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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
DISCRETE DEVICES -

Part 4: Microwave diodes and transistors

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization- comprising
all national electrotechnical committees (IEC National Committees). The object of IEC js 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, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaftet< referred to as “IEC
Publication(s)”). 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 prepafation. 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 IEC on technical matters express, 'as nearly as possible, an international
consensus of opinion on the relevant subjects since each technicalkcommittee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for intepnational use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are ‘made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible ifi)their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestationyof conformity. Independent certification bodies provide conformity
assessment services and, in some areas,“access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC.-or its directors, employees, servants or agents including individual experts and
members of its technical comimittees and IEC National Committees for any personal injury, property damage or
other damage of any nafure whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out «0f\the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable_forthe correct application of this publication.

9) Attention isTdrawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights” IEC shall not be held responsible for identifying any or all such patent rights.

DISCLAIMER

This Consolidated version is not an official IEC Standard and has been prepared for
user convenience. Only the current versions of the standard and its amendment(s)
are to be considered the official documents.

This Consolidated version of IEC 60747-4 bears the edition number 2.1. It consists of
the second edition (2007-08) [documents 47E/330/FDIS and 47E/339/RVD] and its
amendment 1 (2017-01) [documents 47E/499/CDV and 47E/517/RVC]. The technical
content is identical to the base edition and its amendment.

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendment 1. Additions are in green text, deletions are in strikethrough
red text. A separate Final version with all changes accepted is available in this
publication.
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International Standard IEC 60747-4 has been prepared by subcommittee 47E: Discrete
semiconductor devices, of IEC technical committee 47: Semiconductor devices.

This second edition constitutes a technical revision.

The major technical changes with regard to the previous edition are as follows:

a) the clause of bipolar transistors has been added;

b) the clause of field-effect transistors has been amended.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The list of all parts of the IEC 60747 series, under the general title Semiconductor{devices —
Discrete devices, can be found on the IEC website.

The committee has decided that the contents of the base publication and its~amendment will
remain unchanged until the stability date indicated on the IEC”* web site under
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’ logo ondhe cover page of this publication indicates
that it contains colours which are ‘considered to be useful for the correct
understanding of its contents. Users.should therefore print this document using a
colour printer.
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SEMICONDUCTOR DEVICES -
DISCRETE DEVICES -

Part 4: Microwave diodes and transistors

1 Scope

This part of IEC 60747 gives requirements for the following categories of discrete devices:

— variable capacitance diodes and snap-off diodes (for tuning, up-converter or harmonic
multiplication, switching, limiting, phased shift, parametric amplification);

— mixer diodes and detector diodes;

— avalanche diodes (for direct harmonic generation, amplification);

— gunn diodes (for direct harmonic generation);

— bipolar transistors (for amplification, oscillation);

— field-effect transistors (for amplification, oscillation).
2 Normative references

The following referenced documents are indispensablé for the application of this document.
For dated references, only the edition cited applies)For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050-702:4992, International Electrotechnical Vocabulary — Chapter 702: Oscillations,
signals and related devices (available at <http://www.electropedia.org>)

IEC 60747-1:2006, Semiconductor devices — Part 1: General
I[EC 60747-1/AMD 1:2010

IEC 60747-7:2000, Semicondutctor devices — Part 7: Bipolar transistors

IEC 60747-8:2000, Semiconductor devices — Part 8: Field-effect transistors

3 Variable capacitance, snap-off diodes and fast-switching schottky diodes

3.1 Variable capacitance diodes

31.1 General

The provisions of this part deal with diodes (excluding snap-off diodes) in which the variable
capacitance effect is used; they cover four applications: tuning, harmonic multiplication,
switching (including limiting), parametric amplification.

The devices for these applications are defined as follows:
Diodes for tuning

Diodes which are used to vary the frequency of a tuned circuit. These diodes are usually
characterized a frequency of resonance much higher than the frequency of use and have a
known capacitance/voltage relationship.
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Diodes for harmonic multiplication

These diodes must have a non-linear capacitance/voltage relationship at the frequency of
operation and a high ratio of cut-off frequency to operating frequency.

