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SEMICONDUCTOR GENERAL EXPLANATORY
DEVICES NOTES

INDEX

Section|. Type Nomenclature

This section explains the system of type nomenclature used for Mullard Semi-
conductor devices showing the significance of each type letter or number.

Sectionll. Listof Symbols for Light Current Semiconductor Devices
This section gives the main symbols used in quoting ratings and characteristics
of Semiconductor Devices.

Section lll. Explanation of Handbook Data

1. Form of issue.

11 Types of data, Tentative Data, Final Data.

1.2 Presentation of data—division into description, Quick Reference, Out-
lines, Ratings, Characteristics, Application information, Environmental
data, Curves.

2. Ratings.

21 Definition of the three Ratings System—Absolute Maximum, Design
Centre, Design Maximum.

Transistor Ratings.

3.1 Transistor Voltage Ratings.
Definitions of the main voltage ratings, Vcg, Ves, Vee under various
circuit and current conditions, showing their interdependence. Voltage
ratings charts and permissible area of operation.

3.2 Transistor Current Ratings.
Definitions of the main current ratings, lc, l¢, lg, under various con-
ditions.

3.3 Transistor Power Ratings.
Definition of P,,, maximum—distinction between steady state and
pulse—dependence on temperature—de-rating chart—heatsinks and
thermal resistance considerations.

3.4 Temperature Ratings.
Definition of T;, Top ., Tcase -

Section IV. Mounting and Soldering Recommendations
1. Mounting of ‘Lockfit" Transistors.

1.1 Mounting on printed wiring boards.
1.2 Soldering.
Section V. Field Effect Transistors

Section VI. Safe Operating ARea for power transistors
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SEMICONDUCTOR TYPE
DEVICES NOMENCLATURE

Section 1

Mullard semiconductor devices are registered by Pro Electron.
The type nomenclature of a discrete device or, in certain cases, of a range of
devices, consists of two letters followed by a serial number. The serial number
may consist of three figures or of one letter and two figures depending on the
main application of the device.
The first letter indicates the semiconductor material used:

A — germanium

B — silicon

C — compound materials such as gallium arsenide

D — compound materials such as indium antimonide

R — compound materials such as cadmium sulphide

The second letter indicates the general function of the device:
A — detection diode, high speed diode, mixer diode.
B — variable capacitance diode
C — transistor for a.f. applications (not power types)
D — power transistor for a.f. applications
E — tunnel diode
F — transistor for r.f. applications (not power types)
G — multiple of dissimilar devices; miscellaneous devices
L — power transistor for r.f. applications
N — photo-coupler

P — radiation sensitive device such as photodiode, phototransistor, photo-
conductive cell, or radiation detector diode

Q — radiation generating device such as light-emitting diode

R — controlling and switching device (e.g. thyristor) having a specified break-
down characteristic (not power types)

S — transistor for switching applications (not power types)

T — controlling and switching power device (e.g. thyristor) having a specified
breakdown characteristic

U — power transistor for switching applications

X — multiplier diode such as varactor or step recovery diode

Y — rectifier diode, booster diode, effictency diode

Z — voltage reference or voltage regulator diode, transient suppressor diode

The remainder of the type number is a serial number indicating a particular
design or development and is in one of the following two groups:

(a) Devices intended primarily for use in consumer applications (radio and
television receivers, audio amplifiers, tape recorders, domestic appliances,
etc.).

The serial number consists of three figures.

(b) Devices intended mainly for applications other than (a), e.g. industrial,
professional and transmitting equipments.

The serial number consists of one letter (Z, Y, X, W, etc.) followed

by two figures.

Mullard
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TYPE SEMICONDUCTOR
NOMENCLATURE DEVICES

Range Numbers
Where there is a range of variants of a basic type of rectifier diode, thyristor or
voltage regulator diode the type number as defined above is often used to identify
the range; further letters and figures are added after a hyphen to identify indi-
vidual types within the range. These additions are ‘as follows:
Rectifier Diodes and Thyristors
The group of figures indicates the rated repetitive peak reverse voltage,
Vrry, or the rated repetitive peak off-state voltage, Vpry, whichever value
is lower, in volts for each type.
The final letter R is used to denote a reverse polarity version (stud-anode)
where applicable. The normal polarity version (stud cathode) has no special
final letter.

Voltage Regulator Diodes, Transient Suppression Diodes
The first letter indicates the nominal percentage tolerance in the operating

voltage V7.
A— £1% D — +10%
B— 2% E —+15%
C— 5%

The letter is omitted on transient suppressor diodes.

The group of figures indicates the typical operating voltage V for each type
at the nominal operating current |z rating of the range. For transient suppressor
diodes the figure indicates the maximum recommended standoff voltage Vr.

The letter V is used to denote a decimal sign.

The final letter R is used to denote a reverse polarity version (stud anode)
where applicable. The normal polarity version (stud cathode) has no special
final letter.

Examples:
BF362 Silicon r.f. transistor intended primarily for ‘consumer’ applica-
tions.
ACYI7 Germanium a.f. transistor primarily for ‘industrial’ applications.

BTW24-800R Silicon thyristor for ‘industrial’ applications. In BTW24 range
with 800V maximum repetitive peak voltage, reverse polarity,
stud connected to anode.

BZY88-C5V6 Silicon voltage regulator diode for ‘industrial’ applications. In
BZY88 range with 5-6V operating voltage -+ 59, tolerance.

RPY7I Photoconductive cell for ‘industrial’ applications.

OLD SYSTEM

Some earlier semiconductor diodes and transistors have type numbers consisting
of two or three letters followed by a group of one, two or three figures.

The first letter is always ‘O’, indicating a semiconductor device.

The second (and third) letter(s) indicate the general class of device:

A — diode or rectifier C — transistor
AP — photodiode CP — phototransistor
AZ — voltage regulator diode

The group of figures is a serial number indicating a particular design or develop-
ment.

Mullard

Page 2



SEMICONDUCTOR GENERAL EXPLANATORY
DEVICES NOTES

Section Il
LIST OF SYMBOLS FOR SEMICONDUCTOR DEVICES

These symbols are based on British Standard Specification No. 3363:
‘“Letter Symbols for Semiconductor Devices.” A full description of the
system is contained in this publication.

QUANTITY SYMBOLS

ii
v} with su bscripts{
p

i
v »>with subscripts
[ C

\% Voltage
| Current
P Power

}instantaneous value of the varying component.

pom N oo

}instantaneous total value.

the r.m.s. value of the varying component, or

N e

V > with subscripts[b lwith appropriate additional subscript the peak

P ¢ [(m) or average (d.c.) (av) value of the varying
) component.

| E ) the no-signal (d.c.) value or, with the appropriate
V >with subscripts< B }additional subscripts the total average value (AV)
P C ] with signal or the total peak value (M).
-
[=
g
o
O
3 |
L |
[e]
" |
o Ieawy
N O
} i ;
L e Time
No signal with signal
Examples:
Ig d.c. emitter current no signal.
le r.m.s. value of varying component of emitter current.
ie Instantaneous value of varying component of emitter current.
iEg Instantaneous value of total emitter current.

Ieav) Average (d.c.) value of total emitter current with signal applied.
leav)y Average (d.c.) value of the varying component of the emitter current.
lem Peak value of the varying component of the emitter current.

lem  Peak value of the total emitter current.

Mullard
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ERAL EXPLANATORY SEMICONDUCTOR

NOTES DEVICES

Subscripts for quantity sumbols

A, a
AV, av
B, b
BO
BR

, C

o n
a

mm
-~ o0

o
T 0o

Seque

Anode terminal I, i Input

Average b Junction

Base terminal K, k  Cathode terminal

Breakover M, m  Peak value

Breakdown O, 0 Open-circuit, output

Collector terminal, conversion, © Average value of overload

capacitive R, r Resistive, reverse, repetitive
S.s Short-circuit, series, shield,

Delay, Off-state (i.e. non trigger)
drain terminal source

Emitter terminal T, t On-state (i.e. triggered)
F ard W, w  Working

orw ) X, x  Specified circuit, reactive
Gate terminal Z,z Reference or regulator
Holding (i.e. Zener), impedance

The letter O is used with three terminal devices as a third subscript only
to denote that the terminal not indicated in the subscript is open-circuited.

The letter S is also used with three terminal devices as a third subscript to
denote that the terminal not indicated in the subscript is snorted to the
reference terminal.

nce of subscripts
The first subscript denotes the terminal at which the current or terminal
voltage is measured.

The second subscript denotes the reference terminal or circuit mode that
the current or terminal voltage is measured.

Where the reference terminal or circuit is understood the second subscript
may be omitted where its use is not required to preserve the meaning of
the symbol.

The supply voltage shall be indicated by repeating the terminal subscript.
The reference terminal may then be designated by the third subscript.
Examples VEg, Vcc, Ve, VEen

In devices having more than one terminal of the same type, the terminal
subscripts shall be modified by adding a number following the subscript
and on the same line.

Example B2

In multiple unit devices the terminal subscripts shall be modified by a
number preceding the terminal subscript.

Example 2B

Mullard
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SEMICONDUCTOR GENERAL EXPLANATORY
DEVICES NOTES

Where ambiguity might arise the complete terminal designations shall be
separated by hyphens or commas.

Example VlCl*ZCl

the voltage at the first collector of the first unit referred to the voltage
at the first collector of the second unit.

The first subscript in the matrix notation shall identify the element of the
four pole matrix.

i input
o output
f forward transfer
r reverse transfer
A second subscript may be used to identify the circuit configuration.
e common emitter
b common base
c common collector

Example Vie = hje. lie+hre. Voe
When the common terminal is understood the second subscript may be
omitted.

Static value of parameters shall be indicated by the upper case (capital)
subscripts.
Example hjg, hip

The four pole matrix parameters of the device are represented by lower
case symbols with the appropriate subscripts

hiy
The four pole matrix parameters of external circuits and of circuits in which

the device forms only a small part are represented by upper case symbols
with the appropriate subscripts.

Hi ) Zn

Symbols for the components of small-signal equivalent circuits used to
represent devices are qualified by lower case symbols.

n, Fe, Ty

ELECTRICAL PARAMETERS Associated
Device circuit

Resistance r R
Reactance X X
Impedance z z
Admittance y Y
Conductance g G
Susceptance b B
Mutual inductance m M
Inductance I L
Capacitance c C
Distortion D
Frequency limits f max.

f min
Bandwidth Af

Bandwidth (for associated circuits)
Noise factor

Z®

Mullard
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GENERAL EXPLANATORY SEMICONDUCTOR
NOTES DEVICES

List of Symbols for Semiconductor Devices

Cq diode capacitance (reverse bias)
C; diode capacitance (forward bias)
Cib transistor input capacitance (grounded base)
Cic transistor input capacitance (grounded emitter)
C; junction capacitance (of the intrinsic diode)
Cmin diode capacitance (at breakdown voltage)
Co diode capacitance (zero bias)
Cob transistor output capacitance (grounded base)
Coe transistor output capacitance (grounded emitter)
Co parasitic (parallel) capacitance
Cs stray capacitance
Cre capacitance of the emitter depletion layer
Cre capacitance of the collector depletionslayer
feo varactor diode cut-off frequency
transistor cut-off frequency (the frequency at which the
;"”’1 parameter indicated by the subscript is 0.7 times its low
hte frequency value)
f1 frequency of unity current transfer ratio modulus
fmax maximum frequency of oscillations
fr tunnel diode resistive cut-off frequency
fr transition frequency (common emitter gain-bandwidth
product)
gi tunnel diode negative conductance (of the intrinsic diode)
g small signal power gain
Gp large signal power gain
:“3 } the static value of the input resistance with the output voltage
IE held constant
hic
:f“ (2”) ] The small-signal value of the input impedance with the output
fe( 1) f short-circuited to alternating current
1c
2““ The static value of the reverse voltage transfer ratio with the
hi:g input current held constant
:'“ g:'?; The small-signal value of the reverse voltage transfer ratio
h:: 12 with the output voltage held constant

n* B The static value of the forward current transfer ratio with the
hFE output voltage held constant

FC
hry (ha1) }

The small-signal forward current transfer ratio with the

hfe (ha1) output short-circuited to alternating current
:(’“ The static value of the output conductance with the input
OE current held constant
hoc
2”" (L‘”)W The small-signal value of the output admittance with the
oc (h22) j input open-circuited to alternating current
oc
hrE(sat) transient forward current transfer ratio in saturation
. . le-lcBo
hreL inherent forward current transfer ratio = o o0
: Is+IcBo

Mullard
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SEMICONDUCTOR GENERAL EXPLANATORY

DEVICES NOTES

Ig, lc, Ig total d.c. current

Ip(avylc(av) Ie(av) average (d.c.) value of total current

IaBx base current (with both junctions reverse biased)

Igex , lcex base (respectively collector) cut off current in a specified
circuit

Ism, lem, lEM peak value of total current -

Iy ley lo r.m.s. value of varying component of current

lom + Yem s lem peak value of varying component of current

in, ic, IR instantaneous total value of current

i, e, de instantaneous value of varying component of current

o) thyristor breakover current (d.c.)

lepo collector cut-off current (emitter open-circuited)

lens » VcEs collector cut-off current (emitter short-circuited to base)

lenx collector current with both junctions reverse biased with
respect to base

Iceo collector cut-off current (base open-circuit)

IcEr collector cut-off current (with specified resistance between
base and emitter)

In thyristor continuous (d.c.) off-state current, field effect
transistor drain current

leno emitter cut-off current (collector open-circuit)

lgnx emitter current with both junctions reverse biased with
respect to base

[ D.C. forward current

ir instantaneous forward current

IFav) average forward current

kG thyristor forward gate current

lram thyristor peak forward gate current

3% peak forward current

lecovy s Trom overload mean forward current

lpRM repetitive peak forward current

trsM surge (non-repetitive) forward current

lep thyristor gate non-trigger current

lgT thyristor gate trigger current

laq thyristor gate turn-off current

lu thyristor holding current (d.c.)

I thyristor latching current
lo average output current

lorM repetitive peak output current

le tunnel diode peak point current

Ip/lv tunnel diode peak to valley point current ratio
Ir continuous (d.c.) reverse leakage current

iR instantaneous reverse leakage current

IrG thyristor reverse gate current

IRRM repetitive peak reverse current

IrsM non-repetitive peak reverse current

Is source current

It thyristor continuous (d.c.) on-state current
Irov) thyristor overload mean on-state current
lr(av) thyristor average on-state current

ItrM thyristor repetitive peak on-state current
lrsm thyristor non-repetitive peak on-state current

Mullard
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GENERAL EXPLANATORY
NOTES

Tumb

Tcase

Tmb
Tslg
ty

te
tir

tgq
tp
tq

Corr
tr

tg

On

0;
0jAamh
0j-case
0j-my

™

SEMICONDUCTOR
DEVICES

tunnel diode valley point current .
voltage regulator (zener) diode continuous (d.c.) operating
current

voltage regulator (zener) diode average operating current
voltage regulator (zener) diode peak current
conversion loss

series inductance

flicker noise

noise figure at intermediate frequency

overall noise figure

noise temperature ratio

thyristor average gate power

thyristor peak gate power

total power dissipated within the device

recovered (stored) charge

extrinsic base resistance

source resistance

series resistance

thermal resistance

voltage regulator (zener) diode differential resistance
tangential signal sensitivity

voltage regulator (zener) diode temperature coefficient of the
operating voltage

ambient temperature

case temperature

junction temperature

mounting base temperature

storage temperature

delay time

fall time

forward recovery time

thyristor gate controlled turn-on time

thyristor gate controlled turn-off time

pulse duration

thyristor circuit-commutated turn-off time

turn-on time

turn-off time

rise time

reverse recovery time

storage time

thermal resistance of heat sink

contact thermal resistance

thermal resistance junction to ambient

thermal resistance junction to case

thermal resistance junction to mounting base
collector time coefficient of a switching transistor
carrier storage time coefficient of a switching transistor
fall time factor

rise time factor

Mullard
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SEMICONDUCTOR GENERAL EXPLANATORY

DEVICES

VBE(sat)
Viso)
V(BR)
V(BR)CBO
V(BRr)CBS

V(BR)CEO
V(I\R)CER

V(BR)CES
VericEx

V(BR)ERO
V(BR)R
Ver
Vego
Vean
Vee
Vee
Vceo
Vee
VCE(knee)
VcE(sat)
vCE(sust)
Vp
Vpa
Vom
VbrM
Vps
Vpsm
Vpwm
Ven
VEeBo
Ve
Vebn
VEecn
Vr

VF

Vra
Vrem
Vtr
Ven
Vep
Vas
VYot

Vi
Virm
Vism
Viwm
Yo

NOTES

base-emitter saturation voltage

thyristor breakover voltage

breakdown voltage

breakdown voltage collector to base (emitter open-circuited)
breakdown voltage collector to base (emitter and base short-
circuited)

breakdown voltage collector to emitter (base open circuited)
breakdown voltage collector to emitter (with specified
resistance between base and emitter)

breakdown voltage collector to emitter (emitter and base-
short-circuited)

breakdown voltage collector to emitter (with specified
circuit between base and emitter)

breakdown voltage emitter to base (collector open-circuited)
reverse breakdown voltage

collector-base voltage (d.c.)

collector-base voltage (with emitter open-circuited)
collector-base floating potential

collector supply voltage (d.c.)

collector to emitter voltage (d.c.)

collector to emitter voltage (with base open-circuited)
collector to emitter r.m.s. voltage

collector knee voltage,

collector to emitter saturation voltage

collector to emitter sustaining voltage

thyristor continuous (d.c.) off-state voltage

drain to gate voltage

thyristor peak off-state voltage

thyristor repetitive peak off-state voltage

drain to source voltage

thyristor non-repetitive off-state voltage

thyristor crest (peak) working off-state voltage

emitter-base voltage (d.c.)

emitter-base voltage (with collector open circuited)
emitter-base r.m.s. voltage

emitter-base floating potential

emitter-collector floating potential

D.C. forward voltage

instantaneous total value of the forward voltage

thyristor forward gate voltage

thyristor peak forward gate voltage

signal diode forward recovery voltage

gate to substrate voltage

thyristor gate non-trigger voltage

gate to source voltage

thyristor gate trigger voltage

input voltage

repetitive peak input voltage

non-repetitive peak input voltage

crest working input voltage

output voltage

Mullard
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GENERAL EXPLANATORY SEMICONDUCTOR

NOTES DEVICES
Ve peak point voltage
Vep projected peak point voltage
Vg D.C. reverse voltage
VR instantaneous total value of the reverse voltage
Vra thyristor reverse gate voltage
VreMm thyristor peak reverse gate voltage
VrM peak reverse voltage
VirRM repetitive peak reverse voltage
VrsM non-repetitive peak reverse voltage
VrwwMm crest (peak) working reverse voltage
Vr thyristor continuous (d.c.) on-state voltage
Vr(10) thyristor threshold voltage
Vv valley point voltage
Vz voltage regulator (zener) diode operating voltage
Zy intermediate frequency impedance
z, video impedance
y-parameters
Common Common
base emitter
Yio (Y11) Yie (Y'11) Input admittance
givo (g11) gie (8'11) Input conductance XOutput
cip (c11) Cie (¢'11) Input capacitance (short-circuited
bib bie Phase angle of input admittance J
Yoo (y22) Yoe (Y'22) Output admittance
gob (g22) goe (8'22) Output conductance Input
Cobs (C22) Coes (C'22)  Qutput capacitance ¥shorocircuited
bob boe Phase angle of output admittance
lyml(ly21])  lytel(ly’21]) Transfer admittance )
gtb gte Transfer conductance lOutput
Ctb Cte Transfer capacitance (‘short-circuited
b (d21) Ote (&'21) Phase angle of transfer admittance |
Jyrof (y12) lyre| (y'12)  Feedback admittance
grb 8re Feedback conductance &lnput
Feedback capacitance short-circuited

Crb Cre
oro (012) dre (¢'12) Phase angle of feedback admittance |

Scattering parameters
In distinction to the conventional h, y and z parameters, s-parameters relate to
travelling wave conditions. The figure below shows a two-port network with
the incident and reflected travelling wave quantities a,, by, a; and b, which
are square roots of power.

y 2 ay —* *aq)

7, B ns —eb2 4 2

v

05527
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: SEMICONDUCTOR GENERAL EXPLANATORY
DEVICES NOTES

- . V,,2

a,2 = the power incident at the input (: ——)
Z,

2

a,2 = the power incident at the output ( ?'2—)

. V,,2
b,2 = the power reflected from (or generated at) the input (: 21 )

V 2
b,2 = the power reflected from (or generated at) the output (: 7'2—)
0

Z, = the characteristic impedance of the transmission line in which
the two-port is connected

V; = incident voltage

V, = reflected (generated) voltage

The four-pole equations for s-parameters are:
by = sy78; +51282-

b, = sz @, +s2,8>

Using the subscripts i for 11, o for 22, f for 21 and r for 12, it follows that

s b,
=8, = -

i 11 a, 32:0

b,

Sf = Syq = -
27 ala,=0

b,

S, = Sop = —
° 227 a,la; =0

s b,

:S —_ —
r 12 32 a1:0

a, can be made zero by terminating the input side with 2, = Z, (no input power
and no reflection from the source).

a, can be made zero by terminating the output side with Z, = Z, (no reflection
from the ‘load).

b Ve . . . - .
Because a1 = V” it can be seen that s; is the input reflection coefficient; in the
1 il
same way s, is the output reflection coefficient.

