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Alphabetic Index of Types

Type Page Type Page
BC 107 Aand B 34 BCY58A...D 72
BC108A,Band C 34 BCY59A...D 72
BC109Band C 34 :

BCY78A...D 336
BC 140-6,-10 and -16 46 BCY79A,BandC 336
BC 141-6, -10 and -16 46

BD 106 A and B 264
BC 160-6, -10 and -16 294 BD 107 A and B 264
BC 161-6, -10 and -16 294

BD 135 268
BC170A,Band C 52 BD 136 384
BC 171 AandB 34 BD 137 268
BC172A,Band C 34 BD 138 384
BC173BandC 34 BD 139 274
BC174Aand B 34 BD 140 390
BC 190 A and B 34

BD 306 A and B 280
BC 192 300 BD 307 Aand B 280

BDY15A,BandC 284
gg ggg ﬁ’aé'g,?d ¢ g’i BDY 16 A and B 284
BC239BandC 34 BF 120 202
BC 250 A, B.and C 302 BE 158 Py
BC 251 A,Band C 306 BF 125 232
BC 252 A, Band C 306 BF 127 236
BC253A,Band C 306
BC260A,Band C 302
BC 261 A,Band C 306 EE 1 o
BC 262 A,Band C 306
BC 263 A, BandC 306 BF 240 250
BC 266 A and B 306 BF 241 250
BC307A,BandC 306 BF 257 256
BC308A,Band C 306 BF 258 256
BC309A,BandC 306 BF 259 256
BC 327 316
BG 398 316 BF 324 374
BC 337 54 BF 491 78
BC 338 54
BC 340-6,-10and-16 60 BFY 39-1,-2and -3 80
BC 341-6 and -10 60

BSW 72 344
BC 360-6, -10 and -16 322 BSW 73 344
BC 361-6 and -10 322 ’ BSW 74 344

BSW 75 344
BC413BandC 64
BC414BandC 64 BSW 82 84

BSW 83 84
BC415A,BandC 326 BSW 84 84
BC 416 A,BandC 326 BSW 85 84




Alphabetic Index of Types

Type Page Type Page
BSX 22 90 2 N 929 180
BSX 23 90 2N 930 184
BSY 51 92 2N 1613 188
BSY 52 102 2N 1711 192
2N 1893 196
BSY 53 108
BSY 54 116 2N 2218 200
BSY 55 124 2N2218 A 202
BSY 56 130 2N 2219 200
2N2219 A 202
BSY 79 136 2N 2221 204
2N2221 A 206
BSY 81 138 2 N 2222 204
BSY 82 142 2N 2222 A 206
BSY 83 146
BSY 84 150 2 N 2368 208
BSY 85 154 . 2N 2369 212
BSY 86 158 2N 2369 A 214
BSY 87 162 2 N 2904 350
BSY 88 168 2N 2904 A 352
BSY 90 174 2 N 2905 350
2N 2905 A 352
2 N 2906 354
2 N 2906 A 356
2 N 2907 354
2N 2907 A 356
2 N 3055 286
2 N 3962 358
2 N 3963 358
2 N 3964 358
2 N 4030 368
2 N 4031 370
2 N 4032 368
2 N 4033 370




Summary of NPN Transistors

AF transistors for high-quality AF and DC amplifiers

in metal case JEDEC TO-18 in plastic case ~T0-92
BC 109, 2 N 929, 2 N 930 BC 173, BC 239, BC 413, BC 414

AF general purpose transistors for switching and amplifier applications

in metal case JEDEC TO-18

BC 107, BC 108, BC 190, BCY 58, BCY 59, BFY 39,
BSW 82...85, 2 N 2221, 2 N 2221 A, 2 N 2222, 2 N 2222 A

in plastic case =~T0-92
BC 170, BC 171, BC 172, BC 174, BC 237, BC 238, BC 337, BC 338

in metal case JEDEC TO-39 (=TO-5)

BC 340, BC 341, BSY 51...56, BSY 87, BSY 88, BSY 90,
2 N 1613, 2 N 1711, 2 N 1893, 2 N 2218, 2 N 2218 A, 2 N 2219, 2 N 2219 A

AF general purpose transistors for switching and amplifier applications
at higher collector currents

in metal case JEDEC TO-39 (=~TO-5) with solid header
BC 140, BC 141, BSX 22, BSX 23, BSY 81...86

AF power transistors for switching and amplifier applications

in metal case SOT-9 in metal case JEDEC TO-3
BD 106, BD 107, BDY 15, BDY 16 2 N 3055

in plastic case SOT-32
BD 135, BD 137, BD 139, BD 306, BD 307

Switching transistors for high-speed switching applications

in metal case JEDEC TO-18
2 N 2368, 2 N 2369, 2 N 2369 A

Transistors with high collector emitter voltage for video amplifiers,
Nixie-drivers and preamplifier to line output tubes in TV sets

in metal case JEDEC TO-18 in metal case JEDEC TO-39 (==TO-5)
BF 120, BSW 79 BF 137, BF 257, BF 258, BF 259

High frequency transistors for RF and IF amplifiers

in plastic case 50 B 4 in plastic case =T0O-92
BF 121, BF 123, BF 125, BF 127 BF 198, BF 199, BF 240, BF 241
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Summary of PNP Transistors

AF transistors for high-quality AF and DC amplifiers

in metal case JEDEC TO-18 in plastic case =~T0-92
BC 263, 2 N 3962, 2 N 3963, 2 N 3964 BC 253, BC 309, BC 415, BC 416

AF general purpose transistors for switching and amplifier applications

in metal case JEDEC TO-18

BC 260, BC 261, BC 262, BC 266, BC 192,
BCY 78, BCY 79, BSW 72...75,
2 N 2906, 2 N 2906 A, 2 N 2907, 2 N 2907 A

in plastic case =~T0-92
BC 250, BC 251, BC 252, BC 256, BC 307, BC 308, BC 327, BC 328

in metal case JEDEC TO-39 (=TO-5)

BC 360, BC 361
2 N 2904, 2 N 2904 A, 2 N 2905, 2 N 2905 A

AF general purpose transistors for switching and amplifier applications at
higher collector currents

in metal case JEDEC TO-39 (=T0-5) with solid header
BC 160, BC 161, 2 N 4030, 2 N 4031, 2 N 4032, 2 N 4033

AF power transistors for switching and amplifier applications

in plastic case SOT-32
BD 136, BD 138, BD 140

High frequency transistors for RF and IF amplifiers

in plastic case =~ TO-92
BF 324, BF 450, BF 451
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Technical Information

GPav
Gp max

hee
Ig
Iem
Ig1
Ip2
Ic

Index of Symbols

Imaginary part of y-parameters

Imaginary part of forward transconductance ys
Imaginary part of input admittance y;
Imaginary part of output admittance y,
Imaginary part of reverse transconductance y,
Base connection

Imaginary part of generator (source) impedance
Capacitance; junction capacitance; collector connection
input capacitance (b;/2 x )

Output capacitance (bo/2 x f)

Collector base capacitance (open emitter)
Emitter base capacitance (open collector)
Feedback capacitance (b,/2 x f)

Emitter connection

Frequency

Gain bandwidth product

Noise figure

Real part of y-parameters

Real part of forward transconductance ys
Real part of input admittance y;

Real part of output admittance y,

Real part of reverse transconductance y,
Current gain

Power gain

Available power gain

Max. available power gain

Voltage gain

Parameters of h- (hybrid) matrix

Small signal current gain

Input impedance

Output admittance

Reverse voltage transfer ratio

DC current gain, common emitter

Base current

Peak base current

Turn-on current

Turn-off current

Collector current

12



Technical Information

Icay
Icso
Iceo
Icer

Ices
Icey

lem
Ie

Iego

Rc
RG opt
RL

R L opt
Rs
Rin
Rina
Rinc
Rincss
Rins

t

ty

tf

toff
tOl'l

o

tl’

ts

total

Average collector current
Collector base cutoff current (open emitter)
Collector emitter cutoff current (open base)

Collector emitter cutoff current (specified resistance
between base and emitter)

Collector emitter cutoff current (base short-circuited to
emitter)

Collector emitter cutoff current (specified voltage
between base and emitter)

Peak collector current

Emitter current

Emitter base cutoff current (open collector)
Thermal resistance correction factor
Power dissipation

Continuous power dissipation

Pulse power dissipation

Collector base time constant

Pulse thermal resistance junction to ambient air
Pulse thermal resistance junction to case
Resistance; resistor

Resistance between base and emitter
Generator impedance; source impedance
Optimum (matched) generator resistance
Load resistance

Optimum (matched) load resistance

Series resistance

Thermal resistance

Thermal resistance junction to ambient air
Thermal resistance junction to case resp. mounting base
Thermal resistance case or mounting base to heat sink
Thermal resistance heat sink to ambient air
Time

Delay time

Fall time

Turn-off time (& +t)

Turn-on time (t4+1t,)

Pulse time

Rise time

Storage time

Total switching time (ton 1 foff)

13



Technical Information

T
Tamb

Tc

T

Ts

"4

Vss

Ve

VBE sat
V(sr)cBo
Visriceo
V(srCES

V(8r)EB0
Ves
Veso
Vee
Vce
Vceo
Veer

Vees
VCE sat
Veev

Veso
Vee
y
43
Yi
yO
Yr
Z;
2
¥
Ts

4

Temperature; duration of one period

Ambient temperature

Case temperature

Junction temperature

Storage temperature

Voltage

Base supply voltage

Base emitter voltage

Base emitter saturation voltage

Collector base breakdown voltage (open emitter)
Collector emitter breakdown voltage (open base)

Collector emitter breakdown voltage
(emitter short-circuited to base)

Emitter base breakdown voltage (open collector)
Collector base voltage

Collector base voltage (open emitter)

Collector supply voltage

Collector emitter voltage

Collector emitter voltage (open base)

Collector emitter voltage (specified resistance
between base and emitter)

-Collector emitter voltage (emitter short-circuited to base)

Collector emitter saturation voltage

Collector emitter voltage (specified voltage
between base and emitter)

Emitter base voltage (open collector)
Emitter supply voltage

Parameters of y- (admittance) matrix
Forward transconductance

Input admittance

Output admittance

Reverse transconductance

Input impedance

Output impedance

Phase angle of y-parameters
Storage time constant

Duty factor (t,/T)
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Technical Information

Characteristics and Maximum Ratings

The electrical performance of a semiconductor device is usually ex-
pressed in terms of its characteristics and maximum ratings.

Characteristics are those which can be measured by use of suitable
measuring instruments and circuits, and provide information on the per-
formance of the device under specified operating conditions (at a given
bias, for example). Depending on requirements, they are quoted either as
typical values or guaranteed values.

Typical values are expressed as figures or as one or more curves, and are
subject to spreads.

Guaranteed values are preceded either by the symbol > (greater than)
or < (less than); sometimes the guaranteed spread limits are indicated
by the numbers with three dots between them. Occasionally a typical
curve is accompanied by another curve, this being a 95 %, or, in a few
cases, a maximum spread limit curve.

Maximum Ratings give the values which cannot be exceeded without risk
of damage to the device. Changes in supply voltage and in the tolerances
of other components in the circuit must also be taken into consideration.
No single maximum rating should ever be exceeded, even when the de-
vice is operated well within the other maximum ratings. The inclusion of
the word “admissible” in a title means that the associated curve defines
the maximum ratings.

An exception to this rule are data on collector current. The collector
current, quoted as one of the critical transistor values, is a maximum
value recommended by the manufacturer which should be noted in con-
nection with the other characteristics valid for this collector current
(e. g. collector and saturation voltages, current gain etc.) when selecting
a transistor. In certain cases, the quoted collector current may be
exceeded without the transistor being destroyed. The absolute limit for
the collector current is determined by the maximum admissible power
dissipation of the transistor.

15



Technical Information

Assembly and Soldering Instructions

To prevent transistors from being damaged during mounting, observe
the following points:

The leads must under no circumstances be bent immediately adjacent to
the glass seals. Material stresses set up in this way may produce cracks
in the glass, often only after a certain delay, and may lead to the
destruction of the component. The point at which leads are bent should
not be less than 2 mm away from the glass seal.

All semiconductor devices are extremely sensitive to their maximum
admissible junction temperature being exceeded. When planning the
layout of the equipment, the distance between heat sources and semi-
conductor elements should be sufficiently large.

Semiconductor elements may be mounted in any desired position.

From the experience gained in soldering semiconductor elements the
following rules have emerged:

When bit-soldering at copper bit temperatures from 230...250 °C, the
soldering time should not exceed 5 s. The distance between soldered
joint and glass seal should be at least 5 mm. For leads shorter than 5 mm
additional heat dissipation must be provided, for example, by means of
a cooling clip.

When dip-soldering printed circuits, the temperature of the soldering
bath should not exceed 240 °C. If the distance between soldered joint
and mounting surface or glass seal is at least 5 mm the maximum dipping
time is 10 s. For leads of 3 mm iength, the maximum dipping time is
restricted to 5 s.

For transistors in plastic cases the maximum soldering time ist 8 s, at
soldering temperatures between 230 and 260 °C. Here, the distance
between soldered joint and case should be at least 4 mm. During solder-
ing, the leads should not be subjected to mechanical stress. Types
BF 121 ... BF 127 in the 50 B 4 plastic package may be mounted on
printed circuits in such a way that the plastic case rests on the circuit

board.
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Technical Information

Admissible Power Dissipation

The indicated maximum admis-
sible junction temperature must
not be exceeded because this
could damage or cause the de-
struction of the transistor crystal.
Since the user cannot measure
this temperature, data sheets
also reveal the maximum admis-
sible power dissipation Pyt usu-
ally in the form of a derating
curve (see diagram).

If power dissipation is kept with-
in these limits the maximum junc-
tion temperature will not be
exceeded. This can easily be
checked by using the equation

Ti = Tamb + Ptot* Rin

mw
500

400

pto!

300

200

100

N
N
N\
100 200 °C

* Tamb

For the thermal resistance Ry, the junction to ambient thermal resistance
Rina is usually substituted in the case of small transistors (in the TO-18,
TO-39 or TO-92 package). In the case of power transistors (in the TO-3,
SOT-9 or similar packages) which are usually mounted on a cooling fin
or heat sink for the purpose of heat dissipation, the sum of the junction
to case thermal resistance Rinc plus the heat sink to ambient thermal
resistance Ris plus — for more accurate calculations — the mounting
surface to heat sink thermal resistance is substituted for the thermal

resistance in this equation. In
order to keep the mounting sur-
face to heat sink thermal resist-
ance low, a heat conducting com-
pound (silicone grease) is to be
applied to the mounting surface
before the transistor is screwed
on. If a mica insulation is used,
the thermal resistance of the
mica washer must be added
which amounts to about 0.5 °C/W.

Directions for determining the
thermal resistance Rips for cool-
ing fins can be found on page 20.

Since the distribution of heat in
the transistor crystal is not uni-
form and depends on voltage
and current, some transistors
are accompanied by derating
curves showing Pir as a func-
tion of Tc and Tamp With the col-
lector voltage Vce as parameter
(see diagram).

w
5

Ve =0.7V
\
8Y
hov \KR,,,C=3.>°C '
\
20v \
\
Z0V
"~ Bing =200°CIW \
N
~\
0 100 200°C

* Tambs T
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Technical Information

For some power transistors the
data sheets also contain a dia-
gram giving “admissible collector
current” or “permissible oper-
ating range” which gives. further
information on admissible power
dissipation. One example is illus-
trated in the diagram.

These diagrams are based on
continuous power dissipation.
However, pulse power dissipation
may usually exceed continuous
power dissipation. To ascertain
maximum admissible pulse power
dissipation P, reference is made
to the pulse junction to case
thermal resistance ric or the
pulse junction to ambient thermal
‘resistance ri,a whose value can
be derived from the rin = f(tp)
diagram as illustrated below.

Use the equation
Tj = Tamb + Pi- A

or, if the continuous power dissi-
pation Pp is to be taken into
consideration:

Ti = Tamb + Pp* Rtha + P rina

If the transistor is mounted on a
cooling fin them the equation
becomes:

Ti = Tamb.F Piot* Rins + Pi - rinc

wherein Pio; is the mean value of
the pulse power dissipation P;.
Where continuous power dissi-
pation must be considered in
addition, the equation is expand-
ed accordingly:

Ti = Tamb t+ Ptot* Rins +
=+ Pp* Rinc + P;* rinc

wherein P;o is the mean value of
the total power dissipation.

Aé 2N 3055
10 —T T
FTe=25°C
5
I
Pulse Operation®_| ", ]
: [ o maxlcontinuous) us
|1
0 sousl | NN
100 us \\ \\
Ims T\ N
. :_t,, : lOpmg, AN
DC Operation \
N\
N
2 N
*for single nonrepetitive pulse
1 2 5 10 2 5 102 v
> e
°CIW
103
.5
2 l/J
e | 0[08 —1
s (02
01
* Toos //
0 =4
0027
4
, 4 o1
0.005
1 A+ —
v=0
s 2 ‘[:F; _
2 T— —
'o'l | | | |
1076 1075 104 10 10210 1 10 10%s
—_—

3

The thermal resistance and pulse thermal resistance values derived from
the data sheets apply without limitation -only to small collector emitter
voltages Vce, between about 5 and 10 V. For higher voltages these thermal
resistance values have to be multiplied by a correction factor Ky which
has to be calculated from the previously mentioned derating curves. The

18



Technical Information

admissible power dissipation Piot max, applicable to low collector voltages,
must be divided by the admissible power dissipation Pio v for the higher
collector voltage V:

P
KV — tot max

Piotv

The complete equation for T; then reads:

Ti = Tamb + Ptot* Rins + Pp* Kv* Rinc + Pi- Kv - rinc

19



Technical Information

Heat Removal from Transistors

The operation of any semiconductor device involves the dissipation of
power with a consequent rise in junction temperature. Because the
maximum admissible junction temperature must not be exceeded, careful
circuit design with due regard not only to the electrical, but also the
thermal performance of a semiconductor circuit, is essential.

If the dissipated power is low, then sufficient heat is radiated from the
surface of the case; if the dissipation is high, however, additional steps
may have to be taken to promote this process by reducing the thermal
resistance between the junction and the ambient air. This can be achieved
either by pushing a star- or flag-shaped heat dissipator over the case, or
by bolting the semiconductor device to a heat sink.

P, the power to be dissipated, T; the junction temperature, and Tomsb, the
ambient temperature are related by the formula

Ti — Tamb _ Ti — Tamb

P = = ,
Rina Rinc+ Rins

where R4 is the total thermal resistance between junction and ambient
air. The total thermal resistance in turn comprises an internal thermal
resistance Rinc between the junction and the mounting base, and an outer
thermal resistance Rins between the case and the surrounding air (or
any other cooling medium). It should be noted that only the outer thermal
resistance is affected by the design of the heat sink. To determine the
size of the heat sink required to meet given operating conditions, proceed
as follows: First calculate the outer thermal resistance by use of the
formula

= Tamb

T.
Rips < — P

— Rinc

and then, by use of the diagrams shown on next page, determine the size
of the heat sink which provides the calculated Rins-value. To determine
the maximum admissible device dissipation and ambient temperature
limit for a given heat sink, proceed in the reverse order to that described
above.

The calculations are based on the following assumptions: Use of a
squareshaped heat sink without any finish, mounted in a vertical position;
semiconductor device located in the centre of the sink; heat sink
operated in still air and not subjected to any additional heat radiation.
The calculated area should be increased by a fator of 1.3 if the sink is
mounted horizontally, and can be reduced by a factor of approximately
0.7 if a black finish is used.

The curves on the following page give the thermal to ambient resistance
of square vertical heat sinks as a function of side length. It is assumed
that the heat is applied at the centre of the square.

20



Technical Information

Copper Cooling Fin Aluminium Cooling Fin
°C/wW Cu °C/W Al
100 \ 100 \
70 70
50 \ = 50 \
Ryps 40 Rips 40
30 \ 30 \
20 20
10 10
. \. 7 N\ Thickness |mm
N\ Thickness |mm \ N~
5 5 I 05
3 N 3 g
N2 N 2
5
2 ™5 2
1 1
0 2 4 6 8 10 12 14 16 18 20cm 0 2 4 6 8 10 12 1 16 18 20cm
——— Length of edge S ——— Length of edge S
Steel Cooling Fin
°C/W Fe
100 \
70 \
50
Rins 40
30—\
20 \

Thickness  |mm

Y /4

7 NN e O B s ]
. \\\ 4
4 2
3 ~s
2

0 2 4 6 8 10 12 14 16 18 20cm
~——— Length of edge S
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Technical Information

Basic Circuits

There are three basic transistor circuits. They are called according to
that electrode (emitter, base, collector) which is common to both input
and output circuit.

i i i
i
—
O L 4 o] O -O

Common Emitter Common Base Common Collector

Properties of the three basic circuits:

Common Common Common

Emitter Base Collector
Input impedance medium small high
Output impedance medium high small
Current gain high lessthan1 high
Upper frequency limit low high low

Four-Pole Symbols of h-Matrix

A transistor can be considered as an active four-pole network. When
driven with small low-frequency signals its properties can be described
by the four characteristic values of the h- (hybrid) matrix, which are as-
sumed to be real. )

—C
Transistor vi=hj i1+ h vy

lV] V2l
four pole i2 — hf . i1 + ho vy

oO— ———————0

If expressed this in matrix form we obtain:

viy _ i _ hi hr
(iz) =" (Vz) | (h) = (hf ho)

22



Technical Information

Explanation of h-Parameters

Input impedance (shorted output) (vo = 0): h; = ‘;1'
Reverse voltage transfer ratio (open input) (i; = 0): h, = :;
Small signal current gain (shorted output) (v = 0): hy = :f
Output admittance (open input) (i7 = 0): ho = |’/22

A frequently used abbreviation is the determinant:
Ah = h;-ho— h; - h¢

For all three basic circuit configurations the circuit illustrated below
represents the equivalent four-pole circuit using h-parameters.

O
b h,
: :
lh’ " lh, y
o . . . o

In the transistor data sheets the h-parameters are usually quoted for the
common emitter configuration and for a given operating point (bias). The
latter is determined by the collector voltage, the emitter or collector cur-
rent and by the ambient temperature. For different operating points,
correction factors are needed which can be gathered from the relevant
curves. For common base or common collector transistor stage cal-
culations, the appropriate h-parameters are ascertained from those of the
common emitter configuration by using the following conversion formulas.

Common Common Common
Emitter Base Collector
Input hie hip = L hic = hje
impedance 1+ hge
hie * hoe
Reverse voltage  hre hp = ——2—-—he he=1—hre
transfer ratio 1+ hte
. hy
Small signal hye hp =— — —hfe=1-+h
current gain 1+ hye fe fe
h
Output hoe hop = —c hoc = h
admittance ° 1+ hee o¢ e

23



Technical Information

Calculation of a Transistor Stage

LA -2
Re Transistor
v’l — - |2 R
Z four pole Z;
Input impedance z =8 = it R dh
P p ! i T 1+ho-RL
. 7] _ hi + Rc
Output impedance Z; = 7 = Ah+h.-Re
. i _ h¢
Current gain Gec = T ATmoR
. V2 —hi Ry
Gy = 2 - —'AL
Voltage gain % Vi hi + RL- 4
. 730 hé - Ri
Power Gp = — = '
gain Py (1 + ho-Ry) (h; + RL- 4h)
h 2
Max. available power gain Gpmax = f
input and output matched
with RG opt resp- Rr opt Ah + |/ hj - ho

Rc opt =

Four-Pole Symbols of y-Matrix

Whereas the network behaviour of low-frequency transistors could be
described by using the h- (hybrid) matrix, the y- (admittance) matrix is
usually employed for high frequency transistors.

o— —O
" Transistor v /_\
four pole =

o— —o0

h=yi-vi+ty-v
=y vi+tyova

24



Technical Information

In matrix form we obtain:

ii — A3 _ (XYY
(=) =w (&) = (%)
The y-parameters are complex values which can be expressed as -

1
wLik

Yik = gik + jbik with bjx = wCj, orwith by = —

Often, the following notation is expedient:

Yik = | Vi | exp jpix

By adding the suffix e, b or ¢ it is possible to indicate to which of the three
basic circuit configurations the parameters are valid.

