CISPR 16-2-3:2010

Full docu

IEC CISPR 16-2-3

(J
®

Edition 3.0 2010-04

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

INTERNATIONAL SPECIAL COMMITTEE ON RADIO INT E
COMITE INTERNATIONAL SPECIAL DES PERTURBA |O2l§ | RIQUES
\ AL

A\
BASIC EMC PUBLICATION O
PUBLICATION FONDAMENTALE EN CE

%m\}y measuring apparatus and

disturbance

Spécifications des méthodes /et des appareils de mesure des perturbations
radioélectriques ¢ imn é aux perturbations radioélectriques —
Partie 2-3: N


http://www.avadocuments.com/doc/cispr-16-2-3-2010
http://www.avadocuments.com/doc/cispr-16-2-3-2010

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 CEl 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 pays de résidence.

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

Email: inmail@iec.ch
Web: www.iec.ch (\
N\

About the IEC

The International Electrotechnical Commission (IEC) is the leading globa
International Standards for all electrical, electronic and related tech

About IEC publications

epares and publishes

" Catalogue of IEC publications: www.iec.ch/sear
The IEC on-line Catalogue enables you to search b of criteri € number, text, technical committee,...).
It also gives information on projects, withdrawn andTeplaced publications.
® |EC Just Published: www.iec.ch/online _news/justpub

Stay up to date on all new IEC publications. Just ublis%tails wice

on-line and also by email.

" Electropedia: www.electropedia.

in English and French, with equi i iti | languages. Also known as the International Electrotechnical

Vocabulary online.

® Customer Service w w.iec.ch/web sts

If you wish to give us yo k on“this p blication or need further assistance, please visit the Customer Service
Centre FAQ or contact

Email: csc@iec.ch

Tel.: +41 22 919 02 11

Fax: +41 22 919{@@(\

ote hnique Anternationale (CEl) est la premiére organisation mondiale qui élabore et publie des
les pouk tout'ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications CEI
Le contenu technique des publications de la CEl 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 CEl: 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 CEI: 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 frangais, 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

normes internatio

Documents

Document Sharing Hub

Full document details: CISPR 16-2-3 2010


mailto:inmail@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
http://www.iec.ch/searchpub/cur_fut-f.htm
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv/custserv_entry-f.htm
mailto:csc@iec.ch
http://www.avadocuments.com/doc/cispr-16-2-3-2010
http://www.avadocuments.com/doc/cispr-16-2-3-2010

CISPR 16-2-3

Edition 3.0 2010-04

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

INTERNATIONAL SPECIAL COMMITTEE ON RADIO INT
COMITE INTERNATIONAL SPECIAL DES PERTURBATIO

RABIOE IQUES

BASIC EMC PUBLICATION
PUBLICATION FONDAMENTALE EN CE

y measuring apparatus and

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION
COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE PRICE CODE XD
CODE PRIX
ICS 33.100.10; 33.100.20 ISBN 978-2-88910-013-2
Documents
® Registered trademark of the International Electrotechnical Commission Document Sharing HUb

Marque déposée de la Commission Electrotechnique Internationale

Full document details: CISPR 16-2-3 2010


http://www.avadocuments.com/doc/cispr-16-2-3-2010
http://www.avadocuments.com/doc/cispr-16-2-3-2010

-2- CISPR 16-2-3 © IEC:2010

CONTENTS

S o7 0 o 1= U 8

2

3 Terms and definitioNS ... e 9

4  Types of disturbance to be measured ..o 13
g N € =Y o V=T - | P
4.2 Types of distUrbDanCe ... ...
4.3 DeteCtor TUNCHIONS ... et e e e e enns

5 Connection of measuring equipment...........ooooiiiii e

General measurement requirements and conditions .................... <
6.1 GENEIAl ..o e

6.2 Disturbance not produced by the equipment under test .. \...\...0
6.2.1 General

6.3

6.4 Operating conditions of the E
6.4.1
6.4.2
6.4.3
6.4.4
6.4.5

7

7.1 INtrodUCIONY FEMAIKS .viei e e e eans 22

7.2 Loop-antenna system measurements (9 kHz to 30 MHz) ..., 23
T.2.1  GENEIAI et 23
7.2.2 General measurement method............. 23
7.2.3  Test @NVIFONMENt .. ... e 24
7.2.4 Configuration of the equipment undertest ... 24
7.2.5 Measurement uncertainty for LAS ... .o 25

7.3 Open-area test site or semi-anechoic chamber measurements (30 MHz to
L C 1 4 TP 25
T7.3.1  MEASUIANA ..o e 25
7.3.2 Test site reqQUIrEmMENtS ..o 26
7.3.3 General measurement method...............o Docuﬁqents

Document Sharing Hub

Full document details: CISPR 16-2-3 2010


http://www.avadocuments.com/doc/cispr-16-2-3-2010
http://www.avadocuments.com/doc/cispr-16-2-3-2010

CISPR 16-2-3 © |IEC:2010 -3-

7.3.4 Measurement diStanCe........c.oiuiiii i
7.3.5 Antenna height variation ...
7.3.6  Product specification details ..........c.cooiiiiiiiii
7.3.7 Measurement instrumentation ...
7.3.8 Field-strength measurements on other outdoor sites............ccccooeeviiiiinini,
7.3.9 Measurement uncertainty for OATS and SAC ........ccoiviiiiiiiiii e,
7.4  Fully-anechoic room measurements (30 MHz t0 1 GHZ) .............cooiiiiiiii i
7.4.1 Test set-up and site geometry ..o
T.4.2 EUT POSIION e
7.4.3 Cable layout and termination ..............cooiiiiiiii
7.4.4 Measurement uncertainty for FAR ... L N

7.5 Radiated emission measurement method (30 MHz to 1 GHz) &
immunity test method (80 MHz to 1 GHz) with common tes

anechoic chamber ... e e N D N D
7.5.1  Applicability ... RN N N N en e eeas
7.5.2

7.5.3 Uniform test volume
7.5.4 Specifications for EUT set-up in com

7.5.5 Measurement uncertainty for ¢
7.6 Fully-anechoic room and abserberline

7.6.1 Quantity to measure
7.6.2 Measureme

7.6.3

7.6.4 Meas
7.6.5 e
7.6.6

7.7

situ measurement of the disturbance effective radiated power

using the substitution method ... 52

7.7.5 Documentation of the measurementresults .............cocoviiiiiiiiin i, 56

7.7.6 Measurement uncertainty for in situ method ......................c 56

7.8 Substitution measurements (30 MHz t0 18 GHZ) ......cooviiiiiiiii e 56

T.8.1  GeNEIAl e 56

7.8.2 TSt S oo 56

7.8.3 TSt @NtENNAS. ..o 57

7.8.4 EUT configuration.........cooouiiiiii e 57

T7.8.5 TSt PrOCEAUIE ....ceiti e e e 57

7.8.6 Measurement uncertainty for substitution method ...................c. 58

7.9 Reverberation chamber measurements (80 MHz to 18 GHZz)...........ccccoeiiiiiiinnns. 58

7.10 TEM waveguide measurements (30 MHz t0 18 GHZ) .......ccccooiiiiiiiii 58

8 Automated measurement of EMISSIONS ..o e 58
Documents

Document Sharing Hub

Full document details: CISPR 16-2-3 2010


http://www.avadocuments.com/doc/cispr-16-2-3-2010
http://www.avadocuments.com/doc/cispr-16-2-3-2010

-4 - CISPR 16-2-3 © IEC:2010

8.1 Introduction — precautions for automated measurements................cccooiiiinn. 58

8.2 Generic mMeasuremMeNnt ProCEAUIE. ... ....iiuiii e e e 59

8.3  Pre-scan MeasUremMENtS ... ... 59

8.3.1  GENEIAl e 59

8.3.2 Determination of the required measurement time..................cccoeeiiiinienn, 59

8.3.3 Pre-scan requirements for different types of measurements ...................... 60

8.4 Data redUCTION ... e 61

8.5 Emission maximization and final measurement..............co 62

8.6 Post-processing and reporting ........ooiiiiiiii 63
Annex A (informative) Measurement of disturbances in the presence of ambient

=T 41T o] o 1= S ZP e U PRPPI 64

Annex B (informative) Use of spectrum analyzers and scanning receivers\..........0.oocoeeeenn. 78

Annex D (informative) Explanation of APD measurement meth
complianCe test. ... N e e e e N e e 85

Annex E (normative) Determination of suitability of spe

Figure 4 — Intermittent na
sweeps with maximumit

Figure 5 — Concept of magnetic fi i i
loop antenna sy ............................... e
Figure 6 — Concept o iG fi 5 ¢ -

Figure 7 - T
(o= o] £ 1E=T 2 (= T S PP
Figure 8 =Jypical testset-up for table-top equipment within the test volume of a FAR .........
Figure 9 — Typical test set-up for floor-standing equipment within the test volume of a
N o
Figure 10 — Positions of reference planes for uniform field calibration (top-view) .................. 35
Figure 11 — Test set-up for table-top equipment.........cccoiiiiiii e, 39
Figure 12 — Test set-up for table-top equipment — TOP VIEW .....c.oiiiiiiiiiiie e, 39
Figure 13 — Test set-up for floor-standing equipment ... 40
Figure 14 — Test set-up for floor-standing equipment — TOp View ..., 40
Figure 15 — Measurement method above 1 GHz, receive antenna in vertical
[0 =12 4o o P 43
Figure 16 — lllustration of height scan requirements for two different categories of
1 PP 45
Figure 17 — Determination of the transition distance ..............ccoi 55
Figure 18 — Substitution method set-up geometries for: a) measurement, b) calibration ........ 57
Figure 19 — Process to give reduction of measurement time ...........c.ccoooiiiiiiii i g eaee
Doéuments

Document Sharing Hub

Full document details: CISPR 16-2-3 2010


http://www.avadocuments.com/doc/cispr-16-2-3-2010
http://www.avadocuments.com/doc/cispr-16-2-3-2010

CISPR 16-2-3 © |IEC:2010 -5-

Figure A.1 — Flow diagram for the selection of bandwidths and detectors and the

estimated measurement errors due to that selection ... 66
Figure A.2 — Relative difference in adjacent emission amplitudes during preliminary

