
2N964 (GERMANIUM) 
For Specifications, See 2N960 Data. 

2N964A (GERMANIUM) 

\ PNP germanium epitaxial mesa transistor for high
speed switching applications. 

CASE 22 
(TO-18) 

Collector Connected to Case 

MAXIMUM RATINGS 

Rating 

Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current 

Total Device Dissipation @ T A = 25°C 

Derate above 25°C 

Total Device Dissipation@ TC = 25°C 

Derate above 25°C 

Operating and Storage Junction 
Temperature Range 

THERMAL CHARACTERISTICS 

Characteristic 

Thermal Resistance, Junction to Case 

Thermal Resistance, Case to Ambient 

INPUT SIGNAL 

+ 1.25 Vdc 

-5.4 Vdc 

FIGURE 1 

4.8K 

200 !l 
PULSE VOLTS 
INTERNAL RESISTANCE 

280[1 20" -3.1Vdc 

NOTL 

TYPE R SAMPLING 
RESISTOR 

Ie::::: -10 mAde 
1'1 = -1 mAde 
III = + 0.25 mAde 
VOl = + 1.25 Vdc 
USE TEKTRONIX TYPE "R" 

PLUG-IN 
TEKTRONIX TYPE 581 SCOPE 

OR EQUIVALENT 

IO-mA (Ie! SWITCHING TIME TEST CIRCUIT 

Symbol Value Unit 

VCEO 7.0 Vdc 

VCB 15 Vdc 

VEB 2.5 Vdc 

IC 100 mAdc 

PD 150 mW 

2.0 mW/oC 

P D 300 mW 

4.0 mW;oC 

TJ,Tstg -65 to +100 °c 

Symbol 

8JC 

8CA 

INPUT SIGNAL 

+ 1 25 Vdr. 

100 H 

Max 

0.25 

0.5 

FIGURE 2 

900 n 

5.7Vdc 
PULSE VOLTS 
INTERNAL RESISTANCE 

Unit 

°C/mW 

°C/mW 

480 2 H 5.2 Vdc 
..--""""'~"""",'Ir--<> 

NOTE· 

TYPE R SAMPLING 
RESISTOR 

I, = -100 mAde 
1,1:::: ·--5 mAde 
1'1 -= + 1.25 mAde 

VOl :-:: + 1.25 Vdc 
USE TEKTRONIX TYPE .oR" 

PLUG-IN 
TEKTRONIX TYPE 581 SCOPE 

OR EQUIVALENT 

IOO-mA (Iel SWITCHING TIME TEST CIRCUIT 
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2N964A (continued) 
ELECTRICAL CHARACTERISTICS (T A ~ 25°C unless otherwise noted) 

I· Characteristic I Fig. I Symbol I Min Typ Max Unit 
OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage BVCEO Vde 
<Ie = 10 mAde, IB = 0) 7.0 - -

Collector-Base Breakdown Voltage BVCBO Vde 
(Ic' = 100 lIMe, IE = 0) 15 25 -

Emitter-Base Breakdown Voltage BVEBO VCle 
(IE = 100 /lAde, IC = 0) 2.5 - -

Collector Latch-up Voltage 3 LVCEX 11.5 - - Vde 

Collector-Emitter Cutoff Current ICES /lAdc 
(VCE = 15 Vde, VBE = 0) - - 100 

Collector Cutoff Current ICBO pAdc 
(VCB = 6 Vde, IE = 0) - 0.4 3.0 

Base Leakage Current 4 IBL pAde 
(VCE = 6 Vde, VBE(off) = O. 5 Vde) - - 4.0 

(VCE = 6 Vde, VBE(off) = o. 5 Vde, TJ = 85°C) - 50 140 

ON CHARACTERISTICS 
DC Current Gain 8 hFE 

(IC = 10 mAde, V CE = 0.3 Vde) 40 80 -
CIc = 10 mAde, VCE = 0.3 Vde, TJ = _55°C) 20 45 -
(IC = 50 mAde, VCE = 1 Vde) 48 105 -
(IC = 100 mAde, VCE = 1 Vde) 40 95 -
<Ie = 100 mAdc, VCE = 1 Vde, TJ = 850C) 35 85 -

