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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-22: Testing and measurement techniques —
Radiated emissions and immunity measurements
in fully anechoic rooms (FARS)

FOREWORD

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.

The formal decisions or;agreements of IEC on technicalimattens)express; asnearly . as possible, an international
consensus of opinion on"the'relevant subjects’since each technicall committee ‘has representation from all
interested IEC National Committees.

IEC Publications have the form of\recommendationsfor®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.

In order to promote international uniformity, 1EC. 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.

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.

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

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.

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.

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.

International Standard IEC 61000-4-22 has been prepared by CISPR subcommittee A: Radio
interference measurements and statistical methods, in cooperation with subcommittee 77B:
High frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

This standard has the status of a basic EMC publication in accordance with IEC Guide 107,
Electromagnetic compatibility — Guide to the drafting of electromagnetic compatibility
publications.
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The text of this standard is based on the following documents:

Enquiry draft

Report on voting

CISPR/A/912/FDIS

CISPR/A/923/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

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

A list of all parts of the IEC 61000 series can be found on the IEC website under the general
title Electromagnetic compatibility (EMC), and of all parts of the CISPR 16 series under the
general title Specification for radio disturbance and immunity measuring apparatus and

methods.

The committee has decided that the contents of this publication 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.
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INTRODUCTION

This standard is part of the IEC 61000 series of standards, according to the following
structure:
Part 1: General

General considerations (introduction, fundamental principles)

Definitions, terminology

Part 2: Environment
Description of the environment
Classification of the environment

Compatibility levels

Part 3: Limits
Emission limits

Immunity limits (in so far as they do not fall under the responsibility of the product
committees)

Part 4: Testing and measurement techniques
Measurement techniques
Testing techniques

Part 5: Installation and mitigation.guidelines
Installation guidelines

Mitigation methods and devices

Part 6: Test set-up
Part 9: Miscellaneous

Each part is further subdivided into several parts, published either as international standards,
as technical specifications or technical reports, some of which have already been published
as sections. Others will be published with the part number followed by a dash and a second
number identifying the subdivision (example: IEC 61000-6-1).

This part is an international standard that establishes the required test procedures for using
fully anechoic rooms for performing radiated immunity testing and radiated emission
measurements.

The main text of this standard provides all information that is common to both radiated
emission measurements and immunity tests in a FAR (fully anechoic room). This includes the
description of a FAR, a common set-up for equipment under test (EUT), and a harmonized
validation/calibration procedure. The test methods described in this standard are based on the
harmonized validation/calibration which verifies a FAR as a measurement system, including
the room, antenna and associated cables simultaneously. The validation procedure
determines a combined transducer factor for a FAR measurement system that is later applied
to both emission measurements and immunity tests. If different sets of antennas and/or
cables are used for emission measurements and immunity tests the validation/calibration
process is performed twice.

Annex A (normative) provides the measurement procedure and any special considerations for
performing radiated immunity tests.

Annex B (normative) provides the measurement procedure and any special considerations for
performing radiated emission measurements.
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Annex C (informative) provides background on the system transducer factor and simultaneous
emissions/immunity validation method.

Annex D (informative) provides guidance for calculation of the uncertainty of measurement
results obtained using a FAR and instrumentation in accordance  with
ISO/IEC Guide 98-3 [4]7.

1) Numbers in square brackets refer to the Bibliography.
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-22: Testing and measurement techniques —
Radiated emissions and immunity measurements
in fully anechoic rooms (FARS)

1 Scope

This part of IEC 61000 considers immunity tests and emission measurements for electric
and/or electronic equipment. Only radiated phenomena are considered. It establishes the
required test procedures for using fully anechoic rooms for performing radiated immunity
testing and radiated emission measurements.

NOTE In accordance with IEC Guide 107 [1], IEC 61000-4-22 is a basic EMC publication for use by product
committees of the IEC. As stated in Guide 107, product committees are responsible for determining the
applicability of the EMC standards. TC 77 and CISPR and their sub-committees are prepared to cooperate with
product committees in the determination of the value of particular EMC tests for specific products.