Diodes for switching (including limiting)

These diodes exhibit a fast transition from a high impedance state to a low impedance state

and vice versa - and can ba lised to modulate or control the nower lavael in microwave svustems
P ;4 -

Diodes for parametric amplification

These diodes are intended to handle small amplitude signals and are most often used,in\low-
noise amplifiers.

3.1.2 Terminology and letter symbols

See 3.1.3.3.

3.1.3 Essential ratings and characteristics
3.1.31 General
3.1.31.1 Rating conditions

Variable capacitance diodes may be specified either as-ambient rated or case rated devices
or, where appropriate, as both.

The ratings listed in 3.1.3.2 should be stated at the-following temperatures:

— ambient-rated devices:

at an ambient temperature of 25 °C and at'one higher temperature.

— case-rated devices:

at a reference point temperatute of 25 °C and at another reference point temperature.

3.1.3.1.2 Application categories

The essential ratings-and characteristics to be stated for each category of diode are marked
with a + sign in_the following table:
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— column 1: tuning applications;

— column 2: harmonic multiplication applications;

— column 3: switching (including limiting) applications;
— column 4: parametric amplification applications.

The following ratings should be stated:
3.1.3.2.1 Temperatures

Range of operating temperatures
Range of storage temperatures

3.1.3.2.2 Voltages and currents

Maximum peak reverse voltage

Maximum mean forward current, where appropriate
Maximum peak forward current, where appropriate

3.1.3.2.3 Power dissipation

Maximum dissipation, under stated conditions, over the operating
temperature range

3.1.3.3 Electrical characteristics

Unless otherwise specified, the following characteristics should be given
at 25 °C (see Figure 1)

3.1.3.3.1 Stray capacitance (Cy)
Typical value under specified conditions
3.1.3.3.2 Series inductance; (L)

Typical value and, where appropriate, maximum value
under specified conditions

3.1.3.3.3 Terminal capacitance (Ciot)

a) Minimum and maximum values, at a specified bias voltage
and at a-specified frequency (note 2)

b) Typieal curve showing the relationship between terminal capacitance
and. bias voltage

3.1:3.3.4 Junction capacitance (C;j)

© IEC 2017
Cataagorias
vvvvvvvvvv

213 |4

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ |+ | 4

Minimum and maximum values at a cpnnifind bias \/nlfngn (nnfne 2 and '3.)
When the order of magnitude of C, is the same as that of the terminal
capacitance Ciot, a typical value should be given for C; instead of minimum
and maximum values

3.1.3.3.5 Effective quality factor (Q)

Minimum values at two or more specified frequencies under specified
bias conditions (note 4)
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Categories
112 (3|4

3.1.3.3.6 Cut-off frequency

Minimum value under specified conditions (notes 4 and 5) + |+ |+

3.1.3.3.7 Series resistance (rg)
Maximum and/or typical values under specified conditions (note 4) + |+ | + [(+
3.1.3.3.8 Reverse current
Maximum value at a specified reverse voltage + | M+ |+
3.1.3.3.9 Thermal resistance

Maximum value between junction and ambient, or between the junction + |+ |+
and a specified reference point

3.1.3.3.10 Switching time
Typical value under specified conditions +
3.1.3.3.11 Stored charge or minority carrier life time

Typical value, for either stored charge under specified\conditions
including bias, or minority carrier life time under specified conditions + |+

3.1.3.3.12 Transition time

Typical value, under specified conditions,together with a specified +
measurement circuit (note 1)

NOTE 1 See definition in 3.2.2.

NOTE 2 For categories 1, 2 and-3, the specified bias voltage should be —6 V and for category 4, the specified
bias voltage should be 0 V.

NOTE 3 The relationship\between the junction capacitance and bias voltage should be represented either by a
typical curve or by a mathematical form. The mathematical form should be as follows:

Ci=K(V+g)7

where V is the"magnitude of the applied reverse voltage and K, ¢ and y are three constants. The manufacturer
should specify thee typical values for K, ¢ and .

NOTE 45/H-the Q value and the series resistance are not specified for category 1, then the cut-off frequency must
be spécified.

