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INTRODUCTION

You, the customer, and your needs have dictated the format and contents of
this Power Handbook. To be responsive to the changing requirements of the
power market, Fairchild will commit resources to maintain a leading position in
technology, quality, commitment to delivery schedule and service to customers.

Fairchild has long been a major supplier of bipolar power transistors. However,
the thousands of EIA registered and house-numbered devices makes it impos-
sible to second source or even cross reference all of the industry devices. This
book contains popular industry preferred numbers. If a device you are using or
intend to use is not contained in this handbook, please contact the factory
through your local sales office or representative for Fairchild information on
your requirement. The Company’s broad technology base enables the manu-
facturing of devices to most industry numbers.

This book has been sectioned for your convenience—quick reference charts,
technical information and complete data sheets—and organized as follows:

Selection Guides

Quick reference guides for designers seeking devices to meet their needs. These
selection guides are arranged in several ways to make location of information
easy. They also contain basic parameter information for each device plus the
page number where the complete data sheet can be located.

Industry Cross Reference
Industry type number vs Fairchild’s nearest equivalent, an aid to locating re-
placement parts for old designs.

Chapters 1 through 5
Technical information to aid the designer in selecting the correct device for his
application—Technology, Safe Operating Area, Manufacturing, Packaging and

Linns Qimbime amdAd Daliakilis,
Heat Sinking, and Reliability.

Product Information

Fairchild devices arranged numerically and containing electrical characteris-
tics, SOA and electrical characteristic curves on each device. Information on
processing and ordering of Fairchild power dice.

Standard Definitions of Symbols and Terms used in Specifying Power Devices
Addresses of Fairchild Sales Offices, Representatives and Distributors

As well as supplying a full line of standard devices, Fairchild has the capability
of supplying custom devices tailored to your application. A complete service
organization is available to assist you—a sales force consisting of sales engi-
neers, representatives and distributors, field application engineers to help you
with circuit design or device application, and customer service coordinators to
resolve and expedite your order. Qur goal is to give you cost-effective power
transistors, timely delivery and excellent service while maintaining a top posi-
tion in this field of expanding technology.
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NUMERICAL INDEX OF DEVICES

Device Type D;;geslt\ll?t Device Type DPaatgesln?t
2N3054 Power Transistor 6-3 2N4915 Power Transistor 6-57
2N3055 " 6-6 2N5038 " 6-60
2N3055SD " 6-8 2N5039 . " 6-60
2N3439 " 6-10 2N5058 "’ 6-63
2N3440 "’ 6-10 2N5059 " 6-63
2N3713 " 6-13 2N5067 " 6-66
2N3714 "’ 6-13 2N5068 "’ 6-66
2N3715 " 6-13 2N5069 " 6-66
2N3716 " 6-13 2N5301 " 6-69
2N3740 " 6-16 2N5302 " 6-69
2N3741 " 6-16 2N5303 "’ 6-69
2N3766 "’ 6-19 2N5320 " 6-72
2N3767 "’ 6-19 2N5321 "’ 6-72
2N3771 "’ 6-22 2N5322 ’ 6-75
2N3772 " 6-22 2N5323 " 6-75
2N3789 " 6-25 2N5334 "’ 6-78
2N3790 " 6-25 2N5335 "’ 6-78
2N3791 " 6-25 2N5336 " 6-81
2N3792 " 6-25 2N5337 " 6-81
2N4231 " 6-28 2N5338 "’ 6-84
2N4232 " 6-28 2N5339 "’ 6-84
2N4233 " 6-28 2N5415 "’ 6-87
2N4234 "’ 6-31 2N5416 "’ 6-87
2N4235 " 6-31 2N5629 " 6-90
2N4236 " 6-31 2N5630 " 6-90
2N4237 " 6-34 2N5631 "’ 6-90
2N4238 " 6-34 2N5679 " 6-92
2N4239 " 6-34 2N5680 " 6-92
2N4398 3 " 6-37 2N5681 " 6-95
2N4399 " 6-37 2N5682 "’ 6-95
2N4895 " 6-40 2N5683 "’ 6-98
2N4896 " 6-40 2N5684 " 6-98
2N4897 " 6-40 2N5685 " 6-101
2N4898 ” 6-43 2N5686 "’ 6-101
2N4899 " 6-43 2N5838 " 6-105
2N4900 " 6-43 2N5839 ” 6-105
2N4901 " 6-46 2N5840 " 6-105
2N4902 " 6-46 2N5871 " 6-108
2N4903 i 6-46 2N5872 " 6-108
2N4904 " 6-49 2N5873 " 6-111
2N4905 " 6-49 2N5874 Power Transistor 6-111
2N4906 " 6-49 2N5875 " 6-114
2N4907 " 6-52 2N5876 " 6-114
2N4908 "’ 6-52 2N5877 " 6-117
2N4909 " 6-52 2N5878 " 6-117
2N5879 "’ 6-120
2N4910 " 6-54 2N5880 "’ 6-120
2N4911 " 6-54 2N5881 " 6-123
2N4912 " 6-54 2N5882 "’ 6-123
2N4913 " 6-57 2N5883 " 6-126

2N4914 "’ 6-57 2N5884 " 6-126



NUMERICAL INDEX OF DEVICES (Cont’'d)

Device Type D'._,aatgesaz‘?t Device Type DPaatgeS:\ll?t
2N5885 Power Transistor 6-129 2N6489 Power Transistor 6-182
2N5886 " 6-129 2N6490 " 6-182
2N6029 6-132 2N6491 6-182
2N6030 " 6-132 2N6569 " 6-184
2N6031 4 6-132 2N6576 Power Darlington 6-186
2N6050 Power Darlington 6-134

2N6051 " 6-134 2N6577 " 6-186
2N6052 " 6-134 BC323 Power Transistor 6-189
2N6053 " 6-137 BD220 " 6-191
2N6054 6-137 BD221 " 6-191
2N6055 " 6-140 BD222 " 6-191
2N6056 6-140 BD223 " 6-194
2N6057 "’ 6-143 BD224 " 6-194
2N6058 6-143 BD225 6-194
2N6059 "’ 6-143 BFX34 i 6-197
2N6121 Power Transistor 6-146 BF257 " 6-200 |
2N6122 6-146 BF258 " 6-200
2N6123 "’ 6-146 BF259 "’ 6-200
2N6124 " 6-149 BF336 " 6-202
2N6125 " 6-149 BF337 6-202
2N6126 6-149 BF338 "’ 6-202
2N6129 6-1562 FT47 " 6-204
2N6130 "’ 6-152 FT48 " 6-204
2N6131 " 6-152 FT49 " 6-204
2N6132 " 6-155 FT50 " 6-204
2N6133 " 6-155 FT317 "’ 6-206
2N6134 6-155 FT317A Y 6-206
2N6249 6-158 FT317B- " 6-206
2N6250 " 6-158 FT359 " 6-208
2N6251 6-158 FT401 6-210
2N6282 Power Darlington 6-161 FT402 "’ 6-210
2N6283 "’ 6-161

2N6284 6-161 FT410 Power Transistor 6-212
2N6285 6-164 FT411 " 6-212
2N6286 " 6-164 FT413 "’ 6-214
2N6287 6-164 FT417 g 6-216
2N6306 Power Transistor 6-167 FT417A 6-216
2N6307M Power Transistor 6-167 FT4178B "’ 6-216
2N6308M " 6-167 FT423 " 6-214
2N6383 Power Darlington 6-170 FT430 " 6-218
2N6384 " 6-170 FT431 " 6-218
2N6385 g 6-170 FT2955 " 6-220
2N6386 " 6-173 FT3055 "’ 6-222
2N6387 " 6-173 MJ802 "’ 6-224
2N6388 " 6-173 MJ4502 " 6-226
2N6473 Power Transistor 6-176 MJE3055F ” 6-228
2N6474 " 6-176 MRF8004 Power RF Transistor 6-230
2N6475 6-178 SE7055 Power Transistor 6-232
2N6476 "’ 6-178 SE7056 "’ 6-232
2N6486 "’ 6-180 SE9300 Power Darlington 6-235
2N6487 " 6-180 SE9301 ” 6-235
2N6488 "’ 6-180 SE9302 " 6-235



NUMERICAL INDEX OF DEVICES (Cont'd)

Device" Type Dpa;; es:\‘l?t Device Type D:;gesn?t
SE9303 Power Transistor 6-237 TIP42 Power Transistor 6-259
SE9304 " 6-237 TIP42A " 6-259
SE9305 " 6-237 TIP42B " 6-259
SE9331 6-239 TIP42C " 6-259
SE9400 Power Darlington 6-241 TiP61 ” 6-261
SE9401 " 6-241 TIP61A " 6-261
SE9402 " 6-241 TIP61B " 6-261
SE9403 " 6-243 TIP61C " 6-261
SE9404 " 6-243 TIP62 " 6-263
SE9405 " 6-243 TIP62A " 6-263
TIP29 Power Transistor 6-245 TIP62B "’ 6-263
TIP29A " 6-245 TIP62C " 6-263
TIP298B " 6-245 TIP110 Power Darlington 6-265
TIP29C 6-245 TIP111 " 6-265
TIP30 " 6-248 TIP112 " 6-265
TIP30A " 6-248 TIP115 " 6-267
TIP30B " 6-248 TIP116 "’ 6-267
TIP30C " 6-248 TIP117 " 6-267
TIP31 "’ 6-251 TIP120 " 6-269
TIP31A " 6-251 TIP121 6-269
TIP31B " 6-251 TIP122 " 6-269
TIP31C " 6-251 TIP125 " 6-271
TiP32 "’ 6-254 TiIP126 " 6-271
TIP32A " 6-254 TIP127 " 6-271
TIP32B " 6-254

TIP32C " 6-254

TiP41 " 6-257

TIP41A " 6-257

TIP41B 6-257

TIP41C " 6-257
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DEVICE SELECTION GUIDES AND CROSS REFERENCE

® Device Selection Guide
Arranged by Device
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SELECTION GUIDE BY DEVICE NUMBER

Ic Vceo heg VCE(sat) fr Pp(Max) BaCk DATA
DEVICE Max Max | Min/Max @ I¢ Mex @lc | Min | To=25°C Ag:' SHEET
. POLARITY A v A v Almul w : PAGE NO.

2N3054 NPN 4.0 55 25/150 05| 10 05 - 25 T0-66 6-3
2N3055 NPN 15 60 20/70 40| 11 40 - 117 T0-3 6-6
2N3055SD NPN 15 60 20/70 40| 1.1 40 0.8 115 T0-3 6-8
2N3439 NPN 1.0 350 40/160 002 | 05 005 15 10 T0-39 6-10
2N3440 NPN 10 250 40/160 002 | 05 005 15 10 T0-39 6-10
2N3713 NPN 10 60 25/75 10| 10 5.0 40 150 T0-3 6-13
2N3714 NPN 10 80 25/75 10| 1.0 5.0 40 150 T0-3 6-13
2N3715 NPN 10 60 50/150 10| 08 5.0 4.0 150 TO-3 6-13
2N3716 NPN 10 80 50/150 10| o8 5.0 25 150 TO-3 6-13
2N3740 PNP 1.0 60 30/100 025 | 06 1.0 4.0 25 TO-66 6-16
2N3741 PNP 1.0 80 30/100 025 | 0.6 1.0 4.0 25 T0-66 6-16
2N3766 NPN 3.0 60 40/160 05| 1.0 05 10 20 T0-66 6-19
2N3767 NPN 3.0 80 40/160 05| 10 05 10 20 T0-66 6-19
2N3771 NPN 30 40 15/60 15| 20 15 0.2 150 T0-3 6-22
2N3772 NPN 20 60 15/60 10| 14 10 0.2 150 TO-3 6-22
2N3789 PNP 10 60 25/90 10| 10 5.0 4.0 150 T0-3 6-25
2N3790 PNP 10 80 25/90 10| 1.0 5.0 40 150 TO-3 6-25
2N3791 PNP 10 60 50/180 10| 10 50 4.0 150 TO-3 6-25
2N3792 PNP 10 80 50/180 10| 1.0 5.0 4.0 150 TO-3 6-25
2N4231 NPN 4.0 40 25/100 15| 07 15 4.0 35 TO-66 6-28
2N4232 NPN 4.0 60 25/100 15| 07 1.5 4.0 35 T0-66 6-28
2N4233 NPN 4.0 80 25/100 15| 07 15 4.0 35 TO-66 6-28
2N4234 PNP 3.0 40 30/150 025 | 0.6 1.0 3.0 6.0 TO-39 6-31
2N4235 PNP 3.0 60 30/150 025 | 06 1.0 3.0 6.0 TO-39 6-31
2N4236 PNP 3.0 80 30/150 0.25 | 0.6 1.0 3.0 6.0 T0-39 6-31
2N4237 NPN 4.0 40 30/150 0.25 | 06 1.0 1.0 6.0 TO-39 6-34
2N4238 NPN 4.0 60 30/150 025 | 06 1.0 1.0 6.0 TO-39 6-34
2N4239 NPN 4.0 80 30/150 0.25 | 06 1.0 1.0 6.0 TO-39 6-34
2N4398 PNP 30 40 15/60 15| 1.0 15 4.0 200 70-3 6-37
2N4399 PNP 30 60 15/60 151 10 15 4.0 200 T0-3 6-37
2N4895 NPN 5.0 60 40/120 20| 10 5.0 50 7.0 TO-39 6-40
2N4896 NPN 5.0 60 1007300 20| 10 5.0 80 7.0 T0-39 6-40
2N4897 NPN 5.0 80 40/120 20| 1.0 5.0 50 7.0 TO-39 6-40
2N4898 PNP 1.0 40 20/100 . 05| 06 1.0 3.0 25 TO-66 6-43
2N4899 PNP 1.0 60 20/100 05| 06 1.0 3.0 25 TO-66 6-43
2N4900 PNP 1.0 80 20/100 05| 06 1.0 3.0 25 T0-66 6-43
2N4901 PNP 5.0 40 20/80 19| 15 5.0 4.0 87.5 TO-3 6-46
2N4902 PNP 5.0 60 20/80 10] 15 5.0 4.0 87.5 TO-3 6-46
2N4903 PNP 5.0 80 20/80 10{ 15 5.0 4.0 875 70-3 6-46
¥N4904 PNP 5.0 40 25/100 25| 15 5.0 4.0 87.5 TO-3 6-49
2N4905 PNP 5.0 60 257100 25| 15 5.0 4.0 87.5 T0-3 6-49
2N4906 PNP 5.0 80 25/100 25| 15 5.0 40 87.5 T0-3 6-49
2N4907 PNP 10 40 20/80 40 |0.75 4.0 40 150 TO-3 6-52
2N4908 PNP 10 60 20/80 40 | 075 4.0 4.0 150 T0-3 6-52
2N4909 PNP 10 80 20/80 40| 20 10 4.0 150 T70-3 6-52
2N4910 NPN 1.0 40 20/100 05| 06 1.0 40 25 TO-66 6-54
2N4911 NPN 1.0 60 20/100 05| 06 1.0 40 25 T0-66 6-54
2N4912 NPN 1.0 80 20/100 05| 06 1.0 4.0 25 TO-66 6-54
2N4913 NPN 5.0 40 25/100 25| 15 5.0 40 87.5. T0-3 6-57
2N4914 NPN 5.0 60 25/100 25| 15 5.0 40 87.5 T0-3 6-57

1}



SELECTION GUIDE BY DEVICE NUMBER

et ic | Veeo heE VCE(say) | fr | PoMax) | | DATA
Max | Max | Min/Max @ Ic Max @lc | Min | Tc=25°C AcE | SHEET
POLARITY . - . , ' PAGE NO.
; A | v A v A | MHz w

2N4915 NPN 5.0 80 25/100 25 1.5 5.0 4.0 875 T0-3 6-57
2N5038 NPN 20 90 20/100 12 10 12 60 140 T0-3 6-60
2N5039 NPN 20 75 20/100 10| 1.0 10 60 140 T0-3 6-60
2N5058 NPN 0.15 300 35/150 03| 10 .03 30 1.0 TO-39 6-63
2N5059 NPN 0.15 250 30/150 03| 10 .03 30 1.0 TO-39 6-63
2N5067 NPN 5.0 40 20/80 1.0| 04 1.0 4.0 875 T0-3 6-66
2N5068 NPN 5.0 60 20/80 10| 04 1.0 4.0 87.5 TO0-3 6-66
2N5069 NPN 5.0 80 20/80 1.0 | 04 1.0 4.0 87.5 T0-3 6-66
2N5301 NPN 30 40 16/60 15 | 2.0 20 20 200 T0-3 - 6-69
2N5302 NPN 30 60 15/60 15 | 2.0 20 20 200 TO0-3 6-69
2N5303 NPN 20 80 16/60 10 | 20 20 2.0 200 T0-3 6-69
2N5320 NPN 20 75 30/130 05 | 05 0.5 50 10 TO-39 6-72
2Nb321 NPN 20 50 40/250 05 | 08 0.5 50 10 TO-39 6-72
2N5322 PNP 20 75 30/130 0.5 | 05 0.5 50 10 TO-39 6-75
2N5323 PNP 20 50 40/250 05 | 08 0.5 50 10 TO-39 6-75
2N5334 NPN 3.0 60 30/150 1.0 | 07 20 40 6.0 TO-39 6-78
2N5335 NPN 3.0 80 30/150 1.0 | 07 20 40 6.0 TO-39 6-78
2N5336 NPN 5.0 80 30/120 20 | 0.7 20 30 6.0 TO-39 6-81
2N5337 NPN 5.0 80 60/240 20 | 0.7 20 30 6.0 TO-39 6-81
2N5338 NPN 5.0 100 30/120 20 | 0.7 20 30 6.0 TO-39 6-84
2N5339 NPN 5.0 100 60/240 20 | 07 20 30 6.0 TO-39 6-84
2N5415 PNP 1.0 200 307150 0.05 25 005 15 10 TO-39 6-87
2N5416 PNP 1.0 300 307120 0.05 20 0.05 15 10 TO-39 6-87
2N5629 NPN 16 100 25/100 8.0 1.0 10 0.5 200 TO-3 6-90
2N5630 NPN 16 120 20/80 8.0 1.0 10 0.5 200 TO-3 6-90
2N5631 NPN 16 140 15/60 8.0 1.0 10 0.5 200 T0-3 6-90
2N5679 PNP 1.0 100 4071560 0.25 1.0 0.5 30 10 T0-39 6-92
2N5680 PNP 1.0 120 40/1560 0.25 1.0 0.5 30 10 TO-39 6-92
2N5681 NPN 1.0 100 40/150 0.25 1.0 0.5 30 10 T0-39 [ 6-95
2N5682 NPN 1.0 120 40/150 0.25 1.0 0.5 30 10 TO-39 6-95
2N5683 PNP 50 60 16/60 25 1.0 25 20 300 TO-3 6-98
2N5684 PNP 50 80 16/60 25 1.0 25 20 300 T0-3 6-98
2N5685 NPN 50 60 16/60 25 1.0 25 2.0 300 T0-3 - 6-101
2N5686 NPN 50 80 15/60 25 1.0 25 20 300 T0-3 6-101
2N5838 NPN 3.0 250 8/40 30 1.0 3.0 5.0 100 TO-3 6-105
2N5839 NPN 3.0 275 10/50 20 1.5 20 5.0 100 TO-3 6-105
2N5840 NPN 3.0 350 10/50 20 1.5 20 5.0 100 TO-3 6-1056
2N5871 PNP 7.0 60 | 20/100 25 1.0 4.0 4.0 115 TO-3 6-108
2N5872 PNP 7.0 80 | 20/100 25 1.0 4.0 4.0 115 TO-3 6-108
2N5873 NPN 7.0 60 | 20/100 25 1.0 4.0 4.0 115 T0-3 6-111
2N5874 NPN 7.0 80 | 20/100 25 1.0 4.0 4.0 115 TO-3 6-111
2N5875 PNP 8.0 60 | 20/100 4.0 1.0 5.0 4.0 150 TO0-3 6-114
2N5876 PNP 8.0 80 | 20/100 4.0 1.0 5.0 4.0 150 TO0-3 6-114
2N5877 NPN 8.0 60 | 20/100 40 | 10 50 | 40 150 T0-3 6-117
2NS5878 NPN 8.0 80 | 20/100 4.0 1.0 5.0 4.0 150 TO0-3 6-117
2N5879 PNP 12 60 | 20/100 6.0 1.0 7.0 4.0 160 TO-3 6-120
2N5880 PNP 12 80 | 20/100 6.0 1.0 7.0 4.0 160 TO-3 6-120
2N5881 NPN 12 60 | 20/100 60 | 10 70| 40 160 70-3 6-123
2N5882 NPN 12 80 | 20/100 6.0 1.0 7.0 4.0 160 TO-3 6-123
2N5883 PNP 20 60 | 20/100 10 | 1.0 15 | 4.0 200 T0-3 6-126




SELECTION GUIDE BY DEVICE NUMBER

Ic VcEo hEE VCE(sat) fr PD(Max) Batk DATA
DEVICE Max Max Min/Max @ Ic Max @ic | Min Te=25°C AGE SHEET
POLARITY A v Al v almMHz| w _ [TAGE RO
2N5884 PNP 20 80 20/100 10 (1.0 15 | 40 200 TO-3 6-126
2N5885 NPN 20 60 20/100 10 | 1.0 15 | 40 200 TO-3 6-129
2N5886 NPN 20 80 20/100 10 [ 1.0 15 | 4.0 200 TO-3 - 6-129
2N6029 PNP 16 100 25/100 ‘80 |20 16| 1.0 200 TO-3 6-132
2N6030 PNP 16 120 20/80 80 |20 16 | 1.0 200 TO- 6-132
2N6031 PNP 16 140 15/60 80 |20 16| 1.0 200 T0-3 6-132
2N6050 PNP 12 60 750/18K 6.0 | 2.0 60 | 40 150 TO-3 6-134
2N6051 PNP 12 80 750/18K 6.0 | 2.0 60| 40 150 TO-3 6-134
2N6052 PNP 12 100 750/18K 6.0 | 2.0 60 | 40 150 TO-3 6-134
2N6053 PNP 8.0 60 750/18K 4.0 | 2.0 40 | 40 100 TO-3 6-137
2N6054 PNP 8.0 80 750/18K 4.0 | 2.0 40 | 40 100 T0-3 6-137
2N6055 NPN 8.0 60 750/18K 4.0 | 2.0 40 | 40 100 TO-3 6-140
2N6056 NPN 8.0 80 750/18K 4.0 | 2.0 40 | 40 100 TO-3 6-140
2N6057 NPN 12 60 750/18K 6.0 | 2.0 60 | 40 150 TO-3 6-143
2N6058 NPN 12 80 750/18K 6.0 | 2.0 60 | 40 150 TO-3 6-143
2N6059 NPN 12 100 750/18K 6.0 | 2.0 60 | 40 150 TO-3 6-143
2N6121 NPN 40 45 25/100 15 |06 15| 25 40 TO-220 6-146
2N6122 NPN 4.0 60 25/100 15 |06 16| 25 40 TO-220 6-146
2N6123 NPN 40 80 20/80 15 | 0.6 15| 25 40 TO-220 6-146
2N6124 PNP 40 45 25/100 15 | 0.6 16| 25 40 TO-220 6-149
2N6125 PNP 40 60 25/100 15 | 0.6 16| 25 40 TO-220 6-149
2N6126 PNP 40 80 20/80 15 | 06 15| 25 40 TO-220 6-149
2N6129 NPN 7.0 40 20/100 25 |14 70| 25 50 TO-220 6-152
2N6130 NPN 7.0 60 20/100 25 | 1.4 70| 25 50 TO-220 6-152
2N6131 NPN 7.0 80 20/100 25 |20 70| 25 50 TO-220 6-152
2N6132 PNP 7.0 40 20/100 25 | 14 7.0 25 50 TO-220 6-155
2N6133 PNP 7.0 60 20/100 25 | 1.4 70| 25 50 TO-220 6-155
_2N6134 PNP 7.0 80 20/100 25 | 20 70| 25 50 T0-220 | 6.155
2N6249 NPN 10 200 10/50 10 [ 15 10| 25 100 7T0-3 6-158
2N6250 NPN 10 275 8/50 10 | 15 10] 25 100 TO-3 6.158
2N6251 NPN 10 350 6/50 10 { 1.5 10 256 100 TO-3 6-158
2N6282 NPN 20 60 750/18K 10 | 2.0 10| 40 160 T0-3 6-161
2N6283 NPN 20 80 750/18K 10 | 2.0 10 | 4.0 160 70-3 6-161
2N6284 NPN 20 100 750/18K 10 | 2.0 10 | 40 160 70-3 6.161
2N6285 PNP 20 60 750/18K 10 | 2.0 10| 40 160 70-3 6.164
2N6286 PNP 20 80 750/18K 10 | 2.0 10| 40 160 T0-3 6-164
2N6287 PNP 20 100 750/18K 10 | 2.0 10| 40 160 T0-3 6.164
2N6306 NPN 8.0 250 15/75 30 |08 30| 5.0 125 7T0-3 6-167
2N6307M NPN 8.0 300 15/75 30 {10 30| 5.0 125 TO-3 6-167
2N6308M NPN 8.0 350 12/60 30 |15 30| 5.0 125 TO-3 6-167
2N6383 NPN 10 40 1K/20K 50 | 2.0 5.0 20 100 TO-3 6-170
2N6384 NPN 10 60 1K/20K 5.0 | 2.0 50| 20 100 T0-3 6-170
2N6385 NPN 10 80 1K/20K 5.0 | 2.0 50 | 20 100 TO-3 6-170
2N6386 NPN 10 40 1K/20K 3.0 | 20 30| 20 40 T0-220 6-173
2N6387 NPN 10 60 1K/20K 3.0 | 2.0 30| 20 40 TO-220 6-173
2N6388 NPN 10 80 1K/20K 3.0 | 20 30| 20 40 T0-220 6-173
2N6473 NPN 4.0 100 15/150 1.5 | 1.2 1.5 10 40 TO-220 6-176
2N6474 NPN 40 120 15/150 1.5 | 1.2 15 10 40 TO-220 6-176
2N6475 PNP 40 100 15/160 1.5 | 1.2 15 10 40 T0-220 6-178
2N6476 PNP 40 120 15/16¢ 1.5 | 1.2 15 10 40 T0-220 6-178
2N6486 NPN 15 40 20/150 50 | 1.3 50| 5.0 75 TO-220 6-180




SELECTION GUIDE BY DEVICE NUMBER

ic Vceo hEE VCE(sat) r | PoMax) | | DATA
o PRVILE Max Max | Min/Max @lc | Max@lc | Min | Tc=25°C | SHEET
. POLARHTY A v Al v A |MH w PAGE NO.

