

Low rpg(on) - - - 0.35 Q Typ
Voltage Output...60V

Direct Logic-Level Interface

“description

Input Protection Circuitry ... 18 V
Pulsed Current. .. 4 A Per Channel
Extended ESD Capability . . . 4000 V

The TPIC1321L is a monolithic gate-protected
logic-level power DMOS array that consists of six
electrically isolated N-channel enhancement-
mode DMOS transistors configured as 3-half

POWER DMOS ARRAY
SLIS042 - NOVEMBER 1994
DW PACKAGE
(TOP VIEW)
OUTPUTI[|¥  24[ OUTPUTY
GATE4[l2 23] GATE1
SOURCE4[|3  22[] DRAIN1
SOURCEA4 [] 4 21[] DRAINT
GND [} 5 20[] DRAIN2
GND [| 6 19[] DRAIN2
GATE5 [ 7 18[] OUTPUT2
SOURCES [] 8 17]] OUTPUT2
SOURCES [| o 16{] GATE2
GATE6[J 10  15[] DRAIN3
OUTPUT3[] 11 14]] DRAIN3
OuTPUT3 [} 12  13[] GATES

H-bridges. Each transistor features integrated
high-current zener diodes (Zgxa and Zgyp) to

prevent gate damage in the event that an overstress condition occurs. These zener diodes also provide up to
4000 V of ESD protection when tested using the human-body model of a 100-pF capacitor in series with a 1.5-kQ

resistor.

The TPIC1321L is offered in a 24-pin wide-body surface-mount (DW) package and is characterized for

operation over the case temperature of —40°C to 125°C.

schematic
OUTPUT2
17,18
GATE5 |GATE2  DRAIN2
21,22 7 16 19,
DRAIN1

GATE1
Zc1b

Zc1a
1,24

OUTPUT1

4
GATE4 z

Zcap

Zc4a
3,4

SOURCE4

14,15

NOTE A: For correct operation, no terminal may be taken below GND.

DRAIN3

GATE3

OUTPUT3

GATE6
Zceb

Zcea

89 souRcEs

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

; %‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 1994, Texas Instruments Incorporated
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TPIC1321L :
3-HALF H-BRIDGE GATE-PROTECTED LOGIC-LEVEL
POWER DMOS ARRAY

SLIS042 - NOVEMBER 1994

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

Drain-to-source voltage, Vpg . ...ov it [ 60V
Output-to-GND VORAGE . ...ttt i e i e 60V
Drain-to-GND VOIAGE .. ..ottt e 100V
SOURCE4, SOURCEGB-t0-GND voltage ............eiiiiiiiii i eans 60V
Gate-to-source voltage range, VGg - vvvvvviiiniiiii it e -9Vto18V
Continuous drain current, each output, TG =25°C .. ... ..ottt 1.25A
Continuous source-to-drain diode current, To=25%C ..........iitiiriniiiiiieiiiinnens. 1.25A
Pulsed drain current, each output, Iax, Tc = 25°C (see Note 1 and Figure 15) ..................... 4A
Continuous gate-to-source zener-diode current, Tc =25°C  .........ciiiiiiiiiiiiiiinnennn. +50 mA
Pulsed gate-to-source zener-diode current, Tc =25°C  ........coiiiiiiiiiiiiiiii i, +500 mA
Single-pulse avalanche energy, Eag, Tc = 25°C (see Figures4and 16) ...................... ... 96 mJ
Continuous total dissipation, Tc =25°C (see Figure 15) ...........coviiiiiiiiiiiiiiiiinn., 1.39W
Operating virtual junction temperaturerange, Ty ....... ...t —40°C to 150°C
Operating case temperature range, To ... vt iiiii it —40°C to 125°C
Storage temperature range .. ... .......venueeenue e e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds .............. ..., '260°C

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

NOTE 1: Pulse duration = 10 ms, duty cycle = 2%

2-16
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TPIC1321L

3-HALF H-BRIDGE GATE-PROTECTED LOGIC-LEVEL

POWER DMOS ARRAY

SLIS042 - NOVEMBER 1994

electrical characteristics, Tg = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V(BR)DSX Drain-to-source breakdown voltage Ip =250 pA, Vgs=0 60 \
o Ip=1mA, Vps =Vas,
VGS(th) Gate-to-source threshold voltage See Figure 5 1.5 175 22 \
V(BR)GS  Gate-to-source breakdown voltage Igs =250 pA 18 \
V(BR)SG  Source-to-gate breakdown voltage IsG =250 pA 9 '
Reverse drain-to-GND breakdown voltage _
V(BR) (across D1, D2, D3, D4, D5) Drain-to-GND current = 250 pA 100 \
. Ip=1.25A, Vgs=5V,
VDS(on) Drain-to-source on-state voltage See Notes 2 and 3 0.44 0.5 v
Ig=1.25A,
VF(SD) Forward on-state voltage, source-to-drain Vgs =0(Z1-126), 0.9 1.1 \
See Notes 2 and 3 and Figure 12
) Ip=1.25 A (D1 - D5)
VE Forward on-state voltage, GND-to-drain See Notes 2 and 3 4 v
. Vps =48V, Tc =25°C 0.05 1
1 Zero-gate-voltage drain current
DSS 9 o Vas=0 Tg = 125°C 0.5 10 nA
IGSSF Forward-gate current, drain short circuited to source | Vgg =15V, Vps=0 20 200 nA
IGSSR Reverse-gate current, drain short circuited to source | Vgg=5V, Vpg=0 10 100 nA
I Leak t, drain-to-GND v 48V Tc =257 005 L A
eakage current, drain-to- =
kg 9 DGND T =125°C 05 10
:’GS1=255‘2 Tg=25°C 035 04 .
: . in o - . D = 1. y
DS(on) Static drain-to-source on-state resistance See Notes 2 and 3 R - " Q
and Figures 6and7 | 'C = ) :
Vps=15V, Ip =625 mA,
gfs Forward transconductance See Notes 2 and 3 and Figure 9 16 174 S
Ciss Short-circuit input capacitance, common source 200 250
Coss Short-circuit output capacitance, common source Vps =25V, VGgs =0, 175 220 oF
c Short-circuit reverse-transfer capacitance, f=1MHz, See Figure 11 40 75
1es common source
NOTES: 2. Technique should limit Ty — T¢ to 10°C maximum.
3. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts.
source-to-drain and GND-to-drain diode characteristics, T¢ = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
ter Reverse-recovery time Ig =625 mA, Vpg =48V, 45 ns
Vgs =0, di/dt = 100 A/us, Z1,272,and Z3
QRRr  Total diode charge See Figures 1 and 14 50 nC
i
\U TEXAS
INSTRUMENTS |
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-17



TPIC1321L

3-HALF H-BRIDGE GATE-PROTECTED LOGIC-LEVEL

POWER DMOS ARRAY

SLIS042 - NOVEMBER 1994

resistive-load switching characteristics, T¢ = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
td(on)  Tum-on delay time ) 34 70
td(offy  Turn-off delay time Vpp =25V, RL=40Q, ten = 10 ns, 80 150 ns
tr Rise time tgis=10ns,  SeeFigure 2 28 55
t Fall time 15 30
Qg Total gate charge 46 58
Qgs(th) Threshold gate-to-source charge \Slgesl:;gter:% Ip=625mA,  Ves=5V, 07" 088 nC
Qgd Gate-to-drain charge 25 313
Lp Internal drain inductance 5
Ls Internal source inductance 5 nH
Rg Internal gate resistance 0.25 Q

thermal resistance

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
RgJA Junction-to-ambient thermal resistance See Notes 4 and 7 .90
RgJB ~ Junction-to-board thermal resistance See Notes 5 and 7 445 °C/wW
Rpgp  Junction-to-pin thermal resistance See Notes 6 and 7 28

NOTES: 4. Package mounted on an FR4 printed-circuit board with no heatsink.
5. Package mounted on a 24 in2, 4-layer FR4 printed-circuit board.
6. Package mounted in intimate contact with infinite heatsink.

7. All outputs with equal power

2-18
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TPIC1321L

3-HALF H-BRIDGE GATE-PROTECTED LOGIC-LEVEL

POWER DMOS ARRAY
SLIS042 - NOVEMBER 1994
PARAMETER MEASUREMENT INFORMATION
1.5 [T T
Vps =48V . &
~ Vgs=0 : i
1 TYg=28°C o he
[ Zrll, Z2,and 23 | :4—41— t,—r(sp)
0_5% AAAAA V RlTversedl/dt 100A/us ..........

Is — Source-to-Drain Diode Current - A

‘ lan“—~i——-f~

-25
0 50

100 150 2

tIrM = maximum recovery current

00 250
Time - ns

300 350 400 450 500

Figure 1. Reverse-Recovery-Current Waveform of Source-to-Drain Diode

Vpp=25V

Vpbs

Pulse Generator

L C|_
(see

TEST CIRCUIT
NOTE A: C_ includes probe and jig capacitance.

: .
I I fm—— 5V

Vags | | |
oV

l— —>| H—— td(off)

td(on) —¥| |
30 pF t— _J “— tr
Note A) | | Vbp
v
Ds — — VDSs(on)
VOLTAGE WAVEFORMS

Figure 2. Resistive-Switching Test Circuit and Voltage Waveforms
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TPIC1 321 L
3-HALF H-BRIDGE GATE-PROTECTED LOGIC-LEVEL

POWER DMOS ARRAY

SLIS042 - NOVEMBER 1994

PARAMETER MEASUREMENT INFORMATION

Current
Regulator ¢ Qg
_ ' Same Type |
12V—", as DUT \
Battery BV b —— e e A

v P
DD —
T Vs |

Vps !
|
0 I '& Ig =100 pA ——-] Gate Voltage
Time
lg Current- =  IpCurrent- VOLTAGE WAVEFORM
Sampling Resistor Sampling Resistor
TEST CIRCUIT
Figure 3. Gate-Charge Test Circuit and Voltage Waveform
Vpp =25 V
| > tay
o
7 mH —+——— 5V
Vas |
Pulse Generator Ip L Vs — e ov
(see Note A) .
[ ——— -+ VGS
50 Q DUT
Rgen
50 Q
. J' =
b VOLTAGE AND CURRENT WAVEFORMS
TEST CIRCUIT

NOTES: A. The pulse generator has the following characteristics: ty <10 ns, 1< 10 ns, Zg =50 Q.
B. Input pulse duration (ty) is increased until peak current Iang = 4 A.

. | x V X tay
Energy test level is defined as E AS = AS (BF;)DSX = 96 mJ.

Figure 4. Single-Pulse Avalanche-Energy Test Circuit and Waveforms
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3-HALF H-BRIDGE GATE-PRO

TPIC1321L

TECTED LOGIC-LEVEL

POWER DMOS ARRAY

SLIS042 - NOVEMBER 1994

VGS(th) — Gate-to-Source Threshold Voltage - V

DS(on) — Static Drain-to-Source

GATE-TO-SOURCE THRESHOLD VOLTAGE

TYPICAL CHARACTERISTICS

vs
JUNCTION TEMPERATURE
2.5 T T
Vps =Vas
2 3
™ =
N \ 3 G
~~— " b=1mA @7
15 N~ N~ ] 2 ¢
. ~ £ £
™~ T T
I~ & g
g
1 Ip =100 A 5%
%
c c
S o
05 8
[}
-40-20 0 20 40 60 80 100 120 140 160
Ty - Junction Temperature — °C
Figure 5
STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE
vs
DRAIN CURRENT
1
- Ty=25°C
7 i
Yos-asv ] 3
£ LI £
2 T S
2 Vgs=5V _§
g 7
7]
& o
o
0.1

1 10
Ip — Drain Current - A

Figure 7

STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE

vs
JUNCTION TEMPERATURE
1 T
Ip=125A
0.8
0.6
Vgs =45V
GS —
0.4 /,’, —
L — /4 Vgs=5V
e Py
-——
0.2
0
-40-20 0 20 40 60 80 100 120 140 160
Ty - Junction Temperature - °C
Figure 6
DRAIN CURRENT
vs
DRAIN-TO-SOURCE VOLTAGE
4
4 AVGg = 0.2V
Tg=25°C
/ Vgs=3V
3 .
2 /[
1
0
1 2 3 4 5 6 7 8 9 10

Vps - Drain-to-Source Voltage - V

Figure 8
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TPIC1321L
3-HALF H-BRIDGE GATE-PROTECTED LOGIC-LEVEL
POWER DMOS ARRAY

SLIS042 - NOVEMBER 1994

TYPICAL CHARACTERISTICS

DISTRIBUTION OF
FORWARD TRANSCONDUCTANCE

DRAIN CURRENT
vs

GATE-TO-SOURCE VOLTAGE

25 T T T L 4 T
Total Number of Ty=-40°C /
Units = 1596 Ty=25°C
, Vps=15V |
20 - Ip=625mA e
2 . Ty=25°C 3 Ty=75 c /i
) < Ty=125°C
) 1
2 - Ty =150°C
5 15 5
- E
o 8 2
=2 5=
£ 5
g 1 &
L 1
4 o
1
5
0 ] L i 0
Q0 O O o (=] Q O 9O © O
BETEEENETIERERE L AT
AR A A A A A VaGs — Gate-to-Source Voltage — V
dfs — Forward Transconductance ~ S )
Figure 9 Figure 10
CAPACITANCE SOURCE-TO-DRAIN DIODE CURRENT
vs vs
DRAIN-TO-SOURCE VOLTAGE SOURCE-TO-DRAIN VOLTAGE
800 —————— 10 ]
Vgs=0 VGgs =0
720 f=1MHz « [ Vas
Ty=25°C €
640 I Cigg(0) = 307 pF g
Coss(0) = 437 pF 3
(8]
W 560 [ Cygg(0) = 141 pF 2
<]
L 480 &
e £
& 400 g 1
5 g
< <] I
21
8 520 3 Ty =125°C MRyt
240 | Ciss 5 F— — =L
: 8 Ty =150°C LT
160 A~ Coss I8 | ——— Ty=25°C
\ ' o —+
80 Crss | — Ty=75C
0 l 01 1 11
0 4 8 12 16 20 24 28 32 36 40 1
Vps ~ Drain-to-Source Voltage — V Vsp — Source-to-Drain Voltage — V
Figure 11 Figure 12
3 7,
EXAS
INSTRUMENTS
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TPIC1321L

3-HALF H-BRIDGE GATE-PROTECTED LOGIC-LEVEL

POWER DMOS ARRAY

SLIS042 - NOVEMBER 1994

Vps - Drain-to-Source Voltage - V

tyr — Reverse-Recovery Time - ns

TYPICAL CHARACTERISTICS

. DRAIN-TO-SOURCE VOLTAGE AND
GATE-TO-SOURCE VOLTAGE

vs
GATE CHARGE
60 e
Ip = 625 A / ]2
Tg=25°C / /
50 |- See Figure 3 7 / 10
|
Vpp=20V ~\7///
w R/ .
Vpp=30V: 7//
30
3 \ V/ / °
20 \\ \ // j{ 4
— Vpp =20V
0 N L1 0
0 1 ! 2 3 4 5 6 7 8
Qg - Gate Charge —nC
Figure 13
REVERSE-RECOVERY TIME
vs
REVERSE di/dt
50
45
40
\ Z1,Zp,and Z3
35 ‘\
30 P~
\
25 \\
20
15
Vpg =48V
10 Vas=0
Ig = 625 mA
5 Ty=25°C
See Figure 1
0 100 200 300 400 500 600

Reverse di/dt - Alus

Figure 14

VGs — Gate-to-Source Voltage - V
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TPIC1321L
3-HALF H-BRIDGE GATE-PROTECTED LOGIC-LEVEL
POWER DMOS ARRAY

SLIS042 - NOVEMBER 1994

THERMAL INFORMATION
MAXIMUM DRAIN CURRENT MAXIMUM PEAK AVALANCHE CURRENT
vs vs
DRAIN-TO-SOURCE VOLTAGE TIME DURATION OF AVALANCHE
10— T—T"TTT 10 —rrTrrmr
[~ Tc=25°C < - See Figure 4
1
< 1 }J.ST I E
1 -
£ NN 5
8 / X I
g / 1 mst %’
2 / 10 mst § £
[ \ I K]
5 1 A 500 ust z N \
E R % N
g 7 S \ Tc =25°C
= / ' \eJP g
a N % Tc=125°C \
i ant N\ 3 \
DC Conditions \ \\ 2 \ \
o A ;
1 10 100 0.01 0.1 1 10 100
Vps - Drain-to-Source Voltage — V tav — Time Duration of Avalanche — ms
T Less than 2% duty cycle Figure 16

¥ Device mounted on FR4 printed-circuit board with no heatsink.
§ Device mounted in intimate contact with infinite heatsink.

