


























































































































































































































































































































































































































































































































































































































































































































BF 125

y-Parameters

Test conditions: Vce = 10V, Ic = 2 mA, f = 500 kHz, grounded emitter

Yie = (0.89 + j0.08) mmho [¥te] = 70 mmho, ¢ = 0°
Cie = 25pF Yoe = (4 + j5.7) umho
vrel = 0.9 pmho, ¢ = —90° Coe = 1.8 pF

Test conditions: Vce = 10V, Ic = 2 mA, f = 10.7 MHz, grounded emitter

Vie = (1 2+ ] 16) mmho lyfel =70 n’]rnhoy p=- 6°
Cie = 24pF Yoo = (45 + j 120) pmho
lyre] = 20 umho, ¢ = —92° Coe = 1.8pF

Test conditions: Vce = 10V, Ic = 2 mA, f = 100 MHz, grounded emitter

Yie = (10.8 + j14) mmho |yre| = 65 mmho, p = —25°
Cie =21PpF Yoe = (23 + j 1130) umho
lyrel =185 Mmh0,¢=—950 Coe =18 pF

Test conditions: Vce = 10V, Ic = 2 mA, f = 100 MHz, grounded base

Vip = (70 — j12.6) mmho lyts| = 656 mmho, ¢ = 155°
—Cip=21pF Yos — (23 + j 1130) umho
lym| = 185 umho, ¢ = —85° Cop = 1.8 pF

The screen has to be grounded for RF. Smallest output and reverse
capacitances are obtained with screen connected to emitter or base
potential (see Fig. A...C).

The screen diode can also be used as damper diode in parallel to the

output resonant circuit of a RF stage. In this case the screen terminal
has to be connected to the cold end of the output circuit (see Fig. D).

R IR
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BF 125

30? 300

Cie

Admissible power dissipation
versus ambient temperature

mwW
400

BF 121-127

350

a=1.5mm

25mm
250

200

N

AN

N

100

50

\

0 25

50

75

100 125 °C

- 7;me

Input capacitance
versus frequency

pF BF 125
100
%e=10V
80 I =8 mA Bmp=25°C
N\,
60 \
6 mA| \
i BN
0 4 FA \ \
2 mA \
T —
20 1 mA
l
05mA
) |
01 2 s 1 2 s 10 2 s 100MHz
—_— f

Common emitter
collector characteristics

mA BF 123,125
20 T
Tj =25°C
18 —
16 T T <200
' / © AT (w0
1% V&
74 Lt 160 —1
12 /‘/ == 140 —
L~
10 120 |
8 Pa 100
6 80
60
4
40
2
- 20
|
% 10 20V

— = ke

Relative DC current gain
versus collector current

BF 123,125

~

T T
Yee =10V

T =25°C

heellp) 4

hee(TmA)3

2 s 10 2 5 100mA
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BF 125

Real part of input
admittance versus frequency

mmhg BF 125
10 7T n
-—VCE-=10V
4 1 Tamp=25°C
2
9e yg /i
///
‘ 8mA // /
, |6EMA ! ’,/ Y.
4LmA . /
] 2mA y4aV.
t p4Ww4
TmA
‘ Ic"05mA
2
0-1
4
2
102
01 2 4 1 2 4 10 2 4 100 MHz
—_— f

Forward transconductance
characteristics

mmho
10

20

30
40

60

y7e 100

150
200

300

90° 80° 70° 60°

Imaginary part of input
admittance versus frequency

mmho BF 125
‘02 T TTIT
1t Vee=10V
4 —Tamb=25°C
2
bie L
0 o
/4
‘ 7
2 || dc=8mA v/
6mA p 4
1 LmA / &mA +4
L //l NImA ]
/ 0.5mA | |}
4 7777
W,
) ////
]0—1 Z / '/
N/
4
‘
4
. /|
102
00 2 4« 1 2 4« 10 2 4 100 MHz
—_—f
Output admittance
characteristics
smho BF 125
104 ——
Ie=1m
[ 2mA]
2 : __; rr:: Lyt 1200 MH
T mARN) ;1
boe .| |10mANA /1/ ]
10 100 MHz
5 |
35 MHz
) VAV /I }
102 ' 10,7MHz
5
2
Vee=10V
10 1MHz Tamb=25°C
1
s f =0.5MHz
2
L 2
1 10 10 103 10°ps
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BF 127

NPN Silicon Epitaxial Planar Transistor
especially designed for use in TV IF amplifiers with forward AGC

—l48¢
*
T ow 0,2
~
05
Black plastic package 50 B 4 5 -~
The case is impervious to light v . s
Weight approximately 0.1 g oY B ic
Dimensions in mm AN
¥ E
Maximum Ratings
Collector emitter voltage Vceo 30 \'
Emitter base voltage VEso 4 \Y
Breakdown voltage of the Vcsoo 40 Vv
screen diode
Collector current Ic 25 mA
Junction temperature T; 125 °C
Power dissipation at Tgmp = 25 °C Piot 330! mW
Static characteristics at Toqmp = 25 °C
DC current gain hee 80 (> 30)
atVee =10V, lc =4 mA
Thermal resistance Rina < 0.3 °C/mw

Junction to ambient air

! Valid provided the transistor is soldered onto a printed circuit board
with 35 um copper foil at a distance of a = 1.5 mm between copper foil
and transistor. For different values of “a” see curve “Admissible power
dissipation versus ambient temperature”.

Dynamic characteristics at Tomp = 25 °C
Screen electrode at emitter potentional, but grounded for RF

Gain bandwidth product fr 350 MHz
atVece =10V, lc =4 mA

Feedback capacitance —Cre 022 pF
atVee =10V, Ic =1 mA, f =10.7 MHz

Max. available power gain Gpmax 43.2° dB
atVce =10V, Ic =4 mA, f = 35 MHz

Noise figure F 3 dB
atVee =10V, Ic = 4 mA, f = 35 MHz,
Rc = 100 Q, grounded emitter
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BF 127

RG

y-Parameters
Test conditions: Vcg = 10V, Ic = 4 mA, f = 35 MHz, grounded emitter

Yie

i

(5.4 + j 10) mmho lysel = 115 (> 75) mmho, ¢ = —21°
Cie = 45pF Yoo = (30 + j 305) pmho
|Yrel = 48 umho, p = —94° Coo = 1.4 pF

Operating Data as IF Amplifier

IF stage with AGC, f = 35 MHz

3pF
10pF 2pF Il“
21 pH 0.62 uH 33pF
H
709 —— 22|pF [: *
100 [pF
r 0.66 |uH
10 |nF — R
T 82pF 502
J’ o O l
-Wec 0 -25V
Power gain Gp 26 dB
atlc =4 mA
Gain control range AGp 60 dB

The screen has to be grounded for RF. Smallest output and reverse
capacitances are obtained with screen connected to emitter or base
potential (see Fig. A...C).

;tc T g"sz ]i T icc
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BF 127

Admissible power dissipation
versus ambient temperature

mwW BF 121-127
400

350

a=15mm
Ft'ot 300 \

25mm

250 \

0 25 0 75 10 125°
™ Tum

Gain bandwidth product
versus collector current

MHz BF 127
500
fr 400 e=10V
Tamb=25°C

300 \k

200

100
\

0 2 4 6 8 10 12 1% 1W®BmMA
Ic

Common emitter
collector characteristics

mA BF 121,127
10 T T T
300pA Tj=25°C
260U A
LA
8 220 uA A
Ic rd
180pA| A
vy d
140uAl L2 LA
6 A <700,
L~ 7
Y Zasals
L~ L1
‘ ',/ 60uA
////
— 5 40uA —]
A L
2 —
Ig = 20uA
-
0
0 1 2 3 4 5V
— ke
Relative DC current gain
versus collector current
BF 121,127
10
Ye=10V
717 =25°C
heellg) 3
el mA) 4
3
2
T
‘ AL
0.7 ,)
L~ \
05 \
0-4 \
03
0.2
0.1
ar 2 5 1 2 s 10 2 s 100mA
— I
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BF 127

IF power gain versus
automatic gain control voltage

dB BF 127
+40

+30

-30 y Tomb=25°C
-40 f_=35MHz
-50
-60
2 4 6 8 10V
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BF 137

NPN Silicon Epitaxial Planar Transistor
for video output stages

Metal case JEDEC TO-39 LN
Collector connected to case % max.94 ¢
Weight approximately 1 g €
Dimensions in mm v

max.05 ¢
Maximum Ratings
Collector base voltage Veso 160
Collector emitter voltage Vceo 160
Emitter base voltage Veso 5
Collector current Ic 100 mA
Power dissipation
at Tomp = 25°C Piot 680 mwW
atTe =100°C . Psot 1.27 w
Junction temperature T; 175 °C
Storage temperature range Ts —55...+175 °C
Characteristics at 7; = 25 °C
DC current gain hee > 25
atVce =10V, /c =30 mA
Collector saturation voltage Veesar <A1 \Y
at/c = 30mA, Iz = 6 mA
Collector cutoff current Icso <10 nA
atVeg =100V .
Emitter cutoff current Ieso < 50 nA
atVeg =4V
Collector base capacitance Ccao 2 pF
at Vego = 20V, f = 500 kHz
Gain bandwidth product fr 95 MHz
atVce=10V, Ic=20mA, f = 50 MHz
Thermal resistance
Junction to ambient air Rina <220 °C/wW
Junction to case Rinc <58 °C/W
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BF 137

08
06

04

02

10

7

heelle) ®
hee(30 mA) ¢

3

2

01

Admissible power dissipation
versus temperature

BF 137

\R,,,c= 58°C/W

N

\

N

100

200°C

» Lmb: 723

Relative DC current gain
versus collector current

BF 137

——
Ve =10V

T =25°C

01 2 5

Common emitter
collector characteristics

mA . BF 137
50
Ti= 25 I
350pAL_—~
I 0 L~ 300
V1A
/ A 250,
30 " //'
A/ Pl 200
1 ////
20 / 0]
‘/,//"”
=
10 4 p ‘_‘_’_g_og_,_
‘}‘ T I=50pA
.l |
0 10 20 30 40
— Ve
Contours of constant
gain bandwidth product
v BF 137
10 / —
I [
7290 MHz] i / ]
AR ey
il
/ /VSOMHZ
4
/OMHz
'/
? \\ ;/
—
Tamb =25°C
0
0 10 20 30 40
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BF 198

NPN Silicon Planar Transistor

deS|gned for RF applications; low feedback capacitance, espeCIaIIy sunted

for AGC in emitter-grounded IF stages in TV sets.

Black plastic case =~ T0O-92
TO-18 compatible.

The case is impervious to light.
Weight approximately 0.18 g
Dimensions in mm

Maximum Ratings
Collector base voltage
Collector emitter voltage
Emitter base voltage
Collector current

Base current

Power dissipation at Tomp = 25°C

Junction temperature

Storage temperature range

Characteristics at Tompb = 25 °C

DC current gain
atVce =10V, Ic = 10 mA

Base emitter voltage
atVegs =10V, Ic =4 mA

Collector cutoff current
atVeg =40V

Thermal resistance
Junction to ambient air

Veao
Vceo
Veso
Ic
Ig
Piot

Ts

hre

Ve

Icao

Rina

max.05 @

40
30

25

300!
150
~55...+ 150

80 (> 27)

750.

<100

< 420

max.3

125
A}

mV

nA

°C/W

! Valid provided that leads are kept at ambient temperature at a distance

of 2 mm from case.

242



BF 198

mw
500

R, 400

tot

300

200

100

Feedback capacitance
atVeg =10V, Ic=1mA, f =1 MHz

Gain bandwidth product
atVeg =10V, Ic = 4 mA, f = 100 MHz

Noise figure at Vcg = 10V,
Ic =4 mA, f=35MHz, Rgc =100 Q

y-Parameters (emitter grounded)
atf=35MHz, Vcg =10V, Ic =4 mA

Input admittance
Output admittance
Input capacitance
Output capacitance

Forward transconductance

Reverse transconductance

Admissible power dissipation
versus ambient temperature
(see note on page 242)

BF 198, 199

0 100 200 °C

amb

~Cre 0.22 pF

tr 400 MHz
F 3 dB

Jie 4.5 mmho
Joe 35 umho
Cie 40 pF
Coe 13 pF
|ytel 105 mmho
Pre —20°

Vre| 45 umho
Pre —95°

Collector current
versus base current

BF 198
T T
Veg=10V
Tamb =25°C ///
0 1 2 3 4 5 mA
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BF 198

Forward transconductance Gain bandwidth product
versus emitter current versus emitter current
mmho BF 198 MHz BF 198
150 T T T 500 T T
Veg=10V | Veg=10V
/-\\ f =35MHZ_ = Tamb=25°C |
Tamb=25°C
I yfel fr 400
y
100 /
N\ 300

//

200
50 \

100 N

0 5 10 15 mA 0 5 10 15 mA
— I —» -Ic

AGC characteristics

mA BF 198
20
4V,=-600B[ T\ 76 4B 'at Zp=4 mA
" =364 MHzZ
. Tomp=25°C
-1
3 / -éoa
14 1 / -30dB
2 [
/ 4 2035
10 4 |
4 /-10 dB
8 7
6 / / . / 0dB
//
ML
T / // 74 [
, N
C
0, 5 10 BY
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BF 199

NPN Silicon Epitaxial Planar Transistor
designed for RF applications; low feedback capacitance, especially suited
for emitter-grounded IF stages in TV sets.

{460l
|
Black plastic case = T0-92 z |
TO-18 compatible. 3:
The case is impervious to light. A ”
Weight approximately 0.18 g E ;6
Dimensions in mm |
— o f— —

max. 05 ® 125
Maximum Ratings
Collector base voltage Veso 40
Collector emitter voltage Vceo 25
Emitter base voltage Veso 4 Y
Collector current Ic 25 mA
Base current Ig 2 mA
Power dissipation at Tgmp = 25°C Piot 300' mwW
Junction temperature T 150 °Cc
Storage temperature range Ts -55...+ 150 °C
Characteristics at Tomp = 25 °C
DC current gain . hee 88 (> 38)
atVee =10V, Ic =7mA
Base emitter voltage Vse 750 mV
atVeg =10V, Ic =7mA
Collector cutoff current Icao <100 nA
atVeg =40V
Thermal resistance Rina < 420" °C/W

Junction to ambient air

' Valid provided that leads are kept at ambient temperature at a distance
of 2 mm from case.
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BF 199

mwW
500

400
";ot

300

200

100

Feedback capacitance
atVeg =10V, Ic = 1mA, f = 1 MHz

Gain bandwidth product
atVeg =10V, Ic = 5mA, f = 100 MHz

y-Parameters (emitter grounded)
atf =35MHz, Vcg =10V, Ic =7 mA

Input admittance
Output admittance
Input capacitance
Output capacitance

Forward transconductance

Reverse transconductance

Admissible power dissipation
versus ambient temperature
(see note on page 246)

BF 198,199
N
\\
\\
\\
\\
\\
0 100 200°C

amb

-G 032 pF

550 MHz
gie 5 mmho
Goe 75 umho
Cie 45 pF |
Coe 1.6 pF
[Vtel 175 mmho
Pte —25°
[yre| 65 umho
Pre —95°

Common emitter
input characteristic

mA BF 199

T T
e =10V
Tmb=25°C

Iz 0.4

03

0.2

01

> Ve
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BF 199

Common emitter
collector characteristics

mA BF 199
25 T
Tamb=25°C
Ig=04mA
. / |03
15 / T
//0.2‘

/ 0.1
Nv/-
005
002
0
0 1 2 3 4 5V
—_— ‘{:E
L Y
Collector current
versus base current
mA BF 199
25 T T
Vee =10V
Tamb=25°C: ,/
I 20

0 1 02 03 04 05 mA

Common emitter
collector characteristics

mA BF 199
25

T T
Ipz04mA | e 25°C

03
- /

I, 20 / A

015

NAE

005

002—

0 10 20 oV
— e

Gain bandwidth product
versus emitter current

MHz BF 199
1000 T
Wg=10V
L Tamb=25°C
frﬁoo
600

N
400
\\
200
0
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BF 199

Forward transconductance
versus emitter current

mmho BF 199
500 T
Vg =10V
| f=35MHz
Tamp=25°C
| yfelz.oo
300
—
P

200 /
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BF 240, BF 241

NPN Silicon Epitaxial Planar Transistors

designed for emitter-grounded AM and FM amplifier stages

Black plastic case =~ TO-92
TO-18 compatible.

