CISPR 16-1-1

Edition 3.0 2010-01

INTERNATIONAL
STANDARD

colopr

insige
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENGCE
COMITE INTERNATIONAL SPECIAL DES PERTURBATIONS RADIOELECTRIQUES
BASIC EMC PUBLICATION
PUBLICATION FONDAMENTALE EN CEM
Specification for radio disturbance andimmunity measuring apparatus and
methods —
Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring
apparatus
Spécifications des méthodes et des appareils de mesure des perturbations
radioélectriques et de {immunité aux perturbations radioélectriques —
Partie 1-1: Appareils de mesure des perturbations radioélectriques et de
I'immunité aux perturbations radioélectriques — Appareils de mesure
INTERNATIONAL
ELECFROTECHNICAL
COMMISSION
COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE PRICE CODE

CODE PRIX XC

ICS 33.100.10 ISBN 2-8318-1071-8

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


https://standardsiso.com/api/?name=37e02ff642ca496efb06a9767f6ece74

-2- CISPR 16-1-1 © IEC:2010

CONTENTS

FOREWORD ...ccuiii ittt ettt et e e et e e e e e et et e e e e e e e e e e e e e e e e e et eerenns 6
INTRODUGCTION ... e ettt e e e e et e e e e e e e et e et e et e eaaeennes 8
S o oY o = Y 9
2 NOIMaAtiVe FEfErENCES o 9
3 Terms and definitions 10
4 Quasi-peak measuring receivers for the frequency range 9 kHz to 1 000 MHz................ 13
g N €Y o= - | PP 13
4.2 INpUt IMPEAANCE ... e e ) e 13
4.3 Sine-wave VOltage ACCUIACY ......viuiiuiiiiiii e e T 13
4.4 Response to PUISES ..o 13
4.4.1 Amplitude relationship (absolute calibration).............ccocoo it 13
4.4.2 Variation with repetition frequency (relative calibration) .(&.........oooeiinni. 14
4.5 SeleCtiVItY oo e 18
4.5.1 Overall selectivity (passband).........ccooviiiiii S 18
4.5.2 Intermediate frequency rejection ratio............ N7 19
4.5.3 Image frequency rejection ratio............ooo S T 19
4.5.4 Other SPUrioUS FESPONSES ....uvvuiineineeneie s e 20
4.6 Limitation of intermodulation effects ........ .. N 21
4.7 Limitation of receiver noise and internally generated spurious signals ................... 22
4.7.1  RanNdom NOISE ....c.uiviiiiiee T e 22
4.7.2 CoNtiNUOUS WAVE ...ouniei N e e ene e 22
4.8 Screening effeCtivVeNeSS ...t 22
4.8.1  General .o N 22
4.8.2 Limitation of radio-frequency emissions from the measuring receiver......... 23
4.9 Facilities for connection 16-a discontinuous disturbance analyzer .......................... 23
5 Measuring receivers with peak detector for the frequency range 9 kHz to 18 GHz .......... 23
ot I 7= o 11 = S 23
T2 1 0 o 10 L T 4] =Y F= T 0 = P 23
5.3 Fundamental gharacteristiCs ..o 24
5.3.1  Bandwidth ..o 24
5.3.2~-Charge and discharge time constants ratio...............c..cocoviiiiiiici i 24
5,3.3)7 Overload factor. . ..o e 25
5.4 SIN€-WaVE VOItAQgE G@CCUIACY ....ouitiiiiitiii et e e e e e e e e e eas 25
5.850N JRESPONSE 10 PUISES . e 25
58 S lECHIVITY oo 25
5.7 Intermodulation effects, receiver noise, and SCreening ............cc.cooeeviieieiieieenennns 26

G Measuring receivers with average detector for the irequency range 9 KHz to
ST 1 2P 27
& T € 1= o = - | PN 27
6.2  INPUL IMPEAANCE ... et 27
6.3 Fundamental characteriStiCS ..o 27
6.3.1  Bandwidth ... 27
6.3.2 Overload factor. . ... 27
6.4 Sine-Wwave VOItage @CCUMACY ....ciuuiiiiiieii ettt eanes 28
6.5 RESPONSE 10 PUISES . et e 28

