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HOW TO SPECIFY GE POWER MOS
DEVICES USING THIS MANUAL

Step 1: First, turn to the Product Matrix (next page). Look up the basic parameters of the device you want: its
voltage, current, RDS,, and package. The Product Matrix will supply the GE product number to look for in the
following Selector Guide tables. (How GE numbers its Power MOS devices is also explained in this section.)

Step 2: Now go to the Selector Guide Tables that immediately follow the Product Matrix. The Selector Guide tables are
arranged by package in ascending voltage. This will supply additional data about the device and the page number for the
corresponding spec sheet.

Step 3: Turn to the spec sheet; it’s in the section that begins on Page 125. Here you will find complete performance and
rating information.

TO-220 TO-247 4 PIN DIP TO-204




GE POWER-MOS NUMBERING SYSTEM

EXAMPLE:
D 8 4 D R
—— T
SELECTION
S \VOL TAGE
CHIP TYPE

PACKAGE (AND * POLARITY)
POWER-MOS (8-FET, 9-IGT)

GE POWER TRANSISTOR
*NOTE: EVEN NO'S N-CHANNEL, ODD NO'S P-CHANNEL

GE POWER-MOSFET PRODUCT MATRIX

PACKAGE > /\\
TYPE
MAX. 4‘ /.’f/
RATINGS /
N-CHANNEL
BVpss Ip 4 Pin DIP TO-237 TO-220 TO-247 TO-204
13A D8SFR1,2 .40 | D86FR1,2 .40
450-500 8A DB84ER1,2 850 D86ER12 850
R1 450V 4.5A D84DR1,2  1.5Q __D86DR1,2 1.50
R2 500v 25A D84CR1,2_ 3.00
15A D88FQ1,2 .30 | D86FQ12 .30
350-400 10A D84EQ1,2 550 D86EQ1,2 .55
8; ggg¥ 5.5A D84DQ1,2 1.0Q D86DQ1,2  1.00
3.0A D84CQ1,2_ 1.80
1.5A D84BQ1,2 3.60
0.5A | D82cQ1,2 1.80
30A D88FM2 D86FM2
N5 0850 N2 0850
18A D84EM2 D8BEM2
No 180 N2 180
9A D84DM2 D86DM2
M2 150V o DB4CM2 8o
N1 180V
N2 200y 2.5A DB4BM§ 150
1.0A | D82CM2
Ng 80
8A | D82BM2
N2 150
4A | D82AM2 D80AM2
N2 500 N2 500
40A D8BFK2 D86FK2
K2 0550 K2 oss0
27A DB4EK2 D86EK?2
K2 o850 K2 0850
14A D84DK2 D86DK2
5&1?3\, K2 10 K2 s
512 gg‘\; 8A D84DE§ 30
L2 100V 4.0A DB4BEQZ 50
13A | D82CK2
K2 a0
1A D82BK2
_ K2 60
5A | D82AK2 DBOAK2
Lo 240 L2 240
3A




GE INDUSTRY STANDARD POWER MOSFETs

PACKAGE \\ .
TYPE
MAX.
RATINGS //‘
N-CHANNEL
BVpss Ip 4 Pin DIP TO-237 TO-39 TO-247 TO-220 TO-204
13A IRFP450  0.40 IRF450 .401
450-500 8A IRF840 .85Q | IRF440 .850
4.5A IRF830 1.50 [IRF430 1.50
2.5A IRFF430 1.50 IRF820 3.00
15A IRFP350 0.30 IRF350 .30
10A ~ IRF740 550 [IRF340 Q
350-400 [5.5A IRF730 1.00 [IRF330 1.00
3.0A IRFF330 1.00 IRF720 1.80
1.5A IRFF320 1.80 IRF710 3.60
30A IRFP250 0.085Q IRF250 .0850
18A IRF640 .18 | IRF240 .18Q
150-200 | 9A IRF630 .40 |IRF230 .40
5A IRFF230 400 IRF620 .80
2.5A IRFF220 80 IRF610 1.50
BA |[IRFD210 150 IRFF210 1.50
30-100 [40A IRFP150 0.055Q IRF150 .0550
IVN 27A IRF540 .085Q) | IRF140 .0850
D 4oV IRF530 180 [IRF130 180
E ggz 8A IRFF130 180 IRF520 .30
H  100vI4A IRFF120 30 IRF510 .60
VN 1.3A[IRFD120 .30 IRFF110 60
30,35 3o0v|_1A |IRFD110 .60 VN30ABA AK* }
10,66,67 60V B5A |IRFD1Z0 2.40|VN10OKMA  5.0Q0 | VN67ABA AK* {
89 gov|.7A IVN5000AN() 2.50 | VN89ABA* +
90,98,99 90V — VN90,98 ABA,AK* T

*Ip NOT APPLICABLE
T AVAILABLE IN TO-202 PACKAGE (AFA SUFFIX DESIGNATION)




GE POWER MOSFET SELECTOR GUIDE

CASE STYLE

TO-204
Vps Ip (Amps) Rps (ON) Ciss Ipm Pp GE Type Page
(Voits) 25°C 100°C (Ohms) (pF) (Amps) (Watts) Number

60 120 8.0 0.25 800 48 75 IRF 133 127
60 120 8.0 0.25 800 25 75 2N6755 —_
60 14.0 9.0 0.18 800 56 75 D86DK2 125
60 14.0 9.0 0.18 800 56 75 IRF 131 125
60 240 15.0 0.11 1600 96 125 IRF 143 131
60 27.0 17.0 0.085 1600 108 125 D86EK2 129
60 27.0 17.0 0.085 1600 108 125 IRF 141 129
60 31.0 20.0 0.08 3000 60 150 2N6763 —
60 33.0 20.0 0.08 3000 132 150 IRF 153 135
60 40.0 250 0.055 3000 160 150 D86FK2 133
60 40.0 250 0.055 3000 160 150 IRF 151 133
100 120 8.0 0.25 - 800 48 75 IRF 132 127
100 14.0 9.0 0.18 800 56 75 D86DL2 125
100 140 9.0 0.18 800 56 75 IRF 130 125
100 14.0 9.0 0.18 800 30 75 2N6756 —_
100 240 150 0.11 1600 96 125 IRF 142 131
100 27.0 170 0.085 1600 108 125 IRF 140 129
100 27.0 17.0 0.085 1600 108 125 D86EL2 129
100 33.0 20.0 0.08 3000 132 150 IRF 152 135
100 38.0 24.0 0.055 3000 70 150 2N6764 _—
100 - 40.0 250 0.055 3000 160 150 IRF 150 133
100 40.0 250 0.055 3000 160 150 D86FL2 133
150 8.0 5.0 0.60 800 32 75 IRF 233 139
150 8.0 50 0.60 800 12 75 2N6757 —
150 9.0 6.0 0.40 800 36 75 D86DM2 137
150 9.0 6.0 0.40 800 36 75 IRF 231 137
150 16.0 10.0 0.22 1600 64 125 IRF 243 143
150 18.0 1.0 0.18 1600 72 125 D86EM2 141
150 18.0 11.0 0.18 1600 72 125 IRF 241 141
150 25.0 16.0 0.12 3000 100 150 IRF 253 147
150 25.0 16.0 0.12 3000 50 150 2N6765 —_
150 30.0 19.0 0.085 3000 120 150 D86FM2 145
150 30.0 19.0 0.085 3000 120 150 IRF 251 145
200 8.0 5.0 0.60 800 32 75 IRF 232 139
200 9.0 6.0 0.40 800 15 75 2N6758 —
200 9.0 6.0 0.40 800 36 75 D86DN2 137
200 9.0 6.0 0.40 800 36 75 IRF 230 137
200 16.0 10.0 0.22 1600 64 125 IRF 242 143
200 18.0 1.0 0.18 1600 72 125 D86EN2 141
200 18.0 11.0 0.18 1600 72 125 IRF 240 141
200 25.0 16.0 0.12 3000 100 150 IRF 252 147
200 30.0 19.0 0.085 3000 60 150 2N6766 —
200 30.0 19.0 0.085 3000 120 150 D86FN2 145
200 30.0 19.0 0.085 3000 120 150 IRF 250 145
350 4.5 3.0 15 800 18 75 IRF 333 151
350 4.5 3.0 1.5 800 7 75 2N6759 —
350 55 3.5 1.0 800 22 75 D86DQ1 149
350 55 3.5 1.0 800 22 75 IRF 331 149
350 8.0 5.0 0.80 1600 32 125 IRF 343 155
350 10.0 6.0 0.55 1600 40 125 D86EQ1 153

" Electrical characteristics @ 25°C unless otherwise specified.




CASE STYLE

GE Power MOSFET Selector Guide (Cont.) 1020
Vps Ip (Amps) Rps (ON) Ciss lpm Pp GE Type Page
(Volts) 25°C 100°C (Ohms) (pF) (Amps) (Watts) Number

350 10.0 6.0 0.55 1600 40 125 IRF 341 153
350 120 7.75 0.40 3000 20 150 2N6767 —
350 13.0 8.0 0.40 3000 52 150 IRF 353 159
350 15.0 9.0 0.30 3000 60 150 D86FQ1 157
350 15.0 9.0 0.30 3000 60 150 IRF 351 157
400 4.5 3.0 15 800 18 75 IRF 332 151
400 5.5 3.5 10 800 22 75 D86DQ2 149
400 55 3.5 1.0 800 22 75 IRF 330 149
400 5.5 3.5 1.0 800 8 75 2N6760 —
400 8.0 5.0 0.80 1600 32 125 IRF 342 165
400 10.0 6.0 0.55 1600 40 125 D86EQ2 153
400 100 6.0 0.55 1600 40 125 IRF 340 153
400 13.0 8.0 0.40 3000 52 150 IRF 352 159
400 14.0 - 9.0 0.30 3000 25 150 2N6768 —
400 15.0 9.0 0.30 3000 60 150 D86FQ2 157
400 15.0 9.0 0.30 3000 60 150 IRF 350 157
450 4.0 25 2.0 800 16 75 IRF 433 163
450 4.0 2.5 2.0 800 6 75 2N6761 —
450 4.5 3.0 15 800 18 75 D86DR1 161
450 4.5 3.0 15 800 18 75 IRF 431 161
450 7.0 4.0 1.1 1600 28 125 IRF 443 167
450 8.0 5.0 0.85 1600 32 125 D86ER1 165
450 8.0 5.0 0.85 1600 32 125 IRF 441 165
450 11.0 7.0 0.50 3000 20 150 2N6769 —_
450 12.0 7.0 0.50 3000 48 150 IRF 453 171
450 13.0 8.0 0.40 3000 52 150 D86FR1 169
450 13.0 8.0 0.40 3000 52 150 IRF 451 169
500 4.0 25 2.0 800 16 75 IRF 432 163
500 4.5 3.0 1.5 800 18 75 D86DR2 161
500 4.5 3.0 15 800 18 75 IRF 430 161
500 45 3.0 15 800 7 75 2N6762 —
500 7.0 4.0 1.1 1600 28 125 IRF 442 167
500 8.0 5.0 0.85 1600 32 125 D86ER2 165
500 8.0 5.0 0.85 1600 32 125 IRF 440 165
500 12.0 7.0 0.50 3000 48 150 IRF 452 171
500 12.0 7.75 0.40 3000 25 150 2N6770 —_
500 13.0 8.0 0.40 3000 62 150 D86FR2 169
500 13.0 8.0 0.40 3000 52 150 IRF 450 169

Electrical characteristics @ 25°C unless otherwise specified.




CASE STYLE

GE Power MOSFET Selector Guide (Cont.) T0-220

Vbs Ip (Amps) Rps (ON) Ciss lpm Pp GE Type Page
(Volts) 25°C 100°C (Ohms) (pF) (Amps) (Watts) Number
60 35 20 0.80 150 14 20 IRF 513 175
60 40 25 0.60 150 16 20 D84BK2 173
60 4.0 25 0.60 150 16 20 IRF 511 _ 173
60 7.0 4.0 040 400 28 40 IRF 523 179
60 8.0 5.0 0.30 400 32 40 D84CK2 177
60 8.0 5.0 0.30 400 32 40 IRF 521 177
60 12.0 8.0 0.25 800 48 75 IRF 533 183
60 14.0 9.0 0.18 800 56 75 D84DK2 181
60 14.0 9.0 0.18 800 56 75 IRF 531 181
60 240 15.0 0.11 1600 96 125 IRF 543 187
60 27.0 17.0 0.085 1600 108 125 D84EK2 185
60 27.0 17.0 0.085 1600 108 125 IRF 541 185
100 35 20 0.80 150 14 20 IRF 512 175
100 4.0 25 0.60 150 16 20 D84BL2 173
100 4.0 25 0.60 150 16 20 IRF 510 173
100 7.0 4.0 0.40 400 28 40 IRF 522 179
100 8.0 5.0 0.30 400 32 40 D84CL2 177
100 8.0 5.0 0.30 . 400 32 40 IRF 520 177
100 12.0 80 . 0.25 800 48 75 IRF 532 183
100 140 9.0 0.18 800 56 75 D84DL2 181
100 140 9.0 0.18 800 56 75 IRF 530 181
100 24.0 15.0 0.11 1600 96 125 IRF 542 187
100 27.0 17.0 0.085 1600 108 125 D84EL2 185
100 270 17.0 0.085 1600 108 125 IRF 540 185
150 20 1.25 24 150 8 20 IRF 613 191
150 25 15 15 150 10 20 D84BM2 189
150 25 1.5 15 150 10 20 IRF 611 189
150 4.0 25 1.2 400 16 40 IRF 623 195
150 5.0 3.0 0.80 400 20 40 D84CM2 193
150 5.0 3.0 0.80 400 20 40 IRF 621 193
150 8.0 5.0 0.60 800 32 75 IRF 633 199
150 9.0 6.0 0.40 800 36 75 D84DM2 197
150 9.0 6.0 0.40 800 36 75 IRF 631 197
150 16.0 10.0 0.22 1600 64 125 IRF 643 203
150 18.0 110 0.18 1600 72 125 DB84EM2 201
150 18.0 11.0 0.18 1600 72 125 IRF 641 201
200 20 1.25 24 150 8 20 IRF 612 191
200 25 15 1.5 150 10 20 D84BN2 189
200 25 15 1.5 150 10 20 IRF 610 189
200 4.0 25 1.2 400 16 40 IRF 622 195
200 5.0 3.0 0.80 400 20 40 D84CN2 193
200 5.0 3.0 0.80 -~ 400 20 40 IRF 620 193
200 8.0 5.0 0.60 800 32 75 IRF 632 199
200 9.0 6.0 0.40 800 36 75 D84DN2 197
200 9.0 6.0 0.40 « 800 36 75 IRF 630 197
200 16.0 10.0 0.22 1600 64 125 IRF 642 203
200 18.0 11.0 0.18 1600 72 125 DB84EN2 201
200 18.0 11.0 0.18 1600 72 125 IRF 640 201

Electrical characteristics @ 25° C unless otherwise specified.



CASE STYLE

GE Power MOSFET Selector Guide (Cont.) 10-220
Vps Ip (Amps) Rps (ON) Ciss Tom Pp GE Type Page
(Volts) 25°C 100°C (Ohms) (pF) (Amps) (Watts) Number
350 13 0.8 5.0 150 5 20 IRF 713 207
350 15 1.0 3.6 150 6 20 D84BQ1 205
350 15 1.0 36 150 6 20 IRF 711 205
350 25 15 25 400 10 40 IRF 723 211
350 3.0 2.0 1.8 400 12 40 D84CQ1 209
350 3.0 2.0 1.8 400 12 40 IRF 721 209
350 45 3.0 15 800 18 75 IRF 733 215
350 55 35 1.0 800 22 75 D84DQ1 213
350 5.5 3.5 1.0 800 22 75 IRF 731 213
350 8.0 5.0 0.80 1600 32 125 IRF 743 219
350 10.0 6.0 0.55 1600 40 125 D84EQ1 217
350 10.0 6.0 055 1600 40 125 IRF 741 217
400 13 0.8 5.0 150 5 20 IRF 712 207
400 15 1.0 36 150 6 20 D84BQ2 205
400 15 1.0 3.6 150 6 20 IRF 710 205
400 25 1.5 25 400 10 40 IRF 722 211
400 3.0 20 1.8 400 12 40 D84CQ2 209
400 3.0 20 ‘18 400 12 40 IRF 720 209
400 45 3.0 15 800 18 75 IRF 732 215
400 55 35 1.0 800 22 75 D84DQ2 213
400 55 35 1.0 800 22 75 IRF 730 213
400 8.0 5.0 0.80 1600 32 125 IRF 742 219
400 10.0 6.0 055 1600 40 125 D84EQ2 217
400 10.0 6.0 0.55 1600 40 125 IRF 740 217
450 2.0 1.0 40 400 8 40 IRF 823 223
450 25 1.5 3.0 400 10 40 D84CR1 221
450 25 15 3.0 400 10 40 IRF 821 221
450 40 25 20 800 16 75 IRF 833 227
450 45 3.0 15 800 18 75 D84DR1 225
450 45 3.0 1.5 800 18 75 IRF 831 225
450 7.0 40 1.1 1600 28 125 IRF 843 231
450 8.0 5.0 0.85 1600 32 125 D84ER1 229
450 8.0 5.0 0.85 1600 32 125 IRF 841 229
500 2.0 1.0 40 400 8 40 IRF 822 223
500 25 15 3.0 400 10 40 D84CR2 221
500 25 15 3.0 400 10 40 IRF 820 222
500 4.0 25 2.0 800 16 75 IRF 832 227
500 45 3.0 15 800 18 75 D84DR2 225
500 45 3.0 15 800 18 75 IRF 830 225
500 7.0 4.0 1.1 1600 28 125 IRF 842 231
500 8.0 5.0 0.85 1600 32 125 D84ER2 229
500 8.0 5.0 0.85 1600 32 125 IRF 840 229

Electrical characteristics @ 25° C unless otherwise specified.



CASE STYLE

-
GE Power MOSFET Selector Guide (Cont.) T0-237
Vbs Ip (Amps) Rps (ON) Ciss Tom Pp GE Type Page
(Volts) 25°C (Ohms) (pF) (Amps) (Watts) Number

40 0.70 25 50 2.0 20 IVN5000AND 321
40 0.70 25 50 2.0 2.0 IVNS001AND 321
60 0.50 2.4 70 20 1.8 DBOAK2 317
60 0.70 25 50 2.0 20 IVN5000ANE 321
60 0.70 25 50 2.0 2.0 IVN5001ANE 321
60 0.75 5.0 65 1.0 1.0 VN10KMA 325
80 0.70 2.5 50 2.0 20 IVNS000ANF 321
80 0.70 25 50 2.0 20 IVN5001ANF 321
100 0.50 24 70 2.0 1.8 DBOAL2 317
100 0.70 25 50 2.0 2.0 IVN5000ANH 321
100 0.70 25 50 2.0 2.0 IVN5001ANH 321
150 0.30 5.6 70 1.2 1.8 DBOAM2 319
200 0.30 5.6 70 1.2 1.8 D80AN2 319

Electrical characteristics @ 25°C unless otherwise specified.




CASE STYLE

GE Power MOSFET Selector Guide (Cont.) TO%
Vps Ip (Amps) Rpg (ON) Ciss lom Pp GE Type Page
(Volts) 25°C (Ohms) (pF) (Amps) (Watts) Number
35 1.2 5.00 50 3 6.25 VN30ABA 327
35 1.2 4.50 50 3 6.25 VN35ABA 327
35 1.2 2.50 50 3 6.25 VN35AK 329
40 1.2 2.50 50 3 6.25 IVN5000/1TND 323
60 1.2 250 50 3 6.25 IVN5000/1TNE 323
60 1.2 3.00 50 3 6.25 VNBEAK 329
60 1.2 5.10 50 3 6.25 VN67ABA 327
60 12 3.50 50 3 6.25 VN67AK 329
60 12 3.00 50 3 6.25 2N6660 335
60 3.0 0.80 200 12 15.00 IRFF 113 259
60 35 0.60 200 14 15.00 IRFF 111 257
60 5.0 0.40 400 20 20.00 IRFF 123 263
60 6.0 0.30 400 24 20.00 IRFF 121 261
60 7.0 0.25 800 28 25.00 IRFF 133 267
60 8.0 0.18 800 32 25.00 IRFF 131 265
80 1.2 2.50 50 3 6.25 IVN5000/1TNF 323
80 1.2 5.10 50 3 6.25 VNBIABA 327
90 1.2 6.00 50 3 6.25 VN9OABA 327
90 1.2 4.00 50 3 6.25 VN98AK 329
90 1.2 4.00 50 3 6.25 2N6661 335
90 1.2 4.50 50 3 6.25 VN9SAK 329
100 1.2 2.50 50 3 6.25 IVN5S000/1TNH 323
100 3.0 0.80 200 12 15.00 IRFF 112 259
100 3.5 0.60 200 14 15.00 IRFF 110 257
100 5.0 0.40 400 20 20.00 IRFF 122 263
100 6.0 0.30 400 24 20.00 IRFF 120 261
100 7.0 0.25 800 28 25.00 IRFF 132 267
100 8.0 0.18 800 32 25.00 IRFF 130 265
150 18 2.40 200 — 15.00 IRFF 213 271
150 22 1.50 200 — 15.00 IRFF 211 269
150 3.0 1.20 400 — 20.00 IRFF 223 275
150 3.5 0.80 400 — 20.00 IRFF 221 273
150 45 0.60 800 — 25.00 IRFF 233 279
180 5.5 0.40 800 — 25.00 IRFF 231 277
200 18 2.40 200 — 15.00 IRFF 212 271
200 22 1.50 200 — 15.00 IRFF 210 269
200 3.0 1.20 400 — 20.00 IRFF 222 275

Electrical characteristics @ 25°C unless otherwise specified.




CASE STYLE

a
GE Power MOSFET Selector Guide (Cont.) TO-39
Vbs Ip (Amps) Rps (ON) Ciss M Pp GE Type Page
(Volts) 25°C (Ohms) (pF) (Amps) (Watts) Number
200 3.50 0.8 400 — 20 IRFF 220 273
200 4.50 0.6 800 — 25 IRFF 232 279
200 5.50 0.4 800 — 25 IRFF 230 277
350 1.15 5.0 200 — 15 IRFF 313 283
350 1.35 36 200 - 15 IRFF 311 281
350 2.00 25 400 — 20 IRFF 323 287
350 2.50 1.8 400 — 20 IRFF 321 285
350 3.00 15 800 —_ 25 IRFF 333 291
350 3.50 1.0 800 —_ 25 IRFF 331 289
400 1.15 5.0 200 — 15 IRFF 312 283
400 1.35 36 200 — 15 IRFF 310 281
400 2.00 2.5 400 — 20 IRFF 322 287
400 2.50 1.8 400 — 20 IRFF 320 285
400 3.00 15 800 — 25 IRFF 332 291
400 350 1.0 800 — 25 IRFF 330 289
450 1.40 4.0 400 — 20 IRFF 423 295
450 1.60 3.0 400 — 20 IRFF 421 293
450 2.25 2.0 800 — 25 IRFF 433 299
450 2.75 1.5 800 — 25 IRFF 431 207
500 1.40 4.0 400 — 20 IRFF 422 295
500 1.60 3.0 400 — 20 IRFF 420 293
500 2.25 2.0 800 — 25 IRFF 432 299
500 2.75 1.5 800 — 25 IRFF 430 297

Electrical characteristics @ 25° C unless otherwise specified.
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CASE STYLE

GE Power MOSFET Selector Guide (Cont.) 4PINDIP

Vps Ip (Amps) Rps (ON) Ciss Ipm Pp GE Type Page

(Volts) 25°C (Ohms) (pF) (Amps) (Watts) Number
60 0.40 3.20 70 15 1.0 IRFD1Z3 243
60 0.50 2.40 70 20 1.0 IRFD1Z1 241
60 0.50 2.40 70 20 1.0 D82AK2 241
60 0.80 0.80 200 3.0 10 IRFD113 235
60 1.00 0.60 200 4.0 1.0 D82BK2 233
60 1.00 0.60 200 4.0 1.0 IRFD111 233
60 1.10 0.40 400 4.4 1.0 IRFD123 239
60 1.30 0.30 400 5.2 1.0 DB2CK2 237
60 1.30 0.30 400 5.2 1.0 IRFD121 237
100 0.40 3.20 70 15 1.0 IRFD1Z2 243
100 0.50 2.40 70 2.0 1.0 IRFD120 241
100 0.50 2.40 70 20 1.0 D82AL2 241
100 0.80 0.80 200 3.0 1.0 IRFD112 235
100 1.00 0.60 200 4.0 1.0 D82BL2 233
100 1.00 0.60 200 4.0 1.0 IRFD110 233
100 1.10 0.40 400 4.4 1.0 IRFD122 239
100 1.30 0.30 400 5.2 1.0 D82CL2 237
100 1.30 0.30 400 5.2 1.0 IRFD120 237
150 0.60 1.50 200 25 1.0 IRFD211 245
150 0.45 2.40 200 18 1.0 IRFD213 247
150 0.30 5.60 70 12 1.0 D82AM2 253
150 0.30 5.60 70 12 1.0 IRFD2Z1 253
150 0.60 1.50 200 25 1.0 D82BM2 245
150 0.80 0.80 400 3.2 1.0 D82CM2 249
150 0.80 0.80 400 3.2 1.0 IRFD221 249
150 0.70 1.20 600 5.6 1.0 IRFD223 251
200 0.45 2.40 200 1.8 1.0 IRFD212 247
200 0.30 5.60 70 12 1.0 D82AN2 253
200 0.30 5.60 70 12 1.0 IRFD2Z0 253
200 0.60 1.50 200 25 1.0 D82BN2 245
200 0.60 1.50 200 25 1.0 IRFD210 245
200 0.70 1.2 600 5.6 1.0 IRFD222 251
200 0.80 0.80 400 3.2 1.0 D82CN2 249
200 0.80 0.80 400 3.2 1.0 IRFD220 249
350 0.40 2,50 400 16 1.0 IRFD323 —
350 0.50 1.80 400 2,0 1.0 IRFD321 255
350 0.50 1.80 400 2.0 1.0 D82CcQ1 255
400 0.40 250 400 16 1.0 IRFD322 —
400 0.50 1.80 400 2.0 1.0 D82CQ2 255
400 0.50 1.80 400 2,0 1.0 IRFD320 255

Electrical characteristics @ 25°C unless otherwise specified.
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CASE STYLE

GE Power MOSFET Selector Guide (Cont.) T0-247

Vps Ip (Amps) Rps (ON) Ciss Iom Pp GE Type Page
(Volts) 25°C 100°C (Ohms) (pF) (Amps) (Watts) Number
60 33.0 20.0 0.08 3000 132 150 IRFP153 303
60 40.0 25.0 0.055 3000 160 150 IRFP151 301
60 40.0 25.0 0.055 3000 160 150 D88FK2 301
100 33.0 20.0 0.08 3000 132 150 IRFP152 303
100 40.0 25,0 0.055 3000 160 150 D88FL2 301
100 40.0 25.0 0.055 3000 160 150 IRFP150 301
150 25.0 16.0 0.12 3000 100 150 IRF253 307
150 30.0 19.0 0.085 3000 120 150 D88FM2 305
150 30.0 19.0 0.085 3000 120 150 IRFP251 305
200 25.0 16.0 0.12 3000 100 150 IRFP252 307
200 30.0 19.0 0.085 3000 120 150 IRFP250 305
200 30.0 1.0 0.085 3000 120 150 D88FN2 305
350 13.0 8.0 0.4 3000 52 150 IRFP353 311
350 15.0 9.0 0.3 3000 60 150 D88FQ1 309
350 15.0 - 9.0 03 3000 60 150 IRFP351 309
400 13.0 8.0 0.4 3000 52 150 IRFP352 311
400 15.0 9.0 03 3000 60 150 IRFP350 309
400 15.0 9.0 0.3 3000 60 150 DB8BFQ2 309
1450 12.0 7.0 05 3000 48 150 IRFP453 315
450 13.0 8.0 04 3000 52 150 IRFP451 313
450 13.0 8.0 0.4 3000 52 150 D88FR1 313
500 12.0 - 70 0.5 3000 48 150 IRFP452 315
500 13.0 8.0 0.4 3000 52 150 D88FR2 313
500 13.0 8.0 0.4 3000 52 150 IRFP450 313

Electrical characteristics @ 25°C unless otherwise specified.

CASE STYLE
TO-202
Vps Ip (Amps) Rps (ON) Ciss Ipm Pp GE Type Page
(Volts) 25°C 100°C (Ohms) (pF) (Amps) (Watts) Number

40 1.2 6.5 5.0 50 3 12 VN40AFA 331
40 1.2 30 3.0 50 3 12 VN46AFA 333
60 : 1.2 3.0 3.0 50 3 12 VNB6AFA 333
60 1.2 5.5 35 50 3 12 VNB7AFA 331
80 1.2 4.0 4.0 50 3 12 VNBBAFA 333
80 1.2 6.4 4.5 - 50 3 12 VNBIAFA 331

Electrical characteristics @ 25° C unless otherwise specified.
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GENERAL ELECTRIC CASE STYLE
INSULATED GATE TRANSISTORS 10220
VcEes Ic (Amps) Vsat toff Pp
Volts 25°C 100°C Volts us Watts Type Page
400 18 10 25 45 75 IGT4D10 337
400 18 10 25 0.8 75 IGT4D11 341
500 18 10 25 45 75 IGT4E10 337
500 18 10 25 0.8 75 IGT4E11 341
CASE STYLE
TO-247
Vces Ic (Amps) Vsar toff Pp
Volts 25°C 90°C Volts us Watts Type Page
400 32 22 2.2 45 125 IGT8D20 361
400 32 20 25 0.8 125 IGT8D21 365
500 32 22 2.2 45 125 IGT8E20 361
500 32 20 25 0.8 125 IGTBE21 365
CASE STYLE
TO-204
Vces Ic (Amps) VsaT tott Pp |
Volis 25°C 100°C Volts us Watts Type Page
400 18 10 25 45 75 IGT6D10 345
400 18 10 25 0.8 75 IGT6D11 349
400 32 22 2.2 45 125 IGT6D20 353
400 32 20 25 0.8 125 IGT6D21 357
500 18 10 25 45 75 IGT6E10 345
500 18 10 25 0.8 75 IGTEE1 349
500 32 22 2.2 45 125 IGT6E20 353
500 32 20 25 0.8 125 IGT6E21 357
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POWER MOSFET

CROSS REFERENCE

: CASE STYLE
GENERAL JEDEC TYPES T0-204
Ip Ib

Competitive Vps (Amps) Rps (ON) Case GE Direct Vps (Amps) Rps (oN) Case

Part Number (Volts) @ 25°C (Ohms) Style Replacement | (Volts) @ 25°C (Ohms) Style
2N6755 60 12.0 0.25 TO-204AA 2N6755 60 12.0 0.25 - TO-204AA
2N6756 100 14.0 0.18 TO-204AA 2N6756 100 14.0 0.18 TO-204AA
2N6757 150 8.0 0.60 TO-204AA 2N6757 150 8.0 0.60 TO-204AA
2N6758 200 9.0 0.40 TO-204AA 2N6758 200 9.0 0.40 TO-204AA
2N6759 350 45 15 TO-204AA 2N6759 350 45 1.5 TO-204AA
2N6760 400 55 1.0 TO-204AA 2N6760 400 5.5 1.0 TO-204AA
2N6761 450 4.0 2.0 TO-204AA 2N6761 450 4.0 2.0 TO-204AA
2N6762 500 45 1.5 TO-204AA 2N6762 500 45 1.5 TO-204AA
2N6763 60 31.0 0.080 TO-204AE 2N6763 60 31.0 0.080 TO-204AE
2N6764 100 38.0 0.055 TO-204AE 2N6764 100 38.0 0.055 TO-204AE
2N6765 150 25.0 0.12 TO-204AE 2N6765 150 25.0 0.12 TO-204AE
2N6766 200 30.0 0.085 TO-204AE 2N6766 200 30.0 0.085 TO-204AE
2N6767 350 12.0 0.40 TO-204AA 2N6767 350 12.0 0.40 TO-204AA
2N6768 400 14.0 0.30 TO-204AA |  2N6768 400 14.0 0.30 TO-204AA
2N6769 450 11.0 0.50 TO-204AA 2N6769 450 1.0 0.50 TO-204AA
2N6770 500 12.0 0.40 TO-204AA 2N6770 500 12.0 0.40 TO-204AA

INTERNATIONAL RECTIFIER
Ip Ip

Competitive Vps (Amps) Rps (oN) Case GE Direct Vps (Amps) Rps (ON) Case

Part Number (Volts) @ 25°C (Ohms) Style Replacement | (Volts) @ 25°C (Ohms) Style
IRF130 100 14.0 0.18 TO-204AA IRF130 100 14.0 0.18 TO-204AA
IRF131 60 14.0 0.18 TO-204AA IRF131 60 14.0 0.18 TO-204AA
IRF132 100 12.0 0.25 TO-204AA IRF132 100 12.0 0.25 TO-204AA
IRF133 60 12.0 0.25 TO-204AA IRF133 60 12.0 0.25 TO-204AA
IRF140 100 27.0 0.085 TO-204AE IRF140 100 27.0 0.085 TO-204AE
IRF141 60 27.0 0.085 TO-204AE IRF141 60 27.0 0.085 TO-204AE
IRF142 100 24.0 0.11 TO-204AE IRF142 100 24.0 0.1 TO-204AE
IRF143 60 240 0.11 TO-204AE IRF143 60 24.0 0.11 TO-204AE
IRF150 100 40.0 0.055 TO-204AE IRF150 100 40.0 0.055 TO-204AE
IRF151 .60 40.0 0.055 TO-204AE IRF151 60 40.0 0.055 TO-204AE
iRF152 100 33.0 0.080 TO-204AE IRF152 100 33.0 0.080 TO-204AE
IRF153 60 33.0 0.080 TO-204AE IRF153 60 33.0 0.080 TO-204AE
IRF230 200 9.0 0.40 TO-204AA IRF230 200 9.0 0.40 TO-204AA
IRF231 150 9.0 0.40 TO-204AA IRF231 150 9.0 0.40 TO-204AA
IRF232 200 8.0 0.60 TO-204AA IRF232 200 8.0 0.60 TO-204AA
IRF233 150 8.0 0.60 TO-204AA IRF233 150 8.0 0.60 TO-204AA
IRF240 200 18.0 0.18 TO-204AE IRF240 200 18.0 0.18 TO-204AE
IRF241 150 18.0 0.18 TO-204AE IRF241 150 18.0 0.18 TO-204AE
1RF242 200 16.0 0.22 TO-204AE IRF242 200 16.0 0.22 TO-204AE
IRF243 150 16.0 0.22 TO-204AE IRF243 150 16.0 0.22 TO-204AE
IRF250 200 30.0 0.085 TO-204AE IRF250 200 30.0 0.085 TO-204AE
IRF251 150 30.0 0.085 TO-204AE IRF251 150 30.0 0.085 TO-204AE
IRF252 200 25.0 0.12 TO-204AE IRF252 200 25.0 0.12 TO-204AE
IRF253 150 25.0 0.12 TO-204AE IRF253 150 25.0 0.12 TO-204AE
IRF330 400 5.5 1.0 TO-204AA IRF330 400 5.5 1.0 TO-204AA
IRF331 350 55 1.0 TO-204AA IRF331 350 5.5 1.0 TO-204AA
IRF332 400 45 1.5 TO-204AA IRF332 400 4.5 1.5 TO-204AA
IRF333 350 4.5 1.5 TO-204AA IRF333 350 4.5 15 TO-204AA
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Power MOSFET
Cross-Reference (Cont.)