The case is impervious to light.
Weight approximately 0.18 g
Dimensions in mm

Maximum Ratings

Collector base voltage

Collector emitter voltage

Emitter base voltage

Collector current

Base current

Power dissipation at Tgmp = 25°C
Junction temperature

Storage temperature range

Characteristics at Tymp = 25 °C

DC current gain
atVee=10V, Ic=1mA BF 240

BF 241

Base emitter voltage
atVeg =10V, Ic=1mA

Collector cutoff current
atVeg =20V

Thermal resistance
Junction to ambient air

Veao
Vceo
Veso
Ic

Ig
Pfof

Ts

Icso

Ritha

2
g
125
40
40
4 v
25 mA
2 mA
300! mw
150 °C

-55...+150 °C

67...220
36...125

700 (650 . . . 740) mV

<100 nA

< 420! °C/W

' Valid provided that leads are kept at ambient temperature at a distance

of 2 mm from case.
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BF 240, BF 241

MHZz
1000

700

500

300

200

100

Collector base breakdown voltage
at Ic = 10 pA

Collector emitter breakdown voltage
at/lc=2mA

Emitter base breakdown voltage
at /g = 10 pA

Gain bandwidth prod‘uct
atVeceo =10V, Ic =1 mA, f = 100 MHz

Feedback capacitance
atVeg =10V, Ic= 1mA, f =1 MHz

Noise figure (emitter grounded)
atVeg = 10V,’Ic =1 mA

Gg = 5 mmho, f = 200 kHz

Yg = (6.6 —j 3.3) mmho, f = 100 MHz

Output admittance
atVeg =10V, lc=1m
atVeg =10V, Ic = 1 mA,

>

Gain bandwidth product
versus collector current

BF 240/241

T T
- =100 MHz |
&
—

=10V
SV
'

Visriceo > 40 \%

Vigriceo > 40

Visrieso > 4

BF 240 BF 241

fr 430 400 MHz

—~Cre 0.27 pF

(<3.5)dB

1.5
1.6 dB

<105
<83

umho
umho

Goe
Goe

Max. available power gain
versus collector current

dB
100

BF 240/241

T
f =10.7 MHz

80
Gp max

60
Vg =10V

3V

40

20
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BF 240, BF 241

Forward transconductance
at 10.7 MHz versus
collector current

mmho BF 240/241
200

T
¥g=3.10V
L £2107 MHz |

| Yee|

100 /

0 2 4 6 8 10 mA
—1I

Feedback capacitance
at 10.7 MHz versus
collector base voltage

pF BF 240/241
1 T T
- f=10.7 MHz
FIc=1.10 mA
07
~Cre
05 ~
I~
'\’\
™~
03 ~
02
01
1 2 3 4 6 8 10V

Forward transconductance
at 100 MHz versus
collector current

mmho BF 240/241
200

T
f=100MHz

17l

Veg=10Y,
3V

100 /

7

0 2 4 6 8 10 mA
—1I

Feedback capacitance
at 100 MHz versus
collector base voltage

pF BF 240/241
1 — T

I-f =100 MHz

FIc=1.10 mA
07

~Cre
05
\
™~
\\\

03 ~
02
01

1 2 3 4 6 8 10V
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BF 240, BF 241

Input admittance
at 10.7 MHz versus
collector current

mmho BF 240/241
5 T
£=10.7 MHz
| e
¥g=3V
3 5V
A 10V

Y/ 4

0 2 4 6 8 10 mA
— I

Input capacitance
at 10.7 MHz versus
collector current

pF BF 240/241
100 T
f=10.7 MHz
c. 80
c Vg =3V
y.

60

/ 5
/// 10Vv
. V.

20

0 2 4 6 8 10 mA

mmho

Jie

10

pF
100

60

40

20

Input admittance
at 100 MHz versus
collector current

BF 240/241.

T
f=100 MHz

,Ves=3V

/ Jov

v

0 2 4 6 8 10 mA

— I

Input capacitance
at 100 MHz versus
collector current

BF 240/241
—
f =100 MHz
g =3V
% 0V
Z
Z
0 2 4 6 8 10 mA
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BF 240, BF 241

pmho
100

Yoe

pF
5

Output admittance
at 10.7 MHz versus
collector current

BF 240/241

T T
£=10.7 MHz

T
Yep=3V

SV

oV

AN

AN

/4

3 4 6 8 10mA

Output capacitance
at 10.7 MHz versus
collector current

BF 240/241
T T
f=10.7 MHZ
Yeg=3V
A
T sV
L——--——""E_——-"’Dwv
-——'—‘_
1 2 3 4 6 8 10mA

Output admittance
at 100 MHz versus
collector current

wmho BF 240/241
103 —
f =100 MHz
7
5
Yoe “
: V=3V
) y ISV
/ I~ nov
T
/
o? //%
/
7 — ]
5
4
3
2
10

1 2 3 4 6 8 10mA

Output capacitance
at 100 MHz versus
collector current

pF BF 240/241
S T T
f =100 MHZz
COE 4
3
2
¥%g=3V
SV
1 v
0
1 2 3 4 6 8 10mA
—_— IC




BF 240, BF 241

255



BF 257, BF 258, BF 259

NPN Silicon Epitaxial Planar Transistors
for video output stages

Metal case JEDEC TO-39

Weight approximately 1 g

Collector connected to case

Dimensions in mm

Maximum Ratings BF 257 BF 258
Collector base voltage Veeo 160 250
Collector emitter voltage Vceo 160 250
Collector emitter voltage Vcer 160 250
at Rge = 1kQ

Emitter base voltage Veso 5
Collector current Ic 100
Power dissipation Piot 5

at Tc =25°C

Junction temperature T; 175

Characteristics at 7; = 25 °C

DC current gain hee >25
atVeg =10V, Ic = 30 mA
Collector saturation voltage VCE sat <1

at/c = 30 mA, [ = 6 mA

Collector cutoff current BF 257 BF 258

atVeg =100V Icso <50 -

at Veg = 200V Icso - <50
atVeg =250V Icso - -
Collector base Vigriceo > 160 > 250
breakdown voltage

at Ic = 100 pA

Collector emitter V(8r)cE0 > 160 > 250
breakdown voltage

at/c =10 mA

%,
0
t
T
3‘ max.9.4 ¢
E
]
— | -
max.05 ¢
BF 259
300 \'
300 \
300 \)
\
mA
w
°C
\
BF 259
- nA
- nA
<50 nA
>300 V
>300 V
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BF 257, BF 258, BF 259

F;ot

Emitter base
breakdown voltage
at /g = 100 pA

Gain bandwidth product
atVce =10V, Ic = 15 mA

Feedback capacitance
atVeg =30V, f=1MHz

Output capacitance
atVeg =30V, f=1MHz

Thermal resistance
Junction to case

Admissible power dissipation
versus case temperature

w BF 257/8/9

U

0 100 200°C

°c/Iw
100

ftne

N oW s N ow oo

N W

Q1

V(8rEBO >5 Vv

fr 90 MHz
[Cre] 4.2 pF
Coe 5.5 pF
Rinc <30 °Cc/w

Pulse thermal resistance
versus pulse duration

BF 257/8/9

l
{
\
\
\
A

N\

102
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BF 257, BF 258, BF 259

Common emitter
collector characteristics

mA BF 257/8/9
100 3
/'/i,/ﬁ
I, 80 /'// 7
C
/ // o ad
7
Ry vdradB
/, 1
/
40 ap «
/’ [I5=05
p fp?
P
20 /,/
0
) 4 6 8 0V

DC current gain
versus collector current

BF 257/8/9

¥e =10V
Tmp=25°C

hre 80 /
, \

40

20

Common emitter
collector characteristics

mA BF 257/8/9
50
&
I 40
= iy
0 // /
250
/ /V
200
20 —
"
A 150
=
ML
/
I5 =100 LA
0

0 10 20 30 40 50V
> e

Small signal current gain
versus collector current

BF 257/8/9
200
Ve =10V
180 | f=1kHz
Tamb=25°C
hte 160
140
120
100 /!
80
60 7
v d
40
A
20
0
0 2 s 1 2 s 10 2 s 100mA
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BF 257, BF 258, BF 259

VeEsat

Collector saturation voltage
versus collector current

v BF 257/8/9

Temp=25°C

Collector current versus
base emitter voltage

mA BF 257/8/9
100

We=10V
oy 25°C

|

« B
e

— Ve

Collector saturation voltage
versus junction temperature

\ BF 257/8/9
5

Ic =100mA

Ig=10mA
4

Veesat //
//
3 7
2
/
1
0
0 100 200°C

Base emitter voltage
versus ambient temperature

v BF 257/8/9
! Vg =10V
I =30mA
08
N
N
Qa6 ~
N -
N
04
02
0
0 100 200°C
— amb
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BF 257, BF 258, BF 259

hielkQ)
hell04)

Collector cutoff current
versus ambient temperature

Contours of constant
gain bandwidth product

BF 257/8/9
#, = 60| |70] 8d KQOM'Hrz'
.
J
2 3 4 10 2 3 45 100mA

h-Parameters versus
collector base voltage

BF 257/8/9 v
10
/ e 8
)4
6
/
/
/ 4
/l
y
/ BF 257 : g =100V 2
/ BF 25845 =200V |
/ BF 259 : I =250V
[ [] :
0 100 200°C
= Tamb
h-Parameters versus
collector current
BF 257/8/9
Wg=10V 10* ©
CB=
f=1kHz boe
hfe h,'e(kﬁ)
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BF 257, BF 258, BF 259

Output capacitance and
feedback capacitance
versus collector base voltage

BF 257/8/9
f=1MHz
I =0
} A
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N
N
N C
NS
o Ny
S~

1 2 3 45 10 2 3 45 100V

— ks
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NPN Silicon
Power Transistors
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BD 106, BD 107

NPN Silicon Epitaxial Planar Power Transistors
for use in AF output stages, available matched in pairs

These transistors are subdivided into two groups A and B
according to. their DC current gain.

Metal case SOT-9
Collector connected to case
Weight approximately 8 g

a-max 14 62
; '
' @©
| o
B ] E
@ ¥
£ max.11%
£
A set of accessories No. 9 '
will be delivered with each
transistor on request.
This set consists of:
1 insulating washer No. 02 911 mica
2 insulating bushes No. 02 321 polycarbonate
Insulating washer No. 02 911 Insulating bush No. 02 321
b 8 ¥ o
J l— 05% |
A
1 399 —

Dimensions in mm
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BD 106, BD 107

Maximum Ratings
Collector base voltage
Collector emitter voltage
Emitter base voltage
Collector current

Power dissipation
atTc =25°C

Junction temperature

Storage temperature range

Characteristics at T; = 25 °C

DC current gain
atVece=2V,Ic=05A

atVeg =2V, Ic =1.5A (BD 106 only)
atVce =2V, Ic = 1A (BD 107 only)

Collector saturation voltage
atlc =25A,l1g =025A

Collector cutoff current
‘at Vcg = 32V (BD 106)
at Vcg = 60V (BD 107)

Gain bandwidth product
atVce =10V, lc = 0.3 A, f = 50 MHz

Collector base capacitance
atVego =10V, f =1 MHz

Thermal resistance
Junction to case

BD 106 BD 107

Veso 36 64
Vceo 36 64
Veso 5

Ic 25

Piot 115

T: 175

Ts —-55...+175

= » < < <

°C

BD 106 A BD 106.B
BD 107A BD107B

hreosa 50...150 100...300

NFE1.5A > 0.7 - hreo.5A

hee 14 > 0.7 - hreo.5A
VCE sat <A

Icso 0.01 (< 0.5)
Icso 0.01 (< 0.5)

fr 100

Ccso 25

Rinc <13

pA
uA
MHz
pF

°C/W

The thermal resistance Rinc rises approximately 0.5 °C/W by insulated

mounting using accessory set No. 9.
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BD 106, BD 107

Admissible power dissipation Pulse thermal resistance
versus case temperature versus pulse duration
w BD 106,107 /W BD 106,107
20 100
7
18 5
4
Bo! 2
14
o e
7
12 _\ . [95 ]
4
10 \ 3 52 =~
\ 2
? \\ . T//
6 X ) 74
. foos o]
4 s LZ Y0021 e _
\ 3 £001—— =«'£ —
2 N ) ’L-v=0 T '? |
N T
\ ! | |
0 0
0 - 100 200 °C 0% 104 103 102 107 10s
_>7‘-: e tp
Common emitter . Common emitter
collector characteristics collector characteristics
A BD 106 A BD107
2 2
e | AR B Pt
AaAYa / 14
18 18 v >
/ | L~
16 / 16 ]
Ic " = et /1 A
10
NuV//Z4B% W] | e
X ‘ L1
V/ - 8 //
12 — 12 —f—~ 8
1 § L~ 6 1 P
-1 d
L~ / - 6
0 (4 . 08 /74’
06 // 06 4
04 04 //
/ Io=2mA -
a2 02 T, = 2mA
0 0
0 1 2 3 4 5V 0 1 2 3 4 5V
— e — Ve
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BD 106, BD 107

Collector saturation voltage
versus collector current

v BD 106,107
1
;—Q =10
B
T]' =25°C
léEscxtc"a
06
04
02
-
0
1073 102 107! 1 10A

—

Admissible collector current
versus collector emitter voltage

Base saturation voltage
versus collector current

v BD 106,107
! 7
%:10
B !
Tj = 25°C //
Voo 08 v
BEsat /
P
06 |-
04
02
0
03 102 107! 1 0A
——-»IC

Relative DC current gain
versus collector current

A BD 106,107 BD 106,107
10 10 ——T—
Ve=2V
! TFr=25°C
: heellp) ®
I 05A)
¢ 3 Pulse operatior hee 3
)03
, ANNNN > 2
DC r& Y \\
-operation
. tp=04ms’ k \ N | %
1
, \\\ DN , 11 1\
\
; \b NNoss . /1/( QBD\OG
¢ 02 « A4 l
3 3
N 103 BD107
2 N 5
BD 106~
BD107-]
o1 o
1 2 3 458 10 2 3 45 100V .10-3 ‘0‘2 ‘0—1 1 10A
— ke — 1
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BD 135, BD 137

NPN Silicon Epitaxial Planar Power Transistors
for AF driver stages .in hifi equipment and for push-pull output stages
matched with BD 136/138 as complementary pairs.

These transistors are available either as matched pairs or as complemen-
tary pairs BD 135/BD 136 or BD 137/ BD.138. Matching condition: The
typical ratio of the DC current gain of a matched pair at [Vcg =2V,
|lc| = 150 mA is 1.3 (max. 1.6).

max.7.8
[ -0
3..32 max.2.8
1o | ‘_' -
[ W=
i ' E{
Ep
}EN‘T 12
Plastic case SOT-32 max. @
Collector connected i f I
to metal base . = )
Weight approximately 1 g il
Dimensions in mm !\ 779
-
ECB
Maximum Ratings BD 135 BD 137
Collector base voltage Vcso 45 60 \
Collector emitter voltage Vceo 45 60 \'
Emitter base voltage VEso 5 \"
Average collector current Icav 05 A
Peak collector current Iem 1.5 A
Power dissipation Psot 6.5 w
at Tc < 60°C
Junction temperature T 125 °C
Storage temperature range Ts —-55...+125 °C
Characteristics at T; = 25°C
BD 135 BD 137
DC current gain
atVee =2V, Ic=5mA hee >25 > 25
atVee =2V, Ic = 150 mA hee 40...250 40...160
atVee =2V, Ic = 500 mA hee >25 >25
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BD 135, BD 137

Base emitter voltage Ve <A1 Vv
at Vee = 2V, Ic = 500 mA

Collector saturation voltage VCE sat <05 Vv
at Ic = 500 mA, Iz = 50 mA

Collector cutoff current

atVeg =30V Icso <100 nA
atVeg =30V, Tj =125°C Icso <10 uA
Emitter cutoff current Ieso <10 nA
atVeg =5V

Gain bandwidth product fr 250 MHz
atVce =5V, Ic = 50 mA,

f = 35 MHz

Thermal resistance

Junction to ambient air Rtha < 100 °C/W
Junction to metal base Rinc <10 °C/W
Metal base to heat sink Ritncss <1 °C/W
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BD 135, BD 137

Admissible power dissipation
versus
metal base temperature

w BD 135,137

— S0
S
[=2]

—

2
o \
0 100 200 °C
— I
Pulse thermal resistance
versus pulse duration
°C/W BD 135,137
102
S
2
e 10 v=1
——/
5 //
2 //
! / v=0
5 /
, .
107 -
5 —
2 -
102 | | L
103 102 107 1 10 102 10%ms
—1p

10

t pmax \

o
)

tot max

8

0
102 . 5

Ic

Multiplier for admiss. power
dissipation for non-periodic
pulses versus pulse duration

BD 135,137

107 2 s 1 2 5
—_—

10ms

Admissible collector current
versus collector emitter voitage

BD 135,137

TC < éo 0'(: T
a) DC current
b) Non-periodic pulses|

Il
fo=2105[02 01

REEINAN

N N

e
/

e
=

P

—>

. DC-operation: N

BD 135
BD1377]

r
1

345 100V

— e
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BD 135, BD 137

Collector current
versus base current

mA BD 135
10 Ty
T7=25°C
7 4
I 3 / V4
C
2 /
102 /
JIRIVAL).
. 7/
, 111
/
/S‘preud/
10 /
5
‘. A
Vi /
y
2
1
10?2 107 1 10 102mA
R IB

Collector current versus
base emitter voltage

mA BD 135,137
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V=2V I |
=25°C I
400
IC
|
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|
}
[ I
200 :
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I ]
100 "
[
/ v
/ |
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Collector current
versus base current
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10 VCE=2V
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2
/
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BD 135, BD 137

Common emitter Common emitter
collector characteristics collector characteristics
A BD 135,137 A BD 135,137
15 o 15
1225°C | A LA Jj=25°C 40—
30 e 7
L~ , / |
Ie c 0
e / el
10 /, //
1 1
/ L1
120
e
I~
5 — A
1 / ///
y 10
05 - 05 =
N 3| 1+ L +—
Yy I
1 et 5
L~ 3
/ /
y
fp=1mA ] To=1mA
0 0
0 5 0V 0 1 2v
— — e
Base current versus Gain bandwidth product
junction temperature versus collector current
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e —— 500 M5V
F Ve =2V 500mA —] U:25°C
I, 400
-] . fT
100mA
300
N
107 A
10mA —] 200 /, \
10'2 !g //
100 i/
10-3 I 4L 0
0 50 100 150 °C 1 2 s 10 2 s 1022 s 10°mA
—7 — Tk
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BD 135, BD 137
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BD 139

NPN Silicon Epitaxial Planar Power Transistor
for AF driver stages in hifi equipment and for push-pull output stages
matched with BD 140 as complementary pair.

