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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 numer ical 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 specificat ion data. 
ITT is the wor ld's leading producer of diodes. Call your ITT sales engineer 
or distrib utor for quotation on all your diode needs. 

Part No. lir1e No. Part No. l ine No. Pan No. line No. Part No. Une No. Parl No. line No. 

1N34 107 1N87 37 IN198B 19S 1 N497 56 1N312S 69 
1N34A 10D IN87A 38 1N26S 180 1N498 116 1N3146 4S 
1N31 78 IN88 169 IN266 98 I N499 147 I N3187 1 
IN38 201 1N89 189 1N167 41 I NIDO 1S8 1 N3287\V 3 
1N38A 191 1N90 138 IN268 50 1 NS01 201 USN 
1N388 192 1N9S 140 1N270 166 1 NS02 219 H/346S 119 
1N44 211 1N96 143 IN270JAN 167 I N527 11 1 N3466 7S 
1N4S 133 1N96A 111 1N273 ss IN541 76 1 N3467 24 
1N46 84 1N97 203 1N276 110 I N541 11 1 N3468 ZS 
1N47 212 1N98 106 1N176JAN 91 1 NS67 208 1 N3469 63 
1N48 171 1N98A 139 1N277 220 1 NS68 s 1 N3470 64 
1N49 85 1N99 101 1N277JAN 200 1N569 11 1 N3483 9 
1NSD 86 IN100 205 1N178 108 1NS71 10 1 N3592 43 
1NSI 79 l NIOOA 156 1NZJ9 58 1N6l 6 32 I N3666 165 
IN5Z 173 IN1D1 119 I N181 148 1N617 210 I N3666M 161 
1N51A 171 1N103 15 1N183 41 lll618 213 USN 
1N54 60 1N104 16 1N287 109 1N63I 186 I N3666M1 loZ 
1N54A 81 1N107 14 1N288 177 H/632 184 USN 
1 N55 234 1N108 93 1NZ89 175 1N633 222 1N3666MZ 163 
1NSSA 13S 111111 119 1N290 215 1N634 214 USN 
1 NS58 238 1N11Z 130 1N29I 217 1N63S 236 1N37,9 185 
I N56 51 1N113 111 1N191 149 1N636 97 IN3773 40 
1NS6A 11 1N114 113 IN194 116 1N69S 34 1N45Z3 11 
1N57 153 IN1l5 124 1N194A 127 IN695A 41 1N4S14 11 
1N58 1!9 IN116 137 I N297 1S1 1N770 31 G1S8 16 
1NS8A 197 IN117 139 I N197A 151 1N771 157 G1S9 62 
1N60 88 1 N118 141 IN198 131 1N771A 164 G198 46 
1N60A 68 1 N118A 146 1 N193A 52 IN7718 168 G199 36 
1N61 133 1N119 1D3 1 N314 141 IN771 159 G200 19 
1N61 109 1N120 105 1N3S5 193 1N771A 132 6766 35 
1N63 117 1N126 136 1N367 13 IN773 120 6788 96 
1N63A 196 IN126A 145 1N417 99 1N773A 121 6790 28 
1N65 170 IN117 226 1N418 106 1N774 114 6814 19 
1N66 101 INl 17A 130 1N4l9 160 IN774A 118 6815 59 
1N66A 101 1N118 81 1N447 144 IN775 115 G8l 6 13 
1N67 154 1N128A 83 1N448 216 1N776 33 G819 187 
1N67A 19D INl33 1 1N449 92 1N117 117 G810 112 
1N68 188 1N139 9D 1N450 218 1N78I 70 G821 65 
1N68A 231 1N140 176 1N45I 237 1N781A 71 G822 49 
1N69 135 IN141 174 1N4Sl 94 1N805 67 G823 39 
1N69A 134 1N142 228 IN453 221 IN909 113 G824 3D 
1N7D 224 1N143 231 1N454 150 1N910 14 G825 17 
1N70A 225 1N144 51 1N455 95 1N9l1 54 G844 48 
1N71 73 I N14S 53 1N476 178 1N9J3 2D4 6846 61 
IN15 223 1N191 182 1N477 179 1N946 89 6847 1D 
1N81 20 1N192 128 1N478 198 1N994 8 6868 4 
1N81A 81 1N195 66 1N419 181 1N995 22 6869 6 
1N84 18 IN198 155 IN480 104 1N996 44 
1N88 125 1N198A 194 1N49D 183 1N3110 7 

1H 

DIM ENSIONS D0-7 (Standard) 

MECHANICAL DATA 
Case: 

Hermetically sealed glass 
Finish: 

All external surfaces corrosion resis1ant 
and leads readily solderable 

leads : 
Oumot, tin plated 

Weigh1: 
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 illus1ra1io~ above indica1e the firs1. 
second.1hird and fourth digit respectively 
of the type designation. s1arting from 1he 
cathode end of the diode. 
Black. , ... .. 0 Green ... . . .. 5 
Brown . . . .. .. 1 Blue .... , . , . 6 
Red ......... 2 Viole 1. ...... 7 
Orange .. .... 3 Gray . ... . ... 8 
Yellow ... .. . 4 White ..... , .9 

..... 
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GERMANIUM GENERAL PURPOSE DIODES 

ELECTRICAL CHARACTERIS TICS @ 25°C unless otherwise noted 

1, IR Reverse Recovery Time Pan line 

PIV mA@ V µA @ V lfmA VR Rec.to nsec No. No. 
1, IR Reverse Recovery Time Pan Line 

PIV mA <~ V , A @V l,m A VR Rec.to nsec No. No. 

5 3 0.5 300 0.6 1N133 1 30 100 1 10 10 1N911 54 

6 1 0.3 15 2 1N3287 2 30 100 1 20 20 IN273 55 

6 100 1 15 2 1N3287W 3 30 100 1 20 20 1N497 56 
USN 30 100 1 200 100 1N144 57 

6 100 1 15 2 G868 4 30 100 1 200 20 1N279 58 

7 5 0.32 100 5 1N568 5 30 100 0.85 30 20 G815 59 

7 10 0.5 5 2 G869 6 35 5 1 10 10 1N54 60 

8 5 0.45 20 8 IN3110 7 100 50 

100 8(465°C 35 100 I 10 10 10 lmA 150 G846 61 

8 10 1 30 6 10 - 6 3mA 14 8 35 600 1 60 20 6 159 62 

8 10 0.6 10 3 ••. j 9 35 600 0,5 15 20 1 N3469 63 

9 50 0.9 10 5 10 3mA 8 G847 10 35 600 0.5 30 20 1 N3470 64 

10 I 0.3 50 10 1N527 11 36 50 0.62 4 5 2 ov 250 6821 65 

10 10 0.65 12 6 10 -6 3 1N4524 12 40 2 2 10 40 300 1N195 66 

10 10 0.65 12 6 10 l OmA 3 G816 13 40 3 1 100 10 1N805 67 

10 150 1 200 10 1N107 14 40 4 1 60 10 1N60A 68 

12 30 1 100 5 1N103 15 40 5 0.4 100 40 1N3125 69 

12 30 1 100 5 1 N104 16 125 20@71' C 

12 50 0.7 6 5 10 3mA 6 G825 17 40 10 0.45 5 10 10 HO 0.lmA 500 1N781 70 

12 60 1 100 s 1N84 18 60 10@65°c 

12 100 0.85 15 5 G814 19 40 10 0.45 5 10 10 -10 100,A 500 1N781A 71 

12 200 1 100 10@55' C 100 - 5 10kO 4 1N571 20 60 10@65°C 

12 250 0.5 50 10 1N569 21 40 15 1 300 30 1N56A 72 

15 10 0.5 10 6 10 - 6 3mA 6 1N995 22 40 15 1 300 30 1N71 73 

15 20 1 1N367 23 40 100 1 10 10 1N910 74 

15 20 0.5 15 10 10 - 6 ln 2 IN3467 24 40 200 1 15 30 1 N3466 75 

15 10 0.5 60 10 10 - 6 10 2 1 N3468 25 45 10 2.2 18 10 1N541 76 

15 25 0.5 40 15 10 - 6 10 2 G158 26 150 30 

15 100 1 30 10 10 -6 8 1N4523 27 45 10 2.2 18 10 (matched pair 1N541) 1N542 77 

15 100 1 30 10 10 lmA 8 G790 28 150 30 

15 100 0.65 20 10 2 40 G100 29 

18 50 0.76 8 5 1 OV 100 G824 30 
50 200 50 (maiched pair) 1N35 78 
50 2.5 1 1600 50 1N51 79 

20 5 0.42 40 ID 5 - 10 151 350 1N770 31 50 3 I 10 10 1N81 80 

20 8 1 400 20 1N616 32 50 3 1 10 10 1N81A 81 

20 50 1 200 10 IN776 33 50 3 1 10 10 IN128 82 

500 30 50 3 1 10 10 1N128A 83 

20 100 1 2 10 5 - 20 25ka 300 1N695 34 50 3 1 1500 50 1N46 84 
20 10@70°C 50 4 1 200 20 1N49 85 

20 100 0.85 25 10 10 1 50 6766 35 50 4 1 80 20 1N50 86 

20 100 0.7 10 10 2 50 G199 36 50 5 1 7 10 1N54A 87 

22.5 0.1 0.25 30 1.5 1N87 37 100 50 

22.5 0.1 0.25 (subminiature 1N87) 1N87A 38 50 5 1 40 20 1N60 88 

24 50 0.65 5 5 2 2 OV 80 6823 39 

25 2 0.35 4 3 2 2mA ov 40 1N3773 40 
50 10 0.34 10 10 1N949 89 

50 10@55°C 

25 3.5 1 12 10 IN267 41 50 20 1 1500 50 1N139 90 

25 10 1 2 10 0.2mA3 300 1 N695A 42 50 40 1 20 10 5 -40 300 1N276JAN 91 

20 10@70' C 100 10@75°C 

25 15 0.5 4 4.5 2 0.2mA2 40 1N3592 43 50 50 1 30 30 1N449 92 

25 40 0.8 15 5 5 - 10 0.5mA 300 1N996 44 50 50 1 200 50 1N108 93 

25 50 1 100 20 10 -6 3ko 2 1N3146 45 

25 100 0.75 5 10 2 60 6198 46 

25 200 1 20 10 1N283 47 

25 300 1 20 6 6844 48 

27 50 0.7 6 5 2 ov 350 6822 49 

30 2.5 1 20 10 1N268 50 

30 15 1 300 30 1N56 51 

30 30 2 250 40 1N298A 52 

30 40 1 100 10 1N145 53 

50 100 1 30 30 1N452 94 

50 300 l 30 30 IN455 95 

55 150 1 5 10 G788 96 

60 2.5 1 10 10 IN636 97 

60 4 1 75 30 1N266 98 

60 5 3.54 5 - 40 300 1N417 99 

60 5 1 30 10 I 1N34A 100 
500 50 

NOTES: 1. Modified IBM Test Circuit 2. IR 3. JAN Test Circuit 4. @-t 55°C 
11- 2 



GERMANIUM GENERAL PURPOSE DIODES 

,, IR Reverse Recovery Time Pan Lina ,, IR Reverse Recovery Time Pan Lina 

PIV mA@ V "A @ V 1,mA v. Rec.to nsec No. No. PIV mA@ V J<A @ V 1,mA v, Rec. to nsec No. No. 

60 5 1 50 10 1N66 101 75 10 1 100 50 1N117 139 

800 50 75 10 1 800 50 1N95 140 

60 5 1 50 10 1N66A 102 75 15 1 50 10 1N314 141 
60 5 1 125 5o@55°c 30 - 35 50k!! 500 1N119 103 75 20 1 100 50 1N118 142 
60 5 1 125 50@55°c (solder-in 1N119) 1N480 104 75 20 1 800 50 1N96 143 
60 5 1 250 50(ii55°C 30 -35 50k!! 500 1N120 105 75 25 1 20 10 1N447 144 
60 7 1 5 - 40 2kn 300 1N418 106 60 30 
60 8.5 1 15 10 1N34 107 75 25 1 50 10 1N126A 145 

800 50 850 50 
60 20 1 125 50@75°C 1N278 108 75 40 1 100 50 1N118A 146 
60 20 1 1500 50 1N287 109 75 100 1 30 50 1 N499 147 
60 40 1 100 50 1N276 110 75 100 1 30 10 5 - 40 300 1N281 148 

100 10@75°C 500 50 
60 40 1 500 50 1N96A 111 75 100 1 200 50 1N292 149 
60 50 0.7 6 5 G820 112 75 200 1 50 50 1N454 150 
60 100 1 10 10 1N909 113 80 3.5 1 10 5 1N297 151 
60 100 1 15 10 1N774 114 100 50 

150 50 80 3.5 1 10 5 1N297A 152 
60 100 1 20 10 1N775 115 100 50 

250 50 80 3.6 1 300 75 1N57 153 
60 100 1 25 40 1N498 116 80 4 1 5 5 1 N67 154 
60 100 1 25 10 30 - 40 4001?1 1N777 117 80 4 1 10 10 1 N198 155 

125 50@55°C 250 50@75°C 
60 200 1 15 10 1N774A 118 80 40 1 50 50 1N100A 156 

150 50 80 100 1 25 50 1N771 157 
60 200 1 20 45 1 N3465 119 80 100 1 40 60 1 NSOO 158 
65 100 1 10 10 1N773 120 80 100 1 50 50 1N772 159 

100 50 80 125 1 180 90 5 - 40 300 1N419 160 
65 200 1 10 10 1N773A 121 80 200 1 10 20 30 - 10 300 1N3666M 161 

100 50 150 20@70°C USN 
703 2.5 1 25 10@55°C 1N113 122 80 200 1 10 20 30 - 10 300 1 N3666M1 162 

125 50@55°C 150 20@10°c USN 
703 2.5 1 50 10@55°C 1N114 123 80 200 1 10 20 30 - 10 300 1N3666M2 163 

250 50@;55°C 150 20@10°c USN 
703 2.5 1 100 10@55°c 1N115 124 80 200 1 25 50 1N771A 164 

500 50@55°C 
70 4 1 50 10 1N86 125 

833 50 
70 5 1 10 10 1N294 126 

80 200 1 25 50 30 - 10 5001'A 300 1 N3666 165 
80 200 1 100 50 5 -40 300 1 N270 166 
80 200 1 100 50 1 N270JAN 167 

75 10@75' C 
I 

800 50 80 400 1 25 50 1N7718 168 
70 5 1 10 10 1N294A 127 85 2.5 1 100 50 1 N88 169 
70 5 1 20 10 30 - 35 50k!! 500 1N192 128 85 2.5 1 200 50 1 N65 170 

50 70@50°C 
704 5 1 25 10@55°C 1N111 129 

85 4 1 150 50 1N52A 171 
85 4 1 833 50 1N48 172 

125 50@55°C 
704 5 1 50 10@55' C 1N112 130 

85 5 1 150 50 1 N52 173 
85 20 1 50 50 1N141 174 

250 5o®55°c 85 20 1 50 50 1 N289 175 
70 30 2 250 40 1N298 131 
70 200 1 50 50 1N772A 132 

85 40 1 300 50 1N140 176 
85 40 1 350 50 1 N288 177 

75 3 1 410 50 1N45 133 90 2.5 1 11 10 1N476 178 
75 5 1 30 10 1N69A 134 60 10@60°C 

500 50 90 2.5 1 11 10 1N477 179 
75 5 1 50 10 1N69 135 60 1o@so•c 

850 50 90 3.2 1 100 60 1 N265 180 
75 5 1 50 10 1N126 136 90 5 1 7 10 1 N479 181 

800 50 90 5 1 25 10 30 -35 ~Oko 500 1N191 182 
75 5 1 100 50 1N116 137 125 50@55°C 
75 5 1 800 50 1 N90 138 90 5 1 250 50@55°C (solder-in 1 N120) 1N490 183 

NOTES: 1. Modified ISM Test Circuit 2. 1, 3. JAN Test Circuit 4. @+ 55°C 
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GERMANIUM GENERA L PURPOSE DIODES 

ELECTRIC AL CHAR ACTERISTIC S, continued 

If IR Reverse Recovery Time Part Line IF 1, Reverse Recovery Time Part Li 
PIV mA @ V JLA @V lfmA VR Rec.to nsec No. No. PIV mA@V JLA @V IFmA v, Rec. to nsec No. r.: 

90 7 1 120 60 5 - 40 0.5mA 300 1N632 184 115 3 1 410 50 1N44 2. 
90 25 0.5 5 5 1N3769 185 115 5 1 4 3 1N47 2 

20 65 400 50 
90 50 3-.5 120 60 5 - 40 0.5mA 300 1N631 186 115 5 1 70 10 1N618 2 
90 50 0.62 4 5 6819 187 115 50 1 45 45 1 N634 2· 

100 3 1 62-5 100 1 N68 188 100 100 
100 3.5 1 8 5 1 N89 189 120 5 1 100 100 1N290 2· 
100 4 1 5 5 1N67A 190 120 25 1 30 30 1N448 2' 

50 50 120 40 1 100 100 1N291 2· 
100 4 1 6 3 1N38A 191 120 50 1 30 30 1N450 2· 

500 100 100 100 
100 4 1 6 3 1N38B 192 120 100 1 50 100 1N502 2' 

500 100 120 100 1 75 10@75' C 1N277 2: 
100 4 1 10 10 1 N355 193 120 100 1 100 100 1N453 2: 

50 50 120 125 1 180 90 5 -4 0 0.5mA3 300 1N633 2; 
100 4 1 10 10 1N198A 194 125 2.5 1 50 50 1N75 2; 

75 10@75°c 125 3 1 25 10 1N70 2; 
100 4 1 50 50 2 - 6 50k 300 1N198B 195 300 50 

250 50@75°c 125 3 1 25 10 1N70A 2, 
100 4 1 50 50 1N63A 196 300 50 
100 4 1 600 100 1N58A 197 125 3 1 25 10 1N127 2, 
100 5 1 7 10 1N478 198 300 50 
100 5 1 800 100 1N58 199 125 4 1 50 50 1N63 2, 
100 5 0.5 10 10 1N277JAN 200 125 5 1 100 100 1N142 2, 

250 50@75°C 125 15 1 3 25 1N102 2, 
100 7.5 1 25 10 1N38 201 125 25 1 25 10 1N127A 2, 
100 10 1 50 50 1N99 202 300 50 
100 10 1 100 50 1 N97 203 125 40 1 100 100 1N143 2, 
100 14 1 10 10 5 -40 0.5mA3 400 1 N933 204 130 3 1 625 100 1N68A 2:; 

75 10@15°c 130 5 1 300 100 1N61 2:; 
100 20 1 5 50 1N100 205 700 125 
100 20 1 100 50 1N98 206 150 3 1 800 150 1N55 2J 
100 100 1 40 80 1N501 207 150 4 1 500 150 1N55A 2 
100 150 1 150 100 1N567 208 165 50 1 175 150 1 N635 2 
110 5 1 700 125 1N62 209 170 50 1 150 150 1N451 2 
115 3 1 11 10 1N617 210 190 5 1 500 150 1N558 2 

35 75@60°c 250 40 1 100 50 1N98A 2 

NOTES: 1. Modified IBM Test Circuit 2. 1, 3. JAN Test Circuit 4. @-1-55°C 
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INTROD U CTION 

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 
specificat ions are derived from a few chip types, 
many differing applications can be satisfied with 
a relatively small quantity of basic ch ip families. 

SPECIFICATIONS 

The accompanying DC parameters ident ifying 
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 AOL = 2.5%. 

The design parameters such as VcE(SA Tl, t 0 ., to,,, 
Cob, etc. are not probed. These characteristics 
can best be tested after the chip is su itably 
mounted; and, therefore , have little significance 
in ch ip 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 useatile voltage and the 
lowest useable hFe shou ld be chosen in specify
ing chip parameters. Th is will provide the highest 
possib le yield and the most economica l design. 

USE 
The entire wafer is manufactured with approxi
mate ly 3000 A 0 of gold for die attach to a suitable 
substrate or base. Recommended die attach tem
perature for all fam ilies is 450°C, maximum. 9,000 
to 12,000 angstroms of aluminum are daposited 
on the chip for metalization purposes. ITT recom
mends aluminum wire for connection to the alu
minum base and emitter bonding pads . Ultrason ic 
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 sh ipped in a 
similar manner. Unless otherwise specified, wafers 
will not be scribed prior to shipment. 
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SMALL SIGNAL CHIPS AND WAFERS 

CROSS REFERENCE CHART 

The list of JEDEC specifications, together with 
the respective chip specif ication, will prov ide a 
means of ordering the proper chip required in 
an application. This chart is not exhaustive, and 
is prov ided as a guide. Specific requirements may 
necessitate a different chip specif ication from 
availab le JEDEC "2N" numbers. In such cases, 
the accompany ing list of chip pa rameters will 
provide the necessary information. 

ORDERING 

All ch ips and wafers should be ordered according 
to the alpha-numeric coding system referred to 
in the specification chart. The four-d igit geometry 
family, together with the voltage letter and DC 
gain number (from the accompanying geometry 
parameter chart) will completely determ ine the 
specification wh ich ITT wi ll provide. A third letter 
specifies in which form , ch ip or wafer, the product 
is to be shipped. 

E.G.: 
Q Q l.1 § .§!1.\.Q ~ Family 

C = Chi 
Voltage Gain W = Wafer 

ID ENT IFI CATION 

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

By way of example: 

The 2N2222 is a "00 18" chip. The voltage class 
is "M," the current ga in is " A." Therefore, when 
ordering a 2N2222 in chip or wafer form , the 
correct part would be a "00 18MA" ch ip. Th is 
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-numer ic 
suffix will apply. For a 2N2222 device, in wafer 
form, sample probe-tested only, the proper part 
number will be a "0018S1." 
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SMALL SIGNAL CHIPS AND WAFERS 

TRANSISTOR WAFER INSPECTION CRITERIA 

MECHANICAL INSPECTIO N 

Measure overall thic kness of one (1) wafer if run 
contains f ive (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. 

V ISU AL INSPECTION 

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

TABLE I 

UN A IDED EYE INSPECT ION 

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 . 

MECHAN ICAL INSPECTION 

1. The wafer thickness must be per the 
following: 

1250 2.6--3.2 mils (67-82 microns)-
1½" 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 mi ls (117-133 mi
crons) 

Microscope Inspection (ltlOX) - Combined 1.0% AQL 

1. Aluminum bridg ing-the base metal, emit
ter metal, and EOR ring metal may not be 
connected or bridged by unetched or 
smeared aluminum. 

2. Aluminum adherance-the aluminum may 
show no evidence of peeling, blister ing, 
or f laking. 

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

4. Aluminum reductio n - alum inum fingers 
must be co ntinuous along 75% of the oxide 
cutout length nearest the bond pad on 
metal over oxide devices. Alum inum 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 
thei r intended area. EOR rings may not be 
discont inuous at more than one place. 

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

6. Mask misalignment - the outli ne of one 
oxide mask defi nition may not cross over 
the outline of another mask def init ion. 
Aluminum mask out lines must cover more 
than 50% of the intended oxide cuto uts. 

TRANSISTOR DIE INSPECTION CRITERIA 

Inspect per Table II using 100X to comb ined 2.5% 
AOL. 

TABLE II 

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 junctio n or bond 
pad. 
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2N696 2N697 
SILICON GENERAL PURPOSE TRANSISTOR 

GENERAL PURPOSE 
NPN SILICON 
PLANAR EPITAXIAL 
TRANSISTOR 
For Improved Performance See ITT 2N2217. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS 
Collector-to-Base Voltage . . . . . . . . . 60 
Collector-to-Emitter Voltage. . . . . . . . 35 
Emitter-to-Base Voltage . . , . . , . . , . . 5 
Operating Junction Temperature .. 2N697 200 
Operating Junction Temperature .. 2N696 175 
Storage Temperature...... . ..... . . -65 to +200 
Po@ Tc = 25°C . . . . . . . . . . . . . . . . 2.0 
Po @ TA = 25°C . . . . . . . . . . . . . . . . 0.6 

UNITS 
Volts 
Volts 
Volts 
•c 
·c 
•c 
Watts 
Watt 

DIMENSIONS 

T0 -5 

.200 L EA D 
CIRCLE 

ELECTRICAL CHARACTERISTICS (25°c tree air unless otherwise noted) 

SYMBOL MIN. MAX. UNIT CONDITIONS 

BVc,o 60 Vdc lc= 100µA 

LVrn 40 Vdc le= 30mA, R., = 1 on pulsed 

BV,.o 5 Vdc le= 1 OOµA 

h,e 2N697 40 120 le= 150mA, Vee= 1 OV pu lsed 

hFe 2N696 20 60 le= 150mA, Ve,= 1 OV pulsed 

Vee(sat) 1.5 Vdc lc=150mA, 1,= 15mA pulsed 

V.,(sat) 1.3 Vdc lc= 150mA, 1,=15mA pulsed 

le,o 1.0 µA Vca=30V 

leeo 100 µA Vea=30V, TA=+150 °C 

Cob 35 pF Vca= 10V 

h,. 2 lc=50mA, Vee= 10V, f = 20MHz 

NOTES : Pulse width :<::; 300 µsec, duty cyc le :<::; 2%. 
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2N707 

NPN SILICON EPITAXIAL TRANS ISTOR Package : T0-18 

ABSOLUTE MAX IMUM RATINGS 

Characteristics Unit 
Collector - Emitter Vo ltage 

ReE ~ 10 ohms ................................................. 28 Volts 
Collector-Base Voltage ........................................ 56 Volts 
Emitter -Base Voltage .............................................. 4 Volts 

Total Device Dissipat ion @ TA = 25°C ........... 0 .3 Watt 
Derate above 25° C ....................................... 2 mW/°C 

Total Device Dissipation @ Tc= 25°C ............ 1.0 Watt 
Derate above 25°C ................................. 6.67 mW/°C 

Operating and Storage Junction 
Temperat ure Range ........................... - 65 to+ 175°C 

ELECTRICAL CHARACTERISTIC S (TA= 25 ° C unless otherwise noted) 

Symbol Min Typ Max Unit Conditions 

BVcrn 28 Volts le = 10 mA. RaE = 10 ohms 

BVcao 56 Vo lts lc= 10µA.IE=O 

1cao 0 .005 5.0 µA Vea= 15 Volts. IE= 0 

1cao 3.0 µA Vea = 15 Vo lts. IE = o. 
TA= 150 °C 

1EBO 10 µA VaE = 4 Volts . le = 0 

hFE 9 12 lo= 10 mA. VcE = 1 Volt 

VCE(sat) 0 .18 0 .6 Vo lt l e = 10 mA. 18 = 1 mA 

VBE(sat) 0.75 0 .9 Volt le= 10 mA. l a= 1 mA 

tr 70 350 MHz IE= 15 mA. VcE = 10Vo lts 

fmax 600 MHz Max imum Frequency of Oscillation 

Cob 4.0 10.0 pF Vea = 10 Volts. IE = 0 

rb'Cc 80 ps le = 10 mA. Vea= 10 Volts. 
f = 4 MHz 

Pout 200 300 mW VcE = 20 Vo lts, Pin= 50 mW 

n 38 % VCE = 28 Volts. le= 40 mA 
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SCHEMATIC 

50 U 
INPUT 

7.45 
pf 

180 pf 

(NOTE 3 ) 

0.01 
uf 

2N707 {NOTE 1) 

0 .0 1 
uF INOTE2) 

1.5 K 

l 1 5 TURNS NO. 14 WIRE WOUND ON 1/2 IN DIAMETER 
L2 2 TURNS NO. 14 WIRE WOUND ON l1 

0.001 uF 

4-30 
pF 

RFC 
0 . 17 

1.8 
uH 

uH 
L1 

0 .0 1 uF 

+Vee INOTE 4) 

NOTE 1 HEAT S INK IS REQUIRED. 
NOTE 2 ADJUCT FOR CLASS C OPERATION . 

3· 1 
AIR 

CORE 

L2 

NOTE 3 VERY HIGH CONDUCTANCE SILICON DIODE. 

NOTE 4 ADJ UST Vee FOR PROPERVc E 

FIGURE 1 - 100 MHz, CLASS C, COMMON BASE AMPLIFIER 
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50 11 
OUTPUT 
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2N915 ® 

NPN SILICON HIGH FREQUENCY A MPLIFIER TRANS ISTOR Package, T0-18 

The ITT 2N915 is a NPN double-diffused silicon planar transistor. This unit is designed for low- power 
non-saturat ing switching circuits and low-noise VHF ampl ifier and oscillator app licatio ns. 

ABSOLUTE MAX IMUM RATINGS (Note 1) 

Characteristics Unit 
Collector-Base Voltage ... , .................................... 70 Volts 
Collector - Emitter Vo ltage (Note 4) ....... .. ........... 50 Volts 

Emitter-Base Voltage .......................................... 5.0 Volts 
Total Device Diss ipat ion @: 

Tc = 25°C (Notes 2 and 3) ........................ 1.2 Watt s 

Tc = 100°C (Notes 2 and 3) ..................... 0.68 Watt 

TA = 25°C (Notes 2 and 3) ....................... 0.36 Watt 
Storage Temperature ....................... -65°C to +300°C 
Operating Junction Temperature ....... 200°C Maximum 

Lead Temperature 
(So ldering. No Time Limit) ............... 300°C Maximum 

ELECT RI CAL CHARACTERISTICS (TA= 25°C unless otherw ise noted) 

Symbol Min Typ Max Unit Conditions 

hFE 50 110 200 le = 10 mA. VcE = 5.0 Volts (Note 5) 

VBE(sat) 0 .77 0.9 Volt le= 1 o mA, 18 = 1.0 mA 

VcE(satl 0.45 1.0 Volt ic = 1 o mA. I B = 1 .o mA 

hte 2.5 3.6 le = 10 mA. VcE = 15 Volts 

Cob 3.0 3.5 pf IE= 0, Vcs = 10 

KTE 6.5 10 pf le= 0, VEB = 0.5 Volt 

1cso 0.8 10 nA 'E = o. Vcs = 60 Volts 

lcao(1500c) 0 .5 30 JtA IE= 0 . Vea = 60 Volts 

BVcso 70 Volts IE= 0 , le= 100µA 

VcEO(sust) 50 Volts tc = 10 mA (pu lsed). ts= O 
(Notes 4 and 5) 

BVEBO 5.0 Volts IE=10µA.lc=O 

rbCc 170 300 psec le= 10 mA, Vc 8 = 10 Vol ts 
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2N915 

SMALL SIGNAL CHARACTERISTICS (f = 1 kc) 

Symbol M in Typ Max Unit Conditions 

hfe 40 11 5 200 le = 1.0 mA. VeE = 5.0 Volts 
50 140 250 le = 5.0 mA. VeE = 5.0 Volts 

hie 3.0 6.0 Kohms le= 1.0 mA. VeE = 5.0 Volts 
0.7 2.0 Kohms le = 5.0 mA, Vee = 5.0 Volts 

hoe 12 75 µmho le = 1.0 mA. Vee = 5.0 Volts 
45 125 µmho le = 5.0 mA. Vee = 5.0 Volts 

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

(2) These are steady state limits. The factory should be consulted on applications involving pulsed o r low duty cycle opera tion. 

(3) These ratings give a maxim um junction 1emperature of 200°C ~nd junction-to-case thermal resistance of 145°C/watt (derating 
factor of 6 .9 mW /° C); junction -to -amb ient thermal resistance of 486 ° C/ watt lderating factor of 2.06 mW / °C} . 

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

15) Pulse Conditions : length = 300 µsec: duty cycle = 1 %. 

ELECTRICAL CHARACTERISTICS (TA= 25 °e un less otherwise noted) 

Symbol Min Typ Max Unit Conditions 

• 1eso 0.1 10 nA IE = 0 , Vcs = 30 Volts 

leso115o oe) 0.2 10 µA IE = 0. Ves = 30 Volts 

BVeso 45 Volts I e = 1 0 µA. I e = 0 

VeEO (sust) 25 Volts le = 10 mA (pulsed). I B = 0 (Notes 4 and 5) 

rb'Cc 200 300 psec le= 10 mA. VeB = 10 Volts 
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2N929 2N930® 
SILICON GENERAL PURPOSE TRANSISTORS 

LOW LEVEL 
LOW NOISE 
NPN SILICON PLANAR 
TRANSISTORS 

• High Gain; 100 min. @ lc= 10 µA 
• Low Noise; 3dB max . @ lc=10 µA 
• High Vc,0 ; 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 MAXI MUM RATINGS 

CHARACTERISTICS 

Collector-t o -Base Voltag e . . . . .... . .. . . .. • ... . . • . . . ... • . . . . . . .. . .. . .. . . 
Col lector -to-Emitter Voltage (open base) .. . .... .. . . . . . .. • .... . .. . .. . . . . . . 
Emitter-to - Base Voltage .. . .. .. . . . . . .... ... . . . . . ..... ..... . . • .. . . . . . . • 
Coll ector Current (continuous) . . .. . .. . . • . . . . . . ... .. ... • . . .. . . .. . .. .. . . . 
Junction Temperature (operat ing) . . . . . . .. . .... . . . . . • . ... . .... • .. • .. •. . • 

(storage) . . . ... . . .... . . • ....... . . ... • .. . .... . .... 
Total Power Dissipation @ Tc= 25°C . . . . . • .... . ... . . . . . ... . . ... . . . . .... 

(derate 4.0 mW/° C above 25°C) 
Total Power Dissipation @ TA= 25°C . ...... • . • .... . ... . . . . • .. . ... . . . . ... 

(derate 2.0 mW/° C above 25°C) 
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DIMENSIONS 

.100 LEAD 
CIRCLE 

T0-18 

UNITS 

45 Volts 
45 Volts 
5.0 Vo lts 
30 mA 

- 65 to + 175 ·c 
- 65 to + 200 . •c 

0.6 Watts 

0 .3 Watts 



2N929 2N930 

ELECTRICAL CHARACTERISTICS @, 25°C unless otherwise noted 

SYMBOL MIN. MAX. 

LVc,o 45 

BVeao 5.0 

hn 
40 120 

100 300 

60 
150 

350 
600 

10 
20 

V c,(sat) l 1.0 

VaE(sat)1 0.6 1.0 

lcao 10 

lceo 2 

leeo 10 

Im 10 

Ices 10 

Cob 8 

h,. 
60 350 

150 600 

1.0 1.0 

h;b 25 32 

h •• 1.0 

h,b 600 

NF 

4 
3 

Notes: 1. Pulse width :. 300 µ,sec; dut y cyc le :. 2%. 
2. Lowest emitter to collec tor vo ltage . 

UNIT 

Vdc 
Vdc 

Vdc 

Vdc 

nA 

nA 

nA 

nA 

µA 

pF 

ohms 

µmho 

X10,; 

dB 
dB 
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CONDITIONS 

lc= 10mA 
le= 1 OnA 

lc= 10µA Vc,= 5.0V 
2N929 
2N930 

lc= 500 µA VcE= 5.0V 
2N929 
2N930 

lc= 10mA Vce=5.0V 
2N929 
2N930 

lc= 10µA Vce= 5.0V TA= - 55°C 
2N929 
2N930 

lc= 10mA l, = 0.5mA 

lc= 10mA Ia= 0.5mA 

Vca= 45V 

VcE= 5V 

Vee= 5V 

Vce= 45V 

Vce= 45V TA= 110 °c 

Vca=5V 

I, = 1.0mA Vce= 5V f = 1 KHz 
2N929 
2N930 

I,= 500 µA Vce=5V f = 30mHz 

lc= 1.0mA Vca= 5V f = 1mHz 

lc= 1.0mA Vce=5V f = 1 mHz 

lc= ·1.0mA Vca= 5V f = 1 mHz 

lc= 10µA Vc,= SV RG= 10K n 
B.W. = 200Hz f = 1KHz 
2N929 
2N930 

I 



2N2192 , 2N2192A , 2N2192B® Package T0 -5 

HIGH-SPEED NPN SILICON. HIGH-CURRENT SWITCHING TRANSISTO RS 

ABS OLU TE MAX IMUM RAT IN GS (Note 1) 

Characte ristics Unit 

Collector-Bas e Vo ltage .................................... ... 60 Volts 
Collector -Emitter Voltage (Note 4) ........... ........ 40 Volts 
Emitter -Base Voltage .......................................... 5.0 Volts 
Collector Current ................................................... 1.0 Amp 

Total Dissipation @: 

TC = 25 ° C (Notes 2 and 3) ........................ 2 .8 Watt s 
Tc= 100° C (Note s 2 and 3) ...................... 1.6 Watts 
TA= 25 ° C (Notes 2 and 3) .......................... 0 .8 Watt 

Storage Temperature ....................... - 65° C to + 300 °C 
Operating Junction Temperatur e ... - 65° C to +200 ° C 
Lead Temperatur e 

(Soldering. No Time Limit) ............... 300°C Max imum 

NOTES : 

111 These rat in9 5 er o lim itiig va lues ab ove whi ch 1he $ervic eeb ility o f 

any individ ual semicond uct or maybo imp aired. 

(21 Theso are s1eady $t&te limit s. The fac1ory should be consulted on 

applica1ions invd ving pulsed or low dut y cycle ope rat K>ns. 

(3) TheH ra1tngs give a maximum junctio n temperat ure of 20 0° C and 

junction•to•ease therma l rosistance of 82 .5°C/ wan( dera t ing factor 

of 16mW / °CI. junction- to•ambien l 1hermal resis tance of 

219°C/ watt {dera ting fact or or 4.56m W/ °CI. 

\41 Rati ng refers to a high- current poin t w h&re coUectOl'•to•emim,r 

voll3ge is lowos l . 

(5} Pulse Condi1ions : length S 300 µsec . dut ycyc lo .:S 2%. 

ELECTR ICA L CH ARACTERISTI CS (TA = 25 °C unless oth erw ise noted ) 

Symbol Min Max Unit Conditions 

hFE 100 300 le = 150 mA. VcE = 10 Vo lts (Note 5) 

hFE 75 le= 10 mA . VcE = 10 Vo lts 

hFE 70 le = 150 mA . VcE == 1.0 Vo lt (Note 5) 

hFE 35 le = 500 mA. Vc E = 10 Volts (Note 5) 

hFE(- 55 ° C) 35 le= 10 mA . VcE = 10 Vo lts 

hFE 15 le = 1.0 A . VcE = 10 Volts (Note 5) 

hFE 15 le = 0 .1 mA. VcE = 10 Volts 

VcE (sat) 0.35 Volt le= 150 mA . ls = 15mA (2N219 2) 

VcE (sat) 0.25 Volt le = 150 mA . ls = 15 mA (2N2 192 A) 

VcE (sat l 0.18 Volt le= 150 mA . 19 = 15 mA (2N2192 B) 

VBE(sat) 1.3 Volts le = 150 mA . I9 = 15 mA 

hte 2 .5 le == 50 mA . VcE = 10 Volts f =20M Hz 

Cob 20 pF IE = 0. Vea = 10 Volts 

Icso 10 nA IE = O. Vcs = 30 Volts 
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2N2192, 2N2192A, 2N2192B 

ELECTR ICAL CHARACTERISTICS (TA= 25°e unless otherwise noted) 

Symbol M in 

1eso1150°e) 

1EBO 

BVeso 60 

VeEO(sustl 40 

BVEBO 5.0 

tf 

tr 

ts 

CIRCU IT DIAGRAM 

+7.5V-r7 

o_J 
10 

L 
--l µsec I
t, = 20 nsec 
~ = 20 nsec 
Rgen • 50 n 

Max 

15 

50 

50 

70 

150 

51 Q 

Unit Conditions 

µA IE = 0. Vea = 30 Volts 

nA le = 0. VEB = 3 .0 Volts 

Volts le= lOOµA. IE= 0 

Volts le= 25 mA (pu lsed). Is = O 
(Notes 4 and 5) 

Volts IE= lOOµA. le= 0 

nsec See Figure 1 

nsec See Figure 1 

nsec See Figure 1 

-lV 

1 µf lK 

lKQ 
330 pf 

40Q 

I vb= 7.5V 

FIGURE 1 
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vout 
Scope I nput : 
R=IOMeg 
C = 11.5. pf 
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2N2193,2N2193A,2N2193B® Package T0-5 

HIGH-SPEED NPN SILICON. HIG H-CUR RENT SWITCH ING TRANSISTORS 

ABSO LUT E MAXIMUM RATINGS (Note 1) 

Characteristics Units 
Collector-Base Voltage ....................................... 80 Volts 

Collector -Emitter Vo ltage {Note 4) .................... 50 Volts 
Emitter-Base Voltage .......................................... 8 .0 Volts 

Collector Current ...............•........................ .......... 1.0 Amp 
Tota l Dissip ation@: 

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 .8 Watt 

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

Operating Junction Temperature .... -65 ° C to +200°C 
Lead Tempe rature 

(Soldering. No Time Limit) ............... 300 ° C Malcimum 

ELECTRICAL CHARACTER ISTICS (TA= 25°C un less otherwise noted) 

Symbol Min Max Unit Conditions 

hFE 40 120 le= 150 mA. VcE = 10 Volts 

hFE 30 le= 10 mA. VcE = 10 Volts 

hFE 30 le= 150mA.VcE = 1.0Volt 

hFE(-55°C ) 20 le= 10 mA. VcE = 10 Vo lts 

hFE 20 le = 500 mA. VcE = 10 Volts 

hFE 15 le= 1.0A.VcE = 10Volts 

hFE 15 le= 0.1 mA. VCE = 10Volts 

VcE(sat) 0.35 Vo lt le= 150mA.I9 = 15mA(2N2193) 

VCE(sat) 0 .25 Vo lt le = 150 mA. Is = 15 mA (2N2193A) 

VcE(sat) 0 .18 Volt le= 150 mA. Is~ 15 mA (2N2193B) 

VsE(sat) 1.3 Volts le = 150 mA. 19 = 15 mA 

hte 2.5 le= 50mA.VcE = 10Volts f = 20 MHz 

Cob 20 pF IE= 0 . Vcs = 10 Vo lts f = 1 MHz 

Icso 10 nA IE = o. Vcs = 60 Volts 
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2N2193,2N2193 A,2N21938 

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

Symbol Min Max Unit Condition s 

IcB0 (1 50 ° ei 2 5 µ A le = 0. VcB = 60 Vo lts 

IeBO 50 nA le = o. Ve B = 5.0 Volts 

BVCBO 80 Volts le= 100 µA, le= 0 

VeEO(sust) 50 Volts le= 25 mA (pu lsed). IB = 0 
(Notes 4 and 5) 

BVrno 8.0 Volts le = 100 µA, le= 0 

It 50 nsec See Figure 1 

t, 70 nsec See Figu re 1 

ts 150 nsec See Figu re 1 

NOTES : 

( 11 These ,at ings are limit ing val ues above wh ich the serv iceab ility of any individual device may be impaired , 

(2) These are st eady sta te limi t s. The factory shou ld be consu lted on app lica tions involv ing pulsed or low duty cyc le operations. 

(3) These ratings give a maximum ju nc tion tempe,a t ure of 200°C and junction -to-case t hermal resistance of 62 .5° C/ watt (derating 
fact or of 16 mW/ ° C) : junction-to-a mbient t he rma l resislance of 2 19° C/ wau (dera ti ng factor of 4 ,56 mW/°C) 

(4) Rating refers to a high-current po int where collecIor• to•em 1t1er voltage is lowest . 

151 Pulse Condi1io ns: lenglh S 300 usec : du1y cyc le~ 2%. 

CIRCUIT DIAGRAM 

•l)V - 17 

o _J io L 
..j mcl-
1, • 2'0n\K 
11 •20nsec 

Rge-n • son 

lV 

flGUltE 1 
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l 1V 

vout 
Scope Input : 
R • IOMeg 
C, 11.S ~ 
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2N2194, 2N2194A, 2N2194B® Package T0-5 

HIGH -SPEED NPN SILICON, HIGH-CURRENT SWITCHING TRANSISTORS 

ABSOLUTE MAX IMUM RATI NGS (Note 1) 

Characteristics Unit NOTES: 

Collector-Base Voltage ........................................ 60 Volts ( 11 These rat ings are limiting values above whi ch the serv-

Collector-Em itter Voltage (Note 4) .................... 40 Volts iceab ility of any individ ual device may be impa ired . 

Emitter-Base Voltage .......................................... 5.0 Volts 

Collector Current ................................................... 1.0 Amp 
Total Diss ipat ion@: 

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

Storage Temperature .............. -65°C to +300°C 
Operating Junct ion Temperature ... -65°C to +200°C 
Lead Temperature 

(Soldering . No Time Limit) ............... 300°C Max imum 

(21 These are steady state lim its. The factory should be con 
sulted on applications involving pulsed or low duty cvcre 
operati ons. 

(3) These rat ings give a maximum junction temperature of 
200°C and junction·to-case thermal resistance of 
62 .5° C/ watt (derat ing factor of 16 mW /° C); junction - to
ambient ther mal resistance of 2 t 9° C/ watt (derat ing fac · 
tor of 4.56 mW/ °C). 

(41 Rating refers to a high•current point where collector•to· 
emitter voltage is lowest . 

(5) Pulse Conditions : leng th S 300 µsec : duty cycle S 2%. 

ELECTR ICAL CHARACTERISTI CS (TA= 25°C unless otherwise noted} 

Symbol Min Max Unit Conditions 

hfE 20 60 le= 150mA.VcE = 10Vo lts(Note5 ) 

hFE 15 le = 150 mA. VcE = 1.0 Vo lt (Note 5) 

hFE 15 le= 10 mA. VcE = 10 Volts 

hFE 12 le= 500 mA. VcE = 10 Volts (Note 5) 

V CE(sat) 0 .35 Volt le= 150 mA. Is= 15 mA (2N2194) 

VcE(sat) 0.25 Volt le= 150 mA. IB = 15 mA (2N2194A ) 

VcE(sat) 0 .18 Volt le= 150 mA. IB = 15 mA (2N2194B ) 

VBE(sat ) 1.3 Volts lc=150mA . ls=15mA 

hte 2.5 le = 50 mA. VcE = 10 Volts 

cob 20 pF IE = 0, Vcs = 10 Vo lts 

1cso 10 nA IE = o. Vcs = 30 Volts 

1cso(150°c) 25 µA IE = o. Vcs = 30 Volts 

1rno 50 nA le = 0. VEB = 3.0 Volts 

BVcBo 60 Volts le= 100µA. IE = 0 
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2N2194,2N2194A,2N2194B 

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

Symbol Min 

VeEO(sust) 40 

BVEBO 5.0 

tf 

tr 

ts 

CIRCUI T DIAGRAM 

+15v-r7 

O_J10L 
--l µsec [
tr = 20 nsec 
~ = 20 nsec 
Rgen = 50 Q 

Max 

50 

70 

150 

51 Q 

Unit 

Volts 

Volts 

nsec 

nsec 

nsec 

FIGURE 1 

12-15 

Conditions 

le = 25 mA (pu lsed). Is= 0 (Notes4 and 5) 

IE = 100µA. le = 0 

See Figure 1 

See Figure 1 

See Figure 1 

- 1 V 

40 Q 

vout 
Scope I nput : 
R = 10 Meg 
C = 11.5 pf 



2N2195 , 2 N2195A , 2N219 5D® Package TO-5 

rllGH -SPEED N PN SILICON, HIGH-CURRENT SWIT CHING TRANSISTORS 

ABSO LUT E MAX IM U M RAT INGS (Note 1) 

Characte rist ics Uni t 

Collector- Base Vo ltage..... . .............. 45 Volts 
Collector-E mitter Voltage (Note 4) ....... ............. 25 Volts 
Emitter -Base Voltage .......................................... 5.0 Volts 
Collector Current ............. .................... ................ 1.0 Amp 

Tota l Dissipa t ion @: 

Tc = 25°C (No tes 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 

Storage Tempe rature ....................... -65 ° C to +300°C 
Operating Junct ion Temperature ...... - 65 to +200 °C 
Lead Tempe ratu re 

I Solde ring, No Time Limit) ............... 300 ° C Maximu m 

NOTES: 

( 1) These rat ings are limiting values above which the serv
iceability of any individua l semiconduc tor device may be 
impaired. 

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

[31 These ratings give a maximum junction tempera ture of 
200 °C and junct ion-to-case thermal resistance of 
62 .5°C / watt (derating factor of 16 mW /° CI: junc t1on -to 
ambient thermal resistance of 292 ° C/ wau (derati ng fac
tor of 3.42 mW/° C). 

(4) Raring refers to a high-current point where colle ctor•tO· 
emlt ter vol tage is lowest . 

15) Pulse Conditions : length ,;; 300 µsoc. duty cycle ,;; 2%. 

ELECT RI CAL C HA RACT ERI STICS (TA= 25 ° C unless otherw ise noted) 

Sy mbol Min Max Unit Cond it ions 

hfE 20 le= 150 mA. VcE = 10 Volts 

hFE 10 le - 150 mA, VcE = 1.0 Vo lt 

Vce(sat) 0.35 Volt le = 150 mA, I B = 1 5 mA (2N2 195) 

Vce(satl 0.25 Vo lt le= 150 mA, ls= 15 mA (2N219 5A 

Vc E(sat) 0.18 Vo lt le = 1 50 mA. I B = 15 mA (2N2 19 5 8) 

VBE(sat) 1.3 Vo lts IC = 150 mA. I B = 15 mA 

hte 2.5 le= 50 mA, VcE = 10 Vo lts 

Cob 20 pf IE = 0. Vc s = 10Vol ts 

Icso 100 nA l e = o. vc 8 = 30 Vo lts 

ICB0( 150°C) 50 µA IE = 0. Vea = 30 Vo lts 

I rno 100 nA le = 0, VEB = 3.0 Volts 

BVcso 45 Volts le = 100µA . IE= 0 

VcEO(s ust) 25 Volts le = 25 mA (pulsed). Is 0 

(Notes 4 and 5) 

BVeso 5.0 Volts IE= 100µA , lc = 0 
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2N2218 2N22191£l 

SILICON GENERAL PURPOSE TRANSISTORS 

GENERAL PURPOSE 
NPN SILICON PLANAR 
EPITAXIAL TRANSISTORS 

• Low V,e (sat), < 0.4 V 0 I,= 150mA 
• High Frequency, f,=250 MHz 0 l, = 20mA 
• Wide Useful Current Range, 0.1 to 500mA 

The ITT 2N2218-19 are NPN silicon planar epitaxia l general 
purpose transistors for app lications at current ranges from 0.1 to 
500 mA. Low saturat ion voltage and fast switching times make the 
2N2218 -19 ideal for core driving . The fl at gain over a w ide current 
range gives good linearity in amplifier circuits. High breakdown 
voltage allows large signa l sw ing in switching and amplifier circuits. 

ABSO LUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Collector-to-Base Voltage . . . . . . . .. . . . . .. • . . . . ... .. . .. . . . . . .. .. . . . .. . . 
Collector-to-Emitter Voltage (open base) . . . .. .. . .. . . . . . • .. • . . .... . 
Emitter -to-Base Voltage .. .. .. . . . . ... . .. .. . .. . . . ..... . . . ... • .. . ..... . . 
Collector Current (continuous) ... . . . . ..... .. . .. . .. .. . . . . . • . . . .. . . . . ... 
Junction Temperatur e (ope rating) ... . .. ... .. . • . • . ... ... . ... . . . ..... .. • . 

(storage) . . . . . . . .. . ... .... • . .. . .. • .. . .. . . . . .. • .. • 
Total Power Dissipation q, Tc = 25°C. . .. . ........... . . . .. . . . . .. • . 

(derate 20mW /° C above 25°C) 
Total Power Dissipation <i! TA= 25°C ... ... • .... . ... . . .... . .. . .. .. . . .. .. 

(derate 5.33 mW /° C above 25°C) · 
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DIMENS IONS 
(INCHES ) 

.370 

.335 

.200 LEAD 
CIRCLE 

T0-5 

UNITS 

60 Volts 
30 Volts 
5.0 Volts 

800 mA 
- 65 to + 175 oc 
- 65 to +200 •c 

3.0 Watts 

0 .8 Watts 

I 



2N2218 2N2219 

ELECTRICAL CHARACTERISTI CS ([~ 25 °C unless otherwise noted 

SYMBO L MIN. MAX. UNIT CONDITIONS 

hFe Ill lc = 150mA, Vc, = 10V 

40 120 2N2218 
100 300 2N2219 

lc = 150mA, Vce=IV 

20 2N2218 
50 2N2219 

lc=500 mA, Vc,= 1 OV 
20 2N2218 
30 2N2219 

h,e lc = 10mA, Vc,= 10V 

35 2N2218 
75 2N2219 

lc=1 mA, Vc,= 10V 

25 2N2218 
50 2N2219 

lc=0 .1mA, Vc,=10V 
20 2N2218 
35 2N2219 

Vce(sat)"' 0.4 Vdc lc= 150mA, le= 15m A 
1.6 Vdc ic=500mA, l8 = 50mA 

v .,( sat) ( 1) 1.3 Vdc lc=150mA, l8 = 15mA 
2.6 Vdc lc = 500mA, 1,= 50mA 

lceo 10 nA Vca= 50V, 1,=0 
10 µA Vca= 50V, 1,= 0, T=1 50°C 

luo 10 nA V,a= 3V, ic = O 

fy 250 MHz lc ~ 20m A, Vc e= 20V 

C ob 8 pf Vc,=10V, 1,=0 

R o(hiol 121 60 Ohms lc=2 0mA, Vc,=20V, ! = 300 MHz 

BVcao 60 Vdc lc = 10µA, 1,= 0 

Vceo(sust) Ill 30 Vdc lc= 10mA, 1,= 0 

BV,ao 5 Vdc le= 10µA, ic = O 

NOTES : 1. Pulse Measurement: w idth ~ 300µsec, duty cycle~ 2%. 
2. Real part of Common - Emitter high freque ncy input impedance .. 
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HIGH-SPEED NPN SILICON 
~LANAR EPITAXIAL 
SATURATED SWITCHING 
TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 
CHARAC TERISTICS 

Collector-to-Base Voltage ........ . 
Collector-to-Emitter Voltage ..... . . 
Emitter-to-Base Voltage .......... . 
Operating Junction Temperature ... . 
Storage Temperature ....... ... . .. . 
Po@ Te = 25°C ....... . ........ . 
Po@ TA =25°C . . . . . . . . . . ...... . 

75 
40 

6 
175 

- 65 to + 200 
3.0 
0.8 

2N2219At1: 
SILICON SWITCH ING TRANSISTOR 

UNITS 

Volts 
Volts 
Volts 
oc 
oc 
Watts 
Watts 

DIMENSIONS 

T0 -5 

.200 LEAD 
CIRCLE 

ELECTRICAL CHARACTERISTICS (25°c tree air unless otherwise noted) 

SYMBOL MIN. MAX . UNIT CONDITIONS 

BVeao 75 Vdc le=10µA 

LVEBO 40 Vdc le= 1 0mA pulsed 

BVuo 6 Vdc le= 10µA 

hFe 35 le=100µA, VCE= 10V 

hFe 50 le= 1 mA, VeE= 1 0V 

hfe 75 le= 1 0mA, Vee= 1 0V 

hFe 100 300 le= 150mA, Vee= 1 0V pulsed 

hFe 40 le= 500mA. Vee= 10Voulsed 
h,e 50 le= 150mA, Vee= 1 V pulsed 

hFe 35 le=10mA, Vee=10V, TA= - 55°C 
Vee(sat) 0.3 Vdc le= 150mA, la= 15mA pulsed 

Vee(sat) 1.0 Vdc le=500mA, 1a= 50mA pulsed 

Vae(sat) 0.6 1.2 Vdc le= 150mA, le= 15mA pulsed 

Vae(sat) 2.0 Vdc lc=500mA, 1a= 50mA pulsed 

leso 10 nA Vca= 60V 

leeo 10 µA Vee=60V, TA= 150 °C 
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2N2219A 

ELECTRICAL CHARACTERISTICS continued 

PARAMETER MIN. MAX. UNIT CONDITIONS 

leex 10 nA Vee=60V, Ves= 3V 
lesx 20 nA Vee=3V, Vee= 60V 
leeo 10 nA Ves= 3V 
Cob 8 pF Vee= 1 0V 
C;b 25 pF Vu= 0.5V 
hr. 50 300 le= 1 mA, Vee= 1 0V, f= 1 KHz 
hr. 75 375 le= 10mA, Vee= 10V, f=1 KHz 
hr. 3 le= 20mA, Vee=20V, f = 100MHz 
h,. 2 8 Kohms le= 1 mA, Vee= 1 0V, f =1 KHz 
h,. 0.25 1.25 Kohms le= 10mA, Vee= 10V, f = 1 KHz 
h,. 8 x1 o-• le= 1 mA, Vee= 1 0V, f= 1 KHz 
h,. 4 x1 o-• le= 10mA, Vee= 10V, f = 1 KHz 
hoe 5 35 µmho le= 1 mA, Vee= 1 0V, f= 1 KHz 
h.,. 25 200 µmho lc=10mA, Vee= 10V, 1f=KHz 
R.,.,., 60 omhs le= 20mA, Vee= 20V, f=300MHz 
rb'Ce 150 ps le= 20mA, Vee=2 0V, f = 31.8MHz 
N.F. 4 db le= 100µA, Vee=1 0V, Rv= 1 Kn, f = 1 KHz 
T, 2.5 ns lc- 150mA, ls1= 15mA, Vee=30V, Vea=0.5V 
td 10 ns le= 150mA, la,=15mA , Vee= 30V, V0 = 0.5V 
t, 25 ns le= 150mA, le,=15mA, Vee= 30V, Vea= 0.5V 
t, 225 ns lc= 150mA, le1=la2=15mA, Vee= 30V 
tr 60 ns lc=150mA, le,= ls2= 15mA, Vee=30V 

NOTE: Pulse width :S: 30 µsec , duty cycle :S: 2%. 
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® 
2N2221 2N2222 

SILICON GENERAL PURPOSE TRANSISTORS 

GENERAL PURPOSE 
NPN SILICON PLANAR 
EPITAXIAL TRANSISTORS 
• Low V" (sat) . < 0.4 V ({1 I, = 150mA 
• High Frequency, f ,= 250 MHz @ l, = 20mA 
• Wide Useful Current Range, 0.1 to 500mA 

The ITT 2N222 1-22 are N PN si licon planar epitaxial general 
purpose trans istors for app licat ions at current ranges from 0.1 to 
500 mA. Low saturation voltage and fast switch ing times make the 
2N2221-22 ideal for core driving. The flat gai n over a wide current 
range gives good linearity in amplifier circuits. High breakdown 
voltage allows large signa l sw ing in switching and amplifier circuits . 

ABSOLU TE M AX IMUM RAT INGS 

CHARACTER ISTICS 

Col lector-to-Base Voltage . . . . ........ . .... . . . . . . .. .. . • .... • . .... . • . .. 
Collector -to-Emi tt er Voltage ( open base) ...... .. . . . .. .... . ............ . . 
Emitter-to-Base Voltage ..... . .. .. ........ . . . .... • . . .... . ..... . .. .. ... 
Collector Current (continuous) . .... . .•..... . ............. . .. .. .. • .. . . . 
Junction Temperature (operating) ........ . . . . . ... . .... . . . ......... . . . • . 

