IEC 61000-4-31

Edition 1.0 2016-07

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

BASIC EMC PUBLICATION
PUBLICATION FONDAMENTALE EN CEM

Electromagnetic compatibility (EMC) —
Part 4-31: Testing and measurement techniques — AC mains ports broadband
conducted disturbance immunity test

Compatibilité électromagnétique (CEM) —

Partie 4-31: Techniques d'essai et de mesure — Essai d'immunité aux
perturbations conduites a large bande sur les accés d'alimentation secteur en
courant alternatif

IEC 61000-4-31:2016-07(en-fr)

Full docu


http://www.avadocuments.com/doc/iec-61000-4-31-2016
http://www.avadocuments.com/doc/iec-61000-4-31-2016

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

Switzerland www.iec.ch

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2016 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.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de I''EC ou du Comité national de I'lEC du pays du demandeur. Si vous avez des
questions sur le copyright de I'lEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez
les coordonnées ci-aprées ou contactez le Comité national de I'lEC de votre pays de résidence.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
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 that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

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
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical terms containing 20 000 terms and definitions in
English and French, with equivalent terms in 15 additional
languages. Also known as the International Electrotechnical
Vocabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary

65 000 electrotechnical terminology entries in English and
French extracted from the Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
collected from earlier publications of IEC TC 37, 77, 86 and
CISPR.

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: csc@iec.ch.

A propos de I'lEC

La Commission Electrotechnique Internationale (IEC) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications IEC

Le contenu technique des publications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
plus récente, un corrigendum ou amendement peut avoir été publié.

Catalogue IEC - webstore.iec.ch/catalogue

Application autonome pour consulter tous les renseignements
bibliographiques  sur les  Normes internationales,
Spécifications techniques, Rapports techniques et autres
documents de I'IEC. Disponible pour PC, Mac OS, tablettes
Android et iPad.

Recherche de publications IEC - www.iec.ch/searchpub
La recherche avancée permet de trouver des publications IEC
en utilisant différents criteres (numéro de référence, texte,
comité d’études,...). Elle donne aussi des informations sur les
projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished

Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et aussi une fois par mois par email.

Electropedia - www.electropedia.org

Le premier dictionnaire en ligne de termes électroniques et
électriques. Il contient 20 000 termes et définitions en anglais
et en frangais, ainsi que les termes équivalents dans 15
langues additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.

Glossaire IEC - std.iec.ch/glossary

65 000 entrées terminologiques électrotechniques, en anglais
et en francais, extraites des articles Termes et Définitions des
publications IEC parues depuis 2002. Plus certaines entrées
antérieures extraites des publications des CE 37, 77, 86 et
CISPR de I'EC.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
csc@iec.ch.

Documents

Document Sharing Hub

Full document details: IEC 61000-4-312016


mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
http://www.avadocuments.com/doc/iec-61000-4-31-2016
http://www.avadocuments.com/doc/iec-61000-4-31-2016

IEC 61000-4-31

Edition 1.0 2016-07

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

BASIC EMC PUBLICATION
PUBLICATION FONDAMENTALE EN CEM

Electromagnetic compatibility (EMC) —
Part 4-31: Testing and measurement techniques — AC mains ports broadband
conducted disturbance immunity test

Compatibilité électromagnétique (CEM) —

Partie 4-31: Techniques d'essai et de mesure — Essai d'immunité aux
perturbations conduites a large bande sur les accés d'alimentation secteur en
courant alternatif

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 33.100.20 ISBN 978-2-8322-3564-5

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

Attention! Veuillez vous assurer que vous avez obtenu cette publication via un disp\ibuteur agréé.
poctuments

Document Sharing Hub

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale

Full document details: IEC 61000-4-312016


http://www.avadocuments.com/doc/iec-61000-4-31-2016
http://www.avadocuments.com/doc/iec-61000-4-31-2016

-2- IEC 61000-4-31:2016 © IEC 2016

CONTENTS
O T 1 5
LN I 0 7 16 L@ 1 ] P 7
1 SCOPE ANA OB T ...t 8
2 NOrmMative refereNCES. .. . e 8
3 Terms and definitioNS ... e 8
€ =Y o7 - Y PP 10
Lo T 1= 1= A 1o Y 11
6 Test equipment and level setting procedures ............oooiiii i 13
6.1 TSt GONEIATOr . e 13
6.2 Coupling and decoupling deViCeS.......c.iiuuiiiiii e 14
6.2.1 7= 1= =Y 14
6.2.2 CDND for the port under test ... ..o 15
6.2.3 Coupling/decoupling networks (CDNs) for cables that are not under test ....... 15
6.3 Verification of the test Systems . ... 17
6.3.1 LY 1= = | 17
6.3.2 Verification procedure of test generator flatness ................ccooiiiin 17
6.3.3 Verification procedure of the insertion loss of the CDND using
ErANS O JIgS et 18
6.3.4 Insertion loss of the injection coupling system ... 20
6.4 Test level setting procedure ... 21
6.4.1 LY o 1= = 21
6.4.2 Setting of the output level at the EUT port of the CDND ..........ccocoiiiiiiiinnnnnn. 21
7  Test set-up and injection Methods ... ... 22
7.1 =TT =T T o T PP 22
7.2 EUT comprised of a single unit...... ..., 22
7.3 EUT comprised of several UNitS ........cooiiiiiii e 23
7.4 CDN and CDND termination application ... 25
. T 1= 1= o] o Y7o LU Y 26
9  Evaluation of the test resUItS ... 27
(O I T G =T o Yo PP 27
Annex A (informative) Measurement uncertainty of the power spectral density test
L= P 29
A.1 LT =Y = Y 29
A.2 Uncertainty budgets for test methods............coooiiiiiiii 29
A.2.1 General SYMDOIS ... oot 29
A.2.2 Definition of the measurand..............ccooiiiiiii 29
A.2.3 MU contributors of the measurand..............oo 29
A.2.4 Input quantities and calculation examples for expanded uncertainty .............. 30
A.3 Expression of the calculated measurement uncertainty and its application............ 31
Annex B (informative) Rationale for the selection of the preferred broadband source —
Information on test signal generation......... ..o 33
B.1 LT a1 - Y PP 33
B.2 Principles of band-limited broadband signal generation....................coo. 33
B.2.1 7= 1= =Y 33
B.2.2 (True) random noise generation...........coovviiiiiiiiiii e Docu.ﬁ’.ients

