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Alphabetic Index of Types 

Type Page Type Page 

BC 107 A and B 34 BCY58A ... 0 72 
BC 108 A, Band C 34 BCY59A ... 0 72 
BC 109 Band C 34 

BCY78A ... 0 336 
BC 140-6, -10 and -16 46 BCY 79 A, B and C 336 
BC 141-6, -10 and -16 46 

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

BO 135 268 
BC 170A, Band C 52 BO 136 384 
BC 171 A and B 34 BO 137 268 
BC 172 A, B and C 34 BO 138 384 
BC 173 Band C M BO 139 274 
BC 174A and B 34 BO 140 390 
BC 190Aand B 34 

BO 306A and B 280 
BC 192 300 BO 307 A and B 280 

BC237 A and B 34 BOY 15 A, Band C 284 

BC 238 A, B and C 34 BOY 16A and B 284 

BC239 Band C 34 BF 120 222 

BC 250 A, B and C 
BF 121 224 

302 BF 123 228 BC 251 A, B and C 306 BF 125 232 
BC 252 A, B and C 306 BF 127 236 
BC 253 A, B and C 306 
BC256A and B 306 BF 137 240 

BC 260 A, B and C 302 BF 198 242 
BC 261 A, B and C 306 BF 199 246 
BC 262 A, B and C 306 
BC 263 A, B and C 306 BF 240 250 
BC 266A and B 306 BF241 250 

BC 307 A, B and C 306 BF 257 256 
BC 308 A, B and C 306 BF 258 256 
BC 309 A, B and C 306 BF 259 256 

BC327 316 BF324 374 
BC328 316 

BC337 54 
BF450 378 
BF 451 378 

BC338 54 

BC 340-6, -10 and -16 60 BFY 39 -1, -2 and -3 80 
BC 341-6 and -10 60 

BSW72 344 
BC 360-6, -10 and -16 322 BSW73 344 
BC 361-6 and -10 322 BSW74 344 

BSW75 344 
BC413 Band C 64 
BC414 Band C 64 BSW82 84 

BSW83 84 
BC 415 A, B and C 326 BSW84 84 
BC416A, BandC 326 BSW85 84 
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Alphabetic Index of Types 

Type Page Type Page 

BSX22 90 2 N 929 180 
BSX23 90 2 N 930 184 

BSY51 92 2 N 1613 188 
BSY52 102 2 N 1711 192 

2 N 1893 196 
BSY53 108 
BSY54 116 2 N 2218 200 
BSY55 124 2 N 2218 A 202 
BSY56 130 2 N 2219 200 

2 N 2219 A 202 
BSY79 136 2 N 2221 204 

2 N 2221 A 206 
BSY81 138 2 N 2222 204 
BSY82 142 2 N 2222A 206 
BSY83 146 
BSY84 150 2 N 2368 208 
BSY85 154 2 N 2369 212 
BSY86 158 2 N 2369A 214 

BSY87 162 2 N 2904 350 
BSY88 168 2N2904A 352 
BSY90 174 2 N 2905 350 

2 N 2905A 352 
2 N 2906 354 
2 N 2906A 356 
2 N 2907 354 
2 N 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 
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Summary of NPN Transistors 

AF transistors for high-quality AF and DC amplifiers 

in metal case JEOEC T0-18 

BC 109, 2 N 929, 2 N 930 

in plastic case =T0-92 

BC 173, BC 239, BC 413, BC 414 

AF general purpose transistors for switching and amplifier applications 

in metal case JEOEC T0-18 

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 JEOEC T0-39 (=T0-5) 

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 JEOEC T0-39 (=T0-5) 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 

BO 106, BO 107, BOY 15, BOY 16 

in plastic case SOT-32 

in metal case JEOEC T0-3 

2 N 3055 

BO 135, BO 137, BO 139, BO 306, BO 307 

Switching transistors for high-speed switching applications 

in metal case JEOEC T0-18 

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 JEOEC T0-18 

BF 120, BSW 79 

in metal case JEOEC T0-39 (=T0-5) 

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 =T0-92 

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 JEOEC T0-18 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 JEOEC T0-18 

BC 260, BC 261, BC 262, BC 266, BC 192, 
BCV 78, BCV 79, SSW 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 JEOEC T0-39 (=T0-5) 

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 amplifler applications at 
higher collector currents 

in metal case JEOEC T0-39 (=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 

BO 136, 80 138, BO 140 

High frequency transistors for RF and IF amplifiers 

in plastic case = T0-92 

BF 324, BF 450, BF 451 
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Technical Information 

Index of Symbols 

b Imaginary part of y-parameters 

b1 Imaginary part of forward transconductance YI 

b; Imaginary part of input admittance y; 

bo Imaginary part of output admittance Yo 

br Imaginary part of reverse transconductance Yr 

B Base connection 

BG Imaginary part of generator (source) impedance 

C Capacitance; junction capacitance; collector connection 
C; input capacitance (b;/2 it f) 

c0 Output capacitance (bJ2 it f) 

Ceso Collector base capacitance (open emitter) 

CEso Emitter base capacitance (open collector) 

Cr Feedback capacitance (b,/2 it f) 

E Emitter connection 

Frequency 

fr 

F 

g 

g1 

g; 

go 

gr 

Ge 

Gp 

GP av 

GP max 

Gv 

h 

ht 

h; 

ho 

hr 

hFE 

Is 

IBM 

ls1 

ls2 

le 

12 

Gain bandwidth product 

Noise figure 

Real part of y-parameters 

Real part of forward transconductance YI 

Real part of input admi1tance y; 

Real part of output admittance Yo 

Real part of reverse transconductance Yr 

Current gain 

Power gain 

Available power gain 

Max. avai'lable power gain 

Voltage gain 

Parameters of h- (hybrid) matrix 

Small si·gnal 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 



lcAv 
lcao 

fcEO 

fcER 

fcES 

fcEV 

fcM 

h 
hao 
Kv 

Ptot 

Po 
P1 

rb' ·Cc 

fthA 

fthC 

R 

RaE 

RG 

RGopt 

Rt 

Rt opt 

Rs 

Rth 

RthA 

RthC 

RthC/S 

RthS 

Ion 

I total 

Technical Information 

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, + 11) 

Turn-on time (Id+ t,) 

Pulse time 

Rise time 

Storage time 

Total switching time (ton+ fo11) 
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Technical Information 

T 

Tomb 

Tc 
T; 

Ts 

v 
Vaa 

VaE 

VaE sat 

V(BR)CBO 

V1BRJCEO 

V(BRJCES 

V1BR)EBO 

Vea 

Vcao 

Vee 

VcE 

VcEo 

VeER 

VeEs 

VeE sat 

VeEv 

VEBO 

VEE 

y 

YI 

Yi 

Yo 

Yr 

Z1 

Z2 

'P 

'rs 

v 

14 

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) 

CoMector emitter saturation voltage 

Collector emitter voltage (specified voltage 
between base and emitter) 

Emitter base voltage (open collector) 

Emitter supply voltage 

Parameters of y- (admi1tance) matrix 

Forward transconductance 

Input admittance 

Output admittance 

Reverse transconductance 

Input impedance 

Output impe,dance 

Phase angle of y-parameters 

Storage time constant 

Duty factor (tp/T) 



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 rul'e 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. 
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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. Materlal 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 suffici,ently large. 

Semiconductor elements may be mounted in any desired position. 

From the experience gained in soldering semiconductor el,ements the 
following rules have emerged: 

When bit-soldering at copper bi,t 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 ci'ip. 

When dip-soldering printed circuits, the temperature of the soldering 
bath should not exceed 240 °C. If the di'stance 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 'length, 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 mW 
500 

The indicated maximum admis-
sible junction temperature must 
not be exceeded because this 
could damage or cause the de- 400 
struction of the transistor crystal. P101 

Since the user cannot measure 
this temperature, data sheets I 
also reveal the maximum admis- 300 
sible power dissipation Ptot 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 

200 

exceeded. This can easily be 100 
checked by using the equation 

T; = Tomb+ Ptot · Rth 
0 

0 

\ 
\ 
~ 

" ~ ~ ]'... 
100 

_____..Tomb 
200 °C 

For the thermal resistance Rth the junction to ambient thermal resistance 
RthA is usually substituted in the case cif small transistors (in the T0-18, 
T0-39 or T0-92 package). In the case of power transistors (in the T0-3, 
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 RthC plus the heat sink to ambient thermal 
resistance RthS 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 RthS 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 Ptot as a func
tion of Tc and Tomb with the col
lector voltage VcE as parameter 
(see diagram). 

w 
s-~~~-----~~ 

Flot 4 Vc£=0 ... 7V 

I ~ av \ 
3 \ 

\Rihc= 35 °c1w lOV 

20V 
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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 di'agrams are based on 
continuous power dissipation. 
However, pulse power dissipation 
may usually exceed continuous 
power dissipation. To ascertain 
maximum admissible pulse power 
dissipation P1, reference i's made 
to the pulse junction to case 
thermal resistance fthC or the 
pulse junction to ambient thermal 

· resistance fthA whose val·ue can 
be derived from the fth = f(tp) 
diagram as illustrated below. 

Use the equation 

T; = Tamb + P1 · fthA 

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

T; = Tamb +Po· RthA + P1 • fthA 

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

T; = Tamb+ Ptot • RthS + P1 • fthC 

wherein P10 1 is the mean value of 
the pulse power dissipation P1. 
Where continuous power dissi
pation must be considered in 
addition, the equation is expand
ed accordingly: 

T; = Tamb + Ptot • Rths + 
+ Po· RthC + P1 • fthC 

wherein P1ot is the mean value of 
the total power dissipation. 

A 
102 

2 N3055 

t-Tc=25°C 

Icmax<continuous) 
Pulse Operation* 

~oJs \ ,\J\ 
r--t !OOus :x :x 

10 

!ms ~ 
t---_lp - !OOms ::'\. JS 
t- DC ~eration .I'-.. us. ~~ 

I\ 

*for single nonrepetitive pulse 
1 

I 

°C/W 

10 

-11:E 

30 

102 v 

103 r---.-----,--,-----,--,----.,.--.----, 

.5 >---+----<--+----<--+--+--+-----< 

o.~ 
10 J-==:.+.,....rt----+--1---+---l-+---I 
o~ 

:zo.oos 

~= 
Vv=O 

10-1~~~~~.1____,.l_.l~~.1____, 
10·6 10·5 10·4 10·3 10·2 10·1 

-Ip 

The thermal resistance and pulse thermal resistance values derived from 
the data sheets apply without limitation ·only to sman collector emitter 
-.oltages VcE. between about 5 and 10 V. For higher voltages these thermal 
resistance values have to be multiplied by a correction factor Kv which 
has to be calculated from the previously mentioned derating curves. The 
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Technical Information 

admissible power dissipation Ptot max, applicable to low coHector voltages, 
must be divided by the admissi·ble power dissipation Ptot v for the higher 
collector voltage V: 

Kv = Ptot max 

PtotV 

The complete equation for Ti then reads: 

Ti= Tomb+ Ptot • RthS +Po· Kv · RthC + P1 • Kv · fthC 

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 i's 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 Tamb, the 
ambient temperature are related by the formula 

p = T; - T amb = T; - T amb 
RthA Rthc+ RthS ' 

where RthA i1s the total• thermal resistance between junction and ambient 
ai,r. The total thermal resistance in turn comprises an internal thermal 
resistance Rthc between the juncti'on and the mounting base, and an outer 
thermal resistance Rths 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 

R < T; - Tamb - RthC 
thS p 

and then, by use of the diagrams shown on next page, determine the size 
of the heat sink whi1ch provides the calculated Rths-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 lf!Ssumptions: 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. 
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Copper Cooling Fin 

°C!W Cu 

100 -Tl~-~------~ 

70 1------++uI--t--+---+----+--+---+---+---!--; 
50 f-----t-\+--+---+---t--+---+---1-+---l 

RthS 40 

I :: f-----+---l~~---+--+--+---1 
10 ~~_________,~~---+----< 

0 c1w 

~hickness mm 

~~ 

0 2 4 6 8 10 12 14 16 18 20cm 
--Length of edge S 

Steel Cooling Fin 

Fe 

100 -~~~~--~--~ 

70 l--+1~r+--lf---f--+--tf---f--\----t----i 
50 r----~,.+----+-----+---+--+---1-1--+---l 

R,hs 4 o r----+-+--+-----+---+--+---1-r----+---< 

I :: f-----l-----+--3~--i---1--+---f---j 
~ Thickness mm 
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Technical Information 

Aluminium Cooling Fin 

oc;w Al 

100 -~1------~---
70 f------+-lc,--+--+--+----+--+----t----+--+--i 

50 r----+-1---tt-----;-r---+-+--+----+---+-__, 

RthS 4 0 r----+--t---+----+---t---t---t----;___,___, 

I :: ~~ f------+------+'----+----J 

10 1--+--+-~~___,~t;:,._~-+---'-L_J___j 
~ Thickness mm 

~"'t-

O 2 4 6 8 10 12 14 16 18 20 cm 
------- 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. 

i1 -
..2--

V2i 

i1 -
~Vt 

i2 -
V2i 

Common Emitter Common Base Common Collector 

Properti'es of the three basic circuits: 

Common Common Common 
Emitter Base Collector 

Input impedance medium small high 

Output impedance medium high small 

Current gain high less than 1 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. 

Transistor V1 = h; 'iJ + h, · V2 

four pole 

If expressed this in matrix form we obtain: 

22 
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Technical Information 

Explanation of h-Parameters 

Input impedance (shorted output) (v2 = 0): 

Reverse voltage transfer ratio (open input) (i1 = 0): 

Small signal current gain (shorted output) (v2 = 0): 

Output admittance (open input) (ii = 0): 

A frequently used abbreviation is the determinant: 

iJh = h; ·ho - h, ·ht 

h; 

h, = _v_1_ 
V2 

ho= 

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

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 h;e h;b = 
h;e 

h;c = h;e 
impedance 1 + hte 

Reverse voltage hre h,b 
h;e ·hoe 

- hre hrc = 1 - hre 
transfer ratio 1 + hte 

Small signal hte htb 
hte 

- htc = 1 + hte 
current gain 1 + hte 

Output hoe hob = 
hoe 

hoc= hoe 
admittance 1 + hte 
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Technical Information 

Calculation of a Transistor Stage 

Transistor 

four pole 

Input impedance Z1 

Output impedance Z2 

Current gain Ge 

Voltage gain Gv 

Power gain Gp 

Max. available power gain Gp max 

input and output matched 
with Rc opt resp. Rt opt 

RGopt 

Four-Pole Symbols of y-Matrix 

_ l•2 
z, • 

Vi h; +Rt· Llh 
ii 1 +ho· Rt 

V2 h; + Rc 
i2 Llh + h 0 • Rc 

i2 h1 
ii 1 +ho· Rt 

V2 -h1 ·Rt 
VJ h;+Rt·Llh 

V2. i2 h/. Rt 

Vi ·ii (1 + h 0 ·Rt) (h; + Rt· Llh) 

V¥ Rtopt 
lr=L 
v~ 

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

~----~ 
Transistor 

four pole 

ii = Y; · V1 + Yr· V2 

i2 =YI· Vi +Yo· V2 
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Technical Information 

In matrix form we obtain: 

c~ ) = (y) ( ~~ ) (Y)= (~) 
YI Yo 

The y-parameters are complex values which can be expressed as 

with bik = wCik or with bik = - - 1-
wLik 

Often, the following notation is expedient: 

Yik = I Yik I exp ilPik 

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

Explanation of y-Parameters 

Input admittance (shorted output) (v2 = 0) 

Reverse transconductance (shorted input) (v1 = 0) 

Forward transconductance (shorted output) (v2 = 0) 

Output admittance (shorted input) (v1 = 0) 

The determinant reads Lly = Yi· Yo - Yr· YI 

Conversion from y-Parameters to h-Parameters 

hi= hr=_ .I!... 
Yi ·Yi 

ht= -1!... Lly 
ho=-

Yi 

Calculation of a Transistor Stage 

l'ansistor 

four pole 

Input impedance Z1 = ~ 
11 

Yi 

1 +Yo· Ri 
Yi+ Lly · Ri 

Yi 
ii 
VJ 

Yr 

YI 

Llh = ~ 
Yi 
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Technical Information 

Output impedance 

Current gain 

Voltage gain 

Power gain 

AvaHable power gain 
input matched 
with RGopt 

Max. available power gain 
input and output matched 
with RG opt resp. RL apt 

z 2 = ~ = __ 1....,+_y::..;;_·_R..::G_ 
12 Ya + Lly · RG 

i2 YI 
Ge = -.- = ----,---"-;---

'J y; + Lly· RL 

Gv = ~ = --,---,-..:..Y.;_I ·_R_:L:___ 
VJ 1 +Yo' RL 

Gp = V2. ~2 = -----''-Y~I /;_2 _· R_L ___ _ 
VJ • /J (1 + Yo• RL) (y; + Lly • RL) 

4 · Yt2 • RG • RL 
Gp av = -((-y;_+_Ll~y-.-R--'L'--') -. R-G---=-+---'1 =--+-Ya_·_R_L_J2_ 

GP max= ( YI ) 2 

~+~ 
Max. avai,lable power gain will be attained if input and output are matched, 
where: v Ya 1 RL opt = y;- · LiY° 

v y· 1 RG opt = · ---fa-· --::JY 

26 



le 

Technical Information 

Switching Times 

Definiti'ons for the various times which make up the total switching time 
can be gathered from the diagram below in whi'ch the switching charac
teristic of a transi·stor in common-emitter configuration is illustrated. 

Id 

t, 

t, 

ft 

Ion =Id+ tr 

foff =Is+ ft 

Delay time 

Rise time 

Storage time 

Fall time 

Turn-on time 

Turn-off time 

le1 -

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 /s2 
shortens the turn-off time. 
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Technical Information 

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

VcE 

........ 
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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 (1 O. 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 
(11. 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 T0-3) etc. for semiconductor 
devices, main dimensions 

Cases 5 C 3 (JEDEC T0-39 = T0-5) etc. for 
semiconductor devices, main dimensions 

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

Cases 18 A 3 (JEDEC T0-18) 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 thi,s i's 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. AOL (Acceptable Quality Level) Values 

The AOL 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: 

Electrical properties: 

30 

Total defectives 
Partial defectives 

Total defectives 
Partial defectives 

0.25% 
2.50% 

0.25% 
0.65 % 



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, Band C, and 
types BC 109, BC 173 and BC 239 in groups Band C. 
BC 109, BC 173 and BC 239 are low noise types. 

~-
.!;; 
E 

'*~ 2.5 

max.OS~ 
r. 

1.25 

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

Black plastic package = T0-92, 
T0-18 compatible. 
The case is impervious to light. 
Weight approximately 0.18 g 
Dimensions in mm 

Maximum Ratings 

Collector emitter voltage V cEs 
Collector emitter voltage VcEo 
Emitter base voltage VEBo 
Collector current le 
Peak collector current lcM 
Base current Is 

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

"' ~ max.5.8</J 
-~ 

max0.5~ 

BC 107, BC 108, BC 109, BC 190 

Metal case JEDEC T0-18 
Collector connected to case 
Wei'ght approximately 0.35 g 
Dimensions in mm 

BC107 BC108 BC190 
BC171 BC109 BC174 
BC237 BC172 

BC173 
BC238 
BC239 

50 30 70 
45 25 64 
6 5 5 
100 100 100 
200 200 200 
50 50 50 

T0-92 T0-18 

300 1 300 

150 175 
- 55 ... + 150 -55 ... + 175 

v 
v 
v 
mA 
mA 
mA 

mW 

oc 
oc 

1 Valid provided that leads are kept at ambient temperature at a distance of 
2 mm from case. 
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BC 107 ... , BC 171 ... , BC 237 ... 
Characteristics at Tomb= 25 °C Current Gain Group 

h-Parameters at VeE = 5 V, A B c 
le = 2 mA, f = 1 kHz 

Small signal current gain h1e 220 330 600 
(125 .. 260) (240 .. 500) (450 .. 900) 

Input impedance h;e 2.7 4.5 8.7 
(1.6 .. 4.5) (3.2 .. 8.5) (6 ... 15) kQ 

Output admittance hoe 18 (< 30) 30 (< 60) 60 (< 110) µmho 

Reverse voltage transfer ratio h,0 1.5. 10-4 2·10-4 3. 1Q-4 

DC current gain 
at VeE = 5 V, le = 0.01 mA hFE 90 150 270 
at VCE = 5 V, le= 2 mA hFE 170 290 500 
at VeE = 5 V, le= 100 mA hFE 1201 2001 4001 

Collector saturation voltage 
at le= 10 mA, la = 0.5 mA VeEsot 0.07 (< 0.2) v 
at le= 100 mA, Ia= 5 mA VeEsot 0.2 (< 0.6) 1 v 
Base saturation voltage 
at le= 10 mA, la= 0.5 mA VaEsot 0.73 (< 0.83) v 
at le = 100 mA, la = 5 mA VaEsot 0.87 (< 1.05)1 v 
Base emitter voltage 
at VeE = 5V, le= 0.1 mA VaE 0.55 v 
at VeE = 5 V, le= 2 mA VaE 0.62 (0.55 ... 0.7) v 
at VeE = 5 V, le= 100 mA VaE 0.831 v 

BC107 BC 108 BC190 
BC171 BC 109 BC174 
BC237 BC 172 

BC173 
BC238 
BC239 

Collector cutoff current 
at VeE = 60 V leEs 0.2 (< 15) nA 
at VeE = 50 V feES 0.2 (< 15) nA 
at VeE = 30 V leEs 0.2 (< 15) nA 
at VeE = 60 V, Tomb= 125 °C feES 0.2 (< 4) µA 
at VeE = 50 V, Tomb = 125 °C feES 0.2 (< 4) µA 
at VeE = 30 V, Tomb = 125 °C ICES 0.2 (< 4) µA 

Collector emitter breakdown VraR)eEO >45 > 25 >64 v 
voltage at le = 2 mA 

Emitter base breakdown V(BR)Eao >6 >5 >5 v 
voltage at h = 1 µA 

1 not valid for BC 109, BC 173 and BC 239 
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BC 107 ... , BC 171 ... , BC 237 ... 
Gain bandwidth product 
at VeE = 3 V, le = 0.5 mA fr 85 MHz 
at VeE = 5 V, le = 10 mA fr 250 (> 150) MHz 
f = 100 MHz 

Collector base capacitance Cesa 3.5 (< 6) pF 
at Veso = 10 V, f = 1 MHz 

Emitter base capacitance GEBO 8 pF 
at VEBO = 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 
at VeE = 5 V, le= 0.2 mA, 
RG = 2 kQ, f = 1 kHz 

BC 109, BC 173 and BC 239: 
Noise figure F <4 dB 
at VeE = 5 V, le = 0.2 mA, 
RG = 2 kQ, f = 1 kHz 

Noise figure F <4 dB 
at VeE = 5 V, le= 0.2 mA, 
RG = 2 kQ, f = 30 Hz ... 15 kHz 

T0-92 T0-18 
Thermal resistance 
Junction to case Rthe < 200 °C/W 
Junction to ambient air RthA <4201 <500 °C/W 

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

36 



BC 107 ... , BC 171 ... , BC 237 ... 

mW 

Admissible power dissipation 
versus temperature 

BC107. .. 
500 ~---------~ 

Piot 400 l--+-+-----t---+--+-+--+-1--+------j 

Loo~~ 
~ 

R1hA=500°CIW '\ [\"" 
100 f----J~-~----J>.",--+-Ll-\+--+--1 

0 ~~~~h..~"K~ 

°C/W 

0 100 200 °C 
_________.. Tamb11i:: 

Pulse thermal resistance 
versus pulse duration 

BC 107 ... 
103----------~ 

O.~ 
10 ~:,+-,~L-+--+-1--+---+---I 

~ 

za.005 

@= 
llv:o 

10-1....._-'--'----'--'--I-'--l_,.l _ _l_..___, 

10-6 10-5 10-4 10-3 10-2 10-1 1 _,p 

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

mW 
500 

BC 171 ... , BC 237 ... 

400 
Ptot 

200 

100 

0 

fl 
'\ 

0 

\ 
~ 

l\ 

'l 
~ 

100 

___.....Tomb 

Pulse thermal resistance 
versus pulse duration 

200 °C 

"CIW BC 171...,BC 237 ... 
103----------~ 

0.5 
2 

T·' 
0.2 

10 

10-l t___.L__JL---l--..J.-..1.-......L..-'---' 

10-6 10-5 10-4 10-3 10-2 10-l 1 10 102 S _,p 
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BC 107 ... , BC 171 ... , BC 237 ... 
DC current gain 
versus collector current 

Group A 
1000 ~--..-----.-----.------. 

lfr=5V 
700 -- typical 
500 --limits 

atTamb=25°C 
hp£ 400 

50 1-------,.-b"~--t----+---+t 

40 1--___.,.,,;.<'--t----t----+----; 

10 ~--~--~--~--~ 
10-2 10-1 10 102 mA 

---------. I c 

DC current gain 
versus collector current 

Group C 

50 1-----t----t----+----; 
40 1----+-----t----+---~ 

30 >-----t----+----+-----l 

20 -- typical 
--limits 

at Tamb=25°C 

10 >----~--~--~--~ 
10-2 10-1 10 102 mA 

--Ic 
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DC current gain 
versus collector current 

Group B 

10-2 10-1 10 102 mA 

---------. I c 

Collector current 
versus base emitter voltage 

BC 107 ... , BC 171..., BC 2 37. .. 

Vc£=5V T T T 7 7 v 
-typical j 
--limits ii l at Tomb= 25°C 

rr 
~ I 

25°G N T 
V[ IT 

I T, 
I I 

100°1T I 
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BC 107 ... , BC 171 ... , BC 237 ... 
Common emitter 
collector characteristics 

mA BC107 ... ,BC 171. . .,BC 237 ... 
100 ~-~~v~~~~~~ 

~ 
LVJYlo.5 

I c 80 r--t---tt/ /_.,.,V1_..,,.'---+-V1---t.-D.4-+--+---+---f I ''-L v .....P 0.35 

v ,yv y-(10.3 

60 r--+-IHV:u~-+----t--1 
v~Q25 

fly 0.1 

20 r-ttv~rLL,_,_-r---r--~~~~-+--~ 
[Z Ia = 0.05 mA 

mA 

_,fr 

Common emitter 
collector characteristics 

2V 

BC 107, 171,174, 190, 237 
100 ~~~~~~-~~~ 

0.4t121T3 V0.25 

~~ 0.2 

0.15 

0.1 
J.-

o~~~~~~~~~~ 

0 10 20 30 40 50 v 
- lfr 

mA 
10 

4 

0 

Common emitter 
collector characteristics 

BC 107. .. ,BC 171...,BC 237 ... 

30 
y 

l 
25 

20 

15 

1r 
10 

Ia = 5 µA 

0 2V 

Common emitter 
collector characteristics 

mA BC 108,109,172,173,238,239 
rno ~--T7~171~~~v~~~ 

0.4~ I' 0.4 I _,,,, 0.35 

/ iLj .z av 

10 
-lfr 

20V 
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BC 107 ... , BC 171. .. , BC 237 ... 

mA 
10 

mA 
1 

Common emitter 
collector characteristics 

BC 107,171,174,190,237 

r-- VaE=Q67V 

.i-0.66 

0.65 

0.64 

0.63 

10 20 30 40 

Common emitter 
collector characteristics 

0.62 
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-lfr 

40 

mA 
10 
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4 
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collector characteristics 
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collector characteristics 
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BC 107 ... , BC 171 ... , BC 237 ... 
Common emitter 
collector characteristics 
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collector characteristics 
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41 



BC 107 ... , BC 171 ... , BC 237 ... 

v 

Collector saturation voltage 
versus collector current 

BC 107 .... BC 171...,BC 237. .. 
0.5 ~-----~-~~~~!~ 

le/ 18 = 20 I 
--typical li. 
---- limits ,f 
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I I I 
I 

J_ 
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I 

I 
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,.r''.., v J_ 
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0,1 :"""I 25 'C /" '/ 
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Collector base capacitance, 
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Base saturation voltage 
versus collector current 

BC 107 ... ,BC 171...,BC 237 ... 
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versus 
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BC 107 ... , BC 171. .. , BC 237 ... 
Relative h-parameters 
versus 
collector current 

BC 107. ..• BC 171..., BC 237. .. 
102 ----------

heUel ' 
h0 1le=2mA) 

i 1;~ ~~*~·R___,---1--.!-<-----'----'_,_~ 
6~~ If 

b-,.N I/ 
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Noise figure 
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Relative h-parameters 
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BC 107 ... , BC 171 ... , BC 237 ... 
Noise figure 
versus collector curent 

dB BC 109,173, 239 
20~-~-.---.--,.-,..-.--.~~~ 
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dB 

Noise figure versus 
collector emitter voltage 
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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 I VcE I = 1 V, I le I = 100 mA is less than 1.25. 

Metal case JEDEC T0-39 
Collector connected to case 
Weight approximately 1 g 
Dimensions in mm 

Maximum Ratings 

Collector base voltage Vcao 

Collector emitter voltage VcEo 

Emitter base voltage VEBo 

Collector current le 

Base current la 

Power dissipation 
at Tamb = 25 °C 
at Tc = 45 °C 

Junction temperature 

Storage temperature range 

Ptot 
Ptot 

T; 

Ts 

Characteristics at T; = 25 °C BC 140-6 
BC 141-6 

pc current gain 
/at VcE = 1 V, le= 0.1 mA 
at VcE = 1 V, le= 100 mA 

hFE 28 
hFE 63 

(40 ... 100) 

at VcE = 1 V, le= 1 A hFE 15 

Collector saturation voltage VcE sat 
at le = 1 A, la = 100 mA 

Base emitter voltage 
at VcE = 1 V, le= 1 A 

46 

VaE 

max. 9.4 (/) 

max 05 ~ 

BC140 BC 141 

80 

40 

7 

0.1 

0.75 
3.7 

175 

100 

60 

7 

-55 ... +175 

BC 140-10 BC 140-16 
BC 141-10 BC 141-16 

40 
100 

90 
160 

v 

v 

v 

A 

A 

w 
w 
oc 
oc 

(63 ... 160) (100 ... 250) 

20 30 

0.6 (< 1) 

1.2 (< 1.8) 

v 

v 



BC 140, BC 141 
BC 140 BC141 

Collector cutoff current 
at VeE = 40 V feES 

feES 
feES 
feES 

10 (< 100) nA 
at VCE = 60 V 10 (< 100)nA 
at VeE = 40 v. T; = 150 °C 
at VeE = 60 V, T; = 150 °C 

10 (< 100) µA 

Collector emitter 
breakdown voltage 
at le= 0.1 mA 
at le= 30 mA (pulsed 200 µs, 1 %) 

Emitter base 
breakdown voltage 
at h = 0.1 mA 

Gain bandwidth product 
at VeE = 10 V, le= 50 mA, 
f = 20 MHz 

Collector base capacitance 
at Veso = 10V, f = 1 MHz 

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

Thermal resistance 
Junction to case 
Junction to ambient air 

V1BRJCES >so 
V1BR)eEO >40 

V1sRJEBO >7 

fr 

Cesa 

GEBO 

Rthe 
RthA 

Switching Times at le= 100 mA, ls1 = -ls2 = 5 mA 
Turn-on time ton 
Turn-off time t0 11 

Test Circuit for Switching Times 

to scope with 
tr = 15 ns 
z,, =100 kQ 

Rise time and fall time of input voltage < 15 ns, 
generator impedance 50 Q 

>so 

< 25 

< 80 

< 35 
< 200 

< 250 
< 850 

10 (< 100htA 

> 100 v 
>so v 

v 

MHz 

pF 

pF 

°C/W 

°C/W 

ns 
ns 
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BC 140, BC 141 
Admissible power dissipation 
versus temperature 

av \ 

lOV 
I\ RthC = 35 °C/W 

20V ~ 

Pulse thermal resistance 
versus pulse duration 

BC140 

°C/W BC 140,141 
102 ~--.--.,.---.----.---,---.., 

0,5 r f=-----t---=-'""'1'~'+---l--+-----1 
2~=1-,iW!---+-+-+---1 

10-2 '----'"-~-~--'---'--
10-6 10-5 10-4 1o-3 10-2 10-1 1 s _,p 
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w 

nA 
10 5 

102 

10 

1 

Admissible power dissipation 
versus temperature 

BC 141 

1fr=0 ... 85V 

~ 
i 

lOV :\. 

13V 

r---20V 

30V 

60V T\ 
\ 

~=200°ctw ~ 

Collector cutoff current 
versus junction temperature 

BC 140. 141 

Vc8 =60V v 
-typical ;71 
--limit 

~ v 
1/ [7 

~ ~ 
I v 

;1 71 
_,,/ 

ti 
vi 
0 

[Z] 

100 

-~ 
200°c 



DC current gain 
versus collector: current 

BC 140-6, BC 141-6 

VeE=lV 
700 - typical 

--limits 
500 

at TamLF25°C 

r=~~ 
150°C1=-+:-

100 ~ ......,, 

vbr 251.C .1- '10 

10 102 103 mA 

---------- le 

DC current gain 
versus collector current 

BC 140-16, BC 141-16 
1000 -----------

VeE=lV 
100 - typical 
500 -- limits 

h 400 
rE 

at Tam11=25°C 

\ 

10'----'-----'---'--'--'---'--'--'---'----'-"-' 
10-1 10 102 103 mA 

-le 

BC 140, BC 141 
DC current gain 
versus collector current 

BC 140-10, BC 141-10 

lfr=1V 
100 - typical 
500 - - limits 

at Tamb"25°C 

10'--'--'-'--'--'--'--'-----'---'----'-~ 

mA 
103 

10 

10-1 

10-1 10 102 103 mA 
---le 

Collector current 
versus base emitter voltage 

BC 140, 141 

VeE=lV 7 v::/ / 
rl 7 11 

150~ rr '.::_50 °C 

25-".C_ [ JI 
] '] I 

IJ-, 1 
I 

77 
]J 
I I 

T T -typical 
--limits 

T~ atfornb"25°C 

0 2 v 
---vaE 

49 



BC 140, BC 141 
Common emitter 
collector characteristics 

mA 

100 
BC140,141 

le 80 

I 60 

40 

20 

0 

w ~ 0.45 

r; J.-i 0.4 

'I --' oJs 
r7 13 
rr 

0.25 
rr 

Q2 

Q15 

f7 

r7 
0.1 

I/ rrr 
0 2 3 4 _,fr 

Common emitter 
collector characteristics 

.j--

5V 

BC 140, 141 

le 0.8 Tll y 
II V j_.)-- 8 

t r7y ~6 
lo.6~ 5

4 

v yi::::= r)-
0.4~ 

v 

3 

10 20 30 40 50 v 
-10£ 

50 

Common emitter 
collector characteristics 

l/J.--1-+-+-+--f-1 

0 ~~~~~l~~~l-·5 ~lA~~ 
0 2 3 4 5V 

-10£ 



v 

Collector saturation voltage 
versus collector current 

BC 140, 141 

-- typical 
-- limits 

at7;,mb=25°C 
le la =10 

Gain bandwidth product 
versus collector current 

MHz 
1000 

BC 140, 141 

lfr :lOV 
Tamb =25°C 

f 
100 

kd I""'-
iz:: '\ 

IZ ~ 
~ 

10 
1 2 s 10 2 s 102 2 s 103 mA 

-1e 

VaEsat 

I 

v 

BC 140, BC 141 
Base saturation voltage 
versus collector current 

BC140. 141 
2 --~--~--~-~ 

-typical 
--limits 

a17;,mb"25°C 
le 
la = 10 

o~-~--~--~-~ 

Ql 10 102 103 mA 
-le 
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BC170 
NPN Siiicon Planar Transistor 
for switching and amplifier applications 

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

Black plastic package = T0-92, 
T0-18 compatible. 
The case is impervious to light. 
Weight approximately 0.18 g 
Dimensi,ons in mm 

Maximum Ratings 

Collector base voltage 

Collector emitter voltage 

Emitter base voltage 

Collector current 

Power dissipation 
at Tamb = 25 °C 

Junction temperature 

Storage temperature range 

Characteristics at T amb = 25 °C 

DC current gain 
BC 170A 

at VeE = 1 V, le = 1 mA 
at VeE = 1 V, le= 30 mA 

hFE 35 ... 100 
hFE > 30 

Collector saturation voltage 
at le= 1 mA, Is= 0.1 mA 
at le = 30 mA, Is = 3 mA 

Base saturation voltage 
at le= 1 mA, Is = 0.1 mA 

Collector cutoff current 
at Ves = 15 V 

'-*'~ 2,5 

~ ''" Pl 
.i;; 
E 

max.Q5- t25 

Veso 20 v 
VeEo 20 v 
VEso 5 v 
le 100 mA 

Ptot 300 1 mW 

T; 150 oc 

Ts -55 ... + 150 oc 

BC170 B BC 170C 

80 ... 250 200 ... 600 
>60 > 150 

VeE sat < 0.25 v 
VeEsat < 0.4 v 
VsE sat <0.7 v 

leso <0.1 µA 

1 Valid provided that leads are kept at ambient temperature at a distance 
of 2 mm from case. 
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mW 
500 

400 

'L 
200 

100 

0 

Emitter cutoff current 
at Vrn = 4 V 

Thermal resistance 
Junction to ambient air 

Collector base capacitance 
at Vcso = 10V, f = 1 MHz 

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

Gain bandwidth product 
at VcE = 5 V, le= 10 mA, 
f = 50 MHz 

Noise figure at VcE = 5 V, 
le = 0.2 mA, RG = 2 kQ, 
t = 1 kHz, LI t = 200 Hz 

Admissible power dissipation 
versus ambient temperature 1 

\J 

0 

~ 
~ 
~ 
~ 
~ 

]'\.. 
100 

__.,.Tamb 

BC 170 

200 °C 

rnA 
10 

4 

0 

BC170 
hao <0.1 

RthA < 420 1 

Cesa 4 

Crno 12 

fr 100 

F < 10 

Common emitter 
collector characteristics 

60 

V1 

111 
50 

µA 

°C/W 

pF 

pF 

MHz 

dB 

BC 170 

40 

30 

20 

I 8 ~1oµA 

0 2V 

1 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 I VeE I= 1 V, J ie I= 100 mA is less than 1.41. 