Explanation of y-Parameters

Input admittance (shorted output) (v2 = 0) Vi = "/_',
Reverse transconductance (shorted input) (v; = 0) Yr = _‘:_;_
Forward transconductance (shorted output) (v2 = 0) Vi = ‘I/L

1
Output admittance (shorted input) (v; = 0) Yo = ’722

The determinant reads Ay = yi- Yo — Yr* ¥t

Conversion from y-Parameters to h-Parameters

hi=1_ hr=—L Ah:y_o
Yi Yi Yi
h = YO hy =AY
Vi Vi

Calculation of a Transistor Stage

U i

— -
R
Transistor
Y z—'» <i 2| R
four pole
Vi 1+ y. R

Input impedance Z; = — = —— 2%
i yi+4dy-R

25



Technical Information

) 1+vyi-Rs
Output impedance Z, = 2 - i
, fa Yo+ 4y Re
Current gain Gc = ;2 = =7 ny =
1 i ‘RL
Voltage gain Gy = z: = 1—+y;- RE
o' ML
Power gain Gp = 212 _ v R
viti (1+yo Ry (yi+ dy- Ry
Available power gain Grov = —— 4-y2- RG+‘ R. ;
input matched [(yi y*Ri)-Rc + 1+ y,"Ril
with RG opt
) 2
Max. available power gain GP max = yi
input and output matched
with R opt resp. R opt dy + I/ Vi Yo

Max. available power gain will be attained if input and output are matched,
where:

- Yo 1
Ruont = yi Ay
Vi 1

Rc =/ L.
opt Yo Ay

26



Technical Information

I

Switching Times

Definitions for the various times which make up the total switching time
can be gathered from the diagram below in which the switching charac-
teristic of a transistor in common-emitter configuration is illustrated.

gy —*

. N
g
t t

gt e oy
tq Delay time
tr Rise time
ts Storage time
t Fall time

ton = tqg + ¢, Turn-on time

tott = ts + Turn-off time

The duration of the switching times depends upon the transistor type and
very much on the circuit arrangement.

With increasing saturation of the transistor the turn-on time decreases
and the turn-off time increases. An increase of the turn-off current /g
shortens the turn-off time.

27



Technical Information

The switching times depend on the duration of the turn-on pulse. It is only
when the duration of this pulse is a multiple of the switching times that
the latter remain constant. If the pulse is shorter, especially the storage
time decreases. With a pulse duration in the region of the turn-on time
the transistor is no longer fully saturated. The collector voltage then
exhibits a characteristic such as is qualitatively represented in the dia-
gram below. ‘

Vee
A
Vec W
; ;
>
- [
o
Veeminf <
S
e f, — ot o f; —

~Y
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Summary of PNP Transistors

DIN Standards (German)

The information contained in this book conforms, in the main, to the
following German DIN Standards.

DIN 41785
Sheet 1 (10. 69)

DIN 41785

Sheet 2 (10. 69)
DIN 41791
Sheet 1 (9.71)
DIN 41791

Sheet 4 (E 10.71)

DIN 41791
Sheet 5 (7. 66)

DIN 41791
Sheet 6 (E 6. 71)

DIN 41854
(11.67)

DIN 41855
(8.67)

DIN 41867
(E 9.70)

DIN 41868
(E 10.70)

DIN 41869
Sheet 4 (E 7. 71)

DIN 41870
Sheet 1 (4. 69)

DIN 41870
Sheet 2 (7. 69)

DIN 41872
(11. 64)

DIN 41873
(E 2.70)

DIN 41875
(1. 64)

DIN 41876
(E 2.70)

Semiconductor devices, letter symbols on data
sheets, general

Semiconductor devices, letter symbols on data
sheets for semiconductor devices for telecommuni-
cation

Semiconductors for telecommunication, recommen-
dations for data sheets, general

Semiconductor devices for telecommunication,
recommendations for data sheets, low power signal
transistors

Semiconductor devices for telecommunication,
recommendations for data sheets, AF power
transistors

Semiconductor devices for telecommunication,
recommendations for data sheets, switching
transistors

Transistors, terms and definitions

Semiconductor devices, kinds of semiconductor
devices, terms and definitions

Cases 50 B 3 and 50 B 4 for semiconductor devices,
main dimensions

Cases 10 A 3 and 10 B 3 (JEDEC T0-92) for
semiconductor devices, main dimensions

Case 12 A 3 (SOT-32) for semiconductor devices,
main dimensions

Cases for semiconductor devices and integrated
circuits, short designations

Cases for semiconductor devices and integrated
circuits, survey

Cases 3 A 2 (JEDEC TO-3) etc. for semiconductor
devices, main dimensions

Cases 5 C 3 (JEDEC TO-39 = TO-5) etc. for
semiconductor devices, main dimensions

Cases 9 A 2 (SOT-9) etc. for semiconductor devices,
main dimensions

Cases 18 A 3 (JEDEC TO-18) etc. for semiconductor
devices, main dimensions
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Technical Information

Specifications for Quality

1. General

The quality of components is determined by statistical methods, and is
quoted as a maximum permissible percentage of defectives (AQL value).
AQL values are based on maximum ratings and guaranteed characteris-
tics of electrical and mechanical parameters.

2. Defectives

A device is considered defective if any one parameter does not corre-
spond with the value specified in the data sheet. If an item has more than
one defect, then this is counted as one defect only, i.e. a batch is as-
sessed on the number of defective items and not on the number of
defects.

Defects are classified according to type and extent.

Types of defects:

a) Case or lead defects

b) Electrical defects

Extent of defects:

a) Total defects are those which preclude any use of the item

b) Partial defects are those which allow restricted use of the item

3. AQL (Acceptable Quality Level) Values

The AQL values applicable to INTERMETALL semiconductor devices are

summarized in the table below. The AQL values stated apply to the sum of
all defectives.

Defectives

Case and leads:

Total defectives 0.25 %

Partial defectives 2.50 %
Electrical properties:

Total defectives 0.25 %

Partial defectives 0.65 %
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Technical Information

4. Incoming Inspection

The tests carried out by the manufacturer are designed so as to obviate
the need for any incoming inspection by the user. If, however, a user
wishes to carry out an incoming inspection, then this should be done on a
sample basis, as laid down in the internationally accepted MIL-STD 105 D
specifications.
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NPN Silicon Transistors
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BC 107...,BC 171..., BC 237...

NPN 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. Types BC 107, BC 190, BC 171, BC 174 and BC 237 are available
in groups A and B, types BC 108, BC 172 and BC 238 in groups A, B and C, and
types BC 109, BC 173 and BC 239 in groups B and C.
BC 109, BC 173 and BC 239 are low noise types.

25

489

min. 125 46 r

max.3

-

max.05 ] 125

BC 171, BC 172, BC 173, BC 174
BC 237, BC 238, BC 239

Black plastic package =~ TO-92,
TO-18 compatible.

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

Maximum Ratings

Collector emitter voltage
Collector emitter voltage
Emitter base voltage
Collector current

Peak collector current
Base current

Power dissipation

at Tamp = 25°C

Junction temperature
Storage temperature range

Vces
Vceo
Veso

Iem
Ig

Piot

T
Ts

max.
5.3

min.12.5

't |

max.589

I

L

o
max059

BC 107, BC 108, BC 109, BC 190

Metal case JEDEC TO-18

Collector connected to case
Weight approximately 0.35 g
Dimensions in mm

BC107 BC108
BC17t BC109
BC237 BC172
BC 173
BC 238
BC 239
50 30
45 25
6 5
100 100
200 200
50 50
TO-92 TO-18
300 300
150 175

—-55...+150 —55...+ 175

BC 190
BC 174

70
64

100
200
50

mW

°C
°C

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

2 mm from case.
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BC107...,BC 171..., BC 237...

Characteristics at Tgmp =25°C Current Gain Group
h-Parameters at Vce =5V, A B C
Ic=2mA, f=1kHz
Small signal current gain hte 220 330 600
(125..260) (240..500) (450 ..900)
Input impedance hie 2.7 4.5 8.7
(16..45) (32..85) (6...15) kQ
Output admittance hoe 18(<30) 30(<60) 60 (< 110) umho
Reverse voltage transfer ratioh,e  1.5-104 2-104 3-104
DC current gafn
atVce =5V, Ic =0.01 mA hee 90 150 270
atVee=5V,Ic=2mA hee 170 290 500
atVeg =5V, Ic = 100 mA hee 120’ 200! 400'
Collector saturation voltage
atlc= 10mA, g =05mA Vcesar 0.07 (<0.2) Vv
atlc =100 mA, Ig = 5 mA VCEsat 0.2 (< 0.6) \'
Base saturation voltage
at IC = 10 mA, IB = 0.5mA vBEsaf 0.73 (< 083) \Y
at/lc =100 mA, Ig = 5 mA VBEsat 0.87 (< 1.05)" \"
Base emitter voltage
atVee=5V,Ic =01mA Vse 0.55 \'
atVee =5V, lc =2mA Vee 0.62(0.55...0.7) \Y;
atVee =5V, Ic =100 mA Vse 0.83' \Y)
BC 107 BC 108 BC 190
BC 171 BC 109 BC 174
BC 237 BC 172
BC 173
BC 238
BC 239
Collector cutoff current
atVce =60V Ices - - 02(<15) nA
atVeg = 50 V Ices 02(< 15) — - nA
atVce =30V Ices - 02(<15) — nA
atVee =60V, Tamp = 125 °C Ices - - 02(<4) pA
atVee =50V, Tampb = 125°C Ices 02(<4) - - uA
atVee =30V, Tampb = 125 °C Ices - 02(<4) - uA
Collector emitter breakdown Vigriceo > 45 > 25 > 64 \%
voltage at Ic = 2 mA
Emitter base breakdown Vsriego > 6 >5 >5 Y

voltage at /g = 1 pA

' not valid for BC 109, BC 173 and BC 239
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BC 107...,BC171..., BC 237 ...

Gain bandwidth product

atVce=3V,Ic =05mA fr 85 MHz
atVce =5V, Ic =10mA fr 250 (> 150) MHz
f = 100 MHz

Collector base capacitance Ccao 3.5(<6) pF
atVego =10V, f =1MHz

Emitter base capacitance Ceso 8 pF

at Vego = 0.5V, f = 1 MHz

BC 107, BC 108, BC 171, BC 172

BC 174, BC 190, BC 237, BC 238:

Noise figure F 2(<10) dB
atVee =5V, Ic =02mA,

Rc =2kQ,f=1kHz

BC 109, BC 173 and BC 239:

Noise figure F <4 dB
atVce =5V, Ic = 02mA,

Rg = 2kQ,f=1kHz

Noise figure F <4 dB
atVee =5V, Ic =02mA,
Rc =2kQ, f=30Hz...15kHz

TO-92 TO-18
Thermal resistance
Junction to case Rinc - < 200 °C/W
Junction to ambient air Rina < 420" <500 °C/W

1 Valid provided that leads are kept at ambient temperature at a distance
of 2 mm from case.
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BC107...,BC171...,BC 237...

Admissible power dissipation
versus temperature

mwW BC107..
500
Pot*®
300
\\\ \ (Q,,,c=2oo °cIW
MEBANEAL
\
Ri,a=500°C/W \
100 \\ \
\\\
: N

0 100 200 °C
— = bmlc

Pulse thermal resistance
versus pulse duration

°C/W BC 107...

05 —]

s |02

o= 4
o 005~ /

o.%/

o

2
" %0005
l
T

5 v=0 y;-’e —
g

2 le— 77— —
1ot L1 1]

10610 0% 103 102100 1 0 10%s
—»Ip

Admissible power dissipation
versus ambient temperature
(see note on page 34)

mw

C17...,BC 237...
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400
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versus pulse duration

/W BC17...,BC 237..
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BC 107...,BC 171..., BC 237 ...

DC current gain

DC current gain
versus collector current

versus collector current

1000 Group A Group B
1000
=5V | Ve =5V |
70— typical 70— typical
—— limits | — — limits
:z © athms=25°C 500 athmp=25°C] == T =<
hFE hFE 400 1 ’/ N,
300 300 e ///
—— L—
200 —4 = = 200 |100°C ——
00C_| =1~ N L — == [\
i g e A \
7 D / \
100 — < 100 7
25C /,/ \ AFs0c \
70 y \ 70 \
50 , \ 50 / ‘
yl
40 5 4«0
30 _50 SC 30
20 20
10 10
102 107 1 10 102 mA 102 107! 1 10 102 mA
— I — I
DC current gain Collector current
versus collector current versus base emitter voltage
Group C mAz BC 107..,BC171..., BC 237..
1000 == 10 e .
|8V _ ~ Vcs=5;V_ ]l I ] /
— 1 KN s L= typica J
oo | T T\ — — limits |
0 =t Pl v\ | ! At Gmp= 25°C| || /
hee “° [100°C A N ¢, /
2]
300 /25(°C P 7 / ﬁ\ / /
200 IR ! 10 i
//// \ 25°c74 /
P s K N
- ~50°C \ 71 1
100 // | / /
70 2 I
|
w !
1 T
40 ,
100°{ | I ||-s0°C
30 " ]
ol typical ',
— — limits ]
at Tymb=25°C] z | I l
10 | 107 1 |
102 107 1 10 102 mA 0 05 1v
—_— IC — - VBE
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BC107...,BC171..., BC 237 ...

Common emitter Common emitter
collector characteristics collector characteristics
mA BC107..,BC 171...,BC 237.. mA BC107..,BC 171...,BC 237..
100 %] 10 ] 30
7 06 e
/ / |05
/ 8
1 8 1/ AL Ic 75
03 20
W !
50 ‘V / - 6
L~
/T
/ _—T" |02 15
L1
40 1// — 4
L 015
10
L~ 01
20 / 2
( T5=0.05 mA fs =5 pA
; |1 : [ ]
0 1 2V 0 1 2V
—_—— VCE —_— VCE
Common emitter Common emitter
collector characteristics collector characteristics
mA BC107,171,174,190, 237 mA BC 108,109,172,173,238,239
100 100
0.45//14 035)03 | 025 sy 0| _}70ms
% / 02 N Viba g e
I > & T T e
/ 1/ Pad ol
V ( I =
1 02
60 ) 4% 015 6 -~ ]
7 ~ L L1
/ / e L
1 015
L~ / R -
40 (/ — 40
AT 01
et
o
[ Ig =005 mA I5=005mA
20 20
T /
f
0 0
0 10 20 30 4 S0V 0 10 20V
ee — > ke
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BC 107...,BC 171..., BC 237...

Common emitter
collector characteristics

mA BC 107,17,174,190,237
10 7T Teez087v
I 8
L—t—0.66
6
4 65
2
064
083562
0
0 10 200 30 0 50V
—_— VCE
Common emitter
collector characteristics
mA BC 109,173,239
! n
| | T35
08 a
1. O
¢ 3
06 25 —
2
04 15
1
02
Ip=05pA
0
0 1 2 3 4 5V

mA
10

1. 08

06

04

02

Common emitter

collector characteristics

BC108,109,172,173,238, 239

. Vse=0867V

066,

065

0.64

063

0.62]—

0 10

— > ke

Common emitter

collector characteristics

BC 109,173,239

=081V
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0.58
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BC107...,BC171...,BC 237...

Common emitter
collector characteristics

pA BC 109,173,239
100 o
045
1. % 04
0.35)
60 3
025
40
02
015
20
0.1
Ig =005 pA
0
0 1 2 3 4 5V

— =W

Common emitter
input characteristic

HA BC107..,BCI71...,BC237..
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T U
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o
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Common emitter
collector characteristics
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Collector cutoff current
versus ambient temperature
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/
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7
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/ /
o Y 4
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BC 107...,BC 171..., BC 237...

Collector saturation voltage
versus collector current

v BC 107..,BC 171...,BC 237..
05

Ic/Ig =20 /
typical 1
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at imp=25°C ]
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[~ ~17 //
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S0

0 2 s 1 2 s 10 2 s 100 mA
— I

Collector base capacitance,
Emitter base capacitance
versus reverse bias voltage
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8
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Base saturation voltage
versus collector current
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versus
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2
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BC107...,BC171..., BC 237...

Relative h-parameters
versus
collector current

BC107.,BC171..,BC237..
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versus collector current
dB BC 108,173 239
20
Vee=5V /
18 | £=120Hz / /
Tamb=25° / Z
£ 18
" Rs = 1MR/ 100 kQ) 10kQ /1 k&

s000| / / /

12

10 \ / 002

o LA d /I ] //

AAVAN

. NI

NI
AT

0

1073 1072 107! . 1 10 mA

Relative h-parameters
versus
collector emitter voltage

BC107..,BC17...,BC 237..

2
heliee ) [1
e =5V1| \
15 hre—t—
h.
\k e -T
|
/,
\
1 < e
AN et
N,
N Pl
N + 17|
Poe
05
Ic =2mA
0 7¢."ln')b=25':‘c
0 10 20 30V
> e
Noise figure
versus collector current
dB BC 109,173,239
20
e=5V
18 | f=1kHz
Tmb=25°C
16
Yl
1% /
500 @ / /
12 /
\ [ Rs=1me [1ookeflioke

43



BC 107...,BC171..., BC 237...

"

Noise figure

versus collector curent
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BC 140, BC 141

NPN 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 complemen-
tary 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 Ratings
Collector base voltage
Collector emitter voltage
Emitter base voltage
Collector current

Base current

Power dissipationﬁ

at Tomb = 25 °C

atTc =45°C
Junction temperature

Storage temperature range

Characteristics at T; = 25 °C

DC current gain

‘atVee =1V, lc =01 mA he
atVece=1V,Ic =100mA  hee

atVee=1V,Ic=1A hre

Collector saturation voltage
atlc =1A, g =100 mA

Base emitter voltage
atVee=1V,lc=1A

Veso
Vceo
Vego
Ic

Ig
Piot
Ptot
Ti
Ts

BC 140-6
BC 141-6

28
63
(40.. . . 100)

15
VCE sat

Vse

59 i
E
AT
o max.9.4 ¢
£
E
1
max.05 ¢
BC 140 BC 141
80 100 \
40 60 v
7 7 v
1 A
0.1 A
0.75 w
3.7 W
175 °C
—-55...+175 °C
BC 140-10 BC 140-16
BC 141-10 BC 141-16
40 920
100 160
(63...160) (100...250)
20 30
06(<1) \
1.2(< 1.8) v
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BC 140, BC 141

Collector cutoff current
atVee =40V

atVee =60V

atVcg =40V, T; = 150 °C
atVce =60V, T; = 150 °C

Collector emitter

breakdown voltage

at/lc =0.1mA

at Ic = 30mA (pulsed 200 us, 1 %)

Emitter base
breakdown voltage
at Ig = 0.1 mA

Gain bandwidth product
at Vce = 10V, Ic = 50 mA,
f = 20 MHz

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

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

Thermal resistance
Junction to case
Junction to ambient air

Ices
Ices
Ices
Ices

V(sRriCES
Visriczo

V(8r)EBO

Ccso

Ceso

Rinc
Rina

BC 140
10 (< 100)
10 (< 100)

> 50

<25

< 80

<35
< 200

Switching Times at /c = 100 mA, /g1 = —lp2 = 5 mA

Turn-on time
Turn-off time

Test Circuit for Switching Times

j— 10us

>
©
+

ton
totf

20V

< 250
< 850

to scope with
¢—O t =15ns

Z, =100 K
130 in
+

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

generator impedance 50 Q

BC 141

- nA
10 (< 100) nA
- uA

10 (< 100) pA

MHz

pF

pF

°C/wW
°crw

ns
ns
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BC 140, BC 141

Admissible power dissipation
versus temperature
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BC 140, BC 141

DC current gain
versus collector current

BC 140-6, BC 141-6
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BC 140, BC 141

Common emitter
collector characteristics

mA BC140,141
100
1 045
/ 04
( 035
Ic 80 ]
03
0.2
60 /‘
p 02
40 015
0.1
20
Ig=005mA | |
0
0 1 2 3 4 5V
—_— VCE

Common emitter
collector characteristics
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6
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Common emitter
collector characteristics
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1
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e
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1. 08 —
Cc ™ // 12
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/
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2
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BC 140, BC 141

Collector saturation voltage
versus collector current
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BC 170

NPN Silicon Planar Transistor
for switching and amplifier applications

The transistors are subdivided into three groups, A, B and C, according

to their DC current gain.

Black plastic package =~ T0-92,

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

Power dissipation
at Tamp = 25°C

Junction temperature

Storage temperature range

Characteristics at Tqmp = 25 °C

DC current gain

atVee=1V,lc= 1mA
atVee =1V, Ic =30 mA

Collector saturation voltage
at/lc= 1mA,/lg =0.1mA
at/lc=30mA, /g =3 mA

Base saturation voltage
atlc=1mA, Ig =01mA

Collector cutoff current

atVeg =15V

hege 35...100

Veso
Vceo
Veso
Ic

Piot

Ti
Ts

Eﬁ -C&
5

—{ 469 e
©
~
]
2_
< g
; :
v |

|

max.05 9 125
20 \"
20
5
100 mA
300 mwW
150 °C

—-585...+150 °C

BC170B BC170C

80..
> 60

VCE sat
Ve sat

VBE sat

Ieao

.250  200...600

> 150
<025 v
<04 v
<07
<o0.1 HA

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

of 2 mm from case.
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BC 170

mW
500

400

Piot

300

100

Emitter cutoff current
atVeg =4V

Thermal resistance
Junction to ambient air

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

Emitter base capacitance
at Vego = 0.5V, f =1MHz

Gain bandwidth product
atVee =5V, Ic = 10 mA,
f = 50 MHz

Noise figure at Vce =5V,
Ic = 0.2 mA, Rg = 2kQ,
f = 1kHz, Af = 200 Hz

Admissible power dissipation
versus ambient temperature'

> 7L’7mb

BC 170
\\
N
N
0 100 200 °C

Iego

Riha

Ccso

Ceso

fr

<041

< 420"

12

100

Common emitter -
collector characteristics

uA

°C/W

pF

pF

MHz

dB

mA BC 170
10
6
-
8
Ic [ I — 50
40
6
30
“i
20
2
Ig =10pA
.
. N

1

2V

— =

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

of 2 mm from case.
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BC 337, BC 338

NPN 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.

