CISPR 16-2-1:2008+A1:2010

IEC CISPR 16-2-1

(J
®

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Edition 2.1 2010-12

colour
inside

INTERNATIONAL SPECIAL COMMITTEE ON RADIO INT RENCE
COMITE INTERNATIONAL SPECIAL DES PERTURBA IO@RA IOEL
7\ N
N

brb)

Specification for radio disturbahce & measuring apparatus and

methods —

radioélectriq ‘immunité aux perturbations radioélectriques —
Partie 2-1: M s de mesuce des perturbations et de I'immunité — Mesures
des perturbatic :



THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2010 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 la CEIl ou du Comité national de la CEIl du pays du demandeur.

Si vous avez des questions sur le copyright de la CEl ou si vous désirez obtenir des droits supplémentaires sur cette
publication, utilisez les coordonnées ci-aprés ou contactez le Comité national de la CEI de votre pay. résidence.

IEC Central Office

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Email: inmail@iec.ch
Web: www.iec.ch

About the IEC

About IEC publications

The technical content of IEC publications is kept
latest edition, a corrigenda or an amendment mi

Stay up to date on aII new IEC pu
on-line and also by email.

in Engllsh and French with [equ
Vocabulary online.

= Customer Serwce S w.iec.
If you wish to give us
Centre FAQ or contact

Email: csc@iec.ch
Tel.: +41 22 919 02 1

Fax: +41 22 91%@3\0\

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

= Catalogue des publications de la CEIl: www.iec.ch/searchpub/cur_fut-f.htm

Le Catalogue en-ligne de la CEIl vous permet d’effectuer des recherches en utilisant différents critéeres (numéro de référence,
texte, comité d’études,...). Il donne aussi des informations sur les projets et les publications retirées ou remplacées.

® Just Published CEIl: www.iec.ch/online_news/justpub
Restez informé sur les nouvelles publications de la CEIl. Just Published détaille deux fois par mois les nouvelles
publications parues. Disponible en-ligne et aussi par email.

" Electropedia: www.electropedia.org

Le premier dictionnaire en ligne au monde de termes électroniques et électriques. Il contient plus de 20 000 termes et
définitions en anglais et en francais, ainsi que les termes équivalents dans les langues additionnelles. Egalement appelé
Vocabulaire Electrotechnique International en ligne.

= Service Clients: www.iec.ch/webstore/custserv/custserv_entry-f.htm

Si vous désirez nous donner des commentaires sur cette publication ou si vous avez des questions, visitez le FAQ du
Service clients ou contactez-nous:

Email: csc@iec.ch

Tél.: +41 22 919 02 11

Fax: +41 22 919 03 00




CISPR 16-2-1

Edition 2.1 2010-12

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

INTERNATIONAL SPECIAL COMMITTEE ON RADIO INYERF
COMITE INTERNATIONAL SPECIAL DES PERTURBA IOKI’?RA ELC IQUES
N\ N

Specification for radio disturbance 2
methods —

immuni

measuring apparatus and

radioélectriq e
Partie 2-1: Mé
des perturbati

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 33.100.10; 33.100.20 ISBN 978-2-88912-249-3

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



-2- CISPR 16-2-1 © IEC:2008+A1:2010

CONTENTS
FOREW O RDD ...ttt ettt e e e e e e e e 6
INTRODUCTION (to @amendment 1) ... e 8
S ToTo] o 1T PP 9
2 NOIMMALIVE FEIEIEINCES . .eieii e e e aeas 9
B DB INItIONS e 9
4 Types of disturbance to be measured ... 14
A1 GENEIAl ..
4.2 Types of disturbance ...........coooiiiiiiiiiiii
4.3 Detector functions ..........coceeiiiiiiiiiiii i N
5 Connection of measuring equipment
5.1 GeNEraAl ..o e
5.2 Connection of ancillary equipment ... i e NN -\ re e e N eemeemeeneenaennanns
5.3 Connections to RF reference ground
5.4 Connection between the EUT and the artificial
6 General measurement requirements and cond
6.1 General.......coooveiiiinnn o N
6.2 Disturbance not produced by
6.2.1  General .....ccooooiii £ NG
6.3
6.3.1
6.3.2 Broadb
6.3.3
6.4 Operati
6.5.1
6.5.2 Discontinuous disturbancCe............cooiiiiiiiiii i,
6.5.3 Measurement of the duration of disturbances ..................ccooiiiiiin, 20
6.6 Measurement times and scan rates for continuous disturbance ............................. 20
B.6.1T  GENEIAI ..ot 20
6.6.2 Minimum measurement tiMes .......coooiiiii i 21
6.6.3 Scan rates for scanning receivers and spectrum analyzers........................ 21
6.6.4 Scan times for steppPiNg rE€CEIVEIS .....o.iiviiiiiiii e 22
6.6.5 Strategies for obtaining a spectrum overview using the peak detector ....... 23
6.6.6 Timing considerations using FFT-based instruments ..............c..coooiiin. 27
7 Measurement of disturbances conducted along leads, 9 kHzto 30 MHz ......................... 29
7.0 INErOAUCHION Lo e 29