(storage) . ....... • . • .... ... ... . . • .. •. . • .. • .. • ... • 
Total Powe r Dissipation (/, Tc = 25°C ...... .. .. . .... . . . .. . .. • . . ... . . . . • . 

(derate 12mW /° C above 25°C) 
Total Powe r Dissipat ion w TA= 25°C .. . ... ... . .. . .... • . . . .. ......... • .. 

(derate 3.33 mW/° C above 25°C) 
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DIMENSIONS 

.205 
190 

.500 
MIN 

,100 LEAD 
CIRCLE 

UN ITS 

60 Volts 
30 Volts 
5.0 Volts 

800 mA 
- 65 to + 175 •c 
- 65 to + 300 •c 

1.8 Watts 

0.5 Watts 



2N2221 2N2222 

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted 

SYMBOL M IN. MAX. UNIT CONDITIONS 

h,. Pl lc=150mA, Vc, = 10V 

40 120 2N2221 
100 300 2N2222 

ic = 150mA, Vc,=IV 

20 2N2221 
50 2N2222 

le= 500mA, Ve,= 1 OV 
20 2N2221 
30 2N2222 

h,, lc = 10mA, Vce=10V 

35 2N2221 
75 2N2222 

le= 1mA, Vce=10V 

25 2N2221 
50 2N2222 

le= 0.1 mA, Vee= 1 OV 
20 2N2221 
35 2N2222 

Vc.(sat)m 0.4 Vdc le = 150mA, la=15mA 
1.6 Vdc le= 500mA, 1, =50mA 

V8e(sat)111 1.3 Vdc ic= 150mA, 1,= 15mA 
2.6 Vdc le= 500mA, 18 = 50mA 

lceo 10 nA Vce= 50V, le=O 
10 µA Vc,=5 0V, le=O, T= 150°C 

l,.o 10 nA Vo=3V, lc = O 

fr 250 MH z lc = 20mA, Vce=20V 

Cob 8 pf Vc, =1 0V, 1,=0 

R.<.,,> 121 60 Ohms lc=20mA, Vc, = 20V, f =300 MHz 

BVc,o 60 Vdc ic=10µA, 1,=0 

Ve,o(sust) 111 30 Vdc lc = 10mA, 1,=0 

BV,,o 5 Vdc le= 10µA, le=O 

NOTES: 1. Pulse Measurement : w idth ~ 300µsec , duty cycle < 2%. 
2. Real part of Common-Emitter high frequency input ~pedance . 
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HIGH-SPEED NPN SILICON 
PLANAR EPITAXIAL 
SATURATED SWITCHING 
TRANSISTOR 
ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Collector-to-Base Voltage ........ . 
Collector-to-Emitt er Voltage ... . ... . 
Emitter-to-Base Volltage .. . .. . .... . 
Operating Junction Temperature .. . , 
Storage -Temperature ... ........ . . . 
Po @ Te = 25°C .. . .......... .. . 
Po @ TA = 25°C ............ . . . . 

75 
40 

6 
17 5 

-65 to + 200 
1.8 
0.5 

2N2221A® 
SILICON SWITCHING TRANSISTOR 

UNITS 

Volts 
Volts 
Volts 
oc 
oc 
Watts 
Watt 

DIMENS ION S 

T0-18 

.tOO LEAD 
CIRCLE 

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

SYMBOL MIN. MAX. UNIT CONDITIONS 

BVc,o 75 Vdc le=10µA 

LVeeo 40 Vdc le= 1 OmA pulsed 

BV,,o 6 Vdc le=10µA 

h,e 20 lc=100µA, Vce=10V 

h,e 25 lc=1 mA, Vee=1 OV 

h,e 35 le= 1 OmA, Vee= 1 OV 

h,e 40 120 le= 150mA, V ce = 1 OV pulsed 

h,e 25 le=500mA, Vee= 10V pulsed 

h,e 20 le=1 50mA, Vee= 1Vpulsed 

h,e 15 le= 10mA, Vee= 10 V, TA= - 55 °C 

Vee(sat) 0.3 Vdc le= 150mA, 1. = 15mA pulsed 

Vce(sat) 1.0 Vdc lc=500mA, lo= 50mA pulsed 

Vae(sat) 0.6 1.2 Vdc le= 150mA, la= 15mA pulsed 

Vee(sat) 2.0 Vdc le= 500mA, la= 50mA pulsed 

leao 10 nA Vee= 60V 

leeo 10 u.A v, .=6 0V, TA= 150 °C 
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2N2221A 

ELECTRICA L CHARACTERISTICS continued 

PARA MET ER MIN. MA X. UNI T COND ITIONS 

lcex 10 nA V,e=60V , Vea= 3V 
Im 20 nA Vea=3V, V, . = 60V 
luo 10 nA Ve,= 3V 
Cob 8 pF V, a=10V 
C;b 25 pF Vu= 0.5V 
h1. 30 150 le= 1 mA, Vee= 1 0V, f= 1 KHz 
h1. 50 300 lc= 10mA, Vee= 10V, f = 1 KHz 
h,. 2.5 le=20mA, V,e= 20V, f=100M Hz 
h;. 1 3.5 Kohms I, = 1mA, V,e=10V,f = 1KHz 
h1. 0.2 1.0 Kohms lc= 10mA, Vce=10V, f = 1 KHz 
h,. 5 x10 - • lc= 1 mA, Vee= 1 0V, f = 1 KHz 
h,. 2.5 x10- • I, = 10mA, Vee= 1 0V, f = 1 KHz 
h .. 3 15 µmho lc= 1mA, Vce= 10V,f = 1KHz 
h .. 10 100 µmho lc=10mA, Vee= 10V, f = 1 KHz 
Ro( hle) 60 ohms le=20mA, V,e= 20V, f=300MHz 
rb'C, 150 ps le= 20mA, Vee=20V, f = 31.8MHz 
T, 2.5 ns I, = 150mA, Ia, = 15mA, Vcc=30V, Vea= 0.5V 
td 10 ns I, = 150mA , Ia,= 15mA. Vcc= 30V, V,.= 0.5V 
t, 25 ns le=150mA, I,,= 15mA, Vcc= 30V, Vn = 0.5V 
t. 225 ns I, = 150mA, l" = l92= 15mA, Vcc=30 V 
t, 60 ns lc= 150mA, la1= la2= 15mA, V,c=30 V 

NOTES: Pulse widt h s; 300 µsec, duty cycle :s; 2%. 
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Package: T0 - 18 

ABSOLUTE MAXIMUM RAT I NGS 

Characterist ics Unit 
Collecto r-Emitter Voltage .................................... 15 Volts 
Collector-Base Voltage ........................................ 40 Volts 
Emitte r-Base Voltage .......................................... 5.0 Volts 
Collector Current - Cont inuous .......................... 225 mA 

Total Device Dissipation @ TA = 25°C ........... 360 mW 
Derate above 25 ° C .................................... 2.0 mW/° C 

Junct ion Temperature - Operating .. -65 to +200° C 
Storage Temperature Range ............... -65 to + 200° C 

2N2242 
HIGH-SPEED SILICON SATURATED 

SWITCHING TRANSISTOR 

ELECTR ICAL CH ARACTERISTICS (TA= 25 ° C unless otherwise noted) 

Symbol Min Max Unit Conditions 

BVcEo 
. 15 Volts le = 30 mA. IE = o· 

svcrn· 20 Volts le= 30 mA. RsE =::; 10 ohms• 

BVcso 40 Volts le= 1.0µA. IE= 0 

BVEBO 5.0 Volts iE=10uA.le=O 

1eEX 10 µA VcE = 20 Vo lts. VEB(off) = 0 .25 Volt . 

TA= 125°e 

1eso 0 1 µA ve 8 = 20 Vo lts. le = o 

1eso 15 µA Vea = 20 Vo lts. IE = 0 , TA = 150°e 

1EBO 0. 1 µA VEB(off) = 4 .0 Volts. le = 0 

hFE• 40 120 le = 10 mA. VeE = 1.0 Volt• 

hFE. 20 le= 10 mA. VeE = 1.0 Volt. TA= -55 °e 

VeE(sat) 0 .7 Vol t le= lOOmA. ls = lOmA 

VeE(satl 0.3 Volt le= 10 mA. ls= 1.0 mA. 

TA= -55 to +125°C 

VBE(sat) 1. 5 Volts le= 100 mA. ls= 10 mA 

VBE(sat) 0.8 Vo lt le= 10 mA. ls= 1.0 mA. TA= 125°C 

fr 250 MHz le = 20 mA . VeE = 10 Volts. f = 100 MHz 

cob 6.0 pF Vea= 10 Vo lts. IE= O. f = 1.0 MHz 
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2N2242 

ELECTRICAL CHARAC T ERISTICS (TA= 25°C unless otherwise not ed) 

Symbol M in Max Unit Conditions 

ton 30 ns Vee = 3.0 Vo lts. Vs E(off) = +2. 0 Volts. 

ls1 = 3.0 mA , lc = 10 mA 

toff 50 ns Vee = 3.0 Volts. le = 10 mA. 

151 =3.0mA. I52 = 1.0mA 

ts 25 ns le= l0mA.I 81 = 182 = 10mA 

• Pulse Test: Pulse Width = 300 µs; Duty Cycle = :$ 2% 

CIRCUIT DI AGRAM 

5.0k 

PULSE WIDTH 96 ns 

PRR120Hz 

51 

1on loff 

Vss; -4 .0 Vol tS Vss; +17 Volts 

Vin; +21 V Vin; -2 0V 

0 .1 uF 

-1 o v---i__,r-

PULSE W IOTH 96 ns 
PAR 120 Hz 62 

+ 11 V 

500 

SWITCHING T IM E 
TEST CIRCUIT 

-
STORAGE TIME 
TEST CI RCUIT 
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Package, T0-5 

2N2297® 
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 C0 b and 

low leakage currents. 

This transistor is designed for use in high -performance de-de converters. oscillators. high-current memory 
drivers and computer c lock distribution ci rcuits . The 2N2297 is suitable in particula r for output stages 

of servo amplifiers and transceivers where severa l watts output at high effiency is required . 

ABSOLUTE MAXIMUM RATI NGS {Note 1 f 

Characterist ics Unit 
Collector -Base Vo ltage ...... ........................ ........ 80 Volts 
Collector -Emitter Voltage {Note 4) .................... 35 Volts 
Emitter-Base Voltage .......................................... 7 .0 Vo lts 

Total Dissipation @: 
Tc = 25° C {Notes 2 and 3) ........................ 5.0 Watts 
Tc= 100°c {Notes 2 and 3) ..................... 2 .8 Watts 
TA = 25°C (Notes 2 and 3) .... ..................... 0 .8 Watt 

Storage Temperature ....................... -65°C to +300°C 
Operating Junction Temperature ....... 200°C Maximum 

Lead Temperature 
(So ldering. No Time Limit) ............... 300°C Maximum 

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

Symbol Min Typ Max Unit Conditions 

hFE 40 55 120 le = 150 mA, VcE = 10 Vo lts (Note 5J 

VcE(sat) 0.15 0.2 Volt IC = 1 50 mA. I 8 = 15 mA 

VcE(sat) 08 1.0 Vo lt le = 1000 rnA. 18 = 1 oo mA (Note 6) 

VcE(satl 1.4 1.6 Volts le= 1000 mA. 15 = 100 mA 

1cso 0 . 1 10 nA IE = 0 , Vcs = 60 Volts 

1EBO 10 nA le = 0, VEB = 5.0 Volts 

BVcso 80 Volts IE= O. lc = lOOµA 

VcEO(sust) 35 Volts Is = 0 (pulsed} le = 30 mA 
(Notes 4 and 5) 
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2N2297 

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

Symbo l Min Typ Max Un it Conditio ns 

hFE 30 50 le= 10 mA, VcE = 10 Volts (Note 5 ) 

hFE 15 30 le = 1.0 A, Vee = 10 Vo lts (Note 5) 

lcso (15o oci 0 .2 10 µ.A Vea = 60 Volts, le = 0 

fr 60 95 me le= 50 mA, Vee = 10 Volts 

Cob 8.0 12 pf V CB = 1 0 Volts , I e = 0 

Cre 53 80 pf Vea = o .5 Volt , le = o 

BVrno 7.0 Vo lts le= 100µ.A le = o 

ri;cc 800 psec le= 10 mA Vea= 10 Volts 

NOTES : 

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

{2) These are steady state limits. The factory shourd be consulted on appl ications involving pulsed or low duty cycle operatio ns. 

(3} These rat ings give a maximum junction temperat ure of 200 °C and junction-to-case thermal resistance of 35°C/wan (derating 
facto r of 28 .6 mW/°C): junction-to-ambient thermal resistanc e of 218°C/watt (derati ng factor of 4 .6 mW/°CJ . 

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

(5) Pulse Conditions : length= 300µ sec: duty cycle S 1%. 

(6) Measure d at a point on the leads :S • 12 inch from the seating pla ne of t ransisto r case. 
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2N2483 2N2484 () 
SILICON GENERAL PURPOSE TRANSISTORS 

LOW LEVEL 
LOW NOISE 
NPN SILICON PLANAR 
TRANSISTORS 

• High Gain; 100 Min. @ lc= 10µA (2N2484) 
• Low noise ; 3dB Max. @ lc= 10µA 
• High Vc,0 ; 60 Vdc M in. 

The ITT 2N2483 and 2N2484 are NPN silicon planar transistors 
designed for application in low-noise, low -level, high -gain ampli 
fiers in the audio through high frequency range. 

ABSOLUTE MAXIMUM RATINGS 
CHARAC TERIST ICS 

Collector-to -Base Voltage . . ... ... .. . . . . . ...... , . .. . . . .. . . . . .. .. . .. . . . . 
Collector-to-Emitt er Voltage (open base) . . .. . . .... ... . . .... . . . . . .... ... . . 
Emitter-to-Base Voltage .. .. . . ... . ... ... . . . . . . . . . . . . . . . . , .. . .... .. .... . 
Collector Current . . . . . .. . .... . ... . . .. ........ .. ... • ... . ... . . ... . ... . . 
Junct ion Temperature (op . and stg.) . ..... . ........ . .. . . , . .. . • . . • .. • .. . . 
Total Power Dissipation @ Tc=25 °C . . . .. .. . . . .. ... .. . . . • .. . . ... . .. ..... 

(derate 6.9 mW/ °C above 25°C) 
@ Tc= 100°C ... • . . . . . . . .. • . • . . ... . . . . . . . • . . • .. • 

Total Power Dissipation @ T,. = 25°C . .. . . . . . . . • . . . . . . . . . . . • . . . . . . .. ... .. 
(derate 2.1 mW/° C above 25°C) 
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DIMENSIONS 

T0-18 

60 
60 

6 
50 

- 65 to + 200 
1.2 

0.68 
0.36 

.225 
2 10 

. 100 LEAD 
CIRCLE 

U NITS 

Volts 
Volts 
Volts 
mA 
oc 
Watts 

Watts 
Watt s 
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2N2483 2N2484 

ELECTR ICAL CIHARACTERISTICS @ 25°C unless otherwise noted. 

2N2483 2N2484 

SYMBO L MIN. TYP. MAX. MIN. TYP. MAX. UNIT CONDIT IONS 

BVceo 60 60 Vdc lc=10µA 

LVceo1•
2 60 60 Vdc lc= 10mA 

BVEeo 6.0 6.0 Vdc lc= 10µA 

hFE 30 200 lc= 1µA Vce= 5V 
40 80 120 100 290 500 lc= 10µA Vce= 5V 
75 140 175 375 lc= 100µA Vce= 5V 

100 200 200 430 lc= 500µA Vce=5V 
175 230 250 450 1c= 1mA Vce= 5V 

280 500 430 800 lc = 10mA Vce= 5V 
10 20 lc= 10µA' Vce= 5V T,.= -55 °C 

Vce(sat) 0.2 0.35 0.2 0.35 Vdc lc= 1mA le= 0.1mA 

Vee(on) 0.5 0.57 0.7 0.5 0.57 0.7 Vdc lc= 100µA Vce= 5V 

lceo 0.1 10 0.1 10 nA Vce= 45V 
0.2 10 0.2 10 µA Vce= 45V T,.=150°C 

lceo 0.1- 2.0 0.1 2.0 nA Vce=5V 

luo 0.1 10 0.1 10 nA Vte=5V 

Cob 3.5 6.0 3.5 6.0 pF Vce=5V f = 1 mHz 

C;b 3.5 6.0 3.5 6.0 pF Vee= 0.5V f = 1mHz 

hr. 2.4 4.0 3.0 4.0 lc= 50µA Vce=5V f = 5mHz 
2.0 2.3 2.0 2.6 lc = 500µA Vce= 5V f = 30mHz 
80 280 450 150 400 900 lc= 1mA Vce= 5V f = 1 KHz 

h,. 1.5 7.5 13 3.5 15. 24 Kohms lc=1mA Vce=5V f = 1KHz 

hoe 11 30 15 40 µmho lc= 1mA Vce=5V f = 1KHz 

h,. 300 800 425 800 x10·6 lc= 1mA Vce=5V f = 1KHz 

h1b 25 27 32 25 27 32 ohms lc= 1mA Vce= 5V f = 1KHz 

NF 1.9 4.0 1.8 3.0 dB lc= 10µA Vc, = SV RG= 10K n 
B.W. = 15.7KHz 3dB @ 10 Hz & 10K H z 

1.9 4.0 1.8 3.0 dB lc= 10µA Vcr= SV RG= 10K Q 
f = 1KHz B.W . = 200Hz (Note 3) 

0.7 3.0 0.6 2.0 dB lc= 10µA Vc, = SV RG= 10KQ 
f = 10KHz B.W.=2KHz (Note 3) 

4.0 15 4.0 10 dB lc= 10µA Vc, = SV RG= 10KQ 
f = 100Hz B.W. = 20Hz (Note 3) 

Notes: 1. Pulsed width :5300 µsec; duty cycle :52%. 
2 . Low est emitter to collector vo ltage. 
3. Narrow band noise . 
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TYPICAL CHARACTERISTICS 
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TYPICA L CHARACTER ISTICS, co ntinued 
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TYPICAL CHARACTERIS TICS, continued 
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Package T0-18 
2N2509® 

NPN LOW- LEVEL. LOW-NOISE 
DIFFUSED SILICON PLANAR TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characte ristics Unit 
Collector-Base Voltage ...................................... 125 Volts 
Collector-Emitter Voltage (Note 4) ..... .............. 80 Volts 
Emitter-Base Vo ltage .......................................... 7.0 Volts 
Total Dissipation @: 

Tc = 25°C (Notes 2 and 3) ........................ 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 .... , .................. -65° C to +300°C 

Operat ing Junction Temperature ...................... +200°C 

NOTES: 

(1 I These rati ngs are l imiting values above which the serv• 
iceability of any indiv idual semiconductor device may be 
impa ired . 

(21 These are steady state lim its . The factory should be con 
sulted on applications involving pulsed or low duty cyc le 
operations . 

(3) These ratings give a max imu m junction temperat ure of 
200 ° C and junct ion to case thermal resis tance of 
145 ° C/ watt (derating factor of 6.85 mW / °CI; junct ion• 
to -ambient the,mal resistance of 486 ° C/ watt (derati ng 
factor of 2.06 mW/°CI . 

(4) Rating refers to a high-curr ent point where collector-to· 
emitter voltage is lowest . 

ELECTR ICAL CHARACTERISTICS (TA= 25 ° C unless otherwise noted) 

Symbol Min Max Unit Conditions 

hFE 40 le= 10 mA. VcE = 5.0 Volts 

hFE 25 le= lOµA. Vee= 5.0Volts 

hFe(-55°C) 20 le= 10 mA. Vee= 5.0 Volts 

VCE(sat) 1.0 Volt le = 5.0 mA. Is = 0 .5 mA 

Vee(sat) 0.9 Volt le= 5.0 mA. 19 = 0.5 mA 

hfe 1.5 le = 5.0 mA. Vee = 10 Vo lts f=30MHz 

1cso 5.0 nA le= o. Vea= 100 Volts 

1cB0 (150°C) 10 µA le = o. Vc 6 = 1 oo Volts 

1EBO 2.0 nA le= 0. VEB = 5.0 Volts 

cob 6.0 pF IE = 0. Vcs = 5.0 Volts 

Cib 10 pf le = 0. VEB = 0.5 Volt 

NF 7 .0 dB le= lOµA. VcE = 5.0 Volts 

BW = 200 Hz. RGT = 10 kohms 

rbCC 800 ps le= 10 mA. VcB = 10 Volts 

BVceo 125 Vo lts le= lOµA.IE =O 

VcEO(sus) 80 Vo lts le = 10 mA. 18 = o (Note 4) 

BVEBO 7.0 ,Vo lts IE =O . lµA.lc =O 
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2N2510 ® 
SILICON GENERAL PURPO SE TRANS ISTO RS 

LOW LEVEL 
LOW NOISE 
NPN SILICON PLANAR 
TRANSISTORS 

• High Gain ; 75 min. @ lc= 10µA 

• Low Noise; 4dB max. @ lc=10µ A 

• High VcEO; 65 Vdc min. 

The ITT 2N2510 is an N PN si licon planar transistor designed for 
application in low noise, low level ampl ifi ers in the audio through 
high frequency range. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERIS TICS 

Collector - to-Ba se Volt age .... . . . .... . ... . . • ... . . . . .. • .. • .. • . . • .. •. .... 
Col lector -to-Emitter Voltage (open base) . . .......... ... .... . .... , ... . .. . . 
Emitter-t o-Ba se Volt age . .. ..... .. ... . . . . . ..... . . . . . • .. • .. • .. • . . • ... . . 
Collecto r Current (continuous ) .. .... . . . . • . , .. . . . ..... . . . .. . ....... . . • . . 
Junction Temperature (operating) . .. .. . . .... . . . . . . . . . • .... . .. . .... ..•. . 

(storage) .......... • . .... .... • . . . .. . . • . .. . .. . .... 
Total Power Dissipat ion ® Tc= 25°C . .. ... . . . ... . ....... . . . .... . . ...... . 

{derate 6.85 mW/°C above 25°C) 
Total Power Dissipation @, TA= 25°C .. .. . ......... . ........ . .. . .. . .. . .. . 

{derate 2.06 mW/°C above 25°C) 
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210 

.100 LEA D 
CIRCLE 

T0-18 

U NITS 

100 Volts 
65 Volts 

7 Vo lts 
30 mA 

-65to+1 75 oc 
- 65 to + 200 oc 

1.2 Watts 

0.36 Watts 



2N2510 

ELECTRICAL CHARACTERISTICS <ib 25°C unless otherwise noted 

SYMBOL M IN. MAX . 

BVceo 100 

LVcE0'·2 65 

BVeeo 7.0 

hFe 75 
150 500 
25 
60 

VcF (sat) 1.0 

Vee (sat) 0.9 

lceo 5.0 

lceo 10 

1,eo 2.0 

Cob 6.0 

C;b 10 

h,. 1.5 

800 

N.F. 4 

Notes: 1 . Pulse width :S 300 µsec; duty cycle :S 2%. 
2. Lowest emille r to co llec tor voltage . 

UNITS CONDITIONS 

Vdc le= 10µA 

Vdc lc= 10mA 
Vdc le= 1 00nA 

lc= 10µA, Vce= 5V 
lc=10mA, V, , = 5V 
lc=1 0µA, Vce=5V, TA= - 55°C 
lc= 10mA, Vce=5V, TA=- 55°C 

Vdc lc= 5mA, le=0.5mA 

Vdc lc= 5mA, 1a= 0.5mA 

nA Vce=80V 

µA Vce=80V, TA= 150°C 

nA V,e= 5V 

pF Vce=5V, f=1.0 mHz 

pF V,. = 0.5V, f = 1.0 mHz 

lc= 5mA, Vc.= 10V, f = 30mHz 

psec lc= 10mA, Vce= 10V, f = 4mHz 

dB lc= 10µ.A, Vce= 5V, f = 1kHz , R= 10l<n 
Bandwidth = 200Hz 
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2N2511® 
SILICON GENERAL PURPOSE TRANSISTORS 

LOW LEVEL 
LOW NOISE 
NPN SILICON PLANAR 
TRANSISTORS 

• High Gain; 80 min @ lc= 1µA 

• Low Noise; 4dB max. @ lc=10µA 
• High Ve'°: 50 Vdc min . 

The ITT 2N2511 is an NPN silicon planar transistor designed for 
appl icat ion in low noise, low level amplifiers in the audio th rough 
high frequency range. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Collector -to-Base Voltage ... . . . ...... . ... . . . ... . .•........ . •. .. ... . ... 
Collector - to-Emitter Voltage (open base) ............ .. .. . . .. . . .. . ....... . 
Emitter-to -Base Voltage ... . . . . . ..... . .... . ...... . ........ . .......... . 
Collector Current (continuous) .... . ...... ... . . • .. .... • . . . .. ............ 
Junct ion Temperature (operating) . . .. .• . • .. . ... ... . .. .... . . . . .... . ..... 

(storage) ... . .. . ... . ...... . . . ....... . . . ......... . 
Total Power Dissipation @ Tc= 25°C . . ... . ... . ... . ...... • ... . .. . . .... • .. 

(derate 6.85 mW/ °C above 25°C) 
Total Power Dissipation @ TA= 25°C ..... • ... . .. . . . • ... .. . . . . .. • . . • ..... 

(derate 2.06 mW/°C above 25°C) 

12-38 

DIMENSION S 

100 LEAD 
CIRCLE 

T0-18 

UNITS 

80 Volts 
50 Volts 
7 Volts 

30 mA 
-65 to +17 5 oc 
- 65 to +20 0 •c 

1.2 Watts 

0.36 Watts 



2N2511 

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted 

SYMBOL MIN. MAX. 

BVcso 80 

LVceo1
'
2 50 

BVEBO 7.0 

hFe 80 
120 
240 750 

40 
100 

v ,.(sat ) 1.0 

Vse(sat) 0.9 

lcso 5.0 

lcso 10 

1,.0 2.0 

Cob 6 

10 

h(c 1.5 

rb'C, 800 

N.F. 4 

Notes : 1 . Pulse width $ 300 µsec; duty cycle $ 2%. 
2. Lowest emitter to collector voltage . 
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UNITS 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

nA 

µA 
nA 

pF 

pF 

psec 

dB 

CONDITIONS 

I,= 10µA 

I, = 10mA 

le= 100nA 

lc= 1µA Vcs= 5V 
lc= 10µA v,E=5V 
lc=10mA VcE= 5V 
lc=1 0µA Vc, =5 V TA= - 55°C 
I, = 10mA Vce=5V TA= - 55°C 

lc= 5mA ls= 0.5mA 

l, = 5mA la= 0.5mA 

Vce= 60V 

V,. = 60V T,= 150°C 

V,. = 5V 

Vce= 5V f = 1mHz 

V,8 = 0.5V f = 1mHz 

lc= 5mA V,, = 10V f = 30mHz 

lc=10mA v ,. = 1 ov f = 4mHz 

Vc.= 5V lc= 10µA 
RG= 10K n 

Bandwidth = 200Hz 

f = 1kHz 



2N2586(f) 
SILICON GENERAL PURPO SE TRANS ISTORS 

LOW LEVEL 
LOW NOISE 
NPN SILICON PLANAR 
TRANSISTORS 

• High Gain : 80 min @ le = 1µA 

• Low Noise; 2dB max. @ le = 1µA 

• High Veeo; 45 Vdc min. 

The ITT 2N2586 is a NPN silicon planar transistor designed for 
application in low noise, low level amplifiers in the audio through 
high frequency range. 

ABSOLUTE MAXIMU M RATINGS 

CHARAC TERISTICS 

Collector-to-Base Voltage .. ............ ..... . ... . .... .. .... . ... . . .. . . . 
Col lecto r-to-Emitter Vo ltage (open base) ..... . . .. • ..... .• .... . . . .. . .. . ... 
Emitter-to-Base Voltage ........ . ... . . ... . • . .. .... • ....... . . .. . . .... .. 
Collector Current (continuous) .... . . • .. ... . ...... . . • .. ...... . .. . . . . . ... 
Ju nction Temperature (operating) .......... . . . . • .... .. ... • .. . .... . ..... 

(storage) . ... . ..... • .... . . . .. • .. ...... . .......... 
Total Power Dissipation @ Tc= 25°C .... ..•. ....... . ...•... .. . .......... 

(derate 4.0 mW/ °C above 25°C) 
Total Power Dissipation @ TA= 25°C ........ ... ... . . • . . . . .... . .. ........ 

(derate 2.0 mW/ °C above 25°C) 
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DIMEN SION S 

T0-18 

UNITS 

60 Volts 
45 Volts 

6 Volts 
30 mA 

-65to + 175 oc 
- 65 to +200 oc 

0.6 Watts 

0.3 Watts 



2N2586 

ELECTRICAL CHARACTERISTICS <g, 25°C unless otherwise noted 

SYMBOL MIN. MAX. 

BVceo 60 

LVc,o1
•2 45 

BVeao 6.0 

hFE 80 
120 360 
150 

600 
40 

Vce(sat) 0.5 
Vee(sat) 0.7 0.9 

lceo 2.0 
Ices 2.0 
Ices 10 
lceo 2.0 
leeo 2.0 

Coh 7.0 

hr. 150 600 
1.5 

h;, 4.5 18 
h .. 100 

NF 2.0 

2.0 

3.0 

3.5 

Notes: 1. Pulse width ::; 300 µse c; duty cycle s 2%. 
2. Lowest em itter to collector voltage . 

UNITS 

Vdc 

Vdc 

Vdc 

Vdc 
Vdc 

nA 
nA 
µA 
nA 
nA 

pF 

kohms 

µmhos 

dB 

dB 

dB 

dB 
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CONDITIONS 

lc= 10µA 
lc= 10mA 

le= 1 0µA 

lc= 1µA Vc,= 5V 
lc= 10µA Vce= 5V 
lc= 500µA Vce= 5V 
lc= 10mA Vce= 5V 
le= 1 OµA Vce= 5V TA= - 55°C 

lc= 10mA l. = 0 .5mA 
lc= 10mA ls= 0.5mA 

Vce=45V 
Vce=45V 
Vc,= 45V TA= 170 °c 
Vce=5V 
Vea= 5V 

Vca= 5V f = 1 mHz 

lc= 1mA Vce=5V f= 1KHz 
lc= 500 µA Vce= 5V f = 30mHz 

1,= 1 mA Vce= 5V f= 1KHz 
lc= 1 mA Vce= 5V f = 1KHz 

lc= 1µA Vc,= 5V RG= 1 M n 
f = 10KHz 

lc= 10µA Vce= 5V Rc= 10K fl 
f =10KHz 

lc= 10µA Vc,= 5V Rc= 10K n 
f = 1KHz 

lc= 1µA Vce= 5V RG= 1 M n 
f = 1KHz 

I 



2N3019, 2 N3020® 

NPN SILICON HIGH VOLTAGE SW ITCHING 
AN D AM PLIFIER TRANSISTORS 

Package: T0 -5 

The ITT 2N3019 and 2N3020 are NPN silicon planar epitaxia l t ransistors designed primari ly for amplifie r 
and switch ing appl ications . These devices feature high breakdown voltages, low leakage curre nt s. low 
capacity and a beta usefu l over an extreme ly wide current range . Switching operation at 1.0 am pere 
is permiss ible due to the low saturation vo ltage. 

ABSO LUTE MAX IM U M RATINGS (Note 1) 

Characteristics Un it 

Storage Temperature ....................... -6 5° C to +300 ° C 
Operating Junction Temperatur e ...................... +200°C 

Lead Temperat ure (So ldering, 
No Time Limit) ...... ........................................... +300 ° C 

Total Device Dissipat ion 
@ Tc = 25°C (Notes 2 and 3) ................... 5.0 Watts 

@ TA= 25°C (Notes 2 and 3) ..................... 0.8 Watt 
Collector -Base Voltage ...................................... 140 Volts 

Collector -Emitter Voltage (Note 4) .................... 80 Volts 
Emitter-B ase Voltage .......................................... 7 .0 Volts 

ELECT RI CAL CHARAC TERISTICS (TA= 25°e unless otherwise noted) 

Symbol Min Max Unit Conditions 

hFE 90 (2N3019 ) le= 10 mA. VcE = 10 Volts 

40 120 (2N3020) (Note 5) 

hFE 100 300 (2N3019) le = 150 rnA. Vee = 1 o Vo lts 

40 120 (2N3020 ) (Note 5) 

hFe 50 (2N3019 ) le = 0 .1 mA. Vee= 10Vo lts 

30 100 (2N3020) 

hFE 50 (2N30 19) le = 500 rnA. VcE ' = 10 Volts 

30 100 (2N3020) (Note 5) 

hFE 15 (2N30 19) le= 1.0 A. VcE = 10 Vo lts 

15 (2N3020) (Note 5) 

hFE(- 55° C) 40 (2N30 19) le = 150 rnA. VcE = 10 Vol ts 
(Note 5) 

VcE(sat) 0 .2 Volt (2N30 19) le = 150 rnA. Is = 15 mA 

0 .2 Volt (2N3020) (Note 5) 

VcE(sat) 0.5 Volt (2N30 19) le= 500 rnA, ls = 15 mA 

0 .5 Volt (2N302 0 ) (Note 5) 
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2N3019, 2N3020 

ELECTRICAL CHARACTERIST ICS (TA= 25 ° C unless otherwis e noted) 

Symbol Min Max 

VBe(sat) 1. 1 
1. 1 

hfe 5.0 

4 .0 

Cobo 12 
12 

c ibo 60 

60 

1cso 10 

10 

lcso (15o ocl 10 

10 

1rno 10 
10 

BVcso 140 

140 

VceO (sust) BO 
80 

BVEBO 7 .0 

7.0 

rb' Cc 400 

400 

NF 4 

NOTES: 

Unit 

Vol ts 

Vol ts 

pf 
pf 

pf 

pf 

nA 
nA 

µA 
µA 

nA 
nA 

Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

psec 
psec 

Conditions 

(2N3019 ) lc = 150mA .l s=15mA 
(2N3020) (Note 5) 

(2N3019 ) le= 50 mA. Vee= 10Volts 

(2N3020 ) 

(2N3019 ) le = o. Vcs = 10 Volts 
(2N3020 ) 

(2N3019 ) le= o. Ves = 0 .5 Vo lt 

(2N30 20) 

(2N3019 ) le = 0. Vcs = 90 Volts 
(2N30 20) 

2N3019 ) le = o. Vcs = 90Volts 
(2N3020) 

(2N3019 ) le = o. Yes = 5.0 Volts 
(2N3020 ) 

(2N3019 ) le = 100µA . le= 0 

(2N3020 ) 

(2N30 19) le= 30 mA . ls= 0 
(2N302 0) (pulsed ) (Not es 4 and 5) 

(2N30 19) le= 0. le= 100µA 
(2N3020 ) 

(2N3019) le= 10 mA. VcB = 10 Vo lts 
(2N3020 ) 

dB (2N3019 ) le = 100µA . Vee = 10 Vo lts (Note 6) 

( 1) T hese ratings are limiting values above w hich the serviceability of any individual semiconducto r device may be impaired. 

(21 These are steady state lim ,ts. The factory should be consulted on applicat ions mvolving pulsed or low duty cycle operatio ns. 

(31 These ra1ings give a maximum junction temperature of 20 0 °C and junction-10.case thermal resis1ance of 35 0 ° CIWa u (derating factor 
of 28.6 mW/° C): jun ctton -to-amb ient Ihermal resistance of 218 ° C/Wau l derat ing factor ol 4 .6 mW/° C). 

14 ) Rating refers to a high-current point wh ere collector- to-em itter voltage is lowes1. 

(5) Pulse Condit ions: leng th = 300 µsec : du ty cycle S 1%. 

(6) f = 1.0 kc: RS = 1 K!! . 
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2N3053 

NPN SILICON SWITCHING AND 
AMPLIFIER TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 
Col lector -Emitter Voltage .................................... 40 Volts 
Collector -Base Voltage ........................................ 60 Volts 
Emitter -Base Voltage .............................................. 5 Volts 
Collector Current - Continu ous .......................... 700 mA 

Total Device Dissipation @ Tc = 25 ° C ............. 5 Watts 
Derate above 25 ° C ................................. 28 .6 mW/ °C 

Operat ing Junction Tempe rature Range ............ 200 ° C 
Storage Temperature Range ............... -65 to +200 ° C 

Package: T0-5 

ELECTRICAL CHARACTERISTICS (TA = 25 ° C unless otherwi se noted ) 

Symbol Min Max Unit Conditions 

BVcEO 40 Volts le= 100 µA . l e= 0 

BVceR 50 Volts le= 100 mA. RaE = 10 ohms 

BVcao 60 Volts le= 100µA , IE= 0 

sveso 5 Volts IE= 100 µA . lc = 0 

1cex 0.25 µA Vee = 60 Volts. VEB(off ) = 1.5 Volts 

1BL 0 .25 µA Vee= 60 Volts . VeB (off) = 1.5 Volt s 

hFe 25 le = 150 mA . Vee = 2 .5 Volts 

hFe 50 250 le= 150 mA . Vee= 10 Volts · 

Vce (sat) 1.4 Volts le= 150mA.la = 15mA 

Vs e(sat) 1. 7 Volts le= 150mA.la = 15mA 

Vae (on) 1.7 Volts le= 150 mA . Vee= 2.5 Volts 

tr 100 MHz le= 50 mA , Vee= 10 Volts, f = 20 MHz 

Cob 15 pF Vea= 10 Volts . le= o. f = 140 kHz 

Cib 80 pF VsE = 0 .5 Volt. le= o. f = 100 kHz 

Pulse Test: Pulse Width = 30 0 µs . Duty Cycle = 2% 
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Package : T0-5 

2N3107,2N3108,2N3109,2N3110 ® 

HIGH VOLTAGE NPN SILICON AMPLIFIER AND 
SATURATED SWITCHING TRANSISTORS 

• High Voltage ................................ LVcEO = 40 Volts (min) (2N3109 / 10) ; 
60 Volts (m in) (2N3107 / 8) 

• Low Saturation Voltage ...................... Vce(sat ) = 1.0 Volt (max) at 1.0 A 
• Low Noise ................................................ ..... NF = 7.0 dB (max) at 1.0 kHz 

• Medium Switching Speed ......................... t0 n = 200 ns (max at 1 50 mA 

t0 tt = 600 ns (max) at 1 50 mA 
• High Gain ...... ........ ........... ................. ............. hFE = 100 - 300at150mA 

hFE = 40 (min) at 500 mA 

ABSOLU T E MAXIMUM RA TI NGS (Note 1) 

Characteristics Unit 

Storage Temperature ................ ...... - 65 ° C to + 200 ° C 
Operat ing Junction Temperature ....... 200 ° C Maximum 

Lead Temperature (Solder ing . 

60 second ti me limit).. . ....... ........... 300 ° C M,aximum 

Tota l Device Dissipation (Notes 2 and 3) @: 

Tc = 25 ° C ..................................................... 5.0 Watts 

TA = 25 ° C ....................................................... 0 .8 Watt 
Collector - Base Voltage 

(2N3107. 2N3108) ...................................... 100 Volts 

(2N3109 , 2N3110 ) ........................................ 80 Volts 

Collector-Emitter Vo ltage (Note 4) 

(2N3107. 2N3108) ........................................ 60 Volts 

(2N3109. 2N3110) ........................................ 40 Volts 

Emitter-Base Voltage 

(2N3107.2N3108) ....................................... 7 .0Volts 

(2N3109.2N3110) ........ .... ................... .. 7 .0Volts 

ELECTRICAL CHARACTERISTICS (TA= 25°e unless otherw ise noted) 

Symbol Min Typ Max Unit Conditions 

hFE 2N3107 . 2N3109 100 190 300 

120 

le= 150 mA . Vee= 1.0Volt 

2N3108 . 2N31 10 40 70 

hFE 2N3107. 2N3109 40 90 

2N3108 . 2N3110 25 50 

hFE 2N3107. 2N3109 35 75 

2N3108. 2N3 110 20 40 

hFE(-55°C) 2N3 107 . 2N3109 30 120 

2N3108. 2N3110 15 26 

VaE(satl 2N3107. 2N3109 0.86 

2N3108 . 2N3110 0.86 
1. 1 
1. 1 
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Volts 
Volts 

(Note 5) 

le= 500 mA. Vee = 10 Volts 

(Note 5) 

le= 0 .1 mA . VcE = 10 Volts 

le= 150 mA . Vee = 10 Volts 
(Note 5) 

le = 150 mA. la= 15 mA 
(Note 5) 

I 



2N3107.2N3108,2N3109.2N3110 

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

Svmbol Min Typ Max Unit Conditions 

Vae(sat) 2N3107. 2N3109 1.5 2.0 Volts le= 1.0A.la = 100mA 
2N310a.2N3110 1.5 2.0 Volts (Notes 5 and 6) 

Vce(sat) 2N3107.2N3109 0.16 0 .25 Volt le= 150mA.la = 15mA 
2N3108. 2N3110 0 .16 0.25 Volt (Note5) 

Vce(sat) 2N3107. 2N3109 0 .76 1.0 Vol t le= 1000mA.la = 100mA 
2N3108.2N3110 0.76 1.0 Volt (Notes 5 and 6) 

hie 2N3107. 2N3109 3.5 10 le= 50 mA. Vee = 10 Vo lts 
2N3108.2N3110 3 .0 4.3 

Cobo 2N3107 20 pF le = o. Vea = 10 Volts 
2N3108 20 pF 

Cobo 2N3109 25 pF le = o. Vea = 10 Volts 
2N3110 25 pF 

c,bo 2N3107. 2N3109 62 80 pF ie = o. Vea = o.5 Volt 
2N3108. 2N3110 62 80 pF 

Ices 2N3107. 2N3109 0.4 10 nA Vee = 60 Volts. Vea = o 
2N3108. 2N3110 0.4 10 nA 

lca 0 115o•c) 2N3107. 2N3109 0 .5 10 µA Vea = 60 Volts. le = o 
2N3108.2N3110 0.5 10 µA 

Ieeo 2N3107. 2N3109 0.05 10 nA le = o . Vea = 5.o Volts 
2N3108. 2N3110 0 .05 10 nA 

aveeo 2N3107 100 Volts le= o.Ie = 1ooµA 
2N3108 100 Volts 

avceo 2N3109 80 Volts le = o. ic = 1ooµA 
2N3110 80 Volts 

Vceo(sust) 2N3107 60 Volts le = o. le = 30 mA 
2N3108 60 Volts (Notes 4 and 5) 

VceO(sust) 2N3109 40 Volts Ia = o. •e = 30 mA 

2N3110 40 Volts (Notes 4 and 5) 

aveeo 2N3107. 2N3109 7.0 Volts le= 0. le= lOOµA 
2N3108. 2N3110 7.0 Volts 

NF 2N3107. 2N3109 3.5 7.0 dB le= 30µA. Vee = 10 Vol ts. 
2N3108.2N3110 3.5 7.0 dB aw= 200 Hz. R5 = 1.0 kohm 
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2N3107,2N3108,2N3109,2N3110 

ELECTRICAL CHARACTER ISTICS (TA = 25°C unless otherwise noted) 

Symbol Min Typ Max Unit Conditions 

1on 2N3107 , 2N3109 120 200 ns le:::, 150 mA.I91 :::, 7.5 mA. 

2N31 OB. 2N3110 120 200 ns 192 :=>: - 7.5 mA (Note 7) 

1off 2N3107 . 2N3109 1000 ns le"" 150mA.I91 :::,7 .5mA . 

2N310B. 2N3110 350 600 ns 192:::, -7.5 mA (Note 7) 

TYPICAL SMALL SIGNAL CHARACTERISTICS (f= 1 kHz) 

2N3107 2N3108 

Symbol 2N3109 2N3110 Units Conditions 

hib 27 27 ohms le= 1.0 mA. Ves = 5.0 Vo lts 

hob 0.12 0 .12 µmhos le = 1.0 mA. Ves = 5.0 Vo lts 

hrb 1.8 0.5 x10-4 le = 1.0 mA, Ves = 5.0 Volts 

hie 5000 1800 ohms le = 1.0 mA. VeE = 5.0 Volts 

hoe 20 8.0 µmhos le = 1.0 mA. VcE = 5.0 Vo lts 

hre 6 .0 2.1 x,o-4 le = 1.0 mA. VcE = 5.0 Vo lts 

hte 170 60 le= 1.0 mA, VeE = 5 .0 Volts 

NOTES: 

( 1) These rat ings are limit ing values above which t he serviceability of any ind ividual sem ico nduc tor device may be impaired. 

(2) These are steady state limits. The factory shou ld be consulted on applications involving p ulsed o r low-duty .-:.ycle operat ions . 

(3) These rati ngs give a maximum junction temperature of 200 ° C and junct ion-to-case thermal resistance of 35°C/Wa tt (derating 
factor of 28 .6 mW /° C): junction-to -ambient thermal resisrance of 218°C/Watt (derating factor of 4 .5 7 mW /° C). 

(4) This rating refers to a high•current point where collecto r to emitt er voltage is lowis t. 

(5) Pulse Conditions : leng th = 300µs : du ty cycle = 1 %. 

(6) Saturation voltage measu red wit h 1 / 4" lead length . 

(7) See test circ uit for exact values of 'c· I 81 . and IB2 · 

SCHEMATIC 

FIGURE 1 - SWITCHING CIRCUIT 
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2N3117® 

SILICON GENERAL PURPOSE TRANS ISTORS 

LOW LEVEL 
LOW NOISE 
NPN SILICON PLANAR 
TRANSISTORS 

• High Gain ; 100 Min. @ lc=1µA 
• Low noise; 1dB @ fc= 5µA 
• High Vc(o: 60 Vdc min . 

The ITT 2N31 17 is a double-diffused silicon planar transistor 
designed for application in low level, low noise amplifier from de 
to 60 Hz. Low noise and high gain at 1 µA permits microwatt 
operation where power supply drain is a factor. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Collector-to-Base Voltage ...... .. .. . . ............... . .... . ...... . . . .. . 
Collector- to- Emitter Voltage (o pen base) .... . ...... . ... .... ..... . . . ..... . 
Emitter-to-B ase Voltage .. . . . .... ... . ................ . .. . ....... ... . . . 
Col lector Current . . ................ .. ....... . . .. . ... . ........ .... .. . . 
Junction Temperature (op. and stg.) .................. . .. . . . ........... . 
Total Power Dissipation @ Tc= 25°C .. .. ... ....... ... .. . . . . . . ... ....... . 

(derate 6.8 mW/ °C above 25°C) 
@ Tc= 100°C ............. . .. . . .. . . . ......... .. . 

Tota l Power Dissipation ® TA=25 °C .. . ........... .• .. . . .. . . .. .... . ... .. 
(derate 2.06 mW/ °C above 25°C) 

DIMENSI ONS 
(IN INCHES) 

60 
60 

6 
50 

- 65 to +2 00 
1.2 

0 .68 
0 .36 

UNITS 

Volts 
Volts 
Volts 
mA 
oc 
Watts 

Watts 
Watts 



2N3117 

.ECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted. 

SYMBOL MIN . MAX. 

BVeso 60 
l Vceo1•2 60 

BVeso 6.0 

hFE 100 
250 500 
300 
400 

50 

Vee(sat) 0.35 
Vse 0.7 

leso 10 

leso 10 

leso 10 

Cob 4.5 
C;b 6.0 

h1. 2 
400 900 

hr. 10 24 

ho. 40 
h,. 800 

NF 1.0 

1 .0 

4.0 

15 

totes: 1. Pulse width ~ 300 µ.sec; duty cycle ~ 2%. 
2. Lowest emitter to collector voltage. 

UNIT 

Vdc 
Vdc 

Vdc 

Vdc 
Vdc 

nA 
µA 
nA 

pF 
pF 

kohms 
µmho 
X10·6 

dB 

dB 

dB 

dB 
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CONDITION 

le= 1 0µA 

lc=10mA 
le= 1 0µA 

le= 1µA Vce= 5V 
le= 10µA Vee= 5V 
le= 100µ.A Vee=5V 
le= 1mA Vee=5V 
lc= 10µA Vee=5V TA= -55°C 

lc=1mA ls=0.1 mA 
le= 100µ.A Vee=5.0V 

Ves= 45V 
Vee= 45V TA=150°C 
Ves=5V 

Ves=5V f = 1 mHz 
Ves= 0.5V f = 1 mHz 

le=0.5mA Vee= 5V f = 30mHz 
le= 1mA Vee= 5V f=1 KHz 

le=1mA Vee= 5V f = 1 KHz 
le= 1 mA Vee=5V 
lc= 1mA Vee=5V 

lc= 5µA Vce= 5V Rs=S0Kn 
f=10KHz Bandwidth = 1.0KHz 
lc= 5µA Vce=SV Rs= 50Kn 
f=1.0KHz Bandwidth= 200Hz 
lc= 30µA Vce= 5V Rs=10Kfl 
f = 100Hz Bandwidth= 20Hz 
lc=30µA Vce= SV Rs=10Kn 
f = 10Hz Bandwidth = 2Hz 

I 



2N3117 

TYPICAL CHARACTERIST ICS 

COLLECTOR CHARACTERISTICS 

T. = -55° C 
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TYPICAL CHARACTERISTICS, continued 

Contours of Constant Narrow Band Noise Figure 
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2N3117 

TY PICAL CHAR AC TER ISTICS, co nt inued 
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TYPICAL CHARACTERISTICS, continued 

COLLECT OR SATURATION VOLTAGE 
VERSUS COLLECTOR CURRENT 

I 

..-1c•10 1a I 
"' I ':; 

0 .2 

~~ ,oo•y 
Uc, L-- L--is-c ~ 
w., 0.1 
--'>- .5 5•c 

8~ I§ 0.05 

--w~ 
>u~ 
~ 002 
"' 

00 1001 00501 05 10 
It ·COLLECTOR CURRENT•mA 

J 

v/ 

V 
i=:: 

5.0 

"' 
~ 
"' ~ 
~ 
~ 
~ 
"' ~ 
;;\ 
w 
"' .. 
'!' 

! -.., 
? 

BASE SATURAT ION VOLTAGE 
VERSUS COLLECTOR CURRENT 

'c•101 8 I 
08 

I 
____ ,.... 

.55•c _ 
07 

25 •1 

1-- _.,...v 
06 I- n l., .__ 

I/ 
0.5 

I / 

1oo•c .... i,.., 
o• 

... I ~ 

0 3 
001 00501 05 10 

v 
V 

V 

50 
'c ·COLLECTOR CURRENT -mA 

~-

NORMALIZED COMMON EMITTER TRANSFER CHARAC TERISTICS 

VERSUS COLLECTOR CURRENT VERSUS COLLECTOR VOLTAGE 

=="cE •5V 
I 

-l• ll<Hl 
ttoe;i 

10 I 11 V 

~~.e l OPld hre 
/ I .,. 

10 hoe I ~ I/ 

~ -- ~h~ ....... 
01 .. ~ 

001 
I 

0 1 02 05 I 2 5 10 

le-COLLECTOR 

08
0 5 10 15 20 

VCE ·CO LLECTOR VOLTAGE·VOLTS 

12- 53 

2N3117 

COL LECTOR·BASE DIODE REVERSE CURRENT 
VERSUS REVERSE BIAS VOLTAGE 

1---TA"25°C 
l/ 

~1 [7 

~ t- 005 
/ ' " « .., 

0 <r ,_"' 
. / u => 

'.::V .., .., 
I/ 0"' u er 

0~ 002 ., w 

V -°« 

001 
0 IO 20 30 40 
Vee · COLLEC TOR-SASE VOLTAGE ·VOLTS 

~ ---

VERSUS JUNCTION TE MPERATURE 

14 vcE' sov 
•c• IOmA hieJ. h,_ 

13 ff, 
12 ~~ 

~ ~ 

II ,. ...-hoe '-- '-

10 
4 

09 -~ 
0.8 - hot , / 

0.7 - .,. /. 
i ,i 06 - .,. 

05 
· 100 ·50 0 50 IOO 

Tj- JUNCTION TEMPERATURE·°C 

I 



2N3299,2N3300,2N3301 ,2 N3302® 
HIGH-SPEED NPN SILICON RF TRANSISTOR 
AND SW ITCH ING TRANSISTOR 

Packages, 

2N3299, 2N3300 

2N3301, 2N3302 

T0-18 
T0 -5 

The ITT 2N3 299 through 2N3302 are NPN silicon planar epitaxial transistors designed to cover a wi de 
range of RF amp lifier and high -speed switch ing app lications. These devices feature a minimum LVcEO 

of 30 volts. a minimum fr of 250 Mc at IC = 50 mA, VCE = 10 volts. together with a maxi~um 
VcE(sat) of 0 .6 volt at 500 mA and hFE specified from 100 µA to 500 mA col lector current . 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristics Unit 
Collector-Base Vo ltage ........................................ 60 Volts 

Collector -Emitter Voltage (Note 4) ......... ........... 30 Volts 
Emitter-Base Voltage .......................................... 5.0 Volts 
Total Device Dissipation@: 

Tc = 25°C (2N3299 and 2N3300 ) .......... 3.0 Watts 
TA= 25°C (Notes 2 and 3) 

Tc = 25°C (2N3301 and 2N3302) .......... 1.8 Watts 
TA = 25°C (Notes 2 and 3) 

Storage Tempe rature ....................... -65°C to +300°C 
Operat ing Juncti on Temperature ....... 200°C Max imum 
Lead Temperature 

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

ELECTRICAL CHARACTERISTI CS (TA= 25°C unless otherwise noted) 

Symbol Min Typ Max Unit Conditions 

hfE 2N3299. 2N3301 40 75 120 le = 150mA.VeE = 10Volts• 

2N3300. 2N3302 100 220 300 (Note 5) 

hFE 2N3299 . 2N3301 20 40 le= lOOµA.VeE = 10Volts 

2N33 00 . 2N3302 35 80 

Vee<satJ 2N3299. 2N3301 0.4 0.6 Volt le= 500mA.ls = 50mA 

2N3300, 2N3302 

VBE(sat) 2N3299, 2N3301 1.1 1.5 Volts le = 500 mA. ls = 50 mA 

2N3300. 2N3302 

VeEO(sustJ 2N3299. 2N3301 30 Volts le = 1 0 mA (pu lsed). Is = 0 (Notes 4 and 51 

2N3300. 2N3302 

ICES 2N3299 . 2N3301 0.2 10 nA Vee = 50 Vo lts. Ves = 0 
2N3300. 2N3302 

hFE 2N3299 . 2N3301 35 70 le = 10 mA. Vee = 10 Vol1s (Note 5) 
2N3300 . 2N3302 75 205 

hFE 2 N3299. 2N3301 25 58 le= 1.0 mA. Vee = 10Volts 

2N3300. 2N3302 50 140 

hFE 2N3299. 2N3 ·301 20 62 le= 500 mA. VcE = 10Volts (Note 5) 
2N3300. 2N3302 50 125 
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2N3299,2N3300,2N3301,2N3302 

ELECTRICAL CHARACTERISTICS (TA = 25 ° C unless oth erwise noted) 

Symbol Min Typ Max Unit Conditions 

hFe 2 N3299. 2N330 1 20 50 le = 150 mA, Vee • 1.0 Volt (Noto 5) 

2N3300 . 2N3302 50 75 

Vce (sall 2N3 2 99 . 2 N3301 0 14 0 22 Voll le= 150 mA. ls = 15mA 

2N3300 . 2N3302 

Vse (sa1I 2N3300 . 2N3301 09 11 Vol 1s le = 150mA . IB = 15 mA 
2N33 00. 2N3302 

ices< 1 so • c 1 2N3299 . 2N3301 0.2 10 µ A Vee ., 50 Volls . Ve B = 0 
2 N3300 , 2 N3302 

1eso 2N3 2 99 . 2N330 1 0. 1 10 nA •c = o. Vea = 3 o Volts 
2N3300 . 2N330 2 

hie 2N3299 . 2 N33 01 25 4.0 IC = 50 mA. Vee = 10 Volts 
2N3300 . 2N3302 

Cobo 2N3299 . 2N3301 6,0 80 pf le = o. Vee = 10 Volts 
2N3300 . 2N3302 

C;bo 2N3299 . 2N3301 14 20 pf IC a 0 . Vea= 2 OVolts 
2N3300 . 2N3302 

1on 2N3299, 2N3301 14 60 nscc le = 300 mA. 191 n 30 mA (Nole 61 

2N3300 . 2N 3302 

1off 2N3299 . 2N3301 80 150 nsec le = 300 mA. 181 • 30 mA (No te 6) 

2N3300 . 2N3302 

8Vceo 2N3299 . 2N3301 60 Volts le = 10µA . le = 0 
2N3300 . 2N330 2 

sveeo 2N3299 . 2N3301 5.0 Vol1s le = 10 µA . lc = 0 
2N3300, 2N3302 

NOTES : 

( 1) These ra1ings are hmrting values above which the serviceab1li1y of any 1nd1vtdual sem1conduc1or device may be 1mpa1red 

(2) These are steady stale hmits. The factory should be consulted on applica uons involving pulsed or low duly cycle operauons 

(3) These rat ings g,ve a maximum junct ion 1emporature of 200 °C and junc1ion- to -case 1hormal resis1ance for the 2 N3299 and 
2N300 of 58 J °C/ wutt (deratmg fac1or of 17 2 mW/° Cl : for the 2NJJ01 and 2N33 02 9 7.J ° C/w att (dorat1ng factor of 10.3 
mW/° CI. Juncuon -to-amb,en t thermal resislance for the 2N3299 and 2NJ300 ol 2 19°C /watt (derat,ng factor ol 4 56 mW/° C). 
for 1he 2N330 1 and 2N3 3 02 4 88 ° C/watt(derat,ng factor ol 2 06 mW/° CI 

(4) Th,s ,a t1ng refers 10 a high-curren1 pomr w here collec1or• to•e ml1ter voltage 1s low est. 

(SI Pulse Condi1ions· leng1h = JOOµ sec: du rycyc lo S 2%. 

