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MOTOROLA
POWER TRANSISTORS
IN BRIEF

Wide Range of Transistor Specifications
Bipolar transistors, NPNs and PNPs, single and multiple (Darlington) transistor struc-

tures, metal and plastic packages, Motorola’s inventory of more than 1100 standard
(off-the-shelf) power transistors covers the widest range of specifications for virtually
every potential applications requirement.

Current Range — 0.5 to 100 Amperes

Voltage Range — 25 to 1800 Volts

Power Dissipation Range — 5 to 250 Watts.

Darlingtons

Consisting of two transistors, up to two resistors, and (up to) two diodes on a single
chip, Darlington transistors achieve gain figures up to 20,000 in a single package.
Rapid line expansion, and the resulting widespread implementation make Motorola
Darlingtons highly cost-effective in a fast growing number of applications.

Chips, Chips, Chips!

Designing a hybrid? Motorola’s wide range of power transistors is available. . . .
UNENCAPSULATED through authorized chip distributors: Check with your Motorola
Sales representative for the chip distributor in your area, preferred parts list, price and
delivery.

Specials

Need a unique transistor with specifications not available off-the-shelf? Chances
are Motorola can produce it quickly and inexpensively. Routine use of four major power
processes and more than two decades of experience in the pioneering of new structures
and geometries provide the insight and capability to meet any required specification
within the limits of today’s technology. Specials will require minimum order quantities
and minimum yearly run rates. Check with your local Motorola representative for more
information on special devices.






Alphanumeric Index
and Cross Reference

The table on the subsequent pages con-
tains an Alphanumeric index of Silicon power
transistors currently manufactured and avail-
able to the industry.

The column headed “‘Similar” lists units
with characteristics that might represent suit-
able replacements. In cases where such a
replacement is contemplated, the Motorola
device data sheet should be carefully com-
pared with one for the device being replaced
to determine any variations that could affect
circuit performance.
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ALPHANUMERIC INDEX — CROSS-REFERENCE

try part number, the Motorola device is a ““form, fit and
function’” replacement for the industry type number —
however, subtle differences in characteristics and/or
specifications may exist.

The following table represents an index and cross-
reference guide for all low-frequency power transistors
which are either manufactured directly by Motorola or
for which Motorola manufactures a suitable equivalent.
Where the Motorola part number differs from the Indus-

Motorola Motorola ) Motorola Motorola
Industry Direct Similar Page Industry Direct Similar Page
Part Number Replacement Replacement Number Part Number Replacement - Replacement Number

2N1487 2N5877 3-127 2N3447 2N3447 318
2N1488 2N5878 3121 2N3448 2N3448 318
| 2N1489 2N5877 3-127 2N3583 2N3583 3-20
2N1490 2N5878 3127 2N3584 2N3584 320
2N1702 2N5877 3127 2N3585 2N3585 320
2N3016 2N5337 3-100 2N3667 2N5881 3130
2N3021 2N3789 3-56 2N3713 2N3714 3-26
2N3022 2N3789 3-56 2N3714 2N3714 326
2N3023 2N3789 356 2N3715 2N3715 326
2N3024 2N3791 356 2N3715JAN 2N37150AN 326
2N3025 2N3791 3-56 2N3715JTX IN37154TX 326
2N3026 2N3791 3-56 2N3715JTXV 2N3715JTXV 326
2N3054. 2N3054 : 32 2N3716 2N3716 3-26
2N3054A 2N3054A 32 2N3716JAN 2N3716JAN 3-26
2N3055 2N3055 36 2N37168JTX 2N37164TX 3-26
2N3055A 2N3055A 39 2N3T16JTXV 2N3716JTXV 3.26
2N3055H § 2N3055A 39 2N3719 2N3719 332
2N3055JAN 2N5302JAN 3-96 2N3720 2N3720 332
2N3055S8D 2N3055A 39 2N3738 2N3738 337
2N3055U8 2N3055A 39 2N3739 2N3739 337
2N3076 2N6249 3177 2N3739JAN 2N3733JAN 337
2N3079 2N6308 . . 3-194 2N3739JTX 2N3739JTX 337
2N3080 2N6543 3-229 2N3739JTXV 2N3739JTXV 337
2N3171 2N3789 3-56 2N3740 2N3740 341
2N3172 2N3789 3-56 2N3740A 2N3740 341
2N3173 2N3790 3-56 2N3740JAN 2N3740JAN 341
2N3174 2N6226 39 2N3740JTX 2N3740JTX 341
2N3183 2N3789 3-56 2N3740JTXV 2N3740JTXV 341
2N3184 2N3789 3-56 2N3741 2N3741 341
2N3185 2N3790 3-56 2N3741A 2N3741A 341
2N3186 MJ15016 39 2N3741JAN 2N3741JAN 341
2N3195 2N3789 3-56 2N3741JTX 2N3741JTX 341
2N319%6 2N3789 3-56 2N3741JTXV 2N3741JTXV 341
2N3197 2N3790 3-56 2N3766 2N3766 344
2N3198 MJ15016 39 2N3766JAN 2N3766JAN 344
2N3202 2N3719 3-32 2N3766JTX 2N3766JTX 3-44
2N3203 2N3720 332 2N3766JTXV 2N3766JTXV 344
2N3204 2N6303 3-32 2N3767 2N3767 344
2N3232 2N5877 3127 2N3767JAN 2N3767JAN 344
2N3233 2N5882 3130 2N3767JTX 2N3767JTX 344
2N3234 2N5760 3123 2N3767JTXV 2N3767JTXV 344
2N3235 2N3055 3-6 2N3771 2N3771 348
2N3236 2N5882 3-130 2N3772 2N3772 348
2N3237 2N5302 3-96 2N3773 2N3773 3-52
2N3238 2N5882 3-130 2N3788 2N6543 3-229
2N3239 2N5882 3-130 2N3789 2N3789 356
2N3240 2N5882 3-130 2N3790 2N3790 3-56
2N3418 2N5336 3-100 2N3791 2N3791 356
2N3419 2N5336 3-100 2N3791JAN 2N3791JAN 3-56
2N3420 2N5336 3-100 2N3791JTX 2N3791JTX 3-56
2N3421 2N5336 3-100 2N3791JTXV 2N3791JTXV 356
2N3441 2N3441 313 2N3792 2N3792 3-56
2N3442 2N3442 315 2N3792JAN 2N3792JAN 3-56
2N3445 2N3477 3-18 2N3792JTX 2N3792JTX 3-56
2N3446 2N3448 318 2N3792JTXV 2N3792JTXV 3-56




ALPHANUMERIC INDEX — CROSS-REFERENCE (continued)

Motorola Motorola Motorola Motorola
Industry Direct Similar Page ' Industry Direct Similar Page
Part Number Replacement Replacement Number Part Number Replacement Replacement Number
IN3863 N3715 332 2N4909 2N3792 356
2N3864 2N5882 332 2N4910 2N3054* 32
2N3865 MJ15001 332 N4 11 2N3054* 32
IN3B67 IN3867 332 2N4912 2N4912 375
IN3BE7JAN NIB6TIAN 3.32 2N4913 2N5756* 3123
N3B6TITX INIB67JTX 332 2N4914 N5758° 3123
2N3B67JTXV IN3BE7ITXV 332 2N4915 N5758° 3123
2N3867SJAN 2N3867SJAN 332 | 2N4918 2N4918 378
2N3867SUTX IN3BE7SITX 332 2N4919 2N4919 378
2N3BE7SITXV INIBETSITXV 332 2N4920 2N4920 378
2N3868 23868 332 2N4g21 2N4921 382
2N3BEBJAN NIB6BJAN 332 24922 2N4922 382
2N3868JTX N3BE8JTX 332 N4923 24923 382
N3B6BITXV IN3BBBITXV 332 N4998 2N5339 3-100
N386BSJAN N3B6BSJAN 332 2N4999 2N6191 3.168
N3868SJTX 2N3868SJTX 332 2N5000 2N5339 3100
2N3868SITXV N3B6BSITXV 332 25001 2N6191 3168
N378 2N5428 3.108 2N5002 2N5339 3100
N3879 2N5430 3.108 2N5003 2N6191 3168
N3902 2N3902 3.60 2N5004 2N5339 3.100
N39%6 N5339 3100 2N5005 2N6191 3.168
2N3997 2N5339 3-100 N5034 2N3055 36
2N3998 2N5339 3100 5035 2N3055 36
2N3999 2N5339 3.100 2N5036 2N3055 36
2N4000 2N5339 3.100 N5037 2N3055 36
2N4001 2N5339 3100 N5038 2N5038 386
2N4002 26274 3181 INS038JAN 2N5038JAN 386
2N4003 2NG274 3181 NS038JTX 2N5038TX 386
2N4070 2NG306 3.194 N503BITXV 2N5038ITXV 386
2N4071 2NG306 3194 N5039 25039 386
2N4111 2N3715 3-26 INS039JAN 2N5039JAN 386
2N4113 2N3716 3.26 N5039JTX 2N50394TX 386
2N4115 2N5339 3-100 N5039UTXV 2N5039TXV 386
2N4116 2N5339 3.100 2N5050 2N3584 320
2N4231A 2N3054A 32 2N5051 2N3584 320
N4232A N3054A 32 N5052 2N3584 320
2N4233A IN4233A 364 2N5067 2N5758* 3123
4240 N4240 320 2N5068 2N5758* 3123
2N4296 3738 337 2N5069 2N5758* 31123
24297 N3738 337 2N5083 2N5339 3-100
IN4298 2N6235 3174 2N5084 2N5339 3-100
2N4299 N6235 3174 2N5085 2N5339 3.100
2N4300 N5337 3-100 N5147 2N6191 3168
2N4301 5337 3-100 2N5148 2N5337 3100
N4305 2N5337 3-100 2N5149 2N6191 3.168
N7 o3y 3100 Naist SNetor 3168
2N4309 2N5339 3100 2N5152 2N5337 3100
N4 N5337 3100 w152 st 310
N4314 23868 332 ans1ss o 368
4347 2N3055A 315 -
2N4348 2N5630° 312 SNato0 N5190 2o 5
2N4387 2N4898 372 2N5191 2N5191 388
anasse N3 2N4898 i N5192 25192 388
N4399 2N4399 368 N5193 25193 392
2NA399JAN 2N4399JAN 368 oo il 3
2N4399JTX NA3GQITX 368 AT NS428 )
INA3QUTXV 2NA39ITXV 368 e INaazs 1%
N4877 2N5337 3100 2N5240 26545 3235
24898 2N4898 3.72 -
2wiges N0 372 Nezot SNeods i
2N4900 2N4900 3.72 -
2N5284 2N5339 3-100
4901 MJ15016 39
2N4902 MI15016 39 anoae 2E39 3-100
2N4903 MJ15016 39 3-168
2N5287 26193 3168
2N4904 MJ15016 39
24905 MJ15016 39 a2 oS 3ie
2N4306 MJ15016 39 2N5295 2N6121 3164
24907 2N3791 356 A oo 16
2N4908 2N3791 3-56 316

*Consult Motorola if a direct replacement is necessary.
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ALPHANUMERIC INDEX — CROSS-REFERENCE (continued)

Motorola Motorola Motorola Motorola
Industry Dirsct Similar Page Industry Direct Similar Page
Part Number Replacement Replacsment Number Part Number Replacement Replacement Number
2N5297 2N6122 3164 2N5616 ) 2N3448 318
2N5298 2N6122 3-164 2N5618 2N3448 318
2N5301 2N5301 396 2N5629 2N5629 3112
2N5302 2N5302 396 2N5630 2N5630 3112
2N5302JAN 2N5302JAN 396 2N5631 oNS631 3112
2N5302JTX 2N5302JTX 396 2N5632 2N5882 3-130
ZNggngXV gng%ﬂxv 3.96 2N5633 MJ15001 ggﬁ
2N 3-96 2N5634 MJ15001 -
2N5303JAN 2N5303JAN 396 2N5651 2N6235 3174
2N5303.TX 2N5303JTX 396 2N5655 2N5655 3-116
2N5303JTXV 2N5303JTXV 3-96 2N5656 2N5656 3-116
N 2N6303 3-32 -
2N5334 2N5337 3-100 2N5664 2N6233 3174
2N5335 2N5337 3-100 2N5665 2N6235 3-174
2N5336 2N5336 3-100 2NS671 2N6338 3-202
2N5337 2N5337 3-100 2N5672 2N6339 . 3-202
2N5338 2N5338 3-100 2N5678 2N6378 3-205
N 3-104 2N5683JAN -
2N5345 2N6212 3171 | IN5683JTX 2N5683JTX 3119
2N5346 2N5339 3-100 2N5683JTXV 2N5683JTXV 3-119
2N5347 2N5339 3100 2N5684 2N5684 3119
2N5348 2N5339 3-100 2N5684JAN INS684JAN 3119
2N5349 2N5339 3-100 2N5684JTX IN5684JTX 3119
2N5384 2N6191 3168 2N5684JTXV 2N5684JTXV 3119
2N5385 2N6191 3-168 2N5685 2N5685 3119
2N5386 2N5038 3-86 2N5685JAN IN5685JAN 3119
2N5387 2N6546 3-239 2N5685UTX 2N5685JTX 3119
2N5388 2NB546 3239 2N5685JTXV 2N5685/TXV 3119
2N5389 2NB546 3239 2N5686 2N5686 3119
2N5404 2N6191 3-168 2N5686JAN 2NS686JAN 3119
2N5405 2N6193 3-168 2N5686JTX 2N5686JTX 3119
2N5406 2N6191 3168 2N5686JTXV 2N5686JTXV 3119
2N5407 2N6193 3-168 2N5729 2N5337 3-100
2N5408 N6191 3-168 2N5730 2N5339 3-100
2N5409 %NS,SG 3-168 2N5733 2N6274 3-181
2N5410 2N6191 3-168 2N5734 2N6338 3-202
2N5411 ING193 3.168 2NS737 2N5878 3.127
2N5427 2N5428 3108 2N5738 2N5880 3130
2N5428 2N5428 3-108 2N5739 2N5878 3-127
e e || s o i
2N5430 3-108 -
2:5466 2NB545 3.235 2N5742 2N6029 3112
2N5467 2N6545 3-235 2N5743 2N5883 3-134
3100 2N5744 MJ4502 3-636
%&‘3% 532333 3-100 2N5745 2N5745 3-68
2N5479 2N5339 3-100 2NS745JAN 2N57450AN 3-68
2N5480 2N5339 3-100 2N57450TX 2N57450TX 368
2N5490 MJE3055T 31018 2N57450TXV 2N57450TXV 3-68
2N5491 MJE3055T 31018 2N5758 2N5758 3123
2N5492 2N6292 3-161 2N5759 2N3055A 39
2N5493 2N6292 3.161 2N5760 2N5760 3123
2N5494 MJE3055T 3-1018 2N5804 2N6306 3-194
2N5495 MJE3055T 3-1018 2N5805 2N6543 3-229
; 2N5838 2N6308 X
2N5496 2N6292 3-161 3-194
2N5497 2N6292 3161 g’bjggig 2';6308 3194
2N5508 2N5428 3-108 2N6308 3-194
- 2N5867 2N3789 356
2N5539 2NB379 3-205 ON3868 ON3790*
2N5559 MJ15001 3-844 3-56
2N5869 2N3714*
2N5575 2N5685 3-119 : 326
2N5578 N5685 3119 e A 3-26
2N5598 2N5428 3-108 N 356
IN3B0 5N5428 3108 2N5872 2N3790 356
2N5602 2N5428 3-108 2N5873 3714 326
2N5874 2N3714* .
2N5604 2N5430 3-108 326
2N5606 2N5428 3108 25875 2N5875 3127
2N5610 2N5428 3108 2N5876 2N5876 3127
N5612 N5430 3.108 25877 2N5877 3127
2N5614 IN3438 318 25878 2N5878 3127

*Consult Motorola if a direct replacement is necessary.
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ALPHANUMERIC INDEX — CROSS-REFERENCE (continued)

Motorola Motorola Motorola Motorola

Industry Direct Similar Page Industry Direct Similar Page
Part Number Replacement Replacement Number Part Number Replacement Replacement Number
2N5879 2N5879 3130 2N6052JAN 2N6052JAN 3153
2N5880 2N5880 3130 2N6052JTX 2NB052JTX 3153
2N5881 2N5881 3-130 2NB052JTXV 2NBO52JTXV 3153
2N5882 2N5882 3130 2N6053 2N6053 3157
2N5883 2N5883 3134 2N6054 2N6054 3157
2N5884 2N5884 3134 2N6055 2N6055 3157
2N5885 2N5885 3134 2NB056 2NB056 3157
2N5886 2N5886 : 3134 2N6057 2N6057 3153
2N5929 2N6338 3-202 2N6058 2N6058 3153
2N5930 2N6338 3202 2NB0S8JAN 2NBOSBJAN 3153
2N5931 2N6341 3-202 2NBO58JTX 2N6058JTX 3153
2N5932 2N6338 3-202 2N6058JTXV 2NBOSBJTXV 3153
2N5933 2N6338 3202 2N6059 2NB059 3153
2N5935 2NB341 3-202 2N6059JAN 2NBO5IJAN 3.153
2N5936 2N6338 3-202 2NB059JTX 2NBOSIJTX 3153
2N5937° 2N6341 3202 2N6059JTXV 2NBO5SJTRV 3153
2N5954 2N6318 3-198 2N6077 2N6235 3174
2N5955 2N6317 3198 2N6078 2N6235 3174
2N5956 2N6317 3-198 2N6079 2N6235 3174
2N5970 2N5882 3130 2N6098 2N6487 3221
2N5971 2N5882 3-130 2N6099 2N6487 3221
2N5972 MJ15003 3-847 %ﬁ%}gﬁ’ 2N6487 3-221
2N5974 MJE2955 3-1018 eI 2N6488 3-221
2N5975 MJE2955 31018 y 2N6488 3221
2N5976 MJE2955 31018 2N6103 2N6486 3-221
2N5977 MJE3055 3-1018 2N6106 2N6107 3-161
2N5978 MJE3055 31018 2N6107 2N6107 3-161
2N5979 MJE3055 31018 2N6108 - 6109 3-161
2N5980 MJE2955* 31018 2N6109 2N61 3161
2N5981 MJE2955" 31018 2N6110 2N6111 3-161
2N5982 2N5988" 3138 2N6111 2N6111 3-161
2N5983 MJE3055* 3.1018 2N6121 2NB121 3164
2N5984 MJE3055* 3-1018 2N6122 2N6122 3164
2N5985 2N5991* 3-138 2NB123 2N6123 3164
2N5986 2N5986 3138 2N6124 6124 3-164
N5987 2N5987 3138 2N6125 2N6125 3.164
§N§m 2N5988 3138 2N6126 TIP32C 3156
2N5989 2N5989 3138 2N6127 2N6436 3217
IN5990 2N5991 3138 2N6128 2N6338 3-202
2N5991 2N5991 3-138 2N6129 TIP41 3-1166
2N6021 TIP32C 3-1156 2N6130 TIP41A 31166
2N6022 TIP32C 3-1156 2N6131 TIP41B 31166
2N6023 2N6124 3164 2N6132 TIP42C 31166
2N6024 2N6124 3-164 2N6133 TIP42C 3-1166
2N6025 2N6125 3-164 2N6134 TIP42C 3-1166
2NG026 2NG125 3-164 2N6175 MPSU10 31135
N6029 2N6029 3112 2N6176 MPSU10 31135
2N6030 2N6030 3112 2N6177 MJE340 3-990
2N6031 2N6031 3112 2N6178 MPSUO6 31131
2N6032 2N6275 3-181 2N6179 MPSU05 31131
2N6033 2N6277 3181 2N6180 MPSUS6 31145
2N6034 2NB034 3-142 2N6181 MPSUS5 3-1145
2NB035 2N6035 3142 2N6186 2N6190 3.168
2NB036 2N6036 3142 2N6187 2N6191 3168
2N6037 2N6037 3142 2N6188 2N6193 3.168
2N6038 2N6038 3142 2N6189 2N6193 3168
2N6039 2N6039 3142 2N6190 2N6190 3.168
2N6040 2NB040 3146 2N6191 2N6191 3168
2N6041 2N6041 3146 2N6192 2N6193 3168
ING042 2NB042 3-146 2N6193 2N6193 3.168
2N6043 2N6043 3-146 2N6211 2N6211 3-171
2NB044 2N6044 3-146 2N6212 2N6212 3171
ING045 2N6045 3-146 2N6213 2N6213 3171

2NB049 2N6049 3-150 2N6226 MJ15016 39

INB050 2N6050 3153 2N6227 MJ15016 3.9

2N6051 2N6051 3153 2N6228 MJ15016 3.9
2N6051JAN 2N6051JAN 3-153 2N6229 2N5880 3-130
2NB051JTX 2NB051JTX 3153 2N6230 MJ15002 3-844
2NBOS1JTXV 2N6051JTXV 3-153 2N6231 MJ15002 3.844
2NB052 2NB052 3-153 2N6233 2N6233 3.174

*Consult Motorola if a direct replacement is necessary.
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ALPHANUMERIC INDEX — CROSS-REFERENCE (continued)

Motorola Motorola Motorola Motorola ‘
Industry Direct Similar Page . Industry Direct Similar Page
Part Number Replacement Replacement . Number Part:Number Replacement Replacement Number
2N6234 2N6235 3-174 2N6298JTX 2N6298JTX o 3157
2N6235 2N6235 - 3-174 2N6298JTXV 2N6298JTXV 3.157
2N6242 MJ13015 39 2N6299 2N6299 3.157
2N6243 MJ13335 3-834 2N6299JAN 2N6299JAN 3157
2N6244 MJ13333 3-834 2N6299UTX 2N6299JTX 3157
2N6245 MJ13335 3-834 2N6299JTXV 2NB29TXV 3.157
2N6246 2N5879 3-130 2N6300 2N6300 3-157
2N6247 2N5880 3130 2NB300JAN 2N6300JAN 34157
2N6248 MJ15016 39 - 2N6300JTX 2N6300JTX 3.157
2N6249 2N6249 3177 2NB300JTXV 2NB300JTXV 3157
2N6250 2N6250 3177 2N6301 “2NB301 3157
2N6251 2N6251 3177 2NB301JAN 2NB301JAN 3157
2N6253 2N5877 3127 2N6301JTX 2N6301JTX 3-157
2N6254 2N5878 3-127 2NB301JTXV 2NB301JTXV 3157
2NB257 2N5886 3-134 2N6302 i 2N5630 3112
2N6258 2N5686 3134 2N6303 2NB303 332
2N6259 5631 3112 2N6306 2N6306 3194
2N6260 2N3054A 32 2NB306JAN 2N6306JAN 3:194
2N6261 2N4233A 3-64 2N6306JTX 2NB30BITX 3-194
2N6262 2N5760 3123 2NB307 2N6307 3.194
2N6263 2N3584 3-20 2N6308 2NB308 3-194
2N6264 2N3584 3-20 2NB308JAN 2N6308JAN 3194
2NB270 2N6338 3-202 2NB308UTX 2NB308JTX 3194
2NB271 2N6338 3202 2N6312 2NB318 ' 3.198
2N6272 2N6338 3-202 2N6313 2N6318 3-108
2N6273 2N6338 3-202 2N6314 2N6318 3198
2N6274 2N6274 ‘3181 2N6315 2N6315 3-198
2N6274JAN 2NB274JAN 3-181 2N6316 *| 2N6316 3-198
2N6274JTX 2N6274JTX 3-181 2N6317 2N6317 3198
2N6274JTXV 2NB274JTXV 3181 2N6318 2N6318 3198
2N6275 2N6275 . 3181 2N6322 MJ10015 3706 -
2N6276 2N6275 3181 - 2N6323 MJ10015 3706
2N6277 2NB277 3-181 2N6324 MJ10015 3706
2NB277JAN 2NB277JAN 3181 2N6325 MJ10015 3706
2N6277JTX 2NB277JTX 3-181 2N6326 2N6328 -
2NB277JTXV 2NB277JTXV 3-181 2NB327 2N6328 -
2N6278 : 2NB274 3-181 2N6328 2N6328 -
2N6279 2N6275 3-181 2N6329 . 2N5884 3134
2N6280 2N6275 3181 2N6330 2N5884 3134
2N6281 2N6277 3181 2N6331 2N5884 3134
2N6282 2N6282 3-185 2NB338 2N6338 3-202
2N6283 2N6283 3185 2N6338JAN 2N6338JAN 3-202
2NG283JAN 2N6283IAN 3185 2NB338JTX 2N6338JTX 3-202
2N6283JTX 2N6283TX 3.185 2NB33BITXV 2NB33BITXV 3-202
2NB283UTXV 2N6283JTXV 3185 -2N6339 2N6339 3-202
2N6284 2N6284 3185 2NB340 2N6340 3202
2N6284JAN 2N6284JAN 3185 2N6341 2N6341 3-202
2N6284JTX 2N6284JTX 3-185 2NB341JAN 2NB341JAN 3-202
2NB284JTXV 2N6284JTXV 3-185 2NB3414TX 2NB341JTX 3-202
2N6285 2N6285 3185 2NB341JTXV 2NB3414TXV 3-202
2N6286 2N6286 3185 2N6354 2N6339 3-202
2N6286JAN 2N6286JAN 3-185 2N6355 2N6057 3153
2NB28BJTX 2NB28BJTX 3-185 2NB356 2N60S57 3153
2NB28BJTXV 2N6286JTXV 3-185 2NB357 2NB0S8 3153
2N6287 2N6287 3-185 2N6358 2N6058 3153
2NG287JAN 2NG287JAN 3-185 2N6359 2N5885 3134
2N6287JTX 2N6287JTX 3185 2NB371 2N3055 36
2NB287JTXV 2NB287JTXV 3-185 2N6372 2N6316 3198
2N6288 2N6288 - 3161 2N6373 2NB315 3198
2N6289 2N6288 3-161 2N6374 2N6315 3-198
2N6290 MJE3055T 31018 2NB377 2NB377 3-205
2N6291 MJE3055T 31018 2N6378 2N6378 3-205
2N6292 2N6292 3161 2N6378JAN 2NB378JAN 3:205
2N6293 . 2N6292 3-161 2NB3I78JTX 2NB378JTX 3-205
2N6294 2N6294 3-190, 2NB378JTXV 2NE378JTXV 3205
2N6295 2N6295 3-190 2N6379 2N6379 3-205
2N6296 2N6296 3190 2N6379JAN 2NB379JAN 3-205
2N6297 2N6297 3-190 2NB379UTX 2NB379JTX 3-205
2N6298 2N6298 3-157 2N6379JTXV INB37QUTXV . 3-205
2N6298JAN 2N6298JAN 3-157 2N6380 2NB377 3-205
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2NG381 2N6378 3-205 2N6497 2N6497 3225
2N6382 2N6379 3205 2N6498 2N6498 3225
2N6383 2N6383 3209
2N63B3JAN 2N6383JAN 3209 2N6500 2N5430 3108
2N6383ITX 2N6383JTX 3209 2N6510 2N6306 3194
2N6383UTXV 2N6383UTXV 3:209 2NB511 2N6306 3-194
2N6384 2N6384 3209 2N6512 2N6544 3235
2N6384JAN 2N63BAIAN 3209 2N6513 2N6545 3235
2N63B4UTX 2N6384JTX 3-209 2N6514 2N6544 3235
2N63B4UTXV 2N6384JTXV 3209 2N6530 TIP101 31174
2N6385 2N6385 3-209 2NB531 TIP102 31174
2N6385JAN 2N6385JAN 3-209 2NB532 TIP102 3-1174
2N6385UTX 2N6385JTX 3-209 2N6534 2N6301 . 3157
2N6385JTXV 2N6385JTXV 3-209 2N6535 TIP102 31174
2N6386 2N6386 3213 2N6536 TIP102 31174
2N6387 2N6387 3213
2N6388 2N6388 3213 2N6543 2N6543 3229
INB406 MJE171 3.978 2NG544 2N6545 3235
SNG40 MJET72 3978 2N6545 2NG545 3235
2N6408 MJE181 3978 2N§546 2N6546 3-239
2NB409 MJE182* 3978 2NB546JAN 2NB546JAN 3-239
2N6410 MJE200* 3982 2NB546JTX 2NB546JTX 3239
2NB411 MJE210 3982 2N6547 2NB547 3239
2NB412 MJE180 3978 2N6547JAN 2N6547JAN 3239
2N6413 MJE181 3978 2NB547JTX 2NB547JTX 3239
2N6414 MJET70 3978 2N6548 MJES00 3-1002
2N6415 MJET71 3978 2NB549 MJEB0D 3-1002
2N6416 MJE243 3-986 2N6551 2N4923 382
2N6417 MJE243 3986 2N6552 2N4923 382
2N6418 MJE253 3-986 2N6553 2N4923 382
2NB419 MJE253 3.986 2N6554 2N4919 378
2NB420 2NB420 320 2N6555 2N4919 378
2N6421 2N6421 320 2N6556 2N4919 378
2N6422 2N6422 320 2N6557 MJE340 3-990
2N6423 2N6212 3171 2N6558 MJE340 3-990
2N6424 2N6212 3171
2N6559 MJE340 3990
2N6425 2N6212 3171 2N6569 2N3055 36
2NB436 2N6436 3217 2N6573 2N6546 3239
2N6437 2N6437 3217 2N6574 2N6546 3239
2N6437JAN 2N6437JAN 3-217 2N6575 2N6547 3-239
ING437JTX 2N6437TX 3217
2NG576 2NG576 3-243
ING437JTXV 2N6437JTXV 3217 2N6577 2N6577 3243
N6438 2N6438 3217 N6578 2NG578 3243
2N6438JAN 2NG43BJAN 3217 2N6579 MJ13080 3810
2N643BITX 2N643BITX 3217 2N6580 MJ13080 3810
2N6438JTXV 2N6438JTXV 3217 2858
2N6465 MJE15030 3-1086 2N6581 MJ16004 -
NG466 MJE15030 3-1086 2N6582 MJ13080 ’;2{8
2NB467 MJE15031 3-1086 2N6583 MJ13080 3874
2N6468 MJE15031 3-1086 2N6584 MJ16008 3992
St 5879 3130 2N6591 MJE341
2N6470 2N5881 3130 26592 MJE344 E449
NG4T1 2N5881 3130 2N6593 MJE344 y
2N6472 2N5882 3-130 2N6594 MJ15016 39
NG4T3 MJE15028 3-1086 2NB609 2NB609 352
2NG474 MJE15028 31086 26648 2N6648 3209
2N6475 MJE 15029 31086 3209
2N6476 MJE15029 31086 oy ot 3.209
ONBATT MJE15028 3-1086 Fcaryti® NOSABITXY 3209
INGATS MJE15030 3-1086 P Neads ING054 3157
2N6486 2N6486 3221 INERAIAN INBR4GUAN 3157
2N6487 2N6487 3221 -
2NG488 2N6488 3221 2N6649JTX 2N6649JTX g{g;
2N6489 2N6489 3921 2NGBAITXV 2NB6AUTXV 3
IN6490 % 2N6650 2N6054
Fivets 2NG491 32l 2NBB50JAN 2NB650JAN 3157
; 322 2NBB50JTX NBE50TX 3157
2N6492 2N6055 3-1086 2N6650JTXV 3-157
2NB493 2N6056 3-1086 53%7” MJ13333 3-834
2N6494 2NB056 3-1086 2N6654 MJ13333 3-834
2N6495 2N6316 3198 NG655 MU13333 3834
2N6496 2N6339 3202 N6666 TIP105 31174

*Consult Motorola if a direct replacement is necessary.
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2N6667 2N6667 3-246 2SA775 TIP30C 3-1154
2N6668 2N6668 3-246 2SA779 2N4918 3.78
2N6669 MJE15028 3-1086 2SA780 2N4919 378
2N6671 2N6544 3-235 2SA794 MJE253 3986
2N6672 MJ13080 3810 2SA795 MJE253 3.986
2N6673 MJ13080 3-810 2SA807 2N3789 3-56
2N6674 MJ13090 3.816 2SA808 2N3790 3-56
2N6675 MJ13090 3816 25A814 TIP30C 3-1154
2N6676 2N6676 3-250 2SA815 TIP30C 3-1154
2N6677 2NB677 3-250 25A816 TIP30B 31154
2N6678 2N6678 3-250 25A818 MJE350 3-994
2N6833 2N6833 3-254 2SA835 MJE350 3-994
2N6834 2N6834 3-254 2SA837 MJ15016 39
2N6835 2N6835 3-262 25A839 TIP32C 3-1156
2N6836 2N6836 3-269 2SA843 MJE15031 3-1086
2N6837 2N6837 3-276 2SA861 MPSU51 3-1141
2SA483 2N6420 3-20 2SA877 2N5876 3127
25A489 TIP32C 3-1156 2SA878 MJ15002 3-844
25A490 2N6125 3-164 25A882 MJ15002 3-844
25A496 2N4918 3.78 2SA887 2N4919 378
25A505 2N4919 378 2SA897 MPSUS5 31145
25A566 2N6420 3-20 2SA898 MJE350 3:994
25A613 2N4899 372 2SA899 MJE350 3994
2SA614 2N4900 372 2SA900 MJE210 3.982
2SA616 2N3741 341 2SA907 MJ15016 39
25A623 2N4918 3.78 25A908 MJ15002 3-844
25A624 2N4919 3-78 2SA909 MJ15023 3-855
25A626 MJ15016 39 2SA922 2N4918 378
25A627 MJ15016 3-9 2SA939 MJE350 3-994
25A633 2N4918 3.78 2SA940 MJE15031 3-1086
25A949 MJE15031 3-1086
2SA634 2N4g19 378
25A635 2N4919 378 2SA957 MJE15031 3-1086
2SA636 2N4g19 378 2SA958 MJE15031 3-1086
25A645 MJE182 3978 2SA962 MPSUS5 3-1145
25A646 2N4919 3-78 2SA963 MJE171 3978
2SA965 MJE15029 3-1086
25A647 2N4919 378
25A648 2N6230 3-844 . 25A966 TIP32 3-1156
2SA652 2N6420 3-20 2SA968 MJE15031 3-1086
2SA653 2N6420 3-20 2SA969 MJE15031 3-1086
25A656 MJ15016 3.9 2SA971 2N6609 352
25A980 2N5880 3130
2SAB57 MJ15016 3.9
25A658 MJ15016 39 2SA981 MJ15002 3.844
25A663 MJ15016 39 25A982 MJ15002 3:844
25A670 2N6125 3-164 2SA1001 2N6438 3217
25A671 2N6125 3-164 2SA1002 zusias 3217
25679 MJ15016 39 25A1003 26438 3217
25A680 2N5880 3130 25A1007 MJ15002 o
25A681 MJE253 3986
i 25A1008 TIP32C 31156
25A682 MJE253 3986 5381010 Ll
25A698 MJE350 3.994 1P42C 31162
25A1011 MJE15031 3-1086
258699 N 439.51 8 331_124 25A1012 TIP42A 3-1166
25A700 TIP: -
2SA703 2N4918 3.78 25A1020 TIP32 31156
N 25A1040 2N6438 3217
2SA706 MPSUS5 3-1145
23A714 MII5016 3.9 25A1041 2N6438 3217
25A1042 2N6436 3217
25ATIS WIETT0 3978 25A1043 2N6438 3217
2SA738 MJE170 3-978 2SA1044 2N6436 3217
25A739 MJ6503 3-640 2SA1045 2N6052 3-153
2SA755 2N6125 3-164 2SA1046 2N6052 3-153
2SA756 MJ15016 39 2SA1063 MJ15016 39
MI15016 39 25A1064 MJ15002 3-844
ggﬁggg MJ15016 39 25A1065 MJ15002 3844
Xt 2SA1067 MJ15002 3-844
25A762 2NB211 3171
5 25A 1068 MJ15002 3-844
25A764 e 31 251069 TIP428 31166
2SA765 2SA1110 MJE350 3-994
25A766 2N6420 3-20 25A1111 MJE15031 3-1086
25A768 2N6125 3-164 25A1112 MJE15031 3-1086
2SA769 TIP320 31156 258502 2N3741 341
2SA770 2N6109 3-161 25B503 2N3741 341
2SA771 2N6107 3-161 25B506 MJ15016 39
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258507 2N6125 3164 258649 MJE350 3994
2SB509 TIP32C 31156 258653 MJ15016 39
25B511 TIP32 31156 258654 MJ15016 39
25B513 TIP32C 31156 258655 MJ15002 3844
25B514 TIP32A 31156 258656 MJ15002 3844
258515 TIP32A 31156 258668 TIP32A 31156
258518 MJ15016 39 25B669 TIP328 31156
25B519 MJ15016 39 2SB673 2NB042 3-146
258520 MJ15016 39 2SR674 2N6041 3146
25B521 TIP42A 3.1166 258675 2N6040 3146
25B522 TIP42A 31166 258676 TiP27 31181
258523 2N5193 3.92 258677 T2 31181
258524 2N5194 392 258679 Tip117 31178
258526 2N4920 378 25B681 mlsooz 804
258527 IN4920 378 25B689 20 31166
258528 2N4920 378 258690 TIpa2C 3-1166
258529 2N5193 392 258691 mj&ggﬁ 31024
25B530 MJ15002 3.844 258692 ONE2r 31024
25B531 MJ15016 39 258693 Mhons 3-181
258532 MJ15016 39 258694 3757
258536 TIP32C 31156 25B695 MJE4352 31024
258537 TIP32C 31156 25B69% . 3-844
258539 MJ15002 3.844 258697 Neior 3844
25B541 M115002 3844 258707 Netor 3161
258546 MIE15031 31086 258708 3161
258547 MJE15031 31086 2SB711 2N6041 3-146
258548 2N4920 378 288712 ’MNJ%%?SZ 3146
258549 2N4920 3.78 258713 s 3-1024
258552 MJ15023 3.855 288717 e 3.994
25B554 MJ15023 3.855 258718 3-994
25B555 MJ15012 2SB719 MJE15031 )
258556 MJ15012 s 258720 MUE15031 31086
258557 MJ15002 3844 258722 MJ15002 3.840
258558 2N5880 3130 258723 MJ15023 fpeed
2SB559 IN4918 378 2SB724 TIP32A 31156
25B565 2N6125 ) 258727 MJE15029 '
258566 TIP32C e 258743 MJET70 S
25B567 MJE15031 31086 258744 MJET72 3978
25B568 MJE15031 31086 2SB750 TIP115 31178
25B569 2N6034 142 258751 TIP126 31181
288570 2N6035 ' 2SB753 TIP42C '
258571 2NB036 3 258754 26109 31166
2SB572 2N5193 30 2SB772 MJET70 S9%8
25B573 2N5194 3% 25C41 MJ410 3620
25B574 2N5195 392 25042 MJ416 3-620
25B575 2N5193 . 25C42A MJ410 .
25B576 2N5194 ggg 25C43 2N3055A 33%0
258577 2N5195 39 25C44 2N3055A 35
25B578 MJE2955 21018 25C101 2N3584 250
288579 MJE2955 1018 25C161 2N3447 318
258580 MJE2955 31018 256240 2N3055A 39
283281 MJE2955 31018 25C241 2N3447 18
25B582 MJE6040 3146 25C242 2N3055A %8
25B583 MJEG041 3146 250243 MJ410 2530
258584 MJEG041 3146 25C244 2N3447 A
25B585 2N6053 3-157 250245 2N3055A 39
25B586 2N6054 3-157 25C246 MJ410 3-620
25B587 2N6050 3-153 250270 MJy4it 3620
25B588 2NB051 3-153 250407 MJ15011 3-850
2SB589 2NB052 3153 25C408 MJ15011 3-850
25B595 TIP42C 3-1166 250409 2N6249 3177
25B59% TIP32C 3.1156 25C410 2N6249 3177
258600 MJ15012 3-850 256411 2N6546 3239
25B604 TIP32C 3-1156 250412 2N6546 3-239
25B628 MJE15031 3-1086 250431 2N6341 3-202
25B630 MJE15031 31086 250432 2N6341 3.202
25B631 2N4920 378 250433 MJ15022 3857
258632 2N4918 3.78 25C434 MJ15022 3857
258633 TIP42C 31166 25435 MJ10000 3664
25B648 MJE350 3.994 250436 MJ10000 3664

1-9
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25(483 2N3583 320 250887 MJ410 3620
250487 2N3583 3-20 250888 MJ410 3620
250488 2N6233 3174 250889 MJ410 620
250489 2N3441 313 250895 2N3441 313
25C490 2N3766 344 25C897 2N5760 3123
2N3584 .
o 2N3055A 2 250898 2N5760 3123
B 2N3055A 39 250901 2N6306 ]
250495 anaszs 382 256931 MJE055 s
2N4921 382
S
Soce 6233 3-174 250932 MJE3055 31018
250515 2N3739 337 250935 2N6308 3194
250518 2N3448 318 25C936 BU205 3394
25C518A 2N3448 318 250937 BU205 3394
25C939 MJ15001 3-844
25C519 2N3055A 3.9
2SC519A 2N5760 3123 250940 2N6249 3177
250520 N3448 318 25C961 2N3055A 39
25C520A 2N3448 318 250962 2N5758 3123
25C521 2N3447 318 250981 2N5430 3-108
250999 BU205 3394
2N3448 318
%SSEQA MJ3029 3630 2561004 BU205 3394
250582 2N3739 337 25C1004A BU205 3394
250586 MJ410 3620 2501005 BU208 3399
25C642 BU205 3394 2561013 MJE180 3978
25C1014 MJE181 3978
BU205 3-394
328222 2N3447 318 25C1025 2N6233 3174
250647 2N3448 318 2501030 2N5760 3123
250664 2N5758 3123 25C1031 2N3585 320
250665 2N5760 3123 2501034 BU205 3-394
2501046 BU208 3399
2N6306 3194
%28232 2N6306 3194 2561050 MJd11 3620
250677 2N6306 3-194 25C1051 2N5760 3123
250678 2N6306 3-194 25C1055 2N5430 3-108
25C679 2N3585 320 2501059 2N3739 337
25C1060 TIP31A 3-1156
2N3584 3.20
SESSS? MJ15011 3850 25C1061 TIP31A 3-1156
250685 2N3739 337 25C1078 BU205 3394
250687 MJ410 3620 2SC1079 MJ15001 3840
25C736 2N3055A 39 25C1080 MJ15001 3-840
3100 251086 BU208 3399
2N6307 -
Sgg?g 2N6306 3194 25C1088 MJE3439 3-1022
950760 2N6306 3194 25C1089 MJE3439 3-1022
250768 2N3055 39 25C1096 MJE180 3978
25C769 MJ15001 3844 2501098 2N4923 382
2850 25C1099 BU208 3399
MJ15011 -
ggg;;? MJ15011 3850 25C1100 BU208 3399
250779 2N3739 337 25C1101 BU205 3394
250782 2N3739 337 251102 2N3739 337
250783 2N3738 337 25C1104 2N3585 320
2561105 2N3739 337
2N6123 3-164
%28% TIP31A 31156 25C1106 2N6308 3194
25C791 2N3584 3-20 25C1107 2N6123 3164
250792 2N6308 3-194 2501108 2N6123 3164
250793 2N5758 3123 25C1109 2N6123 3-164
25C1110 2N6123 3164
2N5758 3123
%28% 2N3739 337 25C1111 MJ15001 3-844
25C806 MJ431 3622 25C1112 MJ15001 3-844
250807 MJa13 3-622 25C1113 MJE15030 3-1086
25C808 MJan1 3-620 25C1114 2N6543 3-229
- 25C1115 MJ15001 3844
2082 2N3585 320 2501116 MJ15011 3.850
25833 2N6235 3174
. 25C1124 MPSU04 321127
250840 2N3584 320
3 25C1125 MPSU10 3-1135
2SC840A 2N3584 3-20 See1130 e pIk
ascest MI3029 3630 2561131 N6543 2
25C862 2N6545 3-235 2501132 BU208 3394
250867 2N3739 337 2501140 ON6547 3939
250884 2N3584 3-20 2501141 N6546 353
250885 2N6307 3-194 25C1142 MJ13015 3.798
25C886 2N6306 3-194 25C1143 MJ13014 3798

1-10
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25C1151 BU205 3-394 25C1501 MJE3439 3.1022
25C1152 2N6308 3-194 2501504 MJ13015 3798
25C1153 BU205 3-394 25C1505 TIP48 3-1170
25C1154 MJ12003 3-770 2501506 TIP48 31170
25C1155 MJE182 3978 25C1507 TIP48 3.1170
2501156 2N6543 3-229 25C1514 MJE3439 3-1022
25C1157 2N4923 382 25C1516 2N6037 3.142
25C1160 2N3738 337 25C1517 2N4g22 3.82
25C1161 2N3738 337 25C1519 MJE340 3-990
25C1162 MJE180 3978 2501520 MJE340 3-990
25C1167 BU205 3-394 25C1521 MJE340 3.990
2SC1168 2N3739 3-37 25C1576 MJ13091 3816
25C1170 BU208 3-394 2501577 MJ13091 3816
25C1170A BU208 3394 25C1578 MJ10014 3.757
25C1171 BU205 3-394 25C1579 MJ10014 3.757
2501172 BU208 3-394 2501580 MJ10014 3.757
25C1173 TIP31 3.1156 25C1584 2N6249 3177
25C1174 MJ12003 3-770 2501585 2N6249 3177
2501184 BU205 3.394 2501586 2N6250 3177
25C1185 2N6308 3194 25C1609 2N6340 3.202
2501195 2N6308 3194 3-202
2301224 MUEM! 3997 B0 aneat 3620
25C1226 MJES00 3-1002 2501618 IN5758 3123
2sC1227 MJ10006 3-682 2501619 2N5758 3123
2501228 MJ13091 3816 2501628 MPSU04 3-1127
2501229 MJ10006 3-682 3-626
251237 TIP31B 31156 i e 31127
2501243 MJEB0O 3-1002 2501664 2N6300 3157
2501292 2N6308 3194 5301667 5N5758 3123
2501295 BU205 3394 2301669 TIP47 31170
25C1304 2N3739 3-37 3-202
2561309 BU208 3394 Bere el 31170
25C1316. MI13015 3798 5301722 TiP48 3-1170
25€1322 2N6250 3177 9501723 TIp4g 3-1170
25C1325 MJ12005 3778 551728 MPSUO7 3-1133
2501343 MJ15011 3-850 3.990
25C1348 BU208 3304 Ra7ss MIEz3807 3101
25C1358 BU208 3394 9301756 MUJE2360T 3-1014
25C1367 BU205 3394 5501757 MUE2360T 31014
25C1381 MJE182 3-978 25C1760 MPSUO7 31133
2501382 MJE182 3978 761 PSUOT 3-1123
2501391 NF730 337 acimey v 3632
25C1402 MJ15001 3-844 2501777 2N5882 3130
2501403 MJ15001 3844 25C1782 MJ15001 3844
25C1409 Tip47 3-1170 2501783 2N6249 3177
25C1410 TIP47 3-1170 3844
2501413 BU208 339 Rl ot 3177
25C1418 TIP31 3-1156 25C1786 IN6250 3177
25C1419 TIP31 3-1156 5501818 2N6340 3-202
25C1429 MPSUO1 3-1123 2501819 MJE2361T 3-1014
25C1431 2N3584 3-20 31166
2361433 MJa11 3620 25182 Tieat 31166
2501827 TIP41C
25C1434 2NB546 3-239 5501829 MJ3041 3-632
2501436 2N6249 3177 9301830 ING578 3-243
2SC1440 MJ15001 3844 5501831 INB056 3.157
25C1441 2N6249 3177 2501832 MJ10009 3688
25C1444 2N5428 3-108 2501846 MJE180 3978
2501445 2N5430 3-108 2501847 MJE181 3978
25C1447 TIP47 3-1170 2501848 MJE182 3978
25C1448 TIP47 3-1170 251866 2N5760 3123
25C1449 MJE180 3978 2501868 MJ13090 3816
25C1450 2N3583 3-20 2501869 MJ15001 3-844
25C1454 MJd11 3-620 25C1870 2NB546 3239
2SC1456 IN3739 3-37 25C1875 MJ12003 3-770
25C1463 2N6543 3.229 25C1880 TIP112 3178
2501466 2N3585 3-20 2501881 TIP110 31178
25C 1467 MJ13015 3798 2501883 TIP122 3-1181
2501468 MJ13091 3-816 2501884 2N6301 3-157
2501469 MJ13091 3-816 2501891 BU205 3-394
2501477 MJ10006 3-682 2501892 BU205 3-394
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2501893 MJ12003 . 3770 25€2321 MJ15001 3844
25C1894 BU208 3394 2502322 MJ15015 3.9
25C1895 MJ12005 3778 2502323 MJ15001 3-844
2501896 MJ12005 3778 2502324 2N6038 3-142
25C1903 MJE341 3.992 2502331 MJE13004 3-1058
25C1904 MJE341 3-992 2502333 MJE13005 31058
2501905 MJE2361T 31014 2502334 MJE15030 31086
2501922 MJ12003 3770 2502335 MJE13007 3-1064
2501929 TIP48 31170 2502337 MJ15001 3-844
25C1942 MJ12003 3770 25C2344 Tipa7 31170
2501983 TIP111 3-1178 2502354 2N3739 337
2501984 TIP112 31178 2502356 MJ13091 3-816
25C1985 TIP41B 31166 2502357 MJ12010 3786
2501986 TIP41C 31166 2502358 MJ12010 3-786
25C2024 2N4923 3-82 2802359 MJ13015 3-798
2502027 MJ12005 3778 2562366 MJ10016 3706
2502068 MJE340 3992 25C2371 MJE3439 3-1022
25C2071 MJE3440 31022 2502373 MJE13006 3-1064
2562073 TIP47 3-1170 2502388 2N6543 3-229
25C2080 MJE180 3978 2562397 MJE3055T 3-1018
2502085 MJE2361T 31014 2502402 2NB546 3239
25C2121 MJ411 3620 2502403 MJ10015 3706
2502122 MJ431 3622 2502428 2N6249 3172
2502123 MJ10014 3-700 2502429 MJ16010 3-890
25C2126 MJE13004 3-1058 2502430 MJ15001 3844
25C2127 2N6249 3177 252431 MJ15015 .39
25C2128 MJ10015 3-706 2502432 2N5882 '3-130
25C2138 MJ13091 3816 2502433 MJ11016 3757
25C2139 MJ13091 3816 2502434 2N6328 -
25C2140 MJ13091 3816 2502435 2N6059 3153
2502147 MJ10015 3-706 25€2436 2N6059 3-153
25C2148 MJ13091 3816 2502442 MJ10016 3706
25C2151 MJ10014 3757 25C2443 MJ10016 3-706
25C2159 . MJ10015 3757 2502448 MJ13001 3816
25C2167 MJE15030 31086 25C2449 MJ13091 3816
2502168 MJE15030 31086 252450 MJ13091 3816
252189 MJ15001 3844 2502451 MJ13091 “3'8}
252190 2N6545 3235 252452 MJ13091 3816
2562191 2N§547 3239 252453 MJ13091 3816
252198 2N6301 3157 2502482 MJE2361T 31014
2502199 MJ11018 3759 2562487 MJ15001 3-844
2562204 MJ10016 3706 aocouns el 35u
St MaEIS! 30 2562492 MI15001 1
252220 MJ10016 3706 100 38
25C2229 TIP47 3-1170 25C2493 J15001 3844
2502230 TIP47 3-1170 252500 TIP31 3-1156
2502233 ONG497 3-225 2502516 2NB497 3-225
2502235 TIP47 31170 2502534 MJE13003 3-1052
2502236 TIP3 3-1156 2502535 mJEgOOS 3-1058
2502238 TiP47 3-1170 2502536 JE13005 3-1058
320 25025 (T0218) MJ13091 3816
2562239 2N3584 31014 2502562 TIP42A 31162
2563242 MJEZ61T 3.229 2502569 2N5760 3123
ooty oo 323 2562590 MJES41 3952
2502245 MJ13091 3-816 28D12 2N5758 3-123
2502246 2N6547 ] 5ot Noroh 7
2502247 2N6543 3.235 25017 2N5760 3123
2502248 2NG545 T MJ15011 -850
2562249 MJ10015 3 2o oN3739 5
25C2250 MJ10016 "
502256 : 3177 25026 2N5758 3123
Soia 6243 3177 250264 25758 3123
2N6249

2502261 2NG249 3177 250268 2N5758 3123
2502262 NG249 3177 25D26C 2N5760 3123
2562270 ONS194 392 25028 2N3767 3-44
2502278 MJE3439 31022 25029 2N3767 344
2502292, MJ13091 3816 250041 2N3716 3-26
2502293 MJ13001 3816 25D45 2N5760 3-123
2502298 MJE270 T- 25D46 2N5760 3123
2502311 2N4922 3-82 25D47 2N5758 3123
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25049 203564 3-20 250165 MJ15001 3844
25050 2N5758 3123 250166 MJ15011 3850
25051 2N5758 3123 250168 2N6385 3209
25D52 2N5758 3123 25D171 2N6543 3229
25053 2N3035A 39 250172 2N5877 3127
2SD55 2N6328 _ 25‘01 73 N5882 3130
25056 N3738 337 S301va 2eee 31
25057 2N3766 3-44 25D175 2N5882 3130
25058 2N3766 3.44 250176 2N5882 3130
25060 2N5760 3123 250177 MJ15001 3.844
25067 2N3055A 39 2SD180 IN5758 3123
25068 2N5758 3123 250181 MJ15001 3-844
2SD69 2N5760 3123 25D188 IN5758 3.123
25070 2N3766 3-44 250189 2N5758 3123
25071 2N3584 3-20 25D189A 2N5758 3123
25073 2N5758 3123 250198 2N6308 3-194
25074 2N5760 3123 250199 BU205 3-394
25080 2N5758 3123 2SD200 BU205 3-394
25081 2N5758 3123 250201 2N5758 3123
25082 2N5758 3123 250202 2N3055A 3.9
25083 2N5760 3123 250203 2N5760 3123
25084 MJ15011 3850 250206 2N5877 3127
25088 2N5758 3123 250207 2N5882 3130
25090 2N3766 3.44 250208 MJ15001 3844
25D91 2N3766 3-44 250211 2N5877 3-127
25092 2N3583 3.20 250212 2N5882 3130
25093 2N3584 3-20 250213 MJ15001 3.844
25094 2N3584 320 250214 MJ15001 3844
250102 2N3583 320 250217 MJ15001 3844
25D103 2N3584 3-20 250218 MJ15001 3844
25D107 2N6056 3-157 250226 2N3766 3.44
250108 2N6056 3-157 250231 2N5302 396
250110 MJ15001 3-844 250232 2NB275 3181
25D111 2N5882 3-130 250234 TIP31A 31156
2SD113 . MJ802 3.624 250235 TIP31A 31156
250114 2N5686 3-157 250236 2N4g12 375
250116 2N5758 3123 250237 2N4912 375
250117 2N5760 3123 250238 2N3583 3-20
25D118 2N5760 3123 250241 2N3766 337
25D119 2N5758 3123 250242 2N3767 337
25D124 2N5758 3123 250243 MJE15030 3-1086
2SD124A 2N5758 3123 250244 MJE15030 3-1086
250125 2N5758 3123 25D246 BU208 3-394
2SD125A 2N5758 3123 250247 2N5758 3123
250126 2N5760 3123 2SD249 2N5302 396
250129 2N3767 3-44 250250 2N6328 -
250130 2N3766 3-44 2SD251 2N3584 3-20
25D131 2N5758 3123 250254 2N3767 337
25D132 2N6338 3-202 250255 2N3767 337
25D138 2N3738 337 25D256 2N3766 337
250139 2N3739 337 25D257 2N3767 337
25D141 2N3766 344 250258 MJE15030 3-1086
250142 2N3766 344 250259 MJE15030 3-1086
250143 2N3767 3-44 250260 2N5758 3123
250144 2N3767 344 250262 2NB546 3-239
25D146 2N4912 375 250265 2N6545 3-239
25D147 2N4912 375 250266 2N6545 3-239
25D148 2N4g12 375 250271 MJE13005 3-1058
25D150 2N3583 3-20 250272 MJE13005 3-1058
25D151 2N5882 3130 250273 2N6545 3-239
25D152 2N3583 320 250274 2N6545 3-239
25D154 2N3767 344 250283 MJE15030 3-1086
250155 2N3767 344 250284 MJE15030 3-1086
25D156 2N3738 337 250285 MJE15030 3-1086
25D157 2N3739 3-37 250286 MJ15011 3-850
25D158 2N3738 3-37 250287 MJ15011 3-850
25D159 2N3739 3-37 250288 TIP31B 3-1156
2SD161 MJ15001 3-844 250289 TIP31B 3-1156
2SD163 2N3715 3-26 250290 2N5428 3-108
2SD164 2N5882 3-130 250291 2N3767 344
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250292 ) 2N3767 344 250386 ) MJE13004 3.1058
250293 2N6547 3239 250387 MJE13004 31058
250294 2N6547 3.239 250388 MJ15018 -
250295 MJ13335 © 3834 250389 TIP31A 31156
25296 MJ13335 3.834 250390 TIP31A 31156
250297 MJE15030 3-1086 250393 MJ13091 3816
250299 MJ12004 3772 250394 MJ13091 3816
250300 MJ12004 3772 250395 MJ13091 3816
250301 2N6385 3209 25D3% 2N6547 3-239
250310 2NG547 3239 25D401 TIP47 31170
250311 2NG547 3239 250402 Tipa7 31170
250312 INE543 3.229 230408 s 31181
25D313 TIP31A 31156 R e 3992
250314 TIP31A 31156 0a 12005 3-992
250315 2N3766 3-44 0 3778
250316 2N3716 3-26 25D417 2N6306 3194
250317 TIP31A 31156 gggj;g Mﬂé%%"o& 3778
250318 TIP31A 31156 204z B 31058
250319 MJ15001 3-844 230azs e a0 31058
250320 2N6308 3-194 3-844
25D321 2N6306 3194, 250425 MJ15001 3844
250322 MJ15018 - ggggg g‘,fa’gg‘gg 3.844
250323 MJ15018 - oA A 739
250324 2N3739 3 Sz aras 3123
250325 TIP3 31156 3-239
25D326 2N3739 337 %2323‘1) mﬁ%%%ﬁ 3.9
250330 TIP31A 3-1156 2o0est 15008 3824
25D331 TIP31A 3-1156 2ohaz2 M50t 3844
250334 2N3055A 39 204 i 3-844
250335 2N5758 3123 34 3828
MJ13333
250338 2N5758 3123 250435 3-834
250339 2N5758 3123 ggggg? Mj]ggg? 3834
250340 MJ15015 39 20437 sl 3816
250341 MJ15015 39 MJ13091 3706
250342 TIP31B 3-1156 250458 ‘3816
TIP31B 31156 250459 TIP121 31181
%SS% TIP31B 31156 250460 m’;ﬁ 31181
250345 TIP31B gﬂgg ggg:g; s gilsgg
250346 TIP41A - -
220347 TIPA1A 3-1166 25D464 2N6056 3157
2NG122
250348 MJ12005 3772 280475 3-164
250350 MJ12004 3772 gggj;g ﬂ“&y” 3-164
presel 332333 gfgg 25D479 2N6037 33'1114720
D . -
§§D§¥ 2N4923 382 25D480 2NB038 3142
250357 2N4923 3-82 gggzg; gngggg 3142
250358 2N4923 3-82 590485 N3850 3116
ot %'#.2}& ggg 250484 2N5657 3} }2
250360 - -
25361 2N5191 388 25D485 25190 388
250363 MJ10015 3106 Sobay v ]
250364 MJ10016 3-706 o045 INag1 3-88
250365 et ATt 250489 N4g22 3
%gg% MJ12005 3.778 25D4%0 2N4923 382
250369 2N3716 3-26 250401 DE30%5 31018
250371 2N5758 3123 230385 anass 36
250372 Moo e 25D4%4 MJE3055 e
} ! .
Sobam MI10018 3706 250495 MIE3DS5 Y1018
0375 MJ13330 3828 25049 MJEB043 3146
ggugm MJ13331 3828 25497 MJE6044 3146
250377 MJ13334 3834 250438 MJE045 3146
25379 2N5758 3123 25D499 MJE3055 31018
250380 MJ12005 3778 250500 MJE30S5 31018
250381 MJE15030 3-1086 3138
230382 MIE15030 31086 e s 3157
250383 Muatt 3620 250503 2N6056 3157
250384 2N6301 3-157 530504 SNB0S7 3153
25D385 2N6301 3-157 25D505 IN6058 3153
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2SD506 2N6059 3-153 25D690 2N5428 3-108
250517 MJ12003 3770 250691 2N6301 3157
250518 MJE13004 3-1058 250692 2NB056 3.157
250519 MJ13015 3-798 250693 MJ10012 3-696
250522 2N5882 3-130 25D694 MJ10015 3706
250523 2N6055 3157 25D695 MJ10015 3706
250524 2N6056 3-157 25D696 MJ10015 3706
280525 TIP41C 31166 250702 MJ10015 3706
250526 TIP41B 31166 250703 MJ10016 3-706
250531 TIP41C 3-1166 250705 MJ10012 3-696
250533 MJ423 3-622 250706 MJ10014 3-700
250538 MJ13091 3-816 250707 MJ10014 3-700
25D539 MJ13015 3-798 25D708 MJ10014 3700
25D544 TIP41C 3-1166 250709 MJ3041 3632
250552 2N6250 3177 250710 MJ10004 3-676
250553 TIP41B 3-1166 250716 TIP41C 3-1166
25D554 2N3584 3-20 250717 D44H10 3-616
250555 MJ13015 3-798 250718 MJE15028 3-1086
25D558 MPSUO7 31133 250721 2N6045 3.146
2SD570 2N6123 3-164 25D722 2N6045 3-146
25D572 MJ10014 3-700 250723 TIP31C 31156
250573 MJ10014 3-700 250724 MJE13004 3-1058
25D574 MJ11016 3:706 250725 MJ12005 3778
250577 MJ12004 3770 25D726 TIP31C 3-1156
25SD589 MJ12005 3-778 280727 2N3055A 39
250597 2N5758 3-123 250728 2N5760 3123
25D598 2N3055A 39 250729 2NB284 3185
250600 2N4g23 382 280731 2NB306 3-194
25D604 MJ3041 3632 250732 2NB306 394
250605 MJ3042 3632 250733 MJ15001 3844
25D606 MJ10014 3700 25D748 2N6308 3-194
250608 TIP47 3-1170 250749 2N6543 3229
250610 TIP47 31170 250751 MJ423 3622
250612 MJE520 3-1000 250752 MJ15001 3-844
250613 TIP41C 3-1166 250753 2N6249 3177
250622 MJE13005 3-1058 250757 MJE3440 3-1022
25D626 MJ10012 3-696 250758 MJE3440 3-1022
250627 MJ12004 3770 250759 TIP47 3-1170
250628 2N6059 3153 250760 TIP47 3-1170
250629 2N6059 3-153 250761 TiP47 3-1170
250630 2N5302 3-96 250762 TIP31A 3-1156
250631 2N5302 3-96 250764 MJ12002 3-765
250632 2NB308 3-194 250765 MJ12003 3770
250633 TiP122 31181 250766 2N3739 337
250634 TIP121 31181 250768 2NB045 3-1156
250635 TIP120 31181 250793 MJE180 3978
250640 2N6545 3235 250794 MJE182 3978
250642 MJ10016 3-706 250797 MJE8D2 3-1002
25D643 MJ10015 3706 250800 2N6308 3-194
250644 MJ10016 3-706 25D801 INB545 3235
250645 MJ10016 3706 250802 3235
250646 MJ10016 3706 530803 aneses 3153
250649 MJ12004 3770 230805 MJ10016 3706
250650 MI3042 3-632 250811 MI12010 3.786
25D663 MJ3042 3632 250823 MJE15030 3-1086
25D665 2N6249 3177 250836 31178
250668 MJE344 3992 230837 ] 31181
250669 MJE344 3992 250839 MJEB0OT 31002
250670 2N6578 3-243 2508 TiP121 31181
250672 2N6308 3194 25D843 MJE15028 3-1086
250673 2N3055A 39 250844 MJE3055T 3-1018
25D674 2N3055A 39 250867 MJ15001 3-844
25D675 2N5760 3123 250872 MJE3055 31018
2SD676 2N5760 3123 25D873 2N3773 3-52
250677 2N6543 3229 250877 2N3441 313
250678 TIP110 31178 230878 2N3055 36
250679 TIP111 31178 250880 TIP31A 31156
25D686 TIP122 31181 250882 MJE180 3.978
250687 MJEBOOT 3-1002 250903 MJ12005 3778
25D689 TIP112 3-1178 250950 MJ12004 3770
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2SD951 . MJ12004 3772 BD132 BD786 3355
*25D952 MJ12004 3772 BD133 BD787 3355
25D953 MJ12005 3778 BD135 BD135 3283
40250 2N3054A 32 BD135-6 BD139-6 3283
40251 2N3055 36 BD135-10 | BD139-10 3283
40310 2N3054A 32 BD135-16 BD139-16 3-283
40312 2N3054A 32 BD136 BD136 gggg
40313 2N4240 320 801366 BD140-6 .
40316 2N3054A 32 BD136-10 BD140-10 3-285
40318 2N4240 3.20 BD136-16 BD140-16 3-285
40322 2N4240 3-20 BD137 BD137 3-283
40324 2N3054A 32 BD137-6 BD-139-6 3-283
3-283
4032 2N3055 3 BD137-10 BD139-10 :
0325 6 3-283
40328 2N4240 320 BD137-16 BD139-16 328
40363 2N5877 3127 BD138 BD138 -2
40364 2N4233A 364 BD138-6 BD140-6 3.283
40369 ON5877 3-127 BD138-10 BD140-10 gggg
40372 2N3054 3.2 BD138-16 BD140-16 e
40373 2N3441 3-13 BD139 BD139 o
40374 2N3583 3-20 BD139-6 BD139-6 -
. 3283
40375 2N5428 3-108 BD139-10 BD139-10
40411 MJ802 3-624 BD139-16 BD139-16 gggg
40513 MJE30S5T 31018 {BD140 80140 3285
40514 MJE3055T 31018 BD140-6 8D140-6 528
40542 MJE3055 31018 8D140-10 BD140-10 i
. 285
40543 MJE3055 31018 B80140-16 BD140-16 3.28
40613 TIP31 31156 BD142 2N3055 . gg
40618 TIP31 3-1156 BD142-4 2N3055 i
40621 TIP3t 31156 BD142-6 2N3055 36
40622 TIP31 31156 BD142-7 2N3055 -
80157 BD157 3-287.
40624 TIP41A 31166 BD158 BD158 3.287
40627 TIP41A 31166 80159 BD159 3.287
40629 TIP31 31156 BD165 BD165 3.289
40630 TIP31 3-1156 BD166 BD166 3.291
40631 TIP31A 3-1156
BD167 3289
40632 TIP41A 31166 T BD168 3291
40636 2N5878 ils BD169 BD169 3-289
4 BD 3293
40831 2NG315 3198 BD175
. BD179-6 3293
40850 2N4240 e Boise, BD179-10 3.293
40852 2N6543 355 BD175.16 BD179-16 3-293
. BD180- 3.295
40871 TIP41C 31166 BD176-6
X BD180-10 3-295:
40872 TIP42C S EhLre-10 BD180-16 3.295
40873 Tipate 31166 BD177 BD177 2.293
40874 st 31166 BD177-6 BD179-6 3293
333.72 Tihae 31166 BD177-10 BD179-10 3293
BD179-16 3-293
40885 MPSU10 31135 BD177.16 80178 3.295
40886 MPSU10 31135 BoL7e BD180-6 3-295
40887 MJE340 3390 BD178.10 BD180-6 329
40910 2N3054A 32 BDI79 BD179 3293
40911 2N3054A 32
. BD179-6 3293
40912 2N3584 320 gg};gfo BD179-10 3-293
40913 2N3584 320 BD180 BD180 3295
41012 N5038 386 BD180-6 BD180-6 3-295
41013 2NB339 3-202 BD180-10 BD180-10 3-295
41500 TIP29 31154
BD185 BD185 3-297
41501 TIP30 31154 80186 80186 3299
41504 TIP31 31156 BD187 BD187 3.297
41505 MPSU10 31135 BD188 BD188 3299
41506 2N6543 3229 BD189 BD189 3.297
43104 2N5631 3112
BD127 -281 BD195 JE305 -
BD128 BD158 3:287 BD196 MJE2955 31018
BD129 BD159 3:281 80197 MJE3055 31018
BD130 2N3055 36 BD198 MJE2955 31018
BD131 BO785 3355 BD199 MJE3055 3.1018