CASE STYLE | CASE STYLE

International Rectifier (Cont.) o2 10220
Ip Ip

Competitive Vps (Amps) Rps (oN) Case GE Direct Vps (Amps) Rps (oN) Case

Part Number (Volts) @ 25°C (Ohms) Style Replacement | (Volts) @ 25°C (Ohms) Style
IRF340 400 10.0 0.55 TO-204AA IRF340 400 10.0 0.55 TO-204AA
IRF341 350 10.0 0.55 TO-204AA IRF341 350 10.0 0.55 TO-204AA
IRF342 400 8.0 0.80 TO-204AA IRF342 400 8.0 0.80 TO-204AA
IRF343 350 8.0 0.80 TO-204AA IRF343 350 8.0 0.80 TO-204AA
IRF350 400 15.0 0.30 TO-204AA IRF350 400 15.0 0.30 TO-204AA
IRF351 350 15.0 0.30 TO-204AA IRF351 350 15.0 0.30 TO-204AA
IRF352 400 13.0 0.40 TO-204AA IRF352 400 13.0 0.40 TO-204AA
IRF353 350 13.0 0.40 TO-204AA IRF353 350 13.0 0.40 TO-204AA
IRF430 500 4.5 1.5 TO-204AA IRF430 500 45 1.5 TO-204AA
IRF431 450 4.5 1.5 TO-204AA IRF431 450 4.5 15 TO-204AA
IRF432 500 4.0 2.0 TO-204AA IRF432 500 4.0 2.0 TO-204AA
IRF433 450 4.0 20 TO-204AA IRF433 450 4.0 2.0 TO-204AA
IRF440 500 8.0 0.85 TO-204AA IRF440 500 8.0 0.85 TO-204AA
IRF441 450 8.0 0.85 TO-204AA IRF441 450 8.0 0.85 TO-204AA
IRF442 500 7.0 1.1 TO-204AA |IRF442 500 7.0 1.1 TO-204AA
IRF443 450 7.0 1.1 TO-204AA IRF443 450 7.0 1.1 TO-204AA
IRF450 500 13.0 0.40 TO-204AA IRF450 500 13.0 0.40 TO-204AA
IRF451 450 13.0 0.40 TO-204AA IRF451 450 13.0 0.40 TO-204AA
IRF452 500 12.0 0.50 TO-204AA IRF452 500 12.0 0.50 TO-204AA
IRF453 450 12.0 0.50 TO-204AA IRF453 450 12.0 0.50 TO-204AA
IRF510 100 4.0 0.60 TO-220AB IRF510 100 4.0 0.60 TO-220AB
IRF511 60 4.0 0.60 TO-220AB IRF511 60 4.0 0.60 TO-220AB
IRF512 100 3.5 0.80 TO-220AB IRF512 100 3.5 0.80 TO-220AB
IRF513 60 3.5 0.80 TO-220AB IRF513 60 3.5 0.80 TO-220AB
IRF520 100 8.0 0.30 TO-220AB IRF520 100 8.0 0.30 TO-220AB
IRF521 60 8.0 0.30 TO-220AB IRF521 60 8.0 0.30 TO-220AB
IRF522 100 7.0 0.40 TO-220AB IRF522 100 7.0 0.40 TO-220AB
IRF523 60 7.0 0.40 TO-220AB IRF523 60 7.0 0.40 TO-220AB
IRF530 100 14.0 0.18 TO-220AB IRF530 100 14.0 0.18 TO-220AB
IRF531 60 14.0 0.18 TO-220AB IRF531 60 14.0 0.18 TO-220AB
IRF532 100 12.0 0.25 TO-220AB IRF532 100 12.0 0.25 TO-220AB
IRF533 60 12.0 0.25 TO-220AB IRF533 60 12.0 0.25 TO-220AB
IRF540 100 27.0 0.085 TO-220AB IRF540 100 27.0 0.085 TO-220AB
IRF541 60 27.0 0.085 TO-220AB IRF541 60 27.0 0.085 TO-220AB
IRF542 100 240 0.11 TO-220AB IRF542 100 240 0.11 TO-220AB
IRF543 60 24.0 0.11 TO-220AB IRF543 60 24.0 0.11 TO-220AB
IRF610 200 25 1.5 TO-220AB IRF610 200 25 1.5 TO-220AB
IRF611 150 25 15 TO-220AB IRF611 150 25 1.5 TO-220AB
IRF612 200 2.0 2.4 TO-220AB IRF612 200 2.0 2.4 TO-220AB
IRF613 150 20 2.4 TO-220AB IRF613 150 2.0 24 TO-220AB
IRF620 200 5.0 0.80 TO-220AB IRF620 200 5.0 0.80 TO-220AB
IRF621 150 5.0 0.80 TO-220AB IRF621 150 5.0 0.80 TO-220AB
IRF622 200 4.0 1.2 TO-220AB IRF622 200 4.0 1.2 TO-220AB
IRF623 150 4.0 1.2 TO-220AB IRF623 150 4.0 1.2 TO-220AB
IRF630 200 9.0 0.40 TO-220AB IRF630 200 9.0 0.40 TO-220AB
IRF631 150 9.0 0.40 TO-220AB IRF631 150 9.0 0.40 TO-220AB
IRF632 200 8.0 0.60 TO-220AB IRF632 200 8.0 0.60 TO-220AB
IRF633 150 8.0 0.60 TO-220AB IRF633 150 8.0 0.60 TO-220AB
IRF640 200 18.0 0.18 TO-220AB IRF640 200 18.0 0.18 TO-220AB
IRF641 150 18.0 0.18 TO-220AB IRF641 150 18.0 0.18 TO-220AB
IRF642 200 16.0 0.22 TO-220AB IRF642 200 16.0 0.22 TO-220AB
IRF643 150 16.0 0.22 TO-220AB IRF643 150 16.0 0.22 TO-220AB
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Power MOSFET
Cross-Reference (Cont.)

CASE STYLE | CASESTYLE | CASE STYLE

- Ly 1] .
International Rectifier (Cont.) 1039 APINDIP_§ TO-220
Ib " Ip
Competitive Vps (Amps) Rps (oN) Case GE Direct Vbs (Amps) Rps (oN) Case
Part Number | (Volts) @ 25°C (Ohms) Style Replacement | (Volts) @ 25°C (Ohms) Style
IRF710 400 15 3.6 TO-220AB IRF710 400 1.5 3.6 TO-220AB
IRF711 350 . |.. 1.5 .| 36 TO-220AB IRF711 350 1.5 3.6 TO-220AB
IRF712 400 1.3 5.0 TO-220AB IRF712 400 1.3 5.0 TO-220AB
IRF713 350 1.3 5.0 TO-220AB IRF713 350 1.3 5.0 TO-220AB
IRF720 400 3.0 1.8 TO-220AB IRF720 400 3.0 1.8 TO-220AB
IRF721 350 3.0 18 TO-220AB IRF721 350 3.0 1.8 TO-220AB
IRF722 400 25 25 TO-220AB IRF722 400 2.5 25 TO-220AB
IRF723 350 25 25 TO-220AB IRF723 350 25 25 TO-220AB
IRF730 400 . 5.5 1.0 TO-220AB IRF730 400 5.5 1.0 TO-220AB
IRF731 350 5.5 1.0 TO-220AB IRF731 350 5.5 1.0 TO-220AB
IRF732 400 45 1.5 TO-220AB IRF732 400 4.5 1.5 TO-220AB
IRF733 350 4.5 1.5 TO-220AB IRF733 350 4.5 1.5 TO-220AB
IRF740 400 10.0 0.55 TO-220AB IRF740 400 10.0 0.55 TO-220AB
IRF741 350 10.0 0.55 TO-220AB IRF741+ 350 10.0 0.55 TO-220AB
IRF742 400 8.0 0.80 TO-220AB IRF742 400 8.0 0.80 TO-220AB
IRF743 350 8.0 0.80 TO-220AB IRF743 350 8.0 0.80 TO-220AB
IRF820 500 25 3.0 TO-220AB IRF820 . 500 25 3.0 TO-220AB
IRF821 450 25 3.0 TO-220AB IRF821 450 25 3.0 TO-220AB
IRF822 500 20 4.0 TO-220AB IRF822 500 20 4.0 TO-220AB
IRF823 450 20 4.0 TO-220AB IRF823 450 2.0 4.0 TO-220AB
IRF830 500 4.5 1.5 TO-220AB IRF830 500 45 1.5 TO-220AB
IRF831 450 4.5 1.5 TO-220AB IRF831 - . 450 4.5 1.5 TO-220AB
IRF832 500 4.0 2.0 TO-220AB IRF832 500 4.0 2.0 TO-220AB
IRF833 450 4.0 2.0 TO-220AB IRF833 450 4.0 20 TO-220AB
IRF840 500 8.0 0.85 TO-220AB IRF840 500 ' 8.0 0.85 TO-220AB
IRF841 450 8.0 0.85 TO-220AB IRF841. 450 8.0 0.85 TO-220AB
IRF842 500 7.0 1.1 TO-220AB IRF842 500 7.0 1.1 TO-220AB
IRF843 450 7.0 1.1 TO-220AB IRF843 450 7.0 1.1 TO-220AB
IRFD1Z0 100 0.50 2.4 4 PIN DIP IRFDIZ0 100 0.50 24 4 PIN DIP
IRFD1Z1 60 0.50 24 4 PIN DIP IRFDIZ1 60 0.50 24 4 PIN DIP
IRFD1Z2 100 0.40 3.2 4 PIN DIP IRFDIZ2 100 0.40 3.2 4 PIN DIP
1RFD1Z3 60 0.40 3.2 4 PIN DIP IRFDIZ3 60 0.40 3.2 4 PIN DIP
IRFD110 100 1.0 0.60 4 PIN DIP IRFD110 100 1.0 0.60 4 PIN DIP
IRFD111 60 1.0 0.60 4 PINDIP IRFD111 60 1.0 0.60 4 PIN DIP
IRFD112 100 0.80 0.80 4 PIN DIP IRFD112 100 0.80 0.80 4 PIN DIP
IRFD113 60 0.80 0.80 4 PIN DIP IRFD113 60 0.80 0.80 4 PIN DIP
IRFD120 100 1.3 0.30 4 PIN DIP IRFD120 100 13 0.30 4 PIN DIP
IRFD123 60 1.1 0.40 4 PIN DIP IRFD123 60 1.1 0.40 4 PIN DIP
IRFD210 200 0.60 15 4 PIN DIP IRFD210. 200 0.60 1.5 4 PIN DIP
IRFD213 150 0.45 25 4 PIN DIP IRFD213 150 0.45 25 4 PIN DIP
IRFF110 100 3.5 060 | TO-39 IRFF110 100 3.5 0.60 TO-39
IRFF111 60 3.5 0.60 TO-39 IRFF111. 60 3.5 0.60 TO-39
IRFF112 100 3.0 0.80 TO-39 IRFF111 60 3.5 0.80 TO-39
IRFF113 60 3.0 0.80 TO-39 IRFF113 60 3.0 0.80 TO-39
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Power MOSFET
Cross-Reference (Cont.)

CASE STYLE
H H H TO-39
International Rectifier (Cont.)
Ip Ip
Competitive Vps (Amps) Rps (oN) Case GE Direct Vps (Amps) Rps (oN) Case
Part Number (Volts) @ 25°C (Ohms) Style Replacement | (Volits) @ 25°C (Ohms) Style
IRFF120 100 6.0 0.30 TO-39 IRFF120 100 6.0 0.30 TO-39
IRFF121 60 6.0 0.30 TO-39 IRFF121 60 6.0 0.30 TO-39
IRFF122 100 5.0 0.40 TO-39 IRFF122 100 5.0 0.40 TO-39
IRFF123 60 5.0 0.40 TO-39 IRFF120 60 5.0 0.40 TO-39
IRFF130 100 8.0 0.18 TO-39 IRFF130 100 8.0 0.18 TO-39
IRFF131 60 8.0 0.18 TO-39 IRFF131 60 8.0 0.18 TO-39
IRFF132 100 7.0 0.25 TO-39 IRFF132 100 7.0 0.25 TO-39
IRFF133 60 7.0 0.25 TO-39 IRFF133 60 7.0 0.25 TO-39
IRFF210 200 2.2 15 TO-39 IRFF210 200 2.2 1.5 TO-39
IRFF211 150 22 15 TO-39 IRFF211 150 22 1.5 TO-39
IRFF212 200 1.8 24 TO-39 IRFF212 200 1.8 24 TO-39
IRFF213 150 1.8 24 TO-39 IRFF213 150 1.8 24 TO-39
|RFF220 200 35 0.80 TO-39 IRFF220 200 3.5 0.80 TO-39
IRFF221 150 3.5 0.80 TO-39 IRFF221 150 3.5 0.80 TO-39
IRFF222 200 3.0 1.2 TO-39 IRFF222 200 3.0 1.2 TO-39
IRFF223 150 3.0 1.2 TO-39 |IRFF223 150 3.0 1.2 TO-39
IRFF230 200 5.5 0.40 TO-39 IRFF230 200 5.5 0.40 TO-39
IRFF231 150 55 0.40 TO-38 IRFF231 150 5.5 0.40 TO-39
IRFF232 200 4.5 0.60 TO-39 IRFF232 200 4.5 0.60 TO-39
IRFF233 150 4.5 0.60 TO-39 IRFF233 150 4.5 0.60 TO-39
IRFF310 200 1.35 36 TO-39 IRFF310 200 1.35 3.6 TO-39
IRFF311 150 1.35 3.6 TO-39 IRFF311 150 1.36 3.6 TO-39
IRFF312 200 1.15 5.0 TO-39 IRFF312 200 1.15 5.0 TO-39
IRFF313 150 1.15 5.0 TO-39 IRFF313 150 1.156 5.0 TO-39
IRFF320 400 25 1.8 TO-39 IRFF320 400 25 1.8 TO-39
IRFF321 350 25 1.8 TO-39 IRFF321 350 25 1.8 TO-39
IRFF322 400 2.0 25 TO-39 IRFF322 400 2.0 25 TO-39
IRFF323 350 . 2.0 25 TO-39 IRFF323 350 2.0 25 TO-39
IRFF330 400 3.5 10 TO-39 IRFF330 400 3.5 1.0 TO-39
IRFF331 350 3.5 1.0 TO-39 IRFF331 350 3.5 1.0 TO-39
IRFF332 400 3.0 1.5 TO-39 IRFF332 400 3.0 15 TO-39
IRFF333 350 3.0 1.5 TO-39 IRFF333 350 3.0 1.5 TO-39
IRFF420 500 1.6 3.0 TO-39 IRFF420 500 1.6 3.0 TO-39
IRFF421 450 1.6 3.0 TO-39 IRFF421 450 1.6 3.0 TO-39
IRFF422 500 1.4 4.0 TO-39 IRFF422 500 1.4 4.0 TO-39
IRFF423 450 1.4 4.0 TO-39 IRFF423 450 1.4 4.0 TO-39
IRFF430 500 275 1.5 TO-39 IRFF430 500 2.75 15 TO-39
IRFF431 450 2.75 1.5 TO-39 IRFF431 450 2.75 15 TO-39
IRFF432 500 225 20 TO-39 IRFF432 500 2.25 2.0 TO-39
IRFF433 450 225 2.0 TO-39 |RFF433 450 225 2.0 TO-39
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Power MOSFET
Cross-Reference (Cont.)

CASE STYLE

MOTOROLA To-220

Ip Nearest GE Ip

Competitive Vps (Amps) Rps (oN) Case Equivalent Vps (Amps) Rps (oN) Case

Part Number | (Volts) @ 25°C (Ohms) Style Part Number | (Volts) @ 25°C (Ohms) Style
MTP2N50 500 20 4.0 TO-220 IRF822 500 20 4.0 TO-220AB
MTP2N45 450 2.0 4.0 TO-220 IRF823 450 2.0 4.0 TO-220AB
MTP2N40 400 2.0 3.3 TO-220 IRF722 400 25 25 TO-220AB
MTP2N35 350 2.0 3.3 TO-220 IRF723 350 25 2.5 TO-220AB
MTP2N20 200 2.0 2.2 TO-220 IRF612 200 2.0 24 TO-220AB
MTP2N18 180 2.0 2.2 TO-220 IRF612 200 2.0 24 TO-220AB
MTP3N40 400 3.0 3.3 TO-220 IRF722 400 25 25 TO-220AB
MTP3N35 350 3.0 3.3 TO-220 IRF723 350 25 25 TO-220AB
MTP3N15 150 3.0 15 TO-220 D84BM2 150 25 1.5 TO-220AB
MTP3N12 120 3.0 1.5 TO-220 D84BM2 150 25 1.5 TO-220AB
MTP4N50 500 4.0 2.0 TO-220 IRF832 500 4.0 20 . TO-220AB
MTP4N45 450 4.0 2.0 TO-220 IRF833 450 4.0 20 TO-220AB
MTPS5N40 400 5.0 1.5 TO-220 IRF732 400 4.5 1.5 TO-220AB
MTP5N35 350 5.0 1.5 TO-220 IRF733 350 4.5 1.5 TO-220AB
MTP5N20 200 5.0 1.0 TO-220 D84CN2 200 5.0 0.80 TO-220AB
MTP5N18 180 5.0 1.0 TO-220 . D84CN2 200 5.0 0.80 TO-220AB
MTP5N06 60 5.0 0.60 TO-220 D84BK2 60 4.0 0.60 TO-220AB
MTP5N05 50 5.0 0.60 TO-220 D84BK2 60 4.0 0.60 TO-220AB
MTP7N20 200 7.0 0.65 TO-220 IRF632 200 8.0 0.60 TO-220AB
MTP7N18 180 7.0 0.65 TO-220 IRF632 200 8.0 0.60 TO-220AB
MTP7N15 150 7.0 0.70 TO-220 IRF633 150 8.0 0.60 TO-220AB
MTP7N12 120 7.0 0.70 TO-220 IRF633 150 8.0 0.60 TO-220AB
MTP8N20 200 8.0 0.50 TO-220 IRF632 200 8.0 0.60 TO-220AB
MTP8N18 180 8.0 0.50 TO-220 IRF632 200 8.0 0.60 TO-220AB
MTP8N15 150 8.0 0.40 TO-220 IRF633 150 8.0 0.60 TO-220AB
MTP8M12 120 8.0 0.40 TO-220 IRF633 150 8.0 0.60 TO-220AB
MTP8N10 100 8.0 0.40 TO-220 D84CL2 100 8.0 0.30 TO-220AB
MTP8NO8 80 8.0 0.50 TO-220 D84CL2 100 8.0 0.30 TO-220AB
MTP10N15 150 10.0 0.30 TO-220 D84DM2 150 9.0 0.40 TO-220AB
MTP10N12 120 10.0 0.30 TO-220 D84DM2 150 9.0 0.40 TO-220AB
MTP10N10 100 10.0 0.33 TO-220 D84CL2 100 8.0 0.30 TO-220AB
MTP10NO8 80 10.0 0.33 TO-220 D84CL2 100 8.0 0.30 TO-220AB
MTP10NO6 60 10.0 0.28 TO-220 D84CK2 60 8.0 0.30 TO-220AB
MTP10NO5S 50 10.0 0.28 TO-220 D84CK2 60 - 8.0 0.30 TO-220AB
MTP12N10 100 12.0 0.18 TO-220 IRF532 100 120 0.25 TO-220AB
MTP12N08 80 12.0 0.18 TO-220 IRF532 100 12.0 0.25 TO-220AB
MTP12N06 60 12.0 0.20 TO-220 IRF533 60 12.0 0.25 TO-220AB
MTP12N05 50 12.0 0.20 TO-220 IRF533 60 12.0 0.25 TO-220AB
MTP15N06 60 15.0 0.16 TO-220 D84DK2 60 14.0 0.18 TO-220AB
MTP15N05 50 15.0 0.16 TO-220 D84DK2 60 14.0 0.18 TO-220AB
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Power MOSFET
Cross-Reference (Cont.)

CASE STYLE | CASE STYLE

Motorola (Cont.) TO-204 T0-220
Ip Nearest GE Ip

Competitive Vps (Amps) Rps (on) Case Equivalent Vps (Amps) Rps (ON) Case

Part Number (Volts) @ 25°C (Ohms) Style Part Number | (Volts) @ 25°C (Ohms) Style
MTM2N50 500 2.0 4.0 TO-204 IRF822 500 2.0 4.0 TO-220AB
MTM2N45 450 2.0 4.0 TO-204 IRF823 450 20 4.0 TO-220AB
MTM3N40 400 3.0 33 - TO-204 IRF722 400 25 25 TO-220AB
MTMB3N35 350 3.0 33 TO-204 IRF723 350 2.5 25 TO-220AB
MTM4N50 500 4.0 2.0 TO-204 IRF432 500 40 2.0 TO-204AA
MTM4N45 450 4.0 2.0 TO-204 IRF433 450 4.0 20 TO-204AA
MTMB5N40 400 5.0 1.5 | TO-204 IRF332 400 45 15 TO-204AA
MTMB5N35 350 5.0 1.5 TO-204 IRF333 350 45 1.5 TO-204AA
MTM5N20 200 5.0 1.0 TO-204 D84CN2 200 5.0 0.80 TO-220AB
MTMS5N18 180 5.0 1.0 TO-204 D84CN2 200 5.0 0.80 TO-220AB
MTM7N50 500 7.0 1.2 TO-204 IRF442 500 7.0 1.1 TO-204AA
MTM7N45 450 7.0 1.2 TO-204 IRF443 450 7.0 1.1 TO-204AA
MTM7N20 200 7.0 0.65 TO-204 IRF232 200 8.0 0.60 TO-204AA
MTM7N18 180 7.0 0.65 TO-204 IRF232 200 8.0 0.60 TO-204AA
MTM7N15 150 7.0 0.70 TO-204 IRF233 150 8.0 0.60 TO-204AA
MTM7N12 120 7.0 0.70 TO-204 IRF233 150 8.0 0.60 TO-204AA
MTMB8N40 400 8.0 0.80 TO-204 IRF342 400 8.0 0.80 TO-204AA
MTMB8N35 350 8.0 0.80 TO-204 IRF343 350 8.0 0.80 TO-204AA
MTM8N20 200 8.0 0.40 TO-204 IRF232 200 8.0 0.60 TO-204AA
MTM8N18 180 8.0 0.40 TO-204 IRF232 200 8.0 0.60 TO-204AA
MTM8N15 150 8.0 0.50 TO-204 IRF233 150 8.0 0.60 TO-204AA
MTMB8N12 120 8.0 0.50 TO-204 IRF233 150 8.0 0.60 TO-204AA
MTMB8N10 100 8.0 0.50 TO-204 IRF132 100 12.0 0.25 TO-204AA
MTMB8NO8 80 8.0 0.50 TO-204 IRF132 100 12.0 0.25 TO-204AA
MTM10N15 150 10.0 0.30 TO-204 D86DM2 100 9.0 0.40 TO-204AA
MTM10M12 120 10.0 0.30 TO-204 D86DM2 100 9.0 0.40 TO-204AA
MTM10N10 100 10.0 0.33 TO-204 IRF132 100 12.0 0.25 TO-204AA
MTM10N08 80 10.0 0.33 TO-204 IRF132 100 12.0 0.25 TO-204AA
MTM10NO6 60 10.0 0.28 TO-204 IRF133 60 12.0 0.25 TO-204AA
MTM10NO5 50 10.0 0.28 TO-204 IRF133 60 12.0 0.25 TO-204AA
MTM12N20 200 12.0 0.35 TO-204 D86DN2 200 9.0 0.40 TO-204AA
MTM12N18 180 12.0 0.35 TO-204 D86DN2 200 9.0 0.40 TO-204AA
MTM12N15 150 12.0 0.26 TO-204 D86DM2 150 9.0 0.40 TO-204AA
MTM12N12 120 12.0 0.26 TO-204 D86DM2 150 9.0 0.40 TO-204AA
MTM12N10 100 12.0 0.18 TO-204 IRF132 100 120 0.25 TO-204AA
MTM12N08 80 12.0 0.18 TO-204 IRF132 100 12.0 0.25 TO-204AA
MTM12N06 60 12.0 0.20 TO-204 IRF133 60 12.0 0.25 TO-204AA
MTM12N05 50 12.0 0.20 TO-204 IRF133 60 12.0 0.25 TO-204AA
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Power MOSFET
Cross-Reference (Cont.)

CASE STYLE } CASE STYLE | CASE STYLE ] CASE STYLE

Motorola (COI‘If.) TO-39 TO-204 TO-220 TO-247
Ip ‘| Nearest GE Ip
Competitive Vps (Amps) Rps (oN) Case Equivalent Vps (Amps) Rps (oN) Case
Part Number | (Volts) @ 25°C (Ohms) Style Part Number | (Volts) @ 25°C (Ohms) Style
MTM15N50 500 15.0 0.50 TO-204 D86FR2 500 13.0 0.40 TO-204AA
MTM15N45 450 15.0 0.50 TO-204 D86FR1 450 13.0 0.40 TO-204AA
MTM15N40 400 15.0 0.40 TO-204 D86FQ2 400 15.0 0.30 TO-204AA
MTM15N35 350 15.0 0.40 TO-204 D86FQ1 350 15.0 0.30 TO-204AA
MTM15N20 200 15.0 0.16 TO-204 IRF242 200 16.0 0.22 TO-204AE
MTM15N18 180 15.0 0.16 TO-204 IRF242 200 16.0 0.22 TO-204AE
MTM15N15 150 15.0 0.22 TO-204 IRF243 150 16.0 0.22 TO-204AE
MTM15N12 120 15.0 0.22 TO-204 IRF243 150 16.0 0.22 TO-204AE
MTM15N06 60 15.0 0.16 TO-204 D86DK2 60 140 0.18 TO-220AA
MTM15N05 50 15.0 0.16 TO-204 D86DK2 60 140 0.18 TO-220AA
MTM20N14 150 20.0 0.12 TO-204 DB6EM2 150 18.0 0.18 TO-204AE
MTM20N12 120 20.0 0.12 TO-204 D86EM2 150 18.0 0.18 TO-204AE
MTM20N10 100 20.0 0.15 TO-204 IRF142 100 240 0.11 - TO-204AE
MTM20N08 80 20.0 0.15 TO-204 IRF142 100 24.0 0.11 TO-204AE
MTM25N10 100 25.0 0.070 TO-204 IRF142 100 24.0 0.11 TO-204AE
MTM25N08 |- 80 25.0 0.070 TO-204 IRF142 100 240 0.11 TO-204AE
MTM25N06 60 25.0 0.080 TO-204 IRF143 60 240 0.11 TO-204AE
MTM25N05 50 25.0 0.080 TO-204 IRF143 60 240 0.1 TO-204AE
MTM35N06 60 35.0 0.055 TO-204 IRF153 60 33.0 0.080 TO-204AE
MTM35N05 50 35.0 0.055 TO-204 IRF153 60 33.0 0.080 TO-204AE
MTH7N50 500 7.0 0.80 TO-218 D88FR2 500 13.0 0.40 TO-247
MTH7N45 450 7.0 0.80 TO-218 D88FR2 500 13.0 0.50 TO-247
MTH8N40 400 8.0 0.55 TO-218 D88FQ2 400 15.0 0.40 TO-247
MTH8N35 350 8.0 0.55 TO-218 D88FQ2 400 15.0 0.40 TO-247
MTH15N20 200 15.0 0.16 TO-218 D88FN2 200 30.0 0.085 TO-247
MTH15M18 180 15.0 0.16 TO-218 D88FN2 200 30.0 0.085 TO-247
MTH15N15 150 15.0 0.25 TO-218 D88FM2 150 30.0 0.085 TO-247
MTH15N12 | 120 15.0 0.25 TO-218 D88FM2 150 30.0 0.085 TO-247
MTH20N15 150 20.0 0.12 TO-218 D88FM2 150 30.0 0.085 TO-247
MTH20N12 120 20.0 0.12 TO-218 D88FM2 150 30.0 0.085 TO-247
MTH25N10 100 25.0 0.070 TO-218 D88FL2 100 40.0 0.055 TO-247
MTH25N08 80 25.0 0.070 TO-218 D88FL2 100 40.0 0.055 TO-247
MTH35N06 60 35.0 0.055 TO-218 D88FK2 60 40.0 0.055 TO-247
MTH35N05 50 35.0 0.055 TO-218 D88FK2 50 40.0 0.055 TO-247
MFES90 90 2.0 20 TO-39 IRF112 100 3.0 0.80 TO-39
MFES60 60 20 1.7 TO-39 IRF113 60 3.0 0.80 TO-39
MFES30 35 2.0 1.4 TO-39 IRF113 60 3.0 0.80 TO-39
MFES10 60 0.5 5.0 TO-39 IRF113 60 3.0 0.80 TO-39
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Power MOSFET
Cross-Reference (Cont.)

CASE STYLE | CASE STYLE | CASE STYLE

R. C. A- TO-39 TO-204 TO-220
Ip Nearest GE In
Competitive Vps {Amps) Rps (on) Case Equivalent Vps (Amps) Rps (oN) Case
Part Number (Volts) @ 25°C (Ohms) Style Part Number | (Volts) @ 25°C (Ohms) Style
RFL1N20 200 1.0 3.0 TO-39 IRFF212 200 1.8 24 TO-39
RFL1N18 180 1.0 3.0 TO-39 IRFF212 200 1.8 24 TO-39
RFL1IN15 150 1.0 2.0 TO-39 IRFF211 150 2.2 1.5 TO-39
RFL1N12 120 1.0 2.0 TO-39 IRFF213 150 1.8 24 TO-39
RFL1N10 100 1.0 1.25 TO-39 IRFF112 100 3.0 0.80 TO-39
RFL1NO8 80 1.0 1.25 TO-39 IRFF112 100 3.0 0.80 TO-39
RFL2NO06 60 2.0 0.80 TO-39 IRFF113 60 3.0 0.80 TO-39
RFL2NO05 50 2.0 0.80 TO-39 IRFF113 60 3.0 0.80 TO-39
RFL4N15 150 4.0 0.30 TO-39 IRFF233 150 4.5 0.60 TO-39
RFL4N12 120 4.0 0.30 TO-39 IRFF233 150 4.5 0.60 TO-39
RFK10N50 500 10.0 0.85 TO-204 D86ER2 500 8.0 0.85 TO-204AA
RFK10N45 450 10.0 0.85 TO-204 D86ER1 450 8.0 0.85 TO-204AA
RFK25N20 200 25.0 0.15 TO-204 IRF252 200 25.0 0.12 TO-204AE
RFK25N18 180 25.0 0.15 TO-204 IRF252 200 25.0 0.12 TO-204AE
RFK30N15 150 30.0 0.085 TO-204 D86FM2 150 30.0 0.085 TO-204AE
RFK30N12 120 30.0 0.085 TO-204 D86FM2 150 30.0 0.085 TO-204AE
RFK35N10 100 35.0 0.060 TO-204 IRF152 100 33.0 0.080 TO-204AE
RFK35N08 80 35.0 0.060 TO-204 IRF152 100 33.0 0.080 TO-204AE
RFK45N06 60 45.0 0.040 TO-204 D86FK2 60 40.0 "~ 0.055 TO-204AE
RFK45N05 50 45.0 0.040 TO-204 D86FK2 - 60 40.0 0.055 TO-204AE
RFM3N50 500 3.0 3.0 TO-204 .D84CR2 500 25 3.0 TO-220AB
RFM3N45 450 3.0 3.0 TO-204 D84CR1 450 2.5 3.0 TO-220AB
RFM8N20 200 8.0 0.50 TO-204 IRF232 200 8.0 0.60 TO-204AA
RFM8N18 180 8.0 0.50 TO-204 IRF232 200 8.0 0.60 TO-204AA
RFM10N50 500 10.0 0.85 TO-204 DB86ER2 500 8.0 0.85 TO-204AA
RFM10N45 450 10.0 0.85 TO-204 D86ER1 450 8.0 0.85 TO-204AA
RFM10N15 150 10.0 0.30 TO-204 D86DM2 150 9.0 0.40 TO-204AA
RFM10N12 120 10.0 0.30 TO-204 D86DM2 150 9.0 0.40 TO-204AA
RFM12N40 400 12.0 0.50 TO-204 IRF352 400 13.0 0.40 TO-204AA
RFM12N35 350 12.0 0.50 TO-204 IRF353 350 13.0 0.40 TO-204AA
RFM12N20 200 12.0 0.25 TO-204 D86DN2 200 9.0 0.40 TO-204AA
RFM12N18 180 12.0 0.25 - TO-204 D86DN2 200 9.0 0.40 TO-204AA
RFM12N10 100 12.0 . 020" TO-204 D86DL2 100 14.0 0.18 TO-204AA
RFM12N08 80 12.0 0.20 TO-204 D86DL2 100 14.0 0.18 TO-204AA
RFM15N15 150 15.0 0.15 TO-204 IRF243 150 16.0 0.22 TO-204AE
RFM15N12 | 120 15.0 0.15 TO-204 IRF243 150 16.0 0.22 TO-204AE
RFM15N06 60 15.0 0.15 TO-204 D86DK2 60 14.0 0.18 TO-204AA
RFM15N05 50 15.0 0.15 TO-204 D86DK2 60 14.0 0.18 TO-204AA
RFM18N10 100 18.0 0.12 TO-204 D86DL2 100 14.0 0.18 TO-204AA
RFM18N08 80 18.0 0.12 TO-204 D86DL2 100 14.0 0.18 TO-204AA
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Power MOSFET
Cross Reference (Cont.)

