












































































































































































































































































































































































































































































































































































































2N2102 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 "C unless otherwise specified) 

Symbol Parameter Test Conditions Min_ 

ICBO Collector Cutoff Current Vcs =60 V 
(IE = 0) Vcs =60 V T amb = 150°C 

lEBO Emitter Cutoll Current 
VES = 5 V 

(Ic = 0) 

V(SR) cso Collector-base Breakdown 
Ic = 100 �~� 120 

Voltage (IE = 0) 

VCEO (sus) 
. Collector-emitter Sustaining 

Voltage (Is = 0) 
Ic = 30 mA 65 

V CE (sat) 
. Collector-emitter Saturation 

Voltage 
Ic=150mA Is = 15 mA 

VSE (sat) 
. Base-emitter Saturation 

Voltage 
Ic = 150 mA Is = 15 mA 

hFE . DC Current Gain �I�c�=�1�0�~�A� VCE=10V 10 
�I�c�=�1�0�0�~�A� VCE=10V 20 
Ic=10mA VCE = 10 V 35 
Ic=150mA VCE =10V 40 
Ic = 500 mA VCE=10V 25 
Ic = 1 A VCE=10V 10 

hie High Frequency Current Ic = 50 mA 
VCE=10V Gain 1= 20 MHz 

NF Noise Figure Ic = 300 �~�A� VCE =10V 
BW = 1 Hz 1=1 KHz 

RG=510Q 

Ccso Collector-base Capacitance IE = 0 Vcs=10V 
1=1 MHz 

CEso Emitter-base Capacitance Ic = 0 VEs=0.5V 
1=1 MHz 

• Pulsed: pulse duration = 300 �~�s�,� duty cycle = 1 %. 
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6 

Max. 

2 
2 

5 

0.5 

1.1 

120 

8 

15 

80 

Unit 

nA 
�~�A� 

nA 

V 

V 

V 

V 

dB 

pF 

pF 



DESCRIPTION 
The 2N2218, 2N2219, 2N2221 and 2N2222 are si­
licon planar epitaxial NPN transistors in Jedec 
TO-39 (for 2N2218 and 2N2219) and in Jedec 
TO-18 (for 2N2221 and 2N2222) metal cases. They 
are designed for high-speed switching applications 
at collector currents up to 500 mA, and feature use­
ful current gain over a wide range of collector cur­
rent, low leakage currents and low saturation vol­
tages. 

~ 2N2218/2N2219 approved to CECC 50002-
100, 2N2221/2N2222 approved to CECC 
50002-101 available on request. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VeBo Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ie = 0) 

Ie Collector Current 

Ptot Total Power Dissipation at T amb " 25 DC 
for 2N2218 and 2N2219 
for 2N2221 and 2N2222 
at T case" 25 DC 
for 2N2218 and 2N2219 
for 2N2221 and 2N2222 

Tstg Storage Temperature 

TJ Junction Temperature 

January 1989 

2N2218-2N2219 
2N2221-2N2222 

HIGH-SPEED SWITCHES 

TO·39 TO·18 

INTERNAL SCHEMATIC DIAGRAM 

c 

B 

E 

Value Unit 

60 V 

30 V 

5 V 

0.8 A 

0.8 W 
0.5 W 

3 W 
1.8 W 

- 65 to 200 °C 

175 °C 
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2N2218-2N2219-2N2221-2N2222 

THERMAL. DATA 

2N2218 2N2221 
2N2219 2N2222 

Rth j-case I Thermal Resistance Junction-case Max 50°C/W 83_3°C/W 
Rth j-amb Thermal Resistance Junction-ambient Max 187.5 °C/W 300°C/W 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Icso Collector Cutoff Current Vcs ~50 V 10 nA 
(IE ~ 0) Vcs ~ 50 V T amb ~ 150°C 10 ~A 

IEso Emitter Cutoff Current 
VES ~ 3 V 10 nA 

(Ic ~ 0) 

V(SR) cso Coillector-base Breakdown 
Ic~10~A 60 V 

Voltage (IE ~ 0) 

V(SR)eEO 
. Collector-emitter Breakdown 

Voltage (Is ~ 0) 
le~10mA 30 V 

V(SR) ESO Emittter-base Breakdown 
IE ~10 ~ 5 V 

Voltage (Ic ~ 0) 

VeE (sat) 
. Collector-emitter Saturation Ie ~ 150 mA Is ~ 15 mA OA V 

Voltage Ie ~ 500 mA Is ~ 50 mA 1_6 V 

V SE (sat) 
. Base-emitter Saturation Ie ~ 150 mA Is ~ 15 mA 1_3 V 

Voltage Ie ~ 500 mA Is ~ 50 mA 2_6 V 

hFE * DC Current Gain for2N2218 and 2N2221 
Ic ~0_1 mA VeE~10V 20 
Ie ~ 1 mA VeE~10V 25 
Ie ~ 10 mA VeE~10V 35 
Ie = 150 mA VeE~10V 40 120 
Ie ~ 500 mA VeE~10V 20 
Ie ~ 150 mA VeE ~ 1 V 20 
for 2N2219 and 2N2222 
le~0_1mA VeE~10V 35 
Ie ~ 1 mA VCE~10V 50 
Ie ~ 10 mA VeE~10V 75 
Ie ~ 150 mA VeE~10V 100 300 
Ie = 500 mA VeE=10V 30 
le~150mA VeE ~ 1 V 50 

fT Transition Frequency Ie ~ 20 mA 
VCE ~20 V 250 MHz 

f ~ 100 MHz 

Ceso Collector-base Capacitance IE ~ 0 
Ves~10V 8 pF 

f ~ 100 kHz 

Re(hie) Real Part of Input Ie ~ 20 mA 
VeE ~ 20 V 60 Q 

Impedance f ~ 300 MHz 

• Pulsed: pulse duration = 300 I-ls, duty cycle = 1 %_ 
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2N2218A-2N2219A 
2N2221 A-2N2222A 

DESCRIPTION 
The 2N2218A, 2N2219A, 2N2221 A and 2N2222A 
are silicon planar epitaxial NPN transistors in Jedec 
TO-39 (for 2N2218A and 2N2219A) and in Jedec 
TO-18 (for 2N2221 A and 2N2222A) metal cases. 
They are designed for high-speed switching appli­
cations at collector currents up to 500 mA, and fea­
ture useful current gain over a wide range of collec­
tor current, low leakage currents and low saturation 
voltages. 

G 2N2218A/2N2219A approved to CECC 
50002-100, 2N2221 A/2N2222A approved to 
CECC 50002-101 available on request. 

HIGH SPEED SWITCHES 

TO-39 TO-18 

INTERNAL SCHEMATIC DIAGRAM 

c 

E 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vcso Collector-base Voltage (I E = 0) 75 V 

VCEO Collector-emitter Voltage (IB = 0) 40 V 

VEBO Emitter-base Voltage (Ic = 0) 6 V 

Ic Collector Current 0.8 A 

Ptot Total Power Dissipation at T amb ,; 25 'C 
for 2N2218A and 2N2219A 0.8 W 
for 2N2221 A and 2N2222A 0.5 W 
at T case'; 25°C 
for 2N2218A and 2N2219A 3 W 
for 2N2221 A and 2N2222A 1.8 W 

T stg Storage Temperature - 65 to 200 °C 

Tj Junction Temperature 175 DC 

January 1989 1/5 
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2N2218A-2N2219A-2N2221 A-2N2222A 

THERMAL DATA 

2N2218A 2N2221 A 
2N2219A 2N2222A 

Rth j-case I Thermal Resistance Junction-case Max 50°C/W 83.3°C/W 
Rth j-amb Thermal Resistance Junction-ambient Max 187.5°C/W 300°C/W 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Icso Collector Cutoff Current Vcs =60 V 10 nA 
(IE = 0) Vcs =60 V T amb = 150°C 10 flA 

ICEx Collector Cutoff Current 
VCE =60V 10 nA 

(VSE =- 3 V) 

IEso Emitter Cutoff Current 
VES = 3 V 10 nA 

(Ic = 0) 

ISEx Base Cutoff Current 
VCE = 60 V 20 nA 

(VSE =- 3 V) 

V(SR) cso Collector-base Breakdown 
Ic=10flA 75 V 

Voltage (I E = 0) 

V(SR) CEO . Collector-emitter Breakdown 
Voltage (Is = 0) 

Ic = 10 mA 40 V 

V(SR) ESQ Emittter-base Breakdown 
IE=10flA 6 V 

Voltage (Ic = 0) 

V CE (sat) . Collector-emitter Saturation Ic = 150 mA Is = 15 mA 0.3 V 
Voltage Ic = 500 mA Is = 50 mA 1 V 

VSE (sat) . Base-emitter Saturation Ic = 150 mA Is=15mA 0.6 1.2 V 
Voltage Ic = 500 mA Is = 50 mA 2 V 

hFE . DC Current Gain for 2N2218A and 2N2221 A 
Ic =0_1 mA VcE =10V 20 
Ic = 1 mA VCE=10V 25 
Ic=10mA VCE=10V 35 
Ic = 150 mA VcE =10V 40 120 
Ic = 500 mA VCE=10V 25 
Ic = 150 mA VCE = 1 V 20 
Ic=10mA VCE=10V 
T amb = - 55°C 15 

hFE . DC Current Gain for 2N2219A and 2N2222A 
Ic =0.1 mA VCE=10V 35 
Ic = 1 mA VCE=10V 50 
Ic = 10 mA VCE=10V 75 
Ic=150mA VCE=10V 100 300 
Ic = 500 mA VCE=10V 40 
Ic = 150 mA VCE = 1 V 50 
Ic = 10 mA VCE=10V 
T amb = - 55°C 35 

• Pulsed: pulse duration = 300 ~s. duty cycle = 1 %. 
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2N2218A-2N2219A-2N2221 A-2N2222A 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

hie Small Signal Current Gain Ic = 1 mA VCE=10V 
f = 1 kHz 
for 2N2218A and 2N2221 A 30 150 
for 2N2219A and 2N2222A 50 300 
Ic = 10 mA VCE=10V 
f = 1 kHz 
for 2N2218A and 2N2221 A 50 300 
for 2N2219A and 2N2222A 75 375 

fT Transition Frequency Ic =20 mA VCE =20 V 
f=100MHz 
for 2N2218A and 2N2221 A 250 MHz 
for 2N2219A and 2N2222A 300 MHz 

CEBO Emitter-base Capacitance Ic = 0 VEB = 0.5 V 25 pF 
f = 100 kHz 

CCBO Collector-base Capacitance IE = 0 VCB=10V 8 pF 
f = 100 kHz 

Relhie) Real Part of Input Ic = 20 mA 
VCE = 20 V 60 Q 

Impedance f = 300 MHz 

NF Noise Figure Ic = 100 IlA VCE=10V 4 dB 
Rg = 1 kQ f = 1 kHz 

hie '* Input Impedance Ic = 1 mA VCE=10V 
for 2N2218A and 2N2221 A 1 3.5 Q 
for 2N2219A and 2N2222A 2 8 Q 
Ic = 10 mA VCE=10V 
for 2N2218A and 2N2221 A 0.2 1 n 
for 2N2219A and 2N2222A 0.25 1.25 Q 

hre '* Reverse Voltage Ratio Ic = 1 mA VCE=10V 
for 2N2218A and 2N2221 A 5x10-4 

for 2N2219A and 2N2222A 8x10-4 

Ic = 10 mA VcE =10V 
for 2N2218A and 2N2221 A 2.5x10-4 

for 2N2219A and 2N2222A 4x10-4 

hoe ' , Output Admittance Ic = 1 mA VcE =10V 
for 2N2218A and 2N2221 A 3 15 IlS 
for 2N2219A and 2N2222A 5 35 IlS 
Ic = 10 mA VcE =10V 
for 2N2218A and 2N2221 A 10 100 IlS 
for 2N2219A and 2N2222A 25 200 IlS 

td'" Delay Time Ic = 150 mA Vcc =30 V 10 ns 
IB1 =15mA VBB =- 0.5 V 

tr *** Rise Time Ic = 150 mA Vcc =30 V 25 
IB1 = 15 mA VBB = - 0.5 V 

ns 

ts *** Storage Time Ic = 150 mA Vcc = 30 V 225 ns 
IB1 =-IB2 = 15 mA 

tf*** Fall Time Ic = 150 mA Vcc =30 V 60 
IB1 =- IB2 = 15 mA 

ns 

rbb'Cb,c Feedback Time Constant Ic = 20 mA 
VCE = 20 V 150 

f =31.8 MHz 
ps 

.. f = 1 kHz 
*** see test circuit. 
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2N2218A-2N2219A-2N2221 A-2N2222A 

Normalized DC Current Gain. 

0.1 10 100 IC(mA) 
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2N2218A-2N2219A-2N2221 A-2N2222A 

Test Circuit fat td, tr. 

VBB=-0.5 V 
VCC=~30V 

+-1O.4Tl 0.47}JF 

o V'Nl 61911 

5011 

5-4624 

Test Ci rcu it fat td, tr 

s- 4625 

PULSE GENERATOR: 
tr ::;20 ns 
PW,,200 ns 
Z'N~50n 

PULSE GENERATOR: 
PW. 10 IlS 
Z'N~50n 
Tc" 5.0 ns 

Vss= -23.8V 

10Kfi 

TO OSCILLOSCOPE: 
tr$5.0ns 
Z'N < 100 Kn 
C'N,,12pF 

TO OSCILLOSCOPE: 
tr < 5.0 ns 
Z,N> 100 Kn 
C'N,,12pF 

VOUT 
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2N2368 

HIGH-FREQUENCY SATURATED SWITCH 

DESCRIPTION 
The 2N2368 is a silicon planar epitaxial NPN tran­
sistor in Jedec TO-18 metal case. It is designed spe­
cifically for high-speed saturated switching applica­
tions at current levels from 100 ~ to 100 rnA. 

~ Products approved to CECC 50004-0221023 
available on request. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCES Collector-emitter Voltage (I BE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

ICM Collector Peak Current (t = 10 Ils) 

Ptot Total Power Dissipation at T amb " 25°C 
at T case " 25°C 
at T case " 100°C 

T stg , Tj Storage and Junction Temperature 

October 1988 

T0-18 

INTERNAL SCHEMATIC DIAGRAM 

c 

B 

E 

Value Unit 

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 
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2N2368 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

ICBo Collector Cutoff Current VCB=20V 
(IE = 0) VCB =20 V Tamb = 150°C 

V(BR) CBO Collector-base Breakdown 
Ic=10).lA 40 

Voltage (IE = 0) 

V(BR)CES Collector-emitter Breakdown 
Ic = 10).lA 40 

Voltage (VBE = 0) 

V(BR)CEO . Collector-emitter Breakdown 
Voltage (IB = 0) 

Ic=10mA 15 

V(BR) EBO Emitter-base Breakdown 
IE = 10 J.lA 4.5 

Voltage (Ic = 0) 

VCE (sat) . Collector-emitter Saturation 
Voltage 

Ic=10mA IB = 1 mA 

VBE (sat) . Base-emitter Saturation 
Voltage 

Ic=10mA IB = 1 mA 0.7 

hFE . DC Current Gain Ic=10mA VCE = 1 V 20 
Ic=100mA VCE = 2 V 10 
Ic=10mA VCE = 1 V 
Tamb =- 55°C 10 

IT Transition Frequency Ic=10mA VeE =10V 400 
f=100MHz 

CeBo Collector-base Capacitance IE = 0 VeB = 5 V 
f = 1 MHz 

ts Storage Time Ic=10mA Vce = 10 V 
IBt =- IB2 = 10 mA 

ton Turn-on Time le=10mA 
Vee = 3 V 

IB1 =3 mA 

toff Turn-off Time le=10mA Vee =3 V 
IB1 =3 mA IB2=-1.5mA 

• Pulsed: pulse duration = 300 !Is, duty cycle = 1 %. 
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146 
486 

Typ. 

0.2 

0.75 

550 

2.5 

5 

9 

10 

Max. Unit 

0.4 ).lA 
30 ).lA 

V 

V 

V 

V 

0.25 V 

0.85 V 

60 

MHz 

4 pF 

10 ns 

12 ns 

15 ns 



2N2369 

HIGH-FREQUENCY SATURATED SWITCH 

DESCRIPTION 
The 2N2369 is a silicon planar epitaxial NPN trans­
istor in Jedec TO-18 metal case. It is designed spe­
cifically for high-speed saturated switching applica­
tions at current levels from 100 flA to 100 mA. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vcso Collector-base Voltage (I E = 0) 

VCES Collector·emitter Voltage (VSE = 0) 

VCEO Collector-emitter Voltage (Is = 0) 

VESO Emitter-base Voltage (Ic = 0) 

ICM Collector Peak Current (t = 10 IlS) 

Ptot Total Power Dissipation at T amb :0: 25°C 
at T case :0: 25 DC 
at T case :0: 100°C 

T stg • Tj Storage and Junction Temperature 

Products approved to CECC 50004·022/023 available on request. 

January 1989 

TO-18 

INTERNAL SCHEMATIC DIAGRAM 

c 

B 

E 

Value Unit 

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 
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2N2369 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

ICBo Collector Cutoff VCB=20V 
Current (IE = 0) VCB=20V Tamb = 150°C 

V(BRI CBO Collector-base Breakdown 
Ic=10flA 40 

Voltage (I E = 0) 

V(BRI CES Collector-emitter Breakdown 
Ic = 10 flA 40 

Voltage (V B E = 0) 

V(BRI CEO * Collector-emitter Breakdown 
Voltage (IB = 0) 

Ie = 10 mA 15 

V(BRI EBO Emitter-base Breakdown 
IE =10flA 4.5 

Voltage (Ie = 0) 

VCE (satl * Collector-emitter Saturation 
Voltage 

Ic=10mA IB = 1 mA 

VBE (satl * Base-emitter Saturation 
Voltage 

Ic = 10 mA IB = 1 mA 0.7 

hFE * DC Current Gain Ie = 10 mA VCE = 1 V 40 
Ie = 100 mA VeE = 2 V 20 
Ic = 10 mA VeE = 1 V 
T amb = - 55°C 20 

fT Transition Frequency Ic = 10 mA 
VCE =10V 500 

f = 100 MHz 

CeBo Collector-base Capacitance IE = 0 VCB = 5 V 
f = 1 MHz 

ts Storage Time Ie = 10 mA Vcc = 10 V 
IB1 =- IB2 =10mA 

ton Turn-on Time Ic = 10 mA 
Vcc = 3 V 

IB1 = 3 mA 

toff Turn-off Time Ic = 10 mA Vee = 3 V 
IB1 =3 mA IB2 =-1.5 mA 

* Pulsed: pulse duration = 300 ~. duty cycle = 1 %. 
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146 
486 

Typ. 

0.2 

0.75 

650 

2.5 

6 

9 

13 

Max. Unit 

0.4 flA 
30 flA 

V 

V 

V 

V 

0.25 V 

0.85 V 

120 

MHz 

4 pF 

13 ns 

12 ns 

18 ns 



2N2369A 

HIGH-SPEED SATURATED SWITCH 

DESCRIPTION 

The 2N2369A is a silicon planar epitaxial NPN tran­
sistor in Jedec TO-18 metal case. It is designed spe­
cifically for high-speed saturated switching applica­
tions at current levels from 100 flA to 100 mA. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCES Collector-emitter Voltage (V BE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

ICM Collector Current (10 lls pulse) 

Ptot Total Power Dissipation at T amb :5 25°C 
at T case :5 25°C 
at T case :5 100°C 

T stg , Tj Storage and Junction Temperature 

December 1988 

TO-18 

INTERNAL SCHEMATIC DIAGRAM 

c 

B 

E 

Value Unit 

40 V 

40 V 

15 V 

4.5 V 

0.2 A 

0.5 A 

0.36 W 
1.2 W 

0.68 W 

- 65 to 200 °C 

1/4 
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2N2369A 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter 

IC80 Collector Cutoff 
Current (IE = 0) 

ICES Collector Cutoff 
Current (V8E = 0) 

V(8R) C80 Collector-base 
Breakdown Voltage 
(IE = 0) 

V(8R)CES Collector-emitter 
Breakdown Voltage 
(V8E = 0) 

V(8R)CEO * Collector-emitter 
Breakdown Voltage 
(18 = 0) 

V(8R) E80 Emitter-base 
Breakdown Voltage 
(Ic = 0) 

VCE (sat) * Collector-emitter 
Saturation Voltage 

V8E (sat) * Base-emitter 
Saturation Voltage 

hFE * DC Current Gain 

hFE * DC Current Gain 

fT Transition Frequency 

CC80 Collector-base 
Capacitance 

ts * * Storage Time 

ton ** Turn-on Time 

toff ** Turn-off Time 

• Pulsed: pulse duration = 300 ~s. duty cycle = 1 % . 
•• See test circuit. 
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Test Conditions Min. 