Mullard
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GENERAL EXPLANATORY SEMICONDUCTOR
NOTES DEVICES

The s-parameters can be named and expressed as follows:

s; = sy, = Inputreflection coefficient (for the given characteristic impedance)
— Ratio between the square root of the power reflected from the
input and the square root of the power incident at the input, output
terminated with the characteristic impedance.

s¢ = S, = Forward transmission coefficient (for the given characteristic
impedance) — Ratio between the square root of the power
generated at the output and the square root of the power incident
at the input, output terminated with the characteristic impedance. .

S, = S22 = Output reflection coefficient (for the given characteristic imped-
ance) — Ratio between the square root of the power reflected from
the output and the square root of the power incident at the output,
input terminated with the characteristic impedance.

s, = sy, = Reverse transmission coefficient (for the given characteristic

impedance) — Ratio between the square root of the power
generated at the input and the square root of the power incident
at the output, input terminated with the characteristic impedance.

Mullard
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SEMICONDUCTOR GENERAL EXPLANATORY
DEVICES NOTES

1.1

12

Section lll. Explanation of Handbook Data

FORM OF ISSUE

The semiconductor data published in the Handbook follows the same
pattern, as much as possible, concerning, (a) the forms of issue, (b) the
ratings system and (c) the ratings preseotation.

Types of Data
The Handbook data is published either as tentative or final data.

Tentative Data

Tentative data aims at providing information on new devices as early as
possible to allow the customer to proceed with circuit design. The tentative
data may not include all the characteristics or ratings which will be
incorporated later in the final data and some of the numerical values
quoted may be slightly adjusted later on.

Final Data

The transfer from tentative data to final data involves the addition of those
numerical values and curves which were not available at tentative data
stage and small adjustments to those values already quoted in tentative data.
Reissue of final data may be made from time to time to incorporate
additional information resulting from prolonged production experience
or to meet new applications.

Presentation of Data
']'he information on the published data sheets is presented in the following
orm:
—description of basic application and physical characteristics of the
device.
—quick reference data giving the most important ratings and
characteristics.
—outline and dimensions. Reference to standard outline nomenclature
if applicable and lead connections.
—Ratings. Voltage, current, power and thermal ratings.
—Characteristics.
—Application information or operating conditions.
—Mechanical and environmental data if applicable.
—Charts showing ratings and characteristics.

RATINGS

A rating is a limiting condition of usage specified for a device by the
manufacturer, beyond which the serviceability may be impaired.

A rating system is a set of principles upon which ratings are established
and which determines their interpretation. There are three systems which
have been internationally accepted and which allocate responsibility
between the device manufacturer and the circuit designer differently.

Mullard
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21

Rating Systems

Unless otherwise stated the ratings given in semiconductor data sheets
follow the absolute maximum rating system.

The definitions of the three systems accepted by the International Electro-
technical Commission are as follows:

ABSOLUTE MAXIMUM RATING SYSTEM

Absolute maximum ratings are limiting values of operating and environ-
mental conditions applicable to any device of a specified type as defined
by the published data, and should not be exceeded under the worst
probable conditions.

These values are chosen by the device manufacturer to provide acceptable
serviceability of the device, taking no responsibility for variations in equip-
ment or environment, and the effects of changes in operating conditions
due to variations in the characteristics of the device under consideration
and of all other devices in the equipment.

The equipment manufacturer should design so that initially and throughout
life no absolute maximum value for the intended service is exceeded with
any device under the worst probable operating conditions with respect
to variations in supply voltage, environment, equipment components,
equipment control adjustment, load, signal or characteristics of the device
under consideration and of all other devices in the equipment.

DESIGN-CENTRE RATING SYSTEM

Design-centre ratings are limiting values of operating and environmental
conditions applicable to a bogey device of a specified type as defined by
its published data, and should not be exceeded under normal conditions.
These values are chosen by the device manufacturer to provide acceptable
serviceability cf the device in average applications, taking responsibility
for normal changes in operating conditions due to variations in supply
voltage, environment, equipment components, equipment control adjust-
ment, load, signal or characteristics of all other devices in the equipment.
The equipment manufacturer should design so that initially no design-
centre value for the intended service is exceeded with a bogey device in
equipment operating at the stated normal supply voltage.

DESIGN-MAXIMUM RATING SYSTEM

Design-maximum ratings are limiting values of operating and environ-
mental conditions applicable to a bogey device of a specified type as
defined by its published data, and should not be exceeded under the
worst probable conditions.

These values are chosen by the device manufacturer to provide acceptable
serviceability of the device, taking responsibility for the effects of changes
in operating conditions due to variations in the characteristics of the
device under consideration.

The equipment manufacturer should design so that initially and throughout
life no design-maximum value for the intended service is exceeded with a
bogey device under the worst probable operating conditions with respect
to variations in supply voltage, environment, equipment components,
equipment control adjustment, load, signal or characteristics of the device
under consideration and of all other devices in the equipment.

Mullard
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Transistor ratings

The ratings are presented as voltage, current, power and temperature
ratings. The list of these ratings and their definitions is given as follows:

Transistor voltage ratings
Collector to base voltage ratings

Vcr max The maximum permissible instantaneous voltage
between collector and base terminals. The collector
voltage is negative with respect to base in PNP
transistors and positive w.r.t. base in NPN types.

Vep max (Ig = 0) The maximum permissible instantaneous voltage
between collector and base terminals, when the
emitter terminal is open circuited.

Emitter to base voltage ratings

VEB max The maximum permissible instantaneous reverse
voltage between emitter and base terminal. The
emitter voltage is negative w.r.t. base for PNP
transistor and positive w.r.t. base for NPN types.

Vgp max (Ic = 0) The maximum permissible instantaneous reverse
voltage between emitter and base terminals when
the collector terminal is open circuited.

Collector to emitter voltage ratings

V¢g max The maximum permissible instantaneous voltage
between collector and emitter terminals. The
collector voltage is negative w.r.t. emitter in PNP
transistors and positive w.r.t. emitter in NPN types.
This rating is very dependent on circuit conditions
and collector current and it is necessary to refer
to the curve of Vcg Versus Ic for the appropriate
circuit condition in order to obtain the correct
rating

* Ver max (Cut-off)  The maximum permissible instantaneous voltage

between collector and emitter terminals when the
emitter current is reduced to zero by means of a
reverse emitter base voltage, i.e. the base voltage
is normally positive w.r.t. emitter for PNP transistor
and negative w.r.t. emitter for NPN types.

NOTE: The term ‘‘cut-off” is sometimes replaced by Vg > x volts, or
Ru

R—E '
be cut-off.

< y which are equivalent conditions under which the device may
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Vcr max (Ic = x mA) The maximum permissible instantaneous voltage
between collector and emitter terminals when the
collector current is at a high value, often the max.
rated value.

Vcg max (g = 0) The maximum permissible instantaneous voltage
between collector and emitter terminals when the
base terminal is open circuited or when a very high
resistance is in series with the base terminal.
Special care must be taken to ensure that thermal
runaway due to excessive collector leakage current
does not occur in this condition.

Due to the current dependency of Vcg it is usual to present this information
as a voltage rating chart which is a curve of collector current versus
collector to emitter voltage (see Fig. 1).

This curve is divided into two areas:

A permissible area of operation under all conditions of base drive provided
the dissipation rating is not exceeded (area 1) and an area where operation
is allowable under certain specified conditions (area 2).

To assist in determining the rating in this second area, further curves are
provided relating the voltage rating to external circuit conditions, for

example:
Rp Ven
Re' R, Zpg, VBE, IB OF R

An example of this type of curve is given in Fig. 2 as Vcg versus ;—E for

two different values of collector current.

IC VCE
i |
|
1
I
Area1 \
\
Area 2 \
\
\
Veg RB/RE
Fig1 Fig.2

It should be noted that when Rg is shunted by a capacitor, the collector
voltage Vcg during switching must be restricted to a value which does
not rely on the effect of Rg .

In the case of an inductive load and when an energy rating is given, it may
be permissible to operate outside the rated area provided the specified
energy rating is not exceeded.

Mullard
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Transistor Current Ratings

Collector current ratings

lc max

|C(AV) max

lem

The maximum permissible collector current.
Without further qualification, the dc value is
implied.

The maximum permissible average value of the total
collector current.

The maximum permissible instantaneous value of
the total collector current.

Emitter current ratings

lg max
IE(AV) max

Igr(av) max

Inm

lERM

Base current ratings
'n max

|B(AV) max

Inr(avy max

IMM

lBl{M

The maximum permissible emitter current. Without
further qualification, the dc value is implied.

The maximum permissible average value of the total
emitter current.

The maximum permissible average value of the total
emitter current when operating in the reverse
emitter-base breakdown region.

The maximum permissible instantaneous value of
the total emitter current,

The maximum permissible instantaneous value of
the total reverse emitter current allowable in
the reverse breakdown region.

The maximum permissible base current (without
further qualification, the dc value is implied).

The maximum permissible average value of the total
base current.

The maximum permissible average value of the total
reverse base current allowable in the reverse
breakdown region.
The maximum permissible instantaneous value of the
total base current. The rating also includes the
switch off current.
The maximum permissible instantaneous value of
the total reverse current allowable in the reverse
breakdown region.

Mullard
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Transistor Power Ratings

Pyt max: The total maximum permissible continuous power dissipation
in the transistor and includes both the collector-base dissipation and the
emitter-base dissipation. Under steady state conditions the total power is
given by the expression:

Pit = Veexlc+Viex

- In order to distinguish between ‘‘steady state”” and ‘“pulse” conditions

the terms ‘‘steady state power (Ps)" and “‘pulse power (Pp)” are often used.
The permissible total power dissipation is dependent upon temperature
and its relationship is shown by means of a chart as shown in figure 3.

Ptot

Temperature

Fig.3

The temperature may be ambient, case or mounting base temperatures.
Where a cooling clip or a heatsink is attached to the device, the allowable
power dissipation is also dependent on the efficiency of the heatsink.
The efficiency of this clip or heatsink is measured in terms of its thermal
resistance (0n) normally expressed in degrees centigrade per watt
(deg. C/W). For mounting base rated device, the added effect of the
contact resistance (0;) must be taken into account.

The effect of heatsinks of various thermal resistance and contact resistance
is often included in the above chart.

Thus for any heatsink of known thermal resistance and any given ambient
temperature, the maximum permissible power dissipation can be estab-
lished. Alternatively, knowing the power dissipation which will occur
and the ambient temperature, the necessary heatsink thermal resistance
can be calculated.

A general expression from which the total permissible steady state power
dissipation can be calculated is: :

Tj'Tamh

6j»amb

where 6j_amp is the thermal resistance from the transistor junction to the
ambient. For case rated or mounting base rated devices, the thermal
resistance 0;_amp is made up of the thermal resistance junction to case
or mounting base (8.mp), the contact thermal resistance (6;) and the
heatsink thermal resistance (6n).

Pioy =
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For the calculation of pulse power operation P, the maximum pulse
power is obtained by the aid of a chart as shown in figure 4.

ey

d(duty cycle) =%—

34

Pulse width

Fig 4

the general expression from which the maximum pulse power dissipation
can be calculated is:
Tj—Tamh—Ps X 0j—amh

OHd(Ocnse/amh)
where 0, and d are given in the above chart and Ocase-amp is the thermal
resistance between case and ambient for case rated device. For mounting
base rated device, it is equal to 0+ 0; and is zero for free air rated device
because the effect of the temperature rise of the case over the ambient
for a pulse train is already included in 0y .

Py =

Temperature Ratings

T; max The maximum permissible junction temperature
which is used as the basis for the calculation of
power ratings. Unless otherwise stated, the con-
tinuous value is implied.

T; max (continuous  The maximum permissible continuous value.

operation)

T; max (intermittent The maximum permissible instantaneous junction

operation) temperature usually allowed for a total duration of
200 hours.
T The temperature of the surface making contact with

a heatsink. This is confined to devices where a
flange or stud for fixing onto a heatsink forms an
integral part of the envelope.

Tease The temperature of the envelope. This is confined
to devices to which may be attached a clip-on
cooling fin.

Mullard
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1.1

‘e’ grid

Section IV. Mounting and Soldering Recommendations
MOUNTING OF “LOCKFIT” TRANSISTORS

Mounting on printed-wiring boards

The "Lockfit” encapsulation is usable with printed-wiring boards having
either the standard e-grid or the more closely spaced e-grid. The relevant
dimensions of these boards are given in Table 1

TABLE 1
Dimensions of Printed-wiring Boards

Hole Maximum
Board Grid diameter board
thickness

e-board 2:54mm 1-:05-£0-05mm 1-7mm
(0-1in) (upto 1-:30mm allowable)

e-board 0-635mm 0-80+0-03mm 1-1mm
(0-025in)

The pins of “Lockfit” transistors each have three enlargements along
their length, as shown in Fig. 1. At the tip is a spade-shaped (lock ‘B’);
partway up is a tapered cross-piece (lock ‘A’) that projects further left
and right than lock ‘B’; and nearest to the body of the assembly is
another cross-piece (lock 'C') that extends even further left and right
than lock ‘A",

Hole spacing in either type of grid allows the insertion of the ""Lockfit”
pins; but as the holes of the closely spaced e-grid are necessarily of
smaller diameter than those of the other grid, the pins cannot be (or
should not be) pushed in beyond the middle expansion — lock ‘A’. Thus
the functions of the three locks are as indicated in Fig. ta for e-grid
boards and Fig. 1b for €-grid boards.

7

—— —Llock C ——lock C

—~—>—Lock A

/ T~ Lock A

Lock B ‘s'g/rid T—Lock B

board board

(a) ‘ (b) 05536

Fig. 1 — Detail of “Lockfit” pins, and function of three “locks*’ when used with

(a) e-grid and (b) e-grid printed-wiring boards

Mullard
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1.1.1 Mounting procedure with e-grid boards

The best insertion procedure with the e-(2-54mm) grid is as follows:
(1) Place the rear two pins into their corresponding printed-circuit board

holes with the transistor at a slight angle to the vertical (Fig. 2a).

GENERAL EXPLANATORY

NOTES

(2) Place the centre pin into the remaining hole by light pressure at a
slight angle to the vertical on the device. Continue this light pressure
until both the ‘A’ locks of the rear twa leads are inside the holes (Fig. 2b).
(3) Tiltthe device with light pressure from the rear until it is in a vertical
position. Lock ‘A’ of the centre lead will now enter the hole (Fig. 2c).
(4) Move the device perpendicularly downwards with light pressure until
all three ‘A’ locks snap into position beneath the printed-wiring board,
and the 'C’ locks rest on the upper side of the board (Fig. 2d.)

Rear Rear

Lock A

(a)

(b)

E

Rear ‘ J J Rear

Lock A Lock C x——Lock C

I L

¢
E Lock A T Lock A

H
Lock B B Lock B

(c) (d)

Fig. 2 - Mounting procedure for ' Lockfit" transistors using e-grid printed-wiring

boards; procedure is similar for e-grid boards

Mullard
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1.1.2 Mounting prodedure with c-grid boards

1.2

The best insertion procedure with the =-(0-635mm) grid is as follows:
(1) Place the rear two pins into their corresponding printed-circuit board
holes with the transistor at a slight angle to the vertical.

(2) Place the centre pin into the remaining hole by light pressure at a
slight angle to the vertical on the device. Continue this light pressure
until both the 'B’ locks of the rear two leads are inside the holes.

(3) Tilt the device with light pressure from the rear until itis in a vertical
position. Lock ‘B’ of the centre lead will now enter the hole.

(4) Move the device perpendicularly downwards with light pressure until
all three ‘B’ locks snap into position beneath the printed-wiring board,
and the ‘A’ locks rest on the upper side of the board.

No attempt should be made to force lock 'A’ through this type of board.

Soldering

For both boards, the temperature should not exceed 300°C and the
application time should not exceed 3 seconds.

Mullard
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INTRODUCTION TO TECHNICAL DATA

1. LEAD DESIGNATIONS
Source S, s. Drain D, d. Gate G, g. Substrate B, b.

2. SEQUENCE OF SUBSCRIPTS

The first subscript denotes the terminal at which the current or voltage is
measured.

Where the reference terminal or circuit is understood, the second subscript
may be omitted where its use is not required to preserve the meaning of
the symbol.

The letter O is used with three terminal devices as a third subscript only to
denote that the terminal not indicated in the subscript is open circuited.
The letter S is used as a third subscript to denote that the terminal not
indicated in the subscript is short circuited to the reference terminal.
The letter X is used as a third subscript to denote measurements taken
under specified circuit conditions.

2.1 Quantity Symbols

V — Voltage
I — Current
P — Power

v with subscripts instantaneous value of varying component

with subscripts instantaneous total value

the r.m.s. value of the varying component or
with appropriate subscript the peak (m) average
(d.c.) (av) value of the varying component

the no-signal (d.c.) value of or with the
appropriate additional subscripts the total
average value (AV) with signal or the total peak
value (M)

with subscripts

with subscripts

VT<TUuv<~-TUv < TOT
Oowoae YaoOwnwoe v a

The letter symbol usually indicates by two subscripts the two reference
terminals. The first subscript indicates the terminal which is positive with
respect to the second subscript.
eg.

Vps = 6V: Drain is 6V positive w.r.t. Source

Vps = —6V: Drain is 6V negative w.r.t. Source

Mullard
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Reversal of the subscripts also changes the polarity sign
For example the following statements are identical

Vps = —6V; Vsp = 6V; —Vps = 6V

The supply voltage shall be indicated by repeating the terminal subscript.
The reference terminal may then be designated by the third subscript.

Examples Vpp, Vss, Vssp

2.3 Current

Conventionally, current which flows into the transistor terminals has a
positive value.

eg. Ip=1mA means 1mA flowing into the drain terminal
(in the conventional sense)
ls = —1mA means 1TmA flowing out of the source terminal
- (in the conventional sense) —_ .
'D 3 0 Iqd
£
L
/ £ oy
° *\
} \
T
s s
| 3 o
! = ~
| g g
TN x o
| i ]
i — l
— i -
No t
signal With signal > D113
Examples
In d.c. drain current—no signal
In(av) Average (d.c.) value of total drain current with signal applied
Ipye Peak value of total drain current

Iniryvs) Root-mean-square value of total drain current

in Instantaneous value of total drain current

lam Peak value of the varying component of the drain current
laemsy Root-mean-square value of varying component of drain current

ta Instantaneous value of varying component of the drain current
The following are examples of the implied relationship

1oy == Incavyt-lam: ip = Angavy +ia; Inirasy = Vineayy 2+ lagems, 2
To avoid any misunderstanding with maximum or minimum values the
negative sign is always put in front of the letter symbol and not in front
of the value given.

Mullard
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For example in quoting a limit value
—1ls max = 50mA

and in quoting a spread value
—Vp@es) < 1-5V

In devices having more than one terminal of the same type the terminal
subscripts shall be modified by adding one number following the subscript
and on the same line.
Examples:

Vais, Vaes, refers to a dual gate MOS device

IVcist —Vaese| refers to a matched pair of junction FET's
where the gate-source voltage of the first device is referred to the gate-
source voltage of the second device, as a modulus of their difference
over a given temperature range.

