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USE IN LIFE SUPPORT MUST BE EXPRESSLY AUTHORIZED

SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON
Microelectronics. As used herein: )

1 - Life support devices or systems are devices or systems 2 - Acritical component is any component of a life support

which, are intended for surgical implant into the body device or system whose failure to perform can be
to support or sustain life, and whose failure to perform, reasonably expected to cause the failure of the life sup-
when properly used in accordance with instructions for port device or system, or to affect its safety or effec-
use provided in the labeling, can be reasonably expect- tiveness.

ed to result in a significant injury to the user.
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INTRODUCTION







GENERAL INFORMATION

POWER MOS devices are made using well proven
SGS-THOMSON technology. POWER MOS tech-
nology stands, with equal stature, firmly alongsi-
de the company’s POWER BIPOLAR technologies.
This DATABOOK has been produced to comple-
ment the advances in silicon technology and iso-
lated packaging.

The DATABOOK contains data sheets and tech-
nical notes on the range of POWER MOS devices
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for applications in industrial, automotive, compu-
ter, telecommunication, professional, and consu-
mer equipment.

Selection guides are provided in the following pa-
ges to facilitate rapid identification of the most sui-
table device for the intended use.

The extensive information makes it easy to evaluate
the performance of the product within any requi-
red equipment design.




TECHNOLOGY OVERVIEW

N-CHANNEL ENHANCEMENT MODE POWER MOS TRANSISTORS

MAIN FEATURES:

ULTRA FAST SWITCHING
EASY DRIVE

VERY LOW STORAGE TIME
LOW SWITCHING LOSSES

NO SECONDARY BREAKDOWN

Standard structure

INTERNAL SCHEMATIC 0
DIAGRAM

GATE
POLISILICON

SOURCE THERMAL
AL OXIDE

P-VAPOX

TRIPLANAR
EDGE
TERMINATION

¥

POWER MOS is a technology used to produce po-
wer devices featuring easy drive and high switching
speed.

POWER MOS transistors are produced using a
DMOS structure where the channel is obtained by
lateral diffusion. The surface has a two tier struc-
ture; the lower level is the polysilicon gate, and the
upper level is the source metallization. The struc-
ture is self-aligning as the polysilicon holes are used
as a mask for the P~ well and the N+ source dif-
fusion. The MOS channel is created by the diffe-
rence in lateral diffusion of the two impurity
distributions.

The resulting accuracy of this process controls the
channel length to < 1.5 microns and the use of
a polycrystalline gate maintains a high stability of
threshold voltage.
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POWER MOS devices are available in a low volta-
ge group, 50-250 volts Vpgg and high voltage ran-
ge 250 to 1000 volt Vpgg. Devices with a
maximum drain current of 52 A per chip are cur-
rently available. When used in a pulse mode,
Ibss max = 4 % Ipgg OF more.

Applications are in the field of power control and
include, DC-DC converters, switching power sup-
plies, actuator drivers, motor control, robotics etc.
The latest development in POWER MOS techno-
logy has generated high density cell structures
which for the same surface area increase the cur-
rent density of these devices. High density POWER
MOS devices are designed for breakdown volta-
ges up to 100V, which is the maximum voltage whe-
re increasing the cell density can give real
advantages in current capability (or RDSon).
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SELEC'i'ION GUIDE BY PART NUMBER

R n ¢ Ots ciss
Type V(B(lv;)ss (&s;;)) (IR) Package IDERT() ':‘;\7)' min max | Page
()} (mho) | (pF)
BUZ10 50 0.08 13.00 { TO-220 20.00 70 | 8.00 |700typ | 159
BUZ10A 50 0.12 10.00 | TO-220 17.00 75 3.00 2000 | 163
BUZ11 50 0.04 15.00 |} TO-220 30.00 75 | 4.00 2000 | 167
BUZ11A 50 0.06 15.00 | TO-220 25.00 75 | 4.00 2000 | 173
BUZ11FI 50 0.04 15.00 | ISOWATT220 20.00 35 | 4.00 2000 | 167
BUZ11S2 60 0.04 15.00 | TO-220 30.00 75 4.00 2000 | 177
BUZ11S2FI 60 0.04 15.00 | ISOWATT220 20.00 35 4.00 2000 | 177
BUZ20 100 0.20 6.00 | TO-220 12.00 75 | 2.70 2000 | 183
BUZ21 100 0.10 9.00 | TO-220 19.00 75 4.00 2000 | 187
BUZ25 100 0.10 9.00 { TO-3 19.00 78 4.00 2000 | 191
BUZ32 200 0.40 450 | TO-220 ' 9.50 75 | 2.20 2000 | 195
BUZ41A 500 1.50 2.50 | TO-220 4.50 75 1.50 2000 | 199
BUZ42 500 2.00 2.50 | TO-220 4.00 75 1.50 2000 | 203
BUZ45 500 0.60 5.00 | TO-3 9.60 125 [ 2.70 4900 | 207
BUZ45A 500 0.80 5.00 { TO-3 8.30 125 2.70 4900 | 211
BUZ60 400 1.00 2.50 | TO-220 5.50 75 1.70 2000 | 215
BUZ60B 400 1.50 2,50 | TO-220 4,50 75 1.70 2000 | 219
BUZ71 50 0.10 9.00 | TO-220 14.00 40 3.00 650 | 223
BUZ71A 50 0.12 9.00 | TO-220 13.00 40 | 3.00 650 | 229
BUZ71FI 50 0.10 9.00 | ISOWATT220 12.00 30 3.00 650 | 223
BUZ72A 100 0.25 5.00 | TO-220 9.00 40 2.70 600 | 233
BUZ74 500 3.00 1.20 | TO-220 2.40 40 | 0.80 500 | 237
BUZ74A 500 4.00 1.20 | TO-220 2.00 40 0.80 500 | 241
BUZ76 400 1.80 1.50 | TO-220 3.00 40 | 0.80 500 | 245
BUZ76A 400 2.50 1.50 | TO-220 2.60 40 0.80 500 | 249
BUZ353 500 0.60 5.50 | TO-220 9.50 125 | - 2.70 4900 | 253
BUZ354 500 0.80 5.50 | TO-218 8.00 | 125 | 2.70 4900 | 257
IRF140 100 0.077 | 17.00 | TO-3 28.00 125 8.70 1600 | 261
IRF141 80 0.077 | 17.00 | TO-3 28.00 | 125 | 8.70 1600 | 261
IRF142 100 0.10 17.00 | TO-3 25.00 125 8.70 1600 | 261
IRF143 80 0.10 17.00 | TO-3 25.00 | 125 | 8.70 1600 | 261
IRF150 100 0.055 | 20.00 | TO-3 40.00 150 9.00 3000 | 267
IRF151 : 60 0.055 | 20.00 | TO-3 40.00 150 9.00 3000 | 267
IRF152 100 0.08 20.00 | TO-3 33.00 | 150 | 9.00 3000 | 267
IRF153 60 0.08 20.00 | TO-3 33.00 | 150 | 9.00 3000 | 267
IRF350 400 0.30 8.00 | TO-3 15.00 | 150 | 8.00 3000 | 273
IRF450 500 0.40 7.20 | TO-3 13.00 150 8.70 3000 | 279
IRF451 450 0.40 7.20 | TO-3 13.00 150 8.70 3000 | 279
IRF452 500 0.50 7.20 | TO-3 11.00 150 8.70 3000 | 279
IRF453 450 0.50 7.20 | TO-3 11.00 | 150 | 8.70 3000 | 279
IRF520 100 0.27 5.60 | TO-220 9.20 60 | 2.70 600 | 285
IRF520FI 100 0.27 5.60 | ISOWATT220 7.00 30 | 2.70 600 | 285
IRF521 80 0.27 5.60 | TO-220 9.20 60 2.70 600 | 285
IRF521FI 80 0.27 5.60 | ISOWATT220 7.00 30| 2.70 600 | 285
IRF522 100 0.36 5.60 | TO-220 8.00 60 | 2.70 600 | 285
Gz, 35S THOMSON



SELECTION GUIDE BY PART NUMBER

v Rps(on) e | I P Ots Ciss
Type (Bg,);)ss (max) (R) Package Dé:;x) (J\"’; min max | Page
) (mho) | (pF)
IRF522FI 100 0.36 5.60 | ISOWATT220 6.00 30| 2.70 600 | 285
IRF523 80 0.36 5.60 | TO-220 8.00 60 2.70 600 | 285
IRF523FI 80 0.36 5.60 | ISOWATT220 6.00 30 2.70 600 | 285
IRF530 100 0.16 8.30 | TO-220 14.00 79 5.10 800 | 291
IRF530FI 100 0.16 8.30 | ISOWATT220 9.00 35 5.10 800 | 291
IRF531 80 0.16 8.30 | TO-220 14.00 79 5.10 800 | 291
IRF531FI 80 0.16 8.30 | ISOWATT220 9.00 35 5.10 800 | 291
IRF532 100 0.23 8.30 | TO-220 12.00 79 5.10 800 | 291
IRF532FI 100 0.23 8.30 | ISOWATT220 8.00 35 5.10 800 | 291
IRF533 80 0.23 8.30 | TO-220 12.00 79 5.10 800 | 291
IRF533F| 80 | 023 | 830 [ISOWATT220 | 800 | 35| 510 | 800 | 291
IRF540 100 0.077 | 17.00 | TO-220 28.00 125 8.70 1600 | 295
IRF540FI 100 0.077 | 17.00 | ISOWATT220 15.00 40 8.70 1600 | 295
IRF541 80 0.077 | 17.00 | TO-220 28.00 125 8.70 1600 | 295
IRF541FI 80 0.077 | 17.00 | ISOWATT220 15.00 40 8.70 1600 | 295
IRF542 100 0.10 17.00 | TO-220 25.00 125 8.70 1600 | 295
IRF542FI 100 0.10 17.00 | ISOWATT220 14.00 40 8.70 1600 | 295
IRF543 80 0.10 17.00 | TO-220 25.00 125 8.70 1600 | 295
IRF543FI 80 0.10 17.00 | ISOWATT220 14.00 40 8.70 1600 | 295
IRF620 200 0.80 2.50 | TO-220 5.00 40 1.30 600 | 301
IRF620F 200 | 0.80 | 2.50 | ISOWATT220 | 4.00 | 30| 1.30 | 600 | 301
IRF621 150 0.80 2.50 | TO-220 5.00 40 1.30 600 | 301
IRF621FI 150 0.80 2.50 | ISOWATT220 4.00 30 1.30 600 | 301
IRF622 200 1.20 2.50 | TO-220 4.00 40 1.30 600 | 301
IRF622FI| 200 1.20 2.50 | ISOWATT220 3.50 30 1.30 600 | 301
IFR623 150 1.20 2.50 | TO-220 4.00 40 1.30 600 | 301
IRF623FI 150 1.20 2.50 | ISOWATT220 3.50 30 1.30 600 | 301
IRF720 400 1.80 1.80 | TO-220 3.30 50 1.00 600 | 307
IRF720FI 400 1.80 1.80 | ISOWATT220 2.50 30 1.00 600 | 307
IRF721 350 1.80 1.80 | TO-220 3.30 50 1.00 600 | 307
IRF721F 350 | 180 | 1.80 | ISOWATT220 | 250 | 30 | 1.00 | 600 | 307
IRF722 400 2.50 1.80 | TO-220 2.80 50 1.00 600 | 307
IRF722FI 400 2.50 1.80 | ISOWATT220 2.00 30 1.00 600 | 307
IRF723 350 2.50 1.80 | TO-220 2.80 50 1.00 600 | 307
IRF723FI 350 2.50 1.80 | ISOWATT220 2.00 30 1.00 600 | 307
IRF730 400 | 1.00 | 3.00 |TO-220 550 | 74| 290 | 800 | 313
IRF730F| 400 | 100 | 300 |ISOWATT220 | 350 | 35| 2.90 | 800 | 313
IRF731 350 1.00 3.00 | TO-220 5.50 74 2.90 800 | 313
IRF731FlI 350 1.00 3.00 [ ISOWATT220 3.50 35 2.90 800 | 313
IRF732 400 1.50 3.00 | TO-220 4.50 74 2.90 800 | 313
IRF732FI 400 | 1.50 | 3.00 |ISOWATT220 | 3.00 | 35| 290 | 800 | 313
IRF733 350 1.50 3.00 | TO-220 4.50 74 2.90 800 | 313
IRF733FI 350 | 1.50 3.00 | ISOWATT220 3.00 35 2.90 800 | 313
IRF740 400 0.55 5.20 | TO-220 10.00 125 4.00 1600 | 319
IRF740Fi 400 0.55 5.20 | ISOWATT220 5.50 40 4.00 1600 | 319
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SELECTION GUIDE BY PART NUMBER

\v; Rps(on) ¢ 1 I P Its Ciss
Type (B(F\‘,))Dss (max) ( R) Package Dﬂ‘)”‘) (‘;“,’)' min max | Page
(@) (mho) | (pF)
IRF741 350 0.55 5.20 | TO-220 10.00 | 125 4.00 | 1600 | 319
IRF741FI 350 0.55 5.20 | ISOWATT220 5.50 40 4.00 | 1600 | 319
IRF742 400 0.80 5.20 | TO-220 8.30 | 125 4,00 | 1600 | 319
IRF742FI 400 0.80 5.20 | ISOWATT220 4.50 40 4.00 | 1600 | 319
IRF743 350 0.80 5.20 | TO-220 8.30 125 4.00 | 1600 | 319
IRF743FI 350 0.80 5.20 | ISOWATT220 4.50 40 4.00 | 1600 | 319
IRF820 500 3.00 1.40 | TO-220 2.50 50 1.00 400 | 325
IRF820FI 500 3.00 1.40 | ISOWATT220 2.00 30 1.00 400 | 325
IRF821 450 3.00 1.40 | TO-220 2.50 50 1.00 400 | 325
IRF821FI 450 3.00 1.40 | ISOWATT220 2.00 30 1.00 400 | 325
IRF822 500 4.00 1.40 | TO-220 2.20 50 1.00 400 | 325
IRF822FI 500 4.00 1.40 | ISOWATT220 1.50 30 1.00 400 | 325
IRF823 450 4.00 1.40 | TO-220 2.20 50 1.00 400 | 325
IRF823FI 450 4.00 1.40 | ISOWATT220 1.50 30 1.00 400 | 325
IRF830 500 1.50 2.50 | TO-220 4.50 74 2.70 800 | 331
IRF830FI 500 1.50 2.50 | ISOWATT220 3.00 35 2.70 800 | 331
IRF831 450 1.50 2.50 | TO-220 4.50 74 2.70 800 | 331
IRF831FI 450 1.50 2.50 | ISOWATT220 3.00 35 2.70 800 | 331
IRF832 500 2.00 2.50 | TO-220 4.00 74 2.70 800 | 331
IRF832FI 500 2.00 2.50 | ISOWATT220 2.50 35 2.70 800 | 331
IRF833 450 2.00 2.50 | TO-220 4.00 74 2.70 800 | 331
IRF833FI 450 2.00 2.50 | ISOWATT220 2.50 35 2.70 800 | 331
IRF840 500 0.85 4.40 | TO-220 8.00 | 125 490 | 1600 | 337
IRF840F]I 500 0.85 4.40 | ISOWATT220 4.50 40 490 | 1600 | 337
IRF841 450 0.85 4.40 | TO-220 8.00 | 125 490 | 1600 | 337
IRF841FI 450 0.85 4.40 | ISOWATT220 450 40 4,90 | 1600 | 337
IRF842 500 1.10 4.40 | TO-220 7.00 | 125 490 | 1600 | 337
IRF842F]I 500 1.10 4.40 ( ISOWATT220 4.00 40 490 | 1600 | 337
IRF843 450 1.10 4.40 | TO-220 7.00 | 125 490 | 1600 | 337
IRF843F| 450 1.10 4.40 | ISOWATT220 4.00 40 490 | 1600 | 337
IRFP150 100 0.055 | 22.00 | TO-218 40.00 | 150 | 13.00 | 3000 | 343
IRFP150FI 100 0.055 | 22.00 | ISOWATT218 26.00 65 | 13.00 | 3000 | 343
IRFP151 60 0.055 | 22.00 | TO-218 40.00 | 150 | 13.00 | 3000 | 343
IRFP151FI 60 0.055 | 22.00 | ISOWATT218 26.00 65 | 13.00 | 3000 | 343
IRFP152 100 0.08 22.00 | TO-218 . 34.00 | 150 { 13.00 | 3000 | 343
IRFP152FI 100 0.08 22.00 | ISOWATT218 21.00 65 [ 13.00 | 3000 | 343
IRFP153 60 0.08 22.00 | TO-218 34.00 { 150 | 13.00 | 3000 | 343
IRFP153FI 60 0.08 22.00 | ISOWATT218 21.00 65 | 13.00 | 3000 | 343
IRFP350FI 400 0.30 8.00 | ISOWATT218 10.00 70 8.00 | 3000 | 349
IRFP450 500 0.40 7.20 | TO-218 14.00 | 180 8.70 | 3000 | 355
IRFP450FI 500 0.40 7.20 | ISOWATT218 9.00 70 8.70 | 3000 | 355
IRFP451 450 0.40 7.20 | TO-218 14.00 | 180 8.70 | 3000 | 355
IRFP451FI 450 0.40 7.20 | ISOWATT218 9.00 70 8.70 | 3000 | 355
IRFP452 500 0.50 7.20 | TO-218 12.00 | 180 8.70 | 3000 | 355
|IRFP452Fi 500 0.50 7.20 | ISOWATT218 8.00 70 8.70 | 3000 | 355
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SELECTION GUIDE BY PART NUMBER

R e g (o
Type V(a(r\zl);)ss (3184;;')‘) ('R) Package 'Dﬂ;”‘) '(:\;:I’; m:; max Page
(@) (mho) | (pF)
IRFP453 450 0.50 7.20 | TO-218 12.00 | 180 8.70 3000 | 355
IRFP453FI 450 0.50 7.20 | ISOWATT218 8.00 70 8.70 3000 | 355
IRFZ20 50 0.10 9.00 | TO-220 15.00 40 5.00 850 | 361
IRFZ20F| 50 0.10 9.00 | ISOWATT220 12.50 30 5.00 850 | 361
IRFZ22 50 0.12 9.00 | TO-220 14.00 40 5.00 850 | 361
IRFZ22F| 50 | 0.2 | 9.00 | ISOWATT220 | 12.00 | 30 | 500 | 850 | 361
IRFZ40 50 0.028 | 29.00 | TO-220 35.00 | 125 | 17.00 3000 | 367
IRFZ42 50 0.035| 29.00 | TO-220 35.00 | 125 | 17.00 3000 | 367
MTH6NGOFI 600 1.20 3.00 | ISOWATT218 3.50 40 2.00 1800 | 373
MTH40N06 60 0.028 | 20.00 | TO-218 40.00 | 150 | 10.00 5000 | 379
MTH4ONOGFI | 60 | 0.028| 20.00 | ISOWATT218 | 26.00| 65 | 10.00 | 5000 | 379
MTP3N60 600 2.50 1.50 | TO-220 3.00 75 1.50 1000 | 385
MTP3N60FI| 600 2.50 1.50 | ISOWATT220 2.50 35 1.50 1000 | 385
MTP6N60 600 1.20 3.00 | TO-220 6.00 | 125 2.00 1800 | 391
MTP15N0O5L 50 0.15 7.50 | TO-220 15.00 75 5.00 900 | 397
MTP15NOSLFI | 50 | 0.15 | 7.50 | ISOWATT220 | 10.00| 30 | 500 | 900 | 397
MTP15N0O6L 60 0.15 7.50 | TO-220 15.00 75 5.00 900 | 397
MTP15NO6LFI 60 0.15 7.50 | ISOWATT220 10.00 30 5.00 900 | 397
MTP3055A 60 0.15 6.00 | TO-220 12.00 40 4.50 500 | 403
MTP3055AFI 60 0.15 6.00 | ISOWATT220 10.00 30 4.50 500 | 403
SGS30MA050D1 500 0.20 15.00 | TO-240 30.00 | 400 | 15.00 9100 | 409
SGS35MAQ50D1 500 0.16 17.50 | TO-240 35.00 | 400 | 15.00 | 12000 | 415
SGS100MA010D1| 100 0.014| 50.00 | TO-240 120.00 | 400 | 20.00 | 11200 | 421
SGS150MA010D1| 100 0.009 | 75.00 | TO-240 150.00 | 400 | 20.00 | 14000 | 427
SGSP201 100 1.40 1.20 | SOT-82 2.50 18 0.50 125 | 433
SGSP222 50 0.13 5.00 | SOT-82 10.00 50 3.00 550 | 439
SGSP230 450 3.00 1.20 | SOT-82 2.50 50 0.80 450 | 445
SGSP239 500 8.50 0.60 | SOT-82 1.20 40 0.65 300 | 451
SGSP301 100 1.40 1.20 | TO-220 2.50 18 0.50 125 | 457
SGSP311 100 0.30 5.50 | TO-220 11.00 75 2.00 480 | 463
SGSP316 250 1.20 2.50 | TO-220 5.00 75 1.50 500 | 469
SGSP317 200 0.75 3.00 | TO-220 6.00 75 1.50 500 | 469
SGSP319 500 3.80 1.40 | TO-220 2.80 75 0.80 380 | 475
SGSP321 60 0.13 8.00 | TO-220 16.00 75 3.00 550 | 481
SGSP322 50 0.13 8.00 | TO-220 16.00 75 3.00 550 | 481
SGSP330 450 3.00 1.50 | TO-220 3.00 75 0.80 450 | 487
SGSP341 400 | 20.00 0.30 | TO-220 0.60 18 0.10 105 | 493
SGSP351 100 0.60 3.00 | TO-220 6.00 50 1.00 250 | 499
SGSP358 50 0.30 3.50 | TO-220 7.00 50 1.50 270 | 505
SGSP361 100 0.15 9.00 | TO-220 18.00 | 100 4.50 1200 | 511
SGSP362 80 0.10 11.00 | TO-220 22.00 | 100 4.50 1200 | 511
SGSP363 250 0.45 5.00 | TO-220 10.00 | 100 3.00 1200 | 517
SGSP364 450 1.50 2.50 | TO-220 5.00 [ 100 3.00 1000 | 523
SGSP367 200 0.33 6.00 | TO-220 12.00 | 100 3.00 1200 | 517
SGSP369 500 1.50 2.50 | TO-220 5.00 | 100 3.00 1000 | 523
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SELECTION GUIDE BY PART NUMBER

Type V(B(F“I);’SS (3.553')" (2\’) Package ID((R;") :ﬁ)' m:; max Page
@) (mho) | (pF)
SGSP381 60 | 0.06 14.00 | TO-220 28.00 [ 100 5.00 1400 | 529
SGSP382 50 | 0.06 14.00 | TO-220 28.00 | 100 5.00 1400 | 529
SGSP461 100 | 0.15 10.00 | TO-218 20.00 | 125 4.50 1200 | 535
SGSP462 80 0.10 12,50 | TO.218 25.00 | 125 4.50 1200 | 535
SGSP471 100 0.075 | 15.00 | TO-218 30.00 [ 150 9.00 2200 | 541
SGSP472 80 0.05 17.50 | TO-218 35.00 | 150 9.00 2200 | 541
SGSP474 450 0.70 4.50 | TO-218 9.00 | 150 6.00 2100 | 547
SGSP475 400 0.55 5.00 | TO-218 10.00 | 150 6.00 2100 | 547
SGSP477 200 0.17 10.00 | TO-218 20.00 | 150 8.00 2200 | 553
SGSP479 500 0.70 450 [ TO-218 9.00 | 150 5.00 1900 | 559
SGSP481 60 | 0.06 15.00 | TO-218 30.00 | 125 5.00 1400 | 565
SGSP482 50 0.06 15.00 | TO-218 30.00 | 125 5.00 1400 | 565
SGSP491 60 0.033 | 20.00 | TO-218 40.00 | 150 | 10.00 2800 | 571
SGSP492 50 | 0.033 | 20.00 | TO-218 40.00 | 150 | 10.00 2800 | 571
SGSP574 450 0.70 4.50 | TO-3 9.00 | 150 6.00 2100 | 577
SGSP575 400 | 0.55 5.00 | TO-3 10.00 | 150 6.00 2100 | 577
SGSP577 200 | 0.17 10.00 | TO-3 20.00 | 150 8.00 2200 | 583
SGSP579 500 0.70 4.50 | TO-3 9.00 | 150 5.00 1900 | 589
SGSP591 60 | 0.033 | 20.00 | TO-3 40.00 | 150 | 10.00 2800 | 595
SGSP592 50 0.033 | 20.00 | TO-3 40.00 | 150 | 10.00 2800 | 595
STHV82 800 2.00 2.00 | TO-218 5.50 | 125 2.00 1000 | 601
STHV102 1000 3.50 2.00 { TO-218 420 125 2.00 1200 | 607
STLT19 50 0.15 7.50 | TO-220 15.00 75 5.00 480 | 611
STLT19FI 50 | 0.15 7.50 | ISOWATT220 10.00 30 5.00 480 | 611
STLT20 60 0.15 7.50 | TO-220 15.00 75 5.00 480 | 611
STLT20FI 60 0.15 7.50 | ISOWATT220 10.00 30 5.00 480 | 611
STLT29 50 | 0.08 12.50 | TO-220 25.00 | 100 9.00 1200 | 617
STLT30 60 0.08 12.50 | TO-220 25.00 | 100 9.00 1200 | 617
STVHD90 50 | 0.023 | 30.00 | TO-220 52.00 | 125 | 30.00 3000 | 621
HIMOS (IGBT)
Roson) & Ot Ci
Type V(B(F\‘l);’ss (glsa(;)) (I“\’) Package ID((R;X) :"\7)' mi?l m:)s( Page
@) (mho) | (pF)

STHIO7N50 500 2.70 7.00 | TO-220 7.00 | 100 2.50 950 627
STHIO7N50FI 500 2.70 7.00 [ ISOWATT220 7.00 35 2.50 950 627,
STHI10N50 500 2.70 10.00 | TO-220 10.00 | 100 | 2.50 950 633
STHI1ON50FI 500 2.70 10.00 | ISOWATT220 10.00 35 | 2.50 950 633
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SELECTION GUIDE BY VOLTAGE

14

Rps(on ¢ [+ G;
V(B';‘/)Dss (msa(;)) (Il'\)) Package Type 'D(Ra") r‘;\‘;)' min max Page
@ (mho) | (pF)
50 0.30 3.50 | TO-220 SGSP358 7.00 50 1.50 270 | 505
50 0.15 7.50 | TO-220 MTP15NO5L 15.00 75 5.00 900 | 397
50 0.15 7.50 | ISOWATT220 MTP15NO5LFI 10.00 30 5.00 900 | 397
50 0.15 7.50 | TO-220 STLT19 15.00 75 5.00 480 | 611
50 0.15 7.50 | ISOWATT220 STLT19FI 10.00 30 5.00 480 | 611
50 0.13 5.00 | SOT-82 SGSP222 10.00 50 3.00 550 | 439
50 0.13 8.00 | TO-220 SGSP322 16.00 75 | 3.00 550 | 481
50 0.12 10.00 | TO-220 BUZ10A 17.00 75 3.00 2000 | 163
50 0.12 9.00 | TO-220 BUZ71A 13.00 40 3.00 650 | 229
50 0.12 9.00 | TO-220 IRFZ22 14.00 40 5.00 850 | 361
50 0.12 9.00 | ISOWATT220 IRFZ22F| 12.00 30 5.00 850 | 361
50 0.10 9.00 | TO-220 BUZ71 14.00 40 3.00 650 | 223
50 0.10 9.00 | ISOWATT220 BUZ71FI 12.00 30 3.00 650 | 223
50 0.10 9.00 | TO-220 IRFZ20 15.00 40 5.00 850 | 361
50 0.10 9.00 | ISOWATT220 IRFZ20F| 12.50 30 5.00 850 | 361
50 0.08 13.00 | TO-220 BUZ10 20.00 70 8.00 |700 typ| 159
50 0.08 12.50 | TO-220 STLT29 25.00 | 100 9.00 1200 | 617
50 0.06 156.00 | TO-220 BUZ11A 25.00 75 4.00 2000 | 173
50 0.06 14.00 | TO-220 SGSP382 28.00 | 100 5.00 1400 | 529
50 0.06 15.00 | TO-218 SGSP482 30.00 | 125 5.00 1400 | 565
50 0.04 15.00 | TO-220 BUZ11 30.00 75 4.00 2000 | 167
50 0.04 15.00 | ISOWATT220 BUZ11FI 20.00 35 4.00 2000 | 167
50 0.035 | 29.00 | TO-220 IRFZ42 35.00 | 125 | 17.00 3000 | 367
50 0.033 | 20.00 | TO-218 SGSP492 40.00 | 150 | 10.00 2800 | 571
50 0.033 | 20.00 | TO-3 SGSP592 40.00 | 150 | 10.00 2800 | 595
50 0.028 | 29.00 | TO-220 IRFZ40 35.00 | 125 | 17.00 3000 | 367
50 0.023 | 30.00 | TO-220 STVHD90 52.00 | 125 | 30.00 3000 | 621
60 0.15 7.50 | TO-220 MTP15NO6L 15.00 75 5.00 900 | 397
60 0.15 7.50 | ISOWATT220 MTP15NO6LFI 10.00 30 5.00 900 | 397
60 0.15 6.00 | TO-220 MTP3055A 12.00 40 4.50 500 | 403
60 0.15 6.00 | ISOWATT220 MTP3055AFI 10.00 30 4.50 500 | 403
60 0.15 7.50 | TO-220 STLT20 15.00 75 5.00 480 | 611
60 0.15 7.50 | ISOWATT220 STLT20FI 10.00 30 5.00 480 | 611
60 0.13 8.00 | TO-220 SGSP321 16.00 75 3.00 550 | 481
60 0.08 20.00 | TO-3 IRF153 33.00 | 150 9.00 | 3000 | 267
60 0.08 22.00 | TO-218 IRFP153 34.00 | 150 | 13.00 | 3000 | 343
60 0.08 22.00 | ISOWATT218 IRFP153F| 21.00 65 | 13.00 3000 | 343
60 0.08 12.50 | TO-220 STLT30 25.00 | 100 9.00 1200 | 617
60 0.06 14.00 | TO-220 SGSP381 28.00 | 100 5.00 1400 | 529
60 0.06 15.00 | TO-218 SGSP481 30.00 | 125 5.00 1400 | 565
60 0.055 | 20.00 [ TO-3 IRF151 40.00 | 150 9.00 { 3000 | 267
60 0.055 | 22.00 | TO-218 IRFP151 40.00 | 150 | 13.00 3000 | 343
60 0.055 | 22.00 | ISOWATT218 IRFP151FI 26.00 65 | 13.00 3000 | 343
60 0.04 15.00 | TO-220 BUZ11S2 30.00 75 4.00 2000 | 177
60 0.04 15.00 | ISOWATT220 BUZ11S2FI 20.00 35 4.00 2000 | 177
&7, 355 THOMSON




SELECTION GUIDE BY VOLTAGE

Rpsion ¢ 9t Ci
V(B(F‘*I);’SS (ma(x)) (IR) Package Type ID{R;”‘) T\;';’)‘ min nax Page
Q) (mho) | (pF)
60 0.033 | 20.00 | TO-218 SGSP491 40.00 | 150 | 10.00 2800 | 571
60 0.033 | 20.00 | TO-3 SGSP591 40.00 | 150 | 10.00 2800 | 595
60 0.028 | 20.00 | TO-218 MTH40N06 40.00 | 150 | 10.00 5000 | 379
60 0.028 | 20.00 | ISOWATT218 MTH40NOGFI 26.00 65 | 10.00 5000 | 379
80 0.36 5.60 | TO-220 IRF523 8.00 60 2.70 600 | 285
80 0.36 5.60 | ISOWATT220 IRF523FI 6.00 30 2.70 600 | 285
80 0.27 5.60 | TO-220 IRF521 9.20 60 2.70 600 | 285
80 0.27 5.60 | ISOWATT220 IRF521FI 7.00 30 2.70 600 | 285
80 0.23 8.30 | TO-220 IRF533 12.00 79 5.10 800 | 291
80 0.23 8.30 | ISOWATT220 IRF533FI 8.00 35 5.10 800 | 291
80 0.16 8.30 | TO-220 IRF531 14.00 79 5.10 800 | 291
80 0.16 8.30 | ISOWATT220 IRF531FI 9.00 35 5.10 800 | 291
80 0.10 17.00 | TO-3 IRF143 25.00 | 125 8.70 1600 | 261
80 0.10 17.00 | TO-220 IRF543 25.00 | 125 8.70 1600 | 295
80 0.10 17.00 | ISOWATT220 IRF543FI 14.00 40 8.70 1600 | 295
80 0.10 11.00 | TO-220 SGSP362 22.00 | 100 4.50 1200 | 511
80 0.10 12.50 | TO-218 SGSP462 25.00 | 125 4.50 1200 | 535
80 0.077 | 17.00 | TO-3 IRF141 28.00 | 125 8.70 1600 | 261
80 0.077 | 17.00 | TO-220 IRF541 28.00 | 125 8.70 1600 | 295
80 0.077 | 17.00 | ISOWATT220 IRF541FI 15.00 40 8.70 1600 | 295
80 0.05 17.50 | TO-218 SGSP472 35.00 | 150 9.00 2200 | 541
100 1.40 1.20 | SOT-82 SGSP201 2.50 18 0.50 125 | 433
100 1.40 1.20 | TO-220 SGSP301 2.50 18 0.50 125 | 457
100 0.60 3.00 | TO-220 SGSP351 6.00 50 1.00 250 | 499
100 0.36 5.60 | TO-220 IRF522 8.00 60 2.70 600 | 285
100 0.36 5.60 | ISOWATT220 IRF522FI 6.00 30 2.70 600 | 285
100 0.30 5.50 | TO-220 SGSP311 11.00 75 2.00 480 | 463
100 0.27 5.60 | TO-220 IRF520 9.20 60 2.70 600 | 285
100 0.27 5.60 | ISOWATT220 IRF520FI 7.00 30 2.70 600 | 285
100 0.25 5.00 | TO-220 BUZ72A 9.00 40 2.70 600 | 233
100 0.23 8.30 | TO-220 IRF532 12.00 79 5.10 800 | 291
100 0.23 8.30 | ISOWATT220 IRF532FI 8.00 35 5.10 800 | 291
100 0.20 6.00 | TO-220 BUZ20 12.00 75 2.70 2000 | 183
100 0.16 8.30 | TO-220 IRF530 14.00 79 5.10 800 | 291
100 0.16 8.30 | ISOWATT220 IRF530FI 9.00 35 5.10 800 | 291
100 0.15 9.00 | TO-220 SGSP361 18.00 | 100 4.50 1200 | 511
100 0.15 10.00 | TO-218 SGSP461 20.00 | 125 4.50 1200 | 535
100 0.10 9.00 | TO-220 BUZ21 19.00 75 4.00 2000 | 187
100 0.10 9.00 | TO-3 BUZ25 19.00 78 4.00 2000 | 191
100 0.10 17.00 | TO-3 IRF142 25.00 | 125 8.70 1600 | 261
100 0.10 17.00 | TO-220 IRF542 25.00 | 125 8.70 1600 | 295
100 0.10 17.00 | ISOWATT220 IRF542FI 14.00 40 8.70 1600 | 295
10Q 0.08 20.00 | TO-3 IRF152 33.00 | 150 9.00 3000 | 267
100 0.08 22.00 | TO-218 IRFP152 34.00 | 150 | 13.00 3000 | 343
100 0.08 22.00 | ISOWATT218 IRFP152F| 21.00 65 | 13.00 3000 | 343
Gz, 355 THOMSON
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Rps(on) © 9 G
V(‘?‘\*};’ss (ma(x)) (ll‘\’) Package Type ID;R;“) :;:;; mf:\ mlgi Page
Q) * (mho) | (pF)
100 0.077 | 17.00 | TO-3 IRF140 28.00] 125 8.70 1600 | 261
100 0.077+| 17.00 | TO-220 IRF540 28.00 125 8.70 1600 | 295
100 0.077 | 17.00 | ISOWATT220 IRF540Fi 15.00| 40 8.70 1600 | 295
100 0.075| 15.00 | TO-218 SGSP471 30.00} 150 9.00 2200 | 541
100 0.055 | 20.00 | TO-3 IRF150 40.00| 150 9.00 3000 | 267
100 0.055 | 22.00 | TO-218 IRFP150 40.00| 150 | 13.00 3000 | 343
100 0.0551 22.00 | ISOWATT218 IRFP150FI 26.00; 65 | 13.00 3000 | 343
100 0.014 | 50.00 | TO-240 SGS100MA010D1 | 120.00{ 400 | 20.00 | 11200 | 421
100 0.009 | 75.00 | TO-240 SGS150MA010D1 | 150.00( 400 | 20.00 | 14000 | 427
150 1.20 2.50 | TO-220 IRF623 4.00 40 1.30 600 | 301
150 1.20 2.50 | ISOWATT220 IRF623Fi 3.50| 30 1.30 600 | 301
150 0.80 2.50 | TO-220 IRF621 5.00| 40 1.30 600 | 301
150 0.80 2.50 | ISOWATT220 IRF621FI| 4.00] 30 1.30 600 | 301
200 1.20 2.50 | TO-220 IRF622 4,001 40 1.30 600 | 301
200 1.20 2.50 | ISOWATT220 IRF622FI| 3.50| 30 1.30 600 | 301
200 0.80 250 | TO-220 IRF620 5.00) 40 1.30 600 | 301
200 0.80 2.50 | ISOWATT220 IRF620F( 4,00{ 30 1.30 600 | 301
200 0.75 3.00 | TO-220 SGSP317 6.00| 75 1.50 500 | 469
200 0.40 4.50 | TO-220 BUZ32 950 75 2.20 2000 195
200 0.33 6.00 | TO-220 SGSP367 12.00{ 100 3.00 1200 | 517
200 0.17 | 10.00 | TO-218 SGSP477 20.00| 150 8.00 2200 | 553
200 0.17 | 10.00 | TO-3 SGSP577 20.00| 150 8.00 2200 ) 583
250 1.20 2.50 | TO-220 SGSP316 5.00 75 1.50 500 | 469
250 0.45 5.00 | TO-220 SGSP363 10.00| 100 3.00 1200 | 517
350 2.50 1.80 | TO-220 IRF723 2.80 50 1.00 600 307
350 2.50 1.80 | ISOWATT220 IRF723Fi 2.00f 30 1.00 600 | 307
350 1.80 1.80 | TO-220 IRF721 3.30{ 50 1.00 600 | 307
350 1.80 1.80 | ISOWATT220 IRF721FI 250} 30 1.00 600 | 307
350 1.50 3.00 | TO-220 IRF733 4.50 74 2.90 800} 313
350 1.50 3.00 | ISOWATT220 IRF733FI 3.00f 35 2.90 800 | 313
350 1.00 3.00 | TO-220 IRF731 550 74 2.90 800 313
350 1.00 3.00 | ISOWATT220 IRF731FI 3.50| 35 2.90 800 | 313
350 0.80 5.20 | TO-220 IRF743 8.30| 125 4.00 1600 | 319
350 0.80 5.20 | ISOWATT220 IRF743FI 450( 40 4.00 1600 | 319
350 0.55 5.20 | TO-220 IRF741 10.00| 125 4.00 1600 | 319
350 0.55 5.20 | ISOWATT220 IRF741FI 5.50| 40 4.00 1600 | 319
400 1| 20.00 0.30 | TO-220 SGSP341 0.60 18 0.10 105} 493
400 2.50 1.50 | TO-220 BUZ76A 2.60 40 0.80 500 | 249
400 2.50 1.80 | TO-220 IRF722 2.80| 50 1.00 600 | 307
400 2.50 1.80 | ISOWATT220 IRF722FI| 2.00( 30 1.00 600 307
400 1.80 1.50 | TO-220 BUZ76 3.00| 40 0.80 500 | 245
400 1.80 1.80 | TO-220 IRF720 3.30| 50 1.00 600 | 307
400 1.80 1.80 | ISOWATT220 IRF720FI 2501 30 1.00 600 | 307
400 1.50 2.50 | TO-220 BUZ60B 4.50 75 1.70 2000 | 219
400 1.50 3.00 | TO-220 IRF732 450 74| 290 800 313
&y7, 555, THOMSON




SELECTION GUIDE BY VOLTAGE

\"J RDS(on) & I 1 P, 9is ciss
(B('\‘,))DSS (max) (R) Package Type "m") (‘;;)' min | max |Page
) (mho) | (pF)
400 | 1.50 | 3.00 |ISOWATT220 | IRF732FI 300 35| 290 | 800 | 313
400 | 1.00 | 250 |TO-220 BUZ60 550 | 75| 1.70 | 2000 | 215
400 | 1.00 | 3.00 | TO-220 IRF730 550 | 74| 290 | 800 | 313
400 | 1.00 | 3.00 |ISOWATT220 | IRF730FI 350 | 35| 290 | 800 | 313
400 | 0.80 | 5.20 |TO-220 IRF742 830 | 125 | 4.00 | 1600 | 319
400 | 0.80 | 5.20 |ISOWATT220 | IRF742FI 450 | 40 | 4.00 | 1600 | 319
400 | 055 | 5.20 |TO-220 IRF740 10.00 | 125 | 4.00 | 1600 | 319
400 | 055 | 520 |ISOWATT220 | IRF740FI 5,50 | 40 | 4.00 | 1600 | 319
400 | 055 | 5.00 | TO-218 SGSP475 10.00 | 150 | 6.00 | 2100 | 547
400 | 0.55 | 5.00 |TO-3 SGSP575 10.00 | 150 | 6.00 | 2100 | 577
400 | 0.30 | 8.00 | TO-3 IRF350 15.00 | 150 | 8.00 | 3000 | 273
400 | 0.30 | 8.00 |ISOWATT218 |IRFP350FI 10.00 | 70 | 8.00 | 3000 | 349
450 | 4.00 | 1.40 | TO-220 IRF823 220 | 50| 1.00 | 400 | 331
450 | 4.00 | 1.40 | ISOWATT220 | IRF823FI 150 | 30| 1.00 | 400 | 331
450 | 3.00 | 1.40 | TO-220 IRF821 250 | 50| 1.00 | 400 [ 331
450 | 3.00 | 1.40 | ISOWATT220 |IRF821FI 2.00| 30| 1.00 | 400 | 331
450 | 3.00 | 1.20 | SOT-82 SGSP230 250 | 50 | 0.80 | 450 | 445
450 | 3.00 | 1.50 | TO-220 SGSP330 300 | 75| 0.80 | 450 | 487
450 | 2.00 | 250 |TO-220 IRF833 400 | 74| 270 | 800 | 331
450 | 2.00 | 2.50 |ISOWATT220 | IRF833FI 250 | 35| 270 | 800 | 331
450 | 1.50 | 250 | TO-220 IRF831 450 | 74| 270 | 800 | 331
450 | 1.50 | 2.50 | ISOWATT220 |IRF831FI 300 | 3| 270 | 800 | 331
450 | 1.50 | 250 |TO-220 SGSP364 5.00 | 100 | 3.00 | 1000 | 523
450 | 1.10 | 4.40 | TO-220 IRF843 7.00 | 125 | 4.90 | 1600 | 337
450 | 1.10 | 4.40 | ISOWATT220 | IRF843FI 400 | 40| 4.90 | 1600 | 337
450 | 0.85 | 4.40 | TO-220 IRF841 8.00 | 125 [ 4.90 | 1600 | 337
450 | 0.85 | 4.40 | ISOWATT220 |IRF841FI 450 | 40 | 490 | 1600 | 337
450 | 0.70 | 4.50 | TO-218 SGSP474 9.00 | 150 | 6.00 | 2100 | 547
450 | 0.70 | 450 | TO-3 SGSP574 9.00 | 150 | 6.00 | 2100 | 577
450 | 0.50 | 7.00 | TO-3 IRF453 11.00 | 150 | 8.70 | 3000 | 279
450 | 050 | 7.20 | TO-218 IRFP453 12.00 | 150 | 8.70 | 3000 | 355
450 - | 0.50 | 7.20 | ISOWATT218 | IRFP453FI 8.00 | 70| 870 | 3000 | 355
450 | 040 | 7.20 |TO-3 IRF451 13.00 | 150 | 8.70 | 3000 | 279
450 | 0.40 | 7.20 |TO-218 IRFP451 14.00 | 150 | 8.70 | 3000 | 355
450 | 0.40 | 7.20 | ISOWATT218 |IRFP451FI 9.00 | 70 { 870 | 3000 | 355
500 | 8.50 | 0.60 |SOT-82 SGSP239 120 | 40| 0.65 | 300 | 451
500 | 4.00 | 1.20 | TO-220 BUZ74A 2.00| 40| 080 | 500 | 241
500 | 4.00 | 1.40 | TO-220 IRF822 220 | 50| 1.00 | 400 | 325
500 | 4.00 | 1.40 |ISOWATT220 | IRF822FI 150 [ 30 | 1.00 | 400 | 325
500 | 3.80 | 1.40 | TO-220 SGSP319 280 | 75| 0.80 | 380 | 475
500 | 3.00 | 1.20 |TO-220 BUZ74 240 | 40| 080 | 500 | 237
500 | 3.00 | 1.40 |TO-220 IRF820 250 | 501 1.00 | 400 | 325
500 | 3.00 | 1.40 |ISOWATT220 | IRF820FI 200 30| 1.00 | 400 | 325
500 | 2.00 | 2.50 | TO-220 BUZ42 400 | 75| 1.50 | 2000 | 203
500 | 2.00 | 2.50 | TO-220 IRF832 400 | 74| 270 | 800 | 325
GS-THOMSON
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SELECTION GUIDE BY VOLTAGE

F*DS(on) & Gts ciss
V(B(':};’ss (max) (IR) Package Type ID(X”‘) :;‘;)' min max | Page
(@) (mho) | (pF)
500 2.00 2.50 | ISOWATT220 IRF832FI 2.50 35 2.70 800 | 325
500 1.50 250 | TO-220 BUZ41A 4.50 75 1.50 2000 | 199
500 1.50 250 | TO-220 IRF830 4.50 74 2.70 800 | 331
500 1.50 2.50 | ISOWATT220 IRF830FI 3.00 35 2.70 800 | 331
500 1.50 2.50 | TO-220 SGSP369 5.00 | 100 3.00 1000 | 523
500 1.10 4.40 | TO-220 IRF842 7.00 | 125 { 490 1600 | 337
500 1.10 4.40 | ISOWATT220 IRF842F| 4.00 40 4.90 1600 | 337
500 0.85 4,40 | TO-220 IRF840 8.00 | 125 4,90 1600 | 337
500 0.85 4.40 | ISOWATT220 |RF840FI 4.50 40 4.90 1600 | 337
500 0.80 550 | TO-218 BUZ354 8.00 | 125 2.70 4900 | 249
500 0.80 5.00 | TO-3 BUZ45A 8.30 | 125 2.70 | 4900 | 211
500 0.70 450 | TO-218 SGSP479 9.00 | 150 5.00 1900 | 559
500 0.70 450 | TO-3 SGSP579 9.00 | 150 5.00 1900 | 589
500 0.60 5.50 | TO-218 BUZ353 9.50 | 125 2.70 | 4900 | 253
500 0.60 5.00 | TO-3 BUZ45 9.60 | 125 2.70 | 4900 | 207
500 0.50 7.20 | TO-3. IRF452 11.00 | 150 8.70 | 3000 | 279
500 0.50 7.20 | TO-218 IRFP452 12.00 | 150 8.70 | 3000 | 355
500 0.50 7.20 | ISOWATT218 IRFP452F| 8.00 70 8.70 3000 | 355
500 0.40 7.20 | TO-3 IRF450 13.00 | 150 8.70 | 3000 | 279
500 0.40 7.20 | TO-218 IRFP450 14.00 | 150 8.70 | 3000 | 355
500 0.40 7.20 | ISOWATT218 IRFP450FI 9.00 70 8.70 3000 | 355
500 0.20 | 15.00 | TO-240 SGS30MA050D1 | 30.00 | 400 | 15.00 | 9100 | 409
500 0.16 17.50 | TO-240 SGS35MA050D1 | 35.00 | 400 | 15.00 | 12000 | 415
600 2.50 1.50 | TO-220 MTP3N60 3.00 75 1.50 1000 | 385
600 2.50 1.50 | ISOWATT220 MTP3N60FI 2.50 35 1.50 1000 | 385
600 1.20 3.00 | ISOWATT218 MTHENG60OFI 3.50 40 2.00 1800 | 367
600 1.20 3.00 | TO-220 MTP6EN60 6.00 | 125 2.00 1800 | 391
800 2.00 2.00 | TO-218 STHV82 550 | 125 2.00 1000 | 601
1000 3.50 2.00 | TO-218 STHV102 420 | 125 2.00 1200 | 607
HIMOS (IGBT)
v Vosen & | p 9ts | Ciss
(E;F\‘,);)ss (max) ( R) Package Type D(Xax) (‘;“;)' min max | Page
v) ’ (mho) | (pF)
500 2.70 7.00 | TO-220 STH107N50 7.00 { 100 2.50 950 627
500 2.70 7.00 | ISOWATT220 STH10N50 7.00 35 2.50 950 627
500 2.70 10.00 | TO-220 STHI1ON50 10.00 | 100 2.50 950 633
500 2.70 10.00 | ISOWATT220 STHI1ON50FI 10.00 35 2.50 950 633
SGS-THOMSON
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SELECTION GUIDE BY PACKAGE

SOT-82

OPTION
SOT-194
Rps(on) Ots Ciss
V(B('\*I);’ss (ma;) (I“\") Type IDEIT;X) ':‘;;)' min max | Page
(9] (mho) | (pF)

50 0.13 5.00 SGSP222 10.00 50 3.00 550 439
100 1.40 1.20 SGSP201 2.50 18 0.50 125 433
450 3.00 1.20 SGSP230 2.50 50 0.80 450 445
500 8.50 0.60 SGSP239 1.20 40 0.65 300 451

T0-220

Rps(on) 9 Ciss
V(@RDss (max) (|R) Type lo(za") ':‘;\"’)‘ min max | Page
(@) (mho) | (pF)
50 0.30 3.50 | SGSP358 7.00 50 1.50 270 505
50 0.15 7.50 | MTP15N0O5L 15.00 75 5.00 900 | 397
50 0.15 7.50 | STLT19 15.00 75 5.00 480 611
50 0.13 8.00 | SGSP322 16.00 75 3.00 550 | 481
50 0.12 10.00 | BUZ10A 17.00 75 3.00 | 2000 163
50 0.12 9.00 | BUZ71A 13.00 40 3.00 650 | 229
50 0.12 9.00 IRFZ22 14.00 40 5.00 850 361
50 0.10 9.00 | BUZ71 14.00 40 3.00 650 223
50 0.10 9.00 | IRFZ20 15.00 40 5.00 850 361
50 0.08 12.50 | STLT29 25.00 { 100 9.00 | 1200 617
50 0.08 13.00 | BUZ10 20.00 70 8.00 |700 typ| 159
50 0.06 15.00 | BUZ11A 25.00 75 4.00 | 2000 173
50 0.06 14.00 | SGSP382 28.00 | 100 5.00 | 1400 529
50 0.04 15.00 | BUZ11 30.00 75 4.00 | 2000 167
50 0.035 | 29.00 | IRFZ42 35.00 | 125 | 17.00 | 3000 367
&y7. 3E3THOMSON
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SELECTION GUIDE BY PACKAGE

TO-220 (continueed)

20

R @ c
V(B(R)DSS (M) ('R) Type 'o(ma :";;)t R Page
V' @ (mho) | (pF)
50 | 0.028 | 29.00 | IRFZ40 35.00 | 125 | 17.00 | 3000 | 367
50 | 0.023 | 30.00 | STVHD90 52.00 | 125 | 30.00 | 3000 | 621
60 | 0.15 | 7.50 | MTP15NO6L 1500 | 75 | 5.00 | 900 | 397
60 | 0.15 | 6.00 | MTP3055A 1200 | 40 | 450 | 500 | 403
60 | 0.15 | 7.50 | STLT20 1500 | 75 | 500 | 480 | 611
60 | 0.13 | 8.00 | SGSP321 16.00 | 75 | 3.00 | 550 | 481
60 | 0.08 | 1250 | STLT30 25.00 | 100 | 9.00 | 1200 | 617
60 | 0.06 | 14.00 | SGSP381 28.00 | 100 | 5.00 | 1400 | 529
60 | 0.04 | 1500 | BUZ11S2 3000 | 75 | 4.00 | 2000 | 177
80 0.36 5.60 IRF523 8.00 60 2.70 600 285
80 | 0.27 | 5.60 | IRF521 920 | 60| 270 | 600 | 285
80 | 023 | 830 | IRF533 1200 | 79 | 5.10 | 800 | 291
80 | 0.16 | 830 | IRF531 1400 | 79 | 510 | 800 | 291
80 | 0.10 | 17.00 | IRF543 25.00 | 125 | 8.70 | 1600 | 295
80 | 0.10 | 11.00 | SGSP362 2200 | 100 | 450 | 1200 | 511
80 | 0.077| 17.00 | IRF541 28.00 | 125 | 8.70 | 1600 | 295
100 | 1.40 | 1.20 | SGSP301 250 | 18| 050 | 125 | 457
100 | 0.60 | 3.00 | SGSP351 6.00 | 50 | 1.00 | 250 | 499
100 | 0.36 | 560 | IRF522 800 | 60| 270 | 600 | 285
100 | 0.30 | 5.50 | SGSP311 11.00 | 75 | 2.00 | 480 | 463
100 0.27 5.60 IRF520 9.20 60 2.70 600 285
100 | 0.25 | 5.00 | BUZ72A 9.00 | 40| 270 | 600 | 233
100 | 0.23 | 8.30 | IRF532 12.00 | 79 | 510 | 800 | 291
100 | 0.20 | 6.00 | BUZ20 1200 | 75 | 2.70 | 2000 | 183
100 | 0.16 | 8.30 | IRF530 1400 | 79 | 510 | 800 | 291
100 | 0.15 | 9.00 | SGSP361 18.00 | 100 | 4.50 | 1200 | 511
100 | 0.10 | 9.00 | BUZ21 19.00 | 75 | 4.00 | 2000 | 187
100 | 0.10 | 17.00 | IRF542 2500 | 125 | 8.70 | 1600 | 295
100 | 0.077 | 17.00 | IRF540 28.00 | 125 | 8.70 | 1600 | 295
150 | 1.20 | 2.50 | IRF623 400 | 40 | 130 | 600 | 301
150 | 0.80 | 2.50 | IRF621 500 | 40 | 130 | 600 | 301
200 | 1.20 | 250 | IRFe22 400 | 40| 130 | 600 | 301
200 | 0.80 | 250 | IRF620 500 | 40 | 1.30 | 600 | 301
200 | 075 | 3.00 | SGSP317 600 | 75| 150 | 500 | 469
200 | 0.40 | 450 | BUZ32 950 | 75 | 2.20 | 2000 | 195
200 | 033 | 6.00 | SGSP367 12.00 | 100 | 3.00 | 1200 | 517
250 | 1.20 | 250 | SGSP316 500 | 75| 150 | 500 | 469
250 | 0.45 | 5.00 | SGSP363 10.00 | 100 | 3.00 | 1200 | 517
350 | 250 | 1.80 | IRF723 280 | 50| 1.00 | 600 | 307
350 | 1.80 | 1.80 | IRF721 330 | 50 | 1.00 | 600 | 307
350 | 1.50 | 3.00 | IRF733 450 | 74| 290 | 800 | 313
350 | 1.00 | 3.00 | IRF731 550 | 74| 290 | 800 | 313
350 | 0.80 | 5.20 | IRF743 8.30 | 125 | 4.00 | 1600 | 319
350 | 055 | 520 | IRF741 10.00 | 125 | 4.00 | 1600 | 319
400 |20.00 | 0.30 | SGSP341 060 | 18| 0.10 | 105 | 493
Ly7, 365, THOMSON




SELECTION GUIDE BY PACKAGE

TO-220 (continueed)

R G (o
V(B("‘,);)ss ( II:I"Isa()o(r)‘) (IR) Type ID{:‘;X) '(";;;)' r?n::u m:)s( Page
()} (mho) | (pF)
400 2.50 1.50 BUZ76A - 2.60 40 0.80 500 | 249
400 2.50 1.80 IRF722 2.80 50 1.00 . 600 | 307
400 1.80 1.50 | BUZ76 3.00 40 | 0.80 500 | 245
400 1.80 1.80 IRF720 3.30 50 1.00 600 | 307
400 1.50 2.50 BUZ60B 4.50 75 1.70 2000 | 219
400 | 1.50 | 3.00 | IRF732 450 | 74 | 290 | 800 | 313
400 1.00 2.50 BUZ60 5.50 75 1.70 2000 | 215
400 1.00 3.00 | IRF730 5.50 74 | 290 800 | 313
400 0.80 5.20 IRF742 8.30 | 125 4.00 1600 | 319
400 0.55 5.20 IRF740 10.00 | 125 4.00 1600 | 319
450 4.00 1.40 | IRF823 2.20 50 | 1.00 400 | 325
450 3.00 1.40 IRF821 2.50 50 1.00 400 | 325
450 3.00 1.50 | SGSP330 3.00 75 | 0.80 450 | 487
450 2.00 2.50 IRF833 4.00 74 2.70 800 | 331
450 1.50 2.50 IRF831 4.50 74 2.70 800 331
450 1.50 2.50 | SGSP364 5.00 | 100 | 3.00 | 1000 | 523
450 1.10 4.40 IRF843 7.00 | 125 4.90 1600 | 337
450 0.85 4.40 | IRF841 8.00 | 125 | 490 | 1600 | 337
500 4.00 1.20 | BUZ74A 2.00 40 | 0.80 500 | 241
500 4.00 1.40 IRF822 2.20 50 1.00 400 | 325
500 3.80 1.40 | SGSP319 2.80 75 | 0.80 380 | 475
500 3.00 1.20 | BUZ74 2.40 40 | 0.80 500 | 237
500 3.00 1.40 IRF820 2.50 50 1.00 400 | 325
500 2.00 2.50 | BUz42 4.00 75 | 1.50 | 2000 | 203
500 2.00 2.50 IRF832 4.00 74 2.70 800 | 331
500 1.50 2.50 BUZ41A 4.50 75 1.50 2000 | 199
500 1.50 2.50 IRF830 4.50 74 2.70 800 | 331
500 1.50 2.50 SGSP369 5.00 | 100 3.00 1000 | 523
500 1.10 4.40 | IRF842 7.00 | 125 | 4.90 1600 | 337
500 0.85 4.40 | IRF840 8.00 | 125 | 4.90 1600 | 337
600 2.50 1.50 MTP3N60 3.00 75 1.50 1000 | 385
600 1.20 3.00 | MTP6N60 6.00 | 125 | 2.00 1800 | 391

7. S5 THONEON
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SELECTION GUIDE BY PACKAGE

ISOWATT220
R < c
V(B(F“I))DSS (ll:\s;;')l) (IR) Type ID(I"\“"") ?\;\7; ng1f|: mias)s( Page
) (mho) | (pF)
50 0.15 7.50 | MTP15NO5LFI 10.00 30 5.00 900 | 397
50 0.15 7.50 | STLT19FI 10.00 30 5.00 480 | 611
50 0.12 9.00 | IRFZ22FI 12.00 | 30 5.00 850 | 361
50 0.10 9.00 | BUZ71FI 12.00 30 3.00 650 | 223
50 0.10 9.00 | IRFZ20FI 12.50 30 5.00 850 | 361
50 0.04 15.00 | BUZ11FI 20.00 35 4.00 2000 | 167
60 0.15 7.50 | MTP15NO6LFI 10.00 | 30 5.00 900 | 397
60 0.15 6.00 | MTP3055AFI 10.00 30 4.50 500 | 403
60 0.15 7.50 | STLT20FI 10.00 30 5.00 480 | 611
60 0.04 15.00 | BUZ11S2FI 20.00 | 35 4.00 2000 | 177
80 0.36 5.60 | IRF523FI 6.00 30 2.70 600 | 285
80 0.27 5.60 | IRF521FI 7.00 30 2.70 600 | 285
80 0.23 8.30 | IRF533FI 8.00 35 5.10 800 | 291
80 0.16 8.30 | IRF531FI 9.00 35 5.10 800 | 291
80 0.10 17.00 | IRF543FI 14.00 40 8.70 1600 | 295
80 0.077 | 17.00 | IRF541FI 15.00 40 8.70 1600 | 295
100 0.36 5.60 | IRF522FI 6.00 30 2.70 600 | 285
100 0.27 5.60 | IRF520FI 7.00 30 2.70 600 | 285
100 0.23 8.30 | IRF532FI 8.00 35 5.10 800 | 291
100 0.16 8.30 | IRF530FI 9.00 35 5.10 800 | 291
100 0.10 | 17.00 | IRF542FI 14.00 40 8.70 1600 | 295
100 0.077 | 17.00 | IRF540FI 15.00 40 8.70 1600 | 295
150 1.20 2.50 | IRF623FI 3.50 | 30 1.30 600 | 301
150 0.80 2.50 | IRF621FI 4.00 30 1.30 600 | 301
200 1.20 2.50 | IRF622FI 3.50 30 1.30 600 | 301
200 0.80 2.50 | IRF620FI 4.00 30 1.30 600 | 301
350 2.50 1.80 | IRF723FI 2.00 30 1.00 600 | 307
350 1.80 1.80 | IRF721FI 2.50 30 1.00 600 | 307
350 1.50 3.00 | IRF733FI 3.00 | 35 2.90 800 | 313
350 1.00 3.00 | IRF731FI 3.50 35 2.90 800 | 313
350 0.80 5.20 | IRF743FI 4.50 40 4.00 1600 | 319
350 0.55 5.20 ( IRF741FI| 5.50 40 4,00 | 1600 | 319
400 2.50 1.80 | IRF722FI 2.00 30 1.00 600 | 307
400 1.80 1.80 | IRF720FI 2.50 30 1.00 600 | 307
400 1.50 3.00 | IRF732F! 3.00 35 2.90 800 | 313
oy o3 THomSoN
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SELECTION GUIDE BY PACKAGE

ISOWATT220 (continueed)

\; I:‘DS(on) e i | P s Ciss
(BR,))DSS (max) ( R) Type Dﬂ)”") (Vt\?)t min max | Page
@ (mho) | (pF)
400 1.00 3.00 | IRF730FI 3.50 | 35 2.90 800 | 313
400 0.80 5.20 | IRF742FI 4.50 40 4.00 1600 | 319
400 0.55 5.20 | IRF740F| 5.50 | 40 4.00 1600 | 319
450 4.00 1.40 | IRF823FI 1.50 30 1.00 400 | 325
450 3.00 1.40 | IRF821FI 2.00 | 30 1.00 400 | 325
450 | 200 | 250 | IRF833FI 250 | 35 | 270 | 800 | 331
450 1.50 2.50 | IRF831FI 3.00 35 2.70 800 | 331
450 1.10 4,40 | IRF843FI 4.00 40 4,90 1600 | 337
450 0.85 4.40 | IRF841FI 4.50 40 4.90 1600 | 337
500 4.00 1.40 | IRF822FI 1.50 | 30 1.00 400 | 325
-500 3.00 1.40 | IRF820FI 2.00 30 1.00 400 | 325
500 2.00 2.50 | IRF832FI 2.50 35 2.70 800 | 331
500 1.50 2.50 | IRF830FI 3.00 35 2.70 800 | 331
500 1.10 4.40 | IRF842FI 4.00 40 4.90 1600 | 337
500 0.85 4.40 | IRF840FI 4.50 40 4.90 1600 | 337
600 | 250 | 1.50 | MTP3NGOFI 250 | 35 | 150 | 1000 | 385
TO-218
v Rosion) - | I P Ots Ciss
(B(';‘,))Dss (max) (‘AJ) Type DEI"\‘;") (Vt\(l))t min | max |Page
(9] (mho) | (pF)
50 0.06 15.00 | SGSP482 30.00 | 125 5.00 | 1400 | 565
50 0.033 | 20.00 | SGSP492 40.00 | 150 | 10.00 | 2800 | 571
60 0.08 22.00 | IRFP153 34.00 | 150 | 13.00 | 3000 | 343
60 0.06 15.00 | SGSP481 30.00 | 125 5.00 | 1400 | 565
60 0.055 | 22.00 | IRFP151 40.00 | 150 | 13.00 | 3000 | 343
60 0.033 | 20.00 | SGSP491 40.00 | 150 | 10.00 | 2800 | 571
60 0.028 | 20.00 | MTH40NO6 40.00 | 150 | 10.00 | 5000 | 379
80 0.10 12,50 | SGSP462 25.00 | 125 450 | 1200 | 535
80 0.05 17.50 | SGSP472 35.00 | 150 9.00 | 2200 | 541
100 0.15 10.00 | SGSP461 20.00 | 125 450 | 1200 | 535

&7, 33 THOMEON
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SELECTION GUIDE BY PACKAGE

TO-218 (continueed)

C

V BRjpss F:DS('")') Ip Type Ipgmax) | Prot ,?1‘: Cies P
max Y i max | Page
\'J A A W
100 | 0.08 22.00 | IRFP152 34.00 | 150 | 13.00 | 3000 | 343
100 | 0.075 | 15.00 | SGSP471 30.00 | 150 9.00 | 2200 | 541
100 | 0.055 | 22.00 | IRFP150 40.00 | 150 | 13.00 | 3000 | 343
200 | 0.17 10.00 | SGSP477 20.00 | 150 8.00 | 2200 | 553
400 | 0.55 5.00 | SGSP475 10.00 | 150 6.00 | 2100 | 547
450 | 0.70 4.50 | SGSP474 9.00 | 1580 6.00 | 2100 | 547
450 | 0.50 7.20 | IRFP453 12.00 | 150 8.70 | 3000 | 355
450 | 0.40 7.20 | IRFP451 14.00 | 150 8.70 | 3000 | 355
500 | 0.80 5.50 | BUZ354 8.00 | 125 2.70 | 4900 | 257
500 | 0.70 4.50 | SGSP479 9.00 | 150 5.00 | 1900 | 559
500 |- 0.60 5.50 | BUZ353 9.50 | 125 2.70 | 4900 | 253
500 | 0.50 7.20 | IRFP452 12.00 | 150 8.70 | 3000 | 355
500 | 0.40 7.20 | IRFP450 14.00 | 150 8.70 | 3000 | 355
800 | 2.00 2:.00 | STHv82 550 | 125 (. 2.00 | 1000 | 601
1000 | 3.50 2.00 [ STHV102 420 | 125 2.00 | 1200 | 607
ISOWATT218
RDS(on) e Ots ciss
V(B(!;«/);)ss (max) (IR) Type IDER;”‘) :v‘\‘l’; min max | Page
@ (mho) | (pF)
60 0.08 22.00 | IRFP153FI 21.00 65 13.00 | 3000 | 343
60 0.055 | 22.00 | IRFP151FI 26.00 | 65 13.00 | 3000 | 343
60 0.028 | 20.00 | MTH40NOG6FI . 26.00 65 10.00 | 5000 | 379
100 0.08 22.00 | IRFP152FI 21.00 65 13.00 | 3000 | 343
100 0.055 | 22.00 | IRFP150FI 26.00 | 65 13.00 | 3000 | 343
400 0.30 8.00 | IRFP350FI 10.00 70 8.00 | 3000 | 349
450 0.50 7.20 | IRFP453FI 8.00 | 70 8.70 | 3000 | 355
450 0.40 7.20 | IRFP451FI| 9.00 70 8.70 | 3000 | 355
500 0.50 7.20 | IRFP452FI 8.00 70 8.70 | 3000 | 355
500 0.40 7.20 | IRFP450F! 9.00 | 70 8.70 | 3000 | 355
600 1.20 3.00 | MTH6NG60FI 3.50 40 2.00 | 1800 | 373
SGS-
57,855 THoMmsOoN
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SELECTION GUIDE BY PACKAGE

T0-240
Rps(on) ¢ Ots Ciss
V(B(F"l);’ss (max) (II':) Type 'DER‘)”‘) |(’V'\7)t min max | Page
{9)] (mho) | (pF)
100 0.016 | 50.00 | SGS100MA010D1 120.00 | 400 | 20.00 | 11200 | 421
100 0.009 | 75.00 | SGS150MAQ010D1 150.00 | 400 | 20.00 | 14000 | 427
500 0.20 15.00 | SGS30MA050D1 30.00 | 400 | 15.00 9100 | 409
500 0.16 17.50 | SGS35MA050D1 35.00 | 400 | 15.00 { 12000 | 415 N
TO-3
Rpson) e Ots Ciss
V(B("‘I))Dss (max) (I;\)) Type ID}X;”‘) :";;; min max | Page
@ (mho) | (pF)
50 0.033 | 20.00 | SGSP592 40.00 | 150 | 10.00 | 2800 | 595
60 0.08 20.00 | IRF153 33.00 | 150 9.00 | 3000 | 267
60 0.055 | 20.00 | IRF151 40.00 | 150 9.00 3000 267
60 0.033 | 20.00 | SGSP591 40.00 | 150 | 10.00 | 2800 | 595
80 0.10 17.00 | IRF143 25.00 | 125 8.70 | 1600 | 261
80 0.077 | 17.00 | IRF141 28.00 | 125 8.70 1600 | 261
100 0.10 9.00 | BUZ25 19.00 78 4.00 2000 191
100 0.10 17.00 | IRF142 25.00 | 125 8.70 1600 261
100 0.08 20.00 | IRF152 33.00 | 150 9.00 | 3000 | 267
100 0.077 | 17.00 | IRF140 28.00 | 125 8.70 1600 | 261
100 0.055 | 20.00 | IRF150 40.00 | 150 9.00 | 3000 | 267
200 0.17 10.00 | SGSP577 20.00 | 150 8.00 | 2200 583
400 0.55 5.00 | SGSP575 10.00 | 150 6.00 2100 577
400 0.30 8.00 | IRF350 15.00 | 150 8.00 3000 273
450 0.70 4.50 | SGSP574 9.00 | 150 6.00 | 2100 | 577

o7 35NN
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SELECTION GUIDE BY PACKAGE

TO-3 (continueed)

Roscon) & O Ci
V(B("‘,))Dss (ma(;l)‘) (Il‘\’) Type ID%:;"‘) l(,‘;’;’)‘ mi: max Page
@ (mho) | (pF)
450 0.50 7.20 | IRF453 11.00 | 150 8.70 | 3000 279
450 0.40 7.20 | IRF451 13.00 | 150 8.70 | 3000 | 279
500 0.80 5.00 | BUZ45A 8.30 | 125 2.70 | 4900 211
500 0.70 450 | SGSP579 9.00 | 150 5.00 1900 589
500 0.60 5.00 | BUZ45 9.60 | 125 2.70 | 4900 207
500 0.50 7.20 | IRF452 11.00 | 150 8.70 | 3000 279
500 0.40 7.20 | IRF450 13.00 | 150 8.70 | 3000 | 279
TO-220 (HIMOS)
Vbs(on) G Ots Ciss
V(B("‘l);)ss (max) (:[\’) Type Ip(max) l(:‘;\‘;)' min max | Page
(W) (mho) | (pF)
500 2.70 7.00 | STHIO7N50 7.00 | 100 2.50 9.50 627
500 2.70 10.00 | STHI1ON50 10.00 | 100 2.50 9.50 633
ISOWATT220 (HIMOS)
Rps(on) e Ots Ciss
V(B(F“,);’ss (max) (IR) Type IDEZ;X) I(’\:\t;)‘ min | max |Page
v) (mho) | (pF)
500 2.70 7.00 | STHIO7NSOF| 7.00 35 2.50 9.50 627
500 2.70 10.00 | STHI1ON50FI 10.00 35 2.50 9.50 633
£ SGS- N
Y/. mu@%@é&%‘%&?@g
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CROSS REFERENCE

INDUSTRY SGS-THOMSON INDUSTRY SGS-THOMSON
STANDARD | SGS-THOMSON | “ypapror | PAGE | oyanpapp | SGS-THOMSON | *ypppegr | PAGE
2SK295 sGsP3s1 | 499 | BUz11A | BUZ11A 173
2SK296 IRF723 307 | BUZI1FI | BUZ11FI 167
2SK308 IRF142 261 | BUZ11P | BUZ11FI 167
2SK310 IRF722 307 | BUz11S2 | BUZ11S2 177
2SK311 IRF833 331 | Buz11s2F1 | BUZ11S2FI 177
2SK312 SGSP575 | 577 | BUZ14 SGSP591 | 595
2SK313 IRF453 279 | BUz15 SGSP591 | 595
2SK319 IRF730 313 | BUZ20 BUZ20 183
2SK320 IRF843 337 | BUZ21 BUZ21 187
2SK324 sasps7s | 577 | BUZ24 BUZ24 *
2SK345 SGSP3s8 | 505 | BUZ25 BUZ25 101
2SK346 IRF523 285 | BUZ32 BUZ32 195
2SK349 IRFP453 355 | BUZ34 BUZ34 *
2SK350 IRFP453 355 | Buza1A | BUZ41A 199
2SK357 SGSP317 | 469 | BUZ42 BUZ42 203
2SK382 IRF822 325 | BUZ45 BUZ45 207
2SK383 IRF530 291 | BUZ4s5A | BUZ45A 211
2SK399 sasPae1 | 535 | BUZ6O BUZ60 215
2SK403 SGSP474 | 547 | BUzeoB | BUZ60B 219
2SK428 sGsP321 | 481 | BUZe4 SGSP575 | 577
2SK440 SGSP367 | 517 | BUZ71 BUZ71 223
2SK512 IRF452 279 | Buz71A | BUZ71A 229
2SK527 MTP3055AFI | 403 | BUZ71FI | BUZ71FI 223
2SK528 IRF722F1 | 307 | BUZ71P | BUZ71FI 223
2SK532 IRF540F1 | 295 | BUZ72A | BUZ72A 233
2SK549 MTP3055A | 403 | BUZ73A SGSP367 | 517
2SK552 IRF843 337 | BUZ74 BUZ74 237
2SK553 IRF842 337 | BUz74A | BUZ74A 241
2SK554 IRF841 337 | BUzZ7E BUZ76 245
2SK555 IRF840 337 | Buz7eA | BUZ76A 249
2SK556 IRFP453 355 | BUZ353 | BUZ353 253
2SK557 IRFP452 355 | BUzass4 | BUZ354 257
2SK560 IRFP450 355 | IRF140 IRF140 261
2SK643 sasPa74 | 547 | IRF141 IRF141 261
2SK644 SGSP479 | 559 | IRF142 IRF142 261
2SK672 BUZ72A 233 | IRF143 IRF143 261
2SK673 MTP3055A | 403 | IRF150 IRF150 267
2SK674 sasP3st | 529 | IRF151 IRF151 267
2SK708 IRFP453FI | 355 | IRF152 IRF152 267
2SK788 IRFP452 355 | IRF153 IRF153 267
2SK789 IRFP451 355 | IRF240 IRF240 *
2SK790 IRFP450 355 | IRF241 IRF241 *
BUZ10 BUZ10 159 | IRF242 IRF242 *
BUZ10A | BUZ10A 163 | IRF243 IRF243 x
BUZ11 BUZ11 167 | IRF340 SGSP575 | 577
* Datasheet available on request.
Ly7, S65;THOMSON

27



CROSS REFERENCE

INDUSTRY $GS-THOMSON INDUSTRY SGS-THOMSON
STANDARD | SGSTHOMSON | ““ypapeer | PAGE | oranpapp | SGSTHOMSON | ~yeppear | PAGE
IRF342 SGSP575 | 577 | IRF541FI | IRF541FI 295
IRF350 IRF350 273 | IRF541P | IRF541FI 295
IRF351 IRF350 273 | IRF542 IRF542 295
IRF352 IRF350 273 | IRF542F1 | IRF542F 295
IRF353 IRF350 273 | IRF542P | IRF542F 295
IRF440 SGSP579 | 589 | IRF543 IRF543 295
IRF441 SGSP579 | 589 | IRF543FI | IRF543F 295
IRF442 SGSP579 | 589 | IRF543P | IRF543FI 295
IRF443 SGSP579 | 589 | IRF610 SGSP317 | 469
IRF450 IRF450 279 | IRF611 SGSP317 | 469
IRF451 IRF451 279 | IRF612 SGSP317 | 469
IRF452 IRF452 279 | IRF613 SGSP317 | 469
IRF453 IRF453 279 | IRF620 IRF620 301
IRF510 IRF510 « | IRF620F1I | IRF620FI 301
IRF511 IRF511 + | IRFe20p | IRF620FI 301
IRF512 IRF512 « | IRFe21 IRF621 301
IRF513 IRF513 « | IRFe21FI | IRF621FI 301
IRF520 IRF520 285 | IRF621P | IRF621FI 301
IRF520FI | IRF520FI 285 | IRFe22 IRF622 301
IRF520P | IRF520FI 285 | IRF622F1 | IRF622FI 301
IRF521 IRF521 285 | IRF622P | IRF622F 301
IRF521FI | IRF521FI 285 | IRF623 IRF623 301
IRF521P | IRF521FI 285 | IRF623F1 | IRF623FI 301
IRF522 IRF522 285 | IRF623P | IRF623FI 301
IRF522F | IRF522Fi 285 | IRF630 SGSP367 | 517
IRF522P | IRF522FI 285 | IRF631 SGSP367 | 517
IRF523 IRF523 285 | IRF632 SGSP367 | 517
IRF523FI | IRF523FI 285 | IRF633 SGSP367 | 517
IRF523P | IRF523FI 285 | IRF640 SGSP477 | 553
IRF530 IRF530 291 | IRF641 SGSP477 | 553
IRF530FI | IRF530FI 291 | IRF6a2 'SGSP477 | 553
IRF530P | IRF530FI 291 | IRF643 SGSP477 | 553
IRF531 IRF531 291 | IRF720 IRF720 307
IRF531F | IRF531FI 291 | IRF720F1 | IRF720FI 307
IRF531P | IRF531FI 291 | IRF720P | IRF720FI 307
IRF532 IRF532 291 | IRF721 IRF721 307
IRF532FI | IRF532FI 291 | IRF721FI° | IRF721FI 307
IRF532P | IRF532FI 291 | IRF721P | IRF721FI 307
IRF533 IRF533 291 | IRF722 IRF722 307
IRF533F1 | IRF533FI 291 | IRF722F1 | IRF722FI 307
IRF533P | IRF533FI 291 | IRF722P | IRF722FI 307
IRF540 IRF540 295 | IRF723 IRF723 307
IRF540F1 | IRF540F] 295 | IRF723F1 | IRF723FI 307
IRF540P | IRF540F] 295 | IRF723P | IRF723FI 307
IRF541 IRF541 295 | IRF730 IRF730 313
* Datasheet available on request.
L7, 355 THOMSON
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CROSS REFERENCE

INDUSTRY SGS-THOMSON INDUSTRY $GS-THOMSON
STANDARD | SGS-THOMSON | “yeapeey | PAGE | granpapp | SGS-THOMSON | yeapegr | PAGE
IRF730FI | IRF730F 313 | IRF833FI | IRF833FI 331
IRF730P | IRF730FI 313 | IRF833P | IRF833FI 331
IRF731 IRF731 313 | IRF840 IRF840 337
IRF731FI | IRF731FI 313 | IRF840FI | IRF840FI 337
IRF731P | IRF731F 313 | IRF840P | IRF840FI 337
IRF732 IRF732 313 | IRF841 IRF841 337
IRF732F1 | IRF732F 313 | IRF841FI | IRF841FI 337
IRF732P | IRF732F 313 | IRF841P | IRF841FI 337
IRF733 IRF733 313 | IRF842 IRF842 337
IRF733FI | IRF733FI 313 | IRF842FI | IRF842FI 337
IRF733P | IRF733F 313 | IRFB42P | IRF842FI 337
IRF740 IRF740 319 | IRF843 IRF843 337
IRF740FI | IRF740F 319 | IRF843FI | IRF843FI 337
IRF740P | IRF740FI 319 | IRF843P | IRF843FI 337
IRF741 IRF741 319 | IRFP140 | IRFP140 *
IRE741FI | IRF741FI 319 | IRFP140F1 | IRFP140FI *
IRF741P | IRF741FI 319 | IRFP140P | IRFP140FI *
IRF742 IRF742 319 | IRFP150 | IRFP150 343
IRF742F1 | IRF742F 319 | IRFP150FI | IRFP150F! 343
IRF742P | IRF742Fi 319 | IRFP150P | IRFP150FI 343
IRF743 IRF743 319 | IRFP151 | IRFP151 343
IRF743F1 | IRF743FI 319 | IRFP151FI | IRFP151FI 343
iRF743P | IRF743FI 319 | IRFP151P | IRFP151FI 343
IRF820 IRF820 325 | IRFP152 | IRFP152 343
IRF820FI | IRF820F] 325 | IRFP152FI | IRFP152FI 343
IRFB20P | IRF820FI 325 | IRFP152P | IRFP152F 343
IRF821 IRF821 a5 | IRFP153 | IRFP153 343
IRF821FI | IRF821FI 325 | IRFP153FI | IRFP153FI 343
IRF821P | IRF821F! 325 | IRFP153P | IRFP153FI 343
IRF822 IRF822 325 | IRFP350FI | IRFP350FI 349
IFR822FI | IRF822F 325 | IRFP350P | IRFP350FI 349
IRFB22P | IRF822FI 325 | IRFP450 | IRFP450 355
IRF823 IRF823 325 | IRFP450FI | IRFP450FI 355
IRF823F1 | IRF823FI 325 | IRFP450P | IRFP450FI 355
IRF823P | IRF823FI 325 | IRFP451 | IRFP451 355
IRF830 IRF830 331 | IRFP451FI | IRFP451FI 355
IRF830 IRF830 331 | IRFP451P | IRFP451FI 355
{RF830P | IRF830FI 331 | IRFP452 | IRFP452 355
IRF831 IRF831 331 | IRFP452FI | IRFP452FI 355
IRF831FI | IRF831FI 331 | IRFP452P | IRFP452FI 355
IRF831P | IRF831FI 331 | IRFP453 | IRFP453 355
IRF832 IRF832 331 | IRFP453FI | IRFP453FI 355
IRF832FI | IRF832FI 331 | IRFP453P | IRFP453FI 355
IRF832P | IRF832FI 331 | IRFz20 IRFZ20 361
IRF833 IRF833 331 | IRFz20F1 | IRFZ20Fi 361
* Datasheet available on request.
Lyz, 355 THOMSON
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CROSS REFERENCE

INDUSTRY SGS-THOMSON INDUSTRY SGS-THOMSON ’
STANDARD | SGS-THOMSON | ““ypapeer | PAGE | cranpapp | SGS-THOMSON | yeapeer | PAGE
IRFZ20P | IRFZ20F! 361 | MTPaNs0 IRF832 331
IRFZ22 IRFZ22 361 | MTP3N6O | MTP3NGO 385
IRFZ22FI | IRFZ22FI 361 | MTP3N6OFI | MTP3NGOFI 385
IRFZ22P | IRFZ22FI 361 | MTP4No8 SGSP351 | 499
IRFZ40 IRFZ40 367 | MTP4N10 SGSP351 | 499
IRFZ42 IRFZ42 367 | MTPaN1s SGSP317 | 469
MTHBN6OFI | MTHENGOFI 379 | MTP4aN20 SGSP317 | 469
MTH7N45 sasP474 | 547 | MTP4aN3s IRF733 313
MTH7N50 SGsP479 | 559 | MTPaN4o IRF732 313
MTH8N35 SGsP475 | 547 | MTPaNa4s IRF831 331
MTH8N40 SGSP475 | 547 | MTPaNso IRF830 331
MTH15N18 SGSP477 | 583 | MTPsNOS SGSP351 | 499
MTH15N20 sasp477 | 583 | MTPSNO6 SGSP351 | 499
MTH25N08 sasp472 | 541 | MTPsN12 IRF620 301
MTH25N10 SGSP471 | 541 | MTPsN15 IRF620 301
MTH35N05 SGSP492 | 595 | MTPsN18 IRF620 301
MTH35N06 sasP491 | 595 | MTP5N20 IRF620 301
MTH40NO6 | MTH4ONO6 379 | MTPsN3s IRF731 313
MTH4ONOSFI | MTH4ONOGFI 379 | MTPsN40 IRF730 313
MTH4ONOGP | MTH4ONOGFI 379 | MTP6NO8 SGSP311 | 463
MTM7N45 SGSP574 | 577 | MTPeN10 SGSP311 | 463
MTM7N50 SGSP579 | 580 | MTP6N6O | MTP6NGO 391
MTM8N35 sasps7s | 577 | MTP7NOS SGSP358 | 505
MTM8N40 sGsPs75 | 577 | MTP7N12 SGSP317 | 469
MTM15N18 SGsPs77 | 583 | MTP7N15 SGSP317 | 469
MTM15N20 SGSP577 | 583 | MTP7N18 SGSP317 | 469
MTM15N35 IRF350 273 | MTP7N20 SGSP317 | 469
MTM15N40 IRF350 273 | MTP8No8 IRF520 285
MTM15N45 IRF451 279 | MTP8N10 IRF520 285
MTM15N50 IRF450 279 | MTPaN12 SGSP367 | 517
MTM20NO08 IRF142 261 | MTP8N15 SGSP367 | 517
MTM20N10 IRF142 261 | MTP8N18 SGSP367 | 517
MTM25N05 IRF141 261 | MTP8N20 SGSP367 | 517
MTM25N06 IRF141 261 | MTP8N45 IRF841 337
MTM25N08 IRF140 261 | MTP8N50 IRF840 337
MTM25N10 IRF140 261 | MTP10NO5 SGSP322 | 481
MTM35N05 SGSP592 | 595 | MTP10NO6 SGSP321 | 481
MTM35N06 SGSP591 | 595 | MTP10NOS8 IRF532 291
MTP2N35 IRF721 307 | MTP1ON10 IRF532 291
MTP2N40 IRF720 307 | MTP1ON12 SGSP367 | 517
MTP2N45 SGSP330 | 487 | MTP10N15 SGSP367 | 517
MTP2N50 SGsP319 | 475 | MTP10N25 SGSP363 | 517
MTP3N35 IRF721 307 | MTP10N35 IRF741 319
MTP3N40 IRF720 307 | MTP10N40 IRF740 319
MTP3N45 SGsP330 | 487 | MTP12NOS SGSP322 | 481
* Datasheet available on request.
L7, 365, THOMSON

30




CROSS REFERENCE

INDUSTRY SGS-THOMSON INDUSTRY $GS-THOMSON

STANDARD | SGS-THOMSON | ““wrsppor | PAGE | granpapp | SGSTHOMSON | “weapeer | PAGE
MTP12N06 SGSP321 | 481 | RFM12N40 IRF451 279
MTP12N08 SGsP3s2 | 511 | RFM15N12 SGSP577 | 583
MTP12N10 SGSP361 | 511 | RFM15N15 SGSP577 | 583
MTP15N05 SGSP382 | 520 | RFM18N08 IRF142 261
MTP15N05L | MTP15N0S5L 397 | RFmiaN10 IRF142 261
MTP15NOSLFI| MTP15NOSLF! 397 | RFM25N05 IRF141 261
MTP15N06 SGsP3s1 | 529 | RFM25N06 IRF141 261
MTP15N06L | MTP15N06L 397 | RFP2NOs SGSP351 | 499
MTP15NOBLFI| MTP15NO6LFI 397 | RFP2N10 SGSP351 | 499
MTP20N08 IRF542 295 | RFP2N18 SGSP317 | 469
MTP20N10 IRF542 295 | RFP2N20 SGSP317 | 469
MTP25N05 IRF543 295 | RFP3N45 IRF821 325
MTP25N06 IRF543 295 | RFP3N50 IRF820 325
MTP25N08 IRF540 295 | RFP4NOs SGSP358 | 505
MTP25N10 IRF540 205 | RFP4N35 IRF733 313
MTP3055A | MTP3055A 403 | RFPaNao IRF732 313
MTP3055AF! | MTP3055AF] 403 | RFP6N45 IRF831 331
MTP3055AP | MTP3055AFI 403 | RFPBNS0 IRF830 331
RFH10N45 SGSP474 | 547 | RFP7N35 IRF743 319
RFH10N50 SGSP479 | 559 | RFP7N40 IRF742 319
RFH12N35 IRFP451 355 | RFP8N18 SGSP367 | 517
RFH12N40 IRFP451 355 | RFP8N20 SGSP367 | 517
RFH25N18 SGSP477 | 553 | RFP1ON12 SGSP367 | 517
RFH25N20 SGSP477 | 553 | RFP1ON15 SGSP367 | 517
RFH35N08 IRFP150 | 343 | RFP12NOS SGSP362 | 511
RFH35N10 IRFP150 | 343 | RFP12N10 SGSP361 | 511
RFH45N05 SGSP492 | 571 | RFP15N05 SGSP322 | 481
RFH45N06 SGSP491 | 571 | RFP15N06 SGSP321 | 481
RFK10N45 SGSP574 | 577 | RFP18NO8 IRF542 295
RFK10N50 SGSP579 | 580 | RFP18N10 IRF542 295
RFK12N35 SGSP575 | 577 | RFP25NO5 SGSP382 | 529
RFK12N40 SGSP575 | 577 | RFP25N06 SGSP381 | 529
RFK25N18 sasps77 | 583 | sasP201 | sGsP201 433
RFK25N20 | sasps77 | s83 | sasp202 | saspzo1 433
RFK35N08 IRF150 267 | saspz21 SGSP222 | 439
RFK35N10 IRF150 267 | sasp222 | sasp222 439
RFK45N05 SGSP592 | 595 | SGSP230 | SGSP230 445
RFK45N06 SGSP591 | 595 | SGSP231 | SGSP230 445
RFM10N12 SGSP577 | 583 | SGSP232 | SGSP230 445
RFM10N15 sGsPs77 | 583 | sasp23s SGSP239 | 451
RFM10N45 SGSP579 | 580 | SGSP239 | SGSP239 451
RFM10N50 SGSP579 | 580 | SGSP301 | SGSP301 457
RFM12N18 SGSP577 | 583 | SGSP302 | SGSP301 457
RFM12N20 SGSP577 | 583 | SGSP311 | SGSP311 463
RFM12N35 IRF451 279 | sasps12 | saspai 463

* Datasheet available on request.