CASE STYLE

R.C.A. (Cont.) TO-220

Ip Nearest GE Ip
Competitive Vps (Amps) Rps (on) Case Equivalent Vps (Amps) Rps (oN) Case
Part Number (Volts) @ 25°C (Ohms) Style Part Number | (Volts) @ 25°C (Ohms) Style
RFP2N20 200 2.0 3.0 TO-220 IRF612 200 2.0 24 TO-220AB
RFP2N18 180 20 3.0 TO-220 IRF612 200 2.0 24 TO-220AB
RFP2N15 150 2.0 2.0 TO-220 IRF813 150 20 24 TO-220AB
RFP2N12 120 20 2.0 TO-220 IRF613 150 2.0 2.4 TO-220AB
RFP2N10 100 2.0 1.25 TO-220 IRF512 100 3.5 0.80 TO-220AB
RFP2N08 80 2.0 125 TO-220 IRF512 100 3.5 0.80 TO-220AB
RFP3N50 500 3.0 3.0 TO-220 D85CR2 500 25 3.0 TO-220AB
RFP3N45 450 3.0 3.0 TO-220 D84CR1 450 25 3.0 TO-220AB
RFP4N06 60 4.0 0.80 TO-220 D84BK2 60 4.0 0.60 TO-220AB
RFP4N05 50 4.0 0.80 TO-220 D84BK2 60 4.0 0.60 TO-220AB
RFP8N20 200 8.0 0.50 TO-220 IRF632 200 8.0 0.60 TO-220AB
RFP8N18 180 8.0 0.50 TO-220 IRF632 200 8.0 0.60 TO-220AB
RFP10N15 150 10.0 0.30 TO-220 D84DM2 150 9.0 0.40 TO-220AB
RFP10N12 120 10.0 0.30 TO-220 D84DM2 150 9.0 0.40 TO-220AB
RFP12N20 200 12.0 0.25 TO-220 D84DN2 200 9.0 0.40 TO-220AB
RFP12N18 180 12.0 0.25 TO-220 D84DN2 200 9.0 0.40 TO-220AB
RFP12N10 100 12.0 0.20 TO-220 IRF532 100 12.0 0.25 TO-220AB
RFP12N08 80 12.0 0.20 TO-220 IRF532 100 12.0 0.25 TO-220AB
RFP15N15 150 15.0 0.15 TO-220 IRF643 150 16.0 0.22 TO-220AB
RFP15N12 120 15.0 0.15 TO-220 IRF643 150 16.0 0.22 TO-220AB
RFP15N06 60 15.0 0.15 TO-220 D84DK2 60 14.0 0.18 TO-220AB
RFP15N05 50 15.0 0.15 TO-220 D84DK2 60 14.0 0.18 TO-220AB
RFP18N10 100 18.0 0.15 TO-220 D84DL2 100 14.0 0.18 TO-220AB
RFP18N08 80 18.0 0.12 TO-220 D84DL2 100 14.0 0.18 TO-220AB
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Power MOSFET

Cross-Reference (Cont.)

CASE STYLE } CASE STYLE | CASE STYLE | CASE STYLE
s I E M E N s TO-39 TO-204 TO-220 TO-237
Ip Nearest GE Ip
Competitive Vps (Amps) Rps (oN) Case Equivalent Vps (Amps) Rps (oN) Case
Part Number | (Volts) @ 25°C (Ohms) Style Part Number | (Volts) @ 25°C (Ohms) Style
BSS89 200 0.30 6.0 TO-92 DB80AN2 200 0.3 5.6 TO-237
BSS93 200 0.50 6.0 TO-39 IRFF212 200 1.8 24 TO-39
BSS100 100 0.23 6.0 TO-92 D8O0AL2 100 0.5 24 TO-237
BSS101 200 0.16 12.0 TO-92 DBOAN2 200 0.3 5.6 TO-237
BUZ10 50 12.0 0.10 TO-220 IRFF533 60 12.0 0.25 TO-220AB
BUZ10A 50 12.0 0.12 TO-220 IRF533 60 12.0 0.25 TO-220AB
BUZ10B 50 12.0 0.25 TO-220 IRF533 60 12.0 0.25 TO-220AB
BUZ11 50 30.0 0.040 TO-220 D84EK2 60 27.0 0.085 TO-220AB
BUZ11A 50 25.0 0.060 TO-220 IRF543 60 24.0 0.1 TO-220AB
BUZ14 50 39.0 0.040 TO-204 D86FL2 60 40.0 0.055 TO-204AE
BUZ14A 50 33.0 0.055 TO-204 IRF153 60 33.0 0.080 TO-204AE
BUZ14B 50 28.0 0.080 TO-204 D86EK2 60 27.0 0.085 TO-204AE
BUZ14C 50 14.0 0.18 TO-204 D86DK2 60 14.0 0.18 TO-204AA
BUZ14D 50 12.0 0.25 TO-204 IRF133 60 12.0 0.25 TO-204AA
BUZ15 50 45.0 0.030 TO-204 D86FK2 60 40.0 0.055 TO-204AE
BUZ20 100 12.0 0.20 TO-220 IRF532 100 12,0 0.25 TO-220AB
BUZ20A 100 12.0 0.25 TO-220 IRF532 100 12.0 0.25 TO-220AB
BUZ20B 100 8.0 0.30 TO-220 D84CL2 100 8.0 0.30 TO-220AB
BUZ21 100 19.0 0.10 TO-220 D84DL2 100 14.0 0.18 TO-220AB
BUZ23 100 10.0 0.20 TO-204 IRF132 100 12.0 0.25 TO-204AA
BUZ23A 100 14.0 0.18 TO-204 D8eDL2 100 14.0 0.18 TO-204AA
BUZ23B 100 33.0 0.080 TO-204 IRF152 100 33.0 0.080 TO-204AE
BUZ24 100 32.0 0.060 TO-204 IRF152 100 33.0 0.080 TO-204AE
BUZ24B 100 28.0 0.080 TO-204 DB6EL2 100 27.0 0.085 TO-204AE
BUZ25 100 19.0 0.10 TO-204 D86DL2 100 14.0 0.18 TO-204AA
BUZ30 200 6.5 0.75 TO-220 D84CN2 200 5.0 0.80 TO-220AB
BUZ31 200 12.5 0.20 TO-220 D84DN2 200 9.0 0.40 TO-220AB
BUZ32 200 9.5 0.40 TO-220 D84DN2 200 9.0 0.40 TO-220AB
BUZ32A 150 9.5 0.40 TO-220 D84DM2 150 9.0 0.40 TO-220AB
BUZ32B 200 7.5 0.60 TO-220 IRF632 200 8.0 0.60 TO-220AB
BUZ32C 150 75 0.60 TO-220 IRF633 150 8.0 0.60 TO-220AB
BUZ33 200 7.2 0.75 TO-204 IRF232 200 8.0 0.60 TO-204AA
BUZ33A 200 7.5 0.60 TO-204 IRF232 -200 8.0 0.60 TO-204AA
BUZ33B 150 7.5 0.60 TO-204 IRF233 150 8.0 0.60 TO-204AA
BUZ34 200 14.0 0.20 TO-204 IRF242 200 16.0 0.22 TO-204AE
BUZ35 200 9.9 0.40 TO-204 D86DN2 200 9.0 0.40 TO-204AA
BUZ35A 150 9.9 0.40 TO-204 D86DM2 150 9.0 0.40 TO-204AA
BUZ36 200 220 0.12 TO-204 DB6EN2 200 18.0 0.18 TO-204AE
BUZ41A 500 45 1.5 TO-220 D84DR2 500 4.5 15 TO-220AB
BUZ41B 450 45 1.5 TO-220 D85DR1 450 4.5 15 TO-220AB
BUZ42 500 4.0 2.0 TO-220 IRF832 500 4.0 2.0 TO-220AB
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Power MOSFET

Cross-Reference (Cont.)

N CASE STYLE | CASE STYLE
Siemens (Cont.) o2 10220
In Nearest GE Ip

Competitive Vps (Amps) Rps (oN) Case Equivalent Vps (Amps) Rps (on) Case

Part Number | (Volts) @ 25°C (Ohms) Style Part Number | (Volts) @ 25°C (Ohms) Style
BUZ42A 450 4.0 20 TO-220 IRF833 450 4.0 20 TO-220AB
BUZ42B 500 25 3.0 TO-220 D84CR2 500 25 3.0 TO-220AB
BUZ42C 450 25 3.0 TO-220 D84CR1 450 25 4.0 TO-220AB
BUZ42D 500 20 4.0 TO-220 IRF822 500 2.0 4.0 TO-220AB
BUZ44A 500 4.8 15 TO-204 D86DR2 500 45 1.5 TO-204AA
BUZ44B 450 48 1.5 TO-204 D86DR1 450 45 1.5 TO-204AA
BUZ45 500 9.6 1.6 TO-204 D86ER2 500 8.0 0.85 TO-204AA
BUZ45A 500 8.3 0.80 TO-204 DB6ER2 500 8.0 0.85 TO-204AA
BUZ45B 500 10.0 0.50 TO-204 D86ER2 500 . 8.0 0.85 TO-204AA
BUZ45C 450 10.0 0.50 TO-204 D86ER1 450 8.0 0.85 TO-204AA
BUZ46 500 4.2 20 TO-204 IRF432 500 4.0 20 TO-204AA
BUZ46A 450 4.2 2.0 TO-204 IRF433 450 4.0 20 TO-204AA
BUZ46B 500 24 3.0 TO-204 D84CR1 500 25 3.0 TO-220AB
BUZ60 400 5.5 1.0 TO-220 D84DQ2 400 5.5 1.0 TO-220AB
BUZ60A 350 55 1.0 TO-220 D84DQ1 350 5.5 1.0 TO-220AB
BUZ60B 400 4.5 15 TO-220 IRF732 500 4.5 1.5 TO-220AB
BUZ60C 350 45 1.5 TO-220 IRF733 350 4.5 1.5 TO-220AB
BUZ60D 400 30 1.8 TO-220 D84CQ2 400 3.0 1.8 TO-220AB
BUZ63 400 59 1.0 TO-204 D8eDQ2 400 5.5 1.0 TO-204AA
BUZ63A 350 5.9 1.0 TO-204 D8eDQ1 350 5.5 1.0 TO-204AA
‘BUZ63B 400 4.5 1.5 TO-204 IRF332 400 4.5 1.5 TO-204AA
BUZ63C 350 45 1.5 TO-204 IRF333 350 4.5 1.5 TO-204AA
BUZ63D 400 3.0 1.8 TO-204 D84DQ2 400 3.0 1.8 TO-220AB
BUZ64 400 10.0 0.40 TO-204 D86EQ2 400 10.0 0.55 TO-204AA
BUZ64A 350 10.0 0.40 TO-204 D86EQ1 350 10.0 0.55 TO-204AA
BUZT71 50 12.0 0.10 TO-220 IRF533 60 12.0 0.25 TO-220AB
BUZ71A 50 12.0 0.12 TO-220 IRF533 60 120 0.25 TO-220AB
BUZ72A 100 9.0 0.25 TO-220 D84CL2 100 8.0 0.30 TO-220AB
BUZ73A 200 58 0.60 TO-220 D84CN2 200 5.0 0.80 TO-220AB
BUZ74 500 24 3.0 TO-220 D84CR2 500 25 3.0 TO-220AB
BUZ74A 500 2.0 4.0 TO-220 IRF822 500 2.0 4.0 TO-220AB
BUZ76 400 30 1.8 TO-220 D84CQ2 400 3.0 1.8 TO-220AB
BUZ76A 400 26 25 TO-220 IRF722 400 25 25 TO-220AB
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Power MOSFET

Cross-Reference
(Cont.) /
CASE STYLE | CASE STYLE | CASE STYLE | CASE STYLE § CASE STYLE
s U P E RTEX | N C TO-39 TO-202 TO-204 TO-220 TO-237
-
Ip Nearest GE Ip
Competitive Vps (Amps) Rps (oN) Case Equivalent Vps - (Amps) Rps (on) Case
Part Number (Volts) @ 25°C (Ohms) Style Part Number | (Volts) @ 25°C (Ohms) Style

VNO104N2 40 4.0 4.0 TO-39 IRFF111 60 35 0.60 TO-39
VNO104N3 40 4.0 4.0 TO-92 VN10KMA 60 0.75 5.0 TO-237
VNO104N4 40 4.0 4.0 TO-202 VN40AFA 40 1.3 5.0 TO-202
VNO104N5 40 4.0 4.0 TO-220 D84BK2 60 4.0 0.60 TO-220AB
VNO106N2 60 4.0 4.0 TO-39 IRFF111 60 3.5 0.60 TO-39
VNO106N3 60 4.0 4.0 TO-92 VN10KMA 60 0.75 5.0 TO-237
VNO106N4 60 4.0 4.0 TO-202 VN67AFA 60 1.6 35 TO-202
VNO106N5 60 4.0 4.0 TO-220 D84BK2 60 4.0 0.60 TO-220AB
VNO109N2 90 4.0 4.0 TO-39 IRFF110 100 35 0.60 TO-39
VNO109N3 90 4.0 4.0 TO-92 D80AL2 100 0.50 24 TO-237
VNO109N4 90 4.0 4.0 TO-202 IRFF112 80 1.5 4.0 TO-202
VNO109N5 90 4.0 4.0 TO-220
VNO110N2 100 3.0 8.0 TO-39 IRFF112 100 3.0 0.80 TO-39
VNO110N3 100 3.0 8.0 TO-92 D80AL2 100 0.50 24 TO-237
VNO110N5 100 3.0 8.0 TO-220 IRF512 100 3.5 0.80 TO-220AB
VNO114N2 140 3.0 8.0 TO-39 IRFF223 150 3.0 1.2 TO-39
VNO114N3 140 3.0 8.0 TO-92 D80AM2 150 0.30 5.6 TO-237
VNO114N5 140 3.0 8.0 TO-220 D84BM2 150 25 1.5 TO-220AB
VNO116N2 160 2.0 16.0 TO-39 IRFF211 150 2.2 1.5 TO-39
VNO116N3 160 20 16.0 TO-92 D80AM2 150 0.30 5.6 TO-237
VNO116N5 160 2.0 16.0 TO-220 IRF613 150 2.0 24 TO-220AB
VNO120N2 200 2.0 16.0 TO-39 IRFF210 200 2.2 1.5 TO-39
VNO120N3 200 20 16.0 TO-92 D80AN2 200 0.30 5.6 TO-237
VNO120N5 200 20 16.0 TO-220 IRF612 200 2.0 24 TO-220AB
VNO204N2 40 10.0 2.0 TO-39 IRFF131 60 8.0 0.18 TO-39
VNO204N5 40 10.0 2.0 TO-220 . D84CK2 60 8.0 0.30 TO-220AB
VNO206N2 60 10.0 20 TO-39 IRFF131 60 8.0 0.18 TO-39
VNO206N5 60 10.0 2.0 TO-220 D84CK2 60 8.0 0.30 TO-220AB
VNO210N2 100 10.0 20 TO-39 IRFF130 100 8.0 0.18 TO-39
VNO210N5 100 10.0 2.0 TO-220 D84cL2 100 8.0 0.30 TO-220AB
VNO0215N2 150 8.0 4.0 TO-39 IRFF231 150 5.5 0.40 TO-39
VNO215N5 150 8.0 4.0 TO-220 IRF633 150 8.0 0.60 TO-220AB
VNO220N2 200 6.0 8.0 TO-39 IRFF230 200 5.5 0.40 TO-39
VNO220N5 200 6.0 8.0 TO-220 D84CN2 200 5.0 0.80 TO-220AB
VNO330N1 300 12.0 3.0 TO-204 IRF353 350 13.0 0.40 TO-204AA
VNO330N2 300 12.0 3.0 TO-39 IRFF331 350 3.5 1.0 TO-39
VNO330N5 300 12.0 3.0 TO-220 D84EQ1 350 10.0 0.55 TO-220AB
VNO335N1 350 12.0 3.0 TO-204 IRF353 350 13.0 0.40 TO-204AA
VNO335N2 350 12.0 3.0 TO-39 IRFF331 350 35 1.0 TO-39
VNO335N5 350 12.0 3.0 TO-220 D84EQ1 350 10.0 0.55 TO-220AB
VNO340N1 400 12.0 3.0 TO-204 IRF352 400 13.0 0.40 TO-204AA
VNO340N2 400 12.0 3.0 TO-39 IRFF330 400 35 1.0 TO-39
VNO340N5 400 12.0 3.0 TO-220 D84EQ2 400 10.0 0.55 TO-220AB
VNO345N1 450 12.0 3.0 TO-204 IRF453 450 12.0 0.50 TO-204AA
VNO345N2 | 450 12.0 3.0 TO-39 IRFF431 450 2.75 1.5 TO-39
VNO345N5 450 12.0 3.0 TO-220 D84ER1 450 8.0 0.85 TO-220AB
VNO350N1 500 8.0 6.0 TO-204 D86ER2 500 8.0 0.85 TO-204AA
VNO350N2 500 8.0 6.0 TO-39 IRFF430 500 2.75 15 TO-39
VNO350N5 500 8.0 6.0 TO-220 D84ER2 500 8.0 0.85 TO-220AB
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Power MOSFET

Cross-Reference (Cont.) Y
CASE STYLE | CASE STYLE | CASE STYLE | CASE STYLE
Supertex Inc. (cont.) TO-39 TO-204 TO-220 TO-237
Ip Nearest GE Ip
Competitive Vps (Amps) Rps (ON) Case Equivalent Vps (Amps) Rps (oN) Case
Part Number (Volts) @ 25°C (Ohms) Style Part Number | (Volts) @ 25°C (Ohms) Style

VNO430N1 300 40.0 0.75 TO-204 D86FQ1 350 15.0 0.30 TO-204AA
VNO0435N1 350 40.0 0.75 TO-204 D86FQ1 350 15.0 0.30 TO-204AA
VNO440N1 400 40.0 0.756 TO-204 D86FQ2 400 15.0 0.30 TO-204AA
VN0445N1 450 40.0 0.75 TO-204 D86FR1 450 13.0 0.40 TO-204AA
VNO450N1 500 240 1.5 TO-204 D86FR2 500 13.0 0.40 TO-204AA
VNO530N2 300 0.20 50.0 TO-39 IRFF313 350 1.15 5.0 TO-39
VNO530N3 300 0.20 50.0 TO-92 D80AN2 200 0.30 5.6 TO-237
VNO535N2 350 0.20 50.0 TO-39 IRFF313 350 1.15 5.0 TO-39
VNO0535N3 350 0.20 50.0 TO-92 D80AN2 200 0.30 5.6 TO-237
VNO540N2 400 0.20 50.0 TO-39 IRFF312 400 1.15 5.0 TO-39
VNO540N3 400 0.20 50.0 TO-92 D80AN2 200 0.30 5.6 TO-237
VNO0545N2 450 0.20 50.0 TO-39 IRFF423 450 1.4 4.0 TO-39
VNO545N3 450 0.20 50.0 TO-92 D80AN2 200 0.30 5.6 TO-237
VN1106N1 60 16.0 1.0 TO-204 D86DK2 60 14.0 0.18 TO-204AA
VN1106N2 60 16.0 1.0 TO-39 IRFF131 60 8.0 0.18 TO-39
VN1106N5 60 16.0 1.0 TO-220 D84DK2 60 14.0 0.18 TO-220AB
VN1110N1 100 16.0 1.0 | TO-204 D86DL2 100 14.0 0.18 TO-204AA
VN1110N2 100 16.0 1.0 TO-39 IRFF130 100 8.0 0.18 TO-39
VN1110N5 100 16.0 1.0 TO-220 D84DL2 100 14.0 0.18 TO-220AB
VN1156N1 150 12.0 2.0 TO-204 D86DM2 150 9.0 0.40 TO-204AA
VN1156N2 150 12.0 2.0 TO-39 IRFF231 150 5.5 0.40 TO-39
VN1156N5 150 12.0 2.0 TO-220 D84DM2 150 9.0 0.40 TO-220AB
VN1120N1 200 8.0 4.0 TO-204 IRF232 200 8.0 0.60 TO-204AA

- VN1120N2 200 8.0 4.0 TO-39 IRFF230 200 5.5 0.40 TO-39
VN1120N5 200 8.0 4.0 TO-220 IRF632 200 8.0 0.60 TO-220AB
VN1204N1 40 24.0 0.40 TO-204 IRF143 60 24.0 0.1 TO-204AE
VN1204N2 40 24.0 0.40 TO-39 IRFF131 60 8.0 0.18 TO-39
VN1204N5 40 24.0 0.40 TO-220 IRF543 60 24.0 0.11 TO-220AB
VN1206N1 60 24.0 0.40 TO-204 IRF143 60 240 0.11 TO-204AE
VN1206N2 60 24.0 0.40 TO-39 IRFF131 60 8.0 0.18 TO-39
VN1206N5 60 24.0 0.40 TO-220 IRF543 60 24.0 0.11 TO-220AB
VN1210N1 100 24.0 0.40 TO-204 IRF142 100 240 0.11 TO-204AE
VN1210N2 100 24.0 0.40 TO-39 IRFF130 100 8.0 0.18 TO-39
VN1210N5 100 24.0 0.40 TO-220 IRF542 100 24.0 0.11 TO-220AB
VN1215N1 150 20.0 0.75 TO-204 D86EM2 150 18.0 0.18 TO-204AE
VN1215N2 150 20.0 0.75 TO-39 IRFF231 150 5.5 0.40 TO-39
VN1215N5 150 20.0 0.75 TO-220 D84EM2 150 18.0 0.18 TO-220AB
VN1216N1 160 16.0 2.0 TO-204 IRF243 150 16.0 0.22 TO-204AE
VN1216N2 160 16.0 2.0 TO-39 IRFF231 150 5.5 0.40 TO-39 '
VN1216N5 160 16.0 20 TO-220 IRF643 150 16.0 0.22 TO-220AB
VN1220N1 200 16.0 2.0 TO-204 IRF242 200 16.0 0.22 TO-204AE
VN1220N2 200 16.0 2.0 TO-39 IRFF230 200 55 0.40 TO-39
VN1220N5 200 16.0 2.0 TO-220 IRF642 200 16.0 0.22 TO-220AB
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Power MOSFET
Cross-Reference (Cont.)
CASE STYLE | CASE STYLE

Supertex Inc. (Cont.) TO-39 TO-237
Ip Nearest GE Ip
Competitive Vps (Amps) Rps (oN) Case Equivalent Vps (Amps) Rps (oN) Case
Part Number (Volts) @ 25°C (Ohms) Style Part Number | (Volts) @ 25°C (Ohms) Style
VN1304N2 40 2.0 10.0 TO-39 IRFF113 60 3.0 0.6 TO-39
VN1304N3 40 2.0 10.0 TO-92 VN10KMA 60 0.75 5.0 TO-237
VN1306N2 60 2.0 10.0 TO-39 IRFF113 60 3.0 0.6 TO-39
VN1306N3 60 20 10.0 TO-92 VN10KMA 60 0.75 5.0 TO-237
VN1310N2 100 20 10.0 TO-39 IRFF112 100 3.0 0.6 TO-39
VN1310N3 100 20 10.0 TO-92 D8OAL2 100 0.50 24 TO-237
VN1315N2 150 1.5 20.0 TO-39 IRFF213 150 1.8 24 TO-39
VN1315N3 150 15 20.0 TO-92 D80AM2 150 0.30 5.6 TO-237
VN1320N2 200 1.0 40.0 TO-39 IRFF212 200 1.8 24 TO-39
VN1320N3 200 1.0 40.0 TO-92 D80AN2 200 0.30 5.6 TO-237

SPI

Ip Nearest GE Ip

Competitive Vps (Amps) Rps (oN) Case Equivalent Vps (Amps) Rps (oN) Case

Part Number (Volts) @ 25°C (Ohms) Style Part Number | (Voits) @ 25°C (Ohms) Style
SD1102BD 250 0.25 10.0 TO-92 D80AN2 200 0.30 5.6 TO-237
SD1106AD 60 0.25 5.0 TO-237 D80AK2 60 0.50 24 TO-237
SD1107BD 100 2.0 4.0 TO-92 D80AL2 100 0.50 2.4 TO-237
SD1112BD 200 0.5 7.0 TO-92 D80AN2 200 0.30 5.6 TO-237
SD1113BD 200 0.5 10.0 TO-92 D80OAN2 200 0.30 5.6 TO-237
SD1117BD 60 2.0 25 TO-92 VN10KMA 60 0.75 5.0 TO-237
SD1122BD 200 0.5 100 | TO-92 D80OAN2 200 0.30 5.6 TO-237
SD1124BD 60 1.0 5.0 TO-92 VN10KMA 60 0.75 5.0 TO-237
SD1202BD 200 0.04 250 TO-92 D80AN2 200 0.30 5.6 TO-237
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Power MOSFET

Cross-Reference
(Cont.)
CASE STYLE | CASE STYLE § CASE STYLE § CASE STYLE § CASE STYLE
S| Li CON IX TO-39 TO-202 TO-204 TO-220 TO-237
Ip Nearest GE Ip
Competitive Vps (Amps) Rps (ON) Case Equivalent Vps (Amps) Rps (on) Case
Part Number (Volts) @25°C (Ohms) Style Part Number | (Volts) @ 25°C (Ohms) Style
VN10KE 60 0.2 5.0 TO-52 IRFF113 60 3.0 0.8 TO-39
VN10KM 60 0.75 5.0 TO-237 VN10KMA 60 0.75 5.0 TO-237
VN10LE 60 0.3 5.0 TO-52 D80AK2 60 3.0 0.8 TO-39
VN10LM 60 0.3 5.0 TO-237 D80AK2 60 0.5 24 TO-237
VN35AA 35 2.0 25 TO-204 IRF513 60 3.5 0.8 TO-220AB
VN35AB 35 1.2 25 TO-39 VN35ABA 35 1.2 25 TO-39
VN40AD 40 1.5 5.0 TO-220 IRF513 60 35 0.8 TO-220AB
VN40AF 40 1.3 5.0 TO-202 VN40AFA 40 1.3 5.0 TO-202
VN46AD 40 1.9 3.0 TO-220 IRF513 60 3.5 0.8 TO-220AB
VN46F 40 1.6 3.0 TO-202 VN46AFA " 40 1.6 3.0 TO-202
VNB4GA 60 10.0 0.4 TO-204 IRF133 60 12.0 0.25 TO-204AA
VNB6AD 60 1.9 3.0 TO-220 IRF513 60 3.5 0.8 TO-220AB
VNB6AF 60 17 3.0 TO-202 VNB6AFA 60 1.7 3.0 TO-202
VNB7AA 60 20 3.5 TO-220 IRF513 60 3.5 0.8 TO-220AB
VN67AB 60 1.0 3.5 TO-39 VN67ABA 60 1.0 3.5 TO-39
VN67AD 60 1.8 35 TO-220 IRF513 60 35 0.8 TO-220AB
VNB67AF 60 1.6 35 TO-202 VNB7AFA 60 1.6 35 TO-202
VNBOAF 80 1.3 5.0 TO-202 VNBOAFA 80 1.3 5.0 TO-202
VN8BAD 80 1.7 4.0 TO-220 D84BL2 100 4.0 0.6 TO-220AB
VNBBAF 80 1.5 4.0 TO-202 VNBBAFA 80 15 4.0 TO-202
VN89AD 80 1.6 45 TO-220 IRF512 100 35 0.8 TO-220AB
VN9OAA 90 1.7 5.0 TO-204 IRF512 100 35 0.8 TO-220AB
VN90AB 90 0.8 5.0 TO-39 VN9O0ABA 100 1.0 5.0 TO-39
VN99AA 90 18 45 TO-204 IRF512 100 35 0.8 TO-220AB
VN99AB 90 0.9 45 TO-39 VN9YOABA 100 1.0 5.0 TO-39
VNO300D 30 25 1.2 TO-220 IRF513 60 3.5 0.8 TO-220AB
VNO300M 30 0.7 1.2 TO-237 D80AK2 60 0.5 24 TO-237
VNO400A 40 18.0 0.12 TO-204 D86DK2 60 . 14.0 018 TO-204AA
VNO0400D 40 18.0 0.12 TO-220 D84DK2 60 14.0 0.18 TO-220AB
VNO401A 40 16.0 0.15 TO-204 D86DK2 60 14.0 0.18 TO-204AA
VNO0401D 40 16.0 0.15 TO-220 D84DK2 60 14.0 0.18 TO-220AB
VNOB0OA 60 18.0 0.12 TO-204 D86DK2 60 14.0 0.18 TO-204AA
VNO0600D 60 18.0 0.12 TO-220 D84DK2 60 14.0 0.18 TO-220AB
VNOBO1A 60 16.0 0.15 TO-204 D86DK2 60 14.0 0.18 TO-204AA
VN0601D 60 16.0 0.15 TO-220 D84DK2 60 14.0 0.18 TO-220AB
VNO606M 60 0.4 3.0 TO-237 DB0AK2 60 0.5 24 TO-237
VNO610L 60 0.2 5.0 TO-92 D80AK2 60 0.5 24 TO-237
VNO800A 80 14.0 0.18 TO-204 D86DL2 100 14.0 0.18 TO-204AA
VNO0800D 80 14.0 0.18 TO-204 D84DL2 100 14.0 0.18 TO-220AB
VNO801A 80 12.0 0.25 TO-204 D86DL2 100 14.0 0.18 TO-204AA
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Power MOSFET

Cross-Reference (Cont.) 0
CASE STYLE || CASE STYLE || CASE STYLE || CASE STYLE
SUHH@@WHX (@@B‘BE.) TO-39 TO-204 TO-220 TO-237
Ip Nearest GE Ip
Competitive Vps (Amps) Rps (oN) Case Equivalent Vps (Amps) Rps (on) Case
Part Number | (Volts) @ 25°C (Ohms) Style Part Number | (Volts) @ 25°C (Ohms) Style
VNO801D 80 120 0.25 TO-220 D84DL2 100 14.0 0.18 TO-220AB
VINO808M 80 0.35 4.0 TO-237 D80AL2 100 0.5 24 TO-237
VN1000A 100 14.0 0.18 TO-204 D86DL2 100 14.0 0.18 TO-204AA
VN1000D 100 14.0 0.18 TO-220 D84DL2 100 14.0 0.18 TO-220AB
VN1001A 100 12.0 0.25 TO-204 IRF132 100 12.0 0.25 TO-204AA
VN1001D 120 12.0 0.25 TO-220 IRF532 100 12.0 0.25 TO-220AB
VN1200A 120 14.0 0.18 TO-204 D86DM2 150 9.0 0.4 TO-204AA
VN1200D 120 14.0 0.18 TO-220 D84DM2 150 9.0 0.4 TO-220AB
VN1201A 120 12.0 0.25 TO-204 D86DM2 150 9.0 0.4 TO-204AA
VN1201D 120 12.0 0.25 TO-220 D84DM2 150 9.0 0.4 TO-220AB
VN1206B 120 0.80 6.0 TO-39 IRF213 150 1.8 24 TO-39
VN1206D 120 1.4 6.0 TO-220 IRF611 150 2.5 1.5 TO-220AB
VN1206L 120 0.21 6.0 TO-92 D08AM2 150 0.3 5.6 TO-237
VN1206M 120 0.3 6.0 TO-237 D80AM2 150 0.3 5.6 TO-237
VN1210L 120 0.16 10.0 TO-92 D80AM2 150 0.3 5.6 TO-237
VN1210M 120 0.25 10.0 TO-237 D80AM2 150 0.3 5.6 TO-237
VN1706B 170 0.80 - 6.0 TO-39 IRFF212 200 1.8 24 TO-39
VN1706D 170 1.4 6.0 TO-220 D84BN2 200 2.5 1.5 TO-220AB
VN1706L 170 0.21 6.0 TO-92 D80AN2 200 0.3 5.6 TO-237
VN1706M 170 0.30 6.0 TO-237 D80AN2 200 0.3 5.6 TO-237
VN1710L 170 0.16 10.0 TO-92 D8OAN2 200 0.3 5.6 TO-237
VN1710M 170 0.25 10.0 TO-237 D80AN2 200 0.3 5.6 TO-237
VN2222L 60 0.15 7.5 TO-92 D80AK2 60 0.5 24 TO-237
VN2222KM 60 0.25 7.5 TO-237 D80AK2 60 0.5 24 TO-237
VN2222LM 60 0.25 7.6 TO-237 D80AK2 60 0.5 24 TO-237
VN2406B 240 0.80 6.0 TO-39 IRFF313 350 115 5.0 TO-39
VN2406D 240 1.4 6.0 TO-220 IRF713 350 1.3 5.0 TO-220AB
VN2406L 240 0.21 6.0 TO-92 D80AN2 200 0.3 5.6 TO-237
VN2406M 240 0.30 6.0 TO-237 D80AN2 200 0.3 5.6 TO-237
VN2410L 240 0.16 10.0 TO-92 D80AN2 200 0.3 5.6 TO-237
VN2410M 240 0.25 10.0 TO-237 D80AN2 200 0.3 5.6 TO-237
VN3500A 350 6.0 1.0 TO-204 D86DQ1 350 55 1.0 TO-204AA
VN3500D 350 6.0 1.0 TO-220 D84DQ1 350 5.5 1.0 TO-220AB
VN3501A 350 5.0 1.5 TO-204 IRF333 350 4.5 1.5 TO-204AA
VN3501D 350 5.0 1.5 TO-220 IRF733 350 4.5 1.5 TO-220AB
VN4000A 400 6.0 1.0 TO-204 D86DQ2 400 55 1.0 TO-204AA
VN4000D 400 6.0 1.0 TO-220 D84DQ2 400 5.5 1.0 TO-220AB
VN4001A 400 5.0 1.5 TO-204 IRF332 400 45 1.5 TO-204AA
VN4001D 400 5.0 1.5 TO-220 IRF732 400 4.5 1.5 TO-220AB
VN4501A 450 4.5 1.5 TO-204 D86DR1 450 4.5 1.5 TO-204AA
VN4501D 450 4.5 1.5 TO-220 D84DR1 450 4.5 1.5 TO-220AB
VN4502A 450 4.0 2.0 TO-204 IRF433 450 4.0 2.0 TO-204AA
VN4502D 450 4.0 2.0 TO-220 IRF833 450 4.0 2.0 TO-220AB
VN5001A 500 4.5 1.5 TO-204 D86DR2 500 4.5 1.5 TO-204AA
VN5001D 500 4.5 1.5 TO-220 D86DR2 500 45 15 TO-220AB
VN5002A 500 4.0 2.0 TO-204 IRF432 500 4.0 2.0 TO-204AA
VN5002D 500 4.0 2.0 TO-220 IRF832 500 4.0 2.0 TO-220AB
VNLOO1A 350 - 8.0 1.0 TO-204 IRF343 350 8.0 0.8 TO-204AA
VNMOO1A 400 8.0 1.0 TO-204 IRF342 400 8.0 0.8 TO-204AA
VNNOO3A 450 6.5 1.5 TO-204 IRF443 450 7.0 11 TO-204AA
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POWER TRANSISTORS