7.2 Measuring equipment (receivers, efC.) ..o 30



CISPR 16-2-1 © IEC:2008+A1:2010 -3-

72,0 GONETAL oot 30
7.2.2 Use of detectors for conducted disturbance measurements ....................... 30
7.3 Ancillary measuring eqUIPMENT ... . ..o 30
T.3.1  GONEIAL oo 30
7.3.2  Artificial Networks (AN) ..o 30
7.3.3  VOlage ProDES ... 31
7.3.4  CUIent ProbES ..o 31
7.4 Equipment under test configuration ..o 32
7.4.1  Arrangement of the EUT and its connection to the AN ................cooooins 32
7.4.2 Procedure for the measurement of unsymmetric disturbance
voltages with V-networks (AMNS) .......coooiiiiiiiiiiin e NG e

7.4.3 Measurement of common mode voltages at differenti

7.4.4 Measurements using voltage probes..........ccooi NN N e DG N R enes

7.4.5 Measurement using a capacitive voltage prokeé

7.4.6 Measurements using current probes ....... e Neeege s NN\ M
7.5 System test configuration for conducted emissio

7.5.1 General approach to system measurements . ..o\

7.5.2 System configuration
7.5.3 Measurements of inte
7.5.4 Decoupling of systé

7.6 In situ measurements ........... ...\ D
7.6.1
7.6.3
7.6.4 Sel
8 Automated measyre
8.1 Introd
8.2 Generic’m

Annex A (informativ€) Guidelines to connection of electrical equipment to the artificial

MaiNS NEtWOIK (S€E ClaUSe 5) ...oui i e 57
Annex B (informative) Use of spectrum analyzers and scanning receivers (see Clause

G I PRSP 64
Annex C (informative) Decision tree for use of detectors for conducted measurements

(TSI 00702 67
Annex D (informative) Scan rates and measurement times for use with the average

L0 1= =T (0] 69
Annex E (informative) Guidelines for the improvement of the test setup with ANs ................ 73

Annex F (normative) Determination of suitability of spectrum analyzers for compliance
£10C TS P 78

7T oK o To =Y o1 V2P 79



-4 - CISPR 16-2-1 © IEC:2008+A1:2010

Figure 1 — Example of a recommended test setup with PE chokes with three AMNs

and a sheath current absorber on the RF cable...........ooi 17
Figure 2 — Measurement of a combination of a CW signal (“NB”) and an impulsive

signal (“BB”) using multiple sweeps with maximum hold.............cccooiii 24
Figure 3 — Example of @ timing analySis ..o 25
Figure 4 — A broadband spectrum measured with a stepped receiver...........c.coooiiiiiiinn. 26

Figure 5 — Intermittent narrowband disturbances measured using fast short repetitive
sweeps with maximum hold function to obtain an overview of the emission spectrum............ 26

Figure 6 — Test configuration: table-top equipment for conducted disturbance
MEASUrEMENTS ON POWET MAINS .. .uuitiiit ittt e e et e e e e e et e e e e e e e e e e eeaeenenns 33

Figure 7 — Arrangement of EUT and AMN at 40 cm distance with a) vertics
b) horizontal RGP ..o N e e e e 27

Figure 8 — Optional example test configuration for an EUT with only 4
AttaChed ..o e e N NG e e NG e 35

Figure 12b — Equivalent voltage sourc

Figure 12 — Equivalent circuit for meas
for class | (grounded) EUT .................feenee.

Figure 13a — Schematic for

for class Il (ungr
Figure 14 - RC €

Figure 21 — lllustration of CUMTENt JGGM «+-vrvrrrrrrrrreriieiiiiiie 32
Lo 1T = 57
o U= PP 58
o U= PP 58
L0 LU= PP 58
Lo LU= T PP 59
FIGUIE AL B et 59
o U1 = P 60
Figure A.8 — AMN CoNfiQUrations .......coouiiiii e 62

Figure C.1 — Decision tree for optimizing speed of conducted disturbance
measurements with peak, quasi-peak and average detectors...........coooiiiiiiiiii i, 67



CISPR

16-2-1 © IEC:2008+A1:2010 -5-

Figure D.1 — Weighting function of a 10 ms pulse for peak (“PK”) and average
detections with (“CISPR AV”) and without (“AV”) peak reading; meter time constant

Figure D.2 — Weighting functions of a 10 ms pulse for peak (“PK”) and average
detections with (“CISPR AV”) and without (“AV”) peak reading; meter time constant

Figure D.3 — Example of weighting functions (of a 1 Hz pulse) for peak (“PK”) and
average detections as a function of pulse width: meter time constant 160 ms .......................