2.4 The first subscript in the matiix notation identifies the element of the
four pole matrix.

i — input
o0 — output
f — forward transfer
r — reverse transfer.
A second subscript may be used to identify the circuit configuration.
d — common drain
s — common source
g — common gate
Examples
cls cns crs

Input, output and reverse feedback capacitances in common source
configuration.

3. TYPES OF FIELD EFFECT TRANSISTORS
3.1 Junction gate Field effect transistors

N-channel-junction FET
,(Vp((;s) < 0, Ipss > 0)
Ip

—1Ipss

-Ves }

-VP(GS)

Mullard
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P-channel-junction FET
(Ve@sy >0, Ipss < 0)

-Ip

-Ipss

—O0D

VGs
3.2 Insulated gateM.O.S. field effect transistors v \
N-channel-M.O.S.-FET(depletion mode) P(Gs)
(Vrs) < 0, Ipss > 0)
pe
O D
<}—o08B
G -0 S
Ves
N-channel-M.0.S.-FET (enhancement mode)
(Veigs) = O Ipss ~ 0)
Ip
—O D
}'—O 8
G O 5
Ves

Mullard
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P-channel-M.0.S.FET (enhancement made)

(Veias) < 0. lnss = 0)

-1, |
—O D
|—>—'——o B
G —O0 S
VGs
4. BASIC CIRCUITS CONFIGURATIONS
o—— ——O
S D
D G / \ S
O O > O
) Output } Input Output
G o— > /]
S Input D|Output
Input G
o— o o 0—4—— 0
89808
Grounded-source Grounded-drain Grounded-gate
The source is The drain is The gate is
common to input common to input common to input
and output and output and output

An additional subscript s, d or g may be used to identify the circuit
configuration

Example Cis is input capacitance with grounded source

5. CHARACTERISTICS

The characteristics are given in data sheets as either typical values
and/or minimum and maximum values. Published curves are usually
typical curves and are applicable only at the stated temperature.

Mullard
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Ip(ma) 4

TRANSISTORS

VGs‘O 4

Vpss
v (Vgg=0)
Note: this 1s the
IDSS breakdown voltage

of the device and
—ov operation in this

region is not

Knee voltage recommended.
VDs(sat)

-4V
T T -
10 15 Vpg(V)
B9809)
Ip=1pA
5.1 Cut-off Voltage (Vrs) Y
The cut-off voltage Vpcs) is the \ &g
gate-source voltage for a given -4 Vp(GS) Vot
small value of drain current I, at a +7‘ tar -
stated drain source voltage Vps Ip=1pA
TEST CIRCUIT FOR Vp(as) B98I0
5.2 Drain-source short circuit 1
-— I1DSS
current (Ipss)
The drain-source short circuit >4
current l(pss) is the current flowing NS
between drain and source with the Vps =+
gate short-circuited to the source -
(Ves = 0) and at a stated drain-
source voltage (Vps)
8981

TEST CIRCUIT FOR Ipss

Mullard

G.E.N. Page 6




FIELD EFFECT
TRANSISTORS

5.3 Leakage currents

less LH‘——

GENERAL EXPLANATORY

NOTES

-—Ipss
-/
-+
- Vv =
+1J'_ Ves OS=_
B9812 83813
Gate-source leakage/current Drain-source leakage current
lass Ipss
(enhancement mode device)
-—Ipsy £ ~—1Isov
=
_ + -.[/ \Y l*
VGS VDS T— +—|r GS SD 'l'_
+T
89814 B9B15;

Drain-source leakage current
Ipsv, at specified Vps and Vs
and grounded source

Source-drain leakage current
lspv with specified Vsp and Vs
with grounded drain

-—1pgs
- Isgs
+
\Y
DB =_
] T
89816 89817
Drain-substrate leakage current Source-substrate leakage current
lprs Isns
6. SMALL SIGNAL-Y PARAMETERS
Four-pole equivalent circuit
35
;,N‘;‘,‘-' iout
L l 1 ¥pp Vout
B9818
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G.EN. Pagé?



GENERAL EXPLANATORY FIELD EFFECT
NOTES TRANSISTORS

input admittance with output short

Yir =Yi = \}l‘: Vour = 0

circuited
_ _in Vin =0 reverse transfer admittance with input
Yiz =y¥r =y o Vi T short circuited

forward transfer admittance with output
short circuited

Output admittance with input short
circuited

Y21 = ¥yt = |ou; Vouw = 0

Y22 = Yo = |o‘u!‘ Vin =0

A second subscript on the y-parameter indicates the circuit configuration
e.g. yis = input admittance in common source configuration
where yis is the complex form
yis = @is+jbis and bjs = wcys

For example
Cis = input capacitance in common source
and
C.s = feedback capacitance in common source

The forward transfer admittance in common source configuration at low
frequency (e.g. below about 1MHz) is indicated in the following forms

gm = go21s = Ors = |Yis|

at high frequency this parameter is a complex quantity and the modulus
|yss| is usually given in the data with a specified frequency of measurement.

ABSOLUTE MAXIMUM RATING SYSTEM

7. Absolute maximum ratings are limiting values of operating and environ-
mental conditions applicable to any device of a specified type as defined
by the published data, and should not be exceeded under the worst
probable conditions.

These values are chosen by the device manufacturer to provide acceptable
serviceability of the device, taking no responsibility for variation in
equipment or environment, and the effects of changes in operating
conditions due to variations in the characteristics of the device under
consideration and of all other devices in the equipment.

The equipment manufacturer should design so that initially and throughout
life no absolute maximum value for the intended service is exceeded with
any device under the worst probable operating conditions with respect
to variations in supply voltage, environment, equipment components,
equipment control adjustment, load, signal or characteristics of the device
under consideration and of all other devices in the equipment.

Mullard
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7.1 Ratings (maximum permissible values)

Vps max — Drain-source voltage
Vps max — Drain-substrate voltage
Vsy max —  Source-substrate voltage
Venp max —  Gate-drain voltage

Vas max  —  Gate-source voltage
Var max  —  Gate-substrate voltage
In max — Drain current

Is max — Source current
*lc max — Gate Current

"applies only to junction F.E.T.’s if a forward-voltage is applied to the gate.

7.2 Power Dissipation

where T, max == maximum permitted junction temperature
Tamb Max = maximum permitted ambient temperature
Tease Max = maximum permitted case temperature
Ruig-amn) = Thermal resistance junction to ambient
Rin(case-amby == Thermal resistance case to ambient.

The limiting value of the maximum permitted device dissipation P,.. max

is stated for either T, max — Tamy max
Tamb -_——
Rm(]-amh)
Ty max — Tcase Mmax
and Pi max = —— - case 707
Rl)m-asr amb)

SOLDERING AND WIRING RECOMMENDATIONS

8.1 When using a soldering iron, transistors may be soldered directly into

the circuit, but heat conducted to the junction should, if possible, be
kept to a minimum by the use of a thermal shunt.

8.2 Transistors may be dip-soldered at a solder temperature of 245°C for a

maximum soldering time of five seconds. The case temperature during
soldering must not at any time exceed the maximum storage temperature.
These recommendations apply to a transistor mounted flush on a board
having punched-through holes, or spaced at least 1:-5mm above a board
having plated-through holes.

8.3 Care should be taken not to bend the leads nearer than 1-5mm from

the seal.

8.4 If devices are stored at temperatures above 100°C before incorporation

9.

into equipment, some deterioration of the external surface is likely to
occur which may make soldering into the circuit difficult. Under these
circumstances, the leads should be retinned using a suitable activated flux.

OPERATING NOTE (M.O.S. insulated gate F.E.T.’s)

Mounting and handling instructions

To exclude the possibility of damage to the gate oxide layer by an
electrostatic charge building up on the high resistance gate electrode,
the device is fitted with a conductive rubber ring around the leads. This
ring should not be removed until after the device has been mounted
in the circuit.

Mullard
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SECTION Vi

Safe Operating ARea for power transistors

INTRODUCTION

One of the main restrictions in the operation of power transistors is the phenomenon
known. as ‘second breakdown'. This is the name given to a transistor condition
whereby the collector-emitter voltage abruptly switches from a high to a low
voltage with increased current.

A diagram illustrating the output characteristics of a power transistor is shown
in Fig. 1. It is not representative of any particular device but merely serves to
demonstrate the I¢ against V. characteristics of a transistor asit goes into second
breakdown. On the horizontal axis the forward and reverse-biased base regions
are clearly grouped, with the base open-circuit condition dividing the two regions.

The transistor will enter second breakdown at a certain critical current value

S lf \
\
\
N\
NN
NN
| \ \ \ Locus of second breakdown
\ \ critical current points for d.c
} NN N and puise operaion
\ b
' \\ \ \\ ,,2n|ovex pulse
| N
N\
e <
I \
lr A
|
{
' |
- |
l 1
—— - |
(- — :
— |
} ]
A b /
L .
‘:1‘:3&5 i aecons . V(‘m _ V(?BO Collector-emitter voltage

—_—
Base forward biassed Base reverse biassed

Fig. 1—Output characteristics of a power transistor
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which is low at high collector-emitter voltages and higher at low voltages. Three
loci for critical current values are shown on the diagram; these represent d.c.,
pulse, and short pulse operation. The extension of the second-breakdown locus for
pulse operation is dependent on the pulse duration t, and also, to a lesser extent,
on the duty cycle d (see Figs. 2and 3). Thus the greatest extension is permissible
with single-shot pulses (d == 0-Ql) of short duration, say 10us. (The value d = 0-01
can be considered as single-shot because there is ample time for cooling between
power pulses).

Observation of second breakdown

Consider the I¢ against V¢i: characteristic ABCDE shown in Fig. 1. At point B
the device goes into avalanche, otherwise known as first breakdown. At this point
the collector current starts to rise sharply for very little increase in the collector-
emitter voltage. If the current is allowed to increase up to a critical value at C the
device will enter second breakdown. This is noted by an abrupt switching of the
collector-emitter voltage to a low value at point D. In second breakdown the
device offers only a very low resistance to collector current, and is invariably
destroyed if the current is not specially limited by a circuit external to the transistor.
Beyond point C the process is generally "irreversible whereas up to point C in
avalanche the trace can be returned with no serious alteration to the transistor
properties. It is in the forward-biased mode of operation that the phenomenon of
second breakdown has been extensively studied over recent years, and a method of
presenting the Safe Operating ARea (abbreviated to SOAR) is now being published
in Mullard data for power transistors.

_In many applications, however, the reverse-bias breakdown characteristics are
also of importance. For example, when a power transistor with an inductive load
is turned off by reverse biasing the base, the collector voltage will rise above the
supply voltage because of the stored inductive energy of the coil. For such applica-
tions transistors have been developed which permit excursions outside the Vcromax
rating under specified conditions.

With reverse bias on the base, second breakdown is always preceded by first-
breakdown. At low collector currents the voltage across the transistor can exceed
the Vcgo rating as shown in Fig. 1.~In first breakdown, or avalanche, the device
goes through a negative resistance region until a critical current value is reached at
which point the collector-emitter voltage abruptly switches to a very low value in
second breakdown.

Second breakdown in the transistor is usually caused by current concentration
at a point in the emitter active area; this is described in detail elsewhere(!)

SIMPLE METHOD OF USING PUBLISHED SOAR CURVES

In addition to the methods described in the MTC article (1) sufficient SOAR
information is provided in the published data of each power transistor to cover
90 % of all applications.

'"UTP 1454 reprinted from MTC No. 122 APRIL 1974
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Thus, in most cases the user will merely select the appropriate SOAR curve
already constructed—without having to calculate and manipulate Mgy values.

In general, the data provides SOAR curves for pulse durations in multiples of
1,2, 5, and 10, starting at pulse durations in the region 10 to S0us. The families of
curves are plotted at duty cycles of 0-0l (single-shot) 0-1, 0-2, 0-S, and -0 (d.c.).
The transient thermal impedance curves are also included so that the operating
mounting-base temperature can be calculated. Typical SOAR data curves for duty
cycles of 0-2, 0-5-are illustrated in Figs. 4 and 5.

These curves will be used in the examples that follow.

In the few applications (about 10%) which are not covered by the published
SOAR curves, the user can derive Msp curves from the single-shot and d.c. SOAR
information, and construct the boundaries using the method fully described in
the reference TP 1454

All Mullard data, including pulsed power ratings, assume the use of square
waves and resistive loads. Therefore, the system for using the SOAR and transient
thermal impedance curves to be described deals with this type of waveform first,
and then methods for other practical cases will be considered. It is assumed that the
electrical and time conditions are the fixed parameters of an application at the design
stage, and that the thermal conditions can be most easily adjusted. The maximum
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power must be calculated at the worst-case condition; when the worst-case condition
is not obvious, all discrete sets of conditions need to be assessed.

lp | PR —|

TAS/8

Fig. 3—Relationship between duty cycle (d), pulse duration
(t,) and period (T)

Construction of SOAR using published data

The procedure for constructing a SOAR for one specific set of conditions is des-
cribed with reference to the curves shown in Figs. 4 and 5, and to the transient
thermal impedance curves in Fig. 2.

I) Note the pulse duration t,, (for example, 1-7ms).
2) Note the time between pulses (T —ty) (for example, 2:9ms).

3) Calculate the dutycycle d from the equation d = t,/T (in this example 0-37).

4) Note the peak collector current Ica (for example 300mA).

5) Note the peak collector emitter voltage Vcewm (for example, 35V).

6) Select the SOAR curve with time conditions greater than or equal to the time
conditions of the application (in this example, for d = 0-37 use d = 0-5 and for
tp = 1-7ms use t;, = 2-0ms).

7) Plot the point given by the specific Iy and Vegy values, shown as point Q in
Fig. 5.

8) The point Q is acceptable if it is contained within the area of the 2ms/0-5 SOAR

as shown in this example.

Thermal calculations

The maximum permissible mounting base temperature is now determined as
follows:—

) Determine peak power by multiplying [cy by Vegwm.
2) Calculate the transient thermal impedance for 1-7ms at 0-37 duty cycle.
The equation used is:

Zutd) ={Rth—Zinito)}d 4 Zntoy,

Where Zna) is the thermal impedance for pulse duration t at duty cycle d, and
Zih1o) is the thermal impedance for pulse duration t at duty cycle d = 0-01 (from
Fig. 2).

Mullard
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SOAR GENERAL EXPLANATORY
NOTES

3) Calculate the difference between the junction and mounting-base temperature
from:

(T; —Tmv) =Zwna) X lem X Veewm.
4) Calculate the maximum permissible mounting-base temperature Tmpmax from:
Tmvmax =Tjmax —(Tj —Tmn).

5) A heatsink which limits the mounting-base temperature to this value is required.
The thermal capacity of the heatsink will be such that the transient effect of the
power will be averaged. Hence the thermal resistance is calculated using average
power. Thus:

Tmvmax —Tamp
Rinm-a)=— ™" Rinmp n,degC/W,
Iem X Vegs xd
Where Rin(n-a) is the thermal resistance of heatsink to ambient and Rin(mb-n) is
the contact thermal resistance.

6) The physical size of the required heatsink can be determined from heatsink pub-
lished data or from the nomogram in Appendix 1.

Operating selected outside SOAR

Suppose the application had required an Icyn of 400mA instead of 300mA. In this
case the point P on Fig. 4 would be given. Point P is outside the 2ms area which
indicates that the condition may be unacceptable. Thus a closer approximation to
the true conditions is necessary.

1) Using linear interpolation between the 1 and 2ms curves at d = 0-5 (Fig. 5)
draw a SOAR curve for t, = 1-7ms. If point P is within this area then the con-
ditions are acceptable and the heatsink thermal resistance can be calculated.

2) If point P is outside the 1-7ms area, then determine the 1-7ms area on the family
of curves for d = 0-2 (Fig. 4). A further linear interpolation between the two
1-7ms areas is then needed to approximate to the 1-7ms SOAR at duty cycle of
0-37.

3) If point P is outside this area, then the condition is unacceptable, and a different
transistor should be considered.

The above method is not absolutely accurate, but the approximation errors in-
volved are allowed for in the published data tolerances. More accurate calculations
can be made by going back to first principles, and calculating the multiplying factor
for the specific condition. (1

(TP 1454 reprinted from MTC No. 122 APRIL 1974

Mullard

SOAR Page S




dvVOos

9 a3eqg

pJejIniy

4e5/19

o TTTT
7] Iem max Tmb $60°C H
. AN I
I N N\ d=0.2
[A) \\\Q\ ! ! (
1. max NN Pul .
se duration
2 \\: N \\\\ (tp) 1
N \\ \ '
1 \ k 10us
iy \ 100s
) N it
s \
\
P 7 500,
s
\
, A\ |
IS
V ?ms
: \ N
10 \ ms
7
s D.C
2
10°
1 10’ Vee (V) 102

Fig. 4 —Typical SOAR family for d = 0-2 (20% duty cycle)




445/20

1
0 -
7] Iem max Tmb <60°C
L 11
s
d=0.5
Ic
(A)
I max N
. AN
1 \ Pulse duration
\ (tp) 4 -
\\
’ \\\\ 1
. \

A\ .
AV WA Bl

AN

1t
Q)G \\ 500us
2 ! T
)m‘s
|
\ \ 2ms
[ ]
10" \ 19n25_
|
7 T
D.C. M
S
2
2
10 )
1 10 Veg (V) 10

Fig. 5 —Typical SOAR family for d = 0:5 (50% duty cycle)



SOAR GENERAL EXPLANATORY
NOTES

PRACTICAL APPLICATION
This section discusses a typical application in which power transistors are used.

Audio application

The example describes how the output transistors of an audio amplifier are
checked for excursions outside the specified SOAR when the amplifier is being
tested under a sinewave overdrive condition.

This example describes how the SOAR curves are used to check the suitability of
the BDI31 power transistors in a television audio amplifier application. The
amplifier is a class A design capable of delivering an output of 2W. The circuit
configuration is shown in Fig. 6.

V supply

TR2

all

TRY

—j—

Test
resistor

Feed back

1

>

2e5/29

Fig. 6—Circuit configuration of television audio output stage
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The amplifier provides the required output power but the second breakdown
acceptability has to be checked, and the thermal requirements of the heatsinks are
to be calculated.

In this example the SOAR acceptability is considered in the event of the transis-
tors being overdriven by a sinewave signal of period 960us. A test resistor of 0-1Q is

RI _\_/—\
_/—\_/ Oscilloscope

—O Upper
—O Lower
F—O Common

(IS YAl

Fig. 7—Method of connecting dual-trace oscilloscope to
obtain simultaneous display of | and V¢e

Vee
(V)
30
20 /
10 /ﬂ
0 N
0 100 200 300 400 S00 600 700 800 900 1000
Time (ps)
le
(mA)
300
200 V\
100 \\
ol N

0 100 200 300 4«00 SO0 600 700 800 S00 1000
Time (ps)
Fig. 8-—V¢¢ and I¢ characteristics

(Y33 1]
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SOAR GENERAL EXPLANATORY
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inserted in the emitter circuit of the lower transistor TRi. A simultaneous display
of the Vce and Ic waveforms is then obtained by connecting the probes of a dual-
trace oscilloscopé in the manner shown in Fig. 7. The traces of V¢ and Ic taken
from the oscilloscope are shown in Fig. 8 and the measurements from the wave-
forms are recorded in Table 1. These readings were recorded every 20us through
the complete cycle of 960us. In the final column of Table 1, values of instantaneous
power are calculated and plotted against time in Fig. 9. This curve is then converted
intc a series of equivalent squarewave pulses having the same peak power values as
the actual pulses. The equivalent squarewave pulses are shown by the dashed line
and are marked Pi, P2, and Ps in Fig. 9.

Each pulse is then checked individually. The duty cycle for each equivalent
squarewave pulse is calculated, and the Vce and Ic values recorded over the dura-
tion of the pulse are checked on the appropriate SOAR curve.

