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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -

Part 16-4: Microwave integrated circuits —
Switches

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 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, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter 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 preparation. 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 technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international 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 in 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 attestation of 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 committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of 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 for the correct application of this publication.

9) Attention is drawn 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.

This consolidated version of the official IEC Standard and its amendments has been
prepared for user convenience.

IEC 60747-16-4 edition 1.2 contains the first edition (2004-07) [documents 47E/256/FDIS
and 47E/261/RVD], its amendment 1 (2009-03) [documents 47E/358/CDV and
47E/373/RVC] and its amendment 2 (2017-08) [documents 47E/546/CDV and
47E/563/RVC].

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendments 1 and 2. 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 60747-16-4 has been prepared by subcommittee 47E: Discrete
semiconductor devices, of IEC technical committee 47: Semiconductor devices.

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

The committee has decided that the contents of the base publication and its amendments 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

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or

*+ amended.

IMPORTANT - The “colour inside” logo on the 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 publication using a colour printer.
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SEMICONDUCTOR DEVICES -

Part 16-4: Microwave integrated circuits —
Switches

1 Scope

This part of IEC 60747 provides new measuring methods, terminology and letter symbols, as
well as essential ratings and characteristics for integrated circuit microwave switches.

There are many combinations for RF ports in switches, such as SPST (single pole single
throw), SPDT (single pole double throw), SP3T (single pole triple throw), DPDT (double pole
double throw), etc. Switches in this standard are based on SPDT. However, this standard is
applicable to the other types of switches.

2 Normative references

The following referenced documents are indispensable 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 60747-1:2006, Semiconductor devices — Part 1: General
IEC 60747-1:2006/AMD1:2010

IEC 60747-4, Semiconductor devices — Discrete devices — Part 4: Microwave devices

IEC 60747-16-1:2001, Semiconductor devices — Part 16-1: Microwave integrated circuits —
Amplifiers

IEC 60747-16-1:2001/AMD1:2007

IEC 60747-16-1:2001/AMD2:2017

IEC 60748-2, Semiconductor devices — Integrated circuits — Part 2: Digital integrated circuits

IEC 60748-3, Semiconductor devices — Integrated circuits — Part 3: Analogue integrated
circuits

IEC 60748-4, Semiconductor devices — Integrated circuits — Part 4: Interface integrated
circuits

IEC 61340-5-1:2007, Electrostatics — Part 5-1: Protection of electronic devices from
electrostatic phenomena — General requirements

IEC/TR 61340-5-2:2007, Electrostatics — Part 5-2: Protection of electronic devices from
electrostatic phenomena — User guide
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
Terms related to electrical characteristics

3.1

insertion loss

Lin.s ) . ) .
ratio of the-out input power to the output power at the switched on port,-te-the-input-power in
the linear region of the power transfer curve P, (dBm) = f(P))

NOTE 1 In this region, AP, (dBm) = AP; (dBm).

NOTE 2 Usually the insertion loss is expressed in decibels.

3.2
isolation

Liso

| ratio of the-out input power to the output power at the switched off port,-te-the-input-power in
the linear region of the power transfer curve P, (dBm) = f(P;)
NOTE 1 In this region, AP, (dBm) = AP; (dBm).

NOTE 2 Usually the isolation is expressed in decibels.

3.3
return loss

Lret
ratio of the incident power Pj . at the specified port to the reflected power P,of at the same

port in the linear region of the power transfer curve Prgf (dBm) = f(Pinc)
NOTE 1 In this region, AP (dBm) = AP;,; (dBm).

NOTE 2 Usually the return loss is expressed in decibels.

3.4

input power at 1 dB compression

Pi(1 gB) o . o o
input power where the insertion loss increases by 1 dB compared with insertion loss in linear
region

3.5

output power at 1 dB compression
Lor1aB) — . —— o
output power where the insertion loss increases by 1 dB compared with insertion loss in linear
region

3.6

turn on time
ton

interval between the lower reference point on the leading edge of the control voltage and the
upper reference point on the leading edge of the envelope of the output voltage in the linear
region of the power transfer curve P, (dBm) = f(P;)

NOTE In this region, AP, (dBm) = AP; (dBm).

3.7
turn off time

Toff
interval between the upper reference point on the trailing edge of the control voltage and the

lower reference point on the trailing edge of the envelope of the output voltage in the linear
region of the power transfer curve Py (dBm) = f(P;)

NOTE In this region, AP, (dBm) = AP; (dBm).
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3.8
rise time

tr(out)
interval between the lower reference point on the leading edge of the output voltage and the
upper reference point on the leading edge of the envelope of the output voltage in the linear

region of the power transfer curve P, (dBm) = f(P;)
NOTE In this region, AP, (dBm) = AP; (dBm).

3.9
fall time

f(out)
interval between the upper reference point on the trailing edge of the output voltage and the
lower reference point on the trailing edge of the envelope of the output voltage in the linear

region of the power transfer curve P, (dBm) = f(P;)
NOTE In this region, AP, (dBm) = AP; (dBm).

