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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -

Part 7: Bipolar transistors

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The IEC collaborates closely with the International
Organization for Standardization (ISO) in accordance with conditions determined by agreement between the
two organizations.

2) The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.

3) The documents produced have the form of recommendations for international use and are published in the form
of standards, technical specifications, technical reports or guides and they are accepted by the National
Committees in that sense.

4) In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60747-7 has been prepared by subcommittee 47E: Discrete
semiconductor devices, of IEC technical committee 47: Semiconductor devices.

This second edition cancels and replaces the first edition published in 1988, its
amendments 1 (1991) and 2 (1994). This second edition constitutes a technical revision.

This standard is to be read in conjunction with IEC 60747-1.

The text of this standard is based on the first edition, amendment 1, amendment 2 and the
following documents:

FDIS Report on voting
47E/150/FDIS 47E/162/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.

The committee has decided that the contents of this publication will remain unchanged until 2003.
At this date, the publication will be

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
*+ amended.
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SEMICONDUCTOR DEVICES -

Part 7: Bipolar transistors

Introductory note

As a rule, it will be necessary to use IEC 60747-1 together with the present publication. In
IEC 60747-1, the user will find all basic information on:

— terminology;

— letter symbols;

— essential ratings and characteristics;

— measuring methods;

— acceptance and reliability.
1 Scope

The present standard gives the requirements applicable to the following sub-categories of
bipolar transistors:

— low power signal transistors (excluding switching applications);

power transistors (excluding switching and high-frequency applications);

high-frequency power transistors for amplifier and oscillator applications;

switching transistors.
2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 60747. For dated references, subsequent
amendments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this part of IEC 60747 are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of IEC
and ISO maintain registers of currently valid International Standards.

IEC 60747-1:1983, Semiconductor devices — Discrete devices and integrated circuits — Part 1:
General
Amendment 3 (1996)
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3 Terms and definitions
3.1 Types of bipolar transistors

3.1.1
junction transistor
transistor having a base region and two or more junctions

NOTE The operation of a junction transistor depends upon the injection of minority carriers into the base region.

3.1.2

bi-directional transistor

transistor which has substantially the same electrical characteristics when the terminals
normally designated as emitter and collector are interchanged

NOTE Bi-directional transistors are sometimes called symmetrical transistors. This term, however, is deprecated
as it might give the incorrect impression of an ideally symmetrical transistor.

313

tetrode transistor

four-electrode transistor, usually a conventional junction transistor having two separate base
electrodes and two base terminals

3.2 General terms

3.2.1 Specific physical regions (of a junction transistor)

3.21.1

collector region

physical region that is designed by the manufacturer to contain in the normal operating mode
the collection region and which, in a simple discrete transistor, is externally accessible by the
designated collector terminal

3.2.1.2

emitter region

physical region that is designed by the manufacturer to contain in the normal operating mode
the supply region and which, in a simple discrete transistor, is externally accessible by the
designated emitter terminal

3.2.1.3

base region

physical region located between the collector junction and the emitter junction and containing
the control region and which, in a simple discrete transistor, is externally accessible by the
designated base terminal

3.21.4
collector(-base) junction
transition region between the collector region and the base region

3.21.5
emitter(-base) junction
transition region between the emitter region and the base region
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3.2.1.6

collector terminal

specified externally available point of connection to the collector electrode and collector
region

3.21.7
emitter terminal
specified externally available point of connection to the emitter electrode and emitter region

3.21.8
base terminal
specified externally available point of connection to the base electrode and base region

3.2.2 Specific functional regions

3.2.21

functional collector region

collection region that acquires principal-current charge carriers from the functional base
region through the (collecting) junction between it and the functional base region

NOTE In the normal operating mode, this functional region is located in the collector region and, in the inverse
operating mode, in the emitter region.

3.22.2

functional emitter region

supply region that delivers principal-current charge carriers into the functional base region
through the (emitting) junction between it and the functional base region

NOTE In the normal operating mode, this functional region is located in the emitter region and, in the inverse
operating mode, in the collector region.

3.2.2.3

functional base region

control region through which the principal current passes and in which the concentration of
principal-current charge carriers is the result of an applied base current

3.2.2.4

collector(-base) space-charge region;

collector(-base) depletion layer

space-charge region between the functional collector region and the functional base region

3.2.25

emitter(-base) space-charge region;

emitter(-base)depletion layer

space-charge region between the functional emitter region and the functional base region
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3.3 Circuit configurations

3.3.1

common base

circuit configuration in which the base terminal is common to the input circuit and to the output
circuit and in which the input terminal is the emitter terminal and the output terminal is the
collector terminal

3.3.2

inverse common base

circuit configuration in which the base terminal is common to the input circuit and to the output
circuit and in which the input terminal is the collector terminal and the output terminal is the
emitter terminal

3.3.3

common collector

circuit configuration in which the collector terminal is common to the input circuit and to the
output circuit and in which the input terminal is the base terminal and the output terminal is
the emitter terminal

3.34

inverse common collector

circuit configuration in which the collector terminal is common to the input circuit and to the
output circuit and in which the input terminal is the emitter terminal and the output terminal is
the base terminal

3.3.5

common emitter

circuit configuration in which the emitter terminal is common to the input circuit and to the
output circuit and in which the input terminal is the base terminal and the output terminal is
the collector terminal

3.3.6

inverse common emitter

circuit configuration in which the emitter terminal is common to the input circuit and to the
output circuit and in which the input terminal is the collector terminal and the output terminal
is the base terminal

3.4 Terms related to ratings and characteristics

3.4.1

punch-through voltage

value of the collector-base voltage above which the open-circuit emitter-base voltage
increases almost linearly with increasing collector-base voltage

NOTE 1 At this voltage, the collector depletion layer extends through the base to the emitter depletion layer.
NOTE 2 "Reach-through voltage" is a term also in the USA.
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3.4.2
saturation voltages

3.4.21

collector-emitter saturation voltage

voltage between the collector and emitter electrodes under conditions of base current or
base-emitter voltage beyond which the collector current remains essentially constant as the
base current or voltage is increased

NOTE This is the voltage between the collector and emitter electrodes when both the base-emitter and base-
collector junctions are forward biased.