| CASE STYLE || CASE STYLE
COMPLEMENTARY PAIRS o Eacd
Ic GE Device Electrical Characteristics (@ Ta = 25°C) PD
CONT. NPN PNP VcEO hgg VCE(SAT) Tc =25°C| Package Page
(A) Volts |Min.- Max. @I¢ @Vce |Max. (V) @TI¢ Max. (W) | Outline
1.0A D40D1 D41D1 30 50 150 0.1A 2.0v 0.5 500mA 50mA 6.25 TO-202 375
D40D2 D41D2 30 120 360 0.1A 2.0v 0.5 500mA 50mA 6.25 TO-202 375
D40D4 D41D4 45 50 150 0.1A 2.0V 0.5 500mA 50mA 6.25 TO-202 375
D40D5 D41D5 45 120 360 0.1A 2.0V 0.5 500mA 50mA 6.25 TO-202 375
D40D7 D41D7 60 50 150 0.1A 2.0V 0.5 500mA 50mA 6.25 TO-202 375
D40D8 D41D8 60 120 360 0.1A 2.0v 0.5 500mA 50mA 6.25 TO-202 375
2.0A D40E1 D41E1 30 50 — 0.1A 2.0V 1.0 1.0A 0.1A 8.0 TO-202 383
D40E5 D41E5 60 50 — 0.1A 2.0V 1.0 1.0A 0.1A 8.0 TO-202 383
D40E7 D41E7 80 50 — 0.1A 2.0v 1.0 1.0A 0.1A 8.0 TO-202 383
3.0A D42C1 D43C1 30 25 — | 200mA v 0.5 1A 100mA 12.5 TO-202 399
D42C2 D43C2 30 100 220 | 200mA 1V 0.5 1A 50mA 125 TO-202 399
D42C3 D43C3 30 40 120 | 200mA 1V 0.5 1A 50mA 125 TO-202 399
D42C4 D43C4 45 25 — | 200mA 1V 0.5 1A 100mA 125 TO-202 399
D42Cs5 D43C5 45 100 220 | 200mA 1V 0.5 1A 50mA 125 TO-202 399
D42C6 D43C6 45 40 120 | 200mA 1V 0.5 1A 50mA 125 TO-202 399
D42C7 D43C7 60 25 — | 200mA 1V 05 1A 100mA 125 TO-202 399
D42C8 D43C8 60 100 220 | 200mA v 0.5 1A 50mA 12.5 TO-202 399
D42C9 D43C9 60 40 120 | 200mA 1V 0.5 1A 50mA 125 TO-202 399
D42C10 | D43C10 80 25 — | 200mA 1V 0.5 1A 100mA 125 TO-202 399
D42C11 | D43C11 80 100 220 | 200mA 1V 0.5 1A 50mA 125 TO-202 399
D42C12 | D43C12 | 80 40 120 | 200mA 1A% 0.5 1A 50mA 125 TO-202 399
4.0A D44C1 D45C1 30 25 — | 200mA 1V 0.5 1A 100mA 30.0 TO-220AB | 407
D44C2 D45C2 30 100 220 | 200mA Vv 0.5 1A 50mA 30.0 TO-220AB | 407
D44C3 D45C3 30 40 120 | 200mA 1\ 0.5 1A 50mA 30.0 TO-220AB | 407
D44C4 D45C4 45 25 — | 200mA v 0.5 1A 100mA 30.0 TO-220AB | 407
D44C5 D45C5 45 100 220 | 200mA Vv 05 1A 50mA 30.0 TO-220AB | 407
D44C6 D45C6 45 40 120 | 200mA 1V 0.5 1A 50mA 30.0 TO-220AB | 407
D44C7 D45C7 60 25 — | 200mA 1V 0.5 1A 100mA 30.0 TO-220AB | 407
D44C8 D45C8 60 100 220 | 200mA 1V 0.5 1A 50mA 30.0 TO-220AB | 407
D44C9 D45C9 60 40 120 | 200mA Vv 0.5 1A 50mA 30.0 TO-220AB | 407
D44C10 | D45C10 80 25 — | 200mA 1V 0.5 1A 100mA 30.0 TO-220AB | 407
D44C11 | D45C11 80 - | 100 220 | 200mA Vv 0.5 1A 50mA 30.0 TO-220AB | 407
D44C12 | D45C12 80 40 120 | 200mA Vv 0.5 1A 50mA 30.0 TO-220AB | 407
8.0A D44VM1 | D45VM1 30 40 — 4A 1\ 04 4A  0.2A 50.0 TO-220AB | 469
D44VM4 | D45VM4 | 45 0 — 4A 1V 04 4A  0.2A 50.0 TO-220AB | 469
D44VM7 | D45VM7 60 40 — 4A i\ 0.4 4A  0.2A 50.0 TO-220AB | 469
D44VM10| D45VM10] 80 40 — 4A v 0.4 4A  0.2A 50.0 TO-220AB | 469
10.0A | D44H1 D45H1 30 40 — 4A 1V 1.0 8A 0.8A 50.0 TO-220AB | 431
D44H2 D45H2 30 40 — 4A 1V 1.0 8A 0.4A 50.0 TO-220AB | 431
D44H4 D45H4 45 20 — 4A 1V 1.0 8A 0.8A 50.0 TO-220AB | 431
D44H5 D45H5 45 40 — 4A 1V 1.0 8A 04A 50.0 TO-220AB | 431
D44H7 D45H7 60 20 — 4A 1Y 1.0 8A 0.8A 50.0 TO-220AB | 431
D44H8 D45H8 60 40 — 4A Vv 1.0 8A 0.4A 50.0 TO-220AB | 431
D44H10 | D45H10 80 20 — 4A 1V 1.0 8A 0.8A 50.0 TO-220AB | 431
D44H11 | D45H11 80 40 — 4A 1V 1.0 8A 0.4A 50.0 TO-220AB | 431
15.0A | D44VH1 | D45VH1 30 20 — 4A Vv 0.4 8A 0.4A | 830 TO-220AB | 457
D44VH4 | D45VH4 45 20 — 4A 1V 04 8A 04A 83.0 TO-220AB | 457
D44VH7 | D45VH7 60 200 — 4A v 0.4 8A 04A 83.0 TO-220AB | 457
D44VH10 | D45VH10| 80 20 — 4A 1V 04 8A 04A 83.0 TO-220AB | 457
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O} O
PO ER CASE STYLE || CASE STYLE} CASE STYLE
TRANSISTORS/DARLINGTONS 10-2478 To-208 1020
Ic Electrical Characteristics (@ Ta = 25°C) Po
CONT. | GE Device | Type | VCEO hrg VCE(SAT) Tc =25°C| Package Page
(A) Volts | Min.- Max. @]I¢ @VcE |Max. (V) @Ic 1 Max. (W) | Outline
1 TIP30 PNP 40 15 75 1.0 4.0 0.7 1 0.125 30 TO-220AB| 775
1 TIP29 NPN 40 15 75 1.0 4.0 0.7 1 0.125 30 TO-220AB| 771
1 TIP30A PNP 60 15 75 1.0 4.0 0.7 1 0.125 30 TO-220AB| 775
1 TIP29A NPN 60 15 75 1.0 4.0 0.7 1 0125 30 TO-220AB | 771
1 TIP30B PNP 80 15 75 1.0 4.0 0.7 1 0125 30 TO-220AB| 775
1 TIP29B NPN 80 15 75 1.0 4.0 0.7 1 0125 30 TO-220AB| 771
1 TIP30C PNP 100 15 75 1.0 4.0 0.7 1 0.125 30 TO-220AB| 775
1 TIP29C NPN 100 15 75 1.0 4.0 0.7 1 0.125 .30 TO-220AB| 771
3 TIP31 NPN 40 10 50 3.0 4.0 1.2 3 0.375 40 TO-220AB | 779
3 TIP32 PNP 40 10 50 3.0 4.0 1.2 3 0375 40 TO-220AB| 783
3 TIP31A NPN 60 10 50 3.0 4.0 1.2 3 0375 40 TO-220AB | 779
3 TIP32A PNP 60 10 50 3.0 4.0 1.2 3 0.375 40 TO-220AB | 783
3 TIP31B NPN 80 10 50 3.0 4.0 1.2 3 0375 40 TO-220AB| 779
3 TIP32B PNP 80 10 50 3.0 4.0 1.2 3 0.375 40 TO-220AB| 783
3 TIP31C NPN 100 10 50 3.0 4.0 1.2 3 0.375 40 TO-220AB | 779
3 TIP32C PNP 100 10 50 3.0 4.0 1.2 3 0.375 40 TO-220AB| 783
5 TIP120 NPND 60 |1000 — 3.0 3.0 2.0 3 0.012 65 TO-220AB | 759
5 TIP125 PNPD 60 | 1000 — 3.0 3.0 2.0 3 0012 65 TO-220AB | 765
5 TIP126 PNPD 80 |1000 — 3.0 3.0 2.0 3 0.012 65 TO-220AB | 765
5 TIP121 NPND 80 [1000 — 3.0 3.0 2.0 3 0.012 65 TO-220AB | 759
5 TIP127 PNPD 100 |1000 — 3.0 3.0 2.0 3 0.012 65 TO-220AB | 765
5 TIP122 NPND| 100 |1000 — 3.0 3.0 2.0 3 0.012 65 TO-220AB| 759
6 TIP41 NPN 40 15 75 3.0 4.0 1.5 6 0.600 65 TO-220AB| 787
6 TIP42 PNP 40 15 75 3.0 4.0 1.5 6 0.600 65 TO-220AB | 791
6 TIP41A NPN 60 15 75 3.0 4.0 1.5 6 0.600 65 TO-220AB| 787
6 TIP42A PNP 60 15 75 3.0 4.0 1.5 6 0.600 65 TO-220AB | 791
6 TIP41B NPN 80 15 75 3.0 4.0 1.5 6 0.600 65 TO-220AB | 787
6 TIP42B PNP 80 15 75 3.0 4.0 1.5 6 0.600 65 TO-220AB| 791
6 TIP41C NPN 100 15 75 3.0 4.0 1.5 6 0.600 65 TO-220AB | 787
6 TIP42C PNP 100 15 75 3.0 4.0 1.5 6 0.600 65 TO-220AB | 791
7 2N6292 NPN 70 30 150 2.0 4.0 1.0 2 0.200 40 TO-220AB | 811
10 GE3055P | NPN 80 20 100 4.0 4.0 1.1 4 0.400 70 TO-247S 693
15 2N3055 NPN 60 20 70 4.0 4.0 1.1 4 0.400 115 TO-204 795
15 2N6487 NPN 60 20 150 5.0 4.0 1.3 5 0.500 75 TO-220AB| 815
15 2N6547 NPN 400 12 60 5.0 2.0 15 10 20 175 TO-204 819
16 2N3773 NPN 140 15 60 8.0 4.0 1.4 8 0.800 150 TO-204 807
20 2N3772 NPN 60 15 60 10.0 4.0 1.4 10 1.0 150 TO-204 803
30 2N3771 NPN 40 15 60 15.0 4.0 2.0 15 15 150 TO-204 799
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0
H I G H vo LTAG E CASE STYLE § CASE STYLE | CASE STYLE | CASE STYLE
POWER TRANSISTORS TO-202 TO-204 TO-218 T0-220
Electrical Characteristics (@ Ta = 25°C)
Ic Pp
CONT. | GE Device | Type | VCgo hpg VCE(SAT) Tc =25°C| Package | Page
(A) Voits | Min. - Max. @Ic @ Ve | Max. (V) @Ic I Max. (W) | Outline
0.1 D40v1 NPN 250 30 90 0.02 10.0 1.0 0.020 0.002 9.0 TO-202 395
0.1 D4ov2 NPN 250 60 180 0.02 10.0 1.0 0.020 0.002 9.0 TO-202 395
0.1 D40V3 NPN 300 30 90 0.02 10.0 1.0 0.020 0.002 9.0 TO-202 395
0.1 D4ov4 NPN 300 60 180 0.02 10.0 1.0 0.020 0.002 9.0 TO-202 395
0.1 D40V5 NPN 350 30 90 0.02 10.0 1.0 0.020 0.002 9.0 TO-202 395
0.1 D40Ve NPN 350 60 180 0.02 10.0 1.0 0.020 0.002 9.0 TO-202 395
20 D44T1 NPN 250 30 — 0.50 10.0 1.0 0.5 0.050 31.2 TO-220AB| 443
2.0 D44T2 NPN | 250 75 175 0.50 10.0 1.0 0.5 0.050 31.2 TO-220AB| 443
20 D44T3 NPN 300 30 — 0.50 10.0 1.0 05 0.050 31.2 TO-220AB| 443
20 D44T4 NPN 300 75 175 0.50 10.0 1.0 05 0.050 31.2 TO-220AB| 443
2.0 D44TD3 NPN 300 5 — 2.0 3.0 1.0 20 0.400 50.0 TO-220AB | 447
2.0 D44TD4 NPN 350 5 — 2.0 3.0 1.0 20 0.400 50.0 TO-220AB | 447
20 D44TD5 NPN 400 5 — 2.0 3.0 1.0 20 0.400 50.0 TO-220AB| 447
4.0 D44Q1 NPN 125 20 — 20 10.0 1.0 20 0.200 31.2 TO-220AB| 439
4.0 D44Q3 NPN 175 20 — 2.0 10.0 1.0 20 0.200 31.2 TO-220AB| 439
4.0 D44Q5 NPN 225 20 — 20 10.0 1.0 20 0.200 31.2 TO-220AB| 439
4.0 MJE13004 { NPN 300 10 1.0 5.0 0.5 1.0 02 75.0 TO-220AB| 715
4.0 MJE13005 | NPN 400 10 60 1.0 5.0 0.5 1.0 0.2 75.0 TO-220AB| 719
4.0 GE13070P | NPN 400 8 — 3.0 5.0 1.0 30 06 100.0 TO-218 681
4.0 MJE13070 | NPN 400 8 — 3.0 5.0 1.0 30 06 80.0 TO-220AB| 747
4.0 MJE13071 | NPN 450 8 — 3.0 5.0 1.0 30 06 80.0 TO-220AB| 747
4.0 GE13071P | NPN 450 8 — 3.0 5.0 1.0 30 06 100.0 TO-218 681
8.0 MJE13006 |- NPN 300 8 60 20 5.0 1.0 20 04 80.0 TO-220 723
8.0 GE13080T | NPN 400 8 — 5.0 3.0 1.0 50 1.0 90.0 TO-220AB| 685
8.0 MJE13007 | NPN 400 8 60 2.0 5.0 1.0 20 04 80.0 TO-220 729
8.0 GE13080P | NPN 400 8 — 5.0 3.0 1.0 50 1.0 110.0 TO-218 683
8.0 GE13081T | NPN 450 8 — 5.0 3.0 1.0 50 1.0 90.0 TO-220AB| 685
8.0 GE13081P | NPN 450 8 — 5.0 3.0 1.0 50 1.0 110.0 TO-218 683
12.0 MJE13008 | NPN 300 8 40 5.0 5.0 1.0 50 1.0 100.0 TO-220AB| 735
12.0 MJE13009 | NPN 400 8 40 5.0 5.0 1.0 50 1.0 100.0 TO-220AB | 741
12.0 D44TQ1 NPN | 400 8 40 5.0 5.0 1.0 50 1.0 100.0 TO-220AB| 453
12.0 D46TQ1 NPN 400 8 40 5.0 5.0 1.0 50 1.0 110.0 TO-218 481
12.0 D44TQ2 NPN 450 8 40 5.0 5.0 1.0 50 1.0 100.0 TO-220AB| 453
120 D46TQ2 NPN 450 8 40 5.0 5.0 1.0 50 1.0 110.0 TO-218 481
15.0 D64VS3 NPN 300 10 — 1100 2.0 1.0 150 25 195.0 TO-204 523
15.0 2N6676 NPN 300 8 — | 150 3.0 1.5 15.0 3.0 175.0 TO-204 823
15.0 2N6677 NPN 350 8 — 1150 3.0 1.5 150 3.0 175.0 TO-204 823
15.0 D64VS4 NPN 350 10 — | 10.0 2.0 1.0 150 25 195.0 TO-204 523
15.0 D64VS5 NPN 400 10 — | 100 2.0 1.0 150 25 195.0 TO-204 523
15.0 2N6678 NPN 400 8 — | 15.0 3.0 1.5 150 3.0 175.0 TO-204 823
15.0 MJH13090 | NPN 400 8 — ] 100 3.0 1.0 100 20 125.0 TO-218 753
15.0 MJH13091 | NPN 450 8 — {100 3.0 1.0 100 20 125.0 TO-218 753
20.0 GE13100P | NPN 400 8 40 | 15.0 3.0 1.0 150 3.0 125.0 TO-218 691
20.0 GE13101P | NPN 450 8 40 | 15.0 3.0 1.0 150 3.0 125.0 TO-218 691
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VERY HIGH GAIN COMPLEMENTARY
POWER DARLINGTON TRANSISTORS

CASE STYLE
TO-202

CASE STYLE
TO-220

Ic GE Device Electrical Characteristics (@ Ta = 25°C) p
D
CONT. NPN PNP VCEO hgg VCE(SAT) Tc =25°C | Package Page
(A) Volts [Min.- Max. @]I¢ @VCcE X @Ic I Max. (W) | Outline
0.5A D40C1 — 30 | 10K 60K | 200mA 5V 15 500mA 0.5mA 6.25 TO-202 371
0.5A D40C4 — 40 | 10K 60K | 200mA 5V 1.5 500mA 0.5mA 6.25 TO-202 371
0.5A D40C7 — 50 10K 60K | 200mA 5V 1.5 500mA 0.5mA 6.25 TO-202 371
2.0A D40K1 D41K1 30 | 10K — 200mA 5V 1.5 1.5A 3.0mA|{ 100 TO-202 391
D40K2 D41K2 50 | 10K — 200mA 5V 1.5 1.5A 3.0mA| 10.0 TO-202 391
D40K3 D41K3 30 | 10K — 200mA 5V 1.5 1.0A 2.0mA| 100 TO-202 391
D40K4 D41K4 50 | 10K — 200mA 5V 1.5 1.0A 2.0mA| 100 TO-202 391
6.0A D44D1 D45D1 40 2K — 1A 2v 15 3A 3.0mA| 300 TO-220AB | 415
D44D2 D45D2 40 2K — 1A 2V 15 3A 3.0mA| 300 TO-220AB | 415
D44D3 D45D3 60 2K — 1A 2V 1.5 3A 3.0mA| 300 TO-220AB | 415
D44D4 D45D4 60 2K — 1A 2v 15 3A 3.0mA| 30.0 TO-220AB | 415
D44D5 D45D5 80 2K — 1A | 2V 15 3A 3.0mA| 30.0 TO-220AB | 415
D44D6 D45D6 80 2K — 1A 2V 15 3A 3.0mA| 30.0 TO-220AB | 415
10.0A | D44E1 D45E1 40 1K — 5A 5V 1.5 5A 10.0mA| 50.0 TO-220AB | 423
D44E2 D45E2 60 1K — 5A 5V 1.5 5A 10.0mA| 50.0 TO-220AB | 423
D44E3 D45E3 80 1K — 5A 5V 15 5A 10.0mA| 50.0 TO-220AB | 423
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HIGH VOLTAGE

CASE STYLE | CASE STYLE
POWER DARLINGTON TRANSISTORS D-66 TO-204
Ic Electrical Characteristics (@ Ta = 25°C) Pp
CONT. | GE Device| Type | VcEo " hpg VCE(SAT) Tc =25°C| Package Page
(A) Volts [ Min. - Max. @]I¢ @VcE {Max. (V) @Ic 1Ip Max. (W) | Outline
10 GE10002 | NPND | 350 30 300 5 5 29 10 1.0 150.0 TO-204 667
10 GE10006 ' | NPND | 350 30 300 5 5 29 10 1.0 150.0 TO-204 667
10 GE10007 | NPND | 400 30 300 5 5 29 10 1.0 150.0 TO-204 667
10 GE10003 | NPND | 400 30 300 5 5 29 10 1.0 150.0 TO-204 667
10 GE6251 NPND | 400 60 — 3 5 2.0 5 05 125.0 TO-204 709
10 GE6252 NPND | 450 60 — 3 5 2.0 .5 0.5 1250 TO-204 709
10 GE6253 NPND | 500 60 — 3 5 20 5 05 125.0 TO-204 709
20 GE5060 NPND | 350 40 - 15 5 20 20 2.0 125.0 TO-204 697
20 GE5062 NPND | 450 40 — 15 5 2.0 20 2.0 125.0 TO-204 697
20 GEB060 NPND | 350 30 - 15 5 2.0 20 2.0 125.0 TO-204 703
20 GE10004 | NPND | 350 40 400 10 5 3.0 20 1.0 175.0 TO-204 667
20 GE10000 | NPND | 350 40 400 10 5 3.0 20 1.0 175.0 TO-204 667
20 D66DS5 NPND | 400 40 — 20 5 25 20 2.0 62.5 D66 529
20 GES5061 NPND | 400 40 — 15 5 2.0 20 2.0 125.0 TO-204 697
20 GE6061 NPND | 400 30 — 15 5 2.0 20 20 125.0 TO-204 703
20 D64ES5 NPND | 400 40 — 20 5 20 20 2.0 125.0 TO-204 507
20 GE10005 | NPND | 400 40 400 10 5 3.0 20 10 175.0 TO-204 667
20 GE10001 NPND | 400 40 400 10 5 3.0 20 1.0 175.0 TO-204 667
20 D64DS5 NPND | 400 40 - 20 5 25 20 2.0 125.0 TO-204 507
20 D66ES5 NPND | 400 40 — 20 5 25 20 20 62.5 D66 529
20 GE10008 | NPND | 450 30 300 10 5 35 20 20 175.0 TO-204 667
20 D66DS6 NPND | 450 40 — 20 5 25 20 2.0 62.5 D66 529
20 D64DS7 NPND | 500 40 — 20 5 25 20 2.0 125.0 TO-204 507
20 D66ES6 NPND | 450 40 — 20 5 25 20 20 62.5 D66 529
20 GE6062 NPND | 450 30 — 15 5 20 20 20 125.0 TO-204 703
20 D64DS6 NPND | 450 40 — 20 5 25 20 20 125.0 TO-204 507
20 D64ES6 NPND | 450 40 — 20 5 25 20 2.0 125.0 TO-204 507
20 D66ES7 NPND | 500 40 — 20 5 25 20 20 62.5 D66 529
20 GE10009 | NPND | 500 30 300 10 5 35 20 20 175.0 TO-204 667
20 D64ES7 NPND | 500 40 — 20 5 25 20 20 125.0 TO-204 507
20 D66DS7 NPND | 500 40 — 20 5 25 20 2.0 62.5 D66 529
40 GE10022 | NPND | 350 50 — 10 5 2.2 20 1.0 250.0 TO-204 673
40 GE10023 | NPND | 400 50 — 10 5 2.2 20 1.0 250.0 TO-204 673
50 D66DV5 NPND | 400 50 — 50 5 20 50 4.0 125.0 D66 537
50 D64EV6 NPND | 450 50 — 50 5 2.0 50 4.0 180.0 TO-204 515
50 D66GV5 NPND | 400 50 — 50 5 2.0 50 4.0 125.0 D66 549
50 D64EV7 NPND | 500 50 — 50 5 2.0 50 4.0 180.0 TO-204 515
50 D64DV5 NPND | 400 50 — 50 5 2.0 50 4.0 180.0 TO-204 515
50 D64EV5 NPND { 400 50 — 50 5 20 50 4.0 180.0 TO-204 515
50 D66EV5S NPND | 400 50 — 50 5 20 50 4.0 125.0 D66 537
50 GE10015 | NPND | 400 25 — 20 5 20 20 1.0 250.0 TO-204 673
50 D66DV6 NPND | 450 50 — 50 5 2.0 50 4.0 125.0 D66 537
50 D66EV6 NPND | 450 50 — 50 5 2.0 50 40 |.125.0 D66 537
50 |.D64DV6 NPND | 450 50 — 50 5 20 50 4.0 180.0 TO-204 515
50 D66GV6 NPND | 450 50 — 50 5 2.0 50 4.0 125.0 D66 549
50 D66GV7 NPND | 500 50 — 50 5 20 50 4.0 125.0 D66 549
50 GE10016 | NPND | 500 25 — 20 5 2.2 20 1.0 250.0 TO-204 673
50 D66EV7 NPND | 500 50 -— 50 5 20 50 4.0 125.0 D66 537
50 D66DV7 NPND | 500 50 — 50 5 20 50 4.0 125.0 D66 537
50 D64DV7 NPND | 500 50 — 50 5 2.0 50 4.0 180.0 TO-204 515
50 D66EW1 NPND | 600 25 — 50 5 25 50 4.0 167.0 D66 545
50 D66DW1 NPND | 600 25 — 50 5 25 50 4.0 167.0 D66 545
50 D66DW2 NPND | 650 25 — 50 5 25 50 4.0 156.0 D66 545
50 D66EW2 NPND | 650 25 — 50 5 25 50 4.0 167.0 D66 545
50 D66EW3 NPND | 700 25 — 50 5 2.5 50 4.0 167.0 D66 545
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HIGH YVOLTAGE
Power Darlington

CASE STYLE | CASE STYLE | CASE STYLE

Transistors (Cont.) D-67 D-66 TO-204
Ic Electrical Characteristics (@ Ta = 25°C) p
D
CONT. | GE Device| Type | Vceo hrge VCE(SAT) Tc =25°C| Package Page

(A) Voits | Min.- Max. @]I¢ @VcE |Max.(V) @Ic I Max. (W) | Outline

50 D66DW3 NPND 700 25 — 50 5 25 50 4.0 167.0 D66 545

60 GE10020 NPND 200 75 — 15 5 2.2 30 1.2 250.0 TO-204 673

60 GE10021 NPND 250 75 — 15 5 22 30 12 250.0 TO-204 673
100 D67DES NPND 400 50 — 100 5 2.0 100 8.0 312.5 D67 553
100 D67FP5 NPND 400 50 — 100 5 2.0 100 8.0 3125 D67 559
100 D67DE6 NPND 450 50 — 100 5 20 100 8.0 312.5 D67 553
100 D67FP6 NPND 450 50 — 100 5 2.0 100 8.0 3125 D67 559
100 D67DE7 NPND 500 50 — 100 5 2.0 100 8.0 3125 D67 5563
100 D67FP7 NPND 500 50 — 100 5 2.0 100 8.0 3125 D67 559
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POWER TRANSISTOR/
DARLINGTON ARRAYS —

CASE STYLE | CASE STYLE

CASE STYLE
SINGLE INLINE PACKAGE SIPEPIN ] SIPTOPIN | SPT2PIN
Ic Electrical Characteristics (@ Ta = 25°C) PO
CONT.| GE Device |Type VCEO hrg VCE(SAT) Tc =25°C | Package | Array
(A) Volts |Min.- Max. @ @ VcEe [Max. (V) @Ic. Ig | Max. (W) | Outline Config.| Page
2 D74FI2D |NPND 60 2K — 1.0 2.0 15 1.0 0.001 3 SIP 8PIN| Fig.3 | 625
2 D76FI2D |NPND 60 2K - 1.0 2.0 1.5 1.0 0.001 4 SIP 10PIN | Fig.6 | 641
2 D76FY2D | NPN/PNPD 80 2K - 1.0 1.0 1.5 1.0 0.001 4 SIP 10PIN | Fig.5 | 649
2 D74FY2D |NPND 80 2K - 1.0 2.0 1.5 1.0 0.001 3 SIP 8PIN| Fig. 1 629
2 D76FY2T |NPN 80 | 500 - 04 1.0 0.5 0.3 0.001 4 SIP 10PIN | Fig.7 | 651
2 D75FY2D |PNPD 80 2K - 1.0 2.0 1.5 1.0 0.001 3 SIP 8PIN| Fig.2 | 633
3 D76FI3T |NPN 60 | 500 - 04 1.0 1.0 2.0 0.050 4 SIP 10PIN | Fig. 7 | 643
3 D78A3D1 | NPND 100 2K 12K 15 20 1.5 1.5 0.003 5 SIP 12PIN | Fig. 8 | 657
3 D78A3D2 | NPND 100 2K 12K 1.5 20 1.5 1.5 0003 5 SIP 12PIN | Fig.9 | 661
3 D76A3D | NPND 100 2K 12K 15 | 20 1.5 1.5 0.003 4 SIP 10PIN.| Fig. 4 | 637
4 | D76FI4D |NPND 60 | 2k 15k | 1.0 20 15 | 30 0010 4 SIP 10PIN | Fig.6 | 645
4 D74FI4D | NPND 60 2K 15K 1.0 2.0 1.5 3.0 0.010 3 SIP 8PIN| Fig.3 | 627
4 D78FY4D | NPN/PNPD 80 2K - 1.0 20 1.5 3.0 0.006 5 SIP 12PIN | Fig. 10 | 665
4 D74FY4D | NPND 80 2K - 1.0 2.0 1.5 3.0 0.006 3 SIP 8PIN | Fig. 1 631
4 D75FY4D | PNPD 80 2K — 1.0 2.0 1.5 3.0 0.006 3 SIP 8PIN| Fig.2 | 635
4 D76FY4D | NPN/PNPD 80 2K — 1.0 20 1.5 3.0 0.006 4 SIP 10PIN | Fig.5 | 655
5 D76A5D | NPND 100 1K — 0.5 3.0 20 3.0 0.012 4 SIP 10PIN | Fig. 4 | 639
5 D74A5D | NPND 100 1K — 0.5 3.0 20 3.0 0.012 3 SIP 8PIN| Fig.1 | 623
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POWER TRANSISTORS/
DARLINGTONS —

CASE STYLE § CASE STYLE
SURFACE MOUNTED DEVICES RAkAL el
Te Electrical Characteristics (@ Ta = 25°C) Po
CONT. | GE Device | Type | VcEO hrg VCE(SAT) Tc =25°C | Package Page
(A) Voits { Min.- Max. @I¢ @VcE |[Max. (V) @Ic 1Ig Max. (W) | Outline
0.05 | D71G.05T1| PNP 150 70 240 0.010 5 0.8 0.01 0.001 0.5 SOT-89 583
0.05 | D70G.05T1| NPN 150 70 240 0.010 5 0.5 0.01 0.001 0.5 SOT-89 567
08 D71Y.8T1 | PNP 30 | 100 320 0.1 1 0.7 05 0.02 0.5 SOT-89 587
0.8 D70Y.8T1 | NPN 30 | 100 320 0.1 1 0.5 05 0.02 0.5 SOT-89 571
1.5 D71Y1.5T1 | PNP 30 | 100 320 0.5 2 20 15 0.03 0.5 SOT-89 591
15 D70Y1.5T1 | NPN 30 | 100 320 0.5 2 20 15 0.03 0.5 SOT-89 575
1.5 D72Y1.5D1 | NPND 30 (4000 — 0.15 2 15 1.0  0.001 10.0 D-PAK 607
2.0 D71F2T1 PNP 50 70 240 0.5 2 0.5 1.0 0.05 0.5 SOT-89 579
2.0 D70F2T1 | NPN 50 70 240 05 2 0.5 1.0 005 0.5 SOT-89 563
3.0 D72K3D1 | NPND 40 |2000 — 1.0 2 1.4 20 0.004 10.0 D-PAK 603
3.0 D73K3D1 | PNPD 40 {2000 — 1.0 2 15 20  0.004 10.0 D-PAK 619
4.0 D72FY4D1 | NPND 80 }2000 — 1.0 2 1.5 3.0 0.006 10.0 D-PAK 599
4.0 D73FY4D1 | PNPD 80 |2000 — 1.0 2 1.5 30 0.006 10.0 D-PAK 615
5.0 D72F5T1 | NPN 50 70 240 1.0 1 04 3.0 0.015 20.0 D-PAK 595
5.0 D73F5T1 PNP 50 70 240 1.0 1 04 3.0 0015 | 200 D-PAK 611
o
‘
PQWER DARL'NGTONS — CASE STYLE
ISOLATED TO-220 PACKAGE TO-2201S
Ic _Electrical Characteristics (@ Ta = 25°C) Pp
CONT. | GE Device | Type | VCEO hgg » VCE(SAT) Tc =25°C | Package | Page
(A) Volts |Min. - Max. @Ic @VcE |Max.(V) @I¢c I Max. (W) | Outline
7 D54FY7D | NPND 80 2K 15K -3 3 1.5 3.0 0.006 30 TO-220IS | 491
7 D55FY7D | PNPD 80 2K 15K 3 3 15 3.0 0.006 30 ' TO-220IS | 503
7 D54A7D NPND | 100 2K 15K 3 3 1.5 3.0 0.006 30 TO-220IS | 483
7 D55A7D PNPD 100 2K 15K 3 3 15 3.0 0.006 30 TO-220IS | 499
6 D54H6D NPND | 250 2K — 2 2 2.0 40 0.040 25 TO-220IS | 495
6 D54D6D NPND | 400 | 600 — 2 2 2.0 40 0.040 25 TO-220IS | 487
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POWER TRANSISTORS/DARLINGTONS —

CASE STYLE
TO-237 PACKAGE TO-237
Ic Electrical Characteristics (@ Ta = 25°C) PD
CONT. | GE Device | Type | VceEo heg VCE(SAT) Tc =25°C | Package Page

(A) Volts {Min.- Max. @I¢ @VcE |Max. (V) @Ic I Max. (W) | Outline

2 92GUO1 NPN 30 60 — 0.100 1.0 0.5 1.0 0.100 1.2 TO-237 829
2 2N6714 NPN 30 60 — 0.100 1.0 0.5 1.0 0.100 1.2 TO-237 829
2 2N6726 PNP 30 60 — 0.100 1.0 0.5 1.0 0.100 1.2 TO-237 835
2 92GU51 PNP 30 60 — 0.100 1.0 0.5 1.0 0.100 1.2 TO-237 835
2 92GUO1A | NPN 40 60 — 0.100 1.0 0.5 1.0 0.100 1.2 TO-237 829
2 92GUS51A | PNP 40 60 — 0.100 1.0 0.5 1.0 0.100 1.2 TO-237 835
2 2N6715 NPN 40 60 — 0.100 1.0 0.5 1.0 0.100 1.2 TO-237 829
2 2N6727 PNP 40 60 — 0.100 1.0 0.5 1.0 0.100 1.2 TO-237 835
2 2N6724 NPND 40 25000 — 0.100 5.0 15 1.0 0.002 1.0 TO-237 833
2 92GU45 NPND 40 (25000 — 0.100 5.0 1.5 1.0 0.002 1.0 TO-237 833
2 92GU45A | NPND 50 25000 — 0.100 5.0 15 1.0 0.002 1.0 TO-237 833
2 2N6725 NPND 50 |[25000 — 0.100 5.0 15 1.0 0.002 1.0 TO-237 833
2 92GU05 NPN 60 20 — - 0.500 1.0 0.35 0.25 0.025 1.2 TO-237 831
2 2N6728 PNP 60 50 — 0.250 1.0 0.5 0.25 0.010 1.2 TO-237 837
2 2N6716 NPN 60 50 — 0.250 1.0 0.5 0.25 0.010 1.2 TO-237 831
2 92GU55 PNP 60 20 — 0.500 1.0 0.5 0.15 0.050 1.2 TO-237 837
2 2N6717 NPN 80 50 — 0.250 1.0 0.5 0.25 0.010 1.2 TO-237 831
2 92GU06 NPN 80 20 — 0.500 1.0 0.35 0.25 0.025 1.2 TO-237 831
2 2N6729 PNP 80 50 — 0.250 1.0 0.5 0.25 0.010 1.2 TO-237 837
2 92GU56 PNP 80 20 — 0.500 1.0 0.5 0.50 0.050 1.2 TO-237 837
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GENERAL ELECTRIC
BIPOLAR POWER TRANSISTOR