12153 1T o P 68
Figure A.3 — Disturbance by an unmodulated signal (dotted line) ........c..ccooiiiiiiiiiinnns 69
Figure A.4 — Disturbance by an amplitude-modulated signal (dotted line)............c..ccooceieenies 69

Figure A.5 — Indication of an amplitude-modulated signal as a function of modulation
frequency with the QP detector in CISPR bands B, Cand D .........ccooooiiiiiiiiiiiiin e, 70

Figure A.6 — Indication of a pulse-modulated signal (pulse width 50 us) as a function of
pulse repetition frequency with peak, QP and average detectors

Figure A.12 — Increase of average indication measur a ree
calculated from EqQuation (A.8) .....c.vieiiiiii e N Pt

Figure C.1 — Weighting function of a 10 ms puls
with (CISPR AV) and without (AV) peak reading:

Figure C.2 — Weighting functions of a 1
detections with (CISPR AV) and withou

Figure C.3 — Example of
average detections as a f

Hz pulse) for peak (PK) and

average detections as 'a : meter time constant 100 ms ....................... 84

Figure D.1 — Ex ethod 1 for fluctuating disturbances............... 85

Figure D.2 — Example nt Method 2 for fluctuating disturbances............... 86

Table 1 — Minimu or the three CISPR bands with peak and quasi-peak

Lo =1 =T o1 (o] - T e S S PP 17

Table 2 < Applicab) ncy ranges and document references for CISPR radiated

emission test sites andtest mMethods. ... ... 23

Table 3 — Minimum dimension of w (Wimin) -ooooeeeeeeeee 44

Table 4 — Example values of w for three antenna types.........oooii i 45

Table 5 — Horizontal polarization correction factors as a function of frequency...................... 54

Table 6 — Recommended antenna heights to guarantee signal interception (for pre-

scan) in the frequency range 30 MHz t0 1 000 MHz ... 61

Table A.1 — Combinations of EUT disturbance and ambient emissions.................cc.coiviann. 65

Table A.2 — Measurement error depending on the detector type and on the combination

of ambient and disturbing signal Spectra ..o 77

Table C.1 — Pulse suppression factors and scan rates for a 100 Hz video bandwidth............ 82

Table C.2 — Meter time constants and the corresponding video bandwidths and

MAXIMUM SCAN FATES ...ttt ettt et et e e e e e e e e 82

Table E.1 — Maximum amplitude difference between peak and quasi-peak detected

] o | E= - PP PP 87
Documents

Document Sharing Hub

Full document details: CISPR 16-2-3 2010


http://www.avadocuments.com/doc/cispr-16-2-3-2010
http://www.avadocuments.com/doc/cispr-16-2-3-2010

-6- CISPR 16-2-3 © IEC:2010

INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 2-3: Methods of measurement of disturbances and immunity —
Radiated disturbance measurements

FOREWORD

all national electrotechnical committees (IEC National Committees). e E is to\ promote
international co-operation on all questions concerning standardization in t ica ic’fields. To
this end and in addition to other activities, IEC publishes Internationa Stan ds, hni pecifications
Technical Reports, Publicly Available Specifications (PAS) and ide e to as “IEC

Publication(s)”). Their preparation is entrusted to technical committe€s;a at|ona Committee interested

in the subject dealt with may participate in this preparatory wo rnmental and non-
governmental organizations liaising with the IEC also participate i € collaborates closely
with the International Organization for Standardization (IS e W|th condltlons determined by
agreement between the two organizations

2) The formal decisions or agreements of IEC on technical early as possible, an international
consensus of opinion on the relevant subjects singé™e ommittee has representation from all

3) IEC Publications have the form of recommendations ional_use and are accepted by IEC National
Committees in that sense. While all reasonable efforts de to ensure that the technical content of IEC
Publications is accurate, IEC cannot be e way in which they are used or for any
misinterpretation by any end

4) In order to promote intern i

transparently to the m i i ir national and regional publications. Any divergence
between any IEC Publicati € ) ponding-national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does rot p g i ormity. Independent certification bodies provide conformity
assessment servic , aceess to IEC marks of conformity. IEC is not responsible for any

services carried out o

7) No liability shall at E i ctors, employees, servants or agents including individual experts and
members of(its te i s and IEC National Committees for any personal injury property damage or

Publications.

8) Attention is drawn to ormative references cited in this publication. Use of the referenced publications is
indispensable forthe 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 CISPR 16-2-3 has been prepared by CISPR subcommittee A: Radio-
interference measurements and statistical methods.

This third edition of CISPR 16-2-3 cancels and replaces the second edition published in 2006.
It is a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition: addition of the measurand for radiated emissions measurements in an OATS and a
SAC in the range of 30 MHz to 1 000 MHz, and addition of a new normative annex on the
determination of suitability of spectrum analysers for compliance tests. Also, numerous
maintenance items are addressed to make the standard current with respect to other parts of
the CISPR 16 series.
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It has the status of a basic EMC publication in accordance with IEC Guide 107,
Electromagnetic compatibility — Guide to the drafting of electromagnetic compatibility
publications.

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

FDIS Report on voting
CISPR/A/886/FDIS CISPR/A/892/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 Directiv

A list of all parts of the CISPR 16 series, published under the gené tion for
radio disturbance and immunity measuring apparatus and methods) ca he IEC
website.

The committee has decided that the contents of this publficatio i in_unchanged until
the stability date indicated on the IEC web site unde : \ iec.ch" in the data

* reconfirmed,
* withdrawn,

» replaced by a revised edition, or
*+ amended.

IMPORTANT - The ‘c he cover page of this publication indicates
that it contains colours i e ‘considered to be useful for the correct
understanding its hould therefore print this document using a
colour printer.
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 2-3: Methods of measurement of disturbances and immunity —
Radiated disturbance measurements

1 Scope

d disturbance
phenomena in the frequency range of 9 kHz to 18 GHz. The aspec easurement
uncertainty are specified in CISPR 16-4-1 and CISPR 16-4-2.

NOTE In accordance with IEC Guide 107, CISPR 16-2-3 is a basic
committees of the IEC. As stated in Guide 107, product committees a g it etermining the
applicability of the EMC standard. CISPR and its sub-committees a e afe with product
committees in the evaluation of the value of particular EMC tests for spécifi S

2 Normative references

CISPR 16-1-1, Specificatio
methods - P 1
Measuring appa

anee and immunity measuring apparatus and
distivbance and immunity measuring apparatus -—

adio disturbance and immunity measuring apparatus
rbance and immunity measuring apparatus — Ancillary

equipment —

Amendment

Amend

CISPR 16-1- ecification for radio disturbance and immunity measuring apparatus
and methods — Rart }-4: Radio disturbance and immunity measuring apparatus — Ancillary

equipment — Radiated disturbances

CISPR 16-2-1:2008, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 2-1: Methods of measurement of disturbances and immunity — Conducted
disturbance measurements

CISPR 16-4-1, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 4-1: Uncertainties, statistics and Ilimit modelling — Uncertainties in
standardized EMC tests

CISPR 16-4-2, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 4-2: Uncertainties, statistics and limit modelling — Uncertainty in EMC
measurements
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CISPR 16-4-5, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 4-5: Uncertainties, statistics and limit modelling — Conditions for the use of
alternative test methods

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

Amendment 1 (1997)

Amendment 2 (1998)

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test
Amendment 1 (2007)

IEC 61000-4-20, Electromagnetic compatibility (EMC) — Part 4-20: Testin,
techniques — Emission and immunity testing in transverse electromag

neasurement
veguides

3 Terms and definitions

For the purposes of this document, the terms and definition ~ 0050-161, as well
as the following apply.

3.1
absorber-lined OATS/SAC

OATS or SAC with ground plane partia absorbing material

s and “artificial networks) connected to a

ignal generator-and Used in the disturbance signal transfer

3.2

ancillary equipment
transducers (e.g. curre
measuring receiver or (

between the EUT and tt asuring~qr testequipment

3.3 D

antenna beam

main lobe of the ante pattern) of the receive antenna (usually the direction
with maximum s enna factor) that is directed towards the EUT

3.4

antennabe

angle betwee If-power (3 dB) points of the main lobe of the antenna beam, when
referenced to power of the main lobe. It may be expressed for the H plane or for

the E plane of the.antenna

NOTE Antenna beamwidth is expressed in degrees.

3.5

associated equipment

AE

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

3.6

auxiliary equipment

AuxEq

peripheral equipment that is part of the system under test

3.7
basic standard
standard that has a wide-ranging coverage or contains general provisions for one particular
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NOTE A basic standard may function as a standard for direct application or as a basis for other standards.

[ISO/IEC Guide 2, definition 5.1]

3.8

coaxial cable

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

3.9

common-mode absorption device
CMAD

device that may be applied on cables leaving the test volume
measurements to reduce the compliance uncertainty

emission

[CISPR 16-1-4, 3.1.4]

3.10

conformity assessment
demonstration that specified requirements relating to
body are fulfilled

ess, system, person or

. elsewhere in ISO/IEC 17000:2004,
onfofmity assessment bodies.