Document Sharing Hub

Full document details: IEC 61000-4-312016


http://www.avadocuments.com/doc/iec-61000-4-31-2016
http://www.avadocuments.com/doc/iec-61000-4-31-2016

IEC 61000-4-31:2016 © IEC 2016 -3-

B.2.3 Pseudo-random NOISE SEQUENCE.......ouiniii i 34
B.2.4 I PDULSE e e e 38
B.2.5 (O] 1Y Yo =T o 40
B.3 Selection of the preferred broadband source..............cooiiii 42
71 o] o Yo |- o1 4|V PN 43
Figure 1 — Immunity test to broadband conducted disturbances ...............cccoiiiiiiiin, 11
Figure 2 — Example of voltage spectrum of a broadband test signal measured with a
120 kHz resolution bandwidth ... 13
Figure 3 — Principle of the test generator...........oooo i 14
Figure 4 — Example of simplified diagram for the circuit of CDND .............cooiiiiiiiiiiiin, 15
Figure 5 — Example of coupling and decoupling network for power ports other than AC
0= 1 1T PP 16
Figure 6 — Test set-up regarding test generator flatness and typical test signal .................... 18
Figure 7 — Typical circuit diagram of the transformer jig showing 50 Q side and 100 Q
side of the transformer and 2 pcs 0,1 uF coupling capacitors ..........ccccoviiiiiiiciiicii e, 18
Figure 8 — Transformer jig specifications ...... ... 20
Figure 9 — Example of the set-up geometry to verify the insertion loss of the injection
COUP NG SY S oM et et 20
Figure 10 — Set-up for the evaluation of the total insertion loss of the injection
LoTo 18] o] [T aTo I3 Y41 (=] .1 T 21
Figure 11 — Set-up for level setting..... ..o e 22
Figure 12 — Example of test set-up for an EUT comprised of a single unit (top view)............. 23
Figure 13 — Example of a test set-up for an EUT comprised of several units (top view)........ 24
Figure 14 — Immunity test to a 2-port EUT (when only CDNDs can be used)......................... 26
Figure A.1 — Example of influences upon the power spectral density test level using a
(075 11N | PP 30
Figure B.1 — White NOISE SOUICE ... ...ieiii e 34
Figure B.2 — Principle of band-limited broadband signal generation with an arbitrary
Y=Y (o] e =Y 0= =1 (o PR 35
Figure B.3 — Signal spectrum of a band-limited pseudo-random noise signal (measured
with a 120 kHz resolution bandwidth) ...... ... 36
Figure B.4 — Extract of the band-limited pseudo noise signal in time domain (measured
WIth @N OSCIIOSCOPE). . e it e et 37
Figure B.5 — Signal spectrum of the band-limited pseudo noise signal without an anti-
A1IAS T e e 37
Figure B.6 — Extract of the signal spectrum of a band-limited pseudo noise signal
(measured with a 200 Hz resolution bandwidth) ..., 38
Figure B.7 — Signal spectrum of a band-limited impulse signal (measured with a
120 kHz resolution bandwWidth) ....... ..o 39
Figure B.8 — Extract of the band-limited impulse signal in time domain (measured with
= oI e L= Yod |1 T T=ToTo] o 1Y) 39

Figure B.9 — Extract of the signal spectrum of a band-limited impulse signal
(measured with a 200 Hz resolution bandwidth) ..., 40

Figure B.10 — Signal spectrum of an OFDM signal (measured with a 120 kHz
resolution bandwWidth).. ... 41

Figure B.11 — Extract of the signal spectrum of an OFDM signal (measured with a

200 Hz resolution bandwidth) ... D.o.cu.ments

Document Sharing Hub

Full document details: IEC 61000-4-312016


http://www.avadocuments.com/doc/iec-61000-4-31-2016
http://www.avadocuments.com/doc/iec-61000-4-31-2016

-4 - IEC 61000-4-31:2016 © IEC 2016

Figure B.12 — Signal spectrum of an OFDM signal with an amplitude step at 30 MHz

(measured with a 120 kHz resolution bandwidth) ..o, 42
BLIE= L o] L= Tl 1= 1Y 1 12
Table 2 — Characteristics of the test generator............ooi 14
Table 3 — Specification of the main parameters of the CDND for current <16 A.................... 15
Table 4 — USAge Of CDINS. ...ttt e e e e ettt e e e e e e et e e e et aenas 16
Table A.1 — CDND level Setting ProCESS ....cuiiiiiiiii e 31
Table B.1 — Comparison of white noise signal generation methods..................coooiins 42
Documents

Document Sharing Hub

Full document details: IEC 61000-4-312016


http://www.avadocuments.com/doc/iec-61000-4-31-2016
http://www.avadocuments.com/doc/iec-61000-4-31-2016

IEC 61000-4-31:2016 © IEC 2016 -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-31: Testing and measurement techniques —
AC mains ports broadband conducted disturbance immunity test

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.