3.4.2.2

base-emitter saturation voltage

voltage between the base and emitter electrodes under conditions of base current or base-
emitter voltage beyond which the collector current remains essentially constant as the base
current or voltage is increased

NOTE This is the voltage between the base and emitter electrodes when both the base-emitter and base-collector
junctions are forward biased.

3.4.3

cut-off current (reverse current)

reverse current of the base-collector junction (or base-emitter junction) when the emitter
(or the collector) is open-circuited, the reverse voltage being specified

344

collector series resistance

resistance between the collector terminal and the internal inaccessible collector point in an
equivalent circuit

3.4.5

emitter series resistance

resistance between the emitter terminal and the internal inaccessible emitter point in an
equivalent circuit

3.4.6

saturation resistance

resistance between collector and emitter terminals under specified conditions of base current
and collector current when the collector current is limited by the external circuit

NOTE The saturation resistance may be determined either as the ratio of total voltage to total current or as the
ratio of differential voltage to differential current; the method of determination has to be specified.

3.4.7

extrinsic base resistance

resistance between the base terminal and the internal inaccessible base point in an
equivalent circuit

3.4.8

emitter depletion layer capacitance

part of the capacitance across an emitter-base junction that is associated with its depletion
layer

NOTE The emitter depletion layer capacitance is a function of the total potential difference across the depletion
layer.
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3.4.9

collector depletion layer capacitance

part of the capacitance across a collector-base junction that is associated with its depletion
layer

NOTE The depletion layer capacitance is a function of the total potential difference across the depletion layer.

3.4.10

delay-time (of a switching transistor)

time interval between the application at the input terminals of a pulse which is switching the
transistor from a non-conducting to a conducting state and the appearance at the output
terminals of the pulse induced by the charge carriers

NOTE The time is usually measured between points corresponding to 10 % of the amplitude of the applied pulse
and of the output pulse respectively (see figure 1).

3.4.11

rise time (of a switching transistor)

time interval between the instants at which the magnitude of the pulse at the output terminals
reaches specified lower and upper limits, respectively, when the transistor is being switched
from its non-conducting to its conducting state

NOTE The lower and upper limits are usually 10 % and 90 % respectively of the amplitude of the output pulse
(see figure 1).

3.4.12

carrier storage time (of a switching transistor)

time interval between the beginning of the fall of the pulse applied to the input terminals and
the beginning of the fall of the pulse generated by charge carriers at the output terminals

NOTE The time is generally measured between the 90 % values of the two pulse amplitudes (see figure 1).

3.4.13

fall time (of a switching transistor)

time interval between the instants at which the magnitude of the pulse at the output terminals
reaches specified upper and lower limits respectively, when the transistor is being switched
from its conducting to its non-conducting state

NOTE The upper and lower limits are usually 90 % and 10 % respectively of the amplitude of the output pulse
(see figure 1).
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Applied pulse
(idealised wave shape)

Output pulse
(idealised wave shape)

ty = delaytime t. = risetime

t;

fall time

~
)
]

carrier storage time

-§--———--- -
Pulse Spike gaused by a current Output pulse
amplitude ;’:‘nge:f not charge carrier (practical wave shape)
IEC  2321/2000
Figure 1 — Switching transistor pulse characteristic
3.4.14

maximum frequency of oscillation
maximum frequency at which a transistor can be made to oscillate under specified conditions

NOTE This frequency approximates the frequency at which the maximum available power gain has decreased to
unity.

3.4.15

transition frequency (fy)

product of the modulus of the common-emitter small-signal short-circuit forward current
transfer ratio |ho1e| and the frequency of measurement, this frequency being so chosen that
|ho1e| is decreasing at a slope of approximately 6 dB per octave
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3.4.16

frequency of unity current transfer ratio (f)

frequency at which the modulus of the common-emitter small-signal short-circuit forward
current transfer ratio |hy1¢| has decreased to unity

3.4.17
current transfer ratio; current amplification factor

3.4.17.1

small-signal short-circuit forward current transfer ratio

ratio between the alternating output current and the small sinusoidal input current producing it
under small-signal conditions, the output being short-circuited to a.c.