2N6487 NPN 15 60 20/150 50 | 1.3 50| 50 75 T0-220 6-180
2N6488 NPN 15 80 20/150 5.0 1.3 50 5.0 75 T0-220 6-180
2N6489 PNP 15 40 20/150 5.0 1.3 5.0 50 75 TO-220 6-182
2N6490 PNP 15 60 20/150 5.0 1.3 50| 5.0 75 T0-220 6-182
2N6491 PNP 15 80 20/150 5.0 1.3 50| 5.0 75 T0-220 6-182
2N6569 NPN 12 40 15/200 4.0 1.5 4.0 1.5 100 TO-3 6-184
2N6576 NPN 15 60 2K /20K 40 | 40 15 10 120 T0-3 6-186
2N6577 NPN 15 20 2K /20K 40 | 40 15 10 120 T0-3 6-186
BC323 NPN 50 60 50/250 05 |0.15 0.5 - 7.0 T0-39 6-189
BD220 NPN 4.0 70 30/120 0.5 1.0 05| 08 36 TO-220 6-191
B8D221 NPN 4.0 40 30/120 10 | 10 1.0( 08 36 T0-220 6-191
BD222 NPN 4.0 60 20/80 1.5 1.0 15 0.8 36 TO-220 6-191
BD223 PNP 40 70 30/120 0.5 1.0 05| 08 36 TO-220 6-194
BD224 PNP 4.0 40 30/120 1.0 1.0 1.0f 08 36 T0-220 6-194
BD225 PNP 40 60 20/80 15 1.0 15| 08 36 T0-220 6-194
BFX34 NPN 5.0 60 40/150 20 | 10 50| 70 5.0 T0-39 6-197
BF257 NPN 0.1 160 25/- 003 | 1.0 0.03| 75* 1.0 T0-39 6-200
BF258 NPN 0.1 250 25/- 0.03 1.0 0.03 75* 1.0 TO-39 6-200
BF259 NPN 0.1 300 25/- 0.03 1.0 0.03 75* 1.0 TO-39 6-200
BF336 NPN 0.1 180 20/- 0.03 - - 50 1.0 T0-39 6-202
BF337 NPN 0.1 200 20/- 0.03 - - 50 1.0 TO-39 6-202
BF338 NPN 0.1 225 20/- 0.03 - - 50 1.0 TO-39 6-202
FT47 NPN 1.0 250 30/150 0.3 1.0 1.0 10 40 TO-220 6-204
FT48 NPN 1.0 300 30/150 03 | 10 10 10 40 T0-220 6-204
FT49 NPN 1.0 350 30/150 03 | 10 1.0 10 40 T0-220 6-204
FT50 NPN 1.0 400 30/150 0.3 1.0 1.0 10 40 TO-220 6-204
FT317 NPN 40 100 35/- 10 | 05 10| 20 40 T0-220 6-206
FT317A NPN 40 120 35/- 10 | 05 1.0 20 40 T0-220 6-206
FT317B NPN 4.0 140 35/- 10 | 05 1.0 20 40 T0-220 6-206
FT359 NPN 10 350 250/- 30 | 25 7.0 - 125 TO-3 6-208
FT401 NPN 2.0 300 20/100 05 | 08 05| 20 100 T0-3 6-210
FT402 NPN 35 325 20/100 05 | 20 30| 20 100 T0-3 6-210
FT410 NPN 75 200 30/90 10 [ 08 1.0 - 100 T0-3 6-212
FT411 NPN 7.5 300 30/90 1.0 | 08 1.0 - 100 T0-3 6-212
FT413 NPN 7.5 325 20/80 05 | 08 0.5 - 100 T0-3 6-214
FT417 PNP 40 100 | 35/- 1.0 | 05 10| 20 40 TO0-220 | 6.216
FT417A PNP 4.0 120 35/- 1.0 | 05 1.0] 20 40 T0-220 6-216
FT4178B PNP 4.0 140 35/- 1.0 | 05 10| 20 40 T0-220 6-216
FT423 NPN 7.5 325 30/90 10 | 08 1.0 - 100 T0-3 6-214
FT430 NPN 10 300 15/45 25 0.9 25 - 125 TO-3 6-218
FT431 NPN 10 325 15/35 25 0.7 25 - 125 TO-3 6-218
FT2955 PNP 10 60 | 20/70 40 | 11 40| 20 70 TO-220 6-220
FT3055 NPN 10 60 20/70 40 | 11 40| 20 70 T0-220 6-222
FT5415 PNP 1.0 200 30/150 0.05 - - 15 10 TO-39

FT5416 PNP 1.0 300 30/120 0.05 - - 15 10 T0-39

MJ802 NPN 30 90 25/100 7.5 | 08 75| 20 200 TO-3 6-224
MJ4502 PNP 30 90 25/100 75 0.8 75 20 200 T0-3 6-226
MJE3055F NPN 10 60 20/70 40 1.1 4.0 20 70 T0-220 6-228
SE7055 NPN 0.5 220 40/ - 0.01 1.0 0.02 50 1.0 TO-39 6-232
SE7056 NPN 0.5 300 40/ - 0.01 1.0 0.02 50 1.0 TO-39 6-232

*TYPICAL

Vi



SELECTION GUIDE BY DEVICE NUMBER

Ic Vceo hre Vcesan) | fr | POMax) | DATA
DEVICE Max Max | Min/Max @ Ig Max @lg | Min | Tg=25°C AGE. SHEET
POLARITY i = e e G W : PAGE NO.
SE9300 NPN 10 60 1K/- 40 | 20 4.0 1.0 70 TO-220 6-235
SE9301 NPN 10 80 1K/- 4.0 20 4.0 1.0 70 TO-220 6-235
SE9302 NPN 10 100 | 1K/- 40 |20 40| 10 70 T0-220 | 6-235
SEQ9303 NPN 10 60 1K/- 40 20 4.0 1.0 100 TO-3 6-237
SEQS304 NPN 10 80 1K/- 40 20 4.0 1.0 100 TO-3 6-237
SE9305 NPN 10 100 1K/- 4.0 20 4.0 1.0 100 TO-3 6-237
SE9331 NPN 1.0 300 30/250 0.1 25 10 10 20 TO-66 6-239
SES400 PNP i0 60 1K/- 4.0 20 4.0 1.0 70 T0-220 6-241
SE9401 PNP 10 80 1K/- 4.0 20 4.0 1.0 70 TO-220 6-241
SE9402 PNP 10 100 1K/- 4.0 20 4.0 1.0 70 TO-220 6-241
SE9403 PNP 10 60 1K/- 40 20 4.0 1.0 100 TO-3 6-243
SEQ9404 PNP 10 80 1K/~ 4.0 2.0 4.0 1.0 100 TO-3 6-243
SE9405 PNP 10 100 1K/- 4.0 20 4.0 1.0 100 TO-3 6-243
TIP29 NPN 3.0 40 15/75 1.0 0.7 1.0 3.0 30 TO-220 6-245
TIP29A NPN 3.0 60 15/75 1.0 0.7 1.0 3.0 30 TO-220 6-245
TIP29B NPN 3.0 80 15/75 1.0 0.7 1.0 3.0 30 TO-220 6-245
TIP29C NPN 3.0 100 16/75 1.0 0.7 1.0 3.0 30 TO-220 6-245
TIP30 PNP 3.0 40 15/75 1.0 0.7 1.0 3.0 30 TO-220 6-248
TIP30A PNP 3.0 60 15/75 1.0 0.7 1.0 3.0 30 TO-220 6-248
TIP30B PNP 3.0 80 15/75 1.0 0.7 1.0 3.0 30 T0-220 6-248
TIP30C PNP 3.0 100 15/75 1.0 0.7 1.0 3.0 30 TO-220 6-248
TIP31 NPN 50 40 10/50 3.0 1.2 3.0 3.0 40 TO-220 6-251
TIP31A NPN 5.0 60 10/50 3.0 1.2 3.0 3.0 40 TO-220 6-251
TIP31B NPN 50 80 10/50 3.0 1.2 3.0 3.0 40 TO-220 6-251
TIP31C NPN 5.0 100 10/50 3.0 1.2 3.0 3.0 40 TO-220 6-251
TIP32 PNP 5.0 40 10/50 3.0 1.2 3.0 3.0 40 TO-220 6-254
TIP32A PNP 5.0 60 10/50 3.0 1.2 3.0 3.0 40 TO-220 6-254
TIP32B PNP 5.0 80 10/50 3.0 1.2 3.0 3.0 40 TO-220 6-254
TIP32C PNP 5.0 100 10/50 3.0 1.2 3.0 3.0 40 TO-220 6-254
TIP41 NPN 6.0 40 30/- 0.3 1.5 6.0 3.0 65 TO-220 6-257
TIP41A NPN 6.0 60 30/- 0.3 1.5 6.0 3.0 65 TO-220 6-257
TIP41B NPN 6.0 80 30/- 0.3 1.5 6.0 3.0 65 T0-220 6-257
TiP41C NPN 6.0 100 30/- 0.3 1.5 6.0 3.0 65 TO-220 6-257
TIP42 PNP 6.0 40 30/- 03 1.5 6.0 3.0 65 TO-220 6-259
TIP42A PNP 6.0 60 30/- 03 15 6.0 3.0 65 TO-220 6-259
TIP42B PNP 6.0 80 30/- 0.3 1.5 6.0 30 65 TO-220 6-259
TiP42C PNP 6.0 100 30/- 0.3 1.5 6.0 3.0 65 T0-220 6-259
TIP61 NPN 0.5 40 40/- 005 | 0.7 0.5 3.0 15 TO-220 6-261
TIP61A NPN 0.5 60 40/- 005 | 0.7 0.5 3.0 15 TO-220 6-261
TIP61B NPN 0.5 80 40/- 005 | 0.7 0.5 3.0 15 TO-220 6-261
TIP61C NPN 0.5 100 40/ - 0.05 | 0.7 0.5 3.0 15 T0-220 6-261
TIP62 PNP 0.5 40 40/- 0.05 | 0.7 0.5 3.0 15 TO-220 6-263
TIP62A PNP 0.5 60 40/- 005 | 0.7 0.5 3.0 15 T0-220 6-263
TIP62B PNP 0.5 80 40/ - 0.05 | 0.7 0.5 3.0 15 TO-220 6-263
TIP62C PNP 0.5 100 40/- 005 |07 0.5 3.0 15 TO-220 6-263
TIP110 NPN 20 60 1K/- 1.0 25 20 - 50 TO-220 6-265
TIP111 NPN 20 80 1K/- 10 |25 2.0 - 50 TO-220 6-265
TIP112 NPN 20 100 1K/- 1.0 25 20 - 50 TO-220 6-265
TIP115 PNP 20 60 1K/- 1.0 |25 20 - 50 TO-220 6-267
TIP116 PNP 20 80 1K/- 10 |25 20 - 50 T0-220 6-267




SELECTION GUIDE BY DEVICE NUMBER

Ic Vceo hre VCE(sat) fr | PoMax) | ck. | DATA
QML Max | Max | Min/Max @lc | Maxalc | Min | Tg=2s°c | "ACK" | sHeeT
POLARITY A o o B = PAGE NO.

TIP117 PNP 20 | 100 | 1K/- 1025 20| - 50 T0-220 | 6-267
TIP120 NPN 5.0 60 | 1K/- 05|20 30| - 65 T0-220 | 6-269
TIP121 NPN 5.0 80 | 1K/- 05|20 30| - 65 T0-220 | 6-269
TIP122 NPN 50 | 100 | 1K/- 05|20 30| - 65 T0-220 | 6269
TIP125 PNP 5.0 60 | 1K/- 05 |20 30| - 65 T0-220 | 6-271
TIP126 PNP 5.0 80 | 1K/- 05|20 30| - 65 T0-220 | 6271
TIP127 PNP 50 | 100 | 1K/ 05 |20 30| - 65 70-220 | 6-271

Vil



SELECTION GUIDE BY IC(max). POLARITY AND ASCENDING VCEO

DEVICE Vceo| hre VCE(sat) fr Poimax) | i DATA
~ POLARITY Max |Min/Max @ Ic | Max @ Ic | Min | Tc=25°C | "\ '~ " | SHEET
NPN l PNP v e A Vv A MHz w PAGE NO
Ic = 0.1 A Max Continuous
BF257 160 25/- 0.03 1.0 0.03| *75 1.0 TO-39 |6-200
BF336 180 20/- 0.03 50 1.0 TO-39 |6-202
BF337 200 20/- 0.03 50 1.0 TO-39 [6-202
BF338 225 20/- 0.03 50 1.0 TO-39 (6-202
BF258 250 25/- 0.03 1.0 0.03| *75 1.0 TO-39 |6-200
BF259 300 25/- 0.03 1.0 0.03| *75 1.0 TO-39 |6-200
lc = 0.15 A Max Continuous
2N5059 250 30/150 0.03 1.0 0.03 30 1.0 TO-39 |[6-63
2N5058 300 35/150 0.03 1.0 0.03 30 1.0 TO-39 |6-63
Ic = 0.6 A Max Continuous
TIP61 TIP62 40 40/- 0.05 0.07 0.5 3.0 15 TO-220 |6-261
TIP61A TIP62A 60 40/ - 0.05 0.07 0.5 3.0 15 TO-220 |6-261
TIP61B TIP62B 80 40/- 0.05 0.07 0.5 3.0 15 TO-220 |6-261
TIP61C TIP62C 100 40/ - 0.05 0.07 0.5 3.0 15 TO-220 [6-261
SE7055 220 40/- 0.03 1.0 0.02 50 1.0 TO-39 |(6-232
SE7056 300 40/- 0.03 1.0 0.02 50 1.0 TO-39 (6-232
Ic = 1.0 A Max Continuous
2N4898 40 20/100 0.5 0.6 1.0 3.0 25 TO-66 |6-43
2N4910 40 20/100 0.5 0.6 1.0 4.0 25 TO-66 [6-54
2N3740 60 30'100 0.25 0.6 1.0 4.0 25 TO-66 |[6-16
2N4911 60 20/100 0.5 0.5 1.0 4.0 25 TO-66 |6-54
2N4899 60 20/100 0.5 0.6 1.0 30 25 TO-66 |6-43
2N3741 80 30/100 0.25 0.6 1.0 4.0 25 TO-66 |[6-16
2N4900 80 20/100 0.5 0.6 1.0 3.0 25 TO-66 [6-43
2N4912 80 20/100 0.5 0.6 1.0 4.0 25 TO-66 |6-54
2N5681 2N5679 100 40/150 0.25 1.0 0.5 30 10 TO-39 |6-95
2N5682 | 2N5680 120 40/150 0.25 1.0 0.5 30 10 TO-39 |6-95
2N5415 200 30/150 0.05 2.5 0.5 15 10 TO-39 |6-87
2N3440 250 40/160 0.02 0.5 0.05 15 10 TO-39 (6-10 -
FT47 250 30/150 0.3 1.0 1.0 10 40 TO-220 {6-204
SE9331 300 30/250 0.1 2.5 0.1 10 20 TO-66 {6-239
FT48 300 30/150 0.3 1.0 1.0 10 40 TO-220 {6-204
2N5416 300 30/120 0.05 2.0 0.05 15 10 TO-39 |[6-87
2N3439 350 40/160 0.02 0.5 0.05 15 10 TO-39 (6-10
FT49 350 30/150 0.3 1.0 1.0 10 40 TO-220 {6-204
FT50 400 30/150 0.3 1.0 1.0 10 40 TO-220 {6-204
Ic = 2.0 A Max Continuous
2N5321 50 40/250 0.5 0.8 0.5 50 10 TO-39 |6-72
2N5323 50 40/250 0.5 0.8 0.5 50 10 TO-39 |6-75
TIP110 TIP115 60 1K/- 1.0 25 2.0 50 TO-220|6-265
2N5320 | 2N5322 75 30/130 0.5 0.5 0.5 50 10 TO-39 |6-72,75
TIP111 TIP116 80 1K/- 1.0 25 2.0 50 TO-220|6-265,267
TIP112 TIP117 100 1K/- 1.0 2.5 2.0 50 TO-220|6-265,267
FT401 300 20/100 0.5 0.8 0.5 2.0 100 TO-3 6-210
Ic = 3.0 A Max Continuous
2N4234 40 30/150 0.25 0.6 1.0 3.0 6.0 TO-39 |6-31
TIP29 TIP30 40 15/75 1.0 0.7 1.0 3.0 30 T0-220|6-245,248
2N4235 60 30/150 0.25 0.6 1.0 3.0 6.0 TO-39 |6-31
2N3766 60 40/160 0.5 1.0 0.5 10 20 TO-66 |6-19

*TYPICAL VALUE



SELECTION GUIDE BY IC(max). POLARITY AND ASCENDING VCEO

DEVICE Vceo hee VCE(sat) fr | Pp(Max) DATA
: : & PACK-
POLARITY Max | Min/Max @ I¢ Max @ |I¢ Min Tc =25°C AGE -SHEET
NPN | PNP v A v A | MHz w PAGE NO
Ic = 3.0 A Max Continuous (Cont'd)
TIP29A TIP30A 60 15/75 1.0 0.7 1.0 3.0 30 TO-220 [6-245,248
2N5334 60 30/150 1.0 0.7 20 40 6.0 TO-39 |[6-78
2N4236 80 30/150 0.25 0.6 1.0 3.0 6.0 TO-39 (6-31
2N3767 80 40/160 0.5 1.0 0.5 10 20 TO-66 |[6-19
TIP29B° | TIP30B 80 15/75 1.0 0.7 1.0 3.0 30 TO-220 |6-245,248
2N5335 80 30/150 1.0 0.7 2.0 40 6.0 TO-39 |[6-78
TIP29C TIP30C 100 15/75 1.0 0.7 1.0 3.0 30 TO-220 {6-245,248
2N5838 250 8/40 3.0 1.0 3.0 5.0 100 T0-3 6-105
2N5839 275 10/50 2.0 1.5 20 5.0 100 T0-3 6-105
FT402 325 20/100 0.5 20 3.0 20 100 TO-3 6-210
2N5840 350 10/50 2.0 1.5 2.0 5.0 100 TO-3 6-105
Ic = 4.0 A Max Continuous '
BD221 BD224 40 30/120 1.0 1.0 1.0 0.8 36 TO-220 {6-191
2N4231 40 25/100 1.5 0.7 1.5 4.0 35 TO-66 [6-28
2N4237 40 30/150 0.25 0.6 1.0 1.0 6.0 TO-39 (6-34
2N6121 2N6124 45 25/100 1.5 0.6 1.5 2.5 40 TO-220 |6-146,149
2N3054 55 25/150 0.5 1.0 0.5 25 TO-66 |[6-3
BD222 BD225 60 20/80 1.5 1.0 1.5 0.8 36 TO-220 {6-191,194
2N6122 | 2N6125 60 25/100 1.5 0.6 1.5 25 40 TO-220 |6-146,149
2N4232 60 25/100 1.5 0.7 1.5 4.0 35 TO-66 |6-28
2N4238 60 30/150 0.25 0.6 1.0 1.0 6.0 TO-39 |6-34
BD220 BD223 70 30/120 0.5 1.0 051 08 36 TO-220 |6-191,194
2N6123 | 2N6126 80 20/80 1.5- 0.6 1.5 2.5 40 TO-220 |6-146,149
2N4233 80 25/100 1.5 0.7 1.5 4.0 35 TO-66 |[6-28
2N4239 80 30/150 0.25 0.6 1.0 1.0 6.0 TO-39 |(6-34
FT317 FT417 100 35/- 1.0 0.5 1.0 20 40 T0O-220 |6-206,216
2N6473 2N6475 100 15/150 1.5 1.2 1.5 10 40 TO-220 |{6-176,178
FT317A FT417A 120 35/- 1.0 0.5 1.0 20 40 T0O-220 |6-206,216
2N6474 | 2N6476 120 15/150 1.5 1.2 1.5 10 40 TO-220{6-176,178
FT3178 FT4178 140 35/- i.0 0.5 i.0 20 40 TO-220 {6-208,21¢€
Ic = 5.0 A Max Continuous
2N5067 | 2N4901 40 20/80 1.0 0.4 1.0 4.0 87.5 TO-3 6-66,46
2N4913 2N4904 40 25/100 25 1.5 5.0 4.0 87.5 TO-3 6-57,49
TIP31 TIP32 40 10/50 3.0 1.2 3.0 3.0 40 T0O-220|6-251,254
TIP120 TIP125 60 1K/- 0.5 20 3.0 65 TO-220|6-269,271
BC323 60 50/250 0.5 0.15 0.5 7.0 TO-39 |6-189
2N5068 | 2N4902 60 20/80 1.0 0.4 1.0 4.0 87.5 TO-3 6-66,46
2N4895 60 40/120 2.0 1.0 5.0 50 7.0 TO-39 |6-40
BFX34 60 40/150 2.0 1.0 0.5 70 5.0 TO-39 |6-197
2N4896 60 | 100/300 2.0 1.0 50 80 7.0 TO-39 |6-40
2N4914 | 2N4905 60 25/100 2.5 1.5 5.0 4.0 87.5 TO-3 6-57,49
TIP31A TIP32A 60 10/50 3.0 1.2 3.0 3.0 40 TO-2206-251,25¢4
TIP121 TIP126 80 1K/- 0.5 2.0 3.0 65 TO-220|6-269,271
2N5069 | 2N4903 80 20/80 1.0 0.4 1.0 4.0 87.5 TO-3 6-66,46
2N4897 80 40/120 2.0 1.0 5.0 50 7.0 TO-39 |6-40
2N5336 80 30/120 2.0 0.7 20 30 6.0 TO-39 |6-81
2N5337 80 60/240 2.0 0.7 2.0 30 6.0 TO-39 |6-81
2N4915 | 2N4906 ‘80 25/100 25 1.5 5.0 4.0 875 T0-3 6-57,49
TIP31B TIP32B 80 10/50 3.0 1.2 3.0 3.0 40.0 T0O-2206-251,254
TIP122 TIP127 100 1K/ - 0.5 20 3.0 65 TO-220{6-269,271
2N5338 100 30/120 20 0.7 2.0 30 6.0 TO-39 |6-84

“TYPICAL VALUE



SELECTION GUIDE BY IC(max). POLARITY AND ASCENDING VCEO

DEVICE Vceo| hre VCE(sat) fr PD(Max) | pack. | DATA
POLARITY Max (Min/Max @ Ic | Max @ Ic | Min | Tg =25°C AGE SHEET
NPN | PNP v ; A v A | MHz w PAGE NO.
Ic = 5.0 A Max Continuous (Cont'd)
2N5339 100 60/240 2.0 0.7 2.0 30 6.0 TO-39 |6-84
TIP31C TIP32C 100 10/50 3.0 1.2 3.0 3.0 40 TO-220|6-251,254
Ic = 6.0 A Max Continuous
TIP41 TIP42 40 30/- 0.3 1.5 6.0 3.0 65 TO-220(6-257,259
TIP41A TIP42A 60 30/- 0.3 1.5 6.0 3.0 65 TO-220{6-257,259
TIP41B TiP42B 80 30/- 0.3 1.5 6.0 3.0 65 TO-220|6-257,259
TIP41C TiP42C 100 30/- 0.3 1.5 6.0 3.0 65 TO-220(6-257,259
Ic = 7.0 A Max Continuous
2N6129 2N6132 40 20/100 25 1.4 7.0 2.5 50 T0O-220(6-152,155
2N5873 2N5871 60 20/100 2.5 1.0 4.0 4.0 115 TO-3 6-111,108
2N6130 2N6133 60 20/100 2.5 1.4 7.0 2.5 50 TO-220(6-152,155
2N5874 2N5872 80 20/100 2.5 1.0 4.0 4.0 115 TO-3 6-111,108
2N6131 2N6134 80 20/100 2.5 2.8 7.0 25 50 TO-220|6-152,155
Ic = 7.5 A Max Continuous
FT410 200 30/90 1.0 0.8 1.0 | *5.0 100 TO-3 6-212
FT411 300 30/90 1.0 0.8 1.0 | *5.0 100 TO-3 6-212
FT413 325 20/80 0.5 0.8 05| *5.0 100 TO-3 6-214
FT423 325 30/90 1.0 0.8 1.0 *5.0 100 TO-3 6-214
Ic = 8.0 A Max Continuous
2N5877 2N5875 60 20/100 4.0 1.0 5.0 4.0 150 TO-3 6-117,114
2N6055 2N6053 60 | 750/18K 4.0 20 4.0 4.0 100 TO-3 6-140,137
2N5878 2N5876 80 20/100 4.0 1.0 5.0 4.0 150 TO-3 6-117,137
2N6056 2N6054 80 | 750/18K 4.0 2.0 4.0 4.0 100 TO-3 6-140,137
2N6306 250 15/75 3.0 0.8 3.0 5.0 125 TO-3 6-167
2N6307M 300 15/75 3.0 1.0 3.0 5.0 125 T0-3 6-167
2N6308M 350 12/60 3.0 1.5 3.0 5.0 125 T0-3 6-167
Ic = 10.0 A Max Continuous
2N6386 40 1K/20K 3.0 2.0 3.0 20 40 TO-220|6-173
2N4907 40 20/80 4.0 0.75 4.0 4.0 150 TO-3 6-52
2N6383 40 1K/20K 5.0 2.0 5.0 20 100 TO-3 6-170
2N3713 60 25/75 1.0 1.0 5.0 4.0 150 TO-3 6-13
2N3789 60 25/90 1.0 1.0 50| 4.0 150 TO-3 |25
2N3715 60 50/150 1.0 0.8 5.0 4.0 150 TO-3 6-13
2N3791 60 50/180 1.0 1.0 5.0 4.0 150 TO-3 6-25
2N6387 60 1K/20K 3.0 20 3.0 20 40 TO-220{6-173
MJE3055F 60 20/70 4.0 1.1 4.0 2.0 70 T0-220|6.228
2N4908 60 20/80 4.0 0.75 4.0 4.0 150 TO-3 6-52
SE9300 SE9400 60 1K/- 4.0 2.0 4.0 1.0 70 TO-220|6.235,241
SE9303 SE9403 60 1K/- 4.0 20 4.0 1.0 100 TO-3 6-237,243
2N6384 60 1K/20K 5.0 20 50 20 100 TO-3 6-170
2N3714 80 25/75 1.0 1.0 5.0 4.0 150 TO-3 6-13
2N3790 80 25/90 1.0 1.0 5.0 4.0 150 TO-3 6-25
2N3716 80 50/150 1.0 0.8 5.0 4.0 150 TO-3 6-13
2N3792 80 50/180 1.0 1.0 5.0 4.0 150 TO-3 6-25
2N6388 80 1K/20K 3.0 2.0 3.0 20 40 TO-220{6-173
2N4909 80 20/80 4.0 0.75 4.0 4.0 150 TO-3 6-52
SE9304 SE9404 80 1K/- 4.0 2.0 4.0 1.0 100 TO-3 6-237,243
SE9301 SE9401 80 1K/- 4.0 2.0 4.0 1.0 70 T0O-220|6-235,241

*TYPICAL VALUE

Xl



SELECTION GUIDE BY IC(max). POLARITY AND ASCENDING VCEO

DEVICE Vceo| hrE VCE(sat) ) | pack.| DATA
POLARITY Max | Min/Max @ I¢ Max @ I¢ C | AGE | SHEET
NPN PNP v . K v A ~ |PAGE NO.
Ic = 10.0 A Max Continuous (Cont’d)
2N6385 80 1K/20K 5.0 20 5.0 20 100 TO-3 |6-170
SE9302 SE9402 100 1K/- 4.0 20 4.0 1.0 70 T0-220/6-235,241
SE9305 SE9405 100 1K/~ 4.0 20 4.0 1.0 100 TO-3 |6-237.24
2N6249 200 10/50 10 1.5 10 25 100 TO-3 |6-158
2N6250 275 8/50 10 1.5 10 25 100 TO-3 |6-158
FT430 300 15/45 25 0.9 25 125 TO-3 |{6-218
FT431 325 15/35 25 0.7 25 125 TO-3 |6-218
FT359 350 250/- 3.0 2.8 7.0 125 TO-3 [6-208
2N6251 350 6/50 10 1.5 10 2.5 100 TO-3 |6-158
Ic = 12.0 A Max Continuous
2N6569 40 15/200 0.2 1.5 4.0 1.5 100 TO-3 |6-184
2N6057 2N6050 60 | 750/18K 6.0 2.0 6.0 4.0 150 TO-3 |6-143,134
2N5881 2N5879 60 20/100 6.0 1.0 70| 4.0 160 TO-3 6-123,120
2N5882 2N5880 80 20/100 6.0 1.0 7.0 4.0 160 TO-3 |6-123,120
2N6058 2N6051 80 | 750/18K 6.0 2.0 6.0 4.0 150 TO-3 |6-143,134
2N6059 2N6052 100 | 750/18K 6.0 2.0 6.0 4.0 150 TO-3 {6-143,134
Ic = 15.0 A Max Continuous
2N6486 2N6489 40 20/150 5.0 1.3 5.0 5.0 75 TO-220(6-180,182
2N6576 60 2K/20K 4.0 4.0 15 10 120 TO-3 [6-186
2N3055SD 60 20/70 4.0 1.1 40| 0.8 115 TO-3 [6-8
FT3055 FT2955 60 20/70 4.0 1.1 4.0 2.0 70 T0O-220(6-222,220
2N3055 60 20/70 4.0 1.1 4.0 117 TO-3 |[6-6
2N6487 2N6490 60 20/150 5.0 1.3 5.0 5.0 75 TO-220(6-180,182
2N6488 2N6491 80 20/150 5.0 1.3 5.0 5.0 75 T0O-220{6-180,182
2N6577 90 2K/20K 4.0 4.0 15 10 120 TO-3 [6-186
Ic = 16.0 A Max Continuous
2N5629 100 25/100 8.0 1.0 10| 05 200 TO-3 |6-90
2N6029 100 25/100 8.0 2.0 16 1.0 200 TO-3 [6-132
2N5630 120 20/80 8.0 1.0 10§ 05 200 T0-3 (6-3C
2N6030 120 20/80 8.0 2.0 16 1.0 200 TO-3 |6-132
2N5631 140 15/60 8.0 1.0 10| 0.5 200 TO-3 |6-90
2N6031 140 15/60 8.0 2.0 16 1.0 200 TO-3 |6-132
Ic = 20.0 A Max Continuous
2N3772 60 15/60 10 1.4 10| 0.2 150 TO-3 [6-22
2N5885 2N5883 60 20/100 10 1.0 15 4.0 200 TO-3 [6-129,126
2N6282 2N6285 60 | 750/18K 10 2.0 10( 4.0 160 TO-3 |[6-161,164
2N5039 75 20/100 10 1.0 10 60 140 TO-3 |6-60
2N6283 2N6286 80 | 750/18K 10 2.0 10| 4.0 160 TO-3 |6-161,164
2N5886 2N5884 80 20/100 10 1.0 15 4.0 200 TO-3 |(6-129,126
2N5303 80 15/60 10 2.0 20 2:0 200 TO-3 |6-69
2N5038 90 20/100 12 1.0 12 60 140 TO-3 |[6-60
2N6284 2N6287 100 | 750/18K 10 2.0 10 4.0 160 TO-3 |(6-161,164
Ic = 30.0A Max Continuous
2N3771 40 15/60 15 2.0 15 0.2 150 TO-3 |6-22
2N4398 40 15/60 15 1.0 15 4.0 200 TO-3 |6-37
2N5301 40 15/60 15 2.0 20 2.0 200 TO-3 |6-69
2N4399 60 15/60 15 1.0 15 4.0 200 TO-3 |6-37
2N5302 60 15/60 15 2.0 20 2.0 200 TO-3 |6-69
MJ802 MJ4502 90 25/100 7.5 0.8 7.5 2.0 200 TO-3 |6-224,226

“TYPICAL VALUE
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SELECTION GUIDE BY IC(max). POLARITY AND ASCENDING VCEO

DEVICE Vceo hre VCE(sat) fr PD(Max) | o k.| DATA
POLARITY Max | Min/Max @ I¢ Max @ I¢ Min Tc = 25°C AGE SHEET
NPN l PNP A2 A Vv A MHz w PAGE NO.
Ic = 50.0 A Max Continuous
2N5685 2N5683 60 15/60 25 1.0 25 2.0 300 TO-3 6-101,98
2N5686 2N5684 80 15/60 25 1.0 25 2.0 300 TO-3 6-101,98
‘TYPICAL VALUE
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SELECTION GUIDE BY PACKAGE, ASCENDING ICc(max) AND VCEO(max)

DEVICE lc | Vceo hrg VCE(sat) fr PD(Max) Bith
POLARITY Max Max Min/Max @ I Max @ Ig Min Tg=25°C SHEET
NPN I PNP A A A Vv A [MHz W PAGE NO.