Figure 15
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TPIC1321L
3-HALF H-BRIDGE GATE-PROTECTED LOGIC-LEVEL
POWER DMOS ARRAY

SLIS042 - NOVEMBER 1994

THERMAL INFORMATION
DW PACKAGE?
JUNCTION-TO-BOARD THERMAL RESISTANCE
vs
PULSE DURATION
100
| DC Conditions
L
d=05 =11 //
H v
9 ’ﬂ’¢ ¢
@ L4
& d=02 —T _L
] 102 (— -
2 7 =" 7
- 11 i
2 T U v
« [ d=0.1 — =
©
5 1 i =
joor?
g | d=0.05 | || T ,/// ~
B wll LT
g — ] T
m | | _,/ /' A
8 d=002 AT ~T _V
gl
5 1
c d=0.01
=
3
1 >
o
S Il
Single Pulse I‘_ tl="|
/ tw —» e |
— o]
/ _T1LITL 0
04 R
0.0001 0.001 0.01 0.1 1 10 100

tw — Pulse Duration - s

t Device mounted on 24 in2, 4-layer FR4 printed-circuit board with no heatsink.
NOTE A: Zgg(t) = r(t) Rgys

tw = pulse duration

te = cycle time

d = duty cycle = ty/tc

Figure 17
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TPIC1501A
QUAD AND HEX POWER DMOS ARRAY

SLIS046 — MAY 1995

® Low 'DS(on)

100 mQ Typ (Full H-Bridge)

400 mQ Typ (Triple Half H-Bridge)
Pulsed Current:

12 A (Full H-Bridge)

6 A (Triple Half H-Bridge)
Matched Sense Transistor for Class A-B
Linear Operation
® Fast Commutation Speed

description

The TPIC1501 is a monolithic power DMOS array
that consists of ten electrically isolated N-channel
enhancement-mode power DMOS transistors,
four of which are configured as a full H-bridge and
six as a triple half H-bridge. The lower stage of the
full H-bridge is provided with an integrated
sense-FET to allow biasing of the bridge in class
A-B operation.

DW PACKAGE
(TOP VIEW)
outPuT3 [T 24[] Vops
GND[] 2 23[] GND
GATE3B [| 3 22[] GATE3A
GATE2B [| 4 21[] GATE1B
SENSE [} 5 20[] GATE2C
OUTPUT2[] 6 19[] OUTPUT1
GATE4B [| 7 18[] GATE4A
GATE2A [] 8 17[] GATE1A
GATESB [] 9 16]] GATE5A
Vopz [J 10 15{] Vpp1
OUTPUT4{] 11 14[] Vpps
SOURCE [J 12 13[] OUTPUTS

The TPIC1501 is offered in a 24-pin wide-body surface-mount (DW) package and is characterized for operation

over the case temperature range of —40°C to 125°C.

schematic
VbD1 VpD2 VpD3
10 l 14,24
Q2A
Q1A Q3A Q4A Q5A
17 8 22 18 16
GATE1A GATE2A GATE3A GATE4A GATE5A
19 6 1 11 13
OUTPUT D1 A A p2 OUTPUT2 OUTPUT3 OUTPUT4 OUTPUTS
Q1B Q28 Q3B Q4B Q5B
21| L s E 7 o |
GATE1B GATE2B GATE3B GATE4B GATESB
SENSE ®
5 T e
Q2C 12
SOURCE
[ = GATE2C p3 &
2,23
GND
NOTES: A. Pins 2 and 23 must be externally connected.
B. Pins 14 and 24 must be externally connected.
C. No terminal may be taken greater than 0.5 V below GND.
PRODUCT PREVIEW information concerns products in the formative or . Copyright © 1995, Texas Instruments Incorporated
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absolute maximum ratings, T¢ = 25°C (unless otherwise noted)t

SUPPly-t0-GND VORAgE .. ..ottt e e e e 20V
Source-to-GND voltage (Q3A, Q4A, QBA) ..ottt ittt et e 20V
Output-to-GND voltage ............cvvuiiiiiiinininnnnnn. P 20V
Sense-to-GND voltage .......... e e e e 20V
Gate-to-source voltage range, Vgg (Q1A, Q1B, Q2A, Q2B, Q3A, Q3B, Q4A, Q4B, Q5A, Q5B) ..... +20V
Gate-to-source voltage range, Vg (Q2C) ..ottt e -0.7Vto6V
Continuous drain current, each output (Q1A, Q1B, Q2A,Q2B) .......ccviiiiiiiiiii i 3A
Continuous drain current, each output (Q3A, Q3B, Q4A, Q4B, Q5A, Q5B) .........ccvvivinannnn. 15A
Continuous drain current (Q2C) . ... ..ottt e 15 mA
Continuous source-to-drain diode current (Q1A, Q1B, Q2A, Q2B) ...... oottt 3A
Continuous source-to-drain diode current (Q3A, Q3B, Q4A, Q4B, Q5A, Q5B) ............ccovven.n. 15A
Continuous source-to-drain diode current (Q2C) ... ..ottt e 15 mA
Pulsed drain current, each output, Imax (Q1A, Q1B, Q2A, Q2B) (see Note 1 and Figure24) ........ 12A
Pulsed drain current, each output, Imax (Q3A, Q3B, Q4A, Q4B, Q5A, Q5B) '

(see Note 1 and FigUre 25) . ...ttt vt et e e e e 6 A
Pulsed drain current, gy (Q2C) (seeNote 1) ......oi i 60 mA
Continuous total dissipation, Tg = 70°C (see Note 2 and Figures 24 and25) ................... 286 W
Operating virtual junction temperaturerange, Ty ...... ..ot —40°C to 150°C
Operating case temperature range, TG . ...ovtiiiiiitii it —40°C to 125°C
Storage temperature range, Tgtg .-« vvvvnee et —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .................. e 260°C

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

NOTES: 1. Pulse duration = 10 ms, duty cycle = 2%

2. Package mounted in intimate contact with infinite heatsink.
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electrical characteristics (Q1A, Q1B, Q2A, Q2B), T¢ = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V(BR)DSX Drain-to-source breakdown voltage ID =250 pA, VGgs =0 20 \
ID=1mA, Vbs =Vas, 14 17 21
VGS(th) Gate-to-source threshold voltage See Figure 5 \Y%
. Ip=5mA, Vps=VaGs 165 195 235
VGS(th)match  Gate-to-source threshold voltage matching Ip=5mA, Vps=VaGs 40| mv
V(BR) Reverse drain-to-GND breakdown voltage I(:)E;Tln[-)tg)- GND current = 250 uA 20 \%
VDS(on) Drain-to-source on-state voltage !é‘l?e: flcﬁés 3and4 Vas =10V, 0.24 \
v Forward on-state voltage, GND-to-Vpp1, Ip=3A (D1, D2) 18 Y
F GND-to-Vppgp See Notes 3 and 4 :
Ig=2A, Vgs =0,
See Notes 3 and 4 and Figure 19 085 1.05
VF(SD) Forward on-state voltage, source-to-drain Py v 5 \
S=SA, Gs=0,
See Notes 3 and 4 and Figure 19 09 11
= Tc=25°C 0.05 1
Ipss Zero-gate-voltage drain current x(_D;g - 2)6 Vi TC 15570 Y P HA
= C = © B
Forward-gate current, drain short circuited _ _
IGSSF to source Vgs=16V, Vps=0 10 100 nA
Reverse-gate current, drain short circuited _ _
IGSSR to source Vgg=16V, Vps =0 10 100 nA
Leakage current, Vpp1-to-GND, _ Tc=25C 0.05 1
likg Vpp2-to-GND, gate shorted to source VDGND =16V Tc=125°C 0.5 10 nA :
Vgg =10V, Tg=25°C 0.1 0.12
Ip=2A,
See Notes 3and 4 o
) . ) and Figure 9 Tc=125°C 0.14 0.18
'DS(on) Static drain-to-source on-state resistance Q
VGs =10V, Tg=25°C 01 012
ID=3A,
See Notes 3 and 4 o
and Figures 7 and 9 Tc=125°C 0.14 018
Vps =10V, Ip=1A,
See Notes 3 and 4 15 25
Ofs Forward transconductance v oV 7 15 A S
DS = ' D=10A,
See Notes 3 and 4 and Figure 13 2 3
. Short-circuit input capacitance, common
Ciss source 300
c Short-circuit output capacitance, common Vps=10V, Vgs =0, 205 F
0ss source f=1MHz, See Figure 17 P
c Short-circuit reverse transfer capacitance, 160
rss common source
Og Sense-FET drain current ratio Vps=6V, ID(Q2B) =5 MA 100 150 200
NOTES: 3. Technique should limit Ty - T¢ to 10°C maximum.
4. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts.
*i’
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source-to-drain diode characteristics (Q1A, Q2A), T¢c = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ter Reverse-recovery time Is=15A, Vgs =0, 70 ns
Vpg =16V, di/dt = 100 A/us,
QRrr  Total diode charge See Figures 1 and 23 90 nC
trr Reverse-recovery time Ig=2A, Vgs =0, 75 ns
QRR Total diode charge Vps=16V, di/dt = 100 A/us, 110 nC
resistive-load switching characteristics (Q1A, Q1B, Q2A, Q2B), T¢ = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
td(on) Turn-on delay time 20
td(offy _ Turn-off delay time Vpp=16V, R =16Q ten=10ns, 30 ns
tr Rise time tgis = 10 ns, See Figure 3 15
t Fall time 25
Qg Total gate charge 5.6 7
. Vps =16V, Ip=15A, Vgs=10V,
Qgs(th) Threshold gate-to-source charge See Figure 4 0.8 1 nC
Qgd Gate-to-drain charge 1.2 1.5
Lp . Internal drain inductance 5 nH
Ls Internal source inductance 5
Rg Internal gate resistance 0.25 Q
3 1
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electrical characteristics (Q3A, Q3B, Q4A, Q4B, Q5A, Q5B), T¢ = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V(BR)DSX Drain-to-source breakdown voltage Ip =250 yA, Vgs =0 20 \
Ip=1mA, Vps=VaGs, 14 17 21
VGsi(th) Gate-to-source threshold voltage See Figure 6 \'
Ip=5mA, Vps=Vas 165 1.95 235
VGS(thymatch  Gate-to-source threshold voltage matching ID=5mA, Vps =VGs 40| mv
V(BR) Reverse drain-to-GND breakdown voltage Drain-to-GND current = 250 pA (D3) 20 v
. IpD=15A, Vgs=10V,
VDS(on) Drain-to-source on-state voltage See Notes 3 and 4 0.675 Vv
g Ip=15A(D3)
VE Forward on-state voltage, GND-to-Vpp3 See Notes 3 and 4 1.7 \
Is=15A, Vgs=0 1 12
See Notes 3 and 4 and Figure 20 -
VF(SD) Forward on-state voltage, source-to-drain \
Ig=2A, Vgs =0 11 13
See Notes 3 and 4 and Figure 20 : :
. Vps =16V, Tc=25°C 0.05 1
| Zero-gate-voltage drain current
DSS 9 9 Vas =0 TC =125°C 05 10 nA
Forward-gate current, drain short circuited
IGSSF b Vgs =16V, Vps =0 10 100 nA
Reverse-gate current, drain short circuited
1igssr o el Vgg =16V, Vps =0 10 100]| nA
Leakage current, Vppa-to-GND, _ Tc=25C 0.05 1
likg gate shorted to source VDGND =16V TC = 125°C 05 10 HA
VGgs =10V, To=25°C 0.35 0.39
ID=0.3A, —
See Notes 3 and 4 Tc=90C 0.45 05
. and Figures 8 and 10 | Tg = 125°C 0.50 0.56
DS(on) Static drain-to-source on-state resistance Q
Vgs=10V, Tc=25°C 04 045
Ip=1.5A,
See Notes 3 and 4 ’ o
and Figure 10 Tc=125°C 0.56 0.65
Vps =10V, Ip =500 mA, 03 0.8
See Notes 3 and 4 and Figure 14 : .
Ofs Forward transconductance )
Vps=10V, ID =750 mA, 0.4 0.9
See Notes 3 and 4 . :
Ci Short-circuit input capacitance, common 08
iss source
c Short-circuit output capacitance, common Vps=10V, Vgs =0, 98 F
0s$ source f=1MHz, See Figure 18 P
c Short-circuit reverse transfer capacitance, 65
rss common source
NOTES: 3: Technique should limit Tj - T¢ to 10°C maximum.
4: These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts.
‘b TEXAS
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® 0Vto16V, 50 mA Max PWM Gate Drive D or N PACKAGE
Output (TOP VIEW)
@ Dual Speed Command Input Capabilit
o Eff t'p Motor Volt Al:r tp ! veps [ 1 wflces
ective Motor Voltage Adjustment vaN [ 2 13]] AREF

® 100% Duty Cycle Capability auto[] 3 12[] Voat
® Low Current (<200 pA) Sleep State SPEED ] 4 11[] GD
® Built-in Soft Start ROSC[|5  10[] GND
® Over/Under Voltage Protection cosc(le ofl ILS

. INT[} 7 s|] ILR
® Over Current Protection of External

FET/IGBT

description

The TPIC2101 is a monolithic integrated control circuit designed for direct current (dc) brush motor control that
generates a user-adjustable, fixed-frequency, variable duty cycle, pulse width modulated (PWM) signal
primarily to control rotor speed of a permanent magnet dc motor. The TPIC2101 can also be used to control
power to other loads such as solenoids and incandescent bulbs. This device drives the gate of an external, low
side NMOS power transistor to provide PWM controlled power to a motor or other loads. Inductive current from
motor or solenoid loads during PWM off-time is recirculated through an external diode.

The TPIC2101 accepts a 0% to 100% PWM signal (auto mode) or a 0 V to 2.2 V differential voltage (manual
mode), and internally engages the correct operating mode to accept the input type.

The device operates in a sleep state, a run state, or a fault state. In the sleep state the gate-drive (GD) terminal
is held low and the overall current draw is less than 200 pA. The normal operating mode of the device is in the
run state and is initiated by any speed command. When the device detects an overvoltage or current fault, it
enters the fault state.

The TPIC2101 is offered in a 14-terminal plastic DIP (N) package, and a SOIC (D) package, and is characterized
for operation over the operating free-air temperature range of —40°C to 105°C.

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

SPEED INT
7
uvsD
V5P5 A& V5P5 l AREF
| IFLT ILR
Sleep —» Sleep LS
AUTO and MAN
2 MDET| " Logic
MAN ——T——- A
L 20 kHz '__I
AUTO and MAN AREF L
Input Config »{ Source } |
»] Select 20 kHz o V5P5
3 > ILimit
L
AUTO > Logic uvsD
| < uvsp
lccs A
‘ g} IDET GDDIS
V5P5
12
ces 14 jces | AREF Yy |- V5P5 Vbat
Buffer AREF L
GD [
Sleep AREF 20kHz Vtrip Logic Gate 1 GD
l l Vramp Drive
Vpat Vpat ~ Sleep
PWMout 10
. sz 20 kHz L1 GND
1 Bandgap Oscillator and Vpat
V5P5 Buffer ‘4 :;“:'QI:'; Voltage Ramp Vbatd l?a 3
Waveform Gi < s"c“""ed
,— Sleep bat
13 5
AREF ROSC COSsC
NOTE A. For correct operation, no terminal may be taken below GND.
:"
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Terminal Functions

TERMINAL
o DESCRIPTION
NAME NO.

V5P5 1 G | 5.5V supply voltage. V5P5 is a regulated voltage supply from Vpat, internally switched to AREF during the
run state. This requires a 4.7 pF tantalum capacitor from V5P5 to GND for stability.

MAN 2 1 Manual control input. MAN is an active high (greater than 5.5 V asserts the manual mode) input that serves
asapositive differential input (0-2.3 V full range) for the manual mode. Inman mode, Iman is approx. 20xlecs.

AUTO 3 I PWM control input. AUTO is an active low input that remains active if pulsed every 2048 counts of the
oscillator frequency. It also serves as a negative differential input for the manual mode. In auto mode, Iato
is approx. 13xiccs pullup, Iayto is approx. 20xlgcg pulldown in man mode.

SPEED 4 O | Integrator output. SPEED is an integrator output with a required minimum resistance between SPEED and
INT terminals of 20 k2 (typically 1 second RC time constant, or as required for soft start).

ROSC 5 O | Oscillator resistor output. ROSC has an external resistor connected to ground which determines the
constant charging current of COSC. The IC forces a voltage of Vpat/4 in run state.

COSsC 6 O | Oscillator capacitor output. COSC has an external capacitor connected to ground which determines (with
ROSC) switching frequency. f(osc) = 2/(ROSCxCOSC)

INT 7 | Integrator input. INT is an input from an integrator that requires a 4.7 uF capacitor and a 20 k minimum
resistance between the SPEED and INT terminals.

ILR 8 I Current limit reference. ILR is an input from a resistor divider off AREF.

ILS 9 | Current limit sense. ILS senses drain voltage of external FET. ILS trips within £10 mV of ILR.

GND 10 Ground terminal

GD 11 O | Gatedrive output. GD, PWM output, 0-Vpat voltage, provides a 0-Vpgt PWM output pre-drive for an external
FET.

Vbat 12 | Positive power input.

AREF 13 O | 5.5V reference voltage. AREF is a 5.5 V reference voltage switched from V5P5 during the run state. AREF
is used as a reference for ILR in current limit detection and is capable of sourcing 2 mA of current.