VC8 =20V T amb = 150°C 

VCE=20V 

Ic=10j.tA 40 

Ic=10j.tA 40 

Ic=10mA 15 

IE = 10 j.tA 4.5 

Ic = 10 mA 18 = 1 mA 
Ic = 30 mA 18 = 3 mA 
Ic = 100 mA 18 = 10 mA 
Ic = 10 mA 18 = 1 mA 
T amb = 125°C 

Ic = 10 mA 18 = 1 mA 0.7 
18 =30 mA 18 = 3 mA 
Ic=100mA 18 = 10 mA 
Ic = 10 mA 18 = 1 mA 
T amb = - 55 to 125 DC 0.59 

Ic = 10 mA VCE = 0.35 V 40 
Ic=10mA VCE = 1 V 40 
Ic = 30 mA VCE = 0.4 V 30 
Ic=100mA VCE = 1 V 20 

Ic=10mA 
T amb = - 55 DC 

VCE = 0.35 V 20 

Ic = 10 mA 
VCE=10V 500 

f=100MHz 

IE = 0 
VC8 = 5 V 

f = 1 MHz 

Ic = 10 mA Vcc=10V 
18t = - 182 = 10 mA 

Ic=10mA 
18t = 3 mA 

Vcc = 3 V 

Ic = 10 mA Vcc = 3 V 
181 = 3 mA 182 =-1.5 mA 

146 
486 

Typ. 

0.14 
0.17 
0.28 

0.19 

0.8 
0.9 
1.1 

63 
66 
71 

50 

675 

2.3 

6 

9 

13 

Max. Unit 

30 j.tA 

0.4 j.tA 

V 

V 

V 

V 

0.2 V 
0.25 V 
0.5 V 

0.3 V 

0.85 V 
1.15 V 
1.6 V 

1.02 V 

120 
120 

MHz 

4 pF 

13 ns 

12 ns 

18 ns 
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Switching Characteristics. 
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2N2369A 

Test Ci rcu it for Is 

'A' 

O,l,uF 1Kil vOUT 

~ Y'N 

PULSE GENERATOR rr-~~"Ie.-+--I 
VIN t r < In!o 

SOURCE'IMPEOANCE=50n 112,3 n F 
PW ~ JOOn!o 

t=--
+ 

DC<2~, l. 10NF 

o llV 

~10 ~N ~1---~>----
s - 46U, 

Test Circuit for ton, toff 
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PULSE GENERATOR 

V'Ntr< lns. 
SOURCE IMPEDANCE: SOil 
PW ;?:: 300ns. 
DC <.: 2"'. 