Figure D.4 — Example of weighting functions (of a 1 Hz pulse) for peak (“PK”) and
average detections as a function of pulse width: meter time constant 100 ms .......................

Figure E.1 — Parallel resonance of enclosure capacitance and ground strap-inductance .......

Figure E.2 — Connection of an AMN to RGP using a wide grounding shegf| for lo

inducta

Figure E.3 — Impedance measured with the arrangement of Figure K.

(aTeT= N e foTU] aTo | gV FAN PSPPSR PP QPRI A NPUPI. NPT

reference to the front panel ground and to the grounding sheet /.. \....\ ..o Vo,

Figure E.5 — Arrangement showing the measureme

dotted |

Figure E.7 — VDF measured with paralel r
Figure E.8 — Attenuation

ines) when measuring the impedance wit

a W' [
r%ore measured in a 150-Q test

= T = Lo 1= 1= o1 S N N N [

Figure E.9 — Arrange

sheath

Table 1
detecto

Table 2
Table A

current @

— Minim
ST N N

BLIE= 1o 1 02 N N N

Table D.2 — Meter time constants and the corresponding video bandwidths and
MAXIMUM SCAN FAEES ..ottt ettt ettt et e et e et e et e e et e e et e e e e e een s

Table F.

signals

1 — Maximum amplitude difference between peak and quasi-peak detected




-6- CISPR 16-2-1 © IEC:2008+A1:2010

INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 2-1: Methods of measurement of disturbances and immunity —
Conducted disturbance measurements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide
comprising all national electrotechnical committees (IEC National Comywj

this end and in addition to other activities,
Technical Reports, Publicly Available Specifications (PAS) and

governmental organizations liaising with the IEC also R i 5 3 ion. IEC collaborates closely
with the International Organlzatlon for Standardi \ i ( ith conditions determined by

2) The formal decisions or agreements of I|E matters express, as nearly as possible, an
international consensus of opinion on the re Dy ¢ each technical committee has representation

Committees in that sense. ils 9 j ade to ensure that the technical content of IEC
Publications is accurate, iblefor the way in which they are used or for any

4) In order to promote |nerna fonal i i ational Committees undertake to apply IEC Publications
3 i eir national and regional publications. Any divergence

between any IEGC plicti g national or regional publication shall be clearly indicated
in the latter.

5) IEC itself does ng ny attestatioh, of conformity. Independent certification bodies provide conformity
assessment ser reas,/access to IEC marks of conformity. IEC is not responsible for any
services carried o

6) All users shquld e Ve the latest edition of this publication

7) No liapflit C or its directors, employees, servants or agents including individual experts and
membe ittees and IEC National Committees for any personal injury, property damage or

expenses arising out Qf the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

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

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

This consolidated version of CISPR 16-2-1 consists of the second edition (2008)
[documents CISPR/A/798/FDIS and CISPR/A/809/RVD and its amendment 1 (2010)
[documents CISPR/A/874/CDV and CISPR/A/897/RVC]. It bears the edition number 2.1.

The technical content is therefore identical to the base edition and its amendment and
has been prepared for user convenience. A vertical line in the margin shows where the
base publication has been modified by amendment 1. Additions and deletions are
displayed in red, with deletions being struck through.
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International Standard CISPR 16-2-1 has been prepared by CISPR subcommittee A: Radio
interference measurements and statistical methods.

This edition includes significant technical changes with respect to the previous edition. In
general, this new edition aims at reducing compliance uncertainty in correspondence with
findings in CISPR 16-4-1. Guidelines are given on

— resonance-free connection of the AMN to reference ground,

— avoidance of ground loops, and

— avoidance of ambiguities of the test setup of EUT and AMN with respect to the reference
ground plane.

remain unchanged until the stability date( ihdica IEC web site under
"http://webstore.iec.ch" in the data pubkication. At this date, the
publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised\edi
 amended.
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INTRODUCTION
(to amendment 1)

All stated specifications in CISPR 16-2-1 are met by an instrument independent of the
selected implementation or technology in order to be considered suitable for measurements
in accordance with CISPR standards. The addition of FFT-based measuring instrumentation
requires further specifications as addressed in this amendment. A new Annex F is added as a
result of provisions recently introduced into CISPR 16-1-1 on the use of spectrum analyzers
for compliance measurements.