1-16
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BD200 MJE2955 31018 BD243C BD243C 3317
BD201 80795 3.363 BD244 BD244 3317
BD202 BD796 3.365 BO244A BD244A 3317
BD203 80797 3.363 BD2448 BD244B 3317
BD204 B0798 3365 BD244C BD244C 3317
BD205 BD205 BD249 BD249 -
BD206 BD206 R 802494 BD249A -
BD207 BD207 3‘301 BD249B BD249B -
BD208 B8D208 3‘303 BD249C BD249C -
BD220 80537 3:3 45 BD250 BD250 -
80221 BD533 3385 BD250A BD250A -
BD222 BDS35 3.345 BD2508 802508 -
BD223 BD538 3.345 B8D250C B8D250C 3.229
BD224 BD534 3.345 BD253 2N6543 3929
BD225 80536 3.345 BD253A 2NB543 "
BD226 BD135 3.283 BD2538 NE543 3229
80227 BD136 3285 BD253C BU326A Ept
BD228 BD137 3.283 BD268 BDW45 3379
BD229 BD138 3.285 BD268A BDW46 3379
BD230 BD139 3.283 BD269 BOW40 -
BD231 BD140 3.285 BD269A BOW41 3379
BD232 BD232 330 80262 BD678 3%l
BD233 80233 3.307 BD262A BDGBO Eth
BD234 BD234 3.309 BD2628 BD682 335
BD235 BD235 3307 BD263 BD677 3-349
80236 BD236 ' BD263A BD679 3-349
BD237 BD237 0 BD2638 BDGB1 3349
8D238 BD238 3309 BD266 BDB9B 3313
BD239 BD241 i BD266A B0900 3373
BD239-4 BD241-4 3311 BD266B BD90? 3-373
BD239-5 BD241-5 . 80267 BD897 3371
BD239-66 BD241-66 XN BD267A BDBYY 3301
BD23%A BD241A 3311 BD267B BD901 3371
BD239A4 BD241A4 3311 BD271 80533 3345
BD239A5 BD241A5 3311 80272 BD534 3:345
BD241A66 3311 Bo2r3 80535 s
BD239A66 -
BD2398 BD2418 3311 BD274 80536 3-345
BD239B4 BD241B4 3311 80275 BD537 3-345
BD239B5 BD24185 3311 80276 BD538 3-345
BD239B66 BD241866 3311 BD278 MJE3055T 3-1018
BD239C BD241C 3311 BD378A MJE3085T 31018
BD239C4 BD241C4 3311 2N6037 3-1020
BD239CS BD241C5 3311 B NB034 31020
BD239C66 BD241C66 3311 BD291 BD243 3317
BD240 BD242 3311 BD292 B0244 3317
BD240-4 BD242-4 3311 BD293 BD243A 3317
BD240-5 BD242-5 3-311 3317
B0240-66 BD242-66 3311 Frrae ey 3317
BD240A BD242A 3311 80296 BD2448 3317
BD240A4 BD242A4 3311 BD301 BD533 3-345
BD240A5 BD242A5 3311 B0a%e 8bead 3345
BD240A66 BD242A66 3311 3345
B02408 802428 3311 Bhsas Bpsss 3345
BD240B4 BD242B4 3311 80301 80795 3-363
B0a4o0es BDaizss a3 B0302 80786 e
3311 80303 80797 3-363
B80240C 802420 3311 -365.
8024004 BD242C4 3311 Bose Bores %
BD240C5 BD242C5 3311 BD306B BD785 3-363
Bpoa0ces Bpa4aces 3311 BD07A BD767 3363
3313 803078 80787 3363
BD241A BD241A 3313 BD311 2N3715 3321
BD241B BD2418 3313 8D312 2N3791 3321
BD241C BD241C 3313 80313 2N3716 326
BD242 80242 3313 BD314 2N3792 3.56
BD242A BD242A 3313 BD315 BD368 3-324
BD2428 BD242B 3313 80316 B0369 3324
BD242C BD242C 3313 BD329 MJE200 3.982
BD243 BD243 3317 BD337 BDX33D -
BD243A BD243A 3.317 BD338 BDX34D -
BD2438 BD2438 3317 BD330 MJE210 3.982
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BD331 BDB97 3371 BD414 MJE3310 3-1020
BD332 BD898 3373 BD414-1 MJE3310 3-1020
80333 BD899 3371 BD414-2 MJE3310 3-1020
BD334 BDY0O 3373 BD414-5 MJE3310 31020
BD335 BD901 3371 BD414-8 MJE3310 3-1020
BD336 BDY02 3:373 - BD415 MJE181 3978
BD342 2N3055 36 BD415-1 MJE181 3978
80343 MJE2955 3:1018 BD415.2 MJE181 3978
BD344 BD138 3-285 BD415.8 MJE181 3978
BD345 BD137 3-283 BD416 MJE171 3.978
BD346 BD798 3365 BD416-1 MJEIT1 3978
BD347 BD797 3363 BD416.2 MJET71 3.978
BD348 80140 3-285 BD416.5 MJET71 3978
BD349 B8D139 3283 B8D417 MJE182 3978
BD361 MJE200 3-982 8D417-1 MJE182 3978
BD361A MJE200 3.982 BD417-2 MJE182 3.978
BD362 MJE210 3-982 B8D417-5 MJE182 3978
BD362A MJE210 3982 BD417-8 MJE182 3.978
BD375 BD785 3355 BD418 MJE172 3978
BD376 BD786 3355 8D418-1 MJE172 3978
BD377 BD787 3-355 804182 MJET72 3978
BD378 BD788 3355 BD418.5 MJET72 3978
BD379 BD789 3-359 BD418.8 MJET72 3.978
BD380 BD790 MIELB1 3-359 BD419 MJE243 3986
3978 BD413-1 MJE243 3.986
MJE181 . 3986
MJE 151 Sars 84192 Wieads 3986
MJE181 3978 BD419-8 MIE253 3.986
MJE181 BD420 i 3986
WIETH 3978 BD420-1 MJE253 oo
3.978 BD420-2 MIE253
MJE1T1 3978 MJE253 3-986
MIETTH 3978 Boia0s MJE253 3986
MJET71 3978 8D424 80791 3-359
MJET71 3978 BD429 MJE200 3-982
MJE182 3978 BD430 MJE210 3982
MJE182 3978 BD433 BD433 3-327
MJE182 3.978 BD433-16 BD433 3-327
MJE182 3.978 BD434 BD434 3330
MJE182 3978 BD434-16 BD434 3-330
MJE72 3.978 BD435 BD435 3327
MJET72 3978 80436 BD436 3330
MJE172 3978 BD437 BD437 3327
MJET72 3978 BD438 BD438 3330
MJE172 3978 BD439 BD439 3327
MJE243 3986 BD440 BD440 3330
MJE243 3986 BD441 BD441 0
MJE243 3986 BD442 BD442 gzga
mgg::g 3~982 B8D443 gggg 3593
4 398 BD443A -
MJE253 3986 BD466A MJE3300° 3-1020
X MJE3300 3-1020
MJE253 3:986 BD466B s 31090
MJE253 3986 BD477A 1050
MJE253 3986 BD4778 MJE3310 S
MJE253 3986 BD505 BD505 339
8D410 BD232 3305 BD505-1 BD505 :
BD411 MJE3300 31020 BD505-5 BD505 333
BD411-1 MJE3300 3-1020 BD506 BD506 3
BD411-2 MJE3300 31020 BD506-5 BD506 3%
BD411-5 MJE3300 3-1020 BD507 BD507 130
BD411-8 MJE3300 3-1020 BD507-1 BD507 :
BD412 MJE3300 3-1020 BDS507-5 BD507 3333
BD412-1 MJE3300 31020 BD508 8D508 33%
BD412-2 MJE3300 3-1020 BD508-1 BD508 13
BD412-5 MJE3300 3-1020 BD508-5 BDS508 33
BD412-8 MJE3300 3-1020 BD509 BD509 :
BD413 MJE3310 3-1020 BD509-1 BDS09 3-333
804131 MJE3310 31020 805095 80509 gggg
BD413-2 MJE3310 3-1020 BD510 BD510 335
BD413-5 MJE3310 3-1020 BD510-5 BD510 339
BD413-8 MJE3310 3-1020 BDS15 BD515 -
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BD515-1 BD515 3-337 Bl %
BD515:5 80515 3337 B Bosss 3%
BD516 BD516 3339 BD592 8024 :
242C 3313
BD516-1 BD516 3339 BD595 BD795 3363
BD516-5 BD516 3337 80596 80796 3365
BD517 BD517 3337
| By e £
BD518 80518 3339 BD599 BD799 3363
Bos1e BDS18 333 80600 80800 3365
80519 BD519 3 BD6O1T 80801 3-363
BD519-1 BD519 3337
805195 80519 3337 33602 BD802 3-365
BD520 BD520 3339 8035 BD805 3367
Bbo20s 8020 135 B007 oar? 330
BD! -33 .
520 BD608 BD808 3-369
BD524 B8D791 3359
BD525 BD525 3-341 BD609 BD809 3367
BD525-2 BD525 3341 80610 BD810 3369
BD525-5 BD525 3341 BD611 D433 3327
BD526 BD526 3343 B0612 BD434 3.330
BD613 BD435 3327
BD526-1 BD526 3-343
BD526-5 BD526 3.343 BD614 80436 3330
BD527 BD527 3341 80615 B8D437 3.327
BD527-1 BD527 3341 BD616 BD438 3330
BD527-2 BD527 3.341 BD617 BD439 3.327
BD618 BD440 3330
B8D527-5 BDS27 3-341
BD528 BD528 3343 BD619 BD441 -
BD528-1 BD528 3343 BD620 BD442 3330
BD528-5 80528 3343 BD633 BD241 3313
BD529 BD529 3:341 BD634 BD242 3313
BD635 BD241A 3313
BD529-1 BD529 3341
B8D529-2 BD529 3341 BD636 BD242A 3313
BD529-5 BD529 3341 BD637 BD2418 3313
BD530 BD530 3343 80638 BD2428 3313
BD530-1 BD530 3343 BD643 BD895 3371
BD644 BD8Y6 3313
BD530-5 BD530 3-343
80533 BD533 3-345 BD645 BD897 3371
BD534 BD534 3-345 BD646 BD89S 33713
BD535 BD535 3-345 BDB47 BD899 3371
BD536 BD536 3-345 BD648 BDI0O 3313
it BDE49 80901 3371
BD537 BD537 3345
BD538 BD538 3345 BD650 BDY02 3373
BDS39 BD243 3317 BD661 80185 3-297
BD539A BD243A 3317 BDB61K 80533 3345
BD5398 BD2438 3317 B0662 80186 3299
BD662K BD534 3-345
BD539C B8D243C 3317
BD540 BD244 3317 BD663 80795 3363
BD540A BD244A 3317 BDB64 BD796 3-365
BD540B BD244B 3317 80675 BD675 3349
BD540C BD244C 3-317 BD675A BD675A 3-349
BD676 BD676 3-351
80543 BD8O5 3367
BD543A BD8O7 3:367 BD676A BD676A 3351
BD5438 BD809 3367 BD677 BD677 3345
BD544 BD806 3-369 BD677A BDE77A 3.345
BD544A BD808 3-369 BD678 BD678 3-351
. BD678A BD678A 3351
BD544B B8D810 3-369
BD546D BD546D = BD679 BD679 3349
BO561 BD187 3297 BD679A BD679A 3:349
BD575 BD241 3313 80680 BD680 3351
BD576 °] BD242 3-313 BD680A BD6SOA 3-351
BD681 BD681 3-349
BD577 BD241A 3313
BD578 BD242A 3313 BD6B2 BDG82 3351
B8D579 BD2418 3313 80695 80895 3371
BD580 BD2428 3313 BDB95A BDBISA 3371
BD581 BD241C 3313 BD66 BD896 3373
: BD696A BDBIBA 3373
gggg BD242C 3»313
80533 -345 BD697 BD897 3363
BDS586 BD534 3-345 BDBI7A nggn 3-363
BD587 BD535 3345 BD698 BD8YS 3373
BD588 BD536 3-345 BD6YBA BDB98A 3373
BD589 BDS37 3-345 BD699 BD89Y 337
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BD6IYA - BD8YYA ’ 3371 B0836 BD788 3-355
BD700 BD0O 3373 BDB37 BD789 3359
BD700A " BDIOOA 3373 BD838 BD790 3-359
BD701" BD0T - 3:371 BD839 CM. -
BD702 BD902 3373 BD861 BD675 3-349
BD705 80795 3.363 80862 BOG76- 3:351
BD706 BD796 3365 BD863 BD677 ggg?
BD707 BD797 3363 BD864 BD678 33
BD708 BD798 3365 BD865 BD679 . 338
BD709 BD799 3363 80866 BD6SO * -
BD710 BDBOO - 3:365 BD875 BD775 3353
BD711 BDBO1 3-363 B0876 80776 3353
BD712 BD§N2 3-365 BD877 BD777 3-353
BD733 BD533 3-345 BD878 80778 3353
BD734 BD534 3345 80879 BD779 3353
BD735 365,53 3-345 BD88O BD780 3353
BD736 BD534 3-345 BD8Y5 BD895 3371
BD737 80533 3-345 BDBY5A BDBY5A 3371
BD738 80534 3345 BDB96 BD896 3373
BD743 BD8OS ggg; BDAYGA BD8YEA 3373
BO743A BD807 . BD897 80897 3311
B07438 80809 3-367 BDB97A BDB97A 3371
BD743D . MJE15030 3-367 80898 80898 3373
B0744 BDB06 31086 BD8YSA BD8YSA 3373
BD744A BD80 gggg BD899 BD899 3:371
) 3 3371
BD744B BD810 MUE15031 2369 BDBYYA BD8Y9A Rl
BD744D . BDY00 B8DY00
BD775. BD775 3-1086 BDI00A BDI00A 3373
BD776 BD776 3353 80901 80901 3371
BD777 BD777 gggg BDS02 BD902 3373
BD778 80778 i BD90S 2N6486 3221
BD779 BD779 3-353 BD906 2N6489 3221
BD780 BD780 3-353 BD907 2NB487 3-221
BD785 BD785 3-353 BDY08 2N6490 3:221
80786 BD786 gggg BD90Y - 2N6488 3221
80787 BD787 BD910 2N6491 3221
BD788 80788 3355 BDY33 BD241 3313
BD789 BD789 3355 BD934 BD242 3313
BD790 BD790 3359 BD935 BD241A 3313
BD791 BD791 gggg BD936 BD242A 3313
BD7%2 BD792 BD937 802418 3313
BD795 BD795 3-359 BDY38 BD2428 3313
BD796 BD79 3-363 BD939 BD241C 3313
BD797 BD797 3-365 BDY40 802420 3313
BD798 BD798 gggg BD941 MJE15030 3-1086
BD799 B0799 BD942 | MJE15031 3-1086
D800 D800 3-363 BD943 BD533 : 3345
BD801 BD801 3-365 BD944 BD534 3-345
BD802 BD802 3-363 BDY45 BD533 3-345
BD805 BD805 gggg BD946 BD534 3-345
80806 80806 3.369 BD947 BD533 3345
BDBO7 80807 3-367° BD948 BD534 3-345
BD80S D808 3.369 BDY49 BD535 3-345
BD80Y B0809 3-367 BDY50 BD536 3-345
D810 80810 3369 BD951 BD537 3345
MJE181 3-345
BD81 3978 BD952 BD538
Bpora MJE171 Sare BD53 B0241C 3311
BD815 MJE182 3.978 BDY54 BD242C 3-311
BD816 MJE172- 3978 BDY55 MJE15030 3-1086
BD817 MJE243 3.986 BDY56 MJE15031 3-1086
MJE253 . BDY75 BD775 3-353
80818 . 3.986
BgBZS MJE181 3978 BD976 80776 3-353
BD826 MJET71 3978 BD977 B8D777 3-353
BD827 MJE182 3978 BD978 BD778 3-353
BD828 MJET72 3.978 BD979 BD779 3-353
MJE243 ¥ BDY80 BD780 3-353
BD829 3:986 .
BD830 MJE253 3:986 BDT29 TIP29 3-1154
BD833 80785 3355 BDT29A TIP30 3-1154
BD&34 BD786 3.355 BDT298 TIP298 3-1154
BD835 B8D787 3.355 BDT29C TIP29C 3-1154
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BDT30 TIP30A 3-1154 BDW22 2N3789 3.56
BDT30B TIP30B 3-1154 BDW22A 2N3789 3-56
BDT30C TIP30C 31154 BDW228 2N3790 356
BDT31 TIP31 3-1056 BDW22C 2N5880 3130
BDT31A TIP31A 3-1056 BDW23 BOX53 3-389
BDT31B TIP318 3-1056 BDW23A BDX53A 3-389
BD131C TIP31C 3-1056 BOW238 BDX538 3389
BDT32 TIP3 31056 BDW23C BDX53C 3389
BDT32A TIP32A 3.1056 BDW24 BDX54 3389
BDT328 TIP328 3-1056 BDW24A BDX54A 3-389
BDW24B BDX54B .
ggmc TIP32C 3{}22 BDW24C BDX54C 3333
BOT41A Tipdin 3.1166 Bowae Bhwse 3379
BOT418 TIP41B 31166 BOW4T BOW41 3
BDT41C TIP41C 3-1166 3379
me | e
3-1166 44 44 3379
N e 31166 BOW45 BOW4S 337
BDT428 TipazB 3.1166 BDW46 BOW46 3379
BDT42C TIP42C 1186 BOW47 BOW47 3379
BDT60 -
. TIP128 ngm 2N3T715 326
BOWS51A 2N3715 )
BoTe0A TIP126 31181 BOW518 SNaie 3%
BOT60B TIP127 3-1181 BOW51C 2N5882
BoTeNC BDX53D - BDWS52 N3791 e
BD¥G1A TIP120 31181 356
BDT61 TIP121 )
31181 BOWS2A 3792 356
BDW52B 2N3792 3.56
Borerc B0xeaD el BDWS2G NS0 313
BDTE2 BDW45 3379 BOWS3 TIP120 3-1181
BDT62A BOWA46 3379 BOWS3A TiP120 31181
BDT62B BDW47 3379
B | B
BDT62C BDW48 . 3389
BDT620 oM 3379 BOWS53C CM. -
BDT63 BDW40 3379 BgWSBD BDX53D -
BDT63A BDWA41 3379 BOWS3D cM. -
BDT638 BDW42 3379
BDW54 TIP125 31181
T BDW54A TIP125 31181
gnggc gnglﬁ 3379 BDW54B TIP126 31181
BDT64A BOW45 3379 BOWS4C BOX54C 3-389
807648 BOW46 A BOWS4D BDX54D h
BDT64C BDW47 3.379
ggwg BD135 3283
BDT65 BDW40 . BD136 3285
BDTE5A BOW41 33 BDW57 BD137 3983
BDT658 BOW42 3379 BDW58 BD138 3.285
BDT65C BDW43 > BDWS59 BD139 3.283
BDT91 BD807 3-367
BOW60 BD140 3285
T _ BOWE3 BDX53 3389
it Bueos 339 BDWE3A BDX53A 3389
BDT94 BD810 3369 BOW638 BDX538 3.389
BDV64 BDV64 3375 BOW63C BDX53C 3389
BDV64A BDVE4A 3375
BOW63D BDX53D -
BDV64B B80V648 3-375 BOW64 BDX54 3-389
BDVEAC MJH11017 3375 BOWB4A BDX54A 3389
BDV65 BDV65 3-375 BDW64B BDX54B 3-389
BDV65A BDV65A 3.375 BDW64C BDX54C 3-389
BDVESB BDV65B 3375 BOW73D BOX330 3-389
BDVB5C MJH11018 3375 BDW74D BOX34D -
BDV66C MJH11017 31117 BOWT3 BD8Y5 3-371
BDV66D MJH11019 31117 BOWT73A BD897 3-371
BDV67C MJH11018 31117 BOW73B BDBY9 3371
BOVE7D MIH11020 31117 BDW73C BD901 3:371
B8OV MJE3055T X BD8YS 3373
B0ve? T8 3116 BoWraA 0% 3373
BDV93 TIP34C ' BD 3371
31160 BDW74B 900
BDV94 TIP2955 3-1189 BOW74C BD902 3-373
BOVS5 TiP33e 31160 BDW83 B0V6S 3375
BDV96 TIP33C 31160 BOWE3A BDV65 3375
BOW21 2N3714 3.6 BDWS3B BDVE5A 3375
BOW21A 2N3714 3.6 BOWS3C BDV65B 3375
BDW21B 2N3714 3.6 BOW84 BDV64 3375
BDW21C 2N5882 3130 BOWB4A BDVE4 3375

CM Consult Motorola if a direct replacement is necessary.
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BDW84B BDV64A 3375 BDY29 2N5303 396
BDW84C BDV64B 3375 80Y34 80785 3355
BDW93 BDW39 3379 BDY37 2N3773 352
BDWY3A BDW40 3379 BDY80 BD533 3-345
BDWS3B BOW41 3379 BDY81 BD535 3.345
oo SR || pe st 1
Y83 -
BDWO4A BOW45 3 BDYS3 BU326A 3419
BDW94B BDW46 3379 BDY93/01 BU326A 3-419
BOWS4C BOW47 Y94 BU326A 3419
39 BDYS4/01 BU326A 3419
BDX10 A
BDX10-4 %,’&2; 39 BDY% BUS47 3455
BDX10-6 2N3055A 39 80Y96-1 BUS47 3.455
BDX10-7 2N3055A 39 BDY96/01 BUS47 3455
BDX10C 2N3055A 39 BDY97 BUS47 3-455
3-6 BOY97-1 BUS47 3-455
ggﬂg g,ﬁ%s 3-385 BF380 MPSU10 31135
BDX33A BDX33A 3-385 BF380-5 MPSU10 3-1135
BDX338 BDX338 3-385 BF381 MPSU10 31135
BDX33C BDX33C 3-385 BF382 MPSU10 31135
BDX33D BDX33D — BF382-5 MPSU10 3-1135
N e || -
BDX34A 3-385 BF760 -
BDX34B BDX34B 3385 BF417 MJE340 3.990
BDX34C BDX34C 3.385 BF418 BF761 -
BDX34D BDX34D _ BF460-1 BF460 -
e TR A -
BDX36 hasy? 31162 BF461-1 BF461 -
MJE240 3.986 -
BDX36 TiP420 31162 BF461-2 BF461
BDX37 MJE240 3.986 BF461-5 BF461 -
Boxez i 31182 Brdgat Brag2 -
ania oo 3.353 BF462-2 EF:gZ -
80777 3353 -
BDX44 BD779 3.353 BF462-8 BF462
BDX45 BD776 3353 BF463-1 BF463 —
B0xe7 Tt 3353 Brdbos B 469 -
BDXS3 o 3353 BF463.8 BF463 =
BOX53 3-389 -
BDX53A BDX53A 3.389 BF464-1 BF464 -
BOX538 BDX538 3.389 BF464-2 BF464 —
BDX53C BDX53C 3389 BF464-5 BF464 =
BDX53D BDX53D -— BF464-8 BF464 -
BDX54 BDX54 3-389 BF465-1 BF465 -
BDX54A BOX54A 3-389 BF465-2 BF465 —
BDX54B BDX54B 3-389 BF465-5 BF465 —
et Bonats 3589 BFdog Bracs =
BDX54D - -
BDX70 2N6487 3-221 BF466-1 BF466 —
BOX71 2N6487 3-221 BF466-2 BF466 —
BDX72 2NB488 3221 BF466-8 BF466 —
BDX73 2N6488 3-221 BF467 BF467 -
BOX74 2NB486 3-221 BF467-1 BF467 -
BDX75 2N6486 3221 BF467-2 BF467 —
BDX77 BD799 3-363 BF467- BF467 -
BDX78 BD80O 3-365 BF468 BF468 —
BDX83 MJ3000 3.628 BF468-1 BF468 -
BDX83A MJ3000 3-628 BF468-2 BF468 —
B0DX838 MJ3001 3.628 BF468-8 BF468 -
BDX83C MJ4035 3634 BF469 BF787 —
BDX84 MJ2500 3628 BF470 BF790 -
BDX84A MJ2500 3-628 BF471 BF788 —
BDX84B MJ2501 3.628 BF472 BF791 —
BDX84C MJ4032 3-634 BF615 BF757 -
BOX91 2N3715 3.26 BF616 BF760 —
BDX92 2N3791 3-56 BF617 BF758 —
BDX93 2N3716 3-26 BF618 BF761 —
BOXHM4 2N3792 3-56 BF715 BF787 —
BDX95 2N5882 3-130 BF716 BF790 -
BDX9% 2N5880 3-130 BF717 BF758 —

1-22




ALPHANUMERIC INDEX — CROSS-REFERENCE (continued)

Motorola Motorala Motorola Motorola
- Industry Direct Similar Page Industry Direct Similar Page
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BF718 BF761 - BU207 BU208 3399
BF757 BF757 - 1208 BU208 3-399
BF757-1 BF757 - BU208A BU208A 3-404
BF757-2 BF757 - BU208D 802080 3-409
BF757-5 BF757 - 222 BU326A 3419
- BU221A BU326A 3419
BF757-8 BF757 - BU223 MJa31 3622
BF758 BF758 - BU223A M43l 3622
Brrces B - BU322 BU323 gg}}
Brree Brrss - BU322A BU323A -
BF759 - BU323 BU323 3311
sy BF750 Z BU323 BU323A 3311
BF759 - BU323P BU323P 3415
BF759-5 BUS45P 3.419
BF759-8 BE7S - e BUS45P 3419
e Bl oLz 1
BF760-2 BF760 - -
g;;ggs BF760 - BUA406D CM. 3422
8 BF760 -
BF761 BF761 - BU40GH CM. 3-422
BF761-1 BF761 - BU407 BU407 3422
Buaor oM BUS45P 32%%
BF761-5 BF761 - B8U426 .
BF761-8 BF761 — BUA426A BU426A -
BF762 BF762 -
BF762-1 BF762 - Buass Busze
BF762:2 BF762 - Ua0s BUS08
BU508A BUS08A
BF762- BF762 - BUS08AD
. S I
8 —
BF787-1 BF787 - BUS08D BUS08D
BU522 BUS522
BF788 BF788 - BUaaoA SB?%%‘,;
BU5228
BF788-1 BF788 - BU806
BF788-5 BF788 - BUB0E
BF789 BF789 - BUB07 BUBO7
BF789-1 BF789 - BUS0B 8U208
BF7895 BF789 - BURS0 BUS50
BURS1 BUS51
ggggn BF789 - BURS2 BUS52
9 —
BF790-1 BF790 - BUST1 BUS46P 349
BUST2 BUS47 3455
L ] - BUST2A BUS47A 3455
T A s
BF791 BF791 - BUS13A -
BF791-1 BF791 - US14 BUS98 3494
BF791-5 BF791 - BUS14A BUS98A 3494
BF792 BF792 - BUS36 BUS36 3-440
BF792-1 BF792 - BUS37 BUS37 3.440
BUSA5P BUSA5P 3447
BF792-2 BF792 _ BUSABP BUSA6P 3449
BF792-5 BF792 -
BF857 BF757 — BUS47 BUSA7 3455
BF858 BF757 — BUS47A BUSA47A S
BF859 BF758 - BUS47AP BUS47AP S
BUS47P BUS47P St
BF869 BF787 _ BUS48 BUS48 i
BF870 F790 - US48AP BUSA48AP .
BF871 BF788 Z BUS4sP BUS4P i
BF872 BF791 - BUS50 BUS50 3483
BU104P BU406 3422 BUS51 BUS51 3.485
BUS52 BUSS52 3485
BU105 BU205 3-394 BUS97 BUS97 3487
BU109° Bua0? s BUS97.
3422 BUS97A A -4
BU124 BU426 5438 e BUS98 )
BU126 2N6545 3.235 BUSG8A BUS98A 3.494
BUT13 BUT13 3501
BU126 BUS4SP 3.447 BUT14 BUT14 3507
BU126A BUS45P 3.447 BUT15 BUTI5 3513
BU137 BUTio e
3519 BUT16 BUT16 34
BU157 BUT16 3515 Fvi BUTR e
BUT34 BUT34 3-531
BU180 MJES741 31028 BUT3S BUT35 3537
BU180A MJES742 31028 BUT36 BUT36 3543
BU204 BU205 3394
-BU205 BU205 3-394
BU205A BU205 3-394

CM Consult Motorola if a direct replacement is necessary.
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BuTs0P BuT50P 3549 - BUX45 BUSATA ) 3455
BUT51P BUT51P 3-551 BUX45 2N6543 3-229
BUT90 BUS50 3483 BUX47 BUS47 3.455
B Busel 3485 BUX47A BUSATA susis 3455
- BUXA $
BUVIO BUVIO z Buxds - v 3469
, : BUS48A .
BUVION BUVION 355 Buxisa Baon v e
BUVI1 BUV1L 3555 BUkes Fivived R
T B | e
BUVI8 BUS50 gzgg BUX66B 2N6212 3171
BuUVI9 BUSs0 i BUX66C 2N6213 3171
BUV20 BUV20 3564 e 2nsch 3
wal |, || e
gﬂvgz BUV22 gg;g BUX67C 2N4240 35
V23 BUV23 -
BUX80 BUS47 2NG547 3239
BUv24 BUV98 3-579 BUX81 BUS47A 5151615343535 3-834
3-494 BUX82 BU326A 3-235
383%2 33322“ — BUX83 BU326A 2N6545 3-235
BUV27 BUV27 - BUX84 BUS45P 3.447
BUV47 BUS47P 3-462
BUV47A BUS47AP 3-462 BUX84 MJE13005 3611
) i BUX85 MJE13005 MJE13005 3611
BUVA7B BUSA7P 3-462 BUX86 MJE13003 MJE13003 31052
BUV48 BUSA8P 3476 BUX87 MJE13003 MJE13003 31052
BUVA4SA BUSABAP 3-469 BUX97 BU326A 3.419
BUWI1 BUWI11 3582 .
BUWL1A BUW11A 3-582 BUX97A BU326A 3419
BUX978 BU326A 3-419
BUWI2 BUW12 3-582 BUX98 BUS98 3-494
BUWI2A BUW12A 3582 BUX98A BUS98A 3494
BUW24 BU326A 3-419 BUY29 MJ410 3-620
BUW25 BU326A 3-419 3620
MJ41 -
Buwae Buszca o BUvaP BUYAD =
Buwsa el 3455 BUYG9A BUS47A 3455
Buwss BUSaTA e BUY698 BUST 34
U BUS48 3.469 BUY69C 2N6306 3
BU326A 3419
BUW4S BUS48 3469 Buyros BU326A 13419
BUW46 BUS48A - BUY70C BU326A 3419
B BUS47 Bus46P a5 D4oct MJEB0O 31002
BUW74 - 3-1002
BUWT5 BUS47 3.455 D4ac2 MJE80D
3-455 D40C4 MJE800 3-1002
BUW76 BUS47 -
BUW77 BUS47 3455 D40C5 MJES00 3-1002
3-700 D40D1 MJE180 3978
BUWS1 MJ10014 300 Yo
BUWS1A MJ10014 - D40D2 MJE180 3o
BUWSA MJE13003 31052 D40D3 MJE180
BUWSS MJE13003 3-1052 ’ 3.978
BUXI3 BUXI3 ¥ Daops MIETo] 3978
BUX14 BUS47 3458 D40D7 MJE181 3978
BUXMCECC[ gggﬂ 3.455 04008 MJE181 gg;g
BUX14CECC! : ! 3
AT BUSATA 3455 D40D10 MJE182
BUX15CECCF BUS47A 3-455 D40D11 MJE182 3978
BUX15CECCL BUS47A 3-455 D40D13 MJE182 3978
BUX16 2N6543 3-229 D40D14- MJE182 3-978
BUX16A 2N6543 3-229 D40E1 MJE180 3-978
BUX16B 2N6543 3-229 D40ES MJIE181 3978
BUX16C 2N6543 3-229 D40E7 MJE182 3-978
BUX17 BUS48 3-469 D40K1 JE 3-1002
BUX17A BUS48 3-469 D40K2 MJES00 3-1002
BUX17B BUS48 3-469 D40K3 MJEB00 3-1002
BUX17C BUS48 3-469 D40K4 MJES00 3-1002
BUX18 2N6544 3-235 .
BUXI8A N6544 3235 D4ON+ MIESD iw
BUX18B 2N6545 3-235 D40N2 MiES40 3990
BUX18C 2N6545 gggg g:gm W 3950
BUX39 BUX39 - Daons MJEs0 $392
BUX40 BUX40 3-59
BUX41 BUX41 3:599 D40P3 MJE344 3992
BUX4IN BUX4IN 3602 D40P5 _ MJE340 3990
BUX42 BUX42 3-605 D41D1 2N4918 378
BUX43 2N6308 3-608 D41D2 2N4918 378
BUXA4 BUS47 3455 D4104 2N4919 378
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Part Number Replacement Replacement Number Part Number Replacement Replacement Number
D4105 2N4919 378 DA4TES 3-1080
04107 2N4919 378 D44TEA mg}gg;g 3-1080
04108 2N4919 378 D4ATES MJE13070 3-1080
D41D10 2N4920 378 D44VH1 D44VH1 3618
D41D11 2N4g20 378 D44VH4 D44VH4 3618
041013 2N4920 3.78 D44VHT D44VH7 3618
D41D14 2N4920 3-78 D44VH10 D44VH10 3-618
D41E 2N4918 378 D45C1 MJE15029 3-1086
D41E5 2N4919 378 D452 MJE15029 3-1086
D41E7 2N4920 378 D45C3 MIE15029 3-1086
DA1K1 . MJE700 3-1002 D45C4 MJE15029 3-1086
D41K2 MJE700 3-1002 D45CS MJE15029 3-1086
D41K3 MJE700 3-1002 045C6 MJE15029 3-1086
D41K4 MJE700 3-1002 D45C7 MJE15029 3-1086
D42C1 MJE180 3978 D45C8 MJE15029 3-1086
04202 MJE180 3978 D45C9 MIEL 31086
D423 MJE180 3978 D45C10 Mjglgggg 31086
D424 MJETT1 3978 D456 1 MIE15029 3-1086
D42C5 MJETT1 3978 D45C12 MJEL5029 3-1086
D42C6 MJET71 3978 D45E1 TIP125 3614
D42C7 MJET71 3978 DASE2 TIP125 3614
D428 MJE171 3978 D45E3 P12 3614
D42C9 MJE171 3978 DA5H1 D45H1 3616
D431 MJE180 3978 D45H2 D45H2 3616
D43C2 MJE180 3978 D45H4 045H4 3-616
D43C3 MJE180 3978 D45H5 D45H5 3616
0434 MJE171 3978 D45H7 D45HT 3616
043C5 -MJE1T1 3978 D4SH8 D45HS 3-616
D43C6 MJE171 3978 D45H9 D45HY 3616
D43C7 MJE171 3978 D45H10 D4SH10 3616
D43C8 MJE171 3978 D45H11 Da5H11 3616
D43C9 MJET71 3.978 D45H12 DASHI1 3616
D44C1 D44E3 3614 D45VH1 D4SVH1 3618
D44C2 D44E3 3614 D45VH4 D45VH4 3618
D44C3 D44E3 3614 D4SVH7 D45VH10 3618
Da4Ca D44E3 3614 DASVH10 45VH10 36i8
D44C5 DA44E3 3-614 DS6W1 048 BU208 3-399
D44C6 D44E3 3614 D56W2 BU208 3399
D44CT D44E3 3614 D56W3 BU208 3399
D44C8 D44E3 3614 D56W4 BU208 3399
D44C9 D44E3 3614 D64VE3 MJ13080 3810
D44C10 D44E3 3614 DB4VE4 MJ13080 3810
D44C11 D44E3 3614 D64VES MJ13080 3810
D44C12 D44E3 3614 D64VP3 MJ13090 2816
D44D1 2N6386 3213 D64VP4 MJ13090 3816
D44D2 2N6386 3213 D64VP5 MJ13090 3-816
D44D3 2N6043 3146 D64VS3 MJ16016 3-906
D44D4 2NB043 3146 D64VS4 MJ16016 3906
D44D5 2N6044 3-146 D64VS5 MJ16016 3-906
D44D6 2N6044 3-146 DTS310 2NB306 3194
D44E1 D44E1 3614 DTS311 2N6306 3194
D44E2 D44E3 3614 DTS401 2N3902 360
D44€3 D44E3 3614 DTS402 2N3902 3-60
DddH1 D44H5 3616 DTS403 2N6308 3-194
D44H2 D44H5 3616 DTS409 2N6308 3194
D44H4 D44HS 3616 DTS410 MJ410 3620
D44H5 D44H5 3616 DTS411 MJ411 3-620
D44H7 D44H7 3616 DTS413 MJ413 3622
D44H8 D44H8 3616 DT5423 MJd23 3622
D44H10 D44H10 3616 DTS424 2N6308 3194
D4dH11 D4aH11 3616 DTS425 2N6545 323
D44R1 TIP47 31170 DTS430 2N6307 3194
D44R2 TIP47 31170 DTS431 MJ431 3622
D44R3 TIP48 31170 DTS515 2N6306 3194
D44R4 TiP48 3-1170 DTS516 2NB306 3194
D44R5 TIP47 31170 DTS517 2N6306 3194
D44R6 TIP48 31170 DTS518 2N6307 3194
44703 MJE13070 31180 DTS519 2N6308 3:194
D44TD4 MJE13070 31180 DTS660 2N6233 3174
D44TD5 MJE13070 3-1180 DTS663 2N6235 3174
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Part Number Replacement Replacement ‘Number Part Number Replacement Replacemnt Number
A 3174 IR518 2N6546 X
DTSece neass 3304 IR519 2NG547 3%
015702 BU205 33 IRe40 Mas000 3628
DTS712 BU208 - 36
DTS714 BU208 3399 1RB42 2N6578 3243
. 3-394 IR645 MJ2500 3.628
) 3}233; 33%83 3399 1R646 MJ2501 3658
DTS804 BU208 3-399 IR647 2NB052 3153
DTS812 . BU208 3:399 1680 Md410 3-620
DTS814 BU208 3399 IR663 My423 3622
DTS1010 2N6056 3157 IRB65 MJ12003 3.770
DTS1020 MJ3001 3628 IR701 BU205 3394
DTS4010 MJ3041 3632 1R801 BU205 3-394
DTS4025 MJ3041 3632 1RB02 MJ8o2 3624
DTS4026 MJ10012 3-696 1R900 MJ900 3626
DTS4039 110000 3664
IR901 MJ901 ¥
DTS4040 MJ10000 3-664 IR1000 MJ1000 gg%g
DTS4041 MJ10000 3-664 IR1001 MJ1001 3626
3%2% m}g% 3664 IR1010 2N6056 3.157
IR1020 01
DTS4060 MJ10001 3o M 3628
’ 1R2500 “MJ2500 3628
i i e ||
DTS4066 MJ10000 3664 RS000 Mas000 3628
DTS4067 MJ10000 3664 1R3771 pivress 3628
DTS4074 MJ10004 3676 3-48
MJ10004 3676 IR3772 2N3772 3-48
2}48; 075 TIP47 3-1170 IR3773 2N3773 3-52
FT48 TIP48 31170 1R4039 MJ10000 3:664
FT49 TIP49 31170 - :gjﬁ? m:g% 3664
FT50 TIP50 31170 3664
FI317 MJE15028 31086 1R4045 MJ10000 3664
FT317A MJE15028 3'1086- 1R4050 MJ10000 3664
FT3178 MJE15030 3-1086 IR4055 MJ10000 3664
FT401 2N3902 3-60 :g:ggg m}g%g 3-664
FT402 2N3902 3-60 3-664
MJ410 3620 1R4061 MJ10000 3-664
E}:}? MJ411 3620 IR4065 MJ10001 3-664
FT413 MJ413 3622 1R4502 MJa502 3-636
FT417 MJE15029 3-1086 IR5000 MJ10000 3-664
FT417A MJE15029 3-1086 1R5001 MJ10000 3.664
FT4178 MJE15031 3-1086 IR5002 MJ10001 3-664
FT423 MJ423 3-622 IR5060 MJ10000 3-664
FT430 2N6307 3-194 1R5061 MJ10000 3664
FT431 MJ431 3622 IR5062 MJ10001 110002 3-664
FT2955 MJE2955T 3-1018 IR5252 3670
13055 MJE3055T 3-1018 IR5261 MJ10002 3670
GES060 MJ10000 3664 1R6000 MJ10004 3676
GES061 MJ10000 3664 1R6001 MJ10004 3676
GES062 MJ10001 3664 1R6002 MJ10005 3676
GEBO60 MJ10015 3.706 1R6060 MJ10004 3676
GEB061 MJ10015 3.706 1R6061 MJ10004 3676
GE6062 MJ10015 3.706 1R6062 MJ10005 3-676
GEB251 MJ10004 3676 IR6251 MJ10006 3682
GEB252 MJ10004 3676 IR6252 MJ10007 3682
GE6253 MJ10005 3676 1R6302 2N5630 3112
1R401 2N3902 360 KDT410 MJ410 3-620
1R402 2N3902 360 KDT411 MJa11 3620
1R403 2NB308 3-194 KDT413 MJ413 3622
1R409 2N6308 3194 KDT423 MJ423 3622
1R410 MJ410 3-620 KDT430 2N6307 3194
R4t M4t 3-620 1 3-622
IR413 MJ413 3622 ﬁg}gs yﬁ'gggs 3194
1R423 MJ423 3-622 KDT516 2N6306 3-194
1R424 2N6308 3194 KDT517 2NB306 3:194
IR425 2N6545 3-235 KDT518 2N6307 3194
1R430 2NB307 3-194 3-194
1R431 MJ431 - 3-622 &2;333 %’.12%92 3181
1R515 2N6250 3177 KP3948 2N6274 3181
IR516 2N6250 3177 MDS20 2N5655 3116
IR517 2N6251 3177 MDS21 2N5636 3-116
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Part Number Replacement Replacement Number Part Number Replacement Replacement Number
MDS26 MJE180 3978 MJ3247 MJE15030 31086
MDS27 MJE181 3978 MJ3248 MJE15030 31086
MDS60 MJE350 3.994 MJ4030 MJ4030 3634
MDS73 MJETTA 3.978 MJ4031 MJ4031 3634
MDS74 MJE172 3978 MJ4032 MJ4032 3.634
MDST5 MJE253 3.986 MJ4033 MJ4033 3634
MDS76 MJE181 3.978 MJ4034 MJ4034 3634
MDS77 MJE174 3.978 MJ4035 MJ4035 3634
MDS1678 MJE181 3978 MJ4237 MJ15012 3.850
MJ105 BU205 3.394 MJ4238 MJ15012 3.850
MJ4247 MJ15011 3-850
MJ205 BU205 3-394 MJ4248 MJ15011 3-850
MJ400 i) 2NS738 5 144360 MIE13002 31052
MJ410 MJa10 3620 MJ4361 MJE13003 31052
MJ411 Maai1 3620 MJ4380 MJE13004 3.1058
MJ413 MJ413 3622 g
MJ423 MJ4381 MJE13005 3-1058
oot MJ424 2N6308 3622 MJa400 MJE 13004 31058
MJ425 MJ425 2N6545 3-194 MJ4401 MJE13005 3-1058
MJ431 MJ431 323 MJ4s502 MJ4502 3-636
MJ450 25884 362 MJ4645 MJ4646 3-638
2N3055 MJ4646 MJ4646
Maso 2N3055 36 M4647 Mid647
MJ490 2N3789 36 MJB502 MJ6503
Mot 2N3789 356 MJ6503 MJ6503
MJI701 MJ12002 337:'665 MJ6700 2N6193
MJ702 MJ12002 3.765 MJ8100 2N6193
MJ704 MJ12002 3765 MJ8500 MJ8501
MJ721 MJ12002 3.765 MJB501 MJ8501
MJ723 MJ12002 3.765 MJ8502 MJ8502
MJ802 MJ802 3.624 MJ8503 MJ8503
MJB504 MJB504 3658
1900 MJ900 M 12004 3 MJ8505 MJ8505 3658
MJ901 MJ901 3626 MJ10000 MJ10000 3664
MJ920 2N6298 3157 MJ10001 MJ10001 3664
MJg21 2N6299 3157 MJ10002 MJ10002 3670
. MJ10003 MJ10002 3670
Wioo, 1009 3628 M10004 MJ10004 3676
MJ1200 2N6300 3.157 MJ10005 MJ10005 3676
MJ1201 2N6301 3.157 M.J10006 MJ10006 3-682
MJ1800 2N6308 3198 MJ10007 MJ10007 3.682
MJ2249 2N3766 345 10008 10008
MJ2250 mJ2250 N3767 345 MJ10009 MJ10009 3688
MJ2251 IN3738* 337 MJ10011 MJ10011 3688
MJ2252 Narae 337 MJ10012 MJ10012 3694
nggﬁ IN3TAD" 341 MJ10013 MJ10044 3696
2 2N3741* 341 o 3700
MJ10014 10014
MJ2267 MJ15016 39 MJ10015 MJ10015 3700
MJ2268 MJ2955 36 MJ10016 MJ10016 3706
mjgggg MJE270 - MJ10020 10020 3706
MJ2500 MJ2500 MJE271 3528 MJ10021 10021 3
MJ10022 MJ10022
MJ2501 MJ2501 3.628 MJ10023 MJ10023 3717
MJ2801 IN3055 3-6 MJ10024 MJ10024 3717
- Mizeo NGB 3130 MJ10025 MJ10025 3723
MJ2840 IN5877 3127 MJ10027 CM. 3723
MJ2841 3127
2N5878
MJ10029 CM.
s MJ15016 39 MJ10041 CM. 3729
MJ2940 2N5875 3127 MJ10042 CM. 3.743
MJ2955 MJ2955 36 10044 oM 3929
MJ2955A MJ2955A 3.9 MJ10045 CM. 3743
MJ3000 MJ3000 3-628
CM. )
MJ3001 MJ3001 3628 oo o S
MJ3029 MJ3029 3630 1005 oM
MJ3030 2N6545 3235 it oM
MJ3040 MJ3041 3632 10052 o
MJ3041 MJ3041 3.632
MJ3042 MJ3042 3632 MJ10100 oM
4305 2N3055 36 MJ10101 i
MJ3055A 2N3055A 69 MJ10102 u
MJ3237 MJE15031 31086 MJ10200 CM.
MJ3238 MJE15031 3-1086 MJ10201 o

*Consult Motorola if a direct replacement is necessary.