International Standard IEC 61000-4-31 has been prepared by subcommittee 77B: High-
frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

This standard forms Part 4-31 of the IEC 61000 series. It has the status of a basic EMC
publication in accordance with IEC Guide 107.

The text of this standard is based on the following documents:

FDIS Report on voting
77B/758/FDIS 77B/760/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, Fart Pocuments
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A list of all parts in the IEC 61000 series, published under the general title Electromagnetic
compatibility (EMC), can be found on the IEC website.

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

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

e amended.

IMPORTANT - The 'colour inside' logo 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 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 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: Generic standards
Part 9: Miscellaneous

Each part is further subdivided into several parts, published either as International Standards
or 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 which gives immunity requirements and test procedure
related to conducted broadband disturbances.

Documents

Document Sharing Hub

Full document details: IEC 61000-4-312016


http://www.avadocuments.com/doc/iec-61000-4-31-2016
http://www.avadocuments.com/doc/iec-61000-4-31-2016

-8- IEC 61000-4-31:2016 © IEC 2016

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-31: Testing and measurement techniques —
AC mains ports broadband conducted disturbance immunity test

1 Scope and object

This part of IEC 61000 relates to the conducted immunity of electrical and electronic
equipment to electromagnetic disturbances coming from intended and/or unintended
broadband signal sources in the frequency range 150 kHz up to 80 MHz.

The object of this standard is to establish a common reference to evaluate the immunity of
electrical and electronic equipment when subjected to conducted disturbances caused by
intended and/or unintended broadband signal sources on AC mains ports. The test method
documented in this standard describes a consistent method to assess the immunity of an
equipment or system against a defined phenomenon.

Equipment not having at least one AC mains port is excluded. The power ports not intended
to be connected to AC mains distribution networks are not considered as “AC mains ports”
and therefore are excluded.

This standard is applicable only to single phase equipment having rated input current < 16 A;
the application of the broadband disturbance to multiple phase equipment and/or equipment
with rated input current > 16 A is under consideration.

NOTE As described in IEC Guide 107, this standard 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 is to be applied or not, and if applied, they are responsible for determining the appropriate
test levels and performance criteria. TC 77 and its sub-committees are prepared to co-operate with product
committees in the evaluation of the value of particular immunity tests for their products.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60050-161, International Electrotechnical Vocabulary (IEV) — Part 161: Electromagnetic
compatibility (available at www.electropedia.org)

IEC 61000-4-6:2013, Electromagnetic compatibility (EMC) - Part 4-6: Testing and
measurement techniques — Immunity to conducted disturbances, induced by radio-frequency
fields

3 Terms and definitions

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

31

artificial hand

electrical network simulating the impedance of the human body under average gperational
conditions between a hand-held electrical appliance and earth ocuments
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Note 1 to entry: The construction should be in accordance with CISPR 16-1-2.

[SOURCE: IEC 60050-161:1990, 161-04-27, modified — A note to entry has been added.]

3.2

auxiliary equipment

AE

equipment necessary to provide the equipment under test (EUT) with the signals required for
normal operation and equipment to verify the performance of the EUT

3.3

common mode impedance

asymmetrical mode impedance between a cable attached to a port and the reference ground
plane (RGP)

Note 1 to entry: This note applies to the French language only.

3.4
coupling network
electrical circuit for transferring energy from one circuit to another with a defined impedance

Note 1 to entry: Coupling and decoupling devices can be integrated into one box (coupling/decoupling network
(CDN)) or they can be in separate networks.

3.5

coupling/decoupling network

CDN

electrical circuit incorporating the functions of both the coupling and decoupling networks

3.6

coupling/decoupling network for differential mode coupling

CDND

electrical circuit incorporating the functions of both the coupling and decoupling networks that
injects the signal primarily in differential mode

3.7

decoupling network

decoupling device

electrical circuit for preventing test signals applied to the EUT from affecting other devices,
equipment or systems that are not under test

3.8
differential mode impedance
symmetrical mode impedance between L and N of an AC mains port

3.9

longitudinal conversion loss

LCL

measure, in a one- or two-port network, of the degree of unwanted transverse (symmetric
mode) signal produced at the terminals of the network due to the presence of a longitudinal
(asymmetric mode) signal on the connecting leads

Note 1 to entry: LCL is a ratio expressed in dB.

[SOURCE: ITU-T 0.9:1999, 4.1, modified — The definition has been rephrased and the
parentheses have been added.]
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3.10

orthogonal frequency-division multiplexing

OFDM

digital multi-carrier modulation scheme, which uses a large number of closely-spaced
orthogonal sub-carriers

Note 1 to entry: See ITU-R BT.1306-7:2015.

Note 2 to entry: This note applies to the French language only.

3.1
test generator
generator capable of generating the required test signal

Note 1 to entry: The generator may include the following: white noise source, modulation source, attenuators,
broadband power amplifier and filters.

Note 2 to entry: See Figure 3.