16) See swuching circuit for exact valuesol lc, le 1. and 182 
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2N3299 , 2N3300,2N3301,2N3302 

TYPIC AL SMALL SIGNAL CHARACTERISTICS (f = 1 kc) 

2N3299 • 2N3301 
Symbol VcE = 1.0V, Vc E = 10V, VcE = 1.0V, VcE = 10V, 

lc = 10 mA lc = 10 mA lc = 50 mA lc = 50 mA 

hie 380 460 170 350 

hoe 410 55 950 405 

hre 2250 130 2650 500 

hte 72 90 48 97 

2N3300 2N3302 

hie 780 950 190 880 

hoe 440 83 1300 660 

hre 1900 205 5400 1500 

hfe 140 170 53 220 

SCHEMATI C 

t..., TEST CIRCUIT t011 TEST CIRCUIT 

•15V 

JOOnsec 

~6::..r---i_ - ............. 500..,,Q,.......[ 

Pulse Source 
Rise Time s l.Onsec 
Z;0 •50Q 

50Q 

To Sampling Scopo 
Rise Timt s l.Onsec 
lnpul Z ~ IOOKQ 

12-56 

• ISV •25V 

Units 

Ohms 

µmh os 

X ,o-4 

Ohms 

µ mhos 

X 10 - 6 

TO SAMPLING SCOPE 
RIS£ TIME ~ 1.0 nsec 
INPUT Z a, lOOKQ 



Pack age: T0 -52 

2N3510 

HIGH -SPEED NPN SILICON SATURATED 
SWITCHING TRANS ISTOR 

ABSOLUTE MAXIMUM RA TI NGS 

Chara cter istics Unit 

Collector -Base Voltage ....................................... 40 Volts 
Collector -Emitter Vo ltage ... ...................... ......... 1 O Volts 

Emitter -Base Voltage ........ ..................................... 6 Volts 
Collector Current .................. ............................ .... 500 mA 

Tota l Device Dissipation @ TA = 25°C ........... 360 mW 
Derate above 25°C ................................. 2 .06 mW/° C 

Tota l Device Dissipation @ Tc = 25°C .......... 1.2 Watts 
Derate above 25 ° C .................................... 6.9 mW /° C 

Junction Temperature. Operat ing .................... +200 °C 
Storage Temperature Range ............... -65 to +200 ° C 

ELECTRICAL CHARACTER IST ICS (TA= 25°C unless otherwise noted) 

Symbol Min Max Unit Conditions 

lcEX 0025 µ,A VcE = 10 Volts, VEB(off) = 1 Vo lt 

ICEX 50 µ,A VcE = 10 Vo lts, VEB(off) = 1 Volt , 

TA= 150°C 

IBL 0.025 µ,A VcE = 10 Vo lts, Vos = 1 Vo lt 

BVcso 40 Volts lc=10µA,IE=O 

BVcrn · 10 Volts le= 1omA. I8 =o· 

BVEBO 6 Volts IE = 10µA, le = 0 

VcE(satl • 0 .25 Volt le= 10 mA .I 9 = 1 mA" 

V CE(sat). 0.4 Volt IC = 1 50 mA. I B = 1 5 mA 

VCE(sat). 0.6 Vo lt le= 300 mA. Is = 30 mA 

VB E{sat) • 0.8 Volt le= 10 mA. 18 = 1 mA 

VBE(sat) 0.8 1.0 Volt le= 150 mA . I8 = 15 mA 

VBE{sat). 1.1 5 Volt s le= 300 mA , Is= 30 mA 

hFE
0 12 le= 1.0 mA. VcE = 1 Volt 

hFE
0 20 le= 10 mA. VcE = 1 Volt 

hFE
0 25 150 le= 150 mA, VcE = 1 Vol t 

hFE
0 15 le= 300 mA . VcE = 1 Volt 
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2N3510 

ELECTRI CAL CHARACTERISTI CS (TA= 25°C unless otherwise note d) 

Symbol Min Max Unit Conditions 

Cob 4 pF Vea= 10 Volts. IE= 0. f = 100 kHz 

Cib 8 pF VBE = 0 .5 Volt. le= 0. f = 100 kHz 

hte 3.5 le= 15 mA. VcE = 10 Volts . 
f = 100 MHz 

td 10 ns I le = 150mA. ls1 = 15mA. 
tr 12 ns 

VEB = 0 .5 Volt. Vee = 6 Volts 
1on 20 ns 

ts 16 ns j 'c • 150 mA, ls1 • -te2 • 15 mA, 
tr 12 ns 

Vee= 6 Vo lts 
toff 25 ns 

QT 300 pC le= 150 mA. Is = 15 mA. 

Vee= 6 Volts 

11fe 20 150 le = 1 mA, VcE = 10 Volts, f = 1 kHz 

hre 25 x,o -4 le= 1 mA. VcE = 10 Volts. f = 1 kHz 

hie 0 .6 4.5 kohms le= 1 mA. VcE = 10 Volts. f = 1 kHz 

hoe 10 100 µmhos le= 1 mA. VcE = 10 Volts. f = 1 kHz 

Pulse Test: PW .s; 300 µs, Duty Cycle ::s; 2% 
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Package: T0 -5 

2N3665, 2N3666 ® 
NPN SILICON GENERAL PURPOSE AMP LIFIER 

AND SWITCH ING TRANSISTORS 

The ITT 2N3665 and 2N3666 are NPN diffused si licon planar epitaxial trans istors designed primari ly 
for general purpose amplifier and swi tch ing applications. They feature high voltage. low output capac ity 

and a useful beta over a wide current range. 

ABSOLUTE MAXIMUM RATINGS (No te 1) 

Characteristics Unit 
Collector -Base Voltage ..... ................................ 120 Volts 

Collector -Emitter Voltage (No te 4) .................... 80 Vo lts 
Emitter -Base Voltage ........................................... 10 Volts 

Collector Current. .................................................. 1.0 Amp 

Total Device Dissipation @ Tc = 25°C .......... 5.0Watts 
Storage Temperature ....................... -65 ° C to +200 ° C 
Operat ing Junction Tempera ture ....... 200 ° C Max imum 

Lead Temperature 
(Soldering . 10 sec Time Limit) ........ 300 ° C Max imum 

ELECTRIC AL CHARACTERISTICS (TA= 25 ° C unless otherw ise noted) 

Symbo l Min Max 

hFE 40 120 

100 300 

hFE 30 

70 

hFE 25 

50 

hFE(- 55°e) 16 
40 

VBE(sat) 1.8 
1.8 

VB E(sat) 1.2 

1.2 

VeE(satl 1 .2 
1.2 

VcE(sat) 0 .5 
0 .5 

hfe 3.0 

3 .0 

Unit 

Vo lts 
Vo lts 

Volts 

Volts 

Volts 
Volts 

Volt 
Volt 

Condit ions 

(2N3665) le= 150 mA. VeE = 10 Volts (Note 5) 

(2N3666) 

(2N3665) le - 10 mA. VcE = 10 Volts (Note 5) 
(2N3666) 

(2N3665) le = 500 mA. VcE = 10 Volts (Note 5) 

(2N3666) 

(2N3665 ) le = 150mA.VeE = 10Volts(Note5) 
(2N3666 ) 

(2N3665) le = 500 mA . Is = 50 mA (Note 5) 

(2N3666) 

(2N3665) le= 150 mA.1 8 = 15 mA (Note 5) 

(2N3666) 

(2N3665) le = 500 mA.1 8 = 50 mA (Note 5) 
(2N3666 ) 

(2N3665 ) le= 150 mA, l s = 15 mA (Note 5) 
(2N3666) 

(2N3665) le = 50 mA. VeE = 10 Volts 
(2N3666) 
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2N3665,2N3666 

ELECTRICAL CHARACTERI STICS (TA= 25°e unless otherwise noted) 

Symbol 

Cobo 

Cibo 

1eEX 

1eso 

1es0(150 ° e) 

1BEX 

1EBO 

BVeso 

VCEO(sus t) 

BVEBO 

BVeER 

1on +toff 

NOTES : 

Min 

120 

80 

10 

90 

Max 

12 

12 

60 
60 

50 

50 

50 

50 

50 

4.0 
5.0 

Unit 

pf 

pf 

pf 
pf 

nA 

nA 

µA 

nA 

nA 

Volts 

Volts 

Volts 

Volts 

µsec 
µsec 

Conditions 

(2N3665) IE = o. Vea = 10 Vo lts 
(2N3666) 

(2N3665) le= 0. VEB = 0.5 Volt 
(2N3666) 

VeE = 80 Vo lts. VEB = 0 .5 Volt 

Vcs = 60 Volts, IE = 0 

Ves = 60 Volts. IE = 0 

VeE = 80 Volts. VEB = 0.5 Vo lt 

le = 0, VEB = 5.0 Volts 

le= 100µA. IE= 0 

le= 10 mA. ls= O (Notes 4 and 5) 

le = 10 mA . RsE = 10 ohms (Notes 4 and 5) 

(2N3665) (See Figure 1) 

(2N3666) 

( 1) These rat ings are limit ing values above wh ich the serviceab ility of any individua l semicondu ctor dev ice may be impair ed 

(2) These are steady state limits. The factory should be consulted on applicat ions involving pulsed or low duty cycle opera tions. 

(3) These ratings give a maximum junction temperatu re of 200 C)C and junction•to-case therma l resistance of 35°C/wa tt (derating 
factor of 28 .6 mW/° C). 

(4 ) Rat ing refers to a high · current point w here collector -to-em iuer voltage is lowest. 

(5) Pulse Conditions : length = 300 µsec: duty cycle= 1 %. 

SCHEMATIC 

2 µsec 

J7:v 
Rise time of input pulse= 0.l ~sec 

FIGURE 1 

+22.5 Vo l t• 

To oscillosco pe 
Rise Time= 0.l µsec 

Input Z = l MO 

SWITCHING CIRCUIT 
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Package: T0 -18 

The ITT 2N3700 and 2N3701 are NPN dif fused silicon 
planar epitaxial trans isto rs designed primarily fo r high 
frequency app lications in IF-RF ampl ifier circuits . The 

planar structure provides low saturation vo ltage 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 Tempe rature. ....... -65°C to +200°C 
Operating Junct ion Temperature ....... 200°C Max imum 
Lead Temperatu re (Soldering. 

60 sec. time limit) .............................. 300°C Maximum 

Tota l Device Dissipat ion 

@Tc= 25°C (Notes 2 and 3) ................... 1 .8 Watts 
@ Tc= 100 °C (Notes 2 and 3) ................... 1 .0 Watt 
@TA= 25°C (Notes 2 and 3) ..................... 0.5 Watt 

Collector-Base Voltage ...................................... 140 Volts 

Col lector-Emitter Vo ltage (Note 4) .................... 80 Volts 
Emitter-Base Voltage ......................................... 7 .0 Volts 

Collector Current .................................................. 1 .0 Amp. 

2N3700, 2N3701® 

NPN SILICON HIGH FREQUENCY 
IF-RF AMPLIFIER TRANSISTORS 

NOTES: 

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

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

(3) These ratings give a maximum junction temperature 
of 200(1C and junct ion- to-case thermal resistance of 

97°C/watt (dera ti ng factor of 10.3 mW /° C); 
junction-to-amblent thermal resistance of 
350°C/watt (derating factor of 2 .85 mW /° C). 

~4) Ra1ing refers to a high-current point where collector• 
to-emitter voltage is lowest . 

15) Pulso Cond itions: leng th = 300 ~sec ; duty cycle ~ 
1%. 

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

Symbol Min Max Unit Cond it ions 

hFE 100 300 (2N3700) le= 150 mA. VCE = 10 Volts 

40 120 (2N3701) (Note 5) 

hFE 90 (2N3700) le = 10 mA. VcE = 10 Vo lts 

40 120 (2N3701) (Note 5) 

hFE 50 (2N3700) le= 0. 1 mA. VcE = 10 Volts 

30 100 (2N3701) (Note 5) 

hFE 50 (2N3700) le = 500 mA. VcE = 10 Volts 

30 100 (2N3701) (Note 5) 

hFE 15 (2N3700) le= 1.0 A. VcE = 10 Volts 

15 (2N3701) (Note 5) 

hFE(-55 oc) 40 (2N3700 ) le= 150 mA. VeE = 10 Volts 
(2N3701) (Note 5) 

VBE(sat) 1. 1 Vo lts (2N3700) le= 150 mA. 18 = 15 mA 
1. 1 Volts (2N3701) 
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2N3700, 2N3701 

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

Symbol Min Max Unit Conditions 

VCE(sat) 0 .2 Volt (2N3700) le= 150 mA. ls= 15 mA 
0 .2 Volt (2N3701) (Note 5) 

VCE(sat} 0 .5 Volt (2N3700) le= 500 mA. ls= 50 mA 

0.5 Volt (2N3701) (Note 5) 

hte 5 .0 10 (2N3700) le= 50 mA, VcE = 10 Volts 

4.0 10 (2N37 01} 

hfe 80 400 (2N3700} le = 1.0 mA. VcE = 5.0 Vo lts 

30 200 (2N3701) 

Cobo 12 pf (2N3700) IE = 0, Vcs = 10 Vo lts 
12 pf (2N3701) 

Cibo 60 pf (2N3700) le = 0. VEB = 0.5 Volt 

60 pf (2N3701) 

rb'Cc 25 400 psec (2N3700) le= 10 mA, VcB = 10Volts 
25 400 psec (2N3701) 

Icso 10 nA (2N3700) IE= o. Vcs = 90 Vo lts 
10 nA (2N3701) 

Ic 8 o(1 50°C) 10 µA (2N3700) IE= 0. Vcs = 90 Volts 
10 µA (2N370 1) 

IEBO 10 nA (2N3700) le= 0. VEB = 5.0 Vo lts 
10 nA (2N3 701) 

BVcao 140 Vo lts (2N3700) le = 100µA. IE = 0 
140 Vo lts (2N3701) 

VcEO(sust ) 80 Volts (2N3700) le = 30 mA. la = O (Notes 4 and 5) 
80 Vo lts (2N3701) 

BVEBO 7 .0 Volts (2N3700) le= 0, IE= 100µA 
7.0 Volts (2N3701) 

NF 4 .0 dB (2N3700) le= 100µA.VcE = 10Volts. 
f = 1 KHz. RG = 1 KQ 
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Package: To-92 2N5209, 2N5210 
LOW-LEVEL, LOW-NOISE NPN SILICON AMPLIF IER TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Unit 

Collector-Emitter Voltage ............................ 50 Vdc 

Collector-Base Voltage ............ ................ .... 50 Vdc 

Emitter-Base Voltage ............................... .... 4.5 Vdc 

Collector Current - Continuous ...... ........... 50 mAdc 

Peak .......................... 100 mAdc 

Total Device Dissipation@ TA= 25°C ........ 310 mW 

Derate above 25cc .......... .............. 2.81 mW/DC 

Thermal Resistance, Junction 

to Ambient ........ ..... .... .......... ....... 0.357 °c t mW 

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

Symbol Min Typ Max Unit Conditions 

BVCEO 50 - - Vdc lc = 1.0 mAdc, I B = 0 

BVCBO 50 - - Vdc IC = 0.1 mAdc, IE = 0 

1CBO - - 10 nAdc VCB = 10 Vdc, IE= 0 

- - 50 VCB=35Vdc,IE=O 

1EBO - - 50 nAdc VBE = 3.0 Vdc, lc = 0 

- - 100 VBE = 4.5 Vdc, le = 0 

hFE 100 - 300 - IC= 100 uAdc, V CE= 5.0 Vdc 

2N5209 

200 - 600 2N5210 

150 - - IC = 1.0 mAdc, V CE = 5.0 Vdc 

2N5209 

250 - - 2N5210 

150 - - lc = 10 mAdc, V CE = 5.0 Vdc 

2N5209 

250 - - 2N5210 

VCE(sat) - - 0.7 Vdc le= 10 mAdc, IB = 1.0 mAdc 

VBE(on) - - 0.85 Vdc lc = 1.0 mAdc, V CE = 5.0 Vdc 

fT 30 80 - MHz lc = 500 uAdc, V CE = 5.0 Vdc, 

f=20MHz 

ccb - - 4.0 pF VCB = 5.0 Vdc, IE = 0, f = 100 kHz 

emitter guarded 

hfe 150 - 600 - IC = 1.0 mAdc, V CE = 5.0 Vdc, 

f = 1.0 kHz 2N5209 

250 - 900 2N5210 

NF - - 3.0 dB 'c = 20 vAdc, V CE = 5.0 Vdc, 

Rs= 22 k ohms, f = 10 Hz to 

15.7kHz 2N5209 

- - 2.0 2N5210 

- 1.6 4.0 IC = 20 uAdc, V CE = 5.0 Vdc, 

Rs = 10 k ohms, f = 1.0 kHz 

2N5209 

- 1.4 3.0 2N5210 
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2N5219 Package: To-92 

GENERAL PURPOSE NPN SILICON TRANSISTOR 

ABSO L UTE MAXIMUM RATINGS 

Characteris t ic Unit 

Coll ector-Emitte r Voltage ............ ........ ........ 15 Vdc 

Coll ector -Base Voltage .......... ........ .......... .... 20 Vdc 

Emit ter-Base Voltage ...................... ...... ...... 3.0 Vdc 

Collector Current - Continuous ................ 100 mAdc 

Tota l Device Dissipation@ TA= 25°c ....... 310 mW 

Derate above 25°c .... .... .... ............. 2.8 1 mW/OC 

Operating and Sto rage Junction 

Temper ature Range ..................... -55 to +135 °c 

Thermal Resistance, Junction 

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

ELECTRICAL CHARACTERI STICS (TA= 25°C unless otherwise noted} 

Symbo l Min Max Unit Conditions 

BVCEO 15 - Vdc IC= 1.0 mAdc , 1
8 

= 0 

BVCBO LU - vac le= 1uuuAdc , IE - o 

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

I
ceo - 100 nAdc Vee ·= 10 Vdc , IE = 0 

I
EBO - 500 nAdc VBE = 2.0 Vdc, IC = 0 

hFE 35 500 - IC = 2.0 mAdc, V CE= 10 Vdc 

VCElsatl - 0.4 Vdc IC= 10 mAdc, 1
8 

= 1.0 mAdc 

VBE(satl - 1.0 Vdc le = 10 mAdc, 18 = 1.0 mAdc 

fT 150 - MHz le = 10 mAdc, V CE= 10 Vdc 

ecb - 4.0 pF VCB = 10 Vdc , IE= 0, f = 1.0 MHz 

hfe 35 1500 - le = 2.0 mAdc, V CE = 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 ................ ...... .... .... 15 Vdc 

Collector-Base Voltage .................. ...... ... ...... 15 Vdc 

Emitter-Base Voltage ....... .............. ......... ..... 3.0 Vdc 

Collector Current - Continuous .............. . 500 mAdc 

Tota l Device Dissipation @TA = 25°C .... .... 310 mW 

Oerate above 25°c ....... ................. 2.81 mW/OC 

Operating and Storage Junction 

Temperature Range .................... -55 to +135 oc 

Thermal Resistance, Junction 

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

ELECTR ICAL CHARACTER ISTICS {TA = 25°C unless otherwise noted) 

Symbo l Min Max Unit Conditions 

BVCEO 15 - Vdc Ir.= 10 mAdc, IR = 0 

BVcso 15 - Vdc 'c = 100uAdc, IE = 0 

BVEBO 3.0 - Vdc IE= 100uAdc, 'c = o 
1
cso - 100 nAdc Vc 8 = 10Vdc, IE=O 

1
EBO - 100 nAdc VBE = 3.0 Vdc, Ir. = 0 

hFE 25 - - 'c = 10 mAdc , v ,..r: = 10 Vdc 

30 600 Ir. = 50 inAdc, V rr: = 10 Vdc 

VCE{sat) - 0.5 Vdc lc = 150 mAdc, 18 = 15 mAdc 

v BE{sat) 
- 1 .1 Vdc 'c = 150 mAdc, IR = 15 mAdc 

fT 100 - MHz IC = 20 mAdc, V CE = 10 Vdc 

c;cb - 10 pF VCB = 5.0 Vdc, IF = 0, f = 1.0 MHz 

hfe 30 1800 - IC = 50 mAdc , V CE = 1 0 V de, f = 1.0 kHz 

I 
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2N5223 Package: To-92 

LOW-LEVEL GENERAL PURPOSE NPN SILICO N AMP LIFI ER TRANSIST OR 

ABSOLUTE MAX IMUM RATING S 

Character istic Unit 

Collector -Emitte r Voltage ..... ... ... ....... ..... .... 20 Vdc 

Collector-Ba se Voltage .................... ........... 25 Vdc 

Emitter-Bas e Vo l tage ... ... .... .... ... ................. . 3.0 Vdc 

Collector Current ..... ....... ...... ............... ... 100 mAdc 

Total Devic e Dissipation@ TA = 25°c ...... 31 O mW 

De rate above 25°C ............. ...... ...... 2.81 mW/OC 

Operating and Storage Junction 

Temper ature Range ........... ......... -55 to +135 °c 

Thermal Resistance, Junction 

to Ambi ent ......... ....... .... .............. . 0.357 OC/mW 

ELECTRICAL CHARACTERISTIC S (TA = 25°C unless otherwise not ed) 

Symbo l Min Max Unit Conditions 

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

BVCBO 25 - vac IC = 1uu uAdc, IE= o 

BVEBO 3 .0 - Vdc IE = 100 uAdc, le = 0 

1CBO - 100 nAdc V CB= l U Vele, IE = 0 

1
EBO - 500 nAdc VBE- 3.0vac,lc=o 

hFE 50 800 - le = 2.0 mAdc, V CE = 10 Vele 

VCE(sat) - 0.7 Vdc . IC= 10 mAdc, IB = 1.0 mAdc 

VBElsatl - 1.2 Vdc 'c = 10 mAClc, IB = 1.U mAClc 

fT 150 - MHz le - 10 mAdc, V CE - 10 voe 

Ccb - 4.0 pF VCB = 10 Vdc, IE = 0, f = 1.0 MHz 

hfe 50 1600 - 'c = 2.0 mAdc, V CE = 10 voe, f = 1.0 KHZ 
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Package: To-92 

2N5225 

MEDIUM POWER NPN SI LICON AMPLI Fl ER TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Unit 

Collector-Emitter Voltage ..... ....................... 25 Vdc 

Collector-Base Vo ltage ................................ .. 25 Vdc 

Emitter-Base Voltage .................................. 4.0 Vdc 

Collector Current ....................... .... ......... 500 mAdc 

Total Device Dissipation @TA = 25°c . .-..... 310 mW 

Derate above 25°c ........................ 2.81 mW/DC 

Operating and Storage Junction 

Temperature Range ......... ........... -55 to +135 oc 

Thermal Resistance, Junction 

to Ambient ...... ... ..... ................ ... .. 0.357 °c/mW 

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

Symbol Min Max Unit Conditions 

BVCEO 25 - Vdc IC = 10 mAdc, I B = 0 

BVCBO 25 - Vdc IC= 100uAdc, IE = 0 

BVEBO 4.0 - Vdc IE= 100 uAdc, IC= 0 

1
cBo 

- 300 nAdc vcB = 15Vdc,IE=0 
Ieso - 500 nAdc V 0 E = 4.0 Vdc, le= o 
hFE 25 - - le= 10 mAdc, VCE = 10 Vdc 

30 600 le= 50 mAdc, VCE = 10 Vdc 

VCE(sat) - 0.8 Vdc le = 100 mAdc, IB = 10 mAdc 

V BElsat) - 1.0 Vdc 'c = 100 mAdc, IB = 10 mAdc 

fT 50 - MHz le = 20 mAdc, V CE= 10 Vdc 

Ccb - 20 pF VCB = 5.0 Vdc, IE= 0, f = 1.0 MHz 

hfe 30 1800 - IC= 50 mAdc, VCE = 10 Vdc, f = 1.0 kHz 

12-67 

I 



2N5368 thru 2N5371 
GENERAL PURPOSE NPN SILICON TRANSISTORS Package : TO-92 

ABSOLUT E MAXIMUM RATINGS@ 250C {free ai r) 

Characteristics Unit 

Storage temperawre range .............. . -55 to +150 °c 

Operating Collector 

Junction Temperature ......................... . +150 °c 

Lead temperature 1/ 16" from case 

1 0 seconds max. . ........................... ....... +260 oC 
Coll ecto r current ... ..... .................. ....... ....... 500 mA 

Continuous device dissipation at or 

below 250c free-air temperature ........... . 360 mW 

Linear derating factor above 25°C ........ 2.87 mW/OC 

Emitter-base voltage .................................. ... .... 5 V 

Collector-base voltage ................................ .... ... 60 V 

Collector -base voltage {2N5371) ................ ....... 40 V 

Collector-emitter voltage {App licable 

from lc = 0 mA to 'c = 10 mA) .......... ....... 30 v 

ELECTRIC A L CHARACTERISTICS@ 25°C free-ai r temperature 

Symbol Min Max Unit Conditions 

I
ceo 

- 50 nA 2N5368,2N5369,2N5370 

vc
8

=40V,IE=o 

- 50 nA 2N5371 vce=30V,IE-0 

I
eeo - 50 nA VEB = 3V, l c = 0 

BVCBO 60 - V 2N5368,2N5369,2N5370 

lc=10uA,le=0 

40 - V 2N5371 lc=10uA, IE=0 

BVEBO 5 - V IE= 10 uA, IC= 0 

BVCEO 30 - V lc = 10 mA, 1
8 

= o (Note 1) 

hFE 20 - - 2N5368 

50 - - 2N5369 

75 - - 2N5370 VCE = 10 V, IC= 1 mA 

20 - - 2N5371 

hFE 40 - - 2N5368 

75 - - 2N5369 

150 - - 2N5370 VCE = 10 V, 'c = 10 mA, {Note 1) 

40 - - 2N5371 

hFE 60 200 - 2N5368 

100 300 - 2N5369 

200 600 - 2N5370 VCE = 10 V, lc = 150 mA {Note 1) 

60 600 - 2N5371 

VBE - 1.2 V VCE = 10 V, le= 150 mA {Note 1) 

V BElsatl - 1.3 V le = 150 mA, 1
8 

= 15 mA (Note 1) 

Vr-i::t~Ml - 0.3 V le= 150 mA, IR= 15 mA (Note 1) 

c~ ... - 8 pF VcR=10V,IE=0,f=1MHz{Note2) 

[hfe) 2.5 - - VCE = 10V, IC= 20 mA, f = 100 MH z 

ton - 40 nsec le = 150 mA, V CC= 30 V, I Al = 15 mA, (see fig. 1) 

toff - 350 nsec 2N5368, 2N5369 I,.. = 150 mA, V ,-,- = 30 V, 

- 400 nsec 2N5370, 2N5371 I B 
1 

= I 
82 

= 15 mA (see fig. 2) 

NOTES: 1. Pulse test: PW= 300 usec, duty cyc le S 2%. 
2. C measurement employs a three -terminal capacitance br idge Inc orporating a guard circ u i t. T he 

e~~tter terminal sh al I be connected to the guard termina l o f the bridge. 
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Package: TO- 92 

2N5376, 2N5377 
GENERAL PURPOSE NPN SILICON TRANSISTORS 

ABSOLUTE MAX IM UM RAT INGS@ 25°C (free ai r) Emitter-base voltage .............. .......... ........... ........ 5 V 

Characteristics Unit Coll ector-base voltage .................. ................ .. .. .. 60 V 

Storage temperature range ..... ..... ..... -55 to + 150 °c Collector-emitte r voltage (App licable 

Operating Coll ecto r from le= o mA, to le = 10 mA) ........... ...... 30 v 

Junction Temperature ........... ... ...... ....... +150 °c Collector current , .... .. .......................... .. .... . 500 mA 

Lead temperature 1/16" from case Cont inuous device dissipation at or 

10 seconds max . ................................... +260 °c below 25°c free-air temperature ........... 360 mW 

Linear derating facto r above 250c ....... 2.87 mW/OC 

ELECTRICAL CHARACTERISTICS@ 250C free-air temperature 

Symbol Min Max Unit 

I
cBo 

- 10 nA 

BVCBO 60 - V 

BVEBO 5 - V 

BV l"i:n 30 - V 

hFE 100 500 -
40 200 -

hFE 120 600 -
100 500 -

hFE 150 - -
120 - -

V BE (satl 
0.65 0.80 V 

VCE(sat) - 0.2 V 

hib 20 32 Ohms 

hob 0.05 0 .2 umhos 

hfe 120 1000 -
100 900 -

Ccb - 8 pF 

[hfel 30 150 -
NF - 2.0 dB 

- 3.0 dB 

NOTES: 1. Pulse test: Pulse wid t h = 300 usec, 
duty cycle .S 2 % . 

2. C measurement employs a three-
tel~lna l capacitance bridg e incorpora
ting a guard circ uit . The emitter shall 
be connected t o the guard termi nal of 
the bridge. 

Condit ions 

V CB = 30 V, IE = 0 

IC= 1U uA , IE= 0 

IE = 100 nA, IC= 0 

IC= 10 mA, 1B = 0 (Note 1) 

2N5376 vcE=5V,Ic =1 0uA 

2N5377 VCE=5V,lc=10uA 

2N5376 V CE = 5 V, 1 C = 1 mA 

2N5377 VCE=5V, lc = 1mA 

2N5376 VCE = 5 V, 'c = 10 mA (Note 1) 

2N6377 

IC= 10 mA, 18 = 1 mA 

lc=10mA, 1B= 1m A 

IC= 1 mA, V CE= 5 V, f = 1 kHz 

IC = 1 mA, V CE = 5 V, f = 1 kHz 

2N5376 le = 1 mA, V CE = 5 V, f - 1 kHz 

2N5377 

VCB = 10V, IE = 0,f = 1 MHz (Note 2) 

VCE = 5 V, IC= 500uA, f = 10 MH z 

2N5376 'c = 10uA, VCE = 5 V, Rg= 10Ohms, 

2N5377 Bandwith = 10 Hz to 15.7 kHz 
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2N5449,2N5450,2N 5451 
NPN SILI CON AMPLIF IER TRANSIS TORS Package: T o-92 

ABSO L UTE MAX IMUM RATINGS at 25°c free-air temperature (unless otherwise noted) 

Characteristic 

Collector -Base Voltage 

Collector-Emitter Voltage 

(See Note 1) 

Emitter-Base Vo l tage 

Continuous Collector Current 

Continu ous Device Dissipation at 

(or below) 25°C Free-Air 

Temperatur e (See Note 2) 

Continuous Device Dissipation at 

(or below) 250c Lead 

Temperatur e (See Note 3) 

Storage Temperature Range 

Junction Temperature-Operating 

2N5449 
2N5450 2N5451 

50 40 

30 20 

5 5 

800 

360 

500 

-65 to 150 

260 

Un it 

V 

V 

V 

mA 

mW 

mW 

oc 

oc 

NOTES: 

l. These values apply when the base
emitter diode Is open-circuited. 

2. Derate linearly to 1so 0c free-air tem
perature at the rate of 2.88 mW/de g. 

3. Derate l inearly to 1so 0c lead tem 
perature at the rate of 4 mW/deg. Lead 
temperature Is measured on the co l
lector lead 1/16 Inch from the case. 

SILICON I5-WATT QUASI-COMPLEMENTARY 
POWER AMPLIFIER 

- ~1:C,, 
... .. 1 

ti f ol ) ' ... .. , . . l 
l •C. ...... 

r#,,o.. ..,.,j ., . ., 
[_ 

*ELECTRICAL CHARACTERISTICS AT 25°C FREE-AIR TEMPERATURE 

2N5449 2N5450 2N5451 
Symbo l Min Max Min Max Min Max Un it Test Conditions 

V(BR)CBO 50 50 40 V lc=100uA·,IE=O 

V(BR ) CEO 30 30 20 V 'c = 10 mA, 1
8 

= o, See Note 4 

V(BR)EBO 5 5 5 V IE = 100uA, le= 0 

1
cao 

luu 1UU 100 nA vcs '";i UV,IB=O 

1
Eso 

1uu luu 100 nA VEB = 3V, IC= 0 

hfe 100 300 50 150 30 600 VCE = 2 V, 'c = 50 mA, See Note 4 

VBE u,::, 1 0.5 1 0.5 1 V VCE ,. 2 V, 'c = 100 mA, See Not e 4 

Vri:(satl U,t! U.l:S 1 V 18 = 5 mA, 'c - 1uu mA, See Note 4 

[hfe) 5 5 5 VCE ,. 2V, •c= 50mA, f = 20MH z 

Ccb 12 12 12 pF VCB = 10 V, IE= 0, f • 1 MHz, 

See Note 5 

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

ABSOLUTE MAX IM UM RATINGS 

Characteristic 

Col lector-Emitter Voltage ...... .. 60 

Collector -Base Voltage ........ ..... 60 

Emitter -Base Voltage ......... ..... 4.0 

Collecto r Current - Continuo us 500 

Tota l Device D issipation 

@TA = 250c ... ........ ........ . . 500 

Derate above 25°c ........ ... . 4. 54 

Total Device D issipation 

@TC = 25° C ......... .... ..... .. . 800 

Der ate above 25°c .. ......... . 7.27 

Operati ng and Storage Junct ion 

Tempe ratu re Range. ........... -55 to +135 

Therma l Resistance, Juncti on 

to Case .................. ..... ....... . 0.13 7 

Therm al Resistance, Junct io n 

to Ambient .. .......... ......... .... . 0.220 

MPS-A05 

NPN SI LIC ON AUDIO T RANSISTORS 

Unit 

Vdc 

Vdc 

Vdc 

MAdc 

mW 

mW/OC 

mW 

mW/OC 

oc 

OC/ mW 

OC/mW 

ELE CTR ICA L CHARAC TERI STICS (TA= 25°C unless otherw ise noted) 

Symb ol Min Typ Max Unit Cond it ions 

BVCEO 60 - - Vdc ' c = 1.0 mAdc, 18 = o 

BVEBO 4 .0 - - Vdc IE= 100 uAdc, IC = 0 

1CBO 
- - 100 nAdc V CB = 60 Vdc, IE = 0 

hFE 50 125 - - le= 10 mAdc, V CE= 1.0 Vdc 

50 150 - IC = 100 mAdc, V CE = 1.0 Vdc 

- 90 - IC = 350 mAdc, V CE = 1.0 Vdc 

V CE(sat) - 0 .08 0.25 Vdc IC = 100 mAdc, 18 = 10 mAd c 

V BE(sat) - 0.1:, - 'c - 1UU mAdc, I B - 10 mAac 

VBE(on) - 0.7 1.2 Vdc le = 100 mAdc, V CE= 1.0 Vdc 

fT 50 .wo - MHz l e = 100mAdc ,VCE = 1.0Vdc, 

f = 100 MHz 

Cob - 6.0 - pF VCB = 10 Vdc, IE= 0, f = 100 kHz 

Cib - 15 - pF VBE = 0.5 Vdc, IC = 0, f = 100 kHz 
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MPS-A10 

GENERAL PURPOSE NPN SI LICON AMPLIFIER TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Unit 

Collec tor-Em itter Voltage ..... ... ....... ... .... ...... 40 Vdc 

Emitter-Base Vo ltage .... .... ....... .................... 4.0 Vdc 

Collector Cur rent · Continuous ............. .. 100 mAdc 

Tota l Device Diss ipation@ TA= 250c .... .... 300 mW 

Derate above 25°c .. ........... .... ... ...... 2.73 mwroc 
Operating and Storage Junction 

Tempernture Range ..................... -55 to +135 °c 
Thermal Resistance, Junction 

to Ambient .. ... ....... ...... ......... .... .... 0.367 °ctmW 

ELECTRICA L CHARACTERISTIC S (TA = 250c unless otherwise noted ) 

Symbol Min Max Unit Con di tions 

BVCEO 40 - Vdc IC = 1.0 mAdc, 1
8 

= 0 

BVEBO 4.0 - Vdc IE= 100 uAdc, IC= 0 
1cso - 1uu nAdc V CB - 30 Vdc, IE - 0 

hFE 40 400 - le = 5.0 mAdc, V CE - 10 Vdc 
-

Package : To-92 

fT 50 - MH z le= 5.0 mAdc, V CE = 10 Vdc , f = 20 MH z 

cob - 4.U pF VCB = 10 Vdc, IE= 0, f = 100 kHz 

Figure 1-Simplifi ed AC Equivalent Circuit (Common Emitter) 

BASE 'b Ccb COLLECTOR 
I----+--- .... -- ---(") 

Ce 
(hfe + l )re 
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Package: T0-92 

MPS-A20, MPS-K20, MPS-K21, MPS-K22 
NPN SILICON AMPLIFIER TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS 

Characterist ic Unit 

Collector-Emitter Vo ltage ............................. 40 Vdc 

Emitter-Base Voltage ......... .......................... 4.0 Vdc 

Collector Current - Continuous ......... ...... .. 100 mAdc 

Total Device Dissipat ion@ TA ~ 250c ........ 300 mW 

Derate above 250c ................. ........ 2.73 mW/OC 

Operating and Storage Junction 

Temperature Range ............ ... ..... . -55 to + 135 °c 

Th ermal Resistance, Junction 

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

ELECTRICAL CHARACTER ISTICS (TA = 250C unless otherwise noted) 

Symbol Min Max Unit Conditions 

BVCEO 40 - Vdc IC = 1.0 mAdc, 18 = 0 

8VEBO 4 .0 - Vdc IE = 100uAdc, lc = 0 

1C8O - 100 nAdc vcB=30Vdc,IE=0 

hFE 40 400 - le = 5.0 mAdc, V CE= 10 Vdc 

VCE(sat) - 0.25 Vdc le = 10 mAdc, 1
8 

= 1.0 mAdc 

fT 1:l5 - MHz le = 5.0 mAdc, V CE= 10 Vdc, f = 100 MHz 

cob - 4.0 pF VC8 "'10 Vdc, IE= 0, f = 100 kHz 

Figure 1-Simplified AC Equiv alent Circuit (Common Emi tter) 

BASE 'b COLLECTOR 

(hfe + l ) re 
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MPS2711, MPS2712 
LOW-POWER NPN SILICO N SMAL L-SIGNAL TRANS ISTOR Package: To-92 

ABSOLUT E MAX IMUM RATINGS 

Character istic Unit 

Collector-Emitter Vo ltage ...... ............. .... ...... 18 Vdc 

Collector -Base Voltage ...... ...... ..................... 18 Vdc 

Emitter -Base Voltage ...... .... ... ... ....... ............ 5.0 Vdc 

Col lector Current ............ .......... ... .... ........ 100 mAdc 

Total Device D issipation@ TA = 25°c ........ ?10 mW 

Total Device D issipatio n @TC = 60°c ........ 21 O mW 

Operating Junc t ion Temperature ................. 135 oc 

Storage Temperature Range .... ......... -55 to +135 oc 

Therma l Resistance. Junction 

to Ambient ............... : ... .... ..... ........... 0.357 OC/W 

ELECTRICAL CHARACTERISTIC S (TA= 25°C unless otherwise not ed) 

Svmbol Min Max Unit Condit ions 
I
cBo - 0.5 uAdc vcB =18Vdc,I E =O 

- 1.5 VCB = 18 Vdc, 'E = 0, TA= 1000c 
I
EBO - 0.5 uAdc VEB=5Vdc,lc=O 

hFE 30 90 - V CE = 4.5 Vdc, le= 2 mAdc 

MPS2711 
75 225 MPS2712 

cob - 4.0 pF VCA = 10V ,IE = Of= 1 MHz 

hfe 30 120 - VCE = 10 Vdc , IC= 2 mAdc, f = 1 kHz 

MPS2711 

80 200 MPS2712 
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Package: To-92 

MPS2923 THRU MPS292 5 

GENERAL PURPOSE NPN SILICON AMPLIFIER T RANSISTORS 

ABSO L UT E MAX IMUM RATINGS 

Characteristic Unit 

Collector -Base Voltage ................................ . 25 Vdc 

Collector-Emitter Voltage ........................... 25 Vdc 

Emitter-Base Voltage ............ ...................... 5.0 Vdc 

Collector de Current ................................. 100 mAdc 

Total Device Dissipation ............................. 200 mW 

@ 250c Ambient Temperature 

Derating Factor above 250c ........... 2.67 mW/°C 

Total Device Dissipation ............................. 120 mW 

@ 55°c Ambient Temperature 

Derating Factor above 250c ........... 2.67 mW/OC 

Junction Temperature-Operating ................. 100 oc 

Storage Temperature Range ............. -30 to +125 oc 

ELECTRICAL CHARACTER ISTICS (Tc= 250C unless otherwise noted) 

Symbol Min Max Unit Conditions 

IcBo - 0.5 uA Vca '" 25V,IE=0 

- 15 uA VCB • 25 V, IE ,. 0, TA= 1000c 

IEBO - 0.b uA VEB ,. 5 V 

hfe - VCE = 10 V, IC = 2 mA 

90 180 MPS2923 

150 300 MPS2924 

235 470 MPS2925 

Cob - 12 pF V CB • 10 V, IE • 0, f = MHz 
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MPS2926, MPS3721 Package : To-92 

GENERAL PURPOSE NPN SI LICON TRANSISTOR 

AB SOL UT E MAXIM UM RATINGS 

Character ist ic Unit 

Collector -Emitter Voltage ......... ........ .......... .. . 18 Vdc 

Collector-Base Voltage ................. ................. 18 Vdc 

Emitter•Base Voltage ...................... ............. 5.0 Vdc 

Col lector Cur rent ........................... .......... 100 mAdc 

Total Device D issipation 

@ 250c Am bient Temperature .............. 31 O mW 

Tota l Device Dissipation 

@ 60°C Am bient Temperature .............. 210 mW 

Thermal Resistance, Junction 

to Am bient ................................... 0.357 ° c /mW 

Junction Temp eratur e, Operating ................. 135 oc 

Storage Tempe rature Range .............. 55 to +135 oc 

EL ECTR ICAL CHA RACT ERI STI CS (TA= 25°C unless otherwise noted) 

Symb ol Min Typ Max Unit Con dit ions 

1cso - - 0.5 uA VCB = 18 Vdc, 'e = 0 

- - 15 VCB = 18 Vdc, 'e = 0, TA= 1000c 

1eao - - o:s uA VEB = 5 Vdc, 'c = 0 

fT - 300 - MHz 1,.. = 4 mA, V ,-.c = 5 V MPS 2926 

Cob - - 3.5 pF v,..R - 10 V, 'i= - o. f • 1 MH z 

hfe -35 - 470 - VCE = 10 V, IC= 2 mA, f = 1 kHz 

MPS2926 

60 - 660 MPS372 1 
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Package: To-92 

MPS3392 t hru MPS3395 

NPN SI LICON SMALL -SIGNAL AUD IO TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Unit 

Collector -Emitter Voltage ............................. 25 V de 

Collector-Base Voltage ............ ......... ............. 25 Vdc 

Emitter-Base Voltage ........................ ........... 5.0 Vdc 

Col lector Current .................. ..... ........ ...... 100 mAdc 

Total Device Dissipation@ TA = 25°C ....... . 31 O mW 

Total Device Dissipation@ TC = 60°C ........ 210 mW 

Operating Junction Temperature ................ .. 135 oc 

Storage Temperature Range ....... ....... -55 to +135 °c 

Thermal Resistance, Junction 

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

ELECTRI CAL CHARAC T ERI STICS (TA= 25°C unless otherwise noted) 

Symbol Min Max Unit Conditions 

BVCEO 25 - Vdc IC= 1 mAdc, IB = 0 

IcB o - 0.1 uAdc V CB • 18 Vele, IE • 0 

1EBO - U.l UAClC VEB • 5 Vdc, lc • 0 

hFE 150 300 - V CE• 4.5 Vdc, IC • 2 mAdc 

MPS3392 

90 180 MPS3393 

55 110 MPS3394 

150 500 MPS3395 

cob - 3.5 pF VCB" 10 V, IE = 0, f = 1 MHz 

hfe 150 500 - VCE " 4.5 V, lc • 2 mA, f = 1 kHz 

MPS3392 

90 400 MPS3393 

55 300 MPS3394 

150 800 MPS3395 
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MPS3693 Package: To-92 

GENERAL PURPOSE NPN SI LICON RFAMPLI Fl ER TRANSISTORS 

ABSOLUTE MAX IMUM RATING S 

Character isti c Unit 

Collector-Emitter Voltage .......... ........... ...... 45 Vdc 

Collector-Base Voltage ................................ 45 Vdc 

Emitter -Base Voltage .............. ..................... 4.0 Vdc 

Total Device Dissipation @TA = 25°c ......... 31 0 mW 

Derate above 25°c ................... ..... . 2.81 mW/OC 

Operating and Storage Junction 

Tempera ture Range ................ .. . -55 to +135 °c 

Thermal Resistance, Junction 

to Ambient .......................... ......... 0.357 °ctmW 

ELEC TR ICAL CHARACTER ISTICS (TA= 25°C unless otherwise noted) 

Symbol Min Typ Max Unit Conditions 

BVCEO(su s)* 45 - - Vdc IC = 10 mAdc, 1
8 

= 0 

BVCBO 45 - - Vdc IC = 100uAdc, IE = 0 

BVEBO 4.0 - - Vdc IE= 10uAdc, IC =0 

1cao - - 50 nAdc VrR = 35 Vdc, IE= 0 

- - 5.0 uAdc VCB- 35 voe, IE - 0, TA ., 65CC 

hFE 40 - 160 - IC = 1U mAdc, V CE= lU voe 

fT 200 - - MHz 'c = 10 mAdc, V CE= 15 Vdc , 

f .. 100MHz 

cob - - 3.5 pF VCB = 10 Vd c, IE = 0, f .. 100 kHz 

r' C b c - - 55 ps 'E = 10 mAdc , V CB - 15 Vdc, 

f • 31.8 MHz 

NF - 4.0 - dB le .. 3.0 mAdc, V CE = 10 Vdc, 

RS = 300 ohms, f = 1.0 MHz 

•Pulse Tes t : Pulse Width S. 300 us; Duty Cycle ~ 1.0%. 
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MPS3704, MPS3705, MPS3706 
LOW-POWER NPN SI LICON TRA NSISTORS 

ABSOLUT E MAX IMUM RATING S 

MPS3704 
Characteristics MPS3705 MPS3706 Unit 

Collector-Emitter Voltage. .. 30 20 Vdc 

Collector-Base Vo ltage .. ..... 50 40 Vdc 

Emitter-Base Voltage ...... .... 5.0 Vdc 

Collector Current • Continuous 600 mAdc 

Total Device Dissipation 

@TA • 25°C ................ . 310 mW 

Derate above 250c ........ . 2.81 mW/OC 

Operating and Storage Junct ion 

Temperature Range ........ -55 to +135 oc 

Thermal Resistanct, Junction 

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

ELECTRICAL CHARACTERI STICS {TA "' 250C un less otherwise noted) 

Symbol Min Max Unit Conditions 

evcEo· 30 - Vdc lc • 10mAdc, IE= 0 MPS3704 

30 - MPS370!> 

20 - MPS3706 

BVCBO 50 - Vdc IC= 100uAdc, IE= 0 MPS3704 

50 - MPS370 5 

40 - MPS3706 

BVEB O 5.0 - Vdc IE • lOOuAdc, IC= 0 

1
cBo - 100 nAdc VCB = 20 Vdc, IE= 0 

1
EBO - 100 nAdc V BE= 3 Vdc, lc = 0 

hFE • 100 300 - IC a 50 mAdc, V CE = 2 Vdc MPS3704 

50 150 MPS3705 

30 600 MPS3706 

V CE(sat )• - 0.6 Vdc IC • 100 mAdc, I B = 5 mAdc MPS3704 

- 0.8 MPS3705 

- 1.0 MPS3706 

VBE(on)* 0.5 1.0 Vdc le • 100 mAdc, V CE= 2 Vdc 

fT 1uu - MHz 'c . ::,u mAClc, V CE - 'L voe . T = LU MHZ 

cob - 12 pl- VCB = 10 Vdc, IE= 0, f = 1 MHz 

*Pulse Test: Pul se Width= 300 us; Duty Cyc le= 2%. 
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MPS3707 thru MPS3711 Package: To -92 

GENERAL PURPOSE NPN SILICON AMPLIFIER TRANS ISTOR 

ABSO LUT E MA X IMUM RA TINGS 

Character istics Unit 

Coll ector- Emitter V oltage ............................ 30 Vdc 

Collector-Base Voltage............ ............. ..... ... 30 Vdc 

Emitter -Base Voltage ................................... 6.0 Vdc 

Collector Current .................. ............ ......... 30 mAd c 

Total Device Dissipation @TA • 25°c ....... 310 mW 

Tot al Device Diss pation @TC ,. 60°c ....... 210 mW 

Operating Junction Temperature ........ ....... . 135 °c 

Sto rage Temperatu re Range ............. -55 to +135 °c 

Th ermal Resistance, Junct ion 

to Ambient ............... .................. ..... 0.357 OC/W 

ELECTR ICAL CHARACT ERI STICS (TA • 25°C unless othe rw ise noted) 

Symbol Min Max Uni t Cond it ions 

BVCEO 30 - Vdc IC= 1 mAdc, IB =O 

1cBo - 100 nAdc VC B = 20 Vdc, IE = 0 

1
EBO - 100 nAdc V EB = 6 V dc, lc = 0 

hFE 100 400 - lc = 100 uAdc, V CE= 5 Vdc MPS3707 

45 660 IC= 1 mAdc, VCE = 5 Vdc MPS3708 

45 165 MPS3709 

90 330 MPS37 10 

180 660 MPS371 1 

V CE (sat) - 1.0 Vdc IC= 10 mAdc, IB = 0.5 mAdc 

VBE 0.5 , .0 Vdc IC= 1 mAdc, VCE = 5 Vdc 

hFE 100 550 - IC = 100uAd c, VCE = 5 Vd c, f = 1 kHz 

MPS3707 

45 800 IC= 1 mAdc, V CE = 5 Vdc, f = 1 kHz 

MPS3708 

45 250 MPS37 09 

90 450 MPS3710 

180 800 MPS3711 

NF - 5.0 dB VC E = 5 V, IC• 100uA, MPS3707 

RG = 5 kO , Noise Bandwidth = 15.7 k Hz 

Note 1 

Note l Average Noise F igure Is measured in an amplifier with low frequency response down 3 dB at lO Hz. 
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Package: To-92 

MPS5172 
GENERAL PURPOSE NPN SILICON AMPLIFIER TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 

Collector-Emitter Voltage .......... .... .............. 25 Vdc 

Collector-Base Voltage ....... ... ........ ....... ....... 25 Vdc 

Emitter-Base Voltage .......... ..... ... ................. 5.0 Vdc 

Col lector Current - Continuous ............ .... 100 mAdc 

Total Device Dissipation @TA= 25°c ...... .. 210 mW 

Derate above 26°c ..................... .... . 1.91 mW/ 0 c 
Operating and Sto rage Junction 

Temperature Range ..... ...... ........ -55 to +135 °c 

Thermal Resistance, Junction 

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

ELECT RICA L CHARACTERIST ICS (TA = 25°c unless otherwise noted) 

Symbol Min Typ Max Unit Cond itions 

BVCEO 25 - - Vdc le = 10 mAdc, IB = o 
1,-cc:, - - 100 nAdc V CE = 25 Vdc, V BE = 0 
1cBo - - 100 nAdc vcB = 25Vdc,IE=O 

- - 10 uAdc "cs = ..!ovac,IE-U , TA = 1Uuvc 
1
EBO 

- - 100 nAdc VBE = 5.0 Vdc, IC = 0 

hFE 100 - 500 - IC = 1 0 mAdc, V CE = 1 0 V de 

V f'C ,.,.ti - - 0.25 Vdc IC= 10 mAdc, 1
8 

= 1.0 mAdc 

VRElsatl - 0.75 - Vdc IC = 10 mAdc, IB = 1.0 mAdc 

VRE!onl 0.5 - 1.2 Vdc IC - 10 mAdc, V CE - 1 0 V de 

fT - 120 - MHz lc = 2.0 mAdc, V CE = 5.0 Vdc 

Ccb 1.6 - 10 pF VC8 - o, IE-0, f = 1.0 MHz 

hfe 100 - 750 - lc = 10 mAdc, VCE = 10 Vdc, f = 1.0 kHz 
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MPS6530 thru MPS6532 
NPN SILICON AMPLIFIE R T RANSISTORS Package: To -92 

ABSOL UTE MAXIMUM RATI NGS (TA= 25°C unless otherwise noted ) 

Characteristic Unit Coll ector Cur rent .... ... .......... 600 600 mAdc 

Collecto r-Base Volta ge Total Device Dissipation 

MPS6530, MPS5631 ........ 60 Vdc @TA =6ooc ................... 210 210 mW 

MPS6532 ............. ..... ........ 50 @TA= 250c ................... 310 310 

MPS6530, MPS6531 ......... 40 

MPS6532 ...... ............. .. .... 30 

Thermal Resistance, Junction 

to Ambient ............... ....... 0.357 0.357 0C/mW 

Em it ter -Base Voltage ...... 5.0 4.0 Junction Temperature ....... .... 135 135 oc 

ELECTRICAL CHARACTERI STICS (TA = 25°C unless oth erwise noted) 

Symbol Min Typ Max Unit Condit ions 

BVCBO 60 - - Vdc IC = l0uAdc, IE = 0 MPS6530 , 

MPS6531 

50 - - MPS6532 

BV·CEO 40 - - Vdc le= 10 mAdc, 18 = o MPS6530, 

MPS6531 

30 - - MPS6532 

BVEBO 5.0 - - Vdc IB = 10uAdc, le = 0 

1cso - - 0.05 uAdc VCB = 40 Vdc , IE = 0 MPS6530, 

MPS6531 

- - 0.1 MPS6532 

- - 2.0 V CB = 30 Vdc, IE = 0, MPS6530, 
TA = 60°C MPS6531 

- - 5.0 VCB - 30 Vdc, IE = 0, MPS6532 

TA= 60°C 

hFE 30 75 - - le = 10 mAdc , V CE = MPS6530 

VCE=1Vdc 

60 120 - MPS6531 

40 85 120 ' c = 100 mAdc, MPS6530 

VCE=1Vdc 

90 1::iu "LIO MPS6531 

30 - - MPS6532 

25 60 - IC = 500 mAdc , MPS6530 

VCE = 10 Vdc 

50 80 - MPS6531 

VCE(sat) - 0 .2 0.5 Vdc IC = 100 mAdc , MPS6530, 

IB = 10 mAdc MPS6532 

0.13 0.13 0.3 MPS6531 

VBE( satl - 0.82 1.0 Vdc 'c = 100 mAdc, MPS6530, 

IB = 10 mAdc MPS653 1 

- 0.ts::i 1."L MPS6532 

cob - 3.5 5.0 pF VCB = 10 Vdc, IE = 0, f = 100 kHz 

fT - 390 - MHz IC = 50 mAdc, V CE= 10 Vd c 
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Package: To-92 

MPS6565, MPS6566 
GENERAL PURPOSE NPN SILICON AMPLIFIER TRANSISTORS 

ABSOLUTE MAXIMUM RAT INGS 
Characteristics Unit 

Collector-Emitter Vo ltage ......... ......... .... ..... 45 Vdc 

Collector-Base Voltage.................. ......... ...... 60 Vdc 

Emitter-Base Voltage ........................... ... ..... 4.0 Vdc 

Collector Current • Cont .inuous ........ ........ 200 mAdc 

Total Device Dissipation@ TA= 250c ..... ... 310 mW 

Cerate above 25°C ................ .......... 2.81 mwt0 c 
Operating and Storage Junction 

Temperature Range .................... -55 to +135 oc 

Therma l Resistance, Junction 

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

ELECTRICAL CHARACTERIST ICS (TA= 25°c unless otherwise noted) 

Symbol Min Typ Max Unit Conditions 

BVri:n 45 - - Vdc le= 1 mAdc, 18 = o 
BVCBO 60 - - Vdc IC= lOOuAdc, IE= 0 

BVEBO 4.0 - - Vdc IE= lOOuAdc, le = 0 
1cso - - 100 nAdc V CB = 30 Vdc, IE = 0 

hFE 40 - 160 - le = 10 mAdc, VCE = lOVdc 

MPS6565 

100 - 400 MPS6566 

VCE(sat) - 0.1 0.4 Vdc le= 10 mAdc, 18 = 1 mAdc 

Cob - - 3.5 pF V CB - 10 vac, 'E - .u, r - 100 KHz 

Cib - 3.7 - pF VBE = 0.5 Vdc, le= 0, f = 100 kHz 

hfe 2.0 - - - IC= 10 mAdc, V CE= 10 Vdc,-f = 100 MHz 

hoe - 60 - umhos le= 10 mAdc, V CE = 10 Vdc, f = 1 KHZ 

hie - 500 - ohms Ir.= 10 mAdc, V CE= 10 Vdc, f = 1 kHz 

hre - 2.5 - Xl 0~4 IC = lOmAdc, VCE = 10Vdc, f= 1 kHz 
NF - 4.0 - dB le= 100 uAdc, V CE= 5Vclc, 

Rs = 1000 ohms, f = 10 Hz to 15.7 kHz 
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MPS6591® 

NPN SILICON AMPLIFIER TRANSISTOR 

High Volt age ...... ... BV CEO= 80 V (Min) MPS6590 

Low Nois e ..... ..... ... ... .. NF= 3.0 dB (Typ) Wideband 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteri stics Unit 

Storage Tempe rature ... .......... ............ 55 to + 150 °c 

Operating Junction Tempe rature ...... -55 to +150 °c 

Total D issipation (Notes 2 and 3) 

at 250c Case Temp erat ure ................ ..... ... 1.0 W 

at 25° C Ambient Temperatur e .... ... ....... .. 625 W 

at 10°c Ambient Tempera ture .... .... ....... .400 W 

Collector to Base Voltage...... .. .... ....... ............. 60 V 

Coll ector to Emitter Vo ltage (Note 4) ............. 50 V 

Emitter to Base Vo ltage ............ ....... ........... ... 4.0 V 

DC Co ll ector Current ...... ........... .... ...... ....... 250 mA 

Package: To -92 

ELECTR ICAL CHARACTE RISTICS (250C Free A ir Temperature unless otherw ise noted) 

Symbol Min Typ Max 

BVCEO 50 

BVCBO 60 

BVEBO 4.0 

1CBO 
1
cBo 

100 

hFE 40 

VCE(sat ) 0.6 

ccb 12 

Ceb 50 

hie 1.4 

h re 0.8 

hfe 2.0 

hoe 75 

NF 3.0 

NOTES: 
(1) These ratings are limiting values above which the 

serviceabi li ty of any individual semiconductor 
dev ice may be impaired. 

(2) These are steady state limit s. The factory should 
be cons ul ted on applications Involving pu lsed or 
low duty cycle operat ions. 

Unit Test Conditions 

Volts le = 1.0 mA, I B = 0 

Vol t s ic = 100uA ,I E=0 

Volts IE=l00uA, lc=0 

nA vcs "'5 0V,IE=0 

nA VCB=30V,IE = 0 

IC = 10 mA, V CE = 1 0 V 

Volt IC = 10 mA, I B - 1 .0 mA 

pF VCB = 10 V, IE= 0, f = 100 kHz 

pF VBE = 0.5 V, IC= 0, f = 100 k Hz 

kQ Ir= 10 mA, Vr-r:. = 5.0 V, f = 1.0 kHz 

x10·4 IC= 10mA, VCE = 5.0 V , f = 1.0 kHz 

le= 10 mA, VCE - 10W, f - 30 MHz 

umhos IC = 10 mA, V CE "' 5.0 V, f = 1.0 kHz 

dB IC= 100uA, VCE = 5.0 V, 

f = 10 Hz to 15.7 kHz, Rs = 4kO 

(3) These rat ings give a maximum juncti on tempera • 
ture of l so 0 c and Junct ion to case thermal 
resistance of 12s° C/Watt (deratlng factor of 8.0 
mw/°C); Juncti on to ambient therm al resistance 
of 200°c1watt (derating factor of 5.0 mw/ 0 C). 

