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National foreword

This British Standard has been prepared by Technical Committee EPL/47. It is
identical with IEC Publication 748-7:1988 Semiconductor discrete devices and
integrated circuits — Part 7: Bipolar transistors’, as amended by

Amendment 1:1991 and Amendment 2:1994, published by the International
Electrotechnical Commission (IEC).

This British Standard constitutes Section 1.7 of the British Standard for
semiconductor devices (BS 6493). (See national foreword of BS 6493-1.1:1984.)

Cross-references

International Standard Corresponding British Standard

IEC 747-1:1983 BS 6493 Semiconductor devices: discrete devices and
integrated circuits
Section 1.1:1984 General
(Identical)

Additional information. For the purposes of this British Standard, any
references to IEC page numbers in the text should be ignored.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages 1 to vi,
pages 1 to 96, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on the

inside front cover. Documents
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Chapter I. General

1 Introductory note

As a rule, it will be necessary to use Publication 747-1 together with the present publication. In 747-1 the
user will find all basic information on:

— terminology;

— letter symbols;

— essential ratings and characteristics;

— measuring methods;

— acceptance and reliability.

The sequence of the different chapters in the present publication is in accordance with Publication 747-1,
Chapter III, Sub-clause 2.1.

2 Purpose
The present publication gives standards for the following subcategories 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.

3 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.

Documents
Document Sharing Htjb

© BSI 03-2000

Full document details: BS 6493-1.7:1989


http://www.avadocuments.com/doc/bs-6493-1-7-1989
http://www.avadocuments.com/doc/bs-6493-1-7-1989

BS 6493-1.7:1989

Chapter II. Terminology and letter symbols

1 Types of transistor
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.
1.2 Bi-directional transistor

A 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.

1.3 Tetrode transistor

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

1.4 Unipolar transistor

A transistor which utilizes charge carriers of only one polarity.

2 General terms
2.1 Specific physical regions (of a junction transistor)
2.1.1 Collector region

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

2.1.2 Emitter region

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

2.1.3 Base region

The physical region located between the collector junction and the emitter junction and that contains the
control region and, in a simple, discrete transistor, is externally accessible by the designated base terminal.

2.1.4 Collector(-base) junction

The transition region between the collector region and the base region.

2.1.5 Emitter(-base) junction

The transition region between the emitter region and the base region.

2.1.6 Collector terminal

The specified externally available point of connection to the collector electrode and collector region.
2.1.7 Emitter terminal

The specified externally available point of connection to the emitter electrode and emitter region.
2.1.8 Base terminal

The specified externally available point of connection to the base electrode and base region.

2.2 Specific functional regions

2.2.1 Functional collector region

A 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.

2.2.2 Functional emitter region

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

2.2.3 Functional base region

The 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.

2.2.4 Collector(-base) space-charge region;

collector(-base) depletion layer

The space-charge region between the functional collector region and the functional base region.
2.2.5 Emitter(-base) space-charge region;

emitter(-base) depletion layer

The space-charge region between the functional emitter region and the functional base region.

3 Circuit configurations
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.

3.2 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 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.

3.4 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.

3.5 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.
3.6 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.

4 Terms related to ratings and characteristics
4.1 Punch-through voltage
The 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 used in the U.S.A.

4.2 Saturation voltages
4.2.1 Collector-emitter saturation voltage

The 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.

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

4.3 Cut-off current (reverse current)

Reverse current of the base-collector junction (or base-emitter junction) when the emitter (or the collector)
1s open-circuited, the reverse voltage being specified.

4.4 Collector series resistance

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

4.5 Emitter series resistance

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

4.6 Saturation resistance

The 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.

4.7 Extrinsic base resistance

The resistance between the base terminal and the internal inaccessible base point in an equivalent circuit.
4.8 Emitter depletion layer capacitance

The 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.

4.9 Collector depletion layer capacitance

The part of the capacitance across a collector-base junction that is associated with its depletion layer.
NOTE The collector depletion layer capacitance is a function of the total potential difference across the depletion layer.