3.12

voltage standing wave ratio

VSWR

ratio of a maximum to an adjacent minimum voltage magnitude along the line

4 General

The source of disturbance covered by this standard is basically an intended and/or
unintended conducted broadband disturbance superimposed on the mains line to the AC
mains port of the EUT.

For example, the signals generated by PLT systems are intentionally-generated broadband
disturbances, whereas other electrical and electronic equipment connected to the AC mains
network may emit unintentional broadband disturbances.

NOTE Power line telecommunications (PLT) is also known as broadband power line (BPL) and as power line
communication (PLC).

Even when the broadband signal is intended to be differential, the unbalance of the mains
converts part of it into a common mode signal. To take this phenomenon into account, the
disturbance signal is injected through a coupling/decoupling network for differential mode
coupling (CDND) having a longitudinal conversion loss (LCL) similar to a typical mains
distribution network (see Figure 1).

The characteristics of the CDND are given in 6.2.
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. I Test
— 3 | ) generator
A2
— AE _I_ -d_ EUT _u
R CDN :::::é:::: CDND >

RGP f f
h 230 mm h 230 mm

0,1 m = 0,05 m support
IEC

Key

A2 optional power attenuator
L 0,1m<L<03m

T termination 50 Q

CDND coupling and decoupling network for injection of the test signal primarily in differential mode

CDN coupling and decoupling network as prescribed in IEC 61000-4-6

Figure 1 — Immunity test to broadband conducted disturbances
With the EUT connected to the CDND, a power attenuator (A2 in Figure 1) of 3 dB or larger
shall be inserted between the test generator and the CDND, unless it can be shown that the

voltage standing wave ratio (VSWR) due to the mismatch between the test generator and the
CDND is < 2.

5 Testlevels

The level of the broadband test signal to be applied to the AC power ports under test over the
selected frequency range of interest is defined by its power spectral density (PSD) expressed
in dBm/Hz and shall be selected from column 2 of Table 1.

For convenience, the test levels are also given for the whole frequency range from 150 kHz to
80 MHz in equivalent voltage spectrum expressed in dB (uV)/100 kHz (see column 3 of
Table 1), and in total forward power expressed in dBm (see column 4 of Table 1).

These values were derived in a 50 Q system using Formula (1) and need to be recalculated if
a different or reduced frequency range is selected for the test.

For more details regarding the verification of test levels see also Figure 11.
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Table 1 — Test levels

Frequency range 150 kHz to 80 MHz

Level Power spectral density Equivalent voltage Total forward power
spectrum density
dBm/Hz dB (nV)/100 kHz dBm
1 -60 97 19
2 -50 107 29
3 -40 117 39
x@ Special Special Special

NOTE The requirements are in column 2; columns 3 and 4 are added for convenience.

a8 "x" can be any level, above, below or in between the others. The level has to be specified in the dedicated

equipment specification.

An example of a broadband test signal is shown in Figure 2.

In particular cases of intentional broadband disturbances, product committees may specify a
suitable limited frequency range for testing the EUT.

The total forward power for a given power spectral density and selected frequency range can
be calculated using Formula (1).

- 1
PI'F ZPSD +’|0|Og(fStO: H;{start) ( )

Prg  is the total forward power, in dBm;

Pgp is the power spectral density, in dBm/Hz;

fstop is the upper frequency of the test frequency band, in Hz; and
Jstart IS the lower frequency of the test frequency band, in Hz.

The setting procedure of the test levels at the EUT port of the coupling device (CDND) is
described in 6.4.

Documents

Document Sharing Hub

Full document details: IEC 61000-4-312016


http://www.avadocuments.com/doc/iec-61000-4-31-2016
http://www.avadocuments.com/doc/iec-61000-4-31-2016

IEC 61000-4-31:2016 © IEC 2016 -13 -

120

-
-
o

Level, dB (uV)

100 | MMy O S U
90
80
70

- ——

50

40

30

20

10

0 10 20 30 40 50 60 70 80 90 100
Frequency (MHz)
IEC

Figure 2 — Example of voltage spectrum of a broadband test signal
measured with a 120 kHz resolution bandwidth

6 Test equipment and level setting procedures

6.1 Test generator

The test generator (see Figure 3) includes all the necessary equipment and to provide a
broadband input to the CDND that causes the required test signal to be applied to the EUT
with the required level, frequency range, modulation, etc.

A typical arrangement comprises the following items which may be separate or integrated into
one or more test instruments:

e a white noise source, G1, capable of generating a broadband signal over the frequency
band of interest. The parameters can be set by manual control or programmable control
(e.g. frequency band, amplitude). For more details, see Annex B.

e a pulse modulation capability of 1 Hz and 2 Hz (50 % duty cycle);

e a variable attenuator, A1, (typically from 0 dB to 40 dB) to control the output level of the
generated disturbing source, and which is optional;

e an RF switch, S1, by which the disturbing broadband signal can be switched on and off
when evaluating the immunity of the EUT. S1 may be included in G1 and is optional;

e a broadband power amplifier, PA, which may be necessary to amplify the signal if the
output power of the G1 is insufficient;

e a low-pass filter (LPF), and/or a high-pass filter (HPF), which may be necessary to avoid
interference caused by (higher order or sub-) harmonics with some types of EUT, for
example RF receivers. When required, they shall be inserted between the output of the
broadband power amplifier, PA, and the coupling device (CDND).