3.10
adjacent channel power ratio

mod)

ratio of the total output power in a specified frequency band away from a specified carrier
signal frequency to the total power in a specified carrier signal frequency band, when a
modulation signal is supplied

[SOURCE: IEC 60747-16-1:2001/AMD2:2017, 3.21]

3.11
n-nth order harmonic distortion ratio
Pnth/P

e e s e

ratio of the power of the nth order harmonic component measured at the output port of the
device to the power of the fundamental frequency measured at the output port

[SOURCE: IEC 60747-16-1:2001/AMD2:2017, 3.14]
4 Essential ratings and characteristics

This clause gives ratings and characteristics required for specifying integrated circuit micro-
wave switches.

4.1 Circuit identification and types
411 Designation and types

Identification of type (device name), category of circuit and technology applied should be
given. Microwave switches comprise one category.

4.1.2 General function description

A general description of the function performed by the integrated circuit microwave switches
and the features for the application should be made.
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4.1.3 Manufacturing technology

The manufacturing technology, e.g. semiconductor monolithic integrated circuit, thin film
integrated circuit, micro-assembly, etc. should be stated. This statement should include
details of the semiconductor technologies such as Schottky-barrier diode, PIN diode, MESFET,
Si bipolar transistor, etc.

IEC 60747-4 should be referred to for terminology and letter symbols, essential ratings and
characteristics and measuring methods of such microwave devices.

41.4 Package identification
The following statements should be made:

a) chip or packaged form;

| b) IEC and/or national reference number of the outline drawing,—ef or drawing of non-
standard package including terminal numbering;

c) principal package material, for example, metal, ceramic, plastic.

4.1.5 Main application

The main application should be stated. If the device has restrictive applications, these should
be stated here.

4.2 Application description

Information on application of the integrated circuit and its relation to the associated devices
should be given.

4.2.1 Conformance to system and/or interface information

It should be stated whether the integrated circuit conforms to an application system and/or an
interface standard or a recommendation.

Detailed information concerning application systems, equipment and circuits such as VSAT
systems, DBS receivers, microwave landing systems, etc. should also be given.

4.2.2 Overall block diagram

A block diagram of the applied systems should be given if necessary.

4.2.3 Reference data

The most important properties that permit comparison between derivative types should be
given.

4.2.4 Electrical compatibility

It should be stated whether the integrated circuit is electrically compatible with other particular
integrated circuits, or families of integrated circuits, or whether special interfaces are required.

Details should be given concerning the type of input and output circuits, e.g. input/output
impedances, d.c. block, open-drain, etc. Interchangeability with other devices, if any, should
also be given.

4.2.5 Associated devices

If applicable, the following should be stated:
gg)ocuments
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— peripheral devices with direct interfacing (list with type number, name and function).

4.3 Specification of the function
4.31 Detailed block diagram — Functional blocks

A detail block diagram or equivalent circuit information of the integrated circuit microwave
switches should be given. The block diagram should be composed of the following:

functional blocks;

T Q

mutual interconnections among the functional blocks;

Q O

)

)

) individual functional units within the functional blocks;

) mutual interconnections among the individual functional blocks;
)

function of each external connection;

D

f) inter-dependence between the separate functional blocks.

The block diagram should identify the function of each external connection and, where no
ambiguity can arise, also show the terminal symbols and/or numbers. If the encapsulation has
metallic parts, any connection to them from external terminals should be indicated. The
connections with any associated external electrical elements should be stated, where
necessary.

As additional information, the complete electrical circuit diagram can be reproduced, but not
necessarily with indications of the values of the circuit components. The graphical symbol for
the function shall be given. Rules governing such diagrams may be obtained from IEC 60617-12
orlEC-80617-13.

4.3.2 Identification and function of terminals

All terminals should be identified on the block diagram (supply terminals, input or output
terminals, input/output terminals).

The terminal functions 1) to 4) should be indicated in a table as follows:

Function of terminal

Terminal Terminal 1) Terminal

number symbol designation 2) Function

3) Input/output | 4) Type of input/
identification output circuits

1) Terminal designation

A terminal designation to indicate the function of the terminal should be given. Supply
terminals, ground terminals, blank terminals (with abbreviation NC), non-usable terminals
(with abbreviation NU) should be distinguished.

2) Function
A brief indication of the terminal function should be given:
— each function of multi-role terminals, i.e. terminals having multiple functions;

— each function of integrated circuit selected by mutual pin connections, programming
and/or application of function selection data to the function selection pin, such as
mode selection pin.