Black 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
Collector emitter voltage
Emitter base voltage

Collector current
Peak collector current

Base current

Power dissipation
at Tamp = 25°C

Junction temperature
Storage temperature range

Characteristics at Tomp = 25 °C

DC current gain
at Vce =1V, Ic = 100 mA hee

atVeg=1V,Ic =300mA  hg

Thermal resistance
Junction to ambient air

B
E - -C o
25
469

+

(3 H

[}

‘Il;)_

< %

£ £

|

max.Q59® 125
BC 337 BC 338

Vs 50 30 \"
Vceo 45 25 Vv
Vego 5 Vv
Ic 800 mA
Iem 1 A
Ig 100 mA
Pioi 62517 mwW
T 150 °C
Ts - 55...+ 150 °C
BC 337-16 BC 337-25 BC 337-40
BC 338-16 BC 338-25 BC 338-40
160 250 400
(100...250) (160...400) (250...630)
130 200 320
Rina <200 °C/W

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

of 2 mm from case.
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BC 337, BC 338

Collector cutoff current
atVee =25V

atVeg =45V

atVee =25V, Tamp = 125°C
atVee =45V, Tgmp = 125 °C

Collector emitter breakdown
voltage at Ic = 10 mA

Collector emitter breakdown
voltage at Ic = 0.1 mA

Emitter base breakdown
voltage at I = 0.1 mA

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

Base emitter voltage
atVce =1V, Ic = 300 mA

Gain bandwidth product
atVce =5V, Ic = 10 mA,
f = 50 MHz

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

BC 337 BC 338
Ices - 2 (< 100)
Ices 2 (< 100) -
Ices - <10
Ices <10 -
Visriceo > 45 >20
Vigrices > 50 > 30
V(8r)EBO >5
VCE sat < 0,7
Ve <1,2
fr 100
Ccso 12

MHz

pF
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BC 337, BC 338

Admissible power dissipation
versus ambient temperature
(see note on page 54)

w BC 337,338
1
Pot®
Oﬁ I
N
N
0 N\
N
AN
N
02 A
N
\\
0 AN
0 100 200°C
— Tamsp
Collector current
versus base emitter voltage
mA BC 337,338
10° }25°C P
. YIH
[
) / ,’ / /]
L, iso°c/|j [ | o,
10
5 [T Y
’ ——typical
2 L/ ===limits
’ ,' at Tymp=25°C|

[ ]

— Ve

2V

Pulse thermal resistance
versus pulse duration

°C/W BC 337338

~

0—1
18 1075 10% 103 102 107 1 10 102
————»Ip

Collector cutoff current
versus ambient temperature

BC 337338
4
10 7

S

i /| ey, =usv

10 7 BC338: Ve =25V
—— typical

) / ——I mcfxirﬁnum

! 0 100 200°C

—_—
amb
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BC 337, BC 338

DC current gain
versus collector current

Group -16

VCE =1V
— typical

50 | wme [imits
400 at Tgmp =25

e e o e ]

- —’/——\‘ \

/ 150 °C \

ﬁ/’
IAC // \

P \
- \

DC current gain
versus collector current

Group -40

1000

L~ A M

—— typical

— —limits
at Tymp =25%C

107 1 10 102 10°mA

=1l

DC current gain
versus collector current

Group 25
1000
Veg=1V
™0 - typical
500 === limits
o 00— at Emb’éoc
e o= - S
L —50 °C — \\
200 ] ™~
[25°C | _—
// //.-\\
= ~
100 ~ /sgjc, X
- r \
70 e \
-
50
40
30
20
00T 10 07 103 mA

—»Ic

Gain bandwidth product
versus collector current

MHz BC 337338
103
Tamb =25°%C
’ f =20MHz
5
ot
3
: L~ ——\‘V =5V
//"\ CE
74 v
102 //
e /4
s |/
7
3
2
10

1 2 s 10 2 s 1022 s 10°mA
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BC 337, BC 338

Common emitter
collector characteristics

mA BC 337,338
500 W]
Ic‘oo I /———"_—_—- 2
[/ 1.8
T
/ L~ 1.6
300 / / 1 1.4
/, T |
/ /i 1.2
1
200 -l 08
/
0.6
100 HH 04
Ve
w/ I 02mA
%0 1 2V
—_—- VCE
Common emitter
collector characteristics
mA BC 337,338
500 T
0.85
/| ~
ICLOO [ /
300 —
08
I
panl
200
100 'I 075
~ Voe =07V
%5 1 2V

— Ve

Common emitter
collector characteristics

mA BC 337,338
100
035 |
0
I8 03
025
60
02
40
015
01
20
I5=0.05 mA
0 0 10 20V

— =

Collector saturation voltage
versus collector current

v BC 337,338
05 — typical "
===limits ]
at Tgmp = 25°C| , I
I L
VCEstg'L T§‘= 10 " /
'l ]
'l
03
Il
/
7 1
/ /
02 v t
./ / ]
— ] = 1
!

0. /’
L l1s00c, |BEA Y 50
— =

¢ C===—=m—
107 1 10 102
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BC 337, BC 338

Base saturation voltage
versus collector current

v BC 337,338
2
— typical /
=== limits /
at Tgmp=25°C /
Ic _ /]
VeEsat IB =10 /’
Y
7
/
/
1 7 4 //’
7
~50°C 4~ — /A
vl
% e 259 /4
- — ]
- - P
-t
- _—~1150°C
//
0
107! 1 10 102 103mA
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BC 340, BC 341

NPN Silicon Epitaxial Planar Transistors
for switching and amplifier applications
The type BC 340 is subdivided into three groups, -6, -10 and -16, the type

BC 341 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 | Vce | =5V,

| Ic| = 50 mA is less than 1.25.

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

Base current

Power dissipation

at Tomp = 25 °C

atTc =25°C

Junction temperature
Storage temperature range

Characteristics at T; = 25 °C

DC current gain
atVce=5V,Ilc =01 mA hg
atVce =5V, Ic =50mA hee

atVee = 5V, Ic = 500 mA hpe

Collector saturation voltage
atlc = 150 mA, Ip = 15 mA

Base saturation voltage
atlc =150 mA, Is = 15 mA

]

.

o max.94 @

£

E

)

‘max.05 ¢
BC 340 BC 341

Vcso 40 60 \Y
Vceo 40 60 \Y
VEso 5 5 \Y
Ic 500 mA
Ig 50 mA
Piot 0.8 w
Piot 3 w
Ti 200 °C
Ts —-55...+200 °C
BC 340-6 BC 340-10 BC 340-16
BC 341-6 BC 341-10
27 43 70
63 100 160
(40...100) (63...160) (100...250)
13 20 32
VCE sat <04 Y
VBE sat 0.95(<1.2) \'
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BC 340, BC 341

Collector cutoff current
atVeeg =40V

atVce =60V

atVeg =40V, T; =150 °C
atVeg =60V, T; = 150°C

Collector emitter
breakdown voltage
at/c = 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 Vego = 10V, f =1 MHz

Emitter base capacitance
atVego =05V, f =1MHz

Thermal resistance
Junction to ambient air
Junction to case

Ices
Ices
lces
Ices

V(BR)CES
Visriceo

BC 340

10 (< 100)

10 (< 100)

> 40
> 40

Ccao

Ceso

Ritha
Rinc

100

6.5

25

< 220
< 58

BC 341

10 (< 100)

10 (< 100)

> 60
> 60

nA
nA

uA

MHz

pF

pF

°C/W
oC/W
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BC 340, BC 341

Admissible power dissipation Pulse thermal resistance
versus temperature versus pulse duration
w BC 340,341 °C/W BC 340,341
5 100 T
7
: —
. , |08 ,//
Prot finc , //
= ¥
02—
10
R , L9 7
N ° [005 /
Y.
N 3
0027
Rinc=58°C/W .
2 \\ : 7001
+v=0
N\ 1
N 7 /
! [Rina =200°C/W : gy —
‘.{A\ N 3 V== P
P \ 2 L —
‘l\\\ T —.l
0 — | | I
01
0 100 200 °C 106 10° 104 103 102 107 s
— T, — b
Common emitter Relative DC current gain
collector characteristics versus collector current
mA BC 340,341 BC 340,341
500 10 ——
60 _Ju0 R
/// ~25 ? LI?E;:“’/C
V4 [20 N
// AT LT heell)
400 A - 15— et
AT PrelSOmil
P L~ L1 3
10 —
//
/ o // 2
300 HA— =7
// ///’
= — 5 1 1
// =" =T | 7 //
V.
200 EEE—— 3 P% \
al 2 = \
r,_.__- ) \
100
T |7=25¢ Ig=1mA 2
JL L [ | "
0 1 2 3 L 5V 10°! 1 10 102 10° mA
— e —I
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BC 340, BC 341

Collector current
versus base emitter voltage

mA BC 340,341
103
5
2
102 /
5
2 II
10 ’
5
2 Veg =5V
T=25°C
1
5
2
0.1
0 1 2V
—_— léE
Gain bandwidth product
versus collector current
MHz BC 340,341
1000 —
Ve=10V |
’ Tamp=25°C
5
[
3
2
100
7 /
5
L/ \
vV
3
2
10

1 2 5 10 2 s 102, s 103

—I

Collector saturation voltage
versus collector current

v BC 340,341
1
7
5 —— -{2: 10
Veesat * e
Sai
, L /
Tj =25°C
2
01 e
LT
7
5
4
3
2
001

10 2 ses 102 2 3.5 10°mA

—1I

Collector cutoff current
versus junction temperature

nA BC 340,341
105
L/
‘ /
ICBO 10 /I
)4
10° /
//
/
102
/
10
Yeg= 40V (BC340)
/ 60V (BC 341)
/|
. [ [T 1
0 100 200 °C

-

63



BC 413, BC 414

NPN Silicon Epitaxial Planar Transistors
for use in high-quality, low-noise AF and DC amplifiers. Complementary
types are the PNP transistors BC 415 and BC 416.

These types are subdivided into two groups B and C according to their
current gain.

460 -
* —
©,
Black plastic package =~ TO-92, d
TO-18 compatible. $
The case is impervious to light. ‘§ °
Weight approximately 0.18 g E 2
Dimensions in mm v
—ile—
max.05® 125
Maximum Ratings BC 413 BC 414
Collector base voltage Vceo 45 50 \
Collector emitter voltage Vceo 30 45 \'
Emitter base voltage VEBo 5 \Y
Collector current Ic 100 mA
Base current Is 20 mA
Power dissipation at Tamb=25°C Piot 300’ mW
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,
le =2mA,f=1kHz B C
Small signal current gain hte 330 600
(240...500) (450 ...900)
Input impedance hie 45 8.7
(32...85) (6...15) kQ
Output admittance hoe 30 (< 60) 60 (< 110) umho
Reverse voltage transfer ratio  hre 2-104 3104
DC current gain
atVce =5V, Ic = 0.01 mA heg 150 (> 100) 270 (> 100)
atVce=5V,Ic=2mA hee 290 500
(180...460) (380...800)
Thermal resistance Rina 4207 °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 413 BC 414

Collector saturation voltage
at/lc= 10mA, Iz = 0,5mA
atlc =100 mA, Iz = 5 mA

Base saturation voltage
at/lc =100 mA, Is = 5 mA

Base emitter voltage
atVce=5V,Ic =0.01 mA
atVece=5V,lc =0.1mA
atVee =5V, Ic=2mA

Collector cutoff current

Vcesat 0.075 (< 0.25) \
Veesat 0.25 (< 0.6) \
VBEsat 0.9 \
Ve 0.52 \J
Vie 0.55 N

Ve 6.62 (0.55...0.75) V

atVeg = 30V lego <15 nA
atVeg =30V, Tgmp = 150 °C Icso <5 uA
Emitter cutoff current leso <15 nA
atVeg =4V
BC 413 BC 414
Collector emitter breakdown Visriceo > 30 > 45 \Y
voltage at Ic = 10 mA
Collector base breakdown Visricso > 45 > 50 \
voltage at Ic = 10 uA
Emitter base breakdown Vigriego > 5 >5 \Y
voltage at /g = 10 uA
Gain bandwidth product fr 250 MHz
at Vece =5V, Ic = 10 mA,
f = 100 MHz
Collector base capacitance Ccao 2.5 pF
at Vecgo =10V, f =1 MHz
Noise figure F <25 dB
at Vece =5V, Ic = 0.2 mA,
Rc =2kQ,f=30Hz...15kHz
Equivalent noise EMF v < 0.135 uv
(referred to base)
at Vce =5V, Ic = 0.2 mA,
Rc =2kQ,f=10...50Hz
Transistor Band Pass
under Test Amplifier Filter AF-VTVM
0Hz SOHz

>

@

I =
—J

Neg. Feedback (G, =constant)

Test circuit for equivalent noise EMF
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BC 413, BC 414

Admissible power dissipation
versus ambient temperature
(see note on page 64)

Pulse thermal resistance
versus pulse duration

mW BC 413, 414 °crW BC 413, 414
500 - . 103
5
05 o
2
400 fina, 5 (02 ]
Piot s 01 |~
— /
300 005~
\ 2
\\ 0 1992 75 A
200 \ °
\ 2
N\ : i
100 1 \\ s _
\ P
\ 2 -
0 N o Lor
0 100 200 °C 106 105 104 103 102 107 1 10 102s
—> mb —— )
Collector current Common emitter
versus base emitter voltage input characteristic
mA BC413,414 pA BC 413,414
102 —r—— T 7 103 —p—
& T T 177} I
5 |— typical } s T =25°C
— — limits | y
at hmp= 25°C| || I’
Ie ) / // 8, '
10 i 102
25°C 4 /
5 " ,' 5
| !
2 I 2
] [
1 ” { 10
100° ]l Il ]]-50°c l
. [ o] ;
I I
|
2 | 2
I I I
10—1 ’ 1 1
0 05 1V 0 05 v
— e T
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BC 413, BC 414

DC current gain DC current gain
versus collector current versus collector current
Group B Group C
1000 1000 =
Veg=5V Vee=5V 7N
700 e 700 ce _ } TN \\
’f
500 "’--\\ 500 ‘——--,/ /--\ )
P _—"’/ I \\ 400 100°C ///’—\
N il R (e I\ hee. [ _Lzac)” N
o 4+ 1~ — 17 ;
- 7 Msoec \
e F2sc L~ TN 0 vaya \
/ \ // \
=% \ -~ !
100 === X 100 -
70 \\ 70
50 50
40 40
30 30
20 - 20
— typical —— typical
===limits ——— limi
" at Lms=25°C (1‘;“72,,S7D=25°C
. = 10
102 10 1 10 102mA 02 10 102mA
‘—’Ic ——[C
Common emitter Common emitter
collector characteristics collector characteristics
mA BC 413 414 mA BC 413,414
100 Y] 0 R I e
/| A )
/ / 7|05
/
80 > 8
I / L~T04 Ic 25
L~103 20
Ry e :
LT "o
1
P 5
10 [ 4
V' | ——T s |
10
LT 01
20 // 2
%/ Tp-0.05 mA g =5uA
L[] 0 ||
0

1 2v 0 1 2V
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BC 413, BC 414

Common emitter
collector characteristics

mA BC 413, 414
100 05 04] 7035
v L1 L~
NA AT |~
I 80 SV // ﬁ?’
A A A
7 ——
(A 2] -
60 1~
///
P 015 |
// ’/"’
’—’
40 — o
IB =005mA
20
/
0
0 10 20V
e VCE

Common emitter
collector characteristics

mA BC 413,414
1 ( R
[ 73
08 -
Ie ™ 3
06 25
2
04 iE
)
02
Ig=05 pA
0
0 1 2 3 4 5V

— ke

mA
10

Io 08

06

04

02

Common emitter
collector characteristics

BC 413,414

™| VBE=0.67 v

0.65|

064

063

0.62

0 10
— Ve

Common emitter
collector characteristics

20V

BC 413, 414

Ve =061V

06

059

0.58|

0.57

056

0.55

0.54)
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BC 413, BC 414

Common emitter
collector characteristics

A BC413 414
100 / o5
045
1 80 04
0.35|
80 03 -
025
40
02
0.15
20
o 0.1
I5=005pA
0
0 1 2 3 4 5V

— ke

Collector saturation voltage
versus collector current

v BC 413,414
05
— typical I
—— limits I
at Tymp =25°C /
04| e .
% =€ =20
CE sat Is
/
/I
03
7 / /
~ \Js- _ P /
02 =T /
/
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N /
01 \\h 7/
N 7/
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Collector cutoff current
versus ambient temperature

nA BC 413,414
10
V4
//
Igo'® 7
/
/ /

102 / /

oL d )4
v
1 V4
Veg =30V
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— — maximum
107
0 100 200°C
—— Tomb
Base saturation voltage
versus collector current
v BC413, 414
1
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sal |~ / /
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[+ 35/"’(3 7
0 — i :/
1+ ,%‘ /
100°C
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0 I
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BC 413, BC 414

Collector base capacitance,
Emitter base capacitance
versus reverse bias voltage

pF BC 413414

Ceao N\

Ceso \ Ceso
N

4 Ceso

01 02 05 1 2 5 0v
— Vo’ Ym0

Relative h-parameters
versus '
collector current

BC 413, 414

Y

\y
! [ hre 1

: 1 N
[
hoer \\
* g5V
1 | o725
107 4 1 2 4
— I

10 mA

Gain bandwidth product
versus
collector current

MHz BC 413, 414
108 | I
7
Tomb=25°C
5
Vep=10V
f 4 CE
T B |
T 5VN
: T
7 | 1N
102 /
7t
5
4
3
2
10
01 . 5 1 2 s 10 » s 100 mA
—_— IC
Relative h-parameters
versus
collector emitter voltage
BC 413, 414
2
helVer )
Pl =5 VI |\
15 hge—
h.e —_-‘
W\ _La-r
\\
\ 1
1 A h
A _LAZ-FT
A
N Lt
hoe ||
05
IC =2mA
0 Tamb=25°
0 10 20 30V

— > ke
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BC 413, BC 414

Noise figure Noise figure

versus collector current versus collector current
a8 BC 413, 414 dB BC 413, 414
20 20

Vee=5V , / Veg=5V
18 | £=120Hz] / 18| f=1kHz

=259 / / Tams=25°C
16 F 16

Rg = 1M§2/IOO kQf 10kQ /1 ke " J /
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Noise figure Noise figure
versus collector current versus frequency
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BCY 58, BCY 59

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

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

v s
‘ gn |
Metal case JEDEC TO-18 L
Collector connected to case ‘§ max.589
Weight approximately 0.35 g €
Dimensions in mm ¥
— !
max05¢
Maximum Ratings BCY58 BCY59
Collector emitter voltage Vces 32 45 v
Collector emitter voltage Veeo 32 45 \
Emitter base voltage Veso 7 7 \%
Collector current Ic 200 mA
Base current Ig 50 mA
Power dissipation
at Tamp = 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-Parameter at Vce =5V,
lc=2mA,f=1kHz A B C D
Small signal hie 200 260 330 520
current gain (125...250)_ (175...350) (250...500) (350...700)

Input impedance hie 27 3.6 45 75
(16...45) (25...6) (32...85) (45...12) kQ

Output admittance  hoe 18 (<< 30) 24 (< 50) 30 (< 60) 50 (< 100) umho

Reverse voltage he 15104 210+ 2-104 3-104
transfer ratio




BCY 58, BCY 59

Current Gain Group

A B c D
DC current gain
atVeg =5V, hee 78 145 (>20) 220 (> 40) 300 (> 100)
Ic =10 uA
atVee =5V, hee 170 250 350 500
lc =2mA (120...220) (180...310) (250...460) (380...630)
atVee =1V, hee 190 (> 80) 260 380 550
Ilc =10 mA (120....400) (160...630) (240 ... 1000)
atVeg =1V, hre > 40 > 45 > 60 > 60
Ic = 100 mA
Base emitter voltage
atVce=5V,Ic = 10uA Ve 0.5
atVee=5V,Ic= 2mA VBe 0.62 (0.55...0.7)
atVece=1V,lc = 10mA Vse 0.7
atVee =1V, Ic = 100 mA Ver 0.76
Collector saturation voltage
at/c = 10mA, g = 0.25 mA VCE sat 0.12(0.05...0.35)
at/lc =100mA, /g =25 mA VCE sat 0.3 (0.15. 0 7)
Base saturation voltage
at/c = 10mA, /g = 0.25 mA VBE sat 0.7 (0.6...0.85)
atlc =100mA, Iz =25 mA VBE sot 09(0.75...1.2)

BCY 58 BCY 59

Collector cutoff current
atVee =32V Ices 0.2 (< 10) -
atVeg =45V Ices — 0.2 (< 10)
at Veg =32V, Tgmp = 150 °C Icgs 0.2 (< 10) -
atVee =45V, Tomp = 150 °C Ice 0.2 (< 10)
atVeg =32V, Vge =02V, Tagmp = 100 °C ICEV <20 -
atVeg =45V, Vge = 02V, Tgmp = 100°C  [cpy — <20
Emitter cutoff current Ieso <10 <10
atVeg =5V
Collector emitter Visriceo > 32 > 45
breakdown voltage
at/lc = 2mA
Emitter base Virieso > 7 >7
breakdown voltage
atlg =1pA
Gain bandwidth product fr 250 (> 125)
atVce =5V, Ic = 10mA, f = 100 MHz
Collector base capacitance Ceso 8 (< 15)
at Vcgo =10V, f =1MHz
Emitter base capacitance Ccso 3.5 (< 6)

at Vego =05V, f=1MHz

<<<<

<<

nA
nA
uA
uA
nA
uA

nA

MHz

pF

pF
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BCY 58, BCY 59

Noise figure F 2(<6) dB
at Veg =5V, Ic—02mA
Rc=2kQ, f=1kHz, Af =200Hz

Thermal resistance . Rin A < 450 °C/W
Junction to ambient air Rinc <150 °C/w
Junction to case

Switching Times

Test conditions:
Ic:lg1:—Ig2 ~10:1:1mA, R =5kQ, Ro=5kQ, Ry =990Q, —Vpg =3.6V

Delay time tq 35 ns
Rise time t 50 ns
Turn-on time ton 85 (< 150) ns
Storage time ts 400 ns
Fall time t 80 ns

Turn-off time torr 480 (< 800) ns

Test conditions:
Ic:Ig1: —Ig2 ~ 100:10:10 mA, Ry = 500 Q, R, =700Q, RL=98Q, —Vpg =5V

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

Test Circuit for Switching Times

to scope with
—O t <«15ns

a, Z;, =»100kQ
+

11"0v

Rise time of input voltage 5 ns, pulse duty factor < 1 %,
. generator impedance 50 Q
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BCY 58, BCY 59
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Admissible power dissipation

versus temperature
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BCY 58, BCY 59

DC current gain
versus collector current
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Collector current versus
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Collector cutoff current
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BCY 58, B

CY 59

mA
100

Ic

80

60

40

20

mA
10

Common emitter
collector characteristics

BCY 58,59
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1 _ros
/ /' L 05
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A L1035
//A?/// ”
V L~ 025
1/ L
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/£ //
// A 015
/ p= 01
// Tg = 005 mA
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> Ve

Common emitter
collector characteristics

BCY 58,59
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Common emitter

collector characteristics

mA BCY 58,59
100 7 7
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collector characteristics
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BCY 58, BCY 59

Common emitter
 collector characteristics

mA BCY 58,59
1 A .
———
pu— 35
L 08 ;
0 25
2
04 5
1
02
I5=05 pA
0
0 1 2 3 4 5V

> Ve

Collector saturation voltage
versus collector current
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T/ 00
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Common emitter
collector characteristics
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Base saturation voltage
versus collector current
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BCY 58, BCY 59

Collector base capacitance,
Emitter base capacitance
versus reverse bias voltage

pF BCY 58,59
10 \\
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\\ \
Ccao
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\
2
Tamp =25°C
0
o1 02 05 1 2 5 10V
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Relative h-parameters
versus
collector current
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BFY 39

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications
(not recommended for new designs)

* — 5.0 jo—
iz

Metal case JEDEC TO-18 Yy
Collector connected to case %‘ max.589
Weight approximately 0.35 g £
Dimensions in mm ¥ I

—

max059
Maximum Ratings
Collector base voltage Vcso 45
Collector emitter voltage Vceo 25
Emitter base voltage Vego 5 Vv
Collector current Ic 100 mA
Power dissipation
at Tomp = 25°C Piot 0.3 w
atTc =25°C Piot 1 w
Junction temperature T; 175 °C
Storage temperature range Ts —55...+ 175 °C
Static Characteristics at 7; = 25 °C BFY 39-1 BFY 39-2 BFY 39-3
DC current gain hee 35...110 100...200 180 ... 400
at Ve =10V, Ic =10 mA
Collector saturation voltage VCE sat <A1 \Y
at Ilc =10mA, Ig =1 mA
Base saturation voltage VBE sat <1 \
at lc =10mA, Ig = 1mA
Collector cutoff current Icso < 50 nA
at Veg =30V
Thermal resistance
Junction to ambient air Rina < 500 °C/W
Junction to case Rinc <150 - °C/W
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BFY 39

mA
20

Dynamic Characteristics at Tomp = 25 °C

Collector base capacitance
atVeg =5V

Gain bandwidth product
atVee =10V, Ic = 10 mA

Ccro

tr

h-Parameters at Vce =5V, Ic =1mA, f =1kHz

Input impedance
Reverse voltage transfer ratio
Small signal current gain

Output admittance

Common emitter
collector characteristics

BFY 39

woffiz0 7T
Ig=100uA L ——T""|

g/
et
JD/\/’

|
| TR——

T

(1]

/ o O ——
/

Tj=25°C

— >

hie

hte
hoe

5 pF
150 MHz
3,2 kQ
3-10°

120

8 umho

Relative DC current gain
versus collector current

BFY 39
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V
08 / \
%
/
06 7
v
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02
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Tamp=25°C
[
10” 10 102 mA
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BFY 39

Common emitter
input characteristic

HA BFY 39
500 T T
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Relative collector cutoff -
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junction temperature
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BFY 39
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BSW 82, BSW 83, BSW 84, BSW 85