[ISO/IEC 17000:2004, 2.1, modified]

3.1
continuous disturbance
RF disturbance with durati 1an at the IF-output of a measuring receiver

ufing receiver in quasi-peak detection mode,
and that does not:ecr
[IEC 60050-161:1

3.12
(electromag

emission limit (from a disturbing source)
specified maximum emission level of a source of electromagnetic disturbance

[IEC 60050-161:1990, 161-03-12]

3.14

equipment-under-test

EUT

equipment (devices, appliances and systems) subjected to EMC (emission) compliance
(conformity assessment) tests

3.15

fully-anechoic room

FAR

shielded enclosure, the internal surfaces of which are lined with radio-frequency-energy
absorbing material (i.e. RF absorber) that absorbs electromagnetic energy in the frequency

range of interest Documents
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3.16

loop-antenna system

LAS

antenna system consisting of three orthogonally-oriented loop antennas that are used to
measure the three orthogonal magnetic dipole moments of an EUT located in the centre of the
three loops

3.17
measurement, scan and sweep times

3.171
measurement time
Tm

effective, coherent time for a measurement result at a single frequency

called dwell time)

e areas also

— for the peak detector, the effective time to detect the maximum ¢&f the

— for the quasi-peak detector, the effective time to measure th

— for the average detector, the effective time to average the s
— for the rms detector, the effective time to determiné€ the

3.17.2
scan
continuous or stepped frequency variati

3.17.3
span

Af

difference between stop and s
3.17.4

sweep <>
continuous freque

3.17.5
sweep or SCa

sweep or scan
T,

S
time between start and stop frequencies of a sweep or scan

3.17.7
observation time
TO

sum of measurement times 7,, on a certain frequency in case of multiple sweeps; if n is the

number of sweeps or scans, then Ty =n x T,

3.17.8
total observation time

Tiot
effective time for an overview of the spectrum (either single or multiple sweeps); if ¢ is the

number of channels within a scan or sweep, then Ty = c x n x T,
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3.18

measuring receiver

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 parts of

CISPR 16-1-1

3.19

number of sweeps per time unit (e.g. per second)
ns

reciprocal of the sum of sweep time and retrace time, i.e. 1/ (sweep time + retrace time)

3.20

open-area test site

OATS

facility used for measurements of electromagnetic fields the intentio

an electrically-conducting ground plane.

3.21

product standard
standard that specifies requirements to be fulfilled
establish its fitness for purpose

NOTE 1 A product standard may include,
reference, aspects such as terminology, samp
requirements.

semi-anechoic c . 7

SAC
shielded enclosute i ie six internal surfaces are lined with radio-frequency-
energy absorbi . absorber) that absorbs electromagnetic energy in the
frequency ra i d the bottom horizontal surface is a conducting ground plane

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

3.24

weighting (of e.g. impulsive disturbance)

pulse-repetition-frequency (PRF) dependent conversion (mostly reduction) of a peak-detected
impulse voltage level to an indication that corresponds to the interference effect on radio
reception

NOTE 1 For the analogue receiver, the psychophysical annoyance of the interference is a subjective quantity
(audible or visual) usually not a certain number of misunderstandings of a spoken text

NOTE 2 For the digital receiver, the interference effect is an objective quantity that may be defined by the critical

bit error ratio (BER) or bit error probability (BEP) for that perfect error correction can still occur or by another,
objective and reproducible parameter
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3.24.1
weighted disturbance measurement
measurement of disturbance using a weighting detector

3.24.2

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

3.24.3
weighting detector
detector that provides an agreed weighting function

3.24.4
weighting factor
value of the weighting function relative to a reference PRF or relative

NOTE Weighting factor is expressed in dB.

3.24.5
weighting function or weighting curve
relationship between input peak voltage level and F level indication of a

measuring receiver with a weighting detector,
receiver to repeated pulses

4.1 General

appropriate for their m
4.2 Types Of@l

receiver bandwid ati e of occurrence and degree of annoyance during the
assessment ¢ S f radio disturbance, distinction is made between the following

a) narrowhand ] s disturbance, i.e. disturbance on discrete frequencies as, for

energy with ISM equipment, constituting a frequency spectrum consisting only of individual
spectral lines whose separation is greater than the bandwidth of the measuring receiver so
that during the measurement only one line falls into the bandwidth in contrast to b);

b) broadband continuous disturbance, which normally is unintentionally produced by the
repeated impulses of, for example, commutator motors, and which have a repetition
frequency that is lower than the bandwidth of the measuring receiver so that during the
measurement more than one spectral line falls into the bandwidth; and

c) broadband discontinuous disturbance is also generated unintentionally by mechanical or
electronic switching procedures, for example by thermostats or programme controls with a
repetition rate lower than 1 Hz (click-rate less than 30/min).

The frequency spectra of items b) and c) are characterized by having a continuous spectrum
in the case of individual (single) impulses and a discontinuous spectrum in case of repeated
impulses, both spectra being characterized by having a frequency range that is wider than the
bandwidth of the measuring receiver specified in CISPR 16-1-1.

1 Psychophysical means psychological relationship between physical stimuli and sensory response.Documents
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4.3 Detector functions

Depending on the types of disturbance, measurements may be carried out using a measuring
receiver with:

a) an average detector generally used in the measurement of narrowband disturbance and
signals, and particularly to discriminate between narrowband and broadband disturbance;

b) a quasi-peak detector provided for the weighted measurement of broadband disturbance
for the assessment of audio annoyance to a radio listener, but also usable for narrowband
disturbance;

c) an rms-average detector provided for the weighted measurement of broadband
disturbance for the assessment of the effect of impulsive disturbance to digital radio
communication services but also useable for narrowband disturbance;

d) a peak detector that may be used for either broadband or disturbance

measurement.

Measuring receivers incorporating these detectors are specified

5 Connection of measuring equipment

easuring receiver and the
e shall be matched to the

existence of_a sufficient signal-to-noise ratio at the desired measurement level, e.g. the
level of the relevant disturbance limit;

b) having a defined measuring set-up, termination and operating conditions of the EUT;

c) when using a spectrum analyzer or scanning receiver, due considerations shall be given
to its particular operating and calibration requirements.

6.2 Disturbance not produced by the equipment under test
6.2.1 General

The measurement signal-to-noise ratio with respect to ambient noise shall meet the following
requirements. If the spurious noise level exceeds the required level, it shall be recorded in the
test report.

6.2.2 Compliance (conformity assessment) testing

A test site shall permit emissions from the EUT to be distinguished from ambient noise. The
ambient noise level should preferably be 20 dB, but at least be 6 dB below ir
P Y Bo¢iliients
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measurement level. For the 6 dB condition, the apparent disturbance level from the EUT is
increased by up to 3,5 dB. The suitability of the site for required ambient level may be
determined by measuring the ambient noise level with the test unit in place but not operating.

In the case of compliance measurement according to a limit, the ambient noise level is
permitted to exceed the preferred -6 dB level provided that the level of both ambient noise
and source emanation combined does not exceed the specified limit. The EUT is then
considered to meet the limit. Other actions can also be taken; for example, reduce the
bandwidth for narrowband signals and/or move the antenna closer to the EUT.

NOTE If both the ambient field strength and field strength of ambient and EUT are measured separately, it may be
possible to provide an estimate of the EUT field strength to a quantifiable level of uncertainty. Reference is made
in this respect in Annex C of CISPR 11.

6.3 Measurement of continuous disturbance
6.3.1 Narrowband continuous disturbance

The receiver shall be kept tuned to the discrete frequency undeg d re-tuned if

the frequency fluctuates.

6.3.2 Broadband continuous disturbance

For the assessment of broadband continuous di
maximum reproducible measurement va

Spectrum analyzers and scanning receivers
particularly in order to redu ring ti
to certain characteristics se i en
accuracy and peak, avera uasi detection. These characteristics are considered

in Annex B. Q

hich is not steady, the
for further details.

r, special consideration must be given
include overload, linearity, selectivity,

The EUT shall be 3’following conditions:

6.4.1

The norma ons shall be as defined in the manufacturer’s product specification
relevant to the and for EUTs not so covered, as indicated in the manufacturer's

instructions.

6.4.2 The time of operation

The time of operation shall be, in the case of EUTs with a given rated operating time, in
accordance with the marking; in all other cases, the time is not restricted.

6.4.3 Running-in time

No specific running-in time, prior to testing, is given, but the EUT shall be operated for a
sufficient period to ensure that the modes and conditions of operation are typical of those
during the life of the equipment. For some EUTs, special test conditions may be prescribed in
the relevant equipment publications.
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6.4.4 Supply

The EUT shall be operated from a supply having the rated voltage of the EUT. If the level of
disturbance varies considerably with the supply voltage, the measurements shall be repeated
for supply voltages over the range of 0,9 times to 1,1 times the rated voltage. EUTs with more
than one rated voltage shall be tested at the rated voltage that causes maximum disturbance.

6.4.5 Mode of operation

The EUT shall be operated under practical conditions that cause the maximum disturbance at
the measurement frequency.

6.5 Interpretation of measuring results

6.5.1 Continuous disturbance

b) If the general level of the disturbance is not steady, b
more than 2 dB in the 15 s period, then the disturbance

oltage leve hall be observed
accerding\ to the conditions of

1) if the EUT is one that may be swi ntly>or the direction of rotation
of which can be reversed, thenat & asurement the EUT should be
switched on or reversed just b : t, and switched off just after

each measurement. The maxipium level “obtained during the first minute at each

disturbance sh steady reading (subject to the provision that
item a) has been obfai

c) If the patte@
character part”w
with item b).

d) Measurem e ghout the complete spectrum and are recorded at least at
the frequénc reading and as required by the relevant CISPR publication.

he EUT changes from a steady to a random
then that EUT shall be tested in accordance

6.5.2 isturbance

There is curren
disturbances.

no requirement for the measurement of radiated discontinuous

6.6 Measurement times and scan rates for continuous disturbance
6.6.1 General

For both manual measurements and automated or semi-automated measurements, measure-
ment times and scan rates of measuring and scanning receivers shall be set so as to measure
the maximum emission. Especially, where a peak detector is used for pre-scans, the
measurement times and scan rates have to take the timing of the emission under test into
account. More detailed guidance about performing automated measurements can be found
in Clause 8.
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6.6.2 Minimum measurement times

Clause B.7 provides a table of the minimum sweep times or the fastest — practically
achievable — scan rates. From that table, the minimum scan times for measurements over a
complete CISPR band have been derived in the following Table 1.