4.10 Delay time (of a switching transistor)

The time interval between the application at the input terminals of a pulse which 1s 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, page 5).

4.11 Rise time (of a switching transistor)
The 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).
4.12 Carrier storage time (of a switching transistor)

The 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).

4.13 Fall time (of a switching transistor)

The 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).
4.14 Maximum frequency of oscillation

The maximum frequency at which a transistor can be made to oscillate under specified conditions.

NOTE This approximates to the frequency at which the maximum available power gain has decreased to unity.
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Applied pulse
(idealised wave shape)

Output pulse
(idealised wave shape)

t; = delay time t, = rise time
t, = fall time t, = carrier storage time

Spike caused by a current
which is not charge carrier
induced

Pulse Output pulse

amplitude (practical wave shape)

Figure 1 — Switching transistor pulse characteristic

4.15 Transition frequency (f)

The product of the modulus of the common-emitter small-signal short-circuit forward current transfer ratio
| Aste | and the frequency of measurement, this frequency being so chosen that | Ay, | 1s decreasing at a
slope of approximately 6 dB per octave.

4.16 Frequency of unity current transfer ratio (f)

The frequency at which the modulus of the common-emitter small-signal short-circuit forward current
transfer ratio | hy,| has decreased to unity.

4.17 Current transfer ratio; current amplification factor
4.17.1 Small-signal short-circuit forward current transfer ratio

The 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.
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4.17.2 Static value of the forward current transfer ratio

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

4.17.3 Inherent (large-signal) forward current transfer ratio

The 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.

4.18 Small-signal open-circuit reverse voltage transfer ratio

The 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.

4.19 Transient current ratio in saturation (of a switching transistor)

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

4.20 Early voltage Viy (for computer-aided circuit design)

The 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).

IcA
\el
gt
§
/
/
/
/ ——
// ///
/ //
é// o
Vey 0 Vee
Figure 2 — Early voltage

5 S-parameters
5.1 General introduction

The s-parameters are defined by the following two equations:
by =s1101 * s12 09 }
by = s91 a1 * S99 a9

@)

where @, and a, are the incident wave quantities, b, and b, the reflected wave quantities, all having the
dimension (Watt)*.
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They 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:

Vit Zod, )
a, = —————
2/ | Rl
2
Vi— Zi ],
b, = i e
2 |R0:I )
where: i = 1l or2 and R, # 0 )
and: Zy = Ry + )X
Z;: = R()i - jXOi
(see Figure 3 below)
Zot I I2
—— —O
-
ag
V1o Four-pole network Vo Zo2
b
BT |
Figure 3
Zy, and Z,, are 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, Z,, = Z,, = R,
(which in most cases will equal 50 Q).
The equations (1) can then be written in the following form:
Vi—RoI; =511 (Vi+RoIy) +s15 (Vo + Ry Ip) } @
Vo—Ro Iy =s91 (V1 + Ry Iy) + 899 (Vo + Ry Ip)

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

— incident wave at the input, the output terminating resistance and the source

resistance each having the value R

b ratio of the complex value of the reflected wave at the input to that of the
. |
S = (a,) with @, = 0 {

=(V,—ROI.) _(Z—Ro ,
Vi+ R, 1] with (V,=—RyE) Z, + R,] with (— 1—2 = Ro)

= reflection factor of the input impedance referred to R, the output being terminated by Ry,
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Analogously:

S99 = 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 R,

= reflection factor of the output impedance referred to R, the input being terminated by R.

In addition:

S = = the incident wave at the input, both the output terminating resistance and

the source resistance having the value R,

b, ratio of the complex value of the transmitted wave at the output to that of
(a,) with a, = 0 {

_ (- Rh (% v
V. + R, 1,) with =—R,11 \% ¥, with(—f= )
2

= ratio of the output voltage V, to half the open-circuit source voltage V;, with source and load
resistances each having the value Ry,

Analogously:

s19 = 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 R,

= ratio of the input voltage V; to half the open-circuit source voltage Vs, with source and load
resistances each having the value R,,.