Black plastic package = T0-92, 
T0-18 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 Tamb = 25 °C 

Junction temperature 

Storage temperature range 

Characteristics at T amb = 25 °C 

DC current gain 
at VeE = 1 V, le= 100 mA hFE 

at VeE = 1 V, le= 300-mA hFE 

Thermal resistance 
Junction to ambient air 

"'-~ 
.& 
E 

*~ 2,5 

max.Q511> 
JD 

1.25 

BC337 BC338 

VeEs 

VeEo 

VEBO 

le 
leM 

Is 

Ptot 

T· I 
Ts 

50 

45 

BC 337-16 
BC 338-16 

160 
(100 ... 250) 
130 

RthA 

30 v 
25 v 

5 v 
800 mA 

A 

100 mA 

625 1 mW 

150 °C 

-55 ... +150 °C 

BC 337-25 BC 337-40 
BC338-25 BC 338-40 

250 400 
(160 ... 400) (250 ... 630) 
200 320 

< 200 1 oc;w 

1 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 
BC337 BC338 

Collector cutoff current 
at VeE = 25 V leES 2 (< 100) nA 
at VeE = 45 V ICES 2 (< 100) nA 
at VeE = 25 V, Tomb= 125 °C leEs <10 µA 
at VCE = 45 V, Tomb = 125 °C leEs <10 µA 

Collector emitter breakdown VraR)eEO > 45 >20 v 
voltage at le= 10 mA 

Collector emitter breakdown VraR)eES >so > 30 v 
voltage at le = 0.1 mA 

Emitter base breakdown V1aRJEao >5 v 
voltage at h = 0.1 mA 

Collector saturation voltage VeE sat <0,7 v 
at le = 500 mA, la = 50 mA 

Base emitter voltage VaE < 1,2 v 
at VeE = 1 V, le= 300 mA 

Gain bandwidth product fr 100 MHz 
at VeE = 5 V, le = 10 mA, 
f = 50 MHz 

Collector base capacitance Ceao 12 pF 
at Vea = 10 V, f = 1 MHz 

55 



w 
1 

f>to?8 

BC 337, BC 338 
Admissible power dissipation 
versus ambient temperature 
(see note on page 54) 

BC 337, 338 

t f-h 
lo5 ~ 

"' 0.4 e--!-+-+-',..._~f---+-+--+---+-+----' 

'I\ 
0.2 f---1---e--i---l--+~,+_t-....--+--+-+-~ 

' I\ 0 0 100 200°c 
___________.,. Tamb 

Collector current 
versus base ,emitter voltage 

mA 
103 

10 

10-1 0 
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BC 337,338 

r/-111 
25°C [; ..... 

i,/ 
I J / 

1so 0rj_ '1{1 /-500711 
1 l I 

I -typical 

J J ---limits 

I 'T at Tamb=25 °C 

I 
I 
I 

T I 

1 J J 
li I 

I 

i ti 
2 v 

Pulse thermal resistance 
versus pulse duration 

°C/W BC 337,338 
103--~-~~-~--~ 

10-I '---'---'~-'---'--.1.--'---''--' 
10-6 10-S 10-4 10-3 10-2 10-I 1 10 102s 

nA 

--------tp 

Collector cutoff current 
versus ambient temperature 

BC 337,338 

104 ~~~---~-~-~ _]7 

10 
~ BC337: ~E=45V 

-typical 
--maximum 

100 200'C 



DC current gain 
versus collector current 

Group -16 

1000 ------------
VcE =1 V 

700 - typLic_a_l ---1-----1----1 

500 --- limits 
at Tamb=25"C:i----<-----' h ,00 

r
't:;oo 1----.-__ -_-_-l-1--·----. ---1-----1 

200 ---- ' ~150°c ~ 

~ ----~ 
~"C ......... ""', 1 100 

20 L---L---L----IL----1 

10 10-1 10 103 mA 

-le 

DC current gain 
versus collector current 

Group -40 
1000 ------------

700 1---F -t, 
500 1--- =--- ~ 

l-1sooe " ' 

70 <---L---L----IC----1 

so 1----1----1---~I---~ 
40 1----1----1---~I---~ 

30 1----1----1---~I---~ 

20 -typical 

- -~ri;;b =2sod 
lO lO:r 10 102 103mA 

-Ic 

1000 

100 

soo 

h 400 
FE t 300 

I 200 

100 

70 

so 
40 

30 

20 

BC 337, BC 338 
DC current gain 
versus collector current 

Group -15 

VcE= 1 V 
-typical 
---limits 
1-- at T0 m6=25°C 
1-..---E-- !'"~ 

i..---iso 0 c -- ~ I---" 25°C i.-- .... !-\\ ~ ... ""' 
v ~· J..- ...... \ 

""' \ 
IL" 

10 10-1 10 10 2 10 3 mA 

MHz 

-Ic 

Gain bandwidth product 
versus collector current 

BC 337,338 
103 ------------

Tomb =25"C 
1---+--+-L-+--+--1 f =20MHz 

~ VCE=5V 

I~~ 1'1v 
1a21-+A~~-1--1-1-+---r-~ 

~ 

10 '---'----'--L--'----'---1'---'----'---' 

1 s 10 2 s 102 2 s 1a3mA 

-Ic 
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mA 

BC 337, BC 338 
Common emitter 
collector characteristics 

BC 337,338 
500 ,-----,---,-----,:...-="'1""--r-r-.----,---, 

~~2.8 

~ Ia =0.2 mA 

0 0 2 v 

mA 
500 

le 400 

Lo 

-veE 

Common emitter 
collector characteristics 

BC 337,338 

7M T 

~ 0.85 

f v 
v 

k::: 

1£11 

0.8 

vt-i-
200 ._._v,_._.L'I<-+----+-----+-----+-----+---+--+--+----< 

100 
075 

V1 
V" IVaE=0.7V 

0 0 2V 

-veE 
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mA 

100 

40 

20 

Common emitter 
collector characteristics 

BC 337,338 

035 

03 

025 

02 

015 

0.1 

la=0.05mA 

0 0 10 20V 

v 

Collector saturation voltage 
versus collector current 

BC 337,338 

0.5 -typical 

---limits 
at Tamb = 25"C 

VeEsa9·4 le =10 .-----+----+-t----1H 
la 

L.3 f---------+--,~ 

0 ~-~--~--~-~ 
10-1 10 10 2 103 mA 

-le 



v 

Base saturation voltage 
versus collector current 

BC 337,338 
2.------~~-~~-~ 

-typical I 
---limits / 

at Tamb=25"C / 

VB£ sat 
!£=10~--l----l------1'--I 
Ia I 

l I 

0 ~----'-----'-----'----' 
10-1 10 10 2 103 mA 

-Ic 

BC 337, BC 338 
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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 I VcE I = 5 V, 
I le I = 50 mA is less than 1.25. 

Metal case JEDEC T0-39 
Collector connected to case 
Weight approximately 1 g 
Dimensions in mm 

Maximum Ratings 

Collector base voltage Vcso 

Collector emitter voltage Vern 

Emitter base voltage VEBo 

Collector current le 

Base current fa 

Power dissipation 
at T amb = 25 °C Ptot 
at Tc = 25° C Ptot 

Junction temperature Ti 

Storage temperature range Ts 

Characteristics at Ti = 25 °C 

DC current gain 
at VcE = 5 V, le= 0.1 mA hFE 
at VeE = 5 v. le= 50 mA hFE 

at VcE = 5 V, le= 500 mA hFE 

Collector saturation voltage 
at/e = 150mA, la= 15mA 

Base saturation voltage 
at le= 150 mA, la = 15 mA 

60 

BC 340-6 
BC 341-6 

27 
63 
(40 ... 100) 
13 

VcE sat 

VsE sat 

c 

max.9.4 ~ 

·max.0.5 ~ 

BC340 BC341 

40 60 v 
40 60 v 
5 5 v 

500 mA 

50 mA 

0.8 w 
3 w 

200 oc 
-55 ... + 200 oc 

BC 340-10 BC 340-16 
BC 341-10 

43 70 
100 160 
(63 ... 160) (100 ... 250) 
20 32 

< 0.4 v 

0.95 (< 1.2) v 



BC 340, BC 341 
BC340 BC341 

Collector cutoff current 
at VcE = 40V ICES 10 (< 100) nA 
at VcE = 60V ICES 10 (< 100) nA 
at VcE = 40 V, T; = 150 °C ICES 10 (< 100) µA 
at VcE = 60 V, T; = 150 °C lcEs 10 (< 100) µA 

Collector emitter 
breakdown voltage 
at le= 0.1 mA V1BR)CES >40 >60 v 
at le= 30 mA V1aRJCEO >40 >60 v 
(pulsed 200 µs, 1 %) 

Gain bandwidth product fr 100 MHz 
at VcE = 10 V, le= 50 mA, 
f = 50 MHz 

Collector base capacitance Cesa 6.5 pF 
at Vcso = 10V, f = 1 MHz 

Emitter base capacitance GEBO 25 pF 
at VEBO = 0.5 V, f = 1 MHz 

Thermal resistance 
Junction to ambient air RthA < 220 °C!W 
Junction to case RthC <58 °C/W 
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w 

BC 340, BC 341 
Admissible power dissipation 
versus temperature 

s~--------.--.--~ 

41--+--+--+--+---+---+----<-+--+----< 

~ OL-J.._...L_J_---'-_j_-----'-__J-L_,,,_ 

o 100 200 •c 

Common emitter 
collector characteristics 

mA 
soo----~~~--~~ 

ls= 1 mA 

o~~-+-~~~~---r--.~~ 

0 2 3 4 sv 
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0 C/W 

Pulse thermal resistance 
versus pulse duration 

BC 340,341 
100 -~-~-~-~-~~ 

0.5 i--- ~ 

fihC ~ 

t~ 
110 0.1 1,....--"'~ 

nos v~~ 

r /j 0.Q1 
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Hv=~~~. 

>------+--+-- -L~ ll1 ~ 
J_ T_l_ _l_ 
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Relative DC current gain 
versus collector current 

BC340,341 
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1-1 
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"" _...}-" 
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mA 
10 3 

l '°' 
10 

0.1 

Collector current 
versus base emitter voltage 

BC 340,341 

v 
1 

lfr=SV 

7J = 2s •c 

J 
0 2V 

MHz 
1000 

100 

-~£ 

Gain bandwidth product 
versus collector current 

BC 340,341 

I .! 
lf:£=10V 
Tamb=25oC 

v 
1Z 

b 
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10 
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-re 

v 

BC 340, BC 341 
Collector saturation voltage 
versus collector current 

BC 340,341 
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1---- la U 
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Collector cutoff current 
versus junction temperature 

BC 340,341 

I/ 
/ 

ii v 
ii v 
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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. 

'*~ 2,5 

Black plasHc package = T0-92, 

~ 
T0-18 compatible. 

~-The case is impervious to light. 
-~ Weight approximately 0.18 g E 

Dimensions in mm 

max.US~ 1.25 

Maximum Ratings BC 413 BC414 

Collector base voltage Veso 45 50 v 
Collector emitter voltage VeEo 30 45 v 
Emitter base voltage VEBO 5 v 
Collector current le 100 mA 

Base current Is 20 mA 

Power dissipation at Tamb=25 °C Ptot 300 l mW 

Junction temperature Ti 150 oc 
Storage temperature range Ts -65 ... +150 oc 

Characteristics at T amb = 25 °C 
Current gain group 

h-Parameters at VeE = 5 V, 
le= 2 mA, f = 1 kHz B c 
Small signal current gain h1. 330 600 

(240 ... 500) (450 ... 900) 

Input impedance h;. 4.5 8.7 
(3.2 ... 8.5) (6 ... 15) kQ 

Output admittance hoe 30 (< 60) 60 (< 110) µmho 

Reverse voltage transfer ratio h,. 2. 10-4 3. 10-4 

DC current gain 
at VeE = 5 V, le= 0.01 mA hFE 150 (> 100) 270 (> 100) 
at VeE = 5 V, le= 2 mA hFE 290 500 

(180 ... 460) (380 ... 800) 

Thermal resistance RthA 420 1 °C/W 
Junction to ambient air 

1 Valid provided that leads are kept at ambient temperature at a distance 
of 2 mm from case 
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Collector saturation voltage 
at le= 10 mA, la = 0,5 mA 
at le= 100 mA, la= 5 mA 

Base saturation voltage 
at le = 100 mA, la = 5 mA 

Base emitter voltage 
at VcE = 5 V, le= 0.01 mA 
at VcE = 5 V, le= 0.1 mA 
at VcE = 5 V, le= 2 mA 

Collector cutoff current 
at Vea = 30 V 
at Vea= 30 V, Tomb= 150 °C 

Emitter cutoff current 
at VEa = 4 V 

Collector emitter breakdown 
voltage at le= 10 mA 

Collector base breakdown 
voltage at le= 10 µA 

Emitter base breakdown 
voltage at IE = 10 µA 

Gain bandwidth product 
at VcE = 5 V, le= 10 mA, 
f = 100 MHz 

Collector base capacitance 
at Vcao = 10V, t = 1 MHz 

Noise figure 
at VcE = 5 V, le= 0.2 mA, 
Rc = 2 kQ, f = 30 Hz ... 15 kHz 

Equivalent noise EMF 
(referred to base) 
at VcE = 5 V, le= 0.2 mA, 
Rc = 2 kQ, f = 10 ... 50 Hz 

BC 413, BC 414 

V CE sat 0.075 ( < 0.25) 
V CE sat 0.25 ( < 0.6) 

VaE sat 0.9 

VBE 0.52 
VaE 0.55 

v 
v 
v 

v 
v 

VaE 6.62 (0.55 ... 0.75) v 

lcao < 15 nA 
lcao <5 µA 

IEBo < 15 nA 

BC 413 BC 414 

V(BRJCEO > 30 > 45 v 

VraR;cao > 45 > 50 v 

VraRJEBO >5 >5 v 

fr 250 MHz 

Cesa 2.5 pF 

F < 2.5 dB 

v, < 0.135 µV 

Transistor 
under Test 

Band Pass 
Filter AF-VTVM 

Neg. Feedback (Gv =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) 
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Collector current 
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Pulse thermal resistance 
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BC 413, BC 414 
Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 
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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. 

Metal case JEDEC T0-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 

Maximum Ratings 

Collector emitter voltage 

Collector emitter voltage 

Emitter base voltage 

Collector current 

Base current 

Power dissipation 
at Tomb= 25 °C 
atTe =45°C 

Junction temperature 

Storage temperature range 

Characteristics at T amb = 25 °C 

h-Parameter at VeE = 5 V, 
le = 2 mA, f = 1 kHz A 

Small signal hie 200 
current gain (125 ... 250). 

Input impedance h;e 2.7 
(1.6 ... 4.5) 

Output admittance hoe 18 (< 30) 

Reverse voltage hre 1.5. 10-4 
transfer ratio 

72 

max. 
51¢ 

a~ I 

E"' I 

"' ~ 
c max.5.8¢ 

E 

max.0.5¢ 

BCY58 BCY59 

VeEs 32 45 v 

VeEO 32 45 v 

VEBD 7 7 v 

le 200 mA 

fa 50 mA 

Ptat 390 mW 
Ptat 1 w 

T; 200 oc 

Ts -65 ... + 200 oc 

Current Gain Group 

B c D 

260 330 520 
(175 ... 350) (250 ... 500) (350 ... 700) 

3.6 4.5 7.5 
(2.5 ... 6) (3.2 ... 8.5) (4.5 ... 12) kQ 

24 (< 50) 30 (< 60) 50 (< 100) µmho 

2. 10-4 2. 10-4 3. 10-4 



BCY 58, BCY 59 
Current Gain Group 

A B c D 
DC current gain 
atVeE=5V, hFE 78 145 (> 20) 220 (> 40) 300 (> 100) 
le=10ftA 

atVCE=5V, hFE 170 250 350 500 
le= 2 mA (120 ... 220) (180 ... 310) (250 ... 460) (380 ... 630) 

at VCE = 1 V, hFE 190 (> 80) 260 380 550 
le=10mA (120 ... 400) (160 ... 630) (240 ... 1000) 
at VeE = 1 V, hFE > 40 
le= 100 mA 

Base emitter voltage 
at VeE = 5 V, le= 10 µA 
atVeE=5V,le= 2mA 
at VeE = 1 V, le= 10 mA 
at VeE = 1 V, le= 100 mA 

Collector saturation voltage 
at le = 10 mA, la = 0.25 mA 
at le = 100 mA, la = 2.5 mA 

Base saturation voltage 
at le = 10 mA, la = 0.25 mA 
at le = 100 mA, la = 2.5 mA 

Collector cutoff current 
atVeE=32V 
at VeE = 45 V 
at VeE = 32 V, Tomb = 150 °C 
at VeE = 45 V, Tomb= 150 °C 

> 45 

VaE 
VBE 
VaE 
VaE 

VeE sot 
VeE sot 

VaE sot 
VBE sot 

le Es 
leES 
leES 
feES 

at VeE = 32 V, VaE = 0.2 V, Tomb= 100 °C le Ev 
at VeE = 45 V, VaE = 0.2 V, Tomb= 100 °C le Ev 

Emitter cutoff current hao 
at VEa = 5 V 

Collector emitter V(BR)CEO 
breakdown voltage 
at le= 2 mA 

Emitter base V(BR)EBO 
breakdown voltage 
at!E = 1 µA 

Gain bandwidth product fr 
at VeE = 5 V, le= 10 mA, f = 100 MHz 

Collector base capacitance CEBo 
at V'eao = 10V, f = 1 MHz 

Emitter base capacitance Ceao 
at VEBo = 0.5 V, f = 1 MHz 

> 60 > 60 

0.5 v 
0.62 (0.55 ... 0.7) v 
0.7 v 
0.76 v 

0.12 (0.05 ... 0.35) v 
0.3 (0.15 ... 0.7) v 

0.7 (0.6 ... 0.85) v 
0.9 (0.75 ... 1.2) v 

BCY58 BCY59 

0.2 (< 10) nA 
0.2 (< 10) nA 

0.2 (< 10) µA 
0.2 (< 10) µA 

< 20 µA 
< 20 ~tA 

<10 < 10 nA 

> 32 > 45 v 

>7 >7 v 

250 (> 125) MHz 

8 (< 15) pF 

3.5 (< 6) pF 
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BCV 58, BCV 59 
Noise figure 
at VCE = 5 V, le= 0.2 mA, 
RG = 2 kQ, f = 1 kHz, Lit= 200 Hz 

Thermal resistance 
Junction to ambient air 
Junction to case 

Switching Times 

Test conditions: 

F 

RthA 

Rth c 

2 (< 6) 

< 450 
< 150 

/c:/a1:-/a2,...,10:1:1 mA, R1 =5kQ, R2=5kQ, RL=990Q, -Vaa =3.6V 

Delay time fd 35 ns 

Rise time t, 50 ns 

Turn-on time fon 85 (< 150) ns 

Storage time ts 400 ns 

Fall time ft 80 ns 

Turn-off time foff 480 (< 800) ns 

Test conditions: 

dB 

°C/W 
°C/W 

lc:la1: -/a2,..., 100:10:10 mA, R1 = 500 Q, R1 = 700 Q, RL = 98 Q, -Vaa = 5 V 

Delay time 

Rise time 

Turn-on time 

Storage time 

Fall time 

Turn-off time 

Test Circuit for Switching Times 

fd 5 

t, 50 

Ion 55 (< 150) 

Is 250 

It 200 

I off 450 (< 800) 

to scope with 
tr < 15 ns 

Z,n =>100kQ 

Rise ti'me of input voltage 5 ns, pulse duty factor < 1 %, 
. generator impedance 50 Q 
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ns 

ns 

ns 

ns 

ns 
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BCV 58, BCV 59 
DC current gain 
versus collector current 
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Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 
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BFY 39 
NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 
(not recommended for new designs) 

Metal case JEDEC T0-18 
Collector connected to case max.5.Bll 

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 
at Tc = 25 °C 

Junction temperature 

Storage temperature range 

Static Characteristics at Ti = 25 °C 

DC current gain hFE 
at VcE = 10 V, le= 10 mA 

Collector saturation voltage 
at le= 10 mA, la= 1 mA 

Base saturation voltage 
at le= 10 mA, la= 1 mA 

Collector cutoff current 
at Vea= 30 V 

Thermal resistance 
Junction to ambient air 
Junction to case 

80 

Vcao 

VcEo 

le 

Ptot 
Ptot 

Ts 

BFY 39-1 

35 ... 110 

VcE sot 

VaE sat 

lcao 

RthA 
RthC 

45 v 

25 v 

5 v 

100 mA 

0.3 w 
1 w 

175 oc 

-55 ... + 175 oc 

BFY 39-2 BFY 39-3 

100 ... 200 180 ... 400 

<1 v 

<1 v 

< 50 nA 

< 500 °C/W 
< 150 °C/W 



Dynamic Characteristics at Tamb = 25 °C 

Collector base capacitance 
at Vea= 5 V 

Gain bandwidth product 
at VeE r= 10 V, le= 10 mA 

Ceao 

fr 

BFY39 

5 pF 

150 MHz 

h-Parameters at VeE = 5 V, le= 1 mA, f = 1 kHz 

mA 

Input impedance 

Reverse voltage transfer ratio 

Small signal current gain 

Output admittance 

Common emitter 
collector characteristics 

BFY39 

20~~~-~--.-~~----r---, 
140 /120 H 

rJ_ Ie~ 

8 HH+-+---+--+--la-+--+---+---t----i 

I 
ff'f--+-+---+--+-1o-+--+--+--+--J 

o~V1~~~~~J~~-D~=2_s~0c~ 
0 2 6 10 v 

h;e 3,2 kQ 

h,. 3. 10-5 

h1e 120 

hoe 8 µmho 

Relative DC current gain 
versus collector current 

BFY39 

0.6 _£ 

0.4 t--+---+-t-t+--l-+-+++--+--+-+-H 

0.2 t--+---+-t-t+--l-+-+++--+--+-+-H 

1fr=10V 
Tamb=25°C 

0 _J_ __[___[_ 

10-1 10 
---·Ic 

10 2 mA 
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BFY39 
Common emitter 
input characteristic 

µA BFY39 
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-VBE 

Relative collector cutoff 
current versus 
junction temperature 

I- !Cao =30V 
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z 
103 

IcaofTj) 
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) 
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v 
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0 
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SSW 82, SSW 83, SSW 84, SSW 85 
NPN Silicon Epitaxial Planar Transistors 
with high cutoff frequency, for high speed switching 

!i"'! i1. 

E"' 
Metal case JEDEC T0-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 

Maximum Ratings 

Collector base voltage 

Collector emitter voltage 

Emitter base voltage 

Peak collector current 

Power dissipaUon 
at Tomb= 25 °C 
at Tc = 25°C 

Junction temperature 

Vcao 

VcEo 

VEBO 

lcM 

Ptot 
Ptot 

Ti 

max.5.Sfl 

max.O.Sfl 

BSW82 BSW84 
BSW83 BSW85 
40 75 v 
25 40 v 

5 5 v 
500 mA 

500 mW 
1.8 w 

175 oc 

Storage temperature range Ts -50 ... + 175 oc 

Characteristics at Ti = 25 °C BSW82 BSW83 

DC current gain 
at VcE = 10V, 
le= 10mA hFE >so >70 
le= 150 mA hFE 40 ... 120 100 ... 300 
le= 500 mA hFE 

Collector saturation voltage 
at le= 150 mA, VcEsat < 0.6 
la= 15 mA 
at le= 500 mA, VcE sat -
la= 50 mA 

Base saturation voltage 
at le = 150 mA, 
la= 15 mA 
at le= 500 mA, 
/a= 50 mA 

84 

VaEsat < 1.3 

VaE sat -

<0.6 

< 1.3 

BSW84 

>35 
40 ... 120 
>20 

< 0.4 

< 1.6 

< 1.3 

<2.6 

BSW85 

>75 
100 ... 300 
>40 

< 0.4 v 

<'1.6 v 

< 1.3 v 

<2.6 v 



BSW 82, BSW 83, BSW 84, BSW 85 

Collector cutoff current 
at Vea= 30 V leao 
at Vea= 50 V leao 
at Vea= 30V, Ti= 125 °C leao 
at Vea= 50V, Ti= 125°C lea a 

Emitter cutoff current 
at VEB = 3 V 

Gain bandwidth product 
at VeE = 20 V, le= 20 mA, 
f=100MHz 

Collector base capacitance 
at Veao = 10 V, I= 100 kHz 

Thermal resistance 
Junction to ambient air 
Junction to case 

Admissible power dissipation 
versus temperature 

w BSW 82 .. 85 

1.8 .__,..\r-+-t---t--1-1--t--t--+--i 

P1o1 1.6 ISi 
t 1.4 ~ 
I 1.2 >--+--+---+-~...._~~~--+--+___, 

~hc=84°C/W 

' ~ 0.8 l--f--1--1---+---+~ \--+--+-+--i 

0.6 ~ 
~lhA :300oC/W \ 

0.4 ~ 1\1 
Q2 l--t-+--+-+--+"'~-+~-+--+----1 

~ 0 
100 200'C 

BSW82 

< 100 

< 100 

hao 

fr 

Ceao 

RthA 
Rt he 

0 etw 

BSW83 BSW84 BSW85 

< 100 nA 
< 10 < 10 nA 

< 100 µA 
< 10 < 10 µA 

< 100 nA 

> 200 MHz 

<a pF 

< 300 °C/W 
< 84 °C/W 

Pulse thermal resistance 
versus pulse duration 

BSW 82 ... 85 

100 ~~-~------~ 

'ihC 

hW o.s-+--+--.,,....,,2.....,..:.&~"--+-----1 

02 1Z W 

o:Lj 
k1.=o 

>----+---+--~ ~ 
0.1 ~~~-~_l__J_~_J_~~ 

10-6 10-5 10-4 10-3 10-2 10-1 1 s 
-Ip 
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SSW 82, SSW 83, SSW 84, SSW 85 

mA 

1 

Common emitter 
collector characteristics 

BSW 82 .. 85 

Ic 0.8 H-t---±7--i""'=t--t--t-+-fr--tl'--1 

L.6 ~"""'t-l-t--1 

mA 

10 20 30 1.0 sov 

Common emitter 
collector characteristics 

BSW 82 .. 85 
50 ~~~~~~~~~~~ 

0 ______ ...._....._...._ ......... ~~......_~ 

0 10 20 30 40 50 v 

86 

Common emitter 
collector characteristics 

mA BSW 82 ... 85 
100 T7. 

TJ ,25'C ~ 1.8 fr 

0.4 0.6 0.8 
-10£ 

Common emitter 
collector characteristics 

100 l//f 
_/!! 

0.5 
-1fr 

1 v 

IV 



BSW 82, BSW 83, BSW 84, BSW 85 
Relative DC current gain 
versus collector current 

SSW 82,83 

10 ------------

lffUel 
lff(10 mA) 4 

lfr=10V 

t L___L___J______~ 

I Tj~ 
i.J--' 25 ·c ~ t\. 

-50 'C L--+-

0.1 L.-J_J........JL-L-J........JL-L-J........JL-L-J........J 

10-I 10 10 2 103 mA 

v 

L.6 

0.4 

0.2 

-Ie 

Collector saturation voltage 
versus collector current 

SSW 82,83 

!.£_ = 10 
1-- le 

1-- 7J = 25 •c 

-J 
J 

:::::;;i 

s 10 2 s 102 2 s 103mA 
-re 

Relative DC current gain 
versus collector current 

SSW 84,85 

lfr=10V 

0.1 "--"'---'--'----'--'--'----'-J........JL-L_J........J 

v 

0.4 

0.2 

0 

10-1 10 102 103mA 
-Ic 

Collector saturation voltage 
versus collector current 

SSW 84,85 

!s_ = 10 
la 

7J = 25 ·c 

J 
[7 

v 

s 10 2 s 102 2 s 103 mA 
-1c 
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BSW 82, BSW 83, BSW 84, BSW 85 

v 

Base saturation voltage 
versus collector current 

BSW 82 ... 85 

0,41--+--+--+---+--+-+-+---+---l 

0.2 1--+----+---+---+--+--+---+---+--i 

0 

pF 
20 

18 

1 2 s 10 2 s 10 2 2 s 103 mA 
-Ic 

Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 

BSW 82.. 

Ti'25'C " ~EB'.J 
85 

\ 
Ccao 16 

1 ~ 14 

12 

4 l---+----+---+--1---+----I 

2 l---+---+--1------Ji---+---l 

0 ~-+----+---'------J~-+--~ 

0.1 0.2 0.5 2 5 10 v 

88 

Collector cutoff current 
versus junction temperature 

BSW 82 ... 85 

::zJ BSW 82,83: ii:ao'30V 

.I BSW84,85: ltao'50V t---1 

v 
10-1 ...._...._..__..___.__.__.__.___.__..___. 

o 100 200 •c 

MHz 

-0 

Gain bandwidth product 
versus 
collector current 

SSW 82 ... 85 
103---~~-~~~~~ 

Tamb'25oc 

1a2 t--t----+--+---+--+--+--+---+--1 

1 2 ' 10 



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 

Metal case JEDEC T0-39 
Colleetor 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 Tomb= 25 °C 
at Tc = 25 °C 

Junction temperature 

Storage temperature range 

Static Characteristics at Ti = 25 °C 

DC current gain 
at VcE = 2 V, le= 500 mA 

Collector saturation voltage 
at le= 1 A, la = 100 mA 

CoHector cutoff current 
at VcE = 10 V 
at VcE = 30 V 

Thermal resistance 
Junction to ambient air 
Junction to case 

90 

Vcao 

VcEo 

VEBo 

le 

Ptot 
Ptot 

Ti 

Ts 

hFE 

V CE sat 

lcEO 
lcEO 

RthA 
RthC 

c 

max.9.4 'I> 

max.0.5'1> 

BSX22 BSX23 

40 90 v 

32 65 v 

5 v 

1.5 A 

0.8 w 
6 w 

175 oc 

-55 ... + 175 oc 

>35 

<1 v 

BSX22 BSX23 

<1 µA 
<1 µA 

< 190 °C/W 
< 25 °C/W 



BSX 22, BSX 23 
Dynamic Characteristics at T amb = 25 °C 

A 

Gain bandwidth product 
at VeE = 5 V, le= 100 mA 

Collector base capacitance 
at Vea = 5 V 

Common emitter 
collector characteristics 

BSX 22,23 

v ~15 
0.8 l--hll/1'--lc.....+~=+---t--+--1---+---i 

V1 
0.6 f-f-+-V1---c±--+--+-+---!--+10 +----+---1 

7 
0.4 >+-+--+--+---+--+---+--J----+---1------' 

lt-:;;F::::;:!=:!=:i=:i=:i==l=-=J~a~= 5 mA 
0.2 V I 

01...-+-.l.--'--'--'--'-....... --'-....I..""""' 
0 2 10V 

fr 100 MHz 

Ceao 20 pF 

Relative DC current gain 
versus collector current 

BSX 22,23 

hp£Ucl 
-~£-(0-.5-Al 1 1--+-+-+-t+-+lL'___,,....r++-+--+-f-+I 

l 0.8 1------+---+--+~~+-+-+++-+---+-++I 
0.6 vr- 1 

I 
0.4 1--+-+-t-t+-+-+-+++-+--+---f-+I 

0,2 1--+-+-l-++-+--+-+-++--+--+-l+I 
VcE = 5 V 
TJ =25 °C 
_J _J _J_ 

0 10-2 10-1 

------- Ic 

10 A 
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BSY 51=2N 697 
NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 

Metal case JEDEC T0-39 
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 dissipaHon 
at Tamb = 25 °C 
atTc =100°C 
at Tc = 25 °C 

Junction temperature 

Static Characteristics at T; = 25 °C 

DC current gain 
at VcE = 10 V, le= 1 mA 
at VeE = 10V, le= 10 mA 
at VeE = 10 V, le = 150 mA 
at VeE = 10 V, le= 500 mA 

Collector saturation voltage 
at le= 150 mA, la = 15 mA 

Base saturation voltage 
at le = 150 mA, la = 15 mA 

Collector cutoff current 
at Vea= 30V 
at Vea= 30 V, Tamb = 150 °C 

Emitter cutoff current 
at VEB = 3 V 

Collector base capacitance 
at Vcao = 10V 

Emitter base capacitance 
at VEBO = 0.5 V 

92 

Vcao 

VcEo 

VEBO 

le 

Ptot 
Ptot 
Ptot 

T; 

hFE 
hFE 
hFE 
hFE 

VcE sat 

VaE sat 

lcao 
leao 

hao 

Ceao 

GEBO 

c 

""' ~<D 

"' ~· max.9.4 '/> 
c 
E 

max.0.5'/> 

60 v 
25 v 
5 v 
500 mA 

0.8 w 
1.7 w 
3 w 
200 oc 

50 
75 (> 30) 

. 40 ... 120 
15 

0.15 (< 0.8) v 

0.95 (< 1.2) v 

3 (< 100) nA 
4 (< 100) µA 

1 (< 50) nA 

7.5 (< 10) pF 

23 (< 33) pF 



BSY 51 
Thermal resistance 
Junction to ambient air 
Junction to case 

RthA 
Rthe 

< 220 
<58 

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

Test conditions: VcE = 5 V, le= 1 mA, grounded emitter 

Input impedance h;e 1.5 (0.8 ... 4.5) 

Reverse voltage transfer ratio hre 0.8 (< 3). 10-4 

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

Output admittance hoe 8 (3.5 ... 13) 

Noise figure F 6 
at VcE = 10 V, le= 0.3 mA, 
RG = 1.5 kQ, 
Bandwidth 30 Hz ... 15 kHz 

Gain bandwidth product fr 100 
at VcE = 10 V, le= 50 mA, f = 50 MHz 

Switching Times 

See diagrams and test circuits on the following pages. 

°C/W 
°C/W 

kQ 

~tmho 

dB 

MHz 
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BSY 51 
Common emitter 
collector characteristics 

mA 

::~ u-
BSY 51 

2~ 7 1c 1s1---1-~=-+-._j_---l-.J_j_1--+--_j____j 

1 v 7 
14 15ov 

12 i-i- 7 
10 I 7 
8 100 v 

51----1---1---1--1---_j_-H__J_j__-l-----" 

4 I-- I 9 = 50 µA ,_L/__,_)..__,___,_--'------''--

21----l---l----'-_J_---l----1~'--l---1--
r =25°C \O 

0'--......... ~J~J__...J__..__..~,._j__j__ 

mA 

0 10 20 30 40 50 v 

Common emitter 
input characteristics 

BSY 51...56,87. .. 