3.4.17.2

static value of the forward current transfer ratio

ratio between the continuous (direct) output and the continuous (direct) input current, the
output voltage being held constant

3.4.17.3

inherent (large-signal) forward current transfer ratio

difference between the continuous (direct) collector current and the collector-base cut-off
current divided by the sum of the continuous (direct) base current and the collector-base cut-
off current at a specified constant value of the collector-emitter voltage

3.4.18

small-signal open-circuit reverse voltage transfer ratio

ratio of the alternating voltage appearing at the input terminals, when they are a.c. open-
circuited, to the alternating voltage applied to the output terminals, under small-signal
conditions

3.4.19

transient current ratio in saturation (of a switching transistor)

quotient of the collector current suddenly demanded from a transistor and the minimum base
current necessary to hold it in saturation

3.4.20

Early voltage Vgy (for computer-aided circuit design)

voltage corresponding to the point derived from the graph of collector current versus collector-
to-emitter voltage, with the base current as a parameter, where the output characteristic
extrapolates back to the voltage axis

NOTE The Early voltage is approximately independent of the actual value of the base current (see figure 2).
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3.5 s parameters

3.5.1 General introduction

The s parameters are defined by the following two equations:

Figure 2 — Early voltage

by =s11aq+sq2az

by = sp1 a4 + S22 a

T

Vce
IEC 2322/2000

(1)

where aq and ay are the incident wave quantities, b4 and b, the reflected wave quantities, all

having the dimension (Watt)1/2,

The s parameters can be used for general two-port networks, including the special case of a

four-pole network. In this latter case, a; and b; are defined as:

where

i=1o0r2andRgp;=0;

Zyj = Ro; +Xo;;
Zy;i = Roj —Xoj-

(See figure 3.)
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21

1 Ig
— 3 —s
————
az
V1o Four-pole network Vo Zog
b2
2oy

IEC 2323/2000

Figure 3 — Circuit with four-pole network

Zpq and Zgy are the reference impedances at the input and output, respectively.
In the general case, they are complex quantities.

For the use of s parameters for the specification of transistors mainly at VHF and UHF,
Zo1 = Zo2 = Rg (which, in most cases, will equal 50 Q).

The equations (1) can then be written in the following form:

Vi = Rol1 =811 (V1 + Rolq) + s12 (V2 + Rolp)

(3)
Vo — Rolz = s21 (V1 + Rolq) + 822 (V2 + Rolp)

Both equations (1) and (3) can now be used to show the meaning of the s parameters:

ratio of the complex value of the reflected wave at the input to that
S11= b of the incident wave at the input, the output terminating resistance
a;) witha, =0 and the source resistance each having the value Ry

Vi - Rolq _141-Ro
Vi +Roly ) with (V2= =Rola) | Z, + Ry | with [_‘;_2 - Ro]
2

reflection factor of the input impedance referred to Ry, the output being terminated by Ry

Analogously:

Sp2 = ratio of the complex value of the reflected wave at the output to that of the incident
wave at the output, the input terminating resistance and the source resistance each
having the value Ry

= reflection factor of the output impedance referred to Ry, the input being terminated by Ry
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In addition:
b ratio of the complex value of the transmitted wave at the output to
Spq = Z2 that of the incident wave at the input, the output terminating
ay ) witha, = 0 resistance and the source resistance each having the value Rg

V2 — Rolz _| W
Vi +Rolh ) with (V2= -Rol2) | 15 v,y | with [—‘,/—2 - ROJ
2

ratio of the output voltage V5 to half the open-circuit source voltage Vg, with source
and load resistances each having the value Rg

Analogously:

s12 = ratio of the complex value of the transmitted wave at the input to that of the incident
wave at the output, the input terminating resistance and the source resistance each
having the value Ry

= ratio of the input voltage V4 to half the open-circuit source voltage Vyq, with source
and load resistances each having the value Rg

3.5.2 Definitions

The following definitions are given for the general case. For transistors, different values of
these parameters may be obtained according to the configuration used, and for small- and
large-signal conditions.

3.5.2.1

input reflection coefficient (sq4)

ratio of the complex-value of the reflected wave at the input to that of the incident wave at the
input, under small-signal conditions, the output terminating resistance and the source
resistance each having the value Ry

NOTE This is equivalent to the reflection factor of the input impedance Z; of the transistor with respect to the
source resistance Ry, the output being terminated by Ry.

3.5.2.2

output reflection coefficient (s35)

ratio of the complex value of the reflected wave at the output to that of the incident wave at
the output, under small-signal conditions, the input terminating resistance and the source
resistance each having the value Ry

NOTE This is equivalent to the reflection factor of the output impedance Z, of the transistor with respect to a
resistance Ry, the input being terminated by R;.

3.5.2.3

forward transmission coefficient (s21)

ratio of the complex value of the transmitted wave at the output to that of the incident wave at
the input, under small-signal conditions, the output terminating resistance and the source
resistance each having the value Ry

NOTE This is equivalent to the ratio of the complex value of the output voltage to that of half the open-circuit
source voltage when the transistor is terminated at the output by a resistance Ry and fed at the input from a source
having a resistance Ry.
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reverse transmission coefficient (sq3)

ratio of the complex value of the transmitted wave at the input to that of the incident wave at
the output, under small-signal conditions, the input terminating resistance and the source
resistance each having the value Ry

NOTE This is equivalent to the ratio of the complex value of the input voltage to that of half the open-circuit
source voltage when the transistor is terminated at the input by a resistance Ry and fed at the output from a source

having a resistance Ry.

General note

The resistance Ry shall be the same for all four s parameters and usually will have the value 50 Q.

The above definitions, which infer ohmic source and terminating resistances, may not be
practical for some classes of transistors (e.g. MOS field-effect transistors).

3.5.2.5

frequency of unity forward transmission coefficient (fs, fis)
frequency at which the modulus of the forward transmission coefficient sy4 has decreased to

unity

3.5.3 Application of the s parameters

The s parameters as defined in 3.5.2 can be used, for example, as follows.