TO-220 Package
TiP61 TIP62 0.5 40 40/- 0.5 0.7 05 3.0 15 6-261,263
TIP61A TIP62A 0.5 60 40/- 0.5 0.7 05 3.0 15 6-261,263
TIP61B TIP62B 0.5 80 40/- 0.5 0.7 05 3.0 15 6-261,263
TIP61C TIP62C 0.5 100 40/- 0.5 0.7 05 3.0 15 6-261,263
FT47 1.0 250 30/150 0.3 1.0 10 10 40 6-204 :
FT48 1.0 300 30/150 03 1.0 10 10 40 6-204
FT49 1.0 350 30/150 0.3 1.0 10 10 40 6-204
FT50 1.0 400 30/150 0.3 1.0 1.0 10 40 6-204
TIP110 TIP115 2.0 60 1K/- 1.0 25 20 - 50 6-265,267
TIP111 TIP116 2.0 80 1K/- 1.0 25 20 - 50 6-265,267
TIP112 TIP117 20 100 1K/- 1.0 25 20 - 50 6-265,267
TIP29 TIP30 3.0 40 16/75 1.0 0.7 10 3.0 30 6-245,248
TIP29A TIP30A 3.0 60 15/75 1.0 0.7 1.0 3.0 30 6-245,248
TIP29B TIP30B 3.0 80 15/75 1.0 07 10 3.0 30 6-245,248
TIP29C TIP30C 3.0 100 15/75 1.0 07 10 3.0 30 6-245,248
BD221 BD224 4.0 40 30/120 1.0 1.0 1.0 | 08 36 6-191,194
2N6121 2N6124 4.0 45 25/100 15 0.6 15 25 40 6-146,149
BD222 BD225 4.0 60 20/80 1.5 1.0 15 0.8 36 6-191,194
2N6122 2N6125 4.0 60 25/100 1.5 06 15 25 40 6-146,149
BD220 BD223 4.0 70 30/120 0.5 1.0 05 0.8 36 6-191,194
2N6123 2N6126 4.0 80 20/80 1.5 06 15 25 40 6-146,149
2N6473 2N6475 4.0 100 15/150 1.5 1.2 15 10 40 6-176,178
FT317 FT417 40 100 35/- 1.0 05 1.0 20 40 6-206,216
2N6474 2N6476 4.0 120 15/150 1.5 1.2 15 10 40 6-176,178
FT317A FT417A 4.0 120 35/- 1.0 05 10 20 40 6-206,216
FT317B FT4178B 4.0 140 35/- 1.0 05 1.0 20 40 6-206,216
TIP31 TIP32 5.0 40 10/50 3.0 1.2 30| 30 40 6-251,254
TIP120 TIP125 5.0 60 1K/- 0.5 20 30 - 65 6-269,271
TIP31A TIP32A 5.0 60 10/50 30 1.2 30 3.0 40 6-251,254
TIP121 TIP126 5.0 80 1K/- 0.5 20 3.0 - 65 6-269,271
TIP31B TIP32B 5.0 80 10/50 3.0 1.2 3.0 3.0 40 6-251,254
TIP122 TIP127 5.0 100 1K/- 0.5 20 30 - 65 6-269,271
TIP31C TIP32C 5.0 100 10/50 3.0 1.2 30 3.0 40 6-251,254
TIP41 TIP42 ) 6.0 40 30/- 0.3 1.6 60 3.0 65 6-257,259
TIP41A TIP42A 6.0 60 30/- 0.3 1.5 60 3.0 65 6-257,259
TIP41B TiP42B 6.0 80 30/- 0.3 15 6.0 3.0 65 6-257,259
TIP41C TiP42C 6.0 100 30/- 0.3 1.6 6.0 3.0 65 6-257,259
2N6129 2N6132 7.0 40 20/100 25 14 7.0 25 50 6-152,155
2N6130 2N6133 70 60 20/100 25 14 70 25 50 6-152,155
2N6131 2N6134 7.0 80 20/100 25 20 70 25 50 6-152,155
2N6386 10 40 1K/20K 3.0 0 30 20 40 6-180
FT3055 FT2955 10 60 20/70 40 1.1 40 20 70 6-222,220
MJE3055F 10 60 20/70 4.0 1.1 40 20 70 6-228
SE9300 SE9400 10 60 1K/- 4.0 20 40 1.0 70 6-235,241
2N6387 10 60 1K/20K 3.0 20 30 20 40 6-173
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SELECTION GUIDE BY PACKAGE, ASCENDING Ic(max) AND VCEO(max)

BEVICE lc | Vceo hee VeEsa) | fr | PDMax) | ara
POLARITY Max Max Min/Max @ I |Max @ I¢ Min Tc=25°C SHEET
NPN PNP A A A Vv A |MHz w PAGE NO.
TO-220 Package
SE9301 SE9401 10 80 1K/- 4.0 20 40 1.0 70 6-235,241
2N6388 10 80 1K/20K 3.0 20 3.0 20 40 6-173
SE9302 SE9402 10 100 1K/- 4.0 20 40 1.0 70 6-235,241
2N6486 2N6489 15 40 20/150 5.0 1.3 50 |50 75 6-180,182
2N6487 2N6490 15 60 20/150 5.0 1.3 50 |50 75 6-180,182
2N6488 2N6491 15 80 20/150 5.0 1.3 50 5.0 75 6-180,182
TO-39 Package
BF257 0.1 160 25/- 0.03 1.0 0.03 75* 1.0 6-200
BF336 0.1 180 20/- 0.03 - - 50 1.0 6-202
BF337 0.1 200 20/- 0.03 - - 50 1.0 6-202
BF338 0.1 225 20/- 0.03 - - 50 1.0 6-202
BF258 0.1 250 25/- 0.03 1.0 0.03 75* 1.0 6-200
BF259 0.1 300 25/- 0.03 1.0 0.03 75*% 1.0 6-200
2N5058 0.15 300 35/150 0.03 1.0 0.03 30 1.0 6-63
2N5059 0.15 250 30/150 0.03 1.0 0.03 30 1.0 6-63
SE7055 0.5 220 40/- . 0.01 1.0 0.02 50 1.0 6-232
SE7056 0.5 300 40/- 0.01 1.0 0.02 50 1.0 6-232
2N5681 2N5679 1.0 100 40/150 0.25 1.0 0.5 30 10 6-94,92
2N5682 2N5680 1.0 120 40/150 0.25 1.0 0.5 30 10 6-95,92
2N5415 1.0 200 30/150 0.05 2.5 0.05 15 10 6-87
2N3440 1.0 250 40/160 0.02 0.5 0.05 15 10 6-10
2N5416 1.0 300 30/120 0.05 2.0 0.05 15 10 6-87
2N3439 1.0 350 |40/160 0.02 0.5 0.05 15 10 6-10
2N5321 2N5323 2.0 50 40/250 0.5 0.8 05 50 10 6-72,75
2N5320 2N5322 2.0 75 30/130 0.5 0.5 0.5 50 10 6-72,75
2N4237 2N4234 4.0/3.0 40 30/150 0.25 06 1.0 1.0 6.0 6-34,31
2N5334 3.0 60 30/150 1.0 0.7 20 40 6.0 6-78
2N4238 2N4235 4.0/3.0 60 30/150 0.25 06 1.0 1.0 6.0 6-34,31
2N4239 2N4236 4.0/3.0f 80 30/150 0.25 06 1.0 1.0 6.0 6-34,31
2N5335 3.0 80 30/150 1.0 0.7 20 40 6.0 6-78
BC323 5.0 60 50/250 05 | 0.15 05 - 7.0 6-189
BFX34 5.0 60 40/150 20 1.0 50 70 5.0 6-197
2N4895 5.0 60 40/120 2.0 1.0 5.0 50 7.0 6-40
2N4896 5.0 60 100/300 2.0 10 50 80 7.0 6-40
-2N4897 5.0 80 40/120 2.0 1.0 5.0 50 7.0 6-40
2N5336 5.0 80 30/120 20 0.7 20 30 6.0 6-81
2N5337 5.0 80 60/240 20 0.7 20 30 6.0 6-81
2N5338 5.0 100 307120 20 0.7 20 30 6.0 6-84
2N5339 5.0 100 60/240 2.0 07 20 30 6.0 6-84
TO-66 Package »
2N4898 1.0 40 20/100 0.5 06 1.0 |30 25 6-43
2N4910 1.0 40 20/100 0.5 06 10 4.6 25 6-54
2N3740 1.0 60 30/100 0.25 06 1.0 |40 25 6-16
2N4911 1.0 60 20/100 0.5 05 1.0 4.0 25 6-54
2N4899 1.0 60 20/100 0.5 06 1.0 |30 25 6-43

"TYPICAL VALUE
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SELECTION GUIDE BY PACKAGE, ASCENDING IC(max) AND VCEO(max)

DEVICE ic | Vceo heg VCE(sat) fr PD(Max) AR
POLARITY Max Max Min/Max @ Ic Max @ I¢ Min Tc=25°C SHEET
NPN PNP A A A V. A |MHz W PAGE NO.
TO-66 Package
2N3741 1.0 80 30/100 0.25 06 1.0 4.0 25 6-16
2N4900 1.0 80 20/100 0.5 06 1.0 3.0 25 6-43
2N4912 1.0 80 20/100 0.5 06 10 5.0 25 6-54
SES331 1.0 300 30/250 0.1 25 01 10 20 6-239
2N3766 3.0 60 40/160 0.5 1.0 05 10 20 6-19
2N3767 3.0 80 40/160 0.5 1.0 05 10 20 6-19
2N4231 4.0 40 25/100 1.5 0.7 15 40 35 6-28
2N3054 4.0 55 25/150 0.5 1.0 05 - 25 6-3
2N4232 4.0 60 25/100 1.5 07 15 4.0 35 6-28
2N4233 4.0 80 25/100 1.5 0.7 15 4.0 35 6-28
TO-3 Package
FT401 2.0 300 20/100 0.5 0.8 0.5 2.0 100 6-210
2N5838 3.0 250 8/40 3.0 1.0 30 5.0 100 6-105
2N5339 3.0 275 10/50 20 1.5 20 50 100 6-84
2N5840 3.0 350 10/50 20 15 20 5.0 100 6-105
FT402 3.5 325 20/100 0.5 20 30 20 100 6-210
2N4901 5.0 40 20/80 1.0 1.5 5.0 4.0 87.5 '6-46
2N5067 5.0 40 20/80 1.0 0. 1.0 |40 87.5 6-66
2N4913 2N4904 50 40 25/100 25 1.5 50 4.0 87.5 6-57,49
2N5068 5.0 60 20/80 1.0 04 10 4.0 87.5 6-66
2N4902 5.0 60 20/80 1.0 15 50 4.0 87.5 | 6-46
2N4914 2N4905 5.0 60 25/100 25 156 50 4.0 87.5 6-57,49
2N4903 5.0 80 20/80 1.0 1.5 5.0 4.0 87.5 6-46
2N5069 5.0 80 20/80 1.0 04 10 4.0 87.5 6-66
2N4915 2N4906 5.0 80 25/100 25 1.5 5.0 4.0 87.5 6-57,49
2N5873 2N5871 7.0 60 20/100 25 1.0 40 4.0 115 6-111,108
2N5874 2N5872 7.0 80 20/100 25 1.0 40 4.0 1156 6-111,108
FT410 7.5 200 30/90 1.0 08 1.0 - 100 6-210
FT411 78 300 |30/90 10 08 10 | - 100 6212
FT413 75 325 20/80 0.5 0.8 05 - 100 6-214
FT423 7.5 325 30/90 1.0 08 1.0 - 100 6-214
2N5877 2N5875 8.0 60 20/100 4.0 1.0 5.0 4.0 150 6-117,114
2N6055 2N6053 8.0 60 750/18K 4.0 20 40 4.0 100 6-140,137
2N5878 2N5876 8.0 80 |20/100 4.0 1.0 50 40 150 6-117,114
2N6056 2N6054 8.0 80 750/18K 4.0 20 40 4.0 100 6-140,137
2N6306 8.0 250 15/75 3.0 0.8 30 5.0 125 6-137
2N6307M 8.0 300 15/75 3.0 1.0 30 50 125 6-167
2N6308M 8.0 350 12/60 3.0 1.5 30 5.0 125 6-167
2N4907 10 40 20/80 4.0 0.75 4.0 4.0 150 6-52
2N6383 10 40 1K/20K 5.0 20 50 20 100 6-170
2N3789 10 60 25/90 1.0 1.0 50 4.0 150 6-25
2N3713 10 60 25/75 1.0 1.0 50 4.0 150 6-13
2N4908 10 60 20/80 4.0 0.75 4.0 4.0 150 6-52
2N3715 10 60 50/150 1.0 0.8 50 25 150 6-13
' 2N3791 10 60 50/180 1.0 1.0 5.0 4.0 150 6-25
2N6384 10 60 1K/20K 5.0 20 50 20 100 6-170
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SELECTION GUIDE BY PACKAGE, ASCENDING IC(max) AND VCEO(max)

DEVICE lc | Vceo hgg VCE(sat) fr Pp(Max) BATA
. POLARITY Max | Max Min/Max @ I¢ Max @ I¢ ’ kMin Tc=25°C SHEET
NPN PNP A A A Vv A [MHz w PAGE NO.
TO-3 Package
2N3792 10 80 |50/180 1.0 1.0 50 (40 150 6-25
SE9304 SE9404 10 80 |1K/- 40 20 40 |10 100 6-237,243
2N6385 10 80 | 1K/20K 5.0 20 50 |20 100 6-170
SE9305 SE9405 10 100 |1K/- 40 20 40 (1.0 100 6-237,243
2N6249 10 200 |10/50 10 156 10 |25 100 6-158
2N6250 10 275 |8/50 10 15 10 |25 100 6-158
FT431 10 325 |15/35 2.5 07 25 - 125 6-218
2N6251 10 350 |6/50 10 15 10 |25 100 6-158
FT359 10 350 |250/- 3.0 28 7.0 - 125 6-208
FT430 10 300 {15/45 25 09 25 - 125 6-218
2N6569 12 40 |15/200 4.0 15 40 |15 100 6-184
2N5881 2N5879 12 60 |20/100 6.0 1.0 70 |40 160 6-123,120
2N6057 2N6050 12 60 |750/18K 6.0 20 60 |40 150 6-134,143
2N5882 2N5880 12 80 [20/100 6.0 1.0 70 |40 160 6-123,120
2N6058 2N6051 12 80 |750/18K 6.0 20 6.0 |40 150 6-143,134
2N6059 2N6052 12 100 |750/18K 6.0 0 60 |40 150 6-143,134
2N3055 15 60 |20/70 4.0 1.1 40 - 117 6-6
2N3055SD 15 60 |[20/70 4.0 1.1 40 (08 115 6-8
2N6576 15 60 |2K/20K 4.0 40 15 10 120 6-186
2N6577 15 90 | 2K/20K 40 40 15 10 120 6-186
2N6029 16 100 |25/100 8.0 20 16 (1.0 200 6-132
2N5629 16 100 |25/100 8.0 1.0 10 |05 200 6-90
2N6030 16 120 |20/80 8.0 20 16 |10 200 6-132
2N5630 16 120 |20/80 8.0 1.0 10 |05 200 6-90
2N6031 16 140 |15/60 8.0 20 16 |10 200 6-132
2N5631 16 140 |15/60 8.0 1.0 10 |05 200 6-90
2N3772 20 60 |15/60 10 1.4 10 |02 150 6-22
2N5885 2N5883 20 60 |20/100 10 1.0 15 |40 200 6-129,126
2N6282 2N6285 20 60 |750/18K 10 20 10 |40 160 6-161,164
2N5039 20 75 | 20/100 10 1.0 10 |60 140 6-60
2N5886 2N5884 20 80 |20/100 10 10 15 |40 200 6-129.126
2N6283 2N6286 20 80 |750/18K 10 20 10 |40 160 6-161,164
2N5303 20 80 |[15/60 10 20 20 |20 200 6-69
2N5038 20 90 |20/100 12 10 12 60 140 6-60
2N6284 2N6287 20 100 |750/18K 10 20 10 |40 160 6-161,164
2N4398 30 40 |[15/60 15 1.0 15 (4.0 200 6-37
2N4399 30 60 |[15/60 15 1.0 15 |4.0 200 6-37
2N3771 30 40 [15/60 15 20 15 (0.2 150 6-22
2N5301 30 40 |[15/60 15 20 20 {20 200 6-69
2N5302 30 60 |15/60 15 20 20 |20 200 6-69
MJ802 MJ4502 30 90 |25/100 7.5 08 75 (20 200 6-224,226
2N5685 2N5683 50 60 |15/60 25 1.0 25 |20 300 6-98,101
2N5686 2N5684 50 80 |15/60 25 1.0 25 |20 300 6-98,101
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DARLINGTON SELECTION GUIDE BY IC(max) AND VCEO(max)

DEVICE Vceo hgg vCE(sat) fr PD(Max) PACK- DATA
POLARITY Max | Min/Max at Ig Max at Ig Min | Tg=25°C AGE 5 :ggﬂo
NPN | enp v A v A MHz w :
Ic = 2.0 A Max Continuous
TIP110 TIP115 60 1K/- 1.0 25 20 - 50 TO-220| 6-265
TIP111 TIP116 80 1K/- 1.0 25 20 - 50 TO-220| 6-265
TIP112 TIP117 100 1K/- 1.0 25 20 - 50 TO-220| 6-265
Ic = 5.0 A Max Continuous
TIP120 TIP125 60 1K/- 0.5 20 3.0 - 65 TO-220} 6-267,271
TIP121 TIP126 80 1K/- 0.5 20 30 - 65 TO-220| 6-269,271
TIP122 TIP127 100 1K/- 0.5 20 30 - 65 TO-220} 6-269,271
Ic = 8.0 A Max Continuous
2N6055 2N6053 60 750/18K 4.0 20 4.0 4.0 100 TO-3 6-140,137
2N6056 2N6054 80 750/18K 4.0 20 4.0 4.0 100 TO-3 6-140,137
Ic = 10.0 A Max Continuous
2N6386 40 1K/20K 3.0 2.0 3.0 20 40 TO-220| 6-173
2N6383 40 1K/20K 5.0 2.0 5.0 20 100 TO0-3 6-170
2N6387 60 1K/20K 3.0 20 3.0 20 40 TO-220| 6-173
SE9300 SE9400 60 1K/- 4.0 20 4.0 1.0 70 TO220 | 6-235,241
SE9303 SE9403 60 1K/- 4.0 2.0 4.0 1.0 100 T0-3 6-237,243
2N6384 60 1K/20K 50 20 50 20 100 T0-3 6-170
2N6388 80 1K/20K 3.0 2.0 3.0 20 40 T0-220| 6-173
SE9304 SE9404 80 1K/- 4.0 20 4.0 1.0 100 TO-3 6-237,243
SE9301 SE9401 80 1K/- 4.0 2.0 4.0 1.0 70 TO-220] 6-235,241
2N6385 80 1K/20K 5.0 2.0 5.0 20 100 TO-3 6-170
SE9302 SE9402 100 1K/- 4.0 2.0 4.0 1.0 70 TO-220| 6-235,241
SE9305 SE9405 100 1K/- 4.0 2.0 4.0 1.0 100 TO-3 6-237,243
FT359 350 250/- 3.0 25 7.0 - 125 TO-3 6-208
Ic = 12 A Max Continuous
2N6057 2N6050 60 750/18K 6.0 20 6.0 4.0 150 TO-3 6-143,134
2N6058 2N6051 80 750/18K 6.0 2.0 8.0 4.0 150 T70-3- | 6-143,134
2N6059 2N6052 100 750/18K 6.0 2.0 6.0 4.0 150 TO-3 6-143,134
Ic = 15 A Max Continuous
2N6576 60 2K /20K 40 4.0 15 10 120 T0-3 6-186
2N6577 90 2K/20K 4.0 4.0 15 10 120 T0-3 6-186
Ic = 20 A Max Continuous ,
2N6282 2N6285 60 750/18K 10 20 10 4.0 160 TO-3 6-161,164
2N6283 2N6286 80 750/18K 10 2.0 10 4.0 160 TO-3 6-161,164
2N6284 2N6287 100 750/18K 10 2.0 10 4.0 160 TO-3 6-161,164
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INDUSTRY CROSS REFERENCE

Industry
Type
Number
2N2987
2N2988
2N2989
2N2990
2N3016

2N3021
2N3023
2N3024
2N3026
2N3054

2N3055
2N3171
2N3172
2N3173
2N3174

2N3183
2N3184
2N3185
2N3186
2N3195

2N3196
2N3197
2N3198
2N3202
2N3203

2N3204
2N3208
2N3226

2N3232
2N3235

2N3237
2N3238
2N3239
2N3240
2N3418

2N3419
2N3420
2N3421
2N3439
2N3440

2N3442
2N3445
2N3446
2N3447
2N3448

2N3469
2N3506
2N3507
2N3583
2N3589

2N3634
2N3636
2N3660
2N3661
2N3675

Fairchild
Nearest
Standard
2N5335
2N5681
2N5681
2N5681
2N5337

2N4901
2N4902
2N4904
2N4905
2N3054

2N3055
2N3789
2N3789
2N3790
2N3790

2N3789
2N3789
2N3790
2N3790
2N3789

2N3789
2N3790
2N3790
2N4234
2N4235

2N4236
2N4234
2N4913/
2N3717
2N5877
2N3055

2N5302
2N5882
2N5882
2N5631
2N5334

2N5335
2N3536
2N5336
2N3439
2N3440

2N5631
2N5877
2N5878
2N5877
2N5878

2N5337
2N5337
2N5336
SE9331
SE9331

FT5415
FT5416
2N4234
2N4235
2N4238

Industry
Type
Number
2N3676
2N3713
2N3714
2N3715
2N3716

2N3719
2N3720
2N3738
2N3739
2N3740

2N3741
2N3766
2N3767
2N3771
2N3772

2N3773
2N3774
2N3775
2N3776
2N3777

2N3778
2N3779
2N3780
2N3781
2N3782

2N3789
2N3790
2N3791
2N3792
2N3863

2N3878
2N3879
2N3902
2N3928
2N4000

2N4001

2N4037
2N4063
2N4064

2N4070
2N4071
2N4111

2N4112
2N4113

2N4150
2N4231
2N4232
2N4233
2N4234

2N4235
2N4236
2N4237
2N4238

Fairchild
Nearest
Standard
2N4239
2N3713
2N3714
2N3715
2N3716

2N4234
2N4235
2N5838
FT402

2N3740

2N3741
2N3766
2N3767
2N3771
2N3772

2N5631
2N4234
2N4235
2N4236
2N5679

2N4234
2N4235
2N4236
2N5679
2N4234

2N3789
2N3790
2N3791
2N3792
2N3716

2N5873
2N5874
FT402

2N5337
2N5336

2N5681/
2N5339
2N5323
2N3439
2N3440

2N5631
2N5631
2N5877/
2N3715
2N5877
2N5877/
2N3716

2N5337
2N4231
2N4232
2N4233
2N4234

2N4235
2N4236
2N4237
2N4238

Industry
Type
Number
2N4239

2N4240
2N4271
2N4272
2N4296
2N4300

2N4305
2N4307
2N4309
2N4311
2N4314

2N4348
2N4387
2N4388
2N4395
2N4396

2N4398
2N4399
2N4438
2N4439
2N4862

2N4863
2N4877
2N4895
2N4896
2N4897

2N4898
2N4899
2N4900
2N4901
2N4902

2N4903
2N4904
2N4905
2N4906
2N4907

2N4908
2N4909

2N4910
2N4911
2N4912

2N4913
2N4914
2N4915
2N4918
2N4919

2N4920
2N4921
2N4922
2N4923
2N4929

2N4930
2N4931

Fairchild
Nearest
Standard
2N4239

SE9331
2N5682
2N5682
SE9331
2N5336

2N5337
2N5337
2N5337
2N5337
2N5322

2N5630
2N4898
2N4899
2N5337
2N5337

2N4398
2N4399
2N3439
2N3439
2N5339

2N5682
2N4239
2N5336
2N5337
2N5338

2N4898
2N4899
2N4900
2N4901
2N4902

2N4903
2N4904
2N4905
2N4906
2N3791

2N3791/
2N5875
2N3790/
2N5876
2N4910
2N4911
2N4912

2N4913
2N4914
2N4915
TIP30
TIP30A

TIP30B
TIP29
TIP29A
TIP29B
2N5415

2N5415
2N5415

Industry
Type
Number
2N5034
2N5035

2N5036

2N5038
2N5039

2N5052 .

2N5058
2N5059

2N5067
2N5068
2N5069
2N5073
2N5110

2N5111
2N5112
2N5113
2N5148
2N5150

2N5152
2N5154
2N5157
2N5190
2N5191

2N5192
2N5193
2N5194
2N5195
2N5202

2N5205
2N5237
2N5239
2N5240
2N5279

2N5293
2N5294
2N5295
2N5296
2N5297

2N5298
2N5301
2N5302
2N5303
2N5320

2N5321
2N5322
2N5323
2N5324
2N5325

2N5336
2N5337
2N5338
2N5339
2N5415

Fairchild

Nearest
Standard
2N3055/
2N5877
2N3055/
2N5877
2N3055/
2N5877

2N5038
2N5039
SE9331
2N5058
2N5059

2N5067
2N5068
2N5069
2N5682
2N4234

2N4236
2N4234
2N4236
2N5336
2N5336

2N5337
2N5337
FT423

2N6121
2N6122

2N6123
2N6124
2N6125
2N6126
2N5874

2N3054
2N5237
2N6250
FT411

2N3439

BD220
BD220
BD221
BD221
BD222

BD222

2N5301
2N5302
2N5303
2N5320

2N5321
2N5322
2N5323
2N5324
2N5324

2N5336
2N5337
2N5338
2N5339
2N5415

XX




INDUSTRY CROSS REFERENCE

Industry
Type
Number
2N5416
2N5490
2N5491
2N5492
2N5493

2N5494
2N5495
2N5496
2N5497
2N5498

2N5622
2N5623
2N5624
2N5625
2N5626

2N5629
2N5630
2N5631
2N5632
2N5633

2N5634
2N5636
2N5655
2N5656
2N5657

2N5660
2N5661
2N5671
2N5675
2N5679

2N5680

2N5681
2N5882

2N5683
2N5684

2N5685
2N5686
2N5732
2N5734
2N5737

2N5738
2N5471
2N5742
2N5743
2N5744

2N5745
2N5781
2N5782
2N5783
2N5784

2N5785
2N5786
2N5804
2N5805
2N5838

Fairchild
Nearest
Standard
2N5416
2N6121
2N6121
2N6130
2N6130

2N6131
2N6121
2N6131
2N6131
2N5498

2N5881
2N5880
2N5878
2N5880
2N5882

2N5629
2N5630
2N5631
2N5632
2N5630

2N5631
2N5681
FT47
FT48
FT49

SE9331
SE9331
MJgo2
2N5679
2N5679

2N5680
2N5681
2N5682
2N5683
2N5684

2N5685
2N5686
2N5303
2N5886
2N5875/
2N5879

2N3792
2N5883
2N6029
2N5883
2N5884

2N5884
2N4236
2N4235
2N4234
2N4239

2N4238
2N4237
FT411
FT411
2N5838

Industry
Type
Number
2N5839
2N5840
2N5867
2N5868
2N5869

2N5870
2N5871
2N5872
2N5873
2N5874

2N5875
2N5876
2N5877
2N5878
2N5879

2N5880
2N5881
2N5882
2N5883
2N5884

2N5885
2N5886
2N5970
2N5971
2N5972

2N6973
2N5974
2N5975
2N5976
2N5977

2N5978
2N5979
2N5980
2N5981
2N5982

2N5983
2N5984
2N5985
2N5986
2N5987

2N5989
2N5990
2N6029
2N6030
2N6031

2N6040
2N6041
2N6042
2N6043
2N6044

2N6045
2N6049
2N6050
2N6051
2N6052

Fairchild
Nearest
Standard
2N5839
2N5840
2N4905
2N4906
2N4914

2N4915
2N5871
2N5872
2N5873
2N5874

2N5875
2N5876
2N5877
2N5878
2N5879

2N5880
2N5881
2N5882
2N5883
2N5884

2N5885
2N5886
2N5302
2N5302
2N5302

2N3714
TIP32
TIP32A
TIP32B
TIP31

TIP31A
TIP31B
2N6132
2N6133
2N6134

2N6129
2N6130
2N6131
FT2955
FT2955

FT3055
FT3055
2N6029

-2N6030

2N6031

SE9400
SE9401
SE9402
SE9300
SE9301

SE9302
2N4899
2N6050
2N6051
2N6052

Industry
Type
Number
2N6053
2N6054
2N6055
2N6056
2N6057

2N6058
2N6059
2N6098
2N6099
2N6106

2N6107
2N6108
2N6109
2N6110
2N6111

2N6121
2N6122
2N6123
2N6124
2N6125

2N6126
2N6129
2N6130
2N6131
2N6132

2N6133
2N6134
2N6175
2N6176
2N6177

2N6230

2N6231
2N6233

2N6234
2N6246

2N6247
2N6248
2N6249
2N6250

© 2N6251

2N6253
2N6254
2N6257
2N6258
2N6259

2N6260
2N6261

2N6262
2N6282
2N6283

2N6284
2N6285
2N6286
2N6287
2N6288

Fairchild
Nearest
Standard
2N6053
2N6054
2N6055
2N6056
2N6057

2N6058
2N6059
FT3055
FT3055
2N6134

2N6134
2N6133
2N6133
2N6132
2N6111

2N6121
2N6122
2N6123
2N6124
2N6125

2N6126
2N6129
2N6130
2N6131
2N6132

2N6133
2N6134
FT47
FT48
FT49

2N6030

2N6031
SEQ331

2N6234
2N5879

2N5880
2N6020
2N6249
2N6250
2N6251

2N5882
2N5882
2N5301
2N5886
2N5631

2N4231
2N3767/
2N4233
FT410
2N6282
2N6283

2N6284
2N6285
2N6286
2N6287
2N6129

Industry
Type
Number
2N6289

- 2N6290

2N6291
2N6292
2N6293

2N6300
2N6301
2N6303
2N6306
2N6307

2N6308
2N6309
2N6315
2N6316
2N6317

2N6318
2N6326
2N6327
2N6329
2N6330

2N6354
2N6359
2N6383
2N6384
2N6385

2N6386
2N6387
2N6388
2N6410
2N6411

2N6412
2N6413
2N6414
2N6415
2N6416

2N6418
2N6470
2N6471
2N6472
2N6486

2N6487
2N6488
2N6489
2N6490
2N6491

2N6496
2N6542
2N6544
2N6545
2N6569

2N6576
2N6577
2N6578
40250
40251

Fairchild
Nearest
Standard
2N6129
2N6130
2N6130
2N6131
2N6131

SE9303
SE9304
2N4234
2N6306
2N6307

2N6308
TIP30A

2N5873
2N5874
2N5871

2N5872
2N5302
2N5806
2N4399
2N3792

2N5630
2N5886
2N6383
2N6384
2N6385

2N6386
2N6387
2N6388
BD221
BD224

BD221

BD222
BD224
BD225
TIP29B

TIP30B

2N6569
2N3055
2N5882
2N6486

2N6487
2N6488
2N6489
2N6490
2N6491

2N5630
FT411

2N6251
2N6251
2N6569

2N6576
2N6577
2N6578
2N4913
2N6569

XX




INDUSTRY CROSS REFERENCE

Industry

Type

Number

40309
40310
40311
40312
40313

40314
40315
40316
40317
40318

40319
40320
40321
40322
40323

40324
40325
40326
40327
40328

40346
40347
40348
40360
40361

40362
40363
40366
40367
40369

40372
40375
40385
40390
40391

40394
40411
40412
40594
40613

40618
40621
40622
40624
40626

40627
40629
40630
40631
40632

40636
40850
40851
40852
40853

Fairchild
Nearest
Standard

2N5321
2N3054
2N5321
2N3054
SE9331

2N5321
2N5321
2N3054
2N5321
SES331

2N5323
2N5321
2N3440
SE9331
2N5321

2N3054
2N6569
2N5321
2N3440
SE9331

2N3440
2N5321
2N4238
2N5320
2N5320

2N5322
2N3055
2N5320
2N4238
2N5873

2N3054
2N5873
2N3439
2N3440
2N5323

2N5323
MJ802
2N3440
2N5338
TIP29

BD221
BD221
BD221
2N6129
2N5629

2N6130
2N6122
2N6122
2N6122
2N6131

2N5630
FT401
2N6251
2N6251
FT430

Industry
Type
Number
40885
40886
40887
40910
40911

41500
41501
41502
41503
41504

41505
4150€
43104
BD111A
BD117

BD124
BD127
BD128
BD129
BD135

BD136
BD137
BD138
BD139
BD140

BD141
BD142
BD157
BD158
BD159

BD163
BD165
BD166
BD167
BD168

BD169
BD170
BD175
BD176
BD177

BD178
BD179
BD180
BD185
BD186

BD187
BD188
BD189
BD190
BD195

BD196
BD197
BD198
BD199
BD200

Fairchild
Nearest
Standard

FT47
FT48
FT49
2N4231
2N5233

TIP31
TIP32
2N4237
2N4234
BD224

FT47

2N5838
2N5631
2N3715
2N3713

2N3054
FT48
FT49
FT50
TIP29

TIP30

TIP29A
TIP30A
TIP29B
TIP30B

2N5631
2N6569
FT47
FT48
FT49

2N5054
TIP29
TIP30
TIP29A
TIP30A

TiP29B
TIP30B
2N6121
2N6124
TIP29A

TIP30A
TiP29B
TIP30B
BD221

BD224

2N6121
2N6124
BD222
BD225
2N6129

2N6132
2N6129
2N6132
2N6130
2N6133

Industry
Type
Number
BD205
BD207
BD208
BD213/60
BD214/60

BD233
BD234
BD235
BD236
BD237

BD238
BD260
BD261
BD283
BD284

BD285
BD286
BD311
BD312
BD313

BD314
BD315
BD316
BD317
BD318

BD361
BD361A
BD362
BD362A
BD561

BD562
BD575
BD576
BD577
BD578

BD579
BD580
BD585
BD586
BD587

BD588
BD589
BD590
BD595
BD596

BD597
BD598
BD599
BD600
BD607

BD608
BD697
BD697A
BD699
BD699A

Fairchild

Nearest

Standard

2N6569
FT3055
FT2955
FT3055
FT2955

TIP29
TIP30
TIP29A
TIP30A
TIP298B

TIP30B
FT401
FT411
BD221
BD224

2N6121
2N6124
2N5881
2N5879
2N5882

2N5880
2N5882
2N5880
2N5629
2N6020

TIP29
TIP29
TIP30
TIP30
2N2161

2N2164
TIP29
TIP30
TIP29A
TIP30A

TIP29B
TIP30B
2N6121
2N6124
2N6122

2N6125
2N6123
2N6126
2N6129
2N6132

2N6130
2N6133
2N6131
2N6134
FT3055

FT2955
SE9300
SE9300
SE9301
SE9301

.

