TYPES 2N2659, 2N2660, 2N2661, 2IN2662, 2N2663, 2N2664
2N2665, 2N2666, 2N2667, 2N2668, 2N2669, 2N2670
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS

50-, 70-, or 90-VOLT UNITS Guaranteed lcex at 85°C

15 WATTS ot 25°C CASE TEMPERATURE
Choice of T0-5 or Stud Package
Guaranteed Beta ot 1 amp and 500 ma I

LOW fcs® LOW |¢|o'|.0w V.;

for

RELAY DRIVERS * PULSE AMPLIFIERS

SERVO AMPLIFIERS * AUDIO AMPLIFIERS

mechanical data

The transistors are in hermetically sealed, resistance-welded cases with glass-to-metal seals between case

and leads. The 2N2659-2N2661 and 2N2665-2N2667 are in a round TO-5

package weighing approxi-

mately 2.4 grams. The 2N2662-2N2664 and 2N2668-2N2670 are in a stud package weighing approxi-

mately 5.4 grams.

*THE COLLECTOR 1S IN ELECTRICAL CONTACT WITH THE CASE
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* OUTLINE — 2N2662-64, 2N2668-70 SERIES

*absolute maximum ratings at 25°C case temperature {unless otherwise

Coliector-Base Voltage

Collector-Emitter Voltage (See Note 'I)

Emitter-Base Voltage

Collector Current

Base Current . .

Total Device Dissipation at (or below) 25°C Case Temperature (See Note 2)
Operating Case Temperature Range .

Storage Temperature Range .

NOTES: 1. This volue applies when base-emitter vollage Vge — + 0.2v.
2. Derate linearly to 100°( case temperature at the rofe of 200 mw/(°.

*Indicates JEDEC registered dato.

noted)

2N2659 2N2660 2N2661
2N2662 2N2663 2N2664
2N2665 2N2666 2N2667
2N2668 2N2669 2N2670
50v 70v 90 v
50y 70v 90v
—— 20y —>»
«—— 3a —>
“— la —>»
«—— 15w —»
— 55°C to 100°C
— 55°C to 100°C
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TYPES 2N2659, 2N2660, 2N2661, 2N2662, 2N2663, 2N2664
2N2665, 2N2666, 2N2667, 2N2668, 2N2669, 2N2670
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS

electrical characteristics at 25°C case temperature (unless otherwise noted)

TEST TO-5 C(ASE | 2N2659 2N2660 2N2661
PARAMETER CONDITIONS STUD CASE 2N2662 | 2N2663 2N2664 |UNIT
MIN MAX [MIN MAX [MIN MAX
BVcso  Collector-Base Breakdown Voltage | Ic = — 600xa, 1 = 0 - 50 —~70 - %0 v
*B¥eeo  Collector-Emitter _ B |
o Breakdawn Voltage fc == 100ma, I, =0, (See Note 3) | ~ 30 —40 -~ 50 v
*BVces  Coliector-Emitter - — o
Breakdown Voltoge le 0mo, Vi =0, (See Note 3} | — 50 ~70 -9 v
Voo =—25v, =10 —125 -
lceo  Collector Cutoft Current Veg == —35v, k=0 —125 ua
| va=-5y, =0 | —125
Vee = — 15y, lg= - 20
*lceo  Collector Cutoff Current Vee == —20v, =46 —170 ma
Ves =125y, =10 - 20
I
Vee = =50y, Vg = +02v — 600
*lemx Collector Cutoff Current Vee = =70V, Vg — +0.2v — 600 Ha
Vee == —90v, = 1+ 02y — 600
Vee = —125v, V= +02v —125
*leex Collector Cutoff Current Yoe = —35v, Vg — +02v —125 po
i Vee = —45v, Vg = + 02w s -128
Vee = —25v, Vo= + 02y, Tc = 85°C -5
*lcex  Collector Cutoff Current Vep = —35v, Vg = + 0.2y, T = 85°C ~5 ma
Vep = —45v, Ve = 4 0.2v, T = §5°C | -5
*leso Emitter Cotoff Current Vee == —20v, lc_:o' —-100 - 100 ~100| pa
. . Vee = —05v, lc=—1q, {See Note 4} | 15 15 15
hee Stofic Forword Corent Voe = —05v, lc = —500ma, (SeeNated) | 30 90| 30 9| 30 %0
“ | Vee = =05y, lc = —250 ma, (See Note 4) 125 5] a5 |
Voe = —0.5v, lc = —500ma, 0 % 0 9 2 9%
e Static Forward Current Te = —55°C, (See Note 4) %0
Transfer Rotio Vee = —05v, 1c = — 500 ma,
Tc_:: + 85 (See Note 4) 30 10| 30 IE 30 HOL
Ve Base-Emitter Voltoge Ver = ~05v, lg = —500ma, [See Note 4) —06 08 08 v
Vg Collector-Emitter lg i —50ma, Ic i - 500 ma, (See Note 4) —-0.2 -0.2 —-0.2
Saturation Yoltage le = S0me, e = —300ma, —o2s| 025 03
9 Te = + 85°, {See Note 4) : : -
*hts Small-Signol Common-Emitter - _ B
i Forward Current Tronsfer Ratio Yee=—3v, lc=—100ma, {=Tke I 10 30 A_jﬁ»ﬂ’l?jk
‘I Small-Signal Common-Emitter - - _ _
Forward Current Transfer Ratio | ' v ke 100 ma, ]iowkt 7‘27_7 | 20 0
Cob Common-Base Open-Circuit Yoy = —3v L =0 f =135 kj 100 100 100 i
Output Capacitance ce CoE {typical) {typical) {typicaty | P