The characteristics of the test generator are given in Table 2.
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Table 2 — Characteristics of the test generator

Output impedance 50 Q typical, VSWR <2

Broadband signal flatness Within 150 kHz and 80 MHz or capable of covering the
frequency band of interest. The flatness of the output
signal shall be within = 3 dB.

Out-of-band contribution above 80 MHz The output of the test generator shall be at least 20 dB
below the specified test level for all frequencies above
100 MHz.

Between 80 MHz and 100 MHz the output of the test
generator shall not be greater than 3 dB above the
target signal level.

Out-of-band contribution below 150 kHz This contribution is not significant.

If a product committee selects a dedicated frequency range different from 150 kHz to 80 MHz, then the
frequency limits for out-of-band contribution should be adjusted accordingly. For example, the out-of-band
contribution to the test signal at the output of the test generator should be reduced by at least 20 dB at
37,5 MHz if 30 MHz is chosen as the maximum frequency of the intended test signal.

1
: G1 T1 S1 PA LPF/HPF :
1 (optional) |
1
. |
: White noise / Broadband :
: source m . - ™ power amplifier ] L
. :
! 1
| o e e e e e e e e e e e e e e e e e e e e e e e e e e e e M e M e (M Y M 2 e 1
IEC
Key
G1 White noise source T1 Variable attenuator
PA Broadband power amplifier
LPF/HPF Low-pass filter and/or high-pass filter (optional) S1 RF switch

Figure 3 — Principle of the test generator

6.2 Coupling and decoupling devices
6.2.1 General

Coupling devices shall be used to apply the broadband test signal over the frequency range of
interest, with a defined common mode and differential mode impedance at the EUT port under
test.

Decoupling devices shall be used to prevent the other devices, equipment and systems that
are not under test from being disturbed by the test signal.

The coupling and decoupling devices can be combined into one box (a coupling/decoupling
network) or can consist of several parts. The preferred coupling and decoupling devices are
CDNDs for AC ports and CDNSs for all other ports, this is to ensure reproducibility of the test
and protection of the AE.

Coupling and decoupling devices shall be used for the following two purposes:

e CDNDs shall be used for the purpose of applying the broadband test signal into the AC
mains port under test of the EUT and, where applicable, for decoupling or terminating the
AC cables not under test.

e CDNs shall be used for the purpose of decoupling or terminating all other cables (other

than AC cables) not under test.
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6.2.2 CDND for the port under test

A CDND combines the coupling and decoupling functions in one box and is used to inject the
broadband test signal into the AC mains port of the EUT. The CDND shall have a longitudinal
conversion loss (LCL) of 16 dB in order to inject the common mode signal as well as the
differential mode signal simultaneously. Table 3 and Figure 4 show the basic requirements for
CDND and an example of a simplified diagram, respectively.

Table 3 — Specification of the main parameters of the CDND for current <16 A

Parameter Common mode Differential mode
(L + N to PE) (L to N)
Frequency range 150 kHz to 80 MHz 150 kHz to 80 MHz
Impedance (EUT port) 250+3Q 100Q+25Q
0° £ 25° 0° £+ 25°
Insertion loss (RF input port — EUT) - 3dB +1dB
Isolation (AC mains port — EUT port) > 15 dB > 15 dB
Longitudinal conversion loss (EUT port) 16 dB + 3 dB
RF input port
]
1
° ]
T AAAAN ST
— TYYY
°
1
L o T —
L |o4—"YYY 7 YYY\ —l_ ol L
° —
ACmains N |o4—YYY L/ YY) o| N EUT port
PE O_‘ -_O PE
L
IEC

L, N and PE are mains terminal connections

Figure 4 — Example of simplified diagram for the circuit of CDND

6.2.3 Coupling/decoupling networks (CDNs) for cables that are not under test
6.2.3.1 General

These networks comprise the coupling and decoupling circuits in one box. An example of a
coupling and decoupling network for the use on power ports (other than AC mains) is given in
Figure 5. Table 4 summarizes the usage of the different types of CDNs as outlined in
IEC 61000-4-6:2013, Annex D. The CDNs selected shall not unduly affect the functional
signals. Constraints on such effects may be specified in the product standards.
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The CDNs used in 6.2.3 for decoupling circuits or for defining the common mode impedance
of the EUT shall be as specified in IEC 61000-4-6.

Table 4 — Usage of CDNs

Line type Examples CDN-type
Power ports (other than AC mains) 24 V DC in industrial installations, CDN-Mx (see IEC 61000-4-6:2013,
and earth connection earth connection Figure D.2)
Screened cables Coaxial cables, cables used for CDN-Sx (see IEC 61000-4-6:2013,

LAN- and USB connections. Cables | Figure D.1)
for audio systems

Unscreened balanced lines ISDN-lines, telephone lines CDN-Tx (see IEC 61000-4-6:2013,
Figures D.4, D.5, D.7 and Annex H)
Unscreened unbalanced lines Any line not belonging to other CDN-AFx or CDN-Mx (see
groups IEC 61000-4-6:2013, Figures D.3
and D.6)
RF Input port
° i —
PE AYYY Y Py
U
AEport N YN EUT port
L ~e

I _—

L, N and PE are mains terminal connections

Figure 5 — Example of coupling and decoupling network
for power ports other than AC mains

6.2.3.2 CDNs for power supply lines other than AC mains

Coupling/decoupling networks such as CDN-M1, CDN-M2 and CDN-M3 as prescribed in
IEC 61000-4-6 shall be used for all power supply connections except the AC mains ports.