3.5.3.1 Relation of s parameters with other parameters (y, z, h)

The following matrix equivalences hold:

1

(y) =
RO (1+S11 + S92 + det S)

Ro
1-841 -89y +dets

(2) =

1
(h) =
1—811 + Soo —det s

© BSI 06-2001
Full document details: BS IEC 60747-7:2000

det y =

det z =

det h =

(1—311 + Soo — det S) —2312 :|

— 2551 (1+ 814 — 59 — det s)

(1 + 811 — S — det S)

2312
25p1 (1— 511 + Spp — det s)

(1+S11 + S22 + det S) 2812

i(1—311 — S, +det )

Ro

- 2821

1 1-814 —Sy +det s

Rg 1+S11+322 + det s

R21+S11+822 + det s
0 1—311—322 +det s

1+S11—322—det3

1-841 +S9 —det s
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3.5.3.2 Conversion of s parameters to other parameters (y, z, h)

The following equivalences hold:

Full document details: BS IEC 60747-7:2000

$12821 + (1=811 )1+ 522) | 1

Yn =
(1+ 894 )(1+ 522) - 812821 | Ro
Y12 = _ ~ 251 _i
| (1=511)(1+ 522 ) = 512821 | Ro
Y21 = _ ~ 2521 _i
| (14 519)(1+ s22) = 812821 | Ro
Vg = [312321 +(1+819)(1- Szz)}i
(1+ 594 )(1+ 522) - 812521 | Ro

1+ 811 M1+ S95 ) =S998
hﬂ:{( 11)( 22) 12 21}?0

12821 + (1= 591 )1+ 522)

h _ 2312
12 | s12821(1- 519 )1+ 522) |
Hos = [ —2321 ]
21 | s12521(1- 519 )1+ 522) |

h _{(1—311)(1—322)—312321 1
2 =
s12821 + (1-511)(1+822) | Ro

24 = [(1 +511)(1= $22) + S12521 _Ro
(1-519)(1 - 522) - $12521 |

2812
Zyp = Ro

| (1=511)(1 = 522) - 842521 |

2321
Zy1 = Ro

| (1= 591)(1- 522 ) - 12521 |

(1+ 520 (1= 591) + 4251 R
0
(1-591)(1-522) - 12821

Zy2 =
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3.5.3.3 Use of s parameters for the direct computation of transistor amplifier characteristics

ry = input reflection factor referred to Ry, for a load impedance Z_  defined by the load

reflection factor r_

N S128
+L1221

= S11
1-r.sx»

Zi - Ry
Z1+RO

ZL - Ry

n =
- ZL+R0

ro = output reflection factor referred to Ry, for a source impedance Zg defined by the source

reflection factor rg

IGS12521
= Syy + 25 <1
22 sy
Z, - R
ry = 2 0
22 + RO
Zg - Ro
rG = —_—_—
ZG + RO
—1 1-
A4 = current amplification = 2 - 821( r|_)
I (1-s11)—ri (s —det s)
Vs sp1(1-1)

Ay = voltage amplification =—= =
V1 (1+s11)—r|_(322 + det S)

Gp = power gain =

2 2 2
P |2,1‘|rL| [1-n _ lspo? 1| |

Py 1—|r1|2 - r|_|2

1=kl ) (11 )

|1 - r|_322|2 - |S11 -n dets 2

Gt = transducer gain = |321|2 -
[(1-ras11X1-rLs22) - rarisiasy [

Conditions of unconditional stability:

1=|sy4]” ~[s20|* +|det 5>

251251

1= [s14]* = [s12824] > 0

1- |322|2 —[s12821 > 0

© BSI 06-2001
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4 Letter symbols

Mostly, existing letter symbols are added to the terms in titles. When several distinct forms
exist, the most commonly used form is given.

4.1 Letter symbols for currents, voltages and powers
4.1.1 General

Clause 2 of IEC 60747-1, chapter V applies.

4.1.2 Additional subscripts

In addition to the list of recommended general subscripts given in 2.2.1 of IEC 60747-1,
chapter V, the following special subscripts are recommended for the field of bipolar
transistors:

B, b = base terminal

C,c = collector terminal

E, e = emitter terminal

fl = floating

pt = punch-through (penetration, reach-through)
R (not as a first subscript) = specified resistance

sat = saturation

X = specified circuit

4.2 Letter symbols for electric parameters
4.2.1 General

Clause 3 of IEC 60747-1, chapter V applies.

4.2.2 Additional subscripts

In addition to the list of recommended general subscripts given in 3.3.1 of IEC 60747-1,
chapter V, the following special subscripts are recommended for the field of bipolar
transistors:

B, b = base; common-base configuration

C, ¢ = collector; common-collector configuration
E, e = emitter; common-emitter configuration

L = large signal

sat = saturation

S,s = storage

T = transition

4.3 Letter symbols for other quantities
4.3.1 General

Clause 4 of IEC 60747-1, chapter V applies.
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4.4 List of letter symbols

The symbols contained in the following list are recommended for use in the field of bipolar
transistors; they have been compiled in accordance with the general rules.