Table 1 — Minimum scan times for the three CISPR bands
with peak and quasi-peak detectors

Scan time T for Scan time T for
Frequency band peak detection quasi-peak detection
A 9 kHz to 150 kHz 14,1s 2 820 s = 47 min
B 0,15 MHz to 30 MHz 2,985 s 5970s = 99,5 qﬁn = 70 39 min
CandD | 30 MHzto 1 000 MHz 0,97 s 19400 s = 323,3 mig=5 h 23 min

The scan times in Table 1 apply to the measurement of CW signals: D i Ea\t;%type of
disturbance, the scan time may have to be increased — even fo easurements. In
extreme cases, the measurement time T, at a certain frequen to™he increased to
15 s, if the level of the observed emission is not steady 9. However isolated clicks
are excluded.
Scan rates and measurement times for use with the given in Annex C
Most product standards call out quas plidhce measurements, which
can be very time-consuming if time-sawing p oedu c pplied (see Clause 8). Before

timesaving procedures can be applied,
ensure that, e.g. intermittent signal
considerations in 6.6.3 to 6,6.5 shall b

detected using a pre-scan. To
during an automated scan, the

6.6.3

One of two cond
automated scan

e for a single s

bandwidth setting. If the Scan rate is chosen too fast for the given instrument state, erroneous
¥ will be obtained. Therefore, a sufficiently long sweep time needs to be
chosen for the selected frequency span. Intermittent signals may be intercepted by either a
single sweep with sufficient observation time at each frequency or by multiple sweeps with
maximum hold. Usually for an overview over unknown emissions, the latter will be highly
efficient: as long as the spectrum response changes, there may still be intermittent signals to
discover. The observation time shall be selected according to the periodicity at which
interfering signals occur. In some cases, the sweep time may have to be varied in order to
avoid synchronization effects.

When determining the minimum sweep time for measurements with a spectrum analyzer or
scanning EMI receiver, based on a given instrument setting and using peak detection, two
different cases have to be distinguished. If the video bandwidth is selected to be wider than
the resolution bandwidth, the following expression can be used to calculate the minimum
sweep time:
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Af
Tsmin S kx 2 (1)
Bres
where
Ts min is the minimum sweep time,
Af is the frequency span,
Bies is resolution bandwidth, and
k is a constant of proportionality, related to the shape of the resolution filter;
this constant assumes a value between 2 and 3 for synchronously-tuned,
near-Gaussian filters. For nearly rectangular, stagger-tuned filters, £ has a
value between 10 and 15.
If the video bandwidth is selected to be equal to or smaller than thé res ion dwidth, the

following expression can be used to calculate the minimum swegep-ti

Af
Ts min = kX (2)
s min Bres Buideo

where B,i4e0 IS the video bandwidth.
Most spectrum analyzers and scanning E matically couple the sweep time to
the selected frequency span and the bandwidth'se Sweep time is adjusted to maintain a
calibrated display. The automatic s ion can be overridden if longer
observation times are req arying signals.
In addition, for repetitivesswee weeps per second will be determined by the
sweep time eeded to retune the local oscillator and to store

6.6.4
Stepping EMI secutively tuned to single frequencies using predefined step
sizes. While ‘coverin ency range of interest in discrete frequency steps, a minimum
dwell ti ncy“is required for the instrument to accurately measure the input
signal
For the actual rement, a frequency step size of roughly 50 % of the resolution

bandwidth used or less (depending on the resolution filter shape) is required to reduce
measurement uncertainty for narrowband signals due to the step-width. Under these
assumptions the scan time T for a stepping receiver can be calculated using the following

i s min
equation:
&y
Tsmin = Tmmin X —————
smin mmin 0’5 B,—es (3)
where Ty, nin is the minimum measurement (dwell) time at each frequency

In addition to the measurement time, some time has to be taken into consideration for the
synthesizer to switch to the next frequency and for the firmware to store the measurement
result, which in most measuring receivers is automatically done so that the selected
measurement time is the effective time for the measurement result. Furthermore, the selected
detector, e.g. peak or quasi-peak, determines this time period as well.
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For purely broadband emissions, the frequency step size may be increased. In this case, the
objective is to find the maxima of the emission spectrum only.

6.6.5 Strategies for obtaining a spectrum overview using the peak detector

For each pre-scan measurement, the probability of intercepting all critical spectral
components of the EUT spectrum shall be equal to 100 % or as close to 100 % as possible.
Depending on the type of measuring receiver and the characteristics of the disturbance, that
may contain narrowband and broadband components, two general approaches are proposed:

— stepped scan: the measurement (dwell) time shall be long enough at each frequency to
measure the signal peak, e.g. for an impulsive signal the measurement (dwell) time should
be longer than the reciprocal of the repetition frequency of the signal.

— swept scan: the measurement time must be larger than the intervals.between_intermittent

sweeps or steps through the spectrum.

f Repetitiy sweepM ho

<—E1st swéep—P <—§2nd sweep—» 4—5—3|"d sweep—» <—E4thjsweepf—> <E—5th sweep——»

Spectrum

‘ ‘ |H |IH| |I|H|; .

uf

IEC 752/10

T, is the pulse-repetition interval of the impulsive signal. A pulse occurs at each vertical line of the spectrum-
vs.-time display (upper part of the figure).

Figure 1 — Measurement of a combination of a CW signal (NB) and an impulsive
signal (BB) using multiple sweeps with maximum hold
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If the type of emission is unknown, multiple sweeps with the shortest possible sweep time and
peak detection facilitate determining the spectrum envelope. A short single sweep is sufficient
to measure the continuous narrowband signal content of the EUT spectrum. For continuous
broadband and intermittent narrowband signals, multiple sweeps at various scan rates using a
“maximum hold” function may be necessary to determine the spectrum envelope. For low
repetition impulsive signals, many sweeps will be necessary to fill up the spectrum envelope
of the broadband component.

The reduction of measurement time requires a timing analysis of the signals to be measured.
This can be done either with a measuring receiver that provides a graphical signal display,
used in zero-span mode or using an oscilloscope connected to the IF or video output of the
receiver, and with an example shown in Figure 2.

%
70 /
60 Q§i§:§\
50 N ij:>
40 \r\\ \ | )
LU

16 18 20
ms

IEC 753/10

— for continuous_unmodulated narrowband disturbances, the fastest scan time possible
for the selected instrument settings may be used;

— for pure continuous broadband disturbances, e.g. from ignition motors, arc welding
equipment, and collector motors, a stepped scan (with peak or even quasi-peak detection)
for sampling of the emission spectrum may be used. In this case the knowledge of the
type of disturbance is used to draw a polyline (piecewise) curve as the spectrum envelope
(see Figure 3). The step size shall be chosen so that no significant variations in the
spectrum envelope are missed. A single swept measurement, if performed slowly enough,
will also yield the spectrum envelope;

— for intermittent narrowband disturbances with unknown frequencies either fast short
sweeps involving a “maximum hold” function (see Figure 4) or a slow single sweep may be
used. A timing analysis may be required prior to the actual measurement to ensure proper
signal interception.

— intermittent broadband disturbances shall be measured with discontinuous disturbance
analysis procedures, as described in CISPR 16-1-1.
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f Stepped scan for spectrum sampling

IF Bandw.

4
t
Spectrum
display
Lf >
IEC 754/10

I&a the pulse repetition interval Tp, which is the inverse

measured with a stepped receiver

NOTE The measurement (dwe
of the pulse repetition frequency.
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S
Repetitive sweeps with maximum hold
Intermitt.
NB
Cont.
NB |
1 1
[ / IF Bandw.
| i
| |
| |
\ \
\ \
I st sweep I 2nd sweep
Spectrum ¢ > »
display

>

\
Lf
Q IEC  755/10
NOTE 1 The number of swee

duration and pulse repetition_intervah
NOTE 2 In this exe@ i ¢ d for all spectral components to be intercepted.

Figure 4 — Inte 3 ) disturbances measured using fast short repetitive

7 Mea it of radiated disturbances

7.1 Introductory remarks

This clause sets forth the general procedures for the measurement of the field strength of
radio disturbance produced by devices and systems. Experience with radiated disturbance
measurements is less extensive than that of voltage measurements. The radiated disturbance
measurement procedures are therefore open to revision and extension as knowledge and
experience are accumulated. In particular, attention shall be given to the effect of leads and
cables associated with the EUT. Table 2 provides a summary list of CISPR radiated emission
test sites and test methods and the related cross-references to subclauses within this
document or to other documents.

For some products, it may be required to measure the electric, the magnetic, or both
components of the radiated disturbance. Sometimes a measurement of a quantity related to
radiated power is more appropriate. Normally measurements should be made of both the
horizontal and vertical components of the disturbance with respect to the reference ground
plane. The results of measurements of either the electric or magnetic components may be
expressed in peak, quasi- peak, average or rms values.
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The magnetic component of the disturbance is normally measured at frequencies up to
30 MHz. In magnetic field measurements only the horizontal component of the field at the
position of the receiving antenna is measured when using the distant antenna procedure. If
the loop antenna system (LAS) is used, the three orthogonal magnetic dipole moments of the
EUT are measured. (Note that in the single antenna method, the horizontal component of the
field at the position of the antenna is determined by the horizontal and vertical dipole
moments of the EUT because reflection plays a part.)

Table 2 — Applicable frequency ranges and document references for CISPR radiated
emission test sites and test methods

Site / method 9 kHz to 30 MHz 30 MHz to 1 000 MHz 1 GHz to 18 GHz

Outdoor site tbd 7.3.8 [ N\ na
LAS 7.2 n/a N~ ha
OATS or SAC tbd 7.3 ( n/a
FAR n/a 76/
Common RE/RI n/a N \ \/ﬁ/a
(RI staQ/SM
Absorber-lined OATS n/a _—nla ~_ 16
In-situ 7.7.2 /7 7/3,77 7\4\2 N 7737743
Substitution n/a . 7.8
Reverberation chamber n/a < N < €\7§\) Z}\/ 7.9
(Start 80 MH
TEM waveguide IEC 61000-4-/2& 7.90— 7.10

n/a = not applicable; tbd = to be determined or (\s un

foreomuaen
N

7.2 Loop-antenna s Hz to 30 MHz)

ered in this subclause is suitable for indoor measurement of
y a single EUT in the frequency range 9 kHz to 30 MHz.
easured in terms of the currents induced into the LAS by the
» EUT. The LAS shall be validated regularly using the method
. CISPR 16-1-4 also gives a complete description of the LAS and a
gsuring results obtained with the LAS and those obtained as

7.2.2 General measurement method

Figure 5 shows the general concept of measurements made with the LAS. The EUT is placed
in the centre of the LAS. The current induced by the magnetic field from the EUT into each of
the three large loop antennas of the LAS is measured by connecting the current probe of the
large loop antenna to a measuring receiver (or equivalent). During the measurements, the
EUT remains in a fixed position.

