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GERMANIUM GENERAL PURPOSE DIODES

GOLD BOND GERMANIUM DIODES

HOW TO USE THIS BUYING GUIDE

Standard general purpose diodes are listed in numerical order below.
Each diode has a line number referenced to the specification tables on
pages 2, 3 and 4. Use this buying guide two ways: select the diode by
type number, or locate the type number from the specification data.

ITT is the world’s leading producer of diodes. Call your ITT sales engineer ‘
or distributor for quotation on all your diode needs.
e —

e\l - - y
Part No. Line No. § Part No. Line No. | Part No. Line No. Part No. Line No. Part No. | Line No.
N34 107 1NET 37 TN133B 195 TN497 56 1N3125 69
1N34A w0 | A a | 1mss 180 | 1nass ns | wais 45 PITAENSIONES D=4 (Standerd)
35 7 | 1ngs 169 | 1nzse 93 | 1n4ss 147 | 13287 2
1N38 m 1N83 189 1N267 4 1N500 158 1N3ZETW 3
mggg 191 NS0 138 | 10268 50 | thsol 207 Ush
1N 192 | 1mss 4o | naro 166 | 1N5D2 219 | 1nsees 19
N84 m INSG 143 | werouan | 167 | 1ws27 11| n3ss6 75 MECHANICAL DATA
1045 133 | 1Ng6A 1m 1N273 55 | 1Ns41 7% | inseer 2 Case:
1N46 g4 | ine7 203 | 1N27 no | nse 77 | 1nsees 15 Hermetically sealed glass
1N47 212 | iNgs 206 | nzzssan | s | 1wser 08 | 1n3469 63 Finish:
1N4B 172 | nssa 239 | 20 | 1nsss 5 | a0 8 ISk : t ;
1N4g 85 | 1nss 200 | e | 200 | 1nss 2 | N g All external surfaces corrosion resistant
1N50 85 N0 205 1N278 108 | 157 20 | 13592 43 and leads readily solderable
: Hg; ;g Imm 15 | 1N279 58 | 1616 a2 | 1n3ses 165 Leads:

1 N102 229 1N281 148 1N617 210 TN3666M 161 1

1NSZA | s 15 | 1nzes a1 | e 213 USN WE?”;:‘,'" i plited
NS4 60 | inN10s 16 | 1Nze7 109 | w3l 186 | naseemi| 162 UL
1N54A g | e 1| Nz | ez 184 USN 0.135 grams {approx.)
NS5 234 1N108 93 1N289 175 1NG33 m 1N3BBEMZ| 163 Mounting Position:
1N55A 25 | m 123 | 1N290 215 | 1NG34 214 UsN Any
1NS5B 228 | 2 130 | 1n2m 217 | 1NB3s 236 | 1N37R9 185 Marking:
- B 1 O - - e I s Diodes carry ITT identification, and are
1057 153 | 1nms 18 | 1n2sea 127 | 1nessa n | s 12 EIA Color Coded. Bands 1, 2, 3 and 4 on
1NS8 199 N6 137 1N297 151 INTT0 3 6158 26 the illustration above indicate the first,
1N58A 197 N7 139 1N297A 152 N 157 G158 62 second, third and fourth digit respectively
1NGD a8 N8 142 1N298 m INTTIA 164 G198 46 of the type designation, starting from the
N6DA @ | 1NtsA 146 | 1N298A 52 | wms 188 | Gigg 3 cathode and of the diode,
1NB1 233 | 1Nng 103 | Nzis 141 m 159 | 6200 19 Black 0 G
1N62 w3 | N0 105 | 1N3s5 193 | e 122 | cmse 3 bR ity teen
1N63 21 | 126 136 | 1N367 3 | wm 10 | ema % Brown.......1 Blue
1NB3A 196 1N126A 145 N7 99 TNT73A 7] G790 28 Red.........2 Violet.......
N85 170 1 % LLTAE 108 1NT74 114 GB14 19 Orange......3 Gray.......
1N66 0 1N1274 230 | 1419 160 | IN774A 1ns | esis 59 Yellow......4 White.. . .
1NG6A 102 | iz 82 | naar 148 | w738 115 | es1s 13
1N67 154 | 1N128A 83 | 1nddg 26 | 1776 33 | 6819 187
1NGTA 190 | 1133 1 1N449 92 | wm 17 | cs0 12
NGB 188 | 133 o | mneso 28 | 1n7ei 70 | 682 85
1NG8BA 232 | 1niao 176 | 1ndst 27 | eia 71| sez:z 43
1N6Y 135 TN 174 1N452 a4 1N805 &7 GE23 et}
TNGIA 134 TN142 128 1N453 m 1N909 13 GB24 a0
N7 224 | 1n143 231 1N454 150 | 1ns10 74 | cB2s 7
1NT0A 225 | 1144 51| wass %5 | 1Ny 54 | cesd 48
18N 73 1N145 53 1N4T6 178 1N933 04 GB4E B1
1N75 223 N 182 1N4TT 179 1N946 89 GB47 10
N8l 0 1N132 128 1N478 198 N394 8 GBEA 4
NEIA 81 | s g | 1479 181 | 1n9gs 22 | G8ss 5
N84 18 | 1nies 155 | 1ndso 104 | 1Nggs 44
186 125 | 1N1saA 194 | 1nas0 183 | a0 7
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GERMANIUM GENERAL PURPOSE DIODES

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted

Ig Ig Reverse Recovery Time Part Line Ig Ir Reverse Recovery Time Part Line
PV mAgV | vAG@V I;mA|] Vi [Rec.to|nsec| No. No. PIV | mAaV rA@V 1:mA | Vg | Rec.to[nsec| No. No.
5 3|05 300 | 0.6 N133 1 30 | 100 1 1010 1N8TT 54
6 1103 15| 2 1N3287 2 30 |00 1 20 {20 1N2T73 55
6 100 1 15] 2 N328TW 3 30 | 100 1 20 J20 1N497 56
USN 30 |100 | 1 | zo0|100 1N144 57
6 | 100 1 151 2 G868 4 30 |00 1 200 {20 1N279 58
7 5]032 | 100 5 1N568 5 30 | 100 |0.85 30 |20 G815 59
T 1005 5 |2 G863 & 35 5 1 110 1N54 60
8 51045 2018 1N3110 7 100 |50
100 | B@65°C 35 | 100 1 1010 10 mA 150 | G846 61
8 10 1 0|6 10 | —6 Imi 4 8 35 | 600 1 60 |20 G159 62
] 10| 0.6 0] 3 i d 9 35 | 600 j0.5 15120 1N3469 63
9 50 | 0.9 0] 5 10 ImA 8 | GB47 i0 35 | 600 |0.5 30§20 1N3470 64
10 1/03 50 (10 1N527 1 k] 50 |0.62 415 2 ov 250 | G821 65
10 10 | 0.65 1216 10 |—6 3 | 1N4524 12 40 2] 2 10 |40 300 | 1N195 66
10 100|065 | 12]6 10 10mA 3 | G816 13 40 3|1 100 |10 1N805 67
10 | 150 1 200 |10 1N107 14 40 4 1 60 10 1NGOA 68
12 1 3] 1 [100]5 IN103 15 40 5104 | 100}40 1N3125 69
12 0|1 100] 5 1N104 16 125 j20@71°C
12 50 | 0.7 6] 5 10 ImA 6 | G825 17 40 10 | 0.45 5110 10 |-10 | 0.1mA | 500 | 1N781 10
12 60 1 1005 1NB4 18 60 [10@65°C
12 | 100 | 0.85 15] 5 G814 18 40 10 |0.45 5110 10 |-10 | 100A | 500 | IN781A n
12 |200 | 1 100 |10@55°C | 100 | —5 | 10ka 4 | INSTT 0 60 | 10@65°C
12 | 250 | 0.5 50 |10 1N569 2 40 15 1 300 {30 TNG6A 72
15 10 |05 106 10| —6 | 3mA 6 | TNB9S 2 40 5] 1 300 |30 INT1 73
15 2] 1 1N367 23 40 | 100 1 1410 1N910 74
15 20 | 0.5 15 |10 0| —6]1a 2 | 1N3467 24 40 |200 | 1 15|30 1N3466 75
15 20 | 0.5 60 |10 10| -6]1a 2 | 1IN3468 25 45 10 |22 1810 1N541 76
15 25 | 0.5 40 115 0| —6|1a 2 | G158 26 150 | 30
15 | 100 1 30110 10| —6 8 | 1N4523 27 45 10 | 2.2 18110 (matched pair 1N541) 1N542 17
15 |1w0| 1 | 30fi0 10 1mA 8 | G790 28 15030
15 |100 065 | 2010 2 40 | G200 29 50 200 |50 {matched pair) 1N35 78
18 50 | 0.76 B| 5 2 ov | 100 | GB24 30 50 | 26| 1 |1600|50 1N51 79
20 5042 40 110 5 | =10 | 15 350 | 1NT70 k| 50 3 1 10110 1N81 80
20 8| 1 | 400|20 1NB16 3 50 3|1 10110 1NB1A 81
20 50 1 20010 1NT76 3 50 3 1 10110 1N128 82
500 |30 50 3 1 10]10 1N128A 83
20 |w0) 1 2|10 5 | —20 | 25ke | 300 | 1NG95 34 50 3| 1 |1500(50 1N46 84
20 | 10@70°C 50 4 1 200 {20 1N49 85
20 |00 085 | 25|10 10 1 50 | G766 35 50 4] 1 8020 1N50 86
20 (10007 10 |10 2 50 | G189 36 50 51 1 7110 TN54A 87
225(01]025 | 30|15 1N87 n 100 |50
22.5] 0.1 |0.25 (subminiature TN87) | 1N87A 38 50 51 1 40 |20 NGO 88
24 50 | 0.65 515 2 2 OV B0 | GB23 38 50 10 {0.34 10 |10 1N943 89
25 21035 413 2| imAj OV 40 | IN3773 40 50 | 10@55°C
25 |as5] 12 (10 1N267 41 50 | 20| 1 |1500]50 1N133 90
25 | 10 1 2[10 0.2mA%| 300 | TNGISA L 50 | 40| 1 20|10 5 |-40 300 | IN276JAN | 91
20 |10@70°C 100 |10@75°C
25 | 15|05 4| a5 2 {0.2mA? 40 | 1N3592 43 50 | s0] 1 30 |30 1N449 92
25 40 | 0.8 151 5 5 |-10 | 0.5mA | 300 | 1N9S6 44 50 50| 1 200 |50 1N108 93
25 | 50| 1 | 100]20 10]|—6 | 3ka| 2|1N3148 5 5o [100] 1| 3030 1N452 9
25 |100 075 | 510 2 60 | 6198 8| fgo [s00] 1 | 30|50 NS5 a5
25 [200 1 20 110 1N283 47
25 |300] 1 20| 8 Ga44 48 55 | 150 | 1 5110 G788 95
27 | s0fo7 | 8|5 2 ov | 350 | 6822 ag| |60 |25 | 1 | 10]10 1N638 u
3 |25] 1 | 20fn0 1N268 so| [60 | 4] 1| 75|30 1N266 o
30 15 1 300 {30 1N56 51 60 5 13.54 5 —40 300 | IN&17 99
30 | 2 250 {40 1N298A 52 60 51 1 30|10 TN34A 100
30 40 1 100 |10 1N145 53 500 |50
NOTES: 1. Modified IBM Test Circuit 2. lp 3. JAN Test Circuit 4. & 55°C
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GERMANIUM GENERAL PURPOSE DIODES

Ie Iz Reverse Recovery Time Part Line Ie Iz Reverse Recovery Time Part Line
PV [ mA@V | A @V |lmA] Vg |Rec.to|nsec|] MNo. | No. | fpv | mA@v | xA@ V  [lzmA| Vg [Rec.to[nsec| No. | No.
60 511 50|10 1N66 101 75 | 10 ] 1 | 100]50 N7 139
800 |50 75 | 10 ] 1 | so0|50 NS5 140
60 511 50|10 1NB6A w2 | | | 5|1 5010 1N314 141
&0 5 | 1 | 126]|50@85°C| 30 [—35] 50ke |500 [IN119 103 ]| |75 | 20 1 | 100{50 1N118 142
60 5 | 1 | 125(50@55°C |  (solder-in 1N119) 1N480 104 | |75 | 20| 1 | 80050 1N96 143
60 5 | 1 | 250|50@55°C | 30 |—35 | 50ke |500 |1N120 105 | |75 | 25| 1 20|10 1447 144
60 B 5 |—40 | 2kn | 300 | 1N418 106 6030
60 |85 |1 15(10 N34 07 | |5 | 5| 50{10 IN126A | 145
800 |50 850 (50
60 | 20 | 1 | 125|50@75°¢C N278 108 | |75 | 40| 1 | 100{50 INT1BA | 146
60 | 20 | 1 [1500]50 1N287 109 | |75 |00 | 1 3050 1N489 147
60 | 40 | 1 | 100]50 1N276 1m0 | |75 |00 | 1 30{10 5 [—40 300 [1N281 148
100 | 10@75°C 50050
60 | 40 | 1 | 500|50 1N96A m 75 (100 | 1 | 200]50 1N292 149
60 | 50 f0.7 6) 5 G820 112 | |75 200 | 1 5050 1N454 150
60 [100 | 1 10{10 1N909 113 ] |80 |35 | 1 10| 5 1297 151
60 [100 | 1 15[ 10 1NT74 114 100 50
150 | 50 80 |35 1 10 5 1N297A | 152
60 [100 | 1 20{10 IN775 115 100 50
250 { 50 80 |36 1| 30075 1N57 153
60 (100 | 1 25(40 1N498 116 80 | 4| 1 50 5 1NG7 154
60 [100 | 1 25010 30 |—40| 400! 1N777 117 80 | 4|1 10(10 1N198 155
125 | 50@55°C 250 | 50@75°C
60 [200 |1 15] 10 rraa | 118 | (a0 | 40| 1 5050 1N100A | 156
150 | 50 80 |00 | 1 25 50 INTT1 157
60 |200 | 1 20|45 1N3465 | 119 | (a0 |100 | 1 40| 60 1N500 158
65 [100 | 1 10]10 1773 120 | |80 |10 | 1 5050 INTT2 159
100 | 50 80 |125 | 1 | 180]90 5 |—40 300 | 1N419 160
B85 [200 |1 10}10 IN7TT3A | 12 80 |200 | 1 10{20 30 [—10 300 | 1N3666M | 161
100 | 50 150| 20@70°C USN
703 25 | 1 25| 10@85°C 113 122 80 |200 | 1 10] 20 30 [—10 300 | 1N3666M1 | 162
125 [ 50@55°C 150 | 20@70°C USN
703 |25 | 1 50| 10@55°C 1N114 123 | |80 200 | 1 1020 30 [—10 300 | 1N3666M2 | 163
250 [ 50@55°C 150| 20@70°C USN
03125 |1 100] 10@55°C 1N115 124 80 200 | 1 25|50 INTTIA 164
500 | 50@55°C 80 |200 | 1 25|50 30 [—10| 500~A | 300 | 1N3666 | 165
0 411 50{10 1NB6 125 80 |200 | 1 [ 100{50 5 [—a0 300 | 1N270 166
833 |50 80 |200 | 1 | 100]50 1N270JAN | 167
70 511 10(10 1N294 126 75| 10@75°C
800 {50 80 |400 | 1 25|50 INTTIB | 168
70 511 10{10 IN294A | 127 | f85 | 25| 1 | 100(50 1NB8 169
70 511 20{10 30 |—35 | 50ke | 500 |1N192 128 85 | 251 1 | 200050 NG5 170
" 50170@50°C 85 | 4| 1| 150{50 Ns2a | 171
70 5 1 25 |10@55°C N1 129 85 4 1 833] 50 1N48 172
125 50@55°C 85 5[ 1 | 15050 1N52 173
00 5 |1 50 [10@55°C NT12 130 g | 20 1 50050 1N141 174
250 [ 50@55°C 8 | 20 1 5050 1N289 175
0 30 2 250 | 40 1N298 1 85 40 1 300( 50 1N140 176
70 | 200 1 50|50 1NTT2A 132 85 40 1 150 50 1N288 177
75 311 | 41050 1N45 133 | lao | 25| 1 11]10 1N476 178
75 5 (1 30(10 1NB9A 134 60| 10@60°C
500 |50 9 |25 1 1]10 1N4T7 179
75 511 50]10 NG9 135 60| 10@60°C
850 |50 9 |32 1 | 100]60 1N265 180
75 511 50|10 1N126 136 30 51 7|10 1N479 181
800 |50 90 501 25( 10 30 [—35| 50ka [500 | 1N191 182
75 5 |1 | 100]s0 1N116 137 125 | 50@55°C
75 5 |1 | 800|s0 N80 138 90 5| 1 | 250|50@55°C| (solder-in 1N120) 1490 183

NOTES: 1. Modified IBM Test Circuit 2. Iz 3. JAN Test Circuit 4. @-+55°C



GERMANIUM GENERAL PURPOSE DIODES

ELECTRICAL CHARACTERISTICS, continued

Ig Ip Reverse Recovery Time Part Line I Ip Reverse Recovery Time Part Lj
PV mAaV [ vA@V 1rmA] Vg [ Rec.tofnsec| No. No. PIV| mAaV | sAaV IemA | Vg | Rec.to[nsec| No. N
90 i) 1 120 | 60 5 1—40] 0.5mA | 300 | 1NG32 184 115 311 410] 50 1N44 2
90 25 |0.5 51 & 1N3769 185 115 5| 41 3 1N47 2
20| 65 400 50
90 50 |35 120 | 60 5 |—40] 0.5mA | 300 | ING31 186 115 6] 70) 10 1N618 2
90 50 |0.62 4 5 G819 187 115 50 | 1 45| 45 1NG34 Z
100 3 1 625 |100 1N68 188 100|100
00 |35 1 L 1N89 189 120 5] 1 100|100 1N290 2
100 4 1 5] § TNGTA 190 120 25 1 30| 30 1N448 &
50| 50 120 a0 |1 100 {100 1N291 2
100 411 il 3 1N3BA 191 120 50 11 30 | 30 1N450 A
500 | 100 100 {100
100 411 6] 3 1N38B 192 120 100 | 1 50 {100 1N502 7
500 | 100 120 | 100 1 75| 10@75°C 1N277 2i
100 4 1 100 10 1N355 193 120 | 100 1 100 {100 1N453 .
50| 50 120 | 125 | 1 180 | 90 5 |-40| 0.5mA3] 300 | 1N633 :
100 411 10 10 1N198A 194 126 | 25 | 1 50| 50 1N75 2
75 | 10@75°C 125 3|1 25| 10 1N70 2
100 411 50| 50 2| —6] 50k 300 | 1N198B 195 300 | 50
250 | 50@75°C 125 311 25] 10 TNT0A b
100 411 50| 50 1NG3A 196 300 50
100 4 1 600 {100 TN58A 197 125 3 1 251 10 1N127 2z
100 5|1 7110 1N478 198 300 | 50
100 5] 800 {100 1N58 199 125 4 |1 50 | 50 1N63 2
100 5 {0.5 10| 10 TN2TTJAN | 200 125 511 100 {100 1N142 2
250 | 50@75°C 125 1|1 3|25 1N102 2
100 |75 | 1 25] 1 TN38 m 125 26 | 1 251 10 1N127A 2:
100 0] 1 50| 50 1N99 202 300 | 50
100 w1 100 | 50 1N97 203 125 4 11 100 j100 1N143 2z
100 1411 0] 10 5| —40| 0.5mA3 400 | 1N933 204 130 311 625 (100 TNGBA 23
75 | 10@75°C] 130 5§ 1 300 (100 TN61 23
100 2001 5] 50 1N100 205 700 |125
100 20:0 1 100 | 50 1N98 206 150 311 800 [150 NS5 23
100 |100 1 40 | 80 1N501 207 150 4 11 500 150 1NG5A 21
100 |150 1 150 {100 1N567 208 165 50 1 175 | 150 TNB35 23
110 § 1 700 |125 1N62 209 170 50 1 150 | 150 1N451 23
115 3] A 110 1NB17 210 190 5|1 500 | 150 1NG5B 21
35| 75@60°C 250 a0 11 100 | 50 1N98A 21
NOTES: 1.Modified IBM Test Circuit 2. lp 3. JAN Test Circuit 4. @~ 55°C
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SMALL SIGNAL CHIPS AND WAFERS

INTRODUCTION

ITT has a wide selection of planar transistor chips
and wafers available for those who require devices
in this form. Since the large number of JEDEC
specifications are derived from a few chip types,
many differing applications can be satisfied with
a relatively small guantity of basic chip families.

SPECIFICATIONS

The accompanying DC parameters identifying
each family are tested on each chip in the wafer.
These are the probe specifications. As shipped
from our factory, THE PROBE PARAMETERS ARE
GUARANTEED TO AN AQL = 2.5%.

The design parameters such as Vigsan, ton, tor,
Cos, etc. are not probed. These characteristics
can best be tested after the chip is suitably
mounted; and, therefore, have little significance
in chip form.

The chips will have a high yield to the specified
limits. The actual yield will vary with the me-
chanical techniques used to assemble the device,
and the type of package used.

In all cases, the lowest useable voltage and the
lowest useable hre should be chosen in specify-
ing chip parameters. This will provide the highest
possible yield and the most economical design.

USE

The entire wafer is manufactured with approxi-
mately 3000 A® of gold for die attach to a suitable
substrate or base. Recommended die attach tem-
perature for all families is 450°C, maximum. 9,000
to 12,000 angstroms of aluminum are dsposited
on the chip for metalization purposes. ITT recom-
mends aluminum wire for connection to the alu-
minum base and emitter bonding pads. Ultrasonic
techniques may be used for the wire-bond oper-
ation.

PACKAGING FOR SHIPMENT

Chips will be shipped in appropriate containers,
with the devices packaged to protect them from
damage in shipment. Wafers will be shipped in a
similar manner. Unless otherwise specified, wafers
will not be scribed prior to shipment.

12-1

CROSS REFERENCE CHART

The list of JEDEC specifications, together with
the respective chip specification, will provide a
means of ordering the proper chip required in
an application. This chart is not exhaustive, and
is provided as a guide. Specific requirements may
necessitate a different chip specification from
available JEDEC “2N"” numbers. In such cases,
the accompanying list of chip parameters will
provide the necessary information.

ORDERING

All chips and wafers should be ordered according
to the alpha-numeric coding system referred to
in the specification chart. The four-digit geometry
family, together with the voltage letter and DC
gain number (from the accompanying geometry
parameter chart) will completely determine the
specification which ITT will provide. A third letter
specifies in which form, chip or wafer, the product
is to be shipped.

EG: 0 0 1 8|s|2]|¢

Family

C = Chi
Voltage | Gainlw = Wafer

IDENTIFICATION

All small-signal transistor dice will be identified
by the appropriate four-digit family number to-
gether with the particular classification code for
voltage and current gain.

By way of example:

The 2N2222 is a “0018" chip. The voltage class
is “M,"” the current gain is “A."” Therefore, when
ordering a 2N2222 in chip or wafer form, the
correct part would be a “0018MA" chip. This
method applies to dice and to a wafer which has
been tested 100%.

If a wafer is needed which does not require all
the chips to be tested, then the alpha-numeric
suffix will apply. For a 2N2222 device, in wafer
form, sample probe-tested only, the proper part
number will be a “0018S1.”



SMALL SIGNAL CHIPS AND WAFERS

TRANSISTOR WAFER INSPECTION CRITERIA

MECHANICAL INSPECTION

Measure overall thickness of one (1) wafer if run
contains five (5) or less wafers. Measure two (2)
wafers if run size is greater than six (6) wafers.
Reject the run if any of the measured wafers are
not per limits specified in Table I.

Q.C. will 100% measure overall thickness of each
wafer in a rejected run,

VISUAL INSPECTION

Inspect ten (10) randomly selected devices on
each wafer with no more than three (3) die in any
one quadrent using 100X magnification.

TABLE |

UNAIDED EYE INSPECTION

1. Backside gold — the backside gold must
cover 90% of the wafer surface. The gold
must exhibit a gold, orange, or yellow cast.
The gold must show no evidence of peel-
ing or blistering.

MECHANICAL INSPECTION

1. The wafer thickness must be per the
following:

1250 2.6—3.2 mils (67-82 microns)—
1%" wafer

1243

1718 4.0—4.6 mils (117-133 microns)
—2" wafer 1250, 1243

0016

1211

1312

1913

All others 4.6—5.2 mils (117-133 mi-

crons)

Microscope Inspection (100X) — Comhined 1.0% AQGL
1. Aluminum bridging—the base metal, emit-
ter metal, and EQR ring metal may not be

connected or bridged by unetched or
smeared aluminum.

2. Aluminum adherance—the aluminum may
show no evidence of peeling, blistering,
or flaking.

3. Aluminum color — the aluminum may not
be dark brown or black.

4, Aluminum reduction — aluminum fingers
must be continuous along 75% of the oxide
cutout length nearest the bond pad on
metal over oxide devices. Aluminum fin-
gers may not be reduced more than 50%
of the oxide cutout width on metal over
oxide devices, nor more than 25% in width
at an oxide step-down point. Bond pads
must not be reduced more than 25% of
their intended area. EQR rings may not be
discontinuous at more than one place.

5. Oxide holes—silicon may not be exposed
within .0002 in. of any junction.

6. Mask misalignment — the outline of one
oxide mask definition may not cross over
the outline of another mask definition.
Aluminum mask outlines must cover more
than 50% of the intended oxide cutouts.

TRANSISTOR DIE INSPECTION CRITERIA

Inspect per Table Il using 100X to combined 2.5%
AQL.

TABLE Il

1. Broken die — broken corners, edges, or
shell chips may not extend closer than
.001"" to a junction or bond pad.

2. Cracks—cracks which are not terminated
at each end at the periphery of the die
may not extend toward a junction or bond
pad.



2N696 2N697
SILICON GENERAL PURPOSE TRANSISTOR

GENERAL PURPOSE
NPN SILICON
PLANAR EPITAXIAL
TRANSISTOR

For Improved Performance See ITT 2N2217.

DIMENSIONS

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTICS UNITS

Collector-to-Base Voltage . ........ 60 Volts

Collector-to-Emitter Voltage. .. ..... 35 Volts sLEabs O ,
Emitter-to-Base Voltage. .. ........ 5 Volts :
Operating Junction Temperature. . 2N697 200 ¢

Operating Junction Temperature. ., 2N696 175 ¢4

Storage Temperature. ............. —B65 to +200 e

Po@Tc=256C ......oovvvnnn 2.0 Watts

Pulll Ta =257 onvmmieivosmzg s 0.6 Watt

ELECTRICAL CHARACTERISTICS (25°C free air unless otherwise noted)

SYMBOL MIN. MAX. | UNIT CONDITIONS
BVeo 60 Vdc le=100uA
LVeer 40 Vdc le=30mA, Ree=102 pulsed
BViso 5 Vdc le=100uA
hee 2n697 40 120 lc=150mA, V=10V pulsed
hre 2N696 20 60 lc=150mA, V=10V pulsed
Vee(sat) 1.5 Vdc lc=150mA, l;=15mA pulsed
Vie(sat) 1-3 Vdc le=150mA, l;=15mA pulsed
lcso 1.0 kA Ve =30V
lcso 100 BA V=30V, T,=+150°C
Ces 35 pF V=10V
hr. 2 lc=50mA, V=10V, f=20MHz

NOTES: Pulse width < 300 usec, duty cycle < 2%.




2N707
NPN SILICON EPITAXIAL TRANSISTOR Package: 10-18

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Emitter Voltage
RBE £ 10 0hMS e 28 VOIS
Collector-Base Voltage .........c.....ccccccccccevenenene.. 56 Volts
Emitter-Base Voltage .........ccccccoecveevcvvvvcccceenee. 4 Volts
Total Device Dissipation @ Ty = 25°C .......... 0.3 Watt
Derate above 25°C........ccceovvvvenrirennn. 2 MW/CC
Total Device Dissipation @ Tc =25°C........... 1.0 Watt
Derate above 25°C.......cc.ccccccevveinen.. 6.67 mW/°C
Operating and Storage Junction
Temperature Range............................ —65 to +175°C

ELECTRICAL CHARACTERISTICS {TA = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
BVCER 28 - - Volts  Ig = 10 mA, Rgg = 10 ohms
BVcgo 56 - - Volts Ig=10pA lg=0
lceo = 0.005 5.0 nA Veg = 15 Volts, Ig =0
lceo - 3.0 - A Vcg = 15 Volts, Ig = 0,
Ta = 150°C
lego - - 10 A Vgg = 4 Volts. Ic =0
hee 9 12 - - Ig =10 mA, Vcg = 1 Volt
VeE(sat) - 0.18 0.6 Volt Ic=10mA.lg = 1 mA
VBE(sat) - 0.75 0.9 Volt Igc=10mA,lg =1mA
fr 70 350 - MHz Ig = 15 mA, Vg = 10 Volts
f s - 600 - MHz Maximum Frequency of Oscillation
Cob - 4.0 10.0 pF Veg = 10 Volts. Ig =0
h'Ce = 80 - ps lc =10 mA, Veg = 10 Volts,
f=4 MHz
Pout 200 300 - mwW Veg = 20 Volts, Pj; = 50 mW
n = 38 = % Vcg = 28 Volts, I = 40 mA
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2N707

SCHEMATIC
31
5011
50 4 AlR
INPUT 180 pF 0.001 uF OUTPUT
N o o | - 2ZN707 (NOTE 1) \ 1 =4 4 JICOREE 0 by =2 |7
7 1 { J' ~
_l 4-30 ——
= o e~
RFC
?;:5 18 °”H L1 L2
u
uH
(NOTE 3) 001
oE (NOTE 2)
50 0 0.01 uF
5108 — Pt ) | o
2w | |
| lﬁ O +Vec(NOTE4)

I L
=25 Volts

L1 5 TURNS NO. 14 WIRE WOUND ON 1/2 IN DIAMETER
L2 2 TURNS NO. 14 WIRE WOUND ON L1

NOTE 1 HEATSINK IS REQUIRED.

NOTE2 ADJUCT FOR CLASS C OPERATION.

NOTE3 VERY HIGH CONDUCTANCE SILICON DIODE.
NOTE4 ADJUST Vee FOR PROPERVcE

FIGURE 1 — 100 MHz, CLASS C, COMMON BASE AMPLIFIER
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2N915 ©
NPN SILICON HIGH FREQUENCY AMPLIFIER TRANSISTOR Package - TO-18

The ITT 2N915 is a NPN double-diffused silicon planar transistor. This unit is designed for low-power
non-saturating switching circuits and low-noise VHF amplifier and oscillator applications.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Collector-Base Voltage .........cccccovvnervineverece. 70 Volts
Collector-Emitter Voltage (Mote 4) .................... 50 Volts
Emitter-Base Voltage ... v 5.0 Volts
Total Device Dissipation @:

Tc =25°C (Notes 2 and 3) .......ccccovevennen. 1.2 Watts

Tc = 100°C (Notes 2 and 3).................... 0.68 Watt
Ta = 25°C(Notes 2 and 3) ............. -
Storage Temperature .. PR
Operating Junction Temperature ..200°C Maximum
Lead Temperature
(Soldering, No Time Limit) ............... 300°C Maximum

ELECTRICAL CHARACTERISTICS {TA = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions

hEE 50 110 200 - Ic = 10 mA, Vcg = 5.0 Volts (Note 5)

VBE(sat) - 0.77 0.9 Volt Ic=10mA,lg=1.0mA

VCE(sat) = 0.45 1.0 Volt  Ic=10mA,Ig = 1.0 mA

hfe 25 36 = = Ic = 10 mA, Veg = 15 Volts

Cob - 3.0 3.5 pf le=0,Vecg = 10

Kre » 6.5 10 pf  Igc=0.Vgg = 0.5 Volt

IcBO = 0.8 10 nA  Ig=0,Vcg = 60 Volts

leppl150°C) - 0.5 30 A lg =0.V¢cpg = 60 Volts

BVego 70 - - Volts Ig =0, lc = 100 uA

VCEO(sust) 50 - - Volts  Ig = 10 mA (pulsed), Ig =0
(Notes 4 and 5)

BVEgo 5.0 - = Volts lg=10uA,lc=0

"hCe - 170 300 psec lc =10 mA, Vcg = 10 Volts
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2N915

SMALL SIGNAL CHARACTERISTICS (f=1 kc)

Symbol Min Typ Max Unit Conditions
he 40 115 200 - Ic = 1.0 mA, Vg = 5.0 Volts
50 140 250 = Ic = 5.0 mA, Ve = 5.0 Volts
hig - 3.0 6.0 Kohms Ic = 1.0 mA, Vg = 5.0 Volts
- 0.7 2.0 Kohms Ic = 5.0 mA, Vgg = 5.0 Volts
hoe - 12 75 pmho g = 1.0 mA, Vg = 5.0 Volts
- 45 125 pmho I = 5.0 mA, Vog = 5.0 Volts
NOTES:
(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired.

(2)
(3}

(4}
(5}

These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operation.

These ratings give a maximum junction temperature of 200°C end junction-to-case thermal resistance of 145°C/watt (derating
factor of 6.9 mW/®C): junction-to-ambient thermal resistance of 486°C/watt (derating factor of 2.06 mW/°C).

Rating refers to a high-current point where collector-to-emitter voltage is lowest,

Pulse Conditions: length = 300 usec; duty cycle = 1%.

ELECTRICAL CHARACTERISTICS {TA = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions

“lcBo e 0.1 10 nA Ig = 0.Vcg = 30 Volts

Ico(150°C) - 0.2 10 pA  1g =0.Vcp = 30 Volts

BVego 45 - =3 Velts Igc=10uA lIg =0

VCEO (sust) 25 == = Velts g = 10 mA (pulsed), Ig = 0 (Notes 4 and 5)
h'Ce - 200 300 psec Ic =10 mA, Vgg = 10 Volts
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2N929 2N930°
SILICON GENERAL PURPOSE TRANSISTORS

LOW LEVEL

LOW NOISE

NPN SILICON PLANAR
TRANSISTORS

e High Gain; 100 min. @ I.=10 :A
e Low Noise; 3dB max. @ I.=10:A
e High V,: 45 Vdc min.

The ITT 2N929 and 2N930 are NPN silicon planar transistors
designed for application in low noise, low level amplifiers in the
audio through high frequency range.

ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS

DIMENSIONS

e

n
\;//"‘}( 100 LEAD

(ool | T o T e i e T T | e e I e P e Oy e o e A
Collector-to-Emitter Voltage (openbase).........covviviviininnnnnnn.
Lo =TI a1 (5 S S S e e S SO L ey
Collector-Ctrrent (eORtINUONS)Y « 5 i i daiaiii s s s s ey s e
Junction Temperature (OPerating) . . « v« v v v v v iine e nen v nennersos

(340} 12T [o) [rat e e e e oy sl R S ot o
Total!Pawer Diss nation [ em 2808 vl im v b s v e s 5 e

(derate 4.0 mW/°C above 25°C)

Total Power Dissipation @ Ta=26%C, .. .t uvsveroneivireseasssnss

(derate 2.0 mW/°C above 25°C)
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2N929 2N930
ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted
SYMBOL MIN. MAX. UNIT CONDITIONS
LVch 45 Vdec ll: =1 OmA
BVeso 5.0 Vdc le=10nA
hee le=100tA Ve=5.0V
40 120 2N929
100 300 2N930
<=500pA V=b.0V
60 2N929
150 2N930
le=10mA Ve=5.0V
350 2N929
600 2N930
le=10uA Ve=5.0V T.,=-55°C
10 2N929
20 2N930
Vee(sat): 1.0 Vde le=10mA 1;=0.5mA
Vee(sat): 0.6 1.0 Vdc l[e=10mA |;=0.5mA
ICSD 10 nA VCB=45V
]cfc 2 nA VCE=5V
leso 10 nA V=5V
ICES ‘[0 nA ch=45\/
lces 10 A V=45V T,=170°C
Cob 8 pF ch=5V
hie lc=1.0mA V=5V f=1KHz
60 350 2N929
150 600 2N930
1.0 1.0 le=500uA V=5V f=30mHz
hi 25 32 ohms le=1.0mA V=5V f=1mHz
1 1.0 emho le=1.0mA V=5V f=1mHz
hes 600 X107+ le=1.0mA V=5V f=1mHz
NF |c=10,uA V=5V Res=10K2
B.W.=200Hz f=1KHz
4 dB 2N929
3 dB 2N930

Notes: 1. Pulse width =300 usec; duty tycle =2%.
2. Lowest emitter to collector voltage,
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2N2192, 2N2192A, 2N2192B®

Package TO-5

HIGH-SPEED NPN SILICON, HIGH-CURRENT SWITCHING TRANSISTORS

ABSOLUTE MAXIMUM RATINGS (Note 1)
Characteristics Unit

Collector-Base Voltage ... = .. 60 Volts
Collector-Emitter Voltage {Note 4} ... 40 Volts
Emitter-Base Voltage ..........cccccccciviiiiiiciiennieee. 5.0 Volts

Collector Current......
Total Dissipation @:

..1.0 Amp

Tc =25°C(Notes 2 and 3) ..............cce....... 2.8 Watts
Tc = 100°C (Notes 2 and 3)...................... 1.6 Watts
Tp =25°C(Notes2and 3).........................0.8 Watt

Storage Temperature .. e OB G0 3002 C
Operating Junction Temperature —65°C to +200°C
Lead Temperature

(Soldering, No Time Limit) .............. 300°C Maximum

NOTES:

(41} These ratings are limiting values above which the serviceability of
any individual semiconductor may be impaired.

2 These are steady state imits. The factory should be consulted on
applications involving pulsed or low duty cycle operations.

J a of 200°C and
i 10- case th 1 resi of 2.5°C/watt ([derating factor
of 16mW/"C), junction-to-ambient thermal resistance of
219°C/watt (derating factor of 4. 56mW/°C).

13} Thase ratings give a

4 Rating refers to a high-current point where colisctor-to-emitter
voltage is lowast,

(5] Pulsa Conditions: length < 300 usec, duty eycla < 2%.

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

Symbol Min Max Unit Conditions

hgg 100 300 = Ic = 160 mA, Vgg = 10 Volts (Note 5)
heg 75 = E Ic = 10 mA, Vcg = 10 Volts

hee 70 - = Ic = 1560 mA, Vcg = 1.0 Volt (Note 5)
hee 35 = - Ic = 500 mA, Vg = 10 Volts (Note 5)

hEE(—55°C) 35 = =

Ic =10 mA, Vcg = 10 Volts

hre 15 - - Ic = 1.0 A, Vcg = 10 Volts (Note 5)

hre 15 - - Ic =0.1mA,Vgg = 10 Volts

VeE(sat) - 0.35 Volt Ic = 150 mA, Ig = 15 mA (2N2192)
VeE(sat) - 0.25 Volt Ic =150 mA, Ig = 15 mA (2N2192A)
VeE(sat) - 0.18 Volt Ic =150 mA, Ig = 16 mA (2N2192B)
VBE(sat) E 1.3 Volts Ic =150 mA.lg = 15 mA

hfe 2.5 - - Ic =50 mA, Vcg = 10 Volts f=20MHz
Cob - 20 pF Ig =0.Vgg = 10 Volts

IcBO - 10 nA lg =0, Vg = 30 Volts
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2N2192, 2N2192A,2N21928B

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

Symbol Min Max Unit Conditions

IcBO(150°C) - 15 MA lg = 0.Vcp = 30 Volts

leBO - 50 nA Ic =0.Vgg = 3.0 Volts

BVceo 60 - Volts Ilc=100uA I =0

VcEO(sust) 40 - Volts Ic = 25 mA (pulsed), Ig = 0
(Notes 4 and 5)

BVggo 5.0 - Volts Ig=100pA. Ic =0

tf - 50 nsec See Figure 1

ty - 70 nsec See Figure 1

tg - 150 nsec See Figure 1

CIRCUIT DIAGRAM

-1V

v

.5 — out
J | | Vin 1y Scope Input:

*I 10 R = 10 Meg
"g‘ C = 11.5 pf
5 nsec

r 51 Q 1KQ

t; =20 nsec 330 pt

R =50Q

gen I V= 7.5V 2

FIGURE 1
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2N2193, 2N2193A, 2N2193B® package TO-5
HIGH-SPEED NPN SILICON, HIGH-CURRENT SWITCHING TRANSISTORS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Units
Collector-Base Voltage .............cccocceceiveiiinne... 80 Volts
Collector-Emitter Voltage (Note 4) .................... 50 Volts
Emitter-Base Voltage ..............cc.cccceeevvvevienee. 8.0 Volts
Collector Current ... midammbaiiawimsie 1.0 Amp
Total Dissipation @:

Tc = 25°C (Notes 2 and 3) ...........cceeec... 2.8 Watts
Tc = 100°C (Notes 2 and 3)...................... 1.6 Watts
Ta =25°C(Notes2 and 3) ..o 0.8 Watt
Storage Temperature ...................... —65°C to +300°C

Operating Junction Temperature.... —65°C to +200°C
Lead Temperature
(Soldering, No Time Limit) ............... 300°C Makimum

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

Symbol Min Max Unit Conditions

hgg 40 120 - Ilc = 150 mA, Vcg = 10 Volts

hee 30 - - lc = 10 mA, Vcg = 10 Volts

hee 30 - - Ic = 1560 mA, Vg = 1.0 Volt
heg(—550C) 20 - - lc =10 mA, Vg = 10 Volts

hEg 20 = = Ic = 500 mA, Vcg = 10 Volts

hee 15 - - Ic=1.0A,Vcg = 10 Volts

hee 15 - - Ic = 0.1 mA, Vcg = 10 Volts

VeE(sat) - 0.35 Volt lc = 150mA, Ig = 16 mA (2N2193)
VCE(sat) - 0.25 Volt lc = 160 mA, Ig = 15 mA (2N2193A)
VeE(sat) - 0.18 Volt Ic =150 mA, Ig = 15 mA (2N2193B)
VBE(sat) - 1.3 Volts Ilc =150 mA, Ig = 156 mA

hfe 25 - - Ic = 50 mA.Vgg = 10 Volts =20 MHz
Csh - 20 pF Ig=0,Vcg = 10 Volts f=1MHz
IcBO - 10 nA Ig = 0.Vgp = 60 Volts
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2N2193,2N2193A,2N2193B

ELECTRICAL CHARACTERISTICS {TA = 25°(C unless otherwise noted)

Symbol Min Max Unit Conditions

IcBO(150°C) - 25 A Ig = 0,Vcg = 60 Volts

leBo . 50 nA Ic = 0.Vgg = 5.0 Voits

BVeeo 80 = Volts Ilc = 100uA lg=0

VCEO(sust) 50 - Volts Ic = 25 mA (pulsed). g = 0
(Notes 4 and 5)

BVepgo 8.0 - Volts Ig = 100uA, lc=0

tg - 50 nsec See Figure 1

t - 70 nsec See Figure 1

tg - 150 nsec See Figure 1

NOTES:

(1) These ratings are limiting values above which the serviceability of any individual device may be impaired.

{2)  These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.

13)  These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 62.5°C/watt (derating
factor of 16 mW/2C): junction-to-ambient thermal resistance of 219°C/watt (derating factor of 456 mW/°C)

{4)  Rating refers to a high-current point where collector-to-emitter voltage is lowest

(5]  Pulse Conditions: length < 300 usec; duty cycle = 2%.

CIRCUIT DIAGRAM

5V —
a_l | Vg M 1K
I

10
] psec |-
1, = 20 nsec
1y = 20 nsec

nqen »501

VOI.II

Scope Lnpul:

FIGURE 1
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2N2194,2N2194A, 2N2194B®

Package TO-5

HIGH-SPEED NPN SILICON, HIGH-CURRENT SWITCHING TRANSISTORS

ABSOLUTE MAXIMUM RATINGS (Note 1)
Characteristics Unit

Collector-Base Voltage ..............ccoccoveensicvvinnnnne.. 60 Volts
Collector-Emitter Voltage (Note 4 ..... ..... 40 Volts

Emitter-Base Voltage .........c.......... ... 5.0 Volts
Collector CUMment .......cccocuverviecsrriersionsnsesensnens 1.0 AMPp
Total Dissipation @:
Tc =25°C (Notes 2 and 3) ........coccenrevnn. 2.8 Watts
Te = 100°C (Notes 2 and 3)...................... 1.6 Watts
Tp =25°C(Notes2 and 3) ..........................0.8 Watt
Storage Temperature ....................... —65°C to +300°C

Operating Junction Temperature ... —65°C to +200°C
Lead Temperature
(Soldering. No Time Limit) ............... 300°C Maximum

NOTES:

(1

(2)

(3)

(4)

(5)

These ratings are limiting values above which the serv-
iceability of any individual device may be impaired.

These are steady state limits. The factory should be con-
sulted on applications involving pulsed or low duty cycle

operations.

These ratings give a maximum junction temperature of
200°C and junction-to-case thermal resistance of
62.5°C/watt (derating factor of 16 mW/2C); junction-to-
ambient thermal resistance of 219°C/watt (derating fac-

tor of 4.56 mW/°C).

Rating refers to a high-current point where collector-to-

emitter voltage is lowest.

Pulse Conditions: length < 300 gsec: duty cycle < 2%.

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

Symbol Min Max Unit Conditions

hEe 20 60 - Ic = 150 mA, Vg = 10 Volts (Note 5)
heg 15 - - Ic = 150 mA, Vcg = 1.0 Volt (Note 5)
hee 15 - - Ic = 10 mA, Vcg = 10 Volts

hee 12 - - Ic = 500 mA, Vg = 10 Volts (Note 5)
VeE(sat) - 0.35 Volt Ic =150 mA.Ig = 15 mA (2N2194)
VeE(sat) - 0.25 Volt Ic =150 mA,Ig = 15 mA (2N2194A)
VeE(sat) E 0.18 Volt Ic = 150 mA.lg = 15 mA (2N2194B)
VBE(sat) = 1.3 Volts Ic =150 mA, Ig = 156 mA

hte 2.5 = ~ Ic = 50 mA, Vg = 10 Volts

Eat = 20 pF Ig =0,Vcg = 10 Volts

Iceo = 10 nA Ig =0, Vcg = 30 Volts

lcBO(150°C) - 25 A Ig = 0.Vcg = 30 Volts

leBO - 50 nA Ic =0.Vgg = 3.0 Volts

BVcao 60 - Volts Ic = 100uA. Ig =0
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2N2194,2N2194A,2N2194B

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

Symbol Min Max Unit Conditions

VCEO[SLISt] 40 - Volts Ic = 25 mA (pulsed), Ig = 0(Notes 4 and 5)
BVggo 5.0 - Volts lg = 100A, Ic =0

tf - 50 nsec See Figure 1

i - 70 nsec See Figure 1

tg - 150 nsec See Figure 1

CIRCUIT DIAGRAM

-1V

v

+15V— out
V. 1 pf Scope Input:
| l in

0 ..| 10 o—r—| A R =10 Meg
¢ e e
i 51Q< 1KQ
t; =20 nsec 330 pf
Rgen =50Q i

FIGURE 1
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2N2195, 2N2195A, 2N2195B°

Package TO-5

HIGH-SPEED NPN SILICON, HIGH-CURRENT SWITCHING TRANSISTORS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit

Collector-Base Voltage ... e o 45 Volts
Collector-Emitter Voltage {Note 4] ... 25 Volts
Emitter-Base Voltage .................... ... 5.0 Volts

Collector Current....... .. 1.0 Amp
Total Dissipation @:
Tc = 25°C (Notes 2 and 3) .... 2.8 Watts
Tc = 100°C (Notes 2 and 3).. . 1.6 Watts
Ta =25°C (Notes 2 and 3) ... ...0.6 Watt

; —55°C to +300°C
—65to +200 °C

Storage Temperature ..
Operating Junction Temperature
Lead Temperature

(Soldering, No Time Limit) .............. 300°C Maximum

NOTES:

(1) These ratings are limiting values above which the sery-
iceability of any individual semiconductor device may be
impaired.

(2)  These are steady state limits. The factory should be con-
sulted on applications involving pulsed or low duty cycle
operations.

[3)  These ratings give a maximum junction temperature of
200°C and junction-to-case thermal resistance of
62.5°C/watt (derating factor of 16 mW/°C); junction-to-
ambient thermal resistance of 292°C/watt (derating fac-
tor of 3.42 mW/°C).

(4)  Rating refers to a high-current point where collector-to-
emitter voltage is lowest,

[8)  Pulse Conditions: length < 300 usec, duty cycle < 2%.