100 -----------

2 

-VBE 

94 

mA 

1000 

10 

Common emitter 
collector characteristics 

BSY51 

0 
~ = 25°C 

2 3 4 5 v 
-vcE 

Collector current 
versus base emitter voltage 

BSY 51,55,87 

--? rz 

J 
1 
1 
1 

1 lfr =4 v 
1 Ti.= 25°C 

ruo ~ ~ 00 ~ w u M WV 
-vBE 



Ptot 

1 

w 

Admissible power dissipation 
versus temperature 

4.0 -~---~---~-

l51---+--+-+---+--+-+---+--I 

3.0 -~-+-+---+--+-1---+--I 

~ R1hc = sa•ctw 
i51---+-----P1-1---+--+-1---1--1 

~ 2.01---1--+-1-+--+--+-l---l--I 

1' 
1.5 f-----l---+--+---+~'\l+-"---+--+----1 

1.0 ""ii 
~2o"C/W1 ~ 

QSf--1---1--:P.....b---l--~l--'oJ "\.---l 

~ 
0 0 25 50 75 100 125 150 175 200 oC 

-Tomb.Tc 

Collector saturation voltage 
versus collector current 

V BSY51,52 

10 

5 

VCEsat 3 

1 
2 

Q5 

Q3 
Q2 

0.1 

Q05 

Q03 
0.02 

Q01 

-r 
~..., -

V1 

x / 

~ 

/1 

Ie=10I9 

Ti =25°e 

10 20 30 50 100 200 300 500 1000 mA 

-re 

VaEsat 

1 

BSY 51 
Relative DC current gain 
versus collector current 

BSY51 

20 ~~~~[T-T~TT~IT~~~ 
r. = 150°e 

-re 

Base saturation voltage 
versus collector current 

V BSY 51,52,87. .. 

1.8 

1.6 

~r LI'! 
,,,.,,. v V1 v --- v 

1.4 

1.2 

1.0 

.-1-
r-0,8 

Q6 

Q4 

u 
Ie=10Ie 

Q2 

Ti = 25°e 
OlO 20 30 SO 100 200300 500 1000 mA 

-re 
- - - - upper limit, valid for 95 % of a lot 
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nA 

BSY51 
Collector cutoff current 
versus 
junction temperature 

BSY51,52 

106 r--~~~r--~~~r--~~ 

10 1 t---+---+r--+---+---+-r--+---+---< 

1~2t---+---+r--t---+---+r--t---l--I 

~=30V 
J_ 

25 50 75 100 125 150 175 200 °c 
-ri 

Emitter base capacitance 
versus 
emitter base voltage 

pf BSY51,52,90 

30 
1'1-b. 

CEBO 25 
... , 

' 

1 
i"'I.. t-':,.J 

1'h ........ 
t""1 

~ 
20 

f' I'-... 15 

10 

5 

0 rj_ill 
0,5 Q7 1 1,5 2 3 5 7 10 v 

-VEB 

1 

v 
BO 

70 

60 

50 

40 

30 

20 

10 

Admissible collector emitter 
voltage versus 
base emitter resistance 

BSY51,52 

I'\ 
ll 

\ 
f;i 

r-

T. =25°C 
0 

10 
J __LI_Jj 

-Ree 
Collectcir base capacitance 
versus 
collector base voltage 

pf BSY 51,52,90 

2o~~r--~~~~r--~~~ 

181-t+ffi-r--+-+---++++++lr---+--+-+-1 

Ccao 161-++ffi-r--+-+---++++++lr---+--+-+-1 

1 
N 

14t-tt'H+-'b,..,.._+-+-+-++++Hr---+--+-+-l 

1 2 t-t++IH-~-"7+~b.~-++++++-----+--+-+-I 
N~, 

101-ttffi-r--+-~-..-cl-t--f'l<l-tt-r--t-lf---H 

1').. I', 
81-tttit-r--+-+---+++-N-Jt--,,,,._-+-+-1 

~r-
61-ttffi-r--+-+---t+++++lt--_,..,-+-+-1 

4H+ffi-r--+-+---t+++++lt---+--+-+-I 

2r-ttttt-r--+-+---++++++lr---+--+--Y 
T· = 25oc 

o~~~~~~~Ji~i~i~ 
U5Q7 1 23 5710 203050V 

-lf:a 
- - - - upper limit, valid for 95 % of a lot 
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v 
16 

14 

112 

10 

8 

6 

2 

0 

Relative h-parameters 
versus 
collector current 

1 

BSY51...56,87. .. 

2 3 5810mA 

Contours of constant 
gain bandwidth product 

BSY 51,53,55,87 

50 60 70 80 90 I I IW 100 9 0 

l_ ' ~ ~ 

l 1 

\"'"'""' 
1 

l 
\ I"-

'\ 
1r =25°C ~ 

_l} _l _J_J_ 

10 
----- le 

100mA 

BSY 51 
Relative h-parameters 
versus 
collector emitter voltage 

BSY 51...54,90 

41---t----+---+-+-+-+-+I-++---+-+-----' 

1.5 ~ 
1.2 ~ 

I~ 
0.8 1---t----t--+-+-+-+-+l-++--+--+---.j 

0.6 l---t-+---+--+--+-+-+l-l-l---+---1----< 

0.5 ~--'----'---'--'---'-'_L..J_...l..J____L__L___j 

°C/W 

1 1.5 2 3 4 6 8 10 15 20 30 v 
-vCE 

Pulse thermal resistance 
versus pulse duration 

BSY 51 
100 .--.-------,----,----,----,--~ 

0.5 .L--- ~ 

'thC 2 ~ 
t~~ 
I 10 0.1 :::::::7W 

0.05.v-4 

o~ 

7 

1-----1--l--~~ 
0.1 '---'-___J _ __Ll _ _j...L__ _ _j.J___J 

10-6 10-5 10-4 10-3 10-2 10-1 1 s _,p 
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BSY 51 
Switching characteristics, le = 100 mA', tp = 50 ns 

v 
10 

9 

8 
Vc:Emin 

5 

4 

3 

2 

ns 

Residual collector emitter 
voltage versus base current 

8SY 51... 56,87,88 

\ 
~ 

]'-._ r---.. ,....._ 
10 20 30 40 

- 101 

Storage time 
versus base current 

50 mA 

8SY 51...56,87,88 

200 ~~~~~~~~-li~~ 

180 1---t-+--+--+--+-+---+j_~,__+------j 

Is 160 >--+--+--+--+--+--+---+-1---1--+------' I 140 f----t--t---+--+--+-_11+-#1-'-tv,-88~=0--+----< 
120 l----f--1---t--+--+v++---+--+--+-'-t 

100 1---+---+--+--+-v-l-_j_l---+----+--+--+-vi_..., 

:: 1L ~ 
40 l2J v Xv~ 
20 iJ yry 
~ oc==-..L----'----'---_J__J____L_L_j__J 

0 10 20 30 40 50 mA 

Test circuit 

Pulse 
Generator 
bSOQ 

lOOQ 

Fall time 

lOOQ i 

Vcc=10V 

versus base current 

ns 8SY 51 ... 56,87,88 

100 ~~~~~~~~-~~ y 
901----t-+--+--+--+-+---t-F-l--t---I 

80 1---+---+--+--+---+--¥--JLJ---+--+--+----< 

Vl~=O 
70 1---+---+--+--+-v-----+--+-+--+-'-+ 

so r--+---+--+v-T+--+--+--+----+-'-+---1 

501---t-+.H---+--+-+---l-f--+------j 

40 y 
30 v ~ 
20 'rlj_+-+-t---j~J...-1-+H--tLL--+-+--t 

II ~ ~t---IH 
1:1~ l 

0 10 20 30 40 50 mA 
~181 -181 

' 100 mA is that theoretical collector current which results from the 
supply voltage Vee= 10V and the operating resistor Rec= 100 Q. 
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BSY 51 
Switching characteristics, le= 500 mA', tp = 50 ns 

Test circuit Residual collector emitter 
voltage versus base current 

"i ~1-5 -.--=1--t-1 Ji_ o----11 ____... 1s 1 

Pulse 
Generator 
bSOQ 

10011 

lOOQ 

Storage time 
versus base current 

20'1 

Vee =lOV 

ns 8SY 51 ... 56,87,88 

180t--+--+--+---+---+-+--<-+---<--l 

VcEmin 

1 

V 8SY 51 .. 56,87, 88 

10 

61--+-+--+--+---+-+--1-t--+---I 

40 80 120 160 200 mA 

-191 

Fall time 
versus base current 

ns 8SY 51 ... 56,87,88 

200 -----7------

Is 160 -+--+-+--+--+---+-+---1-h_..d""" 

j-1 
r 140 -+---+---+--+-V.-aa+-=-o+-V1-+v__....._,____, 

120 -+--+-+--+--+--A--+---1-+---1 

100 t--+---+---+--~L--+-v---+--~ ...... .L!.,_,_V1__, 

V1 ~ 
80 f--+---+V--,R---+----!V1-----h'r"-+--Hl---+-p--' 

60 ~ .L'.l V1./!5vt--
}1 VI 

401--t--+>"'+---b-o<+---+-+---l-+---I 

~ 20>--~V7_,,..--l---l---l---l---l---1---1--

40 80 120 160 200 mA 
O'---.J..__L__l___J___J___J.___l.__JL_L___j 

0 40 80 120 160 200 mA 

-191 -191 
' 500 mA is that theoretical collector current which results from the 

supply voltage Vee= 10 V and the operating resistor Rec= 20 Q. 
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BSY 51 
Switching characteristics, le = 100 mA, tp > 10 µs 

Turn-on time 
versus base current 

ns 8SY 51... 56,87,88 

2801--.,\--+--+--t---+---+--t-l--+--'-4 

240 f---<f-+11--+--+--+--+-+--+--t-->---< 
Ion 

1200 , 

160 l--+-+\--l\-1--+-+--+--t---+--j 

120 l--+-+--1'---t---+---+--t-1--+--'-4 

I~ 
801--+-+--+--t---""--+--1-l--+--'-4 

f'J--~ 
401--+-+--+--t---+---+--t---ll--+--'-4 

O 0 2 4 6 8 10 12 14 16 18 20 mA 

- 101 

Storage time 
versus base current 

ns BSY 51...56,87,88 

Is 1000 

v 
800-+--+-+--+-7!---+---+--t-t---i 

600 ~-+----+l:21'-+~--+--+--+--+----+---I 
_/J -~ 

1 

OO 2 4 6 8 10 12 14 16 18 20 mA 

- 101 

100 

Test circuit 

SOQ 
___..,81 

100Q 

""'"'' wetted 100Q 100Q 

r·mr 
i i 
l'i li<B Vcc•IDV 

Fall time 
versus base current 

ns 8SY 51 ... 56,87,88 

220 -----------

200 -l---l--l--l--l---J.......j.~:::::::~--'::::::i 
~o 

t ::,___._7J~V1-+--l----I---+----+-_,_---+-~ 
I 140 '---'T-1-+-+--1----1---+----+-_,_---+-~ 

-2V 
100 W-+-.+H---i..,..J...¢~::+=:::t:::1 

80'--'r71___.lLj'---'"--1----1---+--T~_5-y,__,___, 
6o~ILJ~--l--b..l.-l=l:::::+:::::::t=~ 

yf-1 
401--+~~---11--+--+--+--+--t---+-j 

20>--+--+--+---+---+--+--I-+--_.__. 

0>--~-+--+---+---+--+--1-L--'---' 

i 
'tE 

0 2 4 6 8 10 12 14 16 18 20 mA 

- 101 



Is rel 
11 rel 

l 

Test circuit 
for graph on the right 

le-

100'2 

v, v.. 

Relative storage time and 
fall time 
versus pulse duration 

BSY 51... 56,87,88 

Ic =100""' IJ 

I 
0.1 1-500 

l=_EJO 

1--100 

0.01 
10 

11 

I l!Jc.i "1: 
:& 

l 'L l.Llll 

I~ (?Z ~is 

~ [,T 

v Is 

Ic=1Dl91 =-10192 

l llli l i 
100 1000 

-Ip 
10000 ns 

t 

1 

BSY 51 
Switching characteristics 
versus collector current 
(tp > 10 µs) 

BSY 51 ... 56,87, 88 

10 102 103 mA 
-Ic 
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BSY 52 ~ 2 N 1420 

NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 

Metal case JEDEC T0-39 
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 Tamb = 25 °C 
at Tc = 100 °C 
at Tc = 25 °C 

Junction temperature 

Static Characteristics at Ti = 25 °C 

DC current gain 
at VcE = 10 V, le= 1 mA 
at VcE = 10V, le= 10 mA 
at VcE = 10 V, le= 150 mA 
at VcE = 10 V, le= 500 mA 

Collector saturation voltage 
at le =: 150 mA, Is = 15 mA 

Base saturation voltage 
at le= 150 mA, Is= 15 mA 

CoMector cutoff current 
at Vea= 30 V 
at Vea= 30 V, Tomb= 150 °C 

Emitter cutoff current 
at VEB = 3 V 

Collector base capacitance 
at Vcso = 5 V 

102 

Vcso 

VcEo 

VEBO 

le 

Ptat 
Ptat 
Ptat 

Ti 

hFE 
hFE 
hFE 
hFE 

VcE sat 

VBE sat 

lcso 
lcso 

hso 

Cc so 

c 

max. 
8.5~ 

""' ~(D· 

"' ~· max.9.4¢ 
c 
E 

max.0.5 ¢ 

60 v 

25 v 

5 v 

500 mA 

0.8 w 
1.7 w 
3 w 

200 oc 

100 
135 (> 70) 
100 ... 300 
25 

0.15 (< 0.8) v 

0.95 (< 1.2) v 

3 (< 100) nA 
4 (< 100) µA 

1 (< 50) nA 

7.5 (< 10) pF 



BSY52 
Emitter base capacitance 
at Vrno = 0.5 V 

Thermal resistance 
Junction to ambient air 
Junction to case 

RthA 
Rth e 

23 (< 33) 

< 220 
< 58 

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

Test conditions: VeE = 5 V, le = 1 mA, grounded emitter 

Input impedance 

Reverse voltage transfer ratio 

Small signal current gain 

Output admittance 

Noise figure 
at VeE = 10 V, le= 0.3 mA, 
RG=1.5kQ 
Bandwidth 30 Hz ... 15 kHz 

h;e 

hre 

hie 

hoe 

F 

Gain bandwidth product fr 
at VeE = 10V, le= 50 mA, f = 50MHz 

Switching Times 

3 (1 ... 8) 

0.8 (< 3) . 10-4 

100 (50 ... 200) 

9 (4.5 ... 15) 

6 

130 

pF 

°C/W 
°C/W 

kQ 

~1mho 

dB 

MHz 

Specifications for switching times of type BSY 51 apply to this type. 
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BSY52 
Common emitter 
collector characteristics 
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Common emitter 
collector characteristics 
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Collector current 
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VcEsat 
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Admissible power dissipation 
versus temperature 
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Collector saturation voltage 
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BSY 52 
Relative DC current gain 
versus collector current 
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- - - - upper limit, valid for 95 % of a lot 
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1 

nA 

BSY52 
Collector cutoff current 
versus 
junction temperature 
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versus 
emitter base voltage 

BSY51,52,90 

"r--i 
20f--+++~-+--+---l--l----l--+-+--+-+-I 

N-. 
~ 15r---t--t--t-tt--t-+---+---4'"'+--+-+++I 

10r-t-;-+++--+---+---+--+--+-+-+-++4 

5f--+;-+++--+---+---+--l----l--+-+--+-+-I 

-VEB 

Ve ER 

1 

v 

Admissible collector emitter 
voltage versus 
base emitter resistance 

BSY 51,52 

so~-.~-.--,-~~~~.-~ 

70>-t--++++-+---+-+-++--+--+--+++--+-+--++I 

60t--t--!'"'H't""1"---t-Ht----i---t-t-tt---t--t-ttl 

50 f---+--+--++1-Nl-----H-~-++---+---+-+++-+--+-++I 
40f-t-+++t-+--+-H-l.---l-+-t+t---+-+--++l 11 
30f-t-+++t-+--+-t-++---+'......++t---+-+--++l 

I'- 1-H 
20>-t--++++-+---+-+-++--+--+--+++--+-+--++I 

10>-t--++++-+---+-+-++--+--+--+++--+-+--++I 

-Rae 
Collector base capacitance 
versus 
collector base voltage 

pF BSY 51,52,90 

2QrTTTIT---,---,-,,r;-rrr--.,-.,~ 

181-+++++---+--+-+-++++++-----1----1---+-I 

Ccao 1 6 1-+++++---+--+-+-++++++-----1----1---+-1 
N 

14H-e't-t+'b.....,__-+--+-+-+--+++++----i---i-H 
T\. ,, 

121-++++t-L-"'.---"<c,~--"'c-+-+-+++++--+--+-+-1 

N~, 
101-++++t---+---P...+-+f'lcl-l+-----l----l---+-I 

~ 1', 
Br-tt-m---+---t-t-t--t-Ploitt-_.,,,o--t-t--1 

~~ 
6H-tttt--+-+-+-+H+t+-~r-......,--+-I 

2r-tt-m---t---t-t-t--t++++---'--'----'--I 
T· = 25°C 

o~~~~~~-J~i----L.i--L.>i 
0.5 0.7 1 23 5710 20~50V 

-tta 
- - - - upper limit, valid for 95 % of a lot 
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Relative h-parameters 
versus collector current 
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Relative h-parameters 
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BSY 53 = 2 N 1613 

NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 

Metal case JEDEC T0·-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 dissipati'on 
at Tomb= 25 °C 
at Tc = 100 °C 
atTc = 25°C 

Junction temperature 

Static Characteristics at T; = 25 °C 

DC current gain 
at VcE = 10V, le= 0.1 mA 
at VcE = 10 V, le= 1 mA 
at VcE = 10V, le= 10 mA 
at VcE = 10 V, le= 150 mA 
at VcE = 10V, le= 500 mA 

Collector saturation voltage 
at le = 150 mA, IB = 15 mA 
at le = 500 mA, IB = 50 mA 

Base saturation voltage 
at le= 150 mA, IB = 15 mA 

Collector cutoff current 
at VcB = 60 V 
at VcB = 60 V, Tomb= 150 °C 

Emitter cutoff current 
at VEB = 5 V 

108 

VcBo 

VcEo 

le 

Ptot 
Ptot 
Ptot 

T; 

VcEsat 
VcE.sat 

VBE sat 

lcBo 
fcBO 

fEBO 

c 

mox.9.4 ¢ 

75 

30 

7 

750 

0.8 
1.7 
3 

200 

40 (> 20) 
50 
65 (> 35) 
40 ... 120 
35 (> 20) 

max.0.5 ¢ 

v 

v 
v 

mA 

w 
w 
w 
oc 

0.15 (< 0.6) v 
0.5 (< 1.2) v 
0.95 (< 1.2) v 

0.5 (< 10) 
0.4 (< 10) 

(< 10) 

nA 
µA 

nA 



BSY53 
Collector base capacitance Ceao 6.5 (< 10) 
at Veao = 10V 

Emitter base capacitance GEBO 23 (< 33) 
at VEBO = 0.5 V 

Thermal resistance 
Junction to ambient air RthA < 220 
Junction to case Rthe <58 

Small Signal Characteristics at T amb = 25 °C and I = 1 kHz 

Test conditions: VeE = 5 V, le= 1 mA, grounded emitter 

Input impedance 

Reverse voltage transfer ratio 

Small signal current gain 

Output admittance 

Noise figure 
at VeE = 10 V, le= 0.3 mA, 
RG = 1.5 kQ, 
Bandwidth 30 Hz ... 15 kHz 

h;e 

hre 

hte 

hoe 

F 

Gain bandwidth product fr 
at VeE = 10 V, le= 50 mA, I= 50 MHz 

Switching Times 

1.5 (0.8 ... 4.5) 

0.8 (< 3) . 10-4 

55 (30 ... 100) 

7 (3.5 ... 10) 

6 

100 

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

pF 

pF 

°C/W 
°C/W 

kQ 

µmho 

dB 

MHz 
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mA 

BSY53 
Common emitter 
collector characteristics 
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mA 

Common emitter 
collector characteristics 
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Collector current 
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Ptot 

l 

w 

Admissible power dissipation 
versus temperature 
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BSY53 
Relative DC current gain 
versus collector current 
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Base saturation voltage 
versus collector current 
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nA 

BSY53 
Collector cutoff current 
versus 
junction temperature 
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Relative h-parameters 
versus 
collector current 
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BSY53 
Common emitter 
input admittance 
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b,. 

Common emitter 
reverse transconductance 
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BSY 54 = 2 N 1711 

NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 

Metal case JEDEC T0-39 
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 Tamb = 25 °C 
atTc =100°C 
at Tc = 25 °C 

Junction temperature 

Static Characteristics at T; = 25 °C 

DC current gain 
at VcE = 10 V, le= 0.01 mA 
at VcE = 10V, le= 0.1 mA 
at VcE = 10 V, le= 1 mA 
at VcE = 10 V, /c = 10 mA 
at VcE = 10 V, /c = 150 mA 
at VCE = 10V, /c = 500 mA 

Collector saturation voltage 
at le= 150 mA, la = 15 mA 
at le= 500 mA, la = 50 mA 

Base saturaHon voltage 
at le = 150 mA, la = 15 mA 

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

Emitter cutoff current 
at VEa = 5 V 

116 

Vcao 

VcEo 

le 

Ptot 
Ptot 
Ptot 

T; 

VcE sat 

VcE sat 

VaE sat 

lcao 
lcao 

hao 

c 

max.9.4 ¢ 

max.0.5 ¢ 

75 

30 

7 

750 

0.8 
1.7 
3 

200 

55 (> 20) 
80 (> 35) 
100 
135 (> 80) 
100 ... 300 
60 (> 40) 

0.15 (< 0.6) 
0.5 (< 1.2) 

0.95 (< 1.2) 

0.5 (< 10) 
0.4 (< 10) 

(< 10) 

v 

v 
v 

mA 

w 
w 
w 
oc 

v 
v 
v 

nA 
µA 

nA 



BSY54 
Collector base capacitance Ceao 6.5 (< 10) 
at Veao = 10 V 

Emitter base capacitance GEBO 23(<33) 
at VEBO = 0.5 V 

Thermal resistance 
Junction to ambient air RthA < 220 
Junction to case Rthe <SB 

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

Test conditions: VeE = 5 V, le= 1 mA, grounded emitter 

Input impedance 

Reverse voltage transfer ratio 

Small signal current gain 

Output admittance 

Noise figure 
at VeE = 10 V, le= 0.3 mA, 
RG = 1.5 kQ, 
Bandwidth 30 Hz ... 15 kHz 

Gain bandwidth product 
at VeE = 10V, le= 50 mA, f = 50 MHz 

Switching Times 

h;. 3(1.6 ... 9) 

h,. 0.8 (< 3). 10-4 

hte 100 (50 ... 250) 

hoe 8 (4.5 ... 12.5) 

F 3 (< 8) 

fr 145 

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

pF 

pF 

°C/W 
°C/W 

kQ 

µmho 

dB 

MHz 
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BSY54 
Common emitter 
collector characteristics 
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Common emitter 
collector characteristics 
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Base saturation voltage 
versus collector current 
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BSY 55 = 2 N 1893 

NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 

Metal case JEDEC T0-39 
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 Tamb = 25 °C 
at Tc = 100 °C 
at Tc = 25 °C 

Junction temperature 

Static Characteristics at T; = 25 °c 
DC current gain 
at VcE = 10V, le= 0.1 mA 
at VcE = 10 V, le= 1 mA 
at VcE = 10V, le= 10 mA 
at VcE = 10V, le= 150 mA 
at VcE = 10 V, le = 500 mA 

Collector saturation voltage 
at le= 150 mA, Is= 15 mA 

Base saturation voltage 
at le = 150 mA, Is = 15 mA 

Collector cutoff current 
atVcs=90V 
at Vea = 90 V, Tamb = 150 °C 

Emitter cutoff current 
at VEs = 5 V 

Collector base capacitance 
at Vcso = 10 V 

124 

Vcso 

Vcw 

le 

Ptot 
Ptot 
Ptot 

T; 

120 

80 

7 

500 

0.8 
1.7 
3 

200 

mox.0.5 ~ 

hFE 50 (> 20) 
hFE 60 
hFE 65 (> 35) 
hFE 40 ... 120 
hFE 20 

V CE sat 0.2 ( < 0.6) 

V BE sat 1 ( < 1.3) 

lcso 0.5 ( < 10) 
lcso 0.4 ( < 10) 

hso 1 (< 10) 

Ccso 6 (< 10) 

v 
v 

v 

mA 

w 
w 
w 
oc 

v 

v 

nA 
µA 

nA 

pF 



BSY55 
Emitter base capacitance 
at VEBO = 0.5 V 

Thermal resistance 
Junction to ambient air 
Junction to case 

CEBo 

RthA 
RthC 

23 (< 33) 

< 220 
<5a 

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

Test conditions: VcE = 5 V, le = 1 mA, grounded emitter 

Input impedance 

Reverse voltage transfer ratio 

Small signal current gain 

Output admittance 

Noise figure 
at VcE = 10 V, /c = 0.3 mA, 
RG = 1.5 kQ, 
Bandwidth 30 Hz ... 15 kHz 

Gain bandwidth product 
at VcE = 10 V, le= 50 mA, f = 50 MHz 

Switching Times 

h;e 1.6 (0.8 ... 5) 

hre 0.6 (< 3). 1Q-4 

hte 75 (30 ... 150) 

hoe 4 (2 ... 7) 

F 6 

fr 100 

pF 

°C/W 
°C/W 

k!.l 

µmho 

dB 

MHz 

Specifications for switching times of type BSY 51 apply to this type. 
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Common emitter 
collector characteristics 
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BSY55 
Collector cutoff current 
versus 
junction temperature 
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BSY56 
NPN Silicon Epitaxial Planar Transistor 
for swi1ching and amplifier applications 

Metal case JEDEC T0-39 
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 Tamb = 25 °C 
atTe =100°C 
atTe = 25°C 

Junction temperature 

Static Characteristics at T; = 25 °C 

DC current gain 
a1VeE=10V, le= 0.1 mA 
at VeE = 10 V, le= 1 mA 
at VeE = 10 V, le= 10 mA 
at VeE = 10 V, le = 150 mA 
at VeE = 10V, le= 500 mA 

Collector saturation voltage 
at le = 150 mA, la = 15 mA 

Base saturation voltage 
at le = 150 mA, IB = 15 mA 

Collector cutoff current 
at Vea= 90V 
at Vea= 90 V, Tamb = 150 °C 

Emitter cutoff current 
at VEa = 5 V 

Collector base capacitance 
at Veao = 10 V 

130 

max.0.5 ~ 

Veao 

VeEo 

le 

Ptot 
Ptot 
Ptot 

T; 

120 

80 

7 

500 

0.8 
1.7 
3 

200 

hFE 100 (> 35) 
hFE 125 
hFE 180 (> 75) 
hFE 100 ... 300 
hFE 35 

v 
v 
v 
mA 

w 
w 
w 
oc 

VeEsat 0.2 (< 0.6) V 

VaEsat 1(<1.3) V 

leao 0.5 (< 10) nA 
leeo 0.4 (< 10) µA 

IEBO 1 (< 10) nA 

Ceso 6 (< 10) pF 



BSY56 
Emitter base capacitance 
at VEBO = 0.5 V 

Thermal resistance 
Junction to ambient air 
Junction to case 

GEBO 23 (< 33) 

RthA < 220 
R1he <5a 

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

Test conditions: VeE = 5 V, le= 1 mA, grounded emitter 

Input impedance 

Reverse voltage transfer ratio 

Small signal current gain 

Output admittance 

Noise figure 
at VeE = 10 V, le= 0.3 mA, 
RG = 1.5 kQ, 
Bandwidth 30 Hz ... 15 kHz 

Gain bandwidth product 
at VeE = 10 V, le= 50 mA, f = 50 MHz 

Switching Times 

h;e 3 (1.6 ... 9) 

hre 0.6 (< 3). 10-4 

hte 120 (60 ... 280) 

hoe 6(3 ... 10) 

F 6 

fr 145 

pF 

°C/W 
°C/W 

kQ 

µmho 

dB 

MHz 

Specifications for switching times of type BSY 51 apply to this type. 
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Common emitter 
collector characteristics 
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Collector cutoff current 
versus 
Junction temperature 
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Relative h-parameters 
versus collector current 
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BSY79 
NPN Silicon Epitaxial Planar Transistor 
with high collector emitter voltage for use as driver 
for numerical indicator tubes (Nixie driver) 

Metal case JEDEC T0-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 

Maximum Ratings 

Collector base voltage Vcao 

Collector emitter voltage VcEv 
atVEB = 1 V 

Emitter base voltage VEBO 

Collector current le 

Power dissipation 
at Tamb = 25 °C Ptot 
at Tc = 25°C Ptot 

Junction temperature T; 

Characteristics at T; = 25 °C 

DC current gain hFE 
at VcE = 1 V, le= 1 mA 

Collector saturation voltage VcE sat 
at le = 2 mA, la = 0.2 mA 

Base saturation voltage VaE sat 
at le= 2 mA, la= 0.2 mA 

Collector cutoff current 
at Vea= 90 V lcao 
at Vea= 90 V, Tomb= 150 °C lcao 

Emitter cutoff current IEBo 
at VEB = 4 V 

Collector base capacitance Ccao 
at Vcao = 10 V 

Emitter base capacitance GEBO 
at VEB = 0.5 V 

Thermal resistance 
Junction to ambient air RthA 
Junction to case RthC 

Gain bandwidth product fr 
at VcE = 10 V, le= 10 mA, f = 50 MHz 
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c 

max. 
51~ 

a"? I 
E"' i 

max.5.8¢ 

max.0.5¢ 

120 v 

120 v 

5 v 

30 mA 

300 mW 
1 w 
175 oc 

60 (> 30) 

0.3 (< 0.5) v 

<1 v 

3 (< 50) nA 
< 10 µA 

2 (< 50) nA 

4 pF 

17 pF 

< 500 °C/W 
< 150 °C/W 

100 MHz 
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versus temperature 
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BSY 81 
NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 
at higher collector current 

Metal case JEDEC T0-39 
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 Tomb= 25 °C 
at Tc = 100°c 
at Tc = 25 °C 

Junction temperature 

Characteristics at T; = 25 °C 

DC current gain 
at VCE = 10V, le= 0.1 mA 
at VcE = 10 V, le= 10 mA 
at VcE = 10V, le= 150 mA 
at VcE = 10 V, le= 500 mA 
at VcE = 10 V, le= 1000 mA 

Collector saturation voltage 
at le= 0.15 A, la= O.D15 A 
at le = 0.5 A, is = 0.05 A 
at le = 1 A, is = 0.1 A 

Base saturation voltage 
at le = 1 A, is = 0.1 A 

Collector cutoff current 
at Vea= 30V 
at Vea = 30 V, T-0mb = 150 °C 
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Vcao 

VcEo 

le 

Ptot 
Ptot 
Ptot 

T; 

VcE sat 
VcE sot 
VcE sat 

VaE sat 

icso 
lcao 

c 

"' ~=f max.9.4¢ 
c 
E 

max.0.5 ¢ 

40 

18 

5 

0.9 
2.8 
5 

200 

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

< 0.25 
< 0.6 
< 1.2 

< 1.8 

2 (< 100) 
0.6 (< 25) 

v 

v 

v 
A 

w 
w 
w 
oc 

v 
v 
v 

v 

nA 
µA 



BSY 81 
Emitter cutoff current IEBo 3 (< 10) nA 
at VEa = 3 V 

Collector base capacitance Ccao 8.5 (< 15) pF 
atVcao=10V 

Emitter base capacitance CEBo 50 (< 60) pF 
at VEBO = 0.5 V 

Gain bandwidth product fr 100 MHz 
at VcE = 10 V, le= 50 mA, f = 50 MHz 

Thermal resistance 
Junction to ambient air RthA < 194 °C/W 
Junction to case RthC <35 °C/W 
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Common emitter 
collector characteristics 
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Collector cutoff current 
versus junction temperature 
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- - - - upper limit, valid for 95 O/o of a lot 

140 

Common emitter 
collector characteristics 
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Admissible collector emitter 
voltage versus 
base emitter resistance 

v 
50 

BSY81,82 

t'-. 
~ 

i\ 

1£-ER 40 

1 30 

~ 
~ 20 

10 

0 
10 

~12TI 

-RBE 

Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 

105 Q 

pF BSY81...82 

60 

Ccso 50 

r~ 
30 

20 

10 

0 
0.1 

~ 
L.-1 
N 

~ = 25°C 

I\ 

' \ Ii 
~ 
eail 

~ 
I' 'N 
~ I'--

~ 

10 100 v 
-~s-1£-s 

Ptot 

1 

w 

BSY 81 
Admisslble power dissipation 
versus temperature 
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BSY82 
NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 
at higher collector current 

Metal case JEDEC T0-39 
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 
at Tc = 100 °C 
at Tc = 25 °c 

Junction temperature 

Characteristics at T; = 25 °C 

DC current gain 
atVcE = 10V, le= 0.1 mA 
at VcE = 10 V, le= 10 mA 
at VcE = 10 V, le= 150 mA 
at VcE = 10 V, le= 500 mA 
at VcE = 10 V, le= 1000 mA 

Collector saturation voltage 
at le= 0.15 A, Is= 0.015 A 
at le = 0.5 A, Is = 0.05 A 
atlc = 1 A, Is = 0.1 A 

Base saturation voltage 
at le = 1 A, Is = 0.1 A 

Collector cutoff current 
at Vea= 30V 
at Vea = 30 V, Tamb = 150 °C 
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Vcso 

VcEo 

le 

Ptot 
Ptot 
Ptot 

T; 

VcE sat 
VcEsat 
VcE sat 

VsE sat 

lcso 
lcso 

c 

mox.9.4• 

max.0.5• 

40 

18 

5 

0.9 
2.8 
5 

200 

60 <> 35) 
140 c> 75) 

v 

v 

v 

A 

w 
w 
w 
oc 

190 (100 ... 300) 
120 <> 40) 
50 (> 20) 

< 0.25 
<o.6 
< 1.2 

< 1.8 

2«100) 
0.6 « 25) 

v 
v 
v 
v 

nA 
µA 



BSY82 
Emitter cutoff current hao 3(< 10) nA 
at VEa = 3 V 

Collector base capacitance Ccao 8.5 (< 15) pF 
at Vcao = 10V 

Emitter base capacitance CEBO 50 (< 60) pF 
at VEBO = 0.5 V 

Gain bandwidth product fr 120 MHz 
at VcE = 10 V, le= 50 mA, f = 50 MHz 

Thermal resistance 
Junction to ambient air RthA < 194 °C/W 
Junction to case RthC <35 °C/W 

Common emitter Common emitter 
collector characteristics collector characteristics 

mA BSY82 A BSY 82.84,86 
10 

7j = 2s 0 e 
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le 8 le 
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6 0.6 

4 
30 
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20 
2 0.2 

0 r. = 2s 0 e 
0 J 

00 5 10 15 20 25 v 00 2 3 4 5V 

-lfr -lf:c 
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BSY82 
Relative DC current gain 
versus collector current 
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Admissible collector emitter 
voltage versus 
base emitter resistance 
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BSY 83 ~ 2 N 2297 

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

Metal case JEDEC T0-39 
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 
at Tc = 100°C 
atTe = 25°C 

Junction temperature 

Characteristics at T; = 25 °C 

DC current gain 
at VeE = 10V, le= 0.1 mA 
at VeE = 10V, le= 10 mA 
at VeE = 10 V, le= 150 mA 
at VeE = 10 V, le= 500 mA 
at VeE = 10 V, le= 1000 mA 

Collector saturation voltage 
at le "'° 0.15 A, la = 0.015 A 
at le ,,,;, 0.5 A, la = 0.05 A 
atle=1A, /a=0.1A 

Base saturation voltage 
atle = 1 A, la= 0.1 A 

Collector cutoff current 
at Vea= 60V 
at Vea = 60 V, Tomb= 150 °C 
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Veao 

VeEo 

VEao 

le 

Ptot 
Ptot 
Ptot 

T; 

VeE sat 
VeEsat 
VeE sat 

VaE sat 

leao 
leao 

max.0.5 ~ 

80 

35 

7 

0.9 
2.8 
5 

200 

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

< 0.25 
< 0.6 
<1 
< 1.8 

0.6 (< 10) 
0.3 (< 10) 

v 

v 
v 
A 

w 
w 
w 
oc 

v 
v 
v 
v 

nA 
µA 



BSY83 
Emitter cutoff current IEBO 5 (< 10) nA 
atVEB=3V 

Collector base capacitance Ccao 8.5 (< 15) pF 
at Vcao = 10 V 

Emitter base capacitance GEBO 50 (< 60) pF 
at VEBO = 0.5 V 

Gain bandwidth product fr 100 MHz 
at VcE = 10 V, le= 50 mA. f = 50 MHz 

Thermal resistance 
Junction to ambient air RthA < 194 °C/W 
Junction to case RthC <35 °C/W 
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collector characteristics 
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BSY84 
NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 
at higher collector current 

Metal case JEDEC T0-39 
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 
at Tc = 100°c 
at Tc = 25°C 

Junction temperature 

Characteristics at T; = 25 °c 

DC current gain 
at VcE = 10 V, le= 0.1 mA 
at VeE = 10 V, le= 10 mA 
at VcE = 10 V, le= 150 mA 
at VcE = 10 V, le = 500 mA 
at VcE = 10 V, le= 1000 mA 

Collector saturation voltage 
at le= 0.15 A, Is = 0.015 A 
atlc = 0.5A, Is= 0.05A 
at le= 1 A, Is= 0.1 A 

Base saturaUon voltage 
at le= 1 A, Is= 0.1 A 

Collector cutoff current 
at Vea= 60V 
at Vea = 60 V, Tomb = 150 °C 

.150 

Vcso 

VcEo 

_VEBO 

le 

Ptot 
Ptot 
Ptot 

T; 

hFE 
hFE 
hFE 
hFE 
hFE 

VcE sat 
VcE sat 
VcEsat 

VsE sat 

lcso 
lcso 

e 

""' ~Cd 

"' N" mox.9.4f> 
'2 ·e 

max.0.5 f> 

80 v 
35 v 
7 v 

A 

0.9 w 
2.8 w 
5 w 
200 oc 

60 (> 35) 
140 (> 75) 
190 (100 ... 300) 
120 (> 40) 
50 (> 20) 

< 0.25 v 
<0.6 v 
<1 v 
< 1.8 v 

0.6 (< 10) nA 
0.3 (< 10) µA 



mA 

Emitter cutoff current 
at VEB = 3 V 

Collector base capacitance 
atVcao=10V 

Emitter base capacitance 
at VEBO = 0.5 V 

Gain bandwidth product 
at VcE = 10 V, le= 50 mA, f = 50 MHz 

Thermal resistance 
Junction to ambient air 
Junction to case 

Common emitter 
collector characteristics 

BSY84 

lO T = 25°C 
J 

-lfr 

A 

BSY84 
hao 5(<10) nA 

Ccao 8.5 (< 15) pF 

GEBO 50 (< 60) pF 

fr 120 MHz 

RthA < 194 °C/W 
RthC <35 °C/W 

Common emitter 
collector characteristics 

BSY 82,84,86 

1.0 ,--~-=-.,-----,--=-___,-----, 

0.2 H+---+---+----+----j-----< 

0 

2 4 5V 

-~E 
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BSY84 
Relative DC current gain 
versus collector current 

BSY 82,84,86 
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Base saturation voltage 
versus collector current 
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- - - - upper limit, valid for 95 % of a lot 
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v 
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80 
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40 
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0 

Admissible collector emitter 
voltage versus 
base emitter resistance 

BSY 83,84 

N 
N 
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- R BE 

Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 

pF BSY83 ... 84 

so~~~~~~~~~~~ 
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BSY84 
Admissible power dissipation 
versus temperature 

BSY 81 ... 86 

5 ,........,...--~-,------,----,----,---,------,----,---r----, 

Ptot 4 1--+--+l\ ___ ~t--+-+--+--+--+-_, 
l ~~ 

r\'thC = 35 °C/W 

Pulse thermal resistance 
versus pulse duration 

~W B~M 

'thC 

101,-----,----,-----,----,---.----, 

0.5 

n=~~ 
-L~ L? 