PART NUMBERING KEY 1

(Applies to SOT-89, D-Pak, TO-2201S, & SIP-packaged devices)

STANDARD TRANSISTOR = D: SPECIAL =X

PACKAGE CODE (SEE TABLE 1)
EVEN = NPN; ODD = PNP

VOLTAGE CODE (SEE TABLE 2)
CURRENT RATING
CONFIGURATION (T = TRANSISTOR; D = DARLINGTON)
OTHER DEVICE SPECIFICATION
OTHER DEVICE SPECIFICATION
OTHER DEVICE SPECIFICATION

D OO XX 00 X O X O

] T

Example: D 72 FY 4 D
b s
STANDARD TRANSISTOR T
D-PAK PACKAGE, NPN (SEE TABLE 1)
80-VOLT DEVICE (SEE TABLE 2)
4-AMP DEVICE
DARLINGTON
LEAD-FORMED VERSION, WIDE hrg
Table 1 Table 2
Package Code Package
NPN PNP VOLT. VOLT. VOLT. VOLT. VOLYT. VOLT.
54 55 TO-220IS CODE RATING CODE RATING CODE RATING
| 10 FK 90 EF 550
70 71 SOT-89 Q 15 A 100 M 600
J 20 G 150 S 700
72 73 D-PAK U 25 B 200 N 800
Y 30 BF 250 T 900
74 75 SIP 8-PIN K 40 C 300 P 1000
F 50 CF 350 PA 1100
76 77 SIP 10-PIN Fl 60 D 400 PB 1200
FJ 70 DF 450
78 79 SIP 12-PIN FY 80 E 500
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GENERAL ELECTRIC
BIPOLAR POWER TRANSISTOR
PART NUMBERING KEY 2

(Applies to TO-202, TO-220AB, TO-218, TO-204, D66 & D67-packaged devices)

D OO XXX 00O

>

STANDARD TRANSISTOR = D; SPECIAL = X

PACKAGE CODE (SEE TABLE 3)
EVEN = NPN; ODD = PNP

DEVICE TYPE
TYPE NUMBER

Example 1: D 44 TD _3_
STANDARD TRANSISTOR T
TO-220AB PACKAGE, NPN (SEE TABLE 3)
DEVICE TYPE

TYPE NUMBER

Example 2: D 64 VS 5
STANDARD TRANSISTOR T ]
TO-204 PACKAGE, NPN (SEE TABLE 3)
DEVICE TYPE
TYPE NUMBER

Table 3
Package Code Package
NPN PNP
0 p TO-202
44 45 TO-220AB
46 47 TO-218
64 65 TO-204 (TO-3)
66 D66 MODULE
67 D67 MODULE
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GENERAL ELECTRIC
SURFACE-MOUNT POWER TRANSISTOR
DEVICE MARKING KEY

(Applies to D-Pak-packaged devices)

Part Number Suffix Lead Configuration hFg Range
1 Standard leads Wide hFg (70-240)
2 Lead-formed version Wide hrg (70-240)
3 Standard leads Low hfFg (70-140)
4 Lead-formed version Low hfg (70-140)
5 Standard leads High hFg (140-240)
6 Lead-formed version High hpg (140-240)

Example:

STANDARD TRANSISTOR

D-PAK PACKAGE, PNP

D 73 K 3 D 2

s

—— W=

1 E=e—— = =

40-VOLT DEVICE

3-AMP DEVICE

DARLINGTON

LEAD-FORMED VERSION, WIDE hfg
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GENERAL ELECTRIC

SURFACE-MOUNT POWER TRANSISTOR
DEVICE MARKING KEY

(Applies to SOT-89-packaged device)
MARKING SYSTEM

TYPE NAME

4 —nre

-
M 1 DESIGNATION

Device Marking* | Part Number Device Marking hrg Range
Prefix Suffix
B D71G.05T 1 Wide hfg (70-240)
H D71Y1.5T 3 Low hfg (70-140)
R D71Y.8T 5 High hrg (120-240)
N D71F2T
M D70F2T
A D70G.05T
G D70Y1.5T
P D70Y.8T
Example: DEVICEMARKING— M 1
I - -
PART NUMBER — b 70 F 2 T11)

STANDARD TRANSISTOR
SOT-89 PACKAGE, NPN
' 50-VOLT DEVICE =
2-AMP DEVICE
TRANSISTOR
WIDE hrg RANGE

*UNDERLINED DEVICE MARKING INDICATES PNP VERSION
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POWER TRANSISTOR INDEX

Part Page Part Page Part Page Part Page Part Page
No. No. No. No. No. No. No. No. No. No.
D40C1 371 D44C7 407 D45H2 435 D70F2TH 563 D84CL2 177
D40C4 371 D44C8 407 D45H4 435 D70G.05T1 567 D84CM2 193
D40C7 371 D44C9 407 D45H5 435 D70Y.8T1 571 D84CN2 193
D40D1 375 D44C10 407 D45H7 435 D70Y1.5T1 575 D84CcQn 209
D40D2 375 D44C11 407 D45H8 435 D71F2T1 579 D84CQ2 209
D40D4 375 D44C12 407 D45H10 435 D71G.05T1 583 D84CR1 221
D40D5 375 D44D1 415 D45H11 435 D71Y.8T1 587 D84CR2 221
D40D7 375 D44D2 415 D45VH1 463 D71Y1.5T1 591 D84DK2 181
D40D8 375 D44D3 415 D45VH4 463 D72F5T1 595 D84DL2 181
D40E1 383 D44D4 415 D45VH7 463 D72F5T2 595 D84DM2 197
D40E5 383 D44D5 415 D45VH10 463 D72FY4D1 599 D84DN2 197
D40E7 383 D44D6 415 D45VM1 475 D72FY4D2 599 D84DQ1 213
D40K1 391 D44E1 423 D45vM4 475 D72K3D1 603 D84DQ2 213
D40K2 391 D44E2 423 D45VM7 475 D72K3D2 603 D84DR1 225
D40K3 391 D44E3 423 D45vM10 475 D72Y1.5D1 607 D84DR2 225
D40K4 391 D44H1 431 D46TQ1 481 D72Y1.5D2 607 D84EK?2 185
D40ov1 395 D44H2 431 D46TQ2 481 D73F5T1 611 D84EL2 185
D4ov2 395 D44H4 431 D54A7D 483 D73F5T2 611 D84EM2 201
D40vV3 395 D44H5 431 D54D6D 487 D73FY4D1 615 DB4EN2 201
D40Vv4 395 D44H7 431 D54FY7D 491 D73FY4D2 615 D84EQ1 217
D40V5 395 D44H8 431 D54H6D 495 " D73K3D1 619 D84EQ2 217
D40V6 395 D44H10 431 D55A7D 499 D73K3D2 619 D84ER1 229
D41D1 379 D44H11 431 D55FY7D 503 D74A5D 623 D84ER2 229
D41D2 379 D44Q1 439 D64DS5 507 D74FI12D 625 D86DK2 125
D41D4 379 D44Q83 439 D64DS6 507 D74F14D 627 D86DL2 125
D41D5 379 D44Q5 439 D64DS7 507 D74FY2D 629 D86DM2 137
D41D7 379 D44T1 443 D64DV5 515 D74FY4D 631 D86DN2 137
D41D8 379 D44T12 443 D64DV6 515 D75FY2D 633 D86DQ1 149
D41EA 387 D44T3 443 D64DV7 515 D75FY4D 635 D86DQ2 149
D41E5 387 D44T4 443 DB4ESS5 507 D76A3D 637 D86DR1 161
D41E7 387 D44TD3 447 D64ES6 507 D76A5D 639 D86DR2 161
D41K1 393 D44TD4 447 DB4ES7 507 D76FI12D 641 D8BEK2 129
D41K2 393 D44TD5 447 D64EV5 515 D76F14D 645 D86EL2 129
D41K3 393 D44TQ1 453 D64EV6 515 D76FI3T 643 D8BEM2 141
D41K4 393 D44TQ2 453 D64EV7 515 D76FY2D 649 D86EN2 141
D42C1 399 D44VH1 457 D64VS3 523 D76FY2T 651 D8BEQ1 153
D42C2 399 D44VH4 457 D64VS4 523 D76FY4D 655 D8BEQ2 153
D42C3 399 D44VH7 457 D64VS5 523 D78A3D1 657 D86ERT 165
D42C4 399 D44VH10 457 D66DS5 529 D78A3D2 661 D86ER2 165
D42C5 399 D44VM1 469 D66DS6 529 D78FY4D 665 D86FK2 133
D42C6 399 D44VM4 469 D66DS7 529 D80AK2 317 D86FL2 133
D42C7 399 D44vM7 469 D66DV5 537 D8OAL2 317 D86FM2 145
D42C8 399 D44VM10 469 D66DV6 537 D80AM2 319 D86FN2 145
D42C9 399 D45CH1 411 D66DV7 537 DBOAN2 319 D86FQ1 157
D42C10 399 D45C2 411 D66DW1 545 D82AK2 241 D86FQ2 157
D42C11 399 D45C3 411 D66DW2 545 D82AL2 241 D86FR1 169
D42C12 399 D45C4 411 D66DW3 545 D82AM2 253 D86FR2 169
D43CA 403 D45C5 411 D66ES5 529 D82AN2 253 D88FK2 301
D43C2 403 D45C6 411 D66ES6 529 D82BK2 233 D88FL2 301
D43C3 403 D45C7 411 D66ES7 529 D82BL2 233 D88FM2 305
D43C4 403 D45C8 411 D66EV5 537 D82BM2 245 D88FN2 305
D43C5 403 D45C9 411 D66EV6 537 D82BN2 245 D88FQ1 309
D43C6 403 D45C10 411 D66EV7 537 D82CK2 237 D88FQ2 309
D43C7 403 D45C11 411 D66EW1 545 D82CL2 237 D88FR1 313
D43C8 403 D45C12 411 D66EW?2 545 D82CM2 249 D88FR2 313
D43C9 403 D45D1 419 DB6EW3 545 D82CN2 249 GE10000 667
D43C10 403 D45D2 419 D66GV5 549 D82CQ1 255 GE10001 667
D43C11 403 D45D3 419 D66GV6 549 D82CQ2 255 GE10002 667
D43C12 403 D45D4 419 D66GV7 549 D84BK2 173 GE100083 667
D44CA 407 D45D5 419 D67DE5 553 D84BL2 173 GE10004 667
D44C2 407 D45D6 419 D67DE6 553 D84BM2 189 GE10005 667
D44C3 407 D45E1 427 D67DE7 553 D84BN2 189 GE10006 667
D44C4 407 D45E2 427 D67FP5 559 D84BQ1 205 GE10007 667
D44C5 407 D45E3 427 D67FP6 559 D84BQ2 205 GE10008 667
D44C6 407 D45H1 435 D67FP7 559 D84CK2 177 GE10009 667
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Power Transistor Index (Cont.)

Part Page Part Page Part Page Part Page Part Page
No. No. No. No. No. No. No. No. No. No.
GE10015 673 IRF331 149 IRF732 215 IRFF233 279 TIP32B 783
GE10016 673 IRF332 151 IRF733 215 IRFF310 281 TIP32C 783
GE10020 673 IRF333 151 IRF740 217 IRFF311 281 TIP41 789
GE10021 673 IRF340 153 IRF741 - 217 IRFF312 283 TIP41A 789
GE10022 673 IRF341 153 IRF742 219 IRFF313 283 TIP41B 789
GE10023 673 IRF342 155 IRF743 219 IRFF320 285 TIP41C 789
GE13070P 681 IRF343 155 IRF820 221 IRFF321 285 TIP42 791
GE13071P 681 IRF350 157 IRF821 221 IRFF322 287 TIP42A 791
GE13080P 683 IRF351 157 IRF822 223 IRFF323 287 TIP42B 791
GE13080T 685 IRF352 159 IRF823 223 IRFF330 289 TIP42C 791
GE13081P 683 IRF353 159 IRF830 225 IRFF331 289 TIP120 759
GE13081T 685 IRF430 161 IRF831 225 IRFF332 291 TiP121 759
GE13100P 691 IRF431 161 IRF832 227 IRFF333 291 TIP122 759
GE13101P 691 IRF432 163 IRF833 227 IRFF420 293 TIP125 765
GE3055P 693 IRF433 163 IRF840 229 IRFF421 293 TIP126 765
GES5060 697 IRF440 165 IRF841 229 IRFF422 295 TIP127 765
GE5061 697 IRF441 165 IRF842 231 IRFF423 295 VN10KMA 325
GE5062 697 IRF442 167 IRF843 231 IRFF430 297 VN30ABA 327
GE6060 703 IRF443 167 IRFD110 233 IRFF431 297 VN35ABA 327
GE6061 703 IRF450 169 IRFD111 233 IRFF432 299 VN35AK 329
GE6062 703 IRF451 169 IRFD112 235 IRFF433 299 VN40AFA 331
GE6251 709 IRF452 171 IRFD113 235 IRFP150 301 VN46AFA 333
GE6252 709 IRF453 171 IRFD120 237 IRFP151 301 VNG66AFA 333
GE6253 709 IRF510 173 IRFD121 237 IRFP152 303 VNBBAK 329
IGT4D10 337 IRF511 173 IRFD122 239 IRFP153 303 VN67ABA 327
IGT4D11 341 IRF512 175 IRFD123 239 IRFP250 305 VNB7AFA 331
IGT4E10 337 IRF513 175 IRFD1Z0 241 IRFP251 305 VN67AK 329
IGT4E11 341 IRF520 177 IRFD1Z1 241 IRFP252 307 VNBBSAFA 333
IGT6D10 345 IRF521 177 IRFD1Z2 243 IRFP253 307 VN89ABA 327
IGT6D11 349 IRF522 179 IRFD1Z3 243 IRFP350 309 VNB9AFA 331
IGT6D20 353 IRF523 179 IRFD210 245 IRFP351 309 VN9OABA 327
IGT6D21 357 IRF530 181 IRFD211 245 IRFP352 311 VN9BAK 329
IGT6E10 345 IRF531 181 IRFD212 247 IRFP353 311 VN99AK 329
IGT6E11 349 IRF532 183 IRFD213 247 IRFP450 313 2N3055 795
IGT6E20 353 IRF533 183 IRFD220 249 IRFP451 313 2N3771 799
IGT6E21 357 IRF540 185 IRFD221 249 IRFP452 315 2N3772 803
IGT8D20 361 IRF541 185 IRFD222 251 IRFP453 315 2N3773 807
IGT8D21 365 IRF542 187 IRFD223 251 IVN5000AN 321 2N6292 811
IGT8E20 361 IRF543 187 IRFD220 253 IVN5000TN 323 2N6487 815
IGT8E21 365 IRF610 189 IRFD221 253 IVN5001AN 321 2N6547 819
IRF130 125 IRF611 189 IRFD320 255 IVN5001TN 323 2N6660 335
IRF131 125 IRF612 191 IRFD321 255 MJE13004 715 2N6661 335
IRF132 127 IRF613 191 IRFF110 257 MJE13005 719 2N6676 823
IRF133 127 IRF620 193 IRFF111 257 MJE13006 723 2N6677 823
iRF140 129 IRF621 193 IRFF112 259 MJE13007 729 2N6678 823
IRF141 129 IRF622 195 IRFF113 259 MJE13008 735 2N6714 829
IRF142 131 IRF623 195 IRFF120 261 MJE13009 741 2N6715 829
IRF143 131 IRF630 197 IRFF121 261 MJE13070 747 2N6716 831
IRF150 133 IRF631 197 IRFF122 263 MJE13071 747 2N6717 831
IRF151 133 IRF632 199 IRFF123 263 MJH13090 753 2N6724 833
IRF152 135 IRF633 199 IRFF130 265 MJH13091 753 2N6725 833
IRF153 135 IRF640 201 IRFF131 265 TIP29 771 2N6726 835
IRF230 137 IRF641 201 IRFF132 267 TIP29A 771 2N6727 835
IRF231 137 IRF642 203 IRFF133 267 TIP29B 771 2N6728 837
IRF232 139 IRF643 203 IRFF210 269 TIP29C 771 2N6729 837
IRF233 139 IRF710 205 IRFF211 269 TIP30 775 92GUO1 829
IRF240 141 IRF711 205 IRFF212 271 TIP30A 775 92GUO1A 829
IRF241 141 IRF712 207 IRFF213 271 TIP30B 775 92GU05 831
IRF242 143 IRF713 207 IRFF220 273 TIP30C 775 92GU06 831
IRF243 143 IRF720 209 IRFF221 273 TIP31 779 92GU45 833
IRF250 145 IRF721 209 IRFF222 275 TIP31A 779 92GU45A 833
IRF251 145 IRF722 211 IRFF223 275 TIP31B 779 92GU51 835
IRF252 147 IRF723 211 IRFF230 277 TIP31C 779 92GU51A 835
IRF253 147 IRF730 213 IRFF231 277 TIP32 783 92GU55 837
IRF330 149 IRF731 213 IRFF232 279 TIP32A 783 92GU56 837

46




CHAPTER 1
POWER TRANSISTOR TERMS,
SYMBOLS AND DEFINITIONS

1.1 MOS-GATED TRANSISTORS

1.1.1 GENERAL TERMS AND DEFINITIONS
SYMBOL TERM
Channel

Collector (C, c)

Drain (D, d)

Emitter (E, e)

Gate (G, g)

Source (S, s)

Junction-Gate-
Field Effect-
Transistor (J-FET)

Metal-Oxide-

DEFINITION

A thin semiconductor layer, between the source and drain
regions in which current flow is controlled by the gate
potential.

A region which provides a source of minority carriers for
the purpose of modulating a normally high resistivity
region of opposite polarity adjacent to the collector.

A region which collects majority carriers introduced by
the source and passed through the channel area. The drain
is adjacent to the channel area of opposite carrier polarity.

A region in which majority carriers may flow. The emitter
provides a source of carriers which may pass through the
channel when inverted by a gate potential.

A region which can be forward or reverse biased relative
to the source area, and by effect of electric field can invert
a channel area to control current flow between two other
device terminals, the source and drain.

A region in which majority carriers may flow. The source
is adjacent to the channel area of opposite carrier polarity.

A field-effect transistor whose gate regions form
bipolar junctions with the channel.

An insulating gate field effect transistor having an oxide

Semiconductor insulating layer between the gate electrode and the
Field Effect channel. The gate is metal or other conductive material.
Transistor (MOSFET)

ENHANCEMENT MODE MOFSFETSs DEPLETION MODE MOSFETs

N CHANNEL P CHANNEL N CHANNEL P CHANNEL

D D
G G
s s

NOTE: In the graphic symbols, the envelope is optional if no element is connected to the envelope.

® &
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SYMBOL

Depletion Mode FET

Enhancement Mode
FET

Double Diffused
MOS (DMOS)

Insulated Gate
Transistor (IGT)

TERM

DEFINITION

A field effect transitor having a conducting channel
established under zero bias gate conditions. Both J-FETs
and MOSFETs may be constructed to operate in this way.

A field effect transistor having blocking characteristics
(cut-off) under zero bias gate conditions. Only insulated
gate enhancement mode devices are available
commercially.

A process whereby a double diffusion of p and n type
materials into the top of an epitaxial layer forms channel
and source (emitter) regions with a planar structure having
superior voltage breakdown and on resistance
characteristics to earlier V groove type structures.

A MOS gated device having a conductivity modulated
drain region by injection of minority carriers from an
opposite polarity semiconducting region adjacent to the
drain and opposite from the channel region. The terminals
are designated Gate, Emitter and Collector.

IGT™ SYMBOLS
ENHANCEMENT MODE IGTs
N CHANNEL P CHANNEL

C c c c
G
E E £
E

NOTE: In the graphic symbols, the envelope is optional if no element is connected to the envelope.

DEPLETION MODE IGTs
N CHANNEL P CHANNEL

1.1.2 LETTER SYMBOLS, TERMS & DEFINITIONS — MOSFETs

SYMBOL
Cds

Cag )

TERM

Drain-source capacitance

Drain-gate capacitance

Gate-source capacitance

Short-circuit input

capacitance, common source

Short-circuit output
capacitance, common source

DEFINITION

The capacitance between the drain and source terminals
with the gate terminal connected to the guard terminal of
a three-terminal bridge.

The capacitance between the drain and gate terminals with
the source connected to the guard terminal of a three-
terminal bridge.

The capacitance between the gate and source terminals
with the drain terminal connected to the guard terminal of
a three-terminal bridge.

The capacitance between the input terminals (gate and
source) with the drain short-circuited to the source for
alternating current.

The capacitance between the output terminals (drain and
source) with the drain short-circuited to the source for
alternating current.
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SYMBOL

Cl‘ SS

di/dt,,

g

8fs
8is
8os
Ers

Ip

ID(on)

Ipss

Igss

Is
Pr

PT

Tds(on)

I'DS(on)

Rgia

Raic

Ta

TERM

Short-circuit reverse
transfer capacitance,
common-source

Reverse recovery rate
of change of current

Common-source
small signal,
(forward transfer,
input,

output,

reverse transfer conductance)

Drain current, dc

On-state drain
current

Zero-gate-voltage
drain current

Gate current, dc

Gate current, drain
short-circuited to
source

Source current, dc

Total nonreactive power
input to all terminals

Nonreactive power input,
instantaneous total
to all terminals

Small-signal
drain-source
on-state resistance

Static drain-source
on-state resistance

Thermal resistance,
junction-to-ambient

Thermal resistance,
junction-to-case

Ambient temperature
or free-air temperature

DEFINITION

The capacitance between the output and input (drain and
gate) terminals with the source short-circuited to the gate
for alternating current.

The rate of change of reverse recovery current, when the
internal parasitic diode is recovering from forward
conduction to the reverse blocking state, measured at the
first zero crossing on the current wareform.

The real part of the corresponding admittance. See ygs, is,
Yos> Yrs- Symbols in the form of gxx and yxx(real) are
equivalent.

The direct current into the drain terminal.

The direct current into the drain terminal with a specified
forward gate-source voltage and drain to source voltage
applied to bias the device to the on-state.

The direct current into the drain terminal when the gate-
source voltage is zero. :

The direct current into the gate terminal.

The direct current into the gate terminal of a MOSFET
when the gate terminal is biased with respect to the source
terminal and the drain terminal is short-circuited to the
source terminal.

The direct current into the source terminal.

The sum of the products of the dc input currents
and voltages.

The sum of the products of the instantaneous input
currents and voltages.

The small-signal resistance between drain and source
terminals with a specified gate-source voltage and drain-
source voltage applied to bias the device to the on-state.

The dc resistance between drain and source terminals with
a specified gate-source voltage and drain-source voltage
applied to bias the device to the on-state.

The thermal resistance (steady state) from the
semiconductor junction(s) to the ambient.

The thermal resistance (steady state) from the
semiconductor junction(s) to a stated location on the case.

The air temperature measured below a device, in an
environment of substantially uniform temperature, cooled
only by natural air convection and not materially affected
by reflective and radiant surfaces.

49



SYMBOL

tiy

toff

toff()

toff(v)

ton(i)

ton(v)

TERM

Voltage fall time

Turn-off time

Current turn-off time

Voltage turn-off time

Turn-on time

Current turn-on time

Voltage turn-on time

Pulse duration
(formerly pulse time)

DEFINITION

The time interval during which the drain voltage changes
from 90% to 10% of its peak off-state value, ignoring
spikes that are not charge-carrier induced.

See current turn-off time (toff(j))-

The sum of the current turn-off delay time and current fall
time, i.e.:
tacofhyi * thi
The sum of the voltage turn-off delay time and voltage rise
time, i.e.:
td(offyv + trv-

See current turn-on time (ton(i))-

The sum of the current turn-on delay time and current rise
time, i.e.:

td(on)i * tri
The sum of the voltage turn-on delay time and voltage fall
time, i.e.:

td(on)v * iy
The time interval between a reference point on the leading

edge of a pulse waveform and a reference point on the
trailing edge of the same waveform.

NOTE: The two reference points are usually 90% of the steady-state amplitude existing
before the leading edge. If the reference points are 50% points, the symbol t,, and the term
“average pulse duration” should be used.

Rise time

Current rise time

Voltage rise time

Current tail time

Average pulse duration,
(formerly pulse average
time)

Case temperature

Channel temperature

Storage temperature

See current rise time ().

The time interval during which the drain current changes
from 10% to 90% of its peak on-state value, ignoring
spikes that are not charge-carrier induced.

The time interval during which the drain voltage changes
from 10% to 90% of its peak off-state value, ignoring
spikes that are not charge-carrier induced.

The time interval during current fall time during which the
drain current changes from 10% to 2% of its peak on-state
value, ignoring spikes that are not charge-carrier induced.

The time interval between a reference point on the leading
edge of a pulse waveform and a reference point on the
trailing edge of the same waveform, with both reference
points being 50% of the steady-state amplitude of the
waveform existing after the leading edge, measured with
respect to the steady-state amplitude existing before the
leading edge.

The temperature measured at a specified location on the
case of a device.

The temperature of the channel of a field-effect transistor.

The temperature at which the device may be stored (with
no power applied).
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SYMBOL

te

td(off)

tofhi

toff)v

td(on)

t(on)i

t(on)v

tf‘

tei

TERM

turn-off cross-over
time (for reserve
symbol, see ty,)

Turn-off delay time

Current turn-off
delay time

Voltage turn-off
delay time

Turn-on delay time

Current turn-on
delay time

Voltage turn-on
delay time

Fall time

Current fall time

Reverse recovery time

DEFINITION

The time interval during which drain voltage rises from
10% of its peak off-state value and drain current falls 10%
of its peak on-state value, in both cases ignoring spikes
that are not charge-carrier induced.

See current turn-off delay time (t(off);).

The time interval during which an input pulse that is
switching the transistor from a conducting to a
nonconducting state falls from 909% of its peak amplitude
and the drain current waveform falls to 909% of its on-state
amplitude, ignoring spikes that are not charge-carrier
induced.

The time interval during which an input pulse that is
switching the transistor from a conducting to a
nonconducting state falls from 909 of its peak amplitude
and the drain voltage waveform rises to 109% of its off-
state amplitude, ignoring spikes that are not charge-carrier
induced.

See current turn-on delay time (t(on)i)-

The time interval during which an input pulse that is
switching the transistor from a nonconducting to a
conducting state rises from 10% of its peak amplitude and
the drain current waveform rises to 10% of its on-state
amplitude, ignoring spikes that are not charge-carrier
induced.

The time interval during which an input pulse that is
switching the transistor from a nonconducting to a
conducting state rises from 10% of its peak amplitude and
the drain voltage waveform falls to 909 of its off-state
amplitude, ignoring spikes that are not charge-carrier
induced.

See current fall time (t;).

The time interval during which the drain current changes
from 90% to 10% of its peak on-state value, ignoring
spikes that are not charge-carrier induced.

The time interval when the internal parasitic diode is
recovering from foward conduction to the reverse
blocking state, from the first zero crossing on the current
wareform, to the time when the reverse current (in diode
terms) is reduced from its peak value Igpm(REC) to:

1) its first interception with the zero-current axis or,

2) a specified low value IrrEC) OF,

3) when the extrapolated reverse current reaches zero.
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SYMBOL

V(BR)DSR

V(BR)DSS

V(BR)DSV

V(BR)DSX

V(BR)GSS

Vpp

Vea

Vss

Vpe

Vps

Vsg

VDs(on)

VGs(th)

Wpsr

Yts

TERM

Drain-source breakdown
voltage, resistance
between gate and source

Drain-source breakdown
voltage, gate short-
circuited to source

Drain-source breakdown
voltage, voltage between
gate and source

Drain-source breakdown
voltage, circuit between
gate and source

Gate-source breakdown
voltage, drain short-
circuited to source

Supply voltage, dc
(drain)

Supply voltage, dc
(gate)

Supply voltage, dc
(source)

Voltage, dc
(drain-to-gate)

Voltage, dc
(drain-to-source)

Voltage, dc
(gate-to-drain)

Voltage, dc
(gate-to-source)

Voltage, dc
(source-to-drain)

Voltage, dc
(source-to-gate)

Drain-source on-state
voltage

Gate-source threshold
voltage

Drain to source
withstand avalanche
energy

common-source small-signal
short-circuit forward
transfer admittance

DEFINITION

The breakdown voltage between the drain terminal and
the source terminal when the gate terminal is returned to
the source terminal through a specified resistance.

The breakdown voltage between the drain terminal and
the source terminal when the gate terminal is short-
circuited to the source terminal.

The breakdown voltage between the drain terminal and
the source terminal when the gate terminal is returned to
the source terminal through a specified voltage.

The breakdown voltage between the drain terminal and
the source terminal when the gate terminal is returned to
the source terminal through a specified circuit.

The breakdown voltage between gate and source terminals
with the drain terminal short-circuited to the source
terminal.

The dc supply voltage applied to a circuit connected to the
drain terminal.

The dc supply voltage applied to a circuit connected to the
gate terminal.

The dc supply voltage applied to a circuit connected to the
source terminal.

The dc voltage between the drain terminal and the gate
terminal (stated in terms of the polarity at the drain
terminal).

The dc voltage between the drain terminal and the source
terminal (stated in terms of the polarity at the drain terminal).

The dc voltage between the gate terminal and the drain
terminal (stated in terms of the polarity at the gate terminal).

The dc voltage between the gate terminal and the source
terminal (stated in terms of the polarity at the gate terminal).

The dc voltage between the source terminal and the drain
terminal (stated in terms of the polarity at the source terminal).

The dc voltage between the source terminal and the gate
terminal (stated in terms of the polarity at the source terminal).

The voltage between the drain and source terminals with a
specified forward gate-source voltage applied to bias the
device to the on-state.

The gate-source voltage at which the magnitude of the
drain current reaches a specified low value, usually 250uA.

The ability to withstand non-repetitive drain to source
avalanche energy with the gate connected to the source
through a specified resistance.

The ratio of RMS drain current to RMS gate-source
voltage with the drain terminal ac short-circuited to the
terminal.
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SYMBOL TERM

Yis common-source small-signal
short-circuit input
admittance

Yos common-source small-signal
short-circuit output
admittance

Yrs common-source small-signal

short-circuit reverse
transfer admittance

1.1.3 LETTER SYMBOLS, TERMS & DEFINITIONS -
SYMBOL TERM
Cee Collector-emitter
: capacitance
Ceg Collector-gate '
capacitance
Cge Gate-emitter
capacitance
Cies Short-circuit input
capacitance, common
emitter
Coes Short-circuit output
capacitance, common
emitter
Cres Short-circuit reverse
transfer capacitance
common-emitter
e Common-emitter small signal
8fe (forward transfer,
8Bie input,
8oe output, .
Ere reverse transfer conductance)
Ic Collector current, dc
Ic(on) On-state collector
current
Ices Zero-gate-voltage
collector current
Ig Gate current, dc
Iges Reverse gate current,
collector short-circuited
to emitter
Ig Emitter current, dc

DEFINITION
The ratio of RMS gate current to RMS gate-source
voltage with the drain terminal ac short-circuited to the
source terminal.

The ratio of RMS drain current to RMS drain-source
voltage with the gate terminal ac short-circuited to the
source terminal.

The ratio of RMS gate current to RMS drain-source
voltage with the gate terminal ac short-circuited to the
source terminal.

IGT™ TRANSISTORS
DEFINITION

The capacitance between the collector and emitter
terminals with the gate terminal connected to the guard
terminal of a three-terminal bridge.

The capacitance between the collector and gate terminals
with the emitter connected to the guard terminal of a
three-terminal bridge.

The capacitance between the gate and emitter terminals
with the collector terminal connected to the guard
terminal of a three-terminal bridge.

The capacitance between the input terminals (gate and
emitter) with the collector short-circuited to the emitter
for alternating current.

The capacitance between the output terminals (collector
and emitter) with the collector short-circuited to the
emitter for alternating current.

The capacitance between the collector and gate terminals
with the emitter connected to the guard terminal of a
three-terminal bridge.

The real part of the corresponding admittance. See yfe, Vie,
Yoes Yre. Symbols in the form of gxx and Yxx(real) are
equivalent.

The direct current into the collector terminal.

The direct current into the collector terminal with a
specified forward gate-emitter voltage applied to bias the
device to the on-state.

The direct current into the collector terminal when the
gate-emitter voltage is zero.
The direct current into the gate terminal.

The direct current into the gate terminal of an IGT when
the gate terminal is biased with respect to the emitter
terminal and the collector terminal is short-circuited to the
emitter terminal.

The direct current into the emitter terminal.
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SYMBOL

Pt

PT

Tce(on)

I'CE(on)

Rgya

Rgjc

Ta

tev

toff

toff(i)

toff(v)

ton(i)

ton(v)

taoff)

TERM

Total nonreactive power
to all terminals

Nonreactive power input,
instantaneous total, to
all terminals

Small-signal collector-
emitter on-state resistance

Static collector-emitter
on-state resistance

Thermal resistance,
junction-to-ambient

Thermal resistance,
junction-to-case

Ambient temperature or
free-air temperature

Voltage fall time

Turn-off time

Current turn-off time

Voltage turn-off time

Turn-on time

Current turn-on time

Voltage turn-on time

Pulse duration
(formerly pulse time)

DEFINITION

The sum of the products of the dc input currents and
voltages.

The sum of the products of the instantaneous input
currents and voltages.

The small-signal resistance between collector and emitter
terminals with a specified gate-emitter voltage applied to
bias the device to the on-state.

The dc resistance between collector and emitter terminals
with a specified gate-emitter voltage applied to bias the
device to the on-state.

The thermal resistance (steady state) from the semi-
conductor junction(s) to the ambient.

The thermal resistance (steady state) from the semi-
conductor junction(s) to a stated location on the case.

The air temperature measured below a device, in an
environment of substantially uniform temperature, cooled
only by natural air convection and not materially affected
by reflective and radiant surfaces.

The time interval during which the drain voltage changes
from 90% to 10% of its peak off-state value, ignoring
spikes that are not charge-carrier induced.

See current turn-off time (toff())-

The sum of the current turn-off delay time and current fall
time, i.e.:

td(ofi = ti
The sum of the voltage turn-off Elelay time and voltage rise
time, i.e.:

tacofv = trv

See current turn-on time (tong))-

The sum of the current turn-on delay time and current rise
time, i.e.:

td(on)i = tri
The sum of the voltage turn-on delay time and voltage fall
time, i.e.:

td(on)v = tv
The time interval between a reference point on the leading

edge of a pulse waveform and a reference point on the
trailing edge of the same waveform.

NOTE: The two reference points are usually 90% of the stead-state amplitude existing
before the leading edge. If the reference points are 50% points, the symbol t,, and the term
“average pulse duration” should be used.