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

N
o

|3
&

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

max.589

min.125 «";"3"!* &
t |4

max059

Maximum Ratings BSW 82 BSW 84
BSW 83 BSW 85
Collector base voltage Vcego 40 75

Collector emitter voltage Vceo 25 40 \'
Emitter base voltage Veso 5 5
Peak collector current Iem 500 mA

Power dissipation
at Tamp = 25°C Piot 500 mw
atTc =25 JOC Piot 1.8 w

Junction temperature T; 175 °C

Storage temperature range Ts -50...+ 175 °C

Characteristics at 7; = 25°C BSw 82 BSW 83 BSW 84 BSW 85

DC current gain

at Vce =10V,

Ic = 10mA hee  >30 >70 > 35 >75

Ic =150 mA hpg 40...120 100...300 40...120 100...300
Ic = 500 mA hee — - > 20 > 40

Collector saturation voltage

at Ic = 150 mA, VcEsot < 0.6 < 0.6 <04 <04V
Ig =15 mA

at IC = 500 mA: VCE sat — - <1.6 < 1.6 v
Ig = 50 mA

Base saturation voltage

at Ic = 150 mA, VBEsat < 1.3 <13 <13 <13V
Ig = 15 mA

at /c = 500 mA, VBE sat — - <26 <26V
Ip = 50 mA
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BSW 82, BSW 83, BSW 84, BSW 85

08

06

04

02

Collector cutoff current

atVeg =30V Icao
atVeg =50V Icso
atVeg =30V, T =125°C Icso
atVeg =50V, T; = 125°C IcBo

Emitter cutoff current
atVeg =3V

Gain bandwidth product
atVce =20V, Ic = 20 mA,
f = 100 MHz

Collector base capacitance
atVego = 10V, f = 100 kHz

Thermal resistance
Junction to ambient air
Junction to case

Admissible power dissipation
versus temperature

BSW 82...85
Ka,,,fwaw
\
\L
= Rina =300°C/W \
N
N .
\&

0 100 200°C

» Gmbn%

BSW 82
<100

<100

Ieso

fr

Ccso

Ritha
Rinc

O N B

01

BSW83 BSW84 BSW85
< 100 - - nA
- <10 <10 nA
<100 - - WA
- <10 <10 pA
< 100 nA
> 200 MHz
<8 pF
< 300 °C/W
< 84 °C/w

Pulse thermal resistance
versus pulse duration

BSW 82..85
Fos ,/
= v
02
— /
01 A
/4
o5 LA
[ 7/
(502 AL,
001
v=0
1 —
b _
ARG
T—
| | |
10 10° 10% 10° 102 10!
—_—t
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BSW 82, BSW 83, BSW 84, BSW 85

Common emitter
collector characteristics

Common emitter
collector characteristics
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BSW 82, BSW 83, BSW 84, BSW 85
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Relative DC current gain
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BSW 82, BSW 83, BSW 84, BSW 85

Base saturation voltage
versus collector current
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BSW 82, BSW 83, BSW 84, BSW 85
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BSX 22, BSX 23

NPN Silicon Epitaxial Planar Transistors
for switching and amplifier applications at high collector current

A
' — g‘g’f’ —
ég — :

Metal case JEDEC TO-39 3:1

Collector connected to case g max.94 9

Weight approximately 1.3 g E

Dimensions in mm )

max.05 ¢

Maximum Ratings BSX 22 BSX 23

Coliector base voltage Veao 40 a0 \

Collector emitter voltage Vceo 32 65 \'

Emitter base voltage VEso 5 \"

Collector current ) Ic 1.5 A

Power dissipation

at Tamp = 25 °C Pios 0.8 w

at TC =25°C Pfof 6 W

Junction temperature T; 175 °C

Storage temperature range Ts —55...+ 175 °C

Static Characteristics at T; = 25 °C

DC current gain hee > 35

atVce =2V, Ic = 500 mA

Collector saturation voltage VCE sat <t v

atlc =1A, Ig =100 mA

Collector cutoff current BSX22 BSX23

atVeg =10V Iceo <A1 - uA

atVee =30V Iceo - <1 pA

Thermal resistance

Junction to ambient air Rina <190 °C/W

Junction to case Rinc <25 °C/W
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BSX 22, BSX 23

08

08

04

02

Dynamic Characteristics at Tqmp = 25 °C

Gain bandwidth product
atVece =5V, Ic = 100 mA

Collector base capacitance
atVeg =5V

Common emitter
collector characteristics
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| Tj=25°C
2
/0
'/ 35
/e
'/ 25
4 T
20
| /-
15
>~
10
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Relative DC current gain
versus collector current
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BSY 51~ 2N 697

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications

Metal case JEDEC TO-39
Collector connected to case .
Weight approximately 1.1 g g max.94 ¢
Dimensions in mm E
[

>

max.05 ¢
Maximum Ratings
Collector base voltage Veao 60 Y
Collector emitter voltage Vceo 25 Vv
Emitter base voltage VEego 5 \
Collector current Ic 500 mA
Power dissipation
at Tqmp = 25°C Piot 0.8 w
atTc =100°C Piot 1.7 W
atTc = 25°C Piot 3 w
Junction temperature T 200 °C
Static Characteristics at T; = 25 °C
DC current gain
atVee=10V,Ic= 1mA hee 50
atVeg =10V, Ic = 10mA hee 75 (> 30)
atVece =10V, Ic = 150 mA hee 40...120
at Veg = 10V, Ic = 500 mA hre 15
Collector saturation voltage Vcesat  0.15(<<0.8) \"
at/c = 150 mA, Is = 15 mA
Base saturation voltage Veesot  0.95(<1.2) \
atlc = 150 mA, Is = 15 mA
Collector cutoff current
at Vep =30V Icso 3 (< 100) nA
atVeg = 30V, Tgmp = 150 °C Icgo 4 (< 100) nA
Emitter cutofi current Ieso 1 (< 50) nA
at VEB =3V
Collector base capacitance Ccso 7.5 (<10) pF
at Vego = 10V
Emitter base capacitance Creao 23 (< 33) pF
at Vggo = 0.5V
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BSY 51

Thermal resistance

Junction to ambient air Rih a
Junction to case Rinc

<220
<58

Small Signal Characteristics at Tomp, = 25 °C and f = 1 kHz

Test conditions: Vcg =5V, Ic = 1 mA, grounded emitter

Input impedance hie
Reverse voltage transfer ratio hre
Small signal current gain hte
Output admittance hoe
Noise figure F
at Vce = 10V, Ic = 0.3 mA,

Rc = 1.5kQ,

Bandwidth 30 Hz...15kHz

Gain bandwidth product fr
atVeg = 10V, Ic = 50 mA, f = 50 MHz

Switching Times

15(0.8...45)
0.8 (< 3)- 104
55 (30. . .100)
8(35...13)

6

100

See diagrams and test circuits on the following pages.

°C/W
°C/W

kQ

wmho

dB

MHz
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BSY 51

Common emitter Common emitter
collector characteristics collector characteristics
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BSY 51
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Admissible power dissipation
versus temperature

Relative DC current gain
versus collector current
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BSY 51
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Collector cutoff current
versus
junction temperature
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BSY 51

Relative h-parameters Relative h-parameters
versus versus
collector current collector emitter voltage
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NN | L L fre hre\
f
1 b 15 AN
08 = y NS \
- N
hre 12 =
05 S ™N
N 1 N
03 ’ N hie|
VCE=|0V \\ 08 ie fe N
02 f=1kHz N,
Tj=25°C * 06
o LI 05
01 020305 1 23 5810mA 1 152 3 4 681 152 30V
—_— ]c VCE
Contours of constant Pulse thermal resistance
gain bandwidth product versus pulse duration
v BSY 51,53,565,87 oW BSY 51
16 T 100
50 60 70| 80 9 \/1 [100 50 . T
110
% \ : — %
Vee L1105 [ P4
I L
2 fr=100MHz |fL || the T Z
02—
10
10 , Lo
v/
* [0057]
8 s .
\ 002
5 : 7001
\ 1 rv=0
/
4 4
\\—/ i tp ]
\ 3 y:’i p—
NN L) : Mg
je25% r—
0 L2111 o1 L1
! 0o 100 mA 06 105 10% 103 102 107 s
— C —
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BSY 51

Switching characteristics, /c = 100 mA', t, = 50 ns

Residual collector emitter Test circuit
voltage versus base current

v BSY51..56,87,88

2 Pulse
Generator
\ Z=50Q
P— T
0 o
0 10 20 30 40 50 mA

> Iy

Storage time Fall time
versus base current versus base current
ns BSY 51...56,8788 ns BSY 51...56,87,88
200 100 /'
180 90 /
ts 160 / %t 80 -
/ V5=0 Ve =0
%0 70 /
/ /
120 4 60 /’
100 // 50 //
/
80 / _7 40 /
60 7 30 -2V, r//
/ //
I~
et
2 /// S o 10/t —T5v] |
T L]
o L= . 2
0 10 20 30 40 50 mA 0 10 20 30 40 50 mA
——— IB 1 —-—-—DIB‘

' 100 mA is that theoretical collector current which results from the
supply voltage Vcc = 10V and the operating resistor Rcc = 100 Q.
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BSY 51

Switching characteristics, /c = 500 mA’, t, = 50 ns

Test circuit Residual collector emitter
voltage versus base current

v BSY 51...56,87,88

VCE ‘min 8

tp=50ns

AN

3 \\

E"ﬁfmor 2 P N

el

z=50% ' ~~—

1
T ke
o—— 0

0 40 80 120 160 200 mA
—Ipy

Storage time Fall time
versus base current versus base current
ns BSY 51..56,87,88 ns BSY 51..56,87,88
200 200 /
180 180 /
160 = 160
/
L1 Vog =0 /
140 A 140 A
/| g
Vg5 =0
120 58 120
pd Aoy
100 =2V 100 / va
80 // = > 80 ,/
/
60—/ 0 )_ﬁ_ 60 A5V
/| // e
40 AL 40 /
/ v /
20 20
/
0 0
0 40 80 120 B0 200 mA 0 40 80 120 160 200 mA
— g —» gy

' 500 mA is that theoretical collector current which results from the
supply voltage Vcc = 10 V and the operating resistor Rcc = 20 Q.
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BSY 51

Switching characteristics, /c = 100 mA, t, > 10 us

Turn-on time Test circuit
versus base current

ns BSY 51...56,8788
320

280
240

fon \
200

160 ——\
TN

80

40

0

0 2 4 6 8 112 14 16 18 20mA
— g,

Storage time Fall time
versus base current versus base current
ns BSY 51..56,87,88 ns BSY 51...56,87,88
1200 3 220
r/ 200 — —T
s
1000 180 <
ts /V 0 t /
B8~
/ 160
800 %0
120
600 7 -2V
/ -2V_L— 100
/
80
400 -5V
-5V —t
// D 60 -
40 -
200 — V4 vV
i el 20
0 0
0 2 4 6 8 10 12 14 16 18 20mA 0 2 4 6 8 10 12 14 16 18 20 mA
IBI > IB1
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BSY 51

Test circuit
for graph on the right

Rg=R¢

Relative storage time and
fall time
versus pulse duration

BSY 51...56,87,88

1 . —
T .o 111
ff X/
! /f' ’
s rel
tf ret t LA
4,
1C=i00m§!/ /"
01 500
[— 5007
100
Io=101g4=101Ig;
001 [
10 100 1000 10000 ns

—10p

~

ns
103

102

Switching characteristics

versus collector current

(tp > 10 us)

BSY 51..56,87,88

—
7

P,

\
AN|

A
[
AN

LU

Ic=10Igy=101Ig,

| LI

10

102
—_—

Ic

10° mA
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BSY 52 ~2N1420

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications

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

atTc =100°C

atTc = 25°C

Junction temperature

Static Characteristics at T; = 25 °C

DC current gain

atVee =10V, Ilc = 1 mA
atVce =10V, Ic = 10 mA
atVce =10V, Ic = 150 mA
at Vee =10V, Ic = 500 mA

Collector saturation voltage
at/c =150 mA, Is = 15 mA
Base saturation voltage
at/c = 150 mA, I = 15 mA

Collector cutoff current
atVeg =30V
atVeg =30V, Tomp = 150 °C

Emitter cutoff current
atVeg =3V

Collector base capacitance
atVegp =5V

Veao
Vceo
Vego
Ic

Piot

Pfof
Pfor

hee
hee
hee
hee

VeE sat

VBE sat

Icao
IcBo

Iego

Ccro

A 5

™

‘ A

)Eé:g —

L

o

€

E

]

max.9.4 ¢

max.05 ¢
60 Vv
25 \
5 Vv
500 mA
0.8 w
1.7 w
3 w
200 °C
100
135 (> 70)
100...300
25
0.15(< 0.8) Vv
0.95 (< 1.2) Vv
3 (< 100) nA
4 (< 100) A
1 (< 50) nA
75 (< 10) pF
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BSY 52

Emitter base capacitance
at Vegp =05V

Thermal resistance
Junction to ambient air
Junction to case

Ceso

Rth A
Rtnc

23 (< 33)

<220
< 58

Small Signal Characteristics at Tomp, = 25 °C and f = 1 kHz

Test conditions: Vce =5V, Ic =1 mA, grounded emitter

Input impedance

Reverse voltage transfer ratio
Small signal current gain
Output admittance

Noise figure

at Vce =10V, Ic = 0.3 mA,
Rc = 1.5 kQ

Bandwidth 30 Hz ... 15 kHz

Gain bandwidth product

atVece =10V, Ic = 50 mA, f = 50 MHz

Switching Times

hie
hre
hye

3(1...8)
0.8 (< 3) - 104
100 (50 . . . 200)
9(45...15)

6

130

pF

°C/W
°C/W

kQ

umho

dB

MHz

Specifications for switching times of type BSY 51 apply to this type.
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BSY 52

Common emitter Common emitter
collector characteristics collector characteristics
mA BSY52 mA BSY 52
20 500
/ 40 » L —
'00‘ ) / |
18 /
20 | —1T""|
18 / l e 00 // /4/
" e/ ] | B
L / I W =
// / // 5 "
12 v 300 (—f ——
w1 || T
10 LA / // | 31—
- / P 2
8 V4 200 —
40 / I ////
6 == / I B=1 mA’________—
[
4 100 7
Ig=20pA /
2 feet—"1 .,
Tj=25°C 0 T.=25°C
[ 0 b
0 0
0 10 20 30 40 50 V 0 1 2 3 4 5V
— e — Y
Common emitter Collector current
input characteristics versus base emitter voltage
mA BSY 51..56,87.. mA BSY 52,56,88
100 y 'zv T 1000
cE =
50
// / e
10 A r/ / 100 /
i /[ 7/ ]
]
2 /7LL:Z\TJ =2150°C| II
1 100 _ 10
W A T |
[l] '
L = 50
01 1
005 I |
1
002 | W =4V
001 | T = 25°C
0 02 04 06 08 10 12 1 16V 01 0 02 04 06 08 10 12 14 16V
" Ve —_—
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BSY 52

Admissible power dissipation Relative DC current gain
versus temperature - versus collector current
w BSYS52
40 18 ; -
i 150°C
™
\
35 1 !
p heell) 100 || \
tot heelOBA), YTIN
30 ! \
Ripc = 58°C/W )
25 ~\ ! /1TV 125
/
10
20 A / /4
\ /25,
\ P /
15 N A ( /
06 A |
N AT
0 q Nl
—\Reh 2220°C/W \ : g
/f
0 ~ 02 ]
Ve =10V
0
0 25 50 75 100 125 150 175 200°C %01 1 10 00 1000 mA
— L, —Ic
Collector saturation voltage Base saturation voltage
versus collector current versus collector current
v BSY51,52 v BSY 5152,87..
10 18
5 16
VCEsat 3 VBEsat
14
2 7
/ 1
1 ,,/ 12 L/
7 - '// /
05 i 10 L L
4 L——""1 L
03 ey ] I/ ’_—rT
02— s 08 =
I
01 06
005 04
003
I =101, 2
002 c=101g i 0 Ic=10lg
T; =25°C X T. =25°C
001 Jo N8 0 J i
10 2030 50 100 200300500 1000 mA 0 2030 50 100 200300500 1000 mA
—1I ——-—»]c

— — — — upper limit, valid for 95 % of a lot
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BSY 52

Collector cutoff current
versus
junction temperature

nA BSY 51,52
108
+7
5 Z
10 P i
/’ //
10% g 7
Icso 7
103 7
//
2 2.
10 // //
4
10’ /'
100 A
10!
1072
Vg =30V
103 l
0 25 50 75 100 125 150 175 200 °C
— T

)

Emitter base capacitance
versus
emitter base voltage

pF BSY51,52,80
30 q
N
N
~
Ceao 25 ~
M~
~.
N NN
20 I
N
15 ™~
10
5
7= 250C
. L]
05 07 1 15 2 3 5 7 10V

" kg

Veer

Ceao

Admissible collector emitter
voltage versus
base emitter resistance

v BSY 51,52
80
70
60 \
50 \\
40 \
N

30 Ny
20

10

: T.=25°C
0 jI 11y
10 102 103 104
— > FRBe

Collector base capacitance
versus
collector base voltage

pF BSY 51,5290

20

/
ya

N
; ™

Tj = 25°C
L1

0
0507 1 2 3

— ™ ks

— — — — upper limit, valid for 95 % of a lot
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BSY 52

Relative h-parameters Relative h-parameters
versus collector current versus collector emitter voltage
BSY 51.56,87.. BSY 51..54,90
10 hoe 5
8
4
hll) g helVee)
FelmAT AN )4 hel1O V)
3 \\\ 3 Ic=1mA
=1m
NN 25 N\ c _
5 =1kHz
z Y 2 \\\“ Tj=25°C
NN L e h,e\
1" \
! = 15 N\
08 = y. N
N~ \
05 hre 12 N
» \\ 1 NG
03 =< N hiel by
/ VCE =‘0 v \ 08 e e
02 f=1kHz N 5
Tj=25°C © 06
o LLLL o
00 020305 1 23 5 810mA 1 152 34 681 152 30V
—_— IC _—
Contours of constant Pulse thermal resistance
gain bandwidth product versus pulse duration
v BSY 52 °C/W BSY 52
* o Tso[ s o0 | T[] b [
7
“ LI \rr=130MHz : ,%
¥ 3 05 /7/
N 12 fthe A
\ NESEey 4
10 , Lo
f Y
\ \\/ ® [005
)4
8 3 002
: 601
6 \ . Ly=0
VA
4 / s . _ ]
] “ P ¢ —
\ 3 y=2 —
2 \ T |8
2 L —
T
0 Tjz25°% o L1
1 10 100mA 06 105 104 103 102 107 1
—=Ic — 0
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BSY 53 ~ 2N 1613

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications

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 Tamp = 25°C

atTc =100°C

at7Tc¢ = 25°C

Junction temperature

Static Characteristics at T; = 25 °C

DC current gain

atVeg =10V, Ic = 0.1 mA
atVee =10V, Ic =1 mA
atVee =10V, Ic = 10 mA
atVee =10V, Ic = 150 mA
at Vee =10V, Ic = 500 mA

Collector saturation voltage
atlc =150 mA, I = 15 mA
at Ic = 500 mA, /s = 50 mA
Base saturation voltage
atlc = 150 mA, Iz = 15 mA
Collector cutoff current
atVeg =60V

atVeg =60V, Tomp = 150 °C
Emitter cutoff current

atVegg =5V

Veso
Vceo
Vesgo

Ic

Piot
P tot
Piot

T

hre
hee
hee
hre
hee

Vee sat
VCE sat

Vse sat

Icso
Icso

Ieso

max.
8.§¢

s i

E .

!

%’ max.94 9

E

)

max.05 ¢

75
30 Vv
7 \'
750 mA
0.8 w
1.7 w
3 w
200 °C
40 (> 20)
50
65 (> 35)
40...120
35 (> 20)
0.15(< 0.8) V
05 (<1.2) V
095(<1.2) V
0.5 (< 10) nA
04(<10) pA
1 (<10) nA
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BSY 53

Collector base capacitance Ccso 6.5 (< 10) pF

at Vego =10V

Emitter base capacitance Ceso 23 (< 33) pF

at Vegp =05V

Thermal resistance

Junction to ambient air Rth A < 220 °C/W
Junction to case Rinc < 58 °C/W

Small Signal Characteristics at Tomp = 25 °C and f = 1 kHz

Test conditions: Vcg =5V, Ic = 1 mA, grounded emitter

Input impedance hie 15(0.8...45) kQ
Reverse voltage transfer ratio hre 0.8(<3) 104

Small signal current gain hte 55 (30...100)

Output admittance Roe 7(35...10) umho
Noise figure F 6 dB
atVee =10V, Ic = 0.3 mA,

R = 1.5kQ,

Bandwidth 30 Hz ... 15 kHz

Gain bandwidth product fr 100 MHz
atVee =10V, Ic = 50 mA, f = 50 MHz

Switching Times

Specifications for switching times of type BSY 51 apply to this type.
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BSY 53

Common emitter Common emitter
collector characteristics collector characteristics
mA BSY 53 mA BSY 53
20 v 750
80/ | 60 — ]
250
18 Vd ol // / —
Ic / 1 / -~ |—
200 1 [ / 40
16 200 I 600 7
w1 / I o
12 150—T— ‘/ 450 I/ '/ 20
—
| I / 204
10 IV /
= —
s 300 Ig=10mA__—
100 [ —
6 /]
‘550 A 150
2 50 0
T; = 25°C . T, = 25°C
0 T \& 0 N
0 0 20 30 40 50 V 0 1 2 3 4 5V
3 — ke
Common emitter Collector current
input characteristics versus base emitter voltage
mA BSY 51..56,87.. mA BSYS53
100 ——— 1000
so [ €2 _
Y Vd 7
2 ,///7 e 7
10 / ,/ // 100 [
Is /1 /Y [
5 y 1
L '
2 / =Tj =150°C |
1 / +N\|00 _ 10 I
ST |
[ tfeso i
o 1
005
|
002 | Veg=bV
001 I Tj= 25°¢C
“'0 02 04 06 08 10 12 4 16V %10 02 04 06 08 10 12 14 16V
— e — e
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BSY 53

Admissible power dissipation
versus temperature

Relative DC current gain
versus collector current

W BSY53
40 18 N
\
35 16 /
: eelic) T. = 150C//] \
Piot hegl015A) il / yamn
30 14 14 \
Renc=58°CIW 12 | 100 / A\
25 / TN
A
\ 0 | AN
N ' |-
20 /I Lt %a \
V1
\\ 0sll 25/ AN
15 ./1/ A
N 06 A< - 2544
\ P
1.0 N ,/‘/
—T~Fna =220°C/W 04
\\
05 H\ 02
N~ Ve =10V
0
0 25 50 75 100 125 150 175 200°C 00.1 1 10 100 1000 mA
—Tms. ¢ —
Collector saturation voltage Base saturation voltage
versus collector current versus collector current
v BSY 5354 v BSY 5354
10 18
5 16 ”
Vegsat 3 Veesat 1
14
2 ) //
1 / 12 A Y
7 <V
A -
05 — 10 ot
v —tT
03 1 ) - L"' L
02 Bt 08 —
-”’
01 -t 06
—
005 04
003
002 le=10lg 0z Ic=101
c=10/g
T; =25°C 0 Tj 225°C
0.01 L P—
10 2030 50 100 200300500 1000 mA 0 2030 50 100 200300 500 1000 mA

—»]

c
— — — — upper limit, valid for 95 % of a lot
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BSY 53

Collector cutoff current Admissible collector emitter
versus voltage versus
junction temperature base emitter resistance
nA BSY 53,54 v BSY 5354
108 80
. 108 P 70 \
CBO g Veer \
104 <
Ve 60
103 /// /J/
e 50
2 d
10 ’/'
A y 40 \
10 v 7 N
7
” v 30 A
1 /|
20
10"
- 10
102
V5 =60 V| T.=25°C
-3 | 0 L
079 25 50 75 100 125 150 175 200 °C 10 102 103 104 105 Q
—DT’ —>RBE
Emitter base capacitance Collector base capacitance
versus versus
emitter base voltage collector base voltage
pF BSY 53.56,8788 pF BSY 53,54
30 < 20
N
~
NN 18
Ceno 25 = <L Ceso 6
~N s\
\ \\ )
N '~ 4 N
20 ~ = ' Ul N
N,
N 12 FHD AN
N \\
15 S 10 S
N
N S
8 <
10 ™ N
6 \\
N
5 4
T. = 250 2
j = 25°C T. = 25°C
0 L 6 j 7B
05 07 1 152 3 5 7 10V 05071 23 5710 230 5V
—® 5 — iy

