
































































































































































































































































































































































































































































































































































THERMAL DATA 

Rth j-case 
Rth j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

2N 2218 
2N 2219 

max 50 °C/W 
max 187_5 °C/W 

2N 2221 
2N 2222 

83.3 °C/W 
300 °C/W 

ELECTRICAL CHARACTERISTICS (Tamb= 25°C unless otherwise specified) 

Parameter Test conditions 

ICBO Collector cutoff V CB= 50V 
current (I E= 0) V CB = 50V Tamb= 150°C 

lEBO Emitter cutoff current 
(lc= 0) 

V EB= 3V 

V(BR)CBO Collector-base 
breakdown voltage 

Ic= 10 f.1A 

(I E= 0) 

V(BR)CEO Collector-emitter Ic= 10 rnA 
breakdown voltage 
(lB= 0) 

V(BR)EBO Emitter-base 
breakdown voltage 

IE= 10 f.1A 

(lc= 0) 

VCE(sat) * Collector-emitter Ic= 150 rnA IB= 15 rnA 
saturation voltage Ic= 500 rnA IB= 50 rnA 

VBE(sat) * Base-emitter saturation 
voltage 

Ic= 150 rnA IB= 15 rnA 
Ic= 500 rnA IB= 50 rnA 

hFE DC current gain for 2N 2218 and 2N 2221 
Ic=0.1mA VcE=10V 
Ic= 1 rnA VCE = 10V 
Ic= 10 rnA V CE= 10V 

* Ic= 150 rnA V CE= 10V 
* Ic= 500 rnA V CE= 10V 
* Ic= 150 rnA VCE= 1V 

for 2N 2219 and 2N 2222 
Ic= 0.1 rnA V CE= 10V 
Ic= 1 rnA VCE= 10V 
le= 10 rnA V CE= 10V 

* Ic= 150 rnA V CE= 10V 
* le= 500 rnA V eE= 10V 
* Ic= 150 rnA V CE= 1V 

fT Transition frequency Ic= 20 rnA V CE= 20V 
f=100MHz 

CCBO Collector-base IE=O VCB = 10V 
capacitance f = 100 kHz 

Re(hie) Real part of input Ic= 20mA VCE= 20V 
impedance f = 300 MHz 

* Pulsed: pulse duration = 300 f.1s, duty cycle = 1% 
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Min. Typ. Max. Unit 

10 nA 
10 f.1A 

10 nA 

60 V 

30 V 

5 V 

0.4 V 
1.6 V 

1.3 V 
2.6 V 

20 -
25 -
35 -
40 120 -
20 -
20 -

35 -
50 -
75 -
100 300 -
30 -
50 -

250 MHz 

8 pF 

60 n 



SILICON PLANAR NPN 

HIGH-SPEED SWITCHES 

2N 2218 A 
2N 2219 A 
2N 2221 A 
2N 2222A 

The 2N 2218A, 2N 2219A, 2N 2221A and 2N 2222A are silicon planar epitaxial NPN tran­
sistors in Jedec TO-39 (for 2N 2218"A and 2N 2219A) and in Jedec TO-18 (for 2N 2221A 
and 2N 2222A) metal cases_ They are designed for high-speed switching applications at col­
lector currents up to 500 mA, and feature useful current gain over a wide range of collector 
current, low leakage currents and low saturation voltages_ 

ABSOLUTE MAXIMUM RATINGS 

VCBO Collector-base voltage (I E= 0) 75 V 
VCEO Collector-emitter voltage (lB= 0) 40 V 
V EBO Emitter-base voltage (Ic= 0) 6 V 

Ic Collector current 0.8 A 
Ptot Total power dissipation at Tamb "25°C 

for 2N 2218A and 2N 2219A 0.8 W 
for 2N 2221 A and 2N 2222A 0.5 W 
at Tease" 25°C 
for 2N 2218A and 2N 2219A 3 W 
for 2N 2221 A and 2N 2222A 1.8 W 

Tstg Storage temperature -65 to 200 DC 
rj Junction temperature 175 DC 

MECHANICAL DATA Dimensions in mm 
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THERMAL DATA 

Rth j-case 
Rth j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

2N 2218A 
2N 2219A 

50 °C/W 
187.5 °C/W 

2N 2221A 
2N 2222A 

83.3 °C/W 
300 °C/W 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ_ Max. Unit 

ICBo Collector cutoff 
current (I E = 0) VCB =60V 10 nA 

VCB =60V Tamb = 150°C 10 pA 

ICEX Collector cutoff 
current (VBE = -3V) VCE =60V 10 nA 

lEBO Emitter cutoff 
current (lc = 0) VEB =3V 10 nA 

IBEX Base cutoff current VCE =60V 20 nA 
(VBE = -3V) 

V(BR)CBO Collector-base 
breakdown voltage Ic = 10 pA 75 V 
(IE =0) 

V(BR)CEO Collector-emitter 
breakdown voltage Ic = 10 mA 40 V 
(lB = 0) 

V(BR)EBO Emitter-base 
breakdown voltage IE =10pA 6 V 
(lc = 0) 

VCE(sat) * Collector-em itter 
satu ration voltage Ic = 150 mA IB = 15 mA 0.3 V 

Ic = 500 mA IB = 50 mA 1 V 

VBE(sat) * Base-emitter 
saturation voltage Ic = 150 mA IB=15mA 0.6 1.2 V 

Ic = 500 mA IB =50mA 2 V 

hFE DC current gain for 2N 2218A and 2N 2221A 
Ic = 0.1 mA VCE = 10V 20 -
Ic = 1mAVCE =10V 25 -

* Ic = 10 mA VCE = 10V 35 -
* Ic=150mA VcE =10V 40 120 -
* Ic = 500 mA VCE = 10V 25 -
* Ic = 150mA VCE = lV 20 -
* Ic = 10 mA VCE = 10V 

Tamb = -55°C 15 -
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ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions Min. Typ. Max. Unit 

hFE DC cu rrent ga i n for 2N 2219A and 2N 2222A 
Ic= O.lmA VcE =10V 35 -
Ic = 1 mA VCE = 10V 50 -

* Ic = 10 mA VCE = lOV 75 -
* Ic = 150 mA VCE = 10V 100 300 -
* Ic = 500 mA VCE = 10V 40 -

* Ic = 150 mA VCE = lV 50 -
* Ic = 10 mA VCE = 10V 

Tamb = -55DC 35 -
hfe Small signal 

current gain Ic = 1 mA VCE = 10V 
f = 1 kHz 
for 2N 2218A and 2N 2221A 30 150 -
for 2N 2219A and 2N 2222A 50 300 -'-

Ic=10mA VCE = 10V 
f = 1kHz 
for 2N 2218A and 2N 2221A 50 300 -
for 2N 2219A and 2N 2222A 75 375 -

fT Transition frequency Ic = 20 mA VCE = 20V 
f = 100 MHz 
for 2N 2218A and 2N 2221A 250 MHz I 

for 2N 2219A and 2N 2222A 300 MHz I 

CEBO Em itter-base 
capacitance Ic = 0 VEB = 0.5V 

f = 100 kHz 25 pF 

CCBO Collector-base 
capacitance IE =0 VCB = 10V 

f = 100 kHz 8 pF 

Re(hie) Real part of input 
impedance Ic = 20 mA VCE = 20V 

f = 300 MHz 60 .11 

NF Noise figure Ic = 100 I-IA VCE = OV 
Rg = 1 kl1 f = 1 kHz 4 dB 

hie ** Input impedance Ic = 1 mA VCE = 10V 
for 2N 2218A and 2N 2221A 1 3.5 .11 

for 2N 2219A and 2N 2222A 2 8 .11 

Ic=10mA VCE = 10V 
for 2N 2218A and 2N 2221A 0.2 1 .11 

for 2N 2219A and 2N 2222A 0.25 1.25 .11 
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ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions 

hre ** Reverse voltage ratio Ie = 1 mA VeE = 10V 
for 2N 2218A and 2N 2221A 
for 2N 2219A and 2N 2222A 
le=10mA VeE = 10V 
for 2N 221aA and 2N 2221A 
for 2N 2219A and 2N 2222A 

hoe ** Output admittance Ie = 1 mA VeE = 10V 
for 2N 2218A and 2N 2221A 
for 2N 2219A and 2N 2222A 
le=10mA VeE = 10V 
for 2N 2218A and 2N 2221A 
for 2N 2219A and 2N 2222A 

td Delay time Ie = 150mA Vee =30V 
lSI = 15 mA VSE = -0.5V 

tr Rise time Ie = 150mA Vee =30V 
lSI = 15 mA VSE = -0.5V 

ts Storage time Ie = 150 mA Vee = 30V 
lSI = -ls2 = 15 mA 

tf Fall time Ie = 150 mA Vee = 30V 
lSI = -ls2 = 15 mA 

rbb'Cbc Feedback time 
constant Ie =20mA VeE = 20V 

f = 31.a MHz 

* Pulsed: pulse duration = 300 /ls, duty cycle = 1% 
** f = 1 kHz 
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Min. Typ. Max. Unit 

5xlO-4 -
ax 10-4 -

2.5xlO-4 -
4xl0-4 -

3 15 /lS 
5 35 /lS 

10 100 /lS 
25 200 /lS 

10 ns 

25 ns 

225 ns 

60 ns 

150 ps 



SILICON PLANAR NPN 

HIGH-FREQUENCY SATURATED SWITCH 

The 2N 2369 is a silicon planar epitaxial NPN transistor in Jedec TO-18 metal case. It is 
designed specifically for high-speed saturated switching applications at current levels from 
100!1A to 100 mAo 

ABSOLUTE MAXIMUM RATINGS 

VCBO 
VCES 
VCEO 
VEBO 

ICM 

Ptot 

Collector-base voltage (I E = 0) 
Collector-emitter voltage (VBE = 0) 
Collector-emitter voltage (I B = 0) 
Emitter-base voltage (Ic = 0) 
Collector peak current (t = 10 J.1s) 
Total power dissipation at Tamb ';;; 25°C 

at T case .;;; 25°C 
at T case .;;; 100°C 

Storage and junction temperature 

MECHANICAL DATA 

251 

40 V 
40 V 
15 V 

4.5 V 
0.5 A 

0.36 W 
1.2 W 

0.68 W 
-65 to 200 "C 

Dimensions in mm 

7/76 
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THERMAL DATA 

Rth j-case 
Rth j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

146 
486 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. 