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

Symbol Min Max Unit Conditions

hgg 20 - - Ic = 150 mA, Vg = 10 Volts

hee 10 - - Ig = 150 mA, Vg = 1.0 Volt

VeE(sat) - 0.35 Volt Ic =150 mA, Ig = 15 mA (2N2195)

VeE(sat) - 0.25 Volt lc =150 mA, Ig = 15 mA (2N2195A

VeE(sat) - 0.18 Volt lc = 160mA, lg = 15 mA (2ZN21958B)

VBE(sat) - 1.3 Volts Ilg =150 mA, Ilg = 15 mA

hfe 25 - - Ic = 50 mA, Vg = 10 Volts

Cob - 20 pF Ig = 0.Vep = 10 Volts

Icgo - 100 nA Ig = 0.Vepg = 30 Volts

lcBO(150°C) - 50 WA Ig = 0.Veg = 30 Volits

leBO - 100 nA lc = 0.Vgg = 3.0 Volts

BVego 45 - Volts Ilc=100uA Ig=0

VCEOlsust] 25 - Volts Ilc = 25 mA (pulsed), Ig = 0
(Notes 4 and 5)

BVego 5.0 - Volts lg =100uA Ic=0
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2N2218 2N2219®

SILICON GENERAL PURPOSE TRANSISTORS

GENERAL PURPOSE
NPN SILICON PLANAR
EPITAXIAL TRANSISTORS

e Low V. (sat), <04V @ |.=150mA
® High Frequency, f;=250 MHz @ |.=20mA
e Wide Useful Current Range, 0.1 to 500mA

The ITT 2N2218-19 are NPN silicon planar epitaxial general
purpose transistors for applications at current ranges from 0.1 to
500 mA. Low saturation voltage and fast switching times make the
2N2218-19 ideal for core driving. The flat gain over a wide current

DIMENSIONS
(INCHES)

B )
A }\\? 200 LEAD

range gives good linearity in amplifier circuits. High breakdown 945 CIRCLE
voltage allows large signal swing in switching and amplifier circuits. e
ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS UNITS
CollEator-to-Base Vol tAB:. o ownw mimmin i s R 55 e st e sy 60 Volts
Collector-to-Emitter Voltage (openbase). .. ....... ..o, 30 Volts
Emitter=10-Base VOIAGE « v i s v o e s e s o i s 5 a0 e 98503 5.0 Volts
Collector Current (CONLINUOUS) . + o v v v v v vmnsiersnnsesaisassrarsss 800 mA

Junction Temperature {Operating) o v vy srmwwvmn s v s e v vt
{EUOYAGE) o e e A R A e e

Total Power Dissipation @@ Te=258°C . . . _ .. ..
(derate 20mW/°C above 25°C)

Total-Power Bissipation: @ Ta=25"C 1 i sniia s Do Setdireinie slini s

(derate 5.33 mW/°C above 25°C) -
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2N2218 2N2219

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted

SYMBOL MIN. MAX. UNIT CONDITIONS
hee [V le=150mA, Vee=10V
40 120 2N2218
100 300 2N2219

le=150mA, Vee=IV

20 2N2218
50 2N2219
lc= SOOmA, Vcs_= 10V
20 2N2218
30 2N2219
hee le=10mA, Vee=10V
35 2N2218
75 2N2219

lc=1mA, Vca=10\f

25 2N2218
50 2N2219
le=0.1mA, Vee=10V
20 2N2218
35 2N2219
Vce(sat)®" 0.4 Vdec le=150mA, le=15mA
1.6 Vdc lc=500mA, lz=50mA
Vee(sat) 1) 1.3 Vdc le=150mA, lg=15mA
26 Vdc le=500mA, |z =50mA
leeo 10 nA Ve =560V, lg=0
10 pA V=50V, =0, T=150°C
IEUO 10 nA Vﬁa=3v, Ic=0
fr 250 MHz le =20mA, Vce=20V
Caw 8 pf Vee=10V, [e=0
Rofnie) 12 60 Ohms lc=20mA, Ve =20V, f =300 MHz
BV:go 60 Vdc |c=10#A, |E=0
Veeo(sust) 1) 30 Vde le=10mA, lzg=0
BVeso 5 Vdc le=10pA, lc=0

NOTES: 1. Pulse Measurement: width < 300usec, duty cycle < 2%.
2. Real part of Common-Emitter high frequency input impedance..
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2N2219A"
SILICON SWITCHING TRANSISTOR

HIGH-SPEED NPN SILICON
PLANAR EPITAXIAL
SATURATED SWITCHING
TRANSISTOR

DIMENSIONS
'_-_.335__1
ABSOLUTE MAXIMUM RATINGS gggl aw‘m
CHARACTERISTICS UNITS 2 s
Collector-to-Base Voltage .. ....... 75 Volts A
Collector-to-Emitter Voltage . ...... 40 Volts i,
Emitter-to-Base Voltage. . ......... 6 Volts A3
Operating Junction Temperature. . . . 176 c -
Storage Temperature. ............. —65 to +200 {51 200 eikeLe
Bo@ Te=06RC watinws wvmammmans 3.0 Watts
RPoi@ Tam 288 1 v s s siissmitndons 0.8 Watts

ELECTRICAL CHARACTERISTICS (25°C free air unless otherwise noted)

SYMBOL MIN. MAX. | UNIT CONDITIONS

BVcio 75 Vdc lc=10rA

LVeso 40 Vdc lc=10mA pulsed

BVeo 6 Vdc le=10pA

hee 35 lc=100uA, Vee=10V

hee 50 le=1TmA, V=10V

hee 75 le=10mA, V=10V

hee 100 300 lc=150mA, V=10V pulsed
e 40 lc=500mA, V=10V pulsed
hee 50 le=150mA, Vee=1V pulsed
hee 35 le=10mA, V=10V, T,= —55°C
Vce(sat) 0.3 Vdc lc=150mA, l,=15mA pulsed
Vee(sat) 1.0 Vdc lc=500mA, l;=50mA pulsed
Vee(sat) 0.6 1.2 Vdc lc=150mA, I;=15mA pulsed
Ve (sat) 2.0 Vdc [c=500mA, l;=50mA pulsed
|cnc~ 10 nA Vca =60V

leso 10 pA V=60V, T,=150°C
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2N2219A

ELECTRICAL CHARACTERISTICS continued

PARAMETER MIN. MAX. | UNIT CONDITIONS
leex 10 nA Vee=60V, Vee=3V
IEBX 20 nA Vis = 3V, Vca =60V
|an 10 nA Vea =3V
G 8 pF Ves=10V
Ci 25 pF Vea=0.5V
h. 50 300 le=1mA, Vee=10V, f=1KHz
h. 75 375 le=10mA, Vee=10V, f=1KHz
h, 3 le=20mA, V=20V, f=100MHz
hi, 2 8 K ohms le=1mA, Vee=10V, f=1KHz
hie 0.25 1.25 K ohms le=10mA, Vee=10V, f=1KHz
hre 8 x10~# le=1mA, V=10V, f=1KHz
his 4 X1074 le=10mA, Vee=10V, f=1KHz
hi; 5 35 pmho le=TmA, Vee=10V, f=1KHz
hee 25 200 pmho le=10mA, V=10V, 1f=KHz
Rettiel 60 omhs lc=20mA, Vce=20V, f=300MHz
1, Ce 150 ps le=20mA, V=20V, f=31.8MHz
N.F. 4 db lc=100pA, Ve=10V, Re=1KQ, f=1KHz
IR 2.5 ns le=150mA, ls1=15mA, V=30V, Vi =0.5V
ta 10 ns lc=150mA, ls1=15mA, Vec=30V, Vi =0.5V
t 25 ns le=150mA, lsy=15mA, Vcc=30V, Vi =0.5V
t 225 ns le=150mA, ls1 =le2=15mA, Vcc =30V
1 60 ns lc=150mA, ls1=1ls2=15mA, V=30V

NOTE: Pulse width < 30 psec, duty cycle < 2%,
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®
2N2221 2N2222
SILICON GENERAL PURPOSE TRANSISTORS

GENERAL PURPOSE
NPN SILICON PLANAR
EPITAXIAL TRANSISTORS

e Low V, (sat). <0.4V @ |.=150mA
e High Frequency, f,=250 MHz @ |.=20mA
e Wide Useful Current Range, 0.1 to 500mA

DIMENSIONS

The ITT 2N2221-22 are NPN silicon planar epitaxial general
purpose transistors for applications at current ranges from 0.1 to
500 mA. Low saturation voltage and fast switching times make the
2N2221-22 ideal for core driving. The flat gain over a wide current
range gives good linearity in amplifier circuits. High breakdown
voltage allows large signal swing in switching and amplifier circuits.

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTICS UNITS
Collector-to-Base Moltage . s cvvaiim i s s s s @ msn , S0 4 e o e 60 Volts
Collector-to-Emitter Voltage (0pen base) . . . ... vvvveern e eranaes 30 Volts
Emitter<to=Base Vollages o s ie s s s st s i a s st o S s 5.0 Volts
Collecttr Cunent (CONTRIOUS)Y s s s v usams s e o e rnas 800 mA
Junction Temperature (OPerating) . . .. ...vvvvienveneranieretaasinrans —65 to +176 il
(SEOTALIEY tvissra <o st oot oo A 3R o A e —65 to +300 *c
Total Power Dissipation @ Tc=25C . ... o0 vinvmnrennennnesr st 1.8 Watts
(derate 12mW/°C above 25°C)
Total Power Dissipation @ Ta=25"C . . o oo pmmrn s romes sps s o o s 0.5 Watts

(derate 3.33 mW/°C above 25°C)
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2N2221 2N2222

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted

SYMBOL MIN. MAX. UNIT CONDITIONS
hee 1) le=150mA, Vee=10V
40 120 2N2221
100 300 2N2222

le=150mA, V=1V

20 2N2221
50 2N2222
le=500mA, Vee=10V
20 2N2221
30 2N2222
hF&‘ |c=10ITiA, Vc5=10V
35 2N2221
75 2N2222

|c= 1 mA, Vc§=10\!

25 2N2221
50 2N2222
]c=0.1 mA, ch"—"l OV
20 2N2221
35 2N2222
Vece(sat)™ 0.4 Vdc le=150mA, la=15mA
1.6 Vde le=500mA, 1;=50mA
Vae(sat) (V) 1.3 Vdc le=150mA, lg=15mA
26 Vde le=500mA, lz=50mA
|cao 10 nA Vca=50V. le=0
10 uA Ves =50V, =0, T=150°C
IE‘BO 10 nA V55=3V, !c=0
fr 250 MHz le=20mA, Vce=20V
Cos 8 pf V=10V, =0
Rafhie) 12 60 Ohms le=20mA, V=20V, f=300 MHz
BVcso 60 Vde |c=10;.lA, |E=0
Veeo(sust) ! 30 Vde le=10mA, ;=0
BVeso 5 Vde le=10pA, lc=0

NOTES: 1. Pulse Measurement: width < 300usec, duty cycle < 2%.
2. Real part of Common-Emitter high frequency input impedance.
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2N2221A°
SILICON SWITCHING TRANSISTOR

HIGH-SPEED NPN SILICON
PLANAR EPITAXIAL
SATURATED SWITCHING
TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTICS

Collector-to-Base Voltage. . .......
Collector-to-Emitter Voltage. .......
Emitter-to-Base Voltage........... 6

Operating Junction Temperature. . . . 175
Storage Temperature. ............. —B65 to +200
Pr@ Te=22B"C v mmnmsin 1.8
Po@TI=22B28 . skttt 0.5

DIMENSIONS
el
-

o 1;3 s

UNITS - D T
oo 00T 4

Volts ol

Volts

Volts

e

i

Watts

Watt

ELECTRICAL CHARACTERISTICS (25°C free air unless otherwise noted)

SYMBOL MIN. MAX. UNIT CONDITIONS
BVeo 75 Vdc le=10pA
LVeeo 40 Vdc le=10mA pulsed
BVeo 6 Vdc le=1 O.I-lA
Fiee 20 le=100pA, Vee=10V
hee 25 le=1mA, V=10V
e 35 le=10mA, V=10V
hee 40 120 le=150mA, V=10V pulsed
hee 25 le=500mA, V=10V pulsed
hee 20 lc=150mA, Vee=1V pulsed
hee 15 le=10mA, Vee=10V, To= —55°C
Vee(sat) 0.3 Vde lc=150mA, I;=15mA pulsed
Vee(sat) 1.0 Vdc le=500mA, l;=50mA pulsed
Vee(sat) 0.6 1.2 Vde le=150mA, l;=15mA pulsed
Vee(sat) 2.0 Vdc lc=500mA, l;=50mA pulsed
|cno 10 nA VCB= 60V
leso 10 pA Ve =60V, T,=150°C
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2N2221A

ELECTRICAL CHARACTERISTICS continued

PARAMETER MIN. MAX.| UNIT CONDITIONS
|csx 10 nA ch = GOV, Vgn =3V
leax 20 nA Vgg =3V, V=60V
]sso 10 nA Via =3V
Ca 8 pF V=10V
Cs 25 pF Ve=0.5V
hye 30 150 le=1mA, V=10V, f=1KHz
hy, 50 300 le=10mA, V=10V, f=1KHz
hye 25 le=20mA, Vee=20V, f=100MHz
hi 1 3.5 K ohms le=1mA, Vee=10V, f=1KHz
hi. 0.2 1.0 K ohms le=10mA, V=10V, f=1KHz
hre 5 x10-4 le=1mA, Vee=10V, f=1KHz
hee 2.5 x10—4 le=10mA, V=10V, f=1KHz
b 3 15 rmho le=TmA, Vee=10V, f=1KHz
Nee 10 100 smho le=10mA, Vee=10V, f=1KHz
Refhie) 60 ohms le=20mA, V=20V, f=300MHz
ry Cec 150 ps le=20mA, V=20V, f=31.8MHz
7, 2.5 ns lc=150mA, ls;=15mA, V=30V, Vi =0.5V
14 10 ns le=150mA, lsi=15mA, Vec =30V, Ve =0.5V
t 25 ns le=150mA, ls1=15mA, Vec=30V, Vi =0.5V
t, 225 ns le=150mA, lsi =lsz=15mA, V=30V
t 60 ns le=150mA, lsi =l =15mA, V=30V

NOTES: Pulse width = 300 usec, duty cycle = 2%.
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Package: TO-18

2N2242

HIGH-SPEED SILICON SATURATED

SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Emitter Voltage..............ccccceevvvvnnne. 15 Volts
Collector-Base Voltage .......cccoevvvvvccnrecncnnnn. 40 Volts
Emitter-Base Voltage .......ccocoevvevrerevrrrnenenennen. 5.0 Volts
Collector Current — Continuous...........cccveveveeeen. 225 MA
Total Device Dissipation @ Tp = 25°C ..........360 mW

Derate above 25°C .......cccccvivviiiciie. 2.0 mMW/°C

Junction Temperature — Operating .. —65 to +200° C
Storage Temperature Range.............. —65 to +200° C

ELECTRICAL CHARACTERISTICS (T5 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEQ® 15 = Volts Ic=30mA,lg=0"
BVcER® 20 - Volts Ic =30 mA, Rgg = < 10 ohms"*
BVceo 40 = Volts Ilc=10pA lIg=0
BVEgo 5.0 - Volts lg=10uA.lIc=0
ICEX - 10 UA VCE = 20 Volts, VEg(off) = 0.25 Volt,
T = 125°C
lcBo - 0.1 HA Vcg = 20 Volts, Ig = 0
IcBO = 15 ©A VB = 20 Volts, I = 0, Tp = 160°C
lEBO - 0.1 LA VEB(off) = 4.0 Volts, Ic = 0
hgg* 40 120 - Ic =10 mA, Vg = 1.0 Volt®
heg* 20 - - Ic = 10 mA, Vgg = 1.0 Volit, Tp = -55°C
VeE(sat) = 0.7 Volt Ic =100 mA,lg = 10 mA
VeE(sat) - 0.3 Volt Ilc=10mA,lg = 1.0 mA,
Tp =-55 to +125°C
VBE(sat) - 1.5 Volts Ic =100 mA, Ig = 10 mA
VBE(sat) - 0.8 Volt Ic=10mA,lg = 1.0mA, T = 125°C
fr 250 - MHz Ic =20 mA, Vg = 10 Volts, f = 100 MHz
Cois = 6.0 pF Veg = 10 Volts, Ig = 0, f = 1.0 MHz
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2N2242

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions

i - 30 ns Ve = 3.0 Volts, VgE(off) = 2.0 Volts,
|B1 =3.0mA,Ic =10 mA

toff - 50 ns Vee = 3.0 Volts, Ic = 10 mA,
IH'I =3.0mA, Igy = 1.0 mA

te - 25 ns Ic =10mA,lgq =Igy = 10 mA

° Pulse Test: Pulse Width = 300 us; Duty Cycle = < 2%

CIRCUIT DIAGRAM

SWITCHING TIME
TEST CIRCUIT

+ 30V
VeB Veg)
50k 30
O .I'A‘A'
50k 290
PULSE WIDTH 96 ns §
PRR 120 Hz 0.1uF
51 |
SCOPE
AN M = QO Z <100k
ton Toff i 2k
Vgg = —4.0 Volts Vg = +17 Valis o
Vin=+21V Vin = =20V
STORAGE TIME
TEST CIRCUIT
+11V +1oV
500 a1
"A'A'
o 0.1 uF

500 890

| I [ ! —\N\
—10V | 01 uF

PULSE WIDTH 96 ns 5
6
PRR 120 Hz 22 e SCOPE
LAAs LA A
Ok

Z=<100k

1=
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2N2297®
Package: TO-5 NPN HIGH-CURRENT GENERAL PURPOSE
SILICON PLANAR TRANSISTOR

The ITT 2N2297 is an NPN double-diffused silicon planar epitaxial transistor with very low saturation
resistance, high-current capabilities, typical gain-bandwidth product of 90 megacycles, low C,, and
low leakage currents.

This transistor is designed for use in high-performance dc-dc converters, oscillators, high-current memory

drivers and computer clock distribution circuits. The 2N2297 is suitable in particular for output stages
of servo amplifiers and transceivers where several watts output at high effiency is required.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Collector-Base VOItage .....c.cocovovvrerneererscnncnnnn. 80 VOIS
Collector-Emitter Voltage (Note 4) .................... 35 Volts
Emitter-Base Voltage ......ccccovoveeerrcsssiisinnennee 1.0 VOIS
Total Dissipation @:

Te = 25°C (Notes 2 and 3) ..o 5.0 Watts

Tc = 100°C (Notes 2 and 3)... ...2.8 Watts

Tp = 25°C (Notes 2 and 3) ........ o 0.8 Watt
Storage Temperature .. SRS -—65°C to +300°C
Operating Junction Temperature ..200°C Maximum
Lead Temperature

{Soldering, No Time Limit) ............... 300°C Maximum

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

Symbol Min Typ Max Unit Conditions

heg 40 55 120 - Ic = 150 mA, Vcg = 10 Volts (Note 5)
VeE(sat) - 0.15 0.2 Volt Ilc =150 mA,Ig = 16 mA

VcE(sat) - 0.8 1.0 Volt Ic = 1000 mA, Ig = 100 mA (Note 6)
VcE(sat) - 1.4 1.6 Volts  Ig = 1000 mA, Ig = 100 mA

Iceo - 0.1 10 nA Ilg =0.Vgg = 60 Volts

leBO - - 10 nA Ic =0, Vgg = 5.0 Volts

BVego 80 & - Volts Ig =0, lc = 100uA

VCEO(sust) 35 - - Volts Ig = O (pulsed) Ig = 30 mA

(Notes 4 and 5)
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2N2297

ELECTRICAL CHARACTERISTICS {TA = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
hee 30 50 - - Ic =10 mA, Vcg = 10 Volts (Note 5)
hre 15 30 = = Ic = 1.0A, Vcg = 10 Volts (Note 5)
lcgo(150°C) - 0.2 10 LA Vg = 60 Volts, Ig = 0
fr 60 85 - mc Ic = 60 mA, Vcg = 10 Volts
Cob - 8.0 12 pf Vg = 10 Volts, Ig = 0
Cre - 53 80 pf  Vgg =0.5Volt,Ic =0
BVEgo 7.0 - - Volts | =100uA,Ic =0
wCe - - 800 psec  Ic =10 mA, Vg = 10 Volts
NOTES:
(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired.
(2] These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.
{3} These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 35°C/watt {derating
factor of 28.6 mW/°C). junction-to-ambient thermal resistance of 218°C/watt (derating factor of 4.6 mW/°C).
{4)  Rating refers to a high-current point where collector-to-emitter voltage is lowest,
(8] Pulse Conditions: length = 300 usec; duty cycle < 1%.
(6]  Measured at a point on the leads < " /2 inch from the seating plane of transistorcasa.

12-28



2N2483 2N2484°
SILICON GENERAL PURPOSE TRANSISTORS

LOW LEVEL

LOW NOISE

NPN SILICON PLANAR
TRANSISTORS

DIMENSIONS
(IN INCHES)
e
e High Gain; 100 Min. @ I.=10:A (2N2484) Wy 258
e Low noise; 3dB Max. @ I.=10:A AT 300
e High V,: 60 Vdc Min. 99" Us ot
3 LEADS
/
EY
Foag
450036
N
The ITT 2N2483 and 2N2484 are NPN silicon planar transistors \%46} 00 LEAD
designed for application in low-noise, low-level, high-gain ampli- s
fiers in the audio through high frequency range. Ll
ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS UNITS
Collector-to-Base VOMAGE .« o w vy e amm e e s o e e swm e e & o esi 60 Volts
Collector-to-Emitter Voltage (open base)...........c.oouviniininnennan.n 60 Volts
Emitter-to=Basa Yoltage .o vt nrnsvinmim e i sramspdviadmanismeasg 6 Volts
O B O EITETIE 1 v o v s A o0 IO B 50 mA
Junction: Temperature (0p.:and sStg.) . o vty aivin s e bwhia e dan ois das —65 to +200 e
Total Power Dissipation: @ Te=28"C ... oo sosani ssiai e soms i s i o 1.2 Watts
(derate 6.9 mW/°C above 25°C)
o e e e e e s e 0.68 Watts
Total Power Dissipation @ Ta=25C. . ..\ttt 0.36 Watts
(derate 2.1 mW/°C above 25°C)
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2N2483 2N2484

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.

2N2483 2N2484
SYMBOL| MIN. TYP. MAX.| MIN. TYP. MAX. | UNIT CONDITIONS
BVeeo 60 60 Vdc le=10pA
LVceo'2 60 60 Vde le=10mA
BVeo 6.0 6.0 Vdc le=10uA
hp: 30 200 |c =1 ;.iA ch =5V
40 80 120 100 290 500 le=10pA V=5V
75 140 175 375 le=100pA V=5V
100 200 200 430 Ic=500uA  Vce=5V
175 230 250 450 le=1mA Vee=5V
280 500 430 800 le=10mA V=5V
10 20 le=10uA " V=5V T.=-—55°C
Vee(sat) 02 035 02 035 | Vde le=1mA  1;=0.1mA
Vie(on) 0.5 0.57 0.7 0.5 0.57 0.7 | Vdc le=100puA V=5V
lcso 0.1 10 0.1 10 nA Ves= 45V
0.2 10 0.2 10 | wA V=45V  T,=150°C
|c50 0.1 2.0 0.1 2.0 nA Vc5= 5V
leso 0.1 10 0.1 10 | nA V=5V
oS 3.5 6.0 3.5 6.0 | pF Ves=5V f=1mHz
Cs 35 6.0 35 6.0 | pF Vee=0.5Y f=1mHz
hte 24 4.0 3.0 4.0 le=50uA V=5V f=56mHz
2.0 2.3 2.0 2.6 lc=500uA V=5V f=30mHz
80 280 450 150 400 900 le=1mA Vee=5V  f=1KHz
hie 1.5 7.5 13 35 15 24 | Kohms| le=1mA Vee=5V f=1KHz
Noe 11 30 15 40 | pmho le=1mA Vee=5V f=1KHz
hye 300 800 425 800 | X10° le=1mA V=BV f=1KHz
his 25 27 32 25 27 32 | ohms le=1mA Vee=5V f=1KHz
NF 1.9 4.0 1.8 30| dB Ic=10uA Vee=5V Rs=10KQ
B.W.=15.7KHz 3dB (@ 10Hz & 10KHz
1.9 4.0 1.8 3.0 dB le=10uA Vee=5V  Re=10KQ
f=1KHz B.W.=200Hz (Note 3)
0.7 3.0 0.6 20| dB le=10pA V=5V Re=10K2
f=10KHz B.W.=2KHz (Note 3)
4.0 15 4.0 10| dB le=10uA Vee=5V  Re=10KQ2
f=100Hz B.W.=20Hz (Note 3)

Notes: 1. Pulsed width =300 usec; duty cycle =2%.
2. Lowest emitter to collector voltage.
3. Narrow band noise.
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2N2483 2N2484

TYPICAL CHARACTERISTICS

2N2483

COLLECTOR CHARACTERISTICS
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2N2483 2N2484

TYPICAL CHARACTERISTICS, continued

2N2483

Veg*5V 1=I00HZ

CONSTANT NOISE FIGURE CONTOURS
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2N2483 2N2484

TYPICAL CHARACTERISTICS

2N2484

COLLECTOR CHARACTERISTICS
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2N2483 2N2484

TYPICAL CHARACTERISTICS, continued

2N2484
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Package TO-18

2N2509®
NPN LOW-LEVEL, LOW-NOISE

DIFFUSED SILICON PLANAR TRANSISTOR

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Collector-Base Voltage .......c.ccccoceeeecveeenne.. 125 Volts
Collector-Emitter Voltage (Note 4) .................... 80 Volts
Emitter-Base Voltage ...........ccccccovvveeveiveeceneen. 7.0 Volts
Total Dissipation @:

Tc =25°C(Notes 2 and 3) ..........cccc..eeeee.. 1.2 Watts
Te = 100°C (Notes 2 and 3)..................... 0.68 Watt
Tap =25°C(Notes2 and 3} ........c...c0....... 0.36 Watt
Storage Temperature ...................... —65°C to +300°C
Operating Junction Temperature ...................... +200°C

NOTES:

(1) These ratings are limiting values above which the serv-
iceability of any individual semiconductor device may be
impaired.

{2)  These are steady state limits. The factory should be con-
sulted on applications involving pulsed or low duty cycle
operations.

{3)  These ratings give a maximum junction temperature of
200°C and junction to case thermal resistance of
145°C/watt (derating factor of 6.85 mW/®C): junction-
to-ambient thermal resistance of 486°C/watt (derating
factor of 2.06 mW/°C).

4} Rating refers to a high-current point where collector-to-
emitter voltage is lowest.

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

Symbol Min Max Unit Conditions
hgg 40 - - Ilc = 10 mA, Vg = 5.0 Volts
hee 25 - - Ic = 10 uA, Vg = 5.0 Volts

hEE(—55°C) 20 E B

Ic = 10 mA,Vcg = 5.0 Volts

VeE(sat) - 1.0 Volt Ic = 5.0mA, Ig = 0.5 mA

VBE(sat) - 0.9 Volt Ilc=50mA,lg =0.5mA

hfe 1.5 - - Ic = 5.0mA, Vg = 10 Volts f=30MHz

lceo - 5.0 nA Ig =0, Veg = 100 Volts

IcBO(150°C) - 10 LA Ig = 0.Vcp = 100 Volts

lego = 2.0 nA Ic = 0.Vgp = 5.0 Volts

Coti = 6.0 pF Ig = 0.Veg = 5.0 Volts

Cib - 10 pF Ic = 0.Vgg = 0.5 Volt

NF = 7.0 dB lc = 10uA. Vg = 5.0 Volts
BW = 200 Hz. RgT = 10 kohms

vCe = 800 ps Ic = 10 mA, Vcg = 10 Volts

BVego 125 - Volts lc=10uA lIg=0

VCEO(sus) 80 - Volts Ic =10 mA,Ig = 0 (Note 4)

BVego 7.0 = Volts lg=01uA Ic=0
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2N2510°
SILICON GENERAL PURPOSE TRANSISTORS

LOW LEVEL

LOW NOISE

NPN SILICON PLANAR
TRANSISTORS

e High Gain; 75 min. @ l.=10:A
e Low Noise; 4dB max. @ l.=10:A
e High V ,: 65 Vdc min.

195
180
020 205
MAX § 190
CHTE b
o019~ dd =
016
3 LEADS

iV -
) & ) ’ 29 100 LEAD
The ITT 2N2510 is an NPN silicon planar transistor designed for 838 S
application in low noise, low level amplifiers in the audio through
high frequency range. TO+18
ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS UNITS
Collectorsto=Base VOllae . . v v - v wirie i vrmin v s e i s s g pinn s s v an e e 100 Volts
Collector-to-Emitter Voltage (open base). ... 65 Volts
Emittor-t0-Base VOIEEOE ... o s e vy o saies e ess s o e e 7 Volts
CollectoriCurrent:(COMURUOUSY = sy e dr e iy S e S A iR, 30 mA
dinction Temperatire (OPBratn s i i i s s i s i e e s el i —65to +175 °C
(StorageRems ) b o S A N e B0 e —65 to +200 G
Total Power Dissipation @ Te==2B57C .. v v v st sisra s s s s e s e sowis 1.2 Watts
(derate 6.85 mW/°C above 25°C)
Total Power: Dissipation (05 TR ZBRG »w. owviterastiiin 5 iparaim o a s s s e o i 0.36 Watts

(derate 2.06 mW/°C above 25°C)
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2N2510

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted

SYMBOL MIN. MAX. UNITS CONDITIONS
BVcio 100 Vdc le= 10uA
LV¢eo'? 65 Vdc Ie=10mA
BVan 7.0 Vdc |E= 100nA
he: 75 Ic=10:A, V=5V
150 500 le=10mA, V=5V
25 le=10uA, V=5V, T,=-55°C
60 le=10mA, V=5V, To=-55°C
Ver {sat) 1.0 Vdc lc=5mA, 1,=0.5mA
VBE (Sat) 0.9 Vdc |c=5mA, |g=05mA
lcso 5.0 nA Vc5= 30V
leso 10 kA Ve =80V, TA=150°C
IEBQ 20 nA V53=5V
Cob 60 pF Vca= 5V, f: 1 0 mHZ
Cy 10 pF Vee=0.5V, f=1.0 mHz
h[g 1.5 IczsmA, ch=10\.", f=30mHZ
800 psec lc=10mA, V=10V, f=4mHz
N.F. 4 dB 1c=10uA, V=5V, f=1kHz, R=10k2
Bandwidth=200Hz

Notes: 1. Pulse width < 300 psec; duty cycle = 2%.

2. Lowest emitter to collector voltage.
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2N2511°
SILICON GENERAL PURPOSE TRANSISTORS

LOW LEVEL

LOW NOISE

NPN SILICON PLANAR
TRANSISTORS

e High Gain; 80 min @ lc=1,A
* Low Noise;4dB max. @ I.=10.A
¢ High Vo; 50 Vdc min.

The ITT 2N2511 is an NPN silicon planar transistor designed for

DIMENSIONS
PJ95
0
B B
s DO 9¥
0i§

S/&} 100 LEAD

CIRCLE

application in low noise, low level amplifiers in the audio through TO-18

high frequency range.

ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS UNITS
Collactoraro= B B A e e it 80 Volts
Collector-to-Emitter Voltage (openbase)...........ovviiiniiiniiinnenaes 50 Volts
) e B s N TR TS el L e G e s 1 S e 7 Volts
60| e o) R8T ) (ol i1 1 To T i el R O S 30 mA
Junction Temperature (OPerating) . . . ..o vttt i e in s aneas —65to +175 °c

S dehy e i)t e e e Jy S SO SN —65 to +200 "
Total Power Dissipation @ Te=25"C. . ... .ciniiiinniin e i, RS 1.2 Watts
(derate 6.85 mW/°C above 25°C)

Total Power Dissipation (@ Tam BB sy i o i aos ot eialaiian s v ars s 0.36 Watts

(derate 2.06 mW/°C above 25°C)

12-38




2N2511

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted

SYMBOL MIN. MAX. UNITS CONDITIONS

Bcho 80 Vdc Ic =1 O,L&A
LVI:EQ", 50 Vdc Ic=10mA
BVEBO 70 Vdc |E=100I'1A
hee 80 lc=T4A V=5V

120 |C=10HA ch=5V

240 750 le=10mA V=5V

40 lc=10pA V=5V  T,=-55°C

100 |c=10mA Vce=5v TA= —55°C
Vee(sat) 1.0 Vde lc=5mA ls=0.5mA
VBE(SGT) 0.9 Vdc IC=5mA ln=0.5mA
Icgo 5.0 nA ch=60V
lcso 10 pA Ves= 60V Ta=150°C
lEBO 2.0 nA VEB=5V
Cob 6 pF Vca“—"5v f:1mHZ

10 pF VEs“O.5V f=1mHZ
he 1.5 le=bmA Vee=10V  f=30mHz
' C. 800 psec le=10mA V=10V  f=4mHz
N.F. 4 dB le=10sA V=5V f=1kHz
Rs=10K2

Motes: 1. Pulse width = 300 psec; duty cycle = 2%.
2. Lowest emitter to collector voltage.
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2N2586°
SILICON GENERAL PURPOSE TRANSISTORS

LOW LEVEL

LOW NOISE

NPN SILICON PLANAR
TRANSISTORS

DIMENSIONS
me
e High Gain: 80 min @ I. = 1:A 'm]_ 208
MAX X
¢ Low Noise; 2dB max. @ I. = 1:A s —=00
* High V,; 45 Vdc min. a0 (U e
3 LEADS 29 i
225
G 210
450036
. T ) : b -1
The ITT 2N2586 is a NPN silicon planar transistor designed for 5/4} 100 LEAD
n x . : Ve p : " .046 CIRCLE
application in low noise, low level amplifiers in the audio through 033
high frequency range. To-18
ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS UNITS
Collactor-to=Base MOIAIe . . couumiss e st s s s ersio st i vio s S o e s s 60 Vaolts
Collector-to-Emitter Voltage (open base). ... ....c.oviiiiinnoen s 45 Volts
Emitter-t0-Baso Moltage: e v armis i e s v m s e e A e 6 Volts
ColleGtor COment (CONTINOUSY . - rp i s o e SR s e s 30 mA
Junction Témpetatare fOparating s s s saiie s e e e s ter e —65to +175 °C
SO AT wvivacasnrsiacia: oo i 3 e ) 0 T e —65 to -+200 °c
Total Power Dissipation @ Te=25%C . . . .. v vttt at e e et e e e 0.6 Watts
(derate 4.0 mW/°C above 25°C)
Total Power:Dissipation @ Tam=ZBi G ey sl s a s a mt raiscn s e o 0.3 Watts
(derate 2.0 mW/°C above 25°C)

zH
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2N2586

ELECTRICAL CHARACTERISTICS (@ 25°C unless otherwise noted

SYMBOL MIN. MAX. UNITS CONDITIONS
BVeo 60 Vdc le=10pA
LVeeo'2 45 Vdc le=10mA
BVeso 6.0 Vdc le=10uA
hFE 30 |c=1 ,uA VCEZSV
120 360 |c=10uA ch=5V
150 lc=500pA V=5V
600 |c=10mA Vc§=5V
40 le=10uA V=5V  T,=-55°C
Vee(sat) 0.5 Vdc le=10mA  [;=0.5mA
Vee(sat) 0.7 0.9 Vdc le=10mA  [;=0.5mA
lcso 2.0 nA Ve =45V
lces 2.0 nA Vee=45V
ICES 1 0 II.!A VCE = 45V T,.\= 1 70"0
leeo 2.0 nA V=5V
]ESO 2.0 nA Vag =hH\/
Ca 7.0 pF Ves=5V f=1mHz
h, 150 600 le=1mA Vee=5V  f=1KHz
1.5 le=500pA V=5V  f=30mHz
hi 45 18 kohms le=1mA Vee=bV  f=1KHz
hee 100 pmhos le=1mA Vee=bY  f=1KHz
NF 2.0 dB Ic=1j.£A Vc5=5V RG=1 MQ
f=10KHz
2.0 dB le=10uA V=5V Re=10K2
f=10KHz
3.0 dB le=10uA V=5V Re=10KQ
f=1KHz
3.5 dB |c=1pA V¢E=5V Rs=1MQ
f=1KHz

Notes: 1. Pulse width = 300 usec; duty cycle < 2%.

2. Lowest emitter to collector voltage.
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2N3019, 2N3020%

NPN SILICON HIGH VOLTAGE SWITCHING
AND AMPLIFIER TRANSISTORS

Package: TO-5

The ITT 2N3012 and 2N3020 are NPN silicon planar epitaxial transistors designed primarily for amplifier
and switching applications. These devices feature high breakdown voltages, low leakage currents, low
capacity and a beta useful over an extremely wide current range. Switching operation at 1.0 ampere
is permissible due to the low saturation voltage.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Storage Temperature ....................... —65°C to +300°C
QOperating Junction Temperature .................... T200°C
Lead Temperature (Soldering,

No Time:Limithmnmmnnsmsncamnaaman T 30026
Total Device Dissipation
@ Tc = 25°C (Notes 2 and 3) .................. 5.0 Watts
@Tp = 25°C (Notes 2 and 3) .. v 0.8 Watt
Collector-Base Voltage ........c......... ... 140 Volts
Collector-Emitter Voltage (Note 4) . ..... 80 Volts
Emitter-Base Voltage ..........cccccocvvvevcnrriinnnenn. 1.0 Volts

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions

hEg 90 - - (2N3019) Ig =10 mA, Vg = 10 Volis
40 120 = (2N3020) (Note 5)

hFE 100 300 = {2N3019) g = 150 mA, Vg = 10 Volts
40 120 - (2N3020) (Note 5)

hee 50 - - (2N3019) Ic = 0.1 mA, Vcg = 10 Volts
30 100 - (2N3020)

heg 50 - - (2N3019) Ic = 500 mA, Vcg-= 10 Volts
30 100 = (2N3020) (Note 5)

heg 15 = < (2N3019) Ic = 1.0 A, Vcg = 10 Volts
15 - - (2N3020) {Note 5)

hgg(—55°C) 40 - o (2N3019) Ic = 150 mA, Vcg = 10 Volts

(Note 5)

VCE(sat) £ 0.2 Volt (2N3019) Ic = 150 mA,Ig = 15 mA
- 0.2 Volt {2N3020) (Note 5)

VCE(sat) = 0.5 Volt (2N3018) I¢c =500 mA, Ig = 15 mA
- 0.5 Volt (2N3020) (Note §)
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2N3019, 2N3020

ELECTRICAL CHARACTERISTICS (T5 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions
]
VBE(sat) = 1.1 Volts (2N3019) Ic = 150 mA, Ig = 15 mA
- 1.1 Volts (2N3020) (Note 5)
hte 5.0 - - (2N3019) I = 50 mA, Vg = 10 Volts
4.0 - - (2N3020)
Bispas . 12 pf (2N3019) Ig = 0.Vcg = 10 Volts
- 12 pf (2ZN3020)
Cibo S 60 pf (2N3019) Ic = 0,Vgg = 0.5 Volt
- 60 pf (2N3020)
lc8o " 10 nA (2N3019) Ig = 0,Vcp = 90 Volts
- 10 nA (2N3020)
lcgol150°C) - 10 A 2N3019) Ig = 0,Vcp = 90 Volts
. 10 LA (2N3020)
lgo = 10 nA (2N3019) I¢ = 0,Vgg = 5.0 Volts
- 10 nA (2N3020)
BVego 140 = Volts (2N30189) Ic = 100 A, Ig =0
140 - Volts (2N3020)
VCEO(sust) 80 - Volts (2N3019) Ic=30mA.lg =0
80 - Volts (2N3020) (pulsed) (Notes 4 and 5)
BVego 7.0 2 Volts (2N3019) Ic = 0. Ig = 1004A
7.0 - Volts (2N3020)
"y Ce - 400 psec (2N3019) Ic =10 mA,Vcg = 10 Volts
= 400 psec (2N3020)
NF - 4 dB (2N3019) Ic = 100uA. Vg = 10 Volts (Note 6)
NOTES:

(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired.
(2) These are steady state imits. The factory should be consulted on applications involving pulsed or low duty cycle operations.

{3} These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 350°C/Watt (derating factor
of 28.6 mW/°C); junction-to-ambient thermal resistance of 2 18° C/Watt (derating factor of 4.6 mW/°C).

{4)  Rating refers to a high-current point where collector-to-emitter voltage is lowest.
{5)  Pulse Conditions: length = 300 usec; duty cycle = 1%.
(6) f=l.0kc.'ﬂs=1l<.!!.
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2N3053

NPN SILICON SWITCHING AND
AMPLIFIER TRANSISTOR Package: TO-5

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Emitter Voltage ..., 40 Volts
Collector-Base Voltage ..............cccccvecvvininnnnn, 80 Volts
Emitter-Base Voltage ............cocvcricniniiniiinne. D VOIS
Collector Current — Continuous...........cccccececcne. 100 MA
Total Device Dissipation @ T = 25°C............ b Watts

Derate above 25°C.........cccccovnviicvnieenn. 28.6 mW/°C
Operating Junction Temperature Range ........... 200 °C
Storage Temperature Range.............. —65 to +200 °C

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

Symbol Min Max Unit Conditions

BVcEo 40 - Volts Ilc =100uA. Ig=0

BVCER 50 - Volts Ic = 100 mA. Rgg = 10 ohms
BVego 60 - Volts Ic =100uA. lIg =0

BVERO 5 - Volts IE=100pA. Ic=0

IcEX - 0.25 HA VcEg = 60 Volts, VEg(off) = 1.5 Volts
gL - 0.25 uA VcE = 60 Volts, VEg(off) = 1.5 Volts
heg 25 ~ - lc = 150 mA, Vg = 2.5 Volts

heg 50 250 - Ic = 150 mA, Vg = 10 Volts®
VeE(sat) - 1.4 Volts Ic =150 mA,Ig = 16 mA

VBE(sat) - 1.7 Volts Ic = 150 mA, Ig = 16 mA

VBE(on) - 137 Volts Ic = 150 mA, Vg = 2.5 Volts

fr 100 - MHz Ic = 50 mA, Vgg = 10 Volts, f = 20 MHz
Cob - 15 pF Ve = 10 Volts, Ig = 0, f = 140 kHz
Cip = 80 pF VBg = 0.5 Volt, Ic = 0, f = 100 kHz

* Pulse Test: Pulse Width = 300 us, Duty Cycle = 2%
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2N3107, 2N3108, 2N3109, 2N3110©

Package: TO-5

HIGH VOLTAGE NPN SILICON AMPLIFIER AND
SATURATED SWITCHING TRANSISTORS

* High Voltage ........cownusnnnnn: LVgEQ = 40 Volts (min) (2N3109/10);
60 Volts (min) (2ZN3107/8)
* Low Saturation Voltage .........ceeo. VoE(sat) = 1.0 Volt (max) at 1.0 A

* Medium Switching Speed..............covvnn

... NF = 7.0 dB (max) at 1.0 kHz
-ton = 200 ns (max at 1560 mA

toff = 600 ns (max) at 150 mA
* High Gain ......cocovvvvvemnniscisssensnionenes hEg = 100 - 300 at 150 mA
hgg = 40 (min) at 500 mA

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Storage Temperature ..................... —65°C to +200°C
Operating Junction Temperature ....... 200°C Maximum
Lead Temperature (Soldering,

60 second time limit)..............c...c...... 300°C Maximum

Total Device Dissipation (Notes 2 and 3) @:

T =28%C ovaiinmemimivmninbi0 Watls

T =289 iy v 0.8 Watt
Collector-Base Voltage

fd b o e Be [0 n - ) EA S — 100 Volts

{2ZN3109, ZN3110) .ccvviiviiisienisiessiaiennn. 80 Volts
Collector-Emitter Voltage (Note 4)

(ZN3107, 2ZN3108) ..oecooevvecvcirer e, B0 VOIS

(2ZN3109,2ZN3110) v, 40 Volts
Emitter-Base Voltage

{ZN3107; 2N3108) iy 1.0 Volts

{2ZN3109, ZN3110) .o, 1.0 Vots

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

Symbol Min Typ Max Unit Conditions

hEE 2N3107,2N3109 100 190 300 - Ic = 150 mA, Vcg = 1.0 Volt
2N3108.2N3110 40 70 120 - (Note 5)

hee 2N3107.2N3109 40 90 - - Ig = 500 mA, Vg = 10 Volts
2N3108.2N3110 25 50 - - (Note 5)

heg 2N3107.2N3109 35 75 - - Ic = 0.1 mA, Vgg = 10 Volts
2N3108,2N3110 20 40 - -

hppl—55°C)  2N3107.2N3109 30 120 - - Ic = 150 mA, Vgg = 10 Volts
2N3108,2N3110 15 26 - - (Note 5)

VgE(sat) 2N3107,2N3109 - 0.86 1.1 Volts  Ig = 150 mA,Ig = 15 mA
2N3108,2N3110 - 0.86 1.1 Volts (Note 5)
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2N3107, 2N3108, 2N3109, 2N3110

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

Symbol Min Typ Max Unit Conditions

VBE(sat) 2N3107.2N3109 - 1:5 2.0 Volts Ic=1.0A.lg =100 mA
2N3108.2N3110 - 1:5 20 Volts (Notes 5 and 6)

VeE(sat) 2N3107.2N3109 - 0.16 0.25 Volit Ic=150mA.lg = 15 mA
2N3108.2N3110 - 0.16 0.25 Volt (Note 5)

VeE(sat) 2N3107.2N3109 - 0.76 1.0 Volt Ic = 1000 mA, Ig = 100 mA
2N3108,2N3110 - 0.76 1.0 VoIt (Notes 5 and 6)

hfe 2N3107,2N3109 3.5 10 - = Ic = 50 mA, Vg = 10 Volts
2N3108,2N3110 3.0 43 - -

Cobo 2N3107 - - 20 pF Ig =0.Vcp = 10 Volts
2N3108 - - 20 pF

Cobo 2N3109 - - 25 pF Ig =0.Vcg = 10 Volts
2N3110 - - 25 pF

Cibo 2N3107,2N3109 - 62 80 pF Ig = 0.Vgg = 0.5 Volt
2N3108.2N3110 - 62 80 pF

Ices 2N3107, 2N3109 - 04 10 nA Ve = 60 Volts, Vgg = 0
2N3108.2N3110 - 0.4 10 nA

lcBo(150°C) 2N3107.2N3109 - 0.5 10 MA  Vcg =60 Volts, Ig =0
2N3108.2N3110 - 0.5 10 MA

leBO 2N3107.2N3109 - 0.05 10 nA Ic = 0.Vgg = 5.0 Volts
2N3108,2N3110 - 0.05 10 nA

BVcgo 2N3107 100 - - Volts Ig =0.lc = 100uA
2N3108 100 - - Volts

BVcgo 2N3109 80 - - Voits Ig =0.1c = 100uA
2N3110 80 - - Volts

VeEO(sust) 2N3107 60 - - Volts Ig =0.1c =30 mA
2N3108 60 - - Volts (Notes 4 and 5)

VcEO(sust) 2N3109 40 - - Volts lg=0.Ic =30mA
2N3110 40 - - Voits {Notes 4 and 5)

BVggo 2N3107.2N3109 7.0 - = Volts  I¢ =0, Ig = 100uA
2N3108, 2N3110 7.0 - - Volts

NF 2N3107.2N3109 - 35 7.0 dB lc = 30 1A, Veg = 10 Volts,
2N3108,2N3110 - 3.5 7.0 dB BW = 200 Hz. Rg = 1.0 k ohm
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2N3107, 2N3108, 2N3109, 2N3110

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
ton 2N3107,2N3109 - 120 200 ns Ic = 1560 mA, Igq =~ 7.5 mA,
2N3108.2N3110 - 120 200 ns lgp &~ —7.5 mA (Note 7)
toff 2N3107,2N3109 - - 1000 ns Ic= 150 mA. lgq = 7.5 mA,
2N3108.2N3110 - 350 600 ns Ig2 = —7.5 mA (Note 7)

TYPICAL SMALL SIGNAL CHARACTERISTICS (f= 1 kHz)

2N3107 2N3108

Symbol 2N3109  2N3110 Units Conditions
hip 27 27 ohms Ic = 1.0mA,Vcp = 5.0 Volts
hob Q.12 0.12 umhos Ic = 1.0mA,Vcg = 5.0 Volts
hrp 1.8 0.5 X10—4 Ic=1.0mA, Vg = 5.0 Volts
hie 5000 1800 ohms Ig = 1.0mA, Vg = 5.0 Volts
hoe 20 8.0 pmhos g = 1.0 mA,Vgg = 5.0 Volts
hre 6.0 7 X10~4 Ic = 1.0mA,Vcg = 5.0 Volts
hfe 170 60 - Ic = 1.0 mA., Vcg = 5.0 Volts

NOTES:

(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired.
(2) These are steady state limits. The factary should be consulted on applications involving pulsed or low-duty cycle operations.

{3) These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 35°C/Watt (derating
factor of 28.6 mW/°C): junction-to-ambient thermal resistance of 218°C/Watt (derating factor of 4.57 mW/°C).

(4)  This rating refers to a high-current point where collector to emitter voltage is low@st.
(5]  Pulse Conditions: length = 300us: duty cycle = 1%,

(6] Saturation voltage measured with 1/4" lead length.

(7)  See testcircuit forexactvaluesof I Igq.andlgg.

SCHEMATIC

FIGURE 1 — SWITCHING CIRCUIT

-T8¥ 20V

10 OSCILLOSCOPE
RISE TIME>I5ns
INPUT 2= 1000

Iy OF INPUT PULSE < 15m
1y OF INPUT PULSE < 15m
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ON3117°
SILICON GENERAL PURPOSE TRANSISTORS

LOW LEVEL

LOW NOISE

NPN SILICON PLANAR
TRANSISTORS

DIMENSIONS
(IN INCHES)
1%
e High Gain; 100 Min. @ I.=1:A ' =
. 205
¢ Low noise; 1dB @ I.=5:A 190
e High V.: 60 Vdc min. N
|
i
The ITT 2N3117 is a double-diffused silicon planar transistor
designed for application in low level, low noise amplifier from dc 00 LEAR
to 60 Hz. Low noise and high gain at 1pA permits microwatt i
operation where power supply drain is a factor,
ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS UNITS
CoOllector-1o-Bash VOHatE .« ruii suenmein watmmsmss wenisii e mr S | 60 Volts
Gollector-to-Emitter Voltage, (OEEN BESE)..ouwe s mime mvis, st s s e 60 Volts
Emitter-to-BasarNOIatE .0 . o v we macess e smfommms s s et o i 6 Volts
Collector CUMeNt . /v ilor i s s S i v e s s benate nea i ssase. soassms e 50 mA
Junction Temperature (0p. and S1.) .+« v v v viie et cib et s it e e e —65 to +200 il
Total Power Dissipation @ Te=25"C. . .\ .\ttt e e y 52) Watts
(derate 6.8 mW/°C above 25°C)
e L B N e 0.68 Watts
Total: Power Dissipation: (@:Ta=257C iuviins soaminn v minia i vili smemidii 0.36 Watts
(derate 2.06 mW/°C above 25°C)
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2N3117

_ECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.

SYMBOL MIN. MAX. UNIT CONDITION
BVCBQ 60 Vdc fc = 1 OPA
LVcsol'z 60 Vdc |c=10I‘I‘IA
BVEBO 6.0 Vdc ]c = 1 O#A
hFE 100 |c=1#A Vc5=5V
250 500 le=10pA V=5V
300 le=100pA Vee=bV
400 le=1mA V=5V
50 le=10pA Vee=5bV Ta=—55°C
Vee(sat) 0.35 Vdc le=1TmA lg=0.1TmA
Ve 0.7 Vdc le=100cA Vee=5.0V
ICBO 1 0 nA ch = 45V
leso 10 pA V=45V T,=150°C
'an 10 nA Vsa =B\
Co 4.5 pF V=5V f=1mHz
Cib 6.0 pF V55:0‘5V f=1mHz
h. 2 lc=0.5mA V=5V f=30mHz
400 900 le=TmA V=5V f=1KHz
hie 10 24 kohms le=TmA V=5V f=1KHz
Noe 40 pmho le=TmA V=5V
h.. 800 X10*¢ le=1mA Vee=5V
NF 1.0 dB le=5uA V=5V Rs=50K®
f=10KHz Bandwidth=1.0KHz
1.0 dB le=5uA V=5V Rs=50K2
f=1.0KkHz Bandwidth=200Hz
4.0 dB lc=30rA Vee=5V Rs=10K2
f=100Hz Bandwidth=20Hz
15 dB le=30:A Vee=5V Rs=10KQ
f=10Hz Bandwidth=2Hz

lotes: 1. Pulse width =300 usec; duty cycle <2%.