The currents in the three large loop antennas, originating from the three mutually orthogonal
magnetic field components, are measured in sequence. Each current level measured shall
comply with the emission limit, expressed in dB(uA), as specified in the product standard. The
emission limit shall apply for an LAS having large loop antennas with the standardized
diameter of 2 m.
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- @2 m (3x)

Current
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EUT \I
N

(equipment
under test) /
AR

Coaxial
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R
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| ’7
R
Measuring A
equipment L7
V
7
7
7
€=
IEC 756/10

F: ferrite absorber

Figure 5 — Concept of magnetic field induced current measurements made
with the loop antenna system

7.2.3 Test environment

The distance between the outer perimeter of the LAS and nearby objects, such as floor and
walls, shall be at least 0,5 m. The currents induced in the LAS by an RF ambient field shall be
judged in accordance with CISPR 16-1-4.

7.24 Configuration of the equipment under test

To avoid unwanted capacitive coupling between the EUT and the LAS, the maximum
dimensions of the EUT shall allow a distance of at least 0,20 m between the EUT and the
standardized 2 m large loop antennas of the LAS.
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The position of the mains lead shall be optimized for maximum current induction. In general,
this position will not be critical when the EUT complies with the conducted emission limit.

In case of a large EUT, the diameter of the loop antennas of the LAS may be increased up to
4 m. In that case:

a) the current values measured shall be corrected in accordance with B.6 of CISPR 16-1-2;
and

b) the maximum dimensions of the EUT shall allow a distance between the EUT and the
large loops of at least (0,1 x D) m, where D is the diameter of the non-standardized loop.

7.2.5 Measurement uncertainty for LAS

General and basic considerations about uncertainties of emission measu are given in
CISPR 16-4-1.

7.3 Open-area test site or semi-anechoic chamber measuye to ' GHz)
7.3.1 Measurand

The quantity to be measured is the maximum electric eld.st i itted’by the EUT as a
function of horizontal and vertical polarization and 3 ) » m and 4 m, and at a
horizontal distance of 10 m from the EUT, over all a i NCVA plane. This quantity
shall be determined with the following provision

a) the frequency range of interest is

b) the quantity shall be expressed in strength units that correspond with the

d) a measuring receiv

e) the use of alternati
be considered. as

f) the measuremg

antenna factor
E=V - A - F, (4)

where
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E is the field strength in dB(uV/m) as in the measurand description;

Ve is the maximum received voltage in dB(uV) using the procedure as in the
measurand description;

c is the loss in dB of the measuring cable between antenna and receiver;

F, is the free-space antenna factor of the receive antenna in dB(m™).

NOTE Free-space antenna factors are used as a figure of merit for the antenna. It should be noted
the field strength is measured above a ground plane, not in a free-space environment.

7.3.2 Test site requirements

The test site shall conform to the relevant specifications of CIS
electrical properties, and for its validation.

7.3.3 General measurement method

semi-anechoic chamber (SAC) with
receiving antenna.

Receiving antenna

Measuring
receiver

Reflected ray

/

Groundplane IEC 757/10

Figure 6 — Concept of electric field strength measurements made on an open-area test
site (OATS) or semi-anechoic chamber (SAC) showing the direct and reflected rays
arriving at the receiving antenna

The EUT is configured at a specified height above the ground plane and configured to
represent normal operating conditions. The antenna is positioned at the specified separation
distance. The EUT is rotated in the horizontal plane and the maximum reading noted. The
height of the antenna is adjusted so that the direct and reflected rays approach or meet in-
phase addition. The procedural steps may be interchanged and may need to be repeated to
find the maximum disturbance. For practical reasons, the height variation is restricted, and,
therefore, perfect in-phase addition may not be achieved. Documents
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7.3.4 Measurement distance

An EUT subject to a radiated disturbance limit at a specified distance should be measured at
that distance unless to do so would be impractical because of equipment size, etc. The
measurement distance is the distance between the projection of closest point of the EUT to
the antenna and the projection of the calibration reference point of the antenna on the ground
plane. If the antenna reference point is not specified in the antenna calibration report, for log-
periodic antennas the reference point is a point along the horizontal antenna boom midway
between the dipole elements that correspond to a half wavelength at the centre frequency of
antenna frequency range.

NOTE The centre frequency is defined by: 109(f,qye) = (109 frin * 109 f1ax)/ 25 frgntre = 10/09(F cENtre),

A dlstance of 10 m is preferred at most outdoor sites since at this distance the xpected level

the m|n|mum aper
D >> A.

7.3.5 Antenn@ﬁ )

betwee

ground down™to 1 m\in order to maximize the reading. These height scans apply for both
horizontal and vertical polarization, except that for vertical polarization, the minimum height
shall be increased so that the lowest point of the antenna clears the site ground surface by at
least 25 cm.

7.3.6 Product specification details
7.3.6.1 General

In addition to specifying the detailed measurement method and the disturbance parameters to
be measured, the product standards shall include other relevant details as outlined below.

7.3.6.2 Test environment
The influence of the test environment shall be considered so as to ensure correct functioning

of the EUT. Important parameters in the physical environment shall be specified, e.g.
temperature and humidity.
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The electromagnetic environment needs special consideration to ensure accurate disturbance
measurements. The ambient radio noise and signal levels measured at the test site with the
EUT de-energized should be at least 6 dB below the limit. It is recognized that this is not
always realizable at all frequencies. However, in the event that the measured levels of the
ambient plus EUT radio noise emissions are not above the limit, the EUT shall be considered
to be in compliance with the limit. See 6.2.2 and Annex A for further guidance about ambient
levels and resulting measurement errors.

If the ambient field-strength level at frequencies within the specified measurement ranges
exceeds the limit(s), the following alternatives may be used:

a) perform measurements at a closer distance and extrapolate results to the distance at
which the limit is specified. The extrapolation formula shall be as reeommended by the
product standard, or shall be verified by measurements at no les hree different
distances;

such S|gnals as far as possible;
€) use a narrower instrument bandwid

signals, the modé
interconnecting ca

use in a typical manner;
1 in @ manner that will maximize disturbances.

the EUT and all required connecting cables.

The term configuration refers to the orientation of the EUT, the other components of the
system, the interconnecting cables, and the power mains leads that comprise the system.
During all measurements, the configuration of the system shall be adjusted so that the above
two conditions, the condition a) being satisfied first and followed by condition b), are fulfilled,
within the guidelines described in the following paragraphs.

The term typical is used to describe the arrangement of how the EUT will actually be used.
Guidelines for setting up a typical configuration are outlined below.

For equipment designed to be part of a multi-unit system, the EUT shall be installed in a
typical system and configured in accordance with the manufacturer's instructions. It shall also
be operated in a manner that is representative of the typical usage for that EUT. During all
tests, the EUT and all system components shall be manipulated within the confines of typical

usage to maximize each disturbance.
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Interface cables shall be connected to each interface port on the EUT. The effect of varying
the position of each cable shall be investigated to find the configuration that maximizes each
disturbance as constrained by its typical configuration in actual use. The number of
manipulations may be limited if a few such cable configurations will lead to maximum
disturbances over the frequency range investigated.

Interface cables shall be of the type and length specified by the equipment manufacturer. Any
excess length of each cable shall be separately bundled in a serpentine fashion at the
approximate centre of the cable with the bundle 30 cm to 40 cm in length. If it is impractical to
do so because of cable bulk or stiffness, or because the testing is being done at a user
installation, disposition of the excess cable length is left to the discretion of the test engineer
and should be noted in the test report. Different requirements for excess cabling may be
specified in the product standard.

it is appropriate to do so, e.g. a cable is normally routed througK
under the ground plane. Cables shall be positioned adjacent th
EUT and all system components only if typically used in thaf
investigated in different modes of operation.

ize. The table should
be placed on a remotely controlled rotating tfor with non-conducting
materials. The top of the rotating pl ess than 0,5 m above the
ground plane and the height of the table and ¢ ,8 m above the ground plane.
If the rotating platform is at the same elevation. as plane, its surface shall be of

mounted rotatmg platform i s_Sitbation. An EUT that may normally be
placed either on the floor<r tahle : s a table-top device.

The EUT shall be grounded with_the manufacturer's requirements and conditions of
intended use. | i s ithout a ground connection, it shall be tested
ungrounded. Wh > E i ith a grounding terminal or internally grounded lead
that is to be connec 9 ion conditions, the ground lead or connection shall be
connected to a ground plane simulating actual installation
conditions. An ead included in the plug end of the a.c. mains cord of the
EUT shall ground through the mains power service. Except at the

instrumentation

The measurement instrumentation, including antennas, shall conform to the relevant
requirements in CISPR 16-1-1 and CISPR 16-1-4.

7.3.8 Field-strength measurements on other outdoor sites
Outdoor test sites similar to an open-area test site but without any metal ground plane may be

prescribed for some products, for practical reasons, e.g. ISM equipment and motor vehicles.
The provisions given in 7.3.4 to 7.3.7 shall remain applicable.

7.3.9 Measurement uncertainty for OATS and SAC
General and basic considerations about uncertainties for emission measurements are given in

CISPR 16-4-1. Uncertainty aspects specific to radiated emission measurements on an OATS
or SAC (30 MHz to 1 GHz) are given in CISPR 16-4-2.
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7.4 Fully-anechoic room measurements (30 MHz to 1 GHz)

7.4.1 Test set-up and site geometry

The same type of antenna shall be used for EUT emission testing as the receive antenna
used for the FAR site validation testing. The antenna height is fixed at the geometrical middle
height of the test volume. Measurement will be done in horizontal and vertical polarization of
the receive antenna. Emission should be measured while the turntable rotates with the EUT in
each of at least three successive azimuth positions (0°, 45°, 90°), when continuous rotation is
not required. Figure 7 illustrates the typical FAR site geometry, and the relevant dimensions.

The EUT shall be placed on a turntable. Figure 7, Figure 8 and Figure 9 explain the different
dimensions within the FAR. The turntable, antenna mast and supporting floor shall be in place
during the site validation procedure, and consist largely of matefial
electromagnetic waves. The distances a, b, ¢ and e may be limited
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A
2x m — gorresponds to test distance used (3 m, 5 m, or 10 m respectively);
hm
ab c e > 0,5 m reca ended (= 1 m is more convenient), the actual value is consistent with the
T FAR validation procedure of CISPR 16-1-4;
d 3m,5m,or 10 m.
1) The antenna and cable layout shall be validated together and used in the same configuration during the EUT
test.
2) CMADs shall be used in accordance with the applicable product standard; use (if required) shall be

documented in the test report.