This transistor is available either as matched pair or as complementary
pair BD 139/BD 140. Matching condition: The typical ratio of the DC
current gain of a matched pair at |Vcg =2V, |Ic/ =150 mA is 1.3
(max. 1.6).

max.7.8
Sl
3..32 max.2.8
4o | per§
VIR
Tie ¥ s= ]
[ £~
s ¥ *
P
15
Plastic case SOT-32 max. @
Collector connected : e -, o U=
to metal base s £ |
Weight approximately 1g i
Dimensions in mm ! {775
-
ECB
Maximum Ratings
Collector emitter voltage ' Veer 100 \Y
at Rge < 1 kQ
Collector emitter voltage Vceo 80 Y
Emitter base voltage Veso 5 v
Average collector current Icav 0.5 A
Peak collector current Iem 15 A
Power dissipation Piot 6.5 w
atTc<60°C
Junction temperature T 125 °C
Storage temperature range Ts —55...+125 °C

Characteristics at T; = 25 °C

DC current gain

atVee =2V, Ic =5mA hre > 25
atVee = 2V, Ic = 150 mA hre 40...160
atVee =2V, Ic = 500 mA hre > 25
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BD 139

Base emitter voltage
at Vee = 2V, Ic = 500 mA

Collector saturation voltage
at Ic = 500 mA, Iz = 50 mA

Collector cutoff current
atVeg =30V
atVep =30V, T; =125°C

Emitter cutoff current
atVeg =5V

Gain bandwidth product
atVce =5V, Ic =50 mA,
f = 35 MHz

Thermal resistance

Junction to ambient air
Junction to metal base
Metal base to heat sink

Ve

VCE sat

Icao
Icso

leBo

fr

Ritha
Rinc
Rincss

<05

<100
<10

<10

250

nA

uA

MHz

°C/W

°C/W
°C/W
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BD 139

____>oh
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o

ocIw
102

finc

102

Admissible power dissipation

versus

metal base temperature
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Pulse thermal resistance

versus pulse duration
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pulses versus pulse duration
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Admissible collector current
versus collector emitter voltage
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BD 139

Collector current
versus base current

mA BD 139
108 T2V
T.225°C
5 Vj
4
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2 /,
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Collector current versus DC current gain versus
base emitter voltage collector current
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BD 139

Is

Common emitter
collector characteristics

BD 139

n=25°Cc | ¥~ A

30 20
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Base current versus
junction temperature
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BD 139
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BD 306, BD 307

NPN Silicon Epitaxial Planar Power Transistors
for use in AF output stages, available matched in pairs.

These transistors are subdivided into two groups A and B according to
their DC current gain.

max.7.8
i
3..32 max 2.8
gl
17 g A
- ’ o=
NI
1y ¥
] ER
JE 12
Plastic case SOT-32 max. &
Collector connected e 2
to metal base 088 £ {05
Weight approximately 1 g |
Dimensions in mm I
229
ECB
Maximum Ratings BD 306 BD 307
Collector base voltage Vcgo 36 64 \'
Collector emitter voltage Vceo 36 64 v
Emitter base voltage Vego 5 Vv
Collector current Ic 25 A
Power dissipation Piot 125 w
at Tc =25°C
Junction temperature T 125 °C
Storage temperature range Ts -55...+125 °C
Characteristics at T; = 25 °C BD306A BD306B
BD307A BD307B
DC current gain
atVeg=2V,Ic=05A hreosa 50...150 100...300
atVee =2V, Ic = 1.5 A (BD 306 only) hre 1.54 > 0.7 - hreo.5a
atVce=2V,Ic=1A(BD 307 only) hreia > 0.7 - heeo.sa
Collector saturation voltage VCE sat <A1 \'
at Ic=25A, Ip=025A
Collector cutoff current
at Vcg = 32V (BD 306) Icso 0.01 (<0.5) pA
at Vg = 60V (BD 307) Icso 0.01 (<0.5) pA
Gain bandwidth product fr 100 MHz
atVce =10V, Ic = 0.3 A, f = 50 MHz
Collector base capacitance Ccso ’ 25 pF
atVcgo =10V, f=1MHz
Thermal resistance Rinc <8 °C/W

Junction to metal base
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BD 306, BD 307

Common emitter
collector characteristics

A BD 308
2
7,225 °C P
18 /] ]
V 12] |
I v /
/ L~ 10
14 ,/ =
L
12 >
! pd 5
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08 / 7
06 H-
04
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0
0 1 2 3 4 5V
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Collector saturation voltage
versus collector current
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1
% =10
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Veesad®
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/
L
0
1073 1072 07! 1 10A
—Ic
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collector characteristics
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18 e T4
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12
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A
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i
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BD 306, BD 307

Admissible power dissipation Relative DC current gain
versus metal base temperature versus collector current
w BD 306, 307 BD 306,307
20 10
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18 " =25°C
heglle)
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Admissible collector current
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BD 306, BD 307
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BDY 15, BDY 16

NPN Silicon Epitaxial Planar Power Transistors
for switching and amplifier applications
in commercial electronic design

These transistors are subdivided into three groups A, B and C according
to their DC current gain. Type BDY 16 is available in groups A and B only.

Metal case SOT-9
Collector connected to case
Weight approximately 8 g

e-max 14,62
, ]
i =
v i E
© ¥
% max.11%
A set of accessories No. 9 [}
will be delivered with each
transistor on request.
This set consists of:
1 insulating washer No. 02911 mica
2 insulating bushes No. 02321 polycarbonate
Insulating washer No. 02 911 Insulating bush No. 02 321
=~ 8% -
05%
l l -* . peat—
N 1
P dsode

Dimensions in mm

284



BDY 15, BDY 16

Maximum Ratings
Collector base voltage
Collector emitter voltage
Emitter base voltage
Collector current

Peak collector current
att < 100 ms

Power dissipation
atTc =25°C

Junction temperature

Storage temperature range

Characteristics at T; = 25 °C

DC current gain
atVece=2V, Ic=05A
atVee =2V, Ic=25A

Collector saturation voltage
at/c =25A,/g=0.25A

Collector cutoff current
at Vcg = 30V (BDY 15)
at Vcg = 60 V (BDY 16)

Gain bandwidth product
atVee =10V, Ic = 0.3 A,
f = 50 MHz

Collector base capacitance
atVegp =10V, f =1 MHz

Thermal resistance
Junction to case

BDY 15 BDY 16
Vceo 36 64 \%
Vceo 36 64 v
Vego 5 \"
Ic 2.5 A
Icm 4 A
Pfof 11.5 w
T; 175 °C
Ts —55...+175 °C
BDYi15A BDY15B BDY15C
BDY16 A BDY16B
hgg 50...150 100...300 200...600
hgg > 15 > 25 > 35
VCE sat <A1 \Y
Icso 0.01 (< 0.1) pA
Ico 0.01 (< 0.1) pA
fr 100 MHz
Ccso 25 pF
Rinc <13 °C/W

The thermal resistance Riuc rises approximately 0.5°C/W by insulated
mounting using accessory set No. 9.

Curves and characteristics of types BD 106 and BD 107 are valid analo-
gously for types BDY 15 and BDY 16.
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2 N 3055

Diffused NPN Silicon AF Power Transistor
with excellent second-breakdown properties,
for AF high power output stages, stabilizer
circuits and power switches

Metal Case JEDEC TO-3
Collector connected to case
Weight approximately 23 g

[—————max.27.2 ———

e——max.22.2°—m

—»|max.8.5 e

-»{min. 8 |
%‘._—_3 |
o
x
=

A set of accessories No. 3

will be delivered with each

transistor on request.

This set consists of:

1 insulating washer No. 02 311 mica

2 insulating bushes No. 02 321 polycarbonate

Insulating washer No. 02 311 Insulating bush No. 02 321
le———— 28 22— .
| ‘_;335« i
S e
1 -
T —={398=—

Dimensions in mm
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2 N 3055

Maximum Ratings

Collector base voltage

Collector emitter voltage

atVge =—-15V
at Rge = 100 Q
atlpg =0

Emitter base voltage
Collector current

Base current

Power dissipation at T¢ = 25 °C

Junction temperature

Storage temperature range
Soldering temperature at the pins

for max. 10 s, at min. 1 mm distance
between glass seal and joint

Characteristics at Tc = 25 °C

DC current gain

atVee=4V, Ic=4A
atVee =4V, Ic=10A

Collector saturation voltage

at/lc=4A, Iz =04A

Base emitter voltage

atVee=4V, Ic=4A

Collector cutoff current
atVce =100V, Vge = —15V
atVeg =100V, Vge = =15V, Tc = 150°C

atVce =30V

Emitter cutoff current

atVeg =7V

Collector emitter breakdown voltage
at/c =200mA, g =0

atlc =100 mA, —Vge =15V

at /c = 200 mA, Rge = 100 Q

Small signal current gain
atVee=4V,lc=1Af=1kHz

Gain bandwidth product
atVece=4V,Ic=1A

Thermal resistance
Junction to case

Veao

Veey
Vcer
Veeo
Veso
Ic
Ig

Pto?

Ts
TL

hre
hee

VCE sat

Vee

lcev
Icev
Iceo

Iego

V(srice0
V(sr)cev
V(sr)ceR

hye

fr

Rinc

100 \'
a0 \'
70 \%
60 \
7 \"
15 A
7 A
115 w
200 °C
—65...+200°C
235 °C
20...70

>5

<11 \'}
<18 \'
<5 mA
<30 mA
<07 mA
<5 mA
> 60 \Y
> 90 \)
>70 \'
15...120

15(>08) MHz

<15 °C/W
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2 N 3055

Admissible power dissipation
versus case temperature

w 2N3055
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, \

\
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— I

Admissible collector current
versus collector emitter voltage
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N
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collector characteristics
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Derating factor of admissible
collector currents as shown
in the graph on the left

versus case temperature
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—
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2 N 3055

Common emitter
input characteristics

A 2 N 3055

T
Vg =4V

r=25°c/| fisog

i /

o /

02 /,/

DC current gain
versus collector current

2 N 305
80

5

ITT
Vee=4V

T =25°C \

40 A \

20 \

Collector current versus
base emitter voltage

A 2N 3055
10 ——
Vee=4V
/
- I/
T =25°C f 125 °C
6

0 0 1. 15 2 25 3V
™ e

Gain bandwidth product
versus collector current

MHz 2 N 3055
16
f
MmN
N \
12
1
08 \
06
04
02
Veg =4V
F=25°C
02, s 1072 s 1 2 s 10A
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2 N 3055

Admissible collector emitter
voltage versus
base emitter resistance

Admissible turnoff collector
peak current versus emitter

base voltage after turnoff

v 2 N 3055 2 N 3055
75 6
Tt =25°C effective load
[ inductance
L <200 pH
Yeer 0 Iy
\
" AN
v NN
SRR Rae - 100Q
60 ‘\‘ y\ N
\ P typ.
\ yp
\NE ¥
It~k i00
L I M
55 I min.
T =25°C|
50 oLl 1
10 102 103 10% 105Q 0 1 2 3 4 5 6V
> Roe —® s
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2 N 3055
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PNP Silicon Transistors
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BC 160, BC 161

PNP Silicon Epitaxial Planar Transistors
for switching and amplifier applications
These types are subdivided into three groups, -6, -10 and -16, according

to their DC current gain

These transistors are available either as matched pairs or as
complementary pairs BC 140/BC 160 or BC 141/BC 161 resp.

Matching condition: The ratio of the DC current gains of a
matched pair at |Vce| = 1V, |Ic] = 100 mA is less than 1.25.

Metal case JEDEC TO-39
Collector connected to case
Weight approximately 1 g
Dimensions in mm

Maximum Rating#

Collector base voltage
Collector emitter voltage
Emitter base voltage
Collector current

Base current

Power dissipation

at Tamb = 25 °C

atTc =60°C, V<8V
Junction temperature

Storage temperature range

Characteristics at T; = 25 °C
DC current gain
at—Vce=1V,—Ic =0.1mA
at—Vce =1V, —Ic = 100 mA
at—Vee=1V,=Ilc=1A

Collector saturation voltage
at—/c =1A, —Ig =100 mA

Base emitter voltage
at—Vee=1V,=Ilc=1A

Piot
Piot

Ts

hee
hee

hee

—VcE sat

—Vse

2%,
f?& max.
4 — 859 l—
]
| 3
),
o max.9.4 ¢
£
13
)
max.05 @
BC 160 BC 161
40 60 \'
40 60 \'
5 5 Vv
1 A
0.1 A
0.75 w
3.2 w
175 °C

—55...+175 °C

BC 160-6 BC 160-10 BC 160-16
BC 161-6 BC 161-10 BC 161-16

46 80 120

63 100 160
(40...100) (63...160) (100...250)
15 20 30

06 (< 1) Vv

1.0(<1.7) v
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BC 160, BC 161

Collector cutoff current

at —Veg =40V

at—Vce =60V

at—Vee =40V, T; = 150 °C
at—Vce =60V, T; =150 °C

Collector emitter
breakdown voltage
at—/c = 0.1mA

at —/c = 50 mA (pulsed 200 ps, 1%) —V(grjceo > 40 > 60

Emitter base
breakdown voltage
at —/c = 0.1 mA

Gain bandwidth product
at —Vce =10V, —/c = 50 mA,
f = 20 MHz

Collector base capacitance
at—Vcgo =10V, f =1MHz

Emitter base capacitance
at —Vego =05V, f =1MHz

Thermal resistance
Junction to case
Junction to ambient air

—lces
—lces
—lces
—lces

BC160 BC 161

10 (< 100) — nA
- 10 (< 100) nA
10 (< 100) — uA
- 10 (< 100) pA

Switching Times at —/c = 100 mA, —/g; = lgp == 5 mA

Turn-on time
Turn-off time

Test Circuit for Switching Times

—V(sr)ces > 40 > 60 \%
\'}
—V@rieso > 5 >5 \
fr > 50 MHz
Ccso <30 pF
Ceso < 180 pF
Rinc <35 °C/W
Rina < 200 °C/W
ton < 500 ns
torf < 650 ns
o e
Z, =»100kQ
Qﬁo
*j20v

Rise time and fall time of input voltage < 15 ns,

generator impedance 50 Q.
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BC 160, BC 161

Admissible power dissipation
versus temperature

w BC 160
5
Pot 4
1z =0..8V
3
hov \
Ripc=35°C/W
5 v \"’C
20v \
\
Fov
1
N~ [R4=200°C/W
\_‘1\1;4
L &
0

0 100
— Temb,Tc

200 °C

Pulse thermal resistance
versus pulse duration

BC 160,161

100

w

e,

02

L 01

005

0005

fu:o
0

“106 105

N W so
~

] ]
104 103 102 107

— "

1s

Prot

~Icgo

o=

4

Admissible power dissipation
versus temperature

BC®

-%l' =0..

10V

15V

35°C/W

120V

30V
v

\

A

~\

0 100
— = m T

nA
10°

10°

102

200°C

Collector cutoff current

versus junction temperature

BC 160, 161

|BC 160" ~Igg=40V

AN

BC 161: -ipp=60V

/ maximum

/

typical

0 100

200°C
i
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BC 160, BC 161

DC current gain

versus collector current

BC 160-6,161-6

1000 T
Ye=1V
700 I —— typical
500 _——limits
@0 at mp=25°C
FE
300
200
T T T T moec
100
259 \
70 c \\\
© -50°C N\
. SR AN\
% = -~ N
A)
- \
20 /4/ LY
L
10
01 1 10 10?

— -l

DC current gain

versus collector current

103 mA

BC 160-16, 161-16

1000 T
| “Wee=1V
700 = e typical
—— limits
0 at Tomp=25°C
hFE 400
R e —— ~
/ _\\
200 N
y/\\\
I
100
_50°C // L~ N
70 - r/ \
50 7 \
oz 1
7
30
20
10
0 1 10 102

DC current gain
versus collector current

BC 160-10, 161-10

1000

-
“ee=tV
700 1= ——typical
| ——limits

j"‘: at Ty=25°C
heg

300

200 —

100°ch —T =y
~
100 } \\i

. |_-s0°c /’—‘\\\

- \
“0 = p% A}
» - \
~ \
20
10
01 1 10 102 103 mA
— -
Collector current
versus base emitter voltage
mA BC 160,161
103 —r— T
Ye=tV | -
5
/] / /
, J
_]C
O T eose ] ot
: ] f2hed
I| H
2 T
10 L1 |
!
5 i
2
1
5
| — typical
) i — = limits §
H at bmp=25 °C
01 I 1 1 1 1 1
"0 1 2V
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BC 160, BC 161

Common emitter Common emitter
collector characteristics collector characteristics
mA BC 160,161 A BC 160,161
100 o5 A 045 1 28-%//; -
L— 0. 2wty A _+ 8
/ 22 - 16
/T L o35 // L
-l 80 -1c 08 LA 2
1 ~
A 03 / L~ 10
/ 1
025 // 8
60 M t %6 1 TH l
02 /) L+ 6
= 5
L+
015 T T
40 04 e
AT 3
0 5
/
20 02
- [5=005 mA| /
-Ig =05mA
0
0 0 1 2 3 4 5V 0 1 2 3 4
— ke

Common emitter
collector characteristics

A BC 160,161
? 7 %
12
-l 08 ’/ — [0
A/ TP
// AT 6 :
06 r/‘/,_— o)
i Lt 4
-
L~
3
0% /] I
/ 2
02
7
~Ig= 05 MA
0

5V



BC 160, BC 161

“Yeesa

Collector saturation voltage
versus collector current

v BC 160,161
1 T T T
—— typical
| —~— limits
at Gmp=25°C |
| -l |
‘,0,8 -_E =10 /
/
0,6 7]
/
/|

y /)]

/ /
N~ /// // //
02 e T ~ Lo // y.Va
~—1_ [1B0°C '/
T 17
B
0
1 2 s 10 2 s 102 2 s 103mA
— -
Gain bandwidth product
versus collector current
MHz BC 160,161
1000 —T
Vg =10V
’ Tomp =25°C7]
5
fr ¢
3
b,
| //-—\
100 4
7
; /
/
5
. //
3
2
10
1 2 s 10 2 s 1022 s 103 mA

'VBEsat [z IB

Cego °
Ceso

Base saturation voltage
versus collector current

v BC 160,161

T
—— typical
L —— limits
at mp=25°C
-Ic

—=10

|

/
/

7

1 L]
-50°C __’__4 /
—E ] — 47

———1 /

M

] 1 10 102 103 mA

—> -l

Collector base capacitance,
Emitter base capacitance
versus reverse bias voltage

pF BC 160,161
103

T T
f=1MHz
omp=25°C

<

01 2 345 1 2 3 45 v
—> -¥pgo. Ym0
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BC 192

PNP Silicon Epitaxial Planar Transistor
for switching and amplifier applications

Metal case JEDEC TO-18
Collector connected to case
Weight approximately 0.35 g
Dimensions in mm

Maximum Ratings
Collector base voltage
Collector emitter voltage
Emitter base voltage
Collector current

Base current

Power dissipation

at Tamp = 25 °C

atTc =25°C

Junction temperature

Characteristics at 7; = 25 °C

DC current gain
at—Vce =5V, —Ic =50 mA

Collector saturation voltage
at—/c =50mA, —/p = 5mA

Collector cutoff current
at—-Veg =20V

Collector base capacitance
at—Vcgo =10V, f =1 MHz

Gain bandwidth product
at—Vce =5V, —Ic =50 mA

Thermal resistance
Junction to ambient air
Junction to case

hre

—VCE sat

—lcgo

Ccso

fr

Rira
Rinc

-~

iz ||

:

o max.589

£

| B

max059

25
25
5 \'
500 mA
100 mA
0.4 w
1.8 w
200 °C
60...180
< 0.25 \'}
10 (< 100) nA
12 pF
> 100 MHz
< 440 °C/W
<97 °C/W
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BC 192

08
06
04

02

01

Admissible power dissipation
versus temperature

BC

192

\ Rinc=97°CIW
N

\\

100
—> b, &

Relative DC current gain
versus collector current

200°C

BC 192

| - =5V

T =25°C

Common emitter
collector characteristics

mA BC 192
100 -
08
) 07
l//
-~
06
80 oL
K e,
P
1
{ |
60
os] |
LT
40 03
/
4 02
N
-1 B = 01 mA
/ Tj=25°C
0
0 10 0V

— -l

Collector cutoff current
versus junction temperature

nA © BC192
10°
106 /
-Icgo )4
103
)4
102
7
10
7
/
/ -l =20V
, [
0 100 200 °C
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BC 250, BC 260

PNP Silicon Epitaxial Planar Transistors
for switching and amplifier applications

The transistors are subdivided into three groups A, B and C according to
their DC current gain.