This part establishes a common validation procedure, equipment under test (EUT) set-up
requirements, and measurement methods for fully anechoic rooms (FARs) when both radiated
electromagnetic emission measurements and radiated electromagnetic immunity tests will be
performed in the samée FAR.

As a basic measurement standard; this ‘part of |[EC 61000°does not intend to specify the test
levels or emission limits to be applied to particular apparatus or system(s). Its main goal is to
provide general measurement procedures|(to)-alboconcerned product committees of IEC or
CISPR. Specific product requirementsirandtest/ conditions.are.-defined by the responsible
product committees.

The methods described in this standard are appropriate for radiated emission measurements
and immunity tests in the frequency range of 30 MHz to 18 GHz.

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.

CISPR 16-1-1:2010, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring
apparatus

CISPR 16-1-4:2010, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-4: Radio disturbance and immunity measuring apparatus — Ancillary
equipment — Radiated disturbances

IEC 60050-161:1990, International Electrotechnical Vocabulary (IEV) - Part 161:
Electromagnetic compatibility

IEC 60050-394:2007, International Electrotechnical Vocabulary (IEV) — Part 394: Nuclear
instrumentation — Instruments, systems, equipment and detectors
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3 Terms and definitions

For the purposes of this document, the terms and definitions in IEC 60050-161, as well as the
following, apply.

3.1

ancillary equipment

transducers (e.g. current and voltage probes and artificial networks) connected to a
measuring receiver or (test) signal generator and used in the disturbance signal transfer
between the EUT and the measuring or test equipment

3.2

associated equipment

AE

apparatus that is not part of the system under test, but needed to help exercise the EUT

3.3
average system transducer factor

CdB

factor that converts a voltage at the system source/receive termination point to field strength
induced or received; this parameter is calculated from the FAR validation data separately for
horizontal and vertical polarization

NOTE Average system transduceér, factor is/expressediin/dB(1/m).

3.4

calibration

set of operations that establish, under specified conditions, the relationship between values of
quantities indicated by a measuring instrament'or measuring system, or values represented
by a material measuresiordadreferenceomaterialy/sand’the /correspandingl-values realized by
standards

[IEC 60050-394, 394-40-43]

3.5

forward power

Pf,x

power to a FAR test system, recorded during the measurement of the field at a single
position, x, in the test volume

NOTE Forward power is expressed in watts (W).

3.6

fully anechoic room

FAR

shielded enclosure, the entire internal surface of which is lined with radio-frequency absorbing
material (RF-absorber), which absorbs electromagnetic energy in the frequency range of
interest

3.7

fully anechoic room test system

FAR test system

test system comprised of a FAR and a means to generate and/or measure electromagnetic
fields

NOTE Most typically this is comprised of a FAR, an antenna and other ancillary equipment and cabling.
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3.8

measurement distance

d[neasurement . .
distance used for EUT measurement/testing and measured from the reference point of the
transmit/receive antenna to the periphery of the EUT at its closest point on the measurement
axis

NOTE Measurement distance is expressed in metres (m) and is illustrated in Figures A.1 and B.1.

3.9

normalized forward power

an

forV\)/Card power required to generate an electric field strength of 1 V/m at a position, x, in the
test volume

NOTE Normalized forward power is expressed in watts (W).

3.10
polarization
orientation of the electric field vector of a linearly polarized radiated field

3.11
reference distance

dl_'eference . L .
distance at which a limit is specified

3.12
test volume
maximum volume in a FAR in which the EUT and its cabling may be positioned

NOTE See Clause 6 forjadditional details:

3.13

validation

process of confirming that a finalized instrumentation and control system (hardware and
software) complies with all of its functional, performance and interface requirements

[IEC 60050-394, 394-40-42]

3.14

validation distance
dyalidation . . . . )
distance used for validation/calibration measurements and measured from the reference point
of the transmit/receive antenna to the test volume at its closest point on the measurement

axis

4 FAR applications

4.1 Measurand for radiated immunity testing

Most electronic equipment is, in some manner, affected by electromagnetic radiation. This
radiation is frequently generated by such general-purpose sources as the small handheld
radio transceivers that are used by operating, maintenance and security personnel, fixed-
station radio and television transmitters, vehicle radio transmitters, and various industrial
electromagnetic sources.