@%
S
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 2-1: Methods of measurement of disturbances and immunity —
Conducted disturbance measurements

1 Scope

This part of CISPR 16 is designated a basic standard, which specif| 8_methods of
measurement of disturbance phenomena in general in the frequency ¢ to 18 GHz
and especially of conducted disturbance phenomena in the fregQus ge Q kHz to
30 MHz.

2 Normative references

IEC 60050-161:1990, International
Electromagnetic Compatibility

IEC 60364-4 (all parts), El

CISPR 14-1, Electro
tools and similar app

CISPR 16-1-1:
and methods — Pari
apparatus

3 Definitions

For the purposes of this part of CISPR 16, the definitions of IEC 60050-161 apply, as well as
the following.

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



-10 - CISPR 16-2-1 © IEC:2008+A1:2010

3.2

associated equipment

AE

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

3.3

auxiliary equipment

AuxEq

peripheral equipment which is part of the system under test

3.4
EUT
equipment (devices, appliances and systems) subjected to EMC (emissio

nliance tests

3.5

product publication
publication specifying EMC requirements for a product or prod
specific aspects of such a product or product family

nto¥account

3.6
emission limit (from a disturbing source)
specified maximum emission level of a source of electronagnetic disturbéance

[IEV 161-03-12]

reference ground\pl
RGP Q
flat conductive suifge < stityts defined parasitic capacitance to the surrounding of
an EUT and serveg

NOTE 1

phenomenon by which electromagnetic energy emanates from a source

[IEV 161-01-08]

3.9

coaxial cable

cable containing one or more coaxial lines, typically used for a matched connection of
associated equipment to the measuring equipment or (test-)signal generator providing a
specified characteristic impedance and a specified maximum allowable cable transfer
impedance
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3.10

common mode (asymmetrical) voltage

RF voltage between the artificial midpoint of a two-conductor line and reference ground, or in
case of a bundle of lines, the effective RF disturbance voltage of the whole bundle (vector
sum of the unsymmetrical voltages) against the reference ground measured with a clamp
(current transformer) at a defined terminating impedance

NOTE See also IEV 161-04-09.

3.11

common mode current

vector sum of the currents flowing through two or more conductors at a specified cross-
section of a "mathematical" plane intersected by these conductors

3.12
differential mode (symmetrical) voltage
RF disturbance voltage between the wires of a two conductor line

[IEV 161-04-08, modified]

3.13

differential mode current
half the vector difference of the currents flowi
conductors at a specified cross-sectt
conductors

3.14

given by:

a) the vector sﬁ i

b) the vector r
voltage.

instrument such as a tunable voltmeter, an EMI receiver, a spectrum analyzer or an FFT-
based measuring instrument, with or without preselection, that meets the relevant clauses of
CISPR 16-1-1

NOTE See Annex | of CISPR 16-1-1 for further information.

3.16

test configuration

combination that gives the specified measurement arrangement of the EUT in which an
emission level is measured
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3.17

artificial network

AN

agreed reference load (simulation) impedance presented to the EUT by actual networks (e.g.,
extended power or communication lines) across which the RF disturbance voltage is
measured

3.18

artificial mains network

AMN

network inserted in the supply mains lead of apparatus to be tested which provides, in a
given frequency range, a specified load impedance for the measurement of disturbance

pulse-repetition-freque

impulse voltage |avel
reception

3.19.1
weighted disturbancg measurement
measurement of distdrbance using a weighting detector

3.19.2

weighting characteristic

peak voltage level as a function of PRF for a constant effect on a specific
radiocommunication system, i.e. the disturbance is weighted by the radiocommunication
system itself

3.19.3
weighting detector
detector that provides an agreed weighting function

3.19.4
weighting factor
value of the weighting function relative to a reference PRF or relative to the peak value

NOTE Weighting factor is expressed in dB.
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3.19.5

weighting function

weighting curve

relationship between input peak voltage level and PRF for constant level indication of a
measuring receiver with a weighting detector, i.e. the curve of response of a measuring
receiver to repeated pulses

3.20

continuous disturbance

RF disturbance with a duration of more than 200 ms at the IF-output of a measuring receiver,
which causes a deflection on the meter of a measuring receiver in quasi-peak detection mode
which does not decrease immediately

[IEV 161-02-11, modified]

3.21

discontinuous disturbance
for counted clicks, disturbance with a duration of less
measuring receiver, which causes a transient deflectiop-en
in quasi-peak detection mode

he IF-output of a
gasuring receiver

3.22
measurement time

called dwell time)

— for the peak dete
— for the qua @

envelope

3.23
sweep

3.24
scan
continuous or stepped frequency variation over a given frequency span

3.25

sweep or scan time

TS

time between start and stop frequencies of a sweep or scan

3.26
span

Af

difference between stop and start frequencies of a sweep or scan

3.27
sweep or scan rate
frequency span divided by the sweep or scan time