(4) Rat ing refe rs to a h igh current point where 
collect or to em it ter vo ltage is lowest. 

(5) Pulse co nd itions: length = 300 us; dut y cycle 
= 1%. 
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Package: T0-5 
2N2405 

NPN SILICON SWITCHING TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 
Collector -Emitter Voltage .................................. 90 Volts 

Collector-Emitter Vo ltage ............................... 140 Volts 

Col lector-Base Voltage ................................... 120 Volts 

Emitter-Base Voltage ........................................ 7 .0 Volts 

Collector Current ...................................................... 1 .0 A 

Total Device Dissipation @ TA = 25°C ........ 1 .0 Watt 

Derate above 25°C .............................. 5.71 mW /° C 

Tota l Device Dissipation @ Tc= 25°C ....... 5.0 Watts 
Derate above 25 ° C .............................. 28 .6 mW/° C 

Operating and Storage Junction 

Temperature Range ........................ -6 5 to +200 ° C 

ELECTRIC A L CHARACTERISTICS {TA = 25°e unless otherwise noted) 

Symb ol Min Max Unit Conditions 

BVcEO{sus) 90 Volts le=100mA.ls=O 

BVeER{sus} 140 Vo lts le= 100 mA. RBE = 10 ohms 

BVeso 120 Volts le= 100µA. IE= 0 

BVrno 7 .0 Volts IE= 100µA. lc = 0 

1eso 10 µA Vcs = 90 Volts. IE = O. TA = 150 °e 

1EBO 0 .01 µA Vs E = 5.0 Volts. le = 0 

hFE
0 60 200 le= 150 mA. VcE = 10 Vo lts 

VeE{sat) 0.5 Volt IC = 150 mA. I B = 1 5 mA 

VBE(sat) ,. 1 Volts le = 150 mA. Is = 15 mA 

cob 15 pF Vee = 10 Volts. IE= o. 

100 kHz 5 f 5 1.0 MHz 

Cib 85 pF VeE = 0.5 Volts. le = 0. 
100kHz5f51.0MHz 

hib 4.0 8.0 ohms le = 5.0 mA. Vea = 10 Volts. f = 1.0 kHz 

hrb 3.0 x10-4 le= 5.0 mA. Vea= 10 Volts. f = 1.0 kHz 

hfe 50 275 le = 5.0 mA. VeE = 5.0 Vo lts. f = 1.0 kHz 

hob 0.5 µmho le= 5.0 mA. Vee= 10 Volts. f = 1.0 kHz 

Pulse Test: Pulse Width 5 300 µ.s; Duty Cycle 5 2.0% 
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2N2868® 

HIGH -S PEED NPN SILICON, HIGH CURRENT 
SWITCH IN G TRANSISTOR 

Package :T0-5 

ABSOLUTE MAX IMUM RATINGS (Note 1) 

Characteristics Unit 

Storage Temperature ....................... -65°C to +300°C 
Operating Junction 

Temperature ........................................ 200°C Maximum 

Lead Temp erature (Solder ing. 
no time limit) ....................................... 250°C Maximum 

Total Device 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 .8 Watt 

Collector-Base Voltage ........................................ 60 Volts 
Collector-Emitter Voltage (Note 4 ) .................... 40 Volts 
Emitter-Base Voltage .......................................... 7.0 Volts 
Collector Current ................................................... 1 .0 Amp 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise not ed) 

Symbol M in Max Unit Conditions 

hfE 40 120 le= 150mA.VcE = 10Volts(Note5 ) 

hFE 30 le = 150 mA. V CE = 1.0 Volt (Note 5) 

hFE 30 le= 10 mA. VcE = 10 Volts 

hFE 20 le= 500 mA. VcE = 10 Volts (Note 5 ) 

hFE(-55 ° C) 20 le= 10 mA . VcE = 10 Volts 

Vc E(sat) 0.25 Volt le = 150 mA. I B = 15 mA 

VBE(sat) 1.3 Volts le= 150mA.lg = 15 mA 

hfe 2.5 le = 50 mA. VcE = 10 Volts 

1cso 10 nA Vea = 30 Volts . le = o 

lcso( 150 0c) 15 µA Vea = 30 Volts, IE = 0 

1EBO 50 nA VEB = 5.0 Volts . 'c = 0 

1CEX 100 nA VcE = 30 Volts. VeB = 3.0 Volts 

1rnx 100 nA VcE = 30 Volts. VEB = 3.0 Volts 

BVcso 60 Volts le= 100µA. IE= 0 
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2N2868 

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

Symbol Min 

Vceo(sust) 40 

BVeso 70 

Cob 

Tb 

NOTES : 

Max Unit 

Volts 

Volts 

20 pf 

2 .0 µsec 

Conditions 

le = 25 mA (pulsed). Is = O 
(Notes 4 and 5) 

ie = 100µ/\. ic = o 

Vc 8 = 10 Volts. le = o 

See Figure I 

( 1) These ratings are limiting values above w hich the servicea bility o;f any individual semicond uctor device may be impaired. 

(2) These are steady stat e 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 62 .5 ° C/Watt (derating 
factor of 16 mW /° C: ju nct ion- to -ambi ent thermal resistance of 2.18 ° C/Watt (derat ing ractoror 4 .6 mW /°C) . 

(4 ) Th is rating refers to a high-current point where collector-to •emi tter voltage is lowest. For more info rma tion send for Fairchild 

Publication APP- 4. 

( 5) Pulse Conditions : length :S300µs ec : dut y cycle :S2%. 

FIGURE 1 
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200 

10 V 
e 

Vout 

Scope Impedance : 10 Meg. 
11. 5 pf 

Scope Rise Time : 15 ns 

Input rise and fall time is fast 
enough so that doubling its value 
does not change the reading 
within the required accuracy 

I 



2N3252,2N3253 

NPN S ILICON HIGH-CURRENT SA TU RATED SWITCH ING 

AND CORE DRIVER TRANSISTORS 
Package : T0-5 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 

Collector -Base Voltage 2N3252 .................... 60 Volts 
2N3253 ....... ............ 75Volts 

Collector -Emitter Vo ltage 2N3252 .............. 30 Volts 
2N3253 .............. 40 Volts 

Emitter-Base Voltage ................... .......................... 5 Volts 

Tota l Device Dissipation @ Tc = 25 ° C ............. 5 Watts 
Derate above 25°C ................................. 28.6 mW/°C 

Total Device Dissipation @ TA = 25 ° C ........... 1.0 Watt 
Derate above 25° C ................................. 5. 71 mW/°C 

J unction Operating 
Tempe rature Range ........................... -65 to +200 °C 

Storage Temperature 
Range ................................................... -65 to +200 °C 

Thermal Resistance : 2N3252 ............................ 35°C / W 
Thermal Resistance: 2N3253 ................... 0. 175 ° C/mW 

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

Symbol Min Max Unit Conditions 

Cob 12 pF Vea= 10 Volts. IE= o. f= 100 kHz 

Cib 80 pF VEB = 0.5 Vo lt. le= 0. f = 100 kHz 

fr 200 MHz 2N3252 le = 50 mA. VcE = 10 Volts. 
175 MHz 2N3253 f=lOOMHz 

QT 5 nC le= 500 mA.I 81 = 50 mA. 

Vee= 30 Vo lts 

td 15 ns le= 500 mA. ls1 = 50 mA 

tr 30 ns 2N3252 Vee = 30 Volts, VsE = 2 Volts 
35 ns 2N3253 Vee= 30 Volts. v 8 E = 2 Vol ts 

ts 40 ns le= 500 mA. 191 = ls2 = 50 mA 

It 30 ns Vee = 30 Vo lts 

lcso 0 .50 µA (2N3252) Vea= 40 Volts.·IE = 0 

Icso 75 µA (2N3252) Vea = 40 Vo lts. IE= o. 
TA= 100°C 

Icso 0 .50 µA (2N3253) Vea = 60 Volts. IE = 0 
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2N3252, 2N3253 

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

Symbol M in Max Unit Conditions 

Ieso 75 µA (2N3253) Vea = 60 Volts. IE= o. 
TA= 100 °e 

IEBO 0.05 µA VsF = 4 Volts. le = 0 

IeEX 0.5 µA (2N3252) VCE = 40 Volts. VEB(off) = 4 Volts 

IeEX 0 .5 µA (2N3253) Ve E = 60 Volts. VEB(off) = 4 Volts 

IBL 0.50 µA (2N3252) VeE = 40 Volts. VEB(off) = 4 Volts 

IBL 0.50 µA (2N3253) VeE = 60 Vo lts. VEB(off) = 4 Volts 

BVeso 60 Volts (2N3252 ) le= 10µA.IE = 0 

75 Volts (2N3253) 

BVern· 30 Vo lts (2N3252) le = 10 rnA. pulsed. ls = o• 

40 Volts (2N3253) 

BVEBO 5 Volts IE=10µA.le=0 

VeE(sat) • 0.3 Volt (2N3252) le= 150 rnA. IB = 15 rnA" 

0.35 Volt (2N3253) 

V eE(sat). 0.5 Volt (2N3252) le= 500 rnA.I 8 = 50 rnA 

0.60 Volt (2N3253) 

VeE(sat). 1.0 Vo lt (2N3252) le= 1.0A. ls= 100 mA 

1.2 Volts (2N3253) 

VBE(sat) • 1.0 Volt le= 150rnA. l s = 15mA• I VBE(sat). 0.7 1.3 Volts le = 500 rnA. Is = 50 mA 

VBE(sat) • 1.8 Vo lts le= 1.0A. l s = 100rnA 

hFE
0 30 (2N3252) le= 150 mA. VeE = 1 Volt· 

25 (2N3253) 

hFE
0 30 90 (2N325 2) le = 500 mA. VcE = 1 Vo lt 

25 75 (2N3253) 

hFE. 25 (2N3252) le = 1 A. VcE = 5 Volts 

20 (2N3253) 

Pulse Test; Pulse W idth = 300 µs. Duty Cycle = 2%. 
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2N3724 2N3725 2N4013 2N4014® 
SILICON SWITCHING TRANSISTORS 

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

2N4013-14 2N3724-25 

• High Voltage: 80V min. 2N3725, 2N4014 
• High Gain: 65 typ. @ 1000 mA 
• Low Ve, (sat): 0.5V typ. @ 1000 mA 
• Low c.b: 4.8 pf typ. @ 10V. 2N3725, 2N4014 
• Fast t •• : 18 nsec typ. @ 500mA 
• Fast t.,.: 45 nsec typ. @ 500mA 

DIMENSIONS 

r-J'9!1~ 

o,o J Q--1';00 Mol l( 1,0 

I U ll ,-..'?It 
°'" .. 9 . 

, .. t~~s ~ ,. ...... , r 
r:r '~"o' c :n 

I '.~ ' :r,o .,.8'~ ,, __ , L 
\ , ~ ~ ' '\ 000 LEAD ti ..,. c1,m.c 

T0-18 

The ITT 2N3724 • 2N3725 and 2N4013 • 2N4014 are high 
voltage, high-current N PN silicon planar epitaxial transistors usefu I 
for appl ications 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 

CHARACTERISTICS 

Collector - to-Base Voltage .. .............. . . . ..•. • ... 
Collector-to-Emitter Voltage (shorted base) .. . .. • . • . . .. . . 
Collector - to-Emitter Voltage (open base) . .. . . .. . ... .. ... . 
Emitter-to-Base Voltage ...... ..... ....... . . _ . . . . ... . 
Collector Current (300 µsec; 1 % duty cycle) ... . • . • ....•. 
Junction Temperature (op. and stg.) .. . .... . .... • .. ... . 

Maximum Power Dissipation 

Total Dissipation (ft Tc= 25°C . . .. . . • ....•....... ... .. 
(derate above 25°C) .. . . . . . ........ . • ... .. . . .... . . 

2N3724 2N3725 
2N4013 2N4014 

50 80 
50 80 
30 50 
6.0 6.0 
1.0 1.0 

- 65 to + 200 

2N4013 
2N4014 

1.2 

2N3724 
2N3725 

3.5 
(20mW/°C) 

0.8 

T0-5 

Total Dissipation ~, TA= 25°C .. ... .... . . • ...... . . . . . . 
(derate above 25°C) . .. ....... •. ......... . ... • . .. 

(6.8 mW/° C) 
0.36 

(2 .06 mW/°C) ( 4.56 mW /°C) 

12-90 

UNITS 

Volts 
Volts 
Volts 
Volts 
Amps 
·c 

Watts 

Watts 



2N3724 2N3725 2N401 3 2N401 4· 

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted. 

2N3724 2N3725 
SYMBOL 2N4013 2N4014 UNIT CONDITIONS 

MIN. TYP. MAX. MIN. TYP. MAX. 

BVcao 50 80 Vdc lc = 10µA 
BVcEs 50 80 Vdc ic= 10µA 
LVcEo1' 

2 30 50 Vdc lc=10mA 
BVuo 6.0 6.0 Vdc IE=10µA 

hFE1 30 60 30 60 ic= 1 0mA VcE=1.0V 
60 90 150 60 90 150 lc=100mA VcE=1.0V 
40 65 40 65 lc=300mA Vce=1.0V 
35 50 35 50 ic=500mA Vce= 1.0V 
25 45 20 40 lc= 800mA Vce= 2.0V 
30 65 25 65 lc=1000mA Vce=5.0V 
30 45 30 40 ic= 100mA Vce= 1.0V TA=-55°C 
20 40 20 35 lc=500mA Vce=1.0V TA=- 55°C 

Vce(sat)' 0.11 0.25 0.19 0.25 Vdc lc=10mA la=1.0mA 
0.13 0.2 0.21 0.26 Vdc lc=100mA la=10mA 
0.22 0.32 0.31 0.4 Vdc lc=300mA la=30mA 
0.3 0.42 0.4 0.52 Vdc ic= 500mA 1a=50mA 
0.4 0.65 0.5 0.B Vdc lc=800mA 1a=·80mA 
0.5 0.75 0.6 0.95 Vdc lc = 1000mA la=100mA 

Vae (sat) 1 0.64 0.76 0.64 0.76 Vdc 1c= 10mA 1a=1.0mA 
0.75 0.86 0.75 0.M Vdc lc=100mA 1a= 10mA 
0.89 1.1 0.89 1.1 Vdc lc= 300mA 1a=30mA 

0.9 0.95 1.2 0.9 0.95 1.2 Vdc lc= 500mA la=50mA 
1.0 1.5 1.0 1.5 Vdc lc=800mA la= 80mA 
1.1 1.7 1.1 1.7 Vdc lc= 1000mA ls=100mA 

lcao 0.25 1.7 µA Vca=40V 
0.33 1.7 µA Vca=60V 

27 120 µA Vcs= 40V TA=100°C 
25 120 µA Vca=60V TA= 100°C 

Cob 6.0 12 4.8 10 pF Vca=10V 
I 

Cib 40 55 40 55 pF Vu = 0.5V 

h1. 3.0 4.5 3.0 4.5 lc=50 mA Vce= 10V 
f=100MHz 

ton 18 35 18 35 nsec 
lc ""500mA 
la, ,,,,50mA 

t.11 45 60 45 60 nsec ls2""50mA 

NOTES: 1. Pulsed width :; JOO µsec; 1 % duty cycle. 
2. Lowest em itter-to-collector voltag e. 12-91 



2N3724 2N3725 2N4013 2N4014 

COLLECTOR CHARACTERISTICS 2N3724 2N4013 

TA=- 55°C 

Collector Current vs. Collector Voltage, Low Base Current 

TA= 25°C 
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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 CHARACTERI STICS 2N3724 2N3725 2N4013 2N4014 
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2N3724 2N3725 2N4013 2N4014 

SWITCHING CHARACTERISTICS 2N3724 2N3725 2N4013 2N4014 
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2N3734,2N3736® 
NPN SILICON HIGH VO LTAGE , HIGH CURRENT 

SWITCHING TRANSIS TORS 

Packages: 

2N373 4. T0 •5 

2N373 6. T0-46 

The ITT 2N3734 and 2N37 36 are high vo ltage. high cu rrent NPN diffused sil icon plana r ep i taxial 

t ransisto rs useful for me mory applications requ iring breakdown vol tages up to 50 volts and high c1iJrrent 

capacity with Beta specified to 1. 5 ampe res. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristics Un it 

Storag e Temper ature ........ .................................. ........................... ....................................... - 65 ° C to + 200 ° C 

Operat ing Junction Tempera ture ........ .. ........................................ + 200 ° C M aximum 

Lead Temperature (Solderin g , 
10 sec Ti me Lim it) .............. ............. ............................... . +230 ° C M aximum 

Tot al Devic e Dissipat ion @,: 
Tc = 25 ° C(2N3734) .................................................................................................................................. 4 .0 Watts 

(2N3736) .. ................................ ................................ ............................................................. 2 .0 Watts 

TA= 25 ° C (2N3734 ) .................................................................................................................................... 1.0 Watt 

(2N3736 ) .............................. ............. ............. ................................ ................................... 0 5 Watt 

Collecto r- Base Voltage ............................ ........................... .......................... ........ ............................ ...... 50 Volts 
Collecto r- Emitt er Voltage (No te 4 ) .................................................................. . ................................. ... 30 Volts 

Emitter- Base Voltage ......... .......................................................................................................................... 5.0 Vo lts 

Collecto r Current ........................................................................................................................................... 1.5 Amps 

ELECTR ICAL CHARACTERISTICS (TA = 25 ° C unless otherwi se noted) 

Symbol Min Max Unit Cond it ions 

VcEO (sust) 30 Volts le= 10 mA (pulsed). ls= O 

(Notes 4 and 5) 

VeE(sat ) 0 .9 Volt le= 1.0 A. ls = 100 mA (Note 5) 

V CE(satl 0.5 Volt le= 500 mA . Is = 50 mA (Note 5) 

td 8 .0 nsec ie = 1.o A. 181 = 100 mA (see Fig. 1) 

t r 40 nsec le= 1.0A . ls, = 100 mA (see Fig. 1) 

ts 30 nsec ie= 1.0 A. Is 1 = 100 mA . 

's2 = -100 mA (see Fig. 2) 

It 30 nsec le= 1.0 A, IB1 = 100 mA. 

IB2 = -100 mA (see Fig. 2) 

hte 3 .0 le = 50 mA. Vee = 10 Vo lts 

Cobo 9.0 pf le= o . Vea = 10 Volts 
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2N3734, 2N3736 

ELECT RIC A L CHARACTER ISTIC S (TA = 25 ° e un less otherwise noted) 

Symbo l M in Ma x U nit Con ditio ns 

e ibo 80 pf le = 0. VsE = 0 .5 Vo l t 

hFE 40 Volts le = 150 mA . VeE = 1.0 Volt (No te 5) 

hFE 35 Vo lts le = 10 mA. VeE = 1.0 Vo lt (Note 5) 

hFE 35 Vo lt s le = 500 mA , VeE = 1.0 Volt (Note 5) 

hFE 30 120 Volts le = 1.0 A. VeE = 1.5 Vo lts (No te 5) 

hFE 30 Volts le = 1.5 A. Ve E = 5.0 Volts (Note 5) 

VeE (sat) 0.2 Vo l t le= 10 mA . Is = 1.0 mA (Note 5) 

V eE(sat) 0.3 Vo l t le = 150 mA . Is= 15 mA (Note 5) 

VBE(sat ) 0.8 Volt l e= 10mA , ls = 1.0mA (Note5 ) 

VBE( sat) 1.0 Volt le= 150 mA, Is = 15 mA (No te 5) 

VBE(sat) 1.2 Vo lts le = 500 mA . 19 = 50 mA (Note 5) 

VB E(sat) 0 .9 1.4 Vo lts le = 1.0 A. Is= 100 mA (Note 5) 

1e Ex 0 .2 µA VeE = 25 Vo l ts , V EB = 2.0 Volts 

'cEx c1oo oc) 20 µA VcE = 25 Volts . VE B = 2 .0 Volts 

1BL 0 .3 µA VeE = 25 Vo lts . VEB = 2 .0 Vo l ts 

BVeso 50 Vo lts le = 10µA . IE = 0 

BVEBO 5.0 Volts le = 0 . IE = l0 uA I Or 10 ncoul le = 1.0A . ls = 100mA 

Vee = 30 Volt s 

NOTES : 

(1) The se rat ings a re hm1t1ng values above w hich the se rv1ceabt111y of any ,nd1v1dual sem1cond uc1or device m ay be ,mpaired 

(21 These are s1eady stale hm1ts The factory should be consulted on a1pplica1,ons involving pulsed or low duly cycle operarions 
(3) These ratmgs give a maximum 1unct1on tempera1ure o f 200 ° C and 1unct1on•to•case thermal resistance of 43 8 ° Ctw a11 (derat1ng 

fac1or of 22 8 mW/ °CJ for the 2N37 3 4. and 87 5° C/ wan (derat,ng factor of 1 1 4 mW /° CJ for the 2N3736 1unc11on-to•amb,ent 
1he1ma1 res,srance of 17 5 ° C/ wa tt lde rating fac1or of 5 71 mW /° C) for 1he 2N373 4 . and 35 0 °C/ w att (de rat,ng fac1or of 2 86 
mW/°Ci fo, lhe 2 N3736 

(41 Ratings refer to a h1gh•curren1 po int w he re cottec10r •to •em 11ter vo1·1age 1s lowes1 

( 51 Pulse Cond111ons. leng th:;:::;: 300 µ sec. du ty cycle:;:::;: 1% 
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2N3734, 2N3736 

CIRCUI T D IAGRAM 

P.11. ~ 200 ns ec 
RI SE TIME ~ 2 nse c 
DIJfY CYCLE • 2% V 

+U.lVn In 

V id--t O 
- 2 

FIGURE 1 

T on Circuit 

FIGURE 2 
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Cin ~ 12 pl 
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Package: T0-5 

2N4046, 2N4047 ® 
NPN SILICON HIGH-VOLTAGE. HIGH-CURRENT 

SWITCHING TRANSISTORS 

The ITT 2N40 46 and 2N4047 are high -voltage. high -current transistors usefu l for memory applicauons 

requi ring breakdown voltages up 10 50 volts and operating currents up to one ampere . Fast 1urn-on 

and turn -off 1,mes are assured because of the high minimum fr (250 Mc) and t1gh1 control on storage 

time . 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristics Unit 

Collector -Base Voltage 

(2N4046) .......................................................... 50 Vol IS 

(2N4047) ............................................................ 80 Volts 

Collector -Emitter Voltage 
(2N4046l ............... ......... ........................ 50 Volts 

(2N4047) ................................................ ........... 80 Volts 

Collector -Eminer Voltage (Note 4) 

(2N4046) ................ .. ....... ......... . .................. 30 Volts 

(2N4047 ) .......... ........... ..... . ................... 50 Volls 

Eminer -8ase Voltage .............................. ........... 6.0 Volts 

Maximum Collector Current ................. ............... 500 mA 
Total Device Dissipation@. : 

Tc = 25°C (Notes 2 and 31 ....... ............... 3 .5 Watts 

TA= 25 ° C (Notes 2 and 3) .......................... 0 .8 Wall 
Storage Temperature ..................... -65°C to +200 ° C 

Operating Junction Temperature +200 ° C Maximum 

Lead Temperature 

(Soldering. 60 sec Time Lim,t) ..... +300 ° C Maximum 

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

Symbol Min Typ Max Unit Conditions 

VeEOlsusl) 2N4046 30 Vol ts le = 10 mA lpulsedl . Is= O 

2N4047 50 Volts !Notes 4 and 51 

Vee1sat1 2N4046 05 0 75 Volt le= lOOOmA(pu lsedl . ls = lOOmA 

2N4047 06 0 95 Volt !Note 51 

Vee(satl 2N4046 03 0 42 Volt le • 500 mA (pulsed) . 15 = SO mA 
2N4047 04 0 52 Volt (Note 5) 

1on 2N4046 . 2N404 7 1B 35 nsec le:::: 500 mA . IB 1 :::: SO mA (Note 61 

1off 2N4046 . 2N404 7 45 60 nsec le== 500 mA . ls 1 == 50 mA !Note 61 

18 2 ~ -so mA 

hte 2N4046 . 2N4047 25 45 le m 50 mA . Vee "' 10 Volts 
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2N4046 , 2N4047 

ELECTRIC AL CHARACTERIS TICS (TA= 25°C unless ot herw ise noted) 

Symbol Min Typ Ma11 Un it Condi tion s 

Cobo 2N4046 60 12 pl •e = 0 . Vee = 10 VollS 

2N4047 48 10 pl 

C,bo 2N 4046 . 2N4047 40 55 pl IC= 0, Vee= 0 5 volt 

hFe 2N4046 . 2N4047 40 90 150 le = 100 mA . Vee = 1 0 Vol1 IN01e 5) 

hFE 2N4046 30 50 IC = 500 mA . Vee = 1 0 Voll 

2N4047 20 45 IN01e 5) 

hFE 2N4046 30 65 le = 300 mA . Vee = 1 0 Voll 

2N4047 30 60 IN01e 5) 

hFe 2N4046 25 65 le = 1000 mA . Vee 0 5 o Volts 

2N4047 15 65 IN01e 5) 

hFE 2N4046 . 2N4047 20 60 le= 10mA , Vee = 1 0 Volt (Nole 5) 

hFE 2N4046 20 45 IC = 800 mA . Vee = 2 0 Vo llS 
2N4047 15 40 IN01e 51 

Vce1sa11 2N4046 0 11 0 25 VOii le= 10mA . 19 = 1 OmA 
2N4047 0 l !i 0 25 VOii IN01e 51 

Vce1sa11 2N 4046 0 13 02 Voll le= 100mA . le = 10mA 
2N4047 0 21 0 26 Vol l (Nole 5) 

Vce1sall 2N4046 022 0 32 Vo ll le= 300mA. le = 30mA 
2N4047 0 31 04 Voll (Nole Sl 

Vcetsall 2N4046 04 0 65 VOii IC = 800mA . le = 80mA 
2N 4047 OS 08 Vo ll (No1e 5) 

VeE(sa1l 2N4046 . 2N404 7 064 0 76 VOii le= 10mA . le = 1 0 mA (Nole 5) 

VeE(sall 2 N4 046 . 2N4047 0 75 086 Volt tc = 100 mA. te = 10 mA (No1e 5) 

VeE(sal) 2N4046 , 2N4047 0 89 1 1 Volls le = 300 mA . te = 30 mA IN01e SI 

VeE(sa1) 2N4046 , 2N4047 09 0 95 I 2 Volls IC= 500 mA . le = 50 mA !Note 5) 

VeE(sall 2N4046 . 2N4047 1 0 1 5 Vo l1s le = 800 mA . le = 80 mA l N01e 5) 

Ve El sat) 2N4046 . 2N4047 1 1 1 7 VollS IC= 1000 mA . le= 100 mA (Nole 51 

1ceo 2N4046 0 25 1 7 µA le = 0 , Vee = 40 Volts 

1c8o 2N4047 0 33 1 7 µA le = 0 . Vee = 60 Volts 

•ceor+e5•c1 2N4046 25 120 µA 'e = o . Vee= 40Vo11s 
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2N4046 , 2N4047 

ELEC T RICAL CHARAC TERIS TI CS (TA 25°C un less otherwise noted) 

Symbol Min Typ Max Unit Conditions 

leao1+as•e1 2N4047 25 120 µA IE = 0 , Vea = 60 Volts 

sveao 2N4046 50 Volts le= 10µA.IE = 0 
2N4047 80 Volts 

BVeEs 2N4046 50 Vo lts le= 10µA . VsE = 0 
2N4047 80 Vo lts 

svrno 2N4046 . 2N4047 60 Vol1s le= 0 . IE 10µA 

NOTES : 

I 11 These raI ,ngs a,e l ,mtt 1ng values above w h 1ch Ihe se,v1ceat.u hty o f any 1nd1v1dual semicond ucto r dev ice may be unpair ed 

f 2 I These are s Iea dy Slale l1m11s The factory shou ld be consul ted on appll cat1ons 1nvol1,11ng pu lsed or lo w duly cvcle operations 

(3) These ,at 1ngs g111e a ma x imum Iu nctIon temperat ure of 200 .,C and Iu ncIIon CO•case thermal resist ance of SO' C wau ld erat 1n9 
fac tor of 20 mW "'CJ Junc tion -1o•amb1em therma l res1s1ance of 2 19 .,C watt l dercmng fac1or of 4 56 mW "'Cl 

I 4 t Rat ings refer to a high cu,ren1 point w he re collec tor , to -em1rnu voltage 1s to we sI 

(SJ Pu lse Co nd1t1ons len91 h • 300µsec duty cycle= 1"-t, 

t 6) See sw 1Ich,n 9 CHCU1t lor exa cI val ue of IC· 1
61 

and 1
82 

SC H EMATIC 

FIGURE 1 - SWITC HING TIME TEST Cl RCUIT 

JO Y •lOV 
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OUTY CYCU: '1', 

YINt' IOOu 

'":° 62\! 
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I 
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2N706 2N706A 2N706B® 
SILICON SWITCHING TRANSISTOR 

HIGH-SPEED NPN SILICON 
PLANAR EPITAXIAL 
SATURATED SWITCHING 
TRANSISTOR 
For Improved Performance See ITT 2N2368. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS 

Collector-to-Base Voltage ...... .. . 
Collector-t o-E mitter Voltage .· .. .... . 
Emitter-to-Base Voltag e .. . ... .... . 
Operating Junction Temperature ... • 
Storage Temperature ..... . .. .... . . 
Po @ Te = 25°C .... . . . .. . ..... . 
Po @ TA = 25°C . . · . ... .... ..... . 

25 
15 

3 
200 

- 65 to + 200 
1.0 
0.3 

UNITS 

Volts 
Volts 
Volts 
oc 
oc 
Watt 
Watt 

DIMENSI ONS 

T0-1 8 

ELECT,RICAL CHARACTERISTICS (25C 0 free air unless otherwise noted) 

SYMBOL MIN . MAX. UNI T CONDITIONS 

BVeso 25 Vdc le= 1.0µA 

VeeR 20 Vdc le= 30mA, Rse= 1 On pulsed 

BVeso 3 Vdc le= 10µA 

hfe 20 lc=10mA, Vee=1.0V 

Vce(sat) 0.6 Vdc le= 1 OmA, la= 1.0mA 

Vae(sat) 0.9 Vdc le= 1 OmA, la= 1.0mA 

leao 50 nA Ves= 15V 

leao 30 µA Vea= 15V, TA= + 150°C 

Cob 6.0 pF Vea= 1 OV 

hr. 2 le= 10mA, Vee=15V, f = 100MHz 

tpd 5 11 ns lc= 4.5mA 

t, 60 ns lc= la1= la2=10mA, Vee=10V, Rl= 1 Kn 

NOTE: Pulse width :'.S; 300 µsec, duty cycle :'.S; 2%. 
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2N706, 2N706A , 2N706B 

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

SYMBOL MIN. MAX. UNIT CONDITIONS 

BVeso 25 Vdc le= 10µA 
LVm 20 Vdc le= 1 OmA, Rse= 1 On pulsed 
BVeso 5 Vdc I,= 1 OµA 
hfe 20 le= 1 OmA, Vee= 1 V 
Vce(sat) 0.6 Vdc le= 1 OmA, Is= 1 mA 
Vs,(sat) 0.7 0.9 Vdc le= 10mA, ls= 1mA 
lceo 0.5 µA Vce=15V 
lceo 30 µA Vcs= 15V, TA= 150 °C 
Cob 5 pF Vee=5V 
h,. 2 le= 10mA, Vc,= 10V, f= 100MHz 
t, 25 ns le= le,= le2= 1 OmA, Vee= 1 OV, Rl = 1 KQ 
t., 40 ns le,= 3mA, le2= 1mA, v ,, = 3V, Rl= 270 n 
t.u 75 ns ls, = 3mA, ls2= 1mA, v ,,= 3V, Rl= 270 n 

ELECTRICAL CHARACTERISTICS (25 °c tree air unless otherw ise noted) 

SYMBOL MIN. MAX. UNIT CONDITIONS 

BVceo 25 Vdc le= 1 Oµ.A 

LVm 20 Vdc le= 1 OmA, Ra,= 1 On pulsed 

LVceo 15 Vdc le= 1 OmA pulsed 

BVeeo 5 Vdc le= 10µ.A 

hFe 20 60 le= 10mA, Vce= IV 

Vce(sat) 0.4 Vdc le= 1 OmA, le= 1 mA 

Va,(sat) 0.7 0.9 Vdc lc= 10mA, le=1mA 

Iese 0.5 µA Vee= 15V 

lceo 30 µA Vca=15V, TA= 150 °C 

lcER 10 µA V,,= 20V, Ree=100K 
I 

c •• 5 pF V,e- 5V 

hr. 2.0 lc= 10mA, V,,= 10V, f= 100MHz 

rb / 50 ohms le= 1 OmA, Ve,= 15V, f= 300MHz 

T, 25 ns le= le, = ls2 = 1 OmA, Vee= 1 OV, Rl = 1 Kn 

t., 40 ns Is, = 3mA, In= 1 mA, V cc= 3V, R, = 270 !'2 

t.u 75 ns Is, = 3mA, l,2= 1 mA, V,, =3V, R,= 270n 

NOTE: Pulse width :s; 300 µsec, duty cycle :s; 2%. 
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2N708<l) 
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 Volta ge . .. . . .. • . 
Collector-to - Emitter Volt age ....... . 
Emitter-to-Base Voltag e . .. ...... . . 
Operating Junction Temperature ... . 
Storage Temperature .... .. ....... . 
Po @ Tc = 25°C ...... ... .. . . . . . 
Po @ T,., = 25°C ...... .. .. . . . .. . 

40 
15 
5 

200 
-65 to + 200 

1.2 
.36 

UNITS 

Volts 
Volts 
Volts 
•c 
•c 
Watts 
Watt 

T0-18 

ELECTRICAL CHARACTERISTICS (25 °c free air unless ot herwise noted) 

SYMBOL MIN. MAX . UNIT CONDITIONS 

BVeeo 40 Vdc le= 1µA 

LVm 20 Vdc le= 3mA pulsed, Rae= 1 On 

LVc,o 15 Vdc lc=30mA pulsed 

BVeeo 5 Vdc le= 10 µA 

h,e 30 120 lc= 10mA, Vee= 1V 

h,e 15 lc= 0.5mA, Vc,= 1V, T,.,= - 55 °C 

h,e 15 le=10mA, Vee= 1V 

Vce(sat) .40 Vdc lc= 10mA , le=1.0mA 

Vce(sat) .40 Vdc lc= 7mA, la= .7mA, T,.,=+ 125 °C 

Vae(sat) .72 .80 Vdc le= 1 OmA, 18= 1.0mA 

V,.(sat) .90 Vdc lc= 10mA, 1,=1.0mA, T,.,= -55 °C 

lceo 25 nA Vcs= 20V 

leso 15 µA ve. = 20V. T. = + 15o • c 

leeo 0.1 µA Ve,= 4V 

lcex 10 µA Vce= 20V,Vee= ,25V TA=125 °C 

c •• 6 pF V,. = 10V 

h,, 3 lc= 10mA, Vce= 10V, f = 100MHz 

r. 50 ohms le= 10 mA, Vee= 10V, f = 300MHz 

'T, 25 ns le= le1= le2= 10mA 

toa 40 ns lc= 1QmA, Is, = 3mA, Ves= 2V 

t.u 75 ns le= 1 OmA, le,= 3mA, le2 = 1 mA 

NOTE: Pulse width ~ 300 µsec , duty cycle ~ 2%. 12-104 



2N744(F) 
SILICON SWITCHING TRANSISTOR 

HIGH SPEED NPN SILICON PLANAR EPITAXIAL 
SATURATED SWITCHING TRANSISTOR 
For Improved Performance See ITT 2N2369 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS UNITS 

DIMENSIONS 

Collector-to-Base Voltage . ..... . . . 
Collector-to-Emitter Voltage ... .. . . . 
Emitter-to-Base Voltage .... . . . . .. . 
Operating Junction Temperature. , .. 
Storage Temperature .. . , .... . , .. .. 
Po@ Tc = 25°C ... , . . . .... •.. . . 
Po@TA = 25°C , , , .. , . , . . , . .. , , 

20 
12 
5 

200 
-6 5 to + 200 

1.0 
0,3 

Volts 
Volts 
Volts 
oc 
oc 
Watt 
Watt T0-18 

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

SYMBOL MIN. MAX. UNIT CONDITIONS 

BVeso 20 Vdc lc= 1µ.A 
LVceo 12 Vdc le= 1 OmA pulsed 
BV,so 5 Vdc le= 1 0µ.A 
h,e 20 lc= 1.0mA, Ve,= 0.25V 
h,, 40 120 lc= 10mA, Ve,= 0.35V 
h,, 20 le= 1 OOmA, Ve,= 1.0V oulsed 
h,, 20 lc= 10mA, Vc, = 0.35V, TA= -55 °C 
Ve,(sat) 0.35 Vdc lc= 10mA, ls= 1mA, TA= 170 °C 
Ve,(sat) 1 Vdc le= 1 OOmA, Is= 1 OmA, TA= 170 °C pulsed 
V.,(sat) 0.65 0.85 Vdc lc= 10mA, ls= 1mA 
V.,(sat) 1.5 Vdc le= 1 OOmA, Is= 1 OmA pulsed 
Ve,(sat) 1.1 Vdc lc= 10mA, ls= 1mA, TA= - 55°C 
Ve,(sat) 1.6 Vdc le= 100mA, ls= 10mA, TA= - 55°C pulsed 
lcso 1 µ.A Ves=20V 
bo 30 µ.A Vce= 10V, Vee=0.35V, TA= 100 °C 
Ices 1 µ.A Vce= 20V 
Ices 100 µ.A Ve,= 20V, TA= 170 °C 
Cob 5 pF Vee=5V 
hr. 2.8 le= 10mA, Vc, = 10V, f=100MH z 
T, 18 ns le= Is, = ls2= 1 OmA 
ton 12 ns le= 1 OOmA, 18, = 40mA, 182 = 20mA 
too 16 ns le= 10mA, ls, = 3mA, l82= 1.5mA 
t.n 45 ns le= 1 OOmA, Is, = 40mA, ls2=20mA 
t.r; 24 ns le= 10mA, 18, = 3mA, le2= 1.5mA 

NOTE: Pulse width $ 300,.s ec, duty cycle $ 2%. 
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2N753Q:, 
SILI CON SWITCHING TRANSISTOR 

HIGH-SPEED NPN SILICON PLANAR EPITAXIAL 
SATURATED SWITCHING TRANSISTOR 
For Improved Performance See ITT 2N2369. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTER ISTICS 

Collector-to -Base Voltag e . ... .... . 
Collector-to-Emitter Voltage .. .. . • .. 
Emitter-to-Base Voltag e . .... . . . . . . 
Operating Junction Temperature ... . 
Storage Temperature ... . . ... ..... . 
P0 @ Te = 25°C ..... ... .. . .... . 
Po @ TA = 25°C .. . ....... ..... . 

25 
15 

5 
175 

-65 to +200 
1.0 
0.3 

UNITS 

Volts 
Volts 
Volts 
oc 
oc 
Watt 
Watt 

DIMENSIO N S 

.IOO LEAD 
CIRCLE 

ELECTRICAL CHARACTERISTICS (25°C free air unless othe rwise noted) 

SYMBOL MIN. MAX. UNIT CONDITIONS 

BVeao 25 Vdc le= 10µA 

LVc,• 20 Vdc le= 1 OmA, R.,= 1 OP. pulsed 

LVe,o 15 Vdc le= 1 OmA pulsed 

BV,so 5 Vdc le= 10µA 

h" 40 120 le= 1 OmA, Ve,= 1.0V 

Vc,(sat) 0.6 Vdc le= 10mA, ls=1.0mA 

v,,(sat) 0.7 0.9 Vdc le= 10mA, 1a= 1.0mA 

lcao 0.5 µA Vcs=15V 

leao 30 µA Vca= 15V, T_.= 150 °C 

le .. 10 µA Vc,= 20V, R.,= 1 OOKP. 

Co1, 5 pF Vcs=5V 

h,. 2 le= 10mA, Vce= 10V, f=100MHz 

Ts 35 ns lc= 10mA, l.,=1,, = 10mA, Vec= 10V 

t.,. 40 ns Vcc= 3V, RL=270P., l01 = 3mA 

toff 75 ns V cc= 3V, RL = 270!2, 101 = 3mA, l,2 = 1 mA 

NOTES: Pulse w idth :$ 300µsec, duty cycle :$ 2%. 
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Package: T0-18 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristics Unit 

Storage Tempe rature . -6 5°C to +300°C 

Operat ing Junction Temperature ....... 175 °C Maximum 

Total Device Dissipation 

(g, Tc = 25°C (Notes 2 and 3) ................ ..... 1.0 Watt 

(g, TA = 25°C (Notes 2 and 3) ....... . .... 0 .3 Watt 

Co llect or -Base Voltage........ .............. . ...... 40 Volts 

Co l lector -Eminer Vo ltage 

IR8 e = 10!!) ...................................................... 20 Volts 

Eminer-3ase Voltage ..................... . . . 5 .0 Volts 

Co l lector Current . . ....... 200 mA 

2N783 ® 
HIGH-SPEED NPN SILICON 
SWITCHING TRANSISTOR 

ELECTRICAL CHARACTERISTICS (TA= 25°Cunlessotherwisenoted) 

Symbol Min Max Unit Conditions 

20 60 le= 10mA.Vce = 1.0Volt 

Vce(sat) 0 .25 Volt le"' lOmA.ls 1.0 mA 

Vse1sat) 0 .7 0 .9 Volt lc"'lOmA . I8 1.0 mA 

1cso 250 nA le = o. Vea "' 25 Volts 

Icao(1 so0 c) 30 µA le = 0. Veg = 25 Volts 

2 .0 le= 10 mA . Vee= 10 Volts 

3 .5 pf l e= o. Vea"' 1ovo Its 

ts 10 nsec le= 10 mA . Vee = 10 Volts (No te 4) 

16 nsec ls1 = 3.0mA. ls2 = 1.0mAINote5) 

toff 30 nsec 131 = 3.0mA . I32 1.0mAINote5) 

BVcso 40 Volts le= 0. le= 100µA 

20 Volts lc = l .OmA.VsE=O 

BVEBO 5.0 Volts le= 0. IE= 100µA 

NOTES: 

( l) The se 1at1ngs are l1m 1t1ng va l ues above whi ch 1he serv,ceab,hty of any ind1v 1dual sem 1co11duc tor dev •Ce may be 1mpaueC1 

12) These are steady stale hm1ts The factory should be consulted on appl1cauons 1nvolv1ng pulsed or low duly cycle operations 

13) These ratings give a max imum 1unc11on temperature of 175 ° C and 1unc11on-10-case 1herma1 resista nce o f t soc.c Wa tt (de ra1m9 

fact or of 6 .67 mW /° Cl. 1uncuon-10 -amb 1en1 thermal res istan ce of 500 ° C/Wau (de1a11ng factor of 2 0 mW• : C} 

(41 181 = I0mA . 18 2-= 10mA.Rl =- 1K! ! . [sceF,gure2) 

(5) Vee= 3 OVolls . RL = 270 !? . (see F,gu,e 1l 
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2N783 

CIRCU IT DIAGRAM 

FIGURE 1 TURN-ON AND TURN -OFF CIRC UI T 

FROM 
M:xtel 303 
Lurnatr on Mercury 
Relay Pulse Generator 
or equivalent. 
I Source I rnpedance 
equal 50 rn 

ton 
vBB • - 4Vdc 
Vin , •21 Vp-p 

j__ __ _ 

5K .01 µf 

son . I µf 

.01 µf 

• l µf 

2700 

Vee· 
3Vdc 

tofl 

TO 
Model 12 - AB 
Lumatron Sa rnpli ng 
Osei lloscope 
or equivalent 

vBB, -17Vdc 

Vin • - 20Vp-p 

~l Oo/o ,, 

-20~n T 90,. 

lvnul 

toff I-=-

FIGURE 2 STORAGE T IME CIRCU IT 

"A" 89011 
,-- ¥./1,---,.-- -~ o) 

Vin .1 µf 
FROM 
Model 303 
Lumatron Mercury 
Relay Pulse Generator 
or equivalent. 
, Source I rnpedance 
equal 50Ql 

0~ V 
~~ -r 

6811 

VBB . 
l l Vdc -

Vin Rise Time Less Than 1 nsec 

.0025 µI .0025 µI 

10 µf 10 µI 

-=-

Vee' 
lOVdc 

TO 
lrodel 12 - AB 
Lurnatron Sampling 
Osc i I lose ope 
or equivalent 

•6 Vdc-½ !Oo/o 
o~---- ~ - Pulse at Point "A " 

-4 Vdc 
vout 

s 
o/, 
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HIGH-SPEED NPN SILICON 
PLANAR EPITAXIAL 
SATURATED SWITCHING 
TRANSISTOR 
For Improved Performance See ITT 2N2368. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS 

Collector-to-Base Voltage .... . . .. . 
Collector-to - Emitter Vo ltage .... . . .• 
Emitter-to-Base Voltage .. ...... . . • 
Operating Junction Temperature ... . 
Storage Temperature ... . . .. . .... . 
Po @ Tc =25 °C ... . .. . ..... .... . 
Po @ TA =25°C .... . .. , . . , .. , . . , 

30 
12 
5 

175 
-65 to + 200 

1.0 
0.3 

2N784(!) 
SILICON SWITCHING TRANSISTOR 

UNITS 

Volts 
Volts 
Volts 
oc 
oc 
Watt 
Watt 

DIMENSIONS 

.100 LEAD 
CIRCLE 

T0 -18 

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

SYMBOL MIN. MAX. UNIT CONDITIONS 

BVceo 30 Vdc 1,= 100µA 

BVm 15 Vdc lc= 10µA, Re,= 1011 

BVEBo 5 Vdc 1,= 1 0OµA 

hFE 25 le= 1 0mA, v,, = 1 0V 
Vce(sat) 0.19 Vdc lc= 10mA, le= 1mA 
Vee(sat) 0.7 0.9 Vdc le= 1 0mA, le= 1 mA 
lceo 250 nA V,e= 25V 
lceo 30 µA v, e= 25V, TA=15 0°c 
Cob 3.5 pF Vee= 1 0V 
h,. 2 lc=1 0mA, Vce=1 0V, f=100MHz 
t, 15 ns lc= le1=le2=10mA, Vcc= 10V, RL=1 Kn 

t.. 20 ns le,= 3mA, le2= 1mA, v,, = 3V, RL= 270n 
t ... 40 ns le,= 3mA, le2= 1mA, Vcc= 3V, R,= 270n 
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2N834~ 
SILICON SWITCHING TRA NSISTOR 

HIGH-SPEED NPN SILICON 
PLANAR EPITAXIAL 
SATURATED SWITCHING 
TRANSISTOR 
For Improved Performance See ITT 2N2369 . 

ABSOLUTE MAXIMUM RATINGS 
CHARACTE RISTICS 

Collector-to-Base Voltage ... . . ... . 
Col lector-to-Emitter Voltage ..... . . . 
Emitter-to-Base Voltage .. , ....... . 
Operat ing Junction Temperature ... . 
Storage Temperature . . . ..... . . . .. . 
Po@ Tc = 25°C .. ........ ... ... . 
Po @ TA = 25°C ..... ..• ..... . . •. 

40 
25 
5 

175 
- 65 to +200 

1.0 
0.3 

UNITS 

Volts 
Volts 
Volts 
oc 
•c 
Watt 
Watt 

DIMENSIONS 

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

SYMBOL MIN . MAX. UNIT CONDITIONS 

BVcso 40 Vdc lc=10 0µA 
BVc,s 30 Vdc lc=1 0µA 
BV,.o 5 Vdc 1,=1 00µA 

hfE 25 le= 10mA, Ve,= 1.0V 
Vc,(sat) 0.25 Vdc lc=1 0mA, le= 1.0mA 
Ve, (sat) 0.4 Vdc lc=50 mA, ls=5 .0mA pu lsed 
v .,( sat) 0.9 Vdc lc=1 0 mA, ls= 1.0mA 

lcso 0.5 µA Ves=20V 
lcso 30 µA Vce=2 0V, TA= 150 °C 
Cob 4 pF Vce= 10V 
h,. 3.5 le= 1 0mA, Vee= 15V, f = 100MHz 
T, 25 ns le= 1 0mA, le,= Is,= 1 0mA 
t.., 35 ns le= 10 mA, Is, =3mA, ls,=1 mA 
t.u 75 ns le= 10mA, la,=3mA, le2=1fnA 

NOTE: Pulse width ::, 300 µsec, duty cycle ::, 2%. 
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HIGH-SPEED NPN SILICON 
PLANAR EPITAXIAL 
SATURATED SWITCHING 
TRANSISTOR 
For Improved Performance See ITT 2N2369. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERIST ICS 

Collector-to-Base Voltage ....... . . 
Collector-to - Emitter Voltage ...... . 
Emitter-to-Base Voltage .... . . . ... . 
Operating Junction Temperature . .. . 
Storage Temperature .. . .......... . 
Po @ Te =25 °C . ...... , . . . ... . . . 
Po @ TA =25 °C .. . 

25 
15 
3 

175 
- 65 to +200 

1.0 
0.3 

2N835~ 
SILICON SWITCHING TRANSISTOR 

UN ITS 

Volts 
Volts 
Volts 
oc 
oc 
Watts 
Watts 

DIMENSIONS 

.100 LEAD 
CIRCLE 

ELECTRICAL CHARACTERISTICS (25°c tr,ee air unless otherwise noted) 

SYMBOL MIN. MAX. UNIT CONDITIONS 

BVc,o 25 Vdc le= 10µA 

BVees 20 Vdc lc=10µA 

BVrno 3 Voe le= 10µA 

h,. 20 le= 1 OmA, Ve,= 1 V 

Vc.(sat) 0.3 Vdc le= 10mA, 1a= 1mA 

Va,(sat) 0.9 Vdc le= 1 OmA, la= 1 mA 

lcao 0.5 µA Vea=20V 

lcao 30 µA Ve,= 20V, TA= 150 °C 

Cob 4 pF Ves= 10V 

h,. 3 le= 10mA, Ve.= 15V, f = 100MHz 

Ts 35 ns le= 1 OmA, Is,= 182 = 1 OmA 

t.,., 20 ns le= 10mA, ls1=3mA, l,2= 1mA 

t.1, 35 ns le= 1 Om A, I" = 3mA, l,2 = 1 mA 
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2N914 ® 
Package , T0 -18 

N PN SILICON SATURATED SWI TCH A ND VHF A MPLIFIE R 

AB SOLUT E MAXIMUM RATINGS 

Cha racteri sti cs Un it 

Collector•Base Voltage ..................................... 40 Vol ts 

Collector · Emitte r Vo ltage 

Rae ~ 1 O ohms (Note 4 ) ...... . ......... 20 Vol ts 
Collector• Em itte r Vo ltage (Note 4) ................... 15 Volts 

Emitte r·Base Voltage ......................................... 5.0 Volts 

Tota l Dissipatio n <!!: 

Tc= 2 5° C (Notes 2 and 3) ......................... 1.2 Watts 
Tc = 10 0°C( Notes2and3 ) .................... 0 .68Wa tt 

TA = 2 5° C (Notes 2 and 3) ...................... 0 .36 Watt 
Stor age Temperature ....................... - 65 ° C to +300 ° C 
Operating Junct ion Tempe rature ....... 200 ° C Max imum 

Lead Temperatu re 
(Solder ing. No Time Limit) ........... 300 ° C Max imum 

ELECTR ICA L CHAR AC TERI STICS (TA = 25 ° C unless otherw ise noted ) 

Symbol Min Typ Ma x Unit Cond it ions 

hfE 30 55 120 le = 10 mA . Ve e = 1.0 Volt (Note 5) 

hFe(- 55 °C) 12 28 le= 10 mA. Vc E = 1.0 Volt (Note 5) 

hFE 10 17 le = 500 mA. VcE = 5.0 Volts (Note 5) 

VBE (sat) 0 .70 0.74 0 .80 Vo lt le= 10 mA . l9 = 1.0mA 

VcE(sat) 0 .40 0 .70 Vo lt le= 20 0 mA . 19 = 20 mA 

V CE(sat) 0.20 0 .2 5 Volt le = 10 19 (Not e 6) 

hre 3 .0 3.7 le = 20 mA . VcE = 10 Vo lts 

Cobo 4 .5 6.0 pf IE = 0. Vea = 10 Volts 

c ibo 90 pf le = 0 VeB = 0 .5 Volt 

1cso 4 .0 25 mµA l e = o . Ve a = 20 Vo lt s 

lcso ! 15o ocl 3.0 15 µ A IE = 0 . Vea = 20 Volts 

BVc ao 40 Volts le= 1 0µA. le= 0 

VCER(s ust) 20 Volts le = 30 mA (pu lsed) . Ase~ 10 oh ms 
(No tes 4 and 5) 
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2N914 

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

Symbol Min Typ Max Uni t Conditions 

VCEO(sust) 15 Volts le= 30 mA (pulsed). Is = 0 

(Notes 4 and 5) 

BVEBO 5.0 Volts lc =0.I E =1 0µA 

1rno 0 .007 0.1 µA le = 0. VEB = 4 .0 Volts 

lcEx( 125oc) 3 .0 10 µA VcE = 20 Vo lts. VsE = +0 .25 Volt 

Ts 13 20 nsec le= Is 1 :::::: 20 mA. 

' 02:::::: -20 mA (Notes 7 and 8) 

1d + r 25 40 nsec le:::::: 200 mA. ls1 :::::: 40 mA 

(No te 8) 

1s + f 25 40 nsec lc::::::200mA . ls1 :::::: 40 mA . 

' 02:::::: -20 mA (Note 8) 

NOTES: 

111 These rat ings are hmit,ng va lues above wh ic h the serv 1ceab1h1'( of any 1nd 1v1dua l sem1cond ucto, dev ice may be 1mpaued 

(2 1 The se are steady stat e 1,mus The fac tory should be consu lted o n app l 1ca11ons 1nvolv 1ng pulsed or lo w d uly cyc le o perations 

(3) Thes e ,a1 1ngs g ive a ma:o mum 1unc1 1on temp erature of 200 cc and 1vnct,on •to •case the rmal resistan ce of 145 - c w an Cc1erat 1ng 

factor of 6 9 mW, 1.:c1 1uncoon •to •amb1enl thermal res istan ce of 486 cc wan l<fera111•g factor ol 2 1 mW •~ Cl 

(41 Raung refers 10 a high current point where colle c1or•to •em,tter voltage 1s lowest 

(51 Pulse Cond11,on s leng th = 300µ sec . duty cycle = 1% 

161 IC = 1 0 mA through 20 mA 

171 Measured on Samphng Scope PW~ 200 nsec 

(8) See sw11ch1ng cI rcu11s fo1 exac t values of le . 181 . and 182 

I 
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2N2368 2N2369® 
SILICON SWITCHING TRANSISTORS 

HIGH SPEED NPN SILICON 
PLANAR EPITAXIAL 
SATURATED SWITCHING 
TRANSISTORS 
• High f,: 650 mHz, typ. 

• High Gain: 40 min. ® lc=10mA 

• Low c.b: 4pf max. @ Vc.=5V 

• Low Ton = 9 nsec typ. 
• Low t.u = 1 3 nsec typ. 

The ITT 2N2368 and 2N2369 are NPN silicon planar epitaxial 
saturated swit ching transistors for applications at current ranges 
from 0.1 to 100 mA. High gain and narrow base rer:iion provi de 
excellent radiation resistance. They can operate at clock rates 
above 10 MH z for commercial computer applications. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS 

Collecto r-t o -Base Voltage ..... . .. ... ... ... .. . . .. . . . .. . ..... . .. . ..... . 
Collecto r-t o -Emitter Volt age (shorted base) ... . ... .. .... . •. . •. . .. . • . .. . . . 
Collecto r-t o -Emitter Voltage (open base) ... . . . .. . .... ... . . .. . .. . .. . .. . . . 
Emitter-t o -Base Voltage . ....... ... . . . .. .... . .. ... . ... . . . ...... . ... •. . 
Collecto r Current (10 µsec. pulse) . ..... ... .. .. • .. ....... .. .. ... ... ..... 
Junctio n Temperature (op. and stg.) ...... . . • . . . •. . . . . .... .. . .. . .. . . . ... 
Total Power Dissipat ion @., Tc= 25°C .... .. . .. . .. .. . . ... ... . . ....... . . . . 

(derate 6.8 mW/°C above 25°C) 
@; Tc = 100°C . • .. .. . . . . . . . . • .. • ......... .. •.. 

Total Power Dissipat ion @ TA = 25°C ... • ...... . • ... . . . .. . .. . ......... 
(derate 2.06 mW/°C above 25°C) 
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DIMENSIONS 

100 LEAD 
CIRCLE 

T0-18 

UNITS 

40 Volts 
40 Volts 
15 Volts 
4.5 Volts 

500 mA 
- 65 to +2 00 •c 

1.2 Watts 

0.68 Watts 
0.36 Watts 



2N2368 2N2369 

ELECTRICAL CHARACTERISTICS @, 25°C unless otherwise noted. 

SYMBOL M IN. TYP. MAX. UNIT 

h,. I ) 
20 60 
40 120 

10 
20 

10 
20 

Ve, (sat) 0.2 0.25 Vdc 

Vs, (sat) 0.7 0.75 0.85 Vdc 

ICJO 0.1 0.4 µA 
10 30 µA 

fT 650 MHz 

Cob 2.5 4.0 pf 

Ts 2 
( charge storage 

time) 5 10 nsec 

t,., (2) 9.0 12 nsec 

tott 2 

10 15 nsec 
13 18 nsec 

BVeao 40 Vdc 

BVe,s 40 Vdc 

Vc,o(sust) 15 Vdc 

BV,.o 4.5 Vdc 

NOTES: 1. Pulse measurement: width $ 300 µsec, duty cycle $ 2%. 
2 . See switching circuits for exact le, let, and la2-
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CONDITIONS 

le= lOmA, Ve,= lV 
2N2368 
2N2369 

ic=10mA, Ve,= lV , 
T = - 55°C 

2N2368 
2N2369 

le= 1 OOmA, Ve,= 2V 
2N2368 
2N2369 

le= lOmA, I0 = 1mA 

lc= 10mA, la=l mA 

Vea=20 V, l,=O 
Vea= 20V, I,=0, 

T = 150°c 

Vce = lOV , lc=10mA 

Vce=5V, le= O 

lc=la , ::: 10mA. C .. ;.R<:;£ SlQR.\.G( 11•.H 
MfASUAfMW1 C1ACUIT 

la,::: - 10mA 
~\_;;_ al[ ;:.::::~, I 
--~ -
.:~ 

lc=10mA, I-:>- ~• ME.ASUFIEM(N'f CUIC011 

la,:::3mA ·--=n=........:-- . ..Ef= .. ~- ~;::: .. ,.:'.j:=::::; 

·--··- ~~~, .... 

