IEC 61000-4-6

Edition 5.0 2023-06

INTERNATIONAL |
STANDARD AQ}‘

N\
S

inside

BASIC EMC PUBLICATION QQ

Electromagnetic compatibility (EMC) —

Part 4-6: Testing and measurement techniqékx%’nunity to conducted
fi

disturbances, induced by radio-frequency

G

IEC 61000-4—6:233%3
a9


https://www.stdhive.com/standards/iec-61000-4-6-ed-50-en2023-pdf/

IEC Secretariat

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2023 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and puhlish s
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure tnc* you nave the
latest edition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee, ...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and once
a month by email.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or need
further assistance, please contact the Customer Service
Centre: sales@iec.ch.

IEC Products & Services Portal - . ~du sts.iec.ch

Discover our powerful search engne anu read freely all the
publications previews. With a s¢hscriy ‘ion y ,u will always have
access to up to date content tailo. ~d.“o your needs.

Electropedia - www.elect. Ype iia.org

The world's leadinc online Jictionary on electrotechnology,
containing more *he 1 22 300 terminological entries in English
and French, with € * sivaient terms in 19 additional languages.
Also known ‘as the i.ternational Electrotechnical Vocabulary
(IEV) online.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://www.stdhive.com/standards/iec-61000-4-6-ed-50-en2023-pdf/

IEC 61000-4-6

Edition 5.0 2023-06

INTERNATIONAL
STANDARD

colour
inside

BASIC EMC PUBLICATION

Electromagnetic compatibility (EMC) —
Part 4-6: Testing and measurement techniguez —!'mnunity to conducted
disturbances, induced by radio-frequency fieids

NTEZNATIONAL
ELZCTROTECHNICAL
COMMISSION

ICS 33.100.20 ISBN 978-2-8322-7076-9

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://www.stdhive.com/standards/iec-61000-4-6-ed-50-en2023-pdf/

-2- IEC 61000-4-6:2023 © |EC 2023

CONTENTS

O T T 1 I PP 6
LN I 2 1 1 L O 1 PN 8
1 1T o 1= S 9
2 NOrMative referENCES .. o 9
3 Terms and definitioNs ... 9
S €Y 1= - Y PP 11
D TSt IOV IS e e 13
6 Test equipment and level adjustment procedure ... 15
6.1 B I= TS A =1 4 1= 5= 1 () PP A0
6.2 Coupling and decoupling deViCes ........c.coiiuiiiiiiiiiiicc e 16
6.2.1 GENEIAL .. e 16
6.2.2 Coupling/decoupling networks (CDNS)........cceviiiiiiiiiiieieeee e 18
6.2.3 Clamp injection deViCes ... ... T e 20
6.2.4 Direct injection deviCes......cccoiiiiiiiiii e e 22
6.2.5 Decoupling Networks ..o 22

6.3 Verification of the common-mode impedance at the EUT purt of coupling and
(o T=YoTo 18] o] 114 I (=Y o= 1= S S P 22
6.3.1 GENEIAI .. 22
6.3.2 Insertion loss of the 150 Q to 50 Q adanters ..o 23
6.4 Setting of the test generator.............oo 25
6.4.1 GENEIAl .o T 25
6.4.2 Setting of the output level at the ELT port of the coupling device .................. 25
7  Test setup and injection Methods ... 27
7.1 LI T A== 1 o S 27
7.2 EUT comprising a single Unit .. e 28
7.3 EUT comprising several Ul s e e eas 30
7.4 Rules for selecting injcctian methods and test points ..., 31
7.4.1 LT o T=T = | P 31
7.4.2 INJECHION ME TN oo 31
7.4.3 PoOrts 10 e te il oo 32
7.5 CDN injectin appliCation ... 32
7.6 Clamp injeticn application ... 34
7.7 Direcuinjecticn appliCation ... 36
G T == o Lot Y o2 [ = S 36
9  Evaluaticn of the test reSUILS ... 37
Y T =T o Yo 1 38
rane” A (hormative) EM and decoupling Clamps... ..o 39
A B Ol A DS e 39
A.1A1 LT o= = | P 39
A.1.2 Specification of EM Clamps ... 39
A.2 EM clamp characterization ...... ... 41
A.2.1 Specification of the clamp test jig .....oovviiiii i 41
A.2.2 Clamp characterization ............oooiiiii e 42
A3 Decoupling clamp characterization ... 47
A.3.1 GBNEIAL .. 47