7. 3 THONGDY
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CROSS REFERENCE

INDUSTRY SGS-THOMSON INDUSTRY $GS-THOMSON
STANDARD | SGS-THOMSON | “yeppear | PAGE | oranpapp | SGSTHOMSON | *ypuppor | PAGE
SGSP316 | SGSP316 469 | sacsps7s SGSP579 | 589
SGSP317 | SGSP317 469 | sasps7e | SGSP579 589
SGSP319 | SGSP319 475 | sGSP591 | SGSP591 595
SGSP321 | SGSP321 481 | sGsPs92 | sasPs92 595
SGSP322 | SGSP322 481 | sasp3oss MTP3055A | 403
SGSP330 | SGSP330 487 | STHV82 | STHv82 601
SGSP331 IRF722 307 | STHv102 | STHV102 607
SGSP332 IRF723 307 | sTLTie | sTLT19 611
SGSP340 ; SGSP341 | 493 | STLT19FI | STLT19FI 611
SGSP341 | SGSP341 493 | sTLT20 | STLT20 611
SGSP342 | SGSP341 493 | STLT20FI | STLT20FI 611
SGSP351 | SGSP351 499 | STVHDO |STVHDg90 621
SGSP357 SGSP358 | 505

SGSP358 | SGSP358 505

SGSP361 | SGSP361 511

SGSP362 | SGSP362 511

SGSP363 | SGSP363 517

SGSP364 | SGSP364 523

SGSP367 | SGSP367 517

SGSP368 IRF830 331

SGSP369 | SGSP369 523

SGSP381 | SGSP381 529

SGSP382 | SGSP382 529

SGSP461 | SGSP461 535

SGSP462 | SGSP462 535

SGSP471 | SGSP471 541

SGSP472 | SGSP472 541

SGSP473 SGsP477 | 553

SGSP474 | SGSP474 547

SGSP475 | SGSP475 547 S

SGSP476 | SGSP475 547

SGSP477 | SGSP477 553

SGSP478 SGSP479 | 559

SGSP479 | SGSP479 550

SGSP481 | SGSP481 565

SGSP482 | SGSP482 565

SGSP491 | SGSP491 571

SGSP492 | SGSP492 571

SGSP571 IRF152 267

SGSP572 IRF150 267

SGSP573 SGSP577 | 583

SGSP574 | SGSP574 577

SGSP575 | SGSP575 577

SGSP576 | SGSP575 577

SGSP577 | SGSP577 583

* Datasheet available on request.
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ALPHABETICAL LIST OF SYMBOLS

Rih j-amb
Ri j-case
T

Tamb
Tcase
T
Tstg

V(ar) pss
Vos
Vogr
Vbs

Vbs (on)

Parasitic capacitance between drain and body
Parasitic capacitance between drain and source
Parasitic capacitance between gate and drain
Parasitic capacitance between gate and source
Input capacitance

Output capacitance

Reverse transfer capacitance

Device under test

Drain current

Drain peak current, inductive

Drain peak current

Zero gate voltage drain current

Gate current

Gate-body leakage with drain short circuited to source
Source-drain diode current

Source-drain diode peak current

Unclamped inductive switching current

Load inductance of a specified circuit

Pulse width

Total power dissipation

Static drain-source on resistance

Generator internal resistance

Load resistance of a specified circuit

Thermal resistance junction-ambient

Thermal resistance junction-case

Maximum lead temperature for soldering purpose
Ambient temperature

Case temperature

Junction temperature

Storage temperature

Drain-source breakdown voltage

Drain-gate voltage

Drain-gate voltage with specified resistance between gate and source
Drain-source voltage

Drain-source on state voltage

ﬁ SGS-THOMSON

MICROELECTRONICS
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ALPHABETICAL LIST OF SYMBOLS

Vas Gate-source-voltage

Vas @n) Gate threshold voltage

Vsp Source-drain diode forward on voltage
Velamp Drain clamping voltage

Vi Input voltage of a specified circuit
f Frequency

Ofs Forward trasconductance

ta (off Turn-off delay time

t4 (on) Turn-on delay time

t Fall time

ton Turn-on time

t, Rise time

ey Reverse recovery time

Ly7, 555 THOMSON
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RATING SYSTEMS FOR ELECTRONIC DEVICES

A. DEFINITIONS OF TERMS USED

a. Electronic device. An electronic tube or val-
ve, transistor or other semiconductor device.
Note: This definition excludes inductors, capa-
citors, resistors and similar components.

b. Characteristic. A characteristic is an inherent
and measurable property of a device. Such a
-property may be electrical, mechanical, ther-
mal, hydraulic, electro-magnetic, or nuclear and
can be expressed as a value for stated or re-
cognized conditions. A characteristic may al-
so0 be a set of related values, usually shown in
graphical form.

c. Bogey electronic device. An electronic devi-
ce whose characteristics have the published no-
minal values for the type. A bogey electronic
device for any particular application can be ob-
tained by considering only those characteristics
which are directly related to the application.

d. Rating. A value which establishes either a -
miting capability or a limiting condition for an
electronic device. It is determinate for specified
values of environment and operation, and may
be stated in any suitable terms.

Note: Limiting conditions may be either maxi-
ma or minima.

e. Rating system. The set of principles upon
which ratings are established and which deter-
mines their interpretation.

Note: The rating system indicates the division

of responsibility between the device manufac-

turer and the circuit designer, with the object

of ensuring that the working conditions do not
 exceed the ratings.

B. ABSOLUTE MAXIMUM RATING SYSTEM

Absolute maximum ratings are limiting values of ope-
rating and environmental conditions applicable to
any electronic device of a specified type as defined
by its published data, which should not be exceeded
under the worst probable conditions.

These values are chosen by the device manufactu-
rer to provide acceptable serviceability of the devi-
ce, taking no responsibility for equipment varia-
tions, environmental variations, and the effects of
changes in operating conditions due to variations in
the characteristcs of the device under consideration
and of all other electronic devices in the equipment.
The equipment manufacturer should design so that,
initially and throughout life, no absolute maximum
value for the intended service is exceeded with any
device under the worst probable operating condi-

tions with respect to supply voltage variation, equip-
ment component variation, equipment control adju-
stment, load variations, signal variation,
environmental conditions, and variation in charac-
teristics of the device under consideration and of all
other electronic devices in the equipment.

C. DESIGN - MAXIMUM RATING SYSTEM

Design-maximum ratings are limiting values of ope-
rating and environmental conditions applicable to a
bogey electronic device of a specified type as defi-
ned by its published data, and should not be excee-
ded under the worst probable conditions.

These values are chosen by the device manufacturer
to provide acceptable serviceability of the device, ta-
king responsibility for the effects of changes in ope-
rating conditions due to variations in the
characteristics of the electronic device under con-
sideration.

The equipment manufacturer should design so that,
initially and throughout life, no design-maximum va-
lue for the intended service is exceeded with a bo-
gey device under the worst probable operating con-
ditions with respect to supply-voltage variation equip-
ment, component variation, variation in characteri-
stics of all other devices in the equipment, equipment
control adjustment, load variation, signal variation
and environmental conditions.

D. DESIGN - CENTRE RATING SYSTEM

Design-centre ratings are limiting values of opera-
ting and environmental conditions applicable to a bo-
gey electronic device of a specified type as defined
by its published data, and should not be exceeded
under normal conditions.

These values are chosen by the device manufactu-
rer to provide acceptable serviceability of the devi-
ce in average applications, taking responsibilty for
normal changes in operating conditions due to ra-
ted supply-voltage variation, equipment component
variation, equipment control adjustment, load varia-
tion, signal variation, environmental conditions, and
variations in the characteristics of all electronic
devices.

The equipment manufacturer should design so that,
initially, no design-centre value for the intended ser-
vice is exceeded with a bogey electronic device in
equipment operating at the stated normal supply-
voltage.

The Absolute Maximum Rating System is commonly
used for semiconductor devices.

SGS-THOMSON

K ~ MICROELECTRONICS
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HANDLING OF POWER PLASTIC TRANSISTORS

PRECAUTIONS FOR PHYSICAL HANDLING OF
POWER PLASTIC TRANSISTOR [TO-220,
ISOWATT220, TO-218 (SOT-93), ISOWATT218,
TO-126 (SOT-32), SOT-82, SOT-194]

When mounting power transistors certain precau-
tions must be taken in operations such as bending
of leads, mounting of heatsink, soldering and re-
moval of flux residue. If these operations are not
carried out correctly, the device can be damaged
or reliability compromised.

1. Bending and cutting leads
The bending or cutting of the leads requires
the following precautions:

When bending the leads they must be clam-
ped tightly between the package and the ben-
ding point to avoid strain on the package (in
particular in the area where the leads enter
the resin) (fig. 1). This also applies to cutting
the leads (fig. 2).

1.1.

1.2. The leads must be bent at a minimum distan-
ce of 3 mm from the package (fig. 3a).

Fig. 1 - Bending the leads

1.3.

1.4.

1.5.

2.1.

2.2.

2.3.

The leads should not be bent at an angle of
more than 90° and they must be bent only
once (fig. 3b).

The leads must never be bent laterally (fig.
3c).

Check that the tool used to cut or form the
leads does not damage them or ruin their sur-
face finish.

Mounting on printed circuit
During mounting operations be careful not to
apply stress to the power transistor.

Adhere strictly to the pin spacing of the tran-
sistor to avoid forcing the leads.

Leave a suitable space between printed cir-
cuit and transistor, if necessary use a spacer.

When fixing the device to the printed circuit
do not put mechanical stress on the transi-
stor. For this purpose the device should be
soldered to the printed circuit board after the
transistor has been fixed to the heatsink and
the heatsink to the printed circuit board.

Fig. 2 - Lead forming or cutting mechanism

W
1 w
WRONG 1 l
Plastic —————
Package Lead forming or cutting
mechanism
S d
RIGHT ‘.mgpace Clamp mechanism
s-m
Fig. 3 - Angles for lead wire bending
)‘—-1 3.0min.
|v S _
e
TIooooomo WRONG O [—————> | WRONG
RIGHT .. _—_
$.53m 5 5372 $-5270
a b c
vy SGS-THOMSON
Y/, MICROELECTRONICS
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HANDLING OF POWER PLASTIC TRANSISTORS

3.1.

Soldering

In general a transistor should never be expo-
sed to high temperature for any length of ti-
me. It is therefore preferable to use soldering
methods where the transistor is exposed to
the lowest possible temperatures for a short
time.

Tolerable conditions are 260°C for 10 sec or
350° for 3 sec. The graphs in fig. 4 give an
idea of the excess junction temperature du-
ring the soldering process for a TO-220 (Ver-

Fig. 4 - Junction temperatures during soldering

4.1.

T 260°C soldering bath

100 1

0

$-5630

3.2.

sawatt). It is also important to use suitable
fixes for the tin baths to avoid deterioration
of the leads or of the package resin.

An excess of residual flux between the pins
of the transistor or in contact with the resin
can reduce the long-term reliability of the de-
vice. The solvent for removing excess flux
must be chosen with care. The use of solvents
derived from trichloroethylene is not recom-
mended on plastic packages because the re-
sidue can cause corrosion.

5-5631

Exposed to air

Solder '

350°C soidering bath
] :- Exposed to air

|

Solder

20 40 60 80 100 140 Time (sec)

Mounting at heatsink

To exploit best the performance of power tran-
sistor a heatsink with Ry, suitable for the po-
wer that the transistor will dissipate must be
used.

The plastic packages used by SGS-
THOMSON for its power transistor (SOT-32,
SOT-82, SOT-194, TO-220, ISOWATT220,
TO-218, ISOWATT218) provide for the use of
a single screw to fix the package to the heat-
sink. A compression spring (clip) can be suf-
ficient as an alternative (fig. 5).

The screw should be properly tightened to en-

G

SGS-THOMSON
/. i @R@EILIE@THR@IMI]@S <

o

4.2.

10 0 30 40 S0 60 Time(sec)

sure good contact between the back of the
package and the heatsink but should not be
too tight to avoid deformation of the copper
part (tab) of the package causing breaking of
the die or separation of the resin from the tab.

The contact Ry, between device and heat-
sink can be improved by inserting a thin layer
of silicone grease with fluidity sufficient to
guarantee perfectly uniform distribution on
the surface of the tab. The thermal resistan-
ce with and without silicone grease is given
in fig. 6. An excessively thick layer or an ex-
cessive viscosity of the grease can degrade
the Rth'
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HANDLING OF POWER PLASTIC TRANSISTORS

Fig. 5 - SOT-93 mounting examples

Fig. 6 - Contact thermal resistance vs. insulator

5.1.

thickness.

6~4905

Rth
(*crw)

VERSAWATT
PACKAGE

Without silicone grease

A A
A

LA e

L1

Tiljcone grease applied
N B

05 010

/
Pl
[

0 015 Th(mm)

Heatsink problems

The most important aspect from the point of
view of reliability of a power transistor is that the
heatsink should be dimensioned to keep the Tj
of the device as low as possible. From the me-
chanical point of view, however, the heatsink
must be realized so that it does not damage the
device.

The planarity of the contact surface between
device and heatsink must be <25um for
TO-220, ISOWATT220, TO-218, ISOWATT218,
TO-126 (SOT-32), SOT-82, SOT-194.

Fig. 7 - Device mounting

heat-sink

5- 5373
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5.2.

53.

If selfthreading screws are used there mustbe
an outlet for the material that is deformed du-
ring formation of the thread. The diameter
1 (fig. 7) must be large enough to avoid distor-
tion of the tab during tightening. For this pur-
pose it may be useful to insert a washer or use
of the type shown in fig. 8 where the pressure
on the tab is distributed on a much larger sur-
face. Sometimes when the hole in the heatsink
is formed with a punch, around the hole or hol-
low there may be aring which is lower than the
heatsink surface.

Thisis dangerous because it may lead to distor-
tion of the tab as mentioned before.

Avery serious problem is that of the rigidity bet-
ween heatsink, device and printed circuit
board. Once the device and the heatsink are
mechanically connected, and the heatsink is
fixed to the apparatus frame, the device and the
PCB are bound together by the leads of the de-
vices. A solution of this type is extremely dan-
gerous.

Fig. 8 - Suggested screw

IYI.. %%%@E&E@Tﬁl@swﬁﬁ'g
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ACCESSORIES AND MOUNTING INSTRUCTIONS

TO-3

ACCESSORY MECH.
ASSEMBLY NUMBER | MATERIAL | DATA
TYPE Qty Page
CHEESE HEAD NOT AVAILABLE FROM
SCREWS 2 | 5GSTHOMSON
SLOTTED
MICA \
R 1 CDA 3126 A MCA | 4
INSULATING
AT 2 CDA 3165 A NYLON | 47
NOT AVAILABLE FROM
WASHERS 2 | SGSTHOMSON
LOCK » | NOT AVAILABLE FROM
WASHERS SGSTHOMSON
HEXAGON + | NOT AVALLABLE FROM
NUTS SGSTHOMSON
NOT AVAILABLE FROM
SODERLUG | 1 |NOT AVALABLE

Maximum torque (applied to mounting flange)
Recommended: 0.55 Nm
Maximum: 1 Nm.

CDA3126B  FOR MODIFIED TO-3

&7, 3TN
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ACCESSORIES AND MOUNTING INSTRUCTIONS

TO-218 (SOT-93)

ACCESSORY MECH.
ASSEMBLY NUMBER | MATERIAL | DATA
TYPE Qty Page
CHEESE HEAD NOT AVAILABLE FROM
SCREWS 1 | SGS-THOMSON
‘ SLOTTED
\_ MICA
‘?/ WASHER 1 CDA 3154 MICA I
/ INSULATING
‘ ’ ’o Py 1 CDA 3155 C NYLON | 47
’ ’ NOT AVAILABLE FROM
WASHERS 1 | 5GS-THOMSON
@ LOCK ;| NoT AVAILABLE FROM
WASHERS SGS-THOMSON
: HEXAGON , | NoT AvaLLABLE FrROM
é@ /- NUTS SGS-THOMSON
' NOT AVAILABLE FROM
— ) f‘ SOLDERLUG | 1 | s5-THOMSON

!

Maximum torque (applied to mounting flange)
Recommended: 0.55 Nm
Maximum: 1 Nm.

&7, ST
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ACCESSORIES AND MOUNTING INSTRUCTIONS

ISOWATT218

ACCESSORY MECH.
ASSEMBLY-NUMBER | MATERIAL | DATA
TYPE Qty Page
CHEESE HEAD NOT AVAILABLE FROM
SCREWS 1 | SGSTHOMSON
SLOTTED
NOT AVAILABLE FROM
WASHERS 1 | SGS-THOMSON
LOCK 4 [NOT AVAILABLE FROM
WASHERS SGSTHOMSON
: HEXAGON ;| Mot AvaiLABLE FRoM
@ /'- NUTS SGSTHOMSON
@)
\Na?,
Maximum torque (applied to mounting flange)
Recommended: 0.55 Nm
Maximum: 1 Nm.
I SGS-THOMSON
Y/, MICROELEGTRONIES
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ACCESSORIES AND MOUNTING INSTRUCTIONS

TO-220

ACCESSORY MECH.
ASSEMBLY NUMBER | MATERIAL | DATA
TYPE Qly Page
.
‘ CHEESE HEAD NOT AVAILABLE FROM
SCREWS 1| 5GSTHOMSON
/// SLOTTED
_| RECTANGULAR
’\— WASHER 1 CDA 3163 4
MICA
WhoHER 1 CDA 3159 McA | 48
/ INSULATING
‘r?/ BUSLES 1 CDA 3155 B NYLON | 47
’ ’ NOT AVAILABLE FROM
) }0 WASHER ! | sasTHOMSON
LOCK ;| NOT AVAILABLE FROM
@ WASHER SGS-THOMSON
HEXAGON » | NOT AVAILABLE FROM
@ NUTS SGS-THOMSON
NOT AVAILABLE FROM
@ SOLDERLUG | 1 |gad nomcon
~&
L
Maximum torque (applied to mounting flange)
Recommended: 0.55 Nm
Maximum: 0.7 Nm.
‘_’I SGS-THOMSON
'« MICROELEGTRONICS
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ACCESSORIES AND MOUNTING INSTRUCTIONS

TO-220

Maximum torque (applied to mounting flange)

Recommended: 0.55 Nm
Maximum: 0.7 Nm.

7.

ACCESSORY MECH.
ASSEMBLY NUMBER | MATERIAL | DATA
TYPE Qty Page
CHEESE HEAD NOT AVAILABLE FROM
SCREWS 1 | s6STHOMSON
SLOTTED
INSULATING
AT 1 CDA 3165 B NYLON | 7
MICA
Mo e 1 CDA 3159 Mca | ¢
NOT AVAILABLE FROM
WASHER 1 | 5GSTHOMSON
LOCK , | no AvaLABLE FROM
WASHER SGS-THOMSON
HEXAGON , | Nor AvaILABLE FROM
NUTS SGS-THOMSON
SGS-THOMSON
MICROELECTRONIGS
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ACCESSORIES AND MOUNTING INSTRUCTIONS

ISOWATT220

ACCESSORY | mecH.
ASSEMBLY NUMBER | MATERIAL | DATA
TYPE Qty Page
CHEESE HEAD NOT AVAILABLE FROM
SCREWS ! | sas-THOMSON
SLOTTED
NOT AVAILABLE FROM
WASHER 1 5GSTHOMSON
LOCK , | NOT AVAILABLE FROM
WASHER SGSTHOMSON
HEXAGON ;| NoT AVAILABLE FROM
NUTS SGS-THOMSON

Maximum torque (applied to mounting flange)
Recommended: 0.55 Nm
Maximum: 0.7 Nm.

" &7, 52 THONSON




ACCESSORIES AND MOUNTING INSTRUCTIONS

TO-126, SOT-82, SOT-194, TO-220, TO-218

2

<

ISOWATT220, ISOWATT218

N

27

ACCESSORY MECH.
RPE ASSEMBLY NUMBER MATERKL | oy
\_ SPRING NOT AVAILABLE FROM
CLP SGS-THOMSON
TO-126 ) NOT AVAILABLE
SOT-82 } FROM
MICA SOT-194 ) SGS-THOMSON |  MICA
WASHER
T0-220: CDA3159 48
TO-218: CDA3154 47
ACCESSORY MECH.
NPE ASSEMBLY NUMBER MATERAL | ‘pae
SPRING NOT AVAILABLE FROM
CLIP SGS-THOMSON
SGS-THOMSON
MICROELECTRONICS

or.
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ACCESSORIES AND MOUNTING INSTRUCTIONS

CDA 3126A
42
304
16.9
o S
8 23 ) &
gl 14
’ A-0003/2
CDA 3126B
42
304
16.9
7 B
3| 3w o
IR R ¥ %

} ] A-0030

‘ﬁ SGS-THOMSON

MICROELECTRONICS
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ACCESSORIES AND MOUNTING INSTRUCTIONS

CDA 3154
16.5 1.25
l A-0042
CDA 3155
b
L
012X45% i
A-0024/2
Suffix Package a b c d e
A TO-3 6.40 to 6.60 | 3.00 to 3.10 | 4.00 to 4.05 1.1 max 1.55 10 1.65
B TO-220 5.30to 5.50 | 3.00t0 3.10 | 3.83t03.88 | 0.60 t0 0.65 | 1.70 to 1.80
C SOT-93 6.40 t0 6.60 | 3.00 to 3.10 | 4.00 to 4.05 1.3t0 1.4 271029
Material: Nylon Dimensions: mm
7. 555 THINGN
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ACCESSORIES AND MOUNTING INSTRUCTIONS

CDA 3159
R=2
E—— 0.10
22 i 0.05
A-0026/ 3
TYPE MATERIAL NOTE
CDA3159 MICA
CDA 3163
$31

T
51 ]
10.2 1.6

A-0023/3

2.8
5.6

TYPE . MATERIAL NOTE

CDA3163 | Steel nickel plated

&7 STHONEN
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ELECTROSTATIC DISCHARGE PROTECTION (handling precautions)

Electronic components have to be protected from
the hazard of static electricity, from the manufac-
turing stage down to where they are utilized.
MOS devices are typically voltage and electrical
field sensitive; the thin oxide layers can be de-
stroyed by an electric field.

Fig. 1

OXIDE LAVER GATE

7
DRAIN SOURCE

“-€903

This happens mostly because a charged conduc-
tor, typically a person, is rapidly discharged through
the device.

There will be no net charge on any portion of the
MOS structure when the induced high field exceeds
the breakdown voltage of the MOS capacitor we
may have a self-healing break-down, degradation
or catastrophic failure.

The failure hazard is not limited to the gate region
but it could occur wherever two conductive areas
are separated by a thin insulator.

POWER MOS devices can generally be conside-
red less ESD sensitive than MOS 1/Cs.

The input capacitance of a POWER MOS device
is typically 10 to 200 times larger, and the gate oxi-
de thickness is similar in size to that of the largest
MOS I/Cs used.

As a result, it is common practice not to consider
the ESD as dangerous for POWER MOS, but this
is not alway true, even though they are less sensi-
tive than MOS I/Cs

HANDLING

SGS-THOMSON has chosen a no-compromise
strategy in the MOS ESD protection. From the wa-
fer level to the shipping of finished units, each work
station and processing of the parts is guaranteed.
This is achieved through total adoption of shielding
and grounding media. Our final shipping of the
parts is performed in antistatic tubes, bags or bo-
xes. The suppliers greatest efforts are in vain if the
end user does not provide the same level of pro-
tection and care in application.

c y SGS-THOMSON
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Here are the basic static control protection rules:

A - Handle all components in a static-safe work
area.

B - Transport all components in static shielding
containers.

To comply with the rules the following procedures
must be set up.

1 - Static control wrist strap (from a qualified sour-
ce) used and connected properly.

2 - Each table top must be protected with a con-
ductive mat, properly grounded.

3 - Extensive use of conductive floor mats.

4 - Static control shoe straps, wearing typically in-
sulating footwear, such as with crepe or thick
rubber soles.

5 - lonized air blowers are a necessary part of the
protective system, to neutralize static charges
on conductive items.

6 - Use only the grounded tip variety of soldering
iron.

7 - Single components, tubes, printed circuit cards
should always be contained in static shield-
ing bags; keep our parts in the original bags
up to the very last moment on the production
line.

8 - If bigger containers (tote box) are used for in-

plant transport of devices or PC boards they
must be electrically conductive, like the carbon
loaded ones.
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ELECTROSTATIC DISCHARGE PROTECTION (handling precautions)

9 -

All tools, persons, testing machines, which
could contact device leads must be conducti-
ve and grounded.

10 -Avoid using high dielectric materials (like po-

11

lystyrene) for sub-assembly construction, sto-
ring and transportation.

-Follow a proper power supply sequence in te-

sting and application. Supply voltage should

50

&7, TSN

be applied before and removed after input si-
gnals; insertion and removal from sockets
should be done with no power applied.

12 -Filtration, noise suppression, slow voltage sur-
ges should be guaranteed on the supply lines.

13 -Any open (floating) input pin is a potential ha-
zard to your circuit: ground or short them to
Vpp Whenever possible.
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TECHNICAL NOTE

AN INTRODUCTION TO POWER MOS

A POWER MOS transistor is a power transistor pro-
duced with MOS, and not the usual bipolar tech-
nology.

Special characteristics are high switching speeds
and easy driving. This introductory note describes
the essential points of the MOS structure when
used for power devices.

WHAT DOES MOS MEAN?

It means that the essential part (the silicon chip)
of the device is made up of three layers:

- one conductive layer (M for metal) that is the
control (drive) electrode

- one isolating layer (O for oxide) that prevents
any current flow from the drive electrode to the
other two electrodes, but does not block the
electric field

- one semiconductor layer (S for semiconductor)
which switches on or off depending on the elec-
trical field imposed on it by the control electro-
de through the opening in the P zone of a
conductive channel between the two zones.

Fig. 1 - MOS basic structure

WHAT DOES POWER MOS MEAN?

Fig. 1 shows that the device is totally implemen-
ted on the chip surface. In other words both the
on and off states are implemented in a horizontal
plane:

- the ON STATE i.e. the residual resistance when
in the on state corresponds to conduction on
the top surface of the silicon

- the OFF STATE i.e. the depletion region of one
of the two PN junctions, with its resistivity and
length, gives the device its voltage rating.

With the present technology the “‘on the surface’
approach allows the production of MOS transistors
that can handle tens of volts and milliamperes (as
in MOS microprocessors or in MOS memories). A
power transistor must be able to handle no less
than a few amperes at voltages of 50-100V or hi-
gher. The approach of several devices “‘on the sur-
face’” connected in parallel is unsuitable due to
problems of excessive connections, as each cell
would have three terminals.

SEMICONDUCTOR

CHANNEL

$-7936

13

53



The best solution is to exploit the semiconductor
both vertically as well horizontally. The paralieling
of one of the two N doped regions of all the ele-
mentary structures in parallel occurs on the bot-
tom face of the semiconductor.

At the same time, the PN junction that implements
the off performance (its length corresponds to the
voltage rating of the device) can be positioned ver-
tically, and so avoiding the waste of horizontal spa-
ce. the channel must be short (1 to 2 microns) to
obtain characteristics of practical interest.

As a result, the POWER MOS device consists of
multi - MOS basic cells, with all the N* type
SOURCE zones connected in paraliel on the top
side of the semiconductor chip, as are the cell GA-
TES. The common substrate of the chip forms the
DRAIN.

THE POSSIBLE STRUCTURES

Figures 2, 3 and 4 show the chronological progres-
sion of the different solutions used in the industry
to implement the elementary POWER MOS
structures.

The P doped semiconductor area that appears on
the surface of the semiconductor in front of the
metal electrode is the channel. There is an N,

Fig. 5 - POWER MOS cell structure

2/3 i -
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Fig. 2 - V-Groove structure
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Fig. 3 - U-Groove structure
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Fig. 4 - D-MOS structure
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layer with low doping (high resistivity) on one side
of the channel. This N layer becomes depleted
when the voltage is applied to the device, and con-
sequently allows the device to sustain applied vol-
tages without reaching too high an electric field at
any point of the chip.

Reaching the critical field means reaching the point
of voltage breakdown (primary breakdown).

“V” and “U’” type structures have been abando-
ned because the production process is both diffi-
cult and critical. Nowadays practically all POWER
MOS are of the D type as shown in Fig. 4, D as a

prefix means that the channel is produced by dif-
fusion.

All the devices have in common the fact that the
current traverses the device vertically, as a con-
sequence two electrodes appear on the surface:
- SOURCE

- GATE

and one electrode appears on the bottom:

- DRAIN

Fig. 5 shows the actual structure of an POWER
MOS in an expanded view of a piece of the chip.
All the important elements can be located in the
figure.

Ly, SGS-THOMSON 33

MICROELECTRONICS

55






‘ SGS-THOMSON
YIM MICROELECTRONICS TECHNICAL NOTE

EVOLUTION OF POWER MOS TRANSISTORS

The vertical double diffused MOS silicon gate tech- Fig. 1 - Evolution of POWER MOS devices
nology represents the final evolution of the deve-

lopment of a process to obtain POWER MOS vMos

devices, started in SGS in 1977. SOURCE  GATE

The principal steps of this development have pas-
sed through the study of these structures (fig. 1);

1) V groove MOS
2) U groove MOS L h j

3) Double diffused MOS metal gate ORAIN
4) Double diffused MOS silicon gate

Nowadays the VDMOS silicon gate structure is
used while the other three structure have become
obsolete.

All these structures have as a common point the
fact that the current flows through a vertical path
like bipolar power devices and, as a consequence
the devices have two electrodes on the top (gate
and source) and one on the bottom (drain) in elec-
trical and thermal contact with the header. DRAIN

Another common point is the fact that the starting
material is made of an epitaxial lightly N" doped
layer grown on a heavily N* doped substrate (for
N-channel devices).

The N region largely supports the applied drain
potential because its doping level is much smaller
than the P” body region.

DRAIN

SOURCE GATE
VDMOS SILICON GATE
STRUCTURE i) T J [e—)
In the VDMOS silicon gate structure the best fea- £ p*
tures of earlier technologies and design are com-
bined with new fabrication techniques to achieve L
much better performance. The VDMOS silicon gate Y N+ \
J

structure needs a more sophisticated technology, C
very similar to that of the VLSI. s

1/6
57




VDMOS (fig. 2) is a two level structure where the
lower level is the gate made of doped polycrystal-
line silicon and the upper level is the source me-
tallization.

It is a self aligned structure since the polysilicon
holes are the mask for the P” well and N* source
diffusion.

In this way MOS channel regions are obtained by
difference in lateral diffusion of the two impurity di-

Fig. 2a - VDMOS structure

INTERMEDIATE DIELETRIC R
/POIYSILICON__GATE __\ ]

stributions. The use of double diffusion achieves
very short channels (<1.5p).

With the VDMOS silicon gate structure the resul-
ting increase in packing density directly reduces
the cost and improves the performance of the de-
vice. In fact the use of a polycrystalline gate redu-
ces the possibility of sodium ion contamination in
the gate oxide (with high stability of threshold vol-
tage Vggny)- Also the full surface source metalli-
zation allows a better heat dissipation.

_ SOURCE.
CONTACT

\\7

DRAI EPITAXIAL N

ELECTRON
CURRENT
FLOW LINES

s 1 — —
GATE MOS
OXDDE’T CHANNELN. P— ™ SOURCE
/ BODY _
[ :
N

N*SUBSTRATE

DRAIN METAL
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Fig. 2b - SEM microphoto of the VDMOS structure

L (channel) = 1.75u
t (gate ex) = 830 A
t (gate poly) = 3330 A
t (ox—>poly-As) = 2500 A
t (p-vapox) = 9580 A
X; (source) = 0.50 u
X; (body) = 2.58 u
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HOW IT WORKS tal to the source contact, laterally through the chan-

The structure is switched on by applying a voltage nel and then vert_ically through the drain and sub-
between the drain and the source and positively  Strate to the drain metal.
biasing the gate (for a N-channel device) with re- The body source together with the drain creates

spect to the source. This biasing creates an elec- an internal parasitic diode in inverse parallel con-
tric field in the channel region which reverses the nection. This diode conducts when the source is
polarity of the material in the body region to crea- positive with respect to the drain and it can han-
te a majority carrier path from the source to the dle forward current equal to the drain current ra-
drain. Electron current flows from the source me- ting (fig. 3).

Fig. 3 - Schematic representation of POWER MOS structure

SOURCE

— 9 GATE

GATE OXIDE

$-8173

5-8172 ORAIN

Fig. 4 - Horizontal layout and vertical structure
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DESIGN OF POWER MOS

In the design of a POWER MOS transistor the pa-
rameters of interest are the device on resistance
Rpgon), for a given chip area and the breakdown
voltage.

ON RESISTANCE

The vertical power DMOS consists of a large num-
ber of cells inteconnected in parallel on a single
die (fig. 4).

Rps(on) Parameter is strictly dependent on the to-
pological layout, that is the shape and size of the
cells and the packing density.

In order to optimize this parameter, a comparison
between different geometrical solutions at both low
and high voltages was made.

If the behaviour of the Rpg(o,) components is ana-
lysed (fig. 5) it can be seen that for low voltage ap-
plications the channel has a greater effect in
determining the Rpg(n value. To optmize the
Rps(on) it is necessary zo maxmize the POWER
MOS channel perimeter per unit area with a high
packing density. Low voltage devices have a pac-
king density of about 550 K per square inch.
For high voltage devices the epitaxial layer resistan-
ce has a greater effect than the overall on resistan-
ce (fig. 6). To optimize Rpgoy it is necessary to
minimize bulk resistance choosing a low packing
density layout which increases the area of the epi-
taxial drift region. High voltage devices have a pac-
king density of about 280.000 celis per square inch
(fig. 7).

Fig. 5 - Low voltage case

5-8175

Fig. 6 - High voltage case
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BREAKDOWN VOLTAGE Vggypss

The ideal breakdown voltage is bulk avalanche
breakdown which corresponds to a minimum epi-
taxial bulk resistance requirement.

At high voltages however, the maximum drain po-
tential is limited by junction edge breakdown be-
low the ideal value. This is due to the effects of
curvature and surface electrical field crowding.

Therefore to meet a certain breakdown requirement

Fig. 8 POWER MOS Edge Structure

INTER LEVEL DIELECTRIC

GATE METAL
SOURCE METAL

FIELD PLATE METAL

the epitaxial layer doping must exceed that speci-
fied by the minimum epitaxial bulk resistance re-
quirement and this will increase the device on
resistance.

To reduce the surface electrical field and thus reach
the bulk breakdown voltage, an edge structure has
been developed.

This edge termination contains a field plate sur-
rounding the silicon dioxide of three increasing
thicknesses forming a triplanar structure (fig. 8).

SCRIBING LINE
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GATE OXIDE
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" N+
| =
!

DRAIN METAL
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A SEM microphoto of the POWER MOS Edge Termination

The field plate allows higher breakdown voltages
by spreading the field laterally along the surface
of the device.

Gradual increase of the oxide thickness at a very
low angle (10 degrees to 15 degrees) from the ga-
te oxide to the field oxide allows distribution of the
voltage so that the electrical field is as uniform as
possible along the surface and is below the criti-
cal electrical field (fig. 9).

This edge termination has been implemented in
POWER MOS allowing breakdown voltages up to
600V with stable characteristics. A new edge ter-
;n(;gg{i/on structure allows a Vggpgs of up to

7.

™

SGS-THOMSON
MICROELECTRONICS

THRESHOLD VOLTAGE

The value of the threshold voltage is related to the
thickness of the gate oxide and to N,, maximum
peak impurity concentration in the laterally diffu-
sed body in the region between the source and the
drain (fig. 10). )

Channel punch-through can occur as the result of
insufficient impurity charge in the channel, under
strong reverse bias. To avoid punch through a tra-
de off between Vgg ) and length must be made.

For a fixed gate oxide thickness a shorter channel
length implies a greater Ny, maximum peak and a
higher Vg However, a lower Vggy sets a lo-

5/6
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wer limit to the channel length in relation to the high, the devices cannot be driven directly by low
punch through problem. voltage logic circuits.

Due to the negative temperature coefficient of Consequently the value of Vggy is in the range
Vst its value cannot be too low. Also, if it is too from 2 to 4V with an oxide thickness of 850A.

Fig. 9 - Computer simulation of the equipotential lines of the Edge of a high voltage POWER MOS device
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TECHNICAL NOTE

POWER MOS IN SWITCHING

AN EVALUATION METHOD AND A PRACTICAL EXAMPLE

INTRODUCTION

POWER MOS are used in switch mode power sup-
plies. H.F. welding systems, industrial ovens, re-
lay drivers and other similar applications. These
diverse applications of POWER MOS in the field
of control is due largely to their ability to handle
high power at very high switching speeds up to hun-
dreds of kHz.

The great improvement in the ability to switch po-
wer using POWER MOS is due to the recent pro-
gress made in the manufacture and technology of
semiconductors. This ability to produce power de-
vices using MOS technology has opened up new
fields of applications. In POWER MOS devices the
flow of current from the drain to the source is vol-
tage controlled. Consequently the energy consu-
med in driving the device is much less than for a
bipolar device. POWER MOS devices are unipo-
lar and do not make use of minority carriers for con-
duction. This makes them very attractive to use in
power switching at very high frequencies.

SWITCHING PHASE

In practical working conditions three main phases
can be distingushed:

On state

When the device is on and the channel open, the
dissipated power is:

Pon) = Vbson) X Ip

Pon) = Vce gay X lc  for bipolar transistors

It can be reduced optimising the technology (me-
tal back, epitaxial thickness) and the design (cell
dimensions and layout).

Off state

When the devices is off and the drain is at the sup-
ply voltage, the power dissipation is:

Pott=Vpp X Ipss
Poti= Vee X lcex
“TRANSITIONS”

During switching the dissipated power instant by
instant is:

for bipolar transistors

P=VDSXID

and depends on the on/off switching speed of the
device as can can be seen in Figs. 1 and 2.
Fig. 1 - I/V waveforms
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t: 100 ns/div, V: 45V/div, I: 1.2A/div, Vg=10V,
Rg=25Q

Fig. 2 - Power dissipation waveforms.
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t: 100 ns/div, P: 200W/div, Vg =10V, Rg=25Q.

Q. THE EFFICIENCY FACTOR

The performance of POWER MOS device can the-
refore be rated as the ratio between the total po-
wer in switching-on and off and the energy
dissipated per cycle. It can be expressed as:

Py
Eon+ Eof + Ep
Where:

E,, -is the energy lost in the turning-on and on
phases

112
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E. -is the energy lost in the turning-off and off
phases
E, - is the energy lost in driving the circuit.

The quantity Qs a frequency and is an index of the
maximum frequency at which the device can most
efficiently operate, considering P, as the maximum
powerthatthe device candissipatein practical wor-
king conditions.

To fully understand this equation a brief analysis of
switching phenomena is essential. As previously
mentioned, POWER MOS do not make use of mi-
nority carriers for conduction. The recombination
of these minority carriers is a switching speed limi-
tation. In POWER MOS devices the majority carrier
flowis simply controlled by the gate voltage and the-
refore its switching speed is limited only by the time
needed to charge and discharge the parasitic input
capacitances. Consequently the switching beha-
viour is a function only of the ability of the driving
circuit to charge and discharge some hundreds of
picofarads. This is why POWER MOS can switch
so fast - in the range of tens of nanoseconds.

INPUT

POWER MOS devices behave quite differently from
bipolar power devices, as far as the driving energy
is concerned. POWER MOS require driving power
during the charge and the discharge phases of the
input capacitances. Fig. 3 shows a POWER MOS
driven by a voltage generator with an internal resi-
stance R; and an open circuit voltage V;, where R
is the load.

Fig. 3 - POWER MOS equivalent circuit.
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The input capacitance Cigs= Cgg+ Cgp duringthe

switching cycle is not constant for two reasons.

1) Cgp can be seen as the capacitance between
the gate electrode and the drain, where the die-
lectric is the depleted drain layer. The drain epi-
layer is fixed, but its depleted part varies accor-
ding to Vpg. The higher Vg, the thicker the de-
pleted layer and consequently the lower the
associated capacitance.

2112 o7 SGS-THOMSON

2) A more pronounced effect comes from the fact
that the voltage across Cgp, when the gate sour-
ce voltage rises from zero to its final value, Vpg
must go down from Vpp, 10 Vg o). In particular
Cgp is seen as a higher equivalent capacitan-
ce during the drain ‘“on”’ transitions. The input
must be fed a charge:

Q= Cqgp(Vbp-Vos(n)
to account for the voltage variation across Cgp.
This happens when the gate voltage reaches
Vgs(th), the threshold voltage, and the drain vol-
tage starts falling. Itis not until the required char-
ge Qs provided that Vg can increase. This is
called the Miller Effect. For a while the equiva-
lent input capacitance appears infinite and Vgp
absorbs the whole input current.
From the moment Vg reaches Vpgqp, the input
equivalent capacitance is:

Ceq = CGS + CGD(IOW Voltage)

and the transition of the output is completed.
Vgg increases again, tending towards V;.
These two phenomenabecome apparentwhen
looking at the gate charge versus gate source
voltage diagram in the data sheets.

The diagram for SGSP471 infig. 4 can be taken
as an example.

Atrue capacitor would appear as a straight line star-
ting from the origin. In fact the first segment corre-
sponds to an equivalent capacitance:

Ceq=Cas+Cgp (high voltage)

Fig. 4 - Gate charge vs, gate-source voltage
SGSP471
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The horizontal segment corresponds to an equiva-
lent infinite capacitance i.e. the charging of Cgp
with the gate at Vy,, and the drain falling from Vp
to Vpsin)- The last segment has a slope corre-
sponding to a capacitance:

Ceq=Cas+CGgp (low voltage)

The difference in slope of the first and third seg-
ment shows how Cgg differs in the two cases.

The behaviour at turn-off of the input capacitance
is exactly opposite, where the described phenome-
na occur in reverse order. At this point the drive
energy required to make the POWER MOS switch
can be calculated as:

Ep=1/2 Coqx Vgs® =1/2Qg x Vs

Qg and Vgg can be obtained from fig. 4

The input energy can also be obtained in a more
direct manner by calculating the integral of the lg
waveform during the turn-on or turn-off phase, the
two areas being equal (see fig. 5). In fact this inte-
gral represents the quantity Qg (gate charge)
which in turn permits the calculation of E,,.

The values of E, have been calculated for all PO-
WER MOS in the present product range. They are
a function of the die area only, for a given supply
voltage Vpp, and have been represented for diffe-
rent die areas as a function of Iy in Fig. 6.

Fig. 5 - Ig. - Vg waveforms.

S$-8124

-
RN

Vg

,:ig. 6 - Ep vs ID at VDD= V(BR) DSS /2

G-5894

Eq T TT
(na)[ []SOSP4T2 T
800
600
GSP4B2
158158 s m
400
10 110
200 } SGSP 331
77 x77
E= t S65P356
Pl Sospme 1 | 1
) 5 10 15 Ip (A)

The driving energy does not vary for devices with
the same die area but different breakdown volta-
ges, if their drive supply voltage has a constant ratio
to their breakdown voltage.

In brief E, can be plotted as a function of the die
area, for a supply voltage equal to half the rated
Vpgs of the device (see fig. 7). The method used
here to calculate Qg is different from that in the
data sheet where Qg is plotted as a function of
VGS.

As the results obtained in both methods were in
good agreement the validity of the method used
here is confirmed.

The driving circuit itself dissipates power to drive
the POWER MOS device. Current only flows in the
gate circuit during turn-on and turn-off periods. This
current flowing through the drive circuit will dissi-
pated energy.

With reference to fig. 8, where the 50 ohm resistor
is inserted to match the cable and the device, du-
ring the on phase, there is a constant power dissi-
pation in the resistor R;.

(V2gg/Ry) T

Where:
. . R;= 50 ohm (typical value)
t: 0.5 ps/div, I: 0.1 A/div, V:10 V/div T = duty cycle
(_ SGS-THOMSON 312
Y/, m%%@@m@%@@mu@@
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Fig. 7 - E, versus die side (Sq-mil) when discharging the input capacitances. They ne-

- 6- 509501 ver conduct at the same time. No conduction oc-

Ep curs during steady state. In addition, when either

) 7 of the two transistors conduct their output impe-

dance is very low thus improving the switching of

the POWER MOS device. The total energy dissi-

pated per cycle, in the input stage (including the
600 y POWER MOS input) is:

Ep = QG X VCC

Where: V¢ = input supply to driving stage voltage.

“» This is +12V in Fig. 7.

This energy is actually dissipated in the two driving
200 ,/ transistors, because the parasitic input capacitan-
P ce of the POWER MOS acts as a non-dissipating

- LLJ | ! element, storing energy from Q1 at turn-on, and gi-
T LI , ving it back to Q2 at turn-off.

50 100 150 edge dim. DIE

(mil) OUTPUT
Switching times for resistive load

Fig. 10 shows the circuit used to measure the swit-
Voo ching times of a resistive load.
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Fig. 8 - Driving circuit. A laboratory implementation

LOAD Fig. 10 - test circuit
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Fig. 11 - Vgg and Vg waveforms
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Fig. 9 shows a possible implementation that avoids ty(on) tr  s-s0s9 td(off) tt

steady state dissipation in the driver.

The NPN transistor, Q1, only conducts at the be-

ginning of the on phase when charging the input ~ Turn on delay time

capacitances. Conversely the PNP transistor, Q2, Turn on delay time (tyn in fig. 11) represents the
only conducts at the beginning of the off phase time necessary for Vg to reach the threshold le
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vel Vy, at which the device begins to conduct.
The smaller the threshold voltage and the bigger
the V, value, with respect to Vy,, the smaller the
t4(on) Value. In fact from the equation:

Eq.1 Vgs=V(1—e ~'Ri Cs),

where Ri. Ci is a time constant and by substitu-
ting Vg With Vy, in Eq.1 we obtain:
V.

Eq.2 td(on)= R| CiSS In VTh
' i— Vit

consideri‘ng typical values for V; and Vy, we have:
td(on) = 035 X Ri.CiSS

In practice this time is negligible (10 - 20 ns) when
compared to others. During this time the device is
off and the energy dissipated is therefore in the or-
der of pJ and compared with the total energy loss
it can be completely neglected in this analysis.

t-RISE AND t-FALL TIMES

t-rise and t-fall are defined by the slopes of Vpg as
shown in fig. 11.

Turn-off delay time

tqotn €an be referred to as the delay time since it
represents the time necessary to remove the excess
charge from the gate and channel, due to the input
overvoltage.

Typical drain current and voltage waveforms (t=
50ns/div.) are shown in fig. 12a and b.

PARASITIC CAPACITANCES
DURING SWITCHING CYCLES

As already mentioned the switching of a POWER
MOS device consists fundamentally in the loading
and unloading of the input capacitor.

Fig. 12b - Turn-off

5-8130

-4 1p

Vo3 ] \

t = 50 ns/div

Ciss = Cas + Cap

From Eq.1 where R;Ci is the time constant R; in-
cludes:

Rgen - the internal resistance of the generator.
R, - the resistor between gate and source to match
the driving circuit.

Rg - the internal resistance of the gate.

Fig. 13a - Equivalent circuit

5-8131

Fig. 13b - Capacitance values as a function of Vpg

G-5896

o
. ®F)
Fig. 12a - Turn-on Vo5=0
5-8129 800 t=1MHz
VS 700
’ 600 \
- 500 -
V:: \ N\ ] ‘
400 N
A— \ N
3
P 00 ] Coss
o T . 200 NG
] Crss)
i ’ 100
t = 50 ns/div 0 5 10 15 20 25 30 35 40 Vpg(V)
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Obviously the smaller the value of Ri.Cgg the
faster Vgg reaches its final value, and switches the
device. To minimize this time constant the user
can act on Ry, and Ry and the device designer on
Ciss-

Ciss- being a function of Cgp. varies as a function
of the drain voltage as shown in the waveforms in
fig. 13b and during switching it is subjected to the
Miller effect. Consequently during the ty,, and
ty(otry Ciss remains constant, as does the value of
Vbs: tg(on) @nd ty (ory) are obtained from the char-
ging and discharging laws of a an RC circuit, while
during the offfon and on/off transitions, Cig, varies.
In other words, when Vpg decreases during turn-
on to a very low value Vpgqy), and Cgp increases,
there is a delay in the increase of the value of Vgg
since the capacitor, as long as it is not charged to
Vason), Will absorb the gate current.

During turn-off, due to Vpg rising, the discharge
current of Cggwill be balanced by the charging cur-
rent of Cgp, flattening the Vgg curve and making
it similar to that at turn-on (Fig. 13c).

Fig. 13 ¢ - An annotated extract from fig. 5 sho-
wing the discharging and charging of
Cep

| |
Cpg CHARGING

BALANCING B
C5DISCHARGING

pEEAY
)/ 1-¥/w

TURN- ON

CpgDISCHARGING

_|BALANCING
Cg5CHARGING

N
TURN- OFF

|
5-8132

t: 0.5ps/div, I: 0.1A/div, V: 10V/div

Variations in the supply voltage Vpp influence the-
se effects: the higher the supply voltage the grea-
ter the charge and therefore the t; and driving
energy required (see fig. 8 in the section OUTPUT).

Figs. 14, 15, 16 and 17 show the switching time wa-
veform as a function of both the supply voitage Vpp
and the load current I, for two devices with diffe-
rent voltages and die sizes.

SGSP311 110V 7A 0.3 ohm 110x 110mils?
SGSP369 500V 5A 1.750hm 156 x 156mils2

6/12 .
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Fig. 14 - Time measurement t,, t, and t, as func-
tions of Ip. (SGSP311)

G-5897
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The t, and t; waveforms versus Vpp are similar to
those of E,, versus Vpp, since they are both caused
by the same phenomena. {4 is independent of Vpp
as it is a function of Ci,¢ only (which, since the Mil-
ler effect is not present, is constant during this
phase).

ty=delay time
ty="fall time
t, =rise time

Fig. 15 - Time measurements t,, t;and t,as func-
tions of the drain voltage for a low voltage
POWER MOS. (SGSP311)
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Fig. 16 - Time measurement t4 t; and t, as func-
tions of the drain current for high voltage

POWER MOS (SGSP365)
. G-5898
(ns) { IT % }
Vp =200V
150 <
| lta
100 3
t, oty
~ bt
50 ==
T
0 2 4 6 8 10 Ip (A)

Fig. 17 - Time measurements t, t; and t, as func-
tions of the drain voltage for high voltage

POWER MOS.
-5500
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ns) Ta
T¢ = 5A
100 ¢
75 =
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25 ,/
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0 100 200 300 vpo(v)

Switching times for inductive loads

In the majority of applications POWER MOS are
used in switching power through inductive loads
(motor control, switching power supply etc.).

The fundamental objective of the device is to switch

high quantities of power very quickly, in other words
to maximize the ratio:

total power switched
energy dissipated per cycle

which depends principally on the switching times.

Understanding switching with POWER MOS requi-
res consideration of both the physical phenomenon
and the energy dissipation occuring during each
switching cycle.

The typical clamped inductive load circuit shown in
fig. 18 is used as an example.

Fig. 18 - POWERMOSwithclamped inductive load.

Voo

FAST
DIODE

S-8133

TURN - ON

A detailed explanation of the turn-on phenomena
ina POWER MOS device when the load is inducti-
ve is given by Fig. 19 and 20.

Fig. 19 - Current and voltage waveforms during

turn-on
S-t"34
A
v FAY
I 4
[
&
N~
o 2

t: 50ns/div, I: 1.2A/div, V: 40V/dir, R =250

(37 SGS-THOMSON 72
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Fig. 20 - Output energy consumption during

turn-on.
5-8135

‘J \'b

t: 50ns/div, P: 200W/div, E:67.5 uJ

Before the turn-on phase the diode is freewheeling
the load current.
Turn-on can be divided into two subphases:

1) point A to point B (Fig. 19).

Part of the current in the load (constant during the
switching operations) starts to flow in the POWER
MOS device. The diode is recovering its reverse sta-
te. The voltage across the POWER MOS device is
almost equal to that of the supply since the diode
still acts as a short circuit for the load at this point.
There is a small step in Vpg waveform due to the
voltage drops on the parasitic inductances Ly and
Lg. The size of this step depends on the current
slope dip/dt (Lg and Lp depend on the circuit
layout).

2) point B to point C (Fig. 19).

In this phase the diode is reverse biased. The cur-
rent in the POWER MOS device is the sum of the
currentin the load plus that in the diode, which cau-
ses the peak in the Iy waveform. (see fig. 24)

The Vg voltage falls to Vppg ) as the freewheeling
diode, being reverse biased, is no longer a short cir-
cuit. However the fall of Vpg is delayed by the Mil-
ler effect, which increases Ci.

All these phenomena cause a high crossover bet-
ween the Ip and the Vpg waveforms even if the
switching is very fast. In fig. 20 the output energy
consumption per turn-on phase is represented. To
decrease this energy, the d,p/dt (A-B phase) and
the reverse recovery of the freewheeling diode (B-
C phase) must be improved.

IMPROVING dip/dt

Reference to the circuit in Fig. 21 shows the con-
trolling, parameters for d,p/dt.

812 Lyy, SGS-THOMSON

Fig. 21 - Circuit which includes the parasitic indc-
tances.

Voo

S-8136/1

In this circuit the following elements have been ta-
ken into consideration:

Ly - is the parasitic inductance due the connec-
tions between the clamping diode and the
load.

Lp - isthe parasitic inductance between the drain
of the POWER MOS device and the load.

Lg - is the parasitic inductance between the gate
and the driving circuit.

Lg - isthe parasitic inductance between the sour-
ce and the ground.
The equation that applies to the input loop is:
Vi=R;xig + Lgdig/dt + Vgg + Lgd|p/dt
Where R; is the equivalent resistance of the driving
circuit. When considering the phase when I in-
creases it is possible to neglect the term L dig/dt
as dig/dt=0.
During this phase the threshold voltage has alrea-
dy been overcome, ig is constant. In addition Vgg
follows the law of charging a constant capacitan-
ce. The Miller effect is not present as Vpg is
constant.
It follows that:
V; — Rylg - V.
dig/dt= —— 1 ¢ "G5
Ls
and dip/dt can be improved by increasing V; and
decreasing Rg and Lg.

MICROELECTRONICS
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Fig. 22 - dIp/dt as a function of V; (Rg=259) for
SGSP369

G-5901

dip
dt

- (Afus)
800

IMPROVING THE REVERSE
RECOVERY OF THE DIODE

As previously mentioned, the clamping diode plays
an important role in determining the waveforms of
Ip at turn-on; the faster the diode, the lower the cur-
rent peak in the POWER MOS, the lower the rever-
se recovery time of the diode (t,) and the energy
consumption. For this reason fast recovery diodes
are typically used in these circuits.

SGS-THOMSON has developed a wide range of fast
recovery diodes some of whose characteristics are
shown below (fig. 23).

Fig. 23 - SGS-THOMSON Fast recovery diodes.

DEVICE Vieverse | lorward | e | PACKAGE
BYW80-50/200 | 50/200V |8A  |35ns | DO-220AB
BYW51-50/200 | 50/200V | 2x10A |35 ns | TO-220
BYT30P 400/1000 | 400/1000V| 30A | 50/70 ns| DOP-3
BYT60P 200/400 | 200/400V |60A | 70ns |DOP-3

The effect of parasitic inductances L and Lg and
of the diode connections respectively on Vpg and
Ip are shown in Fig. 24.

Fig. 24 - Shows the effect of the parasitic inductan-
ces Lp and Lg and of the diode connec-
tions respectively on Vpg and Ip

waveforms
5-8137
A
(o]
JIT N
l LD
] 3
ts
7
! |
TURN-OFF

The circuit in Fig. 18 is still useful in evaluating the
behaviour of an POWER MOS device turning off an
inductive load. The initial conditions can be assu-
med to be:

1) Ip=l0aD
2) Vps = Vps(on)=Rpson X Ip

3) Freewheeling diode reverse biased. In fig. 25 ty-
pical waveforms for Vpg and I during turn-off pha-
se are represented

Fig. 25 - Vpg and I, during turn-off

5-8138
& e
=N T
ENA
VRN
s Pl
EDED

t: 50ns/div, V:40V/div, 1:1.2A/div, Rg=252,
Vg =10V

. 9/12
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Fig. 26 - Output Energy during turn-off phase.

S - 8139
]
HE:
)
/N |
!
ta th

t: 50ns/div, P:200W/div, E =70.6uJ

’
It is possible to distinguish two phases:

1) From point D to point E (Fig. 25).

During this phase Vpg increases while Ip, the dio-
de being reversed biased, remains constant and
equal to ILOAD'

2) From point E to point F (Fig. 25).

During this phase the diode begins conducting al-
lowing the current in the load to flow through itself
and I of the POWER MOS device to fall. In Fig. 26
the output energy consumption during the turn-off
phase is represented.

Also in this case a high cross over between Vpg
and I occurs, even if there is no reverse recovery
of the diode as during the turn-off phase. The Mil-
ler effect in the POWER MOS device delays the ri-
se of Vpg and therefore the switch-on of the
freewheeling diode D.

ENERGY IN SWITCHING

From the energy point of view there are four distinct
phases, each contributing in a different way to the
total dissipated energy per cycle. They are:

1) ON-STATE

2) OFF-STATE

3) Transition ON-OFF
4) Transition OFF-ON

The ON-STATE

In the ON-STATE, when the channel is completely
open, POWER MOS devices have a minimun
Rpgon) Which is temperature dependent.

The Power dissipation at a given instant is obtained
from the equation:.

Ppoon-state) = Rps(on)(Tj) % Ip2
= RDS(on) X [1 + oz(Tj-25°C)] X |D2

where o =8x 10'3°C'1, a positive coefficient.

10/12
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The lower Rpgon) the lower the power dissipation.

The manufacturers can control Rpgqp):

1) by improving the back metalization of the chip
and its attachment to the case.

2) by controlling the epitaxial growth of the DRAIN.

3) by optimizing the horizontal lay-out of the PO-
WER MOS structure (high cell density).

Fig. 27 - Can be used to calculate the energy con-

.sumption during the ON phase

Fig. 27 - ip waveform during the working cycle

S-81401

The slope of I, during the conduction phase is gi-
ven by dip =Vpp/L (see Fig. 19).

The lost energy per cycle is given by:
Eon=;10(t) X Rpson) X t

where 7 is the pulse width.

In most cases the slope of I is quite gentle so if we
call | the average Ip between t, and t,, (t;-t, = 7)
in Fig. 27, this energy can be calculated with good
approximation as follows:

Eon=Ros(on(T) X 2x 7

In Fig. 28, 29, and 30 the curves of E,, are shown
for three different devices. Each curve is characte-
rized by different values of 7. )

Fig. 28 - On state energy values as a function of the
drain current for SGSP301

G-5902
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Fig. 29 - On-state energy waveforms as a function
of the drain current SGSP575.
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Fig. 30 On-state energy values a function of the

Transitions

During transitions the dissipated power, instant by
instant, is:

P(t) = Vps(t) x Ip(t)

The power waveform is triangular in shape (see Fig.
20 and Fig. 26).

Integrating P(t), the energy consumption per cycle
during OFF-ON and ON-OFF transitions can be ob-
tained by:

E=[®P(t)dt = Vps(t) In(t)

Where t,and t, respectively represent the begining
and the end of transitions . These amounts of ene-
gy principally depend on the intersecting point bet-
ween voltage and current, and on the switching
speed.

In both transitions the intersecting points are very
high and occur at a voltage value close to that of
the supply. The intersecting points represent the po-

drain current SGSP531 wer to be switched, consequently in order to opti-
mise the energy consumption the time interval t,, -
£ e t, must be reduced by acting on different driving
(p) oo and lay-out parameters (Vgg, Rgs, parasitic induc-
ol tances).
% Fig. 31 - Shows the energy lost per cycle during the
0? ON/OFF transition, as a function of V; for an
= = s SGSP369 switching 4A at 200 V.
4 ]
/’ 0. lSps
4 A LA :
10 7 = — Fig. 31 - Values of the energy lost per cycle as a
function of the gate voltage
yiD4
G- 5905
/ e
(pd)
0 1 2 3 4 s Ip(A) 400
T
300 1
OFF-STATE -
When the device is switched off the Vg voltage is \ ‘
equal to Vpp (see Fig. 25). Only the leakage current 200
Ipgg flows through the device. The energy con-
sumption during this period is given by: : \
100 N —
Eo=Vpp X Ipgs X tofy —
This energy is the range of pJ and it is negligible .
in comparison to that dissipated during the swit- 5 10 15 0 GW
ching and the ON-STATE.
(N7 SGS-THOMSON 1n2
Y/, (iCROGLECTRONICS



COMPUTING THE TOTAL ENERGY
CONSUMPTION PER CYCLE

The previous analysis allows us to calculate the to-
tal energy dissipated per cycle inan POWER MOS
device. In fact the total energy can be expressed as:

Eq.3 Eror=Eon + Eot + Eottron + Eonsoft + Ep
where:

Eyor=total energy dissipated per cycle

E,,= energy dissipated during the on-state
E,s = energy dissipated during the off-state
Eoftion = €nergy dissipated during the turn-on
Eonoff = energy dissipated during the turn-off
E, =total energy dissipated by the drive circuit

Neglecting E.«(=pJ) and E, (=nJ) Eq.3 can be re-
written as:

Eq. 4 Eror=Eqn+ Eotrion + Eonvoft

These three terms in Eq.4 depend in differing
amounts on the operating conditions of the device
Ip, Vpp and the duty cycle.

To give some idea of the total energy dissipated per
switching cycle the following operating conditions
have been fixed and the results of energy measu-
rements made shown in Fig. 32.

Vpp =112 V(gp, pgs of the device under test

12/12
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Ip = 3/4 Ip4 Of the device under test
duty cycle = 50%

Fig. 32 - Total energy lost per cycle as a function
of the frequency with a fixed duty cycle of

50%
G-5906
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The curves tend towards a horizontal asyntote that
represents the cross-over energy (turn-on + turn-
off, which is frequency independent).

It is clear that the effect of E,,, is of great importan-
ce at low frequencies, and the higher the Rpgyn
the greatest the effect.
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TECHNICAL NOTE

STUDY OF A MODEL FOR POWER MOSFET GATE-CHARGE

INTRODUCTION

The increasing interest in POWER MOSFET devi-
ces is due especially to their ability to switch po-
wer at high frequencies and the simple drive
requirements needed to achieve this.

Fast switching requires low energy loss during
voltage-current cross-over. Easy driving requires
only a very simple circuit and low drive energy.

Optimising these advantages requires a sound
knowledge of the physical phenomenon which con-
trols their operation.

A valid guide for this purpose is given by the gate
charge curve which allows simple evaluation of the
drive energy and the switching times.

The influence of the electrical parameters, both ex-
ternal to the device (e.g. Ip, Vpp) and the internal
ones (Vry, Gy, Ciser Crssr Coss) have been analy-

Fig. 1 - Ig - Vg waveforms

sed. This analysis of the shape of the gate charge
curve, shows its influence on the behaviour of the
device.

An analytical expression has been derived that gi-
ves a good approximation to the total gate charge
and relates it to the internal and external parame-
ters controlling POWER MOSFETSs.

It is interesting to note that this analytical expres-
sion represents a valid aid in optimising design
when using a software tool.

GATE CHARGE MEASUREMENT

During the switching of a POWER MOSFET, the
gate current has the typical behaviour of current
in an RC circuit, see figure 1.

The transient lasts for some tens of nanoseconds
or more, due essentially to the RC time constant

1/9
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and the maximum current available in the genera-
tor. If the current in the gate, I, is constant and
small enough, the switching time can be increa-
sed to a level where the voltage and the current
waveforms are free from the parasitic effects cau-
sed by the stray inductances that are usually as-
sociated with high frequency power switching.

In this way it is possible to isolate the influence of
the external factors and analyse just the internal
parameters.

The measurement is made as shown in the circuit
in figure 2.

Fig. 2 - Test circuit
*Vop

THEORETICAL ANALYSIS OF THE GATE
CHARGE

To get a better understanding of the phenomena
which occur during switching it is useful to refer
to the model of the POWER MOSFET shown in fi-
gure 3. The fig. 3a shows a cross section of a sin-
gle cell illustrating the parasitic capacitances.

These capacitances correspond to the capacitan-
ces quoted in the POWER MOS databook as
follows:

Ciss = C1 + (C2 - C4)/(C2 + C4) +
+ (C3 - C5)/(C3 + C5)
Ciss = (C3 - C5)/(C3 + C5)
Coss = (C3 - CB)/(C3 + C5) + C6
If we take into account the actual test conditions
(Vgs = 0, f = 1MHz, Vg = 25V) the above equa-
tions are well approximated as follows:
Cs = C1 + C2 + C5
Cres = C5
Coss = C5 + C6

This approximation is correct since C2 < <C4 and
C5< <Ca.

During the switching phase the value of these ca-
pacitances change as a fuction of Vg and this ap-
proximation no longer holds.

Fig. 3 - Simplified cross section of a POWER MOSFET cell (a) and its electrical equivalent (b).

Fig. 3a Nnnnn N Nl
T
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Fig. 3b)

DRAIN

Referring to figure 4 and 5 and distinguishing the
load line during turn-on we can identify the follo-
wing phases:

0: the device is off (Ip = | leakage, Vpg = Vpp)

Fig. 4 - Load line during turn-on

C, : Capacitance between gate and source {(both
N+ and metal)

C, : Capacitance between gate and P zone.

C5 : Capacitance between gate and epi N.

C, : Capacitance of the channel depletion zone.

Cs : Capacitance of the depletion zone in the su-
perficial epi.

Cg : Capacitance of the body-drain junction.

and the capacitances Cgg and Cgp are respecti-
vely equal to C;;q and C,s; measured with Vpg =
VDD.

0 — 1: the gate voltage reaches V1 by charging
Cgs from (C1+ C2 + C5) to (C1 + C4 + C5).

lgs
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b2 ®_ _____O___Veivem __ T@_
i 1
|
|
L ]
|
|
Vg =Vth 1D
0 | o
. R N - A ) § H
0 Vx ) Vdd
Vygs (volts)
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Fig. 5 - Switching waveforms and capacitance modulation
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The total increase, is due to modulation of the de-
pletion layer between the body and drain close to
the channel. This is caused by the small drain cur-
rent flowing when the gate voltage is near to V.
The variation is about 10%.

1 - 2:in this phase Cgg and Cgp are almost con-
stant. Vpg is clamped to Vpp, by the diode until Ipg

4/9
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C1+ Cq+ C5
C]* Cz+ C5
G
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reaches its final value. In this phase the device ex-
hibits typical pentode characteristics (see figure 4)
with Vpg constant.

During this phase, modulation of the depeletion zo-
ne is due solely to the increasing drain current.
Figure 6a shows how the current flux spreads in-
side the drain.




Fig. 6a - Depletion layer and current distribution for a POWER MOSFET in the pentode region
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The gate voltage, starting from the V, reaches
the value Vg = Vyy + Ip/Gy, where Gy is the lar-
ge signal transconductance.

The variation of the gate voltage slope, due to the
the high current density under the gate region in
the N zone is in reality much less pronounced than
that shown in figure 5.

The actual increase of the capacitance, both du-
ring the first and second phase, due to this modu-
lation effect, happens gradually and is more evident
near the threshold voltage.

Since, in these two phases, the average increase
of the capacitance has been evaluated as about
10%, the charge supplied to the gate can be ap-
proximated using the following equation:

Q1 + Q2 = 1.1 - Cg - (Vyy + Ip/Gy)

2 — 4: during this phase the drain voltage decrea-
ses, with consequent modulation of the depletion
zone and increase in capacitance of C5.

Figs. 7a) and 7b) - Vg, Ip, Vpg waveforms for
SGSP362

This phenomenon, known as the Miller effect, has
a specific action on the gate voltage. As charge is
supplied to the gate, the voltage remains constant,
the capacitance appearing to be infinite during this
phase. Also Vg has two different slopes; first the-
re is little variation in C5, therefore of both Cgg
and Cgp, and second, the variation in C5 is very
high.

The variation of C5 as a function of Vg is typical
of a MOSFET structure. The only difference is due
to the fact that modulation of the depletion zone
is caused not only by the voltage but also by late-
ral injection of the charges coming from the
channel.

At the end of this transition Cgp will have the va-
lue of C3 and consequently Cgg the value (C1 +
C4 + C3).

The drain voltage, on the slope, is indicated as Vy,
in figure 4.

Figs. 8a) and 8b) - Vg, Ip, Vpg waveforms for
SGSP369

SGSP362 at 50V 5A SGSP369 at 100V 2A
I T T v
Ip: SA/p1v Iy: 2MD1v
e
\ l Vps: 20V/p1v s
I
Vst 10V/D1v i / T4t CONSTANT \ Ig: CONSTANT
Ve 2V/DI\{/ \\ ’_YG: 2V/mv/ k
J I
i ) T: 5 us/oiv Q: 7nC/D1v
T: 5 us/piv 7a) Q: 7 nC/p1v 8a)
" SGSP362 af 50V SA S6sP369 af 100V 24
T T
Ip 5A/n‘1v L l H
! \ Ip: 2/?/01\/ \
\ \VDS: V/p1v
Vps: 2V/n1v\ ' \ /
+
\ / [.: CONSTANT I.: CONSTANT
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Physically this point indicates the transition from
a highly charged P zone to simple depletion of the
MOSFET capacitor that exists between the deep
body cells. We can state:
Vy = Vyy + Vyyep + (Repi + Ip)

Figure 7a/7b and 8a/8b show test measurements
carried out on both low and high voltage POWER
MOSFET devices.

At the end of this phase Vpg has reached Vi, ¢
This is illustrated in figure 5 and figure 6b.

The charge supplied to the gate is:
Q3 = 1.1 - Cpss - (Vop — V)
Q4 = C3 - (VX - VD sat)
Where Q3 and Q4 are the transitions across pha-
se 3 and phase 4 respectively.

The coefficient introduced in the formula for Q3 is
derived as follows: Vg, starting at Vpp reaches
Vy; Ciss undergoes a slight variation (as described
earlier). This variation has been evaluated as about
10% to 15%.

4 — 5: as soon as the Miller effect finishes, the gate
voltage can increase again and reach its final va-
lue. The rate of this increase is controlled by Cgg
where Cgg = C1 + (C4 + dC4) + C3, a constant
from this point on.

Referring to figure 4 again, Ip crosses the charac-
teristic curves, as Ip is constant, until Vpg o, is rea-
ched. The charge supplied during the final phase is:

Q5=(C1+C3+dC4)-(Vg max — Viu—Ilp/Gn)-

The total charge supplied to the gate during turn-
on can now be derived from the sum of the single
contributions of the five phases:

EFFECTS OF THE PHYSICAL AND ELECTRICAL
PARAMETERS ON Q,

The previous discussion has shown that the total
charge supplied to the gate is influenced by seve-
ral parameters, which are essentially:

a) electrical parameters (Vpp, Ip, Vg max)

b) structural parameters (capacitances, V1, Gy,
VD sat)'

The electrical parameters are imposed by the ex-

ternal circuit and depend on the application; the

structural parameters are typical of the device and

can be adjusted during the device design stage in

order to optimise its performance.

Figure 9 shows the influence of I and Vpp on the
shape of the gate charge curve. Figure 10 and 11
show the influence of the capacitances and the
transconductance, Gy, on the same curve.

The following discussion shows the consequen-
ce of varying a single parameter, on the perfor-

mance of the device.

Fig. 9 - Gate charge curves as a fuction on Ip
and Vpp
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Fig. 10 - Gate charge curves a as function C, and G,
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Fig. 11 - Gate charge curves as a function of Cigg
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The horizontal axes of these graphs are in nano-

coulombs (Q = Ig - t, Ig = const.) while the verti-

cal axes are in volts.

— the area under the gate-charge curve repre-
sents the driving energy of the device, E:

E, = Vg (Q -dQ
— the energy lost during the cross-over period de-
termined by measuring t,;;, and tg,, is propor-
tional to the amplitude and length of the ‘flat’
region - (Miller), of the gate charge curve.

From these figures it can easily be seen than in
order to obtain fast switching, and low energy dis-
sipation during the cross-over, the optimum devi-
ce should have:
— LOW C
— HIGH Gy,
— LOW Cig
Ciss has less influence in comparison to C,s and
Gy. Consider two different devices showing the
same characteristic but the Ciis, Gy and C,¢ with:
Cigs?2 = 2 - Cigq1
GM2 = 1.3 . GM1
Ciss2 = 0.7 - Ci 1
figure 12 shows that device 2, despite higher input
capacitances, shows better behaviour regarding
both the switching times and the driving energy.
A merit coefficient commonly used to give a ’mea-
sure” of performance is:
K = Gy/Crss
Increasing this coefficient can be achieved at the
design stage, by optimising the perimeter of the
channel, W. This has the effect of increasing Gy,
(Gy is proportional to W/L). C, can be decreased
by reducing the overlap area between gate and

Fig. 13 - Gy/C,, ratio vs breakdown

drain and by adjusting the doping of the epitaxial
layer.

This latter solution, if we take into account that the
doping in the epitaxial layer is controlied by the re-
quired BVpgs, would require an epitaxial growth
with a variable doping profile which decreases near
the surface.

This would cause a slight increase in the accumu-
lation resistance, which would require characte-
rising.

The feasible solution is to decrease the inter cell
distance; in this way, for the same active area, a
greater channel perimeter and a smaller overlap
area is obtained. :
Figure 13 illustrates this by depicting K, for devi-
ces having the same chip-size, as a function of
BVpss (N epi); the same figure shows the gain ob-
tained for devices having greater cell density.

Fig. 12 - Comparison of gate charge curves of two
devices with different values, of Ciss, Gy and C,g
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CONCLUSION

The gate charge curve supplies useful information
about the actual behaviour when the device
switches.

From the users point of view, these curves allow
the correct design of the drive circuit and correct
choice of the device which best satisfies the de-
sign criteria.

K’Im %u?@gégft'g@m@sn(@g

The use of a simulation of this model allows desi-
gners to evaluate the consequences of varying one
or more of the parameters of the final characteri-
stics of the devices.

Further research is being carried out to solve the
problem caused when the capacitance is modula-
ted by the injection of charge due to the drain
current.