ICBo Collector cutoff VCB = 20V 0.4 
current (I E = 0) VCB = 20V Tamb = 150°C 30 

V(BR)CBO Coil ector-base Ic = 10f.1.A 40 
breakdown voltage 
(IE = 0) 

V(BR)CES Collector-emitter Ic = 10 f.1.A 40 
breakdown voltage 
(VBE = 0) 

V CEO (sus) * Collector-emitter Ic = 10mA 15 
sustaining voltage 
(I B = 0) 

V(BR)EBO Emitter-base 
breakdown voltage 

IE = 10 f.1.A 4.5 

(lc = 0) 

V CE(sat) * Collector-emitter Ic=10mA IB = 1 mA 0.2 0.25 
saturation voltage 

VBE(Sat) * Base-emitter Ic = 10 mA IB = 1 mA 0.7 0.75 0.85 
saturation voltage 

hFE * DC current gain Ic = 10mAVcE =lV 40 120 
Ic=100mAVcE=2V 20 
Ic= 10mAVcE =lV 
Tamb = -55°C 20 

fT Transition frequency Ic = 10 mA VCE = 10V 
f= 100MHz 500 650 

CCBO Collector-base IE = 0 VCB = 5V 
capacitance f = 1 MHz 2.5 4 

ts Storage time Ic=10mA Vcc =10V 
IB1 = -IB2 = 10mA 6 13 

ton Turn-on time Ic = 10 mA Vcc = 3V 
IB1 = 3 mA 9 12 

toff Turn-off time Ic = 10 mA Vcc = 3V 
IB1 = 3 mA IB2 = - 1.5mA 13 18 

* Pulsed: pulse duration = 300f.1.s, duty cycle = 1% 
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Unit 

f.1.A 
f.1.A 

V 

V 

V 

V 

V 

V 

-
-

-

MHz 

pF 

ns 

ns 

ns 



SILICON PLANAR NPN 

HIGH-SPEED SATURATED SWITCH 

The 2N 2369A is a silicon planar epitaxial NPN transistor in Jedec TO-18 metal case. It is 
designed specifically for high-speed saturated switching applications at current levels from 
100 JlA to 100 mAo 

ABSOLUTE MAXIMUM RATINGS 

VCBO 

VCES 

VCEO 

VEBO 

Ic 
ICM 

Ptot 

Collector-base voltage (IE = 0) 
Collector-emitter voltage (VBE = 0) 
Collector-emitter voltage (I B = 0) 
Emitter-base voltage (lc = 0) 
Collector current 
Collector current (10 Jls pulse) 
Total power dissipation at Tamb ";; 25°C 

at T case .,;; 25°C 
at T case .,;; 100°C 

Storage and junction temperature 

MECHANICAL .DATA 

253 

40 
40 
15 

4.5 
0.2 
0.5 

0.36 
1.2 

0.68 
-65 to 200 

v 
V 
V 
V 
A 
A 
W 
W 
W 
°C 

Dimensions in mm 

(sim: to TO-18) 

7/76 



THERMAL DATA 

Rth j-case 
Rth j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

146 
486 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. 

IC60 Collector cutoff 
current (IE = 0) VC6 = 20V Tamb = 150°C 30 

ICES Collector cutoff 
current (V6E = 0) VCE = 20V 0.4 

V(6R)C60 Collector-base 
breakdo\Nn voltage Ic = 10J.l.A 40 
(IE =0) 

V(6R)CES Co II ector-em itter 
breakdown voltage Ic =10J.l.A 40 
(V6E = 0) 

VCEO (sus) * Collector-emitter 
sustaining voltage Ic=10mA 15 
(16 = 0) 

V(6R)E60 Emitter-base 
breakdown voltage IE = 10 J.l.A 4.5 
(lc = 0) 

VCE(sat) * Collector-emitter 
saturation voltage Ic = 10 mA 16 = 1 mA 0.14 0.2 

Ic = 30mA 16 = 3mA 0.17 0_25 
Ic=100mA 16=10mA 0.28 0.5 
Ic = 10mA 16 = 1 mA 
Tamb = 125°C 0_19 0.3 

V6E (sat) * Base-emitter 
saturation voltage Ic = 10mA 16 = 1 mA 0_7 0.8 0.85 

Ic = 30mA 16 = 3mA 0.9 1.15 
Ic=100mA 16 = 10 mA 1.1 1.6 
Ic = 10mA 16 = 1 mA 
T amb = -55 to 125°C 0.59 1.02 

hFE * DC current gain Ic = 10 mA VCE = 0.35V 40 63 120 
Ic = 10mA VCE = lV 40 66 120 
Ic = 30 mA VCE = O.4V 30 71 
Ic = 100mA VCE = 1V 20 
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°C/W 
°C/W 

Unit 

J.l.A 

J.l.A 

V 

V 

V 

V 

V 
V 
V 

V 

V 
V 
V 

V 

-
-
-
-



2N2369A 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions Min. Typ. Max. Unit 

hFE* DC current gain Ic = lOrnA VCE = 0.35V 
Tamb = -55°C 20 50 -

fT Transition frequency Ic = 10 rnA VCE = lOV 
f = 100 MHz 500 675 MHz 

CCBO Collector- base 
capacitance IE = 0 VCB = 5V 

f = 1 MHz 2.3 4 pF 

t5 Storage time Ie = lOrnA Vcc = 10V 
IBI = -IB2 = 10 rnA 6 13 ns 

ton Turn-on time Ic=10mA Vec = 3V 
IBI = 3 rnA 9 12 ns 

toff Turn-off time Ic = 10mA Vcc = 3V 
IBI = 3 rnA IB2=-1.5mA 13 18 ns 

* Pulsed: pulse duration = 300 /1S, duty cycle = 1% 

DC current gain 

G 3140 

VCE = 5V II 
1 I 

Ii ' I, 

140 
I I [I, II I , 

I I 'Jamb = 12S'C li- I 

r Ii ." I 

v ~ IT 

120 

100 

V 25 'CI 
~ 

80 

60 
I 

J....- -55'C 
~ 

V I J....- t-. 40 

20 Pl 
10 10' IC (rnA) 

VCE(~t) 
(V) 

Collector-emitter saturation voltage 

G 3141 

'I-- ' =1=L i'::::-f f- IC - 10IS-
~ d-- 1 '-:: -

+ 
I 

4 1 
- ~ +-_1 

1 

Ii 
I ! , 

.1 
,I I 

[ 

,I 

II I I 
,I- -I 
, 
41---- Tamb:Z2~ -55'C I i 125'C 
-:/ -11'1 I , -I "iH II 
~ N.l::t n: I ! I 

2 

III 
II IT I II 

2 4 6 8 2 4 6 6 2 4 6 8 

10·' 10 10' IC (rnA) 
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C 
(pF) 

4 

o 

, 
(ns)' 

10 

Collector-base and emitter-base capa-
citances 

.......... r-.. 

" EBO IC =0 

" r-.~ 

CCBO IE ="0 

4 6 8 

I'-

-
4 6 8 

10 

3 Z G - 14 

Switching characteristics 
G 309'1 

Vee = 3V 

~ 
C =1018,.-10IB2 

~ 

'\. I~" 
1\)1. ,i/ 

'" . 
f 

i- ", 1"- '" f N 
4 •• 4 •• 4 •• 

10 10' ICCmAI 
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Contours of constant transition fre­
quency 

VCE' 
(V) • 

10 , 

1 , 

I 

t 1--

1\ 

~~ 
.. 65' 

~O""" 
500 

00 

r 

6-3143 

I II 

lj I 
1/ 

lamb =2S'C 

4 • , . , 
4 " 

IBI 
(rnA) 

10 

Switching characteristics 

'~-6~·,CC=3V. 

II 

!l -2n J.-
6 

5ns 

V 

~ +- /V 
, 

~ 

,. 
4 , , 

4 " 
10 

10' IC(mA) 

G 3144 

/1/ 

/1) 

4 ,. 

10' ICCmA) 



SILICON PLANAR NPN 

LOW-LEVEL, LOW-NOISE AMPLIFIERS 

The 2N 2483 and 2N 2484 are silicon planar epitaxial NPN transistors in Jedec TO-18 metal 
case. They are designed for use in high-performance, low-noise amplifier circuits from audio 
to high-frequency. 

ABSOLUTE MAXIMUM RATINGS 

VCBO 
VCEO 
VEBO 
Ic 
Ptot 

Collector-base voltage (IE = 0) 
Collector-emitter voltage (I B = 0) 
Emitter-base voltage (lc = 0) 
Collector current 
Total power dissipation at Tamb ';; 25°C 

at T case .;; 25°C 
at T case .;; 1 DO°C 

Storage and junction temperature 

MECHANICAL DATA 

257 

60 
60 

6 
50 

0.36 
1.2 

0.68 
-65 to 200 

v 
V 
V 

mA 
W 
W 
W 
°C 

Dimensions in mm 

7/76 
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THERMAL DATA 

Rth j-case 
Rth j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

146 
486 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. 

ICBO Collector cutoff 
current (I E = 0) VCB =45V 0.1 10 

VCB =45V Tamb = 150°C 0.2 10 

ICEO Collector cutoff 
current (lB = 0) VCE = 5V 0.1 

lEBO Emitter cutoff 
current (lc = 0) VEB = 5V 0.1 10 

V(BR)CBO Collector-base 
breakdown voltage Ic = 10J1A 60 
(IE = 0) 

VCEO (sus) * Collector-emitter 
sustaining voltage 
(lB = 0) 

Ic=10mA 60 

V(BR)EBO Emitter-base 
breakdown voltage IE = 10 J1A 6 
(Ic =0) 

VCE(sat) Collector-emitter 
saturation voltage Ic = 1 rnA IB =0.1 rnA 0.2 0.35 

VBE Base-emitter voltage Ic = 100 J1A VCE = 5V 0.5 0.57 0.7 

hFE DC current gain for 2N 2483 
Ic = 10 J1A VCE = 5V 40 80 120 
Ic = 100 J1A VCE = 5V 75 140 
Ic = 500 J1A VCE =5V 100 200 
Ic = 1 rnA VCE = 5V 175 230 

* Ic = 10 rnA VCE = 5V 280 500 
Ic = 10t-tA VCE = 5V 
Tamb = -55°C 10 
for 2N 2484 
Ic = 1 J1A VCE = 5V 30 200 
Ic = 10 J1A VCE = 5V 100 290 500 
Ic = 100 J1A VCE = 5V 175 375 
Ic = 500 J1A VCE = 5V 200 430 
Ic = 1 rnA VeE = 5V 250 450 

* Ic = 10 rnA VCE = 5V 430 800 
Ic = 10 J1A VCE = 5V 
Tamb = -55°C 20 
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°CIW 
°C/W 

Unit 

nA 
J1A 

nA 

nA 

V 

V 

V 

V 

V 

-
-
-
-
-

-

-
-
-
-
-
-

-
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ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions Min. Typ. Max. Unit 

hfe Small signal Ic = 1 rnA VCE = 5V 
current gain f = 1 kHz 

for 2N 2483 80 280 450 -
for 2N 2484 150 400 900 -

fT Transition frequency for 2N 2483 
Ic = 50MA VCE = 5V 
f = 5 MHz 12 20 MHz 
Ic = 500MA VCE = 5V 
f = 30MHz 60 69 MHz 
for 2N 2484 
Ic = 50MA VCE = 5V 
f = 5 MHz 15 20 MHz 
Ic = 500MA VCE = 5V 
f = 30 MHz 60 78 MHz 

CEBO Emitter-base 
capacitance Ic = 0 VEB = 0.5V 

f = 1 MHz 3.5 6 pF 

CCBO Collector-base 
capacitance IE = 0 VCB = 5V 

f = 1 MHz 3.5 6 pF 

NF Noise figure Ic = 10MA VCE = 5V 
R = 9 10 kn 
f = 100 Hz 

for 2N 2483 4 15 dB 
for 2N 2484 4 10 dB 

f= 1 kHz 
for 2N 2483 1.9 4 dB 
for 2N 2484 1.8 3 dB 

f=10kHz 
for 2N 2483 0.7 3 dB 
for 2N 2484 0.6 2 dB 

f = 10 to 10000 Hz 
for 2N 2483 1.9 4 dB 
for 2N 2484 1.8 3 dB 

hie ** Input impedance Ic = 1 mA VCE = 5V 
for 2N 2483 1.5 7.5 13 kn 
for 2N 2484 3.5 15 24 kn 

h re ** Reverse voltage ratio Ic = 1 mA VCE = 5V 
for 2N 2483 3xlO-4 8xlo-4 -

for 2N 2484 4.25xl0-4 8xl0·4 -
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ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions 

hoe ** Output admittance Ie == 1 mA VeE = 5V 
for 2N 2483 
for 2N 2484 

h'b ** Input impedance Ie == 1 mA VeB = 5V 

* Pulsed: pulse duration = 300 J.ls, duty cycle = 1% 
** f = 1 kHz 

Min. Typ. 