6.2.3.3 Unscreened balanced lines

For coupling and decoupling signals to an unscreened cable with balanced lines, CDN-T2,
CDN-T4 or CDN-T8 shall be used as specified in IEC 61000-4-6:

e CDN-T2 for a cable with 1 symmetrical pair (2 wires);
e CDN-T4 for a cable with 2 symmetrical pairs (4 wires);

o CDN-T8 for a cable with 4 symmetrical pairs (8 wires).
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6.2.3.4 Coupling and decoupling for unscreened unbalanced lines

For coupling and decoupling signals to an unscreened cable with unbalanced lines, a suitable
CDN-X as defined in IEC 61000-4-6 can be used, for example CDN-AF2 for two wires or
CDN-AF8 for 8 wires.

6.2.3.5 Coupling and decoupling for screened cables

For coupling and decoupling signals to a screened cable, for example, CDN-S1 can be used
as prescribed in [IEC 61000-4-6.

6.2.3.6 Decoupling networks

The decoupling network generally comprises several inductors to create and maintain a high
impedance value over the testing frequency range. This inductance determined by the ferrite
material used shall be at least 280 uH at 150 kHz.

The reactance shall remain high, > 260 Q up to 24 MHz and > 150 Q above 24 MHz. The
inductance can be achieved either by having a number of windings on ferrite toroids or by
using a number of ferrite toroids over the cable (usually as a clamp-on tube).

NOTE The specification for clamps is given in IEC 61000-4-6.

The CDNs can be used as decoupling networks with the RF input port left unloaded. When
CDNs are used in this way, they shall meet the requirements of IEC 61000-4-6.

6.3 Verification of the test systems
6.3.1 General

The test system (including the test generator and the CDND) shall have the capability to apply
a constant and flat broadband test signal to the AC mains port of the EUT over the test
frequency range.

The characteristics of the test generator and the CDND are described in 6.1 and 6.2.2 and
parameters are given in Tables 2 and 3 respectively.

The verification of the flatness and level setting of the broadband test signal applicable to the
EUT are described in 6.3.2 to 6.4.

6.3.2  Verification procedure of test generator flatness

The broadband signal provided by the test generator to the CDND shall satisfy the flatness
requirement of + 3dB over the test frequency range.

The verification of the signal flatness over the test frequency range shall be performed using
a spectrum analyser and measured in a resolution bandwidth of (100 + 30) kHz.

The measurement set-up is illustrated in Figure 6a), and the typical output test generator
signal is illustrated in Figure 6b).

NOTE Information on test signal generation is given in Annex B.
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Attenuator Spectrum
(option) analyzer

Test generator

IEC
The optional attenuator is selected to prevent overload or damage of the spectrum analyzer.

Figure 6a) — Set-Up for the verification of the output broadband signal of test generator

Test level
————————————————————————————————————— —— +3dB
T T T T T T T T T T T T e e e R R R R R — Target signal level
r———fF--—-—-——"—"—"""—"—"~"—"="—"~—"~"~"~"~"¥~"~"¥~"¥~"¥”~"¥“~"¥~"=~"="=——-- — -3dB
20dB
\\\
- Test frequency range >
150 kHz 80 MHz 100 MHz
Frequency

IEC

Figure 6b) — Typical spectrum of the output broadband signal of test generator

Figure 6 — Test set-up regarding test generator flatness and typical test signal

6.3.3 Verification procedure of the insertion loss of the CDND using transformer jigs

Transformer jigs shall be used to verify the symmetrical signal level coupled between line and
neutral and the characteristics of the injection coupling system (which in part includes the
CDND). When a test signal is injected into the RF input port of a CDND, the transformer jig is
used to verify the symmetrical signal level coupled between L and N.

These transformer jigs convert the input impedance from an asymmetrical 50 Q input/output
into a symmetrical 100 Q input/output over the whole applicable test frequency range. An
example of a circuit for the transformer jig is shown in Figure 7.

50 Q 100 Q
RF input port =—] o . I—O
0,1 uF
% é— CDND port
—o
l 0,1 uF

IEC

Figure 7 — Typical circuit diagram of the transformer jig showing 50 Q side
and 100 Q side of the transformer and 2 pcs 0,1 pF coupling capacitors

The insertion loss of the transformer jigs shall be measured according to the principle given in
Figures 8a) to 8c). Three independent measurements shall be performed in order to
determine the insertion loss of each transformer jig as well as the CDND.
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First, the vector network analyzer (VNA) shall be calibrated at the cable ends using a full 2-
port through-open-short-match (TOSM) calibration. The VNA may be replaced by a signal
generator and a receiver, if a VNA is not available. Then, the measurements according to the
principle given in Figures 8a) to 8c) shall be performed (the AC mains port of the CDND is
differentially terminated with 100 Q). The insertion loss of the transformer jigs and the CDND

is calculated as follows:

Transformer jig 1: A1= 0,5 x (449 + 413 —A453)
Transformer jig 2: A= 0,5 x (449 + 43— A4 43)
where

Ay is the insertion loss of transformer jig 1;
Aoy is the insertion loss of transformer jig 2;

Aj is the insertion loss of the CDND;

Aqo is the sum of insertion losses of transformer jig 1 and Transformer jig 2 (see

Figure 8a));
Aq3 is the sum of insertion losses of transformer jig 1 and CDND (see Figure 8b));
Aps is the sum of insertion losses of transformer jig 2 and CDND (see Figure 8c)).