OMSON 9/9
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TECHNICAL NOTE

COMPARISON OF POWER MOS AND

BIPOLAR POWER TRANSISTORS

It is highly predictable that in the near future PO-
WER MOS will, in many applications, gradually re-
place power bipolar devices due to the numerous
advantages they offer.

Table 1 lists the principal differences between

POWER MOS and bipolar transistors. In addition
to their inherent high switching speed resulting from
the lack of minority carrier injection during opera-
tion, POWER MOS with their insulated gates re-
quire negligible input gate-drive current. Other

MOS

BIPOLAR

Majority-carrier device

Minority-carrier device

No charge-storage effects

Charge stored in the base and collector

High switching speeds less temperature sensiti-
ve than bipolar devices

Low switching speed temperature sensitive

Drift current (fast process)

Diffusion current (slow process)

Voltage driven

Current driven

Purely capacitive input impedance; no dc current
required

Low input impedance; dc current required

Simple drive circuitry

Complex drive circuitry (resulting from high base-
current requirements)

Predominatly negative temperature coefficient on
resistance

Positive temperature coefficient of collector
current

No Thermal runaway

Thermal runaway

Devices can be paralleled with some precautions

Devices cannot be easily paralleled because of
Vge matching problems and local current con-
centration

Less susceptible to second breakdown

Susceptible to second breakdown

Square-law |-V characteristics at low current; li-
near |-V features at high current

Exponential |-V characteristcs

Greater linear operating and fewer harmonics

More intermodulation and cross-modulation
products

High-on resistance and, therefore, larger conduc-
tion loss

Low on-resistance (low saturation voltage) becau-
se of conductivity modulation of high resistivity
drift region

Drain current proportional to channel width

Collector current approximately proportional to
emitter stripe length and area

Low transconductance

High transconductance

High breakdown voltage as the result of a lightly
doped region of a channel-drain blocking junction

High breakdown voltage as the result of a lightly
doped region of a base collector blocking junction

1/4
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advantages are related to the negative tempera-
ture coefficient of their current, which prevents the
formation of thermal instabilities and makes the pa-
ralleling of devices much more reliable. In contrast,
bipolar transistors require ballasting or careful de-
vice matching to prevent thermal runway.

Only in high voltage cases is POWER MOS on-
resistance higher than in bipolar transistors.
This leads to slighty larger steady state power dis-
sipation and could offset the advantages.

PERFORMANCE COMPARISON

At this point a comparison between POWER MOS
and bipolar devices can be made in order to eva-
luate their switching speeds which give an indica-
tion of the energy consumption during transitions,
and their different values of Vpg (on) and Ve gy re-
lated to energy consumption during the on state.
The two devices used in the comparison are:

SGSP565: POWER MOS; 400V; 6A
RRp (on) = 12

SGSD00036: BIPOLAR; 400V; 6A (very fast
switching)

Vpp/Vee = 200V
I = 5A (average value)

Since the input losses were neglected the bipolar
devices have an advantages in this comparison.

Etor (the energy losses per cycle) as a function
of the operation frequency, for different values of
the duty cycle can be seen in fig. 1. For a bipolar
device, the energy used during the on phase has
only a slight influence with frequency variation. PO-
WER MOS however are influenced by these varia-
tions, and as a result two curves, relative to the
same duty cycle, are obtained. The intersecting
points of these curves can be considered as a giu-
deline to the use of the devices.

In other words if both the duty cycle and the po-
wer to be switched are fixed there is a frequency
value above which the dissipated energy per cy-
cle for an POWER MOS transistor is less than for
a bipolar device. This means the higher the fre-
quency the more advantageous it is to use a PO-
WER MOS.

Under relatively low frequency conditions the va-
lue of the duty cycle “‘d” is fundamental in deter-
mining the advantages of both bipolar and POWER
MOS technologies. From the graph in Fig. 2 the
best working condition for both devices can be
seen.

2/4 : ‘ SGS-THOMSON
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Fig. 1 - Eyor versus frequency (kKz)
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A POWER MOS is most suited to high frequency
conditions (> 100 KHz) for any given value of “‘d”.
Maximum frequency limitations are of a thermal na-
ture only and depend on the die size.

For the POWER MOS under consideration the ma-
ximum power dissipated is 100W when Ry o5 =
1°C/W and T; o = 150°C.

By plotting the power dissipated as a function of

the frequency, when d = 50% the actual limits of
the two technologies can be seen (Fig. 3).

THERMAL STABILITY

The greater thermal stability of SGS-THOMSON
POWER MOS with respect to bipolar devices is es-
sentially due to the different response that the two
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devices exhibit when they are subjected to exter-
nal power pulses.

The intrinsic mechanism which could iead to ther-
mal runway in bipolar and in a POWER MOS devi-
ce, are as follows.

In a bipolar an external power pulse results in an
increase in the junction temperature (T, J)

This causes the collector current to increase and
this consequently further increases Tj. This posi-
tive feedback is compensated only by the base
widening effect at high currents (that is a higher
recombination of the minority carriers). At high vol-
tages the base widening effect is not present so
that any hot spots lead to thermal runaway.
These phenomena, if not controlled, couid seriou-
sly damage a bipolar device.

A power pulse in a POWER MOS device would
cause:

1) an increase in temperature of the device

2) a decrease in the threshold voltage

Vas i = Vas ) (25°C) x (1 — o [(T; — 25°C)]
where alpha is a positive coefficient of temperatu-
re (@ = 2.10°3),

This is positive feedback and similar to a decrea-
se of Vg in bipolar devices.

But in a POWER MOS device there is also a very
important negative feedback. That is an increase
of Rpg (o) With temperature:

Rps on)(T) = Rps on) (25°C) x [1+ o (T-25°C)]
where alpha is the temperature coefficient (alpha

= 8-1073°C"). The effect of a increase in Rpg (on
is greater than the variation in Vgg 4. As a result
POWER MOS devices are thermally stable. The dif-
ference in behaviour of the two devices is even mo-
re exaggerated when dealing with paralleled chips.

Two comparisons between bipolar and
SGS-THOMSON POWER MOS devices have
been made.

The first deals with the behaviour of single chips
in SOT-93 (TO-218) package.

The SGS POWER MOS used in this test is the
SGSP475 (400V, 12A, 0,550).

The power bipolar device used in the BUV48 (400A,
10A).

The parameter used to measure the thermal un-
balance of the devices is the variation of the ther-
mal resistance Rypj.case due to an external power
pulse.

In fact an increase of Ry caq iMplies a decrease
of the active area of the chip and therefore a disu-
niformity in the spreading of the heat, with a crea-
tion of hot spot and thermal and electrical
unbalancing. The devices have been tested under
several conditions, with respect to the power dis-
sipation and the voltage across them (Vpg for
SGSP471, Vg for BUVA48). The results are shown
in Fig. 4 and Fig. 5).

SGSP475 shows optimum thermal stability under
all conditions while bipolars, with Vo = 45V and
P> 45W, show a degrading of the thermal perfor-
mances.

The best electrical and thermal performance of the
SGS-THOMSON POWER MOS are confirmed by
the thermal maps which show a uniform distribu-
tion of heat under different working conditions (Fig.
6 and 7).

Fig. 4 - Variation of Ry case vS. P (POWER MOS)
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Fig. 5 - Variation of Ry, .se VS. P (BIPOLAR)
BUV48 SOT-93.
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The thermal instability has a greater effect when

the die are assembled in parallel since any uncon-

formity would be enhanced leading to an overloa-
ding of some of the die.

The second thermal comparison was made bet-

ween SGS-THOMSON POWER MOS and bipolar

devices in multiple chips mounted in a parallel con-
figuration.

The SGS-THOMSON POWER MOS device under

test was:

SGS30MA050D1:four POWER MOS chips paral-
leled in TO-240 a package lpmax
= 30A, Vpgg= 500V,

RDS (on) = 02509

Fig. 8 - Variation of Ty, .55 VS. P (POWER MOS)
SGS30M050D TO-240
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The bipolar device under test was:

SGS40TA045D: four bipolar chips paralleled in
TO-240 package Ic= 40A
VCE0= 45OV

The results are shown in Fig. 8 and 9 and reveal
a much better thermal stability for the POWER
MOS than for the bipolar device.

Fig. 9 - Variation of Ry ;a6 VS. P (BIPOLAR)
SGS400T045D TO-240
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APPLICATION NOTE

A BRIEF LOOK AT STATIC dV/dt IN POWER MOSFETS

INTRODUCTION

The normal safe operating area of POWER
MOSFETS may be insufficient when used in very
fast switching circuits, such as those required in
SMPS push-pull applications. When there is a high
slew rate between the drain and the source of a
POWER MOSFET, it may go into breakdown at a
voltage less than its breakdown voltage, V gg, pss,
due to the spurious turn on of its parasitic bipolar
transistor. This in turn could damage its internal
structure or cause a malfunction of the circuitry.

The critical values of dV/dt may vary with the
operating conditions of the POWER MOSFET
device used; when itis under stress and completely
inactive, (static dV/dt) or when its intrinsic diode
is conducting (dynamic dV/dt). This note discusses
the safe operating conditions for POWER MOSFET
transistors that experience static dV/dt stress.

Fig. 1 - Simplified electrical behaviour of POWER
MOSFETS under the effect of dV/dt

C
r DRAIN

(=)

The explanation of the measurement circuit
describes the difficulty in attaining the value of
destructive dV/dt.

STATIC dV/dt TURN-ON

Figures 1 and 2 show the simplified equivalent
circuit for a POWER MOSFET when a high slew
rate exists between the drain and the source.
POWER MOSFETS initially in the off state, conduct
in two different ways due to dV/dt:

— by spurious turn-on of the POWER MOSFET

— by spurious turn-on of the parastatic bipolar
transistor.

Fig. 2 - Simplified equivalent circuit

Cpa Cos
Lp Rp F\'G
VpeIL
c
“T
Rbody
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Figure 3 shows the equivalent circuit for
conduction by spurious turn-on of the POWER
MOSFET. Figure 4 shows current waveforms
generated by a fast voltage variation across the
POWER MOSFET capacitance. The current pulse
passing through the external impedance (Zgs),

Fig. 3 - Equivalent circuit for conduction by spu-
rious turn-on of POWER MOSFETS

CURRENT PULSE
Cpg

The equivalent circuit for conduction by spurious
turn-on of the parasitic transistor, is shown in
figure 5. A current pulse passes through the
capacitance Cpgand the body. If the voltage drop
across the body resistance rises above 0.65V, the
body source junction is polarized, this produces
current injection in the base of the parasitic
transistor which consequently turns on. If Vg is

positioned between the gate and source (driving
impedance), creates a voltage pulse. If this voltage
reaches the threshold voltage the POWER MOSFET
switches on. This type of switching thrives on a
high input impedance, Zgs, but is not normally
destructive.

Fig. 4 - Equivalent waveforms for the fast voltage
variation across the POWER MOSFET ca-
pacitances.

Vps,Ip A

dv/dt

——

CURRENT PULSE
CAUSED BY dv/dt

/\I\- N
(VYA “t

-+

more than the breakdown voltage of the parasitic
transistor, avalanche breakdown occurs. If the
current, |y, is not limited externally the device
may be destroyed. Unlike the first mechanism the
critical value of dV/dt depends only on the
structure of the device (R,q4,, Cpg and the
resistance between the base and the emitter of the
parasitic transistor).

Cps
CURRENT PULSE
Fig. 5 - Eqivalent circuit for conduction by spurious
turn-on of the parasitic transistor
Rbody
2/6 .
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This type of conduction may be destructive,
depending on the value of the supply voltage,
Vps, applied and the collector-emitter breakdown,
Veex. of the parasitic transistor. This value is
between V ggpss/2 and V gripss-

In SGS-THOMSON POWER MOSFETs Vi gy is
near Vgg)pss. thanks to a large reduction of the
emitter-base resistance of the parasitic transistor
(body and source in short circuit).

Measurement Circuit

The circuit in fig. 6a is a hypothetical application
where a POWER MOSFET could be stressed by
static dV/dt. The POWER MOSFETs P,, P,
conduct alternately, and apply the voltage
+Vpp/2 and-Vpp/2 on the transformer. During
switching between P, and P, there is always a
period in which one of the POWER MOSFETs is
turned off. The load is therefore fed with AC.

Fig. 6a - Typical application where DMOS can be stresses in static dV/dt

L LL

]

- —————

-

DRIVE PULSES WAVEFORM

Fig. 6b -Test circuit for POWER MOSFETSs stres-
sed by static dV/dt

Vecoax

DRIVE PULSE
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The dV/dt stress occurs when, for example, P,
turns on and the source of P, decreases from the
voltage Vp to zero with a speed equal to the
switching speed of P,

The turn-on of the parasitic transistor occurs when
the switching times are in the range of 3-bns. This
switching speed was obtained using the circuit in
figure 6b where the active POWER MOSFET is
driven by a low impedance pulse generator.

The pulse generator consists of a transmission line
with a characteristic impedance of 5 ohm, which
during the turn-on of the mercury relay creates a
voltage waveform on the gate of the active POWER
MOSFET. A mercury relay is used to obtain very
steep edges. The transmission line consists of 10
coaxial cables in parallel with a characteristic
impedance of 50ohm and infinite impedance load.
Each cable is 6m. long in order to generate a pulse
lasting about 50ns.

3/6
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All the connections were made in order to reduce
to a minimum the inductance and the parasitic
capacitance.

@ TEST CONDITIONS: Vpg=0.9 B Vpg
GATE IN SHORT-C!IRCUIT WITH SOURCE

v /dt
(v/ns)

NO LOAD LIMIT OF MEASUREMENT CIRCUIT

| I I
I | 1 1
dV/dt MAX ON THE D.U.T.
100V/ns|  —————
o]
<
.
SO
‘*S LIMIT GUARANTEED FOR 5GS P-MOS
Vsryoss
10v/
1Win
100 200 300 400 500

Veemyoss Vo (V)

TEST WITH GATE & SOURCE SHORT
CIRCUITED

The measurement conditions of all the devices are:

a) Zgg=0
b) Vps=0.9 Vigg) pss
c) DUT =turned-off

The gate is short circuited to the source in order

to switch-on only one of the parasitic bipolar
transistors.

The maximum value of dV/dt reached when the
DUT is connected in the circuit is shown by the
upper limit of the shaded part of the graph in fig.
7. The part below it represents the safety limit of
the SGS-THOMSON device.

Photograph 1 shows the voltage-current
waveforms for SGSP221 when it switches on its
parasitic transistor. In this case the device is not
destroyed, as the Vpg is limited to a voltage of
40V, when Vgg)pssof the POWER MOSFETs is
65V.

418 57 SGS-THOMSON

Acting on the load voltage (V.,,,) of the
transmission lines the switching speed of the
POWER MOSFET varies until it reaches the critical
value of dV/dt; all the values measured are shown
on the graph in fig. 7.

Fig. 7 - dV/dt for the test circuit with and without
a POWER MOSFET load and limit guaran-
teed for POWER MOSFET versus break-
down voltage

Photo 1 - Drain current and voltage waveforms for
SGSP221 on turn of its parasitic transistor

lp= 10/A/div.; Vg = 10V/div.; 5 ns/div.
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It must also be mentioned that the large drain
current also circulates in the active POWER
MOSFET and could destroy it. Photo 2 shows the

Fig. 8 - Turn-on of the parasitic transistor on

SGSP221
Vps.Ip
A
VDS BEFORE SPURIOUS TURN-ON
50V
vl o [ AN emsAmn o~
VL
104 DS, !D DURING SPURIOUS TURN-ON
CURRENT PULSE ON THE DRAIN
#BEFORE TURN-ON
r— — »

0 10 20 30 40 50  tng)

Vieryoss = 65 V d\//dt = 6V/ns

TEST WITH GATE & SOURCE NOT IN
SHORT CIRCUIT

Photos 3 and 4 show the Vpg voltage and Iy
current waveforms for both SGSP478 and
SGSP221 when the impedance Zgs between the
gate and source varies, while maintaining the
driving conditions of the active POWER MOSFET
constant and at the maximum Vpg.

With Zgs> 0 the D.U.T. can conduct as in the case
of spurious turn-on of the POWER MOSFET
transistor.

Conduction in POWER MOSFETS tends to limit the
dV/dt which has caused the stray turn-on. Their
switching time therefore increases and a large
current passes during the transition, this avoids the
turn-on of the parasitic transistor, due to the
reduction of dV/dt, but unfortunately there is a
large increase in the switching losses.

In photo 4 it can be seen that Zgs =0, the parasitic
transistor is turned on and that the insertion of
Zgs = 10ohm eliminates this effect.

IS7A %f@é&gv%'@m

waveform of Vpg, Iy for SGSP478 under a
dVpg/dt of 50V/ns.

Photo 2 - Drain current and voltage waveforms for
SGSP478

Vps = 100V/div. Iy 5A/div. 5ns/div.

Photo 3 - Drain source voltage and drain current
waveforms for SGSP478

Vpg = 100V/div.;

Ip=8A/div.; 20ns/div.
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Photo 4 - Drain source voltage and drain current

waveforms for SGSP221

Vpg = 10V/div.; I =4A/div.; 10ns/div.

CONCLUSION

It has been seen that a POWER MOSFET stressed
by a very fast slew rate can cause malfunction in
the circuit or even destroy the device because of:

— stray turn-on of the POWER MOSFET itself

— turn-on of the POWER MOSFET parasitic tran-
sistor.

The critical value of dVpg/dt at the turn-on of the
parasitic bipolar transistor does not depend on the
external circuit, but on the structure of the POWER
MOSFET. SGS-THOMSON POWER MOSFETs
resist dV/dt stress due to optimization of their
design (resistance between base and emitter of the
bipolar transistor reduced to a minimum). The

6/6
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destructive values of dVpg/dt are difficult to attain
in practical applications, since they exist when
switching times are in the order of bns.

The stray turn-on of POWER MOSFET can occur
at lower values of dVpg/dt. These values depend
on the values of impedance between the gate and
source. This type of conduction does not damage
the POWER MOSFET but increases losses in swit-
ching. This can be avoided by:

— Limiting the switching speed

— Driving the POWER MOSFET with a low input
impedance.

‘ SGS-THOM
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APPLICATION NOTE

HIGH DENSITY POWER MOSFETS

Fig. 1 - SGS POWER MOSFET structure

Nt+Substrate

Back Metallization

INTRODUCTION

POWER MOSFET-transistor are fabricated using
VLSI technology. A simple chip contains thousands
of identical cells. By optimising the geometry of the
VLSI design it is possible to achieve HIGH DEN-
SITY POWER MOSFET transistors. An increase in

Top Passivation

Source Aluminium
ntermediate Oxide
Polysiticon Gate

Gate Oxide

cell density gives an improved operation together
with a reduction of silicon area.

In order to fully appreciate high density POWER
MOSFETS it is necessary to examine the factors
controlling their output characteristics. Figure 2
shows the area associated with each resistive ele-
ment contributing to the total on-resistance.

111
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Fig. 2 - Resistive elements in SGS POWER MOSFETS structure

The on-resistance of a POWER MOSFET is made
up of four separate terms:

Ron= Rcn+ Racct Ryrer+ Rep

where: Rgy = device on-resistance
Rcn = channel resistance
Racc = resistance of accumulated region
Ryrer = junction FET resistance
Rep; = drain epitaxial layer resistance

Rch, Race, and Rye depend primarily on the lay-
out of the device. Rgp, depends on the structure
of the drain.

Figures 3a and 3b show the relationship between
the on resistance and the cell spacing for devices

2/11 -
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with a 100V and 500V breakdown voltage respec-
tively.

It can clearly be seen that there is an optimum cell
sapcing of about 12 um for low voltage devices and
30um for high voltage. Moreover, in high voltage
devices the resistance of the drain epitaxial layer
is the most significant of the four terms. The most
effective way of obtaing a lower Ry, is to make
the higher V gg, pss compatible with the drain re-
sistivity. SGS-Thomson uses an edge termination
structure that gives a breakdown voitage near the
theoretical value.

For low voltage devices Rgy can be reduced by

varying the channel and/or accumulation resi-
stance.




Fig. 3 - Influence of the inter-cell spacing on the Rpg (., €lements

Fig. 3a - Low voltage case Vg pgg = 100V

GU-1278
T

XCELL - 20 (um)

Ron®lax cm?) x 1072
~
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Infercell distance

“d (em)x10E-3 °

From the expressions:

2) Rgy = Len
cH (V) "W Cox " (Vg — Vo)
D/2
b) Racc =

3 p(Vg) "W Cox " (Vg — Vrace)

where: p = carrier mobility

W = channel perimeter

lcyw = channel length

Cox = capacitance of oxide per area unit
D = Inter-cell distance

It follows that a reduction of dimensions L¢y, D,
and the increase of W leads to a large reduction
of both Rgy for cell densities from 500K cells/inch
sq. to 10 milion cellsfinch sq. for Vigp) pgg = 60V.

Flg 3b - ngh VO/tage V(BR) psSs = 500V

GU-1277

T T T T T T T

XCELL =25 (um)

Ron°lrax cmd)
N
=

Rep)

0.05 +

RJFET

[nfercell distance |

e 6
: * 4 (cm)x10E-3

Table 1
Cell density
(N. Cells/inch.sq.) e | Racc | Repr
558K 18.5 11.8 0.144
1.333M 1.9 4.9 0.125
3.82M 2.7 1.9 0.107
10M 1.42 0.59 0.09

VLSI technology offers the possibility of fabricating
these high cell densities.

Fig. 4 shows on resistance per unit area for SGS-
Thomson devices.éver a voltage range from 50V
to 700V.

The continuous line represents the theoretical li-
mit of silicon, without conductivity modulation.
For low voltage devices, where the divergence from
the theoretical limit is the greatest, the performance
can be improved by modifying the design rules of
the horizontal geometry.
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Fig. 4 - Rps (on) Vs. breakdown voltage

Ron x area

(ohm ¢m2)
Ll o

1

S$GS-Thomson STATE-OF-THE-ART

SGS-Thomson uses a cell density of 558K
cells/inch sq. in its standard low voltage technolo-
gy. Recently, another technology with a cell den-
sity as high as 1.33 milion cells/inch sq. been
developed(), and devices are now in production.
For comparison between the two technologies fig.
5 and photos 1 and 2 show two devices with break-
down voltages of about 60V and an on-resitance
of about 0.042, one with the standard cell and the

Photo 1 - SEM photo of high density POWER
MOSFET - 1.33 million cells in”?

Note 1: See additional information on page 104

5 103
Vigr)DSS (V)

other the high density structure.

The chips in the device produced with the standard
technology are 180 x 220 mils? in area; those pro-
duced with the new technology are 170x 170
mils2.

There are both static and dynamic advantages to
be gained from using high density devices. Their
static characteristcs such as Rgy, capacity, and
their dynamic characteristcs such as switching ti-
mes, energy per cycle and gate charge are im-
proved.

Photo 2 - SEM photo of standard POWER
MOSFET - 550K cells in?

411 ‘ £ SGS-THOMSO!
o Y/. mu@@@@m@@vmu@g



Fig. 5 - Dice comparison

a) High

J

]

density POWER MOSFET b) Standard POWER MOSFET

LAl u

.

Fig. 6 - Output characteristics

High density POWER MOSFET
5A/div

500mV/div

1V per step

Standard POWER MOSFET
5A/div

500mV/div

1V per step

e WD Gy W Gy S SR SR e
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STATIC CHARACTERISTICS

The on-resistance per unit area of a POWER MO-
SFET chip is an index of the optimization of the
silicon; the channel perimeter and reducing the

inter-cell distance are the most important factors
in reducing the on-resistance.

A figure of merit, Rgy - AREA, allows a compari-
son of technologies. Fig. 7 compares the values
of Roy * AREA for both technologies.

Fig. 7 - Behaviour of Rpy area vs. breakdown voltage.
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As predicted, the increase in efficiency, as the cell
density increases, becomes less as the breakdown
voltage increases. This is due to the increase in
the resistance on the drain (Rgp). The chip area
for high density devices is reduced by 25% at 70V

breakdown and 21% at 130V breakdown compa-
red to standard POWER MOSFET devices. Figu-
re 8 shows the decrease in chip efficiency whith
the increase in voltage.

Fig. 8 - Decrease in efficiency as breakdown voltage rises
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DYNAMIC CHARACTERISTICS
Although not as obvious the effect of the celi den-
sity on the dynamic characteristic is just as inter

or.

6/11
100

esting. In switching applications, the gate charge
in a POWER MOSFET device is of fundamental im-
portance in evaluating both the driving energy and

SGS-THOMSON
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the switching time. The total energy required by
the gate for switching depends on various parame-
ters, which are mainly electrical (supply voltage,
drain current, gate voltage) or structural (reverse
capacitance, gate thereshold voltage, transcon-
ductance).

The electrical parameters are external and depend
on the type of application. The structural parame-
ters, instead, depend on the device itself and can

Fig. 9 - Gate charge test circuit

be varied by optimizing its design.

Using the electical configuration shown in fig. 9 it
is possible to examine the device gate charge.
Fig. 10 shows the comparison between the gate
charge curves of devices with the same static cha-
racteristics but with different cell densities.

The total gate charge for high density types is about
half that of standard POWER MOSFETS.

+Vpop

Fig. 10 - Gate charge curve
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The relation between the gate charge curves and 1) the initial steep slope depends on the input ca-

the dynamic characteristics of the devices is defi- pacitance C;;;. Reducing Ci, the slope increases
ned in figure 11. The Iy — V4 characteristics in 2) the horizontal part of the curves depend on
switching are strongly correlated to different slo- Cgrss and Gy,

pes of the gate charge curves. 3) the third part of the slope is again due to Cgg
Analyzing the gate charge we can consider that: which in turn is related to the geometry

Fig. 11 - Dynamic characteristics vs. gate charge

/ Ié.can Gate chargecurve,

Vgs Vth
Vds
Id-\d cross over
Y
\Y, t
Id Vdsat| Vids(on)

Fig. 12 - Quality factor K vs. breakdown voltage
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It is obvious that for a given driving circuit resistan-
ce, the swifching times and the cross-over energy
losses are strongly defined by the gate charge cur-
ves. The most significant parameter for switching
performance is Cg.

The drive energy, (Ep = | Vg (Q) - dg), is repre-
sented by the area under the curve. The switching
time and consequently the energy dissipated at
cross-over, is related to the width of the flat sec-
tion of the gate charge curve. From this it can be
deduced that the optimum device must have a low
Crss and a high Gy;. By introducing a second me-
rit coefficient K = Gy/Crgs, the efficiency of the
device in dynamic working conditions can be cal-
culated.

In order to increase the merit factor K, is necessa-
ry to increase the transconductance and decrea-
se the reverse capacitance. The best way to
improve the transconductance is to increase the

Fig. 13 - Emitter switching circuit

perimeter of the channel, i.e. by increasing the cell
density.

Cgrss can be decreased by reducing the overlap
area between the gate and drain, that is by redu-
cing the distance between each cell.

Both these actions lead to an increase in the cell
density.

Fig. 12 shows the value of K (for equal areas) as
a function of the breakdown voltage, V gp psg, for
POWER MOSFET devices produced by both stan-
dard and high density technology.

Thermal measurements on both standards and
high density POWER MOSFET were made using
the circuit in Fig. 13.

The circuit is designed around an emitter switching
configuration working at 100KHz with 50% duty cy-
cle and Ip = 10A.

L a

0 e

uC3842

J.‘ T 1

The power dissipation of the POWER MOSFETS
devices were approx 8W for BUZ11 and 6W for
high density BUZ11. The power dissipation de-
pends on two factors:
Pon—state 1058 = 142 * Roq(T) * d
Pcrossover loss = f*§ Vg lgd-

The on-state power dissipation is the same for both
devices. The second term, depending on the cross-

™

7. 353 THOMSON

over point of the switching waveforms for the de-
vices causes the difference in power dissipated.
Considering that the junction to ambient, thermal
resistance Ryyj.amb, With heatsink, is 13°C/W, the
devices reach a working junction temperature of
104°C + Tiamp) @nd 78°C + Tiampieny) respective-
ly. Under conditions where T,,,= 50°C the stan-
dard device is operates outside the maximum
thermal ratings while the high density device re-
mains within the thermal safe operating area.
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CONCLUSION ‘
Table 2 lists some of the significant advantages the
introduction of high cell density in SGS-Thomson
POWER MOSFETS offer.

Table 2
Standard high density
Energy loss/cycle (ul) 45 25
Ciss (PF) 420 140
G /C,ss (Mho/pF) 0.028 0.085
Qg (nC) 56 38

A reduction of the input capacitance decreases the
driving energy with consequent cost reduction of
the drive circuitry.

The improved dynamic characteristics, due to feed-
back capacitance reduction increases the maxi-
mum operating frequency.

An increase of the safe operating area is obtained
by thermal improvement.

VERY HIGH DENSITY

This article would not be complete without referen-
ce to this latest addition to the SGS-Thomson PO-
WER MOSFET devices.

The most recent advance in our high density tech-
nology is the introduction of the very high density
cell structure with a cell density of 2.3 million cells
per square inch. This gives a further improvement
in device static and dynamic performance and an
even smaller chip area for a given current rating
than chips with 1.3 million cells per square inch.
The photographs show the very high density cell
structure compared to the standard 550k cells in2

Photo 1: 2.3 million cells in?

Table 3 compares the STVHD90 with 2.3 million
cellsfin2 and chip size of 180 x 220 mils2 to a stan-
dard 550k cells in2 with a chip size of 180 x 220
mils=2.

STVHD90 SGSP386
cell density/in2 23 550
chip size (mils,) 180x220| 180x 220
Rgs (on) (milliohms) 23 40
Ciss (PF) 3000 1800
Coss (PF) 1000 1100
Crss (PF) 180 550
Gate charge (nC) 47 74

The static characteristics are very much improved
as Rpg (on) is reduced 23 milliohms, see figure 14.

GC-0856

7
Rusmm"‘";

STANDARD
(ohms mm2) h

0.4
HIGH DENSITY
Ny

\ VERY HIGH DENSITY

03

0.2

2 3 Million cells in™2

Cell density versus Rpg (g mm2

Photo 2: 550k cells in2
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GC-0889
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Gate charge: Very high density compared with an
equal area chip with the same break-
down voltage

The dynamic characteristcs for switching are also
improved in the STVHDS0. This can easily be seen
from the comparison of the gate charge curves,
STVHD0 versus the standard type, figure 15. The
flat section of the graph is very reduced hence re-
ducing the switching time and gate drive energy.
This is due do lower reverse capacitance, Cggs,
and higher trasconductance, g, in the STVHDS0.
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Lyy SGS-THOMSON

APPLICATION NOTE

HIGH VOLTAGE TRANSISTORS WITH POWER

MOS EMITTER SWITCHING

INTRODUCTION

This paper summarizes the results of an investi-
gation carried out on power devices with both MOS
and BIPOLAR parts working together in the same
circuit. The “emitter drive” configuration was con-
sidered, with switching power supply applications
in mind.

The devices used are:

Power MOS: SGSP321, SGSP352
Bipolar transistors: BUV48, BU5S08A
Ultrafast bipolar transistors: SGSD00035

(Hollow Emitter) SGSD00039

Fast darlingtons: SGSD00031, BU810

In the case of flyback switching power supplies a
practical example is also described.

CIRCUIT DESCRIPTION

The term “‘emitter switching’’ describes a circuit
configuration where a low voltage transistor (MOS
or Bipolar) switches off the emitter current of a high
voltage transistor, and consequently the transistor
itself.

This configuration combines the fast switching of
a low voltage device with the high power switching
of a high voltage device, since:

high current x high voltage = high power switching.

The combination of a high voltage bipolar and a
low voltage Power MOS is preferable due to the
high switching speed and the low driving energy
of the combined power switch.

The base of the high voltage bipolar device is dri-
ven by a constant voltage source. The energy dis-
sipated to drive the high voltage bipolar device
depends on the losses that the forward bias cur-
rent I, generates in the resistance in series with
Rg, Ig¢” - Rg " t. This power dissipation can only be
reduced by using high gain transistors or dar-
lingtons.

(See fig. 1)

Fig. 1 - The basic circuit used for the evaluation
of the emitter switching system. The ba-
se drive circuit used is shown for com-
parison '

FAST DIODE

The diode in series with the base serves to clamp
the base overvoltage at turn-off.

The two transistor stage is driven by the gate of
the low voltage Power MOS. Very low driving ener-
gies, about 180nJ per cycle, are involved in the
charging of the input capacitances.

Consequently the stage can be directly driven by
the output of suitable linear integrated circuits.

The possibily of direct driving by an IC output to-
gether with the excellent switching speed make this
configuration extremely suitable for switching po-
wer supplies at frequencies of 50kHz or higher.

CIRCUIT OPERATION

As we have seen, the forward base current I, is
fixed by the external circuitry:

oo Veg — VBEsat — VDson

B1= Rg
The collector current instead depends onthe load,
and in general, varies with the time.
The turn-on and turn-off phases can be analysed
separately.

TURN-OFF

When the driving signal to the Power MOS is low
the drain current is interrupted and the emitter cur-

1/5
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rent of the high voltage bipolar falls to zero. The
emitter reaches the base voltage and will not car-
ry any more current. As a result the collector cur-
rent can only flow through the base, becoming a
reverse base current that depletes the base to col-
lector junction. This reverse base current Ig,, from
the moment when the emitter current disappears,
coincides with the collector current. See photo 1.
The stored charge is removed in a typically very
violent, and consquently rapid manner.

Photo 1 - Base and collector current at turn-off

As a result the storage time is substantially
reduced.

The fall time, which is related to the recombination
under the emitter, is also generally reduced.
Typical values for the fall and storage time of the
SGS-Thomson devices used in the test are shown
in Table 1, for both emitter and the base drive
circuits.

Table 1 - Typical t; and t; on inductive load

EMITTER BASE

Device Ic(A) SWITCHING SWITCHING
tsmrage Yean tsmrage tan
BUX48 10 500ns 100ns 2us 200ns
BUS0BA 5 800ns 300ns 6us 400ns
SGSD00031| 10 400ns 100ns 1.2us 100ns
BU810 5 300ns 150ns 800ns 150ns
SGSD00035| 10 300ns 50ns 800ns 50ns
SGSD00039| 5 300ns 40ns 700ns 50ns

TURN-ON

When the Power MOS is the on state, the bipolar
device also starts conducting. The dynamic beha-
viour (See Photo 2) does not differ in any substan-

2/5 ) (37 SGS-THOMSON
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tial way from the usual case of the base drive.

Photo 2 - Base and collector current at turn-on

The dynamic saturation transient Vegeat gyn 1S al-
so practically the same with a base drive as with
an emitter drive. The collector current, when the
collector load is the primary winding of a switching
transformer, can vary according to two possibili-

ties. (See Fig. 2)

a) After the initial peak due to the recovery of the
diode present on the secondary winding, the
collector current increases linearly starting from
zero

b) After the same initial peak, the collector current
increases linearly starting from the value me-
morized in the magnetic circuit at the end of
the previous cycle.

Fig. 2 - Collector current waveforms with varying
load

I'c
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REVERSE BIAS SAFE OPERATING AREA

A problem that occurs in bipolar transistors is da-
mage caused by ‘“current crowding’’.

Fig. 3a illustrates current flowing in a typical bipo-
lar device. Fig. 3b shows how, when the device is
turned off and the current begings to die away, the
current focuses with a high concentration under the
emitter. This high current density can damage or
destroy the transistor.

Fig. 3a

BASE EMITTER

(e J

Fig. 4b -Fast turn-off. crowding with low average
heating but possible high peak power

Ic Vee

5-8116

Fig. 4c - Fast turn-off (with Vg delayed by snub-
ber network)

—N— T~
—
—1
—
~——md

COLLECTOR
5-8113
Fig. 3b
BASE EMITTER BASE
pt P+
N
p-
< COLLECTOR }
S-8114

The energy dissipated within a bipolar power tran-
sistor at turn-off can be found graphically from a
plot of I versus Vg at turn-off. Three cases are
shown in Fig. 4a, b and c. The shaded area is pro-
portional to the energy that is dissipated in the de-
vice during turn-off.

Consequently turn-off times affect the SOA of the
device, (Fig. 5b). These problems can be overco-
me using emitter switching.

Fig. 4a - Slow turn-off. No crowding but high ave-
rage heating

Ie Vee

S-8115

I'c Vee
X_ SC-0337 | SNUBBER

5-8117 NETWORK

The way the stored charge is swept away in the
high voltage bipolar device when it is driven by the
emitter, produces some interesting consequences.

The stored charges are evacuated through the base
contact when the emitter current is zeroed and not
later than a few tens of nanoseconds after the be-
ginning of the storage interval. Consequently, du-
ring the turn-off, no charge is injected from the
emitter into the base. Although the reverse base
current is quite relevant, no focusing of the current
in the centre of the emitter fingers takes place.

The bipolar device therefore exhibits an energy ab-
sorbing ability at the turn-off RBSOA that is sub-
stantially higher than if a normal base drive were
used. With a base drive the emitter would inject
charges and the voltage drop across the distribu-
ted base resistance would induce the ‘‘emitter
crowding” phenomenon.

The practical evidence for all the transistors inve-
stigated (BUV48, BUS508A, SGSD00035,
SGSD00039) shows that the reverse bias opera-
ting area (RBSOA) extends righ up to the BVgg!
(See fig. 5).

This extreme effect is unfortunately much less pro-
nunced when using fast darlingtons. The higher
complexity of the charge extraction mechanism and
the charge injection from the emitter into the base

K 3/5
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in the driver transistor imply that the RBSOA ex-
tension is almost irrelevant

Fig. 5a - reverse bias safe operating area

G-5891
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of the transformer.

The power source in the mains singlephase, 220V
a.c., and the switching frequency can be set to
50KHz or more.

The devices used were:

Q1: fast darlingtons with BV g =600V for
110V line
—SGSBUB10 for current up to 5A
—SGSDO0031 for current above 5A
Fast transistor with BVgg>800V for
220V line
—SGSDO00039 for currents up to 5A
—S8GSD00035 for current up to 10A

Q2: Low voltage POWER MOS
(BVpgs =50V)
—SGSP352 for currents up to 5A
—8GSP322 for currents over 5A

Qa: High voltage, low current POWER MOS
V(er) Dss < =450V)

Fig. 5b -How reverse bias safe operating area CO_“"O'
changes for: I uC3842
i) slow turn-off Dz2: Zener diode 2W/20V
ii) fast turn-off D1: 25V diode, with |, peak rating as high
l 675892 as 10A for 500ns
0 Ce: Electrolytic capacitor, 100uF, 25V.
It absorbs possible variations of Vgg.
15 R3: Resistor setting the forward bias base
\ current of the darlington:
2 R3= Yoe ~ Vee sat—Voson—R7 I
\ } g+
° j__ ! FASTER | Its power rating must exceed R3 * Ig2 * t
. Pé?ﬁ%w AT (in practice 3W)
E SNUBEING “,\\ N R7: Shunt resistor to sense the switch cur-
, N \: N rent. The over current lg ., protection
__o\:'\s ONTY stower™\IN i) is set according to
' = v
0 200 400 600 800 Veg (V) R7 = I
Smax
A POSSIBLE APPLICATION C4,R6:  RC network, filtering the disturbances
. - . T induced by the switching transients on
A possible application of the ““emitter switching the | protection input
configuration is shown in Figure 6, where a swit- o :e""t;)/(ork sstting the s.witchin fre
ching power supply operating in a ““flyback’ mo- e quency and’the mgximum duty c?ycle
de has been implemented. ’
L .p . . according to the UC3842 data sheet.
The basic criteria used in choosing the value of the t = 0.55R. C
circuit elements are given below. The purpose of t:‘“’se - 58
the study was to demonstrate the feasibility and to ischarge
evaluate the advantages. Exact circuit element va- = Rsx C3In [(6.3 R5—~2.7)/(6.3 Rs—4)]
lues can be further optimized, especially in the case f= 1t +1y)
45 97 SGS-THOMSON
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R8,R9:  Resistive divider of the feedback volta-

ge from a secondary sense winding, re-

citified by D5 and C5. The divided
voltage is compared by the control IC
to an internal reference of 2.5V.

Compensating network in the error am-

plifier of the feed-back voltage.

R1: Resistor biasing the Q3 gate (1.2 MQ,
1/4 W)

R2: Resistor that limits the inrush current
through the POWER MOS, Q3, at the
turn-off (1.22, 2W)

D4: Fast recovery diode
Its voltage/current ratings depend on the
particular secondary winding it rectifies.

C2,R4:

D5: Low current/low voltage diode
D3,R10, Snubber network (Fig. 6 shows just one
Cs: of the possible configurations).

Fig. 6 - “Emitter switching” circuit

Ld |02

c8=
Vps?
R10=1/4fC8
P(Ryo) = 12 Ly Ip2"f

where:

f = switching frequency

L4 = stray inductance of the transformer
Vg =maximum voltage overshoot ad-

mitted
D3: A 400V fast recovery diode
C7: The use of a capacitor reduces the cros-

sover of the Darlington (3 to 6nF)

It is important to note that, the power transistor Q3
acts only at the turn-on of the power supply and
when the capacitor C6 supplies more energy to the
base of the darlington and to the supply input of
the IC than is returned to C6 during the turn-off of
the darlington, Q1.

'Ci. R |R2

Q3

5-8118

CONCLUSION

The “‘emitter drive” configuration exhibts some

clear differences with respect to the usual ’base

drive” configuration, and they can be particularly

useful in switching power supply applications:

— Substantial reduction of the storage time and
improvement of the fall time.

Switching frequencies of 50kHz and higher are

possible

— The dynamic drive circuitry is simplified. The
negative voltage supply is not required to re-
move the stored charge from the base. The
energy needed to drive the gate of the POWER
MOS is very low (180 nJ per cycle).

— Extremely high ruggedness at the turn-off of the
inductive load (i.e. very large RBSOA) if the high
voltage bipolar part is a transitor.

— Higher power dissipation in the on-stage, due
to the additional losses in the POWER MOS

2
(ID Rps on ton)-

This last point is the only disadvantage, but it is
more than compensated for if switching at high fre-
quencies. The lower switching losses (a saving
each cycle) can justfy the higher on-state losses
(a fixed expenditure) as soon as the switching fre-
quency is high enough, which is often the case in
switching power supplies.

a7, SGS-THOMSON 5/5
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APPLICATION NOTE

A WIDE RANGE INPUT DC-DC POWER CONVERTER

INTRODUCTION

This 300W DC-DC converter, shown in Fig. 1 has
a flyback topology and works in continuous mode
with single output and features primary side control.

The Power switch is designed around an emitter
switching configuration. This arrangement uses
three bipolar devices, BUX 12, and with POWER
MOS device in cascode.

The pulse width modulation (PWM) controller is the
SGSUC3840 linear integrated circuit. The charac-
teristics of this IC are pulse by pulse current limi-
ting with shut-down for short circuit protection, over
and under voltage sensing with protective shut-
down, soft start, voltage feed-forward for excellent
line regulation (without regulation by feed back net-
work). These facilities are used to advantage in this
design.

Fig. 1 300W DC-DC converter circuit diagram.

CIRCUIT DESCRIPTION

A DCinput voltage is chopped at a high frequency,
80KHz is possible.

This high switching frequency allows the use of a very
small transformer with respect to the output power.

In the configuration, shown in Fig. 1, an additional
low-voltage winding, Ng, (two turns on this transfor-
mer)is used to provide continuous operating power
for the base of the bipolar power device.

The resulting base current is proportional to the load.
The polarity of the transformer windings is configu-
red as a flyback converter. When transistor Q6 con-
ducts, the output diodes are reverse biased and
energy is stored in the primary inductance. When Q6
turns-off, the voltage polarity of the primary winding
reverses and the stored energy is delivered to the
output.
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Table 1 - Power Supply Specifications

Operating mode
DC Input Voltage
Switching frequency
Output Power
Output Voltage
Output Current

Line Regulation
Load regulation
Efficiency @ 300W

VIN = 48 VDC
V|N= 80 VDC
Efficiency max@ 150W
Vin= 70 Vpc

Output Ripple@ 25A

Flyback Contnuous Mode
48V to 80V DC

80KHz + 10%

300W

12V + 5%

2 to 25A

0.03%/V

0.17%/A {med. value)

70%
75%

80%
400mV

The power supply operates in continuous mode:
the energy stored in the primary inductance is not
completely transferred to the load during each cy-
cle, for this reason the current in the primary win-
ding has a trapezoidal waveform, Fig. 3.

The emitter switching configuration of the power
switch allows the bipoiar transistor to operate at hi-
gher frequencies since this technique gives a sub-
stantial reduction in the bipolar storage time.
Other advantages are:

- The dynamic drive circuitry is simplified and the
energy needed to drive the gate of the POWER
MOS device is very low (800nJ per cycle).

- Greater ruggedness than in a single bipolar
switch at turn-off with the inductive load. Con-
sequently there can be smaller snubber networks
and a higher leakage inductance in the tran-
sformer.

- The power dissipation during on time is lower
than the on losses of a single POWER MOS de-
vice with the same characteristics (I, BVg) of
the bipolar device.

For better load regulation with isolated output, a
smaller converter (transformer Tr2 with a small si-
gnal transistor Q3, as a switch) is used instead of
a feedback winding.

This converter, operating at a fixed frequency
(160KHz) and duty-cycle, privides on the first se-
condary winding, N; with forward polarity, a volta-
ge proportional to the output regulating voltage,
which is used as a feedback signal.

The other secondary winding of this converter (with
flyback polarity) N;, is used to provide continuous
operating power for the UC3840 and the IRFZ42
gate drive.

2/8 -
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Table 2 - Tr2 specifications

- Core Siemens E20, N30
- Primary N, = 38 turns
- Feedback sec.  N; = 30 turns
- Supply sec. N; = 56 turns

The start-up of the power supply is obtained by re-
sistor R27 which supplies the transistor base and
by the network (formed by POWER MOS device
Q4, DZ1, R17, R32) which supplies the PWM cir-
cuit and IRFZ42 gate drive transistors Q1 and Q2.
When the voltage on the secondary winding of Tr2
increases, the POWER MOS device, Q4, is auto-
matically turned-off, Q4 a is low voltage, low cur-
rent POWER MOS device: an SGSP301 was
selected. It is interesting to note that the DC safe
operating area of a POWER MOS transistor used
under these conditions is greater than that of an
equivalent bipolar device.

The circuit was mounted on two printed boards.
Board 1 holds the control circuit and board 2 the
power switch. Board 2 has a copper thickness of
about 300um. The high current areas are double
sided.

TRANSFORMER

Designing the transformer leads to trade off deci-
sions involving factors such as leakage inductan-
ce specifications, insulation, size, power
dissipation, and cost.

The core selected for this power supply is a Sie-
mens EC70-N27 with the following characteristics:
— Effective core Area A = 279 mm?2

— Saturation flux density @ 20°C = 470 mT
— Maximum working flux density B = 300 mT




The design starts with a calculation of the maxi-
mum duty cycle, A, and the maximum on time
Ton maxs Fig- 2.

With Vg min = 48V, Vigger = 45V, T = 12,58
(80KHz).

The maximum duty cycle is;

A= Vreset =
Vreset + VCC min
4
= M %, ., = 6us
45 + 48

Eqgn. 1

By equating the volts/second areas - the shaded
areas in Fig. 2 the turns ratio can be calculated
using the worst case as follows: (see Fig. 2).

Nprimary (Vo + V9 - (T=Ton max) =
= Nsecondary (Vee min * Ton max)

VCC min* Ton max

n /s) = =
(hie) (Vo + Vf) : (T_Ton max)
. . -6
_ 48 - 6 - 10 - 34
(12 + 1) - 65 - 106
Eqn. 2

Fig. 2 - Switching waveforms at the collector of Q6

lvresef
- Vin
Vee ; E z E}
Vsat
- top —»
- pericdT o

SU- 1485

Fig. 3 - Current waveform in the primary inductance
1

Fig. 3 shows the mean current value (I,e,,) in the
primary inductance during the on state. It can be
calculated as follows using the minimum input
voltage:

| Prax' T _
mean 1+ Ve min * Ton max
__%00-125 _ ig6a
07 -48 - 6

Eqgn. 3

The primary inductance L, can be calculated by
fixing a maximum peak value for primary current
lp= 20A;

Vee min * Ton max
P72 — o)
= M = 100pH
2.14 Eqn. 4
At full load and at Vg o We have
T, - n-(Vo+Vp) T - 44,8
Voo + n(V, + V) Eqn. 5

The flux balance in the transformer core depends

on equal volts-second products being applied du-

ring charge and reset phases.
Prax * T

Iman ( @ 80V) = = 16A

* Vinax * Ton min

I, = 17.1A
With an air-gap, g = 3mm, then Al = 140nH, Np
can be calculated as follows:

N, = v L/Al (from manufactures data book)
Eqgn. 6

N, = v/ 100 - 108 nH/140nH = 27 turns

The minimum air gap with working flux density

Ip B = 250mT is:
I Np - a
. 41y - gt = P = 2.7 mA
g B
po = 12.56 - 107 Hm! (permeability of free space)
T Since we have g = 3mm at all working conditions
Ton B< 250mT.
t
- Ng (+12) = Np/n = 27/3.4 = 8 turns

{y7 SGS-THOMSON 3/8
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Fig. 4 - Transformer construction showing the win-
ding pattern for reduced for leakage induction.
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To reduce the skin effect in the transformer win-
dings at 80KHz, multistrand conductors must be
used. The prototype specifications are given in ta-
ble 3.

Table 3 - Winding specifications

Primary Np =27 turns, 6 wires 0 = 0.8mm
Secondary ]

out.Ns(+12) =8 turns, 16 wires, 0 = 0.8mm
Secong?j:zNB(”) =2 turns, 1 wire, 0 = 0.8mm

Fig. 4 shows the transformer construction.

POWER SWITCH

In this application the peak switching current is 20A
and the correspondent peak collector voltage is ap-
. proximately 280 volts including the 180 volts spi-
ke caused by leakage inductance, Fig. 2.

The bipolar transistors selected are 3 x BUX12
in parallel and the POWER MOS selected is the
IRFZ42. .

The emitter switching configuration gives very short
storage time t; for 3 x BUX12: at full load we ha-
ve tg= 300ns max, and fall time is 150ns maxi-
mum. (Photo n. 5).

When the voltage falls on pin 12 of the UC3840,
Q1 is off and Q2 conducts. The POWER MOS Q5
is then off and interrupts the emitter current of Q6:
at this time current, |, flows through the base, be-
coming a reverse base current |g, that extracts the
stored charge from the collector region. The vol-
tage on the drain of Q5 is held at the same value
as Vgp.

SNUBBERS

To protect the power switch we have two snubber
networks .

The first network of C15, R29 and D5 is used to
reduce the switch-off power losses of Q6 by de-
laying the transistor Ve rise while the current falls
at turn-off.

Ip - t 20 - 150 - 1010
2 Vygmax 2 - 280
5.6nF was selected

Ci56= — 5.35nF

R29 resistor is selected to discharge C15 with a
time constant of 3us (about Ty yin)-

3 - 106
2C15
The power dissipated in this resistor is:
P=12C15 - (Veg max)? - f = 17W

The second network, C16, R30 D6 is used to limit
the overvoltage due to the transformer leakage in-
ductance when Q6 turns-off.

L 4" |P2
(Vres + Vp).2 - VI'682

Ly = Leakage inductance (about 1xH)
Vies = Reset voltage 45V

V, = Allowable voltage spike (180V)
C16 = 8.2nF

R29 = = 2700

C16=

Where:

BUX12 x 3 value is selected so that the voltage
R30 value i | d hat th |

BV = 9 across C16 is equal to the reset voltage
By _ 3(5)83 at the end of the discharge period. Since
. CES - 50A D6 conducts for about 2.5us C16 dischar-
C CONT ge period is about 10gs, then R30 value
IRFZ42 is calculated as follows:
BVpss = 50V a0 AnG

DS ON = 35 mQ R30 = (Vreset + Vp) 10 -10 = 15K
Ip - 3A V, - C16
4/8 - M
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The power dissipated in this resistor is:
P=12Ly-12-f=16W

Due to non-linear effects the power dissipated is
about 100W.

PWM CONTROLLER

— Operating frequency is set by R2, C2:
With R2 = 8.2K, C2 = 1.5nF,f= 1/R2 . C2 =
= 80KHz

— Start-up is achieved by the network of Q4, R17,
R32, DZ1. With a start up current of 60mA we
have:

R17= _Veomin_ _ goog R32 = 47K
60 - 103

— Vgt @nd undervoltage threshold are set by
R11, R12. These are calculated by equating the
current through the node using Kirchoffs laws.

3V(R11 + R12)
= Rz
similary:

+ 0.2mA - R11= 13V

3V R11 + R12) _ o

— V,(faulty= =

solving these equation for R11 and R12 then
we get the nearest preferred values of:

R11 = 18K R12 = 8.2K

— Over voltage fault:

Setting the overvoltage fault to Voo = 100V
we have:

R9 +R10
100=3V —————R9=33-R10, R9 =220K
R10 R10=6.8K
— Duty cycle clamp - soft start:
The duty clamp reduces the duty cycle value
to below 48% when the input voltage V falls
belows 48V.

The divider R3, R4, is set to provide 3.9 volts
at pin 8 With VIN (min) = 46V, R3 = 507K and
R4 =17K. With C3 = 47nF the soft start time
is about 6ms.

The feed forward function provides a variable
- slope ramp waveform on pin 10 which is one
of the inputs to the PWM comparator. The ramp
is proportional to the DC input voltage; in this
way the pulse width is immediately reduced
when the input voltage rises. The result will be
a constant volt - second product delivered to
the transformer primary resulting in good open-

loop line regulation.
With T,, = 6us @ 48V we have:

dV V-V, 42-05
(d)mn 6

_0.616V/us

using this value and Vpg yin = 48V
with C1 = <C2

dv VDC min R1 Ci= 77.8}43

dt R1C1 R1=220K C1=350pF

Current limit.
The resistive divider of R5 (18K) and R6 (1.5K)
provides a V,,=0.38V on pin 7 which is the
positive input of error amplifier. For a current
limiting value lghon cireuit = 22A the R28 value
is set as:

R28 = V /l,.= 18mQ

the shut down current value is defined as:
Vit + 0.4

lap = = 44A
sb R28

Voltage control loop.

The error amplifier is set-up for an added DC
gain of about 20dB and a second pole at 9KHz.
The pole introduced by C17/R16 reduces the
gain from 20dB at about 9KHz to 0dB at 80KHz
to meet the loop stability criteria.

Fig. 5 - Gain setting for the error amplifier

80

60

40

20

Gu-4273
T

L 20db=R1g <
L; R1sJ/R14 N

SRR ] N
1K 10K 100K ™

operating frequency

Ly7, SGS-THOMSON 5/8

MICROBLECTRONICS

117



OUTPUT CAPACITORS

For the high output current of this application the
most important characteristics of an output capa-
citor is its equivalent series resistance, E.S.R. In
fact the voltage output ripple is mainly due to los-
ses on the capacitor equivalent series resistance.

E.S.R. specification is:

ES.R. < Vy /I,  where:

V,= Allowable peak-to-peak output ripple voltage
I.= Ripple current in the output capacitor

The mean current in the secondary winding of the
transformer while the output diodes conduct is:

Imean = Imax output 10 =1 ton mad) = 48A
The secondary peak current I, which corre-
sponds to Ig is:
lok =lc=lmean + 1/2 [Alpgim N too/ T —t,0)] = 52.4A
With V, = 0.4V we have:

E.S.R. < 0.4/52.4 = 0.0075Q

POWER OUTPUT RECTIFIER

The power output retifier must be of a fast recove-
ry type in order to reduce losses and the current
spike at turn-on of the power switch.

Power diodes with low forward voltages reduce the
output filter losses.

A BYV52 - 50A fast recovery low V; diode is the
solution chosen for this converter.

TESTS ON THE CIRCUIT

The power supply was tested in several operating
conditions: with minimum, maximum and rated in-
put voltage, and with various load configurations.
Photograph No. 1 shows the collector voltage and
current waveform of the bipolar switch at maximum
load (l,,,=25A) and at minimum input voltage.

Photo 1 -1, Vog, on bipolar switch (Io="5A/div,
Ve =50V/div)

FU-1013

6/8 .
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This is the worst case because it has a higher pri-
mary current and consequently a higher voltage
spike on bipolar collectors (due to leakage in-
ductance).

Photograph Nos. 2:and 3 show the details of pho-
tograph No. 1 during turn-off and turn-on respec-
tively.

Photograph No. 4 shows bipolar device base cur-
rent and POWER MOS device gate voitage with the
same operating conditions as Photograph No. 1.

Photograph No. 5 shows the collector current, I
and the base current, |, waveforms of the bipolar
device at turn-off; we can see the high value of re-
verse base current I, and the very short storage
time (about 300ns).

Photograph No. 6 shows the output ripple at ma-
ximum load with V| = 48V. (Worst case).

Photo 2 - Turn-off, bipolar switch (Io = 5A/div,
Ve = 50V/div)

FU-1014

i 1 - A ! h
v .A‘.L.m —
l EFESEnY

-0

Photo 8 - Turn-on, bipolar switch (I = 5A/div,
Ve = 50V/div)

FU-1015

27, 16v8
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Photo 4 - Ig = 2A/div, Vyge = 5V/div

FU-1016

N N
nlmuys
Hafile

Photo 5 - Storage time bipolar switch (lg =
SA/div, I =

5A/div)

FU-1017

Photo 6 - Qutput ripple v = 200m V/div

__Fu- 10\8

RN

Vg 200mV/div

Photograph No. 7 shows the transitory response
of load regulation due to a load variation from 1A
to 25A and from 25A to 1A.

‘ﬁ SGS-

THOM
MICROELECTRONIGS

Photo 7 - Transient response V = 200mV/div
FU-1019

Vg 200mV/div

Fig. 6 and fig. shows the line regulation and the
load regulation (V| = 70V) respectively. The line
regulation is 0.03%!/V with an overall variation of
1.1% and the load regulation is 0.17%/A with an
overall variation of 2.9% over the operating range.
Fig. No. 8 shows the efficiency of the DC-DC con-
verter at Vy = 70V. At full load (l,, = 25A) the
efficiency is 756% and the power losses on the cir-
cuit are about 100W. The power losses are divi-
ded approximately as follows: (Table 4)

Table 4
— 25W  Losses on output diodes
— 27W  Losses on transformer
— 27W  Losses on the two snubbers
— 5W  Losses on IRFZ42
— 10W  Losses on bipolar devices
— 2W  Losses on resistor R26
— 2W  Losses on resistor R28
— 1.8W  Losses on resistor R31

Fig. 6 - Line regulation
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Fig. 7 - Line regulation
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Fig. 8 - Efficiency
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CONCLUSION

By using the emitter switching technique this DC-
DC converter design uses its switching element to
maximum advantage having a very rugged RBSOA
and the ability to operate at high frequency. This
allows the construction of a compact power sup-
ply. The technique also allows high frequency swit-

wr

EFFICIENCY %
T T T T T T T T T T v T

. s Lt taid L L s
8- 2 4 6 8 B 12 14 16 18 28 22 24 26
Iout AMPS

ching with a relatively simple driving circuit. In
addition to these advantages the efficiency of the
converter at half and full load under a wide range
of input voltages, is acceptable as is the output rip-
ple. The efficiency could be further improved by
replacing the fast recovery epitaxial diodes in the
secondary winding with Schottky diodes.

APPENDIX - Components list of the circuit diagram in fig. 7

R1 = 220KQ R27 = 4.7KQ 2W Cl4 = 1.54F
R2 = 8.2KQ R28 = 18mQ 5W C15 = 5.6nF 300V
R3 = 507KQ R29 = 2700 20W C16 = 8.2nF 300V
R4 = 47KQ R30 = 1.5KQ 15W C17 = 47nF
RS = 18KQ R31 = 1000 2W C18 = 100pxF 100V
= 2

:g = 1@&3 R32 = 47K0 C19 = 100xF 100VIowE.SR.

= C20 = 4.7uF
R8 = 4700 Q1 = SGS2N2222A _
RS - 290K0 Q2 - SGS2N2907 C21 = 5x47004F 16V low E.S.R.
R11 —  18KQ Q4 = SGSP301 =
R12 = 8.2KQ Q5 = |IRFz42 D2 = 1N4148

o Q6 = 3xBUX12 D3 = 1N4148
R13 = 18KQ
R14 —  19KQ D4 = BYWSO0 - 50A

= C1 = 350pF D5 = BYTOSP - 300A
R15 = 28.9KQ Co - 15nF
R16 =  82KQ = 1.5n D6 = BYV52-50A

- G3 = 47nF D7 = 4xBYWS81P - 100A
R17 = 8200 1/2W C4 = 68nF

- = 6 D8 = 1N4148
R18 = 820 C5 = 6.8nF
R19 = 5600 C6 = 220pF DZ1 = 1N4112
R20 = 47KQ = 2
R21 = 1.5KQ o 3382,5 IC1 = SGS HCFF 4041B
R22 = 1.8KQ C9 = 470pF IC2 = SGS UC 3840
R23 = 2KQ potentiometer C10 = 220nF
R24 = 8200 C11 = 47yF Tr1 core Siemens EC 70 N27
R25 = 820 C12 = 470nF Tr2 core Siemens E 20 N30
R26 = 1.80 5W C13 = 47yF L1 core TDK  P2616
8/8 GS-
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Lyy SCS-THOMSON

APPLICATION NOTE

200KHz 15W PUSH PULL DC-DC CONVERTER

INTRODUCTION

The 15W DC-DC converter, shown in Fig. 1 has a
push-pull topology and works in continuous mode
with two outputs (+ 6V, -6V) and features primary
side control with full protection against fault con-

ditions. There is no insulation between the prima-
ry and secondary side.

Due to the high working frequency, the power
switches used are the new SGS-THOMSON
advanced POWER MOS type: IRFZ20 with high

1/6
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density and bonding on the active area.

The PWM controller is the linear integrated circuit
SGS3525A, with dual source/sink output drivers,

TABLE 1

internal soft-start, pulse by pulse shut-down and
adjustable dead time control.

Table 1 shows the power supply specifications.

Operating mode

DC input voltage
Switching frequency
Total power output
Outputs

Line regulation (+ 6 output)
Load regulation (+ 6 output)
Efficiency (G 1/2 load)

Output ripple@ max load +6V, —6V outputs: 50mV peak to peak

push-pull

10V DC to 18V DC
200KHz +10%
15W

+6V 5%
-6V 5%
0.05%/V
0.2%/A
76%

0.1 to 1.3A
0.1t0 1.3A

Fig. 1
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CIRCUIT DESCRIPTION

The DC input is chopped at a high frequency
(200KHz). This high switching frequency allows the
use of a very small transformer.

Due to the push-pull configuration of the converter
the POWER MOS devices, the transformer and the
diodes work at the frequency of 100KHz (photo 1,
2); the output filters and the oscillator of PWM con-
troller work at a frequency of 200 KHz (photo 3).

2/6
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When Tr2 is on and Tr3 is off, diodes D2, D3 con-
duct and diodes D1, D4 are off. When Tr3 is on and
Tr2 is off diodes D1, D4 conduct and diodes D2,
D3 are off.

The snubber formed by C5, R17 is used to clamp
the voltage spikes on Tr2 and Tr3 drains. With a
leakage inductance Ly= 0.5xH, a primary current
lp= 2.8AC Vin min @nd maximum load and an allo-
wable voltage spikes V,= 30V we can calculate

SGS-THOMSON
MICROELEGTRONICS




C5 as follows:
Ld . |p2
C5= @v TV V)2 =1.8nF
MIN p IN Eq. 1

The PWM controller SGS352A has the two drive
outputs in totem-pole configuration in order to dri-
ve the POWER MOS. The feedback signal for the
PWM is directly connected to pin (inverted input
of error amplifier) from + 6V output by the resisti-
ve divider R4-R1. The maximum current protection
was sensed by Tr1, R9, R8 and is connected to pin
10 (shut-down).

The magnetic coupling of the series inductance in
the output filter is very important for good regula

tion of the voltages. In this way when the load is
very different in the two outputs (+ 6V -max load;
—6V min load or viceversa) the indirectly regula-
ted output (- 6V) has a very stable output voltage
(see fig. 2).

The efficiency is excelient: 70% over a wide ran-
ge (Fig. 3).

The transient response is very fast: about 50ms.
Photo 4 shows the transient response of load re-
gulation due to a load variation from 100mA to 1.3A
and from 1.3A to 100 mA (+6V output).

Fig. 4 shows the P.C. board (track layout) and the
component positions.

Fig. 2
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Fig. 4 - P.C. board and components layout (1:1 scale)

TRANSFORMER

For this design a Tominta E core of 2E 6 ferrite ma-
terial was chosen. To calculate the core size we
used the following equations:

10% - Poyr
A >
Ao+ An 116 - AB - f - d

=0.143cm*
Eq. 2

where:

Poyt =output 15 (W)

AB  =flux density swing (T) we chose AB =200mT
d =current density we chose = 450A/cm?2

f =working frequency of transformer

A, =effective area of magnetic path [cm?]
A, =useful winding cross section [cmZ2]

The core size is then EE 25x6.5 with A,=0.42
cm2, A, = 0.45cm? and A, - A,=0.189 cm*>
0.143 cm?.

The maximum value of primary current at Vyy is:

- Pour B
P #-Omax: (Vmin— AV)
15
- =2.8A Eq. 3
075 -08 -9

Where AV is the voltage drop on the R9 resistor

4/6 .
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and on the POWER MOS , §yax = maximum du-
ty cycle, n = efficiency.

The turns ratio is given by the following equations:

V..

prim.
n= ——— " dwax =
Vsec.
V — AV
= MIN  byax =1.03

Vour + Vi

Eq. 4

The number of turns Np is calculated as follows:
VMinIV] - duax
Npmin=
AB[T]-A [cm?]-f [Hz]

- 104=9.5turn
Eq. 5
The number of turns used was Ny =10 and Ny= 10

The primary inductance is then the same as the
secondary inductance.

Lp=Lg=N;2 - A =100 - 2400nH = 2404H

The value of L, (leakage inductance) was measu-
red on the transformer:

Ly = 0.5u4H




OUTPUT FILTER COMPONENT LIST

The most interesting part of the output filter is the i
transformer T2 which, coupling the output series Resistors

inductance of the two outputs, gives good regula- R1 = 82K 1/4W
tion of the -6V output (magnetic regulator). R2 = 56K 1/4W
T2 construction is very simple because the two in- R3 = 12K 1/4W
ductance are directly wound on the same cylindri- R4 = 15K 1/4W
cal ferrite core. Each winding is made up up of 200 R5 = 12K 1/4W
turns and is: L (+6V) = L (—6V) = 17uH. R6 = 470K 1/4W
The four fast recovery diodes used are BYW29-100  R7 = 33K 1/awW
type. R8 = 390Q 1/4W
Capacitors C10, C11 are 220uF Roederstein EKR 2?0 f ?02929 :)IXW
low ESR type for application in switching power -
supplies. R11 = 220 1/4W
. . . R12 = 220 1/4W
The ripple value obtained is very low: 50mV peak R13 = 56K 1/4W
to peak (phOtO 3) R14 = 5.6K 1/4W
R15 = 18Q 1/4W
R16 = 479 1/4W
Photo 1 - Tr2, Tr3, Vg (Vys= 20V/div.) R17 = 3@ 12w
Capacitors
C1 = 100gxF
c2 = 1nF
C3 = 1uF
C4 = 10nF
C5 = 1.8nF
Cé = 224F
c7 = 10nF
C8 = 27nF
Cc9 = 10nF
c10 = 2204F
c11 =  2204F
ci12 "= 330nF
C13 =  330nF
Photo 2 - Tr3 waveforms (Vg= 10V/div, V4= Transistors
20V/div, 1y= 1A/div.) TR1 = 2N2907
TR2, TR3 = IRFZ20
Diodes
o D1,D2,
- D3,D4 = BYW2929-100
iICg
. I =  8GS3525A
Transformers
T1 core = TOMITA EE 25%x6.5
2E6 Material
—° T2core = cylindrical 30 x 20mm
- . 5/6
o7 32 THOMSON
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Photo 2a - Turn ON Photo 2b - Turn OFF

Photo 3 - Ripple on +6V and —6V Photo 4 - Transient response (20mV/div)
outputs (20mV/div.)

6/6 .
— &7, 55NN



[STA i

APPLICATION NOTE

DRIVE CIRCUIT FOR AN ELECTRIC FUEL CUT-OFF VALVE

INTRODUCTION

The circuit described in this application note has
been designed to drive the solenoid of an electric
valve. The solenoid has the following characte-

CIRCUIT DESCRIPTION

The problem this circuit, figure 1, sets out to re-
solve is to produce an initial current peak of 38A
for 100 milliseconds followed by a continuous re-

ristics: duced holding current of 5A.

This design note uses the features of the L5832
0.62 Q together with two external power transistors, both
38A per 100msec the peak and the holding current level are regula-

5A ted by the switchmode circuitry of the L5832. The

2mHg@ 1 KHz

@b

pull
Ihold

Fig. 1 - Ig - Vg waveforms

Ds
| VI
ING148
—4 Q
1NILA1LB = BUZM Lg --C3
[}
D D2 T
R 6 id
[ I‘D
7 T g 3 | 1
Q1 =Vee
2 10 1 2NT11 b1, 2 q
I 1 3
Ry c' " - 04 JE— BUZ1
6 L5832 " ING148 Ry
15
3

9 16 v Rg

4,5,12,13
s 1

SU-1473
COMPONENT LIST (See Fig. 1)
Ct 4.7nF D3 Vy=24V,1W R5 0.01Q
c2 15nF . L5832 R6 15KQ 1/2W
c3 1uF P1 1000 R7 560 1/2W
ca4 8uF R1 4700 1/2W R8 1.2KQ 1/2W
c5 27nF R2 1000 1/2W Qi 2N1711
D1-D2-D5-D6 1N4148 R3 680 1/2W Q2-Q3 BUZ11 or STVHD90
D2 BYV52PI-50 R4 4700 1/2W

1/3
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duration of the peak, the peak current level and hol-
ding current level are fixed by external components.
The power stage consists of two BUZ11 POWER
MOS transistors and one BYV52PI-50 high current
fast recovery diode. The component list is given
in table 1.

CIRCUIT BEHAVIOUR

The operating waveforms are shown in figure 2.
Q3 energises the inductive load Lg. When the cur-
rentthrough Lg reaches l,,;, the L5832 starts to re-

Fig. 2 - Operating waveforms

gulate I, . During the regulation D2 and Q2 recircu-
late the Lg current with a slow di/dt. A fast transition
from |,y to Ingiq is ensured by the action of the zener
diode D3 turning on Q3. At I, 4 the L5832 starts to
regulate |, g again. Q2 gate is driven by the bootstrap
circuit C3, D5, R2 and C2. Q1 ensures that Q2 is off
whenthe currentdecreases from |, to I 4. The fi-
gures 4 and 5 show the circuit behaviour. Figure 5
has a faster time-base than figure 4 this enable it to
show the PWM control of solenoid or coil current.

INpUT 4
Pin 10 —m8 YIn
CURRENT
()
Ip
Coil lLS —_—
fn
Tho
Publ-in ———————» Vs
COMPARATOR
THRESHOLD
(INTERNAL)
Hold —————————» .
T
k [}
l
ON f— = = —— =~
DRIVING ¢
Q2 — 3 CONDITION !
OFF :
A
DRIVING [ 100mA
CONDITION
Q3 >
OFF
CONCLUSION

At high current, when the current supplied by the
L5832 is insufficient to drive bipolar darlington tran-
sistors, the circuit proposed offers a solution to the

213 K
Ly7, 555, THOMSON
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dilema. If current regulation is not too important (stee-
per ramp, i.e. increased ripple) it is possible to sim-
plify the driving of Q2 and reduce the number of
external components as in figure 3.




Fig. 3 - Simplified driving of Q2

]
U

02
pin 8
SU-1501
Figure 4 Figure 5
GU-1262 Gu-izes

20ms ANV

1=5A/div \ 1:=5A/div
[ ™
{ MRS

120 : =0

The power lost in power devices is:
At 38 Amp (L) At 5Amp (014)
Paa=2x38 = 76W Pao=1.2x5 = 6W

Ppz=0.8x38 = 30.4W 3 per 100msec. Pp2=0.8x5 = 4W
Pas=2x38 = 76W Ps=0.4x5 = 2W

- 3/3
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TECHNICAL NOTE

NOVEL PROTECTION AND GATE DRIVES FOR MOSFETs
USED IN BRIDGE-LEG CONFIGURATIONS

INTRODUCTION

The bridge-leg is an important building block for
many applications such as drives and switch-mode
power supplies. Simple gate drives with protection
for POWER MOSFETs need to be designed for the
“low-side” and the ’high-side’” switches in the
bridge-leg. The POWER MOSFET can conduct a
peak drain current, |y, which is more than three ti-
mes its continuous current rating. The POWER
MOSFET peak current capability and its linear ope-
rating mode are used to good effect in designing
device protection circuitry.

Bridge-leg configurations have a direct bearing on
the degree of protection that can be incorporated.
Consequently, bridge-leg configurations, protection
concepts and gate drives are created simultaneou-
sly to design optimised and reliable power electro-
nic circuits.

H-BRIDGE USING POWER MOSFETs

Three POWER MOSFET based bridge configura-
tions are illustrated in figure 1. Figure 1a illustra-
tes a bridge-leg which uses the internal parasitic
diode as a free-wheeling diode thus reducing cost.
However, since the reverse recovery of this para-
sitic diode is in the order of a microsecond, the turn-
on switching times of the POWER MOSFET have
to be increased in order to reduce the reverse re-
covery current. The turn-on time of the POWER
MOSFET is controlled such that pulse current ra-
ting of the internal diode is not exceeded. Hence
a compromise is made between maintaining the sa-
fe operating area of the MOSFET and reducing
turn-on switching losses. For example, an
SGSP477 MOSFET has a diode pulse current ra-
ting in excess or 80 A and a typical diode reverse
time of 300 ns. A rate of change of current at turn-
on, limited to 50A/us, is a realistic compromise bet-
ween reverse recovery current magnitude and turn-
on losses. Consequently switching speed is sacri-
ficed for cost. For switching frequencies up to
10kHz, when operating on a 400 V DC high volta-
ge rail, this configuration can be chosen as swit-
ching losses are limited, thus enabling a realistic
thermal design.

Fig. 1 - Bridge configurations
HVD.C

A°—|
OUTPUT
84.‘
H.V. GND

SC-0323
a) Bridge-leg using internal parasitic diode

HV.D.C

Ao Y
[ e SN

'y J OUTPUT
-
H.V. GND

SC-0324

b) Asymetrical bridge-leg providing di/dt protection

HV.D.C

OUTPUT

T:’
Bl
Ll

H.V. GND
SC-0325

¢) Bridge-leg with blocking diodes

1/6
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The turn-off speed of the POWER MOSFET in this
configuration has no restrictions. Thus a fast turn-
off is desirable to reduce turn-off losses. As the rate
of change of current is limited, radio frequency in-
terference (RFI) and electromagnetic interference
(EMI) are reduced.

An asymmetrical bridge-leg, illustrated in figure 1b;
can be used to limit di/dt during a short-circuit con-
dition thus providing sufficient time to switch-off the
appropriate power devices. The inductors limit the
rate of rise of output current. They also limit the
free-wheeling current through the internal parasi-
tic diodes of the MOSFETSs. Adding external free-
wheel diodes and inductors increases reliability at
the cost of increased complexity. The inductors re-
duce RFI and EMI as the rate of change of current
is limited.

The configuration illustrated in figure 1c has Schott-
ky “‘blocking” diodes to prevent current going
through the MOSFET internal parasitic diodes.
Schottky diodes are often used since conduction
losses are kept to a minimum.

Bridge configurations shown in figure 1b and 1c
are considered for high frequency switching appli-
cations. The advantage of the asymmetrical bridge-
leg configuration over the bridge configurations in
figures 1a and 1c is that the bridge-leg is capable
of withstanding simuitaneous conduction of the two
devices in the bridge-leg since there are series in-
ductors which reduce the dl/dt under this condi-
tion. Hence the short-circuit detection loop time is
not so critical and the devices are not stressed with
high dl/dt and high pulse currents.

The choice of the bridge configuration depends on
the technical specification of the application. For
example, if the technical specification for a specific
application can be met by using the configuration
shown in figure 1a, then this configuration should
be used as costs are lower than with the other two
configurations shown in figures 1b and 1c.

GATE DRIVE CIRCUITS

The POWER MOSFET is a voltage controlled de-
vice, unlike the bipolar transistor which requires a
continuous base drive. An application of a positi-
ve voltage between the gate and the source results
in the device conducting a drain current. The gate
to source voltage sets up an electric field which mo-
dulates the drain to source resistance. The follo-
wing precautions should be considered when
designing the gate drive;
1 - Limit Vgg to = 20V maximum. A gate to sour-
ce voltage in excess of 16V has a marked ef-
fect on the lifetime of the device.

216 ;37 SGS-THOMSON
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2 - Gate drive parasitic inductance can cause oscil-
lations with the MOSFET input capacitance.
This problem becomes more pronounced when
connecting devices in parallel.

3 - There should be sufficient gate to source vol-
tage for the transistor to be fully conducting.

Fig. 2 - Gate drive circuits

a) Isolated gate drive with controllable switching times
+12v

i

SC-0328

b) Simple gate drive for N-Channel MOSFETS in paralle!

+12V

J MOSFETSIN
PARALLEL

- SC-0326

c) Gate drive with Vpg (o) control for short-circuit
protection

+12V

SC-0327




Bipolar. MOSFET, CMOS or open-collector TTL lo-
gic can be used in the design of simple high per-
formance gate drives. Totem-pole buffers, (figure
2a), are often effectively used to control the turn-
on and turn-off individually. Figure 2b illustrates a
total MOSFET based gate drive with which the swit-
ching speeds at turn-off can be individually con-
trolled. CMOS or open-collector TTL logic can be
used to drive MOSFETSs directly, provided an ui-
trafast switching speed (< 50ns) is not necessary.
In motor drive applications switching speeds of 100
to 200 nanoseconds are sufficient as switching fre-
quency is seldom in excess of 50kHz. Discrete buf-
fers are used to provide high current source and
sinking capability when improved switching speeds
are required or when MOSFETSs are connected in
parallel.

Short-circuit protection techniques similar to bipolar
transistors may be considered for MOSFETSs.
Vbs (on) Monitoring permits the detection of short-
circuit conditions which lead to device failure. The
device can be switched off before the drain cur-
rent reaches a value in excess of the peak pulse
current capability of the MOSFET. This form of pro-
tection is very effective with MOSFETSs as they can
sustain a pulse current in excess of three times the
nominal continuous current. Figure 2c illustrates
a gate drive which incorporates Vpg (o) monitoring
and linear operating mode detection for the MO-
SFET in the case of short-circuit conditions. When
the MOSFET is turned on the on-state voltage of
the device (Vpgon) is compared with a fixed refe-
rence voltage. At turn-on, Vpg ) Monitoring is in-
hibited for a period of approximately 400ns in order
to allow the MOSFET to turn-on fully. After this pe-
riod, if Vpg (o) becomes greater than the referen-
ce value, the device is latched-off until the control
signal is turned-off and turned-on again.

““HIGH-SIDE”’ SWITCH GATE DRIVES

The top transistor in a bridge-leg requires a ‘‘high-

side’ gate drive circuit with respect to the bridge

ground. Three possible gate drive concepts are

shown in figure 3:

a) The “bootstrap’ drive, requiring logic signal
isolation, but no auxiliary floating supply.

b) The level shifting drive.

c) The floating gate drive with optically coupled
isolators, pulse transformers or DC to DC chop-
per circuit with transformer isolation.

Fig. 3 - Gate drives for top transistor of inverter leg.
a) “Bootstrap’’ supply floating gate drive.

HVDLC,
BOOT-STRAP
SUPPLY
ISOLATED
I
% GATE =
DRIVE
LOGIC
SIGNAL sco39 ©
b) Level shifting gate drive.
HV.D.C +12V
HV.D.C.
P-CHANNEL
L DRIVE MOSFET
I 15
2

LoGic i
SIGNAL :j.
SC-0330

¢) Floating supply isolated gate drive.

HV.DC
FLOATING ISOLATED =
GATE i
SUPPLY DRIVE
l LOGIC
SIGNAL o

SC-0331

Bootstrap supplies are particularly well suited fo
POWER MOSFET gate drives which require low
power consumption. Figure 4 illustrates two boot-
strap supply techniques. Bootstrap supplies limit
transistor duty cycle since they require a minimum
transistor off time during which they are refreshed.

Ly, SGS-THOMSON 38
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Supply efficiency and maximum duty-cycle are pa- Fig. 4 - Bootstrap supply techniques
rameters which govern the design of the bootstrap. a) Conventional bootstrap with additional capaci-

Figure 4aillustrates a conventional bootstrap with tor C1.

an additional capacitor, C1, which improves the ma- HVDLC.
ximum duty cycle as the supply is refreshed even D S—
during transistor on time by this capacitor. Figure

4b illustrates a high efficiency bootstrap supply 4

which uses a small MOSFET, Q1, for requlation.

In this design a low power bootstrap drives the gate

of Qf.

The level shifting gate drive, (figure 3b), requires

a high voltage p-channel MOSFET which drives the T

= G

n-channel power device. The p-channel MOSFET ESS;E\IRAP

is switched using a resistor divider network. No floa- N
ting supplies are required. A power supply of 12V, _L
referenced to the high voltage d.c., is used to pro-

vide positive gate source voltage for n-channel PO-

WER MOSFET. This circuit eliminates the need for ~ b) High efficiency bootstrap.
logic signal isolation and a floating supply. The di-

sadvantage of this circuit is the high cost of the p- AL
channel drive MOSFET. \_‘

SC-0332

Figure 3c illustrates a floating gate drive with a floa- 04
ting supply. This drive is the most expensive out

of the three shown in figure 3. However, the floa- l‘1
ting supply need only have a low output power, sin- |
ce MOSFETSs are voltage controlled devices. The BOOTSTRAP t A
advantages of this drive are its high efficiency and SUPPLY T

unrestricted transistor duty-cycle. ©

- SC-0333
Fig 5 - Isolated CMOS drive with Vg control for short-circuit protection.