NOTES: 3. Thesa choracteristics are measured by a '/; sine wave sweep method.

4. These messurements are mads with volloge sensing conlocts Jocated 0.25 inthes from heoder of jronsistor. Voltoge semsing contocts ore separate From current

careying contacts.

*indicates JEDEC regisiered data.
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TYPES 2N2659, 2N2660, 2N2661, 2N2662, 2N2663, 2N2664
2N2665, 2N2666, 2N2667, 2N2668, 2N2669, 2N2670
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS

electrical characteristics at 25°C case temperature (unless otherwise noted)

TEST TTO-5 CASE 2N2665 2N2666 2N2667
PARAMETER CONDITIONS ‘, STUD CASE | 2N2668 2N2669 2N2670 |UNIY
MIN MAX MIN MAX MIN MAX
8¥cao  (Collector-Base Breakdown Yoltage | Ic = — 600 pa, le = 0 -50 -70 — 90 v
*BVceo  Collector-Emitter — _
Breokdown Voltage Ilc =—100maq, Iy =0, (See Note 3) | — 30 — 40 - 50 v
*BVces  Collector-Emitter _ - _
Breakdown Voltage lc =—50ma, Vg =0, {See Note 3) [ — 50 — 70 — 90 v
Veg = —25v, =0 —-125
lcso  Collector Cutoff Cucrent Vep = =35y, k=10 - 125 pa
Vep = —45v, g =0 —125
Yee = — 15y, g =10 -20
*lceo  Collector Cutoff Current Veg = ~20v, lg=10 -20 ma
VCE ::—2SV, ||:0 —20
Vee = —50v, Vge = +02v — 600
*leex Collector Cutoff Current Ve =—=70v, Vee= +02v — 600 Ma
Voe = —9%0v, Ve = +02v — 600
Vee = —25v, Y = +02v -125
*leex Collector Cutoff Current Yoe = =35y, Vg = +02vy —-125 po
Veg = —45v, Vg = + 0.2v —125
Vee = —25v, Vg = +0.2v, Tc = 85°C -5
*lcex  Collector Cutoff Current Vee == —35v, Vg = + 02v, Te = 85°C -5 ma

. Vee = =05y, Ic=-1g, {See Note 4) 25 23 25
*he s“’T':: F;:’;’:ﬁf,“"e"' Vee = —05v, Io=—500ma, (SeeNoted)| 50 150 50 150 50 150
" Vee = —05v, Ic = —250ma, (See Note 4) 200 200 200

Yee = —05v, lc = —300ma, 0 150 30 150 30 150

hee Static Forward Current Te = —55°C, {See Note 4)