— — — — upper limit, valid for 95 % of a lot
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BSY 53

Relative h-parameters
versus
collector current

BSY51.56,87..
10 hoe
8
hll) 5
FallmA) 7
3 N
N\
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1 NN Lt
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\\
3 / N
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O 020305 1 23 5 810mA
— I

Contours of constant
gain bandwidth product
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1 10 100 mA

Relative h-parameters
versus
collector emitter voltage
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1 N
hie| hfe
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06
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1 152 34 681 152 30V
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Pulse thermal resistance
versus pulse duration
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100
7
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‘105 2
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02—
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002
: 7001
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v
‘ g —
3 V_T PI -
2 p—
T—
| ! |
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BSY 53

Common emitter Common emitter
input admittance reverse transconductance
ms . BSY53 mos BSY 53
; —
Wee=10V Ye=10V
80 1 c= 10mA
be be -1 30 Mll-lz .
50
60 -2
-3 100 [
3 /
/
~o 150
150 /
-5
-6 :
0 20 40 60 ms -4 -3 -2 -1 0ms
— Gie —_— g,.e
Common emitter Common emitter
forward transconductance output admittance
mS BSY 53 mS BSY 53
0 9 ——
[ ] Ic=imA 3| 5| 10
1 o Ic=1mA 8 // /
-20 \ .
bre XA\ s bpe /’,/_ o= 150 Mz

- X ’
-60 \ Z
100 \ " 5 =410
SIS [/
- AY
80 30MHz 4 ] / / ]
-100 3
) -
-120 50
T =
-1 Ye=10V
4o e =10V o |
-4 -0 0 20 40 60 mS 0 05 1 15 mS
__>gfe —>goe
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BSY 54 ~ 2N 171

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications

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
atTomp = 25°C
atTc =100°C
atTc = 25°C

Junction temperature

Static Characteristics at 7; = 25 °C

DC current gain

atVce =10V, /c = 0.01 mA
atVee =10V, Ic = 0.1 mA
atVee =10V, Ic =1mA
atVce =10V, Ic = 10 mA
atVee =10V, Ic = 150 mA
at Vee = 10V, Ic = 500 mA

Collector saturation voltage
atlc = 150 mA, Iz = 15 mA
at Ic = 500 mA, /g = 50 mA

Base saturation voltage
at/c = 150 mA, Ig = 15 mA

Collector cutoff current
atVeg =60V
atVeg =60V, Tamp = 150 °C

Emitter cutoff current
atVeg =5V

Veso
Veeo
Vesgo
Ie
Ptot

Ptof
Piot

hee
VCE sat

VCE sat
VBE sat

Icao
Icao

lego

ki
!
o max.94 ¢
£
E
)
—
max.05 @
75 \"
30
7 Vv
750 mA
0.8 w
1.7 W
3 w
200 °C
55 (> 20)
80 (> 35)
100
135 (> 80)
100...300
60 (> 40)
0.15(<06) V
05 (<12) V
095(<12) V
05(<10) nA
0.4 (< 10) uA
1 (<10) nA
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BSY 54

Collector base capacitance Ccao 6.5 (< 10) pF
atVegp =10V

Emitter base capacitance Ceso 23 (< 33) pF
atVego =05V

Thermal resistance

Junction to ambient air Rth A < 220 °C/W
Junction to case Rinc < 58 °C/W

Small Signal Characteristics at Ty, = 25°C and f = 1 kHz

Test conditions: Vce =5V, Ic =1 mA, grounded emitter

Input impedance hie 3(16...9) kQ
Reverse voltage transfer ratio hre 0.8(<3)-104

Small signal current gain hie 100 (50. . . 250)
Output admittance hoe 8(45...125) pmho
Noise figure F 3(< 8) dB
atVee =10V, Ic = 0.3 mA,

Rc = 1.5 kQ,

Bandwidth 30 Hz ... 15 kHz

Gain bandwidth product fr 145 MHz
atVce =10V, Ic = 50 mA, f = 50 MHz

Switching Times
Specifications for switching times of type BSY 51 apply to this type.
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BSY 54

Common emitter Common emitter
collector characteristics collector characteristics
mA BSY 54 mA 50 BSY 54
20 4 750 7 L0 _—
80,
/oo /L Il
18 4 / y 30_L—
e 46 180 P // Ic goo / /‘///’
|~ 20
14 — / /
/ I// / 10 /
12 60— 450 —f / ///
—T | / /
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/ A
8 - - 300 (o
40 =

/g =20 pA 150
2 T: = 25°C 0 T.=25°C
0 s o] 17
0 10 20 30 40 50 V 00 1 2 3 4 5V
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Common emitter Collector current versus
input characteristics base emitter voltage
mA BSY 51..56,87... mA BSY 54
100 - 1000
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1/ / /
10 100
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02 I I
o 1
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0002 o % v o1
0 02 04 06 08 10 12 14 16 0 02 04 06 08 10 12 14 16V
— " e — e
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BSY 54

Admissible power dissipation Relative DC current gain
versus temperature versus collector current
w BSY 54
4 18 T TTT
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DC current gain versus Collector saturation voltage
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— — — — upper limit, valid for 95 % of a lot
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BSY 54

Base saturation voltage
versus collector current

Collector cutoff current
versus junction temperature

nA BSY 5354
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108 p
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Relative h-parameters
versus
collector current
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10 2030 50 100 200300 500 1000 mA
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— — — — upper limit, valid for 95 % of a lot
Admissible collector emitter
voltage versus
base emitter resistance
v BSY 5354
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BSY 54
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BSY 54

Common emitter
input admittance
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BSY 54

Ve

Contours of constant
gain bandwidth product

Pulse thermal resistance
versus pulse duration
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BSY 55 ~ 2N 1893

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications

¢+ ] &5

s |
Metal case JEDEC TO-39 2‘—*]
Collector connected to case T max 849
Weight approximately 1.1 g £
Dimensions in mm )

max.05 ¢

Maximum Ratings
Collector base voltage Veso 120
Collector emitter voltage Vceo 80
Emitter base voltage VEeso 7 \%
Collector current Ic 500 mA
Power dissipation
at Tomp = 25°C Piot 0.8 w
atTc =100°C Piot 1.7 w
atTc = 25 °C Piot 3 w
Junction temperature Ti 200 °C
Static Characteristics at T; = 25 °C
DC current gain
atVee =10V, Ilc = 0.1 mA hee 50 (> 20)
at VCE =10 V, IC =1mA hFE 60
atVee =10V, Ic =10 mA hre 65 (> 35)
atVcg = 10V, Ic = 150 mA hee 40...120
at Veg = 10V, Ic = 500 mA hee 20
Collector saturation voltage VCE sat 0.2 (< 0.6) Vv
at/c = 150 mA, I = 15 mA
Base saturation voltage Veesat  1(<1.3) Y
atlc =150 mA, Ig = 15 mA
Collector cutoff current
atVep =90V Icso 0.5 (< 10) nA
atVeg =90V, Tamp = 150 °C Icao 0.4 (< 10) uA
Emitter cutoff current Ieso 1(<10) nA
atVeg =5V
Collector base capacitance Ccao 6 (< 10) pF
atVego =10V
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BSY 55

Emitter base capacitance Ceso 23 (< 33) pF
at Vegp =05V

Thermal resistance

Junction to ambient air Rih A <220 °C/wW
Junction to case Rihc < 58 °C/W

Small Signal Characteristics at Tomp = 25 °C and f = 1 kHz

Test conditions: Vce =5V, Ic = 1 mA, grounded emitter

Input impedance hie 16(08...5) kQ
Reverse voltage transfer ratio hre 0.6 (<3)-104

Small signal current gain hie 75 (30...150)
Output admittance hoe 4(2...7) umho
Noise figure F 6 dB

at Vee =10V, Ic = 0.3 mA,

Rc = 1.5 kQ,

Bandwidth 30 Hz ... 15 kHz

Gain bandwidth product fr 100 MHz
atVce =10V, Ic = 50 mA, f = 50 MHz

Switching Times

Specifications for switching times of type BSY 51 apply to this type.
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BSY 55

Common emitter
collector characteristics
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BSY 55
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BSY 55

Collector cutoff current
versus
junction temperature
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BSY 55

Relative h-parameters
versus
collector current
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BSY 56

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications

Metal case JEDEC TO-39 YT
Collector connected to case %' max.94 ¢
Weight approximately 1.1 g €
Dimensions in mm v

max.05 ¢
Maximum Ratings
Collector base voltage Veso 120
Collector emitter voltage Vceo 80 Vv
Emitter base voltage VEgo 7 \Y
Collector current Ic 500 mA
Power dissipation
at Tamp = 25°C Piot 0.8 w
atTc =100°C Piot 1.7 W
atTc = 25°C Piot 3 w
Junction temperature T; 200 °C
Static Characteristics at T; = 25 °C
DC current gain
atVee =10V, Ic =01mA hee 100 (> 35)
atVce =10V, Ic =1mA hre 125
atVce =10V, Ic = 10 mA hee 180 (> 75)
atVeg = 10V, Ic = 150 mA hee 100...300
at Vce = 10V, Ic = 500 mA hre 35
Collector saturation voltage Veesat 02(<086) V
atlc = 150 mA, Is = 15 mA
Base saturation voltage Vst 1(<1.3) Vv
at/c = 150 mA, I = 15 mA
Collector cutoff current
atVeg =90V Icso 0.5 (< 10) nA
atVeg = 90V, Tompb = 150 °C Icso 0.4 (< 10) uA
Emitter cutoff current leso 1(<10) nA
atVeg =5V
Collector base capacitance - Ccro 6(<10) pF
at Vegp = 10V
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BSY 56

Emitter base capacitance Cro 23 (< 33)
atVegop =05V

Thermal resistance

Junction to ambient air Rma <220
Junction to case Rinc <58

Small Signal Characteristics at Tomp = 25 °C and f = 1 kHz

Test conditions: Vcg = 5V, Ic = 1 mA, grounded emitter

Input impedance hie
Reverse voltage transfer ratio hre
Small signal current gain hte
Output admittance hoe
Noise figure F
atVee =10V, Ic = 0.3 mA,

Rc = 1.5 kQ,

Bandwidth 30 Hz ... 15 kHz

Gain bandwidth product fr
atVce =10V, Ic = 50 mA, f = 50 MHz

Switching Times

3(16...9)
0.6 (< 3)- 104
120 (60 . . . 280)
6(3...10)

6

145

pF

°C/W
°Cc/w

umho

dB

MHz

Specifications for switching times of type BSY 51 apply to this type.
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BSY 56

Common emitter
collector characteristics
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BSY 56

Collector cutoff current
versus
junction temperature
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BSY 56

Relative h-parameters
versus collector current
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BSY 79

NPN Silicon Epitaxial Planar Transistor
with high collector emitter voltage for use as driver
for numerical indicator tubes (Nixie driver)

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

Maximum Ratings

Collector base voltage Veso
Collector emitter voltage Vcey
atVeg =1V

Emitter base voltage Veso
Collector current Ic
Power dissipation

at Tqmb = 25°C Pfof
atTc = 25°C Piot
Junction temperature T;

Characteristics at 7; = 25 °C

DC current gain hre
atVece=1V,Ic=1mA

Collector saturation voltage VCE sat
atlc =2mA, Ig = 0.2mA

Base saturation voltage VBE sat

at/lc =2mA, Ig =02 mA
Collector cutoff current

atVep =90V Icao

at Veg = 90V, Tamp = 150 °C Icso

Emitter cutoff current Ieo

atVegg =4V

Collector base capacitance Ccso
atVego =10V

Emitter base capacitance Cero
atVegg =05V

Thermal resistance

Junction to ambient air Rina
Junction to case Rinc
Gain bandwidth product fr

atVce =10V, /c = 10 mA, f = 50 MHz

120
120

30

300

175

60 (> 30)
0.3 (< 0.5)

<1

3 (< 50)
<10

2 (< 50)
4

17

< 500
<150

100

mA

mwW

°C

nA
nA
pF

pF

°C/W
°C/W

MHz
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BSY 79

Admissible power dissipation
versus temperature

Collector cutoff current
versus junction temperature
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BSY 81

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications
at higher collector current

%
ng max.
¢ 7 ese v
e [

Metal case JEDEC TO-39 2
Collector connected to case g max.94 ¢
Weight approximately 1.3 g E
Dimensions in mm )

— -

max.05 ¢
Maximum Ratings
Collector base voltage Veso 40 \"
Collector emitter voltage Vceo 18 Vv
Emitter base voltage VEgo 5 Vv
Collector current Ic 1 A
Power dissipation
at Tomp = 25°C Piot 0.9 w
atTc =100°C Piot 2.8 w
atTc = 25°C Piot 5 W
Junction temperature ‘ T; 200 °C
Characteristics at 7; = 25 °C
DC current gain
atVee =10V, Ilc =01 mA hre 30 (> 20)
atVee =10V, Ilc = 10 mA hre 65 (> 35)
atVee =10V, Ic = 150 mA hee 85 (40...120)
at Vg = 10V, Ic = 500 mA hre 60 (> 30)
at Vcg = 10V, Ic = 1000 mA hee 30 (> 15)
Collector saturation voltage
atlc =015A,/13 =0.015A Veesat <025 Vv
atlc =05A, I =0.05A . Veesat < 0.6 \Y
atlc=1A, Ig=01A Veesat < 1.2 Vv
Base saturation voltage Veesat < 1.8 v
atlc=1A,ls=01A
Collector cutoff current
atVeg =30V leso 2 (< 100) nA
atVeg =30V, Tamp = 150 °C Icso 06(<25 A
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BSY 81

Emitter cutoff current
atVeg =3V

Collector base capacitance
atVegp =10V

Emitter base capacitance
at Vego = 0.5V

Gain bandwidth product
atVce =10V, Ic = 50 mA, f = 50 MHz

Thermal resistance
Junction to ambient air
Junction to case

Ieso

Ccso

Ceso

fr

Ritna
Rinc

3(<10) nA
85(<15) pF
50 (< 60) pF
100 MHz
<194 °C/IW
<35 °C/W
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Common emitter Common emitter
collector characteristics collector characteristics
mA BSY 81 A BSY 81,8385
1
10 Tj=25°C / /I 0 5V w0
140_~ L]
- / 2]
I Ic
C 8 120 ( 0 —
L—1 — ] ,/ / 20 _L—"]
) — 100 / 06 /
/ —
80 / / I]/ / L
4 v } 04
2 40 / 02
| /B=20pA

PSR N A S

0
0 5 0 15 2 25V 0 ! 2 3 4 5V
> Vee Ve
Collector cutoff current Relative DC current gain
versus junction temperature versus collector current
nA BSY 81,82 BSY 818385
104 s 1.6 ———r
-~ Vg =10V
, 14 j2280¢C
Ieo 103 A < — hF@(:g)A)
Va v K ¥!
7
d
102 “ y 10 V K\
AN
4 08 /
b
10 VA /
06
V1
A1
// 04 i~ -
1
02
VCB =30V
10 | 0
0 50 100 150 200 °C 16" 1 10 102 103 mA
E— 7'J —1Ic

— — — — upper limit, valid for 95 % of a lot




BSY 81

Admissible collector emitter Admissible power dissipation
voltage versus versus temperature
base emitter resistance
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BSY 82

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications

at higher collector current

Metal case JEDEC TO-39
Collector connected to case
Weight approximately 1.3 g
Dimensions in mm

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

Power dissipation
at Tamp = 25°C
atTc =100°C
atTc = 25°C

Junction temperature

Characteristics at T; = 25 °C

DC current gain

atVee =10V, Ic = 0.1 mA
atVce =10V, Ic = 10 mA
atVce =10V, Ic = 150 mA
at Vcg = 10V, Ic = 500 mA
at Vg =10V, Ic = 1000 mA

Collector saturation voltage
at/c = 0.15A,/p = 0.015A
atlc=05A, Ip=005A
atlc=1A, Iz=01A
Base saturation voltage
atlc=1A, s =01A

Collector cutoff current
atVeg =30V
atVeg =30V, Tamp = 150 °C

Veso
Veeo
Vo

Ic

Piot
P tot
Piot

T;

hee
hee
hre

hee
hee

VCE sat
VCE sat
Vee sat

VBE sat

Ieao
Icao

.
% max.
P
3 i
13
-
o max.94 ¢
£
E
'
max.05 ¢
40 \
18 \
5 v
1 A
0.9 W
2.8 w
5 W
200 °C
60 (> 35)
140 (> 75)
190 (100. . . 300)
120 (> 40)
50 (> 20)
<0.25 Vv
< 0.6 Vv
<12 \
<18 Vv
2 (< 100) nA
06(< 25 pA
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BSY 82

Ie

Emitter cutoff current

atVep =3V

Collector base capacitance

atVecgo =10V

Emitter base capacitance

at Vego =05V

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

Thermal resistance
Junction to ambient air
Junction to case

Common emitter
collector characteristics

mA BSY 82
10 250 ] / H
? /’y/ ///
-]
o] )
0 /
b £ ’/ /
el
Ig=10 pA |
L Lo N
0 5 10 15 20
— >k

A
1.0

08

06

04

02

leBo

Ccso

Ceso

fr

Rina
Rinc

3(<10) nA
85(<15) pF
50 (< 60) pF
120 MHz

<194 °C/W
<35 °C/W

Common emitter
collector characteristics

BSY 82,84,86

3
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L
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/
/

AN TN ]
VARRLN
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BSY 82

1.0
09
Veesat og
07
06
05
04
03
02

01

Relative DC current gain
versus collector current

BSY 82,84,86

=10V
—TJ =25°C

10 102
— "I

Collector saturation voltage
versus collector current

BSY 82,84,86

[1c =015
(7= 25°C

™
.

I

0
00

01
— I

103 mA

1A

nA
104

Icgo 103

102

10
08
08
04

02

— — — — upper limit, valid for 95 % of a lot

Collector cutoff current
versus junction temperature

BSY 81,82
/
A P
7 —~
ya /
/
7
/
v, V-
—
4
VA
VCB = 30 Vv
[ |
0 50 100 150 200 °C

Base saturation voltage
versus collector current

BSY 82,84,86
T T T
Ic=101g
—Tj =25°C
/
/
////
V4

102 103 mA

—1Ic
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BSY 82

Admissible collector emitter
voltage versus
base emitter resistance

v BSY 81,82
50
er 40 iy
\\
N\
30
20 q
10
T,=25°C
. L L]
10 102 103 104 105 Q
— " Ree
Collector base capacitance,
Emitter base capacitance
versus reverse bias voltage
pF BSY81.82
60 —
N\ T,=25°C
N j
CCBQ 50 \ \\
Ceso N| N
NN
\
40 \\
30 Ceno
N
20 \\
N
>N
10 )
0
01 1 10 100 V

— > lp.Us

Admissible power dissipation
versus temperature

w BSY 81...86

v

Ptot 4

N\
1
T~ |Rina =194 °C/W \
\*

~_

0 T
0 40 80 120 140 200 °C
—* L. T
Pulse thermal resistance
versus pulse duration
o BSY 82
102
5
05
2 t
ftnc 10 L
02— Z
s P
. 08
) 1002 4
s 001
¥ /70005
v=0

102 I I 1
106 105 104 103

— — — — upper limit, valid for 95 % of a lot
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BSY 83 ~ 2N 2297

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications
at higher collector current

Metal case JEDEC TO-39
Collector connected to case
Weight approximately 1.3 g
Dimensions in mm

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

Power dissipation

at Tamp = 25°C
atTe =100°C
atTc = 25°C

Junction temperature

Characteristics at T; = 25 °C

DC current gain

atVce =10V, Ilc = 0.1 mA
atVeg =10V, Ic = 10 mA
atVce =10V, Ic = 150 mA
atVce = 10V, Ic = 500 mA
atVce = 10V, Ic = 1000 mA

Collector saturation voltage
at/lc =0.15A,/g = 0.015A
atlc =05A, [ =005A
atlc=1A, Ilg=01A

Base saturation voltage
atlc=1A,Ig=01A

Collector cutoff current
atVcg =60V
atVeg =60V, Tamp = 150 °C

Veso
Vceo

Vo

Pfof
Piot
Pfof

T

hre
hre

hre
hee

VCE sat
VCE sat
VCE sat

VBE sat

Icao
Ico

-—
'
@®3
T
X
*

‘—min.12,5~j e

max.94 @

max.05 @

80
35

0.9
2.8

200

30 (> 20)
65 (> 35)
85 (40 . .. 120)
60 (> 30)
30 (> 15)

<0.25
<06
<A1

<18

0.6 (< 10)
0.3 (< 10)

> < < <

===

< <<<
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BSY 83

Emitter cutoff current Iego 5(<10) nA
atVep =3V

Collector base capacitance Ccso 8.5 (< 15) pF
atVego =10V

Emitter base capacitance Ceso 50 (< 60) pF
at Vegp =05V

Gain bandwidth product fr 100 MHz

at Vce =10V, Ic = 50 mA, f = 50 MHz

Thermal resistance
Junction to ambient air Rina <194 °C/W
Junction to case Rithc <35 °C/w
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BSY 83

nA
104

Ieso 103

102

Common emitter
collector characteristics

BSY 83

T.=25°C
T uo

I

7]

—
—

120

100

B

1g=20uA | A\

0

N\

10

20

30 40 5 V
—

Collector cutoff current
versus junction temperature

BSY 83,84
—
//
yd
7
V
44
ya 7
) d /
/
/
7 7

/ /
/ Yo, =60V
"4
0 50 100 150 200 °C

— 7

Common emitter
collector chqracteristics

A BSY 81,8385
10
50 w
/'/
30
Ic o8 —
/
20
06
i 10 — |
04 9/ ]
Ig=5mA | —
.= o
J/ 0 rJI 25°C
0 1 2 3 4 5V
> e
Relative DC current gain
versus collector current
BSY 81,8385
16 ——
Woe =10V
1w =250
heglle)
P05 A
10 ™
AN
/1
08 g
A
05
A
04 [ |
02
0
10? 1 0 102 103 mA
—*Ic

— — — — upper limit, valid for 95 % of a lot
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BSY 83

Admissible collector emitter Admissible power dissipation
voltage versus versus temperature
base emitter resistance

v BSY 83,84 w BSY81..86
140 5
120
Veer Ptot 4
100
80 | 3 \Roc =35°CIW
N N\
N

40 < \\
1 N
20 ~ &4 =194 °C/W \
T.=25°C
J \\
0 | 11| . ~
0 102 103 04 0% Q 0 40 80 120 40 200 °C
——> Rge —> . Tt
Collector emitter capacitance, Pulse thermal resistance
Emitter base capacitance versus pulse duration
versus reverse bias voltage
pF BSY83..84 oC/W . BSy 83
60 —T—T T 102
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N ) 5
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Ceso 50 TN =
N N fihc A
NA m—
40 XN * [
\\ N 2 QQS//
30 Cego)\ Y.
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\ [ Ao
N, 0005
\\ v=0
20 \ AN )
L™ /
\ N 107 7
Ceao N \\\
10 > 5
\\
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(o 1 10 100 V 10° PE—
. 106 105 104 103 102 107 1s
—» g .Y —_—

— — — — upper limit, valid for 95 % of a lot
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BSY 84

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications

at higher collector current

Metal case JEDEC TO-39
Collector connected to case
Weight approximately 1.3 g
Dimensions in mm

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

Power dissipation
at Tamp = 25°C
atTc =100°C
atTc = 25°C

Junction temperature

Characteristics at 7; = 25 °C

DC current gain

atVeg =10V, Ic = 0.1 mA
atVee=10V,Ic = 10 mA
at Vce =10V, Ic = 150 mA
at Vcg = 10V, Ic = 500 mA
at Vce = 10V, Ic = 1000 mA

Collector saturation voltage
at/lc =0.15A, /s = 0.015A
atlc=05A, Izg=0.05A
atlc=1A, Ilz=01A