B
E Cm
25
‘ —{ 460 ju— "?Ta
% ]
¢ 23 |
: 5
S ™ o max.589
£ -1 c
E g €
[ HU |
max.Q5 @ 125 max059
BC 250 BC 260
Green plastic package =~ TO-92, Metal case JEDEC TO-18
TO-18 compatible. Collector connected to case
The case is impervious to light. Weight about 0.35 g
Weight about 0.18 g Dimensions in mm
Dimensions in mm
Maximum Ratings
Collector base voltage —Veso 20 \%
Collector emitter voltage —Vceo 20
Emitter base voltage —Ukgo 5 \'
Collector current —lIc 100 mA
BC 250 BC 260
Power dissipation Pt 300 300 mw
at Tomp = 25°C
Junction temperature T; 150 175 °C
Storage temperature range Ts —55...+150 —65...+175 °C

' Valid provided that leads are kept at ambient temperature at a distance
of 2 mm from case.
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BC 250, BC 260

mw
500

400

Prot

300

200

100

0

Characteristics at T; = 25 °C

DC current gain
at—Vee=1V,—lc=1mA

Collector saturation voltage
at —/c =30 mA, —/g = 3 mA

Collector cutoff current
at—Veg =15V

Emitter cutoff current
at—Veg =4V

Gain bandwidth product
at —Vce=5V,—Ilc = 10mA,
f = 100 MHz

Collector base capacitance
at —Vego =10V, f =1 MHz

Emitter base capacitance
at —Vegp =05V, f =1 MHz

Thermal resistance
Junction to ambient air

BC250 A BC250B BC250C
BC260A BC260B BC260C

hge  35...100 80...250 200...600
—Vcesat 0.4 \'%
—Icao <100 nA
—leso <100 nA
fr 180 MHz
Ccso 3 pF
Ceso 12 pF

BC 250 BC 260
Ritna < 4201 < 500 °C/W

Junction to case Rinc
Admissible power dissipation
versus ambient temperature?
BC 250 mw
500
400
Prot
T3oo
\N 200
N,
N\ 0
0 100 200°C
—T

amb

< 200 °C/W

Admissible power dissipation
versus temperature

BC 260

\ Rinc=200°C/W

u\
R =500°CIIN

N

0 100 200°C
— > .k

' Valid provided that leads are kept at ambient temperature at a distance

of 2 mm from case.
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BC 250, BC 260

‘Common emitter Collector current versus
collector characteristics base emitter voltage
mA BC 250,BC 260 mA BC 250, 260
10 2o 102 —T
-Ye=5V
50 s [ omp =25°C /
'IC 8 -lc 2 /
40
I / 10
6
30 5
/ /
i :
" 20
- !
/ :
2
/ -Ip =10pA
2
A= 1T
0 10!
0 1 2v " 05 v
—_—e — -
Collector cutoff current Relative DC current gain
versus junction temperature versus collector current
nA BC 250,BC 260 BC 250, 260
108 10 T 1
“Wee =1V
T =25°C
/ heg -Ip)
~legd® [ 7 FeelTmA)
7
y
103
y4
/ 1
/ —
7
102 4 \
: \
/ 4 \
3
10 ,/
/ 2
Yg=15V
! [ | 01
0 100 200 °C 0 2 s 1 2 s 10 2 s 100mA
e /1 —-I
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BC 250, BC 260
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BC 251...,BC 261..,BC 307 ...

PNP Silicon Epitaxial Planar Transistors

for switching and amplifier applications

The transistors are subdivided into three groups A, B and C according to
their current gain. BC 256 and BC 266 are available in groups A and B
only. BC 253, BC 263 and BC 309 are low noise types.

4
d

min. 125 46 |-

max.3

-

o f—
max.Q5 9 125

BC 251, BC 252, BC 253, BC 256,
BC 307, BC 308, BC 309

Green plastic package ~ T0-92,
TO-18 compatible.

The case is impervious to light
Weight approximately 0.18 g
Dimensions in mm

Maximum Ratings

Collector emitter voltage —Vees
Collector emitter voltage —Vceo
Emitter base voltage —VEso
Collector current —lIc
Peak collector current —lcm
Base current —I
Base peak current —Igm
Power dissipation Piot

at Tamb = 25 °C
Junction temperature T;
Storage temperature range Ts

max.5.89

max059

BC 261, BC 262, BC 263, BC 266

Metal case JEDEC TO-18
Collector connected to case
Weight approximately 0.35 g
Dimensions in mm

BC 251 BC 252 BC 256
BC 261 BC 253 BC 266
BC 307 BC 262

BC 263

BC 308

BC 309
50 30 64 \
45 25 64 \'
5 5 5 Vv
100 100 100 mA
200 200 200 mA
50 50 50 mA
100 100 100 mA
TO-92 TO-18
300" 300 mw
150 175 °C

—55...+150 —55...+175 °C

' Valid provided that leads are kept at ambient temperature at a distance

of 2 mm from case.

306



BC 251...,BC 261...,BC 307 ...

Characteristics at Tompb = 25 °C
h-Parameters at —Vcg =5V,
—Ilc=2mA,f=1kHz

Small signal current gain

Input impedance

Output admittance
Reverse voltage transfer ratio

DC current gain

at—=Vce =5V, —-Ilc =001 mA
at—Vee=5V,—Ic=2mA

at —Vce =5V, —Ic = 100 mA

Collector saturation voltage
at—/c= 10mA, —/g =1mA
at —/c = 100 mA, —/g = 5mA
Base saturation voltage

at—/c = 10mA, —Ipg = 0.5 mA
at—/c =100 mA, —/g = 5 mA

Base emitter voltage
at—Vce=5V,—Ic =2mA

Collector cutoff current

at—Veg =25V
at —Veg =45V
at—Vcg =64V

at—Vce =25V, T; =125°C
at—Vcg =45V, T; =125°C
at—Vcg =64V, T; =125°C

Collector emitter
breakdown voltage
at —/ces = 10 pA
at —Icep = 2 mA

Emitter base breakdown
voltage at —/ggo = 10 A

Current gain group
A B C

hie 220 330 600
(125..260) (240..500) (450..900)

hie 27 4.5 8.7
(1.6..45) (3.2...85) (6...15)  kQ

hoe 18 (< 30) 35 (< 60) 60 (< 110) umho
hre 15-104 2-104 3-104

hre 90 150 270
hee 170 290 500
hee 120° 2001 4001
—VCE sat <03 \")
~VCE sat 0.5 \
—VBE sat 0.7 \'
—VBE sat 0.851 \%
—Vae 0.62

(055...0.7) Vv

BC252 BC251 BC256
BC253 BC261 BC 266
BC262 BC 307

BC 263

BC 308

BC 309
—Ices 2(<15) — - nA
—Ices - 2(<15) — nA
—IcEs - - 2(<15) nA
—lces <4 - - uA
—lces - <4 - uA
—lces - - <4 nA

—Visrices > 30 > 50 >64 V
—Viriceo > 25 > 45 > 64 \

—V@rEeo >5 >5 >5 \"

' not valid for BC 253, BC 263 and BC 309
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BC 251...,BC 261..., BC 307 ...

mw
500

400
P tot

T300

200
100

0

Gain bandwidth product
at—=Vce =5V, —Ic =10 mA,
f = 50 MHz

Collector base capacitance
at—Vego =10V, f =1 MHz

Emitter base capacitance
at —Veo =05V, f=1MHz

BC 251, BC 252, BC 256, BC 261,
BC 262, BC 266, BC 307, BC 308:

Noise figure
at—Veg =2V, —Ic =02 mA,
R =2kQ, f=1kHz

BC 253, BC 263 and BC 309:

Noise figure
at—Vce =2V, —Ilc = 0.2mA,
Rc =2kQ,f=1kHz

Noise figure
at—Vce =2V, —Ilc =02 mA,

Rc =2kQ,f=30Hz...15kHz

Thermal resistance
Junction to case
Junction to ambient air

Admissible power dissipation
versus temperature

BC 261...
\\\ \n,,,C:zoo oc/W
\ \\
\

N
Rina=500°CWN

HEEAN

0—* T&mb, Tt 100

200°C

Cmw
500

400
Plo!

T300

200
100

0

fr 130 MHz
Ccso <6 pF
Ceso 12 pF

F <10 dB

F <4 dB

F 2 (< 4) dB

TO-92 TO-18

Rinc — <200 °C/wW
Rima < 420" <500 °C/W

Admissible power dissipation
versus ambient temperature 1

BC 251...,BC 307...

N

N

N

0 — Lmp100

1 Valid provided that leads are kept at ambient temperature at a distance

of 2 mm from case.
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BC 251...,BC 261...,BC 307 ...

Pulse thermal resistance
versus pulse duration

°C/W BC 261...
103

fthe 05 |t

0.2

01 |

0.05)
10
002}
Pl

A

107!
106 105 104 103 102 107 1 10 102s
— 1

Common emitter
input characteristic

W: BC 251..,BC 261...,BC 307..
10

Vg =5V
s - Tamp=25°C

_]B

102

— e

Pulse thermal resistance
versus pulse duration

°cw BC 251..,8C 307..
103
5 (,
0.5 1
2
"thA‘oz 0.2 L]
s101 |
T /
) 0.05|_~1
0.02
10 |-
0.01
5 4
/ 0.005
2
/ v=0
1 / -
5 -
2 —]
0-1 I | | | |
10 10 104 103 102 107 1 10 10%s
—_— 1
Collector current versus
base emitter voltage
mA BC 251..,BC 261...BC 307.
10?2 ————
-¥e=5V /
s = typical | ‘
— — limits
at fmp=25°C /
'IC ) l/

25°CH

{100 °C‘/

d
o
N
=
I

P — L

107
0 05 1v
—_— ’VBE
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BC 251...,BC 261..., BC 307...

DC current gain
versus collector current

Group A

1000 d
-eg=5V
|”——— typical
| === limit

%00 atfms25°C
heg “°

300

700

200

100°C
"]
100 D= . N

70 7
//
50

30

10
102 10! 1 10
—_— - IC

102mA

DC current gain
versus collector current

Group C

1000
-le =5V
700

w0 |_100°C

1
300 f »
25 °C N
200 —
) 7
L
100 2

70

1

aled

50
40

30

[ —— typical
— — limit
at omp=25°C
.

10
102 107 1 10 102 mA

— I

DC current gain
versus collector current

Group B
1000 .
~¥ee =5V
700 Fe— typical
| —— limit
., i:z at Tymp=25 °C g
'FE
300 = . A
LI g P
20 — P S
25°C /// \\\
100 7// \\
70 ,1; \'
50
© L/250°C
30
20
10
102 10" 1 10 102 mA
D — 'IC
Common emitter
collector characteristics
HA BC 253,263 309
100
-1 80
¢ 058 v
60
057,
40
056]
20
055
-V55=0.54V
. L]
0 1 2 3 4 5V
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BC 251...,BC 261...,BC 307 ...

Common emitter
collector characteristics

mA BC 251...,BC 261..., BC 307..
100 | u 1mA
ped L4 o9
AT o
¥ / / //\""—— 07
V.04 06|
|1
V% N
60 A // =105\ —
Wit | L
- 04—
%e
40 H#A /’// 03—
L ’
/,/
I / 02
20
Cl5=01mA
0
0 1 2v

— ke

Common emitter
collector characteristics

mA BC 251..,BC 261...,BC 307..
o e =0675V
I & 67
6
066
L~
4
065
064
2
s
082 _{08T] 060
0 ) -
0 1 2 3 4 5y

Common emitter
collector characteristics

mA BC 251..,BC 261...,BC 307.
10 BOGA
/
70
-l 8
/ 60
s 50
40
4
30
2 iy 20
-Ig=10pA
. L]
0 1 2V
— ke

Common emitter
collector characteristics

mA BC 251, 256, 261, 266, 307
100 r
1l/6d 68 /07
//// 06
L a0 WAL A L A0
-lc V i/ v
/,//////0-"
60 A A p% 03
/
02
40 / ’/ -~
A L
]
/*/
20 d 1= 0ImA
0
0 10 20 30 40 50V
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BC 251...,BC 261..., BC 307 ...

Commen emitter
collector characteristics

mA BC 252,253, 262, 263,308,309
100
v 09 08]
/’ A~ o _—Toz
L~ 7 L1
L 80 ‘A | ,) 06
=ic
f / // L+
~105\—|
/ L1
60 L1 0/‘./
L1 L —1 2
//‘ |t
40 /1 4// 03
//
4 7]
”” .
-t
20 e
H___—F—P‘ﬁ;.o1 mA
0
0 10 20V

Common emitter
collector characteristics

HA BC 253,263,309
100
14pA
1. 80 3
-
60 !
o 08
40
, 06
20 04
-Ig=02 A
o L]
0 1 2 3 4 5v

— ke

mA

08

-]C

06

04

02

mA

-IC

06

04

02

Common emitter
collector characteristics

BC 253 263309
105 uA
95
85
75
65
55
|
1]
45
35
25
-+
"B =15pA
[ |
2 3 4 S5V

Common emitter
collector characteristics

BC 253 263, 309

062 v

060]

59|

I
58V
[

4

— Y

5v
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BC 251..., BC 261...,BC 307...

Collector saturation voltage
versus collector current

v BC 251..,BC 261.., BC 307..
0.5 T T
Iog=20 | ]
| — typical /
— — limits T
at fmp=25°C /
. 04 4
CEsat /
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/
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/A
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’ L y /
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| 100°C / / //
/
o LA
0 T 25°C] =7
N~ | | =
-50°C
0 |
01 s 1 2 s 10 2 s 100 mA
— -l
Collector base capacitance,
Emitter base capacitance
versus reverse bias voltage
pF BC 251...,8C 261..,BC 307..
20 T
Tamp=25°C
18
Ceso
Cego6
1%
12
0 I Ceso
8 N N
Ceso \ \
6 \\
4
2
0
01 2 5 1 2 5 v

%0, Ym0

Base saturation voltage
versus collector current

v BC 251.., BC 261.., BC 307.
T T
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Gain bandwidth product
versus collector current
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BC 251...,BC 261..., BC 307...

Relative h-parameters
versus
collector current

BC 251..,BC 261.., BC 307...
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Noise figure
versus collector current
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Relative h-parameters
versus
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BC 251...,BC 261...,BC 307 ...

Noise figure
versus collector current

dB BC 253 263 309
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BC 327, BC 328

PNP Silicon Epitaxial Planar Transistors

for switching and amplifier applications. Especially suitable for AF-driver
stages and low power output stages.

These types are subdivided into three groups -16, -25 and -40, according
to their DC current gain.