CCs 14 Constant current sink. Iccs equals AREF/(2xR¢gs). Requires an external resistor.

recommended external components for auto and manual modes (see Figures 2 and 4)

TERMINAL
NAME NO. DESCRIPTION

 V5P5 1 Capacitor — 4.7 uF tantalum

MAN 2 Capacitor — 0.1 uF

MAN 2 Resistor — 499 Q, 1%, 100 ppm

AUTO 3 Capacitor — 0.47 uF

AUTO 3 Resistor — 499 Q, 1%, 100 ppm

SPEED 4 Resistor — 100 kQ, 1%, 100 ppm to INT terminal, (minimum 20 kQ)
ROSC 5 Resistor — 45.3 kQ

COsC 6 Capacitor — 2200 pF

INT 7 Capacitor — 4.7 uF

CCS 14 Resistor — 27.4 kQ, 1%, 100 ppm
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detailed description

The TPIC2101 is anintegrated circuit that generates a fixed frequency, variable duty cycle PWM signal to control
the rotor speed of a permanent-magnet dc motor. This section provides a functional description of the device.

dual command speed input capability

The TPIC2101 is user configurable to either auto or manual mode, and can sense either configuration internal
to the IC. In automatic mode, the speed-command-signal is an open-collector PWM signal on the AUTO
terminal, and the MAN terminal is floating. In manual mode, the speed-command-signal is a variable resistance
across the AUTO and MAN terminals with the MAN terminal connected to Vit

sleep, run, and fault states

The TPIC2101 operates in a sleep state, a run state, or a fault state. In the auto mode, a zero-speed input
initiates the sleep state. In the manual mode, an open-circuit at the AUTO and MAN terminals initiates the sleep
state. The device will also be in the sleep state during fault conditions. In the sleep state, the gate drive terminal
(GD) is held low and the overall current draw is less than 200 pA. Any speed command initiates the run state,
which is the normal operating state of the device. The fault state is entered only when the device detects an
overvoltage or current fault. Fault state is exited either by removal of the overvoltage condition (exiting to run
state) or by resetting a current fault by entering the sleep state.

speed command adjustment

The device adjusts the GD terminal PWM signal with changes in V4t to keep the effective motor voltage
constant. The effective motor voltage is defined to be the product of the GD terminal PWM rate and the voltage
of Vgt Figure 1 shows motor voltage as a function of input speed command in the automatic mode for various
battery voltages. PWM;, is described as the duty cycle of the PWM signal at the AUTO terminal.

16

14 SN

\
RO

Vpat = 16

> at

I 10 AN

o

o

£ 8

S

>‘6 Vbat =8 \
3 6

=

N
) N

0 20 40 60 80 100
PWMjn— Incoming Pulse Width Modulation - %

Figure 1. Motor Voltage vs. Incoming PWM for Various Battery Voltages

over/under voltage protection

The IC enters the fault state if V4 rises above over-voltage shutdown (Voy, typically equals 18.5 V). If V¢ falls
below the under-voltage shutdown (Vv typically equals 7.5 volts) the IC enters sleep state. Hysteresis assures
that the device will not toggle into and out of sleep state or fault condition.
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current limit protection

Current through the motor is limited by lowering the GD terminal PWM when a high current situation occurs.
If the condition persists, the device shuts off the gate drive (GD terminal) until the circuit is reset externally by
entering the sleep state.

theory of operation

This section explains the normal circuit operation for the automatic and manual states.
power supply and oscillator

Positive voltage is supplied to the integrated circuit on the Vy,4; terminal, ground is the GND terminal. The IC
steps down the V5t supply to the regulated 5.5 V supply at the V5P5 terminal. AREF is shorted to V5P5 in run
state and disconnected when the IC is in sleep state. Two terminal connections (COSC and ROSC) are provided
to control an internal oscillator. The oscillator freq, f(osc), is defined by the following equation:

_ 2
f(OSC) ~ ROSC x COSC
Nominal oscillator frequency is 20-kHz based on the recommended components.
automatic mode signal decoding

In automatic state, a high-to-low signal transition on the AUTO terminal (open collector) will wake the device
from the sleep state into the run state. The speed command information is contained in the duty cycle ofa 100 Hz
PWM signal on the same terminal. The speed information is inverted, i.e. a signal that is 10% high commands
a faster speed than a 20% high signal. In automatic mode the MAN terminal is floating. The device is capable
of rejecting £ 2 V of ground offset V|p between the open-collector switching transistor and the GND terminal
without affecting the output duty cycle. Two terminals are provided for an RC integrator (SPEED and INT) to
average the incoming PWM signal for use as a PWM comparator input. Figure 2 illustrates the automatic state
connections.

4990
No Connection -—’\/\/\r—_t—- MAN

TPIC2101

AUTO
CCs SPEED INT

14(2.75V 4
20 kQ min
l=100pAl 27.4 kQ

Figure 2. Automatic Mode Connections

~

4.7 uF

)
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automatic mode signal decoding (continued)

The device enters the sleep state if the PWM signal on the AUTO terminal is absent (the AUTO terminal remains
high or low) for 2048 clock cycles of the 20 KHz oscillator. An internal 1 mA pull-up resistor is provided for the

AUTO terminal when in the auto mode. This pull-up resistor is not present in the manual mode or during sleep
state.

The device adjusts the output PWM duty cycle to keep the effective motor voltage constant with changing battery
voltages (Vpgat) as per the equation: .

PWM,,; = (2.88 + 13.12(1 — Input Duty Cycle))
Vbat

x 100%

Figure 3 illustrates this transfer curve with various battery voltages.

100 T
% Vpat = 12\
. \\ \\Vbat =8
% N
. ;IQ 7o \\ \\ \
; o0 Vpat =16 \ \\‘ \\
é‘ 50 - \‘ ’
ol 40 ) N \ \\
E AN
: ” AN
o 26 N\
10

0 10 20 30 40 50 60 70 80 90 100
PWM;j, — Incoming Pulse Width Modulation - %

Figure 3. Output PWM vs. Incoming PWM for Various Battery Voltages

The allowable automatic mode PWM,;; variation is = 7% over all operating conditions as indicated in the AC
characteristics Table.

manual mode speed signal decoding

In manual mode, a high input (>5.5V) on the MAN terminal changes the state of the device from sleep to run.
While in the run state the device senses the resistance between the MAN and AUTO terminals by turning on
a2mA current sink to each terminal. The MAN and AUTO current sinks are multiplied 20 X from the CCS current.
This 2 mA current sink creates a 1 V drop across each 0.5 kQ resistor and a 0 to 2.2 V differential across the

0to 1 kQ potentiometer (and thus across the 2 terminals). The SPEED and INT terminals should be utilized as

in the proceeding section as a low-pass filter. When the connection to the MAN terminal is opened, the device

enters the sleep state. In addition, the device is capable of rejecting up to 2.2 V of source voltage offset (V|g),
as indicated in Figure 4.
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manual mode speed signal decoding (continued)

—"\\V\
47 Q
Vio
Battery Vbat
Enable MAN
Switch
TPIC2101
1kQ AUTO
pot
CcCs SPEED INT

~

141275V |4
20 kQ min
|=100Ml 27.4kQ

Figure 4. Manual Mode Connections

4.7 uF

)

As in the automatic mode, the device will adjust the GD terminal PWM duty cycle to keep the effective motor
voltage constant with changing battery voltages (Vpgt). The transfer equation for the manual mode is:

(2.88 + 6.56(V -V )
PWM gy = MAN AUTO
Vbat

X 100%

Figure 5 shows the output characteristic for various source voltages.

100 ] / / 7
90 7
/ /

80
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60

50

40/
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20/
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/
/
/| Vbat =8
7 V.
/

NN N

PWM ot — Manual Mode Output PWM — %'

0
0 02 04 06 08 1 12 14 16 18 2
VMAN - VAuUTO - Differential Voltage — V

Figure 5. Manual Mode Input Signal vs. Output PWM

The allowable manual mode PWMg,;; variation is £7% over all operating conditions as indicated in the AC
characteristics table.
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over/under voltage operating

The TPIC2101 detects an over or under voltage condition (on the V5 terminal) and turns off the gate drive
circuit. The device remains in this condition until the supply voltage returns to normal operating voltage.
Hysteresis assures that the over/under voltage condition does not toggle off and on near the threshold. The INT
terminal pulls toward GND through an internal impedance of less than 500 Q during the over-voltage condition
or during sleep state. This ensures a slow ramp up of the GD terminal PWM when the V)5 voltage returns to
the operating range.

current limit operation

An over-current condition is detected if the ILS terminal is higher than the ILR terminal while the gate drive (GD
terminal) is high. This condition activates a closed-loop control, causing the INT terminal to be pulled low
(through an internal resistance less than 500 Q) lowering the commanded duty cycle to close the loop.

current fault operation

During a window of 8192 clock cycles, a latch is set if at least once during the window, a current limit condition
is detected. If a current limit condition is set for eight consecutive 8192 clock cycle windows, the gate drive (GD
terminal) will be shut off for a disable period of 65536 clock cycles. During the disable period, the INT terminal
is pulled to GND through an internal resistance of less than 500 Q. After the disable period is completed, an
internal restart is attempted. If the current limit is present again, as described above, for 8 consecutive windows,
the GD and INT terminals are again pulled to GND and the device remains in this current fault state until the
device is cycled through a sleep state to run state. However, if the current limit condition is not present during
any of the eight 8192 clock cycle windows, the latches for the 8 count window timer and the two cycle
shutdown/restart are reset. See timing diagrams, Figures 6, 7, and 8.

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

noted)t

Supply voltage range, Vgt - ..o et -0.3Vto40V
Input voltage range, MAN, AUTO . ... i e -0.3Vto40V
Input voltage range, INTCCS ILR ... ... o e -0.3Vto7V
Continuous gate drive output current, Igp .. .vvvvii i e +50 mA
Continuous speed output CUITENt, IQ(SPEED) ++« -+« -« v v rrereren e +1 mA
Continuous output current, lo(v5p5?, IO(AREF) +vvveeeeii 20 mA
Continuous ROSC output Current, IgROSEC) « -« -+« v v rrvrrer e 1mA
ContinUOUS OULPUL CUITENE, IQ(GES)  «+ v v v v v v vttt e et 500 pA
Thermal Resistance, junction to ambient, Rgga: Dpackage ................................ 131°C/W

Npackage ..............ccooiiiiiiiiii, 78°C/W
Operating free-air termperature range, TA .« .vvviirii i e —40°C to 105°C
Maximum junction temperature, Typg ... vvv it e e 150°C
Storage temperature range, Tatg -« oov e —65°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.

¥ Under load dump conditions, the voltage on Vpat can reach 40 V within 1 ms.
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TPIC2101
DC BRUSH MOTOR CONTROLLER

SLIS060 ~ OCTOBER 1995

recommended operating conditions

MIN NOM MAX | UNIT

Supply voltage, Vpat 8 12 16 \
AREF Input current [ AREF) 0 21 mA
Input voltage, Vi(MAN), VI(AUTO) (manual mode) 6 16 \
Differential voltage, Vi(vAN) — VI(AUTO) 0 22 \
Input voltage, Vi(AuTO) (auto mode) 0 55 \'
V|, ILR, ILS 0.5 275 \
Output resistance, input resistance, R(ccs) 272 275 278 kQ
Output Resistance, ROSC, ro 20 100 kQ
Output Capacitance, COSC, Co 1 5 nF
Gate drive frequency f = 2/(ROSC x COSC), f(GD) 20 kHz
Gate drive output capacitance, CO(GD) 3300 pF
Operating free-air temperature, Tp —-40 105 °C

3 7,
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TPIC2101

DC BRUSH MOTOR CONTROLLER

SLIS060 — OCTOBER 1995

electrical characteristics, Vpat =8 Vto 16 V, Ty = 25°C

PARAMETER TEST CONDITION MIN TYP MAX| UNIT
Vpat=16V, GD open,
f(osc) = 20 kHz, 4 10] mA
MAN = AUTO =Vpgat
Ibat Supply current (average), Vpat Vpat=16V, GD open,
f(osc) = 20 kHz, MAN open, 2 10 mA
Auto mode,
AUTO — 99% PWMin
Vpat=13V,
‘ AUTO and MAN open 180 2001 pA
Ibat(Q) Quiescent current (sleep state), Vpat Voat= 13V
AUTO shorted to MAN, floating 165 200 uA
. |(AREF) =0 -2 mA,
V(AREF) Voltage supply regulation, AREF MAN = AUTO = Vipat 5.225 55 b6.775 \'
AUTO or MAN mode, ILS,
- ILR common mode,
Vio Input offset voltage, current limit Voltage range 0.5 — 2.75 V, 10 mv
comparator, ILS, ILR
Vint=4.5V,
Detect (jnt) > 100 pA
i Input bias current, current limit comparator, ILS, ILR common mode, 250 nA
1B LS, ILRT, Voltage range 0.5 —2.75 V
| Input offset current, current limit comparator, ILS, ILR common mode, 100 nA
10 ILS, ILRT Voltage range 0.5 —2.75 V
Pulidown current, ILS terminal ILS =100 mV,
IOL(CLS) blanking, ILS GD commanded low 250 360 KA
Automatic mode low level input MAN open, AUTO mode,
ViL(AUTO) voltage, AUTO Lower Vi(ayTO) until V(SPEED) >2.4V 27 3 33 v
Automatic mode high level input MAN open, AUTO mode,
VIH(AUTO) voltage, AUTO Raise V)(AUTO) until VI(SPEED) <24V 3.6 4 44 v
. MAN open, Auto mode,
|I(AUTO) Input current, automatic mode, AUTO Vi(AUTO) = OV -1 -10 mA
MAN open, Sleep state,
||(AUTOQ) Input current, auto sleep mode, AUTO VI(AUTO) Z0V -40 -80 1.
Vpat=9Vto 16V,
ViH(MAN)  High level input voltage, manual mode, MAN VIH(MAN) = VIHAUTO): 5 5.5 6 \
Raise V(MAN) until V{(AREF) > 25V
. VI(MAN) =VI( AUTO)
VIL(MAN) Low level input voltage, manual mode, MAN Lower VI(MAN) until Vi(AREF) < 2.5 V 2.3 2.5 2.7 \'
Input voltage, manual mode high differential Vpat= 16V,
VIDIMAN) (high speed command), MAN-AUTO Viat -3.5 V < MAN < Vpat 17 23|V

T Indicates electrical parameter not tested in production.
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TPIC2101
DC BRUSH MOTOR CONTROLLER

SLIS060 - OCTOBER 1995

electrical characteristics, Vpat =8V to 16 V, Ty = 25°C (continued)

PARAMETER TEST CONDITION MIN  TYP MAX| UNIT
Vpat =3.5 V < MAN < Vpat+AV
Input voltage, manual mode at = | _
ViD(low) low differential (low speed Whore " oy lessero 12V and 16V Vot 02| v
command), MAN-AUTO out ® V(diff) =52V = out ‘
L Vi(pIFF)=0V
Vpat =3.5 V < MAN < Vpat +AV
(MAN) Input currents, auto and where “A” is the lesser of 2V and 16 V —Vpt, 170 o 230 mA
(AUTO) manual mode, MAN, AUTO MAN - AUTO=0Vto2V, ' : :
R(css) = 27.5 kQ to GND
Vpat —3.5 V < MAN < Vpat +AV
I Input current, manual mode where “A” is the lesser of 2 V and 16 V —Vpgt, 7 7 o
I(MANRATIO)  matching ratio, MAN, AUTO MAN - AUTO =0V 102V, °
Ress = 27.5 kQ to GND
Input current, man terminal _ -
(MAN(a)) auto mode, MAN Auto mode, MAN=22V 5 10 151 pA
Input current, man terminal . _
I(MANQ) sleep mode, MAN Sleep state, MAN=22V 5 10 151 pA
Constant current sink voltage _ »
Vices) regulation, CCS Auto or Man mode, lccs) =—100 uA 258 278 292 \
Vpat fising from 16V, INT=1YV,
Vov) Over voltage shutdown, Vpat Detect [(NT) > 100 uA 17 185 20 A
. Vpat fising from 20.1V, INT=1V, i
Vhys(OV) Hysteresis, over voltage, Vpat Detect I(NT) < 100 uA 0.5 08 0.99 A
Under voltage shutdown _ .
ViT-(UVLO) negative going threshold hDAQZc;XF?EtIL' <25V Vbat falling from 9 V, 7 7.5 8 \
voltage, Vpat ’
Under voltage shutdown _ i
VIT+(UVHI) positive going threshold gg’:czxggtr’_. 525V Vbat fising from 6.9 V, 8 85 9 \'
voltage, Vpat i
Vhys(UV) Hysteresis, under voltage, Vpat | V(UVHI) — V(UVLO) 0.5 1 \
. IF?D =-50 mA, INT=45V, Voat -3 Voat| Vv
VOH(GD High level output voltage, gate | Run state
(GD) drive, GD IGD = -2 mA, INT=45V, 0z " Y
Run state bat =% bat
Run state, IGR =50 mA, 35 Y
VoLGD Low level output voltage, gate | VI(INT) =0V, Vcosc=1V ’
(GD) drive, GD Run state, IGD =2 mA, ol v
INT=0V, Vcosc=1V :
VGD(SL) Gate voltage, sleep-state, GD | Sleep state, Igb=2mA 003 0.75 \
Pulldown current, gate drive
I(GDP) passive, GD g Vpat open, VGD =075V 75 20 A
Run state, ViLs > VILR.
| Pulidown current, INT 2 3 mA
(INT) VI(INT) =1V
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TPIC2101
DC BRUSH MOTOR CONTROLLER

SLIS060 ~ OCTOBER 1995

switching characteristics, Vpay =8 V to 16 V, Ta = 25°C

PARAMETER i ! TEST CONDITIONS MIN TYP MAX| UNIT
o ) Vpat= 16V, Load = 3300 pF, '
b Rise time ROSC =453k, COSC = 2200 pF 1] e
! Vpat =16V, Load = 3300 pF,
f Fall time ROSC = 45.3kQ, COSC = 2200 pF 08} wus
Output PWM absolute gls;o\;ggt >9 Manual and automatic modes o o
. N el (] o
accuracy to spec equation Measure at GD = 0.5 x Vpgt @ 20 kHz
f(osc) Oscillator frequency ROSC =45.3kQ, COSC =2200 pF 19 20 21| kHz
MAN = AUTO=Vpgt = 16 15 21| %DC
Minimum speed pedestal Vpat = 16, MAN floating,
AUTO @ 99% duty cycle 15 21| %DC
PARAMETER MEASUREMENT INFORMATION
Time Block 1 Time Block 2 Time Block 3 Time Block 4 Time Block 5
[ i | | | | !
Internal I | l I
Clock 8192 Cycles 8192 Cycles 8192 Cycles 8192 Cycles 8192 Cycles
ILS>ILR? SRR ERERL
0.0.0.0:9.0.90.0,
1=Yes,0=No I | l | | SRR
INT Terminal ‘
Through 500 Q
Internal Latch 1] Iz_l 3—| 0
or Counter

Current Fault
Latch/Counter

Disable Latch

No Current Limit Condition Present in Time Block 4. j

Internal Counter or Latch Set to zero. Current Limit
Condition Not Present For Eight Consecutive 8192 Cycles.
No Disable Period.