VBB =-3V 

VIN ::: +- 15 V 

I ~2,3nF 2,3nF ,*; 
+
0,1 IF O'lNF+ 

OD'N 10", V BB VCC=3V 

~~~: +---~-----j(~ .----~~----
ton 5- 4622 

TO OSCILLOSCOPE 
Z IN =50.n 

• 6Y---"-10"'. Pulse waveform 
o at 

~ "Y --~ ,,'-"'="-=-

TO OSCILLOSCOPE 

INPUT tMPEDANC E '" 50 !l 
tr:-::: , "s 

VBB=+12V 
V1N =-15V 

L._+_J.:.-t--- 90'" 



2N2484 

LOW-LEVEL, LOW-NOISE AMPLIFIERS 

DESCRIPTION 
The 2N24S4 is a silicon planar epitaxial NPN tran­
sistor in Jedec TO-iS metal case. It is designed for 
use in high-performance, low-noise amplifier circuits 
from audio to high-frequency. 

~ Products approved to CECC50002-129 avail­
able on request. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb OS; 25°C 
at T case OS; 25°C 
at T case OS; 100°C 

T stg , Tj Storage and Junction Temperature 

October 1988 

TO-1S 

INTERNAL SCHEMATIC DIAGRAM 

c 

B 

E 

Value Unit 

60 V 

60 V 

6 V 

50 mA 
0.36 W 
1.2 W 

0.68 W 

- 65 to 200 °C 
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2N2484 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter 

Icso Collector Cutoff Current 
(IE = 0) 

IESO Emitter Cutoff Current 
(Ic = 0) 

VISR)CSO Coillector-base Breakdown 
Voltage (IE = 0) 

VISR)CEO 
. Collector-emitter Breakdown 

Voltage (Is = 0) 

VISR) ESO Emittter-base Breakdown 
Voltage (Ic = 0) 

VCE Isat) Collector-emitter Saturation 
Voltage 

VSE Base-emitter Voltage 

hFE . DC Current Gain 

hIe Small Signal Current Gain 

fT Transition Frequency 

CESO Emitter-base Capacitance 

Ccso Collector-base Capacitance 

NF Noise Figure 

hie 
.. Input Impedance 

hre .. Reverse Voltage Ratio 

hoe .. Output Admittance 

• Pulsed: pulse duration = 300 ~, duty cycle = 1 % . 
• * f= 1 kHz. 
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Test Conditions Min. 

Vcs =45 V 
Vcs =45 V T amb = 150°C 

VES = 5 V 

Ic=101lA 60 

Ic=10mA 60 

IE=101lA 6 

Ic = 1 mA Is=0.1mA 

Ic=1001lA VCE = 5 V 0.5 

Ic = 1 IlA VCE = 5 V 30 
Ic=101lA VCE = 5 V 100 
Ic=1001lA VCE = 5 V 175 
Ic = 500 IlA VCE = 5 V 200 
Ic = 1 mA VCE = 5 V 250 
Ic = 10 mA VCE = 5 V 
Ic= 1O IlA VCE = 5 V 
T amb = - 55°C 20 

Ic = 1 mA VCE = 5 V 150 
f = 1 kHz 

Ic = 50 IlA VCE = 5 V 
f = 5 MHz 15 
Ic = 500 IlA VCE = 5 V 
f = 30 MHz 60 

Ic = 0 VES = 0.5 V 
f = 1 MHz 

IE = 0 
Vcs = 5 V 

f = 1 MHz 

Ic=101lA VCE = 5 V 
Rg = 10 kQ 
f = 100 Hz 
f = 1 kHz 
f = 10kHz 
f = 1 0 to 10000 Hz 

Ic = 1 mA VCE = 5 V 3.5 

Ic = 1 mA VCE = 5 V 

Ic = 1 mA VCE = 5 V 

146 
486 

Typ. 

0.2 

0.57 

200 
290 
375 
430 
450 
430 

400 

20 

78 

3.5 

3.5 

4 
1.8 
0.6 
1.8 

15 

4.25 

15 

Max. Unit 

10 nA 
10 IlA 

10 nA 

V 

V 

V 

0.35 V 

0.7 V 

500 

800 

900 

MHz 

MHz 

6 pF 

6 pF 

10 dB 
3 dB 
2 dB 
3 dB 

24 kQ 

8 10-4 

40 IlS 



DC Current Gain. 

G 1875 

111111 At+Wl' 
VCE=5V i 2N2484 Ii 
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Noise Figure vs. Source Resistance. 
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Contours of Constant Noise Figure 
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2N2484 

Collector-base Capacitance. 
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......... --

G 2056 

-'---
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12 

Contours of Constant Noise Figure 
f = 100 Hz. 

Contours of Constant Noise Figure 
f = 10 kHz. 
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... 
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2N2484 

Contours of Constant Noise Figure 
f= 1 MHz. 
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2N2845 

HIGH-SPEED SATURATED SWITCH 

DESCRIPTION 
The 2N2845 is a silicon planar epitaxial NPN trans­
istor in Jedec TO-18 metal case. It is intended for 
high speed switching applications at collector cur­
rents up to 500 mAo 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ie = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb ~ 25 DC 
at T case ~ 25 DC 
at Tcase ~ 100 DC 

T stg , T j Storage and Junction Temperature 

January 1989 

TO-18 

INTERNAL SCHEMATIC DIAGRAM 

c 

E 

Value Unit 

60 V 

30 V 

5 V 

500 mA 

0.36 W 
1.2 W 

0.68 W 

- 55 to 200 DC 
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2N2845 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

ICBo Collector Cutoff Current VCB =30 V 
(IE = 0) VCB = 30 V T amb = 125°C 

V(BR) CBO Collector-base Breakdown 
Ic =0.1 mA 60 

Voltage (I E = 0) 

V(BR) CEO * Collector-emitter Breakdown 
Voltage (I B = 0) 

Ic =30 mA 30 

V(BR) EBO Emitter-base Breakdown 
IE=0.1mA 5 

Voltage (Ic = 0) 

VCE (sat) * Collector-emitter Saturation Ic = 50 mA IB = 5 mA 
Voltage Ic = 150 mA IB = 15 mA 

Ic = 500 mA IB = 50 mA 

VBE (sat) * Base-emitter Saturation Ic = 50 mA Is = 5 mA 
Voltage Ic = 150 mA Is = 15 mA 

Ic = 500 mA Is = 50 mA 

hFE * DC Current Gain Ic =50 mA VCE = 10 V 
Ic = 150 mA VCE=10V 30 
Ic =500 mA VCE=10V 20 
Ic = 500 mA VCE = 1 V 10 

fT Transition Frequency Ic = 50 mA VcE =10V 250 
f = 100 MHz 

CCBO Collector-base Capacitance IE = 0 VCB=10V 
f = 1 MHz 

ton Turn-on Time Ic=150mA Vcc=10V 
IB1 = 15 mA 

toff Turn-off Time Ie = 150 mA Vec = 10 V 
1St =-IB2 = 15 mA 

* Pulsed: pulse duration = 300 Ils. duty cycle = 1 %. 
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146 
486 

Typ. 

0.16 
0.22 
OA8 

0.78 
0.85 
1.12 

60 
60 
50 
30 

350 

6 

18 

25 

Max. Unit 

200 nA 
200 !-LA 

V 

V 

V 

V 
OA V 
1 V 

V 
1.2 V 
1.6 V 

120 

MHz 

8 pF 

40 ns 

40 ns 
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DESCRIPTION 
The 2N2857 is a silicon planar epitaxial NPN tran­
sistors in Jedec TO-72 metal case, intended for am­
plifier, oscillator and converter applications up to 
500 MHz. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vcso Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (Is = 0) 

VESO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb 0: 25 DC 
at T case 0: 25°C 

T stg , Tj Storage and Junction Temperature 

January 1989 

2N2857 

VHF/UHF AMPLIFIERS 

TO-72 

INTERNAL SCHEMATIC DIAGRAM 

c 

B 

E 

Value Unit 

30 V 

15 V 

2.5 V 

40 mA 

200 mW 
300 mW 

- 65 to 200 °C 
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2N2857 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

ICBo Collector Cutoll Current VCB = 15 V 
(IE = 0) VCB=15V T amb = 150°C 

V(BRJ CBO Collector-base Breakdown 
Ic =1 ~ 30 

Voltage (IE = 0) 

V(BRJ CEO Collector-emitter Breakdown 
Ic = 3 mA 15 

Voltage (IB = 0) 

V(BRJ EBO Emitter-base Breakdown 
IE = 10 ~ 2.5 

Voltage (Ic = 0) 

hFE DC Current Gain Ic = 3 mA VCE = 1 V 30 

IT Transition Frequency Ic = 5 mA 
VCE = 6 V 1 

1= 100 MHz 

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

C ee Reverse Capacitance Ic = 0 VCE=10V 
1=1 MHz 

NF Noise Figure Ic = 1.5 mA VCE = 6 V 
1=450 MHz Rg = 50 Q 

Gpe Power Gain (neutralized) Ic = 1.5 mA VCE = 6 V 12.5 
f = 450 MHz Rg = 50 Q 

Po Oscillator Power Output Ic = 12 mA 
VCB = 10 V 30 

f = 500 MHz 

rbb'Cb,c Feedback Time Constant Ic = 2 mA 
VCB = 6 V 4 

1= 31.9 MHz 
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583 
875 

Typ. 

1.4 

0.6 

3.8 

7 

Max. 

10 
1 

150 

1.9 

1 

4.5 

19 

15 

Unit 

nA 

~ 

V 

V 

V 

GHz 

pF 

pF 

dB 

dB 

mW 

ps 



2N2894 
2N3209 

HIGH-SPEED SATURATED SWITCHES 

DESCRIPTION 
The 2N2894, and 2N3209 are silicon planar epi­
taxial PNP transistors in Jedec TO-18 metal case, 
intended for high speed, low saturation switching 
applications up to 1 00 mA. 

~ Products approved to CECC 50004-0221023 
available on request. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCES Collector-emitter Voltage (VBE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb :s; 25°C 
at T case :s; 25°C 

Tstg , Tj Storage and Junction Temperature 

October 1988 

TO-18 

INTERNAL SCHEMATIC DIAGRAM 

::4: 
5_6896 

Value 
Unit 

2N2894 2N3209 

-12 - 20 V 

-12 - 20 V 

- 12 - 20 V 

-4 V 

- 200 mA 

0.36 W 
1.2 W 

- 65 to 200 °C 

1/4 

321 



2N2894-2N3209 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

ICBO Collector Cutoff Current 
VCB=-6V T amb = 125°C 

(IE = 0) (lor 2N2894 only) 

ICES Collector Cutoff Current lor 2N2894 
(VBE = 0) VCE=-6V 

lor 2N3209 
VCE=-10V 
VCE=-10V T amb = 125°C 

VIBR) eBO Coillector-base Breakdown Ic=-10IJA 
Voltage (IE = 0) lor 2N2894 -12 

lor 2N3209 - 20 

VIBR)CES Collector-emitter Breakdown Ic=- 1O IJA 
Voltage (VBE = 0) lor 2N2894 -12 

lor 2N3209 - 20 

VIBR)CEO · Collector-emitter Breakdown Ic=-10mA 
Voltage (Is = 0) lor 2N2894 -12 

lor 2N3209 - 20 

VISR)EBO Emittter-base Breakdown 
IE = - 100 IJA -4 

Voltage (Ic = 0) 

VCE Isat) · Collector-emitter Saturation lor 2N2894 
Voltage Ic=-10mA Is =- 1 mA 

Ic =- 30 mA IB =- 3 mA 
Ic =- 100 mA IB =- 10 mA 
lor 2N3209 
Ic=-10mA IB=-1mA 
Ic =- 30 mA IB =- 3 mA 
Ic =- 100 mA IB =-10mA 

VBE Isat) · Base-emitter Saturation Ic=-10mA IB =- 1 mA - 0.78 
Voltage Ic =- 30 mA IB=-3mA - 0.85 

Ic =- 100 mA IB =-10mA 

hFE . DC Current Gain Ic=-10mA VCE =- 0.3 V 
lor 2N2894 30 
lor 2N3209 25 
Ic =- 30 mA VCE =- 0.5 V 
lor 2N2894 40 
lor 2N3209 30 
Ic =- 100 mA VcE =-1V 
lor 2N2894 25 
lor 2N3209 15 
Ic =- 30 mA VCE =- 0.5 V 
Tamb = - 55 'C 
lor 2N2894 17 
lor 2N3209 12 

IT Transition Frequency Ic =- 30 mA VcE =-10V 400 
1= 100 MHz 

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

• Pulsed: pulse duration = 300 Ils, duty cyde = 1 %. 
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t46 
486 

Typ. Max. 

-to 

- 80 

- 80 
- 10 

- 0.15 
- 0.2 
- 0.5 

- 0.15 
- 0.2 
- 0.6 

- 0.98 
- 1.2 
- 1.7 

150 
120 

6 

Unit 

IJA 

nA 

nA 

IJA 

V 
V 

V 
V 

V 
V 

V 

V 
V 
V 

V 
V 
V 

V 
V 
V 

MHz 

pF 



2N2894-2N3209 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

CCBO Collector-base IE = 0 
Capacitance f = 1 MHz VcB =-5V 

for 2N2894 6 pF 
for 2N3209 5 pF 

ton -- Turn-on Time Ie = - 30 mA 
IB1 =- 1.5 mA 

Vec=-2V 60 ns 

toft -- Turn-off Time Ie = - 30 mA Vee =- 2 V 
IB1 = -IB2 =- 1.5 mA 90 ns 

** See test circuit. 

Collector-emitter Saturation Voltage. Emitter-base and Collector-base capacitance. 

la 'L-;-'-~~+-"+"+~+'+'!-Yl--!-...l..j-Lf1J!l 
10-1 10 -Ic(mA} 

Contours of Constant Transition Frequency. Switching Characteristics. 
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2N2894·2N3209 

Test Circuit for ton, toft. 

VaB VCC =-2.0V 

4/4 
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VIN~,uF 

£0011 

PULSE GENERATOR: 
t"" 1.0 ns 
DC<2% 
PW = 400 ns 
ZIN=50Q 
"', VF!J3 = + 3.0 V, VIN = - 7.0 V 
IonV •• =-4V, VIN=+6V 

5-4621 

TO OSCILLOSCOPE: 
t,< 1.0ns 
ZIN;' 100 KQ 



2N2904/2N2905 
2N290S/2N2907 

GENERAL PURPOSE AMPLIFIERS AND SWITCHES 

DESCRIPTION 
The 2N2904, 2N2905, 2N2906 and 2N2907 are sili­
con planar epitaxial PNP transistors in Jedec TO-39 
(for 2N2904, 2N2905) and in Jedec TO-18 (for 
2N2906 and 2N2907) metal cases. They are de­
signed for high-speed saturated switching and 
general purpose applications. 

e: 2N2904/2N2905 approved to CECC 50002-
102, 2N2906/2N2907 approved to CECC 
50002-103 available on request. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb " 25°C 
for 2N2904 and 2N2905 
for 2N2906 and 2N2907 
at T case " 25°C 
for 2N2904 and 2N2905 
for 2N2906 and 2N2907 

T stg , Tj Storage and Junction Temperature 

October 1988 

TO-18 To-39 

INTERNAL SCHEMATIC DIAGRAM 

:~: 
Value Unit 

- 60 V 

- 40 V 

-5 V 

- 600 mA 

0.6 W 
0.4 W 

3 W 
1.8 W 

- 65 to 200 °C 
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2N2904-2N2905-2N2906-2N2907 

THERMAL DATA 

2N2904 2N2906 
2N2905 2N2907 

Rth j-case I Thermal Resistance Junction-case Max 58.3°C/W 97.3°C/W 
Rth j-amb Thermal Resistance Junction-ambient Max 292°C/W 437.5°C/W 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Icso Collector Cutoff Current Vcs = - 50 V - 20 nA 
(IE = 0) VCS = - 50 V T amb = 150°C - 20 IlA 

ICEx Collector Cutoff Current 
VCE =-30V - 50 nA 

(VSE = 0.5 V) 

ISEx Base Cutoff Current VCE=-30V - 50 nA 
(VSE = 0.5 V) 

V(SR) cso Coillector-base Breakdown 
Ic=-101lA - 60 V 

Voltage (IE = 0) 

V(BR)CEO * Collector-emitter Breakdown V 
Voltage (IB = 0) 

Ic =- 10 mA - 40 

V(SR) ESO Emittter-base Breakdown 
IE=- 1O IlA -5 

V 
Voltage (Ic = 0) 

VCE (sat) * Collector-emitter Saturation Ic =- 150 mA IB=-15mA - 0.4 V 
Voltage Ic =- 500 mA Is =- 50 mA - 1.6 V 

VSE (sat) * Base-emiiter Saturation Ic =- 150 mA Is =- 16 mA - 1.3 V 
Voltage Ic =- 500 mA Is =- 50 mA - 2.6 V 

hFE * DC Current Gain for 2N2904 and 2N2906 
Ic=-0.1mA VCE=-10V 20 
Ic=-1mA VcE =-10V 25 
Ic=-10mA VCE=-10V 35 
Ic=-150mA VCE=-10V 40 120 
Ic =- 500 mA VCE=-10V 20 

hFE * DC Current Gain for 2N2905 and 2N2907 
Ic =- 0.1 mA VCE=-10V 35 
Ic =- 1 mA VCE=-10V 50 
Ic =-10 mA VCE=-10V 75 
Ic =- 150 mA VCE=-10V 100 300 
Ic =- 500 mA VCE=-10V 30 

fT Transition Frequency Ic = - 50 mA 
VCE = - 20 V 200 MHz 

f=100MHz 

CEBO Emitter-base Capacitance Ic = 0 VEs =-2V 30 pF 
f = 1 MHz 

CCBO Collector-base Capacitance IE = 0 Vcs=-10V 8 pF 
f = 1 MHz 

td Delay Time Ic=-150mA 
Vcc = - 30 V 10 ns 

lSI =-15 mA 

tr Rise Time Ic =- 150 mA 
Vcc=-30V 40 ns 

lSI = - 15 mA 

ts Storage Time Ic =-150 mA Vcc =- 6 V 80 
ns 

IBI =-IB2 _=-15 mA 

tf Fall Time Ic =- 150 mA Vcc =- 6 V 30 
ns 

lSI =-IB2 =- 15 mA 

• Pu)sed: pulse duration ~ 300 ~s, duty cycle ~ 1 %. 

2/2 

326 



2N2904A-2N2905A 
2N2906A-2N2907 A 

GENERAL PURPOSE AMPLIFIERS AND SWITCHES 

DESCRIPTION 
The 2N2904A, 2N2905A, 2N2906A and 2N2907A 
are silicon planar epitaxial PNP transistors in Jedec 
TO-39 (for 2N2904A and 2N2905A) and in Jedec 
TO-18 (for 2N2906A and 2N2907 A) metal cases. 
They are designed for high-speed saturated swit­
ching and general purpose applications. 

~ 2N2904A/2N2905A approved to CECC 
50002-100, 2N2906A!2N2907 A approved to 
CECC 50002-103 available on request. 

TO-39 TO-18 

INTERNAL SCHEMATIC DIAGRAM 

::-~: 
ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VCBO Collector-base Voltage (IE = 0) 60 V 

VCEO Collector-emitter Voltage (IB = 0) - 60 V 

VEBO Emitter-base Voltage (Ie = 0) 5 V 

Ic Collector Current - 600 mA 

P tot Total Power Dissipation at T amb S 25°C 
for 2N2904A and 2N2905A 0.6 W 
for 2N2906A and 2N2907 A 0.4 W 
at T case S 25°C 
for 2N2904A and 2N2905A 3 W 
for 2N2906A and 2N2907 A t.8 W 

Tstg , Tj Storage and Junction Temperature - 65 to 200 'C 

January 1989 1/4 
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2N2904A-2N290SA-2N2906A-2N2907 A 

THERMAL DATA 

2N2904A 
2N2905A 

Rth i-easeJ Thermal Resistance Junction-case Max 58.3°C/W 
Rth i-amb Thermal Resistance Junction-ambient Max 292°C/W 

ELECTRICAL CHARACTERISTICS (T amb = 25 "C unless otherwise specified) 

Symbol Parameter 

Icso Collector Cutoff 
Current (IE = 0) 

ICEx Collector Cutoff 
Current (VSE = 0.5 V) 

ISEx Base Cutoff Current 
(VSE = 0.5 V) 

V(SR) cso Collector-base Breakdown 
Voltage (IE = 0) 

V(SR) CEO . Collector-emitter Breakdown 
Voltage (Is = 0) 

V(SR) ESO Emitter-base Breakdown 
Voltage (Ic = 0) 

VCE (sat) . Collector-emitter 
Saturation Voltage 

VSE (sat) . Base-emitter 
Saturation Voltage 

hFE . DC Current Gain 

hFE . DC Current Gain 

fT Transition Frequency 

CESO Emitter-base Capacitance 

Ccso Collector-base Capacitance 

td .. Delay Time 

tr .. Rise Time 

ts .. Storage Time 

• Pulsed: pulse duration ~ 300 Ils, duty cycle ~ 1.5 % . 
• , See test circuit. 
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Test Conditions Min. Typ. 

Vcs = - 50 V 
Vcs = - 50 V T amb = 150°C 

VCE=-30V 

VCE=-30V 

Ic=-101lA - 60 

Ic =-10 mA - 60 

IE=-101lA -5 

Ic =- 150 mA Is =- 15 mA 
Ic =- 500 mA Is =- 50 mA 

Ic=-150mA Is=-16mA 
Ic =- 500 mA Is =- 50 mA 

for 2N2904A and 2N2906A 
Ic =- 0.1 mA VCE=-10V 40 
Ic =- 1 mA VcE =-10V 40 
Ic =- 10 mA VCE = - 10 V 40 
Ic =- 150 mA VCE=-10V 40 
Ic =- 500 mA VcE =-10V 40 

for 2N2905A and 2N2907 A 
Ic=-0.1mA VCE=-10V 75 
Ic =- 1 mA VCE=-10V 100 
Ic=-10mA VCE=-10V 100 
Ic =- 150 mA VCE=-10V 100 
Ic =- 500 mA VCE=-10V 50 

Ic =- 50 mA VcE =-20V 200 
f = 100 MHz 

Ic = 0 VES = - 2 V 
f = 1 MHz 

IE = 0 Vcs=-10V 
f = 1 MHz 

Ic =- 150 mA 
IS1 =- 15 mA 

Vcc =- 30 V 

Ic =- 150 mA 
IS1 =- 15 mA 