3) Input/output identification
Input, output, input/output and multiplex input/output terminals should be distinguished.
4) Type of input/output circuits
The type of input and output circuit, e.g. input/output impedances, with or without d.c.

block, etc., should be distinguished. Documents
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5) Type of ground

If the baseplate of the package is used as ground, this should be stated.
Example:

Bias supply voltage(s) Control supply voltage(s)

Input(s) —— Integrated —— NC
circuit
microwave
NU — switch —— Output(s)
Ground

4.3.3 Function description

The function performed by the circuit should be specified, including the following information:
— basic function;

— relation to external terminals;

— operation mode (e.g., set-up method, preference, etc.);

— interrupt handling.

4.3.4 Family related characteristics

In this part, all the family specific functional descriptions shall be stated (referred to
IEC 60748-2, IEC 60748-3 and IEC 60748-4).

If ratings and characteristics, as well as function characteristics exist for the family, the
relevant part of IEC 60748 should be used (e.g. for microprocessors, see |[EC 60748-2,
Chapter Ill, Section Three).

NOTE For each new device family, specific items should be added the relevant part of IEC 60748.

4.4 Limiting values (absolute maximum rating system)

The table for these values should contain the following:
— Any interdependence of limiting conditions shall be specified.

— If externally connected and/or attached elements, for example heatsinks, have an
influence on the values of the ratings, the ratings shall be prescribed for the integrated
circuit with the elements connected and/or attached.

— If limiting values are exceeded for transient overload, the permissible excess and their
durations shall be specified.

—  Where minimum and maximum values differ during programming of the device, this should
be stated.

— All voltages are referenced to a specified reference terminal (Vgg, ground, etc.).

— In satisfying the following clauses, if maximum and/or minimum values are quoted, the
manufacturer shall indicate whether he refers to the absolute magnitude or to the
algebraic value of the quantity.

— The ratings given shall cover the operation of the multi-function integrated circuit over the
specified range of operating temperatures. Where such ratings are temperature-dependent,
these dependence should be indicated.

4.41 Electrical limiting values
Documents
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Subclause Parameters Min. Max.
4411 Bias supply voltage(s) (where appropriate) +
4.41.2 Bias supply current(s) (where appropriate) +
4.41.3 Control supply voltage(s) (where appropriate) +
4414 Control supply current(s) (where appropriate) +
4.41.5 Terminal voltage(s) (where appropriate) + +
4.4.1.6 Terminal current(s) (where appropriate) +
4.41.7 Input power +
4.4.1.8 Power dissipation +

NOTE It is necessary to select either 4.4.1.1 or 4.4.1.2, either 4.4.1.3 or 4.4.1.4, and either

4.4.1.50r4.4.1.6.

The detail specification may indicate those values within the table including notes 1 and 2.

Parameters (Note 1, Note 2) Symbols Min. Max. Unit

NOTE 1 Where appropriate, in accordance with the type of circuit considered.
NOTE 2 For power supply voltage range:

— limiting value(s) of the continuous voltage(s) at the supply terminal(s) with respect to a special electrical
reference point;

— where appropriate, limiting value between specified supply terminals;

— when more than one voltage supply is required, a statement should be made as to whether the sequence in
which these supplies are applied is significant: if so, the sequence should be stated;

— when more than one supply is needed, it may be necessary to state the combinations of ratings for these supply
voltages and currents.

4.4.2 Temperatures

a) Operating temperature (ambient or reference-point temperature)
b feablontb o enootoranabuin

eb) Storage temperature

dc) Channel temperature

ed) Lead temperature (for soldering).

The detail specification may indicate those values within the table including the note.

Parameters (Note) Symbols Min. Max. Unit

NOTE Where appropriate, in accordance with the type of circuit considered.

4.5 Operating conditions (within the specified operating temperature range)

They are not to be inspected, but may be used for quality assessment purposes.

4.5.1 Power supplies — Positive and/or negative values
4.5.2 Initialization sequences (where appropriate)

If special initialization sequences are necessary, power supply sequencing and initialization
procedure should be specified.
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4.5.3 Input voltage(s) (where appropriate)

4.5.4 Output current(s) (where appropriate)
4.5.5 Voltage and/or current of other terminal(s)
4.5.6 External elements (where appropriate)

4.5.7 Operating temperature range

4.6 Electrical characteristics

The characteristics shall apply over the full operating temperature range, unless otherwise
specified. Each characteristic-ef4-6-1-and-4-6-2 should be stated either

a) over the specified range of operating temperatures, or

b) at a temperature of 25 °C, and at maximum and minimum operating temperatures.

The parameters should be specified corresponding to the type as follows:

Subclause Parameters Min. | Typical® Max.
4.6.1 Bias supply operating current + +
4.6.2 Control supply operating current + +
4.6.3 Insertion loss + +
4.6.4 Isolation (where appropriate) + +
4.6.5 Return loss + +
4.6.6° Input power at 1 dB compression point (where appropriate) + +
4.6.7 Output power at 1 dB compression point (where appropriate) + +
4.6.8 Turn-on time + +
4.6.9 Turn-off time + +
4.6.10 Rise time (where appropriate) + +
4.6.11 Fall time (where appropriate) + +
4.6.12 Adjacent channel power ratio (where appropriate) + +
4.6.13 nth order harmonic distortion ratio (where appropriate) + +
a2 Optional.
® Itis necessary to select either 4.6.6 or 4.6.7.