Collector Saturation Voltage 5 VCE(sat) Vde 
(IC = 10 mAde, IB = 1 mAde) - 0.1 0.18 

(IC = 50 mAde, IB = 5 mAde) - 0.16 0.28 

(IC = 100 mAde, IB = 10 mAde) - 0.22 0.4 

Base-Emitter Saturation Voltage 6 VBE(sat) Vdc 

<Ie = 10 mAde, IB = 1 mAde) 0.3 0.38 0.44 

CIc = 50 mAde, IB = 5 mAde) 0.4 0.48 0.58 

(IC = 100 mAde, IB = 10 mAdc) 0.4 0.6 0.72 

DYNAMIC CHARACTERISTICS 
Current-Gain - Bandwidth Product fT MHz 

(IE = 20 mAde, VCB = 1 Vdc, f = 100 MHz) 300 460 -
High-Frequency Current Gain hfe -

(IC = 20 mAde, VCE = 1 Vdc,f = 100 MHz) 3.0 4.6 -
Output CapaCitance 11 Cob pF 

(VCB = 1 Vde, IE = 0, f = 1 MHz) - 2.7 5.0 

(VCB = 10 Vde, IE = 0, f = 1 MHz) - 2.2 4.0 

Input CapaCitance 11 Cib pF 
(VBE = .1 Vde, IC = 0, f = 100 kHz) .- 2.0 3.5 

Delay Time Plus Rise Time td + tr ns 
<Ie = 10 mAde) 1 . 35 50 

(IC = 100 mAde) 2 - 30 50 

Storage Time Plus Fall Time ts + tf ns 
CIc = 10 mAde) 1 - 60 85 

<Ie = 100 mAde) 2 - 50 85 

Active Region Time Constant 9 TA ns 
CIc = 10 mAde) - 0.6 1.5 

Total Control Charge 10 ~ pC 
(Ic = 10 mAde, IB = 1 mAde) - 50 75 
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2N964A (continued) 

2N964A LIMIT CURVES 

FIGURE 3-AREA OF PERMISSIBLE LOAD LOCI 
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r\ 

COLLECTOR LATCH-UP VOLTAGE TEST CIRCUIT 

+0.3 Vdc 

°tf 
- 2.5 Vdc 

t, < 2.0 ns 

5000 

.2200 

TEKTRONIX 541 
OR EQUIVALENT 

Vee = -11.5 Vdc 

Llltch-up Free Operall". Ar II. Latch-up is the failure of the caI
to the supply voltage upon turn-off. 
sible operating area to avoid latch-up. 
pass through the shaded area. Excur
will not necessarily harm the transis
duction in output voltage noted above 

sipation. 

lector potential to return 
The curve shows the permis 
Load excursions must not 
sions into the shaded area 
tor, but may produce the re 
and cause high power dis 

15 20 

FIGURE 4-COMMON EMITTER DC LEAKAGE CHARACTERISTICS 
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BASE LEAKAGE CURRENT TEST CIRCUIT 

B ••• L •• kag" Current_ In •. is defined as base leakage 
current with both junctions reverse biased. Ie is 
always less than 1m. for Von> V'r' (VOH is off condi
tion base bias, V T is base voltage at threshold of 
conduction.) 