I] le 10mA, 
le, 3mA, 
ls2 ::::-1.5mA -2N2368 

2N2369 . 

le= 10µA, I, = 0 

le= 10µA, la=O 

lc = 10mA, I, = 0 

I,= 10µA, le= O 

I 



2N2368 2N2369 

TYPI CAL CHARACTERI STICS 1 

HIGH VOLTAGE COLLECTOR CHARACTERISTICS 
./j -, 1 ~1 

i-- / I 
frlOO •C -

~ , I 
• 4 1 --- i/ } [ I --.., Q5f1\0 

17 7 7 - ·- f--T .... 3 - 17 z 04f11.0 1~ w 
a: l V / I a: -::, 

.0}1'1'10 V 2 
V I 0: I 

0 .... 02mo - I 
V 
w I \, ... j .L.../ \ 
0 
V l 19 • 0 \__ 

0 
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,_ 
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0: 
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::, 
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COLLECTCfl VOLTAGE (VcEI VOLTS 

19•0 
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COLLECTOR VOLTAGE (VCE) VOLTS 

12 

COLLECTOR VOLT,AGE{VCEl VOLTS 

NOT E: Single l amily characcerist ics on Transistor Curve Tracer 
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2 
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CHARACTERISTICS 
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TYPICAL CHARACTERISTICS, cont inued 

PULSE DC CURRENT GAIN VS COLLECTOR CURRENf -. I I 111 z 
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2N2368 2N2369 

SATVRATJON RECilON SASE CHARACTERISTICS 

l 80mA 
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.. I •em•// / E 20mA j 
y 200 
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2N2368 2N2369 
TYPICAL CHARACTERISTICS, continued 

<! 
E ·10 

~ 
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2N2369A® 
SILICON SWITCH ING TRANSISTOR 

HIGH SPEED NPN SILICON 
SATURATED SWITCHING 
TRANSISTOR 
• High fr: 675 MHz, typ. 
• High Gain: 40 min. @ lc=10 mA 
• Low c.b: 4 pf max. @, V ca= 5V 
• Low t .. : 9 nsec typ.; 
• Low t.11: 13 nsec typ. 

The ITT 2N2369A is a NPN silicon planar epitax ial 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. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Collector-to-Base Voltage ..... . ............ • ... . ...... . .... . ..•. . . .. .. . 
Collector -to-Emitter Voltage (shorted base) .. ...... .. • . ... ... . . .... . • ...... 
Collector-to-Emitter Voltage (open base) ....... .. .. . • . . .. .... . . .• . .. ...... 
Emitter-to-Base Voltage ... .. . .... . .... . . . ....... •. . . ....... . ... . ... . ... 
Collector Current (continuous) ....... ..... .. . . . ... • .. ..• .. .... . . .. • ..... 
Collector Current (10 µsec pulse) ... ...... . .................. . .. .. ...... . 
Junction Temperature (op . and stg.) ... . ..•. .... ... . .. .... . . . ... .. . • .. • ... 
Total Power Dissipation @, Tc= 25°C . .... . .. • . . ........ . . . .. .. • . . .. . •. . , 

(derate 6.8 mW/°C above 25°C) 
@' Tc = 1 00°c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . 

Total Power Dissipation @, TA= 25°C ........ • ... ..• . . .... . . . ......... ... 
(derate 2.06 mW/° C above 25°C) 
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,100 LEAD 
CIRCLE 

UNITS 

40 Volts 
40 Volts 
15 Volts 

4.5 Volts 
200 mA 
500 mA 

- 65 to + 200 ·c 
1.2 Watts 

0.68 Watts 
0.36 Watts 
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2N2369A 

ELECT RICAL C HARACTERISTICS @, TA=25°C unless otherwise noted 

SYMBOL 

h,,' 

Ve,(sat) 

V,e(sat) 

Ices 

leeo 

fr 

Coo 

1"5 

( charge storage 
time) 

ton 

tou 

BVeeo 

BVm 

Ve,o(SUSt) 1•2 

BVuo 

MIN. 

40 
40 
20 

30 
20 

0.7 
0.59 

500 

40 

40 

15 

4.5 

TYP. 

66 
63 
50 

71 

0.14 
0.19 

0.17 
0.28 

0.8 

0.9 
1.1 

0.05 

10 

675 

2.3 

6.0 

9.0 

13 

MAX. 

120 
120 

0.2 
0.3 

0.25 
0.5 

0.85 
1.02 

1 .15 
1.6 

0.4 

30 

4.0 

13 

12 

18 

UNIT 

Vdc 
Vdc 

Vdc 
Vdc 

Vdc 
Vdc 

Vdc 
Vdc 

µA 

µA 

M Hz 

pf 

nsec 

nsec 

nsec 

Vdc 

Vdc 

Vdc 

Vdc 

CONDITIONS 

le = 10mA, Vee=1V 
le = 10m A, Ve,=0.3 5V 
le= 10mA, VCE= 0.35V, 

T= -55 °C 
lc= 30mA, Vee=0.4V 
le= 100mA. Ve,= 1V 

le= 10mA, 1,= 1mA 
le = 1 0mA, la= 1 mA, 

T = 125°C 
lc= 30mA, 1a= 3mA 
le = 1 00mA , 1, = 1 0mA 

lc =1 0mA, 1, = 1mA 
lc = 10mA, lc= 1 mA, 

T = -65 to +1 25°C 
le= 30mA, la= 3mA 
le= 100mA, 1,=10mA 

Ve, = 20V, V., = 0 

Ve,= 20V, le= 0, 
T = 150 °C 

Vee= 10V, le = 10 m A 

Vea= 5V, le= 0 

CHARGl STORAGl t1M£ ~{ASUA[M(NT CIRCUIT 

lc= la, ::: 10mA, . 

l,2 :::-10mA ... m· .: .. ·- -·: ... 

.. ~ - .... ·• · .. 
::-:.:~=-= .~· ... 

lo,, to-• MEASUR(MENT CIRCU1T 

le ::10 mA 
le,:::3mA 

le :: 10mA 
la,;: 3mA 
la, :: -1.5 mA 

le= 10µA, 1,= 0 

lc=1 0µA. v .,= o 

lc= 10mA, 1,= 0 

1,= 10µA, le= 0 

·y:~:~ 
i:~:-~· 

NOT ES : 1. Pulse measurement: width :, 300 µsec, duty cyc le :,; 2%. 2. Rating refers to a high-current point where collec to r-to-emitter 
voltage is lowest . 
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2N2369A 

TYPICAL COLLECTOR CHARACTERISTICS ' 

COLLECTOR CURRENT COLLECTOR CURRENT 
VERSUS COLLECTOR VOLTAGE VER.SUS COLLECTOR VOLTAGE 
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2N2369A 

TYPICAL COL LECTOR CHARA CTERISTICS, continued 
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TYPICAL ELECTRICAL CHARACTERISTICS 
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2N2369A 
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2N2369A 

TYPICAL CHARACTERIS TICS, cont inued 
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Package: T0· 18 
2N2710 

HIGH-SPEED NPN SILICON SATURATED 
SWITCHING TRA-N_SISTOR 

ABSOLUTE MAXIMUM RAT I NGS 

Characteristics Unit 

Collector -Emitte r Voltage .................................... 20 Volts 
Collector-Emitte r Voltage ....... , ............................ 30 Volts 

Collector-Base Voltage ........................................ 40 Volts 
Emitter-Base Voltage .......................................... 5.0 Volts 

Collector Current - Continuous .......................... 500 mA 
Total Device Dissipation @ TA = 25 ° e ........ 0 .36 Watt 

Derate above 25 ° e .................................... 2 .1 mW/ °C 
Total Device Dissipation @ Tc = 25 ° e .......... 1.2 Watts 
Operating Junction Temperature Range ........ +200 ° C 
Storage Temperature Range ............... - 65 to +200 ° C 

ELECTR ICAL CHARACTERISTICS (TA = 25 ° C unless otherwise noted) 

Symbol Min Ma x Unit Conditions 

svcrn 20 Volts le= 10 mA . I8 = o 

BVees 30 Volts le= 10µA . VsE = 0 

sveso 40 Volts le=10µA . IE=O 

svrno 5.0 Volts le=10µA . lc=O 

Ieso 30 µA Ves = 20 Volts. le= o 
Ieso 30 µA Vcs = 20Volts . le = 0 , TA= +150 ° C 

Ieso 1.0 µA Vse = 3.0 Volts. le= o 

hFE 40 le= 10 mA. Vee= 1.0 Volt 

hFE 40 le= 50 mA, Vee= 1.0 Volt 

Vee(sat) 0 .25 Volt le= 10mA, IB = 1.0mA 

Vee(sat) 0.4 Volt le = 50mA.IB = 5.0mA 

Vse(sat) 0 .9 Volt le = 10 mA , Is = 1.0 mA 

VBe(sat) 1.3 Volts le = 50 mA . Is = 5.0 mA 

tr 500 MHz le = 10 mA . Vee = 20 Volts. 
f = 100 MHz 

Cob 4 .0 pf Vcs = 10 Volt s. le = 0 , f = 4 .0 MHz 

12- 12 5 
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2N2710 

ELECTRICAL CHARACTER ISTIC S (TA= 25° e unless otherwise noted ) 

Symbo l Min Max Unit 

1on 20 

1off 35 

Is 15 

CIRCU IT DIAGRAM 

FIGURE 1 - STORAGE TEST CIRCUIT 
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+6 .0V U 

- 4 .0V 
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Z,n = 50ohms 

ns 

ns 

ns 
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Conditions 

Vee= 3.0 Volts, VsE (off) = 2 .0 Volts . 

le= 10mA.ls1 =3 .0mA 

Vee = 3.0 Volts, le = mA . 

181 =3 .0mA . I8 2=1 .0mA 

Vee = 10 Volts . le= Is 1 = ls2 = 10 mA 

FIG URE 2 - TURN ON AND T URN OFF 
TIME TEST CIRCUIT 
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Package: T0-18 

2N301 1® 

HIGH -SPEED NPN SILICON 
SATURATED SWI TCHING TRANS ISTOR 

The ITT 2N3011 is an NPN silicon planar ept iaxial transistor designed specifically for high -speed 

saturated switching applicat ions in the 50 - 100 me range at current levels from 100 microamperes 
to 100 milliampe res . It is suitable for most small -signal. RF. and digita l type circuits. 

ABSOL UTE MAXIMUM RATINGS (Note 1) 

Characte ristics Unit 
Collector-Base Voltage ........................................ 30 Volts 
Collector -Emitter Voltage .................................... 30 Vo lts 
Collector -Emitter Voltage (Note 4) .................... 12 Volts 
Emitter-Base Voltage .......................................... 5.0 Volts 

Total Device Dissipat ion@: 
Tc = 25 ° C (Notes 2 and 3) ........................ 1.2 Watts 

Tc = 100°C (Notes 2 and 3) ..................... 0.68 Watt 

TA = 25°C (Notes 2 and 3) ....................... 0.36 Watt 
Storage Tempe rature ...................... -65°C to +200 °C 

Operat ing Junction Temperatu re ....... 200°C Maximum 

Lead Temperature 
(Soldering . 60 sec Time Limit) ......... 300 ° C Maximum 

NOTES: 

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

121 These are steady state limits. The factory should be con 
sulted on applications involving pulsed or low d uty cycle 
ope r;;t ions. 

(3) These ratings give a maximum junct ion temperature of 
2Q0°C and junction-to-case thermal resistance of 
146°C/watt (derating factor of 6.85 mW/°C): junction
to-ambient therma l resista nce of 486°C /wau (derat ing 
factor of 2.06 mW/°C). 

(41 Rating refers to a high-current point where collector
to-emitte r voltage is lowest . 

(5) Pulse Condit ions: leng th = 300µsec : duty cyc le= 1%. 

(6) See swit ching circuits for exact va lues of le, 18 1, and 
1s2 · 

ELECTRICAL CHARACTER ISTICS (TA = 25°C unless otherwise noted) 

Symbol Min Typ Max Unit Conditio ns 

hFE 30 70 120 l e = 10 mA . VcE = 0.35 Vo lt (Note 5) 

hFE 25 75 le= 30 mA. VcE = 0 .4 Volt (Note 5) 

hFE 12 50 le = 100 mA. VcE = 1.0 Volt (Note 5) 

VCE(sat) 0.17 0.2 Volt le = 10 mA. 19 = 1.0 mA 

VcE(satl 0. 18 0.25 Vo lt le= 30 mA. Is= 3.0mA 

VCE(sat} 0.15 0.3 Vo lt le= 10 mA. ls= 1.0 mA 

VcE(sat) 0.3 0.5 Volt le= 100 mA. 19 = 10 mA 

VBE(sat) 0 .72 0.8 0.87 Volt le= 10 mA. Is= 1.0 mA 

VsE(sat) 0.9 1.15 Volts le= 30 mA . ls = 3 .0 mA 

"sE(sat) 1. 1 1.6 Volts le= 100 mA. 19 = 10 mA 

hte 4.0 6.5 le= 20 mA. VcE = 10 Volts 

Cob 2 .3 4 .0 pf IE= 0. Vcs = 5.0 Volts 
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2N301 1 

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

Symbol 

Iees 

le Es(e5oe) 

eveeo 

evees 

VeEO(su st) 

eVEeO 

T5 

1on 

1off 

SCHEMATIC 

Ou v,, 
• 10--

r111u GtMHIOf 
v_.R, .. Turi, .. l•uc 
S011ru 1m,,1dD11u • !!OJ\ 

Min 

30 

30 

12 

5.0 

v~ 

Typ Max Unit Conditions 

0 .05 0.4 µA VeE = 20 Volts. Vee = 0 

1.0 10 µA VeE = 20 Volts. VeE = 0 

Volts le= l0µA . le= 0 

Volts le= l 0µA, VEB = 0 

Volts le = 10 mA (pulsed). le = 0 

Volts IE = l00µA . le= 0 

13 nsec le= te 1 ~ 10 mA. 

'e2 ~ -10 mA (Note 6) 

15 nsec le ~ 30 mA. le 1 ~ 3 .0 mA (Note 6) 

20 nsec le~ 30 mA. le1 ~ 3.0 mA. 

le2 ::::: -3 .0 mA (Note 6) 

CHARGE STORAGE TIME-CONSTANT TEST CIRCUIT 

·.- non 01 

0 I soon 
50011 till 

~.ll 
I 00021 000 l I 

10 10. 

IIV IOV 

v.~, .. Tlllllt kn t!M111 IAU( 
PW a JOO tiff< 
o,,,, eye-. • t " 

t..·t.u MEASUREMENT CIRCUIT 

IJ(J\ v.,, ••v 
0 

••v--i- -- -;::== ::,:: 

•• Se111.01M.t 01c1llt1<.,• 
ll'lpv1 l111p14011ct • SO Q 
Ant T1fl'I• ~ l11n c 

v,n 0.1 lKO 
Pulse Sourtt ~ 1-- ..... .....,.,,._-< 
:~.:.n:i~ ·::nsec r., !l 

ro S."9flng scope 
Rise Timt c lnwc 
Input Z • IOOK 

z,n -son .,. .,. 
,..,, Vee • lV 

v88 er°""'"' 
v,n • Iv 
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Package : T0-18 

2N3115, 2N3116 
NPN HIGH-SPEED SILICON SWITCHING 

AND AMPLIF IER TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 

Collector-Base Voltage ........................................ 60 Volts 
Collector -Emitter Vo ltage .................................... 20 Volts 
Emitter -Base Voltage .............................................. 5 Volts 
Collector-Current ................................................... 600 mA 

Tota l Device Dissipation @ TA = 25°C ......... 1.8 Watts 
Derate above 25 ° C ..................................... 12 mW/ ° C 

Tota l Device Dissipation @ TA = 25°C ........... 0.4 Wan 
Derate above 25°C ................................. 2 .67 mW/°C 

Junction Temperature Range .............. -65 to+ 175°C 
Storage Temperature Range ................ - 65 to +200 ° e 

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

Symbol Min Max Unit Conditions 

1cso 0 .025 µA VeB = 50 Volts. IE = 0 

1eBo 15 µA VcB = 50 Volts. IE= 0. TA= 150 ° C 

1eEX 0 .050 µA VcE = 30 Volts . VsE = 0.5 Volt 

1BL 0050 µA VcE = 30 Volts . VsE = 0 .5 Volt 

8Vcso 60 Vo lts IC= 10µA .IE =O 

svern· 20 Vo lts le= 10 mA . pu lsed. Is= o• 

BVEBO 5 Volts IE= 10 µA. le = 0 

V CE(sat) . 0 .5 Vo lt le= 150 mA. ls= 15 mA • 

VsE(sat) • 1.3 Volts le= 150 mA . Is= 15 mA • 

hFE 40 120 le= 150mA.2N3115 

hFE 100 300 VeE = 10 Volts. 2N3 116 

cob 8 pF Vea = 10 Vo lts. IE = 0. f = 100 kHz 

td 20 ns Vee = 30 Volts. lcs = 150 mA. 

ls1 = 15 mA 

tr 75 ns Vee = 30 Volts. lcs = 150 mA. 

IB1 = 15 mA 
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2N3115, 2N3116 

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

Conditions Symbol Min Max Unit 

ts 300 ns Vee = 6 Volts. lcs = 150 mA. 

ls1 = 15 mA. ls2 = 15 mA 

tf 200 ns Vee = 6 Vo lts. lcs = 150 mA. 

ls1 = 15 mA. 18 2 = 15 mA 

tr 250 MHz le = 20 mA. Vee = 20 Vo lts. 

f = 100 MHz 

Pulse Test Pulse Width ~ 300 µs: Duty Cycle ~ 2.00/o 
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Package: T0-92 

2N3646® 
HIGH -SPEED NPN SILICON SATURATED 

SWI TCH ING TRANS ISTOR 

The ITT 2N36 46 is an NPN silicon planar epitaxial trans istor designed for logic and memory applications 

to 500 milliamperes. It featu res the unique combinat ion of 350 Mc fr minimum w ith a guaranteed 
300 milliampere collector saturation voltage of 0.5 volt. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristics Unit 

Collector -Base Vol tage .......... ............................ 40 Vol ts 

Col lector- Emitter Voltage .................................... 40 Volts 

Collector -Emitter Voltage (Note 4) .................... 15 Volts 

Emitt er-Bas e Vo ltag e .......................................... 5.0 Volts 
Tota l Dissipation @: 

Tc = 25°C (No tes 2 and 3) .......................... 0 .5 Watt 

TA = 25 ° C (Notes 2 and 3) .......................... 0 .2 Watt 
Storag e Temperature ....................... - 55 °C to + 125°C 

Operating Junction Temperature ... + 125 °C Maximum 

Lead Temperature 

(So ldering. 10 sec Tim e lim it ) ..... +260 °C Maximu m 

ToN and To,. TEST CIRCUIT 

Pulse Width ? 2«l n,ec 
t,. ~ < I.On,ec 
210 • 500 

v88 • -3.0V 

lKQ 

Vee • +IOV 

To Sampling ScOl)e 
Rise Time < 1.0 nsec 
Input Z • IOOKQ 

ELECTRICAL CHARAC T ERISTICS (TA= 25°C unless otherw ise noted) 

Symbol Min Typ Max Unit Conditions 

VcE(sat) 0 .16 0.2 Vo lt le= 30 mA. la= 3.0 mA 

(No te 5) 

VcE(sat) 0.18 0.28 Vo lt le= 100 mA. la= 10 mA (Note 5) 

VcE(sa t) 0.18 0.3 Volt le= 30 mA, la= 3 .0 mA 

(Note 5) (TA= +65 °C} 

VcE(sat J 0 .39 0.5 Volt le= 300 mA. la= 30 mA (Note 5) 

hte 3 .5 5.5 le= 30 mA, Vee= 10 Volts 

TS 8 .0 18 nsec le= 181 ::::: 10 mA. 

IB2::::: -10 mA (Note 6) 

1on 0 18 nsec le::::: 300 mA, ls1::::: 30 mA 
(Note 6) 

toff 15 2B nsec le::::: 300 mA. 181 ::::: 30 mA , 

ls2 ::::: -30 mA (Note 6) 

Cobo 3 .3 5.0 pf IE = 0, Vea = 5.0Volts 
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2N3646 

ELECTRICAL CHARACTERISTICS (TA= 25°e unless otherw ise noted) 

Symbol M in Typ 

6.6 

30 60 

25 55 

15 

sveso 40 

svees 40 

VeeO(sust ) 15 

5.0 

Vse(sat) 0.75 0 .82 

VB E(sat) 0.97 

Vse (sat) 1.3 

Iees 0 .04 

0 .5 

Max Uni t 

8.0 pf 

120 

Volts 

Vo lts 

Vo lts 

Volts 

0.95 Volt 

1.2 Vo lts 

1. 7 Volts 

0.5 µA 

3.0 µA 

Conditions 

le = 0 , VEB = 0.5 Volt 

l e = 30 mA. VeE = 0.4 Vo lt (Note 5) 

le = 100 mA. Vee= 0.5 Volt (Note 5) 

le = 300 mA. Vee = 1.0 Volt (Note 5) 

le= 100µA. IE= 0 

le= 1ooµA. V es = o 

le= 10 mA, Is= 0 
(Notes 4 and 5) 

le= 100µA. le= o 

le= 30 mA, Is = 3.0 mA (Note 5) 

le= 100 mA, 18 = 10 mA (Note 5) 

l e= 300 mA. Is= 30 mA (Note 5) 

VeE = 20 Volts. VEB = 0 

Vee = 20 Volts. Ves = o 

( 1) These rat ings are limiting values above which t he serviceability of any individu al semiconductor dev ice may be impaired . 

(2) These are steady state limits . The factory should be consulted on applications invo lving pu lsed or low duty cyc le oper atio ns. 

(3) These rat ings give a minim um junctron temperature of 125 ° C and junction-t o•ca se thermal resistance of 200 ° C/w att (derating 
fact or of 5 .0 mW/°Ci : junction -to -ambien t thermal resistance of 500°C / watl (de rating factor of 2 .0 mW /,° CI. 

{4) Rat ing refers 10 a high-current point where collec tor-I0-emitter voltage is lowe st . 

151 Pulse Conditoons : length = 300µsec : duty cyc le= 1% 

I 6) See switching circuus for exacl values of le, I 81 . and I 82 . 

"A' 

0.1 5000 
CHARGE STORAGE TIME v,n-------11- -......-'W'.-r 
MEASUREMENT CIRCUIT 

0 ~ - .-•• 

_ \_j:_ 
- 10 

Pulse Generator 
Vin Rise Time < 1 nsec 
Source Impedance := 500 

PW ? 300 nsec 
Duty Cycle < 244 

5000 

0.0023 

560 
10 . . 

II V 

0.0023 

I0V 
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Package: T0-92 
2N3903, 2N3904 

NPN SILICON GENERAL PURPOSE SW ITCHING 
AND AMP LIFIER TRANS ISTORS 

ABSOLUTE MAXIMUM RAT INGS 

Cha racteristics Unit 

Col lector -Emitter Voltage .......... ......................... 40 Vo lts 

Collector -Base Voltage .............. ......................... 60 Vo lts 

Emitter -Base Voltage ............... .......................... 6.0 Vo lts 

Collector -Current .......................... ........................ 200 mA 

Total Device Dissipa tion @ TA= 25°C ........... 310 mW 

Total Device Dissipation @ TA = 6G°C ........... 21 O mW 

Derateabove25 ° C... ···••··········2 ·81 mW / °C 
Operating and Storage Junction 

Temperature Range ........................... - 55 to + 135- °C 

Thermal Resistance. 

Junction to Ambient. ......................... ..... 0.357 • °C/mW 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherw ise noted) 

Symbol Min Max Unit Conditions 

8Vcao 60 Volts le= lOµA. le= 0 

BVcEO' 40 Volts le= 1.0mA. Is= O' 

BVeao 6.0 Volts le=lOµA, le=O 

1cex 50 nA V CE = 30 Volts. V EB(off) = 3.0 Volts 

hFE
0 20 le= 0 .1 mA. Vee= 1.0 Volt l2N3903) 

hFE
0 40 le= 0 .1 mA. Vee= 1.0 Volt' (2N3904) 

hFE
0 35 le= 1.0 mA. Vee= 1.0 Volt I2N3903) 

hFE
0 70 le= 1.0 mA. Vee= 1.0 Volt I2N 3904 ) 

hFE
0 50 150 le= 10 mA. Vee= 1.0 Volt (2N3903) 

hFE
0 100 300 le= lOmA.Vee = 1.0Volt(2N3904) 

hFE
0 30 le= 50 mA. Vee = 1.0 Volt (2N3903 ) 

hFe' 60 le= 50 mA, Vee = 1.0 Volt (2N3904) 

hFE
0 15 le= 100 mA. Vee= 1.0 Volt (2N3903) 

hFE
0 30 le= 100 mA. Vee= 1.0 Vo lt (2N3904) 
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2N3903,2N3904 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise note d) 

Symbol Min Max Unit Cond itions 

VcE(sat ) . 0 .2 Volt le= 10 mA. ls= 1.0 mA· 

VcE(satl • 0.3 Vo lt le= 50 mA. ls= 5.0mA 

V BE(sat). 0.65 0 .85 Volt le= 10mA. I8 = 1.0mA· 

VB E(sat) . 0.95 Volt le= 50 mA. Is= 5.0 mA 

tr 250 MHz le= 10 mA, VcE = 20 Vo lts 
f= 100MHz(2N3903) 

fr 300 MHz le = 10 mA . VcE = 20 Vo lts 
f = 100 MHz (2N3904) 

cob 4.0 pF Vcs = 5.0 Volts. IE = 0 . f = 100 kHz 

Cib 8.0 pF VsE = 0 .5 Volt. le = o. f = 100 kHz 

hie 0 .5 8.0 kohms le= 1.0 mA. VcE = 10Volts. 
f = 1 .0 kHz (2N3903) 

h;e 1.0 10 kohms le= 1 .0 mA. VcE = 10 Volts. 
f = 1.0 kHz (2N3904) 

hre 0 .1 5.0 x,o-4 le = 1.0 mA. VcE = 10 Volts. 
f = 1 .0 kHz (2N3903) 

hre 0 .5 8.0 x,o-4 le= 1.0 mA. VcE = 10 Volts 
f = 1 .0 kHz (2N3904) 

hte 50 200 le = 1.0 mA. VcE = 10 Vo lts. 
f = 1.0 kHz (2N3903) 

hfe 100 400 le= 1.0 mA. VcE = 10 Vo lts. 
f = 1.0 kHz (2N3904) 

hoe 1.0 40 µmhos le= 1.0 mA, VcE = 10 Volts. 
f = 1.0 kHz 

td 35 ns Vee = 3.0 Volts. Vs E(off) = 0.5 Volt. 

tr 35 ns le= 10 mA.I 81 = 1.0 mA 

ts 175 ns Vee = 3 .0 Volts. le = 10 mA, I B 1 = 

102 = 1.0 mA (2N3903) 
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2N3903,2N3904 

ELECTRICAL CHARACTERISTICS (TA= 25 °C un less otherwise noted) 

Symbol Min Max Unit Conditions 

ts 200 ns Vee= 3.0 Volts. le= 10 mA . ls1 

ls2 = 1.0 mA 

tf 50 ns Vee = 3.0 Vo lts. le= 10 mA. ls 1 

182 = 1.0 mA 

• Pulse Test: Pulse Width = 300µs. Duty Cycle= 2%. 

SCHEMAT IC 

FIGURE 1 - DELAY AND RISE T IM E 

EQUIVALENT TEST CIRCUIT 

+3 .0V 

300ns 
--.j ~TY CYCLE = 2% 

+10 .6EV 

-osv 
. ~ <1.0ns 

FIGURE 2 - STORAGE AND FALL TIME 

EQUIVALENT TEST TIME 

+3 .0V 

10 < t1 <500 us 
DUTY CYCLE = 2% 

L..j 11 f+-+10.sv 

-,~ <1~~~~-~ 

·Tota l shunt capacitance of test jig and connectors 
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2N4123, 2N4124 
GENERAL PURPOSE NPN SI LI CON 
SWITCHING AND AMPLIFIER TRANSIS TORS Package: To -92 

ABSOLU T E MAXIMUM RATINGS Total Device Dissipation 

Characterist ic 2N4123 2N4124 Unit 

Collector-Em itt er Voltage....... 30 25 Vdc 

@TA= 25°c .............. .. .... . 310 mW 

De rate above 250c ............ . 2.81 mW/OC 

Collector-Base Voltage ........... 40 30 Vdc Operating and Storage Junct ion 

Emitter-Base Voltage............. . 5.0 Vdc Temperature Range ...... ...... -55 to +135 oc 

_C_o_lle_c_to_r_C_u_r_re_n_t_ .. _ ... _ .. _ .. _ ... _ .. _ .. _ ... _. ___ 2_0_0 ___ mAdc Thermal Resistance, Junction 

Total Device Dissipation to Amb ient .. ............ .......... . 0.357 OC/mW 

@TA=60°C ..... ....... ........ . . 210 mW 

ELECTR ICAL CHARACTERISTICS (TA= 25°C unless otherw ise noted) 

Symbol Min Max Unit Conditions 

BVcEo· 30 - Vdc IC= 1 mAdc, IE= 0 2N4123 

25 - 2N4 124 

BVCBO 40 - Vdc le= 10uAdc, IE =O 2N4 123 

30 - 2N4 124 

BVEBO 5.0 - Vdc IE= 10 uAdc, IC= 0 

I
cBo 

- 50 nAdc vcB= 20Vdc,IE=O 

I
EBO 

- 50 nAdc V BE = 3 Vdc, IC= 0 

hFE* 50 150 - IC - 2 mAdc, V CE - 1 Vdc 2N4 123 

120 360 2N4 124 

25 - lc = 50 mAdc, V CE = 1 Vdc 2N4 123 

60 - 2N4 124 

VCE(sat )• - 0.3 Vdc IC = 50 mAdc, IB = 5 mAdc 

V BE(sat ) • - 0.95 Vdc IC= 50 mAdc, IB = 5 mAdc 

(hfel 2.5 - - IC= 10 mAdc, V CE= 20 Vdc, 2N4 123 

f = lOOMHz 

3.0 - 2N4 124 

fT 250 - MHz IC = 10 mAdc, V CE= 20 Vdc, 2N4 123 

f= 100MHz 

300 - 2N4124 

cob - 4.0 pF VCB= 5Vdc, IE = O ,f = 100kHz 

Cib - 8.0 pF VBE = 0.5 Vdc, IC= 0, f = 100 kHz 

hfe 50 200 - 'c = 2 mAdc, VCE = 1 Vdc, 2N4123 

f = 1 kHz 

120 480 2N4124 

NF - 6.0 dB 'c = 100 uAdc, V CE= 5 Vdc, 2N4123 

RS= 1 k ohm, 

- 5.0 Noise Bandwidth= 10 Hz to 15.7 kHz 

2N4 124 

td Typ.24 ns Delay T ime V CC = 3 Vdc, VE B(off) = 0.5 Vdc, 

t, Typ. 13 ns Rise T ime IC = 10 mAdc, I Bl = 1 mAd c 

\ Typ. 125 ns Storage Ti me Vee= 3 Vdc, 'c = 10 mAdc, 

tf Typ. 11 ns Fall T ime I Bl= IB2 = 1 mAdc 

*Pulse T est: Pulse Width = 300 us, Dut y Cycle= 2%. 
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Package: To -92 

2N4125, 2N4126 

GENERA L PURPOSE NPN SILICO N 
SWITCHING AND AMPLIF IER TRANSISTOR 

ABSOLUT E MAX IM UM RATI NGS Total Device Dissipat ion 

Characteristic 2N4125 2N4126 Unit 

Collector-Em itter Vo ltage ....... 30 25 Vdc 

@TA = 25°C ............ .. . 

Der ate above 250c ... .... ..... . 

310 mW 

2.81 mW/OC 

Collecto r-Base Voltage ............. 30 25 Vdc Operating and Storage Junction ---- -- - - - ----~----
Emitter -Base Voltage ... ............ 4 .0 Vdc Temperatu re Range ... .... ... .. -55 to +135 oc 

Collector Current ........... ..... ... . 200 mAdc Thermal Resistance. Junct ion 

Total Device D issipat ion to Ambient ........................ . 0.357 OC/mW 

@TA= 600C ...... ..... .... .... ... . 210 mW 

ELECT RICA L CHARA CTE RISTICS (TA= 25°C unless otherwise noted) 

Symbol Min Max Unit Conditio ns 

BVcEO• 30 - Vdc Ic = 1 mAdc, IE = o 2N4125 

25 - 2N4 126 

BVCBO 30 - Vdc IC = 10uAdc, IE = 0 2N4 125 

25 - 2N4 126 

BVEBO 4.0 - Vdc IE= 10uAdc, IC= 0 

I
CBO 

- 50 nAdc vcs = 20Vdc,IE = 0 

I
EBO 

- 5u nAdc V BE = 3 Vdc, lc = 0 

hFE • 50 150 - le = 2 mAdc, VCE = 1 Vdc 2N4125 

120 360 2N4126 

25 - 'c = 50 mAdc, V CE = 1 Vdc 2N4 125 

60 - 2N4126 

V CE(satl • - 0.4 Vdc 'c = 50 mAdc, I B = 5 mAdc 

V BE (sat)• - 0.95 Vdc 'c = 50 mA dc, 18 = 5 mAdc 

hfe 2.0 - - le- 10 mAdc, V CE - 20 Vdc, 2N4125 

f=100MHz 

2.5 - 2N4126 

fT 200 - MHz 'c = 10 mAdc, V CE = 20 V dc, 2N4125 

f = 100 MHz 

250 - 2N41 26 

Cnb - 4.5 pf VCB = 5Vdc, IE= 0, f = 100 kHz 

Cib - 10 pf VBE = 0.5 Vdc, IC= 0, f = 100 kHz 

hfe 50 200 - 'c = 2 mAdc, VCE = 1 Vdc, 2N4125 

f = 1 kHz 

120 480 2N4126 

NF - 5.0 dB lc : 100 uAdc, V CE = 5 Vdc, Rs= 1 ohm, 

- 2N4125 

- 4,0 Noise Bandwidth = 10 Hz to 15.7 kHz 

2N4126 

td Typ 25 ns Delay Time V CC = 3 Vdc, V BE (off) = 0 .5 Vdc, 

\ Typ 18 ns Rise Time IC= 10 mAdc, IB 1 = 1 mAdc 

1s Typ 140 ns Storage Time V CC= 3 Vdc, IC = 10 mA dc, 

tf Typ 15 ns Fall Time I B 1 = I 82 = 1 mAdc 

•P u lse Test: Pu lse Width = 300 usec, Duty Cyc le = 2% . 
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2N4137® 

HIGH-SPEED NPN SILICON SATURATED 
SW ITCHING TRANSISTOR 

Package: T0-1 8 

• HIGH FREQUENCY CURRENT GAIN ................... .. fr= 500 MHz Min. 

• HIGH VOLTAGE ............................. ............... ........ LVcEO = 20 Volts Min . 

• LOW CAPAC IT Y ................................ .................... ...... Cobo= 4.0 pf Max. 
• LOW CHARGE STORAGE TIME ..................... ............ ... Ts = 13 nsMax . 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Cha racterist ics Unit 

Collector-Base Voltage ........................... ............ 40 Volts 

Collecto r-Emitter Voltage .................................... 40 Volts 

Collector -Emitter Vo ltage (Note 4 ) ................ .... 20 Volts 

Emitter-Ba se Voltage .......................................... 4.5 Volts 

Collector Current (10 µsec Pulse) ....................... 500 mA 

DC Collector Current ............................................. 200 mA 
Total Device Dissipation @: 

Tc = 25°C (Notes 2 and 3) ........................ 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 ....................... -65 ° C to +200°C 

Operating Temperature ........................ 200 ° C Maximum 
Lead Temperature 

(Solder ing. 60 sec Time Limit) ......... 300°C Maximum 

ELECTRICAL CHARACTERISTIC S (TA= 25°C unless otherwise noted) 

Symbol M in Typ Max Unit Conditions 

hFE 40 66 120 le= 10 mA . VcE = 1.0 Volt (Note 5) 

hFE(-55 oc) 20 50 le = 10 mA. VcE = 0 .35 Volt (Note 5) 

VBE(sat) 0.72 0.8 0.85 Vol t le= 10 mA. ls= 1 0 mA (Note 5) 

VBE(sat) 0 .59 1.02 Volts le= 10 mA. Is= 1.0 mA (Note 5) 

VBE(sat) 0.9 1.15 Volts le= 30 mA. Is = 3.0 mA (Note 5) 

VBE(sat) 1. 1 1.6 Volts le= 100mA.1 8 = 10mA(Note5) 

VCE(sat) 0 .19 0.3 Volt le= 10 mA . la= 1.0 mA (Note 5) 

1CES 0.05 0.4 µA VaE = o. VcE = 20 Vo lts 

lcao(1so 0 c1 10 30 µA IE = 0. Vea = 20 Volts 
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2N4137 

ELECT RICA L CHARACTER ISTICS (TA= 25°e unless otherwise noted) 

Sym bol Mi n Typ 

svees 40 

BVeso 40 

VceO(sust) 20 

sveso 4.5 

40 63 

30 71 

20 

V ee(sat) 0 .14 

Vee(sat) 0. 12 

Vee(sat) 0.17 

V eE(sat) 0.28 

Vse(sat) 0 .74 0 .85 

5.0 6.75 

2.3 

6.0 

9.0 

toff 7 .0 

NOTES ; 

Max Unit 

Vo lts 

Volts 

Volts 

Volts 

120 

0.2 Volt 

0.18 Vo lt 

0 .25 Volt 

0 .5 Volt 

1.0 Volt 

4.0 pf 

13 nsec 

12 nsec 

12 nsec 

Condit ions 

le= lOµA. Vse = 0 

le= l0µA. IE= 0 

le= 10 mA (pulsed) . Is = 0 

(Notes 4 and 5) 

le. = l0µA. le = 0 

le= 10 mA. Vee= 0 .35 Vo lt (Note 5) 

le= 30 mA . VeE = 0 .4 Volt (Note 5) 

le= 100 mA. Vee = 1.0 Volt (Note 5) 

le= 10 mA. Is= 1.0 mA (Note 51 

le= 10 mA. Is= 3.3 mA (Note 5) 

le= 30 mA. Is = 3.0 mA (Note 5) 

le= 100 mA. Is = 10 mA (Note 5) 

le= 10 mA. Is = 3 .3 mA (Note 5) 

le = 10 mA. Vee = 10 Volts 

le = o. Ves = 5.0 Volts 

le= ls1:::: 10 mA. 

ls2 :::: - 10 mA (Note 6) 

le:::: 10 mA. ls1 ::::: 3 .3 mA 
(Note 6) 

le::::: 10 mA. ls 1 ::::: 3 .3 mA. 

ls2 ::::: - 3.3 mA (Note 6) 

( 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 fac 1ory should be consulred on apphca1ions involving pulsed or low duty cycle operations 

(3) These ratings give a maximum junctio n temperature of 200 ° C and junction-to · case thermal resistance of 146 ° C/ wan (deratmg 
factor o f 6 .85 mW/°C) Junction•to •ambient thermal resistance of 486 ° C/ wan (derat ing factor of 2,06 mW /° C}. 

(4) Ratings refer to a high-current point where collector-to •emitter vcl1a9e is lowest . 

( 5) Pulse Cond it ions : lengt h = 300 µsec : duty cyc le = 1 %. 

(6) See sw itching circui t s for exact value of IC· I 81 . and I 62 

12-139 

I 



2N4 137 

S CHEM A T IC 

oc v,. 
-10 - ---

Pulse Gt nt,ator 
V 1n Rist T1me < 1 nsec 
Source lmoedanct ::i ~00 
PW ? )0 0 RHC 

Ouly Cyc lt .< 2 ~ 

-,-,- ----
Y, n 

0 --'---- ~ - - 10'1. 

Ion 

Pu lH Ct n , ,.110, 

V,n R, H T,m e < I n sH 
Sou,c t Imp edance ~ ~00 
PW? )00 R \e( 

Duty Cyc l t ~ 'Z 1. 

CHARGE STORAGE TIME MEASUREMENT CIRCUIT 

'A' 8900 0 I !KO 

v,nC<>1-----,--l1I--+-
01 

? Voul 
5000 

5000 9 10 

00023 0 0023 

560 
10 10 - . 

11 V ! OV 

to. - to,, MEASUREMENT CIRCUIT 

2200 0 I 
Yout 

l J K 
•,n 

" 10 0 J J • 50 0 

I 
00013 o 0023 I 

0 001 0 001 

" 

0 1 0 I 
-.. 

lC " 
•as •cc • Jv y. r · 

J 
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Package: To-92 

2N4400, 2N4401 
GENERAL PURPOSE NPN SI LICON 

SWITCHING AND AMPLIFYING TRANSISTORS 

SWITCHING TIME EQU IVALENT TEST CIRCUITS 
ABSOLUTE MAX IMUM RATINGS 
(TA = 25°c unless otherwise not ed) 

Characte ristic Unit 

Collector -Emitter Voltage ...... .......... .. ......... 40 Vdc 

Collecto r-Base Voltage .... ...... .......... ........... . 60 Vdc 

Emitter -Base Voltage .... ......... ................ ..... 6.0 Vdc 

Col lector Curren t • Continuous ............... 600 mAdc 

Total Device Dissipat ion 

TA = 25oC ................... ...... ................... 310 mW 

Derate above 25°c ......................... 2.81 mwt0 c 
Operating & Storage Junction 

Temperature Range ......... . .......... -55 to +135 °c 

Thermal Resistance, 

Junction to Case ........ ................... 0.137 °ctmW 
Thermal Resistance, 

Junction to Ambient ........ ....... ... ... 0.357 OC/ mW 

TURN-ON T IME 

+•• 
-+j ~: ;:·~~~~t-2¾ 

0 >- --' VVl~ - -1 
11 _,. 

f._<201'5 

TURN-OFF T IME 

SCOPE RISE 1 IME qtl!, 
' TOTAL Srl UNT CAP.lC. U,NC£ OF TEST J IG, 
CONt~ECTOAS, AN() 0 $CILI.OSCCf>E 

ELECTRI CA L CHARAC T ERISTICS (TA = 250C un less otherwise noted) 

Symbol Min Max Unit Condition s 

BV CEO* 40 - Vdc II" = 1 mAdc , IA = O 

BVCBO 60 - Vdc lc = 0 .1 mAdc, IE = 0 

BVEBO 6.0 - Vdc Ii: = 0.1 mAdc , IC = 0 

1CEX -- 0.1 uAdc VCE = 35 Vdc, VEBloffl = 0.4 Vdc 
I
BL - 0.1 uAdc VCE = 35 Vdc, VEBloffl = o.4 Vdc 

hFE 20 - - IC = 0.1 mAdc, V CE = 1Vdc 

20 - lc = 1 mAdc, VCE = 1 Vdc 
40 -
40 - le = 10mAdc , VCE = 1 Vdc 

50 -
50 150 IC = 150 mAdc, V CE= 1 Vdc * 
100 300 

20 - IC = 500 mAdc , V CE = 2 Vd c* 
40 -

VCE(sat) - 0.4 Vdc 'c = 150 mAdc, I A = 15 mAdc 
- 0.75 lc = 500 mAdc, I A= 50 mAd c 

VBE(sat) 0.75 0.95 Vdc ' c = 150 mAdc, 18 = 15 mAdc 

- 1.2 Ir= 500 mAdc, IA = 50 mAdc 

uov 

200n 

_.J. -,,,.~. 
! Ci' <1 0pt 

t lOV 

200/l 

' _,_ 
,~1~, ___ :c1• <10~ 1 

2N4401 

2N4400 

2N4401 

2N4400 

2N4401 

2N4400 

2N4401 

2N4400 

2N4401 

fT 200 - MHz le = 20 mAdc, V CE = 10 Vdc, f = 100 MHz 

2N4400 
25n -,., AA"1 

* Pulse Test: Pu lse Width _ 300 us, Du t y Cycle _ 2% . 
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2N4400, 2N4401 

ELECTRICAL CHARACTERISTICS (TA= 25°C) 

SYMBOL MIN. MAX. UNITS CONDITIONS 

Ccb - 6.5 pF V CB = 5 Vdc, IE = 0, f • 100 kHz, emitter guarded 

Ceb - 30 pF VBE - 0.5 Vdc, le = 0, t = luu kHz, 

Collector guarded 

h. ,e 0.5 7.5 k ohms IC = 1 mAd c, V CE = 10 Vdc, f = kH z 2N4400 

1.0 15 2N4 401 

hre 0.1 8.0 X 10
4 

IC = 1 mAd c, V CE = 10 Vdc, f = 1 kHz 

hfe 20 250 - 'c - 1 mAd c, VCE = lU voe, t = l kHz ., ,~44UU 

40 500 2N4401 

hoe 1.0 30 umhoe IC = 1 mAd c, VCE = 10 Vdc, f = 1 kHz 

td - 15 ns VCC = 30 Vdc, VEB(off) = :.! Vdc, 
t 
r 

- 20 ns IC - 1:,u mAdc , 1
81 

= 15 mAdc 

\ - us ns VCC = .jU Vdc, IC = 1:,u mAdc, 

tf - 30 ns 1
81 

- 1
82 

- 15 mAac 
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Package: To-92 

2N4418, 2N4419 

LOW-LEVEL NPN SI LICON TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS (TA= 25°C unless otherwise noted) 

Characteristic 2N4418 2N4419 Unit 

Collector-Emitter Voltage ....... . 15 I 12 Vdc 

Collector-Base Voltage ....... ....... 30 Vdc 

Emitter-Base Vo ltage ........ ... ..... 6.0 Vdc 

Collector Current ....................... 200 mAdc 

Total Device Dissipation 

@TA= 60°C ....................... 210 mW 

Tota l Device Dissipation 

@TA= 25°C ...................... 310 mW 

Derate above 250C .... ......... 2.81 mW/DC 

Operating and Storage Junction 

Temperature Range ............ .55 to +135 oc 

Thermal Resistance, Junction 

to Ambient .......... .......... ... .. 0.357 DC/mW 

TEST 
CONDITION lc Vee RB RC CS(maxl VEB(off) v, v2 V3 

mA V 0 0 pF V V V V 

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 

Re 

Ra 

PULSE WIDTH (t )= 2ns DUTY CYCLE:: 2 % 
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2N4418, 2N4419 

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

Symbol Min Max Unit Cond it io ns 

BVCEO 15 - Vdc IC= 1 mAdc , IE = 0 2N4418 

12 - 2N4419 

BVCBO 30 - Vdc 'c = 10uAdc, IE= o 

'""'X - 100 nAdc V CE= 12 Vdc, V EB(off) = 0.25 Vdc 

1BL - 0.1 uAdc VCE = 12 Vdc, VEB(off) = 0.25 Vdc 

- 10 VCE = 10 Vdc, V EB(off) = 0.25 Vdc, TA = 1000c 

hFE 25 - - IC= 1 mAdc , VCE = 1 Vdc 2N4418 

50 - 2N4419 

40 160 IC = 10mAdc, VCE = 1 Vdc 2N4418 

100 400 2N4419 

20 - 'c = 10 mAdc, V CE = 1 Vdc, 2N4418 

45 - TA =55 °c 2N4419 

40 - 'c = 30 mAdc, V CE = 1 Vdc 2N4418 

90 - 2N4419 

30 - le = 100 mAdc, V CE= 1 Vdc 2N4418 

55 - 2N4419 

20 - 'c = 200 mAdc, V CE = 1 Vdc 2N4418 

35 - 2N4419 

V CE(sat) - 0.22 Vdc IC= 10 mAdc, 1
8 

- 1 mAdc l 

- 0.35 'c = 100 mAdc, 1
8 

= iu mAac 

VBE(sat) 
0.65 0.80 Vdc le= 10 mAdc, 18 - 1 mAdc 

0.75 0.95 'c = 100 mAdc, I B - 10 mAdc 

fT 300 - MHz Ir= 10 mAdc, VCE = 10Vdc, f = 100 MH z 

Cnh - 4.0 pf V CB= 5 Vdc, IE= 0, f = 100 kHz 

Cib - 8.0 pf VBE = 0.5 Vdc, le= 0, f = 100 kHz 

ton - 25 ns Turn-On Time FiQure 1. Test Condition A 
V CC = 3 Vdc, V EB(off) = 1.5 Vdc , 

'c = 10 mAdc, I Bl= 3 mAdc 

toff - 35 ns Turn-Off Time Figu re 1, Test Condition A 
VCC = 3 Vdc, IC = 10 mAdc, 

1
8 1 

= 3 mAdc , 1
82 

= 1.5 mAdc 

\ - 20 ns Storage T ime Figure 1, Test condition B 

Vee= 10 Vdc, le= 10 mA dc, 

'B1 = 'a2 = 10 mAdc 

td - -a.a ns Delay Time Figure 1, Test condition c 

V CC = 10 Vdc, V EB(off) = 2 Vdc, 

\ - 15 ns Rise Time 'c = 100 mAdc, !Bl = 10 mAac 

\ - LU ns Storage Time Figure 1, Test Cond 1t 1on C 

V CC= 10 Vdc, IC = 100 mAdc, 

tf - 15 ns 181 = IB 2 = 10 mAdc 

a,- - 80 pC Total Control V CC = 3 V de, IC = 10 mA dc, 

Charge 18 = mAdc 
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Package: To -92 2N4420, 2N4421, 2N4422 
HIGH -SPEED NPN SILICON SATURATED SWITCHING TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS 

Characte ristics Unit 

Collector-Base Voltage.. .... ........... ..... .... 40 Vdc 

Collector-Emitter Voltage ..... .... ........ ............ 40 Vdc 

Collector -Em itter Vo ltage 

Appl icable 0. 01-200 mA ... ... ... ... , ......... ... 15 Vdc 

Emitt er-Base Voltage ..... ..... ...... ... ......... ....... 5.0 Vdc 

Collector Current ...... ... .... .. .... ................ ..... 200 mA 

Collector Current ( 10 us pu lse) ....... .......... .. 500 mA 

Total Dev ice Dissipat ion @ TA ; 25°c .. ... .. 200 mW 

De rate above 25oc ... ... ...... ......... ... ..... 2.0 mW/OC 

Total Dev ice D issipat io n @ TC ; 25°C ... .... 500 mW 

Derate above 250c ....... ....... ... ....... .... 5.0 mW/OC 

Operat ing Junct ion Temperatu re ........ ... ....... 125 oc 

Storage Temperat ure Range ..... ..... ... -55 to + 125 oc 

FIGURE 1-t 0n and t 0ff TEST CIRCUIT 

v88 = -3ov 

120 !l 

~c = +1ov 

I_ 0 .05µ F 

33 !l 

Pulse Widt h ~240 ns 
1,, , 1 < 1.0ns 

Z,n = 50 

FIG URE 2 - CHARGE STORAGE T IME MEASUREMENT CIRC U IT 

f6V -- ---.. 

0-- -+ \ 

0~-4V 
V;n 

-10 --- + 
Pulse Generato r 
Vin R,se Time< Ins 
Source lmpedanc~ : 50fi 
PW=300n s 
0utyCj<:le<2% 

'°A" 
500 .ft 

--r. 

10% Pulse wa.efor m 
at paint "A'' 

1 Vout 

To Sampling Oscill osco pe 
Z;n ""=" I00K!l 

Rise Time~1ns 

0.1 

911). soon. 

0 .0 023 JJF 0.0 0 23 µF 

+ + 

10µ1 10µ1 
I! V I0V 
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2N4420,2N442 1,2N4422 

EL ECTR ICA L CHARACTER ISTIC S (TA= 25°c unless otherw ise specif ied.) 

Symbol Min Max Unit Conditions 

BVCBO 40 - Vdc IC = 1 00 u Ad e, IE = 0 

BVCES 40 - Vdc 'c = 100uAdc, VBE = 0 

VCEO(sus) • 15 - Vdc ' c = 10 mAdc 

BVERO b .0 - Vdc IE - 1uuuAdc, 'c = o 

V CE(sat) * - 0 .2 Vdc ' c = 30 mAdc, I B = 3.0 mAdc 

- 0.3 le = 30 mAdc, IB = 3.0 mAdc, TA = +65 C 

- 0.28 'c = 100 mAdc, I B = 10 mAdc 

- 0.5 IC = 300 mAdc, I B = 30 mAdc 

V BE(sat) • 0 .75 0.95 Vdc IC = 30 mAdc, IB = 3 .0 mAdc 

- 1.2 IC = 1 00 mAdc, I B = 1 0 mAdc 

- 1.7 'c = 300 mAdc, I B = 30 mAdc 

hFE• 30 120 - 'c = 30 mAdc, V CE = 0.4 Vdc 

25 - IC = 100 mAdc, V CE = 0.5 Vdc 

15 - Ir. = 300 mAdc , V CE = 1.0 Vdc 

ICES 
- 0.5 uAd c VCE = 20 Vdc, VEB = 0 

- 3.0 Vrr:. = 20 Vdc , VEB = 0, TA= +65 C 

IR - 0.5 uAdc V CE = 20 Vdc, V EB = 0 

Cob - 5.0 pF VCB = 5.0 V, IE = 0, f = 140 kHz 

Cib - 8.0 pF VBE = 0 .b V, IC= 0, f = 140 kHz 

hfp 3,5 - - ' c = 30mA,VcE = 10V, f = 100MHz 

td - 10 ns VCC = +10 V, 'cs = 300 mA, I Bl = 30 mA, 

V BE (off) = ·3 .0 V (Fig. 1) 

1r - 15 ns Vee = +10 v , 'cs = 300 mA, IB 1 = 30 mA, 

V BE (off) = ·3.0 V (Fig. 1) 

ton - 18 ns IC = 300 mA , I Bl = 30 mA, 

VBE(off) = -3.0 V (Fig . 1) 

\ - 20 ns VCC = +10 V, 'cs= 300 mA, I Bl = 30 mA, 

IB2 = -30 mA (Fig . 1) 

tf - 15 ns VCC = +10 V, ' cs = 300 mA, I Bl= 30 mA , 

IB
2

= -30mA (Fig.1) 

toff - 28 ns IC= 300 mA, I Bl = 30 mA , 

IB2 = -30 mA (Fig . 1) 

TS - 18 ns IC = 10 mA, I Bl = 10 mA, 

IB
2 

= -10 mA (F ig. 2) 

•Pu lse Con d iti ons : PW .'.5 300 us; Dut y Cyc le .'.5. 1%. 
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Package: To-92 2N5224 
GENERAL PURPOSE NPN SI LICON LOW-LEVEL SWITCHING TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS Figure 1 - Switching Time Test Circuit 

Characteristic Unit 

Collector-Emitter Voltage ..... .... ...... .... ........ .. 12 Vdc 

Collector-Base Voltage ...... ........................... 25 Vdc 

Emitter -Base Voltage ..... ... ...... ... ....... ....... ... 5.0 Vdc 

Total Device Dissipation@ TA = 250C ...... 310 mW 

Derate above 25°c ......... ........ ..... .. 2.81 mW/OC TURN· ON INPUT PULSE TURN· Off lNPUT PULSE 

Operating and Storage Junction 

Temperature Range .................. . -55 to +135 oc 

Thermal Resistance, Junction 

to Ambient ..... ...................... ...... .. 0.357 OC/mW SCOPE 

CENERAlO R SOURCE IMPEOANCE = 50 osm s 

I NPUT PULSE: CSC1LLOSCOPE: 
RISE I IME <: 2 .0ns ~ lSE TIME 0 .4ns 
FALL TIMC <: 2 On, INPUT RESISTANCE< 50 osms 
NOMINAL PULSEWIOTH, 30 0 ns iNPUT CAPACITANCE <4 .0 pF 
NOMINAL OUTV CYCLE, 2 .0 % 

ELECTRICAL CHARAC TERI STICS (TA = 25°C unless otherwise noted) 

Symbol Min Max Unit Conditions 

BVCEO* 12 - Vdcq lc=10mAdc,IB = O 

BVr.Rn 25 - Vdc 'c - 100 uAdc, IE = 0 

BVEBO 5.0 - Vdc IE= 100uAdc, IC = 0 

1
cso 

- 500 nAdc VCB - 15 Vdc, IE= 0 

1
EBO - 100 uAdc VBE = 4.0 Vdc, IC - 0 

hFE 40 400 - 'c - 10 mAdc , V CE = 1.0 Vdc 

15 - le = 10Q mAdc, VCE = 1.0 voe 

V CE(sat) - 0.35 Vdc IC = 10 mAdc, 1
8 

= 3.0 mAdc 

VBE .(sat) - 0.9 Vdc le - 10 mAdc, 1
8 

- 3.0 mAdc 

fT 250 - MHz IC - 10 mAdc, V CE = 10 Vdc, f - 100 MHz 

ccb - 4.0 pF VCB = 5.0 Vdc, IE - 0, f = 1.0 MHz 

I 
td - 25 ns Delay Time See Figure 1 

\ - 20 ns Rise Time See Figure 1 

ts - 35 ns Storage Time See Figure 1 

tf - L::> ns Fall Time See Figure 1 

*Pulse Tes t : Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPS706, MPS706A Package: To-92 

HIGH-SPEED NPN SILICON LOW-LEVEL SWITCH ING T RANSISTORS 

ABS OL UTE MAX IMUM RATINGS 

Characteri st ic MPS706 I MPS706A 

Col lector-Emitter Voltage 

(RBE = 10 Ohms ) 20 

Co ll ector-Base Voltage 25 

Emitte r-Base Voltage 3.0 I 5.0 

Tota l Dev ice Dissipat ion 

@TA = 250c 310 

Oerate above 25°C 2.8 1 

Operating and Storage Junction 

Tempe rature Range -55 to +1 35 

Unit 

Vdc 

Vdc 

Vdc 

mW 

mWt 0 c 

oc 

Tyot R SOl'f'CllnQ Rn11,to, 
20 Orims 

P..iu Vons 
-,.l . O A"' 1n1u ,.,01 Rn ,11oflc:t 

~0 Ollffit 2.011. 
0 v _ _ __ O----".IV\~..J,,/11\,---4 

-2 .0V 

Vee: 1 l O Vdc 

{Adjust for 10 mAl 

Figure 1 - Switching T ime Test Circu it 

P.;lw VQil$ 
1n1ernol Re1 111onct 

$0 °""'" :!-5-0 

"ce• IOVOC 
tAo1u1t lo, 1Q,,..A) 

Figure 2 - Storage Time Test Circui t 

EL ECTRICAL CHARACTERISTICS (T = 25° c un less ot herw ise noted) 
A 

Sym bol Min Max Unit Conditions 

BV CEO ' 15 - Vdc IC= 10 mAdc, IB = 0 

BVCER 20 - Vdcq IC = 10 mAdc, ABE = 10 Ohms 

1
cs o 

- 0.5 uAdc vcs = 15Vdc,IE = 0 

1
EBO 

- 10 uAdc VEB = 3 .0 Vdc, l c = 0 

hFE • 20 - - IC = l0mAdc , VCE = 1.0Vdc 

MPS706 

20 60 MPS706A 

V CE(sa t) • - 0.6 Vdc lc = 10 mAdc, 1
8 

= 1.0 mAdc 

V SE(sat ) • - 0.9 Vdc IC = 1 0 mAdc, I B = 1 .0 mAdc 

MPS706 

0.7 0.9 MPS706A 

fT 200 - MHz Ir. = 10 mAdc, Vrr; = 15 Vdc, f = 100 MHz 

cob - 6.0 pF VCB = 10 Vdc, IE= 0, f = 100 kHz 

' b 
- 50 Ohms IE = 10 mAdc, VCE = 15 Vdc, f = 30 0 MHz 

t on*• - 40 ns Turn-On Time See Figure 1 

toff .. - 75 ns Turn -Off Time See Figure 1 

Ts •• - 60 ns Charge Storage Time Constant • • See Figure 2 

MPS706 

- 25 MPS706A 

•Pulse T est: Pulse Width ,,;;, 12 ns , Duty Cyc le,.:;_ 2.0%. 
** Meas ur ed w ith Tektron ix Type R Plug-In (SO-Ohm Internal Impe d ance) and circu its shown. 
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Package: To -92 

MPS834 
HIGH-SPEED NPN SI LICON SWITCH ING TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristic Unit 

Col lect or-Emitte r Vo ltage ........... .. ............... 30 Vdc 

Collector -Base Voltage ....... ........ ... ............ ... 40 Vdc 

Emitter-Base Voltage ................................... 5.0 Vdc 

Collector Current ....... ,, .......... ................. 200 mAdc 

Total Dev ice Dissipation@ TA= 25°C ........ 310 mW 

Derate above 25°c .......... ...... ......... 2.81 mW/OC 

Total Device Dissipation@ TC = 250C ........ 500 mW 

Derat e above 25°C ......................... 4 .55 mW/OC 

Operating and Storage Junction 

Temperature Range ....... ............. -55 to +135 oc 

Figure 2 - Charge Storage Time 

Constant Measurement Ci rcuit 

·HO Y'CIC 

280 

so 

vee 

'ott "'ae'- 4 0v oc 9 ·dt "sa ➔-16v« J"". -191« 

o.~ o•-, - + 
'·" t2'',/1< -, 

Figure 1 - Tu rn-On and Turn -Off 

Time Measurement Circuit 

t O "'dC 

160 

8 20 Ot ~F 

no O 'l'-•'__,,__.,,,Aoo/\,-- ~~ ""'--A o", ---l(-o • .. , 

00 0 

,, = 
,f !I V' 

ELEC T R ICAL CHARACTER IST ICS (TA = 25°C unless otherwise noted) 

Symbol Min Max Unit Conditions 

BV CBO 40 Vdc IC = 1011Adc, IE ,. 0 

hFE" 25 C 

VCE(sat)• O, c C 

lc = 
V sat • Vdc 

fT 350 MHz 

cob 4.0 pF 

ton ns 

toff 30 ns 

t 
s 

25 ns 

•Pulse Test: Pulse Width ~ 12 ns, Duty Cycle~ 2.0%. 
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MPS2369 Package: To-92 

HIGH-SPEED NPN SILICON SWITCH ING TRANSISTOR 

ABSOLU TE MAX IMUM RATINGS 

Character ist ic s Unit 

Co llector-Emitter Voltage ...... ................... .. 15 Vdc 

Collector-Emitter Vo ltage .. ... ....... ....... .... .... 40 Vdc 

Collector -Base Voltage ... ............. , ........... .... 40 Vdc 

Emitter -Base Vo ltage .......... ..... ....... ........... .. 4 .5 Vdc 

Collector Current-Peak .... ... ....... ..... ..... ... 500 mAdc 

Total Dev ice Dissipat ion 

@TA = 250C ..................... ........ ... ..... ..... 310 mW 

Derat e above 2s 0 c .•..... ..... ...... ...... .. 2.81 mw to c 

Operat ing and Storage Junct ion 

Temp erature Range ....... .... ......... -55 to +135 oc 

Thermal Resistance, Junction 

to Am bi ent ... ............... ...... ........... 0.355 °ctmW 

Figure 1 - t
0

n Circui t 

-I,, f--

+100•nl 
_,.,v I 

- <LOn, 

PULSE WIOTH 1, 1)e l()On1 

DUTY CYCLE ~ 2.0°/"' 

~ov 
270 I 

I ... 
' iCs · >4 .oot 

I 
_.J 

Figure 2 - t
0

ff Circuit 

.,

0

.:~•~ : • •• I . .. . _ 
- 4 ,1$V I 

- - <10,., 
PULSE WIDTH c,1) = 300 n1 
DUTY CYCLE ~ 2..00/o 

~ov 

I 
I ... 