(ST T IR 7= o 7Y = | 28



https://standardsiso.com/api/?name=37e02ff642ca496efb06a9767f6ece74

CISPR 16-1-1 © |IEC:2010 -3-

6.5.2 Amplitude relationship ... 28
6.5.3 Variation with repetition frequUenCy............cooiiiii i 29
6.5.4 Response to intermittent, unsteady and drifting narrowband
AIStUIrDANCES ... 29
6.6 SelECHIVITY oot 31
6.7 Intermodulation effects, receiver noise, and screening .............ccoooeiiiiiiiiiiin e, 31
7 Measuring receivers with rms-average detector for the frequency range 9 kHz to
18 GHz 31
428 T © 1= 1= - | P 34
7.2  INPUEIMPEAANCE ... et ) 31
7.3 Fundamental characteristiCs..........ooiiiiiiiii W N 32
7.3.1  Bandwidth oo B e 32
7.3.2 Overload factor.......cooooiiiiiiiiii e 32
7.4  SiN€-WaVve VOItage GCCUIACY ....oouiiiiiiiiiiiie ettt e e e e e e e e e s e e e e aeeeenes 33
7.5 Response to PUlSES ... 33
7.5.1  Construction detailS.......cciiiiiiii i 33
7.5.2 Amplitude relationship ..o 33
7.5.3 Variation with repetition frequency.............. 34
7.5.4 Response to intermittent, unsteady and drifting'narrowband
disturbances ..o N 34
7.6 SeleCtiVity ..o 35
7.7 Intermodulation effects, receiver noise, and SCreening ............ccocovveviiiieiieiieenenns 35
8 Measuring receivers for the frequency range 1.GHz to 18 GHz with amplitude
probability distribution (APD) measuring funetion...............coooiiiiii i, 35
9 DisSturbanCe @nalyzZers .. ... e 36
9.1 General ..o 36
9.2 Fundamental characteriStiCS .. . i 37
9.3 Test method for the validation of the performance check for the click
ANAIYZEE oo 43
9.3.1  BasiC reqUIremMIENtS ... .ot 43
9.3.2 Additionalrequirements ... .. ..o 44
Annex A (normative) Determination of response to repeated pulses of quasi-peak and
rms-average measuring/receivers (See 3.6, 4.4.2, 7.3.2and 7.5.1) .ot 45
Annex B (normative)” Determination of pulse generator spectrum (See 4.4, 5.5, 6.5,
785 T o PP 51
Annex C (normative) Accurate measurements of the output of nanosecond pulse
generatorsy(See 4.4, 5.5, 6.5, 7.5) it 53
Annex'D(normative) Influence of the quasi-peak measuring receiver characteristics
ONItS-PUISE reSPONSE (S 4.4.2) . .eniiii i 55
Annex E (normative) Response of average and peak measuring receivers (See 6.3.1) ........ 56
Annex F (normative) Performance check of the exceptions from the definitions of a
click according 10 4.2.3 of CISPR 14-1 ... i e 65
Annex G (informative) Rationale for the specifications of the APD measuring function......... 72
Annex H (informative) Characteristics of a quasi-peak measuring receiver..............cccoceueen. 75
Annex | (informative) Example of EMI receiver and swept spectrum analyzer
AN B O U L e 76
L1 o 10T =Y o1 2 1728 78

FIigure 1 — PUISE rESPONSE CUMVES ...itiiitiit ettt ettt eaeees 17



https://standardsiso.com/api/?name=37e02ff642ca496efb06a9767f6ece74

—4 - CISPR 16-1-1 © IEC:2010

Figure 2 — Limits of overall SeleCtiVity ... 20
Figure 3 — Arrangement for testing intermodulation effects .............ccccoiiiiiii 21
Figure 4 — Limits for the overall selectivity — pass band (Band E)................ccooviiiiiiiineenn, 26
Figure 5 — Block diagram of an average detector. ... 30
Figure 6 — Screenshot showing response of the meter-simulating network to an

intermittent narrowband SigNal..........coi i 30
Figure 7 — Example of a disturbance analyzer..............o.ooeiieenieenieniinieniniinieieiiiiieeieeees 38
Figure 8 — A graphical presentation of test signals used in the test of the analyzer for

the performance check against the definition of a click according to Table 14 ...................0 39
Figure E.1 — Correction factor for estimating the ratio B;,,/Bg for other tuned circuits .. Cx..".. 57
Figure E.2 — Pulse rectification coefficient P ... 59
Figure E.3 — Example (spectrum screenshot) of a pulse-modulated signal with a‘pulse