11 
15 

25 27 

DC current gain Collector-base capacitance 

II IIW ./ 
VCE"sv 2N 4 

400 
,/ 

300 ~ 

1/ .... (..4 
200 

...... 1-' 

100 -'" ... 1-' 

o 
:t 4" I 4 I' ! 4 I' 

1(f' \If' 10"' I 

G 1'75 -
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CCBO 

(pF ) 

4 

o 

\ , 
"-

......... to-. -

4 12 

Max. Unit 

30 J.lS 
40 J.lS 

32 11. 

G-2056 

--r-

1=IMHz 



Noise figure vs. source resistance 

G-2057 

VCE "5V NF 
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~'\ I 

~ :, V 
"" " V 
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""" 
L,...o ~O~A -.;:;:: 

"I- 1111 
•• 

10 

Contours of constant noise figure 
f = 10 kHz (for 2N 2483 only) G 20 •• -

! ...... 

\. I"\, 
\. 

\ i\ "-
\ \. ~ i\ 

'" , 
VCE=5V " - 1=10kHz 

B=2kHz 

10 

" 
I" 

NF=ldB 

I'-. 
2dB 
r-
3dB 

4dB 

6dB 

'" 8dB . .. 
10' 

I' 

ill 

R!j 

(kn) 

10' 
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6 

Contours of constant noise figure 
f = 100 Hz (for 2N 2483 only) G-205. 

NF=4dB 

'\ 
\ \ 

\ \ 
\ 1\ \ , \ 
1\\ V 1\ 6dB 

) 
8dB 

\. No. / 
\. " 10dB r--

VCE =5V \ I\. I~ ./ r-- 1=100Hz \ [tj: ..... 1' 
B=20Hz i\ r--

4 6. 

10 
4 6' 1 4 6. 

10' IC(~A) 

Contours of constant noise figure 
f = 1 MHz (for 2N 2483 only) 
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~ 

\ ~ \ 
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·2dB ) ~ \ '\ N 

'\ III 
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SILICON PLANAR PNP 

HIGH-SPEED SATURATED SWITCHES 

The 2N 2894, 2N 3012 and 2N 3209 are silicon planar epitaxial PNP transistors in Jedec 
TO-18 metal case, intended for high speed, low saturation switching applications up to 
100 mAo 

ABSOLUTE MAXIMUM RATINGS 

VCBO 

VCES 

VCEO 

V EBO 

Ic 
Ptot 

Collector-base voltage (IE = 0) 
Collector-emitter voltage (V BE= 0) 
Collector-emitter voltage (I B= 0) 
Emitter-base voltage (lc= 0) 
Collector current 
Total power dissipation at T amb .;;;; 25°C 

at T case .;;;; 25°C 
Storage and junction temperature 

MECHANICAL DATA 
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2N 2894 
2N 3012 2N 3209 

-12 V -20 V 
-12 V -20 V 
-12 V -20 V 
--4V -

-200 mA 
0.36W 
1.2W 

-65 to 200°C 

Dimensions in mm 
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THERMAL DATA 

Rth j-case 

Rth j-amb 

Thermal resistance junction-case. 
Thermal resistance junction-ambient 

max 
max 

146 
486 

ELECTRICAL CHARACTERISTICS (Tamb= 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. 

ICBo Collector cutoff VCB=-6V T amb = 125°C -10 
current (lE= 0) 
(for 2N 2894 only) 

ICEs Collector cutoff for 2N 2894 
current (VBE= 0) VCE=-6V -80 

for 2N 3012 
VCE= -6V -80 
VCE= -6V T amb= 85°C -5 
for 2N 3209 
VCE = -10V -80 
VCE= -10V Tamb = 125°C -10 

V(BR)CBO Collector-base Ic= -10 p.A 
breakdown voltage for 2N 2894 and 2N 3012 -12 
(lE=O) for 2N 3209 -20 

V(BR)CES Collector-emitter Ic=-10p.A 
breakdown voltage for 2N 2894 and 2N 3012 -12 
(VBE=O) for 2N 3209 -20 

V CEO(sus) * Collector-emitter Ic= -10 mA 
sustaining voltage for 2N 2894 and 2N 3012 -12 
(lB= 0) for 2N 3209 -20 

V(BR)EBO Emitter-base IE= -100 p.A -4 
breakdown voltage 
(lc= 0) 

V CE(sat) * Collector-em itter for 2N 2894 and 2N 3012 
saturation voltage Ic= -10 mA IB= -1 mA -0.15 

Ic= -30 mA IB= -3 mA -0.2 
Ic= -100 mA IB= -10 mA -0.5 
for 2N 3209 
Ic= -10 mA IB= -1 mA -0.15 
Ic= -30 mA IB= -3 mA -0.2 
Ic= -100 mA IB= -10 mA -0.6 
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°C/W 
°C/W 

Unit 

p.A 

nA 

nA 
p.A 

nA 
p.A 

V 
V 

V 
V 

V 
V 

V 

V 
V 
V 

V 
V 
V 



ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions 

V CE(sat) * Collector-em itter for 2N 3012 only 
saturation voltage Ic= -30 mA IB= -3 mA 

Tamb= 85°C 

VBE(Sat) * Base-emitter Ic= -10 mA IB= -1 mA 
saturation voltage Ic=-30 mA IB=-3 mA 

Ic= -100 mA IB= -10 mA 

hFE * DC current gain Ic= -10 mA VCE=-0.3V 
for 2N 2894 
for 2N 3012 and 2N 3209 
Ic= -30 mA VCE= -0.5V 
for 2N 2894 
for 2N 3012 and 2N 3209 
Ic= -100 mA VCE= -1 V 
for 2N 2894 
for 2N 3012 
for 2N 3209 
Ic=-30 mA VCE=-0.5V 
Tamb= -55°C 
for 2N 2894 
for 2N 3209 

fT Transition frequency Ic= -30 mA VCE= -10V 
f = 100 MHz 

CEBO Emitter-base Ic= 0 VEB=-0.5V 
capacitance f = 1 MHz 

CCBO Collector-base IE=O VCB = -5V 
capacitance f = 1 MHz 

for 2N 2894 and 2N 3012 
for 2N 3209 

ton Turn-on time Ic= -30 mA Vcc=-2V 
IB1 =-1.5mA 

toff Turn-off time Ic= -30 mA Vcc= -2V 
IBI = -IB2= -1.5 mA 
for 2N 2894 and 2N 3209 
for 2N 3012 

* Pulsed: pulse duration = 300 J1.s, duty cycle = 1 % 

265 

Min. Typ. Max. Unit 

-0.4 V 

-0.78 -0.98 V 
-0.85 -1.2 V 

-1.7 V 
I" 

I: 
30 -
25 -

1 

40 150 -
30 120 -

25 -
20 -
15 -

17 -
12 -

400 MHz 

6 pF 

6 pF 
5 pF 

60 ns 

90 ns 
75 ns 



SILICON PLANAR PNP 

GENERAL PURPOSE AMPLIFIERS AND SWITCHES 

The 2N 2904, 2N 2905, 2N 2906 and 2N 2907 are silicon planar epitaxial PNP transistors in 
Jedec TO-39 (for 2N 2904 and 2N 2905) and in Jedec TO-18 (for 2N 2906 and 2N 2907) 
metal cases. They are designed for high-speed saturated switching and general purpose 
applications. 

ABSOLUTE MAXIMUM RATINGS 

VCBO Collector-base voltage (I E = 0) -60 V 
VCEO Collector-emitter voltage (I B = 0) -40 V 
VEBO Emitter-base voltage (lc = 0) -5 V 
Ic Collector current -600 mA 
Ptot Total power dissipation at Tamb .,;; 25°C 

for 2N 2904 and 2N 2905 0.6 W 
for 2N 2906 and 2N 2907 0.4 W 

at T case .,;; 25°C 
for 2N 2904 and 2N 2905 3 W 
for 2N 2906 and 2N 2907 1.8 W 

Tstg , Tj Storage and junction temperature -65 to 200 °C 

MECHANICAL DATA Dimensions in mm 
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THERMAL DATA 

Rth j-case 
Rth j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

2N2904 
212905 
21.2906 
21 2907 

2N 2904 
2N 2905 

max 58.3 °C/W 
max 292 °C/W 

2N 2906 
2N 2907 

97.3 °C/W 
437.5 °C/W 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. Unit 

Icso Collector cutoff 
current (IE = 0) Vcs = -50V -20 nA 

Vcs = -50V Tamb = 150°C -20 J.1A 

IcEX Collector cutoff 
current (VSE = 0.5V) VCE = -30V -50 nA 

ISEX Base cutoff current VCE = -30V -50 nA 
(VSE = 0.5V) 

V(SR)CSO Collector-base 
breakdown voltage Ic =-10J.1A -60 V 
(IE = 0) 

VCEO(SUS) * Collector-emitter 
sustaining voltage Ic = -10 mA -40 V 
(Is = 0) 

V(SR)ESO Emitter-base 
breakdown voltage IE =-10J.1A -5 V 
(Ic = 0) 

VCE(sat) * Collector-em itter 
saturation voltage Ic = -150 mA Is=-15mA -0.4 V 

Ic = -500 mA Is= -50 mA -1.6 V 

VSE(sat) * Base-em itter 
saturation voltage Ic = -150 mA Is= -16 mA -1.3 V 

Ic = -500 mA Is= -50 mA -2.6 V 

hFE DC current gain for 2N 2904 and 2N 2906 
Ic= -O.lmA VCE=-10V 20 -
Ic = -1 mA V CE= -10V 25 -
Ic=-10mA V cE=-10V 35 -

* Ic =-150 mA VCE=-10V 40 120 -
* Ic = -500 mA VCE=-10V 20 -
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ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions Min. Typ. Max. Unit 

hFE DC current gain for 2N 2905 and 2N 2907 
Ie = -0.1 mA VeE=-10V 35 -
Ie =-1 mA VeE= -10V 50 -
Ie =-10 mA VeE= -10V 75 -

* Ie = -150 mA VeE= -10V 100 300 -
* Ie = -500 mA VeE= -10V 30 -

fT Transition frequency Ie = -50 mA V eE= -20V 
f = 100 MHz 200 MHz 

CEBO Emitter-base 
capacitance le=O V EB = -2V 

f = 100 kHz 30 pF 

CeBo Collector-base 
capacitance IE = 0 V eB= -10V 

f =100kHz 8 pF 

td Delay time Ie = -150 mA Vee= -30V 
IBI = -15 mA 10 ns 

t, Rise time Ie = -150 mA Vee=-30V 
IBI = -15 mA 40 ns 

ts Storage time Ie = -150 mA Vee= -6V 
IBI = -IB2 = -15 mA 80 ns 

t f Fall time Ie = -150 mA Vee= -6V 
IBI = -IB2 = -15 mA 30 ns 

*Pulsed: pulse duration = 300 Ils, duty cycle = 1% 
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SILICON PLANAR PNP 

GENERAL PURPOSE AMPLIFIERS AND SWITCHES 

The 2N 2904A. 2N 2905A. 2N 2906A and 2N 2907A are silicon planar epitaxial PNP tran­
sistors in Jedec TO-39 (for 2N 2904A and 2N 2905A) and in Jedec TO-18 (for 2N 2906A 
and 2N 2907 A) metal cases. They are designed for high-speed saturated switching and gene­
ral purpose applications. 