TABLE 1

Maeasured values of Ic and Vcg and derived P (o) obtained
from oscilloscope display

Time Ic Vce Pot)
(»s) (mA) ) W)
0 260 2 0-52
20 220 6 1-32
40 180 12 2-16
60 140 16 2:24
80 90 20 1-80
100 50 25 1-25
120 5 29 0-15
then no important changes until
500 S 25 0-14
520 40 25 1-00
540 80 20 1.60
560 130 15 ’ 1-95
580 180 10 1.80
600 220 5 1-10
620 { 260 1 0-26
until

940 280 1 0-28
960 260 2 0-52

Mullard
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Consider pulse Pi: the equivalent pulse time tp1 is 82-5us and the total cycle
time T is 960us. Therefore the duty cycle di is 82:5/960 or 0-086. The Vcg and Ic
values recorded up to the end of the pulse time ty; are then plotted on the SOAR
curve for d = 0-1 as shown in Fig. 10. The locus of this plot falls well within the
tp = 100us limit, therefore this condition is acceptable. In figs. 10 to 12, the SmA
point is plotted on the 10mA line for convenience, this makes no difference to the
result.

The same procedure is followed for checking the acceptability of pulses P> and Ps.
For Ps the duty cycle is 420/960 or 0-44 ; thus the Vcr and [¢ measurements recorded
for pulse P: are plotted on the SOAR curve for d = 0-S as shown in Fig. 11. For P3
the duty cycle is 70/960 or 0-073, so the Vcr and Ic measurements recorded for pulse
P; are again plotted on the SOAR curve ford = 0-1 as in Fig. 12.

In all three caces the pulse conditions are acceptable since not even the d.c.
SOAR limits are exceeded. Thus, the transistor will not fail through second break-
down even when the amplifier is continuously overdriven.

Heatsink calculations

The heatsinks have to be designed to keep the junction temperature below the
rating of 150°C. The known thermal restraints are the standard ambient tempera-
ture of 60°C allowed for in television enclosures, and the thermal impedances
associated with the BD131. The thermal impedance curves for the BD131 are shown
in Fig. 13, and the contact thermal resistance Ruymp 1) is | degC/W.

£L5/36
T

100 Y
’ £
Zinny S
(deg C/W) 2
2 a
z
10 o
22910 Rinis) I
H LT
— 0.5
R
2 —1 0.2 -toel Zin(to)
-
T L
1.0 * ~ E==sas
73 0.) H—] manas ;
tpe— T -
: i
0 '
2 =7
0'17 Zoninr = RunsiZunio)) 4 + Zingro)
s Rens) = Steady state thermal resistance, d =1
Zthlto) = Transient thermal impedance , d =0
2

" s 2 s 7 ] 2 s 7
10 10 10 10 1 10

Pulse duration (s)

B A A

Fig. 13—Thermal impedance curves for BD131
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SOAR GENERAL EXPLANATORY
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The calculations used to determine the size of the required heatsinks involve
average power values, as follows:
Tmvmax —Ta

Rmhm-a)=—¥)————Rm(mhm), (D
av

where: Tmomax =Tjmax —(Tj— Tmp)max. ...(2)

Ti;max —(Tj—Tmp)max —Ta
Pav

Therefore: Rm(nfa):( ) ‘—Rm(mb—h) v (3)

Two average powers have to be considered;that during the overload condition
and that during the quiescent state. Since this is a class A amplifier, 2W will be
dissipated in each of the output transistors during the quiescent condition, and this
will be the d.c. bias condition. Under the overload condition the average power
value is calculated as follows:

average heat input per cycle

=[(tpr < P1) +(tp2 X P2) +(tps X P3))/T, NG

8
=[(82.5 x 2.24) +(420 < 0.15) +(70 > 1.96)]/960 = =0.4W.
.

The calculation of heatsink sizes should be determined under worst-case condi-
tions. This occurs when the quiescent state is followed by the overload conditions.
Since the average overload power is less than the quiescent power the first cycle of
overload will define the (T;—Tmp)max.

The maximum value of (T;—Tmp) is to be the greater of the two values given
by the equations (5) and (6) below.

(T;—Tmp)max =Pq X Renh +(P1 —Pq@)Zintp1, ...(5)

and (Tj—Tmp)max =Pq X Rtn +(P1 —P@)Zin(tp1 + tpe +tp3)

—(P1—P2)Zun(tp2 +tp3) +(P3 —P2)Zintps, ...(6)
where:
quiescent power Pqo=2W tpa=70us

P =2.24W Rin=6degC/W
P2=0.15W Zintp1 =0.72degC/W
P3=1.96W  Zwu(tpr+tp2+tp3) =2.0degC/W
tpr =82.5us Zin(tpe +tp3)=1.8degC/W

tpt +tpe +tp3=572.5us Zintp3=0.63degC/W.

tpe +tp3=490.0us

Mullard
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Thus, Eq. 5 becomes:
(T; —Tmbv)max=(2 x6)+(0.24 <0.72) =(12+0.2) =12.2degC.
Eq. 6 becomes:
(Tj—Tmbv)max =(2 X 6) +(0.24 x 2) —(2.09 x 1.8) + (1.81 x 0.63),

=12+40.48—-3.76+1.14 =9.9degC.

Therefore the maximum value of (T;—Tmy) is 12.2degC from Eq. § .

Thus Eq. 3 becomes:

150—-12.2-60

Rtn(h -a)— ( >

) —1 =237.9degC/W.

Therefore the maximum value of (Tj—Tmp) is 12.2 degC from Eq. 5.

Therefore heatsinks used for the BD131 transistors in this application should
each have a thermal resistance of 37degC/W or less. The foregoing calculations
assume a contact thermal resistance value of 1degC/W, which is true only if a heat-
sink mounting compound is used.

APPENDIX I
Transistor heatsink sizes

The heatsink size for any transistor can be found from the nomogram shown
in Fig. 14 provided that the power dissipation is no greater than 100W, and that
the heat is dissipated by free convection. This nomogram should not be used where
forced air. cooling is employed, or where heatsink material other than aluminium
is desired. The nomogram is ‘operated as follows, with reference to the simplified
curves in Fig. 15,
1) Calculate the worst-case dissipation Piymax.and hence the thermal resistance
of heatsink to ambient Rin(h—a). Thus:
Rintm—a) = M — Rinimv—n)
Ptot
2) Enter the nomogram in section I of Fig. [5. Move horizontally to the left until
the appropriate orientation (either horizontal or vertical) and the appropriate
surface finish is reached.
3) Move vertically upwards to intersect appropriate power dissipation curve
(Ptor) in section 11.
4) Move horizontally to intersect the curve in section 11 for the desired thickness
of sheet aluminium heatsink. If an extrusion is required, move vertically upwards

Mullard
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from the point of intersection on the chosen extrusion curve and read off the
required length on the top horizontal scale. (The 30D and 40D are shown in
outline in Fig. 16. These types belong to the family of extrusions which has been
used with Mullard power devices requiring special heatsink considerations, such
as thyristor stacks and power rectifiers. Similar curves for alternative extrusjons
could also be plotted in section Il using the heatsink manufacturer’s data
relating Rinn-a) and power, and length).

5) Move vertically down from point A in section III to intersect with the appro-
priate curve for the transistor encapsulation style.
6) Move horizontally to the left and read off the required area of one side of flat
aluminium heatsink.
7) The heatsink dimensions of height to width should not exceed the ratio 1-25:1.
r—v————lmgln of nlvuac‘g heatsink (cm)—-—‘—‘)‘; v
TT [r [ I T w
type of heotsink power dissipation 20
Deotsi k(r:\r:\l)o' i T L B énww /,
otsin T —4L L W LI
T } %
I H v - ne
- NN - B 50w/ 72i— A:‘—' 1
L e 100 TN +\L;‘ b —t— Z (WD N I Ry T T
— ! I A —— | -
= N /
[ L r 1 - 100|
- — m — T
e et type of envelope HH— 2 5ntation. and !
1 1 1
! i ]
£ FJ T T 7
z T T 7 Zasnn
3 L | il Y /4 5
< bright hot'-zanm\—v 4 | 3
k] bright vertical . ?
- blackened horizontal -
S | %mcnma vertical 3
§ [:Jh 1T
s [ 1] ]
g / _[;g_:;:::;eaf;;s'm::.zc, i P74l
TO:]Q //
y il / Hi
N/ | ‘

Fig. 14—Heatsink nomogram. *(For outlines of extrusions see Fig.16)
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area of one side of flat

heatsink

(cm?2)

length of extruded
heatsink (cm)

LL5/48

section III

< —— ——

|

section 11

SRR R

section IV

type of power

heatsink dissipation [
type of orientation and!
envelope surface finishl

1

section

—————

Rin(n-o) (deg C/W)

Fig. 156—Simplified nomogram

-

(a) 300 max

(bl 400 max

59.7

max 109
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—.1
—T

max
32

All dimensions in mm

4459

Fig.16—0Outlines of extrusions: (a) 30D, (b) 40D
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GERMANIUM N-P-N
HIGH-GAIN TRANSISTOR

ACI127

Germanium n-p-n high gain alloy junction transistor intended for

complementary symmetrical Class 'B' output stages.

with envelope isolated.

TO-1 construction

QUICK REFERENCE DATA

= () +32

VCB max. (IE )
: 50 +32

VCER max. (RBE <609) 3
[CM max. . 500 mA
Ptot max. (Tamh =25 C) 340 mW

= l‘o
hFE (typ) (IC 500mA) 5
f_. (typ) 2.5 Mc/s
T

RATINGS

Limiting values of operation according tothe absolute maximum system as
defined in publication 134 of the International Electrotechnical Commission

Electrical
v CB max. (IE =0)

VCER max, (R

max.

BE< 60Q) (see page C1)

c@av) ™
EM
E@av) ™
BM
*IB Av) max,

I
*1
I max.
*
I

max.

*Averaged over any 20ms period.

Thermal
T_, min,
stg

T max,
stg

T, max,
)]

T. max. (intermittent operation,
total duration = 200 hours)

Mullard

MARCH 1966

+32 v
+32 v
500 mA
500 mA
525  mA
525  mA
25  mA
25 mA
340 mw
-55 °c
90 °c
90 °c
100 °c

AC127 Page D1



THERMAL CHARACTERISTICS

ej~a.mb (in free air) 0.37 degC/mW

e, 0.11 degC/mW
j~case
e'-amb in free air with cooling
J clip as shown on page D4 0.22 degC/mW+< -
ej~amb in free air with cooling clip

giving good thermal contact
mounted on a heatsink of 16 s.w.g.
aluminium, minimum area 12,5cm 0.16 degC/mW

ELECTRICAL CHARACTERISTICS (Tamb =25°C unless otherwise stated)
Min. Typ. Max.

Collector-base breakdown voltage V

(BR)CBO
IC =500pA +32 - - v
Emitter-base breakdown voltage V (BR)EBO
IE =200pA +10 - - v
Collector knee voltage \" CE(knee)
IC=500mA, (see fig. 1) - - +1.2 v
Base emitter voltage VBE
VCB=+5V, IE=2mA - 4120 - mV
VCB=0, IE=500mA - - +1.2 v
Collector cut-off current 1 CBO
\% cB” +0.5V - - 10 HA
Emitter cut-off current IEBO
Vep=tsV. T =15°C -~ 550 nA
Laree sl ot
VCB=0, IC=20mA 50 - 200
1 c =500mA 25 ~ 143
Ic
(mA)
550F - -
i
|
|
!
L
Vee (knee) Ve (V)
Figl.

Mullard
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GERMANIUM N-P-N ACI127

HIGH-GAIN TRANSISTOR

Min. Typ. Max.

Intrinsic base resistance T

Collector depletion capacitance c

bb'
= = =4 - -
Vg =+5V, Ip =1mA,f=450ke/s 70 Q

tc

=4 = = - -
Vop=+oV, Ig =0, f 450ke/s 70 pF

V =12V, I_ =10mA 1.5 2.5

CB Mc/s

E

Common emitter cut-off f

hfe

frequency

Transition frequency f
|
|

Vep=*2V, 1, =10mA 10 20 - ke/s

Noise figure NF

VCB=+5V, IE =500uA,

f=1ke/s - 4 10 dB

SOLDERING AND WIRING RECOMMENDATIONS

1.

[
.

When using a soldering iron, the transistor may be soldered directly
into a circuit, but heat conducted to the junction should if possible be
kept to a minimum by the use of a heat shunt.

The transistor may be dip-soldered at a solder temperature of 245°C
for a maximum time of 5 seconds. The case temperature during dip-
soldering may exceed the maximumn storage temperature for a perjod
not greater than 2 minutes, provided that it at no time exceeds 115 C,
This recommendation applies to a transistor mounted flush on a board
having punched-through holes, or spaced at least 1.5mm away from a
board having plated-through holes.

Care should be taken not to bend the leads nearer than 1.5mm from the
seal.

Mullard
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Conforms to V.A.S.C.A. SO-21/SB3-10 B8
J.E.D.E.C. TO-1
e Cc
C
v _
E
T
S F
b =
K c
-
DIMENSIONS (in millimetres) G
Min. Nom, Max.
A - - 6.5
B - - 6.1
C - - 9.4
D - 1.8 -
E - - 1.5
F 38 - -
G - 0.43 -

OUTLINE AND DIMENSIONS OF COOLING CLIPS

— A —nf

1
L-S—-‘ fe——12 ——+
Nominal dimensions in mm
Type a. Type b.
Part No. 56227 Part No. 56226

Mullard
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ACI27

HIGH-GAIN TRANSISTOR

‘GERMANIUM N-P-N
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GERMANIUM N-P-N
HIGH-GAIN TRANSISTOR ACI27
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GERMANIUM N-P-N
HISH-GAIN TRANSISTOR ACI27
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P-N-P GERMANIUM MEDIUM AC128 AC128/01
POWER TRANSISTORS 2-AC128 2-AC128/01

The AC128 is a p-n-p alloy junction medium power audio transistor in a TO-1
envelope, primarily intended for operation in class A and class B output stages.

The AC128/01 is electrically equivalent to the AC128, constructed integrally with a
heat conducting block.

The 2-AC128 and 2-AC128/01 consist of two AC128 and two AC128/01 transistors
respectively, matched to operate in low distortion class B circuits.

QUICK REFERENCE DATA

.VCBO max. 32 A%
VCEO max. 16 \%
_ICM max., X 2.0 A
P tot max. (T mb <20°C) 1.0 w
'I‘J max. 90 °%c
hE(I —-SOmAV =0) 55 - 175

fT . (- I = lOmA, VCE =2V) 1.5 MHz

OUTLINE AND DIMENSIONS (see also page 2)

Conforms to BS3934 SO-21/SB3-10
J.E.D.E.C. TO-1

AC128

1.5 ™3 (not tinned)
L

59mox
le—

0.48max

9.4mex 38.1mn

1208085)

All dimensions in mm

The coloured dot indicates the collector

Accessories available: 56226, 56227

Mullard
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OUTLINE AND DIMENSIONS (contd. )

AC128/01
¢ dent g
l —e s 15™% (not tinned) =)
. —t—e———— o,
O} - — B \"."EE}» T 1
- a’ | ™
~ L
b e Z -
I kY )
7.2"“" L 157"\:1! L 38.1m|n
T 7200662
All dimensions in mm
The dent indicates the collector
RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical
R . 2
Y CBO max 3 \Y
R . 6
Vv CEO max 1 \Y%
K <
VCER max, (RBE <400Q) 32 \
- . 0
VEBO max 1 \Y
-Ic max. 1.0 A
- . .0
ICM max 2 A
IEM max. . 2.0 A
< . . .
Ptot max. (Tamb <20°C, with cooling clip 56227
on a 1. 5mm blackened aluminium heatsink
2
of 12.5cm ; see also page 4) 1.0 w
Temperature
T -55 to +100 ©
stg o
’I‘j max. (continuous) 90 c
THERMAL CHARACTERISTICS
Rth('—a) Thermal resistance from junction to
) ambient in free air AC128  AC128/01
without cooling clip 290 180 °c/w
with cooling clip 56227 140 - Oc/w
with cooling clip 56227 on a 1. 5mm 2
blackened aluminium heatsink of 12, S5cm® 80 70.5 gC/W
with cooling clip 56227 on infinite heatsink 55 - C/W
Rth(j—c) Thermal resistance from junction to case 40 45 °c/w
ACI_N Wl‘{"' Rinij-c) Rihic-h) Rih (h-a)
cooling clip e [: o
56227 O] L e c[ h a
—= 4L0°C/W 15°C/W
AC128/01 —# 4L5°C/W 0.5°C/W

Mullard
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P-N-P GERMANIUM MEDIUM

POWER TRANSISTORS

AC128 AC128/01

2-AC128 2-AC128/01

ELECTRICAL CHARACTERISTICS (Tamb=25°C unless otherwise stated)

Teso

CEK

FE

Min. Typ. Max.
Collector cut -off current
= - = = 0 - -
IE 0, VCB 10V, Tj 25°C 10 HA
= - = = 0 - -
IE-O, VCB 32v, Tj 25°C 200 HA
Emitter cut-off current
=0, - = =250 - -
IC 0, VEB 10v, Tj 2O C 200 HA
[C=0, -VEB=SV, Tj=75 C - - 500 HA
Base-emitter voltage
IE=50mA‘ VCB=0 - - 300 mV
IE=300mA, VCB:O - - 450 mV
Collector knee voltage
-IC =1A, »IB=the value for
which ~IC=I.1A at -VCE=1V - - 0.6 \Y%
_IC
nl
10— )
| |
! |
{
! {
! |
! I
! I
| ]
~Vcex 1 =Veg (V)
Static forward current transfer ratio
-IC=SOmA, VCB:O 55 90 175
-[C:SOOmA, VCB=0 60 90 175
-IC: 1A, VCB=0 45 80 165
Transition frequency
-Ic=10mA, -VCE=2V 1.0 1.5 - MHz
Cut -off frequency
-Ic=10mA, —VCE=2V 10 15 - kHz
Collector capacitance
IE=Ie=0, -VCB=SV - 100 - pF
Base resistance
-1,=1mA, -V =5V - 25 - Q

C CE

Mullard
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ELECTRICAL CHARACTERISTICS (contd. )

Min. Typ. Max.
Small signal current gain linearity
Ai at S00mA where Ai =loaded small
Ai max., ' signal current gain 0.50 0. 60 -
hFEl Ratio of static forward current
. transfer ratios of matched pair
FE2 2-AC128
1 |= SOmA, V=0 - 1.1 1.25
|IC|=300mA, Veg=0 - 1.1 1.25
03854
1000 I I T ]
Prot ]
max Q/ v,
(mw] o’é‘, \"g%a Heatsink material:
%, N ° 1.5mm_blackened aluminium
% 575
750 % \% 9,%
5. AN
2 <
4 )0 &3
012 73 l 9,‘;6\ ‘\f_})@
/¢ R o,
% Sl m Doe TL—1 ’,o.
500 56‘227 a %,
oy, g
™ N3,
%
U %
\AC12g Withoud N 3
250 [p<Soling ¢, h
‘\’sess"'ies N
~
\
I~
0
0 20 40 60 80 100 Tams (°C)
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P-N-P GERMANIUM MEDIUM AC128 AC128/01
POWER TRANSISTORS 2-AC128 2-AC128/01
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Ie Ie Tymp=25°C f
(mA) IR (mA) I
H [ f gl
/ B L
500 f 5
i ry
4 [
V4 N VAV,
J -
7 , Ps
E L
0 0
0 500 1000 0 100 200
-Vge (mV) -Vge (mV)

Mullard

AC128 Page 6



P-N-P GERMANIUM MEDIUM AC128 AC128/01
POWER TRANSISTORS 2-AC128 2-AC128/01

40
L I
-Veer
max (V)
N
30
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\\\
20 N
.
Ree -Vee
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COMPLEMENTARY GERMANIUM ACI28
MEDIUM POWER TRANSISTORS AC176

N-P-N (AC176) and P-N-P (AC128) germanium alloy junction transistors
for use in complementary symmetrical class 'B' output stages for radio
receivers, amplifiers and tape recorders. For information on the individual
types reference should be made to the relevant data sheets.