'i Cs·> ... op( 
I _ ., 

Figure 3 - Storage Test Circuit 

•":n '-,...IOV-,,98.A O- _. 

- • ov <'-0••~ I- ,oo 

PULSE WIDTH (11) =300ns 
DUTY CYCLE =-20% 

• ..! •• 

··:-~s· > JOl!f 

I 

--· 
• To101 tJ'1111t1t COPOC1l ontf o l IOI ji9 and ~OMf:C IOl'I 

ELECTRICAL CHARACTERI STICS (TA= 25°C unless othe rwi se no ted) 

Symbol Min Max Unit Conditions 

BVcEo· 15 - Vdc lc = 10 mAdc, IB = o 
BVCES 40 - Vdc lc = 10 uAdc, VRE = 0 

BVCBO 40 - Vdc IC = 10 uAdc, IE= 0 

BVEBO 4.5 - Vdc IE = 10uAdc, IC= 0 
I
cso - 0.4 uAdc VCB = 20 Vdc, IE= 0 

- JU VCR = 20 Vdc, IE= 0, TA= 12SoC 

hFE • 40 120 - IC = 10 mAdc, V CE = 1.0 V de 
20 - lc = 10 rnAdc, V CE = 1.0 Vdc, TA = 550c 
20 - Ir = 100 mAdc , V rr: = 2.0 Vdc 

VCElsatl - 0.25 Vdc 'r x 10 mAdc, IA= 1.0 mAdc 

V BEi sat)• 0 .70 0 .85 Vdc Ir = 1 0 mAdc, I A = 1 .0 mAdc 

cob - 4.0 pf VCR = 5.0 Vdc, IE = 0, f = 140 kHz 

hfe 5.0 - - lc = 10 mAdc, V CE= 10 Vdc, f = 100 MH z 
1
on - 12 ns V CC= 3 .0 Vdc , V BE (off) = 1.5 Vdc, 

'c = 10 mAdc , I A 1 = 3.0 mAdc Figure 1 

toff - 18 ns V CC = 3 .0 Vdc, IC= 10 mAdc , 181 = 3.0 mAdc, 

IA? = 1.5 mAdc F igure 2 

\ - 13 ns IB1 = IB2 = lc = 10 mAdc Figure 3 

•Pu lse Te st; Pulse W idth = JO O u s , D u ty Cycle = 2.0%. 
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Package: To-92 MPS2713, MPS2714 
GENERAL PURPOSE LOW-LEVEL NPN SILICON SWITCHING TRANSISTOR 

ABSOLUTE MAX IMUM RATINGS 

Characteristic Unit 

Co ll ector-Base Voltage ......... .... ... ............ ..... 18 Vdc 

Co l lector-Emitter Voltage .......... ...... .. ... •...... . 18 Vdc 

Emitter-Base Voltage ......... ........... ...... ... ...... 5.0 Vdc 

Collector Current ........ ........... ..... ....... ..... 200 mAdc 

Total Device Dissipation @TA= 60°C ... ..... 210 mW 

Total Device Dissipation@ TA = 25°C .. ...... 31 O mW 

Derate above 25°C ...... ....... .......... . 2.81 mW/CC 

Thermal Resistance. Junction 

to Ambient ..... ........ ....... ...... ... ... ... 0.357 CC/mW 

Junction Operating Temperature ............. ... . 135 oe 

Storage Temperature Range ..... ........ -55 to+ 135 °e 

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted) 

Symbol Min Typ Max Unit Conditions 

Icso - - 0.5 uAdc VCB = 18 Vdc. IE = 0 

- - 15 VeB = 18 Vdc, IE = 0, TA = 100cc 

IEso 
- - 0.5 uAdc VEB = 5 Vdc. IC = 0 

hFE 30 60 90 - IC = 2 mAdc, V CE = 4.5 Vdc 

MPS2713 

75 150 225 MPS2714 

VCEfsat l - 0.16 0 .3 Vdc le = 50 mAdc, 1
8 

= 3 mAdc 

V RE fsatl 0.6 0.75 1.3 Vdc IC - ou mAdc, 18 - 3 mAdc 

hfe 30 - -1:.10 - IC= 2 mAdc, VeE - 4.5 Vdc. f - 1 kHz 

MPS2713 

80 - 300 MPS2714 

fT - 250 - MHz le= 10 mAdc. V CE = 10 Vdc, f = 100 MHz 

cob - 2.5 - pF VCB = 10 Vdc. IE = 0, f = 100 kHz 

h. 
Ie - .5UUU - ohms 'e = 0.5 mAdc. V CE - 1 Vdc. f = 1 kHz 

td - 7.0 - ns Delay Time IC = 10 mA, 181 = 3 mA. 

1r - 6.0 - ns Rise Time V CC= 10 V 

ts - ,2 - ns Storage Time 'c = 10 mA. 181 = 3 mA. 

tf - v.o - ns Fall Time 182 = 1 mA, vee = 10v 
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MPS3646 Package : To-92 

HIGH-SPEED NPN SILICON SATURATED SWITCHING TRANSISTOR 

ABSOLUTE MAXIMUM RATING S 

Characteristic Unit 

Co llector -Base Voltage .............. ......... .. , ....... 40 Vdc 

Collector-Emitter Volt ag_e ........ .... ... .... .. , .. ... 40 Vdc 

Collector-Emitter Voltage 

Applicab le 0 . 01-200 mA .... , ... , ......... ...... 15 Vdc 

Emitter-Base Voltage ... ........ .... ........... . , ... ..... 5.0 Vdc 

Collector Current ... ......... ...... .......... , ........ .... 200 mA 

Collector Cur rent ( 10 us pu lse) ........ .. ....... .. 500 mA 

Total Device Dissipation @ TA = 250c ....... 200 mW 

Derate above 25°C ... ... .............. .. .. ... 2.0 mW/ OC 

Tota l·Device Dissipation@ TA = 250c ........ 500 mW 

De rate above 25°C ...... ..... .... ... .......... 5.0 mW/OC 

Operating Jun ct io n Temperatu re ............. ... .. 125 oc 

Storage Temperature Range ... .... ... .. -55 to +125 oc 

ELECTR ICAL CHARACTERISTIC S (TA= 25°C unless otherwise specified.) 

Symbol Min Max Unit Conditions 

BVC80 40 - Vdc IC = 100 uA dc, IE= 0 

8VCES 40 - Vdc IC = 100uAdc, VBE = 0 

VCEO(sus) • 15 - Vdc 1
0 

= 10 mAdc 

BVEBO 5.0 - Vdc IE = 100uAdc, IC = 0 

V CE (sat) • - 0.2 Vdc IC = 30 mA dc, 1
8 

= 3.0 mAdc 

- 0.3 'c = 30 mAdc, IB = 3.0 mAdc, TA = +65 C 

- 0.28 IC= 100 mAdc, I 8 = 10 mAdc 

- 0.5 'c = 300 mAdc, IB = 30 mAdc 

V BE(sat) * 0.75 0.95 Vdc IC = 30 mAdc, 1
8 

= 3.0 mAdc 

- 1.2 le = 100 mAdc, 1
8 

= 10 mAdc 

- 1.7 le = 300 mAdc , IB = 30 mAdc 

hFE* 30 120 - le = 30 mAdc, V CE = 0.4 Vdc 

25 - IC = 100 mAdc, V CE = 0 .5 Vdc 

15 - IC= 300 mAdc, V CE= 1.0 Vdc 

1
cEs 

- 0.5 uAdc VCE = 20 Vdc, VE 8 = 0 

- 3.0 VCE = 20 Vdc, VE 8 = 0, TA= +65 C 

18 - 0.5 uAdc VCE = 20 Vdc, VE 8 = 0 

cob - 5.0 pf V CB = 5.0 V, IE = 0, f = 140 kHz 

Cib - 8.0 pf v8E = 0.5 V , 'c = 0 , f = 140 kHz 

hfe -3-:-5 - - le = JU mA, V CE = 10 V, f = 1uu MHZ 

td - 10 ns VCC = + 10 V, 'cs = 300 mA, 181 = 30 mA, 

V BE (off) = -3.0 V (F ig. 1) 

\ - 15 ns Vee = + 10 v, Ics =-300 mA, 181 - .ju mA , 

V BE loffl = -3.0 V (Fig. 1) 

ton - 18 ns IC = 300 mA, 181 = 30 mA, V 8E(off) = -3.0 V 

(F ig. 1) 

\ - 20 ns VCC = +10 V, ICS = 300 mA, 181 = 30 mA, 

182 = -30 mA (F ig. 1) 

tf - 15 ns VCC = + 10 V, 'cs= 300 mA, 181 = 30 mA , 

1
82 

= -30 mA (Fig. 1 l 

1off - 28 ns IC= 300 mA, I Bl = 30 mA , I B2 = -30 mA (Fig. 1) 

TS - 18 ns IC = lOmA, 1
81 

= 10mA, IB
2 

= -10mA (Fig. 2) 

*P u lse Cond it io ns: PW &, 300 us; Duty Cycle _ 1%. 
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Figure 1 - t
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2N2205,2N2206® 

HIGH-SPEED NPN SILICON 
SW ITCH ING TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Character istics Unit 

Storage Temperatu re ....................... -6 5° C to +300 °C 

Operat ing Junction 

Temperature .................................... -6 5° C to +175°C 

Lead Temperature(Soldering. 

10 sec time lim11I ........................................... +235 °C 
Total Device Dissipation 

~ Tc = 25 ° C !Notes 2 and 3) ................... 1.0 Watt 
~ TA = 25 ° C (Notes 2 and 3) ..................... 0 .3 Watt 

Vcao Col lecto r•Base Voltage ............................ 25 Volts 

VCEO Coll ector-Emitter Voltage (Note 4) ........ 12 Volts 

VEBO Em,ner.aase Voltage .............................. 3.0 Vo lts 

le Collecto r Current ........ ...................................... 200 mA 

Package s, 

2N2205, T0-18 
2N2206, T0-46 

ELECTRICAL CHARACTERISTI CS (TA= 25 ° C unless otherwise noted) 

Symbol Min Max Unit Conditions 

hFE 20 (2N2205) le = 10 mA . VcE = 1.0Volt 

40 120 (2N2206) 

VBE(sat) 0.7 0.9 Volt (2N2205) le= 10mA,ls = 1.0mA 

0.7 0 .9 Volt (2N2206) 

VcE(satl 0 .22 Volt (2N2205) le= lOmA.la = 1.0mA 

0 .22 Volt (2N2206) 

VcE(sat) 0 .35 Volt (2N2205) IC= 50 mA, la= 5 .0 mA 
0 .35 Volt (2N2206) 

hte 2.0 (2N2205) le = 10 mA. VcE = 10 Volt s 

2.0 (2N2206) 

Cobo 6.0 pf (2N2205) IE= 0. Vea= 10 Vo lts 
6.0 pf (2 N2206 ) 

1cao 0 .025 µA (2 N2205 ) IE=O.Vca= 15Volts 

0 .025 µA (2N2 206) 

icao(15o oci 15 µA (2N2205) IE = 0. Vea = 15 Volts 

15 µA {2N2206) 

1cex 15 µA (2N2205) VcE = 10 Volts, VaE = 0.25 Volt 
15 µA (2N2206) 
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2N220 5. 2N2 206 

ELECTRI CA L CHA RACTER IST ICS (TA= 25°e unless otherwise noted) 

Sy m bo l M in Max Un it Conditio ns 

IEBO 100 µA (2N2205) le = 0. VEB = 3.0 Volts 
100 µA (2N2206) 

BVcso 25 Volts (2N2205) IE= 0. lc = l 0OµA 
25 Volts (2N2206) 

Vern 12 Volts (2N2205) Is = 0. le = 10 mA (pu lsed) 
12 Volts (2N2206) (Notes 4 and 5) 

BVEBO 3 .0 Volts (2N2205) le= 0. IE= 100µA 
3.0 Volts (2N2206) 

TS 25 nsec (2N2205) le::::: 10 mA. 191:::,: 10 mA. 

35 nsec (2N2206) 192 ::::: -10 mA (Note 6) 

1on 40 nsec (2N2205) le::::: 10 mA. 191 ::::: 3 .0 mA . 
40 nsec (2N2206) 192 ::::: -1 .0 mA (No te 7) 

1orr 75 nsec (2N2205) le~ 10 mA . 181 ::,;; 3 .0 mA. 

75 nsec (2N2206) 's2 :=::: - 1.0 mA (Note 7) 

NOTES : 

( lJ These rat ings a,e hm1t1ng values above w hich the serv1ceabd11y of any ,nd1v1dual sem1conduc1or dev ice may be impaired 

{2) These are steady state limits The factory should be consulted on apphcat1ons ,nvolvmg pulsed or low duty cycle opera11ons 

{3) These ratings g,ve a m aximum 1uncuon 1empera1ure of 175°C and 1uncuon-10-case thermal resistance of l 50 ° C/Wau (derating facto, 
of 6 7 mW /°CI. 1unc1 1on•tO•amb1ent thermal resistance of 500 ° C/Wa11 (derat,ng factor of 2 0 mWl° C) 

(4) Rating refers to a h19h•cuuen1 p01n1 where collec1or -1o•em1t1er voltage ,s lowes1 

(5) Pulse eondu ,ons . leng1h <6 msec . du1ycycle <30% I 
(61 See F,g. I for e.ac, value of le , I 8 1. and 182 

(7) See F,g. 2 for exac, value of le , I 81 . and 182 

12-155 



2N2205 , 2N2206 

.... 
'"" :t ' " "" .... ,um HIUUN 
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NOTES : 

( 1) With cer tai n types of power supp lies . n m ay be necessaf'y to connecl 25-11f decou p l ing capac ito rs acrnss the power -supp ly te rm ina ls 

lorVCC and v 88 

(2 ) Input vo lt age IV IN ) obtained from a pul se generato r hav i ng an o u lpu t imp eda nce ol 50 ohms vIN r,se time < 1 nsec . pu lse dura1 10n 
>300 nse c. and duty fact or <2 % 

13) Input and output wa vefo rm s. shown above . monitored by means of a samp ling osc ,lloscope or 0Iher 1nd 1cat1ng dev ice hav, ng rise 
ume <O 5 nsec input capac it ance of probe < 2 5 pl wirh shunt resistance > 1000 ohms 

FIGURE 1 

CIRCUIT USED TO MEASURE STORAGE TIME (t
5

) . 

... 11UH 
... , 

.,. 1111'1 

'l 1110 , .. ... . .. 
N1J1I 

aNI ■lft ·-· 1,11 ... ,.. •~_s,, . .. '1•• -1" 
,o O ,,. •HY Y11• •UY 

'H ' • Jlt 

11 ,1 I. ~• I '7 , --0 " ... 1cc " L: 11, 011 •• 

? .... . l1fl 

Cll,11,VI un: ,_, 

NOTES : 

( 1 > W t1h cenaIn types o f power suppl ies . n m ay be necessary 10 connect 2 5•µ f decoupling capa ci to rs across the po wer •supp ly te rm inal s 

fo r VCC and v 88 

(2t lnpu1 volt age IV INl obIa1ned from a pulse generator having an Oulput impedance o f 50 ohms v IN rise time < 1 nsec ; p u lse du ra11on 
> 300 nse c and duly fac1or < 2% 

~3> Input and ouIpu1 w avef o,ms. shown abo ve , mon 1Iored by means of a samphng osc ,lloscope or o t her 1nd,cat1ng dev ,c.e hav ing rise 
t,me <O 5 nsec. input capac,ta nce of probe < 2 5 pf w ith shuni res istance > 3000 ohms 

FIGURE 2 
CIRCUIT USED TO MEASURE "TURN-ON" TIME (t 00 ) AND " TURN-OFF" TIME (t 0 ffl. 
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Package T0-5 2N2303® 

PNP MEDIUM FREQUENCY AMPLIFIER SILICON TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characteristics Unit 

Collector -Base Voltage ........................ ........ ... -SO Volts 
Collector -Eminer Voltage 

(RBE :S 10 ohms) (Note 4) ............. .. ............ -SO Volts 
Collector -Eminer Voltage (Note 4) ........ .... ..... -35 Vo lts 

Eminer-Base Voltage ....................................... -5 .0 Volts 
Total Dissipation (g : 

Tc= 25 ° C (Notes 2 and 3) ........................ 2.0 Watts 

Tc = 100°C (Notes 2 and 3) ........................ 1.0 Watt 
TA = 25 ° C ..................................................... 0.6 Watt 

Storage Temperature .................... -65 ° C to +200 ° C 

Operating Junct ion Temperature ...... 175 ° C Maximum 

ELECTRICAL CHARACTERISTICS (TA = 25 ° C unless oth erw,se noted ) 

Symbol Min Max Unit Conditions 

hFE 75 200 le= -150 mA . VcE = - 10 Volts (Note 5) 

hFE 75 le = - 5.0 mA . VcE = - 1 O Vo hs (Note 5) 

VBE(sat) -1 .3 Vo lts le = - 150mA. 19 = - 15 mA 

VcE(satl - 1.5 Volts le = - 150 mA.I9 = - 15 mA 

hie 3.0 le = - 50 mA . VcE = - 1 O Volt s , I = 20mHz 

Cob 45 pF IE = 0 . Vee = - 10 Volts 

1cso 1.0 µA IE= 0. Vea= - 30 Volts 

1CB0(150 ° C) 100 µA IE = o. Vee = - 30 Volts 

VCER(sust ) - so Volts le = -100 mA . RsE :S 10 ohm s 

VCEO(sust) -35 Volts lc = -lOOmA . 19=0 

NOT ES : 

( 1) These rat ings are hm 11,ng val ues above w hich lhc serv1ceab 1l11y of any sem,cond ucto, device m ay be 1mpa1red 

121 These are stead y state limn s The factory should be consulted on appli ca t1ons involving pulsed or low duly cycle op<Ha11ons 

(3 ) The se ra1m9s give a m aximu m Junction iem pe ra ture of I 75 ° C and Junc r1on - to•case therm al resista nce of 75 ° C/ w at1 {derat ,ng 
factor of 13 3 mW /° C) 

(4 ) Raung refers to a high -curre nt po, n1 wh ere coltec 1or•to-em ,uer vo ltage 1s lowe s1 

151 Pu lse Cond111ons. len91h = 300 usec . du1v cv cle = 1% 
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2N2894 2N3209 ® 
SILICON SWITCHING TRANSISTORS 

HIGH SPEED PNP SILICON 
PLANAR EPITAXIAL 
SATURATED SWITCH 
ANO RF AMPLIFIER 

Fast t.., : 23 nsec typ. @ 30 mA 
• Fast t.,, : 34 nsec typ. @ 30 mA 

High fr : 600 MHz typ. 
Low saturation: 0.25V typ. Va @ 100 mA 
Low c.b : 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 
and IF applications , and 100 MHz oscillator converter cir
cuits. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Collector-to -Base Voltage . . ........... . .... .. ... . . 
Collec tor-to-Emitter Voltage (open base) ........ ..... . .... . 
Emitter-to-Base Voltage . . . . . . . . . . . . . . . . . . . 
Collector Current (10 ,.,,sec pulse) . . . . . . . . . . . . .. •.. 
Junction Temperature (op. and stg.) ....... ....... ... .. ... . 
Total Power Dissipat ion @ Tc = 25~c ......... . . . .... . ... . 

(der ate 6.8mW/° C above 25° C) 
@T c = 100°G 

Total Power Dissipation @ T• = 25° C . 
(derate 2.06mW/°C above 25° C) 
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2N2894 

-12 
- 12 
-4 
200 
-6 5 to 200 
1.2 

0.72 
0.36 

DIMENSIONS 

T0 -18 

2N3209 

- 20 
- 20 
- 4 
200 

1.2 

0.68 
0.36 

205 
190 

500 
MIN 

.100 LEAD 
CIRCLE 

UNITS 

Volts 
Volts 
Volts 
mA oc 
Watts 

Watts 
Watts 



2N2894 2N3209 

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted. 
2N2894 2N3209 

SYMBOL MIN . TYP. MAX. MIN. TYP. 

BVc,o - 12 -20 

BVm -20 

LV«o ,,, -12 -20 

BVuo -4.0 -4.0 

h,. I 40 75 150 30 75 
30 55 25 67 
25 15 30 
17 43 12 43 

Ve, (sat)' - 0.07 -0 .15 -0.D? 
-0.10 -0.20 -0.10 
-0.25 -0.50 -0.28 

v., (sat) ' - 0.78 -0.92 - 0.98 -0.78 -0.92 
-0.85 -1.10 - 1.20 -0.85 -1. 10 

-1.40 -1.70 -1 .40 
Im 0.05 80 0.05 
lc,o 0 025 10 0.025 
c,. 3.3 6.0 3.0 
c,. 3.8 6.0 3.8 
ll,, 4.0 5.5 4.0 5.5 

t.. 23 60 23 

l.u 34 90 34 

NOTES: 1. Pulsed measurement: width ::;aoo µse c. duty cycle ::;2%. 
2. Rating is where collector to emitter voltage is lowest. 

MAX. UNIT 

Vdc 

Vdc 

Vdc 

Vdc 

120 

-0 .15 Vdc 
-0.2 0 Vdc 
-0.60 Vdc 
- 0.98 Vdc 
-1. 20 Vdc 
-1.7 0 Vdc 
80 nA 
10 ,,A 
5.0 pF 
6.0 oF 

60 nsec 

90 nsec 

t..-t,., TEST CIRCUIT 

• Pulse Source 
V In 

• Rise Time < 1.0 nsec 

P.W. > 200 nsec 

z in=50n 

1000 

0.1 

v .. 

1000 

t.. 
Vee= -2 .0V 
V,. =3.0V 
V,,= - 7.0V 
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- 2.0V 

62!! 

V out 

l.11 
Vee= -2 .0V 
Vu = - 4.0V 
V,. = +6.0V 

CONDITIONS 

lc=1 0µA 

lc =10µA 

lc=10mA 

1, =100µA 

lc=30m A Ve,= -0 .5V 
lc=10mA VCE= -0 .3V 

lc= 100mA VCE= -1.0V 

lc= 30mA Vee= -0.5V T, = -55 °C 
lc =10mA I, = 1.0mA 
lc =30mA 1,=3.0 mA 
lc=100mA 1, =10mA 
le= 10mA 1,=1.0mA 
lc =30 mA 1, =3.0mA 
le= 100mA 1, =10mA 
Ve,= - 6V and -1 OV respect ively 
Same as above T, =125°C 
Ve,= -5.0V 
v.,- -0.5V 
le=30mA Yeo= -10V 
f-100MHz 
ic- 30mA 
f., .., 1.5mA 
le= 30mA 
J,,- 1.SmA 
1.,.,. 1.SmA 

To Sampling Scope 
Rise Time < 10 nsec 
Input z ,,.,100K11 

I 



2N2904A 2N2905A 2N2906A 2N2907A~ 
SILICON GENERAL PURPOSE TRANSISTORS 

GENERAL PURPOSE 
PNP SILICON 
PLANAR EPITAXIAL 
TRANSISTORS 

• High Voltage:-60V min. 
• Low VcE (sat) : 0 .4V @150 mA 
• hFE guaranteed from 100 µA to 500mA 

The ITT 2N2904A-7A are PNP silicon planar epitaxial general 
purpose transistors tor applications at current ranges from 0.1 to 
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 amplifie r 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 RATI NGS 

CHARACTERISTICS 

Collector- to - Base Voltage .. . ...... . ...... . ... . ..... • .......... 
Collector-to-Emitter Voltage (open base) . . . . . .. .. • . • ......... . . . . 
Emitter-to-Base Voltage .. .. . .. . ..... ..... .. .. ... . .•. • . . . .. . .. 
Collector Current (continuous) ... .• ...... • . • ... .... .. . .... • .. • . 
Ju nction Temperature (storage) ...... .. .. .. ..... . • . ... ... .. . . .. 

Total Power Dissipation @ Tc=25'C . ... . . .. . . . ... . ..... . . . . . • .. • 
Derating factor above 25'C . ... ... . .... ... ..... • .... ... .. 

Total Power Dissipation @ T,.=25' C ...... . . . ........... . . . .. . .. . 
Derating factor above 25'C .... . . .............. • . .• ... ... 
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DIMENSIONS 
2N2904A, 5A 

T0 -5 

DIMENS ION S 
2N2906A, 7A 

T0 -18 

21\12904A 2N2906A 
21\12905A 2N2907A 

:- 60 -6 0 
-60 - 60 

- 5 -5 
600 600 

- 65 to 200 

3.0 1.8 
17 .3 10.3 

0.6 0.4 
3.43 2.28 

UNITS 

Volts 
Volts 
Volts 
mA 
·c 

Watts 
mW/ ' C 
Watts 
mW/9C 



2N2904A 2N2905A 2N2906A 2N2907A 

ELECT RICA L CHARACTERISTICS @ 25°C unless otherwise noted . 

2N2904A 
SYMBO L 2N2906A 

M IN. MAX. M IN. 

BVcao - 60 - 60 
LVao' · 2 - 60 - 60 
BVElo - 5 - 5 

hFE' 40 75 
40 100 
40 100 
40 120 100 
40 50 

Va(sat)' -0 .4 
- 1.6 

Vae(sat)' -1.3 
-2 .6 

leao 10 
10 

lcu 50 
la 50 

Cc1, 8 
c., 30 

h,. 2 2 

Id 10 

t, 40 

t, 

t, 

Notes: 1. Pulsed width :S 300 µsec; duty cycle <; 2%. 
2. Lowest emitter to collec tor voltage. 

2N2905A 
2N2907A 

MAX. 

300 

- 0.4 
- 1.6 

- 1.3 
-2.6 

10 
10 
50 
50 

8 
30 

10 

40 

80 

30 
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UNIT CONDITIONS 

Vdc le= - 10µA 
Vdc le= - 10mA 
Vdc le= - 10µA 

le= - 100µA Ve•= - 10V 
le= - 1mA Va = - 10V 
le= - 10mA Va = - 10V 
le= - 150mA Va = - 10V 
le= - 500mA Vt• = - 10V 

Vdc le= - 150mA la= - 15mA 
Vdc le= - 500mA 11 = -50mA 

Vdc le= - 150mA la= - 15mA 
Vdc le= -500mA Is= -50mA 

nA Vea= -50V 
µA Vea= - 50V T_.=150"C 
nA Vee= - 30V VeE=0.5V 
nA Vee= - 30V VeE=0.5V 

pF Ve,= -10V f=100KHz 
pF ·VEI= - 2V f= 100KHz 

le= - 50mA VcE= - 20V 
f = 100MHz 

ns le= - 150mA 111 = - 1 SmA 
Vee= - 10V 

~ 
00 

0 
V SCOPE 

-:U: ' 50 

I ~ -= -= ns 

ns le= - 150mA la, = In =15mA 
Vee .. - 10V .,, 
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-6 
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2N3012 ® 

HIGH-SPEED PNP SILICON SWITCHING 
AND RF AMPLIFIER TRANSISTOR 

Package : T0 -18 

The ITT 2N3012 is a 600 me PNP silicon planar epitaxial transistor designed for saturated and non
saturated switching circuits requ iring up 10 200 milliamperes of collector current . It is suitabl e for 20 

me amplifiers. 10.7 me IF amplifiers. and 100 me oscillator converter circui ts. 

ABSOLU TE MAXIMUM RATINGS (Note 1) 

Characterist i cs Unit 
Collecto r-Base Volt age ..................................... - 12 Volts 
Collector -Emitter Voltage (Note 4) ................. - 12 Volts 
Collector-Emitter Voltage ................................. -12 Volts 
Emitt er -Base Voltage ....................................... - 4 .0 Volts 

Total Dissi pation@: 

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

TA= 25 °C (Notes 2 and 3) ....................... 0 .36 Watt 
Storage Temperature ...................... -6 5°C to +200 ° C 
Operating Junction Temperature ...... 200 °C Maximum 
Lead Temperature 

(Soldering. 60 sec Time Limit) ......... 300°C Maximum 

SCHEMATIC 

1000 
0.1 21:0 

PUC!( '¥»1.C:ln 1000 
RISE TIME< I nMC 
P.W. > !Q) ns« 
fi n • lOO -:- -:-

.... Viii,. • 'Ii v,n • - 'IV 
,.,, Vbll • -~ V In • +W 

Voul 

TO SAMl'I.INC SCOPE 
Rill n ME < I n,c 
I NPIII H lOOUl 

FIGURE 1 - SWITCHING TIME TEST CI RCUIT 

ELECTRICA L CHARACTERISTI CS (TA = 25°C unless othe rwise noted) 

Symbol Min Typ Ma x Unit Conditions 

hfE 30 70 120 le = 30 mA . Vee = - 0 .5 Volt (Not e 5) 

hFe 25 50 le = 1 o mA. Vee = -0 .3 Volt (Note 5) 

hFE 20 40 le = 1 oo mA. Vee = - 1.0 Volt (Note 5) 

VCE(sat) -0 .07 - 0.15 Volt le= 10 mA. ls= 1.0 mA 

VeE(sa1) - 0 . 1 -0 .2 Volt le = 30 mA. 15 = 3 .0 mA 

Vce(sat) -0 . 15 -0.4 Volt le = 30 mA. Is = 3.0 mA 

VeE(satl -0 .25 -0 .5 Volt le = 100 mA. ls= 10 mA 

VBE(sat) -0 .78 -0 .90 -0.98 Volt le = lOmA,l s = 1.0mA 

VBE(sat) -0. 85 -1 .12 - 1.2 Vo lts le = 30 mA. Is = 3.0 mA 

Vse(satl -1 .4 - 1.7 Volts le= lOOmA.I5 = lOmA 

hre 4 .0 5.5 le= 30 mA, Vee= -10 Volts 

c ob 3 .3 6 .0 pf le = o. Ves = -5.0 Volts 

eTE 3.8 6 .0 pf le = o. Ves = -0 .5 Vol t 
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2N3012 

ELECTRICAL CHARACTERIST I CS (TA = 25°C unless otherwise noted) 

Symbol Min Typ Max Unit Conditions 

Ices 0.05 80 nA Vee= -6 .0Vo lts. Vse = 0 

lces(s5oci 0 .003 5.0 µA Vee = -6.0 Volts. Vse = 0 

BVcso - 12 Volts lc=l0µA. le=O 

BVces -12 Volts le= 10µ.A. le= 0 

VcEO(sust) -12 Volts le= 10 mA (pulsed!. ls= 0 
(Notes 4 and 5) 

BVeso - 4.0 Volts le= 100µ.A. le= o 

1on 25 60 nsec le~ 30 mA . ls1 
~ 1.5 mA (Note 6) 

1off 35 75 nsec lc~30mA.ls1 ~ 

1.5mA.I 8 2~ -1.5mA(Note6) 

NOTES : 

( 1) These ratings are limit ing values above which the serviceability of any individua l semiconducto r dev ice may be impa ired. 

(21 These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cyc le operations . 

(3) These ratings give a max1mucn junction temperature of 200 ° C and junction-to-case thermal resistance of 146°C/watt {derating 
fact or of 6 .85 mW/°CI : j unction -to -amb ient thermal resistance of 486 °C/ watt (derating factor of 2 .06 mW /° CI. 

(4) Rating refers to a high•currem point where collector-to •emnter voltage is lowest . 

(5) Pulse Conditions : length= 300µsec : duty cycle= 1%. 

(6) See switching circuit for exact values of le. I B 1. and I 82 , 

• JV 

1.5 K 

+50V 

FIGURE 2 -
SWITCHING 
NON-SATURATED 
PERFORMANCE 

67 
OUTPUT 

Scale • 2 nsec / cm. 

510 Q 

1----- - 5 TRANSi STORS -- --- -1 

tpd•--1-
IO 1osc 

FIGURE 3 - FIVE STAGE RING OSCI LLATOR FOR 
MEASUREMENT OF PROPAGATION DELAY 
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2N3502,2N3503,2N3504,2N3505 ® 

PNP SILI CON HIGH CURRENT 
SWITCH ING TRANSISTORS 

Packages: 

2N3502 / 03. T0- 5 

2N3504 / 05. T0- 18 

These ITT PN P si l icon planar epit axial transisto rs are designed for dig ital and analog app licat ions at 

cur rent levels up to 500 mi ll iampere s. Their high beta. high fr at high cur rent. high LVCEO' and low 

noise figur e make them idea l fo r use as line dr ivers. memory applicat ions and low -noise amplifiers. 

ABSOLUTE MAX IMUM RATINGS (Note 1) 

Char act eri st ics Uni t 

Storage Temperature ....................... - 65 ° C to + 200 ° C 
Operat ing Junction Temperatu re ....... 200 ° C Moximum 

Tota l Dev ice Dissipation @: 

Tc = 25 ° C (Notes 2 and 3) 
(2N3502 . 2N3503) ...................................... 3.0 Watts 

(2N3504. 2N3505) ...................................... 1.3 Watts 

TA = 25 ° C (Notes 2 and 3) 
(2N3502 . 2N3503) ........................................ 0 .7 Watt 

(2N35 04 . 2N3505} ........................................ 0.4 Watt 

Collector -Base Volt age 
(2N 3503 . 2N3505 } .... ................................ - 60 Volts 

(2N3502, 2N3504 ) .................................... - 45 Volts 

Collector- Emitter Voltage (Not e 4) 

(2N35 03. 2N3505) ..................................... - 60 Volts 

(2N35 02. 2N3504) ..................................... - 45 Volts 

Emitte r-Base Voltag e 
(2N3503, 2N3505 ) .................................... - 5.0 Volts 

(2N3502. 2N3504) ................................... - 5.0 Volts 

Collector Current (Note 2) 
(2N3502. 2N3503. 2N350 4 . 2 N3505) ...... 600 mA 

ELECTRI CA L CHARACTERISTICS (TA= 25 ° C unless otherwis e noted) 

Symbol Min Typ Max Unit 

hFE 2N3503 . 2N3505 . 80 120 

2N3502 . 2N3504 

hFE 2N3503 . 2N3505 . 120 

2N3502 . 2N3504 

hFE 2N3503 . 2N3505 , 135 200 

2N3502, 2N3504 

hFE 2N3503. 2N3505. 140 270 

2N3502. 2N3504 

hFE 2 N3503 . 2N3505 , 100 150 300 

2N3502, 2N350 4 

12-1 64 

Condit ions 

le = 10µA.Vee = -1 o voI1s 

le = 100µA.Vee = - 1ov oI1s 

le = 1.0 mA . Vee = - 10 Volts 

le= 10 mA, Vee= - 10 Volts 
(Note 5) 

le= 150mA , Vee = - 10Volts 
INote 5) 



2N3502.2N3503.2N3504,2N3505 

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

Symbol Min Typ Max Unit Conditions 

hFe 2N3503, 2N3505. 50 70 le= 500 mA. Vee= -10Volts 
2N3502. 2N3504 (Note 51 

hFe 2N3503. 2N3505. 115 160 300 le= 50 mA . Vee= -1 .0 Volt 
2N3502. 2N3504 

Vse(sat) 2N3503. 2N3505 . -0 .9 - 1.0 Volt le = 50 mA. 16 = 2.5 mA (Pulsed . 
2N3502, 2N3504 see Note 1) 

VBE(satl 2N3503 , 2N3505. -1.0 - 1.3 Volts le = 150 mA . Is = 15 mA (Pulsed. 
2N3502. 2N3504 see Note 1) 

VcE(satl 2N3503. 2N3505. -0 .08 - 0 .25 Volt le = 50 mA. Is = 2.5 mA (Pulsed. 
2N3502 . 2N3504 see Note 1) 

Vce(sat) 2N3503. 2N3505. - 0 .18 - 0.4 Volt le= 150 mA, Is= 15 mA (Pulsed. 
2N3502. 2N3504 see Note 1) 

hte 2N3503, 2N3505 . 2.0 2.50 le = 50 mA. Vee = -20 Volts 
2N3502. 2N3504 If= 100 me) 

VcEO(sust) 2N3503. 2N3505. -60 Volts le = 10 mA (pulsed). Is = 0 
2N3502. 2N3504 -45 Volts !Notes 4 and 5) 

1on 2N3503 . 2N3505. 20 40 nsec le :::, 300 mA. ls 1 :::, 30 mA 
2N3502. 2N3504 (Note 61 

1off 2N3503. 2N3505. 40 100 nsec le:::, 300 mA. ls1 :::, 30 mA . 
2N3502 . 2N3504 Is2 :::, -30 mA (Note 61 

hFe(-55°e) 2N3503. 2N3505. 50 100 le = 50 mA . Vee = -1 .0 Volt 
2N3502. 2N3504 

Iees 2N3503 . 2N3505 0.07 10 nA Vee= - 50 Volts. v 6 e = o 

Iees 2N3502. 2N3504 0.05 10 nA Vee= - 30 Volts. v 6 e = o I 
sveao 2N3503. 2N3505 - 60 Volts le = 10µA , IE = 0 

2N3502 , 2N3504 -45 Volts 

BVEBO 2N3503 . 2N3505. - 5.0 Volts ie = 1oµA. ie = o 
2N3502. 2N3504 

Cob 2N3503. 2N3505. 4 .5 8.0 pf le = o. Vea= - 10 Volts 
2N3502. 2N3504 

ere 2N3503. 2N3505. 15 25 pf le = o. Vea = -o .5 Volt 
2N3502. 2N3504 
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2N3502, 2N3503,2N3504,2N3505 

ELECTRICAL CHARACTER ISTICS (TA= 25°C un less otherwise not ed) 

Symbol Min Typ Max Unit Conditions 

NF 2N3503. 2N3505. 1.0 4.0 dB le= 30µA, VcE = -5 .0V olts 

2N3502. 2N3504 (Note 7) 

iesol+ 150) 2N3503. 2N3505 10 µA Vea= -50Volts. IE = 0 

lesoI+15ol 2N3502. 2N3504 10 µA Vea = -30 Volts. IE = 0 

VeE(sat) 2N3503 . 2N3505 . -0 .5 -1 .6 Volts le = 500 mA. Is = 50 mA !Pulsed. 

2N3502 . 2N3504 see Note 5) 

VBE(sat) 2N3503. 2N3505. -2 .0 Volts le = 500 mA. la = 50 mA 
2N3502 . 2N3504 (Pulsed. see Note 5) 

SMALL SIGNAL CHARACTERISTICS (I= 1kcl 

Symbol Min Typ Max Unit Conditions 

1050 2300 Ohms le = 10 mA, VcE = -1 0 Volts 

110 800 umhos le= 10 mA, VeE = -10 Volts 

240 1500 x10-6 le= 10 mA . VcE = -10 Volts 

135 200 420 le = 10 mA , VeE = -10 Volts 

NOTES : 

( 1) These ratings are limit ing values above wh ich the serviceability of any individual semiconductor may be impaired . 

(21 These are steady state l imit s. The factory should be consulted on applications involving pulsed or low duty cycle operation s. 

(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/° CI for the 2N3502 and 2N3503. and 146°C /watt lderat ing factor of 6.85 mW /° C) for the 2 N3504 
and 2N3505 : junct ion-to-ambient thermal resistance of 250 ° C/watt (de rat ing factor of 4.0 mW /° C) for the 2N3502 and 
2N3503 . and 438 ° C/ watt (de rating factor of 2.28 mW/° C) for the 2N3504 and 2N35 05 . 

14) Rating refers to a high•current point w here collector-to •emitter voltage is lowest . 

15) Pulse Condit ions: lengt h= 300µse c : duty cycle= 1%. 

16) See switching circuit for exact values of le, I 81. and I 82. 

(71 f = 1.0Kc:Rs = lOKP. . 

SCHEMATIC FIGURE 1 - TON AND T OFF TEST Cl~CUIT 
•30V 

4.0V 
30 

0.47 Your 
~ TO SAMPLING 

OSClllOSCOPE 

PUlSE GENERATOR 

V1N = -9V 
tr, t1i6 n1tc 
P.W. = 0.51"4< 
z,. = 500 

330 

1.0 

T 
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Packages: 

2 N3671. T0-5 
2N3672 . T0 - 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 Junct ion Temperature ....... 200°C Max imum 
Total Device Dissipation (Notes 2 and 3): 

@ Tc = 25 ° C (2N367 1) ............................ . 3.0 Watts 

(2N3672) ............................. 1 .8 Watts 
(2N3673) ............................. 3 .0 Watts 

@ TA= 25 °C(2N3671) ................. . ...... .... 0.6Watt 

(2N3672) .............................. 0.4 Watt 
(2N3673) .................. ........ 0 .35 Watt 

Collector-Base Vo ltage ..................................... - 60 Vo lts 
Collector-Em itter Voltage (Note 4) ................. - 50 Vo lts 
Emitter-Base Voltage ....................................... -5.0 Volts 
Collector Current (Note 2) .................................... 600 ,nA 

ELECTRICA L CHARACTERIST I CS (TA = 25 ° C unless otherwise noted) 

Symbol Min Max Unit Conditions 

hFE 75 225 le= 150 mA. VcE = -10 Volts (Note 5) 

hFE 75 le = 1 .0 mA. V CE = -10 Vo lts 

hFE 75 le = 10mA.VcE = -10Vo lts(Note5) 

hFE 55 le = 0. 1 mA. VcE = -10 Volts 

hFE 40 le = 500 mA. VcE = -1 O Vo lts (Note 5) 

hFE 20 le = 150 mA. VcE = -0.6 Volt (Note 5) 

VCE(sat) - 0.4 Volt le= 150 mA. 18 = 15 mA (Note 5) 

VcE(sat) -1 .6 Vo lts le = 500 mA. la = 50 mA (Note 5) 

VBE(sat) -1 .3 Volts le= 150 mA. la= 15 mA (Note 5) 

VBE(sat) - 2.6 Vo lts le = 500 mA. la = 50 mA (Note 5) 

td 10 ns lcs = 150 mA. 181 = 15 mA (See Fig. 1) 

tr 40 ns lcs = 150 mA. 181 = 15 mA (See Fig. 1) 

ts 80 ns lcs = 150mA. l s1 = 15mA. 

ls2 = -15mA(SeeF ig.2) 
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2N3671.2N3672.2N3673 

ELECTRIC A L CH ARACTER IST ICS (TA= 25° C unless otherw ise noted) 

Symbol Min Max 

tf 30 

1on 45 

toff 100 

hfe 2 .0 

1eao 10 

leaot 15o oe i 10 

1CEX 50 

la 50 

Cobo 9.0 

c ibo 30 

aveao - 60 

VcEO(sus tl -50 

avrno -5 .0 

NOT ES: 

Unit 

ns 

ns 

Conditions 

les = 150 mA. la1 = 15 mA . 

ls2 = - 15 mA (See Fig. 2 ) 

lcs = 150 mA . 1a 1 15 mA (See Fig. 1) 

ns les = 150 mA.1 8 1 = 15 mA . 

nA 

µA 

nA 

nA 

pF 

pf 

Vo lts 

Vo lts 

Volts 

ls2 = -15 mA (See Fig. 2) 

le = 50 mA. Vc E = -20 Volts 

IE = 0 . Ve a = - 50 Vol ts 

IE = o. Vea = -50 Volts 

-3 0 Volts. VaE = + 0 .5 Volt 

VcE = -3 0 Volts. VaE = +0 .5 Volt 

IE= 0. Ve a= - 10 Vo lts 

le = 0. VE a = - 2 .0 Volts 

lc=l0µA . IE = 0 

le= 10 mA (pulsed). la = 0 
(Notes 4 and 5) 

le = 0. IE = 1 0µA 

( 1) These ratings are limiting values above wh ich 1he serviceability of any individua l semiconducto r device may be impa ired. 

(21 These are sIeady s1a1e lim ils. The factory should be consulted on app lica1ions 1nvolv ing pulsed o r low duty cycle ope rations. 

(31 T hese ratings give a maximum junction temperat ure of 20G ° C and junction to case thermal resistance of 58 .3 ° C/ w att {derating 
factor of 17.2 mW/° C): junct ion 10 amb1en1 thermal resistance of 292 ° C/watt (dera1ing factor of 3 .4 3 mW/ ° C) fo r 1he 2N367 1. 
Junction to case thermal resistance of 97 .3 °C/wa u (derating factor of 10.3 mW /° C) junction to ambient thermal resistance 
or 4 37° C/ watl (deratmg facto r of 2 .28 mW/° C for the 2N3672 . Junction to case the,ma t resistance of 58. 3° C/wa tt (derating 
factor of 17 .2 mW/ ° C): junction to ambient tliermal resislance of S0 0 ° C/watt (derating factor of 2 .0 mW/ ° C). 

(4 ) Ratino refers to a high-cu rrent point whe re collector to em itte r voltage is lowest . 

15) Pulse Condit ions: leng th = 300 µsec: duiy cycle = 1 %. 
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CIRCUIT DIAGRAM 

INPUT 
Zo = SOQ 
PRF = 150 PPS 
Rise Time S 2 nsec 

=i__r 
-i j-- 200 ns 

INPUT 
Zo = SOQ 
PRF = 150 PPS 
Rise Time ~2 nsec 

.:U-
-i f-2o ons 

SOQ 

FIGURE 1 

-30V 

200Q 

FIGURE 2 

+15V -6V 

37Q 

lKQ 
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2N3671,2N3672,2N3673 

Sampling Oscilloscope 
Zin SSOQ 
Rise Time ~ 1 nsec 

Sampllng Oscilloscope 
Zin SSOQ 
Rise Time ~ 1 nsec 
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2N3962,2N3963,2N3964,2N 3965 ® 

PNP SILICON LOW-LEVEL 

LOW - NOISE TYPE TRANSISTORS 

• LOW NOISE FIGURE ...... ...... .. ......... ....... NF= 2 .0 dB (MAX ) AT 1.0 kHz 
NF= 4 .0 dB (MA X) AT 100 Hz 

HIGH CURRENT GAIN ....... ............... .......... hFE = 180 (MI N) AT 1.0µA 

hFE = 250 - 500 AT 10 µA 

hFE = 250 - 600 AT 1.0 mA 

• HIGH BREA KDWON VOLTAGE ......... LVcEO = 45. 60 AND 80 VOLTS 
• EXCELLENT BETA LINEARITY ........... ............. . FROM 1.0µA TO 50 mA 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Characte ristics Unit 

Collector -B ase Voltage 
(2N3 9 62 . 2N3965 ) ............ ....................... -60 Volts 

(2N3 96 3 ) ....................................................... - 80 Volts 

(2N3 964) ....................................................... -45 Volts 

Collecto r·E mitter Vo ltage (Note 4) 
(2N3962 . 2N3965) .................................... -60 Volts 

(2N3963 ) ...................................................... -80 Volts 

(2N3964 ) ....... .......... ..................................... -45 Volts 

Emitter -B ase Voltaga 
(2N3962 . 2N3963 . 2N3964 . 2N3965) -6 .0 Vo lts 

Total Device Dissipation @: 

Tc= 25 ° C ..................................................... 1.2 Watts 

TA= 25 ° C .................................................... 0.36 Watt 
Storage Temp erature ...................... - 65 ° C to +200 °C 

Operating Jun ction Temperatur e .......................... 200°C 

Lead Temper a tu re 
(Solde ring . 60 sec Time Lim it) ........................... 300 °C 

ELECTRICAL CH ARACTE RISTI CS (TA = 25°C unless otherwise noted) 

Package : T0-18 

Symbol Min Typ Max Uni t Conditions 

hFE 2N3962. 2N3963 60 175 le= 1.oµA. Vee = -5 .0 Volt s 

2N3964. 2N3965 180 300 

hFE 2N3962. 2N3963 100 210 300 le= lOµA . Vee= - 5.0 Vol!s 

2N3964. 2N3965 250 320 500 

hFe 2N3962. 2N3963 100 240 le= lOOµA. Vee= -5 .0 Volts 

2N3964. 2N3965 250 330 

hFE 2N3962. 2N3963 100 260 450 le= 1.0 mA. Vee= -5 .0 Volts 

2N3964. 2N3965 250 330 600 

12- 170 



2N3962,2N3963,2N3964,2N3965 

ELECTRICAL CHARACTERISTICS (TA= 25°Cunlessotherwisenoted) 

Symbo l Min Typ Max Unit Conditions 

hFe 2N3962 , 2N3963 100 280 le= 10 mA. Vee= -5 .0 Volts (Note 5) 
2N3964. 2N3965 200 300 

hFe 2N3962. 2N3963 90 260 le = 50 mA. Vee = -5 .0 Volts (Note 5) 
2 N3964. 2N3965 180 315 

hFe(-55°e) 2N3962. 2N3963 40 90 le= 1oµA . Vee= - 5.0Volts 
2N3964 . 2N3965 100 160 

hFel-55 ° e1 2N3962 . 2N3963 45 150 le = 50 mA. Vee = - 5.0 Volts (Note 51 
2N3964 . 2N3965 90 190 

hFe1+100°c, 2N3962. 2N3963 375 600 le = 1.0 mA. Vee = - s.o Volts 
2N3964 . 2N3965 400 800 

BVeeo 2N3962 - 60 Volts le = 10µA . le = 0 
2N3964 - 45 Volts 

eveeo 2N3963 -80 Volts le= l0µA. le= 0 
2N3965 -60 Volts 

evees 2N3962 - 60 Volts le = l0µA. le = 0 
2N3964 -45 Volts 

BVees 2N3963 - so Volts le= l0µA . le= 0 
2N3965 -60 Volts 

Vceo(sust) 2N3962 -60 Volts le = 5.0 mA (pulsed). I a = 0 (Notes 4 and 5) 
2N3964 - 45 Volts 

Veeo(sustl 2N3963 - 80 Volts le = 5.0 mA (pulsedl. 18 = 0 (Notes 4 and 51 
2N3965 - 60 Volts 

BVeeo 2N3962 . 2N3963 -6 .0 Volts le= 0 , le = l0µA 
2N3964. 2N3965 

NF 2N3962. 2N3963 1.0 3 ,0 dB le= 20µA.Vee = -5 .0Volts 
2N3964. 2N3965 0 .7 2 .0 dB Rs= 10kohms . BW = 15.7kHz I NF 2N3962 . 2N3963 0.8 30 dB 'e = 20µA . Vee = -5 .0 Volts. 
2N3964 . 2N3965 0.5 2 .0 dB Rs= 10 kohms . BW = 1.5 kHz 

NF 2N3962 . 2N3963 0 .8 3.0 dB 'c = 20µA. Vee = -5 .0 Volts . 
2N3964 . 2N3965 0 .5 2.0 dB RS = 10 k ohms . ew = 150 Hz 

NF 2N3962. 2N3963 3 .0 10 dB 'e = 20µA . Vee= -5.0 Volts . 
2N3964 . 2N3965 1.8 4.0 dB R5 = 10 kohms . SW= 15 Hz 

NF 2N3964 . 2N3965 3.5 8.0 dB le= 20µA . Vee = -5 .0Volts. 
Rs= 10 k ohms. BW = 2.0 Hz 

1ees 2N3962 0 .5 10 nA Vee = -so Volts . Vee = o 
2N3965 
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2N3962,2N3963,2N3964,2N3965 

ELECTR ICAL CHARACTERISTIC S (TA = 25 ° C unless otherw ise noted) 

Symbol 

Ices 2N3963 

1ces 2N396 4 

Ices(+ 150°C ) 2N3962 
2 N3965 

Ices(+ 150 ° CI 2N3963 

lcesl+ 150°C I 2N3964 

1rno 2N3962 . 2N3963 
2N3964 . 2N3965 

Vce1sa1l 2N3962 . 2N3963 

2N3964 . 2N3965 

Vce1sa1) 2N3962 . 2N3963 
2N3964. 2N3965 

Vae (sal) 2N3962 . 2N3963 

2N3964 . 2N3965 

Vae1sa1) 2 N396 2. 2N3963 
2 N3904 . 2 N396 ~ 

hie 2N 3962 . 2N3963 

2 N3964 . 2 N396 5 

hoe 2N3962 . 2N3963 
2N3964 . 2N3965 

h,e 2 N3962. 2N3963 

2N3964 . 2N3965 

hte 2N3962 . 2N3963 
2N3964. 2N3965 

hte 2N3 962 . 2N3963 

2 N3964 . 2N3965 

Cobo 2N3962 . 2N3963 
2N3964. 2N 3965 

cibo 2 N3962. 2N3963 
2N3964. 2N3965 

NOTES: 

Min 

2.5 

60 

50 
5.0 

100 

250 

2,0 

2.5 

Typ 

05 

05 

2 .0 

05 

2.0 

2.0 

- 0 . 1 

- 016 

- 0.72 

- 0.8 1 

8.0 

10 

19 

25 

300 
360 

Max 

10 

10 

10 

10 

10 

10 

10 

- 0 .25 

-0 .4 

- 09 

- 0.95 

17 

20 

40 

50 

Uni t Conditions 

nA Vee = -10 Volis . Vrn = o 

nA Vee = -40 vous. Vea = o 

µA Vee = -SO Vol1s. Vea = 0 
µA 

µA Vee = -70 Vol1s. Vea = 0 

µA Vee = - 40 vous . Vea = o 

nA le = 0 . Vea = - 4 .0 Volls 

Volt le= 10mA . ls = O.SmA 

Volt le = 50 mA. Is = 5.0 mA !No te 5) 

Volt le= 10 mA. la= 0 .5 mA 

Voll le= 50 mA. la = 5.0 mA (Note 5) 

k ohms ·le= 1.0 mA . Vee= - 5 .0 Volts 

k ohms 

µmho le= 1.0 mA . Vee = -5. 0 Volts 

µmho 

10 X 10- 4 le= 1.0 mA . Vee= - 5 0 Volts 

550 

700 

8.0 

8 .0 

6.0 

15 

le= 1.0 mA. Vee= - 5.o Volts 

le = o.s mA . Vee = -s. o Volts 

pf le= 0, Vea = -5 .0VollS 

pF le = o. Vea = -o .5 Volt 

( 1} These raungs are hm11ing values above wh ich the serviceability of any individua l sem1cor1ducto r device may be impa ired 

(2 ) These are steady state hmns The facto,y should be consuhed on applicat ions involvi ng pu lsed o r low duty cycle operat ions. 