ABSOLUTE MAXIMUM RATINGS 

VCBO Collector-base voltage (I E = 0) -60 V 
VCEO Collector-emitter voltage (lB = 0) -60 V 
VEBO Emitter-base voltage (Ic = 0) - 5 V 
Ic Collector current -600 mA 
Ptot Total power dissipation at Tamb ,;:;; 25°C 

for 2N 2904A and 2N 2905A 0.6 W 
for 2N 2906A and 2N 2907 A 0.4 W 

at T case ,;:;; 25°C 
for 2N 2904A and 2N 2905A 3 W 
for 2N 2906A and 2N 2907 A 1.8 W 

T stg. Tj Storage and junction temperature -65 to 200 °C 

MECHANICAL DATA Dimensions in mm 
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THERMAL DATA 

Rth j-case 
Rth j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

2N 2904A 
2N 2905A 

58.3 °C/W 
292 °C/W 

2N 2906A 
2N 2907A 

97.3°C/W 
437.5°C/W 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. Unit 

ICBO Collector cutoff 
current (I E = 0) VCB = -50V -10 nA 

VCB = -50V Tamb = 150°C -10 /lA 

IcEX Collector cutoff 
current (VBE = 0.5V) VCE = -30V -50 nA 

IBEX Base cutoff current VCE = -30V -50 nA 
(VBE = 0.5V) 

V(BR)CBO Collector-base 
breakdown voltage Ic = -10 /lA -60 V 
(IE =0) 

VCEO (sus) * Collector-emitter 
sustaining voltage Ic =-10mA -60 V 
(lB = 0) 

V(BR)EBO Em itter-base 
breakdown voltage IE = -10 /lA -5 V 
(Ic = 0) 

VCE(sat) * Collector-em itter 
saturation voltage Ic = -150 mA IB= -15 mA -0.4 V 

Ic = -500 mA IB= -50 mA -1.6 V 

VBE(sat) * Base-emitter 
satu rati on voltage Ic = -150 mA IB=-15mA -1.3 V 

Ic = -500 mA IB= -50 mA -2.6 V 

hFE DC current gain for 2N 2904A and 2N 2906A 
Ic = -0.1 mA V CE= -10V 40 -
Ic = -1 mA V CE= -10V 40 -
Ic =-10mA V CE = -10V 40 -

* Ic = -150 mA VCE= -10V 40 120 -
* Ic = -500 mA V CE= -10V 40 -
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ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions Min. Typ. Max. Unit 

hFE DC current gain for 2N 2905A and 2N 2907 A 
Ic= -0.1 mA VCE= -10V 75 -
Ic= -1 mA VCE= -10V 100 -
Ic= -10 mA VCE=-10V 100 -

* Ic= -150 mA VCE= -10V 100 300 -
* Ic= -500 mA VCE= -10V 50 -

fT Transition frequency Ic=-50 mA VCE= -20V 
f=100MHz 200 MHz 

CESO Emitter-base 
capacitance Ic=O VES= -2V 

f=100kHz 30 pF 

Ccso Collector-base 
capacitance IE=O Vcs= -10V 

f=100kHz 8 pF 

td Delay time Ic= -150 mA Vcc= -30V 
IS1=-15mA 10 ns 

tr Rise time Ic= -150 mA Vcc= -30V 
IS1=-15mA 40 ns 

ts Storage time Ic=-150mA Vcc= -6V 
IS1=-ls2=-15mA 80 ns 

t f Fall time Ic= -150 mA Vcc= -6V 
IS1= -IS2= -15 mA 30 ns 

ton Turn-on time Ic=-150mA Vcc=-30V 
IS1= -15 mA 45 ns 

tOft Turn-off time Ic= -150 mA Vcc= -6V 
IS1= -IS2= -15 mA 100 ns 

* Pulsed: pulse duratIon = 300 /J.s, duty cycle = 1% 

271 



SILICON PLANAR NPN 

HIGH-SPEED SATURATED SWITCHES 
The 2N 3009, 2N 3013 and 2N 3014 are silicon planar epitaxial NPN transistors in Jedec 
TO-18 metal case, intended for high-speed, low-saturation switching application up to 
300 mAo 

ABSOLUTE MAXIMUM RATINGS 

VCBO 
VCES 
V CEO 

VEBO 

Ic 
ICM 
Ptot 

Collector-base voltage (I E = 0) 
Collector-emitter voltage (VBE= 0) 
Collector-emitter voltage (lB= 0) 
Emitter-base voltage (lc= 0) 
Collector current 
Collector peak current (t ,;;;;; 10 J.ls) 
Total power dissipation at T amb';;;;; 25°C 

at T case';;;;; 25°C 
at T case ,;;;;; 100°C 

Storage and junction temperature 

MECHANICAL DATA 
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2N 3009 2N 3013 2N 3014 

40 V 
40V 
15 V 
--i V 

40 V 40 V 
40 V 40 V 
15 V 20 V 

20~~~-:A:-O--~V 
500mA 
0.36W 
1.2W 

0.68W 
-65 to 200°C 

Dimensions in mm 



THERMAL DATA 

Rth j-case 

Rth j .... mb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

146 
486 

ELECTRICAL CHARACTERISTICS (Tamb= 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. 

ICES Collector cutoff VCE= 20 V 
current (VSE= 0) for 2N 3009 0.5 

for 2N 3013 and 2N 3014 0.3 
VCE = 20V Tamb = 85°C 
for 2N 3009 15 
VCE= 20V T amb = 125°C 
for 2N 3013 and 2N 3014 40 

V (SR)CSO Collector-base Ic= 100 lolA 40 
breakdown voltage 
(IE=O) 

V(SR)CES Collector-emitter Ic= 100 lolA 40 
breakdown voltage 
(VSE= 0) 

V CEO (sus) * Collector-em itter Ic= 10 mA 
sustaining voltage for 2N 3009 and 2N 3013 15 
(ls=O) for 2N 3014 20 

V(SR)ESO Emitter-base IE= 100 pA 
breakdown voltage for 2N 3009 4 
(lc=O) for 2N 3013 and 2N 3014 5 

VCE(sat) * Collector-emitter Ic=30mA Is=3 mA 0.18 
saturation voltage Ic= 10 mA Is= 1 mA 

for 2N 3014 0.18 
Ic= 100 mA Is= 10 mA 
for 2N 3009 and 2N 3013 0.28 
for 2N 3014 0.35 
Ic= 300 mA Is=30mA 
for 2N 3009 and 2N 3013 0.5 
Ic=30mA Is =3 mA 
Tamb= 85°C 
for 2N 3009 0.3 
Ic= 30 mA Is=3mA 
Tamb= 125°C 
for 2N 3013 and 2N 3014 0.25 
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Unit 

pA 
pA 

pA 

pA 

V 

V 

V 
V 

V 
V 

V 

V 

V 
V 

V 

V 

V 



ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions 

V SE(sat) * Base-emitter Ic= 10 mA Is= 1 mA 
saturation voltage for 2N 3014 

Ic=30mA Is=3mA 
Ic= 100 mA Is= 10 mA 
Ic= 300 mA Is=30 mA 
for 2N 3009 and 2N 3013 

hFE * DC current gain Ic= 10 mA VCE= O.4V 
for 2N 3014 
Ic= 30 mA VCE= O.4V 
Ic= 100 mA VCE= 0.5V 
for 2N 3009 and 2N 3013 
Ic= 100 mA VCE= lV 
for 2N 3014 
Ic=300 mA VCE= lV 
for 2N 3009 and 2N 3013 
Ic= 30 mA VCE= O.4V 
Tamb = -55°C 
for 2N 3013 and 2N 3014 

fT Transition frequency Ic= 30 mA VCE= 10V 
f = 100 MHz 

CESO Emitter-base Ic=O VES = 0.5V 
capacitance f = 1 MHz 

Ccso Collector-base IE=O Vcs= 5V 
capacitance f = 1 MHz 

ts Storage time Ic= 10 mA Vcc= 10V 
IS1 = -ls2= 10 mA 

ton Turn-on time Ic= 30 mA Vcc= 2V 
Is1 =3 mA 
for 2N 3014 
Ic= 300 mA Vcc= 15V 
Is1 =30mA 
for 2N 3009 and 2N 3013 

toff Turn-off time Ic=30mA Vcc= 2V 
IS1 = -ls2= 3 mA 
for 2N 3014 
Ic= 300 mA Vcc= 15V 
IS1 = -ls2= 30 mA 
for 2N 3009 and 2N 3013 

* Pulsed: pulse duration = 300 p.s, duty cycle= 1% 
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Min. Typ. Max. Unit 

0.7 0.8 V 
0.75 0.95 V 

1.2 V 

1.7 V 

25 -
30 120 -

25 -

25 -

15 -

12 -

350 MHz 

8 pF 

5 pF 

18 ns 

16 ns 

15 ns 

25 ns 

25 ns 



SILICON PLANAR NPN 

HIGH-CURRENT, HIGH-FREQUENCY AMPLIFIERS 

The 2N 3019 and 2N 3020 are silicon planar epitaxial NPN transistors in Jedec TO-39 
metal case, designed for high-current, high-frequency amplifier applications. They feature 
high gain and low saturation voltages. 

ABSOLUTE MAXIMUM RATINGS 

V CBO 
V CEO 

VEBO 

Ic 
Ptot 

Collector-base voltage (IE = 0) 
Collector-emitter voltage (IB = 0) 
Emitter-base voltage (lc = 0) 
Collector current 
Total power dissipation at T amb ..:;; 25°C 

at T case ..:;; 25°C 
Storage and junction temperature 

MECHANICAL DATA 
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140 
80 

7 
1 

0.8 
5 

-65 to 200 

v 
V 
V 
A 
W 
W 

°C 

Dimensions in mm 
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THERMAL DATA 

Rth j-case 

Rth j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

35 
219 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. 

Icso Collector cutoff Vcs= 90V 10 
current (IE = 0) Vcs= 90V Tamb = 150°C 10 

IESO Emitter cutoff 
current (Ic = 0) 

VES= 5V 10 

V(SR)CSO Collector-base Ic=100JlA 140 
breakdown voltage 
(IE =0) 

V CEO (sus) * Collector-emitter Ic = lOrnA 80 
susta ining voltage 
(Is = 0) 

V(SR)ESO Emitter-base IE = 100 JlA 7 
breakdown voltage 
(lc = 0) 

V CE(sat) * Collector-emitter Ic = 150 rnA Is = 15 rnA 0.2 
satu rati on vol tage Ic = 500 rnA Is = 50 rnA 0.5 

VSE(sat) * Base-emitter Ic = 150 rnA Is = 15mA 1.1 
saturation voltage 

hFE * DC current gain Ic =0.1 rnA V CE = 10V 
for 2N 3019 50 
for 2N 3020 30 100 

Ic = 10 rnA V CE= 10V 
for 2N 3019 90 
for 2N 3020 40 120 

Ic = 150 rnA V CE= 10V 
for 2N 3019 100 300 
for 2N 3020 40 120 

Ic = 500 rnA VCE= 10V 
for 2N 3019 50 
for 2N 3020 30 100 

Ic = lA VCE = 10V 15 
Ic = 150 rnA V CE= 10V 
Tamb= -55°C 

for 2N 3019 40 
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°C/W 
°C/W 

Unit 

nA 
JlA 

nA 

V 

V 

V 

V 
V 

V 

-
-

-
-

-
-

-
-
-

-



I 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions Min. Typ. Max. Unit 

h fe Small signal current Ie = 1 rnA VCE = 5V 
gain f = 1 kHz 

for 2N 3019 80 400 -

I 
! 

for 2N 3020 30 200 -

fT Transition frequency Ie = 50 rnA VCE= 10V 
f = 20 MHz 

for 2N 3019 100 MHz 
for 2N 3020 80 MHz 

CEBO Emitter-base Ic = 0 V EB= 0.5V 
capacitance f = 1MHz 60 pF 

CeBo Collector-base IE =0 VCB = 10V 
capacitance f = 1 MHz 12 pF 

NF Noise figure Ic = 100MA VeE= 10V 
(for 2N 3019 only) f = 1 kHz Rg = 1 kn 4 dB 

rbb'Cb'c Feedback time Ie = 10 rnA V CE= 10V 
constant f = 4 MHz 400 ps 

* Pulsed: pulse duration = 300 MS, duty cycle = 1 % 

----------------------------------------------------------------
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SILICON PLANAR NPN 

AMPLIFIER AND SWITCH 

The 2N 3053 is a silicon planar epitaxial NPN transistor in Jedec TO-39 metal case, intend­
ed for medium-current switching and amplifier applications. 