10-1 ._____. _ __.._ _ __._ _ _..._ _ _.___, 

10-6 10-5 10-4 io-3 io-1 10-1 1 s _,p 
- - - - upper limit, valid for 95 % of a lot 
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BSY 85 = 2 N 2193A 

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

Metal case JEDEC T0-39 
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 
at Tc = 100 °C 
at Tc = 25 °C 

Junction temperature 

Characteristics at T; = 25 °C 

DC current gain 
at VcE = 10 V, le= 0.1 mA 
at VcE = 10V, le= 10 mA 
at VcE = 10V, le= 150 mA 
at VcE = 10 V, le= 500 mA 
at VcE = 10 V, le= 1000 mA 

Collector saturation voltage 
at le= 0.15 A, is= 0.015 A 
at le = 0.5 A, is = 0.05 A 
at le = 1 A, is = 0.1 A 

Base saturati'on voltage 
at le= 1 A, is = 0.1 A 

Collector cutoff current 
at Vcs = 90 V 
at Vcs = 90 V, Tomb= 150 °C 

154 

Vcso 

VcEo 

le 

Ptat 
Ptot 
Ptot 

T; 

VcE sat 
VcE sat 
VcE sat 

VsE sat 

lcso 
lcso 

c 

max.9.4 ~ 

max.0.5 ~ 

120 

64 

7 

0.9 
2.8 
5 

200 

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

< 0.25 
<0.6 
<1 

< 1.8 

0.6 (< 10) 
0.3 (< 10) 

v 

v 

v 

A 

w 
w 
w 
oc 

v 
v 
v 
v 

nA 
µA 



BSY85 
Emitter cutoff current hao 5(< 10) nA 
at VEB = 3 V 

Collector base capacitance Ccao 8.5 « 15) pF 
at Vcao = 10 V 

Emitter base capacitance CEBO 50 (< 60) pF 
at VEBO = 0.5 V 

Gain bandwidth product fr 110 MHz 
at VcE = 10 V, le= 50 mA, f = 50 MHz 

Thermal resistance 
Junction to ambient air RthA < 194 °C/W 
Junction to case RthC <35 °C/W 
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mA 

BSY85 
Common emitter 
collector characteristics 
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collector characteristics 
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Relative DC current gain 
versus collector current 
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/ff(0.15Al l.2 "--l---+-++1--l----+-++1--+-1-++1---+---1--1-1-

1 1.0 ~---l------l--l+y.J..-.-1-lY ~l\---l-l-l-
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~ 
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- - - - upper limit, valid for 95 % of a lot 
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Vern 

I 

Ccao, 
GEBO 

l 

Admissible collector emitter 
voltage versus 
base emitter resistance 
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Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 
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BSY85 
Admissible power dissipation 
versus temperature 
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5~\~~~~~~~ 
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'k1hC =35°C/W 

Pulse thermal resistance 
versus pulse duration 

0 c1w BSY85 
10 2 ....-------.----.--...,----,.---.-..--, 

0.5 

'the 

I 

io-2 '----'---'---'----'--~___J 
10-6 io-5 10-4 io-3 io-2 io-1 , s 

-Ip 

- - - - upper limit, valid for 95 % of a lot 
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BSY86 
NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 
at higher collector current 

Metal case JEDEC T0-39 
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 Tomb= 25 °C 
at Tc = 100 °C 
at Tc = 25 °C 

Junction temperature 

Characteristics at T; = 25 °C 

DC current gain 
at VcE = 10V, le= 0.1 mA 
at VcE = 10 V, le= 10 mA 
at VcE = 10V, le= 150 mA 
at VcE = 10V, le= 500 mA 
at VcE = 10 V, le= 1000 mA 

Collector saturation voltage 
at le = 0.15 A, is = 0.015 A 
at le= 0.5A, is= 0.05A 
at le = 1 A, is = 0.1 A 

Base saturation voltage 
at le= 1 A, is= 0.1 A 

Collector cutoff current 
at Vcs = 90V 
at Vcs = 90 V, Tomb= 150 °C 
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Vcso 

VcEo 

VEso 

le 

Ptot 
Ptot 
Ptot 

T; 

hFE 
hFE 
hFE 
hFE 
hFE 

VcE sat 
VcE sat 
VcE sat 

VsE sat 

/cso 
lcao 

c 

max. 
8.5¢ 

""' ~to" 

"' ~· max.9.4~ 
c 
E 

max.0.5 ~ 

120 v 

64 v 

7 v 

A 

0.9 w 
2.8 w 
5 w 
200 oc 

60 (> 35) 
140 (> 75) 
190 (100 ... 300) 
120 (> 40) 
50 (> 20) 

< 0.25 v 
<0.6 v 
<1 v 

< 1.8 v 

0.6 (< 10) nA 
0.3 (< 10) µA 



BSY86 
Emitter cutoff current hao 5 (< 10) nA 
at V.EB = 3 V 

Collector base capacitance Ccao 8.5 (< 15) pF 
at Vcao = 10 V 

Emitter base capacitance GEBO 50 (< 60) pF 
at VEBo = 0.5 V 

Gain bandwidth product fr 130 MHz 
at VcE = 10 V, le= 50 mA, f = 50 MHz 

Thermal resistance 
Junction to ambient air 
Junction to case 

Common emitter 
collector characteristics 

mA 

10 

BSY 86 

1j = 2s 0 c ;z_ v 60 
~ 

so 7 
8 

IJ 
40 7 

6 

y 
30 7 

20 y 
2 

l 
/9=10 µA _) 

0 
0 20 

0 

40 60 

{ 
80 v 

A 

RthA < 194 °C/W 
RthC < 35 °C/W 

Common emitter 
collector characteristics 

BSY 82,84,86 
1.0 ~-~~~-~~~~---, 

Ic 

t "~--+-
0.6 l----W--+-~.,..,.,=---+--1----

0.2 H+--+---+---+--1----

0 

2 4 sv 
-VcE 
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BSY86 
Relative DC current gain 
versus collector current 
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Base saturation voltage 
versus collector current 
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1 E 102 E 3 mA 

- - - - upper limit, valid for 95 % of a lot 
-1e 
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v 

Admissible collector emitter 
voltage versus 
base emitter resistance 

BSY85,86 
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Admissible power dissipation 
versus temperature 
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Pulse thermal resistance 
versus pulse duration 

"C/W BSV 86 
102 ....------..,.-----...,-----. 

10-2 ...______, _ __. _ _._ _ _._ _ _.___, 

10-6 10-5 10-4 10-3 10-2 10-1 1 s _,p 
- - - - upper limit, valid for 95 % of a lot 
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BSY 87 = 2 N 1889 
NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 

Metal case JEDEC T0-39 
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 Tamb = 25 °C 
atTe =100°C 
atTe = 25°C 

Junction temperature 

Characteristics at Ti = 25 °C 

DC current gain 
at VeE = 10 V, le= 0.1 mA 
at VeE = 10 V, le= 1 mA 
at VeE = 10V, le= 10 mA 
at VeE = 10 V, le= 150 mA 
at VeE = 10 V, le= 500 mA 

Collector saturation voltage 
at le= 150 mA, la = 15 mA 

Base saturation voltage 
at le = 150 mA, la = 15 mA 

Collector cutoff current 
at Vea= 75 V 
at Vea = 75 V, Tamb = 150 °C 

Emitter cutoff current 
at VEa = 5 V 
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Veao 

VeEo 

VEaO 

le 

Ptat 
Ptat 
Ptot 

T; 

hFE 
hFE 
hFE 
hFE 
hFE 

VeE sat 

VaE sat 

leao 
leao 

IEaO 

c 

max. 
8,5"' 

""' gw 

~~ max.9.4 !I> 
c 
E 

max.0.5 !I> 

100 v 

60 v 

7 v 

500 mA 

0.8 w 
1.7 w 
3 w 

200 oc 

50 (> 20) 
60 
65 (> 35) 
40 ... 120 
20 

0.2 (< 0.6) v 

0.95 (< 1.2) v 

0.5 (< 10) nA 
0.4 (< 10) µA 

1 (< 10) nA 



BSY87 
Collector base capacitance Ccso 5.5 (< 10) 
at Vcso = 10 V 

Emitter base capacitance GEBO 23 (< 33) 
at VEBO = 0.5 V 

Thermal resistance 
Junction to ambient air RthA < 220 
Junction to case RthC <58 

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

Test conditions: VcE = 5 V, le = 1 mA, grounded emitter 

Input impedance 

Reserve voltage transfer ratio 

Small signal current gain 

Output admittance 

Noise figure 
at VcE = 10 V, /c = 0.3 mA, 
RG = 1.5 kQ, 
Bandwidth 30 Hz ... 15 kHz 

Gain bandwidth product 
at VcE = 10 V, /c = 50 mA, f = 50 MHz 

Switching Times 

h;e 1.8 (0.8 ... 5) 

h,. 0.7 (< 3). 10-4 

hte 75 (30 ... 150) 

hoe 6 (3 ... 10) 

F 6 

fr 100 

pF 

pF 

°C/W 
°C/W 

kQ 

µmho 

dB 

MHz 

Specifications for switching times of type BSY 51 apply to this type. 
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BSY87 
Common emitter 
collector characteristics 

4 1-- /9= 50 µA--+---+~7.-+---+---+--< 
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Common emitter 
collector characteristics 
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Collector current versus 
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BSY 51,55,87 

:zf z 

d r 

lf:c =4 v 
1 ~ = 2s 0 c 

ruo Q2 Q4 M ~ w u t4 ~v 
-1Bc-



Ptot 

I 

w 

Admissible power dissipation 
versus temperature 
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Relative DC current gain 
versus collector current 
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- - - - upper limit, valid for 95 % of a lot 
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Collector cutoff current 
versus 
junction temperature 
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Relative h-parameters 
versus 
collector current 
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BSY 88 =2N1890 

NPN Silicon Epltaxlal Planar Transistor 
for switching and amplifier applications 

Metal case JEDEC T0-39 
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 Tamb = 25 °C 
at Tc = 100°c 
at Tc = 25°C 

Junction temperature 

Characteristics at Ti = 25 °C 

DC current gain 
at VcE = 10 V, le= 0.1 mA 
at VcE = 10 V, le= 1 mA 
at VcE = 10 V, le= 10 mA 
at VcE = 10 V, le= 150 mA 
at VcE = 10V, le= 500mA 

Collector saturation voltage 
at le= 150 mA, Is = 15 mA 

Base saturation voltage 
at le = 150 mA, Is = 15 mA 

Collector cutoff current 
atVcs = 75 V 
at Vcs = 75 V, Tam& = 150 °C 

Emitter cutoff current 
at VEs = 5 V 

168 

Vcso 

VcEo 

VEso 

max.us• 

v 
v 

v 

c 

le 

100 

60 

7 

500 mA 

Ptot 
Ptot 
Ptot 

Ti 

0.8 
1.7 
3 

200 

100 (> 35) 
125 
180 (> 75) 
100 ... 300 
35 

w 
w 
w 
oc 

VcE sat o.~ « 0.6) v 

V BE sat 0.95 (< 1.2) V 

lcso 
lcso 

IEso 

0.5(<10) nA 
0.4 (< 10) µA 

1(<10) nA 



BSY88 
Collector base capacitance Ceeo 5.5 (< 10) 
at Veao = 10V 

Emitter base capacitance 
at VEBO = 0.5 V 

CEBO 23 (< 33) 

Thermal resistance 
Junction to ambient air RthA < 220 
Junction to case Rthe <58 

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

Test conditions: VeE = 5 V, le = 1 mA, grounded emitter 

Input impedance 

Reverse voltage transfer ratio 

Small signal current gain 

Output admittance 

Noise figure 
at VeE = 10 V, le= 0.3 mA, 
RG = 1.5 kQ, 
Bandwidth 30 Hz ... 15 kHz 

Gain bandwidth product 
at VeE = 10 V, le= 50 mA, f = 50 MHz 

Switching Times 

h;. 3.5 (2 ... 9.5) 

h,. 0.7 (< 3) . 10-4 

h1. 150 (60 ... 280) 

hoe 6 (3 ... 10) 

F 6 

fr 145 

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

pF 

pF 

°C/W 
°C/W 

kQ 

µmho 

dB 

MHz 
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BSY88 
Common emitter 
collector characteristics 
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Common emitter 
collector characteristics 
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Relative DC current gain 
versus collector current 
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BSY88 
Collector cutoff current 
versus 
junction temperature 
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BSY90 
NPN Silicon Epitaxial Transistor 
for switching and amplifier applications 

Metal case JEDEC T0-39 
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 Tamb = 25 °C 
atTc =100°C 
at Tc = 25°C 

Junction temperature 

Characteristics at Ti = 25 °c 

DC current gain 
at VcE = 10 V, le= 0.01 mA 
at VcE = 10V, le= 0.1 mA 
at VcE = 10 V, le= 1 mA 
at VcE = 10V, le= 10 mA 
at VcE = 10V, le= 150 mA 

Collector saturation voltage 
at le = 150 mA, Is = 15 mA 

Base saturation voltaqe 
at le= 150 mA, Is = 15 mA 

Collector cutoff current 
at Vcs = 30V 
at Vcs = 30 V, Tamb = 150 °C 

Emitter cutoff current 
at VEs = 3 V 

174 

c 

max.9.41/1 

max.0.51/1 

Vcso 

VcEo 

le 

Ptot 
Ptot 
Ptot 

60 

25 

5 

500 

0.8 
1.7 
3 

200 

hFE 125 
hFE 200 (> 100) 
hFE 300 
hFE 425 (> 140) 
hFE 375 (> 250) 

v 

v 

v 

mA 

w 
w 
w 
oc 

VcE sat 0.14 (< 0.8) V 

VsEsat 0.95 (< 1.2) V 

lcso 
lcso 

hso 

0.5 (< 10) nA 
0.4 (< 10) µA 

1 (< 50) nA 



BSY90 
Collector base capacitance Cesa 7.5 (< 10) 
at Veso = 10 V 

Emitter base capacitance GEBO 23 (< 33) 
at VEBO = 0.5 V 

Thermal resistance 
Junction to ambient air RthA < 220 
Junction to case Rthe <SB 

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

Test conditions: VeE = 5 V, le= 1 mA, grounded emitter 

°C/W 

Input impedance 

Reverse voltage transfer ratio 

Small signal current gain 

Output admittance 

Noise figure 
at VeE = 10 V, le= 0.3 mA, 
RG = 1.5 kQ, 
Bandwidth 30 Hz ... 15 kHz 

Gain bandwidth product 
at VeE = 10 V, le= 50 mA, f = 50 MHz 

Pulse thermal resistance 
versus pulse duration 

BSY 90 
100 ~~-~-~-~-~~ 

0.5 ...-- ~ 

fthC 

1 10~ 0,1 ,.../~ 

0,05 !-"". A. 

~ 0,01 

~v=O 

o~ 

L 

!-----+---+--@ ~ 
0.1 ~~~-_J_~~J__J_~~ 

10-6 10-5 10-4 10-3 10-2 10-I 1 S 

--.fp 

h;. 8 (4 ... 15) 

h,. 1.5 ( < 5) . 10-4 

h1. 350 (200 ... 550) 

hoe 10 (5 ... 25) 

F 2.5 (< 8) 

fr 170 

pF 

pF 

°C/W 
°C/W 

kQ 

µmho 

dB 

MHz 
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mA 

BSY90 
Common emitter 
collector characteristics 
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Common emitter 
collector characteristics 
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Admissible power dissipation 
versus temperature 
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Relative DC current gain 
versus collector current 
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Base saturation voltage 
versus collector current 
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Relative h-parameters 
versus 
collector current 
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Noise figure versus 
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2 N 929 
NPN Slllcon Planar Transistor 
for use in high-performance, low-level, low-noise amplifier 
ci·rcuits from audio through hi'gh frequency ranges 

Metal case JEDEC T0-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 

Maximum Ratings 

Collector base voltage Vcso 45 

Collector emitter voltage VcEo 45 

Emitter base voltage VEBO 5 

Collector current le 30 

Power dissipation 
at Tamb = 25°C Ptat 0.3 
at Tc = 25°C Ptot 0.6 

Junction temperature T; 175 

max 
51~ 

I 
i 

max.5.Bll 

max.Q.59l 

v 

v 

v 

mA 

w 
w 
oc 

Storage temperature range Ts -65 ... +300 oc 

Static characteristics at T; = 25 °C 

DC current gain 
at VcE = 5 V, le = 10 µA hFE 40 ... 120 
at VcE = 5 V, le= 0.5 mA hFE >so 
at VcE = 5 V, le = 10 mA hFE <350 
at VcE = 5 V, le= 10 µA, T; = -55 °C hFE > 10 

Collector saturation voltage VcEsat <1 v 
at le= 10 mA, Is = 0.5 mA 

Base saturation voltage VsE sat 0.6 ... 1 v 
at le= 10 mA, Is= 0.5 mA 

Collector cutoff current 
at Vcs = 45 V leso <10 nA 
at VeE = 5V leEO <2 nA 
at VeE = 45 V, VsE = 0 leES <10 nA 
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Emitter cutoff current 
at VEs = 5 V 

Thermal resistance 
Junction to ambient air 
Junction to case 

Dynamic characteristics at T amb = 25 °C 

Collector base capacitance 
at v CB = 5 V, f = 1 MHz 

Gain bandwidth product 
at VcE = 5 V, le= 0.5 mA 

h-parameters, grounded base 

hso 

RthA 
RthC 

Cc so 

fr 

Test conditions: Vea = 5 V, -IE = 1 mA, f = 1 kHz 

Input impedance h;b 

Reverse voltage transfer ratio hrb 

Output admittance hob 

Small signal current gain h1. 
at VcE = 5 V, le= 1 mA, f = 1 kHz, 
grounded emitter 

Noise figure F 
at VcE = 5 V, le= 10 µA, 
RG = 10 kQ, f = 10 Hz ... 15 kHz 

2 N 929 
<10 

< 500 
<250 

<a 

>30 

25 ... 32 

<6·10-4 

<1 

60 ... 350 

<4 

nA 

°C/W 
°C/W 

pF 

MHz 

Q 

µmho 

dB 
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2 N 929 
Common emitter 
collector characteristics 
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collector characteristics 
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Collector cutoff current 
versus junction temperature 
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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 T0-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 

Maximum Ratings 

Collector base voltage Vcso 45 

Collector emitter voltage VcEo 45 

Emitter base voltage VEBO 5 

Collector current le 30 

Power dissipation 
at Tamb = 25 °C Ptot 0.3 
at Tc = 25°C Ptot 0.6 

Junction temperature T; 175 

max.5.8~ 

max.0.5~ 

v 

v 
v 

mA 

w 
w 
oc 

Storage temperature range Ts -65 ... + 300 oc 

Static characteristics at T; = 25 °C 

DC current gain 
at VcE = 5 V, le= 10 µA hFE 100 ... 300 
at VcE = 5 V, le = 0.5 mA hFE > 150 
at VcE = 5 V, le= 10 mA hFE < 600 
at VcE = 5 v, le= 10 µA, T; = -55 °C hFE >20 

Collector saturation voltage VcE sat <1 v 
at le= 10 mA, Is= 0.5 mA 

Base saturation voltage VBE sat 0.6 ... 1 v 
at le= 10 mA, Is= 0.5 mA 

Collector cutoff current 
at Vea= 45 V lcso <10 nA 
at VcE = 5V lcEO <2 nA 
at VcE = 45 V, VsE = 0 ICES <10 nA 
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2N930 
Emitter cutoff current IE so < 10 nA 
at VEs = 5 V 

Thermal resistance 
Junction to ambient air RthA <500 °C/W 
Junction to case Rthe < 250 °C/W 

Dynamic characteristics at T amb = 25 °C 

Collector base capacitance Cesa <a pF 
at Ves = 5 V, f = 1 MHz 

Gain bandwidth product fr >30 MHz 
at VeE = 5 V, le= 0.5 mA 

h-parameters, grounded base 
Test conditions: Ves = 5 V, -IE = 1 mA, f = 1 kHz 

Input impedance h;b 25 ... 32 Q 

Reverse voltage transfer ratio hrb < 6·10-4 

Output admittance hob <1 µmho 

Small signal current gain hte 150 ... 600 
at VeE = 5 V, le= 1 mA, f = 1 kHz, 
grounded emitter 

Noise figure F <3 dB 
at VeE = 5 V, le= 10 µA, 
RG = 10 kQ, f = 10 Hz ... 15 kHz 
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2N1613 
NPN Siiicon Epitaxial Planar Transistor 
for switching and amplifier applications 

Metal case JEDEC T0-39 
Collector connected to case 
Weight approximately 1.1 g 
Dimensions in mm 

Maximum Ratings 

Collector base voltage 

Collector emitter voltage 
at RsE < 10 Q 

Emitter base voltage 

Collector current 

Power dissipation 
at Tam&= 25 °C 
at Tc = 25°C 

Junction temperature 

Storage temperature range 

Static characteristics at T; = 25 °C 

DC current gain 
at VcE = 10 V, le = 10 µA 
at VcE = 10 V, le = 100 µA 
at VcE = 10 V, le = 10 mA 
at VcE = 10 V, le = 150 mA 
at VcE = 10 V, le= 500 mA 
at VcE = 10V, le= 10mA,T; = -55 °c 

Collector saturation voltage 
at le = 150 mA, Is = 15 mA 

Base saturation voltage 
at le = 150 mA, Is = 15 mA 

Collector cutoff current 
at Vcs = 60V 
atVcs = 60V, T; = 150°C 
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Vcso 

VcER 

VEso 

le 

Ptot 
Ptot 

T; 

Ts 

hFE 
hFE 
hFE 
hFE 
hFE 
hFE 

VcE sat 

VsE sat 

lcso 
lcso 

c 

""' ~Cd 

"' ~~f max.9.491 
c .E 

max.0.591 

75 v 
50 v 

7 v 
500 mA 

0.8 w 
3 w 
200 oc 

-65 ... + 300 °C 

35 
50 (> 20) 
80 (> 35) 
40 ... 120 
55 (> 20) 
35 (> 20) 

0.6 « 1.5) v 

0.95{< 1.3) v 

0.3 « 10) nA 
0.4 « 10) µA 



2N1613 
Emitter cutoff current heo 0.05 (< 10) nA 
at VEa = 5 V 

Thermal resistance 
Junction to ambient air RthA < 220 °C/W 
Junction to case RthC < 58 °C/W 

Dynamic characteristics at Tomb= 25 °C 

Collector base capacitance Ccao 18 (< 25) pF 
at Vea = 10 V, IE= 0 

Gain bandwidth product fr 80 (> 60) MHz 
at V cE = 1 O V, le = 50 mA 

h-parameters, grounded emitter 
Test conditions: VCE = 5 V, le= 1 mA, f = 1 kHz 

Input impedance 

Reverse voltage transfer ratio h;e 2.2 kQ 

Small signal current gain hre 3.6. 10-4 

Output admittance hie 30 ... 100 

h-parameters at f = 1 kHz, hoe 12.5 µmho 
grounded base 

Input impedance 
at Vea= 5V, -IE= 1 mA 
at Vea= 10 V, -IE= 5 mA 

h;b 24 ... 34 Q 
Reverse voltage transfer ratio h;b 4 ... 8 Q 

at Vea= 5 V, -IE= 1 mA 
at Vea= 10 V, -IE= 5 mA 

hrb 0.7 (< 3). 10--" 
Output admittance hrb 0.8 (< 3). 10--" 
at Vea= 5 V, -IE= 1 mA 
at Vea= 10 V, -IE= 5 mA 

hob 0.1 ... 0.5 ~tmho 
Noise figure hob 0.1 ... 1 ~tmho 
at VeE = 10 V, le= 0.3 mA, 
Re = 500 Q, f = 1 kHz F 6 (< 12) dB 
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2N1613 
Common emitter 
collector characteristics 
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2 N 1711 
NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 

Metal case JEDEC T0-39 
Collector connected to case 
Weight approximately 1.1 g 
Dimensions in mm 

Maximum Ratings 

Collector base voltage 

Collector emitter voltage 
atReE < 10 Q 

Emitter base voltage 

Collector current 

Power dissipation 
at Tamb = 25 °C 
at Tc = 25°C 

Junction temperature 

Storage temperature range 

Static characteristics at T; = 25 °C 

DC current gain 
at VcE = 10 V, le= 10 µA 
at VcE = 10 V, le = 100 µA 
at VcE = 10V, lc = 10mA 
at VcE = 10 V, le= 150 mA 
at VcE = 10V, lc = 500mA 
at VcE = 10V, lc = 10 mA, T; = -55 °C 

Collector saturation voltage 
at le = 150 mA, le = 15 mA 

Base saturation voltage 
at le = 150 mA, le = 15 mA 

Collector cutoff current 
at Vee= 60V 
at Vee= GOV, T; = 150°C 
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Vceo 

VcER 

le 

Ptot 
Ptot 

T; 

Ts 

VcEsat 

VeE sat 

lceo 
lceo 

c 

max.9.4 '1> 

max.0.5'1> 

75 

50 

7 

500 

0.8 
3 

200 

v 

v 

v 
mA 

w 
w 
oc 

-65 ... + 300 °C 

60 (> 20) 
80 (> 35) 
130 (> 75) 
100 ... 300 
75 (> 40) 
65 (> 35) 

0.5 (< 1.5) 

0.95 (< 1.3) 

0.3 (< 10) 
0.4 (< 10) 

v 

v 

nA 
µA 



2N1711 
Emitter cutoff current IEao 0.05 (< 5) nA 
at VEa = 5 V 

Thermal resistance 
Junction to ambient air RthA <220 °C/W 
Junction to case Rthe <58 °C/W 

Dynamic characteristics at T amb = 25 °C 

Collector base capacitance Cesa 18 (< 25) pF 
at Vea = 10 V, h = 0 

Gain bandwidth product fr 100 (> 70) MHz 
at VeE = 10 V, le= 50 mA 

h-parameters, grounded emittar 
Test conditions: VeE = 5 V, le= 1 mA, f = 1 kHz 

Input impedance h;. 4.4 kQ 

Reverse voltage transfer ratio h,. 7.3. 10-4 

Small signal current gain hte 50 ... 200 

Output admittance hoe 23.8 µmho 

h-parameters at f = 1 kHz, 
grounded base 

Input impedance 
at Vea= 5 V, -IE= 1 mA h;b 24 ... 34 Q 
at Vea = 10 V, -IE = 5 mA h;b 4 ... 8 Q 

Reverse voltage transfer ratio 
at Vea= 5 V, -IE= 1 mA hrb 1.2 (< 5) · 10-4 
at Vea = 10 V, -IE = 5 mA hrb 1.2 ( < 5) · 1O·4 

Output admittance 
at Vea= 5 V, -IE= 1 mA hob 0.1 ... 0.5 µmho 
at Vea = 10 V, -IE = 5 mA hob 0.1 ... 1 µmho 

Noise figure F 3.5 (< 8) dB 
at VeE = 10 V, le = 0.3 mA, 
RG = 500 Q, f = 1 kHz 
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2N1893 
NPN Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 

Metal case JEDEC T0-39 
Collector connected to case 
Weight approximately 1.1 g 
Dimensions in mm 

Maximum Ratings 

Collector base voltage 

Collector emitter voltage 
at le= 0 
at ReE < 10 Q 

Emitter base voltage 

Collector current 

Power dissipation 
at Tamb = 25 °C 
at Tc =25°C 

Junction temperature 

Storage temperature range 

Static Characteristics at T; = 25 °C 

DC current gain 
at VcE = 10V, le= 0.1 mA 
at VcE = 10V, le= 10 mA 
at VcE = 10V, le= 150 mA 
at VcE = 10 V, le= 10 mA, T; = -55 °c 

Collector saturation voltage 
at le= 150 mA, le= 15 mA 
at le= 50 mA, la= 5mA 

Base saturation voltage 
at le = 150 mA, la = 15 mA 
at le= 50 mA, la= 5mA 
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Vceo 

VCEo 
VceR 

VEeO 

le 

Ptot 
Ptot 

T; 

Ts 

hFE 
hFE 
hFE 
hFE 

VcEsat 
VcEsat 

VaE sat 
VaE sat 

c 

max.9.41/> 

max.0.5 ¢ 

120 v 

80 v 
100 v 

7 v 

500 mA 

0.8 w 
3 w 
200 oc 

-65 ... +300 oc 

50 (> 20) 
80 (> 35) 
40 ... 120 
40 <> 20) 

2 « 5) v 
0.5 « 1.2) v 

0.96 « 1.3) v 
0.82 « 0.9) v 



2N1893 
Collector cutoff current 
at Vee= 90V lceo 0.3 (< 10) nA 
at Vee= 90V, T; = 150°C leeo 1.5 (< 15) µA 

Emitter cutoff current heo <10 nA 
at VEe = 5 V 

Thermal resistance 
Junction to ambient air RthA <220 °C/W 
Junction to case Rthe <58 °C/W 

Dynamic characteristics at Te = 25 °C 

Collector base capacitance Ceeo < 15 pF 
at Vee= 10 V 

Gain bandwidth product fr 70 (> 50) MHz 
at VeE = 10 V, le = 50 mA 

Small signal current gain hte >45 
at VeE = 10 V, le= 5 mA, f = 1 kHz 

h-parameters, grounded base 
Test conditions: VcE = 5 V, -ff = 1 mA, f = 1 kHz 

Input impedance h;b 20 ... 30 Q 

Reverse voltage transfer ratio hrb < 1.25. 10-4 

Output admittance hob <0.5 µmho 
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2N1893 
Collector saturation voltage 
versus collector current 
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2 N 2218, 2 N 2219 
NPN Silicon Epitaxial Planar Transistors 
with high cutoff frequency, for high speed switching 

Metal case JEDEC T0-39 
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 
atTe =25°C 

Junction temperature 

Storage temperature range 

Characteristics at Ti = 25 °C 

DC current gain 
at VeE = 10 V, le= 0.1 mA 
at VeE = 10 V, le= 1 mA 
at VeE = 10 V, le= 10 mA 
at VeE = 10V, le= 150 mA 
at VeE = 10V, le= 0.5A 
at VeE = 1 V, le= 150 mA 

Collector saturation voltage 
at le= 150 mA, la= 15 mA 
at le= 500 mA, la = 50 mA 

Base saturation voltage 
atle = 150mA,/a = 15mA 
at le= 500 mA, la= 50 mA 

200 

Veao 

VeEo 

VEaO 

le 

Ptot 
Ptot 

Ti 

Ts 

hFE 
hFE 
hFE 
hFE 
hFE 
hFE 

VeEsot 
VeE sat 

VaE sat 
VaE sat 

c 

max.9.441 

max.0.541 

60 v 

30 v 

5 v 

0.8 A 

0.8 w 
3 w 

200 oc 

-65 ... +200 oc 

2 N 2218 2 N 2219 

> 20 >35 
>25 > 50 
> 35 >75 
40 ... 120 100 ... 300 
> 20 > 30 
> 20 > 50 

< 0.4 v 
< 1.6 v 

< 1.3 v 
< 2.6 v 



2 N 2221, 2 N 2222 
Collector cutoff current 
at Vea= 50 V leao <10 nA 
at Vea = 50 V, Tamb = 150 °C leao <10 µA 

Collector base V(RR)eao > 60 v 
breakdown voltage 
at le= 10 µA 

Collector emitter VraR)eEO >30 v 
breakdown voltage 
at/e=10mA 

Emitter base VraR)Eao >5 v 
breakdown voltage 
at/f=10µA 

Gain bandwidth product fr > 250 MHz 
at VeE = 20 V, le= 20 mA, t = 100 MHz 

Collector base capacitance Ceao <8 pF 
at Veao = 10 V, f = 100 kHz 

Emitter base capacitance CEBo < 30 pF 
at VEBo = 0.5 V, t = 100 kHz 

Thermal resistance 
Junction to ambient air RthA < 300 °C/W 
Junction to case Rthe < 84 °C/W 

Turn-on time ton 26 ns 
(see Fig. 1) 

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

Total switching time ftota/ 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 

Fig. 1: Test circuit 
for turn-on time, 
saturated operation 

-15V +6V 

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

fp::15ns 

-i___t 10n 

AR~i];1 
1oo~A 

Fig. 3: Test circuit 
for non-saturated 
operation 

1k 
SW 
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2 N 2218 A, 2 N 2219 A 
NPN Silicon Epitaxial Planar Transistors 
with hi'gh cutoff frequency, for high speed switching 

Metal case JEDEC T0-39 
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 Tamb = 25 °C 
atTe =25°C 

Junction temperature 

Veao 

VCEo 

VEBo 

le 

Ptot 
Ptot 

T.; 