WIAEh OF 200 NS couiiiiiii e e e e epe e e e 60
Figure E.4 — Pulse-modulated RF signal applied to a measuring receiver .(a,....ocoocvevvenenennnn. 61
Figure E.5 — Filtering with a B, much smaller than the prf...........c......... 61
Figure E.6 — Filtering with a B;,,, much wider than the prf...........~C....... 62
Figure E.7 — Calculation of the impulse bandwidth .............oo (ot 62
Figure E.8 — Example of a normalized linear selectivity function .............c..cooiiii s 64
Figure F.1 — A graphical presentation of the test signals<«ised for the performance

check of the analyzer with the additional requirements{.according to Table F.1..................... 71
Figure G.1 — Block diagram of APD measurement gcircuit without A/D converter.................... 73
Figure G.2 — Block diagram of APD measurementicircuit with A/D converter......................... 73
Figure G.3 — Example of display of APD measurement ............cooiiiiiiiiiiiii e, 74
Figure I.1 — Example block diagram of EM¥-teceiver consisting of swept spectrum

analyzer with added preselector, preamplifier and quasi-peak/average detector ................... 76
Table 1 — Test pulse characteristics for quasi-peak measuring receivers (see 4.4.1) ............ 13
Table 2 — Pulse response of quasi-peak measuring reCeiVers .........ccocoviiviiiiiiiiieii e, 18
Table 3 — Combined selgctivity of CISPR measuring receiver and high-pass filter................. 19
Table 4 — Bandwidth. characteristics for intermodulation test of quasi-peak measuring
FECEIVEIS (S 4.0 Mttt ittt ettt 22
Table 5 — VSWRyrequirements for receiver input impedance............c.cooiviiiiiiiiiiiciceeeee, 24
Table 6 — Bandwidth requirements for measuring receivers with peak detector ..................... 24
Table 7~ Relative pulse response of peak and quasi-peak measuring receivers for the
samebandwidth (frequency range 9 kHz to 1 000 MHZ).......coiiiiiiiiii e 25
Table 8 — Bandwidth requirements for measuring receivers with average detector................ 27

Table 9 — Relative Inulcp response of average and quaqi-ppak mpaquring receivers for

the same bandwidth (frequency range 9 kHz t0 1 GHZ) ..o, 28

Table 10 — Maximum reading of average measuring receivers for a pulse-modulated
sine-wave input in comparison with the response to a continuous sine wave having the

SAME AM P UG .o e 30
Table 11 — VSWR requirements of input impedance............oooiiiiiiii 32
Table 12 — Bandwidth requirements for measuring receivers with rms-average detector ....... 32
Table 13 — Minimum pulse repetition rate without overload ...............cooiiiiii i, 32

Table 14 — Relative pulse response of rms-average and quasi-peak measuring
LYot A=Y PP PP 33



https://standardsiso.com/api/?name=37e02ff642ca496efb06a9767f6ece74

CISPR 16-1-1 © |IEC:2010 -5-

Table 15 — Pulse response of rms-average measuring reCeiVer ..........ccoeviiiiniiniiiniineeeeenn, 34

Table 16 — Maximum reading of rms-average measuring receivers for a pulse-

modulated sine-wave input in comparison with the response to a continuous sine wave

having the same amplitude ... ... e 35

Table 17 — Disturbance analyzer performance test — Test signals used for the check

against the definition Of @ ClICK ... e 40

Table B.1 — Pulse generator characteristiCs .........cooiiiiiiiiiii 51
[ Tabte &= Bjy,p, and A, vatues for a peak measurmg Teceiver 58

Table E.2 — Carrier level for pulse-modulated signal of 1,4 NVs ......coociiiiiiiiiiiiii i 60

Table F.1 — Disturbance analyzer test signals @............cooiiiiiiiee oot b 66

Table H.1 — Characteristics of quasi-peak measuring receivers ...........ccoooivviin Oy n. 75



https://standardsiso.com/api/?name=37e02ff642ca496efb06a9767f6ece74

-6 - CISPR 16-1-1 © IEC:2010

INTERNATIONAL ELECTROTECHNICAL COMMISSION
INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 1.1 Radio disturl i : : _

Measuring apparatus

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and ‘'electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, (Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. Interndtional, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordanc€ with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express; as nearly as possible, an international
consensus of opinion on the relevant subjects since each techni¢al committee has representation from all
interested IEC National Committees.