Figure 7 — Typical FAR site geometry, where a, b, c, ¢
depend upon the room performance
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IEC 759/10
A turntable and EUT support fixture;
2X 1,5m,2,5m,5m;
d 3m;5m, or 10 m (for 3 m, 5m, or 9
1) The antenna cable layout shall be the same as\in th
2) CMADs shall be used in accordance with t icable product standard; use (if required) shall be

documented in the test report

ence point of the antenna to the boundary of the
1 the reference point on an antenna and the phase

is not included, an additional term must be included in the uncertainty budget.

Cy4r = 20log|(d + Py —r)/d] ()

The field strength is given by:

Er=Ve+IFa+Cy (6)

where
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f is the frequency (MHz);

d is the required separation point from the EUT boundary to the reference point
on the antenna (m);

Py is the phase centre position as a function of frequency, (m from tip of antenna);

r is the distance of the reference point on the antenna from the antenna tip (m);

E, is the E-field at distance d from the source [dB(uV/m)J;
Vy is the voltage at the output of the antenna at frequency /' [dB(uV)];
is the phase centre correction factor (dB);

F, is the antenna factor (free space) for the E-field at the phase centre [dB(m~1)].

IEC 760/10

or 10 m test distance, respectively

is a compromise between metal- and wooden ground plane.

1) The antenna_cable lay dll be the same as in the validation procedure (see Figure 7).
2) The cable layoutdepends on the location of the cable outlets and shall be close to the surface of the housing.

3) CMADs are to be used in accordance with the applicable product standard; use (if required) must be
documented in the test report.

Figure 9 — Typical test set-up for floor-standing equipment
within the test volume of a FAR

7.4.2 EUT position

Figure 8 and Figure 9 illustrate test set-ups in a FAR for typical table-top and floor-standing
EUTs, respectively. The EUT shall be configured, installed, arranged and operated in a
manner consistent with typical applications. The entire EUT shall fit in the test volume.
Associated equipment that is required to exercise the EUT but does not form part of the EUT
shall be located outside the screened room.

Interface cables shall be connected to each type of interface port of the EUT. If the EUT
consists of separate devices, the space between the devices shall be in the normal
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configuration, but with 10 cm separation if possible. Interconnecting cables shall be bundled.
The bundle shall be of length 30 cm to 40 cm and longitudinal to the cable.

To improve the measurement repeatability, the following guidelines shall be applied:

a) The EUT (including the cables laid out according to 7.4.3) shall be placed so that its
centre is at the same height as the centre of the test volume. A non-conductive support of
a suitable height may be used to achieve this.

b) Where it is not physically possible to elevate a large EUT to the centre of the test volume
(Figure 7 and Figure 8), the EUT may remain on a non-conductive transport pallet during
the test (Figure 9). The height of the pallet shall be recorded in the test report.

The installation specifications for some floor-standing equipment reqgire™~the unit to be
installed and bonded directly to a conductive floor. The following considerations apply for

particularly true if the emissions are at a frequency below 200 YOriz polarlzatlon
and the source of emissions is from a Iocatlon on the eq'm z correspond to a

to a determination of non compliance based on FAR nts, additional investigation
in a ground plane test environment (i.e. an open- est site™ar semi<anechoic chamber) is
recommended, to better simulate the final intended\instal ah@co dition for the equipment.

following listed items are
reproducibility (see Figure 8

e test set-up in order to provide good
radiation to be measured should only be

emitted from the test The cles used during the test shall be in accordance with
manufacturer's specifi S may employ non-terminated cables if cable
terminations ar di ifications of the cables and terminations used during
testing shall be cledr i

include a orizontally and 0,8 m run vertically (without any bundling)
inside th igure 8 and Figure 9). Any cable length in excess of 1,6 m
with asrelative.tolerance oft 5 % shall be routed outside the test volume.

oriented su h that half of its length is horizontal and half |s vertical in the test volume

c) Cables that are.not exercised through associated equipment during the test must be
appropriately terminated:

1) coaxial (shielded) cables with coaxial terminator with correct impedance (50 Q or
75 Q);
2) shielded cables with more than one inner wire must have common mode (line to

reference earth/ground) and differential-mode (line to line) termination in accordance
with the manufacturer’s specifications;

3) unshielded cables must have differential mode termination as well as common-mode
termination in accordance with the manufacturer’s specifications.

d) If the EUT needs associated equipment in order to be operated properly, special care shall
be taken that no emission of that equipment can influence the radiation measurement.
associated equipment shall be located outside the screened room wherever possible.
Measures against RF-leakage into the FAR through the interconnection cables must be
taken.
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e) The test set-up including cable layout, specifications of attached cables and terminations,
and measures taken to suppress the emission influence of the cable length outside the
test volume (for instance the use of ferrite clamps) are specified in the different product
standards.

Due to the different nature of the many possible EUTs, product standards may deviate
considerably from the requirements of this subclause (e.g. 10.5 of CISPR 22 [3])2.

7.4.4 Measurement uncertainty for FAR

General and basic considerations about uncertainties of emission measurements are given in
CISPR 16-4-1. Conditions for the use of alternative test methods are given in CISPR 16-4-5.
An example of an uncertainty budget for an emission measurement at a distance in a
FAR is given in CISPR 16-4-2.

7.5 Radiated emission measurement method (30 MHz to 1 G

chamber

7.5.1 Applicability

testing, at the discretion of product committees
performed using a common EUT arrangemen
clause. The test arrangement described\ is

The radiated immunity [te srformed.with/absorbing material covering portions of the
ground plane betwee the transmitting antenna, if necessary to achieve field
uniformity, as degscni ) j

lined OATS). efmis ments, t.he normalized site attenuation characteristics of
the SAC without the<g absorber shall satisfy the requirements of CISPR 16-1-4.
7.5.2 ion and antenna-to-EUT separation distance

Radiated ity tests shall be made with the receive or transmit antenna
located al distance of 3 m plus half of the maximum width of the EUT being

tested, measured from~the centre of the EUT. The antenna reference point used when
determining its~distance from the EUT is the identified reference point. However, if the
reference point is not specified, the reference point is a point along the horizontal antenna
boom midway between the dipole antenna elements that correspond to a half wavelength of
the upper and lower frequency limits to be evaluated.

NOTE For a log-periodic antenna, the manufacturer may specify the reference point.

The EUT perimeter is defined by the smallest virtual (imaginary) rectangle encompassing the
EUT. All intersystem cables shall be included within this perimeter (see Figure 10). Each edge
of this perimeter shall lie in one of the four face planes of the EUT, co-planar with (and
possibly residing within) the uniform field areas (UFAs) calibrated for immunity tests,
depending upon the horizontal test distance.

2 Figures is square brackets refer to the Bibliography. Documents
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7.5.3 Uniform test volume

test volume where
the site validation
CISPR 16-1-

e The EUT and its /£
and its AuxEq t

Evaluation of EUT i gqual or non-symmetric boundaries at two antenna separation

distance field area calibrations according to the requirements of
IEC 61000 example shown in Figure 10, this is at the plane with length b along the
front face of\the azimuth) and the plane with length « along the side face of the EUT

(90° azimuth).

To accommodate EUTs with a maximum width of 1,5 m, the uniform field area may be
calibrated for the two conditions:
e in a plane orthogonal to the axis of the antenna through the centre of the turntable;

e in a plane orthogonal to the axis of the antenna 0,75 m in front of the centre of the
turntable, perpendicular to the measurement axis.

A linear interpolation can be performed to test any EUT whose exposed front is between the
two calibrated UFAs. It is presumed that:

e the -0 dB to +6 dB criteria complies at the number of points defined by IEC 61000-4-3 for
each of the two surfaces, and

e the average field strengths of the points satisfying the -0 dB to +6 dB criterion in the two
UFAs are inversely proportional to the antenna-to-UFA distance when applying a constant

forward power to the antenna.
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Designate P., as the forward power (logarithmic scale) for the UFA at the centre of the
turntable, evaluated by either the calibration with constant field strength or the calibration
method with constant power, and P, as the corresponding forward power for the UFA at
0,75 m in front of the centre of the turntable. The required forward power to illuminate an EUT
surface can be calculated by linear interpolation from P.; and P., and the corresponding
distances (also in logarithmic scale) to the antenna. For other measurement details and
descriptions, refer to 6.2 of IEC 61000-4-3 calibration of field.

For EUT perimeter dimensions that differ by 20 % or less of the 3 m separation distance (that
is, 0,6 m or less), only a single uniform field area calibration is required at the separation
distance corresponding to Plane 1 in Figure 10 (the widest face of the EUT).

dimensions of the EUT perimeter at 0°, 90°,
equipment to be tested in the facility may be conside
locations.

The tests shall be performed ‘wi i bvconfigured as closely as possible to its
typical, practical oper . 8 ise, cables and wiring shall be as specified
by the manufacturer and the & nt'shalhbe in its housing (or cablnet) with all covers and
access panels i EVi

in the test report.

e Table-top i is placed on a non-conductive setup table with height

of the non-conductive set-up table on test results.

e Floor-standing equipment is placed on a non-conductive support, as specified in the
applicable product standard. If there are no EUT height placement requirements in the
product standard, the EUT shall be placed on a non-conductive support at a height of
5 cm to 15 cm above the ground plane.

Equipment designed for wall-mounted operation shall be tested as table-top equipment. The
orientation of the EUT shall be consistent with that of normal operation (that is, positioned as
normally installed).

Interface cables, loads, and devices should be connected to at least one of each type of the
interface ports of the EUT and, where practical, each cable shall be terminated in a device
typical for its actual use. Where there are multiple interface ports of the same type, a typical
number of these devices shall be connected to devices or loads. It is sufficient to connect only
one of the loads, provided that it can be shown, for example by preliminary testing, that the
connection of further ports would not significantly increase the level of disturbanﬁaothat is,
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more than 2 dB) or significantly degrade the immunity level. The rationale for the
configuration and loading of ports shall be documented in the test report.