2. Lowest emitter to collector voltage.
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2N317

TYPICAL CHARACTERISTICS

COLLECTOR CHARACTERISTICS
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2N3117

TYPICAL CHARACTERISTICS, continued

Contours of Constant Narrow Band Noise Figure
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2N3117

TYPICAL CHARACTERISTICS, continued

NOISE FIGURE VERSUS F
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2N3117

TYPICAL CHARACTERISTICS, continued
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2N3299, 2N3300, 2N3301, 2N3302®

HIGH-SPEED NPN SILICON RF TRANSISTOR

AND SWITCHING TRANSISTOR

Packages:

2N3299, 2N3300 TO-18
2N3301, 2N3302 TO-5

The ITT 2N3299 through 2N3302 are NPN silicon planar epitaxial transistors designed to cover a wide
range of RF amplifier and high-speed switching applications. These devices feature a minimum LVcgQ
of 30 volts, a minimum fr of 250 Mc at Ic = 50 mA, VCE = 10 volts, together with a maximum
VCE(sat) of 0.6 volt at 500 mA and hfE specified from 100 A to 500 mA collector current.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Collector-Base Voltage ..........cc.cccccvierniccnnienn. 60 Volts
Collector-Emitter Voltage (Note 4) .................... 30 Volts
Emitter-Base Voltage ..........ccoovvvvevvvnicienennne.. 5.0 Volts
Total Device Dissipation @:
Te =25°C (2N3299 and 2N3300)..........3.0 Watts
Ta = 25°C (Notes 2 and 3)
Te =25°C (2N3301 and 2N3302).......... 1.8 Watts
Ta =25°C(Notes 2 and 3)

Storage Temperature ....................... —65°C to +300°C

Operating Junction Temperature ....... 200°C Maximum
Lead Temperature
(Soldering, No Time Limit) .............. 300°C Maximum

ELECTRICAL CHARACTERISTICS {TA = 25°C unless otherwise noted)

Symbol Min  Typ Max Unit Conditions

heg 2N3299. 2N3301 40 75 120 - 1g=150mA.Vcg = 10 Volts*
2N3300, 2N3302 100 220 300 - (Note 5)

heg 2N3299, 2N3301 20 40 - - 1g=100uA. Vcg = 10 Volts
2N3300. 2N3302 35 80 - -

VCElsat} 2N3299, 2N3301 - 0.4 0.6 Volt I =500 mA, Ig = 50 mA
2N3300, 2ZN3302

VaE(satl 2N3299, 2N3301 - 1.1 15 Volts  Ig = 500 mA.lg = 50 mA
2N3300, 2N3302

VCEO(sust) 2N3299, 2N3301 30 - - Volts  Igc = 10 mA (pulsed), Ig = O (Notes 4 and 5)
2N3300. 2N3302

IcES 2N3299, 2N3301 2 02 10 nA  Vgg =50 Volts, Vgg = 0
2N3300. 2N3302

heg 2N3299, 2N3301 35 70 2 = Ic = 10 mA. Vcg = 10 Volts (Note 5)
2N3300, 2N3302 75 205 - -

hgg 2N3299. 2N3301 25 58 - - Ic = 1.0 mA, Vcg = 10 Voits
2N3300. 2N3302 50 140 - -

heg 2N3299, 2N3301 20 62 ) = Ic = 500 mA. Vcg = 10 Volts (Note 5)
2N3300, 2N3302 50 125 - -
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2N3299, 2N3300, 2N3301, 2N3302

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min  Typ Max Unit Conditions

heg 2N3299, 2N3301 20 50 - - Ic = 150 mA. Vgg = 1.0 Volt (Note 5)
2N3300. 2N3302 50 75 - -

Vee(sat) 2N3299. 2N3301 - 014 022 Volt Ic=150mA.Ig = 15mA
2N3300. 2N3302

VaE(sat) 2N3300. 2N3301 - 09 11 Volts Ic =150 mA.Ig = 15 mA
2N3300. 2N3302

Ices(150°C)  2N3299, 2N3301 - 02 10 A Vgg = 50 Volts, Vgg = 0
2N3300, 2N3302

Iego 2N3299. 2N3301 - 01 10 nA  Ic=0.Vgg = 3.0 Volits
2N3300. 2N3302

hy, 2N3299.2N3301 25 40 - - Ic = 50 mA. Vcg = 10 Volts

2N3300. 2N3302

Ciia 2N3299, 2N3301 - 60 80 pt  Ig =0.Vcg = 10 Volts
2N3300, 2N3302
Cibo 2N3299, 2N3301 = 14 20 pl  Ic =0, Vgg =20 Volts

(1

2N3300, 2N3302

2N3299, 2N3301 . 14 60 nsec I =300 mA.lgq = 30 mA (Note 6)
2N3300. 2N3302

toff 2N3299. 2N3301 - 80 150 nsec  Ic =300 mA, Ig; = 30 mA (Note 6)
2N3300, 2N3302

BVego 2N3299. 2N3301 60 - - Volts Ig=10uA.lg =0
2N3300. 2N3302

BVegp 2N3299, 2N3301 5.0 - - Volts Ig=10uA.Ic=0
2N3300. 2N3302

NOTES:
These ratings are limiting values above which the serviceability of any individual d device may be impaired

12)
(3)

(4)
(51
(6)

These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.

These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance for the 2N3299 and
2N300 of 58.3°C/watt (derating factor of 17.2 mW/°C): for the 2N3301 and 2N3302 97.3°C/watt (derating factor of 10.3
mW/°C)..J ' bient thermal resi for the 2N3288 and 2N3300 of 2 19°C/watt (derating factor of 4 56 mW/°C);
for the 2N3301 and 2N3302 486° C/wart(derating factor of 2.06 mW/°C).

This rating refers to a high-current point where collector-to-emitter voltage is lowest
Pulse Conditions: length = 300 usec: duty cycle < 2%.
See switching circuit for exact values orlc‘ lgy. andigy.
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2N3299, 2N3300, 2N3301, 2N3302

TYPICAL SMALL SIGNAL CHARACTERISTICS (f = 1 kc)

2N3299 » 2N3301

Symbol VCE=10V. Vgg=10V. V=10V, Vgg =10V, Units
Ic =10mA Ic =10 mA Ilc = 50 mA lc = 50 mA
hie 380 460 170 350 Ohms
iz 410 950 405 umhos
hre 2250 2650 500 X104
hte 72 48 97 -
2N3300 + 2N3302
hie 780 190 880 Ohms
hoe 440 1300 660 gmhos
B 1900 5400 1500 x1076
hte 140 53 220 -
SCHEMATIC

t. TEST CIRCUIT

0o
300 nsec

IGV_I—L 500 2 To Sampling Scope

e o Rise Time < 1.0nsec
Pulse Source 00 Input Z = 100KQ
Rise Time < 1.0nsec

Ly =500 =

toy TEST CIRCUIT

+ 3y
0.41 5000 TO SAMPLING SCOPE
0 RISE TIME < 1.0 nsec
00 1N3600 INPUT Z = 100KR

PULSE SOURCE
RISE TIME < X nsec = i 7
Zjn = 300
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Package: TO-52

2N3510

HIGH-SPEED NPN SILICON SATURATED

SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Base Voltage ... 40 Volts
Collector-Emitter Voltage ...................cccoooeveee. 10 Volts
Emitter-Base Voltage .........cccoccceveiviivicniinennnn. 6 Volts
Collector Current.................. ...500 mA

Total Device Dissipation @ Ta

Derate above 25°C ..., 2.06 mW/°C
Total Device Dissipation @ T = 28%C e 1.2 Watts
Derate above 25°C........ccccvvcvivvcneenn... 6.9 mW/SC
Junction Temperature, Operating ................... +200 °C
Storage Temperature Range........... —65 to +200 °C

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions

ICEX - 0.025 nA Vg = 10 Volts, VEg(off) = 1 Volt

lcEx - 50 LA Vg = 10 Volts, VEg(off) = 1 Volt,
Ta-=160°C

IgL - 0.025 HA Vce = 10 Volts, Vog = 1 Volt

BVego 40 - Volts lc=10uA.lg =0

BVeeo® 10 - Volts Ilc=10mA.lg =0°

BVERO 6 - Volts lg=10uA. lc =0

VeE(sat) ' - 0.25 Volt Ic=10mA.lg =1mA"

VeE(sat)” - 0.4 Volt Ic =150 mA, g = 15 mA

VeE(sat)” - 0.6 Volt lc = 300 mA, Ig = 30 mA

VBE(sat)" - 0.8 Volt lc=10mA,Ig =1 mA

VBE(sat) 08 1.0 Volt lc =150 mA,Ig = 156 mA

VBE(sat) - 1.5 Volts Ilc = 300mA, Ig = 30 mA

hgg* 12 - - Ilc =1.0mA,Veg = 1 Volt

heg* 20 - = Ilc = 10 mA, Vg = 1 Volt

heg” 25 150 = Ic = 150 mA, Vg = 1 Volt

heg” 15 - - Ic = 300 mA, Vg = 1 Volt
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2N3510

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions
Cob = 4 pF Vcg = 10 Volts, Ig = 0. f = 100 kHz
Cip - 8 pF Vgg = 0.5 Volt, Ic = 0, f = 100 kHz
hie 3.5 - - Ic = 15 mA.Vcg = 10 Volts,
f= 100 MHz
t ~ n
d 10 ° Ic =150 mA, Igq = 15 mA,
t - 12 ns =t =
Vgg = 0.5 Volt, Vo = 6 Volts
ton - 20 ns
t - 16 ns
3 - Ic =150 mA, gy = —lg2 = 15 mA,
- ns
f Vee = 6 Volts
10” - 25 ns
Qr - 300 pC Ic =150 mA,Ig = 15 mA,
Ve = 6 Volts
i 20 150 - Ilc=1mA, Vcg = 10 Volts, f = 1 kHz
hre = 25 X104 Ic =1mA,Veg = 10 Volts, f = 1 kHz
hig 0.6 4.5 kohms Ic = 1mA,Vcg = 10 Volts, f = 1 kHz
Naa 10 100 umhos Ic = 1mA,Vgg = 10 Volts, f = 1 kHz

* Pulse Test: PW < 300 us, Duty Cycle < 2%
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Package: TO-5

2N3665, 2N3666 ©

NPN SILICON GENERAL PURPOSE AMPLIFIER

AND SWITCHING TRANSISTORS

The ITT 2N3665 and 2N3666 are NPN diffused silicon planar epitaxial transistors designed primarily
for general purpose amplifier and switching applications. They feature high voltage, low output capacity

and a useful beta over a wide current range.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Collector-Base Voltage ... ..120 Volts
Collector-Emitter Voltage {Note 4} ... 80 Volts
Emitter-Base Voltage ... . 10 Volts
Collector Current... iR 1 0 Amp
Total Device DlSSlpatlon @ TC 26°C.. ,5.0 Watts

—65°C to +200°C
200°C Maximum

Storage Temperature ..
Operating Junction Temperature
Lead Temperature

(Soldering, 10 sec Time Limit)........ 300°C Maximum

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

Symbol Min Max Unit Conditions
heE 40 120 - (2N3665) Ic = 150 mA, Vcg = 10 Volts (Note 5)
100 300 - (2N3666)
heg 30 - = {2N3665) Ig = 10 mA, Vgg = 10 Volts (Note 5)
70 - - (2N3666)
hee 25 - - (2N3665) Ic = 500 mA, Vg = 10 Volts (Note 5)
50 = - (2N3666)
hrg(—55°C) 16 = & (2N3665) Ig = 150 mA, Vgg = 10 Volts (Note 5)
40 - - (2N3666)
VBE(sat) = 1.8 Volts (2N3665) I¢c =500 mA, Ig = 50 mA (Note 5)
- 1.8 Volts (2N3666)
VBE(sat) . 12 Volts (2N3665) Ic = 150 mA, Ig = 15 mA (Note 5)
- 1.2 Volts (2N3666)
VCE(sat) - 1.2 Volts (2N3665) I =500 mA, Ig = 50 mA (Note 5)
- 1.2 Volts (2N3666)
VCE(sat) o 0.5 Volt (2N3665) Ic = 150 mA, Ig = 15 mA (Note 5)
- 0.5 Volt (2N3666)
hfe 3.0 - - (2N3665) Ic = 50 mA, Vg = 10 Volts
3.0 = = (2N3666)
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2N3665, 2N3666

ELECTRICAL CHARACTERISTICS [TA = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions

(A = 12 pf (2N3665) Ig =0.Vcg = 10 Volts
" 12 pf (2N3666)

Cibo & 60 pf (2N3665) Ic = 0,Vgg = 0.5 Volt
= 60 pf (2N3666)

lcex - 50 nA Vce = 80 Volts, Vgg = 0.5 Volt

IceBO = 50 nA Veg = 60 Volts, Ig =0

IcBO(150°C) - 50 LA Vce = 60 Volts, I =0

IBEX - 50 nA Vce = 80 Volts, Vg = 0.5 Volt

leBo - 50 nA Ic = 0,Vgg = 5.0 Volts

BVcgo 120 = Volts Ic = 100uA. Ig =0

VcEO(sust) 80 - Volts Ic = 10mA, lg = 0 (Notes 4 and 5)

BVERo 10 ™ Volts Ic =0.lg =100 uA

BVcER 90 - Volts Ic = 10 mA, Rgg = 10 ohms (Notes 4 and 5)

tsnittoff - 4.0 usec (2N3665) (See Figure 1)
- 5.0 usec (2N3666)

NOTES:

{1} These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired

(2)  These are steady state limits. The factary should be consulted on applications involving pulsed or low duty cycle operations.

(3)

factor of 28.6 mW/°C).

These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 35°C/wart (derating

(4)  Rating refers to a high-current point where collector-to-em itter voltage is lowest.

[8)  Pulse Conditions: length = 300 usec; duty cycle = 1%.

SCHEMATIC

2 psec

+20V

1200 Ohms

Rise time of input pulse = 0.1 psec

+22.5 Volts

220 Ohms
To oscilloscope
Rise Time = 0.1 psec
Input Z =1 MQ

FIGURE 1 — SWITCHING CIRCUIT
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Package: TO-18

2N3700, 2N3701°

NPN SILICON HIGH FREQUENCY
IF-RF AMPLIFIER TRANSISTORS

The ITT 2N3700 and 2N3701 are NPN diffused silicon
planar epitaxial transistors designed primarily for high
frequency applications in IF-RF amplifier circuits. The
planar structure provides low saturation voltage at
high collector currents and low leakage current over
a wide range of temperature and bias conditions.
Useful frequency range: DC to 100 MHz.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit

Storage Temperature ...........cco.o..... —65°C to +200°C
Operating Junction Temperature ....... 200°C Maximum
Lead Temperature (Soldering,

60 sec. time [imit) ...cooovvvvccvernnnn
Total Device Dissipation

.300°C Maximum

@ T = 25°C (Notes 2 and 3) ................... 1.8 Watts
@ Tc = 100°C (Notes 2 and 3).................... 1.0 Watt
@Tp = 25°C (Notes 2 and 3) ..................... 0.5 Watt
Collector-Base Voltage ... siaemsssT4aVolts
Collector-Emitter Voltage (Note 4]' ... 80 Volts
Emitter-Base Voltage ........ccccocccveecnvecciinricannn. 1.0 Volts
Collector Gllrentss: wsnmammmmmmasaamsssse 1O AMP

NOTES:

(1)

(2}

(3

14

(5)

These ratings are limiting values above which the
serviceability of any individual semiconductor device
may be impaired.

These are steady state limits. The factory should be
consulted on applications involving pulsed or low
duty cycle operations,

These ratings give a maximum junction temperature
of 200°C and junction-to-case thermal resistance of
97°C/watt (derating factor of 103 mW/°C);
junction-to-ambient thermal resistance of
350°C/watt (derating factor of 2.85 mW/2C).

Rating refers to a high-current point where collector-
to-emitter voltage is lowest.

Pulse Conditions: length = 300 usec: duty cycle <
1%.

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

Symbol Min Max Unit Conditions

hEg 100 300 - (2N3700) Ic = 150 mA, Ve = 10 Volts
40 120 - (2N3701) (Note 5)

heg 90 - - (2N3700) Ic =10 mA,Vcg = 10 Volts
40 120 - (2N3701) (Note 5)

hee 50 - - (2N3700) Ic = 0.1 mA, Vcg = 10 Volts
30 100 - (2N3701) (Note 5)

heg 50 - = (2N3700) Ig = 500 mA, Veg = 10 Volts
30 100 = (2N3701) (Note 5)

hee 15 - - (2N3700) Ic = 1.0 A, Vcg = 10 Volts
15 - - (2N3701) (Note 5)

hge(—55°C) 40 - = (2N3700) Ig = 150 mA,Vcg = 10 Volts
- - - (2N3701) {Note 5)

VBE(sat) - 141 Volts (2N3700) Ig =150 mA,lg = 15 mA
- 1.1 Volts (2N3701)
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2N3700, 2N3701

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions
VCE(sat) - 0.2 Volt (2N3700) Ic = 150 mA, Ig = 15 mA
- 0.2 Volt (2ZN3701) (Note 5)
VCE(sat) - 0.5 Volt (2N3700) Ic = 500 mA, Ig = 50 mA
- 0.5 Volt (2N3701) (Note 5)
hfe 5.0 10 = (2N3700) Ic = 50 mA, Vcg = 10 Volts
4.0 10 = (2N3701)
hfe 80 400 = (2N3700) Ig = 1.0 mA, Veg = 5.0 Volts
30 200 - (2N3701)
€ = 12 pf (2N3700) Ig = 0,Vcg = 10 Volts
- 12 pf (2N3701)
Cibo - 60 pf (2N3700) Ic = 0.Vgg = 0.5 Volt
- 60 pf (2N3701)
ry'Ce 25 400 psec (2N3700) Ig = 10mA,Vcg = 10 Volts
25 400 psec (2ZN3701)
IcBo E 10 nA (2N3700) Ig = 0,Vcg = 90 Volts
- 10 nA (2N3701)
Icol(150°C) - 10 RA (2N3700) Ig = 0,Vcg = 90 Volts
- 10 HA (2N3701)
leBO > 10 nA (2N3700) I¢ = 0,Vgg = 5.0 Volts
- 10 nA (2N3701)
BVeRo 140 - Volts (2N3700) Ic = 100uA, Ig =0
140 = Volts (2N3701)
VCEO(sust) 80 - Volts (ZN3700) Ig =30 mA,Ig = 0 (Notes 4 and 5)
80 = Volts (2N3701)
BVEgO 7.0 - Volts (2N3700) Ic =0, 1g = 100uA
7.0 - Volts (2N3701)
NF - 4.0 dB (2N3700) Ic = 100uA, Vg = 10 Volts,

f=1KHz,Rg = 1KQ
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Package: T0-92 2N5209, 2N5210
LOW-LEVEL, LOW-NOISE NPN SILICON AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit

Collector-Emitter Voltage ...........c.ccceeeunneeee. 50 Vde Total Device Dissipation @ TA =250C........ 310 mW

Collector-Base Voltage ........ccccevvveenieenneennnn.. 30 Vde Derate above 259C emmieeeisiiiennnn, 2.81 mW/OC

Emitter-Base Voltage .......ccccvevvereveenreeenennnnn.. 4.5 Vde Thermal Resistance, Junction

Collector Current - Continuous ................. 50 mAdc 10 AMbient .......ccccveereerrneesrnnenee. 0.357 OC/mW
Peak ........coensiianinns.: 100 mAde

ELECTRICAL CHARACTERISTICS {TA = 259C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
BVCEO 50 - - Vdce IC = 1.0 mAde, IB =0
BVCBO 50 - - Vdc IC = 0.1 mAdc, IE =0
lCBO - - 10 nAdc VCB =10 Vde, IE =0
- - 50 VCB—'-SS Vdc,|E=0
IEBO — - 50 nAde VBE = 3.0 Vdc, IC =0
- - 100 VBE=4.5 Vde, IC=0
hFE 100 - 300 - IC = 100 uAdc, VCE =5.0 Vdc
2N5209
200 = 600 2N5210
150 - — IC = 1.0 mAdc, UCE =5.0 Vdc
2N5209
250 - - 2N5210
150 - - IC =10 mAdc, VCE =5.0 Vdc
2N5209
250 - - 2N5210
VCE(sat} — - 0.7 Vdce IC =10 mAdc, IB = 1.0 mAdc
VBE[Dn} — = 0.85 Vdc IC = 1.0 mAdc, VCE =5.0 Vdc
fT 30 80 - MHz IC =500 vAdc, VCE =5.0 Vdc,
f=20MHz
ch - - 4.0 pF VCB =5.0 Vdc, IE =0, f=100kHz
emitter guarded
hfe 150 - 600 - IC =1.0 mAdc, VCE =5.0 Vdc,
f=1.0kHz 2N5209
250 - 900 2N5210
NF - - 3.0 dB IC = 20 wAdc, VCE = 5.0 Vdc,
HS =22k ohms, f= 10 Hz to
15.7 kHz 2N5209
- - 20 2N5210
- 1.6 4.0 Ic = 20 vAdc, VCE =5.0 Vdc,
RS =10k ohms, f= 1.0 kHz
2N5209
- 1.4 3.0 2N5210
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2N5219 Package: To-92
GENERAL PURPQOSE NPN SILICON TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit
Collector-Emitter Voltage .......c.ccoceeeveeen.. 16 Vde
Collector-Base Voltage ... 20 Vde
Emitter-Base Voltage ..........ccceeveiinemeienennnnn. 3.0 Vde
Collector Current - Continuous ................100 mAdc
Total Device Dissipation @ TA =250C .....310mW

Derate above 259C ........c..cccccvvvnnne. 2.81 mW/OC
Operating and Storage Junction

Temperature Range ..................... -85 10 +135 °C
Thermal Resistance, Junction

to Ambient ......cocvciriiiineinniensiene. 0.357 OC/mW

ELECTRICAL CHARACTERISTICS [TA = 2569C unless otherwise noted)

Symbol Min Max Unit Conditions

BVCED 15 - Vde IC= 1.0mAdc,IB=0

BVCBO 20 — Vdc IC =100 vAdc, IE =0

BVEBO 3.0 - Vdc IE = 100 vAdc, lC =0

ICBO - 100 nAdc VCB'= 10 Vdc, ‘E =0

IEBO - 500 nAdc VBE = 2.0 Vdc, IC =0

hFE 35 500 — IC = 2.0 mAdc, VCE =10 Vdc
VCE (sat) - 0.4 Vde EC = 10 mAdc, IB = 1.0 mAdc
VBE{sat} — 1.0 Vde 1C = 10 mAdc, |B = 1.0 mAdc

fT 150 — MHz IC= 10 mAdec, VCE= 10 Vdc

ch — 4.0 pF VCB= 10 Vdc,IE =0,f=1.0MHz
hfe 35 1500 = IC = 2.0 mAdc, VCE =10 Vdc, f= 1.0 kHz
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Package: To-92 2N5220
LOW-POWER GENERAL PURPOSE NPN SILICON AMPLIFIER TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Emitter Voltage............cccouuvnreennnnn. 16 Vde
Collector-Base VoItage .......cccccevevvvervvnnnvenennns 15 Vde
Emitter-Base Voltage ..........c.cccccevcnnrennnennnnnn. 3.0 Vde
Collector Current - Continuous ............... 500 mAdc
Total Device Dissipation @ Ty = 250C........ 310 mW

Derate above 259C ...........cccoeuee.... 2,81 mW/OC
Operating and Storage Junction

Temperature Range .................... -551t0 +135°C
Thermal Resistance, Junction

to Ambient ....c.cceveeiriierenenianinnnnn. 0.357 9C/mW

ELECTRICAL CHARACTERISTICS [TA = 259C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO 18 - Vdc IC=10 mAdc,|B=0
BVCBO 15 - Vdc IC =100 vAdc, IE =0
BVEBO 3.0 — Vdc IE = 100 vAdc, IC =0
lCBO - 100 nAdc VCB=10 Vdc,|E=0
lEBO - 100 nAdc VBE = 3.0 Vde, IC =0
hFE 25 - - IC—- 10mAdc,VCE =10 Vdc
30 600 IC=50 fﬂAdc,VcE =10 Vdc
VCE[sat} — 0.5 Vdc {C =150 mAdc, }B =15 mAdc
VBE{sat] - 1A Vdc tC =150 mAdc, IB = 15 mAdc
fT 100 - MHz Ic=20 mAdec, VCE= 10 Vdc
ch = 10 pF VCB=5.0Vdc,IE=O,f=1.0MHz
hfe 30 1800 - IC=50mAdc, VCE =10 Vdc, f= 1.0 kHz
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2N5223 Package: To-92

LOW-LEVEL GENERAL PURPOSE NPN SILICON AMPLIFIER TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit
Collector-Emitter Voltage .........cccccevvveeeeeen.. 20 Vde
Collector-Base Voltage ..........c.ccecsiveeenee. 25 Vdce
Emitter-Base Voltage .......ccoeeeerevvvnnrnnnennnnn... 3.0 Vdc
Collector Current ...........ceceeeeninsinnnssnnnnnne. 100 mAde
Total Device Dissipation @ TA =259C ..... 310 mW

Derate above 269C ...........ccvenennne 2.81 mW/OC
Operating and Storage Junction

Temperature Range ................... -55 to +1350C
Thermal Resistance, Junction

to Ambient .....cecriviiiinieenninenne. 0.357 OC/mW

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions

BVCEO 20 - Vdc IC = 1.0 mAdc, IB =0

BVgo 25 ) Vdc lC =T00uAdc, T =0

BVEBO 3.0 - Vdc IE =100 uAdc, IC =0

ICBO - 100 nAdc VCB= 10 Vdc, IE =0

IEBO B 500 nAdc VBE = 3.0 Vdc, IC =0

hFE 50 800 - IC = 2.0 mAdc, VCE =10 Vdc
VCE(sat] — 0.7 Vdc IC =10 mAdc, IB = 1.0 mAdc
VBE(S&T] - 1.2 Vdc IC=10 mAdc,IB= 1.0 mAdc

fT 150 - MHz IC=10mAdc, VCE=1EI Vdc

ch = 4.0 pF VCB= 10 Vdc,IE=D,f= 1.0 MHz
hfe 50 1600 - IC = 2.0 mAdc, VCE =10 Vdc, f=1.0kHz
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2N5225

Package: To-92 MEDIUM POWER NPN SILICON AMPLIFIER TRANSISTOR
ABSOLUTE MAXIMUM RATINGS
Characteristic Unit
Collector-Emitter Voltage ...........cceeeeevneennnn. 26 Vdc
Collector-Base Voltage ......cccceevveiveenriinnnennen.. 25 Vde
Emitter-Base Voltage ............cccccecvrvnnnennennns. 4.0 Vde
Collector CUTeNt .......ccccceesreeenreeesaannnnnn. 500 mAde
Total Device Dissipation @ TA =250C .....310 mW

Derate above 250C .........ccoernvnee. 2.81 mW/OC
Operating and Storage Junction

Temperature Range .................... -B5 to +136 0C
Thermal Resistance, Junction

to Ambient ........ccvviiiireenieceinnn. 0.357 O°C/mW

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO 25 - Vdc |C=10 mAdc,|B=0
BVCBO 25 — Vdc IC= 100 uAdec, IE =0
BVEBO 4.0 - Vdc |E =100 vAdc, IC =0
ICBO - 300 nAdc VCB =15 Vdc, E- 0
IEEID = 500 nAdc VB_E = 4.0 Vdc, IC =0
hFE 25 - — |C= 10 mAdec, VCE=10 Vdc
30 600 IC =50 mAdc, VCE =10 Vdc
VCE{sat} — 0.8 Vdc IC = 100 mAdec, IB =10 mAdc
VBElsat] - 1.0 Vdc IC= 100 mAdec, |B= 10 mAdc
fT 50 - MHz |C =20 mAdec, VCE =10 Vdc
ch = 20 pF VCa=5'0 Vdc,IE=0,f= 1.0 MHz
hfe 30 1800 - 'C =50 mAde, VCE =10Vdc, f = 1.0 kHz
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2N5368 thru 2N5371

GENERAL PURPOSE NPN SILICON TRANSISTORS

Package : TO-92

ABSOLUTE MAXIMUM RATINGS @ 25°C (free zir)

Continuous device dissipation at or

Characteristics Unit below 25°C free-air temperature ............ 360 mW
Storage temperatyre range ............... -65 to +150 ¢C Linear derating factor above 25°C........ 2.87 mW/9C
Operating Collector Emitter-base vOItage .....c..coovrvrerveeeeisesesescssionannne 9V
Junction Temperature ............cceeereuerree. #1560 0C Collector-base voItage ..........covemreevueerurisanenneenne. 80 V
Lead temperature 1/16" from case Collector-base voltage (2N5371) .ccccovvvveieiinnnn. 40V
10 S6CONDS MAX. .ovvvimsesmsesssisnsensrsnseasers F260 OC Collector-emitter voltage (Applicable
Collector CUITENT ..oceeeciiisiiieeesiniceiesssneeess. 500 MA from IC =0mA to IC = 10 MA) iicviiivni. 30V
ELECTRICAL CHARACTERISTICS @ 25°C free-air temperature
Symbol Min Max Unit Conditions
iCBO - 50 nA 2N5368, 2N5369, 2N5370
VCB=40V,IE=0
— 50 nA 2N5371 VCB =30V, IE -0
IEBO - 50 nA VEB=3V,'.C=CI
BVCBO 60 = v 2N5368, 2N5369, 2N5370
lc= 10 uA, |E =0
40 == v 2N5371 IC=10uA, E=0
BVEBO 5 - \" IE=10uA,ICED
BVCEO 30 = ' IC= 10 m»l\,IB=lle:N0tB1lI
hFE 20 - - 2N5368
50 - = 2N5369
75 - —_ 2N5370 VCE=1D V’IC= 1 mA
20 — - 2N5371
hFE 40 - - 2N5368
75 - - 2N5369
150 = — 2N5370 VCE =10V, IC = 10 mA, (Note 1)
40 = — 2N5371
hFE 60 200 - 2N5368
100 300 - 2N5369
200 600 - 2N5370 VCE =10V, IC = 150 mA (Note 1)
60 600 - 2NB371
VBE - 1.2 v VCE=10V,IC=150mA{N0te1}
VBE{sat] — 1.3 v Ic = 150 mA,IB=15mA (Note 1)
VCEI 1) - 0.3 \ IC=150mA,IB=15mA (Note 1)
ch —_ 8 pF VCB= 10 V,IE=0,f= 1 MHz (Note 2)
[hfel 25 - - VCE= 0V, 1C=20 mA, f =100 MHz
tan - 40 nsec ic= 150 mA, VCC=3EI V"B‘l =15 mA, (see fig. 1)
gt — 350 nsec 2N5368, 2N5369 | = 150 mA, Vap =30V,
- 400 nsec 2N5370, 2N5371 |31 = IBz = 15 mA (see fig. 2)

NOTES: 1. Pulse test: PW = 300 usec, duty cycle £ 2%,

2. C . measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The
er?l?tter terminal shall be connected to the guard terminal of the bridge.
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Package: TO-92

2N5376, 2N5377

GENERAL PURPOSE NPN SILICON TRANSISTORS

ABSOLUTE MAXIMUM RATINGS @ 25°C (free air)
Characteristics Unit
Storage temperature range ............... -55 to +1560 °C

Operating Collector

Junction TEMPErature ..........c.ceeereereene. $1609C
Lead temperature 1/16" from case
10 SECONAS MBX. .voveeererereernressesesenseesses 7260 OC

Emitter-base VOItage .........cceeeeeerenrenrinssisisinsinennes 9V
Collector-base Voltage.........cccecveeiiivreesssnnnsnness 60V
Collector-emitter voltage (Applicable

from |C =0 mA, to |C =10 MA).ccccriiiiiiiens 30V
CollECtOr CUITENT ....vcvieecieeeerisieeasicneaesssnnnens D00 MA
Continuous device dissipation at or

below 25°C free-air temperature ........... 360 mW
Linear derating factor above 25°C ....... 2.87 mW/°C

ELECTRICAL CHARACTERISTICS @ 25°C free-air temperature

Symbol Min Max Unit Conditions

ICBO - 10 nA VCB=30 V, IE=0

BVCBO 60 — A IC=10uA,IE—0

BVEBO 5 - A l'E =100 nA, IC~0

BVCEO 30 - Vv IC—10mA,IB—0{Nate1}

hFE 100 500 - 2N5376 VCE—EV,ICv 10uA
40 200 - 2N5377 VCE =5V, IC =10uA

hFE 120 600 - 2N5376 VCE =bV, !C =1mA
100 500 = 2NB377 VCE =8V, 1C =1 mA

hFE 150 =+ - 2N5376 VCE =5V, IC =10 mA (Note 1)
120 - = 2NB377

VBE[sat} 0.65 0.80 \ IC =10 mA, IB =1mA

VCE(sat} - 0.2 \ IC— 10 mA,IB— 1 mA

hib 20 32 Ohms IC =1 mA, VCE =5V, f=1kHz

hob 0.05 0.2 umhaos IC =1 mA, VCE =5V, f=1kHz

hfe 120 1000 = 2NB376 |C= 1 mA, VCE=5V,T—1 kHz
100 900 - 2NB377

ch - 8 pF VCS= 10 V,IE=0,f= 1 MHz (Note 2)

[hfe] 30 150 - VCE=5V,1C=500uA,f=1GMHz

NF - 20 dB 2N5376 IC =10 uA, VCE =5V, Rg= 10 Ohms,
L= 3.0 dB 2NB377 Bandwith = 10 Hz to 15.7 kHz

NOTES: 1. Pulse test: Pulse width = 300 usec,

duty cycle £ 2 %.

. Cc measurement employs a three-
tertb‘n]nai capacitance bridge incorpora-
ting a guard circuit. The emitter shall
be connected to the guard terminal of
the bridge.
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2N5449, 2N5450, 2N5451
NPN SILICON AMPLIFIER TRANSISTORS

Package: To-92

ABSOLUTE MAXIMUM RATINGS at 25°C free-air temperature (unless otherwise noted)

2N5449
Characteristic 2N5450 |2N5451 |Unit NOTES:
il - Vol
Follector-Bame ¥ olinge o 2 ” 1. These values apply when the base-
Collector-Emitter Voltage emitter diode is open-ci(r,cuited.
2. Derate linearly to 150°C free-air tem-
(See Note 1) 30 20 v perature at the rate of 02.88 mW/deq.
Emitter- Vol 5 3. Derate linearly to 1509C lead tem-
AR Y DitAge i Y perature at the rate of 4 mw/deg. Lead
Continuous Collector Current 800 mA temperature is measured on the col-
Continuous Device Dissipation at lector lead 1/16 inch from the case.
(or below) 25°C Free-Air
Temperature (See Note 2) 360 mWw SILICON I15-WATT QUASI-COMPLEMENTARY
= . = POWER AMPLIFIER
Continuous Device Dissipation at =
{or below) 259C Lead = 120w
Temperature (See Note 3) 500 mW o !l
Storage Temperature Range -65 to 150 p
Junction Temperature-Operating 260 TR A

JrEa

AD—g-—

-
O
:

oc
oc
= JO00F, 80+
o huf
{.

o

v

*ELECTRICAL CHARACTERISTICS AT 259C FREE-AIR TEMPERATURE

2N5449 2N5450 2N5451

Symbol Min Max [Min Max |[Min Max |Unit Test Conditions
V[BRDCBO 50 50 40 \ IC =100 uA, IE =0

(BR) CEO 30 30 20 \' lc= 10 mA, |B=0,Sae Note 4
VIBR]EBO 5 5 5 V IE= 100 uA, IC=D
ICBO 100 100 100 nA VCB =20V, 1B =0
'EBO 100 100 100 nA VEB—SV, IC-O
hfe 100 300 50 150 30 600 VCE =2V, lc=50mA,SEENOtB4
VBE 05 1 |05 1 (056 1 v VCE =2V, IC = 100 mA, See Note 4
VCE[ ) 06 0.8 1 Y Tg=5mA, T, =100mA, See Note 4
[hfe] 5 5 5 VCE=2V,IC—50mA,f-20 MHz
ch 12 12 12 pF VCB= 10 V,IE=D.f= 1 MHz,

See Note 5

NOTES: 4. These parameters must be measured using pulse techniques. Ip = 300 us, duty cycle — 3%.
5. C_, is measured using three-terminal measurement techniques with the emitter guarded.
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Package: To-92

MPS-AQ5

NPN SILICON AUDIO TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit
Collector-Emitter Voltage ........ B0 Vdc
Collector-Base Voltage ............. 60 Vde
Emitter-Base Voltage ........ 4.0 Vdc
Collector Current - Continuous 500 MAdc
Total Device Dissipation

@TA=25°C 500 mW

Derate above 259C ............ 4.54 mW/°C
Total Device Dissipation

@T.= 250G o 800 mWw

Derate above 25°C ............ 7.27 mW/oC
Operating and Storage Junction

Temperature Range ............ -55t0o+135 oc
Thermal Resistance, Junction

H0/ G A8 s visinia e sras e b 0.137 oC/mw
Thermal Resistance, Junction

t0 Ambient ........ccoonieensinnens 0.220 oC/mwW

ELECTRICAL CHARACTERISTICS {TA = 250C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
BVCEO 60 - - Vdc I‘_::= 1.0 mAdc,|B=0
BVEBO 4.0 - — Vde IE = 100 vAdc, lC =0
iCBO — - 100 nAdc VCB = 60 Vdc, IE =0
heg 50 125 - — le= 10 mAdc, Vo= 1.0 Vdc

50 150 - =100 mAde, Ve = 1.0 Vde

- 90 - |C = 350 mAdec, VCE = 1.0 Vde
VCElsat} - 0.08 0.25 Vdc Ic= 100 mAdc, | g = 10 mAdc
VBElsat} - 0.75 - Ic= 100 mAdc, g = 10 mAdc
VBE(on} - 0.7 1.2 Vdc Ic= 100 mAdc, Vo = 1.0 Vdc
fT 50 200 - MHz Ic= 100 mAdc, VCE = 1.0 Vde,

f =100 MHz

Cob - 6.0 = pF VCB'=10 Vdc,|E=0,f=100 kHz
i = 15 = PF Vgg = 05 Vdc, I = 0, f = 100 kHz
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MPS-A10
GENERAL PURPOSE NPN SILICON AMPLIFIER TRANSISTORS Package: To-92

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit
Collector-Emitter Voltage ..........ccoovvvvvvnnnn.n. 40 Vdc
Emitter-Base Voltage ..........cccceeevveveveennnnnnn.. 4.0 Vde
Collector Current - Continuous ............... 100 mAdc
Total Device Dissipation @ TA = 259C ........ 300 mW

Derate above 250C .......................... 2.73 mW/OC
Operating and Storage Junction

Temperature Range ..................... -55 to +135 °C
Thermal Resistance, Junction

to Ambient ...........occvveivnrennnnnann.. 0.367 OC/mW

ELECTRICAL CHARACTERISTICS (TA = 259C unless otherwise noted)

Symbol Min Max Unit Conditions

BVCEO 40 - Vdc |C=T.0mAdc,IB=0

BVEBO 4.0 — Vdec IE =100 vAdc, IC=0

ICBO - 100 nAdc VCB = 30 Vdc, |E =0

hee 40 400 - lc = 5.0 mAdc, Vg =10 Vde

fT 50 = - MHz IC=5.0 mAdec, VCE =10 Vdec, f= 20 MHz
Cob = 4.0 pF VCB= 10 Vdc, IE =0,f=100kHz =

Figure 1—Simplified AC Equivalent Circuit {Common Emitter)

BASE b Cep | COLLECTOR

O—AWV l : I( > @ j— O
B (hfe +1)re ImVp'e 21/g¢ s
be
& -+ :
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Package: T0-92

MPS-A20, MPS-K20, MPS-K21, MPS-K22

NPN SILICON AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit
Collector-Emitter Voltage ..........ceevvenvvennnnnnns 40 Vdc
Emitter-Base Voltage . 4.0 Vdc

Collector Current - Continuous................. 100 mAdc
Total Device Dissipation @ T i 2B9C i 300 mw
Derate above 260C ..........cceviinien. 2.73 mW/OC
Operating and Storage Junction
Temperature Range
Thermal Resistance, Junction

55 to +135°C

to AmbIent ......ccoiineeecnieerenninnine. 0.367 9C/mW

ELECTRICAL CHARACTERISTICS IITA = 259C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO 40 - Vdc lc= 1.0mAdc,lB=0
8Vcg0 40 = Vdc Tg = 100UAdc, 1, = 0
'CBO — 100 nAdc VCB = 30 Vdec, IE =0
hFE 40 400 — IC = 5.0 mAdc, VCE =10 Vdc
VCE(sat]l - 0.25 Vdc 'C =10 mAdec, IB = 1.0 mAdc
= 125 - MHz g = 5.0 mAdc, Ve =10 Vdc, f=100 MHz
Cob — 4.0 pF VCB=:.10Vdc,IE=0,f=100 kHz
Figure 1—Simplified AC Equivalent Circuit (Common Emitter)
BASE b Cep | COLLECTOR
2 d > —O
1 | L
Ce (hfe + re ~FC

Y e

v

é‘kﬂv b'e £!/9C
S '
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MPS2711, MPS2712
LOW-POWER NPN SILICON SMALL-SIGNAL TRANSISTOR Package: To-92

ABSOLUTE MAXIMUM RATINGS
Characteristic Unit
Collector-Emitter Voltage ..........ccevon......... 18 Vde

Collector-Base Voltage ..............ceveuvn...n... 18 Vde
Emitter-Base Voltage ..................eeovuuun.nnn. 5.0 Vde
Collector Current .........ccccecceeecrieirirnnnnenn.. 100 mAdc
Total Device Dissipation @ TA =250C....... 310 mW
Total Device Dissipation @ TC =600C ....... 210 mW
Operating Junction Temperature ................. 135 0¢

Storage Temperature Range ............. -55 to +135 0C
Thermal Resistance, Junction
to AmbIRNT Ll nininaasae 0I357 OGN

ELECTRICAL CHARACTERISTICS (TA = 259C unless otherwise noted)

Symbol Min Max Unit Conditions
ICBO - 0.5 uAdc VCB =18 Vdc, |E =0
— 15 VCB= 18 Vdc,IE=0,TA=100°C
IEBO - 0.5 uAdc VEB =5 Vdc, IC =0
hFE 30 90 - VCE =45 Vdc, |C =2 mAdc
MPS2711
75 225 MPS2712
Cob — 4.0 pF VCB=10V,IE=0f=‘!MHz
hfe 30 120 - VCE= 10 Vdc,lc=2rnAdc,f= 1 kHz
MPS2711
80 200 MPS2712
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MPS2923 THRU MPS2925
Package: To92 ~ GENERAL PURPOSE NPN SILICON AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS
Characteristic
Collector-Base VOItage .............ccciiiiiinnnnnns
Collector-Emitter Voltage i
Emitter-Base Voltage ..........cccccreeiiiniiiinnnen.

Collector dc Current .........cccveeeereeeerneennnnns 100 mAde

Total Device Dissipation veeeee 200 MW
@ 259C Ambient Temperature
Derating Factor above 256°C ........... 2,67 mW/°C
Total Device Dissipation .............ceevveeiinnne.. 120 mW
@ 559C Ambient Temperature
Derating Factor above 259C ........... 2.67 mW/°C
Junction Temperature-Operating ................. 100 9C
Storage Temperature Range ............. -30 to +126 OC

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

Symbol Min Max Unit Conditions
lceo - 05 uA VCB‘ 25V, lg=0 .
— 15 uA VCB=25V,IE=D,TA—1OOC
lego - 0.5 uA VEB =5V
heo - VCE=10V,IC=2mA
90 180 MPS2923
150 300 MPS2924
235 470 MPS2925
Cm:l - 12 pF VCB=10 V,|E=0,f=MHz
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MPS2926, MPS3721
GENERAL PURPOSE NPN SILICON TRANSISTOR

Package: To-92

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit_
Collector-Emitter Voltage.........ceeeevuvrrivvnnnnnn, 18 Vde
Collector-Base Voltage ........ccceeeninisiinnnnnnn. 18 Vde
Emitter-Base Voltage ............ccoceeecevennviennnnn.. 5.0 Vde
Collactor Current .........cuinnnmaienes 100 mAde
Total Device Dissipation

@ 25°C Ambient Temperature .............. 310 mW
Total Device Dissipation

@ 60°C Ambient Temperature .............. 210 mW
Thermal Resistance, Junction

10 AMBIENt ...cvviverreeerneiiresssenennnens 0,357 OC/mW
Junction Temperature, Operating ................. 135 °C
Storage Temperature Range ............. -65 to +135 °C

ELECTRICAL CHARACTERISTICS [TA = 259C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
ICBO - - 05 uA VCB = 18 Vdc, IE =0

= = 5 Vg - 18 Vdc, Ig = 0, T, = 100°C
IEBO - = 0.5 uA VEB=5Vdc,IC=CI
fT - 300 - MHz |c=4mA,VCE=5V MPS 2926
Cob = = 35 pF Veg = 10V, I =0, 7= 1MHz
Pte 35 — 470 - Veg =10V, 1o=2mA, f=1kHz

MPS2926
60 - 660 MPS3721
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Package: To-92

MPS3392 thru MPS3395

NPN SILICON SMALL-SIGNAL AUDIO TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit
Collector-Emitter Voltage .......c.cccccvvvrininnee.. 25 Vde
Collector-Base VOItage .........c.cceeeeccicnnirinnnnen. 20 Vde
Emitter-Base VOItage .........coeeeeveeeeavennnnennnn. 5.0 Vde
Collector CUrreNT ....cccccviviiiinnessssnsasinsanns 100 MAdc
Total Device Dissipation @ Ta = 250C........ 310 mW
Total Device Dissipation @ Tc =600C........ 210 mW
Operating Junction Temperature .................. 135°C

Storage Temperature Range.............. -
Thermal Resistance, Junction
10 Ambient ......ccccvcnnnrannn

55 to +135 °C

0.357 °C/mW

ELECTRICAL CHARACTERISTICS {TA = 259C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO 25 — Vdc IC =1 mAdc, IB =0
ICBO — 0.1 uAdc VCB =18 Vdc, !E =0
'EBO - 0.1 uAdc VEﬁ =5 Vdc, IC =0
hFE 150 300 - VCE =45 Vdc, Ic = 2 mAdc
MPS3392
90 180 MPS3393
55 110 MPS3394
150 500 MPS3395
cob - 35 pF VCB= 10V,EE =0,f=1MHz
hfe 150 500 - VCE=4.5 V,IC=2mA,f= 1 kHz
MPS3392
90 400 MPS3393
55 300 MPS3394
150 800 MPS3395
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MPS3693 Package: To-92
GENERAL PURPOSE NPN SILICON RFAMPLIFIER TRANSISTORS
ABSOLUTE MAXIMUM RATINGS
Characteristic Unit
Collector-Emitter Voltage ..............ccceuenennn.. 45 Vde
Collector-Base Voltage ...... .. 45 Vdc
Emitter-Base Voltage 4.0 Vde
Total Device Dissipation @ TA =26°C ........ 310 mW
Derate above 250C ...............ccccreene. 2.81 mW/OC
Operating and Storage Junction
Temperature Range ................... -565 to +135 °C
Thermal Resistance, Junction
1o Ambient .........coceensinnensesinnnin.. 0.357 OC/mW
ELECTRICAL CHARACTERISTICS {TA = 259C unless otherwise noted)
Symbol Min Typ Max Unit Conditions
BVCEOIsus‘ 45 - - Vdc Icn 10 mAdc,|B=0
BVCBO 45 - - Vde lc =100 vAdc, IE =0
BVEBO 4.0 - - Vdc Ie = 10 vAde, Ic= 0
lego - - 50 nAdc Vc =35 Vdc, Ig= 0 s
- - 5.0 uAdc VCB = 35 Vdc, Ig = 0, Ty =659C
heg - 160 - IC =10 mAdc, VCE =10Vdc
f.T. 200 - - MHz IC = 10 mAdec, VCE =15 Vdc,
f =100 MHz
Cob — - 35 pF VCB= 10 Vdc,|E=0,f= 100 kHz
ri,Cc - — 55 ps IE = 10 mAdec, VCB =156 Vdc,
f=31.8 MHz
NF — 4.0 - dB Ic= 3.0 mAde, VCE =10 Vde,
HS = 300 ohms, f= 1.0 MHz

*Pulse Test: Pulse Width < 300 us; Duty Cycle < 1.0%.
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MPS3704, MPS3705, MPS3706
LOW-POWER NPN SILICON TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

MPS3704

Characteristics MPS3705 | MPS3706 Unit
Collector-Emitter Voltage ... 30 20 Vdc
Collector-Base Voltage ....... 50 40 Vde
Emitter-Base Voltage .......... 5.0 Vdc
Collector Current - Continuous 600 mAdc
Total Device Dissipation

@TA RO e vrrersansrans 310 mW

Derate above 25°C ......... 281 mW/oC
Operating and Storage Junction

Temperature Range ........ -5510+135 oC
Thermal Resistanct, Junction

to Ambient ...........co....... 0.357 oC/mwW

ELECTRICAL CHARACTERISTICS (TA = 2509C unless otherwise noted)

Symbol Min Max Unit Conditions

BVCEO‘ 30 - Vdc |C = 10 mAdc, |E =0 MPS3704
30 - MPS3705
20 — MPS3706

BVCBO 50 - Vdc lc = 100 vAdc, IE =0 MPS3704
50 - MPS3705
40 - MPS3706

BVEBO 5.0 - Vdce lE = 100 uAdc, IC =0

ICBO - 100 nAdc VCB_ 20Vdc,lE =0

lEBO — 100 nAdc VBE=3Vdc,IC-{)

hFE’ 100 300 - ]C = 50 mAdc, VCE =2 Vdc MPS3704
50 150 MPS3705
30 600 MPS3706

VCE{sat:l“ — 0.6 Vde IC = 100 mAdc, |B =5 mAdc MPS3704
- 08 MPS3705
- 1.0 MPS3706

VBE(on}' 05 1.0 Vdc IC = 100 mAdc, VCE =2 Vdc

fT 700 — MHz IC-SOmAdc,VCE =2 Vdc, f = 20 MHz

Cob - 12 pF VCB=10Vdc,IE=O,f=1MHz

*Pulse Test: Pulse Width = 300 us; Duty Cycle = 2%.
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MPS3707 thru MPS3711 Package: To-92
GENERAL PURPOSE NPN SILICON AMPLIFIER TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Emitter Voltage .........cc.cvvvvineenen. 30 Vde
Collector-Base Vcltage ...... e 30 Vde
Emitter-Base VoItage ......c.ccceveevreecirnnssnenennns. 8.0 VdC

Collector CUrrent .........cccevveciinnssssisssasnenenns 30 MAdC
Total Device Dissipation @ TA =250C....... 310 mW
Total Device Dissipation @ TC = 60°C ....... 210 mW

Operating Junction Temperature ................ 135 °C
Storage Temperature Range ............. -55 t0 +135 °C
Thermal Resistance, Junction

O AMBISAY ittt 0.357 °C/w

ELECTRICAL CHARACTERISTICS ITA = 259C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO 30 - Vdc Ic =1 mAdec, IB =0
ICBO — 100 nAdc VCB =20 Vdc, |E =0
IEBO - 100 nAdc VEB=6Vdc,IC=0
hFE 100 400 - |C = 100 wAdc, VCE =5 Vdc MPS3707
45 660 lc =1 mAdc, VCE =5 Vdc MPS3708
45 165 MPS3709
90 330 MPS3710
180 660 MPS3711
VCE[sat] - 1.0 Vdc Ic =10 mAdc, lB = 0.5 mAdc
VBE 0.5 1.0 Vdc le=1 mAdec, VCE =5 Vdc
heg 100 560 — I =100 uAdc, Vo =6 Vdc, f = 1 kHz
MPS3707
45 800 Ic= 1 mAdc, VCE =5Vdc, f=1kHz
MPS3708
45 250 MPS3709
90 450 MPS3710
180 800 MPS3711
NF - 5.0 dB VCE =8V, lc = 100 vA, MPS3707
RG =5 k0O, Noise Bandwidth = 15.7 kHz
Note 1

Note 1 Average Noise Figure is measured in an amplifier with low frequency response down 3 dB at 10 Hz.
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MPS5172

Package: T0-92 GENERAL PURPOSE NPN SILICON AMPLIFIER TRANSISTOR
ABSOLUTE MAXIMUM RATINGS
Characteristics Unit
Collector-Emitter Voltage .........c.cceceeevvrennee. 25 Vdc
Collector-Base Voltage .............cccoeeeveennnnn.. 25 Vde
Emitter-Base Voltage .............ccccvvveeeernvnnnne.. 5.0 Vde
Collector Current - Continuous ................ 100 mAdc
Total Device Dissipation @ TA =259C........ 210 mW
Derate above 260C ........cceeeeinnennnn. 1.91 mW/2C

Operating and Storage Junction

Temperature Range ................... -B5 to +136 0C
Thermal Resistance, Junction

to Ambient.......ccoeviniesiveeearennnnnnnn. 0.524 OC/mW

ELECTRICAL CHARACTERISTICS (TA = 259C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
BVCEO 25 - - Vdc Ic = 10 mAdc, Ig=0
ICES - - 100 nAdc VCE = 25 Vdc, VBE =0
ICBO - - 100 nAdc VCB = 25 Vdec, IE =0

- — 10 uAdc VCB =25 Vdc, IE =0, TA =100°C
lego - - 100 nAdc VBE = 5.0 Vdc, 'C =0
hFE 100 - 500 - IC = 10 mAdc, VCE =10 Vdc
V:E[ 1) — - 0.25 Vdc IG = 10 mAdc, IB = 1.0 mAdc
VBE(sat} - 0.75 - Vdc EC =10 mAdc, |B = 1.0 mAdc
EBE[D!'II 0.5 - 1.2 Vde FC =10 mAdc, VCE =10 Vdc
f.(. - 120 - MHz ‘C = 2.0 mAdc, VCE = 5.0 Vdc
ch 1.6 — 10 pF VCB=0,{E=D,f= 1.0 MHz
hee 100 - 750 - Ic =10 mAdec, VCE= 10 Vdc, f=1.0 kHz
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MPS6530 thru MPS6532

NPN SILICON AMPLIFIER TRANSISTORS Package: T0-92
ABSOLUTE MAXIMUM RATINGS lTA = 250C unless otherwise noted)
Characteristic Unit Collector Current ................. | 600 | 600 | mAdc
Collector-Base Voltage Total Device Dissipation
MPS6530, MPS5631 ........| 60 Vdc @ TA =.600C.......creeenarnneens | 210 | 210 mwW
MPSB532 ......ccocveeesinncennn| 50 @TA =259C ......c.cceeeeeeee | 310 | 310
MPS6530, MPS6531.........| 40 Thermal Resistance, Junction
MPSE532 oovvovsiiiisinne| 30 to Ambient .........ceucueve... [0.357]0.357OC/mW
Emitter-Base Voltage .....| 5.0 | 4.0 Junction Temperature ... 135 | 135 oc
ELECTRICAL CHARACTERISTICS (TA = 259C unless otherwise noted)
Symbol Min Typ Max Unit Conditions
BVCBO 60 - - Vdc |C = 10 vAdc, |E =0 MPS6530,
MPS6531
50 - - MPS6532
BV'CEO 40 - - Vdc IC =10 mAdc, IB= 0 MPS6530,
MPSB531
30 = - MPS6532
BVEBO 5.0 — - Vdc IB = 10 vAdc, c™ 0
ICBO - — 0.05 uAdc VCB =40 Vdc, IE =0 MPS6530,
MPS6531
- - 0.1 MPS6532
= - 2 Veg=30Vde, I =0, \pses3ao,
T S 60°C MPS6531
- - 5.0 VCB = 30 Vdc, 'E =0, MPS6532
TA = 60°C
hFE 30 75 - - lC = 10 mAdc, VCE = MPS6530
VCE =1 Vdec
60 120 — MPSE531
40 85 120 lC = 100 mAdc, MPS6530
VCE =1 Vdec
90 150 270 MPS6531
30 = - MPS6532
25 60 - 1 c™ 500 mAdc, MPS6530
VCE =10 Vdc
50 80 - MPS6531
VCE(satl - 0.2 0.5 Vdc |C = 100 mAdc, MPS6530,
IB = 10 mAdc MPS6532
0.13 0.13 0.3 MPSE531
VBE[satI — 0.82 1.0 Vdc IC = 100 mAdc, MPS6530,
IB =10 mAdc MPSB531
- 0.85 1.2 MPS6532
Cob - 35 5.0 pF VCB =10 Vdc, |E =0, f=100kHz
f.l. - 390 - MHz 'C = 50 mAdc, VCE =10 Vdc
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Package: To-92

MPS6565, MPS6566

GENERAL PURPOSE NPN SILICON AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Emitter Voltage .............ceevvrneeenn. 45 Vde
Collector-Base Voltage ........c...cevvrrivvnsnnne... 60 Vde
Emitter-Base Voltage ..........ccccereeiverinninnnnnn. 4.0 Vde

Collector Current - Continuous ................ 200 mAdc
Total Device Dissipation @ TA =250C....... 310 mW

Derate above 250C ...........ccceeeineeennn. 2.81 mW/OC
Operating and Storage Junction

Temperature Range .................... 55 to +1350C
Thermal Resistance, Junction

to Ambient ......ccccevrverrnenreeesiesnnnen. 0.357 OC/mW

ELECTRICAL CHARACTERISTICS {TA = 250C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
BVeeo 45 - - Vdc Ic=1mAdc, I5=0
BVigo 60 - = Vdc Ic = 100uAdc, I =0
BVego 4.0 - - Vdc Ig =100 uAdc, T, =0
lcBO - - 100 nAdc | V,g=30Vdc, 1o =0
hee 40 - 160 - Ic = 10mAde, V. =10 Vde
MPS6565
100 - 400 MPS6566
VeE (sat) ~ 0.1 0.4 Vdc Ic = T0mAde, Tg = TmAdc
Cob = = 35 pF Vg - 10 Vdc, T =0, T = 100 kHz
Cin - 3.7 — pF Vgg = 0.5 Vde, I, =0, f= 100 kHz
hee 2.0 - - — Ic = 10 mAdc, V(o = 10 Vdc, f= TOOMHz
I - 60 - umhos [ 1o =10 mAdc, Ve = 10 Vde, T= 1 kHz
hie ~ 500 - ohms | 1, =10mAdc, Ve = 10 Vdc, f= TkHz
he - 2.5 - X104 1, =10 mAdc, Ve = 10 Vde, F= 1 kHz
NF - 40 - dB Ic = 100uAdc, Vo =6 Vdc,
Rg = 1000 ohms, f = 10 Hz to 16.7 kHz
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MPS6591©

NPN SILICON AMPLIFIER TRANSISTOR

Package: To-92

High Voltage ......... BVCED = 80 V (Min) MPS6590
Low NOISE ..evveerrersnnens NF = 3.0 dB (Typ) Wideband

ABSOLUTE MAXIMUM RATINGS (Note 1)
Characteristics Unit

ceensense -D0 10 +1509C
Operating Junction Temperature ...... -55 to +150 ©C

Storage Temperature ..............