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

4) In order to promote international uniformity, IEC\National Committees undertake to apply IEC Publications
transparently to the maximum extent possible~in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some .areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent ‘certification bodies.

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

7) No liability shall attach to IEC: or its directors, employees, servants or agents including individual experts and
members of its technical.committees and IEC National Committees for any personal injury, property damage or
other damage of any nafure whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising oGt\of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

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

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

Intetmational Standard CISPR 16-1-1 has been prepared by CISPR subcommittee A: Radio-
interference measurements and statistical methods.

This third edition cancels and replaces the second edition published in 2006, and its
Amendments 1 (2006) and 2 (2007). It is a technical revision.

This main technical change with respect to the previous edition consists of the addition of new
provisions for the use of spectrum analyzers for compliance measurements.

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

FDIS Report on voting
CISPR/A/867/FDIS CISPR/A/881/RVD

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

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

A list of all parts of the CISPR 16 series can be found, under the general title Specification for
radio disturbance and immunity measuring apparatus and methods, on the IEC website.

The committee has decided that the contents of this publication will remain tinchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will-be

* reconfirmed;

* withdrawn;

* replaced by a revised edition; or
+ amended.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered-to be useful for the correct understanding
of its contents. Users should therefore print(this publication using a colour printer.
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INTRODUCTION

The CISPR 16 series, published under the general title Specification for radio disturbance and
immunity measuring apparatus and methods, is comprised of the following sets of standards
and reports:

e CISPR 16-1 — five parts covering measurement instrumentation specifications;

e CISPR 16-2 - five parts covering methods of measurement;

e CISPR 16-3 — a single publication containing various technical reports (TRs) with

further information and background on CISPR and radio disturbances in general;

e CISPR 16-4 - five parts covering uncertainties, statistics and limit modelling.

CISPR 16-1 consists of the following parts, under the general title Specification “for radio
disturbance and immunity measuring apparatus and methods — Radio distarbance and
immunity measuring apparatus:

Part 1-1: Measuring apparatus

Part 1-2: Ancillary equipment — Conducted disturbances

Part 1-3: Ancillary equipment — Disturbance power

Part 1-4: Ancillary equipment — Radiated disturbances

Part 1-5: Antenna calibration test sites for 30 MHz to 1,000 MHz
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 1-1: Radio disturbance and immunity measuring apparatus —
Measuring apparatus

1 Scope

This part of CISPR 16 specifies the characteristics and performance of equipment.for the
measurement of radio disturbance in the frequency range 9 kHz to 18 GHz. /n “addition,
requirements are provided for specialized equipment for discontinuous@disturbance
measurements.

NOTE In accordance with IEC Guide 107, CISPR 16-1-1 is a basic EMC standard for use’by product committees
of the IEC. As stated in Guide 107, product committees are responsible for determining the applicability of the
EMC standard. CISPR and its sub-committees are prepared to co-operate withs product committees in the
evaluation of the value of particular EMC tests for specific products.

The specifications in this standard apply to EMI receivers and ‘spectrum analyzers. The term
“measuring receiver” used in this standard refers to both EMI receivers and spectrum
analyzers.

Further guidance on the use of use of spectrum analyzers and scanning receivers can be
found in Annex B of any one of the following standards: CISPR 16-2-1, CISPR 16-2-2 or
CISPR 16-2-3.