CM Consult Motorola if a direct replacement is necessary.
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_ Part Number Replacement Raplacement Number Part Number Replacement Replacement Number
MJ16010 MJ16010 7890
) Mmzo? o 3.757 MJ16010A MJ16010A 3-898
MJ1101 MJ11011 bttty 38%
MJ11012 MJ11012 3.757 MJ16012 Mate012 -
MJ11013 MJ11013 3757 MJ16014 W64 3.906
MJ11014 MJ11014 3-757 mj:gg;g Mot g:g(llg
MJ11015 MJ11015 3-757 MJD29 MJD29 3920
MJ11016 MJ11016 3-757 MJD29C MJD29C g
MJT1017 MJ11017 3759 MID30 MJD30 3920
MJ11018 MJ11018 3.759 MJDIOC MID30C 3920
MJ11019 MJ11013 3.759 MID31 MIE3] 3o
MID31C MID32¢ 335
MJ11020 MJ11020 3759 Wiz MI032
MJ11021 MJ11021 3.759 Mib3ac MID3SC 3924
MJ11022 MJ11022 3759 Mipass Mioasc 3924
MJ11028 MJ11028 3763 Wizt Mibaze 3.928
MJ11029 MJ11029 3763 N Ddacs MID4ags 3.928
pe | e | |ume e
MJ11 R e
MJ11032 MJ11032 3-763 MJD45H11 MJD45H11 3932
MJ11033 MJ11033 3763 Mip47 MiD47 3936
MJ12002 MJ12002 3765 MiD50 MJD50 3.936
gl uee | o
MJ12005 Mjlé‘o"o“é 3778 MiD122 MJD122 3.946
MJ12005D MJ12005D 3780 ¢ MiD127 MID127 -3.946
MJ12010 MJ12010 3-786 MID200 MJD200 3.952
MJ12020 MJ12020 3.788 MID210 MID210 395
MD340
MJ12021 MJ12029 3788 MiD340 Ve 395
MJ12022 MJ12022 " ggg MD2egs MID2955 3%
MJ13010 2N6547 - e MID3055 390
MJ13014 MJ13014 3.798 T MIDEO38
MJ13015 MJ13015 3.798 z 3.964
06039 MJD6039 .
MJ13018 MJ13330 3828 mmsgos MID13003 gg%
MJ13019 MJ13331 ggg‘el Ve P29 S
wia0rt Mitar 3504 MIEOR Tizon s
- 31154
MJ13080 MJ13080 3810 MiE2SS Tihaas 3“24
| e | e N
1 1 - )
MJ13091 MJ13091 '3.816 MJE30B TIP308 31154
MJ13100 MJ16016 3906 MJE30C TIP30C 31154
MJ13101 MJ16016 3906 MJE31 TIP31 31156
MJ13330 MJ13330 3828 MJE31A TIP31A 31156
MJ13331 MJ13331 3828 MJE31B TIP31B 31156
MJ13332 MJ19333 3834 MUE3IC TIP3IC 31156
MJ13333 MJ13333 3.834 MIE32 TIP3 S5
MJ13334 MJ13335 3.834 MIER2A TIP3A AT
MJ13335 MJ13335 3-834 TiPa2B )
MJ14000 MJ14000 3840 Ess Tipast L%
MJ14001 MJ14001 3.840 MIE3 TiPa1 Sl
MJ14002 MJ14002 3840 MIEDIA TIP41A e
MJ14003 MJ14003 3840 MJE338 TiP41B 31166
MJ15001 MJ15001 3844
MJ15002 MJ15002 3-844 MJE33C }:;ﬂc 31166
M. 12004 MJ'M Eod mﬁi‘h\ TIP42A %Hgg
Mo M e MJE4B TiP42B 31166
MJ15012 MJ15012 3-850 MJE34C TIP42C 31166
39 MJE41 TIP41 31166
m%gg}g m}ggig 39 MJE41A TIPAIA 3-1166
MJ15018 MJ15018 39 MJE41B TIP41B 3-1166
MJ15019 MJ15019 39 MJE41C TIP41C 31166
¥ MJE42 TIP42 31166
MJ15022 MJ15022 3-852
15023 Ms0zs 858 MJE42A TIP42A 31166
MJ15024 MJ15004 3852 MJE42B TIP42B 31166
MJ15025 MJ15025 3855 M40 Tipase Tliee
Mas028 s 32 MIE47 TIP47 3.1170
A J -
MJ16002 MJ16002 3858 MJE48 Tip43 31170
MJ16002A MJ16002A 3-866 MJE49 TIPag 31170
MJ16004 MJ16004 3-858 MJE51 ING497 3.225
MJ16006 MJ16006 3-874 MJESIT 2NB497 3225
MJ16006A MJ16006A 3-882 MJES2 2NG498 3.225
MJ16008 MJ16008 3874 MJES2T 2N6498 3225

CM Consult Motorola if a direct replacement is necessary.
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Part Number Replacement Replacement Number Part Number Replacement Replacement Number
- MJET00 MJIE700 31002
MJES3 MJE13005 310ce MJEZ00T MJEZ00T 31002
MJES3T MJE13005 31018 MJE701 MJE701 3-1002
mggé mgggg 31018 MJE701T TIP125 31181
MiET02 MiE205s Y8 MJE702 MJET02 3-1002
MJE702T TIP126 L1181
MJE104 MJE2955 38 MJE703 MJE703 3100
MIE105 MJE105 e MJE703T TIP126 3.1181
MIE105K MUETTD TIP42A 3 MIE710 2N4918 378
JE170 ; MIET11 2N4919 -
MJET71 MJE171 3978 78
3978 MJET12 2N4920 378
MJEI72 MJE172 Sors MJET20 MJET20 -
MJIE180 MJE180 Yo MJE721 2N4923 382
MJE181 MJE181 I MJET22 2N4923 382
MJE182 MJE182 R MJEBOO MJEBOO 31002
MJE200 MJE200
MJEBOOT MJEBOOT 31002
MJE201 MJE3055 3-982 MJESO1 MJEBO1 3-1002
MIE202 MJIE3055 31018 MJESOIT TIP120 31181
MJE203 MJE3055 3-1018 MJE802 MJES02 3-1002
MIE204 MJE3055 31018 MJE802T TIp121 31181
MJE205 MJE3055 3-1018
MJES03 MJES03 31002
MJE205K TIP41A 31166 MJESO3T TiP121 31181
MJE210 MJE210 3-982 MJE1090 MJE1090 -
MJE220 MJE181 3978 MJE1091 MJE1093 -
MJE221 MJE181 3978 MJE1092 MJE1082 -
MJE222 MJE181 3978
MJE1093 MJE1093 -
MIE223 MJED 3.978 MJE1100 MJE1100 -
MJE224 oo 3.978 MJIET101 MJIET101 -
MJE225. MJE182 3978 MJE1102 MJE1102 -
MJE230 MJE171 3-378 MJE1103 MJE1103 -
971
MJE231, MJET71 8 N5988 3138
MJE1290 2N5988 3138
MJE232 MJET71 3978 MJE1291 3-1006
MJE233 MJE172 3.978 MIE1320 MJEL320 31012
MJE234 MUET72 3978 MaE 680 MIE1E60 31012
MJE235 MJE72 3978 e MJET66" TIP42 31166
MJE240 MJE240 3-986 31166
MJE2011 Tipa2a :
MJE241 MJE241 3.986 MJE2020 Tipat Iee
MJE242 MJE243 3-986 MIE2021 TIP41A 116
MJE243 MJE243 3986 MJE2050 MJE200 31018
MJE244 MJE244 3986 MJE2055 MJE3055 "
MJE250 MJE250 3986 MJE2090 TIP125 i
MJE251 MJE251 3.986 MJE2091 TiP12y Sl
MJE252 MJE253 3.986 MJE2092 Tip1ze 31181
MJE253 MJE253 3.986 MJE2093 P12 S8
MJE254 MJE253 3.986 MJE2100 TIP120
MJE270 MJE270 - MJE2101 Tieta0 sl
MJE271 MJE271 - MJE2102 Tip11 31181
MJE340 MJE340 3.990 MJE2103 et 3.987
MJE340K TIP48 3990 MUE2150 MJEZ10 117
MJE341 MJE341 3.992 MJE2160 TiP48
MJE34TK TIP47 3.992 MJE2360 MJE2360T 3o
MJE344 MJE344 3-992 MJIE2360T MJE2360T - 31014
MJE344K TIP47 3-992 MJE2361 JE236 3-1014
MJE345 MJE3439 31022 MIE2361T MJE2361T P 31156
MJE350 MJE350 3994 MJE2370 TIP32
31156
MJE370 MJEST0 3.996 MJE2371 TIP32A
MJE370K TIP32 31156 MJE2480 Tipat e
MJES71 MJE3T1 3.998 MJE2481 Tip31A 164
MJE37TK TIP32 31156 MIE2482 2N6121 e
MJE482 N5190 388 MIE2483 G122
3-1156
MJE483 2N5191 3.88 MJE2490 Tipa2 .
MJE4B4 2N5192 388 MJE2491 TIP32A g%}gg
MJE488 N5191 3-88 MJE2520 TIP3t 31156
MJE492 2N5193 392 MJE2521 TIPHA 3115
MJIE493 IN5194 392 MJE2522 TIP3t
MJE494 2N5195 3.92 MJE2523 TIPS1A Sk
MJE520 MJE520 3-1000 MJIE2801 MJE2801 - 106
MIE520K TIP31 31156 MJE2801K 31016
MJE521 MJES21 S MJE2801T MJE2801T Hi
MJES21K TIP31 31156 MJE2901 MJE2901
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. Part Number Replacement Replacement Number Part Number. Replacement Replacement .- | Number
MJE290IK MJE2955T 31018 MJES983 i 2N6486 3221
MJE2901T MJE2955T 31018 MJE5984 2N6487 3-221
MJE2955 MJE2955 3-1018 MJE5985 2N6488 3:221
MJE2955K : MJE2955T 31018 MJEB040 MJEB040 3-146
MJE2955T MJE2955T : 3-1018 MJEG041 - MJEB041 3-146
MJE3055 MJE3055 3-1018 MJEB042 ! MJE6041 3-146
MJE3055K MJE3055T 3-1018- MJEB043 MUE6043 3-146
MJE3055T MJE3055T 3-1018 MJEB044 MJE6044 3.146
MJE3300 2N6037 3-1020 MJE6045 MJE6045 3-146
MJE3301 2N6039 3-1020 MJEB500 MJE8500 3-1038
2N6039 3.142 MJEB501 MJE8501 31038
MIESSTD 26034 3142 MaE8s02 MaEgS02 31084
MJEZ3N 2N6035 3142 MaEgs0s Mo 31044
MJIE33T2 2N6036 3.142 ME00I st -
MJE3370 MIE3T0 3996 2007 31050
MJES371 25193 392 MiE13002 ME 5002 31052
MJE3439 MJE3439 31022 MUE13004 MIET3004 3-1052
MJE3440 MJE3440 31022 31058
MJE13005 MJE13005
MJE3520 MJES20 3-1000 MJE13008 MIE13008 31058
MJE3521 2N5190 388 WE 13007 31064
MJE13007 3-1064
MJE3738 TIP47 3-1170 MJE13008 MJE13008 31072
MJE3739 TIP48 3-1170 MJE13009 MJE13009 31072
MJEA4340 MJE4340 3-1024 MJE13070 MJE13070 31080
MJE4341 MJE4341 3-1024 MJE13071 MJE13071 3-1080
MJE4342 MJE4342 3-1024 MJE1§ozs
MJE15028 3-1086
MJE4343 MJ 3-1024 MJE15029 MJE15029 31086
MJE4350 MJE&‘% 3.1024 MJE15030 MJE15030 31086
MJE4351 MJE4351 3-1024 MJE15031 MJE15031 3-1086
MJE4352 MJE4352 3-1024 MJE16002 MJE16002 3-1090
MJE4353 MJE4353 31024 MJIE16004 m&}%ﬁg‘; 31090
. MJE16032 3-1098
MJE4918 TIP30 31154 MJE16034 MJE16034 3.1098
MJE4919 TIP30A 3-1154 MJE16080 MJE16080 3.1106
MJE4920 TIP30B 3-1154 MJE16081 MJEL6081 31106
M 002 Tiboon ERTE ‘iH6282
MJE4922 311 MIHE282 31113
’ MJH6283 MJH6283 31113
MJE4923 TIP298 31154 MIH6284 MIH6284 313
MJE5170 MJE15031 3:1086 MIH6285 MJH6285 ESt
MJE5171" MJE15031 3-1086 MIHE286 MJH6286 31113
MJE5172 MJE15031 3-1086 g
MJE5180 MJE15030 3-1086 MIHE287 MJH6287 31113
MJH6676 MJH6676 3.250
MJE5181 MJE15030 3-1086 MIHES77 MJHE677 3930
MJE5182 MJE 15030 31086 MIH6678 MIH6678 3950
MJE5190. 2N6121 3-164 MJHL1017 MJH11017 17
MJE5191 gmggg gigg : MIH11018 MJH11018 3117
MJE5192 MJH11019 mimig% 31117
3164 MJH11020 31117
MiESTon SNeis 3164 MJH11021 MIH11021 31117
MJE5195 TIP32C 31156 MJH11022 mjﬂﬁoﬁﬁ 31117
MJE5655 TIP47 31170 MIH12004 JH120 3772
31170
MJES656 TIPaB MJH13090 mmggg? 3-816
MJE5657 TIP4e 3-1170 MJH13091 MIH18002 3-816
MJE5730 MJE5850 3-1032 MJH16002 MIHL60024 3:1090
MJE5731 MJE5850 31032 MiH16002A 1H16004 e
MJE5732 MIE5850 31032 MJH16004 mH oo 3-1090
MJE5740 . MJE5740 3-1028 MIH16006 3874
. ’ MJH16006A MJH16006A 3-882
r 3-1028 MJH16008 MJH16008 3-874
MIESrer MIES7e 31028 MIHIE010 MIHIE010 3890
MJE5850 MJE5850 3-1032 MJH16010A MJH16010A 3-898
MJES851 MJES851 3-1032 MIH16012 MIH16012 3-890
MJE5852 MJE5852 3-1032 MJH16018 MJH16018 3914
MJE5960 2N6489 3-221 MJH16032 MJH16032 3-1098
MJE5974 TIP42 3-1166 MJH16034 MJH16034 3-1098
MJE5975 TIP42A 31166 MPSUO1 MPSUOL 31123
MJE5976 TIP428 31166 MPSUOIA MPSUD1A 31123
MJES977 TIP41 3-1166 MPSU02 MPSU02 31125
. MPSU03 MPSU03 31127
MJES5978 TIP41A 3-1166 MPSUO4 MPSUO4 31127
MJE5979 TIP418 3-1166 MPSU05 MPSUO5 3-1131
MJE5980 2N6489 3-221 MPSU06 MPSUOS 31131
MJE5981 2NB490 3:221 MPSU07 MPSUO7 31133
MJE5982 2N6491 3221 MPSU10 MPSU10 31135

*Consult Motorola if a direct replacement is necessary.
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MPSUT1 MPSU10 31135 NSP586 TIP30A 3-1154
MPSU12 MPSU45 31138 NSP587 TIP29A 3-1154
MPSU31 MPSU0B 31138 NSP588 TIP30A 31154
MPSU45 MPSU45 31138 NSP589 TIP29B 31154
MPSU47 MPSU06 31131 NSP590 TIP30B 3-1154
NSP595 TIP31A 3-1156
MPSUS1 MPSUS1 3-1141
MPSUS1A MPSUS51A 31141 NSpose TIP32A 3115
MPSUS? - SP597 TIP31A 31156
MPSU52 U 31143
MPSU55 MPSUS55 3-1145 NSP598 TIP32A 31156
MpaUse MPSUSG 3114 NSP599 TIP31B 31156
NSP600 TIP328 3-1156
MPSUS7 MPSU57 3-1147 NSP695 TIP120 3-1181
MPSU60 MPSUE0 3-1149 NSP695A TIP100 3-1178
MPSU95 MPSU95 31151 NSP696 TIP125 31181
NSD102 2N4923 382 NSPGIBA TIP105° 31174
NSD103 2N4923 382 NSP697 TIP120 31181
NSP697A TIP100 31178
NSD104 2N4923 382 NSP698 TIP125 31181
NSD105 2N4923 382 NSP698A TIP105 31174
ugg:g? mga% 33-98920 NSP699 TIP121 31181
ooz MES T NS00 Tibizs Siin
1 -
NSD133 MJE340 3-990 NSP700A TIP106 33?5
NSD134 MJE340 3-990 NSP701 TIP122 3-1181
NSD135 MJE340 3-990 NSP702 TIP127 31181
NSD151 MJESOO 3-1002 .
NSD1S2 WIESDD 31002 NSPa011 Tirégh Tl
: 78 NSP2021 TIP41A 3-1166
Nso2n2 2oy 3 NSP2090 TIP125 31181
NSo203 N 378 NSP2091 TIP125 3-1181
NSD205 2N4919 378
b NSP2092 TIP126 3-1181
NsD208 2N4919 378 NSpa0sa Tei2s 31181
) 21 1P120 3-1181
NSD3430 =D 31022 NSP2101 TIP120 31181
NSD3440 MJE3440 31022
NSDUO1 MPSUO1 31123 NSP2102 TIP121 3-1181
NSDUO1A MPSUO1A 31123 NSP2103 TIP121 31181
NSDU05 MPSU05 31131 NSP2370 TIP32 3-1156
- MeS0s NSpait TSiA $ise
U6 31131 2481 -
NSOUO7 MPSUO7 31133 NSP2490 TIP32 31156
NSDU45 mPSWS 3:1138 NSP2491 TIP32A 3-1156
NSDUST PSSt 31141 NSP2520 TIP3 31156
NSDU51A MPSUS1A 3-1141 NSP2955 %‘;529551’ 3-1018
. NSP3054 1A 31156
Négﬂﬁ MSEH?& 3}}32 NSP3055 MJE3055T 3-1018
NSDUS7 MPSUS7 3-1145 NSPa918 TIP30 31154
NSE170 MJET70 - NGP4919 Tip30A 3-1154
NSE171 MIEIT1 — NSP4920 TIP308 3.1154
NSP4921 TIP29 3-1154
NSE180 MJE180 - NSP4922 TIP29A 3-1154
NSE181 MJE181 -
NSP41 TIP41 3-1166 NSP4923 TIP29B 3-1154
NSP41A TIP41A 3-1166 NSP5190 2NB121 3-164
NSP41B TIP41B 3-1166 NSP5191 2N6122 3-164
NSP5192 2N6123 3-164
NSPATC TIPatc 3.1166 NSP5193 2N6124 3.164
NSP42 TIP42 3-1166 NSP5194 2N6125 3-164
NSP42A TIP42A 3-1166 NSP5195 TIP32C 3-1156
mgmgg TIP428 g{%gg NSP5974 TIP42 3-1166
TIP42C - NSP5975 TIP42A 31166
. NSP5976 TIP428 3-1166
NSP105 TIP42A 3-116!
NSP205 TIP41A 31166 NSP5977 TIP41 3-1166
NSP370 TIP32 31156 NSP5978 TIP41A 3-1166
e S o
1P3 - 3-221
56 NSP5981 2N6490 3221
NSP521 TIP31 3115 -
NSP575 TngQA 31154 :.‘32?,3% 5#23‘3% %%%}
NSP576 TIP30A 31154 NSP5984 2NB487 3221
NSP577 TIP29A 3-1154 NSP5985 2N6488 3-221
NSP578 TIP30A 3-1154 PM26K380 MJ13015 3-798
e e
NSP581 TIP29C 31154 238}8528 2NB057 gilgg
NSP582 TIP30C | 31154 PMD10K-80 2N6058 3153
NSP585 TIP29A 31154 PMDA0K.100 2N6059 3153
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PMD11K-40 2N6050 3153 RCA120 TIP120
e e o | s
: -153 A122 TIP122 3.1181
PMD11K-100 2N6052 3:153 RCA125 TIP125
3-1181
g Moo soe || nonen
PMD12K-80 MJ1001 3626 Roadly ity e
PMD12K-100 2NG059 3153 RCA413 M43 3622
PMD13K-40 MJ900 3-626 RCA423 MJ423 3-622
PMD13K-60 MJ900 3626 RCA431 MJ431 3622
PMD13K-80 MJ901 3626 RCA1000 MJ1000 3-626
PMD13K-100 2N6052 3.153 RCA1001 MJ1001 3-626
PMD16K-40 2N6282 3185 RCA3054 2N6122 3-164
PMD16K-60 2N6282 3185 RCA3055 2N6487 3221
PMD16K-80 2N6283 3185 RCA3441 MJE15030 31086
PMD16K-100 2N6284 3185 X
PMD17K-40 2N6285 3185 RoAdss JE 13030 i
RCAB203 TIP105 31174
PMD17K-60 2N6284 3-185 ACAB203A 2N6667 3-246
PMD17K-80 2N6286 3-185 RCAB82038 2N6668 3.246
PMD17K-100 2N6287 3185 RCA8350 2N6648 3-209
PMD20K-120 2NB578 3-243 RCAB350A 2N6054 3157
PMD25K-120 2NB578 3243 RCAB3508 2N6054 3157
PMD1600K 2N6282 3185 RCA8766 MJ10002 3670
PMD1601K 2N6282 3185 RCAB766A M110002 3670
PMD1602K 2N6283 3185 RCA87668 MJ10002 3-844
PMD1603K 2N6284 3185 RCAB766C MJ15002 3844
PMD1700K 2N6285 3-185 RCAB766D MJ15002 3-844
PMD1701K 2N6285 3-185 RCA8766E MJ15002 3-844
PMD1702K 2NB286 3185 RCA8767 2NB546 3239
PMD1703K 2N6287 3-185 RCAB767A 2N6547 3239
RCA1BO1 ) RCA87678 2N6547 3239
RCA1B04 fﬁﬁ%ﬁz 3%%% RCA9113 2N6546 3-239
RCA1B05 MJ15024 3852 RCA9113A 2N6547 3239
RCA1BO0G MJ12003 3847 RCA91138 2N6547 3.239
RCA1B09 MJ15024 3-852 RCP111A MJE340 3-990
RCA1 MJE15028 3-1086 RCP111B
REAICo4 MJE15029 3.1086 RCP111C MIEN 3
RCA1C05 TIP41A 3-1166 RCP111D MJE340 3990
RCA1C0 TIP42e 31166 RCP113A MJE340 3.990
ROA1G07 MJE3055T 3-1018 RCP1138 MJE340 3.990
MJE2955T 31018 RCP11
RO 1cos MJE3055T 31018 Rep110 MIER0 35
RCA1C10 2NE292 3161 RCP115 MJE41 3992
RCA1C11 2N6107 3-161 ACP1158 MJE340 3-990
RCA1C12 MJE15028 3-1086 RCP117 MJE341 3:992
MJE15029 3-1086 RCP117B MJE340 3990
9321313 2N6290 3-1018 RCP131A MJE344 3.992
Roatcu ING388 3213 RCP131B MJE344 3.992
RCA1C16 2N6668 3-246 ggmg}g MJEMO gggo
RCATEG? 2N3583 320 JE340 -990
ACATED3 ING420 320 RCP133A MJE344 3-992
TIP29 3.1154 RCP133B MJE344 3-992
:gﬁggA TIP29A 31154 RCP133C MJE340 3-990
RCAZSB Trg St sty iz 5%
RCA29C TIP29C 3-1154 -82
' RCP1358 MJE340 3-990
RCA30 TIP30 3-1154
RCA30A TIP30A 31154 | ReP1y7 2N4923 382
4 RCP137B MJE340 3.990
RCA30B TIP30B 3-1154
R TiPac 31134 RCS579 2N6306 3194
e TIPt Ilise RCS617 2N5882 3130
RCA31A 3.1156 RCS618 2N5880 3-130
ReAYTB Tirate 31156 SDmod00 Ma10012 E#E
RCA3IC TIP3IC 31156 Somecr Ma10012 o
ROA32 TIP3 31156 SDM6002 MJ10012 3-696
RCAZRA TIP32A 31156 SDM6003 a0 36%
31156 SDM20301 MJ4033 3634
irgeed Ties2g 31156 SDM20302 MJ4033 3634
RCA41 TIP41 31166 $0OM20303 MJ4034 3-634
RCA41A TIPatA 31166 SDM20304 MJ4035 3-634
RCA41B TIP41B 3-1166 SDM20311 MJ4033 3-634
RCA41C TIP41C 3-1166
ACA42 TIPa2 31166 s Madoss e
MJ4034 3634
RCA42A TIP42A 3-1166 SDM20314 36
RCA428B TIP42B 31166 Muose e
RCA42C TPz Silee SDM20321 MJ4033 3.634
SDM20322 MJ4033 3634
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SDM20323 MJ4034 3-634 SDT1060 2N6308 3-194
SDM20324 MJ4035 3634 SDT1061 2N3902 3-60
SDM21301 MJ4030 3634 SDT1062 2N6545 3235
SDM21302 MJ4030 3634 SDT1063 2NB545 3-235
SDM21303 MJ4031 3634 SDT1064 2N6545 3235
SDM21304 MJ4032 3634 SDT1301 2N6235 3-174
SDM21311 MJ4030 3634 SDT1302 2N6235 3174
SDM21312 MJ4030 3634 SDT1303 2N6235 3174

MJ4031 . SDT1304 2N6235 )

SDM21313 3-364 Nei% 3174
SDM21314 MJd032 3.364 SDT3125 3168
SDN1010 2N6056 3-157 SDT3126 2N6190 3168
SDN1020 MJ3001 3-628 SDT3321 2x6}£ 3-168
SDN4040 MJ10000 3-664 SDT3322 ZNG 3-168
SDN4045 MJ10000 3-664 $DT3323 2N6190 3-168
SDNG00O MJ10000 3664 SDT3324 2N6193 3.168
SDNBO0T MJ10000 3-664 SDT3325 2N6193 3-168
SDN6002 MJ10001 3-664 SDT3326 2N6}93 3-168
SDN6060 MJ10000 3664 SDT3327 guggg 3168
SDN6061 MJ10000 3-664 SDT3328 vt 3-168
SDN6062 MJ10000 3-664 SDT3401 3-100
SDNG251 MJ10002 3670 SDT3402 2NS339 3.100
SDN6552 MJ10002 3670 SDT3403 2N5339 -
SDN6253 MJ10002 3670 SDT3404 2”5333
SDT7A01 2N5428 3108 SDT3405 2N533
SDT7A02 2N5428 3108 SDT3406 2NS339
SDT7A03 2N5428 3-108 SDT3407 2N5339
SDT7A08 2N5428 3-108 SDT3408 2N5339
SDT7A09 2N5428 3108 SDT3421 2N5337
SDT401 2N6543 3-229 SDT3422 2N5337
SDT402 2N6543 3-229 SDT3423 2N5336
SDT410 MJ410 3620 SDT3424 2N5338 3100
SDT411 MJ411 3-620 SDT3425 2N5337 3-100
SDT413 MJ413 3-622 SDT3426 2N5337 3-100
SDT423 MJ423 3-622 SDT3427 2N5336 3-100
SDT424 2N6308 3-194 SDT3428 2N5338 3-100
SDT425 2NB545 3235 SDT3501 2N3719 332
SDT430 2N6307 3-194 SDT3502 2N3720 332
SDT431 MJ431 3-622 SDT3503 2N6303 3-32
SDT520 2N6306 3194 SDT3504 2N6193 3168
SDT521 2N6306 3-194 SDT3505 2N3867 332
SDT522 2N6306 3194 SDT3506 2N3868 332
SDT525 2NB306 3-194 SDT3507 2N6303 3-32
SDT526 2N6306 3-194 SDT3508 2N6193 3168
SDT527 2N6306 3-194 SDT3775 2N3867 332
SDT530 2N6306 3-194 SDT3776 2N3868 332
SDT531 2N6306 3194 SDT3777 2N6303 332
SDT532 2N6306 3194 SDT3778 2N3867 332
SDT535 2N6306 3-194 SDT4451 2N5337 3-100
SDT536 2N6307 3194 SDT4452 2N5336 3-100
SDT537 2N6307 3-194 SDT4453 2N5337 3100
SDT540 2N6307 3-194 SDT4454 IN5336 3-100
SDT541 2N6307 3194 SDT4455 2N5337 3-100
SDT542 2N6307 3-194 SDT4456 2N5337 3-100
SDT545 2N6308 3194 SDT4483 2N5337 3-100
SDT546 2N6308 3194 SDT4901 2N3583 3-20
SDT547 2N6308 3-194 SDT4902 2N6233 3-174
SDT550 2N6308 3-194 SDT4903 9N6235 3174
SDT551 2N6308 3194 SDT4904 2N3585 320
SDT552 2N6308 3194 SDT4905 2N3585 320
SDT707 2N5428 3-108 SDT5101 TIP41A 3-1166
SDT1050 2N6308 3194 SDT5102 TIP41A 3-1166
SDT1051 2N6308 3194 SDT5103 TIP41A 3-1166
SDT1052 2N6543 3229 SDT5111 TIP42A 3-1166
SDT1053 2N6543 3-229 SDT5112 TIP42A 3-1166
SDT1054 2N§543 3229 SDT5113 TIP42A 31166
SDT1055 2N6308 3-194 SDT5501 2N5337 3100
SDT1056 2N3902 3-60 SDT5502 2N5337 3-100
SDT1057 2N6545 3235 SDT5503 2N5337 3-100
SDT1058 2N6545 3-235 SDT5504 2N5539 3-100
SDT1059 2N6545 3235 SDT5506 2N5337 3-100
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SDT5507 2N5337 3100 SDT7736 2N5631 3112
SDT5508 2N5336 3100 SDT9201 2N3055 36
SDT5509 2N5338 3100 SDT9202 2N5878 3127
SDT5511 2N5337 3100 SDT9203 2N5882 3130
SDT5512 2N5337 3100 SDT9204 MJ15001 3844
SDT5513 2N5337 3-100 SDT9205 2N3055 36
SDT5514 2N5339 3.100 S0T9206 2N3055 36
SDT5901 2N3766 344 SDT9207 2N5878 3127
SDT5902 2N3766 344 SDT9208 2N5882 3130
SDT5003 2N3767 3.44 SDT9209 MJ15001 3884
SDT5904 2N3584 320 SDT9210 2N3055 36
SDT5905 2N3584 344 SDT9301 2N3054A 32
SDT5906 2N3766 3.44 SDT9302 2N3054A 32
SDT5907 2N3766 344 SDT9303 2N4233A 364
SDT5908 2N3767 3.44 SDT9304 2N3054A 32
SDT5909 2N3584 3.20 SDT9305 2N3054A 32
SDT5910 2N3584 3.20 SDT9306 2N4233A 3.64
SDT5911 2N5428 3108 SDT9307 2N3714 3.26
SDT5912 2N5428 3108 SDT9308 2N3715 326
SDT5913 2N5428 3108 SDT9309 2N3716 326
SDT5914 2N5429 3108 SDT9701 2N5303 3.96
SDT5951 2N3584 320 SDT9702 2N5629 3112
SDT5952 2N3583 320 SDT9703 2N5630 3112
SDT5953 2N3584 320 SDT9704 2N5882 3130
SDT5954 2N3584 3-20 SDT9705 2N5629 3112
3.20 SDT9706 2N5630 3112
SSE% 5;‘3& 320 SDT9707 2N3055 36
SDT6308 2N5339 3-100 SDT12301 2N5339 3-100
SDT6309 2N5339 3-100 SDT12302 AR 3-100
SDT6310 2N5339 3100 SDT12303 3-100
SDTE3 IN5339 3.100 SDT12305 2N5339 3100
30TE31R N5339 3.100 SDT12306 2N5339 3100
SDT6313 2N5339 3-100 SDT12307 2N5339 3-100
SDT6314 2N5339 3100 SDT13301 gngg:g 3-239
SDT6315 2N5339 3-100 SDT13302 3239
SDT6316 2N5339 3-100 SDT13303 2N6547 3239
SDT6408 2N5339 3-100 SDT13304 MJ13335 3-834
SDT6409 2N5339 3.100 SDT13305 CM. MJ13335 3-834
S0T6410 N5339 3-100 SoTBO1 SNess E£rd
SDT6411 2N5339 3100 SDT802 3100
SDT6412 2N5339 3100 SDTB03 2NS339 3-100
SDT6413 2N5339 3100 SDTB0S gxgg*ag 3-100
SDT6414 2N5339 3-100 SDTB06 A 3-100
SDT6415 2N5339 3-100 SDTBO7 3-100
SOT6416 2N5339 3100 SES300 SE9300 3-100
SDT6901 2N3584 320 SE9301 SE9301 -
SDT6902 2N3584 320 SEQ302 SES302 W10 -
SDT6903 2N3584 3-20 SE9303 3626
SDT6904 2N3584 320 SE9304 MJ1001 3626
SDT7201 2NG306 3194 SE9306 MJ4032 3-634
SDT7202 2N6306 3-194 SE9307 MJ4034 3634
SDT7203 N6306 3194 SE9308 T 33
SDT7204 2N6307 3-194 SE9331 -
SDT7205 2N6308 3-202 SEG400 SEG400 -
SDT7206 IN6341 SE9401 SE9401 -
SDT7207 2N6306 3194 £9402 SEQ402 =
SDT7208 2N6306 3194 SEM03 MJ00 E$03
SDT7209 2N6307 3194 SEM04 MJ%01 3638
SDT7603 2N6338 3202 SE9406 MJ4030 Evin
SDT7604 2N6339 3-202 SES407 MJ4031
3634
3202 SE9408 MJ4032
s 280 | e 0
SDT7610 2N6339 3-202 SVT100-5C 25882 3.194
SDT7611 2N6341 3202 SVT200-5 2N6306 3194
SDT7612 2N6249 3177 SVT200-10 2N6306
SDT7731 2N5881 3130 SVT200-10 MJ15022 g?gi
SDT7732 2N5881 3130 SVT250-3C 2N6308 310
SDT7733 2N5882 3130 SVT250-5 2N6308 Rt
SDT7734 2N5629 3112 SVT250-5 2N6306 3o
SDT7735 2N5630 3112 SVT250-10 2N6306

CM Consult Motorola if a direct replacement is necessary.
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SVT250-10C MJ15024 3852 TIP29F MJE15030 31086
SVT300-3 2N6307 3194 TIP3 TIP30 31154
SVT300-5 2N6543 3229 TIP30A TIP30A 31154
SVT300-5C 2N6307 3194 TIP30B TiP30B 31154
SVT300-10 2N6307 3194 TIP30C TIP30C 31154
SVT300-10C MJ13090 3-816 TIP30D 3-1086
SVT350-3 2NB545 3235 TIP30E MJE15031 3-1086
SVT350-3C 2N6308 3194 TIP3OF MJE15031 3-1086
SVT350-5 2N6308 3-194 TIP3t TIP31 MJE15031 3-1156
SVT350-5 MJ13080 3810 TIP31A TIP31A 31156
SVT350-12 2N6547 3239 TIP31B TIP31B 31156
SVT400-3 2N6545 3235 TIP3IC TIP31C 3-1156
SVT400-30 2N6543 3229 TIP31D 3-1086
s heE |

- 1 .

SVT400-5 TIP3 M 100 3-1086
SVT400-12 MJ13090 3816 TIP32 TIP32 31156
SVT450-3 2N6545 3235 TIPR2A TIP32A 31156
SVT450-3C MJ13335 3834 TIP32B TIP328 31156
SVT450-5 m%%o ggfg n:%g TIP32C 31156
SVT450-5¢ m MUE15031 3118
SVT6000 MJ10004 3676 TIP32E 3-1086
SVT6001 MJ10004 3676 TIP32F MJE15031 31086
SVT6002 MJ10005 3.676 TIP33 TIP33 MJE15031 31160
SVT6060 MJ10004 3.676 TIP33A TIP33A 3.1160
SVT6061 MJ10004 3.676 TIP338 TIP338 31160
SVT6062 MJ10005 3676 TIP33C P 31160
SVT6251 MJ10006 3682 TIP3 T 3.1160
SVT6252 MJ10006 dees TIP3A TIP34A 3-1160
SVT6253 MJ10007 368 TIP34B TIP348 3-1160
SVT6546 MJ13090 3816 TIP34C TIP34C 31160
SVT6547 MJ13090 3816 TIP35 P 31162
SVT7520 2NB543 3229 TIP35A %ngn 3-1162
SVT7521 2N6543 3229 TIP358 TIP358 3-1162
SVT7522 MJ13335 3-834 TIP35C TIP35C 3-1162
SVT7523 2N6308 3-194 TIP35D .
SVT7524 2N6543 32%3 TIP35E .
SVT7525 MJ13335 38 5 TIP3SF .
SVT7530 MJ13081 3'8}0 TIP36 TIP36 31162
SVT7531 MJ13080 38 TIP36A TIP36A 31162
SVT7532 MJ16004 3858 TIP368 TIP368 31162
SVT7533 Ma13080 380
SVT7534 MJ1308 -01U P 3-1162
SVT7535 M16004 3858 Tirsec TIR36C
SVT7540 MJ16008 3874 TIP3GE .
SVT7541 MJ16008 3-874 TIP36F .
SVT7542 M.J16008 3874 TIP41 TIPa1 31166
SVT7543 MJ13080 3810 TIP41A 31166
SVT7544 MJ13080 3810 TIP418 Tibd1a 31166
SVI7545 MJ16008 38 TIP41C TIP41C 31166
SVT7550 MJ13091 3816 gl MJE15031 3-1086
SVT7551 MJ16010 3-890 TIP41E MJE15031 3-1086
SVT7552 MJ16010 3-890 TIP41F MJE15031 3-1086
SVT7553 MJ13090 3816 TIP42 TIP42 3-1166
SVT7554 MJ13091 3816 TIP42A TIP42A 3-1166
SVT7555 MJ16010 3-890 TIP428 TIP42B 3-1166
SVT7560 MJ13091 3816 TIP42C TIP42C 3-1166
SVT7561 MJ16012 3-890 TIP42D TIP42D -
SVT7563 MJ13090 3816 TIP42E TIP42E -
SVT7564 - MJ13090 3816 TIP42F TIP42F -
SVT7565 MJ13090 3816 TIP47 TIP47 31170
SVT7570 MJ13091 3816 TIP48 TIP48 3-1170
SVT7571 MJ16012 3-890 TIP49 TIP49 31170
SVT7573 MJ13090 3816 TIP50 TIP50 31170
SVT7574 MJ13090 3816 TIP61 TIP61 -
SVT7575 MJ16012 3-890 TIPG1A TIP29C 31154
TIP29 TIP29 31154 TIPE1B TIP29C 31154
TIP29A TIP29A 31154 TIPGIC TIP29C 31154
TIP29B ,‘%B 31154 TIP62 TIP32C 31156
TIP2SC TIP29C 31154 TIP62A TIP32C 31156
TIP29D MJE15030 3-1086 TIP628 TIP328 31156
TIP2OE MJE15030 3-1086 TIP62C TIP32C 3-1156

*Consult Motorola if a direct replacement is necessary.
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ALPHANUMERIC INDEX — CROSS-REFERENCE (continued)

B " Motorola Motorola Motorola - Motorola
Industry Direct Similar Page Industry Direct Similar Page
Part Number - Replacement- Replacement -~ | Number Part Number Ruplaumgm Replacement Number
T1P63 - TIP47 31170 TIPS52 MJ12004 - 3772
TIP64 TIPag 31170 TIPS53 MJ12004 3772
TIP73 2N6486 3221 TIPS54 MJ13080 3810
TIP73A 2NB4s7 3-221 TIP555 MJ13080 3810
TIP738 2N6488; 3221 TIPS56 MJ13080 3.810
TIP74 2N6489 3-221 T MJ16006 3874
TIP74A 2NB490 3-221 n% MJ16006 3874
TIP74B 2N6491 3.221 TIPS60 MJ16006 3874
TIP75 MJE13005 3-1058 TIP562 MJ16012 3-890
TIPT5A MJE13004 3-1058 TIP563 MJ16012 3-890
TIP758 MJE13004 31058 TP MJ11018 3759
TIP75C - MJE13005 31058 np% MJ10009 3688
TiP100 TIP100 31174 TIP§75 MJ13080 3810
TIP101 TIP101 31174 TIP575A MJ13080 3810
TIP102 TIP102 31174 TIP5758 MJ13080 3.810
TIP105 TIP105 31174 P MJ13080 3810
TIP108 TIP10G 31174 ety TP100 31174
TIP107 TIP107 31174 TIP6O1 TIP101 31174
TIP110 TIP110 31178 TIP§02 TIP102 31174
TP TIP111 31178 TIP605 TIP105 31174
TIP112 TIP112 31178 TIP606 TIP106 31174
TIP115 TIP115 3-1178 TIPGO7 TIP107 31174
TIP116 CTIP116 31178 TIPE20 TIP120 31181
TIP117 TIP117 31178 TIP621 TIP121 31181
TIP120 TIP120 31181 TIPE22 TIP122 31181
TIP121 TPt 31181 : ’
TiP122 TIP122 31181 R%ﬁ TIP125 31181
TIP125 TIP125 31181 TIP627 TIP126 31181
e am || i) e
TiP127 1P127° X -
1P1 31181 TiPs41 o 350
TIP140 TIP140 3-1185 TIP645
TIP140T TIP100 31174 TIP646 2N6054 3.157
TIP141 TIP141 3-1185 TIP660 2N6650 3157
TIP141T - TIP102 sun TIPGE1 Mut0002 e
TIP142 : i - -
TiPee2 MJ10002 3670
TIP142T TIP103 31174
TIP145 TIP145 31185 Tihoes MJ10001 3664
TIP145T TIP105 31174 TIP665 MJ10008 3688
TIP146 TIP146 31185 TIPE68 m}gggzg gg%
TIP146T 31174 -
TIP106 TiPe67 M110002 3670
TIP147 TIP147 3-1185 TIP668
TIP147T TIP107 3-1174 TIP701 MJ10014 3-700
TIP150 MJE13006 3-1064 TIP702 MJ13080 3810
TIP151 MJE13007 1064 TIP2955 Mt oo
TiP152 MJE13007 - TIP3055 MIE3055T 31189
TIP160 MJE5740 31028 TIPL751
TIP161 MJES741 31028 TIPL751A MJ13070 gggj
TIP162 MJE5742 31028 TIpL752 MJ13071 804
Ties10 MJ15018 - TIPL752A MJ13080 30
TIP51 MJ15018 TIPL753 13080 3810
TIP512 MJ15018 = TIPLT53A
TIPS13 MJ15012 3850 TIPLT55 MJ13080 3810
TIPS14 MJE15030 3-1086 TIPL755A MJ13090 Tae
Rt ooty T Lagsd 10018 3906
TIP518 2N6341 _TIPL757A M16016 3906
TIP519 MJ15019 - TIPL760
TIP520 MJ15019 = TIPL760A MJE13070 gggﬁ
TIP521 6211 3171 TIPL774 MJE13071 Y88
Tips2z NB211 gg(l) TIPL775 Mato0e 3758
MJ15012 TIPL775A MJ11020 3.759
TIP524 2NB497 3225 :
TIP525 M J%%" 3.850 ﬂm}% MJ13014 3.798
TIP526 MI15011 3-850 UMT1203 MJ13015 3798
Teser MI15012 3830 UMT1204 MiE15004 g{ggg
P52 - :
T 15012 w100 MJ13015 3798
TIP536 3874
TIP545 MJ150% 39 e 2N6S47 i
TIP546 MJ15016 39 R
TIP550 MJ12002 3-765
TIPS51 MJ12003 3770
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Selector Guide

The selector guides on the subsequent
pages offer a quick “‘first-selection” capa-
bility for devices that fit specific applications
categories.

Because designers have different appli-
cation prerequisite, the devices are catego-
rized in three ways:

1. by package
2. by major product category
3. by major applications

In each case, pertinent electrical charac-
teristics are supplied to permit rapid com-
parison of potentially suitable devices.
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Selection By Package

Motorola power transistors are available in'a wide variety of metal

and plastic packages to match thermal, electrical and cost require: "~

ments. The following table compares the basic packages from. the
standpoint of current, voltage and power capabilities: The dev»ces
available in the various packages are tabulated on the succeedmg :
pages. :

Ic VCE R
“~Range | . Range ‘Pp Page
Package - | (Amps) | {(Volts) (Watts) # |
TO-204AA o i
(TO-3) 25-30 | 40-1500 | 36-260 | 23
Case 1 ) ; . -
Case 11
TO-204AE
Case 197 25-70 | 40-1500 | 36-350 2-3
TO-205AA
Case 31 3.0 40-800 6.0 2-8
(TO-5)
2 ) TO-205AD : ’
= = (TO-39) 0.5-5.0 | 40-400 | 5.0-10 2-8
Case 79 A )
S i ’!J \ TO-213AA -
NET .y (TO-66) 1.0-10 | 40-325 | .20-90 2:9
! Case 80
» DPAK
’ Case 369-03 | 0510 | 40-400 | 125-20 | 218
' ‘ - DPAK
’ Case 369a.04| 05710 | 40-400 | 125-20 | 218
_ 2 TO-218AC co
= Case 340 5.0-25 | 40-1500 | 80-150 | 2-10
. of - TO-220AB '
= - Case 221A 0.5-15 | 30-1800 | 152125 | ~2-12
TO-225AA ‘
TYPE 0.3-5.0 | .25-400 | 12.5-40 | 2-15
' Case 77 ‘
TO-225AB '
" Case 90 5.0-15 | 40-100 | 65-100 | 217
Case152 | 0.5-2.0 | 30-300 10 2-17
Case 353 | 25-100 | 250-850 250 2-18
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Bipolar Power Transistors

TABLE 1 — METAL TO-204AA (Formerly TO-3) — TO-204AE (Type)

STYLE 1:
PIN 1. BASE
2. EMITTER

CASE. COLLECTOR
CASE 11-01, 11-3 — 40 mil pins
CASE 1-04, 1-05 — 40 mil pins
MODIFIED TO-3
CASE 197-01 — 60 mil pins

Resistive Switching
IcCont | VCEO(sus) . ts tf fr Pp (Case)

Amps. Volts Device Type hrg @lc pus ps @lc MHz Watts

Max Min NPN PNP Min/Max Amp Max Max Amp Min @ 25°C
25 800 MJ8501 7.5 min 0.5 4 2 1 125
1500* BU205 2 min 2 0.75 typ 2 4 typ 36
MJ12002 1.11 min 2 1 2 4 typ 75
35 325 2N3902 30/90 1 1.2typ | 0.1 typ 1 28 100
4 1500* MJ12003 2.5 min 3 1 3 100
5 200 MJ410 30/90 1 25 100
250 MJ3029 30 min 04 1 3 125
300 MJ411 30/90 1 25 100
400 2N6543 7/35 3 4 0.8 3 6 100
MJ13070 8 min 3 15 0.5 3 125
450 MJ13071 8 min 3 1.5 0.5 3 125
MJ16002 5 min 5 3 0.3 3 125
MJ16004 7 min 5 2.7 0.35 3 125
2N6834 10/30 3 27 0.35 3 15 125
500 MJ16002A 5 min 5 3 0.3 3 125
700 MJ8502 7.5 min 1 4 2 25 150
800 MJ8503 7.5 min 1 4 2 25 150
850* MJ12020 5 min 5 0.13 typ 3 15 125
1500* BU208 2.25 min 45 0.6 typ 45 4 typ 60
BU208A 2.25 min 4.5 8typ | 0.4typ 45 4 typ 90
BU208Dt 2.25 min 45 0.6 typ 45 4 typ 60
MJ12004 2.5 min 45 1 45 4 100
6 100 2N5758 2N6226 25/100 3 0.7typ | 0.5typ 3 1 150
120 2N5759 2N6227 20/80 3 0.7typ | 0.5typ 3 1 150
140 2N5760 2N6228 15/60 3 0.7typ | 0.5typ 3 1 150

# |hfe| @ 1 MHz, ## Darlington (continued)

* V(BR)CEX or V(BR)CES )
t D Suffix on this device signifies internal C-E Diode
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TABLE 1 — METAL TO-204AA — TO-204AE (Type) (continued)

Resistive Switching
IcCont | VCEO(sus) i ts t fr | Pp (Case)
Amps Volts Device Type hgg @lc ps ps @lc MHz Watts
Max Min NPN PNP Min/Max Amp Max Max Amp Min @ 25°C
6 375 BU326 30 typ 0.6 35 1** 25 6 90
400 BU326A 30 typ 0.6 35 1** 25 6 90
7 300 MJ3041## 250 min 25 175
350 MJ3042## 250 min 25 175
75 60 2N3447 40/120 5 2 0.35 5 10 115
80 2N3448 40/120 5 2 0.35 5 10 115
8 60 MJ1000## MJS00## 1k min 3 90
2N6055# # 2N6053# # 750/18k 4 1.5typ | 1.5typ 4 a# 100
80 MJ1001## MJ901## 1k min 3 90
2N6056# # 2N6054# # 750/18k 4 1.5typ | 1.5 typ 4 a# 100
250 | 2N630 16/75 3 1.6 0.4 3 5 125
300 2N6307 15/75 3 1.6 0.4 3 5 125
350 ; 1 12/60 3 1.6 0.4 5 5 125
400 2N6545 7/35 5 4 1 5 6 125
MJ6503 15 min 2 2 0.5 4 125
MJ13080 8 min 5 1.5 0.5 5 150
450 MJ13081 8 min 5 1.5 0.5 5 150
MJ16006 5 min 8 2.5 0.25 5 150
MJ16008 7 min 8 2.2 0.25 5 150
2N6835 10/30 5 25 0.25 5 10 150
500 MJ16006A 5 min 8 3 04 5 150
850* MJ12021 5 min 8 0.1 typ 5 150
1400* MJ10011## 20 min 4 1 4 80
1500* MJ12005 5 min 5 1 5 100
9 400 BUS47 7 min 6 2 0.4 6 150
450 BUS47 7 min 5 2 0.4 5 150
10 1k/20k 5 20# 100
25 min 5 4 115
2N3789 15 min 3 0.3typ | 0.4 typ 5 4 150
2N3791 30 min 3 0.3typ | 0.4 typ 5 4 150
2N5875 20/100 4 1 0.8 4 4 150
1k/20k 5 20# 100
MJ2500# # 1k min 5 150
80 2N379! 15 min 3 03typ | 0.4 typ 5 4 150
i 30 min 3 0.3typ | 0.4 typ 5 4 150
2N5876 20/100 4 1 0.8 4 4 150
| 2N # 1k/20k 5 20# 100
MJ3001## MJ2501# # 1k min 5 150
140 2N5634 15/60 5 0.9typ | 0.9 typ 5 1 150
2N3442 20/70 4 117
* V(BRICEX: # |bfel @ 1 MHz, ## Darlington (continued)

JAN, JTX, JTXV Available

2-4



TABLE 1 — METAL TO-204AA — TO-204AE (Type) (continued)

Resistive Switching

Pp (Cése)

JAN, JTX, JTXV Available

2-5

IcCont | VCEO(sus) i ts t fr
Amps Volts Device Type hEE @lc | ws us | @lc | MHz | watts
Max Min NPN PNP Min/Max Amp Max Max Amp - Min @ 25°C
10 250 MJ15011 MJ15012 20/100 2 200
325 BUX43 8 min 5 22 0.9 5 8 120
MJ413 20/80 0.5 25 125
MJ423 30/930 1 25 125
MJ431 15/35 25 25 125
350 BU323## 150 min 6 75typ | 5.2typ 6 175
MJ13014 8/20 5 2 0.5 5 . 150
MJ10002# # 3/300 5 25 1 ) “10# 150
MJ10006# # 30/300 5 1.5 0.5 5 10# 150
400 BU323A## 150 min 6 75typ | 5.2 typ 6 175
MJ10007## 30/300 5 1.5 0.5 5 10# 150
MJ10012#4# 100/2k 6 15 15 6 175
MJ13015 8/20 5 2 0.5 5 150
600 MJ10014# # 10/250 10 25 0.8 10 175
700 MJ8504 7.5 min 15 4 2 5 175
800 MJ8505 7.5 min 1.5 4 2 5 175
MJ16018 4 min 5 45typ | 0.2 typ 5 150
950* MJ12010 4.2 min 5 1 5 100
12 60 2N6057## 2N6050+# # 750/18k 6 1.6typ | 1.5typ 6 a# 150
750/18k 6 16typ | 1.5typ 6 a# 150
750/18k 6 16typ’| 1.5typ 6 a# 150
8 min 6 2 0.4 6 8 120
1000 BUT16## 5 min 8 33 1.5 8 150
15 60 2N3055 MJ2955 20/70 4 0.7 typ | 0.3 typ 4 25 115
2N3055A MJ2955A 20/70 4 0.8 115
2N6576## 2k/20k 4 2 7 10 10-200# 120
2N5881 2N5879 20/100 6 1 0.8 6 4 160
80 2N5882 2N5880 20/100 6 1 » 0.8 6 4 160
90 2N6577## 2k/20k 4 2 7 10 10-200# 120
120 MJ15015 MJ15016 20/70 4 1 180
2N6578## 2k/20k 4 2 7 10 10-200# 120
140 MJ15001 MJ15002 25/150 4 2 200
150 MJ11018## MJ11017## 100 min 15 3# 175
200 BUX41 8 min 8 1.5 0.4 8 8 120
2N6249 10/50 10 3.5 1 10 25 175
MJ11020## | MJ11019## 100 min 15 3# 175
250 MJ11022## | MJ11021## 100 min 15 3# 175
275 2N6250 8/50 10 3.5 1 10 . 25 175
6/30 10 4 0.7 10 6to 24 175
2N6676 8 min 15 25 0.5 15 3 175
325 BUX13 8 min 8 25 0.8 8 8 150
400 BUS48 8 min 10 2 0.4 10 175
3 0.8 10 175
6/30 10 4 0.7 10 6 to 24 175
2N6678 8 min 15 25 0.5 15 3 175
MJ13090 8 min 10 25 0.5 10 175
450 BUS48A 8 min 10 2 0.4 10 175
BUX48A 3 0.8 8 175
MJ13091 8 min 10 25 05 10 175
MJ16010 5 min 15 | 12typ [ 0.2typ | 10 175
*V(BR)CEX. # Ihfel @ 1 MHz, ## Darlington (continued)




TABLE 1 — METAL TO-204AA — TO-204AE (Type) (continued)

Resistive Switching

IcCont | VCEO(sus) . tg tf fr Pp (Case)
~ Amps Volts Pevice Type hEE @le | ns us | @lc | MHz | Watts
Max Min NPN ‘PNP Min/Max Amp | Max | Max Amp Min @ 25°C
15 MJ16012 7 min 15 0.9 typ | 0.15 typ 10 175
2N6836 10/30 10 3 0.35 10 10 175
500 MJ16010A 5 min 15 3 0.4 10 175
850* | MJ12022 5 min 15 01typ | -10 175
‘16 60 MJ4033## | MJA030## 1K 10 150
80  (BD315 BD316 25 min 5 1 200
MJ4034## | MJA031## 1w 10 150
100 BD317 BD318 25 min 5 1 200
2N5629 2N6029 25/100 8 12typ | 1.2typ 8 1 200
MJ4035## | MJ4032## i 10 150
120 | 2Ns630 2N6030 20/80 8 12typ | 12typ | - 8 1 200
140  [2N3773 2N6609 15/60 8 11typ | 1.5typ 8 4 150
2N5631 2N6031 15/60 8 12typ | 1.2typ | - 8 1 200
200 MJ15022 MJ15023 15/60 8 i 5 250
250 MJ15024 MJ15025 15/60 8 5 250
18 160 BUX41N i 8 min 12 1.2 0.25 12 8 120
20 60 2N3772 15/60 10 2 150
2NB282## | 2N6285## 750/18k 10 |25typ | 25typ| 10 a# 160
75 20/100 10 15 05 10 60 140
80" 15/60 10 | 2 1 10 2 200
750/18k 10 |25typ |25typ| 10 a# 160
90 20/100 12 15 0.5 12 60 140
_ 100 750/18k 10 |25typ | 25typ | 10 a# 160
- 125 BUX40 ) 8 min 15 1 0.25 15 8 120
140 | MJ15003 MJ15004 25/150 5 2 250
160 |BUV1IIN 10 min 15 1.2 0.25 15 8 150
200 BUV11 10 min 12 1.8 0.4 12 8 150
MJ13330 8/40 10 35 0.7 10 |5t040 175
250 BUV12 10 min 10 15 0.5 10 8 150
MJ13331 8/40 10 35 0.7 10 | 5to40 175
350 MJ10000## 40/400 10 3 18. ] 10 10# 175
MJ10004## 40/400 10 15 0.5 10 10# 175
400 |BUV24 8 min 12 3 0.9 12 8 250
MJ10001## 40/400 10 3 1.8 10 10# 175
MJ10005## 40/400 10 15 0.5 10 10# 175
MJ13333 10/60 5 4 0.7 10 175
450 | MJ10008## 30/300 10 2 0.6 10 8# 175
MJ16014 5 min 20 2.7 0.35 20 250
MJ16016 7 min 20 2.2 0.25 20 250
2N6837 10/30 15 25 0.25 15 . 250
500 MJ10009## 30/300 10 2 0.6 10 8# 175
MJ13335 10/60 5 4 0.7 10 175
700 | BUT1S## 15 min 12 25 0.8 12 175
750 MJ10024## 50/600 20 5 18 10 250
850 | MJ10025## 50/600 20 5 18 10 250

* V(BR)CEX. # |fe| @ 1 MHz, ## Darlington

JAN, JTX, JTXV Avdilable
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TABLE 1 — METAL TO-204AA — TO-204AE (Type) (continued)

Resistive Switching
IcCont | VCEOQ(sus) i ts t fr | Pp (Case)
Amps Volts Device Type hge @I us Ms @l MHz Watts
Max Min NPN PNP Min/Max Amp Max Max Amp Min @ 25°C
24 1000 | BUT36## 5 min 16 6 25 16 250
25 60 2N5885 2Ns883 20/100 10 1 08 10 4 200
80 2N5886 2N5884 20/100 10 08 10 4 200
2N6436 30/120 10 0.25 10 40 200
100 ! Il 30120 10 1 0.25 10 40 200
120 |2N6339 30/120 10 1 0.25 10 40 200
125  |BUV10 10 min 20 1.2 0.25 20 8 150
BUV1ON 10 min 20 155 | 045 15 10 175
30/120 10 1 0.25 10 40 200
30/120 10 1 0.25 10 40 200
500 | BUT14## 15 min 16 2.8 08 16 175
28 400 | BUT13## 20 min 20 2.6 0.8 18 175
30 40 2N3771 15/60 15 2 150
2N5301 2N4398 15/60 15 2 1 10 2 200
3]l | 1860 15 2 1 10 2 200
MJ11012## | MJ11011## 1k min 20 a# 200
90 BUX39 8 min 20 1 0.25 20 8 120
MJ11014## | MJ11013## 1k min 20 a# 200
100 |2Ne328 6/30 30 3 200
MJs02 MJ4502 25/100 75 2 200
120 | MJ11016## | MJ11015## 1k min 20 a# 200
325 | BUV23e 8 min 16 1.8 0.4 16 8 250
400 | BUS98e 8 min 20 2.3 0.4 20 250
BUX98 3 08 20 250
450 | BUS98Ae 8 min 16 2.3 04 16 250
BUX98A 3 08 16 250
MJ160200 5 min 30 1.8 0.2 20 250
MJ16022¢ 7 min 30 0.15 20 250
40 160 | BUV21Ne 10 min 20 1 0.2 40 8 250
200 |BUV21e 10 min 25 1.8 04 25 8 150
250 | BUSS52e 15 min 40 ; 350
BUV22e 10 min 20 1.1 0.35 20 8 250
350 | MJ10022e## 50/600 120 25 0.9 20 250
400 | MJ10023e## 50/600 10 25 0.9 20 250
700 | BUT35e## 15 min 24 4 1.2 24 250
50 60 | T N 15060 25 |05typ | 03typ | 25 2 300
MJ11028e## | MJ11029e## | 400 min 50 300
80 | i ‘ 15/60 25 |05typ | 03typ | 25 2 300
2N6377e . 30/120 20 058 0.25 20 30 250
20 MJ11030e## | MJ11031e## | 400 min 50 300
100 . B 30/120 20 0.8 0.25 20 30 250
120 | 2N62750 ge|| | 30120 20 08 0.25 20 30 250
MJ11032e## | MJ11033e## | 400 min 50 300
125 |BUV20e 10 min 50 1.2 0.25 50 8 250
150 . 30/120 20 08 0.25 20 30 250

© Modified TO-3, 60 mil pins, # |hfg| @ 1 MHz, ## Darlington

JAN, JTX, JTXV Available




TABLE 1 — METAL TO-204AA — TO-204AE (Type) (continued)

2-8

Resistive Switching
IcCont | VCEO(sus) . ts t fr Pp (Case)
Amps Volts Device Type hfg @I us us @lc MHz Watts
Max Min NPN PNP Min/Max Amp Max Max Amp Min @ 25°C
50 200 BUS51e 15 min 50 350
400 MJ100150# # 10 min 40 25 1 20 250
500 BUT34e## 15 min 32 3 15 32 250
MJ100160## 10 min 40 25 1 20 250
56 400 BUT33e## 20 min 36 33 1.6 36 250
60 60 MJ14000e MJ14001e 15/100 50 300
80 MJ14002¢ MJ14003e 15/100 50 300
200 MJ10020e# # 75 min 15 35 0.5 30 250
250 MJ100210+# # 75 min 15 3.5 0.5 30 250
70 125 BUS50e 15 min 50 350
® Modified TO-3, 60 mil pins, # |hfe| «@ 1 MHz, ## Darlington
TABLE 2 — METAL TO-205AA PACKAGE (Formerly TO-5)
. STYLE 1:
CASE 31-03 PIN 1. EMITTER
2. 'BASE
3. COLLECTOR
Resistive Switching
IcCont VCEO(sus) . ts tf fr Pp (Case)
Amps Volts Device Type hge @ ¢ us us @ Ic MHz Watts
Max Min NPN PNP Min/Max Amp Max Max | Amp Min @ 25°C
3 40 2N3719 25/180 1 0.4* 1 60 6
40/200 1.5 0.4* 1.5 60 6
60 25/180 1 0.4% 1 60 6
2N 30/150 15 0.4* 1.5 60 6
80 I 2N6303 30/150 1.5 0.4* | 1.5 60 6
*toff
TABLE 3 — METAL TO-205AD PACKAGE (Formerly TO-39)
STYLE 1:
CASE 79-02 PIN 1. EMITTER
2. BASE
3. COLLECTOR
(Pin 3 connected to case)
Resistive Switching
IcCont VCEO(sus) . ts tf fr Pp (Case)
Amps Volts Device Type hge @I us us @ lc MHz Watts
Max Min NPN PNP Min/Max Amp Max Max Amp Min @ 25°C
05 300 MJ4646 20 min 0.5 0.72* 0.05 40 5
400 MJ4647 20 min 0.5 0.72* 0.05 30 5
4 60 2N4877 20/100 4 1.5 0.5 4 4 10
5 80 2N5336 ~ | 2N6190 30/120 2 2 0.2 2 30 6
2N5337 2N6191 60/240 2 2 0.2 2 30 6
100 2N53: 30/120 2 2 0.2 2 30 10
2N 60/240 2 2 0.2 2 30 6
JAN, JTX, JTXV Available toff




TABLE 4 — METAL TO-213AA PACKAGE (Formerly TO-66)

CASE 80-02
o2 STYLE 1:
5 o PIN 1. BASE
1S 2. EMITTER
CASE. COLLECTOR
Resistive Switching
IcCont | VCEO(sus) . tg t . fr Pp (Case)
Amps Volts Device Type bhrg @Ic us ps @I MHz Watts
Max Min NPN PNP Min/Max Amp Max Max Amp Min @ 25°C
1 40 2N4898 20/100 05 |06typ | 03typ| 05 3 25
60 2N4899 20/100 05 |06typ | 03typ| 05 3 25
80 2N4912 2N4900 20/100 0.5 0.6 typ | 0.3 typ 0.5 3 25
175 2N3583 2N6420 40/200 0.5 2typ |0.23typ 0.5 10 35
225 2N3738 40/200 0.1 3typ 0.3 typ 0.1 10 20
250 2N5344 25/100 0.5 0.6 0.1 0.5 60 40
300 2N3739 40/200 0.1 3typ | 0.3typ 0.1 10 20
2 225 2N6211 10/100 1 2.5 0.6 1 20 35
250 2N3584 2N6421 25/100 1 4 3 1 10 35
300 2N6212 10/100 1 25 0.6 1 20 35
2N3585 2N6422 25/100 1 4 3 1 10 35
2N4240 30/150 0.75 6 3 0.75 15 35
350 2N6213 10/100 1 25 0.6 1 20 35
3 140 2N3441 25/100 0.5 0.2 25
4 60 30/100 0.25 1.3typ | 0.27 typ 0.25 4 25
25/100 0.5 1typ 0.3 typ 0.5 3 75
40/160 0.5 0.9 typ | 0.09 typ 0.5 10 20
2N6296# # 750/18k 2 09typ | 0.7 typ 2 a# 50
80 PREMEITIE s0n00 | 025 | 13typ [027typ| 0.25 4 25
. ) 40/160 05 0.9 typ {0.09 typ 0.5 10 20
2N6297## 750/18k 2 09 typ | 0.7 typ 2 4 50
5 80 2N4233A 25/100 1.5 05typ | 0.2 typ 1.5 4 75
275 2N6233 25/125 1 3.5 0.5 1 20 50
325 2N6235 25/125 1 35 0.5 1 20 50
7 60 2N6315 2N6317 20/100 25 1 0.8 25 4 90
80 2N5428 60/240 2 2 0.2 2 30 40
2N6316 2N6318 20/100 2.5 1 0.8 25 4 90
100 2N5429 30/120 2 2 0.2 2 30 40
2N5430 60/240 2 2 0.2 2 30 40
8 750/18k 4 15typ | 1.5typ 4 a# 75
750/18k 4 [15typ [15typ | 4 a# 75
10 10/60 10 0.15 typ | 0.05 typ 10 25 70
© # |hfe| @ 1 MHz, ## Darlington
E

L1 JAN, JTX, JTXV Available
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TABLE 5 — PLASTIC TO-218AC PACKAGE

STYLE 1:
PIN 1. BASE
2. COLLECTOR
3. EMITTER
4. COLLECTOR
CASE 340-01
Resistive Switching
IcCont | VCEO(sus) . ts % fr Pp (Case)
Amps " Volts Device Type hfre @ Ic us ns @ lg MHz Watts
Max Min NPN ~ PNP Min/Max Amp Max Max Amp Min @ 25°C
3 750 MJH16032 4 min 3 2 1.5 2 125
850 ‘MJH16034 4 min 3 2 1.5 2 125
5 400 BUW11 6 min 3 4 0.8 3 125
450 BUW11A 6 min 25 4 0.8 25 125
MJH16002 5 min 5 3 0.3 3 100
‘MJH16004 7 min 5 27 0.35 3 100
500 MJH16002A 5 min 5 3 0.3 3 100
1500* MJH12004 2.5 min 45 — 1 4.5 4 100
6 375 BU426 30 typ - 0.6 2typ 05typ | 25 6 typ 13
400 BU426A 30typ - 0.6 2typ | 05typ | 25 6 typ 113
8 400 BUW12 6 min 6 4 0.8 5 125
' 450 BUW12A 6 min 5 4 0.8 5 125
MJH16006 5 min 8 25 0.25 5 125
MJH16008 7 min 8 2.2 0.25 5 125
500 BUTS0P## 30 min 2 0.75 typ | 0.1 typ 5 100
MJH16006A 5 min 8 25 0.25 5 125
700 BU508,A 2.25 min 45 8typ | 05typ | . 45 7 125
BU508D,AD 2.25 min 45 8typ | 0.5typ| 4.5 7 125
750 MJH12005 0.4 typ 5 4 100
9 400 BUS47P 7 min 5 2 0.4 6 128
450 BUS47AP 7 min 6 2 0.4 6 128
10 40 TIP33 TiP34 20 min 3 3 80
- 60 BDVEB5## BDV64## 1k min 5 125
TIP33A TIP34A 20 min 3 3 80
TIP140# # TIP145## 500 min 10 25typ | 25typ 5 v A4# 125
80 BDV65A# # BDV64A## 1k min 5 125
TIP33B. TIP34B 20 min 3 3 80
TIP141## TIP146## 500 min 10 t 25typ | 2.5 typ 5 a# 125
100 BDV65B## BDV64B# # 1k min 5 125
TIP33C TIP34C 20 min . 3 3 80
| TIP142# # TIP147## 500 min 10 25typ | 2.5typ 5 4# 125 -
120 BDV65C## BDV64C## 1k min 5 ) 125
200 BU323P## ) 150 min 6 15 15 6 125
250 BU323AP## - 150 min 6 15 15 [ 125
400 MJH10012## 100/2k 6 15 15 6 1 18’
800 MJH16018 4 min 5 45typ | 0.2typ 5 150
15 60 TIP3055 TIP2955 5 min 10 25 80
150 MJH11018 MJH11017 400/15k 10 3# 150
# |hfel @ 1 MHz, ## Darlington (continued)

* V(BR)CEX ©r V(BR)CES
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TABLE 5 — PLASTIC TO-218AC PACKAGE (continued)

Resistive Switching
IcCont | VCEO(sus) : il ts t fr Pp (Case)
Amps Volts Device Type hfg @lc us ps @lc MHz Watts
Max Min NPN PNP Min/Max Amp Max Max Amp Min @ 25°C

15 200 MJH11020 MJH11019 400/15k 10 3# 150
250 MJH11022 MJH11021 400/15k 10 3# 150

300 MJH6676 8 min 15 25 05 15 125

350 MJH6677 8 min 15 25 0.5 15 125

400 BUS48P 8 min 10 2 04 10 150

BUW13 4 0.8 10 175

MJH6678 8 min 15 25 0.5 15 125

MJH13090 8 min 10 25 0.5 10 125

450 BUS48AP 8 min 8 2 04 10 150

BUW13A 4 0.8 8 175

MJH13091 8 min 10 25 0.5 10 125

MJH16010 5 min 15 1.2 0.2 10 150

MJH16012 7 min 15 0.9 0.15 10 150

500 BUTS51P## 40 min 5 11 0.16 10 125
MJH16010A 5 min 15 3 0.4 10 150

16 100 MJE4340 MJE4350 15 min 8 1.2typ | 1.2 typ 8 1 125
120 MJE4341 MJE4351 15 min 8 1.2typ | 1.2 typ 8 1 125

140 MJE4342 MJE4352 15 min 8 1.2typ | 1.2typ 8 1 125

160 MJE4343 MJE4353 15 min 8 |[12typ|12typ 8 1 125

20 60 MJH6282## | MJH6285## 750/18k 10 a# 125
80 MJH6283## | MJH62864## 750/18k 10 a# 125