75 

40 

6 

0.8 

0.8 
3 

200 

max.0.5~ 

v 

v 

v 

A 

w 
w 
oc 

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

Characteristics at T; = 25 °C 

DC current gain 
at VeE = 10 V, le= 0.1 mA 
at VCE = 10 V, le= 1 mA 
at VeE = 10 V, le= 10 mA 
at VeE = 10 V, le= 150 mA 
at VeE = 10V, le= O.SA 
at VCE = 10 V, le= 10 mA, T; = -55 °C 
at VeE = 1 V, le= 150 mA 

Collector saturation voltage 
at le= 150 mA, la= 15 mA 
at le = 500 mA, la = 50 mA 

Base saturation voltage 
at le= 150 mA, la = 15 mA 
at le= 500 mA, la = 50 mA 
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2 N 2218A 

hFE >20 
hFE >25 
hFE > 35 
hFE 40 ... 120 
hFE > 25 
hFE > 15 
hFE >20 

VeE sat <o.3 
VeE sat <1 

< 1.2 
VaE sat <2 

2N2219A 

>35 
> 50 
> 75 
100 ... 300 
> 40 
>35 
>so 

v 
v 

v 
v 

c 



2 N 2218 A. 2 N 2219 A 
Collector cutoff current 
at Vea= 60 V lcao < 10 nA 
at Vea = 60 V, Tomb= 150 °C lcao <10 µA 
at VcE = 60 V, VEa = 3 V lcEV < 10 nA 

Emitter cutoff current hao < 10 nA 
at Vrn = 3 V 

Base cutoff current lrnv < 20 nA 
at VcE = 60V, Vrn = 3V 

Collector base breakdown voltage VraRJcao > 75 v 
at le= 10 µA 

Collector emitter breakdown V (aR)CEO > 40 v 
voltage 
atlc=10mA 

Emitter base breakdown voltage V1aR)Eao >6 v 
at le= 10 µA 

h-parameters at f = 1 kHz 
2 N 2218 A 2 N 2219A 

Input impedance 
at V cE = 10 V, le = 1 mA h;e 1 ... 3.5 2 ... 8 kQ 
at VcE = 10 V, le= 10 mA h;e 0.2 ... 1 0.25 ... 1.25 kQ 

Reverse voltage transfer ratio 
at VcE = 10 V, le= 1 mA hre <5·10-4 <8·10-4 
at VCE = 10 V, le= 10 mA hre < 2.5. 10-4 <4·10-4 

Small signal current gain 
at VcE = 10 V, le= 1 mA hie 30 ... 150 50 ... 300 
at V cE = 10 V, le = 10 mA hie 50 ... 300 75 ... 375 

Output admittance 
at VcE = 10 V, le= 1 mA hoe 3 ... 15 5 ... 35 µmho 
atVcE = 10V, le= 10 mA hoe 10 ... 100 25 ... 200 µmho 

Collector base time constant rb' Cc < 150 < 150 ps 
at VcE = 20 V, le= 20 mA, 
t cc 31.8 MHz 

Noise figure F <4 dB 
at VcE = 10 V, le= 0.1 mA, 
RG = 1 kQ, I = 1 kHz 

Thermal resistance 
Junction to ambient air RthA < 220 °C/W 
Junction to case RthC < 58 °C/W 

Curves and characteristics of types BSW 82 ... 85 are valid analogously 
for types 2 N 2218 and 2 N 2219. 
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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 T0-18 
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 
at Tc = 25°C 

Junction temperature 

Vcao 

VcEo 

. VEao 

le 

Ptot 
Ptot 

T; 

mox.5.8~ 

moic.05~ 

60 v 

30 v 

5 v 

0.8 A 

0.5 w 
1.8 w 

175 oc 

Storage temperature range Ts -65 ... + 200 oc 

Characteristics at T; = 25 °C 

DC current gain 
at VcE = 10 V, le= 0.1 mA 
at VcE = 10 V, le= 1 mA 
at VcE = 10 V, le= 10 mA 
at VcE = 10 V, le = 150 mA 
at VcE = 10 V, le= 0.5 A 

Collector saturation voltage 
at le= 150 mA, la = 15 mA 
at le= 500 mA, la= 50 mA 

Base saturation voltage 
at le= 150 mA, fa= 15 mA 
at le = 500 mA, /13 = 50 mA 
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2 N 2221 

hFE >20 
hFE >25 
hFE >35 
hFE 40 ... 120 
hFE >20 

VcE sat <0.4 
VcE sat < 1.6 

VaE sat < 1.3 
VaEsat <2.6 

2 N 2222 

>35 
>so 
>75 
100 ... 300 
>30 

v 
v 

v 
v 



2 N 2218, 2 N 2219 
Collector cutoff current 
at Vea= 50 V leao <10 nA 
at Vea = 50 V, Tamb = 150 °C leao <10 µA 

Collector base V1aR)eBO > 60 v 
breakdown voltage 
atic=10µA 

Collector emitter V(BR)eEO >so v 
breakdown voltage 
atie=10mA 

Emitter base 
breakdown voltage 

V(BR)EBO >5 v 
atiE=10µA 

Gain bandwidth product fr > 250 MHz 
at VeE = 20 V, le= 20 mA, f = 100 MHz 

Collector base capacitance Ceso <8 pF 
at Veso = 10V, f = 100 kHz 

Emitter base capacitance GEBO <so pF 
at VEBo = 0.5 V, f = 100 kHz 

Thermal resistance 
Junction to ambient air RthA < 220 °C/W 
Junction to case Rt he < 58 °C/W 

Turn-on time ton 26 ns 
(see Fig. 1) 

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

Total switching time I total 12 ns 
(see Fig. S) 

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

+ 30 v 
fp<200ns 

+ ~j--[OT-c:=:::J-+I:: 

Fig. 1: Test circuit 
for turn-on time, 
saturated operation 

-15V +6V 

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

tp=15 ns 

~ 10n 

.:FLJ;i 
ioo~A 

-sov 

Fig. S: Test circuit 
for non-saturated 
operation 

1k 
SW 

205 



2 N 2221 A, 2 N 2222 A 
NPN Silicon Epitaxial Planar Transistors 
with high cutoff frequency, for high speed switching 

c 

Metal case JEDEC T0-18 
Collector connected to case max.5.891 

Weight approximately 0.35 g 
Dimensions in mm 

Maximum Ratings 

Collector base voltage 

Collector emitter voltage 

Emitter base voltage 

Collector current 

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

Junction temperature 

Storage temperature range 

Characteristics at Ti = 25 °C 

DC current gain 
at VeE = 10V, le= 0.1 mA 
at VeE = 10 V, le= 1 mA 
at VeE = 10 V, le= 10 mA 
at VeE = 10V, le= 150 mA 
at VeE = 10V,/e = 0.5A 
at VCE = 10 V, /e = 10 mA, Ti= -55 °C 
atVeE= 1V,/e=150mA 

Collector saturation voltage 
at le= 150 mA, la = 15 mA 
at le= 500 mA, la = 50 mA 

Base saturation voltage 
at le= 150 mA, la= 15 mA 
at le = 500 mA, la = 50 mA 
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Veao 

VeEo 

VEBo 

le 

Ptat 
Ptat 

75 

40 

6 

0.8 

0.5 
1.8 

175 

max.0.591 

v 

v 

v 

A 

w 
w 
oc 

Ts - 65 ... +200 °C 

2 N 2221A 2N2222A 

hFE > 20 > 35 
hFE > 25 > 50 
hFE > 35 >75 
hFE 40 ... 120 100 ... 300 
hFE > 25 > 40 
hFE > 15 >35 
hFE > 20 > 50 

VeE sot < 0.3 v 
VeE sat <1 v 

VBE sat < 1.2 v 
VaE sat <2 v 



2 N 2221 A, 2 N 2222 A 
Collector cutoff current 
at Vea= 60V leao <10 nA 
at Vea = 60 V, Tomb= 150 °C leao < 10 µA 
at VeE = 60 V, VEa = 3 V feEV < 10 nA 

Emitter cutoff current hao <10 nA 
at VEB = 3 V 

Base cutoff current hav <20 nA 
at VeE = 60 V, VEa = 3 V 

Collector base breakdown voltage VraR)eao >75 v 
at le= 10 µA 

Collector emitter breakdown VraR)eEO > 6 v 
voltage 
at le= 10 mA 

Emitter base breakdown voltage VraR)Eao > 40 v 
at h = 10 µA 

h-parameters at f = 1 kHz 
2N2221A 2N2222A 

Input impedance 
at VeE = 10 V, le = 1 mA h;e 1 ... 3.5 2 ... 8 kQ 
at VeE = 10V, le= 10mA h;e 0.2 ... 1 0.25 ... 1.25 kQ 

Reverse voltage transfer ratio 
at VeE = 10 V, le= 1 mA hre < 5 · 1o-4 <8·10-4 
at VeE = 10 V, le = 10 mA hre < 2.5 · 10-4 < 4 · 1o-4 

Small signal current gain 
at VeE = 10 V, le= 1 mA hie 30 ... 150 50 ... 300 
at VeE = 10 V, le= 10 mA hie 50 ... 300 75 ... 375 

Output admittance 
at VeE = 10 V, le= 1 mA hoe 3 ... 15 5 ... 35 µmho 
at VeE = 10 V, le= 10 mA hoe 10 ... 100 25 ... 200 µmho 

Collector base time constant fb' Cc < 150 < 150 ps 
at VeE = 20 V, le= 20 mA, 
f = 31.8 MHz 

Noise figure F <4 dB 
at VeE = 10 V, le= 0.1 mA, 
RG = 1 kQ, f = 1 kHz 

Thermal resistance 
Junction to ambient air RthA < 300 °C!W 
Junction to case Rthe <84 °C/W 

Curves and characteristics of types BSW 82 ... 85 are valid analogously 
for types 2 N 2221 A and 2 N 2222 A. 
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2 N 2368 
NPN Siiicon Epitaxial Planar Transistor 
for switching appli'cations 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. 

Metal case JEDEC T0-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 

Maximum Ratings 

Collector base voltage 

Collector emitter voltage 
at VeE = 0 
at/e = O 

Emitter base voltage 

Collector current 

Collector current, pulsed 
tp = 10 µs duration 

Power dissipation 
at Tamb = 25 °C 
at Tc = 25°C 

Junction temoerature 

Storage temperature range 

Characteristics at Ti = 25 °C 

DC current gain 
at VcE = 1 V, le = 10 mA . 
at VcE = 1 V, le= 10 mA, Ti = -55 °C 
at VcE = 2 V, le = 100 mA 
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Vceo 

VcEs 
VcEo 

VEBO 

le 

le 

Ptot 
P101 

Ti 

Ts 

max.5.Bf> 

max.O.Sf> 

40 

40 
15 

4.5 

200 

500 

0.36 
1.2 

200 

-65 ... +200 

20 ... 60 
>10 
> 10 

v 

v 
v 

v 

mA 

mA 

w 
w 
oc 
oc 



2 N 2368 
Collector saturation voltage VeE sat 0.2 (< 0.25) v 
at le = 10 mA, la = 1 mA 

Base saturation voltage VaE sat 0.7 ... 0.85 v 
at le = 10 mA, la = 1 mA 

Collector cutoff current 
at Vea= 20 V leao < 0.4 µA 
at Vea= 20V, T; = 150°C leao <30 µA 

Collector base capacitance Ceao 2.5 (< 4) pF 
at Veao = 5 V 

Gain bandwidth product fr > 400 MHz 
at VeE = 10 V, le= 10 mA 

Storage time constant ,, <10 ns 
at le = la1 = -la2 = 10 mA 

Turn-on time ton < 12 ns 
at le = 10 mA, la1 = 3 mA 

Turn-off time foff < 15 ns 
at le = 10 mA, la1 = 3 mA, 
-la2 = 1.5 mA 

Thermal resistance 
Junction to ambient air RthA < 480 oc;w 
Junction to case Rthe < 150 °C/W 
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Ic 

2 N 2368 
Common emitter 
collector characteristics 

2N 2368 .. 

Collector current versus 
base emitter voltage 

mA 

300 

2N2368 

100 

0 
0 
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collector characteristics 
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DC current gain 
versus collector current 
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v 
10 

Collector saturation voltage 
versus collector current 
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~Es at 

i 

_Jj_ 
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L 
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Switching times 
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Base saturation voltage 
versus collector current 
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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. 

Metal case JEDEC T0-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 

Maximum Ratings 

Collector base voltage 

Collector emitter voltage 
at VaE = O 
at/a = 0 

Emitter base voltage 

Collector current 

Collector current, pulsed 
tp = 10 µs duration 

Power di'ssipation 
at Tamb = 25 °C 
at Tc = 25° C 

Junction temperature 

Storage temperature range 

Characteristics at Ti = 25 °C 

DC current gain 
at VcE = 1 V, le= 10 mA 
at VcE = 1 V, le= 10 mA, Ti= -55 °C 
at VcE = 2 V, le= 100 mA 
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Vcao 

VcEs 
VcEo 

VEBO 

le 

le 

Ptot 
Ptot 

Ti 

Ts 

><..., 
~ ui 

40 

40 
15 

4.5 

200 

500 

0.36 
1.2 

200 

-65 ... +200 

40 ... 120 
>20 
>20 

max. 
51~ 

max.5.8~ 

max.0.5~ 

v 

v 
v 
v 
mA 

mA 

w 
w 
oc 
oc 



2 N 2369 
Collector saturation voltage VeE sat 0.2 (< 0.25) v 
at le= 10 mA, la= 1 mA 

Base saturation voltage VaE sat 0.7 ... 0.85 v 
at le= 10 mA, la= 1 mA 

Collector cutoff current 
at Vea= 20 V leao < 0.4 µA 
at Vea= 20V, T; = 150°C leao <30 µA 

Collector base capacitance Ceao 2.5 (< 4) pF 
at Veao = 5 V 

Gain bandwidth product fr > 500 MHz 
atVeE = 10V,le = 10mA 

Storage time constant 'rs <13 ns 
at le = la1 = -la2 = 10 mA 

Turn-on time ton < 12 ns 
at le= 10 mA, la 1 = 3 mA 

Turn-off time toll < 18 ns 
at le= 10 mA, la1 = 3 mA, 
-la2 = 1.5 mA 

Thermal resistance 
Junction to ambient air RthA < 480 °C/W 
Junction to case Rthe < 150 °C/W 

Curves and characteristics of type 2 N 2368 are valid analogously for type 
2 N 2369. 
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2 N 2369A 
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. 

Metal case JEDEC T0-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 

Maximum Ratings 

Collector base voltage 

Collector emitter voltage 
at VaE = O 
at la =0 

Emitter base voltage 

Collector current 

Collector current, pulsed 
tp = 10 µs duration 

Power. dissipation 
at Tamb = 25 °C 
at Tc = 25° c 
Junction temperature 

Storage temperature range 

Characteristics at T; = 25 °C 

DC current gain 
at VcE = 1 V. lc = 10 mA 
at VcE = 0.35 V, le= 10 mA 
at VcE = 0.4 V, le = 30 mA 
at VcE = 1 V, le = 100 mA 
at VcE = 0.35 V, le= 10 mA, T; = -55 °C 
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c 

max.0.5~ 

Vcao 40 v 

VcEs 40 v 
VcEO 15 v 

VEBO 4.5 v 

le 200 mA 

le 500 mA 

Ptot 0.36 w 
Ptot 1.2 w 

Ti 200 oc 

Ts - 65 ... + 200 oc 

hFE 40 ... 120 (66) 
hFE 40 ... 120 (63) 
hFE 70 (> 30) 
hFE >20 
hFE 50 (> 20) 



2 N 2369 A 
Collector saturation voltage 
at le= 10 mA, Is= 1 mA VeE sat 0.14 (< 0.2) v 
at le = 30 mA, Is = 3 mA VeE sat 0.17 (< 0.25) v 
at le= 100 mA, Is = 10 mA VeEsat 0.28 (< 0.5) v 
at le= 10 mA, Is = 1 mA, T; = 125 °C VeE sat 0.19 (< 0.3) v 
Base saturation voltage 
at le= 10 mA, Is= 1 mA VaE sat 0.7 .. ; 0.85 v 
at le= 30 mA, Is= 3 mA VaE sat 0.9 (< 1.15) v 
at le= 100 mA, la= 10 mA VaE sat 1.1(<1.6) v 
Collector cutoff current 
at Veso = 20 V, T; = 150 °C leso 10 (< 30) µA 
at VeE = 20V feES 50 (< 400) nA 

Thermal resistance 
Junction to ambient air RthA <480 °C/W 
Junction to case Rthe < 150 °C/W 

Dynamic characteristics at T amb = 25 °C 

Gain bandwidth pro.duct fr 675 (> 500) MHz 
at VeE = 10 V, le = 10 mA, f = 100 MHz 

Collector base capacitance Cesa 2.3 (< 4) pF 
at Veao = 5 V 

Storage time constant Ts 6 (< 13) ns 
at le = ls1 = -ls2 = 10 mA 

Turn-on time ton 9 (< 12) ns 
at le = 10 mA, ls1 = 3 mA 

Turn-off time fott 13 (< 18) ns 
at le= 10 mA, ls1 = 3 mA, -ls2 = 1.5 mA 
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2 N 2369A 
Common emitter 
collector characteristics 

mA 2 N 2369A 
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Collector current versus 
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VcEsat 

1 

Collector saturation voltage 
versus collector current 
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2 N 2369A 
Base saturation voltage 
versus collector current 
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2 N 2369A 
Switching times 
versus collector current 
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2 N 2369 A 
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NPN Silicon 
High Frequency Transistors 
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BF120 
NPN Silicon Epitaxial Planar Transistor 
with hi'gh 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 T0-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensi·ons in mm 

Maximum Ratings 

Collector emitter voltage VcEo 

Emitter base voltage VEao 

Collector current le 

Power dissipation 
at Tamb = 25 °C Ptot 
at Tc = 25° c Ptot 

Junction temperature Ti 

Storage temperature range Ts 

Characteristics at Ti = 25 °C 

DC current gain hFE 
at VcE = 10 V, le = 10 mA 

Collector cutoff current lcao 
at Vea= 200 V 

Collector saturation voltage VeEsat 
at le = 10 mA, la = 2 mA 

Thermal resistance 
Junction to ambient air RthA 
Junction to case Rthe 

222 

max. 
51¢ 

""' I g ui I 

max.5.8¢ 

max0.5¢ 

220 v 
5 v 
50 mA 

300 mW 
750 mW 

175 oc 
-55 ... + 175°C 

>20 

10 « 200) nA 

<2 v 

<500 °C/W 
<200 °C/W 
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1 

Admissible power dissipation 
versus temperature 
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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. 

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 Tomb= 25 °C 

Static characteristics at T amb = 25 °C 

DC current gain 
at VeE = 10 V, le = 1 mA 
at VeE = 10 V, le= 4 mA 

Thermal resistance 
Junction to ambient air 

VeEo 

VEBO 

Vesoo 

le 

T; 

Ptat 

RthA 

30 

4 

40 

25 

125 

3301 

72 

,ili 
LPF2 

0,5 

-i 5 :--
1. . · s I 
N~' "'-· . ' c 

f" ·-·E 

v 
v 
v 

mA 
oc 
mW 

80 (> 30) 

<0.31 °C/mW 

1 Valid provided the transistor is soldered onto a printed circuit board 
with 35 µm 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 Tamb = 25 °C 
Screen electrode at emitter potential, but grounded for RF 

Gain bandwidth product 
at VeE = 10 V, le= 4 mA 

Feedback capaci·tance 
at VeE = 10 V, le= 1 mA, f = 10.7 MHz 

Noise figure 
at VeE = 10 V, le= 1 mA, f = 1 MHz, 
RG = 500 Q, grounded emitter 
at VeE = 10 V, le= 2 mA,f = 100 MHz, 
RG = 60 Q, grounded base 
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fr 350 

-Cre 0.22 

F 1.5 

F 3.5 

MHz 

pF 

dB 

dB 



BF 121 
y-Parameters 

Test conditions: VeE = 10 V, le= 1 mA, t = 500 kHz, grounded emitter 

Yie = (0.4 + j 0.06) mmho 
C;e = 19 pF 
I Yre I = 0.6 µmho, <p = -90° 

I Yte I = 35 mmho, <p = 0° 
Yoe = (2.5 + j 4.3) µmho 
Coe = 1.5 pF 

Test conditions: VeE = 10 V, le = 1 mA, f = 10.7 MHz, grounded emitter 

Yie = (0.53 + j 1.25) mmho 
C;e =19pF 
I Yre I = 14 µmho, <p = -92° 

I Yte ! = 35 mm ho, <p = -5° 
Yoe = (3.9 + j 94) µmho 
Coe = 1.5 pF 

Test conditions: VeE = 10 V, le= 2 mA, t = 100 MHz, grounded emitter 

Yie = (15.5 + j 14.5) mmho 
C;e = 23 pF 
I Yre I = 130 µmho, <p = -96° 

I Yte I = 55 mmho, <p = -34° 
Yoe = (46 + j 900) µmho 
Coe = 1.4 pF 

Test conditions: VeE = 10 V, le= 2 mA, f = 100 MHz, grounded base 

Yib = (58 - j 14) mmho 
-C;b = 22 pF 
I Yrb I =130 µmho, <p = -84° 

I Ytb I = 55 mmho, <p = 148° 
Yob = (46 + j 900) µmho 
Cob = 1.4 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). 

A B C 

~··~~·~·~ 
D 

~-
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Admissible power dissipation 
versus ambient temperature 
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Real part of input 
admittance versus frequency 
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BF123 
NPN Silicon Epitaxial Planar Transistor 
suited for TV IF amplifier stages without AGC, 
especially for video IF output stages 

t ~.Jj, 
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 Tamb = 25 °C 

Static characteristics at T amb = 25 °C 

DC current gain 
at VeE = 10 V, le= 7 mA 
at VeE = 2 V, le= 20 mA 

Base emitter voltage 
at VCE = 10 V, le= 7 mA 

VeEo 

VEBO 

Vesoo 

le 

Ti 

Ptot 

VaE 

30 

4 

40 

30 

125 

3301 

90 (> 35) 
> 15 

0,5 

v 
v 
v 

mA 
oc 
mW 

0.74 (< 0.9) v 

Thermal resistance RthA < 0.31 °C/mW 
Junction to. ambient air 
1 Valid provided the transistor is soldered onto a printed circuit board 

with 35 µm 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 T amb = 25 °C 
Screen e·lectrode at emitter potentional, but grounded for RF 

Gain bandwidth product 
at VCE = 10 V, le= 5 mA 

Feedback capacitance 
at VeE = 10V, le= 1mA,f=10.7 MHz 

Max. avai'iable power gain 
at VeE = 10 V, le= 7 mA, f = 35 MHz 
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BF123 
y-Parameters 

Test conditions: VeE = 10 V, le= 7 mA, f = 35 MHz, grounded emitter 

Yie = (5.9 + j 10) mmho 
C;e = 45 pF 
IYrel = 65 µmho, ({J = - 94 ° 

Operating Data as IF Amplifier 
f = 35 MHz 

560 fl. 

IY1e! = 185 (> 115) mmho, q; = - 24 ° 
Yoe = (50 + j 395) µmho 
Coe = 1.8 pF 

2,2pF 

~------41---------------0 -18V 

Power gain Gp 26 dB 
at le= 7.2 mA 

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). 
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versus· ambient temperature 
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Common emitter 
collector characteristics 

mA BF 123, 125 
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Relative DC current gain 
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40 
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hFEUc) 4 l--+--+--1-+-----1--+--11-----+--' 

lff-(7 mA) 3 1--+--+--1-+-----1--+--11-----+--' 

t 2 I , hp0 =84 
~_L~=90typ. 

o.1v 
0.5 l--+---+--1-+-----1--+-I---+--< 
Q41--+---+--l--1--l---+-l---+--l 

031--+---+--l-+-----l--+-l---+--l 

0.2 l---t---+-1--+-----+--l-+--+---l 

0.1 L-..L---1-L-.1--l.--1-L--'--' 

01 2 s 1 2 s 10 2 s 100 mA 
-le 
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BF125 
NPN Silicon Epitaxial Planar Transistor 
for RF amplifiers and oscillators up to 100 MHz 

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 Tamb = 25 °C 

Static characteristics at T amb = 25 °C 

DC current gain 
at VeE = 10 V, le= 2 mA 
at VeE = 10 V, le= 7 mA 
at VeE = 2 V, le= 20 mA 

VeEo 

VEBO 

Vesoo 

le 

T; 

Ptot 

4¥ 2 

0,5 

-i 5 -.L _. s i 

~ .,__ . ' c 
f" ·-·E 

30 v 
4 v 
40 v 

30 mA 

125 oc 
3301 mW 

84 
90 (> 35) 
> 15 

Thermal resistance RthA < 0.31 °C/mW 
Junction to ambient air 
1 Valid provided the transistor is soldered onto a printed circuit board 

with 35 µm copper foil at a distance of a = 1.5 mm between copper foil 
and transi'stor. For different values of "a" see curve "Admissible power 
dissipati'on versus ambient temperature". 

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

Gain bandwidth product fr 450 MHz 
at VeE = 10 V, le= 5 mA 

Oscillation cutoff frequency 2 

Feedback capacitance 
at VeE = 10 V, le= 1 mA, f = 10.7 MHz 

Noise figure 
at VCE = 10 V, le= 2 mA, f = 100 MHz, 
RG = 60 Q, grounded base 

2 fmax = v fr 
8 :n: • fb' ·Cc 
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3 
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BF125 
y-Parameters 

Test conditions: VeE = 10 V, le= 2 mA, f = 500 kHz, grounded emitter 

Yie = (0.89 + j 0.08) mmho 
C1e = 25 pF 
IYrel = 0.9 µmho, ({J = - 90 ° 

IY1el = 70 mmho, rp = 0 ° 
Yoe = (4 + j 5.7) µmho 
Coe = 1.8 pF 

Test conditions: VeE = 10 V, le= 2 mA, f = 10.7 MHz, grounded emitter 

Yie = (1.2 + j 1.6) mmho 
C1e = 24 pF 
IYrel = 20 µmho, ({J = - 92 ° 

IY1el = 70 mmho, rp = - 6 ° 
Yoe = (4.5 + j 120) µmho 
Coe =1.8pF 

Test conditions: VcE = 10 V, le= 2 mA, f = 100 MHz, grounded emitter 

y;. = (10.8 + j 14) mmho 
C;e = 21 pF 
IYrel = 185 µmho, rp = - 95 ° 

IY1el = 65 mmho, rp = - 25 ° 
Yoe = (23 + j 1130) µmho 
Coe = 1.8 pF 

Test conditions: VeE = 10 V, le= 2 mA, f = 100 MHz, grounded base 

Yib = (70 - j 12.6) mmho 
-C;b= 21 pF 
IYrbl = 185 µmho, rp = - 85 ° 

IY1bl = 65 mmho, rp = 155 ° 
Yob = (23 + j 1130) µmho 
Cob = 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 Fi'g. 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). 
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versus ambient temperature 
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Real part of input 
admittance versus frequency 
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BF127 
NPN Silicon Epitaxial Planar Transistor 
especially designed for use in TV IF amplifiers with forward AGC 

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 Tomb= 25 °C 

Static characteristics at T amb = 25 °C 

DC current gain 
at VeE = 10 V, le= 4 mA 

Thermal resistance 
Junction to ambient air 

VeEo 

VEBO 

Vesoo 

le 

Ti 

Ptat 

RthA 

f r1J, 
0,5 

-i 5 !+-
.L _' s I 

N~ .,,_. ·, c 
f" --·E 

30 v 
4 v 
40 v 

25 mA 

125 oc 
3301 mW 

80 (> 30) 

<0.31 °C/mW 

1 Valid provided the transistor is soldered onto a printed circuit board 
with 35 µm 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 Tomb = 25 °C 
Screen electrode at emitter potentional, but grounded for RF 

Gain bandwidth product 
at VeE = 10 V, le= 4 mA 

Feedback capacitance 
at VeE = 10 V, le= 1 mA, f = 10.7 MHz 

Max. available power gain 
at VeE = 10 V, le= 4 mA, f = 35 MHz 

Noise figure 
at VeE = 10 V, le= 4 mA, f = 35 MHz, 
RG = 100 Q, grounded emitter 
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BF127 
y-Parameters 

Test conditions: VeE = 10 V, le= 4 mA, f = 35 MHz, grounded emitter 

Yie = (5.4 + j 10) mmho 
C;e = 45 pF 
]Yrel = 48 µmho, rp = - 94 ° 

Operating Data as IF Amplifier 

IF stage with AGC, f = 35 MHz 

IOpF 22pF 

~ 
.J.. 

100 pF 

10 nF 

IY1el = 115 (> 75) mmho, rp = -21 ° 
Yoe = (30 + j 305) ftmho 
Coe= 1.4 pf 

-~GC 0 -25 v 

Power gain 
at le= 4 mA 

Gain control range 

Gp 26 dB 

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). 
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BF127 
Admissible power dissipation 
versus ambient temperature 

BF 121-127 

Gain bandwidth product 
versus collector current 
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Common emitter 
collector characteristics 
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Relative DC current gain 
versus collector current 
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BF137 
NPN Silicon Epitaxial Planar Transistor 
for video output stages 

Metal case JEDEC T0-39 
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 Tamb = 25 °C 
at Tc = 100 °C 

Junction temperature 

Storage temperature range 

Characteristics at T; = 25 °C 

DC current gain 
at VcE = 10V, le= 30 mA 

Collector saturation voltage 
at le = 30 mA, la = 6 mA 

Collector cutoff current 
at Vea= 100V 

Emitter cutoff current 
at VEB = 4 V 

Collector base capacitance 
at Vcao = 20 V, f = 500 kHz 

Gain bandwidth product 
at VcE = 10V, le= 20 mA, f = 50 MHz 

Thermal resistance 
Junction to ambient air 
Junction to case 

240 

Vcao 

VcEo 

VEao 

le 

Ptot 
Ptot 

T; 

Ts 

hFE 

VcE sat 

lcao 

IEao 

Ccao 

fr 

RthA 
RthC 

c 

""' gc.d 

"' ~:f max.9.4 ¢ 
c 
E 

max.0.5 ¢ 

160 v 

160 v 

5 v 

100 mA 

680 mW 
1.27 w 
175 oc 

-55. .. + 175 oc 

>25 

<1 v 

<10 nA 

<so nA 

2 pF 

95 MHz 

< 220 °C/W 
< 58 °C/W 
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BF198 
NPN Silicon Planar Transistor 
desi,gned for RF applications; low feedback capacitance, especially suited 
for AGC in emitter-grounded IF stages in TV sets. ' 

Black plastic case = T0-92 
T0-18 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 :r amb = 25 °C 

Junction temperature 

Storage temperature range 

Characteristics at T amb = 25 °C 

DC current gain 
at VeE = 10 V, le = 10 mA 

Base emitter voltage 
at Ves = 10 V, le= 4 mA 

Collector cutoff current 
at Vea= 40V 

Thermal resistance 
Junction to ambient air 

Veso 

VeEo 

Vrno 

le 

Is 

Ptot 

T; 

Ts 

leao 

RthA 

'je~ 
2.5 

JD 
"' ~ 
.~ 
E 

max.0.5¢ 1.25 

' 
40 v 

30 v 

4 v 

25 mA 

3 mA 

3001 mW 

150 oc 
-55 ... + 150 oc 

80 (> 27) 

750 mV 

< 100 nA 

<4201 °C/W 

1 Valid provided that leads are kept at ambient temperature at a distance 
of 2 mm from case. 
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mW 
500 

200 

100 

0 

Feedback capacitance 
at Vea = 10 V, le= 1 mA, f = 1 MHz 

Gain bandwidth product 
at Vea = 10 V, le= 4 mA, I= 100 MHz 

Noise figure at Vea = 10 V, 
le= 4 mA, f = 35 MHz, RG = 100 Q 

y-Parameters (emitter grounded) 
at f = 35 MHz, Vea= 10V, le= 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) 

\ 
\ 
\ 

0 

BF 198, 199 

1 
\ 

100 
_________... T'a.mb 

200 °C 

mA 

BF198 
-c,. 0.22 

fr 400 

F 3 

g;. 4.5 

9oe 35 

C;e 40 

Coe 1.3 

]Yte] 105 
(f!fe -20° 

iYre] 45 
'Pre -95° 

Collector current 
versus base current 

pF 

MHz 

dB 

mm ho 

µmho 

pF 

pF 

mm ho 

µmho 
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25~~~~~~~~-~.----i 

o~~~~~~~~-~~ 

0 3 4 5 mA 
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BF198 
Forward transconductance 
.versus emitter current 

BF 198 
150 -~--~~----

'---+--+--1---+--'--'--+-+--+--'- Vea= 10 v 
~ f =35MHz 

17 ' Tamb=25°C 

T"' f---+--+--+->JL<+-lj_+--+-+--+-+-l\+-:\\1---1\+-+-+

f'i 

rr 
OL-L__,___,---+-_L__i_.L___L_J__J___L__L_L__C_ 

0 10 15 mA 

--h 

AGC characteristics 

mA BF198 

20 ~'1-Vp-=-~6o-d-~/~-~~=i~6 -.~dB~1-a7~~~;;r~4-~-A 

18 f---+---+--<e-+--+-+-+-_l+--_l-+----+ f = 36.4 MHz 

Tamb=25oC 

2 IW 
oL't::D::t::±:::±:::t::l::t::±:::±::j:=i::::±j 

o 5 10 mv 
-Ji:E 

244 

Gain bandwidth product 
versus emitter current 
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BF199 
NPN Silicon Epitaxial Planar Transistor 
designed for RF applications; low feedback capacitance, especially suited 
for emitter-grounded IF stages in TV sets. 

Black plastic case = T0-92 
T0-18 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 Tamb = 25 °C 

Junction temperature 

Storage temperature range 

Characteristics at T amb = 25 °C 

DC current gain 
at VeE = 10 V, le= 7 mA 

Base emitter voltage 
at Vea = 10 V, le= 7 mA 

Collector cutoff current 
at Vea= 40 V 

Thermal resistance 
Junction to ambient air 

Veao 

VeEo 

VEao 

le 

la 

Ptot 

T; 

Ts 

feao 

RthA 

·kf 
2.5 

f. "' Soi' 
·~ 

max.Q5¢ 1.25 

40 v 

25 v 

4 v 

25 mA 

2 mA 

3001 mW 

150 oc 

-55 ... + 150 oc 

88 {> 38) 

750 mv 

< 100 nA 

< 4201 oc;w 

1 Valid provided that leads are kept at ambient temperature at a distance 
of 2 mm from case. 
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mW 
500 

R 400 

L, 
200 

100 

0 

Feedback capacitance 
at Vea = 10 V, le= 1 mA, f = 1 MHz 

Gain bandwidth product 
at Vea = 10 V, le= 5 mA, f = 100 MHz 

y-Parameters (emitter grounded) 
atf=35MHz, Vea=10V, /e=7mA 

Input admittance 

Output admittance 

Input capacitance 

Output capacitance 

Forward transconductance 

Reverse transconductance 

Admissible power dissipation 
versus ambient temperature 
(see note on page 246) 
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BF199 
Common emitter 
collector characteristics 
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5 v 

BF 199 
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mA 

Common emitter 
collector characteristics 
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Gain bandwidth product 
versus emitter current 
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Forward transconductance 
versus emitter current 
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BF 240, BF 241 
NPN Silicon Epitaxial Planar Transistors 
designed for emitter-grounded AM and FM amplifier stages 

'*'' 2,5 

Black plastic case = T0-92 

JD 
T0-18 compatible. 