Figure 6. Current Fault Timing Diagram, Normal State
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TPIC2101
DC BRUSH MOTOR CONTROLLER

SLIS060 — OCTOBER 1995

PARAMETER MEASUREMENT INFORMATION

Time Time Time Time Time
Block 1 || Block 8 || Block 17 Block 18 Block 19
Internal ! 8192 ! | 8192 ' I 8192 I 8192 [ 8192 l
Clock Cycles } Cycles 65536/ ! Cycles Cycles Cycles Cycles
T
ILS>ILR ? [ |1 »
1=Yes, 0= No [ [ ]
I [
) [ [
GD Terminal | [
[ o
INT Terminal | ] _I | ] —I _l
Through 500 Q || ] | L
. [ o
internal Latch [, Ll A o 1 Tl :l )
or Counter [ L
1 T L)
Current Fault | ] | ’
Latch/Counter | | |
[ { |
Disable Latch ! ! : I
I Il
Time Block Repeated Six Times -j Restart Attempted

No Current Limit Condition in Time Block 19.
Internal Latch or Counter Reset to Zero.
Restart Successful

Current Limit for Eight Consecutive Time Blocks.
Disable Output for 65536 Clock Cycles.

Figure 7. Current Fault Timing Diagram, Over-Current Limit Condition
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TPIC2101
DC BRUSH MOTOR CONTROLLER

SLIS060 - OCTOBER 1995

PARAMETER MEASUREMENT INFORMATION

Time Time Time Time Time
Block 1 | Block 8 | Block 17 I Block 21 N Block A

! 8192 ‘ l 8192 l I 8192 I
CyclesA  cycles || Cycles |l Cycles
[

Internal l 8192 I
Clock Cycles
ILS>CLR ?
1=Yes,0=No

GD Terminal

INT Terminal .
Through 500 Q
_F|

| |
8192
| Cycles /\95536|

—1
—1

:
N

-

—1

o

Internal Latch
or Counter

—=1 1]

©
o

|
]
[
[
l
f
I
L
:
f
I
|
|
|

Current Fauit

_’_——_ R

Latch/Counter | [
Disable Latch | | | IL-]
I I
Time Block Repeated Six Times Restart Time BlocK 17 T_ Current Fault State
Current Limit For Eight Consecutive Time Blocks. Attempted Repeated Six Times (see Note A)
Disable Output F 536 Clock les.
isable Output For 65 Clock Cycles Restart Not Successful.
Enter Current Fault State.

NOTE A. The integrated circuit remains in this state until cycled through the sleep state into the run state. Timing resumes as shown in time block
A at right.

Figure 8. Over-Current Fauit State Timing Diagram 3
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TPIC2101
DC BRUSH MOTOR CONTROLLER

SLIS060 — OCTOBER 1995

TYPICAL CHARACTERISTICS

MANUAL/AUTO CURRENT
vs
CCS CURRENT (MANUAL MODE)

Vpat =12V

< 45
€
4 4 /
/|
5 35 %
o /
g 3 /
3 v
< /
T 25 e
5 /
= 2
] "
o
2 15
2 |17
: 7
= 05 4

0

0 50 100 150 200 250
Iccs — CCS Current (Manual Mode) — uA
Figure 9
INTEGRATOR PULLDOWN CURRENT
Vs
INTEGRATOR INPUT VOLTAGE
18

T
Vpat=12V
ILS>ILR

15 Va

. Yz

I(NT) - Integrator Pulldown Current — mA
©
N
\\
A
N
Q
[¢]

6
3 /
0
0 1 2 3 4 5

V(INT) - Integrator Input Voltage — V

Figure 11

AUTO CURRENT
Vs
CCS CURRENT (AUTO MODE)
-4 T 1 1
Vpat=12V
-3.6 2 A
_40°c/
-3.2 A
<
13 //
z 28 7 XA 105C
$ /
+ -24 2
a3 . g 25°C
[e] —
2 //
I -1.6 v
g -1.2 ‘,/
2
-0.8
-04 /I
0
0 -60 -120 -180  -240  -300
lccs — CCS Current (Auto Mode) — pA
Figure 10
OSCILLATOR CAPACITOR CURRENT
vs
OSCILLATOR RESISTOR CURRENT
1000
4
< /
= 900 7/
§ 00
5
o 700
E )4
S 600
g A
8 500 o/
S
s 400
8
& 300
L )4
o 200 V4
3 /|
_9, 100 4

0
0 40 80 120160200 240280 320360400 440480 520
l(ROsC) — Oscillator Resistor Current — uA

Figure 12
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TPIC2101
DC BRUSH MOTOR CONTROLLER

SLIS060 - OCTOBER 1995

VoL~ Gate Drive Low Side -V

Vmotor — Effective Motor Voltage -V

vs
GATE DRIVE CURRENT
1
0.9 '/
105°C
08
asoc
07 /
0.6 /, /,/ ——
05
4 L~_40°c
0.4 Ve L
0.3 . / ///1/
// g

Vs
INCOMING PULSE WIDTH MODULATION
16 T T T
Vpat=16V
14 |
Vpat =14V
12 }
Vpat=12V
. LT
Vpat=10V
. T
Vbat=8V
6
4
2
0O 10 20 30 40 50 60 70 80 90 100

:.2 ‘///’//
N 2
NV

0 5 10 15 20 25 30 35 40 45 50

TYPICAL CHARACTERISTICS |

GATE DRIVE LOW SIDE

IGD — Gate Drive Current - mA

Figure 13

EFFECTIVE MOTOR VOLTAGE

PWM;j, — Incoming Pulse Width Modulation - %

Figure 15

VoH ™~ Gate Drive High Side - V

Motor RPM — RPM

GATE DRIVE HIGH SIDE

vs
GATE DRIVE CURRENT
16 T 1
105°C //
14.4 / 0.9
12.8 b 0.8
,/ 25°C
1.2 / 0.7
26 (e 06
o |4y 4P 05
v
6.4 / /| l/-40°c 0.4
y v .
4.8 v 0.3
3.2 v e 0.2
16 A/ 0.1
0 (]
0 5 10 15 20 25 30 35 40 45 50
IgD — Gate Drive Current - mA
Figure 14
MOTOR RPM
vs
INCOMING PULSE WIDTH MODULATION
2500 ]
Vbat = 1?/
2000
Vpat =14V
/ Vpat=12V
1500 T ]
V;:at =[1 1] VI
|
1000 T 1
Vpat=8V
500 i

4

0

10 20 30 40 50 60 70 80 90 100
PWM;p, — Incoming Pulse Width Modulation - %

Figure 16
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TPIC2101
DC BRUSH MOTOR CONTROLLER

SLIS060 - OCTOBER 1995

Vo(vsp5) - Output Voltage at V5P5 - V

5.4
4.8
4.2

3.6

24
1.8
1.2

0.6

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE V5P5 OUTPUT VOLTAGE AT V5P5
Vs vs
INPUT VOLTAGE AT Vpat AMBIENT TEMPERATURE
5.6
/ .
n
a.
/ £ 555
/ b V5P5
o
] : —
2 55
=
g
3
(<]
I
€ sas
o
5
5.4
2 4 6 8 10 12 14 16 -40 -20 © 20 40 60 80 100
V|(Vbat)— Input Voltage at Vpat - V TA — Ambient Temperature - °C
Figure 17 Figure 18
OUTPUT VOLTAGE AT V5P5
vs
V5P5 OUTPUT CURRENT
6 T T T
Vpat=7V
> 5.9
w 58
[-%
wn
> 57
©
[}
g 56
_‘>: 5.5
= ——
£ 54 N
<] \ \
! 53 \
o
g AV IA
> ..
= 105°c \ 25°C\| -40°C \
7w \ \\ \
5

0 5 10 15 20 25 30 35 40 45 50
lo(vspPs) ~ V5P5 Output Current — mA

Figure 19
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TPIC2202
2-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS017 — SEPTEMBER 1992

® Two 7.5-A Independent Output Channels, KC PACKAGE

Continuous Current Per Channel (TOP VIEW)
® Low rpgon) - - - 0.09 Q Typical 5 ., DRAINZ
® Output Vol 4 1 GATE2

put Voltage 60V O 4 : gounce

® Pulsed Current. .. 15 A Per Channel 2 1 DRAINA1
® Avalanche Energy ... 120 mJ ! GATE

. e The tab is electrically connected to SOURCE.

description

The TPIC2202 is a monolithic power DMOS array
that consists of two independent N-channel

enhancement-mode DMOS transistors
connected in a common-source configuration with
open drains.
schematic
DRAIN1 DRAIN2
2 5

GATE1 _—1—J ’ LL— GATE2

3
SOURCE

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

Drain-source VOIRAge, VDG .. ottt i e i 60V
Gate-SoUICe VORAGE, VGG +« vt v vttt ittt i et et 20V
Continuous source-drain diode CUrrent . ......... ...ttt i 75A
Pulsed drain current, each output, all outputson, Ip (seeNote 1) ............... ... .o, 15A
Continuous drain current, each output, alloutputson .................... e 75A
Single-pulse avalanche energy, Eag (see Figure 4) ........ ... i, 120 mJ
Continuous power dissipation at (or below) Tp =25°C (seeNote2) ............... ... ..ot 2W
Continuous power dissipation at (or below) Tg = 75°C, all outputs on (see Note 2) ................ 31 W
Operating virtual junction temperature range, Ty ... ... e —40°C to 150°C
Operating case temperature range, To ... ooviiiii ittt e e —40°C to 125°C
Storage temperature range, Tstg -+« v« - eerrrnnnn e —40°C to 125°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ................ ... ........... 260°C

NOTES: 1. Pulse duration = 10 ms, duty cycle = 6%

2. Foroperation above 25°C free-air temperature, derate linearly at the rate of 16 mW/°C. For operation above 75°C case temperature,
and with all outputs conducting, derate linearly at the rate of 0.42 W/°C. To avoid exceeding the design maximum virtual junction

temperature, these ratings should not be exceeded.

PHODUCTION DATA information is current as of publication date.

m:;,gf V;ﬁrrp:rn:ymeten does not rily include b TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 1992, Texas Instruments Incorporated
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TPIC2202
2-CHANNEL COMMON-SOURCE

SLIS017 — SEPTEMBER 1992

POWER DMOS ARRAY

electrical characteristics, T¢ = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
V(BR)Ds Drain-source breakdown voltage ID=1UuA, Vgs=0 60 \
VTGS Gate-source threshold voltage ID=1mA, Vps=VaGs 1.2 175 24 \
Vps(on) Drain-source on-state voltage ID=75A, Vgs =15V, See Notes 3 and 4 0.68 0.94 \
I Zero-gate-voltage drai t |vps=48V, Vgg=0 Tc=257C g.07 L A
ero-gate-voltage drain curren = 8 =
DSS ¢ g DS as T = 125°C 13 10
Forward gate current, drain short _ _
lassF circuited to source Ves =20V,  Vps=0 10 100 nA
Reverse gate current, drain short _ _
IGSSR  circuited to source Ves=-20V, Vps=0 10 100 f nA
, Static drain-source on-state Vgs=15V, Ip=7.5A, Tc=25°C 0.09 0.125 o
DS(on)  resistance See Notes 3 and 4 and Figures5and 6 | T = 125°C 0.15 0.21
Ofs Forward transconductance Vps=15V, ID=5A, See Notes 3 and 4 25 4.7 S
Ciss Short-circuit input papaCItance, 490
common source
Short-circuit output capacitance, _ _ _
Coss common source Vps=25V, Vgs =0, f =300 kHz 285 pF
Short-circuit reverse transfer
Crss i 90
capacitance, common source
NOTES: 3. Technique should limit Tj - T¢ to 10°C maximum.
4. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts.
source-drain diode characteristics, T¢c = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vgp  Forward on voltage 0.8 1.3 \
- Is=75A, Vgs =0, di/dt = 100 A/us,
trr Reverse recovery time Vpg =48V, See Figure 1 200 ns
QRrp  Total source-drain diode charge 1.5 ucC
resistive-load switching characteristics, T¢c = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
td(on)  Turn-on delay time 12
td(offy  Turn-off delay time Vpp =25V, RL=6.7Q, ten=10ns, 100 né
tr Rise time tgis=10ns,  See Figure 2 43
t Fall ime 5
Qg Total gate charge 13.6 18
N Vpp =48V, ID=25A, Vgs=10V,
Qgs Gate-source charge See Figure 3 8.3 1 nC
Qqd Gate-drain charge 5.3 7
Lp Internal drain inductance 7 "
Ls Internal source inductance 7
thermal resistance
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ReJA  Junction-to-ambient thermal resistance All outputs with equal power 62.5| °C/W
. . All outputs with equal power 24| °C/wW
ReJc Junction-to-case thermal resistance .
One output dissipating power 33| C/w
3 1
EXAS
INSTRUMENTS
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TPIC2202
2-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS017 — SEPTEMBER 1992

PARAMETER MEASUREMENT INFORMATION

I di/dt = 100 Alus QRR = Shaded Area

25% of IRm

RM [ ——
(see Note A)

NOTE A: Igp = maximum recovery current

Figure 1. Reverse-Recovery-Current Waveforms of Source-Drain Diode

25V
ten —»|l¢— —» H—
RL ~ 90%| dis
Vps v 15V
Puise Generator GS 10% I
r———-—= 1 Vas | 0
: | DUT | |
|
|Rgen| 500 td(on) — | «— 7 l— tg(ofr)
I I 50 Q 505, /DD
| | Vps
| | T—— VDS(on)
| J t —’I —
e =
VOLTAGE WAVEFORMS
TEST CIRCUIT

Figure 2. Test Circuit and Voltage Waveforms, Resistive Switching
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TPIC2202
2-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS017 —- SEPTEMBER 1992

PARAMETER MEASUREMENT INFORMATION

) Current
Regulat ¢ >
l egulator ag
Same Type
12V "— 9o F 50 kQ ,_._..I as DUT |
Battery T wvpF—m——mm————— AR

1< 0.3 pF < Qgd b |
l I
Vpp=48V ___:-_: Vas ' |

! |

o_l"l__ x lg=1mA _I but Gate Voltage
Time
Ig Current- = Ip Current- Gee = Qa—Q
Sampling Reslstor Sampling Resistor gs = Ug — Ugd
WAVEFORM