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.

5.2.1 Input reflection coefficient (s,;)

The 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 R,,.

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

5.2.2 Output reflection coefficient (s,,)
The 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 R,.

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

5.2.3 Forward transmission coefficient (s,;)
The 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 R,

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 R, and fed at the input from a source having a resistance R,.

5.2.4 Reverse transmission coefficient (s;,)

The 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 R,

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 R, and fed at the output from a source having a resistance R,,.
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General note

The resistance R, shall be the same for all four s-parameters and usually will have the value 50 ohms.

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).

5.2.5 Frequency of unity forward transmission coefficient (f, f,)

The frequency at which the modulus of the forward transmission coefficient s,; has decreased to unity.

5.3 Application of the s-parameters

The s-parameters as defined in Sub-clause 5.2 can be used, e.g. as follows:

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

The following matrix equivalences hold:

1 r(1 — 5+ 5, — det ) —2sp,
W = R, (1 + s, + 5, + det s) | — 25, (1 + 5, — 5, — det s)
) — R, (14 5, — 8, —dets) 258,
(Z N l—s,l——szz+dets L2S2| (1_S||+322—dets)
1 (1 + s, + s, + dets) R, 25y,
h) = 1
(h) 1 —s,+sy—dets | 25, E(l—sn—sn+dets)'
1 1—s5,—s5,+dets
det v = — 11 22
<ty RE1+4+s5,+s,+dets
1+s5,+s,+dets
dt — 2 11 2
etz= R 1 — 5, —s,+dets
det h — 1+ 5,—s5,—dets

1 —s5,+s,—dets
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5.3.2 Conversion of s-parameters to other parameters (y, z, h)

The following equivalences hold:

Y

Y2

Y2

Y

[Sp sy +(1—s,) (0 + 522)] _1_
L(1+5) (1 +55) — s8] Ry

=25, ] L
(14 5) (1 +53)— sl Ry

— 28, ] L
(14 5) (1 +55)— s R

Ssps+ (1 +s) (- 522)] 1
L(1+5) (1 +50)—spsul R

(1 +5,) (1+53)— 51,8
spsy (1 —5) (1+ )

| &

25,
spsy (1 —5) (1+ )

—25,
s sy (1 —s5) (1 + )

[(1 = 5) (1 —5p) — 55, 8, 1

S8, + (1 —5,,) (1+5y) _IE;

[(1+5,) (1 —5,) + 558, R,
(I = s5) (1 = 5p) — 51, 5,
28y,
(A =5) (1 —s5p) — 5, 8, Ry
255,
(I =s5) (1 —s5) — 81, 8, Ry
[(1+55) (1 —5,) + 51,8, R,
(I =51) (1 —sp)— 50,5,
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5.3.3 Use of s-parameters for the direct computation of transistor amplifier characteristics

r; = input reflection factor referred to R, for a load impedance Z;, defined by the load reflection factor ry,

— 5, + 1S5
1 — sy
p o b—R
" Z+ R,
_Z-R
n ==
Z + R,
r, = output reflection factor referred to R, for a source impedance Z; defined by the source reflection
factor rg
=5, + TG $i2 8
I —rgs,
bR
'L+ R,
o= Zo— R
¢ Zs+ R
. . — I S (1 —r
A, = current amplification = —=% = (= 1)

I, B (1 —5,) — rL(s, —detys)

. . _ v, _ s (1+n)
A, = voltage amplification = V.S (%5 = (s, + det s)

2 2

1 —|"le

|1 —n 522|2 — ISH — . det s|2

. 1“"'1.[2 |1"’1|2 _

L= [1=nf

. P,
G, = power gain = > =
P,

21

v

2

(=l (A =P

‘ [(A—rss) (1 —rsy) — rgn s, 521]2

. =transducer gain = |5

Conditions for unconditional stability:

1 “Isnlz - |S22|2 + |det Slz > 1

2’512 52|I
1 _lsn|2 - |512 521' >0

1 _|522|2 - lsll sZIl >0

6 Letter symbols

6.1 Letter symbols for currents, voltages and powers
6.1.1 General
Clause 2 of Publication 747-1, Chapter V applies.
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6.1.2 Additional subscripts

In addition to the list of recommended general subscripts given in Publication 747-1, Chapter V,
Sub-clause 2.2.1, 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 = gpecified circuit.