NOTE 5 The cut-off frequency f; is defined as:

1
f = ———
[
27 rg Cj
where rg is the series resistance and C; is the capacitance of the junction measured at a specified bias point rg is

determined by the equivalent circuit shown in Figure 1 below; its value depends on the measuring method used
and on the bias voltage.
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==Cp
7j
O
IEC 1108/01
Key
C; junction capacitance C, stray capacitance
rs series resistance Ls series inductance

r; low frequency resistance of the junction

In general, r; is sufficiently high to be neglected.

Figure 1 — Equivalent circuit

3.1.34 Application data

For harmonic multiplication applications, the efficiency should be stated.

314 Measuring methods
3.1.41 Reverse current Ig

a) Purpose
To measure the reverse current of a diode under specified reverse voltage.
b) Circuit diagram

Rl
) OIRZ

IEC__1109/01

Key
D diode being measured

Figure 2 — Circuit for the measurement of reverse current Ig
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c)

Circuit description and requirements
R4 is a calibrated resistor (pulse measurement only).
Ry is a protective resistor.

If a pulse measurement is required, the variable voltage generator is replaced by a voltage
pulse generator, the voltmeter is replaced by a peak-reading instrument and the ammeter
is replaced by a peak-reading voltmeter across the calibrated resistor R4.

@D
R

e)

Al rampaant nranadl e
TTITCTIC PToCCUare

The temperature is set to the specified value.

The variable voltage generator is adjusted to obtain the specified value of reverse voltage
VR across the diode.

The reverse current Ig is read from the ammeter A.

Specified conditions

— Ambient, case or reference-point temperature (t3mp, fcase, fref)-
— Reverse voltage (VR).

— Pulse width and duty cycle, where applicable.

3.1.4.2 Forward voltage Vg

a)

Purpose

To measure the forward voltage across a signal_of)switching diode under specified
conditions.

Circuit diagram

h «(V) Yo

IEC 1110/01

Key
D diode bejngimeasured

Figure 3 — Circuit for the measurement of forward voltage V¢
Cireuit description and requirements

Ri"is a calibrated resistor (pulse measurement only).
Ro is a high value resistor.

if d puiac IIIUdbulUIIIUIIt ib lcquilcd, thC ValidIUiG VUitng gcllcldtul ib |cpiabcu' by d vuitaga
pulse generator, the voltmeter is replaced by a peak-reading instrument and the ammeter
is replaced by a peak-reading voltmeter across the calibrated resistor R;.
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d) Measurement procedure
The temperature is set to the specified value.
The variable voltage generator is adjusted to obtain the specified value of forward current /.
The forward voltage VF is read from the voltmeter V.
e) Specified conditions
— Ambient or case temperature (famp, fcase)-

— Forward current (/g).
— Pulse width and duty cycle, where applicable.

3.1.4.3 Capacitance Cyot

The measurement of total capacitance (Ciot = Cj + Cp) should be made at a sufficiently low
frequency (below microwave frequencies) so that the effects of the lead inductance may be
neglected. Under these conditions, the measured value of terminal Seapacitance is
independent of frequency.

The total capacitance at a given bias condition is obtained by the method stated hereafter.

a) Purpose
To measure the total capacitance of a diode under specified’conditions.

b) Circuit diagram

R
1 c
L l I o
!
+ S
Qi D A.C. bridge
= ve
O

IEC 1111/01

Key
D diode being measured

RFigure 4 — Circuit for the measurement of capacitance Ciqt

c) Circuit deseription and requirements

The eonhductance of resistor R should be low compared with the admittance of the diode
beihg-measured.

The capacitor C must be able to withstand the reverse bias voltage of the diode and
should present a short circuit at the frequency of measurement.

d) Precautions to be observed

The bridge shall be able to withstand the reverse bias voltage of the diode without
affecting the accuracy of the measurement. If the measured capacitance is very small, the
mounting conditions will affect the accuracy of the results and they should be specified.
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e)

f)

Measurement procedure
The temperature is set to the specified value.

The voltage across the diode is adjusted to the specified value Vi. Then the voltmeter V is
taken out of the circuit and the capacitance of the diode being measured is determined
using the a.c. bridge by subtracting the value without the diode in its mounting from the
value with the diode in its mounting.

Specified conditions

Ambient or case temperature (tamb, fcase)-

— Reverse voltage (VR).

— Measurement frequency, if different from 1 MHz.
— Mounting conditions of the diode, if necessary.