TEST CIRCUIT

Figure 3. Gate Charge Test Circuit and Waveform

25V | e tay
)
—4+——— 15V
2.5mH T
Ves ___| S R
Vps | n
—=—= las
Pulse Generator | (see Note B)
|D |
50Q puT 0
Rgen
——V, 60 V MIN
Vbs (BR)DSX
~~~~~ 0
TEST CIRCUIT ) VOLTAGE AND CURRENT WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: t; < 10 ns, tf < 10 ns, Zo = 50 Q.
B. Input pulse duration () is increased until peak current |ag = 7.5 A.

'as X V(BriDsx X fav

P = 120 mJ min.

Energy test level is defined as E AS =

Figure 4. Single-Pulse Avalanche Energy Test Circuit and Waveforms
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TPIC2202
2-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS017 ~ SEPTEMBER 1992

STATIC DRAIN-SOURCE ON-STATE RESISTANCE

TYPICAL CHARACTERISTICS

STATIC DRAIN-SOURCE ON-STATE RESISTANCE

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

vs vs
CASE TEMPERATURE DRAIN CURRENT
0.30 I 1 T
Ip=75A — Tc=25°C
0.25 vgs=5V
3 (]
8 Vas=5V g |
3 G GS 5 G T
3 L 020 // a3 ! Ves =10V \4/
£ 98 £ 8 Vgs=15V
5 g ] -
g § o A A I I é
8 - T
a g — —] 7 7
=& — .
% 041 L] s 9 VGgs =20V
S ¢ T | S & GS =
@0 A @ O
2 ] NVas=15V 8
0.05 |— Vas=20V
0 0.01
-50 -25 0 25 50 75 100 125 0 3 6 9 12 15
Tc - Case Temperature - °C Ip — Drain Current - A
Figure 5 Figure 6
‘ DRAIN CURRENT
DISTRIBUTION OF vs
FORWARD TRANSCONDUCTANCE DRAIN-TO-SOURCE VOLTAGE
25 T 15 T T T T
Tc=25C \\q:VGs=5V Tc=25°C
Ip=75A Vgs=10V v (e 4|5v
Vps=15V =a.
20 DS 12 s =4
< |
® 1
\ = Vgs =4V
.‘..E." 15 g 9 | |
5 g |
¢°, 'g Vgs =35V
g’ 10 o 6
5 o
E - Vgs=3V
5 3
[+ Ry - 0
4.6 4.65 4.7 4.75 4.8 0 5 10 15 20 25 30 35 40 45 50
dfs — Forward Transconductance - S Vps — Drain-to-Source Voltage - V
Figure 7 Figure 8
3 1,
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TPIC2202 | | |
2-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS017 — SEPTEMBER 1992

TYPICAL CHARACTERISTICS

GATE-SOURCE THRESHOLD VOLTAGE SOURCE-DRAIN DIODE CURRENT
vs vs
CASE TEMPERATURE SOURCE-DRAIN VOLTAGE
100
2 T
> N Ip=1mA
g 1.8 ~ <
§ 1.6 E
3 14 \ 5 /
] - © 19
§ 3 7
g 1.2 o /117/
= g 777
8 1 s - Tc =125°C (1]
g s =] / /
& O @ = —40°
: % ; / / / Tc=-40°C
T ".; b
,@ 0.4 K3 Te=25°C
> 02
0 0.1
-50 -25 0 25 50 75 100 125 0 0.5 1 15 2
Tc - Case Temperature — °C Vsp — Source-Drain Voltage —~ V
Figure 9 Figure 10
GATE-SOURCE VOLTAGE REVERSE RECOVERY TIME
vs vs
GATE CHARGE REVERSE di/dt
16 — o 300 ) l
D=25A oo
14_Tc=25°c y Tc =25°C
@ |
> / € 250
! A/ o
p 2 /[ S
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ﬁ 6 // y § i
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Q - Gate Charge - nC Reverse di/dt ~ A/us
Figure 11 Figure 12
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TPIC2202
2-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS017 —- SEPTEMBER 1992

TYPICAL CHARACTERISTICS

" 16
| RL=75Q
Vps =375V Ig =100 pA
\ Tg=25°C / 14
[7 ] A S 12
- ate-Source
)| e /
—
/ 10
\ / Vpg =375V /

\ \ ™ vDsT,= 25V

Vps — Drain-Source Voltage ~ V

| 6
'W L Vpg =125V
/ )

©
Vgs — Gate-Source Voltage — V

N

2
\\ Drain-Source Voltage j
D T

50 100 150 200 250 300 350 400 450 500

t—Time —pus

Figure 13. Resistive Switching Waveforms
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TPIC2202
2-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS017 —~ SEPTEMBER 1992

THERMAL INFORMATION
MAXIMUM DRAIN CURRENT MAXIMUM PEAK AVALANCHE CURRENT
vs vs
DRAIN-SOURCE VOLTAGE TIME DURATION OF AVALANCHE -
100 e s e e 100
I <
Tc=25°CH L
< [ rDS(on) Limit 15A §
4 \ N 5
§ X 4 N 1ms (z
5 10 £ N S
(3} c
£ A - s
5 | E ™ N
I x 10 -
E 7.5A S — S EREi
£ bc cg - Tc = 25°¢ THH]
< n
g S : A SN
| g Tc =125 C ~ N i
o =
= cln N
= h
0.1 1
1 10 100 0.01 0.1 1 10
Vps - Drain-Source Voltage - V tay — Time Duration of Avalanche —ms
Figure 14 Figure 15
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TPIC2202
2-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS017 — SEPTEMBER 1992

r(t) — Normalized Transient Resistance

THERMAL INFORMATION

NORMALIZED TRANSIENT THERMAL IMPEDANCE
vs
SQUARE-WAVE PULSE DURATION

ogHd=1 imma rT!H
0.5 —] = > Tc=25°C I

T
04— 05 =

| / 1

0.2 - ~d

0.2 ol ;-:r d

| T+ /

01 L™ Al
01— =y
0.08 — 1
v
0.06~0.05 T 7 » 1
0.04 [—+T ] Hil
"0.02,_|_A] Single Pulse "‘ tc"‘ L
"4
P ty —» e _
0.02}— 3 it
_/ 0.01
oor L1 [ TITO T T11
0.01 0.1 1 10 100 1000 10000

ty — Pulse Duration — ms
NOTES: Zgyc(t) = r(t) RaJc
tw = pulse duration
te = period
d = duty cycle = ty/tg

Figure 16
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TPIC2301

3-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS018 — SEPTEMBER 1992

Three 7.5-A Independent Output Channels,
Continuous Current Per Channel

KV PACKAGE
(TOP VIEW)

® Low rpg(on) - - - 0.09 Q Typical > DRAING
T [ >
® Output Voltage ... 60 V 6| ——— cates
® Pulsed Current . . . 15 A Per Channel i T T3 DRAIN2
I
® Avalanche Energy ... 120 mJ <7 —— — 22%?20 E
o 2E——— orant
description [T T GATEt

The TPIC2301 is a monolithic power DMOS array
that consists of three independent N-channel
enhancement-mode DMOS transistors
connected in a common-source configuration with

open drains.
schematic
GATE2 GATE3
DRAIN1 DRAIN2 DRAIN3
2 3 5 6 7
1
GATE1 ~—J
4
SOURCE

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

Drain-source voltage, Vpg
Gate-source voltage, Vgg
Continuous source-drain diode current
Pulsed drain current, each output, all outputs on, Ip (see Note 1)
Continuous drain current, each output, all outputs on
Single-pulse avalanche energy, Eag (see Figure 4)
Continuous power dissipation at (or below) Tp = 25°C (see Note 2)
Continuous power dissipation at (or below) T = 75°C, all outputs on (see Note 2)
Operating virtual junction temperature range, T
Operating case temperature range, Tg
Storage temperature range, Tgpg -« -« -« vt v v nrre e ane e e
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds

NOTES: 1.

Pulse duration = 10 ms, duty cycle = 6%

50 w
—40°C to 150°C
—40°C to 125°C
—40°C to 125°C
260°C

2. Foroperation above 25°C free-air temperature, derate linearly at the rate of 16 mW/°C. For operation above 75°C case temperature,
and with all outputs conducting, derate linearly at the rate of 0.66 W/°C. To avoid exceeding the design maximum virtual junction

temperature, these ratings should not be exceeded.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. F does not include
testing of all parameters.
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TPIC2301
3-CHANNEL COMMON-SOURCE

SLIS018 — SEPTEMBER 1992

POWER DMOS ARRAY

electrical characteristics, Tg = 25°C (unless otherwise noted})

PARAMETER ) TEST CONDITIONS MIN  TYP MAX| UNIT
V(BR)DS Drain-source breakdown voltage Ip=1uA, Vs =0 60 \
VTGS Gate-source threshold voltage Ip=1mA, Vps =VaGs 12 175 24 \
VDS(on)  Drain-source on-state voltage Ip=75A, Vgs =15V, See Notes 3 and 4 0.68 0.94 \
| Zero-gate-voltage drai t |vpg=48v, vgg=0 Tc=25C 907 oA
ero-gate-voltage drain curren = , =
Dss 9 9 DS @s TC = 125°C 13 10
Forward gate current, drain short _
IGSSF  gircuited to source Ves=20V,  Vps=0 10 100] A
Reverse gate current, drain short _
IGSSR  ircuited to source Ves=-20V, Vps=0 10 100] nA
' Static drain-source on-state Vgs=15V, Ip=75A, Tc=25C 0.09 0.125 Q
DS(on)  (esistance See Notes 3 and 4 and Figures 5and 6 [T = 125°C 0.15 . 0.21
Ois Forward transconductance Vps =15V, Ip=5A, See Notes 3 and 4 3.3 4.7 S
: Short-circuit input capacitance,
Ciss common source 490
Short-circuit output capacitance, _ _ _
Coss common source Vps=25V, Vgs=0, =300 kHz 285 pF
c Short-circuit reverse transfer 90
1SS capacitance, common source
NOTES: 3. Technique should limit Tj — Tc to 10°C maximum.
4. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts.
source-drain diode characteristics, Tg = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vgp  Forward on voltage e=T5A v 0 di/dt = 100 A/ 0.8 1.3 \
: : S=79A, Ggs=0, i/dt = us,
trr Reverse recovery time Vps =48V, See Figure 1 200 ns
QRR  Total source-drain diode charge 1.5 uc
resistive-load switching characteristics, T¢ = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
td(on)  Turn-on delay time 12
td(offy  Turn-off delay time Vpp=25V, RL=6.7Q, ten =10 ns, 100 ns
tr Rise time tdis = 10 ns, See Figure 2 43
t Fall time 5
Qg  Total gate charge 13.6 18
y Vps =48V, Ip=25A, Vgs=10V,
Qgs Gate-source charge See Figure 3 8.3 11 nC
Qqgd Gate-drain charge 5.3 7
Lp Internal drain inductance 7 H
n
Ls Internal source inductance 7
thermal resistance
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
RgJA Junction-to-ambient thermal resistance All outputs with equal power 625 | °C/wW
i . All outputs with equal power 1.5 °C/W
ReJc Junction-to-case thermal resistance ———
One output dissipating power 33| C/wW
3 1,
EXAS
INSTRUMENTS
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: TPIC2301
3-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS018 — SEPTEMBER 1992

PARAMETER MEASUREMENT INFORMATION

s — difdt =100 Alus QRR = Shaded Area

25% of Irm

IrRm —
(see Note A)

NOTE A: IR\ = maximum recovery current
Figure 1. Reverse-Recovery-Current Waveforms of Source-Drain Diode
25V
ten —dle—  —h 4 tdis
|

AL 90%
Vps Vas

Pulse Generator 10%

DuT

Gs
} |
|
l aon ¥ N e
| 500 90% DD
| | Vbs | 10% /|
| | | T—— Vps(on)
I | ¢ * M =y e
VOLTAGE WAVEFORMS

,.
|
|
|
|
|
[

i

TEST CIRCUIT

Figure 2. Resistive Switching
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TPIC2301 ‘
3-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS018 - SEPTEMBER 1992

PARAMETER MEASUREMENT INFORMATION

gurrelnt
ulator
g l——— o ———f
Same Type |
12V = gouF as DUT
Battery oV[————————— —
*—
T —ag—¥ /|
) Vpp =48V TE—_ VaGs | |
il - |
— = DUT
o_l—l_ lg=1mA __I ﬁl Gate Voltage
-
_AAA __J - Time
Ig Current- = Ip Current- Qgs = Qg — Qgd
Sampling Resistor  Sampling Resistor WAVEFORM
TEST CIRCUIT
Figure 3. Gate-Charge Test Circuit and Waveform
25V | le—»! tay
]
-4 ——— 15V
2.5mH +
VGgs |
l
Vps | 1 0
Pulse Generator 'o ! o | - |(‘s\§e Note B)
| 50 Q DUT 0
: Rgen '

——V, =60V MIN
| 0 vos | (BR)DSX
|
| -t 1
b ——— J = 0

TEST CIRCUIT - VOLTAGE AND CURRENT WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: ty < 10 ns, tf < 10 ns, Zo = 50 Q.
B. Input pulse duration (ty) is increased until peak current Iag = 7.5 A.

_'as * Vigripsx * ‘av

2 = 120 mJ min.

Energy test level is defined as E AS

Figure 4. Single-Pulse Avalanche Energy Test Circuit and Waveforms

"@ TEXAS
INSTRUMENTS

2-64 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TPIC2301
3-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS018 — SEPTEMBER 1992

rDS(on) — Static Drain-Source
On-State Resistance — Q

Percentage of Units — %

TYPICAL CHARACTERISTICS

STATIC DRAIN-SOURCE ON-STATE RESISTANCE STATIC DRAIN-SOURCE ON-STATE RESISTANCE
vs vs
CASE TEMPERATURE DRAIN CURRENT
0.3 T 1 ] i
Ip=75A — Tc=25°C i
0.25 Vgs=5V — |
@
Vgs=5V / g a
02 pa g ! Vgs =10V \’/
// g 8 Vgs=15V
o
a
015 _——Tves=0v ] 5 o, é—l—::;
8 o —
/ — / n g
L L £
0.1 o = c 9 VGgs =20V -
/j/ | % s
_’;// - VGS =15V ‘_Q
0.05 |— Vas =20V
0 0.01
-50 -25 0 25 50 75 100 125 0 3 6 9 12 15
Tc - Case Temperature — °C Ip - Drain Current - A
Figure 5 Figure 6 '
DRAIN CURRENT
DISTRIBUTION OF vs
FORWARD TRANSCONDUCTANCE DRAIN-TO-SOURCE VOLTAGE
25 T 15[ T T T T
Tg=25°C N Vgs=5V Tc=25°C
Ip=75A Vgs=10V [
Vps=15V Vgs =45V
20 > 12 " I
; ]
o = Vgs=4V
15 [ 9 |
3 |
o
£
& Vgs=3.5V
10 n' 6
o
Vgs=3V
5 - 3
4.6 4.65 4.7 4.75 4.8 0 5 10 15 20 25 30 35 40 45 50
gfs — Forward Transconductance - S Vps — Drain-to-Source Voltage - V
Figure 7 Figure 8
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TPIC2301 :
3-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS018 - SEPTEMBER 1992

GATE-SOURCE THRESHOLD VOLTAGE

TYPICAL CHARACTERISTICS

SOURCE-DRAIN DIODE CURRENT

3 vs Vs
CASE TEMPERATURE SOURCE-DRAIN VOLTAGE
100
2 T
> ™ Ip=1mA
qé, 1.8 \ <|
§ 1.6 ‘g
% 1.4 3 1 /
< P 0 =
g 1.2 '8 777
£ " 5 /7
PR E 7711
8 s - Tc =125°C
: g [t/ r]
o 08 8 / / I Tc =-40°C
% 31 ==
8 0.6 P i
I
wn 04 8 R
o Y Tc=25°C
> 02
° 0.1
-50 -25 0 25 50 75 100 125 0 0.5 1 15 2
Tc - Case Temperature — °C Vsp — Source-Drain Voltage - V
Figure 9 Figure 10
GATE-SOURCE VOLTAGE REVERSE RECOVERY TIME
vs VS
GATE CHARGE REVERSE di/dt
16 T T 300 T
I !rD=22.5Ac ) Tc=25°C -
14} Tc =25
> / 2 250—}|
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2
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Q - Gate Charge - nC Reverse di/dt — A/us
Figure 11 Figure 12
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TPIC2301
3-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS018 — SEPTEMBER 1992

Vps — Drain-Source Voltage - V

35

30

25

20

15

10

TYPICAL CHARACTERISTICS

- 16
RL=75Q
VDS=37.5V IG=100uA
\ Tc=25°C / 14
[77 = 12
= ate-Source
/AR . ]
10 8
/ s
/ Vps=375V 8
3
I~ Vps=25V %
t (&
+ Vpg=125V "
N\ |,
\\ Drain-Source Voltage j
; N A

50 100

150 200 250 300 350 400 450 500
t-Time —pus '

Figure 13. Resistive Switching Waveforms
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TPIC2301
3-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS018 — SEPTEMBER 1992

THERMAL INFORMATION
MAXIMUM DRAIN CURRENT MAXIMUM PEAK AVALANCHE CURRENT
vs vs
DRAIN-SOURCE VOLTAGE ) TIME DURATION OF AVALANCHE
100 "7 100
Tc=25°C I
<« rDS(on) Limit 15A §
.é \ NI 3
g M v A 1ms 2
3 10 2 N S
p ¥ - K
s T\ N s ‘
(=] T : 10 N \\
E 75A g i
E DC o n - Tc = 25°C| ]
é 1 IS E g N
i = % Te =125°C| TTR <]
=
L } ™
7
< v
0.1 1
o1 10 100 0.01 0.1 1 10
Vps - Drain-Source Voltage - V tay — Time Duration of Avalanche — ms
'Figure 14 Figure 15
NORMALIZED TRANSIENT THERMAL IMPEDANCE
vs
SQUARE-WAVE PULSE DURATION
S = =1
06— = > Tc=25°C [[]
g 5
£ 0405 -
] ' —
"1 LA
ﬁ 02 0.2 L 1l ~
- 1
g 0 !1 Lt "///F;/—‘/
g o1 =] 29
= 008 ~
7
8 o0osfFo0s L A
® r 'd
E 0.04 m
3 .02 ,/ Single Pulse I‘” "I
] l /| tw—» |
€ o002 D i