100 MJH6284## | MJH6287## 750/18k 10 a# 125

25 40 TIP35 TIP36 10/75 15 0.6 typ | 0.3 typ 10 3 125
45 BD249 BD250 10 min 15 3 125

60 BD249A BD250A 10 min 15 3 125

TIP35A TIP36A 10/75 15 0.6typ | 0.3 typ 10 3 125

80 BD249B BD250B 10 min 15 3 125

TIP35B TIP36B 10/75 15 0.6typ | 0.3 typ 10 3 125

100 BD249C BD250C 10 min 15 3 125

TIP35C TIP36C 10/75 15 0.6typ | 0.3typ 10 3 125

# |hfel @ 1 MHz, ## Darlington



TABLE 6 — PLASTIC TO-220AB PACKAGE

STYLE 1:
PIN 1. BASE .
2. COLLECTOR
3. EMITTER
4. COLLECTOR

CASE 221A-02

. Resistive Switching
‘2&;? VegQisus) Device Type hEE @l | £l e Ic mhe | T

Max Min NPN PNP | Min/Max Amp Max Max Amp Min @ 25°C
0.5 350 MJE2360T 15 min 0.1 10 typ 30
. MJE2361T 40 min 0.1 . 10 typ 30
1 40 TIP29 TIP30 15/75 1 0.6 typ | 0.3 typ 1 3 30
60 TIP29A TIP30A . 15/75 1 0.6 typ | 0.3typ 1 3 30
80 TiP29B TIP30B 15/75 1 0.6 typ | 0.3 typ 1 3 30
100 TIP29C TIP30C 15/75 1 0.6typ | 0.3 typ 1 3 30
250 TIP47 30/150 0.3 2typ [018typ| 03 10 40
300 TIP48 30/150 0.3 2typ |0.18 typ | o3 10 40
350 TIP49 30/150 0.3 2typ |0.18typ| - 0.3 10 40
400 TIP50 . 30/150 0.3 2typ |{0.18typ 0.3 10 40
2 45 BD239 | BD240 15 min 1 3 30
60 BD239%A BD240A 15 min 1 L 3 30
TIP110## TIP115## 500 min 2 1.7typ | 1.3typ 2 25# 50
80 BD239B BD240B 15 min 1 . 3 30
TIP111## TIP116## 500 min 2 1.7typ | 1.3typ o2 25# 50
100  |BD233C BD240C 15 min 1 , : 3 30
TIP112## TIP17## 500 min 2 117typ | 1.3typ "2 25# 50
400 BUX84 30 min 0.1 '~ 35 14 1 4 50
450 BUX85 30 min 0.1 35 1.4 1 4 50
900 MJE1320 . 3 min 1 4typ | 0.8typ 1 80
25 700 MJE8500 7.5 min 0.5 4 2 1 65
750 MJE12007 1.1 min 2 1 2 4 typ 65
800 MJE8501 7.5 min 0.5 4 2 1 65
3 40 TIP31 . TIP32 25 min 1 0.6typ | 0.3 typ 1 3 40
45 BD241 BD242 25 min 1 3 40
60 BD241A BD242A 25 min 1 . . 3 40
TIP31A TiIP32A 25 min 1 0.6 typ | 0.3 typ 1 3 40
80 | BD241B | BD242B 25 min 1 3 40
TIP31B TIP32B 25 min 1 0.6 typ | 0.3 typ 1 3 40
100 BD241C - | BD242C 25 min 1 3 40
TIP31C TIP32C 25 min 1 0.6 typ | 0.3 typ 1 3 40
750 MJE16032 4 min 3 2 1.5 2 80
850 MJE16034 4 min 3 2 1.5 2 80
4 45 2N6121 2N6124 25/100 1.5 0.4 typ | 0.3 typ 1.5 25 40
BD533 BD534 25 min 2 3 50
60 2N6122 2N6125 25/100 15 0.4typ | 0.3 typ 15 25 40
BD535 BD536 25 min 2 3 50
MJESOOT## | MJE700T## 750 min 1.5 1# 40
80 2N6123 20/80 1.5 0.4 typ | 0.3 typ 1.5 25 40
BD537 BD538 15 min 2 50
300 MJE13004 6/30 3 3 0.7 3 60
400 MJE13005 6/30 3 3 0.7 3 60
5 60 TIP120## TIP125## 1k min 3 15typ | 15typ 3 a# 65
80 TIP121## TIP126## 1k min 3 15typ | 1.5typ 3 a# 65
100 TIP122## TIP1274## 1k min 3 15typ | 1.5 typ 4 a# 75

# |hfel @ 1 MHz, ## Darlington (continued)
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TABLE 6 — PLASTIC TO-220AB PACKAGE (continued)

Resistive Switching
IcCont | VCEO(sus) N ts tf fr Pp (Case)
Amps Volts Device Type hFg @ lc Hs uns @l MHz Watts
Max Min NPN PNP Min/Max Amp Max Max Amp Min @ 25°C

5 250 2N6497 10/75 25 1.8 0.8 25 5 80
300 2N6498 10/75 25 1.8 0.8 25 5 80

400 MJE13070 8 min 3 1.5 0.5 3 80

450 BUS46P 7 min 3 15 0.5 2 75

MJE13071 8 min 3 15 0.5 3 80

MJE16002 5 min 5 3 0.3 3 80

MJE16004 7 min 5 2.7 0.35 3 80

700 MJE8502 7.5 min 1 4 2 25 80

800 MJE8503 7.5 min 1 4 2 25 80

6 40 TIP41 TIP42 15/75 3 0.4 typ | 0.15 typ 3 3 65
45 BD243 BD244 15 min 3 3 65

60 BD243A BD244A 15 min 3 3 65

TIPA1A TIP42A 15/75 3 0.4 typ | 0.15 typ 3 3 65

80 BD243B BD244B 15 min 3 3 65

TiP41B TIP42B 15/75 3 0.4 typ | 0.15 typ 3 3 65

100 BD243C BD244C 15 min 3 3 65

TIP41C TiIP42C 15/75 3 0.4 typ | 0.15 typ 3 3 65

7 30 2N6288 2N6111 30/150 3 0.4 typ | 0.15 typ 3 4 40
45 BD795 BD796 25 min 3 3 65

50 2N6290 2N6109 30/150 25 0.4 typ | 0.15 typ 3 4 40

60 BD797 BD798 25 min 3 3 65

70 2N6292 2N6107 30/150 3 0.4 typ | 0.15 typ 3 4 40

80 BD799 BD800 15 min 3 3 65

100 BD801 BD802 15 min 3 3 65

150 BU407,D 30 min 15 ’ 0.75 5 10 60

200 BU406,D 30 min 1.5 0.76 5 10 60

375 BUS22## 250 min 25 75 75

425 BUS22A# # . 250 min 25 75 75

450 BU522B## 250 min 25 7.5 75

8 40 2N6386## 1k/20k 3 20# 65
45 BDX53## BDX54## 750 min 3 a# 60

BD895# # BD896# # 750 min 3 1# 70

BD895A## BD896A# # 750 min 4 1# 70

60 2N6043## 2N6040# # 1k/10k 4 1.5typ | 1.5typ 3 4% 75

BDX53A## BDX54A## 750 min 3 a# 60

BD897## BD898## 750 min 3 1# 70

BD897A## BD898A# # 750 min 4 1# 70

TIP100# # TIP105## 1k/20k 3 15typ | 1.5typ 3 a# 80

80 2N6044# # 2N6041## 1k/10k 4 1.5typ | 1.5typ 3 a# 75

BDX53B## BDX54B# # 750 min 3 4# 60

BD899# # BD900## 750 min 3 1# 70

BD899A## BD900A## 750 min 4 1# 70

TIP101## TIP106## 1k/20k 3 1.5typ | 1.5typ 3 a# 80

100 2N6045# # 2N6042## 1k/10k 3 15typ | 1.5typ 3 a# 75
BDX53C## BDX54C## 750 min 3 4# 60

BDS01## BD902# # 750 min 3 . 1# 70

TIP102# # TIP107## 1k/20k 3 15typ | 1.5typ 3 a# 80

# |hfe| @ 1 MHz, ## Darlington (continued)
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TABLE 6 — PLASTIC TO-220AB PACKAGE (continued)

#|hfe| @ 1 MHz, ## Darlington

Resistive Switching
IcCont | VCEO(sus) . ts tf fr Pp (Case)
Amps Volts Device Type hEE @l | ps us | @ic | MHz | Wans
Max Min NPN PNP Min/Max Amp Max Max . | Amp Min @ 25°C
8 120 BDX53D## BDX54D## 750 min 3 a# 60
MJE15028 MJE15029 20 min 4 30 50
150 MJE15030 MJE15031 20 min 4 30 50
BUB07## 100 min 5 0.55typ | 0.2 typ 5 60
200 BU806## 100 min 5 055typ| 0.2 typ 5 60
300 MJE13006 5/30 5 3 0.7 5 4 80
MJES5740# # 200 min 4 8 typ 2typ 6 80
MJE5850 15 min 2 2 0.5 4 80
-350 MJES741## 200 min 4 8 typ 2typ 6 80
) MJE5851 15 min 2 2 0.5 4 80
400 MJES742# # 200 min 4 8 typ 2 typ 6 80
MJE13007 ) 5/30 5 3 0.7 5 4 80
MJES5852 15 min 2 2 0.5 4 80
MJE16080 5 min .8 2 0.5 5 80
] 450 MJE16080 5 min 8 2 0.5 -5 80
10 30 D45H1 20 min 4 50
D45H2 40 min 4 50
40 DA44E1## 1000 min 5 2 typ 05typ | - 10 50
45 BDX33## BDX34## 750 min 4 ' 3 70
BD805 BD806 15 min 4 1.5 90
D45H4 20 min 4 50
D44HS5. D45H5 40 min 4 50
60 BDX33A## BDX34A## 750 min 4 3 70
BD807 BD808 15 min 4 15 90
D44H7 D45H7 20 min 4 50
D44H8 D45H8 40 min 4 50
D4SH9 40 min 4 50
MJE2801T 25/100 3 75
MJE3055T MJE2955T 20/70. 4 75
2N6387## 2N6667## 1k/20k 5 20# 65
SE9300 SE9400 1k min 4 1# 70
80 BDX33B## BDX34B## 750 min 3 3 70
BD809 BD810 15 min 4 1.5 920
D44E3## 1000 min 5 2 typ 0.5 typ 10 50
D45H12 40 min 4 : 50
2N6388## 2N6668# # 1k/20k 5 . 20# 65
D44H10 D45H10 20 min 4 0.5typ |0.14 typ 5 50 typ 50
D44H11 D45H11 40 min 4 0.5typ-|0.14 typ 5 50 typ 50
SE9301 SE9401 1k min 4 1# 70
100 BDX33C## BDX34C## 750 min 3 3 70
SE9302 SE9402 1k min 4 C# 70
12 ..300 MJE13008 6/30 8 3 0.7 8 4 100
400 MJE13009 6/30 8 3 0.7 8 4 100
15 30 " | D44VH1 D45VH1 20 min 4 0.7 0.09 8 50 typ 83
40 2N6486 2N6489 20/150 5 0.6 typ. | 0.3 typ 5 5 75
45 D44VH4 D45VH4 20 min 4 0.5 0.09 8 50 typ 83
60 2N6487 . 2N6490 20/150 5 0.6 typ | 0.3 typ 5 5 75
D44VH7 20 min 4 0.5 0.09 8 50 typ 83
80 2N6488 2N6491 20/150 5 06typ { 0.3 typ 5 5 75
D44VH10 D45VH10 20 min 4 0.5 0.09 8 50 typ 83




TABLE 7 — PLASTIC TO-225AA PACKAGE (Formerly TO-126)

STYLE 1:
PIN 1. EMITTER
2. COLLECTOR

STYLE 3:

PIN 1. BASE
2. COLLECTOR

3. BASE 3. EMITTER
CASE 77-04
PLASTIC
Resistive Switching
IcCont | VCEO(sus) . tg t fr Pp (Case)
Amps Volts Device Type hFE @lc us us @Ilc | MHz Watts
Max Min NPN PNP Min/Max Amp Max Max Amp Min @ 25°C
0.3 250 MJE3440 40/160 0.02 15 15
350 MJE3439 40/160 0.02 15 15
0.5 150 MJE341 25/200 0.05 15 20.8
200 MJE344 30/300 0.05 15 20.8
250 2N5655 30/250 0.1 35typ |0.24typ| 0.1 10 20
BD157 30/240 0.05 20
300 BD158 30/240 0.05 20
BD232 20 min 0.15 20
MJE340 MJE350 30/240 0.05 20.8
2N5656 30/250 0.1 35typ |0.24typ| 0.1 10 20
350 2N5657 30/250 0.1 35typ [0.24typ| 0.1 10 20
BD159 30/240 0.05 i 20
1 40 2N4921 2N4918 20/100 0.5 0.6typ | 0.3typ 0.5 3 30
60 2N4922 2N4919 20/100 05 |06typ | 03typ | 05 3 30
80 2N4923 2N4920 20/100 0.5 0.6 typ | 0.3 typ 0.5 3 30
15 40 MJE720 8 min 1 20
45 BD165 BD166 15 min 0.5 6 20
BD135 BD136 40/250 0.15 125
BD135.6 BD136.6 40/100 0.15 125
BD135.10 BD136.10 63/160 0.15 125
BD135.16 BD136.16 100/250 0.15 125
60 BD167 BD168 15 min 0.5 6 20
BD137 BD138 40/250 0.15 125
BD137.6 BD138.6 40/100 0.15 125
BD137.10 BD138.10 63/160 0.15 “125
BD137.16 BD138.16 100/250 0.15 125
80 BD169 BD170 15 min 0.5 6 20
BD139 BD140 40/250 0.15 125
BD139.6 BD140.6 40/100 0.15 125
BD139.10 BD140.10 63/160 0.15 125
BD139.16 BD140.16 100/250 0.15 125
300 MJE13002¢ 5/25 1 4 0.7 1 5 40
400 MJE13003e 5/25 1 4 0.7 1 5 40
2 45 BD233 BD234 25 min 1 3 25
60 BD235 BD236 25 min 1 3 25
80 BD237 BD238 25 min 1 3 25
100 MJE270 MJE271 1.5k min 0.12 6 15
3 30 MJES20 MJE370 25 min 1 25
® Case 77 (Style 3), # |hfg| @ 1 MHz, ## Darlington (continued)




TABLE 7 — PLASTIC TO-225AA PACKAGE (Formerly TO-126) (continued)

Resistive Switching
IcCont | VCEO(sus) ; ts t fr Pp (Case)
Amps Volts Device Type hrg @lg us Ms @lc MHz Watts
Max Min NPN PNP Min/Max Amp Max Max Amp Min @ 25°C
3 40 MJE180 MJE170 50/250 0.1 06typ |0.12typ| 0.1 50 125
45 BD175 BD176 40/250 0.15 3 30
BD175.6 BD176.6 40/100 0.15 3 30
BD175.10 BD176.10 63/160 0.15 3 30
~ |BD175.16 BD176.16 100/250 0.15 3 30
60 BD177 BD178 40/250 0.15 3 30
BD177.6 BD178.6 40/100 0.15 3 30
BD177.10 BD178.10 63/160 0.15 3 30
BD177.16 BD178.16 100/250 0.15 . 3 30
MJE181 MJE171 50/250 0.1 0.6 typ | 0.12 typ ) 0.1 50 125
80 BD179 BD180 407250 0.15 3 30
BD179.6 BD180.6 40/100 0.15 3 30
BD179.10 BD180.10 63/160 0.15 3 30
BD179.16 BD180.16 100/250 0.15 3 30
MJE182 MJE172 . 50/250 0.1 06typ [0.12typ| 0.1 50 12.5
200 BUY49P 30 min 0.5 25 20
4 20 BD433 BD434 50 min 2 3 36
30 BD185 BD186 15 min 2 20 40
BD435 BD436 50 min 2 3 36
40 2N5190 2N5193 25/100 15 0.4typ | 0.4 typ 15 2 40
MJES21 MJE371 40 min 1 40
2N6037# # 2N6034# # 750/18k 2 1.7typ | 1.2typ 2 25 40
45 BD187 BD188 15 min 2 20 40
BD437 BD438 40 min 2 3 36
BD675## BD676## 750 min 1.5 40
BD675A## BD676A## 750 min 2 40
BD785 BD786 20 min 2 50 15
BD775## BD776## 750 min 2 20 15
60 BD189 BD190 15 min 2 20 40
BD439 BD440 25 min 2 3 36
BD677## BD678## 750 min 15 40
BD677A## BD678A# # 750 min 2 40
BD787 BD788 20 min 2 50 15
BD777## BD778## | 750 min 2 20 15
2N5191 2N5194 25/100 1.5 0.4typ | 0.4typ 15 2 40
MUJEBOO# # MJE700## 750 min 1.5 1# 40
MJESO1## MJE701## 750 min 2 1# 40
2N6038# # 2N6035 ## 750/18k 2 1.7typ | 1.2 typ 2 25 40
80 2N5192 2N5195 25/100 15 0.4 Np 0.4 typ 15 2 40
BD441 BD442 15 min 2 3 36
BD679# # BD680# # 750 min 15 40
BD679A## BD680A# # 750 min 2 40
BD783 BD790 10 min 2 40 15
BD779## BD780## 750 min 2 20 15
MJE8024## MJE702## 750 min 15 1# 40
MJE803## MJE703## 750 min 2 1# 40
2N6039+## 2N6036## 750/18k 2 1.7typ | 1.2typ 2 25 40
100 BD681## BD682# # 750 min 15 40
BD791 BD792 10 min 2 40 15
MJE243 MJE253 40/120 0.2 0.7typ |0.08typ| 0.2 40 15
5 25 MJE200 MJE210 45/180 2 0.13 typ {0.035 typ| 2 65 15

o Case 77 (Style 3), # |hfe| «@. 1 MHz, ## Darlington




TABLE 8 — PLASTIC TO-225AB (Formerly TO-127)

STYLE 2:
PIN 1. EMITTER
2. COLLECTOR

3. BASE
CASE 90-05
PLASTIC
Resistive Switching
IcCont | VCEO(sus) . ts tf fr Pp (Case)
Amps Volts Device Type hfg @ Ig us us @ lg MHz Watts
Max Min NPN PNP Min/Max Amp Max Max Amp Min @ 25°C
5 50 MJE105 25/100 2 65
60 MJE1100## | MJE1090## 750 min 3A 1 70
MJE1101## 750 min 4A 1 70
80 MJE1102## | MJE1092## 750 min 3A 1 70
MJE1103## | MJE1093## 750 min 4A 1 70
8 60 MJUE6043## | MJE6040# # 1k/20k 4 15typ | 1.5typ 4 4# 75
80 MJUE6044## | MJE6041## 1k/20k 4 1.5typ | 1.5 typ 4 a# 75
100 MJEG6045# # 1k/20k 4 15typ | 1.5typ 4 a# 75
10 45 BD206 15 min 4 15 90
60 BD207 BD208 15 min 4 1.5 90
MJE2801 MJE2901 25/100 3 90
MJE3055 MJE2955 20/70 4 2 90
12 40 2N5989 2N5986 20/120 6 0.5 typ | 0.25 typ 6 2 100
60 2N5987 20/120 6 0.5typ | 0.25 typ 6 2 100
80 2N5991 2N5988 20/120 6 0.5 typ | 0.25 typ 6 2 100
15 40 MJE1660 20/100 5 3 90
60 MJE1661 20/100 5 3 90
# |hfel (@« 1 MHz, ## Darlington
TABLE 9 — PLASTIC CASE 152
STYLE 1:
PIN 1. EMITTER
2. BASE 1
3. COLLECTOR 2
(COLLECTOR CONNECTED TO TAB) 3
Resistive Switching
IcCont | VCEO(sus) . ts tf fr Pp (Case)
Amps Volts Device Type hrE @ic | ms ps | @ic | MHz | Watts
Max Min NPN PNP Min/Max Amp Max Max Amp Min |° @ 25°C
0.5 300 MPS-U10 MPS-U60 30 min 0.03 60 10
0.8 40 MPS-U02 MPS-U52 30 min 0.5 150 10
1 120 MPS-U03 40 min 0.01 100 10
180 MPS-U04 40 min 0.01 100 10
2 20 BD505 BD506 40 min 1 50 10
30 BD507 BD508 40 min 1 50 10
MPS-U01 MPS-U51 50 min 1 50 10
40 BD509 BD510 40 min 1 50 10
MPS-U01A MPS-U51A 50 min 1 50 10
MPS-U45## | MPS-U95## | 4k min 1 100 10
(continued)

## Darlington
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TABLE 9 — PLASTIC CASE 152 (continued)

Resistive Switching
IcCont | VCEO(sus) . . ts t fr Pp (Case)
Amps Volts Device Type hrg @lc ps ps @Ic MHz Watts
Max Min NPN PNP Min/Max Amp Max Max Amp Min @ 25°C
2 45 BD515 BD516 25 min 0.5 50 10
60 BD517 BD518 25 min 0.5 50 10
MPS-U05 MPS-U55 60 min 0.25 50 10
80 BD519 BD520 25 min 0.5 50 10
MPS-U06 MPS-U56 60 min 0.25 50 10
100 BD529 BD530 30 min 0.25 50 10
MPS-U07 MPS-U57 30 min 0.25 50 10
## Darlington '
TABLE 10 — DPAK — SURFACE MOUNT POWER PACKAGE STviE
CASE 369-03 1. BASE
CASE 369A-04 ! 4 1o — 2. COLLECTOR
2 2 3. EMITTER
3 3 4. COLLECTOR
Resistive Switching
IcCont | VCEO(sus) ; * ts t fr Pp (Case)
Amps Volts Device Type hFE @ic | ws s | @lc | MHz | Watts
Max Min NPN PNP Min/Max Amp Typ Typ Amp Min @ 25°C
0.5 300 MJD340 MJD350 30/240 0.05 15
1 40 MJD29 MJD30 15/75 1 . 06 0.3 1 3 15
100 MJD29C MJD30C 15/75 1 0.6 0.3 1 3 15
250 MJD47 30/150 0.3 2 0.2 0.3 10 15
400 MJD50 30/150 0.3 2 0.2 0.3 10 20
15 400 MJD13003 5/25 1 4 max | 0.7 max 1 4 15
2 100 MJID112## MJID117## 500 min 2 1.7 1.3 2 25# 20
3 40 MJD31 MJD32 25 min 1 0.6 0.3 1 3 15
100 MJD31C MJD32C 25 min 1 0.6 0.3 1 3 15
4 80 MJD6039## | MJD6036# # 1k/12k 2 1.7 1.2 2 25 20
5 25 MJD200 MJD210 45/180 2 0.16 0.04 2 65 125
6 100 MJD41C MJD42C 15/75 3 0.4 0.15 3 3 20
8 80 MJD44H11 MJD45H11 40 min 4 0.5 0.14 5 50 typ 20
100 MJD122## MJD127## 1k/12k 4 1.5 2 4 4# 20
10 60 MJD3055 MJD2955 20/100 4 1.5 15 3 2 20
80 MJIDA4E3## 1k min 5 2 0.5 10 20
## Darlington
* Case 369-03 may be ordered by adding -1 suffix to part number.
TABLE 11 — PLASTIC MO-040AAT
CASE 353-01
IcCont VCEO(sus) Device Type ts tf Pp (Case)
Amps Volts @ Ic ns ps @lc Watts
. Max Min NPN PNP Min/Max Amp Max Max Amp @ 25°C
50 450 MJ10044# # 50 min 50 3.8 1.3 50 250
100 250 MJ10047## 75 min 100 4 1 100 250
MJ10048# # 75 min 100 20 8 100 250

## Darlington 1 Not recommended for new designs — consult Motorola.
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Selection By Major Product Categories

TABLE 12 — MILITARY SPECIFIED POWER TRANSISTORS

Resistive Switching
IcCont |VCEO(sus) . ts t¢ fr |Pp (Case)
Amps Volts Device Type hre @Ic | ms ps | @lIc |MHz| Watts Case
Max Min NPN/# PNP/# Min/Max | Amp | Max | Max | Amp | Min | @ 25°C JEDEC/MOT
1 300 2N3739J,/402A 40/200 0.1 | 35* 05 | 10 20 TO-213AA/80
TX, TXV
3 40 2N3867J,/350A 40/200 1.5 0.5 0.1 1.5 60 10 TO-205AA/31
TX, TXV
2N3867SJ,350A | 40/200 15 0.5 0.1 1.5 60 10 TO-205AD/79
TX, TXV
60 2N3868J,/350A 30/150 1.5 0.5 0.1 1.5 60 10 TO-205AA/31
TX, TXV
2N3868SJ,/350A | 30/150 1.5 |0.055|0.035| 1.5 60 5 TO-205AD/79
TX, TXV
4 60 2N3740J,/441A 30/100 0.25 1* 1 5 25 TO-213AA/80
TX, TXV
2N3766J,/518 40/160 05 | 2.5* 05 | 10 25 TO-213AA/80
TX, TXV
80 2N3741J,/441A 30/100 | 0.25 1* 1 5 25 TO-213AA/80
TX, TXV
2N3767J./518 40/160 0.5 2.5% 0.5 10 25 TO-213AA/80
TX, TXV
5 100 2N5339J/560 2N6193J/561 60/240 2 2 0.2 2 30 6 TO-205AD/79
TX, TXV TX, TXV
8 60 2N6300J,/540** | 2N6298J,/540** | 750/18k 4 8* 4 25 75 TO-213AA/80
TX, TXV TX, TXV
80 2N6301J,/540%* | 2N6299J,/540** | 750/18k | 4 8x 4 | 25 75 TO-213AA/80
TX, TXV X, TXV
250 2N6306J,/498 15/75 3 3* 3 5 126 TO-204/1
350 2N6308J,/498 12/60 3 3* 3 5 125 TO-204/1
10 40 2N6383J,/523** | 2N6648J,527 1k/20k 5 10* 5 20 100 TO-204/1
TX, TXV X, TXV .
2N6648J,/527** 1k/20k 5 10* 5 50 85 TO-204/1
TX, TXV
60 2N3715J,/408B | 2N3791J,/379B 30/120 3 2* 5 4 150 TO-204/1
TX, TXV TX, TXV
2N6384J,/523** 1k/20k 5 10% 5 20 100 TO-204/1
TX, TXV
2N6649J,/527 1k/20k 5 10* 5 50 85 TO-204/1
TX, TXV
80 2N3716J,/408B | 2N3792J,/379B 30/120 3 2* 5 4 150 TO-204/1
TX, TXV TX, TXV
2N6385J,/523** 1k/20k 5 10* 5 20 100 TO-204/1
TX, TXV
2N6650J,/527** | 1k/20k 5 10* 5 50 85 TO-204/1
X, TXV
12 80 2N6058J,/502** | 2N6051J,/501** 1k/18k 6 10* 5 10 150 TO-204/1
TX, TXV TX, TXV
100 2N6059J,/502** | 2N6052J,/501** | 1k/18k 6 10* 5 10 150 TO-20411
TX, TXV TX, TXV
15 300 2N6546J,/525 12/60 5 4.7* 10 6 175 TO-204/1
X
# MIL-S-19500 Detailed * toff ** Consult
Spec. shown by Factory for

Device Type
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TABLE 12 — MILITARY SPECIFIED POWER TRANSISTORS (continued)

Resistive Switching
IcCont | VCEO(sus) . ts fr |Pp (Case)
Amps Volts Device Type hrg @lgc | ms ps | @Ilc (MHz| Watts Case
Max Min NPN/# PNP/# Min/Max | Amp | Max | Max | Amp | Min | @ 25°C JEDEC/MOT
15 400 2N6547J,/525 12/60 5 4.7% 10 6 175 TO-204/1
X
20 75 2N5039J,/439 30/150 2 2% 10 60 140 TO-204/1
TX, TXV**
80 2N5303J,/456A | 2N5745J,433 15/60 10 3% 10 2 200 TO-204/1
TX, TXV TX, TXV .
2N6283J,/504** | 2N6286J,/505** | 1250/18k | . 10 10% 10 8 175 TO-20411
TX, TXV TX, TXV
90 2N5038J/439 50/200 2 2% 12 60 140 TO-204/1
TX, TXV**
100 2N6284.,/504** | 2N6287J,/505 1250/18k | 10 10* 10 8 175 TO-204/1
TX, TXV TX, TXV
25 100 2N6338J,/509 30/120 10 1 10 40 200 TO-204/1
TX, TXV**
2N6437J,/508 30/120 10 1 10 40 200 TO-204/1
TX, TXV**
120 2N6438J,/509 30/120 10 1 10 40 200 TO-204/1
TX, TXV**
150 2N6341J,/509 30/120 1 1 10 40 200 TO-204/1
TX, TXV**
30 60 2N5302J,/456A | 2N4399J,/433 15/60 15 3% 10 2 200 TO-204/1
TX, TXV TX, TXV
50 60 2N5685J,/464 2N5683J,/466 15/60 25 3 25 2 300 TO-204/197
TX, TXV TX, TXV MOD
80 2N5686J,/464 2N5684.,/466 15/60 25 3* 25 2 300 TO-204/197
X, TXV TX, TXV MOD
100 2N6274J./514 2N6378J,/515 30/120 20 |1.05* 20 30 250 TO-204/197
TX, TXV** TX, TXV** MOD
120 2N6379J,/515 30/120 20 |1.05* 20 30 250 TO-204/197
TX, TXV** MOD
150 2N6277J,/514 30/120 20 |1.05* 20 30 250 TO-204/197
TX, TXV**
# MIL-S-19500 Detailed * toff ** Consult
Spec. shown by Factory for
Device Type qualification
status.
TABLE 13 — POWER DARLINGTONS
Resistive Switching
IcCont | VCEO(sus) . tg ¢ |hfel @ | Pp (Case)
Amps | Volts Device Type hfg @l us pus @Ic | 1MHz | Watts Case
Max Min NPN PNP Min/Max | Amp | Max Max | Amp | Min @ 25°C JEDEC/MOT
2 40 MPS-U45 MPS-U95 4k min 1 100 10 /152
60 TIP110 TIP115 1k min 1 2typ | 1typ 1 25 50 TO-220/221A
80 TiP111 TIP116 1k min 1 2typ | 1typ | 1 25 50 TO-220/221A
100 TIP112 TiIP117 1k min 1 2typ. | 1typ 1 25 50 T0O-220/221A
MJE270 MJE271 1.5k min | 0.12 6 25 TO-225AA/77
(continued)
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TABLE 13 — POWER DARLINGTONS (continued)

Resistive Switching
IcCont | VCEO(sus) . tg tf |hfel @ | Pp (Case)
Amps Volts Device Type hgg @lc us pus | @lic | TMHz | Watts Case
Max Min NPN PNP Min/Max | Amp | Max Max | Amp | Min @ 25°C JEDEC/MOT
4 40 MJE3300 MJE3310 1k min 1 20 15 TO-225AA/77R
2N6037 2N6034 750/1k 2 1.7typ |1.2typ| 2 25 40 TO-225AA/77
45 BD675 BD676 750 min | 1.5 40 TO-225AA/77
BD675A BD676A 750 min 2 40 TO-225AA/77
BD775 BD776 750 min 2 20 15 TO-225AA/77
60 BD677 BD678 750 min 1.5 15 TO-225AA/77
BD677A BD678A 750 min 2 40 TO-225AA/77
BD777 BD778 750 min 2 20 40 TO-225AA/77
MJE3301 1k min 1 20 15 TO-225AA/77R
MJE800 MJE700 750 min | 1.5 1 40 TO-225AA/77
MJE800T MJE700T 750 min | 1.5 1 40 TO-220/221A
MJE801 MJE701 750 min 2 1 40 TO-225AA/77
2N6038 2N6035 750/18k 2 1.7 typ | 1.2 typ 2 25 40 TO-225AA/77
2N6294 2N6296 750/18k 2 09typ [0.7typ| 2 4 50 TO-213AA/80
80 BD679 BD680 750 min | 1.5 40 TO-225AA/77
BD679A BD680A 750 min 2 40 TO-225AA/77
BD779 BD780 750 min 2 20 15 TO-225AA/77
MJE802 MJE702 750 min | 1.5 40 TO-225AA/77
MJE803 MJE703 750 min 2 40 TO-225AA/77
2N6039 2N6036 750/18k 2 17typ |1.2typ| 2 25 40 TO-225AA/77
2N6295 2N6297 750/18k 2 09typ |0.7typ| 2 4 50 TO-213AA/80
100 BD681 BD682 750 min 15 40 TO-225AA/77
5 60 MJE1100 MJE1090 750 min | 3A 1 70 TO-225AB/90
MJE1101 MJE1091 750 min | 4A 1 70 TO-225AB/90
TIP120 TIP125 1k min 3 1.5typ |1.6typ| 3 4 65 TO-220/221A
80 MJE1102 MJE1092 750 min | 3A 1 70 TO-225AB/90
MJE1103 MJE1102 750 min | 4A 1 70 TO-225AB/90
TIP121 TIP126 1k min 3 1.5typ |1.6typ| 3 4 65 TO-220/221A
100 TIP122 TIP127 1k min 3 15typ |1.5typ| 3 4 65 TO-220/221A
7 300 MJ3041 250 min 25 100 TO-204/1
350 MJ3042 250 min | 2.5 100 TO-204/1
375 BU522 250 min | 25 7.5 75 TO-220/221A
425 BUS522A 250 min | 2.5 7.5 75 TO-220/221A
450 BUS22B 250 min | 2.5 7.5 75 TO-220/221A
8 40 2N6386 1k/20k 3 20 65 TO-220/221A
45 BDX53 BDX54 750 min 3 4 60 TO-220/221A
BD895 BD896 750 min 3 1 70 TO-220/221A
BD895A BD896A 750 min 4 1 70 TO-220/221A
60 BDX53A BDX54A 750 min 3 4 60 TO-220/221A
BD897 BD898 750 min 3 1 70 TO-220/221A
BD897A BD898A 750 min 4 1 70 TO-220/221A
MJ1000 MJ900 1k min 3 20 TO-204/11
TiP100 TiP105 1k/20k 3 15typ |1.5typ 3 4 80 TO-220/221A
2N6043 2N6040 1k/10k 4 1.5typ [1.5typ 3 4 75 TO-220/221A
2N6300 2N6298 750k/18k 4 15typ [1.5typ| 4 4 75 TO-213AA/80
2N6055 2N6053 750k/18k 4 15typ [1.6typ| 4 4 100 TO-204/11
MJE6043 MJE6040 1k/20k 4 15typ (1.5typ| 4 2 75 TO-225AB/90
80 BDX53B BDX54B 750 min 3 4 60 TO-220/221A
BD899 BD900 750 min 3 1 70 TO-220/221A
BD899A BD900A 750 min 4 1 70 TO-220/221A
MJ1001 MJ901 1k min 3 20 T0O-204/11
TIP101 TIP106 1k/20k 3 15typ {1.5typ 3 4 80 T0-220/221A
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TABLE 13 — POWER DARLINGTONS (continued)

Resistive Switching

o Darlington with speed-up diode.

2-22

IcCont | VCEOQ(sus) ‘ i ts t Ihtel @ |Pp (Case)
Amps Volts Device Typ? hgg @l s ps @Ic | 1TMHz | Watts Case
Max Min NPN . PNP | Min/Max | Amp | Max Max | Amp | Min @ 25°C JEDEC/MOT
8 2N6044 2N6041 1k/10k 4 1.5typ [1.5typ 3 4 75 TO-220/221A
2N6301 2N6299 750k/18k 4 1.5typ [1.5typ 4 4 75 TO-213A/80
2N6056 2N6054 750k/18k 4 15typ [1.5typ| 4 4 100 TO-204A/11
MJE6044 MJE6041 1k/20k 4 1.5typ [1.5typ| 4 2 75 TO-225AB/90
100 BDX53C BDX54C 750 min 3 4 60 TO-220/221A
BD901 BD902 750 min 3 ) 1 70 TO-220/221A
MJE6045 1k/20k 4 1.5typ |1.5typ 4 2 75 TO-225AB/90
TiP102 TIP107 1k/20k 3 15typ |1.5typ| 3. 4 80 T0-220/221A
2N6045 2N6042 1k/10k 4 15typ {1.5typ| 3 4 75 TO-220/221A
120 BDX53D BDX54D 750 min 3 4 60 TO-220/221A
150 BU807e 100min | 5 |055typ|0.2typ| . & 60 T0-220/221A
200 BU806e 100 min 5 |055typ|0.2typ| 5 60 TO-220/221A
300 MJE5740 200/400 4 8 typ | 2typ 6 80 TO-220/221A
350 MJE5741 200/400 4 8typ | 2typ 6 80 TO-220/221A
400 MJE5742 -200/400 4 8typ | 2typ G, 80 TO-220/221A
500 BUT50Pe 30 min 2 0.75typ|0.1typ| 5 100 TO-218/340
1400* MJ10011 20 min 4 o1 4 80 TO-204/1
10 40 2N6383 2N6648 1k/20k 5 > 20 100 TO-204/11
D44E1 1000 min 5 2typ |0.5typ| 10 50 TO-220/221A
45 BDX33 BDX34 750 min 4 3 70 T0-220/221A
60 BDV6ES BDV64 1k min 5 125 TO-218/340
BDX33A BDX34A 750-min 4 3 .70 TO-220/221A .
MJ3000 MJ2500 1k min 5 150 TO-204/1
2N6387 2N6667 1k/20k 5 20 - 65 TO-220/221A
2N6384 1k/20k 5 20 100 TO-204/11
D44E2 1000 min ‘5 2typ {0.5typ{ 10 50 TO-220/221A
TIP140 TIP145 500 min 10 2.5typ (2.5 typ 5 4 125 TO-218/340
80 2N6388 2N6668 1k/20k 5 20 65 TO-220/221A
| 2N6385 1k/20k 5 20 100 TO-204/11
‘| BDVE5A BDV64A 1k min 5 - 125 TO-218/340
BDX33B BDX34B 750 min 3 3 70 TO-220/221A
D44E3 1000 min 5 2typ [05typ| 10 50 TO-220/221A
TIP141 TIP146 500 min 10 25typ |2.5typ 5 4 125 TO-218/340
100 | BDV65B BDV64B 1k min 5 . 125 TO-218/340
BDX33C BDX34C 750 min 3 3 70 TO-220/221A
TIP142 TIP147 500 min 10 | 25typ |{25typ| 5 4 125 TO-218/340
120 BDV65C BDV64C 1k min 5 125 TO-218/340
BDX33D BDX34D 750 min 3 3 70 TO-220/221A
200 BU323P 150 min 6 15 15 6; 125 TO-218/340
250 BU323AP 150 min 6 15 15 6 125 TO-218/340
350 BU323 150 min 6 7.5typ |5.2 ty;; 6 175 TO-204/1
MJ10002 30/300 5 2.5 1 5, 10 150 T0O-204/1
MJ10006e 30/300 5 1.5 0.5 5 10 150 TO-204/1
400 BU323A 150 min 6 7.5typ 5.2 typ 6 175 TO-204/1
MJH10012 100/2k 6 15 15 6 118 TO-218/340
MJ10007e 30/300 | 5 1.5 05 5 10 150 TO-204/1
MJ10012 100/2k 6 15 15 6 175 TO-204/1
600 MJ10014e 10/250 10 25 0.8 10 1175 TO-204/1
{continued)




TABLE 13 — POWER DARLINGTONS (continued)

Resistive Switching
lgg‘o';\s! VC\E/g(-?S) Device Type hEg @lg ;ss ,:fs @lc ’:‘ 'Mell-l@f P?N(ftat:e) Case
‘Max Min NPN PNP Min/Max | Amp | Max Max | Amp | Min @ 25°C JEDEC/MOT
12 60 2N6057 2N6050 750/18k 6 1.6typ (1.5 typ 6 4 150 TO-204/1
80 2N6058 2N6051 750/18k 6 1.6typ | 1.5 typ 6 4 150 TO-204/1
100 2N6059 2N6052 750/18k 6 1.6typ |1.5typ 6 150 TO-204/11
1000 BUT16e 5 min 8 33 1.5 8 150 TO-204/1
15 60 2N6576 - 2k/20k 4 2 7 10 | 10/200 120 TO-204/11
920 2N6577 2k/20k 4 2 7 10 10/200 120 TO-204/11
120 2N6578 2k/20k 4 2 7 10 10/200 120 TO-204/11
150 MJ11018 MJ11017 100 min 15 3 175 TO-204/1
MJH11018 MJH11017 100 min 15 3 150 TO-218/340
200 MJ11020 MJ11019 100 min 15 3 175 TO-204/1
MJH11020 MJH11019 100 min 15 3 150 TO-218/340
250 MJ11022 MJ11021 100 min 15 3 175 TO-204/1
MJH11022 MJH11021 100 min 15 3 150 TO-218/340
500 BUT51P 40 min 5 1.1 0.16 10 125 TO-218/340
16 60 MJ4033 MJ4030 1k min 10 150 TO-204/1
80 MJ4034 MJ4031 1k min 10 150 TO-204/1
100 MJ4035 MJ4032 1k min 10 150 TO-204/1
20 60 2N6282 2N6285 750/18k 10 25typ |25typ| 10 4 160 TO-204/1
MJH6282 MJH6285 750/18k 10 25typ |25typ| 10 4 125 TO-218/340
80 2N6283 2N6286 750/18k 10 25typ [25typ| 10 4 160 TO-204/1
MJH6283 MJH6286 750/18k 10 25typ [25typ| 10 4 125 TO-218/340
100 2N6284 2N6287 750/18k 10 25typ |25typ| 10 4 160 TO-204/1
MJH6284 MJH6287 750/18k 10 25typ |25typ| 10 4 125 TO-218/340
350 MJ10000 40/400 10 3 18 10 10 175 TO-204/1
MJ10004e 40/400 10 15 0.5 10 175 TO-204/1
400 MJ10001 40/400 10 3 1.8 10 10 175 TO-204/1
MJ10005¢ 40/400 10 1.5‘ 05 10 175 TO-204/1
450 MJ10008e 30/300 10 2 0.6 10 8 175 TO-204/1
500 MJ10009e 30/300 10 2 0.6 10 8 175 TO-204/1
700 BUT15e 15 min 12 25 0.8 12 175 TO-204/1
750 MJ10024¢ 50/600 5 5 1.8 10 250 TO-204/1
850 MJ10025¢ 50/600 5 5 1.8 10 250 TO-204/1
24 1000 BUT36e 5 min 16 6 25 16 250 TO-204 Mod/197
25 500 BUT14e 15 min 16 2.8 0.8 16 175 TO-204/1
28 400 BUT13e 20 min 20 2.6 0.8 18 175 TO-204/1
30 60 MJ11012 MJ11011 1k min 20 4 200 TO-2041
20 MJ11014 MJ11013 1k min 20 4 200 TO-204/1
120 MJ11016 MJ11015 1k min 20 4 200 TO-204/1
40 350 MJ10022¢ 50/600 10 2.5 0.9 20 250 TO-204 Mod/197
400 MJ10023e 50/600 10 25 0.9 20 250 TO-204 Mod/197
700 BUT35e 15 min 24 4 1.2 24 250 TO-204 Mod/197
50 60 MJ11028 MJ11029 400 min 50 300 TO-204 Mod/197

® Darlington with speed-up diode.
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TABLE 13 — POWER DARLINGTONS (continued)

Resistive Switching
IcCont | VCEO(sus) ; ts L] Ihte| @ | Pp (Case) :
Amps | Volts . Device Type heg | @lg | ws us | @ic [1MHz | Watts Case
Max Min . NPN PNP Min/Max | Amp | Max Max | Amp | Min @ 25°C JEDEC/MOT
50 %0 | MJ11030 MJ11031 400 min | 50 300 |TO-204 Mod/197
120 MJ11032 MJ11033 400 min ‘ 50 300 TO-204 Mod/197
400 MJ10015¢ 10 min 40 25 0.5 20 10 250 TO-204 Mod/197
450 MJ10044e 50 min 50 3.8 1.3 50 ) 250 — /353
500 BUT34e 15 min 32 3. 15 32 . 250 TO-204 Mod/197
MJ10016e 10 min 40 25 0.5 20 10 250 TO-204 Mod/197
56 400 ‘BUT33e 20 min 36 33 1.6 36 250 TO-204 Mod/197
60 200 MJ10020e 75/1%k min| 15 ) 35 0.5 30 250 TO-204 Mod/197
250 MJ10021e 75/1%k min| 15 35 0.5 30 250 TO-204 Mod/197
100 250 MJ10047¢ 75 min 100 4 1 100 250 — /353
MJ10048e 75 min 100 20 8 100 250 — /353
@ Darlington with speed-up diode.
TABLE 14 — POWER SWITCHING TRANSISTORS
VCEO < 200V
) Resistive Switching
IcCont | VCEO(sus) e ]t t | - | fr |Pp(Case)
Amps Volts Device Type hrg @lg | wps pns @ Ic {MHz| Watts Case
Max Min NPN PNP Min/Max | Amp | Max Max | Amp | Min ,@ 25°C JEDEC/MOT
038 40 MPS-U02 MPS-U52 30 min 0.5 150 10 —/152
1 120 MPS-!.JO3 40 min 0.1 100 10 —/152
180 MPS-U04 40 min 0.1 100 10 —/152
2 20 BD505 BD506 40 min 1 50 10 —/152
30 BD507 BD508 40 min 1 50 10 —/1562
MPS-U01 MPS-U51 50 min 1 50 10 —/162
40 BD509 BD510 40 min 1 50 10 —/152
MPS-U01A MPS-U51A 50 min 1 50 10 —/152
) MPS-U45# MPS-U95# 4k min 1 100 10 —/152
45 BD515 BD516 25min | 05 50 10 —/152
60 BD517 BD518 25 min 0.5 50 10 —/152
MPS-U05 MPS-U55 60 min | 0.25 50 10 —/152
80 BD519 BD520 25 min | "0.5 50 10 —/152
MPS-U06 MPS-U56 60 min | 0.256 50 10 —/152
100 BD529 BD530 30 min | 0.25. 50 10 —/152
MPS-U07 MPS-U57 60 min | 0.25 50 10 —/152
150 | 2N5051 25/100 0.75 35 1.2 0.75 | 10 - 40 TO-213AA/80
3 40 2N3719 25/1 80’ 2 0.4* 1 60 6 TO-205AA/31
y 2N3867 40/200 | -2 0.4* 1 60 6 TO-205AA/31
60 2N3720 25/180 | 2 0.4% 1 60 6 TO-205AA/31
2N3868 30/150 2 0.4* 1 60 6 TO-205AA/31
80 2N6303 30/150 2 0.4* 1 60 6 TO-205AA/31
# Darlington * toff @ 1 MHz {continued)
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TABLE 14 — POWER SWITCHING TRANSISTORS (continued)

2-25

Resistive Switching
IcCont | VCEO(sus) . ts ¢ fr |Pp (Case)
Amps | Volts Device Type hee | @lc| ws | ws | @lc |MHz| Watts Case
Max Min NPN PNP Min/Max | Amp | Max Max | Amp | Min | @ 25°C JEDEC/MOT
4 30 BD185 BD186 15 min 2 20 40 TO-225AA/77
45 BD187 BD188 15 min 2 20 40 TO-225AA/77
BD785 BD786 20 min 2 50 15 TO-225AA/77
60 2N4877 20/100 4 1.5 0.5 4 30 10 TO-205AD/79
BD189 BD190 15 min 2 20 40 TO-225AA/77
BD787 BD788 20 min 2 50 15 TO-225AA/77
80 BD789 BD790 10 min 2 40 15 TO-225AA/77
100 BD791 BD792 10 min 2 40 15 TO-225AA/77
5 60 MJg100 25/180 2 1 0.15 2 30 10 TO-205AD/79
80 2N5337 2N6191 60/240 2 2 0.2 2 30 10 TO-205AD/79
100 2N5339 2N6193 60/240 2 2 0.2 2 30 10 TO-205AD/79
7 60 2N6315 2N6317 20/100 25 1 0.8 25 4 90 TO-213AA/80
80 2N5428 60/240 2 2 0.2 2 30 60 TO-213AA/80
2N5347 2N6187 60/240 2 2 0.2 2 30 60 TO-210AA/160
2N6316 2N6318 20/100 25 1 0.8 2.5 4 90 TO-213AA/80
100 2N5430 60/240 2 2 0.2 2 30 60 TO-213AA/80
2N5349 2N6189 60/240 2 2 0.2 2 30 60 TO-210AA/160
75 60 2N3447 40/120 5 2 0.35 5 10 115 TO-204/11
80 2N3448 40/120 5 2 0.35 5 10 115 TO-204/11
8 120 MJ3247 MJ3237 40 min 3 0.4 typ | 0.18 typ 5 20 75 TO-213AA/80
MJ4247 MJ4237 40 min 3 0.4 typ |0.18 typ 5 20 90 TO-204/11
MJE15028 MJE15029 20 min 4 0.4 typ | 0.18 typ 5 30 50 TO-220/221A
150 MJ3248 MJ3238 40 min 3 0.4 typ | 0.18 typ 5 20 75 TO-213AA/80
MJ4248 MJ4238 40 min 3 0.4 typ | 0.18 typ 5 20 90 TO-204/11
MJE15030 MJE15031 20 min 4 0.4 typ | 0.18 typ 5 30 5Q TO-220/221A
10 60 MJ6700 25/180 2 1 0.15 2 30 60 TO-210AA/160
2N5877 2N5875 20/100 4 1 0.8 4 4 150 TO-204/11
80 2N5878 2N5876 20/100 4 1 0.8 4 4 150 TO-204/11
15 60 2N5881 2N5879 20/100 6 1 0.8 6 4 160 TO-204/11
80 2N5882 2N5880 20/100 6 1 0.8 6 4 160 TO-204/11
18 160 BUX41N 8 min 12 1.2 0.25 12 8 120 TO-204/1
20 75 2N5039 20/100 10 15 0.5 10 60 140 TO-204/1
80 2N5303 2N5745 15/60 10 2 1 10 2 200 TO-204/11
90 2N5038 20/100 12 1.5 0.5 12 60 140 TO-204/1
125 BUX40 8 min 15 1 0.25 15 8 120 TO-204/1
160 BUV1IN 10 min 15 1.2 0.25 15 8 150 TO-204/1
25 60 2N5885 2N5883 20/100 10 1 0.8 10 4 200 TO-204/11
80 2N5886 2N5884 20/100 10 0.8 10 4 200 TO-204/11
2N6436 30/120 10 0.25 10 40 200 TO-204/1
100 2N6338 30/120 10 1 0.25 10 40 200 TO-204/1
2N6437 30/120 10 1 0.25 10 40 200 TO-204/1
120 2N6339 30/120 1 0 1 0.25 10 40 200 TO-204/1
2N6438 30/120 10 1 0.25 10 40 200 TO-204/1
125 BUV10 10 min 20 1.2 0.25 20 8 150 TO-204/1
BUV10N 10 min 20 1.55 0.45 15 10 175 TO-204/1
(continued)




TABLE 14 — POWER SWITCHING TRANSISTORS (continued) ..

Resistive Switching
Igfn:': VeEQsus) Device Type hee . | @Ic ;ss ;fs @lg | Mate Pl\)n;f:t:e) Case
Max Min . NPN PNP Min/Max | Amp | Max Max | Amp | Min | @ 25°C JEDEC/MOT
25 140 2N6340 30/120 10 1 0.25 10 40 200 TO-204/1
150 2N6341 30/120 10 1 0.25 10 | 40 200 TO-204/1
30 40 2N5301 | 2N4398 15/60 15 2 1 ] 10 2 200 TO-204/11
60 2N5302 2N4399 15/60 15 2 1 10 2 200 TO-204/11
90 BUX39 8 min 20 1 0.25 20 8 120 TO-204/1
40 160 BUV21N 10 min 40 1 0.2 40 8 250 TO-204 Mod/197
50 80 2N6377 30/120 20 0.8 TO-204 Mod/197
. 100 2N6274 2N6378 30/120 20 0.8 0.25 20 30 250 TO-204 Mod/197
120 2N6275 2N6379 30/120 20 0.8 0.25 20 | 30 250 | TO-204 Mod/197
125 BUV20 10 min 50 1.2 0.25 50 8 250 TO-204 Mod/197
140 2N6276 30/120 20 0.8 0.25 20 | 30 250 TO-204 Mod/197
150 2N6277 30/120 20 - 08 1 0.25 20 30 250 | TO-204 Mod/197
70 125 BUS50 15 min 50 350 TO-204 Mod/197
TABLE 15 — SWITCHMODE POWER TRANSISTORS
VceEo = 200 V
Devices are listed in descending order of VCEQ(sus). and IcCont
. Resistive Switching
VCEO(sus) | IcCont | Vcgv Device Type tg tf ‘ fr |Pp (Case)
Volts Amps Volts NPN unless hFg @lc ns ns @lc | MHz Watts Case
Min Max Min otherwise noted | Min/Max | Amp | Max Max | Amp | Min | @ 25°C JEDEC/MOT
1000 24 1400 BUT36## 5 min 16 6 25 16 250 TO-204 Mod/197
12 1400 BUT16## 5 min 8 3.3 15 8 150 TO-204/1
900 2 1800 MJE1320 3 min 1 4typ (0.8 typ 1 80 TO-220/221A
850 20 1200 MJ10025# # % 50/600 20 5 1.8 10 TO-204/1
3 1500 MJE16034 4 min 3 2 15 2 -80 TO-220/221A
1500 MJH16034 4 min 3 2 1.5 2 125 TO-218/340
800 10 1400 MJ8505x 7.5 min 1.5 4 2 5 TO-204/1
1500 MJ16018% 4 min 5 |45typ|0.2typ 5 TO-204/1
1500 MJH16018% 4 min 5 45typ 0.2 typ 5 TO-218/340
5 1400 | MJ8503% 75min | 1 4 2 25 T0-204/1
1400 MJE8503 % 7.5 min 1 4 2 25 TO-220/221A
25 1400 MJ8501 7.5 min 0.5 4 2 1 TO-204/1
1400 MJE8501 % 7.5 min 0.5 4 2 1 T0-220/221A
750 20 1000 MJ10024# # % 50/600 20 5 1.8 10 TO-204/1
8 1500 MJ12005 5 min 5 1 5 4 typ TO-204/1
1500 MJH12005 0.4 typ 5 4 100 TO-218/340
5 1500 MJ12004% - 2.5 min 45 1 45 4 typ TO-204/1
4 1500 - |MJ12003 2.5 min 3 1 3 4 typ TO-204/1
* Designers Data Sheet characterization (continued)
# Darlington ## Darlington with speed-up diode * toff ** |hfel @ 1 MHz
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TABLE 15 — SWITCHMODE POWER TRANSISTORS (continued)

Resistive Switching
VCEO(sus) | IcCont |  Vcgy Device Type ts t fr |Pp (Case)

Volts Amps Volts NPN unless hre @lc ns ns @Ilc | MHz | Watts Case
Min Max Min otherwise noted | Min/Max | Amp | Max Max | Amp | Min @ 25°C JEDEC/MOT
750 3 1500 MJE16032 4 min 3 2 15 2 80 TO-220/221A

1500 MJH16032 4 min 3 2 1.5 2 125 TO-218/340
25 1500 MJ12002% 1.11 min 2 1 2 4 typ TO-204/1
1500 MJE12007 % 1.1 min 2 1 2 4 typ T0O-220/221A
700 40 1000 BUT35## 15 min 24 4 1.2 24 250 TO-204 Mod/197
20 1000 BUT15## 15 min 12 25 0.8 12, 175 TO-204/1
10 1200 MJ8504% 7.5 min 1.5 4 2 TO-204/1
8 1400 MJ10011# 20 min 4 1 4 TO-204/1
1500 BU508,A 2.25 min 45 8typ [05typ| 4.5 7 125 TO-218/340
1500 BU508D,AD 2.25 min 4.5 8typ (05typ| 45 7 125 TO-218/340
5 1200 MJ8502% 7.5 min 1 4 2 25 TO-204/1
1200 MJE8502% 7.5 min 1 4 2 25 TO-220/221A
1500 BU208A 225 min| 45 8typ [04typ| 45 | 4typ 90 TO-204/1
1500 BU208D 2.25 min 45 06typ| 45 TO-204/1
25 1200 MJE8500% 7.5 min 05 4 2 1 TO-220/221A
600 15 700 MJ10014## % 10/250 10 25 0.8 10 TO-204/1
550 650 MJ10013## % 10/250 10 25 0.8 10 TO-204/1
500 50 750 MJ10016## % 10 min 40 25 1 20 TO-204 Mod/197
850 BUT34## 15 min 32 3 1.5 32 250 TO-204 Mod/197
25 850 BUT14## - 15 min 16 | 2.8 0.8 16 175 TO-204/1
20 600 MJ10009# # % 30/300 10 2 0.6 10 gxx TO-204/1
800 MJ13335% 10/60 5 4 0.7 10 TO-204/1
15 850 BUTS1P## 40 min 5 1.1 0.16 10 125 TO-218/340
1000 MJ16010A% 5 min 15 3 0.4 10 TO-204/1
1000 | MJH16010A% 5 min 15 3 0.4 10 TO-218/340
8 850 BUTS0P## 30 min 2 0.75 typ| 0.1 typ 5 100 TO-218/340
1000 MJ16006A * 5 min 15 3 0.4 10 TO-204/1
1000 MJH16006A % 5 min 15 3 0.4 10 TO-218/340
5 1000 MJ16002A % 5 min 15 3 0.3 3 TO-204/1
1000 MJH16002A % 5 min 15 3 0.3 3 TO-218/340
450 50 500 MJ10044# #% 50 min 50 38 1.3 50 —/353
30 850 MJ16020 5 min 30 1.8 0.2 20. 250 TO-204/1
850 MJ16022 7 min 30 15| 0.15 20 250 TO-204/1
1000 BUS98A 8 min 16 2.3 0.4 16 250 TO-204 Mod/197
20 650 MJ10008# # % 30/300 10 2 0.6 10 8gx* TO-204/1
850 2N6837% 10/30 15 25 0.256 15 15 TO-204/1
850 MJ16014% 5 min 20 27 | 035 20 TO-204/197
850 MJ16016% 7 min 20 2.2 0.25 20 TO-204/197
15 750 MJ13091x 8 min 10 25 0.5 10 TO-204/1
850 2N6836% 10/30 10 3 0.35 10 10 TO-204/1
850 MJ12022% 5 min 15 0.1 typ 10 TO-204/1
850 MJ16010% 5 min 15 [1.2typ|02typ| 10 TO-204/1
850 MJ16012% 7 min 15 [0.9typ|0.15typ| 10 TO-204/1
850 MJH16010% 5 min 15 1.2 0.2 10 175 TO-218/340
850 MJH16012% 7 min 15 0.9 0.15 10 150 TO-218/340
1000 BUS48A 8 min 10 2 0.4 10 175 TO-204/1
* Designers Data Sheet characterization (continued)
# Darlington ## Darlington with speed-up diode * toff ** |hgg| @ 1 MHz
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TABLE 15 — SWITCHMODE POWER TRANSISTORS (continued)

Resistive Switching
VCEO(sus) | IcCont | VCEV Device Type ts tf fr | Pp (Case)

Volts Amps | Volts NPN unless hgg @lg us us @Ic | MHz | Watts Case
Min Max Min otherwise noted | Min/Max | Amp | Max | Max | Amp | Min | @ 25°C JEDEC/MOT
450 15 1000 BUS48AP 8 min 8 2 0.4 10 150 TO-218/340

1000 BUW13A 4 0.8 8 175 TO-218/340
9 1000 | BUS47A 7 min 5 2 04 5 150 TO-204/1
1000 BUS47AP 7 min 6 2 04 .6 . 128 TO-218/340
8 750 MJ13081 8 min 5 1.5 0.5 5 S TO-204/1
850 2N6835% 7.5/3 5 25 0.25 5 10 TO-204/1
850 MJE16080 5 min 8 2 0.5 5 80 TO-220/221A
850 MJ12021% 5 min 8 0.1 typ 8 TO-204/1
850 MJ16006 % 5 min 8 25 0.26 5 TO-204/1
850 MJ16008% 7 min 8 2.2 0.25 5 TO-204/1
850 MJH16006% 5 min 8 25 0.25 5 TO-218/340
850 MJH16008% 7 min 8 2.2 0.25 5 TO-218/340
1000 BUW12A 6 min 5 4 0.8 5 125 TO-218/340
5 750 MJ13071% 8 min 3 1.5 0.5 3 TO-204/1
750 MJE13071% 8 min 3 1.5 0.5 3 TO-220/221A
850 2N6834% 10/30 3 27 0.35 3 15 TO-204/1
850 MJ12020% 5 min 5 0.13typ| -3 TO-204/1
850 MJ16002% 5 min 5 3 - 03 3 TO-204/1
850 MJ16004% 8 min 3 2.7 0.35 3 TO-204/1
850 MJE16002 % 5 min 5 3 0.3 -3 TO-220/221A
850 MJE16004% ~ 7 min 5 27 0.35 3 TO-220/221A
850 MJH16002% 5 min 5 3 03 3 TO-218/340
850 MJH16004 % 7 min 5 27 0.35 3 TO-218/340
1000 BUW11A 6 min 25 4 0.8 25 125 TO-218/340
3 1000 BUX85 30 min 0.1 35 1.4 1 <4 ‘50 TO-220/221A
400 56 600 BUT33## 20 min 36 3.3 1.6 36 © 250 TO-204 Mod/197
50 650 MJ10015## % 10 min 40 25 1 20 TO-204 Mod/197
- 40 600 MJ10023## % 50/600 10 25 0.9 20 TO-204 Mod/197
30 850 BUS98 8 min 20 23 04 20 250 TO-204 Mod/197
28 600 BUT13## 20 min 20 2.6 0.8 18 175 TO-204/1
20 450 BUV24 8 min 12 3 0.9 12 8 250 TO-204/1
500 MJ10001#% 40/400 10 3 1.8 10 10%* TO-204/1
500 MJ10005# % 40/400 10 15 0.5 10 10%* TO-204/1
500 MJ13333% 10/60 5 4 .07 10 T0-204/1
15 650 MJ13090% 8 min’ 10 25 0.5 10 - T0-204/1
650 MJH6678 8 min 15 25 0.5 15 : 125 TO-218/340
650 2N6678 8 min 15 25 0.5 15 3 TO-204/1
850 2N6547% 6/30 10 4 0.7 10 |6to24 TO-204/1
850 BUS48 8 min 10 2 0.4 10 176 T0-204/1
850 BUS48P 8 min 10 2 0.4 10 150 TO-218/340
850 BUW13 4 0.8 10 175 TO-218/340
850 BUX48 3 0.6 10 T0-204/1
12 700 MJE13009% 6/30 8 3 0.7 8 4** TO-220/221A
10 950 MJ12010 4.2 min 5 1 5 6 typ TO-204/1
550 MJ10012# 100/2k 6 6 15 15 6 TO-204/1
500 MJ10003# % 30/300 5 25 1 5 10** TO-204/1
500 MJ10007## % 30/300 5 1.1 0.25 5 10%* TO-204/1
450 MJ13015% 8/20 5 2 0.5 5 TO-204/1
9 . 850 BUS47 7.min 6 2 0.4 6 150 TO-204/1
850 BUS47P 7 min 5 2 0.4 6 o128 TO-218/340
* Designers Data Sheet characterization {continued)
# Darlington ## Darlington with speed-up diode * toff ** |hfel @ 1 MHz
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TABLE 15 — SWITCHMODE POWER TRANSISTORS (continued)