QUICK REFERENCE DATA
AC128 AC176
Vo max. -32 © 432 v
VCE max. (cut-off) -32 +32 v ;
IC max. 1.0 1.0 A
P max. (T, = 45‘;C) 155 155 mw
(Tcase =60 C) 700 700 mW
T, max. 90 90 °c
hop tYP. (Vop=0, 1,=1.04) 80 83
fT min, 1.0 1.0 Mc/s
Matching ratio for matched pairs see page 3.
OUTLINE AND DIMENSIONS
Conforms to J,E.D.E.C. TO-1
V.A.S.C.A. SO-21/SB3-10
r—A/—-] Millimetres
® —‘] Min, Nom. Max.
A - - 6.48
B - - 6.1
C - - 9.4
D - 1.8 -
E - - 1.5
F 38 - -
G - - 0.48
H - - 2.05

Mullard
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OPERATING CONDITIONS IN CLASS 'B' COMPLEMENTARY SYMMETRICAL
OUTPUT STAGE

84952

cC

C =25pF

L
RL
—o OV
*Nominal supply voltage -24 -24 \'%
Power supply internal resistance 20 20
Load resistance 25 15 Q
**Thermal resistance 6
per transistor case-amb 40 20 degC/W
TLoad power
Speech and music 2.0 3.0 w
Sustained music 1.8 2.7 w
Sinewave 1.4 2.1 w
Driver quiescent current 11.5 18 mA
Nominal driver current
(r.m.s.) for Pload=50mw 0.65 0.8 mA
Peak collector current 485 675 mA
Peak load\current 405 620 mA
R1 330 180
R2 680 470 Q
TTR3 100 40 Q

Mullard
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COMPLEMENTARY GERMANIUM ACI28
MEDIUM POWER TRANSISTORS ACI76

R, VA1077 VA1077

R, 2.2 2.2 Q

R, 2.2 2.2 Q
e, 120 200 uF

*Based on an absolute maximum supply voltage of 26.5V for this circuit.

**Based on T, = 45°C. These maximum values of ©
thermal resistance of the transistor mounting.

case-amb include the

1The Ploa figures are at the onset of clipping and approximately 10% more
output can be obtained for D, = 10%.
The P}, 4 figures take account of the fact that a practical power supply has
a finite internal resistance. For a value of 209 internal resistance three
values of Pload are given.

1. The speach and music value is the output which will be obtained when
peaks occur in low level passages.

2. The sustained musicvalueis the equivalent sinewave power output which
will be obtained during sustained high level passages of music.

3. Normal sinewave rating.

Thefirst two values constitute a useful measure of the power output capability
ofthe circuit. The sinewave value is quoted because it is load power which
will be obtained when, for test purposes, the equipment is driven with a
sinewavebecause of the internal resistance of the power supply, the dissi-
pations with sinewavedrive are lower than with a constant line voltage. The
thermal resistances required are given assuming these lower dissipations.
The value of the supply impedance is, therefore, important and the regulation
should not be improved without making compensating changes in the thermal

resistance ej —amb*

. _ JER
TiPreset to give Iq = 3.0mA at Tamb 25°C.

tttValue of CL for L.F. response -3.0dB at 50c/s. The results obtained are
with a series resistance of CL =1.0Q.

CHARACTERISTICS FOR MATCHED PAIR

h Ratio of large signal forward
FEL1 .
o current transfer ratio of the
FEL2 two transistors
= = <
IE 500mA, VCB 0 1.2

Mullard
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SOLDERING AND WIRING RECOMMENDATIONS

1.

When using a soldering iron, transistors may be soldered directly into
the circuit, but heat conducted to the junction should if possible be kept
to a minimum by the use of a thermal shunt,

. Transistors may be dip-soldered at a solder temperature of 245°C for

a maximum soldering time of 5 seconds. The case temperature during
dip-soldering may exceed the maximum storage temperature for a period
not greater than 2 minutes, provided that it at no time exceeds 115°C.
These recommendations apply to a transistor mounted flush on a board
having punched-through holes, or spaced at least 1.5mm away from a
board having plated-through holes.

Care should be taken not to bend the leads nearer than 1.5mm from the
seal.

OUTLINE AND DIMENSIONS OF COOLING CLIP

0-3 0-3
le—5:65 F 5‘65-—1

/\—i
AN

A

N\

le—14 —— 28

'
]
B
|

|
}
1]
17 | H 4 I }l 4 7
It l It
I R
il f Ll 83
l Il il l
] I
|
L—s—- f——— |2 ——=
Nominal dimensions in mm
Type a Type b.
Part No.56227 Part No.56226
NOTE - Fitting of cooling clips

To ensure good thermal contact with the transistor envelope, the cooling
clips should not be distorted by forcing it over the "belling" at the base
of the transistors.

Mullard
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N-P-N GERMANIUM
MEDIUM POWER TRANSISTOR ACI76

Germanium n-p-n high gain alloy junction transistor for audio applications.
Primarily intended for use in mains operated audio amplifiers with class
'B' output stages.

QUICK REFERENCE DATA
VCB max. (IE =0) 32 v
VCE max. (cut-off) 32 v
ICM max. 1.0 A
P, max. 700 mwW
tot
hFE (IE = -500mA, VCB =0) 52~-180
f‘hfe (IE = —10mA,VCB =2,0V) >10 ke/s

OUTLINE AND DIMENSIONS

Conforming to J.E.D.E.C, TO-1
V.A.S.C.A, SO-21/SB3-10

,__Aj Millimetres
B Min, Nom. Max.
[ A - - 6.5
c B - - 6.1
iy
- 4 c - - 9.4
I . l D - 1.8 -
(B
) £ E - - 1.5
g [
G F 38 - -
G - 0.43 -

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.,

Electrical
VCBM max. (IE =0) 32 \'
VCEM max. (cut-off) 32 \'
VCEM max., (IC=0.5A, RBO= 279, RE=2.2$Z) 25.5 v
= = 2
VCEM max, (IB 0, Tj 55 C, see page C6) 0 A%
VEBM max, 5.0 \'
1 C max. 1.0 A
*
IC(AV) max., 350 mA
IBM max. 40 mA
*
IB @av) max, 40 mA
P,  max. 700 mW
tot
*Maximum averaging time = 20ms
Temperature
T . min. -55 °c
stg o
T max. 75 C
stg o
Tj max. (continuous operation) 90
THERMAL CHARACTERISTICS
ej —case 40 deg C/W
ej-amb (in free air) 300 deg C/W
Gj _amb (in free air with cooling
clips as on page D4) 150 deg C/W
. N .
ej _amb (with cooling clip mounted 02n
heatsink of at least 12,5cm") 80 deg C/W

Mullard
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N-P-N GERMANIUM
MEDIUM POWER TRANSISTOR

ACI76

ELECTRICAL CHARACTERISTICS (Tamb = 250C unless otherwise stated)

CBO

IEBO

BE

VCE(knee)

hFE

Min, Typ.

Collector cut-off current
VCB: 10V, IE=O -
VCB =10V, IE =0,

T, = 90°C - 1.

Base current

V. =0,1_=-0.5A 2.8 -
E

CB

Emitter cut-off current

Vpg = 5-0V, I,=0,

T, = 90°c - -

Base -emitter voltage

VCB =10V, IE = -5.0mA 120 135

VCB:O’ IE= -0.5A - -

V., =0, 1 =-1. - -
Ig 0A

CB
Collector-emitter knee voltage

I =800mA - 500
C 00m 0

Large signal forward
current transfer ratio

IE = -50mA, VCB =0 52 -
IE = -500mA,VCB =0 52 100
= - =0
IE 1.0A,V CB 45 83
Common emitter cut-off
frequency 10 -
Small signal loaded common
emitter forward current
transfer ratio linearity
VCE =14V, RL =16Q
A atl_ =0.75A 0.33
i C
A max,
i
Transition frequency
IE=—10mA, VCB=2.0V 1.0 -

0.42

Max.

30 HA
2.75 mA
9.5 mA
2.25 mA

150 mvV

650 mV
1.1 v

650 mvV

180

165

- ke/s

- Mc/s

Mullard
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CHARACTERISTICS FOR MATCHED PAIRS OF AC176

h EL1 Ratio of large signal forward
TTL current transfer ratio of the
FEL2 two transistors
= - = - - 1.2
I = -500mA, V. =0

SOLDERING AND WIRING RECOMMENDATIONS

1. When using a soldering iron, transistors may be soldered directly into
the circuit, but heat conducted to the junction should if possible be kept
to a minimum by the use of a thermal shunt.

2. Transistors may be dip-soldered at a solder temperature of 245°C for
a maximum soldering time of 5 seconds. The case temperature during
dip-soldering may exceed the maximum storage temperature for a period
not greater than 2 minutes, provided that it at no time exceeds 115°C.
These recommendations apply to a transistor mounted flush on a board
having punched-through holes, or spaced at least 1.5mm away from a
board having plated -through holes.

3. Care should be taken not to bend the leads nearer than 1.5mm from the
geal,

OUTLINE AND DIMENSIONS OF COOLING CLIP

]

0-3
( | 565 ’——
1 28—+
! .
ﬁ
| 3.3 3:3
| ke e
O | 4 j v
! |
| H t | T 88
|
LA
' 6 ' 12—+ ‘
Nominal dimensions in mm
Type a. Type b.
Part No.56227 Part No,56226

NOTE - Fitting of cooling clip

To ensure good thermal contact with the transistor envelope, the cooling
clips should not be distorted by forcing it over the 'belling' at the base
of the transistor.

Muliard
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N-P-N GERMANIUM -
MEDIUM POWER TRANSISTOR ACI76

ICBO : AC176 B4953
(pA)TE |
5' e
: i 1
3 Typical
Maximum %
104+
7F
3 VCB=
I L B2V
3 *
| .,r Je 10V
N J ‘
i ;’k,r'yr L 32V
! Sl 10V]
103+ ov]
y.
7 : - =
sF » _
i 2 1
3
L / .
3 [/ 4
vl /| ]
: Pyl _
102 |+ /A j/ j
7: . o l :
8 7. 7
a4 _
o /I/ T 1
anp%
;- / / T
s ﬂ
10 J
25 35 45 55 65 75 T; O

COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST JUNCTION
TEMPERATURE WITH COLLECTOR-BASE VOLTAGE AS A PARAMETER

Mullard

AC176 Page C1



(vu) 91 oz o o (vher 00z oot o
T A T TT, um TTIT TTITTT
T BRI _ﬁ:\Ty ] T
[ A aunSanEs T - .
= i | |
- Lob b H
lﬁl,r . BEEN IR RER
A H
. — -4 ,,. TL.%\ ] MF%L m sum 1 u
! LH imsnmaNRY 00z SEsussEaaEaut T 2
| ey S T
- INNEENSE T R
4|~ HILI_‘[ _¢¢_
maa T CH ﬁ 5 ia inns
o S oor _ S Y e
pEEE as BEEARE o EEEE T 1
- SassessmimEINe e AT %
-+ B . T t 1
B ! s t ]
T i T " i t
e - HHT A HH
SEEE. FHTH ENY 2 F—— RN ) inEEEERE| i
T S A 184 T N T !
ESSptepsicasigEtays ff o SSEsas e atenl
T T e T mEREsuE| v dRESESEmESE’ SN SN
T ! T Hr i AN =
SRS S R R NN [ RSSaesssamnn EmanauAy sNwS SmmES
T T ] T 1 N R
T NS SNEEEY SEEY SE s I
BESIIE SR Suice EaN o= BNNaSseu s jissscsr i
EREEE SRR v_rT;M\ T HL_,, 008 | HEEY 4N anmm ¢
. —— :.%,u ;h_TW A T Lmﬁ .
e i at : RSP s sanua! manes.
B JEEENY ANEERHES NENE/ SN 4=304 [ ]
- T HHvu 1 ﬁwwnuf 7 i H Y
: T T —91 O [T . Sas nans T 21

AC176 Page C2

CURRENTS
Mullard

TRANSFER CHARACTERISTICS FOR LOW AND HIGH COLLECTOR




N-P-N GERMANIUM
MEDIUM POWER TRANSISTOR ACI76

B5003
Ve E (v)

-75

o
-
-2:5

IS 25T
|
g°
11mA
10mA
9SmA
8mA
7mA
6mA
SmA
4mA
3mA
2mA
TmA

AC176

T

1-0
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A
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N

-0-25

1 | [ 11 L L1

o
-
t
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0
o
]

-075
-0-25

TYPICAL OUTPUT CHARACTERISTICS. Tj =25%C
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ACI76

MEDIUM POWER TRANSISTOR

N-P-N GERMANIUM
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PLOTTED AGAINST COLLECTOR CURRENT
Mullard

TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER RATIO AND
TYPICAL LOADED SMALL SIGNAL FORWARD CURRENT TRANSFER RATIO
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N-P-N GERMANIUM AC187
MEDIUM POWER TRANSISTORS AC187/01

The AC187is an n-p-n alloy junction medium power audio transistor in a TO -1 metal
envelope. Primarily intended for use together with the p-n-p transistor AC188 as a
matched pair AC187/AC188 in complementary class B output stages with output power
up to 3W.

The AC187/01 is electrically equivalent to the AC187, constructed integrally with a
heat conducting block.

The AC187/01 is also available as a matched pair with the AC188/01.

QUICK REFERENCE DATA
. 2
VCBO max 5 v
VCEO max. 15 \Y%
ICM max. 2.0 A
0
Ptot max. (Tamb <357C) 1.0 w
Tj max. 90 °c
hFE (IC=300mA, VCE=1V) 100-500
fhfe typ. (IC=10mA, VCE=2V) 20 kHz

OUTLINE AND DIMENSIONS (see also page 2)

Conforming to BS3934 SO-21/SB3-10
J.E.D.E.C. TO-1

AC187

1.5™2 (not tinned)

*vT

| —
I=—=

.—

-
—
—————————

o 94me | 38amT

59 max

£—_
0.48™x

72086651

All dimensions in mm
The coloured dot indicates the collector

Accessories available: 56226, 56227

Mullard
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OUTLINE AND DIMENSIONS (contd.)

AC187/01 i  gent i
| max i
. o 15™ (not tinned) %
g - t
ol EI/ — ‘E: ;,‘,-m- . | —
b e
| 34, )
I 22max 157mex 3ymn
f— 7208663
All dimensions in mm
The dent indicates the collector
RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical
VCBO max, 25 v
\Y% CEO max. 15 \Y%
Vopg Max. (5 <600mA, Ry <19) 18 v
VEBO max. 10 \'
IC max. (d.c. or averaged over any 5S0ms period) 1.0 A
ICM max. (peak) . 2.0 A
Ptot max. (Tamb <35°C, see also graph on page 5) 1.0 w
Temperature
T -55 to +75 °c
stg
T, max. 90 °c
THERMAL CHARACTERISTICS
Rth('-a) Thermal resistance from junction to
J ambient in free air AC187  AC187/01
without cooling clip 290 180 °c/w
with cooling clip 56227 140 - %c/w
with cooling clip 56227 on 1. 5mm
blackened aluminium heatsink of o
12. 5cm? 80 70.5 “C/W
with cooling clip 56227 on infinite o
heatsink 55 - C/W
Rth Gi-0) Thermal resistance from junction to case 40 45 Oc/w
2531?7 W":{:"; Ren(j—cl Rih(c-h) Reh(h-a)
ng
27 O Lo el o,
L°Cc/w 15°C/W
L5°C/W 0.5°C/W

AC187/01 o—j[_ }—*—:L }—o—h{ J—oa

Mullard
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N-P-N GERMANIUM
MEDIUM POWER TRANSISTORS

ELECTRICAL CHARACTERISTICS (T f =25°C unless otherwise stated)

. Collector cut-off current Min.

ICBO IE=0, VCB=25V -

Icpo I5=0, V=25V, Tj=90°c -

ICEX -VBE=1.0V, VCE=25V -
IEBO Emitter cut-off current
IC =0, VEB =10V -

IC=0, VEB=10V, TJ_=90°C -

VBE Base-emitter voltage
IC=5.0mA, VCE=10V 95
IC=300mA, VCE=1.0V -
Emitter -base floating voltage

I =25V, TJ.=90°C -

Ven@)

B 0, Ve

\4 CEK Collector knee voltage
1.=1.0A, I =the value for

C B
which IC=1. 1A atVCE=l.0V -

k
(A)

—
-]

K] SR

10p--

- - ——

e - - - - - - o

Veex

hFE Static forward current transfer ratio
IC=5.0mA, VCE=10V 70

IC=300mA, VCE=1.0V 100

IC=1.0A, VCE'—‘I.UV 50

Typ.
15

15
1.2

Vee (V)

200

AC187
AC187/01

Max.
100 pA
2.5 mA
100 pA
100 pA
2.5 mA
135 mV
550 mV
400 mV
800 mV
500

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.
fT Transition frequency
IC:10mA, VCE=2.0V 1.0 5.0 - MHz
fhfe Cut -off frequency
IC=10mA, VCE=2.0V 20 - kHz
CTC Collector capacitance
IEzle:O, VCB:S.OV,f:450kHz - 150 180 pF
hFEl D. C. current gain ratio of
P— matched pairs AC187/AC188,
FE2 AC187/01/AC188/01
l[c|=500mA'|VCE‘=1’0V - - 1.25
10 D3593
IcBo
(mA)
/max
1 i /typ
y
2w aR
AN ;é |
(_ /P -~y N25V
[ ~
034 10V
/4
{,
4
0.01
0 50 100 Tj (°C) 150

Mullard
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N-P-N GERMANIUM AC187

MEDIUM POWER TRANSISTORS AC187/01
1000 D3597
l T ]

% | 4]
Ptot \q:(’ ]' ]
(W) \\(}‘L heatsink material| | |
v 1.5mn_1 .blackened B
750 aluminium
1 1
L 7. O —
NGO
\%00/11/
N N
500 Je
250 | 29
aci"“ng\ \
SSO’/es .40787 N N
" free w./‘thol, ™~ \\\l ’)‘u
e oo NN N
. EEEEEE
0 25 50 75 100 125 Tamb(°C) 150
1‘ D359
Ic
(A)
3 10 ]
I i1}
(mA)
: I
2 015 Vee (V) 25
\
A\
\
1 ! \
I m
0
0 5 10 15 20 25  Veglv) 30

I = Region of permissible operation under all base-emitter conditions
II = Additional region of operation when the transistor is cut-off
III = Outside regions I and II, the transistor can withstand transient energies of

1.0mWs, provided it is cut-off with VEB(fl) >0. 6V

Mullard
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D3595 15 D3592

Vcg=10V e Egri: ngcurrent versus collecto
40 Tj =25°C (AT 11J17
Base current T TTTTTT
Ic versus collector] VeE=1V
(mA) current Tl =25°C
1= T
2577 250 = H ok i
e 2 CET
2
20 4
u 051
108 I
8 1
o L o [ 2
0 00 200 Ig(uA)300 ! B (mA) 20
D3596 15 D3584
Veg=10V I “|Base-emitter voltage versus
Tj=25°C I¢|collector current
40 Base-emitter (AH } % } %
Ic |voltage versus Veg=1V
(mA) | collector cur- T: =25°C
rent ]
1
30 o o = a n
EHE E bad &
; ] A
20 -
n I
05| .
7
© : liay amar
7 y
].1{ o B P
% 100 200 Vg (mV)300 0 05  Vgg(W)
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P-N-P GERMANIUM AC188
MEDIUM POWER TRANSISTORS AC188/01

The AC188is a p-n-p alloy junction medium power audio transistor in a TO -1 metal
envelope. Primarily intended for use as a matched pair 2-AC188 or together with
the AC187 as a matched pair in complementary class B output stages with output
power up to 3W.

The AC188/01 is electrically equivalent to the AC188, constructed integrally with a
heat conducting block. It is also available as a matched pair with the AC187/01 or
as 2-AC188/01.

QUICK REFERENCE DATA
-VCBO max. 25 \%
-VCEO max. 15 \%
-ICM max. 2.0 A
0
Ptot max. (Tamb <35°C) 1.0 OW
T. max. 90 C
hFE (-IC:SOOmA, —VCE=1V) 100 to 500
fhfe typ. (-[C=10mA. -VCE=2V) 10 kHz

OUTLINE AND DIMENSIONS (see also page 2)

Conforming to BS 3934 SO-21/SB3-10
J.E.D.E.C. TO-1

1.5 ™2 (not tinned)

59max

AC188

0.48m le

g4 max J‘ 38.1 min

72088651

All dimensions in mm

The coloured dot indicates the collector

Accessories available: 56226, 56227

Mullard
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OUTLINE AND DIMENSIONS (contd.)