+12V

Ry o

Ry .
JL e 11 [Rs

b, =a,
G T :J Q4
SC-0334 0
R1 = Dependent on R4 = 1kQ e, = HCPL2200 Q1 = BSS100
application R5 = 120Q C1 = 560 pF Q2 = SGSP477
R2 = 10kQ R6 = 56kQ D1 = 1N41448
R3 = 22kQ g = HCF4093 D2 = BYT11/600
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Fig. 6 - Short-circuit conditions for an SGSP477
Vps & Ip

Vps: 50V/DIV
Ip: 10A/DIV
t: 2us/DIV

a) Output to high voltage short-circuit

SC-0340

AAA
\'44

>t

b) Output to output short circuit

SC-0341

—_st

PROTECTION

Power electronic circuits such as bridge-legs are
often required to have protection against output to
output short-circuit, over-temperature, simulta-
neous conduction of devices in series in a bridge-
leg and output to high voltage supply or ground rail
short-circuit. These power stages are generally part
of an expensive system such as a machine-tool or
a robot motor drive. Thus the additional cost of pro-
tection circuitry is commercially acceptable. A com-

promise is generally reached between equipment
costs and the degree of protection required.
Short-circuit protection of a power MOSFET can
be achieved by either Vpg (o) monitoring or a cur-
rent image. In the previous section gate drives
using the Vpg (o) Monitoring technique were pre-
sented. Figure 6 illustrates the MOSFET drain to
source voltage, Vpg, and the drain current, Ip,
when short-circuits are experienced by the POWER
MOSFET, SGSP477, driven by the gate drive illu-
strated in figure 5.

The MOSFET is turned-off when the drain current
increases sufficiently and Vpg on monitoring is in-
hibited for a period of 400ns to allow the device to
turn-on fully.

An inductor is used in series with the device, as
illustrated in figure 1b. This inductor saturates when
a large short-circuit current flows. The rate of chan-
ge of the short-circuit current due to the saturation
of this inductor is illustrated in figure 6a and 6b.
Figure 6a illustrates the POWER MOSFET drain
to source voltage, Vpg, and the drain current, Ip,
when a bridge-leg output to high voltage supply rail
short-circuit occurs. Figure 6b illustrates an output
to output short-circuit of two bridge-legs.
Another protection technique uses the “‘current mir-
ror concept”, (1). An image of drain current is ob-
tained by having a small MOSFET, (integral or
discrete), in parallel with the main power MOSFET
as illustrated in figure 7.

Fig. 7: The current mirror.

o

o

N: '_IE N33> 1000
o]

R
Vio

SC-0335

1L

_T_l

Voltage proportional
to drain current

O

Figure 8 illustrates a floating gate drive which uti-
lizes a pulse transformer for transmitting simulta-
neously the MOSFET on-signal together and the
gate to source capacitance charging current. The
current mirror technique is used to provide short-
circuit and over-load current protection. The pul-
se transformer operates at an oscillating frequen-
cy of 1MHz when a turn-on control signal is present.

- 5/6
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The secondary is rectified to provide the gate sour-
ce capacitance charging voltage. The current mir-
ror provides a voltage ‘‘image” of the main
MOSFET drain current. This voltage is compared
with a fixed reference voltage in order that the ga-

te drive be latched-off when the drain current be-
comes in excess of a specificed value. Figure 9 il-
lustrates how the MOSFET, SGSP477, is
latched-off when the drain current exceeds 10A
with this gate drive circuit.

Figure 8: Pulse transformer gate drive with current mirror protection for an SGSP477.

+2v
0y 7
|= 03 |
% %5
14 0y
T6AFT10 B Lo,
v - @
9
. 11
SC-0336/1
Qs
R1 = 470Q R9 = 100Q = 1M4148 Q4 = SGS477
R2 = 1kQ C1 = 330pF = 1M4148 Q5 = BC337
R3 = 330 C2 = 10nF = 1M4148 Q6 = BC327
R4 = 2kQ C3 = 10nF = BZX85C15 Q7 = BC337
R5 = 100Q C4 = 220pF = BZX85C15V Q8 = BC327
R6 = 100Q D1 = 1M4148 = BSS100 Q9 = BC337
R7 = 1009 D2 = 1M4148 = BSS100 Q10 = BC327
R8 = 1009 D3 = 1M4148 = BSS100 Q11 = BC337
Fig. 9 -Overload current protection using current CONCLUSION

mirror concept with the gate drive of figu-
re 8 for an SGSP477.

SC-0342

Control L 0
signal
0
Vnsl
0
Iy
0

—— et

Time scale: 5us/DIV - Ip: 5A/DIV - Vps: 100V/DIV
Control signal: 5V/DIV - Vgg: 5V/DIV
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MOSFET based bridge-leg configurations requiring
protection and floating gate drives have been pre-
sented. Novel self-protecting gate drives for the
“high-side”” and “‘low-side’’ switching have been
discussed. These drives provide protection against
output to high voltage d.c., output to ground and
output short-circuit. For the high-side switch *‘boot-
strap’’ supply gate drive, level shifting gate drive
and floating supply isolated gate drives have been
compared.

Protection against short-circuit conditions has been
demonstrated using Vpg on) Monitoring and the cur-
rent mirror concept. Bothtechniques are well suited
for protection against short-circuit conditions. Ho-
wever, the current mirror concept also provides a suf-
ficiently linear image of the current for regulation.

REFERENCES:

Fuy G.

Current-mirror FETs cut costs and sensing losses EDN Sep-
tember 4 th, 1986
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APPLICATION NOTE

HIGH VOLTAGE POWER MOSFET STHV102

INTRODUCTION

This note deals with the basic characteristics and
the possible applications of STHV102 POWER
MOSFET transistor, rated at 1000 V, 4A.

A completely new configuration for the edge
structure has been designed in order to obtain a
high breakdown device with characteristics of high
reliability. The advantages offered by the static and
dynamic characteristics of this device are
demonstrated by two applications.

DEVICE DESCRIPTION

The very first problem to be solved in the design
of a POWER MOSFET with V gg,pgs > 1000V is
to achieve a high breakdown efficiency as defined
by the expression:

Vv
(BR) DSS
€=

<1
V sr)pss theoretical limit

The ratio, € , is the ratio between the actual
breakdown voltage of the device and that of an
idealised planar junction.

It is well known that the closer € isto 1, the more
efficient is the edge structure.

The merit coefficient,& , is important for any
semiconductor device. When conduction occurs
by majority carriers, the drain resistance is the
output resistance of the POWER MOSFET. So a
higher edge efficiency implies the use of a drain
epitaxial structure having minimum resistivity and

thickness and consequently a much improved
Rpsen) compared with existing high voltage,
POWER MOSFETs .

The edge structure desigrred for this class of device
is shown in figure 1a - 1b (See page 2).

It is planar, having a graded impurity concentration
in the silicon combined with a metal field plate on
the surface.

When the device is subjected to a high voltage, the
equi-potential lines are accurately spaced as a
result of the graded p type region minimizing the
electric field strength at the surface.

The very low value of the surface electric field
makes the devices insensitive to the surface
conditions, allowing significant reliability
improvement (see fig. 1b).

The STHV102 is the first POWER MOSFET
commercially produced using the structure
described. Its dimensions are (180 x 220) mils2;
the photos 1 and 2 show its static characteristics:
the resistance of this device is typically 2.5 ohm
with a value of Ry, x Area=0.64 ohm cm?2 which
represents a notable achievement.

Photo 1 shows the breakdown characteristics after
1000 hours of HTRB testing, and is indicative of
its highly reliable structure.

Fig. 2 shows the variation of the leakage current
lpgs after 1000 hours of HTRB test: the alignment
to the line shows the high stability achleved using
the graded ring structure.

1/6
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Fig. 1a - Cross section of the new graded edge structure
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Fig. 1b - Electric field diagram illustrating the low surface electric field
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Photo 1 - Breakdown voltage after 1000hrs of Photo 2 - Output characteristics Ip=0.5A/div,
HTRB. Vpg= 200V/div Vps= 2V/div. STHV102 static characte-
ristics

Fig. 2 - Graph showing the effect on drain source Photo 3 - Drain current and voltage waveforms
leakage current, Ipgg of 1000hrs HTRB with T;zee= 80°C
testing

103 NOTE: dots below the line show devices where
leakage current has decreased, dots above the line Ls

show devices where leakage current increased.

Dots on the fine signify no change.
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APPLICATIONS

The STHV 102 is ideally suited to applications
where high drain voltage, high switching speeds
and low drive energy are needed. Typically in high
frequency switch mode power supplies and in high
resolution horizontal deflection circuits.

The low value of its input capacitance — a direct
result of the optimised edge structure, allows the
component to be used in high frequency
applications, with very low switching and driving
losses.

1. A 150W 100kHz FLYBACK SMPS
Figure 3 shows the SMPS electrical circuit and the

photos 3, 4 and 4 show current and voltage
waveforms for the POWER MOSFET.

An analysis of the waveforms gives us a better

" appreciation of the advantages of this device:

a) The high drain voltage capability permits
minimum snubbing even when the transformer
exhibits a high leakage inductance (Photo 3).

b) The high working frequency shrinks the
transformer size and the filter circuit dimensions.
Photo 5 shows the small amount of charge needed
to turn off the device (120nC), implying that the
STHV102 can be easily used also at higher
frequencies.

A high performance with a conversion efficiency
of 87% at 150W has been achieved with this
device.

Fig. 3 - Isolated fly-back Switch Mode Power Supply using a high voltage STHV102 Power MOSFET
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Photo 4 - Drain current at turn-off with
80°C
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The importance of using high voltage POWER
MOSFETs in SMPS designs is also illustrated by
the reduced size and cost of other components and
in lower power dissipation in the snubber network.
By comparing similar flyback circuits using a power
darlington in one and a POWER MOSFET in the
other, as the switching element, shows the
following savings.

Photo 5 - An indication of gate charge (Q = it) for
STHV102 turn-off

2. HIGH RESOLUTION HORIZONTAL
DEFLECTION CIRCUIT.

The use of advanced graphic monitors and the
experimentation on telecast systems has resulted
in the use of complex horizontal defeiction circuits
and the requirement for fast and reliable high
voltage power transistors.

STHV 102 represents a good solution, in fact, it
brings together the speed of POWER MOSFET
devices and a high voltage breakdown (1000 V).
In viewof this, its application in a 64Khz horizontal
deflection circuit has been studied.

Darlington| POWER
MOSFET
Figure 4 shows the electrical circuit.
Switching frequency | 30kHz 1OOkH23 Photo 6 illustrates the drain current and the drain-
Transformer volume 23.3cm3] 6.5 cm source voltage waveforms
Filter capacitor 10,000UF| 300014 F 9 :
gnugger ::apacntor ;3\?0‘)': ;23\5/)pr The “negative’’ region of the drain current is that
Rnlu i er ostsefsd . 1 . which flows in the internal source-drain diode of
elativecost ot device Q1. The fly-back voltage reaches 920V. During
operation at T.-80°C the device dissipates only
5.5W while generating a 64 KHz, 5A peak-to-peak
deflection coil current.
LN7 SGS-THOMSON 56
Y/. SiGROELECTRONICS
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Photo 6 - Drain current and voltage waveforms at

T,ase= 80°C
— 1
nc R& Vch
|
V.
n 18 62
7 Q
TDA
9-16 Rg10 | v
5 4 j R3
a7 P1 fcz a3
GND

HIGH RESOLUTION DEFLECTION COMPONENT LIST

R1 47 ohm 1/4 w
R2 100 " "

R3 10 g

R4 680 K "

c1 15 pF -

c2 470 uF 40 v
Q1 STHV102

Q2 2N2222

Q3 2N2907

Ic1 TDAB140

L 250 uH

of 3.3 nF 1500 v
VDD 120 v

VBB 12 v

Fig. 4 - High resolution horizontal deflection circuit
using a high voltage Power MOSFET tran-
sistor, STHV102
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TECHNICAL NOTE

AN INTRODUCTION TO HIMOS

INTRODUCTION

The structure and characteristics of HIMOS (High
Injection MOS) devices, provide circuit designers
with an INSULATED GATE BIPOLAR TRANSI-
STOR (IGBT) capable of handling high voltages at
high current densities. The principle characteristics
of these new devices are the simplicity with which
they can be driven - similar to a POWER MOSFET
- and their low conduction losses when switching
high voltages. These characteristics, together with
their excellent ruggedness make HIMOS a natu-
ral evolution of POWER MOS for high voltage ap-
plications. Typical uses for HIMOS transistors are
switching circuits requiring high voltage and high
current, with a switching frequency in the order of
10kHz to 20kHz.

THE BASIC STRUCTURE

Figure 1a shows a single cell of the multicell struc-
ture of a HIMOS device.

Figure 1b shows the structure of a POWER MOS
for comparison. Figures 1c and 1d show two mo-
dels for the HIMOS structure. The drain region of
HIMOS represents the major difference in struc-
ture from that of POWER MOSFETSs.

This region contains a P+ doped layer. The pre-
sence of the P+ N junction drastically reduces the
on-resistance during conduction because conduc-
tion causes holes to be injected into the drain
which, in turn, modulates the conductivity of this
region. However, the addition of the P+ layer to
the drain also gives rise to a parasitic thyristor stuc-
ture PNPN, created by the NPN - PNP parasitic bi-
polar structure. In order to avoid the influence of
this parasitic thyristor we have designed a modi-
fied structure for the device and a new process for
its manufacture.

STATIC ELECTRICAL CHARACTERISTICS

Current flow in HIMOS devices during conduction
is shown in figure 2a. The total current, Ipg is the
sum of the two currents |, (h) and |, (h) where: -

-1; (h) is the current due to holes injected from the
substrate P+ layer, which are collected on the sur-
face of the source region and

- I, (h) is the current due to-holes that combine
with electron current flowing through the MOS
channel in the base region of the PNP bipolar junc-
tion transistor, (BJT).

Fig. 1a - HIMOS - Basic structure
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Fig. 1b - POWER MOSFET - Basic structure
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Fig. 1c and 1d - Two electrical models for the Hl-
MOS structure.

o] c

SC-0318

S SC-0319
1c 1d

Fig. 2a and 2b - Current flow in HIMOS during

conduction
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Since MOS behave like a BJT whose base current
is provided by a MOSFET, it follows that the drain
current of the HIMOS is the sum of the bipolar ba-
se and collector currents.

lgs = Imos(1 + BPNP) Eq. 1

These features underlie the advantages of HIMOS
devices particularly in respect of their current ca-
pability and low Rpg (on compared with POWER
MOS devices. A comparison of the output charac-
teristics of a HIMOS and three POWER MOS tran-
sistor with equal chip size but different breakdown
" voltages is shown in photographs 1-4

The comparison highlights two major points. The
first is the difference in the current flowing for a gi-
ven gate voltage. This shows that HIMOS have a
greater current handling capability and a lower
Vps (on) than the equivalent POWER MOS device.
The low Rpg (on) is due to conductivity modulation
of the substrate caused by high injection of holes
from the P+ region.

2/5 K
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The presence of the P+ N junction in the drain pro-
duces an offset in the output characteristics of
0.6V-0.8V. This diode exhibits a reverse breakdown
voltage in the range 30V-70V, see Photograph 5.

SGSP361

Photo 1 - V(BR) DSS = 100V

Photo 2 - Vigg) pss = 250V SGSP363

Photo 3 - V(g pss = 500V SGSP369




STHI10NS50

Photo 4 - V(BR) DSS = 500V

£
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>
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Fig. 3 - Test circuit for HIMOS transistors
Vee

SC-0321

SWITCHING CHARACTERISTICS

Figures 1 and 3 show the HIMOS equivalent cir-
cuit and the test circuit for evaluating the switching
characteristics. When the gate-source voltage,
Vgs: is greater than the threshold voltage, Vy,, the
MOS section of the structure turns on. The MOS
drain current is the base current of the parasitic
PNP transistor and it turns on the PNP transistor
in about 10nsec. HIMOS turn-on time is a function
of the impedance of the driver circuit and the ap-
plied gate voltage. Photograph 6 shows typical turn-
on waveforms.

TURN-OFF

Turn-off in HIMOS has typical features of both PO-
WER MOSFET and BJT turn-off due to the use of
conductivity modulation for increased current den-
sity. Figure 4 shows how the turn-off can be divi-
ded into three regions.

During the first phase, |, the gate voltage decrea-
ses to a point where the Miller effect begins and
Vps begins to rise. In the second phase the gate
voltage is constant - the Miller effect. During this
period increasing Vpg decreases the gate capaci-

. 3/5
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tance and an inversion of the gate polarity, with,
respect to the drain voltage occurs as Vpg rises
above the gate potential. Vpg increases to a ma-
ximum value with a rate controlled by the driver cir-
cuit. These two phases, | and Il, are dependent on
the MOS behaviour as the base collector junction
of the PNP transistor is reverse biased. The last
region, which defines t,, can be divided into two
parts. The first part is the MOS turn-off and is very
fast. The second is slow and starts when the MOS
channel is closed and the PNP transistor has an
open base. This terminates turn-off by recombina-
tion of excess carriers. The first part of the fall ti-
me can therefore be controlled by the gate drive
circuit. The second part is dependent on the PNP
transistor lifetime and gain.

Photo 6 - HIMOS turn-on wave form

—| [« MOSFET1yrq oft
V {t)

4~

J1\ |Bipolar Turn Off

SN

y
-

Figure 5 shows how t,, varies with Vpg. As Vg
increases so the gain of the PNP transistor increa-
ses. This is due to the reduction of the base thick-
ness caused by increasing the depletion region.
The dependence of t,, on temperature is shown

4/5 -
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in figure 6 and confirms the correlation between
ttzy and the PNP transistor gain. The lifetime of the
minority carriers in the N- region versus tg,, is
shown in figure 7.

Fig. 5 - Variation of tg,, with Vg
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Fig. 6 - Variation of t,,, with temperature
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LATCH-UP AND SAFE OPERATING AREA

The device current begins to loop regeneratively
when the total current reaches the latch-up value,
liatcn- If the current attains this value then gate con-
trol is lost. Looking at figure 1¢c we have:

lg = [anpn -1/ [1 - (@npn + apnp)]

where apnp and anpn are the gains of the transi-
stor structures and |, is the recombination current.
The device enters into a regenerative loop and it
fails when apnp + anpn > 1. In order to redu-




ce apnp and anpn so that their sum is less than
1, some stuctural and processing changes in fa-
brication of the device are necessary. By using ap-
propriate doping and shorting the base-emitter
junction (POWER MOSFET body-souce} it is pos-
sible to reduce «PNP. aNPN is reduced by the in-
troduction of a buffer heavily doped with N+ and
the introduction of lifetime killers.

Fig. 7 - Variation of t;,, with the lifetime of the mi-
nority carriers in the n- region
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Fig. 8 - Variation of I, with temperature
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liaten, decreasing with temperature, figure 7, or with
increasing Vg is correlated to the gain variations
they cause in the two parasitic transistors. Exter

nally, from an electrical point of view, latch-up can
be seen in the safe operating area curve, figure 8,
for a working temperature of 100°C.

Fig. 9 - HIMOS reverse bias operating area
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Fig. 10 - Test circuit HIMOS reverse bias safe ope-
rating area
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CONCLUSION _
HIMOS devices are a natural development of PO-

- WER MOSFET transistors for use in high voltage

applications in the range of 500V - 1000V. They pre-
sent the user with high current devices which ha-
ve low Vpg (on typical of bipolar devices and the
simplicity o? drive typical of POWER MOSFETSs.
Increasing the latch - up current and reducing the
lifetime of the minority has opened up new field for
HIMOS.
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TECHNICAL NOTE

AN ECONOMIC MOTOR DRIVE WITH

VERY FEW COMPONENTS

INTRODUCTION

The main objectives of this design are the econo-
my and circuit simplicity which enable costs to be
reduced to a minimum. For this reason the design
is particulary suitable for domestic appliances po-
wered by the 220 V AC mains. In this area, cha-
racteristics such as low cost, simplicity (and
consequently greater reliability) have priority.

With these objectives the choice of the power
switch is very important because the complexity of
the drive circuit, the number and the power of the
auxiliary supplies and the protection networks, de-
pend on its characteristics. These factors lead to
the decision to use a HIMOS device (an IGBT) as

a power switch. The main characteristics of a HI-

MOS device are that:

- It switches high current with very low ON resi-
stance, similar to a BJT (bipolar junction tran-
sistor).

- Itis very rugged and has very large safe opera-
ting areas similar to Power MOSFETSs.

- It has high overload current capability.

- ltis easy to drive (like Power MOSFETS) conse-

Fig. 1 - Circuit diagram of the HIMOS motor drive

quently it is possible to drive it directly by means

of popular linear IC.
These characteristics are very suitable for motor
drive applications in general and make HIMOS the
new way of power switching in this area. An addi-
tional factor is that a HIMOS device has a smaller
chip area than Power MOSFETs, or bipolar transi-
stors with the same ratings (V(gg) pss @nd lpg max)-

CIRCUIT DESCRIPTION

This DC motor drive circuit has a single switch to-
pology and works in current mode; an STHITON50
HIMOS is used as the power switch. The comple-
te circuit schematic is shown in figure 1. its main
features are as follows:

- 300V, 4A DC permanent magnet step down mo-
tor drive

- Current mode PWM control

- Output current adjustable pulse by pulse from 0
to 4A

- 220 AC + 10% supply voltage

- 6KHz switching frequency

- From 6% to 95% operating duty cycle

220V

AC 15nF

R1
56K

C
220pF RS

18k

___ﬁ__.

TR2 R 3:
10n
2222 m]l 0C MOTOR

(31 oz

x
Z.ZUFT 8V

R LBYTOBPI400
33K J
RS TR1 <!
APy i 10 F ‘102
R1 STHI10N
K BYToaz.oo
-£6 Y R11

30nF OZZn 390n

TSHF TnF 18K
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The PWM controller IC used is STUC3842. It is a
popular, economic eight pin IC widely used for off-
line and DC to DC converters. STUC3842 provi-
des the features necessary to implement fixed fre-
quency current mode control scheme with a
minimal external parts count.

Internally implemented circuits include under vol-
tage lockout featuring start-up current less than
1mA, a precision reference, logic to insure latched
operation, a PWM comparator which provides cur-
rent limit control and a totem pole output stage. It
can directly drive the gate of the 500V 10A HIMOS
switch STHI1ON50. The choice of this IC and its
current mode working matches the requirements
of economy and simplicity of this application.

Fig. 2 - STHITON50 output characteristics
(I step = 6V)

Fig. 3 - STHI20N50 output characteristics
(I step = 6V)

AT
T
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The motor speed is controlled by the error voltage
which is variable from OV to +5V, and is applied
to pin 2 of the IC by means of R9. This voltage sets
a constant current level at which the IC interrupts,
pulse by pulse, the current in the power switch: the
PWM control is therefore a “‘current mode” type.
The HIMOS switch used is STHI1ON50, for higher
power motors STHI20N50 can be used simply by
changing resistors R2 and R6 and free-wheeling
diode D1. Figures 2 and 3 show respectively the
output characteristics of STHI10N50 and
STHI20N50 devices.

An important part of the circuit is the snubber con-
sisting of R3, C9, D2. This accomplishes two
functions:

a) it provides power for the UC3842 using the char-
ge current of C9 during the STHI10ON50 turn-off;
infact the IC requires about 20 mA DC as sup-
ply current and cannot be biased simply through
resistor R1 which should be 10Kohm 10W. In-
stead, using this active snubber, R1 can be set
to a value of 56Kohm 2W in order to apply the
start up power to the UC3842.

b)it reduces the energy dissipated in the power
switch during turn-off; consequently a smaller
heatsink can be used for STHI10NS50 giving ad-
ditional cost reduction.

To insure a continuous power supply to the IC,
using the active snubber C9, R3, D2, it is neces-
sary that the capacitor C9 must be completely di-
scharged before turn-off. Because C9 is discharged
by means of R3 during the ON phase of the power
switch, there is a limit to the minimum ON time
which cannot be less than 8 us, consequently the
minimum duty-cycle is 6%.
Considering a peak current |, = 4A, a fall time t;=
1.5 us and the minimum Ol\f)hme of 8 us, the va-
lues of the snubber components are calculated as
follows:

C9 = (I,-t)/2Ve =10 nF

R3 TOI’I (min)/2 N Cg = 4000hm
The power dissipated across R3 is:

= 1/2-C9-V2-{=3W

The adoption of this snubber does not affect the
efficiency of the circuit during normal operation be-
cause its power dissipation is very low and it has
the additional benefit of using this energy to sup-
ply the IC so reducing the dissipation in the power
switch. The extra cost is negligible with respect to
the cost of a transformer for supplying the low vol-
tage power to the IC.
The network of Tr2 and R6 adds a fraction of the
ramp oscillator voltage to the ““current sense’’ si-




gnal at pin 3 of the IC (via transistor Tr2 2N2222)
to allow slope compensation. Consequently duty-
cycles as high as 50% can be obtained.

Diodes D1 (BYTO8PI400) and D2 (BYT03400) are
fast recovery types and have been used in order
to minimize stresses on the power switch.

MEASUREMENTS ON THE CIRCUIT

The DC motor drive was tested in several opera-
ting conditions. These were maximum and rated
output current and in blocked rotor conditions.
The waveforms of the drain voltage, Vpg, drain
current, Ip, and gate voltage, Vg, both with and wi-
thout the snubber can be seen in figures 5 and 6
respectively.

Fig. 4 - STHITON50 turn-off with snubber I;=
V50/div, V,=5V/div

1A/div, V=

Fig. 5 - STHI1ON50 turn-off without snubber | ;=
1A/div, Vys= 50V/div, Vo= 5V/div

Here you can see the typical behaviour of a HIMOS
device at the turn-off when typical features of both
Power MOSFET and BJT are involved. The stora-
ge phase of the turn-off is dependent on the MOS
behaviour as the base collector junction of the PNP
transistor is reversed biased: the gate voltage de-
creases to a point where the Miller effect begins
to control the current in the drain and Vpg start to
rise. The fall time phase can be divided into two
parts: the first part is the MOS turn-off and is very
fast, the second is slow and starts when the MOS
channel is closed and the PNP transistor has an
open base turn-off and is dominated by recombi-
nation of excess carriers. Therefore the first part
of the time is controlled by the gate drive circuit,
the second part is dependent on the PNP transi-
stor life-time and gain.

Since the PNP gain increases as Vpg increase,
the fall time consequently varies with Vpg. There-
fore, when the snubber is used and the Vg slope
is dominated by the capacitance, the fall time re-
gion due to the MOS is more evident (figure 6).
Figure 6 shows the turn-on behaviour of the Hi-
MOS: it very fast (t-rise 30ns) and, as with Power
MOS devices, is a function of the impedance of the
driver circuit and the applied gate voltage.

Fig. 6 - STHI1ON50
Vg = 50V/div

turn-on ly=  1A/div,

Figure 7 shows the behaviour in the case of a bloc-
ked rotor and with the current control set at the ma-
ximum 4A. This condition was simulated, as worst
case, with and inductance of 300uH and a resistan-
ce of 1 Q: the current does not exceed 6A. The over-
current of 2A, with respect the control current of
4A, is due to the delay introduced by the network

y 3/4
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of R7, C7 of about 2 us. This filter network is ne-
cessary to suppress the leading edge spikes on the
IC current sense comparator input.

Fig. 7 - Blocked rotor’ beheaviour ly= 1A/div,
5v/div

HCEN .-
IIFdM-IIl
vaSR/iEEN

Vs = 50V/div, Vy=
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The losses in the circuit, for the maximum rating
of each component are approximately as follows:
P(R1)=2W, P(R3)=3W, P(R2)=3W, P(D1)=4W,
P(Tr1)=7W.

CONCLUSION

A 300V 4A DC permanent magnet single quadrant
motor drive was developed with objectives of ma-
ximum circuit simplicity and economy. Consequen-
tly a current mode PWM control with a popular IC
was adopted and an STHI1ON50 HIMOS (an IGBT)
was used.

The low drive energy requirement due to the high
input impedance of the HIMOS allows substantial
cost reduction in the control circuit. Conductivity
modulation of the drain produces a low ON resi-
stance, an essential feature to work with high peak
currents in the switching element. The ruggedness,
due to the excellent safe operating areas, is espe-
cially relevant for motor control applications.
The easy drive, high current handling and excel-
lent ruggedness make HIMOS the new way of po-
wer switching in the motor control field.
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TECHNICAL NOTE

IMPROVED POWER MOSFET RUGGEDNESS
IN UNCLAMPED INDUCTIVE SWITCHING

INTRODUCTION

Recent development work by SGS-Thomson has
resulted in the production of POWER MOSFETs
with improved performance in terms of unclamped
inductive switching at high current values. This has
lead to the production of a new class of POWER
MOSFET device that operates reliably in applica-
tion circuits even when accidental overvoltages
may occur at high current, caused as a result of
the high switching speed of POWER MOSFETs
and random supply voltages.

POWER MOSFET devices have a clamped Eg,
safe operating area that extends to the breakdown
voltage. In some applications, such as SMPS and
Motor Control, ruggedness of this nature can be
insufficient because, during turn-off, the device can
be stressed by random overvoltages at high drain
current values so creating avalanche conditions.

SGS-Thomson is introducing this new POWER
MOSFET generation guaranteed in terms of an un-
clamped inductive switching test (U.l.S.). The lat-
ter parameters meet real operating conditions
found in Power applications.

USEFUL PARAMETERS IN POWER MOSFET
RUGGEDNESS

POWER MOSFETSs are very fast switching devices
and can generate high values of di/dt (over
1000A/is). For this reason, layout leakage induc-
tance can create dangerous overvoltages. Photo
1 shows a POWER MOSFET drain current and vol-
tage waveforms in a typical switching circuit (see
figure 1). These current and voltage waveforms are
typical in POWER MOSFET applications. It can be
observed that the overvoltage exceeds the POWER
MOSFET breakdown for very short times but at very
high currents.

The energy dissipated in breakdown conditions in
one cycle is very low,

V(8r) Dss

E= 1/2LI2 = 40 pJ,

®r) pss— Voc

Photo 1 - 1=5A/div, V=20V/div
Turn-off with parasitic inductance
= 0.15uH e = 40uJ

Vigrioss

with a small duty cycle, but the initial breakdown
currents are almost equal to those at turn-off.

It is important to test the device under actual ope-
rating conditions of voltage, current and working -
temperature typically found in actual applications.

THE FAILURE MECHANISM

Figure 2 shows possible current paths during
breakdown. Current flows through the diffused bo-
dy resistance and generates a voltage drop which

Fig. 1 - Typical circuit where breakdown can oc-
cur during turn-off

PARASITIC

INDUCTANCE \

“
;
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can be greater than the parasitic bipolar transistor
threshold voltage. If turn-on of the parasitic bipo-
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lar transistor occurs, the whole current is focused
into a few cells destroying them. At increased tem-
perature, this phenomenon happens at lower cur-
rent values because the parasitic bipolar transistor
threshold voltage decreases.

Fig. 2 - Cross section of a POWER MOSFET sho-
wing possible current paths during sustai-
ning
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Measurements show that failure current halives at
tj= 150°C in comparison to the value of the cur-
rent at = 25°C.

The energy dissipated in the failure phenomenon
is not important because if this were the case the-
re would only be a thermal problem. Figure 3 shows
current, voltage and temperature behaviour during
turn-off with high inductive energy. The graph
shows that at turn-off the temperature increases

Fig. 3 - Waveforms during turn-off, with a high
energy value, L = 5mH
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abruptly, and as a consequence, the critical cur-
rent decreases so that, if critical current becomes
less than the discharge current the device fails.
Therefore it is possible to dissipate high inductive
energy at a low current.

U.L.S. TEST

Fig. 4 shows the current and voltage diagrams for
the U.LS. test.

Fig. 4 - U.1.S. test waveforms and test circuit

Vee=10%Vigrinss

V(BR)DSS

~ Vos

Energy stored in the inductive load is dissipated

in the device under test, D.U.T., during turn-off.

Measurements are made bearing in mind the fol-

lowing criteria:

1) The energy is not the most important parame-
ter causing device failure. Additionally, where
the stored inductive energy has a high value,
it is difficult to recognize the point at which ma-
ximum stress occurs during the discharge of
the inductive load because there is an instan-
taneous increase of temperature, see figure 3.

2) In real application circuits, the device should
only dissipate a little energy.

3) DUT’s failure depends on initial breakdown
current.

4) Junction temperature Tj is an important pa-
rameter.

For these reasons we chose a small value of in-

ductive load - this avoids the device’s failure being

depend on thermal effects. The new generation of

SGS-Thomson POWER MOSFETs are tested using

the following test conditions:

for T.= 25°C, Vdd= 10% V(BR) DSS and L =

100uH and duty cycle < 1%, Ly = lnomina (A)

and T'= 10000, Vdd= 100/0 V(BR) DSS and L =

100uH and duty cycle < 1%, I = 0.7 x

Inominal (A)




Fig. 5 - guaranteed breakdown current versus
temperature, and failure point for IRF450,
BUZ45, BUZ21

X
BUZ45
X:
: \
. X
08 BUZ21
Guaranteed for
0.6 [~ $G6S-Thomson

POWER MOSFETs  TEST COND: L=100uH

Icrir/lnum

0.4+

Figure 5 shows a temperature derating for guaran-
teed turn-off current (normalized at nominal cur-
rent), where the three upper traces indicate the
failure points for three different devices.

CONCLUSION

Usually an application circuit is designed in a way
that avoids avalanche breakdown under normal
operating conditions, for example using fast exter-
nal clamping circuits. Occasional overvoltages, ho-
wever, can stress the devices and create avalanche

& 1% breakdown conditions.New SGS-Thomson PO-
02— Vee=10%Vigrpss WER MOSFETs release circuit designers from this
0 | I ! | ! type of constraint.
25 50 75 100 125 150
TEMP {°C)
. 3/3
o7, 353NN
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KYIW gﬂ%@%@é&%%éﬁﬂ?@% BUZ10

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTOR

ADVANCE DATA

TYPE Vpss Rpson) Ip
BUZ10 50V 0.08 @ 20 A

¢ HIGH SPEED SWITHING
e LOW RDS (ON)

e EASY DRIVE FOR COST EFFECTIVE
APPLICATIONS.

INDUSTRIAL APPLICATIONS:
¢ AUTOMOTIVE POWER ACTUATOR DRIVES
¢ MOTOR CONTROLS

« DC-DC CONVERTERS TO-220

N - channel enhancement mode POWER MOS field

effect transistor. Easy drive and very fast switching

times make this POWER MOS transistors ideal for INTERNAL SCHEMATIC 0

high speed switching circuits in applications such DIAGRAM
as power actuator driving, motor drives including
brushless motors, hydraulic actuators and many
other uses in automotive and automatic guided ve- ¢
hicle applications. It is also used in DC/DC conver-
ters and uninterruptible power supplies.

ABSOLUTE MAXIMUM RATINGS

Vps Drain-source voltage (Vgg=0) 50 \
Vbar Drain-gate voltage (Rgg=20 KQ) 50 \%
Vas Gate-source voltage +20 \
Ip Drain current (continuous) T,=30°C 20 A
Iom Drain current (pulsed) 80 A
Piot Total dissipation at T, <25°C 70 W
Tstg Storage temperature —-55 to 150 °C
Tj Max. operating junction temperature 150 °C
DIN humidity category (DIN 40040) E
IEC climatic category (DIN IEC 68-1) 55/150/56
June 1988 1/3
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BUZ10

THERMAL DATA

Rinj - case Thermal resisiance junction-case max 1.78 °C/W
thj - amb 1hermal resistance junction-ambient max 75 °C/IW

ELECTRICAL CHARACTERISTICS (Tj=25°C unless otherwise specified)

Parameters Test Conditions Min. | Typ. [ Max. | Unit
OFF
Vigr) pss Drain-source Ip= 250 pA Vgs= 0 50 \
breakdown voltage
Ipss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | pA
lass Gate-body leakage Vgg= 20V +100] nA
current (Vpg=0)
ON
VGS (th) Gate threshold VDS= VGS |D= 1 mA 2.1 4 \")
voltage
Rps (o) Static drain-source Vgs= 10V Ip= 13 A 0.1 Q
on resistance
DYNAMIC
Os Forward Vps= 25V Ip= 13 A 8 mho
transconductance
Ciss Input capacitance 700 pF
Coss Output capacitance Vps= 25V f=1MHz 450 pF
Crss Reverse transfer Vgs= 0 180 pF
capacitance
SWITCHING
t4on  Turn-on time Vpp= 30V Ipb=3A 20 ns
t, Rise time Rgs= 50 @ Vgs= 10V 70 ns
tym  Turn-off delay time 110 ns
t Fall time 80 ns
23 3y SGS-THOMSON
Y7, e THONSON
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BUZ10

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T,= 25°C 20 A
lspm Source-drain current 20 A
(pulsed)
Vsp Forward on voltage lsp= 40 A Vgg= 0 1.5 \
ty Reverse recovery 150 ns
time
Q, Reverse recovered Isp= 20 A di/dt = 100A/us 1.0 uC
charge
87 - N 313
Y7, 255 THOMSON
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BUZ10A

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss
BUZ10A 50V

Rpson) I
0.12 Q 17 A

« HIGH SPEED SWITCHING
LOW Rps (on)

e EASY DRIVE FOR COST EFFECTIVE
APPLICATIONS.

INDUSTRIAL APPLICATIONS:
AUTOMOTIVE POWER ACTUATOR DRIVES
MOTOR CONTROLS

« DC-DC CONVERTERS T0-220
N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switching
times make this POWER MOS transistor ideal for INTERNAL SCHEMATIC 0
high speed switching circuits in applications such DIAGRAM
as power actuator driving, motor drives including
brushless motors, hydraulic actuators and many
other uses in automotive and automatic guided ve- G
hicle applications. It is also used in DC/DC conver-
ters and uninterruptible power supplies. .
ABSOLUTE MAXIMUM RATINGS
Vps Drain-source voltage (Vgg=0) 50 \
Vbar Drain-gate voltage (Rgg =20 KQ) 50 \
Vas Gate-source voltage +20 \
Ip Drain current (continuous) T,=30°C 17 A
Ipm Drain current (pulsed) 65 A
Piot Total dissipation at T, <25°C 75 w
Tetg Storage temperature —55 to 150 °C
T; Max. operating junction temperature 150 °C
DIN humidity category (DIN 40040) E
IEC climatic category (DIN IEC 68-1) 55/150/56

June 1988
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BUZ10A

THERMAL DATA

164

Rypj - case Thermal resistance junction-case max 1.67 °C/W
Rinj - amp Thermal resistance junction-ambient max 75 °C/W
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF

Visr) Dss Drain-source Ip=1mA Vgs= 0 50 \

breakdown voltage

Ipss Zero gate voltage Vpg= Max Rating 250 | pA

drain current (Vgg=0) | Vpg= Max Rating T;j= 125°C 1000 | pA
lgss Gate-body leakage Vgs=+20V +100| nA
current (Vpg=0)
ON

Vas@ny Gate threshold Vbs= Vas Ib= 1mA 2.1 4 \'

voltage

Rps (on) Static drain-source Vgs= 10V Ip= 10 A 012 | @

on resistance
DYNAMIC

Ofs Forward Vpg= 25V Ib= 10 A 3.0 mho

transconductance :

Ciss Input capacitance 2000 | pF
0sS Output capacitance Vps= 25V f=1MHz 800 | pF
rss Reverse transfer Vgs= 0 300 | pF

capacitance
SWITCHING

tyony  Turn-on time Vpp= 30V Ip=3.0A 45 ns

. Rise time Rgs= 50 © Vgs= 10V 90 | ns

tq oy  Turn-off delay time 170 | ns

t Fall time 140 | ns

214 (37 SGS-THOMSON
7. Seamiomeon




BUZ10A

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T,= 25°C 17 A
lspm Source-drain current 65 A
(pulsed)
Vsp Forward on voltage lsp= 34 A Vgs= 0 1.5 \
- Reverse recovery 150 ns
time
Q. Reverse recovered lsp= 17 A di/dt = 100A/us 1.0 uC
charge
Safe operating areas Thermal impedance Derating curve
IptA) R Gj" t5 Zihy- Prop (W) .
H- L (K/w) H - N
. i it i
. R B | N
[T [T] i 60
, Pa o 100 LL; ﬁz ot
/-\\ J D=0 | St 50
NN, N \ = il
10’ # = o0 L 40 —
<
¢ ™ N 73;: L]
¢ ANENELY e || i 30
. N 5 \ .
A3 LI Ecl S “FTD w
N A [ SINGLE PuLsE | [T T
ac.
100 | 0?2 Ll
0 ? T L “ vpstv 0 0% 107 107 0 50 100 Tease(°C)
Output characteristics Transfer characteristics Transconductance
A GC-0559 (GC-0553 ) GC-0560
1 12:\;/__./ Fvey | iptA) [ s
9V [ 10
16| 8V 20
11/ e =
2 / Tease=25°C " / L~ L
. sV 6
8 - 10 /
/ / ‘1 Vos=25V
4 S 2
AV Vps=25V
0 1 2 3 % VastV) 0 L 8 VgsV) 0 10 ZO 30 40 50 lplA)
3/4

74 SGS-THOMSON
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BUZ10A

Static drain-source on

resistance
GC-0529
Roston)
[fe¥]
0.25
0.20
0.15
Vgs=10V
.10
LA
005 I e | LT vﬁs‘:m\'/
0 10 20 30 40 50 Ip(A)
Capacitance variation
C-0535
teRr [
l‘ [[11
Tease=25°C
00 l\\ FiMHz
\) Vgs=0V.
500 i
400 G
|
[
300 \ ©
.
200 AN l
100 N = ctss
|

0 5 0 15 20 25 30 35 VpgiV)

Source-drain diode forward
characteristics

plA) = ‘5-1713 —
s F— —
= e
T
150°C
o' -
FaT
Wi
10° l
1
10"
0 10 20 Vop(V)
4/4

Maximum drain current

Gate charge vs gate-source

vs temperature voltage
5U~1711 GC-0613
IplA) VestV) ]
N 20
1p=25.5A
15 o
1%
Vps=10V | A
10 N 12 1
N Wl
N\ N A [ sov
N 8
5
\ Ay
0 50 100 50 Te °C) 0 b8’ 20 00

Gate threshold voltage
vs temperature

Drain-source on resistance
vs temperature

6U-1448/1

166

GC-0552/1 R
Vastrn) T 1 DSton)
{norm} {norm.)
12
P
1.5
1.0
08
Vps=V, 1.0
oA Vgs=T0V
Ip=10A
06,
L pd
04 05 |
50 0 50 00 150 T°0 -8 k00 A0 80 120 THCC
w MICROELECTRONICS



(—' SGS-THOMSON BUZ11
Y/, (ICROELECTRONICS BUZ11FI

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vpss Rps(on) Ip®
BUZ11 50V 0.04 Q 30 A
BUZ11FI 50V 0.04 Q 20 A

¢ HIGH SPEED SWITCHING

e VERY LOW ON-LOSSES

¢ |LOW DRIVE ENERGY FOR EASY DRIVE
¢ HIGH TRANSCONDUCTANCE/C,, RATIO

INDUSTRIAL APPLICATIONS:
¢ AUTOMATIVE POWER ACTUATORS

TO-220 ISOWATT 220

N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and very fast switch-
ing times make these POWER MOS transistors
ideal for high speed switching circuits in applica-
tions such as power actuator driving, motor drive INTERNAL SCHEMATIC o
including brushless motors, hydraulic actuators and DIAGRAM

many other uses in automotive applications. They
also find use in DC/DC converters and uninterrupt-
ible power supplies. G

ABSOLUTE MAXIMUM RATINGS

Vps Drain-source voltage (Vgg=0) 50

Vbar Drain-gate voltage (Rgg =20 KQ) 50

Vas Gate-source voltage +20

Iom Drain current (pulsed) T,=25°C 120

BUZ 11 BUZ11FI
Ip® Drain current (continuous) T,=30°C 30 20
Piot™ Total dissipation at T, <25°C 75 35
Tsig Storage temperature —55 to 150 °C
Max. operating junction temperature 150 °C
DIN humidity category (DIN 40040) E

IEC climatic category (DIN IEC 68-1) 55/150/56

<< <L

= >

" See note on ISOWATT 220 in this datasheet
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BUZ11 - BUZ11FI

THERMAL DATA*" TO-220 | ISOWATT 220
Rinj - case Thermal resistance junction-case max 1.67 | 3.57 °C/w
Ripj - amp Thermal resistance junction-ambient max 75 °C/W

ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)

Parameters Test Conditions Min. | Typ. [ Max. | Unit
OFF
Vier) pbss Drain-source Ip= 250 pA Vgs= 0 50 \
breakdown voltage
Ibss Zero gate voltage Vps = Max Rating 250 | wA
drain current (Vgg=0) | Vpg= Max Rating T,= 125°C 1000 | pA
lass Gate-body leakage Vgg= 20V +100| nA
current (Vpg=0)
ON
Vgs @ Gate threshold Vos= Ves Ip= 1 mA 2.1 4 \Y
voltage
Rps (ony Static drain-source Vgg= 10V Ip= 15 A 0.04| Q
on resistance
DYNAMIC
Ots Forward Vpg= 25 V Ip= 15 A 4 mho
transconductance
Ciss Input capacitance 2000 | pF
Coss Output capacitance Vpg= 25V f= 1 MHz ‘ 1100 | pF
Ciss Reverse transfer Vgs= 0 400 | pF
capacitance
SWITCHING
tyon  Turn-on time Vpp= 30V Ib=38A 45 ns
tr Rise time RGS= 50 Q VGS= 0V 110 ns
td (offy Turn-off delay time 230 [ ns
t Fall time ) 170 | ns

® See note on ISOWATT 220 in this datasheet

2/5 .
7. SR3THONGRY
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BUZ11 - BUZ11FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T,= 25°C 30 A
Ispm Source-drain current 120 | A
(pulsed)
Vsp Forward on voltage lsp= 60 A Vgs= 0 26 | V
ty Reverse recovery 200 ns
time
Q. Reverse recovered Isp= 30 A di/dt = 100A/us 0.25 uC
charge
Safe operating areas Thermal impedance Derating curve
(standard package) (standard package) (standard package)
In(A% E GC-0u34 (le";;f) Pyt (W) U-1390
‘ { 7 A\ t—
! ; 60
102 MR- bs,
= ™ yss! 10 50
— =R i
R K| N i 100ps| 0
0] N 107 0
f m%s i 20 \
< 10ms
2 100mse~- 10
oc
10°
W T g e T 0 50 100 Tease(°C)
Output characteristics Transfer characteristics Transconductance
GC-0669 GC-0666 GC-0667
ot Yoy / Ip{A) g1elS)
10‘/1‘— 7L 9V I
50 i
/ F8V| — 7V 1
/ / 15 05225V 5 e
40 I
I/ Tease=25°C ]
30 ;/ / = 0 ll 10 N
2 /A 1 Vos=15v [
|
o ey 5 1 5
34
0 1 2 3 4 S VosiV) 0 2 A 6 8 VgtV 0 5 10 B A
(N7 SGS-THOMSON 35
Y/, (ICROELECTRONICS




BUZ11 - BUZ11FI

Static drain-source on

resistance
GC-0698
Rosgon|
(m}
35
30
Vgs=10'
2 GS'
20
20
15 -
10
0 10 20 30 Lo 50 IplA)
Capacitance variation
E'pl‘l GC-0523
Tease=25°C
f=1MHz
Vgs=0V
3000 5
2000
\ N~ Giss
1000 Cos?
\\\
[
0 5 10 15 20 25 30 35 VylV)

Source-drain diode forward

characteristics

GC-0668

IsplA)
102
/
o Tj=150°C =" Ao Ty=25%C
77
I/
10° ! I
0.4 08 12 16 VplV)
4/5

Maximum drain current

Gate charge vs gate-source

vs temperature voltage
]D(A) GU-1393 VGS[V) GL-0621
A
~
\ 15
N
™ Vgs=10V
20 \\
] AN 10 / bl
] AN
10 \
|| 5
\ lp=45A
0 50 100 Tc (0 - 0 20 40 60 Qg(nC)
Gate threshold voltage Drain-source on resistance
vs temperature Vs temperature
GC-0556/1 GL-0873
Vst Rosion)
{norm) (norm) I
12 15
™~
10
o8 ™~ 1 c=10V
) Ves =
Vos=Ves Ip=15A
0.
fp=TmA \
0 05 l -
50 0 ) 0 TR0 100 -50 0 50 00 T 0
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BUZ11 - BUZ11FI

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal -conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T - T,
Rth

from this ip,, for the POWER MOS can be cal-
culated:

PD
IDmaxS R—_
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas

5C-0633 K

A

i
T T
T

2
T
1
1
0
t
T
L
0
0
I
g
v
]

i

10-‘ =0,

v raeB e reeRhu seae
7

i
10100 1

1072
107 107

7.

Thermal impedance

S\NGLE PLILSE "m.ll i

IIII!II\IIII

SGS-THOMSON
. MICROELECTROWICS

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, () is the sum of
each of these elements.

The transient thermal impedance, Zy, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zp < Ringc

2 - for an intermediate power pulse of 5ms to 50ms:
Zp= Rnic

3 - for long power pulses of the order of 500ms or
greater:

Zp= Rypyc + Rinchs + Rinvsamd

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1

Rtnsc Rinc-ts Rints-amb
— AAA—AAA—AAA—

Derating curve
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7
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Lyz S0S:THOMSON

BUZ11A

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE VDSS RDS(cm) ID
BUZ11A | 50V 0.06 @ 25 A

HIGH CURRENT

ULTRA FAST SWITCHING

VERY LOW ON-LOSSES

LOW DRIVE ENERGY FOR EASY DRIVE

INDUSTRIAL APPLICATIONS:
e AUTOMOTIVE POWER ACTUATORS
¢ MOTOR CONTROLS

N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switching
times make this POWER MOS transistor ideal for
high speed switching applications.

Typical uses include power actuator driving, mo-
tor drive including brushless motors, hydraulic ac-
tuators and many other uses in automotive
applications. It also finds use in DC/DC converters
and uninteruptible power supplies.

ABSOLUTE MAXIMUM RATINGS

TO-220

INTERNAL SCHEMATIC
DIAGRAM

Vps Drain-source voltage (Vgg=0) 50 \
Vbar Drain-gate voltage (Rgs=20 KQ) 50 \
Vas Gate-source voltage +20 \
Ip Drain current (continuous) T, =25°C 25 A
Ipm Drain current (pulsed) 100 A
Piot Total dissipation at T, <25°C 75 w
Teg Storage temperature —55to 150 °C
T Max. operating junction temperature 150 °C
DIN humidity category (DIN 40040) E
IEC climatic category (DIN IEC 68-1) 55/150/56
June 1988 1/4

173



BUZ11A

THERMAL DATA

Rinj - case Thermal resistance junction-case ] max 1.67 °C/W
Rinj - amp Thermal resistance junction-ambient max 75 °C/wW
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vigr) pss Drain-source Ip= 250 pA Vgs= 0 50 \Y
breakdown voltage
Ipss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating T;= 125°C 1000} pA
lgss Gate-body leakage Vgs= 20V +100| nA
current (Vpg=0)
ON
Vas gny Gate threshold Vps= Vas Ip=1mA 2.1 4 \'
voltage
Rps (ony Static drain-source Vgs= 10V Ipb= 15 A 006 | Q
on resistance
DYNAMIC
Oss Forward Vpg= 25V Ipb= 15 A 4.0 mho
transconductance
Cis; Input capacitance 2000 | pF
Coss Output capacitance Vps= 25V f= 1 MHz 1100 | pF
Cies Reverse transfer Vgs= 0 400 | pF .
capacitance
SWITCHING
tyon  Turn-on time Vpp= 30V Ipb=3A 45 ns
t, Rise time Rgg= 50 @ . Vgg= 10V 110 | ns
tqy o  Turn-off delay time 230 | ns
t Fall time 170 | ns
24 (yy SGS-THOMSON
Y7, S THOMoON
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BUZ11A

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current | T,= 25°C 25 A
Ispm Source-drain current 100 | A
(pulsed)
Vsp Forward on voltage Isp= 50 A Vgg= 0 2.4 \
- Reverse recovery 200 ns
time
Q, Reverse recovered lsp= 25 A di/dt = 100A/us 0.25 uC
charge
Safe operating areas Thermal impedance Derating curve
ID(A“ 1647 Zins-c - €-17%/1 o) GU- 1390
: =i fot }
. m 70
! 17 1] 60
“, ol e ”
‘ £S : =
\ N s i “ N
N7 N o0
10 N J ‘Ing o | A 30
: SSSEEE Ao ” 3
, (~-tons ] fﬁw o
100 bl w02 I .
w * EEEEPTIE e 0 10 oy 0 50 100 Tease (°C0)
Output characteristics Transfer characteristics Transconductance
GC-0715 GC-0710 GL-0712
Ip(A) l | Al 9s(S)
Vgs=20V 10
50 ! 1%
/ " Vpg=25V
40 8v
V! 15 2
w1/ / ]
/ / et w 0 / 8
1
20 /i
/ o /
1 5 R
K sV / / Vgg=25V
; LY l
0 1 2 3 4 5 Vgs(V) 1] 2 4 6 8 VsV 0 5 10 5 20 IplA)
(37 SGS-THOMSON 34
Y/, HIGROELEGTRONIGS
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BUZ11A

Static drain-source on

resistance
GC-0713
Rosgon)
)
0.10
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Vgs=10V
0.06 ke
0.04 ===
LT 20V|
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Capacitance variation
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mu‘ \
\ I Gss
800 \ \
Coss
|
AN M~
400 ]
|
.
0 0 20 30 40 VpstV)

Source-drain diode forward
characteristics
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Maximum drain current
vs temperature
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Gate charge vs gate-source
voltage
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BUZ11S2
BUZ11S2FlI

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTORS

TYPE Vpss Rps(on) "
BUZ11S2 60 V 0.04 @ 30 A
BUZ11S2FI 60 V 0.04 20 A

 VERY LOW ON-LOSSES
 LOW DRIVE ENERGY FOR EASY DRIVE
¢ HIGH TRANSCONDUCTANCE/C,s, RATIO

INDUSTRIAL APPLICATIONS:
s AUTOMATIVE POWER ACTUATORS

N - channel enhancement mode POWER MOS field

effect transistors. Easy drive and very fast switch- TO-220 ISOWATT 220
ing times make these POWER MOS transistors
ideal for high speed switching circuits in applica-
tions such as power actuator driving, motor drive
including brushless motors, hydraulic actuators and INTERNAL SCHEMATIC 0
many other uses in automotive applications. They DIAGRAM
also find use in DC/DC converters and uninterrupt-
ible power supplies.
G
s
ABSOLUTE MAXIMUM RATINGS
Vps Drain-source voltage (Vgg=0) 60 \
Vbar Drain-gate voltage (Rgg =20 KQ) 60 \
Ves Gate-source voltage +20 \
Iom Drain current (pulsed) T,=25°C 120 A
BUZ11S2 BUZ11S2FI
Ip™ Drain current (continuous) T,=30°C 30 20 A
Piot™ Total dissipation at T, <25°C 75 35 w
Tstg Storage temperature —55 to 150 °C
T Max. operating junction temperature 150 °C
DIN humidity category (DIN 40040) E
IEC climatic category (DIN IEC 68-1) 55/150/56

" See note on ISOWATT 220 in this datasheet

June 1988
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BUZ11S2 - BUZ11S2FI

THERMAL DATA*™ TO-220 | ISOWATT220
Rinj - case Thermal resistance junction-case max 1.67 | 3.57 °C/W
Rihj - amp Thermal resistance junction-ambient max 75 °C/IW

ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)

Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Visr) pss Drain-source Ip= 250 pA Vgs= 0 60 \
breakdown voltage
Ibss Zero gate voltage Vps= Max Rating 250 | wA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | pA
lgss Gate-body leakage Vgg= 20V +100| nA
current (Vpg=0)
ON
Vas ny Gate threshold Vps= Vgas Ip=1mA 21 4 \
voltage
Rps (ony Static drain-source Vgs= 10V Ip= 15 A 004 | Q
on resistance
DYNAMIC
Ois Forward Vps= 25V Ip=15A 4 mho
transconductance
Ciss Input capacitance 2000 | pF
Coss Output capacitance Vpg= 25V f=1MHz 1100 | pF
Crss Reverse transfer Vgs= 0 400 | pF
capacitance
SWITCHING
tyon  Turn-on time: Vpp= 30V Ipb=3A 45 | ns
t, Rise time Rgs= 50 Q@ Vgs= 10V 110 | ns
tyom  Turn-off delay time 230 | ns
t Fall time 170 | ns

™ See note on ISOWATT 220 in this datasheet

2/5 ‘ﬂ SGS-THOMSON
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BUZ11S2 - BUZ11S2FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T,= 25°C 30 | A
Ispm Source-drain current 120 | A
(pulsed)
Vsb Forward on voltage Isp= 60 A Vgs= 0 26 | V
t, Reverse recovery 200 ns
time
Q, Reverse recovered Isp= 30 A di/dt = 100A/us 0.25 wC
charge
Safe operating areas Thermal impedance Derating curve
(standard package) (standard package) (standard package)
|n(A) GC-0672 Z'hJ ¢ - - Py (W) 6U-1390
[ » tot
. = ° AN
. 0
: 60
102 R == .5 100
: =5 50
. X £ T
3 I 40
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o \‘\\\ L ~d 100}15: - =“ 30
¢ ms H : 20
. = . N
: \\toﬂms N
10° oc) | 162
00 2 EEERT) E CEVetv) 0° 10 107 1072 107 100 9 50 100 Tease (°0)
tpis)
Output characteristics Transfer characteristics Transconductance
GC-0669 N GC-0666 GC-0667 i
Ip{A) Vus=2°VI plA) g5s1S)
W Aoy {
* / / f~—r8V| v f
11/ =t = s Vos=25V I 5 —
40 1
11/ Tease=25°C /
oY 10 / )
/ 6V [
20 / ] Vgs=25V
I
S
10 v / ’
1 v 7/
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BUZ11S2 - BUZ11S2FI

Static drain-source on
resistance
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Capacitance variation
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characteristics
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vs temperature
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BUZ11S2 - BUZ11S2FI

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better the
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

R

from this lpnax for the POWER MOS can be cal-
culated:

Pp
Ipmax< R
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, ) is the sum of
each of these elements.

The transient thermal impedance, Z, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zn< Rinyc

2 - for an intermediate power pulse of 5ms to 50ms:
Zh= Rpyc

3 - for long power pulses of the order of 500ms or
greater:

Zy= Ripyc + Binchs + RinHsamb

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1

Rins-c Rinc-ts Rihms-amb
— AAMA—AAA—AAN—

Derating curve

Wil — Prog(W) C-0415
B t
jan
2 1 50
10? L ==y 25ps|
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— P 40
2 T H I
2 < =1 S 100s]
10!, 30
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N T
A 20
® 100ms|
H oL 0 S2s2 10 ™
N —T 17
X -
107 [ 11 | 102 0
w D ) 10 e 10 W0 tols) 0 25 50 75 100 125 Tegsl°C)
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Lyz S0S-THOMSON

BUZ20

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vbss Rbs(on) lp
BUZ20 100 V 0.2Q 12 A

e 100 VOLTS - FOR UPS APPLICATIONS
¢ ULTRA FAST SWITCHING

« RATED FOR UNCLAMPED INDUCTIVE
SWITCHING (ENERGY TEST) ¢

e EASY DRIVE - FOR REDUCED AND COST

INDUSTRIAL APPLICATIONS:
¢ UNINTERRUPTIBLE POWER SUPPLIES

+ MOTOR CONTROLS TO-220
N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switch-
ing times make this POWER MOS transistor ideal INTERNAL SCHEMATIC o
for high speed switching applications. DIAGRAM
Typical applications include UPS, battery charg-
ers, printer hammer drivers, solenoid drivers and
motor control. G
S

ABSOLUTE MAXIMUM RATINGS
Vps Drain-source voltage (Vgg=0) 100 \
Vber Drain-gate voltage (Rgg =20 KQ) 100 \
Vas Gate-source voltage +20 \"
Ip Drain current (continuous) T,=25°C 12 A
Iom Drain current (pulsed) 48 A
Piot Total dissipation at T, <25°C 75 w
Tetg Storage temperature —55 to 150 °C
T Max. operating junction temperature 150 °C

DIN humidity category (DIN 40040) E

IEC climatic category (DIN IEC 68-1) 55/150/56

¢ Introduced in 1988 week 44

June 1988

1/4
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BUZ20

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.67 °C/wW
thj - amp 1hermal resistance junction-ambient max 75 °C/W
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
\/(BR) DSS Drain-source |D= 250 [LA VGS= 0 100 \'
breakdown voltage
Ibss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating T;= 125°C 1000 | wA
lgss Gate-body leakage Vgs=+20V +100( nA
current (Vpg=0)
ON
Vas @y Gate threshold Vps= Vas Ib=1mA 21 4 \
voltage
Robs (on) Static drain-source Vgg= 10V Ipb=6A 0.2 Q
on resistance
ENERGY TEST
luis Unclamped inductive | Vpp= 30 V L = 100 xH 12 A
switching current starting T;= 25°C
(single pulse)
DYNAMIC
Ois Forward Vps= 25V Ib=6A 2.7 mho
transconductance
Ciss Input capacitance 2000 | pF
Coss  Output capacitance Vpg= 25V f= 1 MHz 500 | pF
Ciss Reverse transfer Vgs= 0 140 | pF
capacitance
SWITCHING
tyn  Turn-on time Vpp= 30V Ipb=29A 45 ns
t, Rise time Rgs= 50 Q Vgs= 10V 75 | ns
tyory  Turn-off delay time : 140 | ns
t Fall time 80 | ns
2/4 GS-
&7, 55 THONERN
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BUZ20

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current | T,= 25°C 12 A
lspm Source-drain current 48 A
(pulsed)
Vsp Forward on voltage lsp= 24 A Vgs= 0 1.8 \
t, Reverse recovery 200 ns
time
Q, Reverse recovered lsp= 12 A di/dt = 100A/us 1.6 uC
charge
Safe operating areas Thermal impedance Derating curve
ID{AS = ! i s [Zy}int Protl N
N
‘ i o " N
LS o -
10: A 100us 100 50 -
. =
“ AN N
N 1ms &0
2 \\
1 Nl * ]
: 20 N
10
.
102 N
L e v T 0 50 100 Tease(’0)
10 0 10 Vps (V)
Output characteristics Transfer characteristics Transconductance
!D[A) GC-0646 'D(A' GC-0643 g S(S) GL-0651
BN 84D == ' T, ST ]
Vgs=20V | ‘ 0
10v--44 Tease=25°C
Vgs=25V
20 / 8
/, L EAd 0
17/ // 6
N 6V / | Vos=25V
10 / 5 3
SV / z
1 4
LV
0 2 4 6 VpsiV) 0 2 3 6 8 VgslV) 0 3 8 2 1 20 plA)
(N7 SGS-THOMSON 8/4
/. 3cROELECTRONICS
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BUZ20

Static drain-source on

resistance
GC-0652
Ropston)
(€}
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|t 20V
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0.04 1
0 10 20 30 40 50 hlA)
Capacitance variation
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Source-drain diode forward
characteristics
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Maximum drain current
vs temperature
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Gate charge vs gate-source
voltage

GC-0622

VestV)

V=20V

=3

/ B=18A

0 20 40 60 QginC)

Drain-source on resistance
vs temperature

6C-0877

Vesitn Rpglon)
{norm) {norm)
p
15 Y
11 —Vas=VYes [T
p=imA [T d
10 1.0
P
=
b=6A T
09 s Ves=10V [T
08
0
-50 0 S0 100 T, (°C} -50 0 50 100 Ty Q)

186

‘ SGS-THOMSON
V7. MICROELECTROMIGS



KYIW msmg(;@%é&l@gvn@g@?w?@% BUZ21

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTOR

TYPE Vopss Rps(on) Ip
BUZ21 100 V 0.1Q 19 A

¢ 100 VOLTS - FOR DC/DC CONVERTERS
¢ HIGH CURRENT

e RATED FOR UNCLAMPED INDUCTIVE
SWITCHING (ENERGY TEST) ¢

e ULTRA FAST SWITCHING
e EASY DRIVE -FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:

« UNINTERRUPTABLE POWER SUPPLIES T0-220

¢ MOTOR CONTROLS

N - channel enhancement mode POWER MOS field

effect transistor. Easy drive and very fast switch- INTERNAL SCHEMATIC 8

ing times make this POWER MOS transistor ideal DIAGRAM

for high speed switching applications.

Typical applications include DC/DC converters,

UPS, battery chargers, secondary regulators ser- Y

vo control, audio power amplifiers and robotics.

S

ABSOLUTE MAXIMUM RATINGS

Vps Drain-source voltage (Vgg=0) 100 \

Vbar Drain-gate voltage (Rgg =20 KQ) 100 \

Ves Gate-source voltage +20 \'%

Ip Drain current (continuous) T,=30°C 19 A

Iom Drain current (pulsed) 75 A

Piot Total dissipation at T, <25°C 75 W

Tstg Storage temperature -551t0 150 °C
T Max. operating junction temperature . 150 °C

DIN humidity category (DIN 40040) E
IEC climatic category (DIN IEC 68-1) 55/150/56
¢ Introduced in 1988 week 44
June 1988 1/4
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BUZ21

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.67 °C/IW
Ripj - amp Thermal resistance junction-ambient max 75 °C/W
ELECTRICAL CHARACTERISTICS (T j=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 pA Vgs= 0 100 \'%
breakdown voltage
Ibss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | xA
lgss Gate-body leakage Vgs=+20V +100| nA
current (Vpg=0)
ON
Ves @y Gate threshold Vps= Vas Ipb=1mA 21 4 \
voltage
Rps (on) Static drain-source Vgs= 10V Ib=9A 0.1 Q
on resistance
ENERGY TEST
luis Unclamped inductive | Vpp= 30V L = 100 xH 19 A
switching current starting T;= 25°C
(single pulse)
DYNAMIC
Ots Forward Vps= 25V b= 9A 4.0 mho
transconductance
Ciss Input capacitance 2000 | pF
08 Output capacitance Vps= 25V f=1MHz 700 | pF
rss Reverse transfer Vgg= 0 240 | pF
capacitance
SWITCHING
tyn)  Turn-on time Vpp= 30 V Ib=3A 45 | ns
t, Rise time Rgs= 50 Q Vgg= 10V 75 ns
tyoy  Turn-off delay time 220 | ns
t; Fall time 110 | ns
2/4 (37 SGS-THOMSON
V7. inicroE ECTRONICS
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BUZ21

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. { Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T.= 25°C 19 A
lspy . Source-drain current 75 A
(pulsed)
Vsp Forward on voltage lgp= 38 A Vgg= 0 21 \
t, Reverse recovery 200 ns
time
Q, Reverse recovered lsp= 19 A di/dt = 100A/us 0.25 uC
charge
Safe operating areas Thermal impedance Derating curve
IpiA) Gy-1 Zi-C 6U-1390
’ FE—~ o At Prot(W) ]
1 i TN
: 5 N L1 |
N Ry t 60 1
101 N 100ps| 100 =g .
. ~ D=0." 50 N
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‘ N ms % 40 -
N LLd
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: H 1
: = oo HHHE ot 2 -
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10 o - 3 7 1
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D TR 10 10 10 10 10 0 50 100 Tease (*0)
Output characteristics Transfer characteristics Transconductance
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on——/-/ Tease=25°C 20 l 12
2 / P . Vos=25V /
7
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BUZ21

Static drain-source on

Maximum drain current

Gate charge vs gate-source

resistance vs temperature voltage
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Gate threshold voltage
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Lyz S04S;THOMSON

BUZ25

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Ropson) I
BUZ25 100 vV 0.1Q 19 A

¢ 100 VOLTS - FOR DC/DC CONVERTERS
e HIGH CURRENT

e RATED FOR UNCLAMPED INDUCTIVE
SWITCHING (ENERGY TEST) ¢

¢ ULTRA FAST SWITCHING

e EASY DRIVE - FOR REDUCED COST AND
SIZE

INDUSTRIAL APPLICATIONS: T0-3
e UNINTERRUPTIBLE POWER SUPPLIES
e MOTOR CONTROLS
N - channel enhancement mode POWER MOS field INTERNAL SCHEMATIC 0
effect transistor. Easy drive and very fast switch- DIAGRAM
ing times make this POWER MOS transistor ideal
for high speed switching applications.
Typical applications include DC/DC converters, G
UPS, battery chargers, secondary regulators, ser-
vo control, power audio amplifiers and robotics. O
ABSOLUTE MAXIMUM RATINGS
Vps Drain-source voltage (Vgg=0) 100 \
Vber Drain-gate voltage (Rgg =20 KQ) 100 \
Vas Gate-source voltage +20 \
Ip Drain current (continuous) T,=35°C 19 A
lom Drain current (pulsed) 75 A
Piot Total dissipation at T, <25°C 78 w
Taig Storage temperature —~55 to 150 °C
T; ‘ Max. operating junction temperature 150 °C
DIN humidity category (DIN 40040) C
IEC climatic category (DIN IEC 68-1) 55/150/56

¢ Introduced in 1988 week 44

June 1988

1/4
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BUZ25

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.6 °C/W
Rinj - amp Thermal resistance junction-ambient max 35 °C/W
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
\/(BR) DSS Drain-source |D= 250 [LA VGS= 0 100 \
breakdown voltage
Ipss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgs=0) | Vpg= Max Rating Tj= 125°C 1000 | pA
lass Gate-body leakage Vgsg=+20V +100( nA
current (Vpg=0) '
ON
Vesany Gate threshold Vbos= Vas Ip=1mA 21 4 \
- voltage
Rps (on) Static drain-source Vgg= 10V Ib=9A 0.1 Q
on resistance
ENERGY TEST
luis Unclamped inductive | Vpp= 30 V L = 100 xH 19 A
switching current starting T;= 25°C
(single pulse)
DYNAMIC
Ot Forward Vps= 25 V b= 9 A 4.0 mho
transconductance
Ciss Input capacitance 2000 | pF
Coss Output capacitance Vps= 25V f= 1 MHz 700 | pF
Crss Reverse transfer Vgs= 0 240 | pF
capacitance
SWITCHING
t4n  Turn-on time Vpp= 30 V Ip=3A 45 | ns
t, Rise time Rgs= 50 Q Vgs= 10V 75 | ns
taom  Turn-off delay time - 220 | ns
& Fall time 110 | ns
2/4 -THOMSO
&y7, 255, THOMSON
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BUZ25

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. [ Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T,= 25°C 19 A
spm Source-drain current 75 A
(pulsed)
Vsp Forward on voltage lsp= 38 A Vgs= 0 2.1 \
ey Reverse recovery 200 ns
time
Q. Reverse recovered Isp= 19 A di/dt = 100A/us 0.25 uC
charge .
Safe operating areas Thermal impedance Derating curve
IuiA:) =53 - - SU-1 (Zg;dl_c GU-1661/1 Puog 40 GU-1622
e S e —_
> | W0ps
N oS \ N —
60
» NS [T o LU LI [
. w0 N
10 L
. 7 -0 20
‘ ULSH
, LTI N
e LI
00 7 Sttt ¢ ez ¢ VE] c(vu) 1078 107% 102 101 'sto)ﬂ 0 50 100 Tease(°C)
Output characteristics Transfer characteristics Transconductance
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/ T /
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. |~ Vps:25V
10 /] o~ 5 / &
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Lv L/ |
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BUZ25

Static drain-source on

Maximum drain current

Gate charge vs gate-source

resistance vs temperature voltage
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BUZ32

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rps(on) Ip
BUZ32 200 V 04Q 95 A

® 200 VOLTS FOR TELECOMS APPLICATIONS

¢ HIGH CURRENT - FOR PULSED LASER
DRIVES

e RATED FOR UNCLAMPED INDUCTIVE
SWITCHING (ENERGY TEST) ¢

e ULTRA FAST SWITCHING

e EASY DRIVE - FOR REDUCED COST AND
SIZE

TO-220
INDUSTRIAL APPLICATIONS:
e SWITCHING MODE POWER SUPPLIES
¢ MOTOR CONTROLS FOR ROBOTICS
INTERNAL SCHEMATIC 0
N - channel enhancement mode POWER MOS field DIAGRAM
effect transistor. Easy drive and very fast switch-
ing times make this POWER MOS transistor ideal
for high speed switching applications. G
Typical uses include robotcs, laser diode drives,
UPS, SMPS, DC/DC, DC switch for telecomms and
electric vehicle drives. S
ABSOLUTE MAXIMUM RATINGS
Vbs Drain-source voltage (Vgg=0) 200 \
Vbar Drain-gate voltage (Rgs =20 KQ) 200 \
Vas Gate-source voltage +20 \
Ip Drain current (continuous) T,=25°C 9.5 A
Ibm Drain current (pulsed) 38 A
Piot Total dissipation at T, <25°C 75 W
Tstg Storage temperature —-55 to 150 °C
T Max. operating junction temperature 150 °C
DIN humidity category (DIN 40040) E
IEC climatic category (DIN IEC 68-1) 55/150/56

¢ Introduced in 1989 week 1

June 1988
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BUZ32

THERMAL DATA

Ripj - case Thermal resistance junction-case max 1.67 °C/W
Rinj - amp Thermal resistance junction-ambient max 75 °C/Iw
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vigr) oss Drain-source Ip= 250 uA Vgs= 0 200 \
breakdown voltage
Ipss Zero gate voltage Vpg= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | A
lgss Gate-body leakage Vgg=+20V +100| nA
current (Vpg=0)
ON
Vasan) Gate threshold Vps= Vas Ip=1mA 21 4 v
voltage
Rps on) Static drain-source Vgs= 10V Ipb=45A 04 | Q
on resistance
ENERGY TEST
luis Unclamped inductive | Vpp= 30V L = 100 pxH 9.5 A
switching current starting T;= 25°C
(single pulse)
DYNAMIC
s Forward Vpg= 25V Ip= 45A 22 mho
transconductance
Ciss Input capacitance : 2000 | pF
Coss Output capacitance Vps= 25V = 1MHz 400 | pF
rss Reverse transfer Vgs= 0 120 | pF
capacitance
SWITCHING
tyon  Turn-on time Vpp= 30V Ipb=29A 45 ns
t, Rise time Rgs= 50 @ Vgs= 10V 60 ns
t4 o  Turn-off delay time 140 | ns
t Fall time 80 ns
2/4 o
ﬁ SGS-THOMSON
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BUZ32

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE

lsp Source-drain current | T,= 25°C 95 | A

lspm Source-drain current 38 A
(pulsed)

Vsp Forward on voltage lsp= 19 A Vgs= 0 17 | V

t Reverse recovery 400 ns
time

Qy Reverse recovered lsp= 9.5 A di/dt = 100A/us 6 uC
charge

Safe operating areas

Thermal impedance

Derating curve
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BUZ32

Static drain-source on

Maximum drain current

Gate charge vs gate-source

resistance vs temperature voltage
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Lyz SUS-THOMSON

BUZ41A

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rbs(on) b
BUZ41A 500 V 150 45 A

e HIGH VOLTAGE - FOR OFF-LINE SMPS

* ULTRA FAST SWITCHING FOR OPERATION
AT <100KHz

e EASY DRIVE - FOR REDUCED COST AND
COST

INDUSTRIAL APPLICATIONS:
* SWITCHING POWER SUPPLIES
e MOTOR CONTROLS

N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switch-
ing times make this POWER MOS transistor ideal
for high speed switching applications.

Typical applications include switching power sup-
plies and motor speed control.