The number of additional cables should be limited to the condition where the addition of
another cable does not decrease the margin by a significant amount (for example, 2 dB) with
respect to the limit. In some cases the optimum arrangement of features, loads, interface
types, and cables for emissions and immunity tests are different, which may result in the need
for some reconfiguration of the EUT within the confines of the uniform EUT arrangement.

The cable layout and termination shall be according to the following requirements.

e The cables shall be oriented so that vertically- and horizontally-polarized radiation fields
are not excluded. The cable layout rules and cable lengths defined in~the applicable
product emission and immunity standards shall be applied. Howeve

cable, with a mix of horizontal or vertical parts, to th 8 tic field during
immunity testing (unless the manufacturer’s specification i ‘ es). Excess
cable lengths should be bundled in the approximate ¢ of the cable to
form a bundle 30 cm to 40 cm in length. If no inforpra d abgut cable layout in

(that is, those that connect the E rid) >shall be exposed to the
electromagnetic field according t igure f2 for a total length of 1 m
(£ 0,1 m), and then extended vertica SWh a oor (with a minimum length of

0,8 m imposed by the EUT table h ecting cables that hang from the table
shall be at a minimum distance of\0,4 om the ground plane. If cables that
hang closer than 40 annot be shortened to the appropriate
length, the excess cab nd forth to form a bundle 30 cm to 40 cm
long. If the maximun the/ manufacturer for certain cables does not

allow a one meter A including a length to get to the ground plane for
table-top pr s
on the length

e The manufacturer's specified cabling types and connectors shall be used.

e If the manufacturer's specification requires a cable length of less than or equal to 3 m,
then the specified length shall be used. The cables shall be exposed for a length of 1 m
(£ 0,1 m) and the excess shall be folded back and forth, forming a bundle 30 cm to 40 cm
long, for table-top equipment (see Figures 11 and 12) and approximately 1 m for floor-
standing equipment (see Figures 13 and 14).

e If the specified length is greater than 3 m or is not specified, then the illuminated length
shall be 1 m. The excess cables shall be extended outside the test volume.

e EUT combinations of table-top equipment and floor-standing equipment shall be arranged
according to the set-up of each individual equipment configuration and the interconnecting
cables between table-top equipment and floor-standing equipment shall be according to
these rules.
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e For the cables not terminated into auxiliary equipment, differential- and common-mode
terminations should be simulated to represent the auxiliary equipment that would be
connected to the cables and represent the required functional impedance.

e Cables not connected to another device may be terminated as follows (see also 7.3.6.3).

— Coaxial shielded cables shall be terminated with a coaxial termination (usually 50 Q or
75 Q)

— Shielded cables with more than one inner wire should have common- and differential-
mode termination according to the EUT manufacturer's specifications. This common-
mode termination is to be connected appropriately between the inner wires or their
differential-mode termination and cable shield. If no information is available about the
common-mode terminations, 150 Q common-mode terminations should be used.

— Unshielded cables must have differential-mode termination
manufacturer's specifications.

e If the EUT needs associated equipment (A
taken to ensure that AE does not.affect
radiated immunity tests. AE may b
proper connecting interfaces are avaj
RF-leakage into or out of the anechoi
necessary.

e Other methods or eq
located outside the te

e The test set-up, ing . ific
use of CMAD(s) o s.Jeaving the test volume, and other measures taken to suppress
emissions fr
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Test volume where the NSA
requirement for CISPR 16-1-4 is
.- ~< / satisfied

Xa = Horizontal cable perpendicular
to the EUT: 0,2m £0,02m

EUT perimeter
(including cables)

Xp = Horizontal cable parallel to the
EUT: 0,8 m+ 0,08 m

rom the ground
ecting cables that

B< Excess cable length bundle
between 30 cm and 40 cm in length

IEC 762/10
Turntable

(ground-plane)

p for table-top equipment

Cables leaving the test
volume

Xa + Xp = Total horizontal cable
length on the table: 1 m £ 0,1 m

B = Excess cable length bundle
between 30 cm and 40 cm in
length

Interconnecting cables

Turntable
IEC 763/10

Figure 12 — Test set-up for table-top equipment — Top view Documents
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Turntable
(ground-plane)

Cables leaving the test

olume IEC 764/10

et-up for floor-standing equipment

Cables leaving the test volume

X = Horizontal cable run in radial
direction for 0,3 m 0,03 m

B = Excess cable length bundle
at approximately 1 m in length

NOTE Bend radius of cables
shall not be exceeded to meet
the bundled cable length.

EUT support

s

Figure 14 — Test set-up for floor-standing equipment — Top view Documents

Turntable
IEC 765/10
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7.5.5 Measurement uncertainty for common emission/immunity set-up and method

General and basic considerations about uncertainties of emission measurements are given in
CISPR 16-4-1.

7.6 Fully-anechoic room and absorber-lined OATS/SAC measurements (1 GHz to
18 GHz)

7.6.1 Quantity to measure

The electric field strength emitted by the EUT at the measuring distance is the quantity to be
measured. The result shall be expressed in terms of field strength.

In some standards, emission limits above 1 GHz for equipment are expressed in terms of
effective radiated power (Pgg) in dB(pW). Under free-space far-field gonditions, the equation
to convert Pgg into field strength, in dB(uV/m), at a 3 m distance is:

E3m = FRe +7:4 (7)

For distances d, in m, other than 3 m:
3
E; = Prg +7,4+20log 7

7.6.2 Measurement distance

NOTE Because dominant cemponents of the EUT disturbance signals may be assumed to be incoherent and
radiated from a point sourge, the minimum distance mentioned above, i.e. D?/(21), is to be established using the
measuring antenna dimensions, and not the EUT dimensions.

If measurements are made at a distance other than 3 m (see note above), the measurement
distance shall be greater than or equal to 1 m and less than or equal to 10 m. In such a case,
the measurement data is to be adjusted to a 3 m distance, assuming free-space propagation.
Users are advised that comparison of measurements at different distances and extrapolation
of results typically will not correlate as well as measurements made at the same distance.
Standards or specifications that reference this test method should identify a preferred
measurement distance.

7.6.3 Set-up and operating conditions of the equipment under test (EUT)

As a general guideline, test set-ups and operating conditions of the EUT shall be the same as
those used below 1 GHz. Whenever possible, the test set-up should be representative of the
most typical configuration of the EUT (table-top, floor-standing, rack-mounted, wall-mounted,
etc.).
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The test set-up should also consider that for measurements above 1 GHz absorbers are
typically required on the floor between the antenna and EUT. Whenever practical, for
emission measurements above 1 GHz the EUT should be raised above the height of the
absorbers. If it is not possible to raise the entire EUT above the absorbers (i.e. for rack-
mounted or floor-standing equipment), efforts should be made to configure the EUT (within a
rack or chassis, for example) such that the radiating elements are located above the
absorbers. The EUT shall be located in the test volume established during site validation, as
described in CISPR 16-1-4. If it is not practical and safe to raise the EUT or its radiating
elements above the absorber height, the maximum extent of the EUT that is permitted to be
located below the highest point of the absorbers is 30 cm (see 7.6.6.1 and Figure 15).

The actual EUT configuration and set-up used shall be documented in the test report with
photographs or diagrams clearly showing the location of the EUT with respect to the facility
floor or turntable surface, absorber placement on the floor (height and and receive
antenna location.

7.6.4 Measurement site

The measurement site shall comply with the requirements des

7.6.5 Measurement instrumentation

The measurement instrumentation shall
CISPR 16-1-1 and CISPR 16-1-4.

Measurements to verify compliance
measuring spectrum analyzer or receiv
bandwidth) as defined CISPR 16-1-1.

bandwidth requ
component of thexinput

and the video bandwidth to a\value_tha ower than the lowest spectrum component of the input signal to be
measured. For egxample, if t signal has a 1 kHz pulse repetition frequency (PRF), for a video bandwidth

The use~of o n.\% linear average detectors that comply with these requirements is

e he” spectrum analyzer shall be set to linear display mode when
a yeasurements, not logarithmic display mode. The sweep time of the
spectrum analyzer shall be increased, due to the use of narrower video bandwidths, to ensure
accurate measurement results. The logarithmic mode is permitted for average measurements
when the specification limits assume a logarithmic detector will be used.

7.6.6 Measurement procedure
7.6.6.1 General description of the radiated field measurement method above 1 GHz

The radiated field measurement method above 1 GHz is based on measurement of the
maximum electric field emitted from the EUT, with a set-up as shown in Figure 15.
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Validated test volume (from site validation procedure)

..... PP T : Receive antenna
n ey,

i . reference point

IEC 766/10

e Validated te@ allated during the site validation procedure (see
CISPR 16-1-4): ines the largest diameter EUT that can be tested in
the facility.

meter cylinder that will fully encompass all portions of the
acks and a minimum Iength of 30 cm of cables. The EUT that

table) The EUT must be located within the validated test volume.
of w (see definition of w below) may be below the height of
absorbers on the floor only when the EUT is floor-standing and cannot be raised above the
height of the absorbers (see 7.6.3).

® 0O54g: The minimum 3 dB beamwidth of the receive antenna at each frequency of interest.
03 4g is the minimum of both the E-plane and H-plane values at each frequency. 6 ;g may
be obtained from manufacturer-provided data for the receive antenna.

e d: The measurement distance (in meters). This is measured as the horizontal distance
between the periphery of the EUT and the reference point of the receive antenna.

e w: The dimension of the line tangent to the EUT formed by 03 4g at the measurement
distance d. Equation (9) shall be used to calculate w for each actual antenna and
measurement distance used. The values of w shall be included in the test report. This
calculation may be based on the manufacturer-provided receive-antenna beamwidth
specifications:

w=2d tan(0,5 63 4g) (9)

w shall be of the minimum dimension as specified in Table 3.

h: The height of the receive antenna, measured from its reference point to the flgor.
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Table 3 specifies the minimum acceptable dimension of w (w,i,). The minimum requirements
shown in Table 3 are calculated from Equation (9) based on testing at the minimum permitted
measurement distance of 1 m specified in 7.6.2, and the values of 03 yg(min) shown. The
selection of measurement distance d and antenna type shall be made such that w is equal to
or greater than the values shown in Table 3 at any frequency where the field is measured. At
frequencies not shown in Table 3, the limit of w,,;, shall be linearly interpolated between the
nearest two frequencies listed. Table 4 gives example values of w calculated using
Equation (9) for three antenna types, at measurement distances of 1 m, 3 m, and 10 m.