A.3.2 Specification of decoupling clamps ... 47


https://www.stdhive.com/standards/iec-61000-4-6-ed-50-en2023-pdf/

IEC 61000-4-6:2023 © IEC 2023 -3-

A.3.3 IMPEAANCE ... 47
A3.4 Decoupling factor. .. ... 48
Annex B (informative) Selection criteria for the frequency range of application .................... 50
Annex C (informative) Guidelines for selecting testlevels ..., 52
Annex D (informative) Information on coupling and decoupling networks ...........c...cccccieeenne. 53
D.1 Basic features of the coupling and decoupling networks.............ccccoeieiiiiiiininenn... 53
D.2 Examples of coupling and decoupling networks ... 53
Annex E (informative) Information for the test generator specification................................ 58
Annex F (informative) Test setup for large EUTS ..., 59
F.1 LT =Y o = ¥ PP 59
F.2 Test setup for large EUTS ..o .53
Annex G (informative) Measurement uncertainty of the voltage test level............c..0..... .. 62
G.1 LT a1 =Y P PP 62
G.2 General SYMDOIS . ..o e 62
G.3 Uncertainty budgets for test methods ... 62
G.3.1 Definition of the measurand .............ccooiiiiiiiiii D e 62
G.3.2 MU contributors of the measurand ... 63
G.3.3 Input quantities and calculation examples for expande Y vacertainty .............. 64

G4 Expression of the calculated measurement uncertciniy and its application............ 71
Annex H (informative) Testing with multiple signals ... 73
H.1 LT =Y o =T - ¥ S 73
H.2 INtermMOdUIAtioON . ... e 73
H.3 Power reqUIremMents . ... e e e 74
H.4 Level-setting reqUIremMents .. ... 75
H.5 Linearity check and harmonics chocks of the test generator..................coooinn 75
H.6 EUT performance criteria with n.uitiale signals.......ooooiiiiiii i, 75
Annex | (informative) Port-to-port injeciionit 76
1.1 GENEIAL. . 76

1.2 Test setup for injection on ‘dentical ports...........cooeiiiii i 76
1.2.1 SeleCtion Of morts i e 76
1.2.2 Procedure fur pert-to-port injection ..o 76
Annex J (informative) Ai-olifier compression and non-linearity...........coooooiiiiiiiiinnenn. 78
J.1 Objective of liniting amplifier distortion ..., 78
J.2 Possible prchlems caused by harmonics and saturation............ccooooviiiinn, 78
J.3 Liri ting the harmonic content in the disturbance signal..................cooiiii 78
J.4 E‘ecuof linearity characteristic on the immunity test...............oo . 79
J.4 1 LT o= = | 79
RO Evaluation of the amplifier linearity characteristic ................cocoiiin, 79

L o1 To T =T o 00 PPN 83

Figure 1 — Diagram showing EM fields near the EUT due to common-mode currents on

1€ oT= o] [ TP PPRPPTN 12
Figure 2 — Schematic setup for immunity test to RF conducted disturbances......................... 13
Figure 3 — Example of unmodulated and modulated RF signal ...........c..ccooiiiiiiin, 14
Figure 4 — Test generator SEIUD ..oc.iu i e 16

Figure 5 — Principle of coupling and decoupling — Symbols used for the indicated setup
T T 71 ] 1= P 17


https://www.stdhive.com/standards/iec-61000-4-6-ed-50-en2023-pdf/

-4 - IEC 61000-4-6:2023 © |EC 2023

Figure 6 — Principle of coupling and decoupling — Principle of direct injection to