Vcc = - 30 V 

Ic =- 150 mA Vcc = - 6 V 
IS1 =-l s2 =-15 mA 

2N2906A 
2N2907A 

97.3°C/W 
437.5°C/W 

Max. Unit 

-10 nA 
-10 IlA 

- 50 nA 

- 50 nA 

V 

V 

V 

- 0.4 V 
-1.6 V 

- 1.3 V 
- 2.6 V 

120 

300 

MHz 

30 pF 

8 pF 

10 ns 

40 ns 

80 ns 



2N2904A-2N2905A-2N290SA-2N2907 A 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 

If .. Fall Time 

ton 
.. Turn-on Time 

loft 
.. Turn-off Time 

• Pulsed: pulse duration = 300 ~s, duty cycle = 1.5 %. 
** see test circuit. 

Normalized DC Current Gain. 

Test Conditions Min. Typ. Max. 

Ie =- 150 mA Vee =- 6 V 
lSI =-ls2 =-15mA 

30 

Ie =- 150 mA 
lSI =-15 mA 

Vee = - 30 V 45 

Ie =- 150 mA Vee=-6V 
lSI =-ls2 =-15 mA 

100 

Collector-emitter Saturation Voltage. 

VCE(sat) r-r-~-TTT11"rr,..,rmTTTr-'-T-TTITfT'1 
IV) 

0.8 

0.4 

0.2 

0.1 10 100 Ie (rnA) 

Collector-base and Emitter-base capacitances. Switching Characteristics. 

10 100 IC(mA) 

Unit 

ns 

ns 

ns 
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2N2904A-2N290SA-2N290SA-2N2907 A 

Test Circuit for lon, tr, 1cJ. 

°H V'N - 16V 

200ns 

PULSE GENERATOR: 
tr::;;2.0 ms 
Frequency ~ 150 Hz 
Zo~50 n 

Test Circuit for toff, to, tf. 

4/4 
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PULSE GENERATOR: 
tr:S; 2.0 ns 
Frequency ~ 150 Hz 
Zo~50n 

1 K Jl 

5-4628 

TO OSCILLOSCOPE: 
tr < 5.0 ns 
Z'N> 10Mn 

.J.. 5-4629 

TO OSCILLOSCOPE: 
tr < 5.0 ns 
ZIN > 100 Mn 

---------.-~---------------



2N3013 

HIGH SPEED SATURATED SWITCHES 

DESCRIPTION 
The 2N3013 is a silicon planar epitaxial NPN tran­
sistor in Jedec TO-18 metal case intended for high 
speed low saturation switching application up to 
300 mA. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vcso Collector-base Voltage (IE = 0) 

VCES Collector-emitter Voltage (VSE = 0) 

VCEO Collector-emitter Voltage (Is = 0) 

VESO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ic Collector Peak Current (t < 1 0 ~s) 

Ptot Total Power Dissipation at T amb < 25 'C 
at T case < 25 DC 
at T case < 100 DC 

Tstg Storage Temperature 

T J Max. Operating Junction Temperature 

January 1989 

TO-18 

INTERNAL SCHEMATIC DIAGRAM 

5-1>897 

Value Unit 

40 V 

40 V 

15 V 

5 V 

200 mA 

500 mA 

360 mW 
1200 mW 
680 mW 

- 55 to 200 °C 

200 °C 
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2N3013 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

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

Symbol Parameter Test Conditions Min. 

ICES Collector Cutoff Current (VSE = 0) VCE = 20 V 
VCE = 20 V Tamb = 125°C 

V(SR)CSO Collector-base Breakdown Voltage Ic = 100 flA IE = 0 40 

V(SR)CEO 
. Collector-emitter Breakdown 

Voltage 
Ie = 10 mA Is = 0 15 

V(SR)ESO Emitter-base Breakdown Voltage IE = 100 flA Ie = 0 5 

hFE . DC Current Gain VeE=OAV Ic = 30 mA 30 
VCE = 0.5 V Ie = 100 mA 25 
VCE = 1 V Ic = 300 mA 15 
VeE=OAV Ie = 30 mA 
Tamb = 55°C 12 

VeE(sat) 
. Collector-emitter Saturation Ie = 30 mA Is = 3 mA 

Voltage Ie = 100 mA Is = 10 mA 
Ie = 300 mA Is = 30 mA 
Ie = 30 mA Is = 3 mA 
Tamb = 125°C 

VSE(sat) * Base-emitter Saturation Voltage Ie = 30 mA Is = 3 mA 0.75 
Ie = 100 mA Is = 10 mA 
Ie = 300 mA Is = 30 mA 

IT Transition Frequency VeE=10V Ie = 30 mA 
350 

f=100MHz 

Ceso Collector-base Capacitance Vcs = 5 V; IE = 0 f= 1 MHz 

CESO Emitter-base Capacitance VEB = 0.5 V; Ic = 0 f = 1 MHz 

too Turn-on Time Vec = 15 V Ic = 300 mA 
IS1 = 30 mA 

toff Turn-off Time Vec = 15 V Ic = 300 mA 
IS1 = - IS2 = 30 mA 

ts Storage Time Vec = 10 V Ie = 10 mA 
IS1 = -ls2 = 10 mA 

• Pulsed: pulse duration = 300 /lB, duty cycle = 1,5 %. 
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146 
486 

Typ. Max. 

300 
40 

120 

0.18 
0.28 
0.50 

0.25 

0.95 
1.20 
1.70 

5 

8 

15 

25 

18 

Unit 

nA 
flA 

V 

V 

V 

V 
V 
V 

V 

V 
V 
V 

MHz 

pF 

pF 

ns 

ns 

ns 



2N3014 

HIGH SPEED SATURATED SWITCHES 

DESCRIPTION 
The 2N3014 is a silicon planar epitaxial NPN tran­
sistor in Jedec TO-18 metal case intended for high 
speed low saturation switching application up to 
300 mA. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCES Collector-emitter Voltage (VBE = 0) 

VCEO Collector-emitter Voltage (Is = 0) 

VEBO Emitter-base Voltage (Ie = 0) 

Ic Collector Current 

Ie Collector Peak Current (t < 10 flS) 

Ptot Total Dissipation at T amb < 25 'C 
at T case < 25 DC 
at T case < 100 'C 

Tstg Storage Temperature 

Tj Maximum Operating Junction Temperature 

October 1988 

TO-18 

INTERNAL SCHEMATIC DIAGRAM 

::4: 
5-6897 

Value Unit 

40 V 

40 V 

20 V 

5 V 

200 mA 

500 mA 

360 mW 
1200 mW 
680 mW 

- 55 to 200 °C 

200 °C 
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2N3014 

THERMAL DATA 

Value Unit 

Rth j-case I Thermal Resistance Junction-case Max 146 °C/W 
Rth j-amb Thermal Resistance Junction-ambient Max 486 °C/W 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min_ Typ_ Max_ Unit 

ICES Collector Cutoff Current (V8E = 0) VCE=20V 300 nA 
VCE=20V Tamb = 125°C 40 IlA 

V(8R)C80 Collector-base Breakdown le=1001lA IE = 0 40 V 
Voltage 

V(8R)CEO . Collector-emitter Breakdown Ic = 10 A 18 = 0 20 V 
Voltage 

V(8R)E80 Emitter-base Breakdown Voltage IE = 100 IlA Ic = 0 5 V 

hFE . DC Current Gain VeE=OAV Ie = 10 mA 25 
VCE=OAV Ic = 30 mA 30 120 
VCE = 1 V Ic = 100 mA 25 
VCE=OAV Ic = 30 mA 
Tamb =- 55°C 12 

VCE(sat) 
. Collector-emitter Saturation Ic =10 mA 18 = 1 mA 0_18 V 

Voltage Ic =30 mA 18 = 3 mA 0_18 V 
Ie = 100 mA 18 = 10 mA 0_35 V 
Ic = 30 mA 18 = 3 mA 
T amb = 125°C 0_25 V 

V8E(sat) . Base-emitter Saturation Voltage Ic=10mA 18 =1 mA 0.70 0_80 V 
Ic =30 mA 18 = 3 mA 0_75 0.95 V 
Ic=100mA 18 = 10 mA 1.20 V 

IT Transition Frequency VCE=10V Ic =30 mA 350 MHz 
1=100MHz 

CC80 Collector-base Capacitance VC8 =5 V; IE = 0 1=1 MHz 5 pF 

CE80 Emitter-base Capacitance VE8 = 0.5 V; Ic = 0 1=1 MHz 8 pF 

ton Turn-on Time Vcc = 2 V Ic =30 mA 
181 = 3 mA 16 ns 

toff Turn-off Time Vcc =2 V Ic=30mA 
181 =- 182 = 3 mA 25 ns 

ts Storage Time Vcc = 10 V Ic=10mA 18 ns 
181 =-182 = 10 mA 

• Pulsed: pulse duration ~ 300 MS. duty cycle ~ 1.5 %. 
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2N3019 
2N3020 

HIGH CURRENT, HIGH FREQUENCY AMPLIFIERS 

DESCRIPTION 
The 2N3019 and 2N3020 are silicon planar epitax­
ial NPN transistors in Jedec TO-39 metal case, de­
signed for high-current, high-frequency amplifier 
applications. They feature high gain and low satu­
ration voltages. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (I E = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ie Collector Current 

Ptot Total Power Dissipation at T amb S 25°C 
at T case S 25°C 

Tstg , Tj Storage and Junction Temperature 

January 1989 

TO-39 

INTERNAL SCHEMATIC DIAGRAM 

c 

B 

E 

Value Unit 

140 V 

80 V 

7 V 

1 mA 

0.8 W 
5 W 

- 65 to 200 °C 
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2N3019-2N3020 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

ICBo Collector Cutoff Current (IE = 0) VCB = 90 V 
VCB =90 V Tamb = 150°C 

lEBO Emitter Cutoff Current (Ic = 0) VEB = 5 V 

V(BR)CBO Collector-base Breakdown 
Ic=1001lA 140 

Voltage (I E = 0) 

V(BR)CEO . Collector-emitter Breakdown 
Voltage (IB =0) 

Ic = 10 mA 80 

V(BR)EBO Emitter-base Breakdown 
IE = 100 IlA 7 

Voltage (Ie = 0) 

VCE(sat) 
. Collector-emitter Saturation Ic = 150 mA IB = 15 mA 

Voltage Ic = 500 mA IB = 50 mA 

VBE(sat) 
. Base-emitter Saturation Voltage Ic = 150 mA IB = 15 mA 

hFE . DC Current Gain Ic=0.1mA VcE =10V 
For 2N3019 50 
For 2N3020 30 

Ic = 10 mA VeE =10V 
For 2N3019 90 
For 2N3020 40 

Ic = 150 mA VCE = 10 V 
For 2N3019 100 
For 2N3020 40 

Ie = 500 mA VCE=10V 
For 2N3019 50 
For 2N3020 30 

Ic = 1 A VCE=10V 15 
Ie = 150 mA VeE = 10 V 
T amb = - 55°C 

For 2N3019 40 

hie Small Signal Current Gain Ic = 1 mA VCE = 5 V 
1=1 kHz 

For 2N3019 80 
For 2N3020 30 

fr Transition Frequency Ic = 50 mA VCE=10V 
1= 20 MHz 

For 2N3019 100 
For 2N3020 80 

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

CCBO Collector-base Capacitance IE = 0 VCB=10V 
1=1 MHz 

NF Noise Figu re Ic = 100 IlA VCE=10V 
lor (2N3019) only f = 1 kHz Rg = 1 KQ 

rbb'C b,c Feedback Time Constant Ic=10mA VCE=10V 
1=4 MHz 

• Pulsed: pulse duration = 300 Ils. duty cycle = 1 %. 
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Typ. Max. Unit 

10 nA 
10 IlA 

10 nA 

V 

V 

V 

0.2 V 
0.5 V 

1.1 V 

100 

120 

300 
120 

100 

400 
200 

MHz 
MHz 

60 pF 

12 pF 

4 dB 

400 ps 



DESCRIPTION 
The 2N3053 is a silicon planar epitaxial NPN tran­
sistor in Jedec TO-39 metal case, intended for me­
dium-current switching and amplifier applications. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (I E = 0) 

VCEo Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T case $ 25°C 

T stg , Tj Storage and Junction Temperature 

January 1989 

2N3053 

AMPLIFIERS AND SWITCH 

TO-39 

INTERNAL SCHEMATIC DIAGRAM 

c 

B 

E 

Value Unit 

60 V 

40 V 

5 V 

700 mA 

5 W 

- 65 to 200 °C 

1/2 
--~.----
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2N3053 

THERMAL DATA 

Thermal Resistance Junction-case Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

ICEX Collector Cutoff Current 
VCE~60V 250 nA 

(VBE ~ 1.5 V) 

V(BR)CBO Collector-base Breakdown 
Ic ~ 100 j.JA 60 V 

Voltage (IE ~ 0) 

V(BR)CEO Collector-emitter Breakdown 
Ic ~ 100 f.lA 40 V 

Voltage (18 ~ 0) 

V(BR)CER 
. Collector-emitter Breakdown 

Voltage (RBE ,; 100) 
Ic ~ 10 mA 50 V 

V(BR)EBO Emitter-base Breakdown 
IE ~ 100 f.lA 5 V 

Voltage (Ic ~ 0) 

VCE(sat) 
. Collector-emitter Saturation 

Voltage 
Ic ~ 150 mA IB ~ 15 mA 1.4 V 

VBE . Base-emitter Voltage Ic ~ 150 mA VCE ~ 2.5 V 1.7 V 

VBE(sat) 
. Base-emitter Saturation Voltage Ic ~ 150 mA 18 ~ 15 mA 1.7 V 

hFE . DC Current Gain Ic~150mA VCE ~ 2.5 V 25 
Ic ~ 150 mA VCE~10V 50 250 

IT Transition Frequency Ic ~ 50 mA VCE~10V 
100 MHz 

I ~ 20 MHz 

CEBO Emitter-base Capacitance Ic ~ 0 VEB ~ 0.5 V 
80 pF 

I ~ 1 MHz 

CCBO Collector-base Capacitance IE ~ 0 VCB ~ 10 V 
15 pF 

I ~ 1 MHz 

• Pulse: pulse duration = 300 ,us, duty cycle = 1 %. 
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2N3107/2N3108 
2N31 09/2N311 0 

GENERAL PURPOSE AMPLIFIERS AND SWITCHES 

DESCRIPTION 
The 2N3107, 2N3108, 2N3109 and 2N3110 are 
silicon planar epitaxial NPN transistors in Jedec 
TO-39 metal case primarily intended for large signal, 
low noise industrial applications. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb $; 25°C 
at T case $; 25°C 

T stg , T j Storage and Junction Temperature 

January 1989 

TO-39 

INTERNAL SCHEMATIC DIAGRAM 

c 

B 

E 

Value 

2N3109 2N3107 Unit 
2N3110 2N3108 

80 100 V 

40 60 V 

7 V 

1 A 

0.8 W 
5 W 

- 65 to 200 °C 
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2N3107-2N3108-2N3109-2N3110 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter 

Icso Collector Cutoff Current (IE = 0) 

ICES Collector Cutoff Current (VSE = 0) 

IESO Emitter Cutoff Current (Ic = 0) 

V(SR)CSO Collector-base Breakdown 
Voltage (IE = 0) 

V(SR)CEO . Collector-emitter Breakdown 
Voltage (Is = 0) 

V(SR)ESO Emitter-base Breakdown 
Voltage (lc = 0) 

VCE(sa!) 
. Collector-emitter Saturation 

Voltage 

VSE(sa!) . Base-emitter Saturation Voltage 

hFE . DC Current Gain 

fT Transition Frequency 

CESO Emitter-base Capacitance 

Ccso Collector-base Capacitance 

NF Noise Figure 

ton .. Turn-on Time 

toff 
.. Turn-off Time 

• Pulsed: pulse duration = 300 ~. duty cycle = 1 %. 
w* See test circuit. 
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Test Conditions Min. 

Vcs=60V Tamb = 150°C 

VCE=60V 

VES = 5 V 

Ic=100JJA 
For 2N 3109 and 2N 3110 80 
For 2N 3107 and 2N 3108 100 

Ic=30mA 
For 2N 3109 and 2N 3110 40 
For 2N 3107 and 2N 3108 60 

IE = 100 JJA 7 

Ic=150mA Is = 15 rnA 
Ic = 1 A Is = 100 rnA 

Ic=150mA Is = 15 rnA 
Ic = 1 A Is = 100 rnA 

For 2N 3107 and 2N 3109 
Ic=150mA VCE = 1 V 100 
Ic =0.1 rnA VCE=10V 35 
Ic = 500 rnA VCE =10V 40 
Ic = 150 rnA VCE=10V 
Tamb =- 55°C 30 
For 2N 3108 and 2N 3110 
Ic=150mA VCE = 1 V 40 
Ic =0.1 rnA VCE=10V 20 
Ic =500 rnA VCE = 10 V 25 
Ic = 150 rnA VCE = 10 V 
Tamb =- 55°C 15 

Ic=50mA VCE = 10 V 
f = 20 MHz 
For 2N 3107 and 2N 3109 70 
For 2N 3108 and 2N 3110 60 

Ic = 0 VES = 0.5 V 
f = 1 MHz 

IE = 0 Vcs = 10 V 
f = 1 MHz 
For 2N 3107 and 2N 3108 
For 2N 3109 and 2N 3110 

Ic = 30 JJA VCE=10V 
f = 1 kHz Rg = 1 KQ 

Ic = 150 rnA Vcc=20V 
lSI = 7.5 rnA 

Ic=150mA Vcc=20V 
lSI =-ls2 =7.5 rnA 

Typ. Max. Unit 

10 JJA 
10 nA 

10 nA 

V 
V 

V 
V 

V 

0.25 V 
1 V 

1.1 V 
2 V 

300 

120 

MHz 
MHz 

80 pF 

20 pF 
25 pF 

8 dB 

200 ns 

1000 ns 



Normalized DC Current Gain. 

Test Circuit for ton, toff. 

10,.uS 
n+16V 

-.J L V1N 

5- 4630 

PULSE GENERATOR: 
t, of input pulse < 15 ns 
tr of input pulse < 15 ns 

2N31 07-2N31 08-2N31 09-2N311 0 

Contours of Constant Narrow Band Noise Figure. 

RS 

(U 
~. )--r-

, 
1\ 

f\it\ 
'dB 

1K 

I~ 
!.-

-~ 

100 

0.01 

-"" 4-;ie 

6dK 

i'-

TO OSCILLOSCOPE: 
~ > 15 ns 
liN" 100 KQ 

-

VCE~ltv :~. 
t = 1KHz L -liT :\6d9 

'dB ~_ + _ 
n:\ i :t 
·~R\~-.. t-

~ :\ ~ ._L _ 

1 ) 
01 lC (mAl 
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DESCRIPTION 
The 2N3114 is a silicon planar epitaxial NPN tran­
sistor in Jedec TO-39 metal case. It is primarily 
intended for high voltage, medium power applica­
tions. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (Is = 0) 

VESO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb :5 25°C 
at T case :5 25°C 

Tstg , T j Storage and Junction Temperature 

January 1989 

2N3114 

HIGH VOLTAGE AMPLIFIER 

TO-39 

INTERNAL SCHEMATIC DIAGRAM 

c 

E 

Value Unit 

150 V 

150 V 

5 V 

150 mA 

0.8 W 
5 W 

65 to 200 °C 

1/2 
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2N3114 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 "C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

IcBo Collector Cutoff Current (IE = 0) VCB=100V 
VCB=100V T amb = 150 °C 

lEBo Emitter Cutoll Current (Ic = 0) VEB = 4 V 

V(BR)CBO Collector-base Breakdown 
Ic = 100 /.lA 150 

Voltage (I E = 0) 

V(BR)CEO * Collector-emitter Breakdown 
Voltage (IB = 0) 

Ic = 10 mA 150 

V(BR)EBO Emitter-base Breakdown 
IE = 100 f.lA 5 

Voltage (Ic = 0) 

VCE(sa!) * Collector-emitter Saturation 
Voltage 

Ic =50 mA IB = 5 mA 

VBE(sa!) * Base-emitter Saturation Voltage Ic =50 mA IB = 5 mA 

hFE * DC Current Gain Ic = 100 /.lA VCE=10V 15 
Ic = 30 mA VCE=10V 30 
Tamb = - 55 'C 
Ic =30 mA VCE=10V 12 

hIe High Frequency Current Gain Ic =30 mA VCE=10V 
2 

1= 20 MHz 

CEBO Emitter-base Capacitance VEB = 0.5 V 
1=1 MHz 

CCBO Collector-base Capacitance VCB = 20 V 
1=1 MHz 

* Pulsed: pulse duration = 300 fls. duty cycle = 1 %. 
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Typ. Max. Unit 

10 nA 
10 /.lA 
100 nA 

V 

V 

V 

1 V 

0.9 V 

35 
60 120 

24 

80 pF 

9 pF 



DESCRIPTION 
The 2N3137 is a silicon planar epitaxial NPN tran­
sistor in a TO-39 metal case. It is a primarily de­
signed for application as a Class-C, RF power am­
plifier. In addition to the large signal capabilities, the 
low noise and high transition frequency of the 
2N3137 provide excellent performance in a variety 
of linear amplifier for telecommunication applica­
tions. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ptot Total Power Dissipation at T amb <: 25°C 
at T case <: 25 DC 

T stg , Tj Storage and Junction Temperature 

January 1989 

2N3137 

RF AMPLIFIER 

TO-39 

INTERNAL SCHEMATIC DIAGRAM 

c 

E 

Value Unit 

40 V 

20 V 

4 V 

0.6 W 
1 W 

- 65 to 200 °C 
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2N3137 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

ICBo Collector Cutoll Current (IE = 0) VCB = 20 V 
VCB =20 V T amb = 150°C 

V(BR)CBO Collector-base Breakdown 
Ic = 100 IlA 40 

Voltage (IE = 0) 

VCEO(sus) 
. Collector-emitter Sustaining 

Voltage (IB = 0) 
Ic = 15 mA 20 

V(BR)EBO Emitter-base Breakdown 
IE = 1OO IlA 4 

Voltage (Ic = 0) 

VCE(sa!) Collector-emitter Saturation 
Ic = 50 mA IB = 5 mA 

Voltage 