"' The case is impervious to light "' Weight approximately 0.18 g -~ 
Dimensions in mm 

max.0,5¢ 1,25 

Maximum Ratings 

Collector base voltage· Veao 40 v 

Collector emitter voltage VeEo 40 v 

Emitter base voltage VEBO 4 v 

Collector current le 25 mA 

Base current la 2 mA 

Power dissipation at Tamb = 25 °C Ptot 3001 mW 

Junction temperature T; 150 oc 

Storage temperature range Ts -55 ... + 150 oc 

Characteristics at T amb = 25 °C 

DC current gain 
at VeE = 10 V, le= 1 mA BF240 hFE 67 ... 220 

BF241 hFE 36 ... 125 

Base emitter voltage VaE 700 (650 ... 740) mV 
at Vea = 10 V, le= 1 mA 

Collector cutoff current leao < 100 nA 
at Vea= 20V 

Thermal resistance RthA < 4201 °C/W 
JuncHon to ambient air 

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

Collector base breakdown voltage 
at le= 10 µA 

Collector emitter breakdown voltage 
at le= 2 mA 

Emitter base breakdown voltage 
at h = 10 µA 

Gain bandwidth product 
at Veao = 10V, le =1mA,f=100 MHz 

Feedback capacitance 
at Vea= 10V, le= 1mA.f=1 MHz 

Noise figure (emitter grounded) 
at Vea= 10 V, "le= 1 mA 
GG = 5 mmho, f = 200 kHz 
Y G = (6.6 -j 3.3) mm ho, f = 100 MHz 

Output admittance 
at Vea= 10V, le= 1mA,f=10.7 MHz 
at Vea = 10 V, le= 1 mA, f = 470 kHz 

Gain bandwidth product 
versus collector current 

BF 240/241 
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Max. available power gain 
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Forward transconductance 
at 10.7 MHz versus 
collector current 
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Forward transconductance 
at 100 MHz versus 
collector current 

mm ho BF 240/241 
200 .--~-~----,--~.-~ 

IYtel 

i 

pF 

f= lOOMHz 

'/ 

4 

Vca=lO~" 
.6-'_3V 

6 

-re 
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Input admittance 
at 10.7 MHz versus 
collector current 
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at 100 MHz versus 
collector current 
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µmho 

BF 240, BF 241 
Output admittance 
at 10.7 MHz versus 
collector current 
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Output capacitance 
at 10.7 MHz versus 
collector current 
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Output admittance 
at 100 MHz versus 
collector current 
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BF 257, BF 258, BF 259 
NPN Silicon Epitaxial Planar Transistors 
for video output stages 
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r 

w 
5 

0 

BF 257, BF 258, BF 259 
Emitter base 
breakdown voltage 
at h = 100 µA 

Gain bandwidth product 
at VeE = 10 V, le = 15 mA 

Feedback capacitance 
at Vea = 30 V, f = 1 MHz 

Output capacitance 
at Vea= 30 V, f = 1 MHz 

Thermal resistance 
Junction to case 

Admissible power dissipation 
versus case temperature 
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Pulse thermal resistance 
versus pulse duration 

BF 257/8/9 
100 ,.......,.--,.......,..--r---..,...-.--r-..,.-.....--,,...-~ 

o..~5 -1-1--1-r--r-~v 

10 t-+-=i.-+-+-+-i::..-1'.....?~-+-+-+-l 
0.:::.:25:....i--+---rH v 

[/, 

0.05~7" 
0.03 I-"./ 
0,02~ 

,__....v=-0-.0-~+--<---<~ 
0.1 ~~~~.l.__i..__._l_J_.__l..__._l_. 

10-3 10-2 10-1 10 s 
-tp 

257 



BF 257, BF 258, BF 259 

mA 

Common emitter 
collector characteristics 
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versus collector current 

BF 257/8/9 

100 lfr =lOV 

tmb=25~C 

~0 80 [/' 

La~-+----#--/~ 
40 t---+---+----,ILJl<-+---+-----;t---+--+-tt 

~ 
20 f---+--+-1--+--+-----<l--+---+----'I 

0 '---'--------'--'--+--+-----<'--+---+-----; 

0-1 2 2 s 10 2 s 100mA 
-Ic 

258 

mA 
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collector characteristics 
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BF 257, BF 258, BF 259 

v 

Collector saturation voltage 
versus collector current 
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BF 257, BF 258, BF 259 
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Collector cutoff current 
versus ambient temperature 
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Contours of constant 
gain bandwidth product 
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Output capacitance and 
feedback capacitance 
versus collector base voltage 
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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 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 

Dimensions in mm 

264 
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max.14.s• 

Insulating bush No. 02 321 



80106, 80107 
Maximum Ratings BD 106 BO 107 

Collector base voltage Vcso 36 64 v 

Collector emitter voltage VcEo 36 64 v 

Emitter base voltage Vrno 5 v 

Collector current le 2.5 A 

Power dissipation Ptot 11.5 w 
at Tc= 25 °C 

Junction temperature T; 175 oc 

Storage temperature range Ts - 55 ... + 175 oc 

Characteristics at T; = 25 °C BD 106A BD 106 B 
BD 107 A BD 107 B 

DC current gain 
at VcE = 2V, le= 0.5A hFE 0.5A 50 ... 150 100 ... 300 
at VcE = 2 V, le= 1.5A(BD106 only) hFE 1.5A > 0.7 · hFE 0.5A 
at VeE = 2 V, le= 1A(BD107 only) hFE 1A > 0.7 · hFE 0.5A 

Collector saturation voltage VcE sat <1 v 
at le = 2.5 A, Is = 0.25 A 

Collector cutoff current 
at Vcs = 32 V (BD 106) lcso 0.01 (< 0.5) µA 
at Vcs = 60 V (BD 107) /cso 0.01 (< 0.5) µA 

Gain bandwidth product fr 100 MHz 
at VcE = 10 V, le= 0.3 A, f = 50 MHz 

Collector base capacitance Ccso 25 pF 
at Vcso = 10 V, f = 1 MHz 

Thermal resistance RthC < 13 °C/W 
Junction to case 

The thermal resistance Rthe 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 
versus case temperature 
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Pulse thermal resistance 
versus pulse duration 
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Collector saturation voltage 
versus collector current 

BO 106, 107 
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BO 135, BO 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 I BO 136 or BD 137 I BD.138. Matching condition: The 
typical ratio· of the DC current gain of a matched pair at IV cEI = 2 V, 
Itel = 150 mA is 1.3 (max. 1.6). 

Plastic case SOT-32 
Collector connected 
to metal base 
Weight approximately 1 g 
Dimensions in mm 

Maximum Ratings 

Collector base voltage 

Collector emitter voltage 

Emitter base voltage 

Average collector current 

Peak collector current 

Power dissipation 
at Tc <60 °C 

Junction temperature 

Storage temperature range 

Characteristics at T; = 25 °C 

DC current gain 
at VcE = 2 V, le = 5 mA 
at VcE = 2 V, le= 150 mA 
at VcE = 2 V, le= 500 mA 
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Vcao 

VcEo 

VEBO 

fcAV 

fcM 

Ptot 

T; 

Ts 
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hFE 
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BO 135 

45 

45 

5 

0.5 

1.5 

6.5 

125 

max. 7,8 

max. ~ 

ECB 

BO 137 

60 

60 

c 
E 

-55 ... + 125 

BO 135 

> 25 
40 ... 250 
> 25 

BO 137 

>25 
40 ... 160 
>25 

ma<.2.8 

0.5 

v 

v 

v 

A 

A 

w 

oc 
oc 



BD 135, BD 137 
Base emitter voltage VaE <1 v 
at VeE = 2 V, le= 500 mA 

Collector saturation voltage VeE sat < 0.5 v 
at le= 500 mA, la = 50 mA 

Collector cutoff current 
atVea=30V leao < 100 nA 
at Vea = 30 V, Ti= 125 °C leao <10 µA 

Emitter cutoff current IEao < 10 µA 
at VEa ':= 5 V 

Gain bandwidth product fr 250 MHz 
at VeE = 5 V, le= 50 mA, 
I= 35 MHz 

Thermal resistance 
Junction to ambient air RthA < 100 °C/W 
Junction to metal base Rthe < 10 °C/W 
Metal base to heat sink Rthe!S <1 °C/W 
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BO 135, BO 137 
Admissible power dissipation 
versus 
metal base temperature 
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BD 135, BD 137 
Common emitter 
collector characteristics 
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80139 
NPN Silicon Epitaxial Planar Power Transistor 
for AF driver stages in hifi equipment and for push-pull output stages 
matched wi1h 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 /VcEI = 2V, Itel= 150 mA is 1.3 
(max. 1.6). 

max. 7.8 

Plastic case SOT-32 max. "" Collector connected ~ 

to metal base 0.88 c 0.5 
I 

.E 
Weight approximately 1 g i Dimensions in mm 

2,29 

ECB 

Maximum Ratings 

Collector emitter voltage VcER 100 v 
at RaE < 1 kQ 

Collector emitter voltage VcED 80 v 

Emitter base voltage VEBO 5 v 

Average collector current fcAV 0.5 A 

Peak collector current fcM 1.5 A 

Power dissipation Ptot 6.5 w 
at Tc< 60 °C 

Junction temperature T; 125 oc 

Storage temperature range Ts -55 ... +125 oc 

Characteristics at T; = 25 °C 

DC current gain 
at VcE = 2 V, le= 5 mA hFE >25 
at VcE = 2 V, le= 150 mA hFE 40 ... 160 
at VcE = 2 V, le = 500 mA hFE >25 
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80139 
Base emitter voltage VaE <1 v 
at VeE = 2 V, le= 500 mA 

Colle'Ctor saturation voltage VeE sat < 0.5 v 
at le = 500 mA, la = 50 mA 

Collector cutoff current 
at Vea = 30 V leao < 100 nA 
at Vea= 30V, T; = 125 °C leao < 10 µA 

Emitter cutoff current IEaO < 10 µA 
at VEa = 5 V 

Gain bandwidth product fr 250 MHz 
at VeE = 5 V, le= 50 mA, 
f = 35 MHz 

Thermal resistance 
Junction to ambient air RthA < 100 °C/W 
Junction to metal base Rthe <10 °C/W 
Metal base to heat sink Rthe!S <1 °C/W 
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80139 
Common emitter 
collector characteristics 
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BO 306, BO 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. 

Plastic case SOT-32 
Collector connected 
to me'tal base 
Weight approximately 1 g 
Dimensions in mm 

Maximum Ratings 80306 

max.7.8 

max. @ 
0,88 

I 
c 
E 

i ... i _ ___. 
229 

ECB 

80307 

Collector base voltage 

Collector emitter voltage 

Emitter base voltage 

Vcao 36 64 

64 VcEo 36 

Collector current 

Power dissipation 
at Tc= 25 °C 

Ptot 

Junction temperature T; 

Storage temperature range Ts 

Characteristics at T; = 25 °C 

DC current gai'n 
at VcE = 2 V, le= 0.5 A hFEa.sA 
at VcE = 2 V, le= 1.5 A (BD 306 only) hFE 1.sA 
at VcE = 2 V, le= 1 A (BD 307 only) hFE 1A 

Collector saturation voltage 
at le= 2.5A, la= 0.25A 

Collector cutoff current 

VcE sat 

at Vea = 32 V (BD 306) lcaa 
at Vea = 60 V (BD 307) lcaa 

Gain bandwidth product fr 
at VcE = 10 V, le= 0.3 A, f = 50 MHz 

Collector base capacitance Ccaa 
atVcaa=10V,f=1 MHz 

Thermal resistance RthC 
Junction to metal base 
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BOY 15, BOY 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 conne'Cted to case 
Weight approximately 8 g 

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. 02 321 polycarbonate 

Insulating washer No. 02 911 
20,6 

Dimensions in mm 
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max.19 

max.14.s• 

Insulating bush No. 02 321 



BOY 15, BOY 16 
Maximum Ratings BOY15 BOY16 

Collector base voltage Vcao 36 64 v 

Collector emitter voltage VcEo 36 64 v 

Emitter base voltage VEBo 5 v 

Collector current le 2.5 A 

Peak collector current fcM 4 A 
att < 100 ms 

Power dissipation Ptot 11.5 w 
at Tc= 25 °C 

Junction temperature T; 175 oc 

Storage temperature range Ts -55 ... +175 oc 

Characteristics at T; = 25 °C 
BOY 15A BOY 15 B BOY15 C 
BOY 16A BOY 16 B 

DC current gain 
at VcE = 2 V, le= 0.5 A hFE 50 ... 150 100 ... 300 200 ... 600 
at VcE = 2 V, le= 2.5 A hFE > 15 >25 >35 

Collector saturation voltage VcE sat <1 v 
at le = 2.5 A, la = 0.25 A 

Collector cutoff current 
at Vea = 30V(BOY15) lcao 0.01 (< 0.1) µA 
at Vea = 60 V (BOY 16) lcao 0.01 (< 0.1) µA 

Gain bandwidth product fr 100 MHz 
at VCE = 10V, le= 0.3A, 
f = 50 MHz 

Collector base capacitance Ccao 25 pF 
at Vcao = 10V, f = 1 MHz 

Thermal resistance RthC <13 °C/W 
Junction to case 

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

Curves and characteristics of types BO 106 and BO 107 are valid analo
gously for types BOY 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 T0-3 
Collector connected to case 
Weight approximately 23 g 

A set of accessories No. 3 
wi'll be delivered with each 
transistor on request. 
This set consists of: 
1 insulating washer No. 02 311 mica 

0 
~ 

x .. 
E 

2 insulating bushes No. 02 321 polycarbonate 

max.27.2 

max.22.2~ 

Insulating washer No. 02 311 Insulating bush No. 02 321 

----28.2----

r·- -- -ffi 
_J:;~ 

I 1,5 

~ gr- ---r!Y-
l :;:_L- 0.04 ... 0.06 thick 

. --~ 

Dimensions in mm 

286 

"' .; 
x .. 
E 



2 N 3055 
Maximum Ratings 

Collector base voltage Vcao 100 v 
Collector emitter voltage 
at VaE = -1.5 V VcEv 90 v 
at RaE = 100 Q VcER 70 v 
at la =0 VcEO 60 v 
Emitter base voltage VEBO 7 v 
Collector current le 15 A 

Base current la 7 A 

Power dissipation at Tc = 25 °C Ptot 115 w 

Junction temperature T; 200 oc 

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

Soldering temperature at the pins Ti 235 oc 
for max. 10 s, at min. 1 mm distance 
between glass seal and joint 

Characteristics at Tc = 25 °C 

DC current gain 
at VcE = 4 V, le= 4 A hFE 20 ... 70 
atVCE = 4V, le= 10A hFE >5 

Collector saturation voltage VcE sat < 1.1 v 
at le = 4 A, la = 0.4 A 

Base emitter voltage VBE < 1.8 v 
at VcE = 4 V, le= 4 A 

Collector cutoff current 
atVcE = 100V, VaE = -1.5V ICEv <5 mA 
atVcE = 100V, VaE = -1.5V, Tc= 150°C lcEV < 30 mA 
at VcE = 30 V ICED < 0.7 mA 

Emitter cutoff current hao <5 mA 
at VEa = 7 V 

Collector emitter breakdown voltage 
at le = 200 mA, la = 0 V(aR)CEO > 60 v 
at le= 100 mA, -VaE = 1.5 V V1aR)CEV > 90 v 
at le= 200 mA, RaE = 100 Q V(BR)CER > 70 v 
Small signal current gain hie 15 ... 120 
at VcE = 4 V, le= 1A,f=1 kHz 

Gain bandwidth product fr 1.5 (> 0.8) MHz 
at VcE = 4 V, le= 1 A 

Thermal resistance RthC < 1.5 °C/W 
Junction to case 
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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 pai 1rs BC 140/BC 160 or BC 141/BC 161 resp. 
Matching condition: The ratio of the DC current gains of a 
matched pair at IVcEI = 1 V, licl = 100 mA is less than 1.25. 

Metal case JEDEC T0-39 
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 Tamb = 25 °C 
at Tc = 60 °C, -VcE < 8 V 

Junction temperature 

Storage temperature range 

-Vcao 

-VcEO 

-VEaO 

-le 

-la 

Ptot 
Ptot 

T; 

Ts 

BC160 BC 161 

40 60 

40 60 

5 5 

0.1 

0.75 
3.2 

175 

-55 ... +175 

c 

max.9.4\6 

max.0.5 \6 

v 

v 

v 

A 

A 

w 
w 
oc 
oc 

Characteristics at T; = 25 °C BC 160-6 BC 160-10 BC 160-16 
BC 161-6 BC 161-10 BC 161-16 

DC current gain 
at -VCE = 1 V, -le= 0.1 mA hFE 
at -VcE = 1 V, -le= 100 mA hFE 

at -VcE = 1 V, -Jc= 1 A hFE 

Collector saturation voltage -VcE sat 
at -le= 1 A, -la= 100 mA 

Base emitter voltage -VaE 
at -VcE = 1 V, -le= 1 A 
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46 80 
63 100 
(40 ... 100) (63 ... 160) 
15 20 

0.6 « 1) 

1.0{<1.7) 

120 
160 
(100 ... 250) 
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Collector cutoff current 
at -VeE = 40 V 
at-VeE = 60V 
at -VeE = 40 V, T; = 150 °C 
at -VeE = 60 V, T; = 150 °c 

Collector emitter 
breakdown voltage 
at -le= 0.1 mA 
at-le= 50 mA (pulsed 200 µs, 1%) 

Emitter base 
breakdown voltage 
at -le= 0.1 mA 

Gain bandwidth product 
at -VeE = 10 V, -le= 50 mA, 
f = 20 MHz 

Collector base capacitance 
at -Veao = 10 V, f = 1 MHz 

Emitter base capacitance 
at -VEBo = 0.5 V, f = 1 MHz 

Thermal resistance 
Junction to case 
Junction to ambient air 

-leES 
-leES 
-leES 
-leES 

-V(BR)eES 
-V(BRJeEO 

-V(BR)EBO 

fr 

Ceso 

GEBO 

Rthe 
RthA 

BC 160, BC 161 
BC160 BC 161 

10 (< 100) - nA 
10 (< 100) nA 

10 (< 100) - µA 
10 (< 100) µA 

>40 > 60 v 
>40 > 60 v 

>s >s v 

>so MHz 

<30 pF 

< 180 pF 

<35 °C/W 
< 200 oc;w 

Switching Times at -le= 100 mA, -ls1=ls2=5 mA 
Turn-on time tan < 500 ns 
Turn-off time t0 11 < 650 ns 

Test Circuit for Switching Times 

to scope with 
t, :::15 ns 

Z;n =>100kll 

Rise time and fall time of input voltage < 15 ns, 
generator i'mpedance 50 Q. 

295 



w 

BC 160, BC 161 
Admissible power dissipation 
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DC current gain 
versus collector current 
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versus base emitter voltage 

BC 160, 161 

-VeE =1 V 7 I I / ~ 

l lt 7 
r/ T 

150~ 
T I /t::{o•c 

711 H i-l~·c 

Til 1 
I I 
~ I 
T I 
11 
1! --typical 

--limits 

Tl at Tamb=25 °c 

2 v 
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mA 

BC 160, BC 161 
Common emitter 
collector characteristics 

BC 160, 161 

100 IOJ""~....,,V1,-,,__..,---rn.ok"'5i-.---.----.----.--, 

fL_ -1-1 Q6L 

-le BO l7 I J--+--t--t- ~l3 

v 025 

60 I 
IL'..J--+--+-+--t- 02 

20f+--l---+--l--+--+-+--+---+---+---i 

f+--l---+--1--+--+18 = 0.05 mA 

O'---L-JL-JL-JL-J--'--'--'--'~ 

0 3 4 5 v 

A 

--VcE 

Common emitter 
collector characteristics 

BC 160.161 

ltY 14 

liJLJ - 12 

-,IcO.B ~ ~ ~ 
11y ~6 

o.6 I/ V '-- 5-t--+-

~ 1-10 

~ 4 

0.4 vr 
V1 

10 20 30 40 50 v 
--VcE 
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Common emitter 
collector characteristics 

A BC 160, 161 

26F7JTM 20 
24~ ....+- 18 

0.4 ~ 3 

~ 2 
02 H'--1--1---1--+--+-+--+---+---+---i 

3 4 5V 

--li:E 



v 

-VeEsaP.6 

L.6 

Collector saturation voltage 
versus collector current 

BC 160, 161 

--typical 

-f --limits 
at Tamb= 25 °C 

-le I 
- =10 

1 -la 

I/ 

!-[ 
r---~ _ _, /' /Vll'. ~ 

02 N- 150°c,,V ~ 
r-+- 25°C _)./ V/ 
r-~ -50 °c k'Y'' 

o~~--~~~-1-~~~--~~~~--l-~ 
1 5 10 2 5 102 2 5 103 mA 

MHz 

--le 

Gain bandwidth product 
versus collector current 

BC 160, 161 

1000 ~~---~-----~ 

fr ' 

vr1--N 100 l--+--+~-71'--+~-+--+--1 r 

10'--'---'-L--'---1-L-+---'--' 
1 s 10 2 s 10 2 2 s 103 mA 

--le 

v 
2 

BC 160, BC 161 
Base saturation voltage 
versus collector current 

BC 160, 161 

-typical 
--limits 

at Tamb=25°C 

-VaEsat -~=101----1-----ji------1 
-la 

I I 
I 

I 

L_:-:150!.:°C~--r-_....:;:::: '/ 7 
J-_.....-/ 

o~--~--~-~~---' 

Q1 10 102 103 mA 

pF 

--le 

Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 

BC 160, 161 

10 3 ~--~--------

GEBO 5 

Ceao ' L-_._._,___,___,~_,_-+-1-+----' 

I 

10~__,__,~~-~~~~~__, 

0.1 2 345 2 Jt.s lOV 

- -VEBO• -Vcao 
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I 

BC192 
PNP Silicon Epitaxial Planar Transistor 
for switching and amplifier applications 

Metal case JEDEC T0-18 
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 Tomb= 25 °C 
at Tc = 25°C 

Junction temperature 

Characteristics at T; = 25 °C 

DC current gain 
at-VcE = 5V, -le= 50mA 

Collector saturation voltage 
at -le = 50 mA, -la = 5 mA 

Collector cutoff current 
at-Vea= 20 V 

Collector base capacitance 
at -Vcao = 10 V, f = 1 MHz 

Gain bandwidth product 
at -VcE = 5 V, -le= 50 mA 

Thermal resistance 
Junction to ambient air 
Junction to case 

300 

-Vcao 

-VcEO 

-VEao 

-le 

-la 

Ptot 
Ptot 

T; 

hFE 

-VcEsot 

-lcao 

Ccao 

fr 

RthA 
RthC 

c 

max. 
s,~ 

""" I 
~ ui i 

max.S.8!1) 

max.051j) 

25 v 
25 v 
5 v 
500 mA 

100 mA 

0.4 w 
1.8 w 
200 oc 

60 ... 180 

< 0.25 v 

10 (< 100) nA 

12 pF 

>100 MHz 

< 440 °C/W 
<97 °C/W 



w 
2 

Admissible power dissipation 
versus temperature 

BC 192 

1.8 r--+.\,-+---+-+--+-+---+--+--+---1 

Ptot 1.6 t--t---t'\r-t-~~~--+--+--+---1 I R1hc= 97°C/W 

1.4 I\ 
1.2 f--+---+-+----i'>I\,-+--+--+--+---+------< 

I\ 
0.8 l--t--+---+--+--+----lll\J.---1-t---t--I 

0.6 f---+--~-'----'f---+--_,.__Kl---+--+----1 

u4 r--rR~1~hA~=,44_0_0c,1_w+--t--~L--'~1t--t--1 
~ r\I 

u2 f--+-+-+--+-'1"-.....tc--1-1-LI4~__, 
~ 

10 

0.1 

100 2oo·c 
_________.. 1'amb1 Tc 

Relative DC current gain 
versus collector current 

BC 192 

-lfr=SV 
t-lj , 25 ·c 

.J..-H ~ 
\ 

~ 
-1 

1 s 10 2 s 10 2 2 s 103 mA 
--le 

mA 

BC192 
Common emitter 
collector characteristics 

BC 192 
100 ,--,-,-,---,---=-:-i-,--,-,--, 
~QB 0.7,~ 

_.i.--r-

/I~ 
-I

1
c 00 [/fiJL_'---_T+-L...-Il=t=R::.0

·
6f1;=I 

'I o.s 1--

60~~~ ';r 0.4.._ 

40 ~ 0.3 

0.2 

20 I 
-18 ' 0.1 mA 

Tj ' 25 "C 7 
0 ~~~~~~~----~ 

nA 
105 

10 

0 10 20 v 
--\fr 

Collector cutoff current 
versus junction temperature 

v 
L 

vi 
0 

BC 192 

17 
JLJ 
~ 

JL 
_LJ 
v 

v 
~ 

100 
-rj 

-lta=20V 

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. 

1td 
2.5 

~ 
max.Q5¢ t25 

BC250 
Green plastic package= T0-92, 
T0-18 compatible. 
The case is impervious to light. 
Weight about 0.18 g 
Dimensions in mm 

Maximum Ratings 

Collector base voltage 

Collector emitter voltage 

Emitter base voltage 

Collector current 

Power dissipation 
at Tamb = 25 °C 

Junction temperature 

Storage temperature range 

-Vcao 

-VcED 

-le 

Ptat 

T· I 

Ts 

c 

max.0.5¢ 

BC260 
Metal case JEDEC T0-18 
Collector connected to case 
Weight about 0.35 g 
Dimensions in mm 

20 v 

20 v 

5 v 

100 mA 

BC250 BC260 

3001 300 mW 

150 175 oc 

-55 ... +150 -65 ... +175 oc 

1 Valid provided that leads are kept at ambient temperature at a distance 
of 2 mm from case. 
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mW 
500 

400 

P101 

1300 

200 

100 

0 

Characteristics at Ti = 25 °C 

DC current gain 
at -VeE = 1 V, -le = 1 mA 

Collector saturation voltage 
at -le = 30 mA, -la = 3 mA 

Collector cutoff current 
at -Vea= 15 V 

Emitter cutoff current 
at-VEB = 4 V 

Gain bandwidth product 
at -VeE = 5 V, -le = 10 mA, 
f = 100 MHz 

Collector base capacitance 
at-Veao = 10V, f = 1 MHz 

Emitter base capacitance 
at -VEBo = 0.5 V, f = 1 MHz 

Thermal resistance 
Junction to ambient air 
Junction to case 

Admissible power dissipation 
versus ambient temperature' 

BC 250 

\ 
\j 

\J 
\;] 

\ 
~ 

b.. 

hFE 

RthA 
Rthe 

0 100 
________..Tomb 

200°c 

BC 250, BC 260 
BC 250A BC 250 B BC250 C 
BC 260A BC 260 B BC260C 

35 ... 100 80 ... 250 200 ... 600 

-VeE sat 0.4 v 

-leao < 100 nA 

-hao < 100 nA 

fr 180 MHz 

Ceao 3 pF 

GEBO 12 pF 

BC250 BC260 

< 4201 < 500 °C/W 
< 200 °C/W 

Admissible power dissipation 
versus temperature 

mW BC260 
500 

400 l--+--+--+---+--+-+--1-1---1------< 

Plot 

r 300 ..--.-..""J-)\..~"'\J-i--i--i-......l-~-th-'--C=-20-'--0-"C-'-/W---1 
200 l--+--+---+~~l--+--+-~1-\...,___,_-l-_J 

~\ 
01--~~~_,_~~~-~~ 

0 100 200°c 
-Tamb•Tc 

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

r 

I 

BC 250, BC 260 
· Common emitter 
collector characteristics 

mA BC 250,BC 2SO 
10 

8 

6 

4 

2 

0 

60 lL r---ll--+--+---+~t----+--~sor-+------1 

_l _L 

If/ 
lL: 
" 30 

v 
'f 20 

v 
7 
~ -la=lOµA 

Tj =25'C 

0 

Collector cutoff current 
versus junction temperature 

2V 

nA BC 250, BC 260 
10 5 

11 v 
10 ZI 

'7 
0 

304 

/ 
V" 

1/ 
Zl 

v1 
LJ 

100 
-ri 

-Ve8 =15V 

200 'C 

mA 
102 

-le , 

110 

10-I 

10 

0.1 

Collector current versus 
base emitter voltage 

BC 250, 260 

-Ve£= SV 
Tomb =25°c 

0 

l7 
ii 

I 

I 

0,5 

--19£ 

Relative DC current gain 
versus collector current 

17 

1 v 

BC 250,260 

-lfai-=1V 
1j =2s 0 c 

H ~ l'J 
~ 

0.1 2 2 s 10 2 s 100 mA 
--Ic 



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. 

"'· ~ 
.~ 
E 

'*v 2.5 

max,Q5~ 
Jt1 

125 

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

Green plastic package= T0-92, 
T0-18 compatible. 
The case is impervious to light 
Weight approximately 0.18 g 
Di'mensions in mm 

Maximum Ratings 

Collector emitter voltage 

Collector emitter voltage 

EmiUer base voltage 

Collector current 
Peak collector current 

Base current 
Base peak current 

Power dissipation 
at Tamb = 25 °C 

Junction temperature 

Storage temperature range 

-VcES 

-VcEO 

-VEBO 

-le 
-lcM 

-Is 
-/sM 

Ptot 

T; 

Ts 

c 

"' ~ max.5.80 

·~ 

max.0.5~ 

BC 261, BC 262, BC 263, BC 266 

Metal case JEDEC T0-18 
Collector connected to case 
Weight approximately 0.35 g 
mmensions in mm 

BC 251 BC 252 BC 256 
BC 261 BC 253 BC 266 
BC307 BC262 

50 

45 

5 

100 
200 

50 
100 

T0-92 

3001 

150 

BC263 
BC308 
BC309 

30 

25 

5 

100 
200 

50 
100 

64 

64 

5 

100 
200 

50 
100 

T0-18 

300 

175 

v 
v 
v 
mA 
mA 

mA 
mA 

mW 

oc 
-55, .. +150 -55 ... +175 °C 

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 ... 
Characteristics at T amb = 25 °C Current gain group 
h-Parameters at -VeE = 5 V, 
-le = 2 mA, f = 1 kHz A B c 
Small signal current gain hie 220 330 600 

(125 .. 260) (240 .. 500) (450 .. 900) 

Input impedance h;e 2.7 4.5 8.7 
(1.6 .. 4.5) (3.2 ... 8.5) (6 ... 15) kQ 

Output admittance hoe 18 (< 30) 35 (< 60) 60(< 110) µmho 

Reverse voltage transfer ratio hre 1.5 · 10-4 2· 10-4 3-10-4 

DC current gain 
at -VeE = 5 V, -le= 0.01 mA hFE 90 150 270 
at -VeE = 5 V, -le= 2 mA hFE 170 290 500 
at -VeE = 5 V, -le= 100 mA hFE 1201 2001 4001 

Collector saturation voltage 
at-le= 10 mA, -Is = 1 mA -VeE sat <o.3 v 
at -le= 100 mA, -Is = 5 mA -VeEsat 0.51 v 

Base saturation voltage 
at-le= 10 mA, -Is= 0.5 mA -VsE sat 0.7 v 
at -le= 100 mA, -Is= 5 mA -VsE sat 0.851 v 

Base emitter voltage -VsE 0.62 
at -VeE = 5 V, -le = 2 mA (0.55 ... 0.7) v 

BC252 BC251 BC256 
BC253 BC261 BC266 
BC262 BC307 
BC263 
BC308 
BC309 

Collector cutoff current 
at -VCE = 25 V -feES 2 (< 15) nA 
at-VeE = 45 V -feES 2 (< 15) nA 
at-VeE=64V -ICEs 2 (< 15) nA 
at -VeE = 25 V, Tj = 125 °C -ICEs <4 µA 
at -VeE = 45 V, Tj = 125 °C -feES <4 µA 
at -VeE = 64 V, T; = 125 °C -ICES <4 µA 

Collector emitter 
breakdown voltage 
at -leEs = 10 µA -V[SR)eES > 30 >50 >64 v 
at -leEO = 2 mA -V1sR)eEO >25 >45 >64 v 

Emitter base breakdown -V(SRJESO >5 >5 >s v 
voltage at -/EBO = 10 µA 

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

mW 

Gain bandwidth product 
at -VeE = 5 V, -le= 10 mA, 
f = 50 MHz 

Collector base capacitance 
at -Veso = 10 V, f = 1 MHz 

Emitter base capacitance 
at -VEBO = 0.5 V, f = 1 MHz 

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

Noise figure 
at -VeE = 2 V, -le= 0.2 mA, 
RG = 2 kQ, f = 1 kHz 

BC 253, BC 263 and BC 309: 

Noise figure 
at -VeE = 2 V, -le= 0.2 mA, 
RG = 2 kQ, f = 1 kHz 

Noise figure 
at -VCE = 2 V, -le = 0.2 mA, 
RG = 2 kQ, f = 30 Hz ... 15 kHz 

Thermal resistance 
Junction to case 
Junction to ambient air 

Admissible power dissipation 
versus temperature 

BC261... 
500~~~~~~~~~~~ 

400 l---l----l---+---l--+--1~!--+-+-

Ptot 

1300 >-+i'\....l~~i--+--l-1..+---~-hCL:-20L0-o0-'---W 
200 L_l_-----'-"_Jl\.----"-'-__,_-'-r\---'-'-_,_-'--

1K r\ 
100 L-j__-1----1-----'------'------"""1..____j-\.-1--~ 

)RthA = 500 °C/W "!-.. 

~ 

mW 
500 

400 
P101 

1300 

200 

100 

fr 130 MHz 

Cesa pF 

12 pF 

F < 10 dB 

F dB 

F 2 (< 4) dB 

T0-92 T0-18 
Rthe < 200 °C/W 
RthA < 4201 < 500 °C/W 

Admissible power dissipation 
versus ambient temperature 1 

BC 251...,BC 307 ... 

['\ 
I\ 

\ 
~ 
~ 
~ 

I\. 0 0 
o- Tamb,1(;100 200°C 0 - TamblOO 

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 

BC 261 ... OCJW 
103 .--.---,-...,...--,--.,--..,..---,,...-, 

V.r-v-=--tO--+--+-~ : 
10-1 ~~~~-l~~l~J__J_~ 

10-6 10-5 10-4 10-3 10-2 10-1 1 10 102 s 

µA 
10 3 

-Ia 2 I 102 

5 

10 

1 

Common emitter 
input characteristic 

BC 251.... BC 261. • BC 307 .. 

-VcE =5 V 
Tamb=25 oc 

I 

1 
~ 

0 0.5 1 v 
- -VaE 

Pulse thermal resistance 
versus pulse duration 

0 C/W BC 251. .. , BC 307 .. 
10 3 .---,-----,-...,...--,--.,--,---,,...----, 

10-1 '----+---'--'----'--.I---'---'---' 
10-6 10-5 10-4 10-3 10-2 10-1 1 10 10 2 s 

------ Ip 

Collector current versus 
base emitter voltage 

mA BC 251. ... BC 261..., BC 307. .. 
10 2 .---..-...,...-~-,--,...--.-.....-.--,.---,,...,..., 

-lfr:SV/L I J_ I 
-typical 

--limits if 1 
at bmb=25°C '/ / 

-! c 2 r--+--+---+--+---+------+----+--<1-+ji_ -+------< I 10 >--+---+--+-2--+-5 o-+-c~..,.._11__,..._j -1 +-<T ---< 

I/ I I I 

I d 

t-50 °C 

1 
l Tl 

10-l .___.___.__...__...__..__."--Ll-'-'--'--'---' 
0 0.5 1 v 
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BC 251 . .. , BC 261 . .. , BC 307 ... 
DC current gain 
v,ersus collector current 

Group A 
1000 ~--~--~--~--~ 

-lfr:SV 
100 -- typical 

--limit 
500 at Tam!f25 °C 

50 ,__ _ _.,._,_,..~--+----+-----l 

40 1----""7'"---+----+------+-----l 

10'----'----'----'----' 
10-2 10-1 10 102mA 

1000 

700 

500 

t 300 

I 200 

100 

70 

50 

40 

30 

--le 

DC· current gain 
versus collector current 

Groupe 

-lfr:SV 

100°c .......-1 ~ 
~ ......-1 ~ 

.......-"i v 
~-

!-"" 2s 0 c /j v ', 
~ v \ 

/ 
P" .::So•c 

-- typical 
--limit 

at Tam!f 25 °C 

Qi -,. 

10 
10-2 10 

--le 
102 mA 
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DC current gain 
v,ersus collector current 

Group B 
1000 

-VeE=5V 
700 

500 

hFE 400 

1'00 

200 

100 

70 

50 

40 

30 

20 

10 ,_ __ _,_ __ _,_ __ ....._ __ _. 