Turn-off delay time

See current turn-off delay time (toff);).
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SYMBOL

tofh)i

t(off)v

td(on)

tion)i

t(on)v

te

tf

tf(eq)

TERM

Current turn-off delay time

Voltage turn-off delay time

Turn-on delay time

Current turn-on delay time

Voltage turn-on delay time

Fall time

Current fall time

Equivalent (current) fall time

Rise time

Current rise time

Voltage rise time

Current tail time

DEFINITION

The time interval during which an input pulse that is
switching the transistor from a conducting to a
nonconducting state falls from 90% to its peak amplitude
and the collector current waveform falls to 909% of its on-
state amplitude, ignoring spikes that are not charge-carrier
induced.

The time interval during which an input pulse that is
switching the transistor from a conducting to a
nonconducting state falls from 90% of its peak amplitude
and the collector voltage waveform rises to 109 of its off-
state amplitude, ignoring spikes that are not charge-carrier
induced.

See current turn-on delay time (t(on)i)-

The time interval during which an input pulse that is
switching the transistor from a nonconducting to a
conducting state rises from 10% of its peak amplitude and
the collector current waveform rises to 109 of its on-state
amplitude, ignoring spikes that are not charge-carrier
induced.

The time interval during which an input pulse that is
switching the transistor from a nonconducting to a
conducting state rises from 109 of its peak amplitude and
the collector voltage waveform falls to 909 of its off-state
amplitude, ignoring spikes that are not charge-carrier
induced.

See current fall time (tf).

The time interval during which the collector current
changes from 909% to 109 of its peak on-state value,
ignoring spikes that are not charge-carrier induced.

The time interval which is defined by the following
equation, where t, is the time defined by the end of the
tacofni interval, and I is the current before turn-off is
initiated:

=]

tf(eq)z-i f i(t)dt
I

to
See current rise time (t).

The time interval during which the drain current changes
from 10% to 90% of its peak on-state value, ignoring
spikes that are not charge-carrier induced.

The time interval during which the drain voltage changes
from 10% to 909% of its peak off-state value, ignoring
spikes that are not charge-carrier induced.

The time interval during current fall time during which the
drain current changes from 10% to 2% of its peak on-state
value, ignoring spikes that are not charge-carrier induced.
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SYMBOL

tw

V(BR)CER

V(BR)CES

V(BR)CEV

V(BR)CEX

V(BR)GES

Vce
Vea
VEE

Vea

Vace

TERM

Average pulse duration,
(formerly pulse average time)

Case temperature

Channel temperature

Storage temperature

Turn-off cross-over time
(for reserve symbol, see ty,)

Collector-emitter breakdown
voltage, resistance between
gate and emitter

Collector-emitter breakdown
voltage, gate short-circuited
to emitter

Collector-emitter breakdown
voltage, voltage between
gate and emitter

Collector-emitter breakdown
voltage, circuit between
gate and emitter

Gate-emitter breakdown
voltage, collector short-
circuited to emitter

Supply voltage, dc
(collector)

Supply voltage, dc
(gate)

Supply voltage, dc
(emitter)

Voltage, dc
(collector-to-gate)

Voltage, dc
(collector-to-emitter)

Voltage, dc
(gate-to-collector)

DEFINITION

The time interval between a reference point on the leading
edge of a pulse waveform and a reference point on the
trailing edge of the same waveform, with both reference
points being 50% of the steady-state amplitude of the
waveform existing after the leading edge, measured with
respect to the steady-state amplitude existing before the
leading edge.

The temperature measured at a specified location on the
case of a device.

The temperature of the channel of an IGT™ transistor.

The temperature at which the device may be stored (with
no power\applied).

The time interval during which collector voltage rises from
10% of its peak off-state value and collector current falls
10% of its peak on-state value, in both cases ignoring
spikes that are not charge-carrier induced.

The breakdown voltage between the collector terminal and
the emitter terminal when the gate terminal is returned to
the emitter terminal through a specified resistance.

The breakdown voltage between the collector terminal and
the emitter terminal when the gate terminal is short-
circuited to the emitter terminal.

The breakdown voltage between the collector terminal and
the emitter terminal when the gate terminal is returned to
the emitter terminal through a specified voltage.

The breakdown voltage between the collector terminal and
the emitter terminal when the gate terminal is returned to
the emitter terminal through a specified circuit.

The breakdown voltage between gate and emitter
terminals with the collector terminal short-circuited to the
emitter terminal.

The dc supply voltage applied to a circuit connected to the
collector terminal.

The dc supply voltage applied to a circuit connected to the
gate terminal.

The dc supply voltage applied to a circuit connected to the
emitter terminal.

The dc voltage between the collector terminal and the gate
terminal (stated in terms of the polarity at the collector
terminal). :

The dc voltage between the collector terminal and the
emitter terminal (stated in terms of the polarity at the
collector terminal).

The dc voltage between the gate terminal and the collector
terminal (stated in terms of the polarity at the gate
terminal).
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SYMBOL

VGE

VEC

VEG

VCE(on)

VGE(th)

Wi

Yfe

Yie

Yoe

Yre

TERM

Voltage, dc
(gate-to-emitter)

Voltage, dc
(emitter-to-collector)

Voltage, dc
(emitter-to-gate)

collector-emitter on-state
voltage

Gate-emitter threshold
voltage

Fall time energy
loss

common-emitter small-signal
short-circuit forward
transfer admittance

common-emitter small-signal
short-circuit input
admittance

common-emitter small-signal
short-circuit output
admittance

common-emitter small-signal
short-circuit reverse
transfer admittance

1.2 JUNCTION TRANSISTORS, MULTIJUNCTION TYPES
1.2.1 GENERAL TERMS AND DEFINITIONS

SYMBOL
Base, (B,b)

Collector, (C,c)

Emitter, (E,e)

Junction, collector

Junction, emitter

TERM
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DEFINITION

The dc voltage between the gate terminal and the emitter
terminal (stated in terms of the polarity at the gate
terminal).

The dc voltage between the emitter terminal and the
collector terminal (stated in terms of the polarity at the
emitter terminal).

The dc voltage between the emitter terminal and the gate
terminal (stated in terms of the polarity at the emitter
terminal).

The voltage between the collector and emitter terminals
with a specified forward gate-emitter voltage applied to
bias the device to the on-state.

The gate-emitter voltage at which the magnitude of the
collector current reaches a specified low value, usually
250uA.

The energy dissipated during the fall time interval with a
clamped inductive load.

The ratio of RMS collector current to RMS gate-emitter
voltage with the collector terminal ac short-circuited to the
emitter terminal.

The ratio of RMS gate current to RMS gate-emitter
voltage with the collector terminal ac short-circuited to the
emitter terminal.

The ratio of RMS collector current to RMS collector-
emitter voltage with the gate terminal ac short-circuited to
the emitter terminal.

The ratio of RMS gate current to RMS collector-emitter
voltage with the gate terminal ac short-circuited to the
emitter terminal.

DEFINITION

A region that lies between an emitter and collector of a
transistor and into which minority carriers are injected.

A region through which a primary flow of charge carriers
leaves the base.3

A region from which charge carriers that are minority
charges in the base are injected into the base.3

A junction normally biased in the reversed direction, the
current through which can be controlled by the
introduction of minority carriers into the base.3

A junction normally biased in the forward direction to
inject minority carriers into the base.3

NOTE: References to base, collector, and emitter
symbolism (B,b; C,c; E,e) refer to the device terminals
connected to those regions.



SYMBOL

Saturation

TERM

Transistor, junction multijunction type

DEFINITION

A base-current and a collector current condition resulting
in a forward-biased collector junction.

A transistor having a base and two or more junctions.

Graphic symbols for triode transistors.!
NPN PNP
(COLLECTOR) (COLLECTOR)
Cc [
NOTE: In the graphic symbols, the envelope is optional if no
element is connected to the envelope. o~ e
B B
E E
(EMITTER) (EMITTER)
SYMBOL TERM DEFINITION
Cep or Interterminal capacitance, The direct interterminal capacitance between the collector
Ceb(dir) collector-to-base terminal and the base terminal, with the collector-base
junction reverse-biased, and with the emitter terminal
open-circuited to dc, but ac-connected to the guard
terminal of a three-terminal bridge.
Cee O Interterminal capacitance, The direct interterminal capacitance between the collector
Cee(dir) collector-to-emitter terminal and the emitter terminal, with the collector-
emitter junction reversed biased, and with the base
terminal open-circuited to dc, but ac-connected to the
guard terminal of a three-terminal bridge.
Cep or Interterminal capacitance, The direct interterminal capacitance between the emitter
Ceb(dir) emitter-to-base terminal and the base terminal, with the emitter-base
junction reversed biased, and with the collector terminal
open-circuited to dc, but ac-connected to the guard
terminal of a three-terminal bridge.
NOTE: This capacitance includes the interelement capacitance plus capacitance to the shield
where the shield is connected to one of the terminals under measurement.
Cibo Open-circuit input The capacitance measured across the input terminals
capacitance, common-base (emitter and base) with the collector open-circuited for ac.4
Cieo Open-circuit input The capacitance measured across the input terminals (base
capacitance, common-emitter  and emitter) with the collector open-circuited for ac.4
Cibs Short-circuit input The capacitance measured across the input terminals
capacitance, common-base (emitter and base) with the collector short-circuited to the
base terminal for ac.4
Cies Short-circuit input The capacitance measured across the input terminals (base
capacitance, common-emitter  and emitter) with the collector short-circuited to the
emitter terminal for ac.4
Cobo Open-circuit output The capacitance measured across the output terminals
capacitance, common-base (collector and base) with the input open-circuited for ac.4
Coeo Open-circuit output The capacitance measured across the output terminals
capacitance, common-emitter  (collector and emitter) with the input open-circuited for
act4
Cobs Short-circuit output The capacitance measured across the output terminals

capacitance, common-base

(collector and base) with the emitter terminal short-
circuited to the base terminal for ac.4
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SYMBOL
COBS

Crbs

Cl‘CS

CI'CS

fue

fhto
fhfc

fhfe

f max

TERM DEFINITION

Short-circuit output The capacitance measured across the output terminals
capacitance, common-emitter  (collector and emitter) with the base terminal short-
circuited to the emitter terminal for ac.4

Short-circuit reverse The capacitance measured from the output terminal to the
transfer capacitance, input terminal with the base terminal and case (if lead is
common-base provided) connected to the guard terminal of a three-
terminal bridge and with the device biased in the active
region.
Short-circuit reverse The capacitance measured from the output terminal to the
transfer capacitance, input terminal with the collector terminal and case (if lead
common-collector is provided) connected to the guard terminal of a three-
terminal bridge and with the device biased in the active
region.
Short-circuit reverse The capacitance measured from the output terminal to the
transfer capacitance, input terminal with the emitter terminal and case (if lead is
common-emitter provided) connected to the guard terminal of a three-
terminal bridge and with the device biased in the active
region.
Depletion-layer capacitance, The part of the capacitance across the collector-base
collector junction that is associated with its depletion layer.
Depletion-layer capacitance, The part of the capacitance across the emitter-base
emitter junction that is associated with its depletion layer.

NOTE: This capacitance is a function of the total potential difference across the depletion
layer.?

Frequency of unity The frequency at which the modulus of the common-
current transfer ratio emitter small-signal short-circuit forward current transfer
ratio [hg] has decreased to unity.2

NOTE: This frequency must be determined by direct measurement, not by extrapolation.
See f T

Small-signal short-circuit The lowest frequency at which the magnitude of the small-

forward current transfer signal short-circuit forward current transfer ratio is 0.707

ratio cutoff frequency, of its value at a specified low frequency (usually 1 kHz or
less).4

common-base
common-collector

common-emitter

Maximum frequency of The maximum frequency at which a transistor can be
oscillation made to oscillate under specified conditions.2

NOTE: This approximates the frequency at which the maximum available power gain has
decreased to unity.

Frequency of unity The frequency at which the modulus of the forward
forward transmission transmission coefficient [sy] has decreased to unity.
coefficient;

common-base
common-collector
common-emitter

59



SYMBOL

fr

EM_
gMB
gMC
EME

*8m_

Zmb
8mc

Zme

hrg
hgc
hgg

hy_

TERM

Transistion frequency, or
frequency at which

small-signal forward current

transfer ratio (common-
emitter) extrapolates to
unity

Static transconductance,
common-base
common-collector
common-emitter

Small-signal
transconductance,
common-base
common-collector
common-emitter

DEFINITION

The product of the modulus (magnitude) of the common-
emitter small-signal short-circuit forward current transfer
ratio [hg.] and the frequency of measurement when this
frequency is sufficiently high so that the modulus of hg, is
decreasing with a slope of approximately 6 dB per octave.
(Also see f})

The ratio of the dc output current to the dc input voltage.’

The ratio of the ac output current to the ac input volatge
with the output short-circuited to ac.’

*Use preferred parameters ygp, Yic, Yfe-

Large-signal insertion
power gain,

common-base
common-collector
common-emitter

Small-signal insertion
power gain,

common-base
common-collector
common-emitter

Large-signal transducer
power gain,

common-base
common-collector
common-emitter

Small-signal transducer
power gain,

common-base
common-collector
common-emitter

Static forward current
transfer ratio

common-base
common-collector
common-emitter

Small-signal short-circuit
forward current transfer
ratio,

The ratio, usually expressed in dB, of (1) the signal power
delivered to the load after insertion of a transducer
between the source and the load to (2) the signal power
that was delivered to the load when the load was
connected directly to the source, under large signal
conditions.

The ratio, usually expressed in dB, of (1) the signal power
delivered to the load after insertion of a transducer
between the source and the load to (2) the signal power
that was delivered to the load when the load was
connected directly to the source, under large signal
conditions.

The ratio, usually expressed in dB, of the signal power
delivered to the load to the maximum signal power
available from the source, under large-signal conditions.

The ratio, usually expressed in dB, of the signal power
delivered to the load to the maximum signal power
available from the source, under small-signal conditions.

The ratio of dc output current to the dc input current.

The ratio of ac output current to the the small-signal ac
input current with the output short-circuited to ac.’
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hig

hjp
hic
hie

hie(imag)
or
Im(h;e)

hie(real)
or
Re(hie)

ho_

hob
hoe
hoe

hoe(imag)
or
Im(hge)

hoe(real)
or ’
Re(hoe)

TERM

common-base
common-collector
common-emitter

Static input resistance,

common-base
common-collector
common-emitter

Small-signal short-circuit
input impedance,

common-base
common-collector
common-emitter

Imaginary part of the
small-signal short-circuit
input impedance,
common-emitter

Real part of the
small-signal short-circuit
input impedance,
common-emitter

Small-signal open-circuit
output admittance,

common-base
common-collector
common-emitter

Imaginary part of the
small-signal open-circuit
output admittance,
common-emitter

Real part of the
small-signal open-circuit
output admittance,
common-emitter

Small-signal open-circuit

reverse voltage transfer ratio

common-base
common-collector
common-emitter

Current, dc (base)
Current, dc (collector)
Current, dc (emitter)

Current, RMS value of
alternating current, base

Current, RMS value of

alternating current, collector

DEFINITION

The ratio of dc input voltage to the dc input current.

The ratio of the small-signal ac input short-circuit voltage
to the ac input current with the output short-circuited
to ac.’

The ratio of the out-of-phase (imaginary) component of
the small-signal ac base-emitter voltage to the ac base
current with the collector terminal short-circuited to the
emitter terminal for ac.

The ratio of the in-phase (real) component of the small-
signal ac base-emitter voltage to the ac base current with
the collector terminal short-circuited to the emitter
terminal for ac.

The ratio of the ac output current to the small-signal
ac output voltage applied to the output terminal with the
input open-circuited to ac.’

The ratio of the ac collector current to the out-of-phase
(imaginary) component of the small-signal collector-
emitter voltage with the base terminal open-circuited to
ac.

The ratio of the ac collector current to the in-phase (real)
component of the small-signal collector-emitter voltage
with the base terminal open-circuited to ac.

The ratio of the ac input voltage to the small-signal ac
output voltage with the input open-circuited to ac.>

The value of the dc current into the base terminal.
The value of the dc current into the collector terminal.
The value of the dc current into the emitter terminal.

The root-means-square value of alternating current into
the base terminal.

The root-means-square value of alternating current into
the collector terminal.
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Ie

ig

ic

ig

Iggv

IcBo

Iceo

Icer

Ices

Icev

Icex

TERM

Current, RMS value of
alternating current emitter

Current, instantaneous
total value, base

Current, instantaneous
total value, collector

Current, instantaneous
total value, emitter

Base cutoff current

Collector cutoff current,
emitter open

Collector cutoff current,
base open

Collector cutoff current,
resistance between base
and emitter

Collector cutoff current,
base short-circuit to
emitter

Collector cutoff current,
voltage between base
and emitter

Collector cutoff current,
circuit between base
and emitter

DEFINITION

The root-means-square value of alternating current into
the emitter terminal.

The instantaneous total value of alternating current into
the base terminal.

The instantaneous total value of alternating current into
the collector terminal.

The instantaneous total value of alternating current into
the emitter terminal.

The current into the base terminal when it is biased in the
reverse direction with respect to the emitter terminal and
there is a specified voltage between the collector and
emitter terminals.

The current into the collector terminal when it is biased in
the reverse direction with respect to the base terminal and
the emitter terminal is open-circuited.*

The current into the collector terminal when it is biased in
the reverse direction® with respect to the emitter terminal
and the base terminal is open-circuited.

The current into the collector terminal when it is biased in
the reverse direction* with respect to the emitter terminal
and the base terminal is returned to the emitter terminal
through a specified resistance.

The current into the collector terminal when it is biased in
the reverse direction* with respect to the emitter terminal
and the base terminal is short-circuited to the emitter
terminal

The current into the collector terminal when it is biased in
the reverse direction* with respect to the emitter terminal
and the base terminal is returned to the emitter terminal
through a specified voltage.

The current into the collector terminal when it is biased in
the reverse direction* with respect to the emitter terminal
and the base terminal is returned to the emitter terminal
through a specified voltage?.

*For these parameters, the collector terminal is considered to be biased in the reverse direction when it is made
positive for NPN transistors or negative for PN P transistors with respect to the emitter terminal.

IgBo

IEC(ofs)

Igcs

Emitter cutoff current,
collector open

Emitter-collector offset
current

Emitter cutoff current,
base short-circuited
to collector

The current into the emitter terminal when it is biased in
the reverse direction with respect to the base terminal and
the collector terminal is open-circuited.4

The external short-circuit current between the emitter and
collector when the base-collector diode is reverse biased.

The current into the emitter terminal when it is biased in
the reverse direction** with respect to the collector
terminal and the base terminal is short-circuited to the
collector terminal.4

**For this parameter, the emitter terminal is considered to be biased in the reverse direction when it is made positive
for NPN transistors or negative for PNP transistors with respect to the collector terminal.
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Im(hie)
Im(hge)
Im(yie)
Im(yoe)

Pgg

Pcp

Pce

Pgg

PBE

PCB

PCE

PEB

Prg

Pic

Pig

Pip

Pop

Poc

Pog

TERM

See preferred symbol hie(imag)-
See preferred symbol hoe(imag)-
See preferred symbol yie (imag)-
See preferred symbol yoe(imag)-

Power input, dc to the
base, common-emitter

Power input, dc to the
collector, common-base

Power input, dc to the
collector, common-emitter

Power input, dc to the
emitter, common-base

Power input, dc; instantaneous
total to the base, common-
emitter

Power input, dc; instantaneous
to the collector, common-base

Power input, dc; instantaneous
total to the collector,
common-emitter

Power input, dc; instantaneous
total to the emitter,
common-base

Large-signal input power,
common base
Large-signal input power,
common collector
Large-signal input power,
common emitter

Small-signal input power,
common emitter

Small-signal input power,
common collector

Small-signal input power,
common emitter

Large-signal output power,
common base

Large-signal output power,
common collector

Large-signal output power,
common emitter

DEFINITION

The product of the dc input current and voltage with the
common emitter circuit configuration.

The product of the dc input current and voltage with the
common base circuit configuration.

The product of the dc input current and voltage with the
common emitter circuit configuration.

The product of the dc input current and voltage with the
common base circuit configuration.

The product of the instantaneous input current and
voltage with the common emitter circuit configuration.

The product of the instantaneous input current and
voltage with the common base circuit configuration.

The product of the instantaneous current and voltage with
the common emitter circuit configuration.

The product of the instantaneous input current and
voltage with the common base circuit configuration.

The product of the large-signal ac input current and
voltage with the common base circuit configuration.

The product of the large-signal ac input current and
voltage with the common collector circuit configuration.

The product of the large-signal ac input current and
voltage with the common emitter circuit configuration.

The product of the small-signal ac input current and
voltage with the common base circuit configuration.

The product of the small-signal ac input current and
voltage with the common collector circuit configuration.

The product of the small-signal ac input current and
voltage with the common emitter circuit configuration.

The product of the large-signal ac output current and
voltage with the common base circuit configuration.

The product of the large-signal ac output current and
voltage with the common collector circuit configuration.

The product of the large-signal ac output current and
voltage with the common emitter circuit configuration.
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Pop

POC

POC

Pt

PT

rp'Ce

I'CE(sat)

Re(hie)
Re(hge)
Re(¥ie)
Re(Yoe)

sf_or
S21_

$fb,S21b
Sfc,S821c
Sfe,S21e

sj_or
$11

SibsS11b
Sic,S11c
SiesS1le

So_ Or
$22_

S0b,522b
Soc,822¢
Soe>822¢

Sy_or
S12_

Srb»S12b
SrcsS12¢c
Sre;S12e

TERM

Small-signal output power,
common base

Small-signal output power,
common collector

Small-signal output power,
common emitter

Total nonreactive power
input, instantaneous total,
to all terminals

Nonreactive power input
instantaneous total, to
all terminals

Collector-base time
constant

Saturation resistance,
collector-to-emitter

~ See preferred symbol hie(real)-

See preferred symbol hoe(real).
See preferred symbol yie(real).-

See preferred symbol yoe(real)-

Forward transmission
coefficient,

common-base
common-collector
common-emitter

Input reflection
coefficient,

common-base
common-collector
common-emitter

Output reflection
coefficient,

common-base
common-collector
common-emitter

Reverse transmission
coefficient,

common-base
common-collector
common-emitter

DEFINITION

The product of the small-signal ac output current and
voltage with the common base circuit configuration.

The product of the small-signal ac output current and
voltage with the common collector circuit configuration.

The product of the small-signal ac output current and
voltage with the common emitter circuit configuration.

The sum of the products of the dc input currents and
voltages, i.e.:

Vee . Ig+ Vcg . Ic or

Vee.Ig+VeB. Ic

The sum of the products of the instantaneous input
currents and voltages.

The product of the intrinsic base resistance and collector
capacitance under specified small-signal conditions.

The resistance between the collector and emitter terminals
for the saturation conditions specified.4

The complex ratio of the voltage at the output port to the
voltage incident on the input port under small-signal
conditions, the output port terminating impedance and the
impedance of the source of the incident voltage being
equal and purely resistive.

The complex ratio of the voltage reflected from the input
port to the voltage incident on the output port under
small-signal conditions, the output-port terminating
impedance and the impedance of the source of the incident
voltage being equal and purely resistive.

The complex ratio of the voltage reflected from the output
port to the voltage incident on the output port under
small-signal conditions, the input-port terminating
impedance and the impedance of the source of the incident
voltage being equal and purely resistive.

The complex ratio of the voltage at the input port to the
voltage incident on the output port under small-signal
conditions, the input-port terminating impedance and the
impedance of the source of the incident voltage being
equal and purely resistive.
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te

tq

tdi

tay

te

thi

try

toff

toff(i)

Loff(v)

tev

ts

TERM

Turn-off crossover time
(for reserve symbol,
see tyo)

Delay time

Current delay time

Voltage delay time

Fall time

Current fall time

Voltage fall time

Turn-off time

Current turn-off time

Voltage turn-off time

Turn-on time

Current turn-on time

Voltage turn-on time

Rise time

Current rise time

Voltage rise time

Storage time

Current storage time

DEFINITION

The time interval during which collector voltage rises from
10% of its peak off-state value and collector current falls
to 10% of its peak on-state value, in both cases ignoring
spikes that are not charge-carrier induced.

See current delay time (tgj).

The time interval during which an input pulse that is

switching the transistor from a nonconducting to a

conducting state rises from 10% of its peak amplitude and

the collector current waveform rises to 109 of its on-state
amplitude, ignoring spikes that are not charge-carrier induced.

The time interval during which an input pulse that is

switching the transistor from a nonconducting to a

conducting state rises from 10% of its peak amplitude and

the collector voltage waveform falls to 909 of its off-state
amplitude, ignoring spikes that are not charge-carrier induced.

See current fall time (tg).

The time interval during which the collector current
changes from 90% to 10% of its peak on-state value,
ignoring spikes that are not charge-carrier induced.

The time interval during which the collector voltage
changes from 90% to 10% of its peak off-state value,
ignoring spikes that are not charge-carrier induced.

See current turn-off time toff).

The sum of current storage time and current fall time, i.e.:
tg *tf.

The sum of voltage storage time and voltage rise time, i.e.:
toy * try.

See current turn-on time topj).

The sum of current delay time and current fall time, i.e.:
tdi * i

The sum of voltage delay time and voltage rise time, i.e.:
tay + ty.

See current rise time tg.

The time interval during which the collector current

changes from 10% to 90% of its peak on-state value,
ignoring spikes that are not charge-carrier induced.

The time interval during which the collector voltage
changes from 109% to 90% of its peak off-state value,
ignoring spikes that are not charge-carrier induced.

See current storage time tg;.

The time interval during which an input pulse that is
switching from a conducting to a nonconducting state falls
from 909% of its peak amplitude and the collector current
waveform falls to 90% of its on-state amplitude, ignoring
spikes that are not charge-carrier induced.
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tsy

VBB

Vce

VEE

Vae

\Z¢:

VeB

Vec

Vbe

TERM

Voltage storage time

Current tail time

Turn-off crossover time

DEFINITION

The time interval during which an input pulse that is
switching from a conducting to a nonconducting state falls
from 909% of its peak amplitude and the collector voltage
waveform rises to 10% of its off-state amplitude, ignoring
spikes that are not charge-carrier induced.

The time interval following current fall time during which
the collector current changes from 10% to 2% of its peak
on-state value, ignoring spikes that are not charge-carrier
induced.

For definition, see t; (txo is a reserve symbol to be used if
tc will cause confusion).

NOTE: As names of time intervals for characterizing switching transistors, the terms “fall
time” and “rise time” always refer to the change that is taking place in the magnitude of the
output current even though measurements may be made using voltage waveforms. In a
purely resistive circuit, the (current) rise time may be considered equal and coincident to
the voltage fall time; and the (current) fall time may be considered equal and coincident to
the volrage rise time. The delay times for current and voltage will be equal and coincident,
as will the storage times. When significant amounts of inductance are present in a circuit,
these equalities and coincidences no longer exist, and the use of the unmodified terms

2

“delay time,” “fall time,” “rise time,” and “storage time” must be avoided.

Supply voltage, dc (base)

Supply voltage, dc
(collector)

Supply voltage, dc,
(emitter)

Voltage, dc, base-to-
collector

Voltage, dc, base-to-emitter

Voltage, dc, collector-
to base

Voltage, dc, collector-
emitter

Voltage, dc, emitter-to-
base

Voltage, dc, emitter-to-
collector

Voltage, instantaneous value
of alternating component,
base-to-collector

The dc supply voltage applied to a circuit connected to the
base terminal.

The dc supply voltage applied to a circuit connected to the
collector terminal.

The dc supply voltage applied to a circuit connected to the
emitter terminal.

The dc voltage between the base terminal and the collector
terminal (stated in terms of the polarity at the base
terminal).

The dc voltage between the base terminal and the emitter
terminal (stated in terms of the polarity at the emitter
terminal).

The dc voltage between the collector terminal and the base
terminal (stated in terms of the polarity at the base
terminal).

The dc voltage between the collector terminal and the
emitter terminal (stated in terms of the polarity at the
emitter terminal).

The dc voltage between the emitter terminal and the base
terminal (stated in terms of the polarity at the base
terminal).

The dc voltage between the emitter terminal and the
collector terminal (stated in terms of the polarity at the
collector terminal).

The instantaneous value of ac voltage between the base
terminal and collector terminal.
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Vbe

Veb

Vee

Veb

VBE(sat)

V(BR)CBO»
formerly

BVcBo

V(BR)CEO>
formerly

BVceo

V(BR)CER>
formerly
BVcer

V(BR)CES>
formerly
BVcEes

V(BR)CEV,
formerly

BVcev

V(BR)CEX>
formerly
BVcex

TERM

Voltage, instantaneous value
of alternating component,
base-to-emitter

Voltage, instantaneous value
of alternating component,
collector-to-base

Voltage, instantaneous value
of alternating component,
collector-to-emitter

Voltage, instantaneous value
of alternating component,
emitter-to-base

Voltage, instantaneous value
of alternating component,
emitter-to-collector

Saturation voltage,
base-to-emitter

Breakdown voltage, collector-
to-base, emitter open

Breakdown voltage, collector-
to-emitter, base open

Breakdown voltage, collector-
to-emitter, resistance
between base and emitter

Breakdown voltage, collector-
to-emitter, base short-
circuited to emitter

Breakdown voltage, collector-
to-emitter, voltage between
base and emitter

Breakdown voltage, collector-
to-emitter, circuit between
base and emitter

DEFINITION

The instantaneous value of ac voltage between the base
terminal and emitter terminal.

The instantaneous value of ac voltage between the
collector terminal and base terminal.

The instantaneous value of ac voltage between the
collector terminal and emitter terminal.

The instantaneous value of ac voltage between the emitter
terminal and base terminal.

The instantaneous value of ac voltage between the emitter
terminal and collector terminal.

The voltage between the base and emitter terminals for
specified base-current and collector-current conditions
which are intended to ensure that the collector junction is
forward biased.

The breakdown voltage between the collector terminal and
the base terminal when the collector terminal is

biased in the reverse direction with respect to the base
terminal and the emitter terminal is open-circuited.4

The breakdown voltage between the collector terminal and
the emitter terminal when the collector terminal is biased
in the reverse direction* with respect to the emitter
terminal and the base terminal is open-circuited.

The breakdown voltage between the collector terminal and
the emitter terminal when the collector terminal is biased
in the reverse direction* with respect to the emitter
terminal and the base terminal is returned to the emitter
terminal through a specified resistance.

The breakdown voltage between the collector terminal and
the emitter base terminal when the collector terminal is
biased in the reverse direction* with respect to the emitter
terminal and the base terminal is short-circuited to the
emitter terminal.

The breakdown voltage between the collector terminal and
the emitter voltage terminal when the collector terminal is
biased in the reverse direction* with respect to the emitter
terminal and the base terminal is returned to the emitter
terminal through a specified voltage.

The breakdown voltage between the collector terminal and
the emitter circuit terminal when the collector terminal is
biased in the reverse direction* with respect to the emitter
terminal and the base terminal is returned to the emitter
terminal through a specified circuit.4
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V(BR)EBO:
formerly
BVEpo

V(BR)ECO;
formerly

BVEco

Vesy

Vce@)

VEB(f)

VEec@)

Vceo

VCE(ofs)

VcEsat)

Vceo

VCER

TERM

Breakdown voltage, emitter-
to-base, collector open

Breakdown voltage, emitter-
to-collector, base open

DEFINITION

The breakdown voltage between the emitter terminal and
the base terminal when the emitter terminal is biased in
the reverse direction with respect to the base terminal and
the emitter terminal is open-circuited.?

The breakdown voltage between the emitter terminal and
the collector terminal when the emitter terminal is biased
in the reverse direction** with respect to the collector
terminal and the base terminal is open-circuited.

*For these parameters, the collector terminal is considered to be biased in the reverse
direction when it is made positive for NPN transistors or negative for PNP transistors with

respect to the emitter terminal.

**For these parameters, the collector terminal is considered to be biased in the reverse
direction when it is made positive for NPN transistors or negative for PNP transistors with

respect to the base terminal.

Open-circuit voltage
(floating potential),
collector-to-base

Open-circuit voltage
(floating potential),
collector-to-emitter

Open-circuit voltage
(floating potential)
emitter-to-base

Open-circuit voltage
(floating potential)
emitter-to-collector

Collector-to-base voltage
emitter open

Collector-to-emitter
offset voltage

Saturation voltage,
collector-to-emitter

The open-circuit voltage (floating potential) between the
collector terminal and the base terminal when the emitter
terminal is biased in the reverse direction with respect to
the base terminal 4

The open-circuit voltage (floating potential) between the
collector terminal and the emitter terminal when the base
terminal is biased in the reverse direction with respect to
the emitter terminal.

The open-circuit voltage (floating potential) between the
emitter terminal and the base terminal when the collector
terminal is biased in the reverse direction with respect to
the base terminal.

The open-circuit voltage (floating potential) between the
emitter terminal and the collector terminal when the base
terminal is biased in the reverse direction with respect to
the collector terminal.4

The voltage between the collector terminal and the base
terminal when the emitter terminal is open circuited.

The open-circuit voltage between the collector terminal
and the emitter terminal when the base-emitter diode is
forward-biased.

The voltage between the collector and emitter terminals
under conditions of base current or base-emitter voltage
beyond which the collector current remains essentially
constant as the base current or voltage is increased.

NOTE: This is the voltage between the collector and emitter terminals when both the base-
emitter and base-collector junctions are forward-biased.

Collector-to-emitter
voltage, base open

Collector-to-emitter
voltage, resistance between
base and emitter

The voltage between the collector terminal and the emitter
terminal when the base terminal is open-circuited.

The voltage between the collector and the emitter terminal
when the base terminal is returned to the emitter terminal
through a specified resistance. '
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Vces

Vcev

Vcex

VCEO(sus)

VCER(sus)

VCES(sus)

VCEV(sus)

VCEX(sus)

VEBO

VEC(ofs)

VRT

ye_

TERM

Collector-to-emitter
voltage, base short-circuited
to emitter

Collector-to-emitter
voltage, voltage between
base and emitter

Collector-to-emitter
voltage, circuit between
base and emitter

Sustaining voltage, collector-
to-emitter with base open

Sustaining voltage, collector-
to-emitter with resistance
between base and emitter

Sustaining voltage, collector-
to-emitter with base
short-circuited to emitter

Sustaining voltage, collector-
to-emitter with voltage
between base and emitter

Sustaining voltage, collector-
to-emitter with circuit
between base and emitter

DEFINITION

The voltage between the collector terminal and the emitter
terminal when the base terminal is short-circuited to the
emitter terminal.

The voltage between the collector terminal and the emitter
terminal when the base terminal is returned to the
terminal through a specified voltage.

The voltage between the collector terminal and the emitter
terminal when the base terminal is returned to the emitter
terminal through a specified circuit.