Industry
Type
Number
BD700
BD700A
BDX10
BDX11
BDX13

BDX23
BDX24
BDX40
BDX50
BDX51

BDX60
BDX61
BDX70
BDX71
BU100A

BU102
BU120
BU125
BU127
BU128

BUY24
BUY38
BUY46
BUY68
B133000

B133001
B133002
B133003
B133004
B133005

B133006
B133007
B133008
B170000
B170001

B170002
B170003
B170004
B170005
B170006

B170007
B170008
B170009
B170010
B170011

B170012
B170013
B170014
B170015
B170016

B170017
B170018
B170019
B170020
B170021

Fairchild
Nearest

Standard

SE9401
SE9401
2N3055
2N5631
2N6569

2N5629
2N4913
2N3772
2N5631
2N5630

2N5629
2N5886
FT3055
FT3055
2N5629

2N5631
2N6249
2N4895
2N5630
2N6249

2N5068
2N3054
2N3054
2N4895/96
BD221

BD221
BD221
2N6122
2N6122
2N6122

2N6123
2N6123
2N6123
2N6569
2N6569

2N6569
2N5882
2N5882
2N5882
2N5629

2N5629
2N5629
2N6569
2N6569
2N6569

2N5882
2N5882
2N5882
2N5629
2N5629

2N5629
2N6569
2N6569
2N6569
2N5882

XXI




INDUSTRY CROSS REFERENCE

Industry
Type
Number
B170022
B170023
B170024
B170025
B170026

B176000
B176001
B176002
B176003
B176004

B176005
B176006
B176007
B176024
B176025

DTS401
DTS402
DTS403
DTS409
 DTS410

DTS411
DTS413
DTS423
DTS424
DTS430

DTS431
DTS515
DTS516
DTS517
DTS519

DTS1010
DTS1020
DTS4010
D44cC1
D44C2

D44C3
D44c4
D44C5
D44Cé6
D44cC7

D44C8
D44C9
D44C10
D44c11
D44c12

D44E1

D44E2
D44E3
D44H1
D44H2

D44H4
D44H5
D44H7
D44H8
D44H10

Fairchild
Nearest
Standard
2N5882
2N5882
2N5629
2N5629
2N5629

FT410
FT410
FT410
FT410
FT413

FT413
FT423
FT423
FT423
FT423

FT401
FT402
FT402
FT402
FT410

FT411
FT413
FT423
2N6251
FT430

FT431
2N6250
2N6250
2N6250
FT430

SE9304
SE9304
FT430
BD221
BD221

BD221

2N6121
2N6121
2N6121
2N6122

2N6122
2N6122
2N6123
2N6123
2N6123

SE9300
SE9300
SE9301
2N6129
2N6129

2N6129
2N6129
2N6130
2N6130
2N6131

Industry
Type
Number
D44H11
D45C1
D45C2
D45C3
D45C4

D45C5
D45C6
D45C7
D45C8
D45C9

D45C10
D45C11
D45C12
D45E1
D45E2

D45E3
D45H1
D45H2
D45H4
D45H5

D45H7
D45H8
D45H9
D45H10
D45H11

D45H12
MJE29
MJE29A
MJE298B/C
MJE30

MJE30A
MJE308B/C
MJE31
MJUE3TA
MJE31B/C

MJE32
MJE32A
MJE328B/C
MJE105
MJE105K

MJE170
MJE171
MJE172
MJE180
MJE181

MJE182
MJE200
MJE205
MJE205K
MJE210

MJE220
MJE221
MJE222
MJE223
MJE224

Fairchild
Nearest
Standard
2N6131

BD224
BD224
BD224
2N6124

2N6124
2N6124
2N6125
2N6125
2N6125

2N6126
2N6126
2N6126
SE9400
SE9400

SE9401
2N6132
2N6132
2N6132
2N6132

2N6133
2N6133
2N6133
2N6134
2N6134

2N6134
TiP29
TIP29A
TIP298B/C
TIP30

TIP30A
TIP30B/C
TIP31
TIP31A
TIP31B/C

TIP32
TIP32A
TIP32B/C
TIP32A
TIP32A

TIP30
TIP30A
TIP30B
TiP29
TIP29A

TiP298B
TIP31
TIP31A
TIP31A
TIP32

BD221
BD221
BD221
BD222
BD222

Industry
Type
Number
MJE225
MJUE230
MJE231
MJE232
MJE233

MJE234
MJE235
MJUE340
MJUE340K
MJUE344

MJUE344K
MJE350
MJE370
MJUE370K
MJE371

MJE371K
MJES20
MJUE5S20K
MJE521
MJES21K

MJE710
MJE711
MJUE712
MJE720
MJUE721

MJE722

MJUE1103
MJUE1291
MJE1661
MJE2010

MJE2011
MJUE2020
MJUE2021
MJE2050
MJE2150

MJUE2360
MJE2361
MJUE2370

MJE2480
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Chapter 1
POWER TRANSISTOR TECHNOLOGY

Advances in power transistor design are continuously providing higher power output, improved effici-
ency and better frequency response. Power transistors can handle currents in excess of 100 A, voltages
up to 3000 V, large power dissipation, and drastic current and voltage surges. In addition, they exhibit
several phenomena which are of little importance in small signal transistors—conductivity modulation,
base widening, emitter current crowding, second breakdown, high voltage surface effects and thermal
fatigue.

Power transistor fabrication methods vary. Small-signal transistors and integrated circuits are generaily
constructed using many steps of rather shallow diffusions into an epitaxial layer supported by a low
resistivity substrate. Power transistors are manufactured using at least six basically different technolo-
gies—double-diffused epitaxial Planar*, triple-diffused Planar, single epitaxial-base mesa, multiple epi-
taxial-base mesa, multiple-epitaxial double-diffused mesa and single diffused (hometaxial). Each struc-
ture eliminates one or more of the phenomena mentioned above and differs significantly from the others
in characteristics and performance. The structure and geometry of each technique have an important
impact on deciding which power transistor will give the optimum performance in a particular applica-
tion. Fairchild uses four of these processing technologies—double-diffused epitaxial Planar, single epi-
taxial-base mesa, multiple epitaxial-base mesa and multiple-epitaxial double-diffused mesa—to provide
highly reliable low-cost power transistors with maximum performance capabilities.

STRUCTURES (Figure 1-1)

Double-Diffused Epitaxial Planar

These power transistors, made by the same process used for small-signal transistors, are characterized
by shallow diffusions into an epitaxial layer. The junctions are normally passivated with silicon dioxide
to ensure low leakage currents and optimum stability. This is the most common form of Planar power
transistor and both npn and pnp types can easily be made. The devices typically have very low leakage,
high gain, low saturation voltage and high gain-bandwidth product. Typical values for the latter range
from 20 to 200 MHz. Double-diffused epitaxial Planar transistors are primarily used in high frequency,
high reliability switching and amplifying applications with fr ratings greater than 30 MHz and maxi-
mum collector current ratings up to 10 A.

These transistors have a relatively poor safe operating area because of the narrow base region and the
depletion of the entire voltage into the collector region. Maximum die yield depends on expert photoresist
techniques.for diffusing impurities through an opening etched in the surface oxide. The oxide-masked
and phosphorous-passivated Planar structures allow lower leakage than mesa junction devices. The
structure is limited to approximately 400 V breakdown voltage. This is a result of uncontrolled surface
charge introduced into the high field region associated with the finite radius of curvature of the impurity
diffusion front. This results in premature breakdown. The use of metallic overlay (junction field plate)
and resistive films is employed to combat these effects.

Single Epitaxial-Base Mesa

These transistors are manufactured by dlffusmg an emitter into an epitaxial base region deposited on the
collector substrate. The collector voltage depletes into the'base region. The device is fairly rugged with rea-
sonable gain and medium fy. The safe operating area capability is between Planar triple diffused and
single diffused mesa. Epitaxial base devices gain ruggedness as a result of the wide and homogeneous
base region. Both npn and pnp-type transistors can be made by this process. Performance is somewhat
limited by low voltage ratings imposed by the abrupt base-collector junction formed between the heavily
doped collector substrate and the epitaxially deposited base layer, and by the thickness of this layer.
*Planar is a patented Fairchild process.
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Multiple Epitaxial-Base Mesa

This process uses two epitaxial layers to form the collector and base regions, a mesa etch to define the
collector-base junction, and Planar processing to form the emitter-base junction. This produces low-cost,
high-current devices with excellent safe-area capabilities. Epitaxial-base transistors gain ruggedness as
the result of the wide homogeneous base region. When compared to conventional single-diffused devices,
epitaxial-base mesa transistors exhibit higher working voltage capabilities, lower saturation voltages, and
lower leakage currents. Beta linearity is also improved and npn and pnp complementary devices are
readily produced. Maximum current ratings extend to 50 A and fy ratings to 15 MHz.

Multiple-Epitaxial Double-Diffused Base Mesa

This structure is identical to the double-diffused epitaxial except that multiple-epitaxial layers are used
in the collector region and the collector-base junction is formed by a mesa etch. A low resistivity thin
layer is epitaxially grown between the highly doped substrate and the low-epitaxial collector region. The
advantages of the muitipie-epitaxial double-diffused structure are high speed (fr = 50 MHz), low satura-
tion voltage and increased Egp capability due to the epitaxial intermediate collector.

GEOMETRIES

The transistor geometry, in conjunction with its structure, establishes most of the fundamental electrical,
thermal, and economic properties. Proper geometric design of a transistor provides for many compro-
mises that can result in a variety of advantages and disadvantages from different structures.

The basic objective for most power-transistor geometry designs is to obtain the highest current handling
per unit area of die. This results in lower cost designs or, as in high-frequency transistors, higher speed
as a result of the smaller device areas.

Power-transistor geometries have evolved from the very early inefficient line-geometry configurations
to the present-day sophisticated discrete-emitter concepts (Figure 7-2). Current crowding, which causes
high current density, is the greatest contributor to reductions in current gain. Emitter periphery is the
crucial design factor in minimizing this problem, therefore, emitter geometry is designed for high peri-
phery-to-area ratio. The device structure dictates, to some extent, how much periphery can be made.

EMITTER
BASE

-] -] [
-] -] [
[-] [-] [-]
] [ [

Discrete Emitter Comb Double Comb

Fig. 1-2. Emitter Geometries
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DESIGN CONSIDERATIONS

Power transistors, manufactured by the methods outlined above, differ in gain characteristic, frequency
response, power capability and cost. Therefore, the selection of the best power transistor for any particu-
lar application amounts to a trade off among many crucial design parameters. Design considerations for
power transistors are generally more complex than for small signal devices. Some generally accepted
simplifications in the transistor theory are no longer valid under conditions of high voltage or high cur-
rent. However, the knowledgeable device engineer can optimize the performance of a power transistor
for its intended application. The design parameters may be divided into four classes—electrical, thermal,
mechanical and cost.

Electrical

The electrical parameters of a power transistor are not only of importance for device performance as a
switch or amplifier, but they also determine the reliability and durability of the device under various op-
erating conditions.

Saturation

Saturation, mainly caused by collector-layer resistance, is present in all transistors but is more pro-
nounced for high-voltage devices due to inherently higher collector resistivity (Figure 7-3). Low satura-
tion voltage means low power loss for a given collector current (P = VCE(sat) x lg). Low saturation volt-
age can be achieved by

® an epitaxial collector,

® decreased collector thickness,
® decreased collector resistivity,
® interdigitated design,

® large chip size.

Quasi Saturation

Quasi saturation, only apparent in high-voltage transistors, is evidenced by the slope of the collector cur-
rent vs collector voltage (Figure 1-3). This effect is caused by a distortion of the collector-base density,
where the density of the minority carriers approaches that of the fixed charges in the semiconductor.
This leads to reduced gain due to base widening (Figure 7-4). The effects of quasi saturation can be mini-
mized by

@® measuring gain at higher voltages,
@ decreasing collector resistivity,
® decreasing collector thickness.
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Fig. 1-3. Quasi-Saturation Region Fig. 1-4. Gain Fall
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High Current Gain

High current gain is reduced by conductivity modulation and current crowding. Conductivity modulation
occurs mainly in wide, high-resistivity-base transistors. It is caused by high level injection of mobile car-
riers in the base, thus temporarily decreasing the effective resistivity of the base and, therefore, the emit-
ter efficiency, giving lower current gain at higher current. The negative effect of conductivity modula-
tion on high current gain can be reduced by

@ decreasing base resistivity,
® decreasing base width.

Current crowding is caused by two types of resistive debiasing. One is due to the lateral voltage drop in
the base region beneath the emitter. This causes a higher base potential along the edge of the emitter
and, consequently, a higher emitter current density along the emitter periphery. Since most transistors
have relatively thin base structures of high resistivity, the current concentration continues through the
collector-base junction and through most of the collector. Thus the effective area of the transistor is re-
duced and the high current gain drops off. The lateral debiasing effect can be minimized by

@ reducing base resistivity beneath the emitter,
@ increasing base width,
® interdigitated emitter with low width/length ratio.

Resistive debiasing along the metalization over the emitter fingers is another limiting factor on high cur-
rent gain. The emitter current causes a longitudinal voltage drop in the metalization, which decreases the
emitter-base voltage as the distance from the emitter bond increases. The resulting longitudinal current
crowding in the vicinity of the emitter bond also reduces the effective area of the transistor. The voltage
drop in the metalization can be reduced by

® lower resistivity metalization (aluminum),
® thicker metalization,
® emitter fingers with high width/length ratio.

It is evident from this discussion that the required width/length ratio of the emitter fingers to minimize
both sources of current crowding are in conflict. Aside from its ill effect on current gain, current crowd-
ing is also one major cause for overheating and possible destruction. To achieve high current capability,
the emitter must have a large area, be highly efficient, and inject uniformly. The interdigitated structure
with many long thin fingers and aluminum metalization meets these requirements.

Non-Linear Gain ,

Non-linear gain in the active region is caused by the Early effects (Figure 7-3), i.e., the gain increases
with higher collector voltages. The cause of this phenomenon is the expansion of the depletion region
into the base and, consequently, the narrowing of the neutral base width.

High-Voltage Surface Effects

Mesa power transistors can be made with high breakdown voltages because collector-base junctions are
not seriously affected by radius effects and field-induced distortions. Leakage is highly dependent on the
proper preparation of the exposed junction in the mesa groove prior to varnish passivation in the package.
Any surface contamination in the mesa obviously increases the leakage current of the device.

In Planar* devices, both junctions are covered with silicon dioxide to eliminate the problems of outside
contamination. Therefore, they have very low leakage currents. The breakdown voltage, however, can be
limited by distortions of the depletion region from radius effects and fields induced by static charges in
the oxide. Since the diffusion of the impurities in the silicon occurs laterally as well as vertically, the ra-
*Planar is a patented Fairchild process.
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dius of the junction edge is equal to the depth of the diffusion. This dimension is in the order of microns,
thus the electric-field strength at the curved edge of the junction is considerably increased for any given
voltage. This leads to premature breakdown for curved junctions compared to plane junctions.

The presence of fixed and mobile charges in the oxide, or at the silicon-oxide interface, can induce con-
siderable changes in the density of mobile carriers in the silicon close to the surface. Since positive
charges usually dominate in the oxide, the charges tend to enhance the electron concentration in n-type
silicon and to reduce the hole concentration in p-type silicon. As a consequence, the depietion region
close to the surface is reduced in width on the n-side of a junction (lower breakdown voltage). Converse-
ly, the depletion region close to the surface may be increased in width through a field-induced channel
on the p-side of a junction (higher leakage through channel). In most-cases these effects are only of im-
portance for the collector-base junction, which requires higher breakdown voltage. The collector-base
breakdown voltage can be increased by

® using a field plate, or
® using a voltage ring.

Thermal

Thermal design must combat thermal instability and second breakdown. Thermal instability is caused by
unintentional temperature difference between various emitter locations. Current density is strongly de-
pendent upon the temperature of the emitter-base junction. If current density is higher in some particular
part of the structure, due to a defect of some sort such as a hot spot in the base layer, local temperature
rise then occurs. At constant forward bias across the emitter junction, an approximately 10% increase
in current occurs for every 1°C increase in temperature. Thus, the local temperature rise further increas-
es the local current and a positive feedback situation occurs. If the gain around this feedback loop is great-
er than one, /e., if temperature rise produces a larger increase in current than that which originally
caused the temperature rise, an unstable situation exists. Current and temperature build up locally and
destroy the device. Thermal instability can be minimized by

@® thinner transistor chips to allow heat in the device to be more
efficiently dissipated by a heat sink,
® increased base width and decreased emitter-finger width to

mrmiiiAa mara 1imifarne Alirrant Adictriliitian
pl UVIUC 1HTUIT Uininiuiim suiniciit vyisu vy uvuig,

@® increased base doping which also improves current
distribution,

® a number of separate discrete emitters each with a ballasting
resistor placed in series. These resistors insert a voltage drop in
each emitter proportional to the current passing through the
emitter, inserting current feed-back and equalizing current
among the emitters.

Thermal instability can cause a serious reliability problem in power transistors, namely second break-
down. Second breakdown occurs when a bipolar transistor is operated at high power density and the
emitter-collector voltage suddenly drops to a low value. Unless power is removed, overheating either
destroys or materially degrades the transistor. Second breakdown (SB) is a thermal hot-spot phenomenon
within the transistor die with two stages of development. The first is constriction where, because of ther-
mal regeneration, current tends to concentrate in a small area. The second stage, destruction, occurs
when local temperatures and temperature gradients increase until they cause permanent device damage.

The constriction can start any number of ways. One section of the emitter-base junction need only have
a higher temperature than another. Such a hot spot might be caused by resistive debiasing, divergent
heat flow to the device heat sink, an inhomogeneity in the thermal part, or other irregularities or imper-
fections within the device. Once a slightly hotter emitter-base region is present, positive thermal feed-
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back begins; the hot region injects more and therefore gets hotter and the device goes into second break-
down. Forward biased second-breakdown current Igg can be controlled by either emitter or base ballast-
ing, which effectively equalizes drive conditions within the device and maintains uniformity. Ballasting
against reverse-biased second breakdown Egp can be achieved by the addition of a resistive layer in the
collector which decreases the collector-emitter voltage in the affected region.

Mechanical

Power transistors are subjected to a large number of temperature changes during fabrication, screening
and storage. Also, they are often used in applications where cycling the power causes repeated tempera-
ture cycling. Because transistors are constructed of materials that have different thermal coefficients of
expansion, stress can be induced in the chip. Stress is a function of the difference between coefficients
of expansion, the change in temperature, the respective moduli of elasticity, and the thickness. Power
transistors, therefore, are made with materials having close thermal coefficients of expansion to mini-
mize stress. Power transistors, however, require that the heat generated during operation be conducted
away from the die. Material used for this heat conduction generally has a much higher coefficient of
expansion than semiconductor material, especially silicon. Several technigques are used to minimize
thermal fatigue. One method is to mount the chip on a metal such as molybdenum, which has a thermal
coefficient of expansion similar to silicon, and braze it on a metal such as copper with very high thermal
conductivity. The rate of degradation of the metallurgical bond under stress is also proportional to the
average and peak temperature excursions of the bond. The most economical way to obtain reliability in
a power transistor, therefore, is to reduce the temperature by careful consideration of heat flow during
equipment design.

Cost Reduction

The cost of silicon power transistors is often a factor in the manufacturing method chosen. For large area
devices (200 x 200 mil), cost is principally in the dice. Package cost, assembling and testing are second-
ary, therefore, cost reduction must be made in the wafer fabrication area. Early silicon wafers were
small, only one inch in diameter, thus costs were high since each wafer undergoes the same number of
processing steps regardless of size. It was obvious that increased wafer diameter would reduce cost,
yields being equal. Now, most manufacturers have converted to 2-1/2- or 3-inch wafers to reduce pro-
cessing cost per die. As an example, only 16 dice (200 x 200 mil) can be obtained from a 1-inch wafer
while 145 dice can be obtained from a 3-inch wafer. The die cost is not reduced by this order of magni-
tude, however, since the raw-wafer cost is somewhat higher.

Lower die cost is often a reason for choosing a mesa approach if reliability is not the prime objective. The
wafer fabrication process is shorter and the number of electrically good dice per wafer generally higher
when using mesa technoloty instead of Planar. The Planar process can suffer from low yields as a result
of pin holes in the passivating oxide, oxide islands left in the base cut, and accumulation of impurities
along the oxide edges.

For military applications that require large transistors and high reliability, the cost of packaging, testing
and processing far exceeds the cost of the dice. Even in a TO-5 package, the die cost often becomes an
insignificant factor of the total transistor cost. Using a die size smaller than 80 x 80 mil and large wafers,
it matters little which approach, mesa or Planar, is used as far as die cost is concerned.

CONCLUSION

The transistor designer is faced with the problem of trying to optimize transistor parameters to attain per-
formance as close to the ideal as possible; unfortunately, this is not easy. Since each specific parameter
is related to the properties and geometry of the actual transistor structure, it is not possible to optimize
without getting into conflicting requirements. This is best illustrated in Table 7-7 and 7-2 which show
the behavior of the basic electrical parameters when the transistor properties are changed. Furthermore,
although the design theory may show that it is conceivable to obtain a near-ideal junction transistor, it
may not be practical to fabricate such a device within the limitations of the transistor state-of-the-art.
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Several basic processes exist today for making junction transistors, each yielding different impurity struc-
tures. For each type, however, certain electrical parameters must be sacrificed for the sake of others.
Therefore, for some circuit applications, one process type may be more suitable than another.

Physical Parameter Electrical Parameter
td, tr oy hrEe
Vv | E
fr 4,1, CEOfsus) VCE(sat) VBE (o) IC(max)  'SB SB
Base width t } t t t t I 1) t +
Base resistivity t ~ + _ i 4 1 1 ! i
Collector width t ! t t t 3 = 1 - t
Collector resistivity t | t t t t - A 1 {
Emitter width (finger) T 1 t - - t - 1 A 1
Emitter ballast 1 4 ! - 1 1 - 1 1 -
Collector ballast t ! 1 - 1 — — i — 1
Table 1-1. Interrelation Among Physical and Electrical Parameters
Physical Parameter ~ Electrical Parameter
td, tr hFE IC(max)
fr tf, tg VCE(sat) (Peak) Cost

Isg * ' * * ! 1 1

Egg 1 4 ) ) ' ' 1

VCEO(sus) 1 i t t - ! 1

Table 1-2. Interrelation Among Electrical Parameters

Symbols for Tables 1 and 2

fT—current gain bandwidth

tq—delay time

ty—rise time

tg—fall time

tg—storage time

Igg—forward second breakdown current

hgg—dc current gain

VCEO(sus —collector to emitter voltage, base open
CE (sat)—collector to emitter saturation voltage

Ic—collector current (current handling)

Egg—reverse second breakdown energy

! Increase

| Decrease
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Chapter 2
SAFE OPERATING AREA

A number of factors such as second breakdown, dissipation capability, current and voltage ratings, and
ambient temperature critically affect the performance of power transistors in circuit applications. These
factors define the safe operating areas (SOA) for the forward-biased and reverse-biased modes, within
which each device can be safely operated without failure or degradation. Most manufacturers publish
SOA curves to provide the circuit designer with an easy method for specifying power transistors.

DC FORWARD-BIASED SAFE OPERATING AREA

A transistor working in the active region is subjected to voltage and current at the same time and dis-
sipates power. Figure 2-1shows a typical safe operating area (SOA) for thelactive!region. This'is called
forward-biased SOA since the base of the transistor is positive with respect to the emitter. Collector
current I is shown as a function of collector-to-emitter voltage V. Each curve is labeled with the dura-
tion of the on pulse — from the worst-case dc condition to a minimum duration of 5 us — at Tc =25°Cand
a 1% duty cycle. The four factors limiting the dc forward-biased SOA of a particular power transistor are
the collector current (1), thermal limitations (2), second breakdown (3), and open base breakdown volt-

age, VCEQ(sus) (4

IC - Limit (1 on the SOA curve in Figure 2-1)
The I¢ is limited by the current handling capability of the bonding wires. For current pulses, the limit
is higher than for dc since the thermal capacitance of the wire prevents instantaneous heating.

| |
40
Te = 25°C
| Ic(max

20 ( ) —— 5 us
< AANAN 10 s
L 10 0 SO 30
Z 6.0 o N \‘ us
w (a) N .— |
€ 40 ‘\ | [— 50 us

g
2
o @ \\ AN T 100 s
« 20 N N
[e] ‘ ™S 1 ms
5 1.0
w 3 -
g‘ 0.6 3 100 ms
O 0.4
@)
0.2
YCEO(sus)
0.1 d 11

1 2 4 610 20 40 100200 400
COLLECTOR-EMITTER VOLTAGE - V

Fig. 2-1. Typical Safe Area
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Thermal Limit (2 in Figure 2-1)

The maximum permissible power dissipation is determined by the maximum operating temperature of
the transistor. In Figure 2-1, the case temperature T is constant, normally 25°C; therefore the power
limitation is

~ TJ(max) -25°C

P
D f5c
where T jmax) is maximum junction temperature.
8 jc is junction-to-case thermal resistance.

Maximum operating temperature and thermal resistance can be found in the data sheets. T jnay) is
normally 150°C for plastic transistors, 200°C for hermetic (metal can) types. If power is applied in excess
of this limit, the transistor is not necessarily destroyed, but the mounting system of the die or the plastic
can deteriorate. For power pulses, the limit is higher than for dc especially for short pulses due again to
thermal capacitance.

Igg Limit (3 in Figure 2-1)

At higher voltages, the SOA of the transistor is limited by its forward-biased second breakdown capability,
Igg- In this mode, current crowding occurs at the emitter periphery. The higher the operating voltage,
the more the base is pinched and the sheet resistance increases. Accordingly, the Vgg on the edges
of the emitter is higher than in the middle because the base current is pushed under the emitter (Figure
2-2). Therefore emitter-current density increases on the emitter edges. This leads to localized heating,
which in turn lowers the Vgg characteristic causing more crowding. Localized thermal runaway (hotspot)
may occur. The process of temperature build-up along the emitter periphery takes some time; therefore
the SOA limits for pulses are higher than for dc.

m Mm

CURRENT

DENSITY
EMMITER

4 BASE
//
g 's
R R

<+——4— COLLECTOR

Fig. 2-2. Current Crowding During Forward-Biased Operation
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Fig. 2-3. Linear Temperature Derating to 200°C

Voltage Limit (4 in Figure 2-1)

The collector-emitter voltage Vcg should never surpass the maximum limit; not even a very short pulse
is permissable. If this should happen, the collector current, which is governed by the circuit rather than
the transistor, is likely to rise to a high value. This may destroy the transistor.

SOA at Elevated Temperature

Figure 2-1 shows the SOA for room temperature, i.e., the transistor case is at 25°C. A power transistor
normally runs at a higher temperature and the data sheet specifies a derating factor. Figure 2-3 shows
linear derating to 200°C. The permissable collector current must be derated as well as the power and
Igg - limited segments of the SOA curve and the dc and pulse curves. The maximum collector current
is not derated and stays the same for all operating temperatures (Ic-limited part of SOA curve).

The formula for linear derating is

| -1 To-T
C(T) = 'C(25°C) m

IC(25oc)permissable Ic at 25°C
IC(T)permissable Ic at temperature T

To operating temperature, eg. 200°C in Figure 2-3

There are instances when the power-limited and the Igg-limited parts of the SOA are derated differently.
This is because the Igpg failure occurs at a localized hotspot of about 400°C. It should be noted in the
example in Figure 2-4 that, in derating power and Igg-limited parts of the SOA differently, the dotted
part of the power-limit line must be used; the knee of the curve moves towards higher voltage. The pulse
curves are temperature derated in the same manner as for dc.
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PULSED SOA

Figure 2-1 shows pulsed SOA curves as well as dc SOA curves. They apply to a single pulse and t0 25°C
case temperature. The following procedure is used to determine whether or not a pulse train is safe.

® Find the average temperature of the die.

PBVQ -

Ty(avg) = g X

JX

1
Pavg = y J Pltiat
t

where Pa\q is the average dissipation of the transistor, Ty is the temperature of the area where
T is constant, 8 jx is the thermal resistance from the junction to Ty; this may be the case, the heat
sink or the ambient.

This average temperature is the result of all the dissipated power. Theoretically, this power can
be eliminated by assuming a T¢ equal to TJ(av ) Now, one single pulse at T¢ = TJ(avg) can be
evaluated to determine whether or not the whole pulse train is safe.

® Derate the SOA curves to TJ(avg) and evaluate the single pulse.

This method is somewhat conservative, because the temperature immediately before the pulse is lower
than the average temperature (Figure 2-5).
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Fig.i2-6. Die Temperature During Pulse Train

Pulse Evaluation
Up to now, only square pulses have been considered. Precise handling of non-square pulses is difficult,
but in most cases, good approximations can be achieved.

Example 1

If a pulse as shown in Figure 2-6 is evaluated, the best approximation is a square pulse (a). But, since
there is no easy way to get this pulse, a pulse (b) that is as high as the maximum power and has the
same area as the original pulse is used. If this pulse (b) is safe, then the original pulse is certainly safe.

l——‘z/'—m

s

.

Fig. 2-6. Pulse Evaluation (Example 1)
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Fig. 2-7. Pulse Evaluation (Example 2) Fig. 2-8. SOA Diagram (Example 2)

Example 2

For a pulse as shown in Figure 2-7, the above method would be too stringent. In this example, the pulse
is approximated by two square pulses dividing along the broken line; pulse (c) is evaluated first. In
Figure 2-8, 'C(c is the collector current that pulse (c) carries, while 'C(c)max is the capability of the
transistor. The fraction of the transistor Ic capability used by this pulse, which is also the amount of
localized heating that has occurred, is determined by a simple formula.

I
Xc =, Clc)

'C(c)max

The second pulse (d) is then evaluated in the same manner. The application is safe if the following con-
dition can be met.

Ice) , 'ca)
IC(c)max . IC(d)max

X + Xg = <100 %

Example 3

Figure 2-9 is another example of a non-square pulse. First, pulse (e) is evaluated using the method in
example 1. Note that the hotspot formed by pulse (e) by the time pulse (f) starts; this is taken into ac-
count when transforming pulse (e) into a square pulse (g) of equal area that ends where pulse (f) begins.
Pulse (f) is then transformed into a square pulse (h) and (g) and (h) are evaluated by the same method
used in example 2. Temperature derated SOA curves must be used.