Total Dissipation (Notes 2 and 3)

at 259C Case Temperature ..........ccocevveeeeeee. 1.0W
at 269C Ambient Temperature .............. 625 W
at 700C Ambient Temperature ............... .400W
Collector to Base Voltage .............cceevvveisnnvennes. 60V
Collector to Emitter Voltage (Note 4) ............. 50V
Emitter to Base Voltage .......c..cccceveveviieiiinn 40V
DC Collector CUrrent .....cccccvcvvvvcenreinessaess 200 MA

ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted)

Symbol Min Typ Max Unit Test Conditions

BVCEO 50 Volts Ic = 1.0 mA, lB=0

BVCBO 60 Volts ic = 100 uA, 1E =0

BVEBO 4.0 Volts lg = 100 uA, lc =0

lCBO nA VCB=SOV,IE=0

1CBO 100 nA VCB=30 V,IE=0

hFE 40 IC=10mA,VCE=10V

VCE{sat} 0.6 Volt iC =10 mA, IB =1.0 mA

ch 12 pF VCB=10V,!E=D,f=100kHz

Ceb 50 pF VBE=0‘5 V,IC=D,f= 100 kHz
._h.ig_ 1.4 kQ IC='10 mA, VCE =50V, f=1.0kHz
Mo 08 X104 I =10mA, Vo =50V, f=1.0kHz
hee 2.0 o =10mA, VCE= 10W, f = 30 MHz
hoe 75 umhos IC=10 mA,VCE=5.0 V,f=1.0kHz
NF 3.0 dB IC =100 uA, VCE =50V,

f=10Hz to 15.7 kHz, Hs= ak0

NOTES: (3) These ratings give a maximum junction tempera-

(1) These ratings are limiting values above which the
serviceability of any individual semiconductor
device may be impaired.

(2) These are steady state limits. The factory should
be consulted on applications involving pulsed or
low duty cycle operations.

ture of 150°C and junction to case thermal
resistance of 125° C/Watt (derating factor of 8.0
mW/2C); junction to ambient thermal resistance
of 200°C/Watt (derating factor of 5.0 mwW/°C).

(4) Rating refers to a high current point where
collector to emitter voltage is lowest.

(5) Pulse conditions: length = 300 us; duty cycle
= 1%.
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2N2405
NPN SILICON SWITCHING TRANSISTOR

Package: TO-5

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Emitter Voltage ..........cccoccecvvvvenenn.... 90 Volts
Collector-Emitter Voltage ...........ccccccoceeenn. 140 Volts
Collector-Base Voltage ..........ccccoccvvivivnn. 120 Volts
Emitter-Base Voltage .......ccccevvicvccvicicnnnn.. 7.0 Volts
Collattor CUMBNT. wossimanmworsmsrmmsmsis s 10 A
Total Device Dissipation @ Ty = 25°C ........ 1.0 Watt

Derate above 25°C.......c.cccccceivevvee. 5. 71 mW/°C
Total Device Dissipation @ T = 25°C....... 5.0 Watts
Derate above 25°C......ccccceecevvenvenen.. 28.6 mW/°C
Operating and Storage Junction
Temperature Range ........................ —65 to +200 °C

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

Symbol Min Max Unit Conditions
BVCEO(sus)® 90 - Volts Ic=100mA.Ig =0
BVGCER(sus) 140 - Volts Ic = 100 mA, Rgg = 10 ohms
BVcBo 120 = Volts Ic =100uA.Ig =0

BVEgo 7.0 - Volts Ig =100uA. Ic =0

lcBO - 10 LA Vcg = 90 Volts. Ig = 0. Tp = 150°C
IeBO = 0.01 uA Vgg = 5.0 Volts, Ic = 0

heg* 60 200 - Ic = 150 mA, Vcg = 10 Volts
VCE(sat) - 0.5 Volt Ic =150 mA,Ig = 15 mA
VBE(sat) = 1.1 Volts Ic = 150 mA, Ig = 15 mA
Ciis - 15 pF Vg = 10 Volts. Ig = o,

100 kHz = f < 1.0 MHz

Cip - 85 pF Vgg = 0.5 Volts, Ic = 0,
100 kHz = f < 1.0 MHz

hip 4.0 8.0 ohms Ic =5.0mA.Veg = 10 Volts, f = 1.0 kHz
hep - 3.0 X104 Ic =5.0mA,Vcpg = 10 Volts, f = 1.0 kHz
hee 50 275 = Ic = 5.0 mA, Vcg = 5.0 Volts, f = 1.0 kHz
hob - 0.5 umho Ic =5.0mA,Vcg = 10 Volts. f = 1.0 kHz

* Pulse Test: Pulse Width < 300 us; Duty Cycle = 2.0%
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2N2868°

HIGH-SPEED NPN SILICON, HIGH CURRENT

SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit

Storage Temperature ....................... —65°C to +300°C

Operating Junction

Temperature... ..200°C Maximum
Lead Temperature (Soldenng
no time limit) .......c.ooooveeeveiieeininrene. 250°C Maximum

Total Device Dissipation
@ Tc = 25°C(Notes2and 3) ...................2.8 Watts
@ Tc =100°C (Notes 2 and 3) ................ 1.6 Watts
@Tp = 25°C (Notes 2 and 3) ....... ...0.8 Watt
Collector-Base Voltage ... : .... 60 Volts
Collector-Emitter Voltage {the 4]| ... 40 Volts
Emitter-Base Voltage ........ccccocuee. ... 7.0 Volts
Collector CUMment ........ccccooevereverirerenne s e 1.0 AMp

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

Symbol Min Max Unit Conditions

hgg 40 120 - Ic = 160 mA, Vg = 10 Volts (Note 5)
hee 30 - - Ic = 150 mA, Vg = 1.0 Volt (Note 5)
heg 30 - - Ic = 10 mA, Vcg = 10 Volts

heg 20 - - Ic = 500 mA, Vcg = 10 Volts (Note 5)
hgpg(—55°C) 20 - - Ic = 10 mA, Vcg = 10 Volts

VeE(sat) = 0.25 Volt Ic =150 mA, Ig = 15 mA

VBE(sat) - 1.3 Volts Ic =150mA,Ig = 15 mA

hse 25 - - Ic = 50 mA, Vcg = 10 Volts

IceBo - 10 nA Ve = 30 Volts, Ig =0

lcgol150°C) - 15 LA VeB = 30 Volts, Ig = 0

leBo = 50 nA VEg = 5.0 Volts, Ic = 0

ICEX = 100 nA VcE = 30 Volts, VEg = 3.0 Volts

leBx - 100 nA Vcg = 30 Volts, Vgg = 3.0 Volts
BVcgo 60 = Volts Ic = 100uA, Ig =0
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2N2868

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

Symbol Min Max Unit Conditions

VCEO(sust) 40 - Volts Ic = 25 mA (pulsed), Ig =0
(Notes 4 and 5)

BVgRo 70 - Volts Ig = 100uA, Ic =0

Cob - 20 pf Veg = 10 Volts, Ig =0

us - 2.0 usec See Figure |

NOTES:

11
(2
3

(4)

(5)

These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired.
These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.

These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 62.5°C/Watt (derating
factor of 16 mW/°C: junction-to-ambient thermal resistance of 2 18°C/Watt (derating factor of 4.6 mW/°C).

This rating refers to a high-current point where collector-to-emitter voltage is lowest. For more information send for Fairchild
Publication APP-4,

Pulse Conditions: length <300 usec: duty cycle =2%.

FIGURE 1
o +10 V
Mercury Relay %
Break Before Make < 200
[
T Vout

Scope Impedance = 10 Meg.
11.5 pf

Scope Rise Time = 15 ns

50 % Vo= 10V

*h

VCE(SAT)

Vip=10V L Input rise and fall time is fast
f—— ov enough so that doubling its value
|_ e does not change the reading

= f within the required accuracy
4—| |<—.2 ms

-
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2N3252, 2N3253

NPN SILICON HIGH-CURRENT SATURATED SWITCHING -
AND CORE DRIVER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Base Voltage 2N3252.................. 60 Volts
2NI2E o o 7B Volts
Collector-Emitter Voltage  2N3252............. 30 Volts
2N3253 .............. 40 Volts
Emitter-Base Voltage ................ s DN OIS
Total Device Dlss:pataon @ TC - 25 C v, B Watts
Derate above 25°C.. E—0 1)) o
Total Device D|ssnpatlon @ TA = 25°C . 1.0 Watt
Derate above 25°C .. 5.71 mwWw/°C
Junction Operating
Temperature Range..............c............. —65 to +200 °C
Storage Temperature
Range ... sl 0B g 2 0000
Thermal FlesrstanCE 2N3252 = e 3B°C/W
Thermal Resistance: 2N3253 .................0.175°C/mW

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

Symbol Min Max Unit Conditions
Cob - 12 pF Veg = 10 Volts, Ig = 0, f= 100 kHz
Cib - 80 pF VEg = 0.5 Volt. Ic = 0, f = 100 kHz
fr 200 - MHz 2N3252 Ig =50 mA. Veg = 10 Volts,
175 - MHz 2N3253 f= 100 MHz
Qr - 5 nC Ic = 500 mA, lg1 = 50 mA,
Vee = 30 Volts
tyq - 15 ns lc = 600 mA, Ig1 = 50 mA
t, - 30 ns 2N3252 Ve = 30 Volts, Vgg = 2 Volts
- 35 ns 2N3253 Ve = 30 Volts, Vgg = 2 Volts
tg - 40 ns Ilc =500 mA, Ig1 = Ig2 = 50 mA
tg - 30 ns Vee = 30 Volts
IceRO - 0.50 KA (2N3252) Vg =40 Volts,Ig =0
lcBO = 75 LA (2N3252) Vg = 40 Volts, Ig = 0,
Ta = 100°C
Iceo - 0.50 LA (2N3253) Veg = 60 Volts, Ig =0
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2N3252, 2N3253

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

Symbol Min Max Unit Conditions
lceo - 75 LA (2N3253) Vg = 60 Volts, Ig =0,
Ta = 100°C

IEBO - 0.05 )‘J.A VBF =4VOHS.|C =0
IcEX - 0.5 HA (2N3252) Vg = 40 Volts, VER(off) = 4 Volts
IcEX = 0.5 HA (2N3253) Vg = 60 Volts, VEB(off) = 4 Volts
gL - 0.50 MA (2N3252) Vg = 40 Volts, VEg(off) = 4 Volts
gL | - 0.50 LA (2N3253) Vg = 60 Volts, VEg(off) = 4 Volts
BVceo 60 = Volts (2N3252) Ic = 10uA. lIg =0

75 = Volts (2N3253)
BVceo® 30 - Volts (2N3252) Igc = 10 mA, pulsed.lg = 0"

40 - Volts (2N3253)
BVEBO b = Volts Ig=10uA.lc =0
VeE(sat)” - 0.3 Volt (2N3252) Ic =150 mA,Ig = 15 mA*

- 0.35 Volt (2N3253)
VeE(sat)” - 0.5 Volt (2N3252) Ig =500 mA, Ig = 50 mA

- 0.60 Volt (2N3253)
VeE(sat)® - 1.0 Volt (2N3252) Ic = 1.0A.1g = 100 mA

- 1.2 Volts (2N3253)
VBE(sat)” - 1.0 Volt Ic =150 mA, Ig = 15mA"
VBE(sat)” 0.7 1.8 Volts lc = 500 mA, Ig = 50 mA
VBE(sat) - 1.8 Volts lc =1.0A.1g = 100 mA
heg” 30 - - {2N3252) Ic = 150 mA,Vcg = 1 Volt*

25 - = (2N3253)
heg* 30 90 = (2N3252) Ic = 500 mA,.Vgg = 1 Volt

25 75 - (2N3253)
heg* 25 - = (2N3252) Ic =1 A, Vcg = 5 Volts

20 - - (2N3253)

* Pulse Test: Pulse Width = 300 us, Duty Cycle = 2%.
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2N3724 2N3725 2N4013 2N4014°
SILICON SWITCHING TRANSISTORS

HIGH SPEED NPN SILICON
PLANAR EPITAXIAL
HIGH-VOLTAGE HIGH-CURRENT

2N4013-14

2N3724-25

TRANSISTORS
- s
o High Voltage: 80V min. 2N3725, 2N4014 B é}% g
e High Gain: 65 typ. @ 1000 mA g 1001 t®
o Low V, (sat): 0.5V typ. @ 1000 mA M) @
e Low C,: 4.8 pF typ. @ 10V. 2N3725, 2N4014 =°\ésh’_/ 1
e Fast t,,: 18 nsec typ. @ 500mA i e
° : typ. @ 500mA
Fast t,,: 45 nsec typ. @ T et
The ITT 2N3724 -« 2N3725 and 2N4013 « 2N4014 are high-
voltage, high-current NPN silicon planar epitaxial transistors useful
for applications requiring breakdown voltages up to 50V and
operating current to one ampere. Low saturation voltage and fast
switching times make the transistor ideal for high-frequency
amplifiers, core drivers, relay drivers and pulse generators.
ABSOLUTE MAXIMUM RATINGS
2N3724 2N3725
CHARACTERISTICS 2N4013 2N4014 UNITS
Collector-to-Base Voltage. . . . ....................... 50 80 Volts
Collector-to-Emitter Voltage (shorted base).............. 50 80 Volts
Collector-to-Emitter Voltage (open base)........ e 30 50 Volts
Emitter-to-Base Voltage. . .. ...t 6.0 6.0 Volts
Collector Current (300 usec; 1% dutycycle). . . .......... 1.0 1.0 Amps
Junction Temperature (op.and stg.) . . . . ... —65 to +200 i{ex
2N4013 2N3724
Maximum Power Dissipation 2N4014 2N3725
Total Dissipation @ Tc=25%C . s v v i 1.2 35 Watts
(Hefatelabove PRTCY . i i S e s S (6.8 mW/°C)  (20mW/°C)
Total Dissipation @6 Tam= 2558 i 1. o e bt morn s p et vnimme ae 0.36 0.8 Watts
(HOrata abOVE 2D7C) . . o s s e sres s pas s epeae (2.06 mW/°C) (4.56 mW/°C)

12-90




2N3724 2N3725 2N4013 2N4014

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.

2N3724 2N3725
SYMBOL 2N4013 2N4014 UNIT CONDITIONS
MIN TYP. MAX. | MIN TYP. MAX.
BVeso 50 80 Vde lc=10uA
BVces 50 80 Vdc ic =1 O.uA
LV:EQ" 2 30 50 Vdc Ice=10mA
BVEBO 6.0 6.0 Vdc |g= 1 OpA
hee! 30 60 30 60 le=10mA Vee=1.0V
60 90 150 60 90 180 le=100mA  Vee=1.0V
40 65 40 65 le=300mA  Ve=1.0V
35 50 35 50 le=500mA  Vee=1.0V
25 45 20 40 1c=800mA  Vc=2.0V
30 65 25 65 Ic=1000mA Vc:=5.0V
30 45 30 40 le=100mA  V=1.0V T,=-—55°C
20 40 20 35 Ic=500mA Ve=1.0V Tx=-—55°C
Vee(sat)' 0.1 0.25 0.19 0.25 Vde le=10mA ls=1.0mA
0.13 0.2 0.21 0.26 Vde le=100mA  |z=10mA
0.22 0.32 0.31 0.4 Vde 1e=300mA  lz=30mA
0.3 0.42 0.4 0.52 Vdc lc=5600mA  lg=50mA
0.4 0.65 0.5 0.8 Vdc le=800mA lg=80mA
0.5 0.75 0.6 0.95 Vde Ic=1000mA [:=100mA
Vi (sat)’ 0.64 0.76 0.64 0.76 Vdc le=10mA le=1.0mA
0.75 0.86 0.75 0.86 Vdc le=100mA le=10mA
0.89 11 0.89 11 Vdc le=300mA l;=30mA
0.9 0.95 1.2 0.9 0.95 12 Vde le=500mA ls=50mA
1.0 1.5 1.0 15 Vde lc=800mA  [=80mA
11 1.7 1.4 17 Vdc le=1000mA [3=100mA
leso 0.25 1.7 BA Vep =40V
0.33 1T pA Vey =60V
27 120 HA Ves=40V TA=100°C
25 120 pA Ve =60V TA=100°C
Cos 6.0 12 4.8 10 pF V=10V
C;b 40 55 40 55 pF Vea=0.5v
hie 3.0 4.5 3.0 4.5 le=50mA Vee=10V
f=100MHz
ton 18 35 18 35 nsec
le=500mA
le1=50mA
Ton 45 60 45 60 nsec le2=50mA

NOTES: 1. Pulsed width <300 usec; 1% duty cycle.

2. Lowest emitter-to-collector voltage.
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2N3724 2N3725 2N4013 2N4014

COLLECTOR CHARACTERISTICS 2N3724 2N4013

Collector Current vs. Collector Voltage, Low Base Current

Ta=-55°C Ta=25°C Ta=100°C
- LA AL 1{%’ yal o A /]
; 2V || 2 A }%‘ / : s AL
: ZvAvall 1. s T sl A1/
=AM | B P ser E T L1/
: P ] e L} ] 2 <l .--7?%*;:‘/ y (8] 3 g_03m> P ]
B [ foof e | | B ol A/
é AMH LR | e
7 — o = ——un '“'“/ 8 ...‘3:"""1\"-—"
b =] " SV T\ i g \
|_A1g - 5 20208 1150\ u’| | | Jszo\\
20 30 40 0 1] 20 30 40 (4] [+] 20 30 40

Veg ~COLLECTOR-EMITTER VOLTAGE- VOLTS

Vg - COLLECTOR-EMITTER VOLTAGE-VOLTS

VcE -COLLECTOR-EMITTER VOLTAGE-VOLTS

Collector Current vs. Collector Voltage, High Base Current

o o 5 o
Ta=-55°C Ta=25°C Ta=100°C
¥ == ¥ = v ?,,-
|l e lfgﬁdﬂ’ < By zzz=
< 50mA~] A T ema < 40mA /?-‘f; E 35mA =
E gool—45mA - ] ,5000—35.\..'-‘ Ce] - 0 = . 800 20mi S
! 40mA /_,‘-/ mA _ OmA | A = / Bmh L —
= -38mak ,/f4 5 e S & = —]
& il 15mA & T | = A _1omb L
& & s00 = 5 600 »
& 600 — 1omA o 4 |
3 A T | 3 ol e ==
= 10mA] A ] g / SmA
& = 8 2 Lm 5 400 e
S a00[— 400—1f> 5
3] L~ g w el
1 “ W=, e 3 o <
3 {/ 5mA = 8 1/
G 200 I 2 200 A 7 200 V
o L e y,
1g=0 20 Ig=0
0 I A o 8" 0 8
o o4 o8 12 16 0o 04 08 12 18 0 04 08 12 13
Vg ~COLLECTOR-EMITTER VOLTAGE-VOLTS Vog~COLLECTOR-EMITTER VOLTAGE-VOLTS Veg-COLLECTOR-EMITTER VOLTAGE-VOLTS

COLLECTOR SATURATION VOLTAGE
VS COLLECTOR CURRENT

§ —IC‘IO 'U
g =08
o8
g 5 00%C /
,_-§o.4 !
= 25°C
&3
Bs A
> §02 y %%
R ~— L7
3 EH"“‘,.: i
L1 !' I
) [ 100
I -COLLECTOR CURRENT-mA

12-92

PULSED DC CURRENT GAIN VS
COLLECTOR CURRENT

maie s
CE™ 2 100°C
s T e W

=

8
\

\
A L ssncl |

= = s

3
\
N\
\

L1

heg -PULSED DC CURRENT GAIN
@
o
\
| A

|
10 190
lg- COLLECTOR CURRENT-ma

o

=




2N3724 2N3725 2N4013 2N4014

COLLECTOR CHARACTERISTICS 2N3725 2N4014

Collector Current vs. Collector Voltage, Low Base Current
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2N3724 2N3725 2N4013 2N4014

COLLECTOR CHARACTERISTICS 2N3724 2N3725 2N4013 2N4014

Collector Current vs. Base-Emitter Voltage
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2N3724 2N3725 2N4013 2N4014

SWITCHING CHARACTERISTICS 2N3724 2N3725 2N4013 2N4014
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2N3734, 2N3736® Packages:
NPN SILICON HIGH VOLTAGE, HIGH CURRENT aN3704.10-5
SWITCHING TRANSISTORS 2N3736.70-46

The ITT 2N3734 and 2N3736 are high voltage, high current NPN diffused silicon planar epitaxial
transistors useful for memory applications requiring breakdown voltages up to 50 volts and high current
capacity with Beta specified to 1.5 amperes.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
STOrAGE TEMPEIATUTE «ocr.ceromesssssesmresiessssrsisassngssmasssmssaysspessssroessisnesaait e Bist b esvas 45430 e amassiens ks —65°C to +200°C
Operating JUNCion TEMPEIATUIE ... ..o isinereesstesioibessaresssasessedisins sl +200°C Maximum

Lead Temperature (Soldering,
T a0 Time LI S il st o S e e S e e s i T i G Miaxiod m
Total Device Dissipation @:
Lol vl d ellbd B i fc 7. ) PR S SRR R, Al 4L
(2N37386).. e T T T T e T T e A s T e At s
TA S OEREUDINGTIAN st AR e A b ans s e e e s T L Watt

IPNBTBE) e mrcmmmmmrms .....0.5 Watt
Collector-Base Voltage ....................... <. B0 Volts
Collector-Emitter Voltage (Note 4) ... .. 30 Volts
Emitter-Base Voltage ... ... .0 Volts
GOl C O IET O - - obiiusaies s seibas s ies SR s B ST 38 U i P R A RS RS ..1.5 Amps

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

Symbol Min Max Unit Conditions
VCEO(sust) 30 z Volts Ic =10 mA (pulsed). Ig =0

(Notes 4 and 5)
VeE(sat) - 0.9 Volt lc = 1.0A.Ig = 100 mA (Note 5)
VeE(sat) - 0.5 Volt Ic = 500 mA. lg = 50 mA (Note 5)
ty - 8.0 nsec Ic=1.0A,lgq = 100 mA (see Fig. 1)
t, - 40 nsec Ic=10A.lg1 = 100 mA (see Fig. 1)
tg - 30 nsec Ilc=10A.Ig1 = 100 mA,

lg2 = —100 mA (see Fig. 2)

153 - 30 nsec Ic=10A.Ig1 =100 mA,
Ig2 = —100 mA (see Fig. 2)

1

e 30 - - Ic = 50 mA, Vg = 10 Volts

Cobo - 9.0 pf Ig = 0.Vcp = 10 Volts
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2N3734, 2N3736

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions
Cibo - 80 pf Ic = 0.Vgg = 0.5 Volt
heg 40 - Volts Ic = 150 mA, Vg = 1.0 Volt (Note 5)
heg 35 - Volts Ic = 10 mA.Vcg = 1.0 Volit (Note 5)
hee 35 x Volts Ic = 500 mA. Vg = 1.0 Volt (Note 5)
hee 30 120 Volts Ic = 1.0 A, Vg = 1.5 Volts (Note 5)
hge 30 - Volts Ic = 1.5A.Vcg = 5.0 Volts (Note 5)
VeE(sat) . 0.2 Volt Ic = 10mA. Ig = 1.0 mA (Note 5)
VCE(sat) = 03 Volt Ic = 150 mA, Ig = 15 mA (Note 5)
VBE(sat) - 0.8 Volt Ic=10mA,lg = 1.0 mA (Note 5)
VBE(sat) - 1.0 Volt Ic =150 mA. Ig = 15 mA (Note 5)
VBE(sat) - 1.2 Volts Ic = 500 mA. Ig = 50 mA (Note 5)
VBE(sat 0.9 14 Volts Ic = 1.0A.1g = 100 mA (Note 5)
lcEx - 02 HA Vee = 25 Volts, Vgg = 2.0 Volis
Icex(100°C) = 20 1A VCE = 25 Volts, Vgg = 2.0 Volts
gL = 0.3 HA Vce = 25 Volts, Vgg = 2.0 Volts
BVcao 50 . Volts Ic = 10uA. Ig =0
BVego 50 B Volts lc=0.1g = 10uA
Qr - 10 ncoul Ilc =1.0A.Ig = 100 mA

Vee = 30 Volts
NOTES:

(1} These ratings are imiting values above which the serviceability of any individual semiconductor device may be impaired
{2)  These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations

13} These ratings give @ maximum junction temperature of 200°C and junction-to-case thermal resistance of 43 8°C/watt [derating
factor of 22.8 mW/°C] for the 2ZN3734. and 87 5°C/watt (derating factor of 11 4 mW/°C] for the 2N3736, junction-to-ambient
thermal resistance of 175°C/watt (derating factor of 571 mW/°C) for the 2N3734. and 350°C/watt (derating factor of 2 86
mW/2C) for the 2N3736

(4)  Raungs refer to a high-current point where collector-to-emitter voltage is lowest
(8]  Pulse Conditions. length = 300 usec: duty cycle = 1%
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2N3734, 2N3736

CIRCUIT DIAGRAM

FIGURE 1
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FIGURE 2
+30V
zin > 100 Kohm
<
vin C.m <12 pf
£2 i <
L1111V Rise time = 5 nsec
i 2
-8. = -4V
18310 < ¢) < 500w sec
ty < 5 nsec
£y > 1 usec

DUTY CYCLE = 27%
Toff Circuit

12-98



2N4046, 2N4047®

Package: TO-5 NPN SILICON HIGH-VOLTAGE, HIGH-CURRENT
SWITCHING TRANSISTORS

The ITT 2N4046 and 2N4047 are high-voltage, high-current transistors useful for memory applications
requiring breakdown voltages up to 50 volts and operating currents up to one ampere. Fast turn-on
and turn-off times are assured because of the high minimum f; (250 Mc) and tight control on storage

time.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Collector-Base Voltage
(2NADAB) ... s nimimmiiimmsinsrarises. S0 VOils
(ENADAT) snsamassimnmmaisainiiamms 8OVl ts
Collector-Emitter Voltage
[ZNAOBB) ... svmmiimiimsciniiimmmmsssseia 50 Volts
LR TY . .. oo ovenmsamrasnaasTsO T A 15
Collector-Emitter Voltage (Note 4)
(2N40486) ... 30 Volts
(ZNA0AT) oo .. 50 Volts
Emitter-Base Voltage ...................cococcvcvenenn. 6.0 Volts
Maximum Collector Current..............cocee.. 500 mA
Total Device Dissipation @:
Tc =25°C(Notes2 and 3) ............ccc........ 3.5 Watts
Ta = 25°C(Notes 2 and 3).......cocceeiiinnnn. 0.8 Watt
Storage Temperature ................. —65°C to +200 °C

Operating Junction Temperature ... +200°C Maximum
Lead Temperature
{Soldering. 60 sec Time Limit) ... +300°C Maximum

ELECTRICAL CHARACTERISTICS {TA = 25°C unless otherwise noted)

Symbol Min  Typ Max Unit Conditions

VCEO(sust) 2N4046 30 - - Volis Ic = 10 mA (pulsed). Ig = 0
2N4047 50 - - Volis {Notes 4 and 5)

Veetsan 2N4046 - 05 075 Volt  Ic = 1000 mA (pulsed). Ig = 100 mA
2N404T7 - 06 095 Volt (Note 5)

VeE(sat) 2N4046 - 03 042 Vit Ic = 500 mA (pulsedl, Ig = 50 mA
2N4047 - 04 052 Voht (Note 5)

ton 2N4046. 2N4047 - 18 35 nsec  Ig= 500 mA.lgy = 50 mA (Note 6)

toff 2N4046. 2N4047 ¥ 45 60 nsec  Ic =500 mA.lgy = 50 mA (Note 6)

lg2 ~ —50 mA

hte 2N4046, 2N4047 25 45 - . Ic = 50 mA, Veg = 10 Volts
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2N4046, 2N4047

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

Symbol Min Typ Max Unit Conditions

Cobo 2N4046 - 60 12 pf Ig =0.Vgg = 10 Volts
2N4047 - 48 10 pl

Cbo 2N4046, 2N4047 - 40 55 pt Ic=0.Vgg = 05volt

hee 2N4046. 2N4047 40 20 150 Ic = 100 mA.Vcg = 10 Volit (Note 5)

heg 2N4046 30 50 - - Ic = 500 mA Vceg = 10 Volt
2N4D4T7 20 45 - (Note 5)

hee 2N4046 30 65 - - Ic = 300 mA. Vg = 10 Vot
2N4047 30 60 - (Note 5)

hee 2N4046 25 65 - - Ic = 1000 mA Vg = 50 Volts
2N4047 15 65 - (Note 5]

heg 2N4046. 2N404T 20 60 - Ic = 10 mA, Vcg = 10 Volt (Note 5)

heg 2ZN4046 20 45 - Ic = 800 mA Vg = 20Volts
2NA4047 15 40 - INote 5)

VCEISBU 2N4046 - on 025 Valt Ic= 10 mA, Ig =1 0 mA
2N4a047 - 01y 025 Von (Note 5)

VeEisan 2N4046 - 013 02 Volt Ic =100 mA. Ig = 10 mA
2N4047 - o 026 Vot [Note 5)

vCEtSHﬂ 2N4046 = 022 032 Vaolt Jc = 300 mA, ‘8 = 30 mA
2N4047 - on 04 Volt (Note 5)

VeE(sat) 2ZN4046 - 04 065 Volt Ic = 800 mA_ 1g = 80 mA
2N4047 - 05 o8 Volt (Note 5)

VaE(san 2N4046. 2N4047 - 064 076 Vol Ic =10mA.Ig = 10 mA (Note 5)

VBE(sat) 2N4046, 2N4047 - 075 086 Vot Ic = 100 mA. I1g = 10 mA {Note 5)

VaEisar) 2N4046. 2N4047 - 089 1 Volts I = 300 mA. Ig = 30 mA (Note 5)

VeE(satl 2N4046. 2N4047 09 095 12 Volts I = 500 mA. Ig = 50 mA (Note 5)

VeEisat) 2N4046, 2N4047 - 10 15 Volts lg = BOO mA. Ig = BO mA iNote 5}

VeEisan 2N4046. 2N4047 - " 1 iy Vaolts Ig = 1000 mA.Ilg = 100 mA (Note 5/

Iceo 2NA4046 - 025 17 uh Ig =0.Vcg = 40 Volts

lcso 2N4047 - 033 17 A Ig = 0.Vcg = 60 Volts

Icgol+85°C) 2N40D46 - 25 120 uh Ig = 0.Vcg = 40 Volts
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2N4046, 2N4047

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
Icgol+85°C) 2N4047 - 25 120 uA Ig = 0.Veg = 60 Volts
BVceo 2N4046 50 - - Volts  Ic=10pA lg =0

2N4047 80 - - Volts
BVCES 2N4046 50 - - Volis lg = 10uA Vge =0
2N4047 80 - - Volis
BVego 2N4046. 2N4047 60 - Volts Igc =0.1g = 10uA
NOTES:

{11 These ratings are imiting values above which the serviceability of any indwvidual semiconductar device may be impaired

(2} These are steady state hmits The factory should be consulted on applications involving pulsed or low duly cycle operations

131 These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 50°C watt [derating
factor of 20mW “C) Junction-to-ambient thermal resistance of 219°C watt (derating factor of 4 56 mW “C)

(41 Ratings refer to a ugh-current point where collector-to-emitter voltage 1s lowest

(51 Pulse Conditions length = 300 usec. duty cycle = 1%

161 See switching circuit for exact value of IC- lgy-andigs

SCHEMATIC

FIGURE 1 — SWITCHING TIME TEST CIRCUIT
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oN706 2N706A 2N706B°
SILICON SWITCHING TRANSISTOR

HIGH-SPEED NPN SILICON
PLANAR EPITAXIAL
SATURATED SWITCHING
TRANSISTOR

For Improved Performance See ITT 2N2368. DIMENSIONS
ABSOLUTE MAXIMUM RATINGS R
CHARACTERISTICS UNITS s I
Collector-to-Base Voltage. . . ... ... 25 Volts - / ﬂ ﬂ
Collector-to-Emitter Voltage.. . .. ... 15 Volts 3LERDs 97 ,—-\\ KD
Emitter-to-Base Voltage. ... .... ... 3 Volts v :C ]
Operating Junction Temperature. . . . 200 °C L e ' B
Storage Temperature. ............. —65 to 4200 °C : “0o LEAD
PI@ Teim{ Z5°C . vcmmmmios wisiis v 1.0 | Watt
Psi@ Tac= 2620 .o v iioh 0.3 Watt
ELECTRICAL CHARACTERISTICS (25C” free air unless otherwise noted)
SYMBOL MIN. MAX. | UNIT CONDITIONS
BVcno 25 Vdc = 1 .OPA
Veer 20 Vdc le=30mA, Re=10Q pulsed
BViso 3 Vdc le=1 OuA
h;E 20 lc =1 OmA VCE =1.0V
Vee(sat) 0.6 Vdc le=10mA, l;=1.0mA
Vee(sat) 0.9 Vdc [c=10mA, [;=1.0mA
ICSO 50 nA ch= 1 5V
ICEO 30 FA VCB: 1 5V, T,\"_— +1 5000
Cob 6.0 pF Vcn= 10V
hye le=10mA, V=15V, f=100MHz
tpd L5) 1 1 ns Ic =4.5mA
1. 60 ns |c=|51 = lsz=10mA, Vcc=1ov, H|,=1 K

NOTE: Pulse width < 300 psec, duty cycle < 2%.
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2N706, 2N706A , 2N706B

ELECTRICAL CHARACTERISTICS (25°C free air unless otherwise noted)

SYMBOL MIN. MAX. UNIT CONDITIONS
BVeso 25 Vde | le=10uA
LVeer 20 Vdc | lc=10mA, Rix=102 pulsed
BVeso 5 Vdc | le=10pA
hee 20 le=10mA, V=1V
Vee(sat) 0.6 Vdc | le=10mA, l;=1TmA
Vie(sat) 0.7 0.9 Vdc | lc=10mA, lz=1mA
lcso 0.5 wA V=156V
lcso 30 wA V=15V, T,=150°C
Cop b pF V=5V
he 2 le=10mA, V=10V, f=100MHz
t, 25 ns le=ls =ls2=10mA, Vcc=10V, R,=1KQ
ton 40 ns lsy=3mA, lgz=1TmA, V=3V, R,=2700
Toit b ns lsr =3mA, l;z=1TmA, V=3V, R.=2700

ELECTRICAL CHARACTERISTICS (25°C free air unless otherwise noted)

SYMBOL MIN. MAX. | UNIT CONDITIONS
BVcso 25 Vdc le=10uA
LVe¢er 20 Vdc lc=10mA, Ree=10Q pulsed
LVeeo 15 Vdc le=10mA pulsed
BVeso 5 Vde le=10uA
hre 20 60 le=10mA, Vee=1V
Vee(sat) 0.4 Vdc le=10mA, ls=TmA
Vee(sat) 0.7 0.9 Vdc le=10mA, l;=TmA
leso 0.5 LA V=15V
lcso 30 HA V=15V, T,=150°C
lcer 10 sA Vee=20V, Ree=100K
Cos 5 pF V=5V
hr. 2.0 le=10mA, Vee=10V, f=100MHz
Iy 50 ohms le=10mA, Vee=15V, f=300MHz
7 25 ns le=lar=le2=10mA, Vcc=10V, Ri=1KQ
ten 40 ns lsy =3mA, lez=1mA, Vcc=3V, R,=270Q
ton 75 ns lsr=3mA, lsz=1mA, Vcc=3V, Ri=2700

NOTE: Pulse width < 300 gsec, duty cycle < 2%.
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2N708°

SILICON SWITCHING TRANSISTOR

HIGH-SPEED NPN SILICON PLANAR EPITAXIAL
SATURATED SWITCHING TRANSISTOR

For Improved Performance See ITT 2N2369A.

ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS

Collector-to-Base Voltage . . . ......
Collector-to-Emitter Voltage. ... ....
Emitter-to-Base Voltage. . .........
Operating Junction Temperature. . . .
Storage Temperature. ... ..........
PolliTe=25Cu waumsanlmeyamn s
Pn @ TA — 2500 ................

DIMENSIONS
(IN INCHES)
195
i80™
T T
1%
UNITS RS
500
40 Volts d0d___¢wN
15 Volts
5 Volts *
200 | °c o
—65 to +200 °C
1.2 Watts 6 UBaD
.36 Watt CIRCLE

ELECTRICAL CHARACTERISTICS (25°C free air unless otherwise noted)

SYMBOL MIN. | MAX. | UNIT CONDITIONS
BVeso 40 Vdc le=1TpA
LVeer 20 Vdc lc=3mA pulsed, R;:=102
Vs 15 Vdc le=30mA pulsed
BVeso 5 Vdc e=10uA
hee 30 120 le=10mA, V=1V
hee (5] le=0.5mA, V=1V, T,=—-55°C
hire 15 le=10mA, V=1V
Vee(sat) 40 Vdc le=10mA, ls=1.0mA
Vee(sat) 40 Vdc le=7mA, lzy=.7mA, T,=+125°C
Vie(sat) 72 .80 Vdc le=10mA, l;=1.0mA
Ve (sat) .90 Vdc le=10mA, l:=1.0mA, T,=-55°C
|cao 25 FIA Vca= 20V
lcso 15 pA Vee=20V, To=+150°C
leso 0.1 pA V=4V
leex 10 pA V=20V, Vea=.26V, T,=125°C
Cos 6 pF V=10V
hy. 3 lc=10mA, Vee=10V, f=100MHz
Iy’ 50 ohms | lc=10mA, Vee=10V, f=300MHz
T 25 ns |¢,=|ai=|az=10mA
ten 40 ns le=1QmA, lss=3mA, Ve =2V
toir 75 ns le=10mA, lsi=3mA, lz=TmA

NOTE : Pulse width < 300 usec, duty cycle < 2%.
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2N744°
SILICON SWITCHING TRANSISTOR

HIGH SPEED NPN SILICON PLANAR EPITAXIAL
SATURATED SWITCHING TRANSISTOR

For Improved Performance See ITT 2N2369

ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS

Collector-to-Base Voltage
Collector-to-Emitter Voltage
Emitter-to-Base Voltage
Operating Junction Temperature. . . .
Storage Temperature..............
PD @‘ Tc = 25°C
Po @ Ta = 25°C

DIMENSIONS
=125
ax 3 r?&?
UNITS = =~ e
20 Volts g~ ﬂ 3 i
12 Volts 3 LEADS __90'//;:\— =
P
5 Volts ~ gsg?&z: ¢ 22
o1 R
—65to +200 °C ) SEY oo,
: a
0.3 Watt TO-18

ELECTRICAL CHARACTERISTICS (25°C free air unless otherwise noted)

SYMBOL MIN. MAX. UNIT CONDITIONS
BVeso 20 Vdc le=1uA
LVceo 12 Vdc le=10mA pulsed
BVsno B Vde |c=1 OpA
hee 20 lc=1.0mA, V=0.25V
hee 40 120 le=10mA, Ve=0.35V
hee 20 lc=100mA, Ve:=1.0V pulsed
hee 20 lce=10mA, Ve=0.35V, T,.= —55°C
Vee(sat) 0.35 Vde le=10mA, ls=1mA, T,=170°C
Vee(sat) 1 Vdc lc=100mA, ls=10mA, T,=170°C pulsed
Vie(sat) 0.65 0.85 Vdc le=10mA, l;=1mA
Vie(sat) 156 Vdc lc=100mA, l;=10mA pulsed
Vie(sat) 1.1 Vdc c=10mA, ly=1mA, T,= —55°C
Vee(sat) 1.6 Vdc lc=100mA, l;=10mA, T,= —55°C pulsed
leso 1 pA Ve =20V
leeo 30 pA Vee=10V, V,:=0.35V, T.=100°C
lces 1 A V=20V
lees 100 uA V=20V, T,=170°C
C. 5 pF V=5V
hye 2.8 le=10mA, Vee=10V, f=100MHz
T 18 ns le=1ls=l=10mA
1 12 ns le=100mA, l5; =40mA, Iz, =20mA
£ 16 ns le=10mA, ls; =3mA, ls;=1.5mA
tore 45 ns le=100mA, Iy, =40mA, ls;=20mA
o 24 ns le=10mA, ls;=3mA, ls;=1.5mA

NOTE: Pulse width = 300usec, duty cycle < 2%,
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2N753"
SILICON SWITCHING TRANSISTOR

HIGH-SPEED NPN SILICON PLANAR EPITAXIAL
SATURATED SWITCHING TRANSISTOR

For Improved Performance See ITT 2N2369.

ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS

Collector-to-Base Voltage .. .......
Collector-to-Emitter Voltage. .. ... ..
Emitter-to-Base Voltage. ... .......
Operating Junction Temperature. . . .
Storage Temperature. . ............
P5@ Te=25"C (iwimmvmsimsmmmss
Pod@Ti = 2670 . oo tumameis s otonn

25
15
5
175
—65 to +200
1.0
0.3

DIMENSIONS
I_,.Iss "'l

S s
UNITS r _ j:'m
Volts -5,3:9/ ﬂ gd__ >
Volts 3 LEADS 1{ i
Vol L

5% 0R8
DC y
Watt
Watt

ELECTRICAL CHARACTERISTICS (25°C free air unless otherwise noted)

SYMBOL MIN. MAX. UNIT CONDITIONS
BVcso 25 Vdc | le=10pA
LVeer 20 Vdc | le=10mA, Rs=102 pulsed
LVeeo 15 Vdc | le=10mA pulsed
BVeso 5 Vdc | le=10pA
hee 40 120 le=10mA, Vce=1.0V
Vce(sat) 0.6 Vdc | le=10mA, lz=1.0mA
Vie(sat) 0.7 0.9 Vdc | lc=10mA, l;=1.0mA
leso 0.5 pA V=18V
leso 30 BA V=15V, Ta=150°C
lcer 10 BA Vee=20V, Rse=100KQ2
C. pF Ve =5V
hre 2 le=10mA, V=10V, f=100MHz
T: 35 ns le=10mA, lsy=lss=10mA, V=10V
= 40 ns Vee=3V, Ri=270¢, ls =3mA
ton 75 ns Vee=3V, Ri=270Q, lsy=3mA, l,=TmA

NOTES: Pulse width = 300usec, duty cycle = 2%.
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Package: TO-18

2N783%
HIGH-SPEED NPN SILICON
SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Storage Temperature ...................... —65°C to +300°C
Operating Junction Temperature ...... 175°C Maximum
Total Device Dissipation

@ Te =25°C(Notes2 and 3) ... 1.0 Watt
@Tp =25°C(Notes2 and 3) ............0.3 Watt
Collector-Base Voltage ................cccccceooocneee... 40 Volts
Collector-Emitter Voltage
IRBE & VYO cnsnnsmymmsrsmmsssyiismrie 20 Volts
Emitter-3ase Voltage ...............cccoveevve. 5.0 Volts
Collector Current ..o 200 MA

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

Symbol Min Max Unit Conditions

hgg 20 60 - Ic = 10 mA. Vcg = 1.0 Vol

VeE(sat) - 0.25 Volt lc=10mA, lg = 1.0mA

VBE(sat) 0.7 09 Volt lc=10mA.lg = 1.0mA

Iceo B 250 nA Ig = 0.Vcg = 25 Volts

lcgol150°C) - 30 uhA Ig = 0.Vecg = 25 Volts

hse 2.0 - - Il = 10 mA, Vcg = 10 Volts

Cob - 35 pf lg =0.Vcg = 10 Volts

tg & 10 nsec Ic = 10 mA, Vg = 10 Voits (Note 4)
ton B 16 nsec lg1 = 3.0mA, lgz = 1.0 mA (Note 5)
toff - 30 nsec lg1 = 3.0mA.lgo = 1.0 mA (Note 5]
BVegro 40 - Volts Ilg = 0.lc = 100 uA

BVceR 20 - Volts Ic=10mA.Vgg =0

BVEgo 5.0 - Volts Ic =0.1g = 100 KA

NOTES:

(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired

[2) These are steady state hmits The factory should be consulted on applicatons involving pulsed or low duty cycie operations

{31 These ratings give 8 maximum junction temperature of 175°C and juncuion-to-case thermal resistance of 150° C ' Watt (derating
factorof 6 67 mW/?C). junction-to-ambient thermal resistance of 500° C/Watt (derating factor of 2 0 mW. *C)

(4)  lgy =10mA. lgy = 10mA R = 1K!! [see Figure 2)
(8] Vee =30Volts R = 270 4 (see Figure 1)
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2N783

CIRCUIT DIAGRAM

FIGURE 1 TURN-ON AND TURN-OFF CIRCUIT
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9N784°

SILICON SWITCHING TRANSISTOR

HIGH-SPEED NPN SILICON
PLANAR EPITAXIAL
SATURATED SWITCHING
TRANSISTOR

DIMENSIONS
For Improved Performance See ITT 2N2368. -
[T
v == e
ABSOLUTE MAXIMUM RATINGS i
3LEADS Nel TR
CHARACTERISTICS UNITS €y > e 228
.D“S 210
Collector-to-Base Voltage. . . ...... 30 Volts a5 2= '
Collector-to-Emitter Voltage. . . . .. .. 12 Volts \g;‘ﬁ 100 LEAD
Emitter-to-Base Voltage. .. ........ 5 Volts g3
Operating Junction Temperature. . . . 175 o 5 T0-18
Storage Temperature . . ........... —65 to +200 °C
Pe@Tc=25"C. . .ovvvvnennnunns 1.0 Watt
Pl Te=282C0 o manmaniaisn 0.3 Watt
ELECTRICAL CHARACTERISTICS (25°C free air unless otherwise noted)
SYMBOL MIN. MAX. | UNIT CONDITIONS
BVao 30 Vde le=100pA
BVeer 15 Vdc le=10uA, Ree=100
BVan 5 Vde Ic =1 OOHA
hee 25 le=10mA, V=10V
chtsat) 0.19 Vdc lc=10mA, |5=1 mA
Vee(sat) 0.7 0.9 Vdc le=10mA, ls=TmA
leso 250 nA V=20V
lcoo 30 pA V=25V, T,=150°C
Ca 35 pF V=10V
hye 2 le=10mA, V=10V, f=100MHz
t, 15 ns le=In =l2=10mA, Vcc =10V, Ri=1KQ
ton 20 ns lsr=3mA, lez=1mA, Vcc=3V, Ri=2700
tors 40 ns lsr =3mA, lez=1mA, V=3V, R, =2700
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2N834°
SILICON SWITCHING TRANSISTOR

HIGH-SPEED NPN SILICON
PLANAR EPITAXIAL
SATURATED SWITCHING
TRANSISTOR

For Improved Performance See ITT 2N2369.