6.2 Letter symbols for electrical parameters
6.2.1 General

Clause 3 of Publication 747-1, Chapter V applies.
6.2.2 Additional subscripts

In addition to the list of recommended general subscripts given in Publication 747-1, Chapter V,
Sub-clause 3.3.1, the following special subscripts are recommended for the field of bipolar transistors:

B, b = base; common-base configuration

C,c = collector; common-collector configuration
E, e = emitter; common-emitter configuration
L = large signal

sat = saturation

S, s = storage

T = transition.

6.3 Letter symbols for other quantities
6.3.1 General

Publication 747-1, Chapter V, Clause 4 applies.
6.4 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.

Name and designation Sl;‘i::f:] Remarks
6.4.1 Voltages
Collector-base (d.c.) voltage Ver
Collector-emitter (d.c.) voltage Ver
Emitter-base (d.c.) voltage Vin
Base-emitter (d.c.) voltage Vii
Collector-base (d.c.) voltage with Iy =0 I specified | Vipo
Emitter-base (d.c.) voltage with I =0 I specified | Vigo
Collector-emitter (d.c.) voltage with Iy =0 I specified |Vigg
Collector-emitter (d.c.) voltage with Ry = R I specified | Vipr
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Name and designation :;::12351 Remarks
Collector-emitter (d.c.) voltage with Vg =0 I specified | Vigg
Collector-emitter (d.c.) voltage with V=X Verx
specified (reverse biased emitter-base
junction) I specified
Breakdown voltages (open-circuit) Visry.o The abbreviation BV is in common
use for these quantities
Breakdown voltage, collector-base Vir)cso
with I; =0 I specified
Breakdown voltage, emitter-base VisrEBo
with I =0 I;; specified
Breakdown voltage, collector-emitter Visr)cro
with I; =0 I specified
Breakdown voltages (specified circuit) The abbreviation BV is in common
use for these quantities
Breakdown voltage, collector-emitter Visrycer
with Rgg =R I specified
Breakdown voltage, collector-emitter Visr)cex
with Vg = X specified I specified
Breakdown voltage (short-circuit) Visr).s The abbreviation BV is in common
use for this quantity
Breakdown voltage, collector-emitter Visryces
with V=0 I specified
Floating voltage, emitter-base with I; = 0 Vg specified | Vigg
Punch-through (penetration) voltage Vit
Saturation voltage, collector-emitter Veksat
with I; specified I specified
Saturation voltage, base-emitter Viksat
with I; specified I specified
6.4.2 Currents
Base (d.c.) current I
Collector (d.c.) current I
Emitter (d.c.) current I
Collector cut-off current with I; =0 Vg specified | Iopo
Collector cut-off current with Iy =0 Vg specified | Iogo
Emitter cut-off current with I =0 Vip specified | Ippo
Collector cut-off current with Rz = R Vg specified | Iogg
Collector cut-off current with Vg =0 Veg specified | Iopg
Collector cut-off current with Vi =X Veg specified | Iopx
Base cut-off current with Vg =X Ver specified | Igpx
6.4.3 Powers
Collector power dissipation with T, or T¢,.. specified P.
Total input power (d.c. or average) to all electrodes P, —

with T, or T, specified
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Letter

Name and designation symbol Remarks
6.4.4 Electrical parameters
6.4.4.1 Static parameters (specified for bias conditions)
Static value of the forward current transfer ratio (in Aoy OF hpp I, Iy
common-emitter configuration) horg = . = .~
B B
with Vi = constant
Static value of the input resistance (in common-emitter |A;;p or A BE
configuration) hyg = T with Vi = constant
B
Inherent (large-signal) forward current transfer ratio hoqgp, OF Ic-Icpo
h hotpL = +——
ek Ig+1Igpo

with Vg = constant

6.4.4.2 Small-signal parameters (specified for bias and frequency conditions)

Small-signal value of the short-circuit input impedance:

Vie .
— in common-emitter configuration hijoor hy [hq1e = ]—be with V,, = constant
b
. , . Vep .
— in common-base configuration hypor by, | A, = T with V_, = constant
e
Small-signal value of the open-circuit reverse voltage
transfer ratio:
: . . . Vie .
— in common-emitter configuration B9 OF By | Pyge = v with I, = constant
ce
: , : Vip .
— in common-base configuration hig, or By | Rigy = 7. with I, = constant
cb
Small-signal value of the short-circuit forward current
transfer ratio:
. . . . I, .
— in common-emitter configuration hote OF hyy | Pyge = T with V,, = constant
b
. , . I, .
— in common-base configuration hop, or Ay | hoyy = ia with V_, = constant
e
Small-signal value of the open-circuit output admittance:
I, .
— in common-emitter configuration hoge OF Ry, | hose === with I, = constant
ce
— in common-base configuration hoop, OF Aoy | Aoon, = —V—C- with I, = constant

cb
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Name and designation Letter Remarks
symbol
Real part of the small-signal value of the short-circuit Ry, = Re(hy) + Im(hyo)
input impedance: hyy = Re(hy) + Im(hy,)
Im (hy1e)
— in common-emitter configuration Re(hq1,) y
— in common-base configuration Re(hq11)
Imaginary part of the small-signal value of the
short-circuit input impedance: e
— in common-emitter configuration Im(h,,,)
— in common-base configuration Im(h,) Re (hye)
Input capacitance, output short-circuited to a.c.:
— in common-emitter configuration Ciies or Cies | hyyo ~ Re(hyy,) +__...__1.__._
Jo Cl les
— in common-base configuration Ciibs OF Civg | hyyy, ~ Re(hyyy) + ._..._1_..._
J0C

Input capacitance, output open-circuited to a.c.:
— 1n common-emitter configuration

— 1n common-base configuration

C’1 leo OF Cieo

C’1 1bo O Cibo

Output capacitance, input open-circuited to a.c.:
— 1n common-emitter configuration

— 1n common-base configuration

CZZeo or Coeo

CZZbo or Cobo

hage = Re(hgge) + 10 Cos,
hagy, = Re(hggp) + J0 Cogy,

Output capacitance, input short-circuited to a.c.:
— in common-emitter configuration

— in common-base configuration

CZZes or Coes

CZst or Cobs

Yase = Re(Yage) T JOCoseg
Yaop = Re(Yagp) + JOCogpg

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

— 1n common-emitter configuration

— 1n common-base configuration

ClZes or Cres

Cles or C'rbs

Collector-base capacitance for transistors with isolated
device terminals and a separate screen lead

Cocb

Small-signal value of the short-circuit input admittance:

I
— in common-emitter configuration Y11e OF Yie Yite = T/,—b— with V_, = constant
be
1
and yi. =
1le
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Name and designation

Letter symbol

Remarks

I
Yib = T/'i with V,, = constant

— in common-base configuration Y11b OF YVipy
eb
and yiyp = hi
11b
Small-signal value of the short-circuit reverse
transfer admittance:
. . . . L, .
— in common-emitter configuration Y12e OF Yye Y12e =V— with V,, = constant
be
: . : I, .
— in common-base configuration Y12b OF Vi Yiop = v with V, = constant
cb
Small-signal value of the short-circuit forward
transfer admittance:
: . . . I, .
— in common-emitter configuration Yo1e OF Yge Vore = v with V,, = constant
be
. , . I, .
— in common-base configuration Yo1pb OF Vg, Ya1n = —— with V; = constant
eb
Small-signal value of the short-circuit output
admittance:
. . . . I, .
— in common-emitter configuration Ya2e OF Yoe Y990 =—— with V,, = constant
ce
: . : I, .
— in common-base configuration Yaob OF Yob Voon = v with V = constant