The detail specification may indicate those values within the table.

Characteristics Symbols |Conditions Min. Typical?® Max. Units

2 Optional.

4.7 Mechanical and environmental ratings, characteristics and data

Any specific mechanical and environmental ratings applicable should be stated (see also 5.10

and 5.11 of IEC 60747-1-Chapter [}, Clause 7).

4.8 Additional information

Where appropriate, the following information should be given:

4.8.1 Equivalent input and output circuit
Detail information should be given regarding the type of input and output cinﬂ&ments

input/output impedances, d.c. block, open-drain, etc.
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4.8.2 Internal protection

A statement shall be given to indicate whether the integrated circuit contains internal
protection against high static voltages or electrical fields.

4.8.3 Capacitors at terminals

If capacitors for the input/output d.c. block are needed, these capacitances should be stated.

4.8.4 Thermal resistance
4.8.5 Interconnections to other types of circuit

Where appropriate, details of the interconnections to other circuits should be given.

4.8.6 Effects of externally connected component(s)

Curves or data indicating the effect of externally connected component(s) that influence the
characteristics may be given.

4.8.7 Recommendations for any associated device(s)

For example, decoupling of power supply to a high-frequency device should be stated.

4.8.8 Handling precautions

Where appropriate, handling precautions specific to the circuit should be stated (see also
IEC 61340-5-1 and IEC 61340-5-2, concerning electrostatic-sensitive devices {EC-60747-1;

GhapteFLX—eleetFestane-sen&%Neudewees)

4.8.9 Application data
4.8.10 Other application information

4.8.11 Date of issue of the data sheet

5 Measuring methods

5.1 General

This clause prescribes measuring methods for electrical characteristics of integrated circuit
microwave switches used at microwave frequency bands.

51.1 General precautions

The general precautions listed in-Clause- 2 of lEC 80747-1Chapter\VH,-SectionOne 6.3, 6.4
and 6.6 of IEC 60747-1:2006 apply. In addition, special care should be taken to use low-ripple

d.c. supplies and to decouple adequately all bias supply voltages at the frequency of
measurement. Although the level of the input and/or output signal can be specified in either
power or voltage, in this standard it is expressed in power, unless otherwise specified.

51.2 Characteristic impedances

The input and output characteristic impedances of the measurement system, shown in the
circuit in this standard, are 50 Q. If they are not 50 Q, they should be specified.
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5.1.3 Handling precautions

When handling electrostatic-sensitive devices, the handling precautions given in-Clause—1-of

{EC60747-1ChaptertX IEC 61340-5-1 and IEC 61340-5-2, shall be observed.

5.1.4 Types

The devices in this standard are both packaged and chip types, measured using suitable test
fixtures.

5.2 Insertion loss (L;,¢)
5.21 Purpose

To measure the insertion loss under specified conditions.

5.2.2 Circuit diagram

Signal Variable  Device being

generator [solator atte7n’uator measured |
Gr —> ’/<;B A C ° D B Spectrum
27| & X > ~ analyser
' B E Attenuator
Termination Terrm-
nation
Frequency Power Termi-  Power
meter meter 1 nation meter 2
A A
Bias Control
supply supply
IEC 1018/04

NOTE 1 Connect the point C to the input port, the point D to one of the output ports, and the point G to the other
output port of the device being measured.

NOTE 2 The control bias is supplied to become ON between the point C and D.

Figure 1 — Circuit diagram for the measurement of the insertion loss L;, ¢

5.2.3 Principle of measurement

Insertion loss L, is derived from the input power P; in dBm and the output power P, in dBm
of the device being measured as follows:

£ins=11 _‘% Lins = Pi = P (1)
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In the circuit diagram shown in Figure 1, P; and P, are derived from the following equations:

R=PR-L @)

L=P+L, )

where

P, is the value indicated by the power meter 1,

P, is the value indicated by the power meter 2;

L, is the power at the point B in dBm, less the power at the point C in dBm;
L, is the power at the point D in dBm, less the power at the point E in dBm.

P;, P,, Py and P, are expressed in dBm. L; ., L, and L, are expressed in dB.

5.24 Circuit description and requirements

The purpose of the isolator is to enable the power level to the device being measured to be
kept constant, irrespective of impedance mismatched at its input. The value of L, and L,
should be measured beforehand.

5.2.5 Precautions to be observed

Harmonics or spurious responses from the signal generator should be reduced so as to be
negligible. Insertion loss L;,s shall be measured without the influence at the input and output
ports.

5.2.6 Measurement procedure

The frequency of the signal generator shall be set to the specified value.
The bias under specified conditions-shall-be is applied-as-specified.
An adequate input power shall be applied to the device being measured.

By varying the input power, confirm that a change of output power in dBm is the same as that
of the input power.