NOTE, Limit Curves are based on periodic engineering evaluation. Production Tests are made at points 
indicated in the Electrical CharacteriStics Table. 
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2N964A (continued) 

2N964A LIMIT CURVES 

FIGURE 5-COLLECTOR·EMITTER SATURATION VOLTAGE versus BASE CURRENT 
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FIGURE 6-BASE·EMITTER VOLTAGE versus COLLECTOR CURRENT FIGURE 7 - TEMPERATURE CO·EFFICIENTS 
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FIGURE 8-CURRENT GAIN CHARACTERISTICS 
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NOTE, Limit Curves are based on periodic engineering evaluation. Production Tests are made at points 
indicated in the Electrical Characteristics Table. 
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2N964A (continued) 

2N984A LIMIT CURVES 

FIGURE 9-SWITCHING TIME CURVES FOR RESISTOR COUPLED CIRCUITS 
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9b-ACTIVE REGION TIME CONSTANT 

I- - - TYPICAL 
1-,.... LIMIT 

1\ 
~ 

" 1\ 
' ... ~ L-~ 

.... -. !o- 14-1-
o 

2 10 20 50 100 
Ie, COLLECTOR CURRENT (mAde) 

ACTIVE REGION TIME CONSTANT TEST CIRCUIT 

INPUT SIGNAL 

-6.DVde 

SKL MODEL 
PULSE GENERATOR 

5.6K 

;A=TRI=TFE 

Tu= 1.1 ~ 
Ie. 

6000 

HEWLETT·PACKARD TYPE 
6K 185A SAMPLING SCOPE 

500 

SWITCHING TIME EQUATIONS 
RISE·TIME = t, =T.fJ,R 
FALL·TIME = tf = T.fJcF 
STORAGE TlME·o.= t'. =T coS 
t, = 10 to 90% rise-time 
tf -, 10 to 90% fall·time 
t.=t'.+I,1ot, 

T c. = the effective collector recov· 
ery time and is virtually un
influenced by current levels. 
20 ns typical and 60 ns 
maximum for this transistor. 

.TA = active region time constant 
T. =T •• =T" (Figure 9b) 
fJo = h" at edge of saturation 

(fJo = h" on Figure 8) 
#F = Ie in saturation/ III (base "on" 

current) 
f3c = Ie in saturation/lu (base "off" 

current) 
R see Figure 9a 
F see Figure 9c 
S see Figure 9d 

90% 

NOTE, Limit Curves are based on periodic engineering evaluation. Production Tests are made at points 
indicated in the Electrical Characteristics Table. 
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2N964A (continued) 

1000 

700 
or .., 

500 Ii 
;; 

~ :.s ... 
.." 

~ 200 :z: 
'"' -' 
0 

'" .... z: 
0 

'"' 100 
~ 
0 .... 70 
:E 
:::> 
:E 

50 ~ 
:E 

,j 

20 

-

0.2 

Ve• = 6V 

lell, = 10 

1,....00- ." 

2N964A LIMIT CURVES 

FIGURE 10-TOTAL CONTROL CHARGE 

~ 

"'Adjust V •• for -5.4 volt pulse at point A 
15 pF 

"V,. 100 n 

tU ..J..1~01H.Re"y 
-5.4 Vdc 

,--"1\"""'-'0-3.1 Vdc 
300 !l 

NOTE, 
Ie::: -10 mAde 
I, = -1 mAde 

TJ = 100''l ~ at point A ":' -= 
JfCO% , --90% 

i_+ _t 
r1, -- J 

-41! .. 20mv 

§ Y(,=25'C 

10 ns MAX 
MAX 

lOb 

Total Control Charge. When a transistor is held in a conduc
tive state by a current, 1m, a charge Q8 is developed in the 
active region. A charge QT of opposite polarity, equal in 
magnitUde, can be stored on an external capacitor C to 
neutralize the internal charge and considerably reduce the 
turn-off time of the transistor. Figure lOb shows the test 
circuit and turn-off waveform. Given QT from Figure lOa, 
the external C for worst case turn-off in any circuit is: 
C = QT/ b. V, where b. V is defined in Figure lOb. 
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NOTE, Limit Curves are based on periodiC engineering evaluation. Production Tests are made at points 
indicated in the Electrical Characteristics Table. 
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