cb
Modulus of the short-circuit reverse transfer I
admittance: ™ (¥12)
— in common-emitter configuration [ Y196 | OF | ¥pel y
— in common-base configuration [ Y195 | OF [y, |
Phase of the short-circuit reverse transfer
admittance:
. . . . s‘\"l’
— in common-emitter configuration Py120 OF Py
® Y120 o -
— in common-base configuration @y121 OF Py, Re (¥40¢)
Documents
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Name and designation Letter symbol Remarks

Modulus of the short-circuit forward transfer I (Y0)

admittance: N 2He
— in common-emitter configuration [ Y910 | OF | ¥l
— in common-base configuration [y | OF |vg, |
Phase of the short-circuit forward transfer

admittance: y2o
— in common-emitter configuration Pya1e OT Py, ® Yote
— in common-base configuration Py21 OF Pyp, Re (Yp(e)

Input reflection coefficient:

— in common-emitter configuration S11e OF Siq
— in common-source configuration S11s OF Siq
— in common-base configuration S11b OF Sip,
— in common-gate configuration S11g OF Sig
— in common-collector configuration S11c OF S
— in common-drain configuration S114 OT Sig

Output reflection coefficient:

— in common-emitter configuration S996 OT Sge
— in common-source configuration S99s OF Sgq
— in common-base configuration Sggp, OT Sop
— in common-gate configuration S99g O Sog
— in common-collector configuration S99¢ OF Soe
— in common-drain configuration S994 OF Soq

Forward transmission coefficient:

— in common-emitter configuration S91e OF Sg,
— in common-source configuration S91s OF Sge
— in common-base configuration So1p OT S
— in common-gate configuration Sg1g O Sgy
— in common-collector configuration S91c OF S
— in common-drain configuration S914 OT Sgq

Reverse transmission coefficient:

— in common-emitter configuration S196 OT Sye
— in common-source configuration S196 OF Syq
— in common-base configuration S1ap O Syp
— 1n common-gate configuration S19g O Syq
— 1n common-collector configuration S19¢ O Sye
— in common-drain configuration S194 OT Syq
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6.4.4.3 Modified hybrid it equivalent circuit parameters

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

Cbc
1L
1
B Tbb-  Coe c
| S LA
|
9pe i Vb'e gmvb‘e
]
Cb.'e
£° ) E

Name and designation

Letter symbol

Remarks

Base intrinsic resistance by
Intrinsic base-emitter conductance Sire
Intrinsic base-emitter capacitance Cye
Intrinsic base-collector capacitance Cye
Intrinsic transconductance S

Base-collector capacitance Cy.

6.4.5 Frequency parameters

Cut-off frequency:
— 1n common-emitter configuration
— in common-base configuration

— 1n common-collector configuration

fh21e OF fige
fh21b OF fup,
fh21c OF fige

Frequency of unity current transfer ratio |f; fi=ffor |hy | =1

Transition frequency fr fr=71% lhyel
(hg1e 1s measured in a region where
the roll-off is 6 dB/octave)

Maximum frequency of oscillation [inax

Frequency of unity forward transmission

coefficient:

— in common-emitter configuration fees fise fee=ffor |sg.l =1

— in common-source configuration fess fiss [« =ffor |sy | =1

— in common-base configuration febs fisb fo = ffor |sop| =1

— in common-gate configuration fegr fise foe =ffor |sg | =1

— in common-collector configuration feor fise fo. = ffor |se.| =1

— in common-drain configuration fsas fisa faa=ffor [syql =1
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Name and designation Letter symbol Remarks
6.4.6 Switching parameters
% A
Pulse average time by 100
50
Pulse ti t 0 i >
ulse time p P Time'
Tw
o
1 4
Duty cycle D, b
‘L,‘ Time
T
t
Duty cycle = —1—.
0
10 Time
Delay time tq
90
100
input pulse
Rise time t, %
%
Carrier storage time t, Output pulse
100
90
10
: 0
Fall time I T | Tme
tg ts
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Name and designation

Letter symbol

Remarks

Turn-on time ton tq +t,
Turn-off time Logt i+t
Emitter depletion layer capacitance Cre

Collector depletion layer capacitance Cre

Stored charge Q.