ABSOLUTE MAXIMUM RATINGS

INTERNAL SCHEMATIC
DIAGRAM

Vbs Drain-source voltage (Vgs="0)

Vbar Drain-gate voltage (Rgg =20 KQ)
Vas Gate-source voltage

o Drain current (continuous) T,=35°C
Iom Drain current (pulsed)

Piot Total dissipation at T, <25°C

Tetg Storage temperature

T; Max. operating junction temperature

DIN humidity category (DIN 40040)
IEC climatic category (DIN IEC 68-1)

500
500
+20
45
18
75
—55 to 150
150
E
55/150/56

OZ>»>r << <

°C

June 1988

1/4

199



BUZ41A

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.67 °C/W
Rinj - amp Thermal resistance junction-ambient max 75 °C/W
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vism) pss Drain-source Ip= 250 A Vgs= 0 500 \
breakdown voltage
Ibss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | pA
lass Gate-body leakage Vgg=+20 V +100{ nA
current (Vpg=0)
ON
Vas ) Gate threshold Vps= Vgs b= 1mA 21 4 \
voltage
Rpbs (on) Static drain-source Vgs= 10V Ipb=25A 1.5 Q
on resistance
DYNAMIC
Ois Forward Vps= 25V Ipb=25A 1.5 mho
transconductance
Ciss Input capacitance 2000 | pF
0ss Output capacitance Vpg= 25V f= 1 MHz 170 | pF
rss Reverse transfer Vgs= 0 70 | pF
capacitance
SWITCHING
tdn  Turn-on time Vpp= 30 V Ib=26A 45 ns
r Rise time RGS= 50 Q VGS= 10V 60 ns
taom  Turn-off delay time 140 | ns
t Fall time 65 ns
2/4 (37 SGS-
/. %ﬂ@gltég?'ﬁ‘@@s@"@

200




BUZ41A

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T.= 25°C 45 | A
lspm Source-drain current 18 A
(pulsed)
Vsp Forward on voltage Isp= 9 A Vgs= 0 1.5 \Y
ty Reverve recovery 1200 ns
time
Q, Reverse recovered lgp= 45 A di/dt = 100A/us nwC
charge
Safe operating areas Thermal impedance Derating curve
Ipta) Tot 1o - L1671 GU-1390
: o Eaiiiaa Pratt? C I 1
. i 70 N
E i ] 60
‘ et IBE AN |
L | w0 |
? o] 'T i
100 10-1 '3"‘ EJ Pp N 30 1
: N A Juy 20 5 I
‘ INGLE_PULSE T . L— 0 44 __\
. 102 i
K 110" : st w0 0 50 100 Tease°C)
Output characteristics Transfer characteristics Transconductance
GC-0563 (GC-0565 s) GC-0562
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{1% " - ’
. / . Vps=25 L . /
45 3 I 3 /
} f Vps=25Y]
! 4
LoV 1 1
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y/ | |
0 2 A 6 8 VasiV) 0 2 3 6 8 VgstV) 0 1 3 L IplA)
(N7 SGS-THOMSON 9/4
V7. ICRoELECTRONICS
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BUZ41A

Static drain-source on

resistance
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BUZ42

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rps(on) Ip

BUZ42 500 V 2Q 4 A

* HIGH VOLTAGE - FOR OFF-LINE SMPS

* ULTRA FAST SWITCHING FOR OPERATION
AT <100KHz

o EASY DRIVE - FOR REDUCED COST AND
SIZE

INDUSTRIAL APPLICATIONS:
* SWITCHING POWER SUPPLIES

* MOTOR CONTROLS TO-220
N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switch-
ing times make this POWER MOS transistor ideal INTERNAL SCHEMATIC 0
for-high speed switching applications. DIAGRAM
Typical applications include switching power sup-
plies and motor speed control.
G
S
ABSOLUTE MAXIMUM RATINGS
Vs Drain-source voltage (Vgg=0) 500 \'
Vbgr Drain-gate voltage (Rgg =20 KQ) 500 \
Vas Gate-source voltage +20 Vv
Ip Drain current (continuous) T, =30°C 4 A
lom Drain current (pulsed) 16 A
Piot Total dissipation at T, <25°C 75 W
Tsig Storage temperature —55 to 150 °C
T Max. operating junction temperature 150 °C
DIN humidity category (DIN 40040) E
IEC climatic category (DIN |IEC 68-1) 55/150/56

June 1988
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BUZ42

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.67 °C/w
Rinj - amp Thermal resistance junction-ambient max 75 °C/W
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vigm) pss Drain-source Ip= 250 pA Vgg= 0 500 \
breakdown voltage
Ibss Zero gate voltage Vpg = Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | uA
lass Gate-body leakage Vgs=+20V +100( nA
current (Vpg=0)
ON
VGS (th) Gate threshold VDS = VGS |D= 1 mA 2.1 4 \'
voltage
Rps (on) Static drain-source Vgg= 10V Ib=25A 2 Q
on resistance
DYNAMIC
Ois Forward Vpg= 25V Ip=25A 1.5 mho
transconductance
Ciss Input capacitance 2000 | pF
Coss Output capacitance Vpg= 25V f= 1 MHz 170 | pF
rss Reverse transfer Vgs= 0 70 | pF
capacitance
SWITCHING
tyony  Turn-on time Vpp= 30 V Ip=25A 45 | ns
t, . Rise time Rgs= 50 Q Vgs= 10V 60 ns
tyo  Turn-off delay time 140 | ns
o Fall time 65 ns
2/4 (N7 SGS-THOMSON
ST R
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BUZ42

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current | T,= 25°C 4 A
Ispm Source-drain current 16 A
(pulsed)
Vsp Forward on voltage lsp= 8 A Vgs= 0 15 V
te Reverse recovery 1200 ns
time
Q, Reverse recovered Isp= 4 A di/dt = 100A/us 6 uC
charge
Safe operating areas Thermal impedance Derating curve
ID‘A_) Seei—te Iiu—mue Z'hJ—E 1716/ | { 6U-1390
; A ————iA1 \ L -
‘ 8 I A N
. J‘ { N
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Output characteristics Transfer characteristics Transconductance
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BUZ42

Static drain-source on

resistance
GC-0483
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BUZ45

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Voss Rps(on) b

BUZ45 500 V 0.6Q 9.6 A

e HIGH VOLTAGE - FOR OFF-LINE SMPS

e ULTRA FAST SWITCHING FOR OPERATION
AT <100KHz

e EASY DRIVE - FOR REDUCED COST AND
SIZE

INDUSTRIAL APPLICATIONS:
e SWITCH MODE POWER SUPPLIES

» MOTOR CONTROLS TO-3
N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switch-
ing times make this POWER MOS transistor ideal INTERNAL SCHEMATIC 0
for high speed switching applications. DIAGRAM
Typical applications include switching power sup-
plies and motor speed control.
G
s
ABSOLUTE MAXIMUM RATINGS
Vbs Drain-source voltage (Vgg=0) - 500 \
Vber Drain-gate voltage (Rgg =20 KQ) 500 \'%
Vas Gate-source voltage +20 \
Ip Drain current (continuous) T, =25°C 9.6 A
lom Drain current (pulsed) 38 A
Piot Total dissipation at T, <25°C 125 w
Tetg Storage temperature —55 to 150 °C
T,- Max. operating junction temperature 150 °C
DIN humidity category (DIN 40040) C
IEC climatic category (DIN IEC 68-1) 55/150/56

June 1988
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BUZ45

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.0 °Cw
Rinj - amp Thermal resistance junction-ambient max 35 °CIwW
ELECTRICAL CHARACTERISTICS (T j=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Viary pss Drain-source Ip= 250 pA Vgg= 0 500 \
breakdown voitage
Ibss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) [ Vpg= Max Rating Tj= 125°C 1000 | pA
lgss Gate-body leakage Vgs= 20V +100| nA
current (Vpg=0)
ON
VGS (th) Gate threshold VDS= VGS |D= 1 mA 2.1 4 \
voltage
Robs (on) Static drain-source Vgs= 10V Ib=5A 06 | Q
on resistance
DYNAMIC
Ots Forward Vps= 25V Ipb=5A 2.7 mho
transconductance
Ciss Input capacitance 4900 | pF
0ss Output capacitance Vps= 25V f=1MHz 400 | pF
rss Reverse transfer Vgs= 0 170 | pF
capacitance
SWITCHING
tyny  Turn-on time Vpp= 30V Ip=28A 75 ns
r Rise time RGS= 50 Q VGS= 10V 120 ns
ta@fy  Turn-off delay time 430 | ns
t Fall time 140 | ns
2/4
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BUZ45

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T,= 25°C 96 | A
Ispm Source-drain current 38 A
(pulsed)
Vsp Forward on voltage Isp= 19.2 A Vgs= 0 1.7 \
t, Reverse recovery 1200 ns
time
Q, Reverse recovered lsp= 9.6 A di/dt = 100A/us 12 uC
charge
Safe operating areas Thermal impedance Derating curve
Ioa) EE e —rrr ZthJ-C PpotW) G
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BUZ45

Static drain-source on Maximum drain current
resistance vs temperature
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Lyz SCS-THOMSON

BUZ45A

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rps(on) Ip
BUZ45A | 500V 0.8 Q 8.3 A

HIGH VOLTAGE - FOR OFF-LINE SMPS

e ULTRA FAST SWITCHING FOR OPERATION
AT < 100KHz

e EASY DRIVE - FOR REDUCED COST AND
SIZE

INDUSTRIAL APPLICATIONS:
SWITCH MODE POWER SUPPLIES

¢ MOTOR CONTROLS TO-3
N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switch-
ing times make this POWER MOS transistor ideal INTERNAL SCHEMATIC D
for high speed switching applications. DIAGRAM
Typical applications include switching power sup-
plies, uninterruptable power supplies and motor
speed control. 3
S

ABSOLUTE MAXIMUM RATINGS
Vbs Drain-source voltage (Vgg=0) 500 \
Vbar Drain-gate voltage (Rgg =20 KQ) 500 \
Vas Gate-source voltage +20 \'
b Drain current (continuous) T, =25°C 8.3 A
Ibm Drain current (pulsed) 33 A
Piot Total dissipation at T, <25°C 125 W
Tetg Storage temperature —-55 to 150 °C
T; Max. operating junction temperature 150 °C

DIN humidity category (DIN 40040) C

IEC climatic category (DIN IEC 68-1) 55/150/56
June 1988 1/4
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BUZ45A

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.0 °C/IW
Rynj - amp Thermal resistance junction-ambient max 35 °C/w
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. [ Max. | Unit
OFF
Visr) pss Drain-source Ip= 250 xA Vgs= 0 500 v
breakdown voltage
Ipss Zero gate voltage Vpg= Max Rating . 250 | pA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | pA
lgss Gate-body leakage Vgs=+20V +100| nA
current (Vpg=0)
ON
Ves @) Gate threshold Vps= Vas Ip=1mA 2.1 4 \'%
voltage
Rps (on) Static drain-source Vgg= 10V Ipb=5A 0.8 Q
on resistance
DYNAMIC
Ofs Forward Vps= 25V Ib=5A 2.7 mho
transconductance
Ciss Input capacitance 4900 | pF
Coss Output capacitance Vps= 25V f=1MHz 400 | pF
Crss Reverse transfer Vgs= 0 170 | pF
capacitance
SWITCHING
tyny  Turn-on time Vpp= 30V ° Ib=28A 75 ns
t, Rise time Rgs= 50 @ Vgs= 10V 120 | ns
tyofy  Turn-off delay time 430 | ns
t Fall time 140 | ns
2/4
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BUZ45A

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T,= 25°C 83 | A
Ispm Source-drain current 33 A
(pulsed)
Vsp Forward on voltage Isp= 16.6 A Vgs= 0 16 | V
t, Reverse recovery 1200 ns
time
Q,, Reverse recovered Isp= 8.3 A di/dt = 100A/us 12 rwC
charge
Safe operating areas Thermal impedance Derating curve
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BUZA45A

Static drain-source on

resistance
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[YL %ﬁ@%@%&%@?@?@% BUZ60

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTOR

TYPE Vbss Rps(on) I W
BUZ60 400 V 1.0 Q 55A

¢ HIGH VOLTAGE - FOR OFF-LINE
APPLICATIONS

e ULTRA FAST SWITCHING

e EASY DRIVE - FOR REDUCED COST AND
SIZE

INDUSTRIAL APPLICATIONS:
e ELECTRONIC LAMP BALLAST
e DC SWITCH TO-220

N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switch-
ing times make this POWER MOS transistor ideal INTERNAL SCHEMATIC D
for high speed switching applications. DIAGRAM

Applications include DC switch, constant current
source, ultrasonic equipment and electronic bal-
last for fluorescent lamps. G

ABSOLUTE MAXIMUM RATINGS

Vpbs Drain-source voltage (Vgg=0) 400 \
Vpar Drain-gate voltage (Rgg =20 KQ) 400 v
Vas Gate-source voltage +20 \'
b Drain current (continuous) T,=35°C 5.5 A
Ibm Drain current (pulsed) 22 A
Piot Total dissipation at T, <25°C 75 w
Tetg Storage temperature —55 to 150 °C
T Max. operating junction temperature 150 °C
DIN humidity category (DIN 40040) E
IEC climatic category (DIN IEC 68-1) : 55/150/56
June 1988 1/4
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BUZ60

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.67 °C/W
Rinj - amp Thermal resistance junction-ambient max 75 °C/W

ELECTRICAL CHARACTERISTICS (T J-=25°C unless otherwise specified)

Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Visr) pss Drain-source Ip= 250 pA Vgs= 0 400 \
breakdown voltage
Ibss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | pA
lgss Gate-body leakage Vgg=+20 V +100| nA
current (Vpg=0)
ON
VGS (th) Gate threshold VDS= VGS |D= 1 mA 2.1 4 \%
voltage
Rps (on) Static drain-source Vgs= 10V Ipb=25A 1.0 Q
on resistance
DYNAMIC
Ois Forward Vpg= 25V Ib=25A 1.7 mho
transconductance
Ciss Input capacitance | 2000 | pF
Coss Output capacitance Vps= 25V f= 1 MHz 180 | pF
Crss Reverse transfer Vgs= 0 60 | pF
capacitance
SWITCHING
tyn  Turn-on time Vpp= 30V Ip=27A 45 ns
tr Rise time RGS= 50 Q VGS= 10V 60 ns
ty o  Turn-off delay time 140 | ns
t Fall time 65 ns
24 37 SGS-THOMSON
/. %ﬂ@ﬁ@E&Eg‘m@R%@S
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BUZ60

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. { Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T,= 25°C 5.5 A
lspm Source-drain current 22 A
(pulsed)
Vsp Forward on voltage Isp= 11 A Vgs= 0 1.6 \Y
t, Reverse recovery 1000 ns
time
Q,, Reverse recovered lsp= 5.5 A di/dt = 100A/us 5 nC
charge
Safe operating areas Thermal impedance Derating curve
]U(Al GU-1729/1 Zin)- = - iC- 1, “r:. U-1390
: i EE=E I
B FH T a5 EE i it 70
: — T s 7 ml i s 60
o S LU oo LI (] |
: T Rz 2 = =2 50 AN
. XN E \
AfJEA NBE SR vy i “ N
? N 0<0.1
100 NULL \ 10-1 [ == "o 0
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: RSESH i e "
: A i o
107" | | ” 1w = D 3 -2 = 0
W T hg T Chgr T gghg) 0 10 10 10 0 *ng 0 50 100 Tease(°C)
Output characteristics Transfer characteristics Transconductance
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(A} -y /l/ T inlA) 9s(S) | L0867
< 10V — sV T s / Vps=25V
L5V 8
b 13
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1 - 1 z /
| ] /
A
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BUZ60

Static drain-source on

resistance
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BUZ60B

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rps(on) I
BUZ60B 400 vV 1.5Q 45 A

¢ HIGH VOLTAGE - FOR OFF-LINE
APPLICATIONS
* ULTRA FAST SWITCHING

¢ EASY DRIVE - FOR REDUCED COST AND
SIZE

INDUSTRIAL APPLICATIONS:
e ELECTRONIC LAMP BALLAST
DC SWITCH

N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switch-
ing times make this POWER MOS transistor ideal
for high speed switching applications.
Applications include DC switch, constant current
source, ultrasonic equipment and electronic bal-
last for fluorescent lamps.

ABSOLUTE MAXIMUM RATINGS

INTERNAL SCHEMATIC
DIAGRAM

Vbs Drain-source voltage (Vgg=0)

Vber Drain-gate voltage (Rgg =20 KQ)
Vas Gate-source voltage

Ip Drain current (continuous) T,=25°C
Iom Drain current (pulsed)

Piot Total dissipation at T, <25°C

Tstg Storage temperature

T Max. operating junction temperature

DIN humidity category (DIN 40040)
IEC climatic category (DIN IEC 68-1)

400
400
+20

4.5

18

75

—55 to 150
150
E
55/150/56

Err< <<

(-]

°C

9]
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BUZ60B

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.67 °C/W
Rinj - amp Thermal resistance junction-ambient max 75 °C/W
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
\/(BR) DSS Drain-source |D= 250 [LA VGS= 0 400 \
breakdown voltage
Ipss Zero gate voltage Vps="Max Rating 250 | uA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | »A
lgss Gate-body leakage Vgg==+x20V +100| nA
current (Vpg=0)
ON
Vas @y Gate threshold Vbs= Vas Ip=1mA 2.1 4 \
voltage
Rps (on) Static drain-source Vgs= 10V Ip=25A 1.5 Q
on resistance
DYNAMIC
Ois Forward Vps= 25V Ipb=25A 1.7 mho
transconductance
Ciss Input capacitance 2000 | pF
0ss Output capacitance Vps= 25V f= 1 MHz 180 | pF
rss Reverse transfer Vas= 0 60 | pF
capacitance
SWITCHING
tyon  Turn-on time Vpp= 30V Ib=25A 45 ns
v Rise time Rgs= 50 @ Vgg= 10V 60 | ns
taoy  Turn-off delay time 140 | ns
t Fall time 65 ns
214 57 SGS-THOMSON
ST R - Ao
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BUZ60B

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. { Unit
SOURCE DRAIN DIODE

| Source-drain current | T.= 25°C 4.5 A

sD c

Ispm Source-drain current 18 A

(pulsed)

Vgp Forward on voltage Isp= 9 A Vgs= 0 1.5 \

t, Reverse recovery 1000 ns

time

Q Reverse recovered lsp= 4.5 A di/dt = 100A/us 5 C
r SD w

charge
Safe operating areas Thermal impedance Derating curve
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BUZ60B

Static drain-source on Maximum drain current

resistance vs temperature
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N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vpss Rps(on) Ip"
BUZ71 50V 01Q 14 A
BUZ71FI 50V 0.1Q 12 A

e VERY FAST SWITCHING

e LOW DRIVE ENERGY FOR EASY DRIVE,
REDUCED SIZE AND COST

e HIGH PULSED CURRENT - 56A FOR POWER
APPLICATIONS

INDUSTRIAL APPLICATIONS:
¢ POWER ACTUATORS

TO-220 ISOWATT 220
N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and very fast switch-
ing times make these POWER MOS transistors
ideal for high speed switching circuits in applica- INTERNAL SCHEMATIC 0
tions such as power actuator driving, motor drive DIAGRAM

including brushless motors, robotics, actuators and
many other uses in automotive control applications.
They also find use in DC/DC converters and unin- G
terruptible power supplies.

ABSOLUTE MAXIMUM RATINGS

Vps Drain-source voltage (Vgg=0) 50 \
Vbar Drain-gate voltage (Rgg=20 KQ) 50 \
Vas Gate-source voltage +20 \'
Iom Drain current (pulsed) T,=25°C 56 A
BUZ71 BUZ71FI
" Drain current (continuous) T, =30°C 14 12 A
Piot ™ Total dissipation at T, <25°C 40 30 W
Teig Storage temperature —-55 to 150 °C
T Max. operating junction temperature 150 °C
DIN humidity category (DIN 40040) E
IEC climatic category (DIN IEC 68-1) 55/150/56
® See note on ISOWATT 220 in this datasheet
June 1988 1/5
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BUZ71 - BUZ71FI

THERMAL DATA™® TO-220 I ISOWATT220

Rinj - case Thermal resistance junction-case max 3.1 | 4.16 °C/W
thj - amb 1hErmal resistance junction-ambient max 75 °C/wW
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vigr) pss Drain-source Ip= 250 A Vgg= 0 50 \
breakdown voltage
Ipss Zero gate voltage Vps = Max Rating 250 | wA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | nA
lgss Gate-body leakage Vgs=+20V +100( nA
current (Vpg=0)
ON
Vaesany Gate threshold Vps= Vas Ib=1mA 2.1 4 \
voltage
RDS (on) Static drain-source VGS= 10V |D= 9A 0.1 Q
on resistance
DYNAMIC
Ois Forward Vps= 25V Ipb=9A 3 mho
transconductance
Ciss Input capacitance 650 | pF
Coss Output capacitance Vpg= 25V f= 1 MHz 450 | pF
Cirss Reverse transfer Vgg= 0 280 | pF
capacitance
SWITCHING
tyony  Turn-ontime Vpp= 30 V Ib=3A 30 ns
t, Rise time Rgs= 50 @ Vgg= 10V 85 | ns
ty (ofy) Turn-off delay time 90 ns
t Fall time 110 | ns
" See note on ISOWATT 220 in this datasheet
2/5 (N7 SGS-THOMSON
7. SESTHOMSON
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BUZ71 - BUZ71FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current 14 A
lspm Source-drain current 56 A
(pulsed)
Vsp Forward on voltage Isp= 28 A Vgs= 0 18 | V
ey Reverse recovery 120 ns
time
Q, Reverse recovered Isp= 14 A di/dt = 100A/us 0.15 nC
charge
Safe operating areas Thermal impedance Derating curve
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BUZ71 - BUZ71FI

Static drain-source on

resistance
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BUZ71 - BUZ71FI

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T - T
Rin

from this Ipya for the POWER MOS can be cal-
culated:

Po

IDmaxg

Rbsion) (at 150°¢)

ISOWATT DATA

Safe operating areas

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, (o) is the sum of
each of these elements.

The transient thermal impedance, Z, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zp< Ringc

2 - for an intermediate power pulse of 5ms to 50ms:
Zn= Riyc

3 - for long power pulses of the order of 500ms or
greater:

Zp= Rpyc + Rinchs + Rinsamo

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1
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Lyz 305 THOMSON

BUZ71A

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rps(on) lp
BUZ71A 50V 012 Q 13 A

e ULTRA FAST SWITCHING
e LOW DRIVE ENERGY FOR EASY DRIVE
e COST EFFECTIVE

INDUSTRIAL APPLICATIONS:
e AUTOMOTIVE POWER ACTUATORS
¢ MOTORS CONTROL
* INVERTERS

N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switch-
ing times make this POWER MOS transistor ideal
for high speed switching applications such as pow-
er actuator driving, motor drive including brushless
motors, hydraulic actuators and many other uses
in automotive and automotive and automatic guid-
ed vehicle applications. It also finds use in DC/DC
converters and uninteruptable power supplies.

ABSOLUTE MAXIMUM RATINGS

TO-220

INTERNAL SCHEMATIC
DIAGRAM

Vos Drain-source voltage (Vgg=0)

Vogr Drain-gate voltage (Rgg =20 KQ)
Vas Gate-source voltage

Ip Drain current (continuous) T, =25°C
lom Drain current (pulsed)

Piot Total dissipation at T, <25°C

Tstg Storage temperature

T; Max. operating junction temperature
DIN humidity category (DIN 40040)
IEC climatic category (DIN IEC 68-1)

50
50
+20
13
52
40
—55 to 150
150
E
55/150/56

0O r>»<<<
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BUZ71A

THERMAL DATA

Rinj - case Thermal resistance junction-case max 3.1 °C/wW
Rij - amb Thermal resistance junction-ambient max 75 °C/W

ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)

Parameters Test Conditions Min. | Typ. | Max. { Unit
OFF
VisR) pss Drain-source Ip= 250 pA Vgs= 0 50 \Y
breakdown voltage
lpss  Zero gate voltage Vps= Max Rating 250 | uA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | wA
lgss Gate-body leakage Vgs=+20V : - |=100| nA
current (Vpg=0)
ON
Vas @y Gate threshold Vps= Vas Ip=1mA 2.1 4 \Y
voltage
Rps (on) Static drain-source Vgs= 10V Ib=9A 012 | @
on resistance
DYNAMIC
Ots Forward Vps= 25V Ip=9A 3 mho
transconductance
Ciss Input capacitance 650 | pF
Coss Output capacitance Vps= 25V = 1 MHz 450 | pF
rss Reverse transfer Vgs= 0 280 | pF
capacitance
SWITCHING
tyon  Turn-on time Vpp= 30V Ib=3A 30 ns
tr Rise time RGS= 50 Q VGS= 10V 85 ns
tyo  Turn-off delay time 90 ns
t Fall time ' 110 | ns
2/4 -
037, 32 THOMSON
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BUZ71A

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T,= 25°C 13 A
lspm Source-drain current 52 A
(pulsed)
Vsp Forward on voltage lsp= 26 A Vgs= 0 2.2 \
t Reverse recovery 120 ns
time
Qr Reverse recovered lsp= 13 A di/dt = 100A/us 0.15 nC
charge
Safe operating areas Thermal impedance Derating curve
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BUZ71A

Static drain-source on

resistance
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BUZ72A

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rps(on) Ip
BUZ72A 100 V 0.25 Q 9A

* 100 VOLTS - FOR UPS APPLICATIONS
e ULTRA FAST SWITCHING

¢ RATED FOR UNCLAMPED INDUCTIVE
SWITCHING (ENERGY TEST) ¢

* EASY DRIVE - FOR REDUCED SIZE AND
COSsT

INDUSTRIAL APPLICATIONS:

e UNINTERRUPTIBLE POWER SUPPLIES TO-220
e MOTOR CONTROLS
N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switch- INTERNAL SCHEMATIC 0
ing times make this POWER MOS transistor ideal DIAGRAM
for high speed switching application.
Typical applications include UPS, battery changers,
printer hammer drivers, solenoid drivers and mo- d
tor control.
s

ABSOLUTE MAXIMUM RATINGS
Vps Drain-source voltage (Vgg=0) 100 \Y
Vbgr Drain-gate voltage (Rgs=20 KQ) 100 \
Vas Gate-source voltage +20 Vv
Ip Drain current (continuous) T,=25°C 9 A
lom Drain current (pulsed) 36 A
Piot Total dissipation at T, <25°C 40 w
Tetg Storage temperature ~55 to 150 °C
T Max. operating junction temperature 150 °C

DIN humidity category (DIN 40040) E

IEC climatic category (DIN IEC 68-1) 55/150/56

* Introduced in 1989 week 1

June 1988
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BUZ72A

THERMAL DATA

Rinj - case Thermal resistance junction-case max 3.1 °C/W
thj - amp Thermal resistance junction-ambient max 75 °C/w
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) bss Drain-source Ip= 250 pA Vgg= 0 100 \
breakdown voltage
Ibss Zero gate voltage Vps = Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | uA
lass Gate-body leakage Vgs=+20 V +100( nA
current (Vpg=0)
ON
VGS (th) Gate threshold VDS= VGS |D= 1 mA 2.1 4 \
voltage
Rps (ony Static drain-source Vgs= 10V Ipb=5A 025| @
on resistance
ENERGY TEST
luis Unclamped inductive | Vpp= 30 V L = 100 pH 9 A
switching current starting T;= 25°C
(single pulse)
DYNAMIC
Ois Forward Vpg= 25V Ib=5A 2.7 mho
transconductance
Ciss Input capacitance 600 | pF
0ss Output capacitance Vpg= 25 V f= 1 MHz 240 | pF
rss Reverse transfer Vgs= 0 130 | pF
capacitance -
SWITCHING
tyony  Turn-on time Vpp= 30V Ib= 29 A 30 ns
v Rise time Rgs= 50 Q Vgs= 10V 70 ns
ty o  Turn-off delay time 90 | ns
t Fall time 70 | ns
2/4
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BUZ72A

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T,= 25°C 9 A
Ispm Source-drain current 36 A
(pulsed)
Vsp Forward on voltage lsp= 18 A Vgg= 0 2 \'
t, Reverse recovery 170 ns
time
Q, Reverse recovered Isp= 9 A di/dt = 100A/us 0.30 uC
charge
Safe operating areas Thermal impedance Derating curve
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PNeEEETEEETTEE T o BT =c::: LR [
i T T 17 I
E—— T I I =1
- AT 15us i |
N | LIS i [ [
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M L 100ps =
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10° \\ 20
. NS Ums o N
. 0.0, —=FNY 100ms .1lp|— "
n:.'# :
? R L— !
10"100 TR T W e w0 0 50 00 Topsel O
Output characteristics Transfer characteristics Transconductance
IplA} |5f‘““7 Ip(A) GC-0676 " 6C-0674
» Vis=20V Tease=25°C s
/] 0V 20
1 ] .l Vos=25V “ =
2 L — 8v s 4
/ } / /
s /] |7V 2 Vps=25V
/I
‘ |6V ] 5 1
5V
LV
0 2 b 6 8 10 VpsiV) 0 2 4 6 8 VgstV) 0 2 & 6 8 10 IhA)
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BUZ72A

Static drain-source on

resistance
GC-0679
Rosgon
lrs‘[ﬂ) H
Vgs=10V
/
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>
01
0 8 16 2% A

Capacitance variation
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Y650
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500 \\
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100 — Crss
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Source-drain diode forward
characteristics
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]
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Maximum drain current
vs temperature

0688

Gate charge vs gate-source
voltage
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6
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.
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Gate threshold voltage
vs temperature

60677

Drain-source on resistance
vs temperature
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15 -
]
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KYIw ?ﬂ&@%@&%&%@sﬁ%ﬂ?@% BUZ74

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTOR

TYPE Vbss Rps(on) Ip
BUZ74 500 V 3.0Q 24 A

¢ HIGH SPEED SWITCHING APPLICATIONS
¢ HIGH VOLTAGE - 500V FOR OFF-LINE SMPS

* ULTRA FAST SWITCHING FOR OPERATION
AT >100KHz

* EASY DRIVE - FOR REDUCED COST AND
SIZE

INDUSTRIAL APPLICATIONS:
¢ SWITCH MODE POWER SUPPLIES TO-220
¢ MOTOR CONTROLS

N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switch- INTERNAL SCHEMATIC 0
ing times make this POWER MOS transistor ideal DIAGRAM

for high speed switching applications.

Typical applications include switching power sup-
plies, uninterruptible power supplies and motor G
speed control.

ABSOLUTE MAXIMUM RATINGS

Vbs Drain-source voltage (Vgg=0) 500 A
Vbar Drain-gate voltage (Rgs=20 KQ) 500 \'%
Ves Gate-source voltage +20 \
Ip Drain current (continuous) T,=30°C 2.4 A
Iom Drain current (pulsed) 9.6 A
Piot Total dissipation at T, <25°C 40 W
Tstg Storage temperature —55 to 150 °C
T Max. operating junction temperature 150 °C
DIN humidity category (DIN 40040) E
IEC climatic category (DIN IEC 68-1) 55/150/56
June 1988 1/4
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BUZ74

THERMAL DATA

Rinj - case Thermal resistance junction-case

max 3.1 °C/W
Rinj - amp Thermal resistance junction-ambient max 75 °C/w
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
\/(BR) DSS Drain-source 'D= 250 pA VGS= 0 500 \
breakdown voltage
Ibss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | pA
lass Gate-body leakage Vgg==20V +100{ nA
current (Vpg=0)
ON
Vas gy Gate threshold Vps= Vas Ip=1mA 21 4 \
voltage
Rops (on) Static drain-source Vgs= 10V Ip=12A 3.0 Q
on resistance
DYNAMIC
Ois Forward Vps= 25V Ip=12A 0.8 mho
transconductance
Ciss Input capacitance 500 | pF
08 Output capacitance Vpg= 25V f=1MHz 80 | pF
rss Reverse transfer Vgs= 0 55 | pF
capacitance
SWITCHING
tym  Turn-on time Vpp= 30V Ipb=23A 20 ns
r Rise time Rgs= 50 @ Vgs= 10V 60 [ ns
taom  Turn-off delay time 65 ns
t Fall time 40 ns
2/4
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BUZ74

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T,= 25°C 24 | A
lspm Source-drain current 9.5 A
(pulsed)
Vep Forward on voltage lsp= 4.8 A Vgs= 0 13 |V
t, Reverse recovery 350 ns
time
Q, Reverse recovered Isp= 2.4 A di/dt = 100A/us 3.5 uC
charge
Safe operating areas Thermal impedance Derating curve
Pm*(y[) GU-1620/1
40 ~
IR T N A i 3 N
: N AN L T AN
Dg:‘ggﬂ gl LTI ® NG
: ——_ i
il |
0? . . Ie I 10t 00 10 07,10 s
L Chp2 T vhs'th tp(s) 0 EY 100 Tease!"C)
QOutput characteristics Transfer characteristics Transconductance
iC- 063 A G(-0630 GC-0631
IglA) i [ ZW__7// (A J I 9s(S)
L\ B
4 v 6.5V] . Vps=25V L A
Tease=25°C I Vps=25V )
3 6V 3 3
/ ERRN
5.5V
2 2 2
Vid /
: sv , l )
/ o] / /
:E LY 7
0 & 8 12 16 Vostv) 0 2 3 6 8 VgsiV) 0 1 2 3 b GlA)
(37, SGS-THOMSON s/a
" MICROELECTRONICS
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BUZ74

Static drain-source on

Maximum drain current

Gate charge vs gate-source

resistance vs temperature voltage
Gc-0698 sy C-0616
Rpsfon} IpiA) Ves(V) ’
n) 3.0
Ip=3.6A
g 25 ®
vﬁs=1ovl Vecs20V Vos=100v |~ 4
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I/ 20 ) - 400V!
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vs temperature vs temperature
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BUZ74A

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rpson) Ip
BUZ74A 500 V 4 Q 2A

¢ HIGH VOLTAGE - FOR OFF-LINE SMPS

e ULTRA FAST SWITCHING FOR OPERATION
AT >100KHz

e EASY DRIVE - FOR REDUCED COST AND
SIZE

INDUSTRIAL APPLICATIONS:
SWITCH MODE POWER SUPPLIES

* MOTOR CONTROLS TO-220
N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switch-
ing times make this POWER MOS transistor ideal INTERNAL SCHEMATIC 0
for high speed switching applications. DIAGRAM
Typical applications include switching power sup-
plies, uninterruptible power supplies and motor
speed control. G
s

ABSOLUTE MAXIMUM RATINGS
Vps Drain-source voltage (Vgg=0) 500 \Y
Vbar Drain-gate voltage (Rgg =20 KQ) 500 \
Vas Gate-source voltage +20 \
Ip Drain current (continuous) T,=40°C 2 A
Iom Drain current (pulsed) 8 A
Piot Total dissipation at T, <25°C 40 w
Tsg Storage temperature - 55 to 150 °C
T; Max. operating junction temperature 150 °C

DIN humidity category (DIN 40040) E

IEC climatic category (DIN IEC 68-1) 55/150/56

June 1988
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BUZ74A

THERMAL DATA

Rinj - case Thermal resistance junction-case max 3.1 °C/IW
Rinj - amp Thermal resistance junction-ambient max 75 °C/IW
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vigr) pss Drain-source Ip= 250 pA Vgs= 0 500 \
breakdown voltage
Ipss Zero gate voltage Vpg= Max Rating . 250 | pA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | pxA
lgss Gate-body leakage Vgs= 20V +100{ nA
current (Vpg=0)
ON
VGS (th) Gate threShOld VDS= VGS |D= 1 mA 2.1 4 V
voltage
Rps (on) Static drain-source Vgg= 10V Ip=12A 4.0 Q
on resistance
DYNAMIC
Ois Forward Vps= 25V Ib=12A 0.8 mho
transconductance
Ciss Input capacitance 500 | pF
08 Output capacitance Vpg= 25V f= 1 MHz 80 | pF
rss Reverse transfer Vas= 0 55 | pF
capacitance
SWITCHING
tyon)  Turn-on time Vpp= 30V Ib=21A 20 ns
. Rise time Rgs= 50 @ Vgg= 10V 60 ns
4o  Turn-off delay time 65 | ns
t Fall time 40 ns
24 ;N7 SGS-THOMSON
7. S5 THOMSON
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BUZ74A

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current | T,= 25°C 2 A
Ispm Source-drain current 8 A
(puised)
Vsp Forward on voltage Isp= 4 A Vgs= 0 1.3 \'
to Reverse recovery 350 ns
time
Q. Reverse recovered lsp= 2 A di/dt = 100A/us 3.5 uC
charge
Safe operating areas Thermal impedance Derating curve
ID'AG) GU-1842/1 ; GU-1620/1
. R 15 W B = Plot W0
L SN e i
RS N
: & i e w
LN o 2
. NS aE H N
‘ y TR EF u
. TN
0.C N ms i 2
10 : 100 =
6 ms. Pg .
. il - T 1
‘ [N =R SEREREEREEN
107 - . [T \ [N
R R R A 10 0% 107 10 0 50 100 Teasel*0)
Output characteristics Transfer characteristics Transconductance
WA GC-0632 | GC-0630 GC-0631
lp(A) N v /7 b(A) | / 95s(S)
TV 4 6.5V Vps=25V
L 4 4
Tase5°C Ji Vos=25V
s p 8V N s |
V..
5
, ‘/ 55V , ] ,
r/ Vy
5V
=, . / 7
/ I 45V—] /
4 1A / |
0 b 8 1 % Vostvi 0 2 L 6 8 VgVl 0 1 2 3 4
(N7 SGS-THOMSON 34
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BUZ74A

Static drain-source on

Maximum drain current

Gate charge vs gate-source

voltage
VES"I ‘ iC-0616
Ip=3.6A
15
Vps =100V / d
400°
10
5
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Drain-source on resistance
vs temperature
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Capacitance variation Gate threshold voltage
vs temperature
GC-0564 GC-0552/1
ClpF) Vostin)
{norm)
Tease=25°C
800 Vgs=0 12
f=1MHz
600 \ 10
400 N fis 08
Vos=Yg
Ip=ImA
200
\ Coss f|rss 06
== 1
0.4
0 0 20 30 40 VpsiV) -50 0 50 00 150 T,(°C)
Source-drain diode forward
characteristics
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Lyz S0S-THOMSON

BUZ76

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rpsion) Ip
BUZ76 400 V 1.8 Q 3A

e HIGH VOLTAGE - FOR OFF-LINE
APPLICATIONS

e ULTRA FAST SWITCHING

e EASY DRIVE - FOR REDUCED COST AND
SIZE

INDUSTRIAL APPLICATIONS:
e ELECTRONIC LAMP BALLAST

» DC SWITCH TO-220
N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switch-
ing times make this POWER MOS transistor ideal INTERNAL SCHEMATIC 0
for high speed switching applications. DIAGRAM
Applications include off-line use, constant current
source, ultrasonic equipment and switching pow-
er supply start-up circuits. G
s

ABSOLUTE MAXIMUM RATINGS
Vps Drain-source voltage (Vgg=0) 400 \
Vber Drain-gate voltage (Rgs =20 KQ) 400 Vv
Vas Gate-source voltage +20 \
Ib Drain current (continuous) T, =35°C 3 A
Iom Drain current (pulsed) 12 A
Piot Total dissipation at T, <25°C 40 W
Tetg Storage temperature —55 to 150 °C
T Max. operating junction temperature 150 °C

DIN humidity category (DIN 40040) E

IEC climatic category (DIN IEC 68-1) 55/150/56
June 1988 1/4
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BUZ76

THERMAL DATA

Rinj - case Thermal resistance junction-case max 3.1 °C/W
Rinj - amp Thermal resistance junction-ambient max 75 °C/IW
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 pA Vgs= 0 400 \
breakdown voltage
Ipss Zero gate voltage Vps= Max Rating _ 250 | pA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | pA
lass Gate-body leakage Vgs=+20V +100| nA
current (Vpg=0)
ON
Vas ny Gate threshold Vps= Vas Ib=1mA 2.1 4 \'
voltage
Rps (o) Static drain-source Vgg= 10V b= 15A 18 | @
on resistance
DYNAMIC
Ois Forward Vpg= 26 V Ib=15A 0.8 mho
transconductance
Ciss Input capacitance 500 | pF
Coss Output capacitance Vps= 25V f=1 MHz 80 | pF
Cres Reverse transfer Vgs= 0 60 | pF
capacitance
SWITCHING
tyny  Turn-on time Vpp= 30V Ib=25A 20 ns
t, Rise time Rgs= 50 @ Vgs= 10V 60 | ns
tyoy  Turn-off delay time - 65 ns
i Fall time 40 ns
24 &Ny SGS-THOMSON
ST AL
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BUZ76

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T,= 25°C 3 A
lspm Source-drain current 12 A
(pulsed)
Vsp Forward on voltage lsp= 6 A Vgs= 0 14 | V
t, Reverse recovery ns
time
Q, Reverse recovered Isp= 8 A di/dt = 100A/us uC
charge
Safe operating areas Thermal impedance Derating curve
QgL GU-1410/1 GU-1620/1
=== 1 EEE Pror0
0, . S v il
: ) %9\&. TR A ! 4
N 1 IRED] =
" T N | K o
= — e N .
~ |
2 10ms
10 0.C=N\y 100m %
: pliy T
% u:&F
: [ Tk !
0 0 1 2 N 3 2 %] 0
10/ 10 10 Vps V) 10 10 10 fpls)1 100 Tease'C)
Output characteristics Transfer characteristics Transconductance
h(A) GC-0577 h[Al EC";E‘ g,s(S] GC-0634
Vos=20V / ‘ {w [
. 0V ] 5 =25V ||
7
/ Tease=25°C . Vos 2V
R 5.5V /
3 —— =
sV
2 / " /
v
A
. / L5V . / rd
o 7 /
/4 A
0 4 8 [ 6 VsV 0 1 2 3 W 5 VstV 1 3 4 5 plA)
37, SGS-THOMSON s/a
Y/, MICREELECTRONICS
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BUZ76

Static drain-source on

resistance
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Lyz S06S-THOMSON

BUZ76A

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vopss Rpson) Ip
BUZ76A 400 V 25Q 26 A

* HIGH VOLTAGE - FOR OFF-LINE
APPLICATIONS
e ULTRA FAST SWITCHING

e EASY DRIVE - FOR REDUCED COST AND
SIZE

INDUSTRIAL APPLICATIONS:
e ELECTRONIC LAMP BALLAST

e DC SWITCH TO-220
N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switch-
ing times make this POWER MOS transistor ideal INTERNAL SCHEMATIC 0
for high speed switching applications. DIAGRAM
Applications include off-line use, constant current
source, ultrasonic equipment and switching pow-
er supply start-up circuits. G
s

ABSOLUTE MAXIMUM RATINGS
Vbs Drain-source voltage (Vgg=0) 400 \
Vbar Drain-gate voltage (Rgg=20 KQ) 400 \
Vas Gate-source voltage +20 \
Ip Drain current (continuous) T,=30°C 26 A
lbom Drain current (pulsed) 10 A
Piot Total dissipation at T, <25°C 40 w
Taig Storage temperature —55 to 150 °C
T Max. operating junction temperature 150 °C

DIN humidity category (DIN 40040) E

IEC climatic category (DIN IEC 68-1) 55/150/56

June 1988
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BUZ76A

THERMAL DATA

Rinj - case Thermal resistance junction-case max 3.1 °C/W
Rinj - amp Thermal resistance junction-ambient max 75 °C/W

ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)

Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Visr) pss Drain-source Ip= 250 uA Vgs= 0 400 \
breakdown voltage
Ibss Zero gate voltage Vps= Max Rating 250 | wA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | pA
lass Gate-body leakage Vgg=+20V +100| nA
current (Vpg=0)
ON
VGS (th) Gate threshold VDS= VGS |D= 1 mA 2.1 4 \
voltage
Rps (ony Static drain-source Vgg= 10V Ipb=15A 25 Q
on resistance
. DYNAMIC
Ois Forward Vps= 25V Ipb=15A 0.8 mho
transconductance
Ciss Input capacitance 500 | pF
Coss Output capacitance Vps= 25V f= 1 MHz 80 | pF
Cirss Reverse transfer Vgs= 0 60 | pF
capacitance
SWITCHING
t4n)  Turn-on time Vpp= 30V Ib=24A 20 ns
t, Rise time Rgg= 50 @ Vgs= 10V 60 ns
tyoy  Turn-off delay time 65 ns
te Fall time 40 ns
2/4 -
7. S THNSON
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BUZ76A

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE

Isp Source-drain current | T,= 25°C 2.6 A

Ispm Source-drain current 10 A
(pulsed)

Vsp Forward on voltage lsp= 5.2 A Vgs= 0 1.4 \

t, Reverse recovery 300 ns
time

Q,, Reverse recovered Isp= 2.6 A di/dt = 100A/us 25 »C
charge
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. I
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: i
. NI i I
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.
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Safe operating areas
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Output characteristics
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1ov L~
L
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sV
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Transfer characteristics Transconductance
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3 3 —— I |
2 / , A
7
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251



BUZ76A

Static drain-source on

resistance
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KY_I SGS-THOMSON

« MICROELECTRONICS

BUZ353

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vbss Rbs(on) Ip
BUZ353 500 V 0.6 Q 95A

¢ HIGH SPEED SWITCHING

¢ HIGH VOLTAGE - 500V FOR OFF-LINE SMPS

e HIGH CURRENT - 9.5A FOR UP TO 250W
SMPS

e ULTRA FAST SWITCHING FOR OPERATION
AT <100KHz

. EASY DRIVE FOR REDUCED COST AND

1ZE

TO-218
INDUSTRIAL APPLICATIONS:
e SWITCHING POWER SUPPLIES
¢ MOTOR CONTROLS
INTERNAL SCHEMATIC 0
N - channel enhancement mode POWER MOS field DIAGRAM
effect transistor. Easy drive and very fast switch-
ing times make this POWER MOS transistor ideal
for high speed switching applications. G
Typical applications include switching mode pow-
er supplies, uninterruptible power supplies and mo-
tor speed control. S
ABSOLUTE MAXIMUM RATINGS
Vbs Drain-source voltage (Vgg=0) 500 \
Vbar Drain-gate voltage (Rgg =20 KQ) 500 \
Vas Gate-source voltage +20 \
Ip Drain current (continuous) T,=25°C 9.5 A.
Iom Drain current (pulsed) 38 A
Piot Total dissipation at T, <25°C 125 W
Tstg Storage temperature —-55to 150 °C
T Max. operating junction temperature 150 °C
DIN humidity category (DIN 40040) E
IEC climatic category (DIN IEC 68-1) 55/150/56
June 1988 1/4
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BUZ353

THERMAL DATA

254

Rinj - case Thermal resistance junction-case max 1.0 °C/IW
Rinj - amp Thermal resistance junction-ambient max 45 °C/W
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Visr) pss Drain-source Ip= 250 pA Vgg= 0 500 \
breakdown voltage
Ipss Zero gate voltage Vpg= Max Rating 250 | pA
drain current (Vg5=0) | Vpg= Max Rating Tj= 125°C 1000} pA
lgss Gate-body leakage Vgg= 20V +100| nA
current (Vpg=0)
ON
VGS (th) Gate threshold VDS= VGS |D= 1 mA 2.1 4 \
voltage
Rps (on) Static drain-source Vgs= 10V Ip=55A 0.6 Q
on resistance
DYNAMIC
Oss Forward Vpg= 25V Ip=55A 2.7 mho
transconductance
Ciss Input capacitance 4900 | pF
0ss Output capacitance Vpg= 25V f= 1 MHz 400 | pF
rss Reverse transfer Vgs= 0 170 | pF
capacitance
SWITCHING
tyn)  Turn-on time Vpp= 30V Ib= 28 A 75 | ns
" Rise time Rgs= 50 @ Vgs= 10V 120 | ns
tyom  Turn-off delay time 430 | ns
t Fall time 140 | ns
2/4 N7 SGS-THOMSON
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BUZ353

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T,= 25°C 95 | A
Ispm Source-drain current 38T A
(pulsed)
Vep Forward on voltage Isp= 19 A Vgg= 0 1.7 |V
t, Reverse recovery 1200 ns
time
Qy Reverse recovered lsp= 9.5 A di/dt = 100A/us 12 uC
charge
Safe operating areas Thermal impedance Derating curve
61868 -
IptA) : ::: == Pyt (W) NN
€ T T
. ¥ a %0
N v N, N gﬁ- - {H ]
@e,@ M N ~ \ ! 6 120
10! ER N 5 e
° 100
: S 0 =
4 N \\ H - ov
I\ L4t
- AN =
100 ! t\‘\ h "fs o 60
* N i e
‘ i e | M “
. 10 * T
, e N i’isi Je 20
4 1072 . " . . 0
R vps R A 0 50 100 Tease(°C)
Output characteristics Transfer characteristics Transconductance
'ﬂ(A] GC-0661 1o(A) GC-0660 C-0637
Vos=20Vf—| 10v ’ . / 9slS)
16 T d / )
/8 / 2
12— sv 10 0 =
8
/ % =
8
Tepea=25°C / 6 7 Vos=25V [
5
. Vpg=25V 4|-1A
LV
i 2tf
0 10 20 30 40 VpslV) 0 2 i 6 8 VgV 0 2 4 6 8 10 12 o
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BUZ353

Static drain-source on Maximum drain current Gate charge vs gate-source
resistance vs temperature voltage
Roston i IgWa) e VgstV) Ge-0628
n)
12
=1h4A Vps=100V
10 - 5 oot o >
10 / 400V
Vgs=10V 8 N
o 10
LAA |Vas=20] 6
LA R
0.5 =
4 N s /l
z \
0 10 20 30 A 0 50 100 150 Tcl0) 0 40 80 20 QginC)
Capacitance variation Gate threshold voltage Drain-source on resistance
vs temperature vs temperature
CinF) G(-0220 vﬁs " GC-0639/1 GC-0883
3 norm) Fosion
1]
3 Vgs=10V
2 \ 12 Ip=5.5A
[ \\ 2
08 T~
1
\\
0.4 Vos=Ves !
\J lp=1mA |
Coss
G T 0 0
[ 20 40 60 VgsiV) -50 0 50 100 T,°0) -50 0 50 100 T)°0)
Source-drain diode forward
characteristics
GC-0636
IspfA)
/.
/V
) /
10
77
I
|_{T,=150°C
" '——— T,=25°C
T
I
[}
|
107! l ,

05 10 15 20 25
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‘y_l' SGS-THOMSON

v MICROELECTRONICS

BUZ354

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vbss Rps(on) Ip
BUZ354 500V 0.8 Q 8A

e HIGH SPEED SWITCHING
¢ HIGH VOLTAGE - 500V FOR OFF-LINE SMPS
¢ HIGH CURRENT - 8A FOR UP TO 200W SMPS

e ULTRA FAST SWITCHING - FOR OPERATION
AT <100KHz

e EASY DRIVE - FOR REDUCED COST AND
SIZE

INDUSTRIAL APPLICATIONS:
e SWITCHING POWER SUPPLIES
e MOTOR CONTROLS

N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switch-
ing times make this POWER MOS transistor ideal
for high speed switching applications.

Typical uses include switching mode power sup-
plies, uninterruptible power supplies and motor
speed control.

ABSOLUTE MAXIMUM RATINGS

INTERNAL SCHEMATIC
DIAGRAM

Vbs Drain-source voltage (Vgg=0)

Vber Drain-gate voltage (Rgg=20 KQ)
Vas Gate-source voltage

Ip Drain current (continuous) T,=25°C
lpm Drain current (pulsed)

Piot Total dissipation at T, <25°C

Tsig Storage temperature

T; _ Max. operating junction temperature

DIN humidity category (DIN 40040)
IEC climatic category (DIN IEC 68-1)

500
500
+20
8
32
125
—55 to 150
150
E
55/150/56

Err << <

o

°C

(9]

June 1988
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BUZ354

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.0 °C/wW
Rinj - amp Thermal resistance junction-ambient max 45 °CIwW
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 pA Vgs= 0 500 \
breakdown voltage
Ibss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating Tj= 125°C 1000 | nA
lass Gate-body leakage Vgg=+20V +100| nA
current (Vpg=0)
ON
VGS (th) Gate threshold VDS= VGS ID= 1 mA 2.1 4 \
voltage :
Rps (on) Static drain-source Vgs= 10V Ipb=55A 08 | @
on resistance
DYNAMIC
Ofs Forward Vpg= 25V Ipb=55A 27 mho
transconductance
Ciss Input capacitance 4900 | pF
Coss Output capacitance - | Vpg= 25 V f=1MHz 400 | pF
Ciss Reverse transfer Vas= 0 170 | pF
capacitance
SWITCHING
tyony  Turn-on time Vpp= 30 V Ipb=28A 75 | ns
t Rise time Ras= 50 @ Vgs= 10V 120 | ns
tqom  Turn-off delay time 430 | ns
t Fall time 140 | ns
2/4 SGS-TH
&y7, 365, THOMSON
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BUZ354

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current | T,= 25°C 8 A
lspm Source-drain current 32 A
(pulsed)
Vsp Forward on voltage Isp= 16 A Vgs= 0 16 | V
ty Reverse recovery 1200 ns
time
Q Reverse recovered Isp= 8 A di/dt = 100A/us 12 uC
charge
operatin eas ermal impedance erating curve
Safe rating ar Thermal d Derat
IpiA) ; SR - T = Prot W) G
© T il (K/W) it
. 1 il %0
! S it H T 120
S, 13 10 ps| -
10! G : " 100 5 w00
° T o
‘ NN R o al "
, 3R | =1
N et
100 N \\‘ h il 10 60
. S : W
. nﬂ"\“ 2 RN
120 10724 -
W0 7 S T S Vf)ss“h 10 10% 0 50 100 Teasel0)
Output characteristics Transfer characteristics Transconductance
1o(A) GC-0641 ) GC-0640 GC-0837
’ Vgs=20V|ffA+——1 10v o / e
=~ 8v v s / 1%
16
/4 / 2 -
12— sv 10 " L
8 et L
/ A
8
Tease=25°C / 6 Vgg=25V
. : Vps=25V b ]
’ W 21/ ]
0 10 20 30 0 VgsiV) 0 2 4 6 8 VgstV) 0 2 4 6 8 0 12 lp(A)
SGS-TH 314

c - OMSON
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BUZ354

Static drain-source on

resistance

GC-0642

Roston
)
10
Vgs=10V
T [Ves=20V]_|
L1
05| L=
[ 10 20 30 plA}

Capacitance variation

CinFl

ra

0 20 [ 60 VpsiV}

Source-drain diode forward

characteristics
lS (A] GC-0636
D'
1 /.
] /’
w0 L
1
{
T,=150°C
® [ T=25°C
1
107! l '

<05 10 15 20 25

4/4

30 VgtV

Maximum drain current
vs temperature

@-1870

Gate charge vs gate-source
voltage

6C-0628

IptA) Vgs(V) l
8 5 p=1b4A Vps=100V
7
. N / 00|
N
N
\\ © /]
4 /
) /
5
: /
0 50 100 150 T Q) 0 40 80 120 04inC)

Gate threshold voltage
vs temperature

6C-0639/1

Drain-source on resistance
vs temperature

GC-0638.

Vasitn Rostoni
("orm) (ﬂDrll\)
16
3 Vgs=10V
12 lb=SA
] ,
03 [~
: P
~
Vos=V !
0.4 os=Ves P
lp=1mA
0 0
E) 0 50 100 T,C0 ' 50 50 100 0
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(_ SGS-THOMSON IRF 140 - 141
Y/, ICROELECTRONICS IRF 142 - 143

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vpss Rbsion) I

IRF140 100 V 0.077 Q 28 A
IRF141 80V 0.077 28 A
IRF142 100 V 0.100 @ 25 A
IRF143 80V 0.100 25 A

e 80-100 VOLTS - FOR DC/DC CONVERTERS

e HIGH CURRENT

e ULTRA FAST SWITCHING

e EASY DRIVE- FOR REDUCED COST AND SIZE
INDUSTRIAL APPLICATIONS: TO-3

« UINTERRUPTIBLE POWER SUPPLIES

« MOTOR CONTROLS

INTERNAL SCHEMATIC 0

N - channel enhancement mode POWER MOS field DIAGRAM

effect transistors. Easy drive and very fast switch-
ing times make these POWER MOS transistors
ideal for high speed switching applications. Appli-
cations include DC/DC converters, UPS, battery
chargers, secondary regulators, servo control, pow- S
er audio amplifiers and robotics.

ABSOLUTE MAXIMUM RATINGS IRF
140 141 142 143

Vps * Drain-source voltage (Vgg=0) 100 80 100 80 \
Vper ¥  Drain-gate voltage (Rgg =20 KQ) 100 80 100 80 \Y%
Vess Gate-source voltage +20 \
Ip . Drain current (cont.) at T,=25°C 28 28 25 25 A
Ip Drain current (cont.) at T,=100°C 20 20 17 17 A
Iom(®) Drain current (pulsed) 110 110 100 100 A
Ipim Drain inductive current, clamped (L— 100 pH) 110 110 100 100 A
Pyt Total dissipation at T, <25°C 125 W

Derating factor 1 wreC
Tag Storage temperature —55to 150 °C
T; Max. operating junction temperature 150 °C
* T;= 25°C to 125°C
) hepetmve Rating: Pulse width limited by max junctlon temperature
June 1988 1/5
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IRF 140 - 141 - 142 - 143

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1 °C/W
ihcs  Thermal resistance case-sink typ 0.1 °C/W
R,hJ amp Thermal resistance junction-ambient max 30 °C/W
T Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vigrm) pss Drain-source p= 250 pA Vgs= 0
breakdown voltage for IRF140/IRF142 100 \
for IRF141/IRF143 80 \'
Ibss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T.= 125°C 1000 | wA
lass Gate-body leakage Vgs=+20V +100| nA
current (Vpg=0)
ON * *
Vas (ny Gate threshold voltage| Vpg= Vgg Ip= 250 pA 2 4 \
ID(on) On-state drain current VDS > ID (on X RDS(on) max VGS =10V
for IRF140/IRF141 28 A
for IRF142/IRF143 25 A
Rps (ony Static drain-source Vgg= 10V Ip= 17 A
on resistance for IRF140/IRF141 0.077| Q
for IRF142/iRF143 0.100| @
DYNAMIC
gfs *x Forward VDS > ID (on) X RDS (on) max 8.7 mho
transconductance Ip= 17 A
Ciss Input capacitance 1600 | pF
05S Output capacitance Vpg= 25V f= 1 MHz 800 | pF
rss Reverse transfer Vgs= 0 300 | pF
capacitance
SWITCHING
t4n  Turn-on time Vpp= 30 V Ip= 15 A 30 ns
t, Rise time Ri= 47Q 60 | ns
ty oy  Turn-off delay time (see test circuit) 80 ns
t Fall time 30 ns
Qq Total gate charge Vgs=10V Ip= 28 A 59 nC
Vps= Max Rating x 0.8
(see test circuit)
2/5
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IR

F 140 - 141 - 142 - 143

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE

Isp Source-drain current 28 A

Ispm (*) Source-drain current 110 [ A
(pulsed)

Vgp**  Forward on voltage lsp= 28 A Vgs= 0 25 |V

ty Reverse recovery T;= 150°C 500 ns
time

Q,, Reverse recovered Isp= 28 A di/dt = 100 Alus 29 rC
charge

** Pulsed: Pulse duration < 300 ys, duty cycle < 2%
(*) Repetitive Rating: Pulse width limited by max junction temperature

Safe operating areas

IpiA S
. +
2
’ IRF1L0/1
o2t L |
St
S Ty
o —t<S: s,
IRF140/, i 100 ps|
2
wh” N s

8 F=0C _OPERATION

. Toms.

100ms.

IRE14G72 oc.

Ceeqe s ‘;DS‘(:/)

0 T 4 oseql 2

Output characteristics

6¢-0500

olA)
I | Vgs=10V v
Tease=25°C g
“9 Y, v
3 7 e
/ 6V
20
bt ]
10 SV
|
0 1 2 3 L Vgstv)

Thermal impedance

GUy-1584

Derating curve

Gy-1593

K Prot(W)
Thl
- 140
M 120
N
s 100 N
H = N
g [T 80 N
) 5’|:' m - 60
107 [E53 Lo |
= s Tth= KR thy-c
o 2 st “
0.01
SINGLE PULSE | | . LL] L 20
1 !
102 i i
10°% 0t 103 07 107 \ (1]0‘7 0 20 40 60 80 100 120 Tase(°C)
Pp s
Output characteristics Transfer characteristics
GC-0501/1 GC-0504
A} 5V \ A /
| [¥-sv Vos > Ioton)XRostonimax.
[ Vgs=10 / /
40 7V 40
T,=-55°(] __.I L
T,=25°C L
30 30 . FH
Ty=125°C—_|f
) 6V 20 /
0 i sv 0 L
1
' v pZn
0 10 20 30 40 Vgstv) 0 2 A 6 8 VgglV)
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IRF 140 - 141 - 142 - 143

Maximum drain current vs

Transconductance Static drain-source on
resistance temperature
. v nc-girg_‘ R GC-0503 LA - 5U-1552/1
¢S] B T osto )
16 rl-25°( 2% \\\
/1 - I~
4 0.2 f N
12 vgs=tov | 8 N RE140, 141
_1750, IRF142,143
8 T,=125°C / / 2 \\
. B N\
A Vgs=20v_ [ | N
4 Vs> Iojon*Rostonimax, || - 6
[ il 0
o 10 2 30 W A 0 20 40 60 80 100 iglA) » 5% 5 P 125 Tepsel®D)

Normalized breakdown

|

|

Gate charge vs gate-source Capacitance variation
voltage voltage vs temperature
& -1587/1
Vgs V| o E CtpF) [ e V(BRIDSS e
norm | |
© Vps=30V 1600 l\ VGS ~0V] 115  pumlh a1
| P
Vps=50V ra -
1200 \ 1.05
10 .
\Vps=80V,IRF140,142 800 095
/ | N s
5 P
/ b=28A 400 [N 085 |— N e e
Ig=250pA
‘ <‘ NG ). lp=250p.
0 20 40 60 QginC) 0 5 10 15 20 25 30 35 40 Vpg(v) MS-LO 0 40 80 20 Ty 0

Normalized on resistance Source-drain diode forward
characteristics

vs temperature
RS(on) e Igg (A) =
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2.0 Z
// 7y
15 T=150°C . /
_ o /
- y 4
ol G ara
I T =25
Vgs=10V
05 —1
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IRF 140 - 141 - 142 - 143

Clamped inductive test circuit Clamped inductive waveforms
L E
1zt
VARY t, TO OBTAIN ty
REQURED PEAK § o Ves |
( % = v £
Vgs=10V = £ Ds | ,
} ="k -
0.05Q SN
L vl T = | N
L . .
£=0.5 BVpgs | m=em-- .7 |

Ec=0.75 BVpss
SC-0243

SC-0242

Switching times test circuit Gate charge test circuit

+Vps

Voo

CURRENT

ADJUST R,
PULSE R || 7o oBTAN REGULATOR &p
GENERATOR v SPECIFIED Iy SAME TYPE
GS Vos A AS DUT
DuT

teesvfeercersiinians

s
-Vps
st-ozs CURRENT CURRENT
SAMPLING SAMPLING
RESISTOR RESISTOR
SC-0244
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r SGS-THOMSON 'IRF 150 - 151
Y/, ICROELECTRONICS IRF 152 - 153

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vbss Rps(on) Ip

IRF150 100 V 0.055 Q 40 A
IRF151 60 V 0.055 @ 40 A
IRF152 100 V 0.08 Q 33 A
IRF153 60 V 0.08 @ 33 A

* 60-100 VOLTS - FOR DC/DC CONVERTERS

e HIGH CURRENT

» RATED FOR UNCLAMPED INDUCTIVE
SWITCHING (ENERGY TEST) ¢

¢ ULTRA FAST SWITCHING TO-3

 EASY DRIVE- FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
* UINTERRUPTIBLE POWER SUPPLIES
e MOTOR CONTROLS INTERNAL SCHEMATIC 0

N - channel enhancement mode POWER MOS field DIAGRAM
effect transistors. Easy drive and very fast switch-
ing times make these POWER MOS transistors
ideal for high speed switching applications. Appli-
cations include DC/DC converters,UPS, battery
chargers, secondary regulators, servo control, pow- 5
er audio amplifiers and robotics.

ABSOLUTE MAXIMUM RATINGS IRF
150 151 152 153

Vps * Drain-source voltage (Vgg=0) 100 60 100 60 \
Vper ¥ Drain-gate voltage (Rgg =20 KQ) 100 60 100 60 \Y
Vas Gate-source voltage +20 \
Ip Drain current (cont.) at T,=25°C 40 40 33 33 A
o Drain current (cont.) at T,=100°C 25 25 20 20 A
Ipm(®) Drain current (pulsed) 160 160 132 132 A
Piot Total dissipation at T, <25°C 150 w

Derating factor 1.2 W/eC
Tsig Storage temperature —55 to 150 °C
T; Max. operating junction temperature 150 °C

* T;= 25°C to 125°C
*) hepetitive Rating: Pulse width limited by max junction temperature
* Introduced in 1988 week 44

June 1988 1/5
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IRF 150 - 151 - 152 - 153

THERMAL DATA

Rinj - case Thermal resistance junction-case max 0.83 °C/W
ihcs  Thermal resistance case-sink typ 0.1 °C/wW
Ripj.amp  Thermal resistance junction-ambient max 30 °C/W
T Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T,. =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
\/(BR) DSS Drain-source |D= 250 [I.A VGS= 0
breakdown voltage for IRF150/IRF152 100 v
for IRF151/IRF153 60 v
Ipss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T.= 125°C 1000 | pA
lgss Gate-body leakage Vgg=+20V +100| nA
current (Vpg=0)
ON * %
Vas @) Gate threshold voltage| Vpg= Vgg Ip= 250 pA 2 4 \'
Inon) On-state drain current | Vpg> by o) X Rpgion) max Vas=10 V
for IRF150/IRF151 40 A
for IRF152/IRF153 33 A
Rps (on) Static drain-source Vgs= 10V Ip= 20 A
on resistance for IRF150/IRF151 0.055| Q
for IRF152/IRF153 008 | @
ENERGY TEST
luis Unclamped inductive | Vpp= 30V L = 100 xH
switching current starting Tj= 25°C
(single pulse) for IRF150/IRF151 40 A
for IRF152/IRF153 33 A
DYNAMIC
g 7  Forward Vbs> Ip (on) X Rps (on) max 9 mho
transconductance Ip= 20 A
Ciss Input capacitance 3000 | pF
Coss Output capacitance Vpg= 25V f= 1 MHz 1500 | pF
rss Reverse transfer Vgs= 0 500 | pF
capacitance
2/5
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IRF 150 - 151 - 152 - 153

'ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SWITCHING
tgon)  Turn-on time Vpp= 24V Ib=20A 35 | ns
t, Rise time Ri=470Q 100 | ns
taot  Turn-off delay time (see test circuit) 125 [ ns
" Fall time 100 | ns
Qq Total Gate Charge Vgs=10V Ip=50 A 120 | nC
Vps= Max Rating x 0.8
(see test circuit)
SOURCE DRAIN DIODE
Isp Source-drain current | for IRF150/IRF151 40
for IRF152/IRF153 33 A
Ispm (°) Source-drain current | for IRF150/IRF151 160
(pulsed) for IRF152/IRF153 132
Vgp** Forward on voltage Vgs= 0
for IRF150/IRF151 Ign= 40 A 2.5 \"
for IRF152/IRF153 Igp= 33 A 2.3 \"
t, Reverse recovery time | T;= 150°C 600 ns
i Reverse recovered Igp= 40 A di/dt = 100 Alps 3.3 uC
charge
** Pulsed: Pulse duration < 300 us, duty cycle < 2%
(*) Repetitive Rating: Pulse width limited by max junction temperature
Safe operating areas Thermal impedance Derating curve
ID ,A“ 6U-1503 K EE GU-T504 Piop W) GY-151:
: & wol— N\
* feso | T L M 1l 120 N
107 [ImF1sgs e e 100 LLLL L N
. S~ WS 100
. H < 1{100p: 520, o \
, IRF152,3 N N ms. i
10! AN mmms 101 E=E ®
i = == z
sz ool i 20 AN
:ménf';ox};h: H |r!m IRF150,2 ’ 102 I e
007 7 ¢ sl 2« sefg2 1 4 s aVpelV) 103 10% 103 107 107 fp(g;}“ 0 20 40 60 80 100 120 Tcase(*0)
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IRF 150 - 151 - 152 - 153

Output characteristics

GC-0520

WA T TV e T v L
o v |
16
| L Tegees25°C
12
Y
|
8l—1
. X%
|/
;
0 0.4 0.8 12 16 Vpstv)
Transconductance
GC-0518
ars(S)
v T)=-550C—
|
16 / 1
[
T,=25°C
12
!
/ Tj=125°C
i ]
. ’ Vos > loion*Rostonimax
0 10 20 30 40 iplA)

Gate charge vs gate-source
voltage

L0515

Vgs!V)

Vs =20V

Vps=50Y
10| Vys=80V, IRF150,152 N _AS*

lp=50A

0 23 56 84 Qyin0)

4/5

Output characteristics

Transfer characteristics
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IRF 150 - 151 - 152 - 153

Normalized on resistance
vs temperature

GC-0517
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IRF350

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Voss Rpsion) Ip
IRF350 400 V 039 15 A

¢ HIGH VOLTAGE - FOR OFF-LINE SMPS
¢ HIGH CURRENT - FOR SMPS UP TO 350W

¢ ULTRA FAST SWITCHING - FOR OPERATION
AT > 100KHz

o EASY DRIVE - REDUCES SIZE AND- COST

INDUSTRIAL APPLICATIONS:
¢ SWITCHING MODE POWER SUPPLIES

« MOTOR CONTROLS To-3
N - channel enhancement mode POWER MOS field
effect transistor. Fast switching and easy drive ma-
ke this POWER MOS transistor ideal for high vol- INTERNAL SCHEMATIC 0
tage. Switching applications include electronic DIAGRAM
welders, switched mode power supplies and sonar
equipment.
G
S

ABSOLUTE MAXIMUM RATINGS
Vps * Drain-source voltage (Vgg=0) 400 \
Vpgr *  Drain-gate voltage (Rgg=20 KQ) 400 \'%
Vas Gate-source voltage +20 \Y
Ip Drain current (cont.) at T,=25°C 15 A
Ip Drain current (cont.) at T,=100°C 9 A
Iom(®) Drain current (pulsed) 60 A
loLm Drain inductive current, clamped (L= 100 pH) 60 A
Piot Total dissipation at T, <25°C 150 w

Derating factor 1.2 wi/eC
Tstg Storage temperature —-551t0 150 °C
T; Max. operating junction temperature 150 °C

*» Ti= 25°C to 125°C

*) I!iepetitive Rating: Pulse width limited by max junction temperature

June 1988
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IRF350

THERMAL DATA

Rihj - case Thermal resistance junction-case max 0.83 °C/wW
Rine.s  Thermal resistance case-sink typ 0.1 °C/wW
Rihj - ampb Thermal resistance junction-ambient max 30 °C/W
| Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vigr) pss Drain-source Ip= 250 pA Vgs= 0 400 \
breakdown voltage
lbss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T;= 125°C 1000 | pA
Igss Gate-body leakage Vgg=+20V +100| nA
current (Vpg=0)
ON * %
VGS (th) Gate threshold Voltage VDS= VGS lD = 250 MA 2 4 \
Ipony  On-state drain current | Vpg>lp (ony X Rps (on) max: Vas= 10 V| 15 A
Rps (on) Static drain-source Vgs= 10V Ip=8A 03 | @
on resistance
DYNAMIC
O™ ™ Forward Vps> Ip (on) X Rps {or) max 8 mho
transconductance Ip=8A
Ciss Input capacitance 3000 | pF
Coss Output capacitance Vps= 25V f= 1 MHz 600 | pF
Crss Reverse transfer Vgs= 0 200 | pF
capacitance
SWITCHING
td (on) Turn-on time VDD= 180 V |D= 8 A 35 ns
t, Rise time Ri= 4.7 Q 65 ns
tyor  Turn-off delay time (see test circuit) 150 | ns
t Fall time 75 ns
Qq Total Gate Charge Vgg=10V Ip=18 A 120 | nC
Vps= Max Rating x 0.8
(see test circuit)
215 (Y7 SGS-THOMSON
Y/, MICROBLECTROMICS
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IRF350

' ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current 15 A
lspm (*) Source-drain current 60 A
(pulsed)
Vgp**  Forward on voltage Isp= 15 A Vgg= 0 1.6 \
ey Reverse recovery Tj= 150°C 1000 ns
time
Q, Reverse recovered lsp=15 A di/dt = 100 A/us 6.6 uC
charge
** Pulsed: Pulse duration < 300 s, duty cycle < 2%
(*) Repetitive Rating: Pulse width limited by max junction temperature
Safe operating areas Thermal impedance Derating curve
ID[A], [ %’* Prot) U - 1573
: - Hi H 140 _-\
! > 10ps 120 N
100ps|
tms 100
i
0ms 80 N
\ 100ms] 60
Hf 40
¢ D.C.
. il 2
N
107 I” 102 — — - “Zl VYHH\I - ‘ , \
I R R P R TvTr 10 10 10 10 10 fp(gjo 0 20 40 60 80 10 20 Tems O
Output characteristics Output characteristics Transfer characteristics
GC-0491, GC-0492 GC-0453
olA) Vgs=10V A BlA) T w0 olA)
. 0
Top5e=25°C // sv > by 15
16!
[
/ ; Teage=25°C 0
. / Vo5 loion *Rosion)
/ L5V
L 8 5V T,=125°c-./
5
2 A T)=25°C
Vi 350 W 4 LSV Wl/ Ty=-55°C
Jaa f ] J///
0 1 2 3 L Vg 0 50 100 150 200 250 Vgsiv) 4 102 03 45 6 VgV
&y7, SGS-THOMSON 3/5
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IRF350

Transconductance
9 (S) GU-1565/1
Ty =-55T
Ly
1% 1 [7,=25C
1T ,=125°C
//
o /
-
8 t/
Vps>1o(on*RoS lommax.

T‘Qb\\

0 S 10 15 20

Gate charge vs gate-source

voltage
VeelV) GC-0893
GS'
1% A
I/l
12 A
/l/
WA/
10 74
8
v/
6 lp=18A
Z
In
II
2
/
0
[ 20 40 60 80 100 120 0O4in0)

Normalized on resistance
vs temperature

GC-0851

Roston)
{norm)

22

0.2

-40 0 L0 80 120 Tyet
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Ip(A)

Static drain-source on

Maximum drain current vs

resistance temperature
RDSlnn] 0890 'ﬂ‘A) GC-0892
0l
0.6
16
N~
05 Vgs=10V ‘2 \
/ <
Vgs=:
[ 65=20V 8 NG
4 N
/ A
74 L N
03 // \
// 0
0 0 20 30 40 S50 60 Ip(A} 25 50 5 100 125 T,°0
Capacitance variation Normalized breakdown
voltage vs temperature
Cippy . 6y-1569 ViBRIDSS GU-1567/1
Ttase=25°q (norm} |
f=1MH:
3200 Vas :;v 15
\\ o
200 N 1.05 - -
h N Ciss
1600 \\ \ 0.95
800 —N\ 0.85 Vgs=0
lp=250pA
N \\ Coss
e M M e e 075
0 1 2 3 ) s -40 0 40 80 20 Ty 0

Source-drain diode forward
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characteristics
[SD[A) GU-1566
/
10?
7
F—— . o I
7y =150
o / 7 =25
=
T
|
100
0 1 2 3 L VetV
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IRF350

Clamped inductive test circuit Clamped inductive waveforms

L
VARY t, TO OBTAIN fp
REQUIRED PEAK |,
E
Vgs=10V Vs | ,
Ey=0.5 BVpss P ol
Ec=0.75 BVpss
SC-0243

SC-0242

Switching times test circuit Gate charge test circuit

+Vps

CURRENT
REGULATOR

Vop
ADJUST R,

D

PULSE R[] 70 OBTAIN
GENERATOR SPECIFIED Iy a— SAME TYPE
H 2 Vas o= AS DUT

puT

L
-Vos
SC-0246 CURRENT CURRENT
SAMPLING SAMPLING
RESISTOR RESISTOR
SC-024
5/5
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‘ SGS-THOMSON IRF 450 - 451
Y/, CROELECTRONICS IRF 452 - 453

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vpss Rpson) Ip

IRF450 500 V 0.4 Q 13 A
IRF451 450 V 0.4 Q 13 A
IRF452 500 V 0.5Q 1A
IRF453 | 450 V 050 1A

¢ HIGH VOLTAGE - 450V FOR OFF LINE SMPS

¢ HIGH CURRENT - 11A FOR UP TO 350W SMPS

¢ ULTRAFAST SWITCHING - FOR OPERATION
AT > 100 KHz

e EASY DRIVE - REDUCES COST AND SIZE

« HERMETIC PACKAGE TO-3 TO-3
INDUSTRIAL APPLICATIONS:

« SWITCHING POWER SUPPLIES

* MOTOR CONTROLS INTERNAL SCHEMATIC 0

DIAGRAM

N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and very fast switch-
ing times make these POWER MOS transistors G
ideal for high speed switching applications. Typi-
cal applications include switched mode power sup-
plies, uninterruptable power supplies. and motor S
speed control.

ABSOLUTE MAXIMUM RATINGS IRF
450 451 452 453

Vps * Drain-source voltage (Vgg=0) 500 450 500 450 \
Vpgr ¥ Drain-gate voltage (Rgg =20 KQ) 500 450 500 450 \
Vas Gate-source voltage +20 \'
Ip Drain current (cont.) at T,=25°C 13 13 11 1 A
b Drain current (cont.) at T,=100°C 8.1 8.1 7.2 7.2 A
Tom(*) Drain current (pulsed) 52 52 44 44 A
loLm Drain inductive current, clamped (L= 100 pH) 52 52 44 44 A
Piot Total dissipation at T, <25°C 150 w

Derating factor 1.2 W/°C
Tsig Storage temperature —55 to 150 °C
T; Max. operating junction temperature 150 °C
« Tj= 25°C to 125°C
) f-‘(epetitive Rating: Pulse width limited by max junction temperature
June 1988 1/5
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IRF 450 - 451 - 452 - 453

THERMAL DATA

Rypj . case Thermal resistance junction-case max 0.83 °CIW
imcs 1 hermal resistance case-sink typ 0.1 °C/W
Rinj.amo  Thermal resistance junction-ambient max 30 °CIW
T, Maximum lead temperature for soidering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 uA Vgs= 0
breakdown voitage for IRF450/IRF452 500 \
for IRF451/IRF453 450 \
Ipss Zero gate voltage Vps= Max Rating 250 | wA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T, = 125°C 1000 | uA
lgss Gate-body leakage - | Vgg=+20V +100| nA
current (Vpg=0)
ON * *
Vas @ny Gate threshold voltage | Vpg= Vgg Ip= 250 pA 2 4 \'
Ipon) On-state drain current | Vpg> Iy (on) X Rpgion) max Vas=10 V
for IRF450/IRF451 13 A
for IRF452/IRF453 11 A
Rops (ony Static drain-source Vgg= 10V Ip=72A
on resistance for IRF450/IRF451 04 Q
for IRF452/IRF453 05| @
DYNAMIC
O **  Forward | Vps> Ip X)n)XRDS (or) max 8.7 mho
transconductance Ip= 7.2
Ciss Input capacitance 3000 | pF
Coss Output capacitance Vpg= 25V f=1MHz 600 | pF
rss Reverse transfer Vgs= 0 200 | pF
capacitance
SWITCHING
tyon  Turn-on time Vpp= 210V Ib=70A 35 ns
t, Rise time Ri= 4.7 50 | ns
tyom  Turn-off delay time (see test circuit) 150 | ns
t Fall time 70 ns
Qg Total Gate Charge Vgg=10V Ipb=13 A 120 | nC
Vps= Max Rating x 0.8
(see test circuit)
2/5 : -
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IRF 450 - 451 - 452 - 453

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE

lsp Source-drain current 13 A

Ispm (°) Source-drain current 52 A
(pulsed)

Vgp™* Forward on voltage Isp= 13 A Vgg= 0 1.4 \'

e Reverse recovery Tj= 150°C 1300 ns
time

Q,, Reverse recovered lsp=13 A di/dt = 100 Alus 74 rC
charge

** Pulsed: Pulse duration < 300 gus, duty cycle < 1.5%
(°) Repetitive Rating: Pulse width limited by max junction temperature

Safe operating areas

GU-1563/1

In{A)
H

pt
FE
. =
= RIS R TI 8
¢ [wrs2sa TT1 N A
NERN
IRFL50/1 N ~ o
|
IB' F IRF452/ =
: S n
* 7 N |
. / C OPERATION ]I\ I
el LU N
hy THHT
« S
— Y H
Ty=150°C [l
Rihjc = 0.03K/W IRF4SY/3
2 =1 SINGLE PULSE M
IRFLS0/2
10 LLEH T L
T 4 s 2 0 1 s s
10° 107 10? Vps V)

Output characteristics

Thermal impedance

Output characteristics

A
blA) Vgs=10V AV otA) Vgs=10V
: v \
v
Toase=25°C // 5v =
16
. V. D=
A/ // 2 Tease=25°C
74
¢ 0/ Y
- N SV
2 Ve
“ 45V
4 35v, W
] i 1]
0 p 2 3 A 0 S0 100 150 200 250

VostV)

&7 RS THONSON

VoV

Derating curve

GY- 1573

Prot Wl
140 _-\\
120 \\
100 ™
80 \
60
W0
20 \\
0 20 40 60 B0 100 120 T(:E(‘E)

Transfer characteristics

GE-0893

fplA}
, /
Vos> bionXRoston)
| Y0s™ DtoniX
7,:125°c<>/
5 T5255C
T,=-55°C

0 1 z 3 & 5 6 VgsiV)
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IRF 450 - 451 - 452 - 453

Transconductance
965 (S) GU-1565/1
IT;=-55°C
® L1 T,Ss"c
117 ,-125°C
L1
AmEye

Vos>I0(en)*RoS lonmax.

O

0 5 10 15 20 Ip(A)

Gate charge vs gate-source

Static drain-source on

Maximum drain current vs

resistance temperature
R??sjnl GC-0L3t WA Ge-0673
N
12
0.6 NN
Vgs=10V ~NL N IRF450,451
9
/ N
0.5]
- IRF452,453
/ Vas=20V 6
o4 4 4 3 N
= \
03— 0
0 0 20 30 40 50 60 iglA) 25 S0 75 100 125 Teasel®0)

Capacitance variation

Normalized breakdown

voltage voltage vs temperature
VES(V GC-0537 E\yl’[ T - GU-1569 V(BR)DSS GU -1567
Tease=25 (norm}
. N = Mz
200
kX Vs <0V 145 »
5l ey ol | =
0s= . .
Vps=h00V, INL__|Ciss ol
~Z
10 % 1600 \\ \ 095
5 / 300 0.85
[ Ip=13A N I~ oss|
T ——
‘ s 075 J
0 2 56 8k 12 ogeo) 0 0 S N W0 v o0 Lo T

Normalized on resistance
vs temperature
RDS GU-1568/1
on)
{norm.}

22

18 VGs =10V] P

Ipg =5A

-40 0 40 80 120

4/5

tplA)

160 Ty (0

Source-drain diode forward
characteristics

GU-1366

=== o
V4
T/
T, =150/
10! T =25T
77
1
|
10° I l
0 1 2 3 L VgytV)
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IRF 450 - 451 - 452 - 453

Clamped inductive test circuit

VARY t, TO OBTAIN
REQUIRED PEAK |,

Vgs=10V

puT

£1=05 BVpss

Ec=0.75 BVpss

Switching times test circuit

Vop

ADJUST Ry
PULSE Re || 70 0BTAN
SPECIFIED

GENERATOR ...
: Vos
DUt

“eesvfrereerenciges

SC-0246

Clamped inductive waveforms

SC-0243

SC-0242

Gate charge test circuit

+Vps

CURRENT

REGULATOR oD

'} SAME TYPE
v = AS DUT
S
D
15mA g ouT
I I
-Vos
CURRENT CURRENT
SAMPLING SAMPLING
RESISTOR RESISTOR
SC-0244
Ly7 SGS-THOMSON 5/5
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(— SGS-THOMSON IRF 520/FI-521/FI
Y/, (ICROELECTRONICS IRF 522/F1-523/FI

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE vDss RDS(on) ID -
IRF520 100 V 0.27 Q 9.2A
IRF520FI 100 V 027 Q 7 A
IRF521 80V 0.27 @ 9.2 A
IRF521FI 80V 0.27 Q0 7 A
IRF522 100 V 0.36 @ 8 A
IRF522FI 100V 0.36 6 A
IRF523 80V 0.36 8 A
IRF523F| 8oV 0.36 @ 6 A

e 80-100 VOLTS - FOR DC/DC CONVERTERS

* HIGH CURRENT

* RATED FOR UNCLAMPED INDUCTIVE TO-220 ISOWATT220
SWITCHING (ENERGY TEST) ¢

* ULTRA FAST SWITCHING

¢ EASY DRIVE- FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS: INTERNAL SCHEMATIC D-
e UNINTERRUPTIBLE POWER SUPPLIES DIAGRAM
e MOTOR CONTROLS
N - channel enhancement mode POWER MOS field ef-
fect transistors. Easy drive and very fast switching times G
make these POWER MOS transistors ideal for high speed
switching applications. Applications include DC/DC con-

verters, UPS, battery chargers, secondary regulators, ser- S
vo control, power-audio amplifiers and robotics.
ABSOLUTE MAXIMUM RATINGS IRF
TO-220 520 521 522 523
ISOWATT220 520F1 521F1 522F1 523FI
Vps * Drain-source voltage (Vgg=0) 100 80 100 80 \Y
Vper * Drain-gate voltage (Rgg=20 KQ) 100 80 100 80 Vv
Vas Gate-source voltage +20 \'
Iy (¢)  Drain current (pulsed) 37 37 32 32 A
520 521 522 523
Ip Drain current (cont.) at T,.= 25°C 9.2 9.2 8 8 A
b Drain current (cont.) at T,= 100°C 6.5 6.5 5.6 5.6 A
520F1 521F1 522F1 523F|
Ip® Drain current (cont.) at T.= 25°C 7 7 6 6 A
Ip" Drain current (cont.) at T,= 100°C 4 4 3.5 3.5 A
TO-220 ISOWATT220
Piot® Total dissipation at T, <25°C 60 30 W
- Derating factor 0.48 0.24 wreC
Taig Storage temperature —55 to 150 °C
T; Max. operating junction temperature 150 °C
* T,= 25°Cto 125°C
(o) F{'epetitive Rating: Pulse width limited by max junction temperature.
= See note on ISOWATT220 on this datasheet.
¢ Introduced in 1988 week 44
June 1988 1/6

285



IRF 520/Fl - 521/FI - 522/FI - 523/F|

THERMAL DATA*®

TO-220 | ISOWATT220

2.08 | 4.16

Rinj - case 1hermal resistance junction-case max °CIW
thcs 1 hermal resistance case-sink typ 0.5 °C/W
Ripramp  Thermal resistance junction-ambient max 80 °C/IW
| Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
. Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
\/(BR) DSS Drain-source |D= 250 /AA VGS= 0
breakdown voltage for IRF520/522/520F1/522F]I 100 A
for IRF521/523/521FI1/523FI 80 \'%
Ipss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | pA
lass Gate-body leakage Vgg=+£20 V +500] nA
current (Vpg=0)
ON *
Vas @y Gate threshold voltage| Vpg= Vg Ip= 250 pA 2 4 \
Iogon) On-state drain current | Vpg> Ip (o) X Rpsgion) max Yas=10 V
for IRF520/521/520F1/521FI 9.2 A
for IRF521/523/521FI1/523FI| 8 A
Rps (on) Static drain-source Vgs= 10V Ib=56A
on resistance for IRF520/521/520F1/521FI 027 | Q
for IRF522/523/522F1/523FI 036 @
ENERGY TEST
luis Unclamped inductive | Vpp= 30 V L = 100 pH
switching current starting T;j= 25°C
(single pulse) for IRF520/521/520F1/521Fl 9.2 A
for IRF522/523/522FI1/523F1 8 A
DYNAMIC
O ** Forward Vps> IDX)n) x Rpg (or) max 2.7 mho
transconductance Ip= 5.6
ss Vlnput capacitance 600 | pF
oss Output capacitance Vps= 25 V f= 1 MHz 400 | pF
rss Reverse transfer Vgs= 0 100 | pF

capacitance

2/6
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IRF 520/FI - 521/FI - 522/F1 - 523/FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SWITCHING
td (on) Turn-on time VDD= 40V |D= 4.0 A 40 ns
t, Rise time R;= 50 Q 70 | ns
tam  Turn-off delay time (see test circuit) 100 | ns
t Fall time 70 | ns
Q Total Gate Charge Vgs=15V Ipb=92A 15 | nC
Vps= Max Rating x 0.8
(see test circuit)
SOURCE DRAIN DIODE
lsp Source-drain current 9.2 A
Ispm (*) Source-drain current 37 A
(pulsed)
Vgp**  Forward on voltage lsp= 9.2 A Vgs= 0 25 |V
t, Reverse recovery T;j=150°C 280 ns
time
Q, Reverse recovered Isgp= 9.2 A di/dt = 100 A/us 1.6 »C
charge
** Pulsed: Pulse duration < 300 us, duty cycle < 1.2%
(*) Repetitive Rating: Pulse width limited by max junction temperature
¥ See note on ISOWATT220 in this datasheet
Safe operating areas Thermal impedance Derating curve
(standard package) (standard package) (standard package)
IpfA} . R = =T G- 1354 Prot (W) GU-1363
iSas =—ili=ci BENE ==
RESZ ] uil i 2
‘O‘s RF520/1%5) m: - e :;; i » \\
< EmE E . N
‘ TH 1071 5= 7 20 N
. M == 7 &l
0.c. operATION 7| N [ AN - Zth = KRthj-c I 15 \
o, Sagi Tl 1] sa I
6 Om: | nn L 10
‘ /K the LIl \\
) IRF521/: (ol i3 z, \ S \
[ 1] e LU L T
w0 T 0z L‘/ns‘(\;} 10-5 1% 1073 102 1071 fp(;?o 0 20 40 60 80 100 120 Tease (°C)
Lyz SGS-THOMSON 816
Y/, MICROELECTRONICS
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IRF 520/FI - 521/FI - 522/Fi - 523/FI|

Qutput characteristics

GC-051

biA)
’ Ves=10V-=7 Y A 8V v |
A/
¢ Y 6v
/ /]
6 //
=T sy
ol
) Tease=25°C
X
0 1 2 3 b VgtV
Transconductance
GU-1355
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T)=-55°C
4 T)=25°C]
/ et f
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I LA
2 / ,//
I/
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Gate charge vs gate-source

voltage
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Vps=20V.
15 Vos=S0Vs I |
Vos=80V IRFS20.5722 ]
v
10 A
p 1/
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Output characteristics
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i
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3
X
0 10 ) 30 L0 Vg

Static drain-source on
resistance

GC-0508
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06 /
v“;wv/
/ Vgs=20V
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/
/
0.2]
0 10 20 30 lgtA)

Capacitance variation

GU-1359/1
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Transfer characteristics
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IRF 520/FI - 521/FI - 522/FI - 523/FI|

Normalized on resistance Source-drain diode forward
characteristics

GL-0509

vs temperature
GU-1648/1
Rps(on) splA} —
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15 i/
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7
H
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Unclamped inductive test circuit Unclamped inductive waveforms
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Switching times test circuit Gate charge test circuit
Vop +Vps
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i Vos = AS DUT
H put
3
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IRF 520/FI - 521/F1 - 522/FI - 523/Fl

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. lts ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T - T
R

from this Ipax for the POWER MOS can be cal-
culated:

Pp
Ibmax< R
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, (o) is the sum of
each of these elements.