ABSOLUTE MAXIMUM RATINGS

DIMENSIONS

CHARACTERISTICS UNITS
Collector-to-Base Voltage. . . . ..... 40 Volts
Collector-to-Emitter Voltage........ 25 Volts
Emitter-to-Base Voltage. . .. ....... 5 Volts
Operating Junction Temperature. . . . 175 e
Storage Temperature. . ............ —65 to 4200 il

Po @ Ta=285C .. .oomiermmimimisiosaimiors 1.0 Watt
Ro/@ Ta: =250 C mrov s it ozt 03 | watt

ELECTRICAL CHARACTERISTICS (25°C fres air unless otherwise noted)

SYMBOL MIN. MAX. | UNIT CONDITIONS
BVeo 40 Vdc le=100uA
BVees 30 Vdec le=10uA
BVeo 5 Vdc le=100pA
hre 25 le=10mA, Vee=1.0V
Vee(sat) 0.25 Vdc le=10mA, l;=1.0mA
Vee(sat) 0.4 Vde le=50mA, ls=5.0mA pulsed
Vee(sat) 0.9 Vdc lc=10mA, ls=1.0mA
leso 0.5 A Ve =20V
lcso 30 pA Vee=20V, T,=150°C
Cos 4 pF Ve =10V
hy, 3.5 le=10mA, V=15V, f=100MHz
T, 25 ns le=10mA, ls1=lsz=10mA
i 35 ns le=10mA, lsy=3mA, l2=1TmA
ot 75 ns le=10mA, lai=3mA, liz=TmA

NOTE: Pulse width < 300 usec, duty cycle < 2%.
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9N835°

SILICON SWITCHING TRANSISTOR

HIGH-SPEED NPN SILICON
PLANAR EPITAXIAL
SATURATED SWITCHING
TRANSISTOR

For Improved Performance See ITT 2N2369.

DIMENSIONS
195
ABSOLUTE MAXIMUM RATINGS L Rl
CHARACTERISTICS UNITS Lo F Y "
Collector-to-Base Voltage. . . ...... 25 Volts o1a- ! i E IU’ N
Collector-to-Emitter Voltage ....... 16 Volts 3 LEAdS ?"j::s; ¥
Emitter-to-Base Voltage. .. ........ 3 Volts ef [{oo0) 28
Operating Junction Temperature. . . . 175 °C 4“&‘3% RS s
Storage Temperature. . ............ —65t0 +200 | °C T oo
Pl Te = 2670 coupuviniog i 1.0 | Watts 838~ ol
Pol@ T e S8 0 e 0.3 Watts TO-18
ELECTRICAL CHARACTERISTICS (25°C fiee air unless otherwise noted)
SYMBOL MIN. MAX. | UNIT CONDITIONS
BV:BO 25 Vdc lc =1 OMA
Bchs 20 VdC |c=1 OPA
BVEso 3 V.dC |c=10#A
hFE 20 |C=10mA, VCE=1V
Vee(sat) 0.3 Vde le=10mA, l;=1mA
Vie(sat) 0.9 Vdc lc=10mA, ls=1TmA
IC&O 05 HA ch= 20V
leso 30 pA V=20V, T,=150°C
Cas 4 DF V=10V
hy, 3 le=10mA, V=15V, f=100MHz
Ts 35 ns le=10mA, ls =ls=10mA
; P 20 ns |c=10mA, Iu]=3mA, |52=1mA
torr 35 ns le=10mA, l5;=3mA, lzz=TmA
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Package: TO-18
2N914® e

NPN SILICON SATURATED SWITCH AND VHF AMPLIFIER

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Base Voltage ......................... 40 Volts
Collector-Emitter Voltage

Rgg = 10 ohms(Note 4) ... ... 20 Volts
Collector-Emitter Voltage (Note 4) ... 15 Volts
Emitter-Base Voltage ............... I 5.0 Volts
Total Dissipation (@ :

Tc =25°C(Notes2and 3) ..o, 1.2 Watts
Tc =100°C (Notes2 and 3) ... ... 0.68 Watt
Ta =25°C(Notes2and 3) .. ... 0.36 Watt
Storage Temperature ...................... —65°C to +300°C
Operating Junction Temperature ... 200°C Maximum
Lead Temperature
(Soldering. No Time Limit) ... 300°C Maximum

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

Symbol Min Typ Max Unit Conditions

heg 30 55 120 - Ic = 10 mA, Vcg = 1.0 Volt (Note 5)
hgg{—55°C) 12 28 - - Ic = 10 mA. Vcg = 1.0 Volt (Note 5)
hee 10 17 - - lc = 500 mA, Vg = 5.0 Volts (Note 5)
VBE(sat) 0.70 0.74 0.80 Volt lc=10mA.lg = 1.0 mA

VeE(sat) - 0.40 0.70 Volt Ilc =200mA.Ig = 20 mA

VCE(sat) - 0.20 0.25 Volt  Ig =10 Ig (Note 6)

hfe 3.0 35 - - Ic =20 mA. Vgg = 10 Volts

Cobo - 45 6.0 pf lg = 0.Vcg = 10 Volts

Cibo = - 9.0 pf  Ic =0 Vgg =05 Volt

IcBo - 4.0 25 muA  |lg =0.Veg = 20 Volts

Icgol(150°C) - 3.0 15 uA Ig =0, Vcpg = 20 Volts

BVego 40 - - Volts Igc=10pA lg=0

VCEF{(sust} 20 - - Volts Ic = 30 mA (pulsed). Rgg = 10 ohms

(Notes 4 and 5)
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2N914

ELECTRICAL CHARACTERISTICS iTA = 25°C uniess otherwise noted)

Symbol Min Typ Max Unit Conditions
VCEO(sust) 15 - = Volts  I¢c = 30 mA (pulsed). Ilg = C
(Notes 4 and 5)
BVego 5.0 - - Volts  Ig=0,Ig = 10uA
leBO = 0.007 0.1 uA  Ic =0.Vgg = 4.0 Vols
Icexl125°C) = 3.0 10 uA Vg = 20 Volts, Vgg = +0.25 Volt
Ts - 13 20 nsec Ig =lg1 = 20 mA,
lg2 = —20 mA (Notes 7 and 8)
4+ - 25 40 nsec lc = 200mA.Igq = 40 mA
(Note 8)
s+ f = 25 40 nsec  Igc & 200mA.Ig1 = 40 mA,
lg2 = —20 mA (Note 8)
NOTES:
{1} These ratngs are hmiting values above which the snn.l'lceahnht\:r of any indmidual sermiconductor device may be impaired

{2)  These are steady state imits The factory should be consulted on apphcations involving pulsed or low duty cycle operations

(3] These ratings gwe a maximum junction temperature of 200°C and junction-to-case thermal resistance of 145° C watt (derating

factorof 6 9 mW. “Cl_ junction-to-aminent thermal resistance of 486°C wattiderating factorof 2 1 mW. "CI

(4] Rating refers 1o a lugh current point where collector-to-emitter valtage 1s lowest
{581  Pulse Conditions length = 300usec. duty cycle = 1%

18] 1z = 10mA through 20 mA

{7} Measured on Sampling Scope PW 2 200 nsec

(8)  See switching circuits for exact values of e lgy.and lgs
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2N2368 2N2369°
SILICON SWITCHING TRANSISTORS

HIGH SPEED NPN SILICON
PLANAR EPITAXIAL
SATURATED SWITCHING
TRANSISTORS

e High f;: 650 mHz, typ.

High Gain: 40 min. @ [.=10mA
Low C,, : 4pfmax. @V, =5V
Low T,, = 9 nsec typ.

Low t,, = 13 nsec typ.

The ITT 2N2368 and 2N2369 are NPN silicon planar epitaxial
saturated switching transistors for applications at current ranges
from 0.1 to 100 mA. High gain and narrow base reaion provide
excellent radiation resistance. They can operate at clock rates

above 10 MHz for commercial computer applications.

ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS

DIMENSIONS

UNITS
Collector-to=Basa VOMAGgE.. . ... csvis vsmvsismies v s o s s v s e s 40 | Volts
Collector-to-Emitter Voltage (shorted base) . . . .. ..o oiviiniiiiiiiinnnen 40 | Volts
Collector-to-Emitter Voltage (openbase). . .. ..., 15 Volts
Emter-to=BasaiN ol tocio S, B e et s e 4.5 Volts
Collectop Curfent: (10 sec s PlSE) s v i s e N A AV TR A e 500 | mA
Junction Temperature (Op. and St} « v vv v cesmnmma s v sormmn s v s sy e —65 to +200 °c
Total Power Dissipation @ Te=25%C . .\ v vumsi v iiia i sl 1.2 | Watts
(derate 6.8 mW/°C above 25°C)
@ Tec =100°C ....... T e A AT 0.68 Watts
Total Power: Dissipation @ T =280 s obris s fors A wosr i Soe. ears 0.36 Watts

(derate 2.06 mW/°C above 25°C)
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2N2368 2N2369

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.

SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
heet ) le=10mA, Ve =1V
20 60 2N2368
40 120 2N2369
ic= 10mA, Vce= 1V.
T=—65°C
10 2N2368
20 2N2369
]cz 100maA, Vce=2V
10 2N2368
20 2N2369
Vee (sat) 0.2 0.25 Vde le=10mA, lg=1mA
Vee (sat) 0.7 0.756 0.85 Vde le=10mA, lg=1mA
cho 0.1 0.4 pA Ve =20V, [=0
10 30 #A Vc3=20V, |5=0,
T=150°C
fr 650 MHz Vee=10V, lc=10mA
Cas 2.5 4.0 pf Ves=5V, le=0
s 2 le=ln 3 10mA,  gittetsronct e
(charge storage lsz = —10mA | . ) i iy
Hme} 5 10 nsec B o I
ton (2) 9.0 12 nsec le=10mA,
le =3mA
ton * lc 10mA,
las 3mA,
sz = —1.5mA
10 15 nsec 2N2368
13 18 nsec 2N2369
BVeeo 40 Vdc le=10uA, le=0
BVees 40 Vde le=10pA, lg=0
Veeo(sust) 15 Vde le=10mA, I3=0
BVeo 4.5 Vde le=10uA, lc=0

NOTES: 1. Pulse measurement: width < 300 usec, duty cycle < 2%.
2. See switching circuits for exact I, Iy, and lgz.
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2N2368 2N2369

TYPICAL CHARACTERISTICS'

HIGH VOLTAGE COLLECTOR CHARACTERISTICS
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2N2368 2N2369

TYPICAL CHARACTERISTICS, continued

PULSE DC CURRENT GAIN VS COLLECTOR CURRENT

SATURATION REGION BASE CHARACTERISTICS
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2N2368 2N2369

TYPICAL CHARACTERISTICS, continued
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2N2369A°

SILICON SWITCHING TRANSISTOR

HIGH SPEED NPN SILICON
SATURATED SWITCHING
TRANSISTOR

The ITT 2N2369A is a NPN silicon planar epitaxial saturated
switching transistor for applications at current ranges from 0.1
to 100 mA. High gain and narrow base region provide excellent
radiation resistance. The 2N2369A can operate at clock rates
above 10 MHz for commercial computer applications.

High f;: 675 MHz, typ.

High Gain: 40 min. @ I.=10 mA
Low C,,: 4 pf max. @ V=5V
Low t..: 9 nsec typ.;

Low t.: 13 nsec typ.

ABSOLUTE MAXIMUM RATINGS

DIMENSIONS

195
180

CHARACTERISTICS UNITS
Collectof=to~-Base: VoRa08: i s remmm T uem T s D e S S R e DR STk 40 | Volts
Collector-to-Emitter Voltage (shorted base) . . . ... .. ... nnrnsens 40 | Volts
Collector-to-Emitter Voltage (openbase). . .........oiiiiiiniiniiiinaas 15 | Volts
EMTHEr=t0-Base VORATE . «ulii o wiwn s s s e naii st v s s s e o S s £ 45 | Volts
Collector Current (CONINUOUS) . .« v v vttt et et st et e e anans 200 | mA
Collector Current (10 psec PuUlse)« vy s vrinsiaar s Has 0w s 500 | mA
Jnchon Temperature (Op-and 8 Y. .. crmisrss v v i e SR R T —65t0 +200 | °C
Total Power Dissipation (@ Te=25°C . ... ...ttt einenneenn . 1.2 | Watts
(derate 6.8 mW/°C above 25°C)

@ Te=300C ... . 2000 ol b b mscbromosisis 0.68 | Watts

Total Power Dissipation @ Ta=25%C" ... vun s om o eniidd s vdiive oo wadis waiin 0.36 | Watts

(derate 2.06 mW/°C above 25°C)
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2N2369A

ELECTRICAL CHARACTERISTICS @ T,=25°C unless otherwise noted

SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
hee' 40 66 120 le=10mA, Vee=1V
40 63 120 le=10mA, Vce=0.35V
20 50 le=10mA, Ve=0.35Y,
T=—55C
30 71 le=30mA, V=04V
Vee(sat) 0.14 0.2 Vde le=10mA, lg=1mA
0.19 0.3 Vde le=10mA, ls=1mA,
T=125°C
017 0.25 Vdc le=30mA, lz=3mA
0.28 0.5 Vdc le=100mA, lp=10mA
Vee(sat) 0.7 0.8 0.85 Vdc le=10mA, la=1mA
0.59 1.02 Vdc le=10mA, le=1mA,
T=—65t0 +125°C
0.9 1.15 Vdc le=30mA, ls=3mA
1.1 1.6 Vde le=100mA, l;=10mA
lces 0.05 0.4 LA Vee=20V, Vee=0
|cao 10 30 nA V-:g=20V. |z=0,
T=150°C
fr 500 675 MHz Vee=10V, le=10mA
Cob 2.3 4.0 pf Ves=5V, le=0
CHARGE STORAGE TIME MEASUREMENT CIRCLIT
Ts le=1lg = 10mA, :
(charge storage 6.0 13 nsec ly; = —10mA
time)
tow o MEASUREMENT CIRCUIT
ton 9.0 12 nsec lc =10mA Se—n TR
lsi = 3mA =l .
torr 13 18 nsec lc = 10mA
lat = 3mA
ez = —1.5mA
BVceo 40 Vdc le=10uA, [;=0
BVees 40 Vdc le=10uA, V=0
cho(SUSt)l‘? 15 Vde le =10mA, lg=0
BVsso 4.5 Vdc le=10uA, 1c=0

NOTES: 1. Pulse measurement: width < 300 usec, duty cycle < 2%. 2. Rating refers to a high-current point where collector-to-emitter
voltage is lowest.
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2N2369A

TYPICAL COLLECTOR CHARACTERISTICS!'

COLLECTOR CURRENT
VERSUS COLLECTOR VOLTAGE

COLLECTOR CURRENT
VERSUS COLLECTOR VOLTAGE
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NOTE: Single family characteristics on Transistor Curve Tracer
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2N2369A

TYPICAL COLLECTOR CHARACTERISTICS, continued

PULSED DC CURRENT GAIN COLLECTOR SATURATION VOLTAGE
VERSUS COLLECTOR CURRENT VERSUS COLLECTOR CURRENT
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2N2369A

TYPICAL ELECTRICAL CHARACTERISTICS

SWITCHING TIMES VERSUS
COLLECTOR CURRENT

SWITCHING TIMES VERSUS
AMBIENT TEMPERATURE

DELAY TIME VERSUS BASE -
EMITTER OFF VOLTAGE AND
TURN ON BASE CURRENT
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2N2369A

TYPICAL CHARACTERISTICS, continued

FALL TIME VERSUS TURN ON FALL TIME VERSUS TURN ON FALL TIME VERSUS TURN ON
AND TURN OFF BASE CURRENTS AND TURN OFF BASE CURRENTS AND TURN OFF BASE CURRENTS
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Package: TO-18

2N2710

HIGH-SPEED NPN SILICON SATURATED

SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Emitter Voltage ..............c.ccooocevvennen. 20 Volts
Collector-Emitter Voltage ..................c.oeveneen.. 30 Volts
Collector-Base Voltage ..............cccoccvivveivvnenennnn.. 40 Volts
Emitter-Base Voltage .............cccecoeevvvvivsinnenenn.. 5.0 Volts
Collector Current — Continuous.......................... 500 mA
Total Device Dissipation @ Tp = 25°C ........0.36 Watt

Darate abové 28°C...nnnnnnnnannnn2:T mW/2C
Total Device Dissipation @ Tc =25°C......... 1.2 Watts
Operating Junction Temperature Range ....... +200 °C
Storage Temperature Range............. —65 to +200 °C

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

Symbol Min Max Unit Conditions
BVcEo 20 - Volts Ilc=10mA.Ig =0
BVcEs 30 - Volts lc=10uA Vg =0
BVcgo 40 - Volts Ic=10uA.Ig =0
BVego 5.0 - Volts Ilg=10uA,Ic =0
lcBo - 30 uA Vg = 20 Volts, Ig = 0
lceo - 30 LA Ve = 20 Volts, Ig = 0, Ty = +150°C
leBO - 1.0 MA Vgg = 3.0 Volts, Ic =0
heg 40 - - Ic = 10 mA, Vg = 1.0 Volt
heg 40 - - Ic = 50 mA.Vcg = 1.0 Volt
VCE(sat) = 0.25 Volt Ic = 10mA.lg = 1.0mA
VeE(sat) - 0.4 Volt Ic =50 mA, Ig = 5.0 mA
VBE(sat) - 0.9 Volt Ic=10mA.lg = 1.0mA
VBE(sat) = 1.3 Volts Ic =50 mA, Ig = 5.0 mA
fr 500 - MHz Ic = 10 mA, Vcg = 20 Volts,
f= 100 MHz
Cob - 4.0 pF Ve = 10 Volts, Ig = 0. f = 4.0 MHz
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2N2710

ELECTRICAL CHARACTERISTICS '[TA = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions

tan - 20 ns Vee = 3.0 Volts, Vg Eloff) = 2.0 Volts,
lc=10mA.Ilg1 = 3.0mA

toff - 35 ns Vee = 3.0 Volts, Ic = mA,
lg1 =3.0mA,Ilg2 = 1.0mA

15 - 15 ns Vee = 10 Volts, Ic = 1g1 = Ig2 = 10 mA

CIRCUIT DIAGRAM

FIGURE 1 — STORAGE TEST CIRCUIT

1oV

OSCILLOSCOPE 980

INPUT = 10 M2
<15pF
L,=t4=04ns

+60V

—40V ——|_—|——
Lty =05ns
Z,, = 50 chms
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FIGURE 2 — TURN ON AND TURN OFF
TIME TEST CIRCUIT

30V

OSCILLOSCOPE

INPUT = 10MO
< 26pF
L =1=<04ns

+70V
tity <05ns
Z, = 50 ohms

20k



Package: TO-18

2N3011©
HIGH-SPEED NPN SILICON

SATURATED SWITCHING TRANSISTOR

The ITT 2N3011 is an NPN silicon planar eptiaxial transistor designed specifically for high-speed
saturated switching applications in the 50-100 mc range at current levels from 100 microamperes
to 100 milliamperes. It is suitable for most small-signal, RF, and digital type circuits.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Collector-Base Voltage ... raeeneeens 30 Volts
Collector-Emitter Voltage ..........coeevveinmnnnnnininnes 30 Volts
Collector-Emitter Voltage (Note 4] . .12 Volts
Emitter-Base Voltage ........occvverviriiiisivsiennnne 5.0 VOIts
Total Device Dissipation @:

Tc =25°C (Notes 2 and 3) ... 1.2 Watts
Tc = 100°C (Notes 2 and 3)......cccccoonvnnr. 0.68 Watt
Tp = 25°C (Notes 2 and 3) ..cc..c.ocovvevvennee. 0.36 Watt
Storage Temperature .................. —65°C to +200 °C

Operating Junction Temperature ...... 200°C Maximum
Lead Temperature
{Soldering, 60 sec Time Limit)........ 300°C Maximum

NOTES:

(1)

2)

3)

(4)

(5)
16)

These ratings are limiting values above which the serv-
iceability of any individual semiconductor device may
be impaired.

These are steady state limits. The factory should be con-
sulted on applications involving pulsed or low duty cycle
operations.

These ratings give a maximum junction temperature of
200°C and junction-to-case thermal resistance of
146°C/watt (derating factor of 6.85 mW/°C); junction-
to-ambient thermal resistance of 486°C/watt (derating
factor of 2,06 mW/°C).

Rating refers to a high-current point where collector-
to-emitter voltage is lowest.

Pulse Conditions: length = 300 usec: duty cycle = 1%.
See switching circuits for exact values of le. 1gy. and
I

B2

ELECTRICAL CHARACTERISTICS ITA = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions

hEg 30 70 120 - Ic = 10 mA, Vcg = 0.35 Volt (Note 5)
hrg 25 75 = = Ic = 30 mA. Ve = 0.4 Volt (Note 5)
heg 12 50 - = Ic = 100 mA, Vg = 1.0 Volt (Note 5)
VCE(sat) = 0.17 0.2 Volt Ic=10mA,lg=1.0mA

VCE(sat) - 0.18 0.25 Volt Ic=30mA,lg=30mA

VeE(sat) - 0.15 0.3 Volt Ig=10mA,lg=10mA

VeE(sat) - 0.3 0.5 Volt Ig=100mA,lg = 10 mA

VBE(sat) 0.72 0.8 0.87 Volt Ic=10mA,lg = 1.0mA

VBE(sat) - 0.9 1.16 Volts Ig =30 mA,lg = 3.0mA

¥YBE(sat) - : B 1.6 Volts Ig = 100mA,Ig = 10 mA

Nfe 4.0 6.5 - = Ic =20 mA, Vcg = 10 Volts

Cob - 2.3 4.0 pf  1g=0,Vcp = 5.0 Volts
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2N3011

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
Ices - 0.05 0.4 HA Vce = 20 Volts. Vgg =0
|CE5(B5°CJ = 1.0 10 uA Vee = 20 Volts, Vgg =0
BVcgo 30 - - Volts Ic=10uA. lg =0
BVCES 30 - - Volts Ilc=10uA.VEg = 0
VeEO(sust) 12 B - Volts  Ic = 10 mA (pulsed). g =0
BVego 5.0 = = Volts  1g = 100uA.Ic =0
Tg - - 13 nsec Ic=lg1 = 10mA,
Ig2 2 —10 mA (Note 6)
ton = - 15 nsec Ic &~ 30 mA. Ig1 = 3.0 mA (Note 6)
toff ~ - 20 nsec Ilc=x~30mA, Ilg;~30mA,
lg2 =~ —3.0 mA (Note 6)
SCHEMATIC
CHARGE STORAGE TIME — CONSTANT TEST CIRCUIT
- 8900 o
0 _V'_ Vout PRy — 10% Pulve wovelorm
w0 - to 0 S0
— oy Vo
L“i"
Pulse Gererator Te Sempling Oscillescops
VinRise Time = Insec Input impedance = 300
Source Impedonce =500 Rive Time = Insec
Vi Rine Time dess thas Ingec =
PW E 30O ntec
Duty Cycie = 2%
t.-t.y MEASUREMENT CIRCUIT
v
®n
Vin 0.1 To Ssmpling Scope
Pulse Saurce Rise Time < 1 nsec
Rise Time <1nsec %mn Input 2 = 100K
Pulse Width > 200 nsec
2, =500 = =
Ton? Vee = 2V Tay? Voo = 2V
Vgg Grounded Vgg * 7V
Vin =1v Vin = -1V
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Package: TO-18

2N3115, 2N3116

NPN HIGH-SPEED SILICON SWITCHING

AND AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Base Voltage ..........cc.cccoccvenvvvernnnsnen... 60 Volts
Collector-Emitter Voltage ..........c...c.cccccen.o.eo...... 20 Volts
Emitter-Base Voltage .........ccccccoeevvevcecivnnnnn.... 5 Volts
Collector-Current ..........cccccciicinicniininciennnennn. 600 mA
Total Device Dissipation @ T = 25°C ......... 1.8 Watts

Derate above 25°C........cccccoceceivcircciere. 12 mW/°C
Total Device Dissipation @ T = 25°C ...........0.4 Watt
Derate above 25°C.........cccccecvvveeieneen. 2.6 7 mW/°C
Junction Temperature Range .............. —65to0 +1756°C
Storage Temperature Range............... —65 to +200°C

ELECTRICAL CHARACTERISTICS {TA = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions
IcBO - 0.025 KA Vg = 50 Volts, Ig = 0
Iceo = 15 BA Vcg = 50 Volts, Ig = 0, Tp = 150°C
IcEX - 0.050 RA VcE = 30 Volts, Vg = 0.5 Volt
IgL - 0.050 HA Vce = 30 Volts, Vgg = 0.5 Volt
BVecgo 60 - Volts Ilc=10uA lg=0
BVceo® 20 - Volts Ic = 10 mA, pulsed, Ig = 0*
BVEgo 5 - Volts lg =10pA,Ic =0
VeE(sat)® - 0.5 Volt Ic=150mA.Ilg = 15mA"*
VBE(sat)® - 1.3 Volts Ic =150 mA,lg = 15 mA*
hEE 40 120 - Ic = 150 mA, 2N3115
hrg 100 300 - VCE = 10 Volts, 2N3116
Cats - 8 pF Vcg = 10 Volts, Ig = 0, f = 100 kHz
tq = 20 ns Ve = 30 Volts, Icg = 150 mA,
Igq = 15 mA
t, & 75 ns Vee = 30 Volts, Igg = 150 mA,

g1 = 15 mA
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2N3115, 2N3116

ELECTRICAL CHARACTERISTICS lTA = 25°C unless otherwise noted)

Conditions Symbol Min Max Unit
tg - 300 ns Ve = 6 Volts, Icg = 160 mA,
lg1 = 156 mA, lgz = 15 mA
t - 200 ns Ve = 6 Volts, Icg = 150 mA,
lg1 = 15 mA.Ilga = 16 mA
fr 250 - MHz . lg=20mA Vcg = 20 Volts,
f =100 MHz

* Pulse Test: Pulse Width < 300 us; Duty Cycle < 2.0%
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2N3646®
Package: T0-92 HIGH-SPEED NPN SILICON SATURATED
SWITCHING TRANSISTOR

The ITT 2N3646 is an NPN silicon planar epitaxial transistor designed for logic and memory applications
to 500 milliamperes. It features the unique combination of 350 Mc fr minimum with a guaranteed
300 milliampere collector saturation voltage of 0.5 volt.

ABSOLUTE MAXIMUM RATINGS (Note 1)
Ton and Tor TEST CIRCUIT

Characteristics Unit
OVgg = 3.0V OVee = HOV
Collector-Base Voltage ............cc..ooooeconnnn...... 40 Volts
Collector-Emitter Voltage ST - 6 7 (o1 | L | L I
Collector-Emitter Voltage {Note 4} v 16 Volts IM £ 8 I L IM5
Emitter-Base Voltage ..........c..cocevvevvesnccvncnnne. 5.0 Violts = = =
Total Dissipation @: | ]
Tc =25°C (Notes2 and 3) .....................0.5Watt [ 1'% 1204 To-Sampling Sccpe
T SioB0 f‘—‘L‘—‘W"_‘K Rise Time < 1,0 nsec
A = 25°C (Notes 2 and 3) .. v 0.2 Watt Input Z ® 100KQ
Storage Temperature .............cooe... —55“‘0 to +125°C
Operating Junction Temperature ... +125°C Maximum =
Lead Temperature Pulse Width > 240 nsec
(Soldering, 10 sec Time Limit).... +260°C Maximum ' {105

in

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

Symbol Min Typ Max Unit Conditions
VCE(sat) - 0.16 0.2 Volt Ilc =30mA,Ig = 3.0 mA
(Note 5)
VeE(sat) - 0.18 0.28 Volt  Ig=100mA,Ig = 10 mA (Note 5)
VeE(sat) - 0.18 0.3 Volt  Ic=30mA,lg=3.0mA
(Note 5) (T4 = +65°C)
VeE(sat) - 0.39 0.5 Volt  Ic =300mA,Ig = 30 mA (Note 5)
hte 35 5.5 e - Ic =30 mA, Veg = 10 Volts
Ts 8.0 18 nsec Ig=Ig1 = 10 mA,
lg2 = —10 mA (Note 6)
ton - 0 18 nsec Igc~ 300mA,Igq1 =~ 30 mA
(Note 6)
toff - 15 28 nsec ~ 300 mA, Ig1 = 30 mA,
|32 =~ —30 mA (Note 6)
CObO - 33 5.0 pf lg = 0.Vcp = 5.0 Volts
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2N3646

ELECTRICAL CHARACTERISTICS I:TA = 25°C unless otherwise noted}

Symbol Min Typ Max Unit Conditions
Cibo : 6.6 8.0 pf  Ic=0.Vgg = 05 Volt
heg 30 60 120 - Ic = 30 mA, Vg = 0.4 Volit (Note 5)
hee 25 55 - = Ic = 100 mA, Vg = 0.5 Volt (Note 5)
heg 15 < < = Ic =300 mA, Vg = 1.0 Volt (Note 5)
BVcgo 40 s - Volts  Ic = 100uA.Ig =0
BVCES 40 - = Volts  Ig = 100uA, Vgg =0
VCEO(sust) 15 - < Volts Ic=10mA,Ig =0

(Notes 4 and 5)
BVego 5.0 - ¢ Volts  1g = 1004A.Ic =0
VBE(sat) 0.75 0.82 0.95 Volt  Ic =30 mA, Ig = 3.0 mA (Note 5)
VBE(sat) - 0.97 1.2 Volts lc=100mA,lg = 10 mA lNote-‘.i)
VBE(sat) B 1.3 1.7 Volts  Ig =300 mA, Ig = 30 mA (Note 5)
ICES = 0.04 0.5 uA  Veg =20 Volts, Vgg = 0
Ices(65°C) £ 0.5 3.0 KA VCE =20 Volts, VEg = 0

(1
12)
(3

These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired.
These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations,

These ratings give a minimum junction temperature of 125°C and junction-to-case thermal resistance of 200°C/watt (derating

factor of 5.0 mW/°C); junction-to-ambient thermal resistance of 500°C/watt (derating factor of 2.0 mW/2C).

(4
(5]
(6]

CHARGE STORAGE TIME
MEASUREMENT CIRCUIT
0 i
Vin
—jp—
Pulse Generator
Vin Rise Time < 1 nsec
Source Impedance = 500

PW 2 300 nsec
Duty Cycle < 2%

Vin@——

Pulse Conditions: length = 300usec; duty cycle = 1%.

See switching circuits for exactvalues of I, g4 and I g5,

8900

Rating refers to a high-current point where collector-to-emitter voltage is lowest,

0.1
——® Vout
910 4
sy 10% Pulse waveform
0 at point A’
-4y

To Sampling Oscilloscope

2,y = 100 KQ
Rise Time < 1 nsec



Package: TO-92

2N3903, 2N3904

NPN SILICON GENERAL PURPOSE SWITCHING

AND AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Emitter Voltage ...........cccccoccvevvieeennnee. 40 Volts
Collector-Base Voltage ... 60 Volts
Emitter-Base Voltage ..... ... 6.0 Volts
Collector-Current .........cooeviveccieieeceeeene e, 200 MA
Total Device Dissipation @ Tp = 25°C ..........310 mW
Total Device Dissipation @ Ta =860°C ........210 mW

Derate above 25°C ........cccceevvivienien. 2.81 mW/2C
Operating and Storage Junction
Temperature Range ..................
Thermal Resistance,
Junction to Ambient..................

s DPo 13690

corvvernen.0.387-°C/mW

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions

BVcRo 60 - Volts lc =10uA.lg=0

BVceo® 40 - Volts lc=1.0mA, Ig =0°

BVepo 6.0 B Volts lg=10uA. Ic =0

lcEx - 50 nA Ve = 30 Volts, VEg(off) = 3.0 Volts
heg* 20 - - Ilc = 0.1mA Vcg = 1.0 VoIt (2N3903)
hgg’ 40 - - Il = 0.1 mA, Veg = 1.0 Volt' (2N3904)
heg* 35 - - Ilc = 1.0mA, Vg = 1.0 VoIt [2N3903)
heg* 70 - - Ic = 1.0 mA,Vcg = 1.0 Volt [2N3904)
heg* 50 150 - Ilc = 10 mA, Veg = 1.0 Volt (2N3903)
hgg* 100 300 - Ic = 10mA,Vcg = 1.0 Volt (2N3904)
heg* 30 - - lc = 650mA, Veg = 1.0 VoIt (2N3903)
heg* 60 - - Ic = 50 mA. Vg = 1.0 Volt (2N3904)
hee* 15 - - Ic = 100 mA, Vg = 1.0 Volt (2N3903)
hee* 30 - - I = 100 mA, Veg = 1.0 VoIt (2N3904)
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2N3903, 2N3904

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions

VeE(sat)® - 0.2 Volt Ic=10mA.lg = 1.0mA"
VeE(sat) - 0.3 Volt lc =50mA.Ig =5.0mA
VBE(sat)® 0.65 0.85 Volt Ilc=10mA.Ilg = 1.0mA"
VBE(sat)" - 0.95 Volt Ic =50mA, g =5.0mA

fr 250 - MHz Ic = 10 mA, Vg = 20 Volts

f =100 MHz (2ZN3903)

fr 300 £ MHz Ic = 10 mA, Vcg = 20 Volts
f = 100 MHz (2N3904)

Cois = 4.0 pF VB = 5.0 Volts, Ig = 0, f = 100 kHz
Cip - 8.0 pF VBE = 0.5 Volt, Ic = 0, f = 100 kHz
hie 0.5 8.0 k ohms Ic =1.0mA, Vg = 10 Volts,
f = 1.0 kHz (2N3903)
hie 1.0 10 k ohms Ic = 1.0mA, Vcg = 10 Volts,
f = 1.0 kHz (2N3904)
hre 0.1 5.0 X10~4%  Ic=1.0mA.Vcg = 10 Volts,
f = 1.0 kHz (2N3903)
hre 0.5 8.0 X10™%  Ig=1.0mA. Vg = 10 Volts
f = 1.0 kHz (2N3904)
hte 50 200 = Ic = 1.0 mA, Vcg = 10 Volts,
f= 1.0 kHz (2N3903)
hte 100 400 — Ic = 1.0mA, Vcg = 10 Volts,
f = 1.0 kHz (2N3904)
hoe 1.0 40 pmhos Ic = 1.0 mA, Vcg = 10 Volts,
f=1.0kHz
%] = 35 ns Vee = 3.0 Volts, Vg g(off) = 0.5 Volt,
t, = 35 ns Ic=10mA.Ig; = 1.0 mA
tg - 175 ns Vee = 3.0Volts, Ic = 10 mA. Ipg =

Ig2 = 1.0 mA (2N3903)
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2N3903, 2N3904

ELECTRICAL CHARACTERISTICS (T5 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions

te - 200 ns Vee = 3.0 Volts, Ic =10 mA. Igq =
Ig2 = 1.0 mA

t o 50 ns Vee = 3.0 Volts, Ic = 10 mA, Igq =
lgp = 1.0 mA

* Pulse Test: Pulse Width = 300 us, Duty Cycle = 2%.

SCHEMATIC

FIGURE 1 — DELAY AND RISE TIME
EQUIVALENT TEST CIRCUIT

+3.0v

300 ns
DUTY CYCLE = 2%

J-— -
~7.C. <40pF

FIGURE 2 — STORAGE AND FALL TIME
EQUIVALENT TEST TIME
+3.0V

10 <1t1<500 us
DUTY CYCLE = 2%

L..* 1 i.._-no.av

-da

Z7<C. <40pF°

1NS16

*Total shunt capacitance of test jig and connectors
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2N4123, 2N4124

GENERAL PURPOSE NPN SILICON

SWITCHING AND AMPLIFIER TRANSISTORS Package: T0-92
ABSOLUTE MAXIMUM RATINGS Total Device Dissipation
Characteristic 2N4123 | 2N4124 Unit @TA = B i s 310 mw
Collector-Emitter Voltage ....... 30 25 Vdc Derate above 25°C ............. 281 mw/eC
Collector-Base Voltage .......... 40 30 Vdc  Operating and Storage Junction
Emitter-Base Voltage .... 5.0 Vde Temperature Range ............ -55t0 +135 oC
Collector Current......cccceereveens 200 mAdc  Thermal Resistance, Junction
Total Device Dissipation A0 ATNDIBNT s e s sosvasass 0.357 °C/mw
@TA =09 s v 210 mW
ELECTRICAL CHARACTERISTICS (TA = 259C unless otherwise noted)
Symbol Min Max Unit Conditions
BVCEO' 30 - Vdc iC =1 mAdc, e = 0 2N4123
25 - 2N4124
BVCBO 40 - Vdc ]C =10 vAdc, |E =0 2N4123
30 = 2N4124
BVEBO 5.0 - Vdc tE =10 vAdc, c* 0
ICBO - 50 nAdc UCB = 20 Vdc, 'E =0
IEBO - 50 nAdc VBE=3Vdc,IC=0
hFE' 50 150 - |C=2mAdc, VCE= 1 Vde 2N4123
120 360 2N4124
25 - 1C =50 mAdec, VCE =1 Vdc 2N4123
60 - 2N4124
VCE(sat]l‘ - 0.3 Vdc 1C = 50 mAdc, Ia =5 mAdc
VBE{sat}" — 0.95 Vdc IC =50 mAdc, |B =5 mAdc
[hfe] 25 - - IC = 10 mAdc, VCE = 20 Vdc, 2N4123
f=100 MHz
3.0 - 2N4124
fT 250 - MHz IC =10 mAdec, VCE =20 Vdc, 2N4123
f=100 MHz
300 = 2N4124
C‘:,b - 4.0 pF \:‘CBES\:'d::,IE =0,f=100 kHz
Cip - 8.0 pF Vgg - 0.5 Vdc, I =0, =100 kHz
hfe 50 200 - IC =2 mAdc, VCE =1 Vdc, 2N4123
f=1kHz
120 480 2N4124
NF = 6.0 dB IC =100 vAdc, VCE =5 Vdc, 2N4123
RS =1k ohm,
_ 5.0 Noise Bandwidth = 10 Hz to 15.7 kHz
2N4124
4 Typ. 24 ns Delay Time VCC = 3Vdc, VEB(cff} = 0.5 Vdec,
t, Typ. 13 ns Rise Time lC = 10 mAdc, |S1 =1 mAdc
t5 Typ. 125 ns Storage Time VCC = 3 Vdc, IC = 10 mAdec,
t Typ. 11 ns Fall Time IB1 = I32 =1 mAdc

*Pulse Test: Pulse Width = 300 us, Duty Cycle = 2%.
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Package: To-92

2N4125, 2N4126

GENERAL PURPOSE NPN SILICON
SWITCHING AND AMPLIFIER TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Total Device Dissipation

Characteristic 2N4125 | 2N4126 Unit @ TA = 250C riniierernnnes 310 mw
Collector-Emitter Voltage ....... 30 25 Vdc Derate above 25°C ............. 281  mw/oC
Collector-Base Voltage.............. 30 25 Vdc Operating and Storage Junction
Emitter-Base Voltage 4.0 Vdc Temperature Range ............ -55t0 +135 oc
Collector Current .......coeeevvvnnnn. 200 mAdc Thermal Resistance, Junction
Total Device Dissipation to Ambient ....iininain 0.357 oCc/mw
@TA=60°C...,...............,..A 210 mw
ELECTRICAL CHARACTERISTICS iTA = 259C unless otherwise noted)
Symbol Min Max Unit Conditions
BVCEO’ 30 — Vdc IC =1 mAdc, E” 0 2N4125
25 — 2N4126
BVCBO 30 - Vdc lC = 10 uAdc, IE =0 2N4125
25 - 2N4126
BVEBO 4.0 = Vdc IE = 10 vAdc, lC =0
ICBO - 50 nAdc VCB =20 Vdec, |E =0
IEBO i — - 50“ o _nAdE“_ ___\{B_E.? 3 Vdc, IC =0
hFE ” 50 150 - IC = 2 mAdc, vCE =1Vdc 2N4125
120 360 2N4126
25 - IC =50 mAdc, VCE =1 Vdc 2N4125
60 -— 2N4126
VCE{sat}' - 0.4 Vdc IC =50 mAde, IB =5 mAdc
VBE{sat]l' - 0.95 Vdc IC = 50 mAdc, IB =5 mAdc
hfe 20 — == IC: 10 mAdc, VCE =20 Vdc, 2N4125
f=100 MHz
2.5 - 2N4126
fT 200 - MHz IC= 10 mAdc,VCE =20Vdec, 2N4125
f= 100 MHz
250 - 2N4126
cob - 4.5 pF VCB=5Vdc’IE =0, f=100kHz
Cib - 1?___ pF VBE = 0.5 Vdc, IC =0,f=100 kHz
o 50 200 - IC =2 mAdc, VCE =1 Vde, 2N4125
f=1kHz
120 480 2N4126
NF - 5.0 dB Ic= 100 uAdc, vCE =5 Vdc, HS =1 ohm,
= 2N4125
- 4.0 Noise Bandwidth = 10 Hz to 15.7 kHz
2N4126
td Typ 25 ns Delay Time VCC = 3 Vde, VBE[Dfﬂ = (0.5 Vdc,
tr Typ 18 ns Rise Time IC = 10 mAdec, |B1 =1 mAdc
T Typ 140 ns Storage Time VCC = 3 Vde, IC = 10 mAde,
t Typ 15 ns Fall Time |B1 = I82 =1 mAdc

*Pulse Test: Pulse Width = 300 usec, Duty Cycle — 2%.
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2N4137%®
HIGH-SPEED NPN SILICON SATURATED

Package: TO-18

SWITCHING TRANSISTOR
* HIGH FREQUENCY CURRENT GAIN............cc..c... f = 500 MHz Min.
* HIGH VOLTAGE ....ccooocunscvuiiimrrsssassssvimmensscenneeses LYGEQ = 20 Volts Min.

+ LOW CAPACITY..

* LOW CHARGE STORAGE TIME ..........cccoiviiiniennins

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Collector-Base Voltage ..........cc..cccocccovnnennnn.... 40 Volts
Collector-Emitter Voltage ....................c.............. 40 Volts
Collector-Emitter Voltage (Note 4) .................... 20 Volts
Emitter-Base Voltage ..............cocooovevncccn. 4.5 Volts
Collector Current (10 usec Pulse) ...................... 500 mA
DC -ColleCtariCUTTENE .. .. wacssanmsnsrsinsassiinss ...200 mA
Total Device Dissipation @:

Tc =25°C (Notes2 and 3) ........................ 1.2 Watts
Tc =100°C (Notes 2 and 3).................... 0.68 Watt
Ta =25°C(Notes2 and 3) ...................... 0.36 Watt
Storage Temperature ...................... —65°C to +200°C
Operating Temperature....................... 200°C Maximum
Lead Temperature
(Soldering, 80 sec Time Limit)......... 300°C Maximum

- Cgpo = 4.0 pf Max.
wwnTg = 13 ns Max.

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

Symbol Min Typ Max Unit Conditions

hrE 40 66 120 - I =10 mA.Vgg = 1.0 Volt (Note 5)
heg(—55°C) 20 50 - - Igc=10mA,Vcg = 0.35 Volt (Note 5)
VBE(sat) 0.72 0.8 0.85 Volt  Ic=10mA,Ig = 1.0 mA (Note 5)
VBE(sat) 0.59 - 1.02 Volts I =10 mA, Ig = 1.0 mA (Note 5)
VBE(sat) ~ 0.9 1.15 Volts  Ic =30 mA,Ig = 3.0 mA (Note 5)
VBE(sat) = 1.1 16 Volts  Ic = 100 mA, Ig = 10 mA (Note 5)
VeE(sat) s 0.19 0.3 Volt  Ic=10mA,lg = 1.0 mA (Note 5)
IcES L 0.05 0.4 pA VB =0, Vgg = 20 Volts
lcgol150°C) = 10 30 MA Ig =0,Vcg = 20 Volts
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2N4137

ELECTRICAL CHARACTERISTICS (T5 = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
BVces 40 - - Volts  Ic = 10uA, Vgg =0
BVcBo 40 - - Volts  Ic=104A.1g =0
VCEO(sust) 20 - = Volts  Ig = 10 mA (pulsed). Ig = 0

{Notes 4 and 5)

BVego 4.5 - = Volts  Ig = 10uA.Ic =0

heg 40 63 120 ~ lg =10 mA, Vcg = 0.35 Volt (Note 5)
hege 30 71 - - Ic = 30 mA, Vg = 0.4 Volt (Note 5)
heg 20 5 = - lg=100mA,Vcg = 1.0 Voit (Note 5)
VeE(sat) - 0.14 0.2 Volt  Ic=10mA.lg = 1.0 mA (Note 5)
VeElsat) - 0.12 0.18 Volt Ic = 10 mA. Ig = 3.3 mA (Note 5)
VeE(sat) = 0.17 0.25 Volt  Ic =30 mA. g = 3.0 mA (Note 5)
VeEisat) . 0.28 05 Volt  Ic =100 mA.Ig = 10 mA (Note 5)
VBE(sat) 074 085 10 Vot Ic =10 mA.Ig = 3.3 mA (Note 5)
Nfe 5.0 6.75 3 - Ig=10mA, Vcg = 10 Volts

G . 2.3 4.0 pf  1g=0,Vcg = 5.0 Volts

Ts - 6.0 13 nsec lc =lg1~ 10 mA,

Ig2 =~ —10 mA (Note 6)

ton - 9.0 12 nsec lc = 10mA, g1 = 3.3 mA
(Note 6)

toff - 7.0 12 nsec Ilg=10mA,lgq = 3.3 mA,
lg2 = —3.3 mA (Note 6)

NOTES:

(1
(2}
13

(4)
(5)
(8)

These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired
These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations

These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 146°C/watt (derating
factorof 6.85 mW/2C). Junction-to-ambient thermal resistance of 486°C/watt (derating factor of 2.06 mW/°C}.

Ratings refer to a high-current point where collector-to-emitter valtage is lowest
Pulse Conditions: length = 300 usec: duty cycle = 1%

See switching circuits for exact value of lC- Igq.andlgs
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2N4137

CHARGE STORAGE TIME MEASUREMENT CIRCUIT

L
5505;

SCHEMATIC
a L ¥in®
vI|'|
~10 n
Pulse Generator
Vin Rise Time < 1 nsec
Source Impedance = 500
PW 2 300 nsec
Duly Cycle <2 %
A
Yin
0—1 -10%
]
Yout
t o901
Ton— vgp -3V
-1 Yin 5 v 1525V

Pulse Generator
¥in Rise Time < | nsec
Source Impedance = 500
Pw * 300 nsec

Duty Cycle <2 %

tow — to MEASUREMENT CIRCUIT

< Yout

2200 01
5003 33k 5003
00023 | 00023
| LR LA
0005 | 0005
li 1t
L mw
01 01
It b
" w
“afa "'cc’ =3V
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184 10% Pulse waveform
== at point 'A'
T :
v

—tg—

To Sampling Oscilloscope
Input Impedance = 500
Rise Time £ ]| nsec

o
10
\fl.. h =
90 %
toft
Yaggs +132V
Yin=-219V

To Sampling Oscillascope
Ingul Impedance = 500
Rise Time % | nsec



Package: To-92

2N4400, 2N4401
GENERAL PURPOSE NPN SILICON

SWITCHING AND AMPLIFYING TRANSISTORS

ABSOLUTE MAXIMUM RATINGS
{TA = 259C unless otherwise noted)

SWITCHING TIME EQUIVALENT TEST CIRCUITS

+30V

Characteristic Unit
Collector-Emitter Voltage ..............cceeeneeeee.. 40 Vde
Collector-Base Voltage ........ccccccvvrviirvnneenenn.. 60 Vde
Emitter-Base Voltage ............coevviisiisnnennens. 6.0 Vde
Collector Current - Continuous ............... 600 mAdc
Total Device Dissipation

TA =806 swsssaaniainsiimsasasza 310.mW

Derate above 25°C .............ccceveeee. 2.81 mW/OC

+i6V

Operating & Storage Junction
Temperature Range .......ccevveevnenns
Thermal Resistance,
Junction 10 Case ........c.cceeceveevienns

Thermal Resistance,
Junction to Ambient ...............