Transient current ratio in saturation

th Esat OF hFEsat

Collector-emitter saturation resistance:

— small-signal value Tesat
— large-signal value T CHsat
6.4.7 Sundry quantities
Noise N, n
Noise figure F, F,
Noise current I,
Noise voltage Va
Noise power P,
Effective noise bandwidth B
Amplification A
Current amplification A A,
Voltage amplification Ay A,
Gain G
Power gain Gy G,
Insertion power gain G, G,
Transducer power gain G G,
Available power gain G, G,
Efficiency n
Collector efficiency Ne
6.4.8 External circuit parameters
Emitter (d.c.) voltage supply Vir
Base (d.c.) voltage supply Vg
Collector (d.c.) voltage supply Vee
External emitter resistance Ry
External base resistance Ry
External collector resistance R,
External resistance connecting base to emitter Rgg
Generator resistance R
Load resistance Ry,
Load capacitance Cy
6.4.9 Matched-pair bipolar transistors
Ratio of static values of common-emitter forward | Apg/Apgs The smaller of the two values
current transfer ratio ogga/ Porgs is taken as the numerator
Difference between base-emitter voltages Vie1 — Vags The smaller value is

subtracted from the larger
value

Change in difference of base-emitter voltages
between two temperatures

| A(Vig1 — Vi) [ ar
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Chapter III. Essential ratings and characteristics

Section 1. Low-power signal transistors (excluding switching applications)

1 General
1.1 Range of application

This section gives standards for low-power signal transistors applicable for operation at either high or low
frequencies.

1.2 Rating methods
Low-power signal transistors should be specified as ambient-rated or as case-rated devices.
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 Publication 747-1, Chapter VI, Clause 5.

2 Ratings (limiting values)

The following ratings shall be stated:

2.1 Temperatures

2.1.1 Range of operating temperatures, ambient or case (7,,,;, or T,,c0)-
2.1.2 Range of storage temperatures (7).

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.

2.2.1 Maximum collector-base voltage with zero emitter current (Vipo).

2.2.2 Maximum collector-emitter voltage with zero base current (Vigo).

2.2.3 Maximum emitter-base reverse voltage with zero collector current (Vigo).

2.2.4 Maximum collector current (I).

2.2.5 Maximum emitter current (where appropriate) (Iy).

2.2.6 Maximum base current (where appropriate) (Ip).

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.

3 Characteristics
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 Publication 747-1, Chapter VI, Clause 6.

3.2 Collector-base cut-off current (reverse current) (I:po)
3.2.1 Maximum value at 25 °C at the rated maximum collector-base voltage.

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
IEC Publication 747-1, Chapter VI, Clause 5.

3.3 Emitter-base cut-off current (reverse current) (Iyo)

Maximum value at 25 °C and at a specified emitter-base voltage.
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3.4 Collector-emitter saturation voltage (Vi)

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
Ve may be given.

3.5 Base-emitter voltage (V)

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

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

Minimum and, where appropriate, maximum values (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
hgyyp 1s required.

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

The following hA-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:

hi1eOF By, = input resistance with output short-circuited to a.c. (where appropriate).
Minimum and maximum values.

ho1e Or hg, = forward current transfer ratio with output short-circuited to a.c. (where appropriate).
Minimum and maximum values.

hoge Or h,. = output conductance with input open-circuited to a.c. (where appropriate).

Maximum value.

3.8 Transition frequency f; or value of | h,,.| 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 | 5| at a specified frequency in the range in which | Ay, | is decreasing
at the rate of approximately 6 dB/octave and at specified values of collector current and collector-emitter
voltage.