Resistive Switching
VCEO(sus) | IcCont | Vcgy Device Type ts t¢ fr |Pp(Case)
Volts Amps Volts NPN unless hgg @ Ic ns ns @lc | MHz | Watts Case
Min Max Min otherwise noted | Min/Max | Amp | Max | Max | Amp | Min | @ 25°C JEDEC/MOT
8 850 2N6545% 7/35 5 4 1 5 6 TO-204/1
800 MJES742# 200/400 4 8typ | 2typ 6 TO-220/221A
800 MJE16080 5 min 8 2 0.5 5 80 TO-220/221A
850 BUW12 6 min 6 4 0.8 5 125 TO-218/340
850 BUX84 30 min 0.1 3.5 1.4 1 4 50 TO-220/221A
700 MJE13007% 6/30 5 3 0.7 5 4 TO-220/221A
650 MJ13080% 8 min 5 1.5 0.5 5 TO-204/1
450 MJ6503-PNP*x 15 min 2 2 0.5 4 TO-204/1
450 MJES5852-PNPx | 15 min 2 2 0.5 4 TO-220/221A
6 900 BU326A 30 typ 0.6 35 T** 25 6 90 TO-204/1
900 BU426A 30 typ 0.6 2typ (05typ| 25 6 typ 113 TO-218/340
5 850 2N6543% 7/35 3 4 0.8 3 6 TO-204/1
850 BUW11 6 min 3 4 0.8 3 125 TO-218/340
650 MJ13070% 8 min 3 15 0.5 3 TO-204/1
650 MJE13070% 8 min 3 15 0.5 3 T0-220/221A
4 700 MJE13005% 6/30 3 3 0.7 3 4 TO-220/221A
15 700 MJE13003% 5/25 1 4 0.7 1 5 TO-225AA/77R
0.5 400 MJ4647-PNP 20 min 05 | 0.72* 0.05 40 TO-205AD/79
375 6 800 BU326 30 typ 0.6 35 1% 25 6 90 TO-204/1
800 BU426 30 typ 0.6 2typ |05typ| 2.5 6 typ 13 TO-218/340
350 40 450 MJ10022## % 50/600 10 25 0.9 20 TO-204 Mod/197
20 450 MJ10000# % 40/400 10 3 1.8 10 10%* TO-204/1
450 MJ10004# # % 40/400 10 1.5 0.5 10 10** TO-204/1
15 550 2N6677 8 min 15 25 0.5 15 3 TO-204/1
375 2N6251 6/50 10 35 1 10 2.5 TO-204/1
550 MJH6677 8 min 15 25 0.5 15 125 TO-218/340
10 450 MJ10002# % 30/300 5 25 1 5 10%* TO-204/1
450 MJ10006## % 30/300 5 15 0.5 5 10** TO-204/1
400 MJ13014% 8/20 5 2 0.5 5 TO-204/1
8 700 2N6308 12/60 3 1.6 0.4 5 5 TO-204/1
700 MJES5741# 200/400 4 8typ | 2typ 6 T0-220/221A
400 MJES5851-PNP 15 min 2 2 0.5 4 T0-220/221A
2 400 2N6213-PNP 10/100 1 25 0.6 1 4 TO-213AA/80
325 30 400 BUV23 8 min 16 1.8 0.4 16 8 250 TO-204 Mod/197
15 400 BUX13 8 min 8 25 0.8 8 8 150 - TO-204/1
5 350 2N6235 25/125 1 35 0.5 1 20 TO-213AA/80
300 15 650 2N6546% 6/30 10 4 0.7 10 6to 24 TO-204/1
450 2N6676 8 min 15 25 0.5 15 3 TO-204/1
450 MJH6676 8 min 15 25 0.5 15 125 TO-218/340
12 600 MJE13008% 6/30 8 3 0.7 8 4% TO-220/221A
8 600 2N6307 15/75 3 1.6 0.4 3 5 TO-204/1
600 MJE13006% 6/30 5 3 0.7 5 4 TO-220/221A
600 MJE5740 200/400 4 8typ | 2typ 6 TO-220/221A
350 MJE5850-PNPx | 15 min 2 2 0.5 4 TO-220/221A
5 400 2N6498 10/75 25 1.8 0.8 25 5 T0-220/221A
4 600 MJE13004% 6/30 3 3 0.7 3 4 T0-220/221A
2 500 2N3585 25/100 1 4 3 1 10 TO-213AA/80
500 2N6422-PNP 25/100 1 4 3 1 10 TO-213AA/80
350 2N6212-PNP 10/100 1 25 0.6 1 4 TO-213AA/80
15 600 MJE13002% 5/25 1 4 0.7 1 5 TO-225AA/77R

* Designers Data Sheet characterization
# Darlington ## Darlington with speed-up diode * toff ** |hfe| @ 1 MHz

2-29



TABLE 15 — SWITCHMODE POWER TRANSISTORS (continued)

Resistive Switching
VCEO(sus)| IcCont |  VCEv Device Type ts tf fr |Pp (Case)
Volts Amps Volts NPN unless hgg @lc us us @lgc | MHz Watts Case
Min Max Min otherwise noted | Min/Max | Amp | Max Max | Amp | Min @ 25°C JEDEC/MOT
300 1 300 2N5345-PNP 25/100 0.5 0.6 0.1 0.5 60 TO-213AA/80
0.5 300 MJ4646-PNP 20 min 0.5 0.72% 0.05 40 TO-205AD/79
275 15 300 2N6250 8/50 10 ‘3.5 1 10 25 TO-204/1
250 100 300 MJ10047## % 75 min 100 4 1 100 —1/353
300 MJ10048# % 75 min 100 2 8 100 —/353
60 350 MJ10021## % 25 min 30 3.5 0.5 30 TO-204 Mod/197
40 300 BUV22 10 min 20 1.1 0.35 20 8 250 TO-204/1
350 BUS52 15 min 40 350 TO-204/1
20 300 BUV12 10 min 10 15 0.5 10 8 150 TO-204/1
450 MJ13331% 8/40 10 3.5 0.7 10 5/40 TO-204/1
15 250 MJ11021#-PNP | 100 min 15 3# TO-204/1
250 MJ11022# 100 min 15 3# TO-204/1
12 300 BUX42 8 min 6 2 04 6 8 120 TO-204/1
8 500 2N6306 15/75 3 1.6 0.4 3 5 TO-204/1
400 MJ6502-PNP* 15 min 2 2 0.5 4 TO-204/1
5 500 MJ3029 30 min 04 1 3 TO-204/11
350 2N6497 10/75 2.5 1.8 0.8 25 5 TO-220/221A
2 375 2N3584 25/100 1 4 3 1 10 TO-213AA/80
375 2N6421-PNP 25/100 1 4 3 1 10 TO-213AA/80
1 250 2N5344-PNP 25/100 0.5 0.6 0.1 0.5 60 TO-213AA/80
225 2 275 2N6211 10/100 1 25 0.6 1 20 TO-213AA/80
200 60 300 MJ10020# # % 25 min 30 3.5 0.5 30 ‘ TO-204 Mod/197
50 300 BUSS51 15 min 50 350 TO-204/1
40 250 BUV21 10 min 25 1.8 0.4 25 8 150 TO-204/1
20 250 BUV11 10 min 12 1.8 0.4 12 8 150 TO-204/1
400 MJ13330% 8/40 10 35 0.7 10 5/40 TO-204/11
15 225 2N6249 10/50 10 35 1 10 25 TO-204/11
250 BUX41 8 min 8 1.5 0.4 8 8 120 TO-204/1
200 MJ11019#-PNP | 100 min 15 3# TO-204/1
200 MJ11020# 100 min 15 3# TO-204/1
3 250 BUY49P 30 min 0.5 25 20 TO-225AA/77
* Designers Data Sheet characterization
# Darlington ## Darlington with speed-up diode * toff ** |htel (@« 1 MHz
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Application Selector Guides

Application Literature

To obtain copies of these notes, simply list the AN, AR, EB or EN numbers and send your request to:
Technical Information Center, Motorola Semiconductor Products Inc., P.O. Box 20924,
Phoenix, Arizona 85036

AN-222A The ABC’'s of Solid-State DC-to-AC AN-875 Power Transistor Safe Operating Area —
Inverters Special Considerations for Switching
AN-484A Medium Power Audio Amplifiers Power Supplies
AN-485 High-Power Audio Amplifiers with Short- AN-915 Characterizing Collector-To-Emitter and
Circuit Protection Drain-To-Source Diodes for Switchmode
AN-569 Transient Thermal Resistance — General Applications
Data and its Use AN-951 Drive Optimization for 1 kV Offline Con-
AN-703 Designing Digitally-Controlled Power verter Transistors
Supplies AN-952 Ultrafast Recovery Rectifiers Extend
AN-719 A New Approach to Switching - Power Transistor SOA
Regulators AR-109 Power Transistor Safe Operating Area —
AN-766 A Variable Frequency Control for 3¢ Special Considerations for Motor Drives
Induction Motors AR-119 Dynamic Saturation Voltage — A Design-
AN-767 A Line Operated, Regulated 5 V/50 A ers Comparison
Switching Power Supply AR-120  Speeding Up the High Voltage Transistor
AN-778 Mounting Techniques for Power AR-131 Baker Clamps, Traditional Concepts
Semiconductors Updated. . .
AN-785 Reverse-Bias Safe Operating Area AR-180 Electronic Ballasts
AN-786 Power Darlington Load Line AR-181 Bipolar Transistors Excel in Off-Line Res-
Considerations onant Converters
AN-803 The Effect of Emitter-Base Avalanching EB-76 Horizontal CRT Deflection Techniques
on High-Voltage Power Switching EB-78 New ICs in Switching Supplies
AN-828 The Effects of Base Drive Conditions on EB-85A Full-Bridge Switching Power Suppiies
RBSOA EB-86A Half-Bridge Switching Power Supplies
AN-845 New Bipolars Compare Favorably with EB-87A  Flyback Switching Power Supplies
FETs for Switching Efficiency EB-88A  Push-Pull Switching Power Supplies
AN-861 Power Transistors Safe Operating Area EB-99 Proportional Reverse Base Current Drive
— Special Considerations for Motor Circuit
Drives EN-101 Verifying Collector Voltage Ratings
AN-873 Understanding Power Transistor

Dynamic Behavior — dv/dt Effects on
Switching RBSOA

2-31




Audio

V(sriceo Required on Output and Driver Transistors
versus e
Output Power for 4, 8 and 18 Ohm Load
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GENERAL DESIGN CURVES FOR POWER AUDIO OUTPUT STAGES
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Another important parameter that must be considered before selecting the output transistors is the safe-
operating area these devices must withstand. For a complete discussion on these see Application Notes
AN-484A and AN-485. . ’

TABLE 16 — RECOMMENDED POWER TRANSISTORS FOR AUDIO/SERVO LOADS

RMS Pp . fr
Power Watts hFg@ ic MHz 5:
Output NPN PNP Case | @ 25°C| VCgo | Min/Max | Amps Typ Volts/Amps
To 25W MJE15030 MJE15031 TO-220 | 50W 150 V 20 min 4A 70 14/3.6
25 to 50W 2N3055A MJ2955A TO-204 | 120W | 120V 20/70 4A 3 60/2
MJ15001 MJ15002 TO-204 | 200W 140 V 25/150 4A 3 40/5
50 to 100W MJ15015 MJ15016 TO-204 | 180W | 120V 20/70 4A 3 60/3
MJ15003 MJ15004 TO-204 | 250W 140V 25/150 5A 3 100/1
Over 100W MJ15024 MJ15025 TO-204 | 250W | 250V 15/60 8A 8 80/2.2

The Power Transistors shown are provided for reference only and show device capability. The final choice

of the Power Transistors used is left to the circuit designer and depends upon the particular safe-operating

area required and the mounting and heat sinking configuration used.
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CRT Deflection

The typical raster scanning television or CRT data mon-
itor normally uses an inductive switched horizontal out-
put stage. The horizontal output switching is accom-
plished by a high voltage bipolar power transistor. This
device switches from 0.5 to 5 A or higher collector current
levels and must block a 100 to 1500 V retrace or flyback
pulse. The listed Motorola semiconductor power devices
will easily handle this task if the circuit electrical param-

eters have been properly established.
Base [ S * H.V.
Drive r |
Horizontal x TCr | Yy I Ly Lt
Output l A |
| —~ |
|9 | Ly
Il |
= L= __ Cs
Rectifier-Capacitor :_E_ Vee =
Clamp Network =
TABLE 17 — HORIZONTAL CRT DEFLECTION TRANSISTOR SELECTOR GUIDE
Retrace IpK Scan Preferred VCEX Ic
Applications Voltage Amps Rate Devices* Volts Amps
Line Operated T.V. (120 Vac)
Small Screen B/W Up to 975 1to2 15 k MJ12002 1500 25
Large Screen B/W, or
Small Color Up to 975 2to3 15k MJ12003 1500 4
Large Screen Color Up to 975 4t05 15k BU508,D 1500 8
Battery Operated T.V. Up to 250 3to 10 15k BU407 350 7
Display Monitors
Low End Up to 250 3to 10 20k BU407 350 7
High End Up to 975 2to5 30k MJH16018 1500 8

* Additional selections are available for specific circuit requirements — see Device Selection By Package Type.
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Preferred Leadform Options For Motorola
Plastic Power Transistors

ORDERING INFORMATION

TO-225AA (Case 77), TO-225AB (Case 90), TO-220AB (Case 221A)
Dev:ces may be leadformed by first converting to a special “SJE"” number. The. factory must be given the
designation of the package and the applicable leadform suffix letter. The factory must be-consulted.

T0O-225AA LEADFORMS

LEADFORM B f LEADFORM C

0331 9556

0.860

TT LEADFORM A
2 0.800  0.927
6 I 0.867 .
- _l_ - ‘ _J_ vl I.o.os: Typ.
—I L—ooeav

—-—l ’—-o 093 Typ. "°0 mv ] |
0.366
500~ 0.531
\ I’O .‘_’_7L =4 {2358 o4t | iOOZSRldJyp,
— 0500 =] -
ZFL% f , = / ] T ! st ,
Mounting Surface Mounting Surface.

30° Mounting Surtace 0.545-

0.100

LEADFORM D LEADFORM E LEADFORM F

0.507 ¢ 607

-—oAsts—b‘

0.380 =~

0.025 ..L
0. 531 fad-Typ ]

0. Asx o
—1 i Max. 025 Rad. Typ. " 70.025 Rad. Typ.
1 0.5% ; 0.497
0.570 0.226 0.457
- 0.186
Mounting Surface Mounting Surface gzzg Mounting 0597

Surface 0.557

TO-225AB LEADFORMS

LEADFORM A ~ LEADFORM B LEADFORM C

0.840 |
0.820 |

o 0590 |

0570 i l Kl l
0.025 Rad. Typ. 0205 0400 0.304 @
- 0.025 Rad. Typ. - 0.025Rad. Typ.
— f
Mounting .

0.590
i 0570 Mounting I—-o.ssu
Surtace 8 Surface

Mounting Surface 0820 680

i}

234



TO-220 LEADFORMS

Options are fisted in parenthesis below standard dimensions.

LEADFORM AJ
0.790 = 0.030,
580 = 0.010% - 0.017 = 0.004

(3

LEADFORM AK

! L '

LEADFORM S

0.736 = 0.010
0.620 = 0.010

T 0.590 :00‘0.‘ |‘0.0|7 ' T
0.790 = 0,030 = 0008
LEADFORMS W & WC LEADFORM 2A LEADFORMS 3 & 3A
0.325 = 0,020
{0.300 + 0.020)
= = == | o i '
J L 0.360 + 0.020 0.460 - 0.020

«— 0:800 = 0.010
10.750 = 0.010)

0.600 = 0.005"'

0.600 = 0.010%|
0.750 + 0.010

LEADFORMS 5F & S5FA

0.928 = 0.020
{0.920 = 0.020F

[#—0.653 = 0,010~

0.312
+ 0015

1.030 = 0.01

LEADFORMS 5R & 5RA

|-#———1.030 = 0,020—’1

le-o.53 - 0010 »‘4—'

«— 0.928 : 0.010
(0,920 + 0.020)

LEADFORMS 10R & 10RC

P—! 030 + 0.020

0.100 + 0.015
ol et
[*0.625 - O.Dw’l

1.000 = 0.020
0.745 = 0.020;

0620 - omo»’

LEADFORM 15FA

LO 780 = QOlOV'

0.680 = 0.005

LEADFORM 16

4 frm

0.005 > 0.005
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Mounting Hardware

TO-204AA - TO-213AA .

*NO. 6 SHEET METAL SCREWS ‘/ METAL SCREWS
/ B51564F 003 ﬁ / B51564F 003

POWER
TRANSISTOR

INSULATOR

{3 OPTIONS AVAILABLE]
MICA - B52600F011

FIBERGLASS--B51080A001

ANODIZED ALUMINUM

B51078A001

POWER TRANSISTOR 6?

MICA
INSULATOR

. *NYLON INSULATING
852600F 008 _

BUSHING

*NYLON INSULATING
HIN B51547F 002

G
B51547F002

CHASSIS OR
47 HEAT SINK

CHASSIS OR
HEAT SINK
SOCKET
SOCKET 854837C001
8510844001
* Longer screws (not available from Motorola) and multiple bushings may be required "Longer screws (not available from Motorola) and multiple
for thick chassis or heat sink bushings may be required for thick chassis or heat sink

TO-225AA

—. 4-40 HEX HEAD SCREW
B09483A030

B — COMPRESSION WASHER
B852200F006

b

—_—
ROUND MICA INSULATOR
B52600F003

GO

. '
N

HEAT SINK OR CHASSIS
—_ %40 HEX NUT
B09490A005

TORQUE REOUIREMENTS
0.68N-m (6IN-LBS.) MAX.

d
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MOUNTING HARDWARE — continued

Part numbers in this Part numbers in this

column for column for
INSULATED *HIGH VOLTAGE
MOUNTING INSULATED MOUNTING
0 Hi EAD SCREW
v Sea ;(’}(9'4‘89/\030

6-32 HEX HEAD SCREW
B09489A031 é

NVLON INSULATING BUSHING
(For 4-40 Screw)
STEEL COMPRESSION WASHER B51547F011

(For 6-32 Screw)
B52200F004

TO-225AB

RECTANGULAR
MICA INSULATOR
BO5608A001

OR

ROUND MICA INSULATOR —
B52600F013

HEAT SINK OR CHASSIS —

RECTANGULAR
MICA INSULATOR
BOS608A002
OR
ROUND MICA INSULATOR
B52600F015

4-40 HEX NUT

——
6-32 HEX HEAD NUT B09490A 005

BO9490A 006
TORQUE REQUIREMENTS
Insulated 0.68 N-m (6 IN. LBS.) MAX
High Voltage Insulated 0.90 N-m (8 IN. LBS.) MAX
*High voltage mounting requirements depend on use environment. User is encouraged
to make his own evaluation.

Part Numbers in This
Column for
INSULATING MOUNTING
FROM SCREW

N 4

Part Numbers in This
Column for
NON-ISOLATED

N

TO-218AC

- 4-40 HEX HEAD SCREW
6-32 HEX HEAD —— B09489A030
SCREW
B09489A032 ) STANDARD
‘{i_—jf'/ NYLON INSULATING BUSHING
i 851547018
MOTOROLA '
SEMICONDUCTOR .
CASE 340-01 ;

C )

" “\\ STANDARD
HEAT SINK _,? ' l | é

MICA INSULATOR

R CHASSIS
o ' B52600F018
(1) FLAT WASHER —==—=—= COMPRESSION WASHER
B52200F005
COMPRESSION _E:j -
NUT OR
LOCK WASHER
B52200F004 (H) ~— 4-40 HEX NUT
BO9490A005
6-32 HEX NUT

B09490A006 TORQUE REQUIREMENTS
0.68 NM (6 in./Ibs.) max.
Recommended Torque: 0.567 Nm/5 in./Ibs. - 5.5 kg/cm.

(1) USE WITH LOCK WASHER

TO-220AB
PREFERRED ARRANGEMENT

for Isolated or Non-isolated
Mounting. Screw is at Semi-
conductor Case Potential.
6-32 Hardware is Used.

Choose from Parts Listed
Below.
—_—
6-32 HEX HEAD SCREW
B09489A035
(1) RECTANGULAR STEEL
WASHER

] ' A001
‘-l 1 | I’J
PR

 ———— |
T SEMICONDUCTOR __>

i (CASE 221, 221A)
ol

( )
N
(2) RECTANGULAR
g MICA INSULATOR
\ BO8853A001
HEAT SINK
T~ (2) NYLON BUSHING
B51547F005
R (3) FLAT WASHER
t::;j\ 851567F036
i (4) COMPRESSION or
6-32 HEX NUT  LOCK WASHER
- B09490A006 B52200F 004
(1) Used with thin chassis and/or large hole.
(2) Used when isolation is required
(3) Required when nylon bushing and lock washer are used.
(4) Compression washer preferred when plastic insulating

material is used.

ALTERNATE ARRANGEMENT
for Isolated Mounting
when Screw must be at
Heat-Sink Potential.

4-40 Hardware is Used.

\ Use Parts Listed Below.

t 4-40 HEX HEAD SCREW

T BO9489A034
—L ™"~ NYLON INSULATING BUSHING
[—-.—'—.-——] B51547F019
I L
‘ SEMICONDUCTOR___>

i (CASE 221, 221A)
|

C ]
RECTANGULAR

N
j ' [: MICA INSULATOR
\ BO8853A001
é 5 HEAT SINK

‘: COMPRESSION WASHER
.

.

- 440 HEX NUT

B09490A005

TORQUE
REQUIREMENTS
Insulated
0.68 N-M (6 in-ibs) max
Noninsulated
0.9 N-M (8 in-lbs) max’
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Data Sheets

The following power transistor data sheets
are arranged in alphanumeric sequence,
some data sheets may contain information
applying to more than one transistor — e.qg.
2N4398, 2N4399, 2N5745. To determine if a
particular device type is covered by a data
sheet in this section, either refer to the alpha-
numeric listing of the Index and Cross Ref-
erence on page 1-2 or simply turn to the
proper sequence for indication of where the
Data Sheet can be found.




TECHNICAL DATA

MOTOROLA
- SEMICONDUCTOR I

2N3054
- 2N3054A

MEDIUM-POWER NPN SILICON TRANSISTORS

.. .designed for general purpose switching and amplifier applications.

® Excellent Safe Operating

Area

® DC Current Gain Specified to 3.0 Amperes
® Complement to PNP Type 2N6049 or 2N4912

4 AMPERE

POWER TRANSISTORS
NPN SILICON
55 VOLTS

25 WATTS — 2N3054
75 WATTS — 2N3054A

*MAXIMUM RATINGS

Rating Symbol | 2n3054A [ 2n3054 | unit
Collector-Emitter Voltage Vceo 55 Vdc
Collector-Emitter Voltage VCER 60 Vdc
(Rgg = 100 Q)
Collector-Base Voltage Ves 920 Vdc
Emitter-Base Voltage VEB 7.0 Vdc
Collector Current — Continuous Ic 4.0 Adc
Peak 10**
Base Current I 2.0 Adc
Total Device Dissipation @ Tg = 25°C Pp 75 ] 25 Watts
Derate above 25°C 0.43 0.143 w/ec
Operating and Storage Junction, Ty, Tstg -65 to +200 oc
Temperature Range
*Indicates JEDEC Registered Data
**Addition to JEDEC Registered Data
THERMAL CHARACTERISTICS
Characteristic Symbol | 2N3054A | 2N3054 Unit
RgJc 2.33 7.0 o°cw

Thermal Resistance, Junction to Case

FIGURE 1 — POWER-TEMPERATURE DERATING

80
_n
w
e
5w
£ )
o 50
= ~N N3054A
s 40
7]
= n AN
E —
e n ™
8 Pl 2N3054 \

10

—
\
0 —~
0 20 40 60 80 100 120 140 160 180 200

Tc. CASE TEMPERATURE (0C)

STYLE1:
PIN 1. BASE
2.EMITTER
CASE: COLLECTOR U —
— A
P (o}
Hy
E K
SEATING PLANE _ i
Fe—
—g—
a 2 1
LIS £ R
) T
i g
S
[ [MILLIMETERS] _INCHES
DIM[ MIN | MAX | MIN | MAX
B [11.94 [12.70 [0.470 [0.500
C | 6.35 | 8.64
D | 071 | 086
E | 127 [ 191
24.33_|24.43
83 | 5.33
41| 2.67
14.48_[14.99
9.14 | -
P | - 27
) (361 | 386
- 89
= .68
—_ 155
All JEDEC Dimensions and and Notes Apply.
CASE 80-02
TO-213AA
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2N3054,A

ELECTRICAL CHARACTERISTICS (T = 25° unless otherwise noted)

r Characteristic ] Symbol l Min l Max I Unit J
*OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vdc
(Ic = 100 mAdc, Ig = 0) 55 -
Collector-E mitter Sustaining Voltage (1) VCER (sus) Vdc
(Ic = 100 mAdc, Rgg = 100 ©2) 60 -
Collector Cutoff Current ICEO uAdc
(Vge =30 Vdc, I1g =0) - 500
Collector Cutoff Current ICEX mAdc
(Vcg =90 Vdc, VBE (off) = 1.5 Vdc) - 1.0
(VCE = 90 Vdc, VBE (off) = 1.5 Vdc, T = 150°C) - 6.0
Emitter Cutoff Current IEBO mAdc
(VBg = 7.0 Vdc, Ic = 0) - 1.0

*ON CHARACTERISTICS (1)

DC Current Gain heg -
(ic = 0.5 Adc, Vcg = 4.0 Vdc) 25 150
(Ic = 3.0 Adc, Vcg = 4.0 Vdc) 5.0 -

Collector-Emitter Saturation Voltage VCE (sat) Vdc
(Ic = 500 mAdc, Ig = 50 mAdc) - 1.0

(Ic =3.0 Adc, 1g = 1.0 Adc) - 6.0
Base-Emitter On Voltage VBE (on) Vdc
(Ic = 500 mAdc, Vg = 4.0 Vdc) - 1.7
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product fT MHz
(Ig = 200 mAdc, Vgg = 10 Vdc) 3.0 —
*Small-Signal Current Gain hfe -
(Ic = 100 mAdc, Vcg = 4.0 Vdc, f = 1.0 kHz) 25 180
*Common-Emitter Cutoff Frequency fhie kHz
(Ic = 100 mAdc, Vcg = 4.0 Vdc) 30 —

*Indicates JEDEC Registered Data
(1) Pulse test: Pulse Width < 300 us, Duty Cycle <2.0%

FIGURE 2 — SWITCHING TIME EQUIVALENT TEST CIRCUIT FIGURE 3 — TURN-ON TIME
30
APPROX | TURN-ON PULSE vee " 111
MV ’ IRER
- Vi N ic/ig =10
Vin TRk 10 — Ty = 260C
Cjd <<Ceb \Ltr‘@? vee =30 Vde —
VBE(off) = 7 Mg |
! -40V w T —H
03} v @ vee = 10 Ve
APPROX ” 1 <15ns z s
v 100 < 12 < 500 us > 02k
H
t3<15ns T tg @ VBE (off) = 0
0.1
Vin ==~ — y
| DUTY CYCLE ~2.0% ——
\ APPROX 9.0 V 0.05
- u — 0.03
TURN-OFF PULSE 004 006 0.1 02 04 06 10 20 20

Ic, COLLECTOR CURRENT (AMP)
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2N3054,A

FIGURE 4 — THERMAL RESPONSE

10 T

f T HH +
s 0 D =05
B s
I
S | =
=8 0.2 — A
£E 02— =
52 [X] 1T 1
33 frmaeet )‘ —r //
e 01 0.05 - P(pk)
W
00— ot 6yc(t) =r(t) 6yc
22 s —— ol = D CURVES APPLY FOR POWER
SEN ST PULSE TRAIN SHOWN
- onl =l o0 READ TIME AT t1 t1}=- | DUTY
x UL NN THoK) = T 2 Prog) 6 CYCLE,
S wm [™SINGLE PULSE Jpk) - Te = Prpk) Oycit) 2-=1p = /ey
: J [T T [T ]
001 00z 003 005 01 02 03 05 10 20 30 50 10 20 30 50 100 200 300 500 1000

FIGURE 5 — ACTIVE-REGION SAFE

t, TIME or PULSE WIDTH (ms)

OPERATING AREA

10 - ™ . %
T\ﬁ T ™~ 4l\§
10 5.0 ms 1.0 msX05°X 1
g 5o N3050A TG M
4 S
= 30 Ty=2000C—3> >
& L 2N3054 \
o
£ = \
= SN LN
o 10 Y
5 AWAY
2 01 \
- Curves Apply Below Rated VCEQ
3 05 a [ p
8 L T BN
& 0.3 fp— = SECOND BREAKDOWN LIMITED
- [~ =——= = = BONDING WIRE LIMITED t
02/~ —= = = — THERMAL LIMITATION @ T¢ = 250¢
o L [T [ ] ]
20 3.0 5.0 70 10 20 30 40 50 60
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS)
FIGURE 6 — TURN-OFF TIME
3.0 T i
20 ERIRE 4
ic/ig = 10
Ty =250C
10 ts Z J
@Vce =30 Vde
L 05 L Va ~]
2 g S |
.3
g’ N -
= 02 - -
< @ Vge =10 Vde:
0.1
0.05
0.03
0.04 006 - 01 0.2 04 086 1.0 2.0 4.0

Ic. COLLECTOR CURRENT (AMP)

There are two limitations on the power handling ability of a
transistor: average junction temperature and second breakdown.
Safe operating area curves indicate Ic — Vg limits of the tran-
sistor that must be observed for reliable operation; i.e., the transistor
must not be subjected to greater dissipation than the curves indicate.

The data of Figure 5 is based on T j(pk) = 200°C; T is variable
depending on conditions. Second breakdown pulse limits are valid
for duty cycles to 10% provided Ti(pk) <200°C. TJy(pk) May be
calculated from the data in Figure 4. At high case temperatures,
thermal limitations will reduce the power that can be handied to
values less than the limitations imposed by second breakdown.

FIGURE 7 — CAPACITANCE

300 T IT
Ty=250C
200
z AN
w ~~ N
I~
% \1%44,_ \\
= 100 Cib
S
<
a
< ]
o
50
Cob N
M
30
01 0203 05 10 20 30 50 10 20 50 100

VR, REVERSE VOLTAGE (VOLTS) -



2N3054,A

FIGURE 8 — DC CURRENT GAIN FIGURE 9 — COLLECTOR SATURATION REGION
300 T T —T _ 10
Ty = 1500C VCE =4.0 Vdc E ‘l ]r l ” l | \ !
200 I =] 1c=100mA | | ||500ma [[10A {30a
o 08
¢ |
N
R B 5 ‘
© 250C ¥ S o5
0 o«
g’ SSEIAN &
& Sy =
= 50 - =
2 ol =
o O 04
) N S
N 8L \&
£ -550C h \ =02 s &
H g N ~ Ty- 2500
ul M
o L N f BRI
0004 001 002 004 01 02 04 10 20 40 10 20 50 10 20 50 0 200 500 1000
Ic, COLLECTOR CURRENT (AMP) 18, BASE CURRENT (mA)
FIGURE 10 — TEMPERATURE COEFFICIENTS FIGURE 11 — “ON" VOLTAGES
+25 .
_ " APPLIES FOR I0/1g < hFE/2 10 Ty=250C Ppd
S 20 7
g ( H
E +15 -+ v4 038
@ “0ve FOR VCE(sat) p 11
£ 410 + - @ VBE(sat) @lc/ig =1
w 5 11T
g 405 250C to 150°C = S 06 =
£ ops =g 5
-550
2 A L] 550C to 250" 1] 2 I
& .05 % S04 t
2 V 2
< -1.0 =
w %
< -15 ovg FOR VBE 0.2
e | —+—T"T | -55 to 1500C B
= -20 i H t VCE(sat) @ I/1B = 1
> W ]UH YLt Pl = 1
& .28 ol [ TTTT] T T [T]
0004 001 002 004 01 02 04 10 20 40 0004 001 002 004 01 02 04 10 20 40
IC, COLLECTOR CURRENT (AMP) Ic. COLLECTOR CURRENT (AMP)
FIGURE 12 — COLLECTOR CUT-OFF REGION FIGURE 13 — EFFECTS OF BASE-EMITTER RESISTANCE
S— . - . 5 107 . .
== = 7 2" = =
——VCE=30V o T t
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MOTOR

OLA
I SEMICONDUCTOR I

TECHNICAL DATA

NPN
2N3055
PNP
MJ2955

® Collector-Emitter Saturation Voltage —
VCE(sat) = 1.1 Vdc (Max) @ Ic =4 Adc

® Excellent Safe Operating Area

® DC Current Gain —hfg = 20-70 @ Ic = 4 Adc

COMPLEMENTARY SILICON POWER TRANSISTORS

... designed for gene}al-purpose switching and amplifier applications.

15 AMPERE
POWER TRANSISTORS
COMPLEMENTARY SILICON

60 VOLTS
115 WATTS

MAXIMUM RATINGS

T¢., CASE TEMPERATURE (°C)

Rating Symbol Value Unit
Collector-Emitter Voltage VcEO 60 Vdc
Collector-Emitter Voltage VCER 70 Vdc
Collector-Base Voltage VeB 100 Vdc
Emitter-Base Voltage VEB 7 Vdc
Collector Current — Continuous Ic 15 Adc
Base Culfrent ig 7 Adc
Total Power Dissipation @ T¢ = 256°C Pp 115 Watts
Derate above 25°C 0.657 w/ec
Operating and Storage Junction Ty Tstg .| -65 to +200 °c
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rguc 1.52 ocm
FIGURE 1 — POWER DERATING
160
_ 4o
5
4
o120
B
g 100 ~
=
<
S 80
2
o
< 60 ~
il .
=
g - AN
8 ™~
20
0
0 25 50 125 150 175 200

D
';\

L

NOTES:
1. DIAMETERS Q, V AND SURFACE T ARE DATUMS.
2. POSITIONAL TOLERANCE FOR HOLE Q:
[#]#0.25 0010 @[T[V @]
. 3. POSITIONAL TOLERANCE FOR LEADS:
0[9030(0.012 @[TV @][Q
4. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5,1973.
STYLE1:
PIN 1. BASE
2. EMITTER
CASE: COLLECTOR
MILLIMETERS | _INCHES
DIM[ MIN | MAX | MIN | MAX
Al - 13937 - [ 15%
B — | 2108 | — | 0.830]
C | 635] 762 [0250] 0300
D | 0.99] 1.09 [0.039] 0.043
— | 3431 - loiss
30.15BSC 187BSC
G| 10.92BSC 430 BSC
H 46 BSC 215 BSC
16.89 BSC 665 BSC
71.18] 12.19 | 0.440] 0.480
0| 384] 409 [0.151] 0.161
Al - | %67 ] - | 1.050
V1] 385 409 |0151] 0.161
CASE 11-01
TO-204AA




2N3055 NPN/MJ2955 PNP

ELECTRICAL CHARACTERISTICS (T¢ = 25°C uniess otherwise noted)

L Characteristic I Symbol Min Max I Unit J

*OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (1) VCEO(sus) 60 - Vdc
(g = 200 mAdc, Ig = 0)

Collector-Emitter Sustaining Voltage (1) VCER(sus) 70 - Vdc
(I¢ = 200 mAdc, Rgg = 100 Ohms)

Collector Cutoff Current ICEO - 0.7 mAdc
(Vgg = 30 Vdc, Ig = 0)

Collector Cutoff Current ICEX mAdc
(VcE = 100 Vdc, VBE(off) = 1.5 Vdc) - 1.0
(VcE = 100 Vde, VBE(off) = 1.5 Vdc, Tg = 150°C) - 5.0

Emitter Cutoff Current lEBO - 5.0 mAdc

(Vgg = 7.0 Vdc, Ic = 0)

*ON CHARACTERISTICS (1)

DC Current Gain 33 -
(lc = 4.0 Adc, Vg = 4.0 Vdc) 20 70
(Ic = 10 Adc, VGE = 4.0 Vdc) 5.0 -

Collector-Emitter Saturation Voitage VCE(sat) Vdc
(Ic = 4.0 Adc, Ig = 400 mAdc) = 1.1
(Ic = 10 Adc, Ig = 3.3 Adc) 3.0

Base-Emitter On Voltage VBE(on) - 1.5 Vdc

(Ic = 4.0 Adc, Vg = 4.0 Vdc)

SECOND BREAKDOWN

Second Breakdown Collector Current with Base Forward Biased Is/b 2.87 - Adc
(VCE = 40 Vdc, t = 1.0 s; Nonrepetitive)

DYNAMIC CHARACTERISTICS

Current Gain — Bandwidth Product fr MHz
{lc =0.5 Adc, Vcg = 10 Vdc, f = 1.0 MHz) ' 25 -
*Small-Signal Current Gain hte -
(ic = 1.0 Adc, VCE = 4.0 Vdc, f = 1.0 kHz) 15 120
*Small-Signal Current Gain Cutoff Frequency fhie 10 —_ kHz

(VCE = 4.0 Vdc, Ig = 1.0 Adc, f = 1.0 kHz)

*Indicates Within JEDEC Registration. (2N3055)
{1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

FIGURE 2 — ACTIVE REGION SAFE OPERATING AREA

2N3055, MJ2955

20 T 1

10 = T \‘ 00 15 25015 \50 us There are two limitations on the power handling ability of a
T — dc 1 msSNSNG NG transistor: average junction temperature and second breakdown.
E N Safe operating area curves indicate |-V cg limits of the transistor
5..' n —~I SN, ) that must be observed for reliable operation; i.e., the transistor must
s N not be subjected to greater dissipation than the curves indicate.
& ™ The data of Figure 2 is based on T¢ = 25°C; Tj(pk) is variable
3 2 N depending on power level. Second breakdown pulse limits are
& \\ . valid for duty cycles to 10% but must be derated for temperature
5 1 LN & according to Figure 1.
2 =~
=
8 08 = = = Bonding Wire Limit
o 04 = = = = Thermally Limited @ T = 259C (Single Pulse)
- Second Limit

ol L 111 L L

[ 10 20 40 60

Vge, COLLECTOR-EMITTER VOLTAGE (VOLTS)



2N3055 NPN/MJ2955 PNP

NPN PNP
2N3055 MJ2955

FIGURE 3 — DC CURRENT GAIN i

ST T T — 20 '
f—+ V=40V [] T T 11
300 —1-T; = 1500¢ —— - S T —+
| ~L¢ N VEE=4.0V
200 T 26001 N
= 2500 — 100 Fdh
- + ™ = 1 ]
S 100 T S -
5o ~550¢ — s -559C SNBEIERSN
g — g% \
= 50 3 N N\
(=] = N
g . » g NL ,
> i N 3 TN
& q " N
= 2 5 \\ u\
10 - - - -
i 10
50
0.1 02 03 .05 07 10 20 30 50 70 1 01 02 03 05 07 10 20 30 50 70 10
I, COLLECTOR CURRENT (AMP) I, COLLECTOR CURRENT (AMP)
FIGURE 4 — COLLECTOR SATURATION REGION
g w110 01 1
5 Ty=25°C 3 ) }
g = | ic=10A 40A 80A
= 16 o6
g Ig=10A 40A 8.0A <
it jar
g S
12 ;
& & N )
= =
= \ = —
= ‘
: 08 z 08 \
2 2
: \ = \ 0
o 04 \ =04
3 2
& 0 ;,_‘-' . ]
> 0
50 10 20 50 100 200 500 1000 2000 500 50 10 20 50 100 200 500 1000 “2000 5000
1, BASE CURRENT (mA) 1B, BASE CURRENT (mA)
FIGURE 5 — “ON"” VOLTAGES
14
20 T
Ty - 259¢ Ty=25%
12 J
16
10 A
@ P 3 L
S 0s VBE(sat) @ Ic/1g = 10 R ad 2 12 yd
=" - z VnEl(m)@|c/Ia= 0 7
w I RN
I —— = e en e | e VBE@V(E=40V 4
5 0 VBE @VCE =40V S oo N
g ~ T I d
> 04 A <
02 ] 04 /'/
: VCEGan @lchg=10 | | 4 ) VCE(sat) @1c/1g=10 | |~
11
0 T 1 11 . 0 T
0.1 02 03 0507 10 20 30 50 70 10 01 02 03 05 10 200 30 50 1
Ic, COLLECTOR CURRENT (AMPERES) 1C, COLLECTOR CURRENT (AMP)




MOTOROLA NPN PNP
m SEMICONDUCTOR mammmmmmmmmn| 2N3055A MIJ2955A (m
TECHNICAL DATA m1501 5 M.I15016

COMPLEMENTARY SILICON
HIGH-POWER TRANSISTORS 15 AMPERE
COMPLEMENTARY SILICON
... PowerBase complementary transistors designed for high power POWER TRANSISTORS
audio, stepping motor and other linear applications. These devices
can also be used in power switching circuits such as relay or solenoid 60, 120 VOLTS
drivers, dc-to-dc converters, inverters, or for inductive loads requiring 115, 180 WATTS

higher safe operating area than the 2N3055 and MJ2955.

® . Current-Gain — Bandwidth-Product @ I = 1.0 Adc
fT=0.8 MHz (Min) — NPN
= 2.2 MHz (Min) — PNP
o Safe Operating Area — Rated to 60 V and
120 V, Respectively

*MAXIMUM RATINGS

2N3055A | MJ15015
Rating Symbol | MJ2955A | MJ15016 Unit
Collector-Emitter Voltage VCEQ 60 120 Vdc
Coliector-Base Voltage VeBo 100 200 Vdc
Collector-Emitter Voltage Base VCev 100 200 Vdc
Reversed Biased
Emitter-Base Voltage VEBO 7.0 Vdc
Collector Current — Continuous ic 15 Adc
Base Current g 7.0 Adc
Total Device Dissipation @ T¢ = 25°C Pp 115 180 Watts
Derate above 25°C 0.65 1.03 w/°c
Operating and Storage Junction Ty Tstg -65 to +200 °c
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Max Unit
Thermal Resistance, Junction to Case 64c 152 098 cmw sen
*Indicates JEDEC Registered Data (2N3055A) cAsé: gMimTER
b OIEAS:LL RULES AND NOTES ASSOCIATED WITH
FIGURE 1 — POWER DERATING REFERENCED TO-204AA DUTLINE SHALL APPLY.

2. DIAMETER V AND SURFACE W ARE DATUMS.
3. POSITIONAL TOLERANCE FOR HOLE Q:

_ w #1505 0010 @] W[V
g ) 4. POSITIONAL TOLERANCE FOR LEADS:
= @i eWVelta)
= \
g WILLINETERS | _INCHES
a
E DIM[ MIN_| MAX | MIN | MAX
S MJ15015
w MJ15016
=
S 100 ‘
w .|
2 P L
s 2N3055A Y 3
< 50 MJ2955A X L8505
H 3817 4.19 [ 0.150] 0.1
< N — I ZeT] - | 1050
&£ ~ 264 ] 3.05 [ 0.100] 0.120
0 3811 419 10.150[ 0.165
0 2% 50 75 100 125 150 175 200
CASE 1-04
Tc. CASE TEMPERATURE (9C)
¢ TO-204AA
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NPN 2N3055A, MJ15015
PNP MJ2955A, MJ15016

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted).

L

; Characteristic | symbot | min Max Unit
OFF CHARACTERISTICS (1)
*Collector-Emitter Sustaining Voltage 2N3055A, MJ2955A VCEO(sus) 60 - Vde
(Ic =200 mAdc, Ig = 0) MJ16015, MJ156016 120 -
Collector Cutoff Current Iceo mAdc
(Ve =30 Vdc, VBE(off) = 0 Vdc) 2N3055A, MJ2955A - 0.7
(VcE = 60 Vdc, VBE(off) = 0 Vdc) MJ15015, MJ15016 - 0.1
*Collector Cutoff Current 2N3055A, MJ2955A ICEV - 5.0 mAdc
(Vgev = Rated Value, VBE(off) = 1.5 Vde) MJ15015, MJ15016 - 1.0
Collector Cutoff Current 2N3055A, MJ2955A IcCEV - 30 mAdc
(Vcgy = Rated Value, VBE (off) = 1.5 Vde, MJ15015, MJ15016 - 6.0
Tc = 150°C)
*Emitter Cutoff Current 2N3055A, MJ2955A lEBO - 5.0 mAdc
(VEB = 7.0 Vde, Ic = 0) ‘MJ15015, MJ15016 — 0.2 i
*SECOND BREAKDOWN ‘
Second Breakdown Collector Current with Base Forward Biased IS/b Adc
(t = 0.5 s non-repetitive) 2N3055A, MJ2955A 1.95 -
(Vg =60 Vdc) MJ15015, MJ15016 3.0 -
*ON CHARACTERISTICS (1)
DC Current Gain hFE —
(Ic = 4.0 Adc, Vcg = 2.0 Vdc) 10 70
(Ic =4.0 Adc, Vg = 4.0 Vdc) 20 70
{ic =10 Adc, Vg = 4.0 Vdc) 5.0 -
Collector-Emitter Saturation Voltage V(CE(sat) Vdc
(Ic = 4.0 Adc, Ig = 400 mAdc) - 1.1 ¢
(Ic =10 Adc, 1g = 3.3 Adc) - 3.0
(Ic = 15 Adc, Ig = 7.0 Adc) - 5.0
Base-Emitter On Voltage VBE(on) 0.7 1.8 Vdc
(Ic =40 Adc, VgE = 4.0 Vdc) ’
*DYNAMIC CHARACTERISTICS
Current-Gain——Bandwidth"Product 2N3055A, MJ15015 fr 08 6.0 MHz
(Ic = 1.0 Adc, Vgg =4.0 Vdc, f = 1.0 MHz) MJ2955A, MJ15016 2.2 18
Output Capacitance Cob 60 600 pF
(Vcp =10 Vdc, Ig =0, f = 1.0 MHz)
*SWITCHING CHARACTERISTICS (2N3055A only)
RESISTIVE LOAD
Delay Time tq - 05 us
Rise Time :VC(_I I: 30_\/0";';(;: 4.0 Adc, ty — 40 us
Storage Time tSL 25335 Duty Cyc;e < 2%) s — 3.0 us
Fall Time - tf — 6.0 us

(1) Puise Test: Pulse Width = 300 us, Duty Cycle < 2%.
*Indicates JEDEC Registered Data (2N3055A)
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NPN 2N3055A, MJ15015

PNP MJ2955A, MJ15016
FIGURE 2 — DC CURRENT GAIN FIGURE 3 — COLLECTOR SATURATION REGION
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NPN 2N3055A, MJ15015
PNP MJ2955A, MJ15016

FIGURE 8 — TURN-OFF TIMES

FIGURE 9 — CAPACITANCES
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FIGURE 12 — FORWARD BIAS SAFE OPERATING AREA
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There are two limitations o:ntﬁbo power handling .bmty oi a tnnsmor
area

cuvyoc indicate lc-ch limits of the transistor that must be observed for
reliable operation; i.e., the transistor must not be subjected to greater

VBE, BASE-EMITTER VOLTAGE (VOLTS)

FIGURE 13 — FORWARD BIAS SAFE OPERATING AREA
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dissipation than the curves indicate.

The data of Figures 12 and 13 is based on T¢ = 25°C TJ(pk) is variable

depending on power level. Second breakdown pulse limits are valid for duty
cycles to 10% but must be derated for temperature according to Figure 1.
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m SEMICONDUCTOR ' -
R
TECHNICAL DATA 2N3441

3 AMPERES
NPN SILICON
NPN SILICON POWER TRANSISTOR
Sit € POWER TRANSISTOR
...2N3441 transistor is designed for use in general-purpose switching 140 VOLTS

and linear amplifier applications requiring high breakdown voltages. 25 WATTS
It is characterized for use as:

® Driver for High Power Outputs

Series and Shunt Regulators

Audio and Servo Amplifiers

Solenoid and Relay Drivers Q@
Power Switching Circuits

P -— B —— [
MAXIMUM RATINGS ( _______
- e v
Rating Symbol Value Unit [
Collector-Emitter Voltage Vceo 140 Vdc E —~{—0 K
SEATING PLANE I
Collector-Base Voltage VcBo 160 Vdc
Emitter-Base Voltage VEBO 7 Vdc F
J—— ) —=
Collector Current — Continuous Ic 3 Adc )
Base Current — Continuous g 2 Adc 4
Total Power Dissipation @ T¢ = 25°C Pp 25 Watts '0 N
Derate above 25°C 0.142 w/°c N 3 T
Operating and Storage Junction Ty Tstg -65 to +200 oc I N
Temperature Range G
THERMAL CHARACTERISTICS s
STYLE 1:
Characteristic Symbol Max Unit ~ PIN 1. BASE
Thermal Resistance, Junction to Case Rgic 7 o°c/w ’ 2 EMITTER
. CASE: COLLECTOR
o MILLIMETERS
IM]| MIN_| MAX
11.94 112.70
.35 | 8.64
.71 _| 0.86
27 91
[F {2433 243
.83 [ 5.33
.41 [ 2.67
14.48 114.99
9.14 | -
- .21
3.61 .86
— 889
~— 55
All JEDEC Dimensions and and Notes Apply.
CASE 80-02
TO-213AA




2N3441

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Characteristic

I

Symbol 1 Min l Unit j

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (1)
(Ig = 100 mAdc, Ig = 0)

VCEO(sus) 140 Vde

Collector Cutoff Current
(Ve = 140 Adc, Ig = 0)

Iceo mA

Collector Cutoff Current
(VCE = 140 Vdc, VBE(off) = 1.5 V)
(VCE = 140 Vdc, VBE(off) = 1.5 V @ 150°C)

ICEX mA

5.0

Emitter Cutoff Current
(VBE = 7.0 Vdc, Ic = 0)

IEBO 1.0 mA

ON CHARACTERISTICS

DC Current Gain (1)
(lc=05Adc,Vcg=40V)
(Ilc =2.7 Adc, Vcg=4.0 V)

hFE

25 100

Collector-Emitter Saturation Voltage (1)
(Ic = 2.7 Adc, Ig = 0.9 Adc)

VCE(sat) 6.0 Vde

Base-Emitter On Voltage (1)
(= 2.7 Adc, VCE =4.0 Vdc)

6.7 Vde

VBE(on)

DYNAMIC CHARACTERISTICS

Small-Signal Current Gain
(Ic = 0.5 Adc, Vg = 4.0 Vdc, fregt = 1 kHz)

hfe 75

Small-Signal Current Gain
(Ic = 0.5 Adc, Vg = 4.0 Vdc, frest = 0.4 MH2)

ihtel 5.0

Ig. COLLECTOR CURRENT (AMP)

FIGURE 1 — ACTIVE-REGION SAFE OPERATING AREA .
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T |
=ttt

0‘12.0 30 5070 10 20 30 50 70 100 140 200

Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS)
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There are two limitations on the power-handling ability
of a transistor: average junction-temperature and second break-
down. Safe operating area curves-indicate Ic-VcE limits of the
transistor that must be observed for reliable operation, i.e.,
the transistor must not be subjected to greater dissipation
than the curves indicate.

The data of Figure 1 is based on Tj(pk) = 200°C; T¢ is
variable depending on conditions. At high case temperatures,
thermal limitations will reduce the power that can be handled
to values less than the limitations imposed by second break-
down.



MOTO
2N3442
I
= SEMicONDUCTOR N4za7 |

5.0 AND 10 AMPERE
POWER TRANSISTORS

HIGH-POWER INDUSTRIAL TRANSISTORS NPN SILICON
) . 120, 140 VOLTS
NPN silicon power transistors designed for applications in 100, 117 WATTS

industrial and commercial equipment including high fidelity audio
amplifiers, series and shunt regulators and power switches.

® Low Collector-Emitter Saturation Voltage —
VCE(sat) = 1.0 Vdc (Max) @ I = 2.0 Adc — 2N4347

® Collector-Emitter Sustaining Voltage —
VCEO(sus) = 120 Vdc (Min) — 2N4347
140 Vdc (Min) — 2N3442

® Excellent Second-Breakdown Capability

'L" D;Qﬂ—
P R

SEATING
PLANE

*MAXIMUM RATINGS

Rating Symbol 2N4347 2N3442 Unit Q
Collector-Emitter Voltage VCEO 120 140 Vdc i : F
Collector-Base Voltage Vce 140 160 Vdc H Qj ! /
Emitter-Base Voltage VER 7.0 Vdc 1 G
Collector Current — Continuous Ic 5.0 10 Adc )
) Peak 10 15 STYLE1:
Base Current — Continuous g 3.0 7.0 Adc PIN ; ga?'lE'TER
Peak 80 - CASE: COLLECTOR

Total Power Dissipation @ T¢ = 25°C Pp 100 117 Watts 1. DIAMETERS Q, V AND SURFACE T ARE DATUMS.

Derate above 25°C 0.57 067 w/°c 2. POSITIONAL TOLERANCE FOR HOLE Q:
Operating and Storage Junction Ty Tsig ~65 to +200 oc [#]8025 0010 @[T]V @]

Temperature Range 3. POSITIONAL TOLERANCE FOR LEADS:

0[#o30(0012 @[T[v@]a
4. DIMENSIONING AND TOLERANCING PER ANS!
Y14.5,1973.

MILLIMETERS INCHES

DIM| MIN | MAX | MIN | MAX
A| - 13937 | - .550
Bl — | 2108 — | 0830
THERMAL CHARACTERISTICS C1 6351 762 {02501 0300
D| 099{ 1.09 |0.039] 0.043
Characteristic Symbol 2N4347 2N3442 Unit E - 343 - .135
Thermal Resistance, Junction to Case ReJC 1.75 15 ocw ?g;; :gg 130 :gg
*Indicates JEDEC Registered Data. 13:‘; :gg gég :gg
- . Lo . = —
This data guranteed in addition to JEDEC registered data. 11.18] 12.19 10.440] 0.480
Q| 384] 4.09 |0.151] 0.161
R - 2667 - .050
V| 384] 409 |0.151] 0.161 |
CASE 11-01
TO-204AA
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2N3442, 2N4347

- ELECTRICAL CHARACTERISTICS (Tg = 25°C unless otherwise noted)

L Characteristic | symbot | min Max Unit
OFF CHARACTERISTICS _
C -Emitter Sustaining Voltage VCEO(sus) Vdc
(Ic =200 mAdc, Ig =0) 2N4347 120 -
2N3442 140 —
Collector Cutoff Current IcCEO mAdc
(Vcg = 100 Vdc, I1g = 0) 2N4327 - 200
(Vcg =140 Vdc, Ig = 0) 2N3422 - 200
Collector Cutoff Current ICEX mAdc
(VcEe = 125 Vdc, VBE(off) = 1.5 Vdc) 2N4347 - 20
(Ve = 140 Vdc, VgEg(off) = 1.6 Vdc) 2N3442 - 5.0
(VCE = 120 Vdc, VBE(off) = 1.5 Vdc, Tg = 150°C) 2N4347 - 10
(VgE = 140 Vdc, VgE(off) = 1.5 Vdc, Tg = 150°C) 2N3442 - 30
Emitter Cutoff Current 1EBO mAdc
(Vg = 7.0 Vdc, Ic = 0) 2N4347, 2N3442 — 5.0
ON CHARACTERISTICS (1)
DC Current Gain hge -
(ic =2.0 Adc, VcE = 4.0 Vdc) 2N4347 15 60
(g =5.0 Adc, Vcg = 4.0 Vdc) 2N4347 10 -
(Ic = 3.0 Adc, VcEg = 4.0 Vde) - 2N3442 20 70
(Ic = 10 Adc, Vg = 4.0 Vdc) 2N3442 75 -
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(I = 2.0 Adc, Ig = 200 mAdc) 2N4347 - 1.0
(Ic = 5.0 Adc, Ig = 0.63 Adc) 2N4347 - 2.0
(I¢ = 10 Adc, Ig = 2.N Adc) 2N3442 — 5.0
Base-Emitter On Voltage VBE(on) Vdc
(Ig = 2.0 Adc; VcE = 4.0 Vdc) 2N4347 - 20
(Ic = 5.0 Adc, Vg = 4.0 Vdc) 2N4347 - 3.0
(Ic = 10 Adc, Vg = 4.0 Vdc) 2N3442 - 5.7
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product (2) fr kHz
(Ic = 0.5 Adc, Vg = 4.0 Vdc, freg = 50 kHz) 2N4347 200 -
(Ic = 2.0 Adc, Vg = 4.0 Vdc, freg = 40 kHz) 2N3442 80 -
Small-Signal Current Gain ’ ] hfe -
(Ic =05 Adc, Vg = 4.0 Vdc, f = 1.0 kHz) 2N4347 40 -
(Ic = 2.0 Adc, Vg = 4.0 Vdc, f = 1.0 kHz) 2N3442 12 72
*Indicates JEDEC Registered Data
NOTES: 1. Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%.
2. f7 = Ihfel * frest
FIGURE 1 — POWER DERATING
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2N3442, 2N4347

ACTIVE REGION SAFE OPERATING AREA INFORMATION

FIGURE 2 — 2N3442
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MOTOROLA
N SEMICONDUCTOR I

TECHNICAL DATA

2N3447
2N3448

HIGH-SPEED SILICON ANNULAR
NPN POWER TRANSISTORS

... for switching and amplifier applications

FEATURES

® Fast Switching: Total Switching Time = 1.2 us (Typ) @ 5.0 A
® High Gain: hpg = 40 to 120 @ 5.0 Amps

® Guaranteed DC Safe Area: 1.5 Amps (Min) @ Vcg = 40 Vdc

® Low VCE(sat): 1.0 Volt (Typ), 1.6 Volts (Max) @ 5.0 Amps

® Excellent Beta Linearity

APPLICATIONS

® Specified safe area of this series allows reliable design for inverters,

converters, hammer, and servo drivers.

® ' Fast response makes it ideal for series regulators; high switching
speeds enhance its use in switching regulators.

® Wide bandyvidth and flat beta hold-up result in exceptional ampli
fier characteristics.

7.5 AMPERE

POWER TRANSISTORS
SILICON NPN

MAXIMUM RATING

Rating Symbol 2N3447 2N3448 Unit
Collector-Emitter Voltage VCEO 60 80 Vdc
Collector-Base Voltage 4] 80 100 Vde
Emitter-Base Voltage VEB 6.0 10 Vdc
Collector Current-Continuous Ic 7.5 Adc
Base Current - Continuous g 4.0 Adc
Total Device Dissipation Pp Figure 1, 2|Figure 1,3 Watts
Operating Junction Temperature Ty —65 to +200 oc

Range
FIGURE 1 — POWER DERATING CURVE
120
g€ 10 N
S5 o) 115 WATTS
28 o . . B
=3 T~
EX w e~
< = N
53 2 —
ea . - . i
0 -
0 25 50 © 75 100 125 150 175 200

Te, CASE TEMPERATURE (°C)

These transistors are also subject to safe area curves as indicated by Figures 2,

3. Both limits are applicable and must be observed.

60-80 VOLTS
115 WATTS
A
f— B —— c
Y
I ]
{ (1]
E D K
SEATING A
PLANE
P .

Q

9
" |

STYLE1:
PIN 1. BASE
2. EMITTER
CASE: COLLECTOR

NOTES:

1. DIAMETERS Q, V AND SURFACE T ARE DATUMS.

2. POSITIONAL TOLERANCE FOR HOLE Q:
(66025100100 @[T[V @]

3. POSITIONAL TOLERANCE FOR LEADS:
[0]d0300012 @[T[Vv@I[0®

4. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5,1973.