hFE . DC Current Gain Ic = 50 mA VCE = 5 V 20 

Gpe Power Gain (class-C) VcE =20V 
Pi = 100 mW 6 

1= 250 MHz 

NF Noise Figure VCE=10V Ic = 30 mA 
1= 200 MHz Rg = 50 Q 

CCBO Collector-base Capacitance VCB=10V 1=1 MHz 

IT Transition Frequency Ic = 50 mA VcE =10V 500 

11 Collector Efliciency VcE =20V Pi = 100 mW 40 
1=250 MHz 

Pulsed: pulse durallon = 300 ~s, duty cycle = 1 %. 
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Typ. Max. Unit 

0.12 50 nA 
0.1 50 ~ 

V 

V 

V 

0.12 0.3 V 

70 120 

7 dB 

4 dB 

2.8 3.5 pF 

750 MHz 

60 % 



DC Current Gain. 

Base-emitter Saturation Voltage. 

VBE(sat 
(v) 

) 

-

I II' 
Ie =10181 .. nt + 

G-31,2212 

I -"" tJ ~ -

lamb 
0..9 

l- f-- . 
08 

I 
I , 

0..7 

0..6 -- --

~i;'! 
Ii! 

IT 05 

, '8 
i I II 0..4 

10-1 

=~55·C 

I ' 
25'C + "L' 

.........r I 

I 
100·C 

V 
.-

1 

-l-

H, -( 
II I 

, '8 
10. 

Collector-base capacitance. 

, '8 
'C{mA) 

2N3137 

Collector-emitter Saturation Voltage. 

10- 1 10. Ie (rnA) 

Contours of Constant Transition Frequency. 

Emitter-base capacitance. 

0..5 1.5 2.5 VEB (V) 
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DESCRIPTION 
The 2N3250 and 2N3251 are silicon planar epitaxial 
PN P transistors in Jedec TO-18 metal case. They 
are suited for switching and amplifier applications. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VC80 Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (18 = 0) 

VE80 Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb ,,; 25°C 
at T case ,,; 25°C 

T stg , Tj Storage and Junction Temperature 

Jan uary 1 989 

2N3250 
2N3251 

AMPLIFIERS AND SWITCHES 

TO-18 

INTERNAL SCHEMATIC DIAGRAM 

::4: 
Value Unit 

- 50 V 

- 40 V 

-5 V 

- 200 mA 

0.36 W 
1.2 W 

- 65 to 200 °C 
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2N3250-2N3251 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

ICEx Collector Cutoff 
VCE=-40V 

Current (VBE = 3 V) 

IBEx Base Cutoff Current 
VCE=-40V 

(VsE=3V) 

V(SRICSO Coillector-base Breakdown 
Ic= -10J.!A - 50 

Voltage (I E = 0) 

V(SRICEO 
. Collector-emitter Breakdown 

Voltage (Is = 0) 
Ic =- 10 mA - 40 

V(SRI ESO Emitlter-base Breakdown 
IE=-10J.!A -5 

Voltage (Ic = 0) 

VCE (satl 
. Collector-emitter Saturation Ic=-10mA IB =- 1 mA 

Voltage Ic =- 50 mA IB =- 5 mA 

VSE (sat) 
. Base-emitter Saturation Ic =-10 mA IB =- 1 mA 0.6 

Voltage Ic =- 50 mA Is =- 5 mA 

hFE . DC Current Gain lor 2N3250 
Ic =- 0.1 mA VCE =-1 V 40 
Ic =- 1 mA VCE =- 1 V 45 
Ic =-10 mA VCE=-1V 50 
Ic =- 50 mA VCE =-1 V 15 
lor 2N3251 
Ic =- 0.1 mA VCE = - 1 V 80 
Ic=-1 mA VCE = - 1 V 90 
Ic =-10mA VCE=-1V 100 
Ic =- 50 mA VCE = - 1 V 30 

hIe Small Signal Current Gain Ic =- 1 mA VCE=-10V 
1=1 kHz lor 2N3250 50 

lor 2N3251 100 

IT Transition Frequency Ic =- 10 mA VCE = - 20 V 
1=100MHz lor 2N3250 250 

lor 2N3251 300 

CEBO Emilter-base Capacitance Ic = 0 VEB = - 1 V 
1=1 MHz 

Ccso Collector-base Capacitance IE = 0 Vcs = - 10 V 
1=1 MHz 

NF Noise Figure Ic=-100J.!A VCE =-5 V 
1= 100 Hz Rg = 1 kQ 

hie Input Impedance Ic=-1 mA VcE =-10V 
1=1 kHz lor 2N3250 1 

lor 2N3251 2 

hre Reverse Voltage Ratio Ic=-1 mA VCE=-10V 
1=1 kHz lor 2N3250 

lor 2N3251 

• Pulsed: pulse duration = 300 IlS, duty cycle = 1 %. 
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146 
487 

Typ. Max. 

- 20 

- 50 

0.25 
0.5 

0.9 
1.2 

150 

300 

200 
400 

8 

6 

6 

6 
12 

10-3 

2x10-3 

Unit 

nA 

nA 

V 

V 

V 

V 
V 

V 
V 

MHz 
MHz 

pF 

pF 

dB 

kQ 
kQ 



ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 

hoe Output Admittance 

td Delay Time 

tf Delay Time 

ts Storage Time 

If Fall Time 

rbb,Cb'C Feedback Time Constant 

• Pulsed: pulse duration = 300 ~, duty cycle = 1 %. 

Test Conditions 

Ic=-1mA VCE=-10V 
f = 1 kHz for 2N3250 

for 2N3251 

Ic = 10 mA Vee = 3 V 
181 = 1 mA 

le=10mA Vee = 3 V 
181 = 1 mA 

Ic =10 mA Vee =3 V 
181 = - 182 = 1 mA 

Ie =10 mA Vee =3 V 
181 = - 182 = 1 mA 

le=-10mA VeE=-20V 

~ SGS-THOMSON 
"~I iIiID1C1III@1m!.1MW1II1!!I1lIJ1IC1I 

2N3250-2N3251 

Min. Typ. Max. Unit 

4 40 I!S 
10 60 I!S 

35 ns 

35 ns 

200 ns 

50 ns 

250 ps 
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2N3301 
2N3302 

GENERAL PURPOSE AMPLIFIERS AND SWITCHES 

DESCRIPTION 
The 2N3301 and 2N3302 are silicon planar epitaxial 
NPN transistors in Jedec TO-18 metal case. They 
are designed to cover a wide range of amplifier and 
switching applications. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter·base Voltage (lc = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb ~ 25°C 
at T case ~ 25°C 

T stg , Tj Storage and Junction Temperature 

January 1989 

TO-18 

INTERNAL SCHEMATIC DIAGRAM 

c 

E 

Value Unit 

60 V 

30 V 

5 V 

0.5 A 

0.36 W 
1.8 W 

- 65 to 200 °C 
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2N3301-2N3302 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter 

ICEs Collector Cutoff Current 
(VSE = 0) 

IEso Emitter-cutoff Current 
(Ic = 0) 

V(SR)CSO Coillector-base Breakdown 
Voltage (IE = 0) 

V(SR)CEO * Collector-emitter Breakdown 
Voltage (Is = 0) 

V(SR) ESO Emittter-base Breakdown 
Voltage (Ic = 0) 

VCE (sat) * Collector-emitter Saturation 
Voltage 

VSE (sat) * Base-emitter Saturation 
Voltage 

hFE * DC Current Gain 

hfe High Frequency Current 
Gain 

CESO Emitter-base Capacitance 

Ccso Collector-base Capacitance 

ton ** Turn-on Time 

toff ** Turn-off Time 

• Pulsed: pulse duration = 300 flS, duty cycle = 1 % . 
•• See test circuits. 
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Test Conditions Min. 

Vcs =50 V 
VCB =50 V T amb = 150°C 

VES = 3 V 

Ic = 10 ~ 60 

Ic=10mA 30 

IE=10~A 5 

Ic=150mA Is = 15 mA 
Ic = 500 mA Is =50 mA 

Ic = 150 mA Is = 15 mA 
Ic = 500 mA Is =50 mA 

for 2N3301 
Ic =0.1 mA VCE=10V 20 
Ic = 1 mA VCE=10V 25 
Ic = 10 mA VCE=10V 35 
Ic=150mA VCE=10V 40 
Ic = 500 mA VCE=10V 20 
Ic = 150 mA VCE = 1 V 20 
for 2N3302 
Ic=0.1mA VCE=10V 35 
Ic = 1 mA VCE=10V 50 
Ic = 10 mA VCE=10V 75 
Ic = 150 mA VCE=10V 100 
Ic = 500 mA VCE=10V 50 
Ic = 150 mA VCE = 1 V 50 

Ic = 50 mA 
VCE=10V 2.5 

f = 100 MHz 

VEs = 2 V 
f = 1 MHz 

Vcs = 10 V 
f = 1 MHz 

Ic = 300 mA 
IS1 = 30 mA 

Vcc = 25 V 

Ic = 300 mA Vcc = 25 V 
IB1 =-I B2 =30 mA 

97.2 
486 

Typ. 

40 
60 
70 

60 
50 

80 
140 
200 

125 
75 

Max. 

10 
10 

10 

0.22 
0.6 

1.1 
1.5 

120 

300 

20 

8 

60 

150 

Unit 

nA 
~A 

nA 

V 

V 

V 

V 
V 

V 
V 

pF 

pF 

ns 

ns 



Test Circu it for ton. 

Test Circuit for toft. 

300ns 
16V r-1 V 
O~ L IN 

PULSE GENERATOR: 
tr:::; 1.0 ns 
Z'N = 50 £l 

PULSE GENERATOR: 
tr:::;20 ns 
Z,N=50n 

2N3301-2N3302 

5- 4611 

TO OSCILLOSCOPE: 
tr 1.0 ns 
ZIN = 100 kn 

Vss = -15V .~(CC="25V 

500.0. USO.o. 

TO OSCILLOSCOPE: 
tr :::; 1.0 ns 
ZIN = 100 kn 

5 - 4612 
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2 N3502/2 N3503 
2N3504/2N3505 

GENERAL PURPOSE AMPLIFIERS AND SWITCHES 

DESCRIPTION 

The 2N3502, 2N3503, 2N3504 and 2N3505 are 
silicon planar epitaxial PNP transistors in Jedec 
TO-39 (2N3502, 2N3503) and in Jedec TO-18 
(2N3504, 2N3505) metal cases. They are designed 
for high-speed saturated switching and general 
purpose applications. 

TO-39 TO-18 

INTERNAL SCHEMATIC DIAGRAM 

:~: L ____ __ 
ABSOLUTE MAXIMUM RATINGS 

Value 
Symbol Parameter 

2N3502 2N3503 
Unit 

2N3504 2N3505 

Vcso Collector·base Voltage (IE = 0) - 45 - 60 V 

VCEO Collector-emitter Voltage (Is = 0) - 45 - 60 V 

VEso Emitter-base Voltage (IC = 0) 5 V 

Ic Collector Current 600 mA 

P'D' Total power Dissipation at Tamb 00 25°C 
For 2N3504, 2N3505 0.4 W 
For 2N3502, 2N3503 0.7 W 

at Tcase 00 25°C 
For 2N3504, 2N3505 1.3 W 
For 2N3502, 2N3503 3 W 

TS'g, Tj Storage and Junction Temperature - 65 to 200 °C 

October 1988 1/2 
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2N3052-2N3503-2N3504-2N3505 

THERMAL DATA 

2N3502 2N3504 
2N3503 2N3505 

Rth j-case I Thermal Resistance Junction-case Max 132°C/W 58.3°C/W 
Rth j-amb Thermal Rsistance Junction-ambient Max 437°C/W 250°C/W 

ELECTRICAL CHARATERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

ICEs Collector Cutoff Current (VSE = 0) For 2N3503 and 2N3505 
VCE = - 50 V -10 nA 
For 2N3502 and 2N3504 
VCE = - 30 V -10 nA 

Icso Collector Cutoff Current For 2N3503 and 2N3505 
(IE = 0) VCE =- 50 V Tamb = 150°C -10 nA 

For 2N3502 and 2N3504 
VcE =-30V Tamb =150°C -10 nA 

V(SR)CSO Collector-base Breakdown Ic =- 1O IlA 
Voltage (IE = 0) For 2N3503 and 2N3505 - 60 V 

For 2N3502 and 2N3504 - 45 V 

V(SR)CEO" Collector-emitter Breakdown Ic =- 10 mA 
Voltage (Is = 0) For 2N3503 and 2N3505 - 60 V 

For 2N3502 and 2N3504 - 45 V 

V(SR)ESO Emitter-base Breakdown 
IE=-101lA -5 V 

Voltage (Ic = 0) 

VCE(sat)" Collector-emitter Saturation Ic =-50 mA Is =- 2.5 mA - 0.25 V 
Voltage Ic =-150 mA Is=-15mA - 0.4 V 

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

VSE(sat)" Base-emitter Saturation Voltage Ic =-50 mA Is =- 2.5 mA -1 V 
Ic =- 150 mA Is =- 15 mA - 1.3 V 
Ic =- 500 mA Is =- 50 mA -2 V 

hFE" DC Current Gain Ic =- 0.01 mA VCE =- 10 V 80 
Ic =- 0.1 mA VCE=-10V 120 
Ic=-1mA VCE=-10V 135 
Ic=-10mA VCE=-10V 140 
Ic = - 150 mA VCE=-10V 100 300 
Ic =- 500 mA VCE=-10V 50 
Tamb =- 55°C 
Ic = 50 mA VCE=-10V 50 

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

CESO Emitter-base Capacitance Ic = 0 VES =- 0.5 V 30 pF 
f = 100 kHz 

Ccso Collector-base Capacitance IE = 0 Vcs=-10V 8 pF 
f = 1 MHz 

NF Noise Figure Ic = - 30 IlA VCE=-5V 4 dB 
f = 1 MHz RG = 10 KQ 

ton Turn-on Time Ic =- 300 mA Vcc =- 30 V 40 ns 
IS1 =- 30 mA 

toff Turn-off Time Ic = - 300 mA Vcc = - 30 V 100 
IS1 =-ls2 =-30 mA 

ns 

• Pulsed: pulse duration = 300 ~s. duty cycle = 1.5 %. 
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2N3700 

GENERAL PURPOSE AMPLIFIERS 

DESCRIPTION 
The 2N3700 is a silicon planar epitaxial NPN trans­
istor in Jedec TO-18 metal case, intended for small 
signal, low noise industrial applications. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vcso Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (Is = 0) 

VESO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb S 25°C 
at T case S 25°C 
at T case S 100°C 

T stg , Tj Storage and Junction Temperature 

January 1989 

TO-18 

INTERNAL SCHEMATIC DIAGRAM 

c 

E 

Value Unit 

t40 V 

80 V 

7 V 

1 A 

0.5 W 
1.8 W 
1 W 

- 65 to 200 °C 
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2N3700 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

ICBo Collector Cutoff Current (IE = 0) VCB = 90 V 
Vcs=90V Tamb = 150°C 

lEBO Emitter Cutoff Current (Ic = 0) VEB = 5 V 

V(BR)CBO Collector-base Breakdown 
Ic = 100!lA 140 

Voltage (IE = 0) 

V(BR)CEO * Collector-emitter Breakdown 
Voltage (18 = 0) 

Ic = 30 mA 80 

V(BR)EBO Emitter-base Breakdown Voltage 
IE = 100!lA 7 

(Ic = 0) 

VCE(s.!) 
. Collector-emitter Saturation Ic = 150 mA IB = 15 mA 

Voltage Ic = 500 mA IB = 50 mA 

VBE(s.!) . Base-emitter Saturation Voltage Ic=150mA IB=15mA 

hFE . DC Current Gain 
Ic = 0.1 mA VcE =10V 50 
Ic=10mA VCE =10V 90 
Ic = 150 mA VCE=10V 100 
Ic = 500 mA VCE =10V 50 
Ic = 1 A VCE=10V 15 
Ic=150mA VCE=10V 
T.mb = - 55°C 40 

hfe Small Signal Current Gain Ic = 1 mA VCE = 5 V 80 
1=1 kHz 

IT Transition Frequency Ic = 50 mA VcE =10V 
1= 20 MHz 

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

CCBO Collector-base Capacitance IE = 0 VCB=10V 
1=1 MHz 

rbb,Cb'c Feedback Time Constant Ic = 10 mA VCB=10V 25 
1=4 MHz 

• Pulsed: pulse duration = 300 1lS. duty cycle = 1 %. 
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Typ. Max. Unit 

10 nA 
10 !lA 

10 nA 

V 

V 

V 

0.2 V 
0.5 V 

1.1 V 

300 

400 

100 MHz 

60 pF 

12 pF 

400 ps 



DESCRIPTION 
The 2N3724 is a silicon planar epitaxial transistor 
in TO-39 metal case. It is a high-current switch used 
for memory applications requiring breakdown vol­
tages up to 30 V and operating currents to 1 A. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCES Collector-emitter Voltage (VBE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb s: 25°C 
at T case s: 25°C 

T stg , Ti Storage and Junction Temperature 

January 1989 

2N3724 

HIGH-CURRENT SWITCH 

flfI·····························:········:···:·········...........~~::< 
." "."'::"'. 

; ........ ~ 

TO-39 

INTERNAL SCHEMATIC DIAGRAM 

c 

B 

E 

Value Unit 

50 V 

50 V 

30 V 

6 V 

1 A 

0.8 W 
3.5 W 

- 65 to 200 °C 
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2N3724 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter 

ICBo Collector Cutoff Current (IE = 0) 

V(BR)CBO Collector-base Breakdown 
Voltage (IE = 0) 

V(BR)CES Collector-emitter Breakdown 
Voltage (VBE = 0) 

V(BR)CEO . Collector-emitter Breakdown 
Voltage (IB = 0) 

V(BR)EBO Emitter-base Breakdown 
Voltage (Ie = 0) 

VeE (sa!) . Collector-emitter Saturation 
Voltage 

VBE(sat) . Base-emitter Saturation Voltage 

hFE * DC Current Gain 

hie High Frequency Current Gain 

CCBO Collector-base Capacitance 

CEBO Emitter-base Capacitance 

ton .. Turn-on Time 

toft 
.. Turn off Time 

• Pulsed: pulse duration = 300 Ils, duty cycle = 1 %. 
** See test circuit. 
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Test Conditions Min. 

VCB =40 V 
VCB =40 V Tamb = 100°C 

Ic =10 ~ 50 

Ic =10~ 50 

Ic = 10 mA 30 

IE = 10 itA 6 

Ic = 10 mA IB = 1 mA 
Ie = 100 mA IB = 10 mA 
Ic = 300 mA IB = 30 mA 
Ic = 500 mA IB =50 mA 
Ic = 800 mA IB = 80 mA 
Ic = 1000 mA IB = 100 mA 

Ic = 10 mA IB = 1 mA 
Ic = 100 mA IB = 10 mA 
Ic = 300 mA IB =30 mA 
Ie = 500 mA IB = 50 mA 0.9 
Ic = 800 mA IB = 80 mA 
Ic = 1000 mA IB = 100 mA 

Ic = 10 mA VCE = 1 V 30 
Ic = 100 mA VCE = 1 V 60 
Ic = 300 mA VeE = 1 V 40 
Ie = 1000 mA VCE = 5 V 30 
Ic = 800 mA VCE = 2 V 25 
Ie = 500 mA VCE = 1 V 35 

Ic =50 mA VCE =10V 3 
f=100MHz 

Ic = 0 VCB=10V 
f = 1 MHz 

Ic =0 VEB = 0.5 V 
f = 1 MHz 

Ic = 500 mA Vcc = 30 V 
IB = 50 mA 

Ie = 500 mA Vec =30 V 
IB1 =- IB2 = 50 mA 

Typ. Max. Unit 

1.7 ~ 
120 ~ 

V 

V 

V 

V 

0.25 V 
0.20 V 
0.32 V 
0.42 V 
0.65 V 
0.75 V 

0.64 0.76 V 
0.75 0.86 V 
0.89 1.1 V 

1.2 V 
1.0 1.5 V 
1.1 1.7 V 

60 
90 150 
60 

12 pF 

55 pF 

35 ns 

60 ns 



SWitching Characteristics. 

'0 

2 1(::10ISI =-10162 
VCC=30V 

G·)155 

,L-____ ~L-__ ~ __ ~~-L~~ 

IlO 200 400 600 Ie (mA) 

Test Circuit for ton, toft. 

t9'7~V'Nl1.0 F 

62it 

5 - 4610 

PULSE GENERATOR: 

If. IfS 1.0 ns 
PW = 1.0 ms 
Z'N = 50 W 
DC<2% 

Switching Characteristics. 

Ie = SOOmA 
2 IB1=-'82= SOmA 

'1:1:= 30V 

2N3724 

, L-~~ __ L-(~~ __ L-~~ __ ~ 

-50 

TO OSCILLOCOPE : 

1, < 1.0 ns 
Z,N" 100 KW 

50 '00 
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2N3725 

HIGH VOLTAGE, HIGH CURRENT SWITCH 

DESCRIPTION 
The 2N3725 is a silicon planar epitaxial transistor 
in TO-39 metal case It is a high-voltage, high cur­
rent switch used for memory applications requiring 
breakdown voltages up to 50 V and operating cur­
rents to 1 A. Fast switching times are assured be­
cause of the high minimum IT (300 MHz) and tight 
control on storage time. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCES Collector-emitter Voltage (V BE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Pto , Total Power Dissipation at T amb ,; 25°C 
at T case ,; 25 'C 

T S '9' T J Storage and Junction Temperature 

January 1989 

TO-39 

INTERNAL SCHEMATIC DIAGRAM 

c 

B 

E 

Value Unit 

80 V 

80 V 

50 V 

6 V 

1 A 

0.8 W 
3.5 W 

- 65 to 200 °C 
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2N3725 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter 

leBo Collector Cutoll Current (IE = 0) 

V(BR)CBO Collector-base Breakdown 
Voltage (I E = 0) 

V(BR)CES Collector-emitter Breakdown 
Voltage (VBE = 0) 

V(BR)eEO * Collector-emitter Breakdown 
Voltage (I B = 0) 

V(BR)EBO Emitter-base Breakdown 
Voltage (Ie = 0) 

VeE(sat) * Collector-emitter Saturation 
Voltage 

VBE(sat) * Base-emitter Saturation Voltage 

hFE * DC Current Gain 

hIe High Frequency Current Gain 

CCBO Collector-base Capacitance 

CEBO Emitter-base Capacitance 

ton .. Turn-on Time 

tolf ** Turn olf Time 