4.4.1 Voltages

Name and designation Letter symbol Remarks
Collector-base (d.c.) voltage Vee
Collector-emitter (d.c.) voltage Vce
Emitter-base (d.c.) voltage VER
Base-emitter (d.c.) voltage Ve
Collector-base (d.c.) voltage Vceo
with [ = 0 I specified
Emitter-base (d.c.) voltage VEegoO
with I =0 I specified
Collector-emitter (d.c.) voltage Vceo
with I3 = 0 I specified
Collector-emitter (d.c.) voltage Vcer
with Rgg = R I specified
Collector-emitter (d.c.) voltage Vces
with Vgg = 0 I specified
Collector-emitter (d.c.) voltage Vcex

with Vgg = X specified
(reverse biased emitter-base

junction) I specified

Breakdown voltages (open-circuit) VigR)...0 The abbreviation BV is in common use for
these quantities.

Breakdown voltage, collector-base - Visr)cBO

with [ = 0 I specified

Breakdown voltage, emitter-base - V(BR)EBO

with I =0 Ie specified

Bl_'eakdown voltage, collector-emitter - Visr)cEO

with /g = 0 I specified

Breakdown voltage (specified circuit) The abbreviation BV is in common use
for these quantities.

Breakdown voltage, collector-emitter - V(BR)CER

with Rgg = R I specified

Breakdown voltage, collector-emitter ViBRr)cEX

with Vgg = X specified I specified

Breakdown voltage (short-circuit) ViBR)...s The abbreviation BV is in common use
for these quantities.

Breakdown voltage, collector-emitter ViBRr)cES

with Vgg =0 I specified

Floating voltage, emitter-base VEBi

with [z = 0 Vg specified

Punch-through (penetration) voltage Vot

Saturation voltage, collector-emitter VicEsat

with /g specified I specified

Saturation voltage, base-emitter VBEsat

with /g specified I specified
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4.4.2 Currents

Name and designation Letter symbol Remarks
Base (d.c.) current Ig
Collector (d.c.) current I
Emitter (d.c.) current Ie
Collector cut-off current Iceo
with [ = 0 Vg specified
Collector cut-off current Iceo
with I3 = 0 Ve specified
Collector cut-off current lego
with I =0 Veg specified
Collector cut-off current Icer
with Rgg = R Ve specified
Collector cut-off current Ices
with Vgg = 0 Ve specified
Collector cut-off current lcEx
with Vgg = X Ve specified
Base cut-off current IgEx
with Vgg = X Ve specified
4.4.3 Powers
Name and designation Letter symbol Remarks
Collector power dissipation Pc
with T,mp OF Tease SPecified
Total input power (d.c. or average) Piot
to all electrodes
with T,mp OF Tease SPecified
4.4.4 Electrical parameters
4.4.4.1 Static parameters (specified for bias conditions)
Name and designation Letter symbol Remarks
Static value of the forward current transfer ratio hyqg OF hgg le e . _
(in common-emitter configuration) ha1e :E:E_1 with Ve = constant
Static value of the input resistance hiqg or hig

(in common-emitter configuration)

Vi
hye = % with Vg = constant

B

Inherent (large-signal) forward current
transfer ratio

ha1gL or hegL

Ic

haeL =

Is +lcBo

—IcB

O with Vcg = constant
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4.4.4.2 Small-signal parameters (specified for bias and frequency conditions)

Name and designation Letter symbol Remarks

Small signal value of the short-circuit
input impedance:
— in common-emitter configuration hq4e OF hjg

hy1e = \?’e with V,, = constant

b

— in common-base configuration hq1p OF h;
g 1o = b Pi1b :% with V, = constant

e

Small-signal value of the open-circuit
reverse voltage transfer ratio:
— in common-emitter configuration hise OF hre

hipe = \\;be with I, = constant

ce

— in common-base configuration hqop OF Ay

hyop = Ve with I, = constant
vcb

Small-signal value of the short-circuit
forward current transfer ratio:

— in common-emitter configuration hyqe OF hyg / .
hoqe = Ii with V. = constant
b

— in common-base configuration h or h /
9 21b o ho1p =l—C with V., = constant
e

Small-signal value of the open-circuit
output admittance:

— in common-emitter configuration hyoe Or h
9 22e oe hose Sl with /,, = constant
V,
ce
— in common-base configuration hoop Or h
g 226 71 Tob hoop = le with I, = constant
V,
cb
Real part of the small-signal value hi1e =Re(hy1e ) +Im(hy1e)
of the short-circuit input impedance:
— in common-emitter configuration Re(hq1e) hi1 = Re(hyqp ) + Im(hyqp )
— in common-base configuration Re(hq1p)
Imaginary part of the small-signal value Im (hyq)
of the short-circuit input impedance:
— in common-emitter configuration Im(hq4e)
— in common-base configuration Im(hq4p)
e

v

Re (hy1e)
Input capacitance, output short-circuited
to a.c.:
— in common-emitter configuration Ci1es OF Cigs h Re(hrr. )
=Re +—
11e 11e jwcﬂes
— in common-base configuration C11ps OF Cips higs = Re(hrp ) + 1
11b = 1Mo )t T
joC1ps
Input capacitance, output open-circuited to a.c.:
— in common-emitter configuration C11e0 OF Cigo
— in common-base configuration C11po OF Cipo
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4.4.4.2 (continued)

Name and designation Letter symbol Remarks

Output capacitance, input open-circuited

to a.c.:

— in common-emitter configuration C22e0 OF Coeo | Nane = Re(H29e) + j0Cogeg

— in common-base configuration C22b0 OF Copo | hoop = Re(haop) + jo Coopg
Output capacitance, input short-circuited

to a.c.:

— in common-emitter configuration C22es O Coes | Y226 = Re(¥22e) *+ 0 Cooes

— in common-base configuration Coobs OF Cops | Yoop = Re(Ya2p) + j© Conps

Reverse transfer capacitance, input
short-circuited to a.c.:

— in common-emitter configuration Cioes OF Creg
— in common-base configuration C1ops OF Crps
Collector-base capacitance for transistors Cocb
with isolated device terminals and a separate

screen lead

Small-signal value of the short-circuit input

admittance:
— in common-emitter configuration Y11e OF Yie by .
Y11e = —— With V, = constantand y 4o =——
Voe hi1e
— in common-base configuration Y11b OF Yip lo

with Vi, = constantand yqq, = ——
eb 11b

Y110 =

Small-signal value of the short-circuit

reverse transfer admittance:

— in common-emitter configuration Y12¢ OF Yre Iy .

Y126 = v with Ve = constant
ce

— in common-base configuration Y12b OF Yip

/
Yi2p = —— with V,, = constant
Vcb

Small-signal value of the short-circuit
forward transfer admittance:

— in common-emitter configuration Y21e OF Yie I )
Y21e =V with V. = constant
be
— in common-base configuration Y21b OF ¥1p I .
Yotp = v with V., = constant
eb
Small-signal value of the short-circuit
output admittance:
— in common-emitter configuration Y22e OF Yoe I .
Y22e = v with Ve = constant
ce
— in common-base configuration Y22b OF Yob )
Yoop = with Vg, = constant

cb
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4.4.4.2 (continued)

Name and designation Letter symbol Remarks
Modulus of the short-circuit reverse transfer Im(y,,.)
admittance: 12¢
A
— in common-emitter configuration |y129| or |yre|
— in common-base configuration |Y12b| or |yrb|
Phase of the short-circuit reverse transfer \;.\q,o
admittance:
— in common-emitter configuration Py126 OF Pyre ? Y126 N >
— in common-base configuration Py12b OF Pyrpy Re (¥400)
Modulus of the short-circuit forward transfer Im (Y21e)
admittance: A
— in common-emitter configuration |Y21e| or |yfe|
— in common-base configuration |Y21b| or |yfb|
. . (J
Phase of the short-circuit forward transfer N2
admittance:
. . . . (?y21e -
— in common-emitter configuration Py216 OF Pyie > >
i qurati Re (Ya1e)
— in common-base configuration Py21p OF Pyip
Input reflection coefficient:
— in common-emitter configuration Sq1e OF Sje
— in common-base configuration S41p OF Sjp
— in common-collector configuration S11¢ OF Sic
Output reflection coefficient:
— in common-emitter configuration Sp0e OF Sge
— in common-base configuration Soop OF Sgp
— in common-collector configuration Sooc OF Sg¢
Forward transmission coefficient:
— in common-emitter configuration So1e OF Ste
— in common-base configuration Soqp OF Sgy
— in common-collector configuration Sp1s OF Sfg
Reverse transmission coefficient:
— in common-emitter configuration Sq0e OF Sig
— in common-base configuration S12p OF Spp
— in common-collector configuration Sq2c OF Sy
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4.4.4.3 Modified hybrid n equivalent circuit parameters

NOTE This equivalent circuit is only a first order approximation, valid for most transistors over a certain frequency

range.
Cbc
] b
LA
r.. C
bb 4
Pl S °
]
Ly
gb'e i b’e gmvb'e
|
'
[e Cb'e ©
E E
IEC  2324/2000
Name and designation Letter symbol Remarks
Base intrinsic resistance Top'
Intrinsic base-emitter conductance Ibe
Intrinsic base-emitter capacitance Cpe
Intrinsic base-collector capacitance Cyc
Intrinsic transconductance Im
Base-collector capacitance Che
4.4.5 Frequency parameters
Name and designation Letter symbol Remarks
Cut-off frequency:
— in common-emitter configuration fno1e OF fnfe
— in common-base configuration fn21b OF fhip
— in common-collector configuration faa1c OF fate
Frequency of unity current transfer ratio f4 f, = ffor |h21e| =1
Transition frequency fr fr = fx |h21e|
(hy1e is measured in a region where the roll-
off is 6 dB/octave)
Maximum frequency of oscillation frnax
Frequency of unity forward transmission
coefficient:
— in common-emitter configuration fser F1se foe = ffor |321e| =1
— in common-base configuration fsps F1sb fo, = f for |321b| =1
— in common-collector configuration fser Frsc fo. = ffor |321c| =1
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4.4.6 Switching parameters

Name and designation Letter symbol Remarks
(/"t/) P‘
Pulse average time ty
100
50
Pulse time t, 0 ; —
p Time
o tw
i
or
v
Duty cycle D, s
<-—l—~)q Time
T
WP
]
o = &
Duty cycle = 7
0 -
Delay time t 10 ime
90
100 A
Input pulse
Rise time t, %
%
Carrier storage time ts Output pulse
100
90
10
o -
Fall time t; L te Time
ty ts
™
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4.4.6 (continued)

Name and designation Letter symbol Remarks

Turn-on time ton ty + ¢,

Turn-off time tost ts + &

Emitter depletion layer capacitance Cre

Collector depletion layer capacitance Crc

Stored charge Qg

Transient current ratio in saturation hoqgsat OF NEEsat

Collector-emitter saturation resistance:

— small-signal value lesat

— large-signal value ICEsat
4.4.7 Sundry quantities

Name and designation Letter symbol Remarks

Noise N, n

Noise figure F, F,

Noise current In

Noise voltage Vi

Noise power P,

Effective noise bandwidth B

Amplification A

Current amplification AlA

Voltage amplification Ay A,

Gain G

Power gain Gp Gp

Insertion power gain G, G;

Transducer power gain Gt G;

Available power gain Gp G,

Efficiency n

Collector efficiency R
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4.4.8 External circuit parameters
Name and designation Letter symbol Remarks
Emitter (d.c.) voltage supply VEE
Base (d.c.) voltage supply Vi
Collector (d.c.) voltage supply Vee
External emitter resistance Re
External base resistance Rg
External collector resistance Rc
External resistance connecting base to emitter Rge
Generator resistance Rg
Load resistance R,
Load capacitance C.
4.4.9 Matched-pair bipolar transistors
Name and designation Letter symbol Remarks
Ratio of static values of common-emitter heg1/hggo The smaller of the two values is taken as
forward current transfer ratio hoqgq/hoqE2 the numerator
Difference between base-emitter voltages Vee1 — VBE2 The smaller value is subtracted from the
larger value
Change in difference of base-emitter voltages AVac, — V.
between two temperatures | ( BE1 BEZ)lAT
5 Essential ratings and characteristics
5.1 Low-power signal transistors (excluding switching applications)
5.1.1 General
5.1.1.1 Range of application
The following subclauses give the requirements applicable to low-power signal transistors
applicable for operation at either high or low frequencies.
5.1.1.2 Rating methods
Low-power signal transistors should be specified as ambient-rated or as case-rated devices.
5.1.1.3 Recommended temperatures
Many of the ratings and characteristics are required to be quoted at a temperature of 25 °C
and at another specified temperature. Unless otherwise stated, the other temperature should
be chosen by the manufacturer from the list in clause 5 of IEC 60747-1, chapter VI.
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5.1.2 Ratings (limiting values)

The following ratings shall be stated.

5.1.2.1 Temperatures

5.1.2.1.1 Range of operating temperatures, ambient or case (Tamp O Tcase)
5.1.2.1.2 Range of storage temperatures (Tsg)

5.1.2.2 Voltages and currents

The voltage and current ratings given must cover the operation of the device over the rated
range of operating temperatures. Where such ratings (e.g. forward current, reverse voltage,
etc.) are temperature dependent, this dependence shall be indicated.

The values of the following ratings apply for both continuous and peak conditions.
5.1.2.2.1 Maximum collector-base voltage with zero emitter current (Vcgo)
5.1.2.2.2 Maximum collector-emitter voltage with zero base current (Vceo)
5.1.2.2.3 Maximum emitter-base reverse voltage with zero collector current (Vggo)
5.1.2.2.4 Maximum collector current (/c)

5.1.2.2.5 Maximum emitter current (where appropriate) (/g)

5.1.2.2.6 Maximum base current (where appropriate) (/g)

5.1.2.3 Power dissipation

Maximum total power dissipation as a function of temperature over the range of operating
temperatures, or

maximum thermal resistance, junction to case or junction to ambient, maximum virtual
(equivalent) junction temperature and maximum value of power dissipation

Any special requirements for ventilation and/or mounting shall be specified.

5.1.3 Characteristics
5.1.3.1 General

The following parameters shall be stated. The values shall be stated at one of the voltages
and/or currents taken from the list in clause 6 of IEC 60747-1, chapter VI.
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5.1.3.2 Collector-base cut-off current (reverse current) (Icgo)

5.1.3.2.1 Maximum value at 25 °C at the rated maximum collector-base voltage

5.1.3.2.2 Maximum value at a specified collector-base voltage, at a high operating
temperature and at approximately zero power dissipation. The temperature shall be chosen
from the list in clause 5 of IEC 60747-1, chapter VI.

5.1.3.3 Emitter-base cut-off current (reverse current) (/ggo)

Maximum value at 25 °C and at a specified emitter-base voltage

5.1.3.4 Collector-emitter saturation voltage (Vcesat)

Maximum value, or typical value as appropriate (see note), at 25 °C and at specified collector
and base currents

NOTE For special cases (e.g. some high-frequency applications) where this characteristic is not essential, only a
typical value for Vcgsat may be given.

5.1.3.5 Base-emitter voltage (VgEg)

Typical value and, where appropriate, maximum value at 25 °C, at specified collector current
and specified collector-emitter voltage

5.1.3.6 Static value of the common-emitter forward current transfer ratio
(output voltage held constant) (haqg)

Minimum value and, where appropriate, maximum value (see note) at 25 °C, at specified
collector-emitter voltage and specified collector current

NOTE For special cases (e.g. some high-frequency applications) where this characteristic is not essential, only a
minimum value for hy4g is required.

5.1.3.7 Low-frequency small-signal parameters (common-emitter)

The following h parameters shall be stated at 25 °C, at a frequency at which there are no
appreciable reactive components, and under specified d.c. bias conditions:

hq1e Or hje = input resistance with output short-circuited to a.c. (where appropriate)

minimum and maximum values

hpqe Or hsg = forward current transfer ratio with output short-circuited to a.c.
(where appropriate)
minimum and maximum values
hooe Or hge = output conductance with input open-circuited to a.c. (where appropriate)
maximum value
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5.1.3.8 Transition frequency ft or value of |h21e| at a specified high frequency
Either:

typical and minimum values of f; at specified values of collector current and collector-emitter
voltage

or:

typical and minimum values of !h21e |at a specified frequency in the range in which ‘h21e‘ is
decreasing at the rate of approximately 6 dB/octave, and at specified values of collector
current and collector-emitter voltage

In specifying |h21e| , the frequency shall be chosen preferably from the series 1, 2, 5 x 10n Hz and
should be such that \h21e\ is in the range 2 to 10.