-55 to +135 2C

—14v

.0.137 °C/mW

.0.357 °C/mw

SCOPE RISE TIME

1.0 1o 100 s
DUTY CYCLE 2%

i‘_ < 2ns

TURN-ON TIME

ja=10 1010043

DUTY CYCLE—2%

- |.-— < 2008

TURN-OFF TIME

—av D'

Ans

'TOTAL SHUNT CAPACTANCE OF TEST WG,
CONNECTORS, AND OSCILLOSCOPE

ELECTRICAL CHARACTERISTICS (TA = 259C unless otherwise noted)

Symbol Min Max Unit Conditions

BVCEO* 40 - Vdc |C =1 mAdec, IB =0

B\’cao 60 ar Vdc IC = 0.1 mAdc, IE =0

BVEBO 6.0 - Vdc IE =0.1 mAdc, IC =0

ICEX = 0.1 vAdc VCE =35 Vdc, VEB{ofﬂ = 0.4 Vdc

IBL — 0.1 uAdc VCE = 35 Vdc, VEB{off] = 0.4 Vdc

hFE 20 — - IC = 0.1 mAdc, VCE =1Vdc 2N4401
20 — Ic =1 mAdc, VCE =1Vdc 2N4400
40 == 2N4401
40 - |C =10 mAdc, VCE =1 Vdc 2N4400
50 = 2N4401
50 150 IC = 150 mAdec, VCE =1 Vdc* 2N4400
100 300 2N4401
20 - IC =500 mAdec, VCE =2 Vdc* 2N4400
40 - 2N4401

VCEl:sat) - 0.4 Vdc IC = 150 mAdec, IB =15 mAdc
- 0.75 IC =500 mAdc, IB = 50 mAdc

VBE{sat] 0.75 0.95 Vdc !C = 150 mAdc, IB =15 mAdc
— 1.2 ‘C =500 mAdc, ’B =50 mAdc

fT 200 — MHz IC=2OmAdc, VCE= 10 Vdc, f = 100 MHz

2N4400

250 - 2N 4401

*Pulse Test: Pulse Width — 300 us, Duty Cycle — 2%.
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2N4400, 2N4401

ELECTRICAL CHARACTERISTICS (T,=25°C)

SYMBOL MIN. MAX. UNITS CONDITIONS
ch - 6.5 pF vCB = b Vdc, IE =0, f-100 kHz, emitter guarded
Cab - 30 pF VBE = 0.5 Vdc, IC =0,f=100kHz,
Collector guarded
e 05 7.5 k ohms IC =1 mAdc, VCE =10Vdc, f=kHz  2N4400
1.0 15 2N4401
4 = = =
hre 0.1 8.0 x 10 IC =1 mAdec, VCE =10Vdc, f=1 kHz
hfe 20 250 = IC =1 mAdc, VCE =10 Vdc, T =1 kHz 2N4400
40 500 2N4401
hoe 1.0 30 umhoe IC = 1 mAdc, VCE =10Vdc, f=1 kHz
Y - 15 ns VCC = 30 Vde, VEBloffl =2 Vdc,
t, — 20 ns EC = 150 mAdc, IB.I =15 mAdc
t == 2725 ns Voo © 30 Vdc, T, = 150 mAdc,
t - 30 ns FB1 =|32=15 mAdc
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2N4418, 2N4419

Package: To-92 LOW-LEVEL NPN SILICON TRANSISTORS
ABSOLUTE MAXIMUM RATINGS {TA = 250C unless otherwise noted)
Characteristic 2N4418 2N4419  Unit
Collector-Emitter Voltage ........| 15 | 12 Vdc
Collector-Base Voltage .............. 30 Vdc
Emitter-Base Voltage ................ 6.0 Vde
Collector Current........coeveceeisns 200 mAdc
Total Device Dissipation
@ TA Sl 1 12 o NN 210 mwW
Total Device Dissipation
@TA =600 o 310 mwW
Derate above 259C ............. 2.81 mW/°C
Operating and Storage Junction
Temperature Range ............ [ -55 to +135 oc
Thermal Resistance, Junction
1O AMBIBNL . .ovvivisviheivsaniiis 0.357 oC/mw
TEST
CONDITION | d¢:. | Ve | Rar || Re: | Camani| VeEsior] Yo | Va Vs
mA \" 0 0 pF \ " \" Vv
A 10 3 3300 270 4 —-15 10.55| —4.15 10.70
B 10 10 560 960 4 = - —4.65 6.55
c 100 10 560 96 12 —2.0 | 6.35 |—4.65 6.55

Figure 1 — Switching Time Equivalent Test Circuit

VEB (of f)

— e—<2n5s — 4—-<2n3

PULSE WIDTH(t)=2ns DUTY CYCLE=2%

12-143



2N4418, 2N4419

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO 15 - Vdc IC =1 mAdec, |E =0 2N4418
12 e 2N4419
BVCBO 30 - Vdc IC =10 vAdc, IE =0
ICEX - 100 nAdc VCE =12 Vdc, VEB{offIl =0.25 Vdc
IBL — 0.1 uAdc VCE =12 Vdc, VEB{offl =0.25 Vdc
- 10 VCE = 10 Vdec, VEB(off} =0.25 Vdc, TA =100°C
hFE 25 - — IC =1 mAdc, VCE =1Vdc 2N4418
50 = 2N4419
40 160 |c = 10 mAdec, VCE =1Vdc 2N4418
100 400 2N4419
20 - lC =10 mAdc, VCE =1 Vde, 2N4418
45 - TA = 550C 2N4419
40 - IC = 30 mAdc, VCE =1 Vdc 2N4418
a0 - 2N4419
30 — IC =100 mAdc, VCE =1Vdc 2N4418
55 - 2N4419
20 - Ic =200 mAdc, VCE =1 Vdc 2N4418
35 - 2N4419
VCE[sat] - 0.22 Vdc IC = 10 mAdc, IB =1 mAdc
- 0.35 IC = 100 mAdc, IB =10 mAdc
= = d
VBE{sat) 0.65 0.80 Vdc 1C 10 mAdc, IB 1 mAdc
0.75 0.95 IC = 100 mAdec, lB =10 mAdc
f“l“ 300 - MHz IC=10 mAdc, VCE =10 Vdc, f = 100 MHz
Cob — 4.0 pF VCB =5 Vdec, iE =0, f=100kHz
Cib - 8.0 pF VBE = 0.5 Vdc, |C =0, f=100kHz
ton — 25 ns Turn-On Time Figure 1, Test Condition A
\Y c™ 3 Vdec, VEB(ofﬂ = 1.5 Vde,
IC =10 mAdc, |B1 = 3 mAdc
ot — 35 ns Turn-Off Time Figure 1, Test Condition A
V.~=3Vdc, |.=10mAdc,
cC Cc
[81 =3 mAdc, IB2 = 1.5 mAdc
‘s - 20 ns Storage Time  Figure 1, Test Condition B
VCC =10 Vdc, IC =10 mAde,
|B1 = I82 =10 mAdc
ty - 8.0 ns Delay Time Figure 1, Test Condition C
VCC =10 Vdc, VEBIcff] = 2'Vdc,
tr — 15 ns Rise Time IC = 100 mAdc, EB1 = 10 mAdc
t - 20 ns Storage Time  Figure 1, Test Condition C
VCC =10 Vdgc, lC = 100 mAdec,
t — 15 ns IB1=I32=1GmAdc
O.T - 80 pC Total Control VCC = 3 Vdc, ‘C =10 mAde,
Charge |B = mAdc
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Package: To0-92 2N4420, 2N4421, 2N4422
HIGH-SPEED NPN SILICON SATURATED SWITCHING TRANSISTORS

FIGURE 1—t__andt .. TEST CIRCUIT
on off

ABSOLUTE MAXIMUM RATINGS

Characteristics Vgg= -30V Ve = +I0V
e =

Collector-Base Voltage ........ccoovvvinniinrireiennnnn.

Collector-Emitter Voltage
Collector-Emitter Voltage Suf
Applicable 0. 01-200 mA ........cccoiiininnnnn. 15 Vdc

Emitter-Base Voltage

Collector CUMTRNT jiiiiiiiivsaisrmisesssersesisssnsons
To Sampling Scope

Collector Current (10 us pulse) ................... 500 mA Rise Time<1.0ns
Total Device Dissipation ® T, =250C ....... 200 mW Input A OC KR
Derate above 250C................c.occoooro.. 2.0 mW/0C +76v O:ApE
Total Device Dissipation @ TC =259C ....... 500 mWw
Derate above 259C ..........ccceeevviivirnnn 5.0 mWw/oC
Operating Junction Temperature .................. 125°C S
Storage Temperature Range ............. -55 to +125 °C

= ':_-*_I_

Pulse Width =240 ns
o< 1.Ons

Z,,=50
FIGURE 2—CHARGE STORAGE TIME MEASUREMENT CIRCUIT
+ 6V = 10% Pulse waveform
0——-§ at point A
e —f -av o
U.
l o / 5 Vout
-10 10% '
Fulse Generator -T, To Sampling Oscilloscope
VinRise Time < Ins Zip = 100K
R i Rise Time <<1ns
Duty Cycle<2%
X [
@ ' ol Vout
Vin :: '
0.1 <90
$sen /
- +
]
10pf  +0
ll\i’i 1oV
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2N4420, 2N4421, 2N4422

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise specified.)

Symbol Min Max Unit Conditions
BVCBO 40 - Vdc 1C = 100 vAdc, £E= 0
BVCES 40 - Vdc 10 =100 vAdc, VBE =0
VCEO!sus]' 15 - Vdc Ic= 10 mAdc
EVEBO 5.0 = Vdc Ic = 100uAdc, T =0
VCE{sat]* - 0.2 Vdc [C = 30 mAdc, lB = 3.0 mAdc k&
- 0.3 IC = 30 mAdc, IB = 3.0 mAdc, TA =+65C
- 0.28 |C = 100 mAdc, IB = 10 mAdc
- 0.5 IC = 300 mAdc, 18 = 30 mAdc
VBE(sat]l' 0.75 0.95 Vdc Ic = 30 mAdc, IB = 3.0 mAdc
- 1.2 IC=100mAdc,iB=10mAdc
- 1.7 IC = 300 mAdec, IB = 30 mAdc
hFE' 30 120 - IC = 30 mAdc, VCE =0.4 Vdc
25 — IC =100 mAdc, VCE = 0.5 Vdc
15 - IC=300mAdc, VCEz 1.0 Vdc
ICES - 0.5 uAdc VCE = 20 Vdc, VEB =0
= 3.0 VCE=20 Vde, VEB=0,TA=+BSC
IB - 05 uAdc VCE = 20 Vdc, VEB =0
Cob - 5.0 pF VCB =50V, |E =0, =140 kHz
Cih - 8.0 pF VBE=0,5 V, IC=0,f= 140 kHz
hfe 35 - = 1c=30mA,VCE =10V, f=100 MHz
td e 10 ns VCC=+10V'IC3=300mA'IBT=30mA'
VBElofﬂ =-3.0V (Fig. 1)
t - 15 ns VCC=+10 V,ICS=300 m.&.,lB1 =30 mA,
VBE{off} =-3.0V (Fig. 1)
ton — 18 ns IC=300 mA'IB1 =30 mA,
VBE[off] =-3.0V (Fig. 1)
ts - 20 ns VCC=+1O V,Ics=300 m;-'-\,lB1 =30 mA,
Il32 =-30 mA (Fig. 1)
te - 15 ns VCC=+10V,1CS=300 n'u*?\,lB1 = 30 mA,
IB2 =-30mA (Fig. 1)
tosf - 28 ns IC =300 mA, |B1 =30 mA,
IB2 =-30mA (Fig. 1)
TS - 18 ns |c=1UmA,IB1=10mA,
IB? =-10 mA (Fig. 2)

*Puise Conditions: PW < 300 us; Duty Cycle £ 1%.

12-146



Package: To-92

2N5224

GENERAL PURPOSE NPN SILICON LOW-LEVEL SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit
Collector-Emitter Voltage .........ccccceerveennn. 12 Vdc
Collector-Base Voltage ..........ccccrvvercvennnenne.. 25 Vde
Emitter-Base Voltage ........cccceecnnuniiieeacnnne. 5.0 Vde

Total Device Dissipation @ TA =250C ... 310 mW
Derate above 25°C ...........ccceueunee.n. 2.81 mW/OC
Operating and Storage Junction
Temperature Range ................... -55 to +135 °C
Thermal Resistance, Junction

to Ambient .......ccccceeeeririninneennnnn.. 0.357 OC/mW

Figure 1 — Switching Time Test Circuit

P o = S

TURN-ON INPUT PULSE TURN-OFF INPUT PULSE

Vee =3.0v

GENERATOR SOURCE IMPEDANCE = 50 ohms

INPUT PULSE:
RISE TIME =<20ns
FALL TIME =2 0ns
NOMINAL PULSEWIDTH= 300ns
NOMINAL DUTY CYCLE: 2.0%,

CSCILLOSCOPE:

RISE TIME O.dns

INPUT RESISTANCE = 50 ohms
INPUT CAPACITANCE << 4.0 pF

ELECTRICAL CHARACTERISTICS (TA = 259C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO* 12 - Vdcq IC= 10 mAdec, IB=0
BVCBO 25 - Vdc IC = 100 vAdc, IE =0
BVEBO 5.0 - Vdc IE =100 uAdc, IC =0
ICBO - 500 nAdc VCB =15 Vdc, 'E =0
IEBO - 100 uvAdc VBE = 4,0 Vdc, |C =0
hFE 40 400 - IC = 10 mAdec, VCE =1.0Vdc
15 - ]C=‘EOQ mAdec, VCE= 1.0 Vdc
VCE{sat] - 0.35 Vdc Ic =10 mAdc, IB = 3.0 mAdc
VBE_[satI - 0.9 Vdc |C = 10 mAdec, IB = 3.0 mAdc e
fT 250 - MHz IC =10 mAdc, VCE =10 Vdc, f = 100 MHz
ch - 4.0 pF VCB = 5.0 Vdc, 1E =0,f=1.0MHz
1 - 25 ns Delay Time See Figure 1
t. — 20 ns Rise Time See Figure 1
t o= 35 ns Storage Time See Figure 1
T — 25 ns Fall Time See Figure 1

*Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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MPS706, MPS706A Package: T0-92
HIGH-SPEED NPN SILICON LOW-LEVEL SWITCHING TRANSISTORS

Vee®30 Ve
lAdjust for 10mA}

ABSOLUTE MAXIMUM RATINGS

Characteristic MPS706 | MPS706A Unit Tyoe A swunq;s;g;:‘
Collector-Emitter Voltage

(F{BE = 10 Ohms) 20 Vdc yo S e
Collector-Base Voltage 25 Vdc J__—l_ fslokal koo
Emitter-Base Voltage 3.0 [ 5.0 Vdc _2;:_ =) |=
Total Device Dissipation "

@T, =259 310 mW Figure 1 — Switching Time Test Circuit

Derate above 25°C 2.81 mWw/eC
Operating and Storage Junction l’::;f::’fa A

Temperature Range 55 to +135 oc Tex 6 SomeNng Sepsicr

1143
+50 v Pulse voits

internol Resnislance
50 Ohms 350
OV == = —[—

Figure 2 — Storage Time Test Circuit

ELECTRICAL CHARACTERISTICS (TA = 259C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO" 15 = Vde IC= 10 mAdc,IB=0
BVCEFI 20 - Vdcqg IC =10 mAdc, HBE =10 Ohms
ICBO - 05 uAdc VCB =15 Vdec, IE =0
IEBO - 10 uAdc VEB = 3.0 Vdc, IC =0
hFE‘ 20 - - IC =10 mAdc, VCE =1.0 Vdc
MPS706
20 60 MPS706A
Veciabe = 0.6 Vde o= 10 mAde, g = 1.0 mAdc
VBE(sat}' — 09 Vdc ]C = 10 mAdec, ]B = 1.0 mAdc
MPS706
0.7 0.9 MPS706A
fT 200 - MHz !C=10 mAdc, VCE =15 Vdc, f= 100 MHz
Cob = 6.0 pF VCBZ 10 Vdc,lE =0, f=100 kHz
s = 50 Ohms IE = 10 mAdc, VCE =15 Vdg, f = 300 MHz
Ton** = 40 ns Turn-On Time See Figure 1
toffns - 75 ns Turn-Off Time See Figure 1
TS” - 60 ns Charge Storage Time Constant ** See Figure 2
MPS706
- 25 MPS706A

*Pulse Test: Pulse Width =< 12 ns, Duty Cycle < 2.0%.
**NMeasured with Tektronix Type R Plug-In (50-Ohm Internal Impedance) and circuits shown.
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Package: To-92

MPS834

HIGH-SPEED NPN SILICON SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

_Characteristic Unit
Collector-Emitter Voltage ............................ 30 Vde
Collector-Base Voltage ...... E—— T
Emitter-Base Voltage ... wranennee 5,0 Vde
Collector Current .............. s SO MADE

Total Device Dissipation @ TA =2560C......310 mW
Derate above 25°C ......................... 2.81 mW/°C
Total Device Dissipation @ TC =259C ........500 mW

Derate above 259C ......................... 455 mW/9C
Operating and Storage Junction
Temperature Range .................... -55 10 +135 2C

Figure 2 — Charge Storage Time

Constant Measurement Circuit

Tatt “en-i]_t ‘afvpg’ +16vae #in - =19 Jae
O ———‘ Ov_]_*-

Figure 1 — Turn-On and Turn-Off

fatehvde

Time Measurement Circuit

uv

ELECTRICAL CHARACTERISTICS ITA = 259C unless otherwise noted)

Symbol Min Max Unit Conditions

BVCBO 40 - Vdc 'C = 10 vAdc, ‘E =0

BVEBO 5.0 - Vdc IE = 10 vAdc, IC =0

lCES - 10 uAdc VCE = 30 Vdc, VBE =0

lCBO — 0.5 vAdc VCE = 20 Vdc, IE =0

hFE' 25 — - Ic = T0 mAdc, VCE = 1.0 Vdc

VCE (sat)* - 0.25 Vdc Tc = TOmAde, T, = T0 mAde

— 04 lc = 50 mAdec, IB =5.0 mAdc

VEEI 0* - 09 Vdc I = 10 mAdec, I!3 = 1.0 mAdc

f_.L 350 - MHz IC= 10 mAdc, VCE = 20 Vdc, f = 100 MHz

Cob - 4.0 pF VCB = 10 Vdc, 'E =0,f=100 kHz

T — 16 ns Turn-On Time IC =10 mAdc, IB1 = 3.0 mAdc,
132 = 1.0 mAdc See Figure 1

toff — 30 ns Turn-Off Time IC = 10 mAdc, IB.I = 3.0 mAdc,
I82 = 1.0 mAdc See Figure 1

t s 25 ns Storage Time I =10 mAdc, Ig, = g5 _ 19 made
See Figure 2

*Pulse Test: Pulse Width 2 12 ns, Duty Cycle = 2.0%.
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MPS2369

Package: To-92

HIGH-SPEED NPN SILICON SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS
Characteristics Unit

Collector-Emitter Voltage ............ccceeevnnnnns
Collector-Emitter Voltage ..........c.ccoeevivvnns 40 Vdc
Collector-Base Voltage
Emitter-Base Voltage ......

Collector Current-Peak
Total Device Dissipation
@ T = 250C., Y
Derate above 25°C .......................... 2.81 mw/oC
Operating and Storage Junction

Temperature Range ......... .-551t0 +135 °C
Thermal Resistance, Junction

10 AMBIBNL i i it nearsensnanenens 0.355 °C/mw

Figure 1 — T Circuit

—in I..._ 10V
+106V | I
i
o --.f4 -_f_--
Ta o,
—18V 1Cg =>40p
I
—.‘ < LOns A

PULSE WIDTH (1,)=300ns
DUTY CYCLE =2.0%

Figure 2 — tofs Circuit

i
)

+10.T5v

[ T SEErEE] (4, Wi
- 418V
—=| |+ <10ns

PULSE WIDTH [r|J= 300ns
DUTY CYCLE =2.0%

Figure 3 — Storage Test Circuit

< 1.0ns -—

PULSE \'|UTH‘I‘]=300RI
DUTY CYCLE =20%

*Total shunt capacitance of lest jig and connectors

ELECTRICAL CHARACTERISTICS ITA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO‘ 15 - Vdc IC— 10 mAdc,IB=0
BVCES 40 — Vdc lc = 10 uAde, VBE =0
BVCBO 40 - Vdc !C =10 vAdc, lg =0
BVE BO 45 - Vdc iE = 10 vAdc, 1C =0
ICBO - 04 uAdc VCB = 20 Vdc, Ig = 0
— 30 VCB=2O Vdc,IE =0, TA=125'JC
hFE' 40 120 = EC 10 mAdec, VCE =1.0 Vdc
20 - l =10 mAde, VCE 1.0 Vdc, TA = 5659C
20 - IC = 100 mAde, VC = 2.0 Vdc
VJElsatJ - 0.25 Vdc IC =10 mAdec, IB = 1.0 mAdc
VBE[sat]' 0.70 0.85 Vdc IC =10 mAdc, 13 = 1.0 mAdc
cob - 4.0 pF VCB= 5.0 Vdec, IE=O,f= 140 kHz
hfe 5.0 - — C-— 10 mAdc, VCE =10 Vdc, f = 100 MHz
ton — 12 ns VCC = 3.0 Vdc, vBE (off) = 1.5 Vdc,
lc = 10 mAdc, lp4 =3.0mAdc Figure 1
Toff - 18 ns \ C=3,0 Vdc,lcﬂ 10 mAdec, IB1 = 3.0 mAdec,
IB2 = 1.5 mAdc Figure 2
ts - 13 ns IB‘I =1B2= IC=10mAdc Figure 3

*Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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Package: T0-92 MPS2713, MPS2714
GENERAL PURPOSE LOW-LEVEL NPN SILICON SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit
Collector-Base Voltage ..........c.cocoeveveviienennn.. 18 Vdc
Collector-Emitter Voltage ...........ccceceviviiniinns 18 Vdc
Emitter-Base Voltage .............cccceeevrvrineeeeenn.. 5.0 Vde
Collector Current .......ccccceereevicnvneriionnnnn... 200 mAdc
Total Device Dissipation @ T , = 60°C....cc.: 210 mw
Total Device Dissipation @ TA =250C ........ 310 mW

Derate above 25°C ........ccccooeeennenn. 2.81 mw/ecC
Thermal Resistance, Junction

to Ambient ........oceieiiiviniiinnninne. 0,357 OC/mW
Junction Operating Temperature ................. 135 °C
Storage Temperature Range ............. -55 to +135 °C

ELECTRICAL CHARACTERISTICS {TA = 259C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
ICBO - - 0.5 uAdc VCB = 18 Vdc, 'E =0
- - 15 VCB=18Vdc, lE=0,TA=100°C
IEBO — - 0.5 vAdc VEB =5 Vdc, |C =0
hFE 30 B0 90 — IC = 2 mAdc, VCE = 45 Vdc
MPS2713
75 150 225 MPS2714
VCE(sat} — 0.16 0.3 Vdc IC =50 mAdec, lB = 3 mAdc
VBE(sat} 0.6 0.75 1.3 Vdc lC =50 mAdc, lB =3 mAdc
hfe 30 — 120 — |C = 2 mAdc, VCE =45Vdc, f=1kHz
MPS2713
80 - 300 MPS2714
fT = 250 —~ MHz IC= 10 mAdc, VCE =10 Vdgc, f = 100 MHz
Cob - 25 — pF VCB= 10 Vdc,IE =0,f=100kHz
h]e — 3000 - ohms Ic = 0.5 mAdc, VCE =1 Vdc, f=1kHz
ty - 7.0 - ns Delay Timelc= 10 mA,IB.J =3 mA,
t = 6.0 = ns Rise Time VCC =10V
ts — 12 — ns Storage TimeIC= 10 mA, iB1 =3 mA,
tf - 9.0 - ns Fall Time |82 =1 mA, VCC =10V
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MPS3646

Package: To-92

HIGH-SPEED NPN SILICON SATURATED SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit Collector Current (10 us pulse) ................... 500 mA
Collector-Base Voltage ..................ccoou........ 40 Vide Total Device Dissipation @ TA =250C....... 200 mW
Collector-Emitter Voltage ......................... 40 Vdc Derate above 250C ..............cccoeeeeeen.. 2.0 mMW/OC
Collector-Emitter Voltage Total Device Dissipation @ T, =259C......500 mW
Applicable 0. 01-200 mA ........................ 15 Vdc Derate above 262C ..iniiimiiiio... 5.0 mW/eC
Emitter-Base Voltage ............c...coiiiivcvevinns 5.0 Vdc Operating Junction Temperature .................. 125 9C
Collector Current.........cccceeeeveeevvevneennnnnnn, 200 MA Storage Temperature Range ............ -55 to +125 9C
ELECTRICAL CHARACTERISTICS iTA = 250C unless otherwise specified.)
Symbol Min Max Unit Conditions
BVCBO 40 - Vdc IC = 100 vAdc, ‘E =0
BVCES 40 - Vdc IC = 100 vAdc, VBE =0
VCEO!susl = 15 - Vdc IC =10 mAdc
BVEBO 5.0 — Vdc 1E=100uAdc,IC=0
VCE(sat}‘ — 0.2 Vdc JC = 30 mAdc, IB = 3.0 mAdc
- 0.3 |c = 30 mAdc, IB = 3.0 mAdc, TA =+65C
o= 0.28 Ic = 100 mAdc, iB = 10 mAdc
— 0.5 IC = 300 mAdc, IB = 30 mAdc
VBElsa‘tl i 0.75 0.95 Vdc LC = 30 mAdc, IB = 3.0 mAdc
— 1.2 EC=1OOmAdc,IB=10mAdc
- 1.7 ]C = 300 mAdc, IB = 30 mAdc
hFE 3 30 120 — lc = 30 mAdec, VCE =0.4 Vdc
25 - 'C =100 mAdc, VCE =0.5 Vdc
15 - Ic=300mAdc, VCE: 1.0 Vdc
'CES - 0.5 uAdc VCE = 20 Vdc, VEB =0
- 3.0 VCE=20 Vdc,VEB=0, TA=+GSC
IB - 0.5 uAdc VCE = 20 Vdc, VES =0
Cob - 5.0 pF vCB=5‘0 v, iE =0,f=140kHz
Cib - 8.0 pF VBE=0.5 V,IC=0,f= 140 kHz
hfe 35 = — 4C=3'0mA,VCE=10V,f=100MHz
td = 10 ns VCC=+10 v, Ics=300mA, lB? =30 mA,
VBE{off} =-3.0V (Fig. 1)
t - 15 ns VCC=+10V,105=3{JOmA,IB1=30mA,
ik it VBE{OffI =-3.0V (Fig. 1)
T - 18 ns IC=3lZN.'Jr1'uf&,IB1 =30 mA'VBE{off} =-3.0V
(Fig. 1)
t = 20 ns Vog =+10V, 1g =300 mA, I, = 30mA,
|B2 =-30 mA (Fig. 1)
t - 15 ns VCC=+10 V,ICS=300mA,IB1 =30 mA,
| 2 =-30 mA (Fig. 1)
tofs - 28 ns Icz3C|€.'H'|"|A,i|3.1 =30mA,132=-30 mA (Fig. 1)
TS - 18 ns lC=1GmA,IB1=10mA,IBZ=-1DmA (Fig. 2)

*Pulse Conditions: PW == 300 us; Duty Cycle — 1%.
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MPS3646

Pulse Width==240ns
e M = 1 0ns
Z,, =50

n

Figure 2 — Charge Storage Time Measurement Circuit

Figure 1 — tn and s Test Circuit
\JBE=~]0\.’ ? ?\,Ec = +I0V

I
i

OlpF

To Somphng Scope
Rise Time<<1.0ns
Input Z == 100K 1

+78v

16V ~ 10% Pulse waveform
0 _; ol point A
o 1 -4y i
v
\ ‘ in / " Vout
-10 10%
Pulse Generalor “‘Ts*“l To Sampling Oscilloscope
VinFise Time < Ins I, == 100K
Source Impedance = 5001 <
P e 00 Rise Time ==1n2
Duty Cycle<2%
S )
A —|
Vs 5000 l/ B900L ol Vout
v LAY i 2 i
L o1 $500n ™N %

¢91n
00023 pF 00023 ub
2560 l \ / I
4 ¥ IE_ = ; + !
0+ 10pf 10pf 4+ 4 5
1nv [

1= 1
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®
2N2205, 2N2206

HIGH-SPEED NPN SILICON
SWITCHING TRANSISTORS

Packages:

2N2205, TO-18
2N2206, TO-46

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit

Storage Temperature —65°C to +300°C
Operating Junction
Temperature...............cccoccceerieer. —65°C to +175°C

Lead Temperature (Soldering,

T sac time 1M1l s Sl . +235°C
Total Device Dissipation
@ Te =25°C(Notes 2 and 3) ... 1.0 wan
@ Tp =25°C (Notes2and 3) ... 0.3 Watt
Vego Collector-Base Voltage ... 25 Volts
Veep Collector-Emitter Voltage (Note 4) ... 12 Volts
Vego Emitter-Base Voltage ... 3.0 Volts
I COllECTOT CUITENT v sissisinrasiasssssistesssmisiinsiion 200 mA

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

Symbol Min Max Unit Conditions

heE 20 L - (2N2205) Ic = 10 mA,Veg = 1.0 Volt
40 120 = (2N2206)

VBE(sat) 07 09 Volt (2N2205) Ic = 10mA,lg = 1.0 mA
0.7 0.9 Volt (2N22086)

VeE(sat) = 022 Volt (2N2205) Ic =10mA.Ig = 1.0 mA
- 0.22 Volt (2N2206)

VeE(sat) - 0.35 Volt (2N2205) Ic =50 mA.|lg = 5.0 mA
- 0.35 Volt (2N2206)

hte 2.0 L = (2N2205) Ic = 10 mA, Vgg = 10 Volts
20 ~ - (2N2208)

Coiia . 6.0 pf (2N2205) Ig = 0.Vcg = 10 Volts
- 6.0 pf (2N22086)

lceo = 0.025 A (2N2205) g = 0,Vcg = 15 Volts
- 0.025 A (2N2206)

lcgpl150°C) - 15 A (2N2205) Ig = 0.V¢cg = 15 Volts
- 15 HA (2N22086)

IcEX = 15 A (2N2205) Vcg = 10 Volts, Vgg = 0.25 Volt
3 15 wA (2N2206)
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2N2205, 2N2206

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

Symbol Min Max Unit Conditions
leBO = 100 uA (2N2205) Ic = 0.Vgg = 3.0 Volts
- 100 HA (2N22086)
BVego 25 - Volts (2N2205) Ig = 0.Ic = 100 1A
25 - Volts (2N2206)
Veeo 12 - Volts (2N2205) 1g = 0.Ic = 10 mA (pulsed)
12 - Volts (2N2206) {Notes 4 and 5)
BVEBO 3.0 - Volts (2N2205) Ic =0.1g = 100uA
3.0 - Volts (2N22086)
Te - 25 nsec (2N2205) Ic =10 mA. g ~ 10 mA,
= 35 nsec (2N2206) lg2 = —10 mA (Note 6)
ton - 40 nsec (2N2205) Ic =~ 10 mA.Igq =~ 3.0 mA,
- 40 nsec (2N2206) Ig2 &~ —1.0 mA (Note 7)
tofi . 785 nsec (2N2205) Ic ~ 10 mA, Ig] & 3.0 mA,
- 75 nsec (2N2206) lgo & —1.0 mA (Note 7)
NOTES:

(1) These ratings are imiting values above which the serviceability of any individual semiconductor device may be impaired
(2)  These are steady state hmits, The factory should be consulted on applications involving pulsed or low duty cycle operations

{3)  These ratings give 8 maximum junction temperature of 175°C and junction-to-case thermal resistance of 150°C/Watt (derating factor
of 67 mW/?C), junction-to-ambient thermal resistance of 500°C/Watt {derating factor of 2 0 mW/2C) l

(4] Rating refers to a high-current point where collector-ta-emitter voltage 1s lowest
(5)  Pulse Conditions: length <6 msec, duty cycle <30%

(6] SeeFig. 1 forexact value of le. lgq.andlgy

{71 See Fig. 2 for exact value of e, Igy-andlgs
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2N2205, 2N2206
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NOTES:
{11 With certain types of power supphes. it may be necessary 1o connect 25-ufl decoupling capacitors across the power-supply terminals
f
or VCC and Vgg
(2} Input voltage V) obtained from a pulse generator having an output impedance of 50 ohms V|y nse ume <1 nsec, pulse duration
> 300 nsec, and duty factor <2%
13)  Input and output waveforms, shown above. monitored by means of a samplng oscilloscope or other indicating device having rise
ume <0 5 nsec. input capacitance of probe <2 5 pf with shunt resistance > 1000 ohms
FIGURE 1
CIRCUIT USED TO MEASURE STORAGE TIME (tg).
g
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s
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NOTES:

(11 Wuh certain types of power supphes. 1 may be necessary to connect 25-uf decoupling capacitors across the power-supply terminals
for VCC and Vgg

(2} Input voltage {V, ) obtained from a pulse generator having an output impedance of 50 ohms V| rise time <1 nsec; pulse duration
> 300 nsec. and duty factor <2%
131 Input and output waveforms, shown above, momitored by means of a samphing oscilloscope or other indicating device having rise

nme <0 5 nsec_input capacitance of probe <2 5 pf with shunt resistance >3000 ohms

FIGURE 2
CIRCUIT USED TO MEASURE “TURN-ON" TIME (t,,) AND “TURN-OFF” TIME (ty¢¢).
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Package TO-5 2N23039®
PNP MEDIUM FREQUENCY AMPLIFIER SILICON TRANSISTOR

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Collector-Base Voltage ........................... =50 Volts
Collector-Emitter Voltage

(Rgg < 10 ohms) (Note 4) ... .. —50 Volts
Collector-Emitter Voltage (Note d) ... —35 Volts
Emitter-Base Voltage .............................. — 5.0 Volts
Total Dissipation (@ :

Tc =25°C(Notes2 and 3) ...................... 2.0 Watts
Tc =100°C (Notes 2 and 3) ... 1.0 Watt
TARSE DB G e s OB VTR
Storage Temperature .................... —B65°Cto +200°C
Operating Junction Temperature .. 175°C Maximum

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

Symbol Min Max Unit Conditions

heg 75 200 = Ic = =150 mA, Vcg = —10 Volts (Note 5)
heg 75 - - Ic = —50mA.Vcg = —10 Volts (Note 5}
VBE(sat) B -1.3 Volts Ic=-150mA.lg = —15mA

VeE(sar) B -15 Volts Ic=—150mA.1g = =15 mA

hie 30 - - Ic = =50 mA, Vcg = —10 Volts, f= 20mHz
Cob = 45 pF Ig = 0.Veg = —10 Volts

lcBo - 1.0 HA Ig = 0.Vcg = —30 Volts

lcBO(150°C) 3 100 uA Ig = 0,Veg = —30 Volts

VCER(sust) =50 = Volts lc = —100 mA. Rgg < 10 ohms
VCEO(sust) =35 - Volts Ic=—100mA.lg =0

NOTES:

(1) These ratings are hmiting values above which the serviceability of any semiconductor device may be impaired
[2)  These are steady state limits The factory should be consulted on applications involving pulsed or low duty cycle cperations

I3)  These ratings give a maximum junction temperature of 175°C and lunction-to-case thermal resistance of 75°C/watt (derating
factorof 13.3 mW/°C)

{4} Rating refers to a high-current point where collector-to-emitter voltage 1s lowest

15} Pulse Conditions: length = 300 usec. duty cycle = 1%
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®
2N2894 2N3209
SILICON SWITCHING TRANSISTORS

HIGH SPEED PNP SILICON
PLANAR EPITAXIAL
SATURATED SWITCH

AND RF AMPLIFIER

- Fastt, : 23 nsec typ. @ 30 mA

+ Fastt,, : 34 nsec typ. @ 30 mA

- High f; : 600 MHz typ.

+ Low saturation : 0.25V typ. V.; @ 100 mA
+ Low C,, : 3.3pF typ. @ 5V

The ITT 2N2894 and 2N3209 are PNP diffused silicon planar
epitaxial transistors designed for saturated and non-
saturated switching at high currents. Both are ideal for RF

DIMENSIONS

and IF applications, and 100 MHz oscillator converter cir-
cuits.

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTICS 2N2894 2N3209 UNITS
Collector-to-Base Voltage . ............c.ocovivinvieensos . —-12 -20 Volts
Collector-to-Emitter Voltage (open base) .. ..... .......... —12 -20 Volts
Emitter-to-Base Voltage . ... ... ... ... ...... .. . -4 -4 Volts
Collector Current (10 usec puise) . . e, o 200 200 mA
Junction Temperature (op. andstg.) . ... ... ... .. Ay ek —65 to 200 °C
Total Power Dissipation @ Te = 25°C ... . ......... T 1.2 1.2 Watts

(derate 6.8mW/°C above 25°C)

@ Te = 100°C e : 0.72 0.68 Watts

Total Power Dissipation @ T» = 25°C A I 0 0.36 Watts

(derate 2.06mW/°C above 25°C)

Manufactured under License by Fairchlld Camera and Instrument C

lon. Printed
reproduced by permission. Copyright 1965 Falrchild Camera and Instrument Comnrntlon
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2N2894 2N3209
ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.

2N2894 2N3209
SYMBOL MIN. TYP. MAX. MIN. TYP. MAX. UNIT CONDITIONS
BVeso -12 —20 Vdc le=10pA
BVees —-20 Vdc le=10uA
LVeso 12 =12 -20 Vde le=10mA
BVeo —-4.0 —4.0 Vdc le=100pA
hee 40 75 150 30 75 120 le=30mA  Vee=—0.5V
30 55 25 67 le=10mA  Vee= —0.3V
25 15 30 le=100mA V= —1.0V
17 43 12 43 le=30mA  Ve=—-05V T.=-—-55°
Ve: (sat)' -0.07 -0.15 -0.07 —=0.15| Vdc le=10mA  [:=1.0mA
-0.10 -0.20 -0.10 -0.20| Vdc le=30mA  1s=3.0mA
=0.25 —0.50 -0.28 —0.60 Vde le=100mA I;=10mA
Vie (sat)’ -0.78 —-0.92 —0.98 —-0.78 -0.92 —-0.98| Vdc le=10mA  lz=1.0mA
—0.85 -=1.10 -1.20 —0.85 -1.10 -1.20| Vdc le=30mA  :=3.0mA
—1.40 =1.70 —1.40 —=1.70 Vde le=100mA [:=10mA
lees 0.05 80 0.05 80 nA Ver=—6V and — 10V respectively
leso 0.025 10 0.025 10 A Same as above T.=125°C
C.. a3 6.0 3.0 5.0 pF Ve = ~5.0V
Cis 3.8 6.0 3.8 6.0 pF Ve = — 0.5V
hye 4.0 5.5 4.0 5.5 le=30mA V= —-10V
f=100MHz
t 23 60 23 60 nsec le==30mA
le==1.5mA
L 34 90 34 a0 nsec le=30mA
lgi==1.5mA
le:==1.5mA

NOTES: 1. Pulsed measurement: width <300 psec, duty cycle <2%.
2. Rating is where collector to emitter voltage is lowest.

t.o—ty TEST CIRCUIT

. Vo —2.0V

1000

To Sampling Scope
Rise Time <10 nsec
Input Z==100Ks}

V out
* Pulse Source X
+ Rise Time < 1.0 nsec

P.W. > 200 nsec e

Z in=500
fen Lo
Vcc = =20V Vcc =—-2.0V
Vau=23.0V V= —4.0V
Vie==7.0V Vin=+86.0V
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2N2904A 2N2905A 2N2906A 2N2907A°
SILICON GENERAL PURPOSE TRANSISTORS

GENERAL PURPOSE
PNP SILICON
PLANAR EPITAXIAL
TRANSISTORS

e High Voltage:-60V min.
e Low V. (sat): 0.4V @ 150 mA
¢ hi guaranteed from 100 A to 500mA

The ITT 2N2904A-7A are PNP silicon planar epitaxial general
purpose transistors for applications at current ranges from 0.1 to

DIMENSIONS
2N2904A, 5A

DIMENSIONS
2N2906A, 7A

TO-18
500 mA. Low saturation voltage and fast switching times make the
2N2904A, 5A ideal for core driving. The flat gain over a wide current
range gives good linearity in amplifier circuits. High breakdown
voltage allows large signal swing in switching and amplifier circuits.
Designed to complement the ITT 2N2217 thru 2N2222 NPN types.
ABSOLUTE MAXIMUM RATINGS
2N2904A | 2N2906A
CHARACTERISTICS 2N2905A | 2N2907A | UNITS
Collector-to-Base VORagE. ... s o v s vtoa iwimmis 5580w s s o sarois s —60 —60 Volts
Collector-to-Emitter Voltage (openbase)..............ccovvnnn.. —60 —60 Volts
Emitter-to-Base VORAme! . < ;. 5 &b i osss e s e s —5 —5 Volts
Collector Curenticontinuous) i civminm sem e et s s 600 600 mA
Junction Temperature (storage)........... S ey e S U P —65 to 200 e
Total Power Dissipation @ Te=25C......convinevinininianainns 3.0 1.8 Watts
(8721721 (13 10 12193 40 1 L2 10} 1= G o O AN e 17.3 10.3 mW/°C
Total Power Dissipation @ Ta=25"C.....ovvnivnrvnvsnrnnnsrsiins 0.6 0.4 Watts
Derating factor above 25°C. ... v v e e i 3.43 2.28 mW/°C
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2N2904A 2N2905A 2N2906A 2N2907A

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.

2N2904A 2N2905A
SYMBOL 2N2906A 2N2907A UNIT CONDITIONS
MIN. MAX. MIN MAX.
BVeeo —60 —60 Vdc le= —10pA
LVeeo' 2 —60 —60 Vdc le= —10mA
BVeo =5 -5 Vdc le= —10pA
hre' 40 75 lc= —100uA Vee= =10V
40 100 le= —TmA Vee= =10V
40 100 le= —10mA Vee= =10V
40 120 100 300 le= —150mA Vee= =10V
40 50 le= —500mA Vee= —10V
Vee(sat)’ —-0.4 -04 | Vde | le= —150mA ls= —15mA
— 1.0 =16 Vdc le= —500mA ls= —50mA
Vee(sat)' —1.3 ~13 Vde le= —150mA ls= —15mA
=26 =26 Vde le= —500mA lg= —50mA
leso 10 10 nA Ves= —50V
10 10 HA V= —50V T4=150°C
leex 50 50 nA Vee= —30V Vee=0.5V
[. 50 50 nA ch= —30V V55=0.5V
Ca 8 8 pF V= —10V f=100KHz
Cs 30 30 pF ‘Veg= —2V f=100KHz
hie 2 2 le= —50mA Veg= —20V
f=100MHz
ta 10 10 ns le= —150mA lsn= —15mA
Vcc= —-10V -30v
200
i ” SCOPE
| | " B4
Bl 200 1 1
t 40 40 ns . i -
L 80 ns le= —150mA lg=lgz =15mA
t 30 ns

Notes: 1. Pulsed width =300 usec: duty cycle = 2%.
2. Lowest emitter to collector voltage.
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2N3012%

HIGH-SPEED PNP SILICON SWITCHING

AND RF AMPLIFIER TRANSISTOR

Package: TO-18

The ITT 2N3012 is a 600 mc PNP silicon planar epitaxial transistor designed for saturated and non-
saturated switching circuits requiring up to 200 milliamperes of collector current. It is suitable for 20
mc amplifiers, 10.7 mc IF amplifiers, and 100 mc oscillator converter circuits.

ABSOLUTE MAXIMUM RATINGS (Note 1)
Characteristics Unit

Collector-Base Voltage ... chesias ..=—12 Volts
Collector-Emitter Voltage (Note 4} ................. —12 Volts
Collector-Emitter Voltage ................. oo, — 12 Volts
Emitter-Base Voltage ........c.cco v, — 4.0 Volts
Total Dissipation @:

Tc =25°C (Notes 2 and 3) ., 1.2 Watts

Ta = 25°C (Notes 2 and 3] 036 Watt
Storage Temperature ... e — 65°C to +200 °C
Operating Junction Temperature v 200°C Maximum

Lead Temperature

(Soldering. 60 sec Time Limit)........ 300°C Maximum

SCHEMATIC
Vout
TO SAMPLING SCOPE
RISE TIME < 1nsec
INPUT & 4100KQ2
RISE m:q
pu »mm

Vg N Vi - -V
1' Vig* "N Vi - o

FIGURE 1 — SWITCHING TIME TEST CIRCUIT

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

Symbol Min Typ Max Unit Conditions

heg 30 70 120 - Ic =30 mA, Vgg = —0.5 Volt (Note 5)
hre 25 50 - - Ic = 10 mA, Vcg = —0.3 Volt (Note 5)
heg 20 40 = - Ic = 100 mA, Vcg = — 1.0 Volt (Note 5)
VeE(sat) - —0.07 =0i15 Volt Ic=10mA, Ig = 1.0 mA

VCE(sat) - -0.1 -0.2 Volt Ic=30mA,lg=30mA

VeE(sat) - -0.15  —04 Volt  Ic=30mA,Ig=3.0mA

VeE(sat) - —0.25 -05 Volt  Ig=100mA,Ig = 10 mA

VBE(sat) -0.78 —090 —0.98 Volt Ic=10mA,lg = 1.0 mA

VBE(sat) —0.85 —1.12 1.2 Volts I =30 mA, g = 3.0 mA

VBE(sat) - -14 -1.7 Volts Ic =100mA,Ig = 10 mA

e 4.0 5.5 - - Ic = 30 mA, Vg = —10 Volts

Cob - 33 6.0 pf  Ig=0.Vcg = —5.0 Volts

Cre - 3.8 6.0 pf  Ic=0.Vgg = —0.5 Volt
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2N3012

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

Symbol Min Typ Max Unit Conditions

IcES = 0.05 80 nA  Vgg = —6.0 Volts, Vgg = 0

Ices!85°C) e 0.003 5.0 uA  Vcg = —6.0 Volts, Vgg = 0

BVego —12 - - Volts Ic=10uA lIg=0

BVCES -12 - - Volts lc=10uA lg=0

VCEO(sust) —12 - - Volts  Ig = 10 mA (pulsed), Ilg =0
(Notes 4 and 5)

BVego -4.0 - = Volts I = 1004A, Ic =0

ton - 25 60 nsec  lgc = 30 mA.lg1

~ 1.5 mA (Note 6)

toff - 35 75 nsec  lg=30mA, lgy =
1.5mA, Igo ~ —1.5 mA (Note 6)

NOTES:
{1} These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired.
(2)  These are steady state limits. The factory should be consulted on applications invelving pulsed or low duty cycle operations.

{31 These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 146°C/watt {derating
factor of 6. 85 mW/°C); junction-to-ambient thermal resistance of 486°C/watt (derating factor of 2,06 mW/°C).

{4)  Rating refers to a high-current point where collector-to-emitter voltage is lowest.
{5)  Pulse Conditions: length = 300 usec: duty cycle = 1%,

6)  See switching circuit for exact values of I, |g 1. and Ig2.

L—— 5 TRANSISTORS ‘-I

Y i (e
FIGURE 2 — - ; M i
SWITCHING : 5
NON-SATURATED Jo0rBuT] | FIGURE 3 — FIVE STAGE RING OSCILLATOR FOR
PERFORMANCE == EETE st Sy MEASUREMENT OF PROPAGATION DELAY

Scale = 2nsec / cm,
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2N3502, 2N3503, 2N3504, 2N3505°

PNP SILICON HIGH CURRENT
SWITCHING TRANSISTORS

Packages:
2N3502/03, TO-5
2N3504/05, TO-18

These ITT PNP silicon planar epitaxial transistors are designed for digital and analog applications at
current levels up to 500 milliamperes. Their high beta, high fT at high current, high LVCEQ" and low
noise figure make them ideal for use as line drivers, memory applications and low-noise amplifiers.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Storage Temperature ..................... —65°C to +200°C
Operating Junction Temperature ....... 200°C Maximum

Total Device Dissipation @:
Tc = 25°C (Notes 2 and 3)
(2N3502, 2N3503) oo 3.0 Watts
(2N3504, 2N3505) ..o 1.3 Watts
Ta = 25°C (Notes 2 and 3)
(2N3502, 2N3503) .....cccovvinrenes

.0.7 Watt

(ZNBE04, 2NBE08B) ). ..ot 04 Watt
Collector-Base Voltage

(2N3503, 2N3505) .....ccccivimmeiircrnecinennenn. — 60 Volts

(2N3502, 2N3504) ... e — 45 Volts
Collector-Emitter Voltage (Note 4]'

(2ZN3503, 2ZN3505) ..ccvovvvirvireirrrvrirnreenen — 80 VoIS

(2ZN3502, 2ZN3504) ...ccccvvvrvrrniirevrrrnienneene — 45 VoIS
Emitter-Base Voltage

{2N3503, ZN3505) ...ccovvvvrrivrrnrcrieenecnens — 5.0 Volts

(2N3502, ZN3B04) ......ccoviiinirnsrienion: — 0.0 Volts

Collector Current (Note 2)
{2N3502, 2N3503, 2N3504, 2N3505) ......600 mA

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

Symbol Min Typ Max Unit Conditions

hgg 2N3503, 2N3505, 80 120 - - Ic = 10uA, Vcg = —10 Volts
2N3502, 2N3504

heg 2N3503, 2N3505. 120 - - - Ic = 100 A Veg = —10 Volts
2N3502. 2ZN3504

heg 2N3503, 2N3505. 135 200 - - ic =1.0mA.Vgg = —10 Volts
2N3502, 2N3504

hee 2N3503. 2N3505. 140 270 - - Ic = 10 mA, Vgg = —10 Volts
2N3502, ZN3504 (Note 5)

heg 2N3503, 2N3505. 100 150 300 - Ic = 150 mA, Vg = —10 Volts

2N3502, 2N3504

(Note 5)
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2N3502, 2N3503, 2N3504, 2N3505

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

Symbol

Min Typ Max Unit Conditions

heg 2N3503, 2N3505. 50 70 - - lg = 500 mA, Vg = —10 Volts
2N3502, 2N3504 (Note 5)

heg 2N3503. 2N3505. 115 160 300 - Ic =50 mA,. Vcg = —1.0 Volt
2N3502, 2N3504

VBE(sat) 2N3503, 2N3505, - —0.9 -10 Volt Ic =50 mA, Ig = 2.5 mA (Pulsed.
2N3502, 2N3504 see Note 1)

VBE(sat) 2N3503, 2N3505, - -10 =13 Volts g =150 mA, Ig = 15 mA (Pulsed.
2N3502.2N3504 see Note 1)

VeE(sat) 2N3503, 2N3505. - —0.08 —0.25 Volt Ic =50 mA, Ig = 2.5 mA (Pulsed.
2N3502, 2N3504 see Note 1)

VeE(sat) 2N3503, 2N3505, - —0.18 —-04 Volt Ic =150 mA, Ig = 15 mA (Pulsed.
2N3502, 2N3504 see Note 1)

hfe 2N3503, 2N3505, 2.0 2.50 - - Ic = 50 mA, Vcg = —20 Volts
2N3502.2N3504 (f = 100 me)

VeEO(sust) 2N3503, 2N3505, —60 - - Volts  Igc = 10 mA (pulsed). Ig =0
2N3502, 2N3504 —45 = = Volts (Notes 4 and 5)

ton 2N3503. 2N3505. - 20 40 nsec  lc =300 mA, Igqa 30 mA
2N3502, 2N3504 (Note 6)

toff 2N3503. 2N3505, - 40 100 nsec  Ig = 300 mA, Ig1 = 30 mA,
2N3502. 2N3504 lg2 &~ —30 mA (Note 6)

hgpl—55°C) 2N3503, 2N3505, 50 100 - - Ic = 50 mA, Vg = —1.0 Volt
2N3502, 2N3504

Ices 2N3503. 2N3505 - 0.07 10 nA Vce = —50 Volts, Vgg = 0

Ices 2N3502, 2N3504 = 0.05 10 nA Vg = —30 Volts.Vgg = 0

BVego 2N3503. 2N3505 —60 - - Volts I =10uA.lg =0
2N3502, 2N3504 —45 - - Volts

BVego 2N3503, 2N3505, —5.0 - - Volts lg =10pA Ic=0
2N3502. 2N3504

€y 2N3503, 2N3505, = 45 8.0 pf  Ig=0.Veg = —10 Volts
2N3502, 2N3504

Cre 2N3503, 2N3505, = 15 25 pf I =0.Vgg = —0.5Volt
2N3502, 2N3504
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2N3502, 2N3503, 2N3504, 2N3505

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

Symbol Min Typ Max Unit Conditions
NF 2N3503. 2N3505. = 1.0 4.0 dB lc = 30uA.Vcg = —5.0Volts
2N3502. ZN3504 (Note 7)

lcgof+150) 2N3503, 2N3505 - - 10 LA Veg = —50Volts. Ig =0

lcgol+150) 2N3502.2N3504 - - 10 MHA Veg = —30 Volts, Ig =0

VCE(satl 2N3503, 2N3505, = -05 —1.6 Volts Ic =500 mA, Ig = 50 mA (Pulsed.