These transistors are available as complementary pairs BC 327/BC 337 or
BC 328/BC 338. Matching conditions: The ratio of the DC current gains
of a matched pair at [Vce| = 1V, |ic| = 100 mA is less than 1.41.

max.3

‘ —{ 4,60 ju—

¢
Green plastic package /~T0-92, ¥
TO-18 compatible. o
The case is impervious to light. <
Weight approximately 0.18 g E
Dimensions in mm

e
max.Q5 ® 125

Maximum Ratings BC 327 BC 328
Collector emitter voltage —Vces 50 30 \%
Collector emitter voltage —Veeo 45 25
Emitter base voltage —Vego 5 Vv
Collector current —lIc 800 mA
Peak collector current ~Icm 1 A
Base current —Is 100 mA
Power dissipation Piot 625 mw
at Tamp = 25 °C
Junction temperature T 150 °C
Storage temperature range  Is —55...+ 150 °C

Characteristics at Tomp = 25 °C BC 327-16 BC 327—-25 BC 327-40

DC current gain BC 328—-16 BC328-25 BC 328—40

at~Vce =1V, —Ic= 100 mA hee 160 250 400
(100...250) (160...400) (250...630)

at —Vce =1V, —Ic= 300 mA hee 130 200 320

Thermal resistance Rina < 200 °C/w

Junction to ambient air

! Valid provided that leads are kept at ambient temperature at a distance
of 2 mm from case.
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BC 327, BC 328

Collector cutoff current
at—Vce=25V

at—Vce =45V

at —Vcg = 25V, Tamp = 125°C
at =Veg = 45V, Tamp = 125 °C

Collector emitter breakdown
voltage at —/c = 10 mA

Collector emitter breakdown
voltage at —/c = 0.1 mA

Emitter base breakdown
voltage at —/¢g = 0.1 mA

Collector saturation voltage
at —Ic = 500 mA, —/g = 50 mA

Base emitter voltage
at —Vce =1V, —Ic = 300 mA

Gain bandwidth product
at—Vcg =5V, —Ic =10 mA
f = 50 MHz

Collector base capacitance
at—Vpc =10V, f =1MHz

—lces
—lces
—lIces
—lces
—V(BRriceo
—V(sricEs
—V(8rEBO
"VCE sat

—Vae

fr

Ccso

BC 327 BC 328
- 2(<100) nA
2(<100) - nA
- <10 uA
<10 - uA
> 45 >25 \
> 50 > 30 \Y
>5 \"
<07 \
<12 \
100 MHz
12 pF
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BC 327, BC 328

Admissible power dissipation
versus ambient temperature
(see note on page 316)
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BC 327, BC 328

DC current gain
versus collector current

Group -16
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BC 327, BC 328

Common emitter

Common emitter
collector characteristics

collector characteristics

mA BC 327,28 mA BC 327,328
500 37 100
2| +—128
A l /__J.-d——*-—’\'fe 4, 80 03
) .
ViV 6
L~
/ / ) 1.4 025
300 / = 60
12
i/
i 02
200 /] 88 . 40
. L~ 015
06
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100 H4 — 04 20
I v 15005 mA
L~ Ig <02 mA [ '
09 1 2V Oy 10 20V
cE —=

Collector saturation voltage

Common emitter
versus collector current

collector characteristics
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===limits |
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BC 327, BC 328

Base saturation voltage
versus collector current
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BC 360, BC 361

PNP Silicon Epitaxial Planar Transistors
for switching and amplifier applications

The type BC 360 is subdivided into three groups, —6, —10 and —16, the
type BC 361 into two groups, —6 and —10, according to the DC current

gain. _

These transistors are available either as matched pairs or as complemen-
tary pairs BC 340/BC 360 or BC 341/BC 361 resp. Matching condition: The
ratio of the DC current gains of a matched pair at |Vcel =5V, |/c| = 50 mA

is less than 1.25.

Metal case JEDEC TO-39
Collector connected to case
Weight about 1 g
Dimensions in mm

Maximum Ratings
Collector base voltage
Collector emitter voltage
Emitter base voltage
Collector current

Base current

Power dissipation
at Tamp = 25 °C
atTe =25°C

Junction temperature
Storage temperature range

Characteristics at T; = 25 °C

DC current gain
at—Vce=5V,—Ilc=0.1mA
at —Vce =5V, —Ic =50 mA

at —Vce =5V, —/c =500 mA

Collector saturation voltage
at —/c = 150 mA, —/g = 15 mA

Base saturation voltage
at —Ic = 150 mA, —/z = 15 mA

| 556
B |
¥
),
5 max.94 ¢
£
E
I
max.05 ¢
BC 360 BC 361
40 60 v
40 60 Vv
5 5 v
500 mA
50 mA
0.8 w
3 w
200 °c

—55...+200 °C

BC 360-6 BC 360-10 BC 360-16
BC 361-6 BC 361-10

hee 40 65 100

hee 63 100 160
(40...100) (63...160) (100...250)

hee 20 30 48

—VcE sot <04 v

—VBE sat 0.95 (< 1.2) v
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BC 360, BC 361

Collector cutoff current
at—Vce =40V

at—Vce =60V

at—Vcg =40V, T; =150 °C
at—Vce =60V, T; =150 °C

Collector emitter
breakdown voltage
at —/lc = 0.1 mA

at —/c = 30 mA
(pulsed 200 ps, 1%)

Gain bandwidth product
at—Vce =10V, —Ic = 50 mA,
f = 50 MHz

Collector base capacitance
at —Vcgo =10V, f = 1MHz

Emitter base capacitance
at —Vego =05V, f=1MHz

Thermal resistance
Junction to ambient air
Junction to case

BC 360
—Ilces 10 (< 100)
—lees  —
—lces 10 (< 100)
—lces -
—V(srices > 40

—V(sriceo > 40

fr

Ccao

Ceso

Rina
Rinc

250

6.5

25

<220
<58

BC 361

- nA
10 (< 100) nA
A

- W
10 (<'100) pA

> 60
> 60

\'
\Y
MHz

pF

pF

°Cc/w
°C/W
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BC 360, BC 361

Admissible power dissipation
versus temperature
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BC 360, BC 361

Collector current
versus base emitter voltage
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BC 415, BC 416

PNP Silicon Epitaxial Planar Transistors
for use in high-quality, low-noise AF and DC amplifiers. Complementary types
are the NPN transistors BC 413 and BC 414.

These types are subdivided into three groups -6, —-10 and -16, according
to their DC current gain.

B
E- ca
25
50
P T
Green plastic package = TO-92, S
TO-18 compatible. 3’
The case is impervious to light. o o
Weight approximately 0.18 g £ g
Dimensions in mm v |
—} ja—
max.Q5® 125
Maximum Ratings BC 415 BC 416
Collector base voltage —Veao 45 50 \"
Collector emitter voltage —Veeo 30 45 \Y
Emitter base voltage —Veso 5 Vv
Collector current —lIc 100 mA
Base current —Ig 20 mA
Power dissipation at Tomp =25°C  Pior 300' mwW
Junction temperature T; 150 °C
Storage temperature range Ts —65...+150 °C
Characteristics at Tomp = 25 °C Current gain group
h-parameters at —Vce =5V,
—lc=2mA,f=1KkHz A B C
Small signal current gain hse 222 330 600
(125...260) (240...500) (450...900)
Input impedance hie 2.7 4.5 8.7
(1.6...4.5) (3.2...85) (6...15) kQ
Output admittance hoe 18(<30) 30(<60) 60 (< 110) umho
Reverse voltage transfer ratio hre 15-104 2-104 3-104
DC current gain
at—Vce =5V, —Ic =0.01 mA hee 90 (> 40) 150 (> 100) 270 (> 100)
at—Vce=5V,—lc=2mA hge 170 290 500
(120...220) (180...460) (380...800)
Thermal resistance Rina < 420" °C/wW

Junction to ambient air

1 Valid provided that leads are kept at ambient temperature at a distance
of 2 mm from case.




BC 415, BC 416

Collector saturation voltage
at—Ic= 10mA, —/s = 0.5 mA
at —/c =100 mA, —/g = 5 mA

Base saturation voltage
at—/c =100 mA, —Ig = 5 mA

Base emitter voltage

at—Vcge =5V, —Ic = 0.01 mA
at—Vce =5V, —Ic =0.1mA
at—Vee=5V,—Ic =2mA

Collector cutoff current
at—Veg =30V
at—Vecg =30V, Tgmp = 150 °C

Emitter cutoff current
at—Veg =4V

Collector emitter breakdown
voltage at —/cg = 10 mA

Collector base breakdown
voltage at —/cg = 10 pA

Emitter base breakdown
voltage at —/gg = 10 pnA

Gain bandwidth product
at—Vce =5V, —lc =10 mA,
f = 100 MHz

Collector base capacitance
at—Vego =10V, f=1MHz

Noise figure
at—Vce =5V, —Ic = 02mA,
Rc =2kQ,f=30Hz...15kHz

Equivalent noise EMF
(referred to base)

at—Vce =5V, —Ic =0.2mA,
Rc =2kQ,f=10...50Hz

_VCE sat
—VcE sat

_VBE sat

—Vee
—Vae
—Vae

—~Icgo
—Ico

—leso

0.075 (< 0.25)
0.25 (< 0.6)

0.9

0.52
0.55
0.65(0.55...0.75)

<15
<5

<15

BC 415 BC 416

—Viriceo > 30 > 45

—Vsricgo > 45 > 50

—Virieso > 5 >5

fr

Ccso

Ve

Transistor Bandpass

under Test Amplifier Filter

200

45

<0.11

AF-VTVM

FQH >

)
.

Neg. Feedback (G, =constant)

Test circuit for equivalent noise EMF

<<<

nA
uA

nA

MHz

pF

dB

uv
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BC 415, BC 416
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versus ambient temperature
(see note on page 326)
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BC 415, BC 416

DC current gain DC current gain
versus collector current versus collector current
Group B Group C
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BC 415, BC 416

Common emitter
collector characteristics
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BC 415, BC 416

Common emitter Common emitter
collector characteristics collector characteristics
HA BC 415,416 HA BC 415,416
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BC 415, BC 416

Collector base capacitance,
Emitter base capacitance
versus reverse bias voltage
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BC 415, BC 416

Common emitter
input characteristic
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BC 415, BC 416

Noise figure
versus collector current
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BC 415, BC 416
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BCY 78,BCY 79

PNP Silicon Epitaxial Planar Transistors
for switching and amplifier applications in commercial electronic design

These Transistors are subdivided into four groups A, B, C and D according to
their current gain. Type BCY 79 is available in groups A, B and C only.

Metal case JEDEC TO-18

Collector connected to case
Weight approximately 0.35 g
Dimensions in mm .

max 059
Maximum Ratings BCY78 BCY79
Collector emitter voltage —Vees 32 45 \"
Collector emitter voltage —Vceo 32 45 \Y
Emitter base voltage —VEeso 5 \"
Collector current —Ic 200 mA
Base current —Ig 50 mA
Power dissipation
at Tamb = 25 °C Piot 390 mwW
atTc =45°C Piot 1 w
Junction temperature T 200 °C
Storage temperature range Ts —65....+200 °C
Characteristics at Tomp = 25 °C

Current Gain Group

h-parameters at =Vce =5V,
—lc=2mA, f=1KkHz A B c D
Small signal Ate 200 260 330 520
current gain (125...250) (175...350) (250...500) (350...700)
Input impedance hie 2.7 - 3.6 4.5 7.5 kQ

(16...45) (25...6) (3.2...85)
Output admittance  hoe  18(<<30) 24(<50) 30(<60) 50 (< 100) umho

Reverse voltage Are 15-104 2-10+4 2-104 3-104
transfer ratio
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BCY 78, BCY 79

DC current gain
at—-Vee =5V,
—Ilc =10pA

at—Vce=5V,
—lc=2mA
at—Vee =1V,
—Ilc =10mA
at—Vee=1YV,
—Ic = 100 mA

hee

hre

hee

hre

Base emitter voltage
at—Vcg =5V, —Ic =10pA
at—Vce=5V,~lc=2mA
at—Vce=1V,—Ilc =10mA
at—Vce =1V, —Ic =100 mA

A

140

170

(120...220)

Current Gain Group

200 (> 30)

250

180 (> 80) 260
(120...400)

> 45

> 40

Collector saturation voltage

at—/c = 10mA, —/p = 0.25 mA
at —/c = 100 mA, —Ig = 2.5 mA

Base saturation voltage

at—I/c = 10mA, —/g = 0.25 mA
at —/c = 100 mA, —/p = 2.5 mA

Collector cutoff current

at —Vces =25V
at —Vces =35V
at —Vces =32V
at—Vcegs =45V

at —Vces =25V, Tamp = 150 °C
at —Vces = 35V, Tamp = 150 °C

at—Vce =32V, —Vpe=0.2V,

Tamb = 100 °C

at—Vcg =45V, -V =02V,

Tamp = 100 °C

Emitter cutoff current

at—Veo =4V

Collector emitter

breakdown voltage

at—Ic = 10 A
at—Ic = 10 uA

Emitter base

breakdown voltage

at—Ig = 1pA

—Vae
~Vse
—Vge
—Vae

—VCE sat
—VcE sat

—Vae sat
_VBE sat

—lces
—lces
—lces
~Ices
—lces
—lces
—lcev

~lcey

—leso

(180...310)

BCY 78
2 (< 20)
< 100

<10

<20

<20

—Visriceo > 32
—Visrices > 32

—VisrieBo > 5

C D
270 (> 40) 340 (> 100)
350 500
(250...460) (380...630)
360 500
(160...630) (240...1000)
> 60 > 60
0.55 \Y
0.65(0.6...0.75) Vv
0.68 \Y
0.75 \"
0.12 (0.06...0.25) v
0.4(02...0.8) Vv
0.7 (0.6...0.85) Y,
0.85(07...1.2) v
BCY 79
- nA
2 (< 20) nA
- nA
< 100 nA
—_ uA
<10 MA
<20 nA
<20 nA
> 45 \'
> 45 \Y
>5 \")
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BCY 78,BCY 79

Gain bandwidth product fr 180 MHz
V=5V, —lc=10mA,

f =100 MHz

Collector base capacitance Ccao 45(<7) pF
—Vepo =10V, f=1MHz

Emitter base capacitance Ceao 11(<15) pF
—Vego =05V, f=1MHz

Noise figure F 2(<6) dB

—Vce=5V, —Ic = 0.2mA,
Rg = 2KkQ, f = 1kHz, Af = 200 Hz
Thermal resistance

Junction to ambient air Rina < 450 ZC/W
Junction to case Rinc <150 C/W

Switching Times

Test conditions:
—Ic:—Igr il ~10:1:1mA,
R; =5kQ,R; =5kQ, R, = 990 Q, Vs -—36V

Delay time tq 35 ns
Rise time tr 50 ns
Turn-on time ton 85(<150) ns
Storage time ts 400 ns
Fall time tf 80 ns
Turn-off time tott 480 (< 800) ns

Test conditions:
—Ic :—Ip1 : Ig2 =~ 100 :10 : 10 mA,
R; =500Q,R, =700Q,R; =98Q,Vgg =5V

Delay time . tg 5 ns
Rise time tr 50 ns
Turn-on time ton 55(<150) ns
Storage time ts 250 ns
Fall time ts 200 - ns
Turn-off time Lot 450 (< 800) ns

Test Circuit for Switching Times

j— 1us

> ;L_J;-

o

i to scope with
¢—O  <5ns

Zp, =)100kQ
QRL n

*ov

Rise time of input voltage 5 ns; pulse duty factor < 1 %,
generator impedance 50 Q
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BCY 78,BCY 79

Admissible power dissipation Pulse thermal resistance
versus temperature versus pulse duration
w BCY 78,79 °C/W BCY 78,79
1 \ 1000
5
2
\ r
Pot \Ry,,c= 150 °C/W T B
\ 5 0.2 /
\\ . 0.1 L —1 //
0.05
05 \ 10 — /
=7
: A oo
\R,,,A- 450°C/W 5 005
~
™~ "o ]
\\ \ s - _
~ T
\ 2 —
0 o 1 1 1
0 100 200 °C 10% 10° 10% 10° 102 107 1 w0s
—>Tump,Tc —>tp
DC current gain DC current gain
versus collector current versus collector current
Group A Group B
1000 1000
Ve =1V “¥e=1V
700 [-E 700 |-EE
o g Ty
h E7EN _ h
e Vee=5V, lmp=25°C o 100 °C /
100 °C / — 1] -
L1 N —1 N
200 LJ,‘ \‘\ 200 Tope257C //—-N\\\
T = 25°C N d
amb | ]/// \\\ /%O(C L +=1~~
100 Pral S s \ 100 > =
L1501 ™A z \
70 > < 70
- P v
50 X 50 7 \
40 40
30 30
CE p— typical 0 ~—— typical
—=——limit — == limit
10 at fmp=25C 0 at Tmp= 25°C
102 10" 1 10 100 mA 10?2 10! 1 10 100 mA
—Ic > -Ic
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BCY 78, BCY 79

DC gurrent gain DC gurrent gain
versus collector current versus collector current
Group C Group D
1000 1000
~e=1V -Ye=5V, ra,,,b=257c -Vee=1V Vee =5V, Emg25 °C
70 \ 70 50 — f
T
500 | 0 N
- — = 500
w00 == 0 | 100 [amo =258 AN
heg L R | heg L N
300 | 300 = ~
T = 25°C N ETIEC e g 0
11 N\ )/ 4 N
200 200 — .
1 -50C —+4 A \
|1 LT N Ve \
1 \, 7 \
7 \ V4
100 - N 100 \
/] \
70 4 70
/
50 50
40 40
30 30
U — typical 20— typical
- limit ——= limit
at omp=25°C at Lmp=25°C
10 - ‘U’" 10 'ami
10~ 10" 1 10 100 mA 102 107! 1 10 100 mA
—I _"IC
Collector current versus Collector cutoff current
base emitter voltage versus ambient temperature
mA BCY 78,79 nA BCY 78,79
100 T 10%
- VCE =1V I 7 ,1 4
s typical II i l) /
———=limits V114 s .
t = W
-Ie 2 ot Tarmp=25 € [ U “Iego " / )4
/ / )4
10 t t
/ | / 102 /- I/
5 ] l V4 7y
] H I 4 ,/
t [mK / J/
) HIR 7
Il gs
1 |
] /’ BCY 78: -Ygp = 32V
100°c/ |125]°cl |-50°C 4 BCY79: -¥egp = 45V
° i t 1 /
[l — typical
, [ I ! — — timit
I
01 1 107 [ 11
0 05 1V 0 100 200°C
— Ve > hmb
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BCY 78 BCY 79

Common emitter
collector characteristics

mA BCY 78,79
100
// 1
L —3
A EEk
[
T
L~ -
] 06
L] A
60 -
— 05—
]
04—
fadl
40 o 103
02
20 £
W Tp -0ImA
0
0 1 2V

— -l

Common emitter
collector characteristics

mA BCY 78,79
100
) fo| _—108| |92
/4 /| ’// > =
A 0.
.. 80 v /// //}
-Ie L~ 1 05 |~
LT >
o e = 04) —
L1
/ // 0
=
// ///
40
——
g o2l
-
/""/
T 1501 mA
o | |
0 10 0V

— -k

Common emitter
collector characteristics

mA BCY 78,79
10
80
|~ 70
g, 8
60
. L |50
40
4 30
-
20
2
-Ig=10 pA
0
0 1 2V

— ke

Common emitter
collector characteristics

mA BCY 78,79
10
Y5 <0675V
1 7 067
6
. 066 —
4
(IJ.GS
2 b 064
063
282} 061
0 6
0 | 2 3 4 5V

341



BCY 78, BCY 79

Common emitter
collector characteristics

mA BCY 7879
! 105
95
-l 08 85
75
06
65
- 55
04
L5
35
02
75
~Ig=15pA
0
0 1 2 3 4 5V

— Y

Collector saturation voltage
versus collector current

\ BCY 78,79
05
-Ig[Ig =40
— typical "
====limits |
at ymp=25°C /
-y 04 T
CEsat 1
1 f

/U

02

‘// / 7
\

01

Common emitter
collector characteristics

mA BCY 78,79
1
-1e % Vo =062V
~Vge =0
06
0.61
04
06
[
02 059
|
1
058
o l

0 1 2 3 4 SV
B —»-VCE

Base saturation voltage
versus collector current

v BCY 78,79
’ 7
/
L/
08 z1
~VBEsat  |Em =-50:C’/7 /
—T -
- -
o -1 // 25°C A “d
) =T
[ ="
L= 4); °C
-
04
~Ic [-Ig= 40
— typical
=~ limits
02 Q25 °C
: |

01 2 s 1 2 5 10 2 s 100mA
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BCY 78 BCY 79

Collector base capacitance,
Emitter base capacitance
versus reverse bias voltage

pF BCY 78,79

Ceso
8 ™.
\\
6 ™.
CCBD\\
4
2 Ts:25C
f=1MHz
0

01 02 05 1 2 5 10V
—— Yo, ~Vs0

Relative h-parameters
versus
collector current

BCY 78,79
102

T
-¥e=5V
- Tamb =25°C

@

hel-Ic)
helc=2mA)

10

N

Ne
L

A

[WAN

t3

/

N

107
107!