Base saturation voltage
atlc=1A,lIg=01A

Collector cutoff current
atVeg =60V
at VCB = 60 V, Tamb = 150 °C

Veso
Vceo
Veso
Ic

P tot
Piot
Piot
T;

hre
hee
he
hee

hee

VCE sat
VCE sat
Vce sat

VBE sat

Icao
Icso

':
g

E -
)

max.94 ¢

—
max.05 @

80
35

0.9
2.8

200

60 (> 35)
140 (> 75)

> < < <

2=

190 (100 . . . 300)

120 (> 40)
50 (> 20)

<0.25
<06
<1

<18

0.6 (< 10)
0.3 (< 10)

< <<<
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BSY 84

Emitter cutoff current
atVegg =3V

Collector base capacitance
atVego =10V

Emitter base capacitance
at Vegp = 05V

Gain bandwidth product
atVce =10V, Ic = 50 mA, f = 50 MHz

Thermal resistance
Junction to ambient air
Junction to case

Common emitter
collector characteristics

BSY 84
r=2-5°c60 //f/l
Iy
ol |
- /|
w |
S
20
Ig=10 pA / .
0

0 10 20 30 40 S0 v

—> e

08

06

04

02

lego

Ccso

Ceso

fr

Rth A
Rinc

Comm

5(<10) nA

85(<15) pF

50 (< 60) pF

120 MHz

<194 °C/W

<35 °C/W
on emitter

collector characteristics

BSY 82,84,86
30 % 4
// / //
/ 20
[
7 s
1
/ 0__L—T
1
IIV/ foSmA—— |
/
0 rjl=25°c
0 1 2 3 4 5V

> Ve
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BSY 84

04

02

Relative DC current gain
versus collector current
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Yep=10V

T.=25°C
-

0
10" 1

10 10?
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Collector saturation voltage
versus collector current
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Collector cutoff current
versus junction temperature
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/
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/
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102 / ,/
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y4 7
// /
w1 I/
7 7
4 /
I I/
=60V
» e
10!
0 50 100 150

Base saturation voltage
versus collector current

200 °C
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10 - 18
"l =101g Ic=101lg
Q9'Tj=25°c 16 —Tj=25°C
V(:Esat 08 VBEsat 14
07 12 /
1 /
06 y ////
|A 0 V)4
05 v
08 ‘?J{///
4 | ==
04 vy L o=
117 06
03 vaAn's
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02 e
)
01 ettt L 02
0 0
00 01 1A 1 0 102 103 mA
>l —Ic

— — — — upper limit, valid for 95 % of a lot
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BSY 84

Admissible collector emitter
voltage versus
base emitter resistance

v BSY 83,84
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120
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80 <
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Emitter base capacitance
versus reverse bias voltage
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versus temperature
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Pulse thermal resistance
versus pulse duration
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— — — — upper limit, valid for 95 % of a lot
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BSY 85 ~ 2N 2193 A

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications

at higher collector current

Metal case JEDEC TO-39
Collector connected to case
Weight approximately 1.3 g
Dimensions in mm

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

Power dissipation
at Tamp = 25°C
atTc =100°C
atTec = 25°C

Junction temperature

Characteristics at T; = 25 °C

DC current gain

atVee =10V, Ic = 0.1mA
atVeg =10V, Ic = 10 mA
at Vce = 10V, Ic = 150 mA
at Vee = 10V, Ic = 500 mA
at Vcg = 10V, Ic = 1000 mA

Collector saturation voltage
atlc = 0.15A, /3 = 0.015 A
at/lc =05A, Ip=005A
atlc=1A, Iz=01A
Base saturation voltage
atlc=1A,lg=01A

Collector cutoff current
atVeg =90V
atVeg = 90V, Tamp = 150 °C

Veso
Veeo
Vego

Ie

Piot
Piot
P tot

hre
hee
hre
hee
hre

VCE sat
VCE sat
VCE sat

VBE sat

Ico
Icao

| — ¢

max.9.4 ¢

r—minJZ,S-D e

max.05 ¢

120
64

> < < <

0.9
2.8

===

200 °C

30 (> 20)
65 (> 35)
85 (40. . .120)
60 (> 30)
30 (> 15)

< 0.25
< 0.6
<1

<18

< <<<

06(<10) nA
03(<10) pA
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BSY 85

Emitter cutoff current
atVeg =3V

Collector base capacitance
at Vego =10V

Emitter base capacitance
at Vego = 0.5V

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

Thermal resistance
Junction to ambient air
Junction to case

leso

Ccso

Ceso

fr

Rtha
Rinc

5(<10) nA
85(<15) pF
50 (< 60) pF
110 MHz

<194 °C/W
<35 °C/W
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BSY 85

Common emitter
collector characteristics

mA BSY 85
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$=25°C 40 /
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Collector cutoff current
versus junction temperature
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collector characteristics
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Relative DC current gain
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heg 015 Al
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08 ) g
A
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04 b~ -
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— — — — upper limit, valid for 95 % of a lot
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BSY 85

Admissible collector emitter
voltage versus
base emitter resistance
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BSY 86

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications

at higher collector current

Metal case JEDEC TO-39
Collector connected to case
Weight approximately 1.3 g
Dimensions in mm

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

Power dissipation
at Tamb = 25°C
atTc =100°C
atTc = 25°C

Junction temperature

Characteristics at T; = 25 °C

DC current gain

atVee =10V, Ic = 0.1 mA
atVee =10V, Ic = 10 mA
atVeg =10V, Ic = 150 mA
at Vce =10V, Ic = 500 mA
at Vce = 10V, Ic = 1000 mA

Collector saturation voltage
at/lc =0.15A,/5 = 0.015A
atlc =05A, Ig=005A
atlc=1A, Iz=01A

Base saturation voltage
atlc=1AI=01A

Collector cutoff current
atVeg =90V
atVeg = 90V, Tamp = 150 °C

Veso
Vceo

Veso

Pfof
Pfof
Piot

Tj

hee
hre
hee
hee
hee

VCE sat
VCE sat
VCE sat

VBE sat

Icso
Icao

[
%,
+Q9 max.
4 — 859 -
.
o max.9.4 ¢
£
E
)
max.05 ¢
120 \'
64 \'
7 \Y
1 A
0.9 w
2.8 w
5 w
200 °C
60 (> 35)
140 (> 75)
190 (100 . .. 300)
120 (> 40)
50 (> 20)
<0.25 \
<06 Vv
<1 v
<18 \"
0.6 (< 10) nA
0.3 (< 10) uA
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BSY 86

Emitter cutoff current
atVepg =3V

Collector base capacitance
atVegp =10V

Emitter base capacitance
atVego =05V

Gain bandwidth product

Ieso

Ccso

Cero

at Vee =10V, Ic = 50 mA, f = 50 MHz

Thermal resistance
Junction to ambient air
Junction to case

Common emitter
collector characteristics

BSY 86
T=25°C / l
60—
/-_—_—/ }/
50 /
40
/
30 d
20 A
Ig=10 pA
0
Lol IR
0 20 40 60

— e

Rina
Rinc

5(<10) nA
85(<15) pF
50 (< 60) pF
130 MHz
< 194 °C/W
<35 °C/W

Common emitter
collector characteristics

A BSY 82,84,86
1.0 T "
30 25
/// /
-k
15
///
/ 0__L—T"
06 I, —
/ -
Inq=5mA T—
5= 5mA
04 IV —
02
" =25¢°
: o | 5
0 1 2 3 4 5V
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BSY 86

Relative DC current gain
versus collector current

BSY 82,84,86 nA
16 1 104
Weg=10V
- -]
LRk
Icso 103
12
N
ALY AT 102
heel015A) \
08 ;
/
10
06 //
/f
A
04 > %,
1
02
ol 10!
10" 1 10 102 103 mA
—>I
Collector saturation voltage
versus collector current
BSY 82,84,86 v
10 — 18
Lic =101g
09 7'} =25°C 16
Ve sat 08 Yeesar
07
12
06
/ 10
05
) /
) 08
04 /
. / 08
A
/ Y, N
03 vam'A
7 04
02 i
0 —==1T ‘___,/ 02
0 0
001 0 1A
— I

— — — — upper limit, valid for 95 % of a lot

Collector cutoff current
versus junction temperature
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BSY 86

Admissible collector emitter Admissible power dissipation
voltage versus versus temperature
base emitter resistance

v BSY 85,86 w BSY81..86
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— — — — upper limit, valid for 95 % of a lot
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BSY 87 ~2N 1889

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications

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 Tomb = 25°C
atTc =100°C
atTc = 25°C

Junction temperature

Characteristics at 7; = 25 °C

DC current gain

atVece =10V, Ic = 0.1 mA
atVee=10V,Ilc = 1 mA
atVee =10V, Ic =10 mA
atVce =10V, Ic = 150 mA
at Vce =10V, Ic = 500 mA
Collector saturation voltage
at/c = 150 mA, /g = 15 mA
Base saturation voltage

at Ic = 150 mA, Ig = 15 mA

Collector cutoff current
atVes =75V
atVep =75V, Tamp = 150 °C

Emitter cutoff current
atVegg =5V

Veao
Veeo
Veso
Ic
Piot
Piot
P tot
T

hre
hre
hee
hre
hree

VCE sat

VBE sat

Icao
Icao

Iego

max.9.4 ¢

max.05 ¢
100 Vv
60 \
7 \
500 mA
0.8 w
1.7 w
3 W
200 °C
50 (> 20)
60
65 (> 35)
40...120
20
02(<06) V
095(<1.2) V
0.5 (< 10) nA
04(<10) pA
1(<10) nA
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BSY 87

Collector base capacitance
at Vcgo =10V

Emitter base capacitance
atVegp =05V

Thermal resistance
Junction to ambient air
Junction to case

Ccso

Ceso

Rina
Rinc

5.5 (< 10) pF

23 (< 33) pF

<220 °C/W
< 58 °C/W

Small Signal Characteristics at Tomp = 25 °C and f = 1 kHz

Test conditions: Vce =5V, Ic = 1 mA, grounded emitter

Input impedance

Reserve voltage transfer ratio
Small signal current gain
Output admittance

Noise figure

atVce =10V, Ic = 0.3 mA,

Rg = 1.5kQ,

Bandwidth 30 Hz ... 15 kHz

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

Switching Times

hie
hre
hie
Poe
F

1.8(08...5) kQ
0.7 (< 3)-10+4

75 (30.. .. 150)
6(3...100 pmho
6 dB

100 MHz

Specifications for switching times of type BSY 51 apply to this type.
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BSY 87

Common emitter Common emitter
collector characteristics collector characteristics
mA BSY87 mA BSY55,87
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Common emitter Collector current versus
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mA BSY 51..56,87... mA BSY 51,55,87
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— e —_—
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BSY 87
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Admissible power dissipation
versus temperature

Relative DC current gain
versus collector current
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BSY 87

Collector cutoff current Admissible collector emitter
versus voltage versus
junction temperature base emitter resistance
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BSY 87
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BSY 88 ~ 2N 1890

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications

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

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

Power dissipation
at Tomp = 25°C
at7Tc =100°C
atTc = 25°C

Junction temperature

Characteristics at 7, = 25°C

DC current gain

atVee =10V, Ic = 0.1 mA
atVce=10V,lc =1mA
atVce =10V, /c =10 mA
atVee =10V, Ic = 150 mA
atVce =10V, Ic = 500 mA

Collector saturation voltage
atlc =150 mA, Ig = 15 mA

Base saturation voltage
at/c = 150 mA, Ig = 15 mA

Collector cutoff current
atVeg =75V
atVeg =75V, Tomp = 150 °C

Emitter cutoff current
atVegg =5V

Vcso
Vceo
VEego
Ic

P tot

Piot
Piot

Ti

hee
hre
hee
hee
hee

VCE sat

VBE sat

Icso
Icso

leso

§ e
é‘% =:=}'—=
.‘{_‘T -[mox.9.4¢
£
[3
)
—>i e
max.05 @
100
60 v
7 \
500 mA
0.8 w
1.7 w
3 w
200 °C
100 (> 35)
125
180 (> 75)
100...300
35
02(<06) V
095(<1.2) V
05(<10) nA
04(<10) pA
1(<10) nA
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BSY 88

Collector base capacitance
atVcgo =10V

Emitter base capacitance
atVego =05V

Thermal resistance
Junction to ambient air
Junction to case

Ccao

Ceso

Riha
Rinc

5.5 (< 10)

23 (< 33)

<220
<58

Small Signal Characteristics at Tomp = 25 °C and f = 1 kHz

Test conditions: Vce =5V, Ic = 1 mA, grounded emitter

Input impedance

Reverse voltage transfer ratio
Small signal current gain
Output admittance

Noise figure

at Vce =10V, Ic = 0.3 mA,
Rc = 1.5kQ,

Bandwidth 30 Hz ... 15 kHz

Gain bandwidth product
atVce =10V, Ic = 50 mA, t = 50 MHz

Switching Times

hie
hre
hie
hoe
F

fr

35(2...95)
0.7 (< 3)-104
150 (60. . . 280)
6(3...10)

6

145

pF

pF

°C/W
°C/W

kQ

umho

dB

MHz

Specifications for switching times of type BSY 51 apply to this type.
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BSY 88

Common emitter Common emitter
collector characteristics collector characteristics
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BSY 88

Relative DC current gain Admissible power dissipation
versus collector current versus temperature
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— — — — upper limit, valid for 95 % of a lot
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BSY 88

Collector cutoff current
versus
junction temperature

Admissible collector emitter
voltage versus
base emitter resistor
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Emitter base capacitance
versus emitter base voltage
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Collector base capacitance
versus collector base voltage
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BSY 88

Relative h-parameters Relative h-parameters
versus versus
collector current collector emitter voltage
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BSY 90

NPN Silicon Epitaxial Transistor
for switching and amplifier applications

1

5%

€
Metal case JEDEC TO-39 e
Collector connected to case 2 max.94 9
Weight approximately 1.1 g E
Dimensions in mm v

max.05 ¢

Maximum Ratings
Collector base voltage Vcao 60
Collector emitter voltage Vceo 25 Vv
Emitter base voltage Vego 5 \
Collector current Ic 500 mA
Power dissipation
at Tamp = 25°C Piot 0.8 w
atTc =100°C Piot 1.7 w
atTc = 25°C Piot 3 w
Junction temperature T; 200 °C
Characteristics at T, = 25 °C
DC current gain
atVee =10V, Ic = 0.01 mA hee 125
atVce =10V, Ilc = 0.1 mA hee 200 (> 100)
atVce =10V, /lc =1 mA hee 300
atVee =10V, Ic = 10mA hee 425 (> 140)
atVce =10V, Ic = 150 mA hee 375 (> 250)
Collector saturation voltage Vceset 0.14(<0.8) V
at/c = 150 mA, /s = 15 mA i
Base saturation voltage Veesat 0.95(<1.2) V
at/lc = 150 mA, /g = 15 mA
Collector cutoff current
atVeg =30V Icao 05(<10) nA
atVeg =30V, Tgmp = 150 °C Icso 04(<10) pA
Emitter cutoff current Ieso 1 (< 50) nA

atVegg =3V
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BSY 90

Collector base capacitance
atVegpo =10V

Emitter base capacitance
atVegp =05V

Thermal resistance
Junction to ambient air
Junction to case

Ccso

Ceso

Rina
Rinc

7.5 (< 10) pF
23 (< 33) pF
<220 °C/W
< 58 °C/W

Small Signal Characteristics at Tomp, = 25 °C and f = 1 kHz

Test conditions: Vce =5V, Ic = 1 mA, grounded emitter

Input impedance

Reverse voltage transfer ratio
Small signal current gain
Output admittance

Noise figure

at Vce =10V, Ic = 0.3 mA,
R = 1.5kQ,

Bandwidth 30 Hz... 15 kHz

Gain bandwidth product
atVce =10V, Ic =50 mA, f = 50 MHz

Pulse thermal resistance
versus pulse duration

oC/W BSY 90
100 I
7
5 '%
‘o5 P
3 7
fthe T /A
02 | —
10
, Lo 7
® 0057
——
* o0z
: 2001
1 tv=0
V4
5 !P p—
: Y-
[ Ts —
2 I p—
T
o Lo
106 105 104 103 102 107 s
— 0

hie
Are
hse
hoe
F

8(4...15) kQ
1.5 (< 5) - 104

350 (200 . . . 550)
10(5...25)  pmho
25(< 8) dB

170 MHz
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BSY 90

Common emitter
collector characteristics

mA BSY90
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input characteristics
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collector characteristics
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BSY 90

Admissible power dissipation Relative DC current gain
versus temperature versus collector current
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BSY 90

Base saturation voltage Collector cutoff current
versus collector current versus junction temperature
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BSY 90

Relative h-parameters
versus
collector current
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2 N 929

NPN Silicon Planar Transistor

for use in high-performance, low-level, low-noise amplifier

circuits from audio through high frequency ranges

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 temperature range

Static characteristics at 7; = 25 °C

DC current gain

atVeg =5V, Ic =10pA

atVee =5V, Ic =05mA

atVce =5V, Ic =10 mA
atVce=5V,lc =10pA, T; = -55°C

Collector saturation voltage
atlc = 10mA, Iz = 0.5 mA

Base saturation voltage
atlc = 10mA, /g = 0.5 mA

Collector cutoff current
atVeg =45V

atVee= 5V

atVce =45V, Ve =0

Veao
Vceo
Veso
Ic

P tot
Piot

T;
Ts

hee
hee
hee
hee

VCE sat

VBE sat

lcgo
lceo
Ices

30

03

0.6

175

—65...+ 300

40...120
> 60
< 350
>10

<A1

mA

w
W
°C
°C

nA
nA
nA
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2 N 929

Emitter cutoff current leso <10 nA
atVeg =5V

Thermal resistance

Junction to ambient air Rina < 500 °C/W
Junction to case Rinc < 250 °C/wW

Dynamic characteristics at 7o, = 25 °C

Collector base capacitance Ccao <8 pF
atVeg =5V, f=1MHz

Gain bandwidth product fr > 30 MHz
atVee=5V,Ic =05mA

h-parameters, grounded base
Test conditions: Veg =5V, —lg = 1mA, f = 1kHz

Input impedance hip 25...32 Q
Reverse voltage transfer ratio hep <6104

Output admittance hob <A1 umho
Small signal current gain hie 60...350

atVce =5V, Ic=1mA, f =1kHz,
grounded emitter

Noise figure F <4 dB
atVeg =5V, Ic =10 pA,
Rc =10kQ,f=10Hz...15kHz
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2 N 929

Common emitter
collector characteristics

mA 2N 929
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2 N 929

Collector cutoff current Small signal current gain
versus junction temperature versus collector current
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2 N 930

NPN Silicon Planar Transistor

for use in high-performance, low-level, low-noise amplifier

circuits from audio through high frequency ranges

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 Tgmp = 25 °C
atTc =25°C

Junction temperature

Storage temperature range

Static characteristics at 7; = 25°C

DC current gain

atVce =5V, Ic=10pA

atVce =5V, Ic =05mA
atVee=5V,Ic=10mA
atVce=5V,Ic=10pA, T; = -55°C

Collector saturation voltage
at/c = 10mA, I = 0.5 mA

Base saturation voltage
at/lc = 10mA, Ig = 0.5 mA

Collector cutoff current
atVeg =45V

atVee= 5V

atVce =45V, Ve =0

Vcso
Vceo
Veso
Ie
Piot
Piot
Ti
Ts

hee
hee
hre
hee

VCE sat

VBE sot

Icao
Iceo
Ices

max059
45
45
5
30 mA
0.3 w
0.6 w
175 °C
—65...+ 300 °C
100...300
> 150
< 600
>20
<1 \'}
06...1 \"
<10 nA
<2 nA
<10 nA
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2N 930

Emitter cutoff current Iego
atVegg =5V

Thermal resistance

Junction to ambient air Rtha
Junction to case Rinc

Dynamic characteristics at Tom, = 25 °C

Collector base capacitance Ccao
atVeg =5V, f=1MHz

Gain bandwidth product fr
atVece=5V,Ic =05mA

h-parameters, grounded base
Test conditions: Vcg =5V, —/lg =1mA, f =1kHz

Input impedance hip
Reverse voltage transfer ratio hrp
Output admittance hob
Small signal current gain hte

atVce =5V, lc=1mA, f =1kHz,
grounded emitter

Noise figure F
atVce =5V, Ic =10 pA,
Rc =10kQ,f=10Hz...15kHz

<10

< 500
< 250

> 30

..32

<6-10+4

<A1

150...

<3

600

nA

°C/W
°C/\W

pF

MHz

Q

pmho

dB
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2 N 930

Common emitter
collector characteristics
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2N 930

Collector cutoff current Small signal current gain
versus junction temperature versus collector current
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2 N 1613

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications

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
atRge < 10Q

Emitter base voltage
Collector current

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

Junction temperature

Storage temperature range

Static characteristics at T; =25 °C

DC current gain

atVcg =10V, Ic = 10 uA

atVce = 10V, Ic = 100 pA
atVee=10V,/lc = 10 mA

atVce =10V, Ic = 150 mA

at Ve = 10V, Ic = 500 mA

atVee =10V, Ic =10 mAT; = —55°C

Collector saturation voltage
at/lc =150 mA, Ig = 15 mA

Base saturation voltage
at/c =150 mA, Iz = 15 mA

Collector cutoff current
atVeg =60V
atVe =60V, T; =150°C

Vcao

Veer

Veso
Ic
Ptot
Piot
Ti
Ts

hee
hee
hee
hre
hee
hee

Vee sat

VBE sat

Ico
Icso

°+‘-0.9
-

|

8 |
"nn

o

£

E

)

max.9.4 @
e

max.05 ¢
75 \
50
7 \'
500 mA
0.8 w
3 w
200 °C
—65...-+ 300 °C
35
50 (> 20)
80 (> 35)
40...120
55 (> 20)
35 (> 20)
0.6 (< 1.5) Vv
0.95(< 1.3) \
0.3 (< 10) nA
0.4 (< 10) pA
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2 N 1613

Emitter cutoff current
atVeg =5V

Thermal resistance
Junction to ambient air
Junction to case

Dynamic characteristics at Tomp, = 25 °C

Collector base capacitance
atVeg =10V, g =0

Gain bandwidth product
atVce =10V, Ic = 50 mA

h-parameters, grounded emitter

Iego

Ritha
Rinc

Ccao

tr

Test conditions: Vce =5V, Ic=1mA, f=1kHz

Input impedance

Reverse voltage transfer ratio
Small signal current gain
Output admittance

h-parameters at f = 1 kHz,
grounded base

Input impedance
atVeg= 5V,—lg=1mA
atVeg =10V, —/lg =5mA

Reverse voltage transfer ratio
atVeg= 5V, —lg=1mA
atVeg =10V, —lg =5mA

Output admittance
atVeg= 5V,—lg=1mA
atVeg =10V, —/lg = 5mA

Noise figure
atVee =10V, Ic = 0.3 mA,
Rc =5009Q,f = 1kHz

hie
hre
hie
hoe

hip
hip

hrp
hep

hob
hob

0.05 (< 10)

<220
< 58

18 (< 25)

80 (> 60)

22
3.6-10+
30...100
12.5

0.7 (< 3) - 104
0.8 (< 3) - 104

0.1...05
0.1...1

6 (< 12)

nA

°C/W
°C/W

pF

MHz

kQ

umho

o

umho
umho

dB
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2 N 1613

Common emitter
collector characteristics

mA 2N 1613
W03 7T I 35 mA
- |
4 )/
Ic 2
160 = |
L 15
g /
120 Hy—
’__—_,_—-——
80
Lde—T""1
/__— (]_5
40
Tj=25°C
0 0 L1 _
0 10 20 30 40 50V
— e
Collector saturation voltage
versus collector current
v 2N1613
1.2 e
Ic=101g
Tj=25°C
1
VCEsat
08
06
04 m I
02
5
//
0
1 10 102 103 mA

— Ic

DC current gain
versus collector current
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100

e
Veg=3V
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hee 80

40

20
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— s,
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2 N 1613
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2 N 1711