NOTE The variation of total capacitance with bias voltage may be found by measuremefts as described
above, made at a number of bias points.

3.1.4.4 Effective quality factor Q

The effective quality factor Q of a variable capacitance diode cah~be measured using
a "Q-meter" or an impedance bridge (see Figure 5).

e A — PRI N S

IEC 1112/01

Key

D diode-being measured
V . voltage source

Q- \Q-meter

Figure 5 — Circuit for the measurement of effective quality factor

Description

The \/nlfagn source should prnennf a high impndann at the frnqnnnry of measurement

compared to that of the capacitor C; this is obtained by means of series resistor R.
C is a decoupling capacitor having a low impedance at the frequency of measurement.

L is an inductor chosen to resonate with the parallel circuit capacitor at the frequency of
measurement.

It is assumed that there is a low resistance path through the Q-meter between points A
and B.
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The basic circuit of such a meter consists of a signal generator of negligible output impedance
driving a high Q inductance in series with a high-quality variable capacitance. The factor Q of
this circuit can be measured at a given frequency by tuning the variable capacitance for
resonance.

Q is given by the ratio of the voltage across the capacitance to the voltage supplied by the
generator. In order to measure the factor Q of a variable capacitance diode, it shall be
connected in parallel with the variable capacitance in the Q-meter. DC isolating components

shall be used so that the desired bias voltage may be applied to the diode being measured,
but the biasing circuit must remain connected to the Q-meter throughout the measurement.

Four measurements are made: Q and C4, the factor Q of the circuit and the magnitude ‘of the
variable capacitance with the diode not in circuit; and Q2 and Cj, the factor Q of the, circuit
and the value of the variable capacitance for resonance at the same frequency with the diode
connected to the circuit.

The factor Q of the diode is then calculated using the expression:

0o QQ |(Ci-C
Q1 _Qz C1

Two precautions are necessary:

1) The measurement shall be made at a frequencysat which the reactance of the self-
inductance of the diode is negligible compared with/the reactance of the capacitor.

2) The magnitude of the signal applied to the ~ariable capacitance diode shall be kept
relatively small so that only a small excursion is made over the non-linear capacitance
characteristic. The result must be independent of the signal level.

NOTE

1 f,

27rf><CJ-><rS f

Since C, < C;for these diodes, Gyand C; can be used interchangeably in this section.

3.1.4.5 Series resistance rg

The effective value of 'series resistance rg can be deduced from the values of Cj and f using
the formula given in 371.4.4.

3.1.4.6 Series inductance Lg

Measurements should be conducted in the frequency region where the effect of stray capa-
citaneeCj, relative to the terminal impedance of the diode can be neglected.

Thé diode is inserted in the measuring head as shown in Figure 6 which is set on the tip of
the inner conductor of the coaxial slotted line.
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Atty
A o
VSWR / & G
e o =
o r “““ 7] 10 dB ] ? 20 dR Co
- L - Att1 - Co v Att2 N { .;r
IEC 1381/07

Key
VSWR voltage standing wave ratio meter
X distance
H diode head
L slotted line
Att attenuator
Co coupler
G microwave generator
S bias supply
f frequency meter

Figure 6 — Circuit for the measurement of series inductance

Measurements are as follows:

First, determine position x,, where the standing*wave voltage is minimum as measured at a
bias voltage in the forward region where the terminal capacitance becomes independent of
the change of bias voltage. This bias voltage should be sufficiently high so that an increase of
this voltage would not affect the result 6f"the measurement. (This condition may be satisfied
when about 5 mA forward current flows?)

Next, without any break in the,impedance of the line, a metal block is inserted in the
measuring head in place of the diode. This is done in order to provide a short-circuit at the
reference plane position whic¢h is defined and should be specified by the manufacturer of the
diode. In this conditiony\position x5 nearest to x,, and larger than x., is found where the
standing wave voltageis'minimum.

The reactance oef'the diode is obtained by the following equation:

2 —
X = ZotanM

where
Zo/ is the characteristic impedance of the coaxial ling;

S

thao wwavun leanath of th maoaciirina frani iy
T L3} L

a
oo asoart g T ocquTToyT

The series inductance Lg can be obtained by use of the following equation:

Lo X

2rf

NOTE The structure of some devices may prevent this method of measurement from givi