2 Normative references

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

CISPR 11:2009, Industfigl, scientific and medical equipment — Radio-frequency disturbance
characteristics — Limits and methods of measurement

CISPR 14-1:2005,-Electromagnetic compatibility — Requirements for household appliances,
electric tools and similar apparatus — Part 1: Emission
Amendment)1(2008)

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 16-2-2:2003, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 2-2: Methods of measurement of disturbances and immunity -
Measurement of disturbance power

Amendment 1 (2004)

Amendment 2 (2005)

CISPR 16-2-3:2006, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 2-3: Methods of measurement of disturbances and immunity — Radiated
disturbance measurements
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CISPR/TR 16-3:2003, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 3: CISPR technical reports

Amendment 1 (2005)

Amendment 2 (2006)

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

Amendment 1 (1997)

Amendment 2 (1QQR)
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COMITE INTERNATIONAL SPECIAL DES PERTURBATIONS RADIOELECTRIQUES

SPECIFICATIONS DES MI'ETHODES ET DES APPAREILS DE MESURE
DES PERTURBATIONS RADIOELECTRIQUES ET DE L'IMMUNITE
AUX PERTURBATIONS RADIOELECTRIQUES -

8)

9)

Partie 1-1: Appareils de mesure des perturbations radioélectriques
et de I'immunité aux perturbations radioélectriques —
Appareils de mesure

AVANT-PROPOS

La Commission Electrotechnique Internationale (CEI) est une organisation mondiale de normalisation
composée de l'ensemble des comités électrotechniques nationaux (Comités nationaux de la CEIl). La CEl a
pour objet de favoriser la coopération internationale pour toutes les questiogs.de normalisation dans les
domaines de I'électricité et de I'électronique. A cet effet, la CEl — entre autre§)activités — publie des Normes
internationales, des Spécifications techniques, des Rapports techniques,_ des"Spécifications accessibles au
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de la CEI|*).\eur élaboration est confiée a des
comités d'études, aux travaux desquels tout Comité national intéresse, par'le sujet traité peut participer. Les
organisations internationales, gouvernementales et non gouvernementales, en liaison avec la CEl, participent
également aux travaux. La CEI collabore étroitement avec I'Organigation Internationale de Normalisation (ISO),
selon des conditions fixées par accord entre les deux organisatiofsy

Les décisions ou accords officiels de la CEl concernant les questions techniques représentent, dans la mesure
du possible, un accord international sur les sujets étudiés, etant donné que les Comités nationaux de la CEI
intéressés sont représentés dans chaque comité d’études:

Les Publications de la CEIl se présentent sous la formé’de recommandations internationales et sont agréées
comme telles par les Comités nationaux de la CEI. Tous les efforts raisonnables sont entrepris afin que la CEl
s'assure de I'exactitude du contenu technique de‘ses publications; la CEl ne peut pas étre tenue responsable
de I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

Dans le but d'encourager l'uniformité internationale, les Comités nationaux de la CEIl s'engagent, dans toute la
mesure possible, a appliquer de fagon< transparente les Publications de la CEl dans leurs publications
nationales et régionales. Toutes divergences entre toutes Publications de la CEIl et toutes publications
nationales ou régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

La CEIl elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
fournissent des services d'éwaluation de conformité et, dans certains secteurs, accedent aux marques de
conformité de la CEIl. La“GEl n'est responsable d'aucun des services effectués par les organismes de
certification indépendants|

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne doit étre imputée a la CEIl, a ses administrateurs, employés, auxiliaires ou
mandataires, y~compris ses experts particuliers et les membres de ses comités d'études et des Comités
nationaux de~la-CEl, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre
dommage desgquelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais
de justice)‘et les dépenses découlant de la publication ou de I'utilisation de cette Publication de la CEIl ou de
toute autfe Publication de la CEl, ou au crédit qui lui est accordé.

L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publications
référencées est obligatoire pour une application correcte de la présente publication.

L’attention est attirée sur le fait que certains des éléments de la présente Publication de la CEIl peuvent faire
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responsable de ne pas avoir identifié de tels droits de propriété et de ne pas avoir signalé leur existence.

La Norme internationale CISPR 16-1-1 a été établie par le sous-comité A du CISPR: Mesures
des perturbations radioélectriques et méthodes statistiques.

Cette troisieme édition annule et remplace la deuxiéme édition parue en 2006 et ses
Amendements 1 (2006) et 2 (2007). Elle constitue une révision technique.

La modification technique majeure suivante par rapport a I'édition précédente consiste en
I'ajout de nouvelles dispositions pour I'utilisation d'analyseurs de spectre pour les mesures de
conformité.
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