SCrEENEd CaADIES ... 17
Figure 7 — Principle of coupling and decoupling — Principle of coupling to unscreened

cables according to the CDN mMethod ... 18
Figure 8 — Principle of coupling and decoupling — Principle of decoupling............cccccceeiinini. 18
Figure 9 — Example of circuit for evaluating the transmission loss of the current clamp

LoNY =Y BT = Y ] o PP 21
Figure 10 — Example of circuit for level-setting setup in a 150 Q test jig........ccovveiiiiiini. 21
Figure 11 — Example of the setup geometry to verify the impedance characteristics of

the coupling and decoupling deVICES .. ... 23
Figure 12 — Setup principle to verify Z;g of the coupling and decoupling device.................... 24
Figure 13 — Setup principle for measuring the insertion loss of two 150 Q to 50 Q

= T = T 0 (=Y RSP PN 24
Figure 14 — Circuit and construction of the 150 Q to 50 Q adapter ..........ccooveve i, 24
Figure 15 — Definition of a common-mode point for unscreened and screened cobles........... 26
Figure 16 — Setup for level-setting at the EUT port of the coupling/decouplii.a de'ices ......... 27
Figure 17 — Example of test setup with a single unit EUT with only.or.c L for

INJECHION (TOP VIEW) .euiii i D 28
Figure 18 — Example of test setup with a single unit EUT (ton vi:w) using multiple

L 5 ] N N 29
Figure 19 — Example of a test setup with a multi-unit EUT "topwview) ... 30
Figure 20 — Rules for selecting the injection method ... ... ..o, 31
Figure 21 — Immunity test for two-port EUT (when only o.:e CDN can be used)..................... 34
Figure 22 — General principle of a test setup using c.zimp injection devices ......................... 35
Figure 23 — Example of the test unit location: on.the ground plane when using injection
ClaMPS (TOP VIBW) et s T et ettt et e e eas 36
Figure A.1 — Example: Construction dcwils uf the EM clamp....ooooiiiii, 40
Figure A.2 — Example: Concept of the Sri clamp ..o, 41
Figure A.3 — Dimension of a refer3nce plane ... 42
FGUIE A4 — TSt g coetniii e e e e et 42
Figure A.5 — Test jig Witt iNsaried Clamp. ... 42
Figure A.6 — Impedaiice / cecoupling factor measurement setup ..........cooevviiiiiiiiiiiiiieeieans 43
Figure A.7 — Typical vxxamples for clamp impedance, three typical clamps............................ 45
Figure A.8 — Typ.~al examples for decoupling factors, three typical clamps........................... 45
Figure A.9 - Noomalization setup for coupling factor measurement..............ocooiiiiiiininnns, 46
Figure + .10 — So4 coupling factor measurement setup .............ccccccvviiiiiiii 46
Figure A. 1 — Typical examples for coupling factor, three typical clamps .............ccc.coeiiiiiis 47
Figure A.12 — Decoupling clamp characterization measurement setup............coceeiiiiiiini. 48
Fijure A.13 — Typical examples for the decoupling clamp impedance ...............c.ccoiiiiiiiaits 48
Figure A.14 — Typical examples for decoupling factors...........cooooiiiiiiii 49
Figure B.1 — Start frequency as function of cable length and equipment size ........................ 51

Figure D.1 — Example of a simplified diagram for the circuit of CDN-S1 used with
SCreened Cables (SEE 6.2.2.5) . i i i 54

Figure D.2 — Example of simplified diagram for the circuit of CDN-M1, CDN-M2 and
CDN-M3 used with unscreened supply (mains) lines (see 6.2.2.2) ........ccooiviiiiiiiiiiiiiineeeenn, 54


https://www.stdhive.com/standards/iec-61000-4-6-ed-50-en2023-pdf/

IEC 61000-4-6:2023 © IEC 2023 -5-

Figure D.3 — Example of a simplified diagram for the circuit of CDN-AF2 used with
unscreened unbalanced liNES (SEE 6.2.2.4) .. ... 55

Figure D.4 — Example of a simplified diagram for the circuit of CDN-T2, used with an
unscreened balanced Pair (SEE 6.2.2.3) ... 55