Am °
o.01 1| C T 11T
0.01 0.1 1 10 ) 100 1000 10000
tw — Pulse Duration - ms
NOTES: Zgyc(t) = r(t) Rgyc
tw = pulse duration
te = period
d = duty cycle = ty/te
Figure 16
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TPIC2302
3-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS028B — APRIL 1994 — REVISED SEPTEMBER 1995

¢ Low rpg(on)---0.4QTyp D PACKAGE
© High-Voltage Outputs . . . 60 V (TOP VIEW)
® Pulsed Current...5 A Per Channel DRAINT ] : 8 [] GATET
® Fast Commutation Speed GATE2 [] 2 7 [] SOURCE/GND
DRAIN2 [] 3 6 [] SOURCE/GND
I DRAIN3 [] 4 5[] GATE3
description
The TPIC2302 is a monolithic power DMOS array that consists of three electrically isolated N-channel
enhancement-mode DMOS transistors configured with a common source and open drains. The TPIC2302 is
offered in a standard 8-pin small-outline surface-mount (D) package.
The TPIC2302 is characterized for operation over the case temperature range of —40°C to 125°C.
schematic
DRAIN1 DRAIN2 DRAIN3
1 3 4
a1 Q2 Q3
GATE1 B——I 4 z GATE2—2——I vt 22 GATEai—' it z
L L e
6,7
SOURCE/GND

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

Drain-to-source Voltage, VDG .. ov vttt s 60V
Gate-t0-soUrce VOIRAGE, VGG « v o vt et ittt ettt e e +20V
Continuous drain current, each output, alloutputs on, Tc=25°C ........... ..., 1A
Pulsed drain current, each output, Tc = 25°C (see Note 1 and Figure 6) ................... ..ot 5A
Single-pulse avalanche energy, Tc = 25°C, Epg (see Figures4and 16) ......................... 9md
Continuous total power dissipation at (or below) Tc=25°C ...t 0.95W
Operating virtual junction temperature range, Ty ... ..ot —40°C to 150°C
Operating case temperature range, TG ..o v vveeiiii i et e —40°C to 125°C
Storage temperature range, Tgtg -« ..o ovev i —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............ ..., 260°C

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

NOTE 1: Pulse duration = 10 ms, duty cycle = 2%

Copyright © 1995, Texas Instruments Incorporated

PRODUCTION DATA information is current as of publication date. o

Pg:::rt: we:?'fao"r;ny to specifications per mad t’;r;n: 01:1 Texas In_str:lr:vcble&t: '

:esﬁng of all parameters. c . TEXAS
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TPIC2302 -
3-CHANNEL COMMON-SOURCE

- SLIS028B — APRIL 1994 — REVISED SEPTEMBER 1995

POWER DMOS ARRAY

electrical characteristics, T¢ = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V(BR)DSX Drain-to-source breakdown voltage Ip =250 pA, Vgs=0 60 \
VGS(th) Gate-to-source threshold voltage Ip=1mA, Vps=VGs 15 185 2.2 \
} Ip=1A, Vgs=10V,
VDS(on) Drain-to-source on-state voltage See Notes 2 and 3 0.4 0.475 \
Is=1A,
VF(SD) Forward on-state voltage, source-to-drain Vas =0(21, 22, Z3), 0.9 1.1 \Y
See Notes 2 and 3
. Vpg =48V, Tc=25°C 0.05 1
1 Zero-gate-voltage drain current A
DSs 9 9 Vas=0 Tc = 125°C 0.5 0] ®
lgssF Forward gate current, drain short circuited to source | Vgg =16V, Vps =0 10 100 nA
IGSSR Reverse gate current, drain short circuited to source | Vgg =16V, Vps =0 10 100 nA
) Tc=25°C 0.05 1
likg Leakage current, drain-to-GND VR=48V HA
) Tc=125°C 0.5 10
?/Gs:; oV, Tg=25°C 04 0475
. i b - . D = y
'DS(en) Static drain-to-source on-state resistance See Notes 2 and 3 S . . Q
and Figures 6 and 7 c= ) .
Vps =10V, ID=0.5A,
Ofs Forward transconductance See Notes 2 and 3 085 1.02 S
Ciss Short-circuit input capacitance, common source 115 145
Coss Short-circuit output capacitance, common source Vpg =25V, VGgs =0, 60 75 oF
Short-circuit reverse-transfer capacitance, f=1MHz
Crss 30 40
common source
NOTES: 2. Technique should limit Ty — Tc to 10°C maximum, pulse duration <5 ms.
3. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts.
source-to-drain diode characteristics, T¢ = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
trr(SD) Reverse-recovery time Ig=05A, Vgg=0, Vps =48V, 65 ns
Qrr Total diode charge di/dt = 100 Aps, See Figure 1 0.03 uC

2-70
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TPIC2302
3-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS028B — APRIL 1994 — REVISED SEPTEMBER 1995

resistive-load switching characteristics, T¢ = 25°C

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
td(on)  Turn-on delay time 21 42
td(offy  Turn-off delay time Vpp=25V, RL=50Q, tr1 =10 ns, 20 40 ns
tro Rise time 1 =10ns, See Figure 2 5 10
o Fall time 13 26
Qg Total gate charge 3.1 3.8
— Vpg=48V, Ip=05A, Vgs =10V,
Qgs(th) Threshold gate-to-source charge See Figure 3 0.4 0.5 nC
Qqd Gate-to-drain charge 1.3 1.6
Lp Internal drain inductance 5 H
n
Ls Internal source inductance 5
Rg Internal gate resistance 0.25 Q
thermal resistance
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Rgya  Junction-to-ambient thermal resistance _ 130
- - - All outputs with equal power, See Note 4 °C/W
RgJp  Junction-to-pin thermal resistance 44
NOTE 4: Package mounted on an FR4 printed-circuit board with no heat sink
PARAMETER MEASUREMENT INFORMATION
15 T
[ TJ 25°C
1
< [
l
€
g
5
o
o
3
a | .
c 7 g 25% of |RM1
5 |
[}
& |
8 I
3 I
<]
@ |
; I
ol .y
}_
\ _ —’1— trr(SD)
YY) P D S DU DU
0 25 50 75 100 125 150 175 200 225 250
Time - ns
t1RM = maximum recovery current
Figure 1. Reverse-Recovery-Current Waveform of Source-to-Drain Diode
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TPIC2302
3-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS028B — APRIL 1994 — REVISED SEPTEMBER 1995

PARAMETER MEASUREMENT INFORMATION

Vpp=25V

try —b le— — le—tg
Vps | |

pm——— 10V
Pulse Generator ves | N\
r ————— I 0 V
| —y
! R CL=30pF tdton) | J ! e
en L =30p > — t,
| "o (see Note A) t2 ¢ [ r2
: I ! VoD
V|
: bs ——— Vbps(on)
b — L VOLTAGE WAVEFORMS
TEST CIRCUIT
NOTE A: C|_includes probe and jig capacitance.
Figure 2. Resistive-Switching Test Circuit and Voltage Waveforms
V|
Current DS
Regulator <«————— Qg —_——
12V — |
Battery ov|—m—————————— I
B  Ogs(tn) Plt— ga —»t /|
—_ I
T vas |
! |
Gate Voltage
Time
s IGrCurrent.- = s IDI_Cur;fnti- Qgs = Qg—Qqgd
ampling Resistor ampling Resistor VOLTAGE WAVEFORM
TEST CIRCUIT

Figure 3. Gate-Charge Test Circuit and Voltage Waveform
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TPIC2302
3-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS028B — APRIL 1994 — REVISED SEPTEMBER 1995

PARAMETER MEASUREMENT INFORMATION

Vpp=25V
| le—>— tayt
|‘—— tw ——’I |
420 pH . —+——— 15V
VaGs |
Pulse Generator I ¢ Vbs | I E— YV
(see Note A) | [ Ias

- Gs (see Note B)
| 50 Q DUT Ip
| ov
| Rgen
I 50 Q \ VDs ——— V(BR)DSX = 60 V Min
|
| r — ov
L 4 VOLTAGE AND CURRENT WAVEFORMS

TEST CIRCUIT
T Non-JEDEC symbol for avalanche time
NOTES: A. The pulse generator has the following characteristics: ty < 10 ns, tf < 10 ns, Zg = 50 Q.
B. Input pulse duration (ty) is increased until peak current Iag =5 A.
Iag X V X tay
Energy test level is defined as E AS = AS (BF;)DSX = 9 mJ, where taw = avalanche time.

Figure 4. Single-Pulse Avalanche-Energy Test Circuit and Waveforms

TYPICAL CHARACTERISTICS

GATE-TO-SOURCE THRESHOLD VOLTAGE STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE
vs vs
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E 15 : ~— £E 06
= ip=to0pA T~ | | £ 3 e
8 — Qg e L~
g ~ 22 Vgs=10V_—~] _H
3 s g s
2 1 o5 04 -
- = 1
2 S < L — Vgs=15V
& § o //
o5 - 0.2
£
0
o
> 0 0
~-40 -20 0 20 40 60 80 100 120 140 160 -40 -20 0 20 40 60 80 100 120 140 160
T4 — Junction Temperature — °C Ty - Junction Temperature - °C
Figure 5 Figure 6
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TYPICAL CHARACTERISTICS

STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE DRAIN CURRENT
vs vs
DRAIN CURRENT DRAIN-TO-SOURCE VOLTAGE
1 T T T 5 T T T T T T
Ty=25°C 15vl 10V L1 1 |
— AVGs =02V -
8 a // //A/__ Unless Otherwise _|
3 o / / Y/ 41 Noted
@ « L Ty=25C -
o E:, VGS=10V4/) ’rIE ; l // VGS=5V’I
s 8 7 g 3 =
a2 —d 5 g
g2 <
s Vgs =15V = .
e .% 5 2 = Vgs =4V T
= | -
S £ 2
& ©
o
- 1
. 4 Vgs=3V _]
0.1 0
0.01 0.1 1 10 0 1 2 3 4 5 6 7 8 9 10
Ip — Drain Current - A Vps - Drain-to-Source Voltage - V
Figure 7 Figure 8
DRAIN CURRENT
DISTRIBUTION OF . vs
FORWARD TRANSCONDUCTANCE GATE-TO-SOURCE VOLTAGE
0.5 5

T T : T | ] '
Total Number of Units = 639 o _ﬂ / //
Tj=-40°C
0.45| Ty=25°C - 4.5 J /

AERERIT//

1
Ty=75°C

~N

0.4

L Ty=125°C

¥ 035 < 35 f —
) € / / r Ty =150°C
5 0.3 g 3 / /
N =3
© 025 o 2.5
() [~
o ‘s
g 0.2 a 2
8 1
S o015 L 15
, 0.1 1
0.05 0.5
0 i 0
v-g'g'g.g:lg.g. o 1 2 3 4 5 6 7 8 9 10
- - - - - - VGs — Gate-to-Source Voltage - V
gfs — Forward Transconductance - S
Figure 9 Figure 10
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TYPICAL CHARACTERISTICS

CAPACITANCE SOURCE-TO-DRAIN DIODE CURRENT
vs vs
DRAIN-TO-SOURCE VOLTAGE SOURCE-TO-DRAIN VOLTAGE
400 T T T 10
f=1MHz
360 Ty =25°C <
Cijss(0) = 158 pF 1
320 Coss(0) = 400 pF £
w Crss(0) = 78 pF £
o 280 3
g g
£ 240 9
S [}
S 200 £ [ |
-4 ~ 1989
- S Ty=125°C | L Ty=-40°C
S 160 £ TJ=I150°(I: ] S
(8] 120 \‘ ciss :‘; 0.1 oy TJ = I25°C.
| (§ Hi= Tu=75C
80 C
\ —] oss :%
40 PNy Crss =
0 i 0.01
0 4 8 12 16 20 24 28 32 36 40 0.1 1 10
Vps — Drain-to-Source Voltage - V Vsp - Source-to-Drain Voltage - V
Figure 11 Figure 12
DRAIN-TO-SOURCE VOLTAGE AND
GATE-TO-SOURCE VOLTAGE REVERSE-RECOVERY TIME
vs vs
GATE CHARGE REVERSE di/dt
70 . 14 150 |
Ip=05A / Ig=05A
Ty=25°C p. ‘ Tyg=25°C
s 60f seeFigure3 v4 12 > » 125 SeeFigure1
I Vpp=20V 1 c
8 4 s
& 50 T 4 10 8 £
s [N Vpp=30V / / / 3 F 100
8 \ ™~ / 9 e
e 40 V4 8 9 (]
2 / g g
- A1/ ? =t
) 5 x Q1,Q2,and Q3
< 30 7 / 6 8 [
£ & o
© £ & 50
: /A i g ~
1 20 \ Z 4 < S ———
g8 | /] |~ Voo=sV | g
> 10 \ \ | 2 > - 25
\Q -+ Vpp=20V
0 ' 0 0
0 05 1 15 2 25 3 a5 0 100 200 300 400 500 600
Qg — Gate Charge —~nC Reverse di/dt — Alus
Figure 13 Figure 14
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THERMAL INFORMATION
MAXIMUM DRAIN CURRENT MAXIMUM PEAK-AVALANCHE CURRENT
vs vs
DRAIN-TO-SOURCE VOLTAGE TIME DURATION OF AVALANCHE
10 T T 10 ——TTTTT
[ Tc =25°C —1 < See Figure 4
1 pst L

< X 5
:lé; LM \\\\ 3
£ 10 mst !( N 2 N {
° 1T/ \ g \ A
£ A' 1 mst \\\ 2 \\ \ Te o 25°C
- N L N\ Z N c=
£ = - N * N
£ \ 500 ust ——N 8 N\ N
5 / \ AN P \ \\
g \ \ E \\
a DC Conditions E Tc =125°C \\ N
) \ ] N

) 17

\ = AN N\
0.1 N L] N
0.1 1 10 100 0.01 0.1 1
Vps — Drain-to-Source Voltage - V tay — Time Duration of Avalanche -~ ms
1 Less than 0.1 duty cycle Figure 16
Figure 15
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THERMAL INFORMATION
D PACKAGET
NORMALIZED JUNCTION-TO-AMBIENT THERMAL RESISTANCE
vs
PULSE DURATION
10
2
L
1
3 DC Conditions
c 1=
£ — d=05
% T T il
4 1 =
o | d=0.2 =T
[ | | -
E — d=0.1
£ T T LT
E 0.1 (= 4=0.05
5 ] [
B 1
£ — T T 7 —
< d =0.02 — [
2 1 T 1
5 d=0.01 T {4 "'_/
8 001 -
2 X
3
3
o
s Zall
g v
g Single Pulse
I 0.001 ,./ g::
g 7 ld— tc nui
o« tw—»| | m
[1_TL %
0 HH
o001 [T T 171
0.0001 0.001 0.01 0.1 1

tw — Pulse Duration — s

T Device mounted on FR4 printed-circuit board with no heat sink
NOTE A: ZgA(t) = r(t) Rgya

tw = pulse duration

tc = cycle time

d = duty cycle = ty/te

Figure 17
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® Low rpg(on)- - - 0.6 Q Typ D PACKAGE
® High-Voltage Outputs ... 60V (TOP VIEW)
® Pulsed Current. .. 2.25 A Per Channel DRAINT [ § 8[| GATE1
® Fast Commutation Speed GATE2 [| 2 7 %SOURCE/GND
® Direct Logic-Level Interface DRAIN2 [| 3 6 [] SOURCE/GND
DRAIN3 [] 4 5[] GATE3
description

The TPIC2322L is a monolithic logic-level power DMOS array that consists of three electrically isolated
N-channel enhancement-mode DMOS transistors configured with a common source and open drains.

The TPIC2322L is offered in a standard eight-pin small-outline surface-mount (D) package and is characterized
for operation over the case temperature range of —40°C to 125°C.

schematic
DRAIN1 DRAIN2 DRAIN3
1 3 4
at Q2 Q3
. s e
GATE1 8—, —e z GATE22—] —e 22 GATE:;—S—J —e 3
q L q
6,7
SOURCE, GND

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

Drain-to-source voltage, Vpg . ... v vie it 60V
Gate-to-GND VORage ... ..o i 100V
Drain-t0-GND VORAGE . ... oottt et ettt e s 100V
Gate-t0-s0Urce VoItage, VG « v vvviniii i e +20V
Continuous drain current, each output, all outputs on, Tc=25°C ............cooiiiiiiiinnnnnn 0.75A
Continuous source-to-drain diode current, Tc =25°C ...t 0.75A
Pulsed drain current, each output, Imax, Tc = 25°C (see Note 1 and Figure 15) .................. 225A
Single-pulse avalanche energy, Eag, Tc =25°C (see Figure4) ..................ooiiiian.. 30.4 mJ
Continuous total power dissipation at (or below) Tc =25°C (see Figure 15) .................... 0.95W
Operating virtual junction temperaturerange, Ty ........ ... ittt —40°C to 150°C
Operating case temperature range, Tg  .........covvviiiiniinn.. e —40°C to 125°C
Storage temperature range ... —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ..............c.ccciiiiiinieinn. 260°C

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

NOTE 1: Pulse duration = 10 ms and duty cycle = 2%.

PRODUCTION DATA information is current as of publication date. Copyright © 1994, Texas Instruments Incorporated

&T"ﬁf’g 'EE"";":"*TY ';E;Temcaﬁons per the d::sm:o‘t" exas. Innrm‘em % T :
INSTRUMENTS
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electrical characteristics, Tg = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT®
V(BR)DSX Prain-to-source breakdown voltage Ip =250 pA, VGs=0 60 \
VGs(th)  Gate-to-source threshold voltage 's%: ;ign:;/:é 5 Vbs =Vas: 15 185 22| Vv
V(BR) Reverse drain to GND breakdown voltage Drain to GND current = 250 pA 100 \
VDS(on) Drain-to-source on-state voltage ISDe: ,3;2:’2 and 3 Vas =5V 045 0.53 v
o IS=0.75A, Vgs=0
VF(SD) Forward on-state voltage, source-to-drain See Notes 2 and 3 and Figure 12 0.85 1 \
. Vpg =48V, Tc=25°C 0.05 1
[ Zero-gate-voltage drain current A