The transient thermal impedance, Z;, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zp< Byc

2 - for an intermediate power pulse of 5ms to 50ms:
Zjph= Ryyc

3 - for long power pulses of the order of 500ms or
greater:

Zn= Rypyc + Rinchs + Rinrsams

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1
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574

SGS-THOMSON
MICROELECTRONICS

IRF 530/FI1-531/FI
IRF 532/FI-533/FI

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

PRELIMINARY DATA

TYPE Vpss Rpson) Ip*
IRF530 100 V 0.16 Q 14 A
IRF530FI 100 V 0.16 Q 9A
IRF531 80V 0.16 Q 14 A
IRF531FI 80V 0.16 Q 9A
IRF532 100 V 0.23 Q 12 A
IRF532FI 100 V 0.23 Q 8 A
IRF533 80V 0.23 Q 12 A
IRF533FI 80V 0.23 Q 8 A

e 80-100 VOLTS - FOR DC/DC CONVERTERS
e HIGH CURRENT
» ULTRA FAST SWITCHING TO-220 ISOWATT220
s EASY DRIVE- FOR REDUCED COST AND SIZE
INDUSTRIAL APPLICATIONS:
e UNINTERRUPTIBLE POWER SUPPLIES
o MOTOR CONTROLS INTERNAL SCHEMATIC 0
N - channel enhancement mode POWER MOS field DIAGRAM
effect transistors. Easy drive and very fast switch-
ing times make these POWER MOS transistors
ideal for high speed switching applications. Appli- G
cations include DC/DC converters, UPS, battery
chargers, secondary regulators, servo control,
power-audio amplifiers and robotics. S
ABSOLUTE MAXIMUM RATINGS IRF
TO-220 530 531 532 533
ISOWATT220 530F1 531F1 532F1 533FI
Vpg * Drain-source voltage (Vgg=0) 100 80 100 80 \
Vpgr ¥  Drain-gate voltage (Rgg =20 KQ) 100 80 100 80 \
as Gate-source voltage +20 \
Ipm (®) Drain current (pulsed) 56 56 48 48 A
'bLm Drain inductive current, clamped (L= 100 xH) 56 56 48 48 A
530 531 532 533
) Drain current (cont.) at T,= 25°C 14 14 12 12 A
Ip Drain current (cont.) at T = 100°C 9 9 8 8 A
530F1 531F1 532F1 533FI
Ib® Drain current (cont.) at T,= 25°C 9 9 8 8 A
Ip" Drain current (cont.) at T = 100°C 5.5 5.5 5 5 A
TO-220 ISOWATT220
Piot" Total dissipation at T, <25°C 79 35 W
- Derating factor 0.63 0.28 wi/°C
Tag Storage temperature —55 to 150 °C
T Max. operating junction temperature 150 °C
* T;= 26°Cto 125°C

(o) H’epetmve Rating: Pulse width limited by max junction temperature.

= See note on ISOWATT220 on this datasheet.

June 1988
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IRF 530/FI - 531/FI - 532/FI - 533/Fl

THERMAL DATA*™

TO-220 | ISOWATT220

158 | 3.57

Rinj - case Thermal resistance junction-case max °C/W
ihe.s  Thermal resistance case-sink typ 0.5 °C/IW
Riniamb Thermal resistance junction-ambient max 80 °CIW
{ Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 A Vgg= 0
breakdown voltage for IRF530/532/530F1/532F1 100 \
for IRF531/533/531FI/533FI 80 \'
Ipss Zero gate voltage Vpg= Max Rating 250 | pA
drain current (Vgqg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | pA
lgss Gate-body leakage Vgg=+20V +100| nA
current (Vpg=0)
ON **
Vas @ny Gate threshold voltage| Vpg= Vgg Ip= 250 pA 2 4 \'%
Iogon) On-state drain current | Vpg> Ip (on) X Rpsion) max Vas =10V
for IRF530/531/530FI/531FI 14 A
for IRF532/533/532FI/533F| 12 A
Rps (ony Static drain-source Vgs= 10V Ipb= 8.3A
on resistance for IRF530/531/530FI/531FI| 016 | Q
for IRF532/533/532FI1/533FI| 023 | @
DYNAMIC
O, *"  Forward Vps> Ip '&,n) % Rps (on) max 5.1 mho
transconductance Ip= 8.3
Ciss Input capacitance 850 | pF
0ss Output capacitance Vpg= 25V f= 1 MHz 260 | pF
rss Reverse transfer Vgg= 0 50 | pF
capacitance
SWITCHING
tyn)  Turn-on time Vpp= 36 V ip= 8.0A 30 ns
t Rise time Ri=15Q 75 ns
taoy  Turn-off delay time ¥ (see test circuit) 40 | ns
t Fall time 45 ns
Qq Total Gate Charge Vgg=10V Ib= 14 A 30 [ nC
Vps= Max Rating x 0.8
(see test circuit)
2/3
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IRF 530/F! - 531/FI - 532/FI - 533/FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE

lsp Source-drain current 14 A

Ispm (*) Source-drain current 56 A
(pulsed)

Vgp**  Forward on voltage lsp= 14 A Vgs= 0 25 |V

t, Reverse recovery Tj=150°C 360 ns
time

Q,, Reverse recovered Isp= 14 A di/dt = 100 A/us 21 uC
charge

** Pulsed: Pulse duration < 300 us, duty cycle < 2%

(°) Repetitive Rating: Pulse width limited by max junction temperature

® See note on ISOWATT220 in this datasheet

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T - T
Rth

from this lp.y for the POWER MOS can be cal-

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, oy is the sum of
each of these elements.

The transient thermal impedance, Zy, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zp< Rypyc

2 - for an intermediate power pulse of 5msto 50ms:
Zp= Riyc

3 - for long power pulses of the order of 500ms or
greater:

Zp= Rypyc + Rincrs + Rins.amb

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

culated: Fig. 1
P
Iomaxs A f=———— Rthi-c Rinc-Hs RenHs-amb
Rbs(on) (at 150°¢) e AAA—AAA—AAA ——
- ) 3/3
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ﬁ_ SGS-THOMSON IRF 540/FI-541/FI
Y/, [ ICROELECTRONICS IRF 542/F1-543/Fl

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Voss Rps(on) Ip *
IRF540 100 V 0.077 Q 28 A
IRF540FI 100 V 0.077 Q@ 15 A
IRF541 80V 0.077 Q@ 28 A
IRF541FI 80V 0.077 Q 15 A
IRF542 100 V 0.100 @ 25 A
IRF542F| 100 V 0.100 Q@ 14 A
IRF543 80V 0.100 Q@ 25 A
IRF543FI 80V 0.100 Q@ 14 A

80-100 VOLTS - FOR DC/DC CONVERTERS
HIGH CURRENT

ULTRA FAST SWITCHING TO-220 ISOWATT220
EASY DRIVE- FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
¢ UNINTERRUPTIBLE POWER SUPPLIES
* MOTOR CONTROLS INTERNAL SCHEMATIC D

N - channel enhancement mode POWER MOS field DIAGRAM
effect transistors. Easy drive and very fast switch-
ing times make these POWER MOS transistors
ideal for high speed switching applications. Appli- G
cations include DC/DC converters, UPS, battery
chargers, secondary regulators, servo control,

power-audio amplifiers and robotics. S
ABSOLUTE MAXIMUM RATINGS IRF
TO-220 540 541 542 543
ISOWATT220 540F1 541F1 542F1 543FI
Vpg * Drain-source voltage (Vgg=0) 100 80 100 80 \
Vper * Drain-gate voltage (Rgg =20 KQ) 100 80 100 80 \Y
Vas Gate-source voltage +20 v
Ipwm (*) Drain current (pulsed) 110 110 100 100 A
oM Drain inductive current, clamped (L= 100 zH) 110 110 100 100 A
540 541 542 543
Ip Drain current (cont.) at T,= 25°C 28 28 25 25 A
Ip Drain current (cont.) af tT = 100°C 20 20 17 17 A
540F1 541Fl 542F1 543FI
Ip" Drain current (cont.) at T.= 25°C 15 15 14 14 A
Ip" Drain current (cont.) at T = 100°C 9 9 8 8 A
TO-220 ISOWATT220
Piot™ Total dissipation at T, <25°C 125 40 w
- Derating factor 1 0.32 WreC
Tetg Storage temperature —55 to 150 °C
l Max. operating junction temperature 150 °C
* .= 25°C to 125°C
(o) H’epetmve Rating: Pulse width limited by max junction temperature.
®  See note on ISOWATT220 on this datasheet.
June 1988 1/6
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IRF 540/FI - 541/FI - 542/FI - 543/FI

THERMAL DATA™

TO-220 I ISOWATT220

11312

Ripj - case Thermal resistance junction-case max °C/IW
the.s 1 hermal resistance case-sink typ 0.5 °C/W
Rinjamp  Thermal resistance junction-ambient max 80 °CIW
| Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T,s.=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vigr) pss Drain-source Ipb= 250 uA Vag= 0
breakdown voltage for IRF540/542/540F1/542F| 100 Vv
for IRF541/543/541F1/543FI| 80 \'
Ibss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | pA
lgss Gate-body leakage Vgs=+20V +500| nA
current (Vpg=0)
ON * %
Vas @n Gate threshold voltage| Vpg= Vgg Ip= 250 pA 2 4 \Y
Ip(on) On-state drain current | Vpg> Ip (o) X Rpgion) max VYas=10V
for IRF540/541/540F1/541FI 28 A
for IRF542/543/542F1/543F| 25 A
Rps (ony Static drain-source Vgg= 10V Ip= 17 A
on resistance for IRF540/541/540F1/541FI 0.077| @
for IRF542/543/542F1/543FI 0.100| @
DYNAMIC
O **  Forward Vbs> Ip on) X Rps (on) max 8.7 mho
transconductance Ip= 17 A
Ciss Input capacitance 1600 | pF
Coss Output capacitance Vps= 25V f=1MHz 800 | pF
Crss Reverse transfer Vgs= 0 300 | pF
capacitance
SWITCHING
tyn  Turn-on time Vpp= 30V Ipb= 16 A 30 ns
t, Rise time Ri= 47Q 60 ns
tyom  Turn-off delay time (see test circuit) 80 ns
t Fall time 30 ns
Qq Total Gate Charge Vgs=10V Ipb= 28 A 59 | nC
Vps= Max Rating x 0.8
(see test circuit)
2/6
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IRF 540/FI - 541/FI - 542/F| - 543/FI|

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current 28 A
Ispm (*)  Source-drain current 110 | A
(pulsed)
Vgp** Forward on voltage lsp= 28 A Vgs= 0 25 \
t, Reverse recovery Tj=150°C 500 ns
time
Q. Reverse recovered lgp= 28 A di/dt = 100 Alus 2.9 e
charge
** Pulsed: Pulse duration < 300 us, duty cycle < 1.5%
(°) Repetitive Rating: Pulse width limited by max junction temperature
® See note on ISOWATT220 in this datasheet
Safe operating areas Thermal impedance Derating curve
(standard package) (standard package) (standard package)
I =S U,ff”?” K :E e GU-1544 ProrW GU-1593
== it A %o
ST 5:05 L_%_k T —‘
2 - ot 120
IRF540/1 il T N
A ESoere e = 100 NG
TN s r—“ L
AN " 1071 [Bz04 il b L L 80
N e 7 Sai St \
N ns 0.05. 1 60
AN ﬂ’ — 7 ___mr _zm:xmn,’E.F 1 J
p N, o 1 L L[] s=t2 i 40
‘ |°‘I i I‘I“D" = ‘MMMI J NGLE PULSE] ._ﬂL_l_l_H” 20
A== T [T
. IRES(02 | by OC 102 111 Ll 2
R R A R R V) 05 e 109 07 107 100 0 20 40 60 80 100 120 Tegse(°O)
tp (s)
Output characteristics Output characteristics Transfer characteristics
bl 6C-0500 GC-0501/1 A 600501,
‘ T Ves=10v)/ A v bl A7 | ’ Vs > loton *Ros(onimax. |J
ol Tase=25°C / . MG 40 [/
’ v REA. FIL v Tj=-55°] -L/
o 7)=25°C H
0 " 3 30
N : ] U1/
20} 7 s 0 8Y 2 /
[ | 1
1 - 10 w 1 /
LV [\ //
[ 1 2 3 & Vps(V} 0 10 20 30 40 VgglV) 0 2 4 3 8 Ves(V)
{y7 SGS-THOMSON 3/6
Y/, $ICROELECTRONICS

297



IRF 540/FIl - 541/FI - 542/FI - 543/FI
Transconductance Static drain-source on Maximum drain current vs
resistance temperature
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IRF 540/FI - 541/FI - 542/F1 - 543/FI

Clamped inductive test circuit Clamped inductive waveforms

L Ec
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IRF 540/FI - 541/F1 - 542/FI - 543/FI|

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T - T,
Rin

from this Ip,, for the POWER MOS can be cal-
culated:

Po
leax < R
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas

GC-0425/1

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, oy is the sum of
each of these elements.

The transient thermal impedance, Z;, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zyp< Ringc

2 - for an intermediate power pulse of 5ms to 50ms:
Zy= Rypc

3 - for long power pulses of the order of 500ms or
greater:

Zp= Rpyc + Bincrs + Rimsamb

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1
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IS74

SGS-THOMSON
MICROBLECTRONICS

IRF 620/FI-621/FI
IRF 622/F1-623/FI

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTORS

TYPE Vbss Rps(on) Ip *
IRF620 200 V 08Q 5A
IRF620FI 200 V 0.8Q 4 A
IRF621 150 V 0.8 0 5A
IRF621FI 150 V 080Q 4 A
IRF622 200 V 1.2Q 4 A
IRF622F| 200 V 1.2Q 35A
IRF623 150 V 1.2Q 4 A
IRF623FI 150 V 1.2Q 35A
e 200V FOR TELECOMMUNICATION
APPLICATIONS
e ULTRA FAST SWITCHING TO-220 ISOWATT220
e RATED FOR UNCLAMPED INDUCTIVE
SWITCHING (ENERGY TEST) ¢
o EASY DRIVE - REDUCES COST AND SIZE
INDUSTRIAL APPLICATIONS: INTERNAL SCHEMATIC D
¢ SWITCHING MODE POWER SUPPLIES DIAGRAM
¢ DC SWITCH
* ROBOTCS
N - channel enhancement mode POWER MOS field effect tran- G
sistors. Easy drive and very fast switching times make these
POWER MOS transistors ideal for high speed switching ap-
plications. Typical uses are in telecommunications, robotics, S
switching power supplies and as a DC switch.
ABSOLUTE MAXIMUM RATINGS IRF
TO-220 620 621 622 623
ISOWATT220 620F1 621F1 622F1 623FI
Vps * Drain-source voltage (Vgg=0) 200 150 200 150 Vi
VogRr Drain-gate voltage (Rgg =20 KQ) 200 150 200 150 \
Vas Gate-source voltage +20 \Y
lpm (*)  Drain current (pulsed) 20 20 16 16 A
620 621 622 623
Ib Drain current (cont.) at T,= 25°C 5 5 4 4 A
b Drain current (cont.) at T = 100°C 3 3 2.5 2.5 A
620F1 621F1 622F1 623FI
Ib™ Drain current (cont.) at T.= 25°C 4 4 3.5 3.5 A
I Drain current (cont.) at T = 100°C 25 2.5 2 2 A
TO-220 ISOWATT220
Piot Total dissipation at T, <25°C 40 30 W
Derating factor 0.32 0.24 WreC
Tsig Storage temperature —55 to 150 °C
T; Max. operating junction temperature 150 °C
T;= 25°C to 125°C
(o) Ffepeutlve Rating: Pulse width limited by max junction temperature.
= See note on ISOWATT220 on this datasheet.
* Introduced in 1988 week 44
June 1988 1/6
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IRF 620/FI -

621/FI - 622/FI - 623/F|

THERMAL DATA

TO-220 l ISOWATT220

Rip; - case Thermal resistance junction-case max 3.12 (4.16 °C/W
the.s 1 hermal resistance case-sink typ 0.5 °CIW
Rihi-amp Thermal resistance junction-ambient max 80 °C/W
T Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T.,5. =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
VieR) pss Drain-source Ip= 250 A Vgs= 0
breakdown voltage for IRF620/622/620F1/622FI| 200 \'
for IRF621/623/621F1/623FI 150 \
Ibss Zero gate voltage Vps= Max Rating » 250 | uA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T.= 125°C 1000 | uA
lgss Gate-body leakage Vgg=+20V +500| nA
current (Vpg=0)
ON **
Vas an Gate threshold voltage| Vpg= Vgg Ip= 250 pA 2 4 v
Ip(on) On-state drain current | Vpg> Ip ony X Rpgion) max Vas=10V
for IRF620/621/620F1/621FI 5 A
for IRF622/623/622FI1/623F| 4 A
Rps (on) Static drain-source Vgs= 10V Ip=25A
on resistance for IRF620/621/620F1/621FI 0.8 Q
for IRF622/623/622F1/623F! 12 1 Q
ENERGY TEST
luis Unclamped inductive | Vpp= 30 V L = 100 xH
switching current starting T;= 25°C
(single pulse) for IRF620/621/620F1/621FI 5 A
for IRF622/623/622F1/623FI 4 A
DYNAMIC
O " Forward VDS> ID on) X RDs (on) max 1.3 mho
transconductance Ip= A
Ciss Input capacitance 600 | pF
0ss Output capacitance Vps= 25V f= 1 MHz 300 | pF
rss Reverse transfer Vgs= 0 80 | pF
capacitance
2/6 r SGS- M
ST I AL
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IRFP 620/FI - 621/FI - 622/Fl - 623/F|

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SWITCHING
ty Turn-on time Vpp= 75 V Ipb=25A 40 | ns
£ Rise time Ri= 50 0 60 | ns
tyom  Turn-off delay time (see test circuit) 100 | ns
t Fall time 60 | ns
Qq Total Gate Charge Vgs=10V Ib=6A 15 | nC
Vps= Max Rating x 0.8
(see test circuit)
SOURCE DRAIN DIODE
lsp Source-drain current 5 A
Ispm (*) Source-drain current 20 A
(pulsed)
Vgp**  Forward on voltage for IRF620/621/620F1/621F1
| SD = 5 A VGS = 0 1 8 V
for IRF622/623/622F1/623F1
ISD = 4 A VGS = 0 14 V
ty Reverse recovery 350 ns
time
Q,, Reverse recovered lgp=5 A di/dt = 100 Alus 2.3 nC
charge
** Pulsed: Pulse duration < 300 ps, duty cycle < 1.5%
(*) Repetitive Rating: Pulse width limited by max junction temperature
= See note on ISOWATT220 In this datasheet
Safe operating areas Thermal impedance Derating curve
(standard package) (standard package) (standard package)
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IRF 620/FI - 621/FI - 622/FI - 623/FI

Output characteristics
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Output characteristics
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IRF 620/FI - 621/FI - 622/FI - 623/FI

Normalized on resistance Source-drain diode forward
vs temperature characteristics
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IRF 620/FI - 621/FI - 622/FI - 623/F|

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T, - Te

PD =
Rth

from this Ip,,,, for the POWER MOS can be cal-
culated:

Pp
IDmaxs E———
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, o) is the sum of
each of these elements.

The transient thermal impedance, Z,, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zin< Rynuc

2 - for an intermediate power pulse of 5ms to 50ms:
Zin= Riuc

3 - for long power pulses of the order of 500ms or
greater:

Zn= Rpuc + Bincrs + Rinrs.amd

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1
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Lyy S0S-THOMSON

IRF 720/F1-721/FI
IRF 722/F1-723/FI

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTORS

TYPE Vpss Rps(on) Ip "
IRF720 400 V 1.8 Q 3.3A
IRF720FI 400 V 1.8 Q 25A
IRF721 350 V 1.8 Q 33A
IRF721FI 350 V 1.8 Q 25A
IRF722 400 V 25Q 28 A
IRF722FI 400 vV 25 Q 20A
IRF723 350 V 25 Q 28 A
IRF723F| 350 vV 25 Q 20A

e HIGH VOLTAGE - FOR OFF LINE
APPLICATIONS
e ULTRA FAST SWITCHING
e EASY DRIVE - FOR REDUCED COST
AND SIZE
INDUSTRIAL APPLICATIONS:
e EI ECTRONIC LAMP BALLAST
e DC SWITCH
N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and very fast switch-
ing times make these POWER MOS transistors
ideal for high speed switching applications. Appli-
cations include off-line use, constant current
source, ultrasonic equipment and switching pow-
ers supplies start-up circuits.

ABSOLUTE MAXIMUM RATINGS

ISOWATT220

INTERNAL SCHEMATIC 2
DIAGRAM

IRF

TO-220 720 721 722 723

ISOWATT220 720F1  721Fl  722F1 723FI

Vpg * Drain-source voltage (Vgg=0) 400 350 400 350 \
Vpgr *  Drain-gate voltage (Rgg=20 KQ) 400 350 400 350 \
Vas Gate-source voltage +20 \%
lom (®) Drain current (pulsed) 13 13 11 11 A
loum Drain inductive current, clamped (L= 100 zH) 13 13 11 11 A
720 721 722 723
Ip Drain current (cont.) at T,= 25°C 3.3 3.3 2.8 2.8 A
Ip Drain current (cont.) at T = 100°C 2.1 2.1 1.8 1.8 A
720F1 721F1 722F1 723Fl
Ip" Drain current (cont.) at T,= 25°C 2.5 2.5 2 2 A
Ip" Drain current (cont.) at T = 100°C 1.5 1.5 1.2 1.2 A
TO-220 ISOWATT220
Piot® Total dissipation at T, <25°C 50 30 W
- Derating factor 0.40 0.24 W/eC
Teig Storage temperature —55 to 150 °C
T; Max. operating junction temperature 150 °C
*  T,= 25°C to 125°C

(o) I#epetmve Rating: Puise width limited by max junction temperature.

m. See note on ISOWATT220 on this datasheet.

June 1988
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IRF 720/FI - 721/F1 - 722/F| - 723/FI

THERMAL DATA®"

TO-220 l ISOWATT220

Rinj - case Thermal resistance junction-case max 2.50 l4.16 °CIW
ihes  Thermal resistance case-sink typ 0.5 °CIW
Rinj-amb  Thermal resistance junction-ambient max 80 °C/W
T Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T.,s,=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
VisR) pss Drain-source Ip= 250 pA Vgg= 0
breakdown voltage for IRF720/722/720F1/722F| 400 \
for IRF721/723/721FI/723FI1 350 \Y
Ibss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | pA
lesss  Gate-body leakage Vgg= 220V +500{ nA
current (Vpg=0)
ON * &
Vas ¢n Gate threshold voltage| Vps= Vgg Ip= 250 pA 2 4 \'
In(on) On-state drain current | Vpg> lp (on) X Rps(on) max Vas=10 V
for IRF720/721/720FI/721FI 3.3 A
for IRF722/723/722FI1/723FI| 2.8 A
Rps (ony Static drain-source Vgs= 10V Ib=18A
on resistance for IRF720/721/720F1/721F| 1.8 Q
for IRF722/723/722F1/723FI 25 Q
DYNAMIC
O **  Forward Vps> Ip Xm) x Rpg (on) max 1.0 mho
transconductance Ib= 1.8
Ciss input capacitance 600 | pF
Coss Output capacitance Vpg= 25V f= 1 MHz 200 | pF
Ciss Reverse transfer Vgs= 0 40 | pF
capacitance
SWITCHING
t4yn  Turn-on time Vpp= 175V Ipb=15A 40 ns
t, Rise time R;= 50 @ 50 ns
tyom  Turn-off delay time (see test circuit) 100 | ns
t Fall time 50 ns
Qq Total Gate Charge Vgs=10V lp= 33A 15 | nC
Vpg= Max Rating x 0.8
(see test circuit)
2/6
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IRF 720/FIl - 721/F1 - 722/FI - 723/FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters

Test Conditions

Min. | Typ. | Max. | Unit

SOURCE DRAIN DIODE

Isp Source-drain current 33 | A

Ispm (*)  Source-drain current 13 A
(pulsed)

Vsp Forward on voltage lgp= 3.3 A Vgs= 0 1.6 \

t, Reverse recovery 450 ns
time

Q, Reverse recovered Isp= 3.3 A di/dt = 100 Alus 3.1 uC
charge

** Pulsed: Pulse duration < 300 s, duty cycle < 1.5%
(*) Repetitive Rating: Pulse width limited by max junction temperature
» See note on ISOWATT220 in this datasheet

Safe operating areas
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IRF 720/F1 - 721/FI - 722/F1 - 723/FI

Transconductance
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IRF 720/F| - 721/Fl - 722/F1 - 723/FI

Clamped inductive test circuit
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REQUIRED PEAK |,
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Switching times test circuit
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MICROELECTRONICS

Clamped inductive waveforms
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IRF 720/FI1 - 721/FI - 722/F| - 723/FI

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T - T,
Rin

from this Ipy,a, for the POWER MOS can be cal-
culated:

Pp
IDmaxs R
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas
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.
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Thermal impedance

L. MicRoEECTROMICS

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, oy is the sum of
each of these elements.

The transient thermal impedance, Z, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zn < Ringc

2 - for an intermediate power pulse of 5ms to 50ms:
Zp= Rpyc

3 - for long power pulses of the order of 500ms or
greater:

Zy= Rypyc + Rinchs + RinHsams

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1
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r" SGS-THOMSON IRF 730/F1-731/FI
Y/, (CROELECTRONICS IRF 732/FI-733/FI

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vpss Ropson) b "
IRF730 400 V 1.0Q 55A
IRF730FI 400 V 1.0 Q 35A
IRF731 350V 1.0Q 55A
IRF731FI 350 V 1.0 Q 35A
IRF732 400 V 1.5Q 45 A
IRF732FI 400 V 1.5Q 30A
IRF733 350 V 15Q 45 A

1.5Q 3.0A

IRF733FI 350 V

e HIGH VOLTAGE - FOR ELECTRONIC
LAMP BALLAST

e ULTRA FAST SWITCHING TO-220 ISOWATT220
e EASY DRIVE - FOR REDUCED COST

AND SIZE

INDUSTRIAL APPLICATIONS:
e ELECTRONIC LAMP BALLAST INTERNAL SCHEMATIC 0
e DC SWITCH DIAGRAM

N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and very fast switch-
ing times make these POWER MOS transistors G
ideal for high speed switching applications. Appli-
cations include DC switch, constant current source,

ultrasonic equipment and electronic ballast for 3
fluorescent lamps.
ABSOLUTE MAXIMUM RATINGS IRF
TO-220 730 731 732 733
ISOWATT220 730F1 731F1 732F1 733FI
Vps * Drain-source voltage (Vgg=0) 400 350 400 350 \
Vper * Drain-gate voltage (Rgg =20 KQ) 400 350 400 350 \
Vas Gate-source voltage +20 \
Ipm () Drain current (pulsed) 20 20 16 16 A
loum Drain inductive current, clamped (L= 100 xH) 20 20 16 16 A
730 731 732 733
Ip Drain current (cont.) at T,= 25°C 5.5 5.5 4.5 4.5 A
Ip Drain current (cont.) at T,= 100°C 3.5 3.5 3 3 A
’ 730F1 731F1 732F1 733FI
" Drain current (cont.) at T,= 25°C 3.5 3.5 3 3 A
™ Drain current (cont.) at T,= 100°C 2 2 1.8 1.8 A
TO-220 ISOWATT220
Piot" Total dissipation at T, <25°C 74 35 W
- Derating factor 0.59 0.28 W/eC
Taig Storage temperature —55to 150 °C
T; Max. operating junction temperature 150 °C
*  T,= 25°C to 125°C
(e) Repetitive Rating: Pulse width limited by max junction temperature.
s See note on ISOWATT220 on this datasheet.
June 1988 1/6
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IRF 730/FI - 731/FI -

732/FI - 733/FI

THERMAL DATA*™

TO-220 l ISOWATT220

Rinj - case Thermal resistance junction-case max 1.69 | 3.57 °C/W
ihes  1hermal resistance case-sink typ 0.5 °C/wW
F{thJ amp Thermal resistance junction-ambient max 80 °C/W
- Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T,,,=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 uA Vgs= 0
breakdown voltage for IRF730/732/730FI/732FI 400 Vv
for IRF731/733/731FI/733FI 350 \%
Ipss Zero gate voltage Vps= Max Rating 250 | uA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | wA
lass Gate-body leakage Vgs=+20V +500{ nA
current (Vpg=0)
ON * ok
Vas @y Gate threshold voltage | Vpg= Vgg Ip= 250 pA 2 4 \'
Ip(on) On-state drain current | Vpg> Ip (on) X Rpg(on) max Vas=10V
for IRF730/731/730F1/731FI 55 A
for IRF732/733/732FI/733FI 4.5 A
Rps (on) Static drain-source Vgg= 10V Ipb=3.0A
on resistance for IRF730/731/730F1/731FI 1.0 Q
for IRF732/733/732F1/733F! 151 Q
DYNAMIC
Ots *x Forward VDS> 'DAon) X RDS (on) max 2.9 mho
transconductance Ip=
Ciss Input capacitance 800 | pF
0ss Output capacitance Vpg= 25V f= 1 MHz 300 | pF
res Reverse transfer Vgs= 0 80 | pF
capacitance
SWITCHING
tyon  Turn-on time Vpp= 175V Ipb=30A 30 | ns
t, Rise time Ri= 15 Q 35 ns
tyopy  Turn-off delay time (see test circuit) 55 ns
t Fall time 35 ns
Q Total Gate Charge Vgs=10V Ipb=55A 35 | nC

Vps= Max Rating x 0.8
(see test circuit)
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IRF 730/F1 - 731/FI - 732/FI - 733/FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE

Isp Source-drain current 5.5 A

Ispm () Source-drain current 20 A
(pulsed)

Vsp Forward on voltage Ilsp=55A Vgg= 0 1.6 \

ter Reverse recovery T;j=150°C 600 ns
time

Q,, Reverse recovered lsp= 5.5 A di/dt = 100 A/us 4 wC
charge

** Pulsed: Pulse duration < 300 ps, duty cycle < 1.5%
(*) Repetitive Rating: Puise width limited by max junction temperature
= See note on ISOWATT220 in this datasheet
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IRF 730/FI - 731/FI - 732/FI - 733/FI

Transconductance
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IRF 730/FI - 731/Fl - 732/F1 - 733/FI

Clamped inductive test circuit
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Clamped inductive waveforms
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IRF 730/FI - 731/FI - 732/Fl - 733/FI

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T-T,
Rin

from this Iy, for the POWER MOS can be cal-
culated: i

Po
Iomax< Ao =
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, () is the sum of
each of these elements.

The transient thermal impedance, Z, for different
puise durations can be estimated as follows:

1 - for a short duration power puise less than 1ms;
Zn< Rigc

2 - for an intermediate power pulse of 5ms to 50ms:
Zyp= Ripyc

3 - for long power pulses of the order of 500ms or
greater:

Z= Rinyc + Rinchs + RinHsamd

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1
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ST

IRF 740/F1-741/FI
IRF 742/F1-743/Fl

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vbss Rps(on) Ip "
IRF740 400 V 0.55 Q 10 A
IRF740FI 400 V 0.55 Q 55A
IRF741 350 V 0.55 Q 10 A
IRF741FI 350 V 0.55 Q 55A
IRF742 400 V 08 Q 83 A
IRF742F| 400 V 08 Q 45 A
IRF743 350 V 0.8 Q 83 A
IRF743FI 350V 0.8 @ 4.5 A

e HIGH VOLTAGE - FOR SWITCHING POWER
SUPPLIES

e ULTRA FAST SWITCHING

e EASY DRIVE - FOR REDUCED COST
AND SIZE

INDUSTRIAL APPLICATIONS:
¢ SWITCHING POWER SUPPLIES
e DC SWITCH

N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and very fast switch-
ing times make these POWER MOS transistors
ideal for high speed switching applications. Appli-
cations include DC switch, switching power sup-
plies, ultrasonic equipment and electronic ballast
for fluorescent lamps.

TO-220 ISOWATT220

INTERNAL SCHEMATIC
DIAGRAM

ABSOLUTE MAXIMUM RATINGS IRF
TO-220 740 741 742 743
ISOWATT220 740F1 741F1 742F1 743FI
Vps * Drain-source voltage (Vgs="0) 400 350 400 350 \
Vper *  Drain-gate voltage (Rgg =20 KQ) 400 350 400 350 \
Vas Gate-source voltage +20 \
Iom (*)  Drain current (pulsed) 40 40 33 33 A
oM Drain inductive current, clamped (L= 100 pH) 40 40 33 33 A
740 741 742 743
Ip Drain current (cont.) at T,= 25°C 10 10 8.3 8.3 A
Ip Drain current (cont.) at T = 100°C 6.3 6.3 5.2 5.2 A
740FI 741F1 742F1 743FI
Ip" Drain current (cont.) at T,= 25°C 5.5 5.5 4.5 4.5 A
Ib® Drain current (cont.) at T = 100°C 3 3 2.5 2.5 A
TO-220 ISOWATT220
Piot™ Total dissipation at T, <25°C 125 40 W
- Derating factor 1 0.32 wi/°C
Tag Storage temperature —55to 150 °C
Tj Max. operating junction temperature 150 °C

.= 25°C to 125°C

(0) Ffepetrtlve Rating: Pulse width limited by max junction temperature.

= See note on ISOWATT220 on this datasheet.

June 1988
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IRF 740/FI - 741/FI - 742/F| - 743/FI

THERMAL DATA*™

TO-220 , ISOWATT220

11312

Rinj - case Thermal resistance junction-case max °C/W
the.s 1 hermal resistance case-sink typ 0.5 °C/IW
Rinamp  Thermal resistance junction-ambient max 80 °C/IW
| Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 pA Vgs= 0
breakdown voltage for IRF740/742/740F1/742F| 400 \
for IRF741/743/741F1/743FI 350 \Y
Ibss Zero gate voltage Vps = Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T.= 125°C 1000 | »A
lass Gate-body leakage Vgg=+20V +500( nA
current (Vpg=0)
ON **
Vas gy Gate threshold voltage| Vpg= Vgg Ip= 250 A 2 4 \
Ib(on) On-state drain current | Vps> lp (on) X Rpsion) max Vas =10V
for IRF740/741/740F1/741F| 10 A
for IRF742/743/742F1/743FI| 8.3 A
Rps (on) Static drain-source Vgg= 10V Ip= 52 A
on resistance for IRF740/741/740F1/741F1 0551 Q
for IRF742/743/742F1/743F| 08 | @
DYNAMIC
O ™" Forward Vps> Ip Xm) x Rpg (on) max 4.0 mho
transconductance Ip= 5.2
Ciss input capacitance 1600 | pF
oss . Output capacitance Vps= 25V f= 1 MHz 450 | pF
rss Reverse transfer Vgs= 0 150 | pF
capacitance
SWITCHING
tyon  Turn-on time Vpp= 175 V Ip= 5.0A 35 | ns
t, Rise time Ri=47Q 15 ns
tyom  Turn-off delay time (see test circuit) 20 ns
t Fall time 35 ns
Qq Total Gate Charge Vgg=10V Ipb= 10 A 63 | nC
Vps= Max Rating x 0.8
(see test circuit)
26 (7 SGS-THOMSON
Y/, MICROELECTROMIGS
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IRF 740/FI - 741/Fl - 742/FI - 743/F|

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current 10 A
Ispm (*) Source-drain current 40 A
(pulsed)
Vsp Forward on voltage lsp= 10 A Vgs= 0 2.0 \
ty Reverse recovery Tj=150°C 800 ns
time
Q,, Reverse recovered lsp= 10 A di/dt = 100 Alus 5.7 pC
charge
** Pulsed: Puise duration < 300 ps, duty cycle < 1.5%
(*) Repetitive Rating: Pulse width limited by max junction temperature
n See note on ISOWATT220 in this datasheet
Safe operating areas Thermal impedance Derating curve
(standard package) (standard package) (standard package)
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IRF 740/FI - 741/FI - 742/FI - 743/FI

Transconductance
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IRF 740/FI - 741/FI - 742/F| - 743/FI

Clamped inductive test circuit

VARY t, TO OBTAN
REQUIRED PEAK |,

Vgs=10V

DUt

£1=0.5 BVpss

E=0.75 BVpgs

SC-0242

Switching times test circuit
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ADJUST R,
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SPECIFIED Iy
Vos

DUt

PULSE R
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Gate charge test circuit
+VDS
CURRENT
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-Vos
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SC-0244
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IRF 740/FI - 741/FI - 742/F| - 743/FI

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T - T,
R

from this Ip, for the POWER MOS can be cal-
culated:

Pp
Iomax < R
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas

6-0428/1

()

| mmuus|

e
. IRF740F1/ 1FI|

i RRANN|

o bl el
IRF742F1/3F1
2

At

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, oy is the sum of
each of these elements.

The transient thermal impedance, Zy, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zp< Rinac

2 - for an intermediate power pulse of 5ms to 50ms:
Zin= Riuc

3 - for long power pulses of the order of 500ms or
greater:

Zy= Rpyc + BmcHs + RiHsams

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1
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ISTR 2

IRF 820/FI-821/FI
IRF 822/F1-823/FI

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTORS

TYPE Vpss Rpson) Ip "
IRF820 500 V 3.090 25A
IRF820FI 500 V 3.0 20 A
IRF821 450 V 3.0Q 25A
IRF821FI| 450 V 3.0Q 20A
IRF822 500 V 4.0 Q 22A
IRF822FI 500V 4.0 Q 15A
IRF823 450 V 4.0 Q 22 A
IRF823Fi 450 V 4.0 Q 1.5A

e HIGH VOLTAGE - 450 V FOR OFF LINE SMPS

e ULTRA FAST SWITCHING - FOR OPERATION
AT > KHz

e EASY DRIVE- FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
e SWITCHING POWER SUPPLIES
e MOTOR CONTROLS
N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and very fast switch-
ing times make these POWER MOS transistors
ideal for high speed switching applications. Typi-
cal applications include switching power supplies,
uninterruptible power supplies and motor speed
control.

TO-220 ISOWATT220
INTERNAL SCHEMATIC 0
DIAGRAM

ABSOLUTE MAXIMUM RATINGS IRF
TO-220 820 821 822 823
ISOWATT220 820F1 821F1 822F1 823FI
Vps * Drain-source voltage (Vgg=0) 500 450 500 450 \
Vpgr *  Drain-gate voltage (Rgg =20 KQ) 500 450 500 450 \
Gs Gate-source voltage +20 \
Iom (*) Drain current (pulsed) 8 8 7 7 A
loLm Drain inductive current, clamped (L= 100 uH) 8 8 7 7 A
820 821 822 823
Ip Drain current (cont.) at T,= 25°C 25 25 2.2 22 A
Ip Drain current (cont.) at T,= 100°C 1.6 1.6 1.4 1.4 A
820FI 821FI 822F1 823FI
Ipb® Drain current (cont.) at T,= 25°C 2 2 1.5 1.5 A
Ip" Drain current (cont.) at T,= 100°C 1.2 1.2 0.9 0.9 A
TO-220 ISOWATT220
Piot™ Total dissipation at T, <25°C 50 30 W
- Derating factor 0.40 0.24 wreC
Tetg Storage temperature —55 to 150 °C
T Max. operating junction temperature 150 °C

* "I:'£= 25°C to 125°C
()
= See note on ISOWATT220 on this datasheet.

June 1988

epetitive Rating: Pulse width limited by max junction temperature.
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IRF 820/FI - 821/FI - 822/FI - 823/FI

THERMAL DATA™ TO-220 l ISOWATT220
Rinj - case Thermal resistance junction-case max 25 ! 4.16 °C/W
Rycs  Thermal resistance case-sink typ 0.5 °C/W
Ripiamb  Thermal resistance junction-ambient max 80 °C/IW
T, Maximum lead temperature for soldering purpose 300 °C

ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)

Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Visr) ss Drain-source Ip= 250 pA Vgs= 0
breakdown voltage for IRF820/822/820F1/822FI 500 \'
for IRF821/823/821F1/823FI 450 \
lbss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | pA
lgss Gate-body leakage Vgg==%20V +500| nA
current (Vpg=0)
oN * &
Vas @ Gate threshold voltage| Vpg= Vgg lp= 250 uA 2 4 \Y
ID(O,,) On-state drain current | Vpg> Ip fon) X HDS(O,,) max Vag=10V
for IRF820/821/820FI1/821FI 25 A
for IRF822/823/821FI1/823FI 22 A
Rps (on) Static drain-source Vgs= 10V Ip= 14 A
on resistance for IRF820/821/820FI1/821FI 3.0 Q
for IRF822/823/822F1/823FI 4.0 Q
DYNAMIC
Oss * . Forward VDS> lD on) X RDS (on) max 1.0 mho
transconductance Ip= 1.4 }\
Ciss Input capacitance 400 | pF
Coss Output capacitance Vpg= 25V f= 1 MHz 150 | pF
rss Reverse transfer Vgs= 0 40 | pF
capacitance
SWITCHING
tyony  Turn-on time Vpp= 225 V Ipb= 1.0A 60 ns
t, Rise time R;= 50 Q 50 ns
ty oy  Turn-off delay time (see test circuit) 60 ns
t; Fall time 30 ns
Qq Total Gate Charge Vgs=10V Ip=25A 19 | nC
Vps= Max Rating x 0.8
(see test circuit)
216 -THOM
——— 57, SEsTHOMSON
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IRF 820/FI - 821/FI - 822/FI - 823/FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current 25 A
Ispm () Source-drain current 10 A
(pulsed)

Vgp**  Forward on voltage lsp= 2.5 A Vgs= 0 1.6 \

ey Reverse recovery Tj=150°C 600 ns

time

Q,, Reverse recovered lsp= 2.5 A di/dt = 100 Alus 3.5 uC

charge
** Pulsed: Pulse duration < 300 us, duty cycle < 1.5%
(*) Repetitive Rating: Pulse width limited by max junction temperature
= See note on ISOWATT220 in this datasheet
Safe operating areas Thermal impedance Derating curve
(standard package) (standard package) (standard package)
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IRF 820/FI - 821/F1 - 822/FI - 823/FI

Transconductance
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IRF 820/FI - 821/FI - 822/FI - 823/FI

Clamped inductive test circuit

VARY t, TO OBTAIN
REQUIRED PEAK |
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Switching times test circuit
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Clamped inductive waveforms
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IRF 820/FI - 821/FI - 822/FI - 823/FI

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T-T,
Rin

from this Ipmay for the POWER MOS can be cal-
culated:

Po
Ipmax < R
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas

C-0626/1 K

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, oy is the sum of
each of these elements.

The transient thermal impedance, Zy, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zp< Ryngc

2 - for an intermediate power pulse of 5ms to 50ms:
Zy= Ryyc

3 - for long power pulses of the order of 500ms or
greater:

Zin= Riyc + RincHs + BinHs.amb

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1
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IRF 830/FI-831/FI

IRF 832/FI-833/FI

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTORS

TYPE Vpss Ros(on) Ip "
IRF830 500 V 15Q 45 A
IRF830F| 500 V 1.5Q 3.0A
IRF831 450 V 1.5Q 45A
IRF831FI 450 V 1.5 Q 3.0A
IRF832 500 V 2.0 Q 40 A
|IRF832FI| 500 V 2.0 Q 25A
IRF833 450 V 2.0 Q 40 A
|IRF833FI 450 V 2.0 Q 25A

* HIGH VOLTAGE - 450 V FOR OFF LINE SMPS
¢ ULTRAFAST SWITCHING - FOR OPERATION

AT > KHz TO-220 ISOWATT220
¢ EASY DRIVE- FOR REDUCED COST AND SIZE
e COST EFFECTIVE PLASTIC PACKAGE
INDUSTRIAL APPLICATIONS:
e SWITCHING POWER SUPPLIES INTERNAL SCHEMATIC 2
e MOTOR CONTROLS DIAGRAM
N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and very fast switch-
ing times make these POWER MOS transistors G
ideal for high speed switching applications. Typi-
cal uses include SMPS, lamp ballast and motor
control. S
ABSOLUTE MAXIMUM RATINGS IRF
TO-220 830 831 832 833
ISOWATT220 830FI 831FI 832FI 833Fl
Vps * Drain-source voltage (Vgg=0) 500 450 500 450 \'
Vper *  Drain-gate voltage (Rgg =20 KQ) 500 450 500 450 \
Gs Gate-source voltage +20 \
Ipm (¢)  Drain current (pulsed) 15 15 13 13 A
IpLm Drain inductive current, clamped (L= 100 xH) 15 15 13 13 A
830 831 832 833
Ip Drain current (cont.) at T,= 25°C 4.5 45 4 4 A
Ib Drain current (cont.) at T,= 100°C 3 3 25 2.5 A
830FI 831FI 832F1 833FI
Ih" Drain current (cont.) at T,= 25°C 3 3 2.5 25 A
Ib™ Drain current (cont.) at T,= 100°C 1.8 1.8 1.5 1.5 A
TO-220 ISOWATT220
Piot™ Total dissipation at T, <25°C 74 35 w
. Derating factor 0.59 0.28 W/eC
Tetg Storage temperature —55 to 150 °C
T; Max. operating junction temperature 150 °C

*  T,= 25°C to 125°C

(e) Repetitive Rating: Pulse width limited by max junction temperature.

= See note on ISOWATT220 on this datasheet.
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IRF 830/FI - 831/FI - 832/FI -

833/FI

THERMAL DATA*™

TO-220 l ISOWATT220

Rynj - case Thermal resistance junction-case max 1.69 I 3.57 °C/IwW
thes  Thermal resistance case-sink typ 0.5 °CIW
Rinjamp  Thermal resistance junction-ambient max 80 °C/w
\ Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
-
Visr) pss Drain-source Ip= 250 pA Vgs= 0
breakdown voltage for IRF830/832/830F1/832FI 500 \Y
for IRF831/833/831FI1/833FI 450 \%
Ibss Zero gate voltage Vpg= Max Rating 250 | wA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | pA
lass Gate-body leakage Vgg= =20V +500| nA
current (Vpg=0)
ON **
Vasn Gate threshold voltage| Vpg= Vgg Ip= 250 pA 2 4 \
'D(on) On-state drain current VDS> ID (on) X RDS(OI’I) max VGS =10V
for IRF830/831/830FI1/831FI 4.5 A
for IRF832/833/832FI1/833F! 4.0 A
Rps (ony Static drain-source Vgs= 10V Ipb= 25A
on resistance for IRF830/831/830F1/831FI 1.5 Q
for IRF832/833/832FI1/833FI 2.0 Q
DYNAMIC
Gt ** Forward VDSl> ID on) X RDS (on) max 2.7 mho
transconductance Ih= 2.5 A
iss Input capacitance 800 | pF
0sS Output capacitance Vpg= 256V f= 1 MHz 200 | pF
rss Reverse transfer Vgs= 0 60 pF
capacitance
SWITCHING
tyn  Turn-on time Vpp= 225 V Ip=25A 30 ns
t, Rise time Ri= 15 Q 30 ns
tyom  Turn-off delay time (see test circuit) 55 ns
t Fall time 30 ns
Q Total Gate Charge Vgg= 10V Ipb=45A 32 | nC
Vps= Max Rating x 0.8
(see test circuit)

= See note on ISOWATT220 in this datasheet
** Pulsed: Pulse duration < 300 us, duty cycle <2%
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IRF 830/FI - 831/FI - 832/FI - 833/FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current 45 | A
Ispm (*) Source-drain current 15 A
(pulsed)
Vgp**  Forward on voltage Isp= 45A Vgs= 0 1.6 \
ty Reverse recovery T;=150°C 800 ns
time
Q, Reverse recovered Igp= 45A di/dt = 100 Alus 4.6 uC
charge

** Pulsed: Pulse duration < 300 s, duty cycle < 1.5%
(°) Repetive Rating: Pulse width limited by max junction temperature

Safe operating areas
(standard package)
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IRF 830/FI - 831/FI - 832/FI - 833/FI

Transconductance
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IRF 830/FI - 831/FI - 832/FI - 833/FI

Clamped inductive test circuit

VARY t, TO OBTAIN
REGUIRED PEAK |,

Vgs=10V

DuT

f‘,
Ey=0.5 BVpss
Ec=0.75 BVggs
SC-0242
Switching times test circuit
Vop
ABJUST R,
PULSE Rl || To 0BTAIN
GENERATOR . SPECIFIED Iy
: A Vos
puT
H
L
SC-0246
oy

Clamped inductive waveforms

Ec

SC-0243

Gate charge test circuit

"‘VDS

CURRENT

REGULATOR oD
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S
i
15mA S Ut
J L 6 95
-Vps
CURRENT CURRENT
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IRF 830/FI - 831/FI - 832/FI - 833/FI

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. lts ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T - T
Rth

from this Ip,,, for the POWER MOS can be cal-
culated:

Pp

IDmax<

Rpsion) (at 150°C)

ISOWATT DATA

Safe operating areas

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, ) is the sum of
each of these elements.

The transient thermal impedance, Z, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zin< Rinuc

2 - for an intermediate power pulse of 5ms to 50ms:
Zy,= Rinyc

3 - for long power pulses of the order of 500ms or
greater:

Zypn= Riyc + Rinchs + Rinms.amb

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1
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Lyz S0S-THOMSON

IRF 840/F1-841/FI
IRF 842/F1-843/FIl

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTORS

TYPE Vpss Rps(on) Ip "
|IRF840 500 V 0.85 Q 8 A
IRF840FI 500 V 0.85 Q 45 A
|IRF841 450 V 0.85 Q 8 A
|IRF841FI 450 V 0.85 Q 45 A
IRF842 500 V 1.1 Q 7 A
IRF842F! 500 V 1.1 Q 4 A
IRF843 450 vV 1.1Q 7 A
IRF843F! 450 V 110 4 A

¢ HIGH VOLTAGE - 450 V FOR OFF LINE SMPS
e ULTRA FAST SWITCHING - FOR OPERATION

AT > 100KHz TO-220 ISOWATT220
¢ EASY DRIVE- FOR REDUCED COST AND SIZE
e COST EFFECTIVE PLASTIC PACKAGE
INDUSTRIAL APPLICATIONS:
¢ SWITCHING POWER SUPPLIES INTERNAL SCHEMATIC 2
¢ MOTOR CONTROLS DIAGRAM
N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and very fast switch-
ing times make these POWER MOS transistors G
ideal for high speed switching applications.
s
ABSOLUTE MAXIMUM RATINGS IRF
TO-220 840 841 842 843
ISOWATT220 840FI 841FI 842F1 843FI
Vps * Drain-source voltage (Vgg=0) 500 450 500 450 \Y
Vpgr * Drain-gate voltage (Rgg =20 KQ) 500 450 500 450 \
Vas Gate-source voltage +20 \
Iom (*) Drain current (pulsed) 32 32 28 28 A
lbLm Drain inductive current, clamped (L= 100 pH) 32 32 28 28 A
840 841 842 843
Ip Drain current (cont.) at T,= 25°C 8 8 7 7 A
Ip Drain current (cont.) at T,= 100°C 5.1 5.1 4.4 4.4 A
840F1 841F1 842F1 843FI
ipb" Drain current (cont.) at T,= 25°C 4.5 45 4 4 A
Ib" Drain current (cont.) at T,= 100°C 2.8 2.8 2.5 2.5 A
TO-220 ISOWATT220
Piot™ Total dissipation at T, <25°C 125 40 W
. Derating factor 1 0.32 W/eC
Tsig Storage temperature —55 to 150 °C
T Max. operating junction temperature 150 °C

* T;= 25°Cto 125°C

O] Ffepetitive Rating: Pulse width limited by max junction temperature.

= See note on ISOWATT220 on this datasheet.

June 1988
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IRF 840/FI - 841/FI - 842/FI - 843/FI

THERMAL DATA®"

TO-220 | ISOWATT220

11312

Ripj . case Thermal resistance junction-case max °C/W
thes  Thermal resistance case-sink typ 0.5 °C/W
Rinj-amp  Thermal resistance junction-ambient max 80 °CIW
T, Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
V(BR) DSS Drain-source = 250 [IA V GS = 0
breakdown voltage for IRF840/842/840F1/842FI 500 \
for IRF841/843/841FI1/843FI 450 \'
Ipss Zero gate voltage Vpg= Max Rating 250 | uA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | pA
lass Gate-body leakage Vgg=+20V +500| nA
current (Vpg=0)
ON * ¥
Vas @ny Gate threshold voitage | Vpg= Vgg Ip= 250 pA 2 4 \'
ID(on) On-state drain current VDS> ID (on) X RDS(on) max VGS =10V
for IRF840/841/840F1/841F| 8 A
for IRF842/843/842F|/843FI| 7 A
Rps (on) Static drain-source Vgg= 10V Ip= 44 A
on resistance for IRF840/841/840FI1/841F| 085 | @
for IRF842/843/842FI1/843FI 1.1 Q
DYNAMIC
O, **  Forward VDs> ID on) X Rps (on) max 4.9 mho
transconductance Ip= .2\
Ciss Input capacitance 1600 | pF
Coss Output capacitance Vpg= 25V f=1MHz 350 | pF
Crss Reverse transfer Vgs= 0 150 | pF
capacitance
SWITCHING
t4on  Turn-on time Vpp= 200 V Ip=40A 35 ns
t, Rise time Ri= 47 Q 15 ns
ta oy  Turn-off delay time (see test circuit) 920 ns
t Fall time 30 ns
Qg Total Gate Charge Vgg= 10V Ipb= 8 A 63 | nC
Vpg= Max Rating x 0.8
(see test circuit)
216 SGS-THOMSON
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IRF 840/FI - 841/F1 - 842/FI - 843/F|

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE

lsp Source-drain current 8 A

Ispm (°)  Source-drain current 32 A
(pulsed)

Vgp**  Forward on voltage Isp= 8 A Vgs= 0 2 \

t, Reverse recovery Tj=150°C 1100 ns
time

Q. Reverse recovered lsp= 8.0 A di/dt = 100 Alus 6.4 uC
charge

** Pulsed: Pulse duration < 300 us, duty cycle < 1.5%
(*) Repetive Rating: Pulse width limited by max junction temperature
= See note on ISOWATT220 in this datasheet

Safe operating areas
(standard package)

Thermal impedance
(standard package)

Derating curve
(standard package)
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IRF 840/FI - 841/FI - 842/F| - 843/FI

Transconductance Static drain-source on Maximum drain current vs
resistance temperature
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IRF 840/FI - 841/FI - 842/F!I - 843/FI

Clamped inductive test circuit Clamped inductive waveforms
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REQURED PEAK | py; Vos

TT1 —G T°
-
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L ! I 5
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Switching times test circuit Gate charge test circuit
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IRF 840/FI - 841/F1 - 842/FI - 843/FI

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T - T,
Rin

from this Ip,ay for the POWER MOS can be cal-
culated:

Pp

IDmax <

Rbs(on) (at 150°C)

ISOWATT DATA

Safe operating areas

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, ¢y is the sum of
each of these elements.

The transient thermal impedance, Z;, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zyp< Rinyc

2 - for an intermediate power pulse of 5ms to 50ms:
Zy= Rinyc

3 - for long power pulses of the order of 500ms or
greater:

Zp= Ryyc + RincHs *+ Rinrsamb

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1
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r SGS-THOMSON IRFP 150/FI-151/FI
Y/, iCROELECTRONICS IRFP 152/FI-153/FI

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vpss Rpsion) Ipb "

IRFP150 100 V 0.055 @ 40 A
IRFP150FI | 100 V 0.055 26 A
IRFP151 60 V 0.055 Q 40 A
IRFP151FI 60 V 0.055 @ 26 A
IRFP152 100 V 0.08 @ 34 A
IRFP152FI | 100 V 0.08 @ 21 A
IRFP153 60 V 0.08 @ 34 A
IRFP153FI 60 V 0.08 Q 21 A

60 - 100 V FOR DC/DC CONVERTERS
HIGH CURRENT

RATED FOR UNCLAMPED INDUCTIVE
SWITCHING (ENERGY TEST) ¢

ULTRA FAST SWITCHING

EASY DRIVE - FOR REDUCES COST AND SIZE
INDUSTRIAL APPLICATIONS: INTERNAL SCHEMATIC D
UNINTERRUPTIBLE POWER SUPPLIES DIAGRAM

MOTOR CONTROLS

N - channel enhancement mode POWER MOS field ef-
fect transistors. Easy drive and very fast switching times 6
make these POWER MOS transistors ideal for high speed
switching applications. Applications include DC/DC con-
verters, UPS, battery chargers, secondary regulators, ser- 3
vo control, power audio amplifiers and robotics.

L]

IRFP
ABSOLUTE MAXIMUM RATINGS TO-218 150 151 152 153
ISOWATT218 150F1 151F1 152F1 153FI
Vps * Drain-source voltage (Vgg=0) 100 60 100 60 Vv
Vper * Drain-gate voltage (Rgg =20 KQ) 100 60 100 60 \
Vas Gate-source voltage +20 \
Ipm (®) Drain current (pulsed) 160 160 140 140 A
150 151 152 153
Ip Drain current (cont.) at T,= 25°C 40 40 34 34 A
lp Drain current (cont.) at T,= 100°C 26 26 22 22 A
150FI 151F1 152F1 153FI
Ip™ Drain current (cont.) at T.= 25°C 26 26 21 21 A
" Drain current (cont.) at T,= 100°C 16 16 13 13 A
TO-218 ISOWATT218
Piot™ Total dissipation at T, <25°C 150 65 w
Derating factor 1.2 0.52 Wr°C
Tsig Storage temperature —55 to 150 °C
T, Max. operating junction temperature 150 °C
» T;= 25°C to 125°C
(o) Ffepetitive Rating: Pulse width limited by max junction temperature.
= See note on ISOWATT218 on this datasheet.
* Introduced in 1988 week 44
June 1988 1/6
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IRFP 150/FI - 151/FI - 152/FI - 153/FI

THERMAL DATA™®

TO-218 | ISOWATT218

Rihj - case Thermal resistance junction-case max- 0.83 | 1.92 °C/W
the.s  Thermal resistance case-sink typ 0.1 °C/W
Rthj amp Thermal resistance junction-ambient max 30 °C/W
Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
\/(BR) DSS Drain-source |D= 250 [I.A VGS= 0
breakdown voltage for IRFP150/152/150FI/152FI 100 \Y
for IRFP151/153/151FI/153FI 60 \
Ipss Zero gate voltage Vps= Max Rating 250 | uA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T.= 125°C 1000 | pA
lass Gate-body leakage Vgg=+20 V +100| nA
current (Vpg=0)
oN * ok
Vas @ny Gate threshold voltage| Vpg= Vgg Ip= 250 pA 2 4 \'
Ip(on) On-state drain current | Vpg> Ip (o) X Rpg(on) max Vag=10V
for IRFP150/151/150F1/151F1 40 A
for IRFP152/153/152F|/153FI 34 A
Rps ony Static drain-source Vgs= 10V Ip= 22 A
on resistance for IRFP150/151/150FI/151FI 0.055( @
for IRFP152/153/152F1/153F]I 008 @
ENERGY TEST
luis Unclamped inductive | Vpp= 30V = 100 pxH
switching current starting T;= 25°C
(single pulse) for IRFP150/151/150F1/151Fi 40 A
for IRFP152/153/152F1/153FI 34 A
DYNAMIC
O **  Forward VDs> ID on) % Bbs (on) max 13 mho
transconductance Ip= 22 A
Ciss Input capacitance 3000 | pF
Coss Output capacitance Vpg= 25V f=1MHz 1500 | pF
Crss Reverse transfer Vgs= 0 500 | pF
capacitance
2/6
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IRFP 150/FI - 151/FI - 152/F1 - 153/FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SWITCHING
ty Turn-on time Vpp= 24 V Ip=20 A 35 ns
£ Rise time RZ 4.7 0 100 | ns
taom  Turn-off delay time (see test circuit) 125 | ns
t Fall time 100 | ns
Q Total Gate Charge | Vgg=10V Ip= 50 A 110 | nC
VDs— Max Rating x 0 8
(see test circuit)
SOURCE DRAIN DIODE
lsp Source-drain current | for IRFP150/151/150F1/151FI 40 A
for IRFP152/153/152F1/153FI 34 A
Ispm (*) Source-drain current | for IRFP150/151/150F1/151FI 160 | A
(pulsed) for IRFP152/153/152F1/153FI 140 A
Vgp** Forward on voltage lsp= 40 A Vgs= 0 2.5 \
te Reverse recovery T; = 150°C 600 ns
time
Q,, Reverse recovered lsp= 40 A di/dt = 100 A/us 3.3 uC
charge
** Pulsed: Pulse duration < 300 s, duty cycle < 1.5%
(*) Repetitive Rating: PuIse width limited by max junction temperature
w See note on ISOWATT220 in this datasheet
Safe operating areas Thermal impedance Derating curve
(standard package) (standard package) (standard package)
@) ; e PotW) Gu-153
“ ) 140 -\V
o Q; D 100 \
= . .
o A ¢
s o 40 1
: :f:fzn'( \I PERAVIJODT N 20 \\
::aéz:::;"n AN P
10° CEe0T e ss107 2 & s sypc(y) 0 20 40 60 80 100 120 Tcase(°C)
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IRFP 150/F1 - 151/FI - 152/FI -

153/Fl

Output characteristics

GC-0520
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Output characteristics

Ge-0521

Transfer characteristics
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resistance temperature
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IRFP 150/FI - 151/FI - 152/FI - 153/FI

Normalized on resistance Source-drain diode forward
vs temperature characteristics
GC-0517 GU-1506
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IRFP 150/FI - 151/FI - 152/FI - 153/FI

ISOWATT218 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT218 is fully isolated to 4000V dc. lts ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. These distan-
ces are in agreement with VDE and UL creepage
and clearance standards. The ISOWATT218 pac-
kage eliminates the need for external isolation so
reducing fixing hardware.

The package is supplied with leads longer than the
standard TO-218 to allow easy mounting on pcbs.
Accurate moulding techniques used in manufac-
ture assures consistent heat spreader-to-heatsink
capacitance

ISOWATT218 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT218 packages is determined by:

T - T

Pp=
Rin

from this Ip ., for the POWER MOS can be cal-
culated:

Pp
Ipmax< B
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT218 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT218 package.

The total thermal resistance Ry, oy is the sum of
each of these elements.

The transient thermal impedance, Z,, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zn < BRic

2 - for an intermediate power puise of 5ms to 50ms:
Zin= Riuc

3 - for long power pulses of the order of 500ms or
greater:

Zp= Rinyc + RincHs + BinHsamb

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1

Rihs-c Rinc-ts Rins-amb
— AN WN— N N—NA—

Derating curve
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Lyz SGS-THOMSON

IRFP350FI

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rpson) Ip

IRFP350FI | 400 V 0.3 Q 10 A

¢ HIGH VOLTAGE - FOR OFF-LINE SMPS
¢ HIGH CURRENT - FOR SMPS UPTO 350W

¢ ULTRA FAST SWITCHING - FOR OPERATION
AT > 100KHz

e EASY DRIVE - REDUCES SIZE AND COST

INDUSTRIAL APPLICATIONS:
e SWITCHING MODE POWER SUPPLIES

« MOTOR CONTROLS ISOWATT218
N - channel enhancement mode POWER MOS field
effect transistor. Fast switching and easy drive ma-
ke this POWER MOS transistor ideal for high vol- INTERNAL SCHEMATIC 2
tage switching applications include electronic DIAGRAM
welders, switched mode power supplies and sonar
equipment.
G
s

ABSOLUTE MAXIMUM RATINGS
Vps * Drain-source voltage (Vgg=0) 400 \
Vper *  Drain-gate voltage (Rgg =20 KQ) 400 \
Vas Gate-source voltage =20 \
Ip Drain current (cont.) at T,=25°C 10 A
Ip Drain current (cont.) at T,=100°C 6.3 A
lom(®) Drain current (pulsed) 60 A
loLm Drain inductive current, clamped (L= 100 pH) 60 A
Piot Total dissipation at T, <25°C 70 w

Derating factor 0.56 WreC
Tag Storage temperature —55to 150 °C
TJ- Max. operating junction temperature 150 °C

+ Ti= 26°C to 125°C

) IJ-‘(epetitive Rating: Pulse width limited by max junction temperature

June 1988
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IRFP350FI|

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.78 °C/w
thes  Thermal resistance case-sink typ 0.1 °C/w
Rinj - amp Thermal resistance junction-ambient . max 30 °C/wW
T Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Viar) pss Drain-source Ip= 250 pA Vgs= 0 400 \'
breakdown voltage
Ibss Zero gate voltage Vps= Max Rating 250 | /IpA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T;= 125°C 1000 | /uA
lgss Gate-body leakage Vgg=+20 V +100| nA
current (Vpg=0)
ON * *
VGS (th) Gate threshold Voltage VDS= VGS |D= 250 [LA 2 4 \%
Ipony On-state drain current | Vpg>Ip on) X Rps (on) maxs Vas= 10 V| 10 A
Rps (on) Static drain-source Vgg= 10V Ipb=80A 0.3 Q
on resistance
DYNAMIC
gfs* * Forward VDS> ID (on) X RDS (on) max 8.0 mho
transconductance Ip= A
Ciss Input capacitance 3000 | pF
0ss Output capacitance Vps= 256V f=1 MHz 600 | pF
rss Reverse transfer Vgs= 0 200 | pF
capacitance
SWITCHING
t4on  Turn-on time Vpp= 180 V Ipb= 8.0A 35 ns
t, Rise time Ri= 47 Q 65 ns
tyofy  Turn-off delay time (see test circuit) 150 | ns
t; Fall time 75 ns
Qq Total Gate Charge Vgs=10V Ipb=18 A 120 | nC
Vps= Max Rating x 0.8
(see test circuit)
216 SGS-THOMSON
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IRFP350FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current 10 A
Ispm (*) Source-drain current 60 A
(pulsed)
Vgp** Forward on voitage lsp= 15 A Vgs= 0 16 | V
te Reverse recovery Tj= 150°C 1000 ns
time
Q Reverse recovered Isp=15 A di/dt = 100 A/us 6.6 uC
charge
** Pulsed: Pulse duration < 300 us, duty cycle < 1.5%
(*) Repetitive Rating: Pulse width limited by max junction temperature
Safe operating areas Thermal impedance Derating curve
blA): = = GC-0895 - Ge-t6t
S 100
10 -
IS =SS N
10*: A N 100ps| )
. H 1ms
TI1
10; NJ Y 10ms 40
. EEE 100mg
: Ei 2 N
2 11
10! nc.
et w Vast¥) 0 50 00 Teagel®0)

Output characteristics

Output characteristics

Transfer characteristics
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/ L~ 1
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2 ° T ,:2%[ /
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IRFP350F]I

Transconductance
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IRFP350FI

Clamped inductive test circuit Clamped inductive waveforms
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IRFP350FI

ISOWATT218 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT218 is fully isolated to 4000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. These distan-
ces are in agreement with VDE and UL creepage
and clearance standards. The ISOWATT218 pac-
kage eliminates the need for external isolation so
reducing fixing hardware.

The package is supplied with leads longer than the
standard TO-218 to allow easy mounting on pcbs.
Accurate moulding techniques used in manufac-
ture assures consistent heat spreader-to-heatsink
capacitance

ISOWATT218 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT218 packages is determined by:

T - T

THERMAL IMPEDANCE OF
ISOWATT218 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT218 package.

The total thermal resistance Ry, ) is the sum of
each of these elements.

The transient thermal impedance, Zy, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zp< Rihic

2 - for an intermediate power pulse of 5ms to 50ms:
Zh= Ric

3 - for long power pulses of the order of 500ms or
greater:

Zp= Riyc + RincHs + Rinnsamd

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1
PD =
Rin
from this Ipay for the POWER MOS can be cal- Rihs-c Rincons RehHs-amb
culated: — ANN—ANNA—AAN—
Pp
tDmax< Boe
DS(on) (at 150°C)
6/6 .
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[— SGS-THOMSON IRFP 450/Fl-451/FIl
Y/, iCRoELECTRONICS IRFP 452/FI-453/FI

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vpss Rps(on) Ip "
IRFP450 500 vV 0.4 9 14 A
IRFP450F! 500 V 0.49Q 9A
IRFP451 450 V 0.4 Q 14 A
IRFP451F| 450 V 04Q gA
IRFP452 500 V 0590 12 A
IRFP452F| 500 V 05¢Q 8 A
IRFP453 450 V 059 12 A
IRFP453FI 450 V 05Q 8 A

HIGH VOLTAGE - 450V FOR OFF LINE SMPS
HIGH CURRENT - 12A FOR UP TO 350W SMPS

T0-218 ISOWATT218
* ULTRA FAST SWITCHING - FOR OPERATION

AT > 100 KHz
* EASY DRIVE - REDUCES COST AND SIZE

INDUSTRIAL APPLICATIONS: INTERNAL SCHEMATIC 0
+ SWITCHING MODE POWER SUPPLIES DIAGRAM

MOTOR CONTROLS

N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and very fast switch- G
ing times make these POWER MOS transistors
ideal for high speed switching applications.

ABSOLUTE MAXIMUM RATINGS IRFP
TO-218 450 451 452 453
ISOWATT218 450F1 451F1 452F1 453FI
Vps * Drain-source voltage (Vgg=0) 500 450 500 450 \
Vpgr *  Drain-gate voitage (Rgg=20 KQ) 500 450 500 450 Vv
Vas Gate-source voltage +20 \Y%
Ipm (*) Drain current (pulsed) 56 56 48 48 A
IoLm Drain inductive current, clamped (L= 100 pH) 56 56 48 48 A
450 451 452 453
Ib Drain current (cont.) at T,= 25°C 14 14 12 12 A
Ip Drain current (cont.) at T = 100°C 8.8 8.8 7.9 7.9 A
450F1 451F1 452F1 453FI
Ip™ Drain current (cont.) at T,= 25°C 9 9 8 8 A
Ip" Drain current (cont.) at T = 100°C 5.6 5.6 5 5 A
TO-218 ISOWATT218
Pyot™ Total dissipation at T, <25°C 180 70 W
Derating factor 1.44 0.55 w/eC
Tstg Storage temperature —55 to 150 °C
T Max. operating junction temperature 150 °C
;= 25°C to 125°C
(-) FsJepetmve Rating: Pulse width limited by max junction temperature.
= See note on ISOWATT218 on this datasheet.
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IRFP 450/FI - 451/FI - 452/Fl - 453/FI

THERMAL DATA™

TO-218 ‘ ISOWATT218

069 1.8

Rinj - case Thermal resistance junction-case max °C/IW
ihes  Thermal resistance case-sink typ 0.1 °C/W
th-amb Thermal resistance junction-ambient max 30 °C/W
| Maximum lead temperature for soidering purpose 300 °C

ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vigr) pss Drain-source Ip= 250 uA Vgs= 0
breakdown voltage for IRFP450/452/450F1/452F!1 500 \Y
for IRFP451/453/451F1/453FI| 450 \Y
Ipss Zero gate voltage Vpg= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | uA
lass Gate-body leakage Vgs=+=20V +500| nA
current (Vpg=0) .
ON *
Vas any Gate threshold voltage| Vpg= Vgg Ip= 250 pA 2 4 \
Ip(on) On-state drain current | Vpg> Ip (on X Rpg(on) max Vas=10 V
for IRFP450/451/450F1/451F| 14 A
for IRFP452/453/452F1/453FI 12 A
Rps (on) Static drain-source Vgs= 10V Ib=79A
on resistance for IRFP450/451/450F1/451F| 04 | Q
for IRFP452/453/452F1/453FI 05 | @
DYNAMIC

g **  Forward Vps> Ip }\on) % Bps (on) max 9.3 mho

transconductance Ip=7.9

Ciss Input capacitance 3000 | pF
088 Output capacitance Vps= 25V f=1 MHz 600 | pF
rss Reverse transfer Vgs= 0 200 | pF

capacitance
SWITCHING

tyom  Turn-on time Vpp= 210V Ib=7.0A 35 ns

t, Rise time Ri= 47 Q 50 ns

tyomy  Turn-off delay time (see test circuit) 150 | ns

t; Fall time 70 ns

Qg Total Gate Charge Vgs=10V Ip=13 A 120 | nC

Vps= Max Rating x 0.8
(see test circuit)
2/6 GS-
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IRFP 450/FI - 451/F1 - 452/FI - 453/FI|

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current 14 A
Ispm (*) Source-drain current 56 A
(pulsed)
Vsp Forward on voltage [ Igp= 14 A Vgg= 0 14 |V
ter Reverse recovery T;= 150°C 1300 ns
time
Q. Reverse recovered Isp=14 A di/dt = 100 A/us 7.4 »C
charge
** Pulsed: Pulse duration € 300 ps, duty cycle < 1.5%
(*) Repetitive Rating: Pulse width limited by max junction temperature
" See note on ISOWATT218 in this datasheet.
Safe operating areas Thermal impedance Derating curve
(standard package) (standard package) (standard package)
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IRFP 450/FI - 451/FI - 452/FI - 453/FI

Transconductance Static drain-source on Maximum drain current vs
resistance temperature
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IRFP 450/F1 - 451/FI - 452/FI - 453/F|

Clamped inductive test circuit

Clamped inductive waveforms

L £
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IRFP 450/F1 - 451/FI - 452/F| - 453/FI

ISOWATT218 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT218 is fully isolated to 4000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. These distan-
ces are in agreement with VDE and UL creepage
and clearance standards. The ISOWATT218 pac-
kage eliminates the need for external isolation so
reducing fixing hardware.

The package is supplied with leads longer than the
standard TO-218 to allow easy mounting on pcbs.
Accurate moulding techniques used in manufac-
ture assures consistent heat spreader-to-heatsink
capacitance

ISOWATT218 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT218 packages is determined by:

T - T
Rin

from this Ip,,, for the POWER MOS can be cal-
culated:

Pp
Ipmax< H———
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas

6C-0685

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT218 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT218 package.

The total thermal resistance Ry, ¢y is the sum of
each of these elements.

The transient thermal impedance, Zy, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zin< Rypuc

2 - for an intermediate power pulse of 5ms to 50ms:
Zin= Ripsc

3 - for long power pulses of the order of 500ms or
greater:

Zyp= Ryuc + Rinchs + Rinsamd

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1
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Lyz 305 -THOMSON

IRFZ20/FI
IRFZ22/FlI

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTORS

TYPE Vpss Rps(on) Ip
IRFZ20 50V 0.1 @ 15 A
IRFZ20FI 50V 0.1 @ 125 A
IRFZ22 50V 0.12 Q 14 A
IRFZ20F! 50V 0.12Q 12 A

N-CHANNEL POWER MOS TRANSISTORS
VERY LOW Rps (on)

LOW DRIVE ENERGY FOR EASY DRIVE
COST EFFECTIVE

INDUSTRIAL APPLICATIONS:

e AUTOMOTIVE POWER ACTUATORS TO-220 ISOWATT220
¢ MOTOR CONTROLS
e INVERTERS
N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and very fast switch- INTERNAL SCHEMATIC 0
ing times make these POWER MOS transistors DIAGRAM
ideal for high speed switching circuits applications
such as power actuators driving, motor drive inciud-
ing brushless motors, hydraulic actuator and many G
other in automotive and automatic guided vehicle
applications. They also find use DC/DC convert-
ers and uninterruptible power supplies s
ABSOLUTE MAXIMUM RATINGS IRF
Z20 222
Z20FI Z22F|
Vps * Drain-source voltage (Vgg=0) 50 \%
Vbar Drain-gate voltage (Rgg =20 KQ) 50 \Y
Vas Gate-source voltage +20 \"
lpm (*)  Drain current (pulsed) 60 56 A
lowm Drain inductive current, clamped (L= 100 puH) 60 56 A
220 222
Ip Drain current (cont.) at T,= 25°C 15 14 A
Ip Drain current (cont.) at T = 100°C 10 9 A
Z20FI Z22F|
Ip" Drain current (cont.) at T,= 25°C 12.5 12 A
Ip" Drain current (cont.) at T = 100°C 7.5 7 A
TO-220 ISOWATT220
Piot® Total dissipation at T, <25°C 40 30 w
" Derating factor 0.32 0.24 W/°C
Tatg Storage temperature ~55 to 150 °C
T] Max. operating junction temperature 150 °C

25°C to 125°C

*) hepetmve Rating: Pulse width limited by max junction temperature

n See note on ISOWATT220 in this datasheet

June 1988
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IRFZ20/FI - IRFZ22/FI

THERMAL DATA™

TO-220 ’ ISOWATT220

312 | 4.16

Rinj - case 1hermal resistance junction-case max °C/IW
ihes  Thermal resistance case-sink typ 0.5 °C/wW
Riniamp  Thermal resistance junction-ambient max 80 °C/W
T, Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T,s, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 pA Vgs= 0 50 \
breakdown voltage
Ipss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | pA
lass Gate-body leakage Vgs=+20V +500| nA
current (Vpg=0)
ON **
Ves @ny Gate threshold voltage| Vpg= Vs Ip= 250 pA 2 4 \'
Ip(on) On-state drain current | Vpg> Ip (on) X Rpgion) max Vas=10V
for IRFZ20/IRFZ20FI 15 A
for IRFZ22/IRFZ22F]I 14 A
Rps (o) Static drain-source Vgs= 10V Ib=9.0A
on resistance for IRFZ20/IRFZ20FI 010 @
for IRFZ20/IRFZ22FI 012 | @
DYNAMIC
O ™" Forward Vps> Ip Xm) %X Rpg (on) max 5 mho
transconductance Ip= 9.0
Ciss Input capacitance 850 | pF
Coss Output capacitance Vpg= 25V f= 1 MHz 350 | pF
Ciss Reverse transfer Vgs= 0 100 | pF
capacitance
SWITCHING
tyon  Turn-on time Vpp= 25V Ib=9.0A 30 | ns
t, Rise time R;= 50 @ 90 | ns
tyom  Turn-off delay time ‘ (see test circuit) 40 | ns
t -~ Falltime 30 ns
Q Total Gate Charge Vgs=10V Ib=20 A 17 [ nC
Vpg= Max Rating x 0.8
(see test circuit)
2/6
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IRFZ20/FI - IRFZ22/FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current | for IRFZ20/IRFZ20FI 15 ns
for IRFZ22/IRFZ22FI 14 ns
| lspm (*) Source-drain current | for IRFZ20/IRFZ20FI 60 A
(pulsed) for IRFZ22/IRFZ22FI 56 A
VGS = 0
Vgp**  Forward on voltage for IRFZ20/IRFZ20F) Ign= 15 A 15 | V
for IRFZ22/IRFZ22IF Igp= 14 A 1.4 \
- Reverse recovery T;= 150°C 100 ns
time
Q. Reverse recovered Isp= 15 A di/dt = 100 A/us 0.4 uC
charge
** Pulsed: Pulse duration < 300 s, duty cycle < 1.5%
(*) Repetitive Rating: Pulse width limited by max junction temperature
= See note on ISOWATT220 in this datasheet
Safe operating areas Thermal impedance Derating curve
(standard package) (standard package) (standard package)
ID(A) == g_u:géé X : GU-144k Pfo' W) GU-1453
A 1 H 50
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IRFZ20FI - IRFZ22/FI

Maximum drain current vs

Transconductance Static drain-source on
resistance temperature
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IRFZ20/FI - IRFZ22/FI

Clampéd inductive test circuit Clamped inductive waveforms

VARY t, TO OBTAIN
REQUIRED PEAK | pur
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IRFZ20/FI - IRFZ22/FI

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T - T,
Rin

from this Ip ., for the POWER MOS can be cal-
culated:

Pb
IDmax< R
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, (o) is the sum of
each of these elements.