The value P, is measured at the power meter 1.
The value P, is measured at the power meter 2.
The insertion loss is calculated from Equations (2), (3) and (1).

5.2.7 Specified conditions

— Ambient or reference-point temperature
— Bias conditions
— Frequency.
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5.3 Isolation (L;g,)
5.3.1 Purpose

To measure the isolation between the input and output ports under specified conditions.

5.3.2 Circuit diagram

N oot mesanad”
generator Isolator attenuato easure G
Ny > 4 A__C o/d D Spectrum
27| €| X dB X I dB analyser
. B E Attenuator
Termi-
Termination nation
Frequency Power Termi-  power
meter meter 1 nation meter 2

IEC 1019/04

NOTE 1 Connect the point C to the input port, the point D to one of the output ports, and the point G to the other
output port of the device being measured.

NOTE 2 The control bias is supplied to become ON between the point C and G.

Figure 2 — Circuit diagram for the measurement of the isolation L, ,

The following description is for the measurement of the isolation between points C and D in
Figure 2. The isolation between points D and G is also able to be measured in the same way.

5.3.3 Principle of measurement

Isolation L is derived from the input power P; in dBm and the output power P, in dBm of the
device being measured as follows:

Liso=Pi_Po (4)
In the circuit diagram shown in Figure 2, P; and P, are derived from the following equations:
Py =Py + Ly (6)

where

P, is the value indicated by the power meter 1;

P, is the value indicated by the power meter 2;

L, is the power at the point B in dBm, less the power at the point C in dBm;
L, is the power at the point D in dBm, less the power at the point E in dBm.

P, P,, Pjand P, are expressed in dBm. L, L4, and L, are expressed in dB.

5.34 Circuit description and requirements

See the circuit description and requirements described in 5.2.4.
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5.3.5 Precautions to be observed

Harmonics or spurious responses of the signal generator should be reduced to be negligible.
Isolation L;;, shall be measured without the influence at the input and output ports.

5.3.6 Measurement procedure

The frequency of the signal generator shall be set to the specified value.
The bias under specified conditions-shall-be is applied-te-the-device-being-measured.
An adequate input power shall be applied to the device being measured.

By varying the input power, confirm the change of the output power in dBm is the same as
that of the input power.

The value P, is measured at the power meter 1.
The value P, is measured at the power meter 2.
The isolation is calculated from Equations (5), (6) and (4).

5.3.7 Specified conditions

— Ambient or reference-point temperature
— Bias conditions

— Frequency.

5.4 Return loss (L)

5.4.1 Purpose

To measure the return loss under specified conditions.

5.4.2 Circuit diagram

Signal Variable
genlg::tor Isolat attenuator
solator 2
G| |— 4 A C | Device being
22l el X L
) B D
Terminati Termi- Termi-
ermination nation nation
Frequency Power Power
meter meter 1 meter 2
A/;@%A T ;7
Bias Control
supply supply

IEC 1020/04

NOTE 1 Connect point C to the port to be measured and terminate the other ports of the device being measured.

NOTE 2 The control bias is supplied to become ON or OFF for the port to be measured.

Figure 3 — Circuit for the measurements of the return loss
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5.4.3 Principle of measurement

The return loss L, (dB) is derived from the following equation:

Lret =Py —Pob Ligt = Py — P (7)
In the circuit diagram shown in Figure 3, the input power is derived from the following
equation:
Pj=P,-L4 (8)
where

P, is the value indicated by the power meter 2 when the point C is either short-circuited or
made open-circuit;

P, is the value indicated by the power meter 2 when the device being measured is inserted;
P; is the input power at the point C;

P, is the value indicated by the power meter 1;

L4 is the power at the point B, less the power at the point C.

Py, P,, Pyand P, are expressed in dBm, L.,; and L are expressed in dB.

5.4.4 Circuit description and requirements

The purpose of the isolator is to enable the power level to the device being measured to be
kept constant irrespective of impedance mismatches at its input. The value of L should be
measured beforehand.

545 Precautions to be observed

See the precautions to be observed of 5.2.5.

5.4.6 Measurement procedure

The point C is either short-circuited or made open-circuit.
The frequency of the signal generator shall be set to the specified value.
An adequate input power shall be applied to the device being measured.

By varying the input power, confirm the change of the output power in dBm is the same as
that of the input power.

The power P, is measured by the power meter 2.
The specified port of the device being measured is connected with the point C.
The bias under specified conditions is-su applied.
The power P, is measured by the power meter 2.

The return loss L, is calculated from Equation (7).
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5.4.7 Specified conditions

— Ambient or reference-point temperature
— Bias conditions

— Frequency

— Port being measured.

5.5 Input power at 1 dB compression (Pi(1dB)) and output power at 1 dB compression
(Po(1aB))
5.5.1 Purpose

To measure the input power and the output power at 1 dB compression under specified
conditions.

5.5.2 Circuit diagram

See the circuit diagram described in 5.2.2.