DSS o 9 Vgs=0 Tc=125°C 0.5 0] *
IGSSF Forward gate current, drain short circuited to source |Vgg =16V, Vps =0 10 100 nA
IGSSR Reverse gate current, drain short circuited to source |Vgg =16V, Vps =0 10 100 nA
! Leak t, drain-to-GND v sy ez 0% 11 A
eakage current, drain-to- =
kg 9 DGND To = 125°C 05 10
:/GSO= 755 \f\ Tg=25°C 06 07
. it -~ . D = U. y
'DS(on) Static drain-to-source on-state resistance See Notes 2 and 3 e oo ; Q
and Figures 6 and 7 c= :
Ofs Forward transconductance ggesl:olessvé and 3 an;?:izu?l:es : ’ 0.75 0.9 S
Ciss Short-circuit input capacitance, common source R 115 145
Coss Short-circuit output capacitance, common source Vpg =25V, VGgs =0, 60 75 oF
Short-circuit reverse transfer capacitance, f=1MHz, See Figure 11
Crss 30 40
common source
NOTES: 2. Technique should limit Ty — T to 10°C maximum.
3. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts.
source-to-drain diode characteristics, T = 25°C (see schematic diagram)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
trr Reverse-recovery time IF=0.375A, Vps =48V, 85 ns
QRrR Total diode charge di/dt= 100 A/us,  See Figures 1 and 14 0.19 uc

3 5
EXAS
INSTRUMENTS
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resistive-load switching characteristics, T¢ = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
td(on)  Turn-on delay time 21 42
td(off)  Turn-off delay time Vpp =25V, R = (?-7 Q, ten =10 ns, 26 52 ns
ty Rise time tdis=10ns,  See Figure 2 14 28
t# Fall time 13 26
Qg Total gate charge 1.8 23
Qgs(th) Threshold gate-to-source charge \S/eDeSF=|gtarev.:3 ID=0375A, Vgs=5V. 0.4 0.5 nC
Qqd Gate-to-drain charge 1.1 1.4
Lp Internal drain inductance 5
Ls Internal source inductance 5 nH
Rg Internal gate resistance 0.25 Q

thermal resistance
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Junction-to-ambient thermal resistance,

FBJA  See Note 4 All outputs with equal power 130 oW
RgJp  Junction-to-pin thermal resistance 44 °C/W

NOTE 4: Package mounted on an FR4 printed-circuit board with no heat sink.

PARAMETER MEASUREMENT INFORMATION

1.5 [~
| Vps=48V
.. Vas=0V
1 1y=25C UE : : :
< Z1,72,and Z3 . Reversedi/dt=100 Alus . |
| SRS
g 05[
[
5 )
o 0
s -
k-]
2 = 0.5 [rorivirtrbeimpiepbrivigeiebettei
ﬂ . .
Q
2 -1 ShddA Grp |
3 ade rea RR|
3 : : 1
8 T e o e
f 5 l
o : |
—o .. R | A R
: trr(SD)
IRt~ ————
oL BM

0 50 100 150 200 250 300 350 400 450 500

t-Time -ns

T 1rM = maximum recovery current

Figure 1. Reverse-Recovery-Current Waveform of Source-to-Drain Diode
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PARAMETER MEASUREMENT INFORMATION

Vpp=25V
RL v ten —» 4— —»l lh—— tdis
DS | | ——— sv
Pulse Generator ves | | |
f————— .i Vags I ov
| DUT » —
' R CL=30pF td(on) ‘ | » I en
en 50 Q —CpL=30p — t
| "o { “T (see Note A) t—b | r
: | 500 | | Vpbp
V|
= i DS —--— VDS(on)
|
b e e e 4 L VOLTAGE WAVEFORMS
TEST CIRCUIT
NOTE A: Cy_includes probe and jig capacitance.
Figure 2. Resistive-Switching Test Circuit and Voltage Waveforms
Current
Regulator
9 ¢ Qg ———>
e Same Type |
12-v — 0.2 uF as DUT .
Battery sv ——————————— -
4 gs(th) Pd— Oga —) {
Vbp — |
T Vas | |
|
_I—Li Ig=1pA put Gate Voltage
© ot
—— A Time
Ig Current- =  Ip Current- VOLTAGE WAVEFORM
Sampling Resistor Sampling Resistor

TEST CIRCUIT

Figure 3. Gate-Charge Test Circuit and Voltage Waveform

“-’P TEXAS
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(see Note A)

PARAMETER MEASUREMENT INFORMATION

Vpp=25V

| > tay
e tw |
7 mH —F——— sV

Vas I

Pulse Generator Ip ‘ Vbs D — oV
GS

} T s
B
DUT I ‘ | | (see Note B)
| | ov

| ~— V(BR)DSX =60 V Min

VOLTAGE AND CURRENT WAVEFORMS
TEST CiRCUIT

NOTES: A. The pulse generator has the following characteristics: ty < 10 ns, tf < 10 ns, Z¢y = 50 Q.

B.

Energy test level is defined as E AS

Input pulse duration (ty) is increased until peak current Ipg = 2.25 A.

_'as ¥ Vigripsx * tav

> = 30.4 mJ.

Figure 4. Single-Pulse Avalanche Energy Test Circuit and Waveforms

VGs(th) — Gate-to-Source Threshold Voltage - V

TYPICAL CHARACTERISTICS
GATE-TO-SOURCE THRESHOLD VOLTAGE STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE
vs vs
JUNCTION TEMPERATURE JUNCTION TEMPERATURE
25 T 1.5 B
Vps =VaGs Ip=075A
P 8 12 =
\\ N~ ID=1mA 3 a /
™~~~ Q v
~~ ~ S 9 v
S~ e 2 .~ 4/
1.5 T~ ~C £ 5 09 Vgs =45V =
Ip =100 kA \\ 582 L 7
= T L~ L~ Vas=5V
1 b g 06T ~
[ =
85
a
0.5 = 0.3
0 0
-40 ~20 0 20 40 60 80 100 120 140 160 -40 -20 0 20 40 60 80 100 120 140 160
Ty — Junction Temperature - °C Ty - Junction Temperature - °C
Figure 5 Figure 6
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TYPICAL CHARACTERISTICS

STATIC DRAIN-TO-SOURCE ON-STATE RESISTANCE DRAIN CURRENT
vs vs
DRAIN CURRENT DRAIN-TO-SOURCE VOLTAGE
=TT 225 —
Ty=25C AVGs =0.2 //
00— 2| Ty=25°C //
g 08 / 175 |vgg = 5\’/ / vl
5 | ves=4av
8 dI / <' 1.5 \r /(
d g 0.7 Ves =45V T 7 g ///
e £ L
£ 5 125
£z / 8
o 3 06 £ 1
= [
g ?:9 Vgs=5V 5 L
X o o7 —
§&5 05 05 y Vas=3V
@ .
2
0.25
0.4 . 0
0.01 0.1 1 10 0 1 2 3 4 5
Ip — Drain Current - A Vps - Drain-to-Source Voltage - V
Figure 7 Figure 8
DRAIN CURRENT
DISTRIBUTION OF vs
FORWARD TRANSCONDUCTANCE GATE-TO-SOURCE VOLTAGE
50 T T T L 2.25
Total Number of Units = 639 Ty=25°C
2 Ty =75°C ——
Tyg=125°C ﬁ
1.75
® <
2 1 o1s
= c
[ o
=2 £
5 8 1.25
o
g 5
5 a 075
o = Ty=150°C
0.5
0.25 N
Ty=-40°C
e 0 l
g 3 § 2 § 5 2 8 0 1 2 3 4 5
=] ° =] =] i =] e Vgs — Gate-to-Source Voltage - V
dfs — Forward Transconductance - S Figure 10
Figure 9
3 1
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TYPICAL CHARACTERISTICS

CAPACITANCE SOURCE-TO-DRAIN DIODE CURRENT
vs V'
DRAIN-TO-SOURCE VOLTAGE SOURCE-TO-DRAIN VOLTAGE
400 T 10 =
Vgs=0 F Vgs=0
360 f=1MHz <
+ Ty=25°C L
180 Ciss(0) = 158 pF H
Coss(0) = 400 pF 5
u Crss(0) =78 pF ‘: 1
: 160 3
[
"é \ Ciss £
£ 120 — g
] 1
& 2 Ty=150°C \- Ty=-40°C
° c g o =
T~ 0ss § Ty=257C
c i L Ty=125°C { ]
40 N\g rss 8 oz Tg=75°C
0 0.01
0 4 8 12 16 20 24 28 32 36 40 0.1 1 10
Vps - Drain-to-Source Voltage - V Vsp - Source-to-Drain Voltage - V
Figure 11 Figure 12
DRAIN-TO-SOURCE VOLTAGE AND
GATE-TO-SOURCE VOLTAGE REVERSE-RECOVERY TIME
Vs vs
GATE CHARGE REVERSE di/dt
70 T 14 100 T T
!|P=g-gZé‘A Vps =48V
| 1J= Vas =0
>I 501 See Figure 3 12 > @ \ ISG=S 0.375A
[] al, ] 75 TJ = 25°C —
g 50 08 ¢ \ See Figure 1
° = i
> \ S \
Vpp=20V ol
8 a0 \ pD 8 8§ ¢
3 \ Vpp=30V )/ 3 8 50
S 30 Ae § ¢« 21,22, and 23
£ y 3 2
g A s 3
]
120 AN N F 4 -
3 / N Vpp =48V g +*
> 10 N S DiD _ 2 -7
Vpp=20V
0 0 o
0 0.5 1 15 2 0 100 200 300 400 500 600
Qg - Gate Charge - nC Reverse di/dt - Alus
Figure 13 Figure 14
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THERMAL INFORMATION
MAXIMUM DRAIN CURRENT MAXIMUM PEAK AVALANCHE CURRENT
: vs Vs
DRAIN-TO-SOURCE VOLTAGE TIME DURATION OF AVALANCHE
10— ‘ Ar—T T
[ Tc =25°C <« See Figure 4
1
< g
£ 3
- =
é 1ust ] ‘g
3 y. ~ k- 5
[
£ // 10 msf—d‘-&) \ 2
& 1 / 11 I ' \_ z, A\
>
£ e A\ - N\| Tc =25°C
E N i v & \
k: v \ 500 ist N § \ \
1 -
o 3 Tc = 125°C \
: \
DC Conditions !
/ \ CINIE N
0.1 N 1 \
0.1 1 10 100 0.01 0.1 1 10
Vps — Drain-to-Source Voltage - V tay — Time Duration of Avalanche —~ ms
1 Less than 2% duty cycle Figure 16
Figure 15
{i,
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THERMAL INFORMATION
D PACKAGEt

NORMALIZED JUNCTION-TO-AMBIENT THERMAL RESISTANCE

vs
PULSE DURATION

10
5
t
3 ; DC Conditions
s — d=0.5
2 —
4 [ 1 L]
o« | d=02 -
g 1 I ’—’_—
a [ d=0.1 o]
£ T i L--
L 01= d=005 ——
E ——— =
‘3 I - A
£ [ d=0.0: L
< el |
£ P LT
c I d=0.01 R L~
2 1 ,f"
Lt
'g 0.01
=S >
© ——
[
N A
®
£
S
;‘,_’ Single Pulse
! 0.001 — F
< == te "I i
x tw e— 1]
[ TL %
0 M
0.0001 [T T T 1711
0.0001 0.001 0.01 0.1 1 10
tw — Pulse Duration—-s
t Device mounted on FR4 printed-circuit board with no heat sink.
NOTES: Zga(t) = r(t) Rgya
tw = pulse duration
{c = cycle time
d = duty cycle = ty/tc
Figure 17
B
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TPIC2603
6-CHANNEL SERIAL INTERFACE LOW-SIDE DRIVER

SLIS056 - DECEMBER 1995

® Serial Control With Diagnostics NE PACKAGE
® Six Power DMOS Transistor Outputs of (TOP VIEW)
350 mA Continuous Current U
® [nternal 60-V Inductive Load Clamp DRAINS [} 1 20[] Viat
DRAIN4 [] 2 19{] DRAINO
® Independent ON-State scLK [ 3 18[] NC
Shorted-Load/Short-to-Battery Fault soif ¢ 17f]NC
Detection on All Drain Terminals aND [ 5 16[] GND
® Independent OFF-State Open-Load Fault GND[] 6 15{] GND
Sense on All Drain Terminals SDo[|7 14]] NC
® Transition of Drain Outputs to Low Duty CS[]s 13[I NC
Cycle PWM Mode for Over-Current DRAIN3 [} 9 12[] DRAIN1
Condition DRAIN2[] 10 11[]vee
® Over-Battery-Voltage-Lockout Protection
® Over-Temperature Fault Sense and Dgg: SmE
Reporting
® Fault Diagnostics Returned Through Serial DRAINS [] H 24[] Vpat
Output Terminal DRAIN4[|2  23[] DRAINO
® Internal Power-On Reset of Registers SCLK [] 3 22f] NC
® CMOS Compatible Inputs With Hysteresis -~ SDIfJa  21]INC
GND[]s 20[] GND
description GND[]s 19[] GND
. . . ] GND [}~ 18[] GND
The TPIC2603 is a monolithic low-side driver GND [| 8 17[] GND
which provides serial interface and diagnostics to spo[le 16f] NC
control six on-board power DMOS switches. Each o5 1s[]NC
channel has independent OFF-state open-load
DRAIN3 [} 11 14]] DRAIN1
sense, ON-state shorted-load/short-to-battery DRAIN2 [ 12 13l v
protection, over-battery-voltage protection, and ce

over-temperature sense with fault status reported
through the serial interface. The device also
provides inductive voltage transient protection for each drain output. The TPIC2603 can be used to drive
inductive and resistive loads such as relays, valves, and lamps.

NC - No internal connection

Serial data input (SD) is transferred through the serial register when CS is low on low-to-high transitions of the
serial clock (SCLK). Each string of data must consist of 8 or 16 bits of data. A logic high input data bit will turn
the respective output channel ON and a logic low data bit will turn it OFF. CS must be transitioned high after all
of the serial data has been clocked into the device. A low-to-high transition of CS will transfer the last six bits
of serial data to the output buffer, 3-state the serial data out (SDO) terminal, and re-enable the fault register. Fault
data for the device is sent out the SDO terminal. The first bit of the shift register is exclusively OR’ed with the
fault registers. When a fault exists, the SDI data is inverted as it is transferred out of SDO. Fault data consists
of fault flags for over-temperature (bit 6) and shorted/open-load (bits 0-5) for each of the six output channels.
Fault register bits are set or cleared asynchronously, when CS is high to reflect the current state of the hardware.
The fault must be present when CS is transitioned from high to low to be captured and reported in the serial fault
data. New faults cannot be captured in the serial register when CS is low.

If an over-current or shorted-load fault occurs, the channel will transition into a low duty cycle
pulse-width-modulated (PWM) signal as long as the fault is present. More detail on fault detection operation is
presented in the device operation section of this data sheet.

The TPIC2603 provides pull-down resistors on all active-high inputs except SCLK. A pull-up resistor is
used on CS.

The TPIC2603 is characterized for operation over the operating case temperature of —40°C to 125°C.

PRODUCT PREVIEW i ducts in the or . Copyright © 1995, Texas Instruments Incorporated
design phase of development. Characteristic data and other I
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functional biock diagram

Serial/Parallel Input Control

sm-*-'lr'Ir'lrIrIrl

® Over current/short to Vphat sense @ Open-load/short-to-GND
OFF-state sense

]
|
| temperature | voltage
|

"‘_L___T___.L—__ T . '—__ __"‘
NN I
Ll |
| |
SCLK < L Jl
R
; — > DRAINO
» DRAIN1
» DRAIN2
» DRAIN3
» DRAIN4
I———> DRAIN5
v A A 4 {V y \ 4
’._
I Lam Output Drivers > GND
%N [ L | —» GND
$ tvwv v b v bt ev % oee
Fault Sense/Protection Circuitry I
Over | Over

@ Current limit ® Over-temperature sense (optional) | logic J‘ sense
| ]
r L Vbat
A
Fault State Bits 0|1/2| 3/4/{5/ | Over Temperature — Ve
YYYVYYVYY
l |‘|"‘ —————————————— B
_________ SCLK Fault Status |
: |‘+ s > Register _‘
————— hift Enable
s Shit Enable
ivtontontostonten S :)D'" —————» 00
______ Tri-State Driver/
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Terminal Functions

TERMINAL
[Tle] DESCRIPTION
NAME No.t
Cs 8(10) | | |Chipselect. CSisan active-low input. Serial communication is enabled by puiling the CS terminal low. The CS
input should only be transitioned when SCLK is low. CS has an internal active pull-up and requires CMOS logic
level inputs.
DRAINO 19(23) | O | FETdrainoutputs. These terminals pull current through the low-side switched loads. They are actively clamped
DRAIN1 12 (14) at the peak clamping voltage as defined in the electrical characteristics section of this data sheet.
DRAIN2 10 (12)
DRAIN3 9 (11)
DRAIN4 2(2)
DRAINS 1(1)
GND 5,6, 15, Ground. These terminals provide circuit ground for the device.
16 (5,6, 7,
8,17, 18,
19, 20)
SCLK 3(3) | Serial clock. SCLK clocks the shift register. Serial data is transferred into the serial data input (SDI) port and
serial fault data is transferred out of the serial data output (SDO) port of the device on the rising edges of SCLK.
SDI 4 (4) | Serial data input. SDI receives serial data from the control device. The serial data transmitted on this terminal
is an 8-bit (or 16-bit) control byte with the most significant bit (MSB) being transferred first. The input has an
internal active pull-down and requires CMOS logic level inputs. See Figures 2 and 4 for input protocoi.
SDO 7(9) | O |Serial data output. This 3-state output transfers fault data to the control device. The output will remain 3-stated