The transient thermal impedance, Z, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zyp < Rypyc

2 - for an intermediate power pulse of 5ms to 50ms:
Zp= Rpyc

3 - for long power pulses of the order of 500ms or
greater:

Zy= Ripyc + Rinchs + RinHs-amb

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1
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; IRFZ40
IYIW msm?@%@gég%gw?@g IRFZ42

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vbss Rps(on) Ip
IRFZ40 50V 0.028 Q 35 A
IRFZ42 50V 0.035 Q 35 A

* VERY LOW Rps (on)

 LOW DRIVE ENERGY FOR EASY DRIVE

* HIGH TRANSCONDUCTANCE /C ¢ RATIO
INDUSTRIAL APPLICATIONS:

+ AUTOMOTIVE POWER ACTUATORS

+ MOTOR CONTROLS

¢ INVERTERS TO-220
N - channel enhancement mode POWER MOS field N
effect transistors. Easy drive and very fast switch- :;IIZEI::X:IIL SCHEMATIC

ing times make these POWER MOS transistors
ideal for high speed switching circuits applications
such as power actuators driving, motor drive includ-
ing brushless motor, hydraulic actuators and many
other in automotive and automatic guided vehicle
applications. They also find use DC/DC convert- S
ers and uninterruptible power supplies

ABSOLUTE MAXIMUM RATINGS IRFZ40 IRFZ42
Vps * Drain-source voltage (Vgg=0) 50 \
Vpgr * Drain-gate voltage (Rgg =20 KQ) 50 \
Vas Gate-source voltage +20 \
Ib Drain current (cont.) at T,=25°C 35 35 A
Ib Drain current (cont.) at T,=100°C 32 29 A
Ipm(®) Drain current (pulsed) 160 145 A
Ipm Drain inductive current, clamped (L= 100 pH) 160 145 A
Piot Total dissipation at T, <25°C 125 W
.Derating factor 1.2 WieC
Tstg Storage temperature - 55 to 150 °C
T Max. operating junction temperature 150 °C
* T;= 25°C to 125°C
*) hepetitive Rating: Pulse width limited by max junction temperature
June 1988 1/5
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IRFZ40 - IRFZ42

THERMAL DATA

368

Rypj - case Thermal resistance junction-case max 1.0 °C/W
ihc.s  Thermal resistance case-sink typ 0.5 °C/wW
Ripramb  Thermal resistance junction-ambient max 80 °Cc/w
| Maximum lead temperature for soldering purpose 300 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vigr) pss Drain-source Ip= 250 pA Vgs= 0 50 \
breakdown voltage ‘
Ibss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vps= Max Rating x 0.8 T.= 125°C 1000 | xA
lgss Gate-body leakage Vgg= 20V +500( nA
current (Vpg=0)
ON **
VGS (th) Gate threshold VDS = VGS ID = 250 [LA 2 4 \'
voltage
ID(on) On-state drain Vps> Ip (on) X RDS(O,,) max Vgs=10V | 35 A
current
RDS (on) Static drain-source VGS= 10V |D= 29 A
on resistance for IRFZ40 0.028| @
for IRFZ42 0.035| Q
DYNAMIC
O **  Forward Vps> Ip (on) X Rpg (or) max 17 mho
transconductance Ip= 29 A
Ciss Input capacitance 3000 | pF
058 Output capacitance Vpg= 25V f= 1 MHz 1200 | pF
rss Reverse transfer Vgs= 0 400 | pF
capacitance
SWITCHING
tyony  Turn-on time Vpp= 25V Ipb=29 A 25 ns
t Rise time Zi=47Q 60 ns
tyo  Turn-off delay time (see test circuit) 70 ns
t Fall time 25 ns
Qq Total gate charge Vgg= 10V Ip= 64 A 60 | nC
Vps= Max Rating x 0.8
(see test circuit)
25 GS-THOMSON
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IRFZ40 - IRFZ42

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current 35 A
lspm (*) Source-drain current | for IRFZ40 160 | A
(pulsed) for IRFZ42 145 | A
VGS= 0
Vgp**  Forward on voltage for IRFZ40 Isp= 51 A 25 \
for IRFZ42 lgp= 46 A 22 \
t Reverse recovery T;= 150°C 350 ns
time
Q,, Reverse recovered Isgp= 51 A di/dt = 100 A/us 2.1 uC
charge
** Pulsed: Pulse duration < 300 s, duty cycle < 1.5%
(*) Repetitive Rating: Pulse width limited by max junction temperature
Safe operating areas Thermal impedance Derating curve
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IRFZ40 - IRFZ42

Transconductance
GU-14565
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IRFZ40 - IRFZ42

Clamped inductive test circuit
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Clamped inductive waveforms
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IYIW %&@%@%&%&mﬂ?@% MTH6NGOF

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTOR

PRELIMINARY DATA

TYPE Vpss Rpson) Ip
MTH6N60FI | 600 V 1.2Q 35A

* HIGH VOLTAGE - 600 V FOR OFF-LINE
APPLICATIONS

¢ ULTRA FAST SWITCHING TIMES FOR
OPERATIONS AT >100KHz

e EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
e SWITCHING POWER SUPPLY
¢ MOTOR CONTROLS ISOWATT218

N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switching
times make these POWER MOS ideal for very high
speed switching applications. Typical uses inclu- INTERNAL SCHEMATIC 0
de SMPS, uninterruptible power supplies and mo- DIAGRAM

tor controls.

ABSOLUTE MAXIMUM RATINGS

Vbs Drain-source voltage (Vgg=0) 600 \
Vber Drain-gate voltage (Rgg= 20 KQ) 600 \
Vas Gate-source voltage +20 \%
Ib Drain current (cont.) at T,=25°C 3.5 A
Iom Drain current (pulsed) 14 A
Piot Total dissipation at T, <25°C 40 W

Derating factor 0.32 W/eC
Teatg Storage temperature —65 to 150 °C
T; Max. operating junction temperature 150 °C
June 1988 1/6
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MTH6NGOFI

THERMAL DATA

Rin; - case Thermal resistance junction-case  max 3.12 °C/iw
Rinjamp  Thermal resistance junction-ambient 62.5 °C/W
ELECTRICAL CHARACTERISTICS (T ,¢, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 uA Vgs= 0 600 \'
breakdown voltage
Ibss Zero gate voltage Vps= Max Rating 200 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T, = 125°C 1000 | wA
Igss Gate-body leakage Vgs=+20V +500( nA
current (Vpg=0)
ON
Vas tny Gate threshold Vps= Vgs lp= 1mA 2 45 | V
voltage Vps= Vgs Ip= 1 mA T.= 100°C 1.5 4 \
Rps (on) Static drain-source Vgs= 10V Ip= 3 A 1.2 Q
on resistance
Vbsen) Drain-source Vgs= 10V Ip= 6 A 8 \%
on voltage Vgs= 10V Ip=3A  T.= 100°C 7.2 \
DYNAMIC
Ois Forward Vps= 10V Ip=3A 2 mho
transconductance
Ciss Input capacitance 1800 | pF
08 Output capacitance Vps= 25V f=1 MHz 350 | pF
rss Reverse transfer Vgs= 0 150 | pF
capacitance
SWITCHING
tgn  Turn-on time Vpp= 25 V Ipb=3A 60 | ns
v Rise time Ri= 50 @ Vi= 10V 150 | ns
tyoy ~ Turn-off delay time 200 | ns
" Fall time 120 | ns
216 (37 SGS-THOMSON
Y. MIChOELECTRONGS
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MTH6N60FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current 3.5 A
lspm Source-drain current 14 A
(pulsed)
Vsp Forward on voltage Isp= 6 A Vgs= 0 1.3 \
ty Reverse recovery lsp= 6 A di/dt = 100A/us 600 ns
time
Safe operating areas Thermal impedance Derating curve
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ol SASIE S o h
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GC-0507

Transfer characteristics
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MTH6NG0FI

Transconductance
gfs(SY ‘ i } I GU-1545
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128 y
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|
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Capacitance variation
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Static drain-source on

Gate charge vs gate-source
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MTH6NGOFI

Switching times test circuit for resistive load Switching time. waveforms for resistive load

——
tylon) tr 5-6059 td(oft) tt

Pulse width < 100 us SC-0008/1
Duty cycle < 2%

Gate charge test circuit Body-drain diode t,, measurement
Jedec test circuit

VARIAC
e
MAINS
INPUT 500
INGT2) c) ouT
i)
5. 6916
SC-0305
PW adjusted to obtain required Vg
(N7 SGS-THOMSON 5/6
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MTH6N60FI

ISOWATT218 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT218 is fully isolated to 4000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. These distan-
ces are in agreement with VDE and UL creepage
and clearance standards. The ISOWATT218 pac-
kage eliminates the need for external isolation so
reducing fixing hardware.

The package is supplied with leads longer than the
standard TO-218 to allow easy mounting on pcbs.
Accurate moulding techniques used in manufac-
ture assures consistent heat spreader-to-heatsink
capacitance

ISOWATT218 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT218 packages is determined by:

THERMAL IMPEDANCE OF
ISOWATT218 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT218 package.

The total thermal resistance Ry, ¢y is the sum of
each of these elements.

The transient thermal impedance, Z, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zin< Rpyc

2 - for an intermediate power pulse of 5ms to 50ms:
Zyp= Ripyc

3 - for long power pulses of the order of 500ms or
greater:

Zn= Rinyc + Rincrs + RiHsamb

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

T - T '
Pp= _ T e Fig. 1
Rth
from this Ippay for the POWER MOS can be cal- Rthsc Rinc-ns RhHS-amb
culated: — A —AAN—
Pp
IDmaxS R——
DS({on) (at 150°C)
6/6 -
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[— SGS-THOMSON MTH40N06
Y4, ICROELECTRONICS MTH40NOGFI

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vpss Rps(on) Ip

MTH40N06 60 V 0.028 @ 40 A
MTH40NO6FI| 60 V 0.028 Q 26 A

* VERY LOW ON-LOSSES

¢ RATED FOR UNCLAMPED INDUCTIVE
SWITCHING (ENERGY TEST) ¢

e LOW DRIVE ENERGY FOR EASY DRIVE
¢ HIGH TRANSCONDUCTANCE/C,,; RATIO

AUTOMOTIVE POWER APPLICATIONS

N - channel enhancement mode POWER MOS field T0-218 ISOWATT218
effect transistors. Easy drive and very fast switching
times make these POWER MOS transistors ideal
for high speed switching circuit in applications such
as power actuator driving, motor drive including g‘:;’ég’:?nl' SCHEMATIC 3
brushless motors, hydraulic actuators and many
other uses in automotive applications.
They also find use in DC/DC converters and unin-
terruptible power supplies. 6
S
ABSOLUTE MAXIMUM RATINGS
TO-218 MTH40NO06
ISOWATT218 MTH40NO6FI
Vps Drain-source voltage (Vgg=0) 60 \'
Vper Drain-gate voltage (Rgg= 1 MQ) 60 v
Vas Gate-source voltage +20 \'%
Iom Drain current (pulsed) 140 A
TO-218 ISOWATT218

" Drain current (cont.) T.= 20°C » 40 26 A
Piot " Total dissipation at T, <25°C 150 65 W

. Derating factor 1.2 0.52 W/°C
Tetg Storage temperature —65 to 150 °C
T Max. operating junction temperature 150 °C
" See note on ISOWATT218 in this datasheet
¢ Introduced in 1988 week 44
June 1988 1/6
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MTH40NO06 - MTH40NO6FI

THERMAL DATA ®

TO-218 ' ISOWATT218

0.83 | 1.92

Rinj - case Thermal resistance junction-case max °C/W
| Maximum lead temperature for soldering purpose max 275 °C
ELECTRICAL CHARACTERISTICS (T,¢ =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
ViBR) pss Drain-source Ip= 100 xA Vgg= 0 60 \
breakdown voltage
Ipss Zero gate voltage Vps= Max Rating x 0.85 250 [ pA
drain current (Vgg=0) | Vpg= Max Rating x 0.85 T,= 100°C 1000 | pA
lcss  Gate-body leakage Vgg=+20 V +£100( nA
current (Vpg=0)
ON *
Vas @y Gate threshold Vps= Vgs Ip= 1 mA 2 4.5 \
Voltage VDS= VGS |D= 1 mA TC= 100°C 1.5 4 \Y)
Rpg (on) Static drain-source Vgs= 10V Ip= 20 A 0.028| @
on resistance
Vbs (ony Drain-source on Vgs= 10V Ip= 40 A 1.4 \'
voltage Vgs= 10V Ip= 20 A T, = 100°C 112 | V
ENERGY TEST
luis Unclamped inductive | Vpp= 30 V L = 100 yH 40 A
switching current starting T;= 25°C
(single pulse)
DYNAMIC
O5s* Forward Vps= 18V Ip= 20 A 10 mho
transconductance
Ciss Input capacitance 5000 | pF
08 Output capacitance Vpg= 25V f=1MHz 2500 | pF
rss Reverse transfer Vgs= 0 1000 | pF
capacitance
Qq Total gate charge Vps= 50V Ip= 40 A 120 | nC
VGS= 10 V )
216 57 SGS-TH N
7. S5 THOMSON

380




MTH40NO06 - MTH40NO6FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SWITCHING
tyony  Turn-ontime Vpp= 256V Ip= 20 A 50 | ns
t, Rise time Rgen= 50 0 300 | ns
tyom  Turn-off delay time 150 | ns
t Fall time 100 | ns
SOURCE DRAIN DIODE
Vsp Forward on voltage lsp= 40 A Vgs= 0 3 \
ty Reverse recovery time | Igp= 40 A Vgs= 0 200 ns
ton Forward turn-on time 150 ns
* Pulsed: Pulse duration < 300 gs, duty cycle < 2%
" See note on ISOWATT218 in this datasheet
Safe operating areas Thermal impedance Derating curve
(standard package) (standard package) (standard package)
Inl »;v - GC-0448/1 K Byt SAre
) 150°
vl R T B
o | 5| f “” 4
‘ i 107! Ml “2!“ 9
s N I NN Nims
', 4 Homs @
] N 100m:
. 7
2 DIC 30
10° 1072 L [ )
oot Cf et S0 tvpgv) s 0t g3 10 1077 tpls) o 2 50 s W 25 Tat'O

Output characteristics
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7
5y,
4 /
Tease25°C - // w
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3 / / 65V
/ w
2
v 55V
"
v
VggeSV.
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[ X3 08 12 6 VosIV)

Output characteristics

Transfer characteristics
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T
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0 |o 2 30 w0 ] 12 3 4 s 6 1 8 VsVl
VpsiV)
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MTH40NO06 - MTH40NO6FI

Transconductance Static drain-source on Gate charge vs gate-source
resistance voltage
lS) ) Rgsta Wt J GC-0629
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3
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Capacitance variation Normalized gate threshold Normalized breakdown
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Source-drain diode forward
characteristics
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MTH40N06 - MTH40NOGFI

Switching times test circuit for resistive load

Voo
Pulse width < 100 us SC-0008/1
Duty cycle < 2%
Unclamped inductive load test circuit
L=100pH
Vo
d it
--2200 33
yF
I SC-0317

V;= 12 V - Pulse width: adjusted to obtain
specmed Ibm

Gate charge test circuit

Switching time waveforms for resistive load

—_— 90%

+——t
tylon) tr $-6059 td(ott) tt

Unclamped inductive waveforms

ViBrioss

Body-drain diode t,, measurement
Jedec test circuit

VARIAC
MAINS
INPUT 500
INL723 G) our
ift)
O
5. 6916
PW adjusted to obtain required Vg
Ly7 SGS-THOMSON 5/6
Y/, MIGROELECTRONICS
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MTH40NO06 - MTH40NOGFI

ISOWATT218 PACKAGE
CHARACTERISTICS AND APPLICATION.

" ISOWATT218iis fully isolated to 4000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. These distan-
ces are in agreement with VDE and UL creepage
and clearance standards. The ISOWATT218 pac-
kage eliminates the need for external isolation so
reducing fixing hardware.

The package is supplied with leads longer than the
standard TO-218 to allow easy mounting on pcbs.
Accurate moulding techniques used in manufac-
ture assures consistent heat spreader-to-heatsink
capacitance

ISOWATT218 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT218 packages is determined by:

T - T,
Rin

from this Ip,,, for the POWER MOS can be cal-
culated:

Pp
|Dmax< R——
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT218 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT218 package.

The total thermal resistance Ry, (o is the sum of
each of these elements.

The transient thermal impedance, Z;, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zn< Ripuc

2 - for an intermediate power pulse of 5ms to 50ms:
Zyp= Ryyc

3 - for long power pulses of the order of 500ms or
greater:

Zy= Ripyc + Rinchs + Rinns-amb

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1
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AAMA—AAA—AAA—

Derating curve

olA), SCoubart K PyotW) 6c-0417
T
=
70
: 60
102 & N 100ps 10
. N ==Nia 50 N
‘ <
11 40
2 N[N Ims{
Tome
. 30
100 2
1013 L 100ms 10 HE T
° 20
“ AN L4
(o]
B
w w 00 20 40 60 00 120 140 T,
o T+ Sy *  segr &« € 'Vns(V’ 107+ 103 107 100 *PlSI 80 100 cas
616 (37, SGS-THOMSON
w MICROELECTRONICS

384



(_ SGS-THOMSON MTP3N60
Y/, ICROELECTRONICS MTP3N60FI

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

PRELIMINARY DATA

TYPE Vpss Rpsion) Ip
MTP3N60 600 V 25Q 3 A
MTP3N60FI | 600 V 2.5 Q 25 A

e HIGH VOLTAGE FOR OFF-LINE
APPLICATIONS

e ULTRA FAST SWITCHING TIMES FOR
OPERATION AT > 100KHz

* EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS
e SWITCHING POWER SUPPLIES

J TO-220 ISOWATT220
N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and fast switching ti-
mes make these POWER MOS ideal for very high
speed switching applications. Typical uses inclu- INTERNAL SCHEMATIC D
de SMPS and uninterruptible power supplies. DIAGRAM

G
S
ABSOLUTE MAXIMUM RATINGS
Vbs Drain-source voltage (Vgg=0) 600 \
Vber Drain-gate voltage (Rgg =20 KQ) 600 v
Vas Gate-source voltage +20 \
TO-220 ISOWATT220

Ip Drain current (cont.) at T,=25°C 3 25 A
Iom Drain. current (pulsed) 10 10 A
Piot Total dissipation at T, <25°C 75 35 W

Derating factor 0.6 0.28 Wi/°C
Tstg Storage temperature —65 to 150 °C
T Max. operating junction temperature 150 °C
June 1988 1/6
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MTP3N60 - MTP3NGOFI

THERMAL DATA

TO-220 l ISOWATT220

Rinj - case Thermal resistance junction-case max 1.67 | 3.57 °C/IW '
Rinj - amb Thermal resistance junction-ambient max 62.5 °C/iwW
ELECTRICAL CHARACTERISTICS (T s, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
\/(BR) DSS Drain-source ID = 250 [l,A VGS =0 600 \'
breakdown voltage
lbss Zero gate voltage Vps= Max Rating 200 | .pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | pA
lgss Gate-body leakage Vgs=+20V +100| nA
current (Vpg=0)
ON
VGS (th) Gate threshold VDS = VGS |D= 1 mA 2 4.5 \
Voltage VDS = VGS ID =1mA TO = 100°C 1.5 4 \%
Rps (on) Static drain-source Vgs= 10V Ip=15A 25 Q
on resistance
Vbs(en)  Drain-source Vgs= 10V Ip= 3 A 9 \
on voltage Vgs= 10V Ip= 1.5 A T,= 100°C 7.5 Vv
DYNAMIC
Ois Forward Vpg= 15V Ip= 1.5 A 1.5 mho
transconductance
Ciss Input capacitance 1000 | pF
Coss Output capacitance Vpg= 25V f= 1 MHz 300 | pF
rss Reverse transfer Vgs= 0 80 pF
capacitance
SWITCHING
tgn  Turn-on time Vpp= 25V Ip= 1.5 A 50 | ns
. Rise time R=50Q V,=10V 100 | ns
taom  Turn-off delay time 180 | ns
t Fall time 80 ns
2/6
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MTP3N60 - MTP3N60FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current 3 A
lspm Source-drain current 10 A
(pulsed)
Vsp Forward on voltage Ilsp= 3 A Vgs= 0 1.1 \
t, Reverse recovery Isp= 3 A di/dt = 100A/us 165 ns
time
Safe operating areas Thermal impedance Derating curve
(standard package) (standard package) (standard package)
0759 CY-133L 5U-1343
Ip(A) K= ProtiW)
= i 70 _\\
$=0.5 B o \\
PR 1A
§\:FF\=“ §:02 = T 50
SR/ .. T N
10115 g - 40
| Hi = Zi
0 A £ B0 W e -
o Gl PULSE T 20 N
il ’ 2
-1 - \
L 7 o - L L AN
107 10°* 103 102 107 10° 0 20 40 60 80 100 120 Tease (°C)
tp(s)
Output characteristics Output characteristics Transfer characteristics
GC-0486 GC-0484 GU-1331
IptA) I I Vgs=10V TolA) Vas=10v sov | | 10 W N0 Roston ma
Tease=25°C sV 5 | | \
4 Tease=25°C 4
4
3 45 3
N L5V Ty=125°C
2 I—Ty=25°C
2 = 55
) / ) / Ty =-55°C
1 Z/ LR 1 4.0 1
/)
0 2 4 6 8 VpstV) 0 100 200 Vps(V) 0 1T 2 3 4 5 6 7 8 Vg5V
G37, SGS:THOMSON 316
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MTP3N60 - MTP3N60FI

Transconductance
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Source-drain diode forward
characteristics
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MTP3N60 - MTP3NGOFI

Switching times test circuit for resistive load

= Voo

Pulse width < 100 us SC-0008/1
Duty cycle < 2%

Gate charge test circuit

PW adjusted to obtain required Vg

Switching time. waveforms for resistive load

=
tyon) tr 5-6059 td(ott) tt

Body-drain diode t,, measurement
Jedec test circuit

VARIAC

/
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K 5/6
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MTP3N60 - MTP3N60FI

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT?220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T - T,
Rin

from this Ipyay for the POWER MOS can be cal-
culated:

Pp
IDmax< Eﬁ—‘_
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas

In(A) a8 K

jun|

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, (o is the sum of
each of these elements.

The transient thermal impedance, Z, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zin< Ripyc

2 - for an intermediate power pulse of 5ms to 50ms:
Zp= Rpyc

3 - for long power pulses of the order of 500ms or
greater:

Zyp= Rpyc + Rinchs + Bibs-amb

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1
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IYIm msmg@%égbggﬁ%l@%m?@% MTP6N60

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTOR

PRELIMINARY DATA

TYPE Vbss Rbs(on) Ip
MTP6N60 600 V 1.2Q 6 A

* HIGH VOLTAGE - 600 V FOR OFF-LINE
APPLICATIONS

¢ ULTRA FAST SWITCHING TIMES FOR
OPERATIONS AT >100KHz

e EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
* SWITCHING POWER SUPPLY
e MOTOR CONTROLS TO-220

N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switching
times make these POWER MOS ideal for very high
speed switching applications. Typical uses inclu- INTERNAL SCHEMATIC 2
de SMPS, uninterruptible power supplies and mo- DIAGRAM

tor controls.

ABSOLUTE MAXIMUM RATINGS

Vps Drain-source voltage (Vgg=0) 600 \
Vbaer Drain-gate voltage (Rgs= 20 KQ) 600 \
Vas Gate-source voltage +20 \
Ip Drain current (cont.) at T,=25°C 6 A
Ibm Drain current (pulsed) 30 A
Piot Total dissipation at T, <256°C 125 W

Derating factor 1 WreC
Tetg Storage temperature —65to 150 °C
T Max. operating junction temperature 150 °C
June 1988 : 1/5
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MTP6N60

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1 °C/W
Rinj-amb Thermal resistance junction-ambient max 62.5 °C/W
ELECTRICAL CHARACTERISTICS (T .5, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
V(BR) DSS Drain-source |D= 250 [AA VGS= 0 600 \'
breakdown voltage
Ibss Zero gate voltage Vps= Max Rating 200 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T = 125°C 1000} wA
lgss Gate-body leakage Vgs=+20V +500| nA
current (Vpg=0)
ON
VGS (th) Gate threshold VDS= VGS |D= 1 mA 2 4.5 \)
Voltage VDS= VGS 'D= 1 mA TC= 100°C 1.5 4 \%
Rps (ony Static drain-source Vgs= 10V Ip= 3A 12 | Q
on resistance
Vbsen) Drain-source Vgs= 10V Ip=6A 8 \
on voltage Vgs= 10V Ip= 3A T,= 100°C 7.2 \'%
DYNAMIC
Ois Forward Vps= 10V Ip= 3A 2 mho
transconductance
Ciss Input capacitance 1800 | pF
oss Output capacitance Vps= 26V f= 1 MHz 350 | pF
Crss Reverse transfer Vgs= 0 150 | pF
capacitance
SWITCHING
tyn  Turn-on time Vpp= 25V Ip=3A 60 ns
r Rise time R;= 50 @ Vi= 10V 150 | ns
tyoy ~ Turn-off delay time 200 | ns
t Fall time 120 | ns
2/5 SGS-
IS72 wnuc%%&%’%‘@'g
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MTP6N60

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. { Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current 6 A
lspm Source-drain current 30 A
(pulsed)
Vsp Forward on voltage lsp= 6 A Vgs= 0 13 \
t, "Reverse recovery Isp= 6 A di/dt = 100A/us 600 ns
time

Safe operating areas

Thermal impedance

Derating curve

GC-0761 _ _ GU-1546 GU-1583
Ip(A) K :E%EE Piot(W)
m} T i, 140
fe oo T
S < [ 120 ™\
1 V4 11 1
0 =y Vil =02 M 100 \
— = —“
o-1[Ez0n P 80 AN
2 N
" 5=0.05. 5 60 \
o = S 7] Z¥h= KR'thj-c \
=E! Y 2 s=t N
100 n.st:: 0. — T 40
i hE N
0, OPERATIO M L 20
w0 o 5 > d‘ 3 1072 - JL\
10' 10 10 10 VpsiV) 1075 107% 1073 1072 0t fp1(os; 0 0 40 60 80 100 120 Teaes 0)
Output characteristics Output characteristics Transfer characteristics
GC-0506 : GC-0507 GC-0505
olA) i A VS0V ! &)
9V 6V
Vgs=10V v
8 v A, 6| v l P l
""" o
g\‘; / —Tov , Tease=25°C Vs > oter*Rostonimax.
13%
3 n L ©?
e 22590 sv
. case: s r .
/
5 / . Al |_T)=-55°C
4 [ ’ had Ty=125°C o/ ff 1 Tiz25°C
L
= | W 1]
0 3 VsV ¢ 20 40 60 80 Vpslv) 3 2 4 3 8 ViV
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MTP6N60

Transconductance
154
*ITTTTT
28 Vps>1p(on)*R0S (onlmax.
96 T =-55°C
I
e 7= 25¢]
64 —
T =125
32 /
0 Y 12 %6 Ip (A)
Capacitance variation
ClPI’) l fuaes
Tease =25C
1600 f = IMHz |
VggL=0V
1200 ciSS
ol
400 N
™~ Coss|
Coss
0 5 10 15 20 25 30 3 40 45V

Normalized on resistance
vs temperature

R Gc-0418
DS(on)
{norm)
4
2 /
7
15 4‘
| e
e Vgs=l0V|
1 =
05 Ip=4.5A
0
-40 0 40 80 120 Tiec)
4/5

Static drain-source on
resistance

Gate charge vs gate-source
voltage

RDS(nnJ GU-1551 Vgs(V] GC-0541/1
)
30 15
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25 / v?é:zsov /
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Normalized gate threshold Normalized breakdown
voltage vs temperature voltage vs temperature
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{norm) 10 {norm)
T o
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Source-drain diode forward
characteristics
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MTP6N60

Switching times test circuit for resistive load

R
P
L [ S
Vg O— —_— - Voo
\ R 2200 (3.3
: o pF | pF
D.U.T.
——

SC-0008/1

Pulse width < 100 ps
Duty cycle < 2%

Gate charge test circuit

SC-0305

PW adjusted to obtain required Vg

or.

Switching time. waveforms for resistive load

5-6059 td(oft) tt

tylon) tr

Body-drain diode t,, measurement
Jedec test circuit

VARIAC

MAINS
INPUT 500
1N4723 c? ouT
i)
5-6918
SGS-THOMSON 5/5
MICROELECTRONICS
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(— SGS-THOMSON MTP15NO5L/FI
Y/, ICROELECTRONICS MTP15NO6L/FI

N - CHANNEL ENHANCEMENT MODE |
LOW THRESHOLD POWER MOS TRANSISTORS

PRELIMINARY DATA

TYPE Vpss Rps(on) Ip
MTP15NO5L 50V 0.15 Q 15 A
MTP15NOSLFI 50 V 0.15 Q 10 A
MTP15N0O6L 60 V 0.15Q 15 A
MTP15NO6LFI 60 V 0.15 Q 10 A

¢ LOGIC LEVEL (+5V) CMOS/TTL
COMPATIBLE INPUT

e HIGH INPUT IMPEDANCE
¢ ULTRA FAST SWITCHING

N - channel enhancement mode POWER MOS field

) . . TO-220 ISOWATT220
effect transistors. The low input voltage - logic le-
vel - and easy drive make these devices ideal for
automotive and industrial applications. Typical uses
are in relay and actuator driving in the automotive
enviroment. INTERNAL SCHEMATIC 0

DIAGRAM
G
s
ABSOLUTE MAXIMUM RATINGS
TO-220 MTP15NO6L MTP15NO5L
ISOWATT220 MTP15NO6LFI MTP15NO5LFI
Vps Drain-source voltage (Vgg =0) 60 50 \'
Vpgr Drain-gate voltage (Rgg =20 KQ) 60 50 \
Vas Gate-source voltage +15 \Y
TO-220 ~ ISOWATT220

Ip Drain current (cont.) at T,=25°C 15 10 A
Ip Drain current (cont.) at T,=100°C 9.5 6.3 A
o™ Drain current (pulsed) 40 40 A
Prot Total dissipation at T, <25°C 75 30 W

Derating factor 0.6 0.24 W/°C
Tatg Storage temperature : —65 to 150 °C
T; Max. operating junction temperature 150 °C
(*) Pulse width limited by safe operating area
June 1988 1/6
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MTP15NOS5L/FI - MTP15NO6L/FI

THERMAL DATA

TO-220 l ISOWATT220

Rinj - case 1hermal resistance junction-case max 1.67 I 4.16 °C/w
Rinjamp Thermal resistance junction-ambient max 62.5 °C
T Maximum lead temperature for soldering purpose max 275 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Visr) pss Drain-source Ipb=1mA Vgs= 0
breakdown voltage for MTP15NO6L/FI 60 \
for MTP15NOSL/FI 50 \%
Ipss Zero gate voltage Vps= Max Rating 1 | pA
drain current (Vgg=0) | Vpg= Max Rating T.= 125°C 50 | A
lgss Gate-body leakage Vgs=+15V - |+100| nA
current (Vpg=0)
ON **
VGS (th) Gate threshold VDS = VGS ID = 1mA 1 2 \
voltage Vps= Vgs Ib=1mA T,= 100°C | 0.75 15 | V
Rps (ony Static drain-source Vgs= 5V Ip=75A 015} Q
on resistance
Vbs (on) Drain-source Vgs= 5V Ip=15 A \
on voitage Vgs=5V Ip=75A T.= 100°C 1.5 \
DYNAMIC
Os Forward Vps= 15V Ip=75A 5 mho
transconductance
Cics Input capacitance 900 | pF
088 Output capacitance Vps= 25V = 1 MHz 450 | pF
Cres Reverse transfer Vgs= 0 200 | pF
capacitance
SWITCHING
td (on) Turn-on time Vpp= 25V Ip=75A 40 ns
" Rise time Vi=5V R;= 50 Q 260 | ns
tyom  Turn-off delay time 200 | ns
t Fall time 200 | ns
Qq Total Gate Charge Vpp= 48 V Ip=15A 14 | 22 | nC
Qg Gate-source charge Vgs= 5V 7 nC
Qqq Gate-drain charge 7 nC
2/6
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MTP15NO5L/FI - MTP15NO6L/FI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current 15 A
Ispm®  Source-drain current 60 A
(pulsed)
Vgp** Forward on voltage Isp= 15 A Vgg= 0 1.8 \
ey Reverse recovery lsp= 15 A di/dt = 100A/us 300 | ns
time

** Pulsed: Pulse duration € 300 us, duty cycle < 2%
() Pulse width limited by safe operating area

Safe operating areas
(standard package)

GL-0767

Thermal impedance
(standard package)

Derating curve
(standard package)

5U-1343

hlA) EEE e = Prot W]
= : i 7 -\\
1»-—1@ 10ps so N
B3
- Ft 100ps N
8 3 50 N
f 4| Hit 1ms \\
T 1] 40
, [_D.C_OPERATION "
” Tes25°C 30
: jj } 20 N
: J N
) MTP15NoSL || i 10 N
ol j MTPISNOGL
T I T R B TV 0 20 40 60 80 100 120 Tease (")
Output characteristics Transfer characteristics Transconductance
" GC-0719 " GC-0720 ©) T GC-0723
[ q 7
b v%wv I ’ * I 1
[ t—— Vpg=25V
16 / — v 16 T TJD=525°(
15
/ ]
Y I
12 T=25°C [ 2 Vps=25V ] =
/ e Ty2sec [ T
7 10
s Ly 8 7
/)
/ S
A / 4
/ . y 7
V) f JT T
i 1
0 1 2 3 Vos(V) 0 2 L 6 8  VgsiV) 0 4 8 1 %6 IlglA)
(N7 SGS-THOMSON 3/6
Y/, HICROELECTRONICS
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MTP15NO5L/FI - MTP15NO6L/FI

Static drain-source on

resistance
GC-0719
RI[]S(an) 1T
o) Vge=5V:
T,=25°C
03
SV T
02 ]
01
0 4 8 12 16 IplA)
Normalized gate threshold
voltage vs temperature
GC-0552/1
Vasitn)
{norm)
1.
1.0
0.4
Vos=Ves
p=mA 7
0.6
0.4
-50 0 50 100

Source-drain diode forward

characteristics
GU-144
Ispia) =
l'
. | —Tj=-55°C
10 A Ty=25°C
'S Ty =150°C
1{ |
10° 3 % Vo)
4/6

150 T,(°0)

Gate charge vs gate-source

Capacitance variation

voltage
GC-0721 GC-0722
VgstV) CpP) T
[0
\ / Tease=25°C
Vges0V
900 f=1MHz
6 ]
600
. / ] — Gies
N l
/ Vgs=48Y 300 N L
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Normalized on resistance vs

temperature
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/
%
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MTP15NO5L/FI - MTP15NOGL/FI

Switching times test circuit for resistive load Switching time. waveforms for resistive load

= Vo
+——t
tylon) tr 5-6059 td(ott) tt
Pulse width < 100 us SC-0008/1
Duty cycle < 2%
Gate charge test circuit Body-drain diode t,, measurement

Jedec test circuit

/VARIAC
MAINS
INPUT %00
IN&G723
ou.T
Vi=20V=Vgnnx ®
o it
5.-6916
I
———
PW
——
PW adjusted to obtain required Vg
£ SGS-THOMSON 5/6
Y/, ICROELECTRONICS
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MTP15NO5L/FI - MTP15NO6L/FI

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. lts ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T, - T,
Rth

from this Ip ., for the POWER MOS can be cal-
culated:

Pp
Ibmax< R
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, () is the sum of
each of these elements.

The transient thermal impedance, Zy, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zip < Ripuc

2 - for an intermediate power pulse of 5ms to 50ms:
Zp= Rpyc

3 - for long power pulses of the order of 500ms or
greater: :

Zp= Rpyc + Rinchs + RinHsamb

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1

Rihs-c Rinc-Hs Rens-amb
—  AAA—AA—AAA—

Derating curve

- G6C-0422/1 -
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(_ SGS-THOMSON MTP3055A
Y/, (ICROELECTRONICS MTP3055AFI

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vpss Ros(on) Ip"
MTP3055A 60 V 0.15Q 12 A
MTP3055AFI 60 Vv 0.15 Q i0 A

¢ ULTRAFAST SWITCHING - UP TO > 100KHz

* LOW DRIVE ENERGY FOR EASY DRIVE
REDUCES SIZE AND COST

¢ INTEGRAL SOURCE - DRAIN DIODE

INDUSTRIAL APPLICATIONS:
¢ GENERAL PURPOSE SWITCH
e SERIES REGULATOR

TO-220 ISOWATT220
N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and very fast times
make these POWER MOS transistors ideal for high
speed switching circuit in applications such as po- INTERNAL SCHEMATIC 0
wer actuator driving, motor drive including bru- DIAGRAM

shless motors, robotics, actuators lamp driving,
series regulator and many other uses in industrial
control applications. They also find use in DC/DC d
converters and uninterruptible power supplies.

ABSOLUTE MAXIMUM RATINGS
TO-220 MTP3055A
ISOWATT220 MTP3055AFI
Vps Drain-source voltage (Vgg=0) 60 \
Vber Drain-gate voltage (Rgg =20 KQ) 60 \
Vas Gate-source voltage +20 \'%
Ipm Drain current (pulsed) 26 A
lgm Gate current (pulsed) 1.5 A
TO-220 - ISOWATT220

" Drain current (continuous) 12 10 A
Piot ™ Total dissipation at T, <25°C 40 30 W

- Derating factor 0.32 0.24 W/°C
Tstg Storage temperature —65 to 150 °C
T]- Max. operating junction temperature 150 °C
" See note on ISOWATT220 in this datasheet
June 1988 1/6

403



MTP3055A - MTP3055AFI

THERMAL DATA *

TO-220 ’ ISOWATT220

3.12 ' 4.16

Ripj - case Thermal resistance junction-case max °C/W
T, Maximum lead temperature for soldering purpose max 275 °C
ELECTRICAL CHARACTERISTICS (T,s =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. Max. | Unit
OFF
Visr) pss Drain-source Ip= 250 pA Vgs= 0 60 \
breakdown voltage
Ibss Zero gate voltage Vps= Max Rating 50 | A
drain current (Vgg=0) | Vps= Max Rating x 0.8 T,= 125°C 1000 | pA
lgss Gate-body leakage Vgs= 20V +100( nA
current (Vpg=0)
ON *
Vas ¢ny Gate threshold Vps= Vgg Ip= 1 mA 2 45 | V
voltage Vps= Vgs Ip= 1 mA T = 100°C 1.5 \
Rps (on) Static drain-source Vgs= 10V Ip=6A 0.15
on resistance
Vbs (on) Drain-source on Vgs= 10V Ip=12A 20 \'
voltage Vgs= 10V Ip= 6A 0.9 \
Vgs= 10V Ip= 6A T, = 100°C 15 | V
DYNAMIC
9"  Forward Vps= 10V Ip= 6 A 45 [ mho
transconductance
Ciss Input capacitance 500 | pF
oss Output capacitance Vps= 25V f= 1 MHz 200 | pF
rss Reverse transfer Vgs= 0 100 | pF
capacitance
Qq Total gate charge Vps= 48V Ip= 12A 17 | nC
Vgs= 10V
SWITCHING
tyory  Turn-on time Vpp= 25V Ip=6A 20 ns
v Rise time Rgen= 50 60 | ns
tyom  Turn-off delay time 65 ns
t Fall time 65 ns
2/6 (y7 SGS-THOM
y7. 255 THOMSON
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MTP3055A - MTP3055AFI

ELECTRICAL CHARACTERISTICS (Continued)

Parameters

Test Conditions

Min. | Typ. |Max. | Unit

SOURCE DRAIN DIODE

Vsp Forward on voltage lsp= 12 A Vgs= 0 2 \Y;
ty Reverse recovery Isp= 12 A Vgs= 0 75 ns
time

* Pulsed: Pulse duration < 300 us, duty cycle < 2%
" See note on ISOWATT220 in this datasheet

Safe operating areas
(standard package)
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Derating curve
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MTP3055A - MTP3055AFI

Static drain-source on

resistance
GC-0529
Roston
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Normalized gate threshold
voltage vs temperature
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12 I m—
10— -
0.8]
Vos=Ves
——{lp=imA
0.6
0.4
-50 0 50 100 150 Ty°0)

Source-drain diode forward
characteristics
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4/6

Gate charge vs gate-source

Capacitance variation

voltage
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Normalized on resistance vs
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MTP3055A - MTP3055AFI

Switching times test circuit for resistive load

Pulse width < 100 ps SC-0008/1
Duty cycle < 2%

Gate charge test circuit

Switching time. waveforms for resistive load

90%

At
tyton) tr $-6059 td(ott) tt

Body-drain diode t,, measurement
Jedec test circuit

VUD "
VARIAC
v LKA =
— K MAINS /
100nF INPUT s00
INLT23 C) ou.T
= OUT.
10
v,
—o'¢ 56916
SC-0305
PW adjusted to obtain required Vg
(N7 SGS-THOMSON 5/6
Y/, MICROELECTRONICS
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MTP3055A - MTP3055AFI

ISOWATT220 PACKAGE
CHARACTERISTICS AND APPLICATION.

ISOWATT220 is fully isolated to 2000V dc. Its ther-
mal impedance, given in the data sheet, is optimi-
sed to give efficient thermal conduction together
with excellent electrical isolation.

The structure of the case ensures optimum distan-
ces between the pins and heatsink. The
ISOWATT220 package eliminates the need for ex-
ternal isolation so reducing fixing hardware. Accu-
rate moulding techniques used in manufacture
assure consistent heat spreader-to-heatsink capa-
citance.

ISOWATT220 thermal performance is better than
that of the standard part, mounted with a 0.1mm
mica washer. The thermally conductive plastic has
a higher breakdown rating and is less fragile than
mica or plastic sheets. Power derating for
ISOWATT220 packages is determined by:

T - T,
R

from this lp,a, for the POWER MOS can be cal-
culated:

Po
Ibmax< A
DS(on) (at 150°C)

ISOWATT DATA

Safe operating areas

Thermal impedance

THERMAL IMPEDANCE OF
ISOWATT220 PACKAGE

Fig. 1 illustrates the elements contributing to the
thermal resistance of transistor heatsink assembly,
using ISOWATT220 package.

The total thermal resistance Ry, ¢y is the sum of
each of these elements.

The transient thermal impedance, Zy, for different
pulse durations can be estimated as follows:

1 - for a short duration power pulse less than 1ms;
Zin< Rinyc

2 - for an intermediate power pulse of 5ms to 50ms:
Zp= Rypyc

3 - for long power pulses of the order of 500ms or
greater:

Zp= Rpyc + Bicrs + Rivsamb

It is often possibile to discern these areas on tran-
sient thermal impedance curves.

Fig. 1

Rths-c Rinc-ts RinHs-amb
—— AAA—AAA—AAA—

Derating curve
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SGS30MA050D1

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTOR MODULE

TYPE Vpss Rps(on) Ip
SGS30MA050D1| 500 V 0.20 @ 30 A

ISOLATED POWERMOS MODULE
HIGH POWER

FAST SWITCHING

EASY DRIVE

EASY TO PARALLEL

INDUSTRIAL APPLICATIONS:
e SWITCHING MODE POWER SUPPLIES
e UNINTERRUPTIBLE POWER SUPPLIES

N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and fast switching of this
TRANSPACK module make it ideal for high power,
high speed switching applications. Typical applica-
tions include DC motor control (variable frequen-
cy control) switching mode power supplies,
uninterruptible power supplies, DC/DC convertors
and high frequency welding equipment. The large
RBSOA and absence of second breakdown in PO-
WER MOS make this TRANSPACK module very
rugged. This, together with the isolated package
with its optimised thermal performance, make this
module extremely effective in high power appli-
cations.

ABSOLUTE MAXIMUM RATINGS

TO-240

INTERNAL SCHEMATIC

DIAGRAM

l 4
6 $-800%1

Vps Drain-source voltage (Vgg=0) 500 \'
Vbar Drain-gate voltage (Rgg =20 KQ) 500 \
Vas Gate-source voltage +20 \
Ip Drain current (cont.) at T,=25°C 30 A
Ip Drain current (cont.) at T,=100°C 19 A
Ipm Drain current (pulsed) 120 A
Piot Total dissipation at T, <25°C 400 w

Derating factor 3.2 w/eC
Tetg Storage temperature —65 to 150 °C
Tj Max. operating junction temperature 150 °C
Viso Insulation withstand voltage (AC) 2500 \'
June 1988 1/5
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SGS30MA050D1

THERMAL DATA

Rinj - case Thermal resistance junction-case max 0.31 °CIwW
Rinc -n  Thermal resistance case-heatsink max 0.20 °C/wW

ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)

Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
V(BR) DSS Drain-source |D= 2 mA VGS= 0 500 \'
breakdown voltage
Ipss Zero gate voltage Vpg= Max Rating 500 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T;= 125°C 2 mA
lgss Gate-body leakage Vgs=x20 V +400| nA
current (Vpg=0)
ON*
Vas@n Gate threshold Vps= Vas Ib= 2 mA 2 4 \
voltage
Rps (on) Static drain-source Vgsg= 10V Ipb= 15 A 020 @
on resistance
DYNAMIC
Ois Forward Vpg= 25V Ib=15A 15 mho
transconductance
Ciss Input capacitance 9100 | pF
Coss Output capacitance Vpg= 25V f= 1 MHz 1200 | pF
Crss Reverse transfer Vgs= 0 850 | pF
capacitance
SWITCHING
INDUCTIVE LOAD
tyon  Turn-on time Vpp= 250 V Ipb= 15 A 120 ns
(di/dt),, Turn-on current slope | R;= 50 @ Vi= 10V 100 Alus
tyom  Turn-off delay time 1.5 us
t Fall time 300 ns
2/5 -
&7 S THOMEN
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SGS30MA050D1

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current 30 A
lspm Source-drain current 120 | A
(pulsed)
Vsp Forward on voltage lsp= 30 A Vgs= 0 2 \
t, Reverse recovery Isp= 30 A di/dt = 150A/us 600 ns
time
* Pulsed: Pulse duration < 300 us, duty cycle < 2%
Safe operating areas Thermal impedance Derating curve
IMA]: : Gt-§ 35 b I —— T::_ C-0022 Prot W) GC-0820
. I T
R I 5 Pt e il —:
- 400
102. it e £ 3 il
= 5 Rt rls=02
oy
: AT < \‘““i's Al A o 300 N
10': NN 1L 10! /~“ : S:"Eg N, g" r
. B i e w3 — N
) Fions 5 i e 0 AN
o Noss , T ‘ﬂ-l N
: ; DL gpeRATION H} SINGLE PULSE 100 N
= AR IR ]
R
107! 10° L
w e 0 “Vosth o 17 o o 0 25 50 75 W0 15 T,e0
Output characteristics Transfer characteristics Transconductance
o TTITTTT AT 117 4l) SEEE
- Vgs=10V 6\1/ - 5 5 » ]
A8 [
60 :L—TFZS“E S5V Ty=-55°C ——
A —,[ 40 Vos=25V n z 25:5 ]
40 7 5v 30 1 5 T 5550
/ { | [/
Ty=125°C
N L.g}(v 20 n et A 10 VsV
wr ! I-55°C
,j I 10 ( 5
35V )4 | B Tl
0 2 4 6 8 10 12 Vgs(V) 0 1 2 3 4 VesiV) 0 10 200 30 40 S0 hiA)
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SGS30MA050D1

Static drain-source on

resistance
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SGS30MA050D1

Test circuit for inductive load switching and diode Diode reverse recovery time waveform

reverse recovery times
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0
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Gate charge test circuit

SC-0305

PW adjusted to obtain required Vg
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ST

SGS35MA050D1

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTOR MODULE

TYPE Vpbss Rps(on) I

SGS35MA050D1| 500 V 0.16 35 A

ISOLATED POWERMOS MODULE
HIGH POWER

FAST SWITCHING

EASY DRIVE

EASY TO PARALLEL

INDUSTRIAL APPLICATIONS:
¢ SWITCHING MODE POWER SUPPLIES
e UNINTERRUPTIBLE POWER SUPPLIES

N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and fast switching of this
TRANSPACK module make it ideal for high power,
high speed switching applications. Typical applica-
tions include DC motor control (variable frequen-
cy control) switching mode power supplies,
uninterruptible power supplies, DC/DC convertors
and high frequency welding equipment. The large
RBSOA and absence of second breakdown in PO-
WER MOS make this TRANSPACK module very
rugged. This, together with the isolated package
with its optimised thermal performance, make this
module extremely effective in high power appli-
cations.

ABSOLUTE MAXIMUM RATINGS

TO-240

INTERNAL SCHEMATIC

DIAGRAM

“—“] 4
6 $-8005/1

Srre»r<<<

Vbs Drain-source voltage (Vgg=0) 500
Vbaer Drain-gate voltage (Rgg =20 KQ) 500
Vas Gate-source voltage +20
Ip Drain current (cont.) at T =25°C 35
Ip Drain current (cont.) at T,=100°C 22
Ipm Drain current (pulsed) 140
Piot Total dissipation at T, <25°C 400

Derating factor 32 W/eC
Tstg Storage temperature —65 to 150 °C
Tj Max. operating junction temperature 150 °C
Viso Insulation withstand voltage (AC) 2500 \
June 1988 1/5

415



SGS35MA050D1

THERMAL DATA

Rihj - case Thermal resistance junction-case max 0.31 °C/W
Ryc.n  Thermal resistance case-heatsink max 0.20 °Ciw

ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)

Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Visr) pss Drain-source Ip= 2 mA Vgs= 0 500 \
breakdown voltage
Ibss Zero gate voltage Vpsg= Max Rating 500 | uA
. drain current (Vgg=0) | Vpg= Max Rating x 0.8 T;= 125°C 2 mA
lass Gate-body leakage Vgg=+20V +500( nA
current (Vpg=0)
ON*
VGS (th) Gate threshold VDS = VGS |D= 2 mA 2 4 \
voltage
Rps (ony Static drain-source Vgg= 10V Ip= 175 A 0.16 | Q
on resistance
DYNAMIC
O5s Forward Vpg= 25V Ipb=17.5A 15 mho
transconductance
Ciss Input capacitance 12000| pF
Coss Output capacitance Vpg= 25 V f= 1 MHz 1500 | pF
Crss Reverse transfer Vgs= 0 1000 { pF
capacitance
SWITCHING
tyon  Turn-on time Vpp= 250 V b= 17.5 A 120 ns
(di/dt),, Turn-on current slope | R;= 50 @ Vi= 10V 100 Alps
tyoy  Turn-off delay time 1.5 us
% Fall time 300 ns
25 ;N7 SGS-THOM
V7. 2 THOMSON
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SGS35MA050D1

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current 35 A
Ispm Source-drain current 140 | A
(puised)
Vsp Forward on voltage lsp= 35 A Vgs= 0 2 \'
t, Reverse recovery lsp= 35 A di/dt = 150A/us 600 ns
time
* Pulsed: Pulse duration < 300 ps, duty cycle < 2%
Safe operating areas Thermal impedance Derating curve
GL-0830 K GC-0822 Prasl GC-0820
8=1 [ ot il
EHH = =T ‘"
| s 8205 7] ]
I | B pr 400
Bt mi\ﬁ ’ rrT 8=0.2 i
i 11'1“15' q Zth= KR thj-¢ 300 N
o -1
o, == = = i 1 5= ‘ »
‘ i 0gns 113 s N 00 AN
m“z 3 'F}c‘ ; N ]
e D.. OPERATION FFir SINGLE PULSE 100
: [T :
10’1z s 4 3 2 -1
o e 0 10 o 1 tets) 0 25 50 75 100 125 T,e0
10° 10 102 Vps(Vi
Output characteristics Transfer characteristics Transconductance
|n[M | { uc:nau ’D(A) | ‘ l GL-0845 gr;(S) GC-0847
Vgg=10V . Ty=-55°C ~}
50 sV Tes 0 (] o] 40
125°C N
40 i 55 40 | E) TyeosseC
/ T,=25°C 55T
30 : 30 | 24 e 125°C
/ . sV L ]
2 2 Vpg=25V " I YV
w LA L5V ® /| \ | Vos=25V |
V/ | / ]
] / [ ]
0 3 8 12 16 20 VpsiV) 0 2 & 6 8 10 VgsiV) [ 10 20 30 40 50 IplA)
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SGS35MA050D1

Static drain-source on

resistance
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SGS35MA050D1

Test circuit for inductive load switching and diode Diode reverse recovery time waveform
reverse recovery times
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Gate charge test circuit
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PW adjusted to obtain required Vg
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Kyy 305 THOMSON

SGS100MA010D1

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTOR MODULE

TYPE Vpss Rbs(on) Ip
SGS100MA010D1] 100 V 0.014 @ 120 A

ISOLATED POWERMOS MODULE
HIGH POWER

FAST SWITCHING

EASY DRIVE

EASY TO PARALLEL

INDUSTRIAL APPLICATIONS:
SWITCHING MODE POWER SUPPLIES
UNINTERRUPTIBLE POWER SUPPLIES
MOTOR CONTROLS

* INVERTERS

N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and fast switching of this
TRANSPACK module make it ideal for high power,
high speed switching applications. Typical applica-
tions include DC motor control (variable frequen-
cy control) switching mode power supplies,
uninterruptible power supplies, DC/DC convertors
and high frequency welding equipment. The large
RBSOA and absence of second breakdown in PO-
WER MOS make this TRANSPACK module very
rugged. This, together with the isolated package
with its optimised thermal performance, make this
module extremely effective in high power appli-
cations.

ABSOLUTE MAXIMUM RATINGS

TO-240

INTERNAL SCHEMATIC

DIAGRAM

_—_1 .
6 $-80051

Vps Drain-source voltage (Vg =0) 100 \Y
Vber Drain-gate voltage (Rgg =20 KQ) 100 \
Vas Gate-source voltage +20 \'
Ip Drain current (cont.) at T, =25°C 120 A
Ib Drain current (cont.) at T,=100°C 75 A
Ibm Drain current (pulsed) 400 A
Piot Total dissipation at T, <25°C 400 w

Derating factor 32 WreC
Tatg Storage temperature —65 to 150 °C
T; Max. operating junction temperature 150 °C
Viso Insulation withstand voltage (AC) 2500 \'
June 1988 1/5
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SGS100MA010D1

THERMAL DATA

R,hj . case T1hermal resistance junction-case

max 0.31 °C/wW
ihe-h Thermal resistance ‘case-heatsink max 0.20 °C/wW
ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
V(BR) DSS Drain-source |D= 2 mA VGS= 0 100 \'
breakdown voltage
Ipss Zero gate voltage Vps= Max Rating 500 | pA
drain current (Vgs=0) | Vpg= Max Rating Tj= 125°C 2 mA
lgss Gate-body leakage Vgg= 20V +400| nA
current (Vpg=0)
ON*
VGS (th) Gate threshold VDS= VGS |D= 2 mA 2 4 \")
voltage
Rps (on) Static drain-source Vgs= 10V Ip= 50 A 14 | mQ
on resistance :
DYNAMIC
Ois Forward Vpg= 25V Ib=50A 20 mho
transconductance
Ciss Input capacitance 11200 pF
088 Output capacitance Vpg= 25V f=1 MHz 4200 | pF
rss Reverse transfer Vgs= 0 1700 | pF
capacitance
SWITCHING
tyon  Turn-on time Vpp= 50 V Ipb= 50 A 120 ns
(di/dt),, Turn-on current slope | R;= 50 Q Vi= 10V 100 Alps
ty oy  Turn-off delay time 2 us
t Fall time 300 ns
215 ;N7 SGS-TH N
Y7, S THONSON

422




SGS100MA010D1

ELECTRICAL CHARACTERISTICS (Continued)

Parameters

Test Conditions

Min. | Typ. | Max. | Unit

SOURCE DRAIN DIODE

Isp Source-drain current 120 | A
Ispm Source-drain current 400 | A
(pulsed)
Vsp Forward on voltage lsp= 120 A Vgs= 0 2 \
ty Reverse recovery Igp= 120 A di/dt = 100A/us 400 ns
time
* Pulsed: Pulse duration < 300 ps, duty cycle < 2%
Safe operating areas Thermal impedance Derating curve
GL-0825 GC-0822 N X
b(ADE = ; : : K = ’:: ProtiW) GC-0820
g 1 I 0 T 1 i
":'V@ T S 8205 [T] 7 T 400
: Q&._,‘” 100ps —H““ 3 il -
102 ) LT s=0.2
s — i 21h= KRth]~c 30
‘ 107! s:.%z i
N B o 3
“, fors , A 1=l
N N
. D.C. OPERATION SINGLE PULSE 100
A [0 T LTI T :
0 |-
0 m | | 1 ° 1074 102 102 07 tpls)
? DR 7 t 68 7 “ 68 f
s o 0 VgtV 0 25 50 7 100 125 T,(°00
Output characteristics Transfer characteristics Transconductance
A | | ‘ GC-0855 Al | I /ﬁt-om arslS) 6C-0829
200 vﬁsﬂove svl Ty=25%C o TJ=-55°E\$
. 25°C
o 4 8v 7 [ € n
iz }l e
Vps=25V M
20 A 7] o 40 15°C
6.5V /1
w o] 80 / /
55V // 20
w0 ] sv] 40 / Vps=25V
| WV 45V // T
1 [
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 SGS100MA010D1
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resistance
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SGS100MA010D1

Test circuit for inductive load switching and diode Diode reverse recovery time waveform
reverse recovery times
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SGS150MA010D1

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTOR MODULE

TYPE Vpss Rpson) Ip

SGS150MAQ10D1[ 100 V 0.009 Q@ 150 A

ISOLATED POWERMOS MODULE
HIGH POWER

FAST SWITCHING

EASY DRIVE

EASY TO PARALLEL

INDUSTRIAL APPLICATIONS:
SWITCHING MODE POWER SUPPLIES
UNINTERRUPTIBLE POWER SUPPLIES
MOTOR CONTROLS

¢ INVERTERS

N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and fast switching of this
TRANSPACK module make it ideal for high power,
high speed switching applications. Typical applica-
tions include DC motor control (variable frequen-
cy control) switching mode power supplies,
uninterruptible power supplies, DC/DC convertors
and high frequency welding equipment. The large
RBSOA and absence of second breakdown in PO-
WER MOS make this TRANSPACK module very
rugged. This, together with the isolated package
with its optimised thermal performance, make this
module extremely effective in high power appli-
cations.

ABSOLUTE MAXIMUM RATINGS

TO-240

INTERNAL SCHEMATIC

DIAGRAM

4
6 $5-80051

Vbs Drain-source voltage (Vgg=0) 100 \
VbGr Drain-gate voltage (Rgg =20 KQ) 100 v
Vas Gate-source voltage +20 \
Ip Drain current (cont.) at T,=25°C 150 A
Ip Drain current (cont.) at T,=100°C 95 A
Ibm Drain current (pulsed) 600 A
Piot Total dissipation at T, <25°C 400 W

Derating factor 3.2 W/°C
Tsig Storage temperature —65 to 150 °C
T Max. operating junction temperature 150 °C
Viso Insulation withstand voltage (AC) 2500 \
June 1988 105
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SGS150MA010D1

THERMAL DATA

Rinj - case 1 hermal resistance junction-case max 0.33 °CwW
Rye.n Thermal resistance case-heatsink max 0.20 °C/wW

ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)

Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
VisR) pss Drain-source Ip= 2 pA Vgs= 0 100 \Y
breakdown voitage
Ibss Zero gate voltage Vps= Max Rating 500 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T;= 125°C 2 | mA
lgss Gate-body leakage Vgs= 20V +500| nA
current (Vpg=0) ’
ON*
VGS (th) Gate threshold VDS= VGS |D= 2 mA 2 4 V
voltage
Rps (on) Static drain-source Vgs= 10V ID='75 A 9 mQ
on resistance
DYNAMIC
Ois Forward Vps= 25V Ib=75A 20 mho
transconductance
Ciss Input capacitance 14000 pF
Coss Output capacitance Vps= 25V f= 1 MHz 5300 | pF
Crss Reverse transfer Vgs= 0 2200 | pF
capacitance
SWITCHING
tan  Turn-on time Vpp= 50 V Ib=75A 120 ns
(di/dt),, Turn-on current slope | R;= 50 Q V= 10V 100 Alps
taory  Turn-off delay time 2 us
t Fall time . 300 ns
215 (N7 SGS-THOMSON
Y7, SESTHOMSON
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SGS150MA010D1

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current 150 | A
lspm Source-drain current 600 | A
(pulsed)
Vsp Forward on voltage lsp= 150 A Vgs= 0 2 \
to Reverse recovery Isp= 150 A di/dt = 250A/us 400 ns
time

* Pulsed: Pulse duration < 300 us, duty cycle < 2%

Safe operating areas

Thermal impedance
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J
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SGS150MA010D1
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resistance
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Gate charge vs gate-source
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SGS150MA010D1

Test circuit for inductive load switching and diode

reverse recovery times
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KYIW gﬂf@%@)&%&%@?ﬁ\‘ﬂ?@% SGSP201

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTOR

TYPE Vbss Rps(on) Ip
SGSP201 100 V 1.4 Q 20 A

HIGH SPEED SWITCHING APPLICATIONS
ULTRA FAST SWITCHING
EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
GENERAL PURPOSE SWITCHING

.

N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switching
times make this POWER MOS transistor ideal for SOT-194
high speed switching applications. Typical appli-
cations include general purpose low voltage swit-
ching, solenoid driving, motor and lamp control, INTERNAL SCHEMATIC 0
switching power supplies, and driving, bipolar po- DIAGRAM

wer switching transistors.

SOT-82 OPTION

ABSOLUTE MAXIMUM RATINGS

Vps Drain-source voltage (Vgg=0) 100 \
Vber Drain-gate voltage (Rgg =20 KQ) 100 \'%
Vas Gate-source voltage +20 \
Ip Drain current (cont.) at T,=25°C 2.0 A
Ip Drain current (cont.) at T,=100°C 1.2 A
lom () Drain current (pulsed) 6 A
oy () Drain inductive current, clamped 6 A
Piot Total dissipation at T, <25°C 18 w
Derating factor 0.144 wi/eC
Tstg Storage temperature —65 to 150 °C
T; Max. operating junction temperature 150 °C
(°) Pulse width limited by safe operating area
June 1988 1/5
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SGSP201

THERMAL DATA

Rin; - case Thermal resistance junction-case max 6.95 °Cw
T, Maximum lead temperature for soldering purpose 275 °C
ELECTRICAL CHARACTERISTICS (T.5,=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Visr) pss Drain-source Ip= 250 pA Vgs= 0 100 \Y
breakdown voltage
Ipss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | pA
lass  Gate-body leakage | Vgg=+20 V +£100| nA
current (Vpg=0) .
ON (")
VGS (th) Gate threshold VDS_ VGS ID = 250 [A,A 2 4 \'
voltage
Rps (on) Static drain-source Vgs= 10V Ip=1.2A 14 | @
on resistance Vgs= 10V Ip= 1.2A T,= 100°C 2.8 Q
DYNAMIC
Ors Forward Vpg= 25V b= 12A 0.5 mho
transconductance
Ciss Input capacitance 90 | 125 | pF
Coss Output capacitance Vpg= 26V f=1MHz 45 | pF
Crss Reverse transfer Vgs= 0 30 | pF
capacitance
SWITCHING
tyon  Turn-on time Vpp= 50 V b= 1.2A 10 15 ns
t Rise time Vi= 10V Ri= 47 Q 20 30 ns
ta (off) Turn-off delay time (see test circuit) 15 20 ns
t Fall time 15 | 20 | ns
2/5

o7 83 THOMSoN

434




SGSP201

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current 20 | A
Ispm (*) Source-drain current 6 A
(pulsed)
Vsp Forward on voltage Isp= 2.0 A Vgs= 0 135( V
ty Reverse recovery Ilsp= 2.0 A Vas= 0 90 ns
time di/dt = 25 Alus

(*) Pulsed: Pulse duration =

300 ps, duty cycle 1.5%

(*) Pulse width limited by safe operating area

Safe operating areas

Thermal impedance

Derating curve

Ip(A} O S K- = el Prop(W) 1
.
. ! 10, H |
- @iy 20
s <
§ NN 100, 10°
, S N ps || e == 1%
=05 £
Vi N I + N
0 N A
"3 7 Ay 8=0 I 2th= KR thj-c 12
50, ot
‘ i o 8=005 & e 8
‘ o0z O 1
s T =001 il
: uid SINGLE PULSE ks ‘
DC
. 0?2 l” 0
10100 g T s Ty 1075 10 103 1072 107 tp (s) 0 25 50 75000 125 Tee(°0)
Output characteristics Output characteristics Transfer characteristics
G 93 G-5%2 6 25326
 [TTTTTTT Pall] | o [T Hvegov ~ IIT o JTITTTT
w (A Vs <10 ! w S S0us PuLSE TEST o [T ]
| !80us PULSE TEST ov || bt vt 80us PULSE TEST
i Lt A - T
Tase=5"C |/ T 17
3oy II 3 Teases25C I 3 4
v A ‘_{* !
- 7 Tease=25°C
2 vl 2 2 =85
4 v 1] 6
: %
A [
) : | \
5 £ ]
L
d |
& 0 ]
mm
o V23 6 5 6 78 g 0 0 w 3o Vps () ° : “ ¢ s YosV!
‘7[ SGS-THOMSON 315
w MICROELECTRONIGS
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SGSP201

Transconductance
98! I “
1
-85°C
1
I
Tease=25°C T
125°C
1
7
05 ll Vos=25V
80us PULSE TEST
r
l 1
0 1 2 3 lolA)

Capacitance variation

Static drain-source on

Gate charge vs gate-source

resistance voltage
GL-0779 G-$333
Roston) Vos
n) )
Ip= 254
14 P % Tease=25C ]
1%
20v > /]
12 A 2 Vpge50V 7 v
8sov
10 / //
10 v N — j /1
et 6 4
= -
08 3 /
H
0.6
0 1 2 3 Ip(A) 0 1 2 3 4 QnC)

Normalized gate threshold
voltage vs temperature

Normalized breakdown
voltage vs temperature

oy GC-0775. G6C-0776
CloF) T T T 3| Vst Vigrioss
i I [ {norm) (norm}
I ! f=14
150 117 Vos=Ves 1
1p=250p1A -
\
,
100 10 10
\ = e i L -
Ves=0 1
h=250uA 1
% N 0.83 09
- Coss.
I
T G
1
T Tt 046 08
0 10 2 » ‘o Vost¥! -50 0 50 100 T5°0) -50 0 50 100 Tye0)

Normalized on resistance
vs temperature

Roston)
{norm)

2.0

Vgs=10V
lp=1.24

05

-50 0 50 100 Tye0
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Source-drain diode forward
characteristics

63332
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{a)

Vo5:0
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SGSP201

Switching times test circuit for resistive load

Voo

Pulse width < 100 us SC-0008/1
Duty cycle € 2%

Clamped inductive load test circuit

L=100uH

Yo ot »
° T l .
— TP

vi L—ﬂ - DUT.
500 .
J- $C-0310

Vi= 12 V - Pulse width: adjusted to obtain
specified Ipp, Veiamp= 0.75 V(gR) Dss-

2— Vdam:

Gate charge test circuit

Voo

1 LK [
2V = K

Vi=20V=Vguax

=2 22004F

I

Ve

L sc-o30s

PW adjusted to obtain required Vg

&1

"

= VDD

Switching time waveforms for resistive load

!
|
! 10 %
|

—
tyton) tr 5-6059 td(off) tt

Clamped inductive waveforms

VDD

| EQPpRpE R

§C-0311

Body-drain diode t, measurement
Jedec test circuit

/vAﬂlAC
MAINS
INPUT 0N
1N&723 c) ouT
ift)
56916
SON 5/5
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Lyz S0S-THOMSON

SGSP222

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rpsion) Ip

SGSP222 50V 0.13 2 10 A

HIGH SPEED SWITCHING APPLICATIONS
ULTRA FAST SWITCHING
e EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
* SWITCHING POWER SUPPLIES
¢ MOTOR CONTROLS.

N - channel enhancement mode POWER MOS field SOT-82 SO(;I '1%’:
effect transistor. Easy drive and very fast switching
times make this POWER MOS transistor ideal for
high speed switching applications. Uses include ge-
neral motor speed control, low voltage DC/DC con- INTERNAL SCHEMATIC 0
verters and solenoid driving. DIAGRAM
G
S

ABSOLUTE MAXIMUM RATINGS
Vps Drain-source voltage (Vgg=0) 50 \
Vbar Drain-gate voltage (Rgg =20 KQ) 50 Vv
Vs Gate-source voltage +20 \
Ip Drain current (cont.) at T,=25°C 10 A
Ip Drain current (cont.) at T,=100°C 6.3 A
lom () Drain current (pulsed) 40 A
Ipm (*)  Drain inductive current, clamped 40 A
Piot Total dissipation at T, <25°C 50 W

Derating factor 0.4 Wi/eC
Tag Storage temperature - 65 to 150 °C
TJ- Max. operating junction temperature 150 °C

(*) Pulse width limited by safe operating area

June 1988
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SGSP222

THERMAL DATA

Rihj - case Thermal resistance junction-case max 2.5 °C/wW
T, Maximum lead temperature for soldering purpose 275 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 pA Vgs= 0 50 \
breakdown voltage
Ipss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | pA
lgss Gate-body leakage Vgs=+20V =100 nA
current (VDS = 0)
ON (*)
VGS (ﬂ’l) Gate threshold VDS= VGS |D= 250 [AA 2 4 V
voltage
Ros (on) Static drain-source Vgs= 10V Ip=5A 013 | @
on resistance Vgs= 10V Ip=5A T,= 100°C 026 @
DYNAMIC
O5s Forward Vpg= 25V Ib=5A 3 mho
transconductance
Cies Input capacitance 460 | 550 | pF
0ss Output capacitance Vpg= 25V f=1MHz 350 | pF
Ciss Reverse transfer Vgs= 0 180 | pF
capacitance
SWITCHING
tyon  Turn-on time Vpp= 25V Ip=5A 15 | 20 | ns
t, Rise time Vi= 10V R;= 470 40 | 55 ns
tyom  Turn-off delay time (see test circuit) 40 55 ns
t Fall time 20 30 ns
25 ;N7 SGS-TH N
7. SR Tomson
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SGSP222

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. [ Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current 10 A
Ispm (*) Source-drain current 40 A
(pulsed)
Vgp Forward on voltage lsp= 10 A Vgs= 0 1.4 \'
ty Reverse recovery Isp= 10 A Vgs= 0 100 ns
time di/dt = 25 Alps

(*) Pulsed: Pulse duration =

300 gs, duty cycle 1.5%

(°) Pulse width limited by safe operating area

Safe operating areas

GC-0574

IolA) e
=
A 1 10ps!
&
\\)\\‘ A N
o SFER < 100psH
o SUA N
101 Z.
¢ ims
.
2 ! X 1oms
. 1 Ny 100m
10°, nc
.
.
2
107!
w “ s et 2 00 vpstv)
Output characteristics
6-929%
o (LT
(a) Vo210V ]| [V v
8
d
? Teage-25C
6 80us PULSE TEST
5 et 26V ||
!
. j
P,
4
3
2
! Jov
4 1 2 3 Vosv)

Thermal impedance

0% 0 1073 102 10t (s)

Output characteristics

Derating curve

GC-0551

Prot{Wh

50

40

0 25 50 75 M0 125 Tepel°0)

Transfer characteristics

6-5296 65298
| sov [T 1 I ! [TT
@ M Yos=10V v w Vos=25V  _| | /
" - [ sous PuLse test
s Tcase=25C T "
80us PULSE TEST! I
% o 3 "‘f;;z: < us'c T
7 I3 '/
0 5 0
[ T 3
6 . 'sv' 6
. == .
2 + E ;‘stx 2 T
1 1 1
o % 0 0 Vg (V) 6 2 3 4 5 8 7T 8 9 V(v
&y7, SGS:THOMSON s/5
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SGSP222

Transconductance
6-5299
e TTTIT
) HH
5 Teases-55°C,
S°Cl
1251
“ - -
A
3 1 Vos = 25 1
1 80us PULSE TESY 1T
T TI1TTT
2
I
)

2]4567!§|OID(A)

Capacitance variation

Static drain-source on

Gate charge vs gate-source

resistance voltage
oc.ases G-s0s
Rosiont Vos
) vy
f — %
0.12 Vgs=10V
’ % VBS:ZOV e
35V
™ 2 S0V
0n 1 0 !
8
1p=15A
6 Tease 225°C
0.10 > 20V 1] y
o ——— .
2
0.09 LT
0 10 20 30 Ip(A)

Normalized gate threshold
voltage vs temperature

0 ? 4 6 8 10 12 % 18 QainC)

Normalized breakdown
voltage vs temperature

075t

6-5303 GC-0755 ‘
< Vesim) 7
(pF) (norm) 1 (l:Ro‘ng |
Vo5=0 17 |
600 Loz Vos=Ves
115 p=250pA
700 ‘ 11
A
600 \ >
50
0 \ \ i Ciss 10 10
™ — ™~ |
00 AN A
300 —N & N 09 Ves=0 1]
] oss 085 [  lp=250pA 11
200 c =
— i
100 l J T I | 08
L 070 L |
-50 0 50 100 0 -50 0 50 100 TyeQ)
0 5 10 95 20 25 30 35 40 Vpg(V)

Normalized on resistance
vs temperature

GC-0753

Roston)
s A
ol %
NN ZERENN
L] |
10 |
S
A/ TVgs=10V
= SA
P |l,.taA|
05 —[: r ™
T |
25 0 25 -50 75 100 Ty0
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Source-drain diode forward

characteristics
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SGSP222

Switching times test circuit for resistive load

= Vpp

Pulse width < 100 us SC-0008/1
Duty cycle < 2%

Clamped inductive load test circuit

L=100pH|

o

O—— IFOO % vclam;’.
wCIL &
D.UT,
L G
w s0q
l SC-0310

Vi= 12 V - Pulse width: adjusted to obtain
specified Ipy, Vejamp= 0.75 V(@R pss:

Gate charge test circuit

SC-0305

PW adjusted to obtain required Vg

W
s

&7

Switching time waveforms for resistive load

—_——— 90°%%

+——+
tylon) tr 5-6059 td(ott) 1t

Clamped inductive waveforms

e e e e e

SC0311

Body-drain diode t,, measurement
Jedec test circuit

VARIAC
J
MAINS
INPUT 00
1INL723 G) out
i)
S. 6916
SGS-THOMSON 5/5
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Lyz S0S-THOMSON

SGSP230

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rps(on) Ip

SGSP230 450 V 30 25A

¢ HIGH SPEED SWITCHING APPLICATIONS
¢ HIGH VOLTAGE - 450V FOR OFF-LINE SMPS

¢ ULTRA FAST SWITCHING FOR OPERATION
AT> 100KHz

¢ EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
¢ SWITCHING POWER SUPPLIES

SOT-82 OPTION
¢ MOTOR CONTROLS SOT-194
N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switching
times make this POWER MOS transistor ideal for INTERNAL SCHEMATIC D
high speed switching applications. Typical appli- DIAGRAM
cations include switching power supplies, uninter-
ruptible power supplies and motor speed control.
G
s
ABSOLUTE MAXIMUM RATINGS
Vps Drain-source voltage (Vgg=0) 450 \Y
Vbar Drain-gate voltage (Rgg =20 KQ) 450 \
Vas Gate-source voitage +20 v
Ip Drain current (cont.) at T,=25°C 25 A
Ip Drain current (cont.) at T,=100°C 1.5 A
lom (%) Drain current (pulsed) 10 A
Ipum () Drain inductive current, clamped 10 A
Piot Total dissipation at T, <25°C 50 w
Derating factor , 0.4 wreC
Tsig Storage temperature —65 to 150 °C
T Max. operating junction temperature 150 °C

(*) Pulse width limited by safe operating area

June 1988
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SGSP230

THERMAL DATA

Rinj - case Thermal resistance junction-case max 25 °C/IW
T Maximum lead temperature for soldering purpose 275 °C

ELECTRICAL CHARACTERISTICS (T, ;ase=25°C unless otherwise specified)

Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
V(BR) DSS Drain-source |D= 250 ,II.A VGS= 0 450 \%
breakdown voltage
Ibss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | xA
IGSS Gate'body |eakage VGS= +20V +100| nA
current (Vpg=0)
ON (%)
Vas ny Gate threshold Vps= Vgs lp= 250 pA 2 4 \
voltage
Rps (ony Static drain-source Vgs= 10V Ip=1.2A 3 Q
on resistance Vgs= 10V Ip= 1.2 A T,= 100°C 6 Q
DYNAMIC
Ofs Forward Vps= 25V Ip=12A 0.8 mho
transconductance
Ciss input capacitance 340 | 450 | pF
Coss Output capacitance Vpg= 25V f= 1 MHz 95 pF
Cres Reverse transfer Vas= 0 50 | pF
capacitance
SWITCHING
t4ny  Turn-on time Vpp= 225V b= 12A 10 15 | ns
t Rise time Vi= 10V R=47Q 25 | 8 | ns
14 (ofy Turn-off delay time (see test circuit) 55 70 ns
t; Fall time 25 | 35 | ns
215 7 SGS-
Y/. MU(@%@EEE%I%&R«?@%
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SGSP230

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit

SOURCE DRAIN DIODE

lsp Source-drain current 25 | A

Ispm (°) Source-drain current 10 A
(pulsed)

Vsp Forward on voltage lsp= 2.5 A Vgs= 0 12 |V

t, Reverse recovery Isp= 2.5 A Vgs= 0 340 ns
time di/dt = 100 A/us

(*) Pulsed: Pulse duration = 300 s, duty cycle 1.5%
(*) Pulse width limited by safe operating area

Safe operating areas Thermal impedance Derating curve
'“‘As) 0580 . ; GL-0767/1 PropW) 66-0551
¢ AR 50
: j( mi
10'u = 0ps ;E : 40
: & i =
B § ~ iLLm = ZH= KR thj-c 30
, S N N100pg L s=1tp
D A T
0%, MmN 20
6 1ms! 6=0.05 el
S F §=0.02 < 10
N =0.01
. Midms. X
o Ht00nd 12 |/] SINGLE PULSE
R A B A st et et i) T S0 75 M0 B Tl
Output characteristics OQutput characteristics Transfer characteristics
Al (-0780 GC-0781 GC-0782
[ [ 11 ofA) Vgs=10Y oiA)
Vgs=10V F r’ 5 T
EEZSEEEEEE Tease=25°C [ Tease=25°C 7z 5.5V Vps=25V
4 4
s i [ '//
55V 5V
2 ; ) = , /i
. ! Vi /)
| i‘f /4 sy st | /]
2 / 2
Ty=25°C
. ALV y Ty=-5seC
1 1
1 v 74
0 Aé/
0 80 160 240 Vpslv) 0 4 8 ? 16 VostV) 2 3 A 5 6 Vsl
c— SGS-THOMSON 35
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SGSP230

Transconductance Static drain-source on Gate charge vs gate-source
resistance voltage
6-5383/1 GC-0727 6-53861
Sts 1T Ros{on) Ves 17
s) in) w1y
_VDS=25V Tease =25°C 411
S 1p=4.5
4 1% 0
'ceue=-I55|‘CL " il
L T 1| 4 L ’
3 4 L + pros- Vgs=10V 2 gy :r
125°€ = 3 / 10 = Vpg =90V 7
= =] VT 1 2257 rod
' | bov! 8 360V -
/i 2 6 »
1 4
1
| 2
| 13
0 05 1 15 2 25 3 35 & IglA) 0 2 3 6 8 10 lplA) ° 2 4 6 8 10 1 14 160 (nC)
Capacitance variation Normalized gate threshold Normalized breakdown
voltage vs temperature voltage vs temperature
_s308 GC-0783 60785
¢ TTT Vasith ] Visrioss
tpt 11 (norm) | {norm)
Vo520
08 f21MHz Vos=Ves
12 lp=250pA Ip=250uA
Vgs=0V
0.6 .y 11
LT
10 T
0 | \{ Ciss
™~
R~ 1
0.8
02 Coss L |
‘ crss
- L] [ |
s 06 | . 0.9
[ 40 20 20 40 Vpg (V) -50 0 S0 100 Ty°0 _50 0 50 00 T0
Normalized on resistance Source-drain diode forward
vs temperature characteristics
GC-0784 6 -538¢
Rosion) Ip T
{norm) (a) H =
- -
30 A
Vgs=10V p
5 o=154 Tease .1so’c/( Vos=0
Sl e
20 0 L/
7f
15 /
10 | -
1
0.5 =1 J_;
. LU
-50 0 50 00 Te0 0 o0 08 12 162 26 2B 32 Vep()
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SGSP230

Switching times test circuit for resistive load Switching time waveforms for resistive load

Voo
+——
tylon) tr 5-6059 td(ott) tt
Pulse width < 100 pus SC-0008/1
Duty cycle < 2%
Clamped inductive load test circuit Clamped inductive waveforms

vt:llmp

L=100pH

Vo '__N
—h L L Ll

Tp Vbp
200 133 Netame]
o 3 etamp VbD
WL = )our, \
bl G ]
Pw b e e

500 sC0311

S$C-0310

Vi= 12 V - Pulse width: adjusted to obtain
specified IDM’ Vclamp= 0.75 V(BR) DSS:

Gate charge test circuit Body-drain diode t,, measurement
Jedec test circuit

VARIAC
7
MAINS
INPUT 500
1N472) c) ourt
i)
5-6916
SC-0305
PW adjusted to obtain required Vg
N7 SGS-THOMSON 5/5
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Lyz SGS-THOMSON

SGSP239

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rpson) Ip
SGSP239 500 Vv 85 Q 1.2 A

HIGH SPEED SWITCHING APPLICATIONS
ULTRA FAST SWITCHING
EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
SWITCHING MODE POWER SUPPLIES

N - channel enhancement mode POWER MOS field

effect transistor. Easy drive and very fast switching SOT-82 OPTION
times make this POWER MOS transistor ideal for SOT-194
high speed switching applications. These include
switching power supplies, solenoid drivers and dri-
ve circuits for power bipolar transistors. INTERNAL SCHEMATIC 0
DIAGRAM
G
S

ABSOLUTE MAXIMUM RATINGS
Vps Drain-source voltage (Vgs=0) 500 \"
Vbar Drain-gate voltage (Rgg =20 KQ) 500 \
Vas Gate-source voltage +20 \
Ip Drain current (cont.) at T,=25°C 1.2 A
Ip Drain current (cont.) at T,=100°C 0.8 A
lom () Drain current (pulsed) 4.8 A
Ipm () Drain inductive current, clamped 4.8 A
Piot Total dissipation at T, <25°C 40 W

Derating factor 0.32 wreC
Tetg Storage temperature —65 to 150 °C
T Max. operating junction temperature 150 °C

(*) Pulse width limited by safe operating area

June 1988
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SGSP239

THERMAL DATA

Rinj - case Thermal resistance junction-case max 3.12 °C/IW
L Maximum lead temperature for soldering purpose 275 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 pA Vgs= 0 500 \
breakdown voltage
Ipss Zero gate voltage Vps= Max Rating 250 | uA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | pA
lass Gate-body leakage Vgg= 20 V +100| nA
current (Vpg=0)
ON (%)
VGS (th) Gate threshold VDS = VGS |D= 250 [I,A 2 4 \'
voltage
Rps (ony Static drain-source Vgs= 10V Ip=06A 85 Q
on resistance Vgs= 10V Ip= 06 A T,= 100°C 17 Q
DYNAMIC
Ots Forward Vps= 25V Ib=06A 0.65 mho
transconductance
Ciss Input capacitance 260 | 300 | pF
oss Output capacitance Vps= 25V f=1MHz 80 | pF
rss Reverse transfer Vgs= 0 40 | pF
capacitance
SWITCHING
tyon  Turn-on time Vpp= 250 V Ip=06A - 15 | 20 | ns
t, Rise time V=10V Ri= 470 15 30 | ns
tyory  Turn-off delay time (see test circuit) 30 | 60 ns
t; Fall time 20 45 ns
2/5
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SGSP239

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current 1.2 A
Ispm (*) Source-drain current 48 A
(pulsed)
Vsp Forward on voltage lsp= 1.2 A Vgs= 0 116 | V
ter Reverse recovery lsp= 1.2 A Vgs= 0 350 ns
time ' di/dt = 25 Alus

(*) Pulsed: Pulse duration =

300 us, duty cycle 1.5%

(°) Pulse width limited by safe operating area

Safe operating areas

Thermal impedance

Derating curve

oiA) T e K =: Pros (W)
s i o~ H
= = o e, B -
4 4\«\\2 B X < H10ps[] H 50
SR e @ NET N il o
22 NN TN 1005
10°, S > - 100 40
s H
“ < ms 1] _
s N I | 5§=0.2 Zthz XRth)-¢ 30
10m §=0.1 s=1o
o, S o ' ég * ) 2
¢ BCEH = £20.05 1 __[—UL
. 4 5002 H] ﬁ "
. NI §=0.01 X
V[ sinoLe F‘ULSE‘ l
10-2 10_2 5 4 3 2 1 0
ot CRCa T 10" 10 107 10° 107 tp s) 0 5 S0 75 100 125 T l°0)
Output characteristics Output characteristics Transfer characteristics
6-5376 G-5521 GC-0790/1
) i T (A)
(AD) [ (AD) / Vo5 =10V
Tease= 25|
16 T 17 16 / 16 /
e Y T,=-55°C ]
14 6 14
2250, -
n e - . e 25°C . T,225°C [ /\1,-125%
' % 74 B 1 I
8 // 4SV o8 1 5V 08 /
06 06 ]
04 ™ 04 Y 04
02 02 Vps=25V
0 2 4 6 1] ] o 0 20 30 4 S0 60 0 80 Vps(V) -
Yos! o3 0 2 4 6 8 VsV
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SGSP239

Transconductance Static drain-source on Gate charge vs gate-source
resistance voltage
(S) GC-0787 R GC-0786 i(-0792
9rs | osten VestV) | I
Vps=100V
w Vps=25V 0 ° * 250V
400V
Vgs=10V 8
18 Tj=-55°] 8 / /
6
// T;=15°C
12 / 6
L+ - 4 i
1 7,2125°C 20v
06 // 4 ) ln.er
2 [ |
0 0.4 0.8 12 16 fplA) 0 0.4 08 12 16 IplA) 0 3 8 2 16 QglnC)
Capacitance variation Normalized gate threshold Normalized breakdown
voltage vs temperature voltage vs temperature
ClpF) GC-0791/° GC-0783 GC-0785
P Vastth) 1 VigRiDss
[norm) [ {norm}
Vos=V6s
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e Giss Vgs=0V
i 11
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Normalized on resistance Source-drain diode forward
vs temperature characteristics
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SGSP239

Switching times test circuit for resistive load

Pulse width < 100 s SC-0008/1
Duty cycle < 2%

Clamped inductive load test circuit

L=100uH
Yo -
ID: o l ~LVDD
—-—— -
o Ingo 32 Theam
M
Y m F)our
G
w 50.0
$C-0310

Vj= 12 V - Pulse width: adjusted to obtain
specified IDM’ Vclarnp= 0.75 V(BR) DSS-

Gate charge test circuit

Switching time waveforms for resistive load

90%

!
!
o\ 1o
[

+——F
ty(on) tr $-6059 td(ott) tt

Clamped inductive waveforms

VpD

| R S

" scostt

Body-drain diode t,, measurement
Jedec test circuit

VARIAC
e
MAINS
INPUT son
IN4723 c) ourt
ity
O
5.6916
PW adjusted to obtain required Vg
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V7. ICROELECTRONICS

455






KYIW %&@%@%&%@?@?@g SGSP301

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTOR

TYPE Vbss Rps(on) I
SGSP301 100 vV 14 Q 20A

¢ HIGH SPEED SWITCHING APPLICATIONS

e GENERAL PURPOSE APPLICATIONS

e ULTRA FAST SWITCHING

e EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
e GENERAL PURPOSE SWITCHING

N - channel enhancement mode POWER MOS field TO-220
effect transistor. Easy drive and very fast switching
times make this POWER MOS transistor ideal for
high speed switching applications. Typical appli-
cations include general purpose low voltage swit- INTERNAL SCHEMATIC o
ching, solenoid driving, motor and lamp control, DIAGRAM
switching power supplies, and driving, bipolar po-
wer switching transistors.
G
s

ABSOLUTE MAXIMUM RATINGS
Vps Drain-source voltage (Vgg=0) 100 \
Vbar Drain-gate voltage (Rgg =20 KQ) 100 \
Vas Gate-source voltage +20 \Y
Ip Drain current (cont.) at T,=25°C 2.0 A
Ip Drain current (cont.) at T,=100°C 1.2 A
lom () Drain current (pulsed) 6 A
Ipum (*)  Drain inductive current, clamped 6 A
Piot Total dissipation at T, <25°C 18 W

Derating factor 0.144 WreC
Tsg Storage temperature —65 to 150 °C
T Max. operating junction temperature 150 °C
(*) Pulse width limited by safe operating area
June 1988 1/5
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SGSP301

THERMAL DATA

Rinj - case Thermal resistance junction-case max 6.95 °C/W
T Maximum lead temperature for soldering purpose 275 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 pA Vgs= 0 100 \
breakdown voltage
Ibss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | pA
lass Gate-body leakage Vgg= 220V +100{ nA
current (Vpg=0)
ON (*)
Vas @y Gate threshold Vps= Vgs Ip= 250 pA 2 4 \'%
voltage
Rps (ony Static drain-source Vgs= 10V Ip=12A 14 Q
on resistance Vgg= 10V Ip=12A T,= 100°C 2.8 Q
DYNAMIC
Oss Forward Vpg= 25 V Ip=12A 0.5 mho
transconductance
Ciss Input capacitance 90 | 125 | pF
oss Output capacitance Vps= 26V f= 1 MHz 45 | pF
Ciss Reverse transfer Vgg= 0 30 | pF
capacitance
SWITCHING
t4on  Turn-on time Vpp= 50 V Ip=12A 10 15 ns
t, Rise time V=10V R;= 4.7 Q 20 30 ns
ty oy  Turn-off delay time (see test circuit) 15 | 20 ns
4 Fall time 15 20 ns
2/5
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SGSP301

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current 20 A
Ispm (*) Source-drain current 6 A
(pulsed)
Vsp Forward on voltage Isp= 2.5 A Vgs= 0 135 | V
tye Reverse recovery lsp= 2.5 A Vgs= 0 90 ns
time di/dt = 25 Alus
(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5%
(*) Pulse width limited by safe operating area
Safe operating areas Thermal impedance Derating curve
GL-057: GC-0745 Y. GL-0545
‘n(‘:) ﬁ K Pror (W),
. I - 10y »
T § 3
) :g’ YA 100ps |11 10° 16
RS M he
\
10017 2 2 B,
s
i m: "
hd 104 s
W0ms 1 ftpke. it
100ns P 1 A ‘
) o ‘
! AT AL ,
W & eeg 1 e ) 0 0t w03 0?7 0 tp s 0 25 50 75 100 125 Teel°O
Output characteristics Output characteristics Transfer characteristics
G .32 G-5% 65326
TTTTTT Pall] 1 o [T 1Ay cetov T T o TTTTTT
[ Vg5 =10V | (&) ‘SOus PULSE TEST I (a) Vos =2V || |
‘fSOuﬁP\ILSE Tesy ov | || el av | | 80us PULSE TEST A
i . === :
o ! s A 1 ; i/
g v} v T 1] ri 125
— i 4 Tease=25°C
2 /" I = 2 7 2 I- 5 T
w (1] g | ]
1
I
1 d l il 1
SV SV
> mm T 1
/ |
% o/ |
0 1 2 3 . 5 6 7 8 yos(y) 4] 0 20 30 Yos (32 © H “ 1] 8 VGs(Vl
(N7 SGS-THOMSON 35
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SGSP301

Transconductance

3sS) ] oo

80ps PULSE TEST

1 2 3 Al

Capacitance variation

CpF) 7 ™
| ! Ves=0
[ £
150
100 |
1 S o e A R
orT N
D Coss
™~ |
~1 T,
I
0 0 2 30 0 VstV

Normalized on resistance
vs temperature

Rosfan)
{norm}

20

=1.2A

-50 0 50 100 0

4/5

Static drain-source on

Gate charge vs gate-source

460

resistance voltage
GC-0779 G-$33)
Roston Vos I
(n) w)
ID=Z.5A
14 16 Tease =25°C
V=10V
oS " /' /]
12 / 2 o Ve
A Ypg=50V v /
10 80V
74
10 8 /Z/?
k —
=, =
— 1 6
08 4
2
0.6 N
0 1 2 3 Ip{A) Y 1 2 3 4 Q0
Normalized gate threshold Normalized breakdown
voltage vs temperature voltage vs temperature
GC-0775 GC-0776
Vst Vigrioss
{norm) {norm)
117 Vps=Ves 1
lp=2504A
10 1.0
Ves=0
I5=2508A
0.83 09
0.66 0.8
-50 0 50 100 Ty°0 -50 0 50 100 Tyie0)
Source-drain diode forward
characteristics
G-$332
'sp
(a)
VGS:O
Tase«25'C —f— Lt
W 150 —— >./:‘__—1—-—
A’J
4
/
A
1
o ) 2 3 %p(v)
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SGSP301

Switching times test circuit for resistive load

Voo
Pulse width < 100 us SC-0008/1
Duty cycle € 2%
Clamped inductive load test circuit
L=100pH
Yoo >
p L -L- [ -
Ot D ™7200™133  Vetamp]
Md ﬁF clamp
WOI1 E)our
[N G i
Pw
50.0

- scasno

Vi= 12 V - Pulse width: adjusted to obtain
specified Iy, Velamp= 0.75 V(@R Dss-

Gate charge test circuit

SC-0305

PW adjusted to obtain required Vg

Ly
= VDD

&7.