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications

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
atRpge < 10Q

Emitter base voltage
Collector current
Power dissipation

at Tamp = 25 °C

atTc =25°C
Junction temperature

Storage temperature range

Static characteristics at 7; = 25 °C

DC current gain

atVee =10V, Ic = 10 pA
at Vce =10V, Ic = 100 pA
atVee =10V, Ic =10 mA
at Vee = 10V, Ic = 150 mA
at Veg = 10V, Ic = 500 mA

atVee =10V, lc =10mA,T; = -55°C

Collector saturation voltage
atlc = 150 mA, I = 15 mA

Base saturation voltage
at/c = 150 mA, /s = 15 mA

Collector cutoff current
atVeg =60V
atVeg =60V, T; =150 °C

Vcso

Vcer

Veso
Ie

P tot
Piot

Ti
Ts

hee
hee
hee
hee
hre
hee

VCE sat

VBE sat

Icso
Icao

%
10‘9 max.
5s i
Ed:.
%’ max.9.4 ¢
E
)
max.05 ¢
75 v
50 \"
7 v
500 mA
0.8 w
3 W
200 °C
—65...+ 300 °C
60 (> 20)
80 (> 35)
130 (> 75)
100...300
75 (> 40)
65 (> 35)
0.5 (< 1.5) \"
0.95 (< 1.3) Vv
0.3 (< 10) nA
0.4 (< 10) A
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2 N 1711

Emitter cutoff current
atVeg =5V

Thermal resistance
Junction to ambient air
Junction to case

Dynamic characteristics at Tomp = 25 °C

Collector base capacitance
atVeg =10V, e =0

Gain bandwidth product
atVce =10V, Ic = 50 mA

h-parameters, grounded emittsr

leso

Ritha
Rinc

Ccao

tr

Test conditions: Vce =5V, Ic=1mA,f = 1kHz

Input impedance

Reverse voltage transfer ratio
Small signal current gain
Output admittance

h-parameters at f = 1 kHz,
grounded base

Input impedance
atVes= 5V,—-lg=1mA
atVeg =10V, =g =5mA

Reverse voltage transfer ratio
atVee= 5V,-lg=1mA
atVeg =10V, —/g=5mA

Output admittance
atVeg= 5V,—-lg=1mA
atVeg =10V, -/ =5mA

Noise figure
at Vce =10V, Ic = 0.3 mA,
Rc =5009Q,f=1kHz

hie
hre
hte

hep
hep

hob
hop

0.05 (< 5)

<220
<58

18 (< 25)

100 (> 70)

44
7.3-10-4
50...200
23.8

1.2(<5)-10+4
1.2(<5)-104
01...05
01...1

35 (< 8)

nA

°C/W
°C/wW

pF

MHz

kQ

umho

fe) =}

umho
umho
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2 N 1711

Common emitter
collector characteristics

mA 2N 1711
200 1.7 7T Tzf e mA
=
I k /’r
€160 (
L~
/| 08
T
120 =~ =
// g
80 ’_______- 04
0 02
Tj=25°C
0 0 L |
0 1 20 30 40 50V
_—’%E

Collector saturation voltage
versus collector current
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2 N 1711
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2 N 1893

NPN Silicon Epitaxial Planar Transistor
for switching and amplifier applications

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
atlg =0

atRpge < 10Q

Emitter base voltage
Collector current
Power dissipation

at Tomp = 25 °C

atTc =25°C
Junction temperature

Storage temperature range

Static Characteristics at T; = 25°C

DC current gain

atVce =10V, Ic = 0.1 mA
atVce =10V, Ic = 10 mA

at Ve =10V, Ic = 150 mA

atVee=10V,lc =10mA, T; = —55°C

Collector saturation voltage
at/c =150 mA, Iz = 15 mA
at/lc= 50mA, s = 5mA

Base saturation voltage
at/c =150 mA, Iz = 15 mA
at/lc= 50mA, Iz = 5mA

Veao
Vceo
Veer
Veso
Ic

P tot
Piot

Ts

hee
hee
hee
hee

VcE sat
VcEsat

VBE sat
VBE sat

4 — ’gg; e

g i

E

!

%{‘ max.9.4 @

E

) |

—
max.05 ¢

120 \"
80 v
100 Vv
7 v
500 mA
0.8 w
3 w
200 °C
—65...+ 300 °C
50 (> 20)
80 (> 35)
40...120
40 (> 20)
2(<5) v
05(<1.2) Vv
096(<13) V
082(<09) V
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2 N 1893

Collector cutoff current
atVeg =90V
atVeg =90V, T; =150°C

Emitter cutoff current
atVeg =5V

Thermal resistance

Junction to ambient air
Junction to case

' Dynamic characteristics at Tc = 25 °C

Collector base capacitance
atVeg =10V

Gain bandwidth product
atVee =10V, Ic = 50 mA

Small signal current gain
atVee =10V, Ic=5mA, f =1kHz

h-parameters, grounded base

Icso
lcao

Ieso

Rina
Rinc

Ccso

tr

hte

Test conditions: Vce =5V, —lg =1mA, f =1kHz

Input impedance

Reverse voltage transfer ratio

Output admittance

his
hrb
hob

0.3 (< 10)
1.5 (< 15)

10

N

<220
<58

<15

70 (> 50)

> 45

20...30
<1.25-10+4
<05

nA
uA

nA

°C/W
°C/wW

pF

MHz

wmho
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2 N 1893

Collector saturation voltage
versus collector current

Relative DC current gain
versus collector current

v 2N 1893 2N 1893
10 T T TT] 2 T T TT
LIc=101p 250C eg=10V
150°C 18
y I hFEUC) " ‘/\\T‘=125°C
Eesat / Fe£1150 mA) q S
Rl 16 v
j=125 C, '/
1 14
7
// 12 //
A ,—’—_~\\25°C
// 1 N
1 d \
T4 08 \
//V /V
10
06
04 -’55°C
02 sl N
102 > 3 0
1 10 10 10° mA 107 1 10 102 103 mA
— Ic —» Ic
Base saturation voltage Relative small signal current
versus collector current gain versus collector current
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2 T T T 3 T T
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Il P
h(1mA) 7 1250
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A / 15 /]
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,—‘/ //
04 p—= 05 1T -55%C
aulll
0 - 1]
1 10 102 103 mA 01 1 10 100 mA
—»Ic —w» I

198



2 N 1893

Ptot

Contours of constant
gain bandwidth product
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versus temperature
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Collector base capacitance,
Emitter base capacitance
versus reverse bias voltage
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2N 2218, 2 N 2219

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

%, 5
*0‘9 max.
P ese &
é(‘g — I
Metal case JEDEC TO-39 m;. j
Collector connected to case S max.94 ¢
Weight approximately 1.1 g E
Dimensions in mm ¥
max.05 ¢
Maximum Ratings
Collector base voltage Veso 60 v
Collector emitter voltage Veeo 30 v
Emitter base voltage Vo 5 v
Collector current Ic 0.8 A
Power dissipation
at Tamb = 25°C Piot 0.8 W
atTc =25°C Piot 3 w
Junction temperature T; 200 - °C
Storage temperature range Ts —65...+200 °C

Characteristics at T; = 25 °C
2 N 2218 2 N 2219
DC current gain

atVce =10V, /Ic = 0.1 mA hee >20 > 35
atVeg =10V, /lc = 1mA hgg > 25 > 50
atVce =10V, lc =10 mA hgg >35 >75
atVeeg = 10V, Ic = 150 mA hee  40...120 100...300
atVee =10V, lc = 0.5 A hee > 20 > 30
atVeg= 1V, Ic =150 mA hegg >20 > 50
Collector saturation voltage

at/c = 150 mA, I = 15 mA VCE sat <04 Vv
at ic = 500 mA, Iz = 50 mA VCE ot <16 v
Base saturation voltage

at/c =150 mA, /g = 15 mA VBE sot <13 \Y;
-at lc = 500 mA, Iz = 50 mA VBE sat <26 \%
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2 N 2221, 2 N 2222

Collector cutoff current

atVep =50V Icgo <10 nA
atVeg =50V, Tamp = 150 °C Icgo <10 nA
Collector base Virriceo > 60 \
breakdown voltage

at/c = 10 pA

Collector emitter Viricea > 30 \Y
breakdown voltage

at/c =10 mA

Emitter base Vigrieso > 5 \Y
breakdown voltage

at/e = 10 pA

Gain bandwidth product tr > 250 MHz

atVee =20V, Ic = 20 mA, f = 100 MHz

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

Emitter base capacitance Ceso <30 pF
at Vego = 0.5V, f = 100 kHz

Thermal resistance

Junction to ambient air Rtha <300 °C/W
Junction to case Rinc < 84 °C/W
Turn-on time ton 26 ns
(see Fig. 1)

Turn-off time totf 70 ns
(see Fig. 2)

Total switching time ttotal 12 ns
(see Fig. 3)

Curves and characteristics of types BSW 82...85 are valid analogously
for types 2 N 2221 and 2 N 2222.

+30V -15V

tp<200ns tp<200ns
_q 100 ° 37
v +30V
+16 " { " ‘
0 0

50

Fig. 1: Test circuit Fig. 2: Test circuit Fig. 3: Test circuit
for turn-on time, for turn-off time, for non-saturated
saturated operation saturated operation operation
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2N 2218 A, 2N 2219 A

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

%
*0\9 max.
* — B.s)d -
e |
Metal case JEDEC TO-39 ]
Collector connected to case 2 max.94 ¢
Weight approximately 1.1g E
Dimensions in mm v
max.05 ¢
Maximum Ratings
Collector base voltage Vcao 75 Vv
Collector emitter voltage Vceo 40 v
Emitter base voltage VEso 6 v
Collector current Ic 0.8 A
Power dissipation
at Tomp = 25 °C Piot 0.8 w
atTe =25°C Piot 3 w
Junction temperature T 200 °C
Storage temperature range Ts —65...+200 °C

Characteristics at 7; = 25 °C

2N2218A 2N2219A
DC current gain

atVee =10V, Ic = 0.1 mA hre >20 > 35
atVeg =10V, lc = 1 mA hre >25 > 50
atVee =10V, Ic =10 mA hre >35 > 75
atVeg =10V, Ic = 150 mA hee 40...120 100...300
atVee=10V,Ic =05A hre > 25 > 40
atVce=10V,lc =10mA, T; = =55 °C hee > 15 > 35
atVee = 1V,/lc =150 mA hee >20 > 50
Collector saturation voltage

at/c = 150 mA, Ip = 15 mA VCE sat <0.3 \Y
at /c = 500 mA, Iz = 50 mA VCE sot <1 v
Base saturation voltage

at/c = 150 mA, Iz = 15 mA <1.2 v
at/Ic = 500 mA, /s = 50 mA VBE sct <2 \
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2N 2218 A, 2N 2219 A

Collector cutoff current
atVeg =60V

atVeg =60V, Tamp = 150 °C
atVee =60V, Vg =3V

Emitter cutoff current
atVegg =3V

Base cutoff current
atVeg =60V, Vg =3V

Collector base breakdown voltage

at/c = 10 uA

Collector emitter breakdown
voltage
at/lc =10 mA

Emitter base breakdown voltage

at lg = 10 uA

h-parameters at f = 1 kHz

Input impedance
atVee =10V, Ic = 1mA
atVee =10V, Ic =10 mA

Reverse voltage transfer ratio
atVece =10V, Ic = 1mA
atVee =10V, Ilc = 10 mA

Small signal current gain
atVee =10V, Ilc = 1 mA
atVece =10V, Ic = 10 mA

Output admittance
atVce =10V, Ic = 1 mA
atVce =10V, Ilc =10 mA

Collector base time constant
atVce =20V, Ic = 20 mA,
f == 31.8 MHz

Noise figure
at Ve = 10V, Ic = 0.1 mA,
R =1kQ,f=1kHz

Thermal resistance
Junction to ambient air
Junction to case

Icso <10
Ico <10
Icev <10
Ieso <10
lesy <20
Vigricso > 75
Viriceo > 40
Vigriess > 6

2N2218 A 2N221SA

hie 1...35

hie 02...

1

2...8
025...1.25

hre <5-104 <8-104
hre <25-104 <4-104

hte 30...150 50...300
hte 50...300 75...375

hoe 3...15
hoe 10...
ryy Ce <150
F —_

Rina

Rinc

Curves and characteristics of types BSW 82. ..

for types 2 N 2218 and 2 N 2219.

5...35

100 25...200

<150

<4

<220
<58

nA
A
nA
nA

nA

kQ
kQ

umho
umho

ps

dB

°C/wW
°C/W

85 are valid analogously
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2 N 2221, 2 N 2222

NPN 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 temperature range

Characteristics at T; = 25 °C

DC current gain

atVce =10V, /c = 0.1 mA
atVee=10V,Ic =1mA
atVee =10V, Ic = 10 mA
atVeg =10V, Ic = 150 mA
atVege =10V, Ic =05A

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

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

60

Veso

Veeo 30
“Veso 5

Ic 0.8
Piot 0.5
Piot 1.8
T; 175
Ts -65.
2 N 2221

hre > 20

hre > 25

hre > 35

hre 40...120

hee > 20

Vce sat <04
Vce sat <1.6
Vae sat <13
Ve sat <26

' =Tt
g2
:
o max.589
£
|
mox:()‘s_tb
\
\
Vv
A
w
w
°C
.+ 200 °C
2 N 2222
> 35
> 50
>75
100...300
> 30
\Y
\
v
\




2 N 2218, 2 N 2219

Collector cutoff current

atVeg =50V Ico <10 nA
atVeg =50V, Tamp = 150 °C Icso <10 nA
Collector base Vigricee > 60 \'
breakdown voltage

atlc = 10 pA

Collector emitter Visriceo > 30 \Y
breakdown voltage

at/c =10 mA

Emitter base Vierieso >5 vV
breakdown voltage

at/e =10 puA

Gain bandwidth product fr > 250 MHz

atVce =20V, Ic =20 mA, f = 100 MHz

Collector base capacitance Ccso <8 pF
at Vcgo = 10V, f = 100 kHz

Emitter base capacitance Ceso <30 pF
at Vego = 0.5V, f = 100 kHz

Thermal resistance

Junction to ambient air Rina <220 °C/wW
Junction to case Rinc <58 °C/w
Turn-on time ton 26 ns
(see Fig. 1)

Turn-off time toft 70 ns
(see Fig. 2)

Total switching time trotal 12 ns
(see Fig. 3)

Curves and characteristics of types BSW 82. . .85 are valid analogously
for types 2 N 2218 and 2 N 2219.

+30V =15V

tp<200ns tp<200ns
P 100 p 37
v
$‘H 1k *3H
0 0
50

Fig. 1: Test circuit Fig. 2: Test circuit Fig. 3: Test circuit
for turn-on time, for turn-off time, for non-saturated
saturated operation saturated operation operation
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2N 2221 A 2 N 2222 A

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

i —o X jo—
23

Metal case JEDEC TO-18 L
Collector connected to case ‘§ max.5.89
Weight approximately 0.35 g E
Dimensions in mm ¥

—

max059
Maximum Ratings
Collector base voltage Vcso 75 \'
Collector emitter voltage Vceo 40 \Y
Emitter base voltage VEgo 6 \%
Collector current Ic 0.8 A
Power dissipation
at Tomp = 25°C Piot 0.5 w
atTc =25°C Piot 1.8 W
Junction temperature T 175 °C
Storage temperature range Ts —-65...+200 °C

Characteristics at T; = 25 °C

2 N 2221A 2 N 2222 A
DC current gain

atVee =10V, /lc = 0.1 mA hee > 20 > 35
atVce =10V, /c = 1 mA hre > 25 > 50
atVce =10V, Ic =10 mA hee > 35 > 75
atVee =10V, Ic = 150 mA hre 40...120 100...300
atVeg =10V, Ic =05A hre > 25 > 40
atVce =10V, Ic =10mA, T; = —-55°C hee > 15 > 35
atVeg= 1V,Ic =150mA hee > 20 > 50
Collector saturation voltage

at/c = 150 mA, Iz = 15 mA VCE sat <03 \"
at Ic = 500 mA, /g = 50 mA VCE sat <1 \
Base saturation voltage

at Ic = 150 mA, I = 15 mA VBE sat <12 Y,
at Ic = 500 mA, Iz = 50 mA VBE sat <2 \'}
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2N 2221 A, 2N 2222 A

Collector cutoff current

atVeg =60V Icso <10 nA
atVeg = 60V, Tgmp = 150 °C Icso <10 A
atVee =60V, Veg =3V Icey <10 nA
Emitter cutoff current Iego <10 nA
atVegg =3V
Base cutoff current Iesy <20 nA
atVee =60V, Vg =3V
Collector base breakdown voltage V(sricgo > 75 \
at/c = 10 pA
Collector emitter breakdown Visrjceo > 6 \
voltage
at/lc = 10 mA
Emitter base breakdown voltage V(srieBo > 40 \"
at /g = 10 pA
h-parameters at f = 1 kHz

2N2221 A 2N2222A
Input impedance
atVee =10V, Ic = 1 mA hie 1...85 2...8 kQ
atVce =10V, /c =10 mA hie 02...1 0.25...1.25 kQ
Reverse voltage transfer ratio
atVee =10V, Ic = 1mA hre <5104 <8:10+4
atVee =10V, /Ic =10 mA hre <25-104 < 4-104
Small signal current gain
atVee =10V, /c = 1 mA hte 30...150 50...300
atVece =10V, Ic = 10 mA hte 50...300 75...375
Output admittance
atVee =10V, /c = 1mA hoe 3...15 5...35 pmho
atVee =10V, Ic = 10 mA hoe 10...100 25...200 wmho
Collector base time constant ' C. <150 < 150 ps
atVce =20V, Ic = 20 mA,
f = 31.8 MHz
Noise figure F - <4 dB
atVee =10V, Ic = 0.1 mA,
Rc =1kQ,f =1kHz
Thermal resistance
Junction to ambient air Ritna < 300 °C/W
Junction to case Rinc < 84 °C/W

Curves and characteristics of types BSW 82. ..
for types 2 N 2221 A and 2 N 2222 A.

85 are valid analogously
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2 N 2368

NPN Silicon Epitaxial Planar Transistor
for switching applications at switching frequencies up to 50...100 MHz
and collector currents from 0.1 to 100 mA.

This type is approved to MIL-S-19500.

max.
5.3

Metal case JEDEC TO-18 L

Collector connected to case %’ max.589

Weight approximately 0.35 g €

Dimensions in mm |
max059

Maximum Ratings

Collector base voltage Vcso 40 \"

Collector emitter voltage

atVee =0 Vces 40 \%

atlg =0 Vceo 15 \'

Emitter base voltage VEeso 45 \

Collector current le 200 mA

Collector current, pulsed Ie 500 mA

t, = 10 us duration

Power dissipation

at Tamp = 25 °C Piot 0.36 w

atTc =25°C Piot 1.2 W

Junction temperature T; 200 °C

Storage temperature range Ts —-65...+ 200 °C

Characteristics at 7; = 25 °C

DC current gain

atVee=1V,Ic =10mA hre 20...60

atVee=1V,Ilc=10mA, T; = -55°C hee > 10

atVce =2V, Ic =100 mA hee >10
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2N 2368

Collector saturation voltage
atlc=10mA, /g = 1mA

Base saturation voltage
atlc =10mA, Ig = 1mA

Collector cutoff current
atVeg =20V
atVeg =20V, T; =150°C

Collector base capacitance
atVego =5V

Gain bandwidth product
atVee =10V, /c = 10 mA

Storage time constant
at/c = Igy = —Igp = 10 mA

Turn-on time
at/lc =10mA, Ig; = 3mA

Turn-off time
at/lc = 10 mA, Ig; = 3 mA,
—lg2 = 1.5 mA

Thermal resistance
Junction to ambient air
Junction to case

VCE sat

Vee sat

Icso
Icao

Ccao

tr

Ts

toff

Riha
Rinc

0.2 (< 0.25)

0.7...0.85

<04
<30
25 (< 4)
> 400

<10

< 480
<150

\'

nA

pF

MHz

ns

ns

ns

°C/W
°C/wW
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2 N 2368

Common emitter Common emitter
collector characteristics collector characteristics
mA 2N 2368... mA 2N 2368...
s 7" AREESS 300 T2 1 7j=25°C
g //// I / //T/
/
Ic, 08+ // i Ic / /T 1=10m —
07—+ l o
P
- / { I 200 —if i
31061
1 L~
LA A
U —
1 / 5 __—
Na e / /”I/
04T
- 100 25 =
LT
Pz gy 1
1 1
02— A
0 _——1 ‘
0 ff,;ﬁ mA 0 0
0 4 8 12 16 20V 0 1 2 3 4 5V
—> e — Y
Collector current versus DC current gain
base emitter voltage versus collector current
mA 2N 2368 2N 2368
300 - e 100 —
80 100 V=5V
60
Ic l.lo hee g4 r,-=100°£/-\\
20 / \
200 | A \
Ig=10mA 60 ]
I 25/) \\
100 / .
I '
/ !
M F
0 0
0 04 08 12 16 2V 102 10" 1 10 102mA
— — I
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2 N 2368

Collector saturation voltage
versus collector current

Vv 2N 2368...

[7c=1015

VCEsat

]
]
71
17
//
/

N

‘§§ 9

10 1 10 102
—_— ] [

0.1
103 mA

Switching times
versus collector current

ns 2N2368...
102| TTTT
L Vec=3V 1

& Ic=101Ig7=10 Ig2TT]
\

=~

P ad
/

tr

X

'S

1 10 102 103 mA

'_>IC

Base saturation voltage
versus collector current

v 2N 2368...
15 —
| Ic=101Ip
%Esat
/
4
10 .
T =-550 i
=
,/
B
~
— T 100 A"
0.5 //
0
107 1 10 102 103 mA

—> I

Contours of constant
gain bandwidth product

v 2N 2368...
100 —
Tj=25°C
Vee
7=100M Pz I
o L LANNNE L/
(mEAY NS0
11 11 V4
1\ jnll
\ T '
VAN 600 )/ .
NNNHESA A
N
NN AN
— RN 50052 y 4 '90
L 450 Y
- 1
\\ //r
01
1 10 100 mA
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2 N 2369

NPN Silicon Epitaxial Planar Transistor )
for switching applications at switching frequencies up to 50 ... 100 MHz
and collector currents from 0.1 to 100 mA.

This type is approved to MIL-S-19500.

s i

i

E wn
Metal case JEDEC TO-18 }s _.I
Collector connected to case = max.589
Weight approximately 0.35 g £
Dimensions in mm |

— |
max059

Maximum Ratings
Collector base voltage Veao 40 Vv
Collector emitter voltage
atVege =0 Vces 40 \'
atlg =0 Vceo 15 v
Emitter base voltage Veso 4.5 Vv
Collector current Ic 200 mA
Collector current, pulsed Ic 500 mA
to = 10 us duration
Power dissipation
at Tomp = 25°C Piot 0.36 W
atTc =25°C Piot 1.2 w
Junction temperature T; 200 °c
Storage temperature range Ts —65...+200 °C
Characteristics at 7; = 25 °C
DC current gain
atVee=1V,Ic =10 mA hre 40...120
atVee=1V,Ic=10mA, T; = —55°C hee > 20
atVee =2V, Ic = 100 mA hee >20
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2 N 2369

Collector saturation voltage VCE sat
at/lc =10mA, Iz = 1mA

Base saturation voltage VBE sat
atlc=10mA,/lp =1mA

Collector cutoff current

atVeg =20V Icao
atVeg =20V, T;j = 150°C Icso
Collector base capacitance Ccso
atVepo =5V

Gain bandwidth product fr
atVee =10V, /c =10 mA

Storage time constant Ts
at/lc = Ig; = —Ipga = 10 MA

Turn-on time ton
at/c =10 mA, Ipg = 3mA

Turn-off time totf
at/c =10mA, Ig; = 3 mA,

—Igz = 1.5 mA

Thermal resistance

Junction to ambient air Rina
Junction to case Rtnc

0.2(<0.25)

0.7...0.85

<04

< 30
25 (< 4)
> 500
<13
<12
<18

< 480
<150

\"

\'

A

pA

pF

MHz

ns

ns

ns

°C/W
°C/wW

Curves and characteristics of type 2 N 2368 are valid analogously for type

2 N 2369.
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2 N 2369 A

NPN Silicon Epitaxial Planar Transistor
for switching applications at switching frequencies up to 50
and collector currents from 0.1 to 100 mA.