5.5.3 Principle of measurement
See the principle of measurement of 5.2.3. The input power at 1 dB compression Pi(14B) and

the output power at 1 dB compression Po19B) are the powers where the ratio of-eut input
power to-ir output power increases by 1dB compared with L; .

5.5.4 Circuit description and requirements

See the circuit description and requirements described in 5.2.4.

5.5.5 Precaution to be observed

See the precaution to be observed described in 5.2.5.

5.5.6 Measurement procedure

The frequency of the signal generator shall be set to the specified value.

The bias under specified conditions-shall-be is applied-te-the-device—as-specified.
An adequate input power shall be applied to the device being measured.

By varying the input power, confirm that a change of output power in dB is the same as that of
input power.

The values of P, and P, are measured at the power meter 1 and the power meter 2,
respectively.

The insertion loss, L., is calculated from Equations (1), (2) and (3).

The input power is increased up to the ratio of the—out input power to the-in output power
increases by 1dB, compared with L;.

The power level P, and P, are measured.
The input power at 1 dB compression Pi(14B) is calculated from Equation (2).
The output power at 1 dB compression Po(1dB) is calculated from Equation (3).
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5.5.7 Specified conditions

— Ambient or reference-point temperature

— Bias conditions

— Frequency.

5.6  Turn-on time (7,,), turn-off time (7,¢), rise time (o)), and fall time (¢4 ¢))
5.6.1 Purpose

To measure the turn-on time, the turn-off time, the rise time, and the fall time under specified
conditions.

5.6.2 Circuit diagram

Variable

Signal attenuator Attenuator
generator |solator G
Gt | [—> ¥ 4B A C [ Device being| D dB F | Oscilloscope
27 o X XX measured XX
|
) B H E
o Termi-
Termination nation
Frequency Power Power
meter meter 1 meter 2
A) \A
Bias Control supply
supply (Pulse generator)

IEC 1021/04

NOTE 1 Connect point C to the input port, point D to one of the output ports, and point G to the other output port
of the device being measured.

NOTE 2 The control bias is supplied by the pulse generator to become ON and OFF between points C and D.

Figure 4 — Circuit for the measurements of switching times
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5.6.3 Principle of measurement

Turn-on time ¢4, turn-off time ¢, rise time ¢ and fall time 7, are illustrated in Figure 5.

on’

r(out)

Upper
Control reference point
0y
voltage 50 %
Lower
reference point

Upper
RF output reference point ———- IO O N T
ltage Lower
voitag reference point === H JHERHHHEBA H4HHEH H o

IEC 1022/04

NOTE ,: Average pulse duration. Determined as the pulse duration at 50 % relative pulse amplitude of the
control voltage

Figure 5 — Input and output waveforms

Turn-on time ¢, is derived from the interval ¢,, | between the lower reference point on the
leading edge of the control voltage and the upper reference point on the leading edge of the
envelope of the RF output voltage between point | and F, the RF signal delay ¢4 pg between
points D and F, and the control signal delay 74 ;) between the point H and | as follows:

fon =loniF ~lapr Flam )

Turn-off time 7,4 is derived from the interval ¢ | between the upper reference point on the
trailing edge of the control voltage and the lower reference point on the trailing edge of the
envelope of the RF output voltage between the point | and F, the RF signal delay 74 pg
between the point D and F, and the control signal delay 74 1;; between the point H and |'as
follows:

toff = LoffIF —d,DF T IdHI (10)

Rise time #, ) is determined as the interval between the lower reference point and the upper
reference poinz of the envelope of the RF output voltage.

Fall time #,,1) is determined as the interval between the upper reference point and the lower
reference point of the envelope of the RF output voltage.

fon,IF» 1d,DF d,HI» LoffIF» 1d,DF+ Id,HI> Ir(outy @Nd fgoyt) @re the values indicated by the oscillo-
scope.

5.6.4 Circuit description and requirements

The purpose of the isolator is to enable the power level to the device being measured to be
kept constant, irrespective of impedance mismatched at its input. A pulse generator should be
used as the control supply. The values of ¢4 pr and ¢4 ;) should be measured beforehand.

5.6.5 Precautions to be observed
Harmonics or spurious responses from the signal generator should be reduced so as to be

negligible.
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5.6.6 Measurement procedure

The frequency of the signal generator shall be set to the specified value.
The bias under specified conditions-shall-be is applied-as-specified.

The control voltage is supplied so as to become ON between points C and D.
An adequate input power shall be applied to the device being measured.

By varying the input power, confirm that a change of output power in dBm is the same as that
of the input power.

The control bias is supplied so as to become ON and OFF between points C and D by
applying the specified amplitude and average pulse duration of the control voltage from the
pulse generator.

fonjp @nd f - are measured by the oscilloscope.

on,l

t,, and ¢ . are calculated from Equations (9) and (10).

fouy @Nd o,y are measured by the oscilloscope.

r(out
5.6.7 Specified conditions

— Ambient or reference-point temperature

— Bias conditions

— Amplitude of the control voltage

— Average pulse duration of the control voltage

— Frequency.