MILLIMETERS INCHES
DIM| MIN | MAX | MIN | MAX

6.35
0.99

~ %671 —
3841 4,09 [0.151] 0.161

CASE 11-01
TO-204AA




2N3448

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Emitter-Base Cutoff Current IEBO mAdc
(VEg = 6.0 Vdc) 2N3447 - - 0.25
(VEg = 10 VDc) 2N3448 — — 0.25
Collector-Emitter Cutoff Current ICEX mAdc
(VCg = 60 Vdc, VBg = —1.0 Vdc) 2N3447 — — 0.1
(VCE = 60 Vdc, VBg = —1.0 Vdc, T¢ = 150°C) 2N3447 - - 1.0
(VCE = 80 Vdc, Vgg = — 1.0 Vdc) 2N3448 — — 0.1
(VCE = 80 Vdc, VBE = —1.0 Vdc, T¢ = 150°C) 2N3448 — — 1.0
Collector-Emitter Cutoff Current ICEO mAdc
(VCE = 40 Vdc, Ig = 0) 2N3447 _ _ 1.0
(VCE = 60 Vdc, Ig = 0) 2N3448 — — 1.0
Collector-Base Breakdown Voltage V(BRICBO Vde
(Ic = 1.0 mAdc, Ig = 0) 2N3447 80 — —
2N3448 100 — —
Collector-Emitter Sustaining Voltage VCEO(sus) Vdc
(Ic = 100 mAdc, Ig = 0) 2N3447 60 — -
2N3448 80 — —
DC Current Gain hgg —
(Ic = 0.5 Adc, Vcg = 5.0 Vdc) 40 85 —
(Ic = 5.0 Adc, VCg = 5.0 Vdc) 40 75 120
Collector-Emitter Saturation Voltage VCE(sat) - 0.8 15 Vde
(Ic = 5.0 Adc, Ig = 0.5 Adc)
Base-Emitter Saturation Voltage VBE(sat) — 1.0 1.5 Vdc
(Ic = 5.0 Adc, Ig = 0.5 Adc)
Base-Emitter Voltage VBE — 1.0 14 Vdc
{Ic = 5.0 Adc, Vcg = 5.0 Vdc)
Small Signal Current Gain hfe —_
(VCE = 10 Vdc, Ic = 0.5 Adc, f = 1.0 kHz) 40 - 200
(VCE = 10 Vdc, Ic = 0.5 Adc, f = 10 MHz) 1.0 1.6 —
Common Base Output Capacitance Cob —_ 260 400 pF
(Vcg = 10 Vdc, f = 0.1 MHz)
Switching Times us
(Vce = 25 Vdc, R = 5.0 ohms, Ic = 5.0 A, Ig1 = Ig2 = 0.5 A)
Delay Time plus Rise Time td + tr — 0.15 0.35
Storage Time ts — 0.9 20
Fall Time tf —_ 0.15 0.35
SAFE OPERATING AREAS
FIGURE 2 — 2N3447 FIGURE 3 — 2N3448 The Safe Operating Area
10 = = s ;. Curves indicate I — VCE
;;g ~3 N \-r\%\ W limits below which the de-
B ATY N, NN\ i i i -
20 N \ NC N vice will not go into secon
R Y \ AN dary breakdown. Collector
2.0 be < e Y ,a\ /)\ load lines for specific cir-
10 5 msec =] x Emsee IN 1] \ cuits must fall within the
07 X Lmsec ZI, X applicable Safe Area to
0.5 I msec 2= avoid causing a collector-
—— 0.5msec emitter short. (Duty cycle
03 =250 usec ] .
0.2 s _ of the excursions make no
’ =250 usec significant change in these
01k T,--175° - T,=2175% safe areas.) To insure opera-
0.07 fF === 1,_ 25 E — ~ = 1,_.25%C tion below the maximum
0.05 t 1 ] t—t+—+ : Ty, the power-temperature
0.01 4 L L A L —— Y derating curve must be ob-
0 10 20 30 40 50 60 0 10 20 30 40 50 60 70 80 served for both steady state
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) and pulse power conditions.
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MOTOROLA
 SEMICONDUCTOR I

TECHNICAL DATA

NPN :
2N3583 thru 2N3585

2N4240
PNP

2N6420 thru 2N6422

® Collector-Emitter Sustaining Vbltage -
VCEO(sus) = 175 to 300 Vdc @ Ic = 200 mAdc
e Second Breakdown Collector Current —
ls/b = 350 mAdc @ VCE = 100 Vdc — NPN
=150 mAdc @ Vg = 100 Vdc — PNP

® Usable DC Current Gain to 2.0 Adc

COMPLEMENTARY MEDIUM-POWER HIGH VOLTAGE
POWER TRANSISTORS

.. . designed for high-speed switching and linear amplifier applica-
tions for high-voltage operational amplifiers, switching regulators,
converters, inverters, deflection stages and high fidelity amplifiers.

1.0 AND 2.0 AMPERE

POWER TRANSISTORS
COMPLEMENTARY SILICON

250-500 VOLTS
35.WATTS

*MAXIMUM RATINGS

2N3583 | 2N3584 | 2N 3585 | 2N4240
Rating Symbol | 2N6420 | 2N6421 | 2N6422 | Unit
Collector-Emitter Voltage Vceo 175 250 300 300 Vdc
Collector-Base Voltage vcs 250 375 500 500 Vdc
Emitter-Base Voltage VEB 6.0 Vdc
Collector Current—Continuous| Ic 1.0 2.0 Adc
—Peak (1) 5.0 5.0
Base Current J:) 1.0 Adc
Total Power Dissipation Pp Watts
@T¢ = 25°C, 35
- Derate above 25°C 0.2 w/°c
Operating and Storage Junc- | T}, Tsg | ————— -65 to +200 ————==— | °C
tion Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max " Unit
Thermal Resistance, Junction to Case Rguc 5.0 oc/w

*Indicates JEDEC Registered Data

(1) ‘Pulse Test: Pulse Width = 5.0 ms, Duty Cycle < 10%:

.__U S
P —B—— c
[ -
E -/ ~l—b - K
SEATING PLANE i
STYLE1: | ;
PIN 1. BASE R
2 EMITTER ——
CASE: COLLECTOR

Q

S
MILLIMETERS INCHES
DIM["MIN [ MAX | MIN | MAX
B [11.94 [12.70 |0.470 |0.500
C .35 | 8.64 |0.250 |0.34(
711 .86 | 0.028 10.034 |
21 91 .050 [0.075
24.33 2443 .958 0.96.
4.83 .33 10.190 [0.21
.41 | 2.67 .095 [0.105 |
14.48 1499 [0570 |0.590
9.14 - .360 | -
P | - 2 0.050
) | 3.61 | 3.86 .
- .89
- .68
- 15.75
All JEDEC Dimensions and and Notes Apply.
CASE 80-02
TO-213AA
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2N3583 thru 2N3585 © 2N4240 — NPN
2N6420 thru 2N6422 — PNP

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)

NPN PNP
Characteristic NPN PNP Symbol Min I Max Min | Max Unit
*OFF CHARACTERISTICS (1)
Collector-Emitter Sustaining Voltage 2N3583 | 2N6420 |VCEQ(sus)| 175 - 175 - Vde
(Ic = 200 mAdc, Ig = 0) NPN 2N3584 | 2N6421 250 - 250 -
2N 3585 | 2N6422 300 - 300 -
(Ic =50 mAdc, Ig = 0) PNP 2N4240 300 - 300 -
Collector Cutcff Current ICEO mAdc
(VGE = 150 Vdc, Ig = 0) 2N3583 | 2N6420 - 10 - 10
2N3584 | 2N6421 - 5.0 - 5.0
2N3585 | 2N6422 - 5.0 - 5.0
2N4240 - 5.0 - 5.0
Collector Cutoff Current ICEX mAdc
(VCE =225 Vdc, VBE(off) = 1.6 Vdc) 2N3583 | 2N6420 - 1.0 - 1.0
(VGE = 340 Vdc, VgE (off) = 1.5 Vdc) 2N3584 | 2N6421 - 1.0 - 1.0
(Ve =450 Vdc, Vgg(off) = 1.6 Vdc) 2N3585 | 2N6422 - 1.0 - 1.0
2N4240 - 20 - 2.0
(VCE =225 Vdc, VBE(off) = 1.5 Vdc, T¢ = 150¥C) 2N3583 | 2N6420 - 3.0 - 30
(VCE = 300 Vdc, VgE(off) = 1.6 Vde, Tc = 150°C) 2N3584 | 2N6421 - 3.0 - 3.0
2N3585 | 2N6422 - 3.0 - 3.0
2N4240 = 5.0 - 5.0
Emitter Cutoff Current lEBO mAdc
(VgE = 6.0 Vdc, Ic = 0) 2N3583 | 2N6420 - 5.0 - 5.0
2N3584 | 2N6421 - 0.5 - 0.5
2N3585 | 2N6422 - 05 - 05
2N4240 - 05 - 05
ON CHARACTERISTICS (1)
DC Current Gain All All hee -
(Ic =0.1 Adc, Vg = 10 Vdc) 40 — 40 —
*(I¢ = 0.5 Adc, Vg = 10 Vdc) 2N3583 | 2N6420 40 200 40 200
*(Ig = 0.75 Adc, Vcg = 2.0 Vdc) 2N4240 10 100 10 100
(g = 0.75 Adc, Vcg = 10 Vdc) 2N4240 30 150 30 150
*(I¢ = 1.0 Adc, Vcg = 2.0 Vdc) 2N3584 | 2N6421 8.0 80 8.0 80
2N3585 | 2N6422 8.0 80 8.0 80
(Ig = 1.0 Adc, Vg = 10 Vdc) 2N3583*| 2N6420 10 - 10 -
2N3584 } 2N6421 25 100 25 100
2N3585 | 2N6422 25 100 25 100
*Collector-Emitter Saturation Voltage VCE(sat) Vdc
(g = 0.75 Adc, g = 75 mAdc) 2N4240 - 1.0 - 1.0
(ic = 1.0 Adc, Ig = 1256 mAdc) 2N3583 | 2N6420 - 5.0 - 5.0
2N3584 | 2N6421 - 0.75 - 0.75
2N3585 | 2N6422 - 0.75 - 0.7
*Base-Emitter Saturation Voltage VBE(sat) Vdc
(ic = 0.75 Adc, g = 75 mAdc) 2N4240 - 1.8 - 18
(ic = 1.0 Adc, Ig = 100 mAdc) 2N3584 | 2N6421 - 14 ~ 1.4
2N3585 | 2N6422 - 1.4 - 1.4
Base-Emitter On Voltage All Al VBE(on) Vdc
(Ic = 1.0 Adc, Vg = 10 Vdc) - 14 - 14

*Indicates JEDEC Registered Data.
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2%.
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2N3583 thru 2N3585 ® 2N4240 — NPN
2N6420 thru 2N6422 — PNP

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.)

NPN PNP
Characteristic NPN PNP Symbol Min I Max Min L Max Unit
DYNAMIC CHARACTERISTICS
*Current Gain — Bandwidth Product! 1) fT MHz
(I = 200 mAdc, VGE = 10 Vdc, frest = 5.0 MHz) 2N3583 [ 2N6420 10 - 10 -
2N3584 | 2N6421
2N3585 | 2N6422
2N4240 15 — 15 -
Output Capacitance Cob pF
(Vep = 10 Vde, Ig = 0, f= 1.0 MHz) All - 120 - 120
*Small-Signal Current Gain ' ‘ hte ) -
(I = 100 mAdc, Vgg =30 Vdc, f = 1.0 kHz) 2N3583 | 2N6420 25 350 25 350
*SWITCHING CHARACTERISTICS '
Rise Time . ty us
(Vee =200 Vdc, Ic = 1.0 Adc, Ry = 200 Ohms, 2N3584 | 2N6421 - 3.0 - 3.0
Ig1 =100 mAdc) . 2N3585 | 2N6422
{(Vee =200 Vdc, I¢ = 0.75 Ade, Ri_ = 267 Ohms, 2N4240 - 0.5 - 05
Ig1 = 75 mAdc)
Storage Time s us
(Vce = 200 Vde, I = 1.0 Adc, 2N3584 | 2N6421 - 4.0 - 4.0
181 = Ig2 = 100'mAdc) - 2N3585 | 2N6422
(Ve = 200 Vde, Ic = 0.75 Adc, 2N4240 - 6.0 - 6.0
1g1 =182 = 76 mAdc) X
Fall Time . o tf us
(Vee =200 Vdc, Ic = 1.0 Adc, 2N3584 | 2N6421 - 3.0 - 3.0
Ig1 = 1g2 = 100 mAdc) 2N3585 | 2N6422
(Vee =200 Vde, Ic = 0.75 Adc, 2N4240] - 3.0 - 3.0
Ig1 = 1g2 = 75 mAdc)
Second Breakdown Collector Current ls/b mAdc
(VcE = 100 Vdc) All. All 350 - 150 -
*Indicates JEDEC Registered Data
Mer=Incel e frest:
FIGURE 1 — SWITCHING TIME TEST CIRCUIT
vee
+200 V
Rc
SCOPE

tr,tf < 10 ns
DUTY CYCLE =.1.0%

-4V

Rg and R¢ VARIED TO OBTAIN DESIRED CURRENT LEVELS

D1 MUST BE FAST RECOVERY TYPE, eg:
MBD5300 USED ABOVE Ig ~ 100 mA
MS06100 USED BELOW I ~ 100 mA

FOR td and t, D11S DISCONNECTED AND V2 = 0.
FOR PNP TEST CIRCUIT, REVERSE DIODE AND VOLTAGE POLARITIES.
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2N3583 thru 2N3585 @ 2N4240 — NPN
2N6420 thru 2N6422 — PNP

NPN PNP
2N3583 thru 2N3585, 2N4240 2N6420 thru 2N6422
FIGURE 2 — TURN-ON TIME
10 = T 10 T Barnesy
== 07 B
07 : vee = 200V - — —ig/ig=50
05 N TS — — Ic/Ip=5.0 05/ \" —— /g = 10
Y ——Ic/ig=10 Y Ty = 250C
03 Q T) = 250C 03 <] L
0z >, 0wz N
2y % ’ N
7 ) N » 7 <] K BN
2 01 N /] iR ' N
w M= — = va X ~ ya
£ 007=1@ = = 007 Z
~ 0,05 VBE(off) = “00s Fa N =
™~ V =0
0.03 - ~ S 0.03—+ BE(off) N
] N
0.02 - 0.02 -
0,01 T 0.01 ~ [~
20 30 50 70 100 200 300 500 700 10k 20k 20 30 50 70 100 200 300 500 700 1.0k 20k
I, COLLECTOR CURRENT (mA) I, COLLECTOR CURRENT (mA)
FIGURE 3 — TURN-OFF TIME
10 T 10 — -
vee = 3
70 Vo - 200V 0 e
=iz =S o=
N e ] Ty =250 20 = Ty = 25°C ]
20 s ] <4 20 \\ . % ]
2 Y 3 NS
= 10 = 10 <
§ S S . = -~ ‘T\
=07 Z 07
05 =05 Seus
< N F —T tf =]
03 “\-S T ¥ 0.3
02 02
(] 0.1
200 30 50 70 100 200 300 500 700 1.0k 20k 20030 50 70 100 200 300 500 700 10k 20k
1. COLLECTOR CURRENT (mA) I, COLLECTOR CURRENT (mA)
FIGURE 4 — CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 5 — CAPACITANCE
;a?(l TIF [ L —] "1™ 2000 TTTT1T
= AR > Ty = 250C
s L vee=10V
5 50 CE Z 280c + 1000
B — ] 700 -
& L+ H it
= s N = 500 s
E % 4 = 300 N
5
S o N =R
2 N Z 200
Z 2 L2 = ~
S
i 2 IR R e 105
= A\ % 100
= (=]
RV G0
= 50 N
Z 0 PN [ ——nPN ~ L
% 1 l—l-ll"':vr 30— ~ =—PNP g
3 1oL 20 )
£ 50 10 10 20 30 50 70 100 200 300 500 01 02 05 10 20 50 10 20 50
i, COLLECTOR CURRENT (mA) VR, REVERSE VOLTAGE (VOLTS)
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2N3583 thru 2N3585 @ 2N4240
2N6420 thru 2N6422 — PNP

— NPN

FIGURE 6 — THERMAL RESPONSE

Tc, CASE TEMPERATURE (°C)
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w 1.0 —FF—F— T T
2 ——+
= 0.7 —Dp-0. - us
—__,
g - n R
3 1 g
z BT N T Rgactt =l Royc 7]
£ _02 I - . RgJC = 5.00CW
a (pk)
:‘:5" g 0.1 | 7 d L D CURVES APPLY FOR POWER
=z 0 = = - PULSE TRAIN SHOWN
3= g —F 005 "’I READ TIME AT ty
22005 ! L = Ta(p) = T = Ppk) Rouc(t
= |02 ety —
[ t;
T = 2
2 e F— 0L va DUTY CYCLE, D = ty/t
2 7 ] Llritil |
w
£ am[ | ATSINGLEPULSE [T T 1
= 0.01 0.02 0.05 0.1 0.2 0.5 10 20 5.0 10 20 50 100 200 500 1000
t, TIME (ms)
ACTIVE-REGION SAFE OPERATING AREA
FIGURE 7 — 2N3583 thru 2N3585, 2N4240 FIGURE 8 — 2N6420 thru 2N6422
10 = == 10
1 100 us I— 100 ps —]
5.0 — 2005 —1 5.0 —— 200 ps—]
g =~ » A 500 s = h N <500 s
£, SIS iy g 0 ~ 7~ T %
< ™1 aN3583 LIMIT < NN - LK < ING420 LIMIT | RNE” R
S0 Su 1.0 ms e & AN £ 10 bt o 10ms b BN b N
o = g g = } o =EF —F=5.0ms3 =
& 05f F7¢ = 2500 —— = N E 05—+ Tc=sCI————F+p N
3 . [ = — - BONDING WIRE LIMIT “TderN N 3 [T = — = BONDING WIRE LIMIT 1 ; N
g 02— —— THERMAL LIMIT (SINGLE PULSE) AN I 02— THERMAL LIMIT (SINGLE PULSE) AVAN N
5 | e SECOND BREAKDOWN LIMIT N 5 T’ e 'SECOND BREAKDOWN LIMIT \ N
w01 CURVES APPLY BELOW N 4 01 CURVES APPLY BELOW
2 RATED VgEQ 2N3583 F RATED VgEQ
Q o
<, 00 IN3584 T <005 e
= 2N3585&2N4240 - 2N6421
0.02 REENREE 0.02 ING422
001 LT 001 LIl
3.0 50 7.0 10 20 30 50 70 100 200 300 3.0 50 7.0 10 20 30 50 70 100 200 300
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) N
FIGURE 9 — POWER DERATING
100
- \ HECOND T There are two limitations on the power handling ability of a
S BREAKDOWN DERATING transistor: . average junction temperature and second breakdown.
s 8 T Safe operating area curves indicate Ic-Vcg limits of the transistor
et ~] that must be observed for reliable operation; i.e., the transistor must
e \ not be subjected to greater dissipation than the curves indicate.
-] 60 —~J The data of Figures 7 and 8 is based on Tc = 25°C; Ti(pk)
: \ is variable depending on power level. Second breakdown pulse
= \\ limits are valid for duty cycles to 10% but must be derated for
'2 40 THERMAL AN temperature according to Figure 9.
§ DERATING N TJ(pk) may be calculated from the data in Figure 6. At high
P \ case temperatures, thermal limitations will reduce the power that
; 20 N can be handled to values less than the limitations imposed by
e i second breakdown. Second breakdown limitations do not derate
_ the same as thermal limitations. Allowable current at the voltages
0 shown on Figures 7 and 8 may be found at any case temperature
@ 20 4 60 80 100 120 140 160 180 200 by using the appropriate curve on Figure 9.



2N3583 thru 2N3585 @ 2N4240 — NPN
2N6420 thru 2N6422 — PNP

NPN PNP
2N3583 thru 2N3585, 2N4240 2N6420 thru 2N6422
FIGURE 10 — DC CURRENT GAIN
300 —r— 300, —
VeE- 20V [T [ ] ——VeE=20V
200 |- Ty = 1500C l — —VCE= 10V 1 200——"""‘;% S L“ = —VgE=10V
] < ==
2 100 |—o-25°¢C T~ T 100 | I AN
= = 550C S
g T < 70 a ~
= 50 1 I8 o 50 AN \N
= S I I = AN UMY
& -554C = N, N i AN WY
= 30— NS N 30 AN NBEAREAS
S % SN 3 2 \\\\ NN\
8 N b 2 N Y\
5 \Y
N 2
£ \‘\ £ 0 N
70 7.0
5.0 5.0 |
3.0 3.0 il
0 30 50 70 00 200 300 500 700 1.0k 20k 20 30 50 70 100 200 300 500 700 10k 20k
Ig, COLLECTOR CURRENT (mA) IC, COLLECTOR CURRENT (mA)

FIGURE 11 — COLLECTOR SATURATION REGION

g T T a ' T
§ \ \ Ty =250CH g \ Ty = 250C 4
o 08 2 08
b=} "
= E
- =
S S 0
06
= \ 1000 mA = \ J 1000 mA
[= =
= \ 750 = \ ] 750 mA
S04 - mA 1\ = 04
E \ 500 mA g' 500 mA
~
2 N [50ma \\ ) W 5 250 mA \
= q b
=1 02 N~ T I~ t 0'2- N Nl T
S fig=100mA{TH = = g Hig=1o0ma L] ™ L 1T =
wi - - - T~
g ol 11 1] T g I
10 20 50 1 20 50 100 200 500 1 05 10 20 50 10 20 50 100, 200 500
18, BASE CURRENT (mA) 1, BASE CURRENT (mA)
FIGURE 12 — “ON” VOLTAGES
10 —
Ty =259C 10 TJ'=25°'C f
[ ] 1 [ gzaill
08 + = 08 +—+ =
VBE(sat) @ Ic/lg = 5.0 1] VBE(sat) @ 1c/18 = 5.0 1 I
2 - _.1/" / @ - I
S 06 2 08
s VBE @ VCE / 2 VBE® VCE =20V
e o
o
< Ic/ig =10 <
5 04 Y se 504 -
g. 4 // / g e g
RTINS 20 7 02 A 150
VoEt) T Bgist et
I VCE(sat)
0 L1 I 0 =
20 30 50 70 100 200 300 500 700 1.0k 20k 20 30 50 70 100 200 300 500 700 1.0k 20k
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA)

NOTE: DC CURRENT LIMIT FOR 2N3583, 2N6420is 1.0 Amp.
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MOTOROLA
m SEMICONDUCTOR I

TECHNICAL DATA

~NPN
2N3714 thru
2N3716

SILICON NPN POWER TRANSISTORS

.. . designed for medium-speed switching and amplifier applications.

These devices feature:

Total Switching Time at 3 A typically 1.15 us

Gain Ranges Specified at 1 Aand3 A

Excellent Safe Operating Areas

.
.
® Low VCE(sat): typically 0.5V at Ic = 5A and Ig = 0.5A
.
.

Complement to 2N3789-92

10 AMPERE

POWER TRANSISTORS
SILICON NPN

60-80 VOLTS
150 WATTS

MAXIMUM RATINGS

Te. CASE TEMPERATURE (°C)

2N3714
Rating Symbol 2N3715 2N3716 Unit
Collector-Base Voltage Ves 80 100 Volts
Collector-Emitter Voltage VCEO 60 80 Volts
Emitter-Base Voltage Ve 7.0 7.0 Volts
Collector Current g 10 10 Amps
Base Current . Ig 4.0 40 Amps
Power Dissipation Pp 150 150 Watts
Thermal Resistance 9,c 1.17 1.17 °cw
Operating Junction and Tyand
Storage Temperature Range T“g -65 to +200 oc
FIGURE 1 — POWER-TEMPERATURE DERATING CURVE
160
140
2120 N
g N ]
£ 10 N
] \
= 80 N
EY
2 ~L
a
=}
z X
2
s 2
o
0 N
0 25 50 7% 100 125 150 175 200

Safe Area Limits are indicated by Figures 12, 13. Both limits are applicable and must be observed.

7

STYLE1:
PIN 1. BASE
2. EMITTER
CASE: COLLECTOR
NOTES:
1. DIAMETERS Q, V AND SURFACE T ARE DATUMS.
2. POSITIONAL TOLERANCE FOR HOLE Q:
[#]80.25 (0.010 @[TV @]
3. POSITIONAL TOLERANCE FOR LEADS:
[0[603000012 @[T[VRIA®
4. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5,1873.

MILLIMETERS | _INCHES

DIM[ MIN [ MAX | MIN | MAX
- 39.37 = 550
~ 2108 [ — [ 0.830]
6.35] 7.2 [ 0.250] 0.300 ]
0.99] 1.09 [0.033] 0.043
- | 343 - [0.43
30.15 BSC 187 BSC

CASE 11-01
TO-204AA
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2N3714 thru 2N3716 NPN

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

Characteristic Symbol Min Max Unit
Emitter-Base Cutoff Current IEBO mAdc
(VEg =17 Vdc) All Types —_ 5
Collector- Emitter Cutoff Current IcEx mAdc
(Veg = 80 Vde, Vgp = -1.5 Vde) 2N3715 — 1
(Vcg = 100 Vdc, Vgg=  -1.5 Vde) 2N31714, 2N3716 — 1
(Veg = 60 Vde, Vgp = -1.5 Vdc, T = 150°C) 2N3715 — 10
(Vcg =80 Vde, Vg = -1.5 Vdc, Tg, = 150°C) 2N3714, 2N3716 — 10
Collector-Emitter Sustaining Voltage* VcEO(sus)® Vde
(g = 200 mAdc, Ig = 0) 2N3715 (6us) 60 -
2N3714, 2N3716 80 -
DC Current Gain * hpg * -
(Ic = 1 Ade. VCE =2 Vdc) 2N3714 25 90
2N3715, 2N3716 50 150
(Ic = 3 Ade, Vo = 2 Vde) 2N3714 15 -
2N3715, 2N3716 30 -
Collector-Emitter Saturation Voltage * VCE(sat) * Vde
(IC = 5 Adc, Ig = 0.5 Adc) 2N3714 —_ 1.0
2N3715, 2N3716 — 0.8
Base-Emitter Saturation Voltage * VBE(sat) * Vde
(Ic = 5 Adc, Ig = 0.5 Adc) 2N3714 — 2.0
2N3715, 2N3716 —_ 1.5
Base-Emitter Voltage * VBE' Vde
(IC = 3 Adc, VCE = 2 Vde) All Types —_— 1.5
Small Signal Current Gain hge -
(Vcg = 10 Vde, I = 0.5 Adc, f = 1 MHz) All Types 4 —
Switching Times (Figure 2) Typ us
(1, =54,1g; = Ig, = 0.5Adc)
ﬁise Time B2 ty 0.45
Storage Time tg 0.3
Fall Time te 0.4
*Use sweep test to prevent overheating
FIGURE 2 — TYPICAL SWITCHING TIMES
19 TEST CIRCUIT
- le =5A, lg = |y, = 0.5A
10 : i s_v’i fe o ~30us f 150'cps  DUTY CYCLE ~ 2%
- WAVE SHAPE
o7 s AT POINT A +30V
ERNE NN —9v
~
g NP et —sle~ a8 aw
o \’t\ o —— 1 ~17ms*  ms
z 03 -
= 1000 200
& 1w
02
Iy = Iz
01
0.1 02 03 05 07 10 20 30 50

Ic, COLLECTOR CURRENT (AMPS)
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2N3714 thru 2N3716 NPN

FIGURE 3 — COLLECTOR CURRENT versus BASE CURRENT

22

10 r 10 S——
i & SR ==l ~
50 W4 H- A 50 [ 2na715, 203716
30 m 30 i
/1
20 20 %
7 1 q
g 10 {/ g2 w , Z/
; 07 - § 0.7 s p
05 05
£ / £
2 03 3 03 /
s Y/ 5 7
g 0 T g 02 bt T
3 RN iAy Ay SEENOTES 1,2 E T,= 175 o
S n | NOTES 1 g n w/ 1/ seenores 1,2 ||
L iy 25°C 7 e T
0.07 I—4 mr—y 0.07 ] 25°C 7
0.05 —10°¢ HH ! AT
/wc 0.05 s
0.03 . 0.03 e
/ /
002 ¢ 002 |—#
' |/
/
001 Ls / 001
01 02 0510 20 50 10 20 50 100 200 500 1000 01 02 05 10 20 50 10 20 50 100 200 500 1000
I, BASE CURRENT (mA) , 15, BASE CURRENT (mA)
FIGURE 4 — BASE CURRENT-VOLTAGE VARIATIONS FIGURE 5 — COLLECTOR CURRENT-VOLTAGE VARIATIONS
1000 . —= 10
700 }g Z Z
500 y 7 >~
300 ,/ - 5 7/
200 Ve =2V 4 . g 74
SEENOTE2 v
100 2 / / /
- A7 g ? Vee =2V
70 e —
E b 4 £ = 175%c / / SEE NOTE 2
= y Al & g 25°C, _40°C
= 7 177 s
= 30 T e 1 i 1
2 7 g g A A
o2 + 2 117
3 . g 07 AR
2 T,= 175 c/ 25l _ec O 1111
10 - S [ 1]
70 —+F |
50 1 03 I
T
30 / ,’ r 02
20 -+
|
10 1 01
0 04 08 12 16 20 0 04 08 12 16 20

Vge, BASE-EMITTER VOLTAGE (VOLTS) Vae, BASE-EMITTER VOLTAGE (VOLTS)

NOTE 1. Dotted line indicates metered base current plus the Icso of the transistor at 175°C .

NOTE 2. Pulse test: pulse width ~ 200 usec, duty cycle ~ 1.5%
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2N3714 thru 2N3716 NPN

FIGURE 6 — COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS
14

s ! \ \\ I I
=] - | —
o 12 \ \ \ \ T
g L T T 500 ]
g 2 : IV AW —— 7]
] ok \ \ ‘ N T 1S — - = 175%C
z U 0 { o T T~ SEENOTE 2
2
£ ) 1 \ [} \ \ — T |
2 08— \ ' ) i
3 N ! A\ le=5A
& v N 3 <
E 06 ~ e ‘L Sz
= Y e
S 0. \> o Ne N )
5 ™ = 3 ~——p= [ lo=3
=1 =t
3 \ KN 7
S 02 < =
z e lc= A
8
=
10 20 30 50 70 100 200 300 500 700 1000 2000
I, BASE CURRENT (mA)
FIGURE 7 — BASE-EMITTER SATURATION VOLTAGE VARIATIONS
14
2 Y 8
g 1 — = = I
3 -1
= 10 - ==t =—f==== il }|c=3A
g — i
z O R e T o o b g = -
£ 08 I
g b c=1A — 25°C
Z — - 40°C ]
5 06 3 —175°C —
g I _ g ———
= SEE NOTE
2504
=
s 0
> |
0 i
10 2 30 50 70 100 200 300 500 700 1000 2000
15, BASE CURRENT (mA)
FIGURE 8 — COLLECTOR CURRENT versus FIGURE 9 — COLLECTOR CURRENT versus
BASE-EMITTER VOLTAGE BASE-EMITTER RESISTANCE
10 - = 100 = H ==02
70 Vi ,": H
50 7 T 50 7
/ : -
2
30
20 L g 10
g Vee = Vezo —20V g
CE 'CEO =
= SEE NOTE 2 / £ 50 I
g 10 7 = g 30 H‘l‘
= 07 /,' F % 20
§ 05 T,=175°C S 10 =
8 XY R T, = 175°c B : t
o 03 y, 05 = FrH
02 03 Vee = Vego —20V
T, = 100°C L/ 02 T, = 100° A SEENOTE 2
01 __ REVERSE ~—T~—> FORWARD 0l it T l
~06 —04 —02 0 02 04 1 10 100 1000 10,000 100,000
Vae, BASEEMITTER VOLTAGE (VOLTS) Rae, EXTERNAL BASE-EMITTER RESISTANCE (OHMS)
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2N3714 thru 2N3716 NPN

* heg, CURRENT GAIN

heg, CURRENT GAIN

fr, CURRENT GAIN — BANDWIDTH PRODUCT (mc)

FIGURE 10 — CURRENT GAIN VARIATIONS

125 T T T
2N37
— R 3714 T,=175°C
100 - o
N
1] ™ [
hee = 1,51
T+ |- l B+ lceo
75 25°C -
~ Veeg =2V
/4/\ L L L ce
% l//w \\
] —40°C
2 |t | V\\
"] \y\§\'~
0 L - —
.01 .02 .03 .05 07 0.1 0.2 0.3 05 0.7 1.0 20 30 5.0 70 10
Ic, COLLECTOR CURRENT (AMPS)
200 |— 2N3715, 2N3716
T,=175°C
150 hee = Jc —lcso
/r/’ E . \\ i Fe I|5+|c|o
- - T
1 0 TN Vee =2V
100 il I
1T T
\\
/
L1 —40°C
50 - ~ \\
1 —— )
0
.01 .02 .03 .05 07 0.1 0.2 0.3 0.5 0.7 1.0 20 30 5.0 7.0 10
Ic, COLLECTOR CURRENT (AMPS)
FIGURE 11 — CURRENT GAIN — BANDWIDTH PRODUCT versus COLLECTO# CURRENT
8
B
\\
.6
I
4 \\
Vo =6V N
2
0 .
0.1 02 0.3 0.5 0.7 1.0 20 3.0 5.0

Ic, COLLECTOR CURRENT (AMPS)
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2N3714 thru 2N3716 NPN

SAFE OPERATING AREAS

FIGURE 12 - 2N3715 FIGURE 13 — 2N3714, 2N3716
10 <] S — T ~T—= —x T T
, ~ % 5?0 s ~ ~ \ 500 s —
SN S — 250 55 AN =250 s —
5 AYERN N ~N A A |
NN ANA < [50 ps AN AN \ \ < 5(; ps
, AN\ W wosm —N| N[\ _\ [\~
N N g

g , s R\ | NN

=

AW = RN

g \ N
3 10 v NN AW

= W AY W

g o7 \\a ANENAW N

=l \ ANAWAN!

g s [ AR E

e A

03
0.2
01
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 80 90
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS)

The Safe Operating Area Curves indicate I — Vg limits cant change in these safe areas.) To insure operation below
below which the device will not go into secondary break- the maximum T,, the power-temperature derating curve
down. Collector load lines for specific circuits must fall must be observed for both steady state and pulse power
within the applicable Safe Area to avoid causing a collector- conditions.

emitter short. (Duty cycle of the excursions make no signifi-
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MOTOROLA
m SEMICONDUCTOR I

TECHNICAL DATA

2N3719, 2N3720
2N3867, 2N3868
2N6303

SILICON PNP POWER TRANSISTORS

... designed for high-speed, medium-current switching and high-

frequency amplifier applications.

® Collector-Emitter Sustaining Voltage —

VCEO(sus) =40 Vdc (Min) —2N3719,2N3867
=60 Vdc (Min) — 2N3720,2N3868
=80 Vdc (Min) —2N6303

® DC Current Gain — )
hFg =25-180 @ Ic=1.0 Adc —2N3719,2N3720
© ' =40-200 @ Ic = 1.5 Adc — 2N3867
- =30-150 @ Ic = 1.5 Adc — 2N3868,2N6303

® Low Collector-Emitter Saturation Voltage —

VCE(sat) =0.75Vdc @Ic=10Adc —2N3719,2N3720
=0.75Vdc @ Ic = 1.5 Adc  — 2N3867,2N3868,

2N6303

® High Current-Gain — Bandwidth Product —
f1=90MHz (Typ)

® 2N3867 JAN and 2N3868 JAN also Available

3 AMPERE

POWER TRANSISTORS
- PNP SILICON

40,60,80 VOLTS
6 WATTS

*MAXIMUM RATINGS

2N3719 2N3720
Rating Symbol 2N3867 2N3868 2N6303 Unit
Collector-Emitter Voltage Vceo 40 60 80 Vdc
Collector-Base Voltage Vce 40 60 80 Vdc
Emitter-Base Voltage ' VEB — 40 Vdc
Collector Current — Continuous ) Ic. 30 Adc
Peak . i 10
Base Current I:] 0.5 Adc
Total Device Dissipation @ Tc =25°C Pp 6.0 Watts
Derate above 25°C 343 mw/°C
Total Device Dissipation @ Tp = 25°C Pp 1.0 Watt
Derate above 25°C 5.71 mw/°C
Operating and Storage Junction
Temperature Range Ty Tstg ~65 to +200 °c
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 6yc 29 °cw
Thermal Resistance, Junction to Ambient 63a 175 °cIw

*Indicates JEDEC Registered Data
FIGURE 1 — POWER DERATING

8.0

7.0

6.0

5.0 \

40 IS

~N

3.0 ™

-
2 N

J

0 ™~

Pp, POWER DISSIPATION (WATTS)

N

T, CASE TEMPERATURE (°C)

25 50 7% 100 125 150 178 200

e

i
t

R
i

E / L

SEATING K
PLANE

STYLE1:
PIN 1.EMITTER

2. BASE
3. COLLECTOR

MILLIMETERS
DIM[™MIN [ mAX

A .61 19.40
.75 |8.51

10 | 240 [02
406]0.533 | (

229[3.18_| 0.009]0.125
406(0.483 | 0016|0019

508BSC | 0200 BSC

0.711{0.864 | 0.028 [0.034
0.734]1.14 | 0.029 [0.045
38.10 [44.45 | 1.500 [1.750 |
635 | — 0250 | —
M 450 BSC 450 BS
u —_— —
- 127 —__10.050
R 254 | - 0.100 | —
- 1025 —_[0.010
All JEDEC dimensions and notes apply.
CASE 31-03
TO-205AA
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2N3719, 2N3720, 2N3867, 2N3868, 2N6303

*ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

L Characteristic | symbat | Min | max [ unit |
OFF CHARACTERISTICS
Coll Emitter Sustaining Voltage (1) VCEO(sus) Vdc
({Ic = 20 mAdc, Ig = 0} 2N3867 40 -
2N3868 60 -
2N6303 80 -
Ci or-Base Breakd: Voitage V(BR)CBO Vde
(Ic = 100 uAdc, Ig = 0) 2N3867 40 -
2N3868 60 -
2N6303 80 -
Emitter-Base Breakdown Voltage V(BR)EBO Vdc
(g = 100 pAdc, I = 0) 4.0 _
Collector Cutoff Current ICEX rAdc
(VcE = Rated V¢, VBE(off) = 2.0 Vdc) - 1.0
Collector Cutoff Current IcBO uAdc
(Vcg = Rated Vg, I = 0, T¢ = 150°C) - 150
ON CHARACTERISTICS (1)
DC Current Gain hre -
(Ic = 500 mAdc, Vg = 1.0 Vdc) 2N3867 50 -
2N3868, 2N6303 35 .
(Ic = 1.5 Adc, Vcg = 2.0 Vdc) 2N3867 40 200
2N3868, 2N6303 30 150
(Ic = 2.5 Adc, Vcg = 3.0 Vdc) 2N3867 25 -
2N3868, 2N6303 20 -
(I¢ = 3.0 Ade, VcE = 5.0 Vdc) 2N3867 20 -
2N 3868, 2N6303
Collector-Emitter Saturation Voltage VCE (sat) Vde
(Ic = 500 mAdc, Ig = 50 mAdc) - 0.5
(Ic = 1.5 Adc, Ig = 150 mAdc) - 0.75
(Ic = 2.5 Adc, Ig = 250 mAdc) - 1.3
Base-Emitter Saturation Voltage VBE (sat) Vde
(ic = 500 mAdc, Ig = 50 mAdc) - 1.0
(ic = 1.5 Adc, Ig = 150 mAdc) 0.9 14
(Ic = 2.5 Adc, Ig = 250 mAdc) - 2.0
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product (2) fr MHz
(Ic = 100 mAdc, VCE = 5.0 Vdc, fiest = 20 MH2) 60 -
Output Capacitance Cob pF
(Veg =10 Vdc, Ig = 0, f = 0.1 MHz) - 120
Input Capacitance Cib pF
(VEB = 3.0 Vdc, Ic =0, f= 0.1 MHz) - 1000
SWITCHING CHARACTERISTICS N
Delay Time (Vee = 30 Vdc, VBE(off) = 0. tq - 35 ns
Rise Time Ic = 1.6 Adc, Ig1 = 1560 mAdc) tr - 65 ns
Storage Time (Vce = 30 Vdc, I = 1.5 Ade, tg - 325 ns
Fall Time Ig1 = Ig2 = 150 mAdc) tf — 75 ns

*Indicates JEDEC Registered Data
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle X 2.0%.
(2) f1 = |hse |® fraqe
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2N3719, 2N3720, 2N3867, 2N3868, 2N6303

*ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

3-34

[ Characteristic [ symbot T min T max Unit
OFF CHARACTERISTICS
Coll ~Emitter Sustaining Voltage (1) - VCEO(sus) ) Vde
(g =20 mAdc, Ig = 0) o 2N3719 V 40 -
2N3720 60 —
Collector Cutoff Current ' ICEX
(VCE = 40 Vdc, VBE(off) = 2.0 Vdc) 2N3719 - 10 unAdc
(VcE = 60 Vdc, VBE (off) = 2.0 Vdc) 2N3720 - 10
(VCE = 40 Vdc, VBE (off) = 2.0 Vdc, Tc = 150°C)  2N3719 - 1.0 mAdc
(VCE = 60 Vdc, VgE (off) = 2.0 Vdc, Tc=150°C)  2N3720 - 1.0 :
Collector Cutoff Current fceo uAdc
(Ve =40 Vdc, Ig = 0) 2N3719 - 10
(Ve =60 Vdc, Ig = 0) . 2N3720 - 10
Emitter Cutoff Current IEBO mAdc
(VBE = 4.0 Vdc, Ic = 0) - 1.0
ON CHARACTERISTICS (1)
DC Current Gain hEg —
(Ic =500 mAdc, Vcg = 1.5 Vdc) 20 -
(I = 1.0 Adc, VcE = 1.5 Vdc) 25 180
(Ic = 1.0 Adc, VcE = 1.5 Vdc, Tg = -40°C) 15 -
Collector-Emitter Saturation Voltage VCE (sat) Vdc
(Ic = 1.0 Adc, g = 100 mAdc, Tc =-40°C to +100°C) - 0.75
(Ic = 3.0 Adc, Ig = 300 mAdc, Tc = -40°C to +100°C) - 1.5
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic = 1.0 Adc, Ig = 100 mAdc, T¢ = -40°C to +100°C) - 15
(1c = 3.0 Adc, |g = 300 mAdc, Tg = -40°C to +100°C) - 23
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product (2) fr MHz
(Ic = 500 mAdc, Vg = 10 Vdc, fiest = 30 MHz) 60 -
Output Capacitance Cob " oF
(Vcg = 10 Vdc, Ig = 0, f= 0.1 MHz) - 120
Input Capacitance Cib pF
(VEg=0.5Vdc, ic=0, f=0.1 MHz) - 1000
SWITCHING CHARACTERISTICS
| Turn-On Time ton ns
(Vge = 12 Vdc, VBE(off) = 0, Ic = 1.0 Adc, I1g1 = 0.1 Adc) — 100
Turn-Off Time : toff ns
(Vee = 12 Vde, Ic = 1.0 Adc, 1g1 = Ig2 = 100 mAdc) - 400
*Indicates JEDEC Registered Data
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. (2) fr=lhggl® fraq
FIGURE 2 — SWITCHING TIMES TEST CIRCUIT FIGURE 3 — TURN-ON TIME
veo Pmeean :
100 I — T
500 N r@Vee=30V, Ic/ig = 10—
Ty=25°C —
Fpm— e 300 SN
NN
1 . =
30us w
H N
vy Z 100 s
<70
tn < 100ns 2N3867 5
DUTY CYCLE =1.0% 2N3719 | 2N3868 VA e =
e 2N3720 | 2N6303 " 9@ VBE(off) = 40 V N
Voo -12v | -30v N
Re e | 1ve e -
NOTE: Rg | 1000 | w009 10 Iy
For information on Figures 3and 6, Rgand Rgwere | V1| *80V | 136V 003 005 007 01 02 03 05 07 10 20 30
varied to obtain desired test conditions. V2 -nv [ -164V
For tg and t; specifications, remove diode and Vgg | =30V | =30V Ic, COLLECTOR CURRENT (AMP)
etV =0.




2N3719, 2N3720, 2N3867, 2N3868, 2N6303

FIGURE 4 — THERMAL RESISTANCE

WE= e e =7
07—p =‘0.5 - 8c(t) = r(t) 04¢ -
0.5 i 0J¢ = 299C/W Max —
28 03 I - D CURVES APPLY FOR POWER |
IE 03— - PULSE TRAIN SHOWN
E 2 02 I —t - READ TIME AT t1 ’ —
£ =u —— Ty(pk) - Tc = P(pk) B3c(t) —
E S o 0.05 _!_——:' = T _
28— P(pk) —
= ]
=500 1 i -
23 0.01 " ]
= & 003 SINGLE PULSE
0.02 ~ —
. DUTY CYCLE, D =t1/t2
0.01 : 1 Loy 1
02 03 05 07 10 20 30 50 70 10 20 30 50 70 100 200 300 500 700 1000 2000
t, TIME (ms)
FIGURE 5 — ACTIVE REGION SAFE OPERATING AREA
10
a?(: 505 3
5.0 e —— 50 ,,st: . . .

T AN N There are two limitations on the power handling ability of a
= S~ 5.0 ms -\ 500 s N transistor: average junction temperature and second breakdown.
s 20 ~ | N
< < N Safe operating area curves indicate Ic — Vg limits of the
= 10 == transistor that must be observed for reliable operation; i.e., the
o 05 1 — N N transistor must not be subjected to greater dissipation than the
= } N N curves indicate.

3 ) = 2000C ~<
§ 02 ——— - ——BONDING WIRE LIMITED —T— The data of Figure 5 is based on Tj(pk) = 200°C; T is
Q -—--__g:sgréll;bzslél)m“n@n_25 C N variable depending on conditions. Second breakdown pulse
3 - SECOND BREAKDOWN LIMITED N\ limits are valid for duty cycles to 10% provided T j(pk )< 200°C.
3 - CURVES APPLY BELOW TJ(pk) may be calculated from the data in Figure-4. At high case
S - RATED VgEQ 2N3719, 2N 3862 NN temperatures, thermal limitations will reduce the power that can
0021 YT [ 2N3720, 2N3868 be handled to values less than the limitations imposed by second
ool 1T [ [ T [TI | 2N6303— breakdown.
1.0 20 30 50 70 10 20 30 50 70 100
VcEe, COLLECTOR-EMITTER VOLTAGE (VOLTS)
FIGURE 6 — TURN-OFF TIME FIGURE 7 — CAPACITANCE
1000 — 1000 —T T
700 1c/1g =10 7] 700 —Ty= 250C H]
500 181=182 500
Ty=250C | -
- = 300 —
300 S g ~
200 = w 200 n TG
z ~ N E .
w 100 ~ s 5 100 =~
= S <
s g 0
50 : — o 80 — T
30 30
. t@Vec=30V E—
20 e 20
10 10
0.03 0.05 0.07 0.1 02 03 05 07 10 20 30 01 02 0.5 1.0 20 5.0 10 20 50 100
¢, COLLECTOR CURRENT (AMP) VR, REVERSE VOLTAGE (VOLTS)
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2N3719, 2N3720, 2N3867, 2N3868, 2N6303

FIGURE 8 — DC CURRENT GAIN

FIGURE 9 — COLLECTOR SATURATION REGION
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; FIGURE 10 — “ON" VOLTAGES FIGURE 11 — TEMPERATURE COEFFICIENTS
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FIGURE 12 — COLLECTOR CUT-OFF REGION FIGURE 13 — BASE CUT-OFF REGION
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m SEMICONDUCTOR mmm— 2N3738 -

TECHNICAL DATA 2N3739
HIGH VOLTAGE SILICON POWER TRANSISTORS 1.0 AMPERE
POWER TRANSISTORS
.designed for high-speed switching, linear amplifier applications, NPN SILICON
high-voltage operational amplifiers, switching regulators, converters,
inverters, deflection stages and high fidelity amplifiers. 2252,033“0A\./r$|s.'l'$

® Collector-Emitter Sustaining Voltage —
VCEQ(sus) = 225 Vdc @ I = 5.0 mAdc (2N3738 )
=300 Vdc @ I¢ = 5.0 mAdc (2N3739)
® DC Current Gain —
hfpg = 40-200 @ Ic = 100 mAdc
® Current-Gain — Bandwidth Product —
fT =10 MHz (Min) @ Ic = 100 mAdc

® Ig/p Rated to 2.0 Amperes

*MAXIMUM RATINGS

Rating Symbol 2N3738 | 2N3739 Unit
Collector-Emitter Voltage VCEO 225 300 Vdc
Collector-Base Voltage Ves 250 325 Vdc
Emitter-Base Voltage Ve 6.0 Vdc
Collector Current — Continuous - Ic 1.0 Adc
— Peak 20
Base Current — Continuous s 0.50 Adc
— Peak 1.0
Total Device Dissipation @ T¢ = 25°C Pp 20 Watts
Derate above 25°C 0.133 w/°c
Operating and Storage Junction TJ,TS,g -65 to +200 oc
Temperature Range

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
- : o, STYLE1: S
Thermal Resistance, Junction to Case Rgyc 7.5 C/W PIN 1. BASE
2.EMITTER
*Indicates JEDEC Registered Data CASE: COLLECTOR
[MILLMETERS] _TNCHES
FIGURE 1 — POWER DERATING DIM[ MIN | MAX | MIN [ MAX
100 B_[1194 [12.70 |0.470 [0.500
C kI .64_10.250 [0.34
D | 0.71 [ 086 |0.028 [0.034 |
\\ . E | 127 [ 181 |0.050 [0075 |
T 80 24. 24.43 .958 |0.96.
P . 3310.190 [0.21
o .67
=4
E 60 \ i 19 s 1 _99
N
E N SN i
E 361 .86
.89
& @ - .68
< - 15.76
w
2 2 \\ All JEDEC Dimensions and and Notes Apply.
&
N CASE 80-02
0 TO-213AA
0 25 50 75 100 125 150 175 200

Tc. CASE TEMPERATURE (°C)
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2N3738, 2N3739

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.)

Characteristic I Symbol J Min l Max l Unit
*OFF CHARACTERISTICS ) )
Coll Emitter Sustaining Voltage (1) VCEO(sus) Vdc
(Ic =5.0 mAdc, Ig = 0) 2N3738 © 225 -
2N3739 300 -
Collector-Emitter Cutoff Current ICEO . - mAdc
(Vgg = 126 Vdc, Ig = 0) 2N3738 - 0.25
(VcE = 200 Vdc, Ig = 0) 2N3739 - 0.25
Collector-Base Cutoff Current IcBO "~ mAdc
(Ve = 250 Vdc, Ig = 0) 2N3738 - 0.1
(Ve =325 Vdc, Ig =0) 2N3739 - 0.1
Collector Cutoff Current IcCEV mAdc
(VcE = 250 Vdc, VEB(off) = 1.5 Vdc) 2N3738 - 0.5
{VcE =300 Vdc, VEB(off) = 1.5 Vdc) 2N3739 - 0.5
(VGE = 125 Vdc, VEB(off) = 1.5 Vdc, Tc = 100°C) 2N3738 - - 1.0
(VCE = 200 Vdc, VEB(off) = 1.5 Vdc, Tg = 100°C) 2N3739 - 1.0
Emitter-Base Cutoff Current IEBO mAdc
(Vg = 6.0 Vdc) - 0.1
*ON CHARACTERISTICS
DC Current Gain (1) hgge -
(1c =50 mAdc, Vcg = 10 Vdc) 30 -
(I = 100 mAdc, Vcg = 10 Vdc) 40 200
(Ic = 260 mAdc, Vcg = 10 Vdc) 25 -
Collector-Emitter Saturation Voltage (1) VCE(sat) : Vde
(Ic = 250 mAdc, 1g = 25 mAdc) - 25
Base-Emitter “ON"' Voltage (1) VBE(on) Vde
(Ic = 100 mAdc, Vcg = 10 Vdc) - 1.0
SMALL SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product (2) fr MHz
(I = 100 mAdc, Vg = 10 Vdc, f = 10 MHz) 10 -
*Output Capacitance - Cob pF
(Ve = 100 Vdc, Ig =0, f = 100 kHz) - 20
*Small-Signal Current Gain hfe .
(ic = 100 mAdc, Vcg = 20 Vdc, f = 1.0 kHz) ) 35 -

*Indicates JEDEC Registered Data
(1) Pulse Test: Pulse Width <300 us, Duty Cycle <2%.
(2) f1 =1 hge | ® frequency

FIGURE 2 — SWITCHING TIMES TEST CIRCUIT

D1 Must Be Fast Recovery Type, e.g. Vee
MBDS5300 Used Above g = 100 mA +150 V
MSD6100 Used Below Ig = 100 mA

R
25 us [-— c
- Scope

+11V
\Al

v2 |
a0V

t, t¢ <10ns L
Duty Cycle = 1.0% - 40V

Rg and R¢ Varied to Obtain Desired Current Levels

For tq and t,, D1 is disconnected and V2 =0
For PNP test circuit, reverse diode and voltage polarities.
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2N3738, 2N3739

FIGURE 3 — THERMAL RESPONSE
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FIGURE 4 — 2N3738, 2N3739 FIGURE 5 — 2N6425
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10 % DTN > > 10 SOISU s
. T - ™ I~ L\ X \N
g o7 1.0 ms T - < - § 07 N NV A
< 05 dc A ~ = 05 Y AWEA
= N ~ =~ 200 us —7 \ \
Z 03 h AN € 03 a Y A—)
[+ -1
= 02 T¢ = 259¢ HEASIANIANN 3 0 il A\
@  [—1-———BONDING WIRE LIMITED N AN s ——+-TC = 25°C 1.0ms7] A\
2 01L_]===——THERMALLY LIMITED AN \\ E 0.1~ —BONDING WIRE LIMITED 50 ms—(\ X \
PR — (SINGLE PULSE) ~ S U= ——= THERMALLY LIMITED 1t a0
> SECOND BREAKDOWN LIMITED X S 007 (SINGLE PULSE) t -
3 CURVES APPLY BELOW RATED VgEQ N & 0.05(— SECOND BREAKDOWN LIMITED T \¥
S T 1 T B CURVES APPLY BELOW RATED VgEQ
0.03 0.03
002 ool [ LI T 1 [ []]
30 50 70 10 200 30 50 70 100 200 300 03 05 07 10 200 30 50 70 100 200 300
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) VGE, COLLECTOR-EMITTER VOLTAGE (VOLTS)

There are two limitations on the power handling ability of a
transistor: average junction temperature and second breakdown.
Safe operating area curves indicate | - Vg limits of the transistor
that must be observed for reliable operation; i.e., the transistor must
not be subjected to greater dissipation than the curves indicate.

The data of (Figures 4 and 5 is based on T¢ = 25°C; Ti(pk) is
variable depending on power level. Second breakdown pulse limits
are valid for duty cycles to 10% provided TJ(pk) < 175°C. TJ(pk)
may be calculated from the data in Figure 3. At high case temp-
eratures, thermal limitations will reduce the power that can be
handled to values less than the limitations imposed by second
breakdown. Second breakdown limitations do not derate the same
as thermal limitations. Allowable current at the voltages shown
on Figures 4 and 5 may be found at any case temperature by
using the appropriate curve on Figure 1.
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2N3738, 2N3739

hfg, DC CURRENT GAIN

V, VOLTAGE (VOLTS)

- 02

Ve, COLLECTOR-EMITTER VOLTAGE (VOLTS)

2N 3738, 2N3739

FIGURE 6 — DC CURRENT GAIN _
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FIGURE 7 — COLLECTOR SATURATION REGION |
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FIGURE 8 — "ON"” VOLTAGE
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MOTOROLA ; 2N3740
|
o R EMicA DA C TOR 2N3741A [T

POWER TRANSISTORS
MEDIUM-POWER PNP TRANSISTORS PNP SILICON
. 60-80 VOLTS
. ideal for use as drivers, switches and medium-power amplifier 25 WATTS
applications. These devices feature:
® Low Saturation Voltage — 0.6 VCE(sat) @ Ic = 1.0 Amp
® High Gain Characteristics — hpg@ Ic = 250 mA: 30- 100
® Excellent Safe Area Limits (See Figure 2)
® Low Collector Cutoff Current —
100 nA (Max) 2N3740, 2N3741A =

® Complementary to NPN 2N3766 (2N3740) and 2N3767 (2N3741)

>

*MAXIMUM RATINGS

. 2N3741 .
Rating Symbol 2N3740 IN3741A Unit
Collector-Emitter Voltage VCEO 60 80 Vdc
Emitter-Base Voltage VEB 7.0 7.0 Vdc
Collector-Base Voltage A7) 60 80 Vdc
Collector Current — Continuous Ic 4.0 Adc
—Peak (Note 1) 10
Base Current g 2.0 Adc
Total Device Dissipation @ T¢ = 256°C Pp 25 Watts
Derate above 25°C 0.143 w/oc
Operating and Storage Junction Ty.Tstg -65 to +200 °c f
Temperature Range
STYLE1: s
Note 1: See Figure 2 ) PIN ; gaﬁ‘rgn
2 FIGURE 1 — POWER-TEMPERATURE DERATING CURVE CASE: COLLECTOR
= M TMILLIMETERS]
= MILLIMETERS
E 2 ™ DIM[ MIN TMAX | M
Z 11.94 112.70 |
z .35 | 8.64 |
g . 71T 0.86
= L
g 21 191
2 72433
a 10 I 3 2.;}
[ | -
g N 1448 ]
€40 9.4
e ~ 35
0 =
0 25 50 75 100 125 150 175 200 —
Tc¢' TEMPERATURE (9C) All JEDEC Dimensions and and Notes Apply.
Safe Area Curves are indicated by Figure 2. ’
Both limits are applicable and must be observed. %?;mz

*Indicates JEDEC Registered Data.
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2N3740, 2N3741,A

‘ELECTﬁICAL CHARACTERISTICS (T¢ =:25°C unless otherwise noted).

Unit l ’

Characteristic ‘ Symbol Min ‘Max ]
OFF CHARACTERISTICS .
Collector-E mitter Sustaining Voltage @ - VCEO(sus) @ Vdc
(Ic = 100 mAdc, Ig = 0) 2N3740, 60 -
2N3741, 2N3741A 80 -
Emitter Base Cutoff Current IEBO
(VEg = 7.0 Vdc) 2N3740, 2N3741 - 05 mAdc
2N3741A 100 nAdc
Collector Cutoff Current - ICEX
(VcE = 60 Vdc, VBE (off) = 1.5 Vdc) 2N3740 - 100 uAdc
- 100 nAdc
{VGE = 80 Vde, VBE(off) = 1.5 Vdc) 2N3741 - 100 | wAdc
2N3741A — 100 nAdc
(VCE =40 Vdc, Vgg(off) = 1.5 Vdc, T = 150°C) 2N3740 - 1.0 mAdc
- 0.5
(VCE =60 Vdc, VBE (off) = 1.5 Vdc, Tg = 150°C) 2N3741 - 1.0 mAdc
. : : 2N3741A - 0.5
Collector-Emitter Cutoff Current ICEO
(Vce =40 Vdc, 1g = 0) 2N3740 - 1.0 mAdc
- 1.0 uAdc
(Vcg =60 Vdc, Ig = 0) 2N3741 - 1.0 mAdc
2N3741A i - 1.0 uAdc
Collector Base Cutoff Current Iceo
(Vcg = 60 Vdc, Ig = 0) 2N3740 - 100 uAdc
- 100 nAdc
(Vcg =80 Vdc, Ig = 0) 2N3741 — 100 nAdc
2N3741A - 100 nAdc
ON CHARACTERISTICS
DC Current Gain hre(@) -
(I = 100 mAdc, Vcg = 1.0 Vdc) 40 -~
(I¢ = 250 mAdc, Vcg = 1.0 Vdc) 30 100
(ic = 500 mAde, Vg = 1.0 Vdc) 20 -
(Ic = 1.0 Adc, Vg = 1.0 Vdc) 10 -
Collector-Emitter Saturation Voltage \ (sat)@ - 0.6 - Vde
(Ic = 1.0 Adc, Ig = 125 mAdc)
Base-Emitter Voltage VBE@, - 1.0 Vdc
(Ic = 250 mAdc, Vcg = 1.0 Vdc)
TRANSIENT CHARACTERISTICS
Current-Gain—Bandwidth Product fr MHz
(Ic = 100 mAdc, Vg = 10 Vdc, f = 1.0 MHz) ‘ 3.0 -
4.0t -
Common Base Output Capacitance Cob - 100 pF._
(Vcg =10 Vdc, Ic = 0, f = 100 kHz)
Small-Signal Current Gain hfe 25 - -

(Ic =50 mAdc, Vg =10 Vdc, f = 1.0 kHz)

*Indicates JEDEC Registered Data.

tMotorola guarantees this value in addition to the JEDEC registered data shown.