Figure D.5 — Example of a simplified diagram of the circuit of CDN-T4 used with
unscreened balanced pairs (SEE 6.2.2.3) ... 56

Figure D.6 — Example of a simplified diagram of the circuit of CDN AF8 used with
unscreened unbalanced [INES (SEE 6.2.2.4) .. ... 56

Figure D.7 — Example of a simplified diagram of the circuit of CDN-T8 used with
unscreened balanced Pairs (SEE 6.2.2.3) ..o 57

Figure F.1 — Example of large EUT test setup with elevated horizontal reference
Lo o 18 g Lo I ] F= o 1= (o

Figure F.2 — Example of large EUT test setup with vertical reference ground plans ......... ....61

Figure G.1 — Example of influences upon voltage test level using CDN .................... e 63
Figure G.2 — Example of influences upon voltage test level using EM clamp ..... ................... 63
Figure G.3 — Example of influences upon voltage test level using current c'amp . ................. 63
Figure G.4 — Example of influences upon voltage test level using direct i1.iec.on.................. 64
Figure G.5 — Circuit for level-setting setup of CDN ... ...l 65
Figure H.1 — Test frequencies f1 and fo and intermodulation_freqquencies of the second

AN third O er ..o e T e 73
Figure 1.1 — Example of setup, port-to-port injection ......... ..t 77
Figure J.1 — Amplifier linearity measurement Setup ... ... oo, 80
Figure J.2 — Linearity characterisStiC ..o e 81
Figure J.3 — Measurement setup for modulation dep i . 81
Figure J.4 — Spectrum of AM modulated sigral ... 82
Table 1 — TeSt lEVEIS. .o e 14
Table 2 — Characteristics of the tesi.generator..... ..o 15
Table 3 — Main parameter of ti.» cambination of the coupling and decoupling device ............ 16
Table 4 — Usage Of DN S . . i e e e e aaes 19
Table B.1 — Main param. ter or the combination of the coupling and decoupling device

when the frequency ‘ai.ne of the test is extended above 80 MHz .............ccoooiiiiiiiiinnn, 50
Table E.1 — Requirea ~ower amplifier output power to obtain a test level of 10 V.................. 58
Table G.1 — CON 'level-Setting PrOCESS ....cuiiiii e 65
Table G.2 — D ST PrOCESS ouiniitiii i e e e 65
Table G 3 — EM clamp level-setting ProCeSS ......ccuiiuiiiiiiiiiei e 67
Tawle Gt — EM clamp teSt PrOCESS . .ou i 68
Tchle 5.5 — Current clamp level-setting proCess ..o oo 69
Toble G.6 — Current Clamp St PrOCESS . .uivuiii i 69
Table G.7 — Direct injection level-setting ProCesS.......ooviiiiiiiiii i, 70

Table G.8 — Direct injection teSt ProCeSS .. e i i 71


https://www.stdhive.com/standards/iec-61000-4-6-ed-50-en2023-pdf/

1

2)

3)

4)

5)

6)

7)

8)

9)

-6 - IEC 61000-4-6:2023 © |EC 2023

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-6: Testing and measurement techniques —
Immunity to conducted disturbances, induced by radio-frequency fields

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp.’sing
all national electrotechnical committees (IEC National Committees). The object of IEC is to promnte inter. ational
co-operation on all questions concerning standardization in the electrical and electronic fields. To ti.’'s ehxd and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Teci.ical Xeports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publicatior.’s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in th » subject dealt with
may participate in this preparatory work. International, governmental and non-governmenta: ~rg anizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the Inter. ationa. Organization for
Standardization (ISO) in accordance with conditions determined by agreement betwc=n th - twe organizations.

The formal decisions or agreements of IEC on technical matters express, as | 27rly s pussible, an international
consensus of opinion on the relevant subjects since each technical commii.>e his representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for internationai us=2 and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made tr.en. ire that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for th2 way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National C-mn.’ttees undertake to apply IEC Publications
transparently to the maximum extent possible in their natior.a. anu regional publications. Any divergence between
any IEC Publication and the corresponding national or reg nnal »ublication 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 certificatior hol'ies.