5.7  Adjacent channel power ratio{P, 04y a4} (Padj/Po(mod))
5.71 Purpose

To measure the adjacent channel power ratio under the specified conditions.
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5.7.2 Circuit diagram

Signal Variable
generator attenuator Isolator
57 A —_—
Gt >< Modulator 4 dB _\_
Ij dr) Frequency Power
4 meter meter 1
Termination Termination
Attenuator
C E Spectrum
dB analyser
D
B Device being PO\:verz
meter
measured Termination
F
——
Termination
OO ® ©
Bias C) C) Control
[T1  supply supply [77
/77 /77 IEC 1023/04

NOTE 1 Connect point B to the input port, point C to one of the output ports, and point F to the other output port
of the device being measured.

NOTE 2 The control bias is supplied to become ON between points B and C.

Figure 6 — Circuit for the measurement of the adjacent channel power ratio

5.7.3 Principle of measurements

Under the condition that the modulated signal is supplied for the device being measured in
order to obtain the specified output power (P,), Pagj is the total output power in the specified
bandwidth at the specified frequency away from the carrier signal, and P4y is the total
output power in the specified bandwidth at the carrier signal. Adjacent channel power ratio
Potmody#Padi Pad/Po(mod) 18 the ratio of-—2 —to—the—P,y Pay 10 Pomog): The adjacent
channels are in lboth upper side band and lower side band oft e carrler ll'he modulation
signal is the carrier signal modulated with standard test signal having same rate as specified
code transmission rate.
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‘ Potmodyadi Padj/Po(mod) IN dBC is given as the following equation in the circuit of Figure 6:

Py=Py+ Ly (11)
Pomod) = P2+ Lo (12)
Pagj=P3+ Ly (13)
Potmody Padi =Potmody—Pag =Po —P3
‘ Padi’Po(mod) = Padj = Po(mod) = P3 = P2 (14)
where

P, is the value indicated by the power meter 1;

P, is the value of total power in the specified bandwidth at the carrier signal indicated by
the spectrum analyser;

P45 is the value of total output power in the specified channel bandwidth at the specified
frequency that is equal to the channel spacing away from the carrier signal indicated by
the spectrum analyser;

Ly is the power at point C in dBm, less the power at point D in dBm;
Ly is the power at point C in dBm, less the power at point E in dBm.
Po, Pomod) Padj» P1, P2 and P are expressed in dBm;

L, and L, are expressed in dB;

Potmody?Padj Ladi/Po(mod) 1S expressed in dBc.

5.7.4 Circuit description and requirement

The circuit losses L and L, should be measured beforehand.

5.7.5 Precautions to be observed

The output signal and oscillation should be checked by the spectrum analyser. Oscillation
should be eliminated during these measurements. Harmonics or spurious responses of the
signal generator should be reduced so as to be negligible. An adequate attenuator should be
inserted at the input of the spectrum analyser when the output power is high.

5.7.6 Measurement procedure

The frequency of the signal generator shall be set to the specified value.
The bias under specified conditions-shall-be is applied-te-the-device-being-measured.
An adequate input power shall be applied to the device being measured.

The following items of the modulator are set to the specified values according to the standard
code of the test signal: modulation method, signal transmission rate and modulation
bandwidth.

The following items of the spectrum analyser are set to the specified values: carrier frequency,
sweep range, resolution bandwidth, video bandwidth, number of sampling and sweep time.

The value of P, is measured at the power meter 1.
Output power of the device being measured P is calculated from Equation (11).

By adjusting the variable attenuator, P, is set to the specified value.
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The channel spacing and the channel bandwidth are set to the specified values.

The values of P, and P; are measured at the spectrum analyser.
Po(mod): Padj are calculated from Equations (12) and (13).

Adjacent channel power ratioPg 04y #agj Padi/Po(mod) 1S calculated from Equation (14).

NOTE The display of the spectrum analyser is set to maximum hold mode. The detection mode of the spectrum
analyser is set to positive peak mode.

5.7.7 Specified conditions

— Ambient or reference-point temperature
— Bias conditions
— Frequency (carrier frequency)
— Output power
— Standard code of the test signal:
e channel spacing
e channel bandwidth
e modulation method
e signal transmission rate
e modulation bandwidth
— Spectrum analyser:
e sweep range
e resolution bandwidth
* video bandwidth of a spectrum analyser
* sampling numbers of a spectrum analyser

* sweep time of a spectrum analyser.
5.8 nth order harmonic distortion ratio (P, /P1)
5.8.1 Purpose

To measure the n-th order harmonic distortion ratio under specified conditions.
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5.8.2 Circuit diagram

Signa| Variable
attenuator inati
generator - Isolator F Attenuator
G A Device
f B K — B being C dB E | Spectrum
?3 > <\ measured analyser
D
Power Power
meter 1

Bias Control
supply supply IEC 1024/04

meter 2
Termination Frequency Termination Termlnatlon
meter A :} A ;

NOTE 1 Connect point B to the input port, point C to one of the output ports, and point F to the other output port
of the device being measured.