In specifying | hy, |, the frequency shall be chosen preferably from the series 1, 2, 5 X 10® Hz and should
be such that | Ay, | is in the range of 2 to 10.

3.9 Output capacitance (Cyy, or C,)

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 C,.

The following information shall be given at 25 °C only.
3.9.1 3-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.

3.9.2 4-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.

3.10 Noise factor (where appropriate)
Maximum value under specified conditions of frequency range, bias and source impedance.
3.11 High frequency parameters (for high frequency transistors)

In this section, 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—30 MHz.

These parameters shall be stated at 25 °C only. Documents
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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.

They should be specified as follows:
— Minimum value of real part of the short-circuit common-emitter input impedance Re (h,;,), at
specified values of I, Vi and very high frequency.
— Maximum value of the magnitude of the common-base open-circuit reverse voltage transfer
ratio | hqg,| at specified values of Iy, Vp and appropriate frequency.
— Minimum value of the magnitude of the short-circuit common-emitter forward current transfer
ratio | hqy. |, at specified values of I and Vi and appropriate frequency (see Sub-clause 3.8).
— Maximum value of the output capacitance C,y,.
This parameter shall be specified in the same way as in Sub-clause 3.9.
Explanatory note concerning the relationship between the set of high-frequency parameters and the
parameters of the modified hybrid 7T equivalent circuit.
The four characteristic values:
Re (hq;,) at a high frequency f;
| Asyy | at a medium frequency f,,
| hy1el  at a high frequency f,, (where | kg, |1s decreasing at a slope of approximately 6 dB/octave)

and
C22b
can be used for the design of an amplifier circuit by means of the following equivalent circuit:

11 Cbe
]
Coe || & oC
] ?
G, gmVb'e
Vb'e

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:

1) ryy = Re (hq1.) at high frequency fi,;

where hgq1, 18 the small-signal forward current transfer ratio,

IE
=481
2) v kT (1 = Thawol), in the common-base configuration and at a low frequency

_ 9k 1
3) G kT 2nf
fr can be computed from the value of | ks | at frequency f,,, since:
fr=Thaiel /e
4 G, = |h|2h| _ |hl2bl

27 Py fon B 2nf.Re(hy.)
5) Cye + Cye = Cogp; G = Cogp — Gy
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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 by the above
formulae. (The values used in the above formulae are defined in Sub-clause 11.3.2.)

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 Y12e®
Common-emitter short-circuit forward transfer admittance Vorte
Common-emitter short-circuit output admittance Voge

or second set:

Common-base short-circuit input admittance Y11b
Common-base short-circuit reverse transfer admittance Vi
Common-base short-circuit forward transfer admittance Yoib
Common-base short-circuit output admittance Voob

21f y,, cannot be stated in one of the configurations because of the difficulty of measurement, y;, may be substituted in the other
configuration.
b) s-parameters

As an alternative to the y-parameters, the following s-parameters may be given in the complex form.
They shall be stated with reference to a resistive load of 50 ohms and for the recommended configuration
under specified conditions of bias, temperature (25 °C) and mounting:

s;; — Typical value
S99 — Typical value
$19 — Typical value
$91 — Minimum and typical values.

If the manufacturer recommends the transistor for use at a specified frequency, the values of the
s-parameters shall then be stated at this frequency.

If the manufacturer proposes operation over a range of frequencies, the s-parameters shall then be stated
at two frequencies within the recommended range of operating frequencies. In addition, curves may be
included in the section on “Application data”.

3.12 Specific characteristics of matched-pair bipolar transistors, used in low-frequency
differential applications

3.12.1 Ratio of static values of common-emitter forward current transfer ratios

Minimum value of the ratio hypg,/hygs, Where hpg; and hpg, are the static values of the common-emitter
forward current transfer ratio of each transistor, under specified voltage (V) and current (I).

NOTE This ratio should be the smaller value divided by the larger value.
3.12.2 Difference between base-emitter voltages

Maximum absolute value of the difference between the base-emitter voltages of the two transistors, under
specified voltage (Vg) and current (1p).
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