~
«
-
~
o

Gain bandwidth product
versus collector current

MHz BCY 78,79
108 —
Tomp =25°C
7 sy
Ig=5V
5
£t
3
2
-
102
7 A
/
s /
4
3
2
10
01 2 s 1 2 s 10 2 s 100mA
— -l
Relative h-parameters
versus
collector emitter voltage
BCY 78,79
2 .
he('VCE)
helge=5V)
15 \ = hf_e::
\ d "[hie
\ P
1
'\ hre
A
h
"oe
05
—IC=2mA
0 famb=25°C
0 10 20 30V
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BSW 72, BSW 73, BSW 74, BSW 75

PNP Silicon Epitaxial Planar Transistors
with high cutoff frequency, for high speed switching

Metal case JEDEC TO-18
Collector connected to case
Weight approximately 0.35 g
Dimensions in mm

Maximum Ratings
Collector base voltage
Collector emitter voltage
Emitter base voltage
Collector peak current

Power dissipation
at Toqmb = 25 °C
atTc =25°C

Junction temperature

Storage temperature range

Characteristics at 7; = 25 °C

DC current gain
at—Vce=10V, —lc = 0.1 mA
at—Vce=10V, —Ic = 10mA
at—Vce =10V, —/c = 150 mA
at —Vceg = 10V, —Ic = 500 mA

Collector saturation voltage
at—Ic =150 mA, —/g = 15 mA
at —/c = 500 mA, —Ig = 50 mA

Base saturation voltage
at—/c = 150 mA, —Ig = 15 mA
at —/c = 500 mA, —/g = 50 mA

Collector cutoff current
~at—Ve =30V

at—Vcg =50V

at—Veg =30V, T; = 125°C

at—Ve =50V, T; =125°C

hee
hee
hre

hre

N

5 o

o max.589
3

| .

max059

BSW72 BSW74

BSW73 BSW75
—Vcao 40 75
—Vceo 25 40
—Veso 5
—lem 500 mA
Prot 400 mw
Prot 1.8 w
T; 200 °C
Ts —-50...+200 °C

BSW72 BSW73

—VCEsat — -

—VBE sat — -

—lcso
—lIcso
—lcso

BSW74 BSW75

- - >20 >35

>3 >70 >3 >75
40...120 100...300 40...120 100...300

- - >20 >40
~Veesat <06 <06 <04 <04V
<16 <16V
Vet <13 <13 <13 <13V
<26 <26V
<100 <100 — - A
- - <10 <10 nA
<100 <100 ~— - vy
- - <10 <10 pA

—lcao




BSW 72, BSW 73, BSW 74, BSW 75

08

06

04

02

Emitter cutoff current
at—Vg =3V

Gain bandwidth product
at—Vce =20V, —Ic = 50 mA,
f = 100 MHz

Collector base capacitance
at—Vcgo =10V, f = 100 kHz

Thermal resistance
Junction to ambient air
Junction to case

Admissible power dissipation
versus temperature

BSW 72...75
\
N
\ Rypc=97 °CIW
e~ 0
(< Rina=440°CIW
\\\
N
0 100 200 C

. ramb:rC

0
106

—IeBo < 100 nA

fr > 150 MHz
Ccso <8 pF
Rina < 440 °C/W
Rinc <97 °C/W

Pulse thermal resistance
versus pulse duration

BSW 72..75

L

P
L~
X

/

74

N

N

L 1]

t
b '—[:‘
‘I/-T Pl
r—
1 | I

103 102

10° 10 10" 1s
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BSW 72, BSW 73, BSW 74, BSW 75

Common emitter Common emitter
Collector characteristics collector characteristics
mA BSW 72...75 mA BSW 72...75
100 10
i2An] [ J (7=25% L1700
/1 T
/ 0.9 1
/ - ]
L1 o 80 |t
7. 80 08 I 8 S
c / /"’—-— ¢ ///
/ pe 07 L1
| /
o LA 08 ] 60l
t—1 I
—— ﬂr
40 04 ‘ 40
.__--—-"—
/ 03 }__—-—-——’
/ 02|
20 e 2
r Tp = 20pA
g = 01 mA
Ti=25% I ‘ [ l
0 0
0 1 2V 0 10 20V
— - — e
Collector saturation voltage Collector saturation voltage
versus collector current versus collector current
v BSW 72,73 v BSW 74,75 .
' 1 .
C .10 -Ic
-] -_ =10
rB 25°C B
o8 T 08 |L1125T
-YeEsat N -VeEsat" ,
06 I 06 I[
04 04 [
02 / 02 L/
A
/
0 0
1 2 s 10 2 s 102 . s 103 mA 1 2 s 10 2 5 102 2 5 103mA
— I — -l




BSW 72, BSW 73, BSW 74, BSW 75

Relative DC current gain
versus collector current

BSW 72,73
10
“e =10V
7
5
4
hegblp) ?
heeli0 mA) ,
1 — ~
LT \\
’ \
5
. \
3
2
01
107 1 10 102 103 mA
— -l
Base saturation voltage
versus collector current
v BSW 72..75
!
-15— =10 /
_IB
T; =25°C
Voge P A
~¥BEsat /
/
06
04
02
0
1 2 s 10 2 s 102 . s 103mA

hegble) s
hee(10 mA)

3

2

01

103
'Icﬂo(ri)
~Icgol25°C)

102

Relative DC current gain

versus collector current

BSW 74,75

~We =10V

107 1

10 102
—_— -Ic

Collector cutoff current
versus junction temperature

10°mA

BSW 72..75

7

/

/

[ |Bsw 72,73: -ig=30v
BSW 74, 75: -Vzg =50V

HENEE

100

—7

200 °C
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BSW 72, BSW 73, BSW 74, BSW 75

Collector base capacitance,
Emitter base capacitance
versus reverse bias voltage

pF BSW 72...75

T =25°C

0 2 4 6 8 nv
— -¥g0,~¥em0

Gain bandwidth product
versus collector current

MHz BSW 72..75
103 r :
T =25°C
"[-¥e=5V
5
ol
3
2 // \
102 /
7
5
4
3
2
10
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BSW 72, BSW 73, BSW 74, BSW 75

349



2N 2904, 2 N 2905

PNP Silicon Epitaxial Planar Transistors
with high cutoff frequency, for high speed switching

%,
-too max.
‘ — 85]@ h—
B ] |
Metal case JEDEC TO-39 w0, j
Collector connected to case s max 9.4
Weight approximately 1.1 g E
Dimensions in mm )
max.05 ¢
Maximum Ratings
Collector base voltage —Veso 60 \'
Collector emitter voltage —Vcro 40 Vv
Emitter base voltage —Veso 5 v
Collector current —lc 0.6 A
Power dissipation
at Tamp = 25 °C Piot 0.8 W
atTc =25°C Piot 3 i
Junction temperature T; 200 °C
Storage temperature range Ts —65...4+200 °C

Characteristics at 7; = 25 °C

2N 2904 2N 2905
DC current gain

at—Vce =10V, —lc = 0.1 mA hre > 20 >35
at—Vce=10V, —lc =1mA hee > 25 > 50
at—Vce =10V, —Ic = 10mA hee >35 >75
at—Vce =10V, —Ic = 150 mA hee 40...120 100...300
at—Vce =10V, —Ic =05A hee >20 > 30
Collector saturation voltage

at—/c =150 mA, —/g = 15 mA —VCE sat <04 \'
at —/c = 500 mA, —Ig = 50 mA —VcEsat <16 \)
Base saturation voltage

at—/c =150 mA, —/p = 15mA —VBE sat <13 \"
at —/c =500 mA, —/g = 50 mA —VBE sat <26 \")
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2 N 2904, 2 N 2905

Collector cutoff current
at—Ve =50V

at—Veg =50V, Tomp = 150 °C
at—Vce=30V, —Veig =05V

Base cutoff current
at—Vce =30V, =V =05V

Collector base breakdown voltage
at—Ic = 10 pA

Collector emitter breakdown voltage
at—/c =10mA

Emitter base breakdown voltage
at—/r =10 pA

Gain bandwidth product

at —Vce =20V, —Ic =50 mA, f = 100 MHz

Collector base capacitance
at —Vcgo = 10V, f = 100 kHz

Emitter base capacitance
at —Vego =2V, f =100 kHz

Thermal resistance
Junction to ambient air
Junction to case

Delay time (see Fig. 1)

Rise time (see Fig. 1)

Turn-on time (see Fig. 1)
‘Storage time (see Fig. 2)

Fall time (see Fig. 2)

Turn-off time (see Fig. 2)

Total switching time (see Fig. 3)

—I¢eao <20 nA
—lIcBo <20 pA
—lcev <50 nA
—legy <50 nA
—Visricao > 60 Vv
—Visriceo > 40 \Y
—VsriBo > 5 \%

fr > 200 MHz
Ccao <8 pF
Ceso <30 pF
Rina < 220 °C/W
Rinc <58 °C/W
tq 6(<10) ns

t, 20(< 40) ns
ton 26 (< 45) ns

ts 50(< 80) ns

t 20 (<30) ns
tott 70 (< 100) ns
ttotal 12 ns

Curves and characteristics of types BSW 72...75 are valid analogously

for types 2 N 2904 and 2 N 2905.

- 30V +15V

tp,<200ns tp<200ns

—»l 100
|
—151'—[ " —3ovH
0 0
50
Fig. 1: Test circuit

for turn-on time,
saturated operation

Fig. 2: Test circuit
for turn-off time,
saturated operation

~ 30V} +50V
1k
5w

—o

Fig. 3: Test circuit
for non-saturated
operation
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2N 2904 A, 2 N 2905 A

PNP Silicon Epitaxial Planar Transistors
with high cutoff frequency, for high speed switching

Metal case JEDEC TO-39
Collector connected to case
Weight approximately 1.1 g
Dimensions in mm

Maximum Ratings
Collector base voltage
Collector emitter voltage
Emitter base voltage
Collector current

Power dissipation

at Tomp = 25 °C

atT¢c =25°C
Junction temperature

Storage temperature range

Characteristics at T; = 25 °C

DC current gain

at—Vce =10V, —/c = 0.1 mA
at—Vce=10V, —lc =1mA
at—Vce =10V, —Ic =10mA
at—Vce =10V, —Ic = 150 mA
at—Vce =10V, —Ic =05A

Collector saturation voltage
at—Ic =150 mA, —/p = 15 mA
at —/c = 500 mA, —/g = 50 mA

Base saturation voltage
at —/c = 150 mA, —/g = 15 mA
at —/c = 500 mA, —/g = 50 mA

%,
o
1
&8
}
n
o max.9.4 ¢
£
3
)
max.05 ¢
—Veao 60 \"
—Vceo 60 Vv
—VEgo 5 \'
—lc 0.6 A -
Piot 0.8 w
Pfof 3 w
T 200 °C
Ts —65...+200 °C
2N2904A 2N2905A
hee > 40 >75
hee > 40 > 100
hee > 40 > 100
hee 40...120 100...300
hre > 40 > 50
—VCE sat <04 \J
~VCE sat <16 \
—VBE sat <13 \'
—VBE sat <26 \'
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2N 2904 A, 2N 2905 A

Collector cutoff current

at—Veg =50V —IcBo <10 nA
at—Vcg =50V, Tamp = 150 °C —IcBo <10 uA
at—Vce =30V, =Vegz =05V —lcey < 50 nA
Base cutoff current —Iegy <50 nA
at—Vece=30V, =V =05V

Collector base breakdown voltage —Viricao > 60 \Y
at —/c = 10 pA

Collector emitter breakdown voltage —Vpriceo > 60 Vv
at—Ic =10 mA

Emitter base breakdown voltage —Viriso >5 \'
at —/g = 10 pA

Gain bandwidth product fr > 200 MHz

at—Vce =20V, —Ic =50 mA, f =100 MHz

Collector base capacitance Ccao <8 pF
at —Vego = 10V, f = 100 kHz

Emitter base capacitance Ceso <30 pF
at —Veo =2V, f =100 kHz

Thermal resistance
Junction to ambient air Rina <220 °C/W
Junction to case Rinc < 58 °C/W

Curves and characteristics of types BSW 72...75 are valid analogously
for types 2 N 2904 A and 2 N 2905 A.

Switching times

Specifications for switching times of types 2 N 2904 and 2 N 2905 resp.
apply to these types.
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2 N 2908, 2 N 2907

PNP Silicon Epitaxial Planar Transistors
with high cutoff frequency, for high speed switching

Metal case JEDEC TO-18
Collector connected to case
Weight approximately 0.35 g
Dimensions in mm

Maximum Ratings
Collector base voltage
Collector emitter voltage
Emitter base voltage
Collector current

Power dissipation
at Tomb = 25 °C
atTc =25°C

Junction temperature

Storage temperature range

Characteristics at 7; = 25 °C

DC current gain
at—Vce=10V, —lc = 0.1 mA
at—Vce=10V, —Ic=1mA
at—Vce =10V, —/lc = 10 mA
at—Vce =10V, —Ic = 150 mA
at—Vce=10V, —Ic = 05A

Collector saturation voltage
at—Ic = 150 mA, —/z = 15 mA
at —/c = 500 mA, —/g = 50 mA

Base saturation voltage
at —/c =150 mA, —/g = 15 mA
at —/c = 500 mA, —/z =50 mA

—Vero
—Vceo

—Veso

Piot
Prot

Ts

hee
hee
hee
hee
hee

—Vee sat
—Vcesat

—VBE sat
~VBE sat

50
gz |1
5
o max.5.89
£
| B
max059
60 \
40 \Y
5 Vv
0.6 A
0.4 w
1.8 w
200 °C
—65...+200 °C
2N 2906 2N 2907
> 20 > 35
> 25 > 50
> 35 >75
40...120 100...300
> 20 > 30
<04 \%
<16 \
<13 \'%
<26 \%
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2 N 2906, 2 N 2907

Collector cutoff curent

at—Veg =50V

at—Veg =50V, Tamp = 150 °C
at—Vce=30V, —=Vgg =05V

Base cutoff current
at—Vce =30V, —Vgg =05V

Collector base breakdown voltage
at—lc = 10 uA

Collector emitter breakdown volitage
at —/c = 10 mA

Emitter base breakdown voltage
at —/g = 10 pA

Gain bandwidth product
at—Vcg =20V, —Ic =50 mA, f =100 MHz

Collector base capacitance
at—Vcgo =10V, f = 100 kHz

Emitter base capacitance
at—Vego =2V, f =100 kHz

Thermal resistance
Junction to ambient air
Junction to case

—Icao <20
—IcBo <20
—lcev <50
—Iegy < 50
—V(sricao > 60

—Vsriceo > 40

—Visriso > 5
fr > 200
Ccao <8
Ceso <30
Riha < 440
Ritnc <97

nA
A
nA
nA
\%

\'

\'
MHz

pF

pF

°C/W
°C/W

Curves and characteristics of types BSW 72...75 are valid analogously

for types 2 N 2906 and 2 N 2907.