The collector-to-emitter breakdown voltage at relatively
high values of collector current where the breakdown
voltage is relatively insensitive to changes in collector
current and the base terminal is open-circuited.

The collector-to-emitter breakdown voltage at relatively
high values of collector current where the breakdown
voltage is relatively insensitive to changes in collector
current and the base terminal is returned to the emitter
terminal through a specified resistance.

The collector-to-emitter breakdown voltage at relatively
high values of collector current where the breakdown
voltage is relatively insensitive to changes in collector
current and the base terminal is short-circuited to the
emitter terminal.

The collector-to-emitter breakdown voltage at relatively
high values of collector current where the breakdown
voltage is relatively insensitive to changes in collector
current and the base terminal is returned to the emitter
terminal through a specified voltage.

The collector-to-emitter breakdown voltage at relatively
high values of collector current where the breakdown
voltage is relatively insensitive to changes in collector
current and the base terminal is returned to the emitter
terminal through a specified circuit.

NOTE: This would be the transient voltage between the collector and emitter terminals
during switching with an inductive load from a forward-biased base-emitter to an external
condition described by the third subscript letter.

Emitter-to-base voltage,
collector open

Emitter-to-collector
offset voltage

Reach-through voltage

Small-signal short-circuit
forward transfer admittance,

The voltage between the emitter terminal and the base
terminal when the collector terminal is open-circuited.

The open-circuit voltage between the emitter terminal and
the collector terminal when the base-collector diode is
forward-biased.

The value of reverse collector-to-base voltage voltage at
which the space charge region of the collector-base
junction extends to the space charge region of the emitter-
base junction.*

The ratio of rms output current to rms input voltage with
the output short-circuited to ac.
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Yiv
Yic
Yfe

Yi.

Yib

Yic

Yie
Yie(imag)
or

Im(yie)

Yie(real)
or

Re(yie)
Yo_

Yob
Yoc
Yoe

Yoe(imag)
or
Im(yoe)

Yoe(real)
or

Re(Yoe)

Yr_

Yrb
Yre
Yre

TERM
common-base
common-collector
common-emitter

Small-signal short-circuit
input admittance,

common-base
common-collector
common-emitter

Imaginary part of the
small-signal short-circuit
input admittance, common-
emitter

Real part of the small-
signal short-circuit input
admittance, common-emitter

Small-signal open-circuit
output admittance,

common-base
common-collector
common-emitter

Imaginary part of the
small-signal short-circuit
output admittance, common-
emitter

Real part of the small-
signal short-circuit output
admittance, common-emitter

Small-signal short-circuit
reverse transfer admittance,

common-base
common-collector
common-emitter

DEFINITION

The ratio of rms input current to rms input voltage with
the output short-circuited to ac.

The ratio of rms current to the rms out-of-phase
(imaginary) component of the input voltage with the
output short-circuited to ac.

The ratio of rms input current to the rms in-phase (real)
component of the input voltage with output short-
circuited to ac.

The ratio of rms output current to rms output voltage
with the input short-circuited to ac.

The ratio of rms current to the rms out-of-phase
(imaginary) component of the output voltage with the
input short-circuited to ac.

The ratio of rms output current to the rms in-phase (real)
component of the output voltage with input short-
circuited to ac.

The ratio of rms input current to rms output voltage with
the input short-circuited to ac.

REFERENCES

1. ANSI-Y 32-2 or EIA Standard 315 -- 1975; Graphic Symbols for Electrical and Electronic Diagrams.

2. IEC Publication 147.0 - International Electronic Commission.

3. IEEE Standard 100 - 1972; IEEE Standard Dictionary of Electrical and Electronic Terms (ANSI C42.100,

1972).
4. IEEE Standard 255.

5. MIL-Specification — 19500, Semiconductor Device General Specification.
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The proper application of power semiconductors requires an understanding of their absolute maximum ratings and
electrical characteristics, information which is presented within the device data sheet. Good design practice employs
data sheet limit values and not data gleaned from samples.

A rating is a value that establishes either a limiting capability or a limiting condition (either maxima or minima)
for a device. It is determined for specific values of environment and operation. Operation in excess of a rating may
result in irreversible degradation or device failure. Parameters which fall into this category include breakdown
voltages, currents, power dissipation, temperature, isolation voltage, and mounting torque. Many ratings are
specified at a case temperature of 25°C. This is incompatible with typical applications, since both the junction and
case temperatures will normally run hotter than the ambient temperature due to power dissipated within the device.
However, it is a convenient way to specify devices, since a very short pulse (10-100 us) with a low duty cycle (1 to 5%)
can be applied to the device without raising either the junction or case temperatures significantly above the ambient
temperature. Therefore, the easily measured case temperature closely approximates the junction temperature.

A characteristic is an inherent and measurable property of a device, expressed as a value for stated or recognized
conditions. A characteristic may also be a set of related values, usually shown in graphical form. Devices can have
static (dc) and dynamic (ac or pulsed) characteristics usually specified by minimum, typical and maximum values.
These characteristics are strongly influenced by test conditions.

2.1 POWER DISSIPATION AND THERMAL RATINGS

Successful application of power semiconductor devices requires close attention to power dissipation and thermal
ratings. The probability of semiconductor device failure is directly proportional to junction temperature. Thus,
derating junction temperature below device data sheet maximum is an often used design technique to enhance
reliability.

2.1.1 POWER DISSIPATION vs. TEMPERATURE

The maximum power dissipation in Watts is specified at a case temperature of 25°C. If the case temperature is
higher than +25°C, then the derating curve shown in Figure 2.1 must be used. The total power dissipation, or losses,
dissipated in a semiconductor device consist of off-state, conduction and switching losses. For three-terminal devices,
i.e., transistors, drive power dissipation may also need to be considered.

10

Pp - NORMALIZED POWER
DISSIPATION (WATTS)

0

25;°C Te(max)
FIGURE 2.1. ALLOWABLE POWER DISSIPATION vs. TEMPERATURE
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2.1.2 THERMAL RESISTANCE

Temperature calculations are simplified by using thermal resistance concepts. The flow of heat thirough a thermal
path as a result of power dissipation is analogous to the flow of current through a conductive path as a result of a
voltage source. Hence, knowing the power being dissipated in a device, and the ambient temperature, the resulting
junction temperature can be calculated using the total thermal resistance and the following equation:

Ty=Ta + PrRgr
where:

Ryt = total thermal resistance (°C/W)
Pt = total power dissipation (Watts)
Ty, Ta = junction and ambient temperatures respectively (°C)

The total thermal resistance is given by:
Rot = Rgyc + Rocs + Rosa
where:
Rgyc = junction-to-case thermal resistance specified on the device data sheet (°C/W)

Rgcs = case-to-sink thermal resistance (°C/W)
Rgsa = sink-to-ambient thermal resistance (°C/ W)

The thermal resistance (Rgjc) is specified for a semiconductor mounted in a particular package type. Rgjc is
always a maximum value, with a safety margin included to allow for production variations from lot to lot.

In some applications, the interface case-to-sink thermal resistance (Rgcs) may be significant and attention to
mounting torques, heat sink surfaces and possible use of thermal compounds is important.

2.1.3 TRANSIENT THERMAL RESPONSE

- For single or constant duty cycle and frequency power pulses, using the steady-state thermal resistance will give
conservative junction temperatures. In addition, using the average value of power dissipation will underestimate the
junction temperature. The solution is use of the normalized transient thermal impedance curves (Figure 2.2) and
average power dissipation to calculate the maximum average junction temperature.
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FIGURE 2.2. TRANSIENT THERMAL RESPONSE

72



2.1.4 USE OF THERMAL COMPOUNDS AND INSULATORS

Use of thermal compounds when mounting devices to heat sinks is highly recommended to prevent hot spots due
to voids between the package and the heat sink surface. GE No. 6644 or Dow No. 4 are recommended.

In those instances where the package must be isolated from the heat sink, insulating washers with thermal
compound applied on both sides of the interface are recommended. If the manufacturing environment precludes the
use of thermal compounds, there are greaseless washers, such as Chotherm No. 1674 and SILPADS No. 400.

For proper mounting and thermal considerations of plastic encapsulated devices, refer to General Electric
Application Note No. 200.55 which is available upon request.

2.1.5 SURFACE FINISH

It is recommended that heat sink surfaces be flat within & 1.5 mils/inch (0.015 mm/cm) over the mounting area
and have a surface finish of << 64 micro inches (1.62 microns). -

2.2 DIODES

The PN junction rectifier, or diode, may be considered as a two terminal electronic switch, whose conduction state
(open or closed) depends on the polarity of an externally applied bias voltage. When the anode (P-side) is biased
positively with respect to the cathode (N-side), the device behaves as a closed switch and current flows freely from
anode to cathode; conversely, when a positive voltage is applied to the cathode with respect to the anode, the device
behaves as an open switch and current flow is inhibited as long as the applied voltage is beneath a critical and
specified threshold level (Vrry). Should the applied reverse voltage exceed this VRry threshold, a condition known
as reverse avalanche sets in, characterized by an abrupt increase in reverse current as shown in Figure 2.3. Figure 2.3
illustrates the voltage-current relationships of a PN junction diode where each of the three distinct operating modes is

defined.
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FIGURE 2.3. DIODE SYMBOL AND OUTPUT CHARACTERISTICS

For clarity, the reverse leakage current has been exaggerated in Figure 2.3. Diode forward current is many orders
of magnitude greater than reverse leakage current. Also, note that significant forward current does not flow until the
approximate 0.7 volt threshold is exceeded.

Diode characteristics are usually specified at 25°C. Forward voltage decreases as a function of temperature with
the value dependent on current. A typical value equals -2.5mV per °C. Reverse saturation current approximately
doubles for every 10°C rise in temperature.
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2.2.1 DIODE CAPACITANCES

Referring to Figure 2.3, while in the steady state the rectifier must operate in one of three modes; forward
conduction, reverse blocking or reverse avalanche. During transition intervals, however, when operation transfers
from one mode to another, or where sudden changes in operating point occur within a given mode, transient effects
come into play. In the reverse blocking mode, for example, the stored charge in the depletion region gives rise to a
capacitive effect at the junction. This capacitance is called the transition or space charge capacitance, its boundaries
(or “plates”) represented by the edges of the depletion layer. As for any capacitance, its value Ct is dependent on the
plate area A, on the distance between the two plates Wp and on the dielectric constant of the material e.

Cr=e" A/Wp where Wp = V!/n 1/3<n<1/2and V = Applied Voltage

Thus, the magnitude of the transition capacitance is directly proportional to junction area and inversely
proportional to applied voltage. Should the reverse voltage applied to the junction suddenly change, the transition
capacitance will change and a current must flow transiently to establish a new equilibrium.

In the forward biased mode, yet another capacitive effect manifests itself, with a much greater impact on transient
behavior than the transition capacitance. The doping levels associated with the P and N layers of a practical PN
junction are by no means identical. One area is heavily doped (low resistivity), whereas the other is lightly doped
(high resistivity). This is necessary to create a diode with a low forward voltage drop and a high reverse voltage
capability.

If the P-region is heavily doped, it becomes the emitter and holes are injected into the N-region under forward
bias. When these holes enter the N-region, they become minority carriers and diffuse away from the junction to
eventually recombine with electrons. As a result, the hole density tails off exponentially with distance from the
junction. The rate of change of this charge with applied voltage is called the diffusion or storage capacitance. It is
directly proportional to the mean lifetime of holes in the N-region and inversely proportional to the dynamic
resistance of the forward biased diode. Thus,

Cp=Tp_
Y
where Cp = diffusion capacitance
T, = mean hole lifetime
v = dynamic resistance

The resulting time constant yCp limits the performance of the diode, especially at high frequencies.
2.2.2 REVERSE RECOVERY TIME

When reverse voltage is applied to a diode that has been conducting in the forward direction, reversion to the
blocking mode is not immediate, and for a brief interval a high amplitude reverse current flows. This results from the
applied reverse bias voltage sweeping minority carriers stored in the diffusion capacitance back across the junction
into the P-region. Some, of course, recombine with electrons en route.

The time required to remove this stored charge and allow the diode to regain its high reverse blocking resistance is
called reverse recovery time. Reverse recovery time is not only related to the time constant 7, but is also a function
of the external circuit which determines the negative di/dt through the diode. During the reverse recovery interval
between the time the current crosses zero and reaches its peak value, the junction remains forward biased as shown
diagrammatically in Figure 2.4.

With the reversal of the recovery current toward zero, transients are induced across any inductances in the path of
the current. Depending on the circuit parameters, the amount of charge stored in the diode and on its commutation
behavior (“soft” or “snappy” see Figure 2.5), these commutation transients may be of low amplitude and relatively
harmless for a soft recovery, or of high amplitude and potentially destructive in the event of “snappy” recovery. R-C
snubber networks may be required to protect the diode and other circuit components from over voltage and to
control electromagnetic interference (EMI).

A slow tail off of reverse current reduces the peak transients; however, there may be an undersirable high peak
energy dissipation in the diode, as the device assumes reverse voltage simultaneously.with the flow of significant
reverse current for a finite period of time. This can be particularly troublesome in high frequency applications.
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The relative snappiness of a diode may be established quantitatively by assigning a time to each of the two
segments of the total reverse recovery current waveshape (t, and tp) and then comparing these two times, as shown in
Figure 2.5. The ratio ty/t, is called the “S” factor.

The steeper the final slope, the smaller the S-number becomes, and the snappier the diode. Knowing the S factor
provides an indication of the likelihood of excessive voltage transients (small S factor), or inordinate power
dissipation (high S factor) during the recovery phase. For fast diodes, experience shows an S factor in the region of
unity (tp = tg) represents a reasonable compromise between these contradictory phenomena.

2.2.3 FORWARD RECOVERY TIME

When the non-conducting diode is suddenly forward biased from a state of rest by application of a circuit
dependent forward current, there is an accompanying transient forward recovery voltage. Under certain
circumstances this overshoot voltage can significantly influence circuit behavior, so an understanding of its origins
and likely magnitude is an indispensable prerequisite for reliable circuit design.

Referring to Figure 2.6, note that the forward current slope dig/dt is determined by the external circuit, not by the
diode, and that this slope may be either linear or exponential. In the latter case, dig/dt is defined by the linear ramp
through the single time constant point (63%) of the exponential.

As can be seen, the transient voltage developed across the diode rises to a maximum value Vgp, thereafter
declining asymptotically towards a steady state value. Forward recovery time is defined as the interval between the
onset of conduction and that point in time where forward voltage has decayed to an arbitrary reference level.
Traditionally, the reference level for small signal switching diodes is 1.2V, where VF is the steady state forward drop

at the test current level. For power diodes, however, it is common practice to use 2 volts as the reference point, to
facilitate testing.
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Theoretically, the forward recovery may be considered as the cumulative effect of three separate phenomena;
namely, the capacitance, ohmic resistance and apparent inductance of the junction at the moment conduction is
initiated. The capacitive mechanism, relatively insignificant at nominal current levels, is related to the injection of
minority carriers into the previously carrier-free junction zone at the instant of turn-on. It is characterized by an
increasing voltage with time, this voltage tending toward the steady state level without overshoot.

The more significant ohmic resistance mechanism is related to the dramatic increase in minority carriers within the
junction region as the device turns on. Initially the resistance is relatively high resulting in a high forward voltage
drop; however, as the concentration of minority carriers spread (conductivity modulation effect), the ohmic resistance
and consequently the forward voltage drop decreases as a function of time. In standard rectifiers, the ohmic-related
overshoot can attain 15-20 volts peak, whereas the effect is much less pronounced in high speed diodes, due to their

relatively narrow junction regions. As a corollary, such fast diodes also have commensurately lower forward recovery
times.
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The third mechanism contributing to the turn-on overshoot voltage magnitude is the apparent inductance of the

semiconductor chip, which can be in the order of 150 nH for a 12 amp 1200 volt diode. It should be emphasized that
this inductance is that of the chip itself, and is not associated with stray inductance due to packaging considerations
or ohmic contacts to the chip. Since inductive voltage is generated by rate of change of current, the inductive
component of the forward recovery is present only during the forward current rise time phase, and is directly
proportional to dig/dt. Thus, for the 12A diode already cited, the inductive overshoot would be about 15 volts at a
dip/dt of 100 amps per microsecond, but would be only 1.5 volts at 10 amps per microsecond. As is the case for the
resistive component of overshoot voltage, inductive overshoot is less pronounced in fast diodes than in standard
types, for the same reasons. A summary of facts associated with the forward voltage recovery is given as follows:

® Total overshoot is the sum of the individual contributions, principally the resistive and inductive components at
normal current levels.

® This overshoot has a positive temperature coefficient, its amplitude increasing by about 50% for a 100°C rise in
junction temperature,

® The forward recovery time tg is virtually independent of the rate of rise of current dig/dt.

@ The overshoot voltage varies only slightly with the amplitude of forward current, at least over the normal
operating current range of the diode. :

@ The phenomenon is unaffected by prior reverse biasing.

® The additional power losses due to forward recovery can be neglected in the majority of applications, since the
energy associated with each pulse is low.

® In all cases where the effects of forward recovery must be minimized, specification of a fast reverse recovery
rectifier will usually suffice.

2.2.4 CONTROL OF MINORITY CARRIER LIFETIME BY GOLD OR PLATINUM DIFFUSION, OR BY
ELECTRON IRRADIATION

Gold diffusion is a process whereby controlled amounts of gold atoms are introduced into the crystal lattice. These
gold atoms provide additional recombination sites which reduces the reverse recovery time. Gold doping, while
enabling a significant reduction in reverse recovery time, causes reverse leakage currents to rise and forward drop to
increase compared to non-gold diffused devices, so it is generally not used to fabricate conventional rectifiers for low
frequency operation. Similar results are obtained when platinum is substituted for gold.

In recent years, a third technique, electron irradiation, has been used as a non-diffusion related method of minority
carrier lifetime control. Here, the silicon crystal is bombarded with high energy radiation that induces dislocations in
the orderly structure of the crystal lattice. These dislocations, like gold or platinum atoms, serve as supplementary
recombination sites, thereby again reducing reverse recovery time. From a manufacturing viewpoint, electron
irradiation offers several advantages over gold or platinum diffusion, most notably lower reverse leakage; however,
electron irradiation suffers from the disadvantage of presenting reverse recovery characteristics that are “snappy”. Its
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effects can be annulled or reduced by subsequent annealing at high temperature.
2.2.5 EPITAXIAL GROWTH OF SILICON

Epitaxy is a sophisticated process in which the silicon crystaline structure may be extended (thickened) by growing
additional material onto an existing substrate. The nature of the grown layer (N or P) may be adjusted during the
growing process. After growth of the first layer, a second layer of different concentration may be added, or
alternatively PN junctions can be generated by changing doping sources. ‘

In diodes, epitaxy may be used to fabricate PNN* structures, where the high resistivity N region reduces the electric
field magnitude that could otherwise produce premature breakdown (avalanche) and the low resistivity, highly doped
N* layer provides an abundant supply of carriers to conduct forward current with minimum forward voltage drop.

2.3 BIPOLAR TRANSISTORS

The bipolar junction transistor (BJT) is a three terminal current controlled device. A current through the base-to-
emitter junction produces an amplified current flow from collector and emitter. The magnitude of the collector
current is equal to the base current multiplied by the gain of the transistor. The emitter current equals the base
current, plus the collector current. Figure 2.7 illustrates the common emitter voltage-current relationships of NPN
and PNP bipolar junction transistors, with three distinct operating modes defined.

In region A (the linear region) the collector current is approximately constant for a given base current and is
essentially a linear function of base current. In region B (the quasi-saturation region) for a fixed base current, the
collector current and hence the gain decreases as the collector-emitter voltage is reduced. This phenomenon is due to
an effective widening of the base region with voltage and is more pronounced in high-voltage devices. In region C
(the saturation region) both the collector-base and the base-emitter junctions are forward biased and the collector
current becomes essentially independent of base current. The ratio of VcEgsat/Ic in the saturation region defines the
saturation resistance.
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FIGURE 2.7 BIPOLAR JUNCTION TRANSISTOR SYMBOLS AND OUTPUT CHARACTERISTICS
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2.3.1 VOLTAGE RATINGS

As indicated earlier, voltage ratings are the absolute maximum values that the device can be subjected to without
danger of degradation or failure. Even though the devices have specified values on voltage ratings, conditions must
be defined to qualify the rating. The voltage ratings and their significance are given in the following paragraphs.

VEBO — A rating specified at low values of Igg which is intended to prevent the base-to-emitter diode from
avalanching. If the diode avalances repetitively, degradation of low current hgg may result. If this junction
is used as a zener diode, it must be rated for maximum current and power dissipation.

Vcev — A conditional rating specified with a negative voltage applied between base and emitter. The negative
voltage must be defined and the corresponding value of Icgy is usually at low values of current. This
parameter becomes important when using load line shaping and can extend the device’s operating collector
to emitter voltage beyond its sustaining voltage rating.

Vceo — A rating specified with the base open. Because of the device’s current gain, Vcgo is always lower than
Vcev- The permissible value of Vcgo will depend upon the magnitude of the collector current. At large
currents, after breakdown, the voltage drops to a lower sustaining voltage, VcgQsus; consequently, this
determines the lowest value of rated collector-emitter voltages with an open base. This latter condition is
taken into account when specifying the device’s safe-operating-area and it is recommended that the designer
use this information when determining acceptable collector to emitter voltage stress levels.

2.3.2 CURRENT RATINGS

The current ratings of a device are specified as continuous (dc) or peak (pulsed). Current ratings are functions of
chip size, junction temperature, bonding wire sizes, and the electrical-to-mechanical interface (type of package).

Continous Current Ratings. The base, emitter and collector continuous current ratings are specified at T¢ = 25°C
on the data sheet. However, all current ratings are valid up to Tjomax). The emitter current rating is the maximum
permissible device current, since Ig = Ig + Ic.

Peak Current Ratings. Peak current ratings are limited by the chip, bonding wire size, and number of wires and
are determined by fusing current at Tjoax). Occasionally, peak currents are specified as a function of the maximum
pulse width and duty cycle to prevent fusing of the bonding wires within the package.

2.3.3 CUT-OFF CURRENTS

These current values should be maximum permissible values with circuit conditions and junction temperatures
carefully defined. The usual rule-of-thumb for Icgg is to double the 25°C value of leakage current for each 10°C
increase in junction temperature. However, this may be misleading, since there is usually a surface leakage
component within the device which is relatively independent of operating temperature. Therefore, the high
temperature value at Tyvax) may be only three to 10 times the 25°C value.

2.3.4 DC CURRENT GAIN

Minimum, typical, and/or maximum values are specified at one or more values of collector current and at a
specified collector-to-emitter voltage. The gain is less at low voltages and will increase with increasing values of Vcg.
Figure 2.8 shows typical gain as a function of Ic and Tj of the General Electric D67DE power Darlington transistor
at Vcg = 5 volts and 10 volts.

Figure 2.8 also provides several other items of interest to the designer. These include:

1) Gain hold-up defined as the Ahgg as a function of collector current. Note that it would be inappropriate to
rate the device for 150 amperes continuous current since both the gain and gain hold-up is low at that level.

2) Change of hgg as a function of junction temperature. Note in the example that for Ic = 100 amperes and a
temperature change from Ty = 25°C to 150° C hgg varies from 180 to 240 for Vcg = 5 volts whereas the spread
is considerably narrower (290 to 310) for Vcg = 10 volts.

The fact that high gain is available at rated current generally means that low values of VcgsaT) are obtainable
with reasonable values of forced beta (8g = I¢/ 1), and consequently that turn-on times can be optimized in high
speed switching applications.
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2.3.5 SATURATION VOLTAGES

The saturation voltages must be specified as a function of base current, collector current and temperature.
Drive conditions determine the limits on minimum values. When the forced beta (B = Ic/Ip) is high, saturation
voltages are high and vice versa. Gain hold-up is important if saturation voltages and consequential conductor

losses are kept low over the current range of interest.

Figure 2.9 shows typical values of VcgsaT) as a function of I¢ and B for junction temperatures of 25°C and
150°C for the General Electric D67DE Darlington transistor. Note that for Ty = 150°C and I¢ = 100 amperes,

100

VcE(sAT) varies from 3 volts down to approximately 1.2 volts as B is varied from 100 to 10.
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The VBgsAT) versus Ic curves shown in Figure 2.10 provide information about the transconductance (i.e.,
gm = Ic/ VBE with Vg constant) of the device. Transconductance is useful to equalize current sharing in parallel
operation of transistors. For single transistor applications these curves are useful in determining the required
clamping diode characteristic when using a Baker clamp for anti-saturation applications. In hard saturation
applications, VggsaT) maximum values enable optimization of the driver circuit.
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2.3.6 SWITCHING CHARACTERISTICS

The switching times (ton, ts and tr) of a device can be heavily influenced by the drive conditions.
® Turn-on time can be decreased by increasing base drive for a fixed value of collector current (low Bg);
® Both storage time and fall time can be reduced by providing negative base current during turn-off and use of
anti-saturation circuitry.

Consequently, it is important to define the drive conditions when specifying switching times. For the General
Electric D64VS power transistor, Figure 2.11 illustrates the effects on inductive switching times using negative base
drive (Igp). These times can be decreased even further by use of anti-saturation techniques.
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2.3.7 FORWARD BIAS SAFE OPERATING AREA (FBSOA)

Depending on the transistor design, current in the collector region generally tends to concentrate under the emitter
periphery at turn-on. This reduces the total conducting area to a fraction of the total emitter area, as shown in Figure
2.12. When switching into a clamped inductive load (Figure 2.13), Ic must rise to the full value of I} before the
rectifier can turn-off, releasing the clamp. Consequently, the collector-emitter voltage equals Ve plus the forward
voltage of the diode during this time period.

Therefore, during the current rise time (t;) the transistor sees simultaneously high voltage (V¢g), high current, and
reduced active conducting area. Similar conditions can also exist under fault conditions of the circuit. Depending on
the rise time of the transistor or the duration of the fault condition, this can cause excessive localized heating that can
lead to thermal instability followed by thermal runaway and second breakdown.
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An important item of information for the power circuit designer is the locus of Ic - Vcg, which marks the
boundary between stable and unstable operation, and defines the Forward Bias Safe Operating Area (FBSOA). A
typical FBSOA curve is shown in Figure 2.14. Note the limits of collector current and collector voltage.
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FIGURE 2.14. FBSOA

Collector current is permissible on a continuous basis in Regions A through C up to a maximum of Iciony) in Region
A. Above the defined continuous current limits, the current may be applied on a pulsed basis up to the limit defined
by Ic(max). Operation above Icmax) may result in melting or lifting of the bonding wires or internal damage to the
chip. Point (1) and the upper DC boundary of Region B represent the maximum dc power of the device at 25°C case
temperature in order to maintain the junction temperature at a temperature less than or equal to Tjmayx). In Region
C, the second breakdown limit is defined by the onset of Is; g (Point 2). Currents greater than the maximum limits
defined for dc and pulsed duty (1%) may cause irreparable damage to the transistor as a result of localized heating.

Since energy (that is, a power-time product) destroys the power transistor, high peak powers above the average
power rating are permissible as long as the average power is less than that required to reach the maximum junction
temperature of the device. It must be emphasized that under pulsed operation the junction must be allowed to cool,
such that a temperature build-up does not occur within the device. Note that pulse ratings are specified with a 1%
duty cycle for convenience; however, again duty cycles greater than 19% are permissible as long as the maximum
junction temperature of the device is not exceeded.

2.3.8 REVERSE BIAS SAFE OPERATING AREA (RBSOA)

In inductive switching, transistors are susceptible to second breakdown during turn-off. However, the mechanisms
that induce this type of breakdown are quite different from those of forward bias second breakdown. The values of
collector current and voltage at which second breakdown occur are found to vary with the values of the reverse base
drive. This is illustrated in Figure 2.15 for a 10A high voltage transistor. (The data was provided by the National
Bureau of Standards.) , :

82



The degree of this dependence varies with the type of emitter geometry and vertical structure of a transistor.

For high current inductive switching and with either no reverse bias or weak reverse base drive during turn-off, the
. second breakdown usually coincides with the breakdown sustaining voltage of the transistor. In an inductive circuit,
the energy that the transistor has to sustain following avalanche breakdown can be very large. It can cause the local
temperature to exceed the intrinsic temperature of silicon, resulting in thermal instability and second breakdown by
formation of mesoplasmas.

Where a strong reverse base drive is present, second breakdown is initiated by a different mechanism. Reverse base
drive produces a strong localization of emitter current that can be an order of magnitude higher than that in the
forward biased case. It can create a high electric field at the N-NT junction which triggers avalanche injection. This
lateral electrical instability leads to the formation of filamentary current and results in nucleation and, finally, melt-
through. In either the weak or the strong reverse base drive case, second breakdown is electric field-initiated and
thermally terminated. On the other hand, forward bias second breakdown is usually thermally initiated, as well as
thermally terminated.

It is interesting to note that when the reverse base current is increased to the point where it is equal to the collector
current, the emitter is effectively disconnected and the threshold for reverse bias second breakdown is substantially
increased. This is clearly shown in Figure 2.15. In this situation, a high “pinched in” current density cannot exist
(because Ig = 0) and, therefore, there is no observable reverse bias second breakdown.

If an inductive load is used without a clamp and sufficient energy exists to avalanche the transistor during turn-off,
an Eg;p rating (LI2/2) is applicable. At turn-off, the collector-emitter voltage flies up due to inductive (di/dt) kick
causing the transistor to avalanche. The maximum energy the transistor can sustain is determined by increasing the
inductor current prior to turn off until a subsequent device failure results. With increased reverse base drive, current
crowding decreases the transistor Es; g capability.
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FIGURE 2.15. THE VALUES OF COLLECTOR CURRENT AND VOLTAGE AT WHICH SECOND BREAKDOWN OCCURS FOR
DIFFERENT VALUES OF REVERSE BASE CURRENT. ONE DEVICE WAS USED FOR ALL THE MEASUREMENTS.

Most practical applications employ clamped loads. A typical clamped Reverse Bias Safe Operating Area (RBSOA)
curve is shown in Figure 2.16. The RBSOA curve represents the allowable worst-case turn-off load lines. RBSOA
applies whenever reverse base current flows during turn-off, even when the reverse base current is generated by a base
emitter resistor with no external reverse voltage source. RBSOA is essentially independent of temperature.

As indicated earlier, RBSOA performance varies considerably with reverse bias. Increasing levels of reverse bias
decrease turn-off switching times and hence turn-off switching losses but also increases turn-off current crowding.
These two phenomenom work against each other in relation to RBSOA performance. Hence, device design will
determine whether RBSOA performance improves or degrades with increasing reverse bias.
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FIGURE 2.16. RBSOA TEST CIRCUIT
2.4 MOSFET TRANSISTORS

The MOSFET transistor is a three-terminal voltage controlled device. The drain-to-source current of the
MOSFET is controlled by a voltage applied between the gate and source.

The current gain of the device is extremely high (typically greater than 10%), since the gate current consists only of
current required to charge the gate input capacitance and some small leakage through the gate oxide. Since current
gain is extremely high and the drain current is controlled by the voltage applied between gate and source, it is more
appropriate to specify transconductance (Alp/AVgs) when using MOSFETs.

Figure 2.17 illustrates the common source voltage-current relationships of n and p-channel MOSFETs. In the
linear, or ohmic, region the slope represents the MOSFET on-resistance. In the transition region dynamic resistance
of the device is changing as channel pinch-off begins to occur. In the saturation, or active, region the MOSFET
characteristic is nearly flat due to pinch-off occurring in the channel. In this region the MOSFET makes an effective
constant current source.
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2.4.1 POWER MOSFET STRUCTURE

A double diffusion (DMOS) of P and N material into the top epitaxial layer of the substrate creates its channel
and source regions. See Figure 2.18. A thin oxide then covers them and polysilicon is deposited. This polysilicon
layer acts as the gate, providing the means for creating an electric field to invert the channel region. All the source
cells are then connected together with a single layer of metallization to form the source terminal, and the back of the
wafer is metallized to form the drain terminal.

An enhancement mode N channel MOSFET is turned on when the voltage applied to the gate creates an electric
field in the P-channel region. This field converts the channel from P-material to N-material, permitting current to
flow from the drain terminal vertically through the chip then horizontally through the channel into the source region.

I
=
i <<
o
=
=4
w
o«
o
2
(8}
B
<
=

INVERTED
REGION
(CHANNEL)

N— EPITAXIAL LAYER

MAIN CURRENT PATH

Vpss

Vgs=0

NORMALIZED

Y

0.8

<

1 1 ] 1 1 | 1 ) I >
—40 =20 0 20 40 60 80 100 120 140

TEMPERATURE-°C
FIGURE 2.19. BLOCKING CHARACTERISTIC FIGURE 2.20. DRAIN-SOURCE BREAKDOWN VOLTAGE
VARIATION WITH TEMPERATURE

Voss

85



2.4.2 BLOCKING CHARACTERISTICS

BVpss is the maximum drain-to-source voltage at a specified junction temperature (usually Ty = 25°C) that can be
safely blocked without avalanching the device. This is illustrated in Figure 2.19. Vpgr is the maximum allowable
drain-to-gate voltage that can be safely applied at a specified Ty and gate-to-source resistance (Rgs).

The temperature coefficient of Vpg shows a strong temperature dependence, increasing as much as 169 between
+25°C and +150°C, but decreasing as much as 8% between +25°C and -40°C. See Figure 2.20. The temperature
coefficient is approximately 0.12%/°C.

BVpss is the maximum drain-to-source voltage at a specified drain current (Ip) with no gate-to-source signal
applied.

2.4.3 TRANSCONDUCTANCE (g)

Transconductance is defined as the ratio of the change of drain-to-source current brought about by a change in
gate voltage. That is:

g = Alps
AVgs
Vps = constant

Transconductance is temperature dependent and the effect can best be seen in Figure 2.21. The temperature
coefficient of gg is approximately 0.2%;/°C.
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2.4.4 ON RESISTANCE (rps(on))

Vps , DRAIN SOURCE VOLTAGE (VOLTS)

FIGURE 2.22. OUTPUT CHARACTERISTICS OF
MOSFET (AT LOWER Vpg)

The static drain-source resistance rpg is equal to Vpg/Ip at each point (rpg is the small signal on resistance
AVpg/Alpg at each point). This is illustrated in Figure 2.22.