If the power occurs at different voltages, it is safe to evaluate the pulses as if they all occurred at the
highest voltage. A less conservative approach would be to segment the pulses and evaluate each seg-
ment at its voltage by the method described in example 2.

Although this method is not exact, it results in a decision as to the safety of the pulse in most cases.
An area exists in between where more exact methods or experiments must be used.
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Fig. 2-9. Pulse Evaluation (Example 3)

TESTING OF FORWARD BIASED SOA

SOA testing is basically a destructive test. A power pulse, with a specified current, voltage and duratlon
is applied to the transistor under test TUT. In case of failure, the TUT destroys itself. To avoid this, a pro-
tection circuit is used, to sense the failure and remove the power from the TUT. Protection time is dif-
ferent for each transistor; 25 us may be satisfactory for a slow, rugged device, while a fast transistor,
specially when tested at high voltage, needs 1 us or less.

The basic circuit of the test set should provide reasonable accuracy; 5% accuracy in a working test set
is better than 0.1% in one prone to false triggering, 1-2% is probably a happy medium. It should be able
to apply the power pulse quickly for ‘testing pulsed SOA (50-100 us settling time gives a 1 ms test
capability). The power pulse should not cause ringing, that is apt to trigger the protection circuit, A test
set must be capable of testing a variety of power transistors having different fys.

The simple Igg test set in Figure 2-10 operates up to 1 A and 300 V. The TUT is in series with a current
source, Q2, Q1 and associated circuitry. Ic is set by the 250  pot. The TUT base current is supplied by
a 20V Zener diode D1 and is effectively in a common-base mode. This makes the circuit very stable since
it takes the beta of the TUT out of the feedback loop. The test voltage is set by the main power supply
which must be set 20V higher than Vg since the Zener D1 pulls the base up 20V.

The timing pulse switches the TUT while the current source, Q2 and R2, is primed all the time. This holds
point A low at all times, especially during turn-on, which is important to avoid “‘false triggering’” of the
protection circuit.

When the TUT fails, the collector-emitter voltage VCE of the TUT collapses, and point A goes positive in
respect to the reference voltage at point B. The differential amplifier Q4 - Q5 flips over, turning Q5 on,
which in turn switches Q3 on. Transistor Q3 removes the base drive from the pass transistor Q2, and
the current through the TUT is interrupted. Point A is held high and thus the protection circuit is latched
until it is reset by the button which temporarily turns Q4 on.

The speed of the protection circuit depends largely on how fast Q2 can be switched off. Since Q2 oper-
ates with a Vo of about 10 V, it is not in saturation and has very little storage time. Also, the base
charge is actively removed by Q3 thus providing low fall time.

The pass transistor Q2 and its 10 {} emitter resistor dissipates a maximum of 10W each. In a test set,
it is good practice to design the circuit for double the dissipation. The diodes are used for slight level
shifts and essentially trim threshold of the protection circuit to an optimum value.
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To operate the tester, first set Ig, preferably at reduced collector voitage to reduce dissipation during
repeated testing. Next, set the collector voltage by setting the supply voltage about 10V above the desir-
ed Vcg. The fine trimming is done while testing. To facilitate testing, provisions could be added to set
current and voltage as well as sample and hold circuitry to freeze the actual test values.

REVERSE-BIASED SAFE OPERATING AREA

When the emitter-base junction of a transistor is reverse biased, the device begins to turn off. In an un-
clamped inductive circuit, an electrical stress occurs that can result in reverse-biased second breakdown.
When the load is resistive or a clamped inductance, the transistor sees very little energy in the reverse-
biased mode; but, when the load is an unclamped inductance, almost all of the energy contained in the
coil is dumped into the transistor, ie.,

E=1/2U%

+Vee
MAIN POWER SUPPLY
0 - 300V

0-1A

EXTERNAL PULSE (30V)
0-1s

5100
R1
O +30V AUX. SUPPLY

(? +30V AUX SUPPLY ol .f“,’vv

2.7kQ

6800

< <

g 1800 5100 Q4

>

1 §  fFonaoos FDH400s 2N4403

1N4148

DI DI 1A B
: o - l 1 &
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1IN14148 T S O [
1000 L :
pF mMQ
1N96S 2500 8 2
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ADJUST 3300
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100Q
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Fig. 2-10 Fairchild Power 3QOV 1A Igg Tester
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Second breakdown energy Egg is the guaranteed reverse-biased energy the transistor is capable of with-
standing. When the emitter-base junction is reverse biased, a transverse voltage gradient appears in the
base region forcing severe current crowding under the center of the emitter (Figure 2-117). This condition
is further aggravated by thermal feedback. If the energy in this hot spot raises the temperature of the sili-
con above approximately 400°C, the emitter-base junction goes into avalanche and the sustaining volt-
age collapses within nanoseconds. Usually, the transistor is destroyed.

During reverse-bias operation, current is concentrated in a small centralized area rather than in a rela-
tively larger area under the emitter periphery as is the case during forward-biased operation. Therefore,
since the current crowding is greater, Egg is much less than the energy capability when the transistor is
forward biased.

The Egpg capability of a power transistor depends on both the transistor and the circuit design. For low
Egp stress, the transistor design must include a large emitter area, a high resistive collector and graded
collector doping to reduce current crowding. The circuit should be designed with low inductance (Figure
2-12) and low Ic to maintain low energy, keeping in mind that for a specified energy level, as L increases,
second breakdown stress on the transistor becomes more severe. To reduce the transverse voltage grad-
ient in the base, and therefore reduce current crowding, low reverse bias Vgg and large base resistance
Rpgg are required.

The effective capacitance Cg¢s on the collector should be 'ow, otherwise it takes too long for the Cg¢s to
charge to VCE(sus) and the device turns off completely (curve 3a in Figure 2-13). When this happens, the
voltage rises to the blocking voltage and the Cg¢s discharges into the transistor (snap back). This is a very
stressing situation since the collector current goes high during total cutoff thus causing extreme current
crowding. Generally, an Egg stress is safe as long as the dissipated energy is less than that specified on the
data sheet and provided L < Lgpec. RBg = RBE(spec) | VBE| <| VBE(spec) |- @nd the device is operated in
the sustaining mode and snapback is avoided by holding Cq¢f low (See Figure 2-14). When L> Lspec' the
SOA limit follows an approximate curve, ng = constant; it is usually safe to consider & = 1.

n
Vce
T - L
2=
CURRENT | VBE =
DENSITY
3 -
) TRANSISTOR |
EMITTER UNDER TEST |
K / BASE A ]
r_/A L
1 1 e CEFF
8 B PULSE T
i s GENERATOR |
COLLECTOR |
A/ I
L 1
Fig. 2-11. Current Crowding During Reverse- Fig. 2-12. Reverse-Biased Transistor with
Biased Cutoff : Inductive Load




NOTES:
Curve 1: Turn off with very small C eff
Curve 2: Coft softens the curve; it must
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Fig. 2-14. Reverse-Biased Safe-Operating Area

Although this is a valid rating system, it is good design practice to avoid reverse-biased stress by clamping
or waveshaping. While the power-transistor manufacturer can guarantee an Egp rating, it must be keptin
mind that non-destructive testing is difficult, lot-to-lot and unit-to-unit variations are significant and the

fast high voltage power transistors, in particular, have limited Egg capabilities.
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Chapter 3
MANUFACTURING

Modern equipment plus state-of-the art technology enables Fairchild to build competitive high

reliability, high volume power devices. Important stages of manufacture are illustrated.

The

Fairchild Power Group does not depend upon outside sources for critical materials or processing.
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Wafers Mounted for Evaporator
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Completed Wafers Ready for Assembly
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. T0-220 Plastic Mold




TO-3 Tester

Automatic Tray Pack
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Chapter 4
POWER TRANSISTOR PACKAGING AND HEAT SINKING

Fairchild offers a wide variety of power packages ta fill every power-transistor requirement (Figure 4-1).
For low and medium power applications, the TO-39 and TO-66 hermetic packages are available. Their
sturdy construction ensures high reliability in virtually any environment. For high power and high relia-
bility requirements, a wide range of dice is provided in the TO-3 package. The plastic TO-220 gives the
best trade-off between cost and reliability and can be confidently designed into applications where cost
is a major factor.

After the designer has considered all the power-transistor requirements based on maximum ratings, relia-
bility, cost and design dimensions, he reaches the point where a decision must be made on package. Usu-
ally, more than one will meet the power requirement.

THERMAL RESISTANCE

The most useful design tool is thermal resistance. This figure of merit is an electrical analogy of the heat
flow from the transistor junction. Figure 4-2 shows a simplified equivalent circuit for a typical semicon-
ductor device in equilibrium. The power dissipation, which is analogous to current flow in electrical terms,
is caused by a heat source similar to a voltage source. Temperature is analogous to voltage potential and
thermal resistance to ohmic resistance. Extending the analogy of Ohm’s law to Figure 4-2.

Ty~ Ta
6JA(tot) = 6uc T Ocs + OsA = Py
2. \___/
\V
TO-39 T0-3

TO-66 TO0-220

Fig. 4-1. Power Transistor Packages




Thermal resistance, then, is the rise in the temperature of a package above some reference level per unit
of power dissipation in that package, usually expressed in degrees centigrade per watt. The reference
temperature may be ambient or it may be the temperature of a heat sink to which the package is connec-
ted. There are several factors that affect thermal resistance including die size, the size of the heat source
on the die, die-attach material and thickness, leadframe material, construction and thickness.

TRANSISTOR ASSEMBLY : THERMAL RESISTANCE LOWERED BY:
g,/)
<
3 CHIPTO MOUNTING LARGE CHIP SURFACE
<  Dpisc AREA, GOOD DIE ATTACH
duc
4 LOW RESISTANCE DISC
3 DISCTO HEADER MATERIAL, GOOD DISC
> ATTACHED
LOW RESISTANCE
{  HEADER TO HEADER MATERIAL,
INSULATING INTIMATE CONTACT
WASHER {SILICONE GREASE)
écs
INSULATING WASHER, INTIMATE
WASHER TO CONTACT
HEAT SINK (SILICONE GREASE)
l LOW RESISTANCE
> HEAT SINKTO MATERIAL, LARGE
<  AMBIENT AIR BLACK SURFACE AREA, fsa
COOL CIRCULATING
AIR

Thermal Circuit

TJ JUNCTION TEMPERATURE

—
POWER (P
P 63c JUNCTION-TO-CASE
THERMAL RESISTANCE
Tc CASE TEMPERATURE
C HEAT 6cs CASE-TO-SINK
SOURCE THERMAL RESISTANCE

Ts SINK TEMPERATURE

6sa SINK-TO-AMBIENT
THERMAL RESISTANCE

® TA AMBIENT TEMPERATURE

Thermal Circuit Model

Fig. 4-2 Simplified Thermal Circuit
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PACKAGE 8¢ (°C/W) | Bca (°C/W)
TO-5/39 25 — 40 150
T0-220 1.5 - 30 70
T0-66 5-15 66
T0-3 08-6 30

Table 4-1. Thermal Resistance Ranges Junction to Case

Some typical values of junction-to-case thermal resistance 6 ) for different packages are shown in Table
4-1. Note that many packages have overlapping thermal resistance values. There are limitations to the
thermal resistance model because junction temperature is never spatially uniform and there is no unique
value that can be defined for all operating conditions; therefore, the model must be used for a first ap-
proximation. The manufacturer’s safe operating area curves must be referenced for secondary breakdown
limitations and pulsed characteristics.

In general, a reliable design has the lowest calculated junction temperature, therefore it is good practice
to make a decision based on the calculated temperature for a package. The choice can be made between
using a small package at a high junction temperature versus a larger package at a lower temperature.
There is an obvious trade off between cost and reliability. In many applications, plastic power transistors
can be used to accomplish the best trade off. Plastic power transistors are less expensive because of the
strip assembly which lends itself more readily to automated assembly. As die costs continue to improve,
the package becomes a higher percentage of the total device cost. With plastic power devices, the design-
er can achieve the minimum cost per watt. Their small size make them particularly good for designs that
require high peak power for a relatively small amount of space. :

HEAT SINKING

The failure rate of silicon semiconductors decreases approximately one order of magnitude for every 40°C
decrease in junction temperature. Therefore, transistor mounting and heat sinking is critical for the best
utilization of the power transistor. In general two types of commercial heat sinks are used, the extruded
type with a specified thermai resistance and the ciip-on heat sink. Thermai resistance information on
commercially available heat sinks is normally provided by the heat sink manufacturer; a summary is
shown in Table 4-2. Once the heat sink thermal resistance is known, then for any ambient temperature,
the maximum available power dissipation for a particular device may be calculated using the following
formula.

_ TJ(max) B TA(max)
PD(max) - GJC+ 6CS+ GSA

where:
8 jc = Thermal resistance from junction to case.

0cg = Thermal resistance from case to heat sink.
HSA = Thermal resistance from heat sink to ambient.

Thermal resistance decreases as the thickness of the mounting material increases. The Ocg varies with
the device-heat-sink interface—the use or absence of a zinc-filled silicone grease to help remove surface
voids, the inclusion or absence of an electrical isolating mica, beryllia, or anodized aluminum washer,
and finally the degtee of mounting pressure which is applied through the device hold-down mechanism.
Applicable package torque specifications should be observed to further minimize the case-to-heat sink
thermal resistance. A comparison of thermal resistances fcg for various mounting techniques is given in
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Table 4-3. The maximum power dissipation capability of a device can be calculated for the following

electrical and thermal conditions:

Power device

Maximum ambient temperature

Heat sink thermal resistance*
Mica washer with silicone grease** 0.4°C/W
1.5°C/W

6 jc (from data sheet)

2N3055

65°C

2.5°C/W at 10 W

*Thermal resistance decreases slightly with increasing power dissipation.
**Silicone grease applied to both sides of washer.

This list is only representative. No attempt has been made to provide a complete list of all heat sink manufacturers.
All values are typical as given by manufacturer or as determined from characteristic curves supplied by manufacturer.
gs‘(‘ogf‘x’ ox. Manufacturer and Type BSI(\OQ:’&';’"' Manufacturer and Type
TO-3 Packages T0-220 Packages *
0.4 (9” length)  Thermalloy (Extruded) 6590 Series 88 Staver V3-7-96
04—05 Thermalloy (Extruded) 6660, 95 Staver V3-3
(6" length) 6560 Series 10 Thermalloy 6032, 6034 Series
0.56—3.0 Wakefield 400 Series 125—14.2 Staver V4-3-192
0.6 (7.5" length) Thermalloy (Extruded) 6470 Series 13 Staver V5-1
07—12 Thermalloy (Extruded) 6423, 6443, 15 Thermalloy 6030 Series
(5—5.5" length) 6441, 6450 Series 1561 —17.2 Staver V4-3-128
1.0—54 Thermalloy (Extruded) 6427, 6500, 16 Thermalloy 6072, 6106 Series
(3" length) 6123, 6401, 6403, 6421, 6463, 18 Thermalloy 6038, 6107 Series
6176, 6129, 6141, 6169, 6135, 19 IERC PB Series
6442 Series 20 Staver V6-2
19 IERC E2 Series (Extruded) 20 Thermalloy 6025 Series
2.1 IERC E1, E3 Series (Extruded) 25 IERC PA Series
23—47 Wakefield 600 Series
4.2 IERC HP3 Series TO-5 and TO-39 Packages
45 Staver V3-5-2 )
48—175 Thermalloy 6001 Series 12 Thermalloy 1101, 1103 Series
5—6 IERC HP3 Series 152_, -6 \S/\:th:'f)g;%o's Series
5—10 Thermalloy 6013 Series
s Toamalr 110 1121 1125 S
59—10 Wakefield 680 Series 24 'SI:VEIQF;'YSC v Toe OEHES
6 Wakefield 390 Series 25 Th oy 2
6.4 Staver V3-7-224 ermalloy 2227 Series
65—75 JERC UP Series 26 — 30 IERC Thermal Links
8 Staver V1.5 27 —83 Wakefield 200 Series
81 Staver V3.5 28 Staver F5-56B
8.8 Staver V3-7-96 34 Thermalloy 2228 Series
95 Staver V3-3 35 IERC Clip Mount Thermai Link
95—105 IERC LA Series 39 Thermalloy 2215 Series
98—139 Wakefield 630 Series 41 Thermalloy 2205 Series
10 Staver V13 25 —65 iv'ZZZ?.;i’g@s Series
1 Thermalloy 6103, 6117 Series 46 Staver F6-5, F6-5L
TO-220 Packages * 50 Thermalloy 2225 Series
50 — 55 IERC Fan Tops
4.2 IERC HP3 Series 53 Thermalloy 2211 Series
5—6 IERC HP1 Series 55 Thermalloy 2210 Series
6.4 Staver v3-7-225 56 Thermalloy 1129 Series
65=75 IERC VP Series 58 Thermalloy 2230, 2235 Series
71 Thermalloy 6070 Series 60 Thermalioy 2226 Series
8.1 Staver V3-5 68 Staver F1-5
* Most TO-3 heat sinks can also be used with TO-220 72 Thermalloy 1115 Series
packages with appropriate hole patterns.
IERC: 135 W. Magnolia Blvd., Burbank, CA 91502 Thermalloy Inc.: 2021 W. Valley View Lane, Dallas, TX 75234
Staver Co. Inc.: 41-51 N. Saxon Ave,, Bay Shore, N.Y. 11706 Wakefield Engineering, inc.. Audubon Rd., Wakefield, MA 01880
Table 4-2. Heat Sink Selection Guide
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PACKAGE | 5oy compounn | oRY - CoMPOUND
T0-220 12-20 06-12 ~ 21-26
T0-66 08-15 04-09 - 14-17
T0-3 0.05-02 0005-010 | 0.55-08 0.28 - 0.40

Table 4-3. Thermal Resistance Case to Heat Sink

Maximum power dissipation is:

200°C — 65°C__ 135
P =2 — D 307w
Dmax) = 15+04+25 44

Similarly, if the heat sink thermal resistance is required for the following conditions:
6c = 3°C/W TA(max) = 55°C
TJ(max) = 200°C Pp=15W

Anodized aluminum washer with silicone grease

then:

©_ 200-55
~(ByctOcs)= T ~(340.3)=9.7 - 33=6.4°C/W

Tymax) ~ TA

bsa = 5

For TO-39 devices, mechanically mounted, /.e., without heat sinks, case-to-ambient thermal resistance,
0ca. must be considered. This resistance is typically much greater than 0 jc since the mode of heat trans-
fer is by convection and radiation into the surrounding ambient air, rather than by direct conduction. The
total resistance to heat transfer out of the chip is the sum of 6 5 and 6ca. The sum is junction-to-
ambient thermal resistance 8 j5. A typical value for a TO-39 device is 175°C/W.

MOUNTING TECHNIQUES

To take full advantage of the power handling capability of power transistors, it is imperative to follow
proper mounting procedures — preparation of the mounting surface, application of a thermal compound
and use of correct fastening techniques.

In general, the package should be as flat and smooth as the transistor die. For low-power applications,
the heat-sink surface is satisfactory if it is flat when held against a straightedge and there are no deep
scratches. For high-power applications, a more stringent examination of the surface is required.

Most commercially available heat sinks require spotfacing. Generally, milled or machined surfaces are
satisfactory. Furthermore, the surface must be free from all foreign material, film and oxide. Freshly
bared aluminum forms an oxide layer in a few seconds. If the heat sink is not used immediately after
machining, the mounting area should be polished with No. 000 steel wool and rinsed with alcohol or
acetone. This is followed immediately with thermal grease.

Thermal joint compounds are used to fill air voids between mating surfaces to improve contacts. They
are a formulation of fine zinc particles in a silicone oil that maintains a grease-like consistency with tem-
perature and time. The compounds are applied in a very thin coat with a spatula or lintless brush and
wiped lightly to remove excess material. Or, a minimal amount may be placed around the center of the
contact area; during mounting, rotation and pressure forces the compound over the contact area. Excess
compound can be removed with acetone or alcohol. For good thermal conduction use a joint lubricant
such as Dow Corning DC-340, General Electric 662 or Thermacote by Thermalloy.
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In some applications, it is desirable to electrically insulate the regulator case from the heat sink. Hard-
ware kits for this purpose are commercially available for such packages as the TO-3 and TO-220. They
generally consist of a 0.003 to 0.005 inch thick piece of mica or bonded fiberglass to electrically isolate
the two surfaces, yet provide a thermal path between them. As expected, the thermal resistance will in-
crease but, as in the direct metal-to-metal joint, some improvement can be realized by using thermal
lubricant on each side of the mica.

TO-3 and TO-66
TO-3 and TO-66 packages are mounted as shown in Figure 4-3. When tightening the nuts, the screw

threads should be free of grease to prevent inconsistent torque readings. Maximum allowable torque
should be used to reduce fcs: torque ratings of the parts should never be exceeded.

TO-220 (Figures 4-3 and 4-4) :

The TO-220 devices can be mounted by bolting, soldering, riveting or clamping. Each method has ad-
vantages and disadvantages. Choose the best method for the application. For small-volume applications,
either bolting or clamping is the most practical because less investment in equipment is required. For
larger volume applications, direct solder or riveting could be more economical. Regardless of method,
the following precautions should be observed.

The plastic TO-220 package cannot be subjected to mechanical shock.

Mounting holes must not be oversized.

Proper hardware should be used (see Figure 4-3).

Spacers, insulators and washers should be resistent to cold flow under pressure.
Chassis or heat sink should fit smoothly in the mounting area.

A thermal compound should be used on all unsoldered interfaces between the
device and the heat sink.

Bolting

The mounting holes in the TO-220 package are clearance holes for a 4-40 screw, however, a small head
diameter screw is required to avoid damage to the plastic package. If a nylon shoulder washer such as
FSC part #697500 is used, a 4-40 screw can be used. An 8 in. Ib maximum torque on the mounting screw
is sufficient to insure good thermal contact. Do not exceed this pressure or damage to the device may oc-
cur. Also do not allow the screw or screwdriver to contact the plastic package. Damage to the plastic
package generally indicates damage to the device.

Clamping
TO-220 devices may be attached to heat sinks using spring clamps to apply spring pressure on the tab.
These spring-clamp heat sinks are currently available from several manufacturers.

Soldering

The leads and tabs of the TO-220 package may be soldered. The leads should be soldered no closer than
0.065" to the plastic package at a maximum temperature of 260°C for 10 seconds or less. The heat-sink
tabs can be soldered using a hot plate or tunnel oven at a maximum temperature of 225°C for 25 sec-
onds. To solder successfully, parts must be cleaned with a solvent such as acetone, freon or alcohol, if
necessary. Rosin flux may be used to improve solderability; acid or activated flux are not recommended.

Riveting

In large-volume operations, riveting is often desirable. The TO-200 has been mounted in large volume
using an 1/8-inch brass eyelet rivet. The unit is clinched using an air-operated setting machine. The
machine should be adjusted so the force applied (250 Ib max) is just sufficient to achieve a good, tight
fit without deforming the heat sink or the device tab.
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Fig. 4-4. Mounting Methods

TO-220 LEAD BENDING _
Fairchild offers nine standard lead-bend variations (Figure 4-5). Special lead bends are available for a
nominal tooling ¢ost. The TO-220 leads are designed to allow a moderate amount of twisting and puli-
ing and can withstand a maximum tension of six pounds during forming and assembly. The tension limit
is only for circuit assembly. Strain relief should be provided if the unit is to be subjected to lead tension
over a long period. Within limits, the leads may also be twisted. However, the leads mustbe firmly support-
ed between the case and the twist and the twist should not exceed 90° in either direction. Avoid repeated
bending and twisting since metal fatigue may occur and cause broken leads. Fairchild bends leads mech-
anically using special tooling. Leads may be hand formed using needle-nosed pliers; however, the leads
must be clamped at a point between the plastic package and the bend to protect the package. The TO-220
device fits the same socket as the TO-66 and can be used as a direct replacement. The collector lead is
trimmed and the emitter and base leads are formed as shown in Figure 4-5 (TO-220-02).

TIPS FOR BETTER HEAT SINKING

When using low dissipation packages such as TO-5 and TO-39, keep lead lengths to a minimum and use
the largest possible area of the printed board traces or mounting hardware to provide a heat dissipation
path.

When using larger packages, be sure the heat sink surface is flat and free from ridges or high spots. Check
the package for burrs or peened-over corners. Regardless of the smoothness and flatness of the package
and heat-sink contact, air pockets between them are unavoidable unless a lubricant is used. Therefore,
for good thermal conduction, use a thin layer of thermal lubricant.

If it is necessary to electrically insulate the case from the heat sink, use available hardware kits that
usually consist of a thin piece of mica or bonded fiberglass to electrically isolate the two surfaces.

If the device is mounted on a heat sink with fins, the most efficient heat transfer takes place when the
fin is in a vertical plane, as this type of mounting forces the heat transfer from fin to air in a combination
of radiation and convection.
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If it is necessary to bend any of the leads, handle them carefully to avoid straining the package. Further-
more, lead bending should be restricted since repeated bending will fatigue and eventually break the
leads.
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Chapter 5
POWER TRANSISTOR RELIABILITY

INTRODUCTION

There are three basic ingredients in the manufacture of reliable power transistors. First, the device
must be designed with the user’s applications and reliability requirements in mind. Secondly, the de-
vice must be manufactured with the optimum technology for the application. Thirdly, controls must
be established to assure maintenance of the quality/reliability levels established in the design of the
device. Consideration is given to the reliability influence of each part of the manufacturing and testing
cycle with constant feedback from internal reliability monitoring; customer feedback on the results
is a vita! factor. The Fairchild power reliability concept can be presented as a constant feedback system
which begins and ends with the customer. (Figure 5-1).

AREAS OF CONSIDERATION

Device Applications and Reliability

The reliability cycle begins with the customer. His device application, environment for its usage and
end-product reliability requirements are major factors in establishing the quality/reliability levels
for the power transistor. The customer is the final judge.

CUSTOMER
REQUIREMENTS

FAIRCHILD
DEVICE DESIGN

2

cunn
FAIRCHILD

PURCHASED MATERIAL
QUALITY CONTROL

~

FAIRCHILD
MANUFACTURE
ASSEMBLY
TEST

L |

Fig. 6-1. Customer Feedback System

Customer Design Breadboard
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Device Design

Inherent component reliability is a function of the product/process design. Most Fairchild power
transistor designs are not totally new, but instead are modifications or extensions of existing designs
with known performance and reliability characteristics. Three different aspects of the power device
significantly affect its reliability.

The Silicon Chip

Impurity profiles determine safe operating area (SOA) trade-offs with other electrical parameters.
Fairchild’s design-technology capability utilizes multiple epitaxial layers to optimize (SOA) perform-
ance while still achieving the desired electrical parameter characteristics. Where severe current
distribution problems exist, discrete emitter topology is used to eliminate current crowding and
hot spots. The surface influences long term gain and voltage/leakage stability. The metalization de-
termines mechanical integrity and current distribution.

Assembly of the Chip to the Package.
The processes and materials used must preserve the inherent reliability of the chip and be reliable'
in themselves to withstand mechanical and electrical stresses. ’

The Package
The package must effectively transfer heat from the chip to the outside world and protect the chip
during handling and use.

Incoming Quality Control (1QC)
All purchased materials for Fairchild power transistors are controlled through central specification
control, product engineering and reliability and quality assurance (R&QA) located in Mountain View.
Materials are purchased and inspected per control documents using three IQC methods.

Direct inspection

Functional testing

Submission to outside laboratories for chemical and X-ray analysis.
In additon to centralized IQC, each manufacturing facility has a local, fully equipped IQC depart-
ment. These facilities concentrate on cleanliness, plating quality and functionality. A computer
file is made on each vendor’s performance and quarterly reports are generated and analyzed.

WAFER MANUFACTURE

All wafers used to fabricate Fairchild power transistors are made at Fairchild. This includes crys-
tal pulling, slicing, polishing and equitaxial layer growth. Fairchild’'s power muitiple-epitaxial designs
rely on tight control of thickness and resistivity over a three-inch diameter wafer. As many as three
epi-layers are used to achieve the designed impurity profile. Extreme cleanliness is a must in all
operations. All critical operations have laminar-flow clean-air hoods directly over the work areas.
Wafer fabrication is essentially a series of furnace masking cycles in which geometries are defined
and impurities (doping) introduced to form emitter, base and contact regions. Daily controls are
maintained on furnace temperatures to within!+1°C. Resistivities (V/I) of diffused layers are recorded
on every run. Each masking cycle, which defines a new area of the geometry to be ‘““worked on”’, has
develop check to assure each wafer has received proper exposure and chemical development. When
masking_is completed, a final check establishes that the proper areas are clean and properly etched.
Since operations in the masking area are automated, sampling of runs is very effective in controlling
the process. -

After masking and diffusion, the metalization process completes wafer manufacture. Fairchild uses
filament and electron-beam evaporation techniques to deposit gold, chrome, silver, palladium and
aluminum. Deposits are controlled through utilization of automated process sequencing, sloan fre-
quency monitors for thickness control and premeasured metal charges which are depleted during the
deposition cycle. Every run is gated through a first optical (1st opt.) inspection before it leaves fab.
Cleanliness, mask alignment, metal adherence (front and back) and general workmanship are inspected.
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Wafer Testing

Before the wafers are scribed and broken into dice for assembly onto headers or shipment to a cus-
tomer as probed dice, they are electrically sorted. Each wafer is automatically probed with 5 to
7 tests to duplicate or correlate the dice to the final product test requirements. Typical probe tests
are lcgo. Ices- hre. VCEO(sus) @"d BVEBQ- Rejected dice are ink marked and later scrapped. A
final quality control gate is performed before the probed wafers can be forwarded to assembly.

Device Assembly

After the wafers are scribed and broken, a second optical (2nd opt.) QC inspection is performed. The
dice are inspected for post wafer fabrication (handling) damage, as well as for defects which may
cause assembly problems such as missing metal in a bonding pad.

Monitors are performed on both assembly equipment and operators. Machines are shut down if defect
control limits are exceeded and suspect material is rejected and 100% screened. Key items inspected
are die orientation, voids under die, proper bond formation, wirepull strength and cleanliness.

A third optical (3rd opt.) gate is performed prior to final device sealing. At this inspection point, each
lot is inspected to a 1.56% AQL. If rejected, the lot is 100% screened by production and resubmitted to
QC. Accepted lots are sent to the final seal operation, where the packages are monitored for weld
strength and hermeticity (except plastic packages). TO-39 packaged devices are temperature aged,
temperature cycled and impact shocked before submission to the test area. TO-3/66/220 packaged de-
vices are temperature aged and Igg (Forward Biased Safe Operating Area) tested prior to test.

Device Testing.
Before shipment, all devices are 100% production tested to the following minimum inspection levels.

Catastrophics(0/S) 0.25% AQL
25°C dc 0.65% AQL
25°C ac 2.5 % AQL
Temperature dc 15/2 LTPD
Mechanical/Visual 1.0% AQL

Solderability 15/2 LTPD
SOA (TO-3/66/220) 1.0% AQL

Customers with special requirements are accommodated through an internal specification system. All
internal test specifications formatted from customer documents are signed off by QA before they can
be issued to the test area.