5.1.3.9 Output capacitance (Ca2p or Cop)

NOTE For high-frequency transistors, the capacitance C,,, may be replaced by the sum of the collector junction
capacitance C; and the collector-base terminal capacitance Cyy,.

The following information shall be given for a temperature of 25 °C only.

5.1.3.9.1 Three-terminal transistors

Maximum and, where appropriate, minimum values at zero d.c. emitter current, for specified
voltage and frequency; the connection of the case shall be stated.

5.1.3.9.2 Four-terminal transistors

Maximum and, where appropriate, minimum values at zero d.c. emitter current, for specified
voltage and frequency; the connection of the fourth terminal shall be stated.

5.1.3.10 Noise factor (where appropriate)

Maximum value under specified conditions of frequency range, bias and source impedance

5.1.3.11 High-frequency parameters (for high-frequency transistors)

In this subclause, the term "high frequency" is used in accordance with common practice with
semiconductor devices to indicate the sort of parameters required and does not necessarily
mean "high frequency" in the traditional sense used in radiocommunication, i.e. 3 MHz-30 MHz.

These parameters shall be stated for a temperature of 25 °C only.

5.1.3.11.1 General purpose applications

These parameters are intended to represent the performance of the transistor over a range of
frequencies as indicated by the manufacturer and would be useful for general purpose small-
signal amplifiers.
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The parameters should be specified as follows:
— minimum value of the real part of the short-circuit common-emitter input impedance Re
(h11e), at specified values of I, Vg and very high frequency;

— maximum value of the magnitude of the common-base open-circuit reverse voltage
transfer ratio |h12b |, at specified values of Ig, Vcg and appropriate frequency;

— minimum value of the magnitude of the short-circuit common-emitter forward current
transfer ratio ’h21e’, at specified values of Ic and Vg and appropriate frequency
(see 5.1.3.8);

— maximum value of the output capacitance Cosy,.
This parameter shall be specified in the same way as in 5.1.3.9.

Explanatory note concerning the relationship between the set of high-frequency parameters
and the parameters of the modified hybrid ©n equivalent circuit.

The four characteristic values:
Re (h11¢) at a high frequency f1,
| ha1p | at a medium frequency fn,,

|h21e| at a high frequency fi,» (where |h21e| is decreasing at a slope of approximately
6 dB/octave), and

Coop

can be used for the design of an amplifier circuit by means of the following equivalent circuit:

JLCe
I

Cb'c
so—l{} |} I

r'bb’

G, | gmVb'e

(9}
o
o
- —— —

E o O E
IEC 2325/2000

G, = current generator

Figure 4 — Equivalent circuit

The values of the elements of this equivalent circuit can be calculated with a fairly good
accuracy by means of the following formulae:

a) rpp = Re (hq1e) at high frequency fi4

/
b) 9gpe z?(_ﬁ(1_|h21bo|)

where hy1po is the small-signal forward current transfer ratio, in the common-base
configuration and at a low frequency

Documents

Document Sharing Hub

© BSI 06-2001
Full document details: BS IEC 60747-7:2000


http://www.avadocuments.com/doc/bs-iec-60747-7-2000
http://www.avadocuments.com/doc/bs-iec-60747-7-2000

Page 36
BS IEC 60747-7:2000

/ 1
c) Cpe = e _1_
kT 2nfr
fr can be computed from the value of |h21e| at frequency fy0, since:
fr = | hotel -z

_ hian| [P2p|

d) Cy
) b'e anbb' fm 2TEfm Re(h11e)

€) Cpe + Cpe = Coop; Cpe = Coop — Cpre

/
0 gm =t

kT

It is pointed out that these formulae as well as the equivalent circuit itself are only a first order
approximation, valid for most transistors over a certain frequency range. In particular, it
should be borne in mind that g,, may involve an additional phase-shift which is not taken into
account in the above formulae. (The values used in the above formulae are defined in
6.1.11.3.2).

5.1.3.11.2 Special purpose applications

a) y parameters

The following y parameters provide a set of four-pole parameters at a specified frequency,
for instance at a standard intermediate frequency.

Typical values and, where appropriate, minimum and/or maximum values.

One complete set of the following parameters in the complex form is required at a
specified frequency and for specified bias conditions,

either first set:

common-emitter short-circuit input admittance Y11e
common-emitter short-circuit reverse transfer admittance Yi2e"
common-emitter short-circuit forward transfer admittance Y21e
common-emitter short-circuit output admittance Y226

or second set:

common-base short-circuit input admittance Y11b
common-base short-circuit reverse transfer admittance Y12p~
common-base short-circuit forward transfer admittance Y21b
common-base short-circuit output admittance Y22b
R Documents
If y4o, cannot be stated in one of the configurations because of the difficulty of meacuiainent, y;, mayr[!e
substituted in the other configuration. Document Sharing Hub
© BSI 06-2001

Full document details: BS IEC 60747-7:2000


http://www.avadocuments.com/doc/bs-iec-60747-7-2000
http://www.avadocuments.com/doc/bs-iec-60747-7-2000