(3) These ratings give a ma,umum junction temperature of 200 ° C and junction-to-case thermal resistance of 146°C/watt (dera1ing 
facto, o f 6 85 mW /° C}. junction-10-ambient thermal resistance of 486 ° C/ watt (deratmg factor of 2.06 mW/°C) . 

(4 ) This rating refers 10 a high -current point where collector-to•e miuer vo ltage 1s lowest. 

(51 Pulse Condit ions: length= 300µ s: du ty cycle= 1%. 
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Package: To-92 

2N4058 thru 2N4062 

GENERAL PURPOSE PNP SILICON AMPLIFIER TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS 

2N4059 /62 
Total Device Dissipation 

Characteristics 2N4058 Unit 
@TA =6o 0 c .......... .......... mW 210 

Collector -Em itter Voltage ...... .... 40 25 V 
@TA = 25°c .................... 310 

Collector-Base Voltage 40 25 V ·············· Junction Temperature ........... . 135 oc 
Emitte r-Base Voltage ················ 4.0 V 

Therma l Resistance, Junction 
Collector Current ....... ..... ..... .... .. 100 mA 

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

ELECTRICAL CHARACTERI STICS (TA= 25°C unless otherwise noted) 

Symbol Min Ty o Max Unit Conditions 

BVCEO 40 - - Vdc 2N4059/621 1 = O 5 d = O C . mA c, I B 
25 - - 2N4058 

BV EBO 4.0 - -· - Vdc IB = 10uAdc, IC =O 

1
CBO 

- - 0.05 uAdc 2N4059/62 V CB - 30 Vdc, IE - 0 

- - 0.05 2N4058 VCB = 20 Vdc, 'E = O 

- - 1.0 2N4059/62 VCB = 30Vdc,IE = O, 

TA = 60°C 

- - 1.0 2N4058 VCB = 20 Vdc, 

IE = 0, TA= 60°C 

hFE 100 - - - 2N4058 IC = 100 uAdc, 

VCE=10Vdc 

50 - 100 2N4059/60' 

90 - 180 2N406 1 

150 - 300 2N4062 
le = 2 mAdc, 

200 - 400 2N4058 vcE = 10Vdc 

30 - - 2N4059/60 

60 - - 2N4061 

90 - - 2N4062 ) 

VCE(sat) - - 0.5 Vdc le= 50 mAdc, IB = 5 mAdc 

fT - 200 - MHz 2N4059/6) IC= 2 mA dc, 
- 340 - 2N4062 

vcE = 10V dc 
- 340 - 2N4058 

- 270 - 2N4059/6} IC= 10 mAdc, 
- 420 - 2N4062 

VCE = 10 Vdc 
- 420 - 2N4058 

Cob - - 4.0 pF 2N4059/62} VCB = 10 Vdc, IE= 0, 

- - 4.0 2N4058 f = 100kHz 

NF - 1.8 3.0 dB V CE= 5 Vdc, lc = 10 uAdc, 

Rs = 10 kohms, 2N40 5!s 
Power Bandw idth= 15.7 kHz, 

3dB points@ 10 Hz and 10 kHz 

• Pu lse Test: Pulse Width .'.::. 30 us, duty cycle~ 2%. 
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(E) 
2N4248,2N4249,2N4250 

PNP SILICON LOW LEVEL LOW NOISE 
AM PLIFIE R TRANSISTORS 

Package :T0 -92 

• Low Noise Figure .................... .... ........ .................. 2.0 dB (max) at 1.0 kHz 
• High Current Gain ........................... ............................ 250 -700 at 100 µA 

• High Breakdown ............ .............. .......... ..... . .40 and 60 Vo lts (min) LVcE O 
• Excellent Beta Linear ity ............ ............ ..... .............. .. From 1 µA to 50 mA 

ABSOLUTE MAX IMUM RATINGS (Note 1) 

Characteristics Unit 

Storage Temperatu res ......................... -5 5° C to 125°C 

Operat ing Junction Temperatures ........................ 125°C 
Lead Temperature (Soldering . 

10 seconds time limit) ......................................... 260°C 
Tota l Device Dissipation (Notes 2 and 3) 

@Tc= 25°C .................................................. 0.5 Watt 
@TA = 25°C ................................................. 0.2 Watt 

Collector-Base Voltage 
(2N4248 , 2N4250) ..................................... -40 Volts 
(2N4249 ) ....................................................... -60 Volts 

Collecto r- Emitter Voltage 

(2N4248. 2N4250) ..................................... -40 Volts 
(2N4249) ....................................................... -60 Volts 

Emitter -Base Vo ltage 
(2N4248. 2N4250) ..................... , .............. - 5.0 Volts 
(2N424 9) . ..................................................... -5.0 Volts 

ELECTRICAL CHARACTERISTICS (TA= 25°C unless oth erwise noted) 

Symbol Min Typ Max 

NF 2N4248 0 .7 
2N4249 0.7 3.0 

2N4250 0 .5 2.0 

NF 2N4248 1.0 

2N4249 1.0 3.0 

2N4250 0.7 2.0 

NF 2N4248 0 .8 

2N4249 0.8 3.0 

2N4250 0.7 2.0 

2N4248 90 
2N4249 190 

2N4250 300 

2N4248 50 100 
2N4249 100 240 300 

2N4250 250 350 700 
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Un it Conditions 

dB le= 20µA. VcE = -5 .0 Volts 
dB (Note 6) 

d8 

dB le = 20µA. VcE = - 5.0 Volts 
dB (Note 7) 

d B 

dB le = 250µA. VcE = -5 .0 Vo lts 
dB (Note 8) 

dB 

le= 10µA. VcE = -5 .0V ol ts 

le = 1ooµA.Vce = -5 .0Volts 



2N4248,2N4249,2N4250 

ELECTRICAL CHARACTERISTICS (TA = 25 ° e unl ess otherw ise noted) 

Symbol Min Typ Max Unit Conditions 

hFe 2N4248 50 110 le = 1.0 mA . Vee = - 5.0 Volts 

2N4249 100 250 

2N4250 250 350 

hFe 2N4248 50 120 le = 10 mA. Ve e = -5 .0 Volts 

2N4249 100 280 (Not e 5) 

2N4250 250 350 

eveeo 2N4248 . 2N4250 - 40 Volts le = 10µA . le = 0 

2N4249 ~ - 60 Volts 

BVees 2N424B. 2N4250 - 40 Volts le= 10µA 

2N4249 -60 Volts 

VeeO(sust) 2N4248 . 2N4250 - 40 Volts le = 5.0 mA (pulsed ). 18 = o 

2N4249 -60 Volts (Notes 4 and 5) 

eve8o 2N4248. 2N4249 . - 5.0 Volts le=0 . le=1 0 µA 

2N4250 

Iceo 2N4248. 2N4249 . 10 nA le = o. Vee = -40 Volts 

2N4250 

leeo(65•c, 2N4248 . 2N4249. 3.0 µA le = o . Vee = 40 Volts 

2N4250 

Ieeo 2N4248 . 2N4249 . 20 nA le = o. v 8 e = 3.0 Volts 

2N4250 

Vee(satl 2N4248. 2N4249 . - 0.25 Volt le = 10 mA. le = 0.5 mA 

2N4250 (Note 5) 

Vee(satl 2N4248 . 2N4249. - 0.9 Volt le = 10 mA. 19 = 0.5 mA 

2N4250 (Note 5) 

hte 2N4248 50 le = 1.0 mA . Vee = - 5.0 Volts I 2N4249 100 250 550 

2N4250 250 350 800 

hte 2N4248. 2N4249 2 .0 le = 0.5 mA . Vee = -5 .0 Volts 

2N4250 2 .5 

Cobo 2N4248 . 2N4249 . 6.0 pF le = o. Vee = -5 .0Volts 

2N4250 

Cibo 2N4248. 2N4249 . 16 pF le = o. Vee = 0 .5 Volt 
2N4250 
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2N424 8, 2N4249,2N4250 

SMALL SIGNAL CHARACTERISTIC S (f = 1 kHz) 

Symbo l Min Typ Max Unit Conditions 

h;e 2N4249 2.5 8.0 17 kohms le = 1.0 mA. VeE = 5.0 Volt s 
2N4250 6.0 10 20 koh ms 

hoe 2N4249 5.0 19 40 µm ho le = 1.0mA.VeE = - 5.0V olts 
2N4250 5.0 25 50 µm ho 

hre 2N4249, 2N425 0 10 x10- 4 le = 1.0mA,VeE = - 5.0V ol ts 

hte 2N4249 100 250 550 l e = 1.0 mA . VeE = -5.0 Vol ts 
2N4250 250 350 800 

NOTES : 

( 1 I These ralings are limiting values above which the serviceability of any individual sem,conductor device may be impaired . 

(2) These are steady state lim~s. The factory should be consulted on appl ications involvin g pu lsed o r low-duty cycle operat ions. 

(3} These rat ings give a maximu m junction 1empera t u re of 125°C and junc t ion• to·case thermal resistance of 200°C/wa tt (derating 
factor o f 5 ,0 mW/° C): junc t ion•to •ambient therma l resistance of 500° C/watt (dera t ing factor of 2.0 mW/°C) . 

(4) This rati ng refers to a high•current point whe re collec tor to emi tt er voltage is lowest . 

15) Pulse Conditions : length= 300µs:dutycycle = 1%. 

16) As= 10k!"! , Powe r Bandwidthof150H z. 

17) HS = 1 0 kP.. Power Bandwidth of 15.7 kHz with 3.0 dB points at 1 0 Hz and 10 k Hz. 

(8) Rs = 1.0 k!l. 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 ........ ........ .... ....... 50 Vdc 
Total Device Dissipation @TA = 250c ..... 31 O mW 

Derate above 250c •········· .............. 2.81 mW/°C 

Collector-Base Vo ltage ........... ......... ....... ..... 50 Vdc Operating and Storage Junction 

Emitter-Base Voltage ....... .... ...................... .. 3.0 Vdc Temperature Range .................. -55 to +135 °c 

Collector Current - Continuous ................. 50 mAdc Thermal Resistance, Junction 

Peak ............ ...... ....... 100 mAdc to Ambient .......... ..... ... ................ 0.357 OC/ mW 

ELECTRICAL CHARACTERISTICS TA = 250C un less otherwise noted 

Symbol Min Typ Max Unit Conditions 

BVCEO 50 - - Vdc IC= 1.0 mAdc, 1
8 

= 0 

BVCBO 50 - - Vdc lc = 100 uAdc, IE= o 
I
cao - - 10 nAdc Vea = 10Vdc, IE= O 

- - 50 Vca = 35Vdc, IE=O 

I
EBO - - 50 nAdc VBE = 3.0 V.dc, IC= 0 

hFE 150 - 500 - IC = luu UAdc, VCE - b.U Vdc 

2N5086 

250 - 800 2N5087 

150 - - IC = 1 .0 mAdc, V CE = 5.0 Vdc 

2N5086 

250 - - 2N5087 

150 - - lc = 10 mAdc, V CE = 5 .0 Vdc 

2N5086 

250 - - 2N5087 

V CE(sat) - - 0.3 Vdc le = 10 mAdc, 18 = 1.0 mAdc 

VBE(on) - - 0.85 Vdc lc = 1.0 mAdc, V CE = 5.0 Vdc 

fT 40 120 - MHz le = 500 uAdc, V CE = 5.0 Vdc, 

f = 20 MHz 2N5086 

40 150 - 2N5087 

Cob - - 4.0 pF ,., VCB = 5.0 Vdc, IE= 0, f = 100 kHz 

hfe 150 - 600 - le = 1.0 mAdc, V CE = 5.0 Vdc, 

f= 1.0kHz 2N5086 I 
250 - 900 2N5087 

NF - - :.i.o dB le = 20 uAdc, V CE = 5.0 Vdc, 

Rs = 1 O k ohms, f = 1 O Hz to 

15.7 kHz 2N5086 

- - 2.0 2N5087 

- 1.2 3.0 lc = 100 uAdc, V CE = 5.0 Vdc, 

RS= 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 RATING S 

Characterist ic Unit 

Collector-Emitte r Voltage ............ ................ 15 Vdc 

Collector-Ba se Voltage ......... ........... ............. 15 Vdc 

Emitter-Base Voltage ....................... ............ 3.0 Vdc 

Collector Current ...... ...... ........... ............. 500 mAdc 

Tota l Device Dissipation @TA= 25°c ....... 310 mW 

Derate above 25°c ................. ......... 2.81 mW/OC 

Operating and Storage Junction 

Temper ature Range .................... -55 to +135 oc 

Thermal Resistance, Junction 

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

ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherw ise noted) 

Symbol Min Max Unit Conditions 

BVCEO 15 - Vdc lc=10mAdc,IB=0 

BVCBO 15 - Vdc IC= 100 uAdc, IE = 0 

BVEBO 3.0 Vdc IE= 100 uAdc, IC= 0 

1cao lUU nAClc vca = 10 vac, IE = o 
1
EBO - 100 nAdc VBE = 3.0 Vdc, 'c = 0 

hFE .l:) - 'c - 10 mAdc, V CE - 10 Vdc 

30 600 IC= 50 mAdc, V CE= 10 Vdc 

VCE(sat) 0.5 Vdc 'c - 150 mAdc, IB = 15 mAdc 

V BE(sat) 1.1 We 'c = 150 mAdc, IB - 15 mAac 

fT 100 - MHz IC= 20 mAdc, V CE= 10 Vdc 

Ccb 15 pF VCB = 5.0 Vdc, 'e = 0, f = 1.0 MHz 

hfe 30 1800 - IC - 50 mAdc, V CE= 10 Vdc, f = 1.0 kHz 
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Package: To-92 

2N5226 
MEDIUM POWER PNP SILICON AMPLIF IER TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Character istic Unit 

Collector-Emitter Voltage ........................... 25 Vdc 

Collector-Base Vo ltage ................................ 25 Vdc 

Emitter-Base Voltage ............................. ...... 4.0 Vdc 

Collector Current .................................... 500 mAdc 

Total Dev ice Dissipat ion @TA= 250c ........ 310 mW 

Derate above 250c ............. ............ 2.81 mW/OC 

Operating and Storage Junction 

Temperatur e Range .................... -55 to +135 °c 

Thermal Resistance, Junction 

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

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

Symbol Min Max Unit Conaitions 

BVCEO 25 - Vdc 'c = 10_mAdc, 18 = o 
BVCBO 25 - Vdc lc=lOOuAdc,IE=O 

BVEBO 4.0 - Vdc 'E = 100 uAdc, 'c = o 
1
cso - 300 nAdc VCB = 15 Vdc, Ii: = 0 

1EBO - 500 nAdc VBE = 4.0 Vdc, 'c = 0 

hFE 25 - - 'c = 10 mAdc, V ri: = 10 Vdc 

30 600 IQ= 50 mAdc, V CE= 10 Vdc 

VCE!satl - 0.8 Vdc 'c = 100 mAdc, 18 = 10 mAdc 

VBE(sat) - 1.0 Vdc le= 100 mAdc, 'R = 10 mAdc 

fT 50 - MHz lc = 20 mAdc, V CE = 10 Vdc 

Ccb - 20 pF VCB = 5.0 Vdc, IE = 0, f = 1.0 MHz 

hfe 30 1800 - IC = 50 mAdc, V CE = 10 V de, f = 1.0 kHz 
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2N5227 
Package: To-92 

GENERAL PURPOSE PNP SI LICON LOW-LEVE L AMPLIFIER TRANS ISTOR 

ABSOLUTE MAX IMU M RATING S 

Characteristic Unit 

Collector-Em itte r Voltage ......... .......... ...... ... 30 Vdc 

Collector-Bas e Voltage .... ... ..... ....... .. ........ ... 30 Vdc 

Emitter-Base Voltage .. .......... ..... .... ....... ...... 3.0 Vdc 

Collector Cur rent .............. .......... ........... ... 50 mAdc 

Total Device Dissipat ion @TA = 25° c ....... 31 0 mW 

Derate above 25°C ......... ............ , .. 2.81 mW/OC 

Operating and Sto rage Junction 

Temperat ure Range ................. ... -55 to +135 oc 

Thermal Resistance, Junction 

to Ambie nt ...... ................... .... .... .. 0.357 OC/mW 

ELECTRICAL CHARACTERISTICS (TA = 250C unless otherwise noted) 

Symbol Min Max Unit Cond itions 

BVCEO 30 - Vdc IC = 1 .0 mAdc, I B = 0 

BVCBO 30 - Vdc IC = 100uAdc, IE = 0 

BVEBO 3.0 - Vdc IE = 100uAdc, IC = 0 
7

CBO - 100 nAdc vcs = 10Vdc, IE = 0 
1EBO - ouu nAdc VBE = 2.0 Vdc, IC= 0 

liFE jU - - 'c = 100 uAdc, v ce ·= 10 Vdc 
50 700 'c = 2.0 mAdc , V <'E = 10 Vdc 

VCE(sat l - 0.4 Vdc IC = 10 mAdc, IA = 1.0 mAdc 

V BE (sat) - 1.0 Vdc IC = 10 mAdc, 1
8 

= 1.0 mAdc 

fT 100 - MHz le = 10 mAdc, V <'E = 10 Vdc 

Ccb - 5.0 pF vca = 10Vdc,IE = 0 

hfe 50 1500 - 'c = 2.0 mAdc, V CE = 10 Vdc, f = 1.0 kHz 
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Package T0-92 

2N5372 thru 2N5375 
GENERAL PURPOSE PNP SI LICON TRANSIS TO RS 

ABSOLUTE MAX IMUM RATINGS@ 25°c (free air) Continuous device dissipation at or 

Character istics Unit below 25°C free-air temperature . .......... 360 mW 

Storage temperature range ...... ....... ... -55 to + t 50 °c Linear derating factor above 

Operat ing Collector 250c ............ .... ............. ....... ......... 2.87 mw t oc 

Junction Temperature ... ....... ......... ... .... +150 °c Emitter-base vo ltage ..... ....... ....... ......... ... ........... 5 V 

Lead temperature t / 16" from case Co llector -base voltage .... ......... ..... .......... .......... 60 V 

10 seconds max ........... ................... ..... +260 cc Col lector-base voltage (2N5375) ....................... 40 V 

Collector current .. ......... ........................ ...... 500 mA Col lector-emitter voltage (App licable 

from IC = 0 mA to IC - 1 0 mA .......... ...... .... 30 V 

ELECTRICAL CHARACTERISTICS@ 250C free-air temperature 

Symbol Min Max Unit Conditions 

I
cso 

- 50 nA 2N5372, 2N5373, 2N5374 

vcs=40V,IE=O 

- 50 nA 2N5375 V r'C = 30 V, IE = 0 
IEso - 50 nA VE 8 =3V,IC - O 

BVCBO bU - V 2N5372, 2N5373, 2N5374 

IC = 10 uA, IE = 0 

40 - V 2N5375 le = 10 uA, IE= o 
BVEBO 5 - V IE= 10uA, lc = O 

BVCEO 30 - V IC = 10 mA, 1
8 

= 0 (Note 1) 

hFE 20 - - 2N5372 

50 - - 2N5373 

100 - - 2N5374 vcE = 1ov, Ic=1mA 

20 - - 2N5375 

hFE 30 - - 2N5372 

75 - - 2N5373 

150 - - 2N5374 VCE = 10 V, lc = 10 mA (Note 1) 

30 - - 2N5375 

hFE 40 120 - 2N5372 

100 300 - 2N5373 

200 400 - 2N5374 VCE = 10 V, lc = 150 mA (Note 1) 

40 400 - 2N5375 

VBE - 1.2 V VCE = 10 V, IC = 150 mA (Note 1) 

VBE(sat) - 1.3 V IC = 150 mA, 1
8 

= 15 mA (Not e 1) 

VCE(sat) - 0.3 V lc = 150mA,I
6

=15mA(Note1l 

c,,b - 10 pF V,.,,,, = 10 V, IF = 0, f = 1 MHz (Note 2) 

[hfel 1.5 - - VCE = 10V, lc = 20 mA, f = too MHz 

ton - 50 nsec IC = 150 mA, V CC = 30 V, I Bl = 15 mA, 

(see f ig. 1) 

toff - 150 nsec 2N5372, 2N5373 le = 150 mA , V cc = 6 V, 

- 175 usec 2N5374, 2N5375 1
61 

= 1
82 

= 15 mA (see fig. 2) 

NOTES: 1. Pulse test: PW= 300 usec, d u ty cycle S. 2%. 
2. Ccb measurement emp loys a three -terminal capacitance br idge incorporating a guard ci r cuit. The 

emitter terminal sha l l be connected t o the guard terminal of the bridge. 
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2N5378, 2N5379 Package: To-92 

GENERAL PURPOSE PNP SI LICON TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS@ 25°C (free air) 

Characteristics Unit 

Storage temperature range ...... .. ........ -55 to +150 °c 

Operating Collector 

Junct ion Temperature .......................... +150 oc 

Lead tempe rat ure 1/16" from case 

10 seconds max ........ ..................... ....... +260 oc 

Emitter-base voltage ..... ... ............. .................. ... 5 V 

Collector-base voltage ................. ..... ..... ......... ... 40 V 

Col lector -emitter voltage (App licable 

from le= o mA to le= 10 mA) .................. 30 V 

Collector cur rent ....... ... .... ..... ........ .. .... .. .... 500 mA 

Cont inuous device dissipation at or 

below 25°C free-air temperature ............ 360 mW 

Linear de rating factor above 25°c ...... 2.87 mwt 0 c 

ELECTRICAL CHARACTERISTICS@ 25°C free-air temperature 

Symbol Min Max Unit 

IcBo - 10 nA 

BVCBO 40 - V 

BVEBO 5 - V 

BVCEO 30 - V 

hFE 100 500 -
40 200 -

hFE 120 600 -
100 500 -

hFE 150 - -
120 - -

V BE(sat) 0.65 0.80 V 

VCE(sat) - ll.2 V 

hib 20 32 Ohms 

hob 0.06 0.5 umhos 

hfe 120 1000 -
100 900 -

ccb - 10 pF 

(hfe) 20 100 -
NF - 2.0 dB 

- 3.0 dB 

NOTES: l. Pulse: !Pulse width = 300 usec, duty 
cycle~ 2%. 

2. C measurement employs a three-
tel~lnal capacitance bridge Incorpora
ting a guard circuit. The emitter term
inal shall be connected to the guard 
term lnal of the bridge. 
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Conditions 

Vcs=30V,IE=O 

lc=lOuA,IE=O 

IE=100nA,lc=O 

le= 10 mA, IB = 0 (Note 1) 

2N5378 vcE=5V,lc=10uA 

2N5379 v,..r:=5V, lc=10uA 

2N5378 vce = 5 v, Ic = 1 mA 

2N5379 Vr.E=5V, Ir.=1mA 

2N5378 VCE = 5 V, l c = 10 mA (Note 1) 

2N5379 

lc=10mA,IB=1mA 

IC= 10 mA, IB = 1 mA 

IC= 1 mA, V CE= 5 V, f = 1 kHz 

IC= 1 mA, V CE = 5 V, f = 1 kHz 

2N5378 IC = 1 mA, V CE= 5 V, f = 1 kHz 

2N5379 

VCB = 10 V, IE= 0, f = 1 Mhz (Note 2) 

VCE = 5V, le= 500uA, f = 10 MHz 

2N5378 IC= 10uA, VCE = 5 V, 

Rg = 10 K Ohms, 

2N5379 Bandwidth= 10 Hz to 15.7 kHz 



Package: To-92 

2N5447, 2N5448 

PNP SILICON AMPLIFIER TRANSISTORS 

*ABSOLUTE MAX IMUM RATINGS at 25°C free-air tempera~ure (unless otherwise noted) 

Characterist ic 2N5447 2N5448 Unit 

Collector-Base Voltage 

Collecto r-Emitter Voltage 

(See Note · 1 ) 

Em itter -Base Voltage 

Continuous Collector Current 

Cont inuous Device Dissipat ion at 

(or below) 25°c Free-A ir 

Temperature (See Not e 2) 

Continuous Device Dissipation at 

(or below) 2s 0c Lead 

Temperatu re (See Note 3) 

Storage Temperature Range 

Junction Temperature -Operating 

-40 - 50 V 

-25 - 30 V 

-5 -5 V 

200 mA 

360 mW 

500 mW 

- 65 to 150 

260 oc 

NOTES: 

l. 

2. 

3. 

These values apply when the base-
emitter diode Is ope n-circuited. 
Derate linearly to 1 so 0c free-air tern-
perature at the rate of 2. 88 mW/deg. 

1so 0c Derate li nearly to lead tern-
perature at the rate of 4 mW/deg. Lead 
tern per a tu re is measured on the col-
lector lead 1/16 inch from the case. 

SILICON 15·WATT QUASI-COMPLEMENTARY 
POWER AMPLIFlER 

,ou, 

ELECTRICAL CHARACTERISTICS at 250c free-air temperature 

2N5447 2N5448 

Symbol Min Max Min Max Unit Test Conditions 

V(BR)CBO - 40 - 50 V lc=-100uA,"e=0 

V!ElBlCEQ 
- 25 - 30 V 'c = -10 mA, IB = o,see Note 4 

V!BR) EBO ~ 
-5 - 5 V IE= - 100uA,lc=0 

1
cso 

-100 -100 nA VC 8 - 20V,IE=0 

1
Eso 

- 100 - 100 nA VE 8 =- 3V,lc = 0 

hFE 
I 60 300 30 150 V CE= - 5 V, IC= - 50 mA, See No te 4 

VBE -0.6 -1 -0.6 -1 V V CE= -5 V, 'c = -50 mA, See Note 4 

VCE - 0.25 - 0.25 V 1
8 

= -5 mA, lc = -50 mA, See Note 4 

!hfe ] 5 5 VCE = - 5 V, IC= -50 mA, f = 20 MHz 

ccb 12 """T2 pF VCB = 10 V, IE= 0, f = 1 MHz 

i See Note 5 

NOTES: 4. These parameters must be measured using pulse techniques. t = 300 us, duty cycle~ 2 %. 
5. Ccb is measured using th.-ee-termi nal measurement techn lques'wlt h the em itter guarded. 
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MPS-A55 
PNP SILICON AMPLIFIER TRANSISTOR 

ABSOLUTE MAX IMUM RATINGS 

Characteristic 

Collector-Emi tte r Voltage ....... 60 

Collector-Base Voltage .... ........ 60 

Emitter-Base Voltage .............. . 

Col lector Current - Continuous 

Total Device Dissipat ion 

@TA= 25°C ......... ........... .. 

Derate above 250c .......... ... 

Total Device Dissipati on 

@Tc= 25°c ......... ... .......... 

Derate above 25°c ........... 
Operating and Storage Junction 

4.0 

500 

500 

4.54 

800 

7.27 

Temperature Range ............... -55 to +13 5 

Thermal Resistance, Junction 

to Case ........ ...... .......... .......... 0 .137 

Therma l Resistance, Junct ion 

to Amb ient ........................... 0 .220 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mW 

mW/OC 

mW 

mW/OC 

oc 

OC/mW 

°C/mW 

Package: To-92 

ELECTR ICAL CHARACTERISTICS (TA= 25°c unless otherwise noted) 

Symbol Min Typ Max Unit Conditions 

BVCEO 60 - - Vdc IC= 1.0 mAdc, I B = 0 

BVEBO 4 .0 - - Vdc IE = 100 uAdc, IC= 0 

1
cBo - - 1uu nAdc VC 8 -60Vdc, IE=0 

hFE 50 150 - - le= 10 mAdc, V CE = 1.0 Vdc 

50 125 - IC= 100 mAdc, VCE = 1.0 Vdc 

- 80 - l c = 350 mAdc, V CE = 1.0 Vdc 

VCE(sat) - 0.09 0.25 Vdc le= 100 mAdc, IB = 10 mAdc 

V BE (sat) - 0.78 - Vdc IC = 100 mAdc, 1
8 

= 10 mAdc 

V BE (on) - o:73 1.2 Vdc lc = 100 mAdc, V CE = 1.0 Vdc 

fT :>U 100 - MHz lc = 100 mAdc, V CE= 1.0 Vd c, 

f=100MHz 

cob - 6.5 - pF V CB= 10 Vdc , IE = 0, f = 100 k Hz 

Cib - 20 - pF VBE = 0.5 Vdc , IC= 0, f = 100 k Hz 
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Package: To-92 

MPS-A70 

GENERAL PURPOSE PNP SILICON AMPLIFIER TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 

Collector-Emitter Vo ltage .............. .............. 40 Vdc 

Emitter-Base Voltage ......... .............. ... .......... 4.0 Vdc 

Collector Current • Continuous .. .... ...... ..... 100 mAdc 

Total Device Dissipation @TA = 25°C ......... 300 mW 

Derate above 250c .............. ........... 2.73 mW/OC 

Operating and Storage Junction 

Temperature Range ................ .. .. -55 to +135 oc 

Thermal Resistance, Junction 

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

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

Symbol Min Max Unit Condit ions 

BVCEO 40 - Vdc IC = 1 .0 mAdc, I B = 0 

BVEBO 4.0 - Vdc IE= 100uAdc, IC = 0 
I
ceo - 100 nAdc VCB = 30 Vdc, IE = 0 

hFE 40 400 - 1,- = 5.0 mAdc, V ,...,-= 10 Vdc 

VCE(sat) - 0 .25 Vdc 'c = 10 mAdc, IR = 1.0 mAdc 

fT 125 - MHz 1,- = 5.0 mAdc, V r-i: = 10 Vdc , f = 100 MHz 

cob - 4.0 pF VCB = 10 Vdc, IE = 0, f = 100 kHz 

Figure 1-Simplified AC Equivalent Circuit (Common Emitted 

COLLECTOR 

(hfe + I ) re 
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MPS3638,MPS3638A 
PNP SILICON TRA NSISTOR 

ABSOLUTE MAXIMUM RATING S 

Characteristics Unit 

Collector -Emitter Voltage ................. ......... ... 25 Vdc 

Collector-Emitter Voltage .................. ............ 25 Vdc 

Collec to r-Base Voltage .... ..... ......... ........ ......... 25 Vdc 

Emitt er-Base Voltage ........... ... ..... ............... 4.0 Vdc 

Collector Current ..................................... 500 mAdc 

Total Device Dissipation@ TA = 25°c ........ 310 mW 

Derate above 25°C ......................... 2.81 mW/ 0c 

Operating and Storage Junction 

Temperature Range .................... -55 to +135 °c 

Thermal Resistance, Junction 

to Amb ient .......... ......................... 0.357 OC/mW 

Figure 1 

1000.n. 

I Otif 

v1,=-•v:r 
PW~ SOOt1s 50 A 
Ir •If <6 .01'1$ 

l ; !>OJ\ ,. 

170 ..n. 

Package: To- 92 

30.t\. 

v""' To Som p11ng Scop e 
Au e Teffle<t l'IS 

Z ,n ~IOO K 

ELECTRICAL CHAR ACTERISTICS (TA= 25°C unless otherwise noted) 

Symbol Min Max Uni t Conditions 

BVCEO* 25 - Vdc l c=10mA dc,I
8

=o 

BVCES 25 - Vdc Ir-= 100 uAdc, V RE= 0 

BV,-~ 0 25 - Vdc Ir- = 100 uAdc, IE= 0 

BVEBO 4.0 - Vdc IE= 100uAdc, IC= 0 

I
CES - 0.035 uAdc VCE = 15 Vdc, VBE = 0 

- 2.0 VCE = 15 Vdc, VBE = 0, TA= 550c 

IB - 0.035 uAdc V CE = 15 Vdc, V BE = 0 

hFE * 80 - - le= 1 mAdc , VCE - 10 Vdc MPS3638A 

20 - IC= 10 mAdc, V CE= 10 Vdc MPS3638 

100 - MPS3638A 

30 - IC= 50 mAdc, V CE= 1 Vdc MPS3638 

100 - MPS3638A 

20 - IC= 300 mAdc, V CE= 2 Vdc MPS36 38 

20 - MPS3638A 

VCE(sat ) * - 0.25 Vdc le= 50 mAdc, I B = 2.5 mAdc 

- 1.0 IC= 300 mAdc, I B = 30 mAdc 

V BE(sat )* - 1.1 Vdcq le = 50 mAdc, 18 = 2.5 mAdc 

0.80 2.0 le= 300 mAdc, 18 = 30 mAdc 

fT 100 - MHz V CE= 3 Vdc, IC = 50 mAdc, f = MHz 

MPS3638 

150 - MPS3638A 

Cob - 20 pF VCB = 10 Vdc, IE= 0, f = 140 kHz 

MPS3638 

- 10 MPS3638A 
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MPS3638, MPS3638A 

ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified 

SYMBOL MIN MAX UNl:T CONDITIONS 

Cib - 65 pF VCE = 0.5 Vdc, IC= 0, f = 140 kHz 

MPS3638 

- 25 MPS3638A 

hfe 25 180 - IC= 10 mAdc, V CE= 10 Vdc, F = 1.0 kH z 

MPS3638 

100 - MPS3638A 

hoe - 1.2 mmhos Ir-= 10 mAdc, V ,.,,. = 10 Vdc, f = 1.0 kHz 
h. 

1e - 1500 Ohms IC= 10 mAdc, VCE = 10Vdc, f = 1.0 kHz 

MPS3638 

- 2000 MPS3638A 

hre - 26 X10 -4 le= 1 O mAdc, V CE = 10 Vdc, f = 1.0 kHz 

MPS3638 

- 15 MPS3638A 

td - 20 ns Delay Time V CC= 10 Vdc, le= 300 mAdc, 

\ - 70 ns Rise Time IB1 = 30 mAdc, V BE(off) = 3.1 Vdc 
t - 140 ns Storage Time V CC= 10 Vdc, IC= 300 mAdc, s 
tf - 70 ns Fall Time 181 = 3(\mAdc, 1

82 
= 30 mAdc 

t 
on - 75 ns Turn-On Time le= 3op mAdc, I 

81 
= 30 mAdc 

toff - 170 ns Turn-Off Time le= 300 mAdc, 1
81 

= 30 mAdc, 

1
82 

= 30mAdc 

*Pu lse Test : Pulse Width= 300 us; Du ty Cycle = 1%. 

I 

12-187 



MPS3702, MPS3703 Package: To-92 

LOW-POWER PNP SI LICON TRANS ISTORS 

ABSOLU TE MAX IMUM RA TI NGS 

Characteristics MPS3702 MPS3703 Unit 

Collector-Emitter Voltage ... ... 25 30 Vdc 

Col lector-Base Voltage ........... 40 50 Vdc 

Emi tter -Base Vo ltage ............ . 5.0 Vdc 

Collector Current - Continuous 200 mAdc 

Tota l Device Dissipation 

@TA= 2soc .... ........ ... .... . 310 mW 

Derate above 250c ......... . 2.81 mW/OC 

Operating and Storage Junction 

Temper ature Range ........... -55 to +135 °c 

Thermal Resistance, Junction 

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

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherw ise noted) 

Symbol Min Max Unit Conditions 

BVCEO* 25 - Vdc IC= 10 mAdc, IB = 0 MPS3702 

30 - MPS3702 

BVCBO 40 - Vdc IC = 100uAdc, IE= 0 MPS3702 

50 - MPS3703 

BVEBO 5.0 - Vdc IE = 100 uAdc, IC= 0 

1
cBo 

- 100 nAdc VCB - 20 Vdc, IE = 0 

1
EBO 

- 100 nAdc v BE = ;,s vac, 'c = u 

hFE * 60 300 - lc - ::>U mA ac, v CE - 5 Vdc 1v,r•.:,.j/UL 

30 150 MPS3703 

V r-i:: f<atl • - 0 .25 Vdc lc = 50 mAdc, 18 = 5 mAdc 

VBE(on)* 0.6 1.0 Vdc 'c = 50 mAdc, V CE = 5 Vdc 

fT 100 - MHz lc = 50 mAdc, V CE = 5 Vdc, f = 20 MH z 

cob - 12 pF VCB = 10 Vdc, f = 1 MHz 

*Pulse Tes t : Pulse Widt h= 300 us; Duty Cycle = 2% . 
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Package: To-92 

MPS6533 thru MPS6535 

PNP SI LICON AMPLI Fl ER TRANSISTORS 

ABSOLUTE MAXIMUM RATINGS (TA = 25°C unless otherwise noted) 
Emitte r-Base Vo ltage 5.0 4.0 Vdc Characteristic Unit ........... 

Collector-Base Voltage Collector Current ................. 600 600 mAdc 

MPS6533, MPS6534 ........ 40 Vdc Total Device Dissipat ion 

MPS6535 .......... ............ ... 39 @TA = 60°C ...... ............. 210 210 mW 

Collector-Emitt er Voltage @TA = 250C ........... ........ 310 310 

MPS6533, MPS6534 ....... . 40 

MPS6535 ··························I I 30 I 
Thermal Resistance, Junction 

to Ambient ....................... 0.357 0 .357 OCfmW 

Junct ion Temperat ure ...... ..... 135 135 oc 

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

Symbol Min Typ Max Unit Conditions 

BVCBO 40 - - Vdc IC= 10uAdc, IE = 0 MPS6533, 

MPS6534 

30 - - MPS6535 

BVCEO 40 - - Vdc IC= 10 mAdc, IB = 0 MPS6533, 

MPS6534 

30 - - MPS6535 

BVEBO 4.0 - .•. Vdc IB = 10uAdc, IC= 0 

1cBo - - 0.05 uAdc VCB = 30 Vdc, IE= 0 MPS6533, 

MPS6534 

- - 0.1 VCB = 20 Vdc , IE = 0 MPS6535 

- - 2.0 VCB = 30 Vdc, IE= 0, MPS6533, 

TA= 60°C MPS6534 

- - 5.0 VCB = 20 Vdc, IE = 0, MPS6535 

TA = 60°C 

hFE 30 70 - - IC = 10 mAdc, MPS6533 

60 110 - VCE = 1 Vdc MPS6534 

40 85 120 IC= 100 mAdc, MPS6533 

I VCE = 1 Vdc 

"90 140 270 I MPS6534 

30 - - MPS6535 

25 55 - IC = 500 mAdc, MPS6533 

VCE = 10 Vdc 

50 70 - MPS6534 

VCE(sat) - 0.2 0.5 Vdc le = 100 mAdc, MPS6533, 

IB = 10 mAdc MPS6535 

- 0 .13 0.3 MPS6534 

VBE(sat) - 0 .84 1.0 Vdc IC= 100 mAdc, MPS6533, 

IB = 10 mAdc MPS6534 

- 0.87 1.2 MPS6535 

Cnb - 4.8 6.0 pf VCB = 10 Vdc, IE= 0, f = 100 kHz 

fT - 260 - MHz 'c = 50 mAdc, V CE = 10 Vdc 
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2N2696® Package T0-18 

PNP VHF AMPLIFIERS , HIGH CURRENT SWITCH ES 

The ITT 2N2696, ia a PNP silicon PLANAR epitaxial 

transistor designed for dig ital and analog applica tions 

at curre nt levels to 500 milliamperes . The high gain

bandwidth product. 1,. at high currents . makes them ex

cellent units for line driv ing and memory applications. 

ABSOLUTE MAXIMUM RATI NGS (Note 1) 

Characteristics Uni ts 

Col lector-Base Voltage ..................................... - 25 Vo lts 

Collector -Emitter Volt age (Note 4) ................. - 25 Volts 
Emitter-Base Voltage ....................................... -4. 0 Volts 
Collecto r Current (No te 2) .................................... 500 mA 
Tota l Dissipat ion @: 

Tc = 25° C (Notes 2 and 3) ........................ 1.2 Watts 
Tc = 100°C (Notes 2 and 3) ..................... 0.68 Watt 
TA = 25° C (Notes 2 and 3) ....................... 0.36 Wat t 

Storage Temperat ure ....................... -65°C to +2 00 °C 

Operating Junction Temperatur e ....... 200°C Maximum 

Lead Temperature 
(Soldering. 60 sec Time Limit ) ......... 300°C Maximum 

ELECTRICAL CHARACTERISTICS (TA = 25 ° C unless otherwi se noted) 

Symbol Min Max Unit Conditions 

hFe 30 130 le= 50 mA. Vee = - 1.0 Vo lt (Note 5) 

hFe 20 le = 300 mA . Vee = -2. 0 Volts (No te 5) 

hFe(-55°C) 12 le = 50 mA. Ve e = -1.0 Volt (Note 5) 

Vse(sat ) -1 .1 Volts le= 50 mA. lg = 2.5 mA 

Vse(sat ) -2.0 Volts le = 300 mA . I B = 30 mA 

Vce(sat ) -0.25 Volt le= 50 mA. le = 2.5 mA 

V Ce(sat) - 1.0 Volt le= 300 mA, lg = 30 mA 

hte 1.0 le= 50m A .Vce = - 3.0Volts f=100MHz 

Cob 20 pF le = O. Vee = - 10 Vo lts 

1ceo 25 nA IE = o. Vee = -10 Volts 

1ceo(1 50°c) 5.0 µA le= o. Vee= - 10Vo lts 
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2N2696 

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

Symbo l Min Max Unit Conditions 

BVeso -25 Volts le= 100µA. IE== 0 

\l.cEO(sust) -25 Volts le= 30 mA (pulsed). Is= 0 

8Veso -4.0 Volts le = 0, IE = 100µA 

Ton 75 nsec le~ 300 mA. ls1 ~ 30 mA 

Tott 170 nsec le~ 300 mA. ls1 ~ 30 mA. 
182 ~ 30 mA 

NOTES: 

( 1) These ratings are limit ing 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 involv ing pulsed or low duty cycle operations. 

(3) These ratings give a maximum junction temperature of 200°C and junction-t o-case th ermal resistance for the 2N2696 of 
145°C/watt (derating factor of 6.9 mW/°C}. Junctio n-to- ambient thermal resistance of 486°C/watt (derat ing factor 2.1 
mW/°C). 

(4) Rating refers to a high -curent point where collector-to-emitte r voltage is lowest . 

15) Pulse Cond itions: length= 300 usec: duty cyc le= 1%. 

12-191 

I 



2N2801,2N2837 

NPN SILICON SWITCHIN G TRANS ISTOR 

ABSOLUTE MAX IMUM RATING S 
Characteristics Unit 

Collector -Base Vo ltage ........................................ 50 Volts 
Collector -Emitter Voltage .................................... 35 Volts 

Emitter -Base Voltage .............................................. 5 Volts 
Collector Curren t .................................................... 800 mA 

Total Device Dissipation @ TA = 25° C 
(2N280 1) .......................................................... 0 .8 Watt 
Derate above 25 ° C ................................. 4 .57 mW/ ° C 
(2N283 7) .......................................................... 0 .5 Watt 
Derate above 25 ° C ................................. 2.86 mW/ ° C 

Tota l Device Dissipation @ Tc = 25° C 

{2N280 1 ) ........................................................... 3 Watts 

Derate above 25°C ................................. 17.3 mW/° C 
(2N2837 ) ........................................................ 1.8 Watts 

De rate above 25° C ................................. 10.3 mW/ ° C 
Junction Temperature. Operatin g .................... +200 ° C 
Storage Temperatu re ...................... - 65 ° C to +200 °C 

Packages : 

2N2801, T0-5 

2N2837, T0 - 1 8 

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

Symbol Min Max Unit Conditions 

BVcso 50 Volts lc = 10µ A .IE=O 

BVEBO 5 Volts IE= 100µA. le= 0 

BVcEO 35 Volts lc=100mA . ls=O 

1CEX 100 nA VcE = 25 Volts. VsE = 0.5 Vo lt 

1BL 100 nA VcE = 25 Volts. VsE = 0.5 Vo lt 

hFE 20 le= 0 .1 mA. VcE = 10 Volts (2N2837 ) 

hFE 30 le= 0.1 mA. VcE = 10 Volts (2N2801 ) 

hFE 30 90 le= 150 mA. VcE = 10Volts• (2N28 37) 

hFE 75 225 le = 150 mA. VCE = 10 Volts· (2N28 0 1) 

hFE 15 le = 150 mA. VcE = 1 Volt" {2N2837 ) 

hFE 30 le= 150 mA . VcE = 1 Volt• {2N2801 ) 
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2N2801, 2N2837 

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

Symbol Min Max Unit Conditions 

hFE 25 le= 500 mA. Vee= 10 Vo lts' (2N2837) 

hFE 40 le= 500 mA. Vee = 10 Volts" (2N2801) 

VCE(sat) 04 Volt le = 1 50 mA. I B = 1 5 mA 

VeE(sat) 1 .2 Volts le= 500 mA. IB = 50 mA 

VBE(sat) 1.3 Volts le= 150 mA. IB = 15 mA 

VBE(sat) 1.8 Volts le= 500 mA. IB = 50 mA 

Cob 25 pF Vea= 10 Volts. f = 100 kHz 

tr 120 MHz le= 50 mA. Vee = 10 Volts. 
f = 100MHz 

• Pulse Test: Pulse Width :,; 300µs. Duty Cycle:,; 2% 

SWITCHING CHARACTERISTICS 
(At 25 °C un less 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 
TEST CIRCUIT 

FIGURE 2 - STORAGE AND FALL TIME 
TEST CIRCUIT 

INPUT 
20 = 50 !l 
PRF = 150 PPS 
RISE TIME S 2 ns 

-1 5:L_f 

--j2 ••I--

+15V 

50 

+ 1ov 

INPUT 

20 = 5011 
PRF = 150 PPS 
RISE TIME S 2 ns 

+1s .9v +1ov 

+15n TO OSCILLOSCOPE 

R~ETIMES5M ~--A---
50 
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2N3134 
HIGH -SPEED NPN SILICON SWITCH ING 
AND AMPLIFIER TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 
Collector- Base Voltage ........................................ 50 Volts 
Collector- Emitter Voltage .................................... 35 Volts 
Emitt er-Base Voltage .............................................. 4 Vo lts 

Collector Current .................................................... 600 mA 

Total Device Dissipat ion @ Tc = 25° C ............. 3 Watts 
Der ate above 25 ° C ................................. 17 .3 mW/° C 

Total Device Dissipation @ TA = 25° C ......... 0.6 Watts 
Derate above 25° C ................................. 3.43 mW/° C 

Junction Temperature .......................... - 65 to +200 ° C 

Storage Temperature ........................... -65 to +200 ° C 

Packag e: T0-5 

ELECTRI CA L CHARACTERISTICS (TA= 25 ° C unless otherw ise noted ) 

Symbol Min Ma x Unit Conditions 

Jcao 0.05 µA Vea = 30 Volts . IE = 0 

1cao 30 µA Vea = 30 Volts . IE = o. TA= 150 ° C 

1CEX 0.1 µA VcE = 30 Volts, VaE = 0.5 Volt 

1BL 0 .1 µA VcE = 30 Volts, VaE = 0.5 Volt 

avcao 50 Volts lc=10uA,IE=O 

BVcEO • 35 Volts lc = 10mA , la=O " 

BVEBO 4 Volts IE= 10 uA , le = 0 

VcE(sat) • 0 .6 Vo lt le = 150 mA. I B = 15 mA' 

VaE(sat ) • 1.5 Volts IC = 150 mA, I B = 1 5 mA' 

hFE 50 le= 1.0 mA , VcE = 10Vo lts 

hFE 100 300 le= 150 mA. Vc E = 10Volts· 

Cob 10 pF Vea= 10Volts. IE= 0 . f = 100 kHz 

Cib 40 pF VaE = 2 Volts , le = 0 , f = 100 kHz 

tr 20 0 MHz le = 50 mA, VcE = 20 Volts, f = 100 MHz 

Pulse Test Pulse Widt h !, 300 µ s. Duty Cycle !, 2% 
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Package: T0 - 18 
2N3546 

HIGH- SPEED PNP SILICON SWITCHING TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 
Characteristics Unit 

Col lector -Base Voltage ........................................ 15 Volts 
Collector-Emitter Voltage .................................... 12 Volts 
Emitter-Base Voltage ...... ................................... 4 .5 Volts 

Total Device Dissipation @ TA = 25°C ........ 0 .36 Watt 
Derate above 25 °C ................................. 2.06 mW/ ° C 

Total Device Dissipation @ Tc= 25°C .......... 1 .2 Watts 
Derate above 25°C .................................... 6 .9 mW/° C 

Operating Junction Temperature ......................... 200 ° C 

Sto rage Temperature Range ............... -65 to +200 °C 
Thermal Resistance. Junction to Ambient 0.49 °C/mW 

Thermal Resistance. Junction to Case ...... 0 . 15 °C/mW 

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

Symbol Min Max Unit Conditions 

lcso 0010 µA Vea = 10Vo lts 

Icso 10 µA V CB = 10 Volts. TA = 1 50° C 

Icex 0.010 µA Vee= 10 Volts. VBE(off) = 3 Volts 

IBL 0.10 µA Vee= 10 Volts . Vse(offl = 3 Volts 

BVcso 15 Volts lc=10µA.le=O 

BVeso 4 .5 Volts le = 10µA. lc = 0 

BVceo· 12 Volts lc=10mA . I9=0' 

Vce(sat) • 0 .15 Volt le = 10 mA. Is = 1 mA • 

Vce(sat) . 0 .25 Volt le= 50 mA. Is= 5 mA • 

VCE(sat). 0.50 Volt le= 100mA.ls = 10mA 

Vse(sat) • 0 .7 0 .9 Volt le= 10 mA. Is = 1 mA 

VsE(sat) • 0 .8 1.3 Volts le= 50 mA . 18 = 5 mA 

Vse(sat) • 1.6 Volts le= 100 mA. ls = 10 mA 

hFE• 20 le= 1 .0 mA . Vee = 1 Volt• 

hFe• 30 120 le= 10 mA. Vee= 1 Volt 

hFE• 15 le= 10 mA. Vee= 1 Volt. TA = -55° C 
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2N3546 

ELECTRICAL CHARACTER ISTICS (TA = 25°C unless otherwise noted) 

Symbol Min Max 

hFE' 25 

hFE' 15 

cob 6 

Cib 5 

tr 700 

QT 400 

td 10 

tr 15 

ts 20 

tf 15 

ton 40 

toff 30 

Unit 

pF 

pF 

MHz 

pe 

ns 

ns 

ns 

ns 

ns 

ns 

Conditions 

le= 50 mA. VeE = 1 Volt 

le= 100 mA, VeE = 1 Volt 

Vcs = 10 Vo lts. IE= 0, f = 1 MHz 

VsE = 0.5 Volt. le= 0. f = 1 MHz 

le= 10 mA, VeE = 10 Volts. f = 100 MHz 

le= 50 mA , ls = 5 mA. Vee= 3 Volts 

le = 50 mA. I B = 5 mA. 
VBE = 2 Volts. Vee = 3 Volts 

le= 50 mA. IB1 = IB2 = 5 mA. 
Vee= 3 Volts 

(See Figure 3.4.5) 

• Pulse Test: PW= 300µs. Duty Cycle::; 2% 

CIRCUIT DIAGRAM 

FIGURE 1 
DELAY AND RISE TIME 

EQUIVALENT TEST CIRCUIT 

-3 V 

+2Vu ov 
- 10.ev 

PULSE WIDTH = 200 ns 
RISE TIM E:, 2 ns 

DUTY CYCLE :S: 1 0% 

FIGURE 2 
STORAGE AND FALL TIME 

EQUIVALENT TEST CIRCUIT 

-JV 

Vout" 

FIGURE 3 
SWITCH IN G TIME TEST CIRCUIT 

-2V 
Vo ut · 

0.1 •F 
I Vin 0--, 1---...-./\Nlr-~ 

IN916 . !. < 0 F 
'l' Cs - 1 P 
.J 

-= 
+8.7Vft 0V 

-11 .3V 

PULSE WIDTH= 200 ns 
RISE TIME :S: 2 ns 

DUTY CYCLE :s 10% 

'OSCI LLOSCOPE RISE TIME :s; 1 ns 
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-= 
PULSE WID TH > 200 ns 

RISE TIME< 1 ns 

Z;n = 50f! 

t
0

n: v 88 = +3 V , V;n = -7 V 
tof f' V99 = -4 V , V;n = +6 V 



Package, T0-92 

2N3905,2N3906 
PNP SILICON GENERAL PURPOSE SWITCHING 

AND AMP LIFIER TRANS ISTORS 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Unit 

Collector -Emitter Vo ltage .......... ........................ 40 Volts 
Collector-Base Voltage ........................................ 40 Volts 
Emitter-Base Voltage .......................................... 5.0 Volts 
Collector Current .................................................... 200 mA 

Total Device Dissipat ion@ TA = 25°C ........... 310 mW 
Total Device Dissipation @ TA = 60°C ........... 2 10 mW 

Derate above 25°C ................................. 2.8 1 mW/°C 

Operat ing and Storage Junction 
Temperature Range .......................... - 55 to + 135 °C 

Thermal Resistance . Junction to 
Amb ient ................................. ................... 0 .357 ° C/mW 

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

Symbol Min Max Unit Conditions 

BVcso 40 Vo lts lc =1 0µA.IE=O 

BVCEo • 40 Vo lts le = 1.0 mA. Is = 0 

BVrno 5.0 Volts IE= 10µA .l c = 0 

1CEX 50 nA Vc E = 30 Vo lts. VsE(off) = 3.0 Volts 

1BL 50 nA VcE = 30 Volts. Vs E(off) = 3.0 Volts 

hFE. 30 (2N3905) le= 0 .1 mA, VcE = 1.0Volt 

60 (2N3906 ) 

hFE. 40 (2N3905 ) le = 1.0 mA. VcE = 1.0 Vo lt 

80 (2N3906) 

hFE. 50 150 (2N3905) le= 10mA.VcE = 1.0Vo lt 

100 300 (2N3906) 

hFE. 30 (2N3905) le= 50 mA , VcE = 1.0 Vol t 

60 (2N3906 ) 

hFE• 15 (2N3905) le= 100 mA,Vc E = 1.0Volt 

30 (2N3906) 

VCE(sat). 0.25 Volt le= lOmA.ls = 1.0mA 

0.4 Volt le= 50 mA. l s= 5.0 mA 
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2N3905, 2N3906 

ELECTRICA L CHARACTERIS TICS (TA= 25°C unless otherwise noted ) 

Symbol Min Max Unit Condit ions 

Vse(s at) • 0 .65 0.85 Volt le= 10 mA . Is = 1.0 mA 

0.9 5 Volt le= 50 mA, Is= 5.0 mA 

Ir 200 MHz (2N3905) le= 10 mA. Ve e= 20 Volts. 

250 MHz (2N3906) f=100MHz 

Cob 4.5 pF Vea = 5.0 Volts . le = 0. f = 100 kHz 

Cib 10 pF Vse = 0.5 Volt. le= 0. f = 100 kHz 

hie . 0.5 8.0 kohms (2N3905) le= 1.0 mA.Vce = 10Vo lts . 

2 .0 12 k ohms (2N3906 ) f = 1.0 kHz 

hre 0.1 5.0 x10- 4 (2N3905) le= 1.0 mA, Vee= 10 Volts . 

1.0 10 x10-4 (2N3906) f = 1.0 kHz 

hte 50 20 0 (2N3905) le= 1.0 mA, Vee= 10 Volts . 

100 40 0 (2N3906) f = 1.0 kHz 

hoe 1.0 40 µmhos (2N3905) IC = 1.0 mA. Vee = 10 VGlts. 

3.0 60 µmhos (2N3906) f = 1.0 kHz 

NF 5.0 dB (2N3905) le = 100 µA. V CE = 5.0 Volt s. 

4 .0 dB (2N3906) Rs= 1.0kohm.f= 10H z 

to 15.7 kHz 

td 35 ns Vee = 3.0 Volts. Vse(off) = 0 .5 Volt. 

tr 35 ns le = 10 mA. Is 1 = 1.0 mA 

ts 200 ns (2N3905) Vee= 3.0 Volts. le= 10 mA. 

225 ns (2N3906) 181 = 182 = 1.0 mA 

t1 60 ns (2N3905) Vee = 3.0 Volts . le = 10 mA. 