Device Application

The total reliability effort is completed full cycle with the customer. Operation in the customer appli-
cation is the final consideration in device reliability. How each device is handled during system as-
sembly by the customer, heat-sunk (mounted) and cooled during operation, and the amount of overload
stresses (due to the system malfunction or misuse), greatly impacts the device reliability. Thus the
customer’s specification requirements, the manufacturer’s device design, manufacture, test, the actual
circuit into which the device is inserted and the equipment containing that circuit in the field all affect
the device and reliability.

FAILURE ANALYSIS

Failure analysis results performed by customers and by Fairchild on returned devices provide one
of the most important inputs for consideration in Fairchild’s total power reliability concept.

Failures generated by line monitors, life tests and field applications are analyzed to provide correc-
tivé action in terms of product design, assembly and testing methods. A scanning electron microscope
(SEM) and an Auger electron microscope for chemical analysis are available for inspection of mate-
rials. The basic failure modes include the following.
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Collector-Emitter Shorts

This is the most frequently reported failure mode of power transistors in the field. Collector-to-
emitter shorts can result from a number of causes but the end result is usually chip overheating, and
subsequent alloying of the aluminum metal through the active regions of the chip resuiting in a shorted
device.

Failure analysis involves:
Looking for foreign contamination which may have shorted the collector-base junction.

Looking for evidence of alloyed aluminum and its location. If failure occurred during forward-bias
operation of the emitter-base junction, the failure will usually occur away from the emitter bond.
If the emitter-base junction was reverse biased, the alloyed region is more typically adjacent to
or under the emitter bond.

Removing the chip and looking for evidence of voids in the die-attach interface, which could have
caused excessive chip temperature even though the header temperature remained within acceptable
limits.

Igp/Egp/SOA

Isg is forward-biased second breakdown or ‘“‘current snapback’; Egpg is reverse-biased second
breakdown. Each results in chip overheating and alloyed aluminum problems. SOA is safe-operating
area and refers to both Igg/Egg in general. For most design considerations, once the SOA of a device
is exceeded, catastrophic heating failure occurs immediately.

Iceo’/IcBo
This leakage can be caused by any contamination on or near the collector-base junction. The contam-

ination may be wafer related, assembly related or package related. The leakage affects subsequent
circuit stages and causes Vg X Icg to generate excess heat in the power transistor.

Iego Drift

This is normally caused by ionic contamination of the wafer oxide. Because of the lower voltage in-
volved, external contamination is usually not a factor. Main concern is loss of low current-gain
performance.

hgg Degradation
This is essentially the same as Igg drift, but bulk degradation, usually near the surface, can occur
from high Igg leakage or if the emitter-base junction is sustained in avalanche.

Opens

Opens can occur in the base or emitter circuits due to wires breaking or becoming detached and in
the collector circuit if the die becomes separated from the header. The most common open failures
are found in the emitter circuit since it usually has the highest current density.

RELIABILITY MONITOR AND CONTROL

Through a central product filing review system, inputs from the areas discussed above are compared
with life test data being continually generated. From this review system, necessary actions can be
defined, documented and initiated. The reliability program using this review system is called the new
standard program. The new standard program recognizes the total reliability concept and results in
giving better definition of each product’s reliability characteristics to enable the customer to use the
product more effectively.

Life Cycle Flow Chart (Figure 5-2)
As part of the new standard program, Fairchild employs a product life-cycle monitor and test system,
planned to define control and improve device reliability.
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X R and QA Gate
—*l Hard Data Reliability Inputs

___ CUSTOMER QUALIFICATION CUSTOMER
PROGRAMS SPECIFICATION
PRODUCT DESIGN/INITIAL
- gsm’l’:ggﬁgll CHARACTERIZATION AND
QUAL TESTING
| __ ((NEW STANDARD CRYSTAL & EPITAXIAL
DATA INPUT PROGRAM MANUFACTURE

WAFER FABRICATION

168 HOUR LINE
MONITOR LIFE TEST

CORRECTIVE R
ouTPUT : 3.
el -

ELECTRICAL WAFER SORT - Ty fi

ASSEMBLY - o )

BEFORE FINAL SEAL s

TEST Line Monitor
SPECIAL PRODUCT
INTEGRITY TEST-
— VISUAL-MECHANICAL -

Vge FORWARD, VOLTAGE

STABILITY, HIGH L
TEMPERATURE SOA

RELIABILITY ENGINEER-
ING, EXTENDED LIFE TEST

— JAN TESTING -

O INVENTORY

SHIP

LINE PULL RATES IN FACTORY
— LIFE TESTS, FIELD FAILURE CUSTOMER APPLICATIONS
ANALYSIS

HTRB System

Fig. 5-2. Product Reliability Life Cycle Flow Chart

Line Monitors

Line monitors are used to monitor the production line on a weekly basis. These tests are accelerated
and targeted to generate 10-20% failures. The following five test monitors are conducted on a routine
basis.

High Temperature Reverse Bias
Intermittent Operating Life (Power Cycling)
High Temperature Storage

Temperature Cycling

Pressure Pot*

*applies to TO-220 devices only
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Power Cycling (Figure 5-3.)

Fairchild has the capability of running power cycling tests under a wide variety of test conditions.
The power cycle system utilizes unique circuitry for obtaining any AT.. Base-to-emitter voltage in
a transistor consists of the forward diode drop, which decreases at about 2 mV per °C, and the IR drop
due to the emitter current and the bulk resistance of the silicon which increases at a rate of about
0.7% per °C. Consequently the base-to-emitter voltage is a reasonably accurate measure of junction
temperature. As each device under test heats up with the application of emitter current and, as the
base-to-emitter voltage lowers to a preselected reference voltage, the collector voltage for each de-
vice is lowered to maintain the Vgg and the junction temperature at a constant level. This means that
any given case temperature can be maintained for any length of time within device limitations.

TIMERS
CLAMP VOLTAGE
FOWER  1— svcg'\gsﬁve - &
SUPPLIES s i POLARITY
SWITCHING
POWER
T0
SYSTEM e
IVER | ] DRIVER }—
AR
YOLTAGE REFERENCE poARD
CURSF;ENT ] SYEERR.
SELECTORS BOARD, I‘—_ —;
DUT
i |
I

Fig. 56-3. Power Cycling System
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Reliability Engineering Extended Life Testing

Figure 5-4 gives recent failure rates experienced on the various package types for the indicated
stress condition. This data is used extensively to improve process control. For example, high-
temperature reverse-bias results from testing a Planar* chip in a TO-5 package are used as indicators
of similarly processed products. Fairchild has a selection of basic Planar chips in TO-5 packages.
By using line monitor results on each individual product line, common factors can be eliminated,
and unique problem areas quickly defined. Figure 5-5 indicates Fairchild's current reliability program.

METAL CAN POWER

TRESS TEST ’ O. ITIONS TRESS UNITS eAlkudt
STRE ES CONDITIO S (RATES)*
Intermittent Operating ATe = 53°C 34,600/ wk.
Life (IOPL) TO-3 P=20W, ton © 35s Device Cycles { .71)
VCE =7V, toyg = 5 min. Line Monitor Lot Data
AT = 36°C 250,000/ wk.
(IOPL) TO-5 P = 600 mW, t,, = 2 min. | Device Cycles (1.23)
Vee = 20V, togr = 2 min, Line Monitor Lot Data
High Temperature Ta = 160°C 140,000 Device Hours (2.62)
Reverse Bias (HTRB) VcE = 80% rated voltage Line Monitor Lot Data
High Temperature Ta = 200°C 7.012x10° Dev. Hours ( 29
Storage (HTS) Line Monitor Lot Data
Temperature Cycle Ta = -40°C to +125°C 17,500 Device Cycles (4.0 )
Operating Life i k 140,000 Device Hours
(OPL) TO-5 P =800 MW Line Monitor Lot Data (1.93)

*Failures defined as inoperatives and degradation greater than specification limit +20%. Failure rates are best estimate, % per
1000 hours (cycles).

PLASTIC POWER

FAILURE
STRESS TEST CONDITIONS STRESS UNITS (RATES)*
Intermittent Operating ste =4k 2.1x10° cycles/week 10% &t
Life (IOPL) P=08W,t,,=45s (100% Line Monitor 9,2?5
Veg =8V, tos=90s Lot Data) cycies
High Temperature Tc =150°C 4,320 Device Hours 0
Reverse Bias (HTRB) VcE = 80% rated voltage
Wet High Temperature Ta = 85°C 17,336 Device Hours 0
Reverse Bias (WHTRB) RH = 85%
High Temperature
Storage (HTS) Ta = 150°C 1x10¢ Device Hours (.37)
% o A . Four
Temperature Cycle Ta = -40°C to +100°C 12,500 Device Cycles ;
Failures
Temperature Shock Ta =0 to +100°C 2,500 Device Cycles (0]
Moisture Resistance Ta = 40°C 3,000 Device Hours 0
RH = 95%
Tpa =138°C
Pressure Pot P =15 psi 4,000 Device Hours Two
t = 4 hours Failures

*Where applicable, actual results are stated where data is insufficient to project meaningful failure rates. Failures defined as in-
operatives. Failure rates are best estimate, % per 1000 hours (cycles).

Fig. 5-4. Extended Life Test Data

*Planar is a patented Fairchild process.
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TEST

TO-3

TO-66

TO-5

TO-220

High Temperature Storage Tp = 200°C
(MIL-STD-750, Method 1031)
Readout at O, 168, 500, 1000 Hours

X

Intermittent Operating Life
(MIL-STD-750, Method 1036) AT = 90°C
Readouts at 0, 5K, 10K, 15K, 20K Cycles

Intermittent Operating Life
AT = 100°C
Readouts at 1, 5K, 10K, 20K Cycles

High Temperature Reverse Bias
Ta = 150°C, 80% BVcEO
Readouts at 0, 168, 500, 1000 Hours

Temperature Cycling -65°C to +200°C -
(MIL-STD-750, Method 1051, Cond. C)
Readouts at O, 25 Cycles

Hermiticity (1 x 10-7)

Steady State Operating Life
T,=187.6°C+12.6°C
(MIL-STD-750, Method 1026)
Readouts at 0, 168, 500, 1000 Hours

Constant Acceleration
F=20K g

1 Min. Ea. 6 Axis
(MIL-STD-750, Method 2006)

Impact Shock

1600 g x 5 Blows

(MIL-STD-750, Method 2016)

x

X

Vibration, Variable Frequency
10g
(MIL-STD-750, Method 2056)

Wet HTRB
Ta = 85°C, RH = 80% BVCEO
Readouts at 0, 168, 500, 1000 Hours

Temperature Cycling -40°C to +150°C
Readouts at O, 25 Cycles

Pressure Pot
Ta =123°C £ 2°C
15 PSI, 4 Hours

Shelf Life
TA = 25°C
Readouts at 0, 1K, 2K, 10K Hours

Fig. 5-5. Reliability Program 1976
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JAN POWER DEVICES

Fairchild power devices have the capability of meeting JAN performance criteria when subjected to

the rigid requirements of JAN military specifications. The chart in Figure 5-6 shows typical JAN
acceptance testing.

LIFE TESTS
SAMPLE
|
I 1
SUBSAMPLE : SUBSAMPLE
L 1
SUBGROUP & SUBGROUP 7
STORAGE LIFE OPERATING LIFE
1 1
READ AND RECORD READ AND RECORD
SPECIFIED PARAMETERS SPECIFIED PARAMETERS
] ]
HIGH-TEMP
NON-OPERATING STEADY STATE
STORAGE
OPERATION LIFE
METHOD 1031 METHOD 1026
MOST TRANSISTORS
- 200°C
| |
READ AND RECORD READ AND RECORD
SPECIFIED PARAMETERS SPECIFIED PARAMETERS
AT 340 AND 1000 AT 340 AND 1000
HOURS. HOURS.

LTPD = LOT TOLERANCE PERCENT DEFECTIVE:
A = FAILURE RATE IN % PER 1000 HOURS

Fig. 5-6. Typical JAN Acceptance Testing

Voltage-Monitoring System for JAN Devices
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ENVIRONMENTAL TESTS

SAMPLE

I ]

]

SUBGROUP 1
PHYSICAL DIMENSIONS
METHOD 2066
VERIFICATION OF
PHYSICAL DIMENSIONS
SPELLED OUT IN
PART DRAWING

SUBGROUP 2 SUBGROUP 3
ATMOSPHERIC SERIES DYNAMIC SERIES

I ]

SUBGROUP 4
SALT ATMOSPHERE
METHOD 1041

READ AND RECORD READ AND RECORD
SPECIFIED PARAMETERS SPECIFIED PARAMETERS

| |

READ AND RECORD
SPECIFIED PARAMETERS

VISUAL INSPECTION

TEMP CYCLING SHOCK
METHOD 1061, COND. C METHOD 2016
10 CYCLES, -65/200°C. 15600g 0.5 m

= 30 MIN EACH EXTREME 5 BLOWS IN EACH OF 6
< 15 SEC TRANSFER TIME ORIENTATIONS

|

UNITS ARE PLACED IN
ATMOSPHERE OF HIGH
SALT CONCENTRATE
AT 356°C FOR 24 HOURS

] ]

SUBGROUP1A
SOLDERABILITY
METHOD 2026
{UNITS WHICH COMPLETE
SUBGROUP 1 GO TO THIS
SUBGROUP)

VISUAL INSPECTION

THERMAL SHOCK
METHOD 1056,
COND. B 5 CYCLES
IN LIQUID 0-100°C: 20 Gs, 2000 cps,
16 EACH EXTREME 4 CYCLES > 4 MIN
T iN EACH OF 3
ORIENTATIONS

VIBRATION, VARIABLE
FREQUENCY
METHOD 2056

TERMINAL STRENGTH
METHOD 2036, COND. E ]

(UNITS WHICH COMPLETE
CONSTANT
SUBGROUP 1A GO TO THIS ACCELERATION

SUBGROUE, METHOD 2006
T 20,000 g IN EACH OF 6

MOISTURE RESISTANCE o,a:ﬁmfég:iﬁgz 1
METHOD 1021 :

TEMP CYCLING |

S bl READ AND RECORD

ELATIVE HUMIDITY 98%
EXTREMES PER WIL SPEC; | | SPECIFIED PARAMETERS

E.G., 26-65°C,
24 HOURS EACH,
10 CYCLES

1

READ AND RECORD
SPECIFIED PARAMETERS

Fig. 5-6. Typical JAN Acceptance Testing (Cont'd)

READ AND RECORD
SPECIFIED PARAMETERS
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POWER TRANSISTOR
NPN SsILICON

2N3054g9

[ RMEDIATE POWER APPLICATIONS IN
INDUSTRIAL AND COMMERCIAL EQUIPMENT

e 25 W DISSIPATION AT 25°C CASE
¢ 4.0 AMAXIMUM CONTINUOUS COLLECTOR CURRENT
* 55V MINIMUM Vcgq

ABSOLUTE MAXIMUM RATINGS (Note 1)

Maximum Voltages and Currents 2N3054
Vceo Collector to Emitter Voltage 55 v
VeBo Collector to Base Voltage 90V
VEBO Emitter to Base Voltage 70V
Ic Continuous Collector Current 40 A
g Continuous Base Current 20A
Maximum Power Dissipation
Pp Total Dissipation @ 25°C Case Temperature 25 W
Derate Linearly from 25°C 0.143W/°C
Maximum Temperatures
Ty T stg Storage and Operation Junction Temperatures ~65°C to +200°C
Thermal Characteristics
Rouc Thermal Resistance, Junction to Case 7.0°C/W
_ SAFE OPERATING AREA JEDEC (TO-66) Outline
10 T T - 340‘,5(5‘4
N ! 500 us | ‘\ 1 25afs s
5o 1 NN y e—
P E“ - — & 1 g b 335 l;;:y’gsm“ 360914 MIN
- _", . dc \\[;‘ L 9622843 _
E | { A LEADNO. 2 = 958 24 45 o 5901499
x 10 2105 31 ) 570 448
— ‘4 152 3 86
g os — T g B
3 - m‘!/ﬁ T~ 14513 6 R MAX
5 - + 09312361 LEADNO. ™ 505 4 ormax
3 o
[=]
© oos
3} ] NOTES
- All dimensions in inches (boid) and millimeters (parentheses)
Pins are gold-plated kovar
0.01 B Pins 1 an% 2 electrically isolated from case

Case is third electrical connection

l~tnd al *
Nickel-nl=sod stoo! fase anw cap

ra
Package weight is 6.5 grams

10 20 50 10 20 50 100
VCE COLLECTOR-EMITTER VOLTAGE = V
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FAIRCHILD ¢ 2N3054

ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted)

2N3054

SYMBOL CHARACTERISTIC
MIN I MAX

UNIT TEST CONDITIONS

OFF CHARACTERISTICS

v Collector-Emitter Sustaining 55 v ! \ 100 mA. 1 o
= mA, =
CEO(sus) Voltage (Note 1) c B

v Collector-Emitter Sustaining 60 v | 100 mA. R 100
= mA, =
CER(sus) Voltage (Note 1) ¢ BE

ICEO Collector Cutoff Current 0.5 mA Vcg=30V, Ig=0
) 1.0 mA VCE=90V, VRg=-15V
ICEX Collector Cutoff Current B
6.0 mA Vce=90V, Vge=-15V, T¢c=150"C
lEBO Emitter Cutoff Current 1.0 mA VEg=70V, Ic=0
ON CHARACTERISTICS
25 150 Ic=500mA, Vg =40V
hgg DC Current Gain (Note 1) .
5.0 Ic=3.0A, Vcg=40V
v CobMector-Emitter Saturation Voltage 1.0 \% Ic =500 mA, Ig =50 mA
CElsat) (Note 1) 6.0 v Ic=30A, Ig=10A
VBE (on) Base-Emitter "'On’’ Voltage (Note 1) 1.7 \ Ic=500mA, Vcg=4.0V
DYNAMIC CHARACTERISTICS
hfe Small Signal Current Gain 25 180 Ic=100mA, Vcg=4.0V, f=1.0kHz
fhfe Common-Emitter Cutoff Frequency 30 kHz Ic=100mA, Vcg=4.0V

NOTE: 1. Pulse condition; Length = 300us, Duty Cycle = 2%.

6-4



FAIRCHILL 5 ¢ 2N3054

TYPICAL ELECTRICA | cHARACTERISTICS

DC CURRENT GAIN

hFE

P T GAI
DC CURRENT GAIN 1000 - CUR‘R'EVNT GA! ’ 1000 ch CUF?H[EN GAIN
1000 ] \lH T T 117 . 1T T
_l § I Ll 1o - -sseC
F - vée zov—] 300
300 ——+ ! J T ] z -
I < <
| Lo ° 2 100
1 g z ,
L H & 30
- 3 3
] c o
3 a
- 10
Ll ¥ £
I
1.0
10 0.01
'\~ COLLECTOR CURRENT A Ic COLLECTOR CURRENT A Ic COLLECTOR CURRENT A
SATURATION VOLTAGES BASE-EMITTER ON VOLTAGE SWITCHING TIMES
{\‘ 717 > 1 o chc 30V 7
| | ! L . - icig 10 | | |
< E] -1 |B1B'82 s
. i ! < i VEBE(ott) 20V
>, et s S SE 3 2 - Tr ot 4
w [ i | >
S oaop i) R 3z s
E ! . VBE(sat) i ; =
2 un ile 5}*3),( E %’
o = x
% ooe o g
x » 2
Z o4 3 ’
0.2 s
&
o i
0.01 01 10 10 ool
'c  COWECTOR CURRENT a Ic COLLECTOR CURRENT A IC COLLECTOR CURRENT A
COLLECTOR COLLECTOR

REVERSE CURRENT

uA
LA

SE CURRENT

Icex COLLECTOR REVERSE CURRENT

ICEs COLLECTOR Rever
3
N

75 100 125 150 06 04 0.2 0 02 04
Tc CASE TEMPERATURE c VBE BASE-EMITTER VOLTAGE vV

25 50
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POWER TRANSISTOR

2N
NPN SILICON 3055

DESIGNED FOR GENERAL PURPOSE AMPLIFIER
AND SWITCHING APPLICATIONS

e 115 W DISSIPATION AT 25°C CASE
e 15 A MAXIMUM CONTINUOUS COLLECTOR CURRENT
e« DC CURRENT GAIN SPECIFIED TO 10 A

ABSOLUTE MAXIMUM RATINGS (Note 1)

Maximum Voltages and Currents T
VCEO Collector to Emitter Voltage 60 V
VeBo Collector to Base Voltage 100 V
VEBO Emitter to Base Voltage 70V
Ic Continuous Collector Current 15A
g Continuous Base Current 7.0A
Maximum Power Dissipation
Pp Total Dissipation @ 25°C Case Temperature 115W N = )
Derate Linearly from 25°C 0.65W/°C =
Maximum Temperatures [h H
Ty Tstg Storage and Operation Junction Temperatures -65°C to +200°C
Thermal Characteristics ’
. . o
Rguc Thermal Resistance, Junction to Case 1.5 C/W
. . . o
Tp Maximum Pin Temperature (Soldering, 10 s) 2365 C
SAFE OPERATING AREA JEDEC (TO-3) Outline
215 5 46) L 8352121
208 (5 200 805 (20 45! 135 (3 43)
2 R iax
T T ] 1] oo 1.
15 —t—t B —250 s N St ————
| } \ 1 ms : ‘ SEATING PLANE 048 (122)
“ || W\ asos ' A e
s 10 T AN i \\ S 3127920 MIN
I INCE WV .
R e 5 N L0 .1 Ll -
z T TENCRY ]
8 | ‘ 1 LEAD NO 2 - = 65516 66"
50 SN S S — 2255 711 o1 00
§ bt IR‘}f B kg
A SN T L A S sis @ - Y
= i ! i ‘ Y . @ / 188 (4 78 MAX
8 ‘ | [ . - 2 PLACES
20 ‘%_F oot N Y
o I 1 pa \‘ 525 (13 34) MAX
15 2N3055=—+— +— LEAD NO. 1
[ NOTES
0.1 I i ] l All dimensions in inches (bold) and millimeters (parentheses)
40 20 50 10 20 50 100 200 Pins are gold-plated or solder-dipped alloy 52
) Pins 1 and 2 electrically isolated from case
Vce COLLECTOR-EMITTER VOLTAGE Vv Case is third electrical connection

Aluminum package with copper slug, pins are soldered in
Package weight is 7.4 grams
Aluminum cap
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FAIRCHILD e 2N3055

ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted)

2N3055
SYMBOL CHARACTERISTIC UNIT TEST CONDITIONS
MIN L MAX
OFF CHARACTERISTICS
VCEO(sus) | Collector-Emitter Sustaining Voltage (Note 1) 60 Ic=200mA, g =0
VCER(sus) | Collector-Emitter Sustaining Voltage (Note 1) 70 Ic =200 mA, Rgg = 100 Q
lceo Collector Cutoff Current 0.7 mA Vcg=30V,Ig=0
50 | mA | Veg=100V,Vge=-15V
lcex Collector Cutoff Current 30 mA Ve =100V, Vge=-15V,
Te = 150°C
leBO Emitter Cutoff Current 5.0 mA Vegg=7.0V,1c=0
ON CHARACTERISTICS
5.0 Ic=10A,V =40V
hge DC Current Gain (Note 1) c CE
20 70 Ic=40A,Vep =40V
1.1 \ lc=4.0A, 1 =400 mA
v Collector-Emitter Saturation Voltage (Note 1) ¢ "B
CEf(sat) itter Saturation Voltage (Note 8.0 Y Ic=10A, 15 =33 A
VBE(on) Base-Emitter *'On’’ Voltage (Note 1) 1.8 Ic=4.0A, Vg =40V
SECOND BREAKDOWN
| Second Breakdown Collector Current 25 A t = 1.0s (non repetitive),
S/b with base forward biased : Vep =40V
DYNAMIC CHARACTERISTICS
. _ Ic=10A, Vg =4.0V,
hse Small Signal Current Gain 15 120 £2 1.0 kHz
fhie Small Signal Cutoff Frequency 10 kHz Ic=10A, Vcg=40V

NOTE: 1. Pulse conditions: Length = 300 us, Duty Cycle = 2%.

TYPICAL ELECTRICAL CHARACTERISTICS

DC CURRENT GAIN

160

RERBEA
VCE=4.0V

-
a
o

-
N
°

Q
o

®
o

@
o

P

»
=3

heg - DC CURRENT GAIN

20

[}
0.010.02 0.050.1 0.2

0.5 1.0 2.0

5.0 10

Ic -~ COLLECTOR CURRENT - A

VBE(on) - BASE-EMITTER ON VOLTAGE

~ COLLECTOR-EMITTER

)

TURATION VOLTAGE - V

Vcssxm

BASE-EMITTER ON VOLTAGE

COLLECTOR-EMITTER
SATURATION VOLTAGE

1.0 -
B =10

0.9

0.8

0.7

0.6

0.5

0.4 a

0.3

0.2

1

0.1

—

o
0.1

0.2 0.5 1.0 20

Ic -~ COLLECTOR CURRENT ~ A

—T
VCg=4.0V

1.3

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.1 02 05 1.0 20

5.0

Ic — COLLECTOR CURRENT - A

10
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PRELIMINARY DATA SHEET

POWER TRANSISTOR
NPN SILICON

2N3055SD

DESIGNED FOR SERIES AND SHUNT REGULATORS
POWER-SWITCHING CIRCUITS AND SOLENOID DRIVER APPLICATIONS
IDEAL FOR A BROAD RANGE OF INDUSTRIAL AND COMMERCIAL USES

® 115 W DISSIPATION AT 25°C CASE

® 15 A MAXIMUM CONTINUOUS COLLECTOR CURRENT
® SOA (60 V, 1.95 A) GUARANTEED

® EQUIVALENT SINGLE DIFFUSED 2N3055

ABSOLUTE MAXIMUM RATINGS
Maximum Voltages and Currents

Vce Collector to Emitter Voltage 60 V
Ves Collector to Base Voltage 100 vV
VEB Emitter to Base Voltage 7V
Ic Continuous Collector Current 15A
Ig Continuous Base Current 7A
Maximum Power Dissipation

Pp Total Dissipation @ 25°C Case Temperature 115wW

Derate Linearly from 25°C .657 W/°C

Maximum Temperatures
Ty Tstg Storage and Operating Junction Temperatures

Thermal Characteristics

—65°C to +200°C

Rguc Thermal Resistance, Junction to Case 1.65°C/W
Tp Maximum Pin Temperature (Soldering, 5 s) 235°C
SAFE OPERATING AREA JEDEC (TO-3) Outline
215 (5.46) lo-83502121) )
o 7205 (520) | 80512045 135 (343)
i MAX.
40 S I
< } SEATING PLANE !
| I . 08022
= 20 1 ms5100 us 1 038 (0 365)
Z 15 312 (792) MIN.
& \ \ - 11802997y
% 10 N,_100 ms’ 1.168 (29 67)
o g S N PIN NO. 2 EMITTER - - »7%
-3 AN 225(571) o i
O & 205 (520) - i 161 (4 09)
5 dc ' S |/ T5T@8a)
ﬂ . \ 48011 18) ¢ / T d 2 PLACES
e} 420 (10 67) \ i 5
Q il - } _..188 (4.78) MAX.
o \\?; N 2 PLACES
o 2 N coLLecToR N "\ 525 (13 34) MAX
NOTES \-—PIN NO. 1 BASE
1 | All dimensions in inches (bold) and millimett;rs (parentheses)
Pins are gold-plated or solder-dipped alloy 5
! 2 4 6810 20 40 6080100 Pins 1 and 2 electrically isolated from case
VCE - COLLECTOR-EMITTER VOLTAGE - V Case is third electrical connection
Aluminum package with copper slug, pins are soldered in
Package weight is 7.4 grams
Aluminum cap

6-8




ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted)

FAIRCHILD e 2N3055SD

rSYMBOL I CHARACTERISTIC

MIN MAX UNITS ‘ TEST CONDITIONS
OFF CHARACTERISTICS
VCEO(sus) Collector-Emitter Sustaining Voltage (Note 1) 60 Ic=200mA, Ig=0
VCER(sus) Collector-Emitter Sustaining Voltage (Note 1) 70 \% Ic = 200 mA, Rgg = 100 [e]
VCEX(sus) Collector-Emitter Sustaining Voltage (Note 1) 90 Ic =100 mA, VBE(off) =-15V
Iceo Collector Cutoff Current 0.7 mA | Vcg=30V,Ig=0
IcEX Collector Cutoff Current 538 mA zgi : :gg\x’v\;zi:_;g f/\{rc = 150°C
leBO Emitter Cutoff Current 5.0 mA Veg =70V, ic=0
ON CHARACTERISTICS
heg DC Current Gain (Note 1) 52(2) 70 :g z ?::\)’(SEE:::\Y
VCE(sat) | Collector-Emitter Saturation Voltage (Note 1) M v lc i 404 IB_= Nt
8.0 Ic=10A.lg= 3.3A
VBE(on) | Base-Emitter “On" Voltage (Note 1) 1.8 V. |Ic=40A Vog=40V
SECOND BREAKDOWN
ls/b 2:::";’0::;";:;?"e°‘°' Current with 1.95 A | t=1.0s (non-repetitive) Vg = 60 V
DYNAMIC CHARACTERISTICS
fr Current-Gain-Bandwidth Product 800 kHz Ic=10A Vg =40V, =04 MHz
fhie Common Emitter Small Signal Cutoff Frequency 10 kHz Ic=10A Vcg=40V
hte Small Signal Current Gain 15 120 Ic=10A V=40V, f=1kHz

NOTE: 1. Pulse conditions: Length = 300 us, Duty Cycle = 2%.
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POWER TRANSISTOR 2N3439
| NPN SILICON 2N34a40

HIGH VOLTAGE POWER TRANSISTORS DESIGNED FOR USE IN
CONSUMER AND INDUSTRIAL LINE-OPERATED APPLICATIONS

“ e 10W DISSIPATION AT 25°C CASE
¢ 1.0 A MAXIMUM CONTINUOUS COLLECTOR CURRENT
e 350 V MINIMUM Vg (2N3439)

ABSOLUTE MAXIMUM RATINGS (Note 1)

Maximum Voltages and Currents 2N3439 2N3440
VcEo Collector to Emitter Voltage 350 V 250 V
VeBO Collector to Base Voltage 450 V 300 vV
VEBO Emitter to Base Voltage 70V 7.0V
Ic Continuous Collector Current 1.0A 1.0A
g Continuous Base Current 05A 05A
Maximum Power Dissipation
Pp Total Dissipation @ 25°C Case Temperature mnow
Derate Linearly from 25°C 0.57 W/°C
Maximum Temperatures
Ty, Tstg Storage and Operation Junction Temperatures —-65°C to +200°C
Thermal Characteristics
Reyc Thermal Resistance, Junction to Case 17.5°C/W
SAFE OPERATING AREA JEDEC (TO-39) outline
g -7 R
1000 e T
0.1 meP 260 (6.604)
< N 3 ol Z0E080)
E N SEATING o [}
A PLANE 7 T ¥
. N TTT ]
5 s 3 LEADS 1] -800 (12 70) MIN.
4 100 0:’(&%‘; ] l] " !
g DIA. _ 1
(8] 10011541_]‘ o T 20 5.08) TP.
« TR S
o
e /
8 A
3 10
3 ,2"3?39
‘0 2N3440
- N
1.0 NOTES: .
1.0 6.0 10 50 100 1000 All dimensions in inches (bold) and millimeters (parentheses)
VCE — COLLECTOR-EMITTER VOLTAGE - V Leads are gold-plated kovar
Lead No. 3 connected to case
Package weight is 0.76 gram




ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted)

FAIRCHILD ¢ 2N3439 ¢ 2N3440

2N3439 2N3440
SYMBOL CHARACTERISTIC UNIT TEST CONDITIONS
MIN ] MAX | MIN I MAX
OFF CHARACTERISTICS
v Collector-Emitter Sustaining 350 250 v , 50 mA. | 0
=50 mA, =
CEO(sus) Voltage (Note 1) ¢ B
20 A Veg=300V, Ig=0
ICEO Collector Cutoff Current K CE B
50 LA Vee=200V, Ig=0
500 A Vcg=450V, Vgg=-15V
ICEX Collector Cutoff Current K CE BE
500 KA Vcg=300V, Vgg=-15V
' 20 A Veg=360V, Ig=0
IcBO Collector Cutoff Current . cB E
20 vA Veg=250V, Ig=0
'EBO Emitter Cutoff Current 20 20 HA Vegg=86.0V, Ic=0
ON CHARACTERISTICS
) 30 Ic=20mA, V =10V
hgge DC Current Gain (Note 1) ¢ CE
40 160 40 160 Ic=20mA, Vcg=10V
v Collector-Emitter Saturation 05 05 v | 50 mA. | 4.0mA
. X =50mA, =4,
CElsat) Voltage (Note 1) ¢ : B m
v Base-Emitter Saturation Voltage 13 13 v o= 50mA. Ig=4.0mA
BE(sat) (Note 1) . . C mA, Ig=4.0m
DYNAMIC CHARACTERISTICS
fr Current-Gain-Bandwidth Product 15 15 MHz Ic=10mA, Vcg=10V, f=5.0MHz
Cob Output Capacitance s 10 10 pF Veg=10V, Ig=0, f=1.0 MHz
Cib Input Capacitance 75 75 pF VEg=5.0V, Ic=0, f=1.0 MHz
hte Small Signal Current Gain 25 25 lc=5.0mA, Vcg=10V, f=1.0kHz

NOTE: 1. Pulse conditions: Length = 300 us, Duty Cycle = 2%.
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FAIRCHILD ¢ 2N3439 e 2N3440

DC CURRENT GAIN

hre

VBE(sat) - BASE-EMITTER
SATURATION VOLTAGE - V

°
N

100
90
80
70
60

50

°
®

4
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o
>

TYPICAL ELECTRICAL CHARACTERISTICS

DC CURRENT GAIN
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5
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h 1
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1 B
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//
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/
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—
P

f1 -~ GAIN BANDWIDTH PRODUCT - MHz
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}
« B=10
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=0
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§§ 0.2 A /
. 1 A
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2N3713
POWER TRANSISTOR 2N3714

2N3715
NPN SILICON S2N3716

DESIGNED FOR MEDIUM-SPEED SWITCHING AND AMPLIFIER APPLICATIONS

e 150 W DISSIPATION AT 25°C CASE
e 10 A MAXIMUM CONTINUOUS COLLECTOR CURRENT
e COMPLEMENTS 2N3789 THRU 2N3792

ABSOLUTE MAXIMUM RATINGS (Note 1)
Maximum Voltages and Currents , 2N3713 2N3714 2N3715 2N3716
VcEo Collector to Emitter Voltage 60 V 80V 60 V 80V
VeBo Collector to Base Voltage 80V 100V 80V 100 v
VERO Emitter to Base Voltage 7.0V 7.0V 70V 70V </
Ic Continuous Collector Current 10A 10A 10A i0A (
B Continuous Base Current 40A 40A 40A 40A
Maximum Power Dissipation )
Pp Total Dissipation @ 25°C Case Temperature 150 W
Derate Linearly from 25°C 0.86 W/°C
Maximum Temperatures
TJ, Tstg Storage and Operation Junction Temperatures -65°C to 200°C
Thermal Characteristics
RoJc Thermal Resistance, Junction to Case 1.17°C/wW
SAFE OPERATING AREA JEDEC (TO-3) Outline
215 (5.46) < 8352121
205 (5.20) 805 120.45) 135 (3.43)
i MAX.
S e s e . "
< 20 ; Lt ! | } SEATING PLANE ¥
: < 0.1 ms 1
5 10 - 1.0 ms LN 312 (7.92) MIN
gl N N - HmEB. -
;= W i
g 2.0 | . X zusiazoy /,/', oy \\ 7:2%1_;%
w0 ; | k |- 440 (11.18) /{\, \:5\7 2 PLaces
2 2N3713 | \\ wou?ﬁ» NG +y : »
T e e mEm NG / Jssz e
o I - 2N3715 t \ ‘ INPUT T - .525 (13 34) MAX
02— -~—F**12N37}6'*’ SN i NOTES: - L£AD NO. 1
Lt i 1 All dimensions in inches (bold) and millimeters (parentheses)
015 30 50 10 20 50 100 200 Pins are gold-plated or solder-dipped alloy 52
: : ) Pins 1 and 2 electrically isolated from case
Vce COLLECTOR-EMITTER VOLTAGE - V Case is third electrical connection
Aluminum package with copper slug, pins are soldered in
Package weight is 7.4 grams
Aluminum cap
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FAIRCHILD » 2N3713 e 2N3714 « 2N3715 ¢ 2N3716

ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted)

2N3713 2N3714 2N3715 2N3716
SYMBOL CHARACTERISTIC UNIT TEST CONDITIONS
MiN [max [min [max | min]max ] min] max
OFF CHARACTERISTICS
Collector-Emitter Sustaining -
V 60 80 60 80 \Y Ic=200mA, Ig=0
CEO(sus) Voltage (Note 1) c B
0.7 0.7 mA | Vcg=30V, Ig=0
ICEO Collector Cutoff Current
0.7 0.7 mA Vcg=40V, Ig=0
1.0 1.0 mA | Vcg=80V, Vgg=-15V
1.0 1.0 mA Vce=100V, Vgg=-15V
| Colleétor Cutoff C 10 10 A | VCEZSOV. VBE=-15V,
olledtor o ent m
CEX “ arren Tc=150°C
Vcg=80V, Vge=-15V,
10 10 | ma | _CETS'Y. VBE
Tc=150"C
lEBO Emitter Cutoff Current 1.0 1.0 1.0 1.0 | mA VeEg=70V, Ic=0
ON CHARACTERISTICS
5.0 5.0 5.0 5.0 Ic=10A, Vcg=4.0V
hge DC Current Gain (Note 1) 25 75 25 75 50 | 150 | 50 150 Ic=10A, Vcg=20V
15 15 30 30 Ic=3.0A, VCg=20V
v Collector-Emitter Saturation 1.0 1.0 0.8 0.8 \Y% Ic=5.0A, Ig=500mA
CElsat) | yioitage (Note 1) 4.0 40 4.0 40| v |1c=10A, Ig=20A
v Base-Emitter “On"’ Voltage 2.0 2.0 1.8 1.8 \% Ic=5.0A, Vcg=20V
BEfon) | (Note 1) 4.0 4.0 4.0 40 | V | Ic=10A, Vcg=40V
DYNAMIC CHARACTERISTICS
Cob Output Capacitance 250 250 250 250 pF Veg=10V, Ig=0, f=0.1 MHz
Magnitude of Common Emitte Ic =500mA, V =10V,
|hte| gnitucie of mommon EMITET | 40 4.0 4.0 40 c CE ,
Small Signal Current Gain f=1.0MHz
, ) Ic=500mA, Vcg=10V,
hte Small Signal Current Gain 25 | 260 | 25 | 260 | 25 | 250 | 25 | 250
f=1.0kHz
fhe Small Signal Cutoff Frequency 30 30 30 30 kHz Ic=500mA, Vcg=10V
NOTE: 1. Pulse conditions: Length = 300 us, Duty Cycle = 2%.
TEST CIRCUIT
| FW ton ~ 30 us c=50A 1g1=Ig2=05A
| = 150 Hz DUTY CYCLE ~ 2%
115V WAVESHAPE
AT POINT A
+30 V
9.0V
|<— toff —|at— —3
1.7 ms 4.8 ms 60
aw
900 0
100 Q 200Q
1w 1w
. AV VA -
I Hg RELAYS
900 Q
’ -40V
+62 V -9.0Vv —
T 100 Q 1000
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FAIRCHILD ¢ 2N3713 » 2N3714 » 2N3715 « 2N3716

hEg — DC CURRENT GAIN

TYPICAL ELECTRICAL CHARACTERISTICS

DC CURRENT GAIN
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20 : 5 1 i ] |
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5.0
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T
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BASE-EMITTER ON VOLTAGE
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1.3
11
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! ~
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=
L
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0.1 0.2 0.5 1.0 2.0 5.0 10

I - COLLECTOR CURRENT - A




POWER TRANSISTOR

PNP SILICON

2N3740
2N3741

MEDIUM POWER DEVICES, IDEAL FOR USE AS DRIVERS, SWITCHES
AND DIRECT REPLACEMENT OF GERMANIUM TRANSISTORS

e 25W DISSIPATION AT 25°C CASE

e 1.0 A MAXIMUM CONTINUOUS COLLECTOR CURRENT

e COMPLEMENTS 2N3766, 2N3767

ABSOLUTE MAXIMUM RATINGS (Note 1)
Maximum Voltages and Currents 2N3740 2N3741
VcEO Collector to Emitter Voltage -60V -80V
VeBo Collector to Base Voltage -60 V -80V
VEBRO Emitter to Base Voltage -70V -70V
Ic Continuous Collector Current 1.0A 1.0A
Ig Continuous Base Current 1.0A 1.0A
Maximum Power Dissipation
Pp Total Dissipation @ 25°C Case Temperature 25 W
Derate Linearly from 25°C 0.14 W/°C
Maximum Temperatures
TJrTstg Storage and Operation Junction Temperatures -65°C to +200°C
Thermal Characteristics
Rgic Thermal Resistance, Junction to Case 7.0°C/W
SAFE OPERATING AREA JEDEC (TO-66) Outline
T 1T
S S N S VA ¥
< = T \\ \\ i\% y o 500,12 70)pja - 340/8 64,
2.0 } NG .075‘109“% ‘ 2150\635‘
360'9.14) MIN
3 os e B4 ’
[:4 et t + . 9622443
5 B Bl |
4 0.1 5 'S/é/ ~ T 242(361/04
o I S R
o e .
0005 - 2N3f74“ v‘l’%(%g%\’ LEAD NO. T .zso«asqvu:‘xmwa "
= " T T 2n374 I
0.02 } —t
0.01 ! i .
1.0 2.0 50 -10 -20 -50 -100 NOTES

Vcg - COLLECTOR-EMITTER VOLTAGE - V

All dimensions in inches (bold) and millimeters (parentheses)
Pins are gold-plated kovar

Pins 1 and 2 electrically isolated from case

Case is third electrical connection

Nickel-plated steel base and cap

Package weight is 6.5 grams




FAIRCHILD « 2N3740 « 2N3741

ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted)

2N3740 2N3741
SYMBOL CHARACTERISTIC UNIT | TEST CONDITIONS
MIN ‘ MAX MIN l MAX
OFF CHARACTERISTICS
Collector-Emitter Sustaining
— — =1 Ig =
VCEO(sus) Voltage (Note 1) 60 80 v lc=100mA, 1 =0
| Collector Cutoff C ¢ 1.0 mA VCE:—40V,|B=0
r
CEO ollector Cutoff Curren 10 A Ver =60 V, I =0
CE B
0.1 mA | Vog=-60V,Vgp=15V
0.1 mA | Vep=-80V,Vgg=15V
Vae =-40V, V =15V,
lcEX Collector Cutoff Current 1.0 mA Tgi 150°C BE
VCE =-60V, VBE =15V,
1.0 mA TC = 150°C
| Coll Cutoff C 0.1 mA Veg=-60V, Ig=0
! t nt
CcBO ollector Cutoff Curre 01 i Vog =80V, Ig =0
leBO Emitter Cutoff Current 05 05 mA Vegg =70V, Ic=0
ON CHARACTERISTICS
40 40 Ic=100mA, Vg =-1.0V
b bec Gain (Note 1) 30 100 30 100 Ic=250mA, Ve =-1.0V
rent t
FE urrent ain fote 20 20 Ic =500mA, Vig = -1.0 V
10 10 Ic=10A,Vgg=-10V
Collector-Emitter
- -0. lc=10A,Ig =1 A
VCE(sat) Saturation Voltage (Note 1) 06 06 v c 1g=125m
VBE(on) Base-Emitter "'On’’ Voltage (Note 1) -1.0 -1.0 \% Ic =250 mA, Veg = 1.0 V
DYNAMIC CHARACTERISTICS
lc=100mA, Ve =-10V,
fr Current-Gain-Bandwidth Product 4.0 4.0 MHz fC= 1.0 MHz CE
Cob Output Capacitance 100 100 pF Veg = -10V, lg=0,f= 0.1 MHz
hfe Small Signal Current Gain 25 25 IC =50 mA, VCE =-10V, f=1.0 kHz

NOTE: 1. Pulse conditions: Length = 300 us, Duty Cycle = 2%.

hpg - DC CURRENT GAIN

TYPICAL ELECTRICAL CHARACTERISTICS

DC CURRENT GAIN
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POWER TRANSISTOR 2N3766
NPN SILICON Bty

MEDIUM POWER SILICON TRANSISTOR FOR USE IN DRIVER CIRCUITS,
SWITCHING AND MEDIUM POWER AMPLIFIERS APPLICATIONS

e 20 W DISSIPATION AT 25°C CASE
e 4.0 A MAXIMUM CONTINUOUS COLLECTOR CURRENT
e COMPLEMENT 2N3740, 2N3741

ABSOLUTE MAXIMUM RATINGS (Note 1)
Maximum Voltages and Currents 2N3766 2N3767
Vceo  Collector to Emitter Voltage 60 V 80V
VeBo Collector to Base Voltage 80V 100 V
VEgo  Emitter to Base Voltage 6.0V 6.0V
Ic Continuous Collector Current 40A 40A
Ig Continuous Base Current 25A 25A
Maximum Power Dissipation
Pp Total Dissipation @ 25°C Case Temperature 20w
Derate Linearly from 25°C 0.133W/°C
Maximum Temperatures N
TJrTstg Storage and Operation Junction Temperatures -65°C to 175°C
Thermal Characteristics
Royc Thermal Resistance, Junction to Case 7.5°C/W
SAFE OPERATING AREA JEDEC (TO-66) Outline
10 500(12.70\pyp = -t .340/8.64)
T T 250 us 47001194 2506 35!
5.0 < 208 - L o
a AN i {
t LN N 2 LEADS 36019 141MIN
s dc- >4 N 9380864,y
E 1.0 °l5ms V ouon: 9622043
g 1ms \ LEAD No. 2 [ 95812433 . 590/14.99,
S os N 210533 1 ! " 570(14 28!
(SR S ,190(353) ,//f‘ ~ "152,386,00
« s Catth 1421361/
<] H o Lol 2 PLACES
L S
|§ 2N3766 253(3%) Lero w0 .390(3@910«:(5(368’" "
3 01 '
8 2N3767
Y 0.05
o
NOTES:
0.01 All dimensions in inches (bold) and millimeters (parentheses)
- Pins are gold-plated kovar
10 20 50 10 20 50 100 Pins 1 angd 2 electrically isolated from case !
VCE - COLLECTOR-EMITTER VOLTAGE - V Case is third electrical connection
Nickel-plated steel base and cap
Package weight is 6.5 grams




FAIRCHILD e 2N3766 ® 2N3767

ELECTRICAL CHARACTERlST|Cs (25°C Case Temperature unless otherwise noted)

2N3766 2N3767
SYMBOL CHARACTERISTIC UNIT | TEST CONDITIONS
MIN ! MAX MIN l MAX
OFF CHARACTERISTICS
Collector-Emitter
lc=100mA,Ig =0
VCEO(sus) | sustaining Voltage (Note 1) 60 8o v C e
' Collector Cutoff C 0.7 mA VCE=60V,IB=0
CEO ollector Cutoff Current 0.7 mA Vg =80V, 15 =0
0.1 mA | Vop=80V,Vgg=-15V
0.1 mA | Vg =100V, Vgg =-15V
ICEX Collector Cutoff Current 1.0 mA VCE =50V,Vgg=-15V,
T =150°C
1.0 mA | VeE=70V,Vgg=-15V,
Tc = 150°C
i Collector Cutoff C 0.1 mA Ve =80V, ig=0
CcBO ollector Cutoff Current 01 mA Vog =100V, 1g =0
1EBO Emitter Cutoff Current 0.75 0.75 mA | VEg=60V,Ic=0
ON CHARACTERISTICS ’
30 30 Ic=50mA, Ve =10 V
heg DC Current Gain (Note 1) 40 160 40 160 Ic =500 mA, Vo =5.0V
20 20 Ic=10A,Veg =50V
v Collector-Emitter 1.0 1.0 \ Ic= 500 mA, Ig = 50 mA
CElsat) | saturation Voltage (Note 1) 25 25 v |ic=10A,15=100mA
Base-Emitter “On"* _ _
VBE(n) | voitage (Note 1) 15 15 v Ic=10A,Veg =10V
JYNAMIC CHARACTERISTICS
Current-Gain-
M o= =
fT Bandwidth Product 10 10 Hz c 500 mA, Vee=10V
Veg =10V, Ig=0
. - cB 'E ‘
Cob Output Capacitance 50 50 pF £=0.1 MHz
lc=100mA, Ve =10V,
hfe Small Signal Current Gain 40 40 fC= 10 kHr: -Vcg=10

IOTE: 1. Pulse conditions: Length = 300 us, Duty Cycle = 2%.
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FAIRCHILD ¢ 2N3766 ® 2N3767

TYPICAL ELECTRICAL CHARACTERISTICS

DC CURRENT GAIN DC CURRENT GAIN DC CURRENT GAIN
T 1T 1000 N 10 ol
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o« 9 o
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o o
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POWER TRANSISTOR 2N3771
NPN SILICON BNI 772

HIGH CURRENT, HIGH POWER DEVICES FOR USE IN AUDIO AMPLIFIERS,
SERIES AND SHUNT REGULATOR DRIVER AND OUTPUT STAGES

e 150 W DISSIPATION AT 25°C CASE
® 30 A MAXIMUM CONTINUOUS COLLECTOR CURRENT
® LOW SATURATION VOLTAGE WITH HIGH BETA

ABSOLUTE MAXIMUM RATINGS (Note 1)

Maximum Voltages and Currents 2N3771 2N3772
VCEO Collector to Emitter Voltage . 40V 60 V
VcBO Collector to Base Voltage 50 v 100 vV
VEBO Emitter to Base Voltage 50V 50V
Ic Continuous Collector Current 30 A 20 A
Ic Peak Collector Current 30A 30 A
B Continuous Base Current 75 A 5.0 A
Maximum Power Dissipation
Pp Total Dissipation @25°C Case Temperature 150 W
Derate Linearly from 25°C 0.857 W/°C
Maximum Temperatures
TJ, Tstg  Storage and Operation Junction Temperatures —65°C to +200°C
Thermal Characteristics
RogJc Thermal Resistance, Junction to Case 1.17°cw
Tp Maximum Pin Temperature (Soldering, 5.0 s) 230°C
SAFE OPERATING AREA JEDEC (TO-3) Outline
’%g :2 ;gw} i‘ :g%% é“’ 5;} ‘] 1135 (3.43)
100  —— - MAX.
N A I
< ! sexgﬁ%u—ﬂ 7
T < | ey
Z N 312 (792) MIN
Z 10 dop—" - 11800997
[3 L1 ms 1.168(2067)
3 LEAD NO. 2 - L e
« 226 571 ! RN |
Ea 206620 | 7 181 (Agg_)
3 440 )‘{IB) // T A 2 PLALCES
E s {o- )
o Yo N ——CRY (_ .188 (4.78) MAX,
? 2N37714>] S\?; 2 PLACES
° INPUT T\ 525 (13.34) MAX
2N377. -
NOTES LEAD NO. 1
0.1 /;II dimensions in inches (téold) and énilllimeé;rs (parentheses)
ins are gold-plated or solder-dipped alloy
1.0 10 20 40 100 200 Pins 1 angd 2 electrically isolated from case
VcE — COLLECTOR-EMITTER VOLTAGE - V Case is third electrical connection .
Aluminum package with copper slug, pins are soldered in
Package weight is 7.4 grams
Aluminum cap
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FAIRCHILD e 2N3771 ¢ 2N3772

ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted)

2N3771 2N3772
SYMBOL CHARACTERISTIC UNIT TEST CONDITIONS
MINl MAX | MIN | MAX
OFF CHARACTERISTICS
v Collector-Emitter Sustaining Voltage 20 60 v | 200 mA. | o
= mA, Ig =
CEO(sus) (Note 1) [ B
10 mA VCE=30V,Ig=0
IcEO Collector Cutoff Current
10 mA Vce=50V,Ig=0
2.0 mA VCE=50V,VBg=—15V
IcEX Collector Cutoff Current 5.0 mA Vcg=100V,Vgg=—-15V
' 10 10 | mA VCE =30V, VBg=—15V, Tg=150°C
20 mA Ve =50V, Ig=0
IcBoO Collector Cutoff Current cB E
5.0 mA Veg =100V, g =0
5.0 mA VEg=5.0V,Ic=0
lEBO Emitter Cutoff Current EB c

5.0 mA Veg=70V,Iic=0

ON CHARACTERISTICS

15 60 Ic=15A,Vcg=4.0V
5.0 Ic=30A,V =40V
hgge DC Current Gain (Note 1) c-3 CE
15 60 Ic=10A,Vcg=4.0V
5.0 Ic=20A,Vcg=4.0V
2.0 v Ic=15A,Ig=156A
Collector-Emitter Saturation Voltage 4.0 \% Ic=30A,1g=60A
VCE(sat) - -
(Note 1) 1.4 \Y Ic=10A,Ig=10A
4.0 \ Ic=20A,Ig=40A
2.7 \% Ic=15A,Vcg =40V
VBE(on) Base-Emitter ““On"’ Voltage (Note 1) ¢ CE
2.2 \ Ic=10A,Vcg=40V
SECOND BREAKDOWN ’
| Second Breakdown Collector Current 3.75 A Vcg =40V, t=1.0s (non-repetitive)
Sfb With Base Forward Biased 25 A VcE =60V, t=1.0s (non-repetitive)
Second Breakdown Ener Ic=50A,V =—-15V,L=40mH,
Es/b ! nerey 500 500 mJ c BE(off)
With Base Reversed Biased Rgg =100 Q@
DYNAMIC CHARACTERISTICS
I Magnitude of Common Emitter
h 4.0 4.0 Ic=10A,V =40V,f=50kH
fe Small Signal Current Gain c CE z
hse Small Signal Current Gain ' 40 40 Ic=10A,Vcg=4.0V,f=10kHz

NOTE: 1. Pulse conditions: Length = 300 us, Duty Cycle = 2%.



FAIRCHILD o 2N3771 ¢« 2N3772

TYPICAL ELECTRICAL CHARACTERISTICS
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POWER TRANSISTOR 2nN378o

2N379 1
PNP SILICON SN3792

DESIGNED FOR MEDIUM-SPEED SWITCHING AND AMPLIFIER APPLICATIONS

e 150 W DISSIPATION AT 25°C CASE
e 10 AMAXIMUM CONTINUOUS COLLECTOR CURRENT
e COMPLEMENTS 2N3713 THRU 2N3716

ABSOLUTE MAXIMUM RATINGS (Note 1)
Maximum Voltages and Currents 2N3789  2N3790 2N3791 2N3792
VcEo Collector to Emitter Voltage -60 V -80 VvV -60 V -80 VvV
VeBeo Collector to Base Voltage -60 V -80V -60 V -80V
VEBO Emitter to Base Voltage -7.0V -7.0V -7.0V -70V
Ic Continuous Collector Current 10A 10A 10A 10A
g Continuous Base Current 40A 40A 40A 40A
Maximum Power Dissipation
Pp Total Dissipation @ 25°C Case Temperature 150 W
Derate Linearly from 25°C 0.86 W/.°C
Maximum Temperatures
Ty, Tstg Storage and Operation Junction Temperatures -65°C to 200°C
Thermal Characteristics
Rguc Thermal Resistance, Junction to Case 1.17°C/W
SAFE OPERATING AREA JEDEC (TO-3) Outline
80 - ¥ Y MAX.
< - R T I LR *
- 20 — — “ EATING PIANE | a8 1 22 i
z A ,yg’ 1 - 535565
c 10 N\ ] s —— 312(792) MIN
3 % N . 118002097)
O 50 1.168(2967)
: S wow s THEE
E 2.0 \ \ 165}5‘76; //~/@ S ageo
= [ / \\ 2 PLACES
2 1.0 440 (1118) 4 Q & G
© 2N3789 \ m'o_s” \ 188 (4 78) MAX.
L: 0.5 237907 A \\@; " 2PLACES
= 2N3791} INPUT - S
2N3/:u, ‘ \ . 625 (13 34) MAX
0.2 | — \ - LEAD NO. 1
NOTES:
0.1 l All dimensions in inches (bold) and gnilll‘imeéers (parentheses)
_ N _ Pins are gold-plated or solder-dipped allo
1.0 ~20 50 -10 -20 50 -100 -200 Pins 'I,anngZ :Iectricalrly isolalet’i ?rom caZe
VCe ~ COLLECTOR-EMITTER VOLTAGE - V Case is third electrical connection
‘ Aluminum package with copper slug, pins are soldered in
Package weight is 7.4 grams
Aluminum cap




FAIRCHILD o 2N3789 e 2N3790 ¢ 2N3791 e 2N3792

ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted)

SYMBOL CHARACTERISTIC 2N3789 2N3790 2N3791 2N3792 UNIT
TEST CONDITIONS
MIN [MAX | MIN [mMAX [ min max [ miN] max
OFF CHARACTERISTICS
v Collector-Emitter Sustaining 60 80 60 80 v | 200 mA. | o
~ — — — = mA, Ig=
CEO(sus) Voltage (Note 1) ¢ . B
10 10 mA Vce=-30V, Ig=0
ICEO Collector Cutoff Current CE B
10 10 | mA | Vcg=-40V, Ig=0
1.0 1.0 mA | VCe=-60V, Vgg=15V
1.0 1.0 mA Vcg=-80V, VBg=15V
Vcg=-60V, Vgg=15V,
IcEX Collector Cutoff Current 5.0 5.0 mA B
Tc=150°C
Vcg=-80V, Vgg=15V,
5.0 50 | ma | 'CET® BE
Tc=150"C
lIEBO Emitter Cutoff Current 5.0 5.0 5.0 50 | mA VEg=-7.0V,Ic=0
ON CHARACTERISTICS
25 90 25 90 50 | 150 | 50 | 150 Ic=1.0A, Vcg=-2.0V
hgg DC Current Gain (Note 1) 15 15 30 30 Ic=3.0A, Vcg=-20V
4.0 4.0 4.0 4.0 Ic=10A, Vg =-4.0V
v Collector-Emitter Saturation -1.0 -1.0 -1.0 -1.0 \% Ic=5.0A, Ig=05A
CE(sat) | ygitage (Note 1) -4.0 -4.0 -4.0 40| Vv Ic=10A, Ig=2.0A
v Base-Emitter Saturation -2.0 -2.0 \% Ic=4.0A, Ig=04A
BE(sat) | yoitage (Note 1) -15 -15| v |1c=50A, Ig=05A
v Base-Emitter “On"’ Voltage -2.0 -2.0 -1.8 -18| V Ic=5.0A, Vcg=-2.0V
BElon) | (Note 1) —4.0 40 -4.0 40| vV |1c=10A, Ve =-4.0V
DYNAMIC CHARACTERISTICS
Cob Output Capacitance 500 500 500 500 | pF Veg=-10V, Ig=0, f=0.1 MHz
he Magniufde of Common E.mitter 4.0 40 40 40 Ic=500 mA, Vcg=-10V,
Small Signal Current Gain f=1.0 MHz
X X Ic =500 mA, Vcg=-10V,
hfe Small Signal Current Gain 25 | 250 | 25 | 250 | 25 | 250 | 25 | 250
f=1.0kHz
fhfe Small Signal Cutoff Frequency 30 30 30 30 kHz Ic =500 mA, Vcg=-10V

NOTE: 1. Pulse conditions: Length = 300 us, Duty Cycle = 2%.
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FAIRCHILD ¢ 2N3789 ¢« 2N3790 e 2N3791 e 2N3792
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TYPICAL ELECTRICAL CHARACTERISTICS
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FAIRCHILD ¢ 2N3789 e 2N3790 » 2N3791 ¢ 2N3792

BASE-EMITTER
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TYPICAL ELECTRICAL CHARACTERISTICS (Cont'd)
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POWER TRANSISTOR 2Na231

NPN SILICON

2N4a232
2Na233

MEDIUM POWER TRANSISTORS DESIGNED FOR DRIVER CIRCUITS,
SWITCHING, AND AMPLIFIER APPLICATIONS

e 35W DISSIPATION AT 25°C CASE

e 3.0 AMAXIMUM CONTINUOUS COLLECTOR CURRENT

e 25-100hpg @ 15A,2.0V.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Maximum Voltages and Currents 2N4231
VcEO. Collector to Emitter Voltage 40V
VcBO Collector to Base Voltage 40V
VEBO Emitter to Base Voltage 50V
Ic Continuous Collector Current 30A
Ig Continuous Base Current 1.0A

Maximum Power Dissipation
Pp Total Dissipation @ 25°C Case Temperature

Derate Linearly from 25°C
Maximum Temperatures

2N4232 2N4233
60 V 80V
60 V 80V
50V 5.0V
3.0A 30A
1.0A 1.0A
35W

0.2w/°C

—-65°C to +200°C
5.0°C/W

Ty Tstg * Storage and Operation Junction Temperatures
Thermal Characteristics
RoJc Thermal Resistance, Junction to Case
SAFE OPERATING AREA
10 5010 T 250 s
5.0 ke ¥
N
< ™ N
- dc—"N N NN
E 1.0 5msa<‘
3 2 ms| N
g 0.5
© N
-4 N
e
o
3 01 \
8 2N4231-p|
) 0.05 i
L 2N4232 %
2na233
0.01 L
1.0 2.0 5.0 10 20 50 100
Vce — COLLECTOR-EMITTER VOLTAGE - V

JEDEC (TO-66) Outline

500/12.70 -y .340/8 64
270011 04 0T 2500638
075191 ——
.050(1 217, 1
o +
o :
2 LEADS - 360914 N
0340864 S
‘028l0711) 0

- g82aen)
LEAD NO. 2 [ »95!'.223 5901499,
570(14.48)
~152(3.86)
142(3 61)0%

PLACES
~.145(3 68)R MAX
LEAD NO- 17" 350(5 89/ MAX

210533
1g0la83)

107272
09312.36

NOTES:

All dimensions in inches (bold) and millimeters (parentheses)
Pins are gold-plated kovar