In the frequency range covered by this standard, far-field conditions cannot be established in
all cases (e.g. at the lower frequencies), and therefore the disturbance quantity simulating the
real electromagnetic phenomenon is defined by the quantity “electrical field strength” in this
standard.
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The measurand to establish the desired disturbance quantity for immunity tests is the electric

field strength (carrier) established by using the average system transducer factor Cgs at
dmeasurement- 1he measurand is obtained separately for the horizontal and vertical
polarizations.

4.2 Measurand for radiated emission measurements

The measurand in a FAR for radiated emission measurements is the field strength radiated by
the EUT and obtained at the measurement distance d,gasurement PY the use of a linearly-

polarized antenna and applying the average system transducer factor, Cqg, to the maximum

voltage measured at the receive termination point. The measurand is obtained separately for
the horizontal and vertical polarizations of the receiving antenna, and expressed as a result at
the reference distance, d,gforence, SP€CIfied in product standards.

5 FAR validation/calibration procedure

5.1 General

This clause provides the performance requirements and harmonized FAR validation
procedure for both radiated emission measurements and radiated immunity tests.

5.2 Validation set-ups

Figures 1 to 4 show blockidiagrams/of set-ups that can be used alternatively for the validation
procedure. All set-up variants have a transducer reference point (ptr) for which the average
system transducer factor (see 5.4)/isldeterminedsby the validation process.

The primary instrumentation required for each)of these)set-ups is summarized in the following
bulleted list, and described further .in-the subsequentdettered. list.
e Type 1 (Figure 1): signal generator, spectrum analyzer or power meter, field probe

e Type 2 (Figure 2): signal generator, spectrum analyzer or power meter, reference
antenna

e Type 3 (Figure 3): network analyzer, reference antenna

e Type 4 (Figure 4): network analyzer, power amplifier, reference antenna
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antenna

<

Key:

N

C1

Fep

N

DC

~

DC

PTR

IEC 242010

Attenuation of the cable between the directional coupler and the spectrum analyzer or power meter (dB)

Calibration factor of the field probe (in linear scale)

Attenuation of the directional coupler between power input and power output (dB)

Coupling loss of the directionakcoupler between power input and forward power output (dB)

Transducer reference point

Signal
generator

Figure 1 — Type 1 validation block diagramme
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IEC 2421/10

Attenuation of the cable between the directional coupler and the spectrum analyzer or power meter (dB)

Attenuation of the cable between the reference antenna and the spectrum analyzer (dB)

Antenna factor of the reference antenna [dB(1/m)]

Attenuation of the directional coupler between power input and power output (dB)

Coupling loss of the directional coupler between power input and forward power output (dB)

Transducer reference point

Figure 2 — Type 2 validation block diagramme
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1 Reference :
' O antenna FRA
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Computer
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Key:
Fra  Antenna factor of the reference antenna [dB(1/m)]

A Attenuation of the cable between the reference antenna and the spectrum analyzer (dB)

c2
PRra Reference point of the reference antenna

P1R Transducer reference point

NOTE Alternatively, the attenuation of the cable between the reference antenna and the network analyzer may be
determined by normalization of the network analyzer (p @and pg, are connected for normalization).

Figure 3 — Type 3 validation block diagramme

Apc PR

Vector netork R Pow er Directional / Broadband
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1
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' O antenna RA '
1
Pra /i.i__---___----___--.:
Computer
IEC 2423/10
Key:
Agq Attenuation of the cable between the directional coupler and the spectrum analyzer or power meter (dB)
Acy Attenuation of the cable between the reference antenna and the spectrum analyzer (dB)
Fgra Antenna factor of the reference antenna [dB(1/m)]
Ape Attenuation of the directional coupler between power input and power output (dB)
Fpe Coupling loss of the directional coupler between power input and forward power output (dB)
PTR Transducer reference point
PRra Reference point of the reference antenna

R,A,B Network analyzer ports — output port R, input ports A and B
Figure 4 — Type 4 validation block diagramme
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