10-2 10-1 10 102 mA 

µA 
100 

-le BO 

I 60 

40 

20 

0 

--le 

Common emitter 
collector characteristics 

BC 253,263,309 

r 0.58 v 

0.57 

i°-56 

055 

-!iie0.54V 

l l l 
0 2 4 5V 



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

mA 

Common emitter 
collector characteristics 

BC 251..., BC 261..., BC 307. .. 
100 r---r--r--r-.-j.-----rY-----c,_=r-.-:-1 m~A-:---

V .__ o.s 

20 l'JIL 02 

'If -Ia IT 
OL-'--'--"--"---"---'---~~~ 

mA 

10 

4 

0 

0 1 2 v 
------lf:E 

Common emitter 
collector characteristics 

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

-lfi£~0.675V 

V" p.67 

Q_s6 

p.65 

~.64 

0.63 

!1&_2 ~ 9]0 

0 2 3 4 5V 
--lfr 

mA 

10 

-le 8 

4 

0 

Common emitter 
collector characteristics 

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

v BOµA 

rr 70 

60 

v 50 

II 40 

30 

20 

tal101A 

0 1 
--- -lfr 

Common emitter 
collector characteristics 

2V 

mA BC 251, 256, 261, 266, 307 

100 1 A7o.s[7o:B/6.7 

IA _L V kP.6 

vr i--r-1 
20 W---+--+--+--6-1-"-""Hf--l_/a = 0.1mA 

~ 
OL-...L-.L-.L-_L_J___j____L___L___j___ 

0 10 20 30 40 50V 
--lfr 
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BC 251 . .. , BC 261 . .. , BC 307 ... 

mA 

Common emitter 
collector characteristics 

BC 252,253, 262, 263,308,309 
100 -~~~~~-~-~~~ 

µA 
100 

-le 80 

40 

20 

0 

10 
- -lfr 

20 v 

Common emitter 
collector characteristics 

BC 253,263,309 

I 1.4µA 

II' 1.2 

1 

0,8 

0.6 

0.4\---

-18 Jo.2_r 

0 2 3 4 5 v 
--lfr 
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mA 
1 

-le 0.8 

I 0.6 

0.4 

02 

0 

mA 
1 

0.4 

0.2 

0 

Common emitter 
collector characteristics 

BC 253, 263, 309 

0 

10.5µA 

9,5 

8.5 

7.5 

6.5 

5.T 

4,5 

3,5 

~5 
-la =15µA 

l j 
2 3 4 
--IC£ 

Common emitter 
collector characteristics 

5V 

BC 253, 263, 309 

1).62V 

.61 

o.fil 

]0,59 

-iar 0,158 vi 

0 5V 



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

v 

Collector saturation voltage 
versus collector current 

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

o.5 T T -le!-18 =20 
--t_ypical 
--limits 

at Tamb=25 "C T 
.i 

-'frso9-4 I 

I 0.3 1---+--+---+-+~-+---+-1-'---i.~----i 
I 

-50J°C 
o~~~-~~~~~~~~ 

0.1 2 2 5 10 2 

---le 
s 100 mA 

Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 

pF BC 251...,BC 261...,BC 307. .. 
20~~--~~~~--~~ 

18>----+--+-----<l-----+--+----i 

Ceao 
Crno 16 1-----+--+----t----+--t-----< 

0 L----1---~-~__, __ ~_;_-~ 
0.1 10V 

- -lf:ao, -VEBO 

Base saturation voltage 
versus collector current 

V BC 251. . ., BC 261..., BC 307. .. 
1~~~-~~~~~~~~ 

-lel-18=20 ~ 

i-ro:c i-1:/'7 
~~ ~ 

0.4 f--+----+-f--+----+-11--+--+---1 

0,2 t----+----+-1---+----+----<l--+-----+---I 

--typical 
--limits 

at Tomb= 25 °C 
0 ~~~--~~---+~~~~~ 

0.1 2 2 s 10 2 s 100 mA 
--le 

Gain bandwidth product 
versus collector current 

MHz BC 251.., BC 261.., BC 307. .. 
103~~~~~~~~-~~~ 

T,,mb =25oC 

10 ~~---+~~~---+___,-+------+~ 
0.1 2 2 s 10 2 s 100 mA 

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

BC 251..., BC 261..., BC 307 ... 
10 2 ~~~~~-~~~~ 

h.[-lel' 

h.[-fc=2mf.Jl---+--~f--+-l--<--+---4--+-+-l 

1·'. ,___....,,......:__,~_......, _____ ......... 

" 

N 

hLJe -~E=SV 
Tamb=25oC 

10-1 ~~-~~~~--~ 
10-1 2 1 2 lOmA 

--le 

Noise figure 
versus collector current 

dB BC 253, 263, 309 

20 1 -~E:SV lL 
18 f = 12 0 Hz --+--++-+-+1---#1---t---+-lr--r---i 

Tamb =25oc j 

IF 
16 R~ =\M'd__100.°<8'f 10kf1_ lkff_l/j_ 

14 If rr 
50~11 J_ lL ~ 

12 \ 7 -;/_ 
10 l--+-\--\+v-11-+--+,1-l+J -+--CHl f---'/f--t--1 

8 1--t-\-*'"H---+-1!-+-+-I--++'+--+-1 
6 l--lflX'---T-+'<~ct+--1-+---+-H'--t-.~fft-t--t-i 
4 l-f-+r\--i...L<+-N-?-li'!"".Lt.-1F--*-++-+-I 

~LT 
o~~~~~~~~~~ 

10-3 10-2 10-1 1 10 mA 
--le 
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2 

he[-~E) 

he[-~E=5V) 

r·5 

1 

0.5 

0 

Relative h-parameters 
versus 
collector emitter voltage 

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

7i;~-j 
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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 IVeEI = 1 V, l!cl = 100 mA is less than 1.41. 

'jlf~ 
2.5 

Green plastic package =T0-92, 

~ T0-18 compatible. ''" !::! 
The case is impervious to light. .~ 
Weight approximately 0.18 g E 

Dimensions in mm 

max.Q5¢ 1.25 

Maximum Ratings BC327 BC328 

Collector emitter voltage -VeES 50 

Collector emitter voltage -VeEO 45 

Emitter base voltage -VEBo 

Collector current -le 

Peak collector current -feM 

Base current -IB 

Power dissipation P101 

at Tamb = 25 °C 

Junction temperature Ti 

Storage temperature range Ts 

Characteristics at T amb = 25 °C 

DC current gain 

BC327-16 
BC328-16 

at -VeE = 1 V, -le= 100 mA 

at -VeE = 1 V, -le= 300 mA 

hFE 160 
(100 ... 250) 

hFE 130 

30 v 

25 v 

5 v 

800 mA 

A 

100 mA 

625 mW 

150 oc 

-55 ... + 150 oc 

BC 327-25 BC 327-40 
BC 328-25 BC 328-40 

250 
(160 .. .400) 
200 

400 
(250 ... 6130) 
320 

Thermal resistance 
Junction to ambient air 

< 200 °C!W 

1 Valid provided that leads are kept at ambient temperature at a distance 
of 2 mm from case. 
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Collector cutoff current 
at-VcE=25V 
at-VcE = 45 V 
at -VcE = 25 V, Tamb = 125 °C 
at -VcE = 45 V, Tamb = 125 °C 

Collector emitter breakdown 
voltage at -le = 10 mA 

Collector emitter breakdown 
voltage at -le = 0:1 mA 

Emitter base breakdown 
voltage at -IE = 0.1 mA 

Collector saturation voltage 
at -le = 500 mA, -la = 50 mA 

Base emitter voltage 
at -VcE = 1 V, -le= 300 mA 

Gain bandwidth product 
at -VcE = 5 V, -Jc= 10 mA 
f = 50 MHz 

Collector base capacitance 
at-Vac = 10V, f = 1 MHz 

-ICEs 
-lcEs 
-lcEs 
-ICES 

-V(BR)CEO 

-V(BR)CES 

-V(BR)EBO 

-VcEsat 

-VaE 

fr 

Ccao 

BC 327, BC 328 
BC327 BC328 

2 (< 100) nA 
2 (< 100) nA 

<10 µA 
<10 µA 

> 45 > 25 v 

> 50 >30 v 

>5 v 

<0.7 v 

< 1.2 v 

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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DC current gain 
versus collector current 
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BC 327, BC 328 
Common emitter 
collector characteristics 
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Base saturation voltage 
versus collector current 
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BC 360, BC 361 
PNP Silicon Epitaxial Planar Transistors 
for switching and amplifier applications 
The type BC 360 is subdivided into three groups, -6, -10 and -16, the 
type BC 361 into two groups, -6 and -10, according to the DC current 
gain .. 
These transistors are available either as matched pairs or as complemen
tary pairs BC 340/BC 360 or BC 341/BC 361 resp. Matching condition: The 
ratio of the DC current gains of a matched pair at IVcEI = 5 V, lld = 50 mA 
is less than 1.25. 

Metal case JEDEC T0-39 
Collector connected to case 
Weight about 1 g 
Dimensions in mm 

Maximum Ratings 

Co,llector base voltage 

Collector emitter voltage 

Emitter base voltage 

Collector current 

Base current 

Power dissipation 
at Tamb = 25 °C 
at Tc = 25 °C 

Junction temperature 

Storage temperature range 

Characteristics at T; = 25 °C 

DC current gain 
at -VcE = 5 V, -le= 0.1 mA 
at -VcE = 5 V, -le= 50 mA 

at -VcE = 5 V, -le= 500 mA 

Collector saturation voltage 
at -le= 150 mA, -Is = 15 mA 

Base saturation voltage 
at -le= 150 mA, -Is = 15 mA 

322 

-Vcso 

-VcEO 

-VEBO 

-le 

-Is 

Ptot 
Ptot 

T; 

Ts 

hFE 
hFE 

hFE 

c 

~- max.9A ~ 
c 
E 

max.0.5~ 

BC360 BC361 

40 60 v 
40 60 v 
5 5 v 

500 mA 

50 mA 

0.8 w 
3 w 
200 oc 
-55 ... +200 oc 

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

40 65 100 
63 100 160 
(40 ... 100) (63 ... 160) (100 ... 250) 
20 30 48 

-Vci:sat <0.4 v 

-VsE sat 0.95 (< 1.2) v 



Collector cutoff current 
at-VeE = 40V 
at-VeE = 60 V 
at -VeE = 40 V, Tj = 150 °C 
at -VeE = 60 V, T; = 150 °c 

Collector emitter 
breakdown voltage 
at -le= 0.1 mA 
at-le= 30 mA 
(pulsed 200 µs, 1 %) 

Gain bandwi'dth product 
at -VeE = 10 V, -le= 50 mA, 
f = 50 MHz 

Collector base capacitance 
at -Veao = 10 V, f = 1 MHz 

Emitter base capacitance 
at -VEBo = 0.5 V, f = 1 MHz 

Thermal resistance 
Junction to ambient air 
Junction to case 

BC 360, BC 361 
BC360 BC361 

-leEs 10 (< 100) nA 
-leEs 10 (< 100) nA 
-leEs 10 (< 100) µA 
-leEs 10(<100) µA 

-V(BR)eES > 40 >60 v 
-V1BRJeEO > 40 > 60 v 

fr 250 MHz 

Ceao 6.5 pF 

GEBO 25 pF 

RthA < 220 °C!W 
Rthe <5a °C/W 
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BC 360, BC 361 
Admissible power dissipation 
versus temperature 
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Pulse thermal resistance 
versus pulse duration 
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Collector current 
versus base emitter voltage 
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BC 415, BC 416 
PNP Silicon Epitaxial Planar Transistors 
for use in high-quality, low-noise AF and DC amplifiers. Complementary types 
are the NPN transistors BC 413 and BC 414. 

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

Green plastic package Rj T0-92, 
T0-18 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 Tomb =25°C 

Junction temperature 

Storage temperature range 

Characteristics at Tomb = 25 °C 
h-parameters at -VcE = 5 V, 
-le = 2 mA, f = 1 kHz 

Small signal current gain 

Input i111pedance 

Output admittance 

Reverse voltage transfer ratio 

DC current gain 
at -VcE = 5 V, -le= 0.01 mA 
at -VcE = 5 V, -le= 2 mA 

Thermal resistance 
Junction to ambient air 

E*~ 
2,5 

~ ~ 
.ii 
E 

max.Q5~ 1.25 

BC415 BC416 

-Vcao 45 50 v 
-VcEO 30 45 v 
-VEBo 5 v 
-Jc 100 mA 

-la 20 mA 

Ptot 3001 mW 

Ti 150 oc 
Ts -65 ... +150 oc 

Current gain group 

A B c 
hie 222 330 600 

(125 ... 260) (240 ... 500) (450 ... 900) 

h;e 2.7 4.5 8.7 
(1.6 ... 4.5) (3.2 ... 8.5) (6 ... 15) kQ 

hoe 18 (< 30) 30 (< 60) 60 (< 110) µmho 

hre 1.5. 1Q-4 2. 10-4 3·10-4 

hFE 90 (> 40) 150 (> 100) 270 (> 100) 
hfE 170 290 500 

(120 ... 220) (180 ... 460) (380 ... 800) 

RthA < 420 1 °C/W 

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

326 



BC 415, BC 416 
Collector saturation voltage 
at -le = 10 mA, -Is = 0.5 mA 
at -le= 100 mA, -is = 5 mA 

Base saturation voltage 
at -le = 100 mA, -Is = 5 mA 

Base emitter voltage 
at -VeE = 5 V, -le= 0.01 mA 
at -VeE = 5 V, -le= 0.1 mA 
at -VeE = 5 V, -le= 2 mA 

Collector cutoff current 
at-Ves = 30V 
at -Ves = 30 V, Tomb= 150 °C 

Emitter cutoff current 
at-VEB = 4 V 

Collector emitter breakdown 
voltage at -leE = 10 mA 

Collector base breakdown 
voltage at -lea = 10 µA 

Emitter base breakdown 
voltage at -hs = 10 µA 

Gain bandwidth product 
at -VeE = 5 V, -le= 10 mA, 
f=100MHz 

Collector base capacitance 
at-Veso = 10V, f = 1 MHz 

Noise figure 
at -VeE = 5 V, -le= 0.2 mA, 
RG = 2 kQ, f = 30 Hz ... 15 kHz 

Equivalent noise EMF 
(referred to base) 
at-VCE = 5 V, -le= 0.2 mA, 
RG = 2 kQ, f = 10 ... 50 Hz 

-VeE sat 
-VeEsat 

-VsE sat 

-VsE 
-VsE 
-VsE 

-leso 
-leso 

-hso 

-V(BRJeEO 

-V(BR)eBO 

-V(BR)EBO 

fr 

Ceso 

F 

Vr 

0.075 (< 0.25) 
0.25 (< 0.6) 

0.9 

0.52 
0.55 
0.65 (0.55 ... 0. 75) 

< 15 
<5 

< 15 

BC415 BC416 

> 30 > 45 

> 45 > 50 

>5 >5 

200 

4.5 

<2 

< 0.11 

Transistor Bandpass 
under Test Amplifier Filter AF-VTVM 

l~t>TnH0I 
Neg. Feedback(Gv =constant) 

Test circuit for equivalent noise EMF 

v 
v 
v 

v 
v 
v 

nA 
µA 

nA 

v 

v 

v 

MHz 

pF 

dB 

µV 
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Admissible power dissipation 
versus ambient temperature 
(see note on page 326) 
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DC current gain 
versus collector current 
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Common emitter 
collector characteristics 
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BC 415, BC 416 
Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 
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--- -Vcao, -Vrno 

Relative h-parameters 
versus 
collector current 

BC41!;\416 
102.-----,----r--r..,...,--r-'"'T""--r--r-i 

61----+--+--+-H--t---t---+--H 
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Gain bandwidth product 
versus 
collector current 

MHz BC415,416 
103~~---,--~----,--~---

10 '---'---'--'---'----'---''--"-----'---' 
0.1 2 2 s 10 2 s 100 mA 

--- -le 

Relative h-parameters 
versus 
collector emitter voltage 

h.1-Vccl f--+-+-+-+--+-+--+-t--1-t--r-+-1---1 
h.1-Vcc=SV)>-<--+--+-+--t---+--+-+--+--+-~e +-+

fe .i-+-; 

0. 5 r-+--+--+-+-<-+--+--+-+--+-+-7l,,~o_e+-._, 

r-+-+--t---t-j-t--+-+-+--+- -/ c = 2 mA 
-+-+--t---t-j-t--+-+-+--+ Tamb = 25 oc 

0 10 20 30 v 
--- -Vee 



µA 
103 

10 

1 

dB 

F 16 

t 14 

I 12 

10 

Common emitter 
input characteristic 

-VeE :SV 
Tamb=25 °C 

~ 

i 
T 

0 0,5 

BC41!~416 

1 v 
- -VaE 

Noise figure 
versus collector current 

BC415,416 

o~~~~~~~~~~ 

10-3 10-2 10-1 10 mA 
--le 

nA 

BC 415, BC 416 
Collector cutoff current 
versus ambient temperature 

BC415,416 
10• ~~~~~~~~~~ 

.v 
-Ieao la3 ;--t--+--+--+-+~-+t--+-+--+__, 

r v! 102 C---+--+--+--/-+--+--+--+-v---+---+--< 

j/L [Z] 

10 ~~-r-t--t--tlL-.'!--+-+--+--+-~ 

_L_ 

-Vea =30V 
-typical 

--maximum 

10-1 ~_LJ~-+--+--+--+-------; 
0 100 200°C 

Noise figure 
versus collector current 

dB BC415,L.16 
20~-~--~-~-~ 

-VeE=SV 
18 f=lkHz 

F 161-+-+-+--+--+-1-+-7-.-+--+---+----+-i 

l 14 ,f I I 
12 l-\~+--+-t--f--+--+j_l--t--+-ll--t---1f-ilL 

RG=lM~ 100ko/ 10k~ 

10-1 
--le 

lOmA 
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BC 415, BC 416 
Noise figure 
versus collector current 

dB BC415,416 
20~-~~~~~~~~~ 

-VeE=5 V 
18 f = 10 kHz -l--+-+-1-t--+--+---+~ 

F 16f--+--l--+-t---+--+-+j_-rt---+-~7~f-i 

t 14 
R6=1M>l,lf IJ9~0 

I 12f--+--l-+-t---+--+-+---+-H~-+--t-1 
10 1---++1---1--1-+---+------<>+--l+---+-fl--t--+--il 

~~00 ~ 10},_~ 
L~ I j }' 

rrn~i v 17 ~ 
DfV~ 

6 

4 

~ oLl::':l::::t~:=-t"-:LJ__J_LJ__JLJ 

10-3 10-2 10-1 10 mA 
--le 

Noise figure 
versus collector emitter voltage 

BC415,416 

o~~~~~-~~~~~ 

0.1 2 5 1 2 5 10 2 5 100 v 
-------VeE 
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dB 
20 

18 

F 16 

t 14 

I 12 

10 

8 
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4 

0 

Noise figure 
versus frequency 

!'\ 
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~ 
~ 

""' 
10-1 

BC415,416 

TT T 
-11:£=5 v 
-le =Q2mA 

RG= 2 k0 
fc.mb=25oc 



BC 415, BC 416 
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BCV 78, BCV 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 BCV 79 is available in groups A, B and C only. 

Metal case JEDEC T0-18 
Collector connected to case 
Weight approximately 0.35 g 
Dimensions in mm 

max.0.511 

Maximum Ratings 

Collector emitter voltage 

Collector emitter voltage 

Emitter base voltage 

BCY78 BCY79 

Collector current 

Base current 

Power dissipation 
at Tamb = 25 °C 
at Tc = 45 °C 

Junction temperature 

-VcES 

-VcEO 

-VEBO 

-le 

-la 

Ptot 
Ptot 

32 

32 

5 

200 

50 

390 
1 

200 

45 

45 

v 

v 

v 
mA 

mA 

mW 
w 
oc 

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

Characteristics at Tomb = 25 °C 
Current Gain Group 

h-parameters at -VcE = 5 V, 
-le= 2 mA, f = 1 kHz A B C 

Small signal hie 200 260 330 
current gain (125 ... 250) (175 ... 350) (250 ... 500) 

Input impedance h;e 2.7 3.6 4.5 
(1.6 .. .4.5) (2.5 ... 6) (3.2 ... 8.5) 

Output admi1tance hoe 18 (< 30) 24 (< 50) 30(<60) 

Reverse voltage hre 1.5. 10-4 2. 10-4 2·10-4 
transfer rati'o 
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D 

520 
(350 ... 700) 

7.5 kQ 

50 (< 100) µmho 

3·10-4 



BCY 78, BCY 79 
Current Gain Group 

A B c D 
DC current gain 
at-VCE = 5 V, hFE 140 200 (> 30) 270 (> 40) 340 (> 100) 
-le= 10µA 

at-VcE=5V, hFE 170 250 350 500 
-le= 2 mA (120 ... 220) (180 ... 310) (250 ... 460) (380 ... 630) 

at -VcE = 1 V, hFE 180 (> 80) 260 360 500 
-le= 10mA (120 ... 400) (160 ... 630) (240 ... 1000) 

at-VcE = 1 V, hFE >40 > 45 > 60 >60 
-Jc= 100 mA 

Base emitter voltage 
at -VCE = 5 V, -le= 10 µA -VaE 0.55 v 
at -VcE = 5 V, -le= 2 mA -VaE 0.65 (0.6 ... 0.75) v 
at -VCE = 1 V, -le= 10 mA -VaE 0.68 v 
at -VcE = 1 V, -le= 100 mA -VaE 0.75 v 

Collector saturation voltage 
at -/c = 10 mA, -la= 0.25 mA -VcE sat 0.12 (0.06 ... 0.25) v 
at -le= 100 mA, -la = 2.5 mA -VcE sat 0.4 (0.2 ... 0.8) v 

Base saturation voltage 
at -le= 10 mA, -la= 0.25 mA -VaE sat 0.7 (0.6 ... 0.85) v 
at -le = 100 mA, -la = 2.5 mA -VaE sat 0.85 (0. 7 ... 1.2) v 

BCY78 BCY79 
Collector cutoff current 
at -VcEs = 25 V -ICEs 2 (< 20) nA 
at -VcES = 35 v -/cES 2 (< 20) nA 
at -VcEs = 32 V -/cES < 100 nA 
at -VCEs = 45 V -ICEs < 100 nA 
at -VcES = 25 V, Tomb= 150 °C -/cES <10 µA 
at -VcEs = 35 V, Tomb= 150 °C -/cES <10 µA 
at -VcE = 32 V, -VaE = 0.2 V, -icEV <20 µA 
Tomb= 100 °C 
at -VcE = 45 V, -VaE = 0.2 V, -lcEv <20 µA 
Tomb= 100 °C 

Emitter cutoff current -hao 
at-VEao=4V 

<20 <20 nA 

Collector emitter 
breakdown voltage 
at-ic=10µA -V1aRJCEO >32 >45 v 
at-le= 10µA -V1aRJCES > 32 > 45 v 

Emitter base 
breakdown voltage 

-V1aR)EaO >5 >5 v 

at-h=1µA 
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BCY 78, BCY 79 
Gain bandwidth product fr 
at -VeE = 5 V, -le= 10 mA, 
f=100MHz 
Collector base capacitance Ceao 
at -Veso = 10 V, f = 1 MHz 
Emitter base capacitance GEBO 
at -VEBO = 0.5 V, f = 1 MHz 
Noise figure F 
at -VeE = 5 V, -le= 0.2 mA, 
RG = 2 kQ, f = 1 kHz, L1f = 200 Hz 

Thermal resistance 
Junction to ambi'ent ai'r RthA 
Junction to case Rthe 

Switching Times 

Test conditions: 
-le : -ls1 : ls2 = 10 : 1 : 1 mA, 
R1 = 5 kQ, R2 = 5 kQ, RL = 990 Q, Vas= 3.BV 
Delay time td 

Rise time t, 

Turn-on time ton 

Storage time ts 

Fall time t1 

Turn-off time foff 

Test conditions: 
-le : -ls1 : ls2 = 100 : 10 : 10 mA, 
R1 = 500 Q, R2 = 700 Q, RL = 98 Q, Vas = 5 v 
Delay time 

Rise time 

Turn-on time 

Storage time 

Fall time 

Turn-off time 

Test Circuit for Switching Times 

td 

tr 

ton 

ts 

t1 

toff 

to scope with 
t, < 5 ns 

Zin =>lOOkQ 

180 

4.5 (< 7) 

11(<15) 

2 (< 6) 

< 450 
< 150 

35 

50 

85 (< 150) 

400 

80 
480 (< 800) 

5 

50 

55 (< 150) 

250 

200 

450 (< 800) 

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

pf 

dB 

°C/W 
°C!W 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 
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Admissible power dissipation 
versus temperature 

r [fhC= 150 •c1w 

\ 

\ 
0.5 ~ IS] 

1NiM=450'C/W ~ 

0 ~~~~I"-~~ 
o 100 200 •c 

-Tamb,Te 

DC current gain 
versus collector current 

Group A 

1000 .----~-------~ 
700 -VeE = 1 V 

500 1-+---t--tl-+--f---i--+--t--t--+--t--i 

' 10 H ILf' 
50 l-+--!--f-+---+--+-+--+-+-<-fT-1" 

40 l-i-+-1--1-+-1-t-f---il-t-~L'I~ 

30 

20 -- typical 
--- limit 

at 'Tamb= 25 'C 
10 ~-----~-~1-t-~ 

10·2 10·1 10 100 mA 
--le 

BCV 78, BCV 79 
Pulse thermal resistance 
versus pulse duration 

•ctw BCY 78,79 
1000 -~-~--~-~-..----. 

t . 
1--~--+--t- -

I 

I---+--+--+- T 

0.1 
10-6 10-s 10-4 10-3 10-2 10-1 10 s 

-tp 

DC current gain 
versus collector current 

Group B 

500 1-t-+-1-t-+---<Li~,-~~---< 
OO C'Q = 5 VJam_.Q =25 'C 

h 4 100 •c ] f foo H--i---1 L+- Ft~ I 
1
200 Tamb=25°C7 ~ 
~I _r-+-.....,-r-

100 6-1"""-+-~:......;~JL...:::+-+--+-+-~-+-I 
,.....f-'.... \ 

701-+--J71t-+--+----+--+--+--+--+--+--~~~ 

50 ¥,.£J ~ 
40 IL 
30 F--1-+-1--t-+-1--+-1--t--+--'--+ 

20 -- typical 
---limit 

at Tami,= 25'C 
10 '----------'-'---'--'---'-' 

10-z 10-I 1 10 100 mA 
--le 
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BCV 78, BCV 79 
DC gurrent gain 
versus collector current 

Group C 

/ so l->!~t-+--+--+--+----+--+--+--+--+--1 

40 F-IL-+--+--+-+--+-+-f---+-11-+--4-----l 

30 1-+-1-+-+--+-+-+--+-+--+--+-1 

20 -- typical 
---limit 

at Tamb=25'C 
10 ~------+---+-~-+-~ 

mA 
100 

0.1 

10-2 10-I 1 10 100 mA --le 
Collector current versus 
base emitter voltage 

BCV 78,79 

-VeE = 1 V lJL ± 
fl 

-- typical 

ft 1 ----limits [ at Tamb=25 'C 1I 
}J ,z 

11 ] T 
_l_ 

j_ 
J_ +~ 

1 : 
I 

1oo•cl 125 'C !I -50 •c 

0 

340 

1 II ] I 

T I I 

I 
_l_ 

0.5 
--vaE 

1V 

DC gurrent gain 
versus collector current 

Group D 
1000 ~-___,.-......,.__,...----~ 

70 t-+--i-+--+--+-+--+--+--+---+--+---11 

50 t-+-t-+--+--+--+----+---+--+--+---+-1 

40 l-+-1---1-+--+-+-+--+-+--+--+-I 

30 l-+-1---1-+--+-+-+--+-+--+--+-I 

20 -- typical 
---limit 

at Tamb= 25 'C 
10 ~------+---+-~-+--~ 

10-2 10-I 1 10 100 mA 
--Ic 

Collector cutoff current 
versus ambient temperature 

nA BCV 78 ,79 
104 ....-..,...---.--..,-_,.........,.___,-v,.........,.........--_, 

/ 

-leaf 103 t--+--+--+--L-_,JT _ _L_.L!_V+--+v..-+--+----1 
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L L 
/ 
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L] 

v 
lZ 

v 

BCV 78: -Vcao = 32 V 
BCV79: -Vcao = 45 V 

--typical 
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_____.. Tamb 
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Common emitter 
collector characteristics 

BCV 78 ,79 

V 0.2 

20 ltltlt--r-r--1--;---1----'----'----'---I 

mA 

I T! 
-Ia = 0.1mA 

Common emitter 
collector characteristics 

2V 

BCV 78,79 
100 r-r-o-'7'~~-,-~~-=~ 

-le 80 rl:Y-+---174--+---J."""'1-l--+---i 

La~~ 

0 ~~~--'----'---L--'-'--.L-~ 
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10 

4 
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mA 

BCV 78, BCV 79 
Common emitter 
collector characteristics 

BCV 78, 79 

v 80 

70 

60 
17'1 

50 

l71 
40 

V1 
30 

20 

11 -Ia= 10 µA 

0 1 
--vcE 

Common emitter 
collector characteristics 

2 v 

BCV 78,79 

10 /1 

T 
8 ft-v.-...... ....,_._.,__-1--+,o.61 --+--i 

-L "---1----+.--l---l----+----l---+------+--l-..-J 

..._,_-l--+--l--+--+--1--+ 0.66 --l 

411--+-+--+-~-+-+--+-+---11 
T 

0 
0 

f.65 

0.64 

0.63 

0.62 0.61 

J~5 

2 4 5 v 
--lfr 
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mA 
1 

-le 0.8 

L.6 

0.4 

0.2 

v 

BCY 78, BCY 79 
Common emitter 
collector characteristics 

BCV 78,79 
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5.5 

4.5 

3.5 
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--VcE 

Collector saturation voltage 
versus collector current 

5V 
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o~~--+-~~~-~~~~ 
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mA 
I 

-le 0.8 

L.6 

04 

0.2 

0 

v 

Common emitter 
collector characteristics 

BCV 78,79 
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/ 
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0.6 

:r 
0.59 

0.58 
J_ 

0 

Base saturation voltage 
versus collector current 

5 v 
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-le /-le= 40 
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02 '--+---+--+--<--limits 
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Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 

pF BCV 78,79 
20 ~~--~~~~--~~ 

18 1-----+--+--__,l-----+--+-----I 

Cceo 16 i-----+--+--__,1----+--+-----1 
Crno 
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~~o 
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h.1-Icl 
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BCV 78, BCV 79 
Gain bandwidth product 
versus collector current 
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Relative h-parameters 
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BSW 72, BSW 73, BSW 7 4, BSW 75 
PNP Silicon Epitaxial Planar Transistors 
with high cutoff frequency, for high speed switching 

Metal case JEDEC T0-18 
Collector connected to case 
Wei'ght approximately 0.35 g 
Dimensions in mm 

max.0.5~ 

Maximum Ratings 
BSW72 BSW74 
BSW73 BSW75 

Collector base voltage 

Collector emitter voltage 

Emitter base voltage 

Collector peak current 

Power dissipation 
at Tamb = 25 °C 
at Tc = 25 °C 

Junction temperature 

Storage temperature range 

Characteristics at T; = 25 °C 

DC current gain 

-Vcso 40 

-VcEo 25 

-lcM 

Ptot 
Ptot 

Ti 

Ts 

BSW72 BSW73 

>so >70 

5 

500 

400 
1.8 

200 

75 

40 

v 

v 
v 
mA 

mW 
w 
oc 

-50 ... +200 oc 

BSW74 BSW75 

>20 > 35 
>35 > 75 

at -VcE = 10 V, -le= 0.1 mA hFE 
at-VcE = 10 V, -le= 10 mA hFE 
at -VcE = 10 V, -le= 150 mA hFE 
at -VCE = 10 V, -le= 500 mA hFE 

40 ... 120 100 ... 300 40 ... 120 100 ... 300 
>20 >40 

Collector saturation voltage 
at -le= 150 mA, -Is= 15 mA -VcE sat < 0.6 <o.6 < 0.4 < 0.4 v 
at -le = 500 mA, -Is = 50 mA -VcEsat - < 1.6 < 1.6 v 

Base saturation voltage 
at -le = 150 mA, -Is = 15 mA -VsE sat < 1.3 < 1.3 < 1.3 < 1.3 v 
at -le = 500 mA, -Is = 50 mA -VsEsat - <2.6 <2.6 v 

Collector cutoff current 
at-Vea= 30V -lcao < 100 < 100 nA 
at-Vea= 50V -lcao < 10 < 10 nA 
at -Vea = 30 V, T; = 125 °C -lcao < 100 < 100 µA 
at -Vea= 50 V, T; = 125 °C -lcao <10 < 10 µA 
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BSW 72, BSW 73, BSW 7 4, BSW 75 

w 

Emitter cutoff current 
at-VEB = 3 V 

Gain bandwidth product 
at-VcE = 20 V, -le= 50 mA, 
f = 100 MHz 

Collector base capacitance 
at -Vcao = 10 V, f = 100 kHz 

Thermal resistance 
Junction to ambient air 
Junction to case 

Admissible power dissipation 
versus temperature 

BSW 72 ... 75 

2 ~----~----~ 

100 200 'C 
~Tamb,T(: 

-IEBo < 100 nA 

fr > 150 MHz 

Ccao <B pF 

RthA < 440 °C/W 
RthC < 97 °C/W 

Pulse thermal resistance 
versus pulse duration 

°C/W BSW 72 ... 75 
100 ,------,--,--:r:::==t=::;:::;:iiji!!;;;;;' -- --~ 

rthC Ol ./~ 

I ~~ 10 0.05 [7 .Al 
./fl 

Pcfo1 17 z 
17v=O 
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BSW 72, BSW 73, BSW 7 4, BSW 75 
Common emitter 
Collector characteristics 

mA BSW 72 ... 75 

100 r-~T/TT./11,..-22..,..1---,:;;;11...,-----,------,-;-I -,----,----, 

'!_/ J..:.-t-i 
~+.~11/f.-h.-''F'-+--+---io.9 t-+--rJl" J...-t-11-.J...-FQ~B J::=t-1i-...r-1 

0.3 

r; 0.2 
20 Hl-+..--t--+--+-+---1~"--....... -+--; 

rL_ -!Ji..= 0.1 mA 

V Tj: 25 'C 
0 L--'------'----'-~-~-'---~~ 

v 

0.4 

Q2 

0 

0 2V 

Collector saturation voltage 
versus collector current 

BSW 72,73 

-!s_ = 10 
-Ia 

'1 =25 ·c 

_l 

lL 
V1 v 

1 2 5 10 2 5 10 2 2 , 103 mA 
--le 
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Common emitter 
collector characteristics 
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Collector saturation voltage 
versus collector current 
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BSW 72, BSW 73, BSW 7 4, BSW 75 
Relative DC current gain 
versus collector current 

BSW 72,73 
10 .-------.-,..-,r-r-r-ir-r-r-i 

l 

0.1 '--''--"--L-.J-"--L-.J-.L.-L-.J-"--' 
10-1 10 10 2 103 mA 

v 

--le 

Base saturation voltage 
versus collector current 

BSW 72 .. 75 

-~=10 
-Ia 

y 

0. 4 l--+-----+--if--+---+--<r-+---+---1 

0.2 t--+--+--l-+--+--lr--t---+--l 

0 '---_J_---'---'--'-----'---'r--'-----'---' 

1 , 10 2 ' 10 2 2 , 103mA 
--le 

Relative DC current gain 
versus collector current 

BSW 74,75 
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hFE(·lel ' ,__,r-+-l----l-+->->-l----l>->-+-----1 

lff'(10mA) 4 1----"f--+-l----l-+->-4-l----lf-----+-+-----I 

I 
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--re 

Collector cutoff current 
versus junction temperature 

BSW 72 ... 75 
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• Ieao(Ti) .. ~ -•f >----<--+--+--+-v-1~+-f.J __ -+---t--+--< 

10 z 

z 
~ BSW 72, 73: -Vea=30V 

+-- r--+--1 
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BSW 72, BSW 73, BSW 7 4, BSW 75 

pf 

Collector base capacitance, 
Emitter base capacitance 
versus reverse bias voltage 

BSW 72 ... 75 
20 ~~~~~~~~~~~ 

18 >---~~~--+---+---+----<>---+--+--< 

4 >--+--+----+--+--+---+---<f--+---+----l 

0 f--~~~--+---+-~---<r--+--~ 
0 4 6 8 10 v 

--lf:ao.-~ao 
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fr 
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10 

Gain bandwidth product 
versus collector current 

BSW 72 ... 75 

bmb =25oc 
-VcE= 5 V 
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lL 
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BSW 72, BSW 73, BSW 74, BSW 75 
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2 N 2904, 2 N 2905 
PNP Silicon Epitaxial Planar Transistors 
with high cutoff frequency, for high speed switching 

Metal case JEDEC T0-39 
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 Tamb = 25 °C 
at Tc = 25 °c 
Junction temperature 