ABSOLUTE MAXIMUM RATINGS 

VCBO 

VCEO 

V EBO 

Ic 
Ptot 

T 519' Tj 

Collector-base voltage (IE = 0) 
Collector-emitter voltage (lB = 0) 
Emitter-base voltage (lc = 0) 
Collector current 
Total power dissipation at T case ..;; 25D C 
Storage and junction temperature 

MECHANICAL DATA 
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60 V 
40- V 

5 V 
700 mA 

5 W 
-65 to 200 DC 

Dimensions in mm 



THERMAL DATA 

Rth j-case Thermal resistance junction-case max 35 °C/W 

ELECTRICAL CHARACTERISTICS (Tamb ·= 25°C unless otherwise specified) 

Parameter Test conditions 

IcEx Collector cutoff current V CE= 60V 
(VBE= -1.5V) 

IBEx Base cutoff current VcE ='60V 
(VBE = -1.5V) 

V(BR)CBO Collector-base 
breakdown voltage Ic = 100~A 
(I E = 0) 

V(BR)CEO Collector-emitter 
breakdown voltage Ic = 100~A 
(I B =0) 

V CER (sus) * Collector-emitter 
sustaining voltage Ic = 10 mA 
(RBE ';;;; 10n) 

V(BR)EBO Emitter-base 
breakdown voltage IE = 100~A 
(lc = 0) 

V CE(sat) Collector-emitter 
saturation voltage Ic =:= 150 mA 

V BE Base-emitter voltage Ic = 150 mA 

VBE.(sat) Base-emitter 
saturation voltage Ic = 150 mA 

hFE * DC current gain Ic = 150 mA 
Ic = 150 mA 

fT Transition frequency Ic = 50 mA 
f = 20 MHz 

CEBO Emitter-base 
capacitance Ic = 0 

f = 1 MHz 

CCBO Collector-base 
capacitance IE =0 

f = 1 MHz 

* Pulse: pulse duration = 300 ~s, duty cycle = 1% 
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IB = 15 mA 

VCE= 2.5V 

IB = 15 mA 

V CE= 2.5V 
VCE= 10V 

VCE= 10V 

V EB =0.5V 

VCB = 10V 

Min. Typ. Max. Unit 

250 nA 

250 nA 

60 V 

40 V 

50 V 

5 V 

1.4 V 

1.7 V 

1.7 V 

25 -
50 250 -

100 MHz 

80 pF 

15 pF 

I 
,I 
i.1 , 



SILICON PLANAR NPN 

GENERAL PURPOSE AMPLIFIERS AND SWITCHES 

The 2N 3107, 2N 310S, 2N 3109 and 2N 3110 are silicon planar epitaxial NPN transistors 
in Jedec TO-39 metal case primarily intended for large signal, low noise industrial ap­
pi ications. 

ABSOLUTE MAXIMUM RATINGS 

V CBO 
VCEO 
VEBO 

Ic 
Ptot 

Collector-base voltage (I E = 0) 
Collector-emitter voltage (I B = 0) 
Emitter-base voltage (lc = 0) 
Collector current 
Total power dissipation at T amb ~ 25°C 

at T case ~ 25°C 
Storage and junction temperature 

MECHANICAL DATA 

7/76 2S0 

2N 3109 2N 3107 
2N 3110 2N 3108 

SOV 100V 

~ 
7V 
1 A 

O.SW 
5W 

-65 to 200°C 

Dimensions in mm 



THERMAL DATA 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 35 °C/W 
max 219 °C/W 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. Unit 

ICBo Collector cutoff VcB =60V Tamb= 150°C 10 JJ.A 
current (I E = 0) 

ICES Collector cutoff V CE= 60V 10 nA 
current (V BE= 0) 

lEBO Emitter cutoff current V EB = 5V 10 nA 
(Ic =0) 

V(BR)CBO Collector-base Ic=100JJ.A 
breakdown voltage for 2N 3109 and 2N 3110 80 V 
(IE =0) for 2N 31D7 and 2N 3108 100 V 

V CEO (sus) * Collector-emitter Ic = 10mA 
sustaining voltage for 2N 3109 and 2N 3110 40 V 
(lB = 0) for 2N 3107 and 2N 3108 60 V 

V(BR)EBO Emitter-base IE = 100JJ.A 7 V 
breakdown voltage 
(lc = 0) 

VCE(sat) * Collector-emitter Ic = 150 mA IB = 15mA 0.25 V 
saturation voltage Ic = 1A IB = 100 mA 1 V 

VBE(sat) * Base-emitter Ic=150mA IB = 15mA 1.1 V 
saturation voltage Ic = 1A IB =100mA 2 V 

281 



ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions Min. Typ. Max. Unit 

hFE * DC current gain for 2N 3107 and 2N 3109 
le=150mA VeE= lV 100 300 -
Ie =0.1 mA VeE= 10V 35 -
Ie = 500 mA VCE= 10V 40 -
Ic=150mA V CE= 10V 
Tamb = -55°C 30 -
for 2N 3108 and 2N 3110 
Ic = 150 mA VCE= lV 40 120 -
Ic = 0.1 mA VeE= 10V 20 -
Ie = 500 mA VCE= 10V 25 -
Ie = 150 mA VCE= 10V 
Tamb= -55°C 15 -

fT Transition frequency Ie =50mA VCE= 10V 
f = 20 MHz 
for 2N 3107 and 2N 3109 70 MHz 
for 2N 3108 and 2N 3110 60 MHz 

CEBO Emitter-base Ic = 0 VEe= 0.5V 
capacitance f = 1 MHz 80 pF 

Ceeo Collector-base IE = 0 Vce= 10V 
capaci tance f = 1 MHz 

for 2N 3107 and 2N 3108 20 pF 
for 2N 3109 and 2N 3110 25 pF 

NF Noise figure Ie = 30MA V CE= 10V 
f = 1 kHz Rg = 1 kn 7 dB 

ton Turn-on time Ie = 150 mA Vce= 20V 
le1 = 7.5 mA 200 ns 

toff Turn-off time Ie = 150 mA Vce= 20V 
le1 = -le2= 7.5 mA 
for 2N 3107 and 2N 3109 1000 ns 
for 2N 3108 and 2N 3110 600 ns 

* Pulsed: pulse duration = 300 MS, duty cycle = 1 % 
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SILICON PLANAR PNP 

AMPLIFIERS AND SWITCHES 

The 2N 3250 and 2N 3251 are silicon planar epitaxial PNP transistors in Jedec TO-18 metal 
case. They are suited for switching and amplifier applications. 

ABSOLUTE MAXIMUM RATINGS 

VCBO 
V CEO 

V EBO 

Ic 
Ptot 

Collector-base voltage (I E = 0) 
Collector-emitter voltage (I B = 0) 
Emitter-base voltage (lc= 0) 
Collector current 
Total power dissipation at T amb ~ 25°C 

at T case ~ 25°C 
Storage and junction temperature 

MECHANICAL DATA 
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-50 V 
-40 V 
-5 V 

-200 mA 
0.36 W 

1.2 W 
-65 to 200°C 

Dimensions in mm 

7/76 



THERMAL DATA 

Rth j-<:ase 

Rth j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

146 
487 

ELECTRICAL CHARACTERISTICS (Tamb= 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. 

ICEX Collector cutoff 
current (V BE= 3V) 

V CE= -40V -20 

IBEX Base cutoff current V eE= -40V -50 
(V BE=3V) 

V(BR)CBO Collector-base Ic = -10J,LA -50 
breakdown voltage 
(IE =0) 

V CEO (sus) * Collector-emitter Ic =-10 mA -40 
sustaining voltage 
(lB = 0) 

V(BR)EBO Emitter-base IE = -10J,LA -5 
breakdown voltage 
(le= 0) 

V CE(sat) * Collector-emitter Ic = -10 mA IB = -1 mA 0.25 
saturation voltage Ic = -50 mA IB = -5 mA 0.5 

V BE (sat) * Base-emitter Ie =-10 mA IB = -1 mA 0.6 0.9 
saturation voltage Ic=-50mA IB=-5mA 1.2 

hFE * DC current gain for 2N 3250 
Ic = -0.1 mA VCE= -1V 40 
Ie = -1 mA V CE= -1V 45 
Ic = -10 mA VCE= -1V 50 150 
Ic =-50 mA V CE= -1V 15 
for 2N 3251 
Ie = -0.1 mA V CE= -1V 80 
Ic = -1 mA V eE= -1V 90 
Ie = -10 mA VCE = -1V 100 300 
Ie =-50mA VCE = -1V 30 

hfe Small signal current Ic = -1 mA VCE=-10V 
gain f = 1 kHz for 2N 3250 50 200 

for 2N 3251 100 400 
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°C/W 
°C/W 

Unit 

nA 

nA 

V 

V 

V 

V 
V 

V 
V 

-
-
-
-

-
-

-

-
-



ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions 

fT Transition frequency Ic= -10 mA VCE = -20V 
f=100MHz 

for 2N 3250 
for 2N 3251 

CEBO Emitter-base Ic=O VEB= -1V 
capacitance f = 1 MHz 

CCBO Collector-base IE=O VCB = -10V 
capacitance f = 1 MHz 

NF Noise figure Ic= -100 J.LA VCE=-5V 
f=100Hz Rg= 1 kn 

hie Input impedance Ic=-1 mA VCE= -10V 
f = 1 kHz 

for 2N 3250 
for 2N 3251 

h,e Reverse voltage ratio Ic=-1 mA VCE= -10V 
f = 1 kHz 

for 2N 3250 
for 2N 3251 

hoe Output admittance Ic=-1 mA VCE= -10V 
f = 1 kHz 

for 2N 3250 
for 2N 3251 

td Delay time Ic-10 mA Vcc- 3V 
IBl=1mA 

t, Rise time Ic= 10 mA Vcc= 3V 
IBl= 1 mA 

ts Storage time Ic= 10 mA Vcc= 3V 
181=-182= 1 mA 

for 2N 3250 
for 2N 3252 

t f Fall time Ic= 10 mA Vcc= 3V 
181 = -182= 1 mA 

rbb'CbC Feedback time Ic= -10 mA VCE= -20V 
constant 

* Pulsed: pulse duration = 300 p.s, duty cycle = 1% 
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Min. Typ. Max. Unit 

250 MHz 
300 MHz 

8 pF 

6 pF 

6 dB 

1 6 kn 
2 12 kn 

10x10-4 -
20x 1 0-4 -

4 40 p.S 
10 60 p.S 

35 ns 

35 ns 

175 ns 
200 ns 

50 ns 

250 ps 



EPITAXIAL PLANAR NPN 

HIGH VOLTAGE AMPLIFIER 

The 2N 3440S is a silicon planar epitaxial NPN transistor in Jedec TO-39 metal case, 
intended for high voltage switching and linear amplifier applications. The complementary 
PNP type is the 2N 5415S. 