AC188/01 c dent

Ao 15™%* (not tinned)
= 2

[ J
™M, | \ T

o 3% :
! szux’J 157 mox J_ 3g1min

All dimensions in mm
The dent indicates the collector

1l gsgme:

72mex

O,
L]

7208662

RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
_VCBO max. 25 v
_VCEO max. 15 \
R q1. < <
VCER max. ( IC < 600mA, RBE <19 18 \
_VEBO max. 10 \
-IC max. (d.c. or averaged over any 50ms period) 1.0 A
-ICM max. (peak) 2.0 A
0,
Ptot max. (Tamb <35°C, see also graph on page 5) 1.0 w
Temperature
T -55 to +75 °c
stg o
Tj max. 90
THERMAL CHARACTERISTICS
Rth('-a) Thermal resistance from junction to
! ambient in free air AC188 AC188/01
without cooling clip 290 180 °c/w
with cooling clip 56227 140 - °c/w
with cooling clip 56227 on 1.5mm
blackened aluminium heatsink of o
12. 5cm? 80 70.5  CC/W
with cooling clip 56227 on o
infinite heatsink 55 - C/W
Rth(j-c) Thermal resistance from junction to case 40 45 0C/W
AC188 with Rih(j—c) Rthic-n) Rih(h-a)
56227 ; c h a
L0°C/ W 15 °C/W
L5°C/W 0.5°C/W
acieerr o—  }—e— e }—o
J c h a

Mullard
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P-N-P GERMANIUM AC188
MEDIUM POWER TRANSISTORS AC188/01

ELECTRICAL CHARACTERISTICS (Tj =25°C unless otherwise stated)

Collector cut-off current Min. Typ. Max.
_ICBO IE:O' -VCB=25V . - 20 200 HA
AICBO IE=0, -VCB:ZSV. Tj=90 C - - 1.4 mA
-ICEX +VBE=1.0V. —VCE:ZSV - - 200 HA
_IEBO Emitter cut-off current
IC=O, -VEB=10V . - 15 200 UA
IC:O, -VEB=10V,TJ,:90C - 0.4 1.4 mA
_VBE Base-emitter voltage |
-IC=5.0mA, ~VCE:10V 115 - 145 mV
~IC=300mA. -VCEzl.U\/ - = 450 mV
v . R : .
V EB(f) Emitter -base floating potential
- R - ~90° - -
IE—O, VCB 25V, ’I‘j 90~C 400 mV
EVCF,K Collector knee voltage
-IC= 1.0A, -IB:the value for
which -IC=1.1A at »VCE:I.OV - - 600 mV
(A) ~ls
Np---—za :
10 -- !
\ 1
| |
1 |
) 1
' |
1 ! |
| 1
| ]
| [}
H |
1 i
=Veex 1 “Vce (V)
hFE Static forward current transfer ratio
-IC:S.OmA, -VCE:10V 70 - -
—IC =300mA, _VCE =1.0V 100 200 500
»IC:I.OA, —VCE=1.0V 80 - -

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.
fT Transition frequency
-IC=10mA, -VCE=2.0V 1.0 1.5 - MHz
fhfe Cut -off frequency
-IC=10mA. -VCE=2.OV - 10 - kHz
C’I‘c Collector capacitance
IE=Ie=0, —VCB=5.0V, f=450kHz - 90 110 pF
hFEl D.C. current gain ratio of matched
T pairs AC187/AC188; AC187/01/
FE2 AC188/01
IIC|=500mA,!VCE[=l.0V - - 1.25
matched pairs 2-AC188;
2-AC188/01
—IC=50mA -VCE=1.0V - - 1.25
—IC=500mA, -VCE=1.0V - - 1.25
i
1 D3585
ax
-1 HH
‘ CBor] typ
: (mA) h [
rd I
Rt A
//
01
/
25w} | /)
0011419%
10V
0.001
0 50 100 Tj (°C) 150

Mullard
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P-N-P GERMANIUM AC188

MEDIUM POWER TRANSISTORS AC188/01
1000 03590
Pot n
(mw) heatsink material

1.5mm blackened
750 aluminium
IEEN

500

250

_ﬂ_
| |
6 s

125 Tom(°C) 150

L 035N
|
-Ic .
(A) | FM
3 + 10 ]
|| -Ic I BB
] (mA)
T | | T
2
1 \ 5™ Ve 1) 25
1 1 1T
I I
0
0 5 10 15 20 25 -Vee (V) 30

1 = Region of permissible operation under all base-emitter conditions
11 = Additional region of operation when the transistor is cut-off
III = Outside regions I and II, the transistor can withstand transient energies of

1.0mWs, provided it is cut-off with -VEB(ﬂ) >-0.6V

Mullard
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D3586 1 D3589

5
T T T _ collector current versus
1 HiHH Ti @ETVTCE'Z;OOE base current
+ ] = v 1] ! | |
40 1 Base current Ic -Vcg=1V
-Ic HHversus collector]  (A)H{H T 2250C
(ma) Qur et P Shnaan sk
41+ —+ ! 1 T
u 1] + 1 ~mirﬁ—< typ——f—r-r}néx 1+ ]
30 " T ] a
aBER) aN 4 || /| |}
I A + RaEas
! ] i vassauEE 1
SEESEan = A
20 AT l MR RV.ERRN | |
T G
A A FH 05y } I
] aast % { EEEEE ‘H:ﬁ_
10 t sas | | I I%
S %
! |
11 } 1 T
S GH] oot Y ias==asan i
% 100 2001 (uA)300 10 -Ig(mA) 20
D3587 15 D3588
-Vcg =10V ] “|collector current versus
Tj=25°C base-emitter voltage _
40| ggse-emitter -l | -VTI 111\, H
-Ic | voltage versus [} (A) T SZES_"C
(mA) or current 1= FrT
30 x{ 1 min[” typ maxt1-H
{ | -1 t44 L4
T Irc: ok II I
1 1 (C H 'IL I L
‘ i I I ]
) I v
20 ' na , ,’ 7 ]
] ]
s 05 - n
T , L 1]
I
10
. 24V,
; o 1
0 100 200-Vgg (MV)300 0 05 -Vgg(V) 1
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GERMANIUM P-N-P AD149
L.F. POWER TRANSISTOR 2.AD149

Germanium p-n-p alloy junction transistor in TO-3 metal case, primarily
intended for use in class B push-pull output stages with a power output up
to 20W and frame deflection output stages.

QUICK REFERENCE DATA

CB max. -50 \%4

CE max ~-50 \Y%
ICM max, 3.5 A
hFE‘. (IC=1.0A) . 30-100
fhfe (ICZSOOmA, VCE=—2.0V) 10 ke/s
P, max. (Tamb’:SOOC) 22.5 W
Tj max, (continuous operation) 100 °c

OUTLINE AND DIMENSIONS
Conforming to J,E.D.E.C, TO-3

V.A.S.C.A. SO-5B/SB2-2

e A bo—— F —of
e 4 G H J
& - l + i
—® ’@ i = TS

° S “Jl
E395%) E——

Millimetres Millimetres
A 30.1+0.2 G 4.2 max,
B 16,.9x0.25 H 3.15+0.25
C 10.9£0.25 J 8.0 max.
D 26.2 max, K 12,0+1,0
E 39.5 max. L 1.0£0,05
F 20.3 max.

Mullard
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Min. Typ. Max.

erbl Intrinsic base impedance

IE:l.OmA, VCB=-5.0V,

f=450ke/s - 30 - Q
ctc Collector depletion capacitance

VCB=~5.0V, IE=0,

f=450ke/s - 220 - pF
cte Emitter depletion capacitance

VEB =-5.0V, IC= 0,

f=450ke/s - 140 - pF
fT Transition frequency

I15=500mA, V.o =-2.0V - 500 - ke/s
f Common emitter cut-off
hfe

frequency
IC——-500mA, Vog=-2.0V - 10 - kc/s

Forward current transfer ratio linearity

Ai at 3. 0A

s Vo=~ 14V, R =40 0.2 0.35 -

Ai at 0.1A CcC

See curve B on page C9

ELECTRICAL CHARACTERISTICS OF MATCHED PAIRS

h Ratio of large signal
FE1
o forward current
FE2 transfer ratio
IC=300mA - 1.1 1.25
I =3 - .1 1.25
c™3 0A 1

Mullard
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GERMANIUM P-N-P AD149
L.F. POWER TRANSISTOR 2-AD149

ACCESSORIES

Acessories must be specifically ordered

Accessory Code No.
Insulating bush 56201A
Mica washer 562018
Lead washer 56214

Mica washer

Alog

0-127

Insulating bush

35 45
-t

76 .,

3-:9020:05
3:102005

All dimensions in mm

Mullard
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OPERATING CONDITIONS FOR A CLASS 'A' AMPLIFIER

\Y cc (supply voltage)
IC (Vin =0)

Rloa.d

Pc max. (output power of
the transistor)

Pout max, (power delivered
to the primary of the
output transformer)

Vin(pk) (Pout =4.0W)
=4,0W)

iin(pk) (Pout
Dtot (Pout =4, 0W)
ii.n(pk) (Pout= 50mW)
Dl:ol: (Pout =S0mW)

NOTES

Condition 1

VA1034

Condition 2

7.0 (max. 8,0) 14 (max. 16)

1.8 0.72
50 200
VA1034
0.3 0.5
4.0 23
4.3 4.1
4.0 4.0
480 400
35 12
9.5 7.5
2.5 1.0
2.5 1.5

g —GVee
1000 yF
OV |
-l}—<
150
+
3

<

mV
mA

R

%

1, RZ' VA1034 should be mounted on the heatsink near the transistor,

2, Stable continuous operation is ensured up to T

amb ™

5500, provided the

transistor has been mounted on a 1.5mm copper heatsink of at least
18 x 18cm? (condition 1) or 15 X 15e¢m? (condition 2).

Mullard
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GERMANIUM P-N-P AD149
‘ L.F. POWER TRANSISTOR 2-AD149

OPERATING CONDITIONS FOR A MATCHED PAIR 2-AD149 AS CLASS 'B'
OUTPUT AMPLIFIER

5516 ! S'cc
R1
1:(101)
4
d <
R 39n R
S v;" é E
<
L +
O O
Condition 1 Condition 2
V (supply voltage) 7.0 (max. 8.0) 14 (max.16) V
= X X
Ic (Vm 0) 2% 30 2% 30 mA
R1 200 . 350 Q
.47 Q
RE 0 0.4
RS 450 370 Q
Rl (collector to collector) 9.0 16 Q
P max. (outputpower of two
transistors) 9.75 20 w
P  max. (power deliveredtothe
out .
primary of the output
transformer) 9,75 17.9 w
ICM (Pouttmax.) 3.0 3.0 A
= X X
IC (Pout max. ) 2 X 480 2 X 480 mA
= . . .2
vin (oK) (Pout max. ) 0.81 2 A%

Mullard
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iin(pk) (Pout Smax.)

Dtot (Pout =max.)

. _ W
lin(pk) (Pout 50mW)

Dtot (Pout =50mW)

NOTE

Condition 1 Condition 2

75 75 mA
10 10 %
4.0 2.5 mA
2.5 2.0 %

) .

Stable .continuous operation is ensured up to T,;,;, =55 C, provided each
trunsistor has been mounted on a 1.5mm copper heatsink of at least
5% 5cm? (condition 1) or 6 X 6em? (condition 2).

OPERATING NOTES

1. Dissipation and heatsink considerations.

. s = % % .
T'he maximum totz}l dxs.s1patlon, Ptot max (VCE IC) + (VBE IB) is
given by the relationship: -

T max. - T
amb
P max., =

tot [CH + 6i+ S}

j~mb h

Where ej—mb + ©j + 6y, is equal to the junction temperature rise per
watt above ambient,

The various components of the rise of junction temperature above
ambient are illustrated below: -

Junction temperature

S b~ 2.0 deg C/W
J-m Mounting base temperature

jol
1

0.5deg C/W*
0.2deg C/WTt

n

Heatsink temperature

Ambient temperature

*With mica insulation,

TMounted directly on to a heatsink with thin film of silicone grease
between contacting surfaces,

eh depends on the cooling conditions under which the transistor is used
i.e. dimensions, position and surface conditions of heatsink etc. An
air-cooled heatsink (7" x 7" x 1/16" blackened aluminium) will have an
approximate value of eh =2,2 deg C/W.

Mullard
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GERMANIUM. P-N-P AD149
L.F. POWER TRANSISTOR  2-ADI49

(2]

6}, can be determined for a given collector dissipation and ambient
temperature by measuring the mounting base temperature.

T -T

__mb amb _
8, = ————-——Pwt max. 6, deg C/W

The following example illustrates the temperatures which occur at various

points on the transistor at By = 8W, T, = 90°c, ©, = 2.2 degC/W.

Transistor with mica insulation
Junction temperature = 90°c
Mounting-base temperature = 90-(8 X 2,0) = 74°c
Heatsink temperature = 74-(8 X 0.5) = 70°C
Ambient temperature = 70-(8 X 2, 2) = 52,4°C

The suitability of any design can be checked by measuring with a
thermocouple the mounting base temperature of the transistor operating
at the selected collector dissipationand maximum ambient temperature .
The point defined by the mounting-base temperature and the total dis-
sipation must lie within the permissible area of operation on the curve
onpage C13. If the point lies outside this area the design is inadmissible
and the dissipation must be reduced or the heatsink improved. The
selected total dissipation should be the maximum attained by any tran-
sistor in the design being checked.

Transistors may be dip soldered at a solder temperature of 240°C for a
maximum of 10 seconds up to a point 2mm from the seal.

Care must be taken to ensure good thermal contact between the transistor
and heat sink. Burrs or thickening at the edges of the four holes must
be removed and the transistor bolted down on a plane surface.

Mullard
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GERMANIUM P-N-P AD149

L.F. POWER TRANSISTOR
2-ADI149
AD149 ] TF Eah
] @P
u Ic~ //%0
)
8 (/3}) 3 ok
: ﬂ 1T A
T - 3 b GOmA
N &N
1 \\\) SOYLA
Z =1
] - 11
Y : T0mA
2
30mA-|
20mA
A |
[ 1 | 10mA
|
|
|
100 | I5(mA) 50 0 =105 Ve (VJ]-20
AV —-50
Vegz I 7, =25°C|]
VBe
(mv)
H :
=1000 I

TYPICAL CHARACTERISTICS
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AD ’49 B3698
Ic
(A) T=25°C J
5
4 L
Ig=100mA
-
3 . 75mA
I~
A
/ 50mA
2 4
y.
y
Y.
25mA
7 /,
y.
10mA
.
00
-200 -400 600 Vpr (mV)

TYPICAL COMMON EMITTER OUTPUT CHARACTERISTICS
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GERMANIUM P-N-P AD149

.F. NSISTOR
L.F. POWER TRA STO 2-AD149
Ie AD 149 B3915
(A)
EEEEEE T
Permissible area of
40F operation. under all N
conditions of base
drive o o

T ]

For operation in this
region the circuit
must be capable of
| providing reverse
L | current bias

va

0 -20 -40 -60 VoV

MAXIMUM COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM
COLLECTOR-EMITTER VOLTAGE
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250
Vggincreases approximately |ADI49 Vog=-14V L_
1.|  05mVat Ic=30mA T, =25°C | [
€| 1-0mVatIc =100mA [TT1
(mA) " 1.5mV atlg =200mA +H+
per 1V decrease in Vo T X % JTIF
2005553 I yp _max
| I
| [
|
T
150 /
L]
I 1y
!
J |
100 mn
f
I
y iy i
S0 N !
T 17y
, vl
)
0 ~100 ~200 =300 Vg glmV)
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GERMANIUM P-N-P AD149

L.F. POWER TRANSISTOR 2-AD149
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GERMANIUM P-N-P AD149
L.F. POWER TRANSISTOR 2-AD149
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GERMANIUM P-N-P ADI149

L.F. POWER TRANSISTOR : 2-AD 149
720 T 83604]
HHH HHH A0 HFHHHH+H
heel Curve A hegat Vo g=-IV
B Large signal forward current
transfer ratio with sliding ee
100 Vec=-14V.R [ pag =4 N
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CURVE A, TYPICAL FORWARD CURRENT TRANSFER
RATIO PLOTTED AGAINST COLLECTOR

CURRENT. VCE =-1V,

CURVE B, TYPICAL LARGE SIGNAL FORWARD CURRENT
TRANSFER RATIO PLOTTED AGAINST COLLECTOR

CURRENT AT SLIDING VCE’ VCC -14V, R1 ad =49,
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ELECTRICAL CHARACTERISTICS (cont'd)

f Transition frequency

VCE=2.0V, IC=10mA 1.0 3.0 - MHz
f Common emitter cut-off

frequency

VCE=2.OV, IC=300mA 20 35 - kHz
c Collector capacitance

=5, =1 =
VCB ov, IE Ie 0,

f=450kHz - 150 - pF

For a matched pair of AD161/AD162 the maximum value of the ratio of the
static forward current transfer ratios, at IC = 500mA and VCE =1.0V, is
1.25:1 and a typical value is 1.1:1,

NOTES
2. Collector-emitter knee voltage atl =1, 0A, and at that value of IB occurring

at Icfl.lA and VCE=1.0V.

IC
(A)
M —— - — = — —

|

MoF——— I

[ |

| |

| |

| |

| |

| |

| |

| I

o 1 I

° Vee (knee) o Vee

3. VBE decreases by approximately 2, 0mV/degC with increasing temperature.
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GERMANIUM A F.
POWER TRANSISTOR ADIé6I

OPERATING NOTES

1. Dissipation and heatsink considerations:

The maximum total dissipation, Pt
given by 0

= + X i
tmalx. (VCExIC) (VBE IB), is

T, max. - T
P, max, =) _ ___amb
tot : +6, +
° Oj-mb " € " O
where Oi_mpt6; 6y is the junction temperature rise per watt
above ambient, O is the constant thermal resistance,and
O}, is the thermal resistance of the heatsink.

2, Care mustbe taken to ensure good thermal contact between the mounting
~ base andthe heatsink. Burrs or thickeningat the edges of the holes must
be removed and the transistor bolted down on a plane surface.
SOLDERING AND WIRING RECOMMENDATIONS
1. When using a soldering iron, transistors may be soldered directly into
the circuit, but heat conducted to the junction should if possible be kept

to a minimum by the use of a thermal shunt

ACCESSORIES

—32:0 nom ——* :Mica washer (562398B)

23-0 nom
T

: —= 13-Inom
L ‘lédionom

* ' 00510 0:10

. ! R N |
200 60 , ) [41dia = - .J
nom nom \ N nom ' ' ?

|

| B N

Insulating bush (56239A)
3~8-} ~—dia nom

! 2-5nom
1_1__ ;

1 Lonem
35 nom ‘ _’ 1 Jﬂ,:#

7-1 dia— nom 3 dia nom

All dimensions in mm

Mullard

AD161 Page DS



AD161

GERMANIUM A.F.
POWER TRANSISTOR
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AD161

GERMANIUM AF.
POWER TRANSISTOR

Ic AD16!1 B6976
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GERMANIUM A.F. A
POWER TRANSISTOR ADlél
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COMPLEMENTARY GERMANIUM ADI161
POWER TRANSISTORS AD162

N-P-N (AD161) and P-N-P (AD162) germanium alloy junction transistors
for use in complementary symmetry class 'B' output stages for mains
operated amplifiers and radio receivers.

For information on the individual types reference should be made to the
relevant data sheets.