VNA

I

[

Transformer jig 1

O—e—0

Transformer jig 2

J

L As short as possible

IEC

Figure 8a) — Insertion loss measurement set-up of the transformer jig measurement 4,,

Full document details: IEC 61000-4-312016
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VNA
T fi .
ransformer CDND
jig 1 N

IEC
L and N are mains terminal connections

Figure 8b) — Insertion loss measurement set-up of the transformer jig measurement A13

VNA
T f -
ransformer CDND
jig 2 N

IEC

L and N are mains terminal connections

Figure 8c) — Insertion loss measurement set-up of the transformer jig measurement A23

Figure 8 — Transformer jig specifications

The insertion loss of the transformer jigs shall be less than 1 dB over the applicable frequency
range. The flatness of the insertion loss of the CDND shall not exceed = 1 dB. Typical values
for the insertion loss of the CDND are in the range of 2 dB to 4 dB.

6.3.4 Insertion loss of the injection coupling system

In order to verify the insertion loss of the injection coupling system, the test set-up as shown
in Figure 9 shall be used.

|_| RF Input port

Transformer jig

Coaxial EUT port AC mains

connector |: CDND :|
>0.2m >0.2m
: it .tlt1]<004m
Insulatlon_>_:_:_:_:_r<_>
support Tatatatat

& -
RGP

IEC

Figure 9 — Example of the set-up geometry to verify D
the insertion loss of the injection coupling system ocuments
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The reference ground plane shall extend at least 0,2 m beyond the perimeter of the set-up.
The height of the insulation support under the transformer jig is adjusted to minimize the
cable length between the transformer jig and the CDND.

The flatness of the insertion loss of the injection coupling system (comprising the coaxial
cables, the attenuator, the CDND and the transformer jig) used for testing shall be verified
using a vector network analyser (VNA) as illustrated in Figure 10, and shall be within
+ 3,0 dB.

NOTE The VNA can be replaced by a signal generator and a receiver.

VNA

7 T
i
|

Coaxial cable
Coaxial cable

normalized by
4 ihe VNA

Transformer

iig CDND

IEC
L and N are mains terminal connections
Figure 10 — Set-up for the evaluation of the total insertion
loss of the injection coupling system

6.4 Test level setting procedure
6.4.1 General

For the correct setting of the level of broadband signal injected by the test generator at the RF
input port of the CDND, the procedure in 6.4.2 shall be applied. It is assumed that the test
generator, the CDND and the transformer jig comply with the requirements of 6.2 and 6.3.

6.4.2 Setting of the output level at the EUT port of the CDND

The set-up used to adjust the output power of the broadband signal to the required level for
testing is given in Figure 11.

The test generator shall be connected to the RF input port of the CDND. The EUT port of the
CDND shall be connected through the transformer jig to the measuring equipment having a
50 Q input impedance. The AC mains port of the CDND shall be loaded with a second
transformer jig, terminated with 50 Q.

The broadband test signal power measurement should preferably be performed using a
thermocouple type power meter. Other power meter types may be used, if their suitability
(especially linearity) is proven.

Using the described set-up and the following measurement procedure, the test generator shall
be adjusted to yield the following reading on the measuring equipment.

The steps to be followed are:

a) The target total forward power is calculated using Formula (1) in Clause 5, according to a
selected test level of Table 1 and for the frequency range of interest for testing [Bodliments
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b) The output of the test generator shall be adjusted to get a total forward power reading
measured by the power meter at the output of the transformer jig connected to the EUT
port of the CDND as determined in step a) (see Figure 11). The generator settings
required to achieve that test level shall be recorded and shall be used for testing the EUT.

Power meter Test generator

Coaxial cable used for

IZAZI'/ actual EUT test

Transformer jig ] RF Input port

AC Transformer jig
EUT port mains
_[ CDND ]7 i;E\
Sl R 50Q termination

RGP

IEC

Key

A2 optional power attenuator

Figure 11 — Set-up for level setting

7 Test set-up and injection methods

7.1 Test set-up

The EUT shall be placed on an insulating support of (0,1 + 0,05) m height above a reference
ground plane. A non-conductive roller/caster in the range of (0,1 + 0,05) m above the
reference ground plane can replace the insulating support. All cables exiting the EUT shall be
supported at a height of at least 30 mm above the reference ground plane.

If the equipment is designed to be mounted in a panel, rack or cabinet, then it shall be tested
in this configuration. When a means is required to support the test sample, such support shall
be constructed of a non-metallic, non-conducting material.

The cable attached to the AC mains port under test of the EUT shall be connected to the
CDND EUT port for applying the broadband test signal. In case of multiple AC mains port,
each cable shall be connected to a CDND. All other cables shall be connected to CDNs
and/or decoupling devices. They shall be located between 0,1 m and 0,3 m from the EUT
(distance L in this standard). This distance is to be measured horizontally from the projection
of the EUT onto the reference ground plane to the CDND, CDNs and/or decoupling devices.
See Figure 13 for additional reference.

NOTE Distance L is not necessarily the same on all sides of the EUT, but is between 0,1 m and 0,3 m.
7.2 EUT comprised of a single unit

The EUT shall be placed on an insulating support above the reference ground plane. For
table-top equipment, the reference ground plane may be placed on a table (see Figure 12).
Only one CDN or CDND shall be terminated (see 7.4).