™

MICROELECTRONICS

Switching time waveforms for resistive load

90%

|
I
! 10 %
I

=
ty(on) tr 5-6059 td(ott) tt

Clamped inductive waveforms

| S

SC-0311

Body-drain diode t,, measurement
Jedec test circuit

VARIAC
J
MAINS
NPUT 500
INGT2) c) ouT
i)
5.6916
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SGSP311

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rps(on) Ip

SGSP311 100 V 03Q 1A

¢ HIGH SPEED SWITCHING APPLICATIONS
¢ 100V FOR DC/DC CONVERTERS

e RATED FOR UNCLAMPED INDUCTIVE
SWITCHING (ENERGY TEST) ¢

e ULTRA FAST SWITCHING
¢ EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:

¢ SWITCHING MODE POWER SUPPLIES T0-220
» STEPPER MOTOR CONTROL
N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switching INTERNAL SCHEMATIC 8
times make this POWER MOS transistor ideal for DIAGRAM
high speed switching applications. Typical uses in-
clude DC/DC converters, stepper motors and so-
lenoid drives. ¢
s

ABSOLUTE MAXIMUM RATINGS
Vbs Drain-source voltage (Vgg=0) 100 v
Vber Drain-gate voltage (Rgs =20 KQ) 100 \
Vas Gate-source voltage +20. \'
Ip Drain current (cont.) at T,=25°C 11 A
Ib Drain current (cont.) at T,=100°C 7 A
Ipm () Drain current (pulsed) 30 A
Piot Total dissipation at T, <25°C 75 W

Derating factor 0.6 w/eC
Tetg Storage temperature —65 to 150 °C
T Max. operating junction temperature 150 °C

(®) Pulse width limited by safe operating area
¢ Introduced in 1989 week 1

June 1988
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SGSP311

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.67 °C/W
L Maximum lead temperature for soldering purpose 275 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
VisRr) pss Drain-source Ip= 250 pA Vgs= 0 100 \'%
breakdown voltage
Ipss Zero gate voltage Vpg= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T, = 125°C 1000 [ pA
lgss Gate-body leakage Vgg=x20V +100| nA
current (Vpg=0)
ON (%)
Ves @ny Gate threshold Vps= Vas Ip= 250 pA 2 4 \'
voltage
Rps (on) Static drain-source Vgs= 10V Ip= 55A 0.3 Q
on resistance Vgs= 10V Ip=55A T.= 100°C 06 | Q
ENERGY TEST
luis Unclamped inductive | Vpp= 30 V L = 100 xH 11 A
switching current starting T;= 25°C
(single pulse)
DYNAMIC
Oss Forward Vps= 25V Ipb=55A 2 mho
transconductance
Ciss Input capacitance 375 | 480 | pF
o0ss Output capacitance Vpg= 25V f=1 MHz 230 | pF
rss Reverse transfer Vgg= 0 } 110 | pF
capacitance
SWITCHING
tyn  Turn-on time Vpp= 50 V Ipb=55A 15 | 20 ns
t Rise time Vi=10V R= 470 40 | 55 ns
tyoy  Turn-off delay time (see test circuit) 40 | 55 ns
t; Fall time 20 30 ns
2/5 GS-
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SGSP311

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit

SOURCE DRAIN DIODE

Isp Source-drain current 1 A
Ispm (*) Source-drain current 44 A
(pulsed)
Vsp Forward on voltage Isp= 11 A Vas= 0 135 | V
ty Reverse recovery Isp= 11 A Vgs= 0 140 ns
time di/dt = 25 Alus
(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5%
(*) Pulse width limited by safe operating area
Safe operating areas Thermal impedance Derating curve
v
|D(A) iC-057. K GC-0669 Pt r(w) GC-0548
e TIT il °
¢ a5
. 1T
S 80
' _“3\\\ N T0ps T
10! m“@ T N |
==== PE ‘WPT Zth KR thj-c )
v ims | 10 s:._’.L_E
\
: \\ 10ms JPL 40
0 = 100ms 520,01 j
b 0C SINGLE PULSE
. 20
)
iy i " 3 0
R R R 10 107 107 1072 07 tpls) ] 40 80 120 160 Tepsel®CH
Output characteristics Output characteristics Transfer characteristics
. T I6-5!0° 6 -5310 ] [ ] 6.8312
Yoa ' !
) - [\/GS:vzv |Iov AAev I TITT ) [T ffov vI lsvI | rIE) (I[Ir } } { I 1117 o Lt
n 1 I/ i ] 65 Vos=2¥ | 1 | 55°C
i + A 1% P T B0ASPULSE TEST Fa|
A ] y I
9 ; r Al " V..
Hr = - * 8 1] i
* - A Tease =25°C L1 2 A
7 t 7 80ps PULSE TEST Tcase =25°C S
o BT : 0 80us PULSE TEST 5 0 i/
5 A s A E
« B R i T
3 5
2 1 ¢ I’
1 2 sv 1]
) 1 = |
; ma3 1 . i
0 1 2 3 o letvl 0 10 20 30 Ybs ) 2 3 4 5 6 ? 8 9 10 vgglv)
(N7 SGS-THOMSON ‘ 3/5
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SGSP311

Transconductance
Igs, vDS'=2sv' T | I |
(S} TeopsPuLsE TEST Tease =-55°C
5 | T
{ |
. // 25°C
= |
, 17 j
125°C
L1
B AV
4
]
0 1 2 3 & 5 6 7 8 9 1wig(A)

Capacitance variation

G.5317

c
(pF)

Vo520
800 1=1MHz

700

500
00 \\\ Ciss ——1

Y

300

Coss 7

Crss |

[

40 Vpg (V)

[ $ 0 15 20 25 30 35

Normalized on resistance
vs temperature

Roston)

0750

{norm} i
|

20 Ip=5.5A

-50 0 50 100 150 Tj°0)

4/5

Static drain-source on

Gate charge vs gate-source

resistance voltage
GC-0729 GC-0597
Rosfon) Vgs(V) T
[34] [ ]
Vps=20Y] A4
50V
06 12 80V
274
04 8 /
Vgs=10V
L/ /
20V lp=16A
02 = 4
———"/
/

0 8 16 24 IplA) 0 b 8 12 16 20 24 QginQ)
Normalized gate threshold Normalized breakdown
voltage vs temperature voltage vs temperaturg

iC-0752 GC-0751
Vgs(th) [ Visrioss
{norm) I } I (norm)
Vos=Ves
116 19=250pA 11
1.0 10
™ Ves=0 1
> Ip=250pA|
064 ™~ 09
0.68 08
-50 0 50 100 Ty°0 -50 0 50 100 Ty°0)
Source-drain diode forward
characteristics
G-3318
Isp i | =
[ i
1
W
Y,
Vgs20
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7
Ta
150°C J[ [ 1caser28'C

LU

o il 2 3 ‘%D(‘“
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SGSP311

Switching times test circuit for resistive load

R
Py
Vo :: Tu—
Vi R 200 133
: pF pF
D.U.T.
L
Pulse width < 100 us SC-0008/1

Duty cycle < 2%

Unclamped inductive load test circuit

L=100pH
Vo o—

Voo
o] = = =
b g 2200 |33
_ o— yF »F
V,__]'_]_ =ouT.
[
» 500
-~ SC-0317

Vj= 12 V - Pulse width: adjusted to obtain
specified Ipy

Gate charge test circuit

Voo
471
12v Kn = Ka
100nF|

Vi=20V=Vgua lg=const
o

1000

5 DUT.

Ve

_L SC-0305

PW adjusted to obtain required Vg

Switching time waveforms for resistive load

ty(on) tr 5-6059 td(ott) t¢

Unclamped inductive waveforms

Vigrinss

SC-0316

Body-drain diode t,, measurement
Jedec test circuit

"
MAINS
INPUT

5-691¢

VARIAC

00
IN4T23

‘y_, SGS-THOMSON
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c'_ SGS-THOMSON SGSP316
Y/, ICROELECTRONICS SGSP317

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vpss Rps(on) Ip
SGSP316 250 V 1.2Q 5A
SGSP317 200 V 0.75 @ 6 A

HIGH SPEED SWITCHING APPLICATIONS
ULTRA FAST SWITCHING

RATED FOR UNCLAMPED INDUCTIVE
SWITCHING (ENERGY TEST) ¢

EASY DRIVE - REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
SWITCHING POWER SUPPLIES TO-220
DC SWITCH

N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and very fast switching
times make these POWER MOS transistors ideal g‘ﬂg‘;‘a’:ﬂ' SCHEMATIC 3
for high speed switching applications. Typical uses

are in telecommunications, switching power sup-
plies and as a DC switch.

ABSOLUTE MAXIMUM RATINGS SGSP316 SGSP317
Vps Drain-source voltage (Vgg=0) 250 200 \
Vbar Drain-gate voltage (Rgg =20 KQ) 250 200 \
Vas Gate-source voltage +20 \
Ip Drain current (cont.) at T,=256°C 5 6 A
Ip Drain current (cont.) at T,=100°C 3.1 3.7 A
lom () Drain current (pulsed) 20 24 A
Piot Total dissipation at T, <25°C 75 W
Derating factor 0.6 WreC
Tetg Storage temperature —65 to 150 °C
T Max. operating junction temperature 150 °C

(°) Pulse width limited by safe operating area
¢ Introduced in 1988 week 44

June 1988 1/6
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SGSP316 - SGSP317

THERMAL DATA

Ry - case Thermal resistance junction-case max 1.67 °C/W
T Maximum lead temperature for soldering purpose 275 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. [ Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 pA Vgg= 0
breakdown voltage for SGSP316 250 \Y
for SGSP317 200 \Y
Ipss Zero gate voltage Vpg= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | A
lgss Gate-body leakage Vgg==20V +100| nA
current (Vpg=0)
ON (%)
Vas h) Gate threshold voltage| Vpg= Vgg lp= 250 pA 2 4 \Y
Rps (on) Static drain-source Vgs= 10V
on resistance Ip= 2.5 A for SGSP316 12 | Q
Ipb= 3 A for SGSP317 075 | @
Vgs= 10V T.= 100°C
Ip= 2.5 A for SGSP316 2.4 Q
Ipb= 3 A for SGSP317 1.5 Q
ENERGY TEST
luis Unclamped inductive | Vpp= 30 V L = 100 uH
switching current starting T;= 25°C
(single pulse) for SGSP316 5 A
for SGSP317 6 A
DYNAMIC
Ots Forward Vpg= 25V Ipb=3A 1.5 mho
transconductance
Ciss Input capacitance 380 | 500 | pF
0ss Output capacitance Vps= 25V f=1MHz 130 | pF
rss Reverse transfer Vgs= 0 65 | pF
capacitance
2/6
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SGSP316 - SGSP317

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SWITCHING
tyom  Turn-on time Vpp= 100 V Ipb=3A 15 | 20 | ns
t, Rise time Vi= 10V = 4.7 Q 30 | 40 ns
t4 o  Turn-off delay time (see test circui 5 45 | 60 ns
t; Fall time 15 | 20 ns
SOURCE DRAIN DIODE
lsp Source-drain current | for SGSP316 5 A
for SGSP317 6 A
Ispm () Source-drain current | for SGSP316 20 A
(pulsed) for SGSP317 24 A
Vsp Forward on voltage Vgg= 0
Isp= 6 A for SGSP316 1.3 \Y
lsp= 5 A for SGSP317 13 | V
te Reverse recovery lsp= 6 A Vgs= 0 180 ns
time di/dt = 100 Alps
(*) Pulsed: Pulse duration = 300 ps, duty cycle 1.5%
(*) Pulse width limited by safe operating area
Ly7 SGCS- N 3/6
Y7, 555 THOMSON
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SGSP316 - SGSP317

Safe operating areas Thermal impedance ) Derating curve
ID(A.] ; N : C-084 K T . 1 GC-0L69 Ph'(wl GC-0548
] 1 i
. 1 §=0.5 = T
ﬁslPH il 5 80
2 & T 8=020}ll Lt Zall —
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SGSP316 - SGSP317

Capacitance variation Normalized gate threshold Normalized breakdown
voltage vs temperature voltage vs temperature
-0162 C-015! -
T TT ; o - 501 Vo - w0072
500 B ] T
e : 1 1]
L VageVes PRET A
n Ves=0 1g=250pA "
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Normalized on resistance Source-drain diode forward
vs temperature characteristics
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SGSP316 - SGSP317

Switching times test circuit for resistive load

R
Py
]
Vi -V,
v R 2200 |33
- W | pF
DU.T.
-_—

Pulse width < 100 us SC-0008/1

Duty cycle £ 2%

Unclamped inductive load test circuit

L=100pH
Voo——3
o— - g
F = =
2200 33
yF KF

b
— o—
Yi _J':IL DU
I 500
Py

- SC-0317

Vi= 12 V - Pulse width: adjusted to obtain
specified Ipy

Gate charge test circuit

SC-0305

6/6 ﬁ

Switching time waveforms for resistive load

—_— 90%

!
[
! 10 %
|

=
tylon) tr 5-6059 td(oft) 1t

Unclamped inductive waveforms

Vigrioss

SC-0316

Body-drain diode t, measurement
Jedec test circuit
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Lyz SGS:THOMSON

SGSP319

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vbss Rpson) Ip

SGSP319 500 V 3.8 Q 28 A

HIGH SPEED SWITCHING APPLICATIONS
500V - HIGH VOLTAGE FOR SMPS

ULTRA FAST SWITCHING

EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
¢ SWITCHING POWER SUPPLIES

N - channel enhancement mode POWER MOS field T0-220
effect transistor. Easy drive and very fast switching
times make this POWER MOS transistor ideal for
high speed switching applications. Typical appli-
cations include switching power supplies, battery INTERNAL SCHEMATIC 0
chargers, motor speed control and solenoid drivers. DIAGRAM
G
s

ABSOLUTE MAXIMUM RATINGS
Vps Drain-source voltage (Vgg=0) 500 \
Vpar Drain-gate voltage (Rgs =20 KQ) 500 \Y
Vas Gate-source voltage +20 \
Ip Drain current (cont.) at T,=25°C 2.8 A
Ip Drain current (cont.) at T,=100°C 1.7 A
lpm ) Drain current (pulsed) 11 A
Ipum (7)) Drain inductive current, clamped 11 A
Piot Total dissipation at T, <25°C 75 w

Derating factor 0.6 W/eC
Teg Storage temperature —65 to 150 °C
T Max. operating junction temperature 150 °C

(°) Pulse width limited by safe operating area

June 1988
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SGSP319

THERMAL DATA

Rnj - case Thermal resistance junction-case max 1.67 °C/W
T Maximum lead temperature for soldering purpose 275 °C

ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)

Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 uA Vgs= 0 500 \
breakdown voltage )
Ipss Zero gate voltage Vps= Max Rating . 250 | uA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T, = 125°C 1000 | uA
lass Gate-body leakage Vgg=+20 V +100| nA
current (Vpg=0) '
ON (%)
Vas @ny Gate threshold | Vbs= Vas Ip= 250 pA 2 4 \'
voltage
Rps (on) Static drain-source Vgs= 10V Ip=14A 38 | @
on resistance Vgs= 10V Ip= 1.4 A T,= 100°C 72 | Q
DYNAMIC
i Forward Vps= 25V Ip= 1.4 A 0.8 mho
transconductance
Ciss Input capacitance 340 | 380 | pF
Coss Output capacitance Vpg= 25V f= 1 MHz 70 | pF
Cres Reverse transfer Vgs= 0 50 | pF
capacitance
SWITCHING
tyon  Turn-on time " | Vpp= 250 V b= 1.4 A 15 | 20 | ns
t, Rise time V=10V R=47¢Q 25 | 35 ns
tyom  Turn-off delay time (see test circuit) 50 | 65 | ns
t Fall time 25 | 35 | ns
25 (N7 SGS-THOMSON
/. icRoELECTRONICS
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SGSP319

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current 28 | A
Ispm (*) Source-drain current 11 A
(pulsed)
Vsp Forward on voltage Isp= 2.8 A Vgs= 0 115 | V
ty Reverse recovery Isp= 2.8 A Vas= 0 360 ns
time di/dt = 100 A/us

*

Safe operating areas

iC-0472
ot} ===zas
.
:
1
LN aees
: ¥
e
: N f
N N 100y
100 AN 1
: T S
¢ i hi
. o
[ OPERMIOH foms
, il
10" 2 4 6 8 2 “ 68 H 4 68
10 10! 102 VpstV)

Output characteristics

(*) Pulsed: Pulse duration = 300 gs, duty cycle 1.5%
(*) Pulse width limited by safe operating area

Thermal impedance

Output characteristics

Derating curve

80

60

40

40

120

60 Teasel°O)

Transfer characteristics

6C-0793

ID[A) GC-0497 GC-0696 ' (A)
Vis=10V, | IolA) 10V Ves=TV 65 0 ‘ I
TV
Vgs=25V
. '/ 6:5V] . R os
Tease=25°C ’ Tese=25°C
6V 6V
3 p. 3 3
4
5.5V 5.5V T)=125°C
2 ‘/ 2 ) ! 7
Ty= 257~
sV 5V Ty=55°C
1 1 4 ssefl
4, SV 4.5V //,/
A v 4V /7
0 4 8 [ 6 VpslV) 0 50 100 150 200 VgglV) 0 2 4 6 8 Vgg(V)
&y7, SGS-THOMSON 3/5
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SGSP319

.

Transconductance
GC-0794
9551 ’
Vps=25V
N
Tj2-65°C_| =1
3 1) =25°C L]
, " T} =125°C
—
//////
1 l
0 1 2 3 L Ip(A)
Capacitance variation
GC-0544
ClpF)
Tease=25°C
800 Vgs=0
f=1MHz
600 \
400 Cis
200 \
\ Gl |G
= |
0 " 20 30 40 VpslV)

Normalized on resistance
vs temperature

Roston) Sl
(norm) | l

22 Vgs=10V

p=l4A
18
14
//

10 L

06 o

0.2

-40 0 40 80 120 T°0

4/5

Static drain-source on

Gate charge vs gate-source

resistance voltage
GC-0498 GL-0542
Ruglonl VestV)
]
ki
20
8
\/ =10Vl Vps=100V
; o5 Vgs=20V . us
I/ Vps=250V.
/ Vgs=b00V
5 10 7
b
5
lp=2.5A
A
‘0 2 & 6 8 10 12 W% gA 0 L 3 2 1§ 09 0

Normalized gate threshold
voltage vs temperature

Normalized breakdown
voltage vs temperature

GC-0783 GU-1312/1
Vasitn) [l ViBRIDSS
{norm) ] (norm)
Vos=Ves 115
12 lp=2500A L.
/
1.05
=
< 1
1.0 g
N 0.95 //
< Vgs=0V
< Ip=250pA
08 0.85
06 ! 0% 5 u 80 20 Ty 0
50 0 50 00 T0 S 0 J
Source-drain diode forward
characteristics
ISD(A) GC-0495
f,=1so°c
10! f
]
I '\T,=2s°c
L
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SGSP319

Switching times test circuit for resistive load

Pulse width < 100 us SC-0008/1
Duty cycle < 2%

Clamped inductive load test circuit

{moo,m
Yoo

Ov— L oo J— Vo

"zoo %2 Team)

‘o

Y L—_I—L

$C-0310

Vi= 12V - Pulse width: adjusted to obtain
specified Ipy, Velamp= 0.75 V(gR) Dss-

Gate charge test circuit

SC-0305

PW adjusted to obtain required Vg

o1,

Switching time waveforms for resistive load

+——
ty(on) tr 5-6059 td (ott) ttf

Clamped inductive waveforms

Vetamp

VpD

| S

SC-0311

Body-drain diode t,, measurement
Jedec test circuit

VARIAC
e
MAINS
INPUT s0n
INGI2) c) our
i)
O
$.86916
SGS-THOMSON ‘ 5/5
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[— SGS-THOMSON SGSP321
Y/, ICROELECTRONICS SGSP322

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Voss Rps(on) Ip
SGSP321 60 V 0.13 Q 16 A
SGSP322 50V 0.13 Q 16 A

HIGH SPEED SWITCHING APPLICATIONS
LOW VOLTAGE DC/DC CONVERTERS
ULTRA FAST SWITCHING

EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
SWITCHING POWER SUPPLIES
MOTOR CONTROLS TO-220

N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switching
times make this POWER MOS transistor ideal for

high speed switching applications. Uses include gﬂgg%\\nl- SCHEMATIC 3
motor speed control, low voltage DC/DC conver-
ters and solenoid driving.

ABSOLUTE MAXIMUM RATINGS SGSP321 SGSP322
Vbs Drain-source voltage (Vgg=0) 60 50 \'
Vbar Drain-gate voltage (Rgg =20 KQ) 60 50 \'
Vas Gate-source voltage +20 \Y
Ip Drain current (cont.) at T,=25°C 16 A
Ip Drain current (cont.) at T,=100°C 10 A
lom (*) Drain current (pulsed) 40 A
Ipm (*)  Drain inductive current, clamped 40 A
Pyot Total dissipation at T, <25°C 75 w
Derating factor 0.6 W/eC
Tetg Storage temperature —65 to 150 °C
T Max. operating junction temperature 150 °C
(*) Pulse width limited by safe operating area
June 1988 1/5
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SGSP321 - SGSP322

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.67 °C/W
T, Maximum lead temperature for soldering purpose 275 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
\/(BR) DSS Drain-source ID= 250 [LA VGS= 0
breakdown voltage for SGSP321 60 \
for SGSP322 50 \Y
Ipss Zero ‘gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T.= 125°C 1000 | pA
lgss Gate-body leakage Vgg=+20V +100| nA
current (Vpg=0)
ON (")
VGS (th) Gate threshoid VDS= VGS ID = 250 pA 2 4 \
voltage
Rps (on) Static drain-source Vgs= 10V Ip=8A 013 | @
on resistance Vgs= 10V Ip=8A T.= 100°C 026 | Q
DYNAMIC
Ois Forward Vps= 25V Ip=8A 3 mho
transconductance
Ciss Input capacitance 460 | 550 | pF
0ss Output capacitance Vps= 25V f= 1 MHz 350 | pF
Ciss Reverse transfer Vgs= 0 180 | pF
capacitance
SWITCHING
teony  Turn-on time Vpp= 26V Ipb=8A 15 | 20 | ns
t, Rise time Vi= 10V R=470Q 45 | 60 | ns
tyomm  Turn-off delay time (see test circuit) 40 | 55 | ns
" Fall time 25 35 ns
2/5
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SGSP321 - SGSP322

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current 16 A
Ispm (*) Source-drain current 40 A
(pulsed)
Vsp Forward on voltage lsp= 16 A Vgs= 0 1.4 |V
tr Reverse recovery Isp= 16 A Vgs= 0 100 ns
time di/dt = 25 Alus s
(*) Pulsed: Pulse duration = 300 pus, duty cycle 1.5%
(°) Pulse width limited by safe operating area
Safe operating areas Thermal impedance Derating curve
b‘A] GC- K P GC-0469 P, (W) GC-0548
== il i !
Y T 5=0.5 i
ST it »
! «z&;‘ N N 100us ] —
10, === Bl
. < e 1] 60
4
N HH 10! g_
2 10ms. 1
N 100ms 02 40
), it s-o.01[ [
6 SINGLE PULSE |{
. 20
S65P321 [~H| M
: SGSP322 —p '
107! 102 0
00 Tt S Pt e ¢ Npstv) ws et e 0?7 w0 pls) 0 40 80 120 160 Teagel°0)
Output characteristics Output characteristics Transfer characteristics
6-5_[2!_9 6-529 6.5298
9 T 11111 1o [] Sov [ 11 ] TT ! TTTT]T
(sh) T & Yos=10¥ T 5v @ [T Moss2sv 1| /
EENREEE T T T [l 180usPULSE TEST
s Trase = -55°C| | % Tcase=25°C 11 "
80ws PULSE TEST 1 y
- 52 w 8v “ Tease=25°C | gsc 1
. ‘3_5: -55°C—3 (/
ay = H ”? 2 f
LA 4 7
3 4 "Ds’ 5V 0 a 0
805 PULSE_TEST {11 5 o
2 L 6 T &
) 3 T_ 4
! 2 5‘? 2
| AN I [
[ 12 3 4 5 67 8 9 10 Igla) ° " 20 30 Vpg (VI o 203 4 s 6 7 8 9 vgw
(N7 SGS-THOMSON 3/5
Y/, CROELECTRONICS
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SGSP321 - SGSP322

Transconductance Static drain-source on Gate charge vs gate-source
resistance voltage
G-5295 R GC-058% G -330%
! Vi
(f, _vgs;‘ww '8V vl ?{S‘Tl"‘ (Gvs)
* 0.12 ” ©
A Vgs=10V
? 1iIA04 Toase 25 g ,I W | Ypg=20V ——
6 80us PULSE TEST 1? :g:
s v 1 01 / 0 }
4 8. t
ur /4 / o e |
: 0.10 I /| 20V T ¢ / ease 2C
2 ———— .
1 7 H:— 2 /
b 0.09
0 10 20 30 Ip(A)
° ' 2 3 Vst 0 2 4 6 8 0 2 % 16 Q(nC)
Capacitance variation Normalized gate threshold Normalized breakdown
voltage vs temperature voltage vs temperature
65303 GC-0755 iC-075
c l Vesitn 11 1] Vigrioss
(pF) tnorm) L] {norm)
Y6520 T
800 f2 Mz Vos=Vgs
115 lp=250pA
700 11
600 \ \\
500 10 10
Ciss|
00 \ \\\ T A
N\ o
300 - 0.9 =0
. \\ | 085 N Ip=250pA ]
S~ |Crssl
100 . 0.8
0.70 L1
-50 0 50 100 Ty°0 -50 0 50 100 Ty}
0 5 00 15 20 25 30 35 &0 VDS(V)
Normalized on resistance Source-drain diode forward
vs temperature characteristics
GC-0753 G -5304
Roston) Iso =
(norm) {a)
15
= 20| Teases150sC Azsec ‘o5~
10 1 /,
' Vgs=10V a
= p=8A [ s T
I
05
-25 0 25 50 75 100 TH°Q
° ' 2 3 vgp(V)
445 57 SGS-THOMSON
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SGSP321 - SGSP322

Switching times test circuit for resistive load

Switching time waveforms for resistive load

90%

= Voo :
1 I
[
Pl \oew
I
o |
—
tyton) tr 5-6059 td(oft) tf
Pulse width < 100 ps SC-0008/1
Duty cycle < 2%
Clamped inductive load test circuit Clamped inductive waveforms
L=100pH
Yo rﬂ
Ip I -L —Vp
oo T
o— RO [ [Yame Vpp
WL R
[F] G out
W T [sed ] |
SC-0311
L scosio

Vj= 12 V - Pulse width: adjusted to obtain
specified Ipy, Velamp= 0.75 V(gR) Dss-

Gate charge test circuit

SC-0305

PW adjusted to obtain required Vg

~

or.

Body-drain diode t,, measurement
Jedec test circuit

VARIAC
S
MAINS
INPUT 500
1N&723 c; our
ift)
5. 8916
SGS-THOMSON 5/5
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SGSP330

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rpson) Ip

SGSP330 | 450V 3Q 3A

¢ HIGH SPEED SWITCHING APPLICATIONS
¢ HIGH VOLTAGE - 450V FOR OFF-LINE SMPS

* ULTRA FAST SWITCHING FOR OPERATION
AT> 100KHz

e EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
e SWITCHING POWER SUPPLIES

+ MOTOR CONTROLS T0-220
N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switching
times make this POWER MOS transistor ideal for INTERNAL SCHEMATIC 0
high speed switching applications. Typical appli- DIAGRAM
cations include switching power supplies, uninter-
ruptible power supplies and motor speed control.
G
S

ABSOLUTE MAXIMUM RATINGS
Vbs Drain-source voltage (Vgg="0) 450 \
Vbar Drain-gate voltage (Rgg =20 KQ) 450 \Y
Vas Gate-source voltage +20 \
Ip Drain current (cont.) at T,=25°C 3 A
Ip Drain current (cont.) at T,=100°C 1.9 A
Ipm () Drain current (pulsed) 12 A
Ipum (*) © Drain inductive current, clamped 12 A
Piot Total dissipation at T, <25°C 75 w

Derating factor 0.6 wreC
Tetg Storage temperature —65 to 150 °C
T; Max. operating junction temperature 150 °C

(°) Pulse width limited by safe operating area

June 1988
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SGSP330

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.67 °C/W
T Maximum lead temperature for soldering purpose 275 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions . Min. | Typ. [ Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 A Vgs= 0 450 \
breakdown voltage
Ioss Zero gate voltage Vps= Max Rating 250 | wA
drain current (Vgs=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | pA
lass Gate-body leakage Vgs=+20V +100| nA
current (Vpg=0)
ON ()
Ves @y Gate threshold Vps= Vgs Ip= 250 pA 2 4 v
voltage
Rps (on) Static drain-source Vgs= 10V Ip=15A 3 Q
on resistance Vgs= 10V Ip= 1.5A T,= 100°C 6 Q
DYNAMIC
Ofs Forward Vpg= 25V Ipb=15A 0.8 mho
transconductance
Ciss Input capacitance : 340 | 450 | pF
08S Output capacitance Vpg= 256V = 1MHz 95 | pF
Ciss Reverse transfer Vas= 0 50 | pF
capacitance
SWITCHING
t4on)  Turn-on time Vpp= 225 V Ipb=15A 10 15 | ns
t, Rise time Vi= 10V R=47Q 25 | 35 | ns
tyoy  Turn-off delay time (see test circuit) 55 70 ns
t Fall time 25 | 35 ns
2/5
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SGSP330

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit

SOURCE DRAIN DIODE

lsp Source-drain current 3 A
Ispm () Source-drain current 12 A
(pulsed)
Vsp Forward on voltage Isp= 3 A Vgs= 0 1.2 v
te Reverse recovery Isp= 3 A Vgs= 0 360 ns
time di/dt = 100 Alus
(*) Pulsed: Pulse duration = 300 gs, duty cycle 1.5%
(*) Pulse width limited by safe operating area
Safe operating areas Thermal impedance Derating curve
TnlA) _— __GL0LT3 GC-0L69 ProrlW) GL-0548
‘ = i
‘ i) %
2 ¢__ ____\
10! gt M| 1|
= }g\'} -H\ =5 t : Zth= KRth)=c 50
‘ 2 N ~ T A £ e
! *"’“r Hi N 40
100 AY L o i ol
= =Lo } H
) o SINGLE PULSE i
AL A3 3 20
10ms. u
2 N 100m; L
3 x 102 L 0
Wiw & ceng @ < eeg t o+ VstV L e B 1072 1077 tpls) 0 40 80 120 160 Tepsel®0)
Output characteristics Output characteristics Transfer characteristics
(A} GC-0780 GC-0781 GC-0782
(A) R IplA)
o Vﬁ|s=1L v [T b Ves=toy L — b ]
Tease=25°C T Tease=25°C / 5.5V} Vps=25V
b 4
s J
55V LT [sv {/
7 [ 3 3
o 5\|/ / //
: . /// 45 , e | —fff L
,MLV V Tie-s5°C
2 ] y
A!/ A LY /
| / 0 // .
0 80 160 260 VpstV) 0 A 8 12 1% VstV 2 3 L 5 6 VgstV)
(N7 SGS-THOMSON 35
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SGSP330

Transconductance Static drain-source on Gate charge vs gate-source
resistance voltage
6-538311 GC-0727 G ~538671
9ts 17 Roston T ves { i T
o L ) v T
“ 5 16 Ip=4-5A
Tcase=-55°Ct]
e 14
- 4 [ -
; = Vgs=10V 2 7
Lt / W, ..
3 10 1 Vpg =90V e
e T 225v > d
2 —— V] 8 [ 360V 5
2
6
1 &
1
2
]
0o 05 1 15 2 28 3 35 ¢ Ipa) 0 2 4 6 8 10 plA) ° 2 4 6 8 10 B W 16Q(nC)
Capacitance variation Normalized gate threshold Normalized breakdown
voltage vs temperature voltage vs temperature
~5380 GC-0783 GC-0785
¢ TTT Vasttny T Vierioss
tph) 17 {norm) Il {norm)
VYos5=0
08 eMHZ Vos=Ves
12 lp=250pA Ip=250pA]
T Ves=0V [T
0.6 i~ 11
=
10 g P
04 \ Ciss ™~
~
1
02 Coss o8
X Crss
= I 4
= 06 ! 09
0 4“0 20 30 40 Vg (V) -50 0 50 00 Tye0) -50 0 50 100 Ty°0
Normalized on resistance Source-drain diode forward
vs temperature characteristics
GC-0784 6-5380
Roston) I o
(norm} (a) -
= =
3.0
6s=10V 1/
25 =154 Tease 505 Yos=0
20 0 s
Vi
15
1.0
1
05 =11
0 )
-50 0 50 100 T,e0 0 0c 08 12 1672 24 28 32 Vgp(V)
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SGSP330

Switching times test circuit for resistive load

Pulse width < 100 us
Duty cycle < 2%

SC-0008,

Clamped inductive load test circuit

/1

L=100uH
Yoo Pt
lp 3 # —3 l
o— | ngo 3 T
]
WL F\our
oG
w 500

4

lamp|

= VoD

-

S$C-0310

Vi= 12 V - Pulse width: adjusted to obtain
DSSs-

specified Iy, Velamp= 0.75 Vg,

Gate charge test circuit

PW adjusted- to obtain required Vg

SC-0:

305

‘ SGS-THOMSON
Y/, mn@@m@%@@m&ﬂ’@@

Switching time waveforms for resistive load

tylon) tr

S0%

1

|

I .
L N0
! |

T S
5-6059 td(oft) tt

Clamped inductive waveforms

Vclamp

|

S§C-0311

Body-drain diode t,, measurement
Jedec test circuit

MAINS
INPUT

5. 8916

VARIAC

/

500
INGT2)
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SGSP341

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rpson) Ip
SGSP341 400 V 20 Q 06 A

e HIGH SPEED SWITCHING APPLICATIONS
* ULTRA FAST SWITCHING
¢ EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
e GENERAL PURPOSE

N - channel enhancement mode POWER MOS field

effect transistor. Easy drive and very fast switch- TO-220
ing times make this POWER MOS transistor ideal
for high speed switching applications. Typical ap-
plications include motor starter and drive circuits
for power bipolar transistors. INTERNAL SCHEMATIC 0
DIAGRAM
G
s

ABSOLUTE MAXIMUM RATINGS
Vps Drain-source voltage (Vgs="0) 400 \
Vbar Drain-gate voltage (Rgg =20 KQ) 400 \
Vas Gate-source voltage +20 \
Ip Drain current (cont.) at T,=25°C 0.6 A
Ip Drain current (cont.) at T,=100°C 0.4 A
lom () Drain current (pulsed) 1.2 A
Ipm () Drain inductive current, clamped 1.2 A
Pyot Total dissipation at T, <25°C 18 w

Derating factor 0.14 W/°C
Tsig Storage temperature —65 to 150 °C
T; Max. operating junction temperature 150 °C

(*) Pulse width limited by safe operating area

June 1988
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SGSP341

THERMAL DATA

Rinj - case Thermal resistance junction-case max 6.8 °C/wW
T Maximum lead temperature for soldering purpose 275 °C
ELECTRICAL CHARACTERISTICS (T,.,=25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
\/(BR) DSS Drain-source ID= 250 [LA VGS= 0 400 \
breakdown voltage
Ipss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | A
lass Gate-body leakage Vgg= =20V +100| nA
current (Vpg=0)
ON (%)
Vesan Gate threshold Vps= Vgs Ip= 250 pA 2 4 \
voltage
Rps (on) Static drain-source Vgs= 10V Ip=03A 20 Q
on resistance Vgg= 10V Ip= 0.3 A T.= 100°C 40 Q
DYNAMIC
Oss Forward Vps= 25V Ip=03A 0.1 mho
transconductance
Ciss Input capacitance 80 | 105 | pF
08 Output capacitance Vpg= 25V f= 1 MHz 20 | pF
(s Reverse transfer Vgs= 0 15 | pF
capacitance
SWITCHING
tany  Turn-on time Vpp= 200 V lp= 03A 10 15 ns
t, Rise time Vi= 10V R=47Q 15 | 20 | ns
ta (o Turn-off delay time (see test circuit) 25 35 ns
t Fall time 40 | 55 ns
2/5
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SGSP341

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions ‘| Min. | Typ. | Max. | Unit

SOURCE DRAIN DIODE

lsp Source-drain current 06 ; A

Ispm (*) Source-drain current 12 | A
(pulsed)

Vsp Forward on voltage lsp= 0.6 A Vgg= 0 12 [V

ter Reverse recovery Isp= 0.6 A Ves= 0 140 ns
time di/dt = 100 Alus

(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5%
(°) Pulse width limited by safe operating area

Safe operating areas Thermal impedance Derating curve
Tn(A), SC-2 Prot(W) ceooses
. fi
¢ il 20
. L 11
o &“‘ iy 1 10ps] 16
o O == E:
Re=sa Tooe
) i I "
107 / \\\ Yims 8
. 10ms
F D.C_ 1Y 100ms|
B T 4
102 | 0
I 105 U 102 107 tp(s) 0 2550 75 W0 125 Tol°0
Output characteristics Output characteristics Transfer characteristics
6-5380 G-5191 6-%393
o T 11T o T]ITT"I 11
w [T 7 Ve (4 [Tcases?6'C Vos< 10y |- w
[l tcasestor | T T % qa10v—1+4- U [{80us PULSE TEST 1] v foase 175°C o v
04 8v — [l ov 08 25°C ,l7
oV 1 0.6 -55°C
L 1119
03 y 5 o8 L ] 0.5
” oA 41 o 7v7
A 06 ﬁ B 0
02 5V o oS I S:I 03
=
A tH = s o
- 1ol
lan ] A[s;: . [ sV 1 o ///
i ] o 1 4.5V
11 IR T T
o 1 2 3 & Vpg (V) [ 0 20 30 40 Vo (V) ° f 2 3 “ s 5 (v
Y7 SGS-THOMSON 3/5
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SGSP341

Transconductance Static drain-source on Gate charge vs gate-source
resistance voltage
65394 R iC-0596 65400
[TT 1T ‘DSfon) v
o I @y I H o
Tease=-55°C
—F Vgs=20V
04 T ” * Tcase=25°C
; + Ig=1a /1
35 /]
0.3 * 12 7
T 1 10V / VYos80¥ zoov///
A (- 320V,
LA are p \ A
Vo5 =25V - L~ Y
—4 8 pt T /
01 ‘¢ 4
i /
° 01 02 Q3 04 05 06 07 08 Iy (4l [} 02 04 06 08 1 12 piA) ° f 2 3 « ainc)
Capacitance variation Normalized gate threshold Normalized breakdown
voltage vs temperature voltage vs temperature
6-5397 v, GL-0773 v GC-0774
- s ]
VGS‘O !
200 |— 1=1MHz : Vgs=0
115 Vps=Vgs Ip=250pA
Ip=250pA
150 11
1.0 -
100 18 ol )
1.0
0.85
%0 \ Coss |
\ [T T —crs| | 1
AN F
T 0.70 09
0 0 20 30 40 VgglV) -50 [ 50 100 Ty°0) -50 0 50 100 Ty°CH
Normalized on resistance Source-drain diode forward
vs temperature characteristics
GC-0772 G-5398
foste I plEss =
norm, A
] H mE=s
V. (=0 1
25 Vgs=10V 4 g
h=03A iy
Tcases25°C
20 ,l/ 1, ::, <150°¢
T 1 v va
15 p
10
? |
05 10!
-50 0 50 00 Te0 ° ' 2 3 v
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SGSP341

Switching times test circuit for resistive load Switching time waveforms for resistive load

R
Py
vy O— '1"= - Vg
Vi R 2200 |33
: fou pF | pF
DUT.
+——F
- tylon) tr  s-60s9 td(oft) tt
Pulse width < 100 ps SC-0008/1
Duty cycle < 2%
Clamped inductive load test circuit Clamped inductive waveforms
L=100pH
Yo
o—

3 = = = =—Vm
o] 'Ezgo 33 eamp

pF
Y C_-J—L 5 )our.

w6 A
w 500 SC-0311 STTmsmes
L SC-0310
Vij= 12 V - Pulse width: adjusted to obtain
specified IDM’ Vclamp= 0.75 V(BR) DSS-
Gate charge test circuit Body-drain diode t, measurement
Jedec test circuit
n
VARIAC
“ .
MAINS
INPUT 500
ouT
Vi=20V=Vguax o=
© X i)
INGT2)
$-6916
I
—p—pm
PW
SC-0305
PW adjusted to obtain required Vg
(37 SGS-THOMSON 55
Y/, MICROELECTRONICS
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Lyy S0S-THOMSON

SGSP351

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rpsion) Ip

SGSP351 100 V 0.6 Q 6 A

HIGH SPEED SWITCHING APPLICATIONS
DC/DC APPLICATIONS

ULTRA FAST SWITCHING

EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
¢ SWITCHING POWER SUPPLIES
¢ MOTOR CONTROL

TO-220
N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switching
times make this POWER MOS transistor ideal for
high speed switching applications. Typical appli- INTERNAL SCHEMATIC 8
cations include stepper motor and printer hammer DIAGRAM
drives and switching power supplies
G
S

ABSOLUTE MAXIMUM RATINGS
Vbs Drain-source voltage (Vgg=0) 100 \'%
Vbar Drain-gate voltage (Rgg =20 KQ) 100 \
Vas Gate-source voltage +20 \Y
Ip Drain current (cont.) at T,=256°C 6 A
Ip Drain current (cont.) at T,=100°C 4 A
Ipm (°) Drain current (pulsed) 24 A
Iy () Drain inductive current, clamped 24 A
Piot Total dissipation at T, <25°C 50 w

Derating factor 0.4 wreC
Tetg Storage temperature —65 to 150 °C
T; Max. operating junction temperature 150 °C

(*) Pulse width limited by safe operating area

1/5
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SGSP351

THERMAL DATA

Rinj - case Thermal resistance junction-case max 25 °C/wW
T Maximum lead temperature for soldering purpose 275 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vigr) pss Drain-source Ip= 250 pA Vags= 0 100 \
breakdown voltage
lpss Zero gate voltage Vpg= Max Rating 250 | pA
drain current (Vgg=0) | Vps= Max Rating x 0.8 T.= 125°C 1000 | wA
lgss Gate-body leakage Vgs= =20V +100| nA
current (Vpg=0)
ON (%)
VGS (th) Gate threshold VDS= VGS ID= 250 /.l,A 2 4 \'
voltage
Rps (on) “Static drain-source Vgs= 10V Ip=3A 0.6 Q
on resistance Vgg= 10V Ip=3A T,= 100°C 1.2 Q
DYNAMIC
Oss Forward Vpg= 25V Ipb=3A 1 mho
transconductance
Ciss Input capacitance 180 | 250 | pF
08 Output capacitance Vpg= 25V f= 1 MHz 100 | pF
Cirss Reverse transfer Vgs= 0 40 | pF
capacitance
SWITCHING
tyom  Turn-on time Vpp= 50 V Ip=3A 10 15 ns
t, Rise time Vi= 10V Ri= 470 25 | 35 | ns
t4 (off) Turn-off delay time (see test circuit) 25 35 ns
¥ Fall time 15 | 20 ns
2/5
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SGSP351

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. [ Max. | Unit
SOURCE DRAIN DIODE
Isp Source-drain current 6 A
Ispm (*) Source-drain current 24 A
(pulsed)
Vsp Forward on voltage lsp= 6 A Vgs= 0 135] V
ty Reverse recovery lsp= 6 A Vgs= 0 120 ns
time di/dt = 25 Alus

(*) Pulsed: Pulse duration = 300 ps, duty cycle 1.5%
(*) Pulse width limited by safe operating area

Safe operating areas

Thermal impedance

Derating curve

GC-0551

IplA), Prot(W)
® i
. 1T
il 50
2 N 10ps 111
R ="} 100y 40 |
s — N
‘ N
ims Zthz KRth]-c 30
2 - i
00 ANIC g e 0
N 100ms FH
0.C tphe
4 P!
% 10
: - (| fowoie puuse]
-1 0
P e RV ws ot w0 w0z 0l e 0 25 50 75 M0 25 Teel
Output characteristics Output characteristics Transfer characteristics
GC-008% 6-5330 6-5340
A} 1 T Tov [T T m
[ I } I } Vesso— sV o8 H g0V LT o ‘1‘?' *l"nsﬂs" I 7 I
T HTH 80usPULSE TEST
[ Teaa=25°C 7 11 INEE H 10 // I L
8 ] Bis PULSE TES ] 0 Tease=25°C |1 s -55*C
B AP= 9 8045 PULSE TEST /L M een25C
A N ANE 8 /e <125°C
6 B ’ i 2 / /
’ ] //
H =TT s 1 6
A oV [+ /
“ s T s
I
Hnn 5V “ ! ‘
— T 3 sv || k)
2 P | 2 } 2
1 I L}I 1 < 1 ™
f L i i
¢ ! z 3 ¢ VostV) 0 10 20 30 10 VogV) 2 D 6 8 VosV)
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SGSP351

Transconductance Static drain-source on Gate charge vs gate-source
resistance voltage
G-5341 R GC-0590 6-5345
9 T DSfon)
b E Il 155~c Q) :‘3)5 s
1 1 D= .
/// 76ase=‘157c—- 06 16 | Teases?C
! » I "
B . R
! Vog= 25V B0V ~
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i Iy Vgs=10Y, 20V [T .
. il <
6
1
. = v
] 2
0.2
0 Vo2 3 4 s 6 Ip tA) 0 4 8 12 16 A ° V2 3 4 s 6 1 8Q((O
Capacitance variation Normalized gate threshold Normalized breakdown
voltage vs temperature voltage vs temperature
©-5343 v 6C-0202/2 C-0201/2
| i s
Vo5 20 [ Vgs=0V
200 4&?}«1 1 1 |nr'§zsom
v WS u “
300
1
- . .
Ciss
200 1
0.9 09
100 ]
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< rss’
I
0 10 20 30 40 Vpg (V) o2 ~50 0 50 100 T°0 08 -50 [ 50 100 T,l°0
Normalized on resistance Source-drain diode forward
vs temperature characteristics
R GE-0897 . - 65344
vt P / s EEES
[Ty 6 Tcase=25°C_ 11111
1o 7 Vgs=10V] y . T 14
-1 150°C
13 / l
12 7 ? "
11 /A{ Vo520
0
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Switching times test circuit for resistive load

R
Py
% O——1 = =,
™ Voo

Vi R, @ 2200 |33

b uF pF
DuT.
e
Pulse width < 100 us SC-0008/1

Duty cycle < 2%

Clamped inductive load test circuit

L=100pH
Yo o
© l
Ip 3 L Vb
o1 220032 Teame
WF b
WL FYour.
WG
w 500

SC-0310

Vi= 12 V - Pulse width: adjusted to obtain
specified IDM’ Vclamp= 0.75 V(BR) DSS*

Gate charge test circuit

SGSP351

Switching time waveforms for resistive load

90%

|
I
! 10 %
I

+—t—
tyon) tr 5-6059 td (oft) tt

Clamped inductive waveforms

VpD

S§C-0311

Body-drain diode t,, measurement
Jedec test circuit

VARIAC
MAINS
INPUT 50N
1NLT2) c) ouT
ift)
S-6916
PW adjusted to obtain required Vg
;N7 SGS-THOMSON 5/5
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SGSP358

N - CHANNEL ENHANCEMENT MODE

POWER MOS TRANSISTOR

TYPE Vpss Rps(on) Ip

SGSP358 50 v 030 7A

HIGH SPEED SWITCHING APPLICATIONS
GENERAL PURPOSE

ULTRA FAST SWITCHING

EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
e D.C. SWITCH
e UNINTERRUPTIBLE POWER SUPPLIES

TO-220
N - channel enhancement mode POWER MOS field
effect transistor. Easy drive and very fast switching
times make this POWER MOS transistor ideal for
high speed switching applications. Typical appli- INTERNAL SCHEMATIC 2
cations include DC switching, uninterruptible po- DIAGRAM
wer supplies and drive circuits for power bipolar
transistor.
9
S

ABSOLUTE MAXIMUM RATINGS
Vps Drain-source voltage (Vgg=0) 50 \
Vber Drain-gate voltage (Rgg =20 KQ) 50 \
Vas Gate-source voltage +20 \
Ip Drain current (cont.) at T,=25°C 7 A
Ip Drain current (cont.) at T,=100°C 4.4 A
Iom (%) Drain current (pulsed) 28 A
Ipum () Drain inductive current, clamped 28 A
Piot Total dissipation at T, <25°C 50 W

Derating factor 0.4 W/eC
Tag Storage temperature —65 to 150 °C
T; Max. operating junction temperature 150 °C

(°) Pulse width limited by safe operating area

June 1988
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SGSP358

THERMAL DATA

Rynj - case Thermal resistance junction-case max 25 °C/w
T Maximum lead temperature for soldering purpose 275 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 pA Vgs= 0 50 \
breakdown voltage
Ipss Zero gate voltage Vps= Max Rating 250 | uA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T.,= 125°C 1000 | pA
lass Gate-body leakage Vgg=+20V +100{ nA
current (Vpg=0)
ON (%)
Vas @ Gate threshold Vps= Vgs Ip= 250 pA 2 4 \'
voltage
Rps (on) Static drain-source Vgs= 10V Ip= 35A 0.3 Q
on resistance Vgs= 10V Ip=35A T,= 100°C 06 | @
DYNAMIC
Ois Forward Vps= 25V Ipb=35A 1.5 mho
transconductance
Ciss Input capacitance 210 | 270 | pF
0ss Output capacitance Vps= 256V f=1MHz 150 | pF
Crss Reverse transfer Vgs= 0 70 | pF
capacitance
SWITCHING
t4on  Turn-on time Vpp= 256V Ipb=35A 10 15 | ns
t, Rise time Vi=10V R;= 4.7 Q 35 | 45 | ns
tyom  Turn-off delay time (see test circuit) 20 | 30 | ns
t Fall time 15 | 20 ns
2/5 o
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SGSP358

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. [ Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current 7 A
lspm (*) Source-drain current 28 A
(pulsed)
Vsp Forward on voltage lsp= 7 A Vgs= 0 14| V
ey Reverse recovery lsp=7A Vgs= 0 65 ns
time dildt = 25 Alus
(*) Pulsed: Pulse duration = 300 ps, duty cycle 1.5%
(*) Pulse width limited by safe operating area
Safe operating areas Thermal impedance Derating curve
\D(A)e == C-0744 K - oyl s
== e i ==z E
! I \L\&. —&- "\ i H 50
j 9\3\ N o0,
10! e L el == 5 40
: Sne il
T 1 ZthzKRth)-c 30
2 10ms| 1 1T s=tp
100 100m: L T 20
= i ey
N =001 [ " 10
: RIE PULSEI
10! 07 "y 3 =) - 0
P R P IRy 10 10 10 10 107 tp (s) 0 35 S0 15 00 125 Tepeel®0)

Output characteristics

c-an8
A

Output characteristics

5C-07

Transfer characteristics

1199

bia

l Vgs=10V ﬂav' v Ves=10V ! I o J; A ‘ [1‘_,=-55'7
Teane=25°C V kil st
48 / ] ] %6 p’ Tease=25°C * N Vps=25Y /
38 / é 72 II/ il 72 / 7 B
24 }——t / L L8 ’ s 48 /
| —
12 A 26 v m ]
y 2 w 2 /
5V / /
3 05 1 15 2 VostV ° e T " % Vs 0 2 i l 8 VestV
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SGSP358

Transconductance

60200

95l9) I
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Tease=-55°C

/ / . 125°Q
v .

/

0 24 L8 72 96 plA)

Capacitance variation

Static drain-source on

Gate charge vs gate-source

resistance voltage
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. Vpg=50V.
0.4 B
A
-
—T~1Vas=10V 8 // —
02 - L~ 20V
= 4
0 2 4 6 8 10 Qin{

Normalized gate threshold
voltage vs temperature
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SGSP358

Switching times test circuit for resistive load Switching time waveforms for resistive load
R
Vp O—¢ - -3 Voo
\Z R 2200 |33
- - pF | pF
DuUT.
>
L tylon) tr 5-6059 td(ott) tt
Pulse width < 100 us SC-0008/1
Duty cycle < 2%
Clamped inductive load test circuit Clamped inductive waveforms
L=100pH
oo -
Ip ; L l Vpp
- o— 'Ezgo'ﬁ.g Vetamp) VoD
v; l | H
Lp—.l 5 DUT. L
w 500 : SC-0311‘ TTTTTETT
.L S§C-0310
Vi= 12V - Pulse width: adjusted to obtain
Specified IDM’ Vclamp= 0.75 V(BR) DSS-
Gate charge test circuit Body-drain diode t,, measurement

Jedec test circuit

VARIAC

/

MAINS

INPUT 500

1NLT23 c) ourT

5. 6916

SC-0305

PW adjusted to obtain required Vg
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{ SGS-THOMSON SGSP361
Y/, iiCROELECTRONICS SGSP362

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vpss Rps(on) Ip
SGSP361 100 V 0.15 Q 18 A
SGSP362 80 V 0.1Q 22 A

HIGH SPEED SWITCHING APPLICATIONS
80 - 100 VOLTS - FOR UPS APPLICATIONS
ULTRA FAST SWITCHING

RATED FOR UNCLAMPED INDUCTIVE
SWITCHING (ENERGY TEST) ¢

EASY DRIVE FOR REDUCED SIZE AND COST

INDUSTRIAL APPLICATIONS:
UNINTERRUPTIBLE POWER SUPPLIES
¢ MOTOR CONTROLS

N - channel enhancement mode POWER MOS field

effect transistor. Easy drive and very fast switching gﬂf}mﬁ' SCHEMATIC 3
times make this POWER MOS transistor ideal for
high speed switching applications. Typical appli-
cations include UPS, battery chargers, printer ham-
mer drivers, solenoid drivers and motor control.

ABSOLUTE MAXIMUM RATINGS SGSP361 SGSP362

Vps Drain-source voltage (Vgg=0) 100 80
Vbar Drain-gate voltage (Rgg =20 KQ) 100 80
Vas Gate-source voltage +20
Ip Drain current (cont.) at T,=25°C 18 22
) Drain current (cont.) at T,=100°C 11 14
fom (°) Drain current (pulsed) 72 88
Piot Total dissipation at T, <25°C 100
Derating factor 0.8 W
Tstg Storage temperature —65 to 150 °C
Max. operating junction temperature 150 - °C

o
0O2E>»>»> < <<

~

(°) Pulse width limited by safe operating area
¢ Introduced in 1988 week 44

June 1988 1/6
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SGSP361 - SGSP362

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.25 °C/IW
T Maximum lead temperature for soldering purpose 275 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
V(BR) DSS Drain-source ID= 250 [LA VGS= 0
breakdown voltage for SGSP361 100 \'
for SGSP362 80 \"
Ibss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T.= 125°C 1000 | pA
lgss Gate-body leakage Vgg=+20V +100| nA
current (Vpg=0)
ON (")
Vas @y Gate threshold voltage| Vpg= Vg Ip= 250 pA 2 4 \'
Rps (ony Static drain-source Vgs= 10V
on resistance Ib= 9 A for SGSP361 015 @
Ip= 11 A for SGSP362 0.1 Q
Vgg= 10V T.= 100°C
Ip= 9 A for SGSP361 0.3 Q
Ip= 11 A for SGSP362 0.2 Q
ENERGY TEST
luis Unclamped inductive | Vpp= 30 V L = 100 pH
switching current starting Tj= 25°C
(single pulse) for SGSP361 18 A
for SGSP362 22 A
DYNAMIC
Ots Forward Vpg= 25V Ib=9A 4.5 mho
transconductance
Ciss Input capacitance 950 (1200 | pF
Coss Output capacitance Vpg= 25V f= 1 MHz 480 | pF
Crss Reverse transfer Vgs= 0 230 | pF
capacitance
2/6 N7 SGS-
7. S Tomeon
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SGSP361 - SGSP362

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. [ Max. | Unit
SWITCHING
tyony  Turn-on time Vpp= 50 V Ipb= 11 A 20 | 30 ns
t Rise time Vi= 10V Ri= 4.7 Q 50 | 65 ns
tyom  Turn-off delay time (see test circuit) 65 | 85 | ns
4 Fall time 25 | 35 ns
SOURCE DRAIN DIODE
Isp Source-drain current | for SGSP361 18 A
for SGSP362 22 A
Ispm (*) Source-drain current | for SGSP361 72 A
(pulsed) for SGSP362 88 A
Vsp Forward on voltage Vgs= 0
Isp= 18 A for SGSP361 135} V
lsp= 22 A for SGSP362 135 V
ty Reverse recovery lsp= 22 A Vgs= 0 180 ns
time di/dt = 25 Alus
(*) Pulsed: Puise duration = 300 gs, duty cycle 1.5%
(*) Pulse width limited by safe operating area
. 3/6
7. 552 THOMERN
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SGSP361 - SGSP362

Safe operating areas

GC_0480

Thermal impedance

Derating curve
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SGSP361 - SGSP362

Capacitance variation

Normalized gate threshold
voltage vs temperature

Normalized breakdown
voltage vs temperature

6-5468 GC-0732 GC-0117/2
: || p M- o
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SGSP361 - SGSP362

Switching times test circuit for resistive load

R
Py
Vo -y
_FhVI R 2200 133 00
: W |
DUT.
-
Pulse width < 100 us SC-0008/1

Duty cycle € 2%

Unclamped inductive load test circuit

é L=100pH

Vo 0——3

o—g L L L*

= —
L] 2200 (33
_ o— P
Yi —-I—L oUT.
[
Pw 50Q
- SC-0317

V;= 12V - Pulse width: adjusted to obtain
specified Ipy

Gate charge test circuit

SC-0305

/
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Switching time waveforms for resistive load
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Unclamped inductive waveforms
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Body-drain diode t,, measurement
Jedec test circuit
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r" SGS-THOMSON SGSP363
Y/, CROELECTRONICS SGSP367

‘N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vbss Rpson) Ip
SGSP363 250 V 0.45 Q 10 A
SGSP367 200 V 0.33 Q 12 A

HIGH SPEED SWITCHING APPLICATIONS
TELECOMMUNICATION APPLICATIONS

RATED FOR UNCLAMPED INDUCTIVE
SWITCHING (ENERGY TEST) ¢

ULTRA FAST SWITCHING
EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
ROBOTICS
SWITCHING POWER SUPPLIES

TO-220

N - channel enhancement mode POWER MOS field

effect transistor. Easy drive and very fast switching gﬂgg%'\\nl' SCHEMATIC 5
times make this POWER MOS transistor ideal for
high speed switching applications. Typical appli-
cations include robotics, uninterruptible power sup-
plies, motor control and solenoid drives.

ABSOLUTE MAXIMUM RATINGS SGSP363 SGSP367

Vbs Drain-source voltage (Vgg=0) 250 200
Vbgr Drain-gate voltage (Rgg =20 KQ) 250 200
Vas Gate-source voltage +20
Ip Drain current (cont.) at T,=25°C 10 12
Ip Drain current (cont.) at T,=100°C 6.3 75
Iom (*) Drain current (pulsed) 40 48
Piot Total dissipation at T, <25°C 100
Derating factor 0.8 W
Tetg Storage temperature . -~ 65 to 150 °C
Max. operating junction temperature 150 °C

SS»»» < < <

(*) Pulse width limited by safe operating area
¢ Introduced in 1989 week 1

June 1988 ‘ 1/6
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SGSP363 - SGSP367

THERMAL DATA

Rin; - case Thermal resistance junction-case max 1.25 °C/W
T Maximum lead temperature for soldering purpose 275 °C
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vigr) pss Drain-source Ip= 250 pA Vas= 0
breakdown voltage for SGSP363 250 \%
for SGSP367 200 \'
Ibss Zero gate voltage Vpg= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | pA
lass Gate-body leakage Vgg= +20V +100| nA
current (Vpg=0)
ON (")
Vas ny Gate threshold voltage| Vpg= Vgg lp= 250 pA 2 4 \
Rps (on) Static drain-source Vgs= 10V
on resistance ip= 5 A for SGSP363 045 | Q
Ip= 6 A for SGSP367 033 | @
Vgs= 10V T.= 100°C
Ipb=5A for SGSP363 0.9 Q
Ip=6A for SGSP367 066 | Q
ENERGY TEST
luis Unclamped inductive | Vpp= 30 V L = 100 pyH
switching current starting T;= 25°C
(single pulse) for SGSP363 10 A
for SGSP367 12 A
DYNAMIC
Oss Forward Vps= 25V Ipb=6A 3 mho
transconductance
Ciss Input capacitance 980 | 1200 | pF
0ss Output capacitance Vps= 25V f=1 MHz 260 | pF
rss Reverse transfer Vgs= 0 100 | pF
capacitance
2/6 -
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SGSP363 - SGSP367

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SWITCHING
tyn  Turn-on time Vpp= 100 V Ip=6A 20 | 30 | ns
t, Rise time Vi=10V Ri= 4.7 Q 40 | 55 ns
tyoy  Turn-off delay time (see test circuit) 65 85 ns
t Fall time 20 | 30 | ns

SOURCE DRAIN DIODE

lsp Source-drain current | for SGSP363 10 A
for SGSP367 12 A
Ispm (*) Source-drain current | for SGSP363 40 A
(pulsed) for SGSP367 48 A
Vgp Forward on voltage Vgs= 0
Isp= 10 A for SGSP363 1.3 \"
Isp= 12 A for SGSP367 1.3 \"
ey Reverse recovery Isp= 12 A Vgs= 0 250 ns
time di/dt = 100 A/us
(*) Pulsed: Pulse duration = 300 gs, duty cycle 1.5%
(*) Pulse width limited by safe operating area
SGS-THOMSON 3/6
[72 mu@%@@&@gﬁ@agm(u,m
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SGSP363 - SGSP367

Safe operating areas Thermal impedance Derating curve
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SGSP363 - SGSP367

Capacitance variation

Normalized gate threshold
voltage vs temperature

Normalized breakdown
voltage vs temperature
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SGSP363 - SGSP367

Switching times test circuit for resistive load

Pulse width < 100 us SC-0008/1
Duty cycle < 2%

Unclamped inductive load test circuit

L=100pH
Vo o——3

g 2200
o— yF

OU.T.
j- 500

hand SC-0317

Vj= 12 V - Pulse width: adjusted to obtain
specified Ipy

Gate charge test circuit
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Switching time waveforms for resistive load
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Unclamped inductive waveforms
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Body-drain diode t,, measurement
Jedec test circuit
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C_ SGS-THOMSON SGSP364
Y/, ICROELECTRONICS SGSP369

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vpss Rpson) Ip
SGSP364 450 V 1.5Q 5A
SGSP369 500 V 1.5Q 5A

¢ HIGH SPEED SWITCHING APPLICATIONS

¢ HIGH VOLTAGE - FOR ELECTRONIC LAMP
BALLAST

ULTRA FAST SWITCHING
EASY DRIVE - REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
ELECTRONIC LAMP BALLAST 70-220
* DC SWITCH ’

N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and very fast switching o
times make these POWER MOS transistors ideal INTERNAL SCHEMATIC

for high speed switching applications. Applications DIAGRAM
include DC switch, constant current source, ultra-
sonic equipment and electronic ballast for fluore-
scent lamps. ¢
S

ABSOLUTE MAXIMUM RATINGS SGSP364 SGSP369
Vps Drain-source voltage (Vgg =0) 450 500 \%
Vbar Drain-gate voltage (Rgg =20 KQ) 450 500 \'
Vas Gate-source voltage +20 \
Ip Drain current (cont.) at T,=25°C 5 A
Ip Drain current (cont.) at T,=100°C 3 A
lom (%) Drain current (pulsed) 20 A
Ipum (*)  Drain inductive current, clamped 20 A
Piot Total dissipation at T, <25°C 100 W

Derating factor 0.8 W/eC
Tstg Storage temperature —65 to 150 °C
T Max. operating junction temperature 150 °C

(*) Pulse width limited by safe operating area

1/5
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SGSP364 - SGSP369

THERMAL DATA

Rinj - case Thermal resistance junction-case max 1.25 °C/wW
T Maximum lead temperature for soldering purpose 275 °C
ELECTRICAL CHARACTERISTICS (T .., =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vier) pss Drain-source Ip= 250 pA Vgs= 0
breakdown voltage for SGSP364 450 Vv
for SGSP369 500 \'%
Ibss Zero gate voltage Vps= Max Rating : 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T,= 125°C 1000 | wA
lgss Gate-body leakage Vgs=+20V +100| nA
current (Vpg =0)
ON (*)
VGS (th) Gate threshold VDS= VGS |D= 250 /AA 2 4 Vv
voltage
Rps (ony Static drain-source Vgs= 10V Ip= 25A 15 | Q
on resistance Vgs= 10V Ip= 25 A T,= 100°C 3 Q
DYNAMIC
Ois Forward Vps= 25V Ipb=25A 3 mho
transconductance
Ciss Input capacitance 780 | 1000 | pF
Coss Output capacitance Vpg= 25V f= 1 MHz 200 | pF
rss Reverse transfer Vgs= 0 130 | pF
capacitance
SWITCHING
tyon  Turn-on time Vpp= 250 V Ipb=25A 20 30 ns
t, Rise time V=10V Ri= 4.7 Q 30 | 40 | ns
ty (ofy Turn-off delay time (see test circuit) 85 [ 110 | ns
t Fall time 25 35 ns
215 &Ny SGS-THOMSON
Y/, MICROELECTRONICS
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SGSP364 - SGSP369

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit

SOURCE DRAIN DIODE

Isp Source-drain current 5 A

lspm (*) Source-drain current 20 A
(pulsed) )

Vsp Forward on voltage Isp=5A Vgs= 0 12 | V

te Reverse recovery lsp= 5 A Vgs= 0 470 ns
time di/dt = 100 A/us

(*) Pulsed: Puise duration = 300 s, duty cycle 1.5%
(*) Pulse width limited by safe operating area
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SGSP364 - SGSP369

Transconductance
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Capacitance variation
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SGSP364 - SGSP369

Switching times test circuit for resistive load

Ry
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I = &,
D
v R 2200 (3.3 0o
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DUT.
-
Pulse width < 100 us SC-0008/1

Duty cycle < 2%

Clamped inductive load test circuit
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Gate charge test circuit

Switching time waveforms for resistive load
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{ SGS-THOMSON SGSP381
Y/, MICROELECTRONICS SGSP382

N - CHANNEL ENHANCEMENT MODE
POWER MOS TRANSISTORS

TYPE Vpss Rpsion) Ip
SGSP381 60 V 0.06 Q 28 A
SGSP382 50V 0.06 Q 28 A

HIGH SPEED SWITCHING APPLICATIONS
60 VOLTS - DC/DC AND UPS APPLICATIONS
HIGH CURRENT

ULTRA FAST SWITCHING

EASY DRIVE FOR REDUCED COST AND SIZE

INDUSTRIAL APPLICATIONS:
DC/DC CONVERTERS AND UPS T0-220
+ MOTOR CONTROLS

® o o o o

N - channel enhancement mode POWER MOS field
effect transistors. Easy drive and very fast switching 0
times make these POWER MOS transistors ideal gﬂg’:{:ﬁ' SCHEMATIC

for high speed switching applications. Typical uses
include UPS, battery chargers, printer mechanism
drives and motor speed control

ABSOLUTE MAXIMUM RATINGS SGSP381 SGSP382
Vbs Drain-source voltage (Vgg =0} 60 50 \Y
Vbar Drain-gate voltage (Rgg =20 KQ) 60 50 \
Vas Gate-source voltage . +20 \Y
Ip Drain current (cont.) at T,=25°C 28 A
Ip Drain current (cont.) at T,=100°C 17 A
lom () Drain current (pulsed) 112 A
lp.m (°)  Drain inductive current, clamped . 112 A
Piot Total dissipation at T, <25°C 100 W
Derating factor 0.8 W/eC
Tstg Storage temperature —65 to 150 °C
T Max. operating junction temperature 150 °C
(°) Pulse width limited by safe operating area
June 1988 1/5
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SGSP381 - SGSP382

THERMAL DATA

Rypj - case Thermal resistance junction-case max 1.25 °C/W
T Maximum lead temperature for soldering purpose 275 °C
ELECTRICAL CHARACTERISTICS (T,., =25°C unless otherwise specified)
Parameters Test Conditions Min. | Typ. | Max. | Unit
OFF
Vigr) pss Drain-source Ip= 250 A Vgs= 0
breakdown voltage for SGSP381 60 \
for SGSP382 50 \Y
Ipss Zero gate voltage Vps= Max Rating 250 | pA
drain current (Vgg=0) | Vpg= Max Rating x 0.8 T.= 125°C 1000 | pA
lgss Gate-body leakage Vgs=+20V +100| nA
current (Vpg=0)
ON (")
Vaes @y Gate threshold Vps= Vas Ip= 250 pA 2 4 \Y
voltage
Rpbs (on) Static drain-source Vgs= 10V Ip= 14 A 006 | Q
on resistance Vgg= 10V Ip= 14 A T,= 100°C 0.12| @
DYNAMIC
Ois Forward Vpg= 25V b= 14 A 5 mho
transconductance
Ciss Input capacitance 1100 | 1400 | pF
oss Output capacitance Vpg= 25V f= 1 MHz 800 | pF
rss Reverse transfer Vgg= 0 400 | pF
capacitance
SWITCHING
tyon  Turn-on time Vpp= 25V Ip= 14 A 25 | 35 ns
. Rise time Vi= 10V Ri= 47 Q 75 | 100 | ns
t4 (o Turn-off delay time (see test circuit) 50 65 ns
% Fali time 40 | 55 ns
2/5
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SGSP381 - SGSP382

ELECTRICAL CHARACTERISTICS (Continued)

Parameters Test Conditions Min. | Typ. | Max. | Unit
SOURCE DRAIN DIODE
lsp Source-drain current 28 A
Ispm (*)  Source-drain current 112 | A
(pulsed)
Vsp Forward on voltage lsp= 28 A Vgs= 0 14| V
te Reverse recovery lsp= 28 A Vgs= 0 125 ns
time di/dt = 25 Alus
(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5%
(°) Pulse width limited by safe operating area

Safe operating areas

" Thermal impedance

Derating curve
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