• Pulsed: pulse duration = 300 Ils. duty cycle = 1 %. 
** See test circu it. 
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Test Conditions Min. 

VCB = 60 V 
VeB =60 V T amb = 100 °C 

Ie = 10 f-lA 80 

Ic=10f-lA 80 

Ie = 10 mA 
50 

IE=10f-lA 6 

le=10mA IB = 1 mA 
Ie = 100 mA IB = 10 mA 
Ie = 300 mA IB = 30 mA 
Ie = 500 mA IB =50 mA 
Ie = 800 mA IB = 80 mA 
Ie = 1000 mA IB =100mA 

Ie = 10 mA IB = 1 mA 
Ie = 100 mA IB = 10 mA 
Ie =300 mA IB = 30 mA 
Ie = 500 mA IB = 50 mA 0.9 
Ie =800 mA IB = 80 mA 
Ie = 1000 mA IB = 100 mA 

Ie = 10 mA VeE = 1 V 30 
Ie = 100 mA VeE = 1 V 60 
Ie = 300 mA VCE = 1 V 40 
Ic = 1000 mA VCE = 5 V 25 
Ic = 800 mA VCE = 2 V 20 
Ic = 500 mA VCE = 1 V 35 

Ic = 50 mA VCE=10V 3 
1= 100 MHz 

IE = 0 VCB=10V 
1=1 MHz 

Ie = 0 VeB =0.5 V 
1=1 MHz 

Ie = 500 mA Vee = 30 V 
IB =50 mA 

Ie = 500 mA Vee=30V 
IB1 =-IB2 = 50 mA 

Typ. Max. Unit 

1.7 f-lA 
120 f-lA 

V 

V 

V 

V 

0.19 0.25 V 
0.21 0.26 V 
0.31 0.4 V 
0.4 0.52 V 
0.5 0.8 V 
0.6 0.95 V 

0.64 0.76 V 
0.75 0.86 V 
0.89 1.1 V 

1.2 V 
1.0 1.5 V 
1.1 1.7 V 

60 
90 150 
60 
65 
40 

10 pF 

55 pF 

35 ns 

60 ns 



DC Current Gain. 

Base-emitter Saturation Voltage. 

Switching Characteristics. 

2 'C=10ISi =-10'S2 --l--I--+--+-r--r, ',' ,', C'l 
"CC=30V 

,IL __ ~_~_~~~i~I~,~, 
100 200 400 600 Ie (mA) 

2N3725 

Collector-emitter Saturation Voltage. 

Contours of Constant Transition Frequency. 

'0 'a' Ie (rnA) 

Switching Characteristics. 

G 3156 

'1--1-
t 

{ns)8 -- I--t----

'.... i _~ ..... d::::::'1--"" 
L...--:: kp"'" 

'0 ~ ~ _ t---
'I_I-- I-- f- t--
6 

Ie'" SOOmA 
2 'Bl:-IeZ" SOmA - --- -- +- --- +--

'tc" 30V 

, L--L~_~-L_L--L~_~-L~ 
-50 50 '00 
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2N3725 

Test Circuit for !on, toff. 
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VBB = -3.8V 

+9.7fl V,Nl1.0tUF 
6211 

5-4618 

PULSE GENERATOR: 
tr, tl::;; 1.0 ns 
PW ~ 1.0 ~s 
l'N~50Q 
DC<2% 

TO OSCILLOSCOPE: 
tr < 1.0 ns 
liN;' 100 KQ 



DESCRIPTION 
The 2N3866 and BFR97 are silicon planar epitaxial 
NPN transistor in Jedec TO-39 metal case. They are 
designed for VHF-UHF class A, B, or C amplifiercir­
cuits and oscillator applications. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCES Collector-emitter Voltage (VBE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T case"; 25 'C 

T stg , Tj Storage and Junction Temperature 

March 1989 

2N3866 
BFR97 

VHF-UHF POWER AMPLIFIER 

TO-39 

INTERNAL SCHEMATIC DIAGRAM 

Value Unit 

55 V 

30 V 

3.5 V 

0.5 A 

5 W 

- 65 to 200 °C 
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2N3866-BFR97 

THERMAL DATA 

Thermal Resistance Junction-case Max 35 

ELECTRICAL CHARACTERISTICS(T amb = 25 'C unless otherwise specified) 

Symbol Parameter 

ICEO Collector Cutoll Current 
(IB = 0) 

V(BR)CES Collector-emitter Breakdown 
Voltage (VBE = 0) 

VCEO (sus) . Collector-emitter Sustaining 
Voltage (I B = 0) 

V(BR)EBO Emitter-base Breakdown 
Voltage (Ic = 0) 

VCE(sat) . Collector-emitter Saturation 
Voltage 

hFE . DC Current Gain 

IT Transition Frequency 

CCBO Collector-base Capacitance 

Po" Output Power 

11 •• Collector Elliciency 

• Plused : pulse duration = 300 ms, duty cycle = 1 %. 
"" See test circuit. 

Test Conditions Min. Typ. Max. 

VCE =28 V 20 

Ic =0.1 mA 55 

Ie = 5 mA 30 

IE = 100 >LA 3.5 

Ie = 100 mA IB = 20 mA 1 

Ie = 50 mA VCE = 5 V 10 
Ie = 360 mA VCE = 5 V 5 

200 

Ie = 50 mA VCE=15V 500 
1= 200 MHz 

IE = 0 VCB=-28V 
3 

1=1 MHz 

Vcc = - 28 V Pi = 100 mW 1 
1=400 MHz 

Vcc=-28V Po = 1 W 45 
1=400 MHz 

Test Circuit for Power Output Measurement (f = 400 MHz). 
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Ct, C2, C4, Cs = 3 - 25 pF 
CF 7-15 pF 
Rt = 5.6 Q 
R2 = 1 kQ 

L 1, L2 = 5 cm Line (2 x 5 mm) 
L3, Ls, L6 = RF choke 0.1 >LH 

L4 = Ferrite choke 1 mm 

Unit 

>LA 

V 

V 

V 

V 

MHz 

pF 

W 

% 



2N3866-BFR97 

High Frequency Current Drain. Collector-base Capacitance. 
G-3J94 

ht0l----f---l-++++I++_ --+-+-+-~,f-l-+j, ~;~~ f-+-H-+-H-+--H-+--H-+-+-+-+-+-+-+-1 

t =200MHz , II 

I 'Jo 

~MJ~o+~~~r~~~it+jj~+ 
15 

~ ! 

o 2 , 
+_+_++++ - I 

10 16 24 32 VCB(V) 

RF Output Power. Power Rating Chart. 
Po .-____ ,-----__ ,--_,----".0;20 '",,{392" G-3391 

(W)r------r---r--~-
VCC=-28V 

,* 
0.8 

a5L-----L---L--~~~ 

100 200 300 400 f (MHz) 40 80 120 
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2N3930 
2N3931 

HIGH-VOLTAGE AMPLIFIERS 

DESCRIPTION 
The 2N3930 and 2N3931 are silicon planar epitaxial 
PNP transistors in Jedec TO-18 (2N3930) and Je­
dec TO-39 (2N3931) metal cases. 
Both devices feature high voltage, high gain, low 
noise and excellent current gain linearity from 1 0 ~ 
to50 mAo 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VC80 Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (18 = 0) 

VE80 Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb " 25°C 
For 2N3930 
For 2N3931 

at T case" 25°C 
For 2N3930 
For 2N3931 

T stg , Tj Storage and Junction Temperature 

Octobe(1988 

T()'18 TO-39 

INTERNAL SCHEMATIC DIAGRAM 

S_6896 

Value Unit 

-180 V 

-180 V 

-6 V 

-100 mA 

0.4 W 
0.7 W 

1.4 W 
2.5 W 

- 55 to 200 °C 
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2N3930·2N3931 

THERMAL DATA 

2N3930 2N3931 

Rth j~case Thermal Resistance Junction-case Max 125°CfW 70°C/W 
R!h j·amb Thermal Resistance Junction-ambient Max 438°C/W 250°C/W 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

ICBo Collector Cutoff Current (IE = 0) VCB =- 100 V -10 nA 
VCB =- 100 V Tamb = 125°C -10 IlA 

lEBO Emitter Cutoff Current (Ic = 0) VEB =-4 V -10 nA 

V(BR)CBO Collector-base Breakdown 
Ic =- 10 IlA - 180 

V 
Voltage (IE = 0) 

V(BR)CEO . Collector-emitter Breakdown V 
Voltage (IB = 0) 

Ic = - 2 mA - 180 

V(BR)EBO Emitter-base Breakdown Voltage 
IE=-101lA -6 V 

(Ic =0) 

VCE(sa!) 
. Collector-emitter Saturation V 

Voltage 
Ic =- 10 mA IB =- 1 mA - 0.1 -0.25 

VBE(sa!) . Base-emitter Saturation Voltage Ic=-10mA IB=-lmA - 0.74 - 0.9 V 

hFE . DC Current Gain Ic=-101lA VCE=-10V 60 110 
Ic=-lmA VCE=-10V 80 170 
Ic =- 10 mA VCE=-10V 80 200 300 
Ic=-101lA VCE=-10V 
Tamb = - 55°C 15 60 
Ic=-1001lA VCE=-10V 
Tamb =- 55 OC 30 90 

IT Transition Frequency Ic=-lmA VCE=-10V 40 60 160 MHz 
I =20 MHz 

CEBO Emitter-base Capacitance Ic = 0 VEB =- 0.5 V 20 25 pF 
1=1 MHz 

CCBO Collector-base Capacitance IE = 0 VCB =-5V 5 7 
pF 

1=1 MHz 

NF Noise Figure Ic =-10 IlA VCE =- 5 V 
Rg =10kn 
1=10kHz B =2 kHz 1 3 dB 
1=1 kHz B =200 Hz 1 3 dB 
1= 100 Hz B = 20 Hz 2 10 dB 

• Pulsed: pulse duration = 300 J-lS, duty cycle = 1 %. 

214 
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DC Current Gain. 
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2N3930-2N3931 

Contours of Constant Noise Figure (f = 1 kHz). 
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2 N3962/2 N3963 
2N3964/2N3965 

LOW NOISE, LOW LEVEL AMPLIFIERS 

DESCRIPTION 
The 2N3962, 2N3963, 2N3964 and 2N3965 are si­
licon planar epitaxial PNP transistors in Jedec 
TO-18 me-tal case particularly intended for use in 
low noise applications. They features are excellent 
current gain linearity from 1 f.lA to 50 mA. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Coliector-bClse Voltage (IE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Pto t Total Power Dissipation at T amb <; 25°C 
at T case <; 25°C 

T stg , T J Storage and Junction Temperature 

October 1988 

TO-18 

INTERNAL SCHEMATIC DIAGRAM 

::-~: 
Value 

2N3962 Unit 
2N3964 

2N3965 
2N3963 

- 45 - 60 - 80 V 

- 45 - 60 - 80 V 

-6 V 

- 200 mA 

0.36 W 
1.2 W 

- 65 to 200 °C 
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2N3962-2N3963-2N3964-2N3965 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

ICEs Collector Cutoff Current (VSE = 0) For 2N3964 
VCE=-40V 
VCE = - 40 V T amb = 150°C . For 2N3962 and 2N3965 
VCE = - 50 V 
VCE = - 50 V T amb = 150°C 
For 2N3963 
VCE = - 70 V 
VCE=-70V T amb = 150°C 

IEso Emitter Cutoff Current (Ic = 0) VES = - 4 V 

V(SR)CSO Collector-base Breakdown Ic=-101lA 
Voltage (IE = 0) For 2N3964 - 45 

For 2N3962 and 2N3965 - 60 
For 2N3963 - 80 

V(SR)CES Collector-base Breakdown Ic=- 1O !lA 
Voltage (VSE = 0) For 2N3964 - 45 

For 2N3962 and 2N3965 - 60 
For 2N3963 - 80 

V(SR)CEO' Collector-emitter Breakdown Ic =-5 mA 
Voltage (Is = 0) For 2N3964 - 45 

For 2N3962 and 2N3965 - 60 
For 2N3963 - 80 

V(SR)ESO Emitter-base Breakdown 
IE=-101lA -6 

Voltage (Ic = 0) 

VCE(sa!) . Collector-emitter Saturation Ic =- 10 mA Is =- 0.5 mA 
Voltage Ic =- 50 mA Is =- 5 mA 

VSE(sa') 
. Base-emitter Saturation Voltage Ic =- 10 mA Is =- 0.5 mA 

Ic =- 50 mA Is =- 5 mA 

hFE . DC Current Gain For 2N3962 and 2N3963 
Ic=-11lA VCE=-5V 60 
Ic=-101lA VCE=-5V 100 
Ic=- 1OO !lA VCE=-5V 100 
Ic = - 1 mA VCE=-5V 100 
Ic=-10mA VCE=-5V 100 
Ic =- 50 mA VCE=-5V 90 
Ic=- 10 !lA VCE=-5V 
T amb = - 55°C 40 

• Pulsed: pulse duration = 300 ~s, duty cycle = 1 %. 
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Typ. Max. Unit 

-10 nA 
-10 IlA 

-10 nA 
-10 IlA 

-10 nA 
-10 IlA 
-10 nA 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 

- 0.25 V 
- 0.4 V 

- 0.9 V 
- 0.95 V 

300 

450 



2N3962-2N3963-2N3964-2N3965 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

hFE . DC Current Gain For 2N3962 and 2N3963 
Ic =- 50 mA VcE =-5V 45 
Tamb = - 55°C 
Ic=-lmA VCE=-5V 600 
T amb = 100°C 
For 2N3964 and 2N3965 180 
Ic =-1 ~ VCE=-5V 250 500 
Ic =- 1O IlA VCE=-5V 250 
Ic=-100~ VCE=-5V 250 600 
Ic=-1 mA VCE=-5V 200 
Ic =-10mA VCE =-5V 180 
Ic = - 50 mA VCE=-5V 
Ic=-10~ VCE=-5V 100 
Tamb = - 55 OC 
Ic =- 50 mA VCE=-5V 90 
Tamb =- 55°C 
Ic=-1mA VCE=-5V 
T amb = 100°C 800 

hfe Small Signal Current Gain Ic=-lmA VcE =-5V 
1=1 kHz 
For 2N3962 and 2N3963 100 550 
For 2N3964 and 2N3965 250 700 

IT Transition Frequency Ic =-0.5 mA VCE =-5 V 
1= 20 MHz 
For 2N3962 and 2N3963 40 160 MHz 
For 2N3964 and 2N3965 50 160 MHz 

CEBO Emitter-base Capacitance Ic = 0 VEB =- 0.5 V pF 
1=1 MHz 15 

CCBO Collector-base Capacitance IE = 0 VCB=-5V pF 
1=1 MHz 6 

NF Noise Figure Ic =- 20 IlA VCE =- 5 V 2 
RG = 10 kn 
For 2N3962 and 2N3963 
I = IOta 10 000 Hz 3 
I = 100 Hz B = 15 Hz 10 dB 
f = 1 kHz B=150Hz 3 dB 
1=10kHz B = 1.5 kHz 3 dB 
For 2N3964 and 2N3965 dB 
I = lata 1 a 000 Hz 2 
1= 10 Hz B =2 Hz 8 dB 
I = 100 Hz B = 15 Hz 4 dB 
1=1 kHz B = 150 Hz 2 dB 
1=10kHz B = 1.5 kHz dB 

• Pulsed: pulse duration = 300 !!S, duty cycle = 1 %. 
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DESCRIPTION 
The 2N4013 is a silicon planar epitaxial transistor in 
TO-18 metal case. It is a high-current switch used 
for memory applications requiring breakdown vol­
tages up to 30 V and operating currents to 1 A. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vcso Collector-base Voltage (IE = 0) 

VCES Collector-emitter Voltage (VSE = 0) 

VCEo Collector-emitter Voltage (Is = 0) 

VESO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb ~ 25°C 
at T case ~ 25°C 

T stg , T j Storage and Junction Temperature 

January 1989 

2N4013 

HIGH-CURRENT SWITCH 

TO-18 

INTERNAL SCHEMATIC DIAGRAM 

c 

E 

Value Unit 

50 V 

50 V 

30 V 

6 V 

1 A 

0.36 W 
1.2 W 

- 65 to 200 °C 
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2N4013 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

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

Symbol Parameter 

Icso Collector Cutoff Current 
(IE = 0) 

V(SR)CSO Collector-base Breakdown Voltage 
(IE = 0) 

V(SR)CES Collector-emitter Breakdown 
Voltage (VSE = 0) 

V(SR)eEO * Collector-Emitter Breakdown 
Voltage (Is = 0) 

V(SR)ESO Emitter-Base Breakdown Voltage 
(Ic = 0) 

VeE(sa!) * Collector-Emitter Saturation 
Voltage 

VSE(sa!) * Base-Emitter Saturation Voltage 

hFE * DC Current Gain 

hIe High Frequency Current Gain 

Ccso Collector-base Capacitance 

CESO Emitter-base Capacitance 

ton ** Turn-on Time 

tOff ** Turn-off Time 

• Pulsed: pulse duration = 300 ).ls. duty cycle = 1 %. 
** See test circuit. 
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Test Conditions Min_ 

Vcs = 40 V 
Vcs = 40 V Tamb = 100°C 

Ie = 10 IlA 50 

Ic = 10 IlA 50 

Ic = 10 mA 30 

IE = 10!lA 6 

Ie = 10 mA Is = 1 mA 
Ie = 100 mA Is = 10 mA 
Ie = 300 mA Is = 30 mA 
Ic = 500 mA Is = 50 mA 
Ic = 800 mA Is = 80 mA 
Ie = 1000 mA Is = 100 mA 

Ie = 10 mA Is = 1 mA 
Ie = 100 mA Is = 10 mA 
Ie = 300 mA Is = 30 mA 
Ie = 500 mA Is = 50 mA 0.9 
Ie = 800 mA Is = 80 mA 
Ic = 1000 mA Is = 100 mA 

Ic = 10 mA VCE = 1 V 30 
Ie = 100 mA VCE = 1 V 60 
Ic = 300 mA VeE = 1 V 40 
Ie = 1000 mA VCE = 5 V 30 
Ie = 800 mA VCE = 2 V 25 
Ic = 500 mA VeE = 1 V 35 

Ie = 50 mA VeE = 10 V 3 
f= 100 MHz 

IE = 0 Ves = 10 V 
f= 1 MHz 

Ie = 0 VES = 0.5 V 
f= 1 MHz 

Ie = 500 mA Vee = 30 V 
Is = 50 mA 

Ic = 500 mA Vee = 30 V 
IS1 = - IS2 = 50 mA 

Typ- Max. Unit 

1.7 !lA 
120 !lA 

V 

V 

V 

V 

0.25 V 
0.20 V 
0.32 V 
0.42 V 
0.65 V 
0.75 V 

0.64 0.76 V 
0.75 0.86 V 
0.89 1.1 V 

1.2 V 
1.0 1.5 V 
1.1 1.7 V 

150 

12 pF 

55 pF 

35 ns 

60 ns 



Switching Characteristics. 
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5 - 4610 

PULSE GENERATOR: 
Ir, If <; 1.0 ns 
PW ~ 1.0 ~s 
liN = 50 0 
DC<2% 

2N4013 

Switching Characteristics. 
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2N4014 

HIGH-VOLTAGE, HIGH CURRENT SWITCH 

DESCRIPTION 
The 2N4014 is a silicon planar epitaxial transistor in 
TO-18 metal case. It is a high-voltage, high current 
switch used for memory applications requiring 
breakdown voltages up to 50 V and operating cur­
rents to 1 A. Fast switching times are assured be­
cause of the high minimum IT (300 MHz) and tight 
control on storage time. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector·base Voltage (IE = 0) 

VCEs Collector·emitter Voltage (VBE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb ,:; 25°C 
at T case ,:; 25°C 

T stg , T J Storage and Junction Temperature 

October 1988 

TO-18 

INTERNAL SCHEMATIC DIAGRAM 

c 

B 

E 

Value Unit 

80 V 

80 V 

50 V 

6 V 

1 A 

0.36 W 
1.2 W 

- 65 to 200 °C 

1/4 
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2N4014 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISITCS(T amb = 25 'C unless otherwise specified) 

Symbol Parameter 

IC80 Collector Cutoff Current 
(IE = 0) 

V(8R)C80 Collector-base Breakdown 
Voltage 
(IE = 0) 

V(8R)CES Collector-emitter Breakdown 
Voltage (V8E = 0) 

V(SR)CEO . Collector-Emitter Breakdown 
Voltage (18 = 0) 

V(8R)E80 Emitter-Base Breakdown Voltage 
(Ic = 0) 

VCE(sat) 
, 

Collector-Emitter Saturation 
Voltage 

V8E (sat) 
, 

Base-Emitter Saturation Voltage 

hFE 
, 

DC Current Gain 

hIe High Frequency Current Gain 

CC80 Collector-base Capacitance 

CE80 Emitter-base Capacitance 

ton " Turn-on Time 

toff " Turn-off Time 

• Pulsed' pulse duration = 300 ms. duty cycle = 1 % . 
.. See test circuit. 

2/4 

386 

Test Conditions 

VC8 =60 V 
VC8 =60 V Tamb = 100 'C 

Ic=10flA 

Ic =10 flA 

Ic = 10 mA 

IE =10 IlA 

Ic = 10 mA 18 =1 mA 
Ic = 100 mA 18 =10 mA 
Ic = 300 mA Is = 30 mA 
Ic = 500 mA Is = 50 mA 
Ic = 800 mA 18 = 80 mA 
Ic = 1000 mA Is = 100 mA 

Ic = 10 mA 18 = 1 mA 
Ic = 100 mA 18 = 10 mA 
Ie = 300 mA 18 = 30 mA 
Ic =500 mA 18 = 50 mA 
Ic = 800 mA 18 = 80 mA 
Ic = 1000 mA 18 = 100 mA 

Ic=10mA VCE = 1 V 
Ic = 100 mA VCE = 1 V 
Ic = 300 mA VCE = 1 V 
Ic = 1000 mA VCE = 5 V 
Ic = 800 mA VCE = 2 V 
Ic = 500 mA VCE = 1 V 

Ic =50 mA VCE=10V 
f=100MHz 

IE = 0 Vcs = 10 V 
f = 1 MHz 

Ic = 0 VE8 =0.5 V 
f = 1 MHz 

Ic = 500 mA 18 =50 mA 
Vcc = 30 V 

Ic = 500 mA Vcc =30 V 
181 =-182 =50mA 

Min_ Typ. Max. Unit 

1.7 flA 
120 flA 

80 V 

80 V 

50 V 

6 V 

0.19 0.25 V 
0.21 0.26 V 
0.31 0.4 V 
0.4 0.52 V 
0.5 0.8 V 
0.6 0.95 V 

0.64 0.76 V 
0.75 0.86 V 
0.89 1.1 V 

0.9 1.2 V 
1.0 1.5 V 
1.1 1.7 V 

30 60 
60 90 150 
40 60 
25 65 
20 40 
35 

3 

10 pF 

55 pF 

35 ns 

60 ns 



DC Current Gain. 

Base-emitter Saturation Voltage. 

Switching Characteristics. 
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2N4014 

Test Circuit for lon, tofl. 
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+97~VINt1.0 F 