The coupling and decoupling devices shall be placed on the reference ground plane, making
direct contact with it, at a distance of 0,1 m to 0,3 m from the EUT. The cables between the
coupling and decoupling devices and the EUT shall be as short as possible and dpy@eimaents
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bundled or wrapped. They shall be placed or supported at a height of at least 0,03 m above
the reference ground plane. If the EUT is provided with other earth terminals, they shall, when
allowed, be connected to the reference ground plane through the coupling and decoupling
network CDN-M1.

If the EUT is provided with a keyboard or hand-held accessory, then the artificial hand shall
be placed on this keyboard or wrapped around the accessory and connected to the reference
ground plane.

The auxiliary equipment (AE) required for the defined operation of the EUT according to the
specifications of the product committee (communication equipment, modem, etc.), as well as
the auxiliary equipment necessary for ensuring any data transfer and assessment of the
functions, shall be connected to the EUT through coupling and/or decoupling devices. At least
one of each type of physical ports should be connected to a cable, and decoupled as
described in 7.1.

20,5m AC mains

Test generator

CDND A2

o— 0,Am<L<0,3m

A

A
Y

0,Am=<L=<03m

CDN-x

~{T]s0@

CDN-x

0,5m EUT
(Single AC input EUT)

i
!

CDN-x

Insulating support RGP

IEC
Key
T termination 50 Q
A2 optional power attenuator

The EUT clearance from any metallic objects other than the test equipment shall be at least 0,5 m. Only one of the
CDNs not used for injection shall be terminated with 50 Q providing only one return path. All other CDNs shall be
configured as decoupling networks.

Figure 12 — Example of test set-up for an EUT comprised of a single unit (top view)

7.3 EUT comprised of several units

Equipment comprised of several units, which are interconnected, shall be tested using one of
the following methods.
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o Preferred method: Each sub-unit shall be treated and tested separately as a unique EUT
(see 7.2), considering all the others units as AE. CDNs or decoupling networks shall be
placed on the cables connected to the sub-units considered as the EUT. The AC mains
ports of all sub-units shall be tested separately.

e Alternative method: Sub-units that are always connected together by short cables, i.e.
<1 m, and that are part of the equipment to be tested can be considered as a unique EUT.
These interconnected cables are then regarded as internal cables of the system. See
Figure 13.

The units being part of such an EUT shall be placed as close as possible to each other
without making contact, all on the insulating support. The interconnecting cables of these
units shall also be placed on the insulating support.

The EUT clearance from any metallic obstacles other than the test equipment shall be at least

0,5 m.
P
T~
Test generator
>05m| AC mains
CDND A2
O 0,Am<L<03m
i - >
0,1m<L<0,3m
h J \j J
CDND
2‘ EUT 1 EUT 2 O\ — AC mains
a >0,5m (ex. PC) (ex. monitor) 50 O
CDN-x
O —
510 Q CDN-x
T -—| - — S
EUT 3 v 220 pF >
(ex. keyboard) \ :
T Artificial hand
Insulating support RGP
IEC
Key
T termination 50 Q

A2 optional power attenuator

The EUT clearance from any metallic objects other than the test equipment shall be at least 0,5 m. Only one of the
CDNs not used for injection shall be terminated with 50 Q, providing only one return path. All other CDNs shall be
configured as decoupling networks.

Interconnecting cables (< 1 m) belonging to the EUT shall remain on the insulating support.

Figure 13 — Example of a test set-up for an EUT
comprised of several units (top view)
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7.4 CDN and CDND termination application

Only one of the CDNs or CDNDs that are connected via cables to ports not under test shall be
terminated with 50 Q. All other cables connecting untested ports shall be decoupled using a
CDN and/or decoupling devices (see IEC 61000-4-6).

The CDN or CDND to be terminated shall be chosen according to the following priority:

1) CDND used for connection to AC mains port (not under test);
2) CDN-M1 used for connection of the earth terminal;

3) CDN-Sn (n = 1,2,3...): If the EUT has several CDN-S» ports, the port which is closest to
the port selected for injection (shortest geometrical distance) shall be used;

4) CDN-M2 used for connection to DC mains port;

5) Other CDNs connected to the port which is the closest to the port selected for injection
(shortest geometrical distance).

— If the AE is directly connected to the EUT (e.g. no decoupling on the connection
between them as shown in Figure 14a)), then it is to be placed on the insulating
support (0,1 £ 0,05) m above the reference ground plane and grounded via a
terminated CDN.

— If the AE is connected to the EUT via a CDN, then its arrangement is not generally
critical and it can be connected to the reference ground plane in accordance with the
manufacturer’s installation requirements.

— If the EUT has only one port (i.e. one AC mains port), that port is connected to the
CDND used for injection.

— If the EUT has two ports and only one CDND can be connected to the EUT, the other
port shall be connected to an AE that has one of its other ports connected to a CDND
(AC mains port) or a CDN terminated with 50 Q in accordance with the above-
mentioned priority (see Figure 14a)). All other connections of the AE shall be
decoupled. If an AE connected to the EUT shows an error during the test, a decoupling
device (preferably a terminated EM clamp) should be connected between the EUT and
the AE (see Figure 14b)).

— If the EUT has more than two ports and only one CDND can be connected to the EUT,
it shall be tested as described for two ports but all other EUT ports shall be decoupled.
If an AE connected to the EUT shows an error during the test, a decoupling device
(preferably a terminated EM clamp) should be connected between EUT and AE, as
mentioned above.
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The interface cable shall be 1 m long if possible.

Figure 14a) - Schematic set-up for a 2-port EUT connected to only one CDND
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