2N3502, 2N3504 see Note 5)
VBE(sat} 2N3503, 2ZN3505. = - =20 Volts Ic =500 mA, Ig = 50 mA
2N3502, 2N3504 (Pulsed, see Note 5)
SMALL SIGNAL CHARACTERISTICS (f = 1kc)
Symbol Min Typ Max Unit Conditions
hie - 1050 2300 Ohms Igc = 10mA,Vcg = —10 Volts
hoe - 110 800 umhos Ig = 10 mA, Vcg = —10 Volts
hre - 240 1500 x1076 Ic =10 mA, Vgg = —10 Volts
hfe 135 200 420 - Ic =10 mA, Vcg = —10 Volts

NOTES:

(1) These ratings are limiting values above which the serviceability of any individual semiconductor may be impaired.

(2]  These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.

{3) These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 58.3°C/watt (derating
factor of 17.2 mW/2C} for the 2N3502 and 2N3503, and 146°C/watt (derating factor of 6.85 mW/°C) for the 2N3504
and 2N3505: junction-to-ambient thermal resistance of 250°C/watt (derating factor of 4.0 mW/°C) for the 2N3502 and
2N3503, and 438°C/watt (derating factor of 2.28 mW/°C) for the 2N3504 and 2ZN3505.

(4)  Rating refers to a high-current point where collector-to-emitter voltage is lowest.

(5)  Pulse Conditions: length = 300 usec: duty cycle = 1%.

(B8)  See switching circuit for exact values of le.lgq.and gy,

{7)  f=1.0Ke:Rg = 10K,

SCHEMATIC FIGURE 1 — Tgy AND T TEST CIRCUIT

i

PULSE GENERATOR
Vin = -9V
ty. ty<6nsec
PW. = 0.5usec
Zy = 500

(o

-30V
40V
30
0.47 Vour
TO SAMPLING
> 330 0SCILLOSCOPE
< 68
tr <lnsec
10 140 Iiy 20.1M0
IL AAA
1t VWA
75
500pf
IL
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Packages:
2N3671,TO-5
2N3672,TO-18
2N3673,T0-46

2N3671, 2N3672, 2N3673®

HIGH-SPEED PNP SILICON SWITCH AND

CORE DRIVER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit

Storage Temperature ..................... —65°C to +200°C
Operating Junction Temperature ....... 200°C Maximum
Total Device Dissipation (Notes 2 and 3):

@ Te =25°C (2N3671) ccvvvvrvrcirnnn. 3.0 Watts
(ZN3BT72) .....cccoimonrienniennenne 1.8 Watls
{ZN3673)ciivnnninas-3.0 Watts

@Tp =25°C(2N3671)..ccccviiiniinniiinnnnn.. 0.6 Watt

(ZN3B72) ..o 0.4 Watt
(2N3673)... ... 0.35 Watt
Collector-Base Voltage ... sy OQ VOIS
Collector-Emitter Voltage {Note 4] ...—50 Volts
Emitter-Base Voltage ...........ccccccecvevee ... — 5.0 Volts
Collector Current (NOte 2} .....cocovivvvvcenesvsennennn. 800 1nA

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

Symbol Min Max Unit Conditions

heg 75 225 - Ic = 1560 mA, Vgg = —10 Volts (Note 5)
hEe 75 - = Ilc = 1.0mA,Vgg = —10 Volts

hee 75 - - Ic = 10 mA,Veg = — 10 Volts (Note 5)
heg 55 = - Ic = 0.1 mA,Vcg = —10 Volts

heg 40 - - Ic = 500 mA, Vo = —10 Volts (Note 5)
hEg 20 - & Ic = 150 mA, Veg = —0.6 Volt (Note 5)
VeE(sat) = -0.4 Volt Ic =150 mA, Ig = 15 mA (Note 5)
VeE(sat) - —1.6 Volts Ic = 500 mA, Ig = 50 mA (Note 5)
VBE(sat) = -1.3 Volts Ic =150 mA, Ig = 15 mA (Note 5)
VBE(sat) - —216 Volts Ic = 500 mA, Ig = 50 mA (Note 5)

tq - 10 ns lcg = 150 mA, Igq = 15 mA (See Fig. 1)
t, - 40 ns Ics = 160 mA, Ig1 = 15 mA (See Fig. 1)
te - 80 ns Ics =150 mA, Ig1 = 156 mA,

lgp = —15 mA (See Fig. 2)
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2N3671, 2N3672, 2N3673

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions

15 - 30 ns Ics = 160 mA, Ig1 = 15 mA,
Ig2 = —15 mA (See Fig. 2)

ton - 45 ns Icg = 1560 mA, Ig1 = 15 mA (See Fig. 1)
toff = 100 ns Icg = 150 mA,Igq = 15 mA,

Ig2 = —15 mA (See Fig. 2)
hte 2.0 - - Ic = 50 mA, Vg = —20 Volts
IcBO - 10 nA Ig = 0.Vcg = —50 Volts
Icgol(150°C) - 10 UA Ig =0.Vcg = —50 Volts
ICEX = 50 nA Vg = —30 Volts, Vgg = +0.5 Volt
g = 50 nA Veg = —30 Volts, Vgg = +0.5 Volt
Cobio = 9.0 pF Ilg = 0.Veg = —10 Volts
Cibo - 30 pF Ic = 0.Vgg = —2.0 Volts
BVcRo - 60 - Volts Ic=10uA, Ig =0
VCEO(sust) —50 - Volts Ic = 10 mA (pulsed), Ig =0

(Notes 4 and 5)
BVego -5.0 - Volts Ic = 0.1g = 10uA
NOTES:

{1)  These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired
{2)  These are steady state limits. The factory should be consulted on applications Involving pulsed or low duty cycle operations.

(3) These ratings give a maximum junction temperature of 200°C and junction to case thermal resistance of 58.3°C/watt (derating
factor of 17.2 mW/°CJ; junction to ambient thermal resistance of 292°C/watt (derating factor of 3.43 mW/°C] for the 2N2671.
Junction to case thermal resistance of 97.3°C/watt (derating factor of 10.3 mW/®C} junction to ambient thermal resistance
of 437°C/watt (derating factor of 2. 28 mW/°C for the 2N3672. Junction to case thermal resistance of 58.3°C/watt (derating
factor of 17.2 mW/2C); junction to ambient thermal resistance of 500°C/watt (derating factor of 2.0 mW/°C).

{4) Rating refersto a high-current point where collector to emitter voltage is lowest.

{5)  Pulse Conditions: length = 300 psec: duty cycle = 1%,
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2N3671, 2N3672, 2N3673

CIRCUIT DIAGRAM

FIGURE 1
.30V

INPUT

Zo =500

PRF = 150 PPS

Rise Time <2 nsec Sampling Oscilloscope

Zin £50Q
Rise Time <1 nsec

.16V
’—— 200 ns
FIGURE 2
+15V -6V
INPUT
Zp=50Q
PRF = 150 PPS

Rise Time <2 nsec

avl]
—{  |=—200ns

Sampling Oscilloscope
Zin £50Q
Rise Time <1 nsec
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2N3962, 2N3963, 2N3964, 2N3965 °

PNP SILICON LOW-LEVEL, Petkge: 10418
LOW-NOISE TYPE TRANSISTORS

¢« LOW NOISE FIGURE ...c...oiviiiniiniiinnns NF = 2.0 dB (MAX) AT 1.0 kHz
NF = 4.0 dB (MAX) AT 100 Hz
« HIGH CURRENT GAIN .......cooovvveeicnennennns Npp = 180 (MIN) AT 1.0 pA

hpg = 250 - 500 AT 10 uA

hgg = 250 - 600 AT 1.0 mA

« HIGH BREAKDWON VOLTAGE........ LVopg = 45, 60 AND 80 VOLTS
EXCELLENT BETA LINEARITY .....c.cccocevvieieeee. FROM 1.0 A TO 50 mA

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit

Collector-Base Voltage

(ZN3962, ZN3965) .....ccccovvieviccieccin. — 60 Volts

(INBOB D) o mimsermoemsamsimmeesosemussnmsapnssssssssennes — OO0 WDIS

(ZNBOBA).......opnimpmmaresrminins s sisisnsissisminine VOIS
Collector-Emitter Voltage (Note 4)

(2N3962. 2N3965) ......cccoeovieivivcnivinennen. — B0 Volts

(2N3963)........... .—80 Volts

(ZNBBBG) s s ammmas T SO VOIS

Emitter-Base Voltags
(ZN3962. 2N3963, 2N3964, 2N3965) —6.0 Volts
Total Device Dissipation @:

T SIPBIC s essimmsinsssamsmessviiseen TR WVBHE
B 2 G R e 0.36 Watt
Storage Temperature ................. —65°C to +200 °C
Operating Junction Temperature ......................... 200°C
Lead Temperature
(Soldering, 60 sec Time Limit)......cccocceeennnn. 300 °C

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min  Typ Max Unit Conditions

heg 2N3962, 2N3963 60 175 - = Ic = 1.0pA. Vg = —5.0 Voits
2N3964, 2N3965 180 300 = -

heg 2N3962. 2N3963 100 210 300 = Ic = 10pA. Vg = —5.0 Volits
2N3964. 2N3965 250 320 500 =

hrg 2N3962, 2N3963 100 240 - = Ic = 100pA. Veg = —5.0 Volts
2N3964, 2N3965 250 aso = =

hee 2N3962, 2N3963 100 260 450 = Ic = 1.0 mA.Vicg = —5.0 Volts
2N3964, 2N3965 250 330 600 L
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2N3962, 2N3963, 2N3964, 2N3965

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

Symbol Min Typ Max Unit Conditions
heg 2N3962, 2ZN3963 100 280 - - Ig = 10 mA, Vgg = —5.0 Volts (Note 5)
2N3964, 2ZN3965 200 300 - -
heg 2N3962, 2N3963 90 260 - — Ic = 50 mA. Vgg = —5.0 Volts (Note 5)
2N3964, 2N3965 180 315 - -
hpg(—55°C)  2N3962, 2N3963 40 20 = L Ic = 10pA.Vog = —5.0 Volts
2N3964, 2N3965 100 160 - -
hpp(—55°C) 2N3962. 2N3963 45 150 - - Ig = 50 mA, Vg = —5.0 Volts (Note 5)
2N3964, 2N3965 20 190 E -
hgg(+100°C) 2N3962, 2N3963 - 375 600 - lg=10mA Vg = —50 Volts
2N3964, 2N3965 - 400 800 -
BVcRo 2N3962 -60 = = Volts  Ic = 10pA.Ig =0
2N3964 —45 - - Volts
BVcgo 2N3963 -80 - - Volts Ic=10pA.lg =0
2N3965 =60 - - Valts
BVees 2N3962 —60 - - Volts Ic=10uA.lg =0
2N3964 —45 - - Volts
BVces 2N3963 -80 s - Volts Ic=10uA.lg =0
2N3965 =60 - - Valts
VCEO(sust)  2N3962 —60 - - Volts  Ig = 5.0 mA (pulsed). Ig = O (Notes 4 and 5)
2N3964 —45 - - Volits
Vego(sust)  2N3963 -80 = = Volts  Ig = 5.0 mA (pulsed). Ig = O (Notes 4 and 5)
2N3965 —60 = - Volts
BVEgo 2N3962, 2N3963 -6.0 - % Volts Ic=0,lg = 10pA
2N3964, 2N3965
NF 2N3962. 2N3963 s 1.0 3.0 dB g =20uA.Vcg = —5.0 Volts
2N3964, 2N3965 - 0.7 20 dB Rg = 10 kohms, BW = 15.7 kHz
NF 2N3962, 2N3963 - 08 3.0 dB lc = 20uA. Vg = —5.0 Volts,
2N3964, 2N3965 - 0.5 20 dB Rg = 10 kohms, BW = 1.5 kHz
NF 2N3962, 2N3963 - 0.8 3.0 dB  Ic=20pA. Vg = —5.0 Volts,
2N3964, 2N3965 - 0.5 2.0 dB Rg = 10 kohms. BW = 150 Hz
NF 2N3962. 2N3963 - 3.0 10 dB  Ic=20pA Vog = —5.0 Volts,
2N3964, ZN3965 - 1.8 4.0 dB Rg = 10 kohms, BW = 15 Hz
NF 2N3964, 2N3965 = 35 8.0 dB Ic = 20uA, Vcg = —5.0 Volts,
Rg = 10 kohms, BW = 2,0 Hz
IcES 2N3962 a2 0.5 10 nA  Vgg = —50 Volts, Vgg = 0
2N3965
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2N3962, 2N3963, 2N3964, 2N3965

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions

Ices 2N3963 - 05 10 nA Vg = —70 Volts, Vgg = 0
IcES 2N3964 - 05 10 nA  Vgg = —40 Volts, Vgg = 0
lcesl+150°C) 2N3962 - 20 10 A Vg = —50 Volts. Vgg = 0

2N3965 = 05 10 HA

Icgs(+150°C) 2N3963 . 20 10 #A  Vgg = —70 Volts. Vgg = 0
Icesi+150°C] 2N3964 - 20 10 HA Vg = —40 Volts, Veg = 0
leBO 2N3962. 2N3963 - - 10 nA I =0.Vgg = —4.0 Volts

2N3964. ZN3965

Vee(sat) 2N3962, 2N3963 - =01 =025 Volt  Ic=10mA.lg = 05mA
2N3964. 2N3965

Vee(sat) 2N3962. 2N3963 - -016 —04 Volt ¢ =50mA. Ig = 5.0 mA (Note 5)
2N3964, ZN3865

VBE(sat) 2N3962. 2N3963 - -072 -09 Volt I =10mA.Ig =05mA
2N3964. 2N3865

VaE(sat) 2N3962. 2N3963 - -081 -085 Volt ¢ =50mA, Ig = 5.0 mA (Note 5)
2N3964, ZN3965

hig 2N3962, 2N3963 25 80 17 kohms g =10mA, Vcg = —5.0 Volts
2N3964, 2N3965 60 10 20 k ohms

Noe 2N3962, 2N3963 50 19 40 gmho  Ig =10mA,Vcg = —5.0 Volts
2N3964. 2N3965 50 25 50 umho

hee 2N3962, 2N3963 = = 10 X10~% Ic=10mA Vgg = —50 Volts
2N3964. 2ZN3965

e 2N3962. 2N3963 100 300 550 - lg=10mA.Vee = —5.0 Volts
2N3964. 2N3965 250 360 700 =

hre 2N3962, 2N3963 20 s 8.0 - Ig=05mA Vcg = —5.0 Volts
2N3964, 2N3965 25 - 80 =

Cissis 2N3962. 2N3963 = 2 60 pF g =0.Veg = —5.0 Volts

2ZN3964, 2ZN3965

Ciis 2N3962, 2N3963 = 5 15 pF lc =0 Vgg = —05 Vot
2N3964, 2ZN3965

NOTES:
(1} These ratings are imiting values above which the serviceability of any individual semiconductor device may be impaired
(2)  These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.

(3]  These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 146°C/watt (derating
factor of 6. 85 mW/°C), junction-to-ambient thermal resistance of 486°C/watt (derating factor of 2.06 mW/®C).

(4] This rating refers to a high-current point where collector-to-emitter voltage is lowest

(5] Pulse Conditions: length = 300us: duty cycle = 1%.
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2N4058 thru 2N4062
Package: T0-92 GENERAL PURPOSE PNP SILICON AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS
Total Device Dissipation

Characteristlcls 2N4059/62 | 2N4058 | Unit @T, =60 ... . 210 mw
Collector-Emitter Voltage .......... 40 25 \') @ TA =260C ... 310
Collector-Base Voltage .............. 40 25 v Junction Temperature ... 135 oCc
Emitter-Base Voltage .............. 4.0 ¥ Thermal Resistance, Junction

Collector CUrrent.......oeereerereenes 100 mA 0 AMBIENT woiteossinionss 0.357  9C/MW

ELECTRICAL CHARACTERISTICS {TA = 259C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
BV 40 - - 2
CEO Vdc 2N4059/6 lg = 0.5 mAde, I, = 0
25 - - 2N4058 B
BVEBO 4.0 - - Vdc IB =10 uvAdc, IC =Q
lcBO - - 0.05 uAdce 2N4059/62 VCB =30 Vde, I = 0
- = 0.05 2N4058 Veg ™ 20 Vde, lE =0
— - 1.0 2N4059/62 VCB = 30 Vdc, IE =0,
= o
TA 60°C
= — 1.0 2N4058 VCB = 20 Vdc,
g = O,TA = 60°C
hFE 100 = = = 2N4058 Ic= 100 vAdc,
Ve = 10 Vdce
50 - 100 2N4059/60)
30 - 180 2N4061
I~ =2 mAdec,
150 - 300 2N4062 c
200 = 400 on40s8 Vg =10 Vde
30 - - 2N4059/60
60 - - 2N4061
90 - — 2N4062
VCE(sat} - - 05 Vde tc =50 mAde, IB =5 mAdc
fT — 200 — MHz 2N4059/61 e = o
- 340 - 2N4062 Vg = 10 Ve
- 340 - 2N4058
— 270 - 2N4059/61 lC =10 mAdec,
— 420 - 2N4062 VCE =10 Vdc
- 420 - 2N4058
Cob - - 4.0 pF 2MN4059/62 VCB =10Vde, I =0,
- - 4.0 2N4058 f=100kHz
NF - 1.8 3.0 dB VCE =5 Vde, IC = 10 uAdc,
Rg = 10 kohms, 2N405%
Power Bandwidth = 15.7 kHz,
3dB points @ 10 Hz and 10 kHz

*Pulse Test: Pulse Width < 30 us, duty cycle < 2%.

12-173



2]
2N4248, 2N4249, 2N4250

PNP SILICON LOW LEVEL, LOW NOISE
AMPLIFIER TRANSISTORS

Package:T0-92

* Low Noise Figure .....

...2.0dB (max) at 1.0 kHz

* High Current Gain ......ccccocvveinecciiciniinnnne ..250-700 at 100 A

* High Breakdown ........c..ccococciiiininnae 40 and 60 Volts (min) Weeo
* Excellent Beta Linearity.‘......‘...‘.“..“...‘.....“.. ..From 1 uA to 50 mA

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Storage Temperatures ........................ —55°C to 125°C
Operating Junction Temperatures ..................... 125°C
Lead Temperature (Soldering,

10 seconds time limit) .......cccoccovviiiieiniinnnnnnn. 260°C

Total Device Dissipation (Notes 2 and 3)

@Tc =25°C.. .....0.5 Watt

@Tp = 25°C.. ..0.2 Watt
Collector-Base Voitage

(2N4248, 2N4250) ..o, — 40 Volts

(2N4249)... i ...—B0 Volts
Collector- Emltter Voltage

(2N4248, 2N4250) ........cocoveereecreeeren. — 40 Volts

NG AR kb el o i A= BOIVEE
Emitter-Base Voltage

(2N4248,2N4250) .......c.ccccceoovvvveersvennn. — 5.0 Volts

(ANA249) . .iniiiiiiinicniiinnitiniininsssansss — 5,0 Vol ts

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

Symbol Min Typ Max Unit Conditions

NF 2N4248 - 0.7 - dB lc = 20uA,. Vo = —5.0 Volts
2N4249 - 0.7 3.0 dB (Note B)
2N4250 - 0.5 2.0 dB

NF 2N4248 - 1.0 - dB lc = 20uA. Vg = —5.0 Volts
2N4249 - 1.0 3.0 dB (Note 7)
2N4250 - 0.7 20 dB

NF 2N4248 - 0.8 - dB  lc =250uA Vg = —5.0 Volts
2N4249 = 0.8 3.0 dB (Note 8)
2N4250 - 0.7 2.0 dB

heg 2N4248 = 90 - - lc = 10uA. Vog = —5.0 Volts
2N4249 - 190 += -
2N4250 - 300 - -

heg 2N4248 50 100 - - Ic = 100uA.Veg = —5.0 Volts
2N4249 100 240 300 -
2N4250 250 350 700 -
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2N4248, 2N4249, 2N4250

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions

hee 2N4248 50 110 = - lg=10mA Vcg = —5.0 Volts
2N4249 100 250 - -
2N4250 250 350 - -

heg 2N4248 50 120 - % Ic =10 mA. Vcg = —5.0 Volts
2N4249 100 280 = - {Note 5)
2N4250 250 350 - -

BVceo 2N4248, 2N4250 -40 - . Volts g = 10uA. Ig =0
2N4249 —60 - - Volts

BVces 2N4248, 2N4250 -40 - c Volts  Ic = 10uA
2N4249 —60 - - Volts

VCEOlsustI 2N4248, 2N4250 —40 - - Volts Ic = 5.0 mA (pulsed). Ig = 0
2N4249 —60 - - Volts (Notes 4 and 5)

BVego 2N4248,2N4249,  —5.0 - - Volts Ic=0.1g = 10uA
2N4250

IcBo 2N4248, 2N4249, - 3 10 nA  1g=0,Veg = —40 Volts
2N4250

Icg0l65°C) 2N4248. 2N4249, = = 3.0 A 1g=0.Vcg = 40 Volts
2N4250

lego 2N4248, 2N4249, - - 20 nA  Ic=0.Vgg = 3.0 Volts
2N4250

VeE(sat) 2N4248, 2N4249, - - -0.25 Volt Ic=10mA, lg=05mA
2N4250 (Note 5)

VgE(sat) 2N4248, 2N4249. - - -0.9 Volt Ic=10mA,Ig =0.5mA
2N4250 (Note 5)

hte 2N4248 50 = = - Ig=1.0mA.Vcg = —5.0 Volts
2N4249 100 250 550 -
2N4250 250 350 800 -

hee 2N4248, 2N4249 20 = = = Ic = 0.5 mA,Vgg = —5.0 Volts
2N4250 25 - - -

Cobo 2N4248, 2N4249, = - 6.0 pF Ig=0.Veg = —5.0 Volts
2N4250

Cibo 2N4248, 2N4249, - - 16 pF Ic =0.Vgg = 0.5 Voit

2N4250
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2N4248, 2N4249, 2N4250

SMALL SIGNAL CHARACTERISTICS (f = 1 kHz)

Symbol Min Typ Max Unit Conditions

hig 2N4249 25 8.0 17 kohms I¢c = 1.0 mA, Ve = 5.0 Volts
2N4250 6.0 10 20 k ohms

hoe 2N4249 5.0 19 40 pmho I =1.0mA, Veg = —5.0 Volts
2N4250 5.0 25 50 pmho

hee 2N4249, 2N4250 - - 10 x10~4 Ic =1.0mA, Vcg = —5.0 Volts

hse 2N4249 100 250 550 - Ic =1.0mA,Vcg = —5.0 Volts
2N4250 250 350 80O -

NOTES:

(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired.

(2)  These are steady state limits. The factory should be consulted on applications involving pulsed or low-duty cycle operations.

(3)  These ratings give a maximum junction temperature of 125°C and junction-to-case thermal resistance of 200°C/watt (derating

factor of 5.0 mW/°C); junction-to-ambient thermal resistance of 500°C/watt (derating factor of 2.0 mW/°C).

(4} This rating refers to a high-current point where collector to emitter voltage is lowest.

(5] Pulse Conditions: length = 300 us; duty cycle = 1%.

(6} HS = 10k, Power Bandwidth of 150 Hz.

(71 Rg = 10k{2, Power Bandwidth of 15.7 kHz with 3.0 dB points at 10 Hz and 10 kHz.

(8] Rg = 1.0k, Power Bandwidth of 150 Hz
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Package: To-92

2N5086, 2N5087

LOW-LEVEL, LOW-NOISE PNP SILICON AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit
Collector-Emitter Voltage ..........ccccceeeiennnns 50 Vdc
Collector-Base Voltage ........cocoevvrvirnnennnnnn.. 50 Vdce
Emitter-Base Voltage ................ 3.0 Vdc
Collector Current - Continuous ................. 50 mAdc

PeaR. siniisswimmmsmsnanian 100 MAdE

Total Device Dissipation @ TA
Derate above 250C ..o

= 260C..... 310 mW
ceeeneens 2,81 mW/OC

Operating and Storage Junction

Temperature Range ...........

wieeens <55 to +135 OC

Thermal Resistance, Junction
10 AMDBIENT covviiiieericceeeee e 0.357 °C/mW

ELECTRICAL CHARACTERISTICS TA

= 250C unless otherwise noted

Symbol Min Typ Max Unit Conditions
BVCEO 50 - - Vde IC = 1.0 mAdc, IB =
BVCBO 50 - - Vde IC = 100 vAdc, IE =0
lCBO = i 10 nAdc VCB =10 Vdec, IE =
= = 50 Veg = 35 Vde, I =
{EBO - - 50 nAdc VBE = 3.0 Vdc, 1C =0
hFE 150 - 500 - fc = 100 wAde, Vi = 5.0 Vdc
2N5086
250 — 800 2N5087
150 - - Ic = 1.0 mAde, Ve = 5.0 Vdc
2N5086
250 — - 2N5087
150 - - Ic = 10 mAdc, VCE = 5.0 Vde
2N5086
250 - - 2N5087
VeE(sat) - ~ 03 Vde | 15 =10 mAdc, Ig = 1.0 mAdc
VBE{on} - - 0.85 Vdc Ilc =10 mAdc, VCE = 5.0 Vde
L 40 120 = MHz | I =500 uAdc, Vg = 5.0 Vdc,
f= 20 MHz 2N5086
40 150 — 2N5087
Cob - o 4.0 pF Py VCB = 5.0 Vdc, IE =0, f =100 kHz
hfe 150 - 600 = |C = 1.0 mAdec, VCE = 5.0 Vde,
f=1.0 kHz 2N5086
250 - 900 2N5087
NF = - 3.0 dB IC = 20 vAdc, VCE = 5.0 Vdc,
HS = 10 k ohms, f = 10 Hz to
156.7 kHz 2N5086
= = 20 2N5087
— 1.2 3.0 IC = 100 vAdc, VCE = 5.0 Vdc,
HS = 3.0 k ohmn, f= 1.0 kHz
2N5086
- 1.0 2.0 2N5087
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2N5221 Package: To-92
LOW-POWER GENERAL PURPOSE PNP SILICON AMPLIFIER TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit
Collector-Emitter Voltage ...........ccoeeinnneen. 16 Vde
Collector-Base Voltage .........cooveienrnesnnnnnn. 15 Vde
Emitter-Base Voltage ........ccoceeeveiiiiiinnrnnnnennn. 3.0 Vdc
Collector Current .......cccceevieeeieeeiecsinnnnn.. 500 mAdce
Total Device Dissipation @ TA =259C .......310 mW

Derate above 259C .........ccccveereeneenn 2.81 mW/OC
Operating and Storage Junction

Temperature Range ................... -55t0 +1359C
Thermal Resistance, Junction

1O AIMDIBNT ... 00 instsbisesssstaniesirines 03DV CCIMW.

ELECTRICAL CHARACTERISTICS '[TA = 259C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO 15 - Vdc {C= 10 mAdc,IB=Cl
BVCBO 15 - Vdc ic‘—' 10[)urAdu::,{E =0
BVEBO 3.0 — Vdc IE =100 vAdc, IC =0
ICBO - 100 nAdc VCB =10 Vdc, IE =0
IEBO = 100 nAdc VBE = 3.0 Vdc, lC =0
hFE 25 = - IC= 10 mAdc, VCE= 10 Vdce
30 600 IC=50 mAdec, VCE= 10 Vdc
VCEtsat} — 05 Vde IC = 150 mAdc, IB =15 mAdc
VBE(sat] — 1.1 Vdc IC=150 mAdc,IB=15 mAdc
fT 100 — MHz IC= 20 mAdc,VCE =10 Vdc
ch - 15 pF VCB—'—S.O Vdc,|E=0,f= 1.0 MHz
hfe 30 1800 - IC=5{) mAdc, VCE=10 Vdc, f= 1.0 kHz
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2N5226

Package: T0-92 MEDIUM POWER PNP SILICON AMPLIFIER TRANSISTOR
ABSOLUTE MAXIMUM RATINGS
Characteristic Unit
Collector-Emitter Voltage .. ... 25 Vdc
Collector-Base Voltage ...........cceevevviininnnnnnn. 28 Vde
Emitter-Base VOItage ........c.oceereerrevrnnrnvnnnen... 4.0 Vde
Collector Current ..........ccevvevereinsnsnensnenns. 500 mAdc
Total Device Dissipation @ TA =25°C....... 310 mW

Derate above 25°9C ...........ccccovevereee. 2.81 mW/OC
Operating and Storage Junction

Temperature Range ...........c..senr. -85 10 +135 OC
Thermal Resistance, Junction

to Ambient ........cceeeeviveerrnniinnnen. 0.357 OC/mW

ELECTRICAL CHARACTERISTICS [TA = 259C unless otherwise noted)

Symbol Min Max Unit Conditions
BVeeo 25 - Vde IC =10 mAde, | =0
BVigo 25 - Vdec |c =100 uAdc, I =0
BVcao 4.0 — Vdc lg = 100uAdc, |, =0
ICBO - 300 nAdc VCB = 15 Vdc, [E =0
lego — 500 nAdc VBE = 4.0 Vdc, Ic =0
heg 25 — - IC=10mAdc, VCE =10 Vdc
30 600 |C =50 mAdc, VCE =10 Vdc
VCE{sat]l - 0.8 Vdc IC =100 mAdc, lB =10 mAdc
VBE':S&t] o 1.0 Vdc IC =100 mAdc, |B = 10 mAdc
fT 50 - MHz IC=20mAdc, VCE= 10 Vde
Ce - 20 pF VCB =5,0 Vdc, IE =0,f=1.0MHz
heo 30 1800 - IC=50mAdc, VCE= 10 Vde, f= 1.0 kHz
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2N5227 Package: T0-92

GENERAL PURPOSE PNP SILICON LOW-LEVEL AMPLIFIER TRANSISTOR

ABSOLUTE MAXIMUM RATINGS
Characteristic Unit

Collector-Emitter Voltage ..... ... 30 Vdc
Collector-Base Voltage ............coceeveeennnnnne.. 30 Vdc
Emitter-Base Voltage ..........cccccevevveennennn.. 3.0 Vde
Collector CUMTBNT .....covimvsammssesinsivmmsssieneees B0 MAdC
Total Device Dissipation @ TA =25°9C .......310 mwW

Derate above 259C ........................ 2.81 mW/oC
Operating and Storage Junction

Temperature Range .................... -55 to +135 0C
Thermal Resistance, Junction

to Ambient .........cccveeeineineriennnnen. 0.357 OC/mW

ELECTRICAL CHARACTERISTICS ITA = 260C unless otherwise noted)

Symbol Min Max Unit Conditions

BVCEO 30 - Vdc IC = 1.0 mAdc, IB =0

BVCBO 30 - Vdc IC =100 vAdc, lE =10

BVEBO 3.0 — Vde IE =100 vAdc, IC =0

ICBO — 100 nAdc VCB= 10 Vdc, IE =0

IEBO — 500 nAdc VBE = 2.0 Vde, !C =0

R 30 - - Ic = 100wAdc, V.. =10 Vde
50 700 IC = 2.0 mAdec, VCE =10 Vdc

VCE(saﬂ - 0.4 Vdc IC =10 mAdec, !B = 1.0 mAdc

VBE[sat]l = 1.0 Vdc !C =10 mAdc, IB = 1.0 mAdc

f.l. 100 — MHz IC:‘ED mAdc,VCE =10 Vdc

ch - 5.0 pF VCB =10 Vdc, IE =0

hfe 50 1500 - |C = 2.0 mAdc, VCE =10 Vde, f = 1.0 kHz
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Package TO-92

2N5372 thru 2N5375

GENERAL PURPOSE PNP SILICON TRANSISTORS

ABSOLUTE MAXIMUM RATINGS @ 25°C (free air)

Continuous device dissipation at or

Characteristics Unit below 259C free-air temperature ........... 360 mW
Storage temperature range................ -55 to +150 C Linear derating factor above
Operating Collector FEOC. navmammrnianivnssimvis B LINSE
Junction Temperature ..........ccceeecueeenns. +1509C Emitter-base voltage ..........ccccevieiciviviisnniinninens. 9V
Lead temperature 1/16" from case Collector-base voltage .........cccecveevveesremsanssisnenees 60V
0 Secont T et IR WL AL L PBR00e Collector-base voltage {ZN5375) ......cccceevcernrnnn. 40V
COllECTOF CUFTENT..vvesereeeurrerererrensessenresseneenrs D00 MA Collector-emitter voltage (Applicable
from Ic =0 mA to IC s 16172 o - OO . o}
ELECTRICAL CHARACTERISTICS @ 25°C free-air temperature
Symbol Min Max Unit Conditions
lcgo - 50 nA 2N5372, 2N5373, 2N5374
VCB=40V,IE=0
— 50 nA 2NB375 VCE =30V, |E =0
lEBO = 50 nA Veg=3V.1o=0
BVCBO 60 =3 Vv 2NB372, 2N5373, 2Nb374
IC= 10uA, 1 =0
40 — v 2Nb5375 |c= 10uA, 1 =0
BVEBO 5 - V IE=‘{OuA, C=0
BVCEO 30 — v IC=1GmA.IB=0(Nota1)
heg 20 - - 2N5372
50 - - 2N5373
100 - - 2N5374 Veg =10V, 1o =1mA
20 - - 2N5375
hee 30 - - 2N5372
75 - - 2N5373
150 - - 2NB374 VCE: 10V, IC= 10 mA (Note 1)
30 - - 2N5375
hee 40 120 - 2N5372
100 300 - 2N5373
200 400 - 2N5374 VCE =10V, Ie= 150 mA (Note 1)
40 400 - 2N5375
VBE — 1.2 A VCE= 10 V,Ic= 150 mA (Note 1)
VBE{sat] - 1.3 " ic= 150mA,IB=15 mA (Note 1)
VCEtsat] - 0.3 Vv Ic= 150mA,IB='15 mA (Note 1)
ch - 10 pF VCB=10 V,IE =0,f=1MHz (Note 2)
[hfai 15 - - VCE= 10 V,IC=20mA,f=1CIO MHz
%n - 50 nsec |C=150mA, VCC=30 V'IB1 =15 mA,
(see fig. 1)
ot - 150 nsec 2N5372, 2N5373 1, =150mA, V=6 N,
- 175 usec 2N5374, 2N5375 IB.I = !B2 =15 mA (see fig. 2)

NOTES: 1. Puise test: PW = 300 usec, duty cycle < 2%.

2. C__ measurement employs a three-terminal capacitance bridge incorporating a guard circuit. The
emitter terminal shall be connected to the guard terminal of the bridge.
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2N5378, 2N5379

Package: To-92

GENERAL PURPOSE PNP SILICON TRANSISTORS

ABSOLUTE MAXIMUM RATINGS @ 259C (free air)

Characteristics Unit
Storage temperature range ................ -55 to +150 9C
Operating Collector

Junction Temperature ............ccceeverneeee. +1500C
Lead temperature 1/16"" from case

LT T o D L L L R {14 J12 e

Emitter-base voltage ........ccccceerieciieeninnsssinssannins 3V
Collector-base VOItage .........eeviieereenneernrssninseennne. 40V
Collector-emitter voltage (Applicable

ft’ornlc=0mA toIC= 10 mA) . PR & I
Collector CUTBNT .......iiisisissssnsmmssiiss DOQ MA
Continuous device dissipation at or

below 259C free-air temperature ............360 mW
Linear derating factor above 25°C ...... 2.87 mW/°C

ELECTRICAL CHARACTERISTICS @ 25°C free-air temperature

Symbol Min Max Unit Conditions
lCBO - 10 nA VCB=3OV,IE=0
BVCBO 40 - V IC-1OUA,IE=O
BVego 5 — Vv IE-100 nA, lc=0
BVCEO 30 = Vv |c=10mA, IB=0{Note1l
heg 100 500 - 2N5378 VCE=5V,IC=10uA
40 200 - 2N5379 VCE =6V, I,= 10 vA
hee 120 600 - 2N5378 VCE= 5V,|c= 1mA
100 500 — 2N5379 VCE =5V, lc =1mA
heg 150 - - 2N5378 VCE=5V.IC=1OmA (Note 1)
120 - - 2N5379
VBEfsat} 0.65 0.80 % IC =10 mA, lB =1mA
VCE{sat] - 0.2 V Ic-mmA,iB— 1TmA
hy 20 32 Ohms IC-1 mA, VCEESV,f= 1 kHz
hob 0.06 0.5 umhos IC =1 mA, VCE =5V,f=1kHz
heo 120 1000 — 2N5378 lc =1mA, VCE =5V, f=1kHz
100 900 - 2N5379
ch - 10 pF VCB=10V,IE=0,f= 1 Mhz (Note 2)
[hfe] 20 100 - VCE=5V,IC—500uA,¥=10MHz
NF — 2.0 dB 2N5378 Ic=10uA, VCE =5V,
Rg= 10 K Ohms,
- 3.0 dB 2N5379 Bandwidth = 10 Hz to 15.7 kHz
NOTES: 1. Pulse: tPulse width = 300 usec, duty

cycle £ 2%.

2. C measurement employs a three-
te‘f'ﬁ-llnal capacitance bridge incorpora-
ting a guard circuit. The emitter term-
inal shall be connected to the guard
terminal of the bridge.
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2N5447, 2N5448
Package: To-92 PNP SILICON AMPLIFIER TRANSISTORS

*ABSOLUTE MAXIMUM RATINGS at 25°C free-air temperature {unless otherwise noted)

Characteristic 2N5447 [2N5448 | Unit
Collector-Base Voltage —40 —50 \ i
TR 1. These values apply when the base-
L emitter diode is open-circuited.
(See Note 1) —25 =30 v 2. Derate linearly to 150°C free-air tem-
- perature at the rate of 2.88 mW/deaq.
Emitter-Base Voltage -5 -5 v 3. Derate linearly to 150°9C lead tem-

- perature at the rate of 4 mW/deg. Lead
Continuous Collector Current 200 mA faim Beratiie. It taasured on Hhe col-
Continuous Device Dissipation at lector lead 1/16 inch from the case.

(or below) 25°C Free-Air

Temperature (See Note 2) 360 mW SILICON |5-WATT QUASI-COMPLEMENTARY
Continuous Device Dissipation at FOWER AMELIFIER

(or below) 25°9C Lead = 2200

Temperature (See Note 3) 500 m\W/ I S

(L1751 &2a0
Storage Temperature Range —65 to 150 oc ] anarot mﬁ‘ WA, e
Junction Temperature-Operating 260 oc ¢ R 2ma ...m%" -
L LSk !
700 .JLOODFM TR0 5 _LDUQF 4
,BV:
01 Ly
i A
i a7on| B neyr.sf
] | T
ELECTRICAL CHARACTERISTICS at 250C free-air temperature
2N5447 2N5448 '
Symbol Min Max Min Max | Unit Test Conditions
| = =
V[BR}CBO —4.0 -50 v IC ——100uA,EE 0
V[BR]CEO & —-25 -30 Vv IC=—10 mA,iB-O,See Note 4
V(8R) EBO —5 -5 Y lg =—100uA,1,=0
ICBO —100 —100 nA VCB—2O Q,I_E—O
lEBO —-100 —-100 nA VEB-—S V,IC—O
hFE | 60 300 30 150 VCE =—5HV, l{: = —b0 mA, See Note 4
VBE —-0.6 —1 -0.6 —1 " VCE =-5V, IC = —b0 mA, See Note 4
VCE -0.25 —0.25 \ |B =—5mA, IC =—50 mA, See Note 4
Ihfe] 5 5 Vogp =5V, 1 =—50mA, f=20MHz
ch ! 12 12 pF VCB=10V,IE—D,f—1MHz
| N See Note 5

NOTES: 4. These parameters must be measured using pulse teohnigues. t_ = 300 us, duty cycle 2 29,
5. ch is measured using three-terminal measurement techniqueP with the emitter guarded.
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MPS-A55

PNP SILICON AMPLIFIER TRANSISTOR

Package: To-92

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit
Collector-Emitter Voltage ....... |60 Vdc
Collector-Base Voltage ............ |60 Vdc
Emitter-Base Voltage ............... 4.0 Vdc
Collector Current - Continuous 500 mAdc
Total Device Dissipation

@TA =280C, Ll 500 mwW

Derate above 259C ............. 4.54 mW/°C
Total Device Dissipation

@ TC P N e 800 mW

Derate above 259C ........... 7327 mWw/eC
Operating and Storage Junction

Temperature Range...............| -55 to +135 oc
Thermal Resistance, Junction

tolCase aws s LI M e 0.137 oC/mw
Thermal Resistance, Junction

to AmMbIent ...oceevecereenunnnnnne 0.220 oC/mw

ELECTRICAL CHARACTERISTICS I[TA = 259C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
BVCEO 60 - - Vdc IC = 1.0 mAdc, g~ 6]
SVEBO 4.0 - — Vdc !E = 100 vAdc, IC =0
ICBO — — 100 nAdc VCB = 60 Vdc, E” 4]
hFE 50 150 - - IC = 10 mAde, VCE =1.0 Vdc

50 125 - IC = 100 mAdec, VCE =1.0 Vdc

- 80 — IC = 350 mAdc, VCE =1.0 Vdc
VCE(sat} — 0.09 0.25 Vdc tC =100 mAdc, IB =10 mAdc
VBE(sat} - 0.78 — Vdc IC = 100 mAdc, IB =10 mAdc
VBEIon] - 0.73 12 Vdc IC = 100 mAdec, VCE =1.0 Vde
fT 50 100 — MHz EC = 100 mAdc, VCE = 1.0 Vdc,

f=100 MHz

cob - 6.5 — pF VCB= 10 Vdc,IE=0,f='{00 kHz
Cib - 20 = pF VBE = 0.5 Vdc, |C =0, f=100kHz
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MPS-A70

Package: T0-92 GENERAL PURPOSE PNP SILICON AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS
Characteristics Unit
Collector-Emitter Voltage ..........cccvruvrrneenne.. 40 Ve
Emitter-Base Voltage..............cceevveniininennnens. 4.0 Vde
Collector Current - Continuous................. 100 mAdc
Total Device Dissipation @ TA =259C......... 300 mW

Derate above 250C ......................... 2.73 mW/OC
Operating and Storage Junction

Temperature Range .................... -5 to +135 ©°C
Thermal Resistance, Junction

to Ambient ..........ccccceeiviiiiiieennnnn.. 0.367 OC/mW

ELECTRICAL CHARACTERISTICS (TA = 259C unless otherwise noted)

Symbol Min Max Unit Conditions

BVCEO 40 - Vdc IC = 1.0 mAdc, [B =0

BVEBO 4.0 — Vdc lg = 100 vAdc, 1C =0

ICSO - 100 nAdc VCB = 30 Vdc, |E =0

hFE 40 400 - IC = 5,0 mAdc, VCE =10 Vdc

VCE(sat} - 0.25 Vde IC =10 mAdec, |B = 1.0 mAdc

fT 125 — MHz [C—'—S.OmAdc, VCE =10 Vdc, f = 100 MHz
Cob — 4.0 pF VCB= 10 Vdc,|E=0,f= 100 kHz

Figure 1—Simplified AC Equivalent Circuit (Common Emitter)

BASE b Cep COLLECTOR
O—AAA— I€ O
I\
Ce T~ C
o B (hfe + 1) re amVp'e 21/gc 9
Vb e
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MPS3638, MPS3638A

Package: To-
PNP SILICON TRANSISTOR ackage: To-92

ABSOLUTE MAXIMUM RATINGS
Characteristics Unit

Figure 1
Collector-Emitter Voltage ...........ccccovnvieneenn. 25 Vde
Collector-Emitter Voltage.......ccovevveeeviienaenn.. 25 Vde Mo =3V Voo = =10V
Collector-Base Voltage.............cccvveeiiiinnnnnn. 26 Vde
Emitter-Base Voltage ...........cccccevvveecneeeeen.. 4.0 Vde
Collector Current.........cccecevvieesneneessennneee. 900 mAdc U
Total Device Dissipation @ TA =250C........310 mW Vi = =9V :::mmu i
Derate above 259C .............ccceuenee.. 2.81 mW/OC e, iy
QOperating and Storage Junction 1, 2ty <6008
Temperature Range .................... -55 to +135 0C O L
Thermal Resistance, Junction
10 AMDIBNE ... iimmaivinivsmsanvanaisn) 0:357 9C MmN
ELECTRICAL CHARACTERISTICS lTA = 250C unless otherwise noted)
Symbol Min Max Unit Conditions
BVCEO" 25 - Vdc |C= 10 mAdc,IB=U
BV s 25— = Vdc Ic = T00uAdc, Ve =0
BVCBO 25 — Vdc Ic = 100 uAdc, IE =0
BVESO 4.0 - Vdc !E =100 vAdc, IC =0
ICES - 0.035 uAdc VCE = 15 Vdc, VBE =0
- 2.0 v E=15Vdc,VBE=0,TA=65°C
|B = 0.035 uAdc VCE =15 Vdc, VBE =0
hFE o 80 — - IC =1 mAdec, VCE =10 Vde MPS3638A
20 — 'C = 10 mAdc, VCE =10 Vdc MPS3638
100 - MPS3638A
30 - IC =50 mAdc, vCE =1Vdec MPS3638
100 - MPS3638A
20 - IC = 300 mAdc, VCE = 2 Vdc MPS3638
20 = MPS3638A
VCElsat}* - 0.25 Vdc 10 =50 mAdc, IB = 2.5 mAdc
= 1.0 IC = 300 mAdec, IB = 30 mAdc
VBE[sat}" - 1A Vdcg |c =50 mAdec, IB = 2.5 mAdc
0.80 20 IC = 300 mAdc, IB = 30 mAdc
fT 100 - MHz VCE=3Vdc,IC=50mAdc,f=MHz
MPS3638
150 - MPS3638A
Cob - 20 pF VCB=‘£0 Vdc,IE=0,f= 140 kHz
MPS3638
- 10 MPS3638A
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MPS3638, MPS3638A

ELECTRICAL CHARACTERISTICS Tp = 25°C unless otherwise specified

SYMBOL MIN MAX UNIT CONDITIONS
Cib — 65 pF VCE = 0.5 Vdc, IC =0,f=140 kHz
MPS3638
— 25 MPS3638A
hfe 25 180 - Ic=?0mAdc, VCE =10Vdc, F = 1.0 kHz
MPS3638
100 - MPS3638A
hc,e - 1.2 mmhos Ic= 10 m;ﬁ;dc,\.uf(.:E =10 Vdc, f= 1.0 kHz
e - 1500 Ohms IC= 10 mAdc,VCE =10 Vdc, f= 1.0 kHz
MPS3638
- 2000 MPS3638A
hre — 26 X10-4 [C=10 mAdc,VCE =10Vdc, f= 1.0 kHz
MPS3638
- 15 MPS3638A
ty - 20 ns Delay Time VCC =10 Vdc, IC = 300 mAdc,
tr - 70 ns Rise Time |B1 = 30 mAde, VBE{ofﬂ = 3.1 Vde
tg — 140 ns Storage Time VCC =10 Vdg, tc = 300 mAdc,
t — 70 ns Fall Time |B1 = Squdc, Igo = 30 mAdc
o - 75 ns Turn-On Time IC = 300 mAdc, |B1 = 30 mAdc
tosf = 170 ns Turn-Off Time I 5 = 300 MAdC, I, = 30 mAdc,

le = 30 mAdc

*Pulse Test: Pulse Width = 300 us; Duty Cycle = 1%.
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MPSS?UZ, MPS3703 Package: To-92
LOW-POWER PNP SILICON TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristics MPS3702 MPS3703 Unit
Collector-Emitter Voltage ...... 25 30 Vdc
Collector-Base Voltage............ 40 50 Vde
Emitter-Base Voltage ............. 5.0 Vdc
Collector Current - Continuous 200 mAdc
Total Device Dissipation

@TA=25°C“'""""“""'" 310 W

Derate above 259C .......... 2.81 mW/°C
Operating and Storage Junction

Temperature Range ........... -55 to +135 oC
Thermal Resistance, Junction

10 Ambient .....ccoeiiiiiiviinnes 0.357 oc/mw

ELECTRICAL CHARACTERISTICS (TA = 259C unless otherwise noted)

Symbol Min Max Unit Conditions
BVCEO* 25 — Vdc LC =10 mAdc, B~ 0 MPS3702
30 — MPS3702
BVCBO 40 - Vdc IC =100 vAdc, E= 0 MPS3702
50 - MPS3703
BVEEIO 5.0 - Vdc IE =100 vAdc, IC =0
ICBO - 100 nAdc VCB = 20Vdc,tE =0
IEBO — 100 nAdc VBE —3Vdc,|C~0
hFE* 60 300 — IC = 50 mAdc, VCE =5 Vdc MPS3702
30 150 MPS3703
VQE[ a1} * — 0.25 Vdc IC = 50 mAdc, IB =5 mAdc
VBE(on}’ 0.6 1.0 Vdc IC = 50 mAde, VCE =5 Vdc
fT 100 = MHz IC=50 mAdc,VCE =5 Vdc, f = 20 MHz
Cob - 12 pF VCB=1DVdc,f=1MHz

*Pulse Test: Pulse Width = 300 us; Duty Cycle = 2%,
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MPS6533 thru MPS6535

Package: T0-92 PNP SILICON AMPLIFIER TRANSISTORS
ABSOLUTE MAXIMUM RATINGS [TA = 259C unless otherwise noted) :
Charactariatic Unit Emitter-Base Voltage ........... 50| 40| Vdc
Collector-Base Voltage Collector Current ................. | 600 | 600 | mAdc
MPS6533, MPS6534 ........ 40 Vde Total Device Dissipation
MPSE535 .o, 39 BTy = 809G s 210 | 210 | mwW

@TA =P59C e [ 310:] 310
Thermal Resistance, Junction

Collector-Emitter Voltage

MPS6533, MPS6534 ........ 40 ]
MPS6535 “'"'"'"'"'"""""‘I | 30 to Ambient .........cciiiniininen 0.357]0.357|9C/mwW

Junction Temperature ........... | 135 | 135 oG

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted)

Symbol Min Typ Max Unit Conditions
BVCBO 40 - - Vdc |C = 10 uAdc, |E =0 MPS6533,
MPS6534
30 - - MPS6535
BVCEO 40 - = Vdc IC =10 mAdc, |B =0 MPSB533,
MPS6534
30 - - MPSE535
BVEBO 4.0 — Vdc |B =10 vAdc, lC =0
lCBO - - 0.05 vAdc VCB = 30 Vdc, E- 0 MPSE533,
MPSB6534
- - 0.1 VCB =20 Vdc, |E =0 MPSB535
- - 2.0 VCB = 30 Vdc, IE =0, MPS6533,
TA =60°C MPS6534
- - 5.0 VCB = 20 Vdc, |E =0, MPS6535
TA =60°C
hFE 30 70 — - lC =10 mAde, MPS6533
60 110 = Vg = 1Vde MPS6534
40 85 120 IC = 100 mAdc, MPSB6533
VCE =1 Vdc
90 140 270 MPSE534
30 - - MPS6535
25 55 - IC = 500 mAdec, MPS6533
VCE =10 Vdc
50 70 - MPSE534
VCE{sa‘t} - 0.2 05 Vdc IC =100 mAdec, MPSB533,
IB =10 mAdc MPSB535
- 0.13 0.3 MPSB534
VBElsat} - 0.84 1.0 Vdc IC =100 mAdc, MPSB533,
IB = 10 mAdc MPSE534
- 0.87 1.2 MPS6535
Cob - 4.8 6.0 pF VCB =10 Vdc, lE =0, f=100 kHz
f.r - 260 - MHz |C = B0 mAdec, VCE =10 Vdc
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2N2696® Package TO-18
PNP VHF AMPLIFIERS, HIGH CURRENT SWITCHES

The ITT 2N2696, ia a PNP silicon PLANAR epitaxial
transistor designed for digital and analog applications
at current levels to 500 milliamperes. The high gain-
bandwidth product, f;, at high currents, makes them ex-
cellent units for line driving and memory applications.