@ Pulse Test: Pulse WidthTS 300 us, Duty Cycle <2.0%.
FIGURE 2 — ACTIVE REGION SAFE OPERATING AREA

10 < —F
70 = N 100 s 1
50 - ™
g N Lom
; 30— 4 " N
& 20 - ~J NS, N The Safe Operating Area Curves indicate |c — VcE limits below
§ G de AN which the device will not enter secondary breakdown. Collector
= 10 - \ load lines for specific circuits must fall within the applicable Safe
§ 07 - N Area to avoid causing a catastrophic failure. To insure operation
g YT T =200C - ; C below the maximum T j, power-temperature derating must be ob-
8 05 = SECONDARY BREAKDOWN LIMITATION ANID N served for both steady state and pulse power conditions.
£ o3 [==F THERMAL UmimATION T T 1T ANIAY .
- {BASE-EMITTER DISSIPATION IS —} LIMIT FOR:
0.2 ——1 SIGNIFICANT ABOVE Ic = 2.0AMP) 1 2N3740 A= N-H
L PULSE DUTY CYCLE < 10% NITAL A=
‘o L oLl |1 ]
1.0 20 30 50 70 10 20 30 50 70 100

Vcg, COLLECTOR-EMITTER VOLTAGE (VOLTS)
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2N3740, 2N3741,A

FIGURE 3 — CURRENT GAIN
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SATURATION REGION CHARACTERISTICS
FIGURE 4 — COLLECTOR SATURATION REGION
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\\
.-
10 20 3.0 50 70 10 20 30 50 0 100 200
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FIGURE 5 — “ON"” VOLTAGES FIGURE 6 — TEMPERATURE COEFFICIENTS
10 —T—r +1. r T
v=+t [ TTT]]]] A 0 +100°C to +175°C
1Tt
Vat(sot) @ lc/ls = 10 1 B +05f— e for Ve F25°C to +100
08 = > | "]
11 1 E — * ’
L @ —55°C to +25°C
& Vpe @ Ve = 2.0V = 0 - T
=06 S To compute saturation voltages:
] = V_ (sat) @ operating Ty = V_ .,y @ +25°C + fy_ (operating T, —25°C)
w § —0.5F Use appropriate fy for voltage of interest. —
= 04 w Use appropriate curve for temperature range of interest.
g o s | |
g E-10 ! 7| —55° to +175
a.
02 4// 5 Ay for Vge |
Vee(sat) @ lc/lg = 10 L et
0 —— =20 ™ —
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Ic, COLLECTOR CURRENT (AMP) Ic, COLLECTOR CURRENT (mA)
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MOTOROLA
m SEMICONDUCTOR I

TECHNICAL DATA

2N3766
2N3767

feature:

MEDIUM-POWER NPN SILICON TRANSISTORS

. ... for use in driver circuits, switching,
and medium-power-amplifiers applica-
tions. These high performance devices

® Low Saturation Voltage — 1.0 VCE(sat) @ Ic = 500 mA

® High Gain Characteristics — hpg = 40-160 @ Ic = 500 mA

® Packaged in the Compact, High-Efficiency TO-213AA Package

e Complementary to PNP 2N3740 (2N3766) and 2N3741 (2N3767)

4 AMPERE .
POWER TRANSISTORS

NPN SILICON

MAXIMUM RATINGS

Tc, CASE TEMPERATURE (°C)

Rating Symbol | 2N3766 | 2N3767 | Unit
Collector-Emitter Voltage VcEo 60 80 Vde
Collector-Base Voltage Ve 80 100 vde *
Emitter-Base Voltage VEB 6.0 Vdc
Collector Current Ic 4.0 Adc
Base Current Ip 2.0 Adc
Total Device Dissipation @ T = 25°C Pp 20 Watts
Derate above 25°C 0.133 w/°c
Operating and Storage Junction Ty Tstg -65 to +200 °c
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 63C 7.5 oc/w
FIGURE 1 — POWER-TEMPERATURE DERATING CURVE
20
E 16 A
H S~
g o, S
=
H
g 80
S X
40 ~
& —
0 -
0 25 50 75 100 - 125 150 175

Safe Area Curves are indicated by Figure 2. Both limits are applicable and must be observed.
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STYLE1: F
PIN 1. BASE
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CASE: COLLECTOR |
La
|

MILLIMETERS
DIM["mIN | MAX
B |11.94 11270 | (
C .35 | 8.64
D .71 .86
E 27 91
7433 17243 |
.83 | 5.33
.41 .67
1448 [14.99 | C
9.14 -
- 21
3.61 .86
- .89
- .68
— 11575
All JEDEC Dimensions and and Notes Apply.
CASE 80-02
TO-213AA




2N3766, 2N3767

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

L Characteristic l l Symbol ] Min ; Max r Unit ]

OFF CHARACTERISTICS

Collector-Emitter Voltage (1) v, Vdc
(Ic = 100 mAde, I = 0) 2N3766 (BRICEO 60 —

2N3767 80 —

Emitter-Bage Cutoff Current . Igpo mAdc
(Vgp = 6.0 Vdc) - 0.75

Collector Cutoff Current Icgx mAdc
(Vcg = 80 Vdc, Vgg = 1.5 Vdc) 2N3766
(Vog = 100 Vde, Vgg = 1.5 Vde) 2N3767

(Vg = 50 Vde, Vgg = 1.5 Vde, T¢ = 150°C) 2N3766
(Veg = 70 Vde, Vg = 1.5 Vde, T = 150°C) 2N3767

Collector-Emitter Cutoff Current IcE0 mAde
(Vcg = 60 Vdc, Ig = 0) 2N3766 _ 0.7

(VeE = 80 Vdc, Ig = 0) 2N3767 — 0.7

Collector-Base Cutoff Current IcBO maAde
(Vep = 80 Vde, I = 0) 2N3766 — 0.1

(Veg = 100 Vde, Ig = 0) 2N3767 - 0.1

1
== 99

ON CHARACTERISTICS
DC Current Gain hpg -
(Ic = 50 mAde, Vo = 5.0 Vde) 30 -
(Ic = 500 mAdc, VCE = 5.0 Vdc) 40 160
(Ic = 1.0 Ade, Vi = 10 Vde) 20 —

Collector- Emitter Saturation Voltage VeE Vde
(ic = 1.0 Ade, I = 0.1 Adc) (sat) - 2.5

(Ic = 500 mAdc, Ig = 50 mAdc) — 1.0

Base-Emitter Voltage VBE
(lC = 1.0 Adc, VcE = 10 vdc) - 1.5

Vde

TRANSIENT CHARACTERISTICS

Current-Gain - Bandwidth Product ' fr MHz

(ic = 500 mAde, Vg = 10 Vde, f = 10 MHz) 10 -
c Base Output C Cop pF
(Vgp = 10 Vdc, Ip = 0 Adc, f = 100 kHz) — 50

Small-Signal Current Gain hee —_
(Ic = 100 mAde, Vcg = 10 Vde, f = 1.0 kHz) 40 -

11 pulse Test: Pulse Width <300us, Duty Cycle <2.0%.

FIGURE 2 — ACTIVE REGION SAFE AREAS

4.0
\\ \ 2N3I766 P
N ~
\\ N AND N

20 \ 2N3767 The Safe Operating Area Curves indicate
\\ le-Vee limits below which the device will not
= \\ \ go into secondary breakdown. Collector
= 10 ~_ load lines for specific circuits must fall
= within the applicable Safe Area to avoid
'E 06 N 50ms; causing a collector-emitter short. (Case
s temperature and duty cycle of the excur-
= 04 sions make no significant change in these
E ! de safe areas.) The load line may exceed the
= BVceo voltage limit only if the collector cur-
8 rent has been reduced to 20 mA or less be-
s 02 fore or at the BVcss limit; then and only then
may the load line be extended to the abso-
lute maximum voltage rating of BVcio. To
01 insure operation below the maximum T,,
the power-temperature derating curve must
0.06 be observed for both steady state and pulse

power conditions.

0.04
0 10 20 30 40 50

Vce, COLLECTOR EMITTER VOLTAGE (VOLTS)
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2N3766, 2N3767

LARGE SIGNAL CHARACTERISTICS CUT-OFF CHARACTERISTICS
FIGURE 3 — TRANSCONDUCTANCE FIGURE 4 — TRANSCONDUCTANCE.
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2N3766, 2N3767

FIGURE 7 — CURRENT GAIN
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FIGURE 8 — COLLECTOR SATURATION REGION
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FIGURE 9 — “ON"” VOLTAGES FIGURE 10 — TEMPERATURE COEFFICIENTS
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[ ] SEMICONDUCTOR I

TECHNICAL DATA

2N3771
2N3772

swntchmg applications.

HIGH POWER'NPN SILICON POWER TRANSISTORS

. designed for linear amplifiers, series pass regulators and inductive

® Forward Biased Second Breakdown Current Capability

1S/b = 3.75 Adc @ VCE = 40 Vdc — 2N3771
= 2.5 Adc @ VCE = 60 Vdc — 2N3772

20 and 30 AMPERE

POWER TRANSISTORS -
NPN SILICON

40 and 60 VOLTS
150 WATTS

*MAXIMUM RATINGS

Rating Symboi 2N3771 2N3772 Unit
Collector-Emitter Voltage Vcea 40 60 Vdc
Collector-Emitter Voltage VCEX 50 80 Vdc
Collector-Base Voltage Vee 50 100 Vdc
Emitter-Base' Voltage VEp .50 70 Vdc
Collector Current — Continuous Ic 30 20 Adc

Peak 30 30
Base Current — Continuous Ig 75 5.0 Adc
Peak 15 15
Total Device Dissipation @ T¢ = 25°C Pp 150 Watts
Derate above 25°C 0.855 w/°c
Operating and Storage Junction TJ. Tstg -65 to +200 °c
Temperature Range :
THERMAL CHARACTERISTICS
Characteristic Symbol 2N3771, 2N3772 Unit
Thermal Resistance, Junction to Case 64c 1.7 o°c/w
*Indicates JEDEC Registered Data
. FIGURE 1 — POWER DERATING
. 200
v
175
E
E 150
g
E 125
a N
g 100 \
e %
£ w AN
g ™.
& n
0 25 50 75 100 125 150 175 200
Tc., CASE TEMPERATURE (°c)

T I i

{ / L1l
E —l—D K
SEATING l
PLANE -

LN Y/
-

STYLE1: STYLE3:
PIN 1. BASE PIN 1. ANODE
2. EMITTER 2. CATHODE

CASE: COLLECTOR

NOTES:

1. DIAMETERS Q, V AND SURFACE T ARE DATUMS.
2. POSITIONAL TOLERANCE FOR HOLE Q:
(#]60.250.010 @[ T]V @]
3. POSITIONAL TOLERANCE FOR LEADS:
6[6030(0012 @[T]V ®[0®@]
4. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5,1973.

MILLIMETERS
DIM[ MIN | MAX
3937
— [ 21.08
635] 762
0991 1.09 |
— | 343
30.15 BSC
1092 BSC
"5.46 BSC
16.89BSC |
11.18] 12.19 | 0440

3.84]

%51
381 409 ]

CASE 11-01
TO-204AA




2N3771, 2N3772

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

[ i Characteristic [ symbot T Min [ Max | unit |
OFF CHARACTERISTICS
*Col -Emitter Sustaining Voltage (1) 2N3771 VCEO(sus) 40 - Vdc
_(Ic=02Adc, Ig =0} . N3772 | L A N
Collector-Emitter Sustaining Volitage 2N3771 VCEX (sus) 50 - Vdc
(Ic = 0.2 Adc, VEB(off) = 1.5 Vdc, Rgg = 100 Ohms) 2N3772 o 80 -
Coll -Emitter Sustaining Voltage 2N3771 VCER(sus) 45 - Vdc
"~ (Ic=0.2 Adc, Rgg = 100 Ohms) . 2N3772 B 70 -
*Collector Cutoff Current Iceo mAdc
(Vce =30 Vdc, Ig =0) 2N3771 - 10
(Vcg =50 Vdc, Ig = 0) . 2N3772 - 10
(VCE =25 Vdc, ig = 0)
*Collector Cutoff Current . ICEV mAdc
(VCE = 50 Vdc, VEB(off) = 1.5 Vdc) 2N3771 - 20
(VeE =100 Vdc, VEB(off) = 1.5 Vdc) 2N3772 - 5.0
(VCE =45 Vdc, VEB(off) = 1.5 Vdc) 2N6257 - 4.0
(Ve = 30 Vdc, VEg(off) = 1.5 Vdc, Tc = 160°C) 2N3771 - 10
2N3772 - 10
(VCE = 45 Vdc, VEB(off) = 1.5 Vdc, T¢ ='150°C)
*Collector Cutoff Current ) IcBO mAdc
(VeR = 50 Vdc, Ig = 0) 2N3771 - 20
(Vcg = 100 Vdc, Ig = 0) 2N3772 - 5.0
*Emitter Cutoff Current IEBO mAdc
(Vgg = 5.0 Vdc, Ic = 0) 2N3771 - 5.0
(VBg =7.0 vdc, Ic=0) 2N3772 - 5.0
*ON CHARACTERISTICS
DC Current Gain (1) hge -
(Ig =15 Adc, Vg = 4.0 Vdc) 2N3771 © 15 - 60
(Ic =10 Adc, Vg = 4.0 Vdc) 2N3772 15 60
(Ic =8.0 Adc, VCE = 4.0 Vdc)
({Ic = 30 Adc, Vg = 4.0 Vdc) 2N3771 5.0 -
(Ic =20 Adc, VgE = 4.0 Vdc) 2N3772 5.0 -
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 15 Adc, Ig = 1.5 Adc) 2N3771 - 2.0
({ic =10 Adc, Ig = 1.0 Adc) 2N3772 - 14
(Ic =30 Adc, g = 6.0 Adc) 2N3771 R 40
(I =20 Adc, Ig = 4.0 Adc) 2N3772 - 4.0
Base-Emitter On Voltage VBE(on) Vde
(Ig = 16 Adc, Vg = 4.0 Vdc) 2N3771 - 27
(I = 10 Adc, Vg = 4.0 Vdc) 2N3772 - 2.2

(Ic = 8.0 Adc, Vg = 4.0 Vdc)
*DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product . fr 0.2, - MHz
(Ic = 1.0 Adc, VcE = 4.0 Vdc, frest = 50 kHz)
Small-Signal Current Gain .. hte 40 - -

(ic = 1.0 Adc, VGE = 4.0 Vdc, f = 1.0 kHz)
SECOND BREAKDOWN

Second Breakdown Energy with Base Forward Biased Is/b . Adc
t = 1.0 s (non-repetitive) )
(VcE = 40 Vdc) ) 2N3771 3.7 -
(Vcg = 60 Vdc) 2N3772 2.5 =

*Indicates JEDEC Registered Data
(1) Pulse Test: 300 us, Rep. Rate 60 cps.
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2N3771, 2N3772

FIGURE 2 — THERMAL RESPONSE — 2N3771, 2N3772
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FIGURE 4 — SWITCHING TIME TEST CIRCUIT ; FIGURE § — TURN-ON TIME
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2N3771, 2N3772

FIGURE 6 — TURN-OFF TIME FIGURE 7 — CAPACITANCE
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NPN
MOTOROLA ,
m SEMICONDUCTOR mm— 2N3773

PNP
TECHNICAL DATA 2N6609
16 AMPERE
COMPLEMENTARY SILICON POWER TRANSISTORS COMPLEMENTARY
POWER TRANSISTORS
The 2N3773 and 2N6609 are PowerBase power transistors de- 140 VOLTS
signed for high power audio, disk head positioners and other linear 150 WATTS
applications. These devices can also be used in power switching cir-
cuits such as relay or solenoid drivers, dc to dc converters or inverters.
® High Safe Operating Area (100% Tested)
150 W@ 100 V
® Completely Characterized for Linear Operation
® High DC Current Gain and Low Saturation Voltage
hrg = 15 (Min) @ 8 A, 4V
VCE(sat) =14V (Max) @ |C =8A, 'B =0.8A
A
® For Low Distortion Complementary Designs . l‘—— B —— rC

J_ ﬂ%ﬂ'—

{ /
E —~|l-—p K
SEATING i
PLANE
3
f— J —] v
e
?
*MAXIMUM RATINGS i N 2B
Rating Symbol Value Unit ' ‘G
Collector Emitter Voltage Vceo 140 Vdc STYLE1: STYLE3: i
Collector-Emitter Voltage VCEX 160 Vde PIN 1. BASE PIN 1. ANODE
Collector-Base Voltage VcBO 160 Vdc ¢ Asé.: mﬁ%ﬁo R 2. CATHODE
Emitter-Base Voltage VEBO 7 Vdc NOTES:
Collector Current — Continuous Ic 16 Adc ; Eéé:ﬁg:ﬁ gu‘{é:‘?"s&“: 3:5"8 I‘-*ER&DATU”&
— Peak (1) 30
Base Current — Continuous I 4 Adc 3. POSITIONAL TOLERANCE FOR LEADS:
— Peak (1) 15 [¢[d0300.012 @[T[V@]C
Total Power Dissipation @ T¢ = 25°C Pp 150 Watts 4 g:’:g"f;gy'“ﬁ AND TOLERANCING PER ANSI
Derate above 25°C 0.855 w/°c kel
Operating and Storage Junction Ty Tstg -65 to +200 °c om M;::'MEJ:?(S MI":":":;X
Temperature Range AT - 3937 = 550
THERMAL CHARACTERISTICS B
Ch istic Symbol Max Unit D
Thermal Resistance, Junction to Case Rgyc 117 °c/w

*Indi JEDEC Regi d Data
(1) Pulse Test: Pulse Width = 5ms, Duty Cycle < 10%.

TO-204AA
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2N3773 NPN/2N6609 PNP

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.)

' Ch istic l Symbol r Min r Max 1 Unit
OFF CHARACTERISTICS (1)
*Collector-Emitter Breakdown Voltage VCEO(sus) 140 - Vde
(Ic =0.2 Adc, Ig = 0)
*Colls Emitter Sustai Voltage VCEX (sus) 160 - Vvde
(Ic =0.1 Adc, VBE(off) = 1.5 Vdc, Rgg = 100 Ohms)
Coll -Emitter Sustaining Voltage VCER (sus) 150 - Vdc
(Ic = 0.2 Adc, Rgg = 100 Ohms)
*Collector Cutoff Current Iceo ' mAdc
(VCE = 120 Vdc, Ig = 0) - 10
*Collector Cutoff Current ICEX mAdc
(VGE = 140 Vdc, VgE(off) = 1.5 Vdc) - 2
(VGE = 140 Vdc, VE(off) = 1.5 Vdc, Tg = 150°C) - 10
Collector Cutoff Current Iceo - 2 mAdc
(Vg = 140 Vdc, Ig = 0)
*Emitter Cutoff Current leBo - 5 mAdc
(VBe =7 Vdc, Ic=0)
ON CHARACTERISTICS (1)
DC Current Gain hge -

*(Ic =8 Adc, VcE = 4 Vdc)
(Ic = 16 Adc, Vg = 4 Vdc)
Collector-Emitter Saturation Voltage VCE(sat) Vde
*(Ic = 8'Adc, Ig = 800 mAdc) - 1.4
(ic = 16 Adc, Ig = 3.2 Adc)

*Base-Emitter On Voltage VBE(on) - 2.2 Vdce
(Ic =8 Adc, VcEg = 4 Vdc)

DYNAMIC CHARACTERISTICS

Magnitude of C Emitter |hel 4 - -
Smali-Signal, Short-Circuit, Forward Current Transfer Ratio
(Ic=1A, f=50 kHz)

*Small-Signal Current Gain hfe 40
{ic =1Adc, Vg = 4 Vdc, f = 1 kHz)

SECOND BREAKDOWN CHARACTERISTICS
Second Breakdown Coll Current with Base Forward Blased l Is/b | 1.5 J - | Adc J

156 60

t=1s (non-repetitive), Vcg = 100 V, See Figure 12

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2%.
*Indicates JEDEC Registered Data
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2N3773 NPN/2N6609 PNP

V, VOLTAGE (VOLTS)

NPN
FIGURE 1 — DC CURRENT GAIN
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PNP
FIGURE 2 — DC CURRENT GAIN
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2N3773 NPN/2N6609 PNP

FIGURE 7 — FORWARD BIAS SAFE OPERATING AREA
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There are two limitations on the powerhandling ability of a The data-of Figure 7|s based on Tj(pk) = =200°C; T is variable
transistor: average junction temperature and second di g on dition: d br pulse limits are valid
Safe operating area curves indicate Ic — Vg limits of the tran- for duty cvcles to 10% provided T () < 200°C. At high case
sistor that must be observed for reliable operation: i.e., the tran- temperatures, thermal limitations will reduce the power that can
sistor must not be subj d to greater dissipation than the curves be handled to values less than the limitations imposed by second
indicate. breakdown.

FIGURE 8 — POWER DERATING
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MOTOROLA 2N3789
m SEMICONDUCTOR I thru
TECHNICAL DATA 2N3792

SILICON PNP POWER TRANSISTORS 10 AMPERE
. designed for medium-speed swntchmg and -amplifier applications. v POWER TRANSISTORS
These devices feature: PNP SILICON
e Total Switching Time @3 A~ 1ps (typ) ‘ ‘ 60-80 VOLTS
150 WATTS
® Two Gain Ranges:
hfEg (min) = 15 and 30 @ 3A (2N3789 2N3790)
25and 50 @ 1 A (2N3791, 2N3792)
® Low VCE(sat) = 0.5V (typ) @Ic=4.0A,Ig=04A
® Excellent Safe Area Limits
® Complementary NPN types available — 2N3713 thru 2N3716
MAXIMUM RATINGS
2N3789 2N3790
Characteristic Symbol 2N3791 2N3792 Unit
Collector-Base Voltage Ve 60 80 Volts |4
Collector-Emitter Voltage VCEO 60 80 Volts t
Emitter-Base Voltage VEB 7.0 7.0 Volts . ‘E / -
Collector Current (Continuous) Ic i 10 10 Amps
Base Current (Continuous) Ig 4.0 4.0 Amps
Power Dissipation Pp 150 150 Watts
Thermal Resitance 04c 117 117 o°c/w
Junction Operating and . Q
Storage Temperature Range Ty Tstg -65 to +200 oc !
H
NOTES:
FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 3 POSITIONAL TOLERANCE FOR
MOUNTING HOLE Q:
160 [¢]oB00s@[T[v®
140 FOR LEADS:
2 [+ ]e300s@T1[v@®][ @]
g 120 4. DIMENSIONS AND TOLERANCES PER
Z 10 B : ANSI Y14.5,1973.
= % MILLIMETERS| _ INCHES
2 | DIM [ MIN | MAX
= 60 Al - [3937
g B - 21.08
e C 35| 7.62
8 LD .97 1.09
] : 40| 118
0 - 30.15 BSC
10.92 BSC
0 25 50 75 100 125 150 175 200 ©.45 BSC
. 16.89 BSC
Tc. CASE TEMPERATURE (<C) T8 12,
L 3.81 .
Safe Area Limits are indicated by Figures 15, 16. Both limits are applicable and — [ 26
must be observed. 483
v | 381
CASE 1-05
TO-204AA
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2N3789 thru 2N3792

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

Characteristic Symbol Min Max Unit
Collector-Emitter Sustaining Voltage* VCEO(sus)* Vdc
(Ic = 200 mAdc, ig = 0) 2N3789, 2N3791 60 -~
2N3790, 2N3792 80 -~
Collector-Emmiter Cutoff Current ICEX mAdc
(VCE = 60 Vdc, Vg = -1.5 Vdc) 2N3789, 2N3791 - 1
(VcE = 80 Vdc, Vgg =-1.5 Vdc) 2N3790, 2N3792 - 1
(VGCE = 60 Vde, Vg = -1.5 Vde, T¢ = 150°C) 2N3789, 2N3791 - 5
(VcE = 80 Vdc, VBE = -1.5 Vdc, T¢ = 150°C) 2N3790, 2N3792 - 5
Emitter-Base Cutoff Current IEBO mAdc
(VEB = 7 Vdc) All Types - 5
DC Current Gain* hgg* -
(lc =1 Adc, Vcg = 2 Vdc) 2N3789, 2N3790 . 25 90
2N3791, 2N3792 50 180
(ic =3 Adc, Vcg = 2 Vdc) 2N3789, 2N3790 15 -
~2N3791, 2N3792 30 -
Collector-Emitter Saturation Voltage* VCE(sat)* Vdc
(Ic =4 Adc, Ig =0.4 Adc) 2N3789, 2N3790 - 1.0
(lc =5 Adc, Ig = 0.5 Adc) 2N3791, 2N3792 - 1.0
Base-Emitter On Voltage* VBE(on)* Vdc
(ic=56A, VCE = 2 Vdc) 2N3789, 2N3790 - 2.0
2N3791, 2N3792 - 1.8
(Ig= 10 Adc, VCg = 4 Vdc) All Types - 4.0
Current Gain — Bandwidth Product fr MHz
(Vcg = 10 Vdc, I¢ = 0.5 Adc, f =1 MHz) All Types 4 ~

*Sweep Test: 1/2 sine wave cycle @ 60 cps.

FIGURE 2 — TYPICAL SWITCHING TIMES AND TEST CIRCUIT

10 o 6.7 msec —=] VALUES SHOWN FOR
\ 1.7 msec lc=5A,Ipy = —lg =054
A oV — 1~ 150 cps, DUTY CYCLE ~ 2%
N ~
0.7 \ \\ 4
. \V N 4~ —30vV
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T \ N N Bt~ 30psec
= NN N
= \ 209
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2N3789 thru 2N3792

hee, DC CURRENT GAIN heg, DC CURRENT GAIN

Visat), SATURATION VOLTAGE (VOLTS)
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FIGURE 3 — CURRENT GAIN VARIATIONS
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2N3789 thru 2N3792

SAFE OPERATING AREAS

FIGURE 7 — 2N3789, 2N3791

FIGURE 8 — - 2N3790, 2N3792
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The Safe Operating Area Curves indicate lc — Vce limits
below which the device will not go into secondary breakdown.
Collector load lines for specific circuits must fall within the ap-
plicable Safe Area to avoid causing a collector-emitter short.

Ic, COLLECTOR CURRENT (mA)

FIGURE 9 — CUT-OFF REGION TRANSCONDUCTANCE
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(Duty cycle of the excursions make no significant change in
these safe areas.) To insure operation below the maximum T,,
the power-temperature derating curve must be observed for
both steady state and pulse power conditions.

FIGURE 10 — COLLECTOR CUT-OFF CURRENT versus
BASE-EMITTER RESISTANCE
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MOTOROLA
m SEMICONDUCTOR HEEnm

TECHNICAL DATA

NPN
2N3902

® Excellent DC Current Gain —

hgg = 10 (Min) @ I = 2.5 Adc
® [ ow Collector-Emitter Saturation Voltage —
VCE(sat) = 0.8 Vdc (Max).@ Ic = 1.0 Adc

® High Collector-Emitter Voltage — Vcgx = 700 Vdc

HIGH VOLTAGE NPN SILICON TRANSISTORS

. . . designed for use in high-voltage inverters, converters, switching
regulators and line operated amplifiers.

3.5 AMPERE

'POWER TRANSISTORS
NPN SILICON

400{ VOLTS
100 WATTS

*MAXIMUM RATINGS

Tc, CASE TEMPERATURE (°C)

Rating Symbol 2N3902 Unit
Collector-Emitter Voltage VCEO 400 Vdc
Collector-Emitter Voltage VCEX 700 Vdc
Emitter-Base Voltage Veg 5.0 Vdc
Collector Current — Continuous Ic 35 Adc
Base Current - ig 2.0 Adc
Total Device Dissipation @ T¢ = 75°C Pp 100 Watts

Derate above 75°C 1.33 w/°c
Operating Junction Temperature Range Ty -65 to +150 oc
Storage Temperature Range Tstg -65 to +200 oc

LI’HERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to. Case X1} 0.75 oc/w
*Indicates JEDEC Registered Data

0 FIGURE 1 —~POWER DERATING
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g N

0
60 80 100 120 140 160
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NO

4

TES:

1. DIMENSIONS Q AND V ARE DATUMS.
2. [T-] IS SEATING PLANE AND DATUM.
3. POSITIONAL TOLERANCE FOR
MOUNTING HOLE Q:

[+]0300@® [T[vE®]
FOR LEADS:
[+ 030005 @T [v@[0®]

4. DIMENSIONS AND TOLERANCES PER
ANSI Y14.5,1973.

MILLIMETERS| _INCHES

oM | MIN | MAX | mIN | MAX

A - [3937] - [ 155

— 2108 | - [ 0830

35 [ 762 | 0.250] 0300

97| 1.09 (0038 0.043

40| 1.78 | 0.055] 0.070

30.158SC 187 BSC

1092 BSC 430 8SC

5.4 C .215 BSC

16.89 BSC | 0.665B5C

T1.18] 12.19 | 0440 0480

381] 4.19 [ 0.150] 0.165

- [ 2667 - [ 1050

[ 483] 533]0.1%0] 0210

V| 381] 4.19[0.150] 0.165
CASE 1-05
TO-204AA




2N3902

*ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

[ Characteristic —l Symbol —I Min Max L Unit ]

OFF CHARACTERISTICS

Coll -Emitter S ining Voltage . VCEO(sus) Vdc
(Ic = 100 mAdc, Ig = 0) (See Figure 12) 325 -

Collector Cutoff Current ICEO . mAdc
(VCE =400 Vdc, Ig =0) — ;0.26

Collector Cutoff Current ICEX mAdc
(VcEe = 700 Vdc, VEg(off) = 1.5 Vdc) - 25
(VCE = 400 Vdc, VEB(off) = 1.5 Vdc, T = 125°C) — 0.5

Emitter Cutoff Current Iego mAdc
(Vg =5.0 Vdc, Ic =0) - 5.0

ON CHARACTERISTICS (1)

DC Current Gain hEE -
(Ic = 1.0 Adc; Vg = 5.0 Vdc) 30- 90
{Ic = 2.5 Adc, Vg = 5.0 Vdc) 10 —

Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 1.0 Adc, Ig = 0.1 Adc) - 08
(I = 2.5 Adc, Ig - 0.5 Adc) : - 25

Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic =1.0 Adc, Ig - 0.1 Adc) ) - 1.5
(Ic 2.5 Adc, Ig 0.5 Adc) - 20

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product . fT MHz
{Ic = 0.2 Adc, Vg = 10 Vdc) 2.8 —

*Indicates JEDEC Registered Data
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.

FIGURE 2 — SWITCHING TIMES TEST CIRCUIT ) FIGURE 3 ~TURN-ON TIME
20
181 = 100 mA Ne T T TT77 T T
Bi= m xt,@ Ve = 125 Ve ic/ig =10
Ty=250C
—— N
Veg 1.0 N
182 ~Tg (=500 mA) N N -
07 LA
3205
w
=
=
< 03
|—td @ VEB(off) = 5.0 Vdc
0.2 A
NN
0.1 .
0.05 0.1 02 03 05 1.0 20 30 5.0
5.0% Duty Cycle
tr=100ns Ic, COLLECTOR CURRENT (AMP)
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2N3902

FIGURE 4 — THERMAL RESPONSE

. . TIHIr' R
z .7 T
2 05 ]
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E, 03 N\ — =
w o o
ZZ 02 N\ —
B "R i
£8 o g ] X 0-05 oacit) = rlt) 04¢
27007 NN 02 64C =0.75°C/W Max —
NS 0'05 SO0 0.1 D CURVES APPLY FOR POWER I— &
Sx 0 = - PULSE TRAIN SHOWN — Pk
] ,uI: AN 005 READ TIME ATty e
s 003 002 - tfe
2 Tuipk) = TC = P(pk) 0Jc(0) I~ ;
S NN oor [ ’ ’ L 2
: sminiii P sz, |
0.01 do 1 1Lt 1113 L1
0.02 003 0.5 0.1 02 03 05 1.0 20 30 50 10 20 30 50 100 200 300 500 1000 2000
t, TIME (ms)
FIGURE 5 — ACTIVE-REGION SAFE-OPERATING AREA
10 = : =
5.0 TJ = 15000 L \\ \\
o~ b [——— =3 AN \\ . .
§ 20 ‘\1\ \\ 0.5 ms—+— T!'\ere are twg {imitations on the power handling ability of a
= Pt \ 1.0 ms \\ transistor: junction temperature and secondary breakdown. Safe
Z 10 Second Breakdown Limit—— = = operating area curves indicate |c—VCE {imits of the transistor that
= 05 < === == Bonding Wire Limit I, T Y NN must be observed for reliable operation; i.e., the transistor must not
3 === - Eh“"““}'\ L"I“‘;@' TCR' 75d :V 1 ‘\ a.u\\ 1 be subjected to greater dissipation than the curves indicate.
] 02 urves Apply Below Rated BVCEQ NI N The data of Figure 5 is based on T j(pk) = 150°C; T is variable
E ) dc\ \N depending on conditions. Pulse curves are valid for duty cycles of
= 01 e ‘ 10% provided TJ(pk) < 150°C. At high case temperatures, thermal
54 ‘T‘ limitations will reduce the power that can be handled to values
90‘05 less than the limitations imposed by secondary breakdown.
0.02 N
0.01
5.0 10 20 50 100 200 500
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS)
FIGURE 6 — TURN-OFF TIME FIGURE 7 — CAPACITANCE
5.0 T ; 3000 ] T J
BT ha-20 2000 | N
e — ’ =250
20 | Cib Ty =250C
¢ 1000
'S
10 — 5
- & 500
Kl =z ——
w 0.5 =Y N ::- 300 ‘\\1
= =] B—
= < 200 -y
- e C
0.2 1@ Ve = 125 vde T 9 \\"i
\\\ 100
0.1
50
0.05 30
0.05 0.1 0.2 05 1.0 20 5.0 1.0 20 30 5.0 10 - 20 30 50 100

Ic, COLLECTOR CURRENT (AMP)
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2N3902

FIGURE 8 —DC CURRENT GAIN
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FIGURE 10 — COLLECTOR CUT-OFF REGION
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FIGURE 12 —~COLLECTOR-EMITTER SUSTAINING VOLTAGE TEST CIRCUITS AND LOAD LINES
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FIGURE 9 —“ON"” VOLTAGES
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1.6
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)
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FIGURE 11 — TEMPERATURE COEFFICIENTS
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m SEMICONDUCTOR
T
TECHNICAL DATA 2N4233A

MEDIUM-POWER SILICON TRANSISTOR 5.0 AMPERE

: SILICON
. . . designed for general-purpose power amplifier and switching POWER TRANSISTOR
applications.
® Low Collector-Emitter Saturation Voltage — 80 VOLTS
VCE(sat) = 0.7 Vdc (Max) @ Ic = 1.5 Adc 75 WATTS

® Low Leakage Current — Icgx = 0.1 mAdc (Max)

® Excellent DC Current Gain — hgg = 25-100 @ Ic = 1.5 Adc

® High Current Gain — Bandwidth Product —
fT = 4.0MHz @ Ic = 0.25 Adc

*MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 80 Vdc
Collector-Base Voltage VcB 80 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current — ic Adc
Continuous 5.0
Peak 10 —U—
Base Current I8 2.0 Adc !
P -~ B — c
Total Device Dissipation @ . Pp . l
Tc = 25°C 75 Watts e E Sttt
Derate above 25°C 0.43 W/°C f i T 3
Operating and Storage TJ. Tstg —65 to +200 °C E D K
Junction Temperature Range SEATING PLANE 1
* STYLE1: -—F
THERMAL CHARACTERISTICS PIN 1. BASE B
Characteristic Symbol Max Unit 2.EMITTER
Thermal Resistance, Junction to Case 0ic 2.32 oc/w CASE: COLLECTQR ‘
*Indicates JEDEC registered data. (All values meet or exceed JEDEC registered data). pa z a
H
FIGURE 1 — POWER DERATING
80 - | — _ ———
MILLIMETERS
70 DIM [ MIN M:Ax
g ) \\ B |11.94 [12.
< 60 35
Z \ 71
3 so- \\ 27 | 1.
= 24.33 (24
£ 40 N . .83 [533 |C
g \ 41 [ 267 [ 0,095 [0.105
: 30 . 14.48 114.99 |0.570 |0.590
g \ 914 | - 0360 | -
e 2 - P | - 2 — _10.050
s ] [ 361 .86 |0.142 0.152
10 - .89 —_10.350
- .68 — 10.145
0 — 1575 | - |0.620
0 % 50 % 100 25 150 75 200 All JEDEC Dimensions and and Notes Apply.
T, CASE TEMPERATURE (9C) ﬁfggfs‘k&?




2N4233A

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)
l Characteristic Symbol [ Min l Max l Unit
*QFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (1) VCEO(sus) 80 — Vdc
(lc = 100 mAdc, Ig = 0)

Collector Cutoff Current IcCEO — 1.0 mAdc
(Vcg = 70 Vdc, Ig = 0)

Collector Cutoff Current ICEX mAdc
(VCe = 80 Vdc, VBE(off) = 1.5 Vdc) — 0.1
(VCe = 80 Vdc, VBE(off) = 1.5 Vdc, Tc = 150°C) — 1.0

Collector Cutoff Current IcBO — 0.05 mAdc
(Ve = 80 Vdc, Ig = 0)

Emitter Cutoff Current IEBO —_ 0.5 mAdc
(VB = 5.0 Vdc, Ic = 0)

ON CHARACTERISTICS

DC Current Gain (1) hgg —
*(ic = 0.5 Adc, VCg = 2.0 Vdc) 40 -
*(Ic = 1.5 Adc, VCE = 2.0 Vdc) 25 100
*(Ic = 3.0 Adc, VCg = 2.0 Vdc) 10 —
*(Ilc = 5.0 Adc, Vg = 4.0 Vdc) 4.0 —

*Collector-Emitter Saturation Voltage (1) VCE(sat) Vdc
(lc = 1.5 Adc, Ig = 0.15 Adc) — 0.7
(lc = 3.0 Adc, Ig = 0.3 Adc) — 2.0
(Ic = 6.0 Adc, Ig = 1.25 Adc) — 4.0

*Base-Emitter On Voltage (1) VBE(on) — 1.4 Vde
(Ic = 1.6 Adc, VCg = 2.0 Vdc)

*DYNAMIC CHARACTERISTICS

Current Gain — Bandwidth Product fr 4.0 — MHz
(ic = 0.5 Adc, Vcg = 10 Vdg, fiest = 1.0 MHz)

Output Capacitance Cob — 300 pF
(Ve = 10 Vdc, Ig = 0, f = 0.1 MHz)

Small-Signal Current Gain hte 20 - -
(Ic = 0.5 Adc, VCg = 10 Vdc, f = 1.0 kHz)

*Indicates JEDEC registered data.
(1) Pulse Test: Puise Width < 300 us, Duty Cycle < 2.0%.

FIGURE 2 — SWITCHING TIME TEST CIRCUIT FIGURE 3 — TURN “ON" TIME
! vee 20 .
APPROX | TURN-ON PULSE | Ty=25°C]
I/t = 10
v Vin " SCOPE &Y +—F
in B 0.7 tr@®Vvee=
- r@Veg=10V
Cjg << Ceb 05 . \’//z.@vcc-sov L’
S Svimma—g —
= 03 = -
-40V B4 = —
APPROX 13 = 02
MV t1<15ns = bl 1
100 <t <500 us Lt ) ] 1T
t3<15ns R Bt tg @ VBE (off) = 0
Vin — - —— - DUTY CYCLE ~2.0% 0.07 .
FOR tgand t;, D1 0.05 ——r]
APPROX-9.0V (o1 SEONNECTED = =
-l FOR PNPTEST CIRCUIT, 0,03} | — = —2N4231A thru 242334 (NPN)
TURN-OFF PULSE REVERSE ALLPOLARITIESAND D1 oo | | T~ 2NBS12thru 2NE318 (FNP)
FOR CURVES OF FIGURES 3 AND 6, Rg AND R¢ :
ARE VARIED TO OBTAIN DESIRED CURRENT LEVELS 005 0.07 0.1 02 03 05 07 10 20 30 50
D MUST BE FAST RECOVERY TYPE, eg ¢, COLLECTOR CURRENT (AMPERES)

MBOD5300 USED ABOVE Ig ~ 100 mA
MSD6100 USED BELOW Ig ~ 100 mA
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2N4233A

FIGURE 4 — THERMAL RESPONSE

10 : —" .
. }
5 07 D=05
& 0s
= N
=2 } T L=
R =
;z 0.2 L4 LA
22 02 t —
Ew 0.1 L__.-—-—H; -
w -
23 uE—om 640t = 10 B3¢ Plph
52 0P~ 036 = 2.320C/W MAX
P D CURVES APPLY FOR POWER
[l I PULSE TRAIN SHOWN
22 oL T READ TIME AT 11 t1}=- | DUTY
25 003 N T ) CYCLE,
o0 [ SINGLE PULSE Jpk) = Te = Prpk) uc(t) 2=lp -1/
oo L T DT
0.01 002 003 005 0.1 02 03 05 1.0 20 30 50 10 20 30 50 100 200 300 500 1000
t, TIME (ms)
FIGURE 5 — ACTIVE REGION SAFE OPERATING AREA
10 ~— T
S, N1 1
S N1
v S 1 Y 1]
= 50 = \\ oj'“j— There are two limitations on the power handling ability of a
= TN N1 || transistor; average junction temperature and second breakdown.
= 30 N AN N Safe operating area curves indicate Ic — Vg limits of the
& 20 dc NS ms transistor that must be. observed for reliable operation; ie., the
3 \\ \\ ‘[ II transistor must not be subjected to greater dissipation than the
=2 . "
=} N.1.0 ms curves indicate. .
s 10 T) = 2000C NN The data of Figure 5 is based on T j(pk) = 200°C; T is variable
5 07 :_._gﬁ%%?s;af:ﬁg:#;;"”w e depending on conditions. Second breakdown pulse limits are valid
3 05T T THERMAL LIMITATION @ Tg = 250€ N for duty cycles to 10% provided- T y(pi) < 200°C. Ty(pk) may be
5 3 (SINGLE PULSE) 0 calculatet:l fforp the Qata in Figure 4. At high case temperatures,
S \\ ms thermal limitations will reduce the power than can be handled to
0.2 values less than the limitations imposed by second breakdown.
0.1
50 70 10 20 30 50 70 100
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS)
FIGURE 6 — TURN “OFF"” TIME FIGURE 7 — CAPACITANCE
50 T 300 T T
7 = 250,
30 Ty = 260€ ~{ Ty=2800
Ic/ig=10 200
s
2or 11 =182
~L Cip (ALL TYPES)
~—| =
10 = = | M N
g 07 t V(;c|=30lv ts — ] % 0 NN ;cﬂbr N
g 0504 M.'@Vccflﬂ‘.’ < E 5
- - P
- 03 - a ~
02 il s S e i i S § 70 Y B
0.2 —— ~N y
50 ~
01 e o = = = 2N4231A thru 2N4233A (N
0.07 A e —— IN6312 thru 2NE314 (PNP)
o e s : % LU
0.05 0.07 0.1 02 03 05 07 10 20 30 5.0 01 02 05 1.0 20 5.0 10 20 50 100

Ic, COLLECTOR CURRENT (AMPERES)

3-66

VR, REVERSE VOLTAGE (VOLTS)



2N4233A

FIGURE 8 — DC CURRENT GAIN

300
200
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FIGURE 9 — COLLECTOR SATURATION REGION
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FIGURE 10 — “ON"” VOLTAGES
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MOTOR

OLA
 SEMICONDUCTOR IS
TECHNICAL DATA

2N4398,
2N4399 2N5745

PNP SILICON HIGH-POWER TRANSISTORS
o S . 20, 30 AMPERE
. . designed for use in power amplifier and switching circuits ’ POWER TRANSISTORS
PNP SILICON
® Low Collector-Emitter Saturation Vol(age - 40-60-180 VOLTS
Ic = 15 Adc, VCE(sat) = 1.0 Vdc (Max) 2N4398,99 200 WATTS
= 1.5 Vdc (Max) 2N5745
® DC Current Gain Specified — 1.0 to 30 Adc
® Complements to NPN 2N5301, 2N5302, 2N5303
*MAXIMUM RATINGS
Rating Symbol | 2N4398] 2N4399 [2N5745 Unit
Collector-Emitter Voltage VcEQ 40 60 80 Vdc
Collector-Base Voltage Vce 40 60 80 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current — Continuous Ic 30 30 20  Adc A
Peak 50. 50 50 — B— rc
Base Current — Continuous i 7.5 Adc 4
Peak 15 ) -0
Total Device Dissipation @ Tp =26°C*| * Pp - 5.0 Watts Ie / D Km
Derate above 25°C 28.6 — mw/oc | - SEATING ]
Total Device Dissipation @ T¢ = 25°C Pp 200 Watts FLANE F
Derate above 25°C 1.15 w/oc ) v
Operating and Storage Junction T4, Tstg [=—-65 to +200 ——= °c :
Temperature Range a
} 3
THERMAL CHARACTERISTICS |
TN ) v/
Characteristic Symbol Max Unit [ G
Thermal Resistance, Junction to Case 0, 0.875 oc/w :
: TYLE 3:
Thermal Resistance, Junction to Ambient 8JA 35 OC/V.V STZI';‘EII_ BASE s PI';I 13 ANODE
*Indicates JEDEC Registered Data Lo 2. EMITTER 2. CATHODE
P . . T . CASE: COLLECTOR
Motorola guarantees this data in addition to JEDEC Registered Data. NOTES:
1. DiAMETERS Q, V AND SURFACE T ARE DATUMS.
2. POSITIONAL TOLERANCE FOR HOLE Q:
FIGURE 1 — POWER-TEMPERATURE DERATING CURVE
v 0.25 (0,010 @[TV @]
Ta Tc 3. POSITIONAL TOLERANCE FOR LEADS:
10 200 0[030 002 @[T Vel ®]
90 180 AN 4. DIMENSIONING AND TOLERANCING PER ANS!
2o 160 N Y14.5,1973.
S N : MILLIMETERS | _INCHES
2170 140 \ ~ |omM[ MIN ] MAX_| MIN | MAX
2 60 120 g S . A - 39.37 - .550
5 TN 8| — 12108 | - 10830
% 50 100 C| 635]| 7.62 |0.250 0
2 I N o [ 0%8] 109 (0038 [ 0.043 |
2 40 80 ~ E - 1 343 - .135
& TA \ 30.15 BSC 187 BSC.
£ 30 60 - 1092 BSC 30 BSC
%20 40 \\\ 546 BSC 15 BSC
a \ 16.89BSC__ | 0.665BSC
10 20 IN 71.18] 12.19 | 0.440] 0.480 |
1 384] 409 | 0.151] 0.161
0 0 - 26.67 - .050
0 2% 50 75 00 125 150 175 200 384|400 [0.151] 0.161
T, TEMPERATURE (0C) CASE 11-01

Safe Area Curves are indicated by Figure 13. All TO-204AA
limits are applicable and must be observed. -
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2N4398, 2N4399, 2N5745

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

Characteristic [ symbol | Min | max | unit |
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vdc
(Ic = 200 mAdc, Ig = 0) 2N4398 40 —
2N4399 60 —
2N5745 80 -
Collector Cutoff Current IcEO mAdc
(VCE = 40 Vdc, Ig = 0) 2N4398 — 5.0
(VCE = 60 Vdc, Ig = 0) 2N4399 — 5.0
(VCE = 80 Vdc, I = 0) 2N5745 — 5.0
Collector Cutoff Current ICEX mAdc
{VCE = 40 Vdc, VBE(off) = 1.6 Vdc) 2N4398 —_ 5.0
(VCE = 60 Vdc, Vgg(off) = 1.5 Vdc) 2N4399 — 5.0
(VCE = 80 Vdc, VBE(off) .5 Vdc) 2N5745 — 5.0
(VCE = 30 Vdc, VBE(off) = 1.5 Vdc, 2N4398, 2N4399 — 10
Te = 150°C)
(VCE = 80 Vdc, VBg(off) = 1.5 Vdc, 2N5745 — 10
Tc = 150°C)
Collector Cutoff Current IcBO mAdc
(VcB = 40 Vdc, Ig = 0) 2N4398 — 1.0
(Veg = 60 Vdc, Ig = 0) 2N4399 — 10
(Ve = 80 Vdc, Ig = 0) 2N5745 — 1.0
Emitter Cutoff Current lEBO — 5.0 mAdc
(VEB = 5.0 Vdc, Ic = 0)
‘ON CHARACTERISTICS
DC Current Gain (1) hrg —
{ic = 1.0 Adc, Vg All Types 40 —
(Ic = 10 Ade, VCg 2N5745 15 60
(Ic = 15 Adc, VCg = 2.0 Vdc) 2N4398, 2N4399 15 60
(Ic = 20 Adc, VGg = 2.0 Vde) 2N5745 5.0 —
(Iic = 30 Adc, Vg = 4.0 Vdc) 2N4398, 2N4399 5.0 -
Collector-Emitter Saturation Voltage (1) VCE(sat) Vdc
(Ic = 10 Adc, Ig = 1.0 Adc) 2N4398, 2N4399 — | o078
2N5745 — 1.0
(lc = 15 Adc, Ig = 1.5 Adc) 2N4398, 2N4339 — 1.0
2N5745 —_ 15
(Ic = 20 Adc, Ig = 2.0 Adc) 2N4398, 2N4399 — 20
(Ic = 20 Adc, Ig = 4.0 Adc) 2N5745 — 20
(Ic = 30 Adc, Ig = 6.0 Adc) 2N4398, 2N4399 —_ 4.0
Base Emitter Saturation Voltage (1) VBE(sat) Vdc
(Ic = 10 Adc, Ig = 1.0 Adc)** 2N4398, 2N4399 — 16
. 2N5745 — 17
(Ic = 15 Adc, Ig = 1.5 Adc) 2N4398, 2N4399 - 1.85
2N5745 - 2.0
(Ic = 20 Adc, Ig = 2.0 Adc)** 2N4398, 2N4399 - 25
(Ic = 20 Adc, Ig = 4.0 Adc) 2N5745 — 25
Base-Emitter On Voltage (1) VBE(on) Vde
. (Ic = 10 Adc, Vcg = 2.0 Vde) 2N5745 — 15
(ic = 15 Adc, VGE = 2.0 Vdc) 2N4398, 2N4399 - 1.7
(I = 20 Adc, VGE = 4.0 Vdc) 2N5745 — 25
(Ic = 30 Adc, VGE = 4.0 Vdc) 2N4398, 2N4399 — 30
DYNAMIC CHARACTERISTICS
Current-Gain Bandwidth Product (2) fT MHz
(Ic = 1.0 Adc, Vcg = 10 Vdc, 2N4398, 2N4399 40 -
f =1.0MHz2) 2N5745 2.0 —
Small-Signal Current Gain hfe 40 — —
(ic = 1.0 Adc, Vg = 10 Vdc, f = 1.0 kHz)
SWITCHING CHARACTERISTICS
Rise Time 2N4398, 2N4339 tr - 0.4 us
2N5745 — 1.0
Storage Time | (VCC = 30 Vde, 2N4398, 2N4399 t — 15 | ms
lc = 10 Ade, 2N5745 — | 20
181 = Ig2 = 1.0 Adc) a
Fall Time 2N4398, 2N4399 i - 0.6 us
2N5745 —_ 1.0

*Indicates JEDEC Registered Data.
**Motorola Guarantees this Data in Addition to JEDEC Registered Data.
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
(2) f is defined as the frequency at which |hfe| extrapolates to unity.

SWITCHING TIME EQUIVALENT TEST CIRCUITS
FIGURE 2 — TURN-ON TIME FIGURE 3 — TURN-OFF TIME

Vee

TOSCOPE ¢ T0 SCOPE
| t =20ns ; t. = 20ns
|
l I

= ~11.0V —~110V !
t =e| |
20ns - = =
— t=— 1010 100 pis = — |~ 1010 100 s L
DUTY CYCLE ~ 2.0% DUTY CYCLE ~ 20%
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2N4398, 2N4399, 2N5745

TYPICAL “ON"” REGION CHARACTERISTICS

FIGURE 4 — DC CURRENT GAIN

30 T T 1 i
z, L 11 1] 11
820 I=F T, = 175% == T T
e - R ~
*E( - = | — % =1 F—— ~] ~ =~ VeE=10Vde —
-1 | 4 =T T T T | 1T - ~ —— VCE=22.0Vde
é 1o /;’-—’ = I25 C \R‘- \ No I
= Ed 1 ~
g E B - - T RS
s - = —55°C B i
Z 05 S S e >
g - T - L T~ 17Y *
=] 1 Y RS
S 03 | ™ ROY
g o ~ TN
o
202 S O
\\§ N
01 N
003 005 007 01 02 03 05 07 . 10 20 30 50 70 10 0 0
Ic. COLLECTOR CURRENT (AMP)
FIGURE 5 — COLLECTOR SATURATION REGION
20 ‘
& T,=125%
S 16 -
g Ic=20A 50A 10A 204
=1
5 N
g 12
= ~~
=
: \
S 08
g \
\ SES
804 Y
0
001 002 003 005 007 01 02 03 05 07 10 200 30 50 70 10
15, BASE CURRENT (AMP)
FIGURE 6 — “ON" VOLTAGES FIGURE 7 — TEMPERATURE COEFFICIENTS
T 2 |
. o / ' . PPLIES(FOR
T,=25°C :
16 4 15 Ic/lg < hee/2
g I
14 z 10 ¥
2 12 2 05 el
2 L g Bve for Veg(sat)
S M 2 ..--—(—“" il /
= 10 Eabs E oo
2 Vig(t) @Ic/ls =10 | | LT 111 8 (
s 08 = & -05
V|
06 b g-10
F‘ Vee@Vee =20V ~// % Lt
0. E_
) IBRGILL p aforvee | LI
e = | et
0.2 Vee(sat) @lc/lp = 10 T —-20 H T I l I
0 + ~25
003005 01 0203 05 10 2030 50 10 20 30 003005 01 0203 05 10 2030 50 10 2030

Ic, COLLECTOR CURRENT (AMP)
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2N4398, 2N4399, 2N5745

RATINGS AND THERMAL DATA

FIGURE 8 — ACTIVE REGION SAFE OPERATING AREA

100
50 ~ 1.0 ms E
—_ /'
s Y > 5.0 ms T
201" d 11 There are two limitations on the power handling ability of a
= | oNs745 ~ tr ion temp ire and second breakdown.
é 10 E7N4398, m_4;9=99‘ éIE Safe operatmg area curves indicate Ic—VcE limits of the transistor
g 50 . — dc s that must be observed for reliable operation; i.e., the transistor must
‘;’ _+ Ty =2000C ‘\ not be subj Fo greatt?r dissipation than the curves inc!icate_.
© 20 |———— Secondary Breakdown Limited t The data of Figure 8 is based on TJ(pk) =200°C; Tcisvariable
2 [— — - — Bonding Wire Limited d ding on conditions. Second breakdown pulse limits are valid
= 1.0 EE— =~ Thermal Limitations Tg=259C for duty cycles to 10% provided TJ( k) < 200°C. TJ(pk) may be
3 05 = Pulse Duty Cycle < 10% T X iculated from the data in Figure 9 At high case temperatures,
he 2‘N43‘§B b thermal limitations will reduce the power that can be handled to
values less than the limitations imposed by second breakdown.
0.2 2N4395
01 2N5745
1.0 20 30 5.0 10 20 30 50 100
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS)
FIGURE 9 — THERMAL RESPONSE
g
= (l)g == = o
a D-- 05
= 05 i
ES 1 ——
£ 03 0 = = STEADY STATE VALUES 1
] . -
= 02 I — gus — il = 0815°C/W  LH
g 0.1 H
= T I
g 01 0.0 - ficit) = rit) Bucleol HH
w 007 n8
£ T T
2 0.05 0.01 J[ s
fres -
= 003 — : a 0 (SINGLE PULSE)
2
S 002 pet ]
<
=
ERI
E 001 002 0.05 01 0.2 0.5 1.0 20 50 10 20 50 100 200 500 1000

t. TIME OR PULSE WIDTH (ms)

DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA

tp

A train of periodical power pulses can be represented by the
model as shown in Figure A. Using the model and the device
thermal reponse, the normalized effective transient thermal
resistance of Figure 9 was calculated for various duty cycles.

Pe Pe

To find 64c(t), multiply the value obtained from Figure 9 by the
steady state value fic( ).

Example:
The 2N4398 is dissipating 100 watts under the following
conditions: t; = 1.0 ms, tp = 5.0 ms. (D = 0.2)

|
!

Using Figure 9, at a pulse width of 1.0msand D=0.2, the reading
of r (t) is 0.28.

h
DUTYCYCLE Dty f-
! to The peak rise in junction temperature is therefore

PEAK PULSE POWER - Pp A T=rt) X Pp X 6yc{>)=0.28 X 100 X 0.875 = 24.5°C
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MOTOR

OLA
m SEMICONDUCTOR I

TECHNICAL DATA

2N4898
thru
2N4900

MEDIUM-POWER PNP SILICON TRANSISTORS

.. . designed for driver circuits, switching, and amplifier applications.
These high-performance devices feature:

Low Saturation Voltage — VCE(sat) = 0.6 V max @ Ic = 1.0 Amp
Excellent Safe Operating Area

Gain Specified to Ic = 1.0 Ampere

2N4900 Complemeniary to NPN 2N4912

MAXIMUM RATINGS

Rating Symbol | 2N4898 | 2N4899 | 2N4900 | Unit
Collector-Emitter Voltage VceEo 40 60 80 Vdc
Collector-Base Voltage ves 40 60 80 Vdc
Emitter-Base Voltage Ve 50— | Vdc
Collector Current — Continuous* Ic* ——— 10— | Adc

40—

Base Current g 10— | Adc
Total Device Dissipation T¢ = 25°C Pp ¢——— 256 ———» | Watts

Derate above 250C ) «—0.143——» | W/°C
Operating & Storage Junction T4, Tstg | <€&—— 6510 +200 —» o¢
Temperature Range S
THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Reistance, Junction to Case 84c 7.0 oc/w

*The 1.0 Amp maximum I value is based upon JEDEC current gain requirements.

The 4.0 Amp maximum value is based upon actual current-handling capability of the device

3 (see Figure 5).

FlGUh_E 1 — POWER-TEMPERATURE DERATING CURVE

25 \

20

@

S

& . \

(=] \

o= 10 \

2 NG

a \
S .

0 20 40 60 80 100 120 140 160 180 200
Tc. CASE TEMPERATURE (°C)

Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed.

4 AMPERE

GENERAL PURPOSE
POWER TRANSISTORS

40-80 VOLTS
25 WATTS

-— U ——

P ~—B —— c
f r C — —
E o K
SEATING PLANE I |
STYLE 1:
PIN 1. BASE
2. EMITTER

CASE: COLLECTOR

F

— —

MILLIMETERS INCHES

DIM| MIN | MAX | MIN [ MAX
11.94 11270 | 0.470 }0.500
.36 | 8.64 |0.250 [0.340
71 .86 | .028 10.034

| E ] 127 | 191 [0.050 [0.075
24.33 [24.43 [0.958 [0.962
.83 [ 533 [0.190 |0.210
4 .67_]0.095 [0.105
1448 {1499 0570 |0.590
9.14 - .360 | -
P | - 2 - 10050
) | 361 .86 [0.142 [0.152
- .89 - 10.350
- .68 —-__[0.145
- 15.75 ~  [0.620
All JEDEC Dimensions and and Notes Apply.
CASE 80-02
TO-213AA
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2N4898 thru 2N4900

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

Characteristic Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage* VCEO(sus)® Vde
(IC =0.1 Adc, IB =0) 2N4898 40 -
2N4899 60 -
2N4900 80 -
Collector Cutoff Current . ICEO mAdc
(VCE =20 Vdc, IB =0) 2N4898 - 0.5
(Vg =30 Vde, I, =0) 2N4899 - 0.5
(VCE =40 Vdc, IB =0) 2N4900 - 0.5
Collector Cutoff Current ' ICEX mAdc
(VCE = Rated VCEO’ vBE(off) =1.5 Vdc) - 0.1
(VCE = Rated VCEO’ vBE(Off) =1.5 Vdc, TC =150°C) - 1.0
Collector Cutoff Current 1CB0 mAdc
(Vg =Rated Vo, I =0) : - 0.1
Emitter Cutoff Current IEBO mAdc
(VBE =5.0 Vde, IC =0) - 1.0
ON CHARACTERISTICS
DC Current Gain* hFE* -
(IC =50 mAdc, VCE =1.0 Vdc) 40 -
(Ig = 500 mAdc, V., =1.0 Vdc) - 20 100
(I, =1.0Ade, Vg =1.0 Vde) 10 -
Collector-Emitter Saturation Voltage* VCE (sat)* Vdc
(IC=1.0Adc, 1. =0.1Adc) - 0.6
B .
Base-Emitter Saturation Voltage* A% * Vde
(I.=1.0Ade, I_ = 0.1 Adc) BE(sat) - 1.3
C B .
Base-Emitter On Voltage* A4 * Vde
_ = BE(on) -
(IC =1.0 Adc, Ver =1.0 Vde) ‘ 1.3
SMALL SIGNAL CHARACTERISTICS
Current-Gain~Bandwidth Product fT MHz
(I~ - 250 mAdc, V. =10 Vdc, f = 1.0 MHz) 3.0 -
C CE
Output Capacitance Cob pF
(VCB =10 Vdc, IE =0, f = 100 kHz) - 100
Small-Signal Current Gain h!'e ) } ) -
(I = 250 mAde, Vo =10 Vde, f = 1.0 kHz) 25 -
* Pulse Test: PW =300 us, Duty Cycle ~ 2.0%
FIGURE 2 — SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 — TURN-ON TIME
50 FHH e/l = 10, UNLESS NOTED
TURN-ON PULSE N T crpT
Vee 3.0 i~ o =30V T, = +25°C
20 K —\}-|C/|B=20 ——— T, == +150°C
NN TR ~_|_ L
Vin M0y = 30 VR — 5
20 = S w0y
Cja<<Ceb £ 05 IL S - } L
APPROX 9.0 V : = C =60V, Vegr H
—- 4 — 03}, \Vcc 5‘0 B (off) = 2.0V o
1 0.2 BN I
j 40V N
. | 4B ~
i | t;<15ns 01 ;vcc=3ov\‘ ™
100 < t, < 500 pus 0.07 £ Veetor) =0 ~
APPROX ! =15ms 00s —
-1 =ty e DUTY CYOLE=20% 10 20 30 50 70 100 200 300 500 700 1000
TURN-OFF PULSE Ic, COLLECTOR CURRENT (mA)
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2N4898 thru 2N4900

FIGURE 4 — THERMAL RESPONSE

g j aasl == +
£ 05 D=05 as Gact) — 1t e
2 + — : fsc = 7.0°C/W Max
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2 L LT
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t, TIME (ms)
FIGURE 5 — ACTIVE-REGION SAFE OPERATING AREA
10 X S i e
7.0 NG 100 .5 4 The safe operating area curves indicate Ic—Vce
N N 11 limits of the transistor which must be observed for
5.0
%‘ Y AN 1.0m reliable operation. Collector load lines for specific
= 30 < \"k circuits must fall below the limits indicated by the
= 5.0 M applicable curve.
g 20 N N The data of Figure 5 is based upon Ty,k) =
3 de \ \ 200°C; T¢ is variable depending upon conditions.
= 10 AN N Pulse curves are valid for duty cycles to 10% pro-
S - \ vided Ty(p) < 200°C. Tyjp may be calculated
=1 0.7 == 1, =200°C & C from the data in Figure 4 At high case tempera-
S 05 [===F= SECONDARY BREAKDOWN LIMITATION AN tures, thermal limitations will reduce the power
© = =¥ THERMAL LMITATION | [ T N which can be handled to values less than the limita-
03 (BASE-EMITTER DISSIPATION IS I.IMI'[ FOR: tions imposed by secondary breakdown.
0.2 f—+ SIGNIFICANT ABOVE I = 2. /}MP)— §;489 N
PULSE DUTY CYCLE =< 10% e
o1 Ll i Ll] | w00
10 20 30 50 70 10 20 3077 50 70 100
Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS)
FIGURE 6 — STORAGE TIME ' FIGURE 7 — FALL TIME
i == lofly= 20— T, = 125 R - I
10 MR ST / === T, = +150°C 30 Dl le/lg=20 —Ty=+25°C
: TS [ < A === Ty=+150°C
o = I 20 X Vee =30V
2 Ic/lg=10 \‘,\ T SRS TR Ig1=lm
w10 — 10klc/lB=10 D ol NS
= - ER N ~
= - ~ S
w 07 | w 07 - ~ -
< N = S —
= 05 = 05 ~ 1 =
2 = ~ i
.03 o=t -t £ 03 =
el \ =
0.2 0.2
0.1 - 0.1
0.07 0.07
0.05 0.05
10 20 30 50 70 100 200 300 500 700 1000 10 20 30 50 70 100 200 300 500 700 1000
Ic, COLLECTOR: CURRENT (mA) Ic, COLLECTOR CURRENT (mA)
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MOTOR

OLA
m SEMICONDUCTOR I 2N4912 m
TECHNICAL DATA

NPN SILICON TRANSISTOR 1 AMPERE

NPN SILICON
POWER TRANSISTOR

.. . designed for driver circuits, switching, and amplifier applications.
This high-performance device features:

® | ow Saturation Voltage — VCE(sat) = 0.6 V max @ Ic = 1.0 Amp 80 VOLTS
® Excellent Safe Operating Area 25WATTS
® Gain Specified to I = 1.0 Amp
.