621l. 

5 - 4610 

PULSE GENERATOR: 
Ir, If < 1.0 ns 
PW= 1.0~s 
liN; 500 
DC<2% 

TO OSCILLOSCOPE: 
tr= 1.0 ns 
liN> 100 KO 



2N4030·2N4031 
2N4032·2N4033 

GENERAL PURPOSE AMPLIFIERS AND SWITCHES 

DESCRIPTION 
The 2N4030, 2N4031 , 2N4032, and 2N4033 are si­
licon planar epitaxial PNP transistors in Jedec 
TO-39 metal case primarily intended for large signal, 
low noise industrial applications. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (I E = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb " 25°C 
at T case" 25°C 

T stg , Tj Storage and Junction Temperature 

October 1988 

TO-39 

INTERNAL SCHEMATIC DIAGRAM 

::4: 
Value 

2N4030 2N4031 Unit 
2N4032 2N4033 

- 60 - 80 V 

- 60 - 80 V 

-5 V 

-1 A 

0.8 W 
4 W 

- 65 to 200 °C 

1/4 
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2N4030-2N4031-2N4032-2N4033 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter 

ICBo Collector Cutoff Current 
(IE = 0) 

V(BR)CBO Collector-base Breakdown 
Voltage (I E = 0) 

V(BR)CEO . Collector-emitter Breakdown 
Voltage (I B = 0) 

V(BR)EBO Emitter-base Breakdown Voltage 
(Ie = 0) 

VCE(sal) . Collector-emitter Saturation 
Voltage 

VBE(sal) . Base-emitter Saturation Voltage 

hFE . DC Current Gain 

• Pulsed: pulse duration = 300 ms, duty cycle = t % . 
•• See test circuit. 
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Test Conditions Min. 

For 2N4030 and 2N4032 
VCB =- 50 V 
VCB=-50V T amb = 150°C 
For 2N4031 and 2N4033 
VCB =- 60 V 
VCB=-60V T amb = 150°C 

Ic=-10iJA 
For 2N4030 and 2N4032 - 60 
For 2N4031 and 2N4033 - 80 

Ic=-10mA 
For 2N4030 and 2N4032 - 60 
For 2N4031 and 2N4033 - 80 

IE = -10 iJA -5 

Ic =-150 mA IB=-15mA 
Ic =- 500 mA IB =- 50 mA 
Ie =-1 A IB =- 100 mA 
For 2N4030 and 2N4032 

Ic =-150 mA IB=-15mA 
Ie =- 500 mA IB =-50mA 
Ic =-1 A IB =-100 mA 
For 2N4030 and 2N4032 

Ic=-100iJA VCE=-5V 
For 2N4030 and 2N4031 30 
For 2N4032 and 2N4033 75 
Ic=-100mA VCE=-5V 
For 2N4030 and 2N4031 40 
For 2N4032 and 2N4033 100 
Ie =- 500 mA VCE=-5V 
For 2N4030 and 2N4031 25 
For 2N4032 and 2N4033 70 
Ic =-1 A VCE=-5V 

For 2N4030 15 
For 2N4031 10 
For 2N4032 40 
For2N4033 25 

Ic =- 100 mA VeE=-5V 
Tamb = - 55°C 
For 2N4030 and 2N4031 15 
For 2N4032 and 2N4033 40 

Typ. Max. Unit 

- 50 nA 
- 50 iJA 

- 50 nA 
- 50 iJA 

V 
V 

V 
V 

V 

- 0.15 V 
- 0.5 V 

-1 V 

- 0.9 V 
-1.1 V 

-1.2 V 

120 
300 



2N4030-2N4031-2N4032-2N4033 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter 

IT Transition Frequency 

CEBO Emitter-base Capacitance 

CCBO Collector-base Capacitance 

ts ** Storage Time 

tf*' Fall Time 

ton *' Turn-on Time 

• Pulsed: pulse duration = 300 ms. duty cycle = 1 %. 
** See test circuit. 

Collector-emitter Saturation Voltage. 

-VCE(sat 

IV) 

0.8 

0.6 

0.4 

0.2 
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I --
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6 B 
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Test Conditions Min. Typ. Max. 

Ic =- 50 mA VCE=-10V 
1=100MHz 
For 2N4030 and 2N4031 100 400 
For 2N4032 and 2N4033 150 500 

Ic = 0 VEB =- 0.5 V 110 
1=1 MHz 

IE = 0 VCB = - 10 V 20 
1=1 MHz 

Ic =- 500 mA Vcc=-30V 350 
IBl =-IB2 =-50 mA 

Ic =- 500 mA Vcc=-30V 50 
IBl =-IB2=-50mA 

Ic =- 500 mA Vcc = - 30 V 100 
IBl = - IB2 = - 50 mA 

Base-emitter Saturation Voltage. 
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2N4030·2N4031 ·2N4032·2N4033 

Test Circuit for ton, ts, !t. 

VSS=+4.1V Vee = -30V 

s- 4617 

- 10U v t~O,.u: IN 

62.!l 
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PULSE GENERATOR: 
Ir, If < 20 ns 
PW = 1.0!lS 
liN = 50 Q 
DC<2% 

TO OSCILLOSCOPE: 
Ir~ 10 ns 
liN> 100 KQ 



2N4035 

GENERAL PURPOSE AMPLIFIERS AND SWITCHES 

DESCRIPTION 
The 2N4035 is a silicon planar epitaxial PNP tran­
sistors in Jedec TO-18 metal case, primarily inten­
ded for small signal, low noise industrial applica­
tions. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (18 = 0) 

VEBO Emitter-base Voltage (Ie = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T amb " 25°C 
at T case " 25°C 

Tstg , Tj Storage and Junction Temperature 

October 1988 

TO-18 

INTERNAL SCHEMATIC DIAGRAM 

::4: 
5-6896 

Value Unit 

- 40 V 

- 40 V 

-5 V 

-100 rnA 

0.36 W 
1 W 

- 65 to 200 °C 

1/3 
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2N4035 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min_ 

ICES Collector Cutoll Current VCE =- 30 V 
(VSE = 0) VCE =- 30 V Tamb = 125°C 

V(SR)CSO Collector-base Breakdown Ic =-10J.!A - 40 
Voltage 
(IE = 0) 

V(SR)CES Collector-emitter Breakdown Ic=-10J.!A - 40 
Voltage (VSE = 0) 

V(SR)CEO 
. Collector-Emitter Breakdown Ic=-10mA - 40 

Voltage (Is = 0) 

V(SR)ESO Emitter-Base Breakdown Voltage IE=-10J.!A -5 
(Ic = 0) 

VCE(sat) . Collector-Emitter Saturation Ic=-1mA Is =- 0.1 rnA 
Voltage Ic=-10mA Is =-1 rnA 

Ic =- 50 rnA Is =- 5 rnA 

VSE(sat) 
. Base-Emitter Saturation Voltage Ic =- 1 rnA Is =- 0.1 rnA 

Ic=-10mA Is =- 1 rnA - 0.7 
Ic =- 50 rnA Is =- 5 rnA 

hFE . DC Current Gain Ic =-10 J.!A VCE=-1V 70 
Ic =-100 J.!A VCE=-1V 140 
Ic=-1mA VcE =-1V 150 
Ic=-10mA VCE =- 1 V 150 
Ic=-50mA VCE=-1V 30 
Ic=-10mA VCE =-1 V 
Tamb = - 55°C 70 

hfe Small Signal Current Gain Ic=-1mA VCE=-10V 
1=1 kHz 150 

IT Transition Frequency Ic=-10mA VCE =- 20 V 
1= 100 MHz 450 

CESO Emitter-base Capacitance Ic = 0 VES =- 0.5 V 
1=1 MHz 

Ccso Collector-base Capacitance IE = 0 Vcs=-10V 
1=1 MHz 

NF Noise Figure Ic=-1mA VCE=-5V 
1=100MHz Rg =1000 

ton Turn-on Time Ic=-50mA Vcc =- 30 V 
1st =-5 rnA 

toff Turn-olf Time Ie =- 50 rnA Vce =- 30 V 
1st =-l s2 =-5mA 

hie Input Impedance Ic=-1mA VCE=-1OV 
1=1 kHz 4 

• Pulsed: pulse duration = 300 j.ls. duty cycle = 1 %. 
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Typ- Max. Unit 

-15 nA 
-15 J.!A 

V 

V 

V 

V 

- 0.13 V 
- 0.14 V 
- 0.3 V 

- 0.75 V 
- 0.9 V 
-1.1 V 

300 

450 

MHz 

pF 
5.5 

pF 
3.5 

dB 
6 

ns 
40 

ns 
150 

kO 
12 



2N4035 

ELECTRICAL CHARACTERISTICS (continued) 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

hr. Reverse Voltage Ratio Ic=-1mA VCE=-10V 
f = 1 kHz 4x10-4 

hoe Output Admittance Ic = -1 mA VCE=-10V !-IS 
f = 1 kHz 8 40 

rbb'Cb,c Feedback Time Constant Ic =- 10 mA VCE =- 20 V ps 
f = 80 MHz 40 
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DESCRIPTION 
The 2N4036 is a silicon planar epitaxial PNP tran­
sistor in Jedec TO-39 metal case. It is intended par­
ticularly as medium speed saturated switch and ge­
neral purpose amplifier. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCEX Collector-emitter Voltage (V B E = 1.5 V) 

VCER Collector-emitter Voltage (RBE ,; 200 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

IB Base Current 

P'o' Total Power Dissipation at T amb ,; 25 DC 
at T case'; 25 DC 

TS'g, Tj Storage and Junction Temperature 

October 1988 

2N4036 

MEDIUM-SPEED SWITCH 

TO-39 

INTERNAL SCHEMATIC DIAGRAM 

::4: 
Value Unit 

- 90 V 

- 85 V 

- 85 V 

- 65 V 

-6 V 

-1 A 

- 0.5 A 

1 W 
7 W 

- 65 to 200 °C 

1/3 
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2N4036 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter 

ICBo Collector Cutoff Current 
(IE = 0) 

ICEO Collector Cutoff Current 
(IB = 0) 

lEBO Emitter Cutoff Current 
(Ic = 0) 

V(BR)CBO Collector-base Breakdown 
Voltage (I E = 0) 

V(BR)CEX * Collector-emitter Breakdown 
Voltage (V BE = 1.5 V) 

V(BR)CER * Collector-emitter Breakdown 
Voltage (RBE = 200 Q) 

V(BR)CEO * Collector-emitter Breakdown 
Voltage (lB = 0) 

V(BR)EBO Emitter-base Breakdown Voltage 
(Ic = 0) 

VCE(Sal) * Collector-emitter Saturation 
Voltage 

VBE * Base-emitter Voltage 

hFE * DC Current Gain 

fT Transition Frequency 

CEBO Emitter-base Capacitance 

CCBO Collector-base Capacitance 

ton ** Turn-on Time 

toft ** Turn-off Time 

* Pulsed: pulse duration = 300 fls, duty cycle = 1 %. 
** See test circuit. 
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Test Conditions Min. 

VCB=-60V 

VCE=-30V 

VEB = - 5 V 

Ic=-100j.lA - 90 

Ic=-10mA - 85 

Ic = - 10 mA - 85 

Ic=-10mA - 65 

IE =-100 j.lA -7 

Ic =-150 mA IB = - 15 mA 

Ic =-150 mA VCE=-10V 

Ic =- 0.1 mA VCE=-10V 20 
Ic =- 150 mA VCE=-10V 40 
Ic =- 500 mA VCE=-10V 20 

Ic = - 50 mA VCE=-10V 
f = 20 MHz 60 

Ic = a VEB = - 0.5 V 
f = 1 MHz 

IE = a VCB=-10V 
f = 1 MHz 

Ic =- 150 mA Vcc = - 30V 
IBI =-15 mA 

Ic =- 150 mA Vcc=-30V 
IBI =-IB2 =-15 mA 

Typ. Max. Unit 

- 20 nA 

- 0.5 j.lA 

- 20 nA 

V 

V 

V 

V 

V 

- 0.65 V 

-1.1 V 

140 

MHz 

pF 
90 

pF 
30 

ns 
110 

ns 
700 



Test Circuit for ton, toft. 

+VBB ::: 4V 

Adjust IB1:162 

Output to 
oo;,cilloo;,cope 
Z = 106n. 
ern =20pF 

Input -pulse 
wave form 

f = 10KHz 
t r :!S10ns 

5- 4631 

~ SGS-THOMSON 
lit. ""! I rnIilOlClIiIiiliUlC'ii"lIi@[!I]OICIII 

-30V 

? Output to 
oscilloo;,cope 
Z =106 0. 
Cin=20pF 

ruT 

-O.65V-/\ 

2N4036 

-30vl L 
Output-pulse 
wave form 
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DESCRIPTION 
The 2N4037 is a silicon planar epitaxial PNP tran­
sistor in a Jedec TO-39 metal case. It is intended 
particularly as medium speed saturated switch and 
general purpose amplifier. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (IB = 0) 

VCER Collector-emitter Voltage (RBE " 200 0) 

VCEV Collector-emitter Voltage (VBE = 1.5 V) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

IB Base Current 

Ptot Total Power Dissipation at T amb " 25°C 

T stg , T j Storage and Junction Temperature 

November 1988 

2N4037 

MEDIUM SPEED SWITCH 

TO-39 

INTERNAL SCHEMATIC DIAGRAM 

:~: 
Value Unit 

- 60 V 

- 40 V 

- 60 V 

- 60 V 

-6 V 

-1 A 

- 0.5 A 

7 W 

- 65 to 200 °C 
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2N4037 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

ICBo Collector Cutoff Current VCB=-60V 
(IE = 0) 

ICEO Collector Cutoff Current VCE = - 30 V 
(IB = 0) 

lEBO Emitter Cutoff Current VEB=-5V 
(Ie = 0) 

VEBO Emitter-base Voltage IE =- 100 IlA Ie = 0 -7 

VeBO Collector-base Voltage Ic =- 100 IlA - 60 
(IE = 0) 

V(BR)CEO . Collector-emitter Breakdown Ic =-10mA - 40 
Voltage (IB = 0) 

VCE(Sat) 
. Collector-emitter Saturation Ie = - 150 mA IB = - 15 mA 

Voltage 

V(BR)CEV' Collector-emitter Breakdown Ic = - 10 mA VBE = 1.5 V - 60 
Voltage 

V(SR)CER' Collector-emitter Breakdown Ic = - 10 mA RSE =200 Q - 60 
Voltage 

VBE . Base-emitter Voltage Ie =- 150 mA VCE = - 10 V 

hFE . DC Current Gain Ic =- 1 mA VeE=-10V 15 
Ic =- 150 mA VCE=-10V 50 

hIe Small Signal Current Gain Ie =- 50 mA VCE=-10V 3 
f = 20 MHz 

CeBo Collector-base Capacitance Vcs=-10V 
(IE = 0) 

CEBO Emitter-base Capacitance VEB = - 0.5 V 
(IE = 0) 

• Pulsed: pulse duration = 300 ~s, duty cycle = 1,5 %. 
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Typ. Max. Unit 

- 250 nA 

-5 IlA 

- 1 IlA 

V 

V 

V 

-1.4 V 

V 

V 

- 1.5 V 

250 

30 pF 

90 pF 



2N4427 
BFR98 

VHF OSCILLATOR POWER AMPLIFIER 

DESCRIPTION 
The 2N4427 and BFR98 are silicon planar epitaxial 
NPN transistor in Jedec TO-39 metal case. They are 
designed for VHF class A, B, or C amplifier and os­
cillator applications. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vcso Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (Is = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

Ptot Total Power Dissipation at T case ~ 25°C 

Tstg , T j Storage and Junction Temperature 

January 1989 

TO·39 

INTERNAL SCHEMATIC DIAGRAM 

c 

E 

Value Unit 

40 V 

20 V 

3.5 V 

0.5 A 

3.5 W 

- 65 to 200 °C 

1/3 
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2N4427-BFR98 

THERMAL DATA 

I Rth i-case I Thermal Resistance Junction-case Max 50 

ELECTRICAL CHARACTERISITCS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter 

ICED Collector Cutoff Current 
(IB = 0) 

V(BR)CBO Collector-base Breakdown 
Voltage (IE = 0) 

VCEO(sus) 
, 

Collector-emitter Sustaining 
Voltage (IB = 0) 

VCER(sus) 
, 

Collector-Emitter Sustaining 
Voltage (RBE = 10 0) 

V(BR)EBO Emitter-Base Breakdown Voltage 
(Ic = 0) 

VCE(sa!)' Collector-Emitter Saturation 
Voltage 

hFE 
, 

DC Current Gain 

fT Transition Frequency 

CCBO Collector-base Capacitance 

Po ** Output Power 

11" Collector Efficiency 

• Pulsed: pulse duration = 300 !is, duty cycle = 1 %. 
** See test circuit. 

RF Output Power. 
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Po 

(W) 

1.6 

1.2 

0.8 

0.. 

100 

Pi =1 o mW 

l' 
cU '!'" 

.,.". 
..,.". 

lOmW 

200 

3347 

JOO '00 f( .. H 

Test Conditions Min. Typ. 

VCE=12V 

Ic = 100 JlA 40 

Ic = 5 mA 20 

Ic = 5 mA 40 

IE =100 JlA 3.5 

Ic =100 mA IB =20 mA 

Ic =100 mA VCE = 5 V 10 
Ic =360 mA VCE = 5 V 5 

Ic =50 mA VCE=15V 
f = 200 MHz 500 

IE = 0 VCB = 12 V 
f = 1 MHz 

Vce = 12 V P 1 =100mW 
f = 175 MHz 1 

Vcc = 12 V Po = 1 W 
f=175MHz 50 

Collector-base Capacitance. 

f=lMHz 

o 16 2. 

°C/W 

Max. Unit 

20 JlA 
V 

V 

V 

V 

0.5 V 

200 

MHz 

4 pF 

W 

% 

G-l]1o 

32 VeslV) 



2N4427-BFR98 

TEST CIRCUIT 

Test Circuit for Power Output Measurement (f = 175 MHz). 

C1. C2, C3, C4 = 3 + 30 pF 
C5 = 1000 pF 
C6 = 20 kpF 
R1 = 10W 

C4 

",- 3016/1 

L1 = 2 turns 16 wire, 3/16" 10, 1/4" long 
L2 = ferrite choke, Z = 450 W 
L3 = 2 turns 16wire, 1/4" 10, 1/4" long 
L4 = 4 turns 16 wire, 3/8" 10, 3/8" long 

3/3 
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CATV ULTRA-LINEAR HIGH GAIN TRAN­
SISTOR 

The 2N51 09 is a multi-emitter silicon planar epitaxial 
N PN transistor in Jedec TO-39 metal case. It is desi­
gned for CATV-MATV amplifier applications over a 
wide frequency range (40 to 860 MHz). 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCER Collector-emitter Voltage (RBE ., 100) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

IB Base Current 

Ptot Total Power Dissipation at T amb ., 25°C 
at T case" 75°C 

T 51g, Tj Storage and Junction Temperature 

October 1988 

2N5109 
r 

EPITAXIAL PLANAR NPN 

TO-39 

INTERNAL SCHEMATIC DIAGRAM 

c 

B 

E 

Value Unit 

40 V 

40 V 

20 V 

3 V 

0.4 A 

0.4 A 

1 W 
2.5 W 

- 65 to 200 °C 

1/3 
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2N5109 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions 

ICEx Collector Cutoff Current VCE =35 V 
(VBE =- 1.5 V) VCE=15V T amb = 150°C 

ICEo Collector Cutoff Current 
(IB = 0) VCE=15V 

lEBo Emitter Cutoff Current 
(Ic = 0) VEB = 3 V 

V(BA) CBO Collector-base Breakdown 
Voltage (IE = 0) Ic =0.1 mA 

VCEA (sus) 
, 

Collector-emitter Sustaining 
Voltage (RBE = 10 Q) Ic = 5 mA 

VCEO (sus) Collector-emitter Sustaining 
Voltage (IB = 0) Ic =5 mA 

VCE (sat) Collector-emitter Saturation 
Voltage Ic=100mA IB = 10 mA 

hFE 
, 

DC Current Gain Ic = 50 mA VCE=15V 
Ic = 360 mA VCE = 5V 

fT Transition Frequency Ic = 50 mA VCE=15V 
f = 200 MHz 

CCBO Collector-base Capacitance IE = 0 VCB=15V 
f = 1 MHz 

NF Noise Figure le=10mA VeE=15V 
Rg = 50 Q f = 200 MHz 

Gpe Power Gain Ie = 10 mA VeE=15V 
(see test circuit) f = 200 MHz PI=-10dBm 

, Pulsed: pulse duration = 300 fls, duty cycle = 1 %. 

TEST CIRCUIT 

Test Circuit for Power Gain Measurement (f = 200 MHz). 
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3.;.15 
pF 

Min. 

40 

40 

20 

70 
5 

1.2 

11 

3';'15pF 

Typ. 

3 

175 
50 

Max. 

5 
5 

20 

0.1 

0.5 

210 

3.5 

Unit 

mA 
mA 

~ 

mA 

V 

V 

V 

V 

GHz 

pF 

dB 

dB 



High Frequency Current Gain. 

h,eL-.J 
VeE·~ 1S'"V-i--r---1-

'~f:-
'4 /'" 

f----/ ---- ----
12 ~----- - f--

- -_.-

--- -- -------

10 102 Ie (mA) 

Input Impedance 811 e (normalized 50 Q). 

G -3389 

Power Gain VS. Collector Current. 

Gp 

(dB) 

'4 

13 

12 

" 

10 

f =200MHz 
..... CE =15'1 

r---
--.l+ 
-

20 

--- -

40 GO 

I 

Forward Transfer Coefficient 821e. 

90' 

-90· 

2N5109 

G 1616 

.. _-

-- -

--

Reverse Transfer Coefficient 812e. Output Impedance 822e (normalized 50 Q). 

90' 

'BO'I--+-+--+--+---t"-p"-t" 

-90· 

G-3387 

Iiii SCS-11tOMSON 
':"J I ~U©IRI@~~I<©'irIRl@Il9U©!l 

G-3390 

-, 
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DESCRIPTION 
The 2N5179 is a silicon planar epitaxial NPN tran­