The “on” resistance of a MOSFET consists of two components, the channel “on” resistance and the bulk resistance
of the device. The “on” resistance of low voltage devices (<100v) consists primarily of the channel resistance, whereas
the “on” resistance of higher voltage devices is dominated by the resistance of the epi layer. That is,

IDS(ON) = Ren + Rp
R¢h = channel resistance
Rp = extended drain resistance (epi layer)

In addition, channel resistance is controlled by the gate voltage and can be decreased by increasing Vgg for a fixed
value of drain current. However, the maximum value of Vgg must not be exceeded. Figure 2.23 shows typical
normalized “on”resistance. The temperature coefficient of rpg(on) is positive and results in increased power losses at
higher junction temperature (see Figure 2.24).
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The temperature coefficient of rpgon) ranges from +0.2% to +0.7%; °C depending on voltage (higher voltage
devices have higher temperature coefficients). The difference is caused by the competing effects of the positive
temperature coefficient of the silicon versus the negative temperature coefficient of the gate-to-source threhold
voltage VGs(n)- Initially, the temperature coefficient of Vggn) dominates, but as Vpg is increased (with increased epi
thickness and resistivity), the temperature coefficient of the silicon becomes the dominating influence due to the epi
resistance and approaches +0.6 to +0.7%/ C.
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2.4.5 BREAKDOWN VOLTAGE VERSUS rps(on)

When the drain-to-source breakdown voltage of a MOSFET is increased, the “on” resistance for a fixed chip size
and process will increase exponentially by a factor of 2.3 to 2.7. If the breakdown voltage of a 100-volt device with an
rps(oN) of one ohm is increased to 200 Volts, and the rpgion) of one ohm must remain constant, the area must be
increased five-fold. See Figure 2.25. That is, for a fixed chip size, the conduction losses increase as the breakdown
voltage is increased.

!—ﬂ 1 'o_
Tps(on)=1 ohm
Vpg= 100V

le— 25—

rDS(ON,=1ohm
I Vpg= 200V

FIGURE 2.25. 100 VOLT CHIP SIZE vs 200 VOLT CHIP SIZE WITH CONSTANT Rpg(on)

2.4.6 INPUT AND OUTPUT CAPACITANCE

Capacitances of the MOSFET vary with voltage. The gate structure has capacitance to the source (Cys) and to the
drain (Cgg). The inherent reverse biased PN junction adds capacitance between the drain and source (Cqys). This is
illustrated in Figure 2.26.

The data sheet specifies Cigg, Cogs, and Cygs. The relationship to Cgg, Cgs, and Cgq are defined below.

Ciss = Cgq 11Cy;
Coss = Cds Hcgd
Crss = ng
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2.4.7 GATE CHARGE

The gate input capacitance is a nonlinear function of drain to source voltage. Therefore, switching time and drive
power calculations are based on the average input capacitance. Precise values are obtained from the gate charge as a
function of Vgg. If the gate is driven from a current source and the current is integrated, the charge in the gate is
obtained (see Figure 2.27).

If gate capacitance is examined as a function of gate voltage, there are three areas with distinctly different
capacitances (see Figure 2.28). Between ty and t;, the device is practically off and the linearity of the slope indicates
constant capacitance. At time t;, the drain-to-source voltage (Vpg) begins to decrease until time t,. The slope of Vpg
changes dramatically indicating a large increase in capacitance, a result of the Miller effect. At time t3, the device is
on. Between tj and t3, the slope of Vg changes, due to the increase in Cgs as Vpg decreases. The energy to turn the
device on is:

W =15 e Vgs Qg (Watt-Sec)
The power consumed is

P=Qge Vgsef
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FIGURE 2.27. CIRCUIT FOR GATE CHARGE MEASUREMENTS FIGURE 2.28. DYNAMIC GATE CHARACTERISTICS
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2.4.8 SWITCHING CHARACTERISTICS

The MOSFET inherently has very fast switching speeds. Switching speed is primarily limited to the time it takes to
charge the gate input capacitance (Cjg). If it were possible to charge the gate instantaneously, the switching time
would consist only of the time it takes for the carriers to travel from source to drain (typically pico-seconds).

In addition to the pulse source impedance and input capacitance, other limiting factors at high switching speeds are
parasitic inductances in the wiring and connections to the package. Switching times for a MOSFET device change
very little as a function of temperature. A simple test circuit (Figure 2.29) can be used to evaluate switching times. It
consists of a pulse generator with known rise and fall times and known source impedance.

In most cases, switching speeds will be limited by the pulse generator source impedance, peak current capability,
and the parasitic inductances of the external package connections. Even the shortest connection will make an
undesirable contribution to switching time. The delay at turn-on is due to the time required for the gate voltage to
rise from zero volts to V). Once Vg is exceeded, the device will begin to conduct current. The delay at turn-off
is due to the over-drive of the gate to maintain minimum rpg(ony (i.e., ON-voltage) while the device is conducting.
VGs must decrease significantly before rpson) or Vps begins to rise. Switching waveforms of the input voltage and
the output voltage are shown in Figure 2.30. Note that these are idealized waveforms and actual waveforms may be
rounded or will have overshoot.
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2.4.9 RATED CONTINUOUS CURRENT AND PEAK CURRENT
The rated drain current (Ip) is the maximum dc current a device can conduct without derating.

Ipm — the rated pulsed drain current — is the maximum value of peak current the device can conduct at a
specified pulse width without derating. It is a function of pulse width, duty cycle, junction temperature, and
repetition rate. The maximum peak current may be limited by the diameter of the bonding wire, the mounting pad
area, or by the pellet surface metallization.

In a bipolar transistor, the rapidly decreasing hgg at high currents generally discourages operation in excess of
peak current ratings. In a MOSFET, the gain is not significantly reduced at high currents, but rpgon) may increase
if the gate-to-source voltage is not sufficiently high.

2.4.10 RUGGEDNESS

The ruggedness issue associated with Power MOSFETSs is a result of the presence of a parasitic bipolar transistor
intrinsic in the structure of a vertical DMOS processed device. Figure 2.31 shows the equivalent circuit of this
parasitic element. This transistor has its base-emitter junction shorted by the source metallization, but the
effectiveness of the short is dependent on design and process control. If carriers generated by high electric fields in the
drain region are allowed to cross the base region into the emitter region to cause bipolar transistor action, the
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characteristic Vcgr breakdown shown in Figure 2.32 is observed. The locus of this breakdown is very much lower in
voltage than the Vcpo (BVpss) characteristic which would be observed if the transistor were completely suppressed.
Additionally, this locus shows a negative resistance characteristic as bipolar transistor gain increases with increasing
current. If the transistor is allowed to become active, the classic failure mechanism of the second breakdown can
occur, with current hogging taking place on both a macroscopic (amongst cells) and microscopic (within cells) level.
This causes local heating, thereby increasing bipolar gain, further constricting current and eventually leading to
failure.

The equivalent circuit of an NPN bipolar transistor in parallel with a MOSFET serves to explain the ruggedness
phenomenon from a circuit standpoint. The effectiveness of the base shorting resistor in preventing transistor action
determines the activity of the transistor when stressed by high voltages, or by high displacement currents through the
depletion region capacitance.

The transistor can be stressed in any or all of three ways. 1) High dv/dt impressed on the equivalent collector can
cause large displacement currents through the equivalent base shorting resistor which can cause the transistor to turn
on with predictable disastrous results if circuit conditions allow. 2) If the equivalent diode (transistor collector-base
junction) is caused to conduct in the forward direction, minority carriers left in the equivalent base region during
diode recovery can cause transistor action, again with destructive results if external circuit conditions allow. 3)
Finally, minority carriers crossing the base-emitter junction, generated as a result of avalanche conditions in the drain
region, can initiate transistor action, again resulting in failure of the device given sufficient external circuit energy.

Effective suppression of the parasitic bipolar transistor by design and strict process control is essential to
producing Power MOSFETs with the capability of operating under adverse stress conditions.
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FIGURE 2.31. PARASITIC BIPOLAR CONTAINED FIGURE 2.32. MOSFET/TRANSISTOR BREAKDOWN

IN MOSFET STRUCTURE

While the stress condition caused by avalanche breakdown is to be avoided on a repetitive basis, this stress can be
realized even in properly designed circuits when fault conditions arise. The Unclamped Inductive Switching (UIS)
test, performed using the circuit shown in Figures 2.33A and 2.33B, which stresses devices in the avalanche mode, has
been instituted as a process control in the GE Power MOSFET product line. The UIS test is an easily performed and
repeatable test, and devices shown to be rugged in avalanche breakdown also exhibit excellent characteristics in
dv/dt and diode recovery ruggedness. The converse, however, is not necessarily true — Power MOSFETSs showing
good diode performance do not necessarily perform well in dv/dt capability or UIS.
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2.4.11 THE PARASITIC DIODE

It has been shown in the previous discussion on ruggedness that the base-to-emitter junction of the parasitic NPN
transistor is practically a short circuit. Therefore, Figure 2.34 becomes the new equivalent circuit, that is, a MOSFET
in parallel with a diode.

If the drain-to-source is reverse biased, the diode will conduct. The forward current and reverse voltage ratings of
the diode are the same as the current and voltage ratings of the MOSFET. It may be used in inductive circuits as a
free-wheeling diode or as a clamp.

The internal diode is characterized for forward voltage drop and reverse recovery parameters like a discrete diode.

D

s
FIGURE 2.34. MOSFET WITH INTERNAL DIODE
2.4.12 FORWARD BIAS SAFE OPERATING AREA (FBSOA)
To achieve reliable operation for a power semiconductor, the FBSOA of the device must not be exceeded. Data
provided for this curve is at a case temperature of 25°C or at a specified junction temperature. This is shown in

Figure 2.35. The limits of the FBSOA curve are established by peak current, power dissipation at T JMax) and
breakdown voltage.

2.4.13 SWITCHING SAFE OPERATING AREA

GE MOSFETs are rugged devices. The area that the load line can safely traverse is rectangular, limited by the
rated drain current (Ipy), drain-to-source voltage (Vpss), and maximum permissible power dissipation within the
device.

The Switching Safe Operating Area, illustrated in Figure 2.36, is applicable to both turn-on and turn-off.
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2.4.14 HANDLING CONSIDERATIONS

MOS integrated circuits are extremely sensitive to electrostatic discharge (ESD) or any other voltage transient
with sufficient energy content to break down the gate dielectric and do permanent damage.

Power MOSFET and IGT™ transistor input capacitances are much higher than MOS IC’s (many thousands of
cells in parallel), therefore more energy is required to charge the capacitance. This makes the device somewhat less
sensitive than integrated circuits. However, proper precautions must be taken in handling, packaging, and
installation of devices.

There is always the threat of a latent ESD failure! A latent failure can be defined as a time-dependent malfunction
that occurs under use conditions as a result of earlier exposure to electrostatic discharge that did not result in an
immediately detectable problem.
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When devices arrive at their destination, it is reccommended that they be left in the antistatic package until used.
They should be stored in conductive containers and only unpackaged on a static safe work station by persons
familiar with the ESD problem. Operator recommendations include use of: (1) static wrist straps, (2) static
controlled floor mats, (3) static controlled work surfaces, and (4) grounded soldering tips. All ground connections
should contain a 1 Megohm safety resistor-to-ground to protect personnel. Devices should not be picked up by their
terminals, and when inserted into electrical test equipment, voltages should only be applied after all terminals are
connected to the electrical circuit.

2.5 INSULATED GATE BIPOLAR TRANSISTORS

The IGT™ transistor is a three terminal device with the voltage controlled input of the MOSFET. The output
characteristic of the IGT™ transistor is similar to that of the MOSFET, except that there is an approximate 1.0 volt
offset in collector emitter voltage before significant collector current flows. The effective on-resistance in the
saturation region is much lower for the IGT™ transistor than the MOSFET. Understanding the IGT™ transistor
output characteristic is aided by the equivalent circuits shown in Figure 2.37.

When a gate-to-emitter voltage greater than the threshold voltage [Vggqn)] is applied to the device with the
collector positive with respect to the emitter, collector current flows. Current gain of the device (Ic/Ig) is extremely
high and is typically greater than 10%, since the gate current consists only of current required to charge the effective
input capacitance of the device and some small leakage through the gate oxide.

Since collector current is a function of gate-to-emitter voltage, it is more appropriate to specify transconductance
(Alc/AVGgE) when using IGT™ transistors.

Figure 2.38 illustrates the common emitter voltage-current relationships of n and p-channel IGT™ transistors.
Note that the definition of the linear and saturation regions is the same as the bipolar case.
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FIGURE 2.37 IGT™ TRANSISTOR EQUIVALENT CIRCUITS
2.5.1 IGT™ TRANSISTOR STRUCTURE

The IGT™ transistor is fabricated by starting with a heavily boron doped (P+) substrate and epitaxially growing a
high resistivity phosphorous doped (N-type) drift region. See Figure 2.39. The gate and emitter structure is then
formed in the epitaxial layer by using a high resolution, N-channel, DMOS process. Since the IGT™ transistor
contains a parasitic pnpn thyristor structure, a P+ diffusion has been added to the basic power MOSFET structure in
the middle of each cell. This layer reduces the current gain of the upper NPN transistor and prevents latch up of the
parasitic thyristor. Without this feature, the IGT™ transistor would latch up at high current levels causing loss of gate
control. In the GE IGT™ transistor, the P+ region is introduced without additional processing in order to obtain high
yields and minimize wafer processing cost. The use of a separate P-base region allows independent control over the
gate turn-on threshold voltage. In these devices, the blocking voltage capability is controlled by the thickness and
resistivity of the N-drift region. This region has been optimized to simultaneously keep the forward drop as low as
possible.
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2.5.2 BLOCKING CHARACTERISTICS

The IGT™ transistor has blocking characteristics similar to the Power MOSFET. That is Vcggr is the maximum
allowable voltage at a specified junction temperature (usually Ty = 25°C) that can be applied between the collector
and emitter terminals with a specified gate-to-emitter resistance (see Figure 2.40).

The temperature coefficient of Vcgr shows a strong temperature dependence, increasing as much as 15% between
25°C and +150°C, but decreasing as much as 8% between 25°C and -40°C (see Figure 2.41). The temperature
coefficient is approximately 0.12%/°C.

VcGR is the maximum allowable collector-to-gate voltage that can be safely applied at a specified Ty and gate-to-
emitter resistor (RGgE).

VECR is the maximum emitter-to-collector voltage that can be applied in the reverse direction at the onset of
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avalanche at a fixed collector current with the gate-to-emitter resistance specified at a minimum value. Increasing the
magnitude of Vg beyond this value will eventually lead to device destruction.
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FIGURE 2.40 COLLECTOR CHARACTERISTICS FIGURE 2.41 NORMALIZED COLLECTOR-EMITTER BREAKDOWN

VOLTAGE VARIATION WITH TEMPERATURE

Although the IGT™ transistor inherently provides reverse blocking, special junction passivation techniques are
required to provide low leakage. Devices without this extra processing are not characterized for reverse blocking.

2.5.3 GATE-TO-EMITTER THRESHOLD VOLTAGE

If the gate-to-emitter voltage is increased from zero volts, the collector current does not increase significantly until
the gate-to-emitter threshold voltage (2-5V) has been exceeded. Gate-to-emitter threshold voltage is specified at
different current levels, depending on device current rating. Gate-to-emitter threshold voltage changes with
temperature. The temperature effect is shown in Figure 2.42 and Vgsn) has a coefficient of -6 mV/°C.

2.5.4 TRANSCONDUCTANCE (gg)

Transconductance is defined as the ratio of change of collector-to-emitter current brought about by a change in
gate voltage. That is:
- Alce
AVGE

Transconductance is temperature dependent, and the effect can best be seen in Figure 2.43. The temperature
coefficient of gg is approximately -0.3%,/°C.

VcE = constant
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FIGURE 2.42. NORMALIZED GATE-TO-EMITTER THRESHOLD FIGURE 2.43. NORMALIZED TRANSCONDUCTANCE
VOLTAGE VARIATION WITH TEMPERATURE VS. COLLECTOR CURRENT.

2.5.5 ON-STATE VOLTAGE [VcEgsa)]

The on-state voltage characteristics of the IGT™ transistor are similar to a bipolar transistor. That is, Vcg(saT)
decreases with increasing gate-to-emitter voltage and has a temperature coefficient that varies as a function of
collector current. This is shown in Figure 2.44 for a 10 amp device. It is observed that for collector currents from 0.5
Amps to 7 Amps the temperature coefficient of voltage [AVcgsaT)] varies from -0.5 mV/°C to a zero temperature
coefficient at 7 Amps. For currents greater than 7 Amps, the temperature coefficient is positive. At 9 Amps, the
temperature coefficient is approximately +0.75 mV/°C.
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2.5.6 GATE-TO-EMITTER DRIVE

The input characteristics of the IGT™ transistor are similar to a Power MOSFET. That is, it has a gate-to-emitter
threshold voltage and a capacitive input impedance. In order to turn the device “on,” the input capacitance must be
charged up to a value greater than Vggn) before collector current can begin to flow. Typical VGg(h) is shown as a
function of temperature in Figure 2.45.

In order to turn the IGT™ off, a resistor connected between gate and emitter is all that is required. This resistor
provides a path for the gate-to-emitter input capacitance to discharge. It must be emphasized that Rgg has a lower
limit that cannot be reduced, and the value is indicated on individual device data sheets. The IGT™ transistor has a
maximum controllable collector current that is dependent on the gate-to-emitter dv/dt. That is, the higher the gate-
to-emitter turn-off dv/dt, the lower the controllable collector current.

2.5.7 SWITCHING PROPERTIES

The IGT™ transistor is designed such that the turn-on and turn-off times of the device can be controlled by the
gate-to-emitter source impedance. Its equivalent input capacitance is lower than a Power MOSFET with a
comparable current and voltage rating. The device is turned on by applying a positive voltage between the gate and
emitter terminals. When Vg is greater than Vgg(n), collector current flows. In switching applications where
VGE > > VGE(in), the device saturates.

The IGT™ transistor is similar to a Power MOSFET during turn-on and similar to Power Bipolars during turn-off.
However, during turn-off, it exhibits a fall time that consists of two distinct time intervals — designated hereafter as
tr; and tgp. Typical switching waveforms for a resistive load are shown in Figure 2.46 using two types of IGT™
transistors. The two time intervals are very distinct for the slow device. The turn-off delay is caused by the discharge
time constant of the effective gate-to-emitter capacitance and Rgg.

The IGT™ transistor has a positive temperature coefficient associated with its fall time. It is approximately
0.27%/°C. The rise time of the IGT™ transistor is relatively constant over temperature and is similar to a Power
MOSFET. '
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FIGURE 2.46. RESISTIVE LOAD SWITCHING
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2.5.8 EQUIVALENT FALL TIME

The two distinct fall time intervals make it difficult to estimate power loss given the traditional 10-90% fall time.
The equivalent fall time, tgeq), is the calculated linear fall time that yields the same area under the current curve as
the actual turn-off curve, see Figure 2.47. For inductive switching, turn-off losses can be estimated using

Y% VcElc f tieq)-
Ic % Ic A

oo
AREA = J. i(t)dt Area = Y% ty(eq) |
‘O

to

o tF(eq)
12t = f i(t)dt
to

2 o
= o itdt
¢ j‘to

FIGURE 2.47. EQUIVALENT FALL TIME

2.5.9 CONTROLLING CURRENT FALL TIME

The current fall time of the IGT™ transistor can be controlled by use of external circuitry. tf; is directly controlled
by the value of Rgg (Figure 2.48). This dependence is shown in Figures 2.49 and 2.50. t¢;.is not controllable and is an
inherent characteristic of the type of IGT™ transistor that is selected. The control feature of tf) by a resistor (Rgg)
can be an advantage. For example, in case of an inductive load, the fall time can be slowed to the extent that
snubberless operation is possible. Figures 2.49 and 2.50 are idealized representations of the two phases of the device
turn-off. That is, a slow device can be used for dc and low frequency applications with minimal gate turn-off current
or a fast device can be used with a nearly linear turn-off characteristic. [Figure 2.50]. For higher frequency operation,
a fast device with Rgg = 1 p.u. will minimize switching losses due to tf; and tg per Figuré 2.50.
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FIGURE 2.48. SWITCHING TIME VS. Rg¢ FIGURE 2.49. FALL TIME CONTROL FOR A SLOW DEVICE
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FIGURE 2.50. FALL TIME CONTROL FOR A FAST DEVICE
2.5.10 FORWARD BIAS SAFE OPERATING AREA (FBSOA)

A typical Forward Biased Safe Operating Area curve is shown in Figure 2.51. The IGT™ transistor can conduct
peak currents beyond the controllable current limit of the device. The device is derated linearly due to thermal
limitations and has a peak pulse current rating limited by power dissipation and wire bond capability. There is no
second breakdown current derating for the IGT™ transistor.

2.5.11 TURN-OFF SAFE OPERATING AREA

The IGT™ transistor does not require a negative turn-off bias for high speed switching. The current fall time is
determined by the value of Rgg. Therefore, the devices have been characterized as a function of Rgg for a resistive,
as well as an inductive load. A typical clamped SOA for an inductive load is shown in Figure 2.52. The area that the
turn-off load line can safely traverse is rectangular-limited by the collector current, collector-emitter voltage (Vcg),
and maximum permissible power dissipation within the device.
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AREA AND TURN-ON

2.5.12 HANDLING CONSIDERATIONS

MOS integrated circuits are extremely sensitive to electrostatic discharge (ESD) or any other voltage transient
with sufficient energy content to break down the gate dielectric and do permanent damage.

Power MOSFET and IGT™ transistor input capacitances are much higher than MOS IC’s (many thousands of
cells in parallel), therefore more energy is required to charge the capacitance. This makes the device somewhat less
sensitive than integrated circuits. However, proper precautions must be taken in handling, packaging, and installation
of devices.
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There is always the threat of a latent ESD failure! A latent failure can be defined as a time-dependent malfunction
that occurs under use conditions as a result of earlier exposure to electrostatic discharge that did not result in an
immediately detectable problem.

When devices arrive at their destination, it is reccommended that they be left in the antistatic package until used. .
They should be stored in conductive containers and only unpackaged on a static safe work station by persons
familiar with the ESD problem. Operator recommendations include use of: (1) static wrist straps, (2) static controlled
floor mats, (3) static controlled work surfaces, and (4) grounded soldering tips. All ground connections should
contain a 1 Megohm safety resistor-to-ground to protect personnel. Devices should not be picked up by their
terminals, and when inserted into electrical test equipment, voltages should only be applied after all terminals are
connected to the electrical circuit.
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CHAPRPTER 3
OULALITY AND RELLA

OF TRANSISTOR

The increased need for electronic component quality and reliability has zoomed dramatically in recent years. One
of the primary reasons for this sudden change has been the rapid growth of complex industrial and consumer
electronic systems that require the use of large numbers of devices per system. This requires the defective levels of
incoming components be extremely low in order to successfully manufacture these systems at minimum costs. This
has resulted in the recent trend to measure component defective levels in Parts Per Million (PPM) instead of the
previous parts per hundred or percent. This quality measurement is 10,000 times more sensitive than the previous
measurement.

In addition, these systems are required to perform satisfactorily over long periods of time such as for 10 to 20
years. This means that accelerated reliability assessment techniques must be used to develop models for predicting
long life performance of these components. The accelerated component assessment must be made long before the
devices can be evaluated under application conditions. This is needed since testing at use conditions would require
stressing a large number of devices for years in order to prove that devices were reliable. In the meantime, the devices
and the systems would be obsolete. Accelerated testing techniques are also needed to give a rapid evaluation of
component product designs and design improvements to minimize costs.

A new method of predicting the reliability or product life of semiconductors under field conditions is described.
This includes the use of accelerated test results to obtain the quantitative multipliers for derating semiconductor
junction temperature, voltage and measurement conditions. The failure rate based on these multipliers is used with
the negative exponential distribution to predict the probability of survival (Pg) or reliability. The expression one
minus Py gives the probability of failure. The result of this method was confirmed with the accelerated testing of over
5,000 diodes and three years of field operation of over 770,000 diodes!.

The purpose of this chapter is to discuss some of the latest techniques used in the manufacture and assessment of
semiconductors to meet the new quality and reliability requirements. Results from the accelerated testing of our
signal and power bipolar transistors, Power-MOS transistors and our Insulated Gate Transistors (IGT’s) will be
discussed.

3.1 QUALITY

Product quality can be defined as a result of the successful development, design, manufacture and shipment of a
product that meets customer expectations. It is recognized that this cycle from concept to customer acceptance can
only be accomplished with quality conscious personnel who are trained, motivated and dedicated to excellence. To
aid in achieving this product quality, a world class Computer Aided Manufacturing (CAM) facility was developed
and is operating in Syracuse, New York. This incorporates the latest in cleanroom technology, automated process
equipment and state-of-the-art integrated circuit processing environments to give consistent quality and reliability in
our products.

This Computer Aided Manufacturing (CAM) is supported by the latest Computer Aided Design (CAD) techniques
which includes device and package simulation. This system has taken years off the product development cycle which
enables us to tighten design specifications and produce higher quality products.

Computer Aided Design (CAD) and Computer Aided Manufacturing (CAM) are enhanced with a wide range of
quality and reliability assurance activities. The latest quality assurance techniques are being implemented on a

99



worldwide basis. For example, manufacturing personnel are being trained in the use of statistical process control.
Control charts are being used at critical manufacturing steps.

These control charts are used to graphically display the results of process measurements and identify variations
that are due to assignable causes. Corrective actions are taken to remove the assignable causes. The results from these
charts show when the assignable cause variations are removed and the measurement data variations return to random
or chance variation. This assures that the product is made under a uniform manufacturing process which is necessary
to meet the low outgoing defective levels in Parts Per Million (PPM).

The outgoing inspection gate is used to assure that only lots of devices that pass the inspection criteria are shipped
to customers. A random sample from each lot is submitted to inspection. The inspection criteria includes a section
for electrical parameters and another section on visual/mechanical parameters. If the sample passes inspection, the
lot is accepted for shipment. If the sample fails, the lot is returned for 1009% screening to remove the defectives. A
defective is defined as any device that does not conform to a specification in some respect. The rescreened lot is again
submitted to outgoing inspection. The defective level in the accepted lots is summarized monthly and included in the
GE Quarterly Quality Report.

A worldwide quality organization is set up to meet the requirements of MIL Q 9858A for the signal and power
products on the MIL-S-19500 Qualified Products List (QPL). The quality system and product lines on the QPL are
audited periodically by the Defense Electronics Supply Center, Dayton, Ohio to assure compliance to MIL-S-19500.
In addition, regular contributions are being made to IEC Technical Committee TC47-Semiconductors, for the new
International Electrotechnical Commission Quality System (IECQ) on Semiconductors.

The quality System used to manufacture these devices includes documented procedures that are described under
the concept of “Total Quality Control”.

3.2 RELIABILITY

In order to demonstrate the reliable performance of transistors, a number reliability evaluation stress programs
have been conducted. These programs were designed to evaluate and demonstrate device properites such as chip
surface stability, sealed junction integrity, thermally matched package materials, and long life stability. The devices
used in the testing programs were random samples from several production lots taken from different product lines,
and they received no special preconditioning or stress screening. They were submitted to accelerated levels of
environmental, thermal, and power stresses which usually exceeded the normal MIL-STD levels. The results of these
statistically significant programs have established the capability of the General Electric transistors to operate under
the extreme range of environmental conditions required in demanding consumer and industrial applications2.

This chapter summarizes the results of accelerated testing of transistors, and includes a discussion of reliability
prediction. Calculations of expected reliability under normal application conditions are shown. An Arrhenius model
of response to stress shows the gain in reliability that can be expected by derating to operating levels below device
ratings. This chapter also discusses the probability of survival and failure of a device or system when using a given
MTBEF and the negative exponential failure distribution.

Evaluating the reliability of discrete semiconductor devices was accelerated a number of years ago with the
Minuteman and other government-sponsored reliability improvement programs. This discussion will focus on some
important accelerated testing techniques and analytical methods that have been developed and show how they are
used to obtain reliability prediction models. These techniques can also be used to determine effective stress screens to
remove the early failures, especially for critical and costly applications. These early failures are normally due to
random manufacturing defects that usually occur in a small fraction of the device population. These early failures
usually cannot be detected with only conventional electrical measurements.
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3.2.1 GENERAL APPROACH TO ACCELERATED TESTING

The accelerated tests have been evaluated on a number of reliability improvement programs. The chief advantage
of these tests is that they allow one to estimate, in a short period of time, the probability of successful operation of
electronic components in long-life systems. The test results are used 1) to evaluate early designs of new products and
process changes, 2) to maintain process controls during the manufacture of the devices, and 3) to predict reliability,
failure rate, and mean time-to-failure over the useful life of devices in applications.

The usual failure pattern that can be anticipated for electronic components is shown in Figure 3.1. This pattern
includes the early failure period followed by the useful life (constant failure rate) period, and finally the wear-out
period which has not been established for well designed semiconductors. Failures that occur during the early failure
period are usually due to random manufacturing defects. A constant failure rate estimate after the early failure period
is quite conservative, since well designed semiconductors under test and in most applications have a slightly
decreasing failure rate.

The two types of accelerated tests to be discussed are the step-stress and the constant stress-in-time tests shown in
Figure 3.2. The step-stress test is usually used to explore the device capability in the stress domain. A sample size of
about 20 is sufficient for this evaluation. The devices are subjected to a stress for 72 to 100 hours, measured, and then
subjected to a higher stress level for the same time increment, and then measured. This sequence is continued until
about half of the total sample has failed. The stress level reached can be defined as the threshold of stress at which
devices fail in a short period of time, such as less than 100 hours. Stress levels below this threshold can be used for
the constant stress-in-time tests. The failures generated on these tests are usually valid candidates for failure analysis
and failure mechanism studies. The effectiveness of this type of testing can be greatly improved by using control
devices which are not stressed, but are measured at each readout point. These readouts provide data for the effective
assessment of device response to stress and afford an estimate of the precision of measurements. Furthermore, the
control devices are excellent candidates for analysis so that comparisons can be made with failed devices to determine
valid failure mechanisms. The step-stress is an excellent method for maintaining process control during the device
manufacture and for a quick comparison of new process changes to determine any adverse side effects. The step-
stress results are not generally used in determining failure-in-time patterns because of the cumulative effect of the
several levels of stress on the device performance. However, failure-in-time patterns can be obtained from the
constant stress-in-time tests.
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FIGURE 3.1. ELECTRONIC COMPONENT FAILURE PATTERN
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FIGURE 3.2. ACCELERATED TESTING

The objective of the constant stress-in-time tests is to determine the relationship of time, generally at three levels of
stress, on the device performance. Sample sizes of from 20 to 100 or more devices are usually used on these tests.
Each group of samples is subjected to each of the three levels of stress for a duration of at least 1000 hours. Failure
rates of about 0.5% to 109 per 1000 hours are usually obtained during this test. The test results from the three stress
levels Sy, Sy and S3 can be used to verify the reliability prediction model for the type of devices under test.

The predominant failure mechanisms found in semiconductor devices are related to temperature and often fit the
Arrhenius Model of response. The model is generally described by the equation:

A=ed-B/T
= A’e‘E/(kT)

A failure rate.

T absolute temperature (°Kelvin).

A, B empirically derived constants from life test data.

A’ exp(A).

k Boltzman’s constant, 8.62 x 109eV /K.

E activation energy, empirically derived from: E= -kB. The slope B is negative.

The activation energy (E) can be obtained from the empirically derived Arrrhenius Model equation. For example,
from Figure 3.7.

E=-kB
E = -(8.62 x 107) (-7289) = 0.63eV

The slope (B) can also be obtained graphically from two coordinate points (Aq, Ty), (A2, T2).

len}n-ln}tz
1 -1

?sz

Since measurement readouts are usually made at 0, 24, 168, 500 and 1000 hours during the constant stress-in-time
tests, a failure-in-time analysis can be made on a Weibull graph at shown in Figure 3.3. This graph shows whether an
increasing, a constant, or a decreasing failure rate is obtained. As seen in the graph of Figure 3.3, a B of less than one
was obtained, demonstrating that these devices had a decreasing failure rate.
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In general the Weibull reliability function has been used effectively in evaluating the reliability of semiconductors3.
This function can be expressed as:

Ps=e¢ ;(f:")_ﬁ__ where
o

Py is the probability of survival or reliability:

7 is the location parameter.

« is the scale parameter.

B is the shape parameter which is a measure of the rate of failure.
t is the operating time.

The above parameters are usually determined graphically when specific test results are plotted on a special Weibull
graph. The most interesting parameter is beta (8). When beta is greater than one the failure rate increases with time
and if it is less than one the failure rate decreases with time. When beta is equal to one the failure rate is constant and
the function reduces to the negative exponenual case. Also in this case vy is zero since failures can start at time zero.
This can be expressed as:

Where « is a constant equal to the Mean Time Between Failure (MTBF).

If beta is greater than one this indicates the occurrence of an increasing failure rate. This is usually not desirable
from a reliability standpoint; for example, in the operation of an equipment. Also, it indicates that a test or stress is
destructive which identifies the need to lower the stress test level or to redesign the component tested.

It is also to be noted that when beta is less than one for a given stress the stress can be used as an effective screen
to remove early failures. Once the early failures are removed it is desirable to move into the constant failure rate
region where only infrequent random type of failures occur. This was demonstrated on several life tests on the signal
diode?. Also a constant failure rate normally occurs under derated operating conditions in practical applications. This
assures that the negative exponential reliability function can be used with confidence in predicting the device
reliability.
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3.2.2 RELIABILITY PREDICTION FROM ACCELERATED TESTS TO APPLICATION

The General Electric semiconductor signal diode with a Meta-Bond® construction was chosen as a model for this
analysis. This device was selected since it had been evaluated under extensive testing conditions as well as under three
years of monitored operation in the field!. Acceleration multipliers that quantitatively give the stress relations
between different levels of junction temperature, voltage and measurement under accelerated test and application
conditions are used. These multipliers enable the prediction of reliability at the application conditions.

® Application Conditions:

Type of Device: Similar to 1N4148
No. of Devices in the SyStem: 770,679
Reverse Voltage: 30 Volts
Peak Current: I = 0.5 Ampere; 50% Duty Cycle
Ambient Temperature: 55°C
Junction Temperature: Average 70°C
Peak 80°C
Environment: Ground Fixed
Reliability Objective: Zero Functional Failures Per Year

@ Accelerated Life Test Results:

Conditions: Tp = 25°C, f= 60 Hz
Io = 225mA, Vg = 70Vpx
t = 1,000 Hours
Failure Criteria: Ig @ 40V = 500nA (Max)
AVE> + I5MV @ If 65mA
LTPD = 3%
Failures/Samples Tested: 1/5,381
Best Estimate Failure Rate: 0.03%/K Hrs. -

® Acceleration Multipliers

To determine acceleration multlphers between the accelerated test and application conditions, reference is made
to the above operating life test data.?
Voltage Multiplier (My):

From Figure 7 of GE Publication “Reliability Evaluation and Prediction for Discrete Semiconductors”, IEEE
Transactions on Reliability

ty at VR of 30V and Tj of 65°C = 5000 Hours

ty at Vg of 70V and Tj of 65°C = 1220 Hours 5000

M = 4.098
V=220

Measurement Multiplier (M py):
From Figure 8 of GE Publication “Reliability Evaluation and Prediction for Discrete Semiconductors”, IEEE
Transactions on Reliability
IR at VR of 40V = 70nA
Ir at VR of 30V = 45nA
Mm=10_=156
45
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Temperature M