QUICK REFERENCE DATA
AD161 AD162
\"% max. +32 -32 \"%
CBO See note below 20 20
CEO max. - \'%
I max. +2. -2.0
oM 2.0 2 A
P . . .
tot max 3.0 6.0 0W
Tj max. 90 90 C
= = * - -
hFE (VCE 1.0V, ‘C 500mA) 50-300 50-300
. =2.0V, =10mA)* . 1.
thyp (VCE 2.0V IC 1 ) 3.0 5 MHz
in. =2, =300mA)*
fhfe min (VCE 2.0V, IC 300mA)* >20 >10 kHz
*Polarity positive for AD161 and negative for AD162
Note: - For max. supply voltage see recommended circuit details
OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-55/SB2-5
l-— | 4'6*1qu dia
¥
. 8 9
' 4
.! LZ 3~-27
4-0-4-2

{ ‘ dia.

ollda s

All dimensions in mm

Mullard ,
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OPERATING CONDITIONS IN CLASS 'B' COMPLEMENTARY SYMMETRY
OUTPUT STAGE

(B061] -22v

—OVee

O oV
*Nominal supply voltage -22 v
Load impedance (RL) 5.0 Q
Load power 8.0 w
Total quiescent current 5.0 to 10 mA
Driver quiescent current 62 mA
Peak collector current 1.85 A
Max. mean current 550 mA

Mullard
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COMPLEMENTARY GERMANIUM AD161
POWER TRANSISTORS AD162

R L 68 Q
: 100 Q
R2
R3 (variable preset) 100 Q
R4 (N.T.C. resistor) 15 Q
0.5 Q
R5 and R6
R7 (depends on Tj max. of driver) 220 Q
R 15 Q
8
C 1 500 uF
50 F
02 u
C3 2000 uF

*Based onan absolute maximum supply voltage of 24V for this circuit. With
1.0Q emitter resistors 26.5V absolute maximum is permissible.

For a matched pair of AD161/AD162 the maximum value of the ratio of the
static forward current transfer ratios at Ic= 500mA and VCE =1.0V is
1.25:1 and a typical value is 1.1:1.

OPERATING NOTES
1. Dissipation and heatsink considerations:

- ‘it e + :
T.he maximum total dissipation, Ptot max. (VCEXIC) (VBEXIB), is
given by:

T. max. - T

P ax, =3 amb
max. + +

tot ej_ b (9i eh

where Gj -mb*6; 6y is the junction temperature rise per watt
above ambient, ei is the constant thermal resistance, and

G_h is the thermal resistance of the heatsink.

2. Care mustbetakento ensure good thermal contact between the mounting
base and the heatsink. Burrs or thickening at the edges of the holes must
be removed and the transistor bolted down on a plane surface.

SOLDERING AND WIRING RECOMMENDATIONS

1. When using a soldering iron, transistors may be soldered directly into
the circuit, but heat conducted to the junction should if possible be kept
to a minimum by the use of a thermal shunt.

Mullard
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ACCESSORIES

Mica washer (562398B)

p——32-0 nom ——»

23-0nom
13-Inom
|

¥5dianom

Insulating bush (56239A)

3-8»; ~—dia nom

2-5nom (
l_l__ ; { 1-Onom
3Snom ___ . m_j
741 dia -nom 3 lVdio nom
All dimensions in mm [B3072

Mullard
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GERMANIUM A.F.
POWER TRANSISTOR AD162

Germanium p-n-p alloy junction transistor, with type AD161 it forms a
symmetrical complementary pair for use in mains driven output stages for
amplifiers and radio receivers.

QUICK REFERENCE DATA
—VCBO max, (IE =0) 32 A%
—VCEO max. (IB=0) 20 A4
_ICM max. S 3.0 A
. = 6.0
Ptot max (Tmb 63 C) OW
Tj max. (operating) 90 C
- =1. -1 =50 -32
hFE ( VCE 1.0V, IC OmA) 80-320
. (- =2. -1 _ =10 1.5
fT typ. ( VCE ov, IC mA) MHz
. (= =2, -1 =3 15
fhfe typ. ( VCE ov, c 00mA) kHz J

OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO-55/SB2-5

fe——31-4 mox——w
e—22.8 -23.2
—» 13Ityp [-——I4~6—-|mcx dia
*
/ 89
{ ] max

190 60 Y N 218 /‘[\ [41' : L .4
max typ a _ N\ r L2.3—2.7
~ y 9.0°10.5 N 40-4.2
l dia
¢ O_j »
b I dia typ

All dimensions in mm

E T Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
-VCBO max. (IE=0) 32 v
—VCEO max. (IB=0, see page C1) 20 v
_VCEX max. ‘VBE =0.6V, see page Cl) 32 \'A
-VEBO max. (IC=0) 10 v
*x_]

1 C(AV) max, 1.0 A
-I cM max. 3.0 A
-IB max. 0.1 A
*

IE Av) max, 1.1 A

IEM max, . 3.1 A

=

Ptot max. (Tmb 63°C) 6.0 w

see curve on page C2
*Maximum averaging time = 50ms.
Temperature
T_. min, -65 °c
stg o
T max. 90 (o}
stg o
Tj max. (operating) 90 C
T, max, (see note 1) 100 °c

THERMAL CHARACTERISTICS

. W
ej—mb 4.5 degC/
8, with mica washer 1.5 degC/W
without mica washer 0.5 degC/W
NOTE
1. Operation up to T, = 100°C is permissible during short term overload
conditions.

Mullard
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GERMANIUM A F.
POWER TRANSISTOR ADI 62

ELECTRICAL CHARACTERISTICS (’I‘j =25°C unless otherwise stated)
Min. Typ. Max.

-I CBO Elvollec:;:] sutl-ofi (():urrent ) o 20 A
CB ' E ‘
—VCB=20V, IE=0 - - 40 HA
-VCB=32V, IE=0 . - 15 200 HA
“Vop=32V, I =0, Tj=90 c - - 2.0 mA
T GRS o s m
CE " YBE UV :
_IEB o f::,nittirlgzt—c;ﬁ :grrent ) s 200 A
EB 'C o
—VEB=10V, IC=0, Tj=90 (o] - - 2,0 mA
_VEB(ﬂ) f‘\lloatir:%;\et,‘er’;‘t,iilfiooc - - 400 mV
CB j
“VcEgaee) iﬁfft%l;e 1:;: iitl:l;e voliage - - 400 mv
-VBE Base-emitter voltage (see note 3)
~VCE=10V, -IC=5.0mA 115 - 145 mV
-VCE=1.0V, -IC=50mA - - 300 mV
—VCE=1.OV, -IC=500mA - - 550 mV
—VCE=1.0V, —IC=2.OA - - 850 mV
-IB 1_3359 C=u11' (;.\(;ntl =5, 0mA - - 82 pA
CB 'E T
VCB=0, IE=50mA 0.16 - 0.67 mA
VCB=0, IE=500m.A 1.56 - 6.2 mA
VCB=0, IE=2. 0A - - 33 mA
hFE Static forwa?d current
transfer ratio
-VCE=10V, —IC=5.0mA 60 - -
-VCE=1.OV, -IC=5OmA 74 - 300
—VCE=1.0V, —Ic‘=500mA 80 150 320
-VCE=1.0V, -IC=2.0A 60 - -

Mullard

AD162 Page D3




ELECTRICAL CHARACTERISTICS (cont'd)

Min, Typ. Max.

fT Transition frequency

= =2.0V, -I_=1 . . -

VCE ov IC OmA 1.0 1.5 MHz

f Common emitter cut-off
hfe

frequency

-V __.=2.0V, -1 =300mA 8.0 15 - kHz

CE C

Collector capacitance

—VCB=5. ov, IE =Ie =0,

f=450kHz - 115 - pF

ctc

For a matched pair of AD161/AD162 the maximum value of the ratio of the

static forward current transfer ratios, at -I ,=500mA and -V ___ =1,0V, is
. . C CE

1.25:1 and a typical value is 1.1:1.

For a matched pair of 2-AD162 the maximum value of the ratio of the static
forward current transfer ratios, at -1 _=50 and 500mA and -VCE =1.0V, is
1.25:1 and a typical value is 1.1:1,

NOTES
2, Collector-emitter knee voltage at -1 ,=1. 0A, and at thatvalue of IB occurring

-1 =1, - =1.0V.
at IC 1.1A and VCE ov

(A)

M  — —— _

10k~——

Ob————— - — —

-

~VCE (knee) v -Vce

3. VBE decreases by approximately 2. 0mV/degC with increasingtemperature.

Mullard
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GERMANIUM A.F. :
POWER TRANSISTOR , AD162

OPERATING NOTES
1. Dissipation and heatsink considerations:
. o s = +
TI‘heAmaxxmum total dissipation, Ptot max (VCE xIC) (VBE xIB),
is given by:

T.max. - T

P max. = . amo b
* + +
tot 6], —mb ei Oh

where ej_mb +6; + eh is the junctiontemperaturerise per watt

above ambient, Giis the contact thermal resistance, and
6, is the thermal resistance of the heatsink.-

2, Care mustbe taken to cnsure good thermal contact between the mounting
base and the heatsink. Burrsor thickening at the edges of the holes must
be removed and the transistor bolted down on a plane surface.

SOLDERING AND WIRING RECOMMENDATIONS

1. When using a soldering iron, transistors may be soldered directly into

the circuit, but heat conducted to the junction should if possible be kept

to a minimum by the use of a thermal shunt.

ACCESSORIES

fe———32-0 nom ——= Mica washer (56239B)
23:0 nom
(-‘ 13:Inom
jl{)dionom
‘—l 0-05to0 010
200 60 1di i } J

nom nom \ N - om L “7

Insulating bush (56239A)
3-87 ~—dia nom

ﬂg i

nom 31 dia nom

All dimensions in mm

Mullard
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GERMANIUM A.F.
POWER TRANSISTOR AD162
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AD162

GERMANIUM A.F.
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-Ie AD162 56984
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GERMANIUM A.F.
POWER TRANSISTOR ADI162
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GERMANIUM A.F.
POWER TRANSISTOR ADIé62
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hee AD162 B6988
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GERMANIUM A.F.
POWER TRANSISTOR ADI62
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SILICON N-P-N PLANAR BC107
EPITAXIAL TRANSISTORS BC108

BC109

Also available to BS9365—F112

N-P-N silicon planar epitaxial transistors in TO -18 encapsulation.

The BC107 is primarily intended for use inaudiodriver stages and television signal
processing circuits.

The BC108 is a general purpose 1.f. transistor.

The BC109 is primarily intended for low noise audio input stages.

QUICK REFERENCE DATA
BC107 BC108 BC109

VC Smax. 50 30 30 \Y%
VC Omax. 45 20 20 \Y
ICM max. . 200 200 200 mA
P ot max. (T mb _<_25 C) 300 300 300 mW
TJ max, 175 175 175 °c
h (I.=2mA, V =5V, f=1kHz) min., 125 125 240
fe °C CE max. 500 900 900
fT (IC =10mA, VCE =5V, f=35MHz) typ. 300 300 300 MHz
N (IC=200uA, VCE=SV, RS=2kQ)
f=30Hz to 15kHz typ. - - 1.4 dB
max. - - 4.0 dB
f=1kHz, B=200Hz typ. 2.0 2.0 1.2 dB
max. 10 10 4.0 dB
OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-12A/SB3-6A
J.E.D.E.C. TO-18
0.48
max
f ————j—t—
L8 e | ——

5.3 H
m‘"—-d-——ll.'l min ——ad

All dimensions in mm D3648

Collector connected to case
Accessories available: 56246, 56263

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

max.

VCBO

v CES max.
\%

\Y%

CEO max.

EBO max,

XC max.

ICM max.

_IEM max.

KBM max.

< 950,
Ptot max. (’I‘amb <25°C)
Temperature

Tstg range

Tj max.

THERMAL CHARACTERISTICS

BC107

50
50
45

6.

100
200
200
200
300

0

BC108
30
30
20

5.0

100

200

200

200

300

-65 to +175
175

0.5
0.2

Typ.

Rth(j-amb)
R, .
th(j-case)
ELECTRICAL CHARACTERISTICS (TJ.=25°C unless otherwise stated)
Min.
I Collector cut-off current
CBO o
= =0, T.= -
VCB 20V, IE 0, i 150°C
VBE Base-emitter voltage
550

IC=2.0mA, VCE=5.0V

IC=10mA, VCE=5.0V -

=5.0mA -

vCE(sat) Collector -emitter saturation
voltage
IC=lOmA, IB=0.5mA -
1 ol 100mA, IB

vBE(sat) Base-emitter saturation

voltage

C

1.=10mA, IB=0.5mA -

[C=100nLA, IB=5.OmA -

620

90
200

700
900

BC109

30
30
20
5.0
100
200
200
200
300

Max.

15

700
7170

250
600

< < < <

mA
mA
mA
mA
mW

0C/mw
oC/mw

UA

mV
mV

mV
mV

mV
mV

Mullard
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SILICON N-P-N PLANAR BC107

EPITAXIAL TRANSISTORS BC108
- BC109
ELECTRICAL CHARACTERISTICS (contd.) Min. Typ. Max.
VCEK Collector knee voltage
IC =10mA, IB=the value for which
IczllmA a[VCE=1.0V - 300 600 mV
IC
(mA) I
11 p—-~ == T
10 |-~ !
! .
I
! ‘
| |
| 1
] !
; !
i i
A n
VCEK ! Vee™)
hFE Static forward current transfer ratio
IC=2. OmA, VCE=5.0V BC107 110 - 450
BC108 110 - 300
BC109 200 - 800
hfe Small signal forward current
transfer ratio
1.=2.0mA, V__=5.0V, f=1.0kHz
c CE BC107 125 - 500
BC108 125 - 900
BC109 240 - 900
f’I‘ Transition frequency
IC=lOmA, VCE=5.0V, f=35MHz - 300 - MHz
CTc Collector capacitance
IE=Ie=O’ VCB=10V, f=1.0MHz - 2.5 4.5 pF
C’I‘e Emitter capacitance
IC=IC=0, VEB=O.5V, f=1.0MHz - 9.0 - pF
N Noise figure
IC =0.2mA, VCE =5.0vV, RS =2.0kQ
f=30Hz to 15kHz BC109 - 1.4 4.0 dB
f=1.0kHz, B=200Hz BC107/108 - 2.0 10 dB
BC109 - 1.2 4.0 dB

Mullard
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ELECTRICAL CHARACTERISTICS (contd. ) .
The following supplementary gain groups are available on request: -

~ BC107A  BC107B
BC108A BC108B  BC108C
BC109B  BC109C

h Static forward current
FE .

transfer ratio

1.=10pA, V_,_=5.0V min. - 40 100

¢ CE typ. 90 150 270

IC=2. OmA, VCE=S.OV min. 110 200 420
typ. 180 290 520
max. 220 450 800

h parameters
I1.,=2.0mA, V_,_=5.0V, f=1.0kHz

C CE
hie Input impedance min. 1.6 3.2 6.0 kQ
typ. 2.7 4.5 8.7 kQ
max, 4.5 8.5 15 kQ
h Voltage feedback ratio typ. 1.5 2.0 3.0 x107*
hfe Small signal current gain min, 125 240 450
typ. 220 330 600
max. 260 500 900
e Output admittance typ. 18 30 60 wA/vV
max. 30 60 110 pA/V
1 M - D3780
transient thermal impedance from junction to ambient versus
Zth(j- pulse durationf nan i
(°CIW) 1 i
10° m
[ d=108 it
L [ los 11 o
i -
102 b2 T i
- 15. il a8 Hi
- i
L { |
ol [
65" AT ™
10 _E_ N .
S JUIL
ol t d=t
mman T
T
1
0€ 105 1% 103 102 10 0 102 t(s) 10°

Mullard
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SILICON N-P-N PLANAR BC107

EPITAXIAL TRANSISTORS BC108
D3655 6 D3659
BT = Tj=25°C | %
Ic Typical curves[ [ I ] Typical curves[[ }
(mA) (mA) 11588
T
L
25uA
100HH T oo » 4 / )
S %:0 % T &8
A T RN
BEX-94 10uA
4 '
i i
T .5“
A = '}_C;OP - T
50 2 +—
SuA
1
YO0 uA] H
0 l i
0 2 Vg 4 0 05 VegW) 1
6 D3654 102 ¥ P
— T T
Tj .-250C i Tés'om“ Ic
IC Typical curves NgeZ (mA) L
! = -S[ | ] L1
(mA) = &1 |
1 10
4 s4q ]
¥ in /
630mV] ! ;
1
in 111
620mV U
2 T {
610mV] 107
Y~ 1 [ [ S
?o;olm'v ‘T’cs=5V
1= o
5851"ny j=25°C
o it}
% 5 Vg W 1 400 600 800 Vedm™V)1000
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03776

2 ry
10 Base current versus BC107A
Ic collector current BC108A

Veg=5V I Q
(mA)|YCE - )
Tj=25°C m- s: N7
1<
10
; 7
— Y7
1 4
[ b
7.8
107 4
102 -2 -1 2 3
10 10 10 10 10° 1g (pA) 104
102 03778
Base current versus 3BC1078
Ic |collector current = BC108B
(mA)| YCE =5V AR H B(ClOQB
Tj=25°C [T NS S
10 . AUl xS
i i P - A
F—— +—¢ d f
Y/
1 T2
——11 7
— t—
L] Y/
L 4
107 A L4
H
1072 —2 —1 2 3 A
10 10 1 10 10 10° 1g{uA) 10

Mullard

BC107-Page 6



SILICON N-P-N PLANAR BC107

EPITAXIAL TRANSISTORS BC108
102 D3777
Base current versus T+ BC108 C
Ic collector current Wi S HH C108C
(mAi ¥C E2=55°Vc »Fr 1] N%Q
] = ¢ Y
10 L » //i‘g
b H 4~ T
— ;‘r 7 ——+ -
4
v
1 v
. /’ =
74
4
/A7
107 Z =
10, L-2 -1 2 3 4
10 10 1 10 10 10° Ig (MA)10
D3775
Vog=5V
800 Tj =25°C
typical curves
hre
{ BC108CH
600 BC109CH
400 BC107BH
, BC108Bf
BC109BH
= — A
BC107AH
200 BC108AH
0= -1 2
10 10 1 10 Ic(mA) 10
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03372

4
o VeE 5V
Ig T
(nA) typical curves
>
10°
Lc=2100mA|
10
0OmA
T
»
10 2mA
RO
|
C.'IIT;A |
i
\
107! Ly ’
- 0.0TmA
!
i
1072 1]
-50 0 50 100 Tj(°C)150
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SILICON N-P-N PLANAR

BC107

EPITAXIAL TRANSISTORS BC108
D3660
800 Veg=5V
fr Ty =25°C
(MHz2) + =35MHz
400
— typ
7
200
/,
P
L~
]
0
01 1 10 Ic (mA) 100
D3656 D3657
Ig=1e=0 Ic=1.=0
f =1MHz f =1MHz
8 Tj =25°C 20 Tj = 25°C
Cre Cre
(pF) (pF)
6 15
A 10
2 Ly 5 ty
0 00
o 10 20 Vog(V) 30 2 4 Vgg(V) 6
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03785

VeE(sat) I
Imv) |
k.o
Ig
T = 25°C
200 typ
LA
Z
A
100
0
0 ° AT ! * 7 00 : Ic ImA)
D3653
Ty ]
1 IBRP\7.4
9 R\ Y.an
200 -\d’\ >
VCE(sat) Paa
(mV) /
150 4
o
T3]
100 AV
50 Tc/Ig=20 |
typical curves
0 I
=50 0 50 Tj (°C) 100
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SILICON N-P-N PLANAR BC107
EPITAXIAL TRANSISTORS

102 i D3782
typical curves
Ic Vce=0.5 to 10V
(ma) f =1kHz |
il B = 200Hz]]
i T =25°C
10ftr Nl -
y 4 “
]
V4 AN _
" ™~ . N
N
1 /’ T Nh& N \‘
BN \C \ 4[ ,,~ mERN
| Y N&
10" e N NN
—N:k - ‘3%, E“"i: aan
> 8 -
\ T jue f‘%, OI b, "7J7
N\ T Ne NN T 11
o2l NN L N L1
107" 1 10 10? 103 10* Rg (k) 10°
102 D3763
_typicol curves BCT
Ic \I'CE=?.°5kt0 0V
\ = Hz
(mA) B =200Hz
o0 [ =25°C l
N
AN N
T I\ \
1 / NN TN N
AN \ 2
NEA NI \ ]
N N
3 T\
10" ‘ N5 Yoo )
\O&\
AVIAY
10—2 \\ \ ‘\
10 1 10 102 103 104 Rg (k) 10°

TYPICAL CURVES OF CONSTANT NOISE FIGURE
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D3781

N VCE=5V
(aB) Rg =2k
B =200H:
Tj =25°C
4
2
0
0l 1 10 f (kHz) 100
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SILICON N-P-N PLANAR BC107

EPITAXIAL TRANSISTORS BC108
10° . 031271
1 {BE198¢ Lok
hi i
(k.:.) 2 {gg}g'ég typical curves HT
BC109B
1 BC 107 A
2 3{BE1%7A
10 4
N
A\
N N3
1S,
B
II, N
Vee=5V N
NN
‘
1
072 107! 1 0 Icma 107
1000 Tj 2259C ] 03779
¥ =1kHz
hfe typical curves VCE"W
SRR e B
////"
500 ~ o ]
400 ’ Zd 10V i
// et}
300 acioec 1A T 5V
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L/F: 10V
BC107B 2 —
BC1088 (A mns =V
200 BC1098 e HH
—‘//
BC107A 1 ==FT]
BC108A
100 J
0 107! 1 Ic mMA) 10
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103 D3773

BC108 C o
h 1{Bcwgc Tj=25°é
re
BC107 B . et
(107%) 2 { BC108 B ypical curves
BC109 B
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102 3{ BLI9TA
1
2
3N
N
10 N 4 VCE=5V
N
N
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\ ——
1 _ 2
10 10 1 10 Ic (mA) 10
? 03774
° VCE =5 to 10V
h f =1kHz a0
> Tj=25°C C108C
(A/v) typical curves [T~ BC ?9(12
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N-P-N SILICON PLANAR BC147
EPITAXIAL TRANSISTORS BC148

BC149

N-P-N silicon planar epitaxial transistors in plastic encapsulation with three rigid
self-locking strips suitable for insertion in printed circuit boards using standard
grids.