Storage temperature range 

Characteristics at T; = 25 °c 
DC current gain 
at-VcE = 10 V, -le= 0.1 mA 
at-VcE = 10V, -le= 1 mA 
at-VcE = 10 V, -le= 10 mA 
at-VcE = 10 V, -le= 150 mA 
at-VcE = 10 V, -le= 0.5 A 

Collector saturation voltage 
at -le = 150 mA, -la = 15 mA 
at -le = 500 mA, -la = 50 mA 

Base saturation voltage 
at -le= 150 mA, -/s = 15 mA 
at -le = 500 mA, -la = 50 mA 
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-Vcao 

-VcEO 

-VEBO 

-le 

Ptot 
Ptot 

T; 

Ts 

hFE 
hFE 
hFE 
hFE 
hFE 

-VcEsat 
-VcEsat 

-VaEsat 
-VaEsat 

c 

max.o.s• 

60 v 
40 v 
5 v 
0.6 A 

0.8 w 
3 w 
200 oc 

-65 ... +200 oc 

2 N 2904 2 N 2905 

>20 >35 
>25 >so 
>35 >75 
40 ... 120 100 ... 300 
>20 >30 

<0.4 v 
< 1.6 v 

< 1.3 v 
<2.6 v 



2 N 2904, 2 N 2905 
Collector cutoff current 
at-Vea= 50V -/tao < 20 nA 
at -Vea = 50 V, Tamb = 150 °C -leao < 20 µA 
at -VeE = 30 V, -VEa = 0.5 v -/eEV <so nA 

Base cutoff current -hav < 50 nA 
at -VeE = 30 V, -VEa = 0.5 V 

Collector base breakdown voltage -V(BR)eBO > 60 v 
at-le= 10 µA 

Collector emitter breakdown voltage -V(BR)eEO >40 v 
at-le= 10mA 

Emitter base breakdown voltage -V(BR)EBO >s v 
at-IE= 10 µA 

Gain bandwidth product fr > 200 MHz 
at-VeE = 20V, -le= 50 mA, f = 100 MHz 

Collector base capacitance Ceao <8 pF 
at -Veao = 10 V, f = 100 kHz 

Emitter base capacitance GEBO < 30 pF 
at -VEBO = 2 V, f = 100 kHz 

Thermal resistance 
Junction to ambient air RthA < 220 °C/W 
Junction to case Rthe < 58 °C/W 

Delay time (see Fig. 1) td 6 (< 10) ns 

Rise time (see Fig. 1) t, 20 (< 40) ns 

Turn-on time (see Fig. 1) ton 26 (< 45) ns 

Storage time (see Fig. 2) ts 50 (< 80) ns 

Fall time (see Fig. 2) t1 20 (< 30) ns 

Turn-off time (see Fig. 2) toll 70 (< 100) ns 

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

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

- 30V 

Fig. 1: Test circuit 
for turn-on time, 
saturated operation 

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

Fig. 3: Test circuit 
for non-saturated 
operation 

1k 
5W 
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2 N 2904A, 2 N 2905A 
PNP Silicon Epitaxial Planar Transistors 
with high cutoff frequency, for high speed switching 

Metal case JEDEC T0-39 
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 Tamb = 25 °C 
at Tc = 25 °C 

-Vcao 

-VcEo 

-VEaO 

-le 

Ptot 
Ptot 

Ti 

c 

max.9.4 ¢ 

max.0.5 ¢ 

60 v 
60 v 
5 v 
0.6 A 

0.8 w 
3 w 
200 oc Junction temperature 

Storage temperature range Ts -65 ... +200 oc 

Characteristics at Ti = 25 °C 

DC current gain 
at -VcE = 10 V, -le= 0.1 mA 
at-VcE = 10V, -le= 1 mA 
at -VcE = 10 V, -le= 10 mA 
at -VcE = 10 V, -le= 150 mA 
at -VcE = 10 V, -le = 0.5 A 

Collector saturation voltage 
at -le = 150 mA, -la = 15 mA 
at -le = 500 mA, -la = 50 mA 

Base saturation voltage 
at -le= 150 mA, -la= 15 mA 
at -le = 500 mA, -la = 50 mA 
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2N2904A 

hFE >40 
hFE >40 
hFE >40 
hFE 40 ... 120 
hFE >40 

-VCEsat <o.4 
-VcE sat < 1.6 

-VaE sat < 1.3 
-VaE sat <2.6 

2N2905A 

>75 
> 100 
> 100 
100 ... 300 
>so 

v 
v 

v 
v 



2N2904A,2N2905A 
Collector cutoff current 
at-Vea= 50V -leao <10 nA 
at-Vea = 50 V, Tamb = 150 °C -leao <10 µA 
at -VeE = 30 V, -VEB = 0.5 v -leEv < 50 nA 

Base cutoff current -IEav <50 nA 
at -VeE = 30 V, -VEa = 0.5 V 

Collector base breakdown voltage -V(BRJeBO > 60 v 
at-le= 10 µA 

Collector emitter breakdown voltage -V(BRJeEO > 60 v 
at-le= 10 mA 

Emitter base breakdown voltage -V(BRJEBO >5 v 
at-IE= 10 µA 

Gain bandwidth product fr > 200 MHz 
at-VeE = 20V, -le= 50 mA, f = 100 MHz 

Collector base capacitance Ceao <a pF 
at -Veao = 10 V, t = 100 kHz 

Emitter base capacitance CEBo <30 pF 
at -VEBo = 2 V, t = 100 kHz 

Thermal resistance 
Junction to ambient air RthA < 220 °C/W 
Junction to case Rthe < 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 2906, 2 N 2907 
PNP Silicon Epitaxial Planar Transistors 
with high cutoff frequency, for high speed switching 

Metal case JEDEC T0-18 
Colle·ctor connected to case max5.S¢ 

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 
at Tc = 25 °C 

Junction temperature 

Storage temperature range 

Characteristics at T; = 25 °C 

DC current gain 
at -VcE = 10 V, -le= 0.1 mA 
at-VcE = 10V, -le= 1 mA 
at -VcE = 10 V, -le= 10 mA 
at -VcE = 10 V, -le= 150 mA 
at -VcE = 10 V, -le = 0.5 A 

Collector saturation voltage 
at-le= 150 mA, -18 = 15 mA 
at -le = 500 mA, -la = 50 mA 

Base saturation voltage 
at -le= 150 mA, -la= 15 mA 
at -le= 500 mA, -la = 50 mA 
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-Vcao 

-VcEO 

-VEao 

-le 

Ptot 
Ptot 

T; 

Ts 

hFE 
hFE 
hFE 
hFE 
hFE 

-VcE sol 
-VcEsot 

-VaE sot 
-VaE sot 

max.0.5¢ 

60 v 

40 v 

5 v 

0.6 A 

0.4 w 
1.8 w 
200 oc 
-65 ... +200 oc 

2 N 2906 2 N 2907 

>20 >35 
> 25 >so 
>35 > 75 
40 ... 120 100 ... 300 
>20 >30 

< 0.4 v 
< 1.6 v 

< 1.3 v 
<2.6 v 



2 N 2906, 2 N 2907 
Collector cutoff curent 
at-Vea= 50V -feao <20 nA 
at -Vea = 50 V, Tomb = 150 °C -leao < 20 ft A 
at -VeE = 30 V, -VEB = 0.5 v -feEV < 50 nA 

Base cutoff current -hav <so nA 
at -VeE = 30 V, -VEB = 0.5 v 

Collector base breakdown voltage -V(BR)eBO > 60 v 
at -le= 10 µA 

Collector emitter breakdown voltage -V(BR)eEO > 40 v 
at-/e = 10 mA 

Emitter base breakdown voltage -V(BR)EBO >s v 
at-h = 10 µA 

Gain bandwidth product fr > 200 MHz 
at-VeE = 20V, -le= 50 mA, f = 100 MHz 

Collector base capacitance Cesa <B pF 
at -Veao = 10 V, f = 100 kHz 

Emitter base capacitance CEBo < 30 pF 
at -VEBO = 2 V, f = 100 kHz 

Thermal resistance 
Junction to ambient air RthA < 440 °C/W 
Junction to case Rthe < 97 °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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2 N 2906 A, 2 N 2907 A 
PNP Silicon Epitaxial Planar Transistors 

. with high cutoff frequency, for high speed switching 

c 

Metal case JEDEC T0-18 
Collector connected to case max.5.B~ 

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 
at Tc = 25 °C 

Junction temperature 

Storage temperature range 

Characteristics at Ti = 25 °C 

DC current gain 
at -VcE = 10 V, -le= 0.1 mA 
at-VcE = 10V, -le= 1 mA 
at -VcE = 10 V, -le= 10 mA 
at -VcE = 10 V, -le= 150 mA 
at -VcE = 10 V, -le= 0.5 A 

Collector saturation voltage 
at -le= 150 mA, -fa = 15 mA 
at -le = 500 mA, -la = 50 mA 

Base saturation voltage 
at -le= 150 mA, -la = 15 mA 
at -le = 500 mA, -la = 50 mA 
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-Vcao 

-VcEO 

-VEBo 

-le 

Ptat 
Ptat 

Ti 

Ts 

hFE 
hFE 
hFE 
hFE 
hFE 

-VcEsot 
-VcEsot 

-VaE sot 
-VaEsot 

max.0.5~ 

60 v 
60 v 
5 v 
0.6 A 

0.4 w 
1.8 w 
200 oc 
-65 ... +200 oc 

2 N 2906A 2 N 2907 A 

>40 >75 
>40 > 100 
>40 > 100 
40 ... 120 100 ... 300 
> 40 > 50 

< 0.4 v 
< 1.6 v 

< 1.3 v 
< 2.6 v 



2 N 2906 A, 2 N 2907 A 
Collector cutoff curent 
at-Vea= 50 V -leao < 10 nA 
at-Vea= 50 V, Tamb = 150 °C -leao < 10 µA 
at -VeE = 30 V, -VEB = 0.5 v -leEV < 50 nA 

Base cutoff current -hav < 50 nA 
at -VeE = 30 v, -VEB = 0.5 v 

Collector base breakdown voltage -V(BRJeBO >60 v 
at -le= 10 ~tA 

Collector emitter breakdown voltage -V(BR)eEO >60 v 
at -le= 10 mA 

Emitter base breakdown voltage -V(BRJEBO >5 v 
at-h=10µA 

Gain bandwidth product fr >200 MHz 
at-VeE = 20V, -le= 50 mA, f = 100 MHz 

Collector base capacitance Ceao <a pF 
at -Veao = 10 V, f = 100 kHz 

Emitter base capacitance CEBo <30 pF 
at -VEao = 2 V, f = 100 kHz 

Thermal resistance 
Junction to ambient air RthA < 440 °C/W 
Junction to case Rthe < 97 °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 µA to 50 mA. 

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

Metal case JEDEC T0-18 
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 Tamb = 25 °C 
at Tc = 25 °C 

Junction temperature 

Storage temperature range 

-Vcao 

-VcED 

-VEaD 

Ptot 
Ptot 

T; 

Ts 

Static characteristics at T; = 25 °C 

DC current gain 
at-VcE = 5V, -le= 1 µA hFE 
at -VcE = 5 V, -le= 10 µA hFE 
at -VcE = 5 V, -le = 100 µA hFE 
at -VcE = 5 V, -le= 1 mA hFE 
at -VcE = 5 V, -le= 10 mA hFE 
at -VcE = 5 V, -le= 50 mA hFE 
at-VcE = 5 V, -le= 10 µA, hFE 
T; = -55 °C 
at -VcE = 5 V, -le= 50 mA, hFE 
T; = -55 °C 
at -VcE = 5 V, -le= 1 mA, hFE 
T; = 100 °C 

c 

max.0.5¢ 

2 N 3962 2 N 3963 2 N 3964 

60 80 45 v 
60 80 45 v 
6 6 6 v 

0.36 w 
1.2 w 
200 oc 
-65 ... +200 oc 

2 N 3962 
2 N 3963 

175 (> 60) 
210(100 ... 300) 
240(> 100) 
260 (100 ... 450) 
280 (> 100) 
260 (> 90) 
90 (> 40) 

150 (> 45) 

375 (< 600) 

2 N 3964 

300 (> 180) 
320 (250 ... 500) 
330 (> 250) 
330 (250 ... 600) 
330 (> 200) 
315 (> 180) 
160 (> 100) 

190 (> 90) 

400 (< 800) 

Collector saturation voltage 
at -le= 10 mA, -la = 0.5 mA 
at -le = 50 mA, -la = 5 mA 

-VcEsot 0.1 (< 0.25) v 

Base saturation voltage 
at -le= 10 mA, -la = 0.5 mA 
at -le = 50 mA, -la = 5 mA 
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-VcEsat 

-VaE sot 
-VaE sat 

0.16 (< 0.4) v 

0.72 (< 0.9) v 
0.81 ( < 0.95) v 



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

Collector cutoff current 
at-VeE=40V -feES 0.5 (< 10)nA 
at-VeE = 50 V -feES 0.5 (< 10)- nA 
at-VeE=70V -ICES 0.5 (< 10)- nA 
at -VeE = 40 V, T; = 150°C -feES 2 (< 10) ft A 
at -VeE = 50 V, T; = 150 °C -feES 2 (< 10) µA 
at -VCE = 70 V, T;=150°C -feES 2(<10) ft A 

Emitter cutoff current -/mo <10 < 10 <10 nA 
at-Vrn=4V 

Collector base -V(BRJeBO > 60 > 80 >45 v 
breakdown voltage 
at -le= 10 ftA 

Collector emitter 
breakdown voltage 
at -le= 10 ~tA -V(BR)eES > 60 > 80 > 45 v 
at-le= 5 mA -V(BR)eEO > 60 > 80 >45 v 

Emitter base -V(BRJEBO >6 >6 >6 v 
breakdown voltage 
at -h = 10 ftA 

Thermal resistance 
Junction to ambient air RthA < 480 °C/W 
Junction to case Rthe < 150 °C/W 

Dynamic characteristics at Tamb = 25 °C 

Collector base capacitance 
at -Veao = 5 V 

Emitter base capacitance 
at -VEBO = 0.5 V 

Gain bandwidth product 
at -VeE = 5 V, -le= 0.5 mA, f = 20 MHz 
2 N 3962 and 2 N 3963 
2 N 3964 

h-parameters at -VeE = 5 V, 
-le = 1 mA, f = 1 kHz 

Small signal current gain 

Input impedance 

Output admittance 

Reverse voltage transfer ratio 

Ceao 

CEBo 

fr 
fr 

h1e 

h;. 

hae 

h,. 

pF 

< 15 pF 

>40 MHz 
> 50 MHz 

2 N 3962 2 N 3964 
2 N 3963 

300 360 
(100 ... 550) (250 ... 700) 

8 (2.5 ... 17) 10 (6 ... 20) kQ 

19(5 ... 40) 25 (5 ... 50) ~tmho 

<10-10-4 < 10· 10-4 
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2 N 3962, 2 N 3963, 2 N 3964 

Noise figure 
at -VcE = 5 V, -le= 20 µA, Re= 10 kQ 
at LI f = 30 Hz ... 15 kHz F 
Aff=10fu F 
atf = 120 Hz F 
at f = 1 kHz F 
at f = 10 kHz F 
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2 N 3962 2 N 3964 
2 N 3963 

1 (< 3) 0.7 (< 2) dB 
3.5 (< 8) dB 

3 (< 10) 1.8 (< 4) dB 
0.8 (< 3) 0.5 (< 2) dB 
0.8 (< 3) 0.5 (< 2) dB 



2 N 3962, 2 N 3963, 2 N 3964 

w 
2 

Admissible power dissipation 
versus temperature 

2 N 3962 ... 2 N 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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1300 ~ J.1----+-+----+-I 
&:jN 
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010-3 10-2 10-1 10 

--le 

Collector saturation voltage 
Base saturation voltage 
versus collector current 

2N 3962 ... 2N 3964 

IOOmA 

2 s 10 2 s 100 mA 

--le 
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DC current gain 
versus collector current 
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2 N 3962, 2 N 3963, 2 N 3964 
Relative h-parameters 
versus collector current 

2 N 3962 c· 2 N_}964 
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2 N 3962, 2 N 3963 
Contours of constant 
narrow band noise figure 
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Wide band noise figure 
versus generator resistance 
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2 N 3964 
Contours of constant 
narrow band noise figure 
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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 T0--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 Tamb = 25 °C 
at Tc = 25 °C 

Junction temperature 

Storage temperature range 

Characteristics at Ti = 25 °C 

DC current gain 
at -VcE = 5 V, -le= 100 fLA 
at -VcE = 5 V, -le= 100 mA 
at -VcE = 5 V, -le= 0.5 A 
at -VcE = 5 V, -le = 1 mA 
at-VcE = 5 V, -le= 100 mA, 
Ti= -55 °C 

Collector saturation voltage 
at -le= 150 mA, -la= 15 mA 
at -le = 500 mA, -fa = 50 mA 
at -le= 1 A, -fa = 100 mA 

Base saturation voltage 
at -le= 150 mA, -fa = 15 mA 
at -le = 500 mA, -la = 50 mA 
at -le = 1 A, -fa = 100 mA 
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-Vcao 

-VcEO 

-le 

Ptot 
Ptat 

Ti 

Ts 

-VcEsat 
-VcE sat 
-VcEsat 

-VaEsal 
-VBE sat 
-VaE sat 

60 

60 

5 

0.8 
4 

200 

c 
E 

max.0.5 ¢ 

-65 ... +200 

2 N 4030 
80 (> 30) 
40 ... 120 
60 (> 25) 
> 15 
50 (> 15) 

2 N 4032 
150 (> 75) 
100 ... 300 
110(>70) 
>40 
100 (> 40) 

0.1 (< 0.15) 
0.25 (< 0.5) 
0.5 (< 1) 

0.8 (< 0.9) 
0.95 (< 1.1) 
1.05 (< 1.2) 

v 

v 
v 

A 

w 
w 
oc 
oc 

v 
v 
v 

v 
v 
v 



2 N 4030, 2 N 4032 
Collector cutoff current 
at-Ves=50V -feao 0.2 (< 50) nA 
at -Vea = 50 V, Ti= 150 °C -feao 0.2 (< 50) µA 

Emitter cutoff current -hao < 10 µA 
at-VEB = 5 V 

Collector base breakdown voltage -V(BR)eBO > 60 v 
at-/e = 10 µA 

Collector emitter breakdown voltage -V(BR)CEO > 60 v 
at -le= 10 mA 

Emitter base breakdown voltage -V(BR)EBO >5 v 
at-h = 10 µA 

Gain bandwidth product fr 150 (> 100) MHz 
at -VeE = 10 V, -le= 50 mA, f = 100 MHz 

Collector base capacitance Cesa 15 (< 20) pF 
at-Veso = 10 V 

Emitter base capacitance GEBO 75 (< 110) pF 
at -VEBO = 0.5 V 

Thermal resistance 
Junction to ambient air RthA < 220 °C/W 
Junction to case Rthe <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 
at -le == 500 mA, -la1 = 50 mA 

27 (< 100) ns 

Storage time ts 160 (< 350) ns 
at -le= 500 mA, -la1 = 50 mA, la2 = 50 mA 

Fall time t1 23(<50) ns 
at -le = 500 mA, -la1 = 50 mA, la2 = 50 mA 

3.8 v 

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 T0-39 
Collector connected to case 
Weight approximately 1 g 
Di'mensions in mm 

Maximum Ratings 

Collector base voltage 

Collector emitter voltage 

Emitter base voltage 

Collector current 

Power dissipation 
at Tamb = 25 °C 
at Tc = 25 °C 

Junction temperature 

Storage temperature range 

Characteristics at T; = 25 °c 

DC current gain 
at-VeE = 5 V, -le= 100 ftA 
at -VcE = 5 V, -le= 100 mA 
at -VcE = 5 V, -le = 0.5 A 
at -VcE = 5 V, -le = 1 A 
at -VcE = 5 V, -le= 100 mA, 
T; = -55 °C 

Collector saturation voltage 
at -le= 150 mA, -la= 15 mA 
at -le = 500 mA, -fa = 50 mA 

Base saturation voltage 
at -le= 150 mA, -la= 15 mA 
at -le= 500 mA, -la = 50 mA 
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-Vcao 

-VcEO 

-VEaO 

-le 

Ptat 
Ptot 

T; 

Ts 

hFE 
hFE 
hFE 
hFE 
hFE 

-VCE sat 
-VcE sat 

-VBEsat 
-VaEsat 

c 

""' ~co" 

"' ~· max.9.4 ¢ 
c 
E 

max.0.5 ¢ 

80 v 
80 v 
5 v 

A 

0.8 w 
4 w 
200 oc 

-65 ... +200 oc 

2 N 4031 2 N 4033 
80 (> 30) 150 (> 75) 
40 ... 120 100 ... 300 
60 (> 25) 110 (> 70) 
> 15 >40 
50 (> 15) 100 (> 40) 

0.1 (< 0.15) v 
0.25 (< 0.5) v 

0.8 (< 0.9) v 
0.95 (< 1.1) v 



2 N 4031, 2 N 4033 
Collector cutoff current 
at-Vea= 50V -leao 0.2 « 50) nA 
at -Vea = 50 V, T; = 150 °C -leao 0.2 (< 50) µA 

Emitter cutoff current -IEao <10 µA 
at-VEa = 5 V 

Collector base breakdown voltage -VcaR)e80 >so v 
at-le= 10 µA 

Collector emitter breakdown voltage -V(BR)eEO >so v 
at-le= 10mA 

Emitter base breakdown voltage -VcaR)Eao >5 v 
at-IE= 10µA 

Gain bandwidth product fr 150 (> 100) MHz 
at -VeE = 10 V, -le= 50 mA, f = 100 MHz 

Collector base capacitance Ce8o 15 (< 20) pF 
at-Veao = 10 V 

Emitter base capacitance CE80 75 (< 110) pF 
at -VE80 = 0.5 V 

Thermal resistance 
Junction to ambient air RthA <220 oc/W 
Junction to case Rthe <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 tan 27 (< 100) ns 
at -le = 500 mA, -151 = 50 mA 

Storage time t, 160 (< 350) ns 
at -le= 500 mA, -151 = 50 mA, 152 = 50 mA 

Fall time t1 23 (< 50) ns 
at -le= 500 mA, -151 = 50 mA, 152 = 50 mA 

3.8 v 

Test Circuit for Switching Times 
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PNP Silicon 
High Frequency Transistors 
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BF324 
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 = T0-92 
T0-18 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 T amb = 45 °C 

Junction temperature 

Storage temperature range 

Characteristics at T amb = 25 °C 

DC current gain 
at -VeE = 10 V, -le= 1 mA 
at -VeE = 10 V, -le= 4 mA 

Base emitter voltage 
at -VeE = 10 V, -le= 4 mA 

Collector emitter breakdown voltage 
at-le= 10 mA 

Emitter base breakdowm voltage 
at -IE= 10 µA 

Collector cutoff current 
at-Vea= 30V 

Thermal resistance 
Junction to ambient air 

~-
.£ 
E 

-Veao 

-VeEO 

-VEBO 

-le 

-/a 

Ptot 

T; 

Ts 

hFE 
hFE 

-VBE 

-V(BRJeEO 

-V(BR)EBO 

-/eao 

RthA 

jif~ 
2,5 

f, 
mox.Q5¢ 1.25 

30 v 

30 v 

4 v 
25 mA 

5 mA 

250 1 mW 

150 oc 

-55 ... +150 oc 

45 
50 (25 ... 160) 

0.76 v 

>30 v 

>4 v 

<so nA 

< 420 1 °C!W 

1 Valid provided that leads are kept at ambient temperature at a distance 
of 2 mm from case. 
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mW 
500 

f'!ot 
400 

200 

100 

Gain bandwidth product at f = 100 MHz 
at-VeE = 10V, -le= 1 mA 
at-VeE = 10V, -le= 4 mA 
at-VeE = 10V, -le= 8 mA 

Feedback capacitance 
at -Vea = 10 V, VaE = 0, f = 1 MHz 

Noise figure at -VeE = 10 V, 
-le= 2 mA, f = 100 MHz, RG = 60Q 

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

BF 324 mA 

Bf 324 

fr 
fr 
fr 

F 

350 
450 
440 

0.1 

3 

Collector current versus 
base emitter voltage 

MHz 
MHz 
MHz 

pf 

dB 

BF 324 
10 ..-----.---..,.---,---,..----,--,,.--.,....-, 

-le ' +----t---+----t----+---t---+--t-t-+---+----"' 

\ 
~ 

\ 
~ 
~ 

"l 
100 
~1"amb 

I'~~ 

10-I ~~~~~~--+~-+---~ 
200°e 0 05 1V 

--VBE 
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BF324 
Common emitter 
collector characteristics 

100 'I L!'"[_..j.-+--+-+-t-1-+9 

v -Ia=50 µA 

v 
0 ~'---'---'----'------'------'------'------'------'------' 

MHz 

0 10V 

Gain bandwidth product 
versus collector current 

BF 324 
500 ~---,-,-,--,--,--,------, 

f = 100MHz 

I 

200 l--l--l--+--+--+--+--+--+--+----j 

100 >----+--+--+--+--+---+----+--+-+-----' 

0 '----'------'------'------'-----~~~~~ 

O 5 10mA 
-----le 
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DC current gain 
versus collector current 

BF 324 
100 ----------

hFE: 80 l--+--+--+--+--+--+-+--+-+----J 

Lo f----+------+--f----+---+-----

20 f--f--+--+---1--+--+--+--+---+--< 

0 I----~~-'-----'----'-----~~~-'----' 

mm ho 

0 10 20mA 
---le 

Input admittance 
characteristic 

BF 324 
40~---------

-VcE = 10V 
f :100MHz 

.....,-Ic=1mA 

-60 ---1-l--+--+--+--\----+--+--+----j 

6 
-80 ---1-l--+--+--+--H-+--+--+----j 

8 
-100 ---i-J--+--+--+--+-t-+,-+--+-----1 

-120 >---J--+--+--+--+--+--+--+--+----1 

-140 l--1----+--+-+--+--+--+---+--~ 

-160 L__L__L___j___j___L__L__L___L__~ 
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--------------- 9;b 



mmho 

Output admittance 
characteristic 
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BF324 
Forward transconductance 
versus collector current 
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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= T0-92 
T0-18 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 dissipati'on at Tomb= 25 c.c 

Junction temperature 

Storage temperature range 

Characteristics at T amb = 25 °C 

DC current gain 
at -VeE = 10 V, -le = 1 mA BF 450 

BF451 

Collector base breakdown voltage 
at -le= 10 µA 

Collector emitter breakdown voltage 
at-le= 2 mA 

Collector cutoff current 
at-Vea= 30V 

Thermal resistance 
Junction to ambient air 

-Vcao 

-VeEO 

-VEBO 

-le 

-/a 

Ptot 

T; 

Ts 

hFE 
hFE 

-V(BRJCBO 

-V(BR)CEO 

-/eao 

RthA 

sjl[c~-
2.5 

f. "' ~ 
~ 

max.0.5¢ 1.25 

40 v 

40 v 

4 v 
25 mA 

5 mA 

150 1 mW 

125 oc 
-55 ... +150 oc 

>so 
>30 

>40 v 

>40 v 

<so hA 

<660 1 °C/W 

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

Gain bandwidth product 
at -VeE = 10 V, -le= 1 mA, f = 100 MHz 

Feedback capacitance 
at -VeE = 10 V, -le= 1 mA, f = 1 MHz 

Real part of output admittance 
at -VeE = 10 V, -le= 1 mA, f = 0.5 MHz 

Noi1se figure at -VeE = 10 V, 
-le = 1 mA, f = 100 kHz, RG = 300 Q 

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

BF 450,k51 
200 ~~~~~~~~~~~ 

mA 
20 

flot -Jc 

I I 
10 

0 L__[___J___J____L__l__}.,l>__L-_J___J___J 
0 

o 100 200°c 

BF 450, BF 451 
fr 325 MHz 

-Cre 0.35 pF 

9oe < 8 µmho 

F 2 dB 

Collector current 
versus base emitter voltage 

-Vcp10V 

0 

BF k50,k51 

rJ .....1 
0.5 

--vaE 
1V 
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mA 

BF 450, BF 451 
Common emitter 
collector characteristics 

BF 450,451 
2 0 ~~.---.---.-----.----.---.----.------,-----, 

_LI 350 ~300 

200 !--

111 100 

Ia= 50 µA 

0 ~+---+-~~~~~~~~ 
0 5 10 v 

---vcE 
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MHz 

Gain bandwidth product 
versus collector current 

BF 450,451 
500 ~----------.--~ 

y 
, , oo 1---t-IL--++---r---t__,_,__+---+--;----< 

L f--'t--f--+--f--+--f----+---jf----+---j 

200 I--+---+--+--+---+--+--+--+--+---< 

100 I--+---+--+--+---+--!--+---+--+---< 

0 !---+---+-~~~~---+----+-~~ 
0 5 10mA 

---le 



BF 450, BF 451 
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PNP Silicon 
Power Transistors 
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BO 136, BO 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 avai'lable 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 !VcE! = 2 V, 
/lei= 150 mA is 1.3 {max. 1.6). 

max.7.8 

Plastic case SOT-32 max. .... 
~ 

Collector conne,cted 0.88 c 0.5 

to metal base I 
.E 

Weight approximately 1 g i 
Di'mensions in mm 2,29 

ECB 

Maximum Ratings BD136 BD138 

Collector base voltage -Vceo 45 60 v 
Collector emitter voltage -VcEO 45 60 v 
Emitter base voltage -VEBO 5 v 
Average collector current -'-1CAV 0.5 A 

Peak collector current -fcM 1.5 A 

Power dissipation Ptot 6.5 w 
at Tc< 60 °C 

Junction temperature Ti 125 oc 
Storage temperature range Ts -55 ... +125 oc 

Characteristics at Ti = 25 °C 

DC current gain 
at -VcE = 2 V, -le= 5 mA hFE >25 >25 
at -VCE = 2 V, -le= 150 mA hFE 40 ... 250 40 ... 160 
at -VcE = 2 V, -le= 500 mA hFE >25 >25 
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BO 136, BO 138 
Base emitter voltage -VsE <1 v 
at-VeE = 2 V, -le= 500 mA 

Collector saturation voltage -VeEsat <o.5 v 
at -le = 500 mA, -Is = 50 mA 

Collector cutoff current 
at-Ves = 30V -leso < 100 nA 
at-Ves = 30 V, T; = 125 °C -leso < 10 µA 

Emitter cutoff current -IEBO < 10 µA 
at-VEs = 5 V 

Gain bandwidth product fr 75 MHz 
at-VeE = 5 V, -le= 50 mA 
f = 35 MHz 

Thermal resistance 
Junction to ambient air RthA < 100 °C/W 
Junction to metal base Rthe < 10 oc/W 
Metal base to heat sink Rthets <1 °C/W 
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w 
10 

ftot 8 

0 

BO 136, BO 138 
Admissible power dissipation 
versus 
metal base temperature 

BO 136,138 

:l 

0 

:l 

:l 
100 
-ic 

Pulse thermal resistance 
versus pulse duration 

200 'C 

0 C/W BO 136, 138 
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lL L v=O 

v 
10-1 

~ 
-
-

-
10-2 ..l ..L ..l 

10-3 10-2 10-1 10 102 103ms 

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

BO 136, 138 
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-le ' 

mA 
500 

400 
-fe 

1300 

200 

100 

0 

Collector current 
versus base current 

-lfr=2V 

1j =25°C 

171 
l7 

l7 IZ 
[7 I~ 

v II 
llsprea1 

7 17 
r7 rJ 

IJ 

7 

10-1 1 10 
---Ia 

Collector current versus 
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BO 136, BO 138 
Collector current 
versus base current 
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A 

BD 136, BO 138 
Common emitter 
collector characteristics 

BO 136,138 
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Base current versus 
junction temperature 
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A 

Common emitter 
collector. characteristics 

BO 136, 138 
1.5 ---------r:7-

7j =25°C so]Lf 

v 40 v 
-le / y 

1 / v ..... 
1 f-+--+7++-.;-h,,..4-1-----+....30+1 ..... ~ 

/y ~ 

TV Y 
[fy 10 -

05 fJL_ ~ 
v 5 

0 rp -la=lmA 

MHz 
100 

40 

20 

o 

0 

--Ve£ 

Gain bandwidth product 
versus collector current 

2V 

BO 136, 138 

-lf:£=5V 
1j =25°C 

~ 
v ~ 

ii ' 
r/ 

17 
l/ 

1 2 s 10 2 s 102 2 s 1a3mA 
--Ic 



BO 136, BO 138 
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80140 
PNP Silicon Epitaxial Planar Power Transistor 
for AF driver stages in hifi equipment and for push-pull output stages 
matched with BD 139 as complementary pair. 

Thi'S transistor i'S 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 IVcEI = 2 V, Itel = 150 mA is 1.3 (max. 1.6). 

max.7,8 

Plastic case SOT-32 
Collector connected max. <"l 

~ 
to metal base 0,88 " 0.5 

Weight approximately 1 g I 
.E 

Dimensions in mm i 
2;29 

EC B 

Maximum Ratings 

Collector emitter voltage -VcER 100 v 
at RsE < 1 kQ 

Collector emitter voltage -VcEO 80 v 
Emitter base voltage -VEBO 5 v 
Average collector current -/cAV 0.5 A 

Peak collector current -fcM 1.5 A 

Power dissipation Ptot 6.5 w 
at Tc< 60 °C 

Junction temperature T; 125 oc 
Storage temperature range Ts -55 ... +125 oc 

Characteristics at T; = 25 °C 

DC current gain 
at-VcE = 2 V, -le= 5 mA hFE >25 
at -VcE = 2 V, -le= 150 mA hFE 40 ... 160 
at -VcE = 2 V, -le= 500 mA hFE >25 
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80140 
Base emitter voltage -VsE <1 v 
at-VeE = 2 V, -le= 500 mA 

Collector saturation voltage -VeEsat <0.5 v 
at -le = 500 mA, -Is = 50 mA 

Collector cutoff current 
at-Ves=30V -leso < 100 nA 
at -Vea = 30 V, T; = 125 °C -leso < 10 µA 

Emitter cutoff current -IEso <10 µA 
at-VEs = 5 V 

Gain bandwidth product fr 75 MHz 
at -VeE = 5 V, -le = 50 mA, 
f = 35 MHz 

Thermal resistance 
Junction to ambient air RthA < 100 °C/W 
Junction to metal base Rthe <10 °C/W 
Metal base to heat sink Rthe1s <1 °C/W 
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BO 140 
Admissible power dissipation 
versus 
metal base temperature 
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Pulse thermal resistance 
versus pulse duration 
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Multiplier for admiss. power 
dissipation for non-periodic 
pulses versus pulse duration 
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Accessories 
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Accessories 
Set of accessories No. 3 

Insulating washer Insulating bush 

----20.2---

comprising 

1 insulating washer No. 02 311 mica 
2 insulating bushes No" 02 321 polycarbonate 

for insulated mounting of T0-3 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 RthC 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 

20.6 

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 Rthc rises approximately 0.5 °C/W by insulated mount
ing using accessory set No. 9. 

Heat sink KS 1 for T0-39 case 

fitting for all transistors in T0-39 case 

Dimensions in mm 

Material: black varnished bronze beryllium 
Weight approx. 2 g 

Thermal resistance in free air 
Rth = 46 °C/W 
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ITI Manufacturing 

Transistors described in this manual are only parts of the ITT semi
conductors manufacturing programme. A wi1de range of monolithic inte
grated circuits as well as diodes, thyristors and rectifiers of outstanding 
quali,ty are at your disposal for your designs and your production. 

Worldwide basic research and specified development programme'S at ITT 
factories in Germany, Europe and USA guarantee the most modern 
production methods. Rational large scale producti'on 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 

SiHcon Diodes 

Silicon Capacitance Diodes 

Silicon Diode Switches 

SH icon 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 
lmprime dans la Republique Federale d'Allemagne 
Druckhaus Rombach+ Co GmbH, 78 Freiburg i. Br., Lorracher StraBe 3 
Edition 1972/8 
Order No. 6240-05-1 E 
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Semiconductors Supply Sources 

ITT semiconductors are marketed 

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

in France by 
Societe des Produ'its lndustriels ITT 
Departement Semiconducteurs INTEHMETALL 
1, avenue Louis Pasteur 
92-Bagneux, 
Telephone: 253-31 39 Telex: 26 925 

in Germany by 
INTERMETALL 
Halbleiterwerk der Deutsche ITT Industries GmbH 
D-78 Freiburg, Postfach 840 
Telefon (07 61) *51 71 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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