75 ns (2N3906 ) is·,= ls2 = 1.0mA 

• Pulse Test: Pulse W idth = 30 0 µs . Duty Cycle = 2.0%. 
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SCHEMATIC 

2N3905, 2N3906 

FIGURE 1 - DELAY AND RISE TIME EQU IVALENT TES T CIRCUIT 

-3 .0V 

-j 1<,~ns 

+O.SVLJ 10K 

- 10.6v.-l l-3oons 
- I I - DUTY CYCLE = 2% 

I 
I 

• .1_ 
,.,..._ C. <4.0 pF · 

I 
.J 

FIGURE 2 - STORAGE AND FALL TIME EQU IVALENT TEST CIRCUIT 

+s . 1 v ~ -~ 1.0 n'>-'111s 1 OK~ 

TI:= 
ii t1 1--

10 < 11 <soo us 
DUTY CYCLE = 2% 

-J .OV 

<4.0 pF• 

'"Total shunt capacitance of test jig and connectors 
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2 N40 2 6, 2 N4 027,2N4028,2N 4 029 ® 

PNP SI LICON HIGH-VOLTAGE GEN ERA L 
PU RPOSE AMPLIF IER TRANSISTO RS 

Package: T0-1 8 

• HI G H BETA ............ .... .. ............................................. 100 - 300@ 100 mA 
• HIG H VOLTAGE ................................ ............... 60 AND 80 VOLTS LVcEO 

• LOW VcE(sa t ) .. ········································ ··········· 1.0 VOLT(MAX)@l.OA 
• EXCE LLENT BETA LIN EARITY ............... ....... FROM 100µAT0500mA 

ABSO LUT E MAXIMUM RATINGS (Note 1) 

Characteristics Uni t 
Collector-Bas~ Voltage 

(2N4026. 2N4028) .................................... - 60 Volts 
(2N4027. 2N4029) ............. ............... ....... -80 Volts 

Collector -Emitter Voltage (Note 4) 
(2N4026. 2N4028) ..................................... -60 Volts 

(2N4027. 2N4029) ···················•······· ......... - 80 Volts 
Emitte r-8 ase Voltage 

(2N4026. 2N4027. 2N4028. 2N4029) - 5.0 Volts 
Tota l Device Dissipation@: 

Tc = 25 ° C (Notes 2 and 3) ........................ 2.0 Watts 
T AF= 25°C (Notes 2 and 3) ........................ 0.5 Watt 

Storage Tempe rature ....................... -6 5°C to +200°C 

Operat ing Junct ion Temperature ... +200°C Maximum 
Lead Temperatu re 

(Solderin g . 60 sec Time Limit) ..... +300°C Maximum 

ELECTR ICA L CH ARAC TERISTICS (TA= 25°e unless olherw ise noled) 

Sy m bol Min 

hfe 2 N4026. 2N4027 30 
2N4028 . 2N4029 75 

hFe 2N4026. 2N4027 40 

2N4028. 2N4029 100 

hFe 2N4026. 2N4027 25 
2N4028. 2N4029 70 

hFe 2N4026 15 

2N4028 40 

hFe 2N4027 10 

2N4029 25 

hfe( - 55°e) 2N4026 . 2N4027 15 

2N4028 . 2N4029 40 

hte 2N4026. 2N4027 1 0 
2N4028. 2N4029 1 5 

Typ 

80 

150 

80 

160 

60 
110 

50 
100 

1.5 

Ma, 

120 

300 

4.0 
2 .0 5 .0 
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T0 nANO T0trTEST CIRCUIT 
C, 

Vea •3.BV Vee -30V 

IKO 600 

•9.7;is 1_0"'. 1000 

PUL~E SOURCE t, 
TO OSCILLOSCOPE 
INPUT Z > IOOKO 
t, "t:-10ns 

1, . lj < 20n-s 1620 
ZiN • 500 ,,. 
PW ~ IOus 
DUH CYCLE < 2'FD 

Unit Con di tions 

le= 100µA . Vee= - 5.0Volts fN01e 5! 

le = 100 mA . Vee = - 5.0 Volts (No1e 51 

le = 500 mA . Vee= - 5.0 Volts IN01e 51 

le= LOA . Vee = - 5.0Volls(Note5) 

le = 1.0 A . Vee = -5 .0 Vol1s (Nole 51 

le = 100 mA. Vee = - 5.0 Volts (Nole 51 

le = 50 mA . Vee = -10 Volls 



2N4026.2N4027,2N4028,2N4029 

ELECTR ICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 

Symbol Min Typ Max Unit Conditions 

Cobo 2N4026 . 2N4027 15 20 pF 'e = o. vc 8 = -10 vo 11s 
2N4028 . 2N4029 

Cibo 2N4026. 2 N402 7 75 110 pF le = 0. Vea = - 0 .5 Voll 
2 N40 28. 2N4029 

1on 2 N40 26, 2N4027 30 100 ns le :>:500 mA. 151 ::::050mA 
2N4028, 2N4029 23 100 ns (Note 6) 

's 2N4026. 2N4027 150 350 ns le:>: 500 mA . 151 :>: 50 mA. 
2N4028. 2N4029 175 350 ns ls2 :>: - so mA (Note 61 

't 2N4026. 2N4027 25 50 ns le:>: 500 mA. 151 :>: 50 mA . 
2N4028 . 2N4029 22 50 ns lsz o:: - 50 mA I Note 61 

VcElsatl 2N4026. 2N4028 - 0. 1 -0 15 Vo lts le = 150mA . 15= 15mAINote51 
2N4027 . 2N4029 

Vce(sat) 2N4026 . 2N4028 - 0 .25 - 0.5 Volts le = 500 mA. 15 = 50 mA (Nole 5) 
2N4027. 2N4029 

VCElsatl 2N4026. 2N4028 -0 .5 -1. 0 Vo lt tc = 1000 mA, lg= 100 mA (Nole 51 

Vse(sat) 2N4026. 2N4028 -08 - 0 .9 Voll le= 150 mA . 15 = 15 mA (Note 5) 
2N4027. 2N4029 

VBelsatl 2N4026 . 2N4028 - 1 Volts le = 500 mA . Is= 50 mA (Note 5) 
2N4027 . 2N4029 - 0.95 -1 Volts 

Vs el sat) 2N4026 . 2N4028 - 1.05 - 1.2 Volts le = 1000 mA. ls= too mA (Note 5l 

BVcso 2N4026. 2N4028 - 60 Volts le =0 , lc = 10µA 
2N4027. 2N4029 -80 Volts 

BVeso 2N4026 . 2N4028 - 5.0 Vo lts 'c = O, le= 10µA 
2 N4026. 2N4028 

Vceo<sust) 2N4026. 2N4028 -6 0 Volts le = 10 mA (pulsed I. Is = O !Notes 4 and 5) 
2N4027 , 2N4029 -so Volts 

I 1cso 2N4026. 2N4028 02 50 nA le = 0. Vea = - 50 Volts 

1cso 2N4027. 2N4029 0.2 50 nA le = 0. Vea = - 60 Volts 

lcso< 15o•c1 2N4026. 2N4028 0.2 50 µA le = 0. Vea= - 50 Volts 

'cso<t50°c1 2N4027. 2N4029 0 .25 50 µA le = 0 . Vea ~ -60 Volts 

( 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 :,ulsed or low duty cycle operations . 

(31 These ra1ings gWe a maximum junction temperature of 200 °C and junction•to·case thermal resistance of 87.5 ° C/ wau (derating 
factor of 11 .4 mW/°C) : junction -to-a mbient therma l resistance of 350°C/watt (de rating factor of 2.85 mW / °C} . 

{4) Rating refers to a high•current point where collector-10-emitter vol1age is low est. 

15) Pulse Conditions : length; 300µs:du1ycyc le = 1%. 

(6) See switching circuit for exact values of le. I 01, and 1B2· 
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2N4030 2N4031 2N4032 2N4033(F) 
SILICON GENERAL PURPOSE TRANS ISTORS 

GENERAL PURPOSE 
HIGH-VOLTAGE 
PNP SILICON PLANAR 
EPITAXIAL TRANSISTORS 
• H igh Vo ltage: -80V (2N4031, 3) 
• High Gain: 100 min. @100mA (2N4032, 3) 
• Low Vee (sat): -0 .15V @150m A 

The ITT 2N403 0, 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 
voltage output stages and complementary drivers. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTE RIST ICS 

Collector-to-Base Voltage .... ... ..... . .... ..... ....... . .... . • . 
Collector- to-Emitter Voltage (open base) ... ........... . ........ •• 
Emitter-to- Base Voltage ... ......... ..... • ... • . . • .. ... ... . ... • 
Collector Current . ........... .. . ....... . . • ...... . .. . .. . . . .... 
Junction Temperature (op. and stg.) ....... • . . . • .. • .. . ..... . ... • 

Total Dissipation <lL Tc=25'C ......... .... .... . ... . .... . • ...... 
( de rate above 25' C) .. . ............................ . .... . 

Total Dissipation ® TA= 25'C .. . .......... . ....... .. ........ • .. 
( derate above 25'C) .. ........ .... . . .... . .... . . . .. ...... . 
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DIM ENSION S 

T0 -5 

2N4030 2N4031 
2N 4032 2N4033 

-60 -80 
- 60 -8 0 

-5 - 5 
1.0 1.0 

- 65to +200 

I 
4.0 

22.8 
0.8 
4.56 

.370 
.335 

.200 LEAD 
CIRCLE 

UN ITS 

Volts 
Volts 
Volts 
Amps 
·c 

Watts 
mW/'C 
Watts 
mW/'C 



2N4030 2N4031 2N4032 2N4033 

ELECTRICAL CHARACTERISTICS @25' C unless otherwise noted. 

2N4030 2N4031 2N4032 2N4033 

SYMBOL UNIT COND ITIONS 

MIN. MAX. MIN. MAX. M IN. MAX. MI N. MAX. 

BVcso -60 -80 - 60 - 80 Vdc le= -10µA 
LVeE01,2 -60 - 80 - 60 - 80 Vde le= - 10mA 
BV,so -5.0 -5.0 -5.0 - 5.0 Vdc le= -10µA 

h"' 40 120 40 120 100 300 100 300 le= - 100mA Vee= - 5V 
30 30 75 75 le= - 100µA Ve,= - 5V 
25 25 70 70 le= -500mA Ve,= -5V 
15 15 40 40 le= -100mA Ve,= -5V 

TA= - 55'C 
15 10 40 25 le= - 1A VCE= -5V 

Vce(sat)' - 0.15 -0.15 - 0.15 -0.15 Vdc le= - 150mA Is= - 15mA 
-0.50 -0 .50 ·- 0.50 -0.50 Vdc le= -500mA Is= -50mA 
-1.0 - 1.0 Vde le= -1A Is= -100mA 

v.,(sat) I -0.9 -0.9 - 0.9 -0.9 Vdc le= -150m A la= - 15mA 
v.,(on) -- 1.1 - 1.1 - 1.1 - 1.1 Vdc le= - 500mA Vee= - 0.5V 

- 1.2 - 1.2 Vde le= - 1A Vee= - 1V 

lcao - 50 -5 0 nAdc Vea= -50 V 
- 50 - 50 nAdc Vea= - 60V 

-50 - 50 µAde Vea= - 50V TA=150' C 
- 50 -50 µAde Vea= - 60V TA=150'C 

luo -10 -10 - 10 -10 µAde V,a= -5V 

Cob 20 20 20 20 pF Vea= -10V f=1 MHz 
C1b 110 110 110 110 pF Vea= -0.5V f= 1 MHz 

lh,.I 1.0 4.0 1.0 4.0 1.5 5.0 1.5 5.0 Ve,= - 10V le= - 50mA 
f=100MHz 

t.., 100 100 100 100 ns 
lc'""500mA I 

t, 350 350 350 
ls1""50mA 

350 ns la2""50mA 
S'll'ITCHU,i(i TIME. f ESl QR"',.lJ.r 

t, 50 50 50 50 i ,ev 

.,., 
ns 

0 
az •Kn &or. ,,. 

J..__r' ""' 1--Vru, 
9 9001\ 

"'1i.' • 97 
~ 

SU ,IP'l iP,,'G S-C~[ 
1,6 11 l ll ltC l1<l t0JK 
PW 1.l1<U f 2 1N ~ IOOMJ\ 
z,N•:ion 
CUT,- CYCl..(<2"1 , 
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2N4402, 2N4403 Package: To092 

GENERA L PURPOSE PNP SI LICON 
SWITCHING AND AMPLIFYING TRANSISTOR 

ABSOLUTE MAXIMUM RA TI NGS 

Characteristi c Unit 

Collector -Emitter Voltage ........ ...... ........ ..... 40 Vdc 

Collector-Ba se Vo ltage ..... ... .... .............. ..... 40 Vdc 

Emitter-Base Vo l tage .... ....... ... ........ .......... .. 5.0 Vdc 

Collector Current - Continuous ..... ........ . 600 mAdc 

Total Device Dissipat ion TA= 250C .......... 310 mW 

Derate above 25°c ....... ... ...... ......... 2.8 1 mW/OC 

Operating & Storage Junction 

Tempera t ure Range ...... .......... .... -55 to +13 5 °c 

Therm al Resistance, Junction 

To Case .......... ........... ................... 0.137 °c/mW 

The rmal Resistance, Junction 

To Amb ient .... ....... ................... ... 0.35 7 OC/mW 

Turn -On Tim e 

t T z, 

0 

-· 
,, .n 

-1 I- o~T'; ~oY~LE ~ .?% 

SCOPE R& 1IME 'lns 
TOTAL SriUNT C-'P!i.CtTANC£ OF lESl JIG, 
cormECTORS, A.NO OSCILLOSCOPE 

Turn -Off Time 

+~< 20 .. 

0 >-~VVl,----1 

_,. 
fKJl. 

-1 1._10 10400~\ 
OUTY CYCLE ~2¾ 

ELECTRICAL CHAR ACTER ISTICS (TA= 250C unless otherwise noted) 

Symbol Min Max Unit Conditions 

BVCEO * 40 - Vdc le = 1 mAdc, IB = o 

BVCBO 40 - Vdc IC = 0.1 mA dc, IE = 0 

BVEBO 5 .0 - vuc 'E - u. I mAac , Ic = u 

ICEX 
0.1 uAac V CE = ..>::, voe, V BE (off) - U.4 Vele 

I
BL - U.l uAac V CE - ..>::, voe , V BE (off) = 0.4 Vdc 

hFE 30 - le = 0.1 mAdc, V CE= 1 Vdc 

30 - IC= 1 mAdc, VCE = 1 Vdc 

60 -
50 - 'c = l0mAdc, VCE = 1 Vdc 

100 -
50 150 IC = 150 mAdc , V CE = 2 Vdc • 

100 300 

20 - le= 500 mAdc, V CE = 2 Vdc* 

VCE(sat) - 0.4 Vdc IC = 150 mAdc, IB = 15 mAdc 

- 0.75 le= 500 mAdc, I B = 50 mAdc 

V BE(sat) 0.75 0.95 Vdc le = 150 mAd c, IB = 15 mAdc 

- 1.3 le = 500 mAdc , I B = 50 mAdc 

zoo/\ 

-!
"'""• :c 5· <•Oot 

- }OV 

200Jl. 

_,_ 
~i~~ 

l C5" < 10pf 

2N 4403 

2N44 02 

2N44 03 

2N4402 

2N44 03 

2N44 02 

2N44 03 

fT 150 - MHz 2N4402 lc = 20 mAdc, V CE= 10 Vdc , 
200 2N4403 - f= 100 MHz 

* Pulse Test : Pu lse W idth = 300 us, Duty Cycle = 2%. 
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2N4402, 2N4403 

ELECTRICAL CHARACTERI STIC S (TA= 25°C) 

SYMBOL MIN. MA~. UNITS CONDITIONS 

ccb - 8.5 pF V CB = 10 Vdc, IE = 0, f = 140 kHz, emitter guarded 

Ceb - .:SU pF V BE= 0.5 Vdc , IC= 0, f - 140 kHz, 

collector guarded 

h. 750 7.5k ohms lc-1 mAdc, VCE = 10 Vdc, f = 1 kHz 2N4402 ,e 
1.5k 15k ?l\lllllfl'> 

h,., 0.1 8.0 X 10-4 
Ir. = 1 mAdc, V ri: = 10 Vdc, f = 1 kHz 

hfe 30 250 - IC = 1 mAdc, V CE = 10 Vdc, f = 1 kHz 2N4402 
60 500 2N4403 

h,._e 1.0 100 umhoe Ir.= 1 mAdc, vr.F = 10 Vdc, f = 1 kHz 

trl - 15 ns V ,..,.. = 30 Vdc , V oi: lnff\ = 2 Vdc, 
t r 

- 20 ns 1,..= 150 mAdc, IR1 = 15mAdc 
t 
~ 

- 225 ns V CC = 30 Vdc, 1,.. = 150 mAdc, 

tf - 30 ns I Bl= IB 2 = 15 rnAdc 
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2N5056, 2N5057® 
HIGH SPEED PNP SILI CON SATURA TED 
SW ITCHING TRANSISTORS 

Package: T0-18 

• Fast Switching ..................................................... t0n = 20 ns (max) at 30 mA 

tof f = 35 ns (max) at 30 mA 

rs= 30 ns (max) at 10 mA 

• High Frequency ...................... ............... ...... fr= 800 MHz (min) at 30 mA 

• Low Capacitance .............................................. Ccb = 4.5 pF (max) at 5 Volts 

• Low Saturation Voltage ......... VCE(sat) = 0.19 Volts (max) at le = 30 mA 

ABSO LUTE MAX IMU M RATINGS (Note 1) 

Characteristics Unit 

Storage Tem perature ....................... -6 5° C to +200°C 

Operating J unction Temperature ...................... +200 ° C 

Lead Tempe rature (Soldering. 

60 second time limit) ........................................ +300 ° C 

Total Device Dissipation: 

@Tc= 2 5°C (Notes2 and 3) ................... 1.2 Watts 

@Tc = 100 ° C (Notes 2 and 3) ................ 0. 72 Watt 
@TA = 25 °C (Notes 2 and 3) .................. 0 .36 Watt 

Collector-Base Voltage ..................................... - 15 Volts 

Collector-Emitter Voltage (Note 4) ................. -15 Volts 

Emitter -Base Voltage ....................................... -4 .5 Volts 

ELECTRICA L CHARACTERISTI CS (TA = 25°C unless otherwise noted) 

Symbol Min Typ Max Unit 

1on 2N5056 10 20 ns 

2N5057 10 20 ns 

1off 2N5056 15 35 ns 

2N5057 15 35 ns 

TS 2N5056 15 30 ns 
2N5057 15 30 ns 

Vee1sat) 2N5056 -0.08 -0.13 Volt 
2N5057 -0.08 -0 .13 Volt 

Vce(satl 2N5056 -0.12 -0 .19 Volt 
2N5057 -0 .12 - 0.19 Volt 

Vee(sat) 2N5056 -0.28 -0 .45 Volt 
2N5057 -0.28 -0.45 Volt 

Vee(sat) 2N5056 -0. 72 -0.82 -0 .92 Volt 
2N5057 -0 .72 -0.82 -0 .92 Volt 

Vee(sat> 2N5056 -0.80 - 0.93 - 1.15 Volts 
2N5057 -0 .80 -0 .93 -1 .15 Volts 
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Conditions 

le ~ 30 mA. le 1 ~ 3.0 mA 
(Note 6. Figure 1) 

le ~ 30 mA. 18 = 182 ~ 3.0 mA 
(Note 6, Figure 1) 

le~ 10 mA. •e1 ~ 10 mA. 
192 ~ -10 mA (Note 6. Figure 11 

le= 10mA.le = 1.0mA 
(Note 51 

le = 30 mA. Is = 3.0 mA 
(Note 51 

•e = 1oomA. 18 = 1omA 
(Note 5) 

le= tOmA.I 8 = 1.0mA 
(Note 5) 

le = 30 mA. le = -3.0 mA 
(Note 5) 



2N50 56, 2 N5057 

ELECTRICA L CHARAC TERISTICS (TA = 25°C unless otherwise noted) 

Symbol Min Typ Max Unit Con di tions 

Vee(sat) 2N5056 - 0.95 - 1.14 - 1.5 Volts le= 100mA.le = 10mA 
2N5057 -0.95 -1 .14 -1 .5 Volts 

hte 2N5056 6.0 9.0 le= 30 mA. Vee= - 10 Volts 
2N5057 80 12 

Ccb 2N 5056 3.3 4.5 pF le= o. Vee= -5.0Volts 
2N5057 3.3 4.5 pF 

Ceb 2N505 6 4.7 6.0 pF ic = o. Vee = - o.5 Volt 
2N5057 4.7 6.0 pF 

Ic es 2N5056 0.3 50 nA Vee= - 10 Volts . Vee= o 
2 N5057 0.3 50 nA 

I<;:es1+ 125°Cl 2N5056 0.05 10 µA Vee = -1ovoIts. Vee = o 

2N5057 0.05 10 µA 

VceO(sus tl 2N5056 -15 Volts le = 1 o mA. le = o 
2N5 0 57 -15 Volt s (Notes 4 and 5) 

evceo 2N5056 -15 Vol ts le= 10µA. le= 0 
2N5057 -15 Vo lts 

eVces 2N5056 -15 Volts Ic = 10µA. Vee = o 
2N5057 - 15 Volts 

eveeo 2N5056 -4 .5 Vo lts le = 0. le =· 100 µA 
2N5057 -4 .5 Volts 

hFe 2N5056 12 25 le = 1.0 mA. Vee = -0 .5 Volt 
2N5057 20 44 (Note 5) 

hFe 2N5056 20 33 le= 10 mA . Vee = -o .3 Volt 

2N5057 30 53 (Note 5) 

hFe 2N5056 30 48 100 Ic = 30mA.Vce = - 0.5 Volt 
2N5057 40 63 100 (Note 5) 

hFE 2N5056 20 45 le= 100 mA. Vee= - 1.ovo11 
2N5057 30 55 (Note 5) 

hFe<-ss 0 c I 2N5056 12 25 le = 30 mA. Vee = - 0.5 Volt 
2N5057 20 38 (Note 5) 

NOTES: 

(11 These ratings are limiting values above which the serviceability of any individ ual semiconductor dev ice may be impai red . 

(2) These are steady state limits. The factory should be consu lted 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 resista nce of 146°C/watt (derat ing 

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 refe rs to a high-current point where collector to emitter voltage is lowest . 

(51 Pulse Conditions: length = 300µs ; duty cycle ~ 1 %. 

(6) See swi t ching ci rcuit for exact va lues of 1C·I 81 . and I 82 . 
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2N5056 , 2N5057 

FIG URE 1 
SWITCH ING TI ME TEST CIRCUIT 

SCHEMATIC FIGURE 2 
SWITCHING TIME TEST CIRCUIT 

v,"f 50 \? 
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FIGURE 3 

FIVE STAGE RING OSCILLATO R FOR 
M EASUREMENT OF PROPAGATION DELAY 
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~ 5 TRANS ISTORS --1 

FIGURE 4 
NON-SATURATED SWITCHING PERFORMANCE 
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Package: To -92 2N5228 

GENERAL PURPOSE PNP SILICON LOW-LEVEL SWITCHING TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 

Characteristic 

Collecto r-Emitter Voltage 

Unit 

5.0 Vdc 

Collector -Emitter Voltage ......... .. , ....... ....... 6.0 Vdc 

Collector-Base Voltage ..... .... .... ..... ....... ...... 5.0 Vdc 

Emitter-Base Voltage ...... ..... .... .. ........... ...... 3.0 Vdc 

Collector Current .... .... .............. ................. 50 mAdc 

Total Device Dissipation@ TA = 25°C ....... 310 mW 

Derate above 25°c ...... ...... .... ........ .. 2.81 mW/OC 

Operating and Storage Junction 

Temperature Range ......... .. .... ..... -55 to +135 oc 

Thermal Resistance, Junction 

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

Figure 1 - Switching Time Test Circuit 

Vee =3.0 v 

3.3k 
IN >---'VVv-----1 

TURN-ON INPUT PULSE TURN-OH INP\JT PULSE 

GENERATOR SOURCE IMPEDANCE = 50 ohms 

INPUT PULSE, 
RISE "TIME <:l .Ons 
FALL TIM[ <:: Z On, 
NOMINAL PULSE WIDTH• 300 ns 
NOMINAL DUTY CYCLE' Z .0% 

OSCILLOSCOPE, 
RISE fl ME 04ns 
INPUT RESISTANCE<: 50 ohms 
INPUT CAPACITANCE < 4 .0 pF 

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

Symbol Min Max Unit Conditions 

BVCEO 5 .0 - Vdc IC = 10 mAdc , IR= 0 

BVCES 6.0 - Vdc Ir = 100uAdc, VBE =O 

BVCBO 5.0 - Vdc IC= 100 uAdc, IE = 0 

BVEBO 3.0 - Vdc IE = 100 uAdc, IC= 0 
1
cEs 

- 100 nAdc VCE = 4.0 Vdc, VBE = 0 
1
EBO 

- 100 uAdc VBE = 2.5 Vdc, IC= 0 

hFE 30 - - lc = 10 mAdc, VCE = 0.3 Vdc 
15 - 'c = 50 mAdc, V CE = 1.0 Vdc 

VCE(sat) - 0.4 Vdc IC= 10 mAdc, IB = 3.0 mAdc 

VBE(sat) 0.65 1.25 Vdc IC= 10 mAdc, IB = 3.0 mAdc 

fT 300 - MHz IC = 10 mAdc, V CE = 5.0 Vdc, f = 100 MHz 

ccb - 5.0 pf VCB = 5.0 Vdc, 'E = 0, f = 1.0 MHz 

td - 25 ns Delay T ime See Figure 1 

t, - 50 ns Rise Time See F igure 1 

ts - 90 ns Storage T ime See Figure 1 

tf - 50 ns Fall Time See Figure 1 
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2N2480, 2N2480A Package, TO- 92 

N PN SI LICON DUA L TRANSISTORS 

A BSOL UT E MAX IM U M RATINGS (each side} 

Character istics Un it 
Collector-Em itter Voltage .................................... 40 Volts 
Collector-Base Voltage (2N2480 } ........ ............ 75 Volts 
Collector-Base Voltage (2N2480A ) .... ............. 80 Volts 
Emitter -Base Voltage .......................................... 5.0 Volts 
Collector Current .................................................... 500 mA 
Operating Junction Temperature .......................... 200 ° C 
Storage Temperature Range ................ -65 to +200°C 

Total Dissipation@ TA = 25°C (one side) ...... 0.5 Watt 
Derate above 25°C ................................. 2.86 mW/° C 

Total Dissipation@ Tc = 25°C ....................... 1.6 Watts 
Derateabove25°C .................................... 9.1 mW/ ° C 

Total Dissipation@ TA= 25°C (both sides) ... 0.6 Watt 
Derate above 25°C ................................. 3.43 mW/°C 

Total Dissipat ion@ Tc = 25°c ....................... 3.0 Watts 
Derate above 25°C ................................. 17.2 mW/°C 

ELECTRI CAL CHARACTERISTICS (TA = 25°C unless othe rwise noted) 

Symbol Min Max Unit Condit ions 

BVcEo· 40 Volts le= 20 mA. ls= o· 

BVcso 75 Vo lts (2N2480} le= lOOµA. IE= 0 

80 Vo lts (2N2480A) 

svrno 5.0 Volts IE = lOOµA. le = 0 

1cso 15 µA Vea = 30 Volts . IE = 0, TA = 150 ° C 

0 .050 µA (2N2480} Vea = 60 Volts, IE= 0 

0.020 µA (2N2480A) 

Irno 50 nA (2N2480) VBE = 5.0 Volts . le = 0 

20 nA (2N2480A) 

hFE 20 (2N2480) IC = 100 µA. VcE = 5.0 Volts 

35 (2N2480A) 

hFE 30 350 (2N2480 } le = 1.0 mA. VcE = 5.0 Volts 

50 200 (2N2480A) 
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2N2480,2N2480A 

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

Symbol Min Max Unit Conditions 

VeE(sat} 1.2 Volts (2N2480} le= 50 mA. ls= 5.0 mA 
1.3 Volts (2N2480A) 

VBE(sat) 0.9 Volt (2N2480) le= 50 mA. ls= 5.0 mA 
1.0 Volt (2N2480A) 

tr 50 MHz le = 50 mA. VcE = 10 Volts. f = 20 MHz 

Cob 20 pF (2N 2480 ) Vea= 10 Volts. IE= 0 
18 pF (2N2480A) f=1.0MHz 

Cib 85 pF (2N2480A} VeE = 0.5 Volt. IC = 0. 
f=1.0MHz 

hie 1000 5000 ohms (2N2480A) le = 1.0 mA. VcE = 5.0 Volts. 
f = 1.0 kHz 

hib 20 35 ohms (2N2480A} le= 1.0 mA , Vea = 5.0 Volts. 
f = 1.0 kHz 

hte 50 300 (2N2480A) le = 1.0 mA. VeE = 5.0 Volts. 
f = 1.0 kHz 

hoe 4.0 16 umhos (2N2480A) le = 1.0 mA. VeE = 5.0 Volts. 
f = 1.0 kHz 

NF 8.0 dB le= 0 .3 mA, VeE = 10 Volts. Rs= 510 ohms. 
f = 1.0 kHz. BW = 1.0 Hz 

• Pulse Test: Pulse Width ~ 300 µs. Duty Cycle~ 2%. 

I 
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DIMENSIONS 

16-LEAD 
Ceramic Dual In-Line 

ORDERING CODE FOR 930 DTL, 
9000 TTL, 9300 TTL, 950 CTL 

AND LINEAR CIRCUITS 

Operating Temperature Range (add) 
-1 for -55 to +125°C 
-5 for Oto + 70° C 
+ 75° C for digital 

Package (add) 
B for Flat Pack 
C for TO-5 Style 
D for Ceramic Dual In-Line 
P for Plastic Dual In-Lin e 

Example: 
Mly 709A-1D 
is -55 to +125°c 
Range in Dual In-Line Package 

13-1 

PACKAGE DIMENSIONS 

Dual In-Line 
Plaslic Package TO-116 

LEADS TO BE TIN PLATED 

~ 
l~ I · --- - ---

l l5°TYP. 

.375 
NOM. 

1--~____J 
.260 1 

DIMENSIONS- FLAT PACK 

250 I l" MIN ! 

- - ~, 
,·1,. 
I 

I 
7 18 

-

I' 240 MI N 
260MA X 

£65MAX 

14 

B 

_1_ 
.050 -r 

-~ 1e 

"~ ------

.020 
.015 
_J_ 

T 
8 

.390 
.370 

9 

' 
.0050 I .260/.245 ~.250 MIN. I 
.Dre5 • 1 

T
J_~ .075 

~-050 

16 LEAD - check facto ry for availability 

I 



PACKAGE DIMENSIONS 

DIMENSIONS 

1· .240 ·1 
.0451.055 ·

260 1 n---T r~----I 
-c,., ... ~ ·"'""::t 

I I 
1,25 0 MIN. •I .040/.065 L.003/.006 

MECHANICAL DATA 
Case: ·Hermetically sealed glass 
Finish: All external surfac es corrosion 
resistant and leads readily solderable 
Leads: Dumet, tin plated 
Weight: 0.135 grams (approx.) 
Mounting Position: Any 
Marking: Diodes carry ITT identificatio n, 
and are EIA Color Coded. Bands 1, 2, 3 
and 4 on the illustration above indica te 
the first, second, th ird and fourth digit 
respectively of the type designation 
starting from the cathode end of the 
diod e, 
Black 
Brown 
Red . . 
Orange 
Yellow 

.. . ... 0 
. 1 

. . 2 
.3 

... 4 

Green ..... 5 
Blue ..... 6 
Violet .... 7 
Gray . . .. 8 
White ... ... 9 
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DOUBLE PLUG DIODE 

STANDARD 

AVAILABLE 

.022 _I:IIOMAX . 

. 018 ( 

J. - ( ----1)~e:::-:s➔ 

L ,;M7N-.I-. - -29- 0 ~. 17, .. ·.~v;-VN J 
L<4U .250 

D0-7 

~1·w•N1 3
3~g." 'I' 1"M1NI 

h~CJ r~ 
.031 

!, .002 

00-29 

EPOXY PACKAGE 
Lead-Material Silver Plated Coppe r 



PHYSICAL DIMENSIONS 

T0 -71 

T0-5 

T0-52 

370 
.335 

.200 LEAD 
CIRCLE 

225 
210 

t 
.100 LEAD 

CIRCLE 

T0-77 

NOTE : DIMENSIONS AS PER LATEST 
JS-10 COMMITTEE . 
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PACKAGE DIMENSIONS 

T0-18 

T0-46 

T0-78 

.225 
210 

.100 LEAD 
CIRCLE 

R·131c 

ALL DIMENSIONS IN INCHES. 
LEADS ARE GOLD-PLATED KOVAR. 

I 



PACKAGE DlMENSIONS 

DIMENSIONS 

.335 M
T0-100 -~~~ 

.305 --r 
·.o~· M1lnl .165 
040 .040 .185 

-;-t-fl -+ 
10 LEADS_/m ~~ ~~~ -~?~ 
.019D IA _j_ 
.016 · 

NOTES, LEADS ARE GOLD-PLATED KOVAR 
PACKAGE WEIGHT IS 1.32 GRAMS 

T0-99 

NOTE : DIMENSIONS AS PER LATEST 
JS-10 COMMITTEE . 
ALL DIMENSIONS IN INCHES. 
LEADS ARE GOLD-PLATED 
KOVAR. 
PACKAGE WEIGHT IS 1.12 
GRAMS. 

t~ .10 -r -
2.0 

2.0 

T 
.492 

J_ 
~~2 
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TO-92 PACKAGE 

'*'7 
2.0 -

2.0 I 

_j_ 

T 
_J_ 

.087 .087 

·492 

1 
-1~ 

NOTE-ON SPECIAL ORDER 

ITT Semiconductors will provide 
T0-18, T0-46 and T0-52 units 
with formed leads to the require
ments of the T0-5 package. In 
addition disc insulators on the 
above devices are also avail able 
by special order . 



TT L INTEGRATED CIRCUITS 

---SECTION 1 ---

Type No. Page 

General Information 
54/74 Series TT L Fami ly 1/8 

ITT 7400 through ITT 7440 9/13 
ITT 7413 ............ .. 14,15 
ITT7441A ..... . ...... 16/18 
ITT 7442 ... .. . ... ... .. 19.20 
ITT 7443 . .. • .. . .. . . ... 19,20 
ITT 7444 ..... . . .. . . ... 19,20 
ITT 7445 .. ... . . .. . .... 21 /23 
ITT 7450 ....... . . .. . .. 24/26 
ITT 7451 ... • .......... 24/26 
ITT 7453 ... . . . . ....... 24/26 
ITT 7454 ....... ... ... . 24/26 
ITT 7460 . . ....... . ... . 27,28 
ITT 7470 .............. 29/31 
ITT 7472 ... ....... ... . 32/34 
ITT 7473 . . .. . . . . . ... . .. 32/34 
ITT 7474 .. ..... . .. ... . 35,36 
ITT 7475 ....... . ...... 37,38 
ITT 7476. , . ... ....... . 32/3 4 
ITT 7480 . ... ... .. . .... 39/44 
ITT 7481 .. .. . ......... 45/47 
ITT 7482 .. .... . .. . .. . . 48.49 
ITT 7483. . . . .. .... 50/53 
ITT 7484 .. . ...... . .... 45/47 
ITT 7486 . . .. . .. . . .... . 54,55 
ITT 7490 ....... . ...... 56/58 
ITT 7491A . . . . . . . . . . . . 59 
I TT 7 492 . . ....... . ... . 60/62 
ITT 7493 ........ ..... . 63/65 
ITT 7494 . . ... ... ... ... 66,67 
ITT 7495 ... ...... ..... 68,69 
ITT 7496 ...... .. .. . .. . 70,71 
ITT 74107 ............. 32/34 
ITT741 18 ........ . .... 72,73 
ITT 74121 ... . .... •. ... 74/76 
ITT 74145 ............. 21/23 
ITT 74150 .. . ......... . 77/80 
ITT 74151 .... .. . ... .. . 77/80 
ITT 74154 ....... . • .... 81/83 
ITT 74155 ... . ..... . ... 84/86 
ITT 74156 ............. 84/86 
ITT 74180 . ............ 87/89 
ITT 54/74192 ... . . . . . .. 90/95 
ITT 54/74193 . . .... ... . 90/95 

54H/74H Series TTL Family 
96/100 

ITT 74H00 th rough ITT 74H40 
101/103 

ITT 74H50 . . . . . . . . . . . . 104 
ITT 74H51 . . . . . . . . . . . . 104 
ITT 74H53 . . . . . . . . . . . . 104 

Cross-Reference by Section, Page and Device Number 

Type No. Page 

ITT 74H54 . . . . . . • . 104 
ITT 74H60 . . ........ .105/107 
ITT 74H72 .......... 108/ 110 
ITT 74H73 . . ........ 108/ 110 
ITT74H74 .. ........ 111,112 
ITT 74H76 ... . ... . . . 108/110 
ITT 9000 ..... . ...... 113/ 130 
ITT 900 1 . . . .. • ... .. . 113/ 130 
ITT 9002 ..... . ...... 113/ 130 
ITT 9003 .... . • ...... 113/ 130 
ITT 9004 . .... . .. .... 113/ 130 
ITT 9005 ... • . • .. . ... 113/ 130 
ITT 9006 ... .. . .. .... 113/ 130 
ITT 9007 .. . . . • .. . ... 113/ 130 
ITT 9008 .. . .. . ...... 113/ 130 
ITT 9009 .. . ....... . . 113/ 130 
ITT 9016 . ... ...... .. 113/ 130 
ITT 9020 ............ 113/ 130 
ITT 9022 ..... . .... . . 113/ 130 
ITT 9024 ............ 131/134 
ITT 9033 ......... . .. 135/ 138 
ITT 9300 .... ..... ... 152/ 157 
ITT 9301 .... ..... ... 158/ 162 
ITT 9304 ..... . .... . . 163/ 168 
ITT 9308 ............ 169/172 
ITT 9309 ........ . ... 173/178 
ITT 9~1 1 .. ... . . . . . .. 179/182 
ITT 9312 ............ 183/ 188 
ITT 9316 ......... ... 189/192 
ITT 9322 ............ 193/196 
ITT 9328 ............ 197/200 
ITT9601 ............ 139/144 
ITT9602 . ... . . ...... 145/151 

NEW PRODUCTS 

54/74 124 . . . . .. . . . ..... 1-201 
54/74130 ... .... ....... 1-201 
54/74131 . .. . . . .. • . .... 1 ·201 
54/74135 ..... . ........ 1-201 
54/74137 ........ .... .. 1·201 
54/74138 .. .. .......... 1·201 
54/74139 ... • . • .. . ..... 1-201 
SAH 161 ...... · . .. . .. ... . 1-202 
SAH 171 ........ ... . .. 1·202 
SAH 181 . ..... .. . .. ... 1-202 
SAH 190 ......... . . . .. 1·203 
SAJ 220 ..... ... . • .. . . 1-202 
TBA 470 .. . . . .... • . .. . 1-203 
TBA 800 .. ............ 1·204 
TBA 840 .. .. .......... 1-203 
TBA 940 .. . .. . . ....... 1-204 
TBA 950 ..... • .. _ . . ... 1-204 
TCA 250 ..... • ........ 1-203 
TCA 430 . .. . . • ........ 1·203 
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Type No. Page 

TCA 350 .... .. ... . .... 1-204 
UAA 110 ... . . .. .... ... 1-202 
UAA 126 ...... .. ...... 1•202 
UAA 136 .... . . . ...... . 1-202 

HIGH LEVEL LOGIC 

--- SECTION 2 ---

Digit al Circui t High-L evel Logic 
1/4 

ITT 301 . . . . . . . . . . . . . . 5 
ITT 302 . . • . . . . . • . • . . . 6 
ITT 303 . . . . . . . . . . . . . . 6 
ITT 311 . . . . . . . . . . . . . . 7 
ITT 312 . . . . . . . . . . • . . . 8 
ITT 321 ....... .. . .... . 9.10 
ITT 322 .. . .. ... ... ... 9,10 
I TT 323 ... . . .. . .. . . . . 11, 12 
ITT 324 ....... .. . . ... 13,14 
ITT 325 ........ • . •. .. 9 ,10 
ITT 326 .... . . ........ 13,14 
ITT 331 . . . . . . . . . . . . . . 15 
ITT 332 .. .. .... . ..... 11,12 
ITT 333 ... . .. . . . ..... 13,14 
ITT 334 ..... . . .. . . ... 11,12 
ITT 335 .. .... .. . . .... 13,14 
ITT 341 ....... .. ..... 9,10 
ITT 342 . . . . . . . . . . . . . . 16 
ITT 344 . . . . . . . . . . . . . . 17 
ITT3 61 ..... . .. .. . ... 18/20 
ITT 362 ... .. . . •. . • . . . 18/20 
ITT 363 . . ... • . •. . • ... 18/20 
ITT 370 . . . . . . . . . . . . . . 21 
I TT 371 . . . . . . . . . . . . . . 22 
ITT 372 . . . . . • . . . . • . . . 23 
ITT 380 . . . . . . . . . . • . . . 24 
ITT 381 . . . . . . . . . . . . . . 24 

LINEAR 
INTEGRATED CIRCUI TS 

--- SECTION 3 ----

ITT 709A . . . . . . . . . . . . . 1/4 
ITT 709 . . . . • . . . . . . . . . 5/9 
ITT 710 .... . ......... 10/13 
ITT 711 . . . .... .. . . ... 14/17 
ITT 712 .. . .... . .. . ... 18/25 
ITT 720 ... . ........ .. 26/30 
ITT723 . ... . . .... . ... 31/38 
ITT 726 .... .... ...... 39/41 
ITT 730 . .. . . ......... 42/47 
ITT 741 .... .•.. ...... 48/51 
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Cross-Reference by Section, Page and Device Number. 

DEV ICES FOR 
SPECIAL APPLICATIONS 

----SE CTION 4 ---

Type No. Page 

SAJ 110 . . . . . . . . . . . . . . 1,2 
SAJ 110, Application Notes25/29 
SAJ 170 . . . . . . . . . . . . . . 3,4 
SAK 110 .. . .. ... . ..... 5,6 
TAA 775G . ... . ....... . 7/13 
TAA 780 ... .. . ... . .... 14,15 
TAA 790 ... . ......... . 16,17 
TBA 120S . . . . ......... 18/20 
High Vo ltage Selenium Rectifiers 

for Consume r Applications 21 
SAH 215 - 4 . . . . . . .. ... 22/24 

OTL INTEGRATED CIRCUITS 

---SECTION 5-- -

General Descript ion . . . . . . 3 
Contents . . . . . . . . . . . . . . 3 
Glossary . . . . . . . . . • . . . . 4 
Loading Factors. . ....... b 
Noise Immunity. . . . . . . . . 6,7 
Propagation Delay . . . . . . . 8,9 
Transfer Character ist ics ... 10, 11 
DC Curves ... . . . ....... 12,13 
MIC 930 ... .. . . ....... 14/17 
MIC 932 . . .... . . . ..... 18/23 
MIC 933 .. .. .. .. . ... . . 38/41 
MIC 935 . ... . . . ....... 24/27 
MIC 936 .. . .. . • . . . .... 24/27 
MIC 937 .. . ... • . ...... 24/27 
MIC 941 .. . ........... 60/63 
MIC 944 .. . . .... , .. . .. 18/23 
MIC 945 . . . .... . • .. . .. 42/47 
MIC 946 ........ . .. . .. 28/33 
MIC 948 ..... ..... , . . . 42/47 
MIC 949 .. . ........... 28/33 
MIC 950 . . ... • .•. . . . . . 48/53 
M IC 951 . . .. . • .. ...... 60/63 
M IC96 1 ..... . ....... . 14/ 17 
M IC 962 . . .. . .... . .. . . 34/37 
MIC 963 ..... .. ....... 34/37 
MIC 9093 . · .... .... . ... 54/59 
MIC 9094 . .. . .. ... .... 54/59 
MIC 9097 ............. 54/59 
MIC 9099 ........... . . 54/59 
MIC 9109 .. . ... . ...... 64/68 
MIC 91 10 .... . . . . . .. .. 64/68 
MIC 91 12 .. . • . . ... . ... 64/68 

MOS ARRAYS 

-- -SECTION 6---

Type No. Page 

ITT 1056 .... .. . .. . .... 1/4 
ITT 1144 .. . . ..... . ... . 5/ 7 
ITT 3329 . . . . . . . . . . . . . . 8/11 
ITT 3708 . . . . . . .. . .. . . . 12/ 15 

EPOXY AND 
GLASS RECTIFIERS 

-- - SECTIQN 7 --

Entertainmen t Type Selenium 
Rectif iers . . . . . . . . . . . . 1 /6 

Selenium Contact Protecto r 
Rectif iers .. . .. . .. .. . . 7/12 

Transient Vol tage Suppressor 
Rectifie rs . . . .. .. .. . .. 13/18 

FM 500 Series .. . . . . . ... 21/23 
RG 1122·3 . . . ..... . .... 24/26 
1N 645 thru 1N 649... . .. 19 
1N 645JAN . .... . ..... . 20 
1 N 4000 Series ... .. .... . 21 /23 
1 N 4383-5 . ..... . . .. . . . 24/26 
1 N 4585-6 .. . . . . . . . . .. . 24/26 

THYRISTOR DIODES 

--- -SECTION S---

1 N 3831 through 1 N 3846 1,2 
Type E 4 E20-4E200 . . . . . 3,4 
Type E 4 E20M-4E200M . . 5,6 
Four•Layer D iode, App lication 

Notes ...... . ...... . 7/14 

TUNER AND ZENER DIODE S 

---SECTION 9---

ITT 109 1,2 
ITT 141 . . . . . . . . . . . . . . 3/6 
ITT 142 . . . . . . . . . . . . . . 3/6 
ITT 210 . . ... .. . . . . .. , 7,8 
ITT 243 .. . . . . .. . .. .. 9,10 
ITT 244 ... .. .. . . . .... 9, 10 
ZT K 33 ..... .. ...... . 11,12 
ZTK33A ...... . .... .. 11,12 
1N 702 thru 1N 726 ... . .. 13.14 
1N 746 thru 1N 759 . . .... 13,14 
1N 957 thru 1N 973 .. .. . , 13,14 
1 N 4733 th ru 1 N 4752.. . . 15 
1 N 523 1 thru 1 N 5250. . . . 1·5 
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SILICON DIODES 

--- SECTION 10 ---

Type No. Page 

Double Plug Diodes, Techn ical 
Data . . . . . . . . . . . . . . 1,2 

Sil icon General Purpose 
Diodes . . . . . . . . . . . . . . 3 ,6 

1N914 .. . .......... . 7 
1N914 JAN ... ... ... .. . 8 
1N9 16 ..... . .... .. . . 9 
1N 4148 . . . . . . . . . . . . . . 10 
1N 5194 . . . . . . . . • . . . . . 18 
1N 5195 . . . . . . . . . . . . . . 18 
1N 5196 . . . . . . . . . . . . . . 18 
1N 5220 . . . . . . . . . . . . . . 13 
1N 5605 t hru 1N 5609 .... 19,20 
ITT600 . . . . . . . . . . . . . . 11 
ITT 600DPD. . . . . . . . . . . • 11 
IT T MP . . . . . . . . . . . . . . 11 
ITT 601 . . .. . .. . . .. .. .. 12 
ITT 601DPD. . . . . . . . . . . . 12 
ITT 601MP..... ... . .. .. 12 
ITT 700 . . . . . . . . . . . . . . 13 

GERMANIUM DIO DES 

- --SECTION 11 --

Gold Bond Germanium D iodesl/4 

SILICON TRANSISTORS 

- - -SECTION 12 - -

Small Signal Ch ips and Wafers 1,2 
2N 696 . . . . . . . . . . . . . . 3 
2N 697 . . . . . . . . . . . . . . 3 
2N 706 .... . . • ... . .. 102, 103 
2N 706A . .. . • ..... . . .102, 103 
2N 7068 . . . . ... • . . . .. 102, 103 
2N 707 . . . . . . . . . . . . . . 4,5 
2N 708 . . . . . . . . . . • . . . 104 
2N 744 . . . . . . . .. . . . . . 105 
2N 753 . . . . . . . . • . . . . . 106 
2N 783 ... . ..... . . . . 107,108 
2N 784 . . . . . . . . . . . . . . 109 
2N 834 . . . . . . . . . . . . . . 110 
2N 835 .. . .. . ... , . . . . 111 
2N 914 ..... .. . . .. . 112,113 
2N 915 . . . . . . . . . . . . . . 6 ,7 
2N 929 . . . . . . . . . . . . . . 8,9 
2N 930 . . . . . . . . . . . . . . 8,9 
2N21 9 2 .. .. .. . .... . .. 10 ,11 
2N 2192A . ...... • . •. .. 10,11 
2N 21928 . . . . ... ...... 10,1 1 



Type No. Page 

2N 2193 ..... . .. • . • . . . 12,13 
2N 2193A ............ . 12.13 
2N 21938 . .. . ....... .. 12,13 
2N 2194 ....... .. ..... 14,15 
2N 2194A . ....... .. . .. 14,15 
2N 2194B ....... . . .. . . 14,15 
2N 2195 . . . . . . . . . . . . . . 16 
2N 2195A . . . . . . . . . . . . . 16 
2N 21958 . . . . . . . . . . . . . 16 
2N 2205 . ......... . . 154/156 
2N 2206 .... . . . ..... 154/156 
2N 2218 .... • ....... .. 17, 18 
2N 2219 .... . .. ... ... . 17,18 
2N 2219A .. .. ..... . ... 19.20 
2N 2221 .... • . ...... . . 21.22 
2N 2221 A . . ... . ....... 23,24 
2N 2222 ....... . ...... 21,22 
2N 2242 . ... ... . ..... . 25,26 
2N 2297 . . . . . . . . . . . . . . 27 ,28 
2N 2303 . . . . . . . . . . . . . . 157 
2N 2368 . .... . . . .... 114/ 11 8 
2N 2369 ............ 114/118 
2N 2369A .. .. .... ... 119/124 
2N 2405 . . . . . . . . . . . . . . 85 
2N 2480 .... ... . . . . . 210.211 
2N 2480A ...... . . . .. 210,211 
2N 2483 . . . . . . . . . . . .. 29/34 
2N 2484 ........ • . • ... 29/34 
2N 2509 . . . . . • . . • . • . . . 35 
2N 2510 ........ • .. .. . 36,37 
2N 2511 ..... . .. . ..... 38,39 
2N 2586 ..... . .. ...... 40.41 
2N 2696 ..... . ...... 190,191 
2N 2710 ............ 125,126 
2N 2801 ....... . . ... 192,193 
2N 2837 . . .......... 192,193 
2N 2868 . . . . . . . • . . . . 86.87 
2N 2894 ....... . .... 158,159 
2N 2904A .. .. .. • . .. 160.16 1 
2N 2905A . ..... . ... . 160,161 
2N2906A ...... . .... 160.16 1 
2N 2907A ...... • .... 160,16 1 
2N 3011 . .... . . ..... 127,128 
2N 3012 ..... . ..... . 162,163 
2N 3019 .............. 42.43 
2N 3020 .............. 42.43 
2N 3053 . . . . . . . . . . . . . . 44 
2N 3107 .... • . . . ..... . 45/47 
2N 3108 ....... . ..... . 45/47 
2N 3109 . ... ... .... . . . 45/47 
2N 3110 . . .. .... . .. . . . 45/47 
2N3115 ..... , ...... 129,130 
2N 31 16 ....... .. ... 129,130 
2N 31 17 ............. . 48/53 
2N 3134 . . . . .. .. .. .. .. 194 
2N 3209 .... ...... ... 158,159 

Cross-Reference by Section, Page and Device Number 

Type No. Page 

2N 3252 .. . .... 88,89 
2N 3253 . ............. 88,89 
2N 3299 ......... . .... 54/56 
2N 3300 ..... . ..... . . . 54/56 
2N 3301 .............. 54/56 
2N 3302 .... . .. . . . .... 54/56 
2N 3502 ....... . . . .. 164/166 
2N 3503 . ... .. ... . .. 164/166 
2N 3504 . . .......... 164/166 
2N 3505 . . ... . . . .... 164/166 
2N 3510 .......... .... 57,58 
2N 3546 .. . ...... . .. 195.196 
2N 3646 .. ...... . . .. 131, 132 
2N 3665 .............. 59,60 
2N 3666 . . . . . . . . . . . . . . 59 ,60 
2N 3671 ..... . ... .. . 167/169 
2N 3672 ...... ... . . . 167/169 
2N 3673 ............ 167/169 
2N 3700 .. .. • .. . ...... 61,62 
2N 3701 .... ... .... ... 61.62 
2N 3724 .. . ...... . . ... 90/95 
2N 3725 . .... . . .. . . ... 90/95 
2N 3734 ....... . . . . . . . 96/98 
2N 3736 ....... . .. . . .. 96/98 
2N 3903 ...... . ..... 133/135 
2N 3904 .. . .... ..... 133/135 
2N 3905 ... .. ....... 197/ 199 
2N 3906 ...... . .... . 197/ 199 
2N 3962 ....... . .... 170/ 172 
2N 3963 ............ 170/ 172 
2N 3964 ....... ... .. 170/ 172 
2N3965 ... . ........ 170/172 
2N 4013 ... . ... ....... 90/95 
2N 4014 ..... .. ... .... 90/95 
2N 4026 ... .. . .. .... 200,20 1 
2N 4027 ..... . . ... .. 200.201 
2N 4028 ....... .... . 200,201 
2N 4029 . ..... . . . . .. 200,20 1 
2N 4030 . .... .. ... .. 202,203 
2N 4031 . . . .. .. .... . 202,203 
2N 4032 ............ 202,203 
2N 4033 .... .. ..... . 202,203 
2N 4046 . . . . . . . . . . . . 99/101 
2N 4047 . ........... 99/101 
2N 4058 . . . . . . • . . • . . 173 
2N 4059 . . . . . . . . . . . . . . 173 
2N 4060 . . . . . . . . . . . . . . 173 
2N 4061 . . . . . . . . . . . . . . 173 
2N 4062 .. . . . .. . . ..... 173 
2N 4123 ..... . • . . .. ... 136 
2N 4124 . . . . . . . . . . . . . . 136 
2N 4125 . . . . . . . . • . . . . . 137 
2N4126 ........ .. . ... 137 
2N 4137 ... .. .. . .... 138/ 140 
2N 4248 ........ .... 174/176 
2N 4249 .. .......... 174/176 
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Type No . Page 

2N 4250 .... .. ...... 174/176 
2N 4400 ........ . ... 141,142 
2N4401 ........... . 141,142 
2N 4402 ... .. . . ..... 204,205 
2N 4403 ... ... .... .. 204,205 
2N 4418 ...... ... ... 143,144 
2N 4419 .... ... . .. .. 143,144 
2N 4420 ... . ........ 145,146 
2N 4421 . .. .. ...• ... 145,146 
2N 4422 ... . ........ 145,146 
2N 5056 ... ...... ... 206/208 
2N 5057 ............ 206/208 
2N 5086 . . . . . . . . . . . . . . 177 
2N 5087 . . . . . . . . . • . . . . 177 
2N 5209 . . . . . . . . . . . . . . 63 
2N 5210 . . . . . . . . . • . . . . 63 
2N 5219 . . . . . . . . . • . . . . . 64 
2N 5220 . . . . . . . . . . . . . . . 65 
2N 5221 ... . • .......... 178 
2N5223 . . .. . ..... ... .. 66 
2N 5224 .. . . ......... .. 147 
2N5225 ... .• .... .. . • . . 67 
2N 5226 . . . . . . . . . . . . . . 179 
2N5227 ... ... ......... 180 
2N 5228 ..... . ......... 209 
2N 5368 . . . . . . . . . . . . • . . 68 
2N 5369 . . . . . . . . . . . . . . . 68 
2N5370 . .... . . .... .. .. 68 
2N 5371 . . . . . . . • . . . . . . . 68 
2N 5376 . . . . . . . . . . . . . . . 69 
2N 5377 . . . . . . . . . . • . . . . 69 
2N 5378 . . ..... . ..... .. 182 
2N 5379 . .. ....... • .. . . 182 
2N 5447 .............. . 183 
2N 5448 . . ........ . .... 183 
2N 5449 . . . . . . . . . . . . . . . 70 
2N 5450 . . . . . . . . . . . . . . . 70 
2N 545 1 . . . . . . . . . . . . . . . 70 
MPSA05 . . . . . . . . . . . . . . . 71 
MPSA 10 . . . . . . . . . . . . . . . 72 
MPSA20 . . . . . . . . . . . . . . . 73 
MPSA55 ........... . . . . 184 
MPSA70 . . ............. 185 
MPSK20 . . . . . . . . . . . . . . . 73 
MPSK21 . . . . . . . . . . . . . . . 73 
MPSK22 . . . . . . . . . . . . . . . 73 
MPS706 ......... . ... . . 148 
MPS706A ........ .. ... . 148 
MPS834 . . .. ........... 149 
MPS2369 . . . . . . . . • . . . . . . 150 
MPS2711 . . . . . . . . . . . . . . . 74 
MPS2712 ............ ... 74 
MPS2713 .. .... . . . . ... . . 151 
MPS2714 ... . . . .. •...... 151 
MPS2923............... 75 
MPS2924........ . ...... 75 

I 



Cross-Reference by Section, Page and Device Number . 

Type No. Page 

MPS2925 ........... • ... 75 
MPS2926......... .. . .. . 76 
MPS3392........... .. .. 77 
MPS3393 . . . . . . . . . . . • . . . 77 
MPS3394 . . . . . . . . . . . . . . . 77 
MPS3395 . . . . . . . . . . . . . . . 77 
MPS3638 ............ 186,187 
MPS3638A ..... • ..... 186,187 
MPS36'16 . ........... 152,153 
MPS3693 . . . . . . . . . . . . . . . 78 
MPS3702 . . . . . . . . . . . . . . . 188 
MPS3703 . . . . . . . . . . . . . . . 188 
MPS3704 . . . . . . . . . . . . . . . 79 
MPS3705 . . . . . . . . . . . . . . . . 79 
MPS3706 .. . . .. .. . ..... ... 79 
MPS3707. ... .... . ...... 80 
MPS3708. . .... . . . ...... 80 
MPS3709 . . . . . . . . • . . . . . . 80 
MPS3710. . . . . . . . . . . . . . . 80 
MPS3711 . . . . . . . . . . . . . . . 80 
MPS3721 . . . . . . . . . . . . . . . 76 
MPS5172 ...... . . • ...... 81 
MPS6530 .. . . . .. ........ 82 
MPS6531 . . . . . . . . . . . . . . . 82 
MPS6532. .. .. . . . . . . . .. . 82 
MPS6533 . . . . . . . . . . . . . . . 189 
MPS6534 . . . . . . . . . . . . . . . 189 
MPS6535 . . . . . . . . . . . . . . . 189 
MPS6565 . . . . . . . . . . . . . . . 83 
MPS6566 . . . . . . . . . . . . . . . 83 
MPS6591 . . . . . . • . . . . . . . . 84 
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For Price and Delivery Information 
Call Your Local I TT Off ice 

CALIFOR NIA 

ITT Semico nductors 

1121 San Antonio Road 

Palo Alto, Californ ia 94303 

Telephone: 415-961-5265 

Telex: 0348-450 

ITT Semiconductors 

730 North Euclid Street 

Suite 317 

Anaheim , California 92801 

Telephone : 213-860-2418 

714-772-7070 

Telex : 065-5430 

ILLINOIS 

ITT Semicon~uctors 

8550 W. Bryn Mawr 

Suite 709 

Ch icago, Ill inois 60631 

Telephone: 312-693-7070 
Telex : 025-4409 

TWX: 910-253-4905 

MASSACHUS ETTS 

ITT Semiconductors 
594 Marrett Road 

Suite 18 

Lexington, Mass. 02173 

Telephone: 617-861-0880 
Telex: 092-3470 

MIC HIGAN 

ITT Semiconductors 
23629 Liberty St reet 
Suite 104 
Farmington, Michigan 48024 
Telephone: 313-477-6060 
Telex: 023-5353 

MINNESOTA 

ITT Semiconductors 

4510 West 77th St~eet 

Office 140 

Minneap ,ol is, Minnesota 55435 

Telephohe: .612-920-2943 

Telex: 029-0105 

NEW YORK 

ITT Semiconductors 

333 North Broadway , 

Suite 3003 

Jericho, Long Island, N. Y . 11753 

Telephone: 516-938-1191 / 2 

212-895-0565 

Telex: 0961-416 

ITT Semiconductors 

6562 Ridings Road 

Syracuse, New York 13206 

Telephone : 315-463-6677 /8 

Telex: 093-7357 

PENNSYLVANIA 

ITT Semiconductors 

676 East,SW<,sesrors,q.,Road 

Wayne, Pa. 19087 

Telephone: 215-688-6990 / 1 /2/3 
Telex : 084-6351 

CANADA 

ITT Semiconductors ··. 
Div isio n of ITT Canada li mited 
3066 Jarrow ·Avenue . 
Missi ssauga, ,Qnrar io, Canada 
Telep hone : 416-.625-5220 
Telex : 06-961120 

semiconductors ITT 
1TT SEMICONDUCTORS IS A DIVISION OF INTERNATIONAL T£LEPHON£ AND TELEGRAPH C,OFIPORATION. JJIH E1.£CTRONIC S WAY, WEST PAt.M 8CACH. FLORIDA 33407. (305) 842,2◄11 
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