sistor in Jedec TO-72 metal case, intended for low­
noise tuned-amplifier and converter applications up 
to 500 MHz. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCEO Collector-ermitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ie Collector Current 

Ptot Total Power Dissipation at T amb <; 25°C 
at Tease <; 25°C 

T stg , Tj Storage and Junction Temperature 

October 1988 

2N5179 

VHF/UHF AMPLIFIER 

TO-72 

INTERNAL SCHEMATIC DIAGRAM 

c 

B 

E 

Value Unit 

20 V 

12 V 

2.5 V 

50 mA 

200 mW 
300 mW 

- 65 to 200 °C 

1/2 
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2N5179 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. 

ICBo Collector Cutoff Current VCB=15V 
(IE = 0) VCB=15V Tamb = 150°C 

V(BR) CBO Collector-base Ic = 1 jlA 20 
Breakdown Voltage 
(IE = 0) 

VCEO(sus) Collector -em itter Ic = 3 mA 12 
Sustaining Voltage 
(IB = 0) 

V(BR)EBO . Emitter-base IE=10jlA 2.5 
Breakdown Voltage 
(Ic = 0) 

VCE (sat) Collector-emitter Ic = 10 mA IB = 1 mA 
Saturation Voltage 

VBE(sat) Base-emitter Ic = 10 mA IB = 1 mA 
Saturation Volt~ge 

hFE DC Current Gain Ic = 3 mA VCE = 1 V 25 

hIe Small Signal Current Gain Ic = 2 mA VCE = 6 V 
f = 1 kHz 25 

IT Transition Frequency Ic = 5 mA VCE = 6 V 
1= 100 MHz 0.9 

Cre Reverse Capacitance Ic = 0 VCE = 6 V 
1=1 MHz 

NF Noise Figure Ic=1.5mA VCE = 6 V 
1= 200 MHz Rg=125Q 

Gpe Power Gain Ic = 5 mA VCE=12V 
(neutralized) 1=200 MHz Rg = 50 Q 15 

Po Oscillator Power Output Ic = 12 mA VCB=10V 
1=500 MHz 20 

rbb,Cb·c Feedback Time Ic = 2 mA VCB = 6 V 
Constant I =31.9 MHz 3 
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Typ. 

70 

90 

1.4 

0.7 

3 

21 

7 

583 
875 

Max. 

20 
1 

0.4 

1 

250 

300 

2 

1 

4.5 

14 

Unit 

nA 

IlA 

V 

V 

V 

V 

V 

GHz 

pF 

dB 

dB 

mW 

ps 



DESCRIPTION 
The 2N5320 and 2N5321 are silicon planar epitaxial 
NPN transistors in Jedec TO-39 metal case. They 
are especially intended for high-voltage medium po­
wer applications in industrial and commercial equip­
ments. 

The complementary PNP types are respectively the 
2N5322 and 2N5323. 

INTERNAL SCHEMATIC DIAGRAM 

c 

B 

E 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VCBO Collector-base Voltage (IE = 0) 

VCEV Collector-emitter Voltage (VBE = 1.5 V) 

VCEO Collector-emitter Voltage (IB = 0) 

VEBO Emitter-base Voltage (Ic = 0) 

Ic Collector Current 

IB Base Current 

Ptot Total Power Dissipation at T amb :s; 25°C 
at T case :s; 25°C 

T stg , Tj Storage and Junction Temperature 

October 1988 

2N5320 
2N5321 

MEDIUM-POWER AMPLIFIERS 

TO-39 

Value 
Unit 

2N 5320 2N5321 

100 75 V 

100 75 V 

75 50 V 

6 5 V 

2 A 

1 A 

1 W 
10 W 

- 65 to 200 °C 

1/2 
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2N5320-2N5321 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

17.5 
175 

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

Symbol Parameter 

ICBo Collector Cutoff 
Current (I E = 0) 

lEBO Emitter Cutoff 
Current (Ic = 0) 

V(BR)CEV Collector-emitter 
Breakdown Voltage 
(VBE = 1.5 V) 

V(BR)CEO 
. Collector-Emitter 

Breakdown Voltage 
(IB = 0) 

V(BR)EBO Emitter-Base 
Breakdown Voltage 
(Ic = 0) 

VCE(sa!) 
. Collector-Emitter 

Saturation Voltage 

VBE 
. Base-Emitter Voltage 

hFE . DC Current Gain 

fT Transition Frequency 

ton Turn-on Time 

toll Turn-off Time 

• Pulsed: pulse duration = 300 .us. duty cycle = 1 %. 

2/2 

414 

Test Conditions 

For 2N5320 
VCB =BOV 
For 2N5321 
VCB = 60 V 

For 2N5320 
VEB = 5 V 
For 2N5321 
VEB = 4 V 

Ic =0.1 mA 
For 2N5320 
For 2N5321 

Ic = 10 mA 
For2N5320 
For 2N5321 

IE =0.1 mA 
For2N5320 
For 2N5321 

Ic = 500 mA Is = 50 mA 
For2N5320 
For 2N5321 

Ic = 500 mA VCE = 4 V 
For 2N5320 
For 2N5321 

For2N5320 
Ic = 500 mA VCE = 4 V 
Ic = 1 A VCE = 2 V 
For 2N5321 
Ic =500 mA VCE = 4 V 

Ic = 50 mA VCE = 4 V 
f=10MHz 

Ic = 500 mA Vcc=30V 
IS1 = 50 mA 

Ic = 500 mA Vcc=30V 
IS1 =-ls2 = 50 mA 

~ SCS-1lI0MSON A."'!I UI;lllli:liI@rn~rnli:1i"IiI@IIlDIi:$ 

Min. Typ. 

0.1 

0.5 

100 
75 

75 
50 

6 
5 

30 
10 

40 

50 

Max. Unit 

0.5 >tA 

5 >tA 

j.lA 

j.lA 

V 
V 

V 
V 

V 
V 

0.5 V 
O.B V 

1.1 V 
1.4 V 

130 

250 

MHz 

BO ns 

BOO ns 



DESCRIPTION 
The 2N5322 and 2N5323 are silicon planar epitaxial 
PNP transistors in Jedec TO-39 metal case. They 
are especially intended for high-voltage medium po­
wer applications in industrial and commercial equip­
ments. 

INTERNAL SCHEMATIC DIAGRAM 

:~: 
S_S896 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vcso Collector-base Voltage (IE = 0) 

VCEV Collector-emitter Voltage (VSE = 1.5 V) 

VCEO Collector-emitter Voltage (Is = 0) 

VESO Emitter-base Voltage (Ic = 0) 

Ie Collector Current 

Is Base Current 

Ptot Total Power Dissipation at T amb " 25 DC 
at T case " 25 DC 

T stg , Tj Storage and Junction Temperature 

October 1988 

2N5322 
2N5323 

MEDIUM-POWER AMPLIFIERS 

TO-39 

c 

E 

Value 
Unit 

2N5322 2N5323 

- 100 -75 V 

-100 -75 V 

-75 - 50 V 

-6 -5 V 

-2 A 

-1 A 

1 W 
10 W 

- 65 to 200 DC 

1/2 
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2N5322-2N5323 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

17.5 
175 

ELECTRICAL CHARACTERISTICS(T case = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. 

ICBO Collector Cutoff For 2N5322 
Current (IE = 0) VCB = - 80 V 

For 2N5323 
VCB = - 60 V 

lEBO Emitter Cutoff For 2N5322 
Current (Ic = 0) VEB = - 5 V - 0.1 

For2N5323 
VEB =-4 V - 0.5 

V(BR)CEV Collector-emitter Ic=-0.1mA 
Breakdown Voltage For 2N5322 - 100 
(VBE=1.5V) For 2N5323 - 75 

V (BR)CEO 
. Collector-emitter Ic =- 10 mA 

Breakdown Voltage For 2N5322 -75 
(IB = 0) For2N5323 - 50 

V(BR)EBO Emitter-base IE = -0.1 mA 
Breakdown Voltage For2N5322 -6 
(Ic = 0) For 2N5323 -5 

VCE(sat) 
. Collector-emitter Ic = - 500 mA IB =- 50 mA 

Saturation Voltage For 2N5322 
For 2N5323 

VBE 
. Base-emitter Voltage Ic = - 500 mA VCE=-4V 

For 2N5322 
For 2N5323 

hFE 
. DC Current Gain For2N5322 

Ie =- 500 mA VCE=-4V 30 
Ie =- 1 A VeE =-2 V 10 
For2N5323 
Ic = - 500 mA VeE=-4V 40 

h Transition Frequency Ic = - 50 mA VCE=-4V 50 
f=10MHz 

ton Turn-on Time Ic =- 500 mA Vcc=-30V 
IB1=-50mA 

toff Turn-off Time Ie =- 500 mA Vcc = - 30 V 
IB1 =-IB2=-50mA 

• Pulsed. pulse duration = 300 fls. duty cycle = 1 %. 
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Max. Unit 

- 0.5 f.lA 

-5 I1A 

f.lA 

I1A 

V 
V 

V 
V 

V 
V 

- 0.7 V 
- 1.2 V 

- 1.1 V 
-1.4 V 

130 

250 

MHz 

ns 
100 

ns 
1000 



DESCRIPTION 

The 2N5415S is a silicon planar epitaxial PNP trans­
istor in Jedec TO-39 metal case, intended for high 
vol-tage switching and linear amplifier applications. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vcso Collector-base Voltage (IE = 0) 

VCEO Collector-emitter Voltage (Is = 0) 

VESO Emitter-base Voltage (Ic = 0) 

ICM Collector Peak Current 

Ptot Total Power Dissipation at T amb <; 25 "C 
at T case <; 25°C 

T stg , T J Storage and Junction Temperature 

October 1988 

2N5415S 

HIGH-VOLTAGE AMPLIFIER 

TO-39 

INTERNAL SCHEMATIC DIAGRAM 

Value Unit 

- 200 V 

- 200 V 

-4 V 

1 A 

1 W 
10 W 

- 55 to 200 °C 

1/2 
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2N5415S 

THERMAL DATA 

Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 

Max 
Max 

17.5 
175 

ELECTRICAL CHARACTERISTICS (T amb = 25 'C unless otherwise specified) 

Symbol Parameter Test Conditions Min. Typ. 

ICBo Collector Cutoff Current VCB=-175V 
(IE = 0) 

ICEO Collector Cutoff Current VCE=-150V 
(lB = 0) 

lEBO Emitter Cutoff Current VEB = - 4 V 
(Ic = 0) 

V(BR)CEO . Collector-emitter 
Breakdown Voltage Ic = -- 2 mA - 200 
(IB = 0) 

VCE(Sa') 
. Collector-emitter 

Saturation Voltage Ic = - 50 mA IB =- 5 mA 

VBE . Base-Emitter Voltage Ic =-50 mA VCE=-10V 

hFE . DC Current Gain Ic =- 50 mA VCE=-10V 30 

fr Transition Frequency Ic = - 10 mA VCE=-10V 
f = 5 MHz 15 

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

f = 1 MHz 

• Pulsed: pulse duration = 300 fls. duty cycle = 1 %. 
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Max. Unit 

- 50 j.lA 

- 50 JlA 

- 20 JlA 

V 

- 2.5 V 

- 1.5 V 

150 

MHz 

15 pF 
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PACKAGE 

TO·72 

MECHANICAL DATA 

DIMENSIONS 

mm inches 

min max min' max 

A - 5.3 0.208 

B 12.7 - 0.500 -

C - 5.8 - 0.228 

D - 4.9 - 0.193 

E - 1.16 - 0.045 

G - 0.49 - 0.019 

H typo 45° typ.45° 

L typ.2.54 typ.0.100 

pin 1: EMITIER - pin 2: BASE 
pin 3: COLLECTOR - pin 4: SHIELD 
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PACKAGES 

TO-39 

,,#J 
MECHANICAL OAT A 

DIMENSIONS 

mm inches 

min max min max 

A - 6.6 - 0.260 

B 12.7 - 0.500 -
C - 9.4 - 0.370 

D - 8.5 - 0.334 

E - 0.9 - 0.035 

F - 1.2 - 0.047 

G - 0.49 - 0.019 

H 45° typ 45° typ 

L 5.08 typ 0.200 typ 

pin 1: Emitter - pin 2: Base - pin 3: Collector 
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PACKAGE 

TO-18 

MECHANICAL DATA 

DIMENSIONS 

mm inches 

min max min max. 

A - 5.3 - 0.208 

B 12.7 - 0.500 -
C - 5.8 - 0.228 

D - 4.9 - 0.193 

E - 1.16 - 0.045 

G - 0.49 - 0.019 

H typ.45° typ.45° 

L typ.2.54 typo 0.100 

pin 1: Emitter - pin 2: Base - pin 3: Collector 
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PACKAGES 

SOT-32 

MECHANICAL OAT A 

M 
P(-0304/1 

*: WITHIN THIS REGION THE 
CROSS-SECTION OF THE LEADS IS 
UNCONTROLLED 

424 

,

." MINIATURE PACKAGE 
WITH REVERSED 
TO-220 PINOUT 

1 2 
3 

DIMENSIONS 

mm inches 

min max min max 

A 7A 7.8 0.295 0.307 

B 10.5 10.8 0.413 0.425 

C 2.4 2.7 0.094 0.106 

D 0.7 0.9 0.027 0.035 

E 2.2 typo 0.087 typo 

F 0.49 0.75 0.019 0.029 

G 4.4 typo 0.173 typo 

H 2.54 typo 0.100 typo 

L 15.7 typo 0.618 typo 

M 1.2 typo 0.047 typo 
N 3.8 typo 0.149 typo 
P 3.0 3.2 0.118 0.126 

pin 1: Emitter - pin 2: Collector - pin 3: Base 



PACKAGE 

SOT-23 

MECHANICAL DATA 

DIMENSIONS 

mm inches 

min max min max 

A 0.93 1.04 0.036 0.041 

B 2.8 3 0.110 0.118 
p C 1.2 1.4 0.047 0.055 

D 2.1 2.5 0.082 0.098 

E 1.9 2.05 0.074 0.080 

F 0.95 1.05 0.037 0.041 
I----B----I PC-0300 

G 0.45 0.60 0.017 0.023 

H 0.15 - 0.006 -
L 0.065 0.115 0.003 0.004 

M 0.013 0.1 0.0005 0.004 

N 0.06 - 0.003 -
P 0.45 0.6 0.017 0.023 

R 0.37 0.46 0.014 0.018 

pin 1: Emitter - pin 2: Base - pin 3: Collector . 
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SALES OFFICES 

EUROPE 

DENMARK 

2730 HERLEV 
Herlev Torv, 4 
Tel. (45-42) 94.85.33 
Telex: 35411 
Telelax: (45-42) 948694 

FINLAND 
LOHJA SF-08150 
Karlalankatu, 2 
Tel. 12.155.11 
Telelax. 12.155.66 

FRANCE 

94253 GENTILLY Cedex 
7 - avenue Gailleni - BP. 93 
Tel.: (33-1) 47.40.75.75 
Telex: 632570 STMHQ 
Telelax (33-1) 47.40.79.10 

67000 STRASBOURG 
20, Place des Hailes 
Tel. (33) 88.75.50.66 
Telex: 870001 F 
Telelax: (33) 88.22.29.32 

GERMANY 

6000 FRANKFURT 
G utleutstrabe 322 
Tel. (49-69) 237492 
Telex: 176997689 
Telelax: (49-69) 231957 
Teletex: 6997689~STVBP 

8011 GRASBRUNN 
Bretonischer Ring 4 
Neukelerloh Technopark 
Tel.: (49-89) 46006-0 
Telex: 528211 
Telelax (49-89) 4605454 
Teletex: 897107~STDISTR 

3000 HANNOVER 1 
Eckenerstrasse 5 
Tel. (49-511) 634191 
Telex 175118418 
Teletex: 5118418 cslbeh 
Telelax: (49-511) 633552 

8500 NURNBERG 20 
ErlenstegenstrasS8, 72 
Tel.: (49-911) 59893-0 
Telex: 626243 
Telelax: (49-911) 5980701 

5200 SIEGBURG 
Franklurter Str 22a 
Tel. (49-2241) 660 84-86 
Telex 889510 
Telelax. (49-2241) 67584 

7000 STUTTGART 
Oberer Kirchhaldenweg 135 
Tel. (49-711) 692041 
Telex: 721718 
Teielax: (49-711) 691408 

ITALY 

20090 ASSAGO (MI) 
V.le Milanoliori - Strada 4 - Palazzo N4/A 
Tel. (39-2) 89213.1 (10 linee) 
Telex: 330131 - 330141 SGSAGR 
Telelax: (39-2) 8250449 

40033 CASALECCHIO 01 RENO (BO) 
Via R. Fucini, 12 
Tel. (39-51) 591914 
Telex: 512442 
Telelax: (39-51) 591305 

00161 ROMA 
Via A Torlonia, 15 
Tel. (39-6) 8443341 
Telex: 620653 SGSATE I 
Telelax: (39-6) 8444474 

NETHERLANDS 

5652 AR EINDHOVEN 
Meerenakkerweg 1 
Tel.: (31-40) 550015 
Telex: 51186 
Telelax: (31-40) 528835 

SPAIN 

08021 BARCELONA 
Calle Platon, 64 th Floor, 5- Door 
Tel. (34-3) 4143300-4143361 
Telelax: (34-3) 2021461 

28027 MADRID 
Calle Albacete, 5 
Tel. (34-1) 4051615 
Telex 27060 TCCEE 
Telefax: (34-1) 4031134 

SWEDEN 
S-16421 KISTA 
BorgarfJordsgatan, 13 - Box 1094 
Tel. (46-8) 7939220 
Telex 12078 THSWS 
Telefax: (46-8) 7504950 

SWITZERLAND 

1218 GRAND-SACONNEX (GENEVA) 
Chemin Francois-Lohmann, 18/A 
Tel. (41-22) 7986462 
Telex: 415493 STM CH 
Telefax: (41-22) 7984869 

UNITED KINGDOM and EIRE 

MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 
Tel. (44-628) 890800 
Telex: 847458 
Telefax (44-628) 890391 



AMERICAS 

BRAZIL 

05413 sAo PAULO 
R. Henrique Schaumann 286-CJ33 
Tel. (55-11) 883-5455 
Telex (391 )11-37988 "UMBR BR" 
Telelax: 11-551-128-22367 

CANADA 

BRAMPTON, ONTARIO 
341 Main Sl. North 
Tel. (416) 455-0505 
Telelax: 416-455-2606 

U.S.A. 

NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1000 East Bell Road 
Phoenix, AZ 85022 
(1 )-(602) 867-6100 

SALES COVERAGE BY STATE 

ALABAMA 
Huntsville - (205) 533-5995 

ARIZONA 
Phoenix - (602) 867-6340 

CALIFORNIA 
Santa Ana - (714) 957-6018 
San Jose - (408) 452-8585 

COLORADO 
Boulder (303) 449-9000 

ILLINOIS 
Schaumburg - (708) 517-1890 

INDIANA 
Kokomo - (317) 459-4700 

MASSACHUSETTS 
Lincoln - (617) 259-0300 

MICHIGAN 
Livonia - (313) 462-4030 

NEW JERSEY 
Voorhees - (609) 772-6222 

NEW YORK 
Poughkeepsie - (914) 454-8813 

NORTH CAROLINA 
Raleigh - (919) 787-6555 

TEXAS 
Carrollton - (214) 466-8844 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CON­
TACT 
THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 

PENNSYLVANIA 
Montgomeryville - (215) 362-8500 

ASIA / PACIFIC 

AUSTRALIA 

NSW 2027 EDGECLIFF 
Suite 211, Edgecliff centre 
203-233, New South Head Road 
Tel. (61-2) 327.39.22 
Telex 071 126911 TCAUS 
Telelax: (61-2) 327.61.76 

CHINA 

BEIJING 
Liason Office 
Beijing No.5 Semiconductor 
Device Factory 
14 Wu Lu Tong Road 
Da Sheng Man Wai 
Tel. (861) 2024378 
Telex 222722 STM CH 

HONG KONG 

WANCHAI 
22nd Floor - Hopewell centre 
183 Queen's Road East 
Tel. (852-5) 8615788 
Telex: 60955 ESGIES HX 
Telelax: (852-5) 8656589 

INDIA 

NEW DELHI 110001 
LiasonOffice 
62, Upper Ground Floor 
World Trade Centre 
Barakhamba Lane 
Tel. 3715191 
Telex: 031-66816 STMIIN 
Telelax: 3715192 

MALAYSIA 

PULAU PI NANG 10400 
4th Floor Suite 4-03 
Bangunan FOP-123D Jalan Anson 
Tel. (04) 379735 
Telelax (04) 379816 

KOREA 

SEOUL 121 
8th lloor Shinwon Building 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel. (82-2) 553-0399 
Telex: SGSKOR K29998 
Telelax: (82-2) 552-1051 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo Kio - Industrial Park 2 
Tel. (65) 4821411 
Telex: RS 55201 ESGIES 
Telelax: (65) 4820240 

TAIWAN 

TAIPEI 
12th Floor 
571, Tun Hua South Road 
Tel. (886-2) 755-4111 
Telex: 10310 ESGIE TW 
Telelax: (886-2) 755-4008 

SALES OFFICES 

JAPAN 

TOKYO 108 
Nisseki - Takanawa Bid. 4F 
2-18-10 Takanawa 
Minato-Ku 
Tel. (81-3) 280-4121 
Telelax: (81-3) 280-4131 

I: 



Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsability for the 
consequences of use of such information nor for any infringement of patents or other rights of third parties which may results from its use. No 
license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifications mentioned 
in this publication are subject to change without notice. This publication supersedes and replaces all informations previously supplied. 

Cover design by Keit & Koppel. Segrate, Italy 
Typesetting and layout on Desk Top Publishing 

by AZIMUT, Henin Bt., France 
Printed by Garzanti, Cernusco S.lN., Italy 

© 1990 SGS-THOMSON Microelectronics - Printed in Italy - All Rights Reserved 

SGS-THOMSON Microelectronics GROUP OF COMPANIES 
Australia - Brazil - China - France - Germany - Hong Kong - Italy - Japan - Korea - Malaysia - Malta - Morocco - The Netherlands­

Singapore - Spain - Sweden - Switzerland - Taiwan - United Kingdom - U.S.A. 