unless the device is selected by a low on chip select (CS). See Figures 3 and 4 for fault protocol.
Vpat 20 (24) Battery voltage. The output drivers will operate at the battery voltage (Vpat) levels as low as 5.5-V. This supply
is provided for over-voltage shutdown protection and for added gate-drive capabilities.
Vce 11 (13) Supply voltage. V¢ is connected to the 5-V power supply voltage. The output driver will be able to turn ON at
Vg levels as low as 4.5 V.

T Terminal numbers listed in parenthesis are for the 24-pin DW package.

absolute maximum ratings over the recommended operating case temperature range (unless

otherwise noted)

Logic supply voltage range, Voo (seeNote 1) ... -03Vto7V
Battery supply voltage range, Vgt .. ovvvvvniiiinnt S -15Vto60V
Logicinput voltage range, V| ... ... i e -03Vto7V
Power DMOS drain-to-source voltage, Vpg (see Note 2) ... ... ... i 70V
Continuous drain current, each output, all outputs on, Ip,, Tc=25°C ...t 350 mA
Pulsed drain current, single output, TA =25°C (seeNote 3) ..., 225A
Single-pusle avalanche energy, Eag (see Figure 14) ........................... e 100 mJ
Operating virtual junction temperaturerange, Ty .............. .. —40°C to 150°C
Storage temperature range, Tstg - -« -« v eeetrree i —55°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for10seocnds ...t 260°C

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

1. All voltage values are with respect to GND.

2. Each power DMOS source is internally connected to GND.

3. Pulse duration < 100 ps and duty cycle < 2%.

NOTES:
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recommended operating conditions

MIN .NOM MAX | UNIT
Logic supply voltage, Voo 4.5 5 5.5 \
Battery supply voltage, Vpat 5.5 12 25 \'
High-level input voltage, V|4 0.7Vce Vee \'
Low-level input voltage, V)i 0 0.3Vce \
Operating case tempeature, Tg -40 125 °C
electrical characteristics, Tc = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Vpat Battery supply voltage Normal operation 55 25 \
| Batt | t Vee=5V 5 mA
attery supply curren
bat ry supply Voo OV | A
Vee Logic supply voltage 4.5 5.5 "
Icc Logic supply current All outputs off, Vpat=5.5V 5 mA
Viurnon ng(i:ctggggt’i gg gle;ge Vpat=5.5V, Check output functionality 45| v
Viov) Quer battery voltage Gate disabled 30 38| v
Over-battery-voltage reset
Vhys(ov)  hysteresis 04 2 v
Vpat =13V 0.7 1
bat l0=035A, Tg=25°C
" Drain-to-source on-state Vbat =55V 1.7 23 Q
DS(on)  resistance Voat= 13V 12
lp=0.35A, Tc=125°C
Vpat=5.5V 27
IL On-state current limit 0.8 5 A
TM(ov) Over-current sense 0.8 3 A
Ics Input pull-up current GND < V| <0.7Vgc-CS -5  —10 -50 | pA
liL Input pull-down current 0.3Vgoc <Vi<Vee, Allotherinputs 2.5 10 25 MA
IDsx Off-state drain current Vioad = Vbat =145V 20 40 80 pA
I0(sleep) ~ Output current, sleep-state Vpat < 0.5V, Vcc <05V, Load=14V 50 uA
VoH l\;l;%l;-glgvel serial output lo=1mA 0.8Vee Vv
VoL \I;gi\{va-g;/el serial output lo=1mA 02 0.4 v
loz Output current, SDO 3-state |Vcc=55Vto0V -10 1 10 A
VBRIDSX  page 20U00 Dreakdown  go < 195, ty=100ps, Io=20mA 52 58 68| Vv
T(limit) Thermal flag 150 170 185 °C
T(hyst) Thermal flag hyteresis 5 10 15 °C
V(operl,) Open load detection voltage 0.3Vce 0.7Vce Vv
i
‘b TEXAS
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switching characteristics, Voc =5V, T¢c = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
tw Clock cycle period pulse duration SCLK See Figure 1 250 555 ns
twH(SCLK) Pulse duration SCLK high See Figure 1 100 248 ns
twL(SCLK)  Pulse duration SCLK low See Figure 1 100 248 ns
tpd1 Propagation delay from falling edge of CS to SDO valid %S;)Zd%r?c\é :geSeDlgi)ngrv; 1) 150 300 ns
tpd2 Propagation delay from rising edge of CS to SDO 3-state CS =2 Vto SDO 3-state 150 200 ns
thd3 Propagation delay from SCLK to SDO CS<o08V 80 172 ns
t(SDO) Rise time of SDO : Cload = 200 pF 30 50 ns
t{(SDO) Fall time of SDO Cioad = 200 pF 30 50 ns
tstb Short-to-battery/shorted-load/open-load deglitch time See Figures 5 and 6 25 70 100 us
td(on) Turn-on delay time, rising edge of CS to drain 0.4 5 10
td(off) Turn-off delay time, rising edge of CS to drain Vpat =14V, 0.4 5 15 s
tr(drain) Rise time of drain terminal Rload =30 Q 0.4 5 10
t(drain) Fall time of drain terminal 0.4 5 10
f(SCLK) Serial clock frequency 1.8 4 MHz
toyc(ref) Short-to-battery sense cycle time See Figure 5 1.6 4 6.4 ms
twsense Short-to-battery sense pulse duration See Figure 5 25 70 100 us
tsut Setup to/from the fall edge of CS to the rising edge of SCLK | See Figure 1 150 200 ns
tsu(SDI) Setup time, SDI to SCLK ‘ See Figure 1 25 55 ns
th(SDI) Hold time, SDI after SCLK See Figure 1 10 55 ns

thermal resistance

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
RgJA Junction-to-ambient thermal resistance All outputs with equal power 50 °C
ReJc Junction-to-case thermal resistance All outputs with equal power 10 °C

“? TEXAS
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TPIC2701
7-CHANNEL COMMON-SOURCE POWER DMOS ARRAY
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® Seven 0.5-A Independent Output Channels N PACKAGE
® Integrated Clamp Diode With Each Output (TOP VIEW)
® Low rps(on) - - - 0.5 Q Typical aTet [l - U 16[] DRAIN1
® Output Voltage ...60 V GATE2 [| 2 15|] DRAIN2
® Pulsed Current. .. 3 A Per Channel , GATE3 [ 3 14]] DRAIN3
® Avalanche Energy ...22mJ GATE4[]4  13]] DRAIN4
GATE5 [|5  12]] DRAINS
description GATE6 [J6  11]] DRAING
GATE7[]7  10[] DRAIN7
The TPIC2701 is a monolithic power DMOS SOURCE [] 8 9[] CLAMP
transistor array that consists of seven

independent N-channel enhancement-mode
DMOS transistors connected in a common-source
configuration with open drains. The TPIC2701 is
pin-for-pin functionally compatible with the Texas
Instruments ULN2001A through ULN2004A.

logic diagram

y—?- CLAMP

GATE1 —! 1% pRAINt
'@
GATE2 -2 z‘ . 15 prAIN2
1 IN—“
GATEZ —3 E ® 14 DRAIN3
J IN-—»
GATE4 4 E ® 13 prAIN
y IN—»
GATE5 -5 ° 12 pRAINS
EDIH’"
GATE6 -8 E‘ . 1 prAING
3 IN—
GATE?7 7 z‘ ® 10 pRaAIN?
3
8
SOURCE
;mﬂg&rgz Bfonﬂl.}smm;;e c’:t'l:zn‘;:‘: &ngx;?;ﬁ;‘er: m?nttes' i Copyright © 1992, Texas Instruments Incorporated
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absolute maximum ratings over operating case temperature range (unless otherwise noted)

Drain-source Voltage, VDG ... vttt 60V
Gate-soUrce VOlAge, VGG -« o vt v vttt et e +20V
Clamp-drain Voltage, VoD -« vvveie it e e e e 60V
Continuous source-drain diode CUITENt ... ... ...ttt et e 05A
Pulsed drain current, each output, Ip (see Note 1 and Figure 17) ..................coiiiiiiia 3A
Pulsed clamp current, I (see Note 1and Figure 18) ........ ... 3A
Continuous drain current, each output, all outputson ............. e 05A
Single-pulse avalanche energy, Epag (see Figure 4) ...... ... .o 22md
Continuous total dissipation at (or below) Tp = 25°C (see Note 2) ..... e e 14W
Operating virtual junction temperaturerange, Ty ..........coiviiiiiiiiiiiiiiinnns. —40°C to 150°C
Operating case temperature range, TG . ...ovvvveiriininnennnnnns . —40°C to 125°C
Storage temperature range, Totg weveeee —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............ccoviiiiiinnnn... 260°C

NOTES: 1. Pulse duration = 10 ms, duty cycle = 6%.

2. For operation above 25°C free-air temperature, derate linearly at the rate of 11 mW/°C. To avoid exceeding the design maximum
virtual junction temperature, these ratings should not be exceeded.

electrical characteristics, Tg = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V(BR)DS Drain-source breakdown voltage Ip=1pA, Vgs =0 60 \
VTGS Gate-source threshold voltage Ip=1mA, Vps =VaGs 12 175 2.4 \
f Ip=05A, Vgg=15V,
VDS(on) Drain-source on-state voltage See Notes 3 and 4 0.25 0.4 Vv
I Zero-gate-voltage drai t Vpg=48V, Vgg=0 e=25C 0.05 L N
ero-gate-voltage drain curren = , =
Dss 9 9 DS Gs TG = 125°C 05 10
IGSSF Forward gate current, drain short circuited to VGs=20V, Vpg=0 10 100 nA
source
IGSSR Reverse gate current, drain short circuited to Vgs=-20V, Vpg =0 10 100 nA
source
Vgs=15V, Ip=05A, |Tg=25°C 0.5 0.8
'DS(on) ~ Forward drain-source on-state resistance See Notes 3 and 4 and Q
Figures 5 and 6 Tc=125C 0.8 13

Vps=15V, Ip=05A,

Yis Forward transconductance See Notes 3 and 4 0.5 0.8 S

Ciss Short-circuit input capacitance, common source 105

Coss Short-circuit output capacitance, common source Vps=25V, Vgg=0, f=300kHz 65 oF
Short-circuit reverse transfer capacitance,

Crss 15

common source

NOTES: 3. Technique should limit Tj — T¢ to 10°C maximum.

4. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts with a single output
transistor conducting. '

source-drain diode characteristics, T¢ = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

Vgp  Forward on voltage Is=05A, Vgs=0 0.9 1.4 \
trr(SD) Reverse-recovery time Is=05A, Vgs=0, Vps=48YV, 165 ns
QRR Total source-drain diode charge di/dt = 25 A/ps, See Figure 1 250 nC

3

EXAS

INSTRUMENTS

2-96 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TPIC2701
7-CHANNEL COMMON-SOURCE POWER DMOS ARRAY

SLIS019 — SEPTEMBER 1992 - REVISED OCTOBER 1992

clamp diode characteristics, Tg = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX; UNIT
VE Forward on-voltage IF=05A 1 1.5 \
VBR Breakdown voltage IR=1pA 60 \
IR Reverse leakage current VR=48V 0.05 1 pA
trr(cD) Reverse-recovery time IF=0.1A, di/dt = 25 Alus, 90 ns
Qrr Total source-drain diode charge Vcp=48YV, See Figure 1 100 nC
resistive-load switching characteristics, Tg = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
td(on)  Turn-on delay time : 10
td(offy  Turn-off delay time Vpp =25V, RL=100Q, ten =10 ns, 30 ns
t Rise time tgis = 10 ns, See Figure 2 15
t# Fall time 5
Qg Total gate charge 2.8 3.6
Vps =48V, ID=0.25A, Vgs=10V,
Qgs Gate-source charge See Figure 3 1.6 2 nC
Qqgd Gate-drain charge 1.2 1.6
thermal resistance
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
RoJA Junction-to-ambient thermal resistance All outputs with equal power 90| °C/W
PARAMETER MEASUREMENT INFORMATION
05A «— difdt =25 Alus QRR = Shaded Area
IFfis
o F———————— X e
| 25% of Irm
R [ ——— |
(see Note A) | / |
l |
| |
| |
| |
| |
| |
j— tr —*’|
NOTE A: IgMm = maximum recovery current
Figure 1. Reverse-Recovery-Current Waveforms of Source-Drain and Clamp Diodes
3 15
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PARAMETER MEASUREMENT INFORMATION

25V
ten —p|le— —P | tgis
RL S0%| !
Vps VGS 100, 9%\~ 18V
Pulse Generator ° | 0
f————— - Vas |
| putT | 1
| | | ‘
| 50 Q 90% PP
| Vbs I 10% /|
| | T—— VDS(on)
| L * tt—H e~ e
| R —— o =
VOLTAGE WAVEFORM
TEST CIRCUIT
Figure 2. Resistive Switching
Current 7 b
Regulator ) Qg |
12V = wovF————————— ———
— 0.2pF
Battery |‘ Qg d »
1 Ves |
Vpp=48V T—r_ | |
Gate Voltage
Time
Qgs = Qg — Qqd
Ig Current- —=  Ip Current- gs==a— "9
Sampling Resistor  Sampling Resistor WAVEFORM
TEST CIRCUIT

Figure 3. Gate Charge Test Circuit and Waveform
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PARAMETER MEASUREMENT INFORMATION

25V
| le—>! tay
|
4mH —+——— 15V
Vgs |
Pulse Generator Ip i Vos — S —
(see Note A) | —_t
AS
r————— |
l DUT Ip | (see Note B)
K °
gen |
——V =60 V Min
| Vps | (BR)DSX
|
| | = T °
e < VOLTAGE AND CURRENT WAVEFORMS

TEST CIRCUIT

NOTES: A. The pulse generator has the following characteristics: tr < 10 ns, t < 10 ns, Zo = 50 Q.
B. Input pulse duration (ty) is increased until peak current Iag = 2.5 A.

'as X ViBR)DSX X tfav

Energy test level is defined as E AS = 3

= 22 mJ min.

Figure 4. Single-Pulse Avalanche Energy Test Circuit and Waveforms
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STATIC DRAIN-SOURCE ON-STATE RESISTANCE

TYPICAL CHARACTERISTICS

STATIC DRAIN-SOURCE ON-STATE RESI,STANCE

vs Vs
FREE-AIR TEMPERATURE DRAIN CURRENT
0.9 T 1 T
Ip=05A Ta =25°C
0.8 // 0.9 :
8 07 // // g 08 —— ,
3 & Vgs=10V £
3 @ &S / 3 ¢ 07— Vas=6V T
808 = g | ——
s § — E £ 06 |
g g 08 — Vgs=15V S 3 Vas=15V
s 9 g GS o 2
s g L— = @ 05
B g 04|-=— 5 g
_E ? 2 04
82 o3 T & Vas =20V
g o % oé 0.3
= 0.2 0o
0.2
0.1 0.1
0 0
-50 -25 0 25 50 75 100 125 0 0.5 1 15 2 2.5
TA — Free-Air Temperature - °C Ip — Drain Current — A
Figure 5 Figure 6
DRAIN-TO-SOURCE CURRENT
DISTRIBUTION OF vs .
FORWARD TRANSCONDUCTANCE DRAIN-TO-SOURCE VOLTAGE
15 T 5 I ’
Ta =25°C .
I|;\=0.5A a5 Ta=25C
Vpg=15V
s =15 < .
o €
T 10 g 3.5 Vgs=5V
2 3 :
£ 2 3 —]
=} o Vgs =45V,
S 3 — |
° o 25
g 3 -
E I 2 Vgs =4V
S 5 T / | ‘
S o 15 Vae = —
] Gs=35V
o - 1
Vgs=3V
05 Vas =25V
0 0 1 |
0.76 0.775 0.79 0.805 0.82 0 2 4 6 8 10 12 14 16 18 20
dfs — Forward Transconductance - S Vps — Drain-to-Source Voltage ~ V
Figure 7 Figure 8
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Vrgs — Gate-Source Threshold Voltage - V

Isp - Source-to-Drain Diode Current - A

TYPICAL CHARACTERISTICS

GATE-SOURCE THRESHOLD VOLTAGE
vs
FREE-AIR TEMPERATURE

25
—
\\ |D =10 mA
2 —g
~—
Ip=1mA |
15 ~
1
0.5
0

-50 -25 0 25 50 75 100 125
Ta — Free-Air Temperature — °C

Figure 9

SOURCE-TO-DRAIN DIODE CURRENT
Vs
SOURCE-TO-DRAIN DIODE VOLTAGE

04— Ta=125°C | _A /
)4

oal—— /
0.1 / / TA=25°C

y A
V4
0.07 [/ /
/
0.04 [
0.02

0.01 -
05 055 06 065 07 075 08 0.85 0.9
Vgp - Source-to-Drain Diode Voltage — V

Figure 11

Vgs — Gate-Source Voltage — V

Igp — Source-to-Drain Diode Current - A

GATE-SOURCE VOLTAGE

Vs
GATE CHARGE
20 —
Ip=0.25A
18" 1o =25°C
16 ‘
14
/
12 7
0 Vps=20V 1
"
8 / ///
6 7
// P Vps =30V
4 7  vpg=a8v
2
0

0 03 06 09 12 15 18 21 24 27 3
Q — Gate Charge — nC

Figure 10
SOURCE-TO-DRAIN DIODE CURRENT

vs
SOURCE-TO-DRAIN DIODE VOLTAGE

ST 1
Tp = 25°C /
25 /
2

/

/

0.5 /
.

0
0 02 04 0608 1 12 14 16 18 2
Vgp — Source-to-Drain Diode Voltage - V

Figure 12
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