This type is approved to MIL-S-19500.

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
atVge=20

atlg =0

Emitter base voltage
Collector current

Collector current, pulsed
t, = 10 us duration

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

Junction temperature

Storage temperature range

Characteristics at T; = 25 °C

DC current gain
atVee=1V,Ic=10mA
at Vcg = 035V, Ic = 10 mA
at Ve = 0.4V, Ic =30 mA
atVee =1V, Ic = 100 mA

atVee =035V, Ic=10mA, T; = =55 °C

Vceo
Vces
Vceo
Vego
Ie

Ic

P tot
Piot

Ts

hee

hre
hee
hge -

... 100 MHz

:

o max.58¢

<

£ .

| B

max059

40 \
40 v
15 \"
45 \)
200 mA
500 mA
0.36 w
1.2 w
200 °C
—65...+200 °C
40...120 (66)
40...120 (63)
70 (> 30)
>20
50 (> 20)
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2N 2369 A

Collector saturation voltage
at/lc=10mA, Iz =1mA

at/c =30mA, g =3mA

at/c = 100 mA, I = 10 mA
atlc=10mA,lg=1mA, T;=125°C

Base saturation voltage
at/lc=10mA, Iz =1mA
atlc = 30mA, Ig =3 mA
atlc = 100 mA, /s = 10 mA

Collector cutoff current
atVepo =20V, T; = 150°C
atVee =20V

Thermal resistance
Junction to ambient air
Junction to case

Dynamic characteristics at Tomp = 25 °C

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

Collector base capacitance
atVepo =5V

Storage time constant
atlc = Ig; = —Iga = 10 MA

Turn-on time
atlc =10mA, Ig1 =3 mMA

Turn-off time

at/c =10 mA, Ig; = 3mA, —lg = 1.5 mA

VCE sat
VCE sat
VCE sat
VCE sat

Ve sat
VBE sat
Vae sat

Icao
lces

Ritna
Rinc

Ccso

Ts

tott

014(<02) V
0.17 (< 0.25) V
028 (< 05) V
019(<03) V

—

-

o
<<<

10(<30) pA
50 (< 400) nA

< 480 °C/W
< 150 °C/W

675 (> 500) MHz

23(<4) pF

6 (< 13) ns
9 (< 12) ns
13(<18) ns
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2 N 2369 A

Common emitter
collector characteristics

mA 2N 2369A
5
60
/]
] % ]/ [
Ic 4 > | 7
A (|
ﬂ
V= !
// “ / I
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] //
21 /
20| L~
T |
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T ]
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— ke

Collector current versus
base emitter voltage
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100
Tj =25°C
Ic go
| I=50mA
HL—30 T
1 —20

60 5
40
20
0

0 04 08 12 16 20V
— e

Common emitter
collector characteristics
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2N 2369 A

Collector saturation voitage
versus collector current

v 2N 2369A
10 I.=10Ig
VCEsal
. i
1]
J
Tj=25°C
$25°c
\Nﬁ\ //
1\,@\ =
-55°C TIIH
or LI LI
107 1 10 102 103mA
—_— IC
Collector cutoff current
versus junction temperature
nA 2N 2369A
102 T
VCB=20V
Icgo
10 /
//
4
| /
/
/ (
4
107 —
7
10-2
0 50 100 150 200°C
—

Base saturation voltage
versus collector current

2N 2369A

Ic=101g

lfBE sat 16

7/
/
/

=
08 /

25°C
125°C
//
04
0
10- 1 10 102 103 mA
— I

Admissible collector emitter
voltage versus
base emitter resistance
v 2 N2369A
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Veer

20
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01 1 10 -~
—> Rge

100kQ
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2N 2369 A

ns
100

Switching times
versus collector current

2N2369 A

Vec= 3V

=101, 1015, ]

\

vV =

103mA

Contours of constant
gain bandwidth product

2N2369 A

Ty =25 °C

fr=700 MHz

i
650

-~

et

4—-‘/

11

0.1

100mA
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NPN Silicon
High Frequency Transistors
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BF 120

NPN Silicon Epitaxial Planar Transistor

with high collector emitter voltage, intended
for use as interstage amplifier between the line
frequency integrated circuit TAA 790 and the line

output tube in TV sets.

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

Maximum Ratings
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
atVee =10V, Ic = 10 mA

Collector cutoff current
atVeg =200V

Collector saturation voltage
atlc =10mA, lg =2mA

Thermal resistance
Junction to ambient air
Junction to case

Veeo
VEso
Ie
Phot
Piot
Ti
Ts

hee

Iceo

Vcesat

Riha
Rinc

‘ 5¢
Em
E w
y
o max.589
£
| B
—o! —
max059
220
5
50 mA
300 mWwW
750 mwW
175 °C
—55...+ 175°C
> 20

10(<200) nA

<2 \'
< 500 °C/W
< 200 °C/wW
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BF 120

Collector cutoff current
versus junction temperature

Admissible power dissipation
versus temperature

w BF 120 nA BF 120
1 5
10° M o=200V
08 4
P 10
ot —\ Ieso P
\\ ///
06 \ 103
Ripc=200°C/W
N '
04 102
Rypa=500°C/W \ g
~J \
N \
02 N \ 10 7
N \ /
N\
N
0 1
0 100 200°C 0 100 200 °C
» rarnblTC ——»T,
Common emitter Relative DC current gain
collector characteristics versus collector current
mA BF 120 BF 120
%0 c ol gy
T = =
06 =25 P E .
o8 Tj =25°C
Y o heellp)
I 40 474 el mA)
/A /0% 3
/ /// 03 ’
30 e o
/ / /1 1 =T\
4 025] L1
L1 7 =
20 v . //
/| 02
4
// 015 3
10 o1 .
I Ig=005mA
| 0 1 I l Q1
0 10 20 30 40 50V 01 2 5 2 s 10 2 s 100 mA
— ke ke
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BF 121

NPN Silicon Planar Transistor
for RF applications up to 100 MHz in grounded emitter and grounded
base connection, suited for forward and reverse AGC.

—»i48%
Ton 02
~
05
Black plastic package 50 B 4 5
The case is impervious to light. ¥ LS|

Weight approximately 0.1 g
Dimensions in mm

— 5
15!
|
i

<

Maximum Ratings

Collector emitter voltage Vceo 30 Y
Emitter base voltage Veso 4 \'
Breakdown voltage of the Vcsoo 40 \
screen diode

Collector current Ic 25 mA
Junction temperature T; 125 °C
Power dissipation at Tomp = 25 °C Piot 330! mW

Static characteristics at Tomp = 25 °C

DC current gain

atVce=10V,Ic =1mA hee 72
atVce =10V, lc =4 mA hee 80 (> 30)
Thermal resistance Rina <03t °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 Tqmp, = 25 °C
Screen electrode at emitter potential, but grounded for RF

Gain bandwidth product fr 350 MHz
atVee=10V,Ic =4mA

Feedback capacitance —Cre 0.22 pF
atVce=10V,lc =1mA, f=10.7 MHz

Noise figure

atVce =10V, Ilc = 1mA, f =1 MHz, F 1.5 dB
Rg = 500 Q, grounded emitter

at Vee =10V, Ic = 2 mA, f = 100 MHz, F 35 dB

Rg = 60 Q, grounded base
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BF 121

y-Parameters

Test conditions: Vce =10V, Ic = 1 mA, f = 500 kHz, grounded emitter

Yie = (0.4 + j0.06) mmho | Yte| = 35 mmho, ¢ = 0°
Cie =19pF Yoe = (2.5 + j4.3) umho
|Vre| = 0.6 umho, ¢ = —90° Coe =15pF

Test conditions: Vcg = 10V, Ic = 1 mA, f = 10.7 MHz, grounded emitter

Yie = (0.53 + j1.25) mmho |Yfe! = 85 mmho, ¢ = —5°
Cie =19pF Yoe = (3.9 + j94) umho
|Yre| = 14 umho, ¢ = —92° Coe =15pF

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

Yie = (155 + j14.5) mmho |Vte| = 55 mmho, ¢ = —34°
Cie =23pF Yoe = (46 -+ j900) umho
|Vre| = 130 umho, @ = —96° Coe = 1.4pF

Test conditions: Vce =10V, /¢ ='2 mA, f = 100 MHz, grounded base

yis = (58 —j14) mmho |y | = 55 mmho, ¢ = 148°

, @ = 148
|—Cib| ifgop': o _ e Yob = (46 + j 900) umho
Yo | = umho, ¢ = — Cob = 14pF

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).

g } Yec gl’ss % T 1 Yec T T Yec
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BF 121

Admissible power dissipation Common emitter
versus ambient temperature collector characteristics
mw BF 121-127 mA BF 121,127
400 10 . —
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350 [ —75rmm 260p A %
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1 300 v : 180pA| T // A
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20 140 pA v
P
\ 6 ety
1
200 \ //é,/,f B0uA_
\ AT
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150 \ e —
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\\ — /' 40pA —]
100 \ / L ’_.——-__'——l——
\ 2 T T
5 N\ Ig = 20uA
0 0
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Input capacitance Relative DC current gain
versus frequency versus collector current
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Tamb =25°C ‘
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™N 03
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05 mA n 02
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—_
— "I
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BF 121

Real part of input Imaginary part of input
admittance versus frequency admittance versus frequency
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100 102 17
] e
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BF 123

NPN Silicon Epitaxial Planar Transistor

suited for TV IF amplifier stages without AGC,

especially for video IF output stages

Black plastic package 50 B 4
The case is impervious to light.
Weight approximately 0.1 g
Dimensions in mm

Maximum Ratings

Collector emitter voltage
Emitter base voltage

Breakdown voltage of the
screen diode

Collector current
Junction temperature
Power dissipation at Tgmp = 25 °C

Static characteristics at Tomp, = 25 °C
DC current gain

atVee =10V, lc = 7mA

atVee= 2V, Ilc =20mA

Base emitter voltage

atVee =10V, Ilc =7 mA

Thermal resistance
Junction to ambient air

Veeo
Veso
Vesoo

Ic
T
Piot

hee
hee

Ve

Rina

30
125
330"

90 (> 35)
> 15
0.74 (< 0.9)

< 0.3

> 5 e
Ly |
| WS-
m

-

4,89

mA
°C
mW

\Y

°C/mw

T 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
atVece =10V, Ic = 5mA

Feedback capacitance
atVee =10V, Ic =1mA, f = 10.7 MHz

Max. available power gain
atVee =10V, lc =7 mA, f = 35 MHz

fr

_Cre

GPmax

550

0.3

44.6

MHz

pF

dB
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BF 123

y-Parameters

Test conditions: Vce = 10V, Ic = 7 mA, f = 35 MHz, grounded emitter

Yie = (5.9 + j10) mmho lyrel = 185 (> 115) mmho, ¢ = — 24°©
Ci. = 45pF Yoe = (50 -+ j395) umho
|Vrel = 65umho, ¢ = —94° Coc = 1.8 pF

Operating Data as IF Amplifier

f =35 MHz
15pF  68pF 120pF
08 |uH
8200
Ro

0.25pH

l -18v

Power gain Gp 26 dB
at/lc =72mA

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).

: T g ;cc T gvﬁ } T i’m
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BF 123

mwW
400

350
Ff,al 300
250
200
150

100

Admissible power dissipation
versus ambient temperature

BF 121-127

a=15mm

25mm

50

50 75 100

= Tamb

125 °C

Common emitter
collector characteristics
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~
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U]

— > ke

Relative DC current gain
versus collector current
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BF 125

NPN Silicon Epitaxial Planar Transistor
for RF amplifiers and oscillators up to 100 MHz

Black plastic package 50 B 4 > 5
The case is impervious to light v . sl
Weight approximately 0.1 g oot B 'c
Dimensions in mm AN

¥ E
Maximum Ratings
Collector emitter voltage Veeo 30 \"
Emitter base voltage Veso 4 \
Breakdown voltage of the Vesoo 40 \"
screen diode
Collector current Ic 30 mA
Junction temperature T; 125 °C
Power dissipation at Tomp = 25 °C Piot 3301 mwW

Static characteristics at Tomp = 25 °C
DC current gain

atVce=10V,Ic = 2mA hre 84

atVee =10V, Ic = 7mA hre 90 (> 835)
atVee= 2V,Ic =20mA hre > 15

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 Toqmp = 25 °C
Screen electrode at emitter potentional, but grounded for RF

Gain bandwidth product fr 450 MHz
atVee=10V,Ic =5mA

Oscillation cutoff frequency 2 fmax 24 GHz
Feedback capacitance —Cre 0.3 pF
atVece =10V, Ic = 1mA, f = 10.7 MHz

Noise figure F 3 dB

at Ve =10V, Ic = 2 mA, f = 100 MHz,
Rg = 60 Q, grounded base

fr

2 frmax = —_—
8m-ry - Cc
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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
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Input capacitance
versus frequency
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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 |
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4
40
2
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|
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Relative DC current gain
versus collector current

BF 123,125

~

T T
Yee =10V

T =25°C

heellp) 4
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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
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9e yg /i
///
‘ 8mA // /
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Forward transconductance
characteristics
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Imaginary part of input
admittance versus frequency
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Output admittance
characteristics
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boe .| |10mANA /1/ ]
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5 |
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5
2
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1
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2
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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

238



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

240



BF 137
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Admissible power dissipation
versus temperature

BF 137
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N

\

N
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Relative DC current gain
versus collector current

BF 137

——
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Common emitter
collector characteristics
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350pAL_—~
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V1A
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A/ Pl 200
1 ////
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=
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.l |
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— Ve
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4
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0
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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.
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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
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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)
f hoelitmhol h,e(IO"’)
/ hre 102 1
N\ | —T hee
NC f :
Y 7/ s 5
\ 2 2
Vg \\\ 10 o1
hie
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4 4
/ 3 3
2 2
1 001
2 3 45 10 2 3 45 100mA

) BF 257/8/9
103
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hfe
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fe 102
~ — o] i
3
\\ hie )
T
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o
loe
5
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3
2
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1
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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
\\
\\
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
500
V=2V I |
=25°C I
400
IC
|
300 typical ]Lmax.
|
}
[ I
200 :
il
I ]
100 "
[
/ v
/ |
0 |
0 1 2V

Collector current
versus base current

mA3 BD137
10 VCE=2V
T.=25°C
: 7
Y
3
I
2
/
102 / /
: 7/
: /
2
y
ol A1/
/épmd
5
: 7
3
2
(1
1
102 o 1 10 10?mA
— g
DC current gain versus
collector current
BD 135,137
200 T
T:=25°C
hee
100
//
\
0 2 3
1 2 s 10 2 s 10° 2 s 10°mA
—“‘_’IL‘
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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
mA BD 135,137 MHz BD 135,137
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
S
o

ocIw
102

finc

102

Admissible power dissipation

versus

metal base temperature

BD 139

— =TI

200 °C

Pulse thermal resistance

versus pulse duration

BD 139

v=1

AN

103 102 10"
—_—1

102 103ms

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

BD 138
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eot pmax \

P
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8

N

0
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—fp

Admissible collector current
versus collector emitter voltage

BD 139

T-<60°C

a) DC current

f I"b) Non-periodic pulses

$,=210502 0100500
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b)

N

N

A\\
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\
AN\
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DC-operation: \ \
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BD 139

Collector current
versus base current

mA BD 139
108 T2V
T.225°C
5 Vj
4
A
L’
2 /,
102 / /
. 7
3
: y /
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5
iy
3
2
LU 2
1072 10" 1 0 10%mA
- - IB

Collector current versus DC current gain versus
base emitter voltage collector current
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I
/
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BD 139

Is

Common emitter
collector characteristics

BD 139

n=25°Cc | ¥~ A

30 20

05

Ig=1mA [

0 5 0v

mA
10

107

10-2

103

— ke

Base current versus
junction temperature

BD 139

i e

= Ve =2V 500mA ——]

100mA
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Common emitter
collector characteristics
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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] |
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/ L~ 10
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L
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08 / 7
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Collector saturation voltage
versus collector current
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1
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/
L
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collector characteristics
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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
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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

100
Prot \

, \

\

0 50 100 150 200 °C
— I

Admissible collector current
versus collector emitter voltage

A 2N3055
102 —
—T=25°C
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I
Pulse Operation*__| . |
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| ] \
50us \ \\\
10 X NN
100 us AN N
1ms \\ N
—t : IOIOm'§, 7
5 [ DC Operatior )\
\\ \
N
3 N
* for single nonrepetitive pulse
1 2 5 100 2 s 102V

— > Ve

Common emitter
collector characteristics
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C_'_- 600 ¢
500
I 400
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| — 300
200
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-
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— ¥

Derating factor of admissible
collector currents as shown
in the graph on the left

versus case temperature
2N 3055
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06 \
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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

206



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.
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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 /
03 /
/
/
/A
02 /
’ L y /
~— — =
| 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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— o
B | A4
06 e
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Gain bandwidth product
versus collector current

MHz BC 251...,BC 261...,BC 307..
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5
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> )
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5 4
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3
2
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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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BC 251...,BC 261...,BC 307 ...

Noise figure
versus collector current

dB BC 253 263 309
20 T

Vee=5V
18 | f=10kHz

Tam=25°C

F 16 /
14
Rs=1MQ A 100k

2

5009

@
]

‘ X
S

107 1

— -l

W
\
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o

0
10-3 10 10 mA

Noise figure
versus frequency

dB BC 253, 263, 309
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Noise figure versus
collector emitter voltage
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Collector cutoff current
versus ambient temperature
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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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. 1,. /
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[ Y
5
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IR o
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T
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Pulse thermal resistance
versus pulse duration

°C/W BC327,328
103
5
2
rthAmz Lt
. los - /,/
o /5//
01
o 24— 7/’
5 0.05// //
02 A/
N Vs
0.01
, V.
/o.oos
5
v=0
|
2
1 -1 L | ] 1 1

0
108 10°% 10% 103 102 107 1 10 10%
—=10p

Collector cutoff current
versus ambient temperature
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BC 327, BC 328

DC current gain
versus collector current

Group -16
1000
'VCE =1V
700
— typical
S0 | —=c limits
400 at Tymp=25°C
hre ~
300
i "/":_\‘\ N
200 /TS'O oc \
Lo |
100 BY
=TS
l%&‘g,/’ \ \
" Z \
”~
" _ \
w 2 \
L \
30 3
20
10157 1 10 102 103 mA
»————-Ic
DC current gain
versus collector current
Group -40
1000
700 'VCE=1V I
L = T e
so0 N
p —T50°C NN\
Fl
ano /r //
GoC _ w
200 ,/ P \\‘
1
- \
/OKC,L/ \
100 =< _\
L’
70
50
40
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20
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o0 at Tommp =25°C
107 1 10 102 10°mA
JC

DC current gain
versus collector current

Group -25
1000
700 Vee = 1VT
= typical
500 | === limits
PO at Tamb’éoc
FE - SO
300 e
—50°C N\
| —
200 ] \
[25°C
/ /-—/—.'_
/ -~ \\
100 // /59‘(:’ \
¥ \
70 e
7
50
40
30
20
1045 1 10 07 103 mA

Gain bandwidth product
versus collector current

MHz BC 327, 328
103
Tamb=25°C
’ £=20 MHz
5
(A
3
2
/::-VCE=5V
102 W/
) A/
NV
7,
4
3
2
10
1 2 s 10 2 s 102 2 s 10°mA

——— -Ic
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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
01
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

mA BC 327,328 v BC 327,328
500 - 05 o T
—_— l
9 0.85 ypied I
===limits |
// at Tymp = 25°C] ! l
) 'IC ]
1400 / / Veeadtt 7510 ! /
/ 1 ]
!
300 03 y
08/ / / /]I
foet /
Jan w an|
200 7 ) it /
/ .
) == A
100 075 01 /
Wpe =07V >_- = <
0 ——
0 ! 2v 107 1 10 102 103 mA
—>'VCE —————-IC
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BC 327, BC 328

Base saturation voltage
versus collector current

v BC327,328
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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

mA BC 360,361
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’ /
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2 |
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1 2V
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Gain bandwidth product
versus collector current
MHz BC 360,361
1000 —r
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Collector saturation voltage
versus collector current
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Collector cutoff current
versus junction temperature
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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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Admissible power dissipation
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
1000 — 1000 Ry
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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
100 100
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-1, 80 -1. 80
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(
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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

HA BC415,416

103

.
Vg =5V
o | Tmp=25°C

-lg /

102

0 05 1V
—_— 'VBE

Noise figure

versus collector current
ds BC 415,416
20 T

by 11/

18 |-F=120Hz /

e 11/
11
|

F % |

R =mrJ1oom 10kQ/ |1k
% I
12 |\3000 l
10 { r—
: /
LA
A NALLL

A\

2 \,

N
0
103 102 107 1 10 mA

Collector cutoff current
versus ambient temperature

nA . BC415,416
10
/
//
£
Iego 103 4
/
/ /
102 —
A7
y
/ /
4
10 > /
1 [
-Veg =30V
—typical
— — maximum
10-1 /
0 100 200°C
—Toms

Noise figure
versus collector current

a8 BC 415,416
20 T
=5V
8 | r=1kHz
Tamb=25°C
F 16
" /

12
\ Rg=1MQf 100kS
\ G

‘ A% /s
500Q
2 B N
N
L—/>ﬁ""
103 102 10°! 1 10 mA

333



BC 415, BC 416

Noise figure
versus collector current

dB

BC 415,416
20 T T T
-kge=5V
18 | F=10kHz
Tamb=25°C
F 16 /
%
RG-mg/ 100kQ
12
10
5000 10kQ
8
. 111
K /
N NGRS
2 >\ >‘ /7
X (X
0
10-3 10-2 107 1 10 mA

Noise figure

g -]C

versus collector emitter voltage

dB

BC 415416
20 T T
-Ig=02mA
18 FR=2ke
f=1kHz
F 18 | hmp=25°C
%
12
10
8
6
4
2 S
0
01 2 s 1 2 s 10 2 s 100V

— -k

Noise figure
versus frequency

dB BC415,416

0 T 1
-Wg=5V

18 -Ip =02maA]
Rs= 2kQ

16 G 4

F \ Temp=25°C

1%

12

10

a \

6 \

) \

2

102 107 1 10 102kHz

334



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
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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

342



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
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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 \'
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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
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2 N 3962, 2 N 3963, 2 N 3964

DC current gain
versus collector current

2N3962,63
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DC current gain
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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
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2 N 3962, 2 N 3963

Contours of constant
narrow band noise figure
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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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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
20 | f =100MHz
/ Y N0V . e=TmA
f 400 / ~ by \\
/ . (AN
20 N
/ Vg =5V \
300 -40
/ 4
-0
1
| 6
200 -80
e
-100 |
100 -120
140
0 -160
0 5 10mA 0 100 200mmho
————Ic —= Gy

376



BF 324

mmbho

bob

05

Output admittance

——= G

characteristic
BF 324

~Vgg =10V ‘

f = 100MHz

/".—

B

-IC= mA

50 100pmho

Forward transconductance
versus collector current

mmho BF 324
200 200°
~Vpg =10V
f =100MHz
N
% N % %
\ /’
™~
/

100 va 100°
/

0
0 5 10mA
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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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BF 450, BF 451
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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
|
300 |
|
] 100 i
I L
200 i
I |
|
L ‘
|
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 —
05 %
, 5
AT
Flg=1mA [ |
0
0 5 0V

Base current versus
junction temperature

mA BD 140
10 : =: : :
i  E—
V=2V 500mA ——]
-Ig
1
100 mA ——
107
10mA
102
-lo=1mA ]
10-3 J ’
0 50 100 150 °C

Common emitter
collector characteristics

A BD 140
19 T, =25°C so|_A~
|
-Ie i ‘0
,/ P
. /
// 30
A LA _
ey
/71 |
05 V e 10 1
/] —T
A S
W1
[
0 -Ig=1mA
0 1 2v

— Y

Gain bandwidth product
versus collector current

MHz ~ BDO
100 5y
| 7j.=25°C
f, 80
4 \
60 /
/
//
40
20
0
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BD 140
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Accessories
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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

400



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
Power Transistors

Accessories
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