Transfer Ratio Yee = —05v, Ic = —500maq,

Te = + 85°C, (See Nate 4) 50 170 50 170, 50 170

Vo Base-Emitter Voitage Veg == —05v, Ic = —500ma, (See Note 4) -0.6 —-0.6 —~06] v
*Veepay  Collector-Emitter :' i B gg z:’ :c z - zgg ::’ {See Note 4) —02 —02 -0 v

Saturation Yoltage To— + 85°C " (See Note 4 —0.25 ~025 - 025
*he Small-Signal Common-Emitter - - —

Forword Corrent Transfer Ratio Vee 3v, I¢ 100 ma, f = T ke 50 2000 50 2000 S50 200
*|he]  Small-Signal Common-Emitter - - -

Forward Current Transfer Ratio Vee 3v, e 100mo, f=150ke| 20 20 20
Con Common-Base Open-Circuit Ves = —3v, le=0 = 135 ke 100 100 100 ot

Output Capacitance {typical} | (typical) (typical)

NOTES: 3. Thase characteristics ore measured by a Y/, sine wave sweep method.
4. These measurements are made with veltoge sensing contacts locoted 0.25 inches fram header of iransistor. Yoltage sensing contacts are separate from current
carrying contacls,
*Indicates JEDEC registersd data.
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TYPES 2N2659, 2N2660, 2N2661, 2N2662, 2N2663, 2N2664
2N2665, 2N2666, 2N2667, 2N2668, 2N2669, 2N2670
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS

switching characteristics at 25°C case temperature

1

PARAMETER TEST CONDITIONS + TYPICAL UNIT
ta Delay Time le = =500 ma 0.10 sec
t. Rise Time Vo jomy) = T4V 0.22 Jsec
t, Storage Time R =600 0.30 Jasec
t¢ Fall Time {See Figure 1) 1.25 psec
tr Tolal Switching 19 Jaset

Time

1 Voltage and current values are nominal, excspi valves vary slightly with device pavameters.

PARAMETER MEASUREMENT INFORMATION
SWITCHING TEST CIRCUIT

VOLTAGE WAVEFORMS

02 uf 0
10%
O Y
INPUT OUTPUT : 90% £ &
200 Q 60 Q } 0% 90%
600 Q = OUTRUT _:_~___H 10%
i |
b | ltl
+29.6 -30.1v |->} * -p'l flee
by
NOTES: FIGURE 1 - g - >t e
(a) The input waveform has the following characteristics:
te =10 psec, b < 10 psec, PW = L6 msac, Duty Cycle = 10%

{b} Waveforms ore monitored on an oscilloscops with the following characteristics:
fe << M psec, R, = VO MQ, () < 115 pf.
{c) Resistors must be non-inductive types.

TYPICAL CHARACTERISTICS

2N2659 ~ 2N2664
COMMON -EMITTER COLLECTOR CHARACTERISTICS
{Low-Voltage Region)

2N2665 ~ 2N2670
COMMON-EMITTER COLLECTOR CHARACTERISTICS
(Low -Voltage Region})

-3.0 -3.0
T T o !
T =25°C \,="‘5:°": Te =25°C |- 90
= ] 70
7 h=om e e
o - o .= -50 ma y
T e '/ /;’qﬁ; P oo i / |
£ ' i = =-40may" |
g /, p=-70m g // / .
U§ /V/ ly = =50 mav—— ‘; I/ /// 1, =-30may
::g /- :3
3 » /// A |_=-3olm\ 3 e // o = -20 may
L / T, = -20'ma, Lo 4 . I
- [ — | =~ / = -10ms,
/ - lg = =10 may, /1 :
7 B — = lg=-5ma -‘—
/ lg = =35 may | s :
0 Iy —-0\ 0 |.=('I) 3
0 ~0.2 -0.4 -0.6 -0.8 -1.0 0 -0.2 -0.4 -0.6 -0.8 -0
Vce — Collector-Emitter Voltage — v Vee — Collector~Emitter Voltage ~- v
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TYPES 2N2659, 2N2660, 2N2661, 2N2662, 2N2663, 2N2664
2N2665, 2N2666, 2N2667, 2N2668, 2N2669, 2N2670
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS

TYPICAL CHARACTERISTICS

2N2659 - 2N2664 2N2665 ~ 2N2670
COMMON -EMITTER COLLECTOR CHARACTERISTICS COMMON -EMITTER COLLECTOR CHARACTERISTICS
(High-Voltage Region) (High-Voltage Region)
T T T
-150 ma _ose I, = 80 ma T =25°C
130 ma T, =25°C . <
o me =70 mo
T ly=-90ma o 1, = =50 ma
| A+
<4 T -
£ s = =70 ma Maximum é ly = -40 ma
S ""_—_Jl— Pr=T5w Veeo 5] Maximom
ol il i > -1y = =30 ma v
8 Iy= ~50 ma 2N2659 g Seo
g \ £ \‘___*___—P, = 15w 2N2665
3z ly= -4]0 ma 2N2662 2 L,2N2668
S LN I 2-30ma / 2N2660.] S Al.:-zom ),
I I < IN2666
N _)\.'h;gm 2N2663 | -  2N2669
f—/ ~ v v=- 0 mo
Iy = -10 ma -~ 2661 . ~ / 2687
¥ 2N2664 7 ly==5ma
To = =5 ma~y 4 iﬁ_"% . N 7 = | ;»i‘g
- PN , weoy [N
% T 20 30 20 50 0 10 20 <30 40 <50
Ve — Collector-Emitter Voltoge — v Ve = Collector-Emitter Voltage — v n
2N2659 - 2N2464 2N2665 - 2N2670
STATIC FORWARD CURRENT TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO
vs v
COLLECTOR CURRENT COLLECTOR CURRENT
200 200 oy
Maximum h,,
L o) £
3 ; &
‘g 100 Maoximum h,, 5 100
3 = —
% % i
N
50 50
3 - 3
) b4
g \* ‘§ Mlnlmu\m hpe N
8 ™ \
2 NN ; A
o - N
& inimum h,, 20
i N N {
w ¢
< Veg==0.5v < Ves = =0.5v
T =25°C T, =25°C
10 10
-0,01 -0.05 -0.t -0.5 -1 -3 -0,01 ~0.05 -0.1 -0.5 -1 -3
lc — Collector Current —a l¢ = Collector Current —a
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TYPES 2N2659, 2N2660, 2N2661, 2N2662, 2N2663, 2N2664
2N2665, 2N2666, 2N2667, 2N2668, 2N2669, 2N2670
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS

h ¢g— Static Forward Current Transfer Ratio

Collector-Emitter Saturation Veltoge ~— v

-—
CRirot)

V.

TYPICAL CHARACTERISTICS

2N2659 - 2N2664
STATIC FORWARD CURRENT TRANSFER RATIO
vs

CASE TEMPERATURE
200
Maximum hyp ——t——ue__
100 i N -
50 —
f':‘
/
’-
//
L—— Minimum hgg
20 -
Vee = ~0.5v
l¢ =~500ma
" ||

~25 0 25 50 75 100
Tc = Case Temperatura — °C

-75 -50

2N2459 - 2N2664
COLLECTOR-EMITTER SATURATION VOLTAGE

vs
CASE TEMPERATURE
-0.20
-0.15
-
//-—-"
/
-0.10
-0.05
i = =500 ma
{y= =30 ma
0 |
-75 -50 -25 0 25 50 75 100

Tc — Cose Tamperature — °C

hee = Static Forward Current Transfer Ratio

Voltage — v

Vg™ Collector—Emitter S

2N2665 - 2N2670
STATIC FORWARD CURRENT TRANSFER RATIO
vs

CASE TEMPERATURE

200
ol
.‘\ A//
100 Maximum hu -
'/
50 / ,
|
° v} hﬁ/
20 Ver = =0.5v |
le ==-500m0
10
=75 -50 -25 4] 25 50 75 100
Tc = Case Temperature — °C
2N2645 ~ 2N2670
COLLECTOR-EMITTER SATURATION VOLTAGE
vs
CASE TEMPERATURE
-0.20
~0,15
el
/
L
z/
-0.10
-0.05
Ic =-500 ma
ly==25ma
0 | [
=75 -50 -25 [¢] 25 50 75 100

T — Case Temperature — °C
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TYPES 2N2659, 2N2660, 2N2661, 2N2662, 2N2663, 2N2664
2N2665, 2N2666, 2N2667, 2N2668, 2N2669, 2N2670
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS

TYPICAL CHARACTERISTICS

COMMON-EMITTER TRANSFER CHARA CTERISTICS

COLLECTOR CUTOFF CURRENT
vs

NORMALIZED COLLECTOR-EMITTER VOLTAGE

-3.0 -10
. f Vcg normalized to 1.0 ot maximum-rated
/ collector -emitter voltage. —
-2.0 Vge = +0.2v ) ——>~
ot
g -3 l =¥ °C //
| ‘E/
[
A - L
l -1.0 . i /_/"= L70°C /
c V4 5 -1 AT,
3 7 o
a y 3 °C
= +55
5 -0 / 3 177
i i S ——
= -0.3 I "
Q 3 = +A0 c
i -0.3 3 1™
v
0.2 / | o / . /
=% 5 -0 5
Vee = -0.5v 2 i
Te =25°C e
| | =
-0.1 -0.03 -
0 -0.2 -0.4 -0.6 -0.8  -1.0 (] 0.2 0.4 0.6 0.8 1.0
Ve — Base -Emitter Voltage ~ v Normalized Collector-Emitter Voltage — V,
2N2459 ~ 2NM2644 2N2665 -~ 2N2670
COLLECTOR CUTOFF CURRENT COLLECTOR CUTOFF CURRENT
vs vs
BASE-EMITTER RESISTANCE BASE-EMITTER RESISTANCE
and and
BASE-EMITTER VOLTAGE BASE-EMITTER VOLTAGE
e [ — -100 - -
=50 Vg = ~15v -50 F=ver = - 15+ siiid
,
e 10 ol
-10 s o H o -
g \d—‘q H € w5
1 -5 ! -5 <
€ €
s ) I
5 "~ s Jop SR Te = +55°C
o 4 ' X vs N
3 T o
3 -0.5 - S . h s
§ 3
_8 _; Icen VS R.“—'—" 1
s -0.1 s -0.1 e
S jr— vl =P S = 25°C
-0.05 = -0.05 i
-0.01 -0.01
10 50 100 500 1K 5K 10K 1o 50 100 50 1K 5K 10K
R.E ~— Base E£mitter Resistance — ohm Ry — Base~-Emitter Resistance — ohm
1 1 1 ) I L J 1 1 1 1 1 1
+0.01 +0,05 +0.1 +0.5 +1 +5 +10 +0.01 +0.05 +0.1 +0.5 +1 +5 +10
V' = Bose-Emitter Voltage — v Vye — Base~-Emitter Voltoge — v
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TYPES 2N2659, 2N2660, 2N2661, 2N2662, 2N2663, 2N2664
2N2665, 2N2666, 2N2667, 2N2668, IN2669, 2N2670
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS

TYPICAL CHARACTERISTICS

2N26459 ~ 2M2664

SMALL-SIGNAL COMMON -EMITTER FORWARD

CURRENT TRANSFER RATIO
vs

COLLECTOR CURRENT

2N2665 - 2N2670

SMALL-SIGNAL COMMON -EMITTER FORWARD

CURRENT TRANSFER RATIO
vs

COLLECTOR CURRENT

T — Case Temperature — *°C

2 2
€ 100 2 00
@ o
% E S
B B
- -
; 3 N
£ 75 E 75 N,
3 3 N
T 2 N
P TN : J
w N\\ w \
$ s g 5o
E \ E
: B *
e E
Y ™ N G 25
g, Ve =-3v N g V.. =<3y
in |l f =1lke b3 C!_
= T, =25°C = Folke
= ¢ E T, =25°C
2 L 11 N
I ~0.03 -0.1 -0.3 -1 | -0.03 -0.1 -0.3 -1
S t, = Collector Current —a * ¢ = Collector Current — o
= 4 3
THERMAL CHARACTERISTICS
CASE TEMPERATURE FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
20 1.0 I
Stud Package
3 3
I I 0.80
s £
i i
g 8, =5C%w B
a

3 g 040
& 10 &
B ] Round Weld Pockage
o a 0.40
- -
13 £ \
£ H \
s 5 £
2 £ ™~
! \ \
ar ot

0 0

0 25 50 75 100 0 25 50 75 100

T, — Froe-Air Temperoture — °C
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