NOTE 2 The control bias is supplied to become ON between points B and C.

Figure 7 — Circuit diagram for the n-th order harmonic distortion ratio

5.8.3 Principle of measurements

The n-nth order harmonic dlstort|on ratlo Pnth /P4 in dBc—ks—the—Fahe—ef—the—pewe#ea‘—the—n-th

eu%p&t—pe#t—ef—theudewee—the—ﬁm%ﬁi is der|ved from the foIIowmg equatlons

Poe1sty = Pe(1st) t L(1st) (15)
Ponthy = PE(nth) * L(nth) (16)
Phin /P1 =Ps(nthy — Po(1st) (17)

where

Pg(1sty is the value indicated by the spectrum analyser (at point E) for the fundamental
frequency;

PE(nth) is the value indicated by the spectrum analyser (at point E) for the n-th order
harmonic components;

L1sty  is the power attenuation, including circuit loss from points C to E, for the fundamental
frequency;

Lintny  is the power attenuation, including circuit loss from points C to E, for the n-th order
harmonic components.

Po(1sty Po(nth) PE(1st) @Nd Pg(,in) are expressed in dBm. L4¢y and L, are expressed in dB.

5.8.4 Circuit description and requirements

Circuit losses L(qgy) and L,y should be measured beforehand.

5.8.5 Measurement procedure

The frequency of the signal generator shall be set to the specified value.
The bias under specified conditions-shall-be is applied-te-the-device-being-measured.
The specified input power (P;) shall be supplied to the device being measured.

The values of Pg(qg) and Pg(pn) are measured by the spectrum analyser.
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The a-nth order harmonic distortion ratio P, /P4 is calculated from Equations (15), (16) and |
(17).

oy I - . 0P /P, | g £ o (17).
5.8.6 Specified conditions

— Ambient or reference-point temperature
— Bias conditions

— Frequency (fundamental frequency)

— Input power.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

DISPOSITIFS A SEMICONDUCTEURS -

Partie 16-4: Circuits intégrés hyperfréquences —
Commutateurs

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines
de I'électricité et de I'électronique. A cet effet, 'lEC — entre autres activités — publie des Normes
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au
public (PAS) et des Guides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée a des
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les
organisations internationales, gouvernementales et non gouvernementales, en liaison avec I'l[EC, participent
également aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO),
selon des conditions fixées par accord entre les deux organisations.

2) Les décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mesure
du possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC
intéressés sont représentés dans chaque comité d’études.

3) Les Publications de I'l[EC se présentent sous la forme de recommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que I'lEC
s'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de
I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

4) Dans le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans toute la
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nationales
et régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

5) L’IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
fournissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marques de
conformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certification
indépendants.

6) Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

7) Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou
mandataires, y compris ses experts particuliers et les membres de ses comités d'études et des Comités
nationaux de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre
dommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais
de justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou de
toute autre Publication de I'l|EC, ou au crédit qui lui est accordé.

8) L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publications
référencées est obligatoire pour une application correcte de la présente publication.

9) L’attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire
I'objet de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
de brevets et de ne pas avoir signalé leur existence.

Cette version consolidée de la Norme IEC officielle et de ses amendements a été
préparée pour la commodité de I'utilisateur.

L'IEC 60747-16-4 édition 1.2 contient la premiére édition (2004-07) [documents
47E/256/FDIS et 47E/261/RVD], son amendement 1 (2009-03) [documents 47E/358/CDV et
47E/373/RVC] et son amendement 2 (2017-08) [documents 47E/546/CDV et
47E/563/RVC].

Dans cette version Redline, une ligne verticale dans la marge indique ou le contenu
technique est modifié par les amendements 1 et 2. Les ajouts sont en vert, les
suppressions sont en rouge, barrées. Une version Finale avec toutes les modifications
acceptées est disponible dans cette publication.
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La Norme internationale IEC 60747-16-4 a été établie par le sous-comité 47E: Dispositifs
discrets a semiconducteurs, du comité d’études 47 de I'lEC: Dispositifs a semiconducteurs.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Le comité a décidé que le contenu de la publication de base et de ses amendements ne sera
pas modifié avant la date de stabilité indiquée sur le site web de [I'I[EC sous
"http://webstore.iec.ch" dans les données relatives a la publication recherchée. A cette date,
la publication sera

e reconduite,
e supprimée,
e remplacée par une édition révisée, ou

e amendée.

IMPORTANT - Le logo "colour inside” qui se trouve sur la page de couverture de cette
publication indique qu'elle contient des couleurs qui sont considérées comme utiles a
une bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
imprimer cette publication en utilisant une imprimante couleur.
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