All users should ensure that they have the laic=t dition of this publication.

No liability shall attach to IEC or its dire :ito's, .employees, servants or agents including individual experts and
members of its technical committees end . -C National Committees for any personal injury, property damage or
other damage of any nature whatshev.r, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publicetion, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the No. rativ 2 references cited in this publication. Use of the referenced publications is
indispensable for the corr=ct ap . !ication of this publication.

Attention is drawn to t"ic ~hos._ibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not" e he 4 responsible for identifying any or all such patent rights.

IEC 61000-4-€"1.as bee.: prepared by subcommittee 77B: High frequency phenomena, of IEC
technical comnitte2 77: Electromagnetic compatibility. It is an International Standard.

It

forms Part 4-6 of IEC 61000. It has the status of a basic EMC publication in accordance with

IET Cuiaz 107.

Th.= fifth edition cancels and replaces the fourth edition published in 2013. This edition

C.

nstitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) selection of injection devices revised;

b) need of AE impedance check for clamp injection removed and Annex H deleted;

c) saturation check revised;

d) new Annex H on testing with multiple signals;
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e) level-setting only with feedback loop.

The text of this International Standard is based on the following documents:

Draft Report on voting

77B/863/FDIS 77B/865/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and deveicnecd. in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplem ant, avarable
at www.iec.ch/members_experts/refdocs. The main document types developea v 1cC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 61000 series, published under the general t.*'e Ei>ctromagnetic
compatibility (EMC), can be found on the IEC website.

The committee has decided that the contents of this document will re.~cin unchanged until the
stability date indicated on the IEC website under webstorc.ie:.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside ' lojo on the cover page of this document indicates
that it contains colours which' are considered to be useful for the correct understanding
of its contents. Users shou!d terefore print this document using a colour printer.
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INTRODUCTION
IEC 61000 is published in separate parts 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 responrzibii‘v o 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: Generic standards
Part 9: Miscellaneous

Each part is further subdividea inio several parts, published either as international standards
or as technical specificatiois-or. technical reports, some of which have already been published
as sections. Others will oe 'Llished with the part number followed by a dash and a second
number identifying tha suxdivision (example: IEC 61000-6-1).

This part is an interna ‘onal standard which gives immunity requirements and test procedures
related to coniucted disturbances induced by radio-frequency fields.
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-6: Testing and measurement techniques —
Immunity to conducted disturbances, induced by radio-frequency fields

1 Scope

This part of IEC 61000 relates to the conducted immunity requirements of electrical and
electronic equipment to electromagnetic disturbances coming from intended radio-frequency
(RF) transmitters in the frequency range 150 kHz up to 80 MHz.

NOTE 1 Product committees might decide to use the methods described in this document also for frequencies up
to 230 MHz (see Annex B) although the methods and test instrumentation are intended to be used in the frequency
range up to 80 MHz.

Equipment not having at least one conducting wire or cable (such as mains supply, signal line
or earth connection) which can couple the equipment to the disturbing RF fields is excluded
from the scope of this document.

NOTE 2 Test methods are specified in this part of IEC 61000 to assess the effect that conducted disturbing signals,
induced by electromagnetic radiation, have on the equipment concerned. The simulation and measurement of these
conducted disturbances are not adequately exact for the quantitative determination of effects. The test methods
specified are structured for the primary objective of establishing adequate repeatability of results at various facilities
for quantitative analysis of effects.

The object of this document is to establish a common reference for evaluating the functional
immunity of electrical and electronic equipment when subjected to conducted disturbances
induced by RF fields. The test method in this document describes a consistent method to assess
the immunity of an equipment or system against a specified phenomenon.

NOTE 3 As described in IEC Guide 107, this document is a basic EMC publication for use by product committees
of the IEC. As also stated in Guide 107, the IEC product committees are responsible for determining whether this
immunity test standard should be applied or not, and if applied, they are responsible for determining the appropriate
test levels and performance criteria.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 16-1-2, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 1-2: Radio disturbance and immunity measuring apparatus — Coupling devices
for conducted disturbance measurements

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp
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