The BC147 is primarily intended for use in audio driver stages and television signal
processing circuits.

The BC148 is a general purpose 1.f. transistor.

The BC149 is primarily intended for low noise audio input stages.

QUICK REFERENCE DATA
BC147 BC148 BC149

VC gg™ax- 50 30 30

VC pomax- 45 20 20 \Y%
ICMmax. 200 200 200 mA
Ptotmax. (TambSZSOC) 350 350 350 mWwW
T; max. 125 125 125 oc

]
hfe (IC =2mA, VCE=5V' f=1kHz) min. 125 125 240
max. 500 900 900

T (IC =10mA, Vo =5V, f=35MHz) typ. 300 300 300 MHz
N (Ig =200pA, Veg =5V, RS =2kQ)

f=30Hz to 15kHz typ. - - 1.4 dB
max. - - 4.0 dB
f=1kHz, B=200Hz max. 10 10 4.0 dB

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS

For details see page 5.

Front View
Scale 3:1

[

N.B. Devices in this Data Sheet should be ordered by the type number followed by
Reference 0220.

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

max.

CBO

\Y
VCES max.
VCEO max.
\Y%

EBO max.

IC max.

ICM max.

_IEM ‘max.

IBM max.

0
P max. (Tamb = ZS,C)

tot
Temperature
T range

stg
Tj max.

BC147

50
50
45

6.0

100
200
200
200

THERMAL CHARACTERISTICS

350

BC148 BC149
30 30
30 30
20 20

5.0 5.0

100 100

200 200

200 200

200 200

350 350

-65 to +125
125
0.275

Rth(j -amb)
ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise stated)
Min.
s
CB BT Y
‘ VCB =20V, IE =0 -
: VBE *Base-emitter voltage
[ IC=2.0m.A, VCE=5.0V 550
IC=10mA,VCE=5.UV -
VCE(sat) S;)lltl;gc;or-emitter saturation
IC=10mA, IB=0.5mA -
IC=100mA, IB:S.OmA -
vBE(sat) tBase-emitter saturation voltage

IC=10mA, IB=0. SmA

IC:IOOm.A, IB=5.Om.A

Typ. Max.
- 5.0
0.01 0.6

620 700
- 770

90 250

200 600

700 -

900 -

*V . decreases by about 2mV/OC with increasing temperature.

BE

JrVBE(S&I[)

Mullard

decreases by about 1. 7mv/°C with increasing temperature.

22888 L.

a Q

0C/mW

5B

mV
mV

mV
mV

mV
mV
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BC147
BC148
BC149

ELECTRICAL CHARACTERISTICS (contd.) Min. Typ. Max.
VCEK Collector knee voltage (see Fig. 1)
IC =10mA, IB =the value for which
IC=llmA atVCE=l.OV - 300 600 mV
Ic D5607
(mA) Ig
Nrr———=—= T
10— |
| |
| |
! %
! |
' |
' |
! I
| |
Veek 1 Vce (V)
Fig.1
hFE Static forward current transfer ratio
IC=2.0mA, VCE=5.OV BC147 110 - 450
BC148 110 - 800
BC149 200 - 800
hfe Small signal forward current
transfer ratio
[.=2.0mA, V__=5.0V, f=1,0kHz
¢ CE BC147 125 - 500
BC148 125 - 900
BC149 240 - 900
f’I‘ Transition frequency
IC=10mA‘ VCE=5.0\1, f=35MHz - 300 - MHz
CTc Collector capacitance
IE=Ie=0, VCB=10V, f=1.0MHz - 2.5 4.5 pF
CTe Emitter capacitance
IC=IC=O, VEB=0.5V, f=1.0MHz = 9.0 - pF
N Noise figure
IC =0.2mA, VCE=5.0V, RS =2.0kQ
f=30Hz to 15kHz BC149 - 1.4 4.0 dB
f=1,0kHz, B=200Hz BC147/148 - 2.0 10 dB
BC149 - 1.2 4.0 dB

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)

The following supplementary gain groups are available on request: -

BC147A
BC148A

h Static forward current
FE .
transfer ratio
Ic =10pA, VCE =5.0V

IC=2.OmA, VCE=5.0V

h parameters

IC=2.0mA, VCE=5.0V, f=1.0kHz

hie Input impedance
hre Voltage feedback ratio
hfe Small signal current gain
Output admittance
oe

min.
typ.
min.

typ.
max.

min,
typ.
max.
typ.
min.
typ.
max.

typ.
max.

Mullard

90

110
180
220

—

220
260

18
30

-lk'IQ»-
v o

BC147B
BC148B
BC149B

40
150

200
290
450

o wr .yt N

240
330
500

30
60

BC148C
BC149C

100
270

420
520
800

15 ko
3.0 x107%

450
600
900

60 HA/V
110 HA/V

BC147-Page 4




N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BC147
BC148
BC149

[
Er OUTLINE AND DIMENSIONS
35 D5545
0.9 1.75
A -
" .
05—m1| 0.4 1 2 T
115 1 az 3,73 45
nl:Fm ul:tan_i 2.5
0-75 J 1 4 J,
e 095 ' !
18 7.5
Connections T
07 1. Emitter 5
. 2, Base | . , l
‘L 3. Collector ] t i 1*210 4
¥ rad 0-3%
+lfe-0.2 (3%) 12547 28 T 12
185 le— All dimensions in mm 1-8 (3x)

Mounting details

a=2,49t0 2.5
b=5.03to5.1

9mm

3mm

D5546

27 2L

77 7z

See also General Explanatory Notes Section IV,

Maximum thickness of
printed board = 1. 7mm

Recommended hole
diameter = 1.0 to 1. lmm
(1.0 to 1.3mm allowable)

Maximum thickness of
printed board = 1. lmm

Hole diameter = 0, 77 to 0. 83mm

Mullard
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D5549

6 HHBC147 to BC14g
T
Ie [ Ti=25"CH
(mA) 1g=15pA
4 1 —— 12.5A H
I ]
[
l [t IO)JA'—“*
1
Y [
| 7.50A
] 1
2 1
- SpA H
T
[T
2.5uA
0 [
0 05  VeelV) 1
D5551
6 BC147 to BC149
r_ssom\l
Nge® =~ =t
Ie [HT=25°C e
(mA) =1
4OmV
-
630mV
G?Omv
2 11
610mV
=
600mV
[T
585mV
560mV
0 [ 1]
0 5 VcelV) 10
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15007 HHBeT o Bes HHH
[
1o Fri=2see
(mA) @}‘?
ST
2N o
100 Sy
/ S00pA
4 7’ B
‘f
4
p o
L
/ 4~ 3000A
17
yARRED T
50 = 200pA H
4 11
[ ]
100pA
== T1
/a SOpA
[T
0 11
0 2 VeelV) 4
D5552
Ic HBC147 to BCI49
(mA) TITTTTT
Ve = 5V
Tj = 25°C
102
/ y
c X /
< Q o
10 gyl | 'F1| €4
n
L
I
1 /
li
107 i 4
400 600 800  Vge(mV)
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N-P-N SILICON PLANAR BC147
EPITAXIAL TRANSISTORS

102 D5553
Base current versus BC147A
Ic collector current BC148A
(mA) Vcg=5V ;C\Q
Tj=25°C SV
NAY (o4
10 Y 4 é\
/ Lé
;/‘/
Y 7
1
77
P4
7z
" 4
107! 4
102 -2 ~1 2 3 4
10 10 ) 10 10 10" Ig (nA) 10
102 D5554
Base current versus BC1478B
Ic |collector current BC148B
(mA) ¥-CE2=§°\é 'C“l i BC1498B!
i= ST
" SIS
;,
N7
v
1 vl
W/
Ay
107" £ i/
1072 —2 -1 2 3 &
10 10 1 10 10 10° Ig (uA) 10
Mullard
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05555

2 — .
10 Base current versusfif —t -+t : BC148C
Ic collector current HY - H ! C149C
(ma) VCE =5V bt -4 @Q -

Tj =25°C mt- R /J/'\' T
| V25
10 e H — ALE
. BB FHHHE u
AL
w4 S
b 1’11’% = 1
1 7T 1]
BEgs Al g
8 R R S i
1 VWFifbim € g T.’“:E, HE-
ISR % T T T
r. ; . % I,H.NIK 1 il _ﬁ i JREIN
L 0 AR A O
1072 107! 1 10 10? 10° 1g (uA) 104
B
D5556
Veg=5V
CE
h typical curves
- bre
BC148CQ
600 BC149CH
400 BC147BH
—1J BC148BH
BC149BH
—t— — 1+
— BC147AH
200 H BC14B8AH
0 ]
1072 10 1 10 Ic(mA) 102
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N-P-N SILICON PLANAR BC147
EPITAXIAL TRANSISTORS BC148

BC149

D5557
600 Vee=5V BC147 to BC149
T,225°C.
¢ f=35MHz
T
(MHz)
400
typ
v
200 —
/’
—
7
o 2 s 7 2 5 7 2 S 7
01 1 10 Ic (mAY 7 100
05558 D5559
1000 [BC147 1c/15=20 scn? to B S A e
o ke T,=25°C EESENE SERERY) Ve
[|BCIL j O LHReAT S
Ie 200 P AT
S ‘t' .
(mA) I 1 ] A
2 Vee (san) T P4
(mv) /]
typ v 4
100 50 v A
7 [ 11 Yy
A -
[
o
A 0L
= T
2 } 105
100 2
/ Z
10 ;
7 -
5 ’I 1
0 & 1c/1g=20
2 :ﬁ’* TTTTT
| . i T
0 100 200 300 ok , I
VeE (san) (mV) -50 0 S0 Tty 100
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D5560
Ts \EF BC147 to BC149
(pA) T T T 11

2

10°
=
st Ic=100mA
2

10°
= 20mA
s AL
o

10 =
= 2mA
5
2

, N
=
H 0.1mA
? N

10"
7 0.01mA
o

10°
-50 50 100 Tj(°C)
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N-P-N SILICON PLANAR BC147

EPITAXIAL TRANSISTORS BC148
D5561 D5562
le=1,=0 BC147 to BCI4Y Ice1.=0 ] scute Bes
1 ooee 26 A
8 20 B H
Cre Cre
(pF) (pF)
6 15
. 10
2 e 5 .
0 [ 0 f it !
0 10 20 VelV) 30 0 2 L VeglV) 6
6 DS563
Ic =0.2mA BC149
(dB) Rg =2kd)
B =200HZ
T =25°C
AR
2
— typ
0
0. 1 10 f (kH2) 100

Mullard

BC147-Page 11



DSS64

0, BC149
Ic
Vce=0.5t0 10V
(mA) Pa . had kon o1
/' N N B=200Hz
1 Tj =25°C
7 N
SN
3 N
V.
. / TN
poee q
10" \, r \\ ™ N
3 N=10dB
7 X \\
5
AV
\ \ N\, N 648
: \ N f
132 \ N N N \\ N 3d8
! =0 i
N N 1.75dB
. 10d8[ [N N N
N
10° H L N \ L
107 1 10 102 10? 104 Rg (k)
- D5565
10 ] BC19 V=05 to 10V]
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS
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P-N-P SILICON PLANAR BC157
EPITAXIAL TRANSISTORS BC158

BC159

P-N-P silicon planar epitaxial transistors in plastic encapsulation with three rigid
self-locking strips suitable for insertion in printed circuit boards using standard
grids.

The BC157 is primarily intended for use inaudio driver stages and television signal
processing circuits.

The BC158 is a general purpose 1.f. transistor.

The BC159 is primarily intended for low noise audio input stages.

QUICK REFERENCE DATA
BC157 BC158 BC159

Vopy Max. Vo, =1V) 50 30 25
_VCEO max. 45 25 20 \Y%
-ICM max, 200 200 200 mA
Py max. (T, =25°C) 350 350 350 mw
T max. 125 125 125 °c
hte (-Ig =2mA, -Vop =SV, f = 1kHz) min. 75 75 125

max. 260 500 500

fr typ. (-Ic = 10mA, -V =5V, f =35MHz) 150 150 150 MHz

CE
N (-1 = 200pA, -VCE =5V, RS = 2kQ)
f = 30Hz to 15kHz typ. - - 1.2 dB
max. - - 4.0 dB
f = 1kHz, B = 200Hz max. 10 10 4.0 dB

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS

For details see page 5

Front View
Scale 3:1

S

N.B. Devices in this Data Sheet should be ordered by the type number followed by
Reference 0220,

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BC157 BC158 BC159
-VCBO max. 50 30 25 v
_VCEX max. (+VBE =1V) 50 30 25 \Y%
- 4
VCEO max 5 25 20 \
_VEBO max. 5.0 5.0 5.0 \Y%
—IC max. 100 100 100 mA
—ICM max. 200 200 200 mA
IEM max. 200 200 200 mA
_IBM max. 200 200 200 mA
Ptot max. (Tamp =25°C) 350 350 350 mW
Temperature
Tgyg Tange -65 to +125 oc
Tj max. 125 oC
THERMAL CHARACTERISTICS
R (j-amb) 0.275 Oc/mw
ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise stated)
Min. Typ. Max.
-ICBO Collector cut-off current
IE =0, —VCB=20V - 2.0 100 nA
= R - = O _ -
IE =0, VCB 20V, Tj 125°C 5.0 A
-VBE *Base -emitter voltage
—Ic =2mA, -VCE =5V 600 650 750 mV
-V Collector -emitter saturation voltage
CE (sat) I, = 10mA, I, = 0.5mA - 75 300 mv
-IC =100mA, —IB = SmA - 250 - mV
-V Base-emitter saturation voltage
BE (sat) I, = 10mA, Iy = 0.5mA - 700 - mv
—IC =100mA, —IB = SmA - 850 - mV

* Vg decreases by about 2mV/°C with increasing temperature

Mullard
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P-N-P SILICON PLANAR BC157
EPITAXIAL TRANSISTORS BC158

BC159

ELECTRICAL CHARACTERISTICS (cont'd)

Min. Typ. Max.
-VCEK Collector knee voltage (see Fig.1)
-1, =10mA, -I_ =the value for
C B
which -IC = 11mA at —VCE =1V - 250 600 mV
-1, us13
(mA) -1g
Nb-——= ,
10— |
! I
| |
| |
|
. I
| I
| l
~Veek 1 -Vee (V)
Fig. 1
h Static forward current
FE .
transfer ratio
-1, =2mA, -V =5V BC157 - 140 -
¢ CE BC158 - 210 -
BC159 - 230 -
h¢o Small signal forward current
transfer ratio
-IC =2mA, _VCE =5V,
f = 1kHz BC157 75 - 260
BC158 75 - 500
BC159 125 - 500
fT Transition frequency
—IC = 10mA, 'VCE =5V,
f = 35MHz - 150 - MHz
CTC Collector capacitance
I = Ie =0, -VCB =10V,
f = IMHz - 4.5 - PF
N Noise figure
-IC = 200pA, -Veg =5V, RS = 2kQ
f = 30Hz to 15kHz BC159 - 1.2 4.0 dB
f = 1kHz, B = 200Hz BC157,158 - - 10 dB
BC159 - 1.0 4.0 dB

Mullard
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ELECTRICAL CHARACTERISTICS (cont'd)

The following supplementary gain groups are available on request:

BC157 BC158A

BC159A
hFE Static forward current transfer ratio
-IC =2mA, 'VCE =5V typ. 140 180
hfe Small signal forward current
transfer ratio
-IC =2mA, 'VCE =5V, min. 75 125
f = 1kHz max. 260 260

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BC157
BC158
BC159

— 1+ ~
OUTLINE AND DIMENSIONS
35 DS5545
. : 175
0.5+ 0 l 2’ T
115 1 3, 7% 45
oxtm o] ¥ 25
0-75 j ﬁ ; T l
y }
0.95
1.8 7.5
Connections T
1, Emitter 5
0.7 2, Base . l
| 3. Collector ] . i 1i210.4
R T l
0.2 (3x) 19035254 T 25 T ] 127 '
185 All dimensions in mm 18 (3x)

Mounting details

N
S 4
Q
_@___L
a =2,49 to 2,59mm
b =5.03 to 5. 13mm

ZZ 4277

DS546 77 L7

Maximum thickness of
printed board = 1, 7mm

Recommended hole
diameter = 1,0 to 1. Imm
(1.0 to 1. 3mm allowable)

Maximum thickness of
printed board = 1. Imm

Hole diameter = 0. 77 to 0. 83mm

See also General Explanatory Notes Section IV,

Mullard
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P-N-P SILICON PLANAR BC157
EPITAXIAL TRANSISTORS BC158

BC159
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~VeessV [ BCIS7 f=IMHz 1 gCis7
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BC157
BC158
BC159
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P-N-P SILICON PLANAR BC327
EPITAXIAL TRANSISTORS BC328

P-N-P silicon planar epitaxial transistors in plastic envelopes, primarily intended
for use in driver and output stages of audio amplifiers.
The BC327, BC328 are complementary to the BC337 and BC338 respectively.

QUICK REFERENCE DATA.
BC327 BC328

—VCES max. 50 30 \'
Y% CEO max. 45 25 \"
-ICM max. . 1000 mA

P,  max. (T <45 C) 625 mw

tot case - °

Tj max. 150 (o}

fT typ. (-IC=10mA, —VCE=5V, f=35MHz) 100 MHz
Unless otherwise stated data are applicable to both types
OUTLINE AND DIMENSIONS
Similar to TO-92
I J—i 0.?5

max

. < T

T —H max
L8 = L ¥
oy 256 ) 0.65 Q —— g

J

Dimensions within 2.5 m01>l L_ All dimensions in mm
are uncontrolled D745

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BC327 BC328
-VCES max. (VBE:O) 50 30
E . (-1,= A) 4
VCEO max. ( IC 10mA) 5 25
-Vppo Max- 5.0 v
—Ic max. 500 mA
—ICM max. 1000 mA
. 0
IEM max 100 mA
—IB max. 100 mA
—IBM max. . 200 mA
tot max. Tamb = 25OC 500 mw
*T <25 C 625 mw
amb- °
T <45 C 625 mwW
case-
Temperature
T -65 to +150 °
stg o
Tj max. 150
THERMAL CHARACTERISTICS
o
e . 0.
Rth(j—amb) in free air 25 oC/mW
*
Rth(j—amb) 0.20 0C/mW
Rth(j—case) 0.17 C/mwW

*The transistor mounted on a printed circuit board, max. lead length 3mm, mounting
pad for collector lead min. 10 x 10mm.

ELECTRICAL CHARACTERISTICS (Tj =25°C unless otherwise stated)
Min. Typ. Max.

-1 Collector cut-off current
CBO _ N _
IE 0, —VCB 20V s 100 nA
IE:O, —VCB:ZOV, Tj:150 C - - 5.0 HA
-1 Emitter cut-off current
EBO
-0, - = - - A
IC 0, VEB 5V 10 n

M<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>