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Units
Collector-Base Voltage ... e o = SN S
Collector-Emitter Voltage (Note 4} roe. — 25 Volts
Emitter-Base Voltage .............ccoccvvviccricnnne. —4.0 Volts
Collector Current (Note 2) .........ccooevviriiininnnnn. 500 MA
Total Dissipation @:

= 25°C (Notes 2 and 3) .........cc.ccoeene. 1.2 Watts

Tc = 100°C (Notes 2 and 3). ... 0,68 Watt
Ta = 25°C (Notes 2 and 3) ... ..0.36 Watt

Storage Temperature ... i -65°C to +200°C
Operating Junction Temperature ..200°C Maximum
Lead Temperature

(Soldering, 60 sec Time Limit) ........ 300°C Maximum

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

Symbol Min Max Unit Conditions

heg 30 130 - Ic = 50 mA, Vgg = —1.0 Volt (Note 5)
heg 20 ~ - Ic = 300 mA, Vgg = —2.0 Volts (Note 5)
hEE(—55°C) 12 - - Ic = 50 mA, Vg = —1.0 Volt (Note 5)
VBE(sat) - —1:1 Volts Ic =50 mA, Ig = 2.5 mA

VBE(sat) ~ -20 Volts Ic =300 mA, Ig = 30 mA

VCE(sat) - -0.25 Volt Ic =50 mA, Ig = 2.5 mA

VeE(sat) - -1.0 Volt Ic =300 mA, Ig = 30 mA

hte 1.0 - - Ic = 60 mA, Vgg = —3.0 Volts f=100MHz
Cit - 20 pF Ilg = 0.Vgg = —10 Volts

lcBO = 25 nA Ilg =0.Vcg = —10 Volts

lcBO(150°C) - 5.0 A lg = 0.Vgg = —10 Volts
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2N2696

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

Symbol Min Max Unit Conditions

BVceo —25 . Volts Ic = 100uA, Ig =0

VCEO(sust) —25 - Volts Ic = 30 mA (pulsed). Ig = 0

BVego —4.0 " Volts Ic =0,1g = 100uA

Ton - 75 nsec Ic = 300 mA, Igq ~ 30 mA

Toff - 170 nsec Ic = 300 mA, Ig1 =~ 30 mA,
lg2 =~ 30 mA

NOTES:

(1
2)
(3

4
15

These ratings are limiting values above which the serviceability of any individual semiconductor may be impaired.

These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.

These ratings give a m

) junction temp

of 200°C and junction-to-case thermal resistance for the 2N2696 of

145°C/watt (derating factor of 6.9 mW/°C). Junction-to-ambient thermal resistance of 486°C/watt (derating factor 2.1

mW/2C).

Rating refers to a high-curent point where collector-to-emitter voltage is lowest.

Pulse Conditions: length = 300 usec: duty cycle = 1%.
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2N2801, 2N2837
NPN SILICON SWITCHING TRANSISTOR

Packages:

2N2801,
2N2837,

T0-5
TO-18

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Base Voltage ............cccvccrvicinnicnenee.. 50 Volts
Collector-Emitter Voltage ............cocvvrecvvrienreenn. 35 VOIS
Emitter-Base Voltage .........cc.ococovvvvveevcivicenennnnnn. 5 Volts

Collector Current ...
Total Device D!SSIpa‘lIOI‘I @ TA = 25°C

(2N2801)... s e 0.8 Watt
Derate above 25°C 4 57 mw/°C
(2N2837)... csreraire s QY VMV ATE
Derate above 25°C - e 2,86 mMW/°C
Total Device Dlss:patlon @ TC = 25°C
N2 80T v i e S TS
Derate above 25°C s 3 WO
(ZN283 7] cnninsmnisnsimmnenasrnma 8 Watts
Derate above 25°C .........ccoccviiviiiinnnnn. 10.3 mW/°C
Junction Temperature, Operating .................... +200 °C

Storage Temperature .........cc.......... —65°C to +200 °C

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

Symbol Min Max Unit Conditions

BVceo 50 - Volts Ilc=10pA. Ig =0

BVEgo 5 - Volts Ig = 100uA. Ic =0

BVceo 35 = Volts lc=100mA,Ilg =0

IcEX = 100 nA Vg = 25 Volts, Vgg = 0.5 Volt

gL - 100 nA Vce = 25 Volts, Vgg = 0.5 Volt

heg 20 3 = Ic = 0.1 mA, Vgg = 10 Volts (2N2837)
heg 30 L = Ic = 0.1 mA, Vgg = 10 Volts (2N2801)
NEE 30 90 = Ic = 150 mA, Vcg = 10 Volts* (2N2837)
hrg 75 225 : Ic = 150 mA, Vg = 10 Volts® (2N2801)
hee 15 £ - Ic = 150 mA, Vg = 1 Volt* (2N2837)
Frg 30 - - Ic = 150 mA, Vg = 1 Volt* (2N2801)
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2N2801, 2N2837

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions
heg 25 - - lc = 500 mA, Veg = 10 Volis® (2N2837)
heg 40 = = Ic = 500 mA, Vcg = 10 Volts* (2N2801)
VeE(sat) - 0.4 Volt Ic =150 mA.Ig = 15 mA
VeE(sat) - 1.2 Volts Ic = 500 mA, Ig = 50 mA
VBE(sat) - 1.3 Volts Ic = 150 mA, Ig = 15 mA
VBE(sat) - 1.8 Volts Ic = 500 mA, Ig = 50 mA
Cob - 25 pF Ve = 10 Volts, f = 100 kHz
fr 120 = MHz Ic = 50 mA, Vcg = 10 Volts,
f=100 MHz
* Pulse Test: Pulse Width < 300 us, Duty Cycle < 2%
SWITCHING CHARACTERISTICS
(At 25°C unless otherwise noted)
Characteristics Typ Max Unit
Delay Time 9 25 ns
Rise Time 25 45 ns
Storage Time 100 225 ns
Fall Time 30 45 ns
SCHEMATIC
FIGURE 1 — DELAY AND RISE TIME FIGURE 2 — STORAGE AND FALL TIME
TEST CIRCUIT TEST CIRCUIT
+15V +10v +189V  +10V
INPUT
25 =501
INPUT PRF = 150 PPS %%
Z, =504 RISE TIME < 2 ns

PRF = 150 PPS
RISE TIME = 2 ns

—-{2 nsl.-

TO OSCILLOSCOPE
RISE TIME < 5 ns
Zin=10M

+15V
TO OSCILLOSCOPE ' | 500
RISETIME < 5ns
Zin =10 M8 __Iz“l-_
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2N3134
HIGH-SPEED NPN SILICON SWITCHING Fackages/Itho
AND AMPLIFIER TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristics
Collector-Base Voltage ........
Collector-Emitter Voltage ....
Emitter-Base Voltage ...
Collector Current...
Total Device Dlssmatlon @ TC = 25°C............. 3 Watts

Derate above 25°C.. e sl 17.3 mW/°C
Total Device D&ssmatlon @ TA 25°C . 0.6 Watts
Derate above 25°C.......cc.ccccvveicniiinenen 3.43 mW/°C

w —65 to +200 °C
—65 to +200 °C

Junction Temperature ..
Storage Temperature ...

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

Symbol Min Max Unit Conditions

IcBO - 0.05 HA Vcg = 30 Volts, I =0

IcBO - 30 HA Vcg = 30 Volts, Ig = 0, Tp = 150°C
IcEX = 0.1 pA Vg = 30 Volts, Vgg = 0.5 Volt

IsL = 0.1 BA VcEe = 30 Volts, Vgg = 0.5 Volt
BVcgo 50 = Volts Ic=10uA Ig=0

BVcEo® 35 - Volts Ic=10mA,lg =0"

BVego 4 B Volts lg = 10uA,Ic =0

VeE(sat)® - 0.6 Volt Ic = 150 mA, Ig = 15 mA*
VBE(sat)” - 1.5 Volts Ilc=150mA,lg = 16 mA*

heg 50 - - Ic = 1.0 mA, Vcg = 10 Volts

heg 100 300 = Ic = 150 mA, Vg = 10 Volts®

Cail = 10 pF Vcg = 10 Volts, Ig = 0, f = 100 kHz
Cip = 40 pF VBE = 2 Volts, Ig = 0, f = 100 kHz
fr 200 = MHz Ic = 50 mA, Vcg = 20 Volts, f = 100 MHz

* Pulse Test: Pulse Width < 300us, Duty Cycle < 2%
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Package: TO-18

2N3546

HIGH-SPEED PNP SILICON SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Base Voltage ...........cccevevvivvicvivonanin. 15 VOIS
Collector-Emitter Voltage . <o 12 Volts
Emitter-Base Voltage .........cccoeniiiiiciiniinnns 4.5 Volts

Total Device Dlssmatlen @ TA 25°C ,,,,,,,, 0.36 Watt

Derate above 25°C .. . 2.06 mW/°C
Total Device Dissipation @ Te= 25°C,«..,,‘.. 1.2 Watts
Derate above 25°C .......ccocvcnviciininiannnes 6.9 mW/°C
Operating Junction Temperature ..............cc....... 200 °C
Storage Temperature Range............... —65to +200 °C

Thermal Resistance, Junction to Ambient 0.49 °C/mW
Thermal Resistance, Junction to Case ......0.15 °C/mW

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

Symbol Min Max Unit Conditions

lcBO - 0.010 MA Veg = 10 Volts

lceo - 10 LA Vcg = 10 Volts, T = 150°C
lcEX - 0.010 LA Vce = 10 Volts, Vgg(off) = < Volts
gL - 0.10 A Ve = 10 Volts, VgE(off) = 3 Volts
BVego 15 - Volts Ilc=10pA. Ig =

BVERo 45 - Volts IgE=10uA Ic=0

BVceo® 12 = Volts Ic=10mA.Ig =0*

VeE(sat)” - 0.15 Volt Ic=10mA,lg = 1mA"*
Vegisat)” - 0.25 Volt Ic=50mA,lg=5mA*

VeE(sat) - 0.50 Volt Ic =100mA.Ig = 10 mA
VBE(sat)® 0.7 0.9 Volt Ic=10mA.lg =1 mA

VeE(sat)® 0.8 1.3 Volts Ic =50mA,lg =5mA

VeE(sat)® s 1.6 Volts Ic = 100 mA, Ig = 10 mA

heg* 20 - - Ic = 1.0mA, Vgg = 1 Volt*

heg® 30 120 - Ic = 10mA.Vgg = 1 Volt

hgg* 15 - - Ilc=10mA.Vgg = 1 Volt. T4 = —55°C
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2N3546

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

Symbol Min Max Unit Conditions
heg" 25 - = Ic =50 mA, Vcg = 1 Volt
heg' 15 = = Ic = 100 mA, Vcg = 1 Volt
(3 3 6 pF Ve = 10 Volts, Ig = 0, f = 1 MHz
Cip - 5 pF VBg = 0.5 Volt, Ic =0, f= 1 MHz
fr 700 - MHz lc = 10 mA, Veg = 10 Volts, f = 100 MHz
Qr - 400 pC Ilc =50mA. Ig =5 mA, Vce = 3 Volts
ty = 0 ns Ic = 50 mA, Ig = 5 mA,
t - 15 ns VBEg = 2 Volts, Vg = 3 Volts
tg - 20 ns Ilc =50mA, Ig1 = Ig2 = 5 mA,
tg ~ 15 ns Vee = 3 Volts
t - 40 :
on 4 {See Figure 3.4,5)
tlef - 30 ns
* Pulse Test: PW = 300 us, Duty Cycle = 2%
CIRCUIT DIAGRAM
FIGURE 1 FIGURE 2 FIGURE 3
DELAY AND RISE TIME STORAGE AND FALL TIME SWITCHING TIME TEST CIRCUIT
EQUIVALENT TEST CIRCUIT EQUIVALENT TEST CIRCUIT
-3v -3V Vee -2V

Vout* Vout”

0.1 uF

Vino—)

Vin
1

Lk Afie G
,;.,Csszoﬁ 1N916 ~7-Cs =10pF -7~ C5 =20pF
J 2 Jd
v +2v +B7V
By By PULSE WIDTH > 200 ns
RISE TIME < 1ns
—108VvV Vin:© =113V Zin =500
PULSE WIDTH = 200 ns PULSEWIDTH = 200 ns
RISETIME <2 ns RISETIME < 2 ns ton:Vpp = ¥3V.Vjp=—7V
DUTY CYCLE < 10% DUTY CYCLE < 10% Lofft Veg = —4V.Vip = +6V

“*OSCILLOSCOPERISETIME = 1 ns
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Package: TO-92

2N3905, 2N3906

PNP SILICON GENERAL PURPOSE SWITCHING

AND AMPLIFIER TRANSISTORS

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Collector-Emitter Voltage .........ccoooeivicccrinieneen. 40 Volts
Collector-Base Voltage .. ..... 40 Volts
Emitter-Base Voltage ..... .. 5.0 Volts

Collector CUMTeNt ......covevmierniesins e ..200 mA
Total Device Dissipation @ Ty = 25°C ..........310 mW
Total Device Dissipation @ Ty = 60°C ...........210 mW
Derate above 25°C........ccccevvviiivinnnnnn. 2.81 mW/°C
Operating and Storage Junction
Temperature Range ..........ccccccccec.. —55 t0 +135 °C
Thermal Resistance, Junction to

Ambignt i cmnnimmnanenassmasa D0l © GImMW

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

Symbol Min Max Unit Conditions

BVcRO 40 = Volts Ic=10pA lIg =0

BVeeo® 40 - Volts lc=10mA Ig =0

BVepo 5.0 - Volts lg =10uA lc=0

lcEx = 50 nA Ve = 30 Volts, VBE(off) = 3.0 Volts

gL - 50 nA V¢ = 30 Volts, Vgg(off) = 3.0 Volts

hpg* 30 e = (2N3905) Ic = 0.1 mA,Vgg = 1.0 Valt
60 = % (2N39086)

hgg* 40 = - (2N3905) Ig = 1.0 mA, Vcg = 1.0 Volt
80 = = (2N39086)

heg* 50 150 = (2N3905) Ig = 10 mA,Veg = 1.0 Volt
100 300 - (2N3906)

hee 30 = = (2N3805) Ig = 50 mA, Vg = 1.0 Volt
60 - = {2N39086)

heg* 15 = 2 (2N3905) Ig = 100 mA, Vg = 1.0 Volt
30 = = (2N3906)

VeE(sat) - 0.25 Volt Ic=10mA,Ilg = 1.0 mA
- 0.4 Volt lc = 50mA, Ig = 5.0 mA
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2N3905, 2N3906

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

Symbol Min Max Unit Conditions
VBE(sat) 0.65 0.85 Volt Ic=10mA,Ig = 1.0 mA
- 0.95 Volt Ic =50 mA, Ig = 5.0 mA
fr 200 - MHz (2N3905) Ic = 10 mA, Vg = 20 Volts,
250 - MHz (2N3906) f =100 MHz
Cob - 4.5 pF Veg = 5.0 Volts, Ig = 0.f = 100 kHz
Cib - 10 pF Vgg = 0.5 Volt, Ic = 0, f = 100 kHz
hie - 05 8.0 k ohms (2N3905) Igc = 1.0 mA,Veg = 10 Volts,
20 12 k ohms (2N3906) f=1.0kHz
hre 0.1 5.0 X10~4  (2N3905) Ic = 1.0mA, Vg = 10 Volts,
1.0 10 X10—4 (2N3906) f=1.0kHz
hfe 50 200 - (2N3905) Ig = 1.0 mA,Vcg = 10 Volts,
100 400 = (2N3906) = 1.0 kHz
hoe 1.0 40 pmhos (2N3905) Ic = 1.0 mA,Vgg = 10 Velts,
3.0 60 umhos (2N3906) f=1.0kHz
NF - 5.0 dB (2N3905) Ic = 100 uA, Vg = 5.0 Volts,
- 4.0 dB {2N3906) Rg = 1.0k ohm, f = 10 Hz
to 15.7 kHz
14 = 35 ns Ve = 3.0 Volts, VRE(off) = 0.5 Volt,
t, - 35 ns lc=10mA,Ilg1 = 1.0mA
tg - 200 ns (2N3905) Ve = 8.0 Volts, Ig= 10 mA,
te - 60 ns {2N3905) Ve = 3.0 Volts. Ic = 10 mA,
- 75 ns (2N3906) 1B-1 = IBz = 1.0 mA

* Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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2N3905, 2N3906

SCHEMATIC

FIGURE 1 — DELAY AND RISE TIME EQUIVALENT TEST CIRCUIT

-3.0V

—-l <10ns
|

+0.5V !

e
~i~ C. <4.0pF"

~10,6v——| [--300 ns
DUTY CYCLE = 2%

FIGURE 2 — STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT

—=3.0v

10 <11 <500 us
DUTY CYCLE = 2%

*Total shunt capacitance of test jig and connectors
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2N4026, 2N4027, 2N4028, 2N4029®

PNP SILICON HIGH-VOLTAGE GENERAL
PURPOSE AMPLIFIER TRANSISTORS

Package: TO-18

© HIGH, BETA..ccoussismmmmmminsmismnsns 100/ 300/ @100 7k
* HIGH VOLTAGE .....cccoccorvrrisriivremsrssnnnensnn: 60 AND 80 VOLTS LVgQ
* LOW Veg(sat) -oo erssssseenens 1.0 VOLT (MAX) @ 1.0 A
+ EXCELLENT BETA LINEARITY..................FROM 100 A TO 500 mA

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit
Collector-Base Voltage
(2N4026, 2N4028) ... cverveirnirrcenne. — 60 Volts
(2N4027,2N4029) .....ccocevvivvvirenrrncrnnnn. — 80 Volts
Collector-Emitter Voltage (Note 4) Ton AND Togq TEST CIRCUIT
(2N4026, 2ZN4028) .....cc.covecevcerrecveerrennennne. — 60 Volts
(2ZN4027, 2ZN4029) .....coovvcecrcrrirvnennee. — 80 Volts
Emitter-Base Voltage TO OSCILLOSCOPE
INPI S
(2N4026, 2N4027, 2N4028, 2N4029) —5.0 Volts Caln twions
Total Device Dissipation @: s
Tc =25°C(Notes2 and 3) .......................2.0 Watts ~ 'n ‘510‘:1
z [ —
TAF = 25°C (Notes 2 and 3) ... 0.5 Watt o' g0
Storage Temperature ..........c......... —656°C to +200°C  PUTY CYELE <2%
Operating Junction Temperature +200°C Maximum
Lead Temperature
(Soldering, 60 sec Time Limit)..... +300°C Maximum
ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
Symbol Min Typ Max Unit Conditions
hEE 2N4026, 2N4027 30 80 - = Ig = 100 uA. Vg = —5.0 Volts (Note 5)
2N4028, 2N4029 75 150 - =
heg 2N4026, 2N4027 40 80 120 - Ig = 100 mA. Vg = —5.0 Volis (Note 5)
2N4028, 2N4029 100 160 300 -
heg 2N4026, 2N4027 25 60 - 5 I = 500 mA, Vg = —5.0 Volts (Note 5)
2N4028, 2N4029 70 110 - e
hee 2N4026 15 - - B lc = 1.0 A, Vcg = —5.0 Volts (Note 5)
2N4028 40 :
hege 2N4027 10 - - - Iz =10A Vcg = —5.0 Volts (Note 5)
2N4029 25 2 = =
hee(—55°C)  2N4026, 2N4027 15 50 . . Ic = 100 mA. Vg = —5.0 Volts (Note 5)
2N4028, 2N4029 40 100 5 .
hig 2N4026, 2N4027 10 15 40 - Ic = 50 mA, Vgg = —10 Volts
2N4028, 2N4029 15 20 50 5
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2N4026, 2N4027, 2N4028, 2N4029

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

Symbol Min Typ Max Unit Conditions

Cobo 2N4026. 2N4027 : 15 20 pF g =0.Vgg = —10 Valts
2N4028.2N4029

Cibo 2N4026. 2N4027 75 110 pF Ic = 0.Vgg = —0.5 Volt
2N4028, 2N4029

tin 2N4026, 2N4027 30 100 ns  Ic X500 mA. Igy X 50 mA
2N4028, 2ZN4029 23 100 ns {Note 6)

15 2N4026,2N4027 150 350 ns Ic = 500 mA, Igy = 50 mA,
2N4028. 2N4029 175 350 ns lg2 = —50 mA (Note 6)

Iy 2N4026.2N4027 25 50 ns Ic ® 500 mA, Ig1 = 50 mA.
2N4028. 2N4029 22 50 ns Ig2 = —50 mA (Note 6)

VeEisan) 2N4026. 2N4028 01 -015 Volts  Ic = 150 mA, Ig = 15 mA (Note 5)
2N4027.2N4029

VeEisan 2N4026.2N4028 —-025 -05 Volis  Ig = 500 mA. Ig = 50 mA (Note 5)
2N4027, 2N4029

VeE(sat 2N4026. 2N4028 -05 -1.0 Volt  Ig = 1000 mA, Ig = 100 mA (Note 5)

VBE(sat) 2N4026, 2N4028 -08 -09 Volt  Ig =150 mA.lg = 15 mA (Note 5)
2N4027,2N4029

VBE(sar) 2N4026. 2N4028 -1.1 Volts  Ig = 500 mA. Ig = 50 mA (Note 5)
2N4027. 2N4029 —0.95 =¥z Volts

Vag(sat) 2N4026. 2N4028 -105 —12 Volts  Ig = 1000 mA. Ig = 100 mA (Note 5)

BVcpo 2N4026. 2N4028 -60 Vols Ig =0.1c = 10uA
2N4027.2N4029 - B0 Valts

BVego 2N4026. 2N4028 -50 Volts  I¢c =0.1g = 10 4A
2N4026.2N4028

VCEO{SUS!} 2N4026. 2N4028 - 60 - Volts Ig = 10 mA (pulsed). Ig = 0 (Notes 4 and 5)
2N4027.2N4029 -B80 Volts

Ieso 2N4026. 2N4028 - 02 50 nA lg = 0.Vgg = —50 Volts

Icso 2N4027.2N4029 - 02 50 nA lg = 0.Vgg = —60 Volts

lcgol150°C) 2N4026. 2N4028 - 0.2 50 uA Ig = 0.Vcg = —50 Volts

Icg0o(150°C) 2N4027, 2N4029 : 025 50 A I =0,Vcg = —60 Volts

(R}
2)
(3)

(4)
(5)
(6)

These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired.
These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations,

These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 87 5°C/watt (derating
factorof 11.4 mW/°C); junction-to-ambient thermal resistance of 350°C/watt (derating factor of 2.85 mW/°C).

Rating refers to a high-current point where collector-to-emitter voltage is lowest.
Pulse Conditions: length = 300 us; duty cycle = 1%.

See switching circuit for exact values of I, 1g 1. and Ig2.
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2N4030 2N4031 2N4032 2N4033°
SILICON GENERAL PURPOSE TRANSISTORS

GENERAL PURPOSE
HIGH-VOLTAGE

PNP SILICON PLANAR
EPITAXIAL TRANSISTORS

« High Voltage: —80V (2N4031, 3)
o High Gain: 100 min. @ 100mA (2N4032, 3)
e Low V. (sat): —0.15V @ 150mA

The ITT 2N4030, 2N4031, 2N4032, 2N4033 are high voltage PNP
silicon planar-epitaxial transistors useful in a variety of applications.
Excellent linearity of current gain, high breakdown voltage and low
saturation voltage combine in this 150MHz f, device to increase
the possible uses for this device. Primary applications are high

DIMENSIONS

l""335""‘l_

CIRCLE

NASE S
gg)\ .200 LEAD

voltage output stages and complementary drivers.

ABSOLUTE MAXIMUM RATINGS

2N4030 2N4031

CHARACTERISTICS 2N4032 2N4033 UNITS
Collectorsto=Base Moltage . - .o« v o vvaine dasamiov i aie v e —B60 —80 Volts
Collector-to-Emitter Voltage (openbase)..........ccovviinineennnn —60 —80 Volts
EMitter-10-Base; VOMBGAE , ... oo riowmminismmn s dmit s s i s e e ey —5 —5 Volts
GOl la e OT B UTPORE oot A i 4 o T T e e e T e s e e s 1.0 1.0 Amps
Junction Temperature (0p. and StQ.) . . . .o vt v i v niencin e —65 to +200 & e
Tatal Dissipation: G iTem 2886 dua st wonii i v a5 n e s 4.0 Watts

(cletate aboVe 2B E e iier wvimma o s s s e aiado o 22.8 mW/°C
Total DIgSIDatoN EETAE 2B | oy e e siwsmihics, Abims s e s esainlbis o8 0.8 Watts

(Cetate above 28 C) - 1wt s s s ity e e R e e e 4.56 mw/°C
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2N4030 2N4031 2N4032 2N4033

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.

2N4030 2N4031 2N4032 2N4033
SYMBOL UNIT CONDITIONS
MIN. MAX. [MIN. MAX. | MIN. MAX. |MIN. MAX.
BVeso —60 —80 —60 —80 Vde le= —10pA
LVeeo'2 —60 —80 —60 —80 Vdec le= —10mA
BVeso —~5.0 —=5.0 —5.0 —5.0 Vde le= —10pA
hee! 40 120 |40 120 |100 300 {100 300 le= —100mA Ve= —5V
30 30 75 75 le= —100pA  Ve= —5V
25 25 70 70 le= —500mA  Veg= —5V
15 15 40 40 le= —100mA V= —5V
Ta= —565°C
15 10 40 25 le= —1A Vee= —5V
Vee(sat)! —-0.15 —0.15 —-0.15 —0.15| Vde le= —150mA ls= —15mA
—0.50 —0,60 -0.50 —0.50| Vdc le= —500mA  lz= —50mA
-1.0 -1.0 Vdc le= —1A lg= —100mA
Vie(sat)! -09 -0.9 -0.9 —0.9 | Vdc le= —150mA  lzg= —15mA
Vee(on) =14 =141 -1.1 =11 Vdc le= —=B500mA  Vee= —0.5V
—-1.2 —-1.2 Vde le= —1A Vee= —1V
lcso —50 —-50 nAdc Ves= —50V
-50 —50 | nAdc Ves= —6B0V
—50 —-50 uAdc Ves= —50V TA=150°C
-50 —50 | pAdc Vee= —60V T.=150°C
leso —10 -10 —-10 —10 | pAdc Veg= —bBV
Ei 20 20 20 20 | pF Veg= —10V f=1MHz
Ci 110 110 110 110 | pF Ves= —0.5V f=1MHz
| heel 1.0 4.0 |1.0 40 (15 50 |1.6 5.0 Veg= —10V le= —50mA
f=100MHz
ten 100 100 100 100 | ns
le=500mA
ler=50mA
t, 350 350 350 350 | ns le2=50mA
SWITCHING TiME TEST CisCuiT
4 50 50 50 50 | ns S iy

KAz eon 3

620
°. 1
| LT B
-a7

I

Vi =97
1By Insec

BW = luase

2y 500

BUTY CYCLE<2%

won

SAMPLING SCOPE
1y <insec
)y 2 100K 1L
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2N4402, 2N4403
GENERAL PURPOSE PNP SILICON

Package: To-92

SWITCHING AND AMPLIFYING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit
Collector-Emitter Voltage ...........cccceeeeennnn. 40 Vdc
Collector-Base Voltage ... 40 Vde
Emitter-Base Voltage ..........ceeerevsvsinrnnnennnne. 5.0 Vdc
Collector Current - Continuous .... 600 mAdc

Total Device Dissipation TA =250C .....310mw
Derate above 25°C .........c.ccceeneeennn. 2.81 mW/OC
Operating & Storage Junction

Temperature Range ............c....... 5510 +135 0C
Thermal Resistance, Junction

A o o | NN S U6 § P R TR YL 1) 1]
Thermal Resistance, Junction

MO IOIBIBIIL ovossomiesmsmsminssasntensns DD OC MWV

Turn-On Time =30V

_-I - < 2n3

¥

fCy <10pt
....] |-— 010 100 us
OUTY CYCLE==2%
SCOPE RSE TIME  4ns
TOTAL SHUNT CAPACITANCE OF TEST JIG,
CONNECTORS, AND OSCILLOSCORE
Turn-Off Time =R

- g < 2003

_..l |.|.. 10 1o 100ps

DUTY CYCLE =29,
+ Ay =

ELECTRICAL CHARACTERISTICS ITA = 250C unless otherwise noted)

Symbol Min Max Unit Conditions

BVCEO‘ 40 — Vdc IC=1 mAdc, EB=0

BVCBO 40 — Vdc IC = 0.1 mAdc, IE =0

BVEBO 50 = Vdc IE =0.1 mAdc, Ic =0

lCE}( - 0.1 uAdc VCE =35 Vdc, VBElofﬂ = 0.4 Vdc

IBL - 0.1 uAdc VGE =35 Vdc'VBEloff] =0.4 Vdc

heg 30 - Ic =0.7mAdc, Ve = TVde 2N4403
30 — Ig = 1mAdc, Vo = 1Vde 2N4402
60 - 2N4403
50 - IC =10 mAdc, VCE =1 Vdc 2N4402
100 — 2N4403
50 150 IC = 150 mAdc, VCE =2Vdc* 2N4402
100 300 2N4403
20 7= IC = 500 mAdec, VCE =2 Vdc*

VCElsatI = 04 Vdc IC = 150 mAdec, IB =15 mAdc
— 0.75 IC = 500 mAdc, lB =50 mAdc

VBE(sat} 0.75 0.95 Vdc IC = 150 mAde, [B =15 mAdc
- 1.3 IC =500 mAdec, FB = 50 mAdc

f.l. 150 — MHz 2N 4402 |C = 20 mAdec, VCE =10 Vde,
200 o 2N4403 £=100 MHz

*Pulse Test: Pulse Width = 300 us, Duty Cycle = 2%.
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2N4402, 2N4403

ELECTRICAL CHARACTERISTICS (T,=25°C)

SYMBOL MIN. MAX. UNITS CONDITIONS
ch — 85 pF VCB =10 Vdc, 1E =0, f = 140 kHz, emitter guarded
Cop = 30 pF VBE = 0.5 Vde, =0, f-140 kHz,
collector guarded
e 750 7.5k ohms IC - 1 mAde, VCE =10Vdc, f=1kHz 2N4402
1.5k 15k 2N4403
h 0.1 8.0 x 104 Ic =1 mAdc, Ve = 10 Vde, = 1 kHz
re
hfe 30 250 - IC =1 mAdc, VCE =10 Vdc, f=1 kHz 2N4402
60 500 2N4403
h 1.0 100 umhoe l~=1mAdc, V.. =10Vdc, f =1 kHz
oe C CE
td — 15 ns VCC = 30 Vdc, VBEloff} =2 Vdc,
t — 20 ns IC =150 mAdc, |B1 =15 mAdc
t — 225 ns VCC = 30 Vdc, IC = 150 mAdec,
t - 30 ns 131:|82=15mAdc
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2N5056, 2N5057°

HIGH SPEED PNP SILICON SATURATED
SWITCHING TRANSISTORS

Package: TO-18

o Fast Switthing ...........innniininimmisniis

ton = 20 ns (max) at 30 mA

toff = 35 ns (max) at 30 mA
Tg = 30 ns (max) at 10 mA

* High Frequency.........ume,
* Low Capacitance ..................

fr = 800 MHz (min) at 30 mA
ween. Copy = 4.5 pF (max) at 5 Volts

¢ Low Saturation Voltage......... VCE{sat} = 0.19 Volts (max) at Ic = 30 mA

ABSOLUTE MAXIMUM RATINGS (Note 1)

Characteristics Unit

Storage Temperature ..................... —65°C to +200°C

Operating Junction Temperature ..................... +200°C
Lead Temperature (Soldering,
60 second time limit).......c.ccccoccvviveivvercrne. T300°C
Total Device Dissipation:
@ Tg = 25°C (Notes 2 and 3) .................. 1.2 Watts
@ Tge =100°C (Notes 2 and 3) ................ 0.72 Watt
@Tp = 25°C (Notes 2 and 3) . ..0.36 Watt
Collector-Base Voltage ... et e DAV DTS
Collector-Emitter Voltage <Note 4} ..—15 Volts
Emitter-Base Voltage .........cccocevvvecvicrsvncrene. — 4.5 Volts

ELECTRICAL CHARACTERISTICS {TA = 25°C unless otherwise noted)

Symbol Min Typ Max Unit Conditions

ton 2N5056 = 10 20 ns  Ic~30mA. lgy = 3.0mA
2N5057 - 10 20 ns (Note 6, Figure 1)

tof 2N5056 - 15 35 ns  Ica30mA.lg = Igy 3.0mA
2N5057 - 15 35 ns {Note B, Figure 1)

Ts 2N5056 - 15 30 ns Ic = 10mA, Ig; = 10 mA,
2N5057 - 15 30 ns Ig2 = —10 mA (Note 6. Figure 1)

VCE(sat) 2N5056 - -008 -013 Vot Ic=10mA,lg=10mA
2N5057 - —=0.08 -0.13 Volit (Note 5)

Veeisat) 2N5056 - -012 -019 Volt  Ic=30mA,lg=3.0mA
2N5057 - —0.12 -0.19 Volt (Note 5)

VCE(sat) 2N5056 - -028 —045 Volt Ic=100mA,lg=10mA
2N5057 - —0.28 =045 Volt (Note 5)

VaE(sat) 2N5056 -072 -082 —092 Volt Ic=10mA.lg = 1.0mA
2N5057 =072 =082 -0.92 Volt (Note 5)

VBE(sat) 2N5056 —0.80 -—0.93 -1.15 Volts Ic =30mA.lg =3.0mA
2N5057 -080 -—093 -1.16 Volts (Note 5)
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2N5056, 2N5057

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

Symbol Min Typ Max Unit Conditions

VeE(sat) 2N5056 -095 —114 -—15 Volts  Ic =100 mA,Ig = 10 mA
2N5057 -095 -—-1.14 -1.5 Volts

Nge 2N5056 6.0 9.0 = - 1g=30mA,Vcg = —10 Volts
2N5057 8.0 12 - -

Ce 2N5056 = 33 45 pF Ig=0,Vcg = —5.0 Volts
2N5057 - 33 45 pF

Cais 2N5056 - 47 6.0 pF g =0.Vgg = —0.5 Voit
2N5057 B 47 6.0 pF

ICES 2N5056 - 0.3 50 nA Vg = —10 Volts, Vgg = 0
2N5057 - 0.3 50 nA

Iges(+125°C) 2N5056 - 0.05 10 gA Vg = —10 Volts, Vgg = 0
2N5057 - 0.05 10 HA

VCEO(sust) 2N5056 -15 - - Volts Ic=10mA,Ig =0
2N5057 -15 - - Volts (Notes 4 and 5)

BVego 2N5056 -15 = = Volts Ic = 104A. Ig =0
2N5057 =156 - - Volts

BVces 2N5056 -15 = = Volts Ic = 104A.Vgg = 0
2N5057 —=15 - - Volts

BVego 2N5056 -45 % = Volts  Ic =0.lg =100 kA
2N5057 —4.5 - - Volts

hee 2N5056 12 25 - - lg=10mA.Vgg = —0.5 Volt
2N5057 20 44 - = (Note 5)

heg 2N5056 20 33 - - Ig=10mA,Vcg = —03 Voit
2N5057 30 53 - - (Note 5)

heg 2N5056 30 48 100 - Ic =30 mA, Vg = — 0.5 Volt
2N5057 40 63 100 - (Note 5)

hee 2N5056 20 45 5 - 1g=100mA,Vcg = —1.0Volt
2N5057 30 55 - - (Note 5)

hgg(—55°C) 2N5056 12 25 - - Ic = 30 mA, Vgg = —0.5 Volt
2N5057 20 38 - = (Note 5)

NOTES:

(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired.

(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.

(3) These ratings give a maximum junction temperature of 200°C and junction-to-case thermal resistance of 146°C/watt (derating

factor of 6.85 mW/®C); junction-to-ambient thermal resistance of 486° C/watt (derating factor of 2.06 mW/°C),

(4}  This rating refers to a high-current point where collector to emitter voltage is lowest.
(5}  Pulse Conditions: length = 300 us; duty cycle = 1%.

(6]  See switching circuit for exact values of lg gy .and gy
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2N5056, 2N5057

FIGURE 1 SCHEMATIC FIGURE 2
SWITCHING TIME TEST CIRCUIT SWITCHING TIME TEST CIRCUIT
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FIGURE 4
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Package: T0-92 2N5228
GENERAL PURPOSE PNP SILICON LOW-LEVEL SWITCHING TRANSISTOR

ABSOLUTE MAXIMUM RATINGS Figure 1 — Switching Time Test Circuit
Characteristic Unit
: Vee =3.0 V
Collector-Emitter Voltage ................ce.vo.en.. 5.0 Vdc
Collector-Emitter Voltage .......................... 6.0 Vdc 376
Collector-Base Voltage ............c.c.eceveeeeennnn. 5.0 Vde
Emitter-Base Voltage .... sy S0V de
Collector Current .........cccecvveeernecsninnenens... 50 mAde
Total Device Dissipation @ TA =250C .......310mwW
Derate above 250C .......................... 2.81 mW/OC
Operating and Storage Junction
Temperature Range .................... -B5 to +135 0C
: . 9.V
Thermal Resistance, Junction _\ /_
-5V
10 AMBIENt vvvvvrrvrseesreoereeosonn. 0,357 OC/mW by L
—10.55 v—-\—/ -10.7 u—u
TURN-ON INPUT PULSE TURN-OFF INPUT PULSE

GENERATOR SOURCE IMPEDANCE= 50 ohms

INPUT PULSE: CSCILLOSCOPE:
RISE TIME =<<20ns RISE TIME Odns
FALL TIME == 2 0Ons INPUT RESISTANCE== 50 ohms

NOMINAL PULSEWIDTH= 300ns INPUT CAPACITANCE << 4.0 pF
NOMINAL DUTY CYCLE:= 2.0%

ELECTRICAL CHARACTERISTICS (TA = 2560C unless otherwise noted)

Symbol Min Max Unit Conditions
ﬂCEO 5.0 — Vde |C= 10 mAdc,IB=0
BVCES 6.0 - Vde IC =100 vAdc, VBE =0
BVCBO 5.0 = Vdc IC =100 vAdc, ]E =0
BVEBO 3.0 - Vdc IE = 100 vAdc, IC =0
ICES - 100 nAdc VCE = 4.0 Vdc, VBE =0
IEBO - 100 uAdc VBE= 2.5 Vdc, |C= 0
hFE 30 - — IC =10 mAdc, VCE =0.3Vdc
15 — 'C =50 mAdc, VCE =1.0Vdc
VCE[sat} - 0.4 Vdc IC =10 mAdec, IEI = 3.0 mAdc
VBE(SB\‘I 0.65 1.25 Vdc lC = 10 mAdc, |B = 3.0 mAdc
fT 300 = MHz IC =10 mAdc, VCE =5.0 Vdc, f = 100 MHz
ch — 5.0 pF VCB=5.0 Vdc,!E =0,f=1.0MHz
Yy — 25 ns Delay Time See Figure 1
tr —~ 50 ns Rise Time See Figure 1
ts — 90 ns Storage Time See Figure 1
t - 50 ns Fall Time See Figure 1
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2N2480, 2N2480A
NPN SILICON DUAL TRANSISTORS

Package: TO-92

ABSOLUTE MAXIMUM RATINGS (each side)

Characteristics Unit
Collector-Emitter Voltage ..........ooooevrivevecnnnenen. 40 Volts
Collector-Base Voltage (2N2480) .... v 15 Volts
Collector-Base Voltage (2N2480A) . ... 80 Volts
Emitter-Base Voltage ..o 5.0 Volts
Collactor CUTant  uw s amssmsne DOGIMA
Operating Junction Temperature ........ccccocovnnee. 200°C
Storage Temperature Range............... —65 to +200°C
Total Dissipation @ Tp = 25°C (one side) ......0.5 Watt

Derate above 25°C.......ccccovevvreerricsreneen. 2.86 mW/°C
Total Dissipation @ Tg = 25°C.... ... 1.6 Watts
Derate above 25°C ...... 8.1 mW/C

Total Dissipation @ TA = 25°C (both sides)...0.6 Watt
Derate above 25°C ....cccccceevciveieceinnnnnn. 3.43 mW/°C

Total Dissipation @ Tg = 25°C..................... 3.0 Watts
Derate above 25°C........cccccccvivvivninneen. 17.2 mW/°C

ELECTRICAL CHARACTERISTICS ‘:TA = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions

BVCEOD® 40 - Volts Ilc=20mA,lg =0°*

BVego 75 = Volts (2N2480) Ic = 100uA. I =0
80 - Volts (2N2480A)

BVego 5.0 - Volts I =100uA. Ic =0

Iceo - 15 A Vcg = 30 Volts, Ig = 0, Ta = 150°C
= 0.050 LA (2N2480) Vg = 60 Volts, I = 0
= 0.020 HA (2N2480A)

IEBO = 50 nA (2N2480) VBEg = 5.0 Volts, Ic = 0
= 20 nA (2N2480A)

heg 20 = - (2N2480) Igc = 100 A, Vcg = 5.0 Volts
35 = = (2N2480A)

heg 30 350 B (2N2480) I = 1.0 mA, Vg = 5.0 Volts
50 200 = (2N2480A)
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2N2480, 2N2480A

ELECTRICAL CHARACTERISTICS {TA = 25°C unless otherwise noted)

Symbol Min Max Unit Conditions
VeE(sat) ~ 1.2 Volts (2N2480) Ic =50 mA, Ig = 5.0 mA
- 1.3 Volts (2N2480A)
VBE(sat) = 0.9 Volt (2N2480) Ic = 50 mA, Ig = 5.0 mA
- 1.0 Volt (2N2480A)
fr 50 - MHz Ic = 50 mA, Vg = 10 Volts, f = 20 MHz
B - 20 PF (2N2480) Vcg = 10 Volts, Ig = 0
- 18 pF (2N2480A) f=1.0MHz
Cib - 85 pF (2N2480A) Vgg = 0.5 Volt, Igc =0,
f=1.0MHz
hie 1000 5000 ohms (2N2480A) Ic = 1.0 mA, Vg = 5.0 Volts,
f=1.0kHz
hip 20 35 ohms (2N2480A) I = 1.0 mA, Ve = 5.0 Volts,
f=1.0kHz
hte 50 300 - (2N2480A) Ic = 1.0 mA, Vcg = 5.0 Volts,
f=1.0kHz
hoe 40 16 umhos (2N2480A) Ic = 1.0 mA, Vg = 5.0 Volts,
f=1.0kHz
NF z 8.0 d8 Ic = 0.3 mA, Vg = 10 Volts, Rg = 510 ohms,

f=1.0kHz, BW = 1.0 Hz

* Pulse Test: Pulse Width =< 300 us, Duty Cy

cle < 2%.
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PACKAGE DIMENSIONS

Ceramic Dual In-Line

DIMENSIONS 30

310/290 Dual In-Line s

14-LEAD ey ==
== Plastic Package TO-116 !

200 11
MAX. 809
LEADS TO BE TIN PLATED \y
o2 °
M‘g [ ‘ J_._31-'-'!."if?!'!-...| L WISTTYR
Lo T s
- <t L B .020 MIN. :
020 | — NOM.
1 | O 1= 15° TYR
£ i 3 —
W s 3 = T 1] (=14
0 <0 > ,020 £002
| g 1> | = o
i [
0804110 g? % s = =
e & 1 :
fLoo] E i 260 =
| .280
-2 { = B
NOTE: 1. Board drilling dimensions should equal your e ==L ;;': }
practice for a conventional .020 inch diameter lead. A00
L 0 | [ = 7] S
290 . -
16-LEAD T | 245
Ceramic Dual In-Line e .260

L=

DIMENSIONS — FLAT PACK

250
MIN

Zh =1 )
> [ e ]
= ———— | ]
D I ]
1] | ]
5] 718 —3
= A B e
. —~
= | 065 MAX
—>| k—020MN t.-(%%g .l ;_%:ODA_T “_)__ | —L
- 240 MIN KE
260 MAX |
ORDERING CODE FOR 930 DTL, \
9000 TTL, 9300 TTL, 950 CTL —LE ® Y —
AND LINEAR CIRCUITS Rl — —
Operating Temperature Range (add) T | e S |
—1 for =55 to +°125°C e ===
—5 for 0 to +70°C — ) -390
° iqi 370
+75°C for digital 020 —— .
Packagfe (add) 015 — 1
B for Flat Pack
C for TO-5 Style = s y i
D for Ceramic Dual In-Line
P for Plastic Dual In-Line 0080 !—‘2“"2"'5 Jm“‘““l

Example: _L

MIC 709A-1D # #I 075
is —55 to_+125°C & 050
Range in Dual In-Line Package

16 LEAD—check factory for availability



PACKAGE DIMENSIONS

DIMENSIONS

240
045/055 I e |

=== 10--‘L
[ =
— =

t—.OIOJ’.UQ 190/210
250 MIN. | .003/0086

DOUBLE PLUG DIODE
STANDARD

Ff l.las"ﬂblq— 160 A% _L
e e e e

ozo _f 062 MAX.

.020

t 062 MAX,
AVAILABLE

MECHANICAL DATA

Case: Hermetically sealed glass
Finish: All external surfaces corrosicn
resistant and leads readily solderable
Leads: Dumet, tin plated

Weight: 0.135 grams (approx.)
Mounting Position: Any

Marking: Diodes carry ITT identification,
and are EIA Color Coded. Bands 1, 2,3
and 4 on the illustration above indicate
the first, second, third and fourth digit
respectively of the type designation
starting from the cathode end of the

diode.

Black 0 Green 5
Brown . .1 Blue )
Red . . . .2 Violet iy,
Orange .....3 Gray . 8
Yellow .. .. . 4 White 9

+ 002

132

L-ﬂ!ﬂ +.002 j 120 Max. DIa.

e

EPOXY PACKAGE
Lead-Material Silver Plated Copper



PACKAGE DIMENSIONS

PHYSICAL DIMENSIONS

2 195
le-308 | =80
‘ r
665 260 38
d . I
3 Max
b e
ol9 - -
0I6

3 LEADS

100 LEAD
200 LERD A8
195
|".|ao"‘
020 = -
MAX "y 150 o0 e
1 15 ““'1; f;_’ SEATING PLANE
—‘— ---—Fsoo 3‘.;5 T —H 0% oM A
Tg g g AR B
019 ~~ - —
016

45° S
100 LEAD
S.EME/‘ CIRCLE
033
TO-52

TO-77 TO-78 R-131¢c

NOTE | DIMENSIONS AS PER LATEST ALL DIMENSIONS IN INCHES,
JS-10 COMMITTEE. LEADS ARE GOLD-PLATED KOVAR.
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PACKAGE DIMENSIONS

DIMENSIONS
TO-100 370
335
.335 |
305 7]
040 | 135
s “jz- 165
500
MIN.
5TP

" 029

NOTES: LEADS ARE GOLD-PLATED KOVAR
PACKAGE WEIGHT IS 1.32 GRAMS

TO-99
370__
s | BEARRS
335
*305
.040
MAX.

=

”‘;Tz*uunnuL"f_

NOTE | DIMENSIONS AS PER LATEST
J5-10 COMMITTEE.
ALL DIMENSIONS IN INCHES.
LEADS ARE GOLD-PLATED
KOVAR.
PQCKAGE WEIGHT IS LI2
GRAMS

2.0 }*— J,—)| 20 |=—

TO-92 PACKAGE

Y

@ 157 15T
E

:

-

20

el i,

7 20 | | !
|4 n |

492

13-4

X

.087

+492

0.2

T
i
T

NOTE-ON SPECIAL ORDER

ITT Semiconductors will provide
TO-18, TO-46 and TO-52 units
with formed leads to the require-
ments of the TO-5 package. In
addition disc insulators on the
above devices are also available
by special order.
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