The maximum emission is measured by moving the receive antenna in height along with
rotation of the EUT in azimuth (0° to 360°). The required range of height investigation is

specified below and illustrated in Figure 16 for two typical categories of EUTs.

Table 3 — Minimum dimension of w (w,i,)

(N
Frequency 03 s, min X W

GHz

1,00 60 N 15
2,00 35 L N 0,63
4,00 35 N\ 0,63
6,00 27 ( N ) 0.48
8,00 2({\\// N 0.44
10,00 < <2\é C \ @) 0.44
12,00 25 N/ 0,44
14,00 ( \25\ 0.44
16,00 \ U\ 0,09
18,00 NN 5\ 0,09

the minimum shown, and other antennas and distances
= wmin Shown, provided that Equation (9) is met.

NOTE 1 The dimension, w
may be used to satisfy the

NOTE 2 Because b

how many (constructi
beamwidth.
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Table 4 — Example values of w for three antenna types

Frequency DRG Horn LPDA or LPDA-V *
d=1m | d=3m [d=10m d=1m | d=3m [d=10m
GHz 03 g8 03 4B
N w w w N w w w
m m m m m m
1,00 60 1,15 3,46 11,55 60 1,15 3,46 11,55
2,00 35 0,63 1,89 6,31 55 1,04 3,12 10,41
4,00 35 0,63 1,89 6,31 55 1,04 3,12 10,41
6,00 27 0,48 1,44 4,80 55 1,04 3,12 10,41
8,00 25 0,44 1,33 4,43 50 0,93 2, 9,33
10,00 25 0,44 133 | 4,43 50 093 | 280 | 933
12,00 25 0,44 1,33 4,43 50 0,93/\{,80 9,33
14,00 25 0,44 1,33 4,43 45 0.83 \%)ﬁk 8,28 /|
16,00 5 0,09 0,26 0,87 40 0,73 2,18 7
e | 7z
18,00 5 009 | 026 | 087 20 o3 \| 218\ | 7.28
® LPDA-V: V-type log periodic dipole array. The values's n far HXB a M typical of
both the LPDA and LPDA-V. However, these antennas twcal have_ different gains.

Reference point
of antenna

@ Reference point
of antenna
% < ! >+

i Range o
. height
EUT | scan

.......... % _d?t:]_ i

Turntable Absorbers
a) w encompasses EUT height b) w does not encompass EUT height
(fixed-height measurement) (height scan required)
IEC 767/10 IEC 768/10
Figure 16 — Illustration of height scan requirements for two different categories of EUTs

For any EUT with maximum dimensions equal to or smaller than w, the centre of the receive
antenna shall be fixed at the height of the centre of the EUT (Figure 16 a)). For any EUT with
a maximum vertical dimension larger than w, the centre of the antenna shall be scanned
vertically along the line parallel to w, as shown in Figure 16 b). The required scanning range
for nis 1 m to 4 m. If EUT height is less than 4 m, scanning the centre of the receive antenna
to heights above the top of the EUT is not required. In both cases the fixed height, %, or the
range of heights investigated shall be recorded in the test report.

NOTE When a height scan is required per the above paragraph, a continuous height scan within the required
height range is recommended, to obtain the final, maximum emission. If stepped height increments are used,
caution is advised to ensure that the height increments are sufficiently small in order to capture the maximum
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Regarding the horizontal extent of w, the EUT is not required to be fully within w. In cases
where the EUT width is larger than w, the EUT shall be centred horizontally on the
measurement axis, and rotation of the EUT provides the necessary horizontal scan for the
determination of the maximum field strength. Horizontal-line (sideways, transverse) scanning
by moving the receive antenna horizontally off the measurement axis is not required, but may
be used if specified in a product standard.

7.6.6.2 Measurements using conventional (non-statistical) detectors
7.6.6.2.1 General measurement procedure

For any EUT, the frequencies of emission should first be detected by a preliminary emission
maximization procedure (see 7.6.6.2.2). Then the final emission test is-performed (see
7.6.6.2.3). Both of these measurements are to be made preferably at the\specific limit
distance. If, for any justified reason, the final measurement is performed at a-distance different

interpreting the resulting data in case of dispute.

In performing these measurements, the sensitivity of the
the limit shall be determined before the test. If the

inserting a 10 dB attepuator at the inp
and verifying that i
effects) is reduced by\107dB.

76.2.3. The maximum radiated emission for a given mode of
operation during a preliminary test. To minimize measurement time, it is
suggested ¢ N measurements using peak detection, and then compare the test
results to the™a imit. Subsequent measurements with the average detector and
comparison of resuits’ to the average limit will only be performed in those frequency ranges
where the average limit was exceeded by data collected with peak detection.

Guidelines for a preliminary procedure to identify the radiated emissions are as follows.

a) Use scan or sweep mode over the complete frequency range of the antenna using peak
detection and Max-Hold mode.

b) The proper sweep or scan time should be determined to ensure adequate signal
interception.

c) If necessary, during preliminary tests, the resolution bandwidth may be reduced in sweep
mode to reduce the displayed noise level of the spectrum analyzer or receiver. Note that
this may reduce the amplitude of broadband emissions, so additional investigations to
determine whether the emissions are broadband or narrowband may be necessary.

d) Rotate the EUT continuously or in increments of 15° or less, then repeat for the other
polarization. The EUT should be rotated 360° in azimuth for both polarizations to
determine the maximum emissions at each frequency of interest.
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e) For continuous turntable rotation mode, spectrum-analyzer sweep time should be set such
that the selected frequency span can be swept within a time that is equal to or less than
the time needed for the turntable to rotate 15°. If the rotational speed of the turntable is
such that an angle larger than 15° is covered during a complete sweep or scan of the
spectrum analyzer, a smaller frequency range should be used to reduce spectrum
analyzer sweep time and to achieve the maximum 15° turntable rotation per sweep.

f) As needed to identify the frequencies of maximum emissions, the method described above
may be applied for all the height levels required by 7.6.6.1 (and Figure 16), and for the
various operating modes of the EUT.

g) To further evaluate the frequencies found in steps a) to d), use a small frequency span
(typically 5 MHz or less) and investigate around frequencies near the limit using additional
smaller turntable increments and height steps. Typically, all equencies within
approximately 10 dB of the specification limit warrant further investigation~with a narrow
frequency span and additional finer rotation/height increments.

7.6.6.2.3 Final measurement procedure

The field strength emitted by the EUT at the given measuremé e i easured using
the configuration (antenna height, EUT azimuth, etc.) producing the m emission, as
identified during the preliminary emission maximization (the re'V| antenna being aligned

with thIS maX|mum em|SS|on) Final measurements shall be ~ ¢ EUT operational

on the spectrum analyzer
during a given time proportional to‘“the his given time should be
defined for each product or product fami g i the duration of the operatmg
modes and the time constants associ
measurements shall

the maximum emissio
following additio

a) For any EUT wi

b) eftical dimension larger than w, height scanning shall be
ith the height scan requirements (upper and lower bounds)

c) find the maximum emissions, the EUT shall be rotated in azimuth

In summary, the requirements for final measurements above 1 GHz are as follows.

The maximum emissions shall be recorded from the following required investigations, some of
which may be performed during the preliminary measurement procedure.

1) The EUT shall be rotated in azimuth from 0° to 360° either by a turntable or movement of
the receive antenna around the volume.

2) The receive antenna shall be height-scanned if the EUT height is larger than w in the
vertical direction.

3) Both horizontal and vertical polarizations shall be investigated.
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7.6.6.3 Measurements using APD (statistical) function
7.6.6.3.1 General

The measurement of the amplitude probability distribution (APD) of a disturbance signal
provides a statistical characterization of the disturbance signal in question. Background
material on the application of the APD-measuring function is provided in 4.6 of CISPR 16-3
[2]. A product committee may choose the APD measurement as the method to be used for
final emission testing. The APD measurement shall be made at those frequencies where the
EUT generates high disturbance field strengths. The number and selection method of
frequencies shall be established by a product committee.

he first method is
e specified
probability of time pj;,;1, designated as Method 1 (see 7.6.6.3.2). The hod is the

APD measurement shall be made using one of the following two methods,

measurement of the probability of time p,o55 during which the dist ope\exceeds
a specified level Ej,;; in dB(uV/m), designated as Method . :3). ditional
information and figures are given in Annex D to show t ifi ) e two APD

measurement methods.

1) Set the res
analyzer accordin

2) Find the frequencie
by using the maxi d fuhetion in the frequency span of interest. Peak detection shall
be used whe i procedure.

3 A d emissions are hidden by broadband emissions, the maximum hold mode in
combiration~ Wi h detector may overlook narrowband emissions. Therefore, an additional
measurement may b d to find the frequencies of the narrowband emissions to be measured. The
product committee may require additional sweeps using the average detector or digital video averaging.
Furthermore, the~numper of frequencies for the APD measurement may also be specified by the product
committee.

3) Determine the frequencies for the APD measurement. The number of the frequencies shall
be specified by the product committee.

4) Set the centre frequency of spectrum analyzer to the frequency at which the highest level
is observed during the application of step 2) of this procedure.

5) Set the reference level of the spectrum analyzer to minimum 5 dB above the maximum
level of disturbance that is obtained in step 2).

6) Set the spectrum analyzer to the zero frequency span mode and measure the APD of
disturbance during the measurement time that is specified by the product committee. The
measurement time shall be longer than the period of the disturbance.

In case of fluctuating disturbance frequencies, the product committee shall specify the

frequency range XX (in MHz) in which the APDs of the disturbance shall be measured.

APDs within the range XX MHz shall be measured with a 1 MHz frequency step size.

However, for frequency ranges with APD measurement values that are greater than -6 dB

from the APD limit, additional measurements may be needed with a smallerdre%ueanﬁ
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