Pins 1 and 2 electrically isolated from case

Case is third electrical connection

Nickel-plated steel base and cap

Package weight is 6.5 grams
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FAIRCHILD ¢ 2N4231 e 2N4232 « 2N4233

ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted)

2N4231 2N4232 2N4233
SYMBOL CHARACTERISTIC UNIT TEST CONDITIONS
MIN IMAX MIN ]MAX MIN IMAX
OFF CHARACTERISTICS
v Collector-Emitter Sustaining 40 50 80 v | 100 mA. | o
= mA., =
CEO(sus) Voltage (Note 1) c B
1.0 mA | Vcg=30V, Ig=0
IcEO Collector Cutoff Current 1.0 mA Vcg=50V, Ig=0
1.0 | mA | Vcg=70V, Ig=0
0.1 mA Vcg=40V, VBg=-15V
0.1 mA | Vcg=60V, Vgg=-15V
01 | mA |Vcg=80V, VRg=-15V
Vcg=40V, V =-15V,
1.0 maA | JCET7 Y. VBE
IcEX Collector Cutoff Current Tc-150°C
VCg=60V, VRg=-15V
1.0 ma | JCEZO0V, Vge=-15V,
Tc=150°C
Vce=80V, Vgg=-15V,
1.0 | ma | [CETSUV. VBE
' Tc=150°C
50 HA Vecg=40V, Ig=0
IcBO Collector Cutoff Current 50 RA Veg =60V, Ilg=0
50 HA Vcg =80V, Ig=0
IEBO Emitter Cutoff Current 500 500 500 HA VEg=50V, Ic=0
ON CHARACTERISTICS
40 40 40 Ic=05A, VCg=20V
hgg DC Current Gain (Note 1) 25 100 25 100 25 100 Ilc=15A, Vcg=20V
10 10 10 Ic=3.0A, Vcg=20V
v Collector-Emitter Saturation 0.7 0.7 0.7 \ Ic=15A, Ig=150mA
CElsat) 1 \oitage (Note 1) 20 2.0 20 | V |1c=30A, Ig=300mA
Base-Emitter “On"’ Voltage
\% 1.4 1.4 1.4 \ Ic=15A, V =20V
BEln) | (Note 1) ¢ CE
DYNAMIC CHARACTERISTICS
Cob QOutput Capacitance 200 200 200 pF Veg=10V, Ig=0, f=0.1 MHz
hte Small Signal Current Gain 20 20 20 Ic=500mA, Vcg =10V, f=1.0kHz

NOTE: Pulse Condition; Length = 300 us, Duty Cycle = 2%




FAIRCHILD ¢ 2N4131 e 2N4232 » 2N4233
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TYPICAL ELECTRICAL CHARACTERISTICS
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POWER TRANSISTOR 2N4a 2349
2Na235
PNP SILICON 2Na236

DESIGNED FOR DRIVER CIRCUITS AND SWITCHING AND AMPLIFIER APPLICATIONS.
IDEAL FOR DIRECT REPLACEMENT OF GERMANIUM MEDIUM POWER DEVICES.

e 6.0 W DISSIPATION AT 25°C CASE
e 3.0 A MAXIMUM CONTINUOUS COLLECTOR CURRENT
e COMPLEMENT TO 2N4237, 2N4238, 2N4239

ABSOLUTE MAXIMUM RATINGS (Note 1)
Maximum Voltages and Currents 2N4234 2N4235 2N4236
Veeo  Collector to Emitter Voltage -40V -60V -80V
Vepo  Collector to Base Voltage -40V -60 VvV -80V
VEBo  Emitter to Base Voltage -70V -7.0V -7.0V
Ic Continuous Collector Current 3.0A 30A 3.0A A
g Continuous Base Current 0.2A 0.2A 0.2A 1
Maximum Power Dissipation 51‘ i
Pp Total Dissipation @ 25°C Case Temperature . 6.0W h i
Derate Linearly from 25°C 0.4W/°C i
Maximum Temperatures | "
Ty Tsyg Storage and Operation Junction Temperatures -65°C to +175°C J
Thermal Characteristics
RoJc Thermal Resistance, Junction to Case 25°C/W
SAFE OPERATING AREA JEDEC (TO-39) Outline
3388509 T 7'*%&%
Rl {aning ”*‘ DIA
10 oA | |
oo | sl Er
¥ < oo s o 4
s 7o) gl
@ 10 \\Q .: o g‘ksijgas:; ] 7 500 (12 70) MIN
£ . NN s |
et =N 100 (2 54) J‘ - 1 -200 (5081 T.P.
5 % P
3 \ LEARNO- 1 LEAD NO. 3
:|‘ 0.1 ¥ e COLLECTOR
180405 a——— o _ .
%) 2N4235—»1—"T11 \\ ., Vi
= 2N4236—»-| | 034 850 OB
0.01 I ] l NOTES:
-1.0 -20 -5.0 -10 -20 -50 -100 . All dimensions in inches (bold) and millimeters (parentheses)
VCE — COLLECTOR-EMITTER VOLTAGE - V Leads are gold-plated kovar
Lead No. 3 connected to case
Package weight is 0.76 gram
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FAIRCHILD ¢ 2N4234 » 2N4235 « 2N4236

ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted)

2N4234 2N4235 2N4236
SYMBOL CHARACTERISTIC UNIT TEST CONDITIONS
MINJ MAX MIN ' MAX MIN MAX
OFF CHARACTERISTICS
Collector-Emitter
- - -80 o= A, lg=0
VCEO(sus) Sustaining Voltage (Note 1) 40 60 8 v c=100mA,ig
1.0 mA Vee=-30V,Ig=0
Iceo Collector Cutoff Current 1.0 mA Veg=-40V,Ig= 0
1.0 mA Vcg=-60V,1g =0
0.1 mA Veg=-40V,Vgg =15V
0.1 mA Vcg=-60V,Vgp=15V
0.1 mA Veg=-80V,Vgg =15V
ICEX Collector Cutoff Current 1.0 mA Veg=-30V,Vgg=15V,
Tc=150°C
1.0 mA Vee = -40V,Vgp =15V,
T =150°C
1.0 mA VcE=-60V,Vge =15V,
Tc =150°C
0.1 mA Veg=-40V,Ig=0
ICBO Collector Cutoff Current 0.1 mA VCB =-60V,Ig= 0
0.1 mA Veg=-80V,Ig=0
lEBO Emitter Cutoff Current 0.5 0.5 05 mA Veg=-70V,Iic=0
ON CHARACTERISTICS
40 40 40 Ic=100mA, Vg =-10V
_ 30 | 150 30 | 150 30 | 150 Ic=250 mA, Veg =-1.0 V
hpge DC Current Gain (Note 1)
20 20 20 Ic=500mA, Veg =-1.0V
10 10 10 Ic=10A,Vgg=-10V
Collector-Emitter _ _
VCE(sat) Saturation Voltage (Note 1) -0.6 -06 -06 v lc=10A.1g=125mA
Base-Emitter Saturation - -
VBE(sat) | voltage (Note 1) -15 -1.5 -15 Y Ic=10A,1g=0.1A
Base-Emitter “'On"’ . _ _
VBE(on) | voltage (Note 1) -1.0 -1.0 -10 v Ic =250 mA, Veg = -1.0 V
DYNAMIC CHARACTERISTICS
Current-Gain- Ic =100 mA,VCE=—10 Vv,
T Bandwidth Product 30 30 3.0 Mz f=1.0 MHz
v =-10V,Ig=0
. cB e .
Cob OQutput Capacitance 100 100 100 pF =100 kHz
. : le=50mA,V =-10V
n i C +VCE '
hfe Small Signal Current Gain 25 25 25 £2 100 kHz

NOTE: 1. Pulse conditions: Length = 300 us, Duty Cycle = 2%.
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FAIRCHILD e 2N4234 e 2N4235 ¢ 2N4236

TYPICAL ELECTRICAL CHARACTERISTICS
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POWER TRANSISTOR 2Na237
2N4a238
NPN SILICON SNa239

DESIGNED FOR DRIVER CIRCUITS AND SWITCHING AND AMPLIFIER
APPLICATIONS. IDEAL FOR DIRECT REPLACEMENT OF GERMANIUM
MEDIUM POWER DEVICE.

e 5.0 WDISSIPATION AT 25°C CASE
e 4.0 AMAXIMUM CONTINUOUS COLLECTOR CURRENT
e COMPLEMENT TO 2N4234, 2N4235, 2N4236

ABSOLUTE MAXIMUM RATINGS (Note 1)
Maximum Voltages and Currents 2N4237 2N4238 2N4239
Vceo Collector to Emitter Voltage 40V 60 V 80V
VeBo Collector to Base Voltage 40V 60 V 80V
VEBO Emitter to Base Voltage 70V 7.0V 70V
Ic : Continuous Collector Current 1.0A 1.0A 1.0A
Ig Continuous Base Current 0.2A 0.2A 0.2A
Maximum Power Dissipation
Pp Total Dissipation @ 25°C Case Temperature 6.0 W
Derate Linearly from 25°C 34.3mw/°C
Maximum Temperatures
Ty Tt Storage and Operation Junction Temperatures —65°C to +200°C
Thermal Characteristics
Royc Thermal Resistance, Junction to Case 29.2°C/W
SAFE OPERATING AREA JEDEC (TO-39) Outline
10 I l ‘ g5 500 %_ - "“"m;t;m)
} DiA. i
5.0 —+ T " ¥
< { 760: n&:‘(;omi‘ uo(s%_:
e 17 oI eannG_ (T
E‘ 1.0 \.%;"-v:(_ PANE ST ] i
2 05 N ADS 500 (12.70) MiN
o
§ de A zwféfmrp
5 § 1 LEAD NO. 2
2 on ) K emmen
S hos 2N4237 » ; ~LARR
° — 2N 423‘3—» 1 | U — AL
- | 2nNa239 | | \ ;
0.01 ] l | ’ 6
1.0 2.0 5.0 10 20 50 100
NOTES:
VCE - COLLECTOR-EMITTER VOLTAGE Vv All dimensions in inches (bold) and millimeters (parentheses)
Leads are gold-plated kovar
Lead No. 3 connected to case
Package weight is 0.76 gram
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FAIRCHILD e 2N4237 o 2N4238 ¢ 2N4239

ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted)

2N4237 2N4238 2N4239
SYMBOL CHARACTERISTIC UNIT TEST CONDITIONS
MIN | MAX | MIN |MAX MINLMAX
OFF CHARACTERISTICS
v Collector-Emitter Sustaining 40 60 80 v e =100 mA. la=0
CEO(sUs) | y5itage (Note 1) ¢ mh B
1.0 mA | Vcg=40V, Ig=0
IcEO Collector Cutoff Current 1.0 mA Vcg=60V, Ig=0
1.0 mA | Vcg=80V, Ig=0
0.1 mA VCE=45V.VBg =—15V
0.1 mA | VCE=75V,VBg = ~1.5V
| Coll Cutoff 0.1 mA | VCE=90V.VBg = 1.5V
CEX ollector Cutoff Current 1.0 mA VCE = 45 V.VBE = ~1.5 V,TA = 150°C
1.0 mA | VCE=75V,VBg = —1.5 V,Tp = 150°C
1.0 mA Vce =90 V,VBg = —1.56 V,Tp = 150°C
0.1 mA Vcg=50V, Ig=0
IcBO Collector Cutoff Current 0.1 mA Vecg=80V, Ig=0
0.1 | mA | Vgg=100V, Ig=0
IEBO Emitter Cutoff Current 0.5 0.5 0.5 mA VEg=6.0V, Ic=0
ON CHARACTERISTICS
30 30 30 Ic=50mA, Voe=1.0V.
30 150 30 150 30 150 Ic=250mA, V =10V
hgg DC Current Gain (Note 1) ¢ " cE
30 30 30 Ic=500mA, Vcg=4.0V
15 15 15 Ic=1.0A, VCg=1.0V
v Collector-Emitter Saturation 0.3 0.3 0.3 \% Ic =500 mA, Ig=50mA
CEGat) | yoitage (Note 1) 06 06 06 | V | Ic=10A4, Ig=100mA
v Base-Emitter Saturation Voltage 15 15 15 v | 104 | 100 mA
. . . =1.0A, Ig= m
BE(sat) (Note 1) Cc B
Base-Emitter “On"’ Volt
VBE(on) | e omiter DnT Voltage 10 1.0 10| V | 1c=250mA, Veg=1.0V
(Note 1)
DYNAMIC CHARACTERISTICS
fr Current-Gain-Bandwidth Product 2.0 2.0 2.0 MHz | Ic=100mA, Vcg =10V, f=1.0MHz
Cob Output Capacitance 100 100 100 pF Veg =10V, Ig=0, f=0.1 MHz
hfe Small Signal Current Gain 30 30 30 Ic=100mA, Veg =10V, f=1.0kHz

NOTE: 1. Pulse conditions: Length = 300 us, Duty Cycle = 2%.
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FAIRCHILD ¢2N4237 e 2N4238 e 2N4239

TYPICAL ELECTRICAL CHARACTERISTICS

DC CURRENT GAIN

DC CURRENT GAIN

DC CURRENT GAIN
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POWER TRANSISTOR 2Na398
PNP SILICON 2Na 399

DESIGNED FOR USE IN POWER AMPLIFIER AND SWITCHING CIRCUITS
SERVES AS DIRECT REPLACEMENT FOR
GERMANIUM HIGH POWER DEVICES

e 200 W DISSIPATION AT 25°C CASE
e 30 A MAXIMUM CONTINUOUS COLLECTOR CURRENT
e COMPLEMENT TO 2N5301, 2N5302

ABSOLUTE MAXIMUM RATINGS (Note 1)
Maximum Voltages and Currents 2N4398 2N4399
Vceo  Collector to Emitter Voltage -40 V -60 V
VcBo Collector to Base Voltage -40V -60 V
VEgBo  Emitter to Base Voltage -5.0V -5.0V
Ic Continuous Collector Current 30A 30A
Ig Continuous Base Current 75 A 75A
Maximum Power Dissipation
Pp Total Dissipation A 25°C Case Temperature 200 W
Derate Linearly from 25°C 1.14 W/°C
Maximum Temperatures
Ty Tstg Storage and Operation Junction Temperatures -65°C to +200°C
Thermal Characteristics
Rpuc Thermal Resistance, Junction to Case 0.875°C/W
SAFE OPERATING AREA JEDEC (TO-3) Outline
215 (5 a6) o838 01211
205 (5 20) | 8052045 1135 (3.43)
i MAX.
100 T ! i I
50 I ’oo];‘:‘ ! SEATING PLANE 0es 1 22 ¥
< \\s\”’% S ' - G55 losek
20 312(7.92) MIN
o NG -y -
% 5o A LeADNO. 2.~ . »ﬁ%ﬂ%—é@l
3 N \Y 225 (5.71) e ~
B T\ 205 (5200 - N, 1161409
[ ‘ i i L ® N/ 751(384) N
2 20 440 (11.18) | / | 2 PLACES
5 N Ae) e n
b \ Azam? 67)
3" I <R - 2 piaces
© os AN INPUT - . <
Il — - 2N4398 A\ - 526 (13 34) MAX.
L 0.2 N4399. - LEAD NO. 1
. I NOTES:
0.1 All dimensions in inches (bold) and millimeters (parentheses)
-1.0 -2.0 -5.0 -10 -20 -50 -100 Pins are gold-plated or solder-dipped alloy 52
Pins 1 and 2 electrically isolated from case
VCE - COLLECTOR-EMITTER VOLTAGE - V Case is third electrical connection
Aluminum package with copper slug, pins are soldered in
Package weight is 7.4 grams
Aluminum cap
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FAIRCHILD o 2N4398 e 2N4399

ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted)

2N4398 2N4399

SYMBOL CHARACTERISTIC UNIT | TEST CONDITIONS

min | max | min | wax

OFF CHARACTERISTICS

Collector-Emitter-

VCEO(sus) Sustaining Voltage (Note 1) -40 -60 v lc=200mA,1g=0
5.0 mA \" =-40V,Ig =0
IceEO Collector Cutoff Current - CE B
: 50 | mA | Vgg=-60V,Ig=0
5.0 mA | Vep=-40V,Vge=15V
IcEX Collector Cutoff Current 5.0 mA Veg=-60V,Vgpg=15V
10 10 mA Vcg=-30V,Vgg=15V,
Tg = 150°C
| Collector Cutoff C 1.0 mA | Veg=-40V,Ig=0
olle t t
CBO ctor Cutoff Curren 10 mA Vog = ~60V, Ig =0
leBO Emitter Cutoff Current 5.0 5.0 mA Veg=-5.0V,ic=0
ON CHARACTERISTICS
5.0 5.0 le=30A, Ve =-40V
hgg DC Current Gain (Note 1) 15 60 15 60 Ic=15A,Vgg=-40V
40 40 Ic=10A,Veg=-20V
-4.0 -4.0 V | 1c=30A,15=60A

Collector-Emitter

\% -0.75 -0.7 \ le=10A,Ig=10A
CE(sat) Saturation Voltage (Note 1) 0 5 c B
-1.0 -1.0 v lc=15A,Ig=15A
) Base-Emitter Saturation _ _
VBEGsat) | vortage (Note 1) -185 1.85 V | Ic=15A,1g=15A
v Base-Emitter “’On"’ -3.0 -3.0 \ Ic= 30 A, VCE =-40V
BElon) | voltage (Note 1) -18 -18 V| 1g=15A,Vgg=-20V
DYNAMIC CHARACTERISTICS
Current-Gain- lc=10A,Vgg=-10V
c .VcE ,
fr Bandwidth Product 40 40 MHz | ¢~ 1.0 MHz

|C=‘|.0A, Vecg=-10V,

hfe Small Signal Current Gain 40 40 f=1.0kHz

SWITCHING CHARACTERISTICS

RESISTIVE LOAD

Vee=-30V,Ic=10A,
Rise Time 0.4 0.4 us g = 1.0A, tp = 10 to 100 us,
Duty Cycle 2%

Vee=-30V,Ic=10A,
s Storage Time 1.5 15 us IB1 =I32=1.0A,tp= 10 to 100 pus,
Duty Cycle = 2%

t

Vee=—30V,Ic=10A,
t¢ Fall Time 0.6 0.6 us g1 = Igy = 1.0A, tp = 10 to 100 us,
Duty Cycle 2%

NOTE: 1. Pulse conditions: Length = 300 us, Duty Cycle = 2%.

6-38



FAIRCHILD ¢ 2N4398 ¢ 2N4399

hpg - DC CURRENT GAIN

VBE({on) ~ BASE-EMITTER ON VOLTAGE - V

TYPICAL ELECTRICAL CHARACTERISTICS

COLLECTOR-EMITTER

DC CURRENT GAIN SATURATION VOLTAGE
160 T T T 7T 15
- veg = 40 v H
q | |
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130 g B> 12 4
E i
] | ]
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e t {
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| \ 52 et
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10 ) L
0.1 05 1.0 5.0 10 50 100 0.1 05 1.0 5.0 10 50 100
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2Nag9s
POWER TRANSISTOR SNA896

NPN SILICON 2Na897

DESIGNED AS GENERAL PURPOSE MEDIUM POWER DEVICE

4.0 W DISSIPATION AT 25°C CASE

L]

5.0 AMAXIMUM CONTINUOUS COLLECTOR CURRENT
e 0.7VcE(sat) AT2.0A
e LOW LEAKAGE Icgs(max) 100 tA @ Tg = 150°C

ABSOLUTE MAXIMUM RATINGS (Note 1)
Maximum Voltages and Currents 2N4895 2N4896  2N4897
Vceo  Collector to Emitter Voltage 60 V 60V 80V
VeBO Collector to Base Voltage 120V 120 V 120V
VEgo  Emitter to Base Voltage 6.0V 6.0V 6.0V
Ic Continuous Collector Current 5.0A 5.0 A 50A
Ig Continuous Base Current 1.0A 1.0A 1.0A
Maximum Power Dissipation
Pp Total Dissipation @ 25°C Case Temperature 4.0W
Derate Linearly from 25°C 22.9 mW/°C |
Maximum Temperatures :
Ty rTstg Storage and Operation Junction Temperatures -65°C to +200°C
Thermal Characteristics
Rguc Thermal Resistance, Junction to Case 43.8°C/W
SAFE OPERATING AREA JEDEC (TO-39) Outline
330500 7, = Sh5se0
5.0 . 5 18001)
Nl kt\ x\o}s ms l } . ¥
20 1 ms O ms 0801 02 L%ﬁg‘iwf
< . = 40,102 16 096
oSN R R
E ! dc \ \ MO T
g os ™ 3ieADS | | 500 (12 701 MIN
€ DR IRCTN N s | J [
3 AN | Saiice | |
x 0.2 - - zoora!)eyrp
2 | N TR = leaomoz
2 o1 — ‘ SR
3 B R R
S 0.05————+ i i — ' ) "
o ¢ -} 2nag9s | wre 3 Y7 e
= 0.02 j 2N4896) | S
| 2N4897 - > NN v s0qpone
L “ 3§;f§?ﬂ 029 (737)

1 |
1.0 2.0 50 10 20 50 100 200
VCE - COLLECTOR-EMITTER VOLTAGE - V NOTES: -
CE All dimensions in inches (bold) and millimeters (parentheses)
LLeads are gold-plated kovar
Lead No. 3 connected to case
Package weight is 1.23 grams




FAIRCHILD e 2N4895 e 2N4896 e 2N4897

ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted)

2N4895 2N4826 2N4897
SYMBOL CHARACTERISTIC UNIT TEST CONDITIONS
MIN MAX MIN MAX MIN MAX
OFF CHARACTERISTICS
Collector-Emitter
\ Il = A =
VCEO(sus) Sustaining Voltage (Note 1) 60 60 80 c=80mA.1g=0
1.0 1.0 mA VCE=120 V,Vgg =0
1.0 mA Veg=150V, Vge =0
1.0 1.0 mA Vcg =60V, Vgeg=0
ICES Collector Reverse Current 1.0 mA VCE =100V, VBE =0
0.1 0.1 mA Vg =60V, Vgg =0,
Tc =180°C
0.1 mA Vee =100V, Vge =0,
Tc =150°C
leBO Emitter Cutoff Current 1.0 1.0 1.0 mA Vgg =40V, Ic=0
ON CHARACTERISTICS
40 120 100 300 40 120 Ic=2.0A,V =20V
heg DC Current Gain (Note 1) ¢ CE
15 35 15 Ic=2.0A,Vcg =20V,
Tc=-55C
Collector-Emitter
\" = =
CEfsat) Saturation Voltage (Note 1) 1.0 10 1.0 v lc=50A.1g=5.0A
Base-Emitter Saturation — -
VBE(sat) | voltage (Note 1) 16 1.6 1.6 v Ic=5.0A,lg=05A
DYNAMIC CHARACTERISTICS
i Veg =10V, 1 =0,
cob Output Capacitance 80 80 80 pF £ 53.14 MH2 E
. \ =05V,Ic=0,
Cip Input Capacitance 500 500 500 pF P =E(B),14 MH2 c
Magnitude of Common Emitter 'C =0.5A, VCE =50V,
h . 4. .
| fel Small Signal Current Gain 25 0 25 f =20 MHz
SWITCHING CHARACTERISTICS
RESISTIVE LOAD
t Delay Time 50 50 50 us
d Y Vec=20V,Ig=50A,
g1 = 05 A, tp= 10 ps,
Duty Cycle 1%
t, Rise Time 300 300 300 us
tg Storage Time 350 350 350 us
Vee=20V,Ic=5.0A,
Ig1 =1g2 =05 A, t, =10 s,
Duty Cycle 1%
tf Fall Time 300 300 300 us
|
L

NOTE: 1. Pulse conditions: Length = 300 us, Duty Cycle = 2%.
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FAIRCHILD o 2N4895 e 2N4896 e 2N4897

DC FORWARD CURRENT

hFg

BASE-EMITTER

SATURATION VOLTAGE V

VBE(sat)

OUTPUT CAPACITANCE pF

Cob

TYPICAL ELECTRICAL CHARACTERISTICS

DC CURRENT GAIN
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POWER TRANSISTOR 2N4a89s
2N4as899

PNP SILICON 2N4900

MEDIUM POWER DEVICE DESIGNED FOR DRIVER CIRCUITS,
SWITCHING AND AMPLIFIER APPLICATIONS

e 25 W DISSIPATION AT 25°C CASE
e 4.0 A MAXIMUM CONTINUOUS COLLECTOR CURRENT
e COMPLEMENTS 2N4910, 2N4911, 2N4912

ABSOLUTE MAXIMUM RATINGS (Note 1)

Maximum Voltages and Currents 2N4898 2N4899 2N4900
VCcEO Collector to Emitter Voltage —40V —60 Vv 80V
Veeo Collector to Base Voltage —40V —60 V -80V
VEBO Emitter to Base Voltage 5.0V -5.0V 5.0V
Ic Continuous Collector Current 1.0A 1.0 A 1.0A
g Continuous Base Current 1.0A 1.0A 1.0A
Maximum Power Dissipation
Pb Total Dissipation @ 25°C Case Temperature 25 W
Derate Linearly from 25°C 0.143W/°C
Maximum Temperatures
Ty, Tstg Storage and Operation Junction Temperatures —65°C to +200°C
Thermal Characteristics
Rgic Thermal Resistance, Junction to Case 7.0°C/W
SAFE OPERATING AREA JEDEC (TO-66) Outline
10 T
o
< ~ R saklem- -~ e
= \\ .,\*l)v,%” 82?,\}%; P l '
E 1.0 N ¥ﬂ>~ 'zm—j o5 10
3 AL 0% o '
« L 9622443
g A S T
w 1901483 152,386
3 o . Rk
© nador CEEI
2N4300
, NOTES: , )
03110 Yy o —io 20 —80 —100 ,:ilrl‘guggzr;s(;?dr!‘sﬂg;elgc&evsaﬁbold) and millimeters (parentheses)
VCE - COLLECTOR-EMITTER VOLTAGE -~ V Pins 1 and 2 electrically isolated from case
Case is third electrical connection
Nickel-plated steel base and cap
Package weight is 6.5 grams
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FAIRCHILD ¢ 2N4898 e 2N4899 ¢« 2N4900

ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted)

2N4898 2N4899 2N4900
SYMBOL CHARACTERISTIC UNIT TEST CONDITIONS
MiN [max | min [max [min | max
OFF CHARACTERISTICS
v Collector-Emitter Sustaining 40 60 80 v I =100 mA. Ir=0
CEO(sus) | y/q1tage (Note 1) ¢ A e
0.5 mA | Veg=-20V, Ig=0
IcEO Collector Cutoff Current 0.5 mA | Vcg=-30V, Ig=0
0.5 mA Vcg=-40V, Ig=0
0.1 mA Vcg=-40V, VBg=15V
0.1 mA Vcg=-60V, VBg=16V
0.1 mA Vce=-80V, Vgg=15V
Vcg=-40V, Vgg=15V,
1.0 mA A
ICEX Collector Cutoff Current Tc=150"C
Vcg=-60V, V =15V,
1.0 mA | SCET7¥ BE
Tc=150°C
Vce=-80V, Vge =15V,
1.0 mA CE B BE
Tc=150°C
0.1 mA Veg=-40V, Ig=0
IcBO Collector Cutoff Current 0.1 mA Veg=-60V, Ig=0
0.1 | mA | Veg=-80V, Ig=0
lEBO Emitter Cutoff Current 1.0 1.0 1.0 mA Veg=-50V, Ic=0
ON CHARACTERISTICS
10 10 10 Ic=50mA, Veg=-1.0V
hgge DC Current Gain (Note 1) 20 100 20 100 20 100 Ic =500 mA, Vcg=-10V
40 40 40 Ic=1.0A, VcE=-1.0V
v Collector-Emitter Saturation 06 06 0.6 v | 10A I 100 mA
. -0. —0. -0. =1, = m
CElat | yoitage (Note 1) ¢ B
v Base-Emitter Saturation 13 13 13 v le=1.0A [n=100mA
BE(sat) Voltage (Note 1) ’ ’ o cmiEA BT m
Vv Base-Emitter “On’’' Voltage 13 1.3 13 v o= 1.0A Ve =10V
BE(on) (Note 1) : . - c=1UA, Vce=-I
DYNAMIC CHARACTERISTICS
Ic =200 mA, V =-10V
T Current-Gain-Bandwidth Product 3.0 3.0 3.0 MHz | © mA. YCE ’
f=1.0MHz
Cob Output Capacitance 100 100 100 pF Veg=-10V, Ig=0, f=0.1 MHz
Ic =250 \Y =-1
hte Small Signal Current Gain 25 25 25 €250 mA, Vee=-10V,
f=1.0kHz

NOTE: Pulse Condition: Length = 300 us, Duty Cycle = 2%
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FAIRCHILD ¢ 2N4898 » 2N4899 ¢ 2N4900

TYPICAL ELECTRICAL CHARACTERISTICS

DC CURRENT GAIN DC CURRENT GAIN DC CURRENT GAIN
1000 T ToTET 1000 TA= B5°C 1000 —T—T77 T T = 156°C
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POWER TRANSISTOR

PNP SILICON

2N4a901
2N4aso:2
2N4903

DESIGNED FOR USE IN POWER AMPLIFIER AND SWITCHING CIRCUITS

® 87.5W DISSIPATION AT 25°C CASE
® 5.0 A MAXIMUM CONTINUOUS COLLECTOR CURRENT
® COMPLEMENTS TO 2N5067, 2N5068, 2N5069

ABSOLUTE MAXIMUM RATINGS (Note 1)
Maximum Voltages and Currents 2N4901 2N4902 2N4903
VCEO Collector to Emitter Voltage —40V —60 V -80V
VcBO Collector to Base Voltage —40V —60 Vv —-80V
VEBO Emitter to Base Voltage -5.0V -5.0V —-50V
Ic Continuous Collector Current 5.0 A 5.0 A 5.0 A
IB Continuous Base Current 1.0A 1.0A 1.0A
Maximum Power Dissipation
PD Total Dissipation @ 25°C Case Temperature 875 W
Derate Linearly from 25°C 0.5W/°C
Maximum Temperatures
TJ, Tstg  Storage and Operation Junction Temperatures —65°C to +200°C
Thermal Characteristics
RgJc Thermal Resistance, Junction to Case 2.0°C/W
SAFE OPERATING AREA JEDEC (TO-3) Outline
215 (5.46) . 83502121)
205 (5 20) 805 (20 45) 135 (343)
i MAX
1 ~ T T ; s
AN 1 ms{1100 .
50 o } SEATING PLANE | o048 (1 221 ¥
a RN ] = 038 (0.965)
- \ 312 (7 92) MIN
4
£ .0 A\ - nmey -
] LEAD NO. 2 e - %;g {;éé?
o o zzg JCRATI TN ! !
@c 1. 205 (5 20) \ 161 (4.09)
T . / N/ 51384
5 H “a“" ’ ‘ / ® \\ 2 PLACES
Y os 420 (1067)
3 \ " 188 (4 78 MAX
3] 2N4901—»| ' 2 PLACES
Il T INPUT -
© 2N4992 \-—.525 (13 34) MAX
o2 2N4963 NOTES: . LEAD NO. 1
01 All dimensions in inches (bold) and millimeters (parentheses)
’ . . - , Pins are gold-plated or solder-dipped alloy 52
10 2