Switching Times

Specifications for switching times of types 2 N 2904 and 2 N 2905 resp.

apply to these types.
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2N 2906 A, 2N 2907 A

PNP Silicon Epitaxial Planar Transistors
~with high cutoff frequency, for high speed switching

Metal case JEDEC TO-18
Collector connected to case
Weight approximately 0.35 g
Dimensions in mm

Maximum Ratings
Collector base voltage
Collector emitter voltage
Emitter base voltage
Collector current

Power dissipation

at Tomp = 25 °C

atTc =25°C

Junction temperature

Storage temperéture range

Characteristics at T; = 25 °C

DC current gain

at—Vce =10V, —Ic = 0.1 mA
at —Vce=10V, —lc =1mA
at =Vce =10V, —lc = 10mA
at—Vce =10V, —/c = 150 mA
at—Veg =10V, —Ilc =05A

Collector saturation voltage
at —/c = 150 mA, —/p = 15 mA
at —/c = 500 mA, —/g =50 mA

Base saturation voltage
at —/c = 150 mA, —/g = 15 mA
at —/c = 500 mA, —/g = 50 mA

—Veso
—Veeo

—Vego

Pfof
Pfor

Ts

8z |
5
o max.5.89
c
E
¥
—o!
max 059
60 \'
60 \
5 \'
0.6 A
0.4 w
1.8 w
200 °C
—-65...+200 °C
2N 2906 A 2N 2907 A
> 40 >75
> 40 > 100
> 40 > 100
40...120 100...300
> 40 > 50
<04 \'
<16 \%
<13 \
<26 \'

356



2N 2906 A, 2 N 2907 A

Collector cutoff curent

at—Veg =50V —lcgo

at =V =50V, Tamp, = 150 °C —Icso
at—Vce=30V, —Vgg =05V —Icey
Base cutoff current —legy
at—Vee =30V, —Vgg =05V

Collector base breakdown voltage —V(8r)cBO
at —/c =10 pA

Collector emitter breakdown voltage —V(8rceo
at —/lc = 10 mA

Emitter base breakdown voltage -V (sr)EBO
at—/g = 10 A

Gain bandwidth product fr

at —Vce =20V, —/c =50 mA, f =100 MHz

Collector base capacitance Ccao
at—Vcso = 10V, f = 100 kHz

Emitter base capacitance Ceso
at—Veo =2V, f =100 kHz

Thermal resistance
Junction to ambient air Rina
Junction to case Rinc

<10

<10

<50

<50

> 60

> 60

>5

> 200

<8

<30

< 440
<97

nA
A
nA

nA

MHz

pF

pF

°C/W
°C/W

Curves and characteristics of types BSW 72...75 are valid analogously

for types 2 N 2906 A and 2 N 2907 A.

Switching Times

Specifications for switching times of types 2 N 2904 and 2 N 2905 resp.

apply to these types.
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2 N 3962, 2 N 3963, 2 N 3964

PNP Silicon Planar Transistors

designed for use in high-performance, low level, low noise amplifiers
from audio to high frequency ranges. These units feature excellent
DC current gain linearity from 1 pA to 50 mA.

Type 2 N 3964 offers extremely small low-frequency noise figures over a
wide range of source impedances.

Metal case JEDEC TO-18
Collector connected to case
Weight approximately 0.35 g
Dimensions in mm

Maximum Ratings
Collector base voltage
Collector emitter voltage
Emitter base voltage

Power dissipation
at Tamp = 25 °C
atTc =25°C

Junction temperature
Storage temperature range

Static characteristics at T; = 25 °C

DC current gain

at—Vcge =5V, —lc=1pA
at—Vce =5V, —lc=10pA
at—Vce =5V, —Ic =100 pA
at—Vce=5V, —lc=1mA
at—Vce =5V, —lc =10 mA
at—Vece =5V, —Ic =50mA
at—Vce =5V, —lc =10 pA,
T; = —55°C

at—Vce =5V, —lc = 50 mA,
T; =-55°C

at—=Vce=5V, —lc =1mA,
T; =100°C

Collector saturation voltage
at—Ic =10 mA, —/g = 0.5mA
at—Ic =50 mA, —lg =5mA
Base saturation voltage
at—/c =10 mA, —/g = 0.5 mA
at—Ilc =50 mA, —/p =5mA

max.589

max059

2N 3962 2 N 3963 2 N 3964

—Vcso 60 80 45 \%
—Vceo 60 80 45 \
—~Vego 6 6 6 \%
Piot 0.36 w
Piot 1.2 W
T; 200 °C
Ts —65...+200 °C
2 N 3962 2 N 3964
2 N 3963
heg 175 (> 60) 300 (> 180)
hge 210(100...300) 320 (250...500)
hee 240 (> 100) 330 (> 250)
hre  260(100...450) 330(250...600)
hee 280 (> 100) 330 (> 200)
hee 260 (> 90) 315 (> 180)
hge 90 (> 40) 160 (> 100)
heg 150 (> 45) 190 (> 90)
hee 375 (< 600) 400 (< 800)
—VcEsat 0.1 (< 0.25) N
—VCE sat 0.16 (< 0.4) \
—VBE sat 0.72 (< 0.9) v
—VBE sat 0.81 (< 095) \"
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2 N 3962, 2 N 3963, 2 N 3964

Collector cutoff current

at—Vce =40V
at—Vce =50V
at—Vee =70V

at—Veg =40V, T; =150°C
at—Vce =50V, T; =150°C
at—Vce =70V, T; =150 °C

Emitter cutoff current
at—Vg =4V

Collector base
breakdown voltage
at —/c =10 pA

Collector emitter
breakdown voltage
at —/c =10 uA

at —/lc =5mA

Emitt‘er base
breakdown voltage
at —/g = 10 pA

Thermal resistance
Junction to ambient air
Junction to case

—lces
—lces
—lces
—lces
—lces
~lces

—Ieso

—V(sr)cB0

—V(8rices
—Visriceo

—V(srie80

2N 3962 2N 3963 2 N 3964

05 (< 10)—
- 2(<10)

55(<10)
2—(<10)—
- 2(<10) —
<10 <10 <10

> 60 > 80 > 45

Rina < 480
Rinc <150

Dynamic characteristics at Tymp = 25 °C

Collector base capacitance
at—Vego =5V

Emitter base capacitance
at —Veggo =05V

Gain bandwidth product

at—Veg =5V, —Ic =05mA, f =20 MHz

2 N 3962 and 2 N 3963
2 N 3964

h-parameters at —Vcg =5V,
—lc=1mA,f=1kHz

Small signal current gain

Input impedance
Outbut admittance

Reverse voltage transfer ratio

Ccao <6

fr
fr

hie

hie
Poe

2 N 3962
2 N 3963

2 N 3964

300 360

(100...550) (250...700)

8(25...17) 10(6...20)
19(5...40) 25(5...50)

<10-104 < 10-104

0.5 (< 10)nA
- nA

<<

°C/W
°C/W

pF

pF

MHz
MHz

kQ

umho
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2 N 3962, 2 N 3963, 2 N 3964

2N 3962 2N 3964
2 N 3963

Noise figure

at—Vce =5V, =lc =20 pA, Rg =10 kQ

at Af = 30 Hz ... 15 kHz F 1(<3) 07(<2) dB
atf = 10 Hz F - 35(< 8) dB
atf = 120 Hz F 3(<10) 1.8(<4) dB
atf = 1kHz F 08(<3) 05(<2) dB
atf = 10 kHz F 08 (< 3) 05(<2) dB
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2 N 3962, 2 N 3963, 2 N 3964

Admissible power dissipation
versus temperature

w 2N 3962...2N 3964
2
18
Poot 16
14
12
N Rinc=150°CW
1
08 \
N
06
Ripp=480°CIW W\
04
\‘\
AN
02 \,\ N
0 \1\
0 100 200 °C

_]c

™ lambs 7&

Common emitter
collector characteristics

mA 2N 3962...2 N 3964
2
50 45, v
/ 40
4 35y
/
A |5
7
e P
/' 20
. 1 A
15 /
/ ,/
L~
pdP = 10
/, |
//
| et
L~ ~IF05pA |
|
/

0 10 20 30 L0 sovV

Common emitter
coliector characteristics

mA 2N 3962...2 N 3964
20 74 T
;0/ ?/50 45
/1 Vo
/ Y ”
SN
-IC Vo
y
/) // 30
/' / L
/ A
Vet
~
10 a 20
v o -
4 A 5
= —
T | |+
/ ——-——l—-—"‘___
[~ =lg= 5HA
0 Tamb=25°C
0 10 20 30 40 50 V
———~<>—VCE
Collector cutoff current
versus junction temperature
wA 2N 3962...2N 3964
s
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2N 3964 : ~Vg = 40V
Tgo ! —-
//
107 v 4
//
102 /
4
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7
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0%
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2 N 3962, 2 N 3963, 2 N 3964

DC current gain
versus collector current

2N3962,63
500 T
-5V
400
Tams=100°C "
heg 'amb™ ’/r\
300 25°C
A
//
200
-55 °C .
/ ’/ \
100 /‘/
0
108 102 10 1 10 100 mA
—-I

Collector saturation voltage
Base saturation voltage
versus collector current

Vv 2N 3962...2N 3964
! T 3
ey d
L-Ig ﬂ L~
Pl
| =l
-V,
08 |Lmp=-55°C et BEsat
‘%E&m T Iy
’%I@ﬂ |‘1\ » ”/
gt /’
IR gl %
6 T | Li -
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100°
L~ il
04 ==
=100°C
0.21"" 252 ~ }‘_ CEsat
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~ :Ef’/
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DC current gain
versus collector current

2N3964
500 —
-ee=5V
Tums=100°C
e 400 3 <

25°C

300
-55°C

200

100

0
10-3 102 10 1 10

100 mA
———b-]c
Collector base capacitance,
Emitter base capacitance
versus reverse bias voltage
pF 2N 3962...2 N 3964
20 —
f = 1MHz
18
Ceso1p
Ceso
1%
12
10
\\ Ceso
"\
6 N
Ceso
\\\ 2N 3962463
4 -
2
2N 396|4
0 |
0 10 2V

— -¥&s,"¥%s
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2 N 3962, 2 N 3963, 2 N 3964

Relative h-parameters Relative h-parameters
versus collector current versus ambient temperature
2N 3962...2 N 3964 2N 3962...2N 3964
10 2
AN
18
hol=Ic) ® he(Tams)
FelTmA) C helZ5%C]

7
2z
4
8:7'
= ~
L)
=
?\\’
NN

A 4 T
s / ! hoe
/ hre h“/%
y N\
/ \ 08
/ N\ //
2o =SV T 06 // =5V
Tamb=25°C] \ I = 1mA
f =1kHz f =1kHz
01 L 04 L |
0.1 2 5 1 2 5 10 mA -60 =20 0 20 60 100 °C
—I —* bmb
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gain bandwidth product gain bandwidth product
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e , e,
fr = 280MHz
0 0 A
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2 N 3962, 2 N 3963

Contours of constant
narrow band noise figure

kQ 2N3962, 63
]03 T T T
NN e =5V [
] AV f = 100HzH
Af = 15Hz
) ;
Rs 2 N g \izes
AN
. ETH R NEAN
\ N
ROUNON
NN AN
AN \\
NHAN NC N
4 N\
N N
) \\ E\\SR\ \ N\
N
AN A
F-12dB NN
. N \ 4
N[N
) \\ N
NN
10 N N
103 2 4 022 4 107 2 1

———b-]c

Contours of constant
narrow band noise figure

kQ 2N 3962, 63
103
NIAN
“ "~ N \ ‘\
%N N
G 1dB 2 4 6 0
" NN
AN AN N
4 N\ \\ ‘\‘ N, h
. \ N NL\\\
10 \; \ \ N,
N N AEA
AN N\
o X AN
\ N
2 NN
IG\ 6\ \ 2 \
1 f \
! \I \V
4 -Vc5=5v\ \\ -
, Lf = 10kHz Nl N\_F - 4dB
Af=15 kHz {
107 L1l N
1032 4 1022 4 1072 4 1

Contours of constant
narrow band noise figure

kQ 2N3962,63
103 AN I —
N \\ _VCE=5V 1]
4 f = IkHz
N Af =150 Hz
RG 2 L
102 P2—c|~‘\ X_b 10
AN
¢ \\ \\ 3 N
. \ \\ N
0 AN
N NN
‘ \\ N N \\
BNRSAN N
, NN N
F=10 BN
4 \L \\
2 \\\\ P\\
10! N \
032 4 102 2 4 100 2 4« 1 mA
————-]c
Contours of constant
narrow band noise figure
kQ 2N 3962,63
10
\
\
\
5
\
R \

1\
\ \ !
_A\e \/ = 2dB []]
5 A\ N
N\
N
\ N
| Y
2_"VCE=5V ‘W\ W‘ 1
f = 1MHZ
4f = 2kH7|| N
-1 111 N
102 ; s 107 2 s 1 2 5
— ™I

364



2 N 3962, 2 N 3963

Wide band noise figure
versus generator resistance

Noise figure
versus frequency
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2 N 3964
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Contours of constant
narrow band noise figure
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2 N 3964

Wide band noise figure
versus generator resistance
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2 N 4030, 2 N 4032

PNP Silicon Epitaxial Planar Transistors
for switching and amplifier applications from DC to RF

Metal case JEDEC TO--39 YU
Collector connected to case %‘ max.94 ¢
Weight approximately 1 g €
Dimensions in mm ]

max.05 ¢
Maximum Ratings
Collector base voltage —Vcao 60 \'
Collector emitter voltage —Vceo 60 Vv
Emitter base voltage —VEgo 5 \Y
Collector current —Ic 1 A
Power dissipation
at Tamb =25°C Pfof 0.8 w
atTc =25°C Piot 4 w
Junction temperature T; 200 °C
Storage temperature range Ts —65...+200 °C
Characteristics at 7; = 25 °C
DC current gain 2N 4030 2 N 4032
at—Vce =5V, —Ic =100 uA hee 80 (> 30) 150 (> 75)
at—Vce =5V, —Ic =100 mA hee 40...120 100...300
at—Vece=5V, —Ic=05A hee 60 (>25) 110 (> 70)
at—Vce=5V, —lc=1mA hee > 15 > 40
at—Vee =5V, —Ic =100 mA, hee 50 (> 15) 100 (> 40)
T = —-55°C
Collector saturation voltage
at —/c = 150 mA, —/p = 15 mA —VCE sat 0.1 (< 0.15) \
at —/c = 500 mA, —/g = 50 mA —VCE sat 0.25 (< 0.5) \Y
at—Ic = 1A, —/s = 100 mA —VCE sat 0.5(< 1) v
Base saturation voltage
at —/c =150 mA, —/g = 15 mA —VBE sat 0.8(< 0.9 \"
at —/c = 500 mA, —/z = 50 mA —VBE sat 0.95 (< 1.1) \'
at—Ic = 1A, —Ig = 100 mA —VBE sat 1.05 (< 1.2) \
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2 N 4030, 2 N 4032

Collector cutoff current

at—Vcg =50V —Icgo 02(<50) nA
at—Veg =50V, Tj =150 °C —Icao 0.2 (<50) pA
Emitter cutoff current —leso <10 pA
at—Vg =5V

Collector base breakdown voltage —V(sricBo > 60 \%
at—Ic = 10 pA

Collector emitter breakdown voltage —Vsriceo > 60 \
at—/c =10 mA

Emitter base breakdown voltage —V(grieao > 5 \'
at —/g = 10 pA

Gain bandwidth product fr 150 (> 100) MHz

at—=Vce =10V, —Ic =50 mA, f =100 MHz

Collector base capacitance Ccso 15(<20) pF
at—Vcgo =10V

Emitter base capacitance Ceso 75 (< 110) pF
at —Vego =05V

Thermal resistance
Junction to ambient air Rina < 220 °C/W
Junction to case Rinc < 44 °C/w

Curves and characteristics of types BC 160 and BC 161 are valid analo-
gously for types 2 N 4030 and 2 N 4032.

Switching Times

Turn-on time ) ton 27 (< 100) ns
at —/c = 500 mA, —/g; = 50 mA

Storage time ‘ ts 160 (< 350) ns
at —/c =500 mA, —/g; =50 mA, gz = 50 mA

Fall time t; 23(<50) ns
at —/c =500 mA, —/g; =50 mA, Igz =50 mA

-30V

0 0uF

'9‘7il|—| 629
! ,‘
us o

Lo

Test Circuit for Switching Times
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2 N 4031, 2 N 4033

PNP Silicon Epitaxial Planar Transistors

for switching and amplifier applications from DC to RF

Metal case JEDEC TO-39
Collector connected to case
Weight approximately 1 g
Dimensions in mm

Maximum Ratings

Collector base voltage
Collector emitter voltage
Emitter base voltage
Collector current

Power dissipation
at Tomp = 25°C
atTc =25°C

Junction temperature

Storage temperature range

Characteristics at T; = 25 °C

DC current gain

at—Veg =5V, —Ic =100 nA
at—Vce =5V, —Ic = 100 mA
at—Vce=5V, —Ic=05A
at—Vce=5V, —lc=1A
at—Vce =5V, —Ic = 100 mA,
Ti =—-55°C

Collector saturation voltage
at —/c = 150 mA, —/g = 15 mA
at —/c = 500 mA, —/g = 50 mA

Base saturation voltage
at —/c = 150 mA, —/g = 15 mA
at —/c = 500 mA, —/g = 50 mA

—Veao
—Veceo

~Vepo

Piot
Piot

Ts

hee
hee
hre
hee
hee

—VCE sat
—VcE sat

—VBE sot
—Vae sat

max.
B,SI (]
]
LR
o max.94 ¢
£
E
¥
max.05 ¢
80 v
80 v
5 v
1 A
0.8 W
4 W
200 oC
—65...+200 °C
2N 4031 2 N 4033
80(>30) 150 (> 75)
40...120 100...300
60(>25)  110(> 70)
> 15 > 40
50(>15) 100 (> 40)

01(<0.15) V
025(<05) V

0.8(<0.9) \
0.95 (< 1.1) \"
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2N 4031, 2 N 4033

Collector cutoff current

at—Veg =50V —IcBo 02(<50) nA
at—Ve =50V, T =150 °C —Iceo 02(<50) pA
Emitter cutoff current —Ieso <10 uA
at—Vep =5V

Collector base breakdown voltage —Vsriceo > 80 \
at—/c = 10 pA

Collector emitter breakdown voltage —Visriceo > 80 \
at—/c =10mA

Emitter base breakdown voltage —V(srieeo > 5 '
at—/p = 10 pA

Gain bandwidth product fr 150 (> 100) MHz
at—Vce =10V, —Ic =50 mA, f =100 MHz

Collector base capacitance Ccso 15(<20) pF
at—Vego =10V

Emitter base capacitance Ceso 75 (< 110) pF

at —Vego = 0.5V

Thermal resistance

Junction to ambient air Rina < 220 °C/W
Junction to case Rinc < 44 °c/w

Curves and characteristics of types BC 160 and BC 161 are valid analo-
gously for types 2 N 4031 and 2 N 4033.