Complement to PNP 2N4900

=4
MAXIMUM RATINGS @

>
Rating Symbol Vaiue Unit
Collector-Emitter Voltage VcEo 80 Vdc
Collector-Base Voltage Ves 80 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current — Continuous* Ic* 1.0 Adc
Base Current — Continuous I 1.0 Adc
Total Device Dissipation T = 25°C Pp 25 Watts
Derate above 25°C 0.143 mW/°C U
Operating & Storage Junction T4 Tstg -65 to +200 oc
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rguc 7.0 oc/w

*The 1.0 Amp maximum |¢ value is based upan JEDEC current gain requirements.

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE STYLET
2 PIN 1. BASE

\ 2 EMITTER
CASE: COLLECTOR

20 MILLIMETERS
MIN_| MAX

Pp. POWER DISSIPATION (WATTS)

N - .68 )
50 \ 575 | = o620
Al JEDEC Dimensions and and Notes Apply.

0
0 20 40 60 80 ) CASE 80-02
100 120 140 160 180 200 >
¢. CASE TEMPERATURE (°C)

Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed.
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2N4912

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

| Characteristic [ Symbol J Min L Max [ Unit j
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (1) VCEO(sus) 80 - Vde
{Ic =0.1 Adc, Ig = 0)
Collector Cutoff Current ICEQ - 0.5 mAdc
(VCE =40 Vdc, Ig =0)
Collector Cutoff Current ICEX mAdc
(VcEe = Rated VCEQ, VEB(off) = 1.5 Vdc) - 0.1
(VCE = Rated VCEQ. VEB (off) = 1.5 Vde, Tg = 150°C) - 1.0
Collector Cutoff Current Iceo - 0.1 mAdc
(Vcp = Rated Vg, Ig =0)
Emitter Cutoff Current |EBO - 1.0 mAdc
(Vgg =56.0 Vdc, Ic =0)
ON CHARACTERISTICS (1)
DC Current Gain hgg -
{ic = 50 mAdc, Vg = 1.0 Vdc) 40 -
(Ic = 500 mAdc, V¢g = 1.0 Vdc) 20 100
{ic = 1.0 Adc, Vg = 1.0 Vdc) 10 -
Collector-Emitter Saturation Voltage VCE(sat) - 0.6 Vdc
(Ic = 1.0 Adc, Ig = 0.1 Adc)
Base-Emitter Saturation Voltage VBE(sat) - 1.3 Vdc
(I = 1.0 Adc, Ig = 0.1 Adc)
Base-Emitter On Voltage VBE(on) - 1.3 Vdc
(Ic = 1.0 Adc, Vg - 1.0 Vdce)
SMALL SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr 30 - MHz
(Ig = 250 mAdc, Vg = 10 Vde, f = 1.0 MHz)
Output Capacitance Cob — 100 pF
(Ve = 10 Vde, Ig =0, f = 100 kHz)
Small-Signal Current Gain hfe 25 -
(Ic = 250 mAdec, Vcg = 10 Vdc, f = 1.0 kHz)
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
FIGURE 2 — SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 — TURN-ON TIME
50 1] R S O
APPROX | TURN-ON PULSE Vee 30 Vec =30V o T 10
+11V S 7 ey =20 “lc/tg = 10, UNLESS NOTED [
h [ oo
— V. 20 N Ve =60V —l T,:+258 -
Vi R L~ —— e Ty = 150°C
P NGy T8 o
ja = < Cep . p i
Vee(off) = | o AT ! e
h —40V £ 5kVec=30V . Iy
APPROX ts t1=<15ns - = -
+11V 100 < t; = 500 s 03l zcc =sov |7 — o
ty < 15 s 0 BE[off) = 2.
’ 1
T DUTY CYCLE = 20% al, h
e B Vee =30V PSS
, APPROX 9.0 V 0.07 F Vg (o) = 0 N
= b 0.05 [
TURN-OFF PULSE 10 20 30 50 70 100 200 300 500 700 1000
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2N4912

Ic, COLLECTOR CURRENT (AMP)

t,', STORAGE TIME (us)

FIGURE 4 — THERMAL RESPONSE
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FIGURE 5 — ACTIVE-REGION SAFE OPERATING AREA
10 = SFFR
70 100 us 34 There are two limitations on the power han-
5.0 NG NG 3 dling ability of a transistor: junction temperature
\l_}ﬂ ms and secondary breakdown. Safe operating area
3.0 N( curves indicate lc — Vce limits of the transistor that
20 5.0msC must be observed for reliable operation; i.e., the
. N transistor must not be subjected to greater dissi-
pation than the curves indicate.
1.0 ” .y The data of Figure 5 is based on T () =
0.7 T, = 200° c ~\ 200°C; T¢ is variable depending on conditions.
. 1 =1200°C Pulse curves are valid for duty cycles of 10% pro-
0.5 SECONDARY BREAKDOWN LIMITATION N vided Ty(p =< 200°C. Ty(u) may be calculated
0.3 L= THERMAL LIMITATION [T N from the data in Figure 4. At high case tempera-
: (BASE-EMITTER DISSIPATION IS tures, thermal limitations will reduce the power
0.2 SIGNIFICANT ABOVE Ic = 2.0 AMP) N \ that can be handled to values less than the
PULSE DUTY CYCLE < 10% H N imitations imposed by dary breakdown.
0.1 o g Ll
10 20 30 50 70 10 20 30 50 70 100
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS)
FIGURE 6 — STORAGE TIME FIGURE 7 — FALL TIME
5.0 - T 11 5.0 I . .
Y i [ 2 ]
= e =20- Ic/lg =20
20 L] ~ — ==Y \{J Ic/lg=20 20 &
X S ~< — = Rl T4 i
10 Ie/lg =20 N gt N~ 3 1.0 B [~ =
07 NS g 07— LT =
05 - ] [ lc/lg=10 ]
Py =
03 S 03 —
0.2 0.2
| — T,=+25°C L= T,=+25°C
- - Ty=+150°C - == Ty=+150°C
0.1 lgy =, 0.1 Vec =30V
0.07 ti=t-%y 007 181= 12
0.05 D . | 0.05 T T
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Ic, COLLECTOR CURRENT (mA)

Ic, COLLECTOR CURRENT (mA)
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MOTOROLA
m SEMICONDUCTOR I
TECHNICAL DATA

2N4918
thru
2N4920

MEDIUM-POWER PLASTIC PNP SILICON TRANSISTORS

¢ ... designed for driver circuits, switching, and amplifier applications.
These high-performance plastic devices feature:

® Low Saturation Voltage — VCE(sat) = 0.6 Vdc (Max) @ Ic = 1.0
Amp

® Excellent Power Dissipation Due to Thermopad Construction —
Pp = 30|@ T¢ = 25°C

® Excellent Safe Operating Area

® Gain Specified to Ic = 1.0 Amp

® Complement to NPN 2N4921, 2N4922, 2N4923

*MAXIMUM RATINGS

Ratings Symbol | 2N4918 | 2NA4919 | 2N4920 | unit
Collector-Emitter Voltage VCEO 40 60 80 Vdc
Collector-Base Voltage . \Zol:] 40 60 80 Vde
Emitter-Base Voltage Veg |- 5.0 Vde
Collector Current — Continuous (1) Ic* 1.0 Adc
) 3.0
Base Current 'g 1.0 Adc
Total Power Dissipation @ Tc=25°C| Pp 30 Watts
Derate above 25°C 0.24 w/°c
Operating & Storage Junction Ty Tstg| =—— -65t0+150 —= °c
Temperature Range
THERMAL CHARACTERISTICS (2)
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 83¢ 4.16 oc/w

*indicates JEDEC Registered Data for 2N4918 Series

(1) The 1.0 Amp maximum Ic value is based upon JEDEC current gain requirements.
The 3.0 Amp maximum value is based upon actual current-handling capability of the
device (See Figure 5).

(2) Recommend use of thermal compound for lowest.thermal resistance.

FIGURE 1 — POWER DERATING
40
@
E
R
z NG
Q s
z
g 5 ~
a
3
«
H
& 1 S~
g I~
<
0
2 50 75 100 125 150
T¢, CASE TEMPERATURE (°C)

' 3 AMPERE
GENERAL-PURPOSE
POWER TRANSISTORS

40-80 VOLTS
30 WATTS

= B |= oF "
- u f 4
L |
HaH I A
i
i -
~~l v H g ’
s D
o R il
B35 :
] j_[ o EMITTER
2. COLLECTOR
3 BASE
NOTES:

1. LEADS, TRUE POSITIONED WITHIN 0.25mm (0.010)
DIA TO DIM A & B AT MAXIMUM MATERIAL

CONDITION.
MILLIMETERS
OIM | MIN | MAX | MIN
10.80 11.04 | 0425
.50 b 0.295 ).
. .05 | ¢
5 .020
115
2 246 | 0091 |
1. £ 0.050
0. . 0015
14.¢ 16.¢ 0575
TYP. 3
3. X 148
1045 |
B4 .025
. 145
X - 040
CASE 77-05
TO-225AA




2N4918 thru 2N4920

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

[ Characteristic | [ symbot [ Min | Max | umt |
OFF CHARACTERISTICS
Coll -Emitter Sustaining Voltage (1) VCEO(sus) Vdc
(Ic=0.1 Adc, Ig = 0) 2N4918 40 —
2N4919 60 -
2N4920 80 —
Collector Cutoff Current ICEO mAdc
(¥cE =20 Vdc, Ig = 0) 2N4918 - 05
(Vce =30 Vdc, 1g = 0) 2N4919 - 05
(Vcg =40 Vdc, Ig = 0) 2N4920 - 0.5
Collector Cutoff Current ICEX mAdc
(VcE = Rated VCEQ, VBE(off) = 1.5 Vdc) - 0.1
(Vg = Rated VCEQ. VBE(off) = 1.5 Vdc, T = 125°C), - 05
Collector Cutoff Current Icso mAdc
(Vcg = Rated Vg, Ig = 0) - 0.1
Emitter Cutoff Current IEBO - 1.0 mAdc

(VBg =5.0 Vdc, Ic = 0)
ON CHARACTERISTICS
DC Current Gain (1) hege -
(I =50 mAdc, Vcg = 1.0 Vdc) 40 -
(Ic = 500 mAdc, VcE = 1.0 Vdc) 30 150
{1¢ = 1.0 Ade, Vg = 1.0 Vdc) 10 -
Collector-Emitter Saturation Voltage (1) VCE(sat) Vdc
(Ic=1.0 Adc, Ig = 0.1 Adc) - 06

Base-Emitter Saturation Voltage (1) ' VBE(sat) Vdc
{Ic =1.0 Adc, Ig = 0.1 Adc) - 1.3
Base-Emitter On Voltage (1) VBE(on) Vdc
(Ic = 1.0 Adc, Vcg = 1.0 Vdc) - 1.3

SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr MHz

(Ic =260 mAdc, Vcg = 10 Vdc, f = 1.0 MHz) 3.0 -
Output Capacitance Cob pF

(Ve =10 Vdc, Ig = 0, f= 100kHz) - 100
Smali-Signal Current Gain hfe -
(Ic = 260 mAdc, Vcg = 10 Vdc, f=1.0kHz) 25 -

*indi JEDEC Regi ed Data
(1) Pulse Test: PW =~ 300 us, Duty Cycle ®2.0%

FIGURE 2 — SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 — TURN-ON TIME

50 T ERE NOTED
I¢/ig = 10, UNLESS NOTED
TURN-ON PULSE N RIRRRA cle T O o
vee 30 — Vee =30V Ty =250C
20k T o= == s e
1
SIURE 1
Vin 10Evec=30V s
' 7 07 s N
Kl I Lt veo =60V T
Cjd << Cep g 05 1 = - 1
APPROX 9.0 V = vVee=60V y =20V — -
S = 03 g i BE(off) =
! i 0V 02
Vip = — = =I-/- - 7 ~
R AT S 0.1} vee=30V
| 100 < t2< 500 pus B and RC I VBE(off) =0
appROX \! | t3< 15ns varied to 007 | TBEf) — —~
obtain desired 0.05 L1
v T tyle—  DUTYCYCLE=20%  gyrrant lovels 10 20 30 50 70 100 200 300 500 7001000
TURN-OFF PULSE i 1. COLLECTOR CURRENT (mA)
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2N4918 thru 2N4920

'FIGURE 4 — THERMAL RESPONSE
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FIGURE 5 — ACTIVE-REGION SAFE OPERATING AREA
" Se==i====i=
< T
& 50 ™ < S 1.0ms " 100 ps— There are two limitations on the power handling ability of
f < < a transistor: average junction temperature and second break-
= 5.0 ms~ J down. Safe operating area curves. indicate Ic - VCg operation
il 20 —T)=1500C h ~ Al i.e., the transistor must not be subjected to greater dlSSlpatuon
E l ‘ dc\\ \ than the curves indicate. .
o R y
« 1.0 SECOND BREAKDOWN = A8 The data of Figure 6 is based on Tj(pk) = 150°C;
5 LIMITED N\ Tc is variable depending on conditions. Second breakdown
g 05} =— = == = —— BONDING WIRE LIMITED AN pulse limits are valid for duty cycles to 10% provided
2 -———— —I-TAHE|3MALILY LIMITED @ T¢ = 250C TJ(pk) < 150°C. At high case temperatures, thermal limita-
S PULSE (’:URVETS AP’PL\; B 'L‘Dv tions will reduce the power that can be handled to values less
- 0.2[— RATED VceQ H \ than the limitations imposed by second breakdown.
0.1 ] '
1.0 20 30 50 70 10 20 30 50 70 100 N
Vcg, COLLECTOR-EMITTER VOLTAGE (VOLTS)
FIGURE 6 — STORAGE TIME FIGURE 7 — FALL TIME
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30 X LS A - Ty=1500C 30 Ic/ig =20 —— Ty=250C
8 g: g = IB1=1g2 N A- == = Tj=1500C
- 20 RS I 20 N % vee=30V
) Ig/ig =10 5 o < 181=18
w \~§ = IS ™
= 10 9 10k 'C/1B =10 I
= S e 2 r—
g 07 H g o7
= 05 T 05 — ===l
(= . N P [ e ae =
5 03 ls": ts— 1/8 tf = 03
SR \ £
02 0.2
0.1 0.1
0.07 0.07
0.05 -~ 0.05
10 20 30 50 70 100 200 300 500 7001000 10 30 100 200 300
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RBE, EXTERNAL BASE-EMITTER

2N4918 thru 2N4920

TYPICAL DC CHARACTERISTICS

FIGURE 8 — CURRENT GAIN FIGURE 9 — COLLECTOR SATURATION REGION
1000 A z 10
700 pmaniiiee s B L] |
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2 30 2 Ty=250C 0.25A 10A
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FIGURE 10 — EFFECTS OF BASE-EMITTER RESISTANCE FIGURE 11 — “ON" VOLTAGE
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FIGURE 12 — COLLECTOR CUTOFF REGION FIGURE 13 — TEMPERATURE COEFFICIENTS
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MOTOR

m SEMICONDUCTOR —
TECHNICAL DATA

2N4921
thru
2N4923

MEDIUM-POWER PLASTIC NPN SILICON
TRANSISTORS |

. designed for driver circuits, switching, and émplifiér applications.
These high-performance plastic devices feature:

® Low Saturation Voltage —VCE(sat)= 0.6 Vdc {Max) @ Ic = 1.0 Amp
® Excellent Power Dissipation Due to Thermopad
Construction — Pp = 30 W @ T = 25°C
® Excellent Safe Operating Area
Gain Specified to Ic= 1.0 Amp
Complement to PNP 2N4918, 2N4919, 2N4920

*MAXIMUM RATINGS

3 AMPERE
GENERAL-PURPOSE
POWER TRANSISTORS

‘40-80 VOLTS
30 WATTS

(1) The 1.0-Amp maximum I value is based upon JEDEC current gain requirements.
The 3.0 Amp maximum value is based upon actual current-handling capability of the device
(see Figures 5 and 6).
(2) Recommend use of thermal compound for iowest thermal resistance.
*Indicates JEDEC Registered Data.

FIGUFRE 1 - POWER DERATING

40
Z)
=
g 30
z N
=
£ " . \
a ~
o
o«
w
=
g 10
S
a . - A

0 : ' \
25 50 75 100 125 150
Tc, CASE TEMPERATURE (°C)
Safe Area Curves are indicated by Figure 5 All limits are applicable and must be observed

Rating X Symbol | 2N4921 | 2N4922 | 2N4923 Unit
Collector-Emattér Voltage Vceo 40 60 80 >Vdc
Collector-Base Voltage ves 40 60 80 Vdc
Emitter-Base Voltage VER - 50 ——— Vdc
Collector Current - Continuous (1) Ic -— 10— Adc
30 ——
Base Current - Continuous g -— 10 Adc
Total Power Dissipation @ T¢ = 25°C Pp 30 Watts
Derate above 25°C 0.24 w/oc
Operating & Storage Junction T1 Tstg] <—— -651t0 +150 ——= oc A
Temperature Range *
THERMAL CHARACTERISTICS (2) T
Characteristic “Symbol Unit K
Thermal Resistance, Junction to Case 05¢c 4.16 oc/w L
—

S
DR by
|G h-— '}
G STYLE 1:
B e
M) 3 BASE
NOTES:

1. LEADS, TRUE POSITIONED WITHIN 0.25mm (0.010)
DIA TO DIM A & B AT MAXIMUM MATERIAL
CONDITION.

o

1| elelzle

CASE 77-05
TO-225AA
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2N4921 thru 2N4923

*ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

1 Characteristic I Symbol Min Max Unit J
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vdc
(Ic =0.1 Adc, Ig = 0) 2N4921 40 -
. 2N4922 60 -
2N4923 80 —
Collector Cutoff Current ICEO mAdc
(VCE =20 Vdc, Ig = 0) 2N4921 - 0.5
(Vcg =30 Vdc, Ig = 0) 2N4922 - 0.5
(Vcg =40 Vdc, g = 0) 2N4923 - 0.5
Collector Cutoff Current ICEX mAdc
(Vce = Rated VCeQ. VEB(off) = 1.5 Vdc) - 0.1
(Vce = Rated VCgQ. VEB(off) = 1.5 Vdc, T = 125°C) - 0.5
Collector Cutoff Current IcBO mAdc
(Vcp = Rated Vg, Ig = 0) - 0.1
Emitter Cutoff Current IEBO mAdc
(VEg = 5.0 Vdc, Ic = 0) — 1.0
ON CHARACTERISTICS
DC Current Gain (1) hrg -
(Ic =50 mAdc, Vcg = 1.0 Vdc) . 40 -
(Ic = 500 mAdc, Vcg = 1.0 Vdc) 30 150
(Ic =1.0 Adc, Vcg = 1.0 Vdc) 10 -
Collector-Emitter Saturation Voltage (1) VCE (sat) Vdc
(Ic = 1.0 Adc, Ig = 0.1 Adc) - 0.6
Base-Emitter Saturation Voltage (1) VBE (sat) Vdc
(Ic = 1.0 Adc, Ig = 0.1 Adc) — 1.3
Base-Emitter On Voltage (1) VBE (on) Vdc
(Ic =1.0 Adc, Vcg = 1.0 Vdc) - 1.3
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr MHz
(Ic = 250 mAdc, Vg = 10 Vdc, f = 1.0 MHz) 3.0 —
Output Capacitance Cob pF
(Vcg = 10 Vdc, Ig = 0, f = 100 kHz) - 100
Small-Signal Current Gain hte -
(Ic = 250 mAdc, Vg = 10 Vdc, f = 1.0 kHz) 25 -
(1) Pulse Test: PW= 300 us, Duty Cyclex2.0%. -
*Indicates JEDEC Registered Data
FIGURE 2 — SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 — TURN-ON TIME
v S
X cc Vec =30V -1
ApPROX ! TURN-ON PULSE Re 304 =20 Ie/ls = 10, UNLESS NOTED [T
N B — 950,
w ™ 2L TR Ve sy LT S 1
" Rg SCOPE LT < L L1
- 10 \‘ ll/<\ --L 1[‘
Cija<<Cep g =
Vag(ofr) = | 4 g 07— m . i 1]
1 ) — 40V " 2 o5FVec=30V ! ] I
APPROX t ty<15ns - = — 1
+11V 100 < t, = 500 s 03ty — ¥ff N 5£V2 v - '
ty =< 15ns 02 Y L
. ’\ [
I it N
! DUTY CYCLE % 2.0% 01y = sy S
APPROX 9.0 V 0.07 [ Veg(o) = 0 1
— b————  Rp and R varied to 0050 1 1 T
TURN-OFF PULSE obtain desired 10. 0 30 50 70 100 200 300 500 700 1000

current levels
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2N4921 thru 2N4923

FIGURE 4 — THERMAL RESPONSE
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FIGURE 5 — ACTIVE — REGION SAFE OPERATING AREA
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g 50 - Q100 s There are two limitations on the power handling ability of
< R N N a transistor: average junction temperature and second break-
5 Jiomss N \ down. Safe operating area curves indicate I - Vg operation
w = 1‘]““& N i.e., the transistor must not be subjected to greater dissipation
= l ac than the curves indicate.
o N
= SECOND BREAKDOWN N1 I\ The data of Figure 5 is based on Ty(pk) = 150°C;
E LIMITED \ Tc is variable depending on conditions. Second breakdown
- BONDING WIRE LIMITED pulse limits are valid for duty cycles to 10% provided
8 o3 - - = THERMALLY LIMITED @ Tg = 25°C Ty(pk) = 150°C. At high case temperatures, thermal limita-
5] 0- PULSE CURVES APPLY BELOW \\ \ tions will reduce the power that can be handled to values less
0.21— RATED V¢eg N than the limitations imposed by second breakdown.
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FIGURE 6 — STORAGE TIME FIGURE 7 — FALL TIME
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2N4921 thru 2N4923

FIGURE 8 — CURRENT GAIN

FIGURE 9 — COLLECTOR SATURATION REGION
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MOTOROLA
m SEMICONDUCTOR S 2N5038

TECHNICAL DATA 2N5039
. 20 AMPERE
NPN SILICON TRANSISTORS ‘
i i NPN SILICON
.. . fast switching speeds and high current capacity ideally suit these POWER TRANSISTORS
parts for use in switching regulators, inverters, wide-band amplifiers .
and power oscillators in industrial and commercial applications. ) 75 :"4‘:) :'o A.}/%LTS

® High Speed — tf = 0.5 us (Max)

® High Current — 1C(max) = 30 Amps

® Low Saturation — VCE(sat) = 2.5 V (Max) @ I¢c = 20 Amps

*MAXIMUM RATINGS
Rating Symbol 2N5038 | 2N5039 Unit
Collector-Base Voltage VcBO 150 120 Vdc
Collector-Emitter Voltage Veev | 150 120 Vdc
Emitter-Base Voltage VEBO 7 Vdc
Collector Current — Continuous Ic 20 . Adc
. Peak (1) Icm 30
Base Current — Continuous g 5 Adc A
Total Device Dissipation @ T¢ = 25°C Pp 140 Watts "— B —-1 C
Derate above 25°C 08 w/°c : Vo
Operating and Storage Junction Ty, Tstg —~65 to +200 oc t W
Temperature Range E / D X
SEATING PLANE
THERMAL CHARACTERISTICS. ) le—— F ——af :
Characteristic Symbol Max Unit }‘- _J ™
Thermal Resistance, Junction to Case ReJc 126 o°c/w Q 4% v
*Indicates JEDEC Registered Data. l‘lw" 21 3 R
(1) Pulse Test: Pulse Width < 10 ms, Duty Cycle < 50%. X v 1
3
FIGURE 1 — SWITCHING TIME TEST CIRCUIT ) S
STYLE 1
PIN 1. BASE
AR 2. EMITTER X
CASE COLLECTOR _ 1550 |
2.5 = I Y
635 . . .300
097 X X X
PW = 20 us E 140 1.78 | 0055 | 0070
Duty Cycle = 1% F 30.15BSC 1187 BSC
G 10.92 BSC 0430 BSC
—ov H [ 546BSC 0215 BSC
J 16.89 BSC 0.665 BSC
K | 1118 [ 1219 ] 0440 | 0480
. - e « [} 381 419 | 0151 | 0165
2N5038 g 2N5039 R | — [266 [ — [ 1050
'] .54 Al A
Ic =12 Amps Ic= 10 Amps T }%—i:g’gg o
Ig1=1lg2=1.2 Amps igq1=Ig2= 1.0 Amps - - - .

NOTES:
1. ALL RULES AND NOTES ASSOCIATED WITH
REFERENCED T0-3 OUTLINE SHALL APPLY.
CASE 1-04
TO-204AA
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2N5038, 2N5039

*ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted).

L Characteristic l Symbol | Min | Max [ Unit l
OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vdc

(Ic = 200 mAdc, Ig =0) 2N5038 90 -
-2N5039 75 ~

Coliector Cutoff Current ICEX mAdc
(Vce = 140 Vdc, Vgg(off) = 1.5 V) 2N5038 - 50
(Vce =110 Vdc, VBg(off) = 1.5 V) 2N5039 - 50
{VcE = 100 Vdc, VgE(off) = 1.5 Vde, Tg = 150°C)  2N5038 - 10
(VGE = 85 Vdc, VBE(off) = 1.5 Vdc, Tg = 150°C) 2N5039 ’ - 10

Emitter Cutoff Current IEBO mAdc
(VER =5 Vdc, Ic =0) 2N5038 - 5

2N5039 - 15
(Vgg = 7 Vdc, Ic =0) Both - 50
ON CHARACTERISTICS (1)

DC Current Gain hpge -
(Ig =12 Adc, Vcg =5 Vdc) 2N5038 20 100
(Ic = 10 Adc, Vcg =5 Vdc) 2N5039 20 100

Coliector-Emitter Saturation Voitage VCE(sat) - 25 Vdc
(Ig = 20 Adc, Ig = 5 Adc)

Base-Emitter Saturation Voltage VBE(sat) - 3.3 Vdc

(Ic =20 Adc, Ig = 5 Adc)

DYNAMIC CHARACTERISTICS
Magnitude of Common-Emitter Smali-Signal Short-Circuit Ihfe! 12 - -
Forward Current Transfer Ratio
(Ig =2 Adc, Vg = 10 Vdc, f =5 MHz)
SWITCHING CHARACTERISTICS
RESISTIVE LOAD

Rise Time (Vee = 30 vdce) tr — 05 us
Storage Time (Ic =12 Adc, I1gq = I1g2 = 1.2 Adc) 2N5038 tg - 15 us
Fall Time (ic =10 Adc, 1g1 = Ig2 = 1 Adc) 2N5039 tf — 0.5 us

*Indicates JEDEC Registered Data.
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2%.

FIGURE 2 — FORWARD BIAS SAFE OPERATING AREA

100

50
@ There are two limitations on the power handling ability of
<2( 20 a transistor: average junction temperature and second breakdown.
= " S dc Safe operating area curves indicate Ic — Vg limits of the transis-
E tor that must be observed for reliable operation; i.e., the transistor
5 must not be subjected to greater dissipation than the curves
;‘ AN indicate.
e 2 AN Second breakdown pulse limits are valid for duty cycles to
§ ‘ 10%. At high case temperatures, thermal limitations may reduce
= o = — Bonding Wire Limit = the power that can be handled to values less than the limitations
Q . ~
o [~ — — ——Thermal Limit < imposed by second breakdown.
£ — Second Limit 03

02—~ ¢ = 250 T Ne0z6

0.1 - TTTTI0

1 2 3 § 7 10 20 30 50 70 100

Vge COLLECTOR-EMITTER VOLTAGE (VOLTS)
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TECHNICAL DATA

MOTOROLA
I SEMICONDUCTOR I

2N5190
thru
2N5192

SILICON NPN POWER TRANSISTORS

... for use in power amplifier and switching circuits, — excellent safe 4 AMPERE
area limits. Complement to PNP 2N5193, 2N5194, 2N5195 POWER TRANSISTORS
) L SILICON NPN
. 40-80 VOLTS
*MAXIMUM RATINGS
! 40 WATTS
Rating Symbol ) 2N5190 | 2N5191 | 2N5192 | Unit
Collector-Emitter Voltage VCEOQ 40 60 80 Vdc
Collector-Base Voltage Ve 40 60 80 Vdc
Emitter-Base Voltage VEgB e 5.0 Vdc
Collector Current ic 40 ———= | Adc
Base Current g e 1.0 ————e= | Adc
Total Power Dissipation @ T¢ = 25°C Pp 40 Watts
Derate above 25°C 320 mwW/°C
Operating and Storage Junction TJ. Tstg| <w——— -65 to +150 ——e oc
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 8¢ 3.12 °cw

*ELECTRICAL CHARACTERISTICS (T¢ =

25°C unless otherwise noted)

[ Characteristic [ symbot [ Min | Max [ umit |
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (1) VCEO(sus) Vdc
(1c=0.1 Adc, g =0) 2N5190 40 -
2N5191 60 -
2N5192 80 -
Collector Cutoff Current Iceo mAdc
(VCE =40 Vdc, Ig =0) 2N5190 - 1.0
(VCE =60 Vdc,ig=0) 2N5191 - 1.0
(VCcE =80 Vdc, g =0) 2N5192 - | 1.0
Collector Cutoff Current ICEX mAdc
(VCE =40 Vdc, VER(off) =1.5 Vde)  2N5190 - 0.1
(VCE=60Vdc, VEB(off) =1.5 Vdc)  2N5191 - 0.1
(Vce=80Vdc, VEB(off) = 1.5 Vde)  2N6192 - 0.1
(VCE=40 Vdc, VEB(off)=1.56 Vdc,  2N5190 - 2.0
Tc=125°C)
(VCcE=60Vdc, VEg(off) = 1.5 Vdc, 2N5191 - 2.0
Tc=125°C)
(V.ce=80 Vdc, VEg(off) = 1.5 Vdc,  2N5192 - 2.0
Tc=125°C)
Collector Cutoff Current Icso mAdc
(Vcg =40 Vdc, Ig =0) 2N5130 - 0.1
(Vcg =60 Vdc, | 2NS5191 - 0.1
{Vcp=80Vdc, Ig =0) 2N5192 - 0.1
Emitter Cutoff Current K lEgo mAdc
(Vgg =5.0 Vdc, Ic=0) - 1.0
ON CHARACTERISTICS
DC Current Gain(1) hEE -
(1c=1.5 Adc, Vgg =2.0 Vdc) 2N5190 25 100
2N5191 25 100
2N5192 20 80
(Ic=4.0 Adc, Vg =2.0 Vdc) 2N5190 10 -
2N5191 10
2N5192 7.0 -
Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc
(ic=1.5 Adc, Ig =0.16 Adc) - .6
(Ic=4.0 Adc, 1g=1.0 Adc) - 1.4
Base-Emitter On Voltage (1) VBE(on) Vdc
(Ic=1.5 Adc, Vg =2.0 Vdc) - 1.2
DYNAMIC CHARACTERISTICS
Current-Gain-Bandwidth Product fr MHz
(1¢=1.0 Adc, Vg =10 Vdc, f=1.0 MHz) 20 _

(1)pyise Test: Pulse Width <300 us, Duty Cycle <2.0%.

*Indicates JEDEC Registered Data

3-88

{
P

-ligle (R
E:‘ c STYLE 1:
Mot} PIN 1. EMITTER
2. COLLECTOR
3. BASE
NOTES:

1. LEADS, TRUE POSITIONED WITHIN 0.25mm {0.010)
DIA TO DIM A & B AT MAXIMUM MATERIAL
CONDITION.

e

=

B2

63 1 0015
1461 | 1663 | 075
w | ¥
376 | 401 | o8
115 | 139 | oo
0s4 | 088 | 0025
U 369 | 39 [ 015 [0
v e - Tow | —
CASE 77-05
TO-225AA




2N5190 thru 2N5192

FIGURE 1 — DC CURRENT GAIN
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2N5190 thru 2N5192

FIGURE 5 — COLLECTOR CUT-OFF REGION
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2N5190 thru 2N5192

FIGURE 11 RATING AND THERMAL DATA
ACTIVE-REGION SAFE OPERATING AREA
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DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA
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A train of periodical power pulses can be represented by the model
shown in Figure A. Using the model and the device thermal re-
sponse, the normalized effective transient thermal resistance of
Figure 12 was calculated for various duty cycles.

To find 6 ¢(t), multiply the value obtained from Figure 12 by
the steady state value 6 jC.
Example:

The 2N5190 is dissipating 50 watts under the following condi-
tions: t4=0.1ms, tp=0.5ms. (D=0.2).

Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the
reading of r(tq, D) is 0.27.

The peak rise in junction temperature is therefore:
AT =r{t) X Pp X 6yc = 0.27 X 50 X 3.12 = 42.2°C




2N5193
[ | SEMICONDUCTOR — thru
TECHNICAL DATA 1 . 2N5195

SILICON PNP POWER TRANSISTORS )
..for use in power amplifier and switching circuits, — excellent safe POWEI: ¢xzﬁglESTORS
area limits. Complement to NPN 2N5190, 2N5191, 2N5192 .
SILICON PNP
40-80 VOLTS
*MAXIMUM RATINGS )
Rating Symbol | 2N5193 | 2N5194 | 2N5195 Unit
Collector-Emitter Voltage | Vceo 40 60 80 Vdc
Collector-Base Voltage . Veg | 40 60 80 Vdc
Emitter-Base Voltage | Ve | 5.0 Vdc
Collector Current Ic - 4.0 Adc
Base Current g 1.0 Adc
Total Power Dissipation @ T¢ = 25°C Pp 40 Watts
Derate above 25°C 320 mW/°C
Operating and Storage Junction Ty Tstg -—— -6510 +160 —| °C/W
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 9)c 3.12 oc/w
"ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)
Characteristic : ] symbot | min [ max | unit ]
OFF CHARACTERISTICS : . i
Collector-Emitter Sustaining Voltage (1) VCEO(sus)| ] vde
(Ic = 0.1 Adc, Ig = 0) 2N5193 40 -
_2N5194 60, -
2N5195 ) 80
Collector Cutoff Current ICEO mAdc
(VCE =40 Vidc, Ig = 0) 2N5193 - 1.0 LlleD by
(VCE = 60 Vdc, Ig = 0) 2N5194 - 1.0 ’ g R
(VCe =80 Vdc, Ig = 0) 2N5195 - 1.0 STYLE 1;
Collector Gutoff Current ICEX mAdc == ¢ PIN 1. EMITTER
(VGE = 40 Vdc, Vg (off) = 1.5 Vdc) 2N5193 - 01 MJT - L-CouEcToR
(VCE = 60 Vdc, Vgg (off) = 1.5 Vdc) 2N5194 . - 0.1
(VCE = 80 Vdc, VgE (off) = 1.5 Vdc) 2N5195 - 0.1
(VGE = 40 Vdc, Vgg (off) = 1.5 Vdc, 2N5193 ~ 20
Te = 126°C) NOTES
(VCE = 60 Vdc. VgE (off) = 1.6 Vdc. 2N5194 - 20 " 1. LEADS, TRUE POSITIONED WITHIN 0.55mm (0.010)
Tc = 125°C) : DIA TO DIM A & B AT MAXIMUM MATERIAL
(VCE = 80 Vdc, VgE (off) = 1.5 Vdc, 2N5195 - 20 CONDITION.
Te = 125°C) ) e
Collector Cutoff Current iceo mAdc DIM ‘%&m
(Vg = 40 Vdc, Ig = 0) 2N5193 - 0.1 1
(Ve = 60 Vdc, Ig = 0) 2N5194 - 0.1 I
(Vg = 80 Vdc, Ig = 0) 2N5195 - y
Emitter Cutoff Current lgBQ mAdc
(Vgg = 5.0 Vdc, Ic = 0) : i = 1.0 : .
ON CHARACTERISTICS
OC Current Gain (1) heE - 14,
“ic = 1.5 Ade, VcE = 2.0 Vde) 2N5193 - 25 100
2N5194 25 100
2N5195 o 20 80
(Ig = 4.0 Adc, Vg = 2.0 Vde) 2N5193 10 -
- 2N5194- . 10 - v
2N5195 . 7.0 - CASE 77-05
Collector-Emitter Ssturation Voltage (1) VCE(sat) Vdc TO-225AA
(1c = 1.5 Adc, Ig = 0.15 Adc) - 0.6
(ic =4.0Adc, Ig = 1.0 Adc) . - 1.4
Base-Emitter On Voltage (1) . . VBE(on) Vde
(ic = 1.6 Adc, Vg = 2.0 Vde) - 1.2
DYNAMIC CHARACTERISTICS
Current-Gain-Bandwidth Product [ MHz
(ic = 1.0 Adc, VG = 10 Vdc, f = 1.0 MHz) 2.0 -

*Indicetes JEDEC Registered Dats
(1) Pulse Test: Pulse Width=S 300 us, Duty CycleS2.0%.
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2N5193 thru 2N5195

FIGURE 1 — DC CURRENT GAIN
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2N5193 thru 2N5195

FIGURE 5 — COLLECTOR CUT-OFF REGION
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2N5193 thru 2N5195

t, TIME OR PULSE WIDTH (ms)

FIGURE 11
RATING AND THERMAL DATA
ACTIVE-REGION SAFE OPERATING AREA
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DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA
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A train of periodical power pulses can be represented by the model
shown in Figure A. Using the model and the device thermal re-
sponse, the normalized effective transient thermal resistance of

" Figure 12 was calculated for various duty cycles.

To find 6 yc(t), multiply the value obtained from Figure 12 by
the steady state value 6 )C.
Example:
The 2N5193 is dissipating 50 watts under the following condi-
tions: t1=0.1ms, tp=05ms. (D=0.2).
Using Figure 12, at a pulse width of 0.1 ms and D = 0.2, the
reading of r(tq, D) is 0.27.
The pedk rise in junction temperature is therefore:

aT =r(t) X Pp X 6y = 0.27 X 50 X 3.12 = 42.2°C
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MOTOR
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OLA
CONDUCTOR I

TECHNICAL DATA

2N5301
2N5302
2N5303

HIGH-POWER NPN SILICON TRANSISTORS

*indicates JEDEC Registered Data.

FIGURE 1 — POWER TEMPERATURE DERATING CURVE

Ta T¢

8.0 200 N

N
z N
£ N
< 60 150 NG 1
z \\’\
5]
-
g 40 100 ™
2 4 T
E \WA N
& N N
H N
°::| 20 50 ™ ™
& \\:\
N
00
0 20 40 60 80 100 120 140 160 180 200
‘ TEMPERATURE (°C)

20 AND 30 AMPERE
... for use in power amplifier and switching circuits applications. POWER TRANSISTORS
. NPN SILICON
® High Collector-Emitter Sustaining Voltage — 40-60-80 VOLTS
VCEO(sus) = 80 Vdc (Min) @ Ic = 200 mAdc (2N5303) 200 WATTS
® Low Collector-Emitter Saturation Voltage —
VCE(sat) = 0.75 Vdc (Max) @ Ic = 10 Adc (2N5301, 2N5302)
1.0 Vdc (Max) @ Ic = 10 Adc (2N5303)
® Excellent Safe Operating Area —
200 Watt dc Power Rating to 30 Vdc (2N5303)
® Complements to PNP 2N4398, 2N4399 and 2N5745
*MAXIMUM RATINGS
Rating Symbol | 2N5301 | 2N5302 | 2N5303 Unit A
Collector-Emitter Voltage VCceo 40 60 80 Vdc r‘- B— c
Collector-Base Voltage vca 40 60 80 Vde { [ )
Coll Current — C: Ic 30 30 20 Adc T - i
Base Current ) I8 -—75 ——— Adc ss;mm; / —{}—0 K
Total Device Dissipation @ T =25°C Pp -—200 ——~ Watts PLANE
Derate above 25°C —1.14 — w/ec F—
Operating and Storage Junction T)Tstg | =—-6510+200 — oc 4 v
Temperature Range .
Q
P
THERMAL CHARACTERISTICS 1 : l
' NG 7
Characteristic Symbol Max Unit T 7 S
Thermal Resil Junction to Case 84C 0.875 oc/w .
N N STYLE1: STYLE 3:
Thermal R Case to Amb oca 34 o°c/w PIN 1. BASE PIN 1. ANODE
2. EMITTER 2. CATHODE

CASE: COLLECTOR

NOTES:

1. DIAMETERS Q, V AND SURFACE T ARE DATUMS.

2. POSITIONAL TOLERANCE FOR HOLE Q:

[$]§025 00010 @[TV @]
3. POSITIONAL TOLERANCE FOR LEADS:

0]d030(0012 @[T[V@]Q
4. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5,1973.
MILLIMETERS | INCHES
DIM[ MIN | MAX | MIN | MAX
— [73937 [ — | 1.550
— [ 2108 — | 0830

6.35[ 7.62 | 0.25l 300

099{ 1.09 &039)__.043

- 343 | - 136
30.15 BSC .187 BSC
10.92 BSC 430 BSC
H 5.46 BSC 215 BSC
16.89 BSC .665 BSC
11181 12.19 | 0.440] 0.480
384 4.09 |0.151 161
- | 26.67

— | 1.050
3841 4,00 [0.961] 0.161 ]

CASE 11-01
TO-204AA
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ELECTRICAL CHARACTERISTICS (T = 25° unless otherwise noted)

L Charscueristic T Symbol | Min | Mex | Uk |
*OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltsge (Note 1) VCEO(sus) Vde

(Ic = 200 mAdc, Ig = 0) 2N5301 40 -
2N6302 60 -
2N5303 80 -

Collector Cutoff Current Iceo mAde
(VCE = 40 Vdc, Ig = 0) 2N5301 - 6.0
{VCE = 60 Vdc, 1Ig = 0) 2N6302 - 5.0
(Vce = 80 Vdc, iIg = 0) 2N5303 - 5.0

Collector Cutoff Current ICEX mAdc
(VCE = 40 Vdc, VEB(off) = 1.5 Vdc) 2N5301 - 10
{VCE = 60 Vdc, VEB(off) = 1.5 Vdc) 2N5302 - 1.0
(VCE = 80 Vdc, VEg(off) = 1.5 Vdc) 2N5303 - 1.0

Collector Cutoff Current ICEX mAdc
(VG = 40 Vdc, VEB(off) = 1.6 Vdc, Tc = 150°C) 2N6301 - 10
(Vcg = 60 Vde, VEg(off) = 1.6 Vdc, T = 150°C) 2N5302 - 10
(VCE = 80 Vde, VgB(off),= 1.6 Vde, Tc = 150°C) 2N6303 - 10 )

1 Collector Cutoff Current IcBo mAdc

(Vg = 40 Vdc, Ig = 0) 2N§301 . - 1.0
(Vcg =60 Vde, Ig=0) . 2N5302 - 1.0
(Vcp =80 Vde, Ig = 0) 2N6303 - 1.0

Emitter Cutoff Current lgBo - 6.0 mAdc

(Vgg = 5.0 Vde, Ic = 0)

ON CHARACTERISTICS

rrent Gain (Note 11 “hgg -
*(lic = 1.0 Adc, Vg = 2.0 Vde) ALL TYPES 40 -
*{ic = 10 Adc, VCE = 2.0 Vde) 2N5303 15 60
*lic = 16 Adc, Vg = 2.0 Vdc) 2N5301,2N5302 15 60
(Ic = 20 Ade, Vg = 4.0 Vdc) 2N5303 5.0 -
{1c = 30 Ade, VCE = 4.0 Vdc) 2N5301,2N5302 5.0 -
*Collector-Emitter Saturation Voltage (Note 1) VCE(sat) Vde
(Ic = 10 Adc, Ig = 1.0 Ade) 2N5301,2N6302 - 0.75
(Ic = 10 Adc, Ig = 1.0 Ade) 2N5303 - 1.0
(I = 15 Adc, g = 1.5 Adc) 2N5303 - 15
(Ic = 20 Adc, Ig = 2.0 Adc) 2N5301,2N5302 - 20
(ic = 20 Adc, Ip = 4.0 Adc) 2N5303 - 20
(Ic = 30 Ade, g = 6.0 Adc) 2N5301,2N5302 . - 30
*Base-Emitter Saturation Voitage (Note 1) VBE(sat) Vde
(Ic = 10 Adc, Ig = 1.0 Adc} ALL TYPES 1 I 1.7
(1c = 15 Adc, I = 1.5 Adc) 2N5301,2N5302 | . - 18
(I = 15 Adc, Ig = 1.5 Adc) _ 2N5303 - - 20
(1c = 20 Adc, I = 2.0 Adc) 2N5301,2N5302 - 25
(I = 20 Adc, g = 4.0 Adc) 2N5303 | - 25
[*Base-Emitter On Voltage (Note 1) VBE(on) Vde
(ic = 10 Ade, Vcg = 2.0 Vdc) 2N5303 - 15
(1c = 15 Ade, Vg = 2.0 Vde) 2N5301,2N6302 - 17
{Ic = 20 Ade, Vg = 4.0 Vde) 2N5303 ; - 25 '
(Ic = 30 Ade, Vg = 4.0 Vde) 2N5301,2N5302 - 30
*DYNAMIC CHARACTERISTICS =
Current-Gain—Bandwidth Product ’ T 2.0 - MHz
(Ic = 1.0 Adc, Vg = 10 Vdc, f = 1.0 MHz) ) B
Small-Signal Current Gain hte 4 - S -

{Ic = 1.0 Ade, Vg = 10 Vde, f = 1.0 kHz)

*SWITCHING CHARACTERISTICS

me (Ve = 30 Vde, I¢ = 10 Ad ki - 9 i

C= Ac= c, 1gy = Ig2 = 1.0 Adc)
Storage Time ¢ 8182 ‘. - 20 s
Fall Time t - 1.0 us

*indicates JEDEC Registered Datas.
Note 1: Pulse Test: Puise Width < 300 us, Duty Cycle < 2.0%.

SWITCHING TIME EQUIVALENT TEST CIRCUITS

FIGURE 2 — TURN-ON TIME FIGURE 3 — TURN-OFF TIME
' ’ vee
INPUT PULSE Vee INPUT PULSE a0V
tr<20ns +30V ;rwszgum 00
PW=10t0 100 us =100 100 us
DUTY CYCLE = 2.0% DUTY CYCLE = 2.0% 0
’ . HIV-—
NV m— e
10  TO
SCOPE
Y A Scope e t<20ns
. tr<20ns
=20V GOV = = = m——

D: COLLECTOR-BASE DIODE e
= OF 2N3252. * <
= VBg=1.0V
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2N5301, 2N5302, 2N5303

FIGURE 4 — THERMAL RESPONSE
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2N5301, 2N5302, 2N5303

FIGURE 9 — DC CURRENT GAIN
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FIGURE 11 — EFFECTS OF BASE-EMITTER RESISTANCE
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FIGURE 10 — COLLECTOR SATURATION REGION
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FIGURE 14 — TEMPERATURE COEFFICIENTS
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MOTOROLA
m SEMICONDUCTOR I
TECHNICAL DATA

2N5336
thru
2N5339

MEDIUM-POWER NPN SILICON TRANSISTORS

Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed.

5 AMPERE
. - o POWER TRANSISTORS
... designed for switching and wide band amplifier applications. NPN SILICON
o Low Collector-Emitter Saturation Voltage —
VCE(sat) = 1.2 Vdc (Max) @ Ic = 5.0 Amp 80-100 VOLTS
® DC Current Gain Specified to 5 Amperes 6 WATTS
® Excellent Safe Operating Area
® Packaged in the Compact TO-205AD Case for Critical Space-Limited
Applications
©® Complement to 2N6190 thru 2N6193
MAXIMUM RATINGS
N 2N5336 | 2N5338 "
Rating Symbol 2N5337 | 2N5339 Unit
Collector-Emitter Voltage VCEOQ 80 100 Vdc
Collector-Base Voltage Ves 80 100 Vde
Emitter-Base Voltage VEB 6.0 Vdc
Collector Current — Continuous Ic 5.0 Adc
Base Current g 1.0 Adc
Total Device Dissipation @ T¢ = 256°C Pp 6.0 Watts -— A~
Derate above 26°C 34.3 mw/°c R B
Operating and Storage Junction Ty, Tstg| —66 to +200 °c || /= , S
Temperature Range ! { 1
THERMAL CHARACTERISTICS Te pid
Characteristic Symbol Max Unit ~F| K
Thermal Resistance, Junction to Case éJc 29.2 oc/w SE AT|NG/ 1
pLANE  —I--D
. FIGURE 1 — POWER-TEMPERATURE DERATING CURVE
6.0 \
& 50
[
5 N
) >~ MILLIMETERS | _INCHES
=z .
£ ‘ \ DM [ MIN_[MAX | MIN | MAX
£ 30 A | 889 [9.40 | 0.350{ 0370
g B | 8.00 {851 | 0315] 0.335
- C_| 6.10 | 6.60 | 0.240 0.260 |
g 20 D | 04067 0.533 | 0.016] 0.021 |
g 229 3.18_| 0.009] 0.125
& 406 | 0.483 | 0.016] 0.019
S N G | 483 [533 [0190] 0210
A 717 0.864 | 0.028| 0.034 |
737 [ 1.02_| 0.029] 0.040
0 1270 | - [0500] - |
0 0 . 40 60 80 100 120 140 160 180 200 35 | = 2501 =
‘ T, CASE TEMPERATURE (9C) M| 450 NOM 450 NOM
-~ 121 | - T0.080

0| S0°NOM | S0°NOM

R 250 [ - [0.00] — ]

Al JEDEC dimensions and notes apply.

CASE 79-02
TO-205AD
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2N5336 thru 2N5339

ELECTRICAL CHARACTERISTICS (T¢ = 25°C, unless otherwise noted)

Characteristic l Fig. No. i Symbol J Min [ Max l Unit ]
OFF CHARACTERISTICS
Coll -Emitter Sustaining Voltage™ - VCEO(sus)* Vdc
(Ig =50 mAdc, Ig = 0) 2N5336, 2N5337 80 -
2N5338, 2N5339 100 -
Collector Cutoff Current - ICEO uAdc
(VCE = 75 Vdc, Ig = 0) 2N5336, 2N5337 - 100
(Ve =90 Vdc, Ig =0) 2N5338, 2N5339 = 100
Collector Cutoff Current 12 ICEX uAdc
(VcE = 75 Vdc, VEB(off) = 1.6 Vdc) 2N5336, 2N5337 - 10
(Vce = 90 Vdc, VEB(off) = 1.5 Vdc) 2N5338, 2N5339 - 10
(VCE = 75 Vdc, VEB(off) = 1.5 Vdc, 2N5336, 2N5337
Tc = 150°C) - 1.0 mAdc
(Vce =90 Vdc, VEB(off) = 1.5 Vdc, 2N5338, 2N5339
Tc = 150°C) | - 1.0
Collector Cutoff Current - IcBO uAdc
(Vcg =80 Vdc, Ig =0) 2N5336, 2N5337 - 10
(Ve = 100 Vdc, Ig = 0) 2N5338, 2N5339 — 10
Emitter Cutoff Current - IEBO uAdc
(Vgg = 6.0 Vdc, Ic = 0) - 100
ON CHARACTERISTICS
DC Current Gain™ 8 hFE’ -
(Ic = 500 mAdc, Vg = 2.0 Vdc) 2N5336, 2N5338 30 -
2N5337, 2N5339 60 -
(Ig = 2.0 Adc, Vg = 2.0 Vdc) 2N5336, 2N5338 30 120
2N5337, 2N5339 60 240
(lc = 5.0 Adc, Vcg = 2.0 Vdc) 2N5336, 2N5338 20 -
2N5337, 2N5339 40 -
Collector-Emitter Saturation Voltage™ 9,11,13 VCE(sat)* Vde
(Ic = 2.0 Adc, Ig = 0.2 Adc) - 0.7
(Ic = 5.0 Adc, Ig = 0.5 Adc) — 1.2
Base-Emitter Saturation Voltage™ 11,13 VBE(sat)* Vdc
(Ic = 2.0 Adc, Ig = 0.2 Adc) - 1.2
(Ic = 5.0 Adc, Ig = 0.5 Adc) = 1.8
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product — fT MHz
(Ic = 0.5 Adc, VcEg = 10 Vdc, f = 10 MHz) 30 —
Output Capacitance 7 Cob pF
(Vecg =10 Vdc, Ig =0, f = 100 kHz) - 250
Input Capacitance 7 Cib pF
(VBEg = 2.0 Vdc, Ic = 0, f =100 kHz2) — 1,000
SWITCHING CHARACTERISTICS
Delay Time (Vce =40 Vde, VEB(off) = 3.0 Vdc, 2,3 td — 100 ns
Rise Time (Ig = 2.0 Adc, Ig1 = 0.2 Adc) tr - 100 ns
Storage Time| (Vcc =40 Vdc, I¢ = 2.0 Adc, 2,6 tg - 20 us
Fall Time Igy = 1g2 = 0.2 Adc) t§ - 200 ns
*Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%.
FIGURE 2 — SWITCHING TIME TEST CIRCUIT FIGURE 3 — TURN-ON TIME
-116v Vcc b —+ I —— a8
vary +40 v 50 H chfﬂa ic/ig=10 EEE
20 [ || 7y=2s0c| ]}
oV 62 20 10 td @ VEB(off) = 6.0 V
10 ps -—I 25 uF 82 ET R }
INPUT PULSE ‘é‘ -t'@Vcc:ZlI)v;
02 T TRY
t, < 10ns 51 1N914 01 e =: ===c
D.C.=1.0% 0.05 td @ VEB(off) = 4.0 V= — FH
= 0.02 i -
= = : N
-3.3V 001 NG

0.01 0.02 005 0.1 0.2 05 1.0 2.0 50 10
Ic, COLLECTOR CURRENT (AMPS)
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2N5336 thru 2N5339

r(t), NUHMALIZED”EFFECTIVE TRANSIENT

FIGURE 4 — THERMAL RESPONSE
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FIGURE 5 — ACTIVE-REGION SAFE OPERATING AREA
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There are two limitations on the power han-
dling ability of a transistor: junctiontemperature
and secondary breakdown. Safe operating area
curves indicate |c—V g limits of the transistor
that must be observed for reliable operation;
i.e., the transistor must not be subjected to
greater dissipation than the curves indicate,

The data of Figure 5 is based on Tj(pk) =
200°C; Tg is variable depending on conditions.
Pulse curves are valid for duty cycles of 10% pro-
vided Tj(pk) < 200°C. Ty(pk) may be calculated
from the data in Figure 4. At high case tem-
peratures, thermal limitations will reduce the
power that can be handled to values less than
the limitations imposed by secondary break-
down, '

FIGURE 7 — CAPACITANCE versus VOLTAGE
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2N5336 thru 2N5339

FIGURE 8 — DC CURRENT GAIN FIGURE 9 — COLLECTOR SATURATION REGION
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 TECHNICAL DATA

~ MOTOROLA - -
m SEMICONDUCTOR H

2N5344

HIGH VOLTAGE POWER PNP SILICON TRANSISTOR

... designed for high-voltage switching and amplifier applications.

® High Voltage Rating — VCgQ = 250 Vdc i
® Fast Switching Time — Typically Less Than 550 ns
Total @ Vge = 100 Vde i .
® High Current-Gain-Bandwidth Product —
fT = 60 MHz (Min) @ Ic = 100 mAdc
® Packaged in the Compact, High-Efficiency TO-213AA Case

1 AMPERE
POWER TRANSISTOR
" PNP SILICON

250-300 VOLTS
40 WATTS

MAXIMUM RATINGS

T¢, CASE TEMPERATURE (°C)

Safe Area Curves Are Indicated By Figure 5.
All Limits Are Applicable And Must Be Observed

Rating Symbol Value Unit
Collector-Emitter‘ Vqltg;e B VCEO ‘ 259 Vde
Collector-Base Voltage VCB . 250 Vdc
Emitter-Base Voltage i . ’ VEB ‘ 5.0 Vdc
Collector Current — Continuous 1‘5 1.0 Adc
Base Current — Continuous IB 0.5 Adc
Total Device Dissipation @TC- =25°C Py 40 Watts

Derate above 25°C 228 mW/°C
Operating and Storage Junction Tp Tgp -65 to +200 °c
~Temperature Range : stg

THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case eJC 4.38 °c/W
FIGURE 1 — POWER-TEMPERATURE DERATING CURVE
|50
45
40 -
2 \\
=
< 35
E N
z 3 i N
e . :ﬂ
= s N
e 25 [ A ~N !
2 E
X ‘ \\
g 15 - — \
€ - - \‘
o b— ~ .
0 20 40 60 80 100 120 140 160 180 200

SEATING PLANE _ _ t

STYLE1:
PIN 1. BASE
2.EMITTER
F —AK \ CASE: COLLECTOR

_—

MILLIMETERS
MAX

INCHES
DIM [ mIN MIN
B_|11.94 [12.70 | 0.470 [0.500
C 35 | 8.64 | 0.250 |0.34
D | 071 .86 | 0.028 10.03:

74.33 [24.43 [ 0.956 [0.962 |
.83 1533 10.190 [0210 ]

41 .67 .095 _10.105
14.48 114.99 .| 0.570 -|0.590
9.14 - .360 [ -

— 27 -

3.61 .86 | 0.142
- .89 -
- .68 -
= 15.75 -
All JEDEC Dimensions and and Notes Apply.
CASE 80-02
TO-213AA
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2N5344

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

[ Characteristic Fig. No. Symbol T Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage (1) 5 VCEO(sus) Vdc
(Ic = 10 mAdc, Ig = 0) 2N5344 250 —
Collector Cutoff Current 10,12 ICEX uAdc
(VCE = 225 Vdc, VBE(off) = 1.5 Vdc) 2N5344 _ 100
(VCE = 225 Vdc, VBE(off) = 1.5 Vdc,
Tc = 150°C) 2N5344 — 10 mAdc
Collector Cutoff Current — IcBO mAdc |
(VcB = Rated Vg, Ig = 0) — 0.1
Emitter Cutoff Current — lEBO mAdc
(VBg = 5.0 Vdc, I¢c = 0) — 0.1
ON CHARACTERISTICS
['0C Current Gain (1) 8 hre —
(Ic = 500 mAdc, V¢ = 5.0 Vdc) 25 150
(Ic = 1.0 Adc, VCE = 5.0 Vdg) 7.0 —
Collector-Emitter Saturation Voltage 9,11,13 VCE(sat) Vdc
(lc = 1.0 Adc, Ig = 0.2 Adc) — 3.0
Base-Emitter Saturation Voltage 11,13 VBE(sat) Vdc
(Ic=1.0 Adc, Ig = 0.2 Adc) — 1.5
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product fr MHz
(Ic = 100 mAdc, VcE = 20 Vdc, f = 10 MHz) — 60 —
Output Capacitance 7 Cob pF
(Ve = 10 Vdc, Ig = 0) — 200
SWITCHING CHARACTERISTICS
Turn-On (Vee = 100 Vde, Ic = 500 mAdc, 2,3 ton — 200 ns
Ig1 = 1g2 = 50 mAdc)
Turn-Off (Ve = 100 Vdc, Ic = 500 mAdc, 2,6 toff — 700 ns
Ig1 = Ig2 = 50 mAdc)
(1) Pulse Test: Pulse Width = 300 us, Duty Cycle ~ 2.0%.
FIGURE 2 — SWITCHING TIME TEST CIRCUIT FIGURE 3 — TURN-ON TIME
v v 1000 T T
BB cc
-100 v o Ic/1g = 10
ov 500 Ty =250C
200 300 4 @Ve=100V
v 200 ] /—+ w@vee=30V ]
5.0 uF z ~
SCOPE o
INPUT PULSE £ w0 \\\ = =
= ~—
= 10 < ~
tr,tf<5.0ns 50 7
PULSE WIDTH = 1.0 s /
DUTY CYCLE = 2.0% 30 tq @ Vo =0.85 V.
= = = 2
10
0.05 0.07 0.1 0.2 0.3 0.5 0.7 1.0
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2N5344
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FIGURE 5 — ACTIVE-REGION SAFE OPERATING AREA
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N \ \100 us There are two limitations on the power handling ability of a
\\ N istor:  junction temperature and secondary breakdown.
N l Safe operating area curves indicate |c—Vcg limits of the tran-
\ N-U ms sistor that must be observed for reliable operation; i.e., the tran-
\ 5.0 ms A sistor must not be subjected to greater dissipation than the curves
N\ indicate.
Je The data of Figure 5 is <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>