ABSOLUTE MAXIMUM RATINGS 

VC80 
VCEO 
VE80 

Ic 
Ptot 

Collector-base voltage (IE = 0) 
Collector-emitter voltage (18 = 0) 
Emitter-base voltage (lc = 0) 
Collector current 
Total power dissipation at Tamb,;;; 25DC 

Tease';;; 25 DC 
Storage temperature 
Junction temperature 

MECHANICAL DATA 

6/77 286 

300 V 
250 V 

7 V 
1 .A 
1 W 

10 W 
-65 to 200 DC 

200 DC 

Dimensions in mm 



THERMAL DATA 

Rth j-case 
Rthj-amb 

Thermal resistance junction-case 
Thermal resi~tance junction-ambient 

max 
max 

17.5 uC/W 
175 °C/W 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. Unit 

Icao Collector cutoff VCB = 250 V 20 f1A 
current (IE = 0) 

ICEO Collector cutoff VCE = 200 V 50 f1A 
current (IB = 0) 

lEBO Emitter cutoff VEB = 6 V 20 f1A 
current (Ic = 0) 

V CEO (sus) * Colle-ctor-emitter Ic = 50 rnA 250 V 
sustaining voltage 
(Ia = 0) 

VCE(sat) * Collector-emitter Ic 
saturation voltage 

= 50mA IB = 4 rnA 0.5 V 

VaE (sat) * Base-emitter Ic = 50mA la = 4mA 1.3 V 
saturation voltage 

hFE * DC current gain Ic = 20mA VCE = 10V 40 160 -

f,. Transition frequency Ic = 10mA VCE = 10V 15 MHz 

* Pulsed: pulse duration = 300 f1s, duty cycle = 1 .5% 
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SILICON PLANAR NPN 

GENERAL PURPOSE AMPLIFIERS 

The 2N 3700 and 2N 3701 are silicon planar epitaxial NPN transistors in Jedec TO-18 
metal case, intended for small signal, low noise industrial applications. 

ABSOLUTE MAXIMUM RATINGS 

V CBO 

V CEO 

VEBO 

Ic 
Ptot 

Collector-base voltage (I E = 0) 
Collector-emitter voltage (lB= 0) 
Emitter-base voltage (Ic= 0) 
Collector current 
Total power dissipation at T amb";; 25°C 

at T case";; 25°C 
at T case ..;; 100°C 

Storage and junction temperature 

MECHANICAL DATA 

7/76 290 

140 V 
80 V 

7 V 
1 A 

0.5 W 
1.8 W 

1 W 
-65 to 200 °C 

Dimensions in mm 



THERMAL DATA 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

97 
350 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. 

ICBo Collector cutoff V CB = 90V 10 
current (lE= 0) V CB = 90V Tamb= 150°C 10 

lEBO Emitter cutoff V EB= 5V 10 
current (lc= 0) 

V(BR)CBO Collector-base Ic= 100 IlA 140 
breakdown voltage 
(lE= 0) 

V CEO (sus) * Collector-emitter 
sustaining voltage 

Ic= 10 mA 80 

(lB= 0) 

V(BR)EBO Emitter-base 
breakdown voltage 

IE= 100llA 7 

(lc= 0) 

VCE(sat) * Collector-em itter Ic= 150 mA IB= 15mA 0.2 
saturation voltage Ic= 500 mA IB= 50 mA 0.5 

VBE(Sat) * Base-emitter 
saturation voltage 

Ic= 150 mA IB= 15 mA 1.1 
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Unit 

nA 
IlA 

nA 

V 

V 

V 

V 
V 

V 



ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions Min. Typ. Max. Unit 

hFE * DC current gain for 2N 3700 
Ic= 0.1 mA VCE= 10V 50 -
Ic= 10 mA VCE= 10V 90 -
Ic= 150 mA VCE= 10V 100 300 -
Ic= 500 rnA VCE= 10V 50 -
Ic= 1A VCE= 10V 15 -
Ic= 150 rnA VCE= 10V 
Tamb= -55°C 40 -
for 2N 3701 
Ic= 0.1 rnA VCE= 10V 30 100 -
Ic= 10 rnA V CE= 10V 40 120 -
Ic= 150 rnA VCE= 10V 40 120 -
Ic= 500 rnA VCE= 10V 30 100 -
Ic= 1A VCE= 10V 15 -

hfe Small signal current Ic= 1 rnA VCE= 5V 
gain f= 1 kHz 

for 2N 3700 80 400 -
for 2N 3701 30 200 -

fT Transition frequency Ic= 50mA VCE= 10V 
f = 20 MHz 

for 2N 3700 100 200 MHz 
for 2N 3701 80 200 MHz 

CEBO Emitter-base Ic= 0 VEB= 0.5V 
capacitance f = 1 MHz 60 pF 

CCBO Collector-base IE=O VCB = 10V 
capacitance f = 1 MHz 12 pF 

rbb'Cb'c Feedback time Ic= 10 rnA VCB = 10V 
constant f = 4 MHz 25 400 ps 

* Pulsed: pulse duration = 300 /J.s, duty cycle = 1 % 
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SILICON PLANAR NPN 

HIGH-VOLTAGE, HIGH-CURRENT SWITCH 

The 2N 3725 is a silicon planar epitaxial transistor in TO-39 metal case. It is a high-voltage, 
high-current switch used for memory applications requiring breakdown voltages up to 50V 
and operating currents to 1A. Fast switching times are assured because of the high minimum 
fT (300 MHz) and tight control on storage time. 

ABSOLUTE MAXIMUM RATINGS 

VCSO 

VCES 

VCEO 

V ESO 

Ic 
Ptot 

Collector-base voltage (IE = 0) 
Collector-emitter voltage (VSE= 0) 
Collector-emitter voltage (ls= 0) 
Emitter-base voltage (Ic= 0) 
Collector current 
Total power dissipation at Tamb ,,;; 25°C 

at T case ,,;; 25°C 
Storage and junction temperature 

MECHANICAL DATA 

Supersedes issue dated 3/73 293 

80 
80 
50 
6 
1 

0.8 
3.5 

-65 to 200 

v 
V 
V 
V 
A 
W 
W 
°C 

Dimensions in mm 

7/76 



THERMAL DATA 

Rth j-case 

Rth j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

50 
220 

ELECTRICAL CHARACTERISTICS (Tamb= 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. 

Icso Collector cutoff Vcs= 60V 1.7 
current (I E= 0) Vcs= 60V Tamb= 100°C 120 

V(SR)CSO Collector-base 
breakdown voltage Ic= 10 IJ.A SO 
(I E= 0) 

V(SR)CES Collector-emitter 
breakdown voltage Ic= 10 IJ.A SO 
(VSE= 0) 

V CEO(sus) * Collector-emitter 
sustaining voltage Ic= 10 rnA 50 
(ls= 0) 

V(SR)ESO Emitter-base 
breakdown voltage IE= 10 IJ.A 6 
(lc= 0) 

V CE(sat) * Collector-emitter Ic= 10 rnA Is= 1 rnA 0.19 0.25 
saturation voltage Ic= 100 rnA Is= 10 rnA 0.21 0.26 

Ic= 300 rnA Is= 30 rnA 0.31 0.4 
Ic= 500 rnA Is= 50 rnA 0.4 0.52 
Ic=SOO rnA Is= SO rnA 0.5 O.S 
Ic= 1000mA Is= 100 rnA 0.6 0.95 
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Unit 

IJ.A 
IJ.A 

V 

V 

V 

V 

V 
V 
V 
V 
V 
V 



ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions Min. Typ. Max. Unit 

V BE(sat) * Base-emitter Ic= 10 mA 18= 1 mA 0.64 0.76 V 
saturation voltage Ic= 100 mA 18= 10 mA 0.75 0.86 V 

Ic= 300 mA 18= 30 mA 0.89 1 .1 V 
Ic= 500 mA 18= 50 mA 0.8 1.1 V 
Ic= 800 mA 18= 80 mA 1.0 1.5 V 
Ic= 1000mA 18= 100 mA 1.1 1.7 V 

hFE* DC current gain Ic= 10 mA V CE= 1 V 30 60 -
Ic= 100 mA V CE = 1 V 60 90 150 -
Ic= 300 mA VCE= 1 V 40 60 -

Ic= 1000mA V CE = 5 V 25 65 -

Ic= 800 mA VCE= 2 V 20 40 -

*Pulsed: pulse duration = 300 /ls; duty cycle = 1 % 
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SILICON PLANAR PNP 

LOW NOISE, LOW LEVEL AMPLIFIERS 

The 2N 3962, 2N 3964 and 2N 3965 are silicon planar epitaxial PNP transistors in Jedec 
TO-18 metal case particularly intended for use in low noise applications. They features are 
excellent current gain linearity from 1 p.A to 50 rnA. 

ABSOLUTE MAXIMUM RATINGS 

VCBO 
VCEO 
V EBO 
Ic 
Ptot 

Collector-base voltage (lE= 0) 
Collector-emitter voltage (lB = 0) 
Emitter-base voltage (I c = 0) 
Collector current 
Total power dissipation at Tamb .;;; 25°C 

at T case .;;; 25°C 
Storage and junction temperature 

MECHANICAL DATA 
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2N 3962 
2N 3964 2N 3965 

-45 V -60 V 
~5 ¥---.,......&O V 

-6 V 
-200 rnA 

0.36W 
1.2W 

-65 to 200°C 

Dimensions in mm 

7/76 



THERMAL DATA 

Rth j-case 

Rth j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

146 
487 

ELECTRICAL CHARACTERISTICS (Tamb= 2SOC unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. 

ICES Collector cutoff for 2N 3964 
current (VSE= 0) VCE= -40V -10 

VCE= -40V Tamb = lS0°C -10 
for 2N 3962 and 2N 3965 
VCE= -SOV -10 
VCE=-SOV Tamb = lS0°C -10 

IESO Emitter cutoff 
current (lc= 0) 

VES = -4V -10 

V (SR)CSO Collec;tor-base le= -10 p.A 
breakdown voltage for 2N 3964 -45 
(lE=O) for 2N 3962 and 2N 3965 -60 

V(SR)CES Collector-emitter le=-10p.A 
breakdown voltage for 2N 3964 -4S 
(VSE=O) for 2N 3962 and 2N 3965 -60 

V eEO (sus) * Collector-em itter le=-S mA 
sustaining voltage for 2N 3964 -4S 
(Is =0) for 2N 3962 and 2N 3965 -60 

V(SR)ESO Emitter-base 
breakdown voltage 

IE= -10p.A -6 

(lc= 0) 

VCE(sat) Collector-emitter le= -10mA Is= -O.S mA -0.2S 
saturation voltage * Ic= -SO mA 18=-S mA -0.4 

VSE(sat) Base-emitter Ic= -10 mA Is= -O.S mA -0.9 
saturation voltage * Ic=-SO mA Is= -S mA -0.9S 

hFE DC current gain for 2N 3962 
Ic= -1 p.A VeE= -SV 60 

. le= -10p.A VCE= -SV 100 300 
Ic= -100p.A VCE= -SV 100 
Ic=-l mA VCE= -SV 100 4S0 

* Ic=-10 mA VCE=-SV 100 
* Ic= -SO mA VeE= -SV 90 

!t:=-10P.A VCE=-SV 
amb= -SsoC 40 
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°C/W 
°C/W 

Unit 

nA 
p.A 

nA 
p.A 

nA 

V 
V 

V 
V 

V 
V 

V 

V 
V 

V 
V 

-
-
-
-
-
-

-



ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions Min. Typ. Max. Unit 

hFE DC current gain for 2N 3962 
* Ic= -50 mA VCE= -5V 

Tamb = -55°C 45 -
~= -1 mA VCE= -5V 

am = 100°C 600 -
for :iN 3964 and 2N 3965 
Ic= -1 fJ.A VCE= -5V 180 -
Ic= -1 0 fJ.A VCE= -5V 250 500 -
Ic= -100fJ.A VCE = -5V 250 -
Ic= -1 mA VCE= -5V 250 600 -

* Ic=-10 mA VCE=-5V 200 -
* Ic= -50 mA VCE = -5V 180 -
~= -10fJ.A VCE= -5V 

amb= -55°C 100 -
* Ic= -50 mA VCE= -5V 

Tamb= -55°C 90 -
Ic= -1 mA VCE= -5V 
Tamb= 100°C 800 -

hfe Small signal current Ic= -1 mA VCE= -5V 
current gain f = 1 kHz 

for 2N 3962 100 550 -
for 2N 3964 and 2N 3965 250 700 -

fT Transition frequency Ic= -0.5 mA 
f= 20 MHz 

VCE= -5V 

for 2N 3962 40 160 MHz 
for 2N 3964 and 2N 3965 50 160 MHz 

CEBO Emitter-base Ic=O VEB= -0.5V 
capacitance f= 1 MHz 15 pF 

CCBO Collector-base IE=O' VCB=-5V 
capacitance f= 1 MHz 6 pF 

NF Noise figure Ic= -20 fJ.A VCE=-5V 
Rg= 10 kn 
for 2N 3962 
f= 10 to 10000 Hz 3 dB 
f= 100 Hz B= 15 Hz 10 dB 
f= 1 kHz B= 150 Hz 3 dB 
f= 10 kHz B= 1.5 kHz 3 dB 
for 2N 3964 and 2N 3965 
f = 10 to 1 0 000 Hz 2 dB 
f= 10 Hz B=2 Hz 8 dB 
f=100Hz B= 15 Hz 4 dB 
f= 1 kHz B= 150 Hz 2 dB 
f= 10 kHz B= 1.5 kHz 2 dB 
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E lECTR ICAl CHARACTE R ISTICS (continued) 

Parameter Test conditions Min. Typ. Max. Unit 

hie rnput impedance Ic= -1 mA 
f= 1 kHz 

VCE= -5V 

for 2N 3962 2.5 17 k.n 
for 2N 3964 and 2N 3965 6 20 k.n 

h re Reverse voltage ratio Ic=-1 mA VCE=-5V 
f= 1 kHz 10x10-4 -

hoe Output admittance Ic=-1 rnA 
f= 1 kHz 

VCE= -5V 

for 2N 3962 5 40 f.J.S 
for 2N 3964 and 2N 3965 5 50 f.J.S 

* Pulsed: pulse duration = 300 f.J.s, duty cycle = 1 % 
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SILICON PLANAR PNP 

GENERAL PURPOSE AMPLIFIERS AND SWITCHES 

2M 4030 
2N4081 
2N 4Qa2 
2N4033 

The 2N 4030, 2N 4031, 2N 4032 and 2N 4033 are silicon planar epitaxial PNP transistors in 
Jedec TO-39 metal case primarily intended for large signal, low noise industrial applications. 

ABSOLUTE MAXIMUM RATINGS 

VCSO 

VCEO 

VESO 

Ic 
Ptot 

Collector-base voltage (I E = 0) 
Collector-emitter voltage (Is = 0) 
Emitter-base voltage (I c = 0) 
Collector current 
Total power dissipation at Tamb ~ 25°C 

at T case ~ 25°C 
Storage and junction temperature 

MECHANICAL DATA 
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2N 4030 2N 4031 
2N 4032 2N 4033 

-60 V -SO V 
-60 V -SO V 
------=-5 V--

-1 A 
O.SW 
4W 

-65 to 200°C 

Dimensions in mm 

7/76 



THERMAL DATA 

Rth j-case 

Rth j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

44 
218 

ELECTRICAL CHARACTERISTICS (Tamb= 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. 

Icso Collector cutoff for 2N 4030 and 2N 4032 
current (lE= 0) Vcs= -50V -50 

Vcs= -50V Tamb = 150°C -50 
for 2N 4031 and 2N 4033 
Vcs= -60V -50 
Vcs=-60V Tamb= 150°C -50 

V(SR)CSO Collector-base Ic= -10 JlA 
breakdown voltage for 2N 4030 and 2N 4032 -60 
(lE= 0) for 2N 4p31 and 2N 4033 -80 

V CEO (sus) * Collector-emitter Ic= -10 mA 
sustaining voltage for 2N 4030 and 2N 4032 -60 
(Is= 0) for 2N 4031 and 2N 4033 -80 

V(SR)ESO Emitter-base IE=-10JlA -5 
breakdown voltage 
(lc= 0) 

VCE(sat) * Collector-emitter Ic= -150 mA Is= -15 mA -0.15 
saturation voltage Ic= -500 mA Is=-50 mA -0.5 

Ic= -lA Is= -100 mA 
for 2N 4030 and 2N 4032 -1 

VSE(sat) * Base-emitter Ic= -150 mA Is= -15 mA -0.9 
saturation voltage Ic=-500 mA Is= -50 mA -1.1 

Ic= -lA Is= -100 mA 
for 2N 4030 and 2N 4032 -1.2 
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Unit 

nA 
JlA 

nA 
JlA 

V 
V 

V 
V 

V 

V 
V 

V 

V 
V 
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ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions Min. Typ. Max. Unit 

hFE DC current gain le=-100J,LA V~E=-5V 
for 2N 4030 and N 4031 30 -
for 2N 4032 and 2N 4033 75 -

* Ie =-100mA V~E=-5V 
for 2N 4030 and N 4031 40 120 -
for 2N 4032 and 2N 4033 100 300 -

* Ie = -500 mA V~E= -5V 
for 2N 4030 and N 4031 25 -
for 2N 4032 and 2N 4033 70 -

* Ie = -1A VeE= -5V 
for 2N 4030 15 -
for 2N 4031 10 -
for 2N 4032 40 -
for 2N 4033 25 -

* Ie = -100 mA VeE= -5V 
Tamb = -55°C 
for 2N 4030 and 2N 4031 15 -
for 2N 4032 and 2N 4033 40 -

fT Transition frequency Ie = -50 mA 
f=100MHz 

VeE= -10V 

for 2N 4030 and 2N 4031 100 400 MH1: 
for 2N 4032 and 2N 4033 150 500 MHz 

CEBO Emitter-base Ie = 0 V EB= -0.5V 
capacitance f = 1 MHz 110 pF 

CeBo Collector-base IE = 0 VeB= -10V 
capacitance f = 1 MHz 20 pF 

ts Storage time Ie = -500 mA Vee= -30V 
IBI = -IB2= -50 mA 350 ns 

tf Fall time Ie = -500 mA Vee= -30V 
IBI = -IB2= -50 mA 50 ns 

ton Turn-on time Ie = -500 mA Vee= -30V 
IBI = -IB2= -50 mA 100 ns 

* Pulsed: pulse duration = 300 J,Ls, duty cycle = 1 % 
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SILICON PLANAR PNP 

GENERAL PURPOSE AMPLIFIERS AND SWITCHES 

The 2N 4034 and 2N 4035 are silicon planar epitaxial PNP transistors in Jedec TO-18 metal 
case, primarily intended for small signal, low noise industrial applications. 

ABSOLUTE MAXIMUM RATINGS 

VCSO 

VCEO 

VESO 

Ic 
Ptot 

Collector-base voltage (IE = 0) 
Collector-emitter voltage (ls= 0) 
Emitter-base voltage (lc= 0) 
Collector current 
Total power dissipation at T amb .;;; 25°C 

at T case .;;; 25°C 
Storage and junction temperature 

MECHANICAL DATA 

7/76 304 

-40 V 
-40 V 
-5 V 

-100 mA 
0.36 W 

1 W 
-65 to 200°C 

Dimensions in mm 



THERMAL DATA 

Rth j-case 

Rth j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

175 
486 

ELECTRICAL CHARACTERISTICS (Tamb= 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. 

ICES Collector cutoff V CE= -30V -15 
current (V BE= 0) V CE= -30V T amb = 125°C -15 

V (BR)CBO Collector-base 
breakdown voltage 
(I E= 0) 

Ic= -10 IlA -40 

V (BR)CES Collector-em itter 
breakdown voltage 
(V BE= 0) 

Ic= -10 IlA -40 

V CEO (sus) * Collector-emitter 
sustaining voltage 
(lB= 0) 

Ic= -10 mA -40 

V(BR)EBO Emitter-base 
breakdown voltage 

IE= -10 IlA -5 

(lc=O) 

VCE(sat) Collector-em itter Ic=-1 mA IB= -0.1 mA -0.13 
saturation voltage * Ic= -10 mA IB= -1 mA -0.14 

* Ic= -50 mA IB=-5 mA -0.3 

V BE (sat) Base-emitter Ic= -1 mA IB= -0.1 mA -0.75 
satu ration voltage * Ic= -10 mA IB= -1 mA -0.7 -0.9 

* Ic=-50 mA IB= -5 mA -1.1 

hFE DC current gain for 2N 4034 
Ic= -10 IlA VCE= -1V 20 
Ic= -100 IlA V CE= -1V 50 
Ic= -1 mA V CE= -1V 60 

* Ic= -10 mA V CE= -1V 70 200 
* Ic= -50 mA V CE = -1V 15 
* ¥:=-10mA V CE= -1V 

am~= -55°C 30 
for N 4035 
Ic=-10IlA VCE=-1V 70 
Ic= -100 IlA V CE= -1V 140 
Ic= -1 mA VCE= -1V 150 

* Ic= -10 mA VCE= -1V 150 300 
* Ic= -50 mA V CE= -1V 30 
* Ic= -10 mA V CE= -1V 

Tamb = -55°C 70 
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ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions Min. Typ. Max. Unit 

hfe Small signal current Ic= -1 mA VCE= -10V 
gain f = 1 kHz 

for 2N 4034 50 300 -
for 2N 4035 150 450 -

fT Transition frequency Ic= -10 mA VCE= -20V 
f=100MHz 

for 2N 4034 400 MHz 
for 2N 4035 450 MHz 

CESO Emitter-base Ic=O VES= -0.5V 
capacitance f = 1 MHz 5.5 pF 

Ccso Coil ector-base IE=O Vcs=-10V 
capacitance f = 1 MHz 3.5 pF 

NF Noise figure Ic= -1 mA VCE= -5V 
f = 100 MHz Rg = 100.11 6 dB 

ton Turn-on time Ic= -50 mA Vcc= -30V 
IS1= -5 mA 40 ns 

toff Turn-off time Ic= -50 mA Vcc= -30V 
IS1= -IS2= -5 mA 150 ns 

hie Input impedance Ic= -1 mA VCE=-10V 
f = 1 kHz 

for 2N 4034 1 8 kn 
for 2N 4035 4 12 kn 

hre Reverse voltage ratio Ic=-1 mA VCE= -10V 
f = 1 kHz 

for 2N 4034. 3xlO-4 -
for 2N 4035 4x10-4 -

hoe Output admittance Ic=-1 mA VCE= -10V 
f = 1 kHz 

for 2N 4034 2 24 /J-S 
for 2N 4035 8 40 /J-S 

rbb'Cbc Feedback time constant Ic= -10 mA VCE=-20V 
f = 80 MHz 40 ps 

* Pulsed: pulse duration = 300 /J-s, dutycycle= 1 %. 
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SILICON PLANAR PNP 

MEDIUM-SPEED SWITCH 

The 2N 4036 is a silicon planar epitaxial PNP transistor in Jedec TO-39 metal case. It is 
intended particularly as medium speed saturated switch and general purpose amplifier. 

ABSOLUTE MAXIMUM RATINGS 

VCBO Collector-base vol tage (I E = 0) -90 V 
VCEX Collector-emitter voltage (V BE= 1.5V) -85 V 
VCER Collector-emitter voltage (R BE ..; 2000) -85 V 
VCEO Collector-emitter voltage (I B= 0) -65 V 
VEBO Emitter-base voltage (lc = 0) -7 V 
Ic Collector current -1 A 
Is Base current -0.5 A 
Ptot Total power dissipation at Tamb ..; 25°C 1 W 

at T case"; 25°C 7 W 
Tstg , T j Storage and junction temperature -65 to 200 °C 

MECHANICAL DATA Dimensions in mm 
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THERMAL DATA 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

25 
175 

ELECTRICAL CHARACTERISTICS (Tamb= 25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. 

ICBO Collector cutoff 
current (I E= 0) 

VCB= -60V -20 

I cEo Collector cutoff 
current (I B= 0) 

V CE= -30V -0.5 

lEBo Emitter cutoff 
current (Ic= 0) 

V Ee= -5V -20 

V(BR)CBO Collector-base 
breakdown voltage 

Ic= -100 p,A -90 

(IE=O) 

V CEX (sus) * Collector-emitter Ic= -10 mA -85 
sustaining voltage 
(VeE= 1.5V) 

V CER (sus) * Collector-emitter Ic= -10 mA -85 
sustaining vollage 
(R BE= 2000 

V CEO (sus) * Collector-emitter Ic= -10 mA -65 
sustaining voltage 
(le= 0) 

V(BR)EBO Emitter-base IE=-100p,A -7 
breakdown voltage 
(Ic= 0) 

VCE(sat) Collector-emitter Ic= -150 mA le=-15mA -0.65 
saturation voltage 

VeE * Base-emitter voltage Ic=-150mA V CE= -10V -1.1 
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2N 4036 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions Min. Typ. Max. Unit 

hFE DC current gain Ic= -0.1 mA VcE=-10V 20 -
* Ic= -150 mA VCE=-10V 40 140 --
* Ic= -500 mA VCE= -10V 20 -

fT Transition frequency Ic= -50 mA V CE= -10V 
f=20MHz 60 MHz 

CEBD Emitter-base Ic= 0 V EB = -0.5V 
capacitance f = 1 MHz 90 pF 

CCBD Collector-base IE=O V CB= -10V 
capacitance f = 1 MHz 30 pF 

ton Turn-on time Ic= -150 mA Vcc= -30V 
IBl=-15mA 110 ns 

toff Turn-off time Ic= -150 mA Vcc= -30V 
IBl=-IB2=-15mA 700 ns 

* Pulsed: pulse duration = 300 /J.s, duty cycle = 1 % 
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SILICON PLANAR NPN 

MEDIUM-POWER AMPLIFIERS 

The 2N 5320/BSS 15 and 2N 5321/BSS 16 are silicon planar epitaxial NPN transistors in 
Jedec TO-39 metal case. They are especially intended for high-voltage medium power 
applications in industrial and commercial equipments. 
The complementary PNP types are respectively the 2N 5322 and 2N 5323. 

ABSOLUTE MAXIMUM RATINGS 

VCBO 
VCEV 
VCEO 
VEBO 
Ic 
IB 
Ptot 

Collector-base voltage (IE = 0) 
Collector-emitter voltage (VBE = -1.5V) 
Collector-emitter voltage (lB = 0) 
Emitter-base voltage (Ic = 0) 
Collector current 
Base cu rrent 
Total power dissipation at Tamb .;;;; 25°C 

at T case .;;;; 25°C 
Storage and junction temperature 

MECHANICAL DATA 

7/76 310 

2N 5320 2N 5321 

100 V 75 V 
100V 75V 
75 V 50 V 

~ 
2A 
1 A 
1W 

10W 
-65 to 200°C 

Dimensions in mm 



THERMAL DATA 

Rth j-case 
Rth j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

17_5 
175 

ELECTRICAL CHARACTERISTICS (T case = 25°C unless otherwise specified) 

Parameter Test conditions Mill_ Typ_ Max. 

ICBO Collector cutoff for 2N 5320 
current (IE = 0) VCB =SOV 0.5 

for 2N 5321 
VCB =60V 5 

lEBO Emitter cutoff current for 2N 5320 
(Ic =0) VEB = 5V 0.1 

for 2N 5321 
VEB =4V 0.5 

V(BR)CEV Collector-emitter Ic - 0.1 rnA 
breakdown voltage for 2N 5320 100 
(VBE= -1.5V) for 2N 5321 75 

VCEO (sus)" Collector-emitter Ic = 10 rnA 
sustaining voltage for 2N 5320 75 
(lB = 0) for 2N 5321 50 

V(BR)EBO Emitter-base IE -0.1 rnA 
breakdown voltage for 2N 5320 6 
(lc = 0) for 2N 5321 5 

VCE(sat) '" Collector-em itter Ic = 500 rnA IB = 50 rnA 

0.51 saturation voltage for 2N 5320 
for 2N 5321 O.S 

VBE * Base-emitter voltage Ic = 500 rnA VCE =4V 
for 2N 5320 1.1 
for 2N 5321 1.4 

hFE * DC current gain for 2N 5320 
Ic =500mA VCE =4V 30 130 
Ic =1 A VCE = 2V 10 
for 2N 5321 
Ic = 500 rnA VCE =4V 40 250 

fT Transition frequency Ic = 50 rnA VCE =4V 50 

1:on Turn-on time Ic = 500 rnA Vcc =30V 
IB1 = 50 rnA SO 

toff Turn-off time Ic = 500 rnA Vcc = 30V 
IB1 = -IB2 = 50 rnA SOO 

* Pulsed: pulse duration = 300 jJ.s, duty cycle = 1 % 
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SILICON PLANAR PNP 

MEDIUM-POWER AMPLIFIERS 

The .2N 5322/BSS17 and 2N 5323/BSS18 are silicon planar epitaxial PNP transistors in 
Jedec TO-39 metal case. They are especially intended for high-voltage medium power 
applications in industrial and commercial equipments. 
The complementary NPN types are respectively the 2N 5320 and 2N 5321. 

ABSOLUTE MAXIMUM RATINGS 

VCBO 
VCEV 
VCEO 
VEBO 

Ic 
IB 
Ptot 

Collector=-base voltage (I E = 0) 
Collector-emitter voltage (VBE = 1.5V) 
Collector-emitter voltage (I B = 0) 
Emitter-base voltage (lc = 0) 
Collector current 
Base current 
Total power dissipation at Tamb ,;;;; 25°C 

at T case ,;;;; 25°C 
Storage and junction temperature 

MECHANICAL DATA 

7/76 312 

2N 5322 2N 5323 

-100V -75V 
-100V -75V 
-75 V -50 V 

~ 
-2 A 
-1 A 
1W 

10W 
-65 to 200°C 

Dimensions in mm 



THERMAL DATA 

Rth j-case 

Rth j-amb 

Thermal resistance junction-case 
Thermal resistance junction-ambient 

21&322/BSS17 
21&323/8SS18 

max 
max 

17.5 
175 

DC/III 
DC/III 

ELECTRICAL CHARACTERISTICS (T case = 25DC unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. Unit 

ICBO Collector cutoff for 2N 5322 
current (I E = 0) VCB = -80V -0.5 MA 

for 2N 5323 
VCB = -60V -5 MA 

lEBO Emitter cutoff current for 2N 5322 
(Ic = 0) VEB = -5V -0.1 MA 

for 2N 5323 
VEB = -4V -0.5 MA 

V(BR)CEV Collector-emitter Ic = -0.1 mA 
breakdown voltage for 2N 5322 -100 V 
(VBE = 1.5V) for 2N 5323 -75 V 

VCEO (sus) .. Collector-emitter Ic = -10 mA 
sustaining voltage for 2N 5322 -75 V 
(I B = 0) for 2N 5323 -50 V 

V(BR)EBO Emitter-base IE = -0.1 mA 
breakdown voltage for 2N 5322 -6 V 
(Ic= 0) for 2N 5323 -5 V 

VCE(sat) • Co Ilector-em itter Ic = -500 mA IB = -50 mA 
saturation voltage for 2N 5322 -0.7 V 

for 2N 5323 -1.2 V 

VBE .- Base-emitter voltage Ic = -500 mA VCE = -4V 
for 2N 5322 -1.1 V 
for 2N 5323 -1.4 V 

hFE * DC current gain for 2N 5322 
Ic = -500 mA VCE = -4V 30 130 -
Ic = -lA VCE = -2V 10 -

for 2N 5323 
Ic = -500 mA VCE = -4V 40 250 -

fT Transition frequency Ic = -50 mA VCE = -4V 50 MHz 

ton Turn-on time Ic = -500 mA Vcc = -30V 
IBI = -50 mA 100 ns 

toff Turn-off time Ic = -500 mA Vce = -30V 
IBI = -IB2 = -5U mA 1000 ns 

* Pulsed: pulse duration = 300 MS, duty cycle = 1% 
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SILICON PLANAR PNP 

HIGH-VOLTAGE AMPLIFIER 

The 2N 5415S is a sil icon planar epitaxial PNP transistor in Jedec TO-39 metal case, intend­
ed for high voltage switching and linear amplifier applications. The complementary NPN 
type is 2N 3440S. 

ABSOLUTE MAXIMUM RATINGS 

VCBO Collector-base voltage (IE = 0) -200 V 
VCEO Collector-emitter voltage (I B = 0) -200 V 
VEBO Emitter-base voltage (I C = 0) -4 V 

ICM Collector peak current -1 A 
Ptot Total power dissipation at Tamb ';;; 25°C W 

at T case .;;; 25°C 10 W 
Tstg, T j Storage and junction temperature -55 to 200 °C 

MECHANICAL DATA Dimensions in mm 

7/76 314 



THERMAL DATA 

Rth j-case 

Rth J-amb 
Thermal resistance junction-case 
Thermal resistance junction-ambient 

max 
max 

17.5 
175 

ELECTRICAL CHARACTERISTICS (Tamb=25°C unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. 

ICBO Collector cutoff current Vcs= -175V -50 
(IE =0) 

IcEO Collector cutoff current V CE= -150V -50 
(Is = 0) 

IEso Emitter cutoff current VEs=-4V -20 
(lc = 0) 

V CEO (sus) * Collector-emitter 
sustaining voltage Ic = -10 mA -200 
(Is = 0) 

VCE(satj Coil ector-emitter 
saturation voltage Ic = -50 mA Is = -5 mA -2.5 

VSE; 
.. Base-emitter voltage Ic = -50 mA V CE= -10V -1.5 

hFE * DC current gain Ic = -50 mA V CE= -10V 30 150 

fT Transition frequency Ic = -10 mA V CE= -10V 
f= 5 MHz 15 

Ccso Collector-base 
capacitance IE = 0 Vcs= -10V 

f = 1 MHz 15 

* Pulsed: pulse duration = 300 /lS, duty cycle = 1% 
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