Switching Times

Turn-on time ton 27 (< 100) ns
at —/c = 500 mA, —/g; = 50 mA

Storage time ts 160 (< 350) ns
at —/c = 500 mA, —/g; =50 mA, /g2 =50 mA

Fall time t 23(<50) ns
at —/c =500 mA, —/g; =50 mA, Igz =50 mA

‘ o
<L 38V

Test Circuit for Switching Times
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PNP Silicon ,
High Frequency Transistors
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BF 324

PNP Silicon Epitaxial Planar Transistor

with extremely small feedback capacitance, designed for base-grounded

FM RF amplifiers in the range of 100 MHz

Green plastic case =~ TO-92
TO-18 compatible.

The case is impervious to light.
Weight approximately 0.18 g
Dimensions in mm

Maximum Ratings

Collector base voltage
Collector emitter voltage
Emitter base voltage

Collector current

Base current

Power dissipation at Tams = 45 °C

Junction temperature

Storage temperature range

Characteristics at Tqmp = 25 °C

DC current gain v
at=Vce=10V,—-lc =1mA
at—=Vce =10V, —=lc = 4 mA

Base emitter voltage
at —Vce =10V, —lc = 4 mA

Collector emitter breakdown voltage
at—/lc = 10 mA

Emitter base breakdowm voltage
at —/g = 10 pA

Collector cutoff current
at—Ve =30V

Thermal resistance
Junction to ambient air

hre

hee

—Vse
—V(8Rr)cE0

—V(sriEBO

—lcBo

Rina

+ — 1 4,60 |-

©

<

3

2_

< %

L g
max.05 9 125
30
30 \'
4
25 mA
5 mA
250! mWwW
150 °C

—55...+150 °C

45
50 (25 . .. 160)

0.76 \
>30 v
>4 \Y
<50 nA
< 420" °c/w

! Valid provided that leads are kept at ambient temperature at a distance

of 2 mm from case.
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BF 324

mW

300

200

Gain bandwidth product at f = 100 MHz

at—Vce =10V, —-lc =1mA
at—Vce =10V, —lc = 4mA
at—Vce =10V, —/c = 8 mA

Feedback capacitance
at —Veg =10V, Vge = 0,f = 1 MHz

Noise figure at —Vcg = 10V,
—Ilc =2mA,f =100 MHz, Rg = 60 Q

Admissible power dissipation
versus ambient temperature
(see note on page 374)

BF 32
il
\\
N
\\
2\
0 100 200°C

-I e

10"

fr 350 MHz
fr 450 MHz
fr 440 MHz
Cr 0.1 pF

F 3 dB
Collector current versus

base emitter voltage

BF 324
-V =10V
0 05 v
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BF 324

Common emitter DC current gain
collector characteristics versus collector current
mA BF 324 BF 324
20 100
700 //Q/’ﬁo Ve =10V
7
// / P 0|
I 4 / / hFEBO
// /1
% 60
10 /
o
700 / ™~
/ v 40
/|
// 100
] 20
/ Ig=50 A
: B \
0 5 10V 0 10 20mA
— =V —_— -Ic
Gain bandwidth product Input admittance
versus collector current characteristic
MHz BF 324 mmho BF 324
500 40
f = 100MHz ~Veg =10V
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BF 324

mmbho

bob
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Output admittance
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BF 450, BF 451

PNP Silicon Epitaxial Planar Transistors

designed for emitter-grounded AM and FM IF amplifier stages in which
the negative pole of the supply voltage is grounded

The BF 450 is designed for stages with AGC, and the BF 451 is designed

for stages without AGC.

Green plastic case =~ TO-92
TO-18 compatible.

The case is impervious to light.
Weight approximately 0.18 g
Dimensions in mm

Maximum Ratings

Collector base voltage
Collector emitter voltage
Emitter base voltage

Collector current

Base current

Power dissipation at Tomp = 25°C

Junction temperature

Storage temperature range

Characteristics at Tomp, = 25 °C

DC current gain

—Vee=10V,—Ilc =1mA BF450
BF 451

Collector base breakdown voltage

at—Ic = 10 pA

Collector emitter breakdown voltage

at—Ic=2mA

Collector cutoff current
at—Ve =30V

Thermal resistance
Junction to ambient air

hre
hre

—V(sr)cB0

—Visrceo

—lcso

Rina

min.125-9 4,6 (e

—>4,§¢ -
|
3
€
—] o
max.05 9 125
40 \
40 \'
4 \
25 mA
5 mA
150 mw
125 °C
-55...+150 °C
> 60
>30
> 40 \'
> 40 \
< 50 nA
<660’ °Cc/wW

1 Valid provided that leads are kept at ambient temperature at a distance

of 2 mm from case.
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BF 450, BF 451

Gain bandwidth product

at—Vce = 10V, —Ic = 1 mA, f = 100 MHz

Feedback capacitance

at—Vce =10V, —lc =1mA, f =1MHz

Real part of output admittance

at—Vce =10V, —Ic = 1mA, f = 05MHz

Noise figure at =Vcg =10V,

fr 325 MHz
—Ce 035 pF
Joe <8 umho
F 2 dB

—Ilc =1mA, f=100kHz, R = 300 Q

Admissible power dissipation
versus ambient temperature
(see note on page 378)

mwW BF 450,451
200

Frot L_&

100

0 100 200°C

— Taomb

Collector current
versus base emitter voltage

mA BF 450,451
20

~Veg =10V

_IC

— Vg
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BF 450, BF 451

Common emitter Gain bandwidth product
collector characteristics versus collector current
mA BF 450,451 MHz BF 450,451
20 500
“Vege=10V
N
400 /
K1 / 350 |_1{-300 fr
/ , 1 ,
200 | |
/'/ - = w00 L
10
|11 150
e | 200
/ 100
100
-Ig =50 pA
0 ‘ l 0
0 5 0V 0 5 10mA

—_— -VCE —-] c
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PNP Silicon
Power Transistors
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BD 136, BD 138

PNP Silicon Epitaxial Planar Power Transistors
for AF driver stages in hifi equipment and for push-pull output stages
matched with BD 135/137 as complementary pairs.

These transistors are available either as matched pairs or as complemen-
tary pairs BD 135/BD 136 or BD 137/BD 138. Matchmg condition: The
typical ratio of the DC current gain of a matched pair at |Vcg =2V,
llc| = 150 mA is 1.3 (max. 1.6).

max.7.8
< ™ max.2.8
I B
AL E 3
s LN
~oly y
B
’EN‘T 12
Plastic case SOT-32 e 2 ole
Collector connected 088 g 05
to metal base if 1l '
Weight approximately 1 g 1l
Dimensions in mm - |a2?9
ECB
Maximum Ratings BD 136 BD 138
Collector base voltage -cho 45 60 \'
Collector emitter voltage . —Vceo 45 60 \'
Emitter base voltage —Veso 5 v
Average collector current =lcav 0.5 A
Peak collector current —lem 15 A
Power dissipation Piot 6.5 w
atTc<60°C .
Junction temperature T; 125 °C
Storage temperature range Ts —~55...+125 °c

Characteristics at 7; = 25 °C

DC current gain

at—Vee =2V, —lc=5mA hee > 25 >25
at—Vce =2V, —Ic = 150 mA hee 40...250 40...160
—Vee =2V, —Ic =500 mA hee >25 >25
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BD 136, BD 138

Base emitter voltage

at—Vce =2V, —Ic =500 mA

Collector saturation voltage

at—Ic = 500 mA, —/g = 50 mA

Collector cutoff current
at—Ve =30V
at—Vep =30V, T; =125°C

Emitter cutoff current
at—Vgg =5V

Gain bandwidth product
at—Vee =5V, —Ic = 50 mA
f = 35 MHz

Thermal resistance
Junction to ambient air
Junction to metal base
Metal base to heat sink

—Vae

—VcE sat

—lcso
—lIcso

—leso

fr

Rina
Rinc
Rincss

<1

<05

< 100
<10

<10

75

< 100
<10
<1

v

\"

nA

pA

MHz

°C/W

°C/W
°C/wW
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BD 136, BD 138

Admissible power dissipation
versus
metal base temperature

w 8D 136,138

2 \\
0 \
0 100 200 °C
— - 7&
Pulse thermal resistance
versus pulse duration
°CIW BD 136,138
102
5
2
fnc v=1
10 —
5 //
/

10
R
Ft.ot max

8

N owsa

107

N w oo

102

tot pmax

0
102:

Multiplier for admiss. power
dissipation for non-periodic
pulses versus pulse duration

BD 136,138

AN

10! . s 1 2
—_— 0

Admissible collector current
versus collector emitter voltage

BD 136,138

T
TC <60°C
a)DCcurrent

b) Non-periodic pulses’

1
15=2105/0201005ms
b AN

N

N

A

a)

DC-operation:

BD 136
BD138

| 1

1 2 345 10 2 345
——-VCE

100v
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BD 136, BD 138

Collector current
versus base current

mA BD 136

~¥ee=2V
T=25°C

1
10?2 107 1 10 10°mA

— -l

Collector current versus
base emitter voltage

mA BD 136,138
500 ey
T=25°C
400 . 1
I typical " max.
|
300 :
I
1
I
200 !
[ I
|
I |
|
100
[ I
/ ]
0 i
0 1

2V

Collector current
versus base current

mA BD 138
10° Evm—
T;=25°C
: 7
4
3 A
-IC
2 /,
102 /
5
7
4
3 , /
2
y f
NERVAY
/épread
5
X 7
) 7
2
NN
102 o 1 0 10°mA
—_— —-IB
DC current gain versus
collector current
BD 136,138
200 -y
T=25°C
hee
100 —
]
N
0 3
1 2 s 10 2 s 102 2 s 10°mA

— -Ic
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BD 136, BD 138

Common emitter
collector characteristics

A BD 136,138

15
Tj =25°C /{0

10

\\ N \\\\ ™~
CINCN
|

05

0 5 0v

Base current versus
junction temperature

mA BD 136,138
10 T T T

T 1
g2V 500mA ——]

_[B

100mA ——

10+

10mA

10-2

-lc=1mA

10-3
0 50 100 150 °C

Common emitter
collector characteristics

A BD 136,138
15
T, =25°C sol A~
LA
; / 40 L~
-Ic - P
// 7
1 / |
30
'/ L~
/ —
/% 2
[/ |~
05 /4 . ol 10—
/| —T
e 2
L/ //
//
0 -13:1mA
0 1 2v

— ke

Gain bandwidth product
versus collector current

MHz BD 136,138

100 g5V =

Tj=25°C
fr 80
A LN
/ \
60 /
/

20
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BD 136, BD 138
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BD 140

PNP Silicon Epitaxial Planar Power Transistor
for AF driver stages in hifi equipment and for push-pull output stages
matched with BD 139 as compliementary pair.

This transistor is available either as matched pair or as complementary
pair BD 139/BD 140. Matching condition: The typical ratio of the DC cur-
rent gain of a matched pair at [Vce| =2V, [ic| = 150 mA is 1.3 (max. 1.6).

max.7.8
3..32 max &
el ‘_i >
il g 8
¥ gz T
| b=
[N ' * )
)| o
}EN‘T 12
Plastic case SOT-32
Collector connected T35 3 ol
to metal base 088 < 05
Weight approximately 1 g ! &
Dimensions in mm I
229
ECB

Maximum Ratings

Collector emitter voltage —Vecer 100 Vv
at Rge < 1kQ

Collector emitter voltage —Vceo 80 Vv
Emitter base voltage : ~Vegp 5 \Y
Average collector current —Ilcay 0.5 A
Peak collector current —Icm 15 A
Power dissipation Piot 6.5 w
at T¢ < 60°C

Junction temperature T; 125 °C
Storage temperature range Ts —55...+125 °C

Characteristics at 7; = 25 °C

DC current gain

at—Vee =2V, —lc =5mA hee > 25
at —Vce =2V, —Ic = 150 mA hre 40...160
at—Vce =2V, —Ic =500 mA hre > 25
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BD 140

Base emitter voltage
at—Vce =2V, —Ic =500 mA

Collector saturation voltage
at —/c = 500 mA, —/p = 50 mA

Collector cutoff current
at—Vep =30V
at—Ve =30V, T} =125°C

Emitter cutoff current
at—Vg =5V

Gain bandwidth product
at—Vce =5V, —Ic = 50 mA,
f = 35 MHz

Thermal resistance
Junction to ambient air
Junction to metal base
Metal base to heat sink

—Vae

=Vcesat

—lIcso
—Icao

—IeBo

fr

Rina
Rinc
Rincss

<A1

<05

<100
<10

<10

75

<100
<10
<1

nA
uA

uA

MHz

°c/w
°C/wW
°C/wW
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BD 140

Admissible power dissipation
versus
metal base temperature

w BD 140

JE—— 30
S
o

, \
\

o N
0 100 200 °C
—I
Pulse thermal resistance
versus pulse duration
°cw BD 140
102
5
2
I -
thC 10 v=1
L
5 /
2 //
! / v=0
5 /
2
107 —
5 —
2 —
102
10 102 107 1 10 102 103ms

——Dfp

0
02, s

'IC

Multiplier for admiss. power
dissipation for non-periodic
pulses versus pulse duration

BD 140

AN

10" . s 1 2 5
— i

Admissible collector current
versus collector emitter voltage

BD 140

Tc <60°C
a) DCcurrent
I”b) Non-periodic pulses

[
£,=2,1,05[02 01005 002 001

b) \\:\ \\

) \

DC-opemtion\ ‘1

345 100V

—
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BD 140

Collector current
versus base current

mA BD 140
108 T2V
T,=25°C
: 7
)4
3
_Ic
2
/!
102 /, /
: 7
. /
: /
ol AL/
Spre
5
/
4
s /
2
an
1
102 10 1 0 10°mA
—_— —IB
Collector current versus DC current gain versus
base emitter voltage collector current
mA BD 140 BD 140
500 g2V 200 T2y
T=25°C T=25°C
400 J 5
L typical yr max. FE
]
1
|
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I L
200 i
I |
|
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|
100
L W
/ ]
/
0 4 0
0 ! 2v 1 2 ¢ 10 2 s 1022 s 10°mA
— -Ic

" e
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BD 140

Common emitter
collector characteristics

A BD 140
1? Ti=25°C /{0
// /730 20|41
" 4 B // =
/ /| //
/
! / 4 rl—5//""‘
|4
V/ 10
y
Ve —
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, 5
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0
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Base current versus
junction temperature
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BD 140
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Accessories

Set of accessories No. 3

Insulating washer

[ ————— 28 2———|

comprising

1 insulating washer No. 02 311 mica

Insulating bush

5
1

L\

2 insulating bushes No. 02 321 polycarbonate

for insulated mounting of TO-3 transistors

Weight of kit approx. 0.35 g

If transistors are mounted insulated a good thermal contact has to be
provided, e.g. by greasing the insulating washer with silicon grease. The
thermal resistance Rinc rises approximately 0.5 °C/W by insulated mount-

ing using accessory set No. 3.

Dimensions in mm
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Accessories

Set of accessories No. 9

Insulating washer Insulating bush
' |
Yot ] 4
*8 +lt+ 2
1
] 2 o —
—~ -

comprising

1 insulating washer No. 02 911 mica
2 insulating bushes No. 02 321 polycarbonate

for insulated mounting of SOT-9 transistors

Weight of kit approx. 0.3 g

If transistors are mounted insulated a good thermal contact has to be
provided, i.g. by greasing the insulating washer with silicon grease. The

thermal resistance Rixc rises approximately 0.5 °C/W by insulated mount-
ing using accessory set No. 9.

Heat sink KS 1 for TO-39 case

fitting for all transistors in TO-39 case

\J Material: black varnished bronze beryllium
> Weight approx. 2 g
2 < ' Thermal resistance in free air
7/\{\& R = 46 °C/W

f’]ﬁ(l

la—— 20 —|

Q5 >

- 5 (e

Dimensions in mm
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ITT Manufacturing

Transistors described in this manual are only parts of the ITT semi-
conductors manufacturing programme. A wide range of monolithic inte-
grated circuits as well as diodes, thyristors and rectifiers of outstanding
quality are at your disposal for your designs and your production.

Worldwide basic research and specified development programmes at ITT
factories in Germany, Europe and USA guarantee the most modern
production methods. Rational large scale production ensures constant
high quality standard at reasonable prices.

ITT components are marketed worldwide. We are pleased to inform you
of the address of your local ITT distributor.

For information about the following components ask for your manual:

TTL and DTL Digital Integrated Circuits
Linear Integrated Circuits
Integrated Circuits for Consumer Applications

LSI Circuits in MOS Technology
Germanium Gold Bonded Diodes

Silicon Diodes

Silicon Capacitance Diodes

Silicon Diode Switches

Silicon Zener Diodes

Silicon Reference Elements and Amplifiers
Silicon Rectifiers

Silicon Thyristors

Silicon 4-Layer Components

All information given herein is subject to modification with respect to
progress or errors.

© 1972 International Telephone and Telegraph Corporation

Printed in W.-Germany

Imprimé dans la République Fédérale d'Allemagne

Druckhaus Rombach + Co GmbH, 78 Freiburg i. Br., Lérracher StraBe 3
Edition 1972/8

Order No. 6240-05-1E
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Semiconductors Supply Sources

ITT semiconductors are marketed

in the United Kingdom by
ITT Semiconductors, Footscray, Sidcup, Kent
Telephone 01-300-3333 Telex 21836

in France by

Société des Produits Industriels ITT
Département Semiconducteurs INTERMETALL
1, avenue Louis Pasteur

92-Bagneux, )

Téléphone: 253-3139 Télex: 26 925

in Germany by

INTERMETALL

Halbleiterwerk der Deutsche ITT Industries GmbH
D-78 Freiburg, Postfach 840

Telefon (07 61) *5171 Telex 07-72 716

Addresses of ITT Semiconductors sales outlets in the
other European countries are available from
INTERMETALL GmbH, D-78 Freiburg, Postbox 840

Address of your local sales office/agent:
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General Information

NPN Silicon Transistors

NPN Silicon
High Frequency Transistors

NPN Silicon
Power Transistors

PNP Silicon Transistors

PNP Silicon